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Tom tat: Cuong do chiu cét (hay la kha néng chiu
cét) la tham sé cuc ky quan trong trong thiét ké cot
bé téng cét thép (BTCT), déc biét khi tinh toan c6 xét
dén anh huéng cia tai trong ngang nhw gié hodc
dong dét. Hién tai, c6 nhiéu tiéu chudn thiét ké va
nghién ctu da dé xuét céng thurc tinh toan cuong do
chiu cét cda cot BTCT. Tuy nhién, viéc tinh toan theo
céc cong thirc da dé xuét trong céc tailiéu van con
cé sw sai léch nhiéu so véi két qud thi nghiém.
Nghién ctru nay danh gia cac céng thire tinh toan kha
néng chiu cét cta cot BTCT chir nhét dua trén bo di
liéu suu tédp gébm 735 thi nghiém da céng bé. Bay
céng thirc tinh toan duoc str dung dé danh gia trong
nghién cteu nay, trong dé c6 nédm céng thorc dua trén
tiéu chuén thiét ké bao gébm TCVN 5574 (2018), ACI
318 (2014), CSA (2014), EN 1998-1 (2004), FEMA
273 (1997) va hai nghién ctu dién hinh da céng bo
la Ascheim - Moehle (1992) va Sezen — Moehle
(2004). Cuong dé chiu cét cda cét duoc tinh toan dua
trén sé liéu dau vao cua bo dir liéu suu tap va st
dung bay céng thirc da néu. Cudi cung, két qué tinh
toan cua céac céng thirc duwgce danh gia dwa vao céac
dai lvong théng ké, bao gém hé sé xac dinh va sai sé
quén phuong. Két qud danh gié cho thay rang céng
thiic cia tiéu chudn EN 1998-1 (2004) cho du béo tét
nhét, tiép dén la cong thirc cia Sezen-Moehle (2004),
TCVN 5574 (2018) va tiéu chudn Canada CSA
(2014). Céc céng thuic nay cho két qua tinh toan
tuong dbi gan véi thi nghiém va thién vé an toan hon
cac coéng thure khac.

T&r khéa: Cot BTCT chir nhét, cuong do chiu cét,
tiéu chudn thiét ké, céng thirc thuc nghiém, di liéu
thi nghiém.

Abstract: Shear strengh is a crucial parameter in
designing (RC)
considering the effects of lateral loads such as wind
or earhquake. Currently, there are numerous design
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codes and published studies, which proposed
equations for calculating the shear strength of RC
columns. However, a discrepancy is existing between
calculated models and experimental results. The aim
of this study is to evaluate calculated models for
shear strength of rectangular RC columns based on
735 data sets, which are collected in the literature.
Seven code-based and emperical models are
investigated, in which five code-based models
include TCVN 5574 (2018), ACI 318 (2014), CSA
(2014), EN 1998-1 (2004), and FEMA 273 (1997),
and two empirical models proposed by Ascheim -
Moehle (1992) and Sezen — Moehle (2004). Shear
strengths of RC columns are calculated for seven
models using inputs of the experimental database.
Finally, the results are evaluated using statistical
indicators including coefficient of determination and
root-mean-squared error. It reveals that EN 1998-1
(2004) is the best model, followed by Sezen-Moehle
(2004), TCVN 5574 (2018), and Canada CSA (2014)
since the results of those models are close to that of
experiments and showing to be more conservative
than the others.

shear
formula,
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1. Dat van dé

Cot bé tong cbt thép (BTCT) la cAu kién chiu luc
cwe ky quan trong trong cac cong trinh nha clra va
cau. Sw hw héng hay pha hoai cla cot 1& nguyén
nhan chinh dan dén sup db céng trinh. Kha néng chiu
lwc cta ciu kién ndi chung va c6t BTCT néi riéng phu
thuéc vao nhiéu yéu t6, co thé k& dén dé la kich
thwdc hinh hoc, chi tiét bd tri cbt thép, dac trung vat
liéu va tai trong tac dung.

