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Phan tich so sanh kha nang chiu cat cia dam
bé tong dat cét thép theo cac tieu chuan thiét ke

Comparative analysis of shear capacity of reinforced concrete beams according to design

standards

> TS TRAN TRUNG HIEU
Khoa Xay dung, Trudng Dai hoc Kién truc Ha Noi

TGM TAT

Khé néng chiu cat cia ddm bé tdng cdt thép chiu sy chi phii cia
nhiéu y&u td. Hién nay, cac tieu chudn thigt ke trén the gioi co nhiéu
cach tiép can khac nhau dé tinh toan kha nang chiu cét cia dam bé
tong cat thép, bao gém ma hinh thanh ching - giéng (strut-and-tie
model - STM), mé hinh truing (ng suét nén (compression stress
field theory - CSFT), ma hinh ban thyc nghigm, v.v... Hau hét cac tieu
chuén thigt k& ket céu ba tong cdt thép chi xem xét kha nang chiu
cét coa bé tong va cat dai, trong khi ba qua anh huréng cia mat sd
y&u td khac. Bai bao nay trinh bay tdng quan vé mat sd ma hinh tinh
toan kha nang chiu cét cia ddm bé tong cdt thép theo cac tiéu chudn
thigt k& khac nhau, bao gam TCVN 0a74:2018, ACI 318, CSA AZ3.3 va
EN 1992-1-1:2004. Cac ma hinh nay dugc kiém ching thang qua ba
dit ligu thrc nghigm gam 99 dam be tang cdt thép chiu tai trong tap
trung, vai ty sd giita nhip cét va chiéu cao higu dung cia tiét dién
(a/d) thay ddi trong khoang 2.5 dén 4.0. Trong nghién ciru, kha ning
chiu cét cia bé tong va cot dai theo ting tigu chudn duge danh gia
rigng bigt. Dang thavi. khé nang chiu cét cia bé tong durgc so sénh
v ket qua tinh toan theo |y thuygt vét nit cét tai han (Critical
Shear Crack Theory - CSCT) ddi vai dam be tang khang dat cat dai.
Két qué cho théy, trong bdn tigu chudn duge xem xét, EN 1992-1-
:2004 cho ket qua an toan nhat, trong khi TEVN 5574:2018 cho ket
qua gan vai thuc nghigm nhat. Ngoai ra, TEVN 5374:2018 danh gia
kha nang chiu lyc cia bé tang gan trong dang vai kha nang chiu lyc
cia dam bé tang khang dat cdt dai.

Tir khod: Dam; bé tong cdt thép; khé nang chiu cat; tiéu chudn
thigt ke.

ABSTRACT

The shear capacity of reinforced concrete beams is influenced by
multiple factors. Currently, different design standards worldwide
adopt various approaches to calculating the shear strength of
reinforced concrete beams, including the strut-and-tie model (STM),
compression stress field theory (CSFT), and semi-empirical models,
among others. Most reinforced concrete design standards consider
only the shear resistance provided by concrete and stirrups while
neglecting the influence of other factors. This often results in overly
conservative calculations. This paper provides an overview of several
shear strength calculation models for reinforced concrete beams
based on different design standards, including TCVN aa74:2018, ACI
318, CSA A23.3, and EN 1992-1-:2004. These models are validated
against an experimental dataset comprising 09 reinforced concrete
beams subjected to concentrated loads, with the ratio of shear span to
effective depth (a/d) ranging from 2.5 to 4.0. In this study, the shear
contributions of concrete and stirrups are separately evaluated for
each standard. Additionally, the concrete shear capacity is compared
with the shear strength of corresponding beams without stirrups,
calculated based on the Critical Shear Crack Theory (CSCT). The
results indicate that among the four considered design standards, EN
[992-1-1:2004 provides the most conservative estimates, while TCUN
0a74:2018 vyields results closest to the experimental data. Moreover,
TCVN 55742018 assesses the shear contribution of concrete similarly
to the shear strength of corresponding beams without stirrups.
Keywords: Beam; reinforced concrete; shear strength; design
standards

