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UNG DUNG CONG NGHE THI CONG VAN KHUON TRUQT VA LUA
CHON GIAI PHAP VAN KHUON BAU PAI TRONG THI CONG THAP
NUOC KHAN CAP

APPLICATION OF SLIDING FORMWORK CONSTRUCTION
TECHNOLOGY AND CHOOSING SOLUTIONS OF ROOF FORMWORK
IN EMERGENCY WATER TOWER CONSTRUCTION

ThS. Nguyén Vin Noi
Cong ty TNHH Artelia Viét Nam, Email: noinguyenvan90@gmail.com

TOM TAT: Thap nudc 1a mot dang cau tric chira bon nude 1n trén cao dwgc phat trién rong rii tir thé
ky 19 nham cung ca‘ip nudce cho cac hé théng nudc cong cong, sinh hoat va san xuét. Tai Viét Nam cac
Thap nudc duge ngudi Phap xdy dung vao cudi thé ky 19 dau thé ky 20 nhu Thap nude trong khudn vién
Tong cong ty cap nude Sai Gon, Thap nude hang Pau, Thap nudc Phan Thiét, Thap nudc Nha Tron Ba
Ria [10]... Tuy nhién, hién nay Thap nudc chi duoc xay dung va st dung chi yéu trong cic nha may, cac
khu cong nghiép voi muc dich dy trir, cung cAp nude trong hoat dong san xudt va phong chay chita chay.
Trong bai viét nay, tic gia gidi thiéu chi tiét két ciu Thap nudc khan cap da dugc cai tién, ciing vai viée
ung dung cong nghé thi cong van khuon trugt va cac bién phép, cong nghé hién dai trong thi cong Thap
nude, phit hop véi su phat trién ctia xay dung.

TU KHOA: thap nudc khén cép, cong nghé thi cong, van khudn truot.

ABSTRACT: A Water Tower is a widely developed type of structure containing large overhead water
tanks since the 19th century to provide water for public, domestic and production water systems. In
Vietnam, the Water Towers were built by the French in the late 19th and early 20th centuries like the
Water Tower on campus of Saigon Water Corporation, Hang Dau Water Tower, Phan Thiet Water
Tower, Roundabout House Ba Ria Water Tower... However, at present, Water Tower is only built and
used mainly in factories, industrial zones for the purpose of storing and supplying water in production
and fire prevention activities. In this article, the author introduces in detail the improved Emergency
Water Tower structure along with the application of sliding formwork construction technology and
modern methods, technologies in water tower construction, in line with the development of construction.

KEYWORDS: emergency water tower, construction technology, sliding formwork.

1. GIOI THIEU KET CAU CUA THAP NUGC VA TRINH TU THI CONG

Két cdu Thap nudc & trong bai viét nay voi két cau chinh 13 bé tong cbt thép toan khéi véi
chiéu cao trén 50.0m, bao gém két cdu phdn moéng, phan than va phan bau dai co thé tich chua
t6i da 500m’ nude [1].

1.1. Gi6i thi¢u két cAu Thap nwée khan cip

a. Két cau phan méng
Mong la phén két cdu chiu toan bo tai trong cua toan b thadp nudc, nén dugc thiét ké véi
duong kinh ngoai D14000mm dat trén hé coc ly tam dy ung Iywc D500 hoac D600.
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b. Két cdu phan than

Than Thap nudc 1a két cdu bé tong cbt thép (BTCT) hinh
dang try tron voi chiéu cao 48m, ban kinh ngoai 2100m, ban
kinh trong 1850mm. Trén than bau dai bb tri cira vao tai cao d
mat dat tu nhién, cac 6 ctra doc sudt chiéu cao than va cac cau
thang, san, hé thong duong 6ng phia trong 161 than thap nude.

c. Két cau phan mdi bau dai

Béau dai Thap nudc 1a két cau BTCT hinh chép cut véi
thé tich 500m’, duong kinh 16n nhét 15750mm, chiéu cao
8,775m, bao gdbm phan mai va phan 16i. Bau dai duoc lién két
v6i phan than Thap nude bi dam vong va cac bulong, ban
mi dit chd trong bé tong. Bau dai dugc xir 1y chéng thim
theo yéu cau cua thiét ké.

1.2. Trinh ty thi cong Thap nwéc khan cap

Duya trén két cau Thap nuéc khan cap nhu di phan tich ¢
trén, ching ta ¢ thé phac hoa va 1ap so do trinh ty thi cong
Théap nudc theo hinh 2. Viéc phan tich tng dung céc bién
phap, cong nghé thi cong chu yéu sé& tap trung & giai doan thi
cong van khuon truot ¢ than Thap nudce va giai doan thi cong
két chu bau dai.

Két
chu
Béu
dai

o

Két [
cdu — 1
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Hinh 1. Tong quan thap nude

Hinh 2. Trinh ty thi cong thap nudc
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2. CONG NGHE THI CONG COP PHA TRUQT TRONG THI CONG THAN THAP NUOC

Cdp pha truot 1a 1 hé van khudn hoan chinh bao gdm cac ciu kién chinh nhu thiét bi nang
kich thay lyc, da truot, cdp pha, san thao tac... dugc co gidi hoa, co tinh linh dong cao va di
chuyén trugt lién tuc doc than vach két cdu trong sudt qua trinh thi cong, d6 bé tong.

Cong nghé thi cong cdp pha truot ngdy cang dugc ap dung phd bién trong thi cong BTCT
vach 15i thang may trong cac cong trinh nha cao tang, vach tuong chan, than dng khoi, than thap
nudc... nho nhimg wu diém ndi bat cta nd so véi cac cong nghé thi cong cd dién khac [9].

Uu diém: Hé cdp pha trugt c6 thé duge bd tri trong cac céu kién hinh dang phic tap, nho
kha ning linh dong ciia né. Thoi gian thi cong nhanh do qua trinh d6 bé tong dugc lién tuc.

Nhuoc diém: Thiét bi thi cong phirc tap doi hoi nhan luc phai ¢ kinh nghiém tay nghé cao.
Cong tac to chirc, quan 1y thi cong phai chit ché dam bao an toan thi cong. Chi phi, gia thanh cao
so voi viéc thi cong bang cdp pha thong thuong.

Quy trinh thi cong cbp pha trugt gdbm cac cong tac:

2.1. Cong tac chuin bj
Xéc dinh ludi toa d9, tim truc va cote cao d) ctia hang muc, dinh vi vi tri két cau vach than.
B6 tri hé thong cung cap dién, cap dién, toi dién.
BG tri hé théng chiéu sang 24/24h va dén tin hiéu, hé thong chdng sét va thong tin lién lac.
Kiém tra thép chd tir phan méng, do phang cta 16p bé tong miat dé tuong than Thap nudce
trén bé mit mong. Sau do, tao d6 phang theo chu vi phan chan cdp pha truot bang vira xi mang
mac cao hodc bing cac gia d& chan cdp pha thép.

Chuan bj, 1ap dit hoan chinh va kiém dinh, thir tai dua vao str dung céc thiét bi phuc vu thi cong.

2.2. Cong tac lip dit thiét bi maAm san thao tac, thiét bi trugt

Hinh 3. Trinh ty ldp dung cbp pha truot

Viéc lua chon sb luong kich thuy luc, stc chiu tai ctua kich va hé két cAu mam san thao tac
phai dugc tinh toan trudce khi thi cong.
Cdp pha truot phai duoc lap dit dung vi tri theo chu vi ctia vach than Thap nudc, dam bao bé

day tuong vach theo thiét ké.
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Kiém tra hé théng ap luc, tinh trang 1am viéc cua kich.
Lép dat thi cong mam san phai dam bao tuan thu theo tiéu chuan TCVN 9342:2012 [9].

Sau khi lép dat hé truot mam san, sé tién hanh lép dung hé théng van chuyén vat liéu 1én cao
chuyén dung, van thing 16ng.
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Hinh 4. Lip dung cdp pha truot

2.3. Cong tac thi cong trugt twong than thap nwéce

Thi cong trugt twong than Thap nudc phai tuan thi cic quy dinh trong tiéu chuin TCVN
9342:2012, TCVN 4453:1995, ho so thiét ké dugc phé duyét va bao gdm céc cong tac sau [6] [9]:

a. Cong tdc ldp dung cot thép

Lap dat cbt thép tién hanh dong thoi véi viée do bé tong. Cot thép duogc lap dat lién tuc trong
sudt qua trinh d6 bé tong, yéu cau phai ludn c6 it nhat 1 16p cdt thép da lap dung hoan chinh nam
phia trén bé mit cop pha.

b. Céng tdc lap ddt cdc chi tiét chén san, cdc 16 cho

Can dinh vi vi tri cua cac ciu kién (bu 16ng, ban ma...) chén ngém trong bé tong, cac vi tri
hoc cho. Cong tac lép dat ciu kién can hoan thanh trudce khi mép dudi cua cAu kién cach miéng
c¢dp pha 5-10cm.

c. Cong tdc dé bé tong

Qua trinh d6 bé tong bang cbp pha truot can tién hanh theo 2 giai doan ndi tiép nhau.

Giai doan 1 (khi chua nang c6p pha): D6 bé tong giai doan 1 cin thyuc hién theo ting 16p,
mdi 16p tir 20 dén 30cm cho dén khi dat cao do tir 70 dén 80cm ké tir chan cdp pha. Thoi gian
thuc hién giai doan nay nén khéng ché trong khoang 4 gior dén 4 gid 30 phut.

Giai doan 2 (ké tir khi bit dau nang cdp pha cho dén khi truot va do bé tong téi cao trinh
thiét ké): Bé tong can d6 déu va kin vong theo timg 16p, mdi 16p tir 20 dén 30cm. Mit trén cta
mdi 16p bé tong nén khéng ché dé ludn & trén ciing mot cao do.
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d. Cong tdac nang truot, van hanh kich nang

Sau khi thuc hién budc niang dau tién can tién hanh chon ché d6 truot va téc do truot hop 1.
Téc d6 trugt c6 anh huong 16n dén chat lwong cong trinh va phu thude vao cic yéu t: Su phat
trién cuong do ban dau cua bé tong, nhi¢t do0 mai truong, chiéu cao cua cép pha truot.

Pé theo ddi cac kich co 1én déu hay khong thi cac ty kich phai ding son vach cac cote chuan.
Cir 0,25m chiéu cao lai vach cote 1 1an. Viéc diéu chinh cho cac kich 1én déu nhau can dung dén
hé théng don by cua kich thay luc két hop v6i may bom dau thiy luc.

Chiéu day d6 bé tong, cac sai sb cho phép phai dugc gidi han trong TCVN 9342:2012 [9].

2.4. Cong tac thao dé thiét bi trugt

Sau khi trugt twong Thap nude dén cao do thiét ké va bé tong dat cuong do yéu cau thi tién
hanh thdo d& h¢ thiét b trugt theo trinh tu sau:

Hinh 5. Trinh tu thao d& thiét bi truot

2.5. Cac su cd thwong gip trong qua trinh thi cong cop pha truet than thap nwéc

San cong tic mat can bang do hanh trinh cua cac kich khong déu nhau; tai trong tac dung 1én
cac kich khong déu nhau; hoac mot s6 kich khong hoat dong.

Tudng than thap nudce bi nghiéng, do cdp pha bi bién dang léch hodc cbp pha 1én khong déu.

Ty kich bi ubn cong, do toc do truot qua 16n, bé tong ra khoi cbp pha qua som chua dat
cuong do dé giir ty kich trén doan ubn ty do.

Ty kich chiu qua tai, cép pha bi bé tong bam dinh do tde do trugt qua cham; hodc bi ket cac
chi tiét chén sin cua cong trinh vao cdp pha.

Kich khong xa dau, qué tai dong co, dau thiy luc bi nong.

Bé tong sau khi ra khoi cdp pha bi 1, xdp hodc xut hién cac vét nirt ngang.

Bé tong khong thé tach khoi cbp pha, bi chay ra ngoai ¢ phan phia dudi cop pha.

C4t thép ho ra ngoai bé tong, khong c6 bién phap dam bao chiéu day bé tong bao vé cho cbt

thép va giit cho khoang cach giita cac cbt thép trong luc truot.
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3. LUA CHON CAC PHUONG AN KY THUAT THI CONG BAU PAI THAP NUOC

Vi hinh dang két cau dic trung ctia bau dai Thap nude hinh chép & trén cao d6 +50.0m, s&
gdy kho khin trong cong tac thi cong. Vi véy, trudc khi thi cong can phai thiét ké, tinh toan va
lwa chon cac phuong 4n thi cong nham dam bao yéu ciu ky thuat, chat luong va tién do thoi gian
thi cong. Dudi day 1a cac phuong an k¥ thuat trong thi cong bau dai Thap nude khan cip da dugc
ap dung thanh cong.

3.1. Phwong 4an 1: Sir dung hé cop pha, gido chong tir dwéi méit dit 1én dén cao do bau dai

Pay la mot phuong an, giai phap truyén thong, khong qué phirc tap va khong yéu cau nhiéu
dén cac yéu t6 k¥ thuat trong thi cong. Khdi BTCT bau dai duoc thi cong truc tiép tai cao do
thiét ké phia trén than Thap nuéc bang cach sir dung hé cbp pha, gido chéng bién phéap tir dudi
mat dat 1én. Tuy nhién, véi chiu cao va s6 luong ting gido 16n cho nén cin phai tinh toan thiét
ké dua trén céac tai trong cua toan bd két cAu bau dai, tai trong gid dé bd tri, lva chon s6 luong,
chung loai va kich thudc gido chdng, cdp pha hop 1y [4].

Nip bau dai s IR

o Ong do bé tong
He i thép/ |7 Paybiudii /[

[ 1
AN

. Hg¢ gido chong

Tuyp gong gidng -~ ‘ ‘

1"{3’
Hinh 6. B4 tri hé gido chong thi cong bau dai va mai do
Trude khi lip dit hé gido chdng sé tién hanh d6 1 16p bé tong day 100mm lam nén xung
quanh mong tai vi tri lip dat gido. Gido chdng str dung hé gido dng chiu duoc tai trong cao, véi
duong kinh D60 va lién két chit ché voi nhau béi cac tay giang. Bén canh d6 dé dam bao su 6n
dinh, chic chin cta hé gido chdng s& dong thoi bo sung cac dng thép giang chéo va neo toan bd
vao than thap nudc.
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Hinh 7. Lap dit hé cdp pha, gido chdng khi thi cong bau dai thap nudc

a. Trinh tu thi cong:

Lip dung hé gido chong tir mat dat ty nhién dén cao d6 dam vong, day bau dai. Hé gido
chdng bd tri xung quanh Thap nudc theo chu vi bau dai, lién két voi nhau bang tuyp giang va
lién két v6i than thap nudc.

Thi cong két cau BTCT dam vong lién két day bau dai v6i than thap nudc.

Thi cong cbp pha cbt thép va d6 bé tong day bau dai.

Lap dung cop pha cbt thép, thi cong két cdu phan 161 va nép trén bau dai.

Hoan thién, chong tham bau Thap nudc va thao d& hé gido chong.

b. M{t 6 sw ¢6 gdp phdi trong qud trinh thi cong:

O phuong an thi cong nay, véi viée lap dit hé chong tir dudi mat dat 1én khi thi cong bau dai
s& gy ra mot sb su ¢d nhu:

Hé gido chdéng bi rung lic néu khong dam bao du cac gong giang lién két giao chdng véi
nhau va neo vao than thap nudce.

Su ¢6 khi lap dat thi cong san thao tac, thiéu cac bién phap bao an toan trén cao.

Su ¢6 khi ghép tim cbp pha mit dudi cua bau dai. Khong dam bao dung hinh dang kich
thudc cia bau dai.

3.2. Phuwong 4n 2: Sir dung cac md dun thép tAm lam cop pha mit day bau dai

Két cau cbp pha bau Thap nudc hinh nén cut ngugc 1 sir dung hé cp pha bang thép tim
day 3mm, duogc t6 hop tir 12 tAm thép lién két voi nhau. Cac tAm thép nay bd tri dudi mit day

chu vi day bau dai va dugc neo gilr dinh hinh vi tri boi cac cap soi cap neo vao hé két cau khung
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thép hinh lip dung phia trén dam vong than thap nudc. Hé két cdu cdp pha nay sé thay thé hé
gido chéng tir dudi mit dat sir dung trong phuong an 1 va duoc gitr lai sau khi d6 bé tong day
bau dai [3].

Hé két cau Cép neo
khung thép

Hé két cau
khung thép

BTCT day
bau dai

Thép tam day

Dam véng

Thep tam day Puéng han

Thép tam day =
=4mm

3mm, MP-02

Thép tam
PL-1466x60x4mm
Thép tAm day
3mm, MD-02

Hinh 9. M6 phong trinh ty thi cong van khuon bau dai

Tinh toan kiém tra kha ning chiu luc cp pha bau Thap nuéc an toan 500m’ st dung phin
mém Sap2000 V15. Trong do, cac tim thép ban lam cbp pha dugc mé ta bang phuwong phap phan
ttr Slab. Lién két giira c6p pha vi chan dé 1a lién két khép ¢6 dinh. Dya trén phan mém tinh toan
s& xuét cac két qua dé kiém tra chuyén vi cop pha va kiém tra bu 16ng lién két giira cac tAm két
ciu cbp pha bao gdm kiém tra kha ning chiu kéo, kha niang chiu cat [5].
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Hinh 10. So db tinh toan kha ning chiu lyc cua hé cdp pha thép tim

a. Trinh tw thi cong két cau bau dai Thap mede:

Sau khi thi cong xong két cdu BTCT dam vong trén dinh than thap nudc, thdo d& hé cbp pha
truot than thi tién hanh lap dung h¢ san thao tac lan can an toan phia trén dam vong.

Lap dung hé két cau khung thép hinh, cap tdi neo phia trén dinh dam vong.

Lép dung cac tAim mé dun thép tAm d3d duoc gia cong ché tao sin tai chan Thap nudc theo
hinh dang két cau bau dai. Bo tri cac lién két, moi han, bu long, gan thép lién két khung cop pha.

Tién hanh kéo cop pha thép tim Ién cao do thiét ké cuia bau dai. Neo giit c6 dinh hé cdp pha.

Thi cong cbt thép, cdp pha mat trén va db bé tong day bau dai.

Thao d& két cau khung thép hinh.

Thi cong két cdu BTCT vach 16i va nip trén bau dai.

Hoan thién, chdng tham bau Thap nudc va thao d& hé gido chdng nip.

b. Mot 6 sw ¢6 gdp phdi trong qud trinh thi cong:

Viéc kéo va lap dyng cac tAm thép 1am van khuédn trong qué trinh thi cong c6 thé phat sinh
mot sO su ¢O nhu:

Hé khung thép tdm va cham vao thanh than thap nudc, cac soi cap kéo khong cing déu dan
deén hu hong.

Su ¢6 trong qué trinh dinh vi vi tri va neo giit hé cp pha thép dung vi tri thiét ké.

Su ¢6 khi d6 dam bé téng gy rung lic, anh huong dén vi tri cdp pha va chat luong bé tong
sau khi do.
3.3. Phwong 4n 3: Sir dung Kich thiy Ic kéo két cAu BTCT toan khéi biu dai Thap nuée

Két cau BTCT toan khdi cua bau dai Thap nudc bao gdm phan day va méi d& sé& dugc thi
cong do bé tong dudi mat dat. Sau khi bé tong dat cudong do s€ tién hanh kéo 1én trén theo cao do
thiét ké bang kich kéo thuy luc, cdc bo cap kéo du ung luc va h¢ két cau khung thép hinh duogc
lap dung phia trén dinh than bau dai [2].
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Hinh 11. Thi cong va kéo bau dai thap nudc

Do dic thi cia phuong an nay 1a sir dung phuong phap kéo thuy luc nén cin phai tinh toan
hé két cau dung dé kich, kéo bau dai bang phan mém SAP 2000 dya trén céc tai trong ban than
bau dai, tai trong khung két cau thép, hoat tai va tai trong gio lién quan [5] [7].

Tinh toan b tri kich kéo thuy Iyc.

Tinh toan, thiét ké khung két cdu thép dit kich kéo.

Tinh toan kha ning chiu luc cta bau dai, dam véach dinh than Thap nudc khi kéo cap: Kiém
tra kha nang chiu pha hoai ciia dam vach BTCT phia trén dinh than Thap nudc va chi tiét bu 16ng
lién két trong bé tong.

Hinh 12. M5 hinh, biéu d6 Momen mé phong va phén tich ndi luc hé khung két cau thép
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a. Trinh tw thi céng va ldp dwng két cau bau dai Thap nude:
Chuén bi mat béng thi cong bau dai bé tong cbt thép tai cao do mat d4t tu nhién cote 0.00m.
Lap dat khung két cAu thép trén dinh tru thap, san cos +48.3m.
Lap dat thiét bi kich kéo thuy luc, cap tng luc.
Kéo bau dai 1én vi tri lap cos +49.3m.
Thi cong dam vong lién két va d& bau dai BTCT.
Thao d két ciu thép kéo rut, thi cong vach 18i phia trong va san méi ddy bau dai.
Hoan thién va chong thim bau dai.
b. Mot 6 sw ¢o gdp phdi trong qud trinh thi cong:

V61 phuong an nay, thi mot s6 su c¢O s€ phat sinh nhiéu hon va thuong xay ra & giai doan kéo

bau dai nhu:

Dam vong lién két d& bau dai bi khuyét tat giy anh huong dén hé khung két cau thép trong

qué trinh kéo.

Céc thiét bi kéo nhu kich, ddng ho 4p luc, may bom dau lam viéc khong dong déu; tai trong

tac dung Ién chiing khong dong nhét.
Puong 6ng thuy lyc va cac dau ni bi ro ri khong kin khit.
Céc kich dat sai vi tri hoac khong chic chin va mét can béng.
Tim 18, tim kich va tim neo khi bit ddu cing kéo khong ndm trén mot duong thang.

Céac ném, neo bi nut, v, bién dang hay c6 dau hi€u bat thuong. Cac soi cap bi xodn vao

nhau khi lip ném neo.

Trong qué trinh kéo, mot s6 soi cap khong cing déu, bi chung. P9 dai cua cap kéo 1én khong

dong déu.

Bau dai va vao thanh than thap nudc do bi léch banh xe dan hudng.

4. SO SANH CHI TIEU KINH TE KY THUAT GIUA PHUONG AN THI CONG BAU PAI

Trong cong nghé thi cong than Thap nudce thi chi phi bién phéap thi céng phin mong va than
clia ca 3 phuong an néu trén déu khong chénh léch nhau nhiéu, do déu ap dung coéng nghé thi
cong truot than Thap nude. Tuy nhién, sy chénh léch va sai khac vé chi phi thé hién rd trong

phan thi cong bau dai va mai d& Thap nudc giira 3 phwong an.

Dué6i day 1 bang so sanh chi phi bién phéap thi cong ciia ca 3 phuong an nham dem lai

huéng nhin tong quat hon:
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Bang 1. Bang so sanh chi phi bién phap thi cong

Phuong an . e A A ax- . L Téng gié tri
thi cong Cong tac thi cong bau dai Donvi | Gidtri (VND) (VND)
Cdp pha bau dai va mai 4o m’ 2.119.000.000
Phuong 4n 1 Chi phi khau hao trang thiét bi da 2.603.000.000

gido, tAm san, van 16t, thiét bi kéo ti. | Tron goi | 484.000.000
Chi phi huy dong, giai thé thiét bi.

Cong cop pha bau dai va mai do m’ 148.500.000

Chi phi khiu hao trang thiét bj da
Phuong an 2 | 5i46 mo dun tAm thép, vén 16t cho .. 1.256.500.000
thiét bi nang ha kich thiry lyc. Chi phi | 1on 801 | 1.108.000.000
huy dong, giai thé thiét bi.

Cong cbp pha bau dai va mai d& m’ 244.500.000
Phuong 4n 3 Chi phi kéo rut bau dai (Bién phap, 1.554.500.000
kéo rut, lién két...). Chi phi huy Tron goi | 1.310.000.000

dong, giai thé thiét bi.

Trong phuong 4n 1: Do str dung hé cdp pha, gido chdng tir dudi mat dat 1én dén cao do bau
dai & cote 50m nén don gid/1m?” trong thi cong cbp pha bau dai va mai d& rat 16n so voi phuong
an 2,3. Pay 1a 1 phuong an truyén thdng, s& it dugc sir dung trong hién nay vi chi phi thi cong
cao va thoi gian thi cong lau hon.

Trong phuong an 2,3: Su chénh 1&ch chi phi so v&i phuong an 1, con duoc thé hién & chi phi
thiét bi may moc phuc vu cong tac kéo thay luc kéo cac mé dun tdm thép (6 phuong an 2), kéo
rt bau dai (& phwong 4n 3). Ca 2 phuong 4n nay déu doi hoi don vi thi cong c6 nhiéu kinh
nghiém nén thoi gian thi cong s& duoc rut ngan dong thoi chi phi ciing thip hon.

5. KET LUAN

Véi nhirng dic diém két cAu, hinh dang, kich thuéc ctia Thap nudc ma co thé ap dung xen k&
hodc nhiéu céng nghé mai. Pong thoi dua ra cac giai phap két ciu phu hop véi timg giai doan thi
cong. Mdi phuong an, giai phap thi cong déu cé nhitng vu khuyét diém riéng. Tuy nhién, tiy
thudc vao ning luc thiét bi thi cong, cong nghé thi cong c6 thé ap dung ctia don vi thi cong va
yéu cau tién do, gia tri dé lua chon phuong an phu hop véi tinh hinh thuc té.
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TINH TOAN COT PIEN DANG THAP THEP RONG
THEO TIEU CHUAN VIET NAM VA HOA KY

CALCULATION ELECTRIC LATTICE TOWER
AS VIETNAM AND AMERICAN STANDARDS

KS. Nguyén Ngoc Huy', KS Téng Si Bién®, KS Quach Thanh Phic’
'23Vién Khoa hoc cong nghé xay dung, Email: nguyenngochuy1004@gmail.com

TOM TAT: Nghién ciru phuong phap tinh toan cot dién dang thap thép rdng theo cac tiéu chuin Viét
Nam va Hoa Ky (trong bai bao str dung tiéu chuan ASCE/SEI 10-15) va so sanh ching voi nhau dong
thoi thiét 1ap quy trinh tinh toan theo hai h¢ thong tiéu chuan Viét Nam va Hoa Ky;

TU KHOA: Cot dién thép.

ABSTRACT: Research guideline for lattice steel transmission towers according to Vietnam and
American standards (in the article using ASCE/SEI 10-15 standards) and comparing them together and
establishing the calculation procedure for lattice tower following of Vietnam and American standards,

KEYWORDS: lattice tower.

1. PAT VAN DE

Nhu cau vé dién ¢ Viét Nam dang ngay cang ting cao, trung binh ting khoang 8% -10% mdi
nim, nhanh hon tdc d6 phat trién kinh té trung binh. Pi kém voi d6 1a viéc phai xay dung cac hé
thong duong day tai dién va tram bién ap dé dam bao viéc truyén tai dién. Cong tac thiét ké dé dam
bao cht luong cua hé thdng truyén tai dién 1a mot trong nhing wu tién hang dau nham dap tmg
chat lugng doi hoi ngay cang ning cao, di kém véi sy phét trién cia dién luc.Vi vy viéc dua ra
cac giai phap thiét ké cho cac khoang vuot phai duoc tinh toan dé dap umg duoc sy thudn tién vé
giao thong dudng thiy dong thoi dam bao kha ning chiu luc trong qua trinh st dung. Hién nay
viée thiét ké cot dugc thuc hién theo cac tiéu chuin khac nhau nhu: tiéu chuan Viét Nam, tiéu
chuén Hoa Ky, Chau Au, An Do... Trong cac h¢
thong tiéu chuan trén thi tiéu chuan Hoa Ky da
duoc nhidu nudc trén thé giéi cong nhan va sir
dung, vi vay tac gia da lga chon tiéu chuén Hoa
Ky dé nghién ctru va ap dung tinh toan theo s6
liéu, diéu kién ty nhién cia Viét Nam. Noi dung
nghién ctru dugc trinh bay trong bai bao nhu
sau: tinh toan cot dién bang thép vuot song voi
tai trong tic dong 1én cot theo tiéu chuan Viét
Nam (TCVN 2737:1995, quy pham 11 TCN -18-
06, st dung tai trong/ndi luc trong cot nay dé

thiét ké cot thép vuot séng theo tiéu chuin
TCVN 5575:2012 va ASCE/SEI 10-15. Hinh 1. Hinh anh minh hoa cot truyén tai dién
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2. TAI TRONG VA TO HQP TAI TRONG

Tai trong tdc dong 1én thdp dugc phan thanh 2 loai: tai trong thuong xuyén va tai trong tam
thoi. Tai trong thuong xuyén 1a céc tai trong tac dung khong bién ddi trong qua trinh xay dung
va sir dung cong trinh, bao gém trong lugng ciia két cau chiu luc va két cau bao che. Tai trong
tam thoi khac vé ban chat d6i véi tai trong thuong xuyén: chung thay d6i va khong biét trude.
Tai trong tam thoi khong nhitng thay ddi theo thoi gian ma con thay doi ca diém dat. Su thay ddi
nay cé thé ngén, c6 thé dai nén thuc té ta khong biét trude duge nhu tai trong tinh. Tai trong tam
thoi bao gdm tai trong tam thoi dai han (khéi lugng cua thiét bj ¢ dinh..), tai trong tam thoi
ngén han (khéi lugng nguoi, vat liéu stra chira, tai trong gid), tai trong dac biét (tai trong dong
dat, tai trong do nd va thiét bi truc tric hu hong tam thoi (day dan bi duat)). Trong do, tai trong
tinh theo tiéu chuan Viét Nam gom TCVN 2737:1995 va quy pham 11 TCN -18-06, tai trong
tinh theo tiéu chuan Hoa Ky gébm ASCE/SEI 7-16 va ASCE Manuals and Reports on
Engineering Practice No.74 - Guidelines for Electrical Tranmission Line Structural Loading,
giita hai hé thong tiéu chuin nay c6 nhiéu ndi dung khic nhau vé mit tinh toan, trong d6 c6 2 noi
dung khéc biét 16n can quan tAm d6 13 tai trong gi6 va t6 hop.

Giira tiéu chuan Viét Nam va Hoa Ky¥ c6 sy khac nhau vé cac diém sau: dang dia hinh, thoi
gian ldy trung binh va chu ky 1ap ciia van toc gio. Tai trong gi6 tinh theo tiéu chuin Viét Nam
dugc xac dinh theo TCVN 2737:1995 véi van toc gié trong khoang thoi gian 3s tai cao do 10 m
so v6i mat dat ty nhién voi chu ky ldp 20 nim tuong Gng voi dia hinh dang B (theo TCVN
2737:1995), trong khi d6 tai trong gio6 tinh theo tiéu chuin Hoa Ky dugc xac dinh theo
ASCE/SEI 7-16 véi van tbc gi6 trong khoang thoi gian 3s tai cao do 10 m so vdi mat dat tu
nhién véi chu ky ldp 50 nam tuong Gng véi dia hinh dang C (theo ASCE/SEI 7-16). Khi van
dung tiéu chuan dé tinh toan theo Hoa Ky vao Viét Nam thi chung ta phai quy doi twong duong
véan toc gié tir chu ky 1ip 20 nim sang chu ky lip 50 nam tir QCVN 02:2009/BXD. Véi tiéu
chuin Viét Nam duoc chia lam thanh ph?m tai trong tinh va tai trong dong cua tai trong gio,
trong khi d6i v6i tiéu chuan Hoa Ky thi hai thanh phan trén dugc gop chung lai va thanh phan
xung van toc gioé dugc thé hién qua hé sb gio giat (Gust factor). Van dé thir hai 6 chinh 1a to
hop tai trong giita hai hé thong tiéu chuan, cin cir theo Quy pham trang bi dién phan II - H¢
théng duong day dan dién 11 TCN-19-2006 va tiéu chuan thiét ké TCVN 2737:1995 vé tai trong
va tac dong. Cac t6 hop tai trong tinh toan thap thép bao gom:

- Cot 1am viéc binh thuong, ap luc gi6 16n nhét, gié vudng goc véi hudng tuyén.

- Cot 1am viéc binh thudng, ap luc gié 16n nhit, gi6 theo phuong hop véi hudng tuyén 45°.

- Su ¢b dut day chdng sét, ap luc gié 16n nhat, gié vudng goc v6i hudng tuyén.

- Su ¢b dut 01 hodc cac day din trong cing 1 pha (v6i bat ky s6 day trén cot 1a bao nhiéu),
ap luc gi6 16n nhat, gié vudng goc véi hudng tuyén.

- Su ¢b dut 01 day chdng sét, ap luc gio 16n nhit, gié theo phwong hop voi hudng tuyén 45°.

- Su ¢ dut 01 hodc cac diy dan trong cung 1 pha (véi bat ky sé day trén cot 1a bao nhiéu),
ap luc gi6 1on nhit, gi6 theo phuwong hop véi hudng tuyén 45°.

- T6 hop tai trong theo diéu kién lap rap ddi voi cot néo.
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Trong khi do, t6 hop tai trong theo tiéu chuan Hoa Ky [6] duoc x4c dinh nhu sau: két cau
duoc thiét ké phai c6 du do bén va dd 6n dinh dé d6 bén tinh toan 16n hon ndi luc tinh toan trong
cac ché d6 lam viéc dudi day:

- Ché d6 1am viéc binh thuong:

OR, > h¢ qua cua (DL + W)
- Ché d6 lam viéc sy cb:
¢oR,, > h¢ qua cua (DL + FC)
- Ché do lép dat, bao dudng:
¢oR, > h¢ qua cia (DL + y.mCM)
trong do:

¢ : hé s sirc khang;

R, : 40 bén danh nghia cua cAu kién;

DL : tai trong ban than két ciu va thiét bi, khong bao gdm day;

W : tai trong gi6 tac dung 1én cot, bao gom ca tai trong gi6 tac dung 1én day va truyén vao cot;

FC : tai trong su cd;

CM : tai trong lap dat, bao dudng;

Yem : hé 6 vuot tai cla tai trong lap dit, bao dudng.

Do su khéac biét vé mat noi dung tinh toan giira hai h¢ théng tiéu chuén nén trong khuén khé

clia bai bao nay tac gia xin phép duoc sir dung cac to hop va tai trong tinh toan theo quy pham
11 TCN-18-06 va TCVN 2737:1995 dé thiét ké cAu kién theo TCVN 5575:2012 va ASCE/SEI 10-15.

3. TINH TOAN TAI TRONG TAC PONG THEO QUY PHAM VA TIEU CHUAN
VIET NAM

3.1. Phan loai tdi trong

Theo TCVN 2737:1995 thi tai trong dugc phan thanh tai trong thuong xuyén va tai trong
tam thoi.

Tai trong thudng xuyén 1a cac tai trong tac dung khong bién d6i trong qua trinh xay dung va
sir dung cong trinh bao gdm: khdi luong cac bd phan cta cong trinh, gdm cac két cdu chiu lyc va
két cau bao che.

Tai trong tam thoi 14 tai trong co thé khong xudt hién trong mot giai doan nao d6 cia qua
trinh xay dung hodc st dung cong trinh. Tai trong tam thoi bao gém cac loai: tai trong tam thoi
dai han, tai trong tam thoi ngén han va tai trong dac biét (dong dat, chay nd... ).

Trong qua trinh thiét ké phai tinh dén tat ca cac tai trong xuat hién trong qua trinh xay dung,
sir dung ciing nhu qua trinh ché tao, bao quan va van chuyén cac két cdu. Tai trong tinh toan

duoc xac dinh bang cach nhan gia tri cua tai trong ti€u chuan véoi h¢ s6 do tin cdy cua tai trong .

226



Hi nghi Khoa hoc Cén bg tré lan thir XVI

3.2. Tai trong do trong lwgng ban than (TLBT)

Tai trong tiéu chuan bao gom:

- Khéi luong cua thap

- Tai trong do TLBT day va phu kién tac dung tai diém bat day:

Q=Q+Q (1)

trong do:

Qi =Luq;

Ly : khoang cot trong luong cua day dan;

q : trong lugng trén mot mét don vi chiéu dai cua day;

Q; : trong lugng st va phu kién.
- Hé s6 do tin cay vé tai trong léy cho két cau thép 1a 1,05

3.3. Tai trong sira chira, lip rap
Puogc lay theo quy dinh cta tiéu chuin nganh 11 TCN -19 — 2006.
V6i cot d& thang: 150 daN.
Vi tri diém dit lyc: tai diém bat day.
N6i chung tai trong nay c6 gia tri khong 16n chi dung dé kiém tra cuc bg, khong dua vao dé
to hop tai trong
3.4. Tai trong do diy din
Co hai tai trong tac dong 1én day dan la:
- Tai trong do trong lugng day gay ra.
- Tai trong do 4ap lyc gi6 tac dong lén diy dan gy ra.
a. Tai trong do trong lvong day gay ra

Trong lugng 1m day la G [kg/m], hodc thanh don vi [kg/m] = 9,81[daN/m]. Khi do ti tai g;
do trong lugng ban than diy dan dugc x4ac dinh theo cong thirc:

G
g = F (2)

trong do
G : trong luong 1m day, daN/m,;
F : tiét dién day dan, mm?®,
b. Tai trong do gio tac dong lén day
- Tai trong do gio6 tac dung Ién day:
W = 0.Cy K, q. sin’d 3)
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trong do:

o : Hé sd tinh dén su khong bang nhau cta ap luc gi6 trong khoang cot, 1ay bang:
+ 1 khi ap lyc gi6 bang 27 daN/m?;
+ 0,85 khi ap luc gi6 bang 40 daN/m’;
+0,75 khi ap luc gi6 bang 55 daN/m?;
+0,70 khi 4p luc gi6 bang 76 daN/m” va 16n hon.

C, : hé sb khi dong cua day dan:
+ Cx = 1,2 cho day c6 duong kinh nhé hon 20mm;
+ Cx = 1,1 cho day c6 duong kinh 16n hon 20mm.

K, : hé sé quy ddi tinh dén anh huong cua chiéu dai khoang vuot vao tai trong gio, bang 1,2
khi khoang cot t&1 50m; bang 1,1 khi 100m; bang 1,05 khi 150m; bang 1 khi 250m va
16m hon (cac tri s0 K; do1 voi cac khoang vuot c¢6 chiéu dai nam gilra cac tri sO trén thi
lay theo phuong phép ndi suy);

q : 4p luc gid tiéu chuan, iy theo quy dinh cia TCVN 2737:1995;

 : goc hop boi hudng gié thoi va tryc ciia tuyén dudng day.

- Ti tai g, do gi6 1én day dan la:

8= “

trong do:

d : duong kinh day, mm;

F : tiét dién day dan, mm”.

c. Tdi trong do dady bi dirt gdy ra trong trang thdi sit c6

Xéc dinh dugc tng suét o, luc cang day tac dung lén cdt s€ dugce tinh béng:

T=oF (%)

trong do:

o : img suét trong ddy dan tng v6i ché do twong tmg;

F : tiét dién day dan.
3.5. T4i trong gio tac dung lén cot

Tai trong gi6 tac dung 1én cong trinh gdm cac thanh phan: ap luc phap tuyén We, luc ma sat
W: va ap luc phap tuyén Wi. Tai trong gid cling c6 thé quy vé 2 thanh phan ap luc phép tuyén Wy
va Wy.

Theo TCVN 2737:1995, luc gid tac dung 1én cot bao gém 2 thanh phan:

- Thanh phan tinh W;

- Thanh phan dong W, (ké dén dao dong tu do cua cot, khong xét dén khi chiu cao cong
trinh dudi 40m).
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- Tinh todn thanh phén tinh ciia tdi trong gié
Cong thirc tong quat:
Wi =Wy k.c (6)
trong do:
W : gid tri cia 4p luc gi6 1dy theo ban d6 phéan ving phu luc D va muc 6.4 cia TCVN 2737:1995;
k : hé s6 tinh dén sy thay d6i ctia ap luc gi6 theo do cao 1ay theo bang 5 cia TCVN 2737:1995;
¢ : hé s6 khi dong.

- Tinh todn thanh phin déng ciia tdi trong gié

Thanh phan dong cua tai trong gié phai dugc ké dén khi tinh cac cong trinh tru, thap ... co
chiéu cao trén 40m. Pic biét, d6i vai cac cong trinh cao va két cAu mém (6ng khoi, try, thap ...)
con phai tién hanh kiém tra tinh trang mét 6n dinh khi dong theo TCXD 229:1999.

4. TINH TOAN CAU KIEN THEO TCVN 5575:2012

4.1. Ciu kién chiu kéo dung tim

N
G=A—Sf’yc (7)

n
trong do:

N : luc kéo dung tam tinh toén;

A, : dién tich tiét dién thuc cta cu kién;

Yo : hé sb diéu kién 1am viéc.

Dién tich tiét dién thuc bang dién tich tiét dién nguyén trir di dién tich giam yéu. Dién tich
giam yéu 13 dién tich bi mat di do yéu cau ché tao. D6i véi lién két buldng (trir bulong cudong do
cao) khi cac 16 xép thang hang thi dién tich giam yéu bang tong 16n nhét ciia dién tich céac 15 tai
mdt tiét dién ngang bat ky vudng goc véi chidu cua ing suat trong cau kién. Khi cac 16 xép so le
thi dién tich giam yéu lay tri s6 16n hon trong hai tri s6 sau (Hinh 4.1a):

Tri s6 1: giam yéu do cac 16 xép trén duong thang 1-5;

Tri s6 2: tong dién tich ngang cta cac 16 ndm trén dudng chit chi 1 -2 -3 - 4 - 5 trir di lwong
s*t/(4u) cho mdi doan dudng chéo gitta cac 13;
trong do:

s : bude 16 so le, tirc 1a khoang cach song song véi phuong cua lyc giita tim ctia cac 16 trén
hai dudng lién tiép nhau;

t : bé day thanh thép c6 16;

u : khoang duong 16, 1a khoang cach vudng goc vdi phuong cia luc giita tim cac 16 trén hai
duong lién tiép.
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Déi v6i thép c6 16 trén hai canh thi khoang duong 16 u 1a tong cac khoang cach tir tim 16 dén
song thép goc, trir di bé day canh (Hinh 4.1b).

a) b}

Hinh 4.1. Cach xac dinh dién tich thuc
4.2. Céu kién chiu nén ding tim

- Tinh toan vé bén

N

n
trong do:
N : luc nén ding tam tinh toan;
A, : dién tich tiét dién thuc cua cAu kién.
- Tinh toan vé 6n dinh

Tinh toan vé 6n dinh cua cdu kién dic chiu nén dung tim theo cong thirc:
N
—<fy 9)
oA~ '€
trong do:

A : dién tich tiét dién nguyén;

¢ : hé s ubn doc, phu thudc do manh quy udc.
5. TINH TOAN CAU KIEN THEO ASCE/SEI 10-15
5.1. Ung suit chiu kéo gi6i han

Ung suét kéo gi6i han F, cta cau kién chiu kéo ding tam 1a gia tri F, trén dién tich tiét dién
thuc A,, trong d6 A, bang dién tich tiét dién nguyén A, (tong cua cac tich gitra chiéu day va
chiéu rong ctia cac canh theo phuwong vudng goc véi truc ciia cau kién) trir di phan mat di do 16
mé tai tiét dién dang xét.

Trong trudng hop ¢ mot chudi cac 16 theo duong zig-zic (xem Hinh 5.1), thi chiéu rong
thuc w, cua canh s€ dugc xac dinh theo cong thirc sau:

2
S
W, _wg—2d+zE (10)
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trong do:
w, : chiéu rong thuc ctia canh;
Wy ! chiéu rong nguyén cta canh;
d : duong kinh 15;
s : hinh chiéu khoang cach 15 theo phwong doc truc;
g : hinh chiéu khoang céch 18 theo phuong vudng goc véi truc.

a

‘L,Id

Hinh 5.1. Céch tinh chiéu rong thyc ctia canh

Khi dé, dién tich thuc cua tiét dién nguy hiém A, sé 1a dién tich ung voi vi tri ¢ chiéu rong
thuc nho nht.

Khi tinh toan dién tich thuc chiu kéo, dudng kinh cua 16 bu 16ng dugce tao boi phuong phap
dap duoc léy 16n hon duong kinh danh nghia cta 16 mot lugng bﬁng 1,6mm. Péi véi 18 duoc tao
bai phuong phap khoan hodc doa mé rong, thi co thé lay bang dudng kinh danh nghia cua 15.

Thép goc va thép goc vé mép duoc bit bu 16ng & ca hai canh ¢ ca hai dau duoc coi 1a chiu tai
ding tam.

5.2. Cau Kién chiu kéo

Ung suat kéo giéi han F, trén dién tich thuc cua thép goc va thép goc vé mép lién két qua
mot canh 1a 0,9F,. Néu 1a thép goéc canh khong déu va duogc lién két thong qua canh ngan, thi
canh khong lién két dugc xem c6 cung kich thudc véi canh lién két. Néu tim ctua nhém bu 16ng
ctia canh lién két nam ngoai tAm hinh hoc ctia thép goc, thi lién két phai dugc kiém tra kéo dut
theo phuong trinh sau:

P=0,60AF, + A/F, (11)
trong do:

P : Iyc kéo thiét ké tai nut;

A, : dién tich thuc chiu kéo nho nhat vudng goc véi dudng truyén lyc trong khoang tir 18 t6i
meép tiét dién;

A, : dién tich thuc chju cit nho nhét theo phuong truyén luc;

F. : cudng do tiéu chuan cua thép theo stc bén kéo dut;

F, : cuong do tiéu chuan lay theo gidi han chay cua thép.
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Khi tinh toan dién tich thuc chiu kéo va chiu cit, duong kinh cua 16 bu 16ng duge tao boi
phuong phéap dap duoc 1ay 16n hon dudng kinh danh nghia cta 16 mot luong bang 1.6 mm. Dbi
vé6i 16 dugce tao bai phuong phap khoan hodc doa mé rong, thi co thé 1dy bang duong kinh danh
nghia cua 16.

Tam hinh hoc cla thép goc

Yol
LL-I b o .\ Chidu day =t
tc

A, =t (a+2b) A=

Hinh 5.2. Pinh nghia vé kéo dut cua lién két bu 1ong
5.3. Cau Kién chiu nén
Gi61 han ty 1¢ do manh cho cac ciu kién duge quy dinh nhu sau:
- C4u kién chiju nén:
+ Thanh canh: L/r <150
+ Céc cau kién khac: KL/r < 200
- Céu kién phu: KL/r < 300

Ung suat nén giéi han F, trén tiét dién nguyén, hodc trén tiet dién giam yéu (khi ¢6 chi dinh)
cua cau kién chiu nén ding tdm dugc xac dinh nhu sau:

KL
1 KL
E ={1-—| Xt | |F; —<C 12
‘ 2| C, or ¢ (12)
E KL
F, = = —>C, (13)
(KL] r
T

(14)

trong do:
n:kL/r=ty s6 d6 manh;
K : hé s6 chiéu dai hiéu dung;
r : ban kinh quan tinh d6i véi truc mét 6n dinh (mm);
L : chiéu dai khong giang theo phuong ngang ciia cau kién, (mm);
F, : cuong do tiéu chuan lay theo gidi han chay cia thép;
E : m6 dun dan hoi, (MPa).
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- Ciu kigu chiu nén : thép géc
Céc quy dinh trong phan nay chi ap dung cho thép goc 90°.
a. Ty s6 w/t I6m nhat

Ty s6 bé rong trén chiéu day, w/t, khong duoc vuot qua 25 d6i v6i thanh thép goc, xem hinh 4.3.

2t Ban kinh uén 1on nhat
—D| [
Mép uén
w * Néu ban kinh udn
X - ‘—’( - ho hom 27, thi sir_
i _i dung gia trj nay dé
_{ f xac dinh w.

%y

t . % t P .y i
> 2 ‘ Mép udn < 31 I Ban kinh uon 16n nhat

&1

(a) (b)
Hinh 5.3. Cach xac dinh ty s6 wit

b. Ung sudt nén giéi han
Ung suit nén gidi han trén tiét dién nguyén la gia tri F, dugc x4c dinh véi diéu kién gia tri
16n nhat ciia w/t khong vuot qua gia tri gii han trong cong thire (12).
c. Xac dinh F,
Néu gia tri w/t vugt qua gia tri giéi han (W/t)i, dudi day:
80
(W) jim = TW (15)
JE

thi (mg suét gidi han F, 1a gié tri tinh todn véi F, trong cong thuc (12) va (13) dugc thay thé bang
F.; xac dinh nhu sau:

w
F, =|1,677-0,677—L— |F,; (ﬂj LW 1y (16)
tim ¢ \/E

t Jim

_0,0332°E w144y

o OlEE

(17)

t
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6. SO SANH KET QUA TiNH TOAN

Véi tiéu chuan Viét Nam va tiéu chuan Hoa Ky, ca hai tiéu chuan khi tinh toan kha ning
chiu luc cua ciu kién co xét dén su phé hoai c6 thé xdy ra do sy chay cua tiét dién nguyén nam
xa 16 hodc do sy dut cta tiét dién thyc hitu hiéu tai chd lién két, vi vay két qua tinh toan giita 2
tiéu chuén 13 twong dwong nhau.

Khi tinh toan cAu kién chju nén, ca hai tiéu chuin déu danh gia kha nang chiu lyc cua cAu
kién ngoai viéc bi pha hoai vé chay déo nhu cdu kién chiu kéo con bi mat 6n dinh (bi odn) khi
chiu tai. Tuy nhién theo ti€u chuin Hoa Ky, khi xét ing suét chju nén trong cAu kién, tiéu chuin
Hoa Ky c6 danh gia dén su odn cuc bd cua cau kién.

Tir két qua tinh toan ta c6 bang so sanh va kha ning chiu luc cta cac cdu kién khi tinh toan
theo 2 tiéu chuan nhu sau:

Bang 1. So sanh va kha nang chiu lyc cta cac cau kién khi tinh toan theo 2 tiéu chuan

DPon vi: kN
Cau kién .
. . Thanh canh | Thanh canh | Thanh xién | Thanh bung
Kha nang chiu lyc
(1) TCVN 5575:2012 5892 3394 994 325
) ASCE/SEI 10-15 4232 2331 498 233
3) 2)/(1) 72 % 69 % 50 % 72 %

So sanh hai két qua tinh toan cho thdy kha ning chiu luc ctia ciu kién khi tinh toan theo tiéu
chuan Hoa Ky s& c6 két qua thap hon do c6 ké dén anh hudng cta sy mat 6n dinh cuc bo trong
qua trinh chiu lyc.

Khi tinh toan lién két bu long, ca tiéu chuén Viét Nam va Hoa Ky déu sir dung dién tich mat
cit ngang va cuong do chiu luc cua bu 16ng. Tuy hé sb va cong thire khac nhau nhung két qua
tinh toan cho sb luong bu 16ng dam bao kha ning chiu lyc 14 twong dwong nhau.

Bang 2. Két qua tinh toan sd lugng bu 16ng tdi thiéu theo 2 tiéu chuin

Céu kién _
A Thanh canh | Thanh canh | Thanh xién | Thanh bung
SO lugng
(1) TCVN 5575:2012 19 7 2 1
2) ASCE/SEI 10-15 20 8 2 1
3) (1)/(2) 95 % 88 % 100% 100%
7. KET LUAN

Quy trinh tinh toan cot dién dang thap thép rdng giira hai tiéu chuin dugc thé hién nhu sau:

- V6i tiéu chuan Viét Nam, tai trong va td hop tai trong duogc léy theo tiéu chuian TCVN

2337:1995, TCXD 229:1999, thiét ké cAu kién theo tiéu chudn TCVN 5575:2012.
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- Vi tiéu chuan Hoa Ky, tai trong va to hop tai trong duoc 1ay theo tiéu chuan ASCE/SEI 7-16,
ASCE Manuals and Reports on Engineering Practice No.74 - Guidelines for Electrical Tranmission
Line Structural Loading, thiét ké cAu kién theo tiéu chuan ASCE/SEI 10-15.

Tinh toan tai trong gié theo ti€u chuén Viét Nam TCVN 2737:1995 xéac dinh cin cr vao van
tde gi6 3 gidy, tai do cao 10m tinh tir mat dat, chu ky lap 20 nam, dbi véi tiéu chuan Hoa Ky tinh
v6i van toc gi6 3 gidy, do cao 10m, chu ky ldp 50 nim. Tuy nhién khi tinh toén tiéu chuan Viét
Nam dugc chia 1am thanh phén tai trong tinh va tai trong dong ciia tai trong gio, trong khi dbi
v6i tidu chuan Hoa Ky thi hai thanh phan trén dugc gop chung lai va thanh phan xung van tdc
gi6 duoc thé hién qua hé sb gid giat (Gust factor). Vi vy dé ap dung khi tinh toan cho cong trinh
xdy dyng ¢ Viét Nam phai c6 nhitng diéu chinh dé phu hop véi didu kién ty nhién dic thu ctua
Viét Nam.

Ddi véi tiéu chuan Hoa Ky, tinh toan chiu luc dugc xac dinh theo céc loai tiét dién khac
nhau, do d6 s& kiém tra dugc kha nang chiu luc trong céc diéu kién khéac nhau (diéu kién 6n dinh
cuc bd khi chiu nén). Do do6, cé thé théy tiéu chuan ASCE/SEI 10-15 1a tiéu chuén chuyén dung
cho cot dién dang thap thép rdng bang thép. Cac budc tinh toan theo ASCE/SEI 10-15 don gian,
dé hiéu, thuan lgi cho cong tac thiét ké va kiém dinh. Cac théng s6 dung trong tinh toan déu
duogc cung cap day du, dé tra ctu.

Vi vay, viéc sir dung tiéu chudn ASCE/SEI 10-15 trong tinh toan cot dién dang thap thép rong
& Viét Nam 13 hoan toan hop 1y, nghién ctru tiéu chuan ASCE/SEI 10-15 1a viéc 1am can thiét phuc
vu cong tac bién soan ti€u chuén thiét ké riéng cho hé théng truyén tai dién cua Viét Nam.
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DAO PONG RIENG CUA PHAN TU THANH VAT TIET DIEN CHU'I
CO LIEN KET NUA CUNG

NATURAL VIBRATION OF TAPER BEAM WITH
SEMI RIGID CONNECTION

ThS. Pham Trung Thanh
Vién Khoa hoc cong nghé xay dung, Email: phamthanh.ibst@gmail.com

TOM TAT: Bai bao trinh bay phuong phap xay dung ma trdn do cimg, ma tran khéi luong cho phan tir
thanh vat tiét dién chit I c¢6 lién két nira cing va xac dinh dao dong riéng ciia phan tr. Ma tran d6 cimg
duogc xdy dung theo phuong phép ning luong. Ma tran khdi lwong dugc xay dung dya trén cac ham dang
ctia phan tir thanh vat c6 lién két nira cimg. Lién két nira cimg ¢ hai dau phan tir thanh dwoc mé phong
bang 10 xo véi d6 cting chéng udn dan hdi. Cac dic trung hinh hoc cua tiét dién chit I duoc biéu dién qua
ham sb mii co sd “e”. Cac ma tran do cung, ma tran khoi lwong stir dung cho bai toan phan tich dao dong
riéng két cdu dam va khung phang c6 phan tir thanh vat, lién két nira cimg ¢ hai dau. Lap trinh chuong
trinh tinh bang phan mém Mathlab, kiém ching két qua tan s6 dao dong riéng so voi két qua tinh cua
phan mém SAP 2000.

TU KHOA: thanh vat, lién két nira cirng, ma tran d¢ cung, ma tran khdi luong.

SUMMARY: This article presents the method of building up stiffness matrix and mass matrix for the
tapered beam element with I-shaped cross section and semi-rigid connection. The stiffness matrix is
constructed by the energy method. The mass matrix construction is based on the shape functions of the
tapered beam element with semi-rigid connection. Semi-rigid connection at the two ends of the bar
element is simulated by springs with elastic non-flexural rigidity. The geometric properties of the
I-shaped cross section are represented by the exponential functions with base “e”. The stiffness matrix
and mass matrix are used for the natural vibration analysis of beams and plane frames with tapered
element and semi-rigid connection at both ends. Calculation is programmed by Mathlab software and
results of natural vibration frequency are verified by comparing with the results of SAP software.

KEY WORDS: tapered beam, semi-rigid connection, stiffness matrix, mass matrix

1. PAT VAN PE

Déi v6i két cau khung thép sir dung kha nhiéu loai cau kién tiét dién chir I ¢6 kich thudc ban
canh va chiéu day ban bung khong doi, con chiéu cao tiét dién thay doi theo chiéu dai thanh.
Mitc d6 thay ddi chiéu cao tiét dién phu thudc vao phan bd noi lyc trong thanh theo chiéu dai,
diéu kién lién két o hai dau. Gan day, mot sé tai liéu trong va ngoai nude co dé cap dén viéc thiét
lap cac ma tran do ctng [1][2], ma tran khdi luong [3] ctia phan tir thanh tiét dién thay doi,
nhung danh cho tiét dién chit nhat v6i chidu cao thay d6i tuyén tinh hoic viéc xay dung ching
trén co s& ham dang ctia phan tir thanh tiét dién déu va cho cac két qua tinh gan ding.

béi voi két cau thép cé tiét dién mong thi anh hudng cua luc cit ti ndi luc va chuyén vi la
dang ké nén can phai xét toi yéu td nay trong tinh toan.

Bén canh d6 theo phuong phap thiét ké thong thuong, gia thiét lién két gitra dam va cot 1a
lién két cimg hodc khdp. Trong thuc té, qua nhiéu két qua thuc nghiém nhén thiy céac loai lién
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két dang sir dung déu co do cling nhét dinh va thuong ndm trong khoang gitra hai trudng hop:
lién két cing va lién két khop. Dé xac dinh duge do ctng cua lién két ta ap dung tiéu chuan EC3,
dugc trinh bay trong phu luc 01.

Do vay, can thiét xay dung ma tran do cung, ma tran khéi luong cho loai cAu kién nay theo
mot phuong phap chinh xac va tong quat hon.

2. XAY DUNG MA TRAN PQ CUNG, MA TRAN KHOI LUQNG
2.1. Xay dung ma tran d¢ ctirng
2.1.1. Biéu dién dic trung hinh hoc ciia tiét dién thanh vit

D6i v6i thanh vat tiét dién chit I nhu Hinh 1, i
T yi A®1@),me)
cong thirc todn hoc dé bicu dien cac dac trung hinh 1 1

i
\
. o e Ay A e 12 x|l x =
hoc nhu m6 men quan tinh, dién tich tict di¢n tai vi — 17t ==
|
i

I \ X
tri bit ky theo vi tri & du thanh 1a kha phuc tap. ‘ "L ‘

-
] =2

e B
=)

y

L be |1
Hinh 1. Phan tir thanh vat
tiét dién chit I

Tuy nhién, c6 thé biéu dién cac dic trung hinh hoc
nay thong qua cac ham toan hoc don gian khac nhu

ham sé mii co sé “e” [1][8].

M6 men quan tinh (z), dién tich tiét dién A(z) tai vi tri bat ky doc theo chiéu dai thanh duoc
viét nhu sau: I(z)=1e", A(z)= Ae™, trong d6: n, m - hé s6 hinh dang cia I(z) va A(z);
A;,4,,1,,1,,h,,h, - tuong tng la dién tich tiét dién, mémen quan tinh, chiéu cao tiét dién thanh
tai vi triz = 0 va z = L. Ap dung céc diéu kién bién ta dugc:

m=In(A4,/4)/In(L);n=In(1,/1;)/In(L); (1)
2.1.2. Ma trdn do cirng

Trong bai bao [4], tac gia di trinh bay cu thé cach xdy dung ma tran do cing K : ctia phan

tr thanh vat, tiét dién chit I ¢6 hai dau lién két nira cung xét dén anh huong cua luc cit. Ma tran

do cing K : 6 cac phan tur K; (i, j = 1+6) dugc xac dinh theo cong thurc:

—x % —x — — E T
k“:k44:E/Tg; k14:k41:_E/7:) ko = (a1+6¥2+0£16¥2 1)_

9

MS
— = qE(L+a,l) - - E(q+o,+aal)
ks = ks = 7S s ks =ksy == MS )
— - Eay(L+alT-aT,) - Ea [Lz +a (T4 +ﬂT6)} — = Elg+a+aal)
ky =key = MS sk = MS sHys =Ksy =— MS >
o E(L+ayly) o o aaE(LL-T-fT) o E(etoy+aanl)
k35_k53_ MS s k36_k63_ MS s kSS_ MS >
. Eay(L+aLT-ay) —. Eo(L(1+aT)-2e4LT, +a (T + BTy )
kse =kes =~ MS ; ke = 7S ; (2)
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kyy=kyy=kis=kg=ky =ky =k =kyy =k =kys =kys =kyg =ks) =ksy =kg; =kgy =0,
trong d6: MS =L’ (1+ T, ) -2, LT, — ey, Ty +(oy + ) Ty + g, Ty + By + o + g, T ) T

Tl:J‘L dz _T2:J‘L zdz 'T=JL22dZ' :JLZBdZ'T J‘LZ4dZ_T_ Lmdz;

0 I(z)" P o ryz) BTz T e Tz B ez T T o az)
A2 e thH(2) o, o [E dz
= e he] Tg_jo yTvt 3)

7(z)- hé s6 phu thudc vao hinh dang tiét dién, ddi voi tiét dién chit 1o y(z)=A(z)/A,(z).
Gia tri y(z) 6 thé biéu dién: y(z)=y,e”; r =ln(y2/}/1)/ln(L) 3V = AI/A‘L Yy = Az/szv , trong
d6: A, A% 1an luot 1a dién tich tiét dién phan bung dam & du 1 va dau 2. Khi bo qua anh huéng
cua lyc cat thi gia tri y(z)=0.

bat p=E/G,a,=k/E,a,=k,/E, trong d6: E,G: lan luot 14 md dun dan hdi, va mo

dun trugt; k,,k, - 40 cing chéng xoay cua 10 xo ¢ hai dau thanh.

2.2. Xay dung ma tran khoi lwong
2.2.1. Xdy dwng ham dang cia phan tir thanh vit

Xét phan tir thanh vat tiét dién chir I c6 hai dau lién két nira cng, nhu Hinh 1, khéi lugng
phan bo déu m(z), lién két nira cing dugc moé phdng bang mot 10 xo & moi dau, phuong trinh
ham dang dugc thiét 1ap bang phuong phap chuyén vi don vi [5].

e Ham dang theo phuong doc truc thanh

Phuong trinh bién dang doc truc u (z) ctia phan tir thanh vat c6 dang:

Ndz _
”(ZHT(Z):‘CW "Gy 4)

trong d6 C; va C, - hé s6 xac dinh tir diéu kién chuyén vi ¢ hai dau thanh, véi chuyén vi bang
don vi thi phuong trinh (4) chinh 1a ham dang ctia phan tir thanh, Hinh 2.

y
* A=1 —x
N, EA#const 2 V‘
| L 7
dz

Hinh 3. Bién dang goc ctia phén tb thanh

Z

:

Hinh 2. Diéu kién chuyén vi doc truc thanh
Cho d4u 1 chuyén vi bang don vi ta co:
u(zzo) =1 ) u(z:L) =0 ) (5)

Sau khi thay diéu kién bién (5) vao cong thirc (4), xac dinh dwoc ham dang N;(z) cta phan tir
thanh vat c6 hai dau lién két ntra ctng. Lam twong ty véi du 2, xac dinh ham dang Ny(z) nhu sau:
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Ham dang:

-1 4 ML) L2 (_1+en1z)

Nl(Z)—W?M(Z): TP (6)

e Ham dang theo phuong vuong goc voi truc thanh
Xét phan tir thanh trong mat phang Oyz, do vong chung bang tong do vong do ubn vy, va
trugt vy gay ra:

V=V, vy, (7)

Khi chi ké dén anh huong cia mémen udn, nhin duoc phwong trinh vi phin do vdng
vib=—M JEI .. Dé xét dén anh hudng cia bién dang truot do luc cit V giy ra toi d6 vong cua
dam, khao sat mot phan td thanh c6 chiéu dai dz nhu Hinh 3. Do bién dang truot, truc thanh sé
xoay di mot goc rat nhd y,. Su chénh léch d vong & tiét dién bén phdi va bén trai ctia phan to 1a

mét luong vi phan ky hiéudv, . dv), =tgy,.dz ,suy ra dv, [dz =1gy, ~ y,.

Qua mét s6 phép bién doi, nhan dugce phuong trinh vi phan xac dinh truc vong ctia thanh do
ubn va lyc cét gay ra c6 dang:

dv, _ yEL(z)vi)"

EI(z)/\") =0; & = . 8
x( ) M dZ AZG ( )
Tich phan biéu thuc (8) dan téi phwong trinh:
e e (24nz)
vy =—CG+ 3 C,+Csz+C5; )
n n

yE I, e {C3mn +C, [n +m(—1+nz):|}
o -

v, = +Cq |. (10)
Ap dung céc diéu kién bién tai z = 0 va z = L dé giai hé phuong trinh (9) va (10), xac dinh
duogc hang sb tich phan C; (i = 3+8). Thay céac gia tri nay vao (7), dugc phwong trinh chuyén vi

va goc xoay cua phan tir thanh vat tiét dién chit I c6 hai dau lién két nira ciing nhu sau:

—nz _’”Z/”i -1 —nz —-mz
N(z)—C6+CSZ+C4{e (23+”Z)—e ['Hmz( +nz)]}+c3[e2 _e ’1”]; (11)
n m n m
N'(z):CS—C4L2+nZ)—C3e ,trong @6 (Cs + Cg) 1a cc hing s6 2 =221 (1)
n n G 4

Luu ¥ rang, khi ldy dao ham bac nhat phuong trinh (11) dbi véi truc z, ta dd bo qua
thanh phan bién dang do luc cat, bai vi dao ham bac nhét cua chuyén vi chi phu thudc vao
mo men.

Céc hang sb (C; = Cg) duoc xac dinh tir diéu kién chuyén vi cudng birc bang don vi tai mdi
dau thanh, bang cach lan luot cho chuyén vi cudng burc thing gbc véi truc thanh va chuyén vi

xoay ¢ mdi dau thanh bang don vi, ta ¢6 diéu kién bién cho timg truong hop.
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Chang han, cho dau 1 chuyén vi thang cudng birc vudng goc véi truc thanh bang don vi, nhu
Hinh 4, ta duoc:

=—kj M, ; (13)

=L)

Hinh 4. Sor»d(k) bi‘én dang thanh do chuyénvi  Hinh 5. So d6 bi‘én dang thanh do chuyén vi
thang bang don vi ¢ dau 1 xoay bang don vi ¢ dau 1

Tuong ty, cho ddu 1 chuyén vi xoay cudng blrc quanh truc x bang don vi nhu Hinh 3,

ta duoc:
' 9 — % ’ 9 — 3k
Nycooy =05 Ny =1=KMy 5 Ny, =05 Ny )y =~k M. (14)
Cho dau 2 chuyén vi thang cudng birc vudng goc véi truc thanh bang don vi nhu & Hinh 6
ta co:
VR —_1- N _ Orr*
1> NS(zzL)_l’ NS(z:L)__kZMZ' (15)
y
% %k 6 :l
M, =k, M= 1%6//
& ) g
T]1:71(62 ‘ L V:‘ZE:;

Hinh 6. So d6 bién dang thanh do chuyénvi ~ Hinh 7. So d6 bién dang thanh do chuyén vi
thang bang don vi ¢ dau 2 xoay bang don vi & dau 2

Khi cho déu 2 chuyén vi xoay cudng birc quanh tryc z bang don vi nhu Hinh 7 ta dugc:
Ny(-0)=0; N gm0y =k My ; Ng(oey =03 Ny =1~ KM . (16)
Giai cac phuong trinh trén, xac dinh dugc ham dang N, (z), N5(z), N5(z), N (z) nhu sau:

—nz

(l‘fm)z

3

N, (2)=1+a, +az+ae™ +ae"™" +a;ze™ +agze

N;(z)=b +byz+be™ + b4e(r_m)z +bsze ™ + b6ze(r_m)z ;
(r_m)z

—m)z —nz .
+csze " +cgze ;

No(2)=c +cz+ce™ +c,e”
5 |zt 4
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Ng(z)=d,+dyz+dse ™ + d4e(r_m)z +dsze ™ + d6ze(r_m)z ; (17)
trong do:
a, =a +aky, +alkys ;b =b + Bk +bksgic, = ¢+ Chgy +cChegrd, = d! +dlk gy + d kg ;
Do cac héng sba, b, c; d; kha dai, nén tac gid sé khong trinh bay trong bai bao nay.
2.2.2. Ma trin khéi lwong
Ma tran khoi luong M : clia phan tir thanh vat tiét dién chir I hai d4u lién két ntra cting c6 xét

dén anh hudng cua luc cit bao gdm cac phan tir n_1: (1; j = 1+6), duogc xac dinh theo cong thuec:

L
i, = j m(z)N,(2)N (z)dz. (18)
0

Thyc hién phép tinh tich phan biéu thic (18) bang cong cu phan mém toan hoc Mathematica,
nhan duoc cac phan tir trong ma tran khoi luong M Z ,voicacN,(z) va N;(z), (i,j = 1+6) 1a ham
dang ctia phan tir thanh vat tiét dién chit I ¢ hai dau lién két nira cting, ké dén anh hudng cua lyc cit.
Do cong thitc cta cac phan tir n_a; kha dai nén téc gia chi trinh bay cong thirc cta i, va iy, :

. 4 (—mL + sinh [mL]) . 24, (—mL + sinh [mL])
my,=p s Myy =P 2
m(—1+cosh[mL]) mL)

: p- khéi lugng riéng.  (19)
m(—1+e

3. DAO PONG RIENG CUA HE THANH PHANG CO LIEN KET NUA CUNG

3.1. Phuong trinh vi phan dao ddng tw do ciia toan két ciu

Phuong trinh vi phan dao dong cua toan két cdu trong h¢ toa do chung, duoc viét dudi
dang: MU + CU + KU = R . Xét dao dong hé hiru han bac tu do khi khong co tai trong ngoai tac
dong va bo qua anh hudng cua lyc can, phuong trinh vi phan dao dong c6 dang: MU+ KU =0,
3.2. Xéc dinh chu ky dao d§ng riéng

Gia thiét dao dong diéu hoa, tan sé {q} = {qo}sinot, thay vao phuong trinh dao dong riéng, dan
dén: ([K] ~@’ [m]){qo} ={0}, do dao dong xdy ra nén {qo}va do dé, d¢ phuong trinh nay khong
¢6 nghiém tam thuong thi [K ] ~o’ [m] =0. Phuong trinh nay c6 n nghiém thyc, duong ddi

véi a)J2 vi ma trdn M, K xac dinh duong, cac nghiém do6 1a n tan s6 dao dong riéngw; (j=1,2, ....n).

4. LAP TRINH TINH TOAN VA Vi DU SO

4.1. Lap trinh tinh toan

Trén so s& ma tran d cing va ma tran khéi luong da xay dung, tac gia lap chuong trinh
tinh dya trén phin mém MathLab 2014 c6 tén DAC (Dynamic Analysis with Semi - rigid
Connections).
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4.2. Vi du 1: Xac dinh chu ky dao ddng riéng ciia dim thép

Y |y
—— = e
! 1 1 o 7 2| ; “ . L
e ————— x || x & e —— x Il x @& 9,\ 1D ) 3\&
/ z ;0 OI / z \0 OI 1 2 3
X 1] Ioa x 2] ra
L3000 | 3000 | 1 ol L3000 | 3000 | 1 !
y b y
@ 250 ® 250
1-1 2-2

Hinh 8. Chi tiét dim thép dung dé khao sat dao dong riéng

Xéc dinh chu ky dao dong riéng dau tién cua dam vat tiét dién chir I: chiéu dai L = 6 m, md
dun dan hdi E = 21x10* MPa, trong lugng riéng g = 78,5 kN/m3, v=0,3.

Bang 1. So sanh két qua chu ky dao dong riéng thir nhét cia dam don (Hinh 8.a)

T\(s) (khong ké dén anh huong cua T(s) (ké dén anh huong cua
Do ctmg bién dang truot trong thanh) bién dang truot trong thanh)
k1 = k3
hénh léch hénh léch

(kNm/rad) | pac | sapagop | Chenhlée DAC | sapa2ogp | Cheémhlee
(%) (%)
k=2,0x10° | 0,00956 | 0,00967 1,1 0,01100 | 0,01127 2,4
k=1,5%x10° | 0,00963 | 0,00974 1,1 0,01106 | 0,01133 2,4
k=1,0x10° | 0,00977 | 0,00988 1,1 0,00112 | 0,01145 2,3
k=5,0x10° | 0,01016 | 0,01027 1,1 0,01153 | 0,01179 2,2
k=2,0x10° | 0,01114 | 0,01126 1,1 0,01241 | 0,01267 2,1
k=2,0x10> | 0,02142 | 0,02134 0,4 0,02215 | 0,02215 0,0

Bang 2. So sanh két qua chu ky dao dong riéng thir nhat ciia dam don (Hinh 8.b)

Pocimg | Ti(s) (khong ké dén anh huong cia bién | Ti(s) (ké dén anh hudng cua bién dang
k.1 =k dang truot trong thanh) truot trong thanh)

(kNm/rad) | pac | SAP2000 | Chénhlach (%) | DAC | SAP 2000 | Chénh léch (%)
k=2,0x10° | 0,01166 | 0,01172 0,5 0,01340 | 0,01335 0,2
k=1,5x10° | 0,01170 | 0,01176 0,5 0,01342 | 0,01339 0,2
k=1,0x10° | 0,01178 | 0,01184 0,5 0,01348 | 0,01346 0,2
k=5,0x10° | 0,01199 | 0,01206 0,6 0,01368 | 0,01365 0,2
k=2,0x10° | 0,01260 | 0,01267 0,6 0,01422 | 0,01420 0,2
k=2,0x10% | 0,02322 | 0,02306 0,7 0,02418 | 0,02394 1,0
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Hinh 9. Biéu d6 quan hé giita chu ky dao dong riéng va do ctimg lién két cho so dd ava b

Nhan xét:

- Nhén thay khi thay dbi do cimg cua cac nit thi sai sb cia phan mém DAC va phian mém

SAP2000 13 khong dang ké. Do d6 c6 thé nhan xét phuong phap xac dinh ham dang va ma tran

khéi lugng 14 c¢6 du do tin cay.
- Sai $6 so v&i SAP 2000 cua so dd Hinh 8.a va so dd Hinh 8.b 1a khac nhau do dd vat cua so
d6 Hinh 8.a 16n hon so d6 Hinh 8.b. Theo khao sat ciia bai bao [6] ma tac gia dd xudt ban thi chi

xét ddi twong dam trong pham vi d6 vat r = hy,/ly —1nho hon 3 la cho két qua chinh xac chap

nhan dugc. P6i voi dam c6 d6 vat 16n hon 3 thi phai chia nho dam ra.

- Qua biéu do ¢ Hinh 9 co thé nhan thay anh hudng cia yéu td luc cat dén giao dong cua

dam 1a tuong d6i 16n khoang 15%. Do d6 khong thé bo qua anh hudng cua luc cat trong bai toan

két ciu thép.

4.3. Vi du 2: X4c dinh chu ky dao dong riéng cia khung thép

Xéc dinh chu ky dao dong riéng ctia khung thép, nhu & Hinh 10 va Hinh 11, mé dun dan hoi
E =21x10* MPa, trong lugng riéng g = 78,5 kN/m’, v =0,3.

4000TL

6000 6000 f 4000

| 2680 |

| 8000

10000 |

10000 !
20000 |

Hinh 10. Kich thudc hinh hoc
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Bang 3. So sanh két qua chu ky dao dong riéng ciia khung thép

Chu ky Khong ké dén anh hudng ciia bién dang Ké dén anh huong cia bién dang truot
truot trong thanh trong thanh
©) DAC SAP 2000 | Chénh Iéch (%) DAC SAP 2000 Chénh l&ch (%)
T, 0,3031 0,3016 0,5 0,3013 0,2999 0,5
T, 0,1740 0,1737 0,2 0,1725 0,1724 0,1
Ts 0,0724 0,0725 0,2 0,0716 0,0717 0,1
5. KET LUAN

Str dung md hinh toan hoc 1a ham s6 mii co s6 “e”, rat thuan loi dé biéu dién cac dic trung

tiét dién phan tir thanh vat. Trén co s& phuong phap chuyén vi, xy dung ma tran d6 cing va ma

tran khdi luong cho phan tir thanh vat, hai dau thanh lién két ntra ctrng mé phong bang 10 xo dan

hdi cho chuyén vi xoay. Két qua cac ma tran vira xdy dung s dung cho bai toan phan tich

dao dong cua dam don va két cau khung mot nhip, gia tri chu ky dao dong riéng so véi két qua

ctia phan mém SAP 2000 chénh 1éch khong nhiéu (nho hon 3%), ching t6 cac ma tran vira xay

dung du d6 chinh xé4c va st dung cho bai toan phan tich két ciu hé thanh phang.

Véi cach tiép can mo hinh phan tir thanh vat nhur trén, can xdy dung cac 16p bai toan phan

tich két cdu khac nhu: phén tich on dinh, phén tich phi tuyén hinh hoc v.v...

[1]

2]

[3]

[4]

[5]

[6]

[7]

[8]
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QUY TRINH TiNH TOAN PANH GIA SUP PO LUY TIEN CHO
KET CAU KHUNG, VACH BTCT BANG PHUONG PHAP PUONG
TAI TRONG THAY THE THEO HUONG DAN UFC 4-023-03 (2016)

DESIGN PROCEDURES FOR PROGRESSIVE COLLAPSE ASSESSMENT
OF REINFORCED CONCRETE STRUCTURES USING ALTERNATE
LOAD PATH METHOD FOLLOWING UFC 4-023-03(2016)

KS. Nguyén Thanh Tung', TS. Pham Anh Tuén’
'2Vién Khoa hoc cong nghé xay dung,
Email: thanhtung0202@gmail.com, anhtuanpham.vn@gmail.com

TOM TAT: Sup db liy tién 1a mot nguy co ngdy cang ting trong x4 hoi hién dai va toan cau hoa hién
nay. Tuy nhién, cac tiéu chuin, huéng dan dbi véi dang tai trong su ¢ nay con so sai, chua day di. Trong
cac tai liéu vé thiét ké chéng sup d6 liy tién, UFC 4-023-03 (2016) 1a hudng din do Bo qudc phong
(BQP) Hoa Ky ban hanh danh cho cac cong trinh dn dung va cac cong trinh thuéc BQP quan 1y. C6 thé
no6i dy 1a huéng dan duy nhét (cho dén nay) dé cp mét cach toan dién vé nguy co nay. Huéng dan nay
dua ra cac quy dinh vé phan cap cong trinh dé thiét ké chdng sup do lity tién, cac yéu cau va phuong phap
tinh toan tuong tmg. Trong UFC 4-023-03, phuwong phap dudng tai trong thay thé (con dugc goi la
phwong phap dua trén gia thiét mét cot dot ngdt) duoc chip nhan va sir dung rong rii trong nghién ctru va
thue tidn. Bai bao ndy gi6i thiéu cac yéu ciu va cac quy trinh chinh cia UFC 4-023-03 dé thyc hién danh
gia két cdu BTCT chdng sup d6 lity tién theo phuong phép nay. Bén canh d6, mot sé van dé con ton tai
ctia Hudng dan nay ciing duoc kién nghj dé xem xét nghién ctru trong twong lai.

TU KHOA: Sup d6 lily tién, duong tai trong thay thé, bé tong cbt thép, mat cot dot ngot

ABSTRACT: Progressive collapse is a growing risk in today’s modern and globalized society. However,
the standards and guidelines for this type of accidental loading are incomplete. In design documents for
progressive collapse, UFC 4-023-03 (2016) is a guideline issued by the United States Department of
Defense for civil and Department of Defense-administered structures. This is arguably the only guideline
to date that comprehensively addresses this risk. This guide sets forth building classifications for
designing against progressive collapse, providing the requirements and the relevant calculation
approaches. In UFC 4-023-03, the alternate load path (ALP), also known as the column missing
assumption, is widely accepted and adopted in research and engineering practice. This paper introduces
the requirements and key procedures of UFC 4-023-03 to carry out a progressive collapse-resistant
assessment for reinforced concrete structures following this method. In addition, some outstanding issues
of the Guideline are also mentioned for future research consideration.

KEYWORDS: Progressive collapse; alternate load path, reinforced concrete structure; missing column scenario

1. MO PAU

Sup db lity tién (SDLT) 1a tinh hudng khi phé hoai cuc bo xay ra, dan t6i pha hoai cia cac cau
kién lién k&, tir d6 gay ra su sup db trén dién rong. Tiéu chuin ASCE 7-10 dinh nghia SDLT Ia “su
lan rong cua thiét hai cuc bg, tir mot sy ki¢n bét dau, tir phén tr nay sang phﬁn tr khac dan dén su
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sup d6 cta toan bo két cAu hodc mot phan 16n két cdu mot cach khong tuong ximg”. Theo quan
diém phan tich, SDLT xay ra khi mdt két cAu c6 md hinh tai trong hodc cac diéu kién bién bi thay
d6i dan dén cac phan tir két cdu khac (lién k&) bi vuot tai qua kha nang chiu lyc va do d6 sup do.

Ké tir su kién sup d6 cong trinh Ronan Point & London, cic yéu cau thiét ké lién quan dén
thién tinh toan ven, do chic chan va kha nang phuc hdi cua cac két cau dé Chéng lai SDLT da
duogc lan lugt dua vao tiéu chuan thiét ké (ACI 318-11; EN 1991-1-7) ciing nhu cac huéng dan
thiét ké (DoD 2016; GSA 2003). Cac phuong phap thiét ké cho SPLT c6 thé duoc phan loai
thanh cac phuong phéap gian tiép va truc tiép. Phuong phéap gian tiép chi dinh muc do lién két
(giang) tdi thiéu giita cac b phan két cdu khac nhau va khong can phén tich kha ning chiu luc.
Phuong phap gian tiép khong phu thudc vao ban chét clia nguy co giy pha hoai. Trong GSA
2003 va UFC 4-023-03 (DoD 2016), phuong phap gian tiép dwoc thuc hién bang phuong phép
thiét ké luc giang, trong d6 cac bd phan két cdu cua cong trinh dugc gin két voi nhau mot cach
co hoc, nhim tang cuong tinh lién tuc, d6 déo va sy phat trién cua hiéu ung mang kéo va hi¢u
mg day cang. Tuy nhién, vi SPLT 1a mdt nguy co hiém gip, anh hudng thuc té cua phuong
phap gian tiép hiém khi dugc xac minh bang cac tham hoa thyc té hodc két qua thir nghiém.

Phuong phéap duong tai trong thay thé (ALP - Alternate Load Path) (con dugc goi 1a phuong
phép dudng tai trong danh nghia trong Eurocode) ding dé danh gia kha nang SPLT duoc thyuc hién
bﬁng cach loai bé mot hodc mot sb phr:in tir chiu luc chinh cta két cAu (tic 1a tao ra mot hu héng
ban dAu) va phan tich phan con lai két ciu dé xac dinh xem thiét hai ban dau nay c6 lan truyén hay
khong. Phuong phap nay khong yéu cau thong tin cu thé ctia hiém hoa giy ra sy mat mat ctia cac
cau kién cu thé. Do d6, day 1a mot cach tiép can khong phu thudc vao hiém hoa va phuong phap co
thé ap dung duoc véi bat ky loai hiém hoa nio c¢é thé gay hu hong ciu kién. Cac quy trinh dé phan
tich cac két cdu con lai bao gém tinh dan hoi tuyén tinh (LS), tinh phi tuyén (NLS), dong dan hoi
tuyén tinh va dong phi tuyén (NLD). V& ban chat, SDLT 1a mét hién twong mang tinh dong va phi
tuyén. Do d6, quy trinh LS yéu cau sir dung hé sb tang tai (LIF) dé ké dén ca hiéu Gmg dong va phi
tuyén, va quy trinh NLS yéu cau hé sd ting dong (DIF) dé ké dén hiéu tmg quan tinh.

2. GIOI THIEU TONG QUAT VE UFC 4-023-03 (2016)

Huéng dan UFC 4-023-03 Design of buildings to resist progressive collapse “Thiét ké cong
trinh chéng SPLT”, hay con goi tit 1a DoD, duoc bién soan va ban hanh béi B6 Qudc phong
Hoa Ky (Department of Defence). Huéng din nay c6 hai phién ban chinh 1a 2003 va 2009, véi
nhimng thay ddi cin ban & phién ban 2009 so v&i 2003, dic biét 1a vé cac tinh toan hé s6 dong
trong phuong phap duong tai trong thay thé. Cho dén nay, phién ban 2009 di c6 cac cap nhat
vao cac nim 2013, 2016. Phién ban Hudéng din dugc trinh bay trong bai bdo nay 1a phién ban
2016, dugc goi tit 1a DoD2016. Trong UFC 4-023-03 (DoD 2016), phuong phap ALP khéng
duogc ap dung cho cac phan tir két ciu hodc lién két ma khong thé cung cip do bén theo phuong
doc, ngang hoic theo phuong chu vi cua cong trinh. V&i phuong phap ALP, cac ngudi thiét ké
phai chi ra rang mot két cau c6 kha ning vuot nhip qua mot phan tir két cdu di bi mat va mic do
thiét hai khong dugc vugt qua gidi han thiét hai. Diéu nay c6 nghia 1a ALP dugc st dung cung
v6i kha nang chéng udn cua cac bo phan két ciu, va Gmg xir day cing hoic mang kéo do cac luc
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giang trong két cau cung cap duogc coi 1a gidi han trén ciia chiu luc. Ngoai ra, cic phuong phap
va cac tiéu chi dugc su dung trong ASCE 41-06 Seismic Rehabilitation of Existing Buildings
(ASCE 2007) duoc 4p dung va diéu chinh trong DoD 2016, dé giup cho viéc phan tich tinh tuyén
tinh LS (Linear Static) va phan tich tinh phi tuyén NLS (NonLinear Static) c¢6 thé dugc cac ky su
tién hanh mot cach hop 1y. Vi SPLT 1a mét sy kién dong va phi tuyén, cac truong hop tai cho
cac quy trinh tinh toan tinh yéu cau sir dung cac hé s6 dé ké dén cac hiéu ung quan tinh va phi
tuyén. Gia thiét rang phan tich tuyén tinh 1a twong duong véi két qua ciia phan tich dong phi
tuyén NLD (Nonlinear Dynamic) théng qua viéc nhan tai trong v6i hé sb tang tai (Load I Factor)
va két qua cua phan tich tinh phi tuyén turong dwong véi két qua ciia phan tich dong phi tuyén
thong qua viéc nhan tai trong v6i hé sb ting dong (Dynamic I Factor).

2.1. Phén cip cong trinh chdng sup dd liiy tién

Theo yéu cau thiét ké chong SPLT theo vé UFC 4-023-03 (2016), c6 4 cap cong trinh va
3 phuong phap thiét ké chinh. Cép rui ro duoc 1ay tir cac dinh nghia trong tai liéu K¥ thuat két
cu UFC 3-301-01 cta B Qubc phong My. Cép rui ro c¢6 thé duge coi 14 thude do hau qua cta
su kién SDLT va dua trén hai yéu td chinh: sb luong nguodi cu tru va chitc nang hoat dong cia
cong trinh (thé hién trong Bang 1).

Bang 1. Cip rui ro

Cong nang cho cu tra Cﬁg;g ;8 i[lgeo
Céc cong trinh thudc Cép rui ro I trong Bang 2-2 cua UFC 3-301-01. I
Cong trinh ¢6 it nguoi st dung
Céc cong trinh thudc Cap rii ro II trong Bang 2-2 cta UFC 3-301-01.
Cac cong trinh c6 nguoi ¢ voi it hon 50 nguoi, «cac cong trinh phuc vu muc dich II
tap trung, nha ¢ danh cho gia dinh tap trung nhi€u nguoi.
Céc cong trinh thudc Cap rai ro 111 trong Bang 2-2 ctia UFC 3-301-01. 11
Céc cong trinh thu(f)f: Cép rui ro IV trong Bang 2-2 ciia UFC 3-301-01. v
Cong trinh thudc Cap rui ro V trong Bang 2-2 cia UFC 3-301-01.

Bang 2. Cép riii ro va yéu cau thiét ké

Cap rui ro Yéu cau thiét ké

I Khong c6 yéu cau

Tuy chon 1: Lyc gidng (TF - Tie Force) cho toan bo két ciu va strc khang cuc bo ting
cuong (ELR - Enhanced Local Resitance) cho cac cot hodc tuwong & goc va can goc 6

1l tang 1.
Tuy chon 2: Puong tai trong thay thé (ALP) cho cac vi tri loai bo c¢ot va tuong duge
chi dinh.

I Puong tai trong thay thé cho cac vi tri loai bo cot va tudng duge chi dinh va Luc
khéang cuc bd ting cuong cho tat ca cac cdt hodc tuong bién cua tang 1.

v Luc gidng va Puong tai trong thay thé cho cac vi tri loai bo cot va tudng duogc chi

dinh va Luc khéng cuc bd tang cho tat ca cac cot hodc tuong bién cua téng 1.
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3. GIOI THIEU VE PHUONG PHAP PUONG TAI TRONG THAY THE

3.1. Dinh nghia

Trong phuong phap dudng tai trong thay thé (ALP), kha ning cta hé két ciu dé phan phdi
lai tai trong va duy tri 6n dinh sau khi mat mot phﬁn tr chiu luc chinh, chéng han nhu cét, tuong,
v.v. dugce danh gid. Viéc ndy c6 thé duoc thuc hién bang cach ¢ ¥ loai bo mot hoic mot s6 phan
tir chiu luc va phan tich két cau con lai & trang thai tya tinh dé xac dinh xem thiét hai ban dau
nay co lan truyén hay khong. Phuong phap nay dugc uu tién so voi cac phuong phap khac vi né
khong phu thudc vao nguyén nhan, khong yéu cdu mé ta dic diém cua sy kién gdy mat phan tir
chiu luc va do d6 co thé ap dung cho bt ky loai nguy hiém nao.

Két cau phai co kha nang vuot nhip qua cac phan tir chiu tai thang dimg bi mat tai cac vi tri cu
thé trén mit bang cong trinh. Néu khong thé chimg minh kha ning vuot nhip khi mot trong céc

phﬁn ttr chiu tai bi mat, két cu phai dugc thiét ké lai hodc tang kha nang vugt nhip qua ¢t bi maét.
3.2. Céu kié¢n chinh va phu

DoD 2016 quy dinh tt ca cac phan tir két ciu va bd phan 14 chinh hodc phu. Cac phan tir két
céu va b phan cung cp kha nang chdng sup d6 cua két cau do mét phan tir chiu tai trong thang
dung dugc phan loai 14 cdu kién chinh. Tat ca cac phan tir va bo phan khéc 13 1a ciu kién phu. Vi
du, mot dam thép thiang ding c6 thé duoc phan loai 1 phan tir phu néu n6 duoc gia dinh 1a lién
két khép ¢ ca hai dau va ngudi thiét ké bo qua kha nang chiu ubn tai lién két; néu lién két duoc

m6 hinh 13 bi ngam mét phan va do d6 gop phan chéng lai su sup d6, thi nd 14 ciu kién chinh.
3.3. Ung xir kiém so4t chuyén vi va kiém soat lrc

DoD 2016 quy dinh phan loai tit ca cac ing xtr 1a dang kiém soat chuyén vi hodc kiém soat
luc béng cach cac duong cong quan hé h_rc—chuyén vi cua cAu kién nhu dugc thé hién trong Hinh 1
(dugc quy dinh trong ASCE 41). Vi du vé cic ung xtr kiém soat chuyén vi va luc duoc liét ké
trong 3. Ung xtr kiém soat chuyén vi 13 ing xtr c6 tinh déo, vi du: chiu uén. Ung xir kiém soat

luc 1a g x1r gion, vi du: chiu cat.

Q

2,3 Q

"/\ 1,2,3

g 3 a5 0 g A
DPuong cong loai 1 Puong cong loai 2 Puong cong loai 3

Hinh 1. Dinh nghia tng xu kiém soat luc va kiém soat chuyén vi, theo ASCE 41
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Vi¢e xac dinh ing xur cua cAu kién chinh la dang kiém soat chuyén vi néu né co dudng cong
Loai 1 va e > 2g hoic, né c6 dudng cong Loai 2 va e > 2g. Viéc xac dinh tng xir cua cau kién
chinh la dang kiém soat luc néu nd co duong cong Loai 1 hodc Loai 2 va e < 2g hoac néu né co
duong cong Loai 3.

Xac dinh (mg xtr ctia cau kién phu 1 kiém soat chuyén vi néu n6 c6 dudng cong Loai 1 cho
bat ky ty 1& e/g nao hodc néu né c6 dudng cong Loai 2 va e > 2g. Xac dinh Gng xir ctia cdu kién

phu dudi dang kiém soét lyc néu néd c6 duong cong Loai 2 va e < 2g, hodc néu nd c6 dudong cong

Loai 3.

Bang 3. Cac dang Gmg xtr kiém soat luc va kiém soat chuyén vi theo ASCE 41

Céu kién Kiém soat chuyén Vi Kiém soat luc

Khung chiu m6 men

- Dam M6 men (M) Luc cit (V)

- Cot M Tai doc truc (P), V

- Nut V!
Tuong chiu luc M,V P
He¢ khung c6 gidng

- Thanh giang P --

- Dam - P

- Cot -- P

- Lién két chiu cét \Ys P,M
Lién két P, V, M? P,V,M

4. CAC PP PHAN TiCH SU DUNG THAY CHO PP PUONG TAI TRONG THAY THE

Dbi v6i ca ba loai phan tich (LS, NLS va NLD), cong trinh duoc coi 1a dam bao vé mat két
cu néu khong co phén tr, bd phan hodc lién két chinh va phu nao vuot qua tiéu chi chép nhan
vé chiu luc. Néu viée phan tich dy doan ré"mg bét ky phén tr, bd phan hoac lién két nao khong
dap ung cac tiéu chi vé chiu luc, thi cong trinh d6 khong dap tmg céc yéu cau vé SPLT va phai
duoc thiét ké lai hodc gia cuong dé loai bo phan tir khong phu hop.

4.1. Phan tich tinh tuyén tinh (LS)

Viéc st dung phuong phap LS dugc gidi han trong cac két ciu dép tmg cic yéu cau sau day
vé cac su bat thudng. Mot két ciu duoc coi 14 bat thuong néu bt ky didu nao sau day 1a dung:

- Ton tai nhitng diém gian doan dang ké trong hé thdng chiu tai trong thang dung va chiu luc
ngang cua mot cong trinh, bao gdm ca sy léch truc cta cac phan tir thang dimg chinh, dam
chuyén . Céac khoang Iui trong két cau khong dugc coi 1a mot su bat thuong.

- Tai bat ky cot bén ngoai nao, ngoai trir & cac goc, tai mdi tang trong két cau khung, ty 18
d6 ctimg va/hodc do bén cia nhip tir mit ndy sang mat kia ctia c6t nhé hon 50%. Ba vi du 13;
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a) chiéu dai ctia cac nhip lién ké thay d6i dang ké, b) cac dam & hai bén cta cot khac nhau dang
ké vé chiéu cao va/hodc d6 bén, va c) do bén va/hodc do cung cua lién két khac nhau dang ké &
hai bén cuia cot.