C6 ba dang pha hoai phd bién cla cot BTCT duédi
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tac dung cla tai trong ngang, d6 la pha hoai ubn, pha
hoai cét v pha hoai két hop udn-cét. Pha hoai ubn
la khi sw suy gidm kha nang chiu lwc ngang xuét hién
sau khi cét thép doc chay déo do cac bién dang udn
nhw bé téng bdo v bi bong ra, cét thép doc bi oan
hoac 1a bé tong phan 18i bi nén v&. Pha hoai cat xay
ra khi sy suy giam kha nang chiu tai trong ngang xuét
hién trwédc cbt thép doc bi chdy déo do cac nguy co
pha hoai cat gay ra nhw V&t nrt chéo trong cot. Kiéu
pha hoai két hop ubn-cét xay ra khi sw suy giam kha
nang chiu lwc hinh thanh sau khi cét thép doc bi chay
déo nhwng van c6 cac nguy co pha hoai cat. Mot didu
lwuy rAng pha hoai cét Ia dang pha hoai khéng mong
mubn khi thiét ké& két chu BTCT va phai dwoc chay
dé ngan ngira, dac biét 1a cac cong trinh trong wing
cd nguy co xay ra dong dat.

Cuwong d6 chiu cat la tham sé cwe ky quan trong
trong thiét ké cot BTCT, dac biét khi tinh toan cé xét
dén anh hwéng cla tai trong ngang nhw gié hodc
dong dat. Hién tai, co nhiéu tiéu chudn thiét ké va
nghién clru da dé xuét cong thire tinh toan cuwéong do
chiu cét clia cot BTCT. C6 thé ké dén céc tiéu chuan
va hwéng dan thiét ké dién hinh bao gébm TCVN 5574
(2018) [1], ACI 318 (2014) [2], CSA (2014) [3], EN
1998-1 (2004) [4] va FEMA 273 (1997) [5]. Bén canh
do, cé nhiéu nghién clru trvéc day da dé xuat cac
coéng thirc dé tinh toan cwdng do chiu cét cia cot
BTCT, vi du nhw Ascheim - Moehle (1992) [6] va
Sezen — Moehle (2004) [7]. Tuy nhién, viéc tinh toan
theo cac cong thirc d& xuét trong céc tai liéu vira néu
van con cd sw chénh léch so Wi két qua thi nghiém
do kha ndng chju cat phu thudc vao rat nhiéu yéu té
nhw co cAu pha hoai cat, dac tinh vat liéu, kich thuwdc
hinh hoc, cAu tao va tai trong [8, 9]. Vi vay, can thiét
phai cé nghién clru so sanh va danh gia vé tinh toan
cwdng do chiu cét theo cac tiéu chudn va cac nghién
clru khac nhau dwa trén mot bo dir liéu da lon va
dang tin cay.

Ly do vra néu chinh la dong lwc dé& cac tac gia
thwc hién nghién cru nay. Mot bo div liéu gdbm 735
thi nghiém xac dinh kha ndng chiu cét ctia c6t BTCT
tiét dién chi¥ nhat dwoc thu thap. Bay cong thirc tinh
toan dwgc khao sat trong nghién ctru nay, trong dé
cé nam tiéu chuan thiét ké bao gdbm TCVN 5574
(2018), ACI 318 (2014), CSA (2014), EN 1998-1

(2004), FEMA 273 (1997) va hai nghién clru dién
hinh la Ascheim - Moehle (1992) va Sezen - Moehle
(2004). Sau d6, cwéng d6 chiu cat ctia cot dwoc tinh
toan theo céc coéng thirc nay. Cudi cung, két qua tinh
toan cha cac céng thirc dwgc danh gia dwa vao cac
dai lwong théng ké, bao gdbm hé sb xac dinh va sai
sb quan phuong.

