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TOM TAT: Trong thiét ké va danh gia cac két cau bé tong c6t thép (BTCT) chdng lai sup do liiy tién thong
qua cac kich ban mat cot, con dugc goi 1a “phuong phap dudng tai trong thay thé (Alternate load path -
ALP)”, sy phat trién cta cac co ché chiu luc gidi han trén, nhu hiéu tng vom nén (compressive arch action
- CAA) va hiéu Gmg day cing (catenary action - CA) di dugc nghién ctru mot cach rong rai trén thé gioi.
Phan 16n cac thi nghiém duogc thuc hién trong cac nghién ciru trude day 1a trén cac dim nhip kép thiét ké
d6i xtmg (chiéu dai nhip va bé tri cbt thép 1a gidng nhau cho ca hai nhip dam). Tuy nhién, trong thuc té thiét
ké cua cac cong trinh nha BTCT, viéc cac dim & cac nhip lién ké duoc thiét ké véi chiéu dai va b tri cdt
thép khong giéng nhau 1a kha phd bién do yéu cau kién trac. Do dé, bai bao nay trinh bay mot nghién ciru
thuc nghiém dé khao sat sy phat trién cta cac co ché duong tai trong thay thé (CAA va CA) trong cac khung
BTCT nhip d6i véi (1) chiéu dai nhip va/hodc (2) ham lugng cbt thép doc khong ddi ximg. Céc thi nghiém
duoc tién hanh bao gdm 3 mau dugc thiét ké d6i xtimg dung 1am co s& so sanh va giup dinh lugng su phat
trién clia cac hiéu ing ALP cho 3 mau thi nghiém thiét ké khong d6i ximg con lai. Ung xir va sy phat trién
cua cac hi¢u ing ALP trong ca 6 mau duoc phan tich ¢ cép do két cau bao gém quan sat truc quan, do ngoai
luc, chuyén vi va bién dang cbt thép.

TU KHOA: Sup d6 lily tién, duong tai trong thay thé, dim gip d6i nhip khong ddi xing.

ABSTRACTS: In the design and assessment of reinforced concrete (RC) structure against progressive
collapse via single column removal scenario, also known as “alternate load path method”, development
of secondary mechanisms, i.e. compressive arch action (CAA) and catenary action (CA) in double-span
beams has been investigated and identified in many previous researches. The majority of the experimental
tests are conducted on symmetrical double-span beams (identical span length and reinforcement detailing
at both beam span). However, variations in details of beams adjacent to one another are not uncommon in
RC building designs and constructions. Hence, a research study (as presented in this paper) with total of
5 RC frame tests are conducted to investigate the development of secondary mechanisms (CAA and CA) in
a double-span beam with unsymmetrical 1) span length and 2) beam detailing. For each unsymmetrical
case (span length and beam detailing), there will be 1 unsymmetrical double-span beam, and 2 symmetrical
double-span beams (each representing one side of the unsymmetrical double-span beam) to serve as
reference for quantifying the development of secondary mechanism in unsymmetrical double-span
beams. The behaviour and development of secondary mechanisms are thoroughly analysed based on test
observation, measured forces and displacements, etc.

KEYWORDS: Progressive collapse, Alternate load path, Unsymmetrical double-span beams.