- Béi véi tat ca cac tuong chiu luc & bién, ngoai trir cac tudng ¢ goc va dbi véi moi tang
trong két chu tuong chiu lyuc, ty sb6 do cung va’/hodc cuong do cua tudng tir mat ndy cua tuong
v6i mat kia cua tuong 1a nho hon 50%.

- Céc phan tir thang dtmg chiu tai trong ngang khong song song védi cic truc truc giao chinh
ctia hé thong khang lyc ngang.

4.2. Phan tich tinh phi tuyén (NLS)

Pé mo hinh hoa, phan tich va ddnh gid mot cong trinh, can sir dung mo hinh khong gian ba
chiéu ctia cac phan tir va bo phan. DoD 2016 khéng cho phép dung mé hinh hai chiéu (phang).
Trong md hinh két ciu, ngoai cac phﬁn ttr két cau chinh, viéc bao gém cac cAu kién phu trong mo
hinh 1 tiy chon. Tuy nhién, néu bo qua cac cu kién phu trong mé hinh, chiing phai duoc kiém
tra sau khi phan tich, dya trén cac tiéu chi kiém soat chuyén vi. Can luu ¥ rang cac hé sb giam
cuong do dugc ap dung cho cac mé hinh cuong do phi tuyén cia cac ciu kién kiém soat chuyén
vi (vi du, d6 bén udn danh nghia cta dam hodc cua lién két duge nhan véi hé sd @ thich hop).

4.3. Phan tich dong phi tuyén (NLD)

Khong ¢ yéu cau han ché nao khi ap dung phuong phap nay.
5. CAC VI TRI MAT CQT CAN XEM XET

Tuy thudc vao cap rui ro va vi tri cdt c6 thé bi mat, DoD 2016 dua ra cac yéu cau cu thé vé

céc vi tri ciia cOt bi mat can phai ké dén trong tinh toan.
5.1. RC II Tuy chgn 2, RC III va IV cho cac cgt bién

DPéi v6i RC 11 Tuy chon 2, RCIII va RC IV, tdi thiéu, can loai bo cac cot bién gén diém gitra
canh ngén, gan diém giita canh dai va & goc ctia cong trinh, nhu thé hién trong Hinh 2. Ciing can
loai bo cac cot tai cac vi tri ma hinh dang mat bang cua két cau thay doi dang ké. Cac k¥ su can

st dung danh gia k¥ thuat dua trén kinh nghiém ban than dé xac dinh cac vi tri cot quan trong

can loai bo.

D6i voi mdi vi tri mit bang duge xac dinh dé loai bo phan tir chiu luc, can thyc hién phan
tich ALP cho cac tang sau:

- Tang mgt nam trén nén;
- Tang ngay dudi mai,
- Tang gitra chiéu cao nha;

- Tang phia trén vi tri ctia ndi cot hodc thay doi kich thudc cot.
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5.2. RC II Tuy chon 2, RC III va RC IV cho c{t giira

Déi cac két cau thudc RC 11 Tuy chon 2, RC III va RC IV c6 bai dau xe ngﬁm hoac cac khu
vuc tiép can cong cong khong dugce kiém soat, viéc loai bo cac cot bén trong gﬁn diém gilra canh
ngin, gan diém giira canh dai va & goc ctia khong gian khong duoc kiém soat, nhu thé hién trong
Hinh 3. Cot bi loai bé kéo dai tur tﬁng cua khu vuc bai dau xe ngﬁm hodc khu vuc tﬁng cong cong
khong duoc kiém soat dén tang tiép theo (nghia 1a chiéu cao mot tang phai dugc loai bo). Céc cot
bén trong ciing phai duoc loai bo tai cac vi tri quan trong khac trong khu vuc tiép can cong cong
khong dugc kiém soat.

Cac cOt & canh
ngan giong nhau

Cac vi tri
mat cot l
g 0
—a—4 —
B— il
i Tl Caccoto
4 ] cgmh dai
(5—d 4 4| giong nhau
GG
B v S &

Mit bang

Hinh 2. Vi tri cta cac cot bién bi loai bo cho cac két cau thudc RCII Tuy chon 2, RC III va IV

Cac cot & canh
ngan giong nhau

|

p,
|
1
i
|
)

Vi tri mét cot
¢t bén trong

ey
3
m
137
m
d

Cac cot &
canh dai
giong nhau

2
5
P

X

B ;\;\;ig\ 525
Y 7l 1

fas T o

& 3

m m m

- | - -

W
M
W
m
J

Khu vuc cong cong

[
[
0
1
1 [
(dién tich danh déu) \

Fan)

.,
g
M
L) ¢
m faal
| — =

B

Mit bang

Hinh 3. Vi tri cta cac ¢t gitra bi loai bd cho cac két cau thude RCII Tuy chon 2, RC I va IV
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6. YEU CAU VE TAI TRONG TRONG TiNH TOAN MAT COQT

DoD 2016 quy dinh cu thé céc tai trong thang ding va cac hé sd an toan/giam tai tuong ing
clia cic tai trong d6 ma thiét ké can ké dén. Cac hé s tai trong phu thudc vao phuong phap phan
tich sir dung.
6.1. Phan tich dan hdi tinh (LS)

Déi véi cau kién kiém sodt chuyén vi (Displacement Controlled Procedure)

Tai trong thang dimg duoc tang 1én cho cac khu vuc san phia trén cot hodc tudong bi mat: Ap
dung to hop tai trong thang dimg tang 1én nhu sau cho cac nhip ngay canh phan ttr bi mat va o tat
ca cac tang phia trén phan tir bi mét.

Gip =Qrp [12 D+ (05 Lor0.2 S)]
trong do

Gip : tang tai trong thang dimg ting cuong cho cac ung xir kiém soat chuyén vi cho Phan
tich tinh tuyén tinh;

D : tinh tai;

L : hoat tai;

S : tai tuyét;

Qip : hé sb tang tai dé tinh toan cho cac g xir kiém soat chuyén vi trong phén tich LS; sir

dung gia tri thich hop cho két cdu tuong c6 khung hodc tudng chiu luc (Bang 4).

Doi véi cau kién kiém sodt e (Load Controlled Procedure)
Grp = Qrr [12 D+ (05 Lor0.2 S)]
trong do

Gy : ting tai trong thang dung ting cuong cho cac ing xir duoc kiém soat luc cho phan tich
Tinh tuyén tinh;

Qur : hé sb tang tai, sir dung gia tri thich hop cho két cAu tudong c6 khung hodc tudng chiu
luc (Bang 4). Hé sb vuot tai Qr ké dén ca hiéu tng phi tuyén va hiéu Gng dong.

Bang 4. H¢ s6 ting tai cho phéan tich LS

o e . A Qup, Qrr,
Vatlicu Loai cau kién Kiém soat chuyén Vi Kiém soat lyuc
Thép Khung 09my;p+1.1 2.0
. Khung* 1.2 mpr +0.80 2.0
Bé tong cot thép
Tuong chiu lyc 2.0 myp 2.0

Trong Bang 4, myr 13 gi4 tri m nho nhat cta bat ky phan tir dim, hodc tuong duoc lién két truc
tiép véi cot hodc tuong ngay phia trén vi tri mat cot hodc tuong. D6i véi mdi phan tir dam, hodc
tuong, m dugc quy dinh trong ASCE 41 va dugc hi¢u chinh gia tri cho phu hop trong DoD 2016.
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Vi tri loai bé cot Grp, Grp, hodc Gy

bén trong x' / thich hop
L 4 7 )
Gip, G, hodc Gy Y ) Y

thich hop 1} \ |

B—dt \ /:: 1

A DYf__C D L_/IC
Mit bang L s 30 ¢ - E]J §
/ g ; - —h—

<

1=y 7
Vi tri loai bo A B A B
cot bién B—4——F—a4—m
b—apt 4 4 4 4
& ._\./ A A A O
1/

Hinh 4. Khu vyc tai trong ting ngay phia trén cot bj mat
6.2. Phin tich tinh phi tuyén (NLS)
Phén tich ndy 4p dung chung to hop tai trong cho ca Gmg xir kiém soat chuyén vi va luc. Tai
trong thiang dimg ting cuong cho cac khu vic san phia trén cot hodc twong bi mit nhu sau:
Gn=On[1.2D+(0.5Lor0.2 S)]
trong do
Gy : tai trong thang dimg ting cuong cho phén tich NS;

Qx : hé s6 ké dén hiéu Gmg dong cua tai trong (Bang 5).

Bang 5. Hé s6 ting tai do hiéu tng dong cho phéan tich NLS

Vit liéu Loai cAu kién (o
Thép Khung 1.08 +0.76/(6,,,, /6, + 0.83)
. Khung 1.04 +0.45/(6,,,,/0,, + 0.48)
Bé tong cot thép
Tuong chiu luc 2

Trong Bang 5, 0, 12 goc xoay déo dugc dua ra trong cac bang ti€u chi chap nhén trong
ASCE 41 va dugc UFC ap dung dé danh gia muc d6 tng xt phu hop cua két cau; 0y la goc xoay
chay déo. Ddi voi bé tong cbt thép, 0, dugc xac dinh véi cac gia tri do cimg hi¢u dung dugc cung

cap trong Bang 10-5 trong ASCE 41.

Quy trinh tac dung cua tdi trong:
Tac dung tai bang cach sir dung lich sir tai trong bat dau tir 0 va ting dan 1én dén gid tri cudi

cung (phan tich ddy dan). Ap dung it nhat 10 budc tai dé dat tong tai trong tac dung.
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6.3. Phén tinh dong phi tuyén (NLD):
Ap dung t6 hop tai trong thang dimg sau cho toan bd két ciu.
Gnp=12D+(0.5Lor0.25)
trong do
Gnp : tai thang dimg cho Phan tich dong phi tuyén.
Dbi voi phan tich ND, khong ap dung hé sé vuot tai do tac dong dong hay phi tuyén nira.

Quy trinh tac dung cua tdi trong:

Bit dau tir bude tai 0, ting tai thing ding mot cach don diéu 1én toan b mo hinh (luc nay
phan tir cot hodc tudng van chua bi mat) cho dén khi dat duoc trang thai cin bang.

Sau khi dat dugc trang thai can bfmg cho két ciu, tién hanh loai bo cdt hodc phén tuong.
Thoi gian mat cot phai it hon mot phin muoi khoang thoi gian lién quan dén dang tmg xir ctia
két cau theo phwong dimg cho cac nhip ngay trén cot bi mit (chu ky dao dong co ban). Viée
phan tich phai tiép tuc cho dén khi dat duogc chuyén vi 16n nhat,

7. CAC YEU CAU RIENG POI VOI KET CAU BTCT
7.1. H¢ s6 giam dd bén ¢
DoD 2016 ap dung tinh todn do bén cua cau kién BTCT theo tiéu chuan ACI 318, do d6

trong tinh todn can ké dén h¢ s giam dg bén ¢.

7.2. Cac yéu cau vé vat li¢u

Trong tinh toan thiét ké, can str dung gidi han dudi cua vat liéu cdt thép.

7.3. Cac yéu cau vé do déo (ductility) ciia nit/ciu kién dim

D6i voi cong trinh xay dung méi va hién hitu, cuong do thiét ké va kha nang xoay ciia dim
va cac niit dam-cot phai duoc xac dinh theo hudng dan trong ASCE-41.

8. BINH LUAN VE PHUONG PHAP ALP CUA DOD 2016

Qua viéc phén tich, giéi thiéu quy trinh tinh toan thiét ké chong SPLT cho két cdu BTCT duoc
quy dinh trong UFC 4-023-03 (DoD 2016), c6 thé nhan thdy mot s van dé con giéi han khi ap
dung phuong phap dudng tai trong thay thé cho két cAu BTCT theo Huéng dan nay nhu sau:

- Chu yéu ap dung cho hé két cu truyén théng dang khung (ddm-cot) hodc hé dang tuong
chiu lyc (vach).

- Chua c6 hudng din cy thé cho cac hé két cau khac hién dang rat thinh hanh & Viét Nam
nhu: san phing, san tmg luc trude, BTCT lap ghép.

- Mot sb loai két cAu BTCT nguy hiém khi chju méat cot, can tranh trong thuc hanh thiét ké
chéng SPLT la: két cdu dam/san chuyén, két cau dé bi pha hoai do choc thung, vi du san phang

khong c6 mii cft v.v.
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Hién nay tai Viét Nam, thi truong xay dung ngay cang phat trién, nhiéu cong trinh cao ting
bang BTCT dugc xay dung. Tuy nhién, van dé xem xét dén nguy co mat an toan do sup d6 liy
tién chua dugc dit ra trong qua trinh thiét ké. Ngoai ra, cac két cdu BTCT dic biét ma DOD
2016 chua ké dén nhu san phang, két cau san tng luc trudc, dim chuyén hién dang duogc ap
dung kha pho bién ¢ Viét Nam. Do d6 can cé cac nghién ciru vé thyc nghiém ciing nhu phén tich
Iy thuyét, phan tich phan tir hitu han dé xem xét dén nguy co ndy cho cac cong trinh BTCT ¢
Viét Nam.

9. KET LUAN

- SDLT la mdt nguy co ngay cang ting trong xa hoi hién dai va toan cu héa hién nay. Tuy
nhién, cac tiéu chudn, hudéng dan con so sai, chwa diy da. UFC 4-023-03 (DoD 2016) 1a huéng
dan duy nhat (cho dén nay) dé cap mot cach toan dién vé cac phuong phép tinh toan chi tiét dé
phong tranh nguy co nay.

- Phuong phap duong tai trong thay thé ALP duoc cho phép ap dung trong UFC 4-023-03
(DoD 2016) 1a mot phuong phap thuan tién cho ky su két cdu dé tiép can van dé thiét ké chong
sup do iy tién. Cac quy trinh va yéu cau dua ra 1a c6 thé ap dung dugc.

- Can c6 thém nghién ctru vé cac van dé chwa duoc dé cép toan dién trong UFC 4-023-03
(DoD 2016) ddi v6i két cAu BTCT nhu: két cAu san phang, két ciu tmg luc trude, duc san.
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NGHIEN CUU KHA NANG CHIU CAT CUA DAM CAO UHPC
SHEAR STRENGTH OF UHPC DEEP BEAM

ThS. Tran Phuong', KS. Nguyén Phuwong Tung?, TS. DS Tién Thinh®
'23vién Khoa hoc cong nghé xay dung, Email: phuongtran.ibst@gmail.com

TOM TAT: Trong nhitng nim gan day, nhd nhiitng tién bo vé cong nghé trong linh vuc vat liéu ndi chung
va bé tong nodi riéng, nhiéu loai bé tong c6 cuong do tir cao dén rat cao ra doi. Cuong do chiu nén dic trung
cua bé tong co thé dat dén 100-120 MPa hoic cao hon. Bén canh do, néu bd sung cbt soi thép, cuong do
chiu nén dac trung cua bé tong co thé dat dén 130-160 MPa. Dic biét, viéc bd sung sgi thép lam tang dang
ké kha nang chiu kéo, ca vé cuong do va bién dang. pé phuc vu cho viéc tng dung rong rai cia vat liéu madi
trong thuc tién, nhom tac gia thuc hién nghién ciru khao sat kha nang chiu cit cia dam cao céu tao tir bé tong
cuong do cao co va khong c6 gia cuong cdt soi thép. Cac tinh toan Iy thuyét theo tiéu chuan Eurocode 2 va
bang phuong phéap phan tich phan tir hitu han dugc so sanh véi két qua vai thi nghiém kiém chimg. Két qua
nghién ciru cho thay: (i) cac gia thiét tinh toan 1y thuyét phi hop véi két qua thuc nghiém véi do tin cy cao,
cac sai s6 vé lyc pha huy va do vong trong pham vi 15% theo hudng thién vé an toan; (ii) kha ning ting
cuong ste khang cit cua cdt soi thép 1én t6i hon 300% so véi khong gia cudng.

TU KHOA: dim cao, eurocode 2, sirc khang cit, bé tong cudng do cao gia cuong cdt soi thép.

ABSTRACT: In recent years, thanks to advanced progress in the construction material in general and
concrete in particular, many types of concrete with high to very high strength have been produced. The
compressive strength of concrete can reach 100-120 MPa, especially if fiber reinforcement is added, the
compressive strength of concrete can grow up to 130-160 MPa. To encourage the application of these
new types of concrete in Vietnam, the authors perform a study about the shear behavior of deep beams of
high strength concrete with and without fiber reinforcement. Analytical analysis in accordance of the
recommendations in Eurocode 2 Standard and numerical analysis by finite element method should be
compared to experimental results. The main results show that: (i) a good agreement between analytical
analysis and experimental one, deviation in failure force and deflection is about of 15% in the
conservative way; (i) an increase of 300% of shear strength in case of fiber reinforcement concrete.

KEYWORDS: deep beam, eurocode 2, shear strength, UHPC.

1. GIOI THIEU

Trong nhitng nam gén day, nho nhiing tién bo vé cong nghé trong linh vyc vat li¢u noi
chung va bé tong noi riéng, nhiéu loai bé tong c6 cuong do tir cao dén rat cao ra doi. Cuong do
chiu nén dac trung cua bé tong cod thé dat dén 100-120MPa, dic biét néu bod sung cbt soi thép,
cuong d6 chiu nén dic trung cua bé tong co thé dat dén 130-160MPa [1,2,3,4]. Trén thé gidi, cac
nghién ctru vé vat lidu bé tong si€u tinh ndng gia cuong bt soi thép (UHPC) dugc thuc hién tai
nhiéu qudc gia trong d6 di dau 1a Phap, My, Han Qudc, Trung Qudc. Song song v4i qué trinh
nghién ctru vé thanh phan vat liéu, cac dic trung co 1y cia bé tong UHPC, céc tiéu chuan tinh
toan cho bé tong UHPC ciing duoc quan tdm phat trién [5,6,7,8,9]. Cac ng dung vé bé tong
UHPC c6 thé théy tai cac cong trinh cau duong, nha, ha tﬁng, trang tri kién trtc [2,3].
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Tai Viét Nam, cac nghién ctru vé bé tong UHPC ciing duoc quan tAm véi cac cong trinh
nghién ctru cua [2,3,4,10,11]. Cac nghién ctru da cho thiy strc khang uén cua cau kién khi bé
tong dugc bd sung thanh phan soi thép dugc ting cuong.

Mot sb nghién ctru trén thé gi6i ciing di danh gia vai tro cta soi thép phan tan ddi véi kha
nang chiu cit caa dam UHPC [12,13,14]. Céc tinh toan dy bao kha nang chiu cit cua ciu kién
dugc thuc hi¢n. Tuy nhién nhiing nghién ctru kha nang chiu cit cia dim cao UHPC cbt soi &
Viét Nam con han ché.

bé phuc vu cho viéc ing dung rong rai cia loai vat li¢u mdi trong thuc tién & nudc ta, nhom
tac gia thyuc hién nghién ciru khao sat kha ning chiu cit ciia ddm cao céu tao tir bé tong UHPC co
va khong co gia cuong cdt sgi thép. Cac tinh toan 1y thuyét theo phuong phap don gian va
phuong phap nang cao dugc so sanh véi két qua thuc nghiém.

2. THIi NGHIEM DAM CAO UHPC
2.1. So @ thi nghi¢m

Pé khao sat kha nang chiu cit cuia UHPC, nhom tac gia bb tri thi nghi¢m udn 3 diém hai dim
UHPC c6 soi thép (ham lugng 2%) va khong soi thép. Cac dam c6 cung kich thudc daixrongxcao
la 1600mmx200mmx350mm. Nhip chiu lyc cta dam 13 1200mm. Ty 1€ gitra nhip/chiéu cao
dam = 1200/350 = 3,4. Cac dam khong bd tri thép dai chiu cit. Thép doc chiu ubn 1a 5¢25
CB500V, thép doc chiu nén 1a 2¢13 CB500V. Cac dau dam duoc gia cd bang thép dai ¢10a40
(Hinh 1). Bé tong UHPC dugc dung trong thur nghiém c6 cac déc trung co hoc dugce thitr nghiém
tai IBST, két qua thi nghiém trinh bay trong Bang 1. Kich gia tai va dau do chuyén vi dugc lip
dit tai vi tri gitta nhip nhu Hinh 2. Gia tai theo luc va chuyén vi dé xac dinh dugc dudng quan hé
lyc - chuyén vi. Sy hinh thanh va phat trién vét nit dwoc ghi nhan trong qua trinh gia tai.

Bang 1. Dac trung co hoc cua UHPC

fom (MPa) fem(MPa) Ecm(GPa)
UHPC ¢6 so1i 130 11,5 35
UHPC khong soi 110 5.4 34
2-D13 10@40
N /
(@
LO
(a0
(@
O
5-025//
200 600 | 600 200

Hinh 1. C4u tao ddm UHPC ¢6 soi va khong soi
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Hinh 2. So d6 thi nghiém

2.2. Két qua thi nghiém

Két qua thwe nghi¢m dam UHPC cé sgi

Luc pha hity cia dam UHPC ¢6 soi 1a 1450kN, d6 vong tuong ung tai giita nhip 1 7,5mm.
Su xuét hién va phat trién ctia vét nut duge thé hién trong Hinh 3. Vét nit dau tién ¢ thé chiu
kéo ctia bé tong tai vi tri gitra nhip ddm c6 bé rong 0,03mm xuat hién tai cap tai 145kN. Vét nut
theo duong chéo tai vi tri truc tr géi dén vi tri gia tai, co bé rong 0,03mm xuét hién & cép tai
530kN. Vét nirt nay phat trién bé rong va chiéu dai; c6 bé rong 0,3 mm tai cap tai 1115kN va mo
rong dén 3mm tai cap tai 1450kN.

Hinh 3. Sy xuét hién va phat trién nat trén dam UHPC c6 soi

Két qud thuc nghiém dim UHPC khéng sgi

Luc pha hiy ciia dam UHPC khong soi 1a 360kN, d6 vong twong tmg tai vi tri giira nhip 1a
2,4mm. Su xuét hién va phat trién cua vét nat duoc thé hién trong Hinh 4. Vét nirt dau tién & thé
chiu kéo cua bé tong tai vi tri gitta nhip dam c6 bé rong 0,03mm xuét hién tai cép tai 55kN. Vét
ntt theo duong chéo tai vi tri truc tir gbi dén vi tri gia tai, c6 bé rong 0,03mm xuét hién & cap tai
150kN. Vét nut nay phat trién bé rong va chidu dai; c6 bé rong 0,3mm tai cip tai 330kN va mo
rong dén 3mm tai cap tai 360kN.
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Hinh 5. Trang thai pha hay cta ddm UHPC c6 soi va UHPC khong soi

Quan hé lyc - chuyén vi

Hinh 6 thé hién quan hé luc-chuyén vi ctia dim. Dbi v6i ddm UHPC c6 soi, luc pha hay 1a
1450kN, chuyén vi tuong ung tai gitra nhip 1a 7,5mm. Khi luc gia tai dat gia tri cuc han, chuyén
vi tang, luc gia tai giam nhanh, dam bi pha huy. Pdi véi dam UHPC khong soi, tai trong cuc han
do duoc la 360kN, chuyén vi tuong ung tai gitra nhip la 2,4mm. Tiép tuc gia tai theo chuyén Vi,
luc gia tai gidm, chuyén vi tang dén gia tri 16n nhét do duoc 1a 8 mm, tai cép tai nay vét nurt theo

duong chéo c6 bé rong 1a 3mm, dam bi coi 1a pha hily va dimg gia tai.

1600
1400
1200
1000

3 600
400
200

= [JHPC cO 81 = « « IUHPC khéng sqi

1450

- e .

Chuyén vi (mm)

Hinh 6. Quan hé luc - chuyén vi
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3. TINH TOAN LY THUYET

3.1. Tinh toan du bio kha ning chiu cit ciia dim theo tiéu chuin Eurocode 2

Dbé du bao kha nang chiu luc cua dam UHPC, nhém tac gid su dung cong thuc tinh todn kha
ning chiu cit cta bé tong UHPC theo Tiéu chuan Eurocode 2 va tiéu chuan qudc gia Phap NF
P18-710 [8]. Dam UHPC c6 ty 1¢ gitra nhip/chiéu cao dam 1a 3,4, do d6 dam dugc phan loai la
dam cao. So dd tinh toan theo mé hinh gian o theo tiéu chuan Eurocode 2. Do dam dugc bd tri
thép chiu kéo va thép chiu nén dé dam khong bi pha hiy do udn, dong thoi khong bd tri thép dai,
nén kha ning chiu lyc cia dim trong so dd uén 3 diém Gmg v6i kha nang khang cit cua tiét dién.
i voi bé tong UHPC gia cuong cbt soi thép, kha nang chiu cit cua tiét dién duoc xac dinh boi
cong thuc:

VRd,max = VRd,c + VRd,f

trong do:
Vra, : khd ning chiu cét ciia thanh phan bé tong trong ving khong co ¢t thép;
Vi, : kha nang chiu cét ctia thanh phén soi thép;
Theo NF P18-710, kha nang chiu cét ctia thanh phan bé tong trong ving khong co cbt thép:
0,18

Vrge = ———kfg’byh
YetYE
trong do:
k=1+3.22
fck
ch = NEd /Ac
trong do:

Ngq : luc doc truc trén tiét dién ngang, do tai trong tac dong (Ngq > 0 ddi voi truong hop
chiu nén);

A, : dién tich tiét dién ngang ciia bé tong UHPC.

Heé s6 ve 12 hé sb an toan riéng duoc ldy sao cho yer.ye = 1,5.

Theo NF P18-710, kha ning chiu cit ctia thanh phan soi thép:

VRar=AgOrg s coto

trong do:

Oras: gid tri trung binh cua cudng d6 sau khi niit doc theo vét nit do cat co do nghiéng 6.
Goéc 0 1iy khong nhé hon 30°. Trong truong hop nay, vét nirt do cit dy doan nam trén
truc ndi tir gdi tyra dén diém dat luc, nén goc O co thé lay gia tri bang 30°, mot cach
thién vé an toan.

Véi tiét dién hinh chit nhat thi Ag = byz trong d6 by, 1 bé rong, z 13 chiéu cao tinh tir thd

ngoai cung chiu nén dén thép chiu kéo cua tiét dién.
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Kha nang chiu lyc cua dam doi véi truong hop chiu uén 3 diém dugc xac dinh theo cong
thirc sau:

Pmax =2 VRd,max

Kha ning chiu luc ctia dim d6i v6i trudng hop UHPC khong soi 1a 170kN. Kha ning chiu
luc ciia ddm UHPC c6 soi 1a 1026kN.

3.2. Tinh toin dw bio kha ning chiu cit ciia dim bing phwong phap ning cao

Dé du bao kha ning chiu cat cia dam UHPC c6 soi, st dung phuong phap tinh toan ning
cao bang phuong phap phan tir hitu han (PTHH) c6 ké dén tinh chét phi tuyén cua vat lidu bé
tong UHPC c6 soi thép va cbt thép. Trong tinh toan bang phuwong phap PTHH, gia thiét hé s an
toan riéng cua vt liéu béng 1, cac dac trung cua vat li¢u dugc léy theo gia tri trung binh tir thuc
nghi¢m trong Bang 1.

Dbi vai bé tong UHPC ¢6 soi thép, md hinh vt lidu pha hiy déo (CDP) [15] dugce sir dung.
Tinh chat cia vat lieu UHPC khi c6 b sung soi thép phan tan lam ting kha ning chiu kéo, ting
hiéu tng bo ctia vat liéu anh hudng dén kha nang chiu nén theo 2 phuong (khac véi thi nghiém
nén mat truc st dung trong thi nghi¢ém xdc dinh cuong do chiu nén cia bé tong), do do can ¢o
mo hinh vat liéu phi tuyén 6 cac tham sd dic trung cho céc tinh chét nay cua vat liéu.

Trong giai doan dan hoi, vat liéu tuyén tinh theo dinh luat Hooke dugc 4p dung, véi mo dun
dan hoi trong Bang 1, hé sé Poisson 1iy bang 0,2 theo khuyén nghi ciia NF P18-710. Trong giai
doan sau dan hoi, sir dung mo hinh vt lidu phi tuyén.

M@ hinh vit li¢u phi tuyén CDP ciia bé tong UHPC c6 sgi

Ham chay G st dung mo6 hinh Drucker-Prager

G= \/ (ecstotanw)2 +q° —ptany
trong do:
v(0,fi) Goc gidn né duge do trong mit phang p-q trong diéu kién bé tong bi han ché gidn no
(hiéu ng b6). Tham s6 nay dic trung cho sy bién doi thé tich cua vat liéu ¢ diéu kién bién dang
16n. Gia tri ctia y trong khoang tir 15° d&én 50°. Nghién ctru tham sé do nhom tac gia thuc hién
xé4c dinh gia tri y = 25° - 30° dbi voi bé tong UHPC c6 soi 1a phu hop.

G,0(0.f)=0,| cuong do chiu kéo cuc han trong thi nghiém kéo truc tiép mot truc.

Eplt=0.p]t=0
Lay bang 11,5 MPa tir thi nghiém chiu kéo truc tiép.

Quan h¢ Ung suét - bién dang ctia UHPC c¢6 s¢i dugc minh hoa trong hinh 8a.

M@ hinh vit liéu phi tuyén ciia thép

Ttr thi nghiém kéo thép va tham khao nghién ctru vé thép trén thi truong Viét Nam [16], mo
hinh vat liéu thép dugc nhom tac gia st dung mé hinh dan - déo ¢ cimg hoa, hai doan thang.
Mo dun dan hoi cia thép E = 205GPa, cudng d6 chay 1a 500MPa, giéi han bén kéo 750MPa, d6
gian dai tai diém c6 luc kéo 16m nhét 1a 8%, minh hoa trong hinh 8b.
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St dung phan mém PTHH Abaqus, véi didm bé tong duoc mo hinh héa bang phan tir khbi
C3DS8R, thanh phan thép doc va thép ngang duge mé hinh héa bang phan tir thanh B31. Géi tya
va dém gia tai dwoc mo hinh héa bang phan tir khdi C3D8R, vat lidu thép. Phan tiép xtic gitra gbi

tua, dém gia tai véi dam duoc chiu dicu kién lién két va cham ma sat Coulomb, hé s6 ma sat 0,5.

00.00.00.00.04.06.06.00.08.09.1

&(-)
b)
Hinh 8. Quan h¢ ung suét-bién dang cua UHPC c6 soi

Kha nang chiu lyc cia dam UHPC c6 soi 1a 1430kN, do vong tai gitra nhip 1a 7,2mm.

4. SO SANH GIUA TiNH TOAN LY THUYET VA THUC NGHIEM
4.1. So sanh giira phwong phap tinh toan gidn don va thuc nghiém

Bé tong UHPC ¢6 s¢i c6 cuong do chiu nén cao hon 1,18 lan cuong do chiu nén ctia bé tong
UHPC khéng soi, cudng do chiu kéo gap 2,12 1an, tuy nhién kha ning chiu luc ctia dim UHPC
c6 soi gap 3,1 1an so voi dam UHPC khong soi. Kha ning chiu cét ciia dim ting 1én dang ké do
soi thép 1am viéc c6 hiéu Gmg chdng nd hong dbi véi bé tong ving nén va ting kha ning bién

dang cyc han cua bé tong khi chiu kéo.
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Két qua du bao kha ning chiu cit cia ddm UHPC c6 sgi pht hop voi két qua thi nghiém.
Két qua tinh toan c6 str dung dén hé sb an toan vat lidu 1a 1,5. Két qua thi nghiém 16n hon két
qua dy bao 1a 1,41 lan.

Két qua du bao kha ning chiu cat cia dim UHPC khéng sgi nhé hon so véi két qué thi
nghiém. Két qua thi nghiém 16n gip 2,24 lan két qua tinh toan. Do dim UHPC khéng soi khong
thudc pham vi diu chinh cta tiéu chudn nén viéc sir dung cong thirc tinh toan cua tiéu chuin
mang tinh tham khao. Can c6 cac nghién ctru bd sung dé co dugc két qua du bao chinh xac hon
d6i v6i kha ning chiu cét cia bé tong UHPC khong soi.

Bang 8. So sanh két qué thi nghiém va tinh toan bang phuong phap don gian

Noi dung Dam UHPC c¢6 soi Dam UHPC khong soi
Luc pha huy - Két qua thi nghiém 1450 kN 360 kN
Luc pha huy - Tinh toan theo NF P18-710 1026 kN 170 kN

4.2. So sanh giira phwong phap tinh toin nang cao va thuc nghiém

Phuong phap tinh toan nang cao st dung phuong phap PTHH véi mé hinh vat liéu phi tuyén
clia bé tong va thép cho két qua gan sat véi két qua thuc nghiém. Quan hé luc - chuyén vi cia dam
UHPC c¢6 soi duoc minh hoa trong Hinh 9. Két qua du bo luc phé hily bang phuong phép nang cao
1a 1430kN, thap hon so vé&i két qua thuc nghiém 13 1450kN, tuy nhién d6 vong ctia dam du doan
bang phuong phap nang cao 16n hon 2 - 5% so v6i két qua thuc nghiém. Sy sai khac nay do sai s6
trong xac dinh mé dun dan hoi clia bé tong va quan hé tmg suat - bién dang ctia bé tong UHPC.

== Thi nghiém-UHPC c0 sgi
= « = Tinh toan-UHPC c6 sgi

0 1 2 3 4 5 6 7 8
Chuyén vi (mm)

Hinh 9. Quan h¢ luc - chuyén vi ddm UHPC c¢6 soi
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Hinh 10. Phuong chinh ctia bién dang-dam UHPC c6 soi tai tai trong pha hiy

Phuong chinh cta bién dang tai tai trong pha hily dwgc minh hoa trong Hinh 10. M6 hinh vat
liéu phi tuyén CDP cho phép xac dinh vi tri va khu vuc xuét hién vét nit. Su xuat hién va hinh
thanh vét nut duge du bao.

5. KET LUAN

Nhom tac gia da khao sat kha ning chiu cit cua dam cao ché tao béng vat liéu UHPC. Két
quéa thuc nghiém va tinh toan 1y thuyét cho thay vai trd quan trong cua sgi thép phan tan trong
UHPC gitp tang cuong kha nang chiu nén, chiu kéo cua bé tong qua do tang cuong strc chiu tai
ctia dam. Strc chiu tai cia cau kién dam trong thir nghiém khi bo sung s¢i thép cao hon gip 4 lan
so voi truong hop khong cé soi thép. Vit liéu UHPC bd sung soi thép co thé duoc tmg dung
trong cac cau kién can ting cuong kha ning chiu cit, nhung viée bd tri thép dai chiu cit gip kho
khan nhu céc vi tri nat lién két.

Phuong phéap tinh toan don gian theo EC2 va tiéu chuan NF P18-710 cho két qua pht hop
v6i két qua thir nghiém trong pham vi ciia nghién ctru nay.

Phuong phap tinh toan nang cao bang PTHH cho két qua chinh xac hon, tuy nhién cin
nhiing nghién ciru riéng vé mo hinh vt liéu UHPC dé c6 thé du bao chinh xac hon ung xir phi

tuyén cua cau kién cling nhu két cau.
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QUY TRINH TiNH TOAN CHENH CO NGAN COT VACH NHA
SIEU CAO TANG BANG PHAN MEM THIET KE ETABS

PROCEDURE OF CALCULATION OF SHORT WALL
DIFFERENCE OF SUPER-HIGH-SURVEY BUILDINGS
WITH ETABS DESIGN SOFTWARE

ThS. B3 Duy Bén', TS. Pham Anh Tuin?, ThS. Nguyén Hoang Duong’
'3Vién Khoa hoc cong nghé xay dung, Email: anhtuanpham.vn@gmail.com

TOM TAT: Co ngin cot (Column Shortening) 1a hién twong cdu kién bé tong cbt thép chiu luc theo
phuong thiang dung (cot, vach) bi bién dang co ngin dudi tac dung cia tai trong, co ngét va tir bién ctia bé
tong. Trong thiét ké nha cao tang va siéu cao tang, hién trong co ngin cot va chénh co ngan gitta cot va
véach ¢6 thé anh huong dén mot sb cdu kién chiu luc ndm ngang nhu hé dim, san va 1am ntt v& cac clu
kién khong chiu luc nhu tuong kinh vach ngin. O Viét Nam hién chua c6 céc tiéu chuan va hudng dan
tinh toan cu thé cho hién tugng nay, gy nhiéu kho khin cho cac ky su két cau, dic biét 1a ddi voi cac
cong trinh siéu cao tang (>40 tang). Trén thé giGi hién nay, viéc tinh toan anh hudng ciia hién tugng co
ngfm cot bﬁng viéc st dung cac mo hinh vé dic trung vat li€u phu thudc thoi gian co san (vi du FEB 90,
Eurocode 2, ACI 209R-92) két hop vdi cac phan mém phén tich két cau c6 kha niang mo hinh héa theo
giai doan thi cong (construction stage) 1a kha phd bién va dugc ap dung dung rong rii. Bai bao nay trinh
bay mot quy trinh tinh toan ap dung cdc mo hinh vé dic trung vat li€u theo thoi gian, két hop st dung
phan mém phan tich theo trinh ty thi cong (ETABS) dé giup ngudi ki su c6 thé dé dang dy doan nhiing
anh huong cia hién tuong co ngan cot, vach ddi voi cac cong trinh siéu cao ting bang bé tong cdt thép,
dac biét 1a trong giai doan phan tich so bg.

TU KHOA: Co ngén cOt, tir bién, co ngot, trinh tu thi cong, siéu cao téng.

ABSTRACT: Column Shortening is the phenomenon of vertical force-bearing reinforced concrete
members (columns, walls) being deformed and shortened under the action of loads, shrinkage and creep
of concrete. In the design of high-rise and super-high-rise buildings, the phenomenon of column
shortening and shortening between columns and walls can affect some horizontal load-bearing
components such as beams, floors and cause cracks in non-structural elements load-bearing like glass
wall partition. In Vietnam, there are currently no standards and specific calculation guidelines for this
phenomenon, causing many difficulties for structural engineers, especially for super-high-rise buildings
(>40 floors). In today's world, calculating the effect of column shrinkage using the available time-dependent
material characterization models (e.g. FEB 90, Eurocode 2, ACI 209R-92) results in the combination
with structural analysis software capable of modeling by construction stage is quite popular and widely
applied. This article presents a calculation process applying models of material characteristics over time,
combined with the use of construction sequence analysis software (ETABS) to help engineers easily it is
easy to predict the effects of column and wall shrinkage on super high-rise buildings made of reinforced

concrete, especially in the preliminary analysis stage.

KEYWORDS: Column shortening, creep, shrinkage, construction sequence, super high-rise.
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1. PAT VAN DE

Trong thiét ké nha cao ting va siéu cao tang, bén canh nhiing tinh toan dim, cot, san thong
thuong, can luu ¥ dén mot sé dic thu riéng, chang han nhu vin dé co ngan cot va do vénh co
ngan. N6 c6 thé gdy anh huong dén mot sé ciu kién chiu luc ndm ngang nhu hé dam - san, va
lam ntt v& cic cAu kién khéng chiu luc nhu tuong kinh, vach ngin. Co ngin cot (column
Shortening) 13 hién tuong ciu kién bé téng cbt thép chiu luc theo phuwong thang dung (cot, 15i) bi
bién dang co ngin duéi tac dung cia tai trong, co ngdt va tir bién cua bé tong.

Noi chung, cao do ctia cong trinh sau mdt thoi gian hoat dong s€ khac so véi cao do dat duogc
ngay sau khi thi cong. Mtic d6 co ngin sé& phu thudc vao nhiéu yéu td, bao gdm ndi luc, ty sb
dién tich mat véi thé tich, dac diém cua bé tong, dic diém cua cot thép, phuong phap va trinh ty
thi cong, thoi gian thi cong va thoi diém dit tai, didu kién thoi tiét trong qué trinh thi cong, diéu
kién khi hau trong thoi gian hoat dong, v.v... Su co ngin theo phuong dimg c6 3 thanh phan:
(i) Co ngan dan hdi: xay ra gan nhu tirc khic sau khi dit tai; (i) Tir bién: bat dau khi duoc dat
tai, nhung toc d6 thip hon so véi co ngan dan hoi va s& xay ra trén toan bo thoi gian thi cong va
sir dung cong trinh; (iii) Co ngét: bat dau ngay khi thi cong va sé tiép tuc trong toan bo tudi tho
cua cong trinh. Su co ngén déu dan (cac c4u kién chiu luc doc co ngén vo1 muc do giéng nhau)
s& khong c6 anh huong dang ké dén hoat dong cua toa nha. Khi ¢6 co ngin chénh léch giita cac
cAu kién - thuong thi cot bién (véi ndi luc 16n hon), s€ co nhiéu hon tuong 101 - su bién dang c6
thé s& tao ra md men thém trén nhitng dam/san lién két giita cot bién véi 161, co thé s& lam san
dbc, va c6 thé s& giy anh hudng dén tudng, vach ngin chia... Hién trong nay duoc goi 14 hién
tugng vénh co ngan (differential colum shortening). D6 vénh co ngin dan téi chuyén vi gbi d&
cudng birc, sinh ra cac ndi luc thir cdp. Gia tri cua ndi luc thir cap ty 1é nghich voi nhip, nghia 1a
v6i cing mot chuyén vi thi nhip cang nhé thi ndi luc phat sinh cang 16n.

Nhjp L
— —
D vénh co ngin
'---4‘_-_‘-*&7‘
——— M

Vi tri phit sinh thép
chju kéo

Hinh 1. D6 vénh co ngin anh hudong dén kha ning chiu lyc cia ddm san
va gay nut tuong kinh, vach ngan, nut san [1]

Viéc phén tich va tinh toan chi tiét v& co ngan cot va nhitng bién phap c6 thé duoc ap dung,
thong thuong 1a trach nhi¢m ctia Nha thau thi cong, vi muc do cua hi¢n tuong nay phu thude nhiéu
vao vat liéu thi cong va bién phép thi cong dugc ap dung. Tuy nhién, do tim quan trong cua hién
tugng co ngén cot/vach, dic biét 1a dbi voi cong trinh siéu cao téng BTCT, hién tugng nay can
duoc xem xét ngay tir giai doan thiét ké so bo/thiét ké co s. Bai bao nay dua ra mot phuong phap
tinh toan so bd dé ude luong anh hudng cia hién tugng co ngén cot. Cac két qua tinh toan la du

267



Hoi nghi Khoa hoc Cén bg tré lan thir XVI

doan ddi v6i hién twong co ngin c6 thé xay ra trong twong lai sau khi cong trinh thi cong va dua
vao str dung. Nghién ctru nay ap dung mo hinh vat li¢u phu thudc thoi gian cia CEB-FIB 90 [2] va
Eurocodes 2 [3] két hop st dung phwong phap phan tich theo trinh ty thi cong ap dung véi phan
mém ETABS [4] dé gitp ngudi k¥ sur c6 thé dé dang du doan nhiing anh huéng cua hién tugng co
ngin cot, vach ddi voi cac cong trinh siéu cao tang bang bé tong cdt thép.

2. CO SO LY THUYET TiNH TOAN CAC PAC TRUNG PHU THUQC THOI GIAN
CUA BE TONG

Trong tinh toan co ngén, c6 2 dic trung quan trong phu thudc thoi gian can phai duoc xac
dinh, d6 1a co ngét va tir bién. Pé xac dinh cac dic trung nay, trong diéu kién chua c6 sd lidu tir
thuc té cua vat liéu duoc du kién st dung cho cong trinh, c6 thé ap dung cac mo6 hinh dy doan ly
thuyét co sin. Trong nghién ctru nay, phuong phap tinh todn du doan co ngdt va tir bién cua
CEB-FIB 90 va EC2 duoc ap dung. Viéc tinh toan dua trén cac gia thiét ciia cac mo hinh nay 1a
phti hop cho giai doan thiét ké va phan tich so b cong trinh nha cao ting bé tong cbt thép (BTCT).
2.1. Ly thuyét tinh toan cic dic trung vit liéu phu thudc thoi gian ciia CEB-FIB 90 [2]
va EC2 [3]

Trong CEB-FIB 90 va Eurocodes 2, cac dic trung vat li€u sau day dugc du doan 1a phat
trién phu thude vao yéu td thoi gian va cac yéu t6 moi truong khac nhu nhiét do, do am, v.v.

2.1.1. Cuong d@p

Cuong do chiu nén cua bé tong duoc biéu thi béng cép dd bén (cép cuong dg), dai dién boi
cuong do dic trung . tai 28 ngay tudi. C6 thé xac dinh cudng d6 chiu nén cia bé tong fu(t) tai
thoi diém t nhu sau:

fu(t) = fom(t) — 8(MPa) dbi voi 3 <t < 28 ngay
fu(t) = .y d6i v6i t > 28 ngay

Cudng do chiu nén cuia bé tong o t ngdy tudi phu thudc vao loai xi mang, nhiét do va diéu
kién bao dudng. Pi voi nhiét do trung binh 20°C va bao dudng theo tiéu chuan EN 12390,
cudng d6 chiu nén fum(t) ctia bé tong & cac ngdy tudi khac nhau co thé dy tinh theo cac biéu

thire (1) va (2).
fon (=B (D* e, (1)

12
voi Bee (t)exp{s {1—(?) H (2)

trong do:
fum(t) - cuong do chiu nén trung binh cuia bé tong & tudi t ngay;
fum - cuong d6 chiu nén trung binh cia bé tong ¢ tudi 28 ngay;
Bec(t) - hé s6 phu thudc ngay tudi t ctia bé tong;

t - s0 ngay tudi cua bé tong;
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s-hé sb phu thudc loai xi mang:
= 0,2 dbi véi xi ming c6 cap cudong d6 CEM 52,5 R, CEM 52,5 N va CEM 52,5 R (cép R);
= 0,25 d6i voi xi mang c6 cip cuong 46 CEM 32,5 R, CEM 42,5 N (cap N);
= 0,38 ddi voi xi ming co cip cuong d6 CEM 32,5 N (cip S).

Sau 28 ngay tudi, Eurocodes 2 gia thiét bé tong khong phat trién thém cuong do.

2.1.2. M6 dun dan hoéi

M6 dun dan hoi ciia bé tong phu thudc nhiéu vao thanh phan cia bé tong (dic biét 1a cdt
liéu). M6 dun dan hdi ciia bé tong dugc kiém soat bang mod dun dan hdi cia cac thanh phan cia
bé tong. Gia tri gan ding ctia mod dun dan hoi Ee, d6i voi bé tong cbt lidu thach anh duoc dua ra
trong EC2, phu thudc vao cép dd bén. Su thay ddi ctia md dun dan hdi theo thoi gian co thé du
tinh bang biéu thirc:

E o (0= (Fon (0/F ) ¥Eo, 3)
trong do:
Ecm(t) va fom(t) - cac gid tri & t ngay tuéi;

Eem va fun - cac gia tri xac dinh ¢ 28 ngay tudi.

2.1.3. Tir bién

Tir bién 13 hién tugng xay ra & bé tong, khi tmg suat khong ting nhung bién dang ting dan
theo thoi gian. Tir bién cua bé tong theo thoi gian phu thudc vao cac yéu t nhu: do 4m moi truong
xung quanh, kich thudc cdu kién, thanh phan bé tong va % cbt thép, cuong do bé tong, do 1on cua
tai trong va thoi gian chat tai. Bién dang ctia bé tong sau mot khoang thoi gian t gdm bién dang
dan hdi g, va bién dang do tu bién &bor dugc xac dinh nhu sau: &y ot = €b + Eb.cr- Bién dang do tu bién
duoc lién hé véi bién dang dan hoi boi mot hé sb tir bién Qb.er- NEN Ep got = € + Pber-Ep tONE duong
vOi G/Eb,T =o/Ey + (Pb,cr-(G/Eb)-

Do do:

Eb,‘r = Eb/(l + (Pb,cr) (4)
trong do:

Eb. - m6 dun dan hoi cia bé tong & thoi gian T;

E}, - mo dun dan hdi cta bé tong ¢ 28 ngay;

Qb.er - € sb tir bién.

Haé s6 tir bién @y dugc xac dinh dua vao cip do bén ciia bé tong, nhiét d6 va dd 4m ctia moi
truong xung quanh, kich thudc tiét dién, thoi gian va loai xi mang (S, N, R, nghia twong ung 1a
dong két cham, binh thuong va nhanh). Trong diéu kién chua c6 cac sd liéu do thuc té cho vat
lidu str dung, c6 thé tam thoi gia thiét dung cac gia tri duoc tinh toan theo CEB-FIB90 va EC2
nhu sau:
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Heé s tir bién @(t,to) co thé tinh toan theo biéu thirc:
ft,ty) =1, <P (t.to) (5)
trong do:

¢ - h& s0 tir bien bicu kién, c6 thé xac dinh theo bicu thurc:

fo = fru *B(fem) < B(to) (6)
®ry - hé s6 tinh dén anh hudng ctua do Am twong dbi dén hé sb tir bién biéu kién:
| 1-RHA00 45 vsi fun <35 MPa (7)
0,1x3/h,
o =| 1+ ZRV100 oy d6i v fun > 35 MPa @®)
0,1x3/h,

RH - d6 am tuwong ddi ctia moi truong xung quanh, %;
Bitem) - hé s6 tinh dén anh huéng ciia do bén bé tong dén hé sb tir bién bicu kién:
16,8
Blfem)=—F—= )
fcm
fum - cuong d6 chiu nén trung binh cia bé tong, MPa, & tudi 28 ngay;

B(to) - hé s tinh dén anh huong cua tudi bé tong tai thoi diém chat tai dén hé sb tir bién

biéu kién:

1
P(ty)= 015107 (10)
»1 T 1y
hy - kich thuéc biéu kién cta cu kién, mm:
— (1)

trong do:
A, - dién tich tiét dién ngang;
u - chu vi ciia cau kién tiép xuc voi khi quyén;
Be (t,to) - hé s6 mb ta sy phat trién cua tir bién sau khi chét tai, c6 thé tinh toan bang cach sir

dung biéu thuc sau:
03
(t—tp)
B (tty)= {— (12)
(B +t—to)
t - tudi clia bé tong tai thoi diém dang xét, ngay;
to - tudi ctia bé tong tai thoi diém chat tai, ngay;

(t —to) - qua trinh khong diéu chinh cta tai trong, ngay;
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By 1 hé sb phu thudc vao do 4m twong dbi (RH, %) va kich thude biéu kién cua ciu kién
(ho, mm). C6 thé tinh toan tur:

By = 1,5[1+(0,012RH)"*Th, +250 <1500 dbi vdi form < 35 MPa (13)
By = 1,5[1+(0,012RH)"*Th,, + 250, <15000; ddi v6i fur > 35 MPa (14)

/23 12 cac hé s6 xét dén anh hudng cua cuong do bé tong:

35 1 35 17 35 17
0= =2 a,=| 22 a=| 22 (15)
1 2 3

fcm me me

Anh huodng ctua dang xi ming dén hé s tir bién cua bé tong co thé dua vao tinh toan bang
cach thay ddi tudi chét tai t, nhu sau:

04
9
T

trong do:
to.r - tudi clia bé tong duoc didu chinh boi nhiét do tai thoi diém chat tai, ngay;
o - s6 mil phy thudc vao dang ximang:
= —1 d6i v6i xi mang loai S;
=0 ddi véi xi mang loai N;
= 1 d6i voi xi mang loai R.
2.1.4. Co ngot bé tong

Co ngdt ctia bé tong theo thoi gian phy thudc vao cac yéu to nhu: d6 am moi trudng xung
quanh, kich thudc ciu kién, thanh phan bé tong va % cbt thép. Bién dang do bé tong co ngot
khong phu thudc vao tai trong.

Tong bién dang do co ngot 1a to hop cia hai thanh phan: bién dang do co ngot khi kho va
bién dang do co ng6t noi sinh. Bién dang do co ngét khi kho phat trién cham vi ddy 1a sy hoat
dong dich chuyén ciia nudc trong bé tong da dong ran. Bién dang do co ngdt ndi sinh phat trién
trong qua trinh bé tong dong rin: phan chi yéu phat trién ngay trong cac ngay sau khi d6 bé
tong. Co ngdt ndi sinh 1a mot ham sd tuyén tinh cia cudng do bé téng. Bién dang do co ngot
phai dugc dic biét xem xét khi phan bé tong méi d6 lién véi phan bé tong da dong ran. Do do,
gié tri tong bién dang do co ngot e 1a:

€es T €cd +gca (17)
trong do:

€ - tong bién dang do co ngot;

&.4 - bién dang do co ngo6t khi kho;

€ca - bién dang do co ngot ndi sinh.
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Gia tri cudi cung cua bién dang do co ngdt khi kho &c40 bﬁng kn.€cd0- €cdo CO thé léy theo
Béang 2.1 cua EN 1992-1-1.

Su phat trién bién dang do co ngot khi khé theo thdi gian duge tinh nhu sau:

€0 (1) = Bys (Lt Ky Ecq 0 (18)
trong do:
K - hé s6 phu thudc kich thudc biéu kién hy, 1y theo Bang 2.2 cia EN 1992-1-1.
Bas(t:ts) = (t-t) - (19)
(t—t,)+0,044/h,
trong do:

t - tudi ctia bé tong tai thoi diém xem xét, tinh bang ngay;
ts - tudi ciia bé tong (ngay) tai thoi diém bat ddu co ngot khi kho (hodc truong né). Thong
thuong d6 1a thoi diém két thiic bao dudng;

Bién dang do co ng6t noi sinh cd thé xac dinh theo biéu thirc:

€ca () = Pas (e (0) (20)
trong do:

£y (0) = 2,5(f, —10)x107° 21)
va: B (t) = I—exp(—0,2t") (22)

trong d0: t - thoi gian da cho, tinh bang ngay.
2.2. Gi6i han quy dinh vé chénh co ngin cong trinh

Hién nay, chua c6 nhiéu tiéu chuan va tai liéu dua ra gidi han cua gid tri chénh co giira cot
vach khi tinh hi¢u ung co ngén. Trong thyc hanh, c6 thé tham khao gidi han han sau day (duogc
khuyén nghi cho mot sb cong trinh cao ting 16n nhur Keangnam [5], Landmark 81 [6]).

Gi61 han cho phép (allowable level): L./240.

Gidi han kiém soat (control level) la giéi han dé han ché nirt v cu kién khong chiu lyc: L/480.
2.3. Tai trong tiac dung khi tinh toan gia tri co ngin

Co ngin cot dugc tinh toan trong 2 giai doan nhu sau:

Giai doan thi cong: Tai trong chi bao gém trong lugng ban than, két cdu chiju luc va khong
chiu luc (tinh tai), ting dan theo tién do thi cong cong trinh.

Giai doan sir dung: Tinh tir sau khi hoan thanh két ciu dinh 180 ngay, tai trong tinh tai bao
gbm trong luong ban than két cAu va tai trong hoan thién cong véi hoat tai str dung c6 ké dén hé
s6 giam tai, thong thudng cho cong trinh nha cao tang dang vin phong hodc cin ho co thé lay hé

s6 giam tai bang 50%.
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3. PHAN TiCH TRINH TU THI CONG

Phan tich két cAu theo cach truyén théng thuc hién trén hé két ciu dugc mod phdéng hoan
chinh (két cdu trong giai doan khai thac sir dung), qué trinh phan tich duoc thyc hién khi tai
trong tdc dung 1én hé két cAu hoan chinh. Trong thuc té thi cong, tai trong ban than cua két cau
va khdi xay da duoc chét timg budc theo thoi gian.

Viéc phan tich tmg xir ciia két ciu duya trén trinh tu thi cong dé tinh dén hiéu ung co ngan
cot/vach duge thuc hién bang phan mém Etabs theo quy trinh sau:

Budc 1: Click menu Define > Add Sequential Construction Case.

Budc 2: Trong cira s6 Add Sequential Construction Case, muc Load Pattern chon cac tai
trong chiu anh hudng boi quy trinh nay.

Muc Auto Create Active Structure: S6 ting trong 1 dot phan tich.

Budc 3: Analyze > Run Sequential Construction Case.

Qua trinh phan tich md hinh theo giai doan thi cong trong Etabs dugc thuc hién cho 2 giai
doan chinh:

+ M5 hinh Finish - Sau khi hoan thanh Két ciu cong trinh (chi tinh tai trong ban than)

+ M5 hinh 30 nam - Sau khi hoan thanh va sir dung cong trinh duoc 30 nam (ké dén hoat tai
va hé s6 giam tai)

Quy trinh tinh toan, kiém tra, thi nghiém theo giai doan duogc thé hién trong so d6 tai Hinh 2.

Hinh 3 trinh bay qua trinh ap dung trong phan mém Etabs dé du doan do co ngin cot/vach.

Phan tich tinh Thi nghi¢m Quy dinh vat liéu va tiét dién
toan quan trac

Y

Sir dyng phin
mem

Phan tich m6 hinh

Kiém tra két qua cho timg giai doan thi cong

Kiém tra cac gia tri co ngan cdt/vach

Hinh 2. Quy trinh tinh toan dy doan Hinh 3. Quy trinh thyc hién
gi4 tri co ngdn cot/vach trong nha cao ting trong phin mém Etabs
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4. DU BAO CO NGAN COT TRONG QUA TRINH THIET KE, THI CONG, AP DUNG
CHO CONG TRINH NHA CAO TANG BE TONG COT THEP

Cac mo hinh tinh toan va quy trinh phan tich néu trén duoc ap dung dé du doan chénh co
cho 1 vi du cong trinh nha cao tang bé tong cot thép, dé danh gia anh hudng cua hiéu tng co
ngén cot. Quy trinh tinh toan dy doan co ngén cOt trong thuc té dugc thuc hién theo so d6 ¢ Hinh 3.
Trong giai doan thiét ké co so, vi chua c6 cac s6 liéu lién quan dén cac dic trung cua vat liéu bé
tong phat trién theo thdi gian (co ngdt, tir bién, mé dun dan hdi, v.v.), nén cac dic trung nay
dugc lay theo cac mo hinh dua ra trong FIB-CEB 90 va EC2.

4.1. Vi du tinh to4n cu thé

Cong trinh gia dinh cao 45 tang, v&i két cau chinh 14 hé 161 vach thang may & giita va hé
théng cot BTCT & xung quanh bién. Chiéu cao ting dién hinh 1a 3,75m. Mit bang két cAu dién

hinh cua cong trinh dugc thé hién trén hinh 4.

. B130X40B40 . B130X40840 B130X40B40 B130X40B40 . B130X40840 . B130X40B40 . B130X40B40 .
o o o =] =] ] ’ (=] =]
= - - = =3 X/ - =
m I i m @ L/ o m
=1 =] = =3 =] &/ = =]
= =T = = =T 22 = =
= = > b3 = = > x|
= = = =3 (=] ¥/ = =
3 = = 3 = &/ 3 3
m m m m m m m
. B130X40B40 |_pTOX40840 | BT0X40B840 | / B180X50B40 . B140X40B40
: : g 4
=] b I+
= 8 [PE0a0E4] funaste - (=]
% g BX4DB 1 £ a @Q"Q
=1 -1 o =
A > 2 - % =T 4
=3 = | 3 =1 foansodfis é -\bg
- ii] 7l e - = - @
2 L8 | e H &
5|8 15
ANE 5
.7Bi 30x40B40 || = | proxsngad | | RT0X40B40 | sl B160X40B40 ‘
W-C3
o ]
2 égz?
= =] = (= = S +
@ = = = = i (s}
2 @ m m m e, i
5 & & e B \&, )
e \
= = x x = e
=1 =3 =1 (=1 =1 Y
g o o3 = =
B o o C.D3 o
- | a0 ‘
Q0=
. B130X40840 . B130X40B40 . B130X40840 B130X40840 .

Hinh 4. Mit bang két cdu dién hinh
4.2. Céc khai bao diu vao

Cac khai bao trong mé6 hinh Etabs dugc thyc hién nhu sau:

Mo hinh vat liéu phu thudc thoi gian duge chon 1a theo CEB-FIB 90.
Hé s6 xi mang (s) = 0.25 (xi ming dong cing nhanh)

Hé s6 co ngdt (bsc) = 5 (xi ming dong cing nhanh)

Thoi diém bét dau qua trinh co ngot (ngay) =7

Do am tuong d6i = 70%
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Time Dependent Properties for Concrete

Matenial Mame and Type Time Dependent Type
Material Name =5 Cument Time Dependent Type CEBFIP 90 » |
Material Type | Concrete, Isotropic CERFIF 90 Pt
Cement Type Coefficient 25
Time Dependence Considered For Relative Humidity, % 70 %

Compressive Strength and Stiffiness (Medulus of Elasticity)
Creep
Shrinkage
Creep Analysis Type
(® Full Integration
() Dirichlet Series

Number of Terms

Shninkage Coefficient, Bsc

Shnnkage Start Age, days

Hinh 5. Cic thong s6 ddu vao cho vt liéu phu thudc thoi gian trong Etabs

x

E Staged Construction Tree - CONSTRUCTION SEQUENCY

Right Click Tree for Options

STAGE TANG 25:  Start Time = 202 Days:

STAGE TANG 26 Start Time = 207 Days;

- ADD Structure:  Group = 29. TANG 26:  Age When Added = 5 Days
W] LOAD Objects ff Added:  Group = 29, TANG 26: Load Type = LOAD; Load Name = DEAD: Scale Factor =1
STAGE TANG 27. Start Time = 212 Days; Duration =5 Days; Provide Output

W ADD Structure:  Group = 30. TANG 27;  Age When Added = 5 Days

W LOAD Objects f Added: Group = 30. TANG 27; Load Type = LOAD; Load Name = DEAD; Scale Factor = 1
STAGE TANG 28: Start Time = 217 Days; Duration =5 Days; Provide Output

;[," ADD Structure:  Group = 31. TANG 28; Age When Added = 5 Days

E| ﬂ STAGE TANG 20: Start Time = 177 Days; Duration =5 Days: Provide Output A |
o t ADD Structure:  Group = 23. TANG 20;  Age When Added = 5 Days

- # LOAD Objects if Added: Group = 23. TANG 20: Load Type = LOAD: Lload Name = DEAD; Scale Factor = 1

& STAGE TANG 21: Start Time = 182 Days; Duration =5 Days: Provide Output

l“ ADD Structure:  Group = 24. TANG 21;  Age When Added = 5 Days

0 LOAD Objects if Added: Group = 24. TANG 21:
& STAGE TANG 22: Start Time = 187 Days; Duration =5 Days: Provide Output
W) ADD Structure: Group = 25. TANG 22  Age When Added = 5 Days

W) LOAD Objects if Added: Group = 25. TANG 22;
D @@ STAGE TANG 23: Start Time = 192 Days; Duration =5 Days; Provide Output

L @] ADD Structure: Group = 26. TANG 23; Age When Added = 5 Days

W) LOAD Objects f Added: Group = 26. TANG 23; Load Type = LOAD; Load Name = DEAD; Scale Factor = 1
@ STAGE TANG 24: Start Time = 197 Days; Duration =5 Days; Provide Output

W] ADD Structure:  Group = 27. TANG 24;  Age When Added = 5 Days

) LOAD Objects ff Added: Group = 27. TANG 24; Load Type = LOAD; Load Name = DEAD; Scale Factor =1

Load Type = LOAD; Load Name = DEAD; Scale Factor=1

Load Type = LOAD; Load Name = DEAD; Scale Factor =1

Provide Output

Scale Factor = 1
Provide Output

STAGE TANG 29: Start Time = 222 Days; Duration =5 Days; Provide Output
! ADD Structure: Group = 32. TANG 29;  Age When Added = 5 Days

STAGE TANG 30: Start Time = 227 Days: Duration =5 Days: Provide Output

] ADD Structure:  Group = 33. TANG 30:  Age When Added = 5 Days

- @ LOAD Objects if Added: Group = 33. TANG 30: Load Type = LOAD:; Load Name = DEAD:
@ STAGE TANG 31: Start Time = 232 Days: Duration = 5 Days: Provide Output

- 3. ADD Structure: Group = 34. TANG 31; Age When Added = 5 Days

| LOAD Objects f Added: Group = 31. TANG 28; Load Type = LOAD; Load Name = DEAD;

‘[, LOAD Objects if Added: Group = 32. TANG 29: Load Type = LOAD; Load Name = DEAD;

Scale Factor =1

Scale Factor = 1

Scale Factor = 1

Dr.ag - Move Node, Drop Below; Cii + Drag = Copy Node, Drop Below; + Shift Drops Above; Delete Key = Delete Node

Hinh 6. Khai bao trinh ty thi cong trong phan mém Etabs
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5. KET QUA DU POAN CHENH CO, CHUYEN VI PINH CQT/VACH - PIEM C-D3 VA
W-C3 DPIEN HINH
Viéc phan tich theo trinh ty thi cong dugc tién hanh. O giai doan thi cong, gia thiét cac tﬁng
duogc do theo tién do 5 ngay/tang. O giai doan sau khi thi cong, cong trinh tiép tuc dugc phan tich
cho thoi gian 30 ndm, véi tai trong 1a tinh tai cong trinh + 50% hoat tai sir dung. Két qua co va
chénh co dugc xac dinh cho vi tri dién hinh 13 diém C-D3 (cot bién) va W-C3 (vach trung tim), co
vi tri nhu trén Hinh 4. Két qua do co cua cot C-D3 va vach W-C3 dugc thé hién ¢ hinh duéi day.

48
47
46

el C-D3 SAU KHI HOAN THIEN

i \W-C3 SAU KHI HOAN THIEN

TANG

=== C-D3 SAU 30 NAM

W-C3 SAU 30 NAM

-100.0 -80.0 -60.0 -40.0 -20.650® NS
CHUYEN VI DINH COT

Hinh 7. Két qua dy doan co ngan cua cot va vach
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Két qua tinh toan bang quy trinh phan tich theo trinh tu thi cdng cho thay, sau khi hoan thanh
thi cong cong trinh, & vi tri C-D3 va W-C3, gia tri co ngén 16n nhét ctia vach 1a 44,3mm tai ting 30.
Gia tri co ngan 16n nhit cta cot 1a 60,6 tai ting 28. Két qua chénh co ngén tai tang 24 13 16n nhat,
gia tri chénh co bang 17,2mm. Vi so d6 sau khi hoan thanh va sir dung cong trinh duge 30 niam,
& vi tri C-D3 va W-C3, gia tri co ngan 16n nhat cta vach 13 68,5 mm tai tang 36 va 37. Gia tri co
ngan 16n nhat cia cot 1a 87.4 tai tang 34 va 35. Két qua chénh co ngin tai tAng 25 1a 10n nhét, gia
tri chénh co bang 20,4 mm. So sanh v6i cac gia tri cho phép L/240 = 9000/240 = 37,5mm va gia
tri kiém soat: 9000/480 = 18,75mm cho théy, gia tri chénh co gitra cdt va vach dugc xem xét
thoa mén gid tri cho phép nhung chua théa man gia tri kiém soat, tir d6 can co cac bién phap dé
bao vé cac két cdu khong chiu luc nay khoi bi nut va.

6. KET LUAN

Viéc tinh toan du doan co ngin cot 1a can thiét, dic biét v6i cac cong trinh c6 chiéu cao tir
40 tang trd 18n, dé co thé dé ra cac giap phap nham giam thiéu anh huéng cua hién tuong nay
ngay trong qua trinh thiét ké va thi cong cong trinh.

Viéc ap dung phuong phap tinh theo trinh ty thi cong (construction stage) trong Etabs c6 ké
dén cac dic trung vat liéu theo thoi gian ciia mo hinh CEB 90 va EC 2 1a phu hop, thuan lgi voi
ky su thiét ké, nhat 1a trong giai doan thiét ké ban dau dé xét dén anh huong cia cac hiéu ing co
ngan. Tuy nhién, do co ngin 1a mot hién tuong phtrc tap, chiu anh huong cia nhidu yéu td vat
liéu phu thudc thoi gian cling nhu cac yéu t6 moi truong, do do dé c6 thé du doan chinh x4c, can
thuc hién cac thi nghiém vé vat liéu dbi voi cac dic trung phu thudc thoi gian (co ngét, tir bién).
Ngodi ra can kiém chimg trong qué trinh thi cong (gan dau do bién dang trong cot/vach), dé co
thé hi¢u chinh lai md hinh dw doén ban dau.

7. TAI LIEU THAM KHAO

[1] TS. Cao Duy Khoéi, ThS. Ngb Hoang Quan, Hién tuong co ngan cét trong thiét ké nha cao
tang va siéu cao tang Bé tong cot thép, Tap chi Khoa hoc Cong Nghé Xay dung s6 2/2012

[2] CEB-FIB90 - Model Code Comite EURO - International du Beton, Design Code, 1990

[3] Eurocode 2: Design of Concrete Structure

[4] Etabs Phin mém phén tich két cdu

[5] Hanoi Landmark Tower Project. Column shortening. Main analysis report. MIDAS IT.,
2008.[6] Thuyét minh tinh todn co ngan cét, Vinhomes Central Park Lanmark 81

277



Hoi nghi Khoa hoc Cén bg tré lan thir XVI

TAI TRONG CHAY - NGUYEN TAC AP DUNG VAO
MO PHONG PAM CHAY CONG TRINH

FIRE LOAD - THE PRINCIPLES FOR APPLICATION TO
FIRE SIMULATION IN BUILDING

ThS. Thanh Hitu Hong Giang', ThS. Nguyén Viét Son’
'2Vién Khoa hoc cong nghé xay dung, Email: hgiang8493@gmail.com, sonibst2109@gmail.com

TOM TAT: M6 phong dam chay duge ap dung cho cong tac phan tich dé xac dinh murc nhiét d6 ma dam
chay co thé tac dong vao cac bd phan cong trinh hodc lugng khéi c6 thé sinh ra va lan truyén trong cong
trinh, khi thiét ké an toan chay hodc khao sat danh gia sau chay. Dé sir dung cac gia tri tai trong chay cho
viéc mé phong dam chay, thuong s& phai quy ddi sang toc do giai phong nhiét (HRR) ctia nhién liu chay.
Nbi dung bai viét nham trinh bay vi du vé viéc a4p dung phdn mém mé phong dam chay va nhitng nguyén
tac quy doi tai trong chay sang HRR dé dwa vao chuong trinh mé phong.

TU KHOA: Tai trong chay, mé phong dam chay, toc do giai phong nhiét - HRR.

ABSTRACTS: Fire simulation is applied for analysis to determine the temperature at which a fire can
affect building components or the amount of smoke that can be generated in and spreaded throughout the
building, in fire safety design or post-fire damages assessment survey. To use fire load values for fire
simulation, it is necessary to convert the fire load to the heat release rate (HRR) of the fuel. The content
of this article is to present an example of the application of fire simulation software and the principles of
converting fire load to HRR to include in the simulation program.

KEYWORDS: fire load, fire simulation, heat release rate - HRR

1. PAT VAN PE

Viéc dam bao an toan chdy cho cong trinh 1 mot van dé cip thiét trong thoi gian gan day.
Thiét ké, danh gia an toan chay ddi voi cac cong trinh xay dung 1a mot yéu cau bat budc. Mot
trong nhitng yéu t6 quan trong ctia thiét ké va danh gia an toan chay 1a mo phong dam chay. Viéc
mo phong dam chay duoc 4p dung cho cong tac phan tich dé xac dinh mirc nhiét d6 ma dam
chay co thé tac dong vao cic bd phan cong trinh hodc lwong khéi c6 thé sinh ra va lan truyén
trong cong trinh. S6 liéu dau vao cho mo phong 1a co so dit liéu dd dugc nghién ciru va cong bd
(vi du trong [1]) vé téc do giai phong nhiét (HRR) cia cac ddi tuong, vat thé chay roi rac. HRR
1a tbc d6 ma cc phan Gmg ddt chay sinh ra nhiét [1]. Pé danh gia dam chay trong cac gian phong
khi chua biét su phan bd 16 rang vé d6 vat, phuong tién hodc khong c6 tai liéu ghi nhan vé phan
b vat chay trong gian phong dé dinh lugng dugce dam chay da va c6 thé xay ra thi chi c6 thé dya
vao quy dinh hodc s6 liéu cong b vé tai trong chay theo ting chirc ning cta gian phong dé danh
gid vé HRR ctia dam chay. Tai trong chay cho biét lugng nhiét duoc giai phong bai toan bo cac
vat liéu dé chay trong khoang chay [1]. Khi sir dung s6 liéu dau vao 1 tai trong chay dé dua vao
md hinh thi cin phai quy d6i vé HRR. Van dé dugc dit ra: Cach quy ddi tir s6 liéu tai trong chay
vé HRR nhu thé nao? Va cac co s khoa hoc cho viéc quy doi nay? Nhom tac gia da tim hiéu
qua cic tai liéu k¥ thudt ciing nhu béo cao khoa hoc dé tim ra co s& khoa hoc cho sy quy ddi tai
trong chay vé HRR va dé phuc vu cho cac nghién ciru sau nay.
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2. MO PHONG PAM CHAY VA MOQT SO PHAN MEM PHO BIEN PANG AP DUNG
TREN THE GIOI VA VIET NAM

2.1. M6 phéng dam chay

Mo phong ddm chdy 1a viéc md phéong mot su kién lién quan dén dam chdy, tir qua trinh
chay dén so tan (khong chi qué trinh phat trién cua dam chdy va qué trinh van chuyén khoi). Két
qua md phong s& gitp chung ta c6 dugc cai nhin chung vé cac su viée lién quan dén dam chay.
Tat ca cac mo phong nay c6 thé duoc xay dung nhd cac phan mém mo phong chay.

Phan mém mo phong chay 1a mot cong cu gitp xay dung nén mdi lién hé giira cac sy kién co
lién quan dén dam chay. N6 c6 thé tich hop nhiéu sy kién vé dam chay nhu ddm chay cuc bo,
dam chay toan dién, qua trinh thoat nan ctia ngudi st dung, su sap dd cua két cau hodc co thé chi
gidi han 13 sy phat trién ctia ngon lira va su lan truyén cta khoi va ¢ ké dén cac yéu td thuc té
cua cong trinh nhu: kich thudc hinh hoc, hinh khdi, cac trang thiét bi an toan chay, tai trong
chay, .... Pé lam duoc viéc ndy, cic phan mém méd phong thudng dua trén cac mé hinh thuc
nghiém hodc dua trén cdc mo hinh toan hoc. Cac mo hinh thuc nghiém dugc xay dung can c
vao két qua quan sat ctia nghién ctru thyc nghiém vé hanh vi ciia con ngudi khi xay ra chdy. Cac
mo hinh toan hoc dugc xay dung trén cac phuong trinh toan hoc dé mé ta cac su kién lién quan
dén dam chay. Cac mo hinh toan hoc duoc chia thanh mé hinh tién dinh va mé hinh thong ké.
M5 hinh tién dinh duoc kiém soat boi cac dinh luat vé vat 1y, hoa hoc va nhiét hoc con mo hinh

thong ké chi dwa ra cac du doan théng ké vé mot dam chay.
2.2. Mt s6 phin mém mé phéng

Hién nay, viéc sir dung phan mém mo phong chiy dé phan tich dién bién phat trién ciia dam
chay dua trén cac yéu tb thuc té ciia cong trinh kha phd bién. Mot s6 phan mém mo phong chay
khong tinh phi dién hinh nhu:

T4 chirc phat hanh Tén phan mém Cong dung ctia phan mém
FDS - Fire Dynamics La m6 hinh dong luc hoc chét long tinh
Simulator toan dong chay cua ltra [2]

La md hinh ddm chay hai vung dugc su

NIST - National CFAST - Consolidated Fire : ., , N
. dung d¢ tinh toan sy phan bo lién tuc
Institute of Standards and Smoke Transport : A
cua khoi, khi chdy va nhiét 6 [3]
and Technology

Xac dinh sy suy giam khéi luong va quéa
trinh chuyén hoa nang luong phu thudc
vao thoi gian [4]

FIRST - Fire Simulation
Technique

National Research NRC - Fire orowth model Puogc st dung dé du doan cac dic diém
Council of Canada £ phat trién dam chay [4]

Trong ndi dung bai viét, chung toi tip trung di sdu vao phan mém CFAST d3 duoc st dung
phd bién trong Phong nghién ciru phong chéng chay, Vién KHCN Xay dung [5] [6].
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3. MO PHONG PAM CHAY BANG PHAN MEM CFAST
3.1. Nguyén tic mé phong

Phian mém mo phong chay CFAST 1a mot cong cu gitp xay dung mdi quan hé giita mot s6
yéu td didc trung cua cong trinh va dam chay. Cac yéu td ddy duoc 1ay & cong trinh thuc té va ban
v& thiét ké. Cong trinh dugc dac trung boi: kich thude hinh hoc, cac dac diém 15 thong trong
cong trinh, cac dac trung vé vat liéu. Pam chay dugc dugc dac trung bdi: dang nhién li¢u chay,
vi tri cua ddm chay.

Dé c6 thé biét duge qua trinh phét trién sinh nhiét ciia ddm chay trong cong trinh dién ra nhu
thé nao thi HRR chinh 14 tham s dé mo phong dam chay.

3.2. HRR trong m6 phéng dam chay

Dé biét duoc quy mo va dién bién theo thoi gian cia mot dam chay ngudi ta sir dung khai
niém tbc do giai phong nhié¢t (HRR) nd 1a déc tinh co ban mo ta dinh lugng ddm chdy. Khai ni¢m
nay 1a bién s6 quan trong trong phén tich nguy hiém chay. Tc do giai phong nhiét cung cp
thong tin hitu ich nhu quy mé dam chay, toc do tao khéi, moi truong cé thé xay ra chay va cac
dir liéu lién quan khac dé danh gia mdi nguy. Céc yéu td chinh kiém soat sy phat trién ciia dam
chay ¢ giai doan phat sinh va giai doan phat trién day du 1a khac nhau. Toc do giai phong nhiét
(HRR) cua vat dang chay duoc do bang kilowatt (kW), 14 tdc d6 ma cac phan tmg dt chay sinh
ra nhiét [1].

Vi du vé mot s6 dit liéu vé HRR cho céc san pham thuc dugc nghién ctru va cong bo:

2500

—#-- 6 ghé nhya trong 1 chd
2000 gh¢ nhya trong 1 chong

=00 —e— Gh¢€ nhya don

1000 — — 5 ghé nhya trong 1 hang

HRR (kW)

500 — - 8 ghé nhwa trong 4 hang

E— 12‘ghé nhya trong 2

0 500 1000 1500 2000 2500 A
chong

Thoi gian (s)

Hinh 1. HRR cua ghé lam bang nhya véi khung thép c6 thé xép chong 1én nhau, khong c6 dém [1]

HRR ciia dam chay la thong s6 quan trong trong viéc mo phong dam chay. Véi dir liéu co
ban di dugc dinh lugng vé dam chay ciia cac vat liéu, cac nguy co chay lién quan va viéc giam
thiéu kha nang nguy hiém cua ching c6 thé duoc dua ra trén co sé hop 1y bang viée sir dung dit
lidu lam diém khoi dau cho cac chuong trinh danh gia. Thong qua viée sir dung mot sb cac tinh
hudng khac nhau trong viéc danh gia hau qua cua dam chay do cac ngudn chay giy ra, mot birc
tranh ddy du va dang tin cdy vé van dé chay co thé dugc hinh thanh. Dé dua ra mot cach ngén
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gon, mo hinh phac thao phan tich can thiét dé trich xuat thong tin nguy co chay tir dit liéu cua
céc co s thi nghiém, chung ta co thé ting cuong dir liéu thir nghiém va phan tich nguy co xay ra
dam chay dya trén cac mé hinh phan tich. Co thé d& dang phan tich nguy hiém chay k¥ ludng
hon v4i cac mo hinh chay hién nay.

4. TAI TRONG CHAY

4.1. Xac dinh tai trong chay

Tai trong chay trong khoang chay duoc xac dinh bang tong ning luong giai phong, bao gdm
céc thanh phan cua toa nha nhu 16p 16t tuong, tran va cic vat dung bén trong toa nha, chang han
nhu dd ndi that. Tai trong chay cling dugc biéu thi bfing mat do tai trong chay hodc tai trong chay
phan bd [7]. Mat d6 tai trong co thé lién quan dén téng dién tich san cua khoang chay [MJ/m’]
bao gdm ca 16i di va khong gian tréng cuc bo. Dbi voi mot sé cong trinh sir dung trong toa nha -
dic biét 1a d6i v6i kho chira hodc cac toa nha cong nghi¢p - mbi quan h¢ véi thé tich [MJ/m3 ] co
thé pht hop hon dé giai quyét anh hudng ciia chiéu cao kho chira 1én tai trong chay [1].

Gi4 tri didc trung cia mat do tai trong chay [MJ/m?]duoc xac dinh theo phwong trinh sau [7]:
E 1

e =—
A A

Z\VimiHuiMki (1)
i
trong do:
My, : gid tri ddc trung khdi luong cua vt licu dé chay thur 1 [kg];
H, : nhiét tri thuc cia vat li¢u thur 1 [MJ/kg];
m; : hé s6 mo ta ing xir chdy cua vat liéu thi i;
i : hé s6 bao boc bao vé ddi véi vat lidu thi i;
E : tai trong chay [MJ];
Ay : dién tich san cta khoang chay [m’];
HyiMy @ dai dién cho tong luong nang lugng cé trong vt lidu th i va duge giai phong khi bi
dot chay hoan toan.

Hé s6 m 1a hé sé khong thtr nguyén giita 0 va 1, dai dién cho hiéu suit chdy: m = 1 tuong
mg v&i qué trinh chay hoan toan va m = 0 twong tng voi tinh hubng khic nghiét trong d6 vat
liéu dé chdy hoan toan khong tao ra nhiét cho qua trinh chay. Hé s6 m 12 mot ham cua loai hat
(chét ran, cht long) va céc dac tinh hinh hoc ctia n6 (do xép, khéi luong), vi tri cua no trong
khoang chay (khu vuc tiép xtc véi blic xa) va cac dic tinh ctia dam chay (nhiét d6, ham lugng
oxy, v.v. .). Cho dén nay, khong c6 hi¢p dinh quéc té nao ton tai vé cach xac dinh hé s6 m. Tt
nhién, hé sé m co thé duge gid dinh mdt cach than trong lam =1

Hé s6 y duoc dua vao dé tinh dén viéc bao vé tai trong chay, bang cach dit no bén trong
th. N6 co gia trj gitta 0 (bao vé bét budc trong toan bo thoi gian chay) va 1 (bao vé khong anh
huong dén viée giai phong nang lugng). Viée bao vé ¢ thé 1am giam sy giai phong nang luong,
nhung thuong 1am nhu vy trong mot khoang thoi gian gidi han, didu nay phu thudc vao didu
kién chay (buc xa, nhiét dd). Diéu nay khong dugc phan anh trong khai niém hé ) v hién tai la
doc lap vé thoi gian. D4i voi nhidu tmg dung thuc té ta ldy y = 1.
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Bang 1. Mat do tai trong chay trong mot sé dang muc dich sir dung cong trinh & Anh [8]

Mat d6 tai trong chay (MJ/m?)
Dang muc dich stir dung =
Trung binh Nho hon 80%™

Nha & 780 870
Bénh vién 230 350
Kho cua bénh vién 2000 3000
Budng ngii khach san 310 400
Van phong 420 570
Cira hang 600 900
Nha sén xuét 300 470
Nha san xuat / kho'” < 150K g/m? 1180 1800
Thu vién 1500 2250
Truong hoc 285 360
(*) - Kho chira cac vat liéu c6 tinh bét chay
(**) - 80% s0 phong cia cac cong trinh khong vuot qua gia tri nay

5.NGUYEN TAC QUY POI PE SU DUNG TAI TRONG CHAY VE HRR
5.1. Quy doi tai trong chay

Phan 16n cac dam chdy dién ra theo mo hinh véi cac giai doan riéng biét, mic du quy mod
thot gian, toc do va cuong dd rat khac nhau. P61 vé1 mé hinh mo phong mot dam chay phat trién
tu nhién gom c6 ba giai doan:

¢ Giai doan phat chay
e Giai doan dam chay phat trién toan dién

e Giai doan tit dan

tl > t2 Ty

»e g
L P L]

X

\ 4 >
bamchay phat
\?119 y P

/
=

Phat chay

1
1
1
i
[}
| i
] ! Pam chdy t-
. ' squared
E | = = = Pam chdy thyc
! i 8
H 1
] i
E, i i
i :
tzrow Thoi gian tmm( tdecay

Hinh 2. Qua trinh téc d6 giai phong nhiét 1y tudng cho ca cac giai doan véi E,, E,, Ez 1an luot 1a
tai trong chdy trong giai doan phat chay, ¢am chay phat trién toan dién va tat dan [9]
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Dbi v6i bit ky dam chay nao, tbe do toa nhiét tinh bang MW c6 thé dugc tinh néu biét lwong
nhiét toa ra dudi dang MJ trong mot thoi gian nhat dinh (tinh bang gidy). Tc d6 téa nhiét trung
binh Q (MW) duoc cho boi [10]:
> E E +E,+E

— 1 2 3 (2)

1
ottty

Q=

trong do:
E : tong niang luong cua tai trong chay (MJ);
t : thoi gian chay (s);
E1, Ey, E; : 1an luot 14 tai trong chay trong cac giai doan phat chdy, dam chay phat trién toan
dién va tat dan (MJ);

t, t, t3 : 1an luot 14 thoi gian chay cua cac giai doan chay (s).

5.2. Cac giai doan phat trién dam chay
5.2.1. Giai dogn phat chay

Giai doan phat chay duoc xem la bét dau khi birc xa duoc hoi tiép tr ngon Itra kiém soat toc
d6 chay. Gia su rang khoang chay duoc théng gio (c6 du lugng oxi cung cdp cho phan tng
chay), toc do phat trién ctia ngon lira chu yéu bi kiém soat boi cac dic tinh va dinh hudng cia
nhién li€u. Trong giai doan phat trién, ngon Itra lan rong trén cac bé mit nhién liéu, 1am tang dién
tich chdy va toc do toa nhiét twong tng. Tc do toa nhiét dugc gia dinh 1a khong phu thude vao
su ngan cach dam chay va duoc diéu khién chu yéu boi tbe do lan truyén ngon lua [11].

Dé danh gia vé giai doan nay céc tai liéu k¥ thuat da sir dung khai niém “tbc do phat trién
ctia dam chay” [2], [11], [10]. Téc d6 phat trién ciia dam chay (t* - t binh phuong) c6 thé duogc
coi 1a mot ngudn chay cé toc do toa nhiét khong doi trén mot don vi dién tich, trong d6 ngon lta
lan truyén theo hinh tron véi tbc do hudng tam khong doi. C6 bon loai toc d6 chay: cham, trung
binh, nhanh va cyc nhanh. Cac dinh nghia nay duoc xac dinh don gian bang thoi gian can thiét
dé ngon lira dat gia tri 1,055 MW [10].

o 120
= 100 .
= . v
£ g0 R4
g | Cuc nhanh
‘S 60 —
58 2 N Nhanh
. 40 B .
S iz P " - - = Trung binh
w 20 = T n
@ s ] — ®= Cham
= e
Z 0
30 40 50 60 70
Thoi gian (phut)

Hinh 3. Tdc d6 toa nhiét cho cac dang dam chay t2 [10]
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Téc do téa nhiét Q (MW) ddi voi dam chay t* duge xac dinh:
2
Q, =at’ (3)

trong do:

1,055
<

o= hé s cudng do chay (MW/s?);
to, : thoi gian chay (s).

Bang 2. Thoi gian tang truong dién hinh cho cac dang dam chay [10]

Tbe 3o Gia tri ciia h?lng Hé sb
phat trién sO phat chay cuong do chay DPam chay dién hinh
dam chay k (s'MW'?) o (MW/s?)
Cham 600 0,00293 Céc san pham gd dugc dong goi day dic
D6 nodi that bang gd ran nhu ban lam viée
Trung binh 300 0,0117

DO ndi that ca nhan vai mét lugng nhd nhua

Pallet gb xép chong cao
Nhanh 150 0,0466 Thung carton trén pallet

Mot s6 dd ndi thit boc

Noi that boc da
Cuc nhanh 75 0,1874 Vat liéu nhya xép chéng cao

Db noi that bang gd mong nhu t quan 4o

Tai trong chay trong giai doan nay dugc tinh toan badi cong thirc [9]:
3 |terow 3
t o Ot gron )
E = grow t dt = — _grows 4
1=J Qude== : )
0
trong do:

terow : tho1 gian két thuc giai doan phat chay [s].

5.2.1. Giai dogn ddm chdy phdt trién toan di¢n

Khi xem xét viéc bao vé tai san, 6n dinh két cdu va kha nang chay lan sang céc tai san khac
thi giai doan ddm chdy phat trién toan dién 12 quan trong nhat. Sau khi hién twong bung chay xay
ra, dam chay sé& & giai doan phat trién toan dién va duoc dic trung bai téc do toa nhiét rat cao va
nhiét do cao. Bung chay 1a su chuyén d6i dot ngdt tir giai doan phat chay sang giai doan chay
phat trién toan dién. Thoi gian cta giai doan phét trién toan dién phu thudc vao téng luong nhién
liéu va lugng khong khi dugc cung cap.

Tai trong chay trong giai doan nay dugc tinh toan boi cong thire [9]:

Ey = [™ Q(t)dt = Qpeq

grow

tmax
tgrow = Qpeak (tmax - tgrow ) (5 )
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trong do:
Qpeak : tdc do giai phong nhiét cao nhat [MW];
tmax : thot gian khi bat dau giai doan tat dan [s].

5.2.2. Giai doan tit dan

Sau mot thoi gian dam chay phét trién day du, cuong d6 dam chay giam dan do tiéu hao
nhién liéu. Mot khi ngudn cung cap nhién liéu giam dén mirc khong thé duy tri tbc do chay t6i
da, dam chay duoc cho 1a dang trong giai doan tit dan. Qué trinh chuyén sang giai doan tit dan
thuong 1a thoi diém ma 80% nhién lidu da duoc tiéu thy. Dam chay van tiép tuc suy tan cho dén
khi luong nhién liéu c6 sin duogc tiéu thu hét roi tat.

Tai trong chay trong giai doan nay dugc tinh toan badi cong thirc [9]:

3 |tdecay 3 3
_ (tdecay _ O gecay! _ (tdecay) _ (tmax)
E,= Lmax Q== =gy | — 5 : (6)

tmax

trong do:
Qpeak

Oldecay : hé $0 toc @0 phan ra tuyén tinh [MW/s], A docay = 55
tdecay ~ Unax )

tdecay : 12 thot gian dam chay két thic [s].

Khi téc d6 phan ra tuyén tinh da biét, tai trong chdy trong giai doan tit dan duoc cho bai [9]:

Qpeak (tdecay - tmax)

By = [ Q(ydi = ™

max 3
5.3. So' d0 thuét toan quy ddi tai trong chdy thanh tham s6 HRR

Tai trong chay dugc quy doi thanh tham sé HRR thong qua céc budc trong so d6 sau.

Cin ctr thong tin vé cong ning dé xac dinh tai trong chay cua dang
cong trinh can moé phong (dua vao tiéu chuan, tai liéu duoc cong bo)

. 4

Lua chon dang dam chay trong cong trinh dua
vao cac tham s6 cua dam chay (theo muc 5.2)

9

Tinh toan phén bé tai trong chay cho ting
giai doan cua dam chay (theo muc 5.2)

9

Quy ddi tai trong chay vé tham sé HRR (theo muc 5.1)

Hinh 4. So d6 thuat todn quy ddi tai trong chdy thanh tham s6 HRR

285



Hoi nghi Khoa hoc Cén bg tré lan thir XVI
6. Vi DU TiNH TOAN

Pé so sanh va danh gia két qua cua phén tich voi két qua cua thuc nghiém céc tac gia st
dung mot dam chay da xay ra trong thuc té&: dam chay xay ra vao dém ngay 20 thang 2
nam 2003, trong hop dém The Station & West Warwick, Rhode Island [12]. Phdo hoa trong
budi dién 4m nhac di 1am chay 16p cach nhiét bang bot polyurethane 16t cac birc tudng va tran
cua buc san khAu.

Quy m6 md hinh, kich thudc tong thé ctia khoang chay 1a 10,8 m x 7 m va chiéu cao tran la
3,8 m. Hbc tuong cua nguoi danh tréng rong 3,1 m; sau 2,4 m va cao 1,96 m. Chiéu cao cla san
va tran trong héc tuong ciia ngudi danh tréng so voi san nhay lan luot 13 0,74 m va 2,7 m. Buc

san khau rong 7 m; sdu 2,4 m va cao 0,4 m [12].

San chinh Sannang Héc twéng /<2
T

0.91 m réng x 2 m cao

Hinh 5. So d6 cua khoang thir nghiém [13]

Bot polyurethane

) Tham nylon

Vach ngén gé

/T’

2.44 m

_—

% o /

San con lai, twérng va tran duoc 16t bang
tAm thach cao

Hinh 6. So d6 mit bang cho thay khu vuc thir nghiém va cac vi tri nhién liéu [13]
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Céc déc tinh vat liéu dugc sir dung trong mo phdng chay hop dém duoc liét ké trong bang sau:

Bang 3. Thudc tinh vat liécu mo phong [13]

Vit liéu Bot Vach ngin gb Tran Tham
Do day (m) 0,03 0,01 0,016 | 0,008
Khdi lugng riéng (kg/m?) 22 450 227 267
Hé sb dan nhiét (W/m°C) 0,034 | 0,13-029 | 0,0611 -
Nhiét dung riéng (kJ/(kg°C)) 1,4 2,8 - -
Nhiét d6 bt chay (°C) 370 360 - 280
Thong luong | Tdc do téa nhiét cao nhat (kW/m?) | 453 437 - 576
nhigt 3SkW/m® |64 hay bé mat (keg/s/n?) 0,031 0,056 ] i

Téng tai trong chay:

E=) H,M,; =7277,098 (MJ)

Tir céc thong sd ciia dam chay trén ta dua vao mo hinh md phong dam chay CFAST va thay

duoc cac dam chay dién ra gan giong véi mo phong thuc te.

Hinh 8. Sy bung chay da xay ra trong khu vuc hdc tuong, t = 60 gidy sau khi phat chay
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Hinh 7 va hinh 8 bao gdm céc cdp hinh anh. Cac khung hinh tinh, dwgc chup tir bing video,
xuat hién ¢ bén trdi. Hinh anh bén phai duoc trich xuét tir CFAST. Ca hai hinh anh dai dién cho
cung mot thoi diém sau khi danh lia.

Khung video bén trai trong Hinh 6 cho thay ngon lira thuc té 20 gidy sau khi bét lira phat
trién theo chiéu thang ding va bdc chay trén trin nha. Ngon Itra md phong bén phai ciing cham
toi tran nha.

Trong Hinh 7, trin nha va céc birc tudng cia hc tudng di bat chay hoan toan trong ca hai
hinh anh. Trong Hinh 8, 60 gidy sau khi danh ltra, hién tugng bung chdy da xdy ra trong thi
nghiém va hién tugng bung chay sap xay ra trong mo phong. Ngon lira thyc té dang vuron ra khoi
héc tudng trén trin nha va 16p khéi ngay cang day va dam hon. Ngon lira mé phong bén phai
chua vuon ra khoi hdc tuong trén tran nha.

Céc cip hinh anh cho thdy mé phong gan chinh xac theo thoi gian, trong viéce tai tao sy phat
trién va 16n 1én ctia dam chay. Dua trén cac hinh anh ctiia ddm chay, CFAST dudng nhu dong bo
vé qua trinh phat trién dam chay. Khi ngon lira dat dén diém chuyén tiép cua hién tuong bung
chay, mo phong c6 do tré hon so véi thuc té.

