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TOM TAT: Bai béo trinh bay két qua kiém dinh, phén tich danh gi4 nguyén nhan gy dn mon phé hoai két ciu bé tong cdt
thép cta cong trinh bénh vién 8 ting va giai phap phuc hdi dam bao kha ning chiu luc va chong an mon cho cong trinh.
Cong tac khao sat hién trang cong trinh bang thiét bi chuyén dung, phuong phap phén tich két cau theo 1y thuyét két hop
phuong phap chuyén gia dugc str dung dé danh gid mirc o an mon pha hoai va kha ning chiu lyc hién tai cua két cau
bé tong ct thép tir d6 dwa ra giai phap phi hop dam bao kha ning chiu lyc va chéng an mon cho két cau.

TU KHOA: An mon bé tong cbt thép, giai phap phuc hdi, cong trinh bénh vién.

ABSTRACTS: This article presents results of inspection, analysis and assessment of the cause of corrosion damage to
reinforced concrete structures of the 8-storey hospital building and restoration solutions to ensure the strength and anti-
corrosion of the works. The survey of the current state of the work by specialized equipment, the method of structural
analysis according to theory and professional solution used to assess the degree of erosion and the current bearing
capacity of the reinforced concrete structure, from which to provide suitable solutions to ensure the bearing capacity and
corrosion resistance of the structure.

KEYWORDS: Corrosion of reinforced concrete, restoration solutions, hospital building.

1. MO PAU 2. KHAI QUAT CONG TRINH 8 TANG BENH VIEN

An mon bé tong cot thép (BTCT) la nguyén nhan Céng trinh 8 tAng bénh vién do Thuy Dién thiét ké
chinh gdy hu hong cong trinh dudi tac dong cua moi
truong bién va moi trudong cong nghiép. Qua khao sat
so by cong trinh BTCT 8 tang bénh vién nhan thay

nam 1974-1975, thi cong va dua vao su dung khoang
nam 1981, vi hd so thiét ké (trong d6 c6 phan thuyét
mac du khong chiu tac dong moi truong xam thyc néu nimh) khong' A,COHA, luu gui nen lihonfé xac A,dm? d“";’c
trén, tuy nhién cac két cau (cot, ddm, san) bi an mon ~ ©ONg trinh thiet ké theo tiéu chuan nao. Keét cau chiu
nang, nit, bong buc 16p bé tong bao vé, cbt thép bi h,’rc chinh cﬁel cépg trinh 1a khung san bé tong cot thép
suy giam tiét dién. Duya trén kinh nghiém thyc té kiem  1ap ghép. Moi tang ¢6 26 bude ¢t khodng cach tim
dinh, déph gia hién trang cong trinh BTCT bi an mon ¢4t la 3,6 m. Mat bang cong trinh nhu hinh 1.

nhén thay day la mot dang an mon hiém gap, it dugc Két cAu mong: Coc BTCT 300x300 (mm). Dai
cht y nén khi phat hién ra thi da bi hu hong nang, trén

N L N . S mong co chiéu cao 600 mm va 800 mm trén hé coc bé
dién rong, chi phi stra chita khac phuc rat ton kém.

! ) tong cot thép.

Hién nay, chua c6 ti€u chuan riéng dé danh gia
murc d6 dn mon cho cic cong trinh y té, vi vay phai
van dung tiéu chuan TCVN 9346:2012 cho két ciu
BTCT ving bién dé phan tich danh gia, két hop véi
kinh nghi€ém chuyén gia. Pay la cong trinh bénh vién
¢6 quy mo 16n, bi dn mon ning, trén dién rong, 1an
dau dugc kiém dinh, phan tich ddnh gia theo tiéu
chuan Viét Nam tir d6 dua ra giai phap gia cudng
chéng dn mon phu hop va di ung dung thanh cong
trong thyec tién.

Két cAu than: Hé khung, cdt, dam, san lép ghép.
Tiét dién dam chinh 650x250 (mm) va 250x550 (mm).
T4m panel san hop tang dién hinh co tiét dién
400x1192 (mm). Dam chlnh duogc dat Ién vai cot theo
phuong dai ctia cong trmh tam panel san duoc dit 1én
dam theo phuong ngan cia cong trinh. HE cot lap
ghep, st dung bé tong cap do bén B15 (mac 200) chu
yéu chiu tai trong dimg. Tir tang 1 den tang 5 tlet dién
¢ot ¢6 kich thude 500x500 (mm), tir ting 5 dén ting 8
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tiét dién cot co kich thude 250x500 (mm). Cot duoc
dic sdn véi chiéu cao biang 2 tang.

Két cdu ting mai: 1a panel chit U kich thuédc
400x1192 (mm).
3. KET QUA KIEM PINH HIEN TRANG CONG
TRINH
3.1 Két qua kiém dinh hi¢n trang

Céac cAu kién cot, dam, sa’n, méi, véch, cau thang,
ban cong, 6 Véng.... va mot sO cau kién bén,trong, cac
phong trén tung tang da bi &n mon hu hdng xuodng cap.

Két cau cot: cong trinh c6 3 hang ¢t chiu luc doc truc
13, 14 va 15 voi khoang cach gitia cac cot 1a 7200 mm.
Trong d6 02 hang cot bién truc 13 va truc 15 (nhét 1a
cac ¢t nam trong pham vi ban cong tir truc L’ dén N
va tir truc Q” dén T*), truc 15 hu nhu cac cot déu bi
an mon. Ngoai ra con mot sb cot truc 14 cling bi an
mon kha ning. Két qua kiém dinh cho thiy 16p bé
tong bao v bi nut v3, bong tach hoan toan thanh
timg mang dé 16 ¢t thép chiu lyc da bi gi. Bé tong
tai cac vi tri nirt da bi cacbonat hoa, mot s vi tri ¢t
liéu chi yéu 1a soi, roi rac khong con tinh dinh két
nhu hinh 2.
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Hinh 2. Hién trang chan cot bé tong ¢t thép, cot thép
bi an mon nang

Cot thép ngang va doc cia mot s6 ¢t ¢o hién
tuong bi uén cong, c6 thé do mét 6n dinh khi chiu
nén. Lyc udn cong, lam bién ‘dang thanh thép so voi
thiét ké. Cac thanh thép ho tiép xuc truc tiép v6i moi
truong bén ngoai trong mdt thoi gian dai da bi han gi
nghiém trong.

Két cdu ddm: Bj hu hong do dn mon kha nhiéu tap
trung & hai hang cft bién truc 13 va truc 15 va cac
dam & khu vuc ¢ ban cong tir ting 3 dén tang 8.

Két ciu san BTCT db lién khéi tai cac ban cong tir
tang 3 dén tang 8 hu hong rit nang (phan ban cong

thuong dung dé phoi quan 4o tré em va thuong xuyén
bi am uot).
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Lan can: cac tdm lan can BTCT lip ghép bi hu
héng d&n mon kha nang.

Khéi xay vién bé tong trang tri: mot sb vi tri dn
mon thép gia cuong trong 16p mach vira xay

3.2. Két qua kiém tra cwong d nén bé tong bing
phwong phap khoan lay mau

than lfiy mau tai cac vi tri cot, vach (cac vi tri
khoan lay mau khong trong ving bé tong bi bong buc):

- Cot: O/13, M/3, N/14, J{14: Cuong d6é nén cua
bé tong cdt dao dong tir 20,8 dén 28,5 MPa;

Vach BTCT: (J+2,5M)/(14+2,5M-15), (14+2,5M)/(J-K):
Cuong d6 bé tong vach dao dong tir 23,0 MPa dén
23,4 MPa.

Dénh gi4 theo TCXDVN 239:2006 cho thy tai
thoi diém ki€m dinh bé tong dat mac thict ké 20MPa.

3.3. Két qua kiém tra mirc d9 in mon cdt thép bing
phwong phap do dién the

Kiém tra mirc do an mon cdt thép bang phuong
phép do dién thé tai cac cau kién nhu sau:

Dbdi v6i cot, kiém tra cac cot Tﬁng 1: L/15, K/13,
(J+3,6m)/13, K/15, (K+3,6m)/13, (N+3,6m)/14; tang 2:
L/15, M/15; tang 3: L/14, N/13, M/13, (J+3,6m)/14; ting
4: (N+3,6m)/13, (L+3,6m)/13; ting 5: L/13, N/13,
(K+3,6m)/13; tang 6 : J/13, tang 7 : L/14 : dién thé an
mon ¢t thép dao dong tir -422mV dén - 257mV
nhu hinh 3 va hinh 4.
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Pbi Vol dam, kiém tra cac dam: (L-K)/13 tang 3,
(K-L)/13 tang 6 dién thé an mon cot thép dao dong tur
-430mV dén - 265mV;

i Dbi v6i vach: J/(13-14) tang 3, (J-K)/(14+2,5m)
tang 6, (J+2,5m)/(14-15) tang 7 dién thé dn mon cot
thép dao dong tir - 380mV dén - 211mV;

Do voi san: tang 4: (N-O)/(14-15) tang 4,
(M-N)/(14-15) tang 7, (K+3,6m-L)/(14+2,5m) tang 7,
dién theé &n mon cot thép dao dong tir - 376mV dén -
211mV.

Nhu véy, danh gia theo TCVN 9348:2012 cac ciu
kién da bi &n mon cot thép.

Hinh 3. Kiém tra mirc d6 an mon cdt thép trong bé tong
bang phuong phap do dién the, thiét bi CANIN

Biéu do tan suét tich liy
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Hinh 4. Biéu db tan suét tich lily an mon
ctia mot so cau kién BTCT

3.4. Két qua phan tich ham lwong Cl- trong bé tong

Mau bot bé tong bot duge khoan léy mau tai hién
truong nhu hinh 5. Lép bé tong bao vé day trung binh
3cm, mau bt khoan duge lay theo 2 16p: moi 16p sdu
1,5cm tir bé mat bé tong vao can cot thép. Phuong
phap thtr theo TCVN 9339: 2012, TCVN 7572-
15:2006

Pé danh gia ham luong ion clorua trong bé tong
dbi véi cong trinh bénh vién 8 tang, d 4p dung tiéu
chuén TCVN 9346 :2012, theo do tat ca cic mau bot
bé tong tai mién can cbt thép cua cAu kién cot, dam,
san va vach bi an mon véi ham lugng ion clorua vuot
ngudng cho phép (0,6 kg/m’ bé tong), cu thé:
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D6i voi cot co cbt thép bi an mon: Cot
(N + 3,6m)/13, ting 3 ham lugng Cl- 1a 0,086% twong
tmg voi 2,06 kg/m® bé tong gip khoang hon 3 lan, cot
(L + 3,6m) [L’}/13 13 0,112% twong tmg véi 2,68 kg/m’,
vach JK(14+2,5m) tang 6 1a 2,46 kg/m’ bé tong gip
khoang hon 4 1an gia tri gi¢i han cho phép.

Dbi voi cot chira o déu hiéu an mon: cot 14L ting 8
khi kiém tra c6 ham lugng Cl- thap 0,05 kg/m’ bé tong,
va cot 14K, tang 7 ham luong Cl- 14 0,25 kg/m’ bé tong.

3.5. Két qua phén tich pH trong bé tong

Thong thuong, khi méi d6 pH ciia bé tong dao
dong tur 12-13. Két qua kiém tra cac cot va vach bi an
mon, pH phd bién dao dong tir 10-12,5 nhu vay pH
cling da giam. Di véi mot s6 cot chua co ddu hidu an
mon, gia tri pH xac dinh duogc 1a 12-1,5 suy giam
khong dang ké nhu hinh 6.

Hinh 5. Khoan 1y mau bé tong bot kiém tra
ham lugng clorua, pH

Hinh 6. Po d6 pH ctia mau bot bé tong
tai phong thi nghiém

Nhén xét: Cong trinh BTCT bénh vién 8 tﬁng da
bi hu hong xubng cip. Két qua kiém tra cho thiy hu
hong tap trung chu yéu ¢ 2 hang ¢t va dam bién tryc
13 va 15, mot s6 cot truc 14, mot s 6 san, toan bd cac
cAu kién khu vuc ban cong, va rat nhiéu cac tAm lan
can, mit trudce va sau nha. Nhiéu két ciu da bi nit v,
an mon cbt thép nang 1am bong buc 16p bé tong bao
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vé, 16 cbt thép. Hu hong cia cac cau kién nha 8 tang
dugc danh gia 1a nghi€m trong anh huong dén an toan
cua cong trinh.

4. KET QUA TiNH TOAN KIEM TRA

Tinh toan kha nang chiu lyc bd phin két ciu
mong, cot, dam, san theo cac tiéu chuin hién hanh cua
Viét Nam va cac tiéu chuan nudc ngoai dugc chip
thuan tai Viét Nam. Phan két ciu cong trinh dugc mo
hinh tinh toan trén co s¢ phan anh sat nhét su lam viéc
cua két cau. Str dung phan mém phén tich két ciu
ETABS 9.7.4 dé phan tich ndi lyc phat sinh, trong do
cac ciu kién dam, cot dugc mod ta boi cac phan tur
thanh, san dugc mo ta bang cac phan tr shell lam viéc
theo mot phuong. Cac cdu kién tinh toan: Cot kich
thude 500x500 (mm), 500x250 (mm); dam kich thudc
250x550 (mm), 250x650 (mm) va cac 0 san kich
thude dién hinh 400x1192 (mm).

Tinh toan dya trén ban vé& thiét ké va két qua kiém
dinh, tai trong tic dong bao gém tinh tai, hoat tai, tai
trong gi6 (4p luc gi6 dugc lidy theo TCVN
2737:1995), tai trong dong dat (xac dinh theo TCVN
9386:2012). T6 hop tai trong vao so db tinh toan déu
1a tai trong tiéu chudn, hé sé vuot tai cua tinh tai va
hoat tai tudn theo tiéu chuidn TCVN 2737: 1995.

Két qua kiém tra cho thiy, kha nang chiu luc cta
két cAu mong, cot, dam, san hién tai VE~11’1 dam bao kha
nang chiu lyc [1, 2, 3], tuy nhién h¢ sO an toan thap
dic biét 1a két cdu cot co hé s6 an toan 1,03. Nguyén
nhéan co ban dan den hé sb an toan thip 1a do cuong
do bé tong thap, tlet dién thép chu da bi suy giam do
an mon, tiét dién cdu kién cot bi suy giam do bi an
mon bong buc bé tong so véi thoi diém ban dau.

5. PANH GIA NGUYEN NHAN GAY HU HONG
CONG TRINH

Theo két qua kiém tra, hu hong chinh cia cong
trinh chu yéu 1a do dn mon két cau bé tong cbt thép.
Biéu hién chung 1a hién twong gi cbt thép (thé tich
thép s& tang 4-6 1an) dan dén nut v& 16p bé tong bao
v€ lam giam tiét dién chiu lyc. Tinh trang an mon cot
thép trong cac két cau 1a nghiém trong xay ra rai rac
trén cac tang trong do6 tap trung nhiéu tir ting 1 dén
tﬁng 6, ciu kién cot, dam, san 2 hang bién truc 13 va
15 va mot sb cot truc 14. Co cé hai nguyén nhan chu
quan va khach quan dan t6i tinh trang an mon va
xudng cip cong trinh.

Nguyén nhan chu quan:

Theo tiéu chuin ap dung TCVN 9346:2012, chat
luong bé tong chua dap tng yéu cau ki thuat. Véi tde
dd tham thau ion clorua nhu d3 kiém dinh, sau hon 30
nam su dyng co ciu kién ham lugng ion clorua téi
2,68 kg/m’ bé tong vuot ngudng gidi han hon 4 lan,
thi t6i thiéu muc xam thyc tai cong trinh nay ciing
phai twong duong mirc xAm thyc ctia ving khi quyén
bién. D6i voi loai két cdu nay téi thiéu phai ding
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bé tong M250. Cu thé néu két cdu thiét ké M250 thi
chiéu day 16p bé tong bao vé cho két ciu ngoai nha la
40 mm va trong nha 1a 30 mm hodc néu két ciu thiét
ké M300 thi chiéu day 16p bé tong bao vé cho két ciu
ngoai nha 1a 30 mm va trong nha 1a 25 mm. Tuy nhién
trong thuc té bé tong chi c6 M200 va chiéu day 16p bé
tong bao vé tai cac két cAu cot, ddm bi dn mon trung
binh 15mm - 25mm, ca biét c6 vi tri 1a 5 mm. San
panel hop c6 16p bao vé rat mong (c6 ciu kién 16 thép)
cling 12 nguyén nhan 1am gi cbt thép nhanh. Cuong do
bé tong dy bao ¢ thoi diém thi cong thip, chét luong
bé tong khong ddng déu, nhidu khuyét tat va rd (quan
sat trén mau bé tong khoan). Mit khac voi chiéu day
16p bé tong bao vé mong nhu vay khong du ngan can
qué trinh thim thau clorua tir mdi trudng va qua trinh
gi ¢6t thép din ra nhanh. Sy suy giam d6 pH do hién
tuong cacbonat hoda bé mit bé tong o tbe do
binh thuong.

Str dung va bao tri khong tét: Khu vuc ban cong
thuong duoc dung de phoi dd (tré em) dan t6i tinh
trang d6 nudce truc tlep 1én san, chay doc theo cac cot,
dam bién, c6 thé thay rd hién twong loang trang do tiét
voi. San ban cong bang BTCT mit trén 1a 16p granito
khong bi ngém nudc khong bi an mon, ngugc lai mat
dudi thuong xuyén bi am w6t din dén an mon BTCT.
He¢ thong thoat nude ‘mai, khu v¢ sinh bi tic, v cling
1a nguyén nhan giy 4m wdt cong trinh. Tinh trang hu
hong kéo dai nhung khong co bién phap khic phuc
kip thoi cling lam cho mirc 46 an mon cdt thép ngay
cang tang. Mot sé két ciu duoc sira chira bang phuong
phap tram va thong thuong hodc nep goc cot bang
inox chi la giai phap tam thoi khong dem lai hi¢u qua.