1. MG PAU

Két cau bé tong cot thép dugc st dung rong rai trong nhiéu linh
vuc xdy dung nh& vao nhiing uu diém vugt trdi clia né so vdi cac vat
lieu khac, dién hinh nhu khé nang chiu luc cao, tudi tho cao, bén &n
mon, kha nang chiu Ita, gia thanh thap do c6 kha nang st dung vat
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liéu dia phuong. Mét trong nhiing cau kién bé tdng cét thép dugc
st dung phé bién 1a cau kién chiu uén, dién hinh I3 dam. Dudi tac
dung cua tai trong, dam c6 thé bi pha hoai trén tiét dién thang goc
hoic tiét dién nghiéng. V&i dang pha hoai trén tiét dién thdng goc
do mémen uén, kha nang chiu luc cé thé du béo chinh xac dua vao
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cac ly thuyét tinh toan trong cac tiéu chuan hién hanh dugc xay
dung dua trén gia thiét “tiét dién phang”. Ngugc lai, van dé du bao
kha nang chiu cat ctia dam tuang déi phuc tap, diéu nay thé hién
qua ly thuyét tinh toan trong cac tiéu chudn hién hanh. Cac tiéu
chudn hién nay st dung cac ly thuyét tinh toan khac nhau va van
chua c6 moét mé hinh tinh toédn nao danh gia dung ung x{ cdt cda
dam. Nguyén nhan clia van dé nay xuat phat tir (g x& cat phuc tap
clia dam va bi chi phéi nhiéu yéu t6, tir dac trung cda vat liéu dén so
dé gia tai. Chinh vi vay, nghién ctiu ting x{ cat cGia cau kién bé téng
c6t thép va hoan thién céc ly thuyét tinh toan van la mét méi quan
tam 16n d6i vai cac nha khoa hoc trong va ngoai nudc [1].

Cac nghién ctu thuc nghiém Gng xt cdt cta dam bé téng cét
thép da chi ra rdng, trong trudng hgp téng quat kha nang chiu cat
cia dam dugc quyét dinh bai nhing yéu t6 sau: cudng dé cta bé
téng; hiéu tng kich thudc; ti 1& nhip cat (a) véi chiéu cao hiéu qua
cla tiét dién (d) - a/d; c6t dai va cot doc [2]. Cudng dd cla bé téng
dong vai trd quan trong dén (ing xi téng thé cia dam. Trén tiét dién
nghiéng, cudng do chiu kéo ctia bé tdng c6 anh hudng I6n hon dén
kha nang chiu luc ctia dam so véi cudng doé chiu nén. Khi tang kich
thudc tiét dién, dac biét 1a chiéu cao hiéu qua cla tiét dién, kha nang
chiu cét ctia dam tang. Bén canh do, hiéu tng kich thudc tiét dién
con anh hudng dén dang pha hoai cat. Ti s6 a/d &nh hudng dén sy
phat trién vét nit nghiéng trong cac dam cé nhip cit bé, con déi voi
cac dam c6 nhip cat I6n (i s6 a/d 16n), anh hudng cha a/d giam. Cac
nghién ctu thuc nghiém chira rang, khi ti s6 a/d>2.5, né khéng anh
hudng dang ké dén kha nang chiu cat ctia dam. Tuy nhién, khi ti s6
a/d<2.5, cudng do cat ctia dam tang do hiéu ting vom [3]. C6t doc
trong dam ciing &nh hudng dén kha nang chiu cat ctia dam. Cu thé,
ham lugng c6t doc sé lam gidm chiéu dai va bé réng vét nit thang
gdc, qua do lam tang hiéu iing chét cai va truyén cat qua bé mat vét
nut (dowel action and interface shear transfer), t do la tang kha
nang chiu cit cha dam. C6t dai trong dam dugc st dung dé ting kha
nang chiu cét ctia dam cling nhu dé thay déi dang pha hoai cét trg
nén déo hon. Thudng thi c6t dai sé phat huy vai tro sau khi cac vét
nut nghiéng dugc hinh thanh.