7. KET LUAN VA KIEN NGHI

Bai viét di dua ra nguyén tic mo phong ddm chdy, ¥ nghia ciia HRR trong dam chay, co s
khoa hoc 13 rang cho viéc quy ddi tir s6 lidu tai trong chdy sang tham s6 HRR. Tir d6, nhom tac
gia da:

e Nghién ctru mdi quan hé giita mat do tai trong chay tiéu chuan trong mot khoang chay
nhit dinh v6i cac dang dam chay khac nhau (dam chay phat trién cham, trung binh, nhanh
va cuc nhanh) dé xay dung dugc biéu d6 phat trién HRR theo thoi gian 1am sé liéu dau
vao cho phan tich dam chay.

e Xay dung duoc quy trinh quy ddi tai trong chay sang tham sé HRR va ap dung vao nhiing
bai toan (cong viéc) da trién khai kiém dinh cong trinh sau chay trong thuc té.

Noi dung bai viét ciing néu vi du cu thé trong viéc khai thac phdn mém sin c6 va cac ly

thuyét vé dam chay dé ap dung cho cac bai toan thuc té [5] [6] [14].

Can c6 nhimng nghién ctru sau thém vé cac niang lyc khac ctia phan mém dé giup khai thac

dugc nhidu hon trong bai toan mé phong dap uing duoc nhu ciu cua thyc té.
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SO SANH QUY PINH VE VAT LIEU XAY DUNG
CHO PUONG THOAT NAN THEO KHA NANG SINH KHOI
CUA VIET NAM VOI MOT SO QUOC GIA KHAC

KS. Pao Duy Anh
Vién Khoa hoc cong nghé xay dung, Email: duyanhibst1988@gmail.com

TOM TAT: Bai viét trinh bay mot s6 quy dinh vé dam bao yéu cau an toan khoi cta vat lidu xay dung st
dung cho dudng thoat nan trong cong trinh theo quy chuan QCVN 06:2021/BXD cung mdt sé qubc gia
trén thé gioi. Trén co sé do6 va thuc té cong tac thir nghiém cia LAS-XD 416, bai viét dua ra mot dé xuét
kién nghi phuc vu cong tac thiét k&, lwa chon va thir nghiém phan nhom nguy hiém chay vé kha ning sinh
khoi cta vat liéu xay dung.

TU KHOA: Puong thoat nan, kha ning sinh khoi.

1. PAT VAN PE

Céc yéu cau k¥ thuat d6i véi duong thoat nan cho nha va cong trinh c6 ¥ nghia quan trong
trong viéc dam bao an toan cho viéc thoat nan khi xay ra cc tinh hudng nguy hiém nhu chay, nd.
Bén canh cac yéu cau vé bd tri va dam bao kich thudc t6i thiéu (chidu cao va chiéu rong thong
thity), quy chuan QCVN 06:2021/BXD [1] con dugc quy dinh vé tinh nguy hiém chay d6i voi
vat liéu xay dung duoc sir dung cho dudng thoat nan trong cong trinh, trong d6 ¢ yéu cau vé
murc d6 sinh khéi. Pay 1a mot trong nhitng chi tiéu quan trong dé danh gia tinh nguy hiém chay
cua vat liéu duogc su dung.

Trén thuc té cong tac thur nghiém tai LAS-XD 416, viéc trién khai phép thtr xac dinh kha
nang sinh khoi cia vat li¢u vai khach hang ghi nhan mdt s6 ton tai sau:

- Cac yéu cAu vé& muc do sinh khoéi caa vt liéu sit dung cho dudng thoat nan khong dugce chi
dinh trong hd so thiét ké ciia cong trinh;

- Vit liéu str dung dugc lwa chon dua trén cac cong bd ciia nha san xudt va don vi phan phdi
theo céc tiéu chuin nude ngoai nhu My, chau Au, Nhat, Uc...

Twr nhitng tdn tai trén, nhiéu cong trinh gap kho khan trong viéc lua chon giai phap vat li€u
va thu nghiém phuc vu cong tac thi cong, nghiém thu cong trinh.

Noi dung bai viét trinh bay cac quy dinh vé dam bao yéu cau an toan khoi cia vat lidu xay
dung sir dung cho dudng thoat nan trong cong trinh theo quy chudn QCVN 06:2021/BXD cing
mot s6 qubc gia trén thé giéi dong thoi dwa ra mot dé xuét kién nghi phuc vu cong tac thiét ké,

Iiwa chon va thir nghiém phan nhém nguy hiém chay vé kha ning sinh khoi ciia vat liéu xay dung.
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2. CAC QUY PINH VE YEU CAU AN TOAN KHOI CUA VAT LIEU XAY DUNG SU
DUNG CHO PUONG THOAT NAN TRONG CONG TRINH

2.1. Cac quy dinh tai Viét Nam

Theo quy chuén QCVN 06:2021/BXD cua Viét Nam, v& mat an toan chdy, vat liéu xay dung
chi duoc dic trung bang tinh nguy hiém chay dugc xac dinh theo cac dic tinh ky thuat chay
gdém: tinh chay (Ch), tinh bat chay (BC), tinh lan truyén lira trén bé mat (LT), kha ning sinh khoi
(SK) va doc tinh cta san pham chay (BT). Trong d6, kha ning sinh khoi cua vat liéu dugc phan
thanh 3 nhom:

- SK1: kha ning sinh khoi thap:

- SK2: kha néang sinh khoi vira;

- SK3: kha nang sinh khoi cao.

Theo diéu 3.3.4 cta quy chuan QCVN 06:2021/BXD quy dinh trong dudng thoat nan trong
cac nha thudc tit ca cac bac chiu lira va cip nguy hiém chay két cdu, ngoai trir cac nha co béc
chiu Itra V va nha thudc cép S3, khong cho phép sir dung cac vat liéu co tinh nguy hiém chay cao
hon nhom duéi day:

- Chl, BC1, SK2, PT2: dbi véi 16p hoan thién tudng, tran va tim tran treo trong cac sanh,
trong budng thang bd va trong sanh thang may;

- Ch2, BC2, SK2, PT3 hoic Ch2, BC3, SK2, DT2: d6i v6i 16p hoan thién tudng, trin va tim
tran treo trong cac hanh lang chung, phong st dung chung va phong cho;

- Ch2, LT2, SK2, BT2: d6i v6i cac 16p phii san trong sanh, budng thang bo va sanh thang may;

- BC2, LT2, SK3, DT3: ddi vdi cc 16p phu san trong hanh lang chung, khong gian chung va
phong cho.

Phan nhom theo kha ning sinh khoi cua vat liéu dua trén cac thong sé thir nghiém duogc xac
dinh theo tiéu chuin ISO 5660-2[2] nhu quy dinh tai Bang B.4 - Phu luc B ciia quy chuin
QCVN 06:2021/BXD. Cu thé nhu sau:

Bang 1. Phan nhom vat li¢u chay theo kha nang sinh khoi tai Viét Nam

Nhom theo kha ning sinh khoéi cua vat lidu Tri s6 hé s6 sinh khoi cua vat lidu (m*/kg)
SK1 - Kha ning sinh khéi thap <50
SK2 - Kha nang sinh khoi vira phai >50va <500
SK3 - Kha nang sinh khoi cao >500

2.2. Céc quy dinh tai chdu Au

Theo tiéu chuin EN 13501-1 [3], viéc xac dinh kha nang sinh khoi cta vat li¢u dugc thuc
hién theo tiéu chuan EN 13823 [4]. Phan nhém kha ning sinh khoi cta vat liéu dugce quy dinh tai
diéu 11.9 cua tiéu chuan EN 13501. Cu thé nhu sau:
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Bang 2. Phan nhom vat liéu chay theo kha ning sinh khoi tai chau Au

Nhom theo kha nang sinh khoéi cua vat liéu Tri s6 sinh khoi cua vat liéu
sl SMOGRA < 30 m?/s* va
TSPgoos < 50 m?
s2 SMOGRA < 180 m%/s* va
TSPgoos < 200 m?
s3 SMOGRA > 180 m?/s* va TSPy, > 200 m*
hodc khong c6 sb liéu thir nghiém

2.3. Cac quy dinh tai My

Viéc phan nhom vat li¢u xay dung theo déc tinh chay tai My dugc quy dinh trong muc 10.2.3
tiéu chuan An toan sinh ménh NFPA 101 (Life Safety Code, NFPA 101 Section 10.2.3) [5] va
muc 704 quy chuan Xay dung (Standard Building Code Section 704) [6] hodc tai muc 4204
Luat Xay dung (Uniform Building Code) [7] va muc 922.5.3 Tiéu chuin Xay dung (Basic
Building Code Section 922.5.3) [8]. Trén co s& cac thong s6 thir nghiém duge xac dinh theo tidu
chuin ASTM E 84 [9] (twong duong UL 723 [10]) gdm chi s6 lan truyén Itra (FSI) va lan truyén
khoi (SDI), vat li¢u xay dung dugc phan nhom theo bang dudi day:

Bang 3. Phan nhom vat li¢u chay tai My

Phan nhém vat liéu

Chi s6 lan truyén lira (FSI)

Chi s6 lan truyén khoi (SDI)

Nhom A/I 0-25 <450
Nhom B/IT 26-75 <450
Nhém C/11 76 - 2900 <450

Theo phén loai trén, vat li€u st dung trong cong trinh n6i chung va duong thoat nan noi
riéng phai dam bao chi s6 lan truyén khoi SDI thap hon 450.
2.4. Cac quy dinh tao Uc va New Zealand

Theo tiéu chuan AS/NZS 1530.3 [11] cua Uc va New Zealand, kha nang sinh khoi cua vat licu
dugc phan thanh 11 nhom tir 0 dén 10. Phan nhom theo kha nang sinh khoi cua vat li¢u dua trén
cac thong s thir nghiém duoc nhu quy dinh tai didu 3.5 cia AS/NZS 1530.3. Cu thé nhu sau:

Bang 4. Phan nhom vat liéu chay theo kha nang sinh khéi tai Uc va New Zealand

Nhom theo kha nang sinh khoéi cua vat licu Mat d6 can quang trung binh (m™)
0 <0,0082
1 >0,0082 va<0,0164
2 >0,0164 va <0,0328
3 > 0,0328 va < 0,0656
4 > 0,0656 va<0,131
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Bang 4 (tiép theo)

Nhom theo kha nang sinh khoi cua vat li¢u Mat d6 can quang trung binh (m™)
5 > 0,131 va<0,262
6 > 0,262 va < 0,525
7 > 0,525 va<0,105
8 > 1,05 va<2,1
9 >2,1va<42
10 >4,2

3. KET LUAN VA KIEN NGHI

Trong thuc té, viéc lua chon va sit dung céc loai vat li¢u xay dung trén thi trudng hién nay,
dac biét la cac vat liéu nhap khéu thuong dya trén cac cong bd ctia nha san xuit hodc don vi
phan phéi vé cac dic tinh ky thuét dugc thtr nghiém va phan loai theo cac hé tiéu chuin cta chau
Au va My.

Két qua nghién ctru va tim hiéu vé cac quy dinh dam bao an toan vé sinh khoi cua vat liéu
xdy dung cho duong thoat nan trong cong trinh ctia Viét Nam so v6i mot sé nude trén thé gisi
cho thdy viéc phan nhom kha ning sinh khéi cta vat liéu xdy dung theo QCVN 06:2021/BXD tai
Viét Nam khong tuong dong véi mot sé quéc gia va khu vuc trén thé giéi nhu My, chau Au,
Uc... ca trong phuong phap thir nghiém va danh gia phéan loai dya trén két qua thir nghiém.

Pé han ché nhiing ton tai cling nhu khé khin da néu tai myc 1 cua bai viét trong viéc lya
chon giai phap vat li¢u, thir nghiém phuc vu thi cong va nghiém thu cong trinh, can luu v mot )
ndi dung sau:

- Chi dinh 0 cac yéu cAu vé muc do sinh khoi cua vat liéu st dung cho duong thoat nan
trong ho so thiét ké cua cong trinh theo dung cac quy dinh cta quy chuan QCVN 06:2021/BXD;

- Tién hanh thir nghiém va phan loai kha niang sinh khoi cta vat liéu theo quy dinh cta quy
chuan QCVN 06:2021/BXD cho céc san pham nhap khau va cac san pham san xut trong nuéc

theo tiéu chuan nudc ngoai.
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NGHIEN CUU, PANH GIA KHA NANG CHIU LUA
POI VOI CUA CUON BANG THEP VA MAN NGAN CHAY
CO KiCH THUOC LON HON KiCH THUGC THU NGHIEM

RESEACH, ASSESMENT OF FIRE RESISTANE FOR STEEL ROLLER
SHUTTER AND FIRE CURTAINS HAVING LARGE DIMENSION THAN
THE TESTED

ThS. Ha Van Hanh
Vién Khoa hoc Cong ngh¢ Xay dung, Email: hahanhibst@gmail.com

TOM TAT: Hién nay cac mau thir nghiém chiu lira d6i v6i cira cudn bang thép hodc man ngin chay
chi thyc hién duoc ddi voi cac kich thude mau khong vuot quéa kich thude 10 thi nghiém 3x3(m). Dé
phuc vu cong tac nghiém thu d6i v6i cac mau cira c6 kich thudc rong hon can co cac danh gia vé kha
ning chiu lra dua trén két qua thi nghiém d6i v6i mau thi nghiém nho hon va cé cung ciu tao. Ly
thuyét co ban va quy trinh thyc hién ctia cic phwong phap nay da dugc trinh bay trong nhiéu tai liéu k¥
thuat chuyén nganh ctia nudc ngoai. Viéc ap dung cac phuong phap danh gia nay trong thuc té ¢ Viét Nam
ciing da va dang dugc quan tdm. Vi viée truc tiép trién khai cac phuong phap thir nghiém va danh gia
néu trén di duoc Phong Nghién ctru phong chdng chay thyc hién ddi véi nhiéu du 4n cua cac khach
hang khac nhau. Téc gia s& cung cap mot cai nhin tong thé vé& cic yéu cau ky thuat va trinh tu cac budc
trong quy trinh danh gia kha ning chiu ltra d6i voi cira cudn bang thép va man ngan chay co kich thudc
16mn hon kich thudc thir nghiém.

TU KHOA: Thir nghiém dét, kha ning chiu lira, ctra cuén, man ngan chay.

ABSTRACT: Nowadays, fire tests are only carried out for roller shutter specimens or fire curtain
specimens of which the dimension does not exceed furnace’s one of 3x3(m). To support the acceptance
for larger dimension specimens, it is necessary to make assessments for fire resistance based upon fire
test results from the smaller specimens that have the same design. Basic theory and procedures for these
assessments have been presented in professional documents in abroad. Applications for these assessment
methods are more and more being interested in Vietnam. Department of Fire Safety Engineering is an
organization who has been carried out fire tests and made assessments for many specimens for projects
from different test sponsors. The author will give a general view over technical requirements and
procedures to evaluate fire resistance for fire steel roller shutters and fire curtains that have larger
dimension than the test one.

KEYWORDS: Fire testing, fire resistance, roller shutter, fire curtain.

1. PAT VAN PE

Vi diéu kién thu nghi¢m hién nay, cac cAu kién va bd phan chiu ltra chi dugc thir nghi¢m
vé6i kich thudc han ché (3mx3m). Tuy nhién, cic bd phan nay, trong d6 c6 ciu kién cira cudn
bang thép va man ngin chay (bang vai thuy tinh) dugc thiét ké trong thuc té c6 kich thudc 16n
hon so véi thr nghiém. Dé phuc vu cong tac nghiém thu trong thuc t& dbi véi cac san pham
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chdng chay dang cira cudn bang thép va man ngin chay (bang vai thuy tinh) cin phai c6 cac bao
cdo nghién curu, danh gia kha nang chiu Itra cia cac cAu kién thuc té dua trén cac két qua thu

nghiém ddi v6i mau c¢6 ciu tao twong ty nhung cé kich thude nho hon.
2. NGUYEN TAC CHUNG

DPé danh gia cac thiét ké mo rong dua trén két qua mau thir nghiém can thuc hién trén
nguyén tic sau:

- Céc yéu cau ki thuat dbi véi mau thir nghiém can duoc ghi nhéan trude va trong qua trinh
thir nghiém. MAu thir phai dam bao theo cac yéu cau trong tiéu chudn thir nghiém va duoc xép
loai thoi gian chiu lura.

- Céc yéu cau k¥ thut ciia miu thiét ké mo rong phai dugc xem xét va so sanh v6i mau da
thir nghiém. MAu danh gia phai twong duong hodc céac kich thudc cac ciu kién trong két ciu phai

¢6 1o vé tinh cach nhiét hodc chiu lyc trong diéu kién nhiét do.
3. CAC YEU CAU KY THUAT POI VOI MAU THU NGHIEM

3.1. Piéu kién tac dong nhiét do ddi véi miu thir nghiém

Mau thur nghiém dugc tdc dong nhiét theo Ham $6 quan h¢ Nhiét do va thoi gian tiéu chuin
duoc cho trong theo cong thic sau [1]:

@, = 20 + 345log;o(8t+1)
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Hinh 1. Biéu d6 quan hé Nhiét d6 - Thoi gian tiéu chudn
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3.2. Xem xét ciu tao ciia mau thir

Ddi v6i viee xem xét ciu tao mau thir can xac dinh duoc cac két cAu chinh ciia mau thu, lién
két ctia bo phan mau thir voi khung ga ldp, cu thé nhu sau:

- Kich thuéc tong thé ctia mau thir;

- Kich thuéce cac bg phan bao g(‘A)rn: truc cudn, 16 cudn, tim da. ..

- Lién két tim d& truc cubn vao tuong;

- CAu tao hé nan cira, man chén;

- Bu 16ng sir dung trong lién két;

- Loai vat liéu lam mau thu;

- Vat liéu sir dung 1am khung ga lap méu thr.

3.3. Ghi nhén céc biéu hién 1am viéc ciia mau thir nghiém

Theo céc tiéu chuan ap dung, dé phuc vu cho viéc danh gia cac miu thir can phai xem xét
phan loai kha ning chiu lira di voi mau thir nghiém bao gdm céc yéu td sau:

- Thoi gian thir nghiém;

- Quan hé nhiét d¢ thoi gian thtr nghiém;

- Su phat trién nhiét do trén bé mat 16 lua va khong 1 Itra cia cac cAu kién mau thir. Dbi véi
mAu thtr cach nhiét: Gidi han nhiét do gia ting 10n nhat trén bé mat khong 16 lira 13 180K, Gidi
han nhiét do gia tang trung binh la 140K.

- Dién bién d6 cong vénh trén bé mit cdu kién trong sudt qua trinh thir nghiém;

- Trang thai bé mit cdu kién sau thir nghi¢m;

- Lién két cua ciu kién véi khung gé 1ap sau khi thir nghiém.
4. CAC YEU CAU KY THUAT PANH GIA MAU MO RONG

4.1. Pham vi ap dung

Viéc danh gia kha niang chiu lira cho cac miu thiét ké c6 kich thudc 16n hon mau thir nghiém
khi dap tng dugc cac yéu cau sau:

- Mau thir nghiém dat dugc gi6i han chiu lira duge xép vao dang B (Dang cho phép ting
kich thudc);

- Méu thiét ké thuc té c6 ciu tao twong tu voi mau thir nghiém.
4.2. Cic tiéu chuan 4p dung cho viéc danh gia mé rong

Tiéu chuan dung bao gdm:
- Tiéu chuan EN 1364-1:2008 Fire resistance and smoke control tests for door, shutter and

openable window assemblies and elements of building hardware - Part 1: Fire resistance tests
for doors, shutters and openable windows;
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- Tiéu chuan BS EN 1993-1-1:2005 Thiét ké két cau thép. Phan 1-1 Cdc quy tdc chung va
quy dinh cho két cau (BS EN 1993-1-1:2005 Design of Steel Structures. Part 1-1 General Rules
and Rules for Buildings);

- Tiéu chuan BS EN 15269-11:2011 Ap dung mé réng két qud thir nghiém kha néng chiu hia
va/hodc khd nang ngan khéi cho cdc cum cira ra vdo, cira chdn dang cudn va civa sé6; Phan 11:
Kha nang chiu lira cua man vai ngan chay (BS EN 15269-11:2011 Extended application of test
results for fire resistance and/or smoke control for door, shutter and openable window
assemblies including their elements of building hardware; Part 11: Fire resistance for operable
fabric curtains);

- Tiéu chuan BS EN 15269-10:2011 Ap dung mé réng két qua thir nghiém khd ndng chiu lira
va/hodc kha nang ngdn khéi cho cdc cum civa ra vdo, cira chan dang cuon va ciea s6; Phan 10:
Kha ndng chiu lira ciia cum cira chan dang cuon bang thép (BS EN 15269-10:2011 Extended
application of test results for fire resistance and/or smoke control for door, shutter and openable
window assemblies including their elements of building hardware; Part 10: Fire resistance of

steel rolling shutter assemblies).
4.3. Xem sy phit hop ciia cdu tao ciia thiét ké mé rong theo cac tiéu chi trong tiéu chuin

Sy phu hop cua thiét ké mé rong theo cac tiéu chi duoc quy dinh trong tiéu chuan [3],[4]
bao gom:

- Vat liéu st dung:

+ Vat liéu cach nhiét phai sir dung cung loai vat liéu véi mau thir va chiéu day khong dugc
nho hon chiéu day trong mau di thir nghiém.

+ Vat liéu 1am két cAu mau phai dong chat voi mau thir va c6 tinh chét co 1y khong nho hon
so véi vat liéu trong mau thir nghiém.

- Céu tao mau: C6 ciu tao bao gdm cac b phan giéng véi mau thir.

- Lién két cac bo phan miu thir va lién két mau thir voi két ciu khung ga lip:

+ Lién két gitra cdc bd phan phai giéng vai lién két trong mau da thir nghiém.

+ Lién két mau vao két cdu cong trinh: Gibng véi lién két miu thir v6i khung g 1ap. Mot sb
lién két c6 thé thay dbi do diéu kién vé vi tri lip dat khong cho phép thi dugc phép ap dung thay dbi.

- Vit liéu 1am khung két cau ga lap: Phai c6 cudng d6 khong nho hon cudng d6 vat liéu lam
khung ga lap mau thu.
4.4. Panh gia kha ning chiu lira clia thiét ké mé rong dwa trén cac tiéu chi trong tiéu chuan

Kha ning chiu lira cta thiét ké mé rong duoc danh gid trén 2 yéu t6:

- Tinh cach nhiét.

- Tinh toan ven.
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a. Tinh toan ven

Tinh toan ven cua thiét ké mé rong duoc xem xét trén céc tiéu chi sau theo [3],[4]:

- Cuong do: Trong diéu kién nhiét do cao, cuong do cua vat li¢u két cAu mau thiét ké s&
giam dan dén kha nang chiu lyc trong két cau chinh. Khi cuong do cua vat li€u tai mic nhiét
danh gia nho hon so v&i tac dong ciia tai trong 1én két cau thi két cau do dugc coi 1a hong vé chiu
luc din dén sup db vé két cau.

- Bién dang: Trong diéu kién nhiét d6 cao, md dun bién dang cua vat liéu két cAu mau thiét
ké s& giam din dén lam tang bién dang trong két cdu chinh. Khi bién dang nay vuot qua khoang
cach cho phép trong cAu tao mau thir, 1am xuét hién cac khe hé hodc 19 lira trén bé mat khong 16
lira dan dén hong tinh toan ven.

- Do giam cuong d6 va mo dun bién dang cua vat liéu thép duoc 14y theo [2] nhu Hinh 2

Reduction factor Effective yield strength
ko 1 - Ky = fa /1,

sau day:

0.8
0.6 -
Slope of linear elastic range
0.4 key =Ean/Es
Proportional limit
0.2 1 koo =Toulf,
1] T

0 200 400 600 800 1000 1200
Temperature [*C]

Hinh 2. Hé s6 suy giam cudng do va md dun dan hoi cua thép theo nhiét do

- Pi véi cac vat lidu khac can co cac dic tinh co 1y cta vat li¢u trong diéu kién nhiét do dé
danh gia.

- Lién két miu vao két cAu cong trinh: Trong diéu kién nhiét 4o, do bién dang cua mau thir,
lién két xuat hién thém cac luc cat va luc kéo trén cac bu 16ng lién két. Mt khac, do tac dong
ctia nhiét do, cuong do chiu kéo va chiu cit cua cac bu 16ng sé giam [5]. Do d6 khi ndi luc trén
céc bu 16ng 16n hon kha ning chiu ciia chung thi din dén pha huy lién két, roi mau va hong tinh
toan ven ciia mau thir.

b. Tinh cach nhiét

Tinh cach nhiét cia mau thiét ké mé rong dugc danh gid dya trén cAu tao mau tai tai cac vi
tri bé mat khong 16 Itra (cac nan ctra hodc man chén). Nhiét do tai cac vi tri nay phu thudc vao
cAu tao vat liéu lam nan ctra hodc man chén. Do d6 néu cac miu co cau tao cung loai vat li¢u va
chiéu day khong nhé hon mau di thir nghiém thi dam bao duoc tinh cach nhiét gidng véi mau da
thir nghiém [2],[3].
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5. KET QUA NGHIEN CUU PANH GIA CAC THIET KE MO RONG
5.1. Két qua danh gia ddi véi thiét ké mé rong ciia miu cira cudn bang thép EI70 [6]
Két qua danh gia cac thiét ké méo rong dugc dya trén viéc so sadnh, phan tich tinh toan theo
cac tiéu chi dugc néu trong tiéu chuan [2],[4]. Cac ndi dung can duge xem xét dén bao gom:
a. Mau thir nghiém
- Kich thudc mau thir: 2.600x2.800(mm).
- Vat liéu c4u tao mau thir: bang thép, loai SS400.

- Céc bd phan thanh phan ctia mau tht nghiém: L6 cudn, truc cudn, gid dd truc cudn, hop

bao che cho 16 cubn, manh cira (bao gdbm hé nan lién két v6i nhau), thanh dan hudng, thanh day.
- Mt tiép xuc véi lira: 1a phia ¢6 lap hop mo to, truc cudn.
- Lién két mau thir v6i két cAu ga 1ap: St dung lién két bu long.
- Két céu ga lap ctia mau thir: Két cau cung (bé tong cdt thép).
b. Thiét ké can déanh gid
- Kich thudc mau thir: 3.200x4.000(mm).
- Vat liéu cAu tao mAu thir: bang thép, loai $S400.

- Cac b phan thanh phan cua mau thur nghiém: L6 cudn, truc cudn, gia do truc cuodn, hop

bao che cho 16 cudn, manh ctra (bao gdm hé nan lién két voi nhau), thanh din hudng, thanh déy.
- Mit tiép xuc v6i lira: 1 phia c6 ldp hop mé to, truc cudn.
- Lién két miu thir v6i két ciu ga lap: Str dung lién két bu 16ng.

- Két cau ga lap ctia mau thir: Két cau cung (bé tong cot thép).

c. Két qua danh gid
- Panh gia vé kha niang cach nhiét: Thiét ké mo rong c6 chiéu day cac cdu kién thanh phan
tuong duong voi mau thir nghiém theo quy dinh néu trong tiéu chudn [2],[4] thi mau dam bao

tinh cach nhiét.

- Panh gi4d vé dam bao tinh toan ven: Tinh toan ven dugc xem xé&t tinh toan dua trén kha

nang chiu lyc cua céc cAu kién thanh phﬁn trong diéu kién nhiét do cao. Cu thé bao gém:

+ Ung suat trong cac ciu kién: 16 cudn, truc cudn, tim gbi d&, thanh day, Gmg suét trong
thanh dan hudng. Cac gia tri ing suét nay duoc tinh theo két cAu chju nhiét theo [2] va duoc so
sanh voi cudng d6 cua vat liéu 1am cau kién ¢ cing mirc nhiét do.

+ Do vong cua 16 cudn: Puoc so sanh voi khoang tréng tir day 16 cudn dén mép trén ctia manh.

+ Lién két bu 16ng: Pam bao diéu kién bu 1ong khong bi tut ra ngoai.
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5.2. Két qua danh gia ddi v6i thiét ké mé rong ciia man ngin chay EI70 [7]

a. Mau thir nghiém

- Kich thudc mau thir: 2.600x2.800(mm).

- Vit liéu cAu tao mAu thur:

- Man ngan chay 1am bang vai thity tinh.

+ Céc bd phan khac: Lo cudn, truc cudn, gid d& truc cudn, hop bao che cho 16 cudn, thanh
dan huéng, thanh day 1am bang thép, loai SS400

+ Céac bd phan thanh phén ctia mau thtr nghiém: L6 cudn, truc cudn, gia do truc cudn, hop
bao che cho 16 cudn, manh ctra (bao gdm hé nan lién két voi nhau), thanh din hudng, thanh déy.

- Mt tiép xuc v6i lira: 1a phia c¢6 ldp hop mo to, truc cudn.

- Lién két mau thir voi két cau ga lap: Str dung lién két bu 16ng.

- Két cdu ga 1ap cua mau thir: Két cau cimg (bé tong cdt thép).

b. Thiét ké can déanh gid
- Kich thudc mau thir: 4.200x3.970(mm).
- Vat liéu ciu tao mau thir: bflng thép, loai SS400.
- Cac bd phan thanh phén ciia mau thir nghiém: Lo cudn, truc cudn, gia do truc cudn, hop
bao che cho 16 cudn, manh ctra (bao gdm hé nan lién két voi nhau), thanh din hudng, thanh déy.
- Mt tiép xuc v6i lira: 1a phia c¢6 ldp hop mo to, truc cudn.
- Lién két mau thir voi két cau ga lap: Str dung lién két bu 16ng.

- Két cdu ga 1ap cua mau thir: Két cau cimg (bé tong cdt thép).

c. Két qua danh gid

- Panh gia vé kha ning cach nhiét: Thiét ké md rong cé chiéu day cac cau kién thanh phan
tuong dwong véi miu thir nghiém. theo quy dinh néu trong tiéu chuan [2],[3] thi miu dam bao
tinh cach nhiét.

- Panh gia vé dam bao tinh toan ven: Tinh toan ven duoc xem xét tinh toan dua trén kha
nang chiu lyc cua cac c4u kién thanh phﬁn trong diéu kién nhiét d6 cao. Cu thé bao gém:

+ Ung suét kéo trong man ngan: Ung suat theo phuong dimg va ngang. Cac gia tri ing suét
nay duoc tinh theo két cau chiu nhiét theo [3] va duogc so sanh véi cudng do cia vat lidu lam céu
kién ¢ cung murc nhiét do.

+ Ung suat trong cac ciu kién: 16 cudn, truc cudn, tim gbi d&, thanh day, Gmg suét trong
thanh dan hudng. Cac gia tri ung suét nay duoc tinh theo két cdu chju nhiét theo [2] va duoc so
sanh véi cuong do cua vat licu lam cAu kién & cung muc nhiét do.

+ Do vong cua 16 cudn: Puoc so sanh voi khoang tréng tir day 16 cudn dén mép trén ctia manh.

+ Lién két bu 16ng: Pam bao diéu kién bu 16ng khong bi tut ra ngoai.
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6. QUY TRINH PANH GIA

Quy trinh dénh gia mau thiét ké cura cudn va man ngan chdy mé rong dua trén mau thir da thi

nghiém gom céc budce duge thé hién trong Hinh 3 dudi day:

Buge 1: y| Budc2: Xem xét > Buée 3: Xem xét su phu hop
Thi nghi¢m mau thir nghi¢m ctia thiét ké mé rong so véi
. 4 mau thir nghiém
Khong dat
Khong dat DPat
v

, Buéc 4: Tinh toan, kiém tra
Budére 5: Két luan kha nang < kha nang chiu ltra cia
chiu lira cta thiét ké mo rong thiét ké mo rong

Hinh 3. Quy trinh danh gia kha ning chiu ltra ctia cac thiét ké mo rong

Mot s yéu cau k¥ thudt can luu ¥ trong cac budc thuc hién danh gia:

- Budc 1: Thir nghiém. Trong qua trinh nay can phai ghi nhan xem xét cac théng sé phuc vu
cho viéc tinh todan mé rong. Dya trén cac thong ) nay dé trién khai viéc do dac mau thir trong
qué trinh thtr nghiém.

- Buédc 2: Xem xét mau thir. Cha ¥ xem xét vé cAu tao mau thir, ghi nhan su 1am viéc cua
mAu thir trong qué trinh thir nghiém va cac biéu hién sau thir nghiém.

- Budc 3: Xem xét sy phit hop ciia thiét ké mé rong so v6i mau thir nghiém. Cac yéu t nay
dugc quy dinh trong tiéu chuan hién hanh. Trong trudng hop khong dam bao cac yéu ciu can
phai thur nghiém lai.

- Bu6c 4: Tinh toan tinh toan ven va cach nhiét ctia mau thir. Ngoai cic yéu cau tinh toan
theo cac ndi dung dugc dé cép trong tiéu chuan danh gia can nghién ctru bd sung céc tinh toan
bién dang c6 thé anh huodng t6i tinh toan ven ctia miu thir.

7. KET LUAN VA KIEN NGHI

7.1. Két ludn

- Két qua nghién ctru danh gia cac thiét ké mo rong dua trén mau da thir nghiém da dap tng
duoc cac yéu cau ti€u chuan dé ra. T d6 xay dung duoc quy trinh danh gia cu thé doi véi céac
mau thir twong tu.

- Cac danh gia thiét ké mé rdng dugce cac co quan chirc nang chap thuan dua vao nghiém thu
cong trinh. Tr d6 gidm bdt dugce chi phi thtr nghiém, nang cao hiéu qua vé kinh té do6i véi cac du
an xay dung.

- Qua nghién ctru danh gia da gop phan nang cao hiéu biét vé sy lam viéc cua két cau va cac
lién két ket cau trong di€u kién nhiét do cao.
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7.2. Kién nghi

- Cac tai liéu st dung hién nay la cac tiéu chuén nudc ngoai, phu hop véi diéu kién cu thé
trong nude. Do d6 can nghién ciru bién soan va théng nhit chung giira cac to chirc dé dé dang ap
dung cho qua trinh danh gi4 va nghiém thu san pham.

- Can nghién ctru thém bién dang ciia két cdu chinh trong qué trinh chiu Itra, dé danh gia

chinh x4c tinh toan ven ciia mau thiét ké mo rong.
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application of test results for fire resistance and/or smoke control for door, shutter and
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mau thiét ké cira chdn dang cudn két hop véi phun nwée lam mat. Vién chuyén nganh Két
céu Cong trinh X4y dung, bio c4o s6 169.20.KC.NCPCC, nam 2020

[7] Ha Van Hanh va cac cdng tac vién, Bdo cao nghién cuu danh gia kha nang chiu lia cua
mau thiét ké man ngan chdy két hop véi phun nuede lam mat. Vién chuyén nganh Két ciu
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NGHIEN CUU GIAI PHAP THU NGHIEM POT PE XAC PINH KHA NANG
CHIU LUA CUA CAC CAU KIEN, BQO PHAN CHIU TAC PONG
CUA PAM CHAY HYDROCACBON

RESEACH FOR FIRE TEST SOLUTIONS TO DETERMINE FIRE
RESISTANE OF ELEMENTS HYDROCARBON FIRE
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'23vién Khoa hoc cong nghé xay dung
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TOM TAT: Béo céo trinh bay cic dudng cong Nhiét d6 tiéu chuin - Thoi gian dai dién cho nhitng dam
chay khac nhau duoc ap dung cho cac thir nghiém kha ning chiu lira cia cac cdu kién. Cac co sé 1y thuyét
cling nhu giai phap thyc té dugc ap dung dé khai thac hé thng 16 thir nghiém (chuyén ding cho dudng
Nhiét d6 - thoi gian dam chay tiéu chuan) vao thir nghiém cho duong Nhiét do - Thoi gian dam chay
Hydrocacbon duoc trinh bay chi tiét hon cing nhitng y nghia khoa hoc va thyc tién cta giai phap.

TU KHOA: Puong cong nhiét, kha nang chiu Itra, nhi¢t lrgng, dam chay.

ABSTRACT: Report presents Standard Temperature - Time curve representing for different fires that apply
for fire resistance tests for elements. Theoretical basis as well as actual solutions applied with the fire test
furnace (Standard Temperature - Time curve used) for fire tests with Hydrocarbon fire Temperature - Time
curve are shown more in detail with scientific significance and practice of the solutions.

KEY WORDS: Temperature curve, fire resistance, heat, fires.

1. PAT VAN PE

Puong cong nhiét theo ddm chay Hydrocacbon 1a duong cong nhi¢t thuong dugc ap dung
cho céc cong trinh cau cang, dudng ham. Tuy nhién, hién nay phuong phéap gia nhiét thir nghiém
céc cAu kién chiu lira tai Viét Nam chu yéu duoc thue hién dbi vai duong cong tiéu chuan. Ddi
v6i hé thong 16 thar nghiém & Viét Nam ciing chi dugc cai dit sin cac ché do gia nhiét theo
duong cong tiéu chuan. Viéc tim giai phap dé nhiét do 10 thir nghiém dap tmg dwoc nhiét do theo
duong cong Hydrocacbon 14 rit can thiét. Py 1a viéc c¢6 y nghia thyc tién, giai quyét duoc cac
van dé vé kiém dinh chét lugng phuong tién phong chay cho khach hang trong nudc. Do d6 viée
tim giai phap dé gia nhiét trong qua trinh thir nghiém theo duong cong Hydrocacbon duogc dé

xuat 13 rat can thiét.
2. TONG QUAN VE CAC PAM CHAY PUQC TAO TRONG LO THU NGHIEM

2.1. Tong quan vé cac dam chay

Ve quan h¢ nhiét do va thoi gian ctia ddm chay tac dung 1én céc cau kién hodc bd phan cong

trinh dugc phan thanh 03 dang quan h¢ nhu sau:
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- Quan hé Nhiét d6 - Thoi gian tiéu chudn: thuong dugc ap dung trong viée thir nghiém kha
nang chiu lura cua céac cAu kién. Ham sd quan hé Nhiét d¢ va Thoi gian ti€u chuin duoc cho theo
cong thure sau [1]:

T =20+ 345log;o(8t+1) (1)

- Quan h¢ Nhi¢t d§ - Thoi gian ddm chay bén ngoai: dugc s dung dé xem xét cac tac dong
nhi¢t tr ddm chay & bén ngoai cong trinh 1€n cac bd phan bao boc xung quanh (vi du mat dung, ctra
s, twong bao ngoai, ...). Ham sd quan hé Nhiét do va Thoi gian duge cho theo cong thire sau [1]:

T =660(1 —0,687¢ % - 0,313¢>*) + 20 )

- Quan h¢ Nhiét do - Thoi gian theo ddm chay Hidrocacbon: thuong dugc su dung dé xem
xét cac tac dong nhiét tir ddm chdy trong cac cong trinh giao théng nhu dudng ham... hodc cac
cong trinh dan dung va cong nghiép nhu cac kho chtra xang dau v..v. Him sé quan hé Nhiét do
va Thoi gian dugc cho theo cong thure sau [1]:

T =1080(1 — 0,325¢ 1" —0,675¢ ") + 20 (3)

- Cac dudng quan hé Nhiét do - Thoi gian duoc thé hién trong Hinh 1 dudi day.
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Hinh 1. Biéu d6 quan hé Nhiét d6 - Thoi gian cta cac dam chay

2.2. Piéu kién thir nghiém déi véi ciu kién dwoce dé nghi

- Puong quan hé Nhiét d - Thoi gian duoc dé nghi thir nghiém: ciing 1a 1 dang quan hé theo
dam chay Hidrocacbon. Ham sb cho duong quan hé Nhiét d6 - Thoi gian nhu sau [2] va duoc thé
hién trong Hinh 1:

T=50+190t, véi 0 <t <5 (4)
T=1000, v&i 5 <t < 50 (5)
T=1475-9,5t, v6i 5 <t < 50 (6)
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- Trong cong thirc tir (1) dén (6) thi:

T - Nhiét d6 khéi khi gan céu kién [°C]
T - Thoi gian (Phut)

Theo Hinh 1, duong quan hé Nhiét d6 - Thoi gian hydrocacbon dé nghi thir nghiém nhur 1
chu trinh khép kin vé6i cac qua trinh ting nhiét va giam nhiét vé dén nhiét d6 ban du. Cac qua
trinh nay doi hoéi vé tde do tang nhiét, gitt nhiét va gidm nhiét trong 10 thr nghiém ma thiét bi 10
thir nghiém hién tai khé dép ung dugc. Cu thé, theo biéu dd co thé chia lam 4 giai doan dé so
sanh thay 16 sy khac biét giita duong quan hé Nhiét d6 - Thoi gian hydrocacbon dé nghi thir
nghiém (goi 1a dudng cong nhiét thir nghiém) va duong quan hé Nhiét d6 - Thoi gian tiéu chuan
(goi 1a dudng cong nhiét tiéu chuan) nhu sau:

- Giai doan 1: Tir lac bat dau thir nghiém dén phut tht 2. Trong giai doan nay, muc nhiét va
tbc do nhiét theo 2 dudng 1a twong dong. Sau 2 phuat ca 2 duong déu dat nhiét d6 400°C.

- Giai doan 2: Tir phat tht 2 dén phut thir 5. Toc d6 tang nhiét cia dudng cong nhiét thir nghiém
nhanh hon dudng cong nhiét tiéu chuan. Téc d6 cua dudng cong nhiét thir nghiém 1a 200°/phut,
duong cong nhiét tiéu chuan 67°/phut. Chénh léch nhiét do giita 2 duong rét cao 1a +400°C.

- Giai doan 3: Tir phut thir 5 dén phut thir 56. Day la giai doan giit nhiét ctia dudng cong
nhiét thir nghiém (luén & mirc 1000°C trong khoang 50 phut). Toc d6 cta dudng cong nhiét tiéu
chuan trung binh khoang 70°/phut. Chénh 1éch nhiét do tai timg thoi diém trong giai doan nay
giita 2 duong cong 16n tir +400°C (phit thtr 5) va giam dan con +100°C (phit tht 50) va bing
nhau tai thoi diém phut tht 56.

- Giai doan 4: T phiit thir 56 dén khi két thuc thir nghiém. Pay 1a giai doan giam nhiét cua
duong cong nhiét thir nghi¢m vé mirc nhiét d6 ban dau. Toc do giam nhiét trung binh khoang
10°/phut.

2.3. Pap ting ciia 16 thir nghi¢m doi v6i cac dwong cong nhiét

Lo tht nghiém do hang Burwitz - CHLB Dtic san xuét duoc cai dat van hanh gia nhi¢t trong
16 theo tiéu chuin BS EN 1363, 1SO834, ASTM E119. Day la cac dang duong quan hé Nhiét do
- Thoi gian theo cong thirc (1). Trong qua trinh van hanh gia nhiét thi nhiét do gia tang trong 10
khéng cho phép ting qué so voi nhiét d6 tiéu chuan 1a 100°C. Nhu vay, dé van hanh 10 theo ding
duong quan hé Nhiét do - Thoi gian dé nghi thir nghiém can phai tinh toan bu nhiét trong 10 thir
nghiém trong cac giai doan dét (tir giai doan 1 dén giai doan 4) dugc mé ta trong muc 2.1 cia
bdo cdo nay.

3. LY THUYET TiNH TOAN GIA NHIET TRONG LO THU NGHIEM THEO PUONG
QUAN HE NHIET PQ - THOI GIAN THU NGHIEM

3.1. Co sé diéu chinh nhiét d9 trong 10

Dua trén viéc phan tich céc giai doan gia nhiét theo dudng cong Nhiét do - Thoi gian dé nghi
thir nghiém va cac dap tng c6 thé cua 16 thir nghiém da néu & muc 2 cta béo cdo nay, c6 thé thiy
céc giai doan gia nhiét sau can phai bu nhiét vao trong 16 thir nghiém:
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- Giai doan 2: Bu nhiét dé dat nhiét d6 1000°C tai thoi diém 5 phit.
- Giai doan 3: Bu nhiét dé giir nhiét trong 16 dat 1000°C trong thoi gian 50 phit.

3.2. Lwa chon phwong phap bu nhiét

Nhiét lvong bu vao dugc tinh toan dua trén téng nhiét lugng dugc bu vao trong giai doan 2
va giai doan 3. Céc vat liéu dugc lya chon phai dap tng dugc céc yéu cau vé nhiét, tc do chay,
kha ning giit nhiét va han ché t6i da anh huong dén thiét bi va méi truong thir nghiém. Dya trén
diéu kién thuc té cua 10 thir nghiém, cac phuong phap bu nhiét dugc thr nghiém va trién khai
bao gom:

- Bu nhiét bing vit liéu khi d6t: Phuong phép nay st dung cac dau d6t bang ga bd sung
vao trong 10 thir nghiém. Phuong phap nay ciing ¢ cac wu nhugc diém nhu sau:

+ Uu diém: Bu nhiét luong tdt, d& diéu khién lugng nhiét trong 10.

+ Nhuoc diém: Thoi gian trién khai dai, thiét bi phirc tap, phai két ndi v6i binh nhién liéu
gas cua 10 thur nghiém.

- Bu nhiét bang vat liéu chdy dang léng: Phuong phap ndy s dung cdc san pham
hidrocacbon nhu xing, dau. Phuong phap niy ciing c¢6 cac wu nhugce diém nhu sau:

+ Uu diém: D@ thi cong va thi cong nhanh.

+ Nhuoc diém: Vat liéu dé bay hoi, chay nhanh, nhiét luong co thé dap ung duoc giai doan 2,
nhung sang giai doan 3 khong dap tng duoc yéu cau. Hon nita sir dung nhiéu tao thanh cac khoi
den, anh hudng dén moi truong va qua trinh thir nghiém.

- Bu nhiét bang vat liéu chay hén hop: Phuong phép niy sir dung vat liéu gd va xing.
Phuong phép nay ciing c¢6 cc uu nhuoc diém nhu sau:

+ Uu diém: D@ thi cong va thi cong nhanh. Pam bao giit nhiét tot va it anh huong dén
moi truong.

+ Nhuoc diém: Trong qua trinh giam nhiét (giai doan 4) can phai két hop mot s6 bién phap
khac dé dam bao duogc tée d6 giam nhiét nhu yéu cau dé ra.

Két luin: Qua phan tich cac uu, nhuoce diém cia timg phuong phap cho thiy phwong phap
bu nhiét bang vat liéu chay hdn hop 1a phuong phap tdi uu nhét cho viée bu nhiét trong 16 ddt.
3.3. Cac diéu kién ban diu va gia thiét tinh toan bu nhiét

3.3.1. Diéu kién ban diu

Diéu kién ban dau duoc dit ra dua trén cac diéu kién ma hé thong thiét bi thir nghiém dat
dugc tdi da va dap tng dugc theo cong thire (1) cing cac diéu kién vé ap suit.

3.3.2. Cdc gid thiét tinh todn

- Céc thong sb vé tinh chat nhiét ctia hdn hop khi trong 10 dt duge ldy theo tinh chat ddi véi
khong khi. Gia thiét nay c6 thé dat duoc boi viée hut cac khi thai cua hé thdng 6ng hut va viéc
bom khong khi vao ciia cac dau phun khi. Cu thé cac thong sb duoc ldy theo [3] nhu sau:

307



Hoi nghi Khoa hoc Cén bg tré lan thir XVI

+ Khbi lugng mol ctia khong khi: 29 BVC
+ Nhiét dung riéng cua khong khi: ¢ = 1005 [J/(kg.K)]

- Céc thong s6 vé ton that nhiét duoc léy theo céc tai li€u tin cdy trong viéc ché tao céc 1o hoi.
3.4. Tinh toan nhiét lugng
3.4.1. Chénh léch nhiét d¢ giira cac dwong cong nhiét

Chénh 1éch nhiét do giita dudng cong tiéu chuan va dudng cong Hydrocacbon dé nghi thir
nghi¢m duoc thé hién trong Hinh 2:
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Hinh 2. Biéu d6 chénh 1éch nhiét d6 gitra duong cong nhiét tiéu chuan
va dudng cong Hydrocacbon dugc dé nghi thir nghiém

Theo biéu do trén, nhiét lugng can bu vao trong qua trinh gia nhiét chinh 14 nhiét lugng can
thiét dé nang nhi¢t do trong 10 tir nhiét d6 theo duong quan h¢ Nhié¢t d§ - Thoi gian tiéu chuén
1én muc nhiét thir nghiém trong thoi gian tir phut thir 5 dén phut thir 56 (giai doan 2 va giai doan
3). Khoang chénh nhiét cao nhét 1a 400°C.

3.4.2. Tinh toan nhiét lwgng hiru ich bu vao trong giai doan 2 va 3
- Nhiét lugng hitru ich Q; dugc tinh theo cong thirc [4]:
Q1 = ZMi*crc* (Thy — Tie) (7)
Trong do:
My - khdi lugng khong khi trong 10;
Ckk - nhiét dung riéng ctuia khong khi;
Thy - nhiét do theo duong quan hé Nhiét do - Thoi gian Hydrocacbon dé nghj thir nghiém;

Ty - nhié¢t do theo duong quan h¢ Nhiét d¢ - Thoi gian tiéu chuén.
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- Két qua tinh toan:

+ Nhiét luong hitu ich cin bu vao trong giai doan 2: Q, = 441 (MJ)
3.4.3. Tinh toan tong nhiét lwgng bu vao trong giai doan 2 va 3

- Nhiét luong hitu ich Q;, dugc tinh theo cong thire (7), 1a mot trong cac thanh phan nhiét
luong can thiét dé 1o dap ing dugc murc chénh 1éch nhiét do trong giai doan 2 va 3. Tong nhiét
lugng bu vao Q, bao gdm cac thanh phan sau:

Qi=Qi+ Q2+ Q3+ Qs+ Qs (8)

+ Tén that nhiét do khoi thai mang ra ngoai. Goi thanh phan nhiét nay 13 Q,. Thanh phan nay
duogc tinh toan theo luu lugng cia quat hut.

+ T6n that nhiét do chay khong hoan toan vé mit hoa hoc. Goi thanh phan nhiét nay 1a Qs.

+ Ton that nhiét do chay khong hoan toan vé mit hoéa hoc. Goi thanh phﬁn nhiét nay 1a Qa.

+ Tén that nhiét do toa ra méi trudng. Goi thanh phan nhiét nay 1a Qs.

- Két qua tinh toan:

+ Tong nhiét lugng can bu vao la: Q = 2714 MJ

+ Tén that nhiét do chay khong hoan toan vé mit hoa hoc va co hoc (Q; + Qs + Q) duoc dé
xuat 33%. Két qua nay phu hgp khi van hanh 10 trong giai doan 3 khong can tdng nhiét bang ga
c6 san.

Q3 + Q4+ Q5=0,33Q (10)
4. THU NGHIEM THU'C TE

4.1. Tinh toan lwa chon vat liéu bd sung

- Luong nhiét can bd sung: Q=2714 MJ
- Nhiét lugng toa ra do vat liéu chay dugc tinh theo cong thuc [7]:
Q-mxq (11)
Trong do:

m - khéi luong vat liéu;

q - nang xuét toa nhiét cua vat lidu.
- Lua chon vat liéu bo sung 13 gd nhom V va xing c6 ning suat toa nhiét nhu sau:
+ Nang suat toa nhiét ctia gd q, = 15.10° J/kG
+ Ning suét toa nhiét cua xing qx = 45.10° J/kG
- Két qua tinh toan:
+ Khbi lugng gd nhém V can bu vio la: mg = 170 kG

+ Thé tich xang can bu vao 1a: V, = 5 lit
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4.2. Cac hinh anh trién khai va két qua thwe nghi¢m

Hinh 3. B6 sung vat liéu gd ¢ tim xing trong 1o dbt

BIEU PO 1- QUAN HE NHIET BQ - THOI GIAN TRONG QUA TRINH THU NGHIEM
DIAGRAM I - MONITORING FURNACE TEMPERATURE
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4.3. Van hanh diéu khién 10 thir nghiém

Qua trinh gia nhiét trong 10 bang diéu khién gas duoc van hanh nhu sau:

- Giai doan 1, 2, 3: Van hanh t6i da d6 mé cua cac dau dot. Do mo quat hut gi6 13 30%.

- Giai doan 4: Giam, diéu chinh cac dau dbt Xuéng muc thép nhét dé dam bao duge tde do
giam 10°C/phat. D6 m¢& quat hat gié 30%.

4.4. Nhan xét

- Nhiét do 10 da dap ung dugc cac nhi¢t do theo duong cong Hydrocacbon dugc khach hang
dé nghi.

- Céc ton that nhiét do chay khong hoan toan v& mit co hoc va hoa hoc cua vat liéu (Q3 +Qu)
dugc dé xuat 1a 33% tong nhiét lugng theo tinh todn dé ra. Mirc d6 ton that nay phu hop véi qua
trinh van hanh. Pu dé duy tri mirc nhiét khi cac dau ddt bang ga dugc van hanh hét cong suat ma
van chua dat duoc nhiét d6 nhu mong mudn.

5. KET LUAN VA KIEN NGHI

5.1. Két luan

- Noi dung bao céo da thé hién su tim toi, nghién ciru tai liéu, phuong phap luan dé xay dung
phuong an khai thac hé thong thiét bi hién c6 cho nhitng TN dic biét khac v6i kha niang theo
thiét ké ban dau ctia thiét b hién co.

- Trién khai nghién ctru thuc nghiém dé hién thuc hoa va ap dung quy trinh da xay dung vao
thir nghiém thyuc té, duoc su chép nhén cua céc ky su giam sat rat khét khe cta nude ngoai. Két
qua ap dung d6 di gitp khang dinh kha ning trién khai cac thir nghiém tuwong tu trén hé thong
thiét bi hién c6 cta IBST.

- Quy trinh va nhiing kinh nghiém trién khai c6 duoc s& gitp ap dung tiép theo cho cac du an
thir nghiém khac c6 yéu cau twong tu, tranh ton kém chi phi khi phai chuyén cac thir nghiém d6
ra nudc ngoai.

- Phuong phép tinh toan bang 1y thuyét da tinh toan duoc cac hé sb ton that nhiét tuong dbi,
6 thé ap dung tinh todn ra khdi luong cac vat liéu can dung trong thuc té dé bu nhiét.

5.2. Kién nghi

- Nghién ctru thém cac ton that nhi¢t do tda nhiét ra moi trudng va sy chay cua vat li€u trong
10 kin.

- Can nghién ctru thém vé giai phap dam bao kha ning duy tri dam chay trong 16 khi ¢6 su
két hop cua cac vat liéu khac nhau nhu: gas, xdng, gd..

- Can nghién ctru cac anh hudng cua vat lidu d6t t6i ap sudt trong 10 thir nghiém. Dé tinh
toan va kiém soat dugc ap suét trong 16 can nghién ctru vé qua trinh sinh nhiét ciia phan Gmg dét
két hop v6i hé théng hat khoi cua 10.

- Can nghién ctru giai phap twong tu cho hé thdng 16 d6t theo phuong ding.
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KIEM SOAT CHAT LUQNG THEP COT BE TONG TAI VIET NAM
VA PANH GIA SU PHU HQP VOI TIEU CHUAN BS 4449:2005

QUALITY CONTROL OF THE REINFORCEMENT IN VIETNAM
AND COMFORMITY ASSESSMENT WITH BS 4449:2005

KS. Nguyén Duy Van', ThS. Vii Ngoc Luyén®
'2Vién Khoa hoc cong nghé xiy dung,
Email: Duyvan.hust@gmail.com, Vnluyen.ibst@gmail.com

TOM TAT: Thép cbt bé tong chit yéu dugc dung trong két ciu bé tong cdt thép, loai két cau chiu luc phd
bién nhat trong cac cong trinh xay dyng tai Viét Nam. Viéc kiém soat chat lwong thép cdt tai Viét Nam
dam bao sy tudn thu cic yéu cau chét luong theo TCVN 1651:2018 duoc thuc hién thong qua céac thi
nghiém trong cac Phong thi nghiém dat chudn (LAS-XD). Theo dinh hudng xdy dung hé thong céc tiéu
chuan thiét ké két cau ctia Viét Nam theo hé tiéu chuan Chau Au, thép cbt dang sir dung dugc danh gia su
pht hop vé cac yéu cau chat luong véi tiéu chuan BS 4449:2005, qua d6 tiép can va nam bat dugc kha
ning str dung khi ap dung cac tiéu chuan Chau Au trong thiét ké, thi cong cong trinh bé tong cdt thép tai
Viét Nam. Bai bao nay trinh bay tong hop két qua thi nghiém cua cdc miu thi nghiém thép cbt theo
TCVN 1651:2018 va so sanh yéu cau ctia tiéu chudan TCVN 1651:2018 voi BS 4449:2005.

TU KHOA: Thép cbt, Két ciu bé tong cbt thép.

ABSTRACT: Reinforcements is mainly used in reinforced concrete structures, this is a common type of
load-bearing structure used in building and civil structures. Quality control of reinforcements used in
Vietnam to ensure compliance with steel quality requirements according to TCVN 1651:2018. According
to the plan of applying European standards in the construction field in Vietnam, the reinforcements being
used needs to be assessed for conformity with the required quality with the steel used by BS 4449, thereby
accessing and getting ready the usability when applying BS4449:2005 in design and construction in
Vietham. This paper presents the summary of the test results of the reinforcement according to
TCVN 1651:2018 and compares TCVN 1651:2018 with BS 4449:2005.

KEYWORDS: Reinforcement, Reinforced concrete structure.

1. MO PAU

Theo thdng ké ciia hiép hoi thép Viét Nam 6 thang dau nam 2021, san lugng thép san xuét
tai Viét Nam dat 15.926.051 tin ting 37% so v6i cung ky 2020 trong d6 san pham thép xay dung
dat khoang 5.300.000 tan chiém ty 1€ 33,3% san lugng thép. San lugng thép cac nam tai Vigt

Nam duogc cho trong bang 1.
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Bang 1. San lugng thép tai Viét Nam cac 5 nam gan nhét

TT Thoi gian Pon vitinh | Téng san luong thép | Thép xay dung | Ty 1& (%)
1 | 6thang ndm 2021 Tan 15.926.051 5.300.000 33,3
2 Nam 2020 Tén 25.588.484 9.500.000 37,1
3 Nam 2019 Tén 25.263.113 10.700.000 42,4
4 Nam 2018 Tén 24.194.335 11.700.000 48,4
5 Nam 2017 Tén 21.062.000 8.900.000 42,3

Qua bang thong ké trén cho thiy ty 1& thép xdy dung chiém ty trong kha 16n trén tong san
lugng thép cac loai dugc san xuét tai Viét Nam do loai thép nay dugc st dung xay dung cac co
s¢ ha tang k¥ thuat phuc vu phat trién kinh té. Ty 1¢ trén giam vao ndm 2020 va 6 thang diu nim
2021 do anh huéng ctia dich Covid 19 tuy nhién theo cic nha phéan tich san pham thép xay dung
s€ tang trd lai sau khi nudc ta khéng ché duoc dich Covid 19 va cac nude khéng ché dugc dich
s& nhap khau san pham thép Viét Nam dé xay dung va tai thiét cic co s ha ting k¥ thuat phat

trién dat nudc.

2. KIEM SOAT CHAT LUQNG THEP COT TAI VIET NAM

Kiém soat chat lugng thép ¢t 1a qua trinh kiém tra cac tinh chit co 1y va hoa dé cac loai
thép trude khi duoc dua vao sir dung trong cac két cAu bé tong cbt thép trong cong trinh xay
dung dam béo tuan thi theo cac yéu cau k¥ thuat trong tiéu chuan 4p dung tai Viét Nam thuong
stt dung TCVN 1651:2018 hoic cac tiéu chuin nudc ngodi. Cac cong tac kiém tra chat luong
thép cbt duge thuc hién trong cac phong thi nghiém chuyén nganh xay dung (LAS-XD) co
phuong phép thir va thiét bi thir nghiém phu hop theo quy dinh.

2.1. Giéi thiéu phong TNCT - LAS-XD01

LAS-XDO1 thudc Vién Chuyén nganh Két cdu Cong trinh Xay dung - Vién Khoa hoc Cong
nghé Xay dung c6 pham vi hoat dong trong linh vuc Nghién ciru, dio tao, chuyén giao cong
ngh¢ va cung cép dich vu thi nghi¢m vat li€u va cAu kién, san phém thép, kiém tra chét luong
pha hily (ND) va khong pha hity trong linh vuc co khi ché tao va lap ddt nganh Han va Vit liu
kim loai, thtr nghiém céc cAu kién bé tong va bé tong cdt thép... Thir nghi¢m kiém tra chat luong
vat liéu tai cac cong trinh quan trong, cong trinh trong diém Quéc gia, thi nghiém, kiém tra chét
lugng vat licu, nén mong, két cau xay dung, cAu kién xay dung, vat liéu kim loai, lién két han va
cac san pham kim loai. Cung cap cac dich vu k¥ thuat trong cong nghé co khi ché tao (Xir 1y
nhiét méi han, xir ly bé mat vat liéu). Pao tao tho han, kiém tra danh gia tay nghé tho han va cép
chung chi tay nghé tho han. Pao tao thi nghiém vién va chuyén giao cong nghé kiém tra chat
lwong mbi han va vat lidu kim loai biang phuong phap pha hiy (ND) va khong pha huy (NDT)
cac nganh Xay dung dan dung cong nghi¢p va giao thong van tai. Las-XDO01 c6 doi ngii can bd

v6i nhiéu nam kinh nghiém trong cac cong tac thir nghiém va cé phuong phép thir, thiét bi thir
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nghiém phu hop dé kiém tra danh gia chat luong cac loai vat lidu va san phdm thép, cac ciu kién
xay dung. LAS-XDO0I thuc hién cac quy trinh thir nghiém va quén 1y phong thi nghiém theo tiéu
chuan ISO 17025:2017 tir khau tiép nhan mau dén khi xuit két qua thir nghiém.

' L
4 | h
o AL
i m |

ST

AL

Hinh 1. Thir nghiém kiém tra chat luong thép cét trong phong thi nghiém

2.2. Yéu ciu vé6i thép cot bé tong theo TCVN 5574:2018, TCVN 1651:2018

Thép cbt sir dung chit yéu trong két ciu bé tong cbt thép, day 1a két cdu chiu lyc chinh trong
cong trinh nén cac loai thép cdt can thoa man cac yéu cau trong TCVN 5574:2018 “Thiét ké két
cAu bé tong va bé tong cdt thép”. Theo tiéu chuan TCVN 5574:2018 khi thiét ké nha va cong
trinh bé tong cbt thép can phai quy dinh loai cbt thép sir dung, cac yéu cu vé co tinh vé6i thép ct
sir dung trong két cdu BTCT.

Theo TCVN 5574:2018, Thép cbt bé tong sir dung trong két cAu bé tong cbt thép phai thoa
mén tiéu chuan TCVN 1651:2018. TCVN 1651:2018 quy dinh cac chi tiéu gdm: hinh dang kich
thudce, tiét dién thép va cac dic trung co tinh nhu: Ung suét chay, ung suit bén, do gidn dai
tuong dbi, kha niang chiu udn va thanh phan hoéa. Thép str dung trong két ciu bé tong ¢t thép gom
cac mac CB240-T, CB300-V, CB400-V, CB500-V va CB600-V, trong cac két cau bé tong cbt thép
khong tmg luc trudce cac loai thép thanh van tir CB300-V dén CB600-V dugc uu tién sir dung
1am c6t thép tinh toan chiu luc, thép CB240-T sir dung lam cbt thép ngang va han ché bién dang
ngang. Gia tri dic trung d6 bén tiéu chuan cta thép cbt trong két cAu bé tong cbt thép duoc quy
dinh theo bang 2.

Bang 2. Cuong d6 chiu kéo tiéu chuan ctia cot thép Ry, va cudng do chiu kéo tinh toan
cta cbt thép ddi véi cac trang thai gioi han thur 2 Ry ger

Loai cbt the Ticu chun Puong kinh Gia tri cia R ,, MPa
: p u e danh nghia va R ser, MPa
CB240-T 240
TCVN 1651-1:2018 6,0+40,0

CB300-T 300
CB300-V 300

Thép

thanh CB400-V | TCVN 1651-2:2018 6,0-50,0 400
CB500-V 500
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Céc gia tri ddc trung cudng do cbt thép duoc quy dinh trong TCVN 5774:2018 khi trién khai
thue té viéc kiém soat chat luong ct thép phu hop yéu cau thiét ké duoc quy dinh trong
TCVN 1651:2018. Cac loai thép cdt trude khi sir dung trong cac cong trinh dugc ldy mau va
kiém tra chat lugng theo tiéu chuan TCVN 1651:2018 theo céac chi tiéu phi hop thép dung 1am
cbt trong két cAu bé tong gém: hinh dang, tiét dién thép, khdi lugng don vi, thanh ph?m hoéa hoc
va cac chi tiéu co tinh: giéi han chay, gidi han bén, d6 gidn dai twong ddi va kha ning chiu uén.
Céc gia tri dac trung khdi luong don vi duoc thé hién theo bang 3, kich thudc hinh hoc bang 4,
thanh phan hoa va dic trung co tinh ciia thép xem bang 5 va bang 6.

Bang 3. Gia tri khoi luong cho 1m dai va sai 1éch cho phép

Puong kinh Dién tich mit cit ngang Khdi luong trén 1m dai
danh nghia d, mm danh nghia Sy, mm? Yeéu ciu kg/m Sai 1éch cho phép, %
6 28,3 0,222 +8
8 50,3 0,395 +8
10 78,5 0,617 +6
12 113 0,888 +6
14 154 1,21 +5
16 201 1,58 +5
18 255 2,00 +5
20 314 2,47 +5
22 380 2,98 +5
25 491 3,85 +4
28 616 4,83 +4
32 804 6,31 +4
36 1018 7,99 +4
40 1257 9,86 +4
50 1964 15,42 +4

Bang 4. Kich thudc hinh hoc thép van

Duong kinh Gan c6 chiéu cao Gan hinh [usi lidm
danh nghia, mm khong d6i
Chiéu cao cta gan, a, nho nhét Tét ca 0,05d 0,065d
A 6<d<10
Budc gan ngang, ¢ 4> 10 0,35d<¢<0,7d | 0,5d< 0,25¢<1,0d
Do nghiéng ctia gan ngang, B Tat ca 35°<B<90° 35°<B<T5°
D0 nghiéng canh cua gan ngang, o Tat ca o >45° o >45°
Chu vi khong c6 gan, Zfi 16n nhat Tat ca - -

316




Hi nghi Khoa hoc Cén bg tré lan thir XVI

Bang 5. Thanh phan hoa thép cac méc va sai sb cho phép

Mac thép ct SI Mn P S CEV*
CB300-V - - - 0,050 0,050 -
CB400-V 0,29 0,55 1,80 0,040 0,040 0,56
CB500-V° 0,32 0,55 1,80 0,040 0,040 0,61
CB600-V* - - - 0,040 0,040 0,63

*C6 thé sir dung cac gié tri va cong thire CEV khéc khi ¢6 sy thoa thusn ctia nha san xuat va ngudi mua.
b Cac nguyén to hop kim nhu Cu, NI, Cr, Mo, V, Nb, Ti va Zr, c6 thé duoc thém vao khi c6 su thoa thuan
ctia nha san xuit va ngudi mua.

¢ Méc thép nay khong duoc sir dung dé han.

Nguyén t6 Gia tri l?n I,lhél'[ quy :iinh S,ai léch cho phép .cﬁa Rhén tAich ’sén pl}érl;l voi
trong phén tich mé nau, % cac gioi han quy dinh cua phan tich mé nau, %
c <0,25 +0,02
> 0,25 +0,03
Si <0,55 +0,05
Mn <1,65 +0,06
> 1,65 +0,08
P <0,05 +0,008
<0,05 +0,008
Bang 6. Cac dic trung co tinh thép cbt
Gia tri dac Gia tri dac Gia tri dac trung quy dinh ctua do gian dai %
Micthép | e en | han b ks A Aut
nho nhit, MPa | nho nhit, MPa Nho nhat Nho nhat
CB240-T 240 380 20 2
CB300-V 300 450 16 8
CB400-V 400 570 14 8
CB500-V 500 650 14 8

2.3. Kiém tra, danh gia chit lwgng thép cét trong Phong thi nghiém

Céc loai thép cbt khi thir nghiém co cac két qua phu hop véi cac chi tidu yéu cau theo ticu
chuan s& dugc sir dung trong cong trinh. Quy trinh kiém soat chét lugng céac loai thép cbt sir
dung phong thi nghiém chuyén nganh (LAS-XD) nhu sau:

Tai phong thi nghiém khach hang tién hanh ding ky cac théng tin v& mau thir nghiém va céc
chi tiéu yéu cau thir nghiém. Sau d6, cac mau dugc chuyén dén khu vuc gia cong mau, tai dy cac
mau thir nghiém duoc cit phing hai dau va chuyén vao khu vuc chd thi nghiém. Trudc khi thi

nghiém cac bén ching kién xac nhan mau thir nghiém da iy tai hién truong sau dé thi nghiém
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vién tién hanh thu nghiém kiém tra chat luong thép cdt. Viéc do hinh dang, kich thudc dugce tién
hanh trén cic mau thi nghiém, st dung céac thiét bi do xac dinh bude gan, chiéu cao gan va goc
nghiéng theo yéu cau tiéu chuan. Thép cbt sau d6 duoc thi nghiém cac chi tiéu co tinh vé khéi
luong don vi, tng suat chay, ing suat bén, do gidn dai twong d6i, kha nang chiu uén va thanh phan
hoa két qua thu duge duoc 1ap trong phiéu két qua thir nghiém, két qua so sanh, danh gia sy phu
hop véi yéu cau thép cdt theo TCVN 1651:2018. Két qua kiém tra chit lugng mot sb loai thép sir
dung tai Viét Nam duoc thuc hién tai LAS-XDO01 thé hién trong bang 7, bang 8§

Bang 7. Ung suét chay thép HP va VGS trong phong thi nghiém

Thép HP Thép VGS
, P , i
TT | Mac thé bin};l caicg suat chay | g léch bin}lll cécg suat chay Do Iéch
P x " | TN/US chay | chuan x " | TN/US chay | chuan
mau Thu Quy wée mau Thu Quy uée
nghiém Y nghiém Y
F. - S F. - S
1 CB240-T 331,2 1,35 1,9 330,7 1,38 2,8
2 CB300-V 4337 1,44 8,9 469.,9 1,56 22,6
3 CB400-V 550,1 1,38 8,0 560,4 1,40 32,2
4 CB500-V 573,0 1,15 16,4 601,2 1,20 21,7
- N
145 // \
1,40 / /\\\
135 :/ \\\
1,30 \
1,25 \\
1,20 \\.
1,15 \_

Hinh 2. Biéu db ty 18 ung suat chay thi nghiém - ing suét chay quy u6c thép HP va VGS
Qua két qua thi nghiém va biéu d6 nhan thay:
- Ung suét chay cua céc loai thép thir nghiém déu dam bao va cao hon yéu cau tiéu chuén.

- Ung suét chay thir nghiém 16n hon tir 1,15 = 1,44 (mg suét chay quy udc voi thép HP va
1,2 +1,56 tmg suét chay quy udc véi thép VGS theo timg mac thép, cao nhat 1a mac thép CB300-V.
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Bang 8. Ung suat bén thép HP-VGS trong phong thi nghiém

Thép HP Thép VGS
Ung suat bén Ty 1€ tng Ung suét bén Ty 1€ tmg D6
TT | Mac the trung binh céc sudtbén | Do léch | trung binh cac suat bén léch
Pl m3uThe | TN/USbén | chudn | miuThi | TN/USbén |
.a . n . chuan
nghiém Quy ude nghi¢ém Quy ude
Fm - S Fn - S
1 CB240-T 480,8 1,29 1,8 493,4 1,30 1,9
2 | CB300-V 578,4 1,29 9,0 596,8 1,33 17,0
3 | CB400-V 658,1 1,15 16,1 663,4 1,16 26,1
4 | CB500-V 710,4 1,09 8,8 7249 1,12 21,2
1,40
1,35

\
)

1,30 \
1,25 \\
1,15 \

\\
1,10 \
~
1,05
1,00
0,95
CB240-T CB-300-V CB400-V CB-500-V

=@=Thép HP ==@=Thep VGS

Hinh 3. Biéu d6 ty 1 tng suit chay thi nghiém - Gng suit bén quy udc thép HP va VGS
Qua két qua thi nghiém va biéu d6 nhan thay:
- Ung suét bén cua cac loai thép thir nghiém déu dam bao va cao hon yéu cau tiéu chuan.

- Ung suét bén thir nghiém 16n hon tir 1,09 = 1,29 Gng suat chay quy wdc véi thép HP va
1,12 +1,33 Ging sudt bén quy udc voi thép VGS theo timg mac thép, cao nhit 1a mac thép CB 300-V.
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Bang 9. Do gidn dai twong ddi thép HP-VGS trong phong thi nghiém

1,75
1,70
1,65
1,60
1,55
1,50
1,45
1,40
1,35
1,30
1,25
1,20

1,15

NN
=== N
NN
N Y
~

CB240-T

CB-300-V

CB400-V

«=@==Thép HP ==@=Thep VGS

CB-500-V

Thép HP Thép VGS
NN D6 oizn dai
b6 glan (}'c'u Ty 16 do 0 g1an (}e‘u Ty 16 do
tuong doi . e R tuong doi . e R
, , ) ] gian dai Do 1éch . ) gian dai bo 1éch
TT | Mac thép binh cac A in % binh cac A in P
x , TN/do gian | chuan x . TN/d¢ gian chuan
mav Thir | 40 Quy wée mau Thi 4o Quy ude
nghiém Y nghiém Y
A - S A - S
1 CB240-T 35,2 1,76 1,8 34,5 1,72 1,5
2 CB300-V 25,8 1,61 2,1 249 1,56 1,8
3 CB400-V 22,4 1,60 1,6 21,1 1,51 1,5
4 CB500-V 20,0 1,43 1,0 19,2 1,37 0,8
1,80
&,

Hinh 4. Biéu d6 ty 1& d6 gian dai thi nghiém - do gidn dai quy wdc thép HP va VGS

Qua két qua thi nghiém va biéu d6 nhan thiy:

- Bo gian dai tuong doi cua céac loai thép thir nghiém déu dam bao va cao hon yéu cau

ti€u chuan.

- Do gidn dai tuong dbi cac loai thép thir nghiém 16n hon tir 1,43 + 1,76 d6 gidn dai quy wéc

v6i thép HP va 1,37+1,72 do gidn dai quy udc véi thép VGS theo timg mac thép do tng sut
chay va tng suit bén cta thép VGS cao hon thép HP, cao nhat 1a thép CB 240-T.

Nhdn xét: Cac két qua thir nghiém kiém tra chét lugng thép cdt cac loai trong phong thi

nghiém co:

- Ung suét chay, ing suat bén cac loai thép déu cao hon yéu cau tiéu chuan, ing suat chay

cao hon 1,15-1,56 (mg suit chay quy udc, ing sudt bén cao hon 1,09+1,33 tmg suit bén quy udc.
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- D6 gidn dai twong ddi cao hon yéu cau tiéu chuan 30 - 60% véi riéng mac thép CB240-T
d6 gidn dai trong ddi mot s loai thép cao hon 90% so véi yéu ciu tiéu chudn.

- Khéi lugng don vi clia cic méac thép da sé nho hon yéu cau tiéu chuin va thoa man gidi
han cho phép trong tiéu chudn, riéng mac thép CB240-T thudng c6 khéi lwong don vi cao hon
yéu ciu tiéu chun.

- Két qua thi nghiém céc chi tiéu co tinh va hoa cta cac loai thép trén thoa min yéu cau theo
tiéu chuan TCVN 1651:2018.

3. PANH GIA SU PHU HQP TCVN 1651:2018 v6i BS 4449:2005
3.1. Phwong phap thit TCVN 1651:2018 va BS 4449:2005
- Phuong phép thir hién tai thir nghiém cac loai thép cdt dang st dung tai Viét Nam tuan tha
theo ISO 15630-1:2010 va phu hop véi phuong phap thir thép cdt theo BS 4449:2005.
3.2. Yéu ciu k¥ thuiat TCVN 1651:2018 va BS 4449:2005

- V& chi tiéu kich thuéc hinh hoc tiéu chuan BS 4449:2005 quy dinh kiém tra chiéu cao gn,
budc gan va gbc nghiéng gan ngang gidng yéu cau trong TCVN 1651-2:2018. Céc chi tiéu hinh
dang va kich thudc thép theo hai tiéu chuan dugc théng ké trong bang 10.

Bang 10. Kich thudc hinh hoc thép ¢t theo TCVN 1651-2:2018 va BS 4449:2005

TT Chi tiéu TCVN 1651-2:2018 BS 4449:2005
1 | Chiéu cao cta gan, a, nho nhét 0,05d 0,03d = 0,05d
2 | Budc gan ngang, ¢ 0,35d<c¢<0,7d 04d<c<1,2d
3 | B0 nghiéng ctia gan ngang, 3 35°<B <90° 35°<B<T5°
4 | Bo nghiéng canh cta gan ngang, o o =45°

1

AN e
AR |

Hinh 5. Kich thude hinh hoc thanh thép Hinh 6. Kich thude hinh hoc thanh thép
TCVN 1651-2:2018 BS 4449:2005

Qua bang cac yéu cau vé kich thudc hinh hoc, hinh dang thép ¢t nhan thiy:
+ Kich thuéc hinh hoc va hinh dang thép c6t theo TCVN 1651-2:2018 kha twong dong véi
hinh dang va kich thuéc thép cbt quy dinh BS 4449:2005.

- Khéi lugng don vi theo tiéu chudn TCVN 1651:2018 va BS 4449:2005 duoc thong ké theo
bang 11.
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Bang 11. Puong kinh danh nghia va khdi luong don vi thép cot
theo TCVN 1651:2018 va BS 4449:2005

TCVN 1651:2018 BS 4449:2005
Dién tich Khéi lugng trén Dién tich Khéi luong trén
fgﬁ; nghia 2So, Yl‘juféu CISI«’;I Il)fl(:;’ j;:;; nghia ZSO, Yeu ciu Clslil)l ;i(:;),
mm g/m % mm kg/m %
6 28,3 0,222 +8 6" 28,3 0,222 +6
8 50,3 0,395 +8 7¢ 38,5 0,302 +6
10 78,5 0,617 +6 8 50,3 0,395 +4,5
12 113 0,888 +6 9? 63,6 0,499 +4,5
14 154 1,21 +5 10 78,5 0,617 +4,5
16 201 1,58 +5 12 113 0,888 +4,5
18 255 2,00 +5 16 201 1,58 +4,5
20 314 2,47 +5 20 314 2,47 +4,5
22 380 2,98 +5 - - -
25 491 3,85 +4 25 491 3,85 +4.5
28 616 4,83 4 ] ] ]
32 804 6,31 +4 32 804 6,31 +4.5
36 1018 7,99 +4 - - - +4,5
40 1257 9,86 +4 40 1257 9,86 +4,5
50 1964 15,42 +4 50 1963 15,4 +4,5

Qua bang thong ké céc chi tiéu dudng kinh danh nghia, khdi luong don vi va sai s6 cho phép
theo 2 tiéu chudn TCVN 1651:2018 va BS 4449:2005 nhan thay:
+ Hai tiéu chuan TCVN 1651:2018 va BS 4449:2005 mot so loai thép c6t co duong kinh

danh nghia khac nhau, cac loai thép cdt c6 duong kinh danh nghia giéng nhau thi khdi lugng don

vi twrong duong nhau.

+ Sai s6 vé& khdi lugng don vi céc loai thép duoc quy dinh trong 2 tiéu chuan chénh léch
nhau khong 16n 0,5%, trir loai thép c6 duong kinh D < 8 chénh 1éch 2%.
- Céc chi tiéu co tinh cua thép cot theo TCVN 1651:2018 va BS 4449:2005 duogc thong ké
theo bang 12.
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Bang 12. Cac chi tiéu co tinh thép c6t theo TCVN 1651:2018 va BS 4449:2005

Cuong d6 kéo (MPa) hi
D¢ gian dai (%) Puong | 0d
. 2 . A nan
Tiéu chuan Méc thép Ung suat Ung sudt bén kinh bua ohi 8
. , p u
chay Pho nhé nhét A , Agt , uon uén
nhat nhé nhét | nho nhat
CB240-T | 240 380 20 2 2d
CB300-V | 300 450 16 8 Khé
TCVN 1651:2018 one
CB400-V | 400 570 14 8 3d+7d nit
CB500-V | 500 650 14 8
B500A 500 525 (d < 8) - 2,5(d<8) | 4d (d<16) | Khong
BS 4449:2005 | BS500B 500 540 - 5,0 7d (d>16) | nut
B500C 500 | >575;<675 - 7,5

Qua bang théng ké cac chi tiéu co tinh giira hai tiéu chuan TCVN 1651:2018 va BS 4449:2005
nhan thiy:

+ Véi céc chi tiéu co tinh TCVN 1651:2018 quy dinh v6i nhiéu loai mac thép hon so véi
tiéu chuan BS 4449:2005.

+ Cac mac thép dugc quy dinh trong tiéu chuin BS 4449:2005: B500A, B500B va B500C
tuong duong v6i méac thép CB 500-V trong tiéu chuan TCVN 1651:2018.

+ Puong kinh bua uén cta cac mac thép quy dinh trong TCVN 1651:2018 phti hop véi BS
4449:2005.

+ Kha nang chiu udn cac loai thép thep BS 4449:2005 khi udn khong cho phép xuat hién vét
nut, tiéu chuan TCVN 1651:2018 khi uén khong cho phép xuat hién vét nit ngang nhin thay
dugc bang mat thuong.

+ Trong BS 4449:2005 c6 méc thép B500C quy dinh vé gidi han Gmg suit bén 575+675 MPa
do d6 khi 4p dung tiéu chuan BS 4449:2005 vao Viét Nam. Cac loai thép sir dung phai c6 ting
suat bén thoa mén khoang giéi han trén diéu nay dit ra yéu cau cac nha san xuat thép can co sy
diéu chinh thay d6i phu hop khi san xuét san pham thép c6t do hién nay cac loai thép dang sir
dung hau hét c6 tng suit bén cao hon khoang gidi han trén (theo cac két qua thir nghiém thu
duogc trong phong thi nghi¢m).

+ Tiéu chuan BS 4449:2005 d6 gian dai xac dinh theo do gidn dai tong khi luc 16n nhat (Agt)
khac véi cach do d6 gidn dai twong dbi sau khi dut (A) dang thi nghiém hién nay do dé doi hoi
cac nha san xuat luu ¥ dén qua trinh san xudt tir phoi thép dén san pham thép.

- Thanh phan héa hoc thép cbt theo TCVN 1651:2018 va BS 4449:2005 dugc thong ké theo
bang 13.
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Bang 13. Thanh phan héa hoc thép theo TCVN 1651:2018 va BS 4449:2005

TCVN 1651:2018

Mac thép c ST Mn P S CEV*
CB300-V - - - 0,050 0,050 -
CB400-V 0,29 0,55 1,80 0,040 0,040 0,56
CB500-V° 0,32 0,55 1,80 0,040 0,040 0,61
CB600-V*© - - - 0,040 0,040 0,63
BS 4449:2005
ct Cu Ni P S CEV*
Céac mac
0,22 0,80 0,012 0,05 0,05 0,50

Qua bang thdng ké thanh phan héa theo tiéu chuan TCVN 1651:2018 va BS 4449:2005 va
yéu cau vé ham lugng carbon twong dwong nhan thay:

+ Ham luong carbon twong duong cua thép cdt theo tiéu chuan TCVN 1651:2018 dang cao
hon so véi ham lugng carbon theo BS 4449:2005. Ham lugng carbon twong duong cua céc loai
thép cdt theo tiéu chuan TCVN 1651:2018 trong khoang 0,56+0,63 cao hon so v&i ham lugng
carbon tuong duong cua cac loai thép theo BS 4449:2005.

- Ham lugng carbon twong duwong 13 mot chi s6 quan trong biéu thi kha ning xuat hién vét
nGt khi han cta thép. Ham lugng carbon twong duong cua thép cang nho thi kha nang xuit hién
cac vét nirt han cang thip va nguoc lai, do d6 cac thép san xuit tai chau Au, My thuong khong
ché ham lugng carbon tdi da nham han ché xuét hién vét nit khi han. Bang phan loai tinh han

theo ham lugng carbon tuong duong CEV duoc cho trong bang 14.

Béang 14. Phan loai tinh han theo ham lugng carbon twrong duong CEV [4]

Ham luong carbon twong duwong CEV Tinh han cuta thép
Dén 0,35 Dic biét tot
0,36+0,40 RAt tot
0,41+0,45 Tt

0,46 + 0,50 Trung binh
Lén hon 0,50 Kém

- Theo bang phan loai tinh han theo bang trén thi ham lugng carbon twong duong cua thép
san xuét tai Viét Nam theo TCVN 1651:2018 dang cao hon so v6i ham lugng carbon theo quy
dinh trong tiéu chuén BS 4449:2005 do d6 tinh han cua thép san xuét tai Viét Nam kém hon so
v6i thép theo san xuat thép tiéu chuan chau Au. Ham luong carbon tuong dwong nay can duoc

diéu chinh dé phi hop véi tidu chuan chau Au khi ap dung céc tiéu chuan BS EN vao Viét Nam.
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4. KET LUAN

- Cong tac kiém soat chat luong thép cbt trong phong thi nghiém tuan tha theo cac quy dinh
trong tiéu chuan. Cac két qua thi nghiém thép cdt dang str dung trong cac cong trinh xay dung
dugc thuc hién trong LAS-XDO01 vé chat luong da sb thoéa min cac yéu cau ky thudt trong tiéu
chuan TCVN 1651:2018.

- Céc yéu cau k¥ thuat cua ct thép trong tiéu chuan TCVN 1651:2018 co ban phu hop véi
céc yéu ciu cua tidu chuan BS 4449:2005 do ca hai tiéu chuan cung st dung chung phuong phap
thir, cac yéu cau ky thuét v6i thép cdt twong ddng nhau. Tuy nhién, c6 mot sb diém khac nhau
giita BS 4449:2005 va TCVN 1651:2018 nhu: quy dinh vé ham lugng carbon twong dwong, tinh
han cua thép cdt, tiéu chi dat khi thir udn, mot sé quy dinh vé do gian dai cling nhu yéu cau dic
thu cua thép ¢t chiu dong dat (B500C).

TAI LIEU THAM KHAO
[1] TCVN 1651-1:2018 Thép cét bé tong phan 1: Thép tron tron
[2] TCVN 1651-2:2018 Thép cot bé téng phan 2: Thép thanh van
[3] Hiép hoi thép Viét Nam, Tinh hinh thi truong thép Viét Nam 6 thang dau nam 2021 va cdc
nam 2017-2020
[4] Phdn tich tinh han ciia thép két cau, ThS. Nguyén Long - Truong Pai hoc Giao théng Van tai
[5] BS 4449:2005 Steel for the reinforcement of concrete - Weldable reinforcing steel - Bar,
coil and decoiled product - Specification
[6] BS EN 10080 Steel for Reinforcement of Concrete - Weldable reinforcing steel - General
[7] ISO 15630-1:2010 Steel for the reintorcement and prestressing of concrete - Test methods

- Part 1: Reintorcing bars, wire rod and wire

[8] CONSTRUCTION MATERIAL MS 146: 2014, Ir. Sabrudin Suren CIDB Expert Panel
(Iron & Steel) 16/12/2015 Grand Season Kuala Lumpur
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NGHIEN CUU PHUC HOI CO TRUC MAY PHAT PIEN
BANG PHUONG PHAP MA XOA

RESEARCH RESTORATION OF GENERATOR SHAFTS BY
BRUSHPLATING METHOD

ThS. Phan Anh Tuén
Vién Khoa hoc cong nghé xay dung, Email: tuanphanibst@gmail.com

TOM TAT: Béo cao trinh bay cac két qua nghién ctru va trién khai két qua vao viéc phuc hdi chi tiét c6
truc may phat dién cia nha may thiy dién bang phuong phap ma xoa, nhiam khoi phuc lai kich thudc
dudng kinh ban dau va dam bao yéu cau k¥ thuat cia cd truc bi mon hong tai ¢d truc 1ap bi. Sir dung 16p
phu ma xoa composite Ni/nano-Al,Os 1a 16p phi ma xoa Ni dugc bd xung thém cac hat nano Al,O; vao
cAu trac mang tinh thé. Lop phu dugc ché tao bing phuwong phap ma xoa trén hé thng thiét bj ma xoa
LDC - 100A. Két qua thuc nghiém thu duoc sau khi thyc hién vé6i ¢6 truc may phat dién duong kinh
300.9,0, mm da dugc phuc hoi vé kich thuée 30070

dd cting tuong thich vaéi vat ligu nén C45.

mm vo6i 16p phi ma xoa composite Ni/nano-Al,O; co

TU KHOA: Cong nghé ma xoa; Lép phit composite Ni/nano-Al,Os, truc may phat dién

ABSTRACT: The preport presents the results restoration of details generator shoafts of hydroelectric power
plants by brush plating method, in order to restore the original diameter size ensure the technical
requirements of the worn - our shaft. The Ni/nano-Al,O; composite brushplating coating is a Ni coating
adding nano-Al,O; nanopartucles to the lattice structure. The coating made by brush plating method on
LDC - 1004 plating system. Reseach results obtained afier performing with generator shaft diameter 300.,;
mm have been restored to size 300"

with the base material C45.

mm with Ni/nano-Al,03; composite coating with hardness compatible
KEYWORDS: Bruch plating; Ni/nano-Al,O; composite coating, generator shaft

1. GIOI THIEU

Phuong phap ma xoa 1a mot trong nhitng cong nghé xtr Iy bé mit tién tién voi co ché hinh
thanh 16p phu tuong déng voi ma dién. Ma xoa cho phép vira phuc hdi kich thude bi hao mon,
vira tao duoc chit lugng bé mat vé do cing, kha nang chiu mai mon, chiu an mon v.v... Hién
nay, ing dung phuong phap ma xoa vao trong viéc phuc hdi bé mat cac chi tiét bi hu hong, tao
nén mot 16p kim loai c6 do bén cao trén bé mit cua chi tiét, bao vé bé mit céc chi tiét khong bi
xudc, bi mon, chéng lai sy &n mon hoa hoc. Ma xoa 1a sy phat trién méi cua cong ngh¢ ma dién,
sir dung but xoa va dung dich ma dugc cip truc tiép 1én bé mat chi tiét. Cac thiét bi cn thiét bao
gém: mot nguén dién diéu khién, cép dién am cho chi tiét ma va dién ap duong cho but xoa, bom
dung dich, va mét s6 thiét bi phu trg khac. Phuong phap céng nghé nay khong nhiing ting ning
suét ctia qua trinh ma con ning cao duoc chit lwong 16p ma so véi cac phuong phap ma dién khac.
Ma xoa dugc tmg dung phé bién trong cac nganh phu trg cong nghiép nham ché tao 16p bao vé chi
tiét may; phuc hoi, sira chita cac 16p ma cii ma khong can mét cac chi phi thao lap may di chuyén vé
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xudng ma. Bén canh do, xuat phat tir tinh nang chéng mai mon tuyét voi clia cac vat lidu gbm, cac
bit,..., nhim tao ra 1op ma composite cd thém cac hat cung kich thudc nano nhim tang cuong tinh
chiu mai mon, an mon cho 16p ma, gia ting kha ning bao vé chi tiét may.

Trong khuon kho bai bao ndy tac gia di thuc hién nghién ctru va ap dung cac két qua nghién
ctru vao viéc phuc hdi ¢b truc may phat dién duong kinh 300mm, sau qué trinh hoat dong kich
+0,03

thudce bi mai mon xuéng -0,02 mm da dugc phuc hdi vé kich thude 300 mm voi 16p phu ma

xoa composite Ni/nano-Al,O3 c6 do cimg twong thich voi vat liéu nén C45.

2. CO SO KHOA HQC UNG DUNG CUA PHUONG PHAP

Qua qua trinh van hanh str dung cac chi tiét may s& bi mai mon dan dén kich thude bi hao
hut, khong dép tmg duge cac yéu cau ky thuat khi sir dung. Dé co thé tiép tuc sir dung céc chi tiét
méy d6 can dugc sira chira phuc hoi lai hinh dang va kich thuéc ban dau. Hién nay cé nhiéu
phuong phép duoc tmg dung dé phuc héi kich thudce cho cac chi tiét may, nhu: Han ddp, phun
pht, ma bé nhung néng hay ma dién... Tuy nhién du 4p dung phuong phap nao thi ciing phai
dam bao duoc cac yéu cu co ban sau:

+ Yéu cau vé kich thuée, hinh ddang hinh hoc: Trong qué trinh phuc hdi chi tiét may, viéc lay
lai kich thudc, hinh déng hinh hoc cua chi tiét may 1a yéu cau dau tién.

+ Yéu cau vé co, Iy héa tinh: Sau khi phuc hdi chi tiét may ngoai viéc dam bao kich thudc,
hinh dang hinh hoc cta chi tiét may con phai dam bao 6n dinh dugc co, 1y, hoa tinh.

+ Yéu cau vé kinh té va méi truong: Mot trong céac ly do cho nha dau tir vé viéc lya chon
phuc hdi chi tiét may hay thay méi chinh 13 yéu t6 gia ca va chi phi ciing nhu méi trudng cai
thién 1am viéc ctia chi tiét.

Trong d6 ma xoa 1a mot cong nghé bé mit tién tién. Cho phép vira phuc hdi kich thude vira
tao dugc chét lugng bé mit cao vé do ctng, kha nang chiu mai mon, do bén cao, khong can phai
c6 bé ma, khong can phai thap lap thiét bi, ving anh hudng nhiét thap va co thé kiém soat chat
luong ciing nhu chiéu day 16p ma mét cach truc quan va chinh xac. Do d6 n6 duoc st dung rong
rdi trong nhiéu nganh kinh té nhu ddu may toa xe, hang khong, tau thuyén, co gidi cong trinh,
thiét bi dién .

Qua cic nghién ctru thuc nghiém vé cong nghé ma xoa composite Ni co bd xung cac hat
nano- Al,Os [1], cho thdy rang 16p phii duoc dugc tao tir 16p ma xoa composite Ni/nano- Al,Os
v6i cac thong s6 thich hop cua: Mat d¢ dong dién ma; Ham lugng hat Al,Os3 trong dung dich
Niken; Nhiét 6 dung dich ma. Lép ma xoa composite Ni/nano- Al,O3 c6 thé ning cao do bén
mai mon gap hon 2-3 1an so véi 16p ma Ni thudng.

Trén co s¢ d6 tac gia da lwa chon phuong phap ma xoa Ni ¢ bd xung cac hat nano ALOs dé
ma phuc hdi cho ¢6 may phat dién c& 16n véi yéu cau dit ra 1a khong thao 1ap thiét bi ra khoi khu
vue san xuat, dam bao duge kich thudce yéu cau, do ciing bé mat va do bong dam bao dugc céc

yéu cau k¥ thudt ctia san pham nhu ban dau.
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3. NGHIEN CU'U THUC NGHIEM CHE TAO LOP MA COMPOSITE Ni/Al,0; CHO CO
TRUC MAY PHAT DPIEN

3.1. Phwong phap thue hién

Phuong phéap nghién ctru dé tim ra cac thong s6 cho qua trinh ma truc may phét dién ¢ day 1a
dua trén co s ké thira cac két qua nghién ctru co so 1y thuyét tir trude [1, 2, 3], qua qua trinh ap
dung thir nghiém, c6 kiém nghiém khao sat trén san pham thuc té 13 ¢6 truc méay phat dién, tac
gia da dua ra dugc cac thong sd ki thuat cu thé cho viée thyc hién phuc hoi chi tiét truc may phat
dién véi cac thong sd ma xoa chinh duoc cb dinh nhu sau (Trong khudn kho bai bao tac gia xin
duoc sir dung két qua cudi cung cua qua trinh kiém soat thuc nghiém cac thong sé ma bo qua cac
két qua trung gian ban dau):

+ Ham luong Al,O3: M =20 g//

+ Nhi¢t d0 dung dich ma: T = 50°C

+Dignap: U=10V

Dung dich niken nhanh dugc bd xung thém cac hat nano - Al,O3 ¢6 dang nano 0—Al,O3 (d0
tinh khiét 99,85%; kich thuéc hat ~100 nm). Hat Al,O3 duoc séy o 100°C trong 1 gio, sau do
dem cén lay khéi lugng chinh x4c cho vao dung dich ma. Hon hop duoc xt Iy trén may khudy tur
trong 18 gio trude khi ma dé dam bao cac hat phan tan déu trong dung dich.