Nguyén nhén khach quan:

Maéi truong bénh vién c6 mot sd yéu té mang tinh
xam thuc cao téi BTCT. DPiéu nay da khong luong
trude dugc khi thiét ké va trong qua trinh sir dung.
Trén thyc té trong thanh phan cua nude gidt quan 4o
(tré em), nudc lau rra san c6 chira tdc nhan clorua,
dong thoi dé khir trung nhiéu lan/ngay trong moi
truong y té ciing thudng dung cic chat tay rira c6 chira
ion clorua. Lau ndm ion clorua thdm thiu dan vao
trong bé téng, ngoai ra c6 thé c6 cic tac nhan khac
nhu dung dich thudc c6 hai bi d6 hodc bay hoi trong
qua trinh bao quan, vin chuyén, st dung... Sau 30
nam st dung, tdc do ion clorua xam thuc vao bé tong
¢6 cAu kién toi 0,086% va 0,112% khdi lugng bé tong
12 manh twong ty nhu cac cong trinh ving khi quyén
bién. Diéu nay cho thdy dé dam bao do bén lau cho
két cdu BTCT thi bén canh viéc gia ¢6 dam bao kha
nang chiu lyc dong thoi phai co giai phap chéng an
mon cho két cau BTCT.

6. GIAI PHAP PHUC HOI KET CAU

Céan ctr vao hién trang hu hong cua cong trinh va
yéu cau su dung, viéc phuc hoi két cau dugc chia
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thanh cac nhom giai phap khac nhau cho cac dang cdu
kién nhu sau [6]:

Dbi véi nhom cau kién bj hu hong do dn mon
nhung chua dnh hudng nghiém trong dén kha ning
chiu lyc can st Iy nhu sau: Pyc tay bo phan bé tong
bao vé doc theo cbt thép da bi &n mon vao tdi sau tdi
chd chua gi; Danh sach gi cbt thép bang may (hodc
chat bién ddi gi); Son chéng an mon cdt thép toan b

phan thép da danh gi; Quét hé XM-polime tao dinh
Ién mat bé tong cl, ghep cdp pha rét vira tur chay
khong co tinh nang chéng dn mon cao, chiéu day tdi
thiéu 50 mm.

DPbi v6i nhom cau kién bi an mon anh hudng
nghiém trong dén kha ning chiu lyc can xu Iy nhu
sau: Gia cuong phuc hdi kha ning chiu lyc bang thép
hinh dong thoi chong an mon cho két cau.

Hinh 7. Hinh anh cong trinh trudc va sau khi stra chita hoan thanh dua vao str dung

D6i voi nhom céu kién chua bi dn mon dé dam
bao ngén ngura sy tiép tuc thim thau clia cac tdc nhan
gdy an mon, hoi 4 am va 0xy vao két ciu thi toan bo bé
mit két cdu phai dwoc chong an mon bang phu 1 16p
son chéng an mon (hodc trat vita chdng dn mon).

V6i cac nhom giai phap stra chita gia cuong chong
in mon cu thé va dong bd nhu trén, toan bd ciu kién
cong trinh duoc phuc hdi kha ning chiu luc ciing nhu
dam bao chong dn mon. bic biét giai phap gia cuong
thép hinh xung quanh két cau bé tong cbt thép cii vira
tang kha nang chiu lyc cta cau kién BTCT ma con
phat huy t6t sy 1am viéc ddng thoi ciia két cau thép.

7. KET LUAN

Sau hon 30 ndm su dung, cong trinh bé tong cét
thép 8 tang bénh vién da bi an mon hu hong xudng
cap, mdt sO bd phdn cong trinh bi &n mon nghi€ém
trong khong dam bao an toan sir dung. Nguyén nhan
chinh duge xac dinh 1a do thiét ké chua tinh dén yéu
cau chéng an mon cho két cau bé tong cdt thép trong
diéu kién méi trudng y té ciing cb cac tic nhan clorua
tham thau manh vao bé tong dan dén an mon cbt thép
va cong tac kiém tra dinh ky sira chira bao tri cong
trinh chua kip thoi. Vién KHCN Xay dung da kiém
dinh, phan tich danh gia mic d6 hu hong xudng cip
cong trinh, xac dinh rd nguyén nhan tur do dua ra giai
phap sira chira phuc hoi dam bao kha nang chiu luc va
chéng an mon cho két cau. Pén nay, cong trinh da
hoan thanh va dua vao st dung dam bao kha nang
chiu lyc, kha néng chéng an mon lau dai, dap ting cac
yéu cau vé ky thuat va my thuat nhu hinh 7.
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Bai hoc rit ra 1a cing nhu mdi trudng bién va
cong nghi¢p, moi trudong y t&€ ciing tiém an nhicu tac
nhan gdy an mon két cau BTCT trong qué trinh st
dung nhu: nudc thai, khi thai, hoa chat, chat tay ria,
moi truong kho 4m thuong xuyén... dan dén an mon
phéa hiy sém nhu cdng trinh nay, vi vy dé dam bao
tudi tho thiét ké cho cong trinh y té can phai dac biét
quan tdm dén y€u cau ky thudt bao v¢€ chéng an mon
cho két cau BTCT khi thiét ké va tuan thu cac quy
dinh hién hanh vé kiém tra, bao tri cong trinh trong
qua trinh khai thac st dung.
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NGHIEN CUU ANH HUONG CUA PHU GIA PCI 3000
PEN MOT SO TiNH CHAT CUA BE TONG
VA KHA NANG BAO VE CHONG AN MON CHO COT THEP

STUDY ON THE AFFECTION OF PCI 300 ADMIXTURE TO SOME PROPERTIES
OF CONCRETE AND ANTI-CORROSION ABILITY FOR REBARS

Nguyén Nam Théng', Phan Vin Chwong’
“Vién Khoa hoc Cong nghé Xay dung (IBST), namthangibst@yahoo.com.vn
“Vién Khoa hoc Cong nghé Xay dung (IBST), chuongibst@gmail.com

TOM TAT: Hién nay, viéc st dung phu gia chéng an mon cho cot thép ngay cang trd nén can thiét. Khi thiét ké, thi cong
cac cong trinh bé tong cot thép vung bién phai dap mg cic yéu cau ky thuat quy dinh trong TCVN 9346:2012. Theo do,
d6i v6i moi truong 6 tinh chat xdm thyc manh nhur moi trudng ving bién thi bén canh viéc dam bao cac bién phap bao vé
co ban nhu: ting mac bé tong, do chdng tham, tang chiéu day 16p bé tong bao vé cbt thép... con phai sir dung thém cac bién
phap bao vé hd trg nhu sir dung phu gia chéng dn mon. Phy gia PCI 3000 c6 kha ning we ché chdng an mon cbt thép tot,
ddng thoi con c6 tinh nang giam nudc tAm cao s& cai thién dang ké chat lugng cua bé tong. Nghién ciru danh gia anh huong
ctia phu gia PCI 3000 dén tinh chit ciia bé tong, kha ning chdng dn mon cho cbt thép va sy twong hop véi cac loai xi ming
PC va PCB trong diéu kién Viét Nam 1a rat can thiét. Cac két qua thir nghiém budc du da lam rd vé kha ning ap dung cua
san phim PCI 3000 chong dn mon cho két ciu BTCT cong trinh ving bién Viét Nam.

ABSTRACTS: Nowadays, the using anti-corrosion admixture for rebars is becoming more and more necesary. The design
and construction of marine concrete strutures have to satisfy technical requiments in TCVN 9346:2012. Therefore, for the
environment which is strong corrosion such as sea environment, not only basic methods as inceasing grade or
waterproofing of concrete, increasing thickness of cover layer ect.. are applied but also using anti-corrosion admixture.
PCI300 admixture has excellent anti-corrosion, and it also has water reducing property at high level. The study to this
admixture, the quality of concrete go up significantly. Thus, study on the affection of PCI300 admixture to property of
concrete, anti-corrosion ability for rebars and compatibility with cement PC and PCB in Vietnam condition is very
importance. Several initial testing results have showed clearly applied ability of PCI300 product for marine concrete
structures in Vietnam.

1. PAT VAN PE bao vé lau dai cho cbt thép. Két qua thir nghiém, dénh
gi4 anh hudng cua phu gia PCI 3000 dén mot sb tinh
chit cua bé tong va kha ning bao vé chéng in mon
cho cbt thép 1a hidu qua.

An mon phé hity cac cong trinh xay dung & ving
ven bién Viét Nam dudi tac dong xam thuc cua moi
truong bién 13 hién twong phd bién. Qua thuc té khao
sat doc bo bién Viét Nam tir Bic dén Nam cﬁa,Vién 2. VAT LIEU, MUC PiCH VA PHUONG PHAP
Khoa hoc Coéng nghé xay dung cho thay hau hét cac  NGHIEN CcUU
cong trinh xdy dung co xuét hién dau hiéu dn mon
bé tong, cbt thép véi cac mic do khac nhau, ca biét
mot s6 cong trinh da bi pha huy nghiém trong chi sau  2.1.1. Chdt két dinh
mdt thoi gian ngan dua vao sur dung. Trong qué trinh nghién ctru, dé tai da sir dung céc

Hién nay téc d6 xdy dung ¢ Viét Nam phat trién  loai xi mang khac nhau dé danh gia tong quat anh
nhanh, dic biét 12 ving ven bién, do d6 doi hoi phai  hudng cua phu gia PCI 3000 dén cac tinh chat cua
¢6 cac giai phap chdng an mon da dang va hitu hiéu  bé tong:
cho bé tong cbt thép nham nang cao do bén duy tri - Xi ming Soéng Gianh PC40;
tudi tho cac cong trinh xay dung. - Xi méng Song Gianh PCB40;

- Xi mang Nghi Son PCB40;

2.1. Vit liéu dung cho nghién ciru

Ngay nay, st dung phy gia chdéng dn mon cho cdt
thép ngay cang trd nén pho bién. Khi thiét ke thi cong
céc cong trinh ving bién can dap ung yéu cau k§y thuét - Xi mang Bit Son PC40.

TCVN 9346:2012. Tuy nhién dbi voi cac ket ciu ¢co Xi ming céac loai trén dap tmg yéu ciu tidu chuin
chiéu day mong thi rat kho dam bao yéu cau bao V&, TCVN 2682:2009 Xi mdng pooc ling - Yéu cau kj
vi vy can st dung bién phap bao vé bo sung nhim thudt c6 thé str dung ché tao vita va bé tong.
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2.1.2. Cét ligu min: Cat vang song Lo. Bang 1. Két qua ban chup IR
Cdc chi tiéu co Iy cua cat song Lo dat tiéu chudn — A )

TCVN 7570:2006 c6 thé sir dung dé ché tao vita va STT | Budc song Cau tao nhém

betong . 1 3401 OH

2.1.3. Cot ligu thé: Da 1x2 Kién Khé, cip phoi hat
nam trong gidi han cho phép theo TCVN 7572-2:2006
2.1.4. Thép: CT3 Thai Nguyén.

2 1646 C=0
3 1538 vong benzen
2.1.5. Phu gia: PCI 3000 cua hang Silkroad, mét so 4 1242 C-O-C hoc C-O ciia C-OH

tinh chat ctia phu gia nhu trong cac bang 1, 2, 3 va
hinh 1, 2 duéi day:

BO MON HOA VAT LIEU-KHOA HOA-TRUONG DHEHTN

Ten may: GX-PerkinElmer-USA Nauoi do: Mguyen Thi $on  DT: 0912140352
Resolution: 4cm-1 bail: sonhuco@yahoo.com

PCL300

3901

1242

oss

=

s 2

0.000 . , ;
. 4000.9 3800 3200 280G 2400 2000 1800 1600 1400 1200 1000 BOG 600 490.0
cm-=1

Hinh 1. Két qua phén tich IR cta PCI 3000
Biang 2. Két qua kiém tra ham lwgng nguyén t6 héa hoc ciia phu gia PCI 3000

TT Chi ti€u phan tich Pon vi Phuong phap thu Két qua
1 Al mg/l 1,420
2 Si mg/l SMEWW 3125: 2012 12,80
3 Fe mg/1 32,10
4 SO~ mg/l SMEWW 4500 SO,E: 2012 353
5 CI mg/l SMEWW 4500 CIB: 2012 1949
6 MKN % TCVN 8826:2011 19,67

. /“ .
. N N R

3500 3000 2500 2000 1500 1000

VWavenumbers (cm-1)

Silkroad PCI 3000-Pham thi Minh. Film

Hinh 2. Két qua phan tich ham lwong nguyén t6 hoa hoc ciia PCI 3000
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Bang 3. Két qua kiém tra tinh chat

cia phu gia PCI 3000
TT | Chi tiéu thir Ph”"gff,r php BV"i’n quf;
| Pertt 64T9§:\2/1(;11 I - | 1016
2 | TYHene D 127?1\{[998 kgl | 1,23
3 Hftgtlﬁgg ¢ 881;2:\271(;11 | P 3B12

2.1.6. Cip phoi bé tong sir dung trong nghién ciru
Cép phdi bé tong sur dung la cap phdi thir nghiém
trong ti€u chuan TCVN 8826:2011.
2.2. Muc dich va phwong phap nghién ciru
~ Muc dich nghién ctru: danh gia anh huong dén mot
sO tinh chat va hi¢u qua chong &n mon cua phy gia

chéng dn mon PCI 3000 cho bé tong cdt thép trong
diéu kién cta moi truong bién Viét Nam

Phuong phap nghién ctru: 1a tién hanh thuc nghiém
trong phong thi nghiém trén co s¢ vat liéu, thiét bi va
didu kién ctua Viét Nam, co so sanh dbi chiéu véi
bé téng khong st dung phu gia chéng dn mon. Dya vao
két qua thyc nghiém phan tich danh gia toan dién kha
nang st dung san pham phu gia PCI 3000.

3. ANH HUONG CUA PHU GIA PCI 3000 DEN
MQT SO TiNH CHAT CUA BE TONG

Trong nghién ctu nay, anh huong cua phu gia
PCI 3000 dén mét sb tinh chat cua bé tong bao gom:
cuong do nén, cuong do ubn, thoi gian bat dau va két
thic dong két. Cac thi nghiém theo tiéu chudn TCVN
376:2006, cip phdi thi nghiém theo TCVN 8826:2011.
Cac mau bé tong dugc ché tao va bao dudng theo
TCVN 3105:1993.

3.1. Thir nghiém dung xi mang Nghi Son PCB 40

Bang 4. Két qua kiém tra anh hwéng ciia phu gia 3000 dén tinh chit co ly
cuia bé tong khi sir dung xi mang Nghi Son PCB 40

i 9% Cudne do % Cuong | Thoi gian Thoi gian
. x Tuoi Cuong do ’ g e Cuong do | do uon so | bat dau dong két thuc
Loai mau x X nen so voi ; e 2 Ao £ A £
mau nén, MPa dbi chim uon, MPa vo1 doi két, dong keét,
£ ching | (gio: phut) | (gio: phut)
3 25,1 100 4,1 100
Mau doi 7 28,9 100 53 100 4:25 6:15
chung
28 36,6 100 6,4 100
. 3 38,2 152 6,1 149
Mau cé . .
phu gia 7 432 149 7.8 147 4:50 6:50
28 46,1 126 9,0 141
3.2. Thir nghiém dung xi ming Bt Son PC 40
Bing 5. Két qua kiém tra dnh huéng cia phu gia PCI 3000 dén tinh chit co' ly
ciia bé tong khi sir dung xi miang Bit Son PC 40
. . % Cuong Thoi gian Thoi gian
9 0 r r Y r
.| Tubi | cuongde | °CUMEI0 N o ds | doubnso | bt diudong | Kkt thic
Loai mau x . nén so voi £ Y £ A A
mau nén, MPa d&i chim uon, MPa vo1 doi ket, dong ket,
& chiing (gid: phut) (gid: phut)
3 25,2 100 3,9 100
Mau doi 7 29.8 100 5,0 100 4:20 6:35
chung
28 36,7 100 6,3 100
. 3 39,5 157 5,9 151
Mau c6 . .
phy gia 7 44.4 149 7,2 144 5:00 6:55
28 49,9 136 8,6 137
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3.3. Thir nghiém dung xi miang Song Gianh PC 40

Bing 6. Két qua kiém tra dnh huéng cia phu gia PCI 3000 dén tinh chit co' ly
cua bé tong khi str dung xi mang Séng Gianh PC 40

\ n \ % Cuong | Thoi gian Thoi gian
N 0 7 v 7
- Tudi | Cuongdo | °Cuomgdd | Cuong | 45 6060 | batddu | két thic
Loai mau x . nén so voi d6 uon, Ay ~ z ~ %
mau nén, MPa d&i chim MPa voi doi dong keét, dong ket,
& chimg | (gio: phit) | (gio: phut)
X 3 23,9 100 3,7 100
Mau doi 7 28,2 100 5,1 100 4:05 5:50
ching
28 36,9 100 5,9 100
My o 3 39,6 166 5,5 149
au o 7 43,8 155 7,5 147 3:55 5:20
phu gia
28 47,7 129 7,9 134
3.4. Thir nghiém dung xi mang Séng Gianh PCB 40
Biang 7. Két qua kiém tra dnh huéng cia phu gia PCI 3000 dén tinh chit co' ly
cia bé tong khi sir dung xi mang Song Gianh PCB 40
9 ) A A 0 \ A e . z e e X
| Tudi | Cuongde |70 Cuomgdd] cpanoqs | % Cudngdd | Thoi gian bat | Thoi gian ket
Loai mau X . nén so voi £ uon so voi dau dong keét, |thhac dong két,
mau nén, MPa ke o1 udn, MPa Koo R . :
ddi ching do6i chung (gio: phut) (gio: phit)
Ny déi 3 23,3 100 3,4 100
au ¢ot 7 285 100 4,6 100 3:45 5:45
ching
28 33,2 100 5,0 100
M of 3 37,1 159 5,2 153
au co 7 42,0 147 6,8 148 3:30 5:20
phu gia
28 46,7 141 6,0 120
Nhan xét:

- Cac két qua thtr nghiém cho thdy v6i xi midng PCB 40 Nghi Son va PC 40 But Son cho két qua thoi gian
bat dau dong két va két thiuc dong két déu cham hon so v6i mau dbi chimg, xi mang Séng Gianh PCB 40, PC40
cho két qua nhanh hon so v6i mau dbi chimg.