2. Cac cong thirc tinh toan cwéng do chiu catcuda
cot BTCT chiv nhat

Trong nghién clru nay, cac tac gid da xem xét
cong thirc tinh toan cwdng do chiu cét cha cot trong
05 tiéu chuan thiét ké, bao gbm TCVN 5574 (2018),
ACI 318 (2014), CSA (2014), EN 1998-1 (2004), va
FEMA 273 (1997). Ngoai ra, 2 nghién ctu dién hinh
da coéng bd cing dwoc khdo sat d6 1a Ascheim -
Moehle (1992) va Sezen - Moehle (2004). Lwu y ring
cong thirc d& xuét clia Sezen - Moehle (2004) duwoc
ap dung trong tiéu chudn ASCE/SEI 41-06 (2006) [8].
Bang 1 tém tt cac cong thirc st dung trong nghién
cru ndy. Dwa vao céng thirc trong bang nay, mot sé
nhan xét rit ra nhw sau:

- Cong thire tinh toan kha nang chiu cét ctia cau
kién trong tiéu chuadn Viét Nam TCVN 5574 (2018)
xem xét anh huéng cda kich thudc tiét dién, cuwong
do bé téng, dac tich cbt thép dai va cac hé sb ké dén
anh huéng cla lwc doc ciing nhw (ng suét cia bé
téng;

- Trong céng thirc cla ACI 314 (2014), kha nang
chiu cét phu thudc vao kich thwéc tiét dién cot, dac
tinh cla cét dai, cwdng dd chiu nén cla bé téng va
Iwc doc. Trong khi d6, cong thirc kha nang chiu cat
cla CSA (2014) con xét dén anh hwéng cla bé tong
khi n&t va@ dang pha hoai cét theo dwérng chéo (géc
nghiéng);

- Cong thirc ctia EN 1998-1 (2004) con bd sung
thém anh hwéng cla d6 manh va do déo cot dén
cwdng dd chiu catcta cot. Twong tw, Sezen - Moehle
(2004) ciing xem xét &nh hwéng clGa tham sé do
manh va do déo trong tinh toan kha nang chiu cét.
DPbi Wi cong thirc clia FEMA 273 (1997) va Ascheim
- Moehle (1992), ngoai cac tham sbé kich thuéc tiét
dién cot, d&c tinh cua cét dai, cwdng dd chiu nén cua
bé tong va lwc doc thi con xét thém tham sé do déo
chuyén vi cia cot BTCT.

Tap chi KHCN Xay duwng - s6 3/2022



KET CAU - CONG NGHE XAY DUNG

Bang 1. Téng hop céc céng thirc tinh toén cwong dé chju cat clia cét BTCT theo céc tiéu chuén thiét ké