1. GIOI THIEU phap nay da dugc dé cép dén trong mot sb tiéu

Trong céc phuong phép nghién ctru nhim gigm  chudn qudc & (DOD 2013, GSA 2016, EN 1991).
thiéu rdi ro cta sup d6 lity tién, phuong phap duong ~ Trong phuong phip ALP, d€ dai dién cho kich ban
tai trong thay thé (ALP) thuong dugc Iya chon do  ctia sup do lily tien, mét ct chiu luc s& bat ngo bi
n6 c6 thé gitp k¥ su thiét ké dinh luong 16 rang kha  loai bd khéi hé chiu lyc chinh cua cong trinh. Sau
nang chng sup d6 liy tién ciia mot két cdu. Phuong ~ do, kha nang chiu luc va co ché phé hoai ctia hé két
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cau sau khi mat ¢t s& dugc phan tich va kiém tra
dudi tac dung cua tai trong thiang dung tac dong 1én
n6 dé danh gia sy an toan cua hé két cu nay. Cac
nghién ctru thuc nghiém vé khung BTCT chiu mét
cot trude day (Yu va Tan 2013, Yu va Tan 2014, Su
et al. 2009, Farhangvesali et al. 2013, Qian et al.
2014, Luet al. 2016, Lim et al. 2017) cho thay trong
mot két ciu dam gap doi l’lhlp voi kich ban mat cot
gitta (Hinh 1), mét s6 co ché chiu luc thi cap nhu
ung xt vom nén (CAA) va ung xt day cang (CA) s€
hinh thanh va phat trién dé chdng lai tai thing dung.
Céc co ché mang tai thir cip nay néu dugc phat trién
day du co thé c6 kha niang chiu luc 16n hon ca kha
nang chiu lyc do g xr chiu udn.

Cac nghién ciru trude ddy vé dim gap doi nhip
va khung BTCT chiu mét cot chi dugc thyc hién
trén cac két cAu co nhip d6i xtng. Tuy nhién, cac
truong hop mét cot ddi voi dam gap d6i nhip khong
ddi xtng, vi du voi chiéu dai nhip khac nhau va chi
tiét cot thép giira hai nhip khac nhau, 1a kha pho
bién trong két cau BTCT thong thudng do cac yéu
cdu cua kién tric va cong ning st dung. Vi ly do
d6, dé nghién ctru su phat trién cua cac tng xtir CAA
va CA trong dim gap d6i nhip khong dbi xting, mot
nghién ctru thuc nghiém trén 5 mau thi nghiém di
duoc thuc hién. Vi mdi tham s6 khong dbi xtng s&
¢6 3 mau duoc thi nghiém dé phan tich va so sanh

v6i nhau, cy thé 1a mot dam gap doi nhip khong dbi
xtng va hai dam gip d6i nhip dbi xtng khac dai
dién cho mdi bén ctia dam khong dbi xtng. Chi tiét
vé miu thi nghiém dugc trinh bay trong phan 2. Cac
thi nghiém duogc thuc hién tai phong Thi nghiém
cua truong Pai hoc Nanyang, Singapore.

Duya trén quan h¢ tai trong-do vong, xu hudng
nirt va dang pha hoai, sy dong gop ctia hai dam nhip
don dbi voi co ché chiu tai cac mau thi nghiém s€
dugc nghién ctru va danh gia.

2. CHUONG TRINH THi NGHIEM
2.1. Thiét ké mAu thi nghiém

Mau thi nghiém sir dung trong nghién ctru nay la
hé¢ khung dam-cot phang gap doi nhip bang BTCT,
duogc ap dung theo mau thiét ké cua thi nghiém véi
mau FR (Hinh 1) dugc trinh bay trong nghién ctru
ciia Lim et al. (2017). Mau FR dugc sir dung lam
mau dbi chimg cho 04 miu thi nghiém dugc trinh
bay trong bai bio ndy. Mau FR 1a miu thu nho theo
ty 16 2/5 so v6i nguyén mau duoc thiét ké theo EC2
(EN 1992). Mau FR bao gébm mot dam gip déi nhip
d6i xtmg kich thudc tiét dién 180 x 100 mm va chiéu
dai nhip don 14 2,4 m dwoc ndi véi cac cot bién tiét
dién vuong 180 mm va chiéu cao 1530 mm. C6t thép
16p trén va dudi ciia dam twong tmg 1a 3 T10 va 2

2R6

2T10

Hinh 2. Chi tiét mau caa S-1,8m-2,6%
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T10. B6n méu thi nghiém trong bai béo nay c6 chiéu
dai nhip va ty 1& cbt thép cua dam dugc thay doi so
v6i FR. Luu y rang trong nghién ciru nay, FR duoc
d6i tén thanh S-2,4m-2,6% dé biéu thi (S) nhip doi
ddi ximg voi (2,4 m) chidu dai nhip don va ty 1¢ cbt
thép (2,6%).