3.2. Thiét bi ma xoa va phu trg
Cong viéc phuc hdi ¢d truc may phat dién dugc thuc hi¢n véi hé théng thiét bi ma xoa
LDC - 100A ctia My véi cac cac dién cuc phang 1am bang graphit c¢6 kich thudc 14 50x50x20 mm.
Qua trinh ma c6 su dung thiét bi ARE (Y) v6i kha ndng gia nhiét 1én dén 300°C va tdc do
khuay 8000 rpm dung dé gia nhiét dung dich va khuay phan tan hat Al,O3 vao dung dich ma.
Thiét bj kiém tra chat luong 16p phii ma xoa: may do do day 16p phu Mitutoyo DIGI-DERM 745,
panme do 250 + 350 mm, thiét bi do d6 ctrng Mitutoyo cua Nhat, thiét bi do d nham Insize.
Nguyén 1y ctia phuong phap ma xoa dugc thé hién trong hinh 1:

Chét dién phan | g hoc
| cuc duong

L Cuc duong Iay tam

Lép ma

l O ‘\\\ﬁimnﬂl
77707 Co
f .

Nguon 1 chiéu

Kim loai
cd so

Day dan

Hinh 1. Qua trinh hinh thanh 16p pht ma xoa
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3.3. Quy trinh thyc hién

a. Lam sach bé mat chi tiét

Dé lam sach bé mit lam viéc cua chi tiét ¢d truc may phat di¢n, nhom tac gia thuc theo quy
trinh cong nghé nhu Bang 1. Sau mdi budc cong nghé bé mit ma duge lam sach bang nuéce RO.
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Bang 1. Ché d6 cong nghé ma xoa lam sach bé mat chi tiét

TT Budc cong nghé Ché do cong nghé ma xoa
1 Téy dau bé mit kim loai nén - Pién cuc: Pau cyc thuan
- Dung dich dién phan LDC - 01 -Piénap: 1012V
- Téc do tay ma: 40 + 50 mm/s
- Thoi gian: 30s~2 phut
2 Khtr ma‘mg‘ oxy hoéa va 16p moi cia bé mat - Pién cuc: Piu cuc nghich
kim loai nén -Piénap: 616V
- Dung dich hoat héa LDC - 02 - Thc do tay ma: 40 + 50 mm/s
- Thoi gian: 30s~2 phut
3 Khur Cac bon‘ va cac chét bén‘ta‘ln du sau - bién cyc: PAu cyc thuén
budc 2 cua bé mat kim loai nén -Piénap: 6+ 16V
- Dung dich hoat hoa LDC - 03 - Téc d6 tay ma: 40 + 50 mm/s
- Thoi gian: 30s ~2 phat.
4 | Lam sach bang nudc RO

b. Ché dé cong nghé ma xoa 16p phii nanocomposite Ni/nano-Al,03

Sau khi lam sach bé mat béng cac dung dich di¢én phan va dung dich hoat héa, chi tiét co truc
may phat dién duogc thyc hién tao 16p phu nanocomposite 1én bé mat lam viéc véi cac ché do

cong ngh¢ dugc néu trong Bang 2.

Bang 2. Ché do cong nghé ma xoa tao 16p phi nanocomposite Ni/nano-AlOs

TT Budc cong nghé

Ché 6 cong nghé¢ ma xoa

1 Tao 16p phu 16t: Ni

- Dung dich ma xoa Ni dac biét

- Pién cuc: PAu cyc thuan

- Dién ap:

+ 18 V trong 3 giay dau

+ 12 V trong thoi gian con lai
- Téc d6 tay ma: 50 + 60 mm/s
- Thoi gian: 2 phut

2 | Tao 16p phu Niken ban bong:
- Dung dich ma niken.

- Phu gia ma ban bong.

- Pién cuc: PAu cyc thuan
-Dignap: 14V

- Toc d6 tay ma: 40 + 50 mm/s
- Thoi gian: 20 + 30 phit
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Bang 2 (tiép theo)

TT Budce cong nghé Ché d6 cong nghé ma xoa
3 Tao 16p phu nanocomposite Ni/nano-Al,O; | - Pién cyc: Pau cuc thuan
- Dung dich ma xoa Ni nhanh - bi¢n ap: 10V
- Bot nano - Al,O3 kich thudce 30 nm - Tbe do tay ma: 40 + 50 mm/s
- Thém phu gia ting bong néu 16p ma ngoai | - Thoi gian: ma cho t6i khi dat do day phuc
qua san sui. hdi
4 | Lam sach bang nuéc RO

Duéi day 1a mot s6 hinh anh thuc té trong qua trinh thyc hién phuc héi kich thudc cb truc

may phat dién bang phuong phap ma xoa 16p phii nanocomposite Ni/nano-Al,Os.

Hinh 3. Thyc hién ma xoa va kiém tra kich thudc, do nham bé mit trong qua trinh phuc hdi
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4. KET QUA THUC HIEN

Sau qua trinh &p dung quy trinh thyc hién ma xoa tao 16p phi composite Ni/nano-Al,O3 1é€n
vi tri ¢ truc may phat dién duong kinh 300 mm. Cac thong sd ky thuat dugc kiém tra va danh
gia nhu sau:

Pat dugc két qua tdt, dap tmg dugc cac yéu cau k¥ thuat cia truc may phat voi thong sb ky
thuat sau khi phuc hdi nhu sau:

+ Kich thuée duong kinh C6 tryc:

Qua trinh tién hanh phuc hdi, dudong kinh C6 truc dugc kiém soat chat ché sau mdi 16p phu
hoan thién. Sau khi hoan thién qua trinh phuc hdi duoc kiém tra lai béng thudc panmer dién tor
Mitutoyo khoang do 350mm, d6 chinh xac +0.01. Két qua cho thdy duong kinh ban dau la
300.9,0, mm dé dugc phuc hdi vé kich thude 3007 mm.

+Po cliing bé mit:

Yéu cau ki thuat o cing cta 16p phu phuc hdi phai dat duge do cing 16n hon vit co ban
(Thép C45). Lop phu sau khi hoan thanh phai c6 d6 cimg cao, ¢ bam dinh tdt, kha nang chiu
mai mon dép ung dugc do dugc tai cac vi tri phuc hdi dat 240-250 HV, phu hop voi do cung
thép C45, dap ing ding yéu cau k¥ thuat dat ra.

+ Do nham bé mat tai vi tr phuc hdi do duge ndm trong vung 0,7 — 0,9 pm.

Céc chi tiét stra chita phuc hoi da hoat dong binh thudng véi cac chi sd gidm sat nam trong
mirc cho phép theo yéu cau ki thuat.

5. KET LUAN VA KIEN NGHI

- V&i b thong s6 ché d6 ma xoa: Dién ap ma U = 10 (V); Ham lugng hat ALLO; M =20 g/l;
Nhiét d¢ dung dich ma T = 50°C, da tao l6p phu composite Ni/nano- Al,Os 1én bé mit thép co
d6 cimg twong thich thép C45, danh gia ngoai quan 16p phii min, sang bong, dong déu, téc do
hinh thanh 16p ma dat mtc 0,86 um/phtt.

- Nhém tac gia da thanh cong trong viéc ché tao 16p phti ma xoa composite Ni/nano- Al,Os
1én bé mat cd truc may phat dién. Truc phat dién dugc phuc hdi vé kich thuéc ban dau duong
kinh 3007 mm (kich thudc ¢ truc bi mon xubng dwong kinh 300.90, mm) va do cing tuong
thich v&i vat liéu nén.

- Ung dung 16p phu ma xoa composite Ni/nano- Al,O; cho sy phuc hdi, stra chita va nang
cao tinh chiu mon cho chi tiét c6 kich thudc 16n tai hién truong di tré thanh hudng phat trién
m&i trong nganh co khi. Phuong phap ma xoa di mang dén hiéu qua kinh té 16n giam gia thanh,
dé dang va chu dong trong viéc phuc héi, stra chita cac chi tiét, giam duoc thoi gian, chi phi dau
tu va dé dang trién khai rong rai trong cac co s phuc hdi, stra chira.

- Can c6 nhitng nghién ctru rong hon dé dua ra cac bo thong sé phu hop nham kiém xoat
chét luong bé mat 16p ma cho céc loai vat liéu nén khac nhau, tao co sd cho viéc ap dung rong
rii phuong phéap nay trong hau hét cac loai vat liéu nén dang duoc sir dung.
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PANH GIA CUONG PO CHIU NEN BE TONG HIEN TRUONG
BANG VAN TOC XUNG SIEU AM THEO TCVN 9357 VA EN 13791

EVALUATION OF THE FIELD COMPRESSIVE STRENGTH OF
CONCRETE BY ULTRASONIC PULSE VELOCITY ACCORDING TO
TCVN 9357 AND EN 13791

KS. Ping Trong Vinh', ThS. D4 Tran Hung?, KS. Vi Hé)ng Ha’
"-23vign Khoa hoc cong nghé xay dung, Email: dang.vinh.56nuce@gmail.com

TOM TAT: Cudng d6 chiu nén hién trudng cua bé tong duoc stir dung dé danh gia sy phi hop cua céac
két cau xay moi, danh gia kha nang chiu lyc cia cac két cAu hién co,... Cuong d6 chiu nén hién truong
& Viét Nam c6 thé duge xé4c dinh theo TCXDVN 239, con & cac nude thude cong déng chau Au theo
EN 1379. Tuy nhién, c6 mot sb khac biét nhat dinh trong ky thudt su dung dé danh gia cuong do hién
truong trong hai tiéu chuan trén. Bai viét trinh bay cu thé viée st dung ti€u chuidn TCXDVN 239 va
TCVN 9357 dé danh gia cudng do chiu nén bé tong hién truong bang van tdc xung siéu 4m va so sanh
voi BS EN 13791.

TU KHOA: Cuong do nén, dudng chuan.

ABSTRACT: The field compressive strength of concrete is used to evaluate the suitability of newly built
structures, assess the bearing capacity of existing structures,... Field compressive strength in Vietnam
Male can be defined according to TCXDVN 239, and in the countries of the European Community
according to EN 13791. However, there are certain differences in the techniques used to assess field
strength in the two standards above. The article presents in detail the use of standard TCXDVN 239 and

TCVN 9357 to evaluate the compressive strength of concrete in the field by ultrasonic pulse velocity and
compares it with BS EN 13791.

KEYWORDS: compressive strength, calibration curve.

1. MO PAU

Dé danh gia cuong do chiu nén bé tong hién truong bang van tdc xung siéu &m, TCVN 9357 va
BS EN 13791 déu duya trén duong chuin V-R da duoc thiét lap. Viéc xdy dung dudng chuan V-R
¢6 thé dugce tién hanh dua trén cac mau duc tiéu chuin (dung cho vi¢c xac dinh cuong do bé tong
trén nhing cong trinh xay dung méi), hoic cac 16i khoan (trong trudng hop can kiém dinh nhiing
cong trinh cii). Trong BS EN 13791, nhiing chi dan va vién dan cu thé dé thuc hién cac budc
thiét 1ap duong chuan V-R khong dugce dé cap, con trong TCXDVN 239 viée xay dung duong
chuan V-R dugc tién hanh theo TCVN 9357. Nén ¢ bai viét ndy tac gia chi trinh bay cach danh
gid cudng do chiu nén bé tong hién truong bang véan toc xung siéu 4m theo TCXDVN 239 va
TCVN 9357 va so sanh mot s6 diém khéc biét duoc néu ra trong BS EN 13791.
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2. PANH GIA CUONG PQ CHIU NEN BE TONG HIEN TRUONG BANG VAN TOC
XUNG SIEU AM THEO TCVN

2.1. Thiét 1ap dwong chuin V-R [2]

Theo TCVN 9357, d¢ xay dung dudng chuan V-R cin c6 tir 30 dén 60 mau lap phuong canh
15 cm hodc canh 10 cm ddi voi mdi loai cip phdi bé tong, dugc bao dudng va da tudi thi
nghiém. Néu khong ¢ miu thi c6 thé ap dung theo TCXDVN 239 nhu sau:

- DP6i véi cac cong trinh dang xay dung nhung khéng du miu hoic khong ¢6 miu luu dé xay
dung duong chuan cho loai bé tong cua két cau can kiém tra, dugc phép sir dung mot duong
chuan cia mot loai bé tong tuwong tu (vé cdt lidu, xi mang, ty 1& nudc - xi ming, tudi, cong nghé
tron, do, ddm v.v...) v6i diéu kién phai hiéu chinh dudng chuin dya trén:

+ Cac mau lap phuong tiéu chuan cua loai bé tong di kiém tra, duc va bao dudng tai hién
truong véi sb lugng khong it hon 9, 18, 27 mau tuy thudc vao khdi lugng bé tong cua cac két cau
kiém tra.

+ Céac mau khoan c¢6 dudng kinh 150 mm hay 100 mm, khoan tir nhiing két ciu can kiém tra
voi s6 lugng khong it hon 3, 6, 9 mau tuy thudc vao khdi lugng bé tong cua cac két cAu kiém tra.

- Dbi voi cong trinh di sir dung khong ¢6 mau luu, phai khoan mau tir cong trinh dé xay
dung duong chuin véi sd lwong khong it hon 6, 12, 15 miu tuy thudc vao khdi lwong bé tong
ctia céc két cAu kiém tra.

- Po van tde xung siéu am Vj, thi nghiém nén mau dé xac dinh cuong do Ry, cua ting t6 mau
(loai bo cac két qua thi nghiém di thuong), tién hanh xay dung dudng chuén theo trinh ty sau:

* Budc 1: Xac dinh quan hé gitta V va R

Quan hé gitra V va R ¢6 2 dang 1a tuyén tinh va phi tuyén

- Khi Rpi™ — Ry ™™ < 2R (60 — R, )% thi ding phuong trinh dang tuyén tinh:

R=a,+a; xV (D)
- Truong hop con lai thi ding phuong trinh dang phi tuyén tuyén (ham sé mii):
R=b, x e’ )

Trong do:
V - van tc xung siéu 4m trong mau;
R - cuong d¢ bé tong xac dinh theo phuong trinh;
Rpyi™ - cuong d6 nén 16n nhét ciia tat ca cac t6 mau;
R,,™™ - cuong d6 nén nho nhit cua tit ca cc t6 mau.

Véi phuong trinh dang tuyén tinh, cac hé s6 ag, a;, dugc tinh nhu sau:

a=R,_ —a; xV (3)

>Ry —R)x(V-V))
a; = i=1 —— (4)
> (V-V,)?

i=1
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R_ =1L _ cudng do nén trung binh ciia tat ca cac to mau (5)

- van toc xung si€u am trung binh cua tat ca cac t6 mau (6)

Vi
Rumi - cuong d6 cua t6 mau thi i;
Vi - vén tdc cta td miu thi i;
n - s6 t6 mau thi nghiém dé xay dung duong chuan.
* Bude 2: Hiéu chudn duong chudn bcing cach loai bé cac té6 mau khong dat diéu kién:
[Ri ~Rpi | <9 (7)
S
Trong do:
S - d¢ léch binh phuong trung binh, xac dinh theo cong thuec:

> Ry~ R)?
S = i=1

— (8)

Trong do:
R; - cudng do cua té miu tht i xac dinh theo duong chuan da xay dung;
R =ay + a; x V; dbi voi phuong trinh (1) hodc R; = by x ™V d@bi voi phuong trinh (2).
Sau d6 duong chuan duoc xay dung lai theo két qua cac t6 mau con lai.
Viéc hiéu chinh dudng chuan dugc thuc hién cho dén khi két qua ting t6 miu thoa man
diéu kién (7).
2.2. Xac dinh cwong do bé tong hién trwong [1]
Theo TCXDVN 239, sau khi thiét 1ap xong dudng chuan, tir két qua siéu 4m xac dinh cuong
do bé tong tai cac vung thiur Ryg.

- Xac dinh cudng do bé tong trung binh cua cac ving kiém tra trén két ciu:
m
Z Ry

Ry == )
m

Trong do:
Ryti - cuong do bé tong tai vung kiém tra thir 1

m - s vung ki€m tra trén két cau, cau kién.
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- Xéc dinh cuong do bé tong hién trudong cia két cu, ciu kién (Ryt) theo cong thure:
R, =Ru(1-t, xv,,) (10)
Trong do:
Vi - hé 6 bién dong cuong do bé tong cua cac vung kiém tra trén két cau, ciu kién;
t, - hé s6 phu thudc vao sd luong ving kiém tra khi thir bang phwong phap khong pha hiy,
liy theo phu luc A - TCXDVN 239.
2.3. Danh gia cuwdng d¢ bé tong hién truong [1]
* Theo TCXDVN 239
- Xéc dinh cuong d6 bé tong yéu cau
Ry. = B hodc Ry, = M(1 — 1,64v); v6i v = 0,135 thi Ry, = 0,778M
Trong do:
B - cép bé tong theo cudng do chiu nén (MPa, N/mmz);
M - méc bé tong theo cuong do chiu nén (MPa, N/mmz).

- Khi danh gia cuong dd chiu nén cia bé tong bang van tdoc xung si€u am, bé tong trong cau

kién hodc két ciu cong trinh dat yéu cAu vé cuong do chiu nén khi Ry > 0,9 Ryc; Riin 2 0,75 Rye.

3. PANH GIA CUONG PQ CHIU NEN BE TONG HIEN TRUONG BANG VAN TOC
XUNG SIEU AM THEO BS EN [3]

3.1. Thiét 1ap duwdng chuin

Cuong d6 chiu nén cua bé tong duoc biéu thi bang cip do bén (cap cuong do) cua bé tong,
co lién quan dén cuong do dac trung (5 %) ctua mau tru f, hodc mau 1ap phuong fek cube theo ti€u
chuan EN 206-1.

fon= fuc + 8 (MPa) (11)
fun - cuong d6 chiu nén trung binh cia bé tong ¢ tudi 28 ngay

Theo BS EN 13791 cudng dd nén hién truong 1a cudng dd nén cuia mau hinh tru co ty 1¢
duong kinh: chiéu cao 1a 2:1 va c¢6 dudng kinh 16n hon hodc bang 75 mm. Panh gia cuong do
chiu nén hién trudng trén co sé 18i khoan can c6 it nhat 10 cap két qua.

C6 thé tham khao cach xdy dung duong chuan theo EN 13791:2007 bang cach sir dung

duong chuén co so:
fy = 62,5.V* —497,5.V +990 (12)
Dich chuyén duong co sé dua trén:

Af=8f  —ks (13)

of = fi, —fy (14)
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Vié¢c loai bd cac to mau khong hop 1€ dugce xét trén cac t6 mau cé cuong do nén 16n nhat va

nho nhat, thoa man dicu kién sau:

f . .. —f .
is,highest ,
c,is,highes c,m(n)is G

s P
f

c,is,lowest
> Gp

f

c,m(n)is

S

Trong do:

Véi:

f; is.highest - CUrONE dO nén 16n nhat cua tat ca cac t6 mau;

£, is.lowest - CuONg dO nén nho nhét cua tat ca cac t6 mau;
fo mnyis - cuong do nén trung binh cua tat ca cac to6 mau;

Gy - gia tri gi61 han, duoc cho trong bang 5 - BS EN 13971,

S - d6 1éch chuan tong thé duoc tinh nhu sau:

:

_ |2, 2
S =+/S; +5;

2
(fc,is,reg - fc,m(m)is)

I

._.
I
—_

m-—1
— z?:l (fC,iS - fc,is,reg )2
YT n—2

Néu tinh toan ra S, < 2 thi 1y S, =2

Sc - d6 1éch chuan cac mau thu;
Se - d0 I¢ch chuan con lai cac mau thir dat yéu cau;

f

c,is,reg

f

c,m(m)is

- cuong dg cua tdé mau dugc xac dinh theo duong chuan da duoc xay dung;
- cuong do nén trung binh cia cac t6 mau;

f... - cuong do nén cua to6 mau;

c,is
n - sO luong mau nén;

m - cac t6 mau dugc st dung d¢ thiét 1ap duong chuan.

Puong chuin c6 dang (y = a + b.x), hodc (In y = a + b.In x).

3.2. Panh gia cwong do bé tong hién trwong

trong bang 10 cua tiéu chuan nay.
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- V6i khéi lwong bé téng cua cac két cdu kiém tra tir 60 dén 120 m’:
Sistowest = 0,85(F ek spec — M) (20)
Smmis = 0,85(f ckspec T 1) (21)
Trong do:

S ekspec - cudng d chiu nén dic trung cia bé tong kiém tra;

S exis - cudng do chiu nén dic trung hién truong cua bé tong kiém tra;

Smmis - gid tri trung binh cta n két qua thi nghiém cuong d6 chiu nén hién trudng;

Sis towest - két qua thi nghiém cuong do chiu nén hién truong nho nhét;

M = 4 (MPa) ddi v6i bé tong c6 cap do bén nén C20/25 trd 1én.
4. ViDU CU THE

4.1. Xay dung dwong chuin va xac dinh cwong do bé tong hién trueomg theo TCVN

Kiém tra chat luong bé tong hién truong véi 1 cong trinh cu thé ¢ bé tong thiét ké M 450 (B35)
bang phuong phap van tdc xung siéu &m véi 16 t6 mau luu.
Pon vi thi nghiém d tién hanh do véan tdc xung siéu 4m va nén miu trén 16 to mau voi két

qua dugc cho trong bang sau:

Bang 1. Két qua thi nghiém trén cac t6 mau

T~6 Van toc xung si€u | Cuong do nén R Tf) Van toc xung siéu | Cuong do nén R

mau am 'V (m/s) (MPa) mau am V (m/s) (MPa)
1 4222 44,89 10 4344 37,33
2 4499 42,89 11 4296 31,33
3 4464 40,00 12 4532 48,67
4 4277 37,04 13 4270 42,44
5 4482 41,56 14 4295 44,44
6 4454 41,33 15 4392 39,56
7 4392 34,67 16 4367 39,56
8 4389 44,00
9 4485 42,67

* Thiét ldp dwong chudn V-R
Theo bang trén, Ry, = 45,67 N/mm2, Ruin = 31,33 N/mm2; Rm = 40,58 N/mm?
Puong chuan c6 dang R =ag+a; x V=0,01V —4,5
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St dung duong chuan trén dé tinh do 1éch binh phuong trung binh cic mau thi:

n
Z(Rmi _Ri)2
S=4= =4,16
n —
.2 L LA X A <A N |Ri_Rmi|
Kiém tra cac t0 mau déu dat theo diéu kién: — <2

* Xac dinh cuong do chiu nén bé tong hién truong bang phwong phap siéu am
Trén cau kién can kiém tra, tién hanh xac dinh van toc xung si€éu am va tinh toan cuong do chiu

nén cho tirng viing theo dudng chudn vira dugce thiét 1ap trén, két qua dugc cho trong bang dudi:

Bang 2. Cuong do chiu nén trén cac vung thu nghiém

Vung V (m/s) R (MPa) Vung V (m/s) R (MPa)
1 4181 37,31 7 4153 37,03
2 4251 38,01 8 4143 36,93
3 4319 38,69 9 4103 36,53
4 4330 38,80 10 4168 37,18
5 4248 37,98 11 4156 37,06
6 4194 37,44 12 4220 37,70

T cac so liéu trén ta co:

m
. ZRhti
Ry ==L——=37,56 (MPa)
m

Cuong d6 bé tong hién truong cia cdu kién dam:

Ry, =Rne(1—t, xv},)
Voi: Vi =0,017; t,=1,77

Ry = 36,42 (MPa)

Bé tong dam thiét ké B35 c6 B =35 MPa
Ry. =B =35 MPa
0,9R,. = 31,5 MPa
0,75R,. = 26,25 MPa

So sanh théy Rpt 20,9 Rye; Rinin 2 0,75 Ry, vay cuong do chiu nén bé tong cua cAu kién kiém

tra dat yéu ciu so v4i bé tong thiét ké.
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4.2. Xay dung dudng chuin va xac dinh cwong dd bé téng hién truong theo BS EN

V6i 16 td mau 1ap phuong canh 15 cm trong bang 1, theo EN thi fix cuve = 35 (MPa)

Bang 3. Xur 1y s6 lidu cac t6 mau theo BS EN

Té mau 1 2 3 4 5 6 7 8 9
\Y% 4222 | 4,499 | 4464 | 4277 | 4482 | 4454 | 4392 | 4389 | 4485
fois 44,89 | 42,89 | 40,00 | 37,04 | 41,56 | 41,33 | 34,67 | 44,00 | 42,67

foisee | 26,05 | 39,22 | 37,02 | 27,88 | 38,10 | 3644 | 32,98 | 32,84 | 38,30

T6 mau 10 11 12 13 14 15 16

\% 4344 | 4296 | 4,532 | 4270 | 4295 | 4392 | 4,367

feis 37,33 | 31,33 | 48,67 | 42,44 | 44,44 | 39,56 | 39,56

feis reg 30,66 | 28,62 | 41,40 | 27,65 | 28,57 | 33,00 | 31,73

Puong chuan c6 dang:

. . =62,5V*—-497,5V +1012

c,is,reg

o mmyis = =" (f. reg)/m =33,15 (MPa)

f

c,m(n)is

_ & =40,59 (MPa)
n

2
Z( c,is,reg ¢ m(m)ls)

Se = 7 =9,04
\/Z ( ClS ClSng) _9 59
n-2 ’

= Js2+s2 =13,17

Kiém tra duong chuan: do c6 16 t6 mau nén G, = 2,852

fespighest ~femmyis _ o 06 5 22 859
5 p ’
S

£, s —Fos
c,m(n)is c,is,lowest _ 1’10 < Gp — 2’852
S

Viy céc to mau 1am dudng chuan déu hop 16.

Str dung dudng chuén trén dé xac dinh cudng d6 chiu nén dic trung hién truong (mau 1ap

phuong) cia bé tong kiém tra:
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Béang 4. Cuong do chiu nén trén cac vung thir nghiém theo BS EN

Ving V (m/s) feris (MPa) Ving V (m/s) feris (MPa)
1 4181 2490 7 4153 2425
2 4251 26,95 8 4143 24,04
3 4319 29,54 9 4103 23,33
4 4330 30,02 10 4168 24,58
5 4248 26,87 11 4156 24,32
6 4194 25,24 12 4220 25,98

fistowest > 0,85(F cspec — M) diéu kién nay khong dat (23,33 < 26,35)
fingis = 0,85(F eicspec + 1) didu kién nay khong dat (25,83 < 30,6)

Vay cudng do chiu nén bé tong cua céu kién kiém tra khong dat yéu cAu so v4i bé tong thiét ké.
4.3. Nhan xét

Viéc xay dung dudng chuin cuong do chiu nén bé tong hién trudng - van téc xung siéu 4m
dya trén cac mau luu thuc hién theo TCVN 9357 rit tuong minh va rd rang, rat thuén tién cho
cac ky su thuc hi¢n. Puong chuan duoc 1ap dya trén 30 dén 60 mau 1ap phuong canh 15 cm hoac
canh 10 cm ddi v6i mdi loai cap phdi bé tong hodc miu khoan tir cong trinh véi s6 luong khong
it hon 6, 12, 15 mAu tiy thudc vao khéi luong bé tong cia cac két cau kiém tra.

Véi BS EN 13791:2019 cach xay dung duong chuan 13 phén tich hdi quy cac cip gia tri thu
dugc trong thi nghiém cung véi cac cong thirc danh gia duong chuan. Panh gia cudng do chiu
nén hién truong trén co so 18i khoan can c6 it nhat 10 cip két qua. Cac chi dan cu thé dé xay
dung duong chuan khong duoc dé cap s& gay khé khian dang ké khi ap dung phuong phap xéac
dinh cudng d6 chiu nén cta bé tong bang siéu 4m trong thyc té. C6 thé tham khao cach xay dung
duong chuan theo BS EN 13791:2007 bang céach sir dung duong chuan co so c¢6 sin.

Sau khi c¢6 duong chuin, viéc danh gia cuong do chiu nén bé tong hién truong theo
TCXDVN 239 hoic BS EN 13791 déu c6 nhing cong thic cu thé.

Véi cing t6 miu luu, cing mot cdu kién kiém tra bang phwong phap siéu am, danh gia két
qué thi nghiém hién truong theo TCXDVN 239 thi dat con theo BS EN 13791 thi khong dat.
Céch xac dinh gia tri cuong do chiu nén bé tong hién truong theo BS EN 13791 cho gia tri nhd
hon nhiéu so véi TCXDVN 239.

5. KET LUAN

Bai bao da dua ra cach xdy dung duong chuan dya trén cac mau luu va mau khoan trén cong
trinh dé d4nh gia cuong do chiu nén bé tong hién truong theo TCVN 9357, TCXDVN 239 va
BS EN 13791.
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Céch xay dyng duong chuan cia 2 hé tiéu chuén trén cé sy tuong ddng, nhung khac nhau vé
viéc danh gia két qua thi nghiém hién trudng.

Céc tiéu chuan thiét ké két cau cbt 161 & Viét Nam nhu: két ciu bé tong cdt thép dang duoc
bién soan dua trén nén tang hé thong tiéu chuin chau Au, do d6 cac tiéu chuan vé phuong phap
thir va danh gia can dugc bién soan dong bd theo dinh huéng méi nhung can bd sung nhing vi
du minh hoa dé d& dang ap dung trong thuc té.

6. TAI LIEU THAM KHAO
[1] TCXDVN 239:2006: Bé tong ndng - Chi dan déanh gic cuong dg bé tong trén két cdu cong trinh

[2] TCVN 9357:2012: Bé téng ndng - Phirong phdp thir khéng phd hoai - Pdnh gid chat lwong
bé téng bang vin téc xung siéu am

[3] BS EN-13791:2019 Assessment of in-situ compressive strength in structures and precast

concrete components
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NGHIEN CUU GIAI PHAP LIEN KET HE GIAO TREO
SU DUNG GIAO HOAN THIEN

RESEARCH SOLUTIONS TO CONNECTED TEACHING CONTACT
USING COMPLETE CONFIGURATION

KS. Vii Hong Ha', ThS. D4 Tran Hung?, KS. Pang Qudc Hai’, KS. Pang Trong Vinh*
1-234y/ién Khoa hoc cong nghé¢ xay dung,
Email: vuha.ibst@gmail.com, tranhung.ibst@gmail.com,
hdquochai@gmail.com, dang.vinh.56nuce@gmail.com

TOM TAT: Trong thi cong xdy dung noi chung thi hé gian gido 1a két cdu tam thoi nhung dong vai tro
rat quan trong trong viéc dam bao an toan cho ngudi va cong trinh. Nhitng cong trinh ¢6 tinh chét dic thu
v6i nhitng diéu kién dia hinh chat hep, khé khan trong cong tac lép dung san thao tac thi viéc dam bao an
toan cho nguoi lao dong duoc uu tién hang dau. Thuc trang & Viét Nam hién nay, c6 kha it cac hé gian
gido phuc vu cong tac thi cong cho cac cong trinh ¢ tinh chat dic thi nhu da noi ¢ trén. Bai bao nay
nhém tac gia trinh bay giai phap lién két hé gio treo sir dung giao hoan thién véi muc dich gidi thiéu mot
giai phap 1a sy két hop giita nhiing vat liéu gido sin c6, phd bién trén thi trudng nhung lai ¢ tinh kha thi
cao trong cac cong trinh c6 tinh chat dic thu.

TU KHOA: h¢ gi4o treo, gian gio.

ABSTRACT: In general construction, the scaffolding system is a temporary structure but plays a vital
role in ensuring the safety of people and works. For projects with specific characteristics with narrow
terrain conditions and difficulties in the erection of working floors, ensuring the safety of workers is a top
priority. In the current situation in Vietnam today, quite a few scaffolding systems are serving the
construction work for projects with specific characteristics, as mentioned above. In this paper, the
authors present a solution to link a suspended scaffold system using a complete spear to introduce a
solution that is a combination of available and popular spear materials on the market but with high
potential. Highly competitive in projects with specific characteristics.

KEYWORDS: the suspended scaffold system, the scaffolding.

1. MO PAU

Trong thi cong xdy dung néi chung thi gian gido 1a két cau tam thoi thuong duoc sir dung dé
chéng d& céc tai trong khi thi cong. Céc tai trong thing dimg trén gian gido co thé 1a tir ngudi lao
dong, thiét bi, van khuon va vat liéu xay dung. Tuy thudc vao muc dich sir dung cu thé, gian giao co
thé duoc phan loai thanh gian gido hoan thién hodc chiu luc. Gian gido hoan thién dugc str dung dé
chiu tai nhe dén trung binh do ngudi lao dong, vat li€u thi cong nhe. Gian giao hoan thi¢n doi khi lai
duoc don vi thi cong sir dung dé chiu tai trong nang nhu trong luong bé tong trong van khudn

Gian gido (scaffold) l1a két cAu tam duogc dat cb dinh hodc di chuyén duoc (trén mat dat, san
hodc két cau khac d& chung); hodc dugc treo hay neo giit vao két ciu cong trinh chinh va cac cu
kién phu trg cua ching. Gian gido dugc st dung dé nang, do nguoi va vat liéu, lam duong di tiép
can vao cong trinh phuc vu cong tic hoan thién hodc bao che bao gom:
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- Gian gido tu dig (khong dugc neo gilr vao cong trinh);

- Gian giado dugc neo gilt vao cong trinh;

- Gido treo.

Véi nhitng cong trinh ¢ tinh chat ddc thu (cong trinh nha may nhiét dién, ham 10, dng
khoi...) voi nhimng diéu kién dia hinh chat hep, kho khin trong cong tac lip dung san thao tac thi
viéc ddm bdo an toan cho nguodi lao dong dugc uu tién hang dau. Thuc trang ¢ Viét Nam hién
nay, c6 kha it cac hé gian gido phuc vu cong tac thi cong cho cac cong trinh c6 tinh chat dic thu
nhu d4 ndi & trén. Bai bao nay nhom tac gia trinh bay giai phap lién két hé giao treo st dung gido
hoan thién v&i muc dich gidi thiéu mot giai phap 1a su két hop giita nhitng vat liéu gido sin co,
phd bién trén thi truong nhung lai c6 tinh kha thi cao trong cac cong trinh ¢6 tinh chat dac thu.

2. KHAI QUAT VE GIAO TREO
2.1. Cong dung cua gido treo

Gi4o treo 1a hé két cdu chic chan dung dé thi cong lip dit, bao dudng, trang tri trong céc
cong trinh xdy dung. Gido treo dugc sir dung kha rong rdi va phd bién trén toan thé gisi véi
nhiéu tinh nang uu vi¢t dem lai chét luong, tién do cong trinh va an toan cho nguoi lao dong, 1a
thiét bi co tinh canh tranh thay thé cho gian gido xay dung truyén thong. Gido treo c6 nhitng wu
diém ndi troi nhu dam bao an toan cho nguoi lao dong, két cau don gian, gon nhe, dé van
chuyén, lép dat thuan ti¢én, tao khoang thi cong 16n cho nguoi lao dong. HE giao treo rat thich
hop véi nhitng cong tac thi cong trong diéu kién mat bang chat hep, khong gian khong du rong
dé lap dat hé gian giao truyén thdng, cac vi tri thi cong co d6 cao 16n ma viée lap dat cac hé giao
khéc khong kha thi.

2.2. Mot s6 loai gido treo phd bién
2.2.1. H¢ gido treo Gondola

La hé gido treo pho bién nhit trong cong tac xdy dung hién nay & Viét Nam. Cau tao cua hé
gio treo Gondola vé co ban nhu hinh 1

Béi trong
Countar-Welight

Buspension Mechaniam

Td dién
Electrical Contral System

Phanh cap tai
Safety Lock

Mé tor
Hodst
San thao tde

Platfam

Hinh 1. Ciu tao cia gido treo Gondola

344



Hoi nghi Khoa hoc Can bg tré lan thir XVI
H¢ gido treo Gondola c6 nhitng cong dung nhu sau:
- Hoan thién cong trinh: lép rap nhom kinh, mét dung (hinh 2);

- Trang tri: vé sinh, 1am sach bé mit, son stra (hinh 3);

- Bao dudng: thi cong son nude, trat tudng, gin da p tuong (hinh 4).

Hinh 2. Cong tac lép mat dung kinh Hinh 3. Cong tac v¢ sinh, lam sach bé mat

Hinh 4. Cong tac thi cong son nudc nha cao tang

2.2.2. H¢ gido treo swr dung gido hoan thién

Nhu dd dé cép ¢ trén thi trong cac bién phéap thi cong hién nay tai Viét Nam, hé gido treo
Gondola duoc st dung rat phd bién v6i nhimg vu diém vuot trdi nhu lip dung don gian, d& thao
tac, nang suit lao dong cao phu hop véi nhiéu diéu kién thi cong khé khan, phirc tap. Bén canh
nhitng wru diém nhu vy thi van con nhiing ton tai d6 1a chi phi dau tu con kha cao, doi hoi ngudi
van hanh phai dugc dao tao bai ban ki ndng stir dung va dac biét 1a voi nhiing cong trinh cé tinh
chat dic thu, diéu kién dia hinh thi cong chat hep, kho khin trong cong tac lip dat san thao tac

345



Hoi nghi Khoa hoc Cén bg tré lan thir XVI
thi viéc sir dung hé gido treo Gondola chua duge hop 1y va tdi uu. Dé phan nao giai quyét van dé
nay, nhom tac gia mudn gidi thiéu mot giai phap do 1a su lién két hé gido hoan thién véi nhau dé

tr¢g thanh hé gido treo.

Za
IS8
! B
S
=
=
N
Za
N
=
=

Hinh 5. Qua trinh ciu lp hé gido treo vao cong trinh

Hé gido treo nay duoc ciu tao bai hé gido khung thong thudng (gido hoan thién), gido co thé
tu treo do lién két dic thu gitta cac dau khung véi nhau. Chung c6 thé duoc st dung cho nhitng
vi tri thi cong ma khong gian khong du 1on dé 1ap dung hé gian gido truyén thong nhu hang muc
10 nung cta nha may nhiét dién. Do dic thi cong tac thi cong 10 phai 1am hé dng bén dudi mat
dat, song song véi d6 1a cong tac hoan thién vach 10 va hé éng bén trong 16. Chinh vi thé phai
treo hé gido nay 1én bang hé gido treo dam bao cong tac thi cong ca trén va dudi. Ngoai ra hé
gido treo nay ciing rat phi hop véi didu kién thi cong cac hang muc dng khoi cong nghiép, dam
bao tién do thi cong dong thoi tir trén xudng dudi, tir dudi 18n trén, thi cong ciing mot truc & cac

cao d6 khac nhau, didu ma hé gido treo Gondola khong dap tng duoc.

3. GIAI PHAP LIEN KET HE GIAO TREO SU DUNG GIAO HOAN THIEN

3.1. Céu tao gio hoan thién

Gi4o hoan thién duoc st dung trong hé gido treo ndy vé co ban ciing gidng nhu gido khung
(gido chir H) thong thuong. Piém khac biét 1on nhat 14 nat lién két & dau khung gido (hinh 6)
gitip cho cac khung gido duoc lién két chic chin voi nhau. Ngoai ra dé ting thém stc chiu tai
ctia hé gido nay thi co thé gia cudng lién két cac hé khung v6i nhau bang dng gido di d6i voi cac
khoéa xoay (hinh 7).
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Hinh 6. Nut lién két 2 dau khung gido Hinh 7. Gia cudng hé gido bang dng gido
va khoa xoay
3.2. Cac giai phap lién két, thir nghiém kha ning chiu tai thue té

Nhom tac gia da thuc hién lip dung cac truong hop lién két dé tao thanh cac t6 hop hé gido
treo, dong thoi tién hanh thir nghiém kha ning chiu tai thyc té cta timg trudng hop cu thé tai
Vién Khoa hoc Cong nghé Xay dung. Cac truong hop lién két cu thé ma nhom tac gia da thuc
hién goém:

- Hé lién két c6 chét, khong co khoa xoay;

- Hé lién két c6 chdt, 02 khoa xoay;

- Hé lién két khong chét, 02 khoa xoay;

- Hé lién két khong chdt, 04 khoa xoay;

- Hé lién két khong chét, 06 khoa xoay.

H¢ gido treo chiu tai trong kéo 1a chinh, thuc té hé gido treo co thé duoc lép boi rat nhiéu
khung theo phuong thang dimg nén nhém tac gia da lap dung mo dun hé khung gido treo gom 3
khung gido hoan thién dugc treo thang dimg boi cac lién két chdt va khoa xoay dé xac dinh kha
nang chiu tai cia cac khung trén cing von 13 cac khung chiu tai trong kéo 16n nhét. Két qua thi

nghiém thuc té cua ting truong hop nhu sau:
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a. Hé lién két c6 chot, khéng cé khod xoay

Cac dau khung duoc lién két bang chdt va khong c6 khoa xoay. Qué trinh thir nghiém nhu
hinh 8, hinh 9.
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Hinh 8. So d6 thir nghiém hé gido treo c6 chét, khong c6 khoa xoay

Hinh 9. Thir nghiém thuc té kha ning chiu tai ciia hé gido treo c6 chdt, khong c6 khoa xoay

Két qua thir nghiém thuc té cho thiy, ting tir tir tai trong thir dén cip tai 75 kN, hé gido treo
bi phé hoai, ma cu thé 1a chdt lién két bj dut gdy.
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b. Hé lién két c6 chot, 02 khod xoay

Céc dau khung dugc lién két bang chét va mdi dau 02 khoa xoay. Qua trinh thir nghiém nhu

hinh 10, hinh 11.
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Hinh 10. So d thir nghiém hé gido treo c6 chét, 02 khoa xoay

Hinh 11. Thur nghiém thyuc té kha nang chiu tai cia hé gido treo co chdt, 02 khoa xoay

Két qua thtr nghiém thuc té cho thay, ting tir tir tai trong thir dén cap tai 115 kN, hé gido treo
chua bi pha hoai.
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Tuong tu cac truong hop con lai, nhom tac gia da tién hanh thir nghiém va thu dugc két qua
cho trong bang 1

Bang 1. Két qua thir nghiém cac loai lién két cia hé gido treo str dung gido hoan thién

STT Loai lién két Tai trong thir (kN) Két qua Ghi cha
1 C6 chédt, khong khoa xoay 75 Pha hoai Gay chét
2 C6 chét, 02 khoa xoay 115 Chua phé hoai
3 Khong chét, 02 khoa xoay 36 Pha hoai V& khoa
4 Khong chét, 04 khoa xoay 57 Pha hoai V& khoa
5 Khong chét, 06 khoa xoay 110 Pha hoai V& khoa

Hién nay, theo catalog cua cac don vi cung cép, thi hé gido treo Gondola c6 stic chiu tai an
toan dao dong tir 500 kg dén 1000 kg tuy loai. Néu so sanh v6i hé gido treo Gondola thi hé gigo
treo st dung gido hoan thién hoan toan dép Gmg dugc yéu ciu vé tai trong. Néu nhu trong
TCXDVN 296:2004 Gian gido - Cac yéu cau vé an toan [2] ¢6 quy dinh vé hé s an toan dbi véi
hé gido hoan thién 1a 4 thi hé gido treo nhu nhom tac gia da thir nghi¢ém c6 kha nang chiu tai 1én
t6i khoang 1000 kg dén 2750 kg.

4. KET LUAN VA KIEN NGHI

He¢ gido treo sir dung giao hoan thién dwoc ap dung ddi voi cong tac thi cong trong cac diéu
kién vé mit bang chat hep, kho khin cho viéc lap dung gian gido truyén théng nhu céc cong
trinh c6 tinh chéat dic thu c6 thé ké dén 1a dng khoi nha céng nghiép, 10 nung ctia nha may nhiét
dién, cong trinh ham 10, tuynen. V& wu diém thi viée ché tao san xuét hé gido treo nhu trén kha
don gian, gon nhe, dé dang van chuyén va thao lép. Vit liéu chinh cua h¢ 1a cac khung gido hoan
thién von sén co trén thi truong, bén canh uu diém thi nhuoc diém cua hé gido treo nay la con
kha mé&i mé nén chua c6 quy trinh, bién phéap thi cong lap dung cu thé, chua c6 chi din vé an
toan k¥ thuat.

Khi ché tao va san xuit nha ché tao gido phai cung cap day du cac thong s6 ky thuat lién
quan dén an toan st dung hé gido va phai duoc kiém tra chimg nhan theo tiéu chuan phu hop.

Khi cin chic chin vé kha ning chiu luc cta hé gido dé co thé dua ra cac giai phap téng thé
cho thi cong két cau nha, c6 thé phai tién hanh thir nghiém thir tai cac hé gido treo nay.

TAI LIEU THAM KHAO

[1] TCVN 6052:1995, Gian gido thép

[2] TCXDVN 296:2004, Gian gido - Cdc yéu cdu vé an toan

[3] ANSI/SSFI SC 100-5/05, Standards for testing and rating scaffold asemblies and components
[4] EN 12811-3:2002, Temporary works equipment - Load testing

[5] SS 580:2012, Code of practice for formwor

350



Hi nghi Khoa hoc Cén bg tré lan thir XVI

UNG DUNG CONG NGHE PHAN XA XUNG SIEU AM
TRONG KIEM TRA KET CAU BE TONG COT THEP

APPLICATION OF ULTRASONIC PULSE ECHO TECHNOLOGY IN
THE INSPECTION OF REINFORCED CONCRETE STRUCTURES

KS. Nguyén Vin Thanh
Vién Khoa hoc cong nghé xay dung, Email: thanhnv.ibst@gmail.com

TOM TAT: Ung dung rong rdi cia bé tong trong thi cong ciu kién bé tong c6t thép, sita chita cdu kién
doi hoi sy phat trién cta thiét bi va k¥ thuat moi dé kiém tra chat lugng bé tong dugc tin cdy va hiéu qua.
Trong sb cac k¥ thuat kiém tra khong pha hily bang phuong phép siéu 4m hién ¢, bao gdm: van tdc tung
siéu am (UPV), phan xa xung siéu 4m (UPE), radar xuyén dat (GPR), tia X. Trong d6, UPE dua trén k¥
thuat xung phan xa xung siéu 4m ngay cang tré' nén phd bién hon do d tin cdy cao trong viéc phat hién
cac khuyét tat co trong bé tong duoc hién thi ¢ dang hinh anh c6 d6 phan giai tot va kha ning ap dung cho
cac cau kién co6 chiéu day (sau) 16n hon.

Trong bai bao nay, tic gia ung dung cong nghé phan xa xung siéu am trong mot trudng hop cu thé 1a
kiém tra vi tri tiép giap ctia mdi ndi cdu kién cot, vach thi cong theo bién phap topdown, semi topdown tai
vi tri @6 bu (vita, bé tong) dé lién khéi hoa céu kién trén cac mau thir (mockup) va kiém ching d6 tin cay
cuia phuong phap bang phuong phap pha hay (khoan lay mau) kiém tra.

Két qua siéu am dy doan khuyét tat bing phuong phap phan xa xung c¢6 do chinh xac cao. Tuy nhién do
han ché vé viéc hién thi (phan biét) khuyét tat, can phai két hop véi cac thong tin vé két cau kiém tra nhur:
ban v& thép, hién trang thi cong ... dé loai trir cic khuyét tat da biét (thép, 6ng thoat khi ...).

TU KHOA: NDT, phan xa xung siéu 4m bé tong, UPE, Ultrasonic Pulse Echo ...

ABSTRACT: The wide application of concrete in reinforced concrete structure construction, structural
repair requires the development of new equipment and techniques to reliably and effectively test the
quality of concrete. Among the non-destructive ultrasonic testing techniques currently available, these
include: ultrasonic launch velocity (UPV), ultrasonic pulse reflection (UPE), ground-penetrating radar
(GPR), X-ray. In therefore, UPE based on ultrasonic pulse reflection technique is becoming more and
more popular due to its high reliability in detecting defects present in concrete displayed in the form of
high resolution images and the ability to applicability to members with greater thickness (depth).

In this paper, the author applies ultrasonic pulse reflection technology in a specific case to check the
contiguous position of the column and wall member joints according to the topdown, semi topdown
method at the pouring location. compensation (grout, concrete) to solidify the structure on the test

samples (mockup) and verify the reliability of the method by destructive testing (sampling drilling).

Ultrasound results predict defects by pulse reflection method with high accuracy. However, due to the
limitation of displaying (distinguishing) defects, it is necessary to combine with information on the inspected

structure such as: steel drawings, construction status... to exclude known defects. (steel, exhaust pipe...).

KEYWORDS: NDT, UPE, Ultrasonic Pulse Echo...
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1. MO PAU

Phan xa xung siéu am (UPE): La sir dung cac dau do phat ra cic xung ngin, cac xung siéu 4m
nay truyén vao 16p vat liéu va bi phan xa lai, thong qua két qua xung phan xa (tan sd, thoi gian) [1].
Phuong phép UPE str dung song tmg suit am dé nghién ciru dic tinh ctia cac 16p dudi bé mit va
xac dinh cac khuyét tat bang cach xac dinh bét ky diém bat thudng nio ciia trd khang am khac voi
bé tong. Phuong phap thir nghiém duoc phat trién dé giai quyét cac han ché thuc té cia thir nghiém
Van tdc xung siéu 4m no6i chung, chiang han nhu nhu cau tiép can ca hai mit ctia phan tir bé tong.
ACI 228.2R Phan 3.2.2 cung cip mot danh gid toan dién vé sy phat trién cuia phuong phap doi am
xung siéu am va céc thiét bi trong vai thap ky qua. Trong khi cac thiét bi UPE truyén thong c6 kha
ning cung cap A-Scans va B-Scans, cac thiét bi Siéu 4m Echo Tomography hién dai c6 kha ning
cung cip B-Scans thoi gian thuc cho phép cac k¥ su nhin thay cac muc tiéu dudi bé mat véi do 1d
nét hon. Cac tmg dung dua trén thiét bi di dong, cting véi Tri tué nhan tao va cac ky thuat xir 1y tin
hiéu hién dai d3 mang lai tbc d6 va do rd nét vuot troi, dé sir dung.

Hinh 1. M6 hinh nguyén tic phuong phap thi nghiém phan xa xung siéu 4m

Nguyén 1y ciia phuong phéap 1a st dung viéc truyén song qua mot 16p chiéu day bé tong nhat
dinh trén két céu, trong qua trinh truyén tai moi vat liéu dic trung khac nhau s& phan hoi lai xung
va dugc thiét bi tiép nhan lai. Can ctr vao thong s6 dic trung cua xung, bﬁng cac thuat toan cua
thiét bi sir dung thong qua cac dai luong do ludng cua thiét bi (thoi gian truyén, tin sd, mau
sdc...) s& dua ra phan tich vé& phd anh, tir 6 c6 nhimg d4nh gia du doan khuyét tat.

Céc van dé lién quan dén kiém tra c4u kién bé tong cdt thép bang phuong phap khong khong
phéd huy luén dugc cac bén lya chon va quan tam boi sy tién dung, thoi gian va d6 chinh xac
tuong ddi ctia n6 mang lai.

Trong qué trinh d6 thi hoa & Viét Nam, viéc déy nhanh tién d¢ thi cong dugc cac don vi dac
biét quan tdm, mot trong nhitng bién phéap giai quyét bai toan xay dung cac cong trinh cao tang 1a
bang bién phép thi cong topdown, semi topdown. Cong nghé thi cong topdown (tir trén xudng) 1a
cong nghé thi cong phan ngdm cia cong trinh nha, theo phuong phap khic véi phuong phap
truyén thong thi cong tir dudi 1én. Theo cach thi cong nay cac cot, vach co khoang hd & vi tri tiép
giap giita cot, vach va san tang phia trén, khoang hd d6 dugc lién khdi hoa bang vira khong co
dam bdo cuong do 16n hon cuong do vat liéu cua cAu kién. Viéc st dung vira khong co trong lién
khéi hoa dem lai wu diém nhu: thoi gian, chat lwong thi cong ... tuy nhién qua thuc té hién nay
chat luong tai mbi nbi nay didc biét 1a 16p tiép giap trén con nhiéu khuyét tat nhu: rd, rong, lién
két vira-bé tong yéu ...
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Trén co s& nghién ctru so bd va tmg dung trién khai, tic gia nhan thiy viéc sir dung phuong
phap UPE trong kiém tra dbi voi truong hop mdi nbi topdown nay co ¥ nghia thuc tién dap tng
dugc cac yéu cau dé ra khi kiém tra cau kién. Cac nghién ctru dugc thuc hién trén mé hinh thi
nghiém tai hién trudng va tai Vién Chuyén nganh Bé tong - Vién Khoa hoc Cong nghé Xay dung.

2. PHUONG PHAP THI NGHIEM
2.1. M6 hinh thir nghiém
Cac mo hinh thtr nghiém duogc ché tao dai dién theo diing mo hinh cAu kién khi thi cong thuc
te, st dung bé tong c6 cap do bén B45.
Mo hinh thtr nghiém duoc md phong lai theo dung diéu kién thi cong thuc té hién nay dang gip:
Truong hop 1: Sir dung bién phép lién khdi héa cot vach bang vita khong co (mé hinh 1, 2 va 5)

Truong hop 2: Thi cong bé tong gian doan (mo hinh 4)

Hinh 2. M6 hinh (M1, M2, M5) thtr nghiém Hinh 3. M6 hinh (M1, M2) sau khi
trude khi d6 bu bang vira khong co dugc lién khdi hoa bang vira khong co

Sika latex |

Hinh 4. M6 hinh (M4) thi cong Hinh 5. M6 hinh (M5) sau khi dugc
bé tong gian doan lién khdi hoa bang vira khong co

Viéc thi cong bom vira duoc cac bén lién quan thuc hién theo nguyén tic bom lap diy gidng
nhau trén cac mé hinh (b tri vi tri 15 thoat khi, ap luc bom, trinh ty bom ...). Cong tac ché tao
mo hinh thir nghiém duoc Nha thau thi céng thuc hién. Thong tin ché tao cic mo hinh thir
nghiém duoc tap hop trong bang 1.
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Bang 1. Thong tin ché tao mo hinh thir nghiém

Noi dung MO hinh 1 M0 hinh 2 Mo hinh 4 M0 hinh 5
| (M1) (M2) (M4) (M5)
Vat li¢u tdng cuong -- Sika Latex Sika Latex - Sikadur 732 quét 1én
bam dinh quét 2 mat tiép | quét 1én mat | mit tiép giap bé tong
giap bé tong bé tong phia trén
phia trén, dudi - Sika Latex quét 1én mat

tiép bé tong phia dudi

Lién khoi héa mo

hinh (vat liéu...) GPS M700 GPS M700 Bé tong B45 GPS M700
Kich thudc m6 hinh 2970x495 2990x500 3020x500 880x495
(DXRXH) sau khi x730 mm x750 mm x900 mm x880 mm
lién khoi hoa (Hinh 3) (Hinh 3) (Hinh 4) (Hinh 5)

2.2. Phuwong phap thuc hién
Dé thuc hién cac ndi dung thir nghiém trén day, st dung 02 phuong phap kiém tra chinh:
2.2.1. Phwong phap khong pha huy

Str dung phuwong phap phan xa xung siéu am (UPE) dé du doan khuyét tat. Thiét bi str dung
la may siéu am Mira A1020 Lite - ACS-Solutions Gmbh - Germany [2][3].

Hinh 6. May siéu am Mira A1020 Lite va cac phu kién

Mira A1020 Lite 1a mot hé thong siéu am chup cat 16p c6 tan sb thap (10 kHz dén 100 kHz)
tuong ing v4i pham vi van tée song am tir 1.000 m/s dén 10.000 m/s cho kiém tra danh gia chat
luong cac két cau bé tong va BTCT c6 chiéu sau do duoc 1én téi 1.000 mm dbi véi bé tong va
400 mm d6i v6i BTCT. Céc ché d6 hinh anh quan sat tryc quan hoa dang 2D (A-Scan, B-Scan,
B-C-D Scan Panorama) va Full-3D. N6 1a mét hé théng hoan toan doc lap dugc su dung dé thu
thap, xir Iy do v& ban dd dia hinh va danh gia dit liéu siéu 4m bang k¥ thuit xung doi. Hé thong
cam bién thé hé méi chira mot mang dai ma tran (MAA- Matrix Antenna Array) véi 32 dau do
kiéu tiép xtic kho (DPC - Dry Point Contact) loai song trugt c6 bang thong rong tan sd thap véi
cac dau tiép xuc duoc lam béng gém ceramic chiu dugc sy mai mon khi hoat dong lau dai va
khong can chét tiép am trén cac bé mit gb ghé.
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Mira A1020 Lite dugc thiét ké danh riéng cho kiém tra khong pha hily cac két ciu BTCT chi
can tiép xuc tir mot phia. N6 cho phép wdc tinh tinh toan ven (tinh trang nguyén ven) cia vat liéu
bang cach phat hién céc tap chat, khoang trong, 16 rong, boc tach, khong duoc phun vira va vét
ntt ciing nhu do chiéu day ddi tuong dang kiém tra.

A1020 Mira Lite cho phép thuc hién kiém tra nhanh chéng va hiéu qua cac chi tiét 16n véi
hinh anh ba chiéu tryc quan héa va tai liéu cac két qua kiém tra bang phan mém INTROVIEW
3D ddc dao cua ACS Group.

- : -
B-S2en [

BT A

Hinh 7. Phan mém chuyén dung Introview xir Iy két qua ra dang hinh anh

2.2.2. Phwong phap pha huy

Panh gia tryc quan thong qua mau khoan 18i tir trén mo hinh va thi nghiém cac chi tiéu co ly
mau bé tong khoan (TCVN 3105:1993; TCVN 3118:1993; TCXDVN 239:2006 ...).

3. KET QUA VA BINH LUAN
3.1. X4c dinh khuyét tat trong mé hinh bing UPE

Dir liéu siéu 4m dugc xtr 1y bang phan mém chuyén dung, két qua siéu am d6i véi cac mod
hinh dugc thé hién bang hinh anh. Dya trén dit liéu hién trang ctia mo hinh (vi tri thép, vi tri dng
thoat khi (6ng nhya), khuyét tat tai bé mat kiém tra ...), tac gia tong hop phan tich két qua, dbi
chiéu thong tin hién trang da biét va dua ra udc tinh ty 1é khuyét tat du doan, vung khuyét tat dbi
vo1 tung mo hinh nhu sau:

- Tinh toan ty 1& khuyét tat dy doan can ctr trén két qua hinh anh 2D tai mat cat ving tiép giap,
ty 1& dién tich ving khuyét tat (mau do, cam) trén dién tich ving quét hinh anh. Viéc tinh toan dién
tich ving khuyét tat du doan trén vung siéu am kiém tra duoc xir Iy bang phan mém Autocad.

- Ty 1& ving khuyét tat khong bao gdm cac vi tri tring véi cac khuyét tat da biét trong cau
kién nhu: thép, 6ng nhua ... Két qua tinh toan ty 1¢ khuyét tat du doan cho v&i mdi loai md hinh
(M1, M2, M5: Tiép giap vita - bé tong phia trén; M4 : Tiép giap bé tong - bé tong) nhu sau:
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Hinh 8. Két qua siéu am du doan cac ving khuyét tat tai vi tri tiép giap vita - bé tong
phia trén ctia mé hinh M1. Ty 1 khuyét tat du doan twong dbi thong qua
dién tich ving khuyét tat/kiém tra 1 0,098/1,336 = 7,33%
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Hinh 9. Két qua siéu am du doan cac ving khuyét tat tai vi tri tiép giap vita - bé tong
phia trén ctia mé hinh M2. Ty 1 khuyét tat du doan twong dbi thong qua
dién tich ving khuyét tat/kiém tra 1 0,063/1,200 = 5,26%
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o o0:

Hinh 10. Két qua siéu am dy doan cac ving khuyét tat tai vi tri tiép giap bé tong
ctia md hinh M4 (thi cong gian doan). Ty 1& khuyét tat du doan twong dbi
thong qua dién tich viing khuyét tat/kiém tra 1a 0,008/1,250 = 0,64%

Hinh 11. Két qua siéu am dy doan cac ving khuyét tat tai vi tri tiép giap vita - bé tong
phia trén ctia mé hinh M5. Ty 1 khuyét tat du doan twong dbi thong qua
dién tich ving khuyét tat/kiém tra 12 0,010/0,436 = 2,32%

Két qua phan tich bang hinh anh trén cho thay, ty 1& ving khuyét tat cia mo hinh M4
(thi cong gian doan) cho két qua thip nhat. Cac mé hinh thi cong lién khdi bang vira khong co
cho ty 18 khuyét tat nhiéu hon dao dong tir 2,32% dén 7,33%.
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3.2. Vi tri khuyét tat dy do4n va khoan rit 16i kiém tra
3.2.1. M6 hinh M1

Sau khi kiém tra va d6i chiéu hién trang tai hién truong, vi tri L250, L1300 trung véi thép
nén khong tién hanh khoan kiém tra. Vi tri L2200 khoan rat 156i kiém tra, hién trang mau khoan
khoan kiém tra nhu sau:

Vung dw doan KT

Hinh 12. Vi tri dy doan khuyét tat mo hinh M1

- MAu khoan tai vi tri du doan khuyét tat khong c6 lién két (bong tach riéng thanh 2 16p vira,
bé tong)

- Bé mat tiép giap cua phan vita c¢6 nhiéu bot khi kich thudc tir 2mm dén 7mm.

Hinh 13. Mau khoan tai vi tri siéu 4m du doan khuyét tit mé hinh M1

3.2.2. M6 hinh M2

Sau khi kiém tra va ddi chiéu hién trang tai hién truong vi tri L650 co 6ng nhyua D21 (6ng
thoat khi) va L1230 trung véi vi tri thép. Vi tri L1500 khoan rut 161 kiém tra, hi¢n trang mau

khoan khoan kiém tra nhu sau:
L N

48221201918 17

MOUON

Hinh 14. Vi tri dy doan khuyét tat mo hinh M2
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- Méu khoan tai vi tri dy doan khuyét tat khong c6 lién két (bong tach riéng thanh 2 16p vita,
bé tong.

- Bé mit tiép giap ciia phan vita c6 nhiéu bot khi kich thudc tir 2mm dén 12 mm.

Hinh 15. Mau khoan tai vi tri siéu 4m dy doan khuyét tat mé hinh M2
3.2.3. M6 hinh M3
Khong thi nghiém kiém tra, mau mé hinh khong dat yéu cau.

3.2.4. M6 hinh M4

Vi tri L550 khoan rat 15i kiém tra, hién trang mau khoan khoan kiém tra nhu sau:

1234567 8910111213141516 17 1819 20 2122 23 2425

Hinh 16. Vi tri du doan khuyét tit mé hinh M4

- MAu khoan lién két tdt giira 2 16p bé tong.

- Trén bé mat c6 mot so it bot khi

Hinh 17. Mau khoan tai vi tri siéu 4m du doan khuyét tat moé hinh M4
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Hinh 18. Pha hay miu dé kiém tra khuyét tat bén trong mau khoan ctiia mé hinh M4

3.2.5. M6 hinh M5

Vi tri L850 khoan rt 16i kiém tra, hién trang mau khoan khoan kiém tra nhu sau:

Hinh 19. Vi tri du doan khuyét tat mo hinh M5

Hinh 20. Mau khoan tai vi tri siéu am du doan khuyét tat mo hinh M5

- MAu khoan tai vi tri du doan khuyét tat khong c6 lién két (bong tach riéng thanh 2 16p vira,
bé tong.
- Bé mit tiép gidp cta phan vira c¢6 nhiéu bot khi phan bd dang t6 ong.

- Lién két vat liéu két dinh sikadur 732 khong lién két v6i 16p vira khong co.
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3.3. Phuong phap thir nghiém trén ciac miu 16i khoan
3.3.1. Hién trang mdu khoan

Tién hanh khoan 1iy mau kiém tra tiép giap vira - bé tong d6i voi mo hinh M1, M2, M5 va
16p tiép giap bé tong ddi véi mo hinh M4,

Quan sat mau khoan léy tir trén cAu kién mé hinh, ghi nhan hién trang vi tri tiép giap, chup

anh khuyét tat néu co. Két qua hién trang lién két sau khi khoan l1dy mau duoc tap hop tai bang 2.

Bang 2. Tong hop hién trang mau khoan kiém tra

STT Vi tri khoan Hién trang mau khoan
I | Cau kién thi cong bang vira khong co (M1, M2, M5)
1 | Tail6p tiép giap bé tong | a. M6 hinh M1, M2:
- vira (theo phuong - Lién két phia trén (3 vi tri/m hinh)
g‘g‘lnégéig)“’” hedng | | 145 vita 46 bt ip dhy khodng hé ciia cdu kién mé hinh
+ Mau khoan Vfra’— bé tong co lién két (bam dinh) sau khi khoan.
Tuy nhién lién két, (bam dinh) vira - bé tong bi pha huy (té}ch
riéng) khi c6 mot so ngl}yén nhan khach quan tac dong nhu: cam
mau quan sat, van chuyén ...
+ Lop vita c6 hién tuong phan ting (sa lang) cbt liéu va co cac
bot khi
- Lién két phia dudi (2 vi tri/mé hinh): Lién két vira - bé tong tot
b. Mo hinh M5
- Lién két ppia trén vira - bé thg: khépg lién kef:t, bé mit vira tiép
giap c6 nhieu bot khi. Trén beé mat tiep giap be tong nhin 13 16p
sika duar 732
- Lién két phia dudi vira - bé tong: Lién két chic chin
2 | Xuyén qua cac 16p a. M6 hinh M1, M2, M5:
bé tong - vira - bé tong | Mﬁu’ khoan tai vi tri tiép giap vita - bé tong phia trén khong co
lién ket
- Lién két vita - bé tong phia dudi: M1 - da sd ¢6 lién két (5/6
vién co lién két); MZ - 2 vién c¢ lién két vira - bé téng,, 5 vién bi
gdy tai vi tri lién két; M5 - 2 vién bi gay tai vi tri lién két
b. M6 hinh M3: Khong thuc hién
II | Ciu kién bé tong thi cong gidn doan (d6 2 16p bé tong)
1 | Tai lop tiép giap bé tong | Tiép giap giita 2 16p bé tong c6 lién két tdt
(theo phuong vuong goc | & mit mau bé tong khoan c6 cac bot khi nho, kich thude dudi Smm
v6i huéng d6 bé tong) Phan bé tong phia dudi c6 mau sic sim mau hon so véi 16p bé tong
2 | Xuyén qua cac 16p phia trén
bé tong - bé tong (theo
phuong song song voi
hudéng do bé tong)
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3.3.2. Tinh chit co ly mdu khoan

Cuong d6 nén, cudng do lién két (kéo doc truc).... Cac mau thir d6i voi mé hinh thi céng dd
bu vita khong co khong dam bao dé tién hanh thi nghiém. Vi vdy cong tac thi nghiém kiém tra
tinh chat co 1y cia mau khoan tai vi tri tiép giap phia trén vira - bé tong, bé tong - bé tong khong
thuc hién duoc. Két qua kiém tra bo sung ddi v6i cac mau khoan ctia mé hinh thi nghiém trén mau
thir lién két phia dudi vita - bé tong ddi v6i mo hinh thi cong bang vira do bu va lién két bé tong -
bé tong mau bé tong gian doan.

Bang 4. Tinh chit co Iy mau khoan phan tiép giap phia duéi vita - bé tong

C’hl tle.lzl Cu()’n% dd nén qu}fA601 sar;g mau Cuong do kéo doc truc
thi nghi¢m 1ap phuong ti€u chuan
Mb hinh Cuong do nén Dang pha huy | Cudng d0 kéo | Vi tri pha huy mau
+ Tai vi tri tiép giap
M1 78,8 ~ 85,1 MPa 0,4 +2,8 MPa vira - bé tong
3 + Tai 16p bé tong
Toan bo mau .
M2 83,7 MPa 2,5 MPa Tai 16p bé tong
M4 64,2+ 69,5 MPa 0,7+ 13 Mpa | L VIIItCPgiap
bé tong - bé tong
Ghi chu:

- M6 hinh M3 khéng khoan mdu thi nghiém kiém tra, do chdt lwong vita khéng dam bdo yéu cau;
- M6 hinh M5 mdu khoan bi tich roi vita - bé tong sau khi ldy mau ra khéi mé hinh, mdau khéng
dam bdo dé tién hanh thi nghiém.

4. KET LUAN VA KIEN NGHI

4.1. Két luén

- Két qua siéu 4m dyu doan khuyét tat bang phuong phap phan xa xung c6 do chinh xac cao.
Tuy nhién do han ché vé viéc hién thi (phan biét) khuyét tat, can phai két hop véi cac thong tin
vé két cAu kiém tra nhu: ban vé thép, hién trang thi cong ... dé loai trir cac khuyét tat da biét
(thép, ong thoat khi ...).

- Két qua siéu 4m tai ving tiép giap vira - bé tong phia trén, ty 18 khuyét tat du doan ddi véi
phuong 4n thi cong bom vita khong co két qua twong tng lan luot dbi véi cac moé hinh M1, M2, M5
14 5,26%, 7,23%, 2,32%. Két qua d6i v6i mo hinh thi cong bang d6 bé tong gian doan 1a 0,64%.

- Vi tri tiép giap vira - bé tong phia trén duogc lién khdi bang vita khong co, tuy nhién lién két
¢6 cudong do yéu va dé bi bong tach riéng thanh 2 16p sau khi Iy ra khoi cau kién. Do d6, mau
thir khong dam bao thyc hién thi nghiém xac dinh tinh chat co 1y: cudong d6 nén, cudng do kéo
doc truc.

- Vi tri tiép giap vita - bé tong phia dudi lién két va khong cé khuyét tat.
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- Tuy nhién, lién két (bam dinh) vita - bé tong ciia cic mau 15i khoan bi pha hily (tach roi)
khi c6 mot s6 nguyén nhan khach quan tac dong nhu: Thao tic lay miu ra khoi cdu kién sau khi
khoan, cAm mau quan sat, van chuyén ...

- Cudng d6 nén mau khoan ctia mé hinh thi cong bang vita khong co phan lién két vita - bé
tong phia dudi cao hon so véi cuong d6 nén mau khoan ctia mé hinh thi cong bé tong gidn doan.

- Cuodng dd kéo doc truc mau khoan (trir mdu M1.1) cta md hinh thi céng bang vira khong
co phan lién két phia dudi vira - bé téng, nhin chung cao hon so véi cudng do kéo doc truc miu
khoan cua mo6 hinh thi cong bé tong gian doan.

- Cac két qua phan tich trén cho thiy, viéc thi cong theo phuwong phap d6 bé tong gidn doan
cho két qua tot hon so voi phuong phap 1ién khdi hoa bang vira khong co.
4.2. Kién nghj

- Phuong phap siéu am UPE cho thiy viéc uu viét trong dénh gia, tim kiém khuyét tat trong
bé tong cdt thép, tuy nhién hién nay dé thuan tién hon trong cong tac danh gia, kiém tra can co
cong b trong cac tai liéu ki thut ciia co quan chuyén mén ciing nhu tiéu chuan hoa.

- Do s6 lwong mau han ché trong qua trinh 14y mau, cac két qua thi nghiém nay ciing chwa
phan anh duoc dy di thuc chat vé cac tinh chét cia lién két khi thi cong lién khéi hoa.

TAI LIEU THAM KHAO
[1] ACI 228.2R-13, Report on Nondestructive TestMethods for Evaluation of Concrete in
Structures
[2] https://acs-international.com/product/al020-mira-lite/
[3] https://saigonic.com/
[4] https://symetrics-ndt.com/

[5] Nguyén Van Thanh, RDV 78-2018 “Nghién citu iing dung bé tong cot liéu dat sdn trong thi
cong lién khoi héa dau cét, vach topdown”
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NGHIEN CUU AP DUNG HE DAN GIAO TREO
THI CONG DAM CHUYEN

RESEARCH AND APPLICATION OF HANGING SCAFFOLDING
SYSTEM FOR TRANSFER BEAM CONSTRUCTION

KS. Hoang Trong Ngoc
Vién Khoa hoc cong nghé xay dung, Email: hoangngocibst@gmail.com

TOM TAT: Bién phép thi cong dam chuyén bang hé dan gido treo 1a mot trong nhitng bién phap thay thé
bién phép thi cong dam chuyén thong thudng trong mot sé truong hop bién phap thi cong thong thuong
khong thé thuc hién hodc thuc hién duoc nhung khong dam bao an toan, tién d6 kéo dai, chi phi thi cong
16m,... Bai bao s€ gidi thi€u, so sanh, néu ra nhitng wu nhuoc diém va dua ra mot sé dé xuit vé tinh toan,
cAu tao co ban cta giai phap nay.

TU KHOA: Bién phép thi cong, dim chuyén, dan gido treo.

ABTRACT: Constructing transfer beams by hanging scaffolding system is an alternative to conventional
one in the cases that the latter cannot be performed or that it can be done but with little safety, long
progress and a high construction cost etc. The following article is going to give an introduction about the
method, make some comparison with the traditional ones, point out the advantages and disadvantages,
and make suggestions on calculation and basic structure of it.

KEY WORDS: Construction methods, transfer beams, hanging scaffolding system.

1. PAT VAN PE

Trong nhitng nim gan ddy, cac toa nha cao tang, van phong, khach san va Trung tim thuong
mai duoc trién khai manh mé & cac thanh phd 16n dic biét & Ha Noi va thanh phd H6 Chi Minh.
Thong thudng mit bang khong 16n nén c6 cong ning 1a su két hop ciia nhiéu dich vu khac nhau.
Céc khu dudi cua toa nha thuong dugce str dung 1am bai dau xe, trung tdm thuong mai, phong
hop, vudn treo hodc cac khong gian mé cho nhitng chirc ning theo yéu cau cua chi dau tu, trong
khi d6 & cac tang phia trén thudng 1a cac cin ho va van phong voi hé két cdu cot vach phan chia
khong gian sir dung. Vi cdu triic khong gian mé & phia dudi va hé két cau cot vach & phia trén,
doi hoi phai c6 mot két cau chuyén vuot nhip 16n giira khu trén va khu duéi cia toa nha. Vi vay
két cau chuyén bé tong ct thép dang duoc st dung rong rii.

Dam Chuyén 1a cAu kién chiu tai trong 16m, do vay kich thudc va tai trong ban than cua cAu
kién nay 16n hon nhiéu so v6i két cdu dam san thong thuong. Trong qué trinh thi cong, bién phap
thi cong dam chuyén duoc cac nha thau va cha dau tu du 4n déc bi¢t chu trong.

Bién phap thi cong dam chuyén thong thuong 1a sir dung hé thong van khuén gido chdng, hé
thdng gido chéng duoc tinh toan va b tri nhiéu ting gido lién tuc dat 1én hé dim san cua tang
dudi, d6i véi truong hop dic biét co thé phai bo tri hé gido chdng dat tir mat dat 1én dén cao do
ctia ddm chuyén dé dam bao an toan.

Tuy nhién trén thyc té, & bén dudi hé thong dam chuyén khong phai luc ndo ciing thuan loi
dé nha thau lap dit hé gido chdng, c6 thé ké dén nhu: hé dam san tang dudi co thé co ramp doc

364



Hi nghi Khoa hoc Cén bg tré lan thir XVI

dugc st dung lam 16i 1én xuéng cho cac phuong tién nén khong thé chju tai trong 16n; 16 mo
thang bo hoic 16 mé bién phap khong co hé két cau dam san; dam chuyén nam & vi tri qua cao
nén khong thé bd tri hé gido chéng dit tir mat dat 1én dén cao do cua dam chuyén. Do dé can
phai c6 bién phap thi cong khac véi bién phap thong thudng mang tinh kha thi dé thi cong an
toan hé két cdu dam chuyén.

Trong pham vi bai bado nghién ctru khoa hoc tré, tac gia s€ gidi thi€u mét trong cac bién phap
thi cong hé két cau dam chuyén co thé giai quyét duoc cac van dé néu trén: “Hé dan gio treo thi
cong két cAu dim chuyén”

2. PHUONG PHAP THI CONG DAM CHUYEN THONG THUONG

2.1. Mé ta

Hién nay, v&i nhitng ddm chuyén thong thuong, nha thau s& dung hé coffa bao gdm: van phu
phim, hop thép, ty thép va hé gido chéng.

Hé giao chdng duoc bé tri bao gdm nhiéu tang, chéng 1én hé dam san cac tang dudi dé truyén
tai trong xudng hé dam san nay. S6 ting gido phu thudc vao tai trong ban than va tai trong thi cong,
v6i nhiéu du 4n thi hé gido chdng con c6 thé duoc chdng tir mat dat 1én dé dam bao an toan.
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Hinh 1. Hé gido chéng dim chuyén ¢ mot du 4n chung cu cao ting
2.2. Panh gia wu, nhwoc diém
2.2.1. Uu diém

- Bién phap duoc st dung nhiéu va rong rii, cong tac lip dung khong khac nhiéu so véi thi
cong dam san thong thuong, do vay nha thau khong gip nhiéu kho khan trong khi thi cong va
quan 1y chat luong thi cong;

- H¢ coffa, gido chong c6 san tai cong trudong.
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2.2.2. Nhwoc diém

- Hé dam san ting dudi co thé c6 ramp dbc duoc st dung lam 16i 1én xubng cho cac phuong
tién nén khong thé chiu tai trong 16n; 16 mé thang bo hodc 16 md bién phap khong c6 hé két cu
dam san. Bé dit dugc hé gido chong phai ding cac san bién phap va phai pha d& sau khi thi cong

xong hoic phai dung cac hé I gac qua cac 16 mé nay.
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Hinh 2. St dung thép hinh gac qua 16 md dé dat chan gido

- Nhing vi tri ddm chuyén dua ra so voi san dudi phai chdng gido tir mat dat 1én hoac sir
dung thép hinh I va cap.
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Hinh 3. Vi tri dam chuyén dua ra so vdi san dudi phai str dung [ va cép
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- Dim Chuyén nam & vi tri cao so voi miat dat, viéc chéng gido tir mat dét 1én 1a khong kha
thi, do s6 luong gido chdng 16n, chiéu cao 16n gay mét 6n dinh hé thdng gido.

- S6 luong giao chong sir dung rat 16m, do vay gip khé khan khi luan chuyén gido chong dan
t6i tién 6 du 4n 6 thé bi kéo dai;

3. NGHIEN CUU AP DUNG BIEN PHAP GIAO TREO

3.1. Mo ta

Thong thuong, hé cot, vach do dam chuyén s€ phai chiu tai trong 16m, do vay tiét dién hé cot,
véach sé& phai c6 tiét dién twong tmg dé du kha niang chiu luc. Tan dung vao loi thé nay, y tudng
st dung hé cot, vach két hop céc corbel dugc bd tri sén lam diém twa cho mot hé két cau duge
gia cong, lap dat 1én. Sau d6 hé két cau nay s& co tac dung dé d& cac chan gido chdng tir hé coffa
dam chuyén.

cQT, VACH

IV,

\

o CHAN GIAO
HE THEP | PHU

CORBEL HE THEP | CHINH

Hinh 4. Minh hoa bién phap dan gido treo
3.2. Ciu tao

3.2.1. Corbel

Corbel c6 vai tro 1a vai cot - 1a diém tua cho hé két cu chinh.
Trong thuc té, corbel duge ciu tao bﬁng bé tong et
thép, thép hinh,...

iy

a. Corbel bé téng cot thép:

Pugc thi cong cung véi bé tong cdt, vach; thép cua

corbel duoc dit cho san trong cot.
Do corbel bang bé tong cdt thép lién véi cot kho pha d& i
nén loai corbel ndy dugc uu tién su dung khi khong anh

huong dén kién tric va cong ning ciia cong trinh sau nay. Hinh 5. Corbel bé tong cbt thép
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b. Corbel thép hinh

Puoc lién két voi cot thong qua cac bu 16ng neo dat chd sin

trong cot.

Do corbel bang thép hinh cé thé thao lap sau khi thi cong xong

hé dam chuyén, do d6 dugc sir dung trong trudng hop bat bude

phai thdo d& corbel khi dua cong trinh vao st dung.
3.2.2. H¢ két céu chinh, phu Hinh 6. Corbel thép hinh

Hé két cu chinh, phu 1a h¢ duoc gia cong lép dat trén hé corbel ¢ vai tro 1a diém tua dé cac

chan gido chéng lén.
Trong thuc té, hé két cau nay co thé duoc ciu tao béng thép hinh, dan thép,...
a. Hé két cau chinh, phy bang thép hinh

La loai két cdu thuong duoc st dung do gia cong, lap dat don gian, dap Gng duogc tai trong

ctia hé dam chuyén thong thudng.
b. Hé két cdu chinh, phu bang dan thép

Pugc st dung khi cac diém dat corbel cach xa nhau, c6 khau do 16n, do d6 hé thép hinh
khong dam bao kha ning chiu tai. Hé két cau chinh, phu bang dan thép it dugc sir dung do gia
cong, lap dit kha phtc tap, chi phi thi cong 16n.

3.2.3. Van khuon

H¢ van khuon dugc st dung nhu céc bién phap thong thuong, dugc kiém tra dé dam bao tai

trong ban than va tai trong thi cong dam chuyén.
3.3. Tinh toan

Hé dan gido treo dwoc mo hinh tinh toan boi cac chuong trinh hd tro tinh toan két cau.

M0 hinh bao gdm hé cot vach, hé két cau chinh, phy; tai trong dugc tinh toan theo timg chan

gido va dat vao h¢ két cAu chinh, phu.
3.3.1. Tdi trong

a. Tai trong ban than

Tai trong ban than bao gdm tii trong ciia bé tong; hé van khuon; gido chéng; hé két cau

chinh, phu,...
b. Hoat tdi thi cong

Hoat tai thi cong bao gom tai trong clia ngudi, may moc thi cong; tai trong d6 bé tong; tai

trong dam bé tong;. ..
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3.3.2. So do tinh

Mo hinh tinh toan bao gom:

a. H¢ cét, vach: duge mo hinh chinh xac voi ban vé thiét ké cua cong trinh. H¢ cot vach sé
duoc tinh toan va kiém tra lai véi tai trong trong qua trinh thi cong. So dd tinh cua cot 1a mot dau
ngam va mot dau tu do, do vay chiéu dai tinh toan cua cot cling thay ddi so vai thiét ké ban dau.
Trong truong hop cot khong dam bao kha ning chiu luc can phai co bién phap gia cuong.

b. Corbel: dugc mé hinh 13 mot cau kién consol ngam vao cot.

Vi corbel bé tong ¢t thép, s& dugc kiém tra theo bai toan consol ngin. Tiét dién corbel va
bb tri cbt thép phi hop theo ndi luc duge xudt ra tir mo hinh tinh.

Vi corbel thép hinh s€ dugc kiém tra tuong tu theo bai toan vai cft. Bu long neo, méi han,
ban ma va tiét dién corbel dugc tinh toan tuong Umg véi ndi luc duge xuét ra tir mé hinh tinh.

c. Hé két cau chinh phu: duoc mo hinh theo ban vé thiét ké bién phap thi cong.

V6i hé két cdu chinh, phy 14 thép hinh s& duoc kiém tra theo bai toan cu kién chiu ubn voi
tai trong phan bd 1a cac chan gido dit 1én hé nay.

d. Chén gido: chan gido dugc mo hinh 1a cac diém (joint) c6 tai trong tap trung bao gdm tai
trong ban than va tai trong thi cong duoc don tai theo dién tich chiu tai ciia chan gido.
3.4. Panh gia wu, nhwoc diém
3.4.1. Uu diém

- La bién phap c6 thé thay thé bién phap thi cong thong thudng trong truong hop: hé dam san
tang dudi co thé ¢ ramp doc duoc sir dung 1am 16i 1én xubng cho cac phuong tién nén khong thé
chiu tai trong 16n; 16 mé& thang bd hodc 16 m& bién phap khong co hé két cAu dim san; dam
chuyén nam & vi tri cao so voi mat dat, viec chéng gido tir mat dét 1én 1a khong kha thi; nhiing vi
tri dim chuyén dua ra so véi san dudi.

- Tan dung duoc kha nang chiu tai trong 16n cua cot, vach do dam chuyén duoc thiét ké ban dau.

- Str dung it gido chdng do vay nha thau co thé dé dang luan chuyén gido chéng phuc vu cac
khu vuc thi cong khac, ddy nhanh tién d6 chung cua duy an.

- Hé dan giao treo bd tri sat v6i hé dam chuyén do vay tinh 6n dinh cta hé gido chdng ting
1én, khong can bb tri nhidu hé giang ngang, giang chéo.
3.4.2. Nhuwoc diém

- Bién phap dan gido treo con kha méi v6i mot s6 nha thau; do vay nha thau gip nhiéu kho
khian trong khi thi cong va quan 1y chit luong thi cong.

- Corbel bé tong cot thép s& khong sir dung duoc trong trudng hop anh hudng dén cong ning
cua cong trinh.

- Corbel va hé két céu chinh, phu khong c6 sin can phai gia cong, lap dat. Didu kién lap dat
& trén cao nén gap mot s6 kho khin.
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4. CONG TRINH CU THE
4.1. Mo ta cong trinh

Cong trinh dugc xay dung tai Ha Noi, ¢6 chiéu cao tir 27-35 ting, v4i cong ning cac tang
khdi dé 1a khu thuong mai, si€u thi, nha hang, cac téng trén 1a can hg chung cu do vay can st
dung hé dam chuyén tai ting 5 va ting 6 dé chuyén hé cot thanh hé vach phu hop véi viée bb tri
cac can ho [1].

Hé thong dam chuyén cua du 4n nay dugc phan ra 1am 3 khu vue: Khu vie dim chuyén san
tang 5, khu vue dam chuyén san ting 6 va khu vuc dam chuyén tang 6 tai vi tri duong déc [2, 3].

Khu vic didm chuyén san ting 5 va tang 6 khong vudng dudong doc & cac ting dudi, dam
chuyén duoc thi cong theo phuong phap théng thudng, tuy nhién tai khu vuc co dudng dbc viéc
chéng gido 1a khong kha thi, nha thau da ap dung bién phap dan gido treo dé thi cong dam
chuyén [2, 3].

4.2. Bién phap dan giao treo

Hé théng dim chuyén khu vyc duong doc san tang 6 duoc bd tri tai cdt san ting 6
(cét +28,55 m). Chiéu rong cua dam chuyén tr 500 dén 3900 mm, chiéu cao dAm 2400 mm. Hé
thong dam chuyén nay dugc sir dung dé do két cau bén trén (21 tang bén trén) thong qua cac
vach bé tong cot thép cy trén dam. Cac két cAu cot dd dam co tiét dién vudng 1500mm, budc
cot 16n nhat 13 12800mm. Bén dudi dam chuyén 1a cac ramp doc dugc s dung lam 16i 1én xudng
cho cac phuong tién nén khong thé chiu tai trong 16n. Chi tiét mit bang két cdu dam chuyén ting

6 khu vuc duong déc xem hinh sau:
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Hinh 7. Mit bang dam chuyén tang 6 - Khu vuc dudng doc [3]
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Giai phap thi cong dugc lwa chon 1a d6 bé tong dam lién tyc trong mot lan. Bién phap thi
cong duogc lya chon 1a st dung hé théng dam thép chinh - phu dé d& van khudn dam. Cac dam
chinh duoc bd tri gbi trén cac Corbel b tri sin trén cot, cac dam phuy dit trén dam chinh. Bén

trén cac dam phu b tri cac xa gb thép hop dé chia nhé nhip ctia van khudn dam.
4.3. Chi tiét bién phap thi cong
4.3.1. Corbel

Cac Corbel dugc thiét ké va thi cong lién voi cot tr:?mg 5. Vi tri va chi tiét cAu tao Corbel xem

cac hinh dudi day:
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Hinh 8. Mit bang b tri va chi tiét cau tao Corbel [3]

4.3.2. H¢ dé chinh, phu
Mit bang bb tri hé ddm chinh, ddm phu nhu hinh duéi day:
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Hinh 9. Mit bang bd tri dim chinh [3] Hinh 10. M3t bang bd tri dam phu [3]
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Chi tiet dam chinh, dam phu nhu hinh du6i day:
L g DETAIL ORO1 DErAIL oM81(1)
ﬁ u = |
MAIN BEAM - TYPICAL DETAIL .
\ mEEme e &,
[ \| =i
T TF [ 1 "
+ A A T 9 T N —
Lo, 0
- SUB BEAM - TYPICAL DETAIL
Hinh 12. Chi tiét dam chinh lién két vdi corbel [3]

Hinh 11. Chi tiét dam chinh, ddm phu [3]

4.3.3. Van khuon

Hé van khuén bao gdm: van phu phim, hop thép 50x100mm, hop thép 50x50mm, ty thép,

thanh chong xién, hé giang,...
K f [ i M | [ HX
(=) »»7 o= = L= Ef i j = el 7*
#+ 4 4 4 & 4 & & 4 4 4 & & 4 & & 4 4
4 \ -
HE THEP | PHY
\_ HE THEP | CHiNH

Hinh 13. Mit cit van khuon, gido chéng dién hinh

4.4. Tinh toan

Véi giai phap trén, tai trong trong qua trinh thi céng s& dugc chuyén theo thir tu: tir bé mit
van khuon dim = xa gé > dam phu = dam chinh = corbel - cot. Vi thé, cac cu kién dam

thép, Corbel can phai dugc tinh toan va kiém tra k§ ludng.
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4.4.1. Tai trong

a. Tai trong ban than:

Bang 1. Tai trong ban than tac dung 1én h¢ dan gido [4, 5]

. Kich thudc Tai trong tac dung
STT Loai tai trong Téi trong He scz' (m) 1én san (T/m?’)
vuot tal N N
Dam chuyén PSte PStt
1 | Bétong (T/m’) 2.5 1.15 Chiéu cao 6.000 6.900
2 | Coffa + xa go (T/m?) 0.15 1.1 24 0.150 0.165
Téng 6.150 7.065

b. Hoat tai thi cong:

Bang 2. Hoat tai thi cong tdc dung 1én hé dan giao [4, 5]

. Tai trong tac dung Ién san
STT Loai tai trong Tai trong Vilg*tst(;i (T/ mz)
PSte PSt
1 | D6 bé tong 0.4 1.3 0.400 0.520
2 | Nguoi va dung cu thi cong 0.25 1.3 0.250 0.325
3 | Dam bé tong 0.2 1.3 0.200 0.260
Téng 0.650 0.845
4.4.2. So do tinh

Cong tac tinh toan kiém tra duoc thuc hién bang phan mém phan tich két cdu Etabs thong
qua viéc 1dp mod hinh tinh dé xac dinh noi luc cac ciu kién. Trong mo6 hinh tinh, cac dam chinh
dugc khai bao 1a cac ddm don gian lién két khép tai céc corbel. Cac dam phu duoc khai bao dudi
dang phan tir thanh lién két khép cac vi tri giao dam chinh. Corbel dugc tinh toan thiét ké cot
thép doc, cbt ngang dira vao phan lyuc lién két thu dugc tir so dd tinh.

Hinh 14. M6 hinh tinh toan kiém tra hé dam thép [4, 5]
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4.5. Mot s6 dé xuat khi ap dung bién phap dan gido treo

- Pé rit ngdn thoi gian bé tong cot dat cuong do dé gia cong, lap dung corbel, nén sir dung
bé tong nhanh dat cuong d6 nhu G5, G7.

- Trong trudng hop dic biét, khong gian ting dudi ¢ vi tri dAm chuyén khong da dé bd tri
chudng gido. Van khudn duoc dit truc tiép 1én hé chinh phu. Pé dam bao dé dang cho viéc thao
dd hé théng dam thép sau khi thi cong, tai vi tri lién két gitta dam thép vao corbel dugc b tri
thém gdi dém bang cac hop cat. Trude khi thao d& hé két cau thép, nha thau dung voi xit nude ap
luc cao dé thdi troi cat, ban ma va két ciu thép s€ dugc ha xuéng, tao ra khong gian dé c6 thé
thao hé nay ra khoi corbel. Chi tiét cdu tao gdi dém cat xem hinh dudi day:
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Hinh 15. Chi tiét cAu tao hop cat [2, 3]

- Do tiét dién dam chuyén tiép 16n, luong bé tong cua timg dam don 1é rat 10n, hon nita tang
chuyén tiép duoc thi cong vao dung luc nhiét do dia phuong tai Viét Nam rit cao nén phai xem
xét dén hiéu ng nhiét cua bé tong. Vi thé, khi do bé tong dam ting chuyén tiép, yéu cau trudc
tién can thém da lanh vao bé tong, cat va da phai qua xu 1y ha nhiét. Yéu cau nhiét do cua bé
tong khi d6 vao cdp pha nho hon 32°C [6].

5. KET LUAN

- Bién phap dan gido treo 14 bién phap c6 thé thay thé bién phap thi cong dim chuyén thong
thuong dac biét 1a cac vi tri ddm chuyén nam trén ramp ddc, 16 mo thang bd va 16 mo thi cong
hodc mot sé khu vuc dic biét khac Trén thuc té, bién phép nay da dugc ap dung & nhiéu du an.
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- Bién phap dan gido treo can duoc lap so do tinh, khai bao day du va chi tiét cac thong s6
dau vao. Cac ciu kién corbel, hé chinh, phu phai dugc tinh todn k¥ cang. HE cot, vach can duoc
tinh toan lai voi tai trong trong qua trinh thi cong, trong trudng hop khong dam bao phai co
phuong an gia cuong.

- Cac cAu kién phai duoc thiét ké va ciu tao tuan thii theo tiéu chuan hién hanh.

- Trong qué trinh 4p dung phuong phap ndy, can luu ¥ mot sb dé xuit duoc néu trong
muc 4.5 cta bai bao nham day nhanh tién do ciing nhu d& dang trong viéc thao d& coffa va hé

dan gio treo.
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PANH GIA THUC TRANG, NGHIEN CUU PE XUAT QUY TRINH
KIEM SOAT CONG TAC LAP VA KIEM TRA BIEN PHAP THI CONG

EVALUATION OF THE CURRENT STATUS, RESEARCH,
AND PROPOSE THE CONTROLLING PROCEDURE FOR THE MAKING
AND CHECKING THE CONSTRUCTION METHOD STATEMENT

ThS. KS. Nguyén Ba Kién', KS. Lai Tién Phong®
'2Vién Khoa hoc c6ng nghé xiy dung, Email: kiendhxd@gmail.com, phong.laitien9 1 @gmail.com

TOM TAT: Bai bio dua ra mot sé danh gia lién quan dén thuc trang cta viéc kiém soat bién phap thi
cong. Cung voi viéc dé xuét quy trinh 1ap va kiém tra bién phép thi cong nham han ché rui ro t6i da, dam
bao an toan cho ngudi lam viéc va két ciu cong trinh.

TU KHOA: Bién phap thi cong, an toan.

ABSTRACTS: The article shows some assessments related to the current status of construction method
control. Along with proposing the process for making and checking construction method statements to
minimize risks, ensure safety for workers and structural systems.

KEYWORDS: Method statement, safety.