va nghién ctru triedc day str dung trong nghién ctru nay

Tailiéu Congthirc tinh
A R 1
V= 0, (0 Roblg + -2 h M
¢, 1ahésbké dén anh huéng cia luc doc;
TCVN 5574 ¢y, & hé sdké dénanh hudng cia dac diém trang thai rng suétbé tdng trong dai nghiéng,
(2018) ldy bang 0.3; R,, 1a cuwdng d6 chiunén tinh toan cta bé tdng da bao gébm hé sé d6 tin cay ,;
b 12 bé rong tiét dién ngang; h, la chiéu cao htru hiéu cua tiét dién ngang; hy=h —a (h -
chiéu cao tiét dién, a la 16p bao vé bétdbng); Ay, la dién tich cot dai; Ry, la cwong d6 chay
déo cua cot dai; s,, la khodng cach cotdai.
P : Asnfynd @)
V= 0.166<1+138A )bwd fi+——
ACI 318 P lalycnén léncot; A, la diéntich tiétdiénngang; b, labé rongtiétdiéncot, d=h—c (h
(2014) la chiéu cao tiét dién, P la 16p bao vé bétdng); £ la cwdng d chiu nén theo méu try cla
bétong; Ag, la dién tich cot dai; f,, la cwong do chay déo cla cot thép dai; s 1a khoang
céach cbt dai.
shfyh ’ (3)
V = min ( b, d,/f; + ——2—cotd; 0.25f/bd
CSA(2014) ¢4 = 0.9d; b labé rong tlet diéncot, B 1a hé s6 ké dén kha nang chiu ct cta bé tong khi b
nwt, lay bang 0.21; @ la géc nghiéng cla trng suatnén chéo va truc dirng cliia ct, lay bang
420,
V=", +k(V,+V,) (4)
a !
V, = 0.16max(0.5;100.) (1 —0.16min (S;d—)>AC 7.
A
EN 1998-1 V,=—*d-d Vfyw
(2004)
v, = z—mln(P 0.554.f,)
x la chleg caotrgc trung hoa; d' la chiéu cao cia l&p cbt thép chiunén;
k lahésoxét déndod déo\c&a codt; k = 1~0.75 Ighi u< 1~6
A.=b,d, (d =0.8h -chiéucao hivu hiéu cla tiet dién cdt);
P d 5
V= .29/1<k+138A)bd fc+ﬂ ®)
FEMA 273 . : R . s
(1997) A la hé so phu thudcvao trong lvgng bé tong, lay bang 1.0;
k = 1.0 — dbivoi yéu cau dédéo thap,
k =0 — dbivdi yau cdu dd déo trung binh va cao.
p 7 Ashfyhd (6)
Ascheim- V= (k "1384 )0'8‘4 Jet Stan(30Y
Moehle
(1992) k==L u 14 dd déochuyén vi;
d= 0 8H
7
V=K% f° 1+ )0.8Ag + i Al )
Sezen- 05‘49 se y
Moehle k 1a he sb xet dén dd déoctia cot; u - 4 déo chuyén vi;
(2004) k=1khi n<20; k=0.7 khi p> 6.0;

0.7 < k= 1’.15— 0.075u < 1.0 khi 2.0’ <pu<60 )
a la nhip cat, ttrc 1a khoang cach tlr diém datlwc ngang dén chan cét.

3. Bo dir liéu thi nghiém swu tap

Céac tac gid da swu tap mot bo gdm 735 di liéu
két qua thi nghiém cot BTCT tiét dién chi» nhat trong
cac bai bao coéng bd tir nam 1979 dén 2021 [9-35].
Can lwu y rang bo di liéu nay bao quat dwoc pham
Vi rat réng cla céc tham sé dau vao nhw d6 manh,
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kich thudc tiét dién, ty sb nén va dic trung vat liéu
s dung. Hinh 1 trinh bay céc tham sé hinh hoc cla
c6t, vat liéu str dung va tai trong tac dung Ién cot chiv
nhat BTCT. Lwu y rang lwc doc tac dung lén cét 1a
ding tam. Hinh 2 thé hién phan bb di liéu cta céac
tham sé dau vao va 3 dang pha hoai cta c6t BTCT.
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4. Panh gia tinh toan cwong dé chju cat cua cot
BTCT theo cac cong thirc

Hinh 3 trinh bay phan bd két qua tinh toan
cwdng dod chiu cét ctia cot BTCT chir nhat theo cac
cong thirc va két qua thi nghiém. Puwong nét dut thé
hién dwdng chudn 1:1, cac di liéu ndm trén duwdng
nay biéu thi két qua tinh toan bang v&i két qua thi
nghiém. Két qua cho thy rang céng thirc EN 1998-1
(2004) va CSA (2014) cho kétqua tinh toan ndm duéi
dwdng chuan 1:1, téc la bé hon so i két qua thi
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nghiém. D phan tan cta két qué tlr cac cong thirc
nay la nhé hon so Wi cac cong thirc khac. Ngoai ra,
céng thirc clia Sezen-Moehle (2004) va tiéu chuan
TCVN 5574 (2018) ciling cho két qua hau hét Ia nhd
hon so wi thi nghiém. Két qua tinh toan tir cac cong
thirc ACI 318 (2014), FEMA 273 (1997) va Ascheim-
Moehle (1992) c6 sy phén tan kha I&n, dac biét 1a
cac mau cot cé cwdng dd chiu cét Ién hon 1000 kN.
Sw sai khac nay co6 thé do viec xem xét sy c6 mat
cla hé sé phu thudc do6 déo cua cot va anh huwéng
cla lwc nén chéo trong cot dén cuwdng dd chiu cét.