- Cuong d0 nén, udn & céc ngay 3, 7, 28 khi thi nghi€m trén 4 loai xi mang khac nhau déu cao hon so véi
mau déi chimg.
4. KHA NANG BAO VE, CHONG AN MON CHO COT THEP CUA PHU GIA PCI 3000

4.1. Mtrc dd tham ion Clorua

Mtrc d6 thim ion clqrua duoc thi‘nghiém tai LAS XD-05, thir nghiém thep tiéu chuan TCVN 9337:2012
Bé tong ning- Do d6 tham ion clo bang phuong phip do dién lugng. Mau d6i ching 1a mau st dung céc xi

miang khac nhau nhung khong sir dung phu gia PCI 3000, mau nghién ctru 1a mau st dung phu gia PCI 3000.

Bang 8. Két qua kiém tra @9 thAm ion Clorua

. Do thim ion
N S n Tong dién lugng | clorua, danh gia A o
STT Loai mau thi nghiém (culdng) theo TCVN Nhan xét
9337:2012
1 | Ximang Nghi Son PCB40 2739 Trung binh Thip hon miu ddi
Xi mang Nghi Son PCB40 + PCI 3000 1252 Thap ching 45,7%
) Xi mang Bat Son PC40 3008 Tru,ng binh Thip hon mﬁu d6i
Xi ming But Son PC40 + PCI 3000 1634 Thap ching 54,3% cap
; Xi ming S6ng Gianh PC40 4381 Cao Thip hon miu dbi
Xi mang Song Gianh PC 40 + PCI 3000 2324 Trung binh ching 48,1%
4 Xi mang Song Gianh PCB40 3879 Trung binh Thip hon miu ddi
Xi mang Song Gianh PCB40 + PCI 3000 2169 Trung binh ching 55,9%
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Nhan xét:

- Két qua kiém tra 6 thAm ion Clorua cho thay
mau bé tong khi sir dung phu gia PCI3000 s& c6 dién
tugng truyén qua bé tong giam di hay muc do thdm
ion clorua giam di so voi miu ddi chimg, chung to
phu gia PCI 3000 c6 hiéu qua trong viéc ngan can ion
clorua xam nhap vao bé tong.

- Thir nghiém d6i v6i xi ming Séng Giang
PCB40, But Son PC40, Song Gianh PC40, Nghi Son
PCB40 cho két qua mirc do tham ion clorua giam so
voi mau dbi ching tuong ung la: 55,9%; 54,3%;
48,1% va 45,7%.

Nhu véy, phu gia PCI3000 c6 hiéu qua trong viéc
giam d6 tham ion clorua vao trong bé tong.

4.2. Két qua thi nghiém in mon c6t thép trong bé tong
bang phwong phap gia téc dung dong dién ngoai

Phuong phép gia toc dung dong dién ngoai duoc thir
nghiém theo tiéu chuan ciia Phan Lan NT Build 356.
Bang 9. Két qua thi nghiém in mon c6t thép trong

bé tong bang phwong phap gia téc

Thoi gian
. xuat hién
Cx . Thoi N
STT| Loai mau thi nghiém ) hién gi thép
giando | 7 = %
va nut mau,
ngay
1 | Ximang Nghi Son 06
PCB40
Xi méang Nghi Son .
PCB40 + PCI 3000 Chua gi
2 | Xi mang But Son Pc40 | D001 04
thang
Xi mang Bat Son PC40 | lién tuc .
+ PCI 3000 trén may | U2 81
3 | Xi ming Song Gianh do gia 05
PC40 toc an
Xi mang Song Gianh mon .
PC 40 + PCI 3000 Chua gi
4 | Ximang Song Gianh 04
PCB40
Xi mang Song Gianh .
PCB40 + PCI 3000 Chua gi

NCAM & BVCT

Hinh 3. Phuong phap gia téc ding dong dién ngoai
thi nghiém &n mon cot thép
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Hinh 4. Po mirc 6 tham ion clo bang
phuong phap do dién luong

Nhan xét:

- Sau hon 1 thang thir nghiém an mon c6t thép
trong bé tong bang phuwong phap gia tdc cho thay: thir
nghiém voi bé tong ddi ching déu xuét hién gi thép
rat nhanh. Trong d6 cép phdi bé tong sir dung xi ming
But Son PC40 va Song Gianh PCB40 xuét hién gi va
nGt mau sau 04 ngay, cap phdi Song Gianh PCB40
sau 05 ngdy xuat hién gi thép va niit mau, cép phdi
bé tong sir dung mau Xi mang Nghi Son PCB40 sau
06 ngay xut hién gi thép va nit mau.

- Cac mau thir nghiém c6 cip phdi bé tong sur
dung phu gia PCI 3000 déu chua xuét hién gi sau
1 thang.

- Nhu vay khi thi nghiém an mon cdt thép trong
bé tong bang phuong phap gia téc sir dung dong dién
ngoai thi phu gia PCI 3000 c6 hi€u qua rd rét ngan can
ion clorua x4m nhdp qua bé téng dén bé mit cbt thép
hay lam cham tdc d6 an mon cdt thép.

5. KET LUAN VA KIEN NGHI

5.1. Két luan

Céan cir vao cac tho nghiém trong phong thi
nghiém, c6 thé rat ra mot sé két luan sau:

- Phu gia PCI3000 khi thir nghiém anh huong dén
thoi gian bat dau ninh két va két thuc ninh két ciia hdn
hop bé tong;

- Phu gia PCI3000 lam ting cudng d6 nén va ubn
clia bé tong so voi mau dbi ching & cac tudi 3, 7,
28 ngay;

- Phu gia PCI 3000 c6 tac dung chdng n mon:
ngin can ion clorua thAm vao trong bé tong, giam
dang ké dn mon cbt thép trong bé tong.
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5.2. Kién nghi

Céc thi nghiém kiém tra kha nang chéng dn mon
cua phu gia PCI 3000 can dugc tiép tuc nghién ctu
lau dai va tht nghiém hién truong.
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NGHIEN CUU BE TONG SIEU TINH NANG - UHPC
VA UNG DUNG TAI VIET NAM

TS. Trin Ba Viét', TS. Lé Minh Long?, Ths. Uéng Hong Son’, Ths. Nguyén Hong Son*, Ths. Vii Ngoc Luyén’,
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TOM TAT: Bai bdo da trinh bay toan dién két qua nghién ctru méi nhét vé cac tinh chat va do bén lau cua bé tong siéu
tinh nidng- UHPC sir dung nguyén vat liéu Viét Nam trong diéu kién cong ngh¢ va khi hau nudc ta. Tr d6 dua ra cac linh
vuc Gmg dung va két qua da tng dung UHPC vao xdy dung ha tang nhu ciu UHPC, nip va hd ga do thi, cac bo phan két
ciu cong trinh xdy dung nhu Mat dung, bé chura, kién trac, dam.... Cac két luan rat ra 1am co s& va c¢6 gia tri cho cac
nghién ctru va tng dung tiép theo vé UHPC tai Viét Nam trong thoi glan toi.

This article presents the latest research results on the study of the properties and durability of UHPC using Vietnamese materials
in terms of technology and climate in Vietnam. From there, the fields of application and results have been applied UHPC to build
infrastructure such as UHPC bridge, urban cap and manhole, structural components such as fagade, reservoir, beams ...
Conclusions are the basis and valid for further UHPC research and application in Vietnam in thenear future.

TU KHOA: Bé tong siéu tinh nang- UHPC, soi thép, Ao chay, cuong do nén, uon, kéo, @ déo dai, dp bén lau, chong tham,
chong an mon, tham clo, hé sé quy doi cuong do, bien dong cuong do, cau UHPC, fagcade UHPC.

KEYWORDS: Ultra High Performance Concrete- UHPC, steel thread, flow, compressive strength, bending, tensil,
toughness, durability, waterproofing, anti-corrosion, anti chlorine corrosion, UHPC bridge, UHPC facade.

1. GIOI THIEU Bé téng theang B¢ tong tinh nang cae B¢ téng tinh ning siéu cao
Trong khoang 30 ndm gan ddy cac nudc tién tién o (m.n.:m“";jmm M| pane
Coment 80 oy,

da nghién cuu bé tong tinh nang siéu cao Ultra High
Performance~ Concrete- UHPC, co C}rdng do trén
150 MPa mau try D100 xH200, trén nén bé tong nay

Sand
Steel Fiber

s€ bo sung soi thép, soi tong hop, hay sgi lai Hybrid Cuonz &5 20 - 40 MPa Citig 8950~ 100MPa  Cuomg 43100 - 300 MPa
. , R 2 A oA D6 réng 10 - 20 % PG rong: 10 - 20 % & réng <29

(Soi thép- Soi Tong hop) dé tao ra bé tong UHSFC — : Pl st

khéng chi ¢6 cuong dd chiu nén si€u cao ma con cod Hinh 2: Mt cit cia mdu UHPC soi thép

cuong do chiu uon va kéo cao, mo dul dan hoi rat cao,

Ol ) v6i cac ham lugng khéac nhau
do déo dai cao.

Cuong do nén, cuong do toi han chi chiu anh
Thoi gan hudng nho bdi sy c6 mat clia sgi, voi mic ting quan

1916 1943 1972 2000 2005

BT .y R sat dugc bién ddi trong pham vi 0 dén 1,5% cho lugng
|- L e soi thép str dung 1én t&i 1,5 theo thé tich.
E | :/ UHSC mw ! 20 Ex .mu of bending defection Curve
HSC “» e /1 ¥

Compressive sress in WPa

Bpndeng ibeil b (W)
c 5 B 8 & B

! 1 0“8 ()‘.6 0‘4 (J,z 0 Hsc A RO * e %
Ty Ie N/CKD g
Hinh 1: Db thi tdng quét su phét trién bé tong UHPC Hinh 3: Quan h¢ cutng 49 chiu nén va img suat
khi chiu nén cua bé tong thuong va UHPC- Ductal
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Khi chiu udn cé thé ting hon 2 lan khi st dung
khoang 4% thé tich soi trong vita xi mang-cat. Hién
nay, cac nghién ctru khac cho thiy su c6 mat cia cot
liéu thd cung vdi viée sir dung cong tac tron va db hop
1y c6 thé giup giam luong dung soi xudng chi con 1,5
— 2% theo thé tich ma van ting cuong do chiu udn lén
dén 2 1an. Tuy nhién, sy phan bd va hudng soi co anh
huong kha nhiéu dén kha ning ting cuong do chiu
ubn cho UHPC.

Kha ning chiu udn va bién dang ciia bé tong
thuong so véi bé tong cdt soi PP va bé tong UHPC ct
soi thép

— = Tii trong MPa
— = Tiai trong ,MPa

d=L/150 (nhip ucn)

) Phuong phdp JSCE SF-4 b) Phuong phdp ASTM C108

Hinh 4: Buong cong tai trong d vong
va cac chi so dang gid do bén déo dai[1]
Kha ning chiu kéo truc tiép [1]
Khi chiu kéo truc tiép, cuong d6 dugc cai thién

khoang 30 dén 40% voi lugng soi thép sir dung
> 1,5% theo thé tich.

Hinh 5: Quan hé cudong do chiu kéo truc tiép voi
bien dang khi kéo ctia bé tong thuong so véi UHPC

Chi sé déo dai: Thong sb nay dugce cho 1a dic
trung phan biét rd nhat UHPC véi bé tong thuong
khong cbt sgi. Trude didu kién va dap, do bén déo dai
c6 thé duoc biéu thi dinh tinh bang cach thir nghiém
su pha huy két cAu UHPC bang bua ta hoic tha roi bi
thép tir cac chiéu cao xac dinh.

2000
1800
1680
1400
1200
1000
800
800
400
200
o

Tai trong [A*s)
.- = N W
2 & 8 &

B 84 s3u tham nhap [mm)

L
B 10mg o ndag ca0 B4 sing tink ning witn cao

B8 iy dhetng

Hinh 6: Muc do tham ion Clo dbi véi bé tong thudng,
Bé tong tinh nang cao va siéu cao
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Do bén lau: An mon cbt thép trong Bé tong tinh
nang siéu cao UHPC

Carbonation Chloride permeability Electrical resistivity

Cartonpton

n dapt Ot conFicent b
1'nu|r|\mm1 we

- Risigtraly ae 0.5 poar ot
[ 240, 1O0NAH

Concrete
1 0-13
rfsse

UHPG
0
k. ohim m

UHPC

0,8x1013
mesec

Cancrete

Smm Concrele
UHPC <01

A mam kchimm

Hinh 7: Kha ning chéng an mon Carbonat hoa
va h¢ s6 khuéch tan ion Clo cta bé tong
thuong so véi UHPC

Qua céc biéu dd trén c6 thé nhan thdy UHPC c6
mirc d6 thAm Ton Clo rit nho so v6i bé tong thuong.
Hé s6 khuéch tan ion Clo nhé hon 45 lan so voi
bé tong thuong. Hay noi cach khac 1a kha nang bao vé
cbt thép trong bé tong UHPC cao hon rit nhiéu so véi
bé tong thudong. Picéu d6 co nghia 1a néu so véi
bé tong thuong tudi tho cia bé tong UHPC ting 1én
nhiéu 1an. Va diéu nay cang hiéu qua rd khi két cdu
UHPC trong méi trudng khi hau bién.

2. CO SO KHOA HQC CUA PE TAI

2.1. Sw 1am viéc dong thoi ciia ¢t s¢i thép va nén
bé tong tinh ning siéu cao

Ban chét cua sy ting cuong cdt soi thép phan tan
trong hon hop bé tong nhim han ché sy phat trién
nhing vét nirt nho.

Mat khac, cac sgi dugc phan bd khong lién tuc va
ngau nhién trong da xi ming ca & nhiing vung chiu
nén va chiu kéo cia mot bo phan két ciu. Ching c6
thé nang cao d6 ctng va diéu chinh vét nit thong qua
viéc ngan chin cac vi vét nut lan chuyén va mé rong
va con ting d6 dai do kha nang hap thu ning luong
cua chung. [2]

2.2. Ché tao bé tong tinh ning siéu cao theo ly
thuyet toi wu do dic, the tich tuyét doi

2.2.1. Ché tao bé tong tinh ning siéu cao theo
phuwong phdp thé tich tuyét déi [3]

Dé 46 dic dat t6i uu khi thiét ké cip phdi UHPC
¢6 thé coi tong thé tich cta cac vat liéu thanh phan la
1000 (1), bo qua thé tich cac bot khi chiém chd co
trong hén hgp UHPC. Theo phuong phap thé tich co
thé thdy rang dé do dac toi wu thi cac vat liéu phai co
kich thudc hat bé lam cho kha nang phén tan cta cac
hat trong hén hop UHPC la 16n. Vi vay sé it cac 15
rong trong cAu trac, dam bao do dic tdi wu.

2.2.2. Ché tao bé tong tinh ndng siéu cao theo
Iy thuyét toi wu vé dé dic [3]

Nguyén tic co ban dé cai thién cac tinh chit cua

bé tong 1a ting do dic cia vira xi ming va cai tién
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ving tiép giap gilta d4 xi mang va hat ¢t lidu. Voi 4. KET QUA NGHIEN CUU
bé tong tinh ning siéu cao ty 16 N/X tir 0,155 dén
0,22. Chat két dinh baogdm xi ming, Silica fume va
duoc thay thé mot ph.':fln béng ¢6t liéu min nhu bot
Quartz ¢6 duong kinh trung binh 1a 10 - 30pm. Cét
liéu nho thuong duoc dung lacat Quartz c¢6 cd hat 16n
nhit tir 0,5 dén Imm. Thiét ké hdn hop bé tong tinh

4.1. Anh hwong caa ham lwong s¢i thép dén tinh
cong tac cia hon hgp UHPC

Bang 2: Anh huéng ciia HL soi thép
dén d§ chay xoe

nang siéu cao thuong dugc s dung phuong phap ly Tinh cong tac
thuyét di doi voi thue nghiém. . .. Do chay xoe (mm)
Cap Phoi
CP 0.0 - 0% sgi 256
CP0.5-0,5 258
CP1.0-1,0 261
o Fly ash (or ather pawder) CP 1.5 B 1’5 255
il i CP2.0-2,0 250
. ) . CP3.0-3,0 206
Hinh 8: Cau tric vi mo cua bé tong tinh nang siéu cao
va bé tong cuong dd cao CP 4.0 -4,0% 180

3. PHUONG PHAP NGHIEN CUU VA VAT LIEU

300
3.1. Vat li¢u sir dung g 250
=
= 200
. S oo % 150
gw,m:zumn k 0 310,25, -
i 28 neiy= 50,2 MPa Y D=22g/m’
%ﬁ%yfgzmslﬂl\ﬂ : § 28 :g 100
< 50
% 0
) e 0 01 1 02 2 3 4
: Dramix
IPRO-PCAL / CamRanh 0=02mm % Soi thép
Qﬁ;anlvcarbnxvlﬂt 3y % Si0,>95 L=12,7mm =
 Giim>35% H,0 D=2,7g/em® D=17_85g/em’
D=1, g/em® 5 1
Hinh 10: Biéu d6 anh huong ctia ham lugng soi thép

Hinh 9: Thong sb k¥ thuat co ban cua vat liéu st dung den d9 chay xoe clia hon hop UHPC

3.2. Cac phwong phap
Cac tinh ché‘g cua vét li¢u sir dung duogc xac dinh
theo céc tiéu chuan dugc néu trong bang: 300,0
Bang 1: Cac phwong phap nghién ctru. E250J0 M
Thi nghiém Phuong phap thur 5200,0
Xéc dinh d6 chay xoe TCVN 9204:2012 ‘%50 0
Xéc dinh Nén , 8
cuong o Uén TCVN 9204:2012 gﬂﬂ,ﬂ
Kéo K-UHPC: 2014 @00
Modul dan hoi TCVN 5726 - 1993 .
Ung suét - bién dang K-UHPC: 2014 * J J , . _
H6 6 khudn TCVN 5574-2012 b Bl ety G plr N
; K-UHPC Thé'i gian
X4c dinh dién luong tham TCVN 9337:2012 i )
qua mau Hinh 11: Anh huéng ciia ham lugng sgi thép dén
Kiém tra d6 tham ion Clo TCVN 9492:2012 ton that do chay xde theo thoi gian
theo chiéu sdu mau ASTM C1556 - 11a
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4.2. Anh huwéng cia ham lwong soi thép dén phat
trién cwdng do nén mau tru D10xH20cm

Cuong do nén mau try D10xH20cm, tai cdc ngay
tuoi 1,3,7,14,28,60.