1. PAT VAN PE

Ngay nay, Lap bién phap thi cong cho mdi goi thau trudc khi thi cong 1a yéu cau bét budc
ctia hau hét cac du an xay dung véi muc dich kiém soat duoc ké hoach huy dong nhan luc - thiét
bi thi cong, kiém soat duoc tién do - chat luong - chi phi thi cong va kiém soat duoc viée dam
bao an toan trong qua trinh thi cong, du kién sy cb va cach xu 1y.

Trong cac van dé trén, yéu té dam bao an toan cho ngudi, thiét bi lam viée va két cdu cong
trinh ludn dugc cac chi dau tu, dic biét cac chu dau tu dén tir nude ngoai, dat 1én hang dau.

Thuec té cho thiy tai nhidu cong trinh xay dung van con ton tai rat nhiéu cac su ¢d lién quan
t6i bién phap thi cong dugc duyét chua dam bao yéu cau ki thuat nhu:

- Sép gian gio dam, san do mot sd nguyén nhan nhu hé gian gido khong du kha niang chiu
tai, quy trinh thi cong chwa dam bao yéu cau ky thuat ( Vi du: do bé téng tir ngoai vao trong, d6
bé tong tap trung tai 1 vi tri..);

- Ntt, vong dam san bé tong do mot sé nguyén nhan hé chong d& khong du kha ning chiu
luc, khoang cach hé gido chdng tinh toan khong dam bao yéu cau hodc s tang gido chdng lién
tiép khong du;

- Thung tuong viy, giy tudng vy do mot s nguyén nhan nhu thiét ké bién phap thi cong
khong du kha nang chiu lyc, phuong 4an dao dat khong dam bao, nén dit tuong dian khong dugc
gia ¢6 dam bao do chiat, dng d6 khong dam bao chidu sau ngdm trong bé tong;
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- P6 tudng rio, tudng bao quanh tdoa nha do mot sé nguyén nhan nhu bién phap lién két
tuong va cot khong dam bao, chiéu cao tuong xay trong 1 dot xay qué 16n;

- Séap gian gido bao che quanh tda nha do mét sé nguyén nhan nhu tinh toan khong dam bao;
lra chon hé s an toan cua day cap chwa du, chua siét chat cac bulong lién két, khong kiém tra
cac vi tri neo giit cua hé gido voi cong trinh, khong co bién phap gia ¢ gian gido. . .;

- Ngi trén cao do thiéu phuong tién an toan, lan can, diy ctru sinh do mét sé nguyén nhan
nhu khéng tuén tha quy trinh an toan, khong c6 dai an toan, day ctru sinh, khong kiém tra thuong
xuyén sy chic chin cta hanh lang, lan can trén cao...;

- Pién giat do ro i dién bdi mot sé nguyén nhan nhu khong c6 hé théng aptomat chdng giat,
khéng treo day dién 1én cao, khong boc day dién theo diing yéu cau;

- D6 ciu thap, cau gian do mot s nguyén nhan nhu khong tuan thu quy trinh an toan khi cau
vat tu (qua tai), thi cong trong diéu kién khong dam bao (gio bio), khong kiém tra nén duong khi
di chuyén;

- Sat 16 mai dao gdy hau qua nghiém trong do mét s6 nguyén nhan nhu khong dam bao diéu
kién thoat nudc, tap két vat tu trén dinh mai dao qua diéu kién cho phép, diéu kién tu nhién bt
kha khang (mua to, 1ii ng), 46 doc mai dao khong tuan thi yéu cu ki thuat.

Do d6, bai bao dua ra mot s6 danh gia lién quan dén thuc trang cua viée kiém soat bién phap
thi cong. Cung voi viée dé xuét quy trinh 14p va kiém tra bién phap thi cong nham han ché rui ro
t6i da, dam bao an toan cho ngudi lam viéc va két cau cong trinh.

Bai bao dua ra mot s6 vi du dién hinh vé cac bién phap thi cong tiéu biéu da duoc ap dung
cho mét sd cong trinh 16n, trong diém nhu trung tam thuong mai Lotte Mall Ha N1, Bénh vi¢n
Pa khoa An Sinh Phuc Truong Minh...

2. PE XUAT CAU TRUC CUA BIEN PHAP THI CONG, VA QUY TRINH LAP VA
KIEM TRA BIEN PHAP THI CONG

Dé xuét cdu tric va quy trinh 1ap kiém tra bién phap thi cong dua trén cac nguyén tic co ban
trong TCVN 4252:2012.

2.1. D@ xuit ciu triic ciia bién phap thi cong
- Phan 1: Téng hop cac can ctr dé 1ap bién phap thi cong;
- Phéan 2: Giai phép thi cong va pham vi ap dung;
- Phan 3: M6 hinh hoa, sb liéu dau vao va dién giai két qua;
- Phan 4: Tién d0, nhan luc thi cong;
- Phan 5: Quy trinh thyc hién;
- Phan 6: Kiém soat dam béao chét luong;
- Phan 7: Du kién su ¢ va cach xir 1y ;

- Phan 8: Kiém soat dam bao an toan lao dong;
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2.2. Dé xuit quy trinh Iap va kiém tra bién phap thi cong
2.2.1. Buéc 1: Chudn bi day dii cdc tai ligu can thiét

- Chu dau tu can cung cap cho tu van giam sat (Néu co) va nha thau thi cong céc tai liéu:
+ Ban v& thiét k&, chi din k¥ thuat duoc tham duyét boi co quan chirc ning;

+ Thuyét minh tinh toan két cAu (Néu can);

+ Danh muc tiéu chuin ap dung;

+ Tién d6 thi cong téng thé d3 duge CDT chép thuan;

+ Pham vi cong viéc, diéu kién hop dong cua timg nha thau;

+ Phuong an d4u ndi phuc vu thi cong;

- Nha thau can thu thap cac tai li€u, thong tin sau:

+ Luat, Nghi dinh, Thong tu, Tiéu chuin va cac van ban quy pham phép luét lién quan
hién hanh;

+ Cac s liéu tai trong s& st dung trong tinh toan bién phép thi cong;

+ Cac thong tin vé nguén luc hién c6 va tai dia phuong hodc nhéap khéu;

+ Céc thong tin vé sb liéu dia chat, dia hinh, khi hau, diéu kién giao thong va tap quan sinh

hoat dac thu tai dia phuong;

2.2.2. Budc 2: Lap bién phap thi cong

Trong bién phép thi cong nha thau can thé hién ddy du cac thanh phan tir phan 2 t6i phan 7

muc 2.1.
2.2.3. Budc 3: Tham tra bién phdp thi céng béi don vi djc Igp (néu cin)

Mot sb bién phap thi cong cé yéu cau nghiém ngit vé an toan lao dong hoidc c6 nguy co anh
huong toi an toan cua cac cong trinh 1an cin thi cin duoc thdm dinh, thim tra boi mot to chic
ddc lap, c6 nang luc phu hop.

Véi cong trinh x4y dung tai TP H6 Chi Minh thi can duoc tham tra bién phap thi cong phan
ngam theo quy dinh tai muc 1 diéu 5 Quyét dinh s6 44/2016/UBND ciia Thanh phé Ho Chi Minh
ngay 05/11/2016.

Vi cong trinh xdy dung tai TP Ha Nai thi can dugc thim tra bién phap thi cong cong tac
phé dd, cac cong viéc ¢ yéu cau dic biét, co ky thuat phirc tap, xdy dung cong trinh nha cao tang
¢6 tang ham va xay dung cac cong trinh ¢6 nguy co tiém an 1am anh hudong dén cac cong trinh
1an can khac theo quy dinh tai muc 1 diéu 6 va muc 7 Piéu 8 Quyét dinh s 29/2015/QD-UBND
ctia Thanh phd Ha Noi ngay 09/10/2015.
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2.2.4. Buéc 4: Tham tra, kiém tra bi¢gn phdp thi cong

Cac bién phap thi cong sau khi dugc nha thau 1ap can phai duge xem xét boi cac bd phan
chuyén mén cua chu dau tu truée khi duge phé duyét. Vi cac bién phap thi cong co cac yéu cau
ky thuét cao, Chi dau tu c6 thé yéu cau nha thau thi cong thuc nghiém miu bién phap thi cong
tai hién truong trude khi dong y phé duyét trién khai.

2.2.5. Budc 5: Chii dau tw, Tw vin gidm sdt phé duyét bi¢n phap thi cong

Sau khi kiém tra va danh gia bién phap thi cong c6 tinh kha thi cao, dap Gmg day du cac yéu
cAu ma cha dau tu d3 dit ra va phu hop voi cac quy dinh, nghi dinh va théng tu nha nude hién
hanh. Chu dau tu, tu vin giam sat tién hanh phé duyét bién phap thi cong va dong ¥ cho phép
nha thau trién khai bién phép thi cong.

3. MOT SO NOI DUNG CAN PAC BIET CHU Y KHI LAP VA KIEM TRA BIEN PHAP
THI CONG

3.1. Kiém tra hé thong vin ban tham chiéu

Khi kiém tra mdi bién phap thi cong can tién hanh kiém tra k§ cac van ban tham chiéu dén
dac biét 1a hé théng tiéu chuén ki thuat ap dung. (trong nudc véi nude ngoai; cli voi moi)

Cac quy chuan, tiéu chuan da hét hiéu luc can dugc thay thé bang cac van ban con hiéu luc
moi nhat.

3.2. Kiém tra giai phap thi cong va pham vi 4p dung

Giai phap thi cong duge trinh bay trong bién phép thi cong phai tuan theo cac ngudn luc c6
san va pho bién, dam bao kha ning c6 thé thay thé duoc khi trién khai thi cong.

Pham vi 4p dung bién phap thi cong phai theo cac dang két cdu dong dang, tuan thu quy dinh
cua ban v& thiét ké.

3.3. Kiém soat phwong an md hinh, giai phap thi cong

Sau khi da chon Iyra phuong an, giai phép trién khai bién phap thi cong thi cAn phai tién trién
khai bién phap thi cong dugc chon qua ban v€ hodc moé hinh thyuc té thu nho hodc mé hinh trong
phan mém tinh toan dé kiém chimg tinh dtng dan cta giai phap thi cong. Mot sé diém can chi y:

- Thé hién bién phap thi cong qua ban v& hodc mé hinh thyc té thu nho:

+ Cac phuong an thi cong duogc thé hién qua hé thong ban v&, thuyét minh, trong d6 bao gdm
ting budc thi cong, tudn thu cac hudng din ciia hé thong tiéu chuan, chi dan k¥ thuat da duoc
ban hanh.

+ Phuong phap trién khai bién phap thi céng nhu trén chi yéu dwa vao ning luc va kinh
nghiém chu quan cua nguoi 1ap nén can duogc kiém tra, d6i chiéu k¥ voi cac quy dinh va hudng
dan da co. Nha thau c6 thé dé xut tién hanh mo hinh thyc té dé kiém tra lai kha ning thuc hién
cua bi¢n phép thi cong.
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- M6 phong bién phap thi cong bang phan mém may tinh: st dung hé théng phan mém
chuyén dung dé mo phong cac diéu kién dau vao nhu ban vé thiét ké cua thiét ké ciing nhu
phuong an thi cong qua do tinh todn cac kha nang lam viéc cua bién phap thi cong tuwong tu khi
thi cong thuc té. Phuong 4n nay dua ra két qua tinh toan truc quan va tuong d6i chinh xac. Tuy
nhién, khi thuc hién phuong an niy can cha y cac van dé sau:

+ Nghién curu ban vé thiét ké dé mo hinh hoa mot cach chinh xac nhét c6 thé cac cu kién
can phan tich vao trong phan mém;

+ Kiém tra cac dic diém dau vao theo hd so thiét ké va chi dan ky thuat dé xac dinh ding
céc tiéu chuan tinh toan s& ap dung va cac thong sd dau vao vai timg loai vat lidu

+ Kiém tra cac hé sb an toan kém theo, tranh tinh trang hé ) chéng hé sb lam gia tri tinh
toan qua 16n, gdy thiét hai vé kinh té
3.4. Kiém soat cac thong tin ciAn thé hién trén ban vé bién phap thi cong

Sau khi tinh toan va kiém tra giai phap thi cong, can dién giai thanh cac dang biéu dd, ban vé
dé thyc hién trién khai thi cong ngoai hién truong. Hé thong ban vé& can phai thé hién dugc cac
thong tin sau:

- Pay du thong tin vé chung loai vt liéu, quy cach lap dung, tong mat bang thi cong...;

- Céc chi tiét lién két, khoang céach cac cAu kién;

- TAt ca céc khoang cach trong mé hinh tinh toan can duoc thé hién trén ban vé;
3.5. Kiém soat quy trinh quén ly chit lwong

Quy trinh kiém soét chit luong thi cong 1a vo cling quan trong, ndé dam bao cho chét luong,
an toan mdi cong trinh. Quy trinh quan 1y chét luong gitp cho can bd k¥ thuat kiém soat duoc
viéc ap dung bién phép thi cong dd dung hay chua. Vi mdi quy trinh kiém soat chat lwong can
thé hién dugc:

- Danh muc cac tiéu chi can kiém tra;

- Luu d6 céac budc kiém soat chat luong;

- Trach nhiém cua timg bd phan trong timg quy trinh kiém tra, kiém soat;

- Céc gi6i han, yéu cau cho phép, sai s dugc chip nhan cho timg chi tiéu tuan thu chi din
k¥ thuat va tiéu chuan ap dung cho du an.

3.6. Kiém soat quy trinh quan 1y an toan

Céc quy trinh kiém soat an toan phai dugc thé hién rd rang, day du. Tap trung chu yéu vao
viéc ddm bdo an toan tinh mang cho con nguoi, thiét bi va ddm bao an toan cho két cau cong
trinh. Vi mdi loai cong trinh can c¢6 cac bién phap an toan lao dong khac nhau, phu hop véi dic
diém cua ting cong trinh, trong quy trinh kiém soat an toan can thé hién dugc:

- Luu do cac budce kiém soat an toan va ti€u chi kiém soat;

- Quy trinh quan 1y an toan chung;

- Trach nhi¢m cua tirng ca nhan, by phan trong cac budc;
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- Phwong 4n xtr 1y cong tac an toan khi xay ra sy c6;

- Phuong 4n dam bdo an toan cho tung vi tri riéng biét. Vi cac vi tri dac biét, cac cong tac
dic thu thi cong tac an toan can duoc chu trong, va dugc thiét ké cac bién phap an toan riéng. Vi
du véi cong tac cang kéo cap du ung luc 1a mot cong tac dugce thi cong tai vi tri bién san, con
nguoi c6 nguy co roi ngi cao va dé bi soi cap bi bung do diit cap trong qua trinh cang kéo giy ra
mAt an toan cao. Vi vy can dugc thiét ké hé théng gia d, lan can c6 chian chan dam bao di yéu
t an toan.

3.7. Tham tra bién phap thi cong

Mot s6 bién phap thi cong bat budc phai tham tra theo yéu ciu cia Luat Xay dung
s6 50/2014/QH13 va Muc 7, diéu 8 quyét dinh s6 29/2015/QD-UBND cua UBND Thanh phd Ha
Noi vé mot sd cong trinh phai tién hanh tham tra bién phap nhur:

- Bién phép thi cong phan ham ngadm: bién phap ép cir ving chdng, bién phap thi cong tudng
vay, bién phap thi cong top down;

- Bién phap thi cong cac thiét bi co yéu cau nghiém ngit vé an toan: Bién phap thi cong lap
dung cau thap, can phéan phdi, van thang;

- Bién phép thi cong c6 kha ndng anh hudng téi cong trinh 1an can: Bién phap thi cong gian
gido bao che ngoai nha, bién phap thi cong;

- Bién phap thi cong c6 cac yéu t6 dic biét, phirc tap: bién phéap thi cong hé dam chuyén,
bién phép thi cong hé cau kinh...;

- Va mot sd bién phap thi cong dac biét khac...

3.8. Thi nghiém kiém chirng thuc té ddi chiéu véi tinh toan

Mot s6 bién phap thi cong dic biét quan trong sau khi tinh toan, kiém chimg qua phan mém
mo phong thi can dugc dénh gia, kiém tra trong mdi truong va cac diéu kién thuc té. Trong cac
truong hop nhu vay, tién hanh thi cong miu bién phap thi cong tai mot sé vi tri dién hinh va
kiém tra do dac céc sd liéu thuc té trude khi két luan tinh kha thi cia bién phap thi cong;

- Thi nghiém kiém tra strc chiu tai thuc té clia hé neo dat va tuong cu tai mét s6 vi tri duoc
chi dinh: (4p dung cho bién phép thi cong tudng cir chin dat khi pha d& hé thong cong trinh cii
tai du an Lotte Mall - Ha Noi1)
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- Thir nghiém hé mau bién phép thi cong mit dung:

| *W““‘ﬁl ‘

Thitr nghiém hé vach CRC Thur nghiém hé mat dung

- Thi nghiém thr tai hé gian gido khi yéu cau vé tai trong thi cong hodc chiéu cao lap dat 16n
v6i cac cap tai trong cho trudc (cho phan gian gido ddm san tai dy an Lotte Mall - Ha Noi):

Thi nghiém thtr tai gido tai PTN Thi nghi¢m thr tai gido tai hién truong

3.9. Mt s6 bién phap an toan cho cic vi tri dic biét cin chu y
Tai mot s6 vi tri ddc biét, bién phap an toan 1a cuc ky quan trong, bién phép thi cong can
phai cht y dén mot s van dé sau:

- Céac khu vuc 1am vi¢e kin, dudi ham can c6 bién phap do nong do oxi, bi€n phap thong gio:

Hanh déng khic phuc Hanh déng khic phuc

Day ctru sinh

o

Quat théng gié

viéc

Bién phap thong gi6 khi lam viéc dudi ham kin Do nong d6 khi trude khi 1am viée
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- Céc khu vuc c¢6 nguy co chdy no cao: can co6 bién phap che chan, luu trit cac chat dé chay

Khéng phu hep Hanh dang khic phuc

]

Phai chira cac chai nén khi trong Idng

Str dung phéu hirng xi han khi han trén cao C6 budng luu giit binh oxi, khi ga
4. KET LUAN - KHUYEN NGHI

4.1. Két luan

Bién phap thi cong 1a phuong tién gitp nha thau thi cong co gidi hoa thi cong, c6 bién phap
ky thuat ap dung dung quy trinh thi cong dé day nhanh tién d6 thi cong ciing nhu dam bao an
toan lao dong va kiém soat chat lwong cong trinh. Tranh nhiing lang phi 16n vé stic lao dong, vé
hiéu sudt sir dung thiét bi, kéo dai thoi gian thi cong, ting chi phi.

Bién phap thi céng gitp chu dau tu va cac co quan quan 1y kiém soat nha thau thi cong thi
cong dung quy pham, ding thoi han va ddm bdo an toan lao dong trong khi thi cong.

Bién phap t6 chic thi cong gitip cha dau tu nam bét duge phuong an thi cong, thoi gian du
kién thi cong va gia thanh du tri dé c6 cac giai phap vé tai chinh, ngudn vat liéu, nhan luc dap
g cac yéu cau cta du an.

4.2. Khuyén nghi

Chu dau tu nén thué cac nha thau di ning lyc, co sin cac thiét bi thi cong tién tién dé dap
g cac nhu cau cao hon trong yéu cau to chtrc thi cong hién dai dam bao chit lugng, an toan,
tién do.

Kién nghi co quan nha nudc can t6 chirc nghién ctru cac cong nghé méi dé dua ra cac thiét
ké dién hinh. Cung v6i d6 1a cip nhat hé thng tiéu chuan, quy chuédn theo cac yéu cau méi theo
xu huéng cong nghé cia thé gisi.

Pé nam vimng va van dung t6t bién phap thi cong dugc 1ap vao thuc té cong trinh, nguoi can
b6 chi huy thi cong con can phai trang bi cho minh cac hiéu biét nhat dinh vé k¥ thuat, kinh té,
xd hoi co lién quan nham gitp cho viée t6 chirc va chi dao thi cong cong trinh mot cach ding
dan, sang tao va co hiéu qua cao. Mot kho khin dit ra 1a cong tac quan 1y xay dung cua dat nude
ta hién nay dang trong qua trinh d6i méi va hoan thién nén cac quy dinh, thé 1¢, quy chuén, quy
pham... hoic 13 chua 6n dinh, hodc 1a chua c6 nén khi ap dung vao thuc té can theo sat nhiing
quy dinh, tiéu chuan... di va s& ban hanh
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NGHIEN CU'U SU ANH HUONG VIEC THAY POI DANG PIA HINH
PEN TAI TRONG GIO TAC PONG LEN CONG TRINH
NHA CAO TANG TiNH TOAN THEO TCVN 2737:1995

RESEARCH ON VARIATION IN WIND LOAD ON HIGH-RISE DUE TO
TOPOGRAPHIC CHANGE, BASED ON TCVN 2737:1995

KS. Nguyén Dong Phong', ThS. Nguyén Binh Dinh?
'2Vién Khoa hoc cong nghé xay dung, Email: phongtut.ibst@gmail.com, nguyendinh.ibst@gmail.com

TOM TAT: Trong qua trinh ddi méi dat nude ta da cd su phat trién vuot bac vé moi mat. Qua trinh do
thi hoa & céc tinh thanh véi viée hinh thanh nhiéu du 4n méi, nhiéu khu do thi méi, nhiéu toa nha cao va
siéu cao tang dang duoc xay dung nhanh choéng. Viéc nay s& din dén thay ddi vé dic diém xdy dung cua
cong trinh, trong d6 c6 dang dia hinh ctia cong trinh. Su thay ddi vé dang dia hinh theo thoi gian s& co
anh huodng truc tiép t6i tai trong gi6 tac dong 1én cong trinh. Bai bao ndy nghién ciru vé anh huéng cua
dang dia hinh tdi tai trong gi6 tac dong 1én cong trinh nha cao ting theo thdi gian khi tinh toan theo
TCVN 2737:1995. Két qua nghién ciru c6 thé s& hitu ich trong viéc xac dinh dang dia hinh pht hop nhit
trong tinh toan thiét ké cong trinh.

TU KHOA: Dang dia hinh, tai trong gi6, TCVN 2737:1995.

ABSTRACT: In recent years, our country has made great progress in every aspect. The process of
urbanization in the provinces and cities with the appearance of many projects, many new urban areas,
many tall buildings and high-rise is rapidly taking place. This will lead to a lot of changes in the
construction characteristics of the building, including the topography. The change in topography over
time will have a direct influence on the wind load acting on the structure. This article studies the
influence of topography on wind loads acting on high-rise buildings calculating based on TCVN 2737:1995.
The research results may be useful in determining the most suitable topographic form in the calculation
and design of works.

KEYWORDS: Topography, wind load, TCVN 2737:1995.

1. PAT VAN DE

Pat nudc ta dang trong qua trinh d6i méi toan dién vé moi mat, hé théng co so ha ting k¥
thuat dugc chu trong du tu. Cac cong trinh c6 quy mé 16n va cao tang duoc dau tu xdy dung
ngay cang nhiéu dé dép tng nhu cu phat trién va do quy dat do thi ngay cang bi thu hep.

Theo thoi gian, viéc hinh thanh cic khu d6 thi mdi va cac toa nha cao tﬁng, cac khu dan cu
tap trung cung véi do la tdc d6 do thi hoa tai cac tinh thanh 1am thay ddi rat 1én vé dang dia hinh
d6i voi cong trinh. Viéc thay d6i vé dang dia hinh sé& thay ddi dén tai trong gi6 1én cong trinh va
c6 thé s& din t6i cac yéu cau tinh toan tir budc thiét ké can dugc xem xét theo thoi gian s dung
cong trinh. Pé cong trinh ¢6 thé an toan nhit trong qua trinh 1am viéc, phuc vu cho cudc séng
chung ta, viéc tinh toan thiét ké cong trinh dam bao an toan trong qua trinh st dung van hanh

trude cac thay doi tac dong 1én cong trinh theo thoi gian 13 v6 cling can thiét.

385



Hoi nghi Khoa hoc Can bo tré lan thir XVI

Bai bao nay nghién ctru vé anh hudng cua viéc thay ddi dang dia hinh t6i tai trong gié tac
dong 1én cong trinh nha cao tang theo thoi gian khi tinh toan theo TCVN 2737:1995.

Hinh 2. Thanh ph H6 Chi Minh, Viét Nam trudc nam 1975 va nam 2015

2. CO SO TINH TOAN TAI TRONG GIO

Tai trong gié do tic dong cia khi hau va thoi tiét thay dbi theo thoi gian, do cao, dia diém
dudi dang ap luc trén cac mat dung hodc mat hut ciia cong trinh. Tac dung ctia gié 1én cong trinh
1a tac dung dong, né phu thudc chii yéu vao cac yéu tb moi truong xung quanh nhu dia hinh va
hinh dang cong trinh.

Tai trong gi6é bao gdm 2 thanh phan: thanh phan tinh va thanh phan dong. Theo TCVN
2737:1995, thanh phan dong cta tai trong gi6 phai duoc ké dén khi tinh toan cac cong trinh cao
trén 40m, cac khung ngang nha cong nghiép 1 ting mot nhip c6 do cao trén 36m, ty sé do cao

trén nhip 16p hon 1,5m.

2.1. Thanh phan tinh
[ Gi4 trj tiéu chuén thanh phan tinh cua tai trong gid duoc tinh theo cong thic:

W =W, xkxc 6]
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trong do:
W : gid tri ap luc gi6 1dy theo ban d6 phan ving;
k : hé sd tinh dén su thay d6i cua ap luc gid theo do cao;

¢ : hé s6 khi dong.

Hé sb do tin cay cua tai trong gi6 v lay bang 1,2.

Céc gié tri cia hé s6 k ké dén su thay dbi ap luc gi6 theo dd cao so voi méc chuin va dang
dia hinh, x4c dinh theo bang 5, muc 6.5 theo TCVN 2737:1995.

- Dia hinh dang A 1a dia hinh tréng trai, khong c6 hoac co rat it vat can cao khong qua 1,5m
(bd bién thoang, mat song, hd 16n, ddng mudi, canh déng khong cé ciy cao...)

- Pia hinh dang B 1a dia hinh tuong ddi tréng trai, c6 mot sb vat can thua thét cao khong qua
10m (ving ngoai 6 it nha, thi trdn, lang mac, rimg thua hodc rimg non, ving trong cdy thua...)

- Pia hinh dang C 1a dia hinh bi che chin manh, c6 nhiu vat can sat nhau cao tir 10m tré [én
(trong thanh phé, ving rimg ram...)

Cong trinh dugc xem 1a thudc dang dia hinh nao néu tinh chét ctua dang dia hinh d6 khong
thay doi trong khoang cach 30h khi h < 60m va 2km khi h > 60m tinh tir mat don gié cia cong
trinh, v6i h 1a chiéu cao cong trinh

Bang 1. Bang hé s6 k ké dén su thay doi 4p luc gi6 theo do cao va theo dia hinh.

Do cao Z, m Dang dia hinh
A B c

> 1,00 0,80 0,47

> 1,07 0,88 0,54
10 1,18 1,00 0,66
15 1,24 1,08 0,74
20 1,29 1,13 0.80
30 1,37 1,22 0.89
o L4 1,28 0,97
>0 1,47 1,34 1,03
60 1,51 1,38 1,08
80 1,57 1,45 1,18
100 1,62 1,51 1.25
150 1,72 1.63 140
200 1,79 1,71 1.52
250 1,84 178 L2
300 1,84 1,84 17
350 1,84 1,84 178
> 400 1,84 1,84 1.84
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Biéu d6 hé s6 ap luwe gié tinh theo dé cao

2.00
1.80
1.60
1.40
1.20
1.00
080 *sh-""”
0.60

0.40

0.20

0.00
Pd caoZ, m 3 5 10 15 20 30 40 50 60 80 100 150 200 250 300 350 400

—&—Diahinh A 1.001.07 1.18 1.24 1.29 1.37 1.43 1.47 1.51 1.57 1.62 1.72 1.79 1.84 1.84 1.84 1.84
—&—Dja hinh B 0.80 0.88 1.00 1.08 1.13 1.22 1.28 1.34 1.381.45 151 163 1.71 1.78 1.84 1.84 1.84
Dia hinh C 0.47 0.54 0.66 0.74 0.80 0.89 0.97 1.03 1.08 1.18 1.25 1.40 1.52 1.62 1.70 1.78 1.84

Hé s6 k

Hinh 3. Biéu dd hé s ap luc gio tinh theo do cao.

2.2. Thanh phian dong
(2] Gi4 tri tiéu chuan thanh phan dong cua tai trong gi6 1én nha cao ting Wp & do cao z duoc
xac dinh nhu sau:
- Truong hop f; > fi, W, duoc tinh theo cong thurc:
W, =WxCxv 2)

trong do:

fi, £ : tan sd dao dong riéng tha nhat, thir hai ctua cong trinh;

fi : thn sd gi61 han, xac dinh theo bang 9, muc 6.14.2 theo TCVN 2737:1995;

W, : ap luc gio;

W : gié tri tiéu chuan cua tai trong gid, tac dung 1én phan thir i cong trinh;

¢ : hé s ap luc dong cia tai trong gi6 & do cao twong Gmg phan thi i ctia cong trinh, khong
thr nguyén, xac dinh theo bang bang §, muc 6.13.1 theo TCVN 2737:1995;

v : hé sb twong quan khong gian 4p luc dong cia tai trong gié ung véi cac dang dao dong
khéc nhau cua cong trinh, khong thir nguyén, xac dinh theo bang 10, muc 6.15 theo
TCVN 2737:1995.

Bang 2. Bang hé s6 ap luc dong cia tai trong gio {

Dang dia hinh
bPdcaoZ, m
A B C
<5 0,318 0,517 0,754
10 0,303 0,486 0,684
20 0,289 0,457 0,621
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Bang 2 (tiép theo)

D6 ca0 Z, m Dang dia hinh
A B C
40 0,275 0,429 0,563
60 0,267 0,414 0,532
80 0,262 0,403 0,511
100 0,258 0,395 0,496
150 0,251 0,381 0,468
200 0,246 0,371 0,450
250 0,242 0,364 0,436
300 0,239 0,358 0,425
350 0,236 0,353 0,416
> 400 0,231 0,343 0,398

- Truong hop fi <1, W, duoc tinh theo cong thirc:
W, = WxExCxv

trong do:

¢ : hé s6 dong luc , phu thudc vao thong sb va do giam 16ga cua dao dong.

- Truong hop f; < fL <f,, W, dugc tinh theo cong thure:
W, =mxExyxy
trong do:

m : khoi lugng cua cong trinh ma trong tdm c6 do cao z;

€)

(4)

)

v : hé sb duoc xac dinh bang cach chia cong trinh thanh timg phan, trong pham vi mdi phan

tai trong gi6 khong déi;

y : chuyén vi ngang ctia cong trinh & do cao z tng v6i dang dao dong riéng tha nhat.

- Truong hop nha nhiéu ting c6 d6 cimg, khdi lwong va bé rong bé miat don gié khong doi

theo chiéu cao, co f; < fi, W, dugc tinh theo cong thirc:
W, =1L4xZxExW,
b =L XHX Ex oh

trong do:

(6)

Wi gid tri ti€u chuan thanh phan dong cta tai trong gié & d cao h ctia dinh cong trinh, xac

dinh theo cong thuc (2).
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Biéu do hé sb ap luc gid déng theo d6 cao
0.800
0.700
0.600

a0 \H—&
T 0400 -
0300 O—a_ o

0.200

€ Si

9

&
& -
- B &

®
§
‘

0.100

0.000
PocacZ m 5 10 20 40 60 80 100 150 200 250 300 350 480

=—&—Dia hinh A 0.318 0.303 0.289 0.275 0.267 0.262 0.258 0.251 0.246 0.242 0.239 0.236 0.231
—#—Dja hinhB 0.516 0.486 0.457 0.429 0.414 0.403 0.395 0.381 (.371 0.364 0.358 0.353 (.343
BiahinhC 0.754 0684 0.621 0563 0537 0511 049 0468 (0.45) 0.436 0425 (0416 0.398

r

Hinh 4. Biéu d6 hé sb ap luc gid dong theo do cao
Nhan xét:
T hai biéu d6, c6 thé théy duoc su chénh 1éch vé cac hé sb cua tung thanh phén gio.

- DBéi v6i thanh phan gié tinh, hé s ap luc gié ting dan theo chidu cao cong trinh, ting dan
tir dia hinh C dén dia hinh A.

- DBéi v6i thanh phan gié dong, hé sé ap luc gid giam dan theo chiéu cao cong trinh, giam
dan tir dia hinh C dén dia hinh A.

3. BAI TOAN CU THE VE ANH HUONG CUA DANG PIA HiNH LEN CONG TRINH
3.1. Thong tin cong trinh

Béang 3. Thong tin cong trinh.

Kich thuéc BxL 33,25%88,78 (m)
Vung gio 111 B
Chiéu cao tang dién hinh 3,4m

Hinh 5. M6 hinh cong trinh
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3.1.1. Péi véi cong trinh cé cao dp Z = 40m

Biéu do ap luc gid tinh

L ]

0] ;
Caodé,m ©° o % v o A t % " @ ™ ™ £y
L % © N ) '\/ InY " A~ Ny e A o
—:/—Dia h?mA —Q—E}ia him’»B : 'L Dia%hinhc
Hinh 6. Bic¢u d6 phan tich ap luc gio tinh
. Biéu d6 ap luc gié dong
lI 100
)
=0
s
= 50
o
L
0
Caod (’), m N ’2:.? Q.;.b 'S;L ‘3"_0 '\,ﬁ‘ Qp‘ .35’ /\’.1’ ﬁp{c fl)‘)' /\P‘ @‘b
—@—DiahinhA —@=DizhinhB =—8=BizhinhC
Hinh 7. Bi¢u do phan tich ap lyc gié dong
Biéu do hop luc gio
i Op IUC g
E 150
=
E=)
% 100
=
& 50
0
- o ™ % 1 & A ™ @ v o ™ t D
Cao dg, m % o KN R RN L Ly R 2 o\ o
—8#—Dja hinhA —®—DiahinhB Diahinh C
Hinh 8. Bi¢u do phan tich hop luc gi6
Nhdn xét:

- Béi véi thanh phan gi6 tinh: Ap luc gi6 tac dong 1én cong trinh c6 su chénh 1éch rd rét gitta
c4c dia hinh, giam dan tir dia hinh A dén dia hinh C.

- Béi v6i thanh phan gid dong: Ap luc gié tac dong 1én cong trinh giita dia hinh B va dia
hinh C gan twong dong nhau, déu 16n hon dia hinh A.

- Ttr hai thanh phan trén, ta rat ra duoc: Tong hop 4p luc gid 1én cong trinh c6 d6 cao 40m
16n nhét d6i véi dia hinh B va nhé nhét véi dia hinh C.
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3.1.2. DPéi véi cong trinh c6 cao dp Z = 80m

Biéu dd ap lwc gid tinh

100
80
£
o
5 &
[=Ts)
5 a0
‘CL
< 20
0
G Q ] © ™ Vv D b © ™ % b D ©
Cao dd, m [ Y oA » Np FARN & © AN o
—#—Dija hinhA =—@—Dbia hinh B Bia hinh C
Hinh 9. Bi¢u do6 phan tich ap luc gio tinh
- Biéu d6 ap lwc gio dong
g 80
i
5 60
w
5. 40
o
T 20
0
Caodo,m © P x"’b ’19? i\q’ > tpz'b &‘"o %‘,!* :&q’ & /\\;'b q,x""
=—@=Dja hinhA =#=DjahinhB Bia hinh C
Hinh 10. Biéu do6 phan tich ap luc gi6 dong
Biéu do hop luc gid
S op luc g

[y
%]
o

Ap lue gi, T-m
=
L& 8

o @

8 o P © g v o b © > v S ) ©
Cao dg, m @ N "‘9 ‘{,\ 4; w0 bn/\ ";b' @ 9 AW &>
=—@=—0Dija hihnh A =—@=Djahinh B Dia hinh C

Hinh 11. Biéu d6 phan tich hop luc gi6

Nhan xét:

- B6i v6i thanh phan gi6 tinh: Ap lyc gi6 tac dong 1én cong trinh ¢6 sy chénh 1éch 16 rét gitra
cac dia hinh, giam déan tir dia hinh A dén dia hinh C.

- Dbi v6i thanh phan gié dong: Ap luc gi6 tic dong 1én cong trinh giira dia hinh B va dia
hinh C gan twong d6ng nhau, déu 16n hon dia hinh A.

- Ttr hai thanh phan trén, ta rat ra dugc: Tong hop 4p luc gid 1én cong trinh c6 d6 cao 80m
16n nhat ddi vé6i dia hinh B, tiép d6 1an luot 1a dia hinh A va dja hinh C. Tuy nhién khéng c6
nhiéu sy chénh léch gifra 2 dia hinh A va C trong khoang cao d§ 50m dén 65m.
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3.1.3. Péi véi cong trinh cé cao dp Z = 120m

Biéu do6 ap luc gi6 tinh

100
e e s o B -8
£ 80 00000800000 s se ottt
[ & - Ll e e -0 o
o 60 SEEEBEPN PPN v N
)
5. 40
a
< )0
0
Caodd,m o 6 14 20 28 34 40 48 54 62 68 74 82 88 95 102 108 116
=—@=—0Dja hinhA =—@=DjahinhB ==@=—DijahinhC
Hinh 12. Biéu do phan tich ap luc gi6 tinh
Biéu d6 ap luc gié déng
80
70
50

i
o

w
=

Ap luc gié, T-m
5

[
[= -]

0
Caodd,m 0 6 14 20 28 34 40 48 54 62 68 74 82 83 96 102 108 116

=@ Dija hinh A === Dia hinh B ==@="Dija hinh C

Hinh 13. Biéu d6 phan tich ap luc gi6 dong

Biéu dd6 hop luc gid
150
140
120

g

Ap lirc gio, T-m
]

Caodg,m 0 6 14 20 28 34 40 48 54 62 68 74 82 88 96 102 108 116
== Dija hinh A === Dia hinh B ==@=1Dia hinh C

Hinh 14. Biéu d6 phan tich hop luc gi6

Nhdn xét:
- Di véi thanh phan gié tinh: Ap lyc gié tac dong 1én cong trinh ¢6 su chénh 1éch 16 rét giita
c4c dia hinh, giam dan tir dia hinh A dén dia hinh C.
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- P6i voi thanh phan gié dong: Ap luc gio tic dong 1én cong trinh giita dia hinh B va dia
hinh C gan twong dong nhau, déu 16n hon dia hinh A.

- Tir hai thanh phan trén, ta rat ra dugc: Tong hop ap luc gié 1én cong trinh c6 d6 cao 120m
16n nhét déi v6i dia hinh B va nho nhét véi dia hinh C.
3.2. Tong két

- Pbi véi cac cong trinh khi tinh toan thiét ké chi ké dén thanh phan tinh cua gid, viéc lwa
chon dang dia hinh nhur hién tai dung dé tinh toan thiét ké 1 phu hop.

- Pbi v6i cac cong trinh khi tinh toan thiét ké c6 ké thém thanh phan dong cua gio, viée lua
chon dang dia hinh phu hop 1 can thiét.

4. KET LUAN

Qua trinh phat trién doi m&i Dét nude, viée hinh thanh cac khu d6 thi méi va cac toa nha cao
tang, cac khu dan cu tap trung 1a diéu tat yéu. Qua trinh nay lam thay doi rat 16n vé dang dia hinh
d6i v6i cong trinh va s& thay doi dén tai trong gi6 1én cong trinh.

Dbi v6i cac cong trinh khi tinh todn thiét ké c6 ké thém thanh phan dong cua gio, viéc lua

chon dang dia hinh pht hop & bude tinh toan thiét ké cong trinh 13 v6 cting can thiét.

TAI LIEU THAM KHAO
[1] TCVN 2737:1995 - Tdi trong va tic dong - Tiéu chudn thiét ké - Xuat ban nim 1995

[2] TCXD 229:1999 - Chi dan tinh todn thanh phdn dong ciia tdi trong gié theo tiéu chudn
TCVN 2737:1995 - Xuét ban nam 1999
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NGHIEN CUU PHUONG PHAP TiNH PQ VONG
CUA CAU KIEN BE TONG COT THEP CHIU UON
THEO TCVN 5574:2018 VA SO SANH VOI TCVN 5574:2012

RESEARCH ON SOLUTION TO CALCULATE BENDING DEFLECTION
OF REINFORCES CONCRETE BEAMS BASED ON TCVN 5574:2018
AND COMPARED WITH TCVN 5574:2012
KS. Nguyén Phuong Anh', KS. Vii Ngoc Tam®

'?Vién Khoa hoc cong nghé xay dung,
Email: phanh260597@gmail.com, tamvnibst@gmail.com

TOM TAT: Bai bio trinh bay vé quy trinh tinh toan d6 vong ciia cdu kién bé tong c6t thép chiu udn theo
tiéu chudn TCVN 5574:2018, so sanh nhiing diém khac nhau trong cach tinh va két qua véi tiéu chuén
5574:2012, dua ra két luan, ap dung thuc té.

TU KHOA: d6 vong; TCVN 5574:2018; dim bé tong cdt thép.

ABSTRACTS: This research shows information about the procedure for calculating bending deflection
of reinforced concrete beams based on TCVN 5574:2018, comparing the differences between this
calculation and calculating based on TCVN 5574:2012. From the results, draw final conclusions and
apply them in practice.

KEYWORDS: deflection; TCVN 5574:2018; reinforced concrete beams.

1. GIOI THIEU

Hién twong vong nit bé tong cot thép thuong gy anh hudng 16n dén my quan kién trac cong
trinh, 1am giam d6 bén vimg va su an toan cua két ciu, gdy trd ngai cho chu dau tu va nguoi st
dung cong trinh. Nhat 1a khi hién nay, d6i voi cac cong trinh 16n, vat liéu sir dung cudng do cao,
cAu kién vuot nhip 16n va chiu tai trong nhiéu, viéc tinh toan chinh xac do vong tr¢ thanh van dé
quan trong trong thiét ké. Viéc phan tich chinh xac d6 vong cAn xem xét tdi nhiéu yéu td khac
nhau nhu sy hinh thanh vét nat, hién tuong tur bién, co ngot.

Bai bao gi6i thiéu va tinh toan cu thé d6 vong theo TCVN 5574:2018[2], dong thoi két hop so
sanh véi phuong phap tinh theo TCVN 5574:2012[1]. Tir d6 dua ra mot s6 két luan va kién nghi.

2. QUY TRINH TiNH TOAN PQ VONG THEO TCVN 5574:2018
2.1. Buéc 1: Xac dinh thong s6 dau vao

Céc thong s ban dau can xéac dinh trudc khi tién hanh tinh toan do vong bao gdm:
- Thong tin chung vé ciu kién (trong bai bao nghién ciru cu thé ciu kién dam BTCT): tiét

dién, nhip, lién két hai dau dam;
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- Vat liéu: Cap do bén bé tong, cac gia tri Ry, Rut, Ry sers Rotser, modun dan hoi Ep,; Loai cot

thép st dung, duong kinh cot thép chiu kéo, chiu nén, cuong do chiu kéo R, Ry ser- . -
- Do Am moi truong;
- Téi trong tac dung: Loai tai trong, thoi gian tac dung (dai han, ngén han).
2.2. Buéc 2: Su hinh thanh vét nirt
Vét nirt hinh thanh trong cdu kién bé tong c6t thép khi ma diéu kién sau duogc tudn thi:
M>M,,.

trong do:

(1

M : mémen uon do ngoai luc doi véi truc vudng goc voi mat phang tac dung cua mémen uon

va di qua trong tam tiét dién ngang quy doi cua cau kién;

Mg : mémen uon do ti€t dién thang goc cua cau kién chiu khi hinh thanh vét nit, dugc xac

dinh theo cong thuc sau:
L
Ryt ser - cuong do chiu kéo doc truc cua bé tong;
W,i - momen khang udn dan déo cua tiét dién dbi voi thé bé tong chiu kéo ngoai cung:

Wpl = yWred

W:ed : mOmen khang uén dan hoi cua tiét dién quy do1 theo vung chiu kéo cua tiét dién:

W _ Ired‘Ared
red — S
t,red

Areq : dién tich tiét dién ngang quy ddi ctia cdu kién:
A =A+0A +0A;
Irea : mOmen quén tinh cia tiét dién quy do6i dbi véi trong tm cia no:
Ly =A+al+al
LI, I : lan luot 1 mdomen quan tinh cua bé tong, cbt thép chiu kéo, cbt thép chiu nén;

Stred : mOmen tinh cua tiét dién quy doi doi voi thd bé tong chiu kéo nhi€u hon;

o= % : hé sb quy dbi tir thép sang bé tong.
b

2.3. Buédec 3: Xac dinh do cong

2

€)

(4)

()

(6)

Sau khi x4c dinh sy hinh thanh vét nat trong céu kién ¢ budc 2, tién hanh tinh toan do cong

cua cau kién theo 2 truong hop: khong xuat hién vét nut va xuat hién vét nut.
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2.3.1. Tiét dién khéng xudt hién vét nirt

. A A A * A A ’ <\ r A < A 1 r .
Khi doan dam khong xuat hién vét nat trong vung kéo, do cong toan phan — dugc xéc dinh
r

0K
r \r); \r),

1 . L ,
(—] : d0 cong do tac dung ngan han cua phan tai trong ngan han;
)

theo cong thuc:

trong do:

(lj : d6 cong do tac dung dai han cua phﬁn tai trong dai han.
)

2.3.2. Tiét dién xudt hi¢n vét nit

. A A A A i \ r A \ A 1 ’ .
Khi doan dam xuat hi¢n vét nut trong vung kéo, do cong toan phan — dugc xac dinh theo
r

RERORE! ®

1 . . , L an o~
(—j : d6 cong do tac dung ngan han cua toan b tai trong tinh todn do vong;
1

cong thic:

trong do:

r
(lj : 6 cong ban dau do tac dung ngin han ciia phan tai trong dai han (thuong xuyén va
/s

tam thoi dai han);

(lj : d0 cong do tac dung dai han cua phﬁn tai trong dai han.
rJs

Céc do cong thanh phan (lj ctia ciu kién can x4c dinh theo cong thirc:
LJi
1 M.
2 =24 9
5-% ©)

M; : mOmen uon tai tiét dién dang xét;

trong do:

D : do cting chong uon cua tiét dién.
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2.4. Buéc 4: Xac dinh do vong

Do vong f,, do bién dang ubn giy ra duoc xac dinh theo cong thic:

1
f :jM_X(lj d, (10)
0 X

r
trong do:

M, : momen uon tai tiét dién x;

1 A \ A s LA A
(—j : d6 cong toan phan tai ti€t dién x.
r X

Véi cau kién chiu uon, vi¢c tinh todn d§ vong duoc tién hanh bang cach chia cau ki¢n ra
thanh nhi€u doan roi xac dinh d6 cong ¢ bién cac doan nay.

- P6i v6i cau kién ké ty do hodc ciu kién consol, d6 vong 16n nhat xac dinh theo cong thuc:
2 (1
f=sL7| - (11)
r max

s : h¢ so phu thudc so do tinh todn cau kién va loai tai trong;

s : 5/48 dbi voi dAm keé tu do;

trong do:

s : 1/4 @61 voi dam consol;

1 A \ A [ [N , A A Ie A 5. A .7 A ~
(—j : d6 cong toan phan tai tiét di¢n c6 mémen uon 16n nhat do tai trong dé tinh do vong.
r max

- Dbi v6i dam 2 dau ngam:

Do vong cia 1 dam bét ky dugc xac dinh bang tich phan ciia d6 cong cua cac tiét dién trén
dam d6. P6i v6i 1 dam 2 dau ngam can duoc chia it nhat thanh 6 doan tuwong Gmg véi 7 tiét dién.
Do vong cua dam duge xac dinh dua trén d6 cong cua 7 tiét dién:

Do vong ciia dim duogc xac dinh theo cong thire dudi day:

2
el (L el () () () Jeret) o
432 1\t Sy \I Jgpr rjy \1Js Iy \I'Jy4 rJ3

3. SO SANH VOI TCVN 5574:2012

Tir quy trinh tinh toan d6 vong theo TCVN 5574:2018, tac gia dua ra mot sd so sanh véi tiu
chuan cii 5574:2012;

- Piém giéng nhau:

+ Hai tiéu chuan gidng nhau trong quy trinh tinh toan co ban;

+ Cong thirc tong quat xac dinh do cong, dd vong toan phan 1a gidng nhau.
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- Piém khac nhau: TCVN 5574:2018 ¢6 kha nhiéu thay ddi so voi tiéu chuén ci, tir viée lya
chon cac hé s, cong thuec tinh toan... dugc thé hién qua bang sau:

Bang 1. So sanh cong thire tinh toan gitra 2 tiéu chuin

TCVN 5574:2018 TCVN 5574:2012
1. Cong thirc tinh moémen khang nirt My
Mcrc = Rbt,serwpl Mcrc = Rbt,serwpl

Ryt ser : cuong do chiu kéo doc tryc cia bé tong Ry ser : cuong do chiu kéo doc truc cua bé tong
W, : momen khang uon dan déo cua tiét dién | W, : mémen chong uon

d6i v6i thé bé tong chiu kéo ngoai cling 2+ ol +al
W — oW = (o s0 s0) +Sy,
p! Y Wred h—-x

Spo : mémen tinh ctia viung bé tong chiu kéo doi
v6i truc trung hoa

’ ro. 1A \ A ’ s A
Ivos Lgo» Lo 1an luot 1a mOmen quan tinh doi

voi truc trung hoa cua BT vung nén

2. Céng thitc tinh @9 cong thanh phén @

T/
1y M 1y M,
r); D r), B
M; : Momen udn tai tiét dién dang xét M; : Mdmen udn tai tiét dién dang xét
D : Do cung chong udn cua tiet dién B : D6 cung chong uon cua tiét dién
Khi khong xudt hién vet nit: B=E, 4
D=Epleq - Eyi: Modul bién dang ciia bé tong chiu nén

- Ep1: Modul bién dang cua bé tong chiu nén | dugc xac dinh phu thudc vao thoi han tac dung
duoc xac dinh phu thudc vao thoi han tic dung | cua tai trong

cua tai trong + Khi tai trong tac dung ngin han: E,, = ¢,,,E,
+ Khi tai trong tac dung ngan han: oy E
E,, = 0,85E, + Khi tai trong tac dung dai han: E,; = 22
Pp2

+ Khi tai trong tac dung dai han:

E (b1 - hé s6 anh hudng cua tir bién ngin han, lay
b

theo muc 7.4.2.1 TCVN 5574:2012;
1+ 0 or ©v> - hé s6 anh huéng cuia tir bién dai han, 1y
(Pver - hé s6 anh huong cua tir bién, ldy theo | theo bang 33 TCVN 5574:2012)

E, =Ey =

bang 11, TCVN §574:2018) B hyz;
Khi xudt hién vét nit: e Wy,
D=E I AE, A Epy;
3 Ry ser - z: Khoang céch tur trong tam tiét dién cot thép

chiu kéo dén diém dat cua hop céc luc nam
trong vung nén

- W, Hé sb6 xét dén sy lam viéc cua bé tong
vung chiu kéo trén doan c6 vét nurt

- P, Hé s6 xét dén sy phan bd khong déu bién
dang cua thd bé tong chiu nén ngoai cung trén
chiéu dai doan c6 vét niit

- v: Hé sb dic trung trang thai dan - déo cta bé
tong vung chiu nén

+ Ry ser : cuOng d6 chiu nén tinh toan cua bé tong
+ €plred : bién dang tuong ddi cua bé tong (léy
theo bang 9 va muc 6.1.4.3 TCVN 5574:2018)
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Bang 1 (tiép theo)

TCVN 5574:2018

TCVN 5574:2012

3. Cong thuc xac dinh d vong:

- Bo1 véi cau kién ké tu do hoac cau kién consol:

f =s? (lj
r max

s - hé s6 phu thudc so dd tinh toan céu kién va
loai tai trong

s = 5/48 d6i v6i dam tya tu do

s = 1/4 d6i v6i dam consol
- Pbi v6i cdu kién dam 2 dau ngam: Déi vai 1
dam 2 dau ngam can duoc chia it nhat thanh 6
doan tuong ung v6i 7 tiét dién. Do vong cua
dam duoc xac dinh dya trén do cong cua 7 tiét

Véi cau kién chiu uodn, tinh dinh, c6 tiét dién
khong doi, do cong toan phan cuia cau ki¢n dugc
xac dinh theo cong thurc:

T
r

1 X ., . A A 5 A ‘A 7
—- lay theo gid tri tuyét doi, ¢ tiet dién cod
r

trong do:

momen 16n nhat
Bm - hé s6 so dd, phu thudc vao géi tua va dang
tai trong (Phu luc F TCVN 5574:2012)

dién (Cong thuc (12))
Bang 2. So sanh cac hé s Iya chon giita 2 tiéu chuan
STT | Tiéu chi so sanh TCVN 5574:2012 TCVN 5574:2018

Dang biéu do Ung suét trong bé tong ving kéo phan | Biéu d tmg suét trong ving

I ung suat bé tong | bo déu va c6 gia tri bang Ry ser chiu kéo cua bé tong lay dang
vung kéo dé xac hinh thang véi Gmg suit khong
dlnh Mcrc Vu’O't QUél Rbt,ser
Bién dang bé Do gidn dai twong d6i 16n nhit cua thd | Bién dang twong dbi cua thé
tong vung kéo bé tong chiu kéo ngoai cing bang chiu kéo ngoai cung cua bé

2 cuc han dé xac 2R py ser tong 1y bang gié tri gidi han
dinh M, E, cia nod &y y
Hé sb xét dén M M

=1,25- L =1-0,8—

bién dang khong Vs =5 Pis M Vs M

3 dé}l Cﬁf“ 06;[ thép | o, hé s6 xét dén anh hudng tic dung
chiukéonam | 4ai han cia tai trong (Bang 35 TCVN
glfra cac khe nurt 5574:2012)
Anh huong cia | Cac hé s6 @p1, @y2, v x4c dinh khong Heé s6 tir bién Qber VA bién dang

4 tlr bién va bién phu thude vao céip do bén ctia bé tong | tuong ddi dai han &p; req : Xac
dang déo cua dinh dya trén d6 4m moi truong
bé tong va cip do bén cua bé tong
Hé s6 xét dén Yy, Khong dua ra hé sb nay
swphanbo | P4 véi bé tong nang, bé tong hat nho,
khong deu bién | pg tong nhe cép cao hon B7,5: 0,9;

5 d:';mg c;a thf’ be Déi voi bé tong nhe, bé tong rong va bé
tongi N 1‘u nenA t6ng t6 ong cap B7,5 va thap hon: 0,7;
ngoat cung tren Y ., L.
chidu dai doan Doi VO'} ket c?u chiu tac (}ung: cua t?u ‘
6 vét nit trong lap, khong phu thude vao loai va

cap bé tong: 1
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4. Vi DU TINH TOAN

Vi du tinh toan sir dung dau vao tuong duong voi két qua thuc nghiém duogc thyc hi¢n tai
Truong Dai hoc Xay dung[4]: Dam don gian kich thuéc 300x120mm, nhip 2,8m, 16p bé tong
bao vé a = 20mm. Bé téng c6 cudng do trung binh cac mau thir 21MPa. Cét thép chiu luc CII:
R, = Ry = 280MPa. Tai trong phan bb déu quy d6i q = 3kN/m. D6 am tuong d6i H = 78%. Xac
dinh d6 vong dai han tai tiét dién gitta ddm theo TCVN 5574:2018 va so sanh két qua véi
TCVN 5574:2012.

2012

120

: q
= A

300

Hinh 1. Dam don gian 1
a. S6 liéu dau vao:
-Bétong: Ry ., =11,8MPa; Ry, =1,2MPa; E; =23,9.10°MPa
- Cbt thép:
E, =21.10'MPa; R, =R, =280MPa; A, =308mm?; A/ =226mm’; a=a'=20mm
b. Su hinh thanh vét niit:
- Momen do tat ca tai trong: M = 2,94 kNm

4
CaBe_2L10t oo

"E, 23.9.10°
- Dién tich tiét dién ngang quy doi Areq:
Ay =A+aA +0A] =300.120+8,786.(308 + 226) = 40691, 72 mm?
- Momen tinh S eq:

2
Stred = % +a.Aja+a.Al(h—a)

2
3001307 | ¢ 786.308.20 + 8, 786.226.(120 — 20) = 2412685 mm’

- Momen quan tinh [;e4:

Log =I1+al +al, =43236000+8,786.468468 +8,786.379906 = 506898 14mm”*

S
_ Stea _ 2412685 _ o

Yy A

ot 40691,72
3 2 3 2
1= pn[ By ) 23000207 500120120 59 — 43236000mm*
12 2 12 2
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I, = A (y, —a)* =308.(59 —20)* = 468468mm"*
I = Al (h—y, —a)* =226.(120— 59 - 20)* = 379906mm"*

- Momen khang uon déo:

50689814.40691,72
2412685

=1111397mm’

LA
W,y = YWpq =1,3. 224 =1 3,

t,red

- Momen Mere: My, = Ry o Wy =1,2.1111397 =1333676Nmm =1,33kNm
- Nhan xét: M =2,94>M_, =1,33kNm = Tiét dién xuat hién vét nat

c. Xac dinh do cong:

- Bo cong toan phan tai tiét dién gitra dim:

1:@) —[1j +(1] =(7,3—6+9,4).10‘6=1o,7.10‘6[LJ
r \r); \r), \r) mm

1) M 2,94.10° _6( 1 )
L L =7,3.10"° —
(r p D 18 gce0s14 mm
0,0015
1) Mg, 2,35.10° 6102
r), D, 118 e mm
2 P2 2 50689814
0,0015
1\ Mg 23510 of 1
(;j T D, 1.8 =9,4.10 mm
3003 2250689814
0,0024

d. Xac dinh do vong:

Dam don gian, d vong dugc xéac dinh theo cong thurc:

f=sL? (% = 1.28002.10, 7.107% =8, 7mm
r max

Nhan xét: Cau kién dam tinh toan trong vi du trén da duoc tién hanh thi nghiém trong [4],
két qua thi nghiém cho d6 vong dai han sau 220 ngay chat tai 1a 8,52mm. Két qua tinh toén theo [2]
cho két qua 8,7mm. Téc gia cling da tién hanh tinh toan vi du trén theo [1], cho két qua 7,2mm. Do
do, theo vi du nay, phuong phép tinh toan theo TCVN 5574:2018 cho két qua sat v6i thuc té hon.

Pé 1am 16 hon sy khac nhau gitta két qua tinh toan gitra 2 tiéu chuan, tic gia tién hanh tinh
toan thém véi dam chit nhat B30x60, nhip 7m, tiét dién khong doi, chiéu day 16p bao vé a = 20mm.
Bé tong cap do bén B30. CHt thép chiu luc CB300-V (thép As: 3D16; thép As’: 3D16). Tai trong
phan bd déu q 1an luot nhan cac gia tri 5-25kN/m.Tién hanh tinh toan d6 vong theo [1] va [2]

trong diéu kién d6 am moi truong 40-75% va >75%.
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3916

q

- W%

53816
b |
Hinh 2. Dam don gian 2

Trinh ty tinh toan xac dinh d6 vong cua dam theo [1] va [2] duoc trinh bay nhu trén. Két qua

tinh todn d¢ vong duogc thé hién nhu sau:

KET QUA PHAN TICH PO VONG KET QUA PHAN TICH PO VONG
(DO AM 40-75%) (PO AM > 75%)
T 300 30.0
W 200
g 15.0 200
o 100 S 15.0
= g-g r 4 10.0
Tai (kN/m) 5 | 75 10 125 15 | 17.5 5.0
chzNoiQEM: 32 108 145 182 217|256 90 o9 10 125 15 17s
— TCVN
TCVN ‘ 26 102 137 173 207 244
5740018 | o1 82 112 142 17.0)202 5574:2012
o e TCVN
PouBngGH 28 28 28 28 28 28
5 vEing ss7a0018 | 50 | 89 | 109 139 167 | 198

bovéngGH 28 28 28 28 28 28

Hinh 3. Két qua phan tich d6 vdng voi diéu kién do 4m mdi trudng
trong khoang 40-75% va >75%

Tur két qué phéan tich do vong cta c4u kién ddm BTCT & vi du trén, ta rt ta mot s6 nhan xét
nhu sau:

- Khi tai phan bd déu q = 5 kN/m, tiét dién giita dam tinh toan theo [1] chua xuat hién vét
ntt, con theo [2] da xuét hién vét nit, d6 vong xac dinh theo [1] nhé hon x4c dinh theo [2], tuy
nhién chénh 1éch nho khong dang ké.

- Khi tai phan bd déu q > 7,5 kN/m, tiét dién giita dam tinh toan theo [1] va [2] déu xuat hién
vét niat, do vong tinh toan theo 2 tiéu chudn bat ddu xay ra su sai 1éch, cu thé d6 vong tinh toan
theo [1] 16n hon tinh toan theo [2], khi tai trong ting dan, sy chénh léch van giit trong khoang 20%.

- Khong c6 su chénh léch dang ké giita cac gia tri 6 vong khi d6 4&m méi truong thay doi.

5. KET LUAN

Phuong phép tinh toan do vong theo tiéu chuan TCVN 5574:2018 c6 nhiéu ndi dung khéc so
v6i phuong phap tinh toan theo tiéu chudn TCVN 5574:2012 tir quan diém cho t&i cong thic
tinh toan chi tiét. Tir cac két qua cua bai bao, co thé dua ra mot s6 két luan:
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- Phuong phap tinh todn do vong theo TCVN 5574:2018 dua ra theo mo hinh bién dang phi
tuyén, phtl hop hon véi 1y thuyét, va tiép can v6i quan diém tinh toan méi nhu hau hét cac tiéu
chuan hién hanh trén thé gidi.

- Tiéu chudn 5574:2018 thay doi phuong phap tinh mémen khang ntrt M.

- Theo TCVN 5574:2018: Cac cong thic tong quat vé tinh toan do cong, d vong duogc gii
nguyén. B6 sung cac cong thirc trién khai tir cong thirc tinh do vong cho cac truong hop cu thé.

- TCVN 5574:2018 c6 xét dén hién tuong tu bién khi cép do bén bé tong thay doi, phu hop
v6i Iy thuyét tir bién va co ngot.

- Tir vi du tinh toan cho thiy gia tri 46 véng c6 su chénh léch giita 2 tiéu chuan. Tiéu chuan
5574:2018 cho két qua sat vé6i thuc té hon.

Viéc dam bao vé do vong dong vai tro quan trong vé kha niang chiu luc 1au dai va tinh tham
my cta cong trinh/cdu kién. Viéc tinh toan, kiém tra d6 vong nit cho cac cu kién 13 quan trong,
can thiét trong cong tac thiét ké cong trinh. TCVN 5574:2018 da dua ra quy trinh tinh toan do
vong twong ddi rd rang, két qua du bao co do chinh xac, phu hop ap dung vao trong phan tich,
g dung thiét ké, tinh toan va kiém tra két cau.

- Tuy nhién, do gi6i han bai bao, chiing toi tinh toan mét vai vi du dién hinh (vé tiét dién,
didu kién bién, ddu vao), dé co thé danh gia tong thé va toan dién, can thiét thuc hién thém céac
tinh toan ddy du cac trudng hop kém thyuc nghiém twong tmeg.
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NGHIEN CUU UNG XU CUA DAM BE TONG SIEU TINH NANG (UHPC)
CHIU TAC PONG CUA CHAY

RESEARCH OF BEHAVIOUR OF ULTRA HIGH PERFORMANCE
CONCRETE (UHPC) BEAMS BY FIRE IMPACT

KS. Pang Thanh Duong', KS. Pinh Tuin Son’, ThS. Nguyén Hitu Quyén’
123v/ién khoa hoc cong nghé xay dung,
Email: thanh.duong241996(@gmail.com, dinhtuanson.utc@gmail.com, quyenibst@gmail.com.

TOM TAT: Trong thoi gian vai ndm gan day, két ciu bé tong UHPC bét dau dugc ap dung tai Viét Nam
cho mot s6 loai két cAu nhu: dAm ciu, cdt, tim bao che. Tuy nhién, hé théng tiéu chuén thiét ké hién hanh
ctia Viét Nam chua c6 tiéu chuén thiét ké cho loai két cAu nay. Sy Kkét hop gitra cuong do, do bén, tinh
linh hoat va kha nang chiu lyc tdt tir cac yéu t6 thém vao khién bé tong UHPC vuogt trdi hon hén loai bé
tong truyén théng. Nhung van dé dit ra ¢ day 1a khi bé tong UHPC chiu tac dong cua chay thi cac tinh
chat vu viét ciia n6 bi anh hudng nhu thé nao? Bai viét s& trinh bay vé tmg xir ciia dim bé tong UHPC
chiu tac dong cua chay.

TU KHOA: UHPC, dim UHPC, tac dong cua chay.

ABSTRACTS: In recent years, the use of Ultra High Performance Concrete (UHPC) has been applied in
Viet Nam for structural members: bridge beams, columns, cover panels. However, Viet Nam doesn’t have
any current standards for these kinds of structures. The combination of strength, resistance, flexibility
and high bearing capacity from the added elements makes UHPC concrete far superior to conventional.
But the question here is when UHPC concrete is affected by fire, how will its superior properties be
affected? The article will present the behavior of UHPC beams under the impact of fire.

KEYWORDS: UHPC, Fire impact.

1. GIOI THIEU VE BE TONG SIEU TINH NANG (UHPC)

Bé tong si€u tinh nang si€u cao (Ultra high performance concrete - UHPC) 1la loai bé tong
thé hé m&i voi nhiéu vu diém vuot trdi hon so véi cac loai bé tong truyén théng xét vé mit
cuong do cling nhu do bén. UHPC da dugc nghién ciru va phat trién ciing nhu Gmg dung trén
khip thé giéi hon 40 nam tinh dén thoi diém hién tai. Cac qudc gia c6 quan diém dinh nghia vé
UHPC khac nhau, tuy nhién dinh nghia UHPC trong nghién ciru ctia Graybeal (2006) [1] c6 thé
bao quat va tao ra mdt khai niém dugc st dung nhiéu nhét, d6 1a: UHPC la mét loai vat liéu bé
tong lién hop gdc xi ming duoc tdi wu hoéa cac thanh phan hat cbt lidu vé6i ty 16 nude/xi ming
nhé hon 0,25 dan dén su giam thiéu 15 rf)ng va lam mat d6 phan bd cta cac vi ciu tric trd nén
day dic, dong thoi st dung ¢t soi phan tan dé ting tinh déo khi chiu kéo ubn. Trén co sé do,
UHPC c6 thé dat duoc nhing tinh ning vuot troi so v6i bé tong thong thuong.

Vao dau nhitng nam 1970 cac chuyén gia du doan rang giéi han thuc té ctia bé tong tron sin
chic chan khong vuot qua duoc stc chiu tai 1 76 MPa. Tuy nhién, dén nay dd co nhiéu cong
trinh st dung bé tong voi cudng do chiu nén 1én dén trén 138 MPa. Bé tong tinh ning siéu cao -
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UHPC 1 bé tong c¢6 cuong do trén 120 MPa, modun dan hoi trén 44 GPa, v6i do co thap va kha
nang khang nit cao, kha ning chdng dn mon cbt thép cao do d6 dic chic cao dan tdi hé s6 thim
clo thép. Ngoai ra UHPC con c6 tinh cong tac cao thuong dat tdi mirc do bé tong tu chay -SLC [5].
Pé dat dugc dicu nay, bé tong UHPC ti wu hoa hau hét cac thanh phan tao nén bé tong thong
thuong. Ngoai viéc Iya chon xi mang portland chét lugng cao, thi thanh phan cét lidu ciia bé tong
cling duoc kiém soat chit ché. Khi lua chon cdt liéu cho bé tong UHPC, nha san xut xem xét
cuong do cua cbt lidu, kich thude t6i wu cia cdt liéu, mbi lién két giira bot xi mang va cdt lidu,
dic tinh bé mit cta cdt lidu. Pidu nay duoc thé hién rd qua cac diém sau:

- Kich thuéc va duong kinh hat cua ¢t lidu: Bé tong UHPC da phan c6 kich thudc hat cua
cbt lidu duoc khéng ché. Trong dé ¢6t liéu chinh 14 silica ¢6 kich thugc micromet, viéc giam
kich thudc hat ctia c¢dt liéu chinh 1am cho kha ning lién két ctia xi mang véi cot liéu ting lén.
Giam 16 rong trong qua trinh dién ra phan mg thily héa xi ming;

- Phu gia: Céc loai phu gia thong dung nhu gidm nudc, siéu hda déo dugce tinh todn ti mi.
Bén canh do con bd sung thém tro bay va cac loai phu gia hda hoc khéac;

- Phu gia gia cuong: Nguoi ta gia cuong bang soi héa hoc, soi thép dé cai thién kha ning
chiu nén cua bé tong UHPC. Soi gia cuong la soi c6 duong kinh, kich thudc va hinh thai phie

tap dé ting cuong kha ning lién két da hudng ctia hdn hop bé tong [11].

Xi mang

-

Silica Cét liéu
: siéu min

G

Cét sai
Cat min gia cudng
Hinh 1. Ciu tao Bé tong UHPC [11]

Trén nén bé tong UHPC khi bd sung soi thép manh s& tao ra bé tong siéu tinh ning ¢t soi
thép - UHPSFC (UHPSFC: Ultra - high performance steel fiber reinforced concrete) c6 tinh cht
con tdt hon UHPC d6 1a kha nang déo dai rat cao, cuong do udn trén 30MPa [5], cudong do kéo
truc tiép trén 8MPa, kha ning khang nit va han ché mo rong vét nirt rat tét.

Trén thé gidi viéc tng dung UHPC va UHPSFC d3 duoc Gng dung trong nhiéu cong trinh va
¢6 cac tiéu chuan, huéng dan nhu Tiéu chuan ciia Phap NF P-710 [7] b6 sung Eurocode 2 [9] hé
thong tiéu chuan Chau Au, ACI My, hoi bé tong Anh, hoi k§ su Nhat Ban JSCE, vién k¥ thuat
xdy duyng qubc gia Han Qubc KICT,... Nhiéu cong trinh cao 6¢ hang tram ting st dung bé tong
cuong do siéu cao UHPC [5]. Nho kha ning chiu tai 10n, chuyén tai hidu qua, bé tong UHPC lam

giam tong trong lugng cta cong trinh va giam tong chi phi cho viéc xay dung két cu.
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2. SUBONG TROC BE TONG UHPC CHIU TAC PONG CUA CHAY

Vi bé tong thong thuong, hai nguyén nhan chinh va quan trong nhat giy pha huy két ciu bé
tong dudi tic dong cua nhiét do cao: 14 gradient nhiét va 4p luc nudc 16 rong gy ra su bong troc
bé mit cac ciu kién bé tong. Su bién dang khong twong dong gitra vira xi mang: tng suit kéo va
cdt lidu, ing sudt nén, do vy tao su bién dang trong bé tong. Cac phan ng mat nudc chuyén
héa cac pha ran thay d6i co ban cac thanh phan khoang mang tinh co hoc nhu C-S-H, portlandit,
tir 46 1am suy giam cudng d6 gay pha hay két cdu bé tong [4]. Vi bé tong UHPC thi do c6 mét
sb dic tinh riéng nén co ché hinh thanh bong tréc cua bé tong c6 mot s6 dic diém khac biét.

Cudng do nén rat cao, dic tinh tu phuc hdi va d6 bén ciia UHPC chii yéu phat sinh tir s ting
1én ¢ két mat do cua nd. Su cb két mat do ting 1én din dén ting muc d6 nhay véi bong troc do
lam giam d6 rong ctia n6. Khi tiép xtc v6i nhiét do cao, bé tong UHPC bong troc ¢ nhiét do thip
hon so véi bé tong cudng d6 binh thudng. Giai thich vé cac co ché bong troc trong UHPC duoc
trinh bay trong Hinh 2 [4].

e 3| =— Dong ohig S ngum “*_“:“:T -
- __a__n m'_"-"_'“,'.-.:qi:'.h.'m - het mroe -‘u‘u-
hoa

ﬁw“f\-* —

Tt 1.4 el B2y ot nuroe
Hmnun*cd-a'l MH|

.nm ap suat thap Y ¥

S1r hoa hoi eta
nuce 16 réng

Hoi nroc khong ‘
i qua dwoc mEt E
1:-;::1':-;

Tartich by 2p sust
1o rong b mit héo
hia

Nghén = Vingkhd Wikt & do dp sudt 13
{ mét bdo hoa TONE V2 TN sudt nhist
hiozn boen)

Hinh 2. Cac budc hinh thanh bong troc bé tong UHPC chiu tac dong cua chay [4]

Hién tuong ‘ngh&n am’ nay la co ché chinh dang sau sy bong troc gdy ra do nhiét dJ tang
cao. Khi bé tong duoc nung néng, nude tu do boc hoi va di chuyén qua cau tric 16 rong. Khi hoi
nudc dén bé mat thoang, nd s€ bay hoi. Khi hoi am khuéch tan vao bén trong, no ti€p xtic voi bé
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tong co nhiét do thip hon va ngung tu lai. Nudc ngung tu nay s& thém vao chit 1ong da co trong
cac 16 rong cua ving nay. Chu trinh ngung tu hoi nuéc nay sé tiép tuc cho dén khi hinh thanh
mot mdt trudc bao hoa hoan toan c6 hi¢u qua lam gidm do thdm thau va ngan hoi am thoat ra bé
mat. Néu d6 rdng ciia bé tong du thap, thi hoi 4m bdc hoi s& lam ting ap suét 15 rdng cho dén khi
dat dén bang voi cudng d6 chiu kéo cua bé tong. Tai thoi diém nay, bé tong s& nit. PO thim cua
bé tong va tdc do gia nhiét 1a hai yéu t6 quyét dinh sy ton tai ciia ‘nghén am’. Bé tong tiép xiic
v6i toc do gia nhiét du cao hodc bé tong co do tham rat thap s& nit khi ap suét 15 rong bén trong
phat trién vuot qua cudng do cua bé tong. Su khuéch tan nhiét 1a phu thudc vao cua do dan nhiét,
nhiét dung riéng va mat do cua vat liéu. N6 do kha ning ciia mot vat liéu dé dan nhiét ning so
v6i kha ning tich trir ning luong ctia nd. Viéc bd sung soi thép vao bé tong lam ting kha ning
khuéch tan nhiét tir 50 dén 100% khi so sanh véi hdn hop bé tong tiéu chuan. Cudng d6 chiu kéo
tang 1én cuia bé tong cbt soi thép cho phép bé tong tich trir nhidu ning lwong hon ma sau d6 s&
duoc giai phong khi bé tong dong cung [4].

3. THi NGHIEM DAM UHPC CHIU TAC PONG CUA CHAY
3.1. MAu Thi nghiém

Do khong cé diéu kién vé co so vat chat va kinh phi nén nhom tac gia tham khao thi nghiém
clia nudc ngoai. Thi nghiém dugc 1y theo két qua nghién ciru cia nhom tac gia trudng Pai hoc
bang Michigan cua Hoa Ky [2]. Muc dich thi nghiém: do chuyén vi tai gitra nhip dam, nhiét do
tai cac vi tri ctia mat cat ddm va muc do ctia sy pha v duge so sanh voi du bao ctia md hinh.

Thi nghi€ém kha nang chiu chay trén 2 dam UHPC 1a U-B1 va U-B2 dugc thuc hién tai Pai
hoc bang Michigan. Ca 2 dam déu la dam tiét dién hinh chit nhat véi kich thuée 13 180x270mm,
chiéu dai 1a 4000mm. Dé tan dung tbi da kha nang chiu nén va chiu kéo cia UHPC, thép vung nén
va thép dai khong dugc bd tri trong nhitng dAm nay. Dam b tri 3 thanh thép dudng kinh 13mm va
gi6i han chay 1a 435 MPa. Chi tiét mit cat dwoc thé hién tai hinh dudi. Ca 2 dam duoc lap dat cac
thiét bi: ddu do nhiét do, dau do bién dang, dong hd do chuyén vi va bd chuyén ddi [2].
b2

~TC-4

P/2 P/2
l ; _1 hLi XTC-3

1 xTC2  |h=270
| h4 | 3.013 mm
ABARY

O GE
864 1397 17 Ts-1__TS2 Py,

000 . .45 .45 45 45
- b=180 —=

270

I?i 1397

Hinh 3. Mit cat ddm UHPC (Tét ca kich thudc déu 1a mm) [2]

Thi nghiém kha ning chiju ltra chay trén 2 ddm UHPC la U-B1 va U-B2 str dung 16 d6t dat
tai Phong thi nghiém Ha Tﬁng tai dai hoc bang Michigan. Dam duogc dit trong 10 nung, 3 mat

tiép xuc voi ltra chdy va chiu tai trong nhu hinh trén.
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3.2. Quy trinh thi nghiém
Ca 2 dam UHPC duoc thi nghiém theo tiéu chudan ASTM E-119 [8], nhung ty sé tai trong tac

dong trén modi dam 1a khac nhau. Ty sd tai trong tac dong 1én dam trong diéu kién chay so véi tai
trong Pmax tic dong 1én dam trong diéu kién thudng (tai trong Pmax nay la kha ning chiu tai
trong t6i da cua dam & diéu kién thuong). Dam U-B1 va U-B2 lan luot chiu 40% va 60% tai
trong Pmax. Tai trong nay tac dung 30 phut trudc khi bt dau chdy va giir on dinh dén khi khong
¢6 su gia ting cta chuyén vi dam. Tai trong dugc duy tri khong doi sudt thoi gian tiép xuc véi
chay. Sau 80 phut thi nghiém thi dam dugc ha nhiét dén nhiét d6 moéi trudng, mic do pha v
duoc do dac [2].

Bang 1. Tom tit thong sb thi nghiém ctia dim UHPC [2]

Kha nang Cuone d6 Cudne d6 ’ Tai trong Duong cong
Tén chiu luc nhiét . g : ) g " Do tham tac dong gia nhi¢t
N AN chiunén f°. | chiukéo f, ) . o 2
dam do phong (MPa) (MPa) (m”) (% kha nang | tiéu chuan
(kNm) chiu luc) Fire exposure
U-B1 67.8 193 7 2.2x107* 40 ASTM E-119
U-B2 67.8 193 7 2.2x107"® 60 ASTM E-119

Bang 2. Quy trinh nhiét d6 - thoi gian (day la nhiét d6 khong gian cua 16 d6t)
ctia thi nghiém dam UHPC [2][8]

STT Nhiét do Thoi gian (phit)
1 20°C 5
2 200°C 20
3 400°C 40
4 600°C 60
5 800°C 80

4. MO PHONG DAM UHPC CHIU TAC PONG CUA CHAY THEO CAC BUGC NHIET
PO BANG MO HINH PHAN TiCH PHAN TU HUU HAN (PTHH)

4.1. Md phéng bang phin mém Abaqus

Abaqus 13 phan mém c6 kha ning mo phong thiét ké va két cdu cua chi tiét mot cach truc
quan boi kha ning xay dung mo hinh phan tir hitu han phong phi va chi tiét. Tap trung vao cac
ndi dung moé phong cong trinh, két cau dua trén co s phuong phap phan tir hiru han, pham vi
giai quyét van dé tir phan tich tuyén tinh don gian dén van dé mé phong phi tuyén phirc tap. Giai
quyét cac van dé trong tinh toan va phan tich két cau nhu tinh toan Gmg suét va chuyén vi [14].

Do tinh din nhiét thip cta bé tong, 10p vo bé tong dong vai tro cach nhiét ddi véi cac thanh
cdt thép trong cac phan tir bé tong cdt thép (BTCT). Cach xay dung md hinh PTHH c6 hai budc
riéng biét:
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(1) Budc 1: Bude truyén nhiét trong d6 cac diéu kién ranh gidi tiép xuc véi lira chay cung
voi cac dic tinh truyén nhi¢t cia bé tong dugc xac dinh dé udce tinh sy tmyén nhiét tai cac vi tri
khac nhau ctia phan tir trong cac khoang thoi gian khac nhau. Phan tir khdi ba chiéu (3D) dugc
su dung dé tao mo hinh cho dam bé tong;

(2) Budc 2: Phan tich ciu triac va co hoc ctia phan tir ¢ tinh dén tac dong dong thoi cua tai
trong tac dong va tai trong nhiét do chay [14].

O budc 1, cac thong s6 cua vat liéu can duoc xac dinh: d6 1a hé sb dan nhiét A (W/m.°C),
nhiét dung riéng (kJ/kG. °C), khdi lwong riéng.

Hé s6 din nhiét A.r (W/m.°C), nhiét dung riéng C.r ctia bé tong va nhiét dung riéng cta cot

thép c6 thé duoc tinh toan theo cac cong thirc sau [15]:

2
hop =2-0.24] —— | +0.012( —— (20°c<T<1200°C) (1)
: 120 120
T T Y
Cyp =900+80| — |- 4| — (20°C£T£1200°C) )
120 120
425+7.73><10‘1T—1.69><10‘3T2+2.22><10‘6T3(20°CST<6OO°C)
666+13002<600°C£T<735°C)
~ 738
Csr = 1780 (3)
545 + (735°C£T<9OOOC)
—731
650(900°c <T< 1200°c)

Cac budc truyén nhiét duge st dung dé moé hinh hoa tinh trang chdy va phén tich nhiét do
can cu theo bang 2. Cac dac tinh nhiét dugc str dung trong phan tich nhiét. biéu kién chay duoc
chi dinh cho ddy dam véi biéu d6 nhiét do - thoi gian (bang 2).

O budc 2, tmg xir phi tuyén cta két ciu bé tong cbt thép phu thude vao nhiét do duge xem
xét. M6 hinh duoc chia luéi. Tinh dan hoi, gidn né phu thudc vao nhiét do cé thé chuyén ddi
nhiét do tir tic dong chay trong md phong nhiét thanh mg suat va bién dang. Két qua tir phan
tich nhiét duoc chuyén sang mo hinh két cdu. M6 hinh c6 thé xuat ra cac két qua nhu tng suat,
bién dang va chuyén vi. Nhitng két qua nay dén tir sy gia tang nhiét d6 trong qua trinh phan tich
chay. Tai mdi budc nhiét do - thoi gian, cac két qua tmg suat cta phan tir 16p ngoai dugc so sanh
v6i cudng do bé tong tai muc nhiét d6 d6. Néu tng sudt phan tir 16p ngoai vuot qua gidi han tng
sudt ctia bé tong thi viéc phan tich tai budc thoi gian d6 s& dimg lai, néu khong, phan tich duoc
tiép tuc dén budc thoi gian tiép theo. Phan tir 16p ngoai bi vuot tng suat & bude nhiét do - thoi
gian trude, s& duoc loai bo khi phan tich & bude nhiét d6 - thoi gian ké tiép. M6 hinh dugc chia
lu6i cang nho thi thoi gian phan tich cang 1au va két qua cang chinh xac. Bén dudi 1a mot s6 hinh

md phong bang phan mém Abaqus [14]
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Phan tich nhiét @9 st dung bwde nhiét

Téc dong cua chay lén dam bé tong va sw
‘phan bo nhiét d6

Hinh 6. Ung suit va bién dang cia dim UHPC md phong
bang phan mém Abaqus & budc 2 (tiép) [14]

4.2. M6 phéng biang phin mém Sap2000

Abaqus 13 phan mém manh mé trong viéc mé phong va phan tich PTHH. Tuy nhién ¢ Viét
Nam, phin mém nay thudng dugc st dung boi cac ki su co khi - ché tao may, cac k¥ su xdy
dung rét it nguoi st dung duoc phin mém ndy. Vi cac ki su xay dung thi phin mém Sap2000
thuong duoc str dung hon. Vi 1y do nay, nhém tac gia tim cach mo ta tac dong chay 1én dam bé
tong bang phan mém Sap2000, mic di kha ning ciia phan mém c6 nhiéu han ché.
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Phan mém Sap2000 ciing sir dung phuong phap phan tich PTHH, nhung né khong da manh
mé dé chuyén d6i nhiét (theo duong cong nhiét - thoi gian) tir tic dong chay sang tng suat va
bién dang. Dé khic phuc cac han ché cia phan mém, nhém tac gia can cir vao biéu dd mé dun
dan hoi ciia bé tong giam dan dudi tac dong nhiét d6 ting dan. Do chua c6 nghién ciru cu thé vé
tac dong cia nhiét 1én bé tong UHPC nén nhém tac gia cin ctr vao két qua nghién ciru trén bé
tong cuong do cao (Class 3 C90/105), xem hinh dudi [6]. Cac xay dung md hinh chia lam 2
budc chinh:

(1) Bu6c 1: Phan tir khéi ba chiéu (3D) duogc st dung dé tao mo hinh cho dim bé tong.
Nhom tac gia mo phong thanh nhiéu mo hinh vng véi timg budce nhiét do, can cir vao biéu do mo
dun dan hdi ctia bé tong va thoi gian.

(2) Bu6c 2: V&i mdi bude nhiét do va thoi gian, ching t6i mo phong vao mé hinh va tién
hanh phan tich, xuit két qua bién dang va chuyén vi.

Do han ché ctia phan mém Sap2000, nhom tac gia chi 1y két qua chuyén vi tir mé hinh dé so
sanh voi két qua thi nghiém thuc té.

HSC Class 3: C90/105

100 5] Jumppanen, 1989

o Jumppanen, 1989

80 A Phan,etal., 2001
‘ag < Pimienta, Hager 2002
U 60 4  Pimienta, Hager 2002
_|:u§ - Hager, Pimienta, 2002
w40 ¢  Pimienta, Hager2004

X  Heap,etal, 2013

20 EN 1992-1-2, Class 3
0 —_—0 " ----- basalt 84,9 MPa

0 200 400 600 800 1000
Temperature (°C)

Hinh 7. Thay d6i ctia mé dun dan héi dudi anh hudng cta nhiét do,
véi bé tong Class 3 C90/105 [6]

-28.
-35.
-42.
-49.
Pt Obj: N.A.
Pt Elm: ~421 -56.
U1 = 0009
U2 =-8523 63
U3 =-857232
R1=:00114 70
R2 = -4.662E-08 )
R3 = 2E-05
(= 17
-84.

Hinh 8. Chuyén vi tai gitra ddm UBI tai 800°C (don vi: mm)
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40,
50.
60.
70.
Pt Obj NA.
Pt Elm: ~422 80.
U1 =-.0007
U2 = 5322 9.
U3 = 126.4269
R1=_00106
R2 = 00051 -100.
R3= 2E.05
= 110,
120,

Hinh 9. Chuyén vi tai giita dam UB2 tai 800°C (don vi: mm)

5. SO SANH CAC KET QUA THi NGHIEM, SO SANH CHUYEN VI GIUA KET QUA
THi NGHIEM VA MO HINH MO PHONG 2 DAM U-B1 VA U-B2

5.1. So sanh két qua bong tréc giira 2 dim U-B1 va U-B2

Vét bong troc duge quan sat bang mat. Quan sat di chi ra rang vét bong troc bit dau xay ra ¢
ca 2 dam sau 10 phut tiép xtc v6i ltra. Sau qua trinh thi nghiém, dam dugc ha nhiét va tién hanh do
khéi luong ddm. Ca 2 ddm UHPC déu bi hu hong nghiém trong. Tuy nhién mirc do vét bong troc
ctia dam U-B1 cao hon dam U-B2. Diéu nay c6 thé 1a do su bién doi cac vét nirt & ca 2 dam (xem
hinh dudi). Mat d6 day dic cac vét nat trong ving chiu kéo ctia dam U-B2 khi chiu tai trong dan
dén su giai phong ap suét 16 rdng, co thé day 13 nguyén nhan lam dam U-B2 it bong troc hon [2].

o
p o

T/ -
. .

Hinh 10. Dam bé tong UHPC bi bong troc khi chiu tac dong ctia chay
a) Dam U-B1; b) Dam U-B2 [2]

5.2. So sanh wng xir ciia 2 dim U-B1 va U-B2 va so sanh chuyén vi giira két qua thi nghiém
va m6 hinh mé phéng

Ung xir chuyén vi c6 thé chia thanh 3 giai doan. Giai doan 1, trong 40 phat dau tién, chuyén
vi cua ca 2 dim tang cham vaéi tdc d6 6n dinh. Su chuyén vi nay co thé 1a do bién dang nhi¢t
duoc tao ra bdi nhi¢t do cao phat sinh khép chiéu cao dam. Su bong troc déu xay ra & 2 dam sau
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10 phit tiép xtic voi lira, mirc do bong troc & dam U-B1 cao hon dam U-B2. Tuy nhién bé tong
va cbt thép it bi suy giam cudng do & giai doan nay do nhiét do thap trong mat cit dam. Do do,
anh huong ciia bong troc 1a khong déng ké & giai doan nay [2].

O giai doan 2, tir 40 dén 60 phut tiép xtic v6i lira, chuyén vi ¢ ca 2 dam ting nhanh. Nguyén
nhan gay nén gia ting chuyén vi ¢ giai doan 2 phan 16n do sy suy giam cudng do va do cling cta
ca bé tong va cdt thép, nhiét do ting trong timg 16p ctua dam. Ca 2 dam déu c6 nhung vét bong
troc nghiém trong trong giai doan nay va c6 sy lan truyén nhanh ciia nhiét do cao (trén 200 °C).
Anh hudng cia su bong troc bé tong dbi vi dam U-B1 & giai doan 2 1a rd rét, diéu d6 dan dén
chuyén vi dam ting nhanh hon so véi U-B2 [2] (Iuu ¥ 1a chuyén vi tuyét d6i ctia dam U-B1 &
giai doan ndy van nho hon nhiéu so véi chuyén vi & dam U-B2) [2]. Tuy nhién két qua chuyén vi
ctia 2 dam trong ca 2 phan mém mo phong khong thé hién duoc viée nay.

Thoi gian (phiat)

-20

-40

-60

-80
Giai doan 1

-100

Gia tri chuyén vi (mm)

-120

-140
So sanh d6 vong gitra nhip gitra UB1 va UB2

== |JB] ==@==|JB2 Gidi han chuyén vi

Hinh 11. So sanh chuyén vi ddm U-B1, dim U-B2 (m6 hinh bing phan mém Sap2000)
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Hinh 12. So sanh chuyén vi dim U-B1, dim U-B2 giita thi nghiém
va mo hinh md phong bang phan mém Abaqus [2]
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Cubi cung, giai doan 3 1a sau 60 phiit, chuyén vi ting rat nhanh do sy mat mat dang ké cua
cuong do va do cung, cling nhu hiéu ung tir bién nhiét d6 cao. Ca 2 dam déu bi phé hoai sau
khoang 75 phut tiép xtic véi chay. Mic du chju muc tai trong thip hon song dam U-B1 van bi
pha huy cung thoi gian v6i ddm U-B2 do mirc d6 bong tréc ciia dim nay [2]. Cac két qua chuyén
vi cia mo hinh phan tich bang Abaqus thap hon so véi chuyén vi thuc t& nhung chénh léch
khong nhiéu. Két qua chuyén vi ciia mo hinh phén tich bang Sap2000 c6 chénh léch nhiéu hon
s0 voi mo hinh phan tich bang Abaqus. Diéu nay 1a do sy khac nhau giira dic tinh tac dong ctia

nhiét d6 cao trong thuc té va han ché trong cach phén tich cia timg phan mém sir dung.

6. KET LUAN

Dam bé tong UHPC c6 nhiéu wu diém vuot trdi hon so voi dam bé tong truyén thong. Nhung
van dé dat ra & day 1a khi dam bé tong UHPC chiu tac dong ctia chay thi cac tinh chat wu viét cia
n6 bi anh huong nhu thé nao? Dua trén cac két qua va quan sat dugc trinh bay & cac phan trén,
chtng t6i ¢o thé rat ra mot vai két luan vé dam bé tong UHPC chiju tic dong cta chay nhu sau:

+ Do dic tinh riéng biét ctia bé tong UHPC nén dam UHPC d& bi bong troc khi chiu tac
dong cua chay;

+ Tai trong tac dong 1én dam c6 anh hudng dén mirc do bong tréc xay ra trong dam UHPC.
Tai trong cang 16n thi cang nhidu vét nit va diéu nay tao diéu kién dé giai phong ap suét 16 rong
dan dén it bong troc;

+ Hai dam UHPC mic du chiu tai trong khac nhau nhung van bi pha hily cliing thoi gian dudi
tac dong cua chay.

Tuy cdn c6 cac han ché trong viéc st dung mé hinh mé phong nhung phuong phap phan tir
hiru han c6 kha nang danh gid dugc kha nang chiu luc cua dam UHPC chiju tac dong cua chay.
Phan mém Abaqus c6 d6 chinh xac va kha ning phan tich manh mé& hon so véi phdn mém
Sap2000 trong viéc phan tich dim bé tong chiu tac dong cua chay.
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NGHIEN CUU ANH HUONG CUA DU UNG LUC PEN UNG XU
CUA KET CAU NHA NHIEU TANG

STUDY ON THE EFFECT OF POST-TENSIONING ON THE BEHAVIOR
OF MULTI-STORY STRUCTURE

ThS. Pham Van Nam', ThS. P§ Van Linh’
'Vién Khoa hoc cong nghé xay dung, Email: nam92.ibst@gmail.com
2anémg DPai hoc Giao thong Véan tai, Email: dvlinh@utc.edu.vn

TOM TAT: Bai béo trinh bay nghién ctru xac dinh anh hudng cua hiéu tng tht cip do du tmg luc trong
két cAu san dén ung xir cia két ciu theo phuong dimg (cot, vach) trong nha nhiéu ting. M6 hinh sir dung
bang phan mém Etabs 2018 va Safe 2016. Két qua thu dugc tir mé hinh mé phong xem xét mirc do anh
huoéng cua du ung luc dén sy phéan phéi lai ndi luc cua cac hé két cdu cot, vach trong nha nhiéu tﬁng.

TU KHOA: nghién ctru mé phong, dy ing luc, phan phéi lai ndi luc cot, vach.

ABSTRACTS: The article presents a study to determine the effect of the out-of-plane deformation due to
lateral load on the prestressed slabs and the effect on vertical structure (columns, walls) in multi-storey
buildings. The model is modeled in Etabs 2018 and Safe 2016 sofiware, analyzed in construction stages
of cable tensioning and the serviceability stages.

KEYWORDS: simulation research, prestressed slabs, redistribution internal columns, walls forces.

1. PAT VAN PE

Két ciu san bé tong du Gng luc cang sau dang ngdy cang duoc st dung rong rii trong xay
dung nha cao ting do c6 nhing wu diém vuot trdi hon so v&i nhiing giai phap két ciu bé tong cot
thép thong thuong. Két ciu san vuot duoc nhip 16n tao dugc su linh hoat trong b tri cong nang
dong thoi giam dugc khdi luong cdt thép thudng, cp pha va nhan cong mang lai hiéu qua vé
kinh té cao cho céc du an. Tuy nhién day cling 12 mot dang két cAu dic biét doi hoi don vi thiét
ké va thi cong chuyén nghiép ciing nhu chuyén sau. Mot thyc té dién ra 1a nhiéu don vi thiét ké
nha cao ting chuyén nghiép thi chwa chuyén sau vé két ciu san du ung lyc va don vi thiét ké
chuyén sau vé két cau san du tmg lyc thi khong chuyén cac hang muc khac ciia két ciu nha cao
tang do d6 viéc két hop tinh toan két cdu nha cao tang ¢ san du tng luc trong mot tong thé hoan
chinh chua duoc quan tim dung muc. Hau hét cac don vi thiét ké san du ung luc theo timg san
riéng 1& va doc 1ap v6i hé két cau dung nhu cot, vach.