ACI 318 (2014)
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EN 1998-1 (2004)
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Hinh 2. So sénh cwong do chju cat giira kétqua thi nghiém va céc céng thire tinh toan trong
céc tiéu chuén va nghién ctru da céng bé

Dé danh gia két qua tinh toan cwérng do chiu cét
cla c6t BTCT theo cac cong thirc trong Bang 1, cac
tham s6 théng ké dwoc sir dung bao gébm hé sb xac
dinh (R?) va sai s6 quan phwong (RMSE). Lwu y rang
gia tri R? d&c trwng cho phan trdm di liéu gan nhét
v&i dworng hdi quy; R? cang cao thi cong thire tinh
toan cang tét va ngwoc lai. Con tham sbé RMSE la
dung dé dai dién cho mirc dd chénh léch (sai s6) gitra
gia tri tinh toan va gia tri thi nghiém; néu RMSE cang
bé thi céng thirc tinh toan cang chinh xac va ngwoc

lai.

=1-\3ra —or ®

n
1
RMSE = (—) Z(ti —0;)? 9)
n i=1
trong d6: t; va o; twong &ng la két qua thi nghiém
va tinh toan cla di¥ liéu thtr i; n la sé lwong dir liéu;
o la gia tri trung binh cua cac két qua tinh toan.

Bang 2. Tham sé théng ké danh gia cac céng thirc tinh toan cuong do chju cat

Dac trwung thdng ké cla ty s6

T Coéng thire tinh R? RMSE Viinh toan /Veni nghiém

Min Max Mean SD cv
1 TCVN 5574 (2018) 0.742 165 0.16 9.59 1.01 0.76 0.75
2 ACI 318 (2014) 0.608 202 0.19 20.88 1.40 142 1.01
3 CSA(2014) 0.680 220 0.18 9.88 0.93 0.74 0.80
4 EN 1998-1 (2004) 0.892 163 0.07 4.84 0.64 0.37 0.57
5 FEMA 273 (1997) 0.448 238 0.07 19.62 1.15 1.33 1.15
6 Ascheim-Moehle (1992) 0476 251 0.21 35.78 2.14 241 1.13
7 Sezen-Moehle (2004) 0.766 185 0.09 8.51 1.02 0.71 0.69

Bang 2 trinh bay két qua cac tham sb théng ké
R? va RMSE cho tirng cong thirc tinh toan. Ngoai ra,
céac dac trwng théng ké claty sé gitra cwédrng dd chiu
cét tinh toan va cwdng dd chiu cat theo thi nghiém
(Viinn toin/Vini ngniem) €UNg dwoc tinh todn dé danh
gia. Cac dac trung théng ké nay bao gébm gia tri nhd
nhat (Min), gia tri I&n nhat (Max), gia tri trung binh