Dua trén mau FR (hodc S-2,4m-2,6%), 4 mau thi
nghiém dugc thuc hién trong nghién ciru nay bao gdm:

a. S-1,8m-2,6%: Nhip kép dbi xtng véi chiéu
dai nhip don 1,8 m va ty 1¢ cot thép 2,6% (lan lugt
1a 3T10 va 2T10 cho thanh c6t thép trén va duéi),
nhu trong Hinh 2.

b. S-2,4m-4,0%: Nhip kép d6i xtmg véi chidu
dai nhip don 2,4 m va ty 18 cdt thép 4,0% (1an luot
1a 2T13 + T10 va 2T13 cho cbt thép trén va dudi),
nhu trong Hinh 3.

c. U-1,8/2,4m-2,6%: Nhip kép khong dbi ximg
voi 1,8 m va 2,4 m & mdi nhip don cua dam va ty
16 ¢t thép & ca hai nhip 1an luot 13 2,6% (3T10 va
2T10 cho cbt thép trén va dué6i ), nhu thé hién trong
Hinh 4.

d. U-2,4m-2,6/4,0%: Nhip kép khong d6i xtmng
v6i chiéu dai 2,4 m & ca hai nhip, nhung véi mot
nhip véi ty 18 c6t thép lan luot 1a 2,6% (3T10 va
2T10 cho cbt thép trén va dudi), va 4,0% khac
(2T13 + T10 va 2T13 twong tmg cho cdt thép trén
va dudi), nhu trong Hinh 5.

S-2,4m-2,6%,S-1,8m-2,6%vaU-1,8/2,4m-2,6%
dugc dung dé nghién ctru sy phat trién cac co ché
chiu luc thtr cép trong dam gip d6i nhip khong doi
xtng voi d§ dai nhip khac nhau, trong khi S-2,4m
-2,6%, S-2,4m-4,0% va U-2,4m-2,6/4,0% la dé
nghién ctru anh hudng ctia viée b tri ¢6t thép khong
dbi xUing dén su phat trién cta cac co ché chiu luc
thir cép. Céac cot cua mau S-2,4m-2,6% duge bb tri
thép doc vdi 4T10 va 4R6 (427,04 mm?), trong khi
cac cOt ctia 4 mau thi nghiém con lai duoc bo tri
thép doc vdi 4T13 (530,6 mm?). Trong thi nghiém
cia Lim et al. (2017) cho mau S-2,4m-2,6% (FR),
v6i cac ¢t bi ngan can chuyén vi tuyét ddi theo
phuong ngang, tng xtr cia miu b chi phdi boi tng
Xt ciia ddm. Do d6, viée tang ty 1¢ cbt thép cot s&
khong anh huong dang ké dbi véi tng xir clia hé
két céu.

2.2. Khung thi nghiém va hé¢ gia tai

Cac mau thi nghiém dugc cAu tao boi mot dam
gip doi nhip voi mot cot ngan ¢ giita dai dién cho
nut lién két phia trén ¢t bi mét, va hai cot chiu luc
& hai dau cua dam gép déi nhip. Hai c6t nay duoc
dat trén cac gdi twa don gian, ngoai ra con bi ngin
can chuyén vi ngang tai dinh cot va & cao do cua
dam gép doi nhip dé biéu thi cic ngin can chuyén
vi tir cac cau kién lién ké trong cong trinh thuc té