Trong bai bao ndy, tac gia di thuc hién moé hinh moé phong sé bang phuong phap phan tir
hiru han thong qua phan mém Etabs va Safe dé xac dinh dugc anh hudng cua hiéu tng thir cip
do du tmg lyc trong két cau san dén tng xir cia két cau theo phuwong dimg (cot, vach) trong nha

nhi€u tang.
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2. MO HINH MO PHONG

2.1. Xay dung m6 hinh

Mo hinh phan tir hitu han duoc xdy dung bing cach st dung phin mém phan tr hitu han
Safe 2016 va Etabs 2018. M hinh két cdu nha cao ting v6i mit bang dién hinh, tir d6 xét anh
hudng cta du Gng lyc trong san dén tmg xir ciia cac két ciu cot, vach va anh hudng cia vi tri san
du tng lyc trong nha dén tng xir ctia két ciu nha cao ting. Hinh dang mit bang va chidu cao cong
trinh cling nhu cach bd tri hé két cAu anh hudng dén ung xu cu thé cua cau kién. Do do, dé danh
gia dugc anh huong cta du tng lyc mot cach tong quat, mot cong trinh c6 mat bang don gian, hinh
chir nhat nhu Hinh 1 duoc lwa chon, S ting ciing duoc thay doi, twong tmg 10 ting, 15 tang va
20 tﬁng dé xem xét anh huong cua chiéu cao dén sy thay ddi noi luc trong két cau cot, vach.

-
© © 0,0 9 ¢

S5x8m I

I I I I I I
i w " w ™ . —

Ix8m

Ving hanh lang

®

@ _
ol L
®

Hinh 1. Mit bang dién hinh

Mit bang ¢ hinh chit nhat 40 x 24m, chiéu cao ting 3.6m, cong trinh bé tong cdt thép. Bé
tong co cap do bén B30, Cot thép thuong fy = 400 MPa, tao cap dy g lyc 15,2mm, c6 dinh
bam, nam trong dng gen det kim loai chtra 3 tao (cap chinh) va 1 tao (cap bd sung), co chiéu cao
2,1cm, thép ¢ do chung thap, f,, =1860 MPa, h¢ s6 H¢ s6 ma sat u = 0,2 ; K = 0,003/m va do
tut neo 12 6mm; M6 dun dan hdi E, = 200000 MPa.

Chiéu day san 200mm, dam bién c6 kich thudc 220 x 450mm, chiéu day vach 250mm. Tiét

dién cét, lya chon kich thudce tiét dién cot (theo Lé Ba Hué [1]):
- V&i nha 10 tang: Tiét dién cot ting 1- 5: 800x800 mm, tang 6-10: 650x650mm;
-Véinha 15 tﬁng: Tiét dién cot tz‘ing 1- 7: 800x800 mm, téng 8-15: 700x700mm;
- Véi nha 20 tang: Tiét dién cot ting 1- 10: 800x800 mm, tang 11-20: 750x750mm;

- V6i san riéng 1¢€: Tiét dién cot: 800x800mm.
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2.2. Xac dinh tdi trong

Tai trong thiét ké dua theo TCVN 2737:1995 Tai trong va tac dong - Tiéu chuan thiét ké [2]:

- Téi trong theo phuong ding:

+ Hoat tai: 2,0 kN/m? (Hoat tai trong vin phong);

+ Tinh tai b6 sung: 1,2 kN/m”.

- Tai trong theo phuong ngang: Trong pham vi bai bdo nay, nhom tac gia chi phan tich anh
huong cua tinh tai, hoat tai va hi¢u ting cua cap du ung luc. Céc tai trong ngang nhu tai trong
dong dat va tai trong gié dugc bd qua.

2.3. T6 hop tai trong

- V&1 mo hinh san mot tﬁng du ung luc trén Safe 2016:

+T6 hop 1 : 1.2 Tinh tai + 1.6 Hoat tai

+ T hop 2 : 1.2 Tinh tai + 1.6 Hoat tai + 1.0 HPT

- V&i mé hinh cong trinh 10, 15 va 20 tang c6 du tng luc trén Etabs 2018:

+T6 hop 1 : 1.2 Tinh tai + 1.6 Hoat tai

+T6 hop 2 : 1.2 Tinh tai + 1.6 Hoat tai + 1.0 HPT

2.4. M0 hinh

2.4.1. Mo hinh trén Safe 2016

bé xac dinh duge anh hudéng cua vi tri san theo téng dén anh huong ndi luc, mdt mo hinh
san mot ting dugc xay dyung trong phan mém SAFE nhu thyc té thiét ké hién nay sir dung dé so
sanh voi két qua noi luc khi xét dén vi tri clia ting trong cac mo hinh ETABS.

Hinh 2. M6 hinh va mit bang cap san dién hinh trén Safe
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2.4.2. Mo hinh trén Etabs 2018

Do chi xét dén hiéu tng thir cip gy ra do du g luc nén cac md hinh duoc xét dén 1a cac cong
trinh da duoc cang du timg luc ¢ cac ting. M6 hinh cho cong trinh 10 tang, 15 tang va 20 ting.

Hinh 3. M6 hinh 3D tong thé trong Etabs 2018
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Hinh 4. Mit bang tang dién hinh trong nha cao tang c6 dy tung luc trong Etabs 2018
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3. KET QUA MO PHONG
Cac két qua thu duoc tir md hinh mé phong vé anh hudng cua du tmg luc trong san dén luc
doc trong cot, vach; mémen trong cot, vach va anh hudng ctia vi tri san du Gng luc trong nha dén

noi lyc cua san.

3.1. Anh huwéng cia hiéu @ing béc 2 do duw /\
irng lye dén lyc doc trong cft T e
Dé thay duoc anh hudng cua du tng luc ' Fj? e —
dén noi luc trong hé két cAu dung (cot, vach), £ e 2 — %
cac to hop tai trong dugc xét dén 1a t6 hop —
khong c¢6 du tmg luc va to hop c¢6 du Gng luc: | 11 — ]
i . % % % = — M %
+ TO hop c6 dy Gng lyc gom: Tinh tai, 1 —
hoat tai va hiéu tng thi cip do du tng luc; ] k j ] ]
+ T6 hop khong ¢6 du tng luc gom: Tinh

tai va hoat tai. Hinh 5. Khung truc chon khéo sat trén mat bﬁng

Lya chon khung truc B dé khao sat:
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Hinh 6. Vi tri cdt bién va cot gitra can khao sat trén khung truc B
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LU'C DQC TRONG COTBIEN NHA 10 TANG

12

LUC DOC TRONG COTGI(’A NHA 10 TANG
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Hinh 9. So sanh luc doc cdt bién va cot gilra ciia nha 20 téng
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3.2. Anh huéng ciia hiéu ing thit cAp do duw wng hre dén mdémen trong cot

Momen cua cdt trong truong hop cé du ung luc va khong c6 du tng luc

MOMEN TRONG COT BIEN NHA 10 TANG
12
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.
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Hinh 10. So sanh mémen cot bién va cot giira ctia nha 10 tang

MOMEN TRONG COTBIEN NHA 15 TANG

MOMEN TRONG COTGIC’A NHA 15 TANG
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Hinh 12. So sanh mémen cot bién va cot giita cia nha 20 ting
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Tir két qua so sanh ta thay hi¢u Gmg thir cip do dy tng lyc lam giam mémen trong cac cot
bién 10-15%. Nguoc lai, hi¢u Gng tha cép do du Ung lyc lai lam tding momen trong cac cdt gitra
cua cong trinh tir 5-10%.

3.3. Anh huéng cia vi tri san du &ng lwc trong nha nhiéu tang dén ngi luc cia san

So sanh mémen udn trong san ciing mot vi tri khao sat trong mé hinh xay dung riéng mot
tang (Safe 2016) va mo hinh theo ting ting thay doi do cao (Etabs 2018).
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Hinh 13. Mdmen san trong mo hinh Safe 2016
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Hinh 15. So sanh sy thay d6i mémen 16n nhét trong san thiét ké riéng 1é trong Safe
va san thiét ké thay d6i theo do cao c6 xét dén anh hudng cia dy tmg luc

Cung mdt vi tri san trong mdt céng trinh thi cac ting trén c6 moémen uén nhé hon 20% so
v6i cung vi tri san ¢ cac tang dudi. Piéu nay c6 thé dugc giai thich 1a do anh hudng ctia chuyén
vi va gbc xoay do cot gay ra.

Gitlra cdc cong trinh c6 ) téng khéac nhau, cung mot vi tri san, san thugc nha nhiéu téng hon
thi 6 mémen nho hon so v6i cong trinh thap tang hon. Nhu vy, khi sb ting nha ting thi mémen
ubn trong san giam, phu thudc vao sb ting cua toa nha khao sat. Khi nha cang cao tang thi anh
hudng do chuyén vi va goc xoay cang 16n gy ra.

4. KET LUAN

Bai bao trinh bay chi tiét mé hinh s6 nham mo phong Gmg xir ctia cdt, san c6 anh huéng cua
du tmg luc khi thay d6i theo d6 cao theo phin mém Etabs va Safe. Cac két qua cho thdy dbi véi
mit bang tai trong phan bd déu va phd bién, hiéu tng thir cip do du tmg luc trong két ciu c6 anh
huong dén luc doc va mdmen trong cdt va anh hudng cot gitra nhiéu hon cot bién. Péi voi
momen cot, hiéu tng thi cip do dy tng lrc lam giam momen cot bién va ting momen trong cac
cot gitra. Luc cang trude trong san du Gng luc 1am phan phéi lai lyc doc trong cot, tuy nhién tong
gia tri phan phdi trén toan san bang 0. O cing mdt vi tri san, ndi lyc trong san giam & cac ting
trén va thay d6i phu thudc vao sb tang ctia cong trinh.

Ta c6 thé st dung mo hinh Etabs dé tién hanh khao sat khi thiét ké cac két cdu theo phuong
dang (cdt, vach) cta cong trinh sir dung san dy ung luc can xét dén anh hudng cua hiéu tng tho
cép. Khi thiét ké két cAu san du ung luc, can xét dén vi tri cua san trong cong trinh. Dac biét can
xdy dung mo hinh c6 xét dén twong quan gitra cac ting.
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NGHIEN CUU ANH HUONG CUA PQ CUNG LIEN KET DAM -
VACH CUNG DPEN UNG XU CUA KET CAU NHA CAO TANG

STUDY ON THE EFFECT OF STIFFNESS OF BEAM-SHEAR WALL
CONNECTION ON BEHAVIOR OF HIGH-RISE BUILDING STRUCTURE

ThS. Pham Vin Nam', ThS. D3 Vin Linh’®
'Vién Khoa hoc cong nghé xay dung, Email: nam92.ibst@gmail.com
*Truong Pai hoc Giao théng Van tai, Email: dvlinh@utc.edu.vn

TOM TAT: Bai bao trinh bay nghién ctru anh huéng cua d6 ctng lién két dam - vach cing trong két cau
nha cao tang khi chiu tai trong. M hinh sir dung duoc mé hinh héa bang phan mém Etabs 2018. Két qua
thu dugc tir mé hinh mé phong xem xét anh hudng cia do cimg lién két toi tinh dong hoc, chuyén vi,
moémen ubn trong dam cua cong trinh.

TU KHOA: nghién ciru mo phong, lién két dam - vach cimg, d6 cimg.

ABSTRACTS: The article presents a study on the effect of the stiffness of beams-rigid walls in high-rise
building structure when subjected to load. The model is model by using Etabs 2018 software. The results
consider the effect of the link stiffness on dynamics, deformation, bending mément in the beam of the building.

KEYWORDS: simulation study, beams-rigid walls connection, stiffness.

1. PAT VAN PE

Nha cao ting 1 nha ma c6 chiéu cao cia né anh hudng toi ¥ do va cach thuc thiét ké. Mot
trong cac nhiém vu quan trong khi thiét ké nha cao ting 13 viéc gidi han chuyén vi ngang cua
cong trinh. P& dam bao do cting va han ché chuyén vi dong thoi dam bao khéng gian linh hoat
cho nha cao tang thi hé két cdu duoc sir dung rong rai cho cong trinh nha cao tang 1a vach, 13i két
hop két cau khung. Tuy nhién, d6 cting ctia vach theo ca phuong dung va phuong ngang 16n hon
dd cting cua cot trong khung rat nhiéu. Vi vay, vOi cac dam c6 mot dau lién két voi cot mot dau
lién két véi vach thuong c6 ndi lyc phire tap. Tai vi tri lién két véi cot gia tri mémen udn trong
dam thuong nhoé hon rat nhiéu l1an so véi mémen udn trong dam & vi tri lién két véi vach do d6
vi tri lién két dam voi vach yéu cau luong thép rat 1on. Piéu nay 1am kho thi cong va dam bao
chét luong bé tong tai vi tri ndi. Dé giai quyét cac van dé trén, mot s giai phap dugc dé xuit nhu
thay doi dang lién két, phan tich két cdu c6 xét dén sy suy giam do cimg cua lién két... tuy nhién
céc giai phap nay s& anh huong dén g xir tong thé ctia nha.

Trong bai bao ndy, tac gia di thuc hién moé hinh moé phong sé bang phuong phap phan tir
hitu han théng qua phin mém Etabs dé xac dinh dugc anh hudng cua do cung lién két dam -
véach ctng dén tng xur két cdu trong nha nhiéu tang.

2. CAC DANG LIEN KET TRONG MO HINH

Lién két xem xét 6 ctmg khi lién két dan hoi, qua trinh hinh thanh khép déo dé nghién ciru
anh huong cua do cung cau tao lién két dén két ciu dam, san tai ving tiép giap voi 16i cung
trong két cAu nha cao tang.

427



Hoi nghi Khoa hoc Cén bg tré lan thir XVI
2.1. Céc dang lién két

- Lién két khop: La lién két ngin can moi chuyén dong trong mit phing va khir dugc mot
bac tu do va phat sinh thanh phan phan lyc theo phuong truc thanh va vudng géc truc thanh. Vé
mat dong hoc 1 khop tuong duong véi 2 lién két thanh.

- Lién két ngam: La lién két ngan moi chuyén dong trong mit phang va ngoai mit phang.
Phan lyc lién két gdm 2 thanh phan ngin can chuyén dong thang H, V va thanh phan M ngin can
chuyén vi xoay. Lién két ngam tuong dwong véi 3 lién két don.

- Lién két cung: La mot dang cua lién Kkét ngam c6 do cung hitu han, déu sinh ra 3 thanh
phan phan lyc H, V, M. Tuy nhién nut ctng chi ngin can chuyén vi xoay véi goc xoay phu thudc
vao d¢ cting vat lig¢u. Dé tao lién két ntra cung ta chi cin thay ddi do cung cua tiét dién phén tor
tai vi tri can giam momen.

2.2. Vung ctirng

Céc giao diém gilra dam va cot trong két cau bé tong cot thép duoc goi 1a cac nat khung.
Day 1a mot vung c¢6 do udn cong 16n nhung phai chiu tng suat 16n. Giao diém nay tao ra 1 vung
c6 do cung vo cung so véi cau kién quy tu vao no.

ra

Hinh 1. M6 hinh phan tir hiru han va mé hinh thanh véi lién két c6 ving cing

Trong thuc té, & cac cong trinh cao tﬁng tai tiét dién gﬁn lién két voi dam - cot, dAm - vach,
15i ta can bd tri mot lwong thép kha 16n dé dam bao kha ning chiu tai trong ngang, giy kho khin
trong viéc thi cong va ddm bao ham lugng thép.

2.3. Khép déo

Déi véi cau kién chiu udn, khi tai trong ngoai gdy ra mémen udn tai mot tiét dién vuot qua
kha niang chiu momen 16n nhat ctia cau kién do thi tiét dién khong bi sup d6 ngay ma bat dau sy
xoay & mot gia tri mémen hau nhu khong d6i. Tiét dién nay hinh thanh khép déo. Hay néi cach
khac khop déo xay ra khi ¢ su truyén tai trong - Su phan phdi lai mémen tai tiét dién c6 M 16n
nhat cho dén khi c4u kién sup do.

Sy phan phdi lai mémen gitp:

- Giam gia tri tuyét d6i cia momen 16n nhat thuong 13 mémen am & gdi va 1am ting momen
chua dat dén gidi han chay (m6 men duong gitra nhip);
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- Tranh luong cbt thép qua nhiéu trong ving mémen am gan nit khung, gay khé khin cho
viéc b tri va thi cong;

- Tan dung dugc kha nang chiu mémen duong tai tiét dién gﬁn sat voi cot (noi c6 mdémen

am lon).
3. MO HINH MO PHONG

3.1. X4y dung mo hinh

Mo hinh phan tir hitu han duoc xdy dung bing cach st dung phin mém phan tr hitu han
Etabs 2018. M6 hinh két ciu nha cao tang v&i mit bang dién hinh, tir d6 xét anh huong cua do
cting lién két dim - vach cung trong két cdu. Hinh dang mit bang va chiéu cao cong trinh ciing
nhu céach bd tri hé két cAu anh hudng dén ung XU cu thé cua ciu kién. Do d6, dé danh gia dugc
anh huong cua du tng luc mot cach tong quat, mot cong trinh c6 mat bang don gian, hinh chit
nhat nhu hinh 1 duoc Iya chon. Chiéu cao ting ciing dugc thay ddi, twong tng 25 ting va
35 tang dé xem xét anh hudng cua chiéu cao.

MJbi mé hinh két cdu sé& khao sat su thay doi ctia dao dong, chuyén vi va momen tai niit giao
dam - véch trong cac truong hop:

- Lién két khép;

- Lién két ctng voi do cimg do mé hinh tinh (k);

- Lién két ctng voi do ctmg khi ham luong thép ban ddu do mé hinh tinh (ko);

- Lién két cting voi do ctimg khi ham luong thép giam 10% (k;);

- Lién két ctng voi do cimg khi ham luong thép giam 20% (ko).
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Mit bang c6 hinh chit nhat 24,3x34,5m, chiéu cao 1, 2 1a 4,5m tang dién hinh 3,6m, tang
trén cung la 3,8m. Cong trinh bé tong ¢t thép, ving ap luc gio I1.B, dang dia hinh B. Bé tong
cap d¢ bén B25, Cot thép thuong fy = 400 MPa, M6 dun dan hdi E, = 200000 MPa.

Chiéu day san 120mm, dam chinh c6 kich thudc 300x700mm, 300x650mm, dam phy
300x500mm, chiéu day vach 400mm. Tiét dién cot, lua chon kich thude tiét dién cot (theo L€ Ba
Hué [1]):

- V&i nha 25 tang: Tiét dién cot: 700x900mm;
- Vi nha 35 tang: Tiét dién cot: 900x1000mm.
3.2. Xac dinh tai trong
Tai trong thiét ké dua theo TCVN 2737:1995 Tai trong va tac dong - Tiéu chudn thiét ké [2]:
- Téi trong theo phuong ding:
+ Hoat tai dién hinh: 2,0 kN/m?, hoat tai mai: 0,75 kN/mz;
+ Tinh tai bo sung: 1,2 kN/m?;
+ Tai trong tuong xay 220mm: 15,4 kN/m.
- Tai trong theo phuong ngang:
+ Tai trong gid (Trong bai bao nay bo qua tai trong dong dat): Tinh toan ving gi6 I1.B, dang
dia hinh B. Tai trong tinh toan theo tiéu chuan TCVN 2737:1995 [2] va TCXD 229:1999 [3].
4. KET QUA MO HINH
4.1. Khao sit két qua

4.1.1. Khdo sat dao dong

Biéu dd so sdnh tan sé khi thay Biéu dd so sdnh tdn sé khi thay
déi dé cirng ddi dé cirng
7 ~ A ) 2 A AY
cta Cong trinh 25 tdng cla Cdng trinh 35 tdng
0.405 0.255
0395 & g 0.245
(1=} k=Y
w w
= 0.385 = 0235
= e
0375 0.225
0.365 0.215
Mode 1 Modz 2 Mode 1 Mode 2
- - - LKcingk 0.4 0.402 ----lKcingk 0.238 0.24/
- = =LK cing ko 0.387 0.4 --=-=LKcing kO 0.23 0.246
LK ciing k1 0.387 0.4 LK citng k1 0.23 0.245
LK cing k2 0.386 0.4 LK citng k2 0.229 0.245
LK khép 037 0.398 LK khop 0.217 0.244

Hinh 3. Biéu db so sanh tan s6 thay doi d6 cing ciia cong trinh 25 ting va 35 ting
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Tan s6 dao dong clia 2 mode dau tién ciia nha 25 ting va 35 tang cd hinh dang twong ddi
gidng nhau, con nha 15 ting thi khac so véi 2 loai trén. Trong do, tan sb dao dong ciia nha khi
nat giao dam - vach 1a lién két ngam trong ca 3 trudong hop do cing gan nhu tring nhau va nho
hon tan sb cua lién két cing nhung lai 16n hon tin s6 cua lién két khap.

4.1.2. Khdo sdt chuyén vi

So sdnh chuyén vi ngang theo So sdnh chuyén vj ngang theo
phwong X phwong X
cta Céng trinh 25 téng cla Céng trinh 35 ting
25 35 .
24 o =
23 32 /
22 31 /
21 3 /
20 28 7
19 7 J
18 25 £
17 24 p 4
16 % /
15 L /
¥ - /
5 17 /
/ 16 /
11 / 15 /
10 14 £
/ 13
9 / 12 /
8 y.t %Ll) //
7 = 5
6 8 /
s |/ 11/
s/ ¢
3 |/ a2/
2 if 2
1t 1t
0 10 20 30 40 50 0 50 100 150
Chuyén vi ngang (mm) Chuyén vi ngang (mm)
---- LKcingk ----- LKcingk0o ---- LKcingk ----- LKcingkO
LK cirng k1 LK citng k2 LK cirng k1 LK ctrng k2
— - — LK khop — -~ — LK khép

Hinh 4. So sanh chuyén vi ngang theo phuong X ctia cong trinh tang 25 va ting 35

So sdnh chuyén vj ngang theo So sdnh chuyén vj ngang theo
phuwong Y phwong Y
clia Céng trinh 25 ting ctia Céng trinh 35 tdng
25 35 .
34
24 .
23 32 A
2 31 .
30 f
e 29 .
20 28
27
19 %
18 25
17 24
/ 23
16 = 22
15 i 21
/ 20
» 14 /7 o 19
18
LY £
16
1 15
10 14
13
9 12
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10
7 7 5 ¥
6 / 8 |
{ /
s |/ =
{ 6 J
1 =f 5 f
3 5 4 B
/ ‘]
il 2 if
y 2 |
0 10 (iAllli2or!8l (a0t Faogtil (Esoiiikeo 0 50 100 150 200 250
Chuyén vj ngang (mm) Chuyén vj ngang (mm)
----LKcingk -----LKcirng kO LK citng k1 ----LKcitngk ----- LKcing k0 LK cirng k1
LK cing k2 — - - — LK khdp LK ctrng k2 — - — LK khép

Hinh 5. So sanh chuyén vi ngang theo phuong Y ctia cong trinh ting 25 va tang 35
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So sdnh chuyén vi dirng theo

So sdnh chuyén vi dirng theo
phwong Z phwong Z
cla Cong trinh 25 téng cta Cdng trinh 35 tdng
25
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Hinh 6. So sanh chuyén vi ding theo phuong Z clia cong trinh tang 25 va tang 35
4.1.3. Khdo sdt néi lwc (mémen) tai 2 vi tri lién két Dam - Vich va Dam - Cjt

So sdnh Momen tai lién két

So sanh Momen tai lién két
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~~~~~~~~~ LK ciing k2 =— - - LK khép

LK citng k1

LK citng k2 — - - LK khép

Hinh 7. So sanh néi luc tai vi tri lién két ddm - vach
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So sdnh Momen tai lién két
Dé&m - Cot vitri 1
cla Céng trinh 35 téng

So sdnh Momen tai lién két
Dém - Cot vitri 1
cla Céng trinh 25 téng
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Hinh 8. So sanh ndi luc tai vi tri lién két dAm - cot

Do cong trinh chiu d&nh hudng cua tai trong dung 16n hon tai trong ngang nén Mdémen c6 xu
hudng ting dan theo chiéu cao cong trinh, do d6 ham lugng ¢t thép cling ting dan theo chiéu
cao cong trinh.

Momen 4m tai vi tri lién két Dam - Véach giam khoang 50% giita cac trudng hop lién két,
didu d6 ciing kha ding voi mot sb nhan xét trong két ciu khang chan.

Moémen tai vi tri lién két Dam - Cot sé ting dan néu 1a Momen am va giam dan néu 1a
Moémen duong nén rat khé dé so sanh gia tri Mémen tai vi tri nay. Tuy nhién, nhin vao biéu do ta
c6 thé thay duogc, sy chénh 1éch gia tri Momen gitta cic truong hop lién két cing do cimg thay
d6i (ko, ki, k) rat nho. Trong khi gia tri Mémen giita truong hop lién két cimg do cing ctia phan
mém, lién két cimg khi thay d6i ham lugng thép va lién két khop co su chénh 1éch rat 13 rang, va

dic biét, cong trinh cang cao tang thi su chénh léch nay lai khong con rd rang nira.

4.2. Anh hwong cia dd cirng lién két t6i tinh dong hoc ciia cong trinh

Thanh phan dong cta cong trinh, phu thudc chu yéu vao tan sé dao dong ciia cac mode dao

dong;
Khi ham luong thép giam, d6 cimg ciing giam nhung tan sé dao dong cia ca 3 loai nha &
2 mode dao dong dau tién khong thay doi nhiéu. Tuy nhién, so sanh tan s6 giao dong cua truong
hop voi d cimg do phin mém tinh - d cimg khi giam ham lugng thép - d6 cung khi lién két 1a

khép c6 su khac biét rd rét nhung d6 1éch ciing rat nho.
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4.3. Anh hwéng ciia d9 cing dén chuyén vi cong trinh

Véi 3 truong hop lién két cimg d6 cing thay ddi (ko, ki, k2), chuyén vi 1éch nhau nho. Viéc

thay ddi 6 ctng lam giam ham luong thép khong anh huéng 16n t6i chuyén vi ctia cong trinh.

Véi truong hop lién két cimg do cing phan mém tinh, lién két cing do ctng thay ddi theo
ham lugng thép va lién két khop, nha cang cao tang thi su thay d6i chuyén vi dinh trong trong
céc truong hop lién két khac nhau nhan thiy cang rd rang. Cong trinh cang cao tang thi anh

hudng cua d) cing vach cang giam.

4.4. Anh hwéng ciia d9 cirng dén mémen udn trong dim

Sau khi thay do cimg méi vao cong trinh, Momen tai vi tri lién két Dam - Vach giam va di
chd khac (vi du nhu chay ra vi tri lién két Dam - Cot 1am Momen am ting va Momen duong

giam hay lam tang gid tri Momen tai giira nhip).

Viéc giam ham lugng thép xudng 10% hay 20% dé giam do ctng tai lién két Dam - Vach
chénh 1éch khong déng ké. Tuy nhién, néu so giira lién két c6 d6 ctimg do phan mém tinh, lién
két ctng co d6 cing thay doi (ko, ki, ko) va lién két khop thi gia tri Mémen lai ¢6 su chénh 1éch
1 rang, nhung voi cong trinh cang cao tang thi sy chénh léch cang giam. Do d6 cong trinh cang
cao thi khi thay ddi d6 ctmg kha ning phan phéi lai Momen tir vi tri Dam - Vach vé vi tri Dam -

Cot cang it.

5.KET LUAN

Bai bao trinh bay anh hudng ciia do cimg lién két gitra dam - vach cing trong két cau nha
nhiéu tang dén g xir tong thé ctia nha ciing nhu Gmg xtr cuc bo tai vi tri lién két ciing nhu mot sb
vi tri 1an can. Theo do, viéc phan tich két cAu c6 xét dén anh hudng cia d¢ cung 1a luya chon vira
pht hop voi tmg xtr thuc ctia két cdu dong thoi cho gia noi luc hop Iy hon. Két qua nghién ctru da
cho thay rang, khi giam d¢ cimg lién két giita dam va vach, ndi luc tai vi tri nay giam xudng giup
cho viéc lua chon kich thudce tiét dién va dat cdt thép don gidn hon, mat khac, ing xu téng thé cua

cong trinh nhu dang dao dong, chuyén vi ctia nha. .. vin nam trong gidi han cho phép.

Két qua cua bai bao chi méi gidi han trong cong trinh c6 dang két cu dbi xtng, don gian.
Mot sb van dé phuc tap nhu hién tugng co ngén cOt, tai trong dong dét chua duoc xét dén trong
nghién ctru vi vay két qua cua nghién cru méi chi phan anh duoc mot phan. Can c6 thém nhiéu
khao sat nira dé c6 duoc mot két luan téng quat nhit. Tuy nhién, theo két qua cua nghién ciru c6
thé thay viéc phan tich két cdu c6 xét dén sy suy giam do cimg cua lién két 13 mot lua chon hop

1y nén dugc xem xét khi phén tich két cdu nha.
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MO PHONG SU LAN TRUYEN HU HAI TRONG BE TONG
BANG PHUONG PHAP TRUONG PHA

DAMAGE SIMULATION IN CONCRETE BY PHASE FIELD METHOD

TS. Nguyén Hoang Quén', PGS. TS. Tran Bao Viét’, ThS. P4 Van Linh’, ThS. Bui Thi Thanh Mai*
1,23 ’4Tmc‘mg DPai hoc Giao thong Van tai,
Email: quannh_ktxd@utc.edu.vn, viettb@utc.edu.vn dvlinh@utc.edu.vn, btmai83@gmail.com

TOM TAT: Bai bao trinh bay mé hinh sé méi (phuong phap trudng pha) nham mé phong su lan truyén
hu hai trong bé tong. Trong phuong phap nay, hu hai dugc miéu ta bing mot trudng v6 hudng d nhan gia
tri trong khoang tir 0 dén 1, tvong tng voi trang thai khong hu hai va hu hai hoan toan cta vat liéu.
Phuong phép trudng pha dugc sir dung dé mé phong su lan truyén hu hai trong dam bé tong chiu udn ba
diém va két qua mo phong thé hién sy tuong dong véi két qua thuc nghiém. Phuong phap nay khéng can
miéu ta trudc vét nit va cho phép miéu ta su lan truyén ciia hé thong vét niit phirc tap, vét niit phan
nhanh, cac vét nit nhd gip nhau tao thanh vét nat 16n.

TU KHOA: phuong phép truong pha, dim bé tong chiu udn ba diém, lan truyén vét nut,

ABSTRACT: This paper presents a new numerical method (the phase field method) in order to simulate
the damage in concrete. The phase field is a scalar variable between 0 and 1, which connect broken and
un broken region. A three bending concrete beam is simulated using the phase field method and the
numerical results agree fairly well with the experimental results. This approach does not need predefined
crack and it can simulate the complex crack path, crack branching, crack coalescence.

KEYWORDS: The phase field method, three bending concrete beam, crack propagation.

1. GIOI THIEU

O cép do vat ligu (mesoscale), bé tong 1a loai vat li€u c6 cAu trac phtic tap va c¢o tinh khong
ddng nhéat cao gdm nhiéu pha vat liéu nhu hat cbt lidu 16n (da, soi), hat ¢t liéu nho (cat), xi
méng va nudc. Didu nay dan t6i sy hinh thanh va lan truyén cta vét nirt trong bé tong 1a rit phirc
tap va anh huong nhiéu toi img xir ctia bé tong & cap do két cau (marcoscale). Chinh vi vay, viéc
coi bé tong 1a vat liéu dong nhat 1a khong du dé thiét 1ap mot cach chinh xac nhét ing xir cia bé
tong o cap do két cau.

Ngay nay, v6i sy ra doi ctia cac mdy tinh hiéu ning cao, cac mé hinh mé phong sé cho phép
mo ta sy hinh thanh va phat trién cta vét niit cling phat trién manh mé nham nghién ciru tng xir
ctia bé téng ¢ cap do vat liéu. Cac mé hinh sb cb dién mo phong vét nit dira trén phwong phap
phan tir hiru han nhu phuong phap tach nat [1], phuong phap mién két dinh [2] gip nhiéu kho
khian trong viéc cap nhat ludi phan tir hitu han dé mé phong sy lan truyén cua vét nit. Gan day,
van dé nay dugc khic phuc bang phuong phap phan tir hitu han mé rong (XFEM) [3], trong do,
ham dang duoc bd sung mot ham con dé cip nhat su lan truyén cia vét nit trong cac phan tu.
Tuy nhién, phuong phap ndy ciing gip nhidu kho khin trong viéc mé ta cic hé théng vét nut

phuec tap trong bé tong.
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Céc kho khan ké trén c6 thé dugc khic phuc bang cach sir dung phuong phép trudng pha.
Pay 1a m6 hinh sé méi duge phat trién manh mé trong muoi nam gan day [4,5]. Trong phuong
phap nay, vat thé bao gdm mién bi niit va mién khong nirt duoc coi 1a mot mién lién tuc thong
qua mot dai lugng vo hudng d 6 gia tri thay doi trong khoang tir 0 dén 1, twong tng véi trang
thai khong hu hong va hu hong hoan toan cua vat liéu. Phuong phap nay c6 wu diém 1a diung mot
lu6i hinh hoc ¢b dinh, do d6 khéng bi phu thudc vao ludi hinh hoc va c¢6 thé miéu ta su lan
truyén cia hé thong vét nit phire tap nhu vét nirt phan nhanh (crack branching), cac vét nirt nho
gdp nhau tao thanh vét nit 10n (crack coalescence).

Muc dich chinh ciia bai bao 1a nham gidi thidu phuong phap truong pha trong viéc md phong
qua trinh hinh thanh va lan truyén vét ntt théng qua viéc md phong dam bé tong chiu udn ba diém
0 cép do6 vat liéu. Trong do, bé tong dugc coi la vat li¢u hai pha gém ¢6 hat ¢bt liéu 16n va xi mang.
Céc hat cdt liéu duge gia thiét c6 hinh tron, dinh bam gitra hat cdt liéu va bé tong duoc gia thiét 1a
tuyét dbi, hay néi cach khac, mé hinh bo qua mién chuyén tiép gitta hat cdt liéu va xi méng.

Bai bao duogc cdu triic gdm cac phan sau: phan 2 dwoc danh dé miéu ta ngan gon ndi dung
ctia phwong phép trudng pha, thi nghiém va mé hinh mé phong s6 dim bé tong chiu udn ba diém

dugc miéu ta trong phan 3. Két luan dugc trinh bay trong phan 4.

2. TOM TAT PHUONG PHAP TRUONG PHA

Nhitng ndi dung co ban ctia phwong phap truong pha s& dugc trinh bay & phan dudi diy. Dé
hiéu rd ndi dung chi tiét va cach thirc 1ap trinh phuong phéap nay, ban doc ¢ thé tim hiéu trong

cac nghién ctru cua Miehe va cac cong su [4], Nguyen va cac cong su [6].

F

o0,

u=u u=u
Hinh 1. a) Hinh anh vét nat that; b) hinh anh vét nat 4o théng qua phuong phap truong pha.
Xuét phat tir nghién ctru ctia Francfort va Marigo [7], phuong phap trudng pha xiy dung mot
dai luong vo hudng d € [0, 1] dua trén nguyén tic cuc tiéu tong ning luong dan hdi va ning
lugng gay nut; d =0 thé hién trang thai khong hu hai va d = 1 miéu ta trang thai hu hai hoan toan
cta vat liéu. Xét mot vat rin Qe RP chira mot vét nut T, D = [1, 2, 3] 1a sé chiéu cua bai toan,
0Q 1a bién cua vat ran. Voi gia thiét bién dang nhd, nang lugng cua vat thé bi nut duge biéu dién

thong qua phuong trinh sau:
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E(u,d) = jW(u,d)dQ +g. j v(d,vd)dQ (1)
Q Q

trong do:
W (u, d) : ham mat do ning lugng dan hdi phu thude vao trudng chuyén vi u(x) va truong
pha d(x);
g. : strc khang nut;
y(d,Vd) = %dz +§Vd -Vd: ham mat d§ nang lugng nut.
Ap dung nguyén 1y tiéu hao ning luong t6i da va cuc tiéu ning lwong cho phuong trinh (1)
thu dugc cdp phuong trinh cho phép x4c dinh truong chuyén vi u(x) va truong pha d(x) bén

trong vat rin Q:

2(1—d)H—g7°{d—£2Ad} ~0 trong O

dix)=1 trén [’ (2)
Vd(x)-n=0 trén 0

va

V-G(u,d) =f trong Q
ux)=u trén 0Q, 3)

on=F trén 0Qp

trong do, ¢1a tham s6 ctia md hinh thé hién chiéu day cua vét nit a0. Khi ¢ —0, vét nit 4o s&
tiém can dén vét nat that. Luu ¥ rang ¢ cling 1a tham sd vat liéu, anh huong dén gia tri ing suat
16n nhét khi vét nut bat dau xuat hién trong vat liéu. H 13 ham lich sir mat d6 nang luong bién
dang, nham thé hién su phu thudc cua truong Chuyén vi va truong pha vao lich su tac dung cia

tai trong. Ham s6 nay dugc dinh nghia nhu sau:

H(X’t)zi}?},’t‘]{“ﬁ(“)} “4)

Trong (4), T 12 bién s6 chi thoi gian, y*1a phan chiu kéo ctia ham mat d6 ning luong bién

dang, thé hién réng vét nirt xuat hién do luc kéo. Pai lugng nay dugc dinh nghia nhu sau:
A 2 2
y'(e)= E(<Tr(s)>+) +uTr {(8+) } (5)
O phuong trinh (5), € 1a ten so bién dang, <X>i = (X :F|X|)/2, e* 1a bién dang kéo va bién
r 5 < A \ M A r - \ 8W \ ,
dang nén cua ten so bién dang. A, p 1a hang s6 Lamé. O phuong trinh (3), o= e 1a ten so Gng
e

suat bac 2 Cauchy, fla lyc khoi, u, F 1a diéu kién bién vé chuyén vi va di€u kién bién ve lyc trén
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bién 0Q, va 8Qp. Ky hiéu V(.)va V.(-)1an lugt thé hién gradient va toan tir div. Gid thiét vat

liéu 1am viéc dan hoi, quy luat Gng xur cua vat liéu dugc thé hién qua phuong trinh sau:
o =((1=d)" k) {2(Tre), 1+ 208" |+ 2(Tre)_1+2pe" (6)

O phuong trinh (6), kla s6 thuc vo cung nho, ddm bao diéu kién 6n dinh cta bai toan trong
truong hop vat liéu bi hu hai hoan toan.
Tai mdi budc thoi gian, phuong trinh (4), (5) 1an dugc giai dé xac dinh truong pha va truong

chuyén vi.

3. MO PHONG SO SU LAN TRUYEN CUA VET NUT BANG PHUONG PHAP
TRUONG PHA

Phuong phap trudng pha trinh bay trong phan 2 duoc lap trinh trén phan mém Matlab. M6
hinh duge kiém ching thong qua thi nghiém dam chiu udn ba diém dugc thuc hién boi Grégoire
va cac cong su [8]. Hinh 2 thé hién dang hinh hoc, kich thuéc va diéu kién bién cia dam chiu
udn ba diém. Dam c6 chiéu cao 100mm, chiéu dai 350mm, chiéu dai nhip 250mm, bé rong béng
50mm. O gitra dam, nguoi ta tao mot vét nit mdi c6 chiéu cao 20mm, chiéu rong bﬁ“mg 2mm.
Dam duge gia tai béng mot lyc tap trung dat ¢ chinh gitra dam dén khi dam bi pha hoai. Dam bi
pha hoai khi c6 vét niit xuat hién tai dinh vét nirt mdi va lan truyén dén diém dat lyc. Trong qua
trinh thi nghi¢m, 6 mo rong vét nirt mdi duoc ghi lai.

r A

100mm
2mm

il
H T20mm
= A )
D0 ma rong vét mirt
50mm 250mm | 50mm

350mm

Hinh 2. Kich thuéc va diéu kién bién cua dam chju uén ba diém [8]

Dam dugc mo phong & cép do vat licu. Trong do, bé tong dugc coi 1a vat ligu gé)m hai pha:
cac hat cdt liéu 16n (hat c6 duong kinh 16n hon 4,75mm) va xi mang. Céc hat bt lidu duge gia
thiét c6 hinh tron, c6 duong kinh 16n nhat bang 10mm va dudng kinh nhé nhat bang 5mm. Cap
phéi hat dugc cung cép trong nghién ciru cia Grégoire va thé hién trén hinh 3. Gia thiét ham
luong hat chiém 40 % thé tich ctia bé tong. Céc hat cdt lidu dugc gieo ngau nhién trong chit nén
la xi mang va phai thod man hai diéu kién: (1) hat khong duoc cham vao bién cua dam; (i1) hat
gieo sau khong dugc cham vao hat da gieo trudce do.
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Hinh 3. Cép phdi hat cung cap boi Grégoire [8]

Tinh chat vat liéu cia timg pha vat liéu thanh phan duoc thé hién trong bang 1. Xi mang va
cot lidu duogc gia thiét c6 ung xir tuyén tinh. Gia thiét rang vét nut chi lan truyén trong xi ming
nén strc khang niit cua hat ¢t liéu dugc gia thiét 1on gap 4 1an sttc khang nirt ctia xi mang.

Bang 1. Tinh chét vat liéu cua céac pha vat liéu thanh phén

Tham sb Xi mang Hat cot liéu
Mo dun dan héi E [Gpa] 30.2 50
Hé s6 Poisson 0.21 0.3
Cuong do chiu kéo [MPa] 4.1 -
Strc khang nirt g, [N/m] 40 -

Dam dugc mo phong trong khong gian 2 chiéu véi viée ap dung gia thiét ing suit phang.
Dam duge roi rac hoa béng cac phﬁn tor tam gidc ¢6 3 nat. £ cod thé duoc coi la héng s6 vat lidu
va dugc xac dinh theo phuong trinh sau [9]:

. 27Eg,

- 7
256(s, )’ 7

Thay céc gi4 tri ctia xi ming vao phuong trinh (7), tham s ¢ dugc xac dinh bang 7.57mm.
Bén canh d6, vé mit phuong phap s6, tham sb ¢ nén duoc chon nhoé nhét ¢ thé dé dam bao ring
vét nut a0 hoi tu vé vét nurt that. Nghién ctru thyc hién boi Miehe va cac cong su [10] chi ra rﬁng
¢nén chon 16n gip 2 1an kich thudc dic trung ctia phan tir (h) dé dam bao diéu kién hoi tu cua
bai toan. Tuy nhién, ¢nho s& dan t6i s6 luong phan tir 16n va thoi gian tinh toan s& lau. Mat

%151 khong déi, do do, ta co thé lya

khéc, nhin vao phuong trinh (7), voi mét vat liéu, ty $6
chon céc gid tri £, VA geq twong duong dé vira dam bao diéu kién hoi tu cua bai ton va thoi
gian tinh toan. Chon ¢, =2mm,, ta c6 gceq = 10.5N/m. Tai gilra dam noi c6 vét nirt xuét hién,

cac phan tir c6 kich thudc hyiy = 0.5mm duoc st dung. Phan con lai duoc chia bang cac phan tir
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¢6 kich thudc hye = Smm. Tong sd phan tir ding trong mo hinh 13 317440 phan tir. M6 hinh s6
dugc thuc hién bang cach gia tai bang chuyén vi déu véi gia tri bang AU =—2.5x10"* mm . Tong

s6 budc gia tai bang 600 budc.

0 0
160 180 200 160 180 200 160 180 200 0

Hinh 4. Qua trinh phat trién vét nut tai phan giita dim

)
n

—— Thi nghiém

[S=]
h

-==-Mo phong

Lire [kN]

0 0.1 02 0.3 0.4
D6 mé rong vét nit [mm)

Hinh 5. So sanh dudng cong luc - d6 mo rong vét nut thu duge tir thi nghiém va mé phong

Hinh 4a thé hién mot dang phan bd cta cac hat cbt lieu trong mau dam. Hinh 4b, 4c, 4d thé
hién céc giai doan phat trién ctia vét nit (vét nit duoc biéu dién bang mau do - twong ung voi
gid tri d = 1). Vét niit xuat hién tai dinh ctia vét ntit mdi va lan truyén trong xi mang dén diém dat
luc. Hinh 5 thé hién sy so sanh duong cong luc - 40 md rong vét nirt thu duoc tr mo hinh mo
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phong va két qua thi nghiém. Nhan thdy rang duong cong thi nghiém va mé phong thé hién su
tuong dong & giai doan dan hdi va gi tri lyc tic dung 16n nhét. Gid tri lyc 16n nhét cia duong
cong thu dugc tir md hinh mo phong twong tng véi thoi diém xuat hién vét nit dau tién trén dam
(diém b). Diém (c), diém (d) trén duong cong thu dugc tir mo hinh mé phong tuong tmg voi hinh
anh vét nut tai hinh 4c va 4d. Tuy nhién, & giai doan hoa mém, dudng cong mé phong co do doc
16n hon so v&i duong cong thi nghiém. C6 nhiéu yéu té anh huong dén giai doan hoa mém nhu:
kich thudc cac hat, hinh dang hat, sy phan bd cac hat trong mau. Cac yéu t6 ké trén anh hudng
dén dang lan truyén cta vét nit, do d6 anh huong dén giai doan hoa mém cua dudng cong luc -
d6 mé rong vét nit. Bén canh d6, mé hinh ciing bé qua mién chuyén tiép giita xi ming va hat cdt
lidu, noi duoc coi 1a ving yéu nhat trong bé tong va 1a diém thuong xuat hién vét nut dau tién
trong bé tong.

4. KET LUAN

Bai bao trinh bay mot mo hinh mé phong méi cho phép mod phong su lan truyén vét nit
trong bé tong. M6 hinh duoc 1ap trinh trén phan mém Matlab va dugc kiém chimg théng qua thi
nghiém dam chiu udn ba diém. Két qua md hinh cho thay sy twong dong vé hinh dang vét nit so
v6i két qua thyc nghiém. Pudng cong luc - d6 md rong vét nut thu duoc tir mé hinh mo phong
va thuc nghiém thé hién su tuong déng ¢ giai doan dan hdi va gia tri lyc 16n nhét. Tuy nhién, co
su khac biét gitta dudng cong thu dugce tir thye nghiém va tir mo hinh mé phong. Piém khac biét
nay co thé giai thich do mé hinh mé phong méi dua trén cac gia thiét don gian nhu: cac hat cdt
liéu c6 dang hinh tron, bo qua mién chuyén tiép giita xi mang va hat ¢dt liéu. M6 hinh so tinh
dén hat c6t lidu co6 hinh dang phirc tap hon nhu hinh giac, hinh elip va tinh dén mién chuyén tiép

giita xi mang va hat c6t lidu 12 hudng phat trién tiép theo ctia nhém nghién ciru.
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TINH TOAN KET CAU BON NGOAI CHUA LNG NHIET PO -165°C
-165°C LNG FULL CONTAINMENT OUTER TANK CALCULATION

KS. Pd Truong Pai', ThS. Nguyén Vian Tha?
12yién Khoa hoc cong ngh¢ xay dung,
Email: truongdai.utc2@gmail.com, tha28274(@gmail.com

TOM TAT: Trinh bay dac diém cAu tao co ban cua két cAu dya trén cong nghé sir dung va van hanh cta
bon chita LNG long nhiét d6 -165°C, so bd vé dic diém vat liéu st dung, tai trong tac dung va ndi luc cia
timg loai tai trong trong qué trinh thiét ké. Két qua tinh toan phan tich va xac dinh noi lyc, ing suit dugc
thuc hién bang pham mém phan tich phan tir hiru han Ansys 2019. Tir d6 dua ra két qua tinh toan ndi luc,
danh gia va so sanh kha ning chiu luc cta két ciu dudi tac dung cia nhimg loai tai trong khac nhau.

TU KHOA: Vit liéu, tai trong, noi lyc, tng sut, ciu tao.

ABSTRACT: The purpose of this document is an introduction to the basic design for LNG full
containment tank. Introducing materials, loads, that as input information to analyze and calculate the
structure of the tank. The analysis processing provides internal forces and stresses as output information
that is used for detailed design. The finite element method is used to analyze, by Ansys 2019. Finally,
comparing results of different types of load to draw a conclusion that how much each load effect on
structure, then introducing the special reinforce in the design.

KEYWORDS: Materials, Loading, internal forces, stresses, detailed.

1. GIOI THIEU

Hién tai Viét Nam d3 va dang xdy dung cac kho cang va duong 6ng van chuyén khi tu nhién
hoa 16ng (LNG) cho cic nha may nhiét dién va cac hoat dong cong nghiép. Qua cong tic tham
tra thiét ké két cAu bdn chira LNG - Kho cang Thi Vai Giai doan 1, nhom thyc hi¢n trinh bay céac
van dé ky thuat vé cdu tao, tai trong tac dung, tinh toan thiét ké két cdu ciing nhu thi cong xay
dung bon t6 hop chira LNG ¢ nhiét d6 -165°.

b) Két cau tuong

bon ngoai bon ngoai bon ngoai

Hinh 1. Hinh 4nh bdn chtra LNG kho cang Thi Vai
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2. PAC PIEM CONG NGHE VA KET CAU BON CHUA LNG THI VAI GIAI POAN 1
2.1. Céu tao cong nghé

Bon chita LNG Thi Vai 1a bon t6 hop cu tao bao gdm: Bon thép hinh tru ding day phing
bén trong duong kinh 80m, chiéu cao 38.63m, chira LNG long ¢ nhiét do -165°C ché tao tir thép
Nikel chiu nhiét va bon ngoai két cau bé tong cbt thép (BTCT), dudng kinh 84.6m, chiéu cao
54.8m bao boc bén ngoai. Giira bon trong va bon ngoai 14 16p cach nhiét (d4y, thanh, nap). Ban
day va nén dat bén dudi 1a khoang khong cao 1.5m.

Lé6p cach nhiét, cau tao tir cat kho, da dam va cac hop chat cenllular, myc dich dé tranh sy
tiép xuc truc tiép ciia cht 16ng c6 nhiét d¢ -165°C v6i mit trong cia vach BTCT. O day bon, 16p
cach nhiét gdm cat kho va cac 16p bong thuy tinh ¢6 dung trong 160kG/m’va 120kG/m’. O thanh
bdn 16p cach nhiét gdm 16p bong cach nhiét dan hdi va da nhe cach nhiét. O ban nip cach nhiét
1a cac 16p bong thuy tinh day 1050mm véi dung trong 12 kG/m’.

QUAN TRAC, DIEUKHIEN € 'R CAC VAN XA AN TOAN
=z Q 2
N QUAN TRAC NHIET D = CUA XA BOG
VAN CAN BANG AP LUC CAMERA QUAN SAT AM LANH £7.00 : LAP LNG TU NAP BOW
MAJ- VO BTCT- COP PHA THEP CUA TB & NGUDY : § LAP NG TU DAY BON
NANG, HA BANG KHI NEN THANH TREO ﬁ - ,
SENSOR NHIET ‘ b . BOW CAP PHAT LNG
NAP DA C. NHIET H o Ly fi\ YA NITO DAY BV
KT DO NHIET [ LS | KToORINGS
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29 ” IRl Lo |y
” Biarsi RN IR g
8 | : Lol S
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: . ! | == 2B0MH S 8
1300 B AP BON- THEP Ni | LOP CACH NHIET | o | Vst Lop “BMA s _} =
I OD_RB=84600 | | | R B L1 ©
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z \ Ip=82000 | | : I J: } } I oo S 8
3 \ 1D._ST=80000 | | | [ J 8 s
(&) T T 1 [l T v a
< 1000 W ! | ! Il ‘l o | 8 <
“ A o 1N ' 2
| ‘ ‘ > o
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[ I S &l S =
ol | [ 2 @ £
[ Il \ ) | RS
L I TRl
‘@
AN A A = w =00 S
ALY
0 = NEW HT
R THANH BON NGOAI BAN MONG BTCT | |THANH BON TRONG | PAY BON TRONG-THEP Ni| | COCMONG |  BE TONG GOC
BTCTULT CANG SAU  TREN NEN COC  THEP Ni CO SUON TRUC TIEP TIEP XUC LNG | CAT+BONG CACH NHIET XEN KE

Hinh 2. Cu tao cong nghé va két cau bon chira LNG Thi Vai giai doan 1

Trén bdn bd tri cac éng bom céap (day va dinh) va rat LNG (day), cac dng tiéu thoat khi, van
x4 khi an toan, cac ong lip dit thiét bi quan trac cao do, nhiét do, ro ri, diéu khién tu dong,
camera quan sat, thiét bi 1am lanh...
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2.2. Mo ta két cAu bon ngoai

Phuong an két cdu bon chtra ngoai bao gdm 3 phan: Phan méng 1a két cAu moéng be dai cao
day 1.5m, duong kinh beé 91m, tya 1€n 1552 coc PHC.C600.100, ddy méng cach mat dét tu nhién
1.5m; Phan than két cau thanh bon ngoai 1a vo BTCT két hop ung luc trude (ULT) cing sau c6
bam dinh, phan chiéu cao tir mit mong 1én 8.95m c6 chiéu day giam dan (Tapered) tir 1.00m
xudng 0.65m, phan thanh bon tir 8.95m 1én dén ddy dim vong trén dinh c6 chiéu day khong doi
0.65m, ddm vong trén dinh tiét dién 3.6m chiéu cao x 1.30 chiéu rong, loai két cu ung luc trudc
cing sau c6 bam dinh. Pé kéo cing cic bo cap ngang tudng va dim vong b tri 04 tru rong 5.0m
day 1.0m lam try neo cap; Phan nip bon ngoai 1 mai vom BTCT d6 toan khdi - cbp pha thép -
nang ha bang khi nén c6 chiéu day 0.95m & chan (tya 1én dam vong) va chiéu day 0.45m ¢ dinh
(Hinh 1, Hinh 2).

2.3. Vit liéu sir dung

2.3.1. Bé tong

Dic tinh vét 1y, co hoc cta bé tong két ciu bon ngoai nhu Bang 1. Bé tong két cdu 1a bé tong
str dung xi mang Pooclang véi xi 10 cao (GGBS - véi ty 1€ xi 10 cao khoang 50-70%) giam dugc

dang ké nhiét thity hoa.
Bang 1. Dic trung cua vat liéu bé tong két cau bon ngoai
M6 dun Hé s6 gian no | Hé sb giannd | Hs Hs co
o | e | s, Hé sb nhiét o - nhiét o - nhiét | tr )
Loai két cau dan hoi E ) YR At s X ngot,
(MPa) (MPa) poisson nhiét do do khibirori | bién, (ea)
binh thudng (-165%) V shu
Két cAu mong | 40/50 35 0.2 10x10°K! 8x10°/ ¢ 1.49 | 491x10°®
Két ciu vach | 40/50 35 0.2 10x10° K™ 8x107/°¢ 1.49 | 491x10°°
Két cAumai | 40/50 35 0.2 10x10° K™ 8x107/°c 1.49 | 491x10°®

2.3.2. Cét thép va thép ting suit trude

Cot thép thiét ké 1a loai cot thép dic biét co kha ning chiu anh huéng cia nhiét d6 thap -
165°C trong truong hop ro ri, vat liéu cdt thép phai tuan tha cac quy dinh trong tiéu chuin
ASTM AG615, Grade 60; ASTM A706; BS 4449, Grade 460. Cuong do chay cua thép khong
dugc thip hon 60000 psi (420MPa). Loai thép Krybar-620 dugc sir dung tai cong trinh phu hop
v6i tiéu chuan BS 4449.

Thép tmg luc trude thiét ké phit hop véi tiéu chudn ASTM A416 Grade 270. Cudng d6 kéo cuc
han f,, = 1860 MPa, cuong do chay f, = 1647 MPa. Cap duoc ché tao dic biét chiu lanh, & -200°C
déc trung co hoc cap trén 98% so vdi nhiét do thuong.

Ong ghen tao 16 b6 cap: Ong ghen bo cap ngang 1a 6ng nhya PE loai dic biét c6 p = 0,073,
k =0,0012m™ di dugc Rex Polyextrusion PVT. Ltd chirng nhan ngay 05.06.2018. Ong ghen b6
cap dimg (cap thang) 1a dng xodn tao 16 thép ma kém day 0.30mm.
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Vira bom bao v¢ cép, thiét bi bom vita: Vira bom ché tao riéng & su dung thiét bi riéng phu
hop cho bé cap ngang c6 chiéu dai t6i 138m bom vita tir 1 dau, bo cap dimg c6 chiéu cao bom
té1 45m.

2.3.3. Thép tam, thép hinh, lién két

Thép tdm ché tao bon trong, thép gia cb tai cac goc bdn ngoai va cac vi tri vao-ra 1a thép 9%
Nikel chiu lanh -200°C ché tao phit hop véi cac yéu cau [2]- EN14620-2:2006.

Thép hinh cho két ciu thép tam trong thoi gian xay dung (hé cdp pha, cac thanh gong, g4,
chbng d& tam...) 12 thép SS400 theo JIS 3192-1991 hoic cac loai twong dwong khac.

Lién két han thép chiu lanh: Cac que han dic biét cap E70XX phu hop véi [2]- EN14620-
2:2006 va cac tiéu chuan dic biét khac theo cac yéu cau riéng cua thiét ké cong nghé.

3. TINH TOAN KIEM TRA THIET KE KET CAU BON NGOAI

3.1. Trang thai 1am viéc va chiju lyc bon ngoai

Két cAu bon ngoai duoc thiét ké dép tmg bdn qua trinh: (i) Thi cong, (ii) hoat dong binh
thuong, (iii) thi nghiém thur tai va (iv) truong hop chiu tdc dong tai trong dac bi¢t. Trong qua
trinh hoat dong binh thudng va thi nghiém thir tai, két ciu duoc thiét ké theo ca trang thai gidi
han I (ULS) va trang théi gidi han II (SLS), riéng véi truong hop chiu tac dong cuia tai trong dac
biét chi thiét ké theo trang thai gidi han L.

3.2. Tai trong dwa vao thiét ké

Tai trong dua vao thiét ké duoc phén chia thanh 2 loai vé diéu kién tai trong (ACI 376-11),
diéu kién tai trong binh thudng bao gdm toan bo tai trong phat sinh trong qué trinh (i) Thi cong,
(i) Hoat dong binh thudng, (iii) thi nghiém thir tai. Diéu kién tai trong dic biét (iv) khi két cAu
chiu tai trong bat thuong nhu dong dat, 1o ri, va cham. Béng théng ké su tac dong cua cac loai tai
trong vé do 16n, phuong chiéu tac dong, vi tri tac dong 1én két cdu duoc théng ké trong céc bang
bén dudi.

3.2.1. Piéu kign tdi trong binh thwong

Bang 2. Thong ké tai trong ban than két ciu

Két cdu BT Két cdu Thép L6p cach nhiét
Loai tai trong Gia tri Loai tai trong Gia tri Loai tai trong Gia tri
_ 5 Lép cach nhiét day -
Pai mong 8713.2 | Vach bdn thép + ting ctng | 56.77 kh"fji‘é iﬁf(;;‘é 9.055
(Base Slab) m’ | (Wall, Shell Stiffeners) KN/m | o VHeE kN/m*
insulation-central area)

, 7194.1 | Pay bon thép (Inner tank 0.38 | Lop cach nhiét day- 9.410
Vich (Wall) m’ bottom) kN/m* | khu vuc Ringbeam kN/m?
L 582.08 | TAm nap bé cach nhiét 2.62 | Lép cach nhiét vach 0.46

B - ¢
(o1 (Buttresses) m’ (Suspended deck) kN/m | (Wall insulation) kN/m?
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Bang 2 (tiép theo)

3=64000

\

Két cdu BT Két ciu Thép Lé6p cach nhiét
Loai tai trong Gia tri Loai tai trong Gia tri Loai tai trong Gia tri
Dam hinh xuyén 1233.36 | Két cdu thép neo vao bon | 26.07
(Upper Ringbeam) m’ ngoai (Embedments) kN/m
Mii (Roof) 3332.3 | TAm chan hoi mit day 0.902
ai (Roo .
m’ (Base vapour barier) kN/m’
Két ciu treo mai 1.17
(Roof Plates) kN/m*
Platform va Walkways >
\ w
| km?
Bang 3. Thong ké tai trong tic dong trong qua trinh hoat dong
Loai tai e ez C .
bic diém loai tai trong
trong
s 5kN/m’ kh lap dat
Hoat tai mai 1kN/m” phan bé déu toan bd mai ~/m xan vee tap da
hé thong duong ong
. | TCVN2737-95 |  1-A | Vi, =38 m/s DPiahinh A | So dd 33-
Tai trong gi6 H=50m )
ASCE 7-16 Vs 3000y = 57m/s Pia hinh D bang 6
Ap lyc Prnax Prin Ap luc khi gas thi nghiém Py, lay bang Prest
khi gas 29 kN/m?> —5kN/m?> 1.25 14n 4p lyc khi 16n nhat Py 36.25kN/m>
Tai t UDLnax
}?it T?Ilg Y hmax hmin 176.07 UDLmin 5.07 UDLtest at 22.43m
chat long 3 . )
38.19 KN/ 2
LNG 470 kg/m m 1.10m N/ m 225.59 kN/m
Tai tl'(_)l'lg Tmax Thnin Tav Tpr
nhiét do +40°C +13.8°C +26.4°C -165°C
EE £ E EE 1 0kN/m2 E =
" ohow T Y dy,

77

N
\

D2=74000

D2=74000

<
\

D1=82000

(DEAD LOAD ON ROOF)

D1=82000

(LIVE LOAD ON ROOF)

v 7227727777 7,
1

.4JL.A(LAJutau)).kuwAuux.JJhéuuuAuquV/uu uuuuuuuuuu

I

Hinh 3. Tinh tai mai va tai ban than
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1,17kN/m2

0,19kN/m2
Di=60000 D1=62000
(SELF WEIGHT OF INNER TANK & INSULATION) (SELF WEIGHT OF STEEL LINER)
1650 Dk=78700 1650
b,SOkN/mZ 9,44kN/m2 9,80kN/m§ 0,902kN/m2

Hinh 5. Tai trong 16p cach nhiét bén trong

0,53kN/m2

Wall insulation loading 0,53kN/m_7—

P Ptest=36,25kN/m2 P

Hinh 6. Tai trong ban than bon thép trong

Pmax=29,00kN/m2
Pmin=-0,50kN/m2

Hinh 7. Tai trong 16p thép cach nhiét

£
%E in: §f:!
=08 B
e b i
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Hinh 8. Tai thi nghiém 4p suét

152,3 kN/m

13600 3600,

13600 361
97,8 kN/m

D1=82000

11000

(PRESTRESSED LOAD_EFFECTIVE- kN/m)

2020N/m 157 5 ym

0 12000 | 11000 |

500 12000
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Hinh 9. Ap Iyc ULT ngang - sau kéo cing

1792,8 kN/m

Di=82650

(PRESTRESSED LOAD_AFFTER STRESSING- kN/m)

1792,8 k\/m

1638,0 kNim

Hinh 10. Ap lyc ULT ngang - dai han

1638,0 KN/

Di=82650

(PRESTRESSED LOAD_EFFECTIVE- kN/m)

= = =
= = =
= = =
==} (=] =1
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f=z [5e | @
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Hinh 11. Ap lyc ULT dtng - sau kéo cing
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. w2=2.0kN/m2 | w2=2.0k\/m2
2.9kN/m2 ] /4.06KN/m2 2.65KN/m2\, £2.65kN/m2
\ i -l
— | - |
| ] ]
: B i 7
| m - ]
= | 0 E =
| | |
‘ |
uuuuuuuuuuuuuuuuuuuuuuu e B e T
2.0kN/m2 HUGNG 0° 0.78kN/m2 m HUGNG 90° "

Hinh 13. Gi6 tac dong hudng 0°

Hinh 14. Gi6 tac dong hudng 90°

bbb bbb
40°C| 165C | NG LIQUID BLOCK-170°C -165C[40C  14C}165C ) Ne | |QuID BLOCK-170°C  165°C[} 14C
o (THERMAL LOADING- OPERATING) ion oh (THERMAL LOADING- OPERATING) Toh
DRY SEASON-Max Temp T DRY.SEASON-Min Temp
165 ¢ e aesc
e 1ah 6h =518h

Hinh 15. T4c dong nhié¢t birc xa nong nhét

3.2.2. Diéu kign tdi trong ddc biét

Hinh 16. T4c dong nhiét birc xa lanh nhét

Bang 4. Thong ké tai trong dic biét tac dong 1én két cdu

Loai tai trong bic diém loai tai trong
Ro 1 Wall-UDL,. Base-UDL,., Gl? tr} lay v&i muac chat 1f")ng 1o ri c‘ao 3A8m,. ?p luc
) ) , | chat 1éng phuong ngang tinh cho toan bd chi€u cao
(Major leak) 167.6 kN/m 167.60 kN/m .
muc nudc.
&
i : | /] L] LHH
1.6 i /
[ A Jl
1.2 !’ ‘\%“,_lb
£ &/ oy, ”“:l
. Poax— 0 sec P..in — 0.3sec “os A e 1| 1
No (Blast) ) ) i MR
17 kKN/m 0.0 kKN/m A NG
o4 N : P
305 JI I | JI J ]
! 0.10 0.2 0.5 o 1.0 2.0 5 10
Quy ddi tai trong dong vé tinh: ty 13 khoang thoi
gian n6, T 1a chu ky dao dong ctia két cau.
Khdi luwong vat Van tde Dién tich | Huodng tac dung: Tiéu chuin ap
Va cham . o R ,
50kg rigid body 45m/s 1.0m (dia) Vudng goc dung ACI 376-11
Nhiét do T max Tin Ty Stress free Temp
o i +35°C +19°C -165°C +26.4°C
Déne dt Gia tri gia toc nén thiét ké tai Thi Vai 1a a = 0.0442g < 0.08g; bo qua tinh toan tac dong
ong ctia dong dét 1én cong trinh, chi 4p dung cac bién phap khang chan thich hop.
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Bang 5. Bang to hop tai trong tinh toan két cAu bon ngoai theo ACI 376-11

Diéu kién tai trong Diéu kién tai binh thuong Diéu kién tai dic biét
Loai tai trong CEEIg Lap dat | Tho tai (I%(f; Rori Val\i(})l/z;lm Chay
Tai ban thin 1.2 1.2 12 | 12/14 1 1 1
(0.9) (0.9) 0.9) | (0.9 | (0.9) 0.9) | (0.9)
. .. | Phanbb 1 1 1 1 1 1 1
Tai ung suat trudc ;
Tai neo 1.2 1.2 1.2 1.2 - - -
Ap luc chét khi - - 12 | 1.2/14 1 1 1
Ap lyc chét long ) ) ) ) 1 1 1
LNG
Binh thudng 1.2 1.2 1.2 1.2 - 1 -
Tai nhiét 6 RO 1i 1
Chay - - - - - - 1
Tai thi cong 1.6 ) i ) i ) )
va hoat dong ’
Tai thi con e 1.2/1.4
va van himh Tai lap dat ) (0.9) ) ) ] i i
Tai thir tai ] ) 15 ) ) ) ]
hoat dong ’
Co ngot 1.2 1.2 1.2 1.2 1 1 1
Tir bién 1.2 1.2 1.2 1.2 1 1 1
Hoat tai 1.6/0.5 | 1.6/0.5 | 1.6/0.5 | 1.6/0.5 - 1 -
Tai lan 1éch 1.2 1.2 1.2 1.2 1 1 1
Tai gio 1.6/13 | 1.6/13 | 1.6/1.3 | 1.6/1.3 - 1 1
N6 va va cham - - - - - 1 -
Chay - - - - - - 1

3.4. Tinh toan va so sanh ndi lue dwéi diéu Kkién tai trong binh thuong

Két qua noi lyc hé két cAu 1dy tir phan tich
tong thé bang phan mém Ansys. Két ciu bon
tr ban day mong dén mai dwgc md phong
thanh vo khong gian chiu tdc dong céac loai tai
trong néu trén, ban day tya 1én cac géi dan hdi
1a cac coc. TAm vo dugc md phong bang phan
tr shell, 8 nat, 6 bac ty do. Mo hinh tinh toan
phan tich tuyén tinh vé& vat liéu va hinh hoc.
Két ciu tmg luc trudc toan phan ca phuong
dung va phuong vong, mai 1a vo thoai chi yéu
chiu nén, ban day mong la tim day. Phuong
chiéu cua phﬁn tir shell theo hé truc toa do
téng thé XYZ, truong hop phan tir shell khong
ung voi hé truc téng thé thi léy theo hé truc dia
phuong(XoYoZo) (Hinh 18, Hinh 19).

ELEMENTS

NSYS
aom

15:04:46
POT RO,

Hinh 17. So d5 tinh tong thé két cau bon chira
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2019R1| ©

Hinh 20. Moment Mx - Deadload

YS
201981 ©

ANSYS

2019R1| ©

2019R1| =

Hinh 22. Moment Mx - Windload
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Hinh 23. Moment My - Windload
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ANSYS| 7 ANSYS| .3 202
2019R| S S souric 2019R1| S ES. o

Hinh 24. Moment Mx - Wall hoop PT Hinh 25. Moment My - Wall hoop PT

ANSYS| e
e st

ANSYS| ot ANSYS| e
2019m1| TS v 2019R1| o

A A,

Hinh 28. Moment Mx - Max Pressure Hinh 29. Moment My - Max Pressure

Bang 6. So sanh ndi luc cac trudng hop tai trong tai diém c6 vi tri ddc trung
N Nx M Mx Vx Vv

POINT 1 - Chan Y Y Y
kN/m kN/m kKNm/m | kNm/m kN/m kN/m
Dead Load -1080.0 | -163.44 519.70 94.04 27.55 -58.48

Wind load 49.05 30.05 -2.60 -0.40 3.14 1.63
Wall hoop PT 263.72 -404.07 1860.0 436.30 36.57 -97.03
Ambient Tempmax 26.00 1020.00 | -431.25 -256.29 19.88 190.96
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Bang 6 (tiép theo)

Ny Nx My Mx Vx Vy
POINT 1 - Chan
kN/m kN/m kNm/m kNm/m kN/m kN/m
Max internal presure 625.34 373.20 -718.91 -111.87 46.09 23591
» Ny Nx My Mx Vx Vy
POINT 2 - Gitra
kN/m kN/m kKNm/m kKNm/m kN/m kN/m
Dead Load -583.19 -123.53 27.20 32.60 27.55 41.19
Wind load -16.79 57.11 8.97 -6.16 3.14 -2.93
Wall hoop PT 35.57 -7810.0 293.51 -170.69 39.59 47.99
Ambient Tempmax 26.00 -131.07 20.73 -62.26 19.88 15.05
Max internal presure 625.34 1300.0 234.88 82.80 46.09 66.41
2000.00._2 Sa sanh gia tri moment My 500.00 ,E So sénh gié tri moment Mx
- =
1500.00 ; igmg A0 mPOINT 1
) 300.00 = POINT 2
1000.00
200.00

500.00 100.00 I
I 0.00 |

000 ‘ ) - ) Doad  Wind  USTiIl A »%elnt ax
Dead Windload USTwall Afbient ax -100.00 Load lond Hoo H - ol rax | rnal
Load Hoop late T max irfrmal

-500.00 - presura
life pilsure -200.00
-1000.00 -300.00
Hinh 30. Moment Mx - Max Pressure Hinh 31. Moment My - Max Pressure
4. KET LUAN

Két luan: Két ciu bon chira LNG long -165°C 1a két cAu dic biét, phuec tap tir cAu tao, cong
nghé, vat li¢u, tinh toan két cAu & thi cong. Tai trong-ndi lyc anh huong chinh trong giai doan
xay dung la tai ung lyc trude cua cap doc va ngang; Tai trong anh hudng chinh giai doan thur
nghiém la tai ULT+4p luc nude thir nghiém; Trong giai doan st dung binh thuong néi lyc chinh
trén thanh bé do tng luc trude + thay doi nhiét moi truong va ap luc khi LNG hoa hoi. Tai trong
va ndi luc do tai trong gié chiém ty 18 nho so vai td hop tai trong thudng xuyén. Tai trong va
cham & vat thé bay c6 gia tri nho va chi c6 tac dung cuc bo tai vi tri xem xét va it anh hudng so
voi tai trong khac. Piéu kién hoat dong binh thuong, do gia tdc nén nhoé nén tai dong dét nho.
Truong hop khan cép, gia tri tai dong dét ciing khong anh hudng 16n dén két ciu than bon ma
chu yéu anh huong dén coc-moéng.

Cong trinh phtrc hop cta nhiéu loai két cu, cong nghé... nén bién soan thanh tiéu chuan
hodc tai liéu hudng din dé thuan tién cho cong tac tu van, kiém tra, thir nghiém, nghiém thu
trong cac giai doan tiép theo khi nudc ta xay dung nhiéu coéng trinh c6 boén chira LNG long &
nhiét do thép. ..
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TINH TOAN KIEM TRA TUONG & MONG SILO LUN
PAT TRUC TIEP TREN NEN TU NHIEN

CALCULATION AND CHECK ON SHORT CLINKER SILO'S
FOUNDATION AND WALL PLACED DIRECTLY ON NATURAL
SOIL FOUNDATION

KS. Nguyén Cong Huéan', ThS. Nguyén Vian Tha?, TS. Nguyén Viét Tuan’
'23vién Khoa hoc cong nghé xay dung
Email: huannguyencongl@gmail.com, tha28274@gmail.com, tuanibst@gmail.com

TOM TAT: Trong qua trinh tinh toan thiét ké silo Iin sirc chira 60,000 tan clinker c6 mong & san day
tach biét dat truc tiép trén nén tu nhién c6 mot sd van dé da duoc nhom tac gia thyc hién nghién ctru, xem
xét, lam 0.

TU KHOA: Silo Iun chtra clinker c6 mong & san déy tach biét dat truc tiép trén nén tu nhién.

ABSTRACT: In the process of calculating and designing a 60,000-tons-capacity short clinker silo of
which foundation is separated from the bottom floor that placed directly on the natural soil foundation,
some problems have been researched, reviewed and clarified by the authors.

KEYWORDS: Short clinker silo of which foundation is separated from the bottom floor that placed
directly on the natural soil foundation.jbl.

1. PAT VAN PE

Ngay nay silo Iun chtra clinker véi duong kinh 16n dugc xay dung tai cac nha may xi mang.
Silo chira clinker 14 hang muc xay dung 16n ctia du 4n xi mang chiém ty trong 16n nhét trong cac
silo nén viéc thiét ké phu hop véi yéu cau két cdu - nén mong, dam bao vai trd cong niang theo
yéu cu cong nghé va phu hop véi didu kién dia chét ty nhién ¢ ¥ nghia 16n vé kinh té, k¥ thuat
cho du an.

Tudng silo theo yéu cau cong nghé, d& két ciu thép, bang tai... lién két véi cac hang muc
khac két ciu khung BTCT thanh hé thdng nén do lin giéi han 1y nhu di voi khung BTCT cua
nha san xuat 1a 80 mm (muc 1 - bang 16 - TCVN 9362:2012), san déy silo 1a nén kho chtra vt
liéu hat dang ro1 c6 d6 lun gidi han 1a 400 mm (muc 4.1-a bang 16 TCVN 9362:2012). Thiét ké
trude kia phan san day & tuong silo dugc d6 toan khéi nén thuong chap nhan do lun giéng nhau
nén khéng tdn dung duogc stc chiu tai coc, nén cia phan san ddy va tudng. Nhidu nha may xi
ming duoc xdy dung tai Viét Nam gan gan 20 nim qua c6 dugc thiét ké san day va tuong silo
dd toan khéi nén khong tan dung duoc suc chiu tai coc, nén dan dén lang phi 16n vé chi phi dau
tu xay dung: Silo clinker NMXM Hai Phong Méi, Silo clinker nha may xi mang Song Gianh,
silo clinker tram nghién xi mang Pht Hitu - XM HT1, silo clinker tram nghién xi ming Long An
- XMHT1, Silo clinker dy &n NMXM Binh Phuéc - XMHT], silo clinker HATIFA2.... Thiét ké
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hién nay do tach biét gitra tuong silo 16 va san ddy dé 2 bo phan nay cin ké nhau va tach rdi nhau
dé d6 lun cho phép khac nhau (ké ca v6i mong coc va mong ndng) nén tan dung dugc sirc chiu

tai coc hodc nén nén giam dang ké chi phi xay dung méng cua hang muc nay.

14125
14125

23443
23449

Hinh 1a. Silo clinker truyén thong tudng - san Hinh 1b. Silo clinker lun c6 mong & san
day toan khoi dit trén nén tu nhién day tach biét dat trén nén tu nhién
hodc nén coc hodc nén coc

2. TINH TOAN KIEM TRA KET CAU TUONG VA MONG
2.1. So' dd két cAu, tai trong tac dung
2.1.1. Tdi trong tac dung

Két cdu hang muc gdom: Phan két ciu bao che gdm mai silo két cau thép twa 1én than silo 1a
tuong BTCT tng lyc trude cing sau, tudng twa 1én ban mong hinh vanh khin va phan san kho
chura clinker bén trong.

Céc loai tai trong tac dong lén két cau bao che: (a) Tai trong ban than; (b) Bui trén mai; (c)
Hoat tai sir dung trén mai; (d) Ap luc drng va ngang cua clinker; (e) Tac dong nhiét clinker 1én
tuong silo; (f) Tac dong cua cap ung luc trudce ; (g) Tac dong cua gio; (h) Tac dong cua ap luc
ngang cua san chura clinker 1én tuong va mong bén dudi san day.

Céc tinh toan tai trong thong thuong, thiét ké tuong silo & ban san déy silo da quen thudc
duoc trinh bay trén cac tai liéu chuyén khao, tiéu chuin nén ching t6i khong trinh bay & day ma
tap trung binh bay mot phan bai toan kiém tra cho ¢t thép ngang phan mong cua silo chta
clinker da duoc thiét ké va xay dung va dua vao st dung tai tinh Ngh¢ An - Vi¢t Nam. Ap luc
ngang clia vét lidu chira tir ap luc dimg cta vat liéu chat dong trén san day (twong & san day tach
101) do su né ngang cua dit nén duoc tinh toan theo cac ndi dung trinh bay dudi ddy. (San day &
day cau tao 1a 16p bé tong khong cbt thép day 200 mm. Ham rat liéu ciing dugc cu tao tach roi
v6i tuong silo).
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Bang 1. Gia trj tai trong tinh toan trén tuong silo trong bai toan thiét ké nghién ctru nhu sau

Loai tai trong

Gia tri

Tai trong bui 1188,3 (kN)
Hoat tai sir dung trén mai 1839,1 (kN)
Tai trong ban than két cu tuong, nha trén mai... 348,7 (kN/m)
Ap luc dimg do clinker tac dong vao mong n,Sk ¢ 986,1 (kN/m)
Ap luc dung nén tai tam silo 720.0 (KN/m?)

Ap luc ding nén trong silo

362,3 (kN/m?)

Tai ban than, bui, hoat tai trén mai truyén vé mong silo:

F, = (1188.3 + 1839.1)/(3.14*45.5) + 348.7 = 369.9 kN/m

2.1.2. So db két ciu

e m %3623kN/m2 7201:1\1::‘:?CLW . NEN SILO im Mj)NG-SlLO
CRRRRET s

2
D

I i

Hinh 2a. So do tai trong tac dong 1én san kho chira

|

Hinh 2b. So d6 tinh toan ap luc ngung - THI (bd qua phan luc cia dat 1ap mét ngoai mong)

Hinh 2c. So d6 tinh toan trong 4p luc ngang - TH2
(c6 16p dat dam chit k = 0.95 mit ngoai mong)
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3.MOT SO KET QUA TINH TOAN THIET KE
3.1. Tinh ap luc ngang cia vat li¢u chira trén san day 1én mong silo

Tir tai trong chat dong 18n san day silo dit truc tiép trén nén thién nhién, tai trong dimg trén
thanh silo (gom tai mai, tai ban than, ma sat cia clinker 1én thanh silo...) phan tich xac dinh bién
dang va ap lyc ngang 1én méng bang phan mém Plaxis (Hinh 3a, 3b...). Truong hop méng silo 1a
moéng coc thi khong co thanh phan nay (hodc c6 thi gia tri nho), khi d6 voi gia tri d6 lan cho
phép tuong va san day khac nhau thi sttc chiu tai coc huy dong véi coc dd san day va coc do
tuong s& khac nhau (c6 thé chénh 1éch 1.25+2.0 1an).

[=10°2 m]

Hinh 3a. Chuyén vi theo phuong dimg Hinh 3b. Chuyén vi theo phuwong ngang
dudi tac dung cua tai trong TH1 dudi tac dung cua tai trong TH1
+ [krjm?]

400,00

200.00

0.00

-200.00

= -400.00

— -600.00

-800.00

1000.00

1200.00

1-1400,00

1600.00
1800.00

-2000.00

Hinh 3c. Ung suit theo phurong ngang TH1
(4p luc ngang tac dong 1én thanh mong silo)
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Hinh 3d. Chuyén vi theo phuong dtng Hinh 3e. Chuyén vi theo phuong ngang
dudi tac dung cuia tai trong TH2 dudi tac dung cua tai trong TH2
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Hinh 3f. Ung suit theo phuong ngang TH2 (ap luc ngang tac dong 1én mong silo)
3.2. Kiém tra c6t thép vong ciia méng chiu ap lwe ngang ciia vét lidu chira trén san day

Ap luc ngang 1én thanh méng (l4y gié tri trung binh) truong hop bét loi 1 py, = 250 kN/m?,
ap luc nay tao ra luc kéo vong trong mong F = py*r*h (r 1a ban kinh trong cua moéong hinh
vanh khian, h 1a chiéu cao mong chiu 4p luc ngang), gia tri tinh toan thiét ké luc kéo vong
Tu=1,2%¥250%22,5%1,25 = 8437,5 kN (1,2 ¢ day 1a hé sé vuot tai), T, = T./1,2 = 7031,2 kN.

Cap va thép thudng bd tri chiu kéo 13 4 b6 cap 10C15 va 12D32 + 12D25;
Kha nang chiu kéo cuc han thép thuong va cap ULT:
Fo=F+F,
F, = A fy = (12*804 + 12*495)*400/1000 = 6235,2 kN
Fp, = fsAp = 0,85%1860*40%140,26/1000 = 8870,0 kN
Fpe = Apfpe = 40%140.26*1000/1000 = 5610,4 kN
Kha nang chiu kéo cia mong la ¢F, = 0,9*(6235,2 + 8870,0) = 13594,7 kN > F,, = 8437,5 kN.
Ung suét kéo cdt thép mong 1a (Ts — Ap*Fe)/As = (7031,2 — 5610,4)*1000/(12*804 + 12%495)
= 91,2 MPa = 13.2ksi, bé rong khe nit méng w = 0.0001£(Acd)"” v6i d. = 2.5ds = 3,15in,
A.=2d.*s= 24,8in2, tinh dugc w = 0,0056in = 0,14mm < 0,30mm.
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3.3. Kiém tra sitc chiu tai nén dé méng

- Ap lyc ding dudi ddy mong tudng silo: Tai trong dimg F, + nyr = 369,9 + 986,1 = 1356.0
kN/m, 4p luc dimg trung binh dudi ddy mong tuong silo oo = 1356.0/1.5 = 904,0 kN/m?. Két qua
phan tich tinh toan co ké dén tac dong cua céc loai tai trong la ¢ = 1230,3 KkN/m?

- Cuong do tinh toan cho phép ctia da dudi mong silo:

Run = Reman/Ye = Ren*Ko/yg = 51,43 kG/cm®

- Hé sb an toan chon FS = 3 cho 16p d4 & moéng (v6i 16p da co RQD = 50% — 60%, K, = 0,32)
cho cuong do tinh toan thiét ké cho phép cia nén duéi mong 1a q, = 51.43/3 = 17,14 kG/cm®
= 1680 kN/m* > Ap luc day moéng o = 1230,3 kN/m?, nén du6i méng dap tng yéu cau chiu luc.

3.4. Kiém tra strc chiu tai nén dwéi san day

- Cuong d6 tinh toan cho phép 16p da dudi san day voi RQD = 25% — 50% — Ky = 0,23 nén
Qo = 0,23%51,43 = 11,8 kG/em® = 1160,4 KN/m” > pinax = 720 kKN/m”, nén dép timg yéu ciu chiu lyc.

R22500

d
N
i
| Y12@300 Cap dy ttng o
|

50 1 25 11Y25 10C15@290
+ BOOO

w

(=}

Y14@150

N

MAT TRONG SILO

| I I s

E R T G AT ) A R L O
S I S DY I S0 ) O P G NG

LOT MONG %
D14(@300- bo sung (L 1000x1000)
1125
BI-Mi50 300 1200 TONG CONG ~D14@100
1500

Hinh 3g. Ciu tao mong thiét ké (mong va san day tach roi, trong nén d6 bé tong day 200 mm)

Hinh 4. Silo clinker 60,000 tan Tram nghién, phan phéi xi ming tai Nghé An
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5. KET LUAN

Cong trinh da duge nhom tac gia nghién ctru, van dung cac yéu cau ki thuat, tiéu chuén thiét
ké ap dung va da thi cong trong thuc té, két qua quan tric lun cho thiy do lin cong trinh nho,
cong trinh dap ung yéu cau sir dung va tiét kiém dang ké kinh phi so voi cac 1y luan thiét ké
truyén théng mong v6i san day lam viéc dong thoi. Qua d6 nhém tac gia c6 mot s6 két luan, kién
nghi sau:

Viéc tach roi két cu bao che va két cAu nén san chua clinker 1a hop ly vé cAu tao, qua do tan
dung t6t strc chiu tai ctia nén (hodc coc néu méng & san day duge d& bang coc) va phu hop voi
yéu cu do 1n nho hon voi phan tuong d thiét bi cong nghé va phan san day chat vat liéu cho
phép lun nhiéu hon.

Trong tinh toan thiét ké can ké dén tac dong cua ap luc ngang cia nén - san chira clinker
(hodc vat li¢u chtra trén nd) 1én mong & tuong silo bén dudi san day trong truong hop san day la
mong ndng dit tryc tiép trén nén thién nhién (tudng silo va cac hang muc quan trong khac c6 thé
ap dung méng coc).

Nén bién soan thanh cac chi dan thiét ké dién hinh dé ap dung trong thuc tién s& giam thoi
gian thiét ké, chi phi thiét ké, tiét kiém cong strc va chi phi xdy dung cho cac cac cong trinh co
cAu tao va dic diém chiu tai, chénh l1éch cao do day moéng, do lan cho phép khac nhau tuong tu
(cac kho chira dé4 voi, kho chtra thach cao, kho than... ctia nha may xi mang hay cdc nha may

nhiét dién hay cac cong trinh khac).
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TINH TOAN KIEM TRA COT THEP KHOAN CAY
TRONG CAU KIEN UNG LUC TRUOC

CHECKING COMPUTATION STEEL DRILLING IN PRESTRESSED
CONSTRUCTION

KS. Nguyén Qudc Khanh', ThS. Nguyén Ngoc Tric?, ThS. Nguyén Vin Tha?
!23vién Khoa hoc cong nghé xay dung

TOM TAT: Trong cong tac tu van xdy dung, viéc khoan cdy cdt thép neo vao két cau cot/vach va céu
kién két cau bé tong cot thép tng luc trude. Hién nay chua cé tai liéu/tiéu chuan huéng din cho tinh toan
dang nay. Bai b4o nay trinh bay phuong phép tinh toan cdt thép khoan neo-keo epoxy vao cu kién bé
tong cbt thép (BTCT) c6 tng luc nén trude dwa trén ACI 318-14 va so sanh véi két qua phan tich bing
phuong phap phan tir hitu han.

TU KHOA: Khoan cay cbt thép, keo epoxy, két cau du ing luc.

ABSTRACTS: In construction consulting work, drilling of anchor reinforcement in column/shear wall
and prestressed reinforced concrete structural member. Currently, there is no document/standard for this
type of calculation. This paper presents the method of calculating the reinforcement drill with epoxy glue
anchor drill into reinforced concrete (RC) structures with pre-compression force application based on
ACI 318-14 standard and compares it with results of finite element method.

KEYWORDS: Steel drilling, epoxy glue, prestressed structures, column/shear wall.

1. PAT VAN PE

Lién két c6t thép, bu 16ng khoan cdy-keo epoxy trén cau kién BTCT dugc sir dung ngay cang
pho bién. Dang pha huy lién két khi cbt thép khoan neo chiu kéo (Hinh 1) c6 thé do bé tong v&
dang hinh con, cbt thép bi tut hodc dut cbt thép.

a) Bé tong pha vd hinh con b) Khdi bé tong bi vo ¢) C6t thép khoan cy bi tut
Hinh 1. Dang pha hity ciia lién két cbt thép khoan cay

Tiéu chuin ACI 318-14 trinh bay chi tiét tinh toan kiém tra lién két cbt thép khoan cdy véi
mot sb quy dinh: (i) Cong thirc tinh chi ké dén cuong d6 chiu nén dic trung f, cua bé tong,
(i) Lién két c6 chiéu sau khoan ciy hiéu qua khong qua 2/3 d6 day céu kién, (iii) Chwa c6 huéng
dan cho cu kién bé tong cdt thép cé ton tai Gmg luc nén trude.
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Véi truong hop khoan ciy cdt thép bang keo epoxy trén coc du tmg luc trong cac tng dung
thuc té (cong nghé top down véi coc PHC.D800-140, tan dung coc lam cot nha), khoan neo
trong cac cot/vach cong trinh dan dung-cong nghiép (mai don, két cdu treo...). Trong cic truong
hop nay can ¢ céc tinh toan va kiém chung dé ¢6 co so thue hién ddm bao an toan chiu luc, co
so phap 1y tir d6 c6 danh gia va xdy dung tiéu chuén, tai liéu hudng dan cho cdt thép neo trén két
cAu trong cac truong hop nay. Trong thuc tién qua quan sat thi nghiém kiém tra chiu nho cot thép
khoan neo vao cot va dam bién khi thi cong 03 mai dén 1 cong trinh tai TP. HCM cho thiy voi
cing d6 sau va cing chung loai thép neo, cuing diéu kién thi cong, cung luc nhd thi nghiém kiém

tra, cot thép khoan neo trong dam xay ra hién twong pha hity con trong cot chwra xdy ra.

2. TINH TOAN KIEM TRA LIEN KET NEO COT THEP VAO CAU KIEN BTCT

Yéu cau tong quat vé cuong do S > ¢S, trong d6 ¢ 1a hé sé giam cudng do (hé s an toan

riéng), S, cudng do tinh toan thiét ké cua neo dua trén cudng do nhoé nhit theo dang pha hoai.
2.1. Cwong do pha vo bé tong khi neo chiu kéo

Cuong do pha vo bé tong danh dinh khi chiu kéo, N, cua neo khong dugce vugt qua cac gia

tr1 dugce tinh theo cac cong thic dudi day:

A
Ncb = ANC Wed,NWc,Nch,NNb (la)
Nco

trong do:
Wed,N> WeNs Wep N> WeeN : cac hé so diéu chinh;
Axc : dién tich hinh chi€u phan bé tong bi pha hoai do neo don hoac nhoém neo;

Anco : dién tich hinh chiéu viing bé tong bi pha hoai quanh neo don c6 khoang cach dén canh
16n hon hodc bé’mgl,Shef;

Np : cuong do bé tong co ban khi bé tong bi vo quanh neo don khi chiu kéo trong ving bé tong
bi nit khong vugt qua gia tri:

Nb = kcka fc’ hlefS (lb)
vOi1: k. = 7 cho neo sau.

Muc 22.6.5.5 ACI 318-14 quy dinh kha ning chiu luc lyc cit cia bé tong trong két ciu san

ung luc trude 1a gia tri nhé hon cua:

Ve =350 +0.3f,,+V, /b.d
va Ve =(1.5+a,d/by)AJF +0.3f + V. /b.d

trong d6: f,. : (mg suat nén trudc hiéu qua sau khi da trir ton hao tng suét f,. < 3.5 MPa.
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N ; '
1.5h,, T 1.5h
A = |
— " = PN
: Slab N5
! e 0D
I hef
| ): 35 degrees |
a) Khi neo chiu kéo b) Khi san bi choc thung

Hinh 2. Lang thé truot hinh thanh khi neo chiu kéo va san bi choc thing
Dbi v6i két cau co tmg luc nén trude (két cdu ing luc trude va cot/vach) cudng do bé tong
co ban khi bé tong bi v& quanh neo ngoai thanh phan \/E b6 sung thém thanh phan 0.3 dong
thoi tong \[f] +0.3f,, <v/55 =7.42 MPa va f,c < 3.5 MPa. Khi d6 cudng do bé tong co ban khi

bé tong c6 ung luc nén trude khi bi vé quanh neo:

Ny =k, (VB +0.36, b7 (Ic)

2.2. Cuong d9 bam dinh ciia neo hoa chit khi chiu kéo
Cuong do bam dinh danh dinh khi chiu kéo, N, ctia neo don héa chét khong duoc vugt qua
gia tri dugc xac dinh dudi day:

A
Na = ANa \Ved,Na\ch,NaNba (2)
Nao

trong do:
WedaNas WepNas PeeNa @ €aC he sb diéu chinh;
A, : hinh chiéu dién tich anh huéng cua neo;
Npa : cuong do bam dinh cta neo phu thudc ., cuong do bam dinh dac trung trong bé tong
xuat hi¢n nat, MPa.

l ANao f Ay,
= —
— Ca2
CnNa Sy
. Cpna
cNE ! -
CNa 5 Cal
I I Plan view
Cn. Ch,
a a if €54 and g < Cpyq
Plan view sy and 85 < 2¢p,
2
Apao = (2CN5) Apz=(Cyg + 81 + Ca1)(Cng + Sp + C3p)

Hinh 3. Céach xac dinh di¢n tich vung danh huong Ana, va Ana
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2.3. Cuong do cia neo khi chiu kéo
Cuong do danh dinh neo khi chiu kéo, Ng, phu thudc vao cac dac trung co ly cua vat li€u va
kich thudce hinh hoc ctia neo, xac dinh theo cong thire sau:
N, =A nf 3)

se,N uta
trong do:
AseN - dién tich mat cit ngang hi¢u dung cua neo khi chiu kéo (mmz);

futa - cuong do chiu kéo dut quy dinh cia thép lam neo nhung khong < 860 MPa.

3. TINH TOAN NEO COT THEP TREN CAU KIEN UNG LUC TRUOC

3.1. Tinh toan kha ning chiu lyc ciia neo theo Iy thuyét
Tinh toan kha nang chiu lyc theo dang bé tong bi pha v& hinh con cua cbt thép neo CB400-V
(f, = 400 MPa) duong kinh d, = 16mm trén két cAu bé tong B40 (f =33.3 MPa) va trén két chu
du ung lyc c6 tng suét hitu hiéu foc= 4.0 MPa.
a. Tinh todn véi neo trén két cau BTCT thuong
- Cuong do pha v& bé tong khi neo chiu kéo:
Neb = (ANC/ANCO)Wed N WeN WepNNp = 1¥1%1.4%1*81.74 = 114.4 kN;
ONe, = 0.55%114.4 = 62.92 kN
trong do:
YedN = 1.0 V&1 Cymin > 1.5her = 240 mm.
yen = 1.4 v6i bé tong khong nirt
WepN = 1.0 VO1 Camin > Cac = 2her = 360 mm (neo dinh)

Ny =k b =7*1%5.77% 0~ =81.74 kN

véi: |Jf! =33.3%% =5.77 MPa < 7.42 MPa
Axe = Aneo =9hZ% =9*160™ = 230400 mm*

b. Tinh todn véi neo trén két cau du ung luc
- Cuong do pha v& bé tong khi neo chiu kéo:
Neb = (ANC/ANCO)Wed N WeN WepNNp = 1%1%1.4%1%98.74 = 138.2 kN;
ONp = 0.55%138.2 =76.01 kN
trong do:
YedN = 1.0; wen=1.4; yepon = 1.0

ALS
N, =kh, ((fFL +0.3£,) bl =7*%1%6.97* lfo -=98T4KN

voi: (Jf +0.3f,, =(33.3"%° +0.3%4) = 6.97 MPa < 7.42 MPa
Ane = Anco = 230400 mm”
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3.2. Tinh toan kha niing chiu lyc ciia neo bing phin mém ANSYS

Kiém tra (mg suét trén bé tong ctia neo chiu kéo 100 kN, ¢t thép co dudong kinh 16mm neo

trén két cau bé tong thuong B40 va trén két ciu du ing luc B40 véi Gmg suat nén trude 4.0 MPa
bang phan mém ANSYS.