8

(Mean), d6 léch chuan (SD) va hé sbé bién dong (CV).
Két qua tinh toan cho thay rang, cong thirc dw bao
theo tiéu chudn Chau Au EN 1998-1 (2004) cho kha
nang tinh toan cwéng d6 chiu cat tdt nhat woi gia tri
R? caonhét (= 0.892) va sai s6 quan phwong RMSE
nhé nhat (= 163 kN). Tiép theo, cac coéng thirc tinh
toan cua Sezen-Moehle (2004), tiéu chudn TCVN
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5574 (2018) va tiéu chudn Canada CSA (2014) Ian
lwot c6 gia tri R? bang 0.766, 0.742 va 0.68 va gia tri
RMSE béng 185 kN, 165 kN va 220 kN. Ngoai ra, mét
diéu Ivu ¥ 13ty SO Viinn toin/Vini ngniem CUa C4C cONG
thirc nay déu nhd hon 1.0, cé nghia |a két qua tinh
toan nhd hon két qua thi nghiém. Do do, cac cong
thirc tinh toan nay 1a thién v@ an toan. Trong khi d6,
céac cong thire tinh toan cta Ascheim-Moehle (1992),
FEMA 273 (1997) va ACI 318 (2014) cho két qua du
bao w&i mirc dd chinh xac thdp hon so wi 04 céng
thirc ra néu & trén.

Vé&ikét qua nay, cong thirc cla tiéu chudn Chau
AuEN 1998-1 (2004), nghién clru clia Sezen-Moehle
(2004), tiéu chudn TCVN 5574 (2018) va tiéu chuan
Canada CSA (2014) dwoc dé xuét sir dung cho viéc
tinh toan cuwong dd chiu cét cta cot BTCT tiét dién
chi¥ nhat. Day la cha y quan trong dbi wi cac kj sw
trong qua trinh tinh toan thiét k& cot BTCT chi nhat.
5. Két luan

Bai bao da trinh bay va phan tich cac céng thirc
tinh toan theo céac tiéu chuén thiét ké va nghién ctru
trudc day. Mot bod sé liéu Ién gdbm 735 két qua thi
nghiém cot BTCT tiét dién chir nhat dwoc swu tap dé
dwa vao so sanh va danh gia tinh toan cwdng dé chiju
cét theo cac cong thirc khac nhau. Cac tham sé
thdng ké sir dung d& danh gia bao gdbm hé sb xéac
dinh va sai s6 quan phwong. Mot sb két luan duwoc
rut ra nhw sau.

(1) Cwdng d6 chiu cat cta cét BTCT khéng
nhirng phu thudéc vao dac truwng tiét dién ngang va vat
liéu st dung, n6 con phu thudc vao khoang cach cét
thép dai va lwc doc tac dung Ién cét.

(2) M6t sb cong thire tinh toan cuéng do chiu cat
xét dén d6 déo chuyén Vi ngang cuda cot (u). Ngoai
cac tham sb v& kich thwédc hinh hoc cta cot va vat
liéu st dung, thi vai trd cla hé sé phu thudc d6 déo
cling nhw géc nén chéo do lwc doc cling rat quan
trong, anh hwéng Ién dén két qué tinh toan cudng
do chiju céat cha cot BTCT.

(3) Qua viéc so sanh cwdng dd chiu cat cha cot
theo két qua thi nghiém va cac cong thirc c6 thé thay
rang cong thirc cta tiéu chudn Chau Au EN 1998-1
(2004), tiéu chuan Canada CSA (2014), nghién clru
Sezen-Moehle (2004) va TCVN 5574 (2018) cho két
qué thién v& an toan va gan vi thi nghiém.

(4) Két qua tinh toan theo céng thirc ACI 318
(2014), FEMA 273 (1997) va Ascheim-Moehle (1992)
c6 d6 phan tan I&n hon so wi cac cong thire khac.
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(5) Cong thirc ciia EN 1998-1 (2004), Sezen-
Moehle (2004), TCVN 5574 (2018) va CSA (2014)
duwoc d& xuat wu tién sk dung trong viéc tinh toan
cwdng do chiu cét cla cot BTCT tiét dién chir nhat.
L&i cam on

Nghién ctru nay duoc tai trg bdi Bo Gido duc va
DPao tao trong khuén khd dé tai ma sé B2022-TDV-
09. Cac tac gia chan thanh cam on sy hd tro nay.
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