Bang 3: Anh hwéng ham lwong s¢i thép dén

phat trién cwdng d nén theo thoi gian (ngay)
mau tru D10xH20cm, MPa

4.3. Anh huéng cia ham lwgng sgi thép dén phat
trién cwdng do uon mau 4x4x16cm.
Cuong d uon tai cdc ngdy tudéi 1,3,7,14,28,60.
Bang 4: Anh hwdong ham luong soi thép
dén phat trién cwong d§ nén theo thoi gian (ngay)
mAu udn 4x4x16cm, MPa

Soi
thép,| 1 3 7 14 28 60
%
CPO| O [61.1|73.8]86.4(105.1(116.7]|119.1
CP1| 1 78.0 1 93.3 [104.3]1114.6]120.4]126.1
CP2| 2 [110.8]|118.5]123.6(127.4(133.8|140.1
CP3| 3 [112.1]1120.3]126.4(129.9]|140.1|152.2
CP4| 4 [119.01128.4|133.8(139.1|142.7|156.7
1800
1600
1400
320,0
=
00,0
b}
o.0
]
&0.0
40,0

20,0

a— (PO +— (Pl — CP2

1 —33 CP3 F#— CPA 14 28 Ngay tudi

Hinh 12: Anh huéng cta ham luong soi thép dén
cuong d6 nén theo thoi gian (ngay) -mau try
D10xH20cm, MPa

Cuong do nén mau tru DIOxH20cm, tai tudi
28 ngay.

Cuong do, MPa
145

135

125

115 -

0
T 2 25 3 4 Soi thép,%

Hinh 13: Anh hudng ciia ham luong soi thép
dén toc d6 phat trién cuong do nén - mau tru
D10xH20cm tai 28 ngay

Soi
thép, | 1 3 7 14 | 28 60

%
CPO| O 49 11021103 |11.9|13.1 135
CP1 1 102 | 123 | 14.8 | 17.9 | 18.0 | 18.9
CP2| 2 13.1 | 23.0 | 263 | 27.9 | 29.5| 32.8
CP3 3 123.1]27928.7]|31.2]|32.8]36.1
CP4| 4 |246]29.5(37.7|42.7|492|574

1 Curgmng dodviPa 2

=

CP1% P 2%

1 3 7 14 28 .60
Ngay tudi

Hinh 14: Anh hudng ctia ham luong soi thép dén
phat trién cueong do uon mau 4x4x16 tai 28 ngay

Cuong do uon mau 4x4x16 tai tuéi 28 ngay

Cuong do,MPa
60 —

50 —

30

20 —

0 0.9 2 2963 4 Soi thép,%

Hinh 15: Anh huéng cta ham luong soi thép dén
phat trién cuong d¢ udén mau 4x4x16cm tai 28 ngay
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4.4. Anh huwéng ciia ham lwong s¢i thép dén phat

trién cwong dd chiu kéo ciia UHPC theo thoi gian DS RS s Eme

Ll

Str dung khuén c6 kich thude tiét dién chiu
kéo 5x10cm dé thur nghiém, két qua thir nghiém
duogc thé hién qua bang va biéu do sau.

Cuong do kéo tgi cac ngay tuéi 1, 3,7 14, 28, 60.

Bang 5: Anh hwéng ham lwgng soi thép

dén téc Ao cwong dd nén theo thoi gian (ngay)

o X A ————CLE ]
trén mau kéo, MPa

Soi Hinh 18: Puong cong mg suét - bién dang khi kéo.
tl};p, ! 3 7 14 28 60 4.5. Aph huéng ciia ham lwong soi thép dén Modul
- dan hdi
Cro| 0 19134141 |54 54 |60 Mot trong nhirng chi tiéu quan trong nhit néi lén
CP1 1 20|36 |57 |65]| 66 |70 ban chat cua vat liéu 1a Modul dan hoi. Hon nita doi
v6i bé tong cbt soi thép thi Modul dan hoi thé hién
CP2 2 >l 61173173174 |84 kha ning bién dang dudi tai trong kha}c biét rit 16n $0
CP3 | 3 57169 |74 |78 | 84 | 9.0 v6i bé tong thuong va modul dan hoi la mét chi so
CP4 | 4 8190|9496 102 |11.0| duan tr(_)ngi trong tinl} toan ’thiét ke bé tong. Modul dan
hoi dugc tinh theo cong thirc: E=(S2-S1)/(e2-¢1).
Bang 6: Modul dan hdi theo K-UHPC.
12,0
N Nhom mau
10,0 : & thir CPO CP1 CP2 CP3 CP4
£ 8.0 ¥ Cuong d¢
= nén (MPa)| 108 110 130 136 136
% 0 el
'g 4,0 (mm/mm) [0.00005{0.00005| 0.00005 | 0.00005 | 0.00005
€2
20 (mm/mm) [0.00103{0.00104|0.001042 {0.001041|0.001041
0 —+—CP0 —m—CP1  —a—CP2 SI(MPa) | 1.98 | 241 2.55 2.55 2.61
1 3 7 14 28 &
NeBRGi 1Sy (MPa) | 43.16 | 4432 | 5228 | 54.52 | 59.08

Modul (E),

Hinh 16: Anh huéng ham luong soi thép dén
GPa 42.02 | 42.33 50.13 52.44 56.98

phat trién cuong d6 chiu kéo

Cuong do kéo tai tuoi 28 ngay. Modul dan héi, GPa

60 —
Cuong do,MPa
- 50 -

/

10

40

30

20 [~

! ‘ : :
. l ) 2.1 2.973 4 Soi thép,%

Hinh 19: Modul dan hdi - mau tru D15xH30cm

| | | |
0 0.9, ) 2,964 4 Soi thép.% 4.6. Nghién ctru anh hwéong ciia ham lwong sgi thép

dén kha nang chong mai mon cia bé tong

Hinh 17: Anh huong ham lugng soi thép A A
dén phit trién cuong 46 kéo 28 ngay Céc ket qua thir nghién d mai mon cua bé tong

UHPC v6i cac ham luong soi thép khac nhau (mdi cap
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phéi thir 3 vién, két qua cho trong bing 1a két qua
trung binh, dugc cho trong bang sau:

Bang 7: Két qua thi nghiém mai mon

50 Tén mau Ham luong b6 mai Izllf)n
1T soi thép, (%) | (g/em?)
1 | UHPC-0 0 018
UHPC-2 > 014

4.7. Nghién ciru xac dinh hé s6 khuén.

Nghién ctru xac dinh hé s6 khuén theo K-UHPC:
Dé thiét 1ap duoc hé sb quy doi cuong do6 nén (o)
nhom nghién cuu da ché tao cac mau 15x15x60cm,
4x4x16 (cm), 10x10x10(cm) try D15xH30cm va tru
D10H20cm, va thir cudng do nén ¢ do tudi 28 ngay.
Theo Tiéu Chuin K-UHPC 2/2014 “Phwong phdp
san xudt vién mau dé thir nghiém cuwong dé ciia
bé téng.” Liy két qua nén mau (D10H20) la chuan
v6i hé sb bang 1. Quy ddi sang cac mau khac véi cac
két qua nhu sau:

Bang 8: Két qua nén pha hiiy, va hé sé
cAc miu tudi 28 ngay ciia CP2% sgi thép

Biang 9: Quy dobi cwong dd tinh toan

Vi Hé’sé Hé’sé

Bién | Ving | ' 98 | bién | bién

. H, & dang | dan g}a dang | dang

Vién X dan | N

mm | R du, | hoi, X dan | tuyét

¥ hoi, A7 O )

mm | mm | h6i1,% | d61,%

AB/H | AC/H

1 | 300 {0,702 0,653 | 1,116 0,963 | 0,372 | 0,693

2 | 301 [0,723]0,436 | 1,323 | 0,653 | 0,440 | 0,656

3| 300 [0,723]0,672 | 1,234 0,634 | 0,411 | 0,623

Tb‘?“mig 3003 0,716 | 0,587 | 1,224 | 0,750 | 0,408 | 0,657

Cép cuong d6 mau 15x15x60cm, MPa 115
(TCVN 5574-2012)

Cép cudng d6 mau Tru D10xH20cm, MPa 140

(K-UHPC)
Cudng d6 trung binh mau Try D15xH30cm, MPa | 136

Heé s6 quy dbi cuong do mau try D15xH30cm
ve cap cuong do

Theo K-UHPC 2-2014 : 1,03

Khudn D10xH20 | 4x4x16 10x10x10 D15xH30
1013.8 [ 247.9 | 1416.5 | 2323.9
1039.8 [ 249.4 | 1360.3 | 2323.9
Luc pha hity, | 1173.1]283.4| 1587.0 | 2380.6
kN 1039.8 [ 255.1 | 1564.2 | 2550.6
1158.6 | 300.4 | 1337.4 | 2392.0
1163.3 | 283.4 | 1587.0 | 2408.1

Luyc trung binh,
kN 1098.1 | 269.9 | 1475.4 | 2396.5
C“gnnid&g;mg 140 | 155 | 148 136
Hé sb khuén 1 0.9 0.95 1.03

4.8. Ung suit bién dang khi nén
Quan hé tng suat va bién dang trén miu bién dang
nén Tru D15xH30cm. Biéu d6 quan hé ing suat bién
dang thu dugc bi€u dién trén cac hinh bén duai.
Cudmg do, MPa

140
Rypiei ke

First Micro Crack

40 | Bi€ndang du/ Ving dan héi |Gid dan héi

Phi hiy

C
[ 050587 1 15 2 252561 3 35 4
Bién dang, mm

Hinh 20: Ung suit bién dang khi nén trung binh

77

Khi ting dan tai trong tir 10 dén 97MPa d6 bién
dang thay dbi lan lwot la 1,116mm;l1,323mm;
1,234mm va tinh dugc hé sd bién dang dan hdi lan
luot 1a 0,00372; 0,00440; 0,00411.

Cuong d¢ tinh toan Ry = 97MPa néu giam tai
trong thi cAu kién sé& bién dang vé trang thai ban dau,
day 1a ving dan hoi , 1a khoang 1am viéc an toan cua
céu kién. Cuong d6 tinh toan/ cudng do = 71,3%.

Khi ting tir 97MPa dén 136MPa bét dau xuét hién
nhiing vét vi nirt nho dau tién (First Micro-Crack) day 1a
ving gia dan hoi.

Tinh toan duogc do bién dang lan luot 12 0,963mm;
0,653mm; 0,634mm va xac dinh duoc tong bién dang
lan luogt 14 0,00693; 0,00656; 0,00623 cing cudng do
thiét ké Ry = 136MPa.

_Go thé xac dinh duoc hé ) tuong quan cuong (j(f)
mau try D15xH30cm va cap cudng do theo ti€u chuan
K — UHPC 2-2014 1a 1,03.

4.9. Hiéu qua Kinh té - ky thuat

KT CT Rn Ru

—Tinh cong tic

—Cuong do nén
Cuong do uon
Tinh kinh t&

i |
2627
3

I
1.9
2

3.6 4 Ham lugng soi, %

0 1

Hinh 21: Xéc dinh ving cap phdi tdi uu
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Tu hinh 21 lga chon ham lugng ph.':fln tram soi1
thép hop Iy nam trong khoang (1,9 — 3,6)%.

Néu uu tién vé mat ky thuat (cuong do uén) khi
ham luong soi thép st dung khoang 3,6%.

Néu tbi wu vé kinh tékhi ham luong soi thép sir
dung khoang 2,6 - 2,7%.

4.10. Nghién ciru sy bién dong chét lwong cwong
do nén

Nghién ctru hé s6 bién dong cuong do chiu nén tai
28 ngay tudi cia UHPC, 2% soi thép, sir dung mau
D100 x H200mm, s lugng mau 60 vién, ché tao trong
10 ngay lién tuc.

= ] 4 4
=
23
1
134 138 139 141 143 144 146 149 150 151 152 153 154 155 156 157 159 163 164
Cuimg dé, Mpa

Hinh 22: Bién dong cuong d6 chiu nén mau D10x H20

4.11. Nghién ctru anh hwéng cia diéu kién khi hiu
dén do co mém va co kho ciia UHPC

4.11.1. P co mém trong diéu kién khi hdu tw nhién
cua UHPC

Mau thi nghiém v&i 2% soi thép. Hon hop bé tong
duge db vao khuan 10x10x40 cm dé 6n dinh trong 30
phut sau do gén déng hd, vach chia 0,01lmm rdi bét
dau do lién tuc trong 24 gio.

—e— Nhidt 46 {dd C)

co do bé tong dong ran va bi mit nude, chi sb co tai
24 ¢i¢ trung binh 1a 1,225 mm/m.

4.11.2. Dj co kho trong diéu kién phong thi nghiém
cua UHPC

Mau thi nghié€m véi 2% sgi thép, sau khi thuc hién

xong do co mém, dé 6n dinh mau trong 1 ngay, sau d6
gan dong ho vai vach chia 0,002 mm do trong thoi

gian 28 ngay tiép theo.

o

o.oz0 -+

oess L
{mmy/m)

Hinh 24: D6 co khé trong diéu kién trong phong
ctia hén hgp UHPC theo thoi gian

Chi s6 co khé tai 28 ngay 1a 0,033 mm/m. Do ty 1¢
N/CKD théap nén co do boc hoi nudc mao quan ko xay
ra. Khi ¢6 soi thép co tac dung chong nut (nhu trang
thai bi ng suat trudc), lam cho vét nut khdng 16n
thém duoc.

4.12. Nghién ctru kha ning chong thim ciia UHPC

~ Mau thtr v6i 2 % soi thép. Lién quan dén’rm'rc do
tham lon CI', ¢6 thé danh gia trude hét gian tiép thong
qua kha nang chong tham cia bé tong.

Bang 10. Két qua xéc dinh kha ning chong thim

—m— 08 &m (%)

0 . . . Thai gian (gié)

—— 1

naz

a6
(mimfm)

Hinh 23: D6 co mém trong diéu kién phong
thi nghiém ctia hdn hop UHPC theo thoi gian

Qua cic biéu db ta thdy do co mém ctia UHPC 16n
hon rat nhieu d co khé. Po trong 24 gio 1a thoi gian

cua UHPC
Ap luc Két qua quan sat hién tuong thim
thi trén tirng mau
nghiém X X X X X X
MPa Mau 1 {Mau 2 |Mau 3 [Mau 4 |Mau 5| Mau 6
14 Ch}Ia Chp:a Ch}Ia Ch}Ia Ch}Ia Ch}Ia
tham | tham | tham | tham | tham | tham
18 Ch}Ia Chpa Ch}Ia Ch}Ia Ch}Ia Ch}Ia
tham | tham | tham | tham | tham | tham
20 Ch}Ia Chp:a Ch}Ia Ch}Ia Ch}Ia Ch}Ia
tham | tham | tham | tham | tham | tham
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UHPC c6 thé chiu dugc cap ap lyc trén 20MPa.
Cép chéng tham dat duoc >20 MPa, chimg minh bé
tong UHPC c6 mat d6 cao va do déng nhét rat cao,
khong ran niit. Cac miu bé téng c6 do dong déu rit
t6t. Didu d6 cho phép tién liéu 1a hé sé tham Ion CI
cling sé rat thap.
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4.13. Nghién ciru kha ning chdéng in mon cho
bé tong UHPC

4.13.1. Xdc dinh hé sé suy giim cwong dé ciia UHPC
2% soi thép trong cdc moi truong axit, kiem manh

Dé riit ngin thoi gian tic dung cta axit va kiém
nén da st dung nhiing dung dich axit, kiem c6 nong
dd cao dé ngdm mau trong 30 ngay.

Céc mau thi nghiém gom c6: H,SO, - 98%, H,SO,
- 50%, HCI - 35%, NaOH — 50%.

Sau 30 ngay ngdm mau, mau dugc vot ra lam va
xac dinh cac chi ti€éu cuong dd uon va nén d€ so sanh
v6i mau chuan, tinh ra duge hé so suy giam cuong do
trong cac moi truong khac nhau.

HCI (35%)  H,S04(98%) NaOH (50%)

H2504(50%)
= —

Hinh 25: Cac miu thi nghiém duoc ngdm hoa chit
trong 30 ngay

Nghién ctru kiém tra cuong d6 nén udn, tim ra chi
sO suy giam cuong do K. Chi s6 suy giam cuong do
dugc tinh bang cudng d6 ctia miu ngdm hoa chét
trong 30 ngdy va cudng do cia mau chun, ty 16 ngdm
hoa chét.

Bang 13: Panh gia két qua thi nghiém kha ning
cot thép bi &n mon trong bé tong

Két qua do dién thé cot thép theo cac | Dénh gid
diéc cuc chuan, mV k,hé nang
DPong Calomen | Bac Clorua SOt th‘ep b%
Sunphat bdo | bdohoa | (Ag/AgCl/4 | T mon tal
hoa (Hg/ MKCI) tﬁﬂgﬁf
(Cu/CuSO04) |Hg,Cl/KCI)
C6t thép
chua bi dn
>-200 >-126 >-106 mon (xac
suat trén
90%)
Khé nang
tir - 350 dén | tir - 276 dén | tir- 256 aén | < P !
-200 - 126 - 106 kh(")ng’ chéc
chan
Cot thép da
<2350 | <-276 | <-256 | Dianmen
(xac suat
trén 90%)

Trong thi nghiém nay sir dung véi dién cuc Dong
Sunphat bao hoa.