B: DUL
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

11/7/2021 8:00 AM

9.7271 Max
5.1268
4,699

4272

4.1532 Max
3.6018

3.2303
2.7689 3.8434
23074 34156
1.846

1.3845

2.9878
0027306 21322
046161 1.7044 Min
0.00016495 Min
. —

2.56
a) Bé tong thuong b) Bé tong du ung luc

Hinh 3. Két qua phan tich lang thé img suat téi han Von-Mises bang ANSYS

- Luc phé v& téi han cia bé tong twong tng voi Gmg sudt téi han Von-Mises;
* Poi v6i bé tong thuong:
Nb.n = OuitAxq = 4.029%11058/1000 = 44.6 kN véi oy = 4.029 MPa;
Ay = T*(16+2%3)*160 = 11058 mm®
* Poi voi bé tong du tng lyc:
Nbp = CuliAxg = 5.035%11058/1000 = 55.7 kN
voi: Gui = 5.035 MPa; A, = 1*(16+2%3)*160 = 11058 mm’

Két qua cho thay luc kéo tdi han cta neo theo mg sut toi han Von-Mises ddi v6i neo trén
két cau bé tong du ung luc 16n hon doi véi neo trén két cau bé tong thong thuong. Hi¢u qua cua
ung luc trude cang gidm khi cuong do bé tong cang 16n (vi dieu kién dich Covid 19 nam 2021 tai
TP. HCM nén viéc thi nghiém khoan neo - thi nghiém nhé thép khoan neo trén cau ki¢n thyc
ngoai hién truong chua thé thuc hién dé co két qua ddi chirng, nhoém sé& thuc hién trong thoi gian
phu hop).

4. KET LUAN

Két qua tinh todn theo 1y thuyét va bang phan mém cho thiy tmg suat nén trudc trong bé
tong lam ting kha nang chong pha v& bé tong cta neo chiu kéo (bé tong ¢ f! <40 MPa thi anh
huong kha rd). Voi cAu kién ung luc trude thong thuong co f,c = 1.0+2.5 MPa, coc du ung luc co

fi. = 4.0+10.0 MPa, cot/vach ¢ f,. = 3.0+30.0 MPa thi anh hudéng nay 1a déng ké can dugc ké

dén trong tinh toan, kiém tra.
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Anh huong cuia ing suét nén trude trong bé tong dén kha nang chiu luc ctia neo can dugc thi
nghiém thyc té dé kiém chung dic biét 1a ddi v4i neo trén két cdu c6 thanh mong (chiéu day cu
kién khong 16n hon chiéu siu neo 100mm+200 mm).

Viéc sir dung lién két cot thép khoan cdy bang keo epoxy ngdy cang phd bién, do do xay
dung tiéu chuan vé phuong phap tinh toan kiém tra cho loai két cAu nay 1a diéu can thiét dé giup
cho viéc kiém soat chat luong va nghiém thu duoc tdt hon tranh cac su cb ngoaiy mudn.

TAI LIEU THAM KHAO
[1] TCVN 5574:2018. Két cdu bé tong va bé téng cot thép - Tiéu chuan thiét ké
[2] TCVN 1651-2:2008. Thép cot cho bé tong - Phan 2: Thép thanh vin
[3] ACICODE 318-2014: Building Code Requirements for Structural Concrete and Commentary

[4] ICC-ES Report/ESR-1137. ITW Red Head Epcon G5 ahesive anchoring system for cracked
and un cracked concrete

468



Hi nghi Khoa hoc Cén bg tré lan thir XVI

NGHIEN CUU THUC NGHIEM VA MO PHONG UNG XU CHIU LUN
CUA KET CAU TUONG GACH XAY

EXPERIMENTAL AND NUMERICAL STUDY ON THE BEHAVIOUR OF
MASONRY WALL UNDER THE EFFECT OF SOIL-SETTLEMENT

TS. Bui Thi Loan', ThS. Ping Viét Tuin
1’zTru(‘mg Pai hoc Giao thong Van tai
Email: buithiloan@utc.edu.vn, dangviettuan@utc.edu.vn

TOM TAT: Su lin sut ctia nén dit c6 thé gdy nén nhiing thiét hai dang ké cho cac cong trinh nha & riéng
1¢ sir dung két céu bang gach xay do boi ddy 1a loai két cau khong lién tuc véi lién két vira yéu. Nghién
clru nay tap trung vao tng xu tirc thoi cua két cAu tuong gach xay khi nén dat dudi chan tudng bi lun.
Nghién ctru nay duoc thuc hién bang thuc nghiém két hop voi md phong s6. O phan thyc nghiém, tién
hanh thi nghiém tao lin cudng birc dudi chan tudng cua két cdu tudng xdy bang gach sét nung, dang
tuong 10, c6 cira, chiu tac dung cua tai trong phan bd déu phia trén. Két qua cua thi nghiém nay cho ta
hinh 4anh vé dang pha hity tire thoi ciia tudng ngay khi chan tudng bi lan. Nghién ciru mé phong sé sau d6
s& duoc thuc hién bang phuong phap phan tir roi rac thong qua phan mém 3DEC. Viéc dbi chiéu két qua
mod phong vai két qua thuc nghiém cho thay sy tuong dong va khang dinh sy pht hop ciia mo hinh trong
md phong tng xr chiu lan tire thoi cua két ciu tudong gach xay.

TU KHOA: Tudng gach, ing xir chiu lun, thyc nghiém, mé phong.

ABSTRACT: Soil settlement can cause the significant damages to individual masonry houses since it is
discontinuous with weak mortar bonding. Unlike the reinforced concrete structures, the absence of the rebar
reinforcement makes the behavior of the masonry houses under settlement become more brittle. This study
focused on the behavior of masonry wall subjected to vertical in-plane load to represent ground movement as
settlement. This study is done by both experimental and numerical approaches. In the experimental part, a full-
scale single-leaf brickwork masonry wall panel with opening (windows) was tested under both vertical load
and a settlement at middle wall. The experimental results (behavior and cracks pattern) were then compared
to that predicted using the discrete element approach to confirm the suitability of the model used in simulating
the behavior of masonry structure subjected to soil-settlement.

KEYWORDS: Masonry wall, Soil- settlement, Experimental study, Numerical study.

1. PAT VAN PE

Su lun sut cua nén dat (sat 1o dét ven song, suon nui hodc do sy x6i clua dat do mua 16n, do
khai thac mo...) c6 thé gdy nén nhirng thiét hai dang ké cho cac cong trinh nha & riéng 1¢ sir
dung két cau bang gach xay. Thuc vay, khong giéng nhu cac két ciu khac, két cdu tuong gach
xdy 1a loai két ciu khong lién tuc vé6i lién két vira yéu (kha ning chiu cét va chiu kéo kém) nén
khi nén dét bi lun s& gay ra hiéu g tirc thi cho két ciu. Trong két cAu lap tirc xuét hién cac vét
nit va hoan toan c6 thé sup d6 néu nhu khong c6 giai phap xur ly thich hgp. Mit khac, Gmg xtr
chiu lun theo thoi gian cta két cau tudong gach xay di duoc nghién ciru tir rat 1au va da tro thanh
kién thirc rat cin ban trong tinh toan cac két cdu loai nay. Tuy nhién, tng xt chiu lan tic thoi
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cua loai két cau nay moi chi dugce thuc hién trong mot vai nghién ctru thuc nghiém vaéi quy mo
kha nho va khong str dung lién két vira ([1], [2], [3]) va van thiéu cac nghién ctu tién hanh véi
két cAu duoc xay theo cach truyén thong (sir dung lién két vita) va co ty 18 kich thudc gan nhu ty
1é tudng trong thuc té.

O Viét Nam, nguy co mat an toan cia cac cong trinh nha & riéng 1é bang gach xay di duoc
ghi nhan ¢ nhiéu noi; nhat 1 cac cong trinh ven song, ven suon ndi do hién tuong sat 1o dat gay
ra. Trude day, két cdu tuong gach xdy thudng dwgc xdy bang kinh nghiém ma hau nhu khong
thong qua tinh toan thiét ké. Gan day & Viét nam, ing xir co hoc cia két cau tudng gach ciing da
bat ddu dugc quan tAm nghién ctu ([4], [5]). Trong dé, cac tac gia nay di thuc hién nghién ctru
thuc nghiém Ung xtr cua tuong gach dac sét nung dudi tdc dung cua tai trong lap thong qua hé
gia dong nham mod phong tai trong dong dat trong mit phang. Tuy nhién, ing xir chiu lan tic
thoi cua két ciu tudong gach xdy van chua duge quan tim dung mirc va s& dugc thyc hién trong
nghién ctru nay.

Nghién ctru nay dugc thuc hién tir thyc nghiém téi moé phong sd. Pau tién, trong nghién ciru
thuc nghiém, tién hanh thi nghiém xdc dinh trng x& chiu lan tic thoi clia két cAu tuong gach xay
xay theo kiéu truyén théng (bang gach sét nung, c6 st dung lién két vira) dang tuong 10, ¢ clra
va ¢o kich thuéc bang 1/2 kich thudc cua tudong trong thuc té. Sau d6 mot nghién ciru mod phong
sb béng phﬁn ttr 101 rac s& duoc thuc hién. Két qua mo phong s€ dugc ddi chiéu voi két qua thi
nghiém nhiam xac thyc sy pht hop ciia mé hinh s6 nay.

2. CHUONG TRIiNH THI NGHIEM
2.1. Vit liéu cAu thanh

Loai gach va vira dugc sir dung trong nghién ctru nay 1a loai thong thuong va phd bién trong
két cAu tuong x4y thong dung ¢ Viét Nam.

- Gach dugc chon 1a loai gach dac bﬁng sét nung, cé kich thudce ti€u chuin 13 220mm x
105mm x 55mm, mac M100 (cudong do chiu nén trung binh 1a 10MPa).

- Vita lién két giita cac vién gach 1a loai vita xi ming Porland mac M75(cudng do chiu nén
trung binh sau 28 ngay dém dudng ho & diéu kién tiéu chuan 1a 7,5 MPa), day trung binh 12mm;
ché tao tir xi mang PCB30; cat hat min (c6 mé dun do 16n tr 1,5 - 2) va nudc theo dinh mirc cép
phéi twong tmg cho 1m? vita 1a: 320(Kg)/1,06(m>)/260(1) twong tng theo ty 1& thé tich N/X/C 1a
0,26/1,06/0,2.

2.2. Két cau twong thi nghiém

Két cau tuong gach xay trong thi nghiém nay dugc xay tir loai gach va vita mo ta ¢ trén va
xay theo phuong phap truyén thong. Két ciu tudng thi nghiém s& mé phong két ciu tuong xut
hién trong mot dang cong trinh bang gach xay trong thuc té. Dang két ciu nay s& gdm c6 cac O
ctra s6 ndi tiép nhau trén mot nhip twdng. Tuy nhién, dé don gian hoa, twong thi nghiém dugc
thiét ké dudi dang tuong 10 (bé day tuong bang bé day mot vién gach va bang 110mm). Dong
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thoi, do bé day tuong nhoé nén dé dam bao su 6n dinh cta két ciu trong qué trinh thi nghiém,
kich thudc theo cac phuong cua tuong dugce thu nhd véi ty 1€ 1/2 so voi kich thude tudng trong
thuc té. Ciing véi muc tiéu don gian héa va gitp tuong “dé nit” hon khi nén dat dudi chan tuong
bi lun, trén cac 6 cira khong st dung lanh t6 nhu trong thue té. Cu tao va cac kich thudc co ban
ctia két cau tuong thi nghiém duoc thé hién trén Hinh 1.

345.0

I
I
I
980
I
I
I

Hinh 1. Céu tao tuong thi nghiém
2.3. Set-up thi nghiém

Trong thi nghiém nay, dau tién két ciu tudng s& phai chiu mot tai trong phan bd thing dimg
trén dinh tuong (md phong tai trong ban than cua cac phan két ciu bén trén), sau d6 s& cho nén dat
dudi chan tuong bi lan. Dé co thé tac dung tai trong phan bd déu trén dinh tudng, phia trén tuong
cho diic mot dam bé tong cdt thép dé truyén tai. Mat khac, dé dam bao tudng duoc 6n dinh vimng
chic (trude khi cho 1an) thi hai dau tudng duoc xdy trén hé try d& bang gach, trong khi d6 tru d &
giita (vi tri du dinh cho lun cudng birc) s& duoc dd bai mot kich thity luc (43 di hét hanh trinh).

Tai trong théng ding duogc ap lén dam dinh nho hé kich thuy lyc va gia tri cua luc tdc dung
dugc kiém soat boi mot thiét bi do Iuc (loadcell) gin lién véi kich. Ngoai ra, mot s6 dau do
chuyén vi dugc gin trén dinh tudng (vi tri tac dung luc) va trén dinh ctia cac 6 cira nham danh
gia day du hon tng xir chiu lin cua két ciu tudong nay. DPé quan sat tot hon co ché pha hay cua
két ciu tuong nay khi chan tuong bi lin, toan bo bé mit tuong duge quét mot 16p voi tring
(Hinh 2).

.. 2 oon

o

"_l_'_l_'f "_‘_'7 98.0

50.
7

A
—46.0 \ 92.0 69.0 92.0—L46.0#

345.0

\

N
[33]
N

Hinh 2. So d6 thi nghiém lan tuong va cac thiét bi do dac
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Qua trinh thi nghiém dugc tién hanh nhu sau: dau tién tai trong thang dimg duoc tac dung
1én dinh tudng toi gia tri mong mudn (5000daN). Luc nay dugc duy tri khong d6i trong subt qua
trinh thi nghiém (kiém soat boi loadcells). Sau do, tru giita tudng dugc cho lun cudng bic bang
cach xa kich ¢ gitta tuong. Do khi xa kich duéi chéan try giita, trdng bi bién dang vong xudng
nén kich tao ap luc thiang ding bén trén duoc ndi 1ong. Pé dam bao ap luc nay khong doi trong
qua trinh thi nghiém, kich trén dinh tudng s& dugc diéu chinh lién tuc bang tay va kiém soat boi
loadcells. Két qua cua thi nghiém nay duoc trinh bay cu thé & phan dudi day.

2.4. Két qua thi nghiém

Két qua quan trong nhit cia thi nghiém ltn nay 1a dang pha huy va co ché pha hiy cua
tuong va dugc thé hién trén Hinh 3.

Qué trinh hinh thanh va phat trién ctia vét ntt dugc miéu ta cu thé nhu sau: ngay sau khi xa
kich dué6i chan try d& gitra twong (md phong lun cudng birc dudi chan tudng), vét nit dau tién
xudt hién (1st crack). Vét niit nay bat ngudn tir goc trén cung ciia cira sd va phat trién mo rong vé
phia giita tuong theo phwong xién dang bac thang di qua cac lién két vita doc va ngang (do tng
sudt kéo va cit gy ra). Khi diéu chinh kich trén dinh tuong dé dam bao ap luc trén dinh tudng
khong ddi, cac vét nit tiép theo s& tiép tuc xuét hién va phat trién. Vét nut tiép theo (2nd crack
va 3rd crack) lan lugt xuat hién & hai bén hong tudong (phia goc trén bén ngoai cia hai cira), xuit
hién & mép ngoai va kéo dai vao mép trong mép trén cia cira cit qua 16p lién két vita ngang. Khi
tiép tuc hiéu chinh kich trén dinh tudng, vét nut tiép theo (4th crack) xuat hién. Vét nit nay xuét
hién 13 do tng suét cit trugt gy ra, bat ngudn tir mép trong va phat trién dan ra mép ngoai cua
chan tuong doc theo lién két vira giita chan tudng va try d&. Vét nit cudi cung (5th crack) xut
hién & vi tri gitra tuong, ngay dudi vi tri tac dung cia tai trong. Qué trinh hinh thanh va phat trién
vét nit nay dién ra kha nhanh (tir Itic vét nirt du tién t6i khi vét nirt cudi cting xuat hién chi mat
khoang 8 phut), thé hién hiéu ung tirc thoi.

Tuy nhién c6 thé thay ring, dang pha hily cta twong quan sat dugc tir thi nghiém 1a khong
dbi xtng do bai viée xay tudong dugc thuce hién bang thu cong nén kho cé thé dam bao tinh dbi
xtng ctia mau tuong vé mat hinh hoc, dan t&i su bat d6i xtmg vé tai trong tac dung cling nhu vé
diéu kién bién.

Hinh 3. Dang ph4 huty cua tudng khi nén dudi chan tru giita bi lin
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Su bat dbi xtmg khong chi thé hién ¢ dang pha hiy ma con duge thé hién thong qua chuyén
vi 6 do ¢ diém giita ctia mép trén 6 ctra (LVDT1 va LVDT3), Hinh 4.

(mm)
N w
[(6;] w (6]

N

rén 6 clra

N
(&)}

Chuyén vi thidng dirng do dwoc
& mép t

A

e

- VDT1

LVDT2

o

o
()]
O'i

500 1000
Thei gian (s)

Hinh 4. Chuyén vi theo thoi gian cia mép trén hai 6 cira

3. MO PHONG UNG XU CHIU LUN CUA KET CAU TUONG GACH BANG PHUONG
PHAP PHAN TU ROI RAC

3.1. M6 hinh héa bang phan tir roi rac trong phan mém 3DEC

Phuong phap phan tir rdi rac hodc riéng biét ban dau dugc phat trién dé nghién ctru sy nirt v
clia cac khoi dat da vao nam 1971 boi Cundall [5]. Phuong phéap phan tir roi rac nay rat phu hop
dé phan tich cac vn d& khac nhau & cac quy mo khac nhau, dic biét 1a d6i v6i cac van dé cua cac
két cau khong lién tuc (nhu khéi xay). UDEC va 3DEC la phan mém thuwong mai Gmg dung phuong
phap phan tir 10i rac (DEM) tuong tng dé mé hinh hai chiéu (2D) va mé hinh ba chiéu (3D). Trong
phan mém 3DEC, céac vién gach duoc md phong boi cac khdi da dién 16i (co thé 1a khdi ctng
hodc khéi bién dang duoc). Cac khdi ctng thi s& khong bi thay d6i hinh dang khi tai trong tac
dung. Con cac khdi bién dang dugc s€ duoc roi rac hda thanh cac khdi tam dién c6 dic tinh ung
suat dong nhat. Cac khoi nay ciing duoc mé phong tuong ty nhu trong phwong phép phan tir lién
tuc (FEM). Tuy nhién, khong gidng nhu phuong phap phan tir hitu han, & phuong phap DEM
khong yéu cau mot ludi phan tir twong thich giita cdc phan tir gach va phan tir vira. Mot phan tir
tiép xtic co chiéu day bang 0 giita gach va vira biéu thi lién két vira, tiép xtc giira gach - gach
khong dya trén cac phan tir lién két. Thay vao do, tiép xuc nay duoc biéu thi bai tip hop céac
diém tiép xtic ma khong can dat dugc sy phan bd tng suat lién tuc qua bé mit tiép xuc.

Trong 3DEC, mit tiép xtic c6 bé day bang khong giita cac khdi lién ké dic trung cho céac
mbi ndi. Tai cac bé mit tiép xtc ndy, cac khdi dugce két ndi v6i nhau bang cac bo tiép diém.
Céac diém tiép xUc nay nam & chu vi ngoai cua cac khdi va duoc tao ra & cac canh hodc gbc cua
cac khéi. P6i voi mdi diém tiép xuc, duoc mé phong boi hai lién két dang 16 xo (Hinh 2), nhu
dugc mo ta trong Cundall va Hart [5]. Ching c6 thé truyén luc nén hodc lyc cat tir khdi nay

sang khéi khac.
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Su tiép xuc gitta cac khdi duoc md phong bi mé hinh tiép xtic MohrCoulomb cho phép ké
t6i co ché pha hay ca do cat va do kéo. Su gidn (dilation) cia mdi ndi ciia duoc xét téi. Trong
gidi han dan hoi, img xir dugc biéu thi thong qua d6 ctng chiu kéo (kn) va chiu cit (ks) ctia mit

tiép xtic nhu sau:
Aty =k Au, (1)
Ac, =k, Au, 2)
trong do:
Gn : Ung suét nén;
Uy : chuyén vi thang goc;
Ts : Ung suat cét;

U : chuyén vi cat.

(R

Hinh 5. M6 phong co ché tiép xtc gitta hai khoi
Ung suat cat 1on nhat duoc xac dinh theo cong thuc:
Tmax =€ + Gn(max) .tan ¢ (3)

trong do:

cva ¢ : luc dinh va goc ndi ma sat ctia mat ti€p xuc. Sau khi dat to1 gia tri cuc dai, cuong do

chiu cit suy giam t&i gia tri cudng do chiu cat con lai Ty (Hinh 6a):

Tres = Gn'tan (I) (4)
Onj

2 Au,, T
7 max A Tension
Tpes | -4+ 5 /

: ! ki Aun
(@) Aug,, Au: ®)  Au,,,, zdil Al; (©) Con‘ ;lpression
: K]

Hinh 6. Ung xtr co hoc cta mit tiép xtc gitta cac khéi trong 3DEC:
a) M6 hinh cit trugt Mohr-Coulomb; b) M hinh gidn né; ¢) Ung xir dudi tai trong doc truc.
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Nhu mo ta trén Hinh 6b, mit tiép xtac bé day bang 0 bat dau gian khi vira bi pha hiy do cit,

su gidn nay dugc biéu thi thong qua chuyén vi cit Au, qua biéu thuc:

Aun,dilaltalnt = Aus' tan v (5)

trong do, y 1a goc gidn nd va Au, 1a chuyén vi theo phuong phéap tuyén. Ung suat phap tuyén

duogc tinh lai c6 ké t&1 dnh hudng cia sy gian nd theo bicu thic:

cyn,total = Gn,elastic + Gn,dilatation = kn 'Aun + kn A un,dilatation = kn'Aun + kn 'Aus' tan v (6)

Su gidn nd xuat hién khi chuyén vi ct & trong giai doan déo (Auy > Aus1,s) . Chuyén vi phap
tuyén duoc gia thiét 1a tuyén tinh t6i zdil (Hinh 6b). Sy gidn nd ting néu budc chuyén vi cit cliing
chiu véi chidu chuyén vi tong va giam néu budc chuyén vi cit ngugc chidu voi chuyén vi tong.
Su gidn né dién ra cho t6i khi dat téi giéi han chuyén vi cat (zdil). Ung xir ciia mat tiép xtc dudi
cac dung cua tai trong doc truc dugc thé hién trén Hinh 6¢, & d6 T 1a cuong do chiu kéo ctia mat
tiép xtic. Ung xir nay duoc coi 1a tuyén tinh trude khi dat toi cudng do chiu kéo (o, < T). Sau khi
dat t61 cuong do cuc dai nay thi cuong d6 chiu kéo cia mat tiép xtc bi mat di (gidm vé 0).

Thuat toan trong 3DEC giai bai toan théng qua viéc ap dung dong thoi hai dinh luét: dinh
luat chuyén dong Newton 2 cho céac khdi va dinh luét ung xur luc - chuyén vi cuia cho cac tiép
xtc. Moi bude thoi gian, dau tién dinh luat luc - chuyén vi cua cac tiép xtc dugc dinh nghia. Sy
tich hop cua dinh luan chuyén dong s& gitip xac dinh vi tri méi cta cac khéi va dong thoi xéac
dinh gia s6 chuyén vi (hodc vat toc) cua cac tiép xuc. Pinh luat luc - chuyén vi cua tiép xtic sau
do lai duge st dung dé x4c dinh luc tiép xuc méi va lyc ndy s€ dugce sur dung dé tinh toan & budc
thoi gian tiép theo.

Nhu vay, quy trinh tinh toan trong 3DEC s& thuc hi¢n hai nhi€ém vu co ban: dau tién cac dai
lugng dong hoc dugc cap nhat, sau do cac luat ung xur dugc dinh nghia dé xéac dinh gia tri lyc va
cAc g suat trong g, Hinh 7.

Ap cac phuong trinh
chuyén dong

Xac dinh lyc / Xac dinh tf}c do
hodc rng suat hoéc chuyén vi

Ap cac luat ung xir

Hinh 7. Thut toan tinh toan ap dung trong phuong phap phan tir roi rac

3.2. M6 phéng tng xir chiu lin ciia két cAu twong gach xay

Trong phan nay, tng xtr cta két ciu tudng trong thi nghiém chiu ln ¢ trén s& dugc mé phong
bang phuong phap phan tir roi rac thong qua phan mém 3DEC. Tuong cé kich thudc nhu trén

Hinh 1, nhic lai rang tuong dugc xay tir cic vién gach co kich thudc 220mm x 105mm x 55mm va
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cac vién gach dugc lién két v6i nhau boi 16p vita day trung binh 12mm. Gach c6 cuong do chiu
nén trung binh 13 10MPa; trong lwong riéng 1 2500kg/m’.

Trong 3DEC, két ciu tudng trén dugc md phong bang “mé hinh don gian hoa”, trong mo hinh
d6 cac vién gach co kich thudc bé rong bang tong bé rong cua gach va vira, chiéu cao bang tong
chiéu cao cua gach va vita. Cac vién gach d6 duoc lién két véi nhau boi cac phan tir tiép xtic co bé
day bang 0 (zero thickness) voi d6 ctng theo hai phuong phép tuyén va tiép tuyén trong g duoc
xéc dinh tir cac diic trung co hoc ctia ca gach va vira (theo dé xuét ctia Lourenco, Hinh 8):

E,.E., vi k G,.G,,

pm B i k= ™
h, (E,—E.) h, (G, -G,,)
trong do:

Ep, En @ 1an luot 1a mo dun dan hoi cia gach va vira;

Gb, G : 1an lugt [a md dun dan hoi cat cua gach va vita (G = vo1 v 1a hé so Poisson

2(1+v)
cua vat lidu);
hy, hy, : chi€u cao thuc t€ cua gach va vira trong khoi xay.
Bloc Interface )
bloc-mortier Bloc Joint

Assise

Mortier =

Mortier

Hinh 8. M6 hinh don gian hoa tuong gach xay

Céc dac trung co hoc ban dau cia gach va vira cling nhu cac dic trung tinh todn ctia mit tiép
xuc gach - vira dugc trinh bay trong Bang 1.

Cac dic trung co hoc ctia gach va vita nhu mé dun dan hoi va hé sd Poisson duoc xac dinh
thong qua thi nghiém. Céac hé s do ctng k, va k ctia phan tir mat tiép xuc duoc tinh thong qua
biéu thirc (7). Cac dic trung co hoc khac cua phan tir mat tiép xtic ndy nhu cudng do chiu kéo (T),
luc dinh (C), goc ndi ma sat (¢p) va goc gidn nd (y) duoc tham khao trong [8,9] tng véi mit tiép
xUc gitra vira - gach sét nung.

Bang 1. Cac dac trung co hoc cua vat li¢u gach, vira va mat tiép xuc

Gach Vira Mat tiép xuc
. 5 . 0 bo Cuo Cuodn

Mo Chidu | MO Chidu | D0 | ®° V8 Gee |

d 2 dun s cung | cung do do ~. | Goc

n pH-@ W | dan PH.e O 1 %% | phap | tiép | chiu | dinh | "' | gap

:m olsson | gac hi oisson | vua tuy én | tuyén kéo bim m,a n
hoi E, Vb hy, Vin hp sat o
(MPa) () | my | Ko Ko T ey | )

a mm mm
(MPa) (MPa) | (MPa) | (MPa) | (MPa)

14,000 0,2 55 1400 0,2 12 11,78 | 4,91 0,3 0,3 38 0
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Khi mé phong bai toan ndy, hiéu ing do tai trong ban than ciing s& duoc ké téi. Pau tién, tai
trong ban than dugc dua vao va mo hinh s€ gidi bai toan trudce tién vai tai trong ban than tdi khi
dat toi trang thai cAn bang. Sau do, tai trong nén thang dimg dugc ap déu 1én mit trén cla tudng
t6i gia tri ap luc thuc té 1,38MPa (tuong duong tong ap luc tac dung 1a 5000daN) va cho mo
hinh dat toi trang thai cAn bang voi tai nén trude ndy. Sau do, try giira tuong duge ap lun cudng
buc bang cach cho khéi d& dudi tru (khéi mau xanh 14 cay o try giita) di chuyén theo phuong
thang dung xudng dudi vai toe do khong ddi bang véi toe do ha kich trong thi nghiém 1a 2mm/s.

Hinh 9. Két cdu tuong dugc md phong trong 3DEC
Két qua mé phong duoc so sanh voi két qua thi nghiém & dudi day.

3.3. Poi chiéu két qua mé phéng véi két qua thi nghiém

Két qua mo phong vé dang pha hay cua két cdu tuong gach xay khi tru giira tuong bi lun
dugc thé hién trén Hinh 10. C6 thé thdy rang, dang pha hity mo phong nay ciing tuong dong voi
dang ph4 hily quan sat duoc tir thi nghiém (Hinh 3) vé ca vi tri, kich thudc va thir ty xuét hién
ctia cac vét nit 1a. That vay, khi cho tru gitra dudi chan tudng dich chuyén vé phia dudi, vét nut
dau tién (1st crack) xuat hién va phat trién theo dang bac thang ddi xtmg & hai goc chéo cira sd,
day ciing 1a vét nit c6 d6 mo rong 16n nhat. Tiép theo, vét nut thtr hai (2nd crack) xudt hién dbi
xtng & goc ngoai mép trén hai cira. Cudi cung 14 vét nirt thir ba (3rd crack) xuét hién ¢ dudi chan
tru hai bén, noi tiép giap giira tudng va tru d&. Tuy nhién, dang pha huy thi nghiém khéng hoan
toan thé hién tinh ddi xtmg nhu trong két qua mé phong do bai tuong dugc xay thi khong nén
khéng thé dam bao tinh chat dbi xtmg vé kich thudce hinh hoc, vé tai trong tac dung ciing nhu vé
diéu kién bién nhu trong mé hinh duoc.

Joint Slip
Symbol: cube
B sipped (past)
Slipping now
Tensile failure
Velocity vectors
Maximum: 0.0766241
Scale: 1.20265

_’ )
Contour Of Displacement
Deformed Factor: 20

4.6179E-03
4.5000E-03
4.2500E-03

4.0000E-03

3.7500E-03 [ . .
3.5000E-03
3.2500E-03

3.0000E-03
2.7500E-03
2.5000E-03

I 2 2500E-03 <
2.0000E-03 2nd crack nd crack
1.7500E-03
1.5000E-03
1.2500E-03

1.0000E-03
I 7.5000E-04

5.0000E-04 3rd crack
2.5000E-04 3rd crack
0.0000E+00

Hinh 10. Dang pha htily nhan dugc tir mé phong
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Su twong dong giita két qua mo phong va thuc nghiém con duogc thé hién trong Hinh 11 khi
do sai 1éch gitra két qua mo phong va két qua thuc nghiém vé chuyén vi ciia mép trén hai 6 cta

la khong dang keé.
o 35
o
e~ 3
o £
SEss
s
5 3 2
k]
m‘g
Fers
ta
>0 1 ——
=t LVDT1
2205 LVDT2
s ~—Mb hinh
0 .
0 500 1000

Thei gian (s)

Hinh 11. So sanh két qua md phong va thyc nghiém vé chuyén vi
theo thoi gian cia mép trén hai 6 cua

4. KET LUAN VA KIEN NGHI

Nhu vay, nghién ctru nay da bod sung thém mot dir 1iéu khoa hoc vé ung xu chiu lan cua két
céu tuong gach xay. Nghién ctru thuc nghiém vé Gmg xir chiu ltin ctia két cdu tudong gach nay da
mang lai mot s6 két qua quan trong. Dau tién 1a xac nhan xdy dyng thanh cong mot set-up don
gian cho phép xac dinh tmg xir chiu lun tic thoi ciia két ciu tuong gach xay. Tiép theo, sy lan
nay di thé hién rd tic dong tirc thoi ctia nd 1én két cau twdong xay khi trong ban than két cau
tuong ngay lap tirc xuat hién cac vét nit khac nhau (xuat hién va phat trién qua céac lién két vira
do umg suét cit hodc (va) kéo khi chan tudng bi lun. Cac vét nirt gan nhu tirc thoi nay khang dinh
su nhay cam cia loai két ciu nay khi nén dat bi lin. Trong phan nghién ctru mé phéng, g xir
chiu 1an cua két cau tuong gach ndy dugc md phong bang phuong phap phan tir roi rac. Su phu
hop giita két qua mo phong véi két qua thuc nghiém xac nhan sy phii hop ctia mé hinh sb nay.
M5 hinh s nay co thé ap dung dé nghién ciru anh hudng ciia cac tham sé khac nhau téi tmg xir
chiu Itn cua két ciu tudng gach xdy hodc co thé dugc tng dung dé nghién ctru hiéu qua cia cac
giai phap gia cuong két cdu tuong gach khi nén dat dudi chan tuong bi lan.
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NGHIEN CUU MO HINH VAT LIEU TRONG LS-DYNA
CUA XOP CUNG KHONG PHUC HOI CHIU TAI TRONG NO
THONG QUA DU LIEU THU'C NGHIEM

STUDYING THE MATERIAL MODEL IN LS-DYNA OF RIGID
NON-RECOVERABLE FOAM SUBJECTED TO EXPLOSIVE LOAD
THROUGH EXPERIMENTAL DATA

ThS. Nguyén Cong Nghi', TS. Lé Anh Tuin’, ThS. Pinh Quang Trung’
"*Hoc vién K¥ thuat Quan su, Email: congnghi.hd@gmail.com

TOM TAT: Bai bao trinh bay phuong phap nghién ciru lya chon mé hinh vat liéu cho x6p cting khong
phuc héi trong phan mém LS-DYNA thong qua cac két qua mé phong sé duoc xac minh chéo bang dit
liu tir thyc nghi€ém. Thyc hién lya chon mo hinh vét li¢u cho xép thong qua so sanh két quéa nén mau xép
bang thi nghiém don truc giita mo phong va thi nghiém. Tir két qua lya chon mé hinh vét liéu cho xbp
ctmg khong phuc hdi ap dung cho mé phong s véi tai trong nd dé danh gia dap tmg mé hinh vat liéu dya
trén két qua khao sat cac tham s6 dong hoc ciia két cau tdm thi nghiém, cac két qua nay ciing dugc xac
minh théng qua dit liéu thi nghiém nd hién truong. Két qua cua bai bao 1a nhimg goi y nhu mot tai lidu
tham khao cho cac nghién ciru tiép sau vé viée thiét ké mé hinh sé dé mo phong cho vat liéu x6p cling
khong phuc hdi chiu tac dung ciia tai trong nd.

TU KHOA: M6 hinh vat liéu, xép, mo phong s, thi nghi€m, tai trong nd.

ABSTRACT: This paper presents a research method to select a material model for non-recoverable rigid
foam in LS-DYNA software through numerical simulation results that are cross-verified by experimental
data. Perform model selection for porous material by comparing compression results of uniaxial tests
between simulations and experiments. Based on the results of material model selection for non-recovery
rigid foam applied to numerical simulation with explosive loads to evaluate the response of the material
model based on the survey results of dynamic parameters of the experimental sheet. These results are also
verified through field explosion test data. The results of the paper are suggestions as a reference for
Sfurther studies on designing numerical models to simulate non-recoverable rigid porous materials under
the impact of explosive loads.

KEYWORDS: Material model, foam, numerical simulation, experiment, explosive load.

1. MO PAU

Khi mot vu nd xay ra & gan cong trinh, xuét hién ap luc khong khi rat 1on tac dung 1én cong
trinh va lam cho két ciu bi rung dong manh, anh hudéng 16n dén do bén, sy 6n dinh cua cong
trinh va hoat déng cta con ngudi trén d6. Do do, cAn nghién ctru cac giai phap 1am giam ap luc
do nd tac dung truc tiép 1én cOng trinh, tir d6 lam giam tac dong ti€u cuc cua tai trong nd ddi voi
két cau. C6 nhiéu cac giai phap khac nhau dé giam tic dung cia tai trong nd 1én két cdu cong
trinh, mot trong nhiing giai phép do6 1a viéc st dung cac vat liéu co cAu tric dang bot (vat li¢u
x6p) lam két cau dang hy sinh dé giam tac dung truc tiép cua tai trong nd 1a mot giai phap mang
tinh khoa hoc va thuc tién cao.
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Viéc str dung thir nghiém hién truong trong nghién ctru 1a phwong phap khoa hoc ding dn,
tryc quan va chinh xac khi nghién ciru déanh gia cac van dé khoa hoc. Tuy nhién, cac thir nghiém
toan dién dbi v6i két cau cong trinh thyc rat tén kém, nguy hiém va gip rat nhiéu khé khan khi
thuc hién. Do do6, phan tich mo hinh két cau dua trén méd phong s6 1a mot cach tiép can quan
trong dé xac dinh cac ng xur cua két ciu khi chiu tai trong nd. Dé dap tmg duoc ing xir cia két
cAu khi chiu tai trong nd, mot cong cu phén tich sé phai c6 cac tiéu chi sau: (1) c6 thoi gian tai va
phan hdi dic trung trong mot mili gidy; (2) du cho phi tuyén vat liéu, phi tuyén hinh hoc va phi
tuyén trang thai; (3) cho phép mé phong phan tich dong phi tuyén cao; (4) c¢6 thé xu 1y cac van
dé vé yéu cau vat lidu va tuong tac giira vat liéu 1ong - rdn va (5) c6 kha ning phan tich su
chuyén dich nhanh hodc bién dang 16n cua vat liéu chiu ap luc [1]. Xét vé dac diém, yéu clu vé
ban chét ciia dbi tugng nghién ciru va theo phan tich, so sanh chirc ning phan mém thi LS-DYNA
1a mot phan mém phén tich dong phi hop nhat véi mé phong tac dong cuc han tir vu nd cho
nghién ctru ndy vé 1y thuyét, mo hinh vat liéu, chtrc ning, cong thic trang thai va tiéu chuan pha
hiy. LS-DYNA duoc tmg dung rong rai trong viéc phan tich phan tng cia két cau dbi véi tai
trong va dap va xung kich dang tai trong nd véi nhiéu mé hinh khac nhau cho vat liéu.

Trong tim cta nghién ciru nay 1a danh gia mé hinh vat liéu phit hop cho vat liéu xbp cimg
khong phuc héi sir dung lam két ciu bao vé dang hy sinh cho két cau chiu lyc bang phan mém
mo phong LS-DYNA thong qua so sanh véi dit liéu thuc nghiém vu nd hién truong. Piéu nay
duogc thyuce hién thong qua phan tich mot s6 mo hinh cua vat liéu xp va két qua mé phong sé nén
mau x6p dugc so véi két qua thi nghiém nén trong phong thi nghiém tir 6 Iya chon mé hinh phu
hop ap dung cho mé phong sb vat liéu xdp chiu tai trong nd. Két qua khao sat mo phong sé duoc
so sanh voi két qua thuc nghiém hién truong vu nd trén két cau thi nghiém dé danh gia kha ning

dap Gmg ctia md hinh vat liéu xdp trong LS-DYNA khi chju tac dung cuta tai trong no.
2. MO HINH VAT LIEU XOP TRONG LS-DYNA

Vat liéu xép duoc tao ra voi hai yéu td quan trong: vat li¢u nén va hinh thai cua pha khi, c6 hai
hinh thai pha khi trong vt liéu x6p 13 16 rdng mé ¢o ciu trac dang xuong cho phép khong khi co thé
luan chuyén giira cac 16 rdng hodc dong kin thi ngoai cdu tric xuong nhu 16 rdng mé con duoc ngin
cach boi cac vach ngin bang pha ran vat liéu s& ngan khong cho khong khi thoat ra ngoai céc 16
rong [2]. Véi vat lidu xbp mém c6 cau tric 16 réng md nhu xdp Polyurethane pht hop voi mé hinh
vat liéeu MAT LOW_DENSITY FOAM (MAT 57), trong truong hop don gian nhat mo hinh chi
can két hop véi biéu do Iyc tac dung theo thoi gian 1a du dé mo ta cac ung xir ctia vat lidu khi chiu
tac dung nén ép [3]. Véi cac vat liéu dang nay vat liéu nén khong bi pha hily ma c6 kha ning phuc
héi tot thi viéc b sung qué trinh d& tai s& dem lai Gng xtr ddy du cua vat liéu. Tuy nhién qué trinh
phuc hdi cua vat lidu 13 khac nhau nén diéu quan trong la phai xac dinh cac duong phuc hdi cta vat
liéu mdt cach chinh x4c va qua trinh nay s€ xac dinh dugc cac tham s6 do tai dong HU va tham )
hinh dang d& tai SHAPE. Trong tai liéu huéng dan cia LS-DYNA ciing di cung cép cac sb liéu
tham khao cho hai tham s trén 1an luot 13 0.1 va 6 [4, 5]. Ngoai mo hinh MAT 57 céc loai vt liéu
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dang nay c6 thé sir dung co thé str dung cic mé hinh khac nhu: MAT CRUSHABLE FOAM
(MAT 63), MAT CLOSED CELL FOAM (MAT 53), MAT FU CHANG FOAM (MAT 83)
hoac MAT LOW _DENSITY SYNTHETIC FOAM (MAT 179) va cdc mo hinh vat li¢u nay ciling
duoc ap dung voi vat liéu xop [3, 6, 7].

Vit liéu x6p cimg khong c6 kha ning phuc hoi trang thai gbc Polystyrene khi chiu nén ép thi
mo hinh MAT 63 1a mét lya chon phi hop voi thong sé bd sung cho mé hinh théng qua moi
quan hé (mg suit - bién dang thé tich va hé sb Poisson 1a khong [8]. Thong qua nghién ctru cia
Brian Croop va Hubert Lobo [3] cho thiy quan hé tng suét - bién dang thé tich cua x6p EPS
(Expanded Polystyrene Foam) hau nhu khong phu thudc vao tdc d6 nén ép nén mot mo hinh vat
liéu mo rong cua MAT 63 1a MAT MODIFIED CRUSHABLE FOAM (MAT 163) ciing la
mot lya chon tét cho viéc md phong vt liéu co gbe Polystyrene. Tuy nhién, moé hinh MAT 163
12 m6 hinh mé rong nén ciing doi hoi thém nhiéu hé sd thuc nghiém ngoai nhimg thong sd co

ban cua vat liéu.
3. THi NGHIEM VA MO PHONG NEN MAU XOP

Tién hanh thi nghiém trong phong qua trinh nén ép vat lidu xdp cting khong phuc hoi bang
viéc st dung mau x6p XPS (Extruded Polystyrene) nhim nghién ciru img xir cua vat liéu khi
chiu nén va thu thap s6 liéu thi nghiém thuc phuc vu viéc lua chon md hinh vat liéu phu hop véi

g xir thyc ciia vét lidu & budec mo phong nén mau bang LS-DYNA.
3.1. Thi nghiém nén miu xép XPS

Tién hanh thi nghiém ép miu xdp trén hé théng may kéo nén da ning cta hiang MTS sir
dung dau gia luc 647 Hydraulic Wedge Grips c6 kha ning gia tai 1én dén 500kN véi toc dd nén
duoc diéu khién. Cac mau xdp XPS kich thudc 50x50x50mm duge nén véi toc dd 4mm/phiit,
thoi diém két thuc nén khi mau thi nghiém bién dang dat 90%. Két qua quan hé tmg suat - bién

dang dic trung cua vat li¢u trén Hinh 2.

Hinh 1. Thi nghiém nén mau xép XPS
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Hinh 2. Két qua quan hé ung suit - bién dang ctia mau XPS thi nghiém
3.2. M6 phéng nén xop XPS biang LS-DYNA

Mot trong nhiing yéu t6 quan trong khi mé phong trong LS-DYNA 1a dwa duge duong quan
hé g suét - bién dang (hoac luc - chuyén vi) vao md hinh vat liéu. Vi cac mo hinh vat liéu cho
x6p ndi chung thi duong quan hé tng suét - bién dang can thoa man cac yéu t6: Trong Ving 1
duong quan hé 1a tuyén tinh (46 doc khong ddi) va trong Ving 2 dudng quan hé 1a hing sé hoic
tang nhe nhu theo khuyén céo ciia Brian Croop [3].

Dé tién hanh danh gia mé hinh phil hop 4p dung cho xdp cing XPS, lya chon 03 mé hinh
MAT CRUSHABLE FOAM (MAT 63), MAT LOW_DENSITY FOAM (MAT 57) va
MAT CLOSED CELL FOAM (MAT 53) véi cac thong sd co ban cua vat lidu xop XPS nhu
trong Bang 1 két hop v&i duong cong quan hé ng suét - bién dang thu dugc tir thi nghiém nén
mau x6p & trén.

Tién hanh md phong mau xdp XPS kich thudc 50x50x50mm, chia ludi phan tir khéi 8 nit
kich thudc 2.5%2.5x2.5mm. Ban nén phia trén va phia dudi st dung vat li¢u thép thong qua ma

vat licu MAT RIGID (MAT 20), st dung lién h¢ CONTACT-AUTOMATIC SURFACE
_TO _SURFACE cho tuong tic gitra mit x6p va ban nén.

Bang 1. Tham s6 m6 hinh vt lidu thép va xop XPS

Vit ligu p(kg/m?) E(Pa) v
Thép 7850 2.05xE11 0.3
Xbp XPS 40 1.17xE6 0.0
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Ban nén trén *MAT _RIGID (MAT 20)

Miu nén x6p XPS *MAT CRUSHABLE FOAM (MAT 63)
*MAT LOW DENSITY FOAM (MAT 57)
T _CLOSED _CELL_FOAM (MATS3)

an nén dwdéi *MAT RIGID (MAT 20)

Hinh 3. M6 phong mau nén x6p XPS bang LS-DYNA

0.6
—o— Thi nghiém
—o—MAT 63
——MAT 53
054 |——MAT 57

Ung suét [MPa]

0.0 . r . r . r . r . ,
0.0 02 0.4 0.6 0.8 1.0

Bién dang [mm/mm)]
Hinh 4. Tuong quan gitra két qua thi nghiém va mé phong LS-DYNA

Tir két qua mo phong thi nghiém nén mau x6p cho thdy cac md hinh vat liéu c6 sin trong
LS-DYNA dugc Iira chon cho két qua tmg xtr gan sat v6i két qua thi nghiém nén mau. Véi mo
hinh vt liéu MAT 63 & giai doan nén chit (Ving 3) ¢6 sai léch vi két qua thi nghiém (sai léch
gia tri mg suat 16n nhéat 11.88%) nhung van phan anh ding quy ludt Gng xir cta vat liéu; Mo
hinh vat liéu MAT 53 & giai doan nén chit dudng cong tng suét - bién dang khong bam sat két
qua thi nghiém va sai 1éch gia tri ing suat 16n nhat 31.81%; Mb hinh vat liéu MAT 57 & cudi
giai doan nén chit mau thi nghiém bi bién dang bt thudng miu nén mé phong. Tir két qua mo
phong va cac danh gia nhu trén lya chon mé hinh MAT 63 4p dung cho mé phong vu nd trong

cac noi dung tiép theo.
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4. THI NGHIEM VA MO PHONG NO
4.1. Thi nghiém né hién truong

Nham dénh gia dugc tng cta xdp cing XPS chiu tac dung cia tai trong né nhom tac gia da
thuc hién thi nghiém nd tai hién truong trén két ciu thi nghiém 1a tdm bé tong cdt GFRP (dang
thanh dudng kinh 10mm) méc 300 c6 kich thude 1000x1000x60mm duge ké bén canh 1én khdi
dé c6 dinh bang bé tong cot thép. Str dung tim xdp XPS day 50mm, c6 tim thép day 2mm & phia
trén 1am 16p dan luc. Tién hanh thir nghiém véi lwong nd TNT 0.4kg treo chinh giita phia trén
két cau thi nghiém va cach mit tim 1m, cac thong s6 do dé khao sat thi nghiém gdm gia toc va
chuyén vi theo phuong thang dung ciia tim thi nghiém.

Dé do va ghi lai cac két qua thi nghiém hién truong st dung cac thiét bi thi nghiém: may do
dong da kénh NI SCXI-1000DC, dau do chuyén vi khong tiép xtuc Sharp GP2Y0A21YKOF va
dau do gia tbc PCB 353M231. Cac dau do duoc két ndi véi may do NI SCXI-1000DC théng qua
cac card do thich hop, toan bd hé¢ théng do duoc diéu khién trén may tinh béng phén mém
LabVIEW SignalExpress 2015.

N AR Ll i
| ol by

asaaf«PCB.353M231
I

Hinh 5. Hinh anh thi nghi¢m tai hi¢n truong

4.2. Md phéng thi nghiém né bang LS-DYNA
4.2.1. Mé hinh vt liéu

P6i v6i md hinh ding cho khong khi va thuéc nd TNT sir dung lai cac thong sé da duoc
kiém ching trong nhitng nghién ctru trudc day. Str dung thé vat liscu MAT NULL va phuong
trinh trang thai stt dung thé EOS_ LINEAR POLYNOMIAL dé mé ta ing xtr cta vat liéu khong
khi. Th¢ MAT HIGH EXPLOSIVE BURN va phuong trinh trang thai st dung Jones-Wilkins-
Lee (JWL) bang thé EOS_JWL dé mé ta Gmg xir cia vat liéu TNT [9].
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Bang 2. Tham s6 m6 hinh vt lidu khong khi

p(kg/m*) Eo(J/m*) Vo(kg/m?) C4 Cs
1.23 2.58xE5 1.0 0.4 0.4
Bang 3. Tham s6 mo hinh vt liéu TNT
p(kg/m?) vp(m/s) P¢y(Pa) A(Pa) B(Pa)
1600 9630 2.1xE10 3.738xEl1 3.747xE9
R, R, © \% Eo, (J/m’)
4.15 0.9 0.35 1.0 6.0xE9

Dua trén két qua khao sat cac mo hinh vat liéu cho x6p XPS & trén lya chon mé hinh
MAT 63 cho md phong nd véi cac tham sb vt lidu trong Bang 1 két hop voi duong cong quan
hé tng suét - bién dang thu duoc tir thi nghiém nén mau xbp.

Phan mém LS-DYNA cung cip mét thu vién tot vé cac md hinh bé tong, chang han nhu
Mat Concrete Damage Rel3 (md hinh KCC hoac MAT 072 R3 [10, 11]), Mat Winfrith Concrete
(m6 hinh Winfrith hodc MAT 084 [12]), Mat CSCM_Concrete (m6 hinh CSC hoac MAT 159
[13, 14]), va Mat RHT (m6 hinh RHT hoic MAT 272 [15]). Pau vio cho cic mé hinh nay
tuong d6i don gian 1 cac thong sd co ban ciia vat liéu va mdi mo hinh cung cip mot phién ban
tao tham sb tu dong.

Trong s6 cac mo hinh néu trén thi m6 hinh MAT 084 dugc phat trién vao nam 1980, nhim
muc dich giai quyét cac két ciu bé tong cbt thép chiu tai trong va cham va dugc trién khai vao
LS-DYNA vao nam 1991. Tinh phu hop ctia mé hinh di dwoc chimg minh bang cach sir dung
mdt loat cac dir li¢u thyc nghiém thu duoc tr cac thir nghiém va cham va nd cua Broadhouse
(1995). M6 hinh ciing phu hop véi tinh toan tdc d6 bién dang cao cta vat liéu va mot tinh ning
hap din khéac ctia mé hinh nay 1a n6 cho phép téi da ba mat phang vét nit truc giao cho mdi phan
tir va cac vét nit ¢6 thé duge xem xét thong qua LS-Prepost 13 hai didc tinh n6i bat cia mé hinh
vat lidu véi cac thong sé dau vao twong ddi don gian. Vi 1y do nay, nhiéu nha nghién ctru nhu
Mousavi va Shafei (2019), Sadraie va cong sy (2019), Thai va Kim (2018), Epackachi va
Whittaker (2018) d sir dung mé hinh Winfrith cho cac nghién ctru gan day. M6 hinh MAT 084
cho thay day du cac wu diém trong ing dung cho két ciu bé tong chiu tac dung cua tai trong nd
cling nhu cac tham sé dau vao c6 sin, khong doi hoi phai lam nhiéu thi nghiém dé xac dinh va
mo hinh nay gan ddy duoc tmg dung nhiéu trong cic nghién ctru c6 kiém ching bang thuc
nghiém. Do vay, trong nghién ctru s& st dung m6 hinh MAT 084 bang cach sir dung thé vat lidu
084/085-WINFRITH_CONCRETE dé mé ti tng xir cia bé tong. Su dung thé vat liéu
003-PLASTIC_KINEMATIC (MAT 003) dé mé ta ing xir ciia c6t GFRP trong bé tong va tim
thép dan luc phia trén xdp XPS.
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Vit liéu p(kg/m?) E(Pa) m Sen(Pa)
C6t GFRP [16] 1940 0.46xE11 0.33 0.9xE9
Thép 7850 2.05xE11 0.3 0.42xE9

Tién hanh két hop thi nghiém nén mau bé tong hinh try 54x108mm trén may tao lyc da ning
MTS va mau kich thudc 150x300mm trén may kéo nén WEW-1000B dé xac dinh cac tham sb
vat liéu bé tong nhu mo dun tiép tuyén va cuong do chiu nén cua vat liéu bé tong, cuong do chiu

kéo lay bang 10% cudng do chiu nén.

Hinh 6. Thi nghiém xac dinh cac tham s ciia bé tong

Bang 5. Tham s6 m6 hinh vt lidu bé tong

p(kg/m’) Ey(Pa) n
2400 26.4xE9 02

Vit lidu 5.(Pa)

30.01xE6

5(Pa)
3.0xE6

Bé tong

4.2.2. Xay dung mé hinh so

Pé giam sb lugng phan tir cho bai toan sir dung bai toan ddi xtng nira hé khi mé phong cho
thudc né TNT va khong khi. TNT, khong khi va tim bé tong sir dung voi phan tir khdi 1ap phuong
8 nit voi ludi chia lwong nd TNT bang 1/30 chiéu dai canh luong nd theo khuyén céo trong nghién
clru gan day [9]. P& mo ta qua trinh truyén 4p lyc gitra TNT va méi trudng khong khi sir dung thé
ALE-MULTI-METARIAL GROUP PART va cic niit gitra hai mién vat liéu duoc lién két véi
nhau. Str dung thé CONSTRAINED-LAGRANGE IN_SOLID dé mé ta ghép nbi giita khong khi
va tdm bé tong (duoc xay dung doc 1ap véi khong khi) voi CTYPE lay bang 4. C6 nhiéu phuong
phap khac nhau dé mo ta cdt GFRP trong bé tong nhu phuwong phap vét, phuong phap chia nut va
phuong phép nhiing. Trong nghién ctru s& st dung phuong phap nhung luéi cbt GFRP trong bé
tong va hé ludi c6t GFRP duge mod ta doc 1ap v6i tam bé tong va st dung thé CONSTRAINED-
LAGRANGE IN SOLID dé mo6 ta ghép nbi giita ludi c6t GFRP va tim bé tong v6i CTYPE liy
bang 2. Str dung th¢ CONTACT-AUTOMATIC_SURFACE_TO SURFACE dé mé ta tiép xuc
gita tim x6p XPS v6i tAm bé tong va tAm thép dan luc phia trén.
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Hinh 7. C6t GFRP trong tim bé tong Hinh 8. M6 phong s6 thi nghiém

4.2.3. Két qud va ddnh gid

Dé d4nh gia hi¢u qua cia mo hinh MAT 63 st dung cho vat lidu xop XPS trong mé phong
vu nd tién hanh so sanh cac két qua gitta thi nghiém hién truong va mé phong sé trong LS-DYNA
thong qua so sanh dang cua biéu do va gia tri lon nhat cua cac dai lugng khao sat 1a chuyén vi va
gia toc theo phuong dung.

Hinh 9. Két cdu ban dau (trai) va tai thoi diém 6ms (phai)

Hinh 10. Hinh anh 4p luc nd tac dong 1én két cau tai 0.7 va 0.8ms
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Hinh 11. Chuyén vi va gia toc cta tam thi nghiém
Bang 6. Bang tong hop két qua
Noi dung Tham sb Dbon vi Thi nghiém | M6 phong s6 | Sai léch (%)
Tham sb dong hoc | Chuyén vi mm 0.97 0.93 6.82
tam thi nghiém Gia tbc g 30.17 28.44 5.73

Tir cac két qua thu, so sanh giita thi nghiém v&i mé phong sé cho thay hinh dang biéu db cac
tham s6 dong hoc dugc khao sat tuong ddi tuong déng vé hinh dang, cac gia tri cuc dai cua
chuyén vi va gia tc sai 1éch nhau nho hon 10%. Cac két qua khao sat cho thiy viéc mé phong s6
cho két qua kha quan v6i cac mo hinh vat liéu da lua chon trong nghién ctru nay.

5. KET LUAN

Tir nhitng két qua nghién ctru néu trén nhan thay:

Mot loat cac mo hinh vét liéu néi chung va mo hinh cho vat li¢u xép nodi riéng da co trong
thu vién ciia LS-DYNA, mét s6 it trong cac md hinh nay duoc xay dung dé phan anh phi hop
cac ddc trung cua ting loai xp cu thé. Trong nghién ctru nay da sir dung thi nghiém nén don
truc dé khao sat va lwa chon duoc mé hinh vat lidéu phi hop cho x6p ctng khong phuc hoi.

Thue hién mo phong va so sanh véi thi nghiém nd hién trudng thong qua céc tham s dong
hoc cuia tim bé tong thi nghiém cho thay hinh dang cac biéu dd dai luong khao sat twong ddi
twong déng vé hinh dang, cac két qua cuc dai cta chuyén vi va gia tdc sai 1éch twong ddi nho cho
thdy viéc mo phong s6 bang LS-DYNA cé thé dap tmg dugc cac thi nghiém nd trén mo hinh sd.

Tir két qua khao sat cho thay mo hinh MAT 63 phu hop va sat véi két qua thi nghiém, cac
tham s6 mo hinh co ban doi hoi kha don gian. Viéc str sung biéu dd quan hé tmg suét - bién dang
bang thi nghiém nén don tryc 4p dung vao md hinh vat liéu trong mod phong nd cho két qua kha
quan. D& xuit st dung mé hinh MAT 63 cho céc nghién ctru tiép theo khi mo phong cac loai
x6p cung khong phuc hdi chiu tic dung cua tai trong nd véi dau vao 13 biéu dd quan hé Gmg suit
- bién dang tir thi nghiém nén don truc.

Két qua ctia bai bao 1a nhimg goi y nhu mot tai liéu tham khao cho cac nghién ctru tiép sau
vé viéc thiét ké mo hinh s6 dé mé phong cho vat liéu xSp cimg khong phuc héi chiu tac dung cua
tai trong no.
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NGHIEN CUU, KHAC PHUC HIEN TUQNG NUOC VA
TREN HE THONG CHUA CHAY TU PONG SPRINKLER

RESEARCH AND REPAIR OF WATER HUMMER ON SPRINKLER
AUTOMATIC FIRE FIGHTING SYSTEM

Nguyén Thanh Cong
Trudng Pai hoc Kién triic Ha Noi, Email: congnt@hau.edu.vn

TOM TAT: Hién twong nudc va phat sinh va bi anh huong bai song xung kich tao ra trong dong chay.
Céc song xung kich niy goi 1a song nudc va, hinh thanh khi dong chay trong 6ng dimng lai dot ngot do
khoa van hodc dirng bom. Hién tuong nudc va xuat hién di kém theo tiéng on do dong chay va dép trong
6ng. Tham chi néu ap suit nudc va qua 16n c6 thé 1am rung dng, dan dén duong ng va cac thiét bi trén
d6 c6 thé bi pha huy... Thuc té hién nay hau hét cac hé thong chira chay tu dong Sprinkler trong cac cong
trinh déu bi anh hudng ctia hién tugng nay nhung khi thiét ké va thi cong rét it khi dugce dé cap dén. Noi
dung bai bao tac gia dé xuat mot sé giai phap dé khic phuc hién trong nude va xdy ra trong hé thong.

TU KHOA: Nudc va, hé théng cép nudc, hé théng chira chay Sprinkler.

ABSTRACTS: Water hammer phenomenon arises and is affected by shock waves generated in the flow.
These shock waves are called water waves, formed when the flow in the tube stops suddenly due to
locking the valve or stopping the pump. Water phenomenon appears along with the noise caused by the
impact flow in the pipe. Even if the water pressure is too big, it can shake the pipe, leading to the pipeline
and the equipment on it can be destroyed. In the article, the author proposed a number of solutions to
overcome the phenomenon of water collision occurring in the system.

KEY WORDS: Water Hammer, water supply system, fire fighting system Sprinkler.

1. MO PAU

He¢ thong chita chay Sprinkler 1a loai hé théng chita chay duoc sir dung phd bién nhét hién
nay. Hé théng dap tat dam chay bang cach phun nudc truc tiép vao khu vuc dang chay ma tai do
dau phun Sprinkler duoc kich hoat & ngudng nhiét d6 da xac dinh trude.

Vé mit 1y thuyét, khi van toc dong chay trong éng v > 2 m/s 1a ¢ thé xay ra hién tuong
nuéc va. Theo TCVN 7336:2003 dang 4p dung hién nay cho phép van téc dong chay trong
duong 6ng ciia hé thong chita chay Sprinkler c6 thé dat dén v = 10my/s. [2]

Mic dau thé nhung hién nay viéc nghién ctru, 4p dung cac bién phap chdng hién twong nudc
va trong hé thdng chita chay Sprinkler van it khi dwoc quan tam trong thuc té. Vi vy nghién ciru
dé xuat cac giai phap dé khac phuc hién tugng nude va xay ra la cap thiét.

2. NOI DUNG
2.1. Hién twgng nwée va [1]

Khi khoa van hodc dimg bom dot ngdt, luu luong va luu tde trong dng din dot nhién giam
hodc ding han. Do quan tinh, nudc bi don lai lam cho 4p sudt trong dng ting cao. Phan 4p suit

491



Hoi nghi Khoa hoc Cén bg tré lan thir XVI
tang thém Ap goi 1a ap suit nudc va. Van téc dong chay trong éng cang cao thi khi xay ra nuéc
va, &p suat nudc va cang 16n.

Khi dong van, 16p nuéc ngay sau van dimg lai va ap suat ting 1én 1am cho 16p nuée d6 bi
nén lai, dong thoi thanh dng dan ra, nhudng chd cho 16p nude phia trén tiép tuc chay vé. Do do,
su ting ap suat va ngimg chay khong phai dién ra dong thoi trén toan duong dng ma xay ra & cira
van roi truyén dan 1én trén voi mot toc do nhat dinh, goi la tdc do tmyén song nudc va. Vi vay,
nghién ctru nudc va phai xét dén tinh dan hoi ctia nude va éng dan.

Ap suét nudc va phu thude vao loai chét long chay trong 6ng, vat liéu lam éng, van tdc cua
dong chay khi dong khoa va dugc xac dinh theo cong thire cua N.E.Jucopxki:

Ap = p.c.vo (N/m?) (1)
trong do:

p : khéi luong riéng cua chit 16ng, N.s*m*;

vo : van téc dong chay trong dng, m/s;

¢ : van toc truyén song nudc va, m/s.

2)

K : md dun dan hdi cta chat long, N/m?;

E : md dun dan hdi cua vt liéu lam éng, N/m%;

D : duong kinh 6ng, mm;

e : do day thanh dng, mm.

Vi truong hop ding bom ddt ngdt thi binh thudong, may bom hoat dong véi luu lugng Q,
g véi van toe dong chay trong ng 1a vo. Vi mot nguyén nhan nao d6, ngudn cap dién mat dot
ngdt, do quan tinh, canh bom van quay nhung luu lugng

va cot ap giam. Ap sudt trong dng hut thdp hon ap suit p—
1 Van déng '

ban ddu mot luong Ap goi 1 4p sudt nudc va 4m, ciing co
gia tri Ap = p.c.vo. Luc ndy, cot ap trong dudng éng s& hdi

nguoc lai do ap luc cot nudc thip hon ap luc tinh trong

duong éng. Do canh bom van tiép tuc quay theo quan tinh, 2 Van mo

nén 4p luc day 1én ctua bom s& gip ap luc hdi nguoc. Tai

day s& xay ra mot chudi cac ap luc khong 6n dinh va tao

nén cac chan dong trong dudng 6ng. Hién twong nudc va 3 Hién tugng nudcva .y,

xuat hién luén di kém theo tiéng 6n do dong chay va dép E :k‘“ﬁmmm“ﬂ

trong Oong. Tham chi, néu 4p suat nude va qua 16n cé thé T T T =
W

1am rung 6ng, dan dén duong dng va cac thiét bi trén d6 bi
pha huy. Hinh 1. M6 ta hién tugng nudc va
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2.2. Anh hwéng ciia hién twong nuéc va trong hé thong chira chay tw dong Sprinkler

Heé théng chira chay Sprinkler 1a hé théng chita chay dau phun kin, trong mang luéi dudong dng
ludn chita day nude duge duy tri mot p lyc nhat dinh nhd bom bu ap. Khi ¢6 chay nudc s& phun
ra ngay lap tirc, qua cac dau phun Sprinklers da mé do nhiét tir ddm chay phat ra kich hoat.

1. Ong cép nude bén ngoai;

2. Ong dan nude vao nha;

3. Ong chinh;

4. Thiét bi bao mé nuéc;

5. Ong phan phdi;

6. Voi phun ty dong (Sprinkler);
7. Két nude.

Hinh 2. So d6 hé thong chita chay Sprinkler

Bit ky dong chay nao trong dng ciing c6 kha ning giy ra nudc va, dic biét khi van toc dong
chay trong duong éng v > 2 m/s. Nhirng rui ro do hién trong nude va giy ra cang 16n khi van toc
dong chay trong dng cang cao, hodc co sy thay doi do cao 16n trong hé théng dudng bng.

D6i voi hé thong chira chay ty dong Sprinkler, hién tugng nudc va thuong xay ra trong cac
truong hop:

- May bom tu dong ngit khi duy tri du ap suét yéu cau trong mang ludi duong ng;

- Cac van hong nudc chira chay dong dot ngot khi st dung cac hong nudc chita chay vach
tuong hodc tru nude lip chung dudng dng véi hé thong Sprinkler. ..

Khi xay ra hién tugng nudc va, trong hé thong Sprinkler c6 thé gay ra cac su c¢b k¥ thuat nhu:
hu hong cic may bom, cac loai van; lam gdy, hd cac mdi ndi ghép cimg trén mang ludi duong
dng; ket cac cong tic ap luc diéu khién may bom... Pay la cac su ¢d rat nguy hiém c6 thé dan dén
su lam viéc sai 1éch tham chi khong con kha nang 1am viéc theo cac chirc nang da thiét ké.

2.3. Mot s6 bién phap han ché tac dong ciia hién twgng nuéc va

- St dung bién tan

Tram bom bién tan 1a tram bom st dung bo bién tan dé diéu khién téc d6 vong quay cua
dong co may bom chira chay. Toc d6 vong quay ciia dong co may bom duge diéu khién thong
qua cac tin hiéu dau vao lay tir cac bd cam bién ap suét trén mang ludi duong éng. Tuy thudce
vao nhu cau nuéc chita chay voi luu lugng nhiéu hay it ma ap sudt trong mang ludi dudng dng
cling thay ddi theo. Cén cir vao tin hiéu truyén vé tir cam bién 4p suét, bo bién tin s& thay ddi tan
s6 cta ngudn dién cip cho cac dong co, 1am thay ddi toc do vong quay cua dong co, din dén
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thay doi cac thong sé luu luong, cot 4p clia may bom. Vi thé khi khoa van hodc dimg bom, toc
d6 vong quay dong co s& giam dan do d6 han ché dugc cac tac dong cua hién tuong nudc va.

Uu diém cua phuong an str dung bién tan 1a tinh ty dong héa cta hé thong. Viéc han ché cac
tac dong cua hién tugng nudc va xay ra la hiéu qua.

Tuy nhién xét vé& hiéu qua kinh t& tram bom bién tin hau nhu khéng duoc st dung trong hé
théng phong chay chita chiay ma chu yéu sir dung trong hé thong diéu khién thang may, bang tai,
may giit... Piéu nay dong nghia vai viée khi thiét ké hé thong chita chay Sprinkler bao gid ciing
phai chu y dén hién tuong nudc va va thiét ké cac thiét bi chéng va dé dam bao su hoat dong an
toan cua hé thong.

- Tang thoi gian khoa van [3]

Khi dong van chita chay tai cac hong nudc vach tudng hodc try nude chita chay, dé khong
xay ra hién tuong nudc va thi thoi gian dong van phai 16n hon thoi gian xay ra pha va dap (pha
nudc va)

Taong > T, = 2-£ (s) (3)
C

trong do:

Taeng : thot gian dong van;

T, : thoi gian xay ra pha va dap;

L : chiéu dai 6ng, m;

¢ : van tdc truyén séng nudc va.

Bién phap nay thuong dugc thuc hién bang cach sir dung cac van chira chay 1a van diéu
khién bang tay (c6 s0 vong quay cua tay van 16n hon d€ dong van hoan toan).

Tuy vay day chi 1a giai phap mang tinh thu cong.

- Sir dung cum van hdp thu meée va

bé han ché hi¢n tugng nude va, cd thé su dung gidi phép lap thém mot cum van hap thu
nudce va trén duong ong day . Cum van hap thu nudc va gom: van hap thu nudc va, van an toan
x4 ap va van mot chiéu dang 10 xo. B0 tri cym van hap thu nudc va nhu Hinh 3.

Hinh 3. So d6 cum van hip thu nuéc va
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Khi may bom dot ngdt dirng hoat dong, canh lat cua van mot chiéu 10 xo s& dong lai voi van
tdc phi hop. Van hap thu nudc va s& hap thu ap luc sinh ra boi dong nuéc hdi nguogce lai. Néu ap
luc nay cao hon murc gidi han an toan cho phép, van an toan sé tu dong mo ra nhim x4 bét ap luc
dam bao an toan cho hé théng.

Uu diém cta giai phap nay 1a viéc 1ap dit cum van rat don gian.

Tuy nhién, giai phap nay van c6 mot sd nhuoc diém nhu: 1am ting mirc d6 ton that cot ap do
céu tric duong 6ng; dé bi hong van khi 4p luc hoi nguogc lai qua 16n so v6i ngudng an toan clia
van mot chiéu; doan 6ng tir van mot chiéu dén van an toan xa ap thuong bi rung lic rat manh.

Nhu vay, thiét bi trén hoat dong hoan toan thu dong nén chi c6 tac dung giam nhe hi¢én tugng
nudc va.

- Sir dung van chong nude va chuyén dung

Van dy tinh trudc hién tugng ting ap dot bién (Surge pressure anticipating control valve)
goi tat 1a Van chdng nudc va 1a giai phap hién nay hay duoc st dung dé khic phuc hién tuong
nude va. Dong van ndy duoc sit dung dé phong tranh hién twong nudc va mot cach cha dong
bang cach dy tinh trude hién tugng nude va xay ra khi may bom dimg hoat dong dot ngot.

Van chdng nudc va 1a van diéu khién thuy luc hoat dong dua trén giai ap suat va duoc diéu
khién bang hai van. Ca hai van diéu khién déu c6 16 xo chiu tai va mang chan. Van diéu khién ap
suat thap (bén trai) s& md dan khi ap sudt dong chay trong duong 6ng ha xudng dudi 10m cot
nuéc, van diéu khién ap suat cao (bén phai) s& md ra khi ap suét trong dudong dng vuot qua 10m
cot nudec.

Théan van;

Nép van;

Mang van;

Loc tu xa;

Van 2 chiéu;

Van 2 chiéu;

Van kim;

Van 2 chiéu;

. Van kim;

10. Van 2 chiéu;

11. Pilot 2 chiéu P161B;
12. Oc diéu chinh ap luc;
13.Pilot 2 chiéu P181;
14. Oc diéu chinh 4p luc.

DO NAU AW~

MAIN

Hinh 4. So d0 nguyén 1y van chéng nudc va RAF [4]

Binh thuong, van chdng nuéc va dong. Can dam bao chic chan 14 tat ca cac van khoa khac
déu mo hoan toan (trir khoa Vent). O trang thai 1am viéc binh thudng, 4p suat trong 6ng 16n hon
ap suat thap cai dat nhung nho hon ap suat cao cai dit. Vi vy, van s6 2 ¢ ca hai cong diéu khién
déu dong, khong co dong chay tir dng chinh vao cac cong didu khién.
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Budng diéu khién van chdng nuéc va duoc két ndi tryc tiép voi duong dng thong qua van
kim. Khi ap suat trén 6ng ha xudng thap hon 4p sudt cai dat, 10 xo cua van diéu khién ap suat
thip (hinh trai) s& ddy mang ngin ciia van diéu khién di xudng va mo cong 2 (Hinh 4). Hoan
toan twong tu d6i voi cong bén phai. Budng van diéu khién chéng nudc va ndi ra ngoai cong 2 -
khoa Vent b ctia van diéu khién bén trai. Van chdng nudc va s& mé khi soéng nudc va bit dau
xuét hién. Ap suat trén duong 6ng giam xudng s& 1am dong van diéu khién bén trai, dong thoi
mé van diéu khién bén phai (van diéu khién ap suét cao). Luc niy, khoang diéu khién van mé ra
thong qua cong 2 - 3 cia van diéu khién ap suat cao va phan ap sut ting cao duogc giai phong.
Sau khi cac song va giam xudng va ap suét trong dng da tré vé trang thai binh thudng, ca hai van
diéu khién dong lai.

Van chdng nudc va chuyén dung 1a mot giai phap triét dé nham khic phuc anh huéng cua
hién tugng nude va xay ra trén hé thé cap nudc chira chay.

3. KET LUAN

Viéc nghién cuu, luya chon bién phap khéc phuc anh hudng cua hién tugng nudc va dén cac
hé théng cung cip nudc chira chay c6 ¥ nghia thiét thuc trong bao vé an toan phong chéy chita
chay néi chung va tudi tho cho cac hé théng cung cip nude chita chdy ndi riéng.

Dbi v6i hé théng chira chay Sprinkler thi dé khac phuc anh huéng cia hién tugng nudc va
xay ra theo quan diém cua tac gia 1a st dung giai phap van chdng nudc va chuyén dung. Ngoai
wu diém khic phuyc triét dé cac anh hudng cua hién tugng nude va thi sir dung van nay con thuan
tién cho qua trinh thi cong lap dat cling nhu van hanh, st dung hé thong.

TAI LIEU THAM KHAO
[1] Trinh Xuén Lai. Tinh todn mang lwéi phan phéi mede va phén tich nuwée va. NXB Khoa
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[2] TCVN 7336-2003. Phong chdy chita chéay. Hé thong Sprinkler ti dong. Yéu cdu thiét ké va
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SO SANH KET QUA TiNH TOAN CAU KIEN PHAN THAN
THEO TCVN 5574:2018 & ACI 318-14 QUA 2 CONG TRIiNH THUC TE

COMPARISON RESULTS OF STRUCTURAL CALCULATION
ACCORDING TO TCVN 5574:2018 & ACI 318-14
THROUGH 2 ACTUAL WORKS

KS. Ngb Hai Bang
Vién Khoa hoc cong nghé xay dung, Email: khacdang59xd9@gmail.com

TOM TAT: Bai viét so sanh két qua tinh toan cau kién phan than theo TCVN 5574:2018 va ACI 318-14
qua 2 cong trinh thuc té. Cac ciu kién dugc dem ra so sanh khi tinh toan 1a cot, vach, dam, san. Két qua
cho thay cach tinh toan theo tiéu chuan ACI 318-14 thién vé an toan hon so v&i tiéu chudn TCVN 5574:2018
va dua ra ty 18 pham vi chénh léch dya trén 2 cong trinh d tinh toan. Bai viét cling d& xudt mot sb ¥ kién
nhim gitp ngudi doc ¢6 thé quy ddi va sir dung tiéu chuan ACI 318-14 theo diéu kién sb liéu dau vao cia
Viét Nam.

TU KHOA: biéu d6 tuong tac, ndi luc.

ABSTRACT: This article deals with the comparison results of structural calculation according to
TCVN 5574:2018 & ACI 318-14 through 2 actual works. The components to be compared when
calculating are columns, walls, beams, floors. The results show that the calculation method according to
the ACI 318-14 standard is more safety-oriented than the TCVN 5574:2018 standard and gives the ratio
of the difference range based on the 2 calculated works. The article also proposes some ideas to help
readers convert and use the ACI 318-14 standard according to the input data conditions of Vietnam.

KEYWORDS: Interaction diagram, internal forces.

1. PAT VAN PE

Hi¢n nay, khi tinh toan cac cong trinh nha cao téng tai Viét Nam, tiéu chuin thuong duogc st
dung 1a TCVN 5574:2012 [1] Thiét ké két ciu bé tong va bé tong cdt thép (gan day cé chuyén
thanh TCVN 5574:2018 [2]). Tiéu chuén trén duge bién soan dua trén hé tiéu chuén thiét ké két
ciu bé tong cbt thép cua Nga, co ban dong bd véi hé thdng tidu chuin vat lidu, thi cong va
nghiém thu cia Viét Nam, dugc day va dao tao trong cac truong dai hoc nén tuong ddi dé s
dung va pho bién. Tuy nhién véi nhu ciu phat trién hién nay, qua trinh tinh toan va thiét ké nha
cao tang va siéu cao ting nay sinh nhiéu vin d& mdi phirc tap hon nhu tinh toan vach 15i ma tiéu
chun thiét ké bé tong ct thép cua Viét Nam chua dap ting dugc. Dé xir Iy cac van dé nay thong
thuong nguoi thiét ké hay tham khao céc tiéu chuan cta nude ngoai dic biét 13 tiéu chuan My
ACI 318-14 [3], tuy nhién viéc quy chiéu dé tinh toan ap dung sao cho diing va dong bo dam bao
an toan cong trinh thi vin con nhiéu van dé can dugc xem xét va thao luan.

Theo hudng dan xay dung ké hoach phat trién khoa hoc nim 2020 ciia B6 X4y dung thi viéc
xem xét dinh hudng tiéu chuan mai dé co thé phi hop vai thyc té xdy dung tai Viét Nam dang
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duoc khan truong nghién ctru da thé hién sy cép thiét can cai thién mot s6 van dé trong tinh toan
cac chu kién phﬁn than ma tiéu chuin Viét Nam con chua c6 hudng dan chi tiét va cu thé. Bai
viét nay s& dé cap dén viéc so sanh két qua tinh toan cau kién phan than theo TCVN 5574:2018
va ACI 318-14 qua 2 cong trinh thuc té da duoc thiét ké theo tiéu chuin Viét Nam nhim danh
gi4 sy khac biét khi tinh toan ciu kién giira hai tiéu chuan va ciing d& xuit mot s6 ¥ kién nham
gitip ngudi doc co thé quy ddi va sir dung tidu chuan ACI 318-14 mot cach thuan loi hon theo

diéu kién s liéu dau vao cua Viét Nam.
2. GIAI QUYET VAN PE
2.1. Tinh toan tii trong theo tiéu chuin ACI 318-14

2.1.1. Tinh tdi

Bang 1. So sanh vé tinh tai giita 2 tiéu chuan

TCVN 2737:1995 ASCE7-10

Béng 1, Bang 2 trong tiéu chuan Chapter 3 trong tiéu chuan

V& co ban, thanh phan tinh tai ctia 2 tiéu chuan ¢ phan trong dwong, khong co su khéac biét 16n.

2.1.2. Hoat tii

Bang 2. So sanh vé hoat tai giita 2 tiéu chuan

TCVN 2737:1995 ASCE7-10
Bang 3 trong tiéu chuan Muc 4.3 trong tiéu chuin
VD: San nha van phong: 2.4 (kN/m?) 2.4(kN/m%)
Mai bang khong st dung: 0.975 (kN/m?) 0.96 (kN/m?)

Hoat tai tinh toan cta 2 tiéu chuén ciing c6 phan twong duong nhau cho cong ning dan dung.

2.1.3. Tdi trong déng dit

Tai trong dong dat & Viét Nam duoc tinh toan theo tiéu chudn TCVN 9386:2012 [4] (tuong
duong EC8 [5]), & My tinh toan theo tiéu chuin ASCE 7-10 [6]. Cach tinh theo tiéu chudn Viét
Nam va EC8 c¢6 phan don gian va dé str dung hon ASCE 7-10. V& su khéc biét giita 2 tiéu chuan
c6 thé tham khao theo [7].

2.1.4. Tai trong gio

Tai trong gié gdm c6 2 thanh phan tinh va dong.

O Viét Nam, thanh phan tinh cua tai trong gié duoc tinh theo tiéu chudn TCVN 2737:1995 [8]
v6i van tde gié co ban dugce lay trung binh trong khoang 3s & d6 cao 10m, chu ky lip 20 nim &

dang dia hinh B véi van toc gi6 Vo va ap luc gié Wy lay theo quy chuan QCVN 02:2009/BXD [9].
Thanh phan dong cua tai trong gio6 tinh theo tiéu chuan TCXD 229:1999 [10].
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O My, thanh phan tinh va dong cua tai trong gi6 duoc tinh theo tiéu chudn ASCE véi vén toc
gié co ban duoc iy trung binh trong khoang 3s & do cao 10m, chu ky lap 50 nim voi dang dia
hinh C (tuong duong véi dia hinh B cua TCVN).

Bang 3. So sanh vé dang dia hinh giita TCVN 2737:1995 va ASCE 7-10

Dang dia hinh theo A B C
TCVN 2737:1995 Thoang H < 1.5m 1.5m<H<10m 25m<H
2 hinh th D ¢ B
Dang dia hinh theo , - Noéng thon ‘ .
ASCE 7-10 Thoang, md, bo bién ) Thanh thi
Thoang H <9.1m

C6 2 cach tinh tai trong gi6 nhu sau:

Cach I: Nhap tu dong trong Etabs

| 43 Wind Load Pattern - ASCE7-10 *
Exposure and Pressure Coefficients Wind Coefficients
(@) Exposure from Extents of Diaphragms Wind Speed {mph)
(") Exposure from Frame and Shell Objects Exposure Type C -

I

Topographical Factar, Kzt

Wind Pressure Coefficients Gust Factor D&
() User Specified (@) Program Determined Directionaity Factor. Kd 085
Wind Exposure Parameters Exposure Height
Wind Direction and Exposure Width Maodify/Show_.. Top Story MAI w
Case (ASCE 7-10 Fig. 27.4-8) Create All Sets  ~ | P Bottom Story Base V
e1Ratio (ASCE 7-10 Fig. 27.4-8) [ Include Parapet

&2 Ratio (ASCE 7-10 Fig. 27.4-8)

QK Cancel

Hinh 1. Nhép tai trong gi6 tw dong trong phan mém phan tich két ciu ETABS

e Wind Speed (mph) (Van tdc gid) dugc tinh nhu sau:

Do sd liéu dau vao cta Viét Nam dua trén van tdc gi6 3s, chu ky 1ap 20 ndm nén khi
chuyén doi sang ti€u chuan M¥ trudce tién phai chuyén sang chu ky 1dp 50 nam sir dung hé s6 1.2
dbi véi ap luc gi6 hodc /1.2 dbi vé6i van tde gi6 [2]. (Vi du ap luc gi6 tiéu chudn theo tidu chudn
Viét Nam 1a Wy = 0.95kN/m” chuyén sang tiéu chuin My 1a W, = 1.14kN/m* — vén tdc gi6
V, =+/114/0.0613 = 43.1m/s = 96 mph)

e Exposure Type (Dang dia hinh)
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e Topographical Factor, K, (Hé s6 ké dén su anh huong ciia dia hinh)
duoc ldy theo bang 26.8-1 ASCE 7-10 (néu cong trinh khéng & vach nii, dinh doi, bo dbc thi
khoéng can tinh toan K va 1ay bang 1)

e Gust Factor (Hé sb hiéu tng gi6 giat xét dén anh huong do rdi cua gio)

Hé sb anh huong cua gid giat cho cong trinh dang cimg va cac két ciu khac duoc phép lay
bang 0.85

e Direction Factor, Ky (Hé s ké dén sy thay d6i ciia hudng gid)

dugc 14y theo bang 26.6-1 ASCE 7-10 (cong trinh c6 dang két cau 1a hé két cau chinh chiu tai
trong gi6 thi K4 = 0.85)
Khi d6 t6 hop tai trong s& nhu sau:

Bang 4. T hop tai trong theo ASCE 7-10

STT T6 hop tai trong Tai trong ndi troi khi to hop
1 U=14D D
2 U=1.2D + 1.6L + 0.5(L, hodc S hoac R) L
3 U=1.2D + 1.6(L, hodc S hodac R) + (L hodc 0.5W) L,
4 | U=1.0D+1.0W +L +0.5(L; hodc S hoac R) W
5 |U=12D+1.0E+L+0.2S E
6 U=09D+ 1.0W W
7 U=09D+1.0E E
Chu thich:
U: T6 hop tai trong; D: Tinh tai; L: Hoat tai; L,: Hoat tai mai; W: Tai trong gio; S: Tai trong do tuyét; R: Tai
trong do mua; E: Tai trong dong dat.

Cdch 2: Tinh toan tai trong gi6 theo tiéu chudn Viét Nam. Sau d6 nhan v6i hé sé chuyén d6i
van tdc gi6 trong hé sb t6 hop [3]. Khi d6 t hop tai trong s& nhu sau:

Bang 5. T hop tai trong theo ASCE 7-10 v&i hé s6 t6 hop
da dugc quy dobi tuong Gmg theo TCVN 2737:1995

STT T hop tai trong Tai trong ndi trdi khi to hop
1 |U=14D D
2 |U=12D+1.6L L
3 |U=12D+1.6(L+L,+0.82W L,
4 |U=12D+1.64W +1.0L W
5 |U=1.0D+1.0E+0.3L E
6 | U=009D+ 1.64W W
7 | U=09D+ 1.0E E
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2.2. Vat lidu
2.2.1. Bé tong

Hi nghi Khoa hoc Cén bg tré lan thir XVI

Céc thong s6 tinh toan cua bé tong theo ACI dugc quy ddi tur cép d6 bén chiu nén cua Viét
Nam theo [11] nhu sau:

Bang 6. Cuong do chiu nén danh dinh f’c ctua bé tong theo ACI 318-14

Pon vi tinh bang megapascan

Cép do bén chiu | Cudngdd chiunéndanh | Cipdo bénchiju | Cudngdd chiu nén danh
nén bé tong theo dinh cua bé tong f; nén bé tong theo dinh cua bé tong f;
TCVN 5574:2018 theo ACI 318-14 TCVN 5574:2018 theo ACI 318-14
B25 20 B40 33
B30 25 B45 35
B35 29 B50 40

2.2.2. Cét thép
Cac thong sb tinh toan cia cbt thép theo ACI duge quy doi tir cac loai thép ciia Viét Nam
theo [11] nhu sau:

Bang 7. Gidi han chay cua c6t thép thanh van

Gi6i han chay dung K9 hicu the Nudc san xut Gidi han chay | Gigi han bén kéo
dé so sanh, MPa ¥ s p (ti€u chun san phém) fya, MPa fua, MPa
300 CB300-V 300 360
Viét Nam
400 CB400-V (TCVN 1651-2:2008) 400 480
500 CB500-V 500 600

Theo TCVN 5574:2018, dac trung do bén co ban cta cot thép 1a gia tri tiéu chuin cua cuong
d6 chiu kéo Ry, 14y bang gidi han chay thuc té (hodc quy wéc) ctia cot thép. Gia tri tinh todn cia
cudng d6 chiu kéo cta cdt thép R, = Rgn/ys vOi1 s 12 hé s6 do tin cdy cua cot thép 1ay bang 1,15
d6i v6i trang thai thir nhat va bang 1,0 dbi v6i cac trang thai thir hai. Nguoc lai, ACI 318-14 lai
str dung hé s6 giam cudng do ¢ (strength reduction factor) cho kha ning chiu lyc danh nghia cua
cAu kién. Cac hé s6 nay dao dong trong khoang 0,65 dén 0,9 tiiy vao ting trudng hop cu thé theo
chuong 21 ACI 318-14.

2.3. M6 hinh cong trinh
Mo hinh tinh toan cong trinh sit dung phin mém Etabs, sau d6 tinh toan cot vach bang
phan mém Prokon, tinh toan dam san st dung tiéu chuan ACI318-14 bang cac bang tinh excel

chuyén dung.
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3. Vi DU TiNH TOAN

bé danh gia su khac biét cua 2 tiéu chuéan trong tinh toan thuc té, ph?m vi du tinh toan s& tién
hanh so sanh vé t6 hop tai trong va két qua noi luc tinh toan theo hai tiéu chuan, so sanh vé kha
nang chiu lyc cyc han theo hai tiéu chuin va danh gia theo ndi lyc tinh toan tuong ung. béi
tuong ap dung 14 2 cong trinh di tinh toan dam bao kha ning chiu luc theo tiéu chuin Viét Nam
va dugc kiém tra lai kha nang chiu lyc theo ti€u chuén My ACI 318-14. Khi tinh toan theo ACI 318
cho cdu kién dam chiu udn thi hé s6 suy giam cudong d6 vat lidu 1a 0,9, khi tinh cot vach thi hé s6
suy giam cuong do vat liéu 1a 0,65.

3.1. Cong trinh 1: Hai Pang City

Dia diém xay dung: 6 dat NO-CT1 phudng My Dinh 2 quan Nam Tir Liém va phuong Mai
Dich quan Cau Giay TP.Ha Noi.

Bang 8. So sanh vé t6 hop tai trong giita 2 tiéu chuan TCVN 2737:1995 va ASCE7-10

STT Té hop tai trong theo ASCE7-10 the:gg%?gg?i o5
1 U=1.4D
2 | U=12D+ 1.6L + 0.5(L, hodc S hoac R) U=1.1D+1.2L
3 | U=1.2D+ 1.6(L;hoac S hodc R) + (L hoac 0.5W)
4 | U=1.0D+ 1.0W + L+ 0.5(L, hoic S hoic R) U=1.1D+0.9(1.2L + 1.37W)
5 |U=12D+1.0E+L+0.2S U=1.1D+03*1.2L+E
6 |U=09D+1.0W
7 U=09D + 1.0E
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Bang 9. Vi du so sanh ndi luc vach khi t6 hop theo 2 tiéu chuan

Tai trong tham gia . M3 (tonf-m) khi M3 (tonf-m) khi

STT vio 5 hop ¢ Location THT% theo T)CVN THT'(F theo KSCE
2 D,L Top 29.1656 34.8328
2 D,L Bottom —17.0586 -20.2782
4 D,L,W Top 48.3283 52.9718
4 D,L,W Bottom —24.0984 —27.1475
5 D,L.E Top 34.0212 34.1733
5 D,L,E Bottom 6.7011 6.6086

Tir 46 dé dang nhan thdy noi lyc khi t hgp theo ASCE7-10 16n hon so véi TCVN 2737:1995,
ty 1€ noi luc gitra 2 tiéu chuan chénh léch khoang 1,15 - 1,22 lan.

Bang 10. Vi du so sanh ndi lyc vach khi tinh gi6 theo 2 cach néu trén

| TN fion | Mot M et
TH3 L Top 35.4404 35.5546

TH3 L Bottom —10.3944 -11.2797
TH4 \\% Top 29.8279 30.1014

TH4 W Bottom 2.9326 1.7231

TH6 W Top 12.468 12.1946

TH6 W Bottom —28.0931 —26.8836

Tir d6 d& dang nhan thy sy chénh léch ndi luc khi tinh gié theo 1 trong 2 cach la khong

dang ké. Vi vay, dé don gian trong viéc tinh toan thi nén sir dung cach 2 dé tinh gio.

3.1.1. So sanh tinh todn cét giia 2 tiéu chudn

Bang 11. Biéu dd twong tac kha ning chiu lyc cot khi tinh toan theo 2 tiéu chuan

TCVN 5574:2018

3000
2500
2000
1500
1000
500

0
-500
-1000

-1500

Nbi lyc nguy hiém nhét duoc thé hién &
diém A trén biéu d6. Diém B thé hién noi
luc t6i da ma cot d6 chiu dugc.

Hé s6 an toan dugc danh gia qua ty sb
gitta OA va OB: n=0B/OA =1.25>1

|—""1

0 100 200 300 400

500

nteraction Dlagram
20E3 ‘ 10727kN_g %
1BE3 - | e e
16E3 { )
14E3 i s

! i~

12E3 : f fie>
—10E3 ‘ / A
Z8000 : / x
9 I\' @
86000 T f 1=
= / g
.914000= / o
% s g e g o / £
<200 & # & T 2

 ENEEEEEE Sl EEREY .
-2000 i - e - B
-4000 g
-6000
-8000 P~ /

Bending moment (kN

s0 giam cuong do).
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Hé sb antoann=0.72 < 1.
Vay cot d6 khong dam bao kha nang chiu luc.

m)

Luc doc t6i da ma cot d6 chju dugce 1420T. Trong khi
d6 luc doc tinh toan cua cot do 1a 1973T (da ké dén hé
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Bang 12. Biéu do twong tac kha ning chiu lyc cot khi sir dung tiéu chuan ACI318-14
dé tinh toan voi ndi luc duoc to hop theo TCVN 2737:1995 va theo ASCE7-10

TCVN 2737:1995
Interaction Diagram
18E3 17965 k! §
| 2

16E3| f <
14E3 — ‘ TH—— EJ
12E3] ,‘ <
10E3 i 4 3
Z8000 ,f’ 1 T N N e
56000 ‘ f &
<4000 =1 B
CENRENRNTPUTERENIT
2000 i § |

-4000 =

6000 1

-8000

Bending moment (kNm)

ASCE7-10
nteraction D\agram

20E3 1 19727 kN /e

18E3 ‘ ; i@

16E3 i f ‘:‘

14E3 ‘ B

12E3 1 1=
—10E3 / 18
Z ‘ i "
gaooo 1 i | E
Sl ] Iz

v = - I= g & & g/ g 2 g d g 5

4 %\ & 8§ 5 4 ® 3§98 8§ A g

-2000 + t | Z- |

-4000 2

-600 ‘

-8000

Bending moment (kNm)

Tir 2 biéu db trén ta thdy khi cung tinh toan theo tiéu chuin ACI véi két qua noi lyc tinh theo TCVN thi
cot d6 van khong dam bao kha nang chiu lyc. Ty 1€ vuot 1a 1.1 lan.

3.1.2. So sdnh tinh todn vich giita 2 tiéu chudn

Bang 13. Biéu d6 twong tac kha ning chiu lyc vach khi tinh toan theo 2 tidu chuan

2504

1000

S0b

L1}

TCVN 5574:2018

o ‘\\
1500

1

1]

S0

100

150 i1} 250

EL1 350

A00

Interaction Diagram
3 T T

ACI318-14

| 14075 kN
— _1

= 6281 kNm @ 6344kl

™

Moment max

REREE

T

N
)
§ &

Bending mome:

nt (kNm)

Luc doc tdi da ma vach chiu duoc 2000T. Trong Luc doc tdi da ma vach d6 chiu duoc 1225T.

khi d6 luc doc nguy hiém nhét 1a 1160T.