(Hinh 6). C4ac mau thi nghiém duoc gia tdi & nut
gifta bang mot cot thép kéo dai va dugc ndi voi
kich gia tai. Thi nghiém dugc tam dimg & mdi cap
chuyén vi 18 mm (1/10 chiéu cao dim) dé v& nut,
chup anh mau thi nghiém va quan sat, ghi nhan cac
hu héng. Cac phan lyc & cac géi tua don gian, lyc
doc tryc trong cac ngin can chuyén vi ngang dugc
do bang cac loadcell (Hinh 6).
2.3. Dic tinh co hoc ciia vt li¢u

Bé tong st dung trong thi nghiém c6 cuong do
nén trung binh (méu try) 12 32 MPa, cdt thép van
(T10 va T13) c6 gidi han chay 507 MPa, gidi han
bén 609 MPa. Cét thép dai tron tron (R6) c6 gidi
han chiy 400 MPa, giéi han bén 583 MPa.

3. KET QUA THi NGHIEM
3.1. Miu c6 nhip khéong ddi xirng
3.1.1. Quan h¢ lwc — chuyén vi

Ung xtr tong thé cuia mau két cdu khung BTCT
duogc déc trung boi duong quan hé gitia tai trong tac
dung tai nut giita so v6i lich sir chuyén vi thang ding
ctia nut d6 (goi 1a quan hé luc - chuyén vi). Quan hé
luc - chuyén vi cua S-2,4m-2,6%, S-1,8m-2,6% va
U-1,8/2,4m-2,6% dugc thé hién trong Hinh 7. Su
chuyén dbi tir ing xir uén két hop véi nén (CAA)
sang ung xur ddy cing (CA) c6 thé dugc biéu thi
thong qua phan luc theo phuong ngang ciia mau
thi nghiém, trong d6 Uung xtr ciia mau thi nghiém
chuyén tir giai doan uén-CAA khi phan lyc ngang la
nén (gia tri am) sang tng xu CA khi phan lyc ngang
chuyén sang kéo (Hinh 8). Phan luc theo phuong
ngang thu duoc tir thi nghiém duoc tinh bang tong
cac phan luc ngang do dugc trong hai gdi tya ngang
ctia cot (bang loadcell) va phan luyc ngang & cac lién
két khép dudi chan cot.

Trong giai doan tng xir uén-CAA, do ctimg ban
dau biéu do lyc-chuyén vi (Hinh 7) 1a 16n nhét &
mau S-1,8m-2,6%. Mau thi nghiém nay ciing c6 gia
trj dinh tai trong udn-CAA 1a cao nhét trong 03 mau
dugc so sanh, vi voi cung ty 18 cbt thép, nhip ngin
hon s€ c6 kha nang chiu tai ding cao hon. Dudi
cing mot chuyén vi niit giita, cac dim c6 nhip ngén
hon s€ c6 goc xoay lon hon va co6 hién tugng bé tong
bi dap v& nghiém trong hon, dan téi sy hinh thanh
khép déo nhanh hon va sy xuét hién cua ung xir
CA sém hon. Cac hién tugng quan sat dugc trong
thi nghiém (su chuyén d6i sém hon sang tng xir
day cing CA va kha nang chiu u6n cao hon & mau
c¢6 nhip ngan hon) ciing dugc phan anh rd rang &
mau U-1,8/2,4m-2,6%, véi ung xu cua mau nay
nam trong khoang giita ctia S-1,8m-2,6% va S-2,4
m-2,6%.

V6i cing mot chuyén vi nat giira, mau ¢ nhip
ngin hon s& co luc cing cao hon (thép chay déo)
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Hinh 8. Quan hé phan lyc ngang - chuyén vi ciia
S-2,4m-2,6%, S-1,8m-2,6% va U-1,8/2,4m-2,6%

(a) Nhip bén trai (L= 1,8 m, =2,6%)

(b) Nh1p bén phai (L= 1,8 m, =2,6%)