Bang 14: Két qua thi nghiém do dién thé in mon
ciia miu UHPC

K= (Rw/Ry) x100 o Dién thé do dugce (mV)
K: Heé s6 suy giam cuong do. Vit 1 o) 3 4

Bang 11. Hé s6 suy giam cuong do nén 1 -50 -96 -69 -61

Miu | H,SO, | H,SO, | NaOH | HCI 2 -37 78 -82 -60

thuong | 98%, 50% 50% | 35% 3 -53 -64 -51 -51

Roen 142.5 | 1352 | 140.1 | 136.0 | 144 4 -36 -64 -63 -22

, 5 -30 -37 -29 -31

Hé s6 K, 1 0,95 0,98 0,95 0,1

Trung | -41> | 68> | -59> | -45>

Bang 12. Hé s6 suy giam cuong do udn binh -200 -200 -200 -200

Mau | H,SO, | H,SO4 | NaOH | HCI

thuong | 98%, | 50%, | 50% |35%

Ruén 244 | 235 | 202 | 228 | 65
Hf(SO 1 096 | 0,83 | 093 |0.27

4.13.2. Nghién ciru khd niing chdng an mon ciia cot
thép va sgi thép trong bé tong bang phwong phdp
xdc dinh hiéu dién thé an mon
Trong nghién ciru nay xac dir}h hiéu dién thé an
mon bang phuong phap do dién the.
~ Can cu vao gia tri dién thé trén ban d6 danh gia
két qua theo bang dudi day:
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4.13.3. B} thim Clo theo chiéu siu miu theo thoi
gian 3 thang ngdm mdau

Bang 15: Két qua do thim clo theo chiéu siu miu
theo thoi gian 3 thang

11 en i | P o e T
1| Lépl | 0-05 0,109
2 | Lép2 | 05-1 0,017
3| Lép3 | 1-15 0,013
4| Lépa | 1,5-2 0,005
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Ham Iwong ion Clo cla bé téng sau khi ngdm
3 thang trong nwdc bién thuwe
< 0,12
o\ ’
E 01 % 0,109
LC) 0,08
o ’
@ 0,06 \\
S 0,04 N
5 002 U0 5013
T 0 : ¥ 0,005
0 1 2 3
Chiéusaucla bé téng (mm)
Bang 16: Xac dinh mirc d§ thAm ion clo
Require of ASTM
Results C1202 -12
TT 215z % | sz
No| No |Units é é % é ,41;9 ;:
5 ‘= 5 o ‘= £
2l 29| B | 28
S |88 § | Sz
1 | Vién 1 24 >4000 | High
2 | Vién 2 24 2000 - |Moderate
3 |Vién 3| Cu| 29 4000 Low
4 | Vien 4 1ong| 33 | KO8 ] 450
cn tham = | Very low
ia 2000
> | Vien 3 45 Negligible
100 -1000
6 | Vién 6 28
<100

4.14. Nghién ciru vé anh hwong ciia nwée bién thue
dén suy giam cwong dd miu va cwong do bé tong
trén cAu kién theo thoi gian ngdm miu trong
nuée bién
4.14.1. Cwong d¢ nén ciia mau theo cdc giai doan
ngdm mdu

Bing 17: Cwong do nén ciia miu D10H20
theo cac giai doan ngim miu

Mau D10 x H20, MPa
Khong | 504 | 210d | 3654
ngam
CP2% 1410 | 1389 | 132,9
CP3% 143,1 | 1423 | 1359
CP2%Botmau | 143,5 | 134,6 | 129.9
CP Soi tho 105,7 | 101,9 | 96,8
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4.14.2. Cwong dp udn ciia méu theo cdc giai doan
ngdm mdu

Bang 18: Cuong dd udn ciia miu 15x15x60
theo cac giai doan ngim miu

Ubn 15 x 15 x60
au Iffglz;g 90d | 210d | 365d
MPa MPa MPa MPa
CP2% 25,2 24,9 23,9
CP3% 25,5 24.6 23,5
0
QPZ /f’ 25,8 24,1 22.8
Bot mau
CP Soithd | 26,6 26,1 24,7

Theo K- UHPC hay NF P18-470 chiéu day 16p
bao v¢ toi thiéu 1a 20mm, trong nghién ciru ndy cling
st dung chiéu day 16p bao v¢ 1a 20mm.

5. CAC CONG TRINH PA UNG DUNG BE TONG
TINH NANG SIEU CAO - UHPC TAI VIET NAM

Nguyén Trung Hoa, Tran B4 Viét, Lé Minh Long
(2016) “Nghién ciru thiét ké cau néng thon sir dung
bé tong UHPC". Hoi nghi ACF 2016.

Tran B4 Viét, Lé Minh Long, Nguyén Trung Hoa
(2016). "Nghién ciru vé bé téng cot soi tinh néing siéu
cao itng dung vao cau néng thén tai Hiu Giang". Hoi
nghi ACF 2016.

Tran Ba Viét cac cong tac vién, cong ty tu van
Thing long vé lam chu thiét ké két cdu dam ciu
UHPC trén MIDAS 2018 va thi cong ché tao dim cau
UHPC tai ba Na:lng, Son Tay - Ha Noi véi sb luwong
11 cAu UHPC nhip tir 8 d&én 15m, rong 4m, tai thiét ké
0,65HL93.

Tran Ba Viét va cong su thiét ké thi cong cau
UHPC tai Vinh Long, Long An, Khanh Hoa véi cau
nhip 15m, rong 4m. Pic biét c6 cau UHPC Ca Sach,
Tan Hung, Vinh Long gom 5 nhip x 15m, tai
0,95HL93 da thi cong xong trong thang 9 nam 2018 la
minh ching cho viéc lam chu cong nghé thiét ké két
cAu, ché tao UHPC, va thi cong la‘ip dat didm UHPC
cho 6 tinh thanh trong ca nudc (2018).

D3i nghién ciru thiét ké va ché tao cac modul fagade
UHPC dé xiy dung mat tién kién trac cong trinh nha
Beta Pai hoc FPT Can Tho. Cong trinh da dugc hoan
thanh va khanh thanh ngay 10 thang 8 nam 2018, da tao
ra dong luyc mai cho viée img dung UHPC cho céac cong
trinh chat luong cao ¢ Viét Nam (2018).

Di nghién ciru ché tao cac nap hé ga UHPC thay
thé nip gang, cép tai A, B, C, D voi dang tron va
vuodng. Cac nip ga cho kha ning chiu tai trong duong
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nip gang, chdng mai mon cao, khong bj mit trom véi
gid thanh canh tranh. Két qua dugc tmg dung trong
thuc tién v6i 200 nap hd ga da dugc cung tng ra thi
truong (2016).

Lé Minh Long, Tran Ba Viét va cac cong su da
nghién ctru tng dyng UHPC cho xay dung nha bién
dao bang phuong phap lip ghép st dung cau kién
UHPC tién ché cho két qua déap ung cac yéu cau thiét
ké va str dung va c6 hiéu qua kinh té.

Noi dung ma cac dé tai néu trén hudéng dén viéc
nghién ctru st dung céac loai vat li€u trong nudce dé ché
tao UHPC. Tir d6, budc dau dua loai bé tong nay ap
dung vao trong két cau ciu va két ciu nha cao ting.
Céc nghién ctru nay dugc xem la nhitng nghién ctou
tién phong va duoc ung dung cong nghé, san phim
UHPC ¢ Viét Nam.

* Nhirng irng dung ciia UHPC tai Viét Nam

Hinh 26: Mét dung UHPC cho toan nha Beta —
Dai hoc FPT Can tho (8/2018)

Hinh 28: Cau UHPC Ca Sach,Tan Hung,
Long An (8/2018)

Hinh 29: Gian hoa UHPC, san Golf S6¢ Son, Ha Noi
(6/2018)
KET LUAN
1. Lya chop vat liéu phu hop, thiét ké tinh toan
dugc thanh phan bé tong c6 cuong do chiu nén toi
193,8MPa va cuong d6 chiu udn tdi 49,2MPa~(méu
4x4x16cm), 28 ngay, cudng do chiu nén trén mau lap

phuong 100x100x100mm tai 28 ngay tudi 1a 156MPa,
udn trén mau lang try 100 x100 x400mm la 44 MPa.

2. Xac dinh dugc anh hudng ciia ham lugng sgi
thép dén do chay xoe; ton that do chay xoe theo thoi
gian; sy phat trién cuong do nén, udn, kéo theo thoi
gian, h¢ s6 quy d6i cuong do khudn, Modul dan hoi
va (g suat bién dang cta bé tong UHPC.

3. Ham lugng soi thép < 1% khong c6 hi€u qua.
Ham lugng soi thép tir 1-3%, cac tinh chét cua bé tong
UHPC tang lén 1o rét khi tding ham luong s¢i. Ham
luong soi >3% hiéu qua khéng cao. Soi thép co thé
tang cuong do udn rd rét 1én 2,5 1an va tang cuong do
chiu kéo 1én 2 lan.

4. Xac dinh hé s6 quy d6i khudn tir cac méu
4x4x16 cm, 100x100x100mmva tru D150xH300mm
sang mau try D100xH200mm, theo K-UHPC 2-2014 lan
luot1a 0,9; 0,95 va 1,03 .

5. Modul dan hdi bién ddi tir 42.02 GPa dén
56.98 GPa voi bé tong c6 cuong do chiu nén tur
108 dén 136MPa.

6. Bé tong UHPC 2 % soi thép c6 mac chéng thim
rt cao > B20. Bé tong UHPC c6 kha nang chdng an
mon sun phat, chéng dn mon Cl-, chdng an mon trong
cac mdi trudng axit, kiém 1a rit tét, co kha ning
chéng an mon cho thép cdt trong bé tong rat tot.

7. Bé tong UHPC vai 2% sgi thép c6 dd co mém
trung binh sau 1 ngay dém la 1,225 mm/m va co kho
trung binh sau 28 ngay 1a 0,033 mm/m. Ché do bao
dudng ban dau rat quan trong.

8. Phén tich cac yéu t6 kinh té- k¥ thuat da xac
dinh dugc khoang ham luong soi thép phu hop la tur
1,9 - 3,6%. Cép phdi tdi wu vé k¥ thuat - kinh t& co
ham lugng soi khoang 1,90 - 2,65%.

9. Pbi voi cac ung dung tai Viét nam nén lya chon
UHPC v6i ham luong §qi thép 2%, do chay
> 22cm, cuong d6 nén mau tru D100xH200mm Ia
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150 MPa, Ubn trén mau  100x100x400mm
1a 44 MPa, kéo truc tiép theo K- UHPC la 8MPa,
Modul dan hdi > 48 GPa, co mém sau 24 h la
1,225mm/m, co khoé sau 28 ngay 1a 0,033mm/m. Mac
chéng thAm > B20. Dong 4n mon cua bé tong nén
UHPC 1a < 100 Culong.

10. ba nghién ctru stt dung UHPC cho cong trinh
xay dung da thyc hién tai Viét Nam trong thoi gian
qua nhu cac cong trinh ha tang cau, hd ga, 6ng kich;
cho cac cong trinh dan dung cong nghiép nhu nha lip
ghép chdng dn mon bién, cau thang, facade, dim. Cac
két qua ung dung cho két qua tin cay va dap ung cac
yéu cau thiét ké.
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NGHIEN CUU SU DUNG CAT NGHIEN THAY THE CAT TU NHIEN
TRONG BE TONG CHO KHU VUC PONG BANG SONG CUU LONG
STUDY ON THE USE OF CRUSHED SAND AS AN ALTERNATIVE OF
NATURAL SAND IN CONCRETE IN MEKONG DELTA REGION

Lé Hoai Bio', Pang Van Hoi?, Mai Thi Hoa®
"Trirong Pai hoc Xay dung Mién Tay, Email: lehoaibao204@gmail.com
*Truong Dai hoc Xdy dung Mién Tay, Email: danghoi2010@gmail.com
I Truwong Pai hoc Xay dwng Mién Tay, Email: maihoaxdmt@gmail.com

TOM TAT: Trong bdi canh gi4 cat dung trong xay dung tai khu vic Dong bang song Ciru Long (PBSCL) tang cao, ngudn
khai thac can kiét, chit lugng khong dam bao, viéc khai thac qua mirc gdy anh huong dén moi treong. Voi tinh hinh do, tac
gia nghién ctru sir dung cat nghién duoc san xudt tir cong ty Khai thac va ché bién da An Giang dé thay ngudn cat tw nhién
& PBSCL. Qua viéc thi nghiém mot sé tinh chit vat 1y cua cat nghién, ddng thoi so sanh tinh cong tic va cudng do chiu
nén gitra bé tong cat nghién va bé tong cat tuy nhién & cap do bén B15 va B20 khong phu gia. Tir két qua thu dwoc, nhom tac
gia danh gia kha nang thay thé cat ty nhién bang cat nghién.

TU KHOA: bé tong, cat nghién, cat ty nhién, Pong bang séng Ctru Long.

ABSTRACT: In the context of rising natural sand used in construction prices, the available sources of natural sand are
getting exhausted, the quality is not guaranteed and exploitation affects the environment. With that situation, the
researcher study on the use of crushed sand which is manufactured by the company An Giang Stone Exploitation and
Processing to replace natural sand in the Mekong Delta. Through the experiments of some physical properties of crushed
sand, at the same time compare the workability and compressive strength between concrete crushed sand and natural sand
concrete at the level of B15 and B20 non-admixture. Based on the results of the study, the authors evaluate the possibility
of replacing natural sand with crushed sand.

KEYWORDS: concrete, artificial sand, natural sand, Mekong Delta.

1. TINH HINH KHAI THAC, SU DUNG CAT TU Bing 1. Dy bao nhu céu vat ligu san lip
NHIEN KHU VUC PBSCL tai DPBSCL giai doan 2016 - 2020 [2]
Theo Nehi dinh 242/2016/ND-CP ngdy 0542016 | STT|  Tinh L1 doan 2016 - 2020 (tri¢u m’)
cua Chinh phu [1] da Xép cat xay dung la vat li€u xay Tur bén
dung thong thudng va do cdp tinh quan 1y, vi vay viéc 1 L‘ong An 60 65
quan 1y hién nay thiéu su thong nhét trén toan qudc vé a Tiél} Giang 40 45
diéu tra, danh gia trit luong dén cap phép, sir dung. 3 Bén Tre 36 40
Nhu cau st dung cat san 1ip tai PBSCL dugc thé hién 4 Tra Vinh 50 55
trong bang 1. 5 Vinh Long 30 35
Hién nay viéc danh gia trir lwong cat ty nhién 6 | Dong Thdp 35 40
dugc thuc hién chua dy du, chua c6 sy thong nhét 7 An Giang 42 45
toan quéc vé theo doi, didu tra, quan ly. Céc sb ligu | 8 | Kién Giang 70 75
hoan toan do cac dia phuong tw danh gia dwa vao két 9 Can Tho 50 35
qua diéu tra ciia cac doanh nghiép 1a chu yéu. Theo 10 | Hau Giang 30 35
sb liéu hién co cla trung tam Quy hoach thi ca nudc 11 Soc Trang 45 50
hién c6 331 mo cat voi tong trit luong khoang 12 | Bac Liéu 15 18
2.079,72 triéu m® [3]. Riéng tai DPBSCL phan bd cu 13 Ca Mau 12.5 15
thé theo bang 2. Téng cong 515.5 573

&3
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Bang 2. Tong hop tai nguyén khodng san cat,
cudi, s6i mgt so6 tinh PBSCL [2]

Bang 4. Chi tiéu thanh phan hat cat nghién

Kich thuoe Khéi luong | Luong sét | Luong sot
mat sang | trén tng |sang ri€ng a; | sang tich iy
(mm) sang (g) (%) Ai (%)
Pay sang 56,00 5,60 100
0,140 141,00 14,1 94,4
0,315 205,00 20,5 80,3
0,630 153,00 15,3 59,8
1,25 214,00 21,4 44,5
2,5 231,00 23,1 23,1
5 0,00 0,0 0,0
Modun d6 16n My = 3,02

Cat, cudi, soi
STT Tinh L Trir lugng
SO0 mod (triéw o)
1 Long An 5 0,03
3 Bén Tre 30 317,13
4 Tra Vinh 10 19,02
5 Vinh Long 9 103,75
6 | Dong Thap 2 218,43
7 An Giang 13 92,60
8 Kién Giang 5 2,45
Téng cong 74 753,41

Voi trit lugng cat ty nhién nhu trén, néu dung cat
dé san lép thi dén ndm 2020 Viét Nam s& hét cat, con
chi dung dé xdy trat va bé tong thi dap tmg duoc thém
15-20 nam. Bén canh d6, trong nhitng nim gin day,
nhiéu c nhan t6 chirc khai thic cat tai cac long song
khu vuc PBSCL di gy ra nhiéu hau qua nghiém trong,
lam bién d6i dong chay gay sat 1&, x6i mon bd song.

2. SO SANH MQT SO TINH CHAT VAT LY
GIUA CAT TU NHIEN VA CAT NGHIEN

Cat nghién 1a loai vat liéu duoc nghién nho tir da
tu nhién, la nguén vat liéu thay thé rat tot cho cat tu
nhién. Hién nay cat nghién dang duoc sir dung ché tao
bé tong do c6 nhidu wu diém nhu: hat cat ddng déu, co
thé diéu chinh module d¢ 16n va ty 1é thanh phén hat,
tuy nhién nhing tinh chét nay thay d6i phu thudc vao
ngudn da gbc va cong nghé nghién. Trong pham vi
nghién cuu so sanh, ngudn cat nghlen thi nghiém
duoc lay tr cong ty Khai thac va ché bién da An
Giang; ngudn cat song_dai dién cho BPBSCL dugc lay
tur cat Phan Thanh (Can Tho) do loai cat ndy da qua
sang rira nén c6 chat luong cao hon so véi cac ngudn
cat khac trong khu vuc DPBSCL.

2.1. Thanh phén c& hat va module dj 16m
Bang 3. Chi tiéu thanh phén hat cat séng

Kich thudc | Khdi lugng | Lugng st | Lugng sot
mat sang | trén tung | sang riéng | sang tich liy
(mm) sang (g) a; (%) Ai (%)
bay sang 41,40 3,76 100,00
0,140 279,00 25,34 96,24
0,315 500,00 45,41 70,90
0,630 194,30 17,64 25,50
1,25 49,00 4,45 7,86
2,5 37,50 3,41 3,41
5 0,00 0,00 0,00
Modun d6 16n My = 2,04

Nhan xét: Cat nghién dat yéu cau quy dinh, cat thudc
loai to. Cé thanh phan cd hat tot hon so vi cat song.
2.2. D¢ hut nwéc chaa cat

Tién hanh thi nghiém cho 2 miu cat thu duogc két
qua nhu trong bang 5.