Tu két qua téng quan & trén c6 thé thay, cudng do chiu cét cla
dam trén tiét dién nghiéng 1a mot ham phc tap, chiu su chi phdi
cla nhiéu yéu t6, va cho dén ngay nay van chua cé mét mo hinh tinh
toan nao hoan hao. Bai b4o nay sé cung cdp mét géc nhin téng quat
vé mot s6 md hinh tinh toan trong cac tiéu chuan dua trén cac ly
thuyét tinh toan khac nhau.

2. LY THUYET TiINH TOAN KHA NANG CHIU CAT CUA MOT SO
TIEU CHUAN THIET KE KET CAU BE TONG COT THEP

2.1.Tiéu chudn cia Viét Nam - TCVN 5574:2018

TCVN 5574:2018 [4] dugc ban hanh dua trén tiéu chuan thiét ké
clia Lién bang Nga SP63.13330.2012 [5]. Trong tiéu chudn nay, ly
thuyét tinh todn kha nang chiu cat clia dam dugc xay dung dua trén
ly thuyét “tiét dién khang cat yéu nhat”. Phuong phap tinh toan nay
c6 xét dén anh hudng cudng dé chiu nén va cudng do chiu kéo cua
bé tdng, c6t doc chiu kéo, cbt dai va dic diém cac vét nit nghiéng.
Cac coéng thiic co ban tinh toan kha nang chiu cat cia dam bé tong
Ot thép theo TCVN 5574:2018 dugc thé hién trong Bang 1. Cling
nhan manh thém rang, nhiéu nghién ctu gan day cling chi ra rang,
phuong phap tinh toan kha nang chiu luc trén tiét dién nghiéng
theo TCVN 5574:2018 con ton tai nhiéu han ché [6, 71.

2.2.Tiéu chuan ACI 318-19 [8]

Ly thuyét tinh toan kha nang chiu cat ctia dam bé téng c6t thép
theo ACI 318-19 la cong thic ban thuc nghiém. Kha nang chiu cat
cGa dam bao gom kha nang chiu cat clia bé tong (Vric) va cot dai
(Vrds). CONg thic xac dinh Viac la cong thic thuc nghiém dua trén bo

d liéu nghién ctu thuc nghiém, trong khi d6 Vzes dugc xac dinh dua
trén mé hinh gian 0. Cac cdng thic xac dinh kha nang chiu cét ctia
dam bé téng cot thép theo ACI 318 dugc thé hién trong Bang 1.

2.3 Tiéu chuan CSA A23.3 (2004) [9]

Tiéu chuan CSA cung cap phuong phap tinh toan kha nang chiu
cat clia dam bé téng c6t thép dua trén ly thuyét trudng (ng suat
nén stfa d6i (Modified Compression Field Theory). Phuang phép tinh
toan nay c6 ké dén anh hudng cia vét nut dén su phana bé tng suat
trong bé téng; tinh tuong thich bién dang gilia bé téng va cét thép
cling nhu ké dén thanh chdéng xién c6 goc thay déi (Variable-angle
compression struts).

2.4.Tiéu chuin Eurocode 2 (EN1992-1-1:2004) [10]

Cong thuc xac dinh kha nang chiu cat theo EN1992-1-1:2004
dugc xay dung dua trén moé hinh thanh chéng-gian (strut-and-tie
model) v6i géc nghiéng thay déi (Variable Strut Inclination), trong
dé gbc nghiéng ctia thanh chéng bé téng 0 thay déi tir 22° dén 45°.
Theo d6, kha nang chiu cdt ciia dam gém 2 phan: phan do thanh
chéng xién bé téng ti€p nhan va phan do cét dai. Chi tiét cong thic
tinh kha nang chiju cat cia dam bé tong c6t thép theo EN1992-1-
1:2004 dugc thé hién trong Bang 1.