Trong khi d6 Iuc doc nguy hiém nhét 1a 1407,5T
(d3 ké dén hé sb giam cuong do).

Hé s6 antoann = 0.87 < 1.

Vay vach d6 khong dam bao kha nang chiu luc.

3.1.3. So sanh tinh todn dim san thwong giiva 2 tiéu chuin

Bang 14. So sanh kha ning chiu lyc ctia dam theo TCVN 5574:2018 va ACI 318-14

Tén L b h a M M, | M/Mg; A
Story dam Vitri | Comb (cm) | (em) | (em) | (T.m) | (T.m) | (%) Nhan xét
D3- .. | BAO
T3 10A Goi Min 30 70 4 -29.1 | 47.3 62% | THTT theo
TCVN tiéu chuén
D3- . BAO
T3 Nhip 30 70 4 21.1 473 45% My ACI
10A Max
D3 BNV 314-14
T3 10 A; Gbi Mi 30 | 70 4 | =379 41 92% | cho gid tri
ACI 1n moémen lon
T3 10A Nhip Max 30 70 4 26.8 41 65%
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D4i voi chu kién tiét dién chir nhat chiu uén da duge bd tri cdt thép thi Mg, dugc tinh theo
cong thirc (34) d6i véi TCVN 5574:2018. Con dbi véi ACI 318-14 thi My, duoc tinh theo cong
thire tai muc 9.5.4.5.

Béang 15. So sanh kha nang chiu luc cta san theo TCVN 5574:2018 va ACI 318-14

. . b h a M Mg | M/Mg | Nhan

t t Vi tri ¢ '

Story | Strip | Vi | Comb |y | em) | (Tm) | (T.m) %) | xét
Léptrén | Combl | 200 | 13 | 2 |-235| 236 | 100% | THTT

TCVN| T3 | A theo
L6p dui | Combl | 200 | 13 | 2 | 217 | 236 | 92% | ..

1cu

Léptrén | THTT2 | 200 | 13 | 2 | -2.68| 2.17 | 124% | chuin

ACI | T3 | A MS
Lépdusi | THTT2 | 200 | 13 | 2 | 244 | 2.17 | 112% ACYI

Loptrén | Combl | 200 | 13 | 2 |-3.42| 463 | 74% | 314.14

TCVN| T3 | B )
Lép dusi | Combl | 200 | 13 | 2 | 139 | 326 | 43% | chogia

tri
Léptrén | THTT2 | 200 | 13 | 2 [-3.97| 428 | 93% | . .
ACI T3 B 16n hon
7 7 o
Lopdusi | THTT2 | 200 | 13 | 2 | 1.58 | 3.01 | $2% | 1oyn

3.2. Cong trinh 2: Tru sé lam viéc, trung tAm thwong mai va vian phong cho thué

Dia diém xay dung: 6 dat 1-E9 khu vuc tru so cac Toéng cong ty, khu d6 thi méi Cau Gidy,

quan Cau Gidy, TP.Ha Noi.
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3.2.1. So sdnh tinh todn cét giiwa 2 tiéu chudn

Bang 16. Biéu dd tuong tac kha niang chiu luc cot khi tinh toan theo 2 tiéu chuan

TCVN 5574:2018 ACI318-14
8000 Inberaction Disgram
SDE3 g
7000 J— | | | | 4 “‘_"1—_< [ | [ | H
\*43 4DE3 L1 4 e | L1 I L1 o
6000 / — P f —“*-‘_._,\x 14
5000 ap=a 3
j S0E3 ! /‘/ - i ! | \\ Lq
4000 7% < — | §
3000 EEDES 11 1 11 1A 11 1| 111 E
2000 / \ =15E3 - - - r' | -
- [— /
1000 / £ {m&"ﬂﬁ gUuggaEy ,u/( g
J =, =2 |= (= I s B ™ ™
; == SR CELLCCUEEREEL) EEERECEE
/
1000 == 5000 ———— \ T& /
-2000 T L E, '
-16E3 —
0 500 1000 1500 2000 E g Exanat 1

Noi Iyc nguy hiém nhit dugc thé hién ¢ diém A Luc doc t6i da ma cot 6 chiu duoc 4300T. Trong khi
trén biéu dd. Piém B thé hién noi luc t6i da  d6 luc doc tinh toan ctia cot d6 1a 4719.6T (da ké dén

ma cdt d6 chiu duoc. hé sb giam cuong do).
Hé s an toan dugc danh gia qua ty sb gitta Hé sd antoann=0.91<1.
OA va OB:n=0B/OA=153>1 Vay ¢t d6 khong dam bao kha nang chiu luc.

3.2.2. So sanh tinh todn dim thwong giiva 2 tiéu chudn

Bang 17. So sanh kha ning chiu luc ciia ddm theo TCVN 5574:2018 va ACI 318-14

So
Tén ) b h a M M,
St M Vitd | Comb & | canh | Nhan xét
Yl dam [T ™ em) | em) | (em) | (T.m) | (Tom) | 22T anxe
(%)
DH3- | . | BAO
B3 Géi 1100 | 50 | 4 | -1086]31.43 | 35% | THIT
DO1 Min theo tiéu
TCVN 2 ~
DH3- BAO Chuan My
B3 | o | Nhip | o100 | 50| 4 | 1408 | 3143 | 45% | AcI314-
14 cho
DH3- | . | ENV o
B3 Géi Yol 100 | 50 | 4 | -1429]29.85 | 48y | gidtri
DO1 Min momen
ACI
DH3- ENV 16n hon
B3 Nhi 100 | 50 | 4 | 17.84 | 29.85| 60°
DO1 P Max % | TCVN
4. KET LUAN

Can ct tinh toan 2 cong trinh thyc té néu trén, ta co thé dwa ra mot sé nhan xét nhu sau:
- V& tai trong dau vao, khi tinh toan theo tiéu chuin My, véi tinh tai va hoat tai ta co thé léy
theo tiéu chuin Viét Nam, véi tai trong gio ta co thé st dung mdt trong hai cach néu trong muc 2.1.4,

v6i tai trong dong dit ta co thé tham khao [4], [5], [7].
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- Vé cuong do tinh toan cua vat liéu, TCVN 5574:2018 ap dung h¢ s6 do tin cay cho cuong

do tiéu chuén cua vat liéu, ACI 318-14 4p dung hé $6 suy gidm cuong do cho kha nang chiu luc

danh nghia cua tiét dién.

-Vétd hop tai trong, ASCE 7-10 cho gi4 tri n6i lyc 16n hon so véi TCVN 2737:1995, cu thé

ty 1€ noi luc gitra 2 tiéu chuén chénh léch khoang 1,15- 1,22 lan.

- Vé kha nang chiu lyc gidi han cia cdt vach, cach tinh theo ACI 318-14 cho gié tri luc doc

gi6i han nho hon so v6i TCVN 5574:2018, ty 1é chénh 1éch khoang 1,44 dén 1,58 1an. V& kha
nang chiu luc gi6i han ciia dam san thuong, cach tinh theo ACI 318-14 cho gia tri mémen gidi
han nho hon so v6i TCVN 5574:2018, ty 1¢ chénh léch khoang 1,05 dén 1,15 lan. Qua do, tinh
toan theo ACI 318-14 thién vé an toan hon so v&i khi tinh theo TCVN 5574:2018.

[1]
2]
[3]
[4]
[5]
[6]
[7]

[8]

[9]

[10]

[11]

TAI LIEU THAM KHAO
TCVN 5574:2012. Két cdu bé tong va bé tong cot thép - Tiéu chudn thiét ké
TCVN 5574:2018. Thiét ké két cau bé téng va bé tong cot thép
ACI 318-14. Building Code Requirements for Structural Concrete
TCVN 9386:2012. Thiét ké cong trinh chiu déng dat
Eurocode 8 (ECS). Design of Structures for Earthquake Resistance
ASCE 7-10. Minimum Design Loads for Buildings and Other Structures
ThS. Nguyén Hong Hai, TS. Nguyén Hong Ha, ThS. Vii Xuan Thuong. Phé phdn iimg

chuyén vi trong phdn tich nha cao tang chiu dong dat ¢ Viét Nam bang phwong phdp tinh
phi tuyén, Tap chi KHCN Xay dung - s6 4/2014

TCVN 2737:1995. Tdi trong va tdc déng - Tiéu chuan thiét ké

QCVN 02:2009/BXD. Quy chudn ky thudt quéc gia vé sé liéu diéu kién t nhién ding
trong xay dung

TCXD 229:1999. Chi ddn tinh todn thanh phdn déng cia tai trong gié theo tiéu chudn
TCVN 2737:1995

Du thdo bu 1ong neo trong bé téng - Yéu cau ky thudt va hwéng dan thiét ké
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NGHIEN CUU ANH HUONG CUA MAT BANG KET CAU
PEN HIEU QUA CUA SAN BE TONG COT THEP UNG LUC TRUGC
CANG SAU TRONG NHA CAO TANG

RESEARCH ON EFFECTS OF STRUCTURAL PLAN TO
EFFECTIVENESS OF POST-TENSIONED CONCRETE FLOORS IN
HIGH-RISE BUILDINGS

ThS. Truong Nguyén Viét Khoa
Vién Khoa hoc cong nghé xay dung

TOM TAT: Hién nay san bé tong c6t thép (BTCT) tmg luc trude (ULT) cing sau duge sir dung phd bién
va rong rii trong cac cong trinh nha cao tang. Viéc lwa chon mat bang két cdu (MBKC) phu hop véi quy
mo tai trong, yéu cau kién tric 1a trudc tién, rit quan trong trong cong tac thiét ké noi chung ciing nhur
thiét ké san BTCT ULT néi riéng. Bai bao nay trinh bay phuwong phap va vi du tinh toan nham khao sat
anh huéng cua viée lwa chon MBKC dén hiéu qua san BTCT ULT theo tiéu chuin dang str dung cha yéu
tai Viét Nam 1a EC2 [1] va s6 tay thiét ké san BTCT ULT la TR 43 [2].

TU KHOA: Mit b.'?mg két cau, hiéu qua, san dy g lyc cang sau.

ABSTRACT: Currently, post-tensioned concrete floors are commonly and widely used in high-rise
buildings. The selection of a structural plan suitable for the load and architectural requirements is first,
very important in the design work in general as well as the design of the post-tensioned concrete floor in
particular. This paper presents the method and example of calculating and surveying the influence of the
choice of structural plan on the efficiency of the post-tensioned concrete floor according to the standard
mainly used in Vietnam, EC2 [1] and the design manual of post-tensioned concrete floors is TR 43 [2].

KEYWORDS: Structural plan, effective, post-tensioned concrete slab.

1. PAT VAN PE

Hién nay san BTCT ULT cang sau dugc sir dung pho bién trong cac cong trinh nha cao tang.
San BTCT ULT cho phép vugt nhip 16n, bé rong vét nit nhd, chiéu day san mong, dé dang dap
ung cac yéu cau ve khong gian cuia kién truc.

Trong viéc bo tri MBKC, cu thé hon, 1a sy Iya chon cach bo tri cot vach va cac nhip cho san
ULT, hai trong s0 ba khuyén cdo can can nhac dé gitap thiét ké to61 uu, da dugc néu trong sb tay
thiet ke TR43 [2] la:

+ Gidm chiéu dai nhip bién, hodc néu kién truc cho phép, Iui hang cot & chu vi vao trong dé tao
ra phan ban con son, dan tGi momen & nhip bién giam, va twong duong véi moémen nhip gira.

+ Néu can thiét, c6 thé gidm dd cung cua cot va vach, theo phuong giy tng suat trudc dé
cuc ti€u hoa sy mat mat rng suat va sy xuat hién cac vét nit do su co ngan san bi can tr¢. San
cang sau phai dugc phép co ngan thi mg suat trudc maéi tdc dung dugce 1én san, va méi cé hiéu
qua. San thuong dugc goi 1€n cac cdt va vach, cac goi tua nay can tr¢ sy co ngan cua san.
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Bai bao nay trinh bay phuong phép va vi du tinh toan, khao sat anh hudng cua viéc lua chon
MBKC dén hiéu qua san BTCT ULT theo tiéu chuan dang str dung chu yéu tai Viét Nam 1a EC2 [1]
va sb tay thiét ké TR 43 [2] nham 1am sang to cac khuyén cdo bang sd, giup cac ky su thiét ké
BTCT ULT hop 1y va kinh té hon.

2. CAC BUOC THIET KE SAN BTCT ULT CANG SAU VA NHUNG THONG SO
CHUNG CHO CAC Vi DU

2.1. Cac budre thiét ké san ULT [3]

e Budc 1. Lya chon hinh dang, kich thudc ciia cac cdu kién va hé thong két cau
+ Nhip tbi vu

+ Tbi wu chiéu day san, mii ct, dai san, dam

+ Lua chon tai trong thiét ké, chia support line, cac dai thiét ké

e Budc 2. Lua chon vat liéu

+ Bé tong

+ Cbt thép thuong

+ Lua chon hé théng du tng luc va cac thong s6 thiét ké cta no

e Budc 3. Lua chon tai

+ Tai trong ban than

+ Tinh tai chat thém

+ Hoat tai

+ Tai trong ngang

e Budc 4. Thong sb thiét ké

+ Tiéu chuan thiét ké

+ Lua chon tmg suét cho phép, chiéu rong vét niit néu ap dung

+ Tiéu chi d vong (VAng tirc thoi/dai han)

+ Kha ning chong chay dé xac dinh chidu day bao vé cbt thép

e Budc 5. Lua chon thong s6 thiét ké du ung luc

+ Lya chon c4u hinh cap va cac thong s6 khac nhu lyc nén trude

e Budc 6. Lua chon quy trinh phan tich, mé hinh cau trac va thiét ké

+ Phuong phap khung don gian hoic khung twong duong, kha ning toi uu hoa
+ Phan ttr hitu han (phan mém Adapt-Floor pro)

e Budc 7. Khai thac cac gia tri thiét ké va kiém tra dbi véi trang thai st dung (Service)
+ T6 hop tai trong

+ Kiém tra rng suét

+ Kiém soat bé rong vét nit

+ Kiém tra d6 vong
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e Budce 8. Tiéu chuan kiém tra cho cuong do, trang thai cuc han (ULS)
+ T4 hop tai trong

+ Hi¢u tng siéu tinh

+ Tinh todn momen thiét ké

+ Thiét ké cudng d6 cho udn

+ Kiém tra kha ning chdng choc thing, chiu cit ctia san
e Budc 9. Kiém tra didu kién ban dau (Initial)

+ T4 hop tai trong

+ Kiém tra ing suit va bd sung c6t thép néu can thiét

e Budc 10. Chi tiét két cau

+ Chi tiét cbt thép thuong

+ Chi tiét cap du ung luc

2.2. Nhirng thong s6 chung cho céc vi du

Thiét ké san BTCT ULT c6 bam dinh ctia mot san trung tim thwong mai bang phan mém
ADAPT FLOOR PRO, véi cac thong sd sau:

e Tai trong: Tinh tai: 1.5 kN/m”. Hoat tai: 4 kN/m>. Chi xét dén tai trong dung, cic tai trong
khac khong xét dén.

e Vit licu: Bé tong B35, cdt thép CB400-V, cap ULT duong kinh danh 15,24 mm, dién tich
danh: 14Omm2, mé dun dan hoi: 195000 MPa, cuong do kéo dut (fpu): 1860 MPa. Hao hut ung
suét dai han: 150 MPa. Hé s6 ma sat goc: 0,19. He s6 ma sat lic: 0,005 rad/m. Ung suit cang
kéo: 0,8fpu = 1488 MPa. Tut ném: 6 mm.

e T6 hop tai trong

+ Giai doan thi cong (INITIAL): 1,0.SW + 1,15.PT

Ung suit nén gi6i han: o; <0,6f, ;

Ung suét kéo gi6i han: ol <0, 25\/@

+ Giai doan stir dung (SLS)

Kiém tra ung suit nén: 1,0SW + 1,0DL + y,LL + 1,0PT, véi o <0,6f,,

1,0SW + 1,0DL + y,LL + 1,0PT, véi o <0,45f,
Kiém tra bé rong vét nit: 1,0SW + 1,0DL + yw,LL + 1,0PT
Kiém tra 46 vong cta san: (1,0SW + 1,0DL + y,LL + 1,0PT)*3
Vi cong trinh trung tdm thuong mai, cac hé $6 v =0.7; 92 =0.6 [4]
+ Trang théi cuc han (ULS): 1,35SW + 1,35DL + 1,5LL + 1,0HP
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e Céc tinh toan theo trang thai giéi han cuong d6 tuan theo cac gia thiét néu trong tiéu chuan EC2.
Thép thuong duge tinh toan ty dong bang phan mém ADAPT FLOOR PRO, cap dy tng tham
gia tao ra strc khang cho cac tiét dién, hiéu tmg thtr cip do ung lyc trude gy ra tac dong 1én san.
Sau khi d3 lua chon tiét dién cdu kién phu hop, phén suc khang con thiéu s& duoc bod sung béng
cdt thép thuong.

3. Vi DU KHAO SAT ANH HUONG CUA MBKC PEN HIEU QUA SAN ULT
3.1. Vi du 1: Anh hwéng ciia nhip bién dén hiéu qua san ULT
3.1.1. Cac dang MBKC

- Phuong 4n 1 (P.A1): San phang, ¢6 mii ¢ot nhip 11x11m, L = 11 m (Hinh 1)

- Phuong 4n 2 (P.A2): Tir phuwong an 1, dich chuyén hang cot truc 1, 6, A, E vao phia trong
san mot khoang 1.3 m dé giam chiéu dai nhip bién, tao ban con son ngin (Hinh 2)

- Phuong 4n 3 (P.A3): Tur phuong an 1, dich chuyén hang cot 2, 5, B, D ra phia ngoai san
mot khoang 1.0 (m) dé giam chiéu dai nhip bién, ting chiéu dai nhip gitra (Hinh 3)
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Hinh 1. Mit bang Két cau P.A1
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Hinh 3. Mit bang Két ciu P.A3

3.1.2. Chiéu day san va kich thwdc mii cjt
e Chon chiéu day san 1a hs = 230mm. Kich thudc mii c6t chon 3800x3800x500mm.

e Trong ba phuong 4n nay, chiéu day ban san, kich thuéc cot va mii cot, ham luong cap,
phuong an bé tri cap 1a gidng nhau. Ngoai ra, dé cac cac gia tri khao sat c¢6 thé so sanh duogc véi
nhau thi kha nang chiu lyc ctia ba phuong an phdi tuong duong nhau (hé sb Maemand/Meapacity
tuong duong nhau).
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3.1.3. Phuwong dn rdi cdp: bé tri cdp 6 3 P.A la giong nhau, theo kiéu phin bé déu
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Hinh 4. Mit bang bd tri cap déu theo ca hai phuong
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3.1.4. Quy dao cap

e Quy dao cap dugc chon sao cho ty s6 X4/L va X5/L 1a 0,25, X5/L 14 0.5. Vi tri X5 X5 X3
duoc thé hién trén hinh 5.

et _}:'\.1 -}:‘-3 |-

xz

Hinh 5. Vi tri X1 X2 X3 trén duong cép

3.1.5. Két qud phan tich
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Hinh 6. Vong dai han theo 3 phuong an
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Hinh 7. Bé rong vét nit ciia 3 phuong an

3.1.6. Tong hop két qud

Bang 1. Tong hop cac thong s6 ctia vi duy 1

Phuong 4n 1 Phuong an 2 Phuong 4n 3
Céc tham s6 khao sat Don vi Nhip déu Tao ban P Tang .Chiéy dai
11x11m con son ngan nhip gitra
Nhip 1.3x9.7x11m | Nhip 10x12m)
Ham lugng cap kg/m? 3.25 3.25 3.25
Initial MPa | —3.05~3.23 —2.82 ~2.04 —2.87~2.08
Ung suat cée Quasi- MPa | -5.01~6.19 | -3.89~2.97 —4.89 ~ 4.44
giai doan Permanent
Frequent MPa | —6.02 ~7.43 —4.67 ~3.56 —5.87~5.33
Moment tai Nhip bién kN.m 811 ~ 865 472 ~ 517 669 ~ 749
nhip Nhip giita kN.m 458 ~ 509 479 ~ 535 678 ~ 781
Pham vi thép | Cot gidp bién d 10.5%d 8.25%d 10.5%d
chong choc . . R .
thing Cot gitra d 9*d 8.25*d 9*d
o Nhip bién cm 4.79 1.27 2.56
b6 vong .
Nhip gitra cm 2.21 1.27 3.02
. | Phuongx mm 0.015 Vet nut rat nho, 0.005
Bé rong vét c6 thé bo qua
nﬁ-t A , A 5
Phuong Y mm 0.022 Vet nat rat nho, 0.009
c6 thé bo qua
Kha ning chiu lye Mu/ 0.94 0.94 0.94
g chlu &t Mdemand ) ) )
Ham luong thép thudng bé tri kg/m? 12.9 8.5 10.8

3.1.7. Két lugn

e Viéc diéu chinh MBKC dé biéu d6 momen trong san dong déu nhau ¢ mang lai hidu qua

rat ro rét:

+ Khbi lugng thép thuong giam dang ké, 1én dén 34%.
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+ Do vdng giam dang ké: tir L/763 so v6i L/229 tai nhip bién va tir L/866 so v&i L/497 tai
nhip gitra.

+ B& rong vét nirt nho hon.

+ Pham vi thép chéng choc thung nho hon 21% tai c6t bién va 8% tai cOt gitra.

+ Ung suit tai cc giai doan kiém tra ciing t6t hon, 1én dén 53%.

e Trong 2 phwong an giam nhip bién trén thi phuong an giam nhip bién bang cach tao ban con
son ngan 1a hiéu qua hon dang ké so voi phuwong an giam nhip bién bang cach tang nhip giita.

+ Khdi lugng thép thuong nhé hon dang ké: 21%.

+ Po vong cling nho hon dang ké: tir L/763 so v4i L/390 tai nhip bién va tir L/866 so vai
L/397 tai nhip gita.

+ Bé rong vét nit phurong an giam nhip bién bang cach tao con son ngin 13 tot nhat.

+ Pham vi thép chéng choc thung nho hon 21% tai cot bién va 8% tai cot gitra.

+ Ung suit tai cc giai doan kiém tra ciing t6t hon, 1én dén 33%.

e Tuy nhién can luu ¥ viéc diéu chinh mit bang két cdu chi duoc thyc hién khi kién trac cho
phép, phi hop véi tai trong, cong ning sir dung, viéc lwa chon khoang cach dich chuyén phu hop

v6i nhip. Néu khoang cach dich chuyén qua 16n, s& khong mang lai hiéu qua.

3.2. Khao sat anh hwéng ciia sw cén tré cing cdt, vach dén san truong hop hé vach cirng bo
tri xung quanh chu vi san

3.2.1. Céc dang mdt bing két ciu

-P.Al: Mat béng két cAu: san day 230mm, mii ¢6t 3800x3800x500mm, xung quanh bién la hé
tuong tang ham day 800mm.

- P.A2: Mit bang két cau: san day 230mm, mii cot 3800x3800x500mm, dam bién 800x500mm:

Hinh 8. Mit bang két ciu P.A 1 Hinh 9. Mit bing két ciu P.A 2
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3.2.2. Mt bang bé tri cdp: cdch phén bo cdp déu, quy dao cdp twong tw nhw VD 1
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Hinh 12. B& rong vét nit theo 2 P.A
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3.2.4. Tong hop két qud vi du 2

Bang 2. Tong hop cac thong s6 cta vi dy 2

Phuong 4n Hém( 11{1;);1;(2;)thép D(E)c\lls))ng Bé rong zlnl'fl:np)huong X | Bérong ?nl:[ nf))hu’ong Y
Phuong 4n 1 15.1 3.09 0.015 0.012
Phuong an 2 15.1 2.87 0.013 0.01

So sanh -7.10% —-13.30% -16.20%

3.2.5. Két lugn

- Viéc diéu chinh mat béng két cAu nham han ché anh hudng cua su can tré cung mang lai
hiéu qua & mot vai thong sb.

- Do vong & cac nhip giita giam tir L/540 dén L/502 (giam 7.1%).

- Bé rong vét niit giam 13.3% ~ 16.2%.

4. KET LUAN VA KIEN NGHI

4.1. Két luén

Bai bao dua ra vi du cu thé trong vi¢c thiét ké san bé tong cang sau theo tiéu chuén chau Au
EC2 [1] va s6 tay thiét ké san du tmg lyc TR43 [2], 1am rd hon hai khuyén céo dé giup thiét ké
t6i wu, da dugc néu trong TR43 [2] la:

+ Giam chiéu dai nhip bién, hodc néu kién trac cho phép, Iui hang cot & chu vi vao trong dé tao
ra phan ban con son, dan téi momen & nhip bién giam, va tuong dwong v6i mémen nhip giita.

+ Néu can thiét, c6 thé giam do cing clia cot va vach, theo phuong giy tng suat trude dé
cuc tiéu hoa sy mat mat ung sudt va sy xuét hién cac vét nirt do su co ngén san bi can tro. San
cing sau phai dugc phép co ngan thi mg suat trudc méi tac dung duge 1én san, va méi ¢ hiéu
qua. Néu san dugc gbi 1én cac vach cimg, cac gdi twa nay can tré sy co ngan cia san.

Khuyén céo s6 1 (vi du 1): d3 duoc ching minh cho thay hiéu qua rat rd rang trong viéc diéu
chinh Mt bang két ciu dé biéu ddo moémen trong san ddng déu nhau: két ciu an toan hon, ham
luong thép bd tri it hon, d6 vong nhé hon...

Khuyén cdo s6 2 (vi du 2): trong bai bao da khao sat truong hop sir dung san bé tong cing
sau trong tang hdm nha cao tang, c6 hé vach bé tri xung quanh chu vi. Khi d6 hiéu qua cua tng

suat trude s€ bi gidm do anh huong cua hé vach cimg lam can trd san du tmg luc co ngan.
4.2. Kién nghi
Khi thiét ké san ung suat trude cang sau co ludi cot déu dan, nguoi thict ké nén giam chiéu

dai nhip bién dé thiét ké kinh t& va hiéu qua hon.
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Trong truong hop thiét ké cac san ¢6 hé vach bé tri xung quanh chu vi (san tang hiam) hi¢u
qué clia Gmg suét trudc bi giam, do d6 can can nhac khi sir dung san bé tong cing sau trong
truong hop nay.

Can c6 thém cac nghién ctru vé anh hudng cua viéc bd tri hé két ciu chiu tai trong ngang
(hodc vach, 1561) d&én hiéu qua san ng suit trudc.
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PHAN TiCH, PANH GIA KHA NANG CHIU LUC
CUA DAM LIEN HQP LIEN TUC SU DUNG THEP I CAN NONG
THEO LY THUYET PHI TUYEN

ANALYSIS AND ASSESSMENT OF RESISTANCE OF CONTINOUS
COMBINED BEAM USING HOT ROLLED I-STEEL
BY NONLINEAR THEORY

PGS. TS. Hd Xuan Nam', TS. Lé B4 Anh?, ThS. V5 Nhat Luan®
" Truong Pai hoc Giao thong Van tai, Email: hxnam@utc.edu.vn, baanh.le@utc.edu.vn
3Céng ty C6 phan Dao tao - Xay dung va Phat trién Nguon nhan lyc Sau, Email: luancienco6@gmail.com

TOM TAT: Bai bao tién hanh phan tich su lam viéc cuia dim lién hop lién tuc thép bé tong cbt thép sir
dung thép I can nong bang phuong phap phén tir hitu han st dung mé hinh phn tir phi tuyén cho vat liéu
bé tong va thép, tir d6 xac dinh kha niang lam viéc cua dim va hé sb véi tinh toan dam theo 1y thuyét dim
tuyén tinh.

TU KHOA: Dam I can ndng, phan tich phi tuyén, hé sb két cau.

ABSTRACTS: The article analyzes the working performance of conjugate beams using hot rolled I steel
by finite element method using nonlinear element models for concrete and steel materials. From that
determine the working capacity of the beam and the structural coefficient of the beam calculation
according to the linear beam theory.

KEYWORDS: Hot rolled I-beams, nonlinear analysis, structural coefficients.

1. GIOI THIEU

Tai Viét Nam, véi cac ciu nhip vira va nho dang dam gian don dugc ap dung nhiéu nht,
phan 16n cau dam bé tong cbt thép, BTCT duy ung luc hay dam thép duge ché tao trong nha may
duoc van chuyén, lép dat tai hién truong. Vi¢c giam chi phi tir giai doan ché tao, giai doan thi
cong va cong tac bao tri khai thac cong trinh cau 1 rat can thiét. Nhitng han ché con ton tai cua
cac phuong an thi cong cau hién nay 1a ton nhiéu thoi gian thi cong ché tao bé tong dam hay han
dam thép t6 hop, ton tai nhiéu gbi cau, nhiéu khe co gidn, xa mii thuong cé cau tao rong, thuong
thi cong don chiéc timg dam hodc t6 hop 2 dim. Ngoai ra, trong qua trinh khai thac gdi cau, dau
dam trén xa mii md, tru xuat hién hién tuong dong nudc, nhiéu dat, cat co nguy co lam giam tudi
tho géi cau, bé tong dau dam bi suy giam tudi tho va hau hét cac cau déu c6 hién tuong dau dam
thép trén md, trén try bi han ri,... Viéc tmg dung thép can ndng vao xay dung cau cic cong trinh
cau dam lién hop lién tuc 1a mot giai phap c6 thé khic phuc phan nao nhimng han ché néu trén.
Trén thé gidi, két cAu cAu dam thép phat trién manh mé vé vét liéu, ap dung cac dang két cAu moi
hop 1y hon nhu dim thang, 4p dung céc cong nghé méi trong ché tao va thi cong,... Trong do,

két cau nhip lién hop str dung dam thép can nong da dugc nghién ctru va trién khai [1, 2, 3, 4] sir
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dung ddm ngang bang bé tong cdt thép do lién khdi cac dam thép tai md va tru cau lam giam
thiéu s goi,. ..

Véi cac vu diém ctua dam I can néng, dam I can noéng dang duge ap dung nhiéu tai cac cong
trinh xay dung ciing nhu cdu duong tai cac nudc trén thé gisi.

Tai Viét Nam, cac loai dim thép trén thi truong hién nay véi chiéu cao dam tbi da la
1000mm, pht hop dé ché tao cac két cdu dam thép lién hop lién tuc. O bang dudi day thong ké
mdt sb loai thép I can nong phé bién cho viéc ché tao dam tai Viét Nam.

Bang 1. Cac loai thép I can nong phd bién dugc sir dung dé ché tao dam tai Viét Nam

Loai thép Khéi luong Kich thuéc
(kg/m) h(mm) | b(mm) | t,(mm) | t(mm) | r(mm) | A (mm?
HE 650 x 407 407 696 314 29,5 54 27 518,8
HE 700 x 418 418 744 313 29,5 54 27 531,9
HE 800 x 444 444 842 313 30 54 30 566,0
HE 900 x 466 466 938 312 30 54 30 593,7
HE 1000 x 494 494 1036 309 31 54 30 629,1
HE 1000 x 584 584 1056 314 36 64 30 7437

Cac nghién ctru co ban tai Viét Nam ciing d3 duoc tién hanh dé chting minh tinh wu viét coa
dam lién hop lién tuc sir dung thép I can néng so véi mot sé loai két cau dién hinh cung chiéu dai
nhip. Tuy nhién dé hoan thién dugc két cdu dam lién hop lién tuc sir dung thép I can ndng, can
phai danh gia duoc tinh du va xac dinh hé sd cua viée tinh toan dim theo cac phuong phap tinh
toan thong thudng theo 1y thuyét dim tuyén tinh.

Dé giai quyét van dé nay, cac giai phap thuong dugc sir dung 13 tién hanh phan tich dam c6
xét dén ng xtr phi tuyén cua vat liéu va hinh hoc ctia dam dé xac dinh cac ung xtr ctia dim trén
md hinh phén tich. Két qua mo6 hinh khang dinh mirc 6 an toan ciia dim khi sir dung 1y thuyét
dam tuyén tinh théng thudng. Phuong phap tht hai 1a thi nghiém trén dam c6 kich thudc thuc.
Tir két qua thi nghiém c6 thé khao sat, phat hién cac dang hu hong cuc bd trén dam. Trong bai

béo nay, tac gia str dung phuong phap phén tich dam c6 xét dén tmg xtr phi tuyén cua vat liéu.
2. PHAN TiCH PHI TUYEN DAM DUOI TAC DUNG CUA TAI TRONG

2.1. Céu tao va kich thwéc ciia dam lién hop lién tuc sir dung thép I can néng dién hinh

Dam phan tich c¢6 tong chidu dai 3 nhip 30+38+30m va chiéu cao dam téng cong H = 1200 mm.
Dam dugc cu tao tir dim thép dinh hinh HE 1000x584 cao 1000mm va ban bé tong cbt thép day
200mm. Cbt thép doc clia phan ban bé tong sir dung cac thanh duong kinh 10mm bude 250mm,
6t thép ngang sir dung thanh 14mm budc 200mm. Mi chiu cit sir dung hai loai D16x75mm va

DE16x200mm. Mit cit ngang ctia két cdu nhip dugc trinh bay & Hinh 1.
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Hinh 1. Mit cit ngang mo hinh ddm

Dam thép lién hop duoc mo ta bang phan tir khdi 3D trén toan b két ciu. Phan mém Midas
FEA dugc sir dung dé phén tich két ciu. Phan tir duoc sir dung & day 13 phan tir t dién, co kich

thude trung binh 1a Smm.

0.000 9.3b9 18618 27.929-/ 37.235
d |
f

Hinh 2. M6 hinh dam thép lién hop lién tuc 3 nhip

2.2. So' @b chiu e clia dim

Pé mo phong sy 1am viée chiu udn ctia dam, tién hanh phan tich kha ning chiu lyc ctia dam
thép lién hop theo so d6 chiu udn. Tai trong tac dung bao gdm: Tai trong tuong tng véi hiéu tng
luc cua tinh tai ban mat cau, 16p phtt mat cau va hoat tai tac dung lén dam trong cac trang thai
gidi han sir dung va trang thai giéi han cuong do. Tai trong P 13 tai trong moé phong dé noi luc
trong dam dat dén trang thai gidi han, dugc tinh toan sau khi xét dén hiéu ung ndi luyc do tai

trong ban than caa dam.
2.3. M6 hinh vit li¢u

Bé tong ban do sau sir dung trong thiét ké va thi cong dam 13 loai bé téng co cdp phdi tiéu
chuan véi duong kinh cbt liéu 16n nhit Dya, = 20mm. Cudng d6 cia bé tong & tudi 28 ngay
f. =30MPa, m6 dun dan hoi cua bé tong 30083 MPa. Pudng cong vat liéu cua bé tong dugc

xdy dung trén mo hinh Total strain crack véi cac thong s6 dau vao thong qua cdc mé hinh phan
tich phi tuyén sau:
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Mo hinh bé tong chiu nén cta Thorenfeldt [S] vdi f; =30MPa;

Mo hinh bé tong chiu kéo theo mo6 hinh vét li¢u Brittle [6] vdi ting suét kéo nut 1a 3,45 Mpa;

M5 hinh chju cét sit dung mo hinh Constant v&i hé s6 beta bﬁng 1.

i Thorenfeldt

l— Q)

Value

Hinh 3. M6 hinh bé tong chiu nén cua Thorenfeldt voi f, =30MPa

1 T T T T T T T T T T T T T T T T 1

0.9 +—p s —

0.7 4+— f;

Value

Value

Hinh 5. M6 hinh chiu cit Constant v&i Beta bang 1
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Vit liéu thép st dung cho dam chu dugc md hinh theo ly thuyét Vonmisses v&i ing suét tai
diém chay dau tién c6 gia tri f, = 345 MPa

Constitutive Model
Model Type |1-'|:|n Mises j

Monlinear Parameters

Initial Yield Stress 345 MNfmm?

{* Hardening/Softening Function |Nune ﬂ Iﬂ@

(" Temp. Dep. Hardening/Softening Function |Hune

Hinh 6. M6 hinh cua thép theo VonMises
2.4. Két qua phan tich
Hinh trinh bay két qua mo hinh phan tich do tai trong P & trang thai gi6i han sir dung gay ra

DISPLACEMENT
0.000 10805612 21811224 32716 836 43622 448 D7 mm
‘

,

+0.00000e+000
19178424000
-3835688+000

57535184000
59%

-7 67135e+000
55%

-9.589188+000

11507084001
58%

-1.34245e+001
5%

1534274001
59%

-1.726058+001
7%

19178424001

-2.109626+001

7
= ~ = - - == — 121%
e R i 2amse

24831884001
7%
-2684576+001

-267676e+001
3%
30885484001

Hinh 7. D6 vOong cua dam dudi tac dung cua hoat tai

20 ELEMENT STRESS
0.000 10905 612 21811.224 32716 838 43622 448 P11, Nimm"2
F | G5 *8804Tae001

+7 5704384001

2%
T.3%
Ti%
95%
+2.53321e+001
132%
248%
359%
-1.08970e+001
07%
-2 30400e+001
0.5%
-3538318+001
03%
-4.T7261 e+001
- — e 60066284001
0.1%
-7 241228+001
0.1%
-8 47553e+001
0.1%
o1 -9 70983e+001
-1.09441e+002
X 2 K1 o X .
inh 8. Pho tng suat kéo ctuia dam thép
20 ELEMENT STRESS
0.000 10905.612 21811.224 32716.836 43622 448 P11, Nimm"2
L 51%
+5.52703e+001
5.4
4.9
49
+3.4453424001
76
10.7
9.4
114
355
-2415042-001
35%
-7 18048e+000
05%
& -1 411958+001
. . ——
-_— - —— 00— -2.105842+001
03%
~279974e+001
0.2
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-4 187 5de+001
o1
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Hinh 9. Phé tng suit nén cta dam thép
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Dudi tac dung cua tai trong, ing suét kéo trong dim thép bang 80.4 MPa, tmg suat nén bang
—42.88 MPa, chua dat dén gi tri cuong d6 chay cta vat liéu. Phd Gmg sudt cho thdy phan 16n dam
thép chiu kéo trong qué trinh lam viéc, phit hop v6i muc dich thiét ké ctia dim thép lién hop.

Do vong ctia dim do hiéu Gmg hoat tai gdy ra bang 30.1mm chua vuot qua do vong cho phép
theo tiéu chuén thiét ké TCVN 11823-2017.[7]

Két qua phan tich cho thiy mé hinh dam lién hop lién tuc sir dung thép I can nong dam bao
an toan vé mat két cAu, thoa man céac yéu cau kiém toan theo tiéu chuén thiét ké.

Téng hop két qua phan tich cac chi tiéu kiém toan cta dim lién hop lién tuc sir dung thép I
can néng dugc trinh bay ¢ Bang 2. Két qua nay duoc xac dinh tir mo hinh phan tich phi tuyén (A)
so sanh v6i tinh toan dam st dung 1y thuyét dam thong thudng va vat liéu tuyén tinh.

Bang 2. Tong hop két qua phén tich tinh toan

Phan tich phi tuyén st dung | Phan tich tuyén tinh y 1A
M ; SN ‘ Ty 1€ B/A
He phan tir hinh khéi (A) | trén mo hinh dam (B) | ¥ € B/
Do vong thing dimg do 30.1 348 115
hoat tai (mm)
Ung suit canh trén dam
thép (MPa) -42.88 -68.63 1.6
Ung suét canh du6i dam
thép (MPa) 80.40 121.99 1.52
Ung suét nén trong ban
bé tong (MPa) -15.6 -193 1.23
Ung suét kéo trong ban
bé tong (MPa) 1.8 2.2 1.22

Két qua cho thiy céc gid tri tinh toan theo mé hinh phén tich tuyén tinh st dung phan tir dim
déu cho két qua 16n hon dang ké so voi viée phan tich str dung mo hinh phi tuyén. Nhu vay viéc
str dung md hinh phén tich ddm 1 thién vé an toan. Hé s6 ty 1 cia mo hinh phan tich dam va mo
hinh phan tich phi tuyén nam trong khoang 1.15 dén 1.6, Két qua ciing cho thdy & trang thai tai
trong khai thac, dam chua bi pha hoai, ddm bao yéu cau vé ung suét va do cung dudi tac dung
cua tai trong khai thac.

3. KET LUAN VA KIEN NGHI

Bai bao da sir dung md hinh phi tuyén ciia vét liéu bé tong va vat liéu thép dé tién hanh phan
tich phi tuyén ctia dim lién hop lién tuc sir dung thép I can nong dién hinh, tir d6 xac dinh duoc
hé sé két cdu cua viéc tinh toan theo 1y thuyét dam phi tuyén, khang dinh dugc sy an toan vé
cudng do, ing sudt va do cting ctia ddm dudi tac dung cua tai trong khai thac.
LOI CAM ON

Nghién ctru ndy duoc tai trg boi bd Giao thong van tai trong dé tai ma sb “DT214004”
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UNG DUNG MANG NEURON NHAN TAO
TRONG VIEC DU BAO TUOI THQ CON LAI CUA CONG TRINH CAU

APPLICATION OF ARTIFICIAL NEURON NETWORK
IN PREDICTION THE REMAINING LIFETIME OF THE BRIDGE

TS. Lé Ba Anh', Nguyén Van An’
1TrlI(‘)rng Pai hoc Giao thong Van tai, Email: baanh.le@utc.edu.vn
’BQLDA DTXDCT huyén Pirc Hoa, tinh Long An

TOM TAT: Bai bao gi6i thiéu kha ning ap dung mo hinh mang tri tué nhén tao két hop vai tap co so dit
liéu cac cong trinh cau tai Viét Nam dé dy bao tudi tho con lai clia cong trinh cau.

TU KHOA: Tudi tho cong trinh, mang neuron nhan tao.

ABSTRACTS: The article introduces the possibility of applying artificial intelligence network model
combined with the database of bridge works in Vietnam to predict the remaining life of the bridge.

KEYWORDS: Remaining life of the bridge, artificial neural network.

1. GIOI THIEU

Cong trinh cau dong mot vai trd quan trong trong kién tric clia co sé ha tang Viét Nam, c6
tong s6 11.261 cong trinh cau trén cac tuyén dudng qudc 10 va dia phuong. Theo s lidu thong
ké, sb lugng cac cong trinh cau bi hu hong chiém khoang 9,1% tong sd cau cua quoc gia. Bén
canh do, gén 40% s6 cong trinh cau da trén 50 tudi, day la tudi tho thiét ké trung binh cua mot
cong trinh cau. bé xép dat tha tu uu tién trong vi¢c bdo tri va stra chita cac cong trinh clu, viéc
can thiét 1a phai xay dung mot ké hoach béo tri dua trén m6 hinh hu hong cua céc cong trinh cau.

O trén thé gi6i, nhat 1a & Hoa Ky d3 c6 nhiéu mo hinh da duoc phat trién bang cach sir dung
hd so luu trir tir National Bridge Inventory (NBI). Co s¢ dit liéu NBI bao gdm thong tin vé:
i) cac théng sb hinh hoc va thiét ké ctia cong trinh cAu nhu chiéu dai nhip, chiéu rong mit cau,
loai vat lidu, ho so thiét ké va tai trong thiét ké; ii) cac diéu kién khai thac nhu Luu luong giao
thong hang ngay trung binh (ADT), do tudi va phan loai; va iii) hién trang cia cac coéng trinh
cau. NBI chi dinh thang diém danh gia diéu kién 0 - 9 dwa trén kiém tra truc quan, voi 9 1a diéu
kién tuyét voi va 4 cho thiy tinh trang kém. Mot cong trinh cau bi danh gia 1a hu hong néu xép
hang diéu kién 14 4 hoac thép hon cho mit cau, két cau phén trén hodc két cau phén dudi.

Huang [1] da phat trién mo hinh dua trén mang neuron nhan tao (ANN) dé dy doan sy Xuéng
cép clia ban bé tong duya trén hd so kiém tra cic cong trinh cdu Wisconsin. Nghién ciru da xac
dinh ra 11 yéu td quan trong bao gém: tudi, tai trong thiét ké, lich st bao tri, chiéu dai va diéu
kién trude do dé su doan Xép hang diéu kién mat cau. N6 duogc chung minh rﬁng mo hinh ANN
hoat dong t6t khi mé hinh sy suy giam cta ban mit cau theo cac bién doc 1ap. Nguoi ta da tuyén
bd ring mo hinh phat trién c6 kha ning du doan chinh xac tinh trang cia san cau va do d6 cung
cip thong tin thich hop cho viéc 1ap ké hoach bao tri va ra quyét dinh ca cap du an (mot cong
trinh cu) va cdp do mang (mot nhom ciu).
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Viéc ap dung mo hinh tri tu¢ nhan tao dé dy bao tudi tho con lai cua cac cong trinh cau tai
Viét Nam 1a mot van dé da duoc dé cap nhiéu trong thoi gian gan day. Trong bai bao nay, tic gia
s& sir dung m6 hinh ANN két hop véi dit liéu cac cong trinh cau tai Viét Nam dé xdy dung mo
hinh dy bao tudi tho con lai ctia cong trinh cau.

2. XAY DUNG VA HUAN LUYEN MO HINH MANG NEURON NHAN TAO

2.1. Mang No ron nhéan tao

Mang no ron nhan tao la cac mo hinh toan hoc hodc tinh toan dugc phat trién dua theo hé
théng than kinh trung wong ctia con ngudi (d6 1a ndo) c6 kha ning hoc ciing nhu nhan dang mau.
Mang ludi than kinh nhdn tao thuong dugc trinh bay duéi dang cac hé théng cac no ron than

kinh lién két v61 nhau c6 thé tinh toan du doan cac gia tri tir cac dau vao.

Output

Input
signal

signal

Input First Second Output
layer hidden hidden layer
layer layer

Hinh 1. Mang no ron than kinh don gian

Trong Hinh 1, mdi nut tron dai dién cho mot no ron nhén tao va miii tén dai dién cho két ndi tir
dau ra cua mot no ron dén dau vao ciia mdt no ron khac. CAu tric cua hé théng no ron gém co3
phan 16p: 16p dau vao (input), 16p an (hidden) va 16p dau ra (output). Lép dau vao 1a 16p co két ndi
v6i dit liéu bén ngoai. Lép an khong c6 két ndi véi dit lidu, 16p nay chi két ndi véi 16p dau vao va
16p dau ra thong qua mot sé tiéu chi ciia mang. Lop dau ra s& cung cip két qua ciia mang ANN sau
khi dit liéu dau vao duoc mang xu ly. Mang luéi than kinh nhan tao cung véi cac thuat toan di
truyén va logic mo, thudc vé nhom cac phuong phap biéu tuong cia tinh toan thong minh va xu 1y
dir liéu hoat dong theo cac nguyén tic ciia dién toan mém. Cam hing cho nén tang, phat trién va
mg dung mang ludi than kinh nhan tao dd dén ra khoi nd lyc tim hiéu cong viéc cua bd ndo con
ngudi va tur khat vong tao ra mét hé théng thong minh nhan tao ctua hé théng thong minh nhan tao
dé tinh toan va xu 1y dir liéu dién hinh cho bd ndo con nguoi. Cac mang ludi than kinh nhén tao
thuong 1a mot tinh toan va dyu doan tot hon phuong phép so véi phuong phép tinh toan ¢ dién va
truyén thong. Cac nghién ctru dugc thyuc hién trén khip thé giéi cho thay cac mang ludi than kinh
c6 mot thanh cong xuat sic trong viéc du doan chudi dir liéu va d6 1a 1y do tai sao chung c6 thé
duogc sir dung dé tao ra cac mo hinh tién luong co thé giai quyét cac vin dé khac nhau. Ky thuat
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nay d thu hut sy quan tAm ctia hau hét cac nha nghién ctru va ngay nay da tré thanh mot diéu thiét
yéu mot phan clia nganh cong nghé, cung cip mot nén tang tot dé giai quyét nhiu kho khin nhat
van dé dy doan trong cac linh vyc khac nhau cua cac ing dung k¥ thuat [2, 3]. ANN ciing d dat
duoc rat pho bién trong viée giai quyét cac van dé Ky thuat Xay dung khac nhau [3, 4, 5].

2.2. Co sé dit lidu

Co s6 dit liéu dé co thé xay dung mang no ron nhin tao bao gém dit liéu cua hon 400 cong
trinh cau bé tong cbt thép tai Vi¢t Nam da duoc thu thap va khao sat tr nam 2015 dén nam 2020.
M&i cong trinh cau duoc danh gia theo thang diém NBI ciia Hoa Ky
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Hinh 2. Tap dir liéu dau vao

Nhu ching ta da dé cap dén o phan 1, yéu t6 dau vao anh huong dén coéng trinh cau bao gébm
rat nhiéu yéu td, viéc Iya chon nhimng yéu t6 nao anh hudng nhiéu dén trang thai lam viéc ctia cac
cong trinh cdu ciing 1a mot vin dé quan trong. Biéu d6 nhiét Seaborn 1a mot phuong phap dé lua
chon cac yéu t6 d6. Su anh hudng cua cac yéu td dugc danh gia theo thang tir —1 dén 1. Hé s6 cang
gan 0 ching t6 rang yéu t6 d6 anh huong cang it dén trang thai ctia cong trinh. Cac yéu té nhu
tudi tho, luu luong xe, tai trong thiét ké va khai thac, sd luong dam, chiéu dai nhip... anh huéng
nhiéu dén trang thai hién tai ctia cong trinh trong khi chiéu dai nhip va goc nghiéng cua cau it

anh huong dén trang thai hién tai.
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chigu dai nhip '
tai trong tke
gocnghiéng  *
58 lvgng dam  *
chigu dai nhip
bé réng ciu
chigu day ban
trang thai
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Iuu chigu dai téitF@ng ééc s8 lwgng chigudai bé rong chigu day

P . i & : trang thai
tudi lweing xe nhip  tke nghiéng dam nhip cau ban ang

Hinh 3. Bi¢u d6 nhiét d¢ Iya chon céac yéu té dau vao
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2.3. XAy dung va huén luyén mang no ron nhén tao

Mang no ron nhan tao duoc st dung & day bao gém 3 16p, 16p dau vao véi 8 thanh phan lan
luot 1a: tudi, luu luong xe, tai trong thiét ké, s luong dam, chidu dai nhip, bé rong cau, chiéu
day ban mat cau. Lép an gém 1 16p an véi 11 no ron. Lop dau ra gdbm 1 ddu ra 1a hé sb trang thai
cua cong trinh.

-

8 input 12 neuron 1 output

Hinh 4. Mang no ron dugc st dung trong nghién ctru

Bo dir liéu dugc chia lam 3 phén, training dataset va validation dataset va testing dataset
70%:15%:15%. Day 1a ty 1é thwong dugc st dung trong cac nghién ciru vé ANN[4].

Két qua thu dugc dd chinh xac cia mo hinh dya trén ti€u chi vé d¢ chinh xac R-square

zin:l (i~ 9i)2
> iy

Két qua thu dugc ctia md hinh R-square = 0.91.

R —squared =1—

Sau khi x4c dinh dugc moé hinh quan hé giita hién trang cta cong trinh cau véi cac yéu td
dau vao, ta co thé xay dung duoc dudng cong hién trang ctia cong trinh ciu anh hudng boi tudi
tho cua cong trinh. Theo thang danh gia NBI ciia Hoa Ky, cong trinh cau dugc dénh gia bang hé
s6 trang thai tir 0 - 9. Cong trinh tir c6 hé s6 trang thai 7 - 9 duoc xép loai “Tét’. Vi cac cong
trinh ¢6 hé s6 trang thai 5 - 6, cong trinh dugc Xép loai “Kh4a”. Khi trang thai ctia cong trinh gidm
xudng muc do dudi 4, ta cé thé coi nhu tudi tho ctia cong trinh két thuc, can thiét phai sira chira
hodc thay thé.

2.4. Ap dung md hinh dé viéc du bAo tudi tho con lai ciia cong trinh ciu

Pé kiém chirng mé hinh mang no ron xay dung dugc, ching ta danh gia cong trinh cau Pong
Nién nam trén Quoc 16 5, km 51+ 138.

Theo sb liéu thu thap duoc, cu duge kiém dinh 14n the 1 nim 2008, & 1an tha 1, cong trinh
cau ¢ trang thai tot, khong co bat ky dau hi¢u hu hong. Danh gia diém theo thang NBI 1a 9.

Nam 2018, kiém tra hién trang cau théy xuét hién hién tugng nhu sau: Hién trang cau xuat
hién nhiéu vét nit trén than tru T6, T7, gbi cau bi nghiéng 1éch. Panh gia diém theo thang NBI 1a
7 diém.
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Niam 2020, kiém dinh cau 1an thi 2. Cac vét nit xuat hién trén tru, dam chu khong phat trién
so voi két qua theo ddi tir ndm 2018. Panh gia diém theo thang NBI 1a 7 diém.

10
9 o
R s e
I I I e ceceevsossoun P (S — @
6
5 v=0.0227%>=0.4773x+9:4545
4 RZ=1
3
2
1
0
0 2 < 6 8 10 12 14

Hinh 5. Hién trang cong trinh cau Pong Nién km51+138
C6 thé nhan thay rang, véi dit liéu dau vao chi c6 3 thoi diém, viéc danh gia tudi tho con lai
ctia cong trinh 1a rat kho khan.
Tuy nhién khi 4p dung mang no ron di duoc xay dung tir co s dir lidu c6 san, ching ta co thé

xdy dung duong cong suy giam cua cong trinh dé tir d6 du bao tudi tho con lai ctia cong trinh.

9 = o
. S = —Két-qua thuc nghiém
7 RN I o 50 lidudy bao
6 L | e PO DT S S & o *— *
‘.;55 B —
= e e T
4 e
3 V= -4E-05x° + 0.0036x* - 0.2048% + 91525
2 RZ=0.9468
1
0
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Nam
Hinh 6. Puong cong du bao tudi to con lai ctia cong trinh cau Dong Nién
Dua vao két qua du doan, véi dir liéu dau vao 1a sé liéu kiém dinh vao 3 nim lan luot 1a
2008, 2018 va 2020, tudi tho con lai cta cong trinh cau duoc du bao 1a 60 nam.

3. KET LUAN VA KIEN NGHI

Bai bao di st dung phuong phép tri tué nhan tao két hop voi xay dung tap dir liéu cac cong
trinh ciu tai Viét Nam. Két qua thu dugc 1a mé hinh quan hé giira hién trang ctia cong trinh cu
vO1 cac yéu t6 nhu chiéu dai cau, tudi tho... Tir d6 x4c dinh tudi tho con lai ciia mot cong trinh
cau. M6 hinh d3 duoc kiém ching v6i mot cong trinh cau tai Viét Nam.
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TONG QUAN VE NHA LAP GHEP CAO TANG MO PUN TOAN KHOI

3D HIGH-RISE MODULAR CONSTRUCTION: AN OVERVIEW

ThS. Tran Phuong', TS. Nguyén Hong Hai’, PGS. TS. Nguyén V3 Thong’,
TS. Cao Duy Khéi*, TS. Hoang Manh’
1-2345yién Khoa hoc cong nghé xay dung, Email: phuongtran.ibst@gmail.com

TOM TAT: Phuong thirc xay dung lip ghép md dun toan khdi (LGMDTK) hién dang dugc nhiéu qudc
gia quan tim bai tinh wu viét trong tw dong hoa san xudt, giam thoi gian thi cong, giam chi phi xay dung,
giai quyét bai toan ngudn nhan lyc va giam rac thai xay dung. Bén canh nhitng uu diém ndi bat do, su
phd cép cta phuong thiec xdy dung LGMDTK con han ché do mot s6 van dé vé ki thuat ciing nhu tré
ngai tdm 1y cua xa hoi do nhimng khé khin bat cap trong lich sir. Bai bao trinh bay hién trang phat trién
ctia phuong thirc xay dung lip ghép néi chung, ciing nhu ciia phuong thirc xay dung LGMDTK néi riéng.
Nhém tac gia tip trung phan tich nhimg wu diém, nhuoc diém cua phuong thic xay dung LGMBPTK tir
d6 néu mot sé phuong hudng dé co thé tiép tuc dau tu nghién ciru dé khic phuc nhitng han ché, véi muc
dich giéi thiéu va tién t6i trién ap dung khai phuong thirc xay dung LGMPTK & Viét Nam.

TU KHOA: nha lip ghép, lip ghép mé dun toan khdi.

ABSTRACT: The modular construction method is currently being interested by many countries because
of its superiority in automating production, reducing construction time, reducing construction costs,
solving human resource problems, reducing labor costs and minimizing construction waste. Besides of
these highlights, the popularization of the modular construction method also has some technical
limitations as well as misperception of soceity in the history. This article presents the state of art of the
modular construction method in general, as well as that of the 3D high-rise modular construction method
in particular. The authors focuse on the advantages and drawbacks of the modular construction method,
thereby outline some directions for further research, with the goal of introducing and moving forward to
the development and application of 3D high-rise modular construction in Vietnam.

KEYWORDS: prefab construction, modular construction.

1. GIOI THIEU CHUNG VE PHUONG THUC XAY DUNG LAP GHEP MO DPUN
TOAN KHOI

1.1. Khdi niém chung vé nha lip ghép mé dun toan khoi

Céc phuong thic xay dung nha c6 thé chia thanh hai dang: (i) phuong thirc xay dung truyén
théng - trong d6 qua trinh xay dung cac cau kién va cong trinh thyc hién tai chd ngoai cong
truong; (ii) phuong thirc xay dung lap ghép - trong d6 cac cdu kién duoc san xuit ngoai cong
truong va dugce van chuyén lap dung tai cong truong [1]. Pi véi phuong thic xiy dung lap
ghép, co thé chia thanh 2 nhom chinh dya trén cong nghé va phuong thirc 1ap ghép: 1ap ghép ciu
kién dang tdm 2D, va lip ghép mo dun toan khbi 3D. Cong trinh dugc thi cong theo phuong
phap lap ghép cau kién dang tdm 2D cé cac thanh phan cau kién nhu san, tuong, cot, dam dugc
ché tao trude va duge lap ghép tai cong trudng. Trong khi d6, & cong nghé lip ghép mod dun toan
khéi 3D, mot khong gian kién trac hoan chinh cé ty 1 hoan thién cao duoc ché tao trudc thanh
cac md dun don vi (vi du nhu cac md dun gian phong ngii, phong khach, bép ..., phan hanh lang,
b6 phan MEP) 1di duoc 1ap ghép voi nhau tai cong truong.
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1.2. Thuc trang phat trién nha lip ghép mé dun toan khoi trén thé gii
1.2.1. Thi trwong Nhdt Bdn

Thi trudng nha ldp ghép tai Nhat Ban tap trung chii yéu vao phan khiic trung luu dén
cao cap [2,3], san pham nha lip ghép cta Nhat co tinh ca nhan héa va chit luong cao va dugc
trang bi nhitg céng nghé hién dai nhat va dugc cung cap kém theo rat nhiéu san pham dich vu.
Dic biét nha lap ghép ¢ Nhat con dap ung yéu cau khang chan ¢ mirc d6 cao. San pham dugc
bao hanh véi thoi gian tir 3 thdm chi dén 6 nam. Tong san luong nha lip ghép khoang 150.000
nha/nam. Do san lugng 16n nén cac cong ty tai Nhat c6 thé dau tu day chuyén san xuét hién dai
nhat (kha ning ty dong hoa, quan 1y kho bai duoc to chirc héa & mirc dd chuyén nghiép hoa cao).
Dic bi¢t nang sudt lam viéc trong linh vuc nay tai Nhat rat cao, trung binh mdi nhan vién mdi
nim c6 thé thyc hién tir 3 - 4 can nha véi mirc 6 ca nhan héa cao. Tuy nhién xu hudéng phat
trién nha 1ap ghép ¢ Nhat giam dan sau khi dat dinh nim 1994 vé&i 573.173 nha dugc ban giao,
tGi nam 2009 sb lugng nha mdéi ban giao chi 1 318.000 can. Hién nay, lwong nha lip ghép chiém
13-15% tong san lugng nha méi duge xay dung hang nam. Cac cong ty 16n cta Nhat trong linh
vue nha 1ap ghép c6 thé ké dén 1a Sekisui House, Daiwa House, Sekisui Heim, Toyota Home. Dé
vuot qua nhitng kho khin do nhu cau nha lap ghép giam, cac cong ty Nhat tip trung nang cao gia
tri san pham bang cach ap dung cong nghé BIM (Building Information Modeling) gitp cho quan
ly chat lugng san phdm va mang lai nhidu gié tri dich vu di kém cho san pham. Céc cong nghé
nha lip ghép & Nhat Ban ddi voi nha cao tang chu yéu 1 cong nghé lap ghép dang tim 2D. Cong
nghé moé dun 3D chi 4p dung cha yéu cho nha thip tang va nha & riéng 1é. Nguyén nhan chinh
ctia sy phan héa nay 1a do Nhat Ban nam ¢ vung c6 nguy co dong dat rat cao, cac yéu cau vé
khang chan nghiém ngit nén nha cao ting LGMPTK chwa duoc quan tAm phat trién.

1.2.2. Thi trwong Bic My
Nha lap ghép timg dugc chinh phii Hoa Ky quan tdm phat trién vao nhimg nim thap nién 60,

tuy nhién do thiéu su quan tim va dau tu ciia cac don vi phét trién nha tu nhan, nén qua trinh phat
trién nha lip ghép bi ching lai tir nhimg ndm 1975 [1]. Hién nay thi phan nha lap ghép ndi chung
chi chiém khoang 4% thi truong. Nhitg nam gan day, do su thay d6i vé thi truong lao dong, su
thiéu hut lao dong trong nganh xay dung va su phat trién cta cong nghé san xuat tr dong hoa, nha
lap ghép dang md dun toan khdi nhan duoc su quan tm dau tu phat trién tré lai. Cac du an khach
san, van phong tir 10 dén 20 tang duoc trién khai. Du 4n B2 Tower & New York da tro thanh du an
nha lip ghép mo dun toan khéi cao nhit thé gidi nim 2016, voi quy mé 32 tang, dugc lap dung tir
930 m6 dun don vi [4]. Theo bdo cédo cia McKinsey [5], dén nam 2025, sy thiéu hut lao dong
trong linh vuc xay dung va nhu cau 16n vé nha ¢ 1a mot trong nhimg dong luc quan trong nhét tao
diéu kién thuc day phuong thirc xdy dung nha 1ap ghép & thi truong Bic My.

1.2.3. Thi truwong Anh

O chau Au, Anh qudc gia di dau trong cong nghé nha lap ghép cao ting mé dun toan khbi.
Nhiéu nghién ciru vé nha lip ghép, ciing nhu cac chi dan thiét ké di duoc thuc hién [6]. Noi bat
la du an Croydon Tower, 44 téng voi téng cong 546 can hg dugc thyc hién. Dy an da ching
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minh tinh wu viét ctia phuong thirc xay dung lip ghép, giam dugc 30% thoi gian xay dung va
giam 80% luong rac thai xay dung [7]. Dé giai quyét cac van dé xa hoi lién quan dén nha o, lao
dong va bao v¢€ moi truong, Chinh phi Anh va dai dién cac tap doan xdy dung 16n nhét cia Anh
d3 nhat tri vao ban ké hoach phat trién ciia nganh xay dung Anh dén nam 2025 [8] voi muc tiéu
la giam 33% gia thanh xay dung mdi va van hanh bdo tri cong trinh xdy dung, gidm 50% thoi
gian thi cong, giam 50% luong khi thai nha kinh lién quan dén linh vyc xay dung, ting cuong
kha nang xuét khau cong ngh¢, vat li¢u ciia nganh xay dung thém 50%. Pé dat dugc duge nhiing
muc tiéu ndy phuong thirc xay dung lap ghép (“off- site construction’”) duoc wu tién phat trién.
Trong d6 cac cip do tién ché, san xuit trudc duoc chia thanh 5 cip do, tir cip do san xudt trudc
cAu kién ¢ cap d6 1 dén cap d6 5 1a san xuat MDLGTK. Dé dat duoc muc tiéu thuc diy phuong
thire xay dung lap ghép, Chinh phtt Anh di st dung quy dau tu cong nhu ngudn luc dé phat trién
nha ldp ghép tai cac co quan thudc su quan 1y ctia Chinh phu nhu Bé Gido duc, Bo Giao thong,
Bo Qudc Phong [8].

1.2.4. Thi trwong Trung Quéc, Singapore

Trung Qudc 12 qudc gia c6 nhu cau vé nha & rit 1on trong nhitng ndm gan day. Trude ap luc
clia qua trinh d6 thi hoa, yéu cau vé tién do nhanh da thuc day phuong thic xay dung lip ghép
phat trién ¢ qudc gia ndy. Nhiéu ky luc vé xdy dung nha cao ting trong thoi gian ngin dugc thiét
1ap trong d6 co du an J57 Mini Sky tower, 57 ting thoi gian hoan thanh 1a bén thang rudi [9].
Tuy nhién cong nghé chinh dugc ap dung 1a ldp ghép dang 2D, trong d6 cac mo dun dam san
dugc ché tao san. Cong nghé lip ghép moé dun toan khéi ciing dang dugc nghién clru va trién
khai véi ky vong tan dung t6i da wu thé vé thoi gian thi cong, ngudn nhéan luc ciing nhu ha tang
cong nghiép phu tro cta Trung Qudc.

Singapore 13 mot trong nhitng qudc gia dau tu nghién ciru va phat trién nha LGMDTK. Déi
v6i Singapore, do ¢6 mirc do dong dat thap, cac cong trinh dugc xay trong cac khu do thi c6 mat
d6 xay dung cao can thoi gian thi cong nhanh, hon nita yéu cdu vé vé sinh méi truong, an toan
lao dong khat khe, 13 nhiing diéu kién thuan lgi dé thic diy nha LGMDTK phat trién. Cac cong
trinh nha cao tang, chung cu hodc khach san tir 10 - 44 ting duoc trién khai xay dung trong
nhitng nim gan day. Céac két cAu mé dun c6 hai dang chinh 1a cdu tao tir bé tong hodc ciu tao tir
thép [10,11]. Chinh phu Singapore ciing quan tdm phat trién cic tiéu chudn, quy chuan, cac
huéng dan thiét ké, nghiém thu danh cho nha cao ting LGMPTK [12].

1.2.5. Thi truong Chéiu Uc

Mic du nha LGMDTK dugc quan tdim mudn hon ¢ céc khu vuc khac nhu chau Au, Trung
Quéc va Singapore, nhung hién nay dau tu va phat trién nha LGMDTK & Australia ¢ nhimng
budc phat trién manh m&. Chinh phu Australia hop tac dau tu véi cac cong ty phat trién nha va
céc co so nghién ciru, dinh hudng trg thanh qudc gia di dau trong linh nha LGMPTK [13]. Dy
an SOHO Tower 1a dy 4n nha LGMBTK cao nhét thé gidi nam 2014, véi cac moé dun don vi
dugc ché tao tir khung thép két hop véi san bé tong, cot thép bé tong lién hop.
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1.3. Thuc trang phat trién nha lip ghép tai Viét Nam

O Viét Nam, nha lip ghép néi chung duoc sy quan tdm tir som, v6i su gitp dd cua cac
chuyén gia nudc ngoai, cong nghé nha lip ghép dua vao Viét Nam tir nhitng nim 1960. Cong
nghé nha lip ghép & Viét Nam phat trién chi yéu 1a cong nghé tim tudng san bé tong duc san.
Hién nay, mot s6 don vi tiép tuc phat trién cong nghé thi cong lap ghép tng dung trong nha cao
tang, nha cong nghiép. Cong nghé nha cao ting LGMBPTK chua dugc trién khai ¢ Viét Nam.
Nhing kho khin trong viéc img dung cong nghé LGMDTK & Viét Nam c6 thé ké dén:

- Do chua ¢6 huéng din thiét ké cho nha cao ting LGMPTK nén viéc tinh toan thiét ké cac
chi tiét lién két chiu tai dong dat, chiu tai trong sup d6 lién hoan con ghap nhiéu kho khin ddi véi
ca chu dau tu, don vi thi cong thiét ké va don vi quan Iy nha nudc.

- Cong nghé LGMPTK con méi, cb cac dic thu riéng tir cia cac bd mon kién tric, két cau,
dién nude, san xuit so voi phuong thirc xay dung truyén thdng; cac kién thirc chuyén mén chua
dugc trién khai dao tao chuyén sau trong cac truong dai hoc nén doi ngii can bo ki thuat con thiéu.

- Viée dau tu phat trién cong nghé nha cao ting LGMDTK con gip kho khin do viée dau tu
phat trién thuong gan lién voi dau tu nha xuong dé san xuat, ché tao, ddu tu phuong tién van
chuyén lap dung nén can huy dong von dau tu ban dau 16n. Py 1a rao can 16n khién cong nghé
nha LGMPTK chua thu hat duoc nhiéu nha thau tham gia phat trién.

2. CONG NGHE NHA LAP GHEP NHA CAO TANG MO PUN TOAN KHOI
2.1. Nhirng wu diém va han ché ciia cong ngh¢ LGMPTK

a) Uu diém ciia cong nghé LGMPTK

Chiit luong

Do c6 ty 18 san xuét trudc trong nha may cao, c6 thé 1én t6i 80%, nén chat lugng ciia nha
LGMBTK duoc cai thién dang ké so voi phuong thirc xay dung truyén thong [14]. Vi diéu kién
san xudt trong nha xudng, cac cong cu thiét ké va san xuat chinh xac nhu CAD/CAM, va cac
cong nghé san xuét ty dong hoa cé thé dugc ap dung gitp viée kiém soat chit luong duoc tdi vu
hoa, dic biét trong viée lap dit cac thiét bi quan trac doi hoi o chinh xac cao nhu hé thong bao
chay, quan tric méi truong (néu c6). Viéc san xuat trong nha may ciing gitip cho giam thiéu cac
hu hai khong ludng trude bai thoi tiét trong qua trinh thi cong.

Niing sudt lao dong

Do san xuét trong nha may, diéu kién 1am viéc duoc cai thién, moi truong lam viéc duogc
kiém soat it chiu tac dong cua thoi tiét cling nhu céac diéu kién kho khan vé an &, di lai nhu ngoai
cong trudng nén ning suat lao dong dugc dam bao, va nang cao dang ké. Cac t6 lao dong dugc
t6 chirc chuyén mon hoa cao, viéc quan 1y, t6 chirc doi séng cho nguoi lao dong duge dam bao,
gitip cho cac cong ty d& dang kiém soat ngudn nhan luc va quan 1y ngudi lao dong tranh cac tac
dong bét kha khang nhu thién tai, dich bénh, t¢ nan xa hoi, anh huong dén nang suit lao dong,

tién do cua du an.
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Cong tac dam bdo vé sinh an toan lao dong trén cong truong

Déi voi LGMDTK, s6 luong lao dong truc tiép trén cong trudng giam dang ké do chi thuc
hién cong tac lép dung va hoan thién, khéi lugng cong viéc chi con 20% - 40%, lugng vat licu
tho va rac thai van chuyén dén cong truong giam, nén chi phi cho coéng tac vé sinh an toan lao
dong trén cong trudng duoc tdi uu hoa. Theo thdng ké cua Cuc thong ké an toan lao dong MY, sb
vu tai nan nghiém trong do san xuét thap hon dang ké so vé6i viéc thi cong trén cong trudng [14].

Tién dé thi cong

Do cac md dun dugc san xuét trude trong nha may, nén tién do thi cong ciia phuong thirc
LGMDTK khong phu thudc diéu kién thoi tiét. Ngoai ra phuong thirx LGMPTK con cho phép
t6 chirc san xuat dong thoi cac md dun trong qué trinh trién khai phan ngdm. Céc dy an dugc
thuc hién chimg minh c6 thé rat ngan téng thoi gian du an dén 30% so voi phuong thic xay
dung truyén thong [14].

Gid tri

Phuong thirc xay dung LGMDTK c6 thé gitp giam dén 30% tong muc dau tu so véi phuwong
thire xay dung truyén thong. Gia tri cua phuong thire LGMBTK dén tir t6i wu hoa trong san xuit,
tich hop tu dong hoa trong nhiéu céng doan, ting ning suat lao dong, tiét giam cac chi phi phat
sinh ngoai cong trudong va giam vat li¢u thura thai. Ngoai ra, do thoi gian thi cong ngoai cong
truong dugc rat ngin nén viée quan tri rai ro ctia phuong thirx LGMPTK dé dang hon, chi phi

du phong duoc giam dang ké so voi phuong thire xdy dung truyén thong.
Pht trién bén viing

Céac dy an di trién khai d3 chimg minh rang phuong thitx LGMDTK 1a phuong thic xay
dung xanh, sach va bén viing. Do dugc san xuit ché tao trudc va su dung cac cong cu
CAD/CAM va tu dong hoa trong san xuét nén lugng vat li¢u thira thai duoc han ché t6i da. Hon
50% luong vat liéu thira thai duoc cat giam so v6i phuong thirc xay dung truyén théng. Ngoai ra,
lugng vat li¢u thira thai dugc phéan loai, thu gom ngay tai nha may san Xuét, nén ching duoc tai

ché voi ty 18 cao, ¢ thé 1én t&i 90% [14].
Tiém ning itng dung cong nghé cao trong xdy dung

Do phan 16n céc chi tiét, cAu kién va thanh phan duoc san xuat trong nha may, nén viéc ing
dung ty dong hoa trong san xuét, cong nghé quan tri 4.0 trong xdy dung mang lai tiém ning phat
trién réat 16n cho phuong thirc LGMDTK. Viéc ting ning suat, md rong quy mo san xuat khong
phu thudc nhiéu vao ngudn lao dong, ddy s& la wu diém canh tranh chinh ctia phuong thiic
LGMDTK trong thoi gian tdi.
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b) Han ché ciia phwong thirc LGMBPTK

Phwong dn kién triic

Pé t6i wu hoa nhitng wu diém vé thoi gian thi cong, chi phi san xuét, phuong an kién tric cia
phuong thire LGMDTK thudng dugc chia thanh cac dang mé dun dién hinh. Cac mo dun c6 hé sd
1ap lai cao nén khong gian kién trac cia nha LGMBPTK thudng phi hop véi khong gian chung cu
van phong, nha &, trudng hoc. Ngoai ra, kich thudc cia cac mod dun ché tao sin bi gidi han boi
phuong tién van chuyén cau lip, cac md dun c6 kich thudc 16n doi hoi phuong tién van chuyén,
cau ldp chuyén dung lam ting chi phi va giam hiéu qua kinh té ctia phuong thic LGMDTK.

Phwong dn két ciu

Pbi voi LGMBTK, cac md dun hoan thién duoc xép chong 1én nhau, cac lién két gitra cac mod
dun duoc thiét ké dé truyén tai trong ngang dén 15i cing va tai trong ding xudng moéng, hon nita
cAu tao cac lién két phai dam bao du don gian dé d& dang thi cong bao dudng. Dé dap tng cac yéu
cau trén, cac phuong an thiét ké lién két thuong lya chon 1a bu 1ong hodc neo tmg suét trudc, cac
lién két dang han hodc do bé tong uét tai cong trudng thuong chi ap dung cho céc trudng hop nha
cao ting doi hoi kha ning khang chéan 16n. Tuy nhién, day 1a mot trong nhiing nguyén nhan khong
ché chiéu cao va quy mé ctia cong trinh. Cong trinh LGMBTK c6 chiéu cao 16n nhit hién nay la
thap Canopy & Singapore, véi chiéu cao 44 tang, thi cong mdi ndi wot tai chd [11].

Chi phi ddu tw nha mdy sin xudt

Dé t6i wu hoa hiéu qua cia phuong thirc xay dung LGMDTK céan c6 sy dau tu 16n vé nha
may, day truyén san xuét. Viéc dau tu ban dau vé trang thiét bi nha xuong, hé thong quan 1y
kiém soat chat lwong can nhiéu ngudn luc tai chinh. Pay 14 nguyén nhan han ché sé luong nha
thau tham gia phat trién phuong thirc LGMDTK.

2.2. Kién triic nha cao ting lip ghép md dun toan khdi

Céc khong gian trong nha LGMDTK duogc chia thanh cic m6 dun don vi. Cac mo dun nay
¢6 kich thudce phu hop véi phuong tién van chuyén va cau lap do dé kich thudc thong dung cia
cac mo dun thuong bi khéng ché chiéu cao nho hon 4,5m va chiéu rong nho hon 3,4m (kich
thudc théng thuong cho phép dbi v6i phuong tién van tai khong can bién phap van chuyén dic
biét). Khdi lugng ctia mot mé dun hoan thién truée dao dong tir 20 - 25 tin [10]. Khong gian mot
cin ho dién hinh ciing dugc b tri thanh cac mod dun véi chirc ning riéng nhu phong ngii, phong
khach, phong bép, hanh lang (Hinh 1).

Trong nha cao ting LGMPTK, do cdc mé dun dugc xép chong 1én nhau, so véi nha truyén
thong, chiéu cao san (tran) s& 16n hon do bao gdm ca phan san tang trén va tran tang dudi. Ngoai
ra, dé thuan tién cho viéc thi cong lip dung, thuong co khe hd gitta hai phan nay nhu minh hoa
trong hinh 2. Piéu nay giup cho ting kha ning cach 4m, cach nhiét ciia nha LGMBTK, tuy nhién
lai han ché khoang khong gian thong thuy, von da bi gi6i han bai kich thudc phuong tién van
chuyén. Do vay, mot trong nhitng hudng nghién ctru hién nay déi voi nha LGMBTK 14 nghién

clru cc giai phap san lién hop nhe, mong dé cai thién khong gian trong cin ho [15].
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Hinh 2. Khong gian kién trc theo phuong dung ctia: a) nha truyén thong va b) nha LGMPTK
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2.3. Két ciu

Céu tao clia nha cao ting LGMBTK c6 thé chia thanh 3 dang két cdu chinh. Dang 1: cac mo
dun don vi dugc xép chong quanh mot 151 cung, thudng 14 thang may, 16i cimg nay c6 vai tro
chiu tai trong ngang. Dang két ciu nay thich hop v6i nhitng nha cao tang, vi du nhu toa nha vin
phong 29 tang tai Luan Pon [16]. Dang 2: cac md dun duge xép trén mot khdi dé bé tong cot
thép thi cong tai chd theo phuong phap truyén théng [17], dang nay thuong ap dung cho cac tda
nha trung tang. Dang 3: hé khung duogc lap dung tai chd, sau d6 cac md dun don vi duoc ciu lap
vao cac vi tri dinh trudc, dang nay thuong ap dung cho toa nha thap tang [18].

i cung [16] b) Bé bé tong cot thép [17] ¢) Khung rong[18]

a) Lo

Hinh 3. Cac dang két cdu LGMPTK

2.4. Ciu tao md dun don vi

Céc md dun don vi 1a thanh phan c4u thanh cia nha LGMBPTK. Cac mé dun thudng co cong
ning day du, nhu cac phong bép, khach, hodc hanh lang. Cac mé dun nay duoc hoan thién trudc,
tuy vao du an, cé thé hoan thién ca phﬁn ndi that, MEP va kién tric bén ngoai. Cac mo6 dun sau
d6 duoc van chuyén cu 1ip ngoai cong trudong. Cac mod dun duge lién két voi nhau bang céc loai
lién két tai cong truong. Cac md dun don vi hoan thi¢n trude hién nay thuong cAu tao tir bé tong,
thép hodc lién hop bé tong thép. Cac md dun co6 thé phan loai theo dang (i) truyén tai trong dimg
bang vach (hinh 4a), (ii) truyén tai trong ding bai cac cot (hinh 4b) [15].

Dbdi v6i md dun don Vi truyén tai trong ding bodi cot, su thay doi tiét dién cot theo chiéu cao
cla tang anh hudng dén phuong an thiét ké lién két giita cac mé dun. Phwong an sir dung cot
rong nhdi bé tong [19], voi cudng d6 vat lidu thay ddi va van gii nguyén tiét dién dugc dé xuit.
Cot rdng nhdi bé tong cuong do cao, co thé bd sung thanh phan sgi thép 1a phuong an vu viét doi
v6i nha LGMBPTK. Phuong 4n nay gitp cho viéc thiét ké cac lién két giira cac mo dun dé dang
hon, dong thoi van dam bao kha nang chiu lyc va ti wu hoa vé trong luong cho két cau.
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Mechanical, electrical
& plumping (MEP)
system

Finishes (partition
walls, doors, windows,
etc.)

Mechanical, electrical
& plumping (MEP)

Finishes (partition walls,
doors, windows, etc.)

b) Mé dun don vi truyén tdi trong dirng bang cot

Hinh 4. Phan loai mé dun don vi theo kha ning truyén luc

2.5. Lién két trong nha cao ting mé dun toan khoi

Lién két gitta cdc mo dun trong nha LGMDTK dugc déac bi¢t duge chu trong. Céc lién két
nay duogc thi cong ngoai cong trudng, ngoai chiic niang dam bao kha ning truyén tai trong theo
phuong dtng va tai trong theo phuong ngang, cac lién két nay con phai dam bao kha ning thi
cong nhanh, don gian, d& dang béo tri, bao dudng, thay thé.

Upper levels
(Hollow)

Middle levels
(CFST)

Lower levels
(high strength
CFST)

CFST beam

Hinh 5. Céu tao cot lién hop nha cao ting LGMPTK
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Dbi véi cac md dun don vi duoc ché tao bang bé tong cbt thép, lién két giita cac md dun
duogc thuc hién béng mbi ndi udt nhu hinh 6. Loai lién két nay yéu cdu cac mod dun don vi dé
thép cho, va méi ndi duogc thi cong tai chd ngoai cong truong. Mdi lién két nay c6 uu diém dam
bao kha ning vé truyén tai lyc, khong cin bao tri bao dudng, tuy nhién nhuoc diém 1a doi hoi
thoi gian thi cong tai cong truong 1au hon, ¢ thé anh hudng lam am céc chi tiét bo phan da dugc

hoan thién trudc [15].

Hinh 6. Méi n6i uét giita cac mo dun don vi bang bé tong cbt thép

Dbi voi cac mod dun don vi ché tao bang két cdu thép hodc lién hop bé tong va thép, cac
lién két co thé duge ché tao sir dung 14 lién két bu 16ng ban ma, lién két han, lién két thanh
cang tmg lyc. Cac lién két bu 1ong nhu hinh 7 [20,21,22.23] c¢6 wu diém dé dang ché tao thi
cong, tuy nhién nhuge diém 1 cong tac bao tri bao dudng kho khin, sb luong bu 16ng nhiéu tai
cac vi tri kho goc tiép can (d6i voi cac md dun duge hoan thién tuong tran, san), lam giam
nang suat thi cong.

Mot dang lién két khac duoc dau tu nghién ciru phat trién 1a dang khoa chdng cit két hop véi
thanh tng lyc [15]. Dang lién két nay v6i uu diém c6 kha nang truyén lyc cat tdt, thi cong nhanh,
khong t6n chi phi bao dudng, tuy nhién doi hoi mirc d6 gia cong, ché tao chinh xac cao. Day la
mot trong nhitng dang lién két tiém ning phat trién 16n, khi cong nghé ché tao tu dong hoa trong
nha lap ghép dat tién bo 16n trong nhiing nim toi day.

Dang lién két khoa tu dong khac ciing danh duoc nhidu quan tim phat trién 1a dang lién két
chét tu khoa [20,24]. Dang lién két nay v6i vu diém 14 thoi gian thi cong 1ap dung rat nhanh, chi
cin xép cac mo dun don vi ding vi tri, co cAu chét s& tu khoa lién két. Lién két nay da 4p dung
cho toa nha dén 19 tang [20] trong thuc té& va dugc thir nghiém vé luc kéo ¢ thé ap dung cho toa
nha toi 50 tang. Pay 1a dang lién két tiém nang, can c6 sy dau tu vé thir nghiém dé 4p dung cho

vung yéu cau khang chan nhu ¢ Viét Nam.
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Upper module
floor beam

(b) Upper module
floor beam

Bolted
Bolted connections
connections at at webs
flanges

Lower module
floor beam

Plug-in device
Intermediate plate—.

©

Rocket-shaped tenon

Gusset plate

Hinh 8. Lién két dang kho4 chdng cét két hop thanh tmg lyc [15]
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Hinh 9. Lién két chdt tu khoa

2.4. Tinh toan thiét ké nha cao ting mé dun toan khdi

Dé tinh toan thiét ké cho nha cao ting LGMPTK, hién nay céc tiéu chuan chinh duoc ap
dung c6 thé ké dén tiéu chuan Eurocode 2 cho phan bé tong, Eurocode 3 két ciu thép, va
Eurocode 4 cho két cdu lién hop. Ngoai ra tai cac qudc gia nhu My, Trung Quéc, Singapore, Uc
déu c6 hudng dan thiét ké cho nha LGMPTK. Tuy nhién, cac huéng dan nay van dang duoc soat
xét cap nhat cho phu hop véi thyc té phat trién cia nha LGMBPTK.

2.4.1. Tinh todn chiu tdi trong ngang (gié, dpng dit)

Dé tinh toan thiét ké cho nha LGMBTK chiu tai trong ngang, can chu ¥ toi: (i) tmg xtr ctia lién
két, va (ii ) dang tAm cung cua san. D6i véi lién két cAn phan loai lién két theo ung xir vi du trong
Eurocode 3 phan 1 - 8[25], phan loai cac lién két theo dang lién két lién tuc, ban lién tuc va khép.
Céc lién két nay sau d6 co thé duoc mé hinh hoa trong cac phan mém tinh toan théng dung nhu
Etab [26,27] dé tinh toan kha ning chiu tai trong ngang ciing nhu 6n dinh tong thé cia cong trinh.

A Moment
L0 Rigid/Full strength boundary A
-t
g Semi-rigid
S Bohas: g Mgy |---ammeae o2 .
g ehaviour M |------- . !
Fq:’ / v :
: 7 S M !
g 2B3Mga |---7,|S = lm’”:(l's j :
g ' My )
o ’ H Rd 1
Z /! |
02517722 Pinned boundary . . |
) S:Sim if M< 2/3MRd :
Normalized rotation - Rotation fea "
(a) Joint classification (b) Moment-rotation curve

Hinh 10. Phan loai dang lién két theo do cing, Eurocode 3 phﬁn 1-8

So véi nha cao ting truyén thong, phan tran va san cia nha LGMDTK duoc tach roi do
thudc 2 moé dun don vi khac nhau (¢ cung mdt cao do, phan san ctia mé dun trén lién két voi trin
mo dun dudi tai cac goc) [15]. Phan tran khong duoc gan cac phan tir tim cung, trong khi d6
phan san phai duoc thiét ké du cimg dé truyén tai trong ngang va dugc gan 1a cic phan tir tAim
cling riéng biét. Tai trong ngang duoc truyén t6i 16i cing qua san va lién két giita cac mé dun
(Hinh 11).
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Viéc tinh toan cc bién dang co ngén ctia cau kién chiju tai trong dung do tu bién, co ngdt va
tai trong ding can dugce xem xét khi tinh toan thiét ké dé dam bao han ché cac noi luc do chénh
co gifra cdt va 181 cing [15].

2.4.2. Tinh todn chong sup dé lién hoan

Do tinh chit khong lién tuc cta cac lién két trong nha cao ting LGMBPTK, céc tai trong pha
huy trong trudng hop tai nan cin dwoc xét téi [28,29]. Cac mé hinh tinh toan can xét ti truong
hop mot mo6 dun don vi bi pha huy (déi v6i md dun dang vach chiu lyc) hodc mot nhom cot bi
pha huy (d6i v6i mé dun dang cot chiu luc). Cac nghién ctru cho thy, kha ning dap tng cta nha
LGMDTK véi truong hop tai trong nay. Két qua tinh toan cho thiy chuyén vi thang dimg 16n
hon khoang 14% so v&i truong hop xdy dung bang phwong phap truyén thong véi cing mot
luong vat liéu [29]. Tuy nhién cac huéng dan thiét ké déu khuyén nghi kiém tra d6i véi truong
hop tai trong sup d6 lién hoan khi thiét ké nha cao ting LGMDTK.

2.4.3. Tinh toan an toan chiu lira

Can tinh toan an toan chiu ltra ddi voi timg moé dun. Can dam bao céac an toan chiu loa dbi
v6i cac cau kién chiu luc va khong chiu lyc. Cac méd dun don vi duge xem nhu 1a cac khoang
chay trong truong hop xay ra hoa hoan. So voi nha truyén thong, an toan chéng chay d6i véi nha
LGMDTK can chi y toi viéc ngan lira lot qua tai cac khe ho giita cac mé dun don vi. Do d6 viéc
thiét ké phuong an an toan phong chay chita chay can dugc chi ¥ tir khau thiét ké dé dam bao
cac diéu kién an toan vé phong chdy chita chay ciing nhu viéc lip dat hé thong an toan phong
chay chita chay khi san xuat cac mo dun don vi va khi 1ap ghép tai cong trudng.
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Hinh 11. M6 hinh ho4 tong thé nha 40 tang LGMDTK
a) M6 hinh tong thé; b) M6 hinh phan trin khong c6 phan tir tim cing;
¢) M6 hinh phan san véi phan tir tim cimg riéng biét.
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2.5. Hé théng MEP

Hé théng MEP ciia nha LGMDTK ciing can dugc thiét ké dang mo dun va tich hop véi cac
mo dun don vi tir khi san xuat. Do vdy, ngay tir khi thiét ké, quy trinh thiét ké phdi hop gitra cac
bd mon can duoc quan tdm, st dung cac cong cu nhu BIM dé phat hién, xtr 1y cac va cham.
Ngoai ra, giai phap MEP ciing can duoc nha thau nghién ciru dé phu hop véi viée van chuyén
ciu lap ddng bd v6i cac mod dun don vi.

2.6. San xuit, van chuyén va lip dung

Cong tic sin xudt

Viéc trién khai san xuét cac mo dun don vi duoc tién hanh déng bd cung thoi diém véi viéc
thi cong phan ngdm va khéi dé ngoai cong trudng. Viée san xuét duge tién hanh som ciing gitp
day nhanh tién do thi cong. Tuy nhién coéng tac nghiém thu phan ngam, khdi dé can duogc dic
biét cha ¥, co cac phuong an xtr Iy dé dam bao do tuong thich va chinh xac khi 1ip dat. Cong tac
san xuét can duoc 1én quy trinh can thén, tranh xung dot va cham, tdi wu hoa vat liéu. Cac yéu
cau vé sai s6 khit khe hon so véi phuong phap thi cong tai chd. Tuy nhién, voi su tién bo cua
nganh tu dong hod, viéc san xuat truge s& 1a loi thé 16n ddi véi cac don vi ap dung quy trinh san
xudt tién tién dong bo, giup tdi wu hod chi phi. Pay ciing 1a loi thé canh tranh I16n nhat cua
phuong thirc LGMDTK khi cong nghé tw dong hoa trong san xuat duoc phd cap.

Céng tic vin chuyén, lip dung

Viéc van chuyén lip dung cic mé dun don vi cling can c6 nhitng cong cu quan 1y hién dai
nhu BIM dé dam bao qua trinh van chuyén tir noi san xudt dén cong truong va qua trinh lap
dung dién ra theo dung tién d6. Hién nay, viéc ing dung BIM va cong nghé 4.0 quan 1y dit liéu
gitip cho cong tac van chuyén lap dung duoc dién ra theo ké hoach. Tai Viét Nam, cong nghé
nay ciing di dugc trién khai ap dung vai cac don vi thi cong lap ghép, tao diéu kién thuan loi cho
viéc trién khai cong nghé LGMDTK.

3. KINH NGHIEM TRIEN KHAI PHUONG THUC XAY DUNG LGMPTK

Qua khéo sat su phat trién ciia phuong thirc xay dung LGMPTK trén thé gi6i, nhoém tac gia
tong hop cac kinh nghiém dé c6 thé trién khai nhanh, thanh cong va hiéu qua phuong thirc xay
dung LGMDTK nhu sau:

- Can c6 sy dinh hudng ciia cac co quan quan Iy nha nudc. Loi ich cia nha LGMBTK 14 tan
dung duogc uu thé ciia phuong thirc san xuat ty dong hoa tién tién dang ngay cang phd bién dé
giai quyét cac van dé cia nganh xay dung nham dat duoc cic muc tiéu vé x3 hoi nhu: giai quyét
van d& thiéu hut luc luong lao dong, dap umg nhu cdu nha & trong thoi gian ngin; dap Gng nhu
ciu nha & chit luong cao; giai quyét van dé rac thai, 6 nhiém khi thi cong; t6i da hiéu qua chi phi
tao dong luc phat trién kinh té.

- Can c6 sy tham gia dau tu manh mé cua khu vuc kinh tu nhan [1]. Day 1a thanh phan kinh
té nang dong, dam chép nhan dau tu dé vuon 1én chiém linh thi truong, tao ra san phém moi, tao
loi thé canh tranh thac day cac giai phap k¥ thuat tng dung vao thyc tién.
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- Str dung vbn dau tu cong, thong qua cac chinh sach vé nha ¢ tao dong luc cho thi trudng
nha LGMDTK phat trién [8].

- Pong bo hoa cac tiéu chuan, hudng dan thiét ké, thi cong va nghiém thu nha LGMPTK [12].

- Tang cuong dao tao, hop tac nghién ctru trong cac co sé nghién curu, truong dai hoc, truong
day nghé vé phuong thuc LGMDTK ¢ tat ca cac bd mon: kién truc, két cdu, MEP, logistics, BIM.
Boi dudng d6i ngii can bo ki thuat c6 kha nang tiép thu, trién khai cong nghé méi.

- Tang cudng truyén thong vé nhimng nhimg wu diém ctia nha LGMDTK dé tao sy dong
thudn trong xa hoi, tao diéu kién dé xa hoi tiép nhén ung hd phuong thic xay dung méi cling nhu
thu hat vén dau tu, tao dong luc cho nghién ctru, trién khai va ung dung.

4. KET LUAN

Nghién ctru tong quan vé nha LGMBTK cho thiy day 1a mot phuong thiic xay dung tién tién
hién dang duoc quan tAm dau tu va phat trién trén thé gidi. Viéc phat trién nha LGMBTK trong thoi
diém hién nay gin lién voi tién bd ctia nén cong nghiép san xuat tu dong hoa va cong nghé théng
tin 4.0. C6 thé ndi, nhimg tién bd trong linh vuc cong nghé 4.0 1a dong luc chinh thac day cac qudc
gia dau tu vao phuong thirx LGMPTK, cac quéc gia nhu Anh, Uc, Singapore déu dit muc tiéu bién
nhitng wu thé vé cong nghé tré thanh wu thé dé phat trién di dau trong linh vuc xdy dung.

Viéc trién khai nha LGMPTK chua bat dau ¢ Viét Nam, nhung qua kinh nghiém cua cac
nudc trén thé gidi, co thé thiy day 1a cong nghé tiém ning co thé giai quyét cac van dé vé nha &
cling nhu van dé xa hoi chung ta dang va s& gip trong giai doan phat trién dén nim 2030. Hién
nay, Viét Nam ciing c6 cac doanh nghiép quan tdm dén coéng nghé lap ghép va di tung dung céac
cong nghé tién tién trong san xuit, van chuyén, thi cong lip dung. Pay la diéu kién thuan loi dé
hop tac, nghién ciru va trién khai phuong thirc xay dung LGMDTK & Viét Nam.
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