Bang 5. P hit nuwée ciia cat séng va cat nghién

Khéi lugng mau (g) —
. 3 !
TT| Loaicat | Khobé | Kho hoan nude (%)
mat toan
1 | Catsong | 4474 438,31 2,12
| Cat 446,5 440,3 1,41
nghién

Tu két qua trén cho thiy cat nghién c6 d6 hut nudce
thap hon cat song nhung chénh Iéch khéng qua 16n.
2.3. Hinh dang bé mit
So v&i cat song thi cat nghién co hinh dang hat
gbc canh hon, dong thoi cat ty nhién cd bé mat tron,
tron hon cat nghién. Qua cac hinh 1, hinh 2 c6 the
nhin r6 hon hinh dang hat cat.

Hinh 1. Cat song

Hinh 2. Cat nghién
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2.4. Do x6p héng ciia cat

Do x6p hong cua cat anh hudng rat 16n dén tinh
chat ciia bé tong. Tinh chit nay phu thugc vao thanh
phan ¢& hat va hinh dang hat cat, do cat nghién co
thanh phan c& hat va hinh dang goc canh hon cat séng
nén d6 rong 16n hon.

Bang 6. Khoi lrgng thé tich va do xop hong
ciia cat song, cat nghién

OIS | e
., thé tich & 2., > | XOp
TT| Loai cat .11~ | thétich xop | 2
trang thai kho (ke/m’) hong
pu (gom’) | P (%)
1 | Catsong 2,41 1.527 36,6
2 | Cat nghién 2,51 1.533 38,9

Két qua cho thiy cat nghién co do x6p hong 16n
hon cat song, chung té so vdi cat song hinh dang bé
mat cat nghién goc canh va go ghé hon.

2.5. Mot sb chi tiéu khac ciia cat nghién

Dé dam cét cat nghién tai cong ty Khai thac va ché
bién d4 An Giang dap Umg yéu cau trong ti€u chuan
9205:2012, nhom tac gia tién hanh mot so thi nghiém

dé xac dinh tinh chat khac cua cat nghién. Két qua
dugc the hién trong bang 7.

Bang 7. Két qua thi nghiém mét s tinh chat
cuiia cat nghién

bon : Tc
Chi tiéu . Két qua [9205:2012
vi
[4]
Ham lugng hat sét % 0,50 <2
Ham luong ion clo o
«r) % 0,0071 <0,05
Ham lugng hat 0
<0.075mm % 6,67 <16
Kha nang phan trng Tron%
A et - vung cot

kiém - silic i e

liéu vo hai

3. TINH CONG TAC GIUA BE TONG CAT TY
NHIEN VA BE TONG CAT NGHIEN

Dé thdy dugc su anh huong cua cat nghién dén
lwong ding nuée ciia hdn hgp bé tong, nhém nghién
ctru tién hanh thiét ké cap phdi st dung cat song ¢
hai cdp do bén B15 va B20, do sut 8 + 2 cm theo
phuong phap Bolomey - Skramtaev sau d6 thay thé
cat song bang cat nghién cotile phéi tron khac nhau
theo nguyén 1i thé tich, tién hanh do d¢ sut va so sanh
v6i mau st dung 100% cat song. Cép phdi bé tong
(xi ming : cat : d4 : nudc) dé kiém ta do sut dung
100% cat song nhu sau:
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- Bé tong co cip do bén B15: 295:623:1211:195;
- Bé tong c6 cap do bén B20: 360:577:1197:195.

Bang 7. Ti 1§ cat nghién, cat song va d9 sut
cua cac cap phoi bé tong

. Ti 1é ¢6t liéu min
Mau — Do sut
Thi nghiém Cat nghien | Cat song SN (cm)
(%) (%)
Bé tong cdp d6 bén B15 (M200)
BTI 0 100 9
BT2 25 75 8
BT3 D 50 50 6,5
BT4 N 75 25 5
BTS 100 0 4,5
Bé tong cap d6 bén B20 (M250)
BT6 0 100 9
BT7 25 75 8,5
BTS D 50 50 8
BT9 75 25 6,5
BT10 100 0 5

Tir cac két qua do sut c6 thé thay: Néu thay thé
phan trim cat nghién cang nhiéu thi do sut cang thap.
Giai thich hién twong nay c6 mét s6 nguyén nhan chi
yéu sau: Mac du d6 hut nude cia cat nghién nhé hon
cat song tuy nhién bé mit cac hat cat nghién thuong
nhiéu géc canh, ham luong hat min (< 0 ,15mm), lon
hon cat séng (5,6% so voi 3,76%), vi vay téng dién tich
bé mit cua cat nghién sé& 16n hon nhleu S0 voOi cat song.
Day chinh 13 nguyén nhéan chii yéu gy nén hién tuong
giam d6 sut, tr d6 lam cho lugng dung nudc cua bé
tong sir dung cat nghién ting hon so vdi bé tong sir
dung cat song.

Theo phuong phap Bolomey - Skramtaev dé dam
bao do6 sut 8 + 2cm cua cac cap ph01 bé tong, tién
hanh diéu chinh lwong nuéc & cac mau BT3, BT9
béng cach thém 5 lit nuéc; ¢ cac mau BT4, BTS,
BT10 tién hanh ting ca nudc va xi mang dén khi dat
d6 sut nhu yéu cau. Két qua thanh phan cip phdi
bé tong sau khi diéu chinh duoc thé hién trong bang 8.
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Bang 8. Cép phoi cho 1m® bé tong
sau khi diéu chinh

Thanh phan bé tong S
Kyhiéu | XM | CN | CS | Pa | Nudc N
(kg) | (kg) | (kg) | (kg) | (lit)
Bé tong cap do bén B15 (M200)
BTI 205 0 | 623 [1211| 195 |1,51
BT2 295 | 156 | 467 |1211| 195 | 1,51
BT3 E 302 [311,5(311,5[1211] 200 | 1,51
BT4 § 310 | 467 | 156 |1211] 205 | 1,51
=
BT5 | |310| 623 | 0 |[1211| 205 |1,51
Bé tong cip do bén B20 (M250)
BT6 360 | 0 | 577 [1197| 195 | 1,85
BT7 360 | 144 | 433 [1197| 195 | 1,85
BT8 i 360 |288,5(288,5[1197| 195 | 1,85
BT9 @ 370 | 433 | 144 [1197| 200 | 1,85
BT10 % 379 [ 577 | o |1197] 205 | 1,85

4. CUONG PQ CHIU NEN GIUA BE TONG CAT
TU NHIEN VA BE TONG CAT NGHIEN
Bang 9. Cwong do chiu nén

ciia cac cap phoi bé tong

Cuong do chiu nén,
STT Ky hiéu mau MPa

R7 | R28

Bé tong cip do bén B15 (M200)
1 BTI 14,8 21,8
2 BT2 16,0 22,4
3 BT3 i 15,4 20,9
4 BT4 @ 15,9 21,6
5 BT5 % 16,3 232

Bé tong cap d6 bén B20 (M250)
6 BT6 20,1 30,1
7 BT7 : 22,0 27,3
8 BTS E 21,6 26,1
9 BT9 § 19,8 27,9

=

10 BT10 — 21,3 30,5
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Pé xac dinh chinh x4c cudng d6 chiu nén cia
bé tong s dung cat nghién, nhom nghién ciru tién
hanh sit dung mau thi nghiém co kich thudc
15x15x15¢m. S6 lugng mau du cung cip cho 10 cap
phéi tir BT1 dén BT10 theo hai loai ngay tudi, 7 ngay
va 28 ngay. Cac ky hiéu cdp phdi va két qua thi
nghiém cuong d0 nén cia cac dugc trinh bay nhu
trong bang 9.

Tir céc két qua thu duge nhu trong bang 9 v& dugc
céc biéu dd danh gia sy anh hudng cua cat nghién dén
cuong do chiu nén cua bé tong B15 va bé tong B20
thong qua cac biéu d6 ¢ hinh 3 va hinh 4.

Qua két qua thi nghiém, ¢ cic mau bé téng co st
dung cat song va cat nghién véi cac ti 1¢ phdi tron
khac nhau thi cudng d6 bé tong & mau str dung 100%
cat nghién c6 cuong do nén & 7 ngay tudi va 28 ngay
tudi déu 16n hon so véi miu chi sir dung 100% cat
song. Cac miu bé tong st dung cat nghién phdi tron
voi cat song cd cudong dd chiu nén tuy khéc nhau
nhung khéng qua chénh 1éch, da phan dat méc thiét ké
ban dau dé ra.

25 —

§ %(5) = \%_

£z S ==

%'g 0 R7 RS

2

£ |®BTI 14.8 21.8

© =BT2 16.0 224
mBT3 15.4 20.9
“BT4 15.9 21.6
=BTS 16.3 23.2

Hinh 3. Biéu dd so sanh su phat trién cuong do
cua bé tong cap dé bén B15 sir dung
cat nghién va cat song

=

=T

=

=]

F

-

<

£

3 2

S R7 R28
ii BT6 20.1 30.1
=*BT7 220 213
mBT8 21.6 26.1
*BT9 19.8 27.9
=BT10 21.3 30.5

Hinh 4. Biéu dd so sanh su phat trién cuong do
cua bé tong cap do bén B20 sur dung
cat nghién va cat song
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Nhdn xét: Tl cac két qua vé cudng d6 nén cua
bé tong st dung cat nghién va cat song nhu trong
bang 9 c6 thé nhan thy bé tong sir dung cat nghién
co6 cuong do chiu nén dat yéu cAu mac thiét ké.

Bé tong st dung cat nghién tuy c6 luong ding nudc
cao hon so voi bé tong st dung cat song nhung do hinh
dang bé mat hat cat nghién gd ghé, goc canh, it tap chat
sét nén c6 d6 bam dinh véi hd xi mang tt hon.

5. KET LUAN

Nguon cat t nhién dang ngay cang can kién, dong
thoi cht luong cat co xu hudng giam. Cat song tai khu
vuc DBSCL hién nay ¢6 module nho, chu yéu la cat hat
min déng thoi ham luwong byi, bun, sét va cac tap chat
khac da phan déu vuot mirc cho phép so véi tiéu chuan.

Cat nghién tai Cong ty Khai thac va Ché bién da
An Giang dap tng mét s yéu cau quy dinh trong tiéu
chuin TCVN 9205:2012 va hoan toan thay thé duoc
cat song trong ché tao bé tong cip do bén B15 va B20.

So voi cat song tai khu vuc PBSCL, cat nghién co
chét lwong tdt hon duge thé hién qua mot sb tinh chét
vat ly nhu: hinh dang bé mat hat cat gbc canh hon, d6
hut nuée thép (1,14% so véi 2,12%), do Xép héng cao
hon (38,9% so voi 36,6%), mo dun do 16n cao hon
(3,02 so voi 2,04). Tuy nhién lugng dung nudc cua bé
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tong sir dung cat nghién cao hon cat séng dong thoi
lwgng dung xi mang ciing ting theo nhung lugng ting
nay 1a khong dang ke.

Pé dam bao tinh d& thi cong, do sut va cuong do
chiu nén véi hé sb vuot mac 15%, nhom tac gia kién
nghi nén sir dung bé tong ding 100% céat nghién. Ti 1&
thanh phan vat liéu xi mang - cat nghién - da - nudc
cho 1m’ bé tong co cip d6 bén B15 lan luot 1 310kg -
623kg - 1211kg - 205 lit va bé tong co cap do bén B20
lan luot 1a 379kg - 577kg - 1197 kg - 205 lit.
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PREDICTION ON PIPE FLOW OF PUMPED CONCRETE
FOR SUPER-TALL BUILDING

Myoung Sung Choi ', Young Jin Kim®
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ABSTRACTS: The objective of this study is to investigate paramount factors in predicting pipe flow of pumped concrete.
In order to use analytical method, the three-layer assumption inside the pipe when pumping was used. The dynamic
segregation, especially shear-induced particle migration phenomena, was mainly investigated to illustrate the formation of
lubrication layer which is considered as a governing factor facilitating concrete pumping. The computational modeling
techniques found in the literature were also introduced to provide some ideas to characterize the pipe flow of pumped

consistency against test data.

KEYWORDS: pumping, shear-induced particle migration, lubrication layer.

1. INTRODUCTION

Concrete pumping was first introduced in the
1930s and has since become the most extensively used
approach to place concrete. Pumping allows concrete
to reach normally inaccessible areas of the
construction sites, while, at the same time, increasing
the speed of delivery. Also, as the increase in demand
for super structures such as high-rise buildings
continues to grow, the optimization and development
of prediction methods for concrete pumping are
becoming a crucial issue for the concrete industry.
However, there has not been an extensive reporting of
research on pumping which, indeed, has been largely
limited to a few thesis and papers. The major obstacle
in conducting research on pumping is that it is no
small undertaking, requiring concrete truck and pipes,
combined with a large amount of material and
instrumentation. Thus, developing realistic and simple
measurements techniques and predictions tools
remains a challenge that is of paramount importance
for the concrete industry.

Clearly, as concrete pumping involves the flow of a
complex fluid under pressure in a pipe, predicting its
flow requires detailed knowledge of the rheological
properties of concrete. However, the proper
characterization needed to predict flow is not easy to
achieve because it involves understanding a variety of
factors such as dynamic segregation, geometry of the
pumping circuit, a lubrication layer formed between the
bulk concrete and the pipe wall, pressure, and flow rate.
Interestingly, ACI terminology does not include a
definition of pumpability, although the term is often
used in practice to describe the ability of concrete to be
pumped. This paper will attempt to provide ideas on
what are the dominant factors to predict the pipe flow
of pumped concrete and how to characterize them.
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2. FLOW IN A PIPE

In the case of concrete, the pumping of aggregates
may result in segregation as shown in Figure 1. As a
result, the flow of a granular material with yield stress
in a pipe will result in three layers: lubrication layer,
shearing layer and plug layer. The plug layer depends
on the yield stress, the shearing layer is governed by
the viscosity and yield stress and lubrication layer are
characterized by the tribology. The composition of
each layer is difficult to know as it is impossible to
extract material from each layer or to visually observe
the various regions. The lubrication layer contains
mainly cement paste and maybe very small sand
particles [1-3], while the middle section contains
coarse aggregates. Also, the diameter of the plug layer
or the thickness of the lubrication layer is unknown.
Thus, the characterization of each layer is paramount to
understand the flow of the concrete in a pipe as well as
to predict whether concrete would be pumpable.

Pipe

Slip-layer

Tio > My
Inner concrete

Tho > Moy

Plug flow region in concrete

Velocity profile

Shearing region in concrete
Pressure

Figure 1. Profile of flow of concrete in a pipe [2]

3. ANALYTICAL APPROACH TO PREDICT
THE PUMPABILITy

The analytical method for the pumpability of
concrete could be obtained from previous studies
[2, 4]. When pump pressure is applied to the pipe, the
shear stress inside the pipe was induced so that it
created a shear rate both in the lubrication layer and in
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the concrete. The shear rate within the lubrication
layer can be written as follows:

- T(I”) _Tz,()
Hy

where y is the shear rate inside the lubrication layer

(1

and 4, and 7,, are the viscosity and the yield stress
of the lubrication layer. The difference between R,

and R, in Figure 1 is the thickness of the lubrication

layer. The same idea, that is the thickness of the
lubrication layer should be considered in calculating
the flow rate, has been adopted in the existing
research [1, 2, 4]. The shear rate of the inner concrete
is only induced when the applied shear stress is larger
than the yield stress of the concrete and the size of the
shearing layer should first be determined, as follows,

JSRL

where R, is the radius at which the shear rate starts,

pipe

R, =27, ( 2)

inlet

and 7, is the yield stress of the inner concrete. The
shear rate of the inner concrete exists between R, and
R, , and is expressed by the following equation.
(-1,
My,

The inner region where has a lower yield stress
than the concrete has zero shear rate.

&)

7=0 ©

The velocity is the integral of the shear rates from
the wall to any position in the radial direction and the
flow rates are the integral of the wvelocity over
the radius,

R,
0= I 27rU dr +

R

R, R,
I 27rU ,dr + I 271U ,,dr
L RG 0

T

24,1

pb

=3600

Bu,AP(R ' —R*)~87, 11, (R’ —R)

+3/up1 AP(RL4 - RG4 ) - 8117,0 'l (RL3 - ch )] (5)

where O is the flow rate (m’/h). The flow rate that
characterizes pumpability can be analytically
determined using rheological properties of each region
with prescribed pumping pressure.

4. DYNAMIC SEGREGATION

The dynamic segregation plays an important role
in characterizing concrete pumpability. When
concrete is being pumped, three types of dynamic
segregation can be considered: a particle migration,
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a particle movement to forward and bleeding.
Although all types of dynamic segregation can affect
the pumpability of concrete, in the present study, to
focus on the characterization of lubrication layer
which is the primary goal, particle migration
phenomena was mainly investigated. There are several
conjectured mechanisms that could lead to the
formation of the lubrication layer and investigated by
experimental test methods. Firstly, the pumpability
has been qualitatively estimated through bleeding
tests, which indicate that bleeding water or free water
may be concentrated near the pipe wall and this assists
the formation of the lubrication layer. Secondly, the
pipe wall prevents the uniform distribution of the solid
particles, which results in a phenomenon called the
wall effect. The exclusion of solid particles near the
wall induces a region with a lower particle
concentration. Another possible mechanism is the
shear-induced particle migration, which explains that
particles in suspension migrate across the streamlines
from a region with a higher shear rate to a region with
a lower shear rate. Particle migration should be a
function of the particle concentration. In the pipe flow
of pumped concrete, the shear stress is the highest at
the pipe wall and linearly decreases as the position
moves to the center of the pipe. The inhomogeneous
distribution of the particle concentration leads to
spatially varying rheological properties in the
suspension because the higher shear stress near the
wall moves the particles of concrete, sand, and gravel
toward the center of the pipe, and the lubrication layer
near the wall is the region where the viscosity and
yield stress become much lower.

In this study, the shear-induced particle migration
was considered as a major possible mechanism that
contributes to the formation of the lubrication layer.
Leighton et al. [5, 6] suggested phenomenological
models for particle migration in non-homogeneous
shear flows that typically result from spatial variation
in irreversible interaction frequency and effective
viscosity. Phillips et al. [7] adapted the scaling
arguments of Leighton et al. [5, 6] and proposed a
diffusive flux equation to describe the time evolution
of the particle concentration based on a two-body
interaction model. In this study, the particle diffusive
model proposed by Phillips et al. [7], combined with
general flow equations, was extended to solve the
flow of concrete and predict the particle
concentration distribution of suspensions in a
pressure-driven pipe flow.