Hinh 9. Dang nurt/dang pha hoai ctia S-1.8m-2.6%

(a) Nhip bén trai (L= 1,8 m, =2,6%)

trong dam do dat duoc kha nang chiu udn va chuyén
sang CA sdm, va do c6 géc xoay ¢ nut la 16n hon.
Tuy nhién, diéu nay khong dugc nhan thay rd rang
trong ca 3 mau vi do dc (do cung) cua duong kha
nang chiu luc trong giai doan ung xu CA trong cac
mau nay 1a kha giéng nhau (Hinh 7). Ly do la mic
du lyc cing va goc trong dam co nhip ngan hon la
16n hon (Hinh 8), nhung phd hoai trong bé tong
cling nhiéu hon, lam giam kha nang uén. Do do, sy
gia tang kha nang chiu luc do tmg xtr CA duogc can
bang v6i sy giam kha nang chiu udn, dan dén khong
¢6 su khac biét rd rang trong d6 ddc cua dudng stc
chiu tai gitra 3 mau (Hinh 7).

Goc xoay 16n va sy phat trién sém cua luc kéo
trong mau c6 nhip ngan hon din dén sy pha hoai
nghiém trong trong bé tong va cdt thép, dut cbt thép
som va chim dit sém kha niang chiu tai cia mau.
Tuong ty nhu giai doan ung xu udn-CAA, ung xu

(b) Nhip bén phai (L = 2,4 m, =2,6%)
Hinh 10. Dang nirt/dang pha hoai cia S-1,8/2,4m-2.6%

chiu lyc cua U-1,8/2,4m-2,6% trong Hinh 7 duoc
xéc dinh 1a do su dong gop dong déu bai ca hai dam
nhip don co chiéu dai khac nhau cia mau, dugc biéu
thi bang d6 dbc ciia CA (Hinh 8) va chuyén vi 16n
nhét ciia mau nay nam gitra S-1,8m-2,6% va S-2,4
m-2,6% (Hinh 7).
3.1.2. Dang nurt va dang phd hoai

Xu huong nut cua S-2,4m-2,6% da duoc trinh
bay trong nghién ctru ctia Lim et al. [10] (mau FR).
Dé phan biét su phat trién cua vét nit & cac giai
doan khac nhau, hai mau khac nhau (xanh va do)
duogc ding dé v& cac vét nit & giai doan tmg xir udn-
CAA (xanh) va Gmg xir CA (d6). Su phat trién cia
cac co ché udn-CAA va co ché CA c6 thé duoc quan
sat 16 rang thong qua sy phat trién cua vét niit cho
ca hai nhip ctia S-1,8m-2,6% va U-1,8/2,4m-2,6%.

Trong S-1,8m-2,6%, su sut giam kha nang chiu
tai dimg ¢ mic chuyén vi 180 mm va 240 mm la
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do hién twong dut lan lugt c6t thép & phia bén phai
clia niit gitta 1am dan ti su phat trién ctia CA. Cubi
cung, mau mat kha ning chiu luc do duat cbt thép
16p trén cua niit dam-cot bén trai. Co thé thy rang
khong ¢ nhiéu sy hinh thanh vét nit doc theo dam,
dic biét 13 ¢ nhip dim bén trai. Ngoai ra, khong
¢6 sy hinh thanh khép déo thir cép & diém cit cot
thép doc (690 mm tinh tir dau dim) dé giup tang kha
nang chuyén vi ctia mau, do do chuyén vi 16n nhat
ctia mau nay la tuong dbi thap.