Bang 1. Céng thiic xac dinh kha nang chiu cdt cia dam bé téng
c6t thép theo mét s6 tiéu chuin thiét ké
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Ghicha: ¢, =0.75 - hé s6, ké dén su suy gidm noi luc doc theo
chiéu dai hinh chiéu cua tiét dién nghiéng C; ¢, =1.5 - hé s6, ké
dén anh hudng clia c6t thép doc, luc bam dinh va dic diém trang
thai Uing sudt cha bé téng nam phia trén vét nut xién; ho hodc d -
chiéu cao hiéu qua cua tiét dién; b hodc bw - bé réng ctia dam; Re: -
cudng do chiu kéo ctia bé tong (theo TCVN); f'c - cudng d0 chju nén
cla bé téng; gsw - luc trong ¢St thép ngang trén mét don vi chiéu dai
cau kién; Raw - cudng d6 chiu cét clia cot dai; s - budc cot dai; Aw -
téng dién tich tiét dién ngang ctia mot c6t dai; f,w - gidi han chay clia
c6t dai; B - hé s6 iing suat kéo; 6 - géc nghiéng cua trudng Ung suat
nén; z- khodng cach giita diém dat téng hgp luc trong bé tdng viing
nén va trong tam cot chju kéo.

2.5. Kha nang chiu cat cia tiét dién khong dat cot dai theo ly
thuyét vét nirt cat téi han (Critical shear crack theory - CSCT) [11]

Dé danh gia kha nang chiu cét cla tiét dién bé tdng khéng dat
c6t dai, mét trong nhiing phuong phap dugc danh gia cao la
phuong phép ly thuyét vét nuit cat téi han. Phuong phéap nay dua
trén su m& réng vét nit tGi han trén tiét dién nghiéng [11, 12].
Phuong phap nay ké dén anh hudng cla bé réng vét nat téi han,
kich thudc cot liéu va cudng do chiu nén cha bé téng. Theo do,
cudng do chiu cét trong trudng hop cau kién khong dat cot dai dugc

trong d6: dj - kich thudc cuc dai clia ¢t liéu; € - bién dang tai
chiéu cao tiét dién dugc xét, gia tri nay dugc xac dinh dua vao mé
men uén M trén tiét dién tdi han theo céng thic:

M 0.6d —c¢
&= (2)
bdpE (d—c/3) d-c
chiéu cao vliing nén c trong trudng hgp nay dugc xac dinh.
c= dpﬂ 1+ £ -1 (3)
E, PE;

M6 dun dan héi cta bé téng trong cong thuc (3) dugc xac dinh
gan ding: E, 10000/, MPa.

3. KIEM CHUNG CAC MO HINH TINH TOAN VA BAN LUAN

DE kiém ching céc ly thuyét tinh toadn da dé cap & trén, tac gia
st dung bd 59 d liéu thi nghiém dam bé téng c6t thép chiu tac
dung cUa tai trong tap trung tu co s& dir liéu ACI-DAfStb Databases
[13]. Cac dam thi nghiém co6 ti s6 a/d thay déi tir 2.5 dén 4.0. Cac
thong sé chi tiét vé cac dam thi nghiém cung véi két qua thi nghiém
dugc thé hién trong Phu luc. K&t qua tinh toan kha nang chiu luc cda
cacdam theo cac ly thuyét trén dugc thé hién trong Bang 2. Cac biéu
dé so sanh kha nang chju lyc gitia ly thuyét va thuc nghiém cua cac

xac dinh theo céng thic: dam dugc thé hién trén Hinh 1.
Ve _1 2 (Bon vi: MPa, mm) (M
bd\[f, 61112050
16+d,
Bang 2. Kha nang chiu luc ly thuyét ctia cac dam
Thi nghiém ACI318 (SAA233 TCVN 5574:2018 Eurocode 2 | Ve d;’é‘r?ggm bé
tendam o N L Dua Voo Vs Vo Aesa G G Qrem Vidnay - Vass Vas lec Vi Nosa |Docsa |Dorow
KN kNm |kN kN kN kN kN kN kN kN kN kN kN kN kN ’ ’ ’