The governing equation of the shear-induced
particle migration for the Poiseuille flow was as

follows,
%_'_ a(uz¢) :V'{azKpW(¢au:j+K, 202 %W} (6)
ot oz ) or 7 o n
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where ¢ is the particle concentration, fis the time,
u, is the velocity component in the flow direction, a

is the particle radius, z is the flow direction, » is the
radial direction, 77 is the apparent viscosity of the

and Kﬂ

dimensionless phenomenological constants.

concentrated suspension, and K, are

The stress gradient is a driving force to move
particles toward the center of the pipe as described in
the first term of the right side in Eq. (6). The increase
of the particle concentration due to the migration may
increase the viscosity and the yield stress, which
hinder the additional migration of the particles as
described in the second term of the right side in Eq.
(6). As a result, the concentration of the particle inside
the pipe is determined by the balance between the two
actions, namely, the migration due to the stress
gradient and the hindrance due to the increased
rheological properties. Through the analysis of the
shear-induced particle migration which is one type of
the dynamic segregations, the formation of lubrication
layer can be simulated and its layer properties could
be determined.

5. NUMERICAL APPROACH TO PREDICT
PUMPABILITY

For the prediction of pipe flow of pumped
concrete, a numerical simulation using computational
fluid dynamics could be used to solve complex flow
problems. This would allow the prediction of the
pumpability of concrete depending on its rheological
properties and the pumping circuit. The computational
modeling techniques found in the literature may be
divided into three categories [ 8, 9]: single phase fluid
approach, particle suspended in a fluid approach, and
discrete particle approach. The first approach
considers concrete as a homogeneous matrix. From a
macro point of view, the flow characteristics of
concrete can be considered as a continuum flow. Mori
and Tanigawa [10] used the viscoplastic finite element
method (VFEM) and the viscoplastic divided element
method (VDEM) to simulate the flow of fresh
concrete. Both the VFEM and VDEM assumed that
the concrete could be described as a single
homogeneous fluid. Thrane et al. [11] also simulated
the self-consolidating concrete (SCC) flow during
L-box and slump flow tests based on a single fluid
approach assuming Bingham behavior.

In the second approach, from a micro point of
view, materials that constitute concrete such as
cement, sand, and aggregate can be considered in the
effects of each component. There are two material
formations in this method: a primary phase and a
granular phase. The primary phase is a fluid-like flow
consisting of cement and sand and the granular phase
is particle flow consisting of coarse aggregate. Mori
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and Tanigawa [10] also used the viscoplastic
suspension element method (VSEM) to simulate the
concrete flow in various tests with this method.
Moreover, as stated in previous section, the shear-
induced particle migration analysis which is used to
illustrate the formation of lubrication layer is also
included in this approach.

In the third method, the concrete flow by nature is
dominated by granular media. Chu et al. [12] used the
discrete element method (DEM) to simulate the SCC
flow during various standard tests: slump flow, L-box,
and V-funnel tests. Petersson and Hakami [13] and
Petersson [14] also adopted this method in order to
simulate the SCC flow during L-box and slump flow
tests, and J-ring and L-box tests. These three different
types of approaches could be used to simulate the
concrete flow in a pipe.

6. DISCUSSION ON RESEARCH NEEDS

The pumping of concrete is a critical issue in
construction site. From this study, the authors tried
to provide paramount factors in predicting the
concrete pumping and some ideas on how to
characterize the pumpability. The following major
conclusions are drawn.

1. It could be found that pumpability is governed
mainly by the lubrication layer and dynamic
segregation. The lubrication layer which is formed
between the pipe and the concrete plays a dominant
role to facilitate the pumping of concrete and dynamic
segregation determines the flow condition in the pipe.

2. Regarding the dynamic segregation, the shear-
induced particle migration was considered as a major
possible mechanism that contributes to the formation
of the lubrication layer.

3. The analytical prediction based on the
assumption of the three layers in a pipe was obtained
for predicting flow rate or pumping pressure.

4. The numerical simulation approaches to solve
complex flow problems to predict the pipe flow of
pumped concrete were demonstrated.
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SU DUNG HIEU QUA SOI THEP TRONG BTCS THEP
USING STEEL FIBER EFFICIENCY IN STEEL FIBER CONCRETE

Nguyén Thanh Binh
Vién Khoa hoc cong nghé xdy dung, Email: ngtbinhIBST@yahoo.com

TOM TAT: St dung soi thép trong bé tong lam tang rd rét kha nang chiu keo cua bé tong. Tuy nhién viée sir dung soi thep
hiéu qua phuy thudc vao nhiéu yéu t6. Bai nay gidi thiéu anh huong ciia cuong do bé tong va loai s¢i thép dén cuong do
chiu kéo khi udn ciia bé tong (hiéu qua cua s¢i thép) trong gidi han bé tong c6 cudong do nén trong khoang 50-80MPa va
120MPa, nhim muc dich phat huy hiéu qua cia soi thép khi sir dung trong bé tong cdt soi thép (BTCST). Tir d6 dé xuét lya
chon cudong do bé tong va soi thép phu hgp véi cac ung dung trong cong trinh xay dung ¢ Viét Nam.

TU KHOA: BTCST, cudng do chiu kéo khi ubn.

ABSTRACT: The use of steel fibers in concrete significantly increases the tensile strength of concrete. However, the
effective use of steel fibers depends on many factors. This article introduces the effect of compressive strength of concrete
and steel fibers on the bending strength of concrete (the effect of steel fibers) within concrete limits with a compressive
strength of 50-80MPa and 120MPa. , aims to promote the efficiency of steel fibers when used in steel fiber reinforced
concrete (BTCST). It is suggested to choose the strength of concrete and steel fibers suitable for construction applications
in Vietnam.

KEYWORDS: BTCST, tensile strength when bending.

1. BE TONG COT SOI THEP VA CAC LOAI SQI  hiéu qua thi viéc nghién ciru anh huéng cia mac
NGHIEN CUU i " bé tong goc (bé tong khong soi) va loai soi thép dén
cuong d6 chiu kéo khi udn ctia BTCST la rt can thiét.
Ngoai ra phuong phap tron BTCST ciing anh huéng rat
16n dén chét lugng va cuong do chiu kéo khi udn cua
BTCST, dic biét khi ché tao bé tong siéu cao cbt soi
thép. Tuy nhién trong khuén kho bai bao nay da sir dung
két qua nghién ctru vé phuong phép tron phu hop [1].
Theo két qua nghién ctru [1] v6i bé tong cb cudng dd
nén khoang 30 MPa thi sgi thép phat huy hiéu qua
khong nhiéu, dé thay rd anh hudng ctia mac bé tong dén
hiéu qua st dung soi thép, chon bé tong gbc cho
BTCST véi mac 500, 700, 800; dbi véi soi thép siéu
manh thir nghiém trén bé tong gbc mac 1200.

Bé tong thong thuong c¢o6 cuong do chiu kéo khi
ubén va do bén déo dai thap, khang nut khong cao.
Nhitng nhugc diém nay c6 thé khic phuc bang mot sb
cach, trong do viéc bd sung cdt soi thép phan tan
trong thanh phan 13 giai phap hiéu qua cao [3]. Viéc
dua thém soi thép vao bé tong da cai thi€n mét sb tinh
chét cua bé téng nhu [3, 5, 7]: ting cudng do chiu
ubn, ting d6 bén déo dai, tang kha ning chiu va dép,
tang kha ndng khang nut khi chiu tai trong ... [8].
Trong d6 rd rét nhat 13 ting cao cuong d6 chiu kéo khi
ubn tr 50-80%, tham chi 16n hon 100% [5, 7.
Bé tong cbt soi thép (BTCST) da duoc mg dung & )
nhiéu nude trén thé gidi va dem lai hiéu qua cao trong Tu cac két qua nghiép ctru [1, 2] chon 5 loai sgi
cac ung dung doi hoi cuong do chiu kéo khi udn cao, vGi 5 ty 1€ hudng soi (chi€u dai/dudng kinh) khac, dac
d6 bén déo dai cao, chiu va dap, chéng niit va cac tinh ~ trung cho soi thép hién co6 tai Viét Nam. Hinh dang
nang khac [7]. loai sg¢i thép nghién ctru cho tai hinh 1, cic thong so

Tu cac nghién ctru [1, 2] cho théy mudn tdng cho tai bang 1.

cuong do chiu kéo khi udn cua BTCST mdt cach co

Bang 1. Thong s6 k¥ thuat cia sgi thép [1]

Loai sgi thép
TT Thong sb thuat ciia soi thép Det dai Det dai Tron SF- | Tron SF-30/0,5| Tron 13/0,5
38mm 52mm 35/0,7 (mm) (mm) (mm)
1 | Tiét dién ngang Hinh vong cung Hinh tron Hinh tron
2 | Chiéu dai soi (mm) 38 52 35 30 13
3 | Puong kinh, dk twong duwong (mm) 1,31 1,31 0,7 0,5 0,2
4 | Ty 1¢ hudng sgi (d/dk) 29 39,7 50 60 65
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Loai sgi thép
TT Thong s thudt cia soi thép Det dai | Det dai Tron SF-  |Tron SF-30/0,5| Tron 13/0,5
38mm 52mm 35/0,7 (mm) (mm) (mm)
5 | Tong dién tich bé mat, cm’/kg ~3.890 | ~3.890 ~ 7.270 ~10.190 ~25.470
6 | SO lugng soi (soi /kg) ~2.480 | ~1.820 ~ 9.460 ~21.630 | =312.000
Cudng do chiu kéo (MPa) > 1.000 2.000

Trong bang 1, duong kinh tuong duong cua soi det duge tinh theo tiéu chuan ACI 544.1R 96 [3]:

d = f(D/SG)". Trong d6: d la duong kinh tuong diwong, don vi mm; [l hé s6, chuyén doi, f = 0,0120; D la
a6 choi ciia soi, gam; SG la khoi heong riéng ciia soi thép, g/lem’.

Trong cong thic tinh [3]: PO chdi cia soi 1a khdi lwong tinh bang gam ctia 9000 mét dai cua mot soi don.

Soi thép crimped det Iugn song

Soi thép DRAMIX tron

Micro Steel Fiber

Hinh 1. Céc loai s¢i thép sir dung trong nghién ctru

2. THANH PHAN CAP PHOI CUA BTSCT VA
BE TONG KHONG SQI POI CHUNG
2.1. Vit liéu ché tao

Vit liéu ché tao bé tong mdc 500-800

- Xi mang: PCB 40 Nghi Son: TCVN 2682:2009.
Cuong d6 nén cua xi mang ¢ tudi 28 ngay dat 48,9
N/mm?® thtr theo TCVN 6016-2011.

- Cat: Cét song Lo: TCVN 7570:2006. Bé tong
mac 500 va 700, mo6 dun d6 1on la 2,72; mac 800,
mo6 dun d6 16n 1a 2,92.

- Pd diam: TCVN 7570: 2006. dpax = 20mm, cap
phdi hat: d = 5 +10mm/ d= 10 + 20mm 13 45/55. Ding
da xanh khai thac tai Hoa Binh.

- Phu gia siéu déo: 2011 Phu gia hoa hoc cho
bé tong. Phu gia siéu déo Glenium SP 51 cua hang BASF.

- Tro trdu nghién min: TCVN 8827:2011 Phu gia
khoang hoat tinh cao ding cho bé tong va vira —
Silicafume va Tro trau nghién min.

- Tro bay: TCVN 10302: 2014 Phu gia hoat tro
bay dung cho B¢ tong, vita xay va xi mang.

- Nude: TCVN 4506: 2012.

- Soi thép: ASTM A820-2009 [4].

Vit liéu ché tao bé tong mdc 1200

- Xi mang: PC 40: TCVN 2682: 2009: Xi mang
Pooc ling — Yéu cau ky thuat. Cudng do nén khi kiém
tra > 50 MPa theo TCVN 6016-2011.
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- Cat trflng sach: duong kinh hat 0,34-1,0 mm,
Si0; > 95%. Khong chua tap chat hiru co, lon Clo,
vét: TCVN 9036:2011 Nguyén liéu dé san xuat thiy
tinh — cat — Yéu cau k¥ thuat;

- Cat nghién sach: duong kinh hat 0,1-0,34 mm,
Si0, > 95%. Pap tng yéu ciu nhu ct tring sach.

- Phuy gia siéu déo: Polycarboxylic dap ung TCVN
8826: 2011 Phu gia hoa hoc cho bé tong.

- Silicafume: TCVN 8827: 2011.

- Tro bay: TCVN 10302: 2014 Phu gia hoat tro
bay dung cho Bé tong, vira xay va xi mang.

- Nudce : TCVN 4506: 2012.

2.2. Thanh phﬁn cAp phéi BTCS thép va bé tong
khong s¢i doi chirng

Thanh phan cip phdi bé tong nghién ctru cho
trong bang 2, bé tong khong soi co do sut tir 18-20 cm
voi BT mac 500 va 700, d6 sut 20-22cm vai bé tong
méc 800. Soi thép st dung v6i ham luong 50kg/m’
v0i 4 loai so1, diéu chinh ham lugng phu gia siéu déo
dé do sut cia hon hop BTCST dat 16-18 cm, gitr
nguyén ty 1€ N/X. Ky hi¢u trong bang 2 nhu sau:

- CP50; CP70 va CP80 la bé tong khong sgi mac
500; 700 va 800;

- BTCST: voi A 1a so¢i thép c6 ty 1€ hudng soi
29; B 1a soi thép co ty 1€ hudng soi 39,7; C 1a soi thép
c6 ty 1€ huong sgi 50 va D 1a sgi thép cé ty 1€ hudng
so1 60.
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Dé thdy 16 anh huéng ciia méac bé tong va loai sgi Nghién ciru v6i bé tong mac 1200 st dung s¢i
thép dén hidu qua sir dung soi thép nham ting cao thép siéu manh Micro Steel Fiber ham lugng soi
cuong do chiu kéo khi udn cta bé tong, nghién cru 157 kg/m’ va 235 kg/m’® (2% va 3% theo thé tich BT),
v6i bé tong mac 700 va 800 sir dung 2 loai soi thép c6  Thanh phan cAp phéi BTCST cho trong bang 4.
ty 1€ hudng soi cao la 50 va 60, voi ham lugng sgi cao
hon. Thanh phan cap phdi BTCST cho trong bang 3.

Bang 2. Thanh phin cip phoi bé tong khong s¢i va BTCST mac 500, 700 va 800

T 1\/13}0 Ky hiéu XM T.trAu T.bay SP Cat ba N Soithép | DS sut
bé tong (kg) (kg) (kg) (lit) (kg) (kg) (lit) (kg) (cm)
1 | Bétong | CP50 | 380 | 38,0 | 950 | 22 | 761 | 969 | 172,0 0 20,0
2 gégongéc CPSOA| 380 | 380 | 950 | 323 | 752 | 958 | 172,0 50 18,0
3 CP50B| 380 | 380 | 950 | 323 | 752 | 958 | 172,0 50 17,5
4 CP50C| 380 | 380 | 950 | 323 | 752 | 958 | 172,0 50 17,0

5 CP50D| 380 | 380 | 950 | 323 | 752 | 958 | 172,0 50 17
6 | Bétong | CP70 | 480 | 480 | 480 | 3,0 | 743 | 947 | 1715 0 20,0
7 gé%géc CP70A| 480 | 48,0 | 480 | 336 | 736 | 937 | 171,5 | 50 18,0
8 CP70B| 480 | 48,0 | 480 | 348 | 735 | 937 | 1715 50 18,0
9 CP70C | 480 | 48,0 | 480 | 348 | 735 | 937 | 1715 50 18,0
10 CP70D | 480 | 48,0 | 480 | 348 | 735 | 937 | 1715 50 18,0
11 | Bétong | CP80 | 580 | 58,0 0 6,67 | 644 | 976 | 170,5 0 22,0
12 gégongéc CPSOA| 580 | 580 | 0 | 667 | 637 | 966 | 1705 | 50 18,0
13 CPSOB| 580 | 58,0 0 6,67 | 637 | 966 | 170, 50 18,0
14 CPSOC | 580 | 58,0 0 6,67 | 644 | 976 | 170,5 50 17,5
15 CPSOD | 580 | 58,0 0 6,67 | 644 | 976 | 170,5 50 17,0
Bang 3. Thanh phan cip phdi BTCST mac 700 va 800 sir dung s¢i thép c6 ty 18 huéng soi cao

rr| Loai K¢ higu XM | T.trdu | Tbay | SD Cat b4 N | Soithép | Do sut
soi thép kg) | (kg) (kg) (lit) kg) | (kg) (lit) (kg) (cm)
1| Tyle |[CP70C1| 480 | 48,0 | 480 | 432 | 731 | 931 | 17,5 | 75 17,0
2 hué?g SOl cproc2 | 480 | 480 | 480 | s28 | 726 | 925 | 1715 | 100 | 17,0
3| Tyle |CP70D1| 480 | 48,0 | 48,0 | 432 | 731 | 931 | 17,5 | 75 17,0
h”égg Ol cp7op2 | 480 | 480 | 480 | 528 | 726 | 925 | 1715 | 100 | 17,0
5| Tyle |cpsocl| 580 | 58,0 0 6,67 | 634 | 961 | 1705 | 75 17,5
6 h“égg ol cpgoc2 | ss0 | 58,0 0 725 | 630 | 955 | 1705 | 100 16,0

7 CPSOC3| 580 | 58,0 0 812 | 625 | 949 | 1705 | 125 15

8 | Tyle |CPSOD1| 580 | 58,0 0 667 | 634 | 961 | 1705 | 75 16,5
9 h”é’gg ol cpgop2| 580 | 58,0 0 7,25 | 630 | 955 | 170,5 | 100 15,0
10 CPSOD3| 580 | 58,0 0 8,12 | 625 | 949 | 1705 | 125 14,5
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Bing 4. Thanh phin cip phoi BT siéu cao cot sgi thép

o Cat 1y oL -1 A 1o s
TT | Ky hiéu XM | Silica Fume | T.bay SD nghién Cat trang] N Soi thép | DB chay xoe
(kg) (kg) ke) | (ke (ke) kg) | (i) (kg) (mm)
MO 1000 100 250 30 300 450 210 -- 204
2 M1 1000 100 250 30 300 450 210 157 204
3 M2 1000 100 250 30 300 450 210 235 204
3. KET QUA NGHIEN CUU 700 va 800 cho trong bang 5. Anh huéng ctia méc bé

. ) o . L tong hay cuong do cua bé tong va loai soi thép (ty 1€

3.1. Anh huong mac bE tong va loai sei thép dén 1,50 54i thép) biéu didn trén db thi hinh 3. Két qua

cuong d9 chiu kéo khi uon cia BTCST . nghién ctru bé tong mac 700 va 800 v6i 2 loai soi thép

Két qua nghién ciru cuong do chiu kéo khi uon  ¢6 ty 1é hudéng soi cao & cac ham lwgng khic nhau cho

cua BTCST st dung soi thép ¢6 cung ham luong 50  trong bang 6 va cudng dd chiu kéo khi udn cia
kg/m’, v6i 4 loai soi va trén nén bé tong goc mac 500;  BTCST dugc biéu didn trén db thi hinh 5.