0 giai doan Gng xur udn-CAA cua U-1,8/2,4m -
2,6%, vét nit udn duoc phat trién gﬁn nhu doc theo
toan bd nhip bén trai (nhip ngin) va rd rét hon so
v6i nhip bén phai (nhip dai). Diéu nay 1a do tai mot
chuyén vi nhat dinh, nhip ngén hon s& c6 goc xoay
16n hon gitip cho dim co thé dat dugc kha ning
chiju udn 16n nhat & chuyén vi nhé hon trong nhip
ngan. Tuy nhién, & giai doan CA, vét niit chiu kéo
d3 phat trién kha dong déu doc theo ca hai nhip gop
phan gitip cho mau c6 chuyén vi 16n nhat 16n hon
S-1,8m-2,6%. Dang pha hoai cua mau duogc quyét
dinh boi nhip trai (nhip ngin) do bi pha hoai nghiém
trong hon (vi goéc xoay lon hon). Su sut giam kha
ning chiu lyc 1an dau tién (tai chuyén vi 210 mm)
1a do dut cdt thép 16p dudi & phia bén tréi cia nuat
giita, dan t6i sy bt dau phat trién cua CA. Sy sut
giam thir hai & chuyén vi 320 mm 14 do dut c6t thép
16p dudi phia bén phai ctia nut gilra, va dang pha
hoai cudi cung 1a do dit ¢t thép 16p trén phia bén
trai cuia nut gitra.

V& dang pha hoai/dat cua cdt thép, ing xir cia
S-1,8m-2,6% va U-1,8/2,4m-2,6% tuong tu nhu
clia S-2,4m-2,6%, tirc 1a cot thép dau tién bi dut ¢
mat cit ddm giao v6i nut giita gitip bit dau su huy
dong CA va dat cbt thép cudi cung 1a & cot thép
16p trén ciia mit cat dam giao voi nit gitra hodc
nut bién. Nhip ngan hon dan dén chuyén vi khi pha
hoai nho hon do géc xoay 16n hon; va trong mau
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Hinh 11. Quan hé tai trong - chuyén vi ciia
S-2,4m-2,6%, S-2,4m-4,0% va U-2,4m-2,6/4,0%

U-1,8/2,4m-2,6%, pha hoai cudi cung van bi chi
phdi boi nhip ngin hon, nhung nhip dai hon gitp
cai thién chuyén vi trong qua trinh phat trién vét nirt
chiu kéo trong giai doan CA.

3.2. Miu c6 cot thép khong ddi xirng

3.2.1. Quan hé luc — chuyén vi

Mbi quan hé giita tai trong démg va phan
luc theo phuong ngang véi chuyén vi dimg cua
S-2,4m-2,6%, S-2,4m-4,0% va U-2,4m-2,6/4,0%
duoc vé trong Hinh 11 va 12. Trong Hinh 11, d¢
cirng ban diu cua hé khi chiju tai va kha nang chiu
luc t6i da cua ung xu udn-CAA cua S-2,4m-4,0%
cao hon $-2,4m-2,6% do c6 ty 18 cbt thép dam 16n
hon. Sy gia taing khong dang ké vé do cing ban dau
nhung su gia tang o rét vé kha ning chiu lyc toi
da cua Gng xtr uon-CAA ddi véi U- 2.,4m-2,6/4,0%
so vOi S-2,4m-2,6% dugc thé hién rd rang trong
thi nghiém. Trong Hinh 12, U-2,4m-2,6/4,0% va
S-2,4m-4,0% c6 phan luc ngang nho hon va chuyén
d6i som hon sang tng xir CA so véi S-2,4m-2,6%,
diéu nay c6 thé do c6 hai miu trén c6 hién tugng bé
tong bi dap v& nghiém trong & dau dam (ty 1& cdt
thép 16p trén cao hon khi chiu udn).