Hinh 2. Thi nghiém uén mau BTCS thép

Bing 5. Cuong d9 chiu kéo khi udn ciia BT khong soi va BTCST & tudi 28 ngay

. Tang so vdi BT khong soi
TT Ky hiéu Ruyén, MPa
MPa %
1 CP50 747
2 CP50A 8,85 1,38 18,5
3 CP50B 9,92 2,45 32,6
4 CP50C 11,12 3,65 48,8
5 CP50D 12,0 4,53 60,6
6 CP70 9,10 - ---
7 CP70A 10,75 1,65 18,1
8 CP70B 11,90 2,80 30,8
9 CP70C 13,05 3,95 41,7
10 CP70D 13,90 4,80 52,7
11 CP80 10,30 - -
12 CP80A 12,15 1,85 17,9
13 CP80B 13,40 3,10 30,0
14 CP80C 14,50 4,20 40,7
15 CP80D 15,60 5,30 51,4
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Ty 1& hudng sdi clia soi thép Ty 1é huéng sdi cua sgi thép
3a. Cudng d0 chiju kéo khi uon 3b. Mitc ting cudng do chiu kéo khi uén cia BTCST
cia BTCST tu6i 28 ngay so voi BT goc khong soi tudi 28 ngay

Hinh 3. Anh huong ciia mac BT va ty 18 hudng soi thép dén cudng d6 chiu kéo khi ubn
cia BTCST 6 tudi 28 ngay (soi 50kg/m’)

4a. Soi gian it, tudt khoi lién két  4b. Soi gidn nhiéu, tudt khoi lisn két  4c. Soi gidn nhiéu, dut soi khi ubn
v6i da xi mang khi udn véi da xi mang va 1 so soi dut khi uon
Hinh 4. Soi thép bi tudt, gidn va bi dit tai bé mat giy ciia mau chiu kéo khi uén

Bang 6. Cudong dd chiu kéo khi udn ciia BT khong s¢i va BTCST véi cac ham lwong soi ¢ tudi 28 ngay

Loai soi K hicu Ham lgqng R, MPa Tang so véi BT khong soi
501 MPa %
Khéng s¢i CP70 9,10 - ---
Ty 1¢é huong sgi 50 CP70C 50 13,05 3,95 41,7
CP70C1 75 14,65 5,55 61,0
CP70C2 100 15,45 6,35 70,0
T3 16 hudng soi 60 CP70D 50 13,90 4,80 52,7
CP70D1 75 15,55 6,45 70,8
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Loai soi Ky hicu Ham luong R, MPa Téang so véi BT khong s¢i
so1 MPa %
CP70D2 100 16,42 7,32 80,4
Khéng sgi CP80 10,30 - ---
Ty I¢ hudng soi 50 CP80C 50 14,50 4,20 4,07
CP80C1 75 16,40 6,10 5.92
CP82C2 100 17,42 7,12 6,91
CP83C3 125 18,31 8,01 7,78
T3 16 hudng soi 60 CP80D 50 15,60 5,30 5,14
CP80D1 75 17,30 7,00 7,00
CP80D2 100 18,44 8,14 7,90
CP80D3 125 19,55 9,25 8,98

Tir cac két qua nghién ciru cuong do ciia bé tong
gbc va BTCST thiy rang cuong do nén caa BTCST
tang hon so v6i bé tong gbc khong soi, nhung mirc
ting khong nhiéu va khong trinh bay trong bai
bao nay.
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Ham lugng sgi thép, kg/m3

Hinh 5. Cudng do chiu kéo khi udn cia BTCST

Két qua nghién ciru vé anh hudng ctia méac bé tong
va ty 1& hudng soi cho trong bang 5 va biéu dién trén
dd thi hinh 3, thiy rang st dung soi thép véi ham
luong soi 50 kg/m® d3 lam ting dang ké cuong do
chiu kéo khi udn cua bé tong. Két hop két qua nghién
cuu bé tobng mac 700 va 800 véi sgi thép co ty 1€
hudng soi cao & cac ham lugng khac nhau cho trong
bang 5 va cudong do chiu kéo khi udn cia BTCST
duogc biéu dién trén d6 thi hinh 5 cho thiy:
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- V6i cung mot loai soi, cung ham lugng soi thi
bé tong mdc cang cao thi cuong do chiu kéo
khi uén ciia BTCST cdng cao tic 1a ting hidu qua sir
dung soi;

- Ty 1é hudng soi tiang thi lam tang cuong do chiu
udn cua BTCST; ddi voi céc loai soi ¢ ty 1€ hudng
sgi cao muc ting cuong do chiu udn cta BTCST so
v6i bé tong khong soi 1a rat 16n. Hay noi cach khéc si
dung soi thép co ty Ié hudng soi cao hiéu qua hon soi
thép c6 ty 1é hwéng soi thap;

- Ham lugng soi tang thi cuong d6 chiu kéo khi
ubn ciia BTCST ting;

- Bé tong mac cao sir dung soi thép co ty I¢ hudng
soi cao lam tang rdt cao cwong dé chiu kéo khi uon
ctia BTCST. C6 thé tao ra dugc BTCST c¢6 cuong do
chiu kéo khi ubn tir 10-19,5 MPa d6i véi bé tong
gbc mac 500-800.

3.2. Sir dung hi€u qua sg¢i thép trong BTCST

Theo cac nghién ciru di duoc tong két trén thé
gioi thi sy tuong tac gitra soi va vat liéu nén la van dé
co ban anh huéng dén chit luong ciia BTCS thép [6]
hay noi cach khac 1a kha ning lién két tai be mat tiép
xuc giira bé tong va soi thép. C6 nhiéu yéu té anh
huéng dén sy twong tac gitra soi va vat liéu nén, trong
d6 yéu té cha yéu la chit lugng vat liéu nén va dién
tich bé mat tiép xUc gitra soi thép va vat liéu nén. Kha
nang co hoc cia BTCS thép thuong dugc mo ta & 3
trang thai ciia duong cong tmg suét - bién dang [6]:

- (1) Gi6i han dan hoi, dat dén diém nit dau tién:
vat liéu nén va soi 1a dan hdi tuyén tinh;

- (2) Qua trinh phat trién vét nat ma bién dang
trong BTCS thép vuot qua bién dang cho phép cua vt
lidu nén;

- (3) Giai doan sau vét nut, trong sudt giai doan
nay soi bi kéo gian, dut sgi hay kéo tudt ra khéi vat
liéu nén.
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Két qua nghién ctru dbi voi bé tong mac 500, 700
va 800 sir dung 4 loai soi thép (c6 ty 1€ hudng soi la
29; 39,7; 50 60) véi ham luong soi 50 kg/m3, cung voi
cac két qua nghién ctru d6i v6i bé tong mac 700 va 800
str dung 2 loai sg¢i c6 ty 1& hudng soi cao (ty 1¢ huorng soi
50 va 60) voi cac ham luong soi tir 50-100 kg/m® véi bé
tong gbc mac 700 va tir 50-125 kg/m® voi bé tong gbe
mac 800. Cho thiy hiéu qua st dung soi thép duoc
dua vao nhiéu yéu td, trong d6 cac yéu t6 chinh gom:

- Chét luong bé tong gbc (hay néi cach khac 1a vat
liéu nén cua BTCST). Bé tong mac cao ting kha ning
lién két cua soi thép voi bé tong;

- Ty I¢ hudng sogi: Soi thép cd ti I¢ hudng soi cao
thi thuong tiét dién soi manh va tong dién tich bé mat
tiép xtc trén mot don vi thé tich hodc mot don vi khdi
lugng 16n (trong bang 1: Soi ty 1€ hudng s¢i 29,7 co
tong dién tich bé mat ngoai 1a 3.890 cm?/kg; trong khi
d6 soi ty 18 hudng soi 60 co téng dién tich bé mat
ngoai 10.190 cm?/kg);

- Bé tong mac cao sur dung sgi thép co ty 1€ huong
soi cao lam tang cao cuong do chiu kéo khi udn cua
BTCST chinh 14 do chét lugng lién két tai bé mat tiép

xuc t6t két hop véi tong dién tich bé mat tiép xic cao
tir 46 tao ra téng luc lién két 16n giita soi thép va vita
xi mang;

- Bé tong mac cao c6 ham luong xi mang va ham
luong bot min cao, ngoai viée lam tang kha nang lién
két tai bé mat tiép xuc giira soi thép va da xi mang, ma
con tao diéu kién phan tan tbt soi thep co ty 1¢ hudng.
sgi cao voi ham lugng sg¢i cao dan t6i tang rat cao
cudng do chiu kéo khi udn ciia BTCST;

Két qua thi nghiém nghién ctru vé cuong do chiu
kéo khi udn va cudng d6 nén cua bé tong gdc siéu cao
mac 1200 st dung sgi thép si€u manh co6 ti 1¢ hudng
s0i 65 (sb luong soi 312.000 soi/kg; tong dién tich bé
mit soi khoang 25.470 cm’/kg) véi ham luong 2 va
3% thé tich bé tong cho trong bang 7 da cho théy:

- Cuong d6 chiu nén cia BTCST ting so voi
bé tong gbc khoang 10-20% khi dung hang luong soi
cao. Van dé nay s& phan tich ¢ noi dung khac;

- Cuong do chiu kéo khi udn cua bé téng siéu cao
cot soi thép ting rat cao so véi bé tong gbe va tao ra
dugc BTCST c¢6 cuong do chiu kéo khi udn tir
35-46 MPa.

Bang 7. Cwong dd cwdng nén va cuong dd chiu kéo khi udn ciia BT siéu cao cot s¢i thép

¢ Ham luong | cyone d6 chiu nén tai cac tudi, (MPa Cudng do Chi}l. kéo khi uon tai
T | K9 i thep, g do chiunen & - (MPa) céc tdi, (MPa)
’ (kg/m?) 3ng Tng 28ng 3ng Tng 28ng
1 MO - 97,5 118,8 138,0 14,5 18,3 20,2
2 | Ml 157 96,6 136,5 154,6 22,5 29,5 34,8
M2 235 121 150,8 168,0 31,2 36,5 46,9

Nhu vay, bé tong mac cao c6 ham lugng xi mang
va ham lugng bot min cao, ngoai viéc lam tang kha
nang lién két tai bé mat tiép xuc gitra soi thép va da xi
ming, ma con tao diéu kién phén tan tdt soi thép co ty
1¢ hudng soi cao véi ham luong soi 1on dan t6i tang
rat cao cuong do chiu kéo khi udn va tao ra dugc
BTCST c¢6 cuong do chiu kéo khi udn rt cao.

3.3. Mot s6 ton tai khi sir dung soi thép trong
bé tong

Viéc st dung sgi thép dem lai hi€u qua cao lam
cai thién tinh chét ciia bé tong, ddc biét 1a tao ra dugc
BTCST c6 cuong d6 kéo khi udn cao, tuy thudc vao
tmg dung cu thé khi c6 yén cau vé cudng do chiu kéo
khi udn dé lya tron mac bé tong géc, loai sgi thép hiéu
qua nhét vé k¥ thuét — kinh té, co thé tham khao lua
tron so bo mac bé tong géc, loai sgi thép va ham
lwong soi thép tai bang 3.16 tai liéu [1] dé thiét ké
thanh phan BTCST theo cuong do chiu kéo khi udn tir
5-15 MPa.

Hién nay tai Viét Nam st dung bé tong c6 cuong
dd nén (mac bé tong) thong dung doi vdoi két cau

xdy dung cong trinh, ciu ... thuong tir 40-80 MPa, do
vay viéc lya chon loai soi va ham lugng soi can luu v

- Thanh phan cép phdi BTCST hop ly;

- Phuong phéap dua soi thép vao trong bé tong ca
quy trinh tron hoén hgp BTCST dam bao soi phan tan
déng déu, tranh hién tuong von cuc, bui soi;

- Quy trinh thi cong va nghiém thu BTCST.

Dbi v6i bé tong sidu cao cdt soi thép - UHPSFC
(UHPSFC: Ultra - high performance steel fiber
reinforced concrete) khi sir dung ddi voi cac ing dung
c6 yéu cau k¥ thuit dic biét vé cudong do chiu kéo khi
va cudng d6 nén cao thi can c¢6 luu ¥ nhit dinh. O
Viét Nam hién nay chua sir dung phd bién rong rai
loai bé tong nay dbi véi cong trinh xdy dung ngoai cac
Iy do vé gi4 thanh dat, nguyén vat heu dat, trang thiét
bi trén, tiéu chuén thiét ké... thi con ton tai mot s6 luu
¥ vé mit k¥ thuat do bién dong chit lugng khi sir dung
s¢i thép siéu manh v6i ham lugng cao tir 3-4% theo
thé tich bé tong (230- 310 kg/m®). C6 thé dan ra mot
sb hién tuong sau:
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- Soi thép phan tan khong dng déu trong timg mé
tron va gilta cac mé trdn voi nhau, nhit 13 tram tron,
mac du déu st dung trén cudng buc;

- Cuong do chiu kéo khi udn cua BTCST gilta cac
vién mau trong cung 1 mé tron va giita cac mé tron
v6i nhau ciing c6 bién dong cao. Tham chi da co két
qua thi nghiém cudng d6 chiu kéo khi uén BTCST véi
ham lwong sgi 3% theo thé (235 kg/m’) thap hon véi
ham lugng 2% theo thé tich (157 kg/m’).

- Tai mit cat vién mau thi nghiém, hodc tai mat
cat cau kién ché tao sgi phan bo khéng déu, co6 cho
nhiéu so1, cho it sgi, cd cho ca bui soi.

Nguyén nhén cta cac ton tai trén c6 thé nhu sau:

- Soi siéu manh ¢6 tiét dién rat manh (duong kinh
0,2 mm, chiéu dai 13 mm), ) luong soi rat 16n
(khoang 312.000 sgi/kg soi) do vy ngay tur dong bao,
dong goi thi cac sgi nay da von cuc, bui sgi voi nhau;

- Viéc dua soi thép vao ndi tron (may tron cudng
btrc) hién nay tai Viét Nam thuong db soi tir hop, bao
bi dong gbi vao ndi tron, hodc ding 2 tay (di ging tay)
bdc soi vao nodi tron. Khong tranh khoi von cuc, bii
so1 voi nhau;

- Bé tong siéu cao thanh phan chu yéu 1a bot min
voi ti 18 N/XM hodc N/CKD rat tha‘ip, hon hop rat
quéanh thi viéc phan tan sgi sau khi dd tron am hodc
tron uGt thanh phan cip phéi sé kho dong déu soi.

4. KET LUAN

1 Méc bé tong c6 anh huéng 16n dén hiéu qua st
dung soi thep trong BTCST, cu thé: Bé tong mac cang
cao thi cang lam ting cuong do chiu kéo khi uon cia
BTCST véi mot loai soi, cung ham Iwgng soi.

2. Soi thép lam tiang cao cuong dd chiu kéo khi
uon cua bé tong, mirc do tang cuong dd chiu uon cua
bé tong khi str dung sgi thép phu thudc vao nhicu yeéu
to, trong do ty 1€ hudng sgi 1a yéu to rat quan trong:

- Ty 1& hudng soi ting thi cudng do chiu ubn cua
BTCST tang. Str dung soi thép c6 ty 1¢ hudng soi cao
hi€u qua hon si c6 ty 1€ hudng soi thap.

- Chénh léch vé mirc ting cudng do chiu kéo khi
uon khi dung soi thép co ty 1€ hudng sgi cao va soi
thép c6 ty 1€ hudng soi thap (6 cac ham luong khac
nhau) 1a rat lon.

3. Bé tong mac cao cho phép phat huy cao hi¢u
qua cua soi thép, khi d6 dong thoi cho phép st dung
cac loai soi thép co ty 1€ hu,c’mg sQi cao, lam tang
manh cuong do chiu kéo khi uon ciia BTCST.
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4. Bé tong mac cao su dung cac loai sgi thép co ty
1¢ hudng soi cao v61 ham luong soi hop 1y cao lam
tang rat cao cuong do chiu kéo khi uon ciia BTCST.

5. C6 thé tao ra BTCS thép dat cuong do chiu kéo
khi udn tir 10,0-19,0 MPa vai bé tong gbc mac 500-
800 va cuong do chiu kéo khi ubn tir 30-45 MPa trén
nén bé tong gbc mac 1200.

5. KIEN NGHI

BTCST s€ dem lai hi¢u qua cao trong cac ung
dung doi hoi cudng dd chiu kéo khi udn cao, do bén
déo dai cao, chiu va dap, chéng nit va cac tinh nang
khac, trong d6 uu tién dung cho cac két céu, cong
trinh sau:

- San trén nén dan hoi: san dan dung, san cong
nghiép, san kho hang nang, mat san xudng san xuat va
stra chita may moc, san cong cong v.v...;

- Mit cong trinh ha tﬁng: mat ciu, mit ciu cang,
mat duong bang san bay, mat san d0 may bay, mat
duong cao toc, mat dap chan séng v.v...
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