Vé mit tng xir CA, S-2,4m-4,0% rd rang co sy
huy dong tng xir CA cao hon vi né ¢6 nhiéu cdt
thép hon dé phat huy luc kéo trong dam (Hinh 11
va 12). Theo g1a1 thich trong Lim et al. (2018), voi
trang thai can bang lyc, luc cang cuc dai phat trién
trong dam gap doi nhip duoc khéng ché boi dam
c6 ham luong cbt thép thdp hon. Mot hién tuong
tha vi vé chuyén vi/dang pha hoai cudi cing da
dugc quan sat trong thi nghiém. Vé mit 1y thuyét,
dam co ty 18 cot thép cao hon co thé co do déo thap
hon va chuyén vi 16n nhéat ctua U-2,4m-2,6/4,0%
s& nam giita S-2,4m-2,6% va S-2,4m-4,0%.
Tuy nhién, trong thi nghiém nay, S-2,4m-4,0%
v6i ty 1& ot thép 1on nhat cd thé phat trién tng
xtt CA véi chuyén vi 1én t6i 620 mm, trong khi
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Hinh 12. Quan h¢ phan lyc ngang - chuyén
vi cia S-2,4m-2,6%, S-2,4m-4,0% va
U-2,4m-2,6/4,0%

250



Hgi nghi khoa hoc quéc té Ky niém 60 nam thanh ldp Vien KHCN Xay dung

U-2,4m-2,6/4,0% bi pha hoai ¢ giai doan kha sém
v6i chuyén vi téi da 450 mm. Mot giai thich kha
di cho tng xtr rat déo ctia S-2,4m-4,0% c6 thé la
do vét nirt phan bd déu dan dén sy gidn dai cua cbt
thép doc duoc phan bd déu doc theo dam. Viéc pha
hoai sém ctia U-2,4m-2,6/4,0% c6 thé do luc kéo
khong déu dan dén dang pha hoai hinh nén ¢ nut
dam-cot gitra, diéu nay s€ dugc minh hoa rd hon
trong phan mé ta vé dang nirt/dang pha hoai.
3.2.2. Dang nurt va dang pha hoai

Céc dang nut/dang pha hoai cua S-2,4m-4,0%
va U-2,4m-2,6/4,0% duogc minh hoa trong Hinh 13
va 14. O S-2,4m-4%, sy phat trién cac vét nut tir
giai doan u6n-CAA sang CA kha ddi xtmg & ca hai
nhip ctia mau. C6 thé thay vét nirt chiu kéo xuat hién
doc theo dam ¢ giai doan CA, diéu nay giai thich

(b) Nhip bén phai (L = 2,4 m, = 4,0%)
Hinh 13. Dang nut/dang pha hoai caa
S-2,4m-4,0%

g e . 5"
(b) Nhip bén phai (L =2,4 m, =2,6%)
Hinh 14. Dang nut/dang pha hoai cua
U-2,4m-2,6/4,0%

kha nang chiu tai trong dimg lon (Hinh 11) do hi¢u
ung CA. Su sut gidm kha nang chiu lyc dau tién
xuat hién & chuyén vi 340 mm 1a do dut ¢t thép
0 bén phai ctia nlt gitra, va nhiing sy syt giam nho
tiép sau do6 tai 400 mm cho dén phé hoai cubi ciing
1a do dut cbt thép 16p dudi o tiét dién bén trai cua
nut gitra ciing nhu v& bé tong & ca hai tiét dién bén
trai va phai clia nit giita. Pha hoai cudi cung 1a do
dut cbt thép trén & phia bén phai cia nit giita.

Trong Hinh 14, sy phat trién cua vét nit uén
ctia U-2,4m-2,6/4,0% la kha giéng nhau & ca hai
nhip dam don do gi6i han d6 cong khi chay déo va
dd cong cuc han kha tuong déng, din dén chuyén
vi tuong ty nhau khi dat duwoc kha nang chiu udn
cuc dai. Tuy nhién, trong giai doan CA, do can bang
luc, nhip trai c6 thé khong huy dong hét toan bo kha
nang chiu luc cia tit ca cac cdt thép dé can bang véi
nhip phai, biéu thi bang su phat trién it hon cua vét
nat chiu kéo & nhip trai so voi nhip phai. Vét nut
chiu kéo trong giai doan CA & cd hai nhip khong
duogc phat trién hoan toan trén ca chiéu cao tiét dién
ctia dam va van chua lan truyén doc theo dam, diéu
nay giai thich cho kha niang chiu luc twong d6i nho
va chuyén vi t6i da (cudi cing) bé. Kha ning chiu
luc ctia mau c6 sy suy giam dau tién (khong dang
ké) & chuyén vi 350 mm 1a do dut cdt thép dudi &
tiét dién phai cta nut gitra. Pha hoai cudi cung 1a do
bé tong bi pha hoai dang hinh non & ca hai bén cta
nut gitra do luc kéo cuia cbt thép doc giy ra cho nut
giita. Piéu nay din dén pha hoai som (khong bi chi
phéi boi dut cdt thép), va chdm dut sy phat trién
CA ¢ giai doan kha som. D4u hiéu cuia su pha hoai
bé tong dang hinh nén & ca hai phia cta nit giira bat
dau quan sat dugc ¢ chuyén vi 250 mm.

Dang phé hoai va xu hudng phat trién nit ctia
S-2,4m-4,0% giéng voi S-2,4m-2,6%. Do déo cao/
chuyén vi téi da 16n ciia S-2,4m-4,0% co thé 1a do
luc kéo 16n. Sy phat trién ctia vét nit chiu kéo trong
giai doan CA clia U-2,4m-2,6/4,0% rat kho dé so
sanh/nhan xét voi hai mau thi nghiém con lai do su
phé hoai sém ¢ nut giita.

4. KET LUAN

Anh hudng ctia chiéu dai nhip va bd tri cbt thép
trong dam gép d6i nhip thiét ké ddi ximg, ciing nhu
su phat trién cua cac ung xu chiu tai trong trong
dam gap do6i nhip khong ddi ximg da dugc xac dinh
thong qua cac thi nghiém dugc thyc hién trong
nghién ctru nay dua trén quan hé luc - chuyén viva
su phat trién nirt ciing nhu cac dang pha hoai.

Viéc giam chiéu dai nhip ctia dam gép d6i nhip
dan dén kha nang chiu udn tot hon, sy chuyén dich
sang ung xit CA sém hon, d6 déc (d6 ctng) cia
duong kha nang chiu luc do CA cao hon, nhung
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mau bi pha hoai nghiém trong hon, dan dén dut sém
cbt thép & giai doan CA. Viée dit som cdt thép nay
trong mau c6 nhip ngén hon két thiic qua trinh CA
v6i kha ning chiu Iyc tbi da thap hon so véi mau co
nhip dai hon. Trong dam gap d6i nh1p c6 d6 dai nhip
khong dbi xting, ung XUr cia n6 nam & khoang gitra

clia img xir hai dam nhip d6i ddi xtmg (mdi dam dai
dién cho mot phia ciia nhip d6i khong ddi ximg),
cho thdy ca hai dam nhip don khong ddi xtng déu
dong gop déu nhau. Vé mit xu huéng nit va dang
pha hoai ctia trudng hop nhip khong ddi xtmg, nhip
ngén hon thudng sé chiu nhidu pha hoai hon so véi
nhip dai, dac biét la ¢ giai doan CA véi sy hinh
thanh vét niit chiu kéo doc theo dam.

Viée tang bd tri ¢t thep ctia dam gip doi Ilhlp
dan dén kha ning chiu udn cao hon, sy chuyen doi
som hon sang tmg xtr CA, d6 doc phat trién CA 16n
hon, ciing nhu chuyén vi t6i da 16n hon. Trong dam
gp do6i nhip c6 bd tri cdt thép khong ddi xing, hai
dam don dong gop dong déu ¢ giai doan uén-CAA,
nhung sy phat trién ctia CA bi chi phbi boi dam don
c6 ty 18 Tuc kéo/cdt thép thap hon dé dap ung can
bé'lng luc. Tuy nhién, cac vét nit chiu kéo cua dam
gp d6i nhip bb tri cot thép khong ddi xing khong
dugc phat trién/huy dong day du do sy pha hoai sém
cua nut gitra.
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