NHW-4 3.92 94 73| 367 417 784 0.83| 443 56.2 100.6 1.07| 586 437 1023 1.09] 250.7 928 928 0.99| 59.4| 0.62| 0.75] 0.99
DB0.530M | 2.88| 265.9 707.7| 228 110.9 338.9 1.27| 2754 1193 3947 1.48| 249.8 174.6 4244 1.60| 1141.8 247 247 0.93| 102.2| 2.23| 2.69| 2.44
DB140M 2.88| 279.5 744| 2486 1109 359.5 1.29] 300.1 150.9 451 1.61| 277.5 174.6 4521 1.62| 13303 247 247 0.88| 189.4| 1.31| 1.58| 1.47
(1 3.78| 157.7 2763 56.8 463 103.1 0.65| 68.5 55 1235 0.78| 91.6 48.6 140.2 0.89| 275.8 103.1 103.1 0.65| 59.3| 0.96| 1.16| 1.54
H100/2 295 226.6 2351 957 64.1 159.7 0.7] 1155 77.7 193.2 0.85| 105.9 1009 206.7 0091| 643.8 142.7 1427 0.63| 117| 0.82| 0.99| 0.91
Vv 3.950 1237 1839 25.8 1053 131.1 1.06] 31.1 117.8 1489 12| 674 674 1348 1.09 165 164.2 164.2 1.33| 31.8| 0.81| 098] 2.12
1 3.1) 3443 5749 144 1245 2685 0.78| 173.8 1743 348.1 1.01| 234 130.7 364.7 1.06| 7585 277.2 277.2 0.81| 203| 0.71| 0.86| 1.15
S1-1 25| 2296 166.7) 83.2 626 1459 0.64| 100.5 849 1854 0.81| 91.2 987 189.9 0.83| 520.8 139.5 139.5 0.61| 134| 0.62| 0.75| 0.68
$1-2 250 209.7 1521 83.2 626 1459 0.7] 1005 869 187.4 0.89| 91.2 987 189.9 0.91| 5208 139.5 139.5 0.67| 136.7| 0.61| 0.74| 0.67
S1-3 25| 207.4 150.5| 83.2 626 1459 0.7]) 1005 872 187.7 09| 91.2 987 189.9 0.92| 5208 139.5 139.5 0.67| 137.2| 0.61| 0.73| 0.66
S1-4 250 2793 2029| 83.2 626 1459 0.52| 100.5 80.1 180.6 0.65| 91.2 98.7 189.9 0.68| 520.8 139.5 139.5 0.5| 129.7| 0.64| 0.77 0.7
S1-5 25| 2546 184.9| 83.2 626 1459 0.57]| 1005 824 1829 0.72| 91.2 987 189.9 0.75| 520.8 139.5 139.5 0.55| 132.7| 0.63| 0.76] 0.69
S1-6 25| 2253 163.6]| 83.2 626 1459 0.65| 100.5 853 185.8 0.82| 91.2 987 189.9 0.84| 5208 139.5 139.5 0.62| 136.2| 0.61| 0.74| 0.67
S2-1 25| 2614 190| 889 41.8 130.7 05| 1073 545 161.8 0.62| 985 658 1643 0.63 575 93 93 0.36| 141] 0.63| 0.76 0.7
$2-2 250 2338 169.7) 88.9 50.1 139 0.59| 1073 67.6 1749 0.75| 98.5 789 1774 0.76 575 111.6 111.6 0.48| 144.5| 0.62| 0.74| 0.68
S2-3 25| 2546 184.9] 889 626 1515 0.6] 1073 824 189.7 0.75| 985 98.7 197.2 0.77 575 139.5 139.5 0.55| 142.5| 0.62| 0.75| 0.69
S2-4 250 2206 160.2] 88.9 62.6 1515 0.69| 107.3 858 193.1 0.88| 98.5 98.7 197.2 0.89 575 139.5 139.5 0.63| 146.7| 0.61| 0.73| 0.67
$3-1 249( 2105  154.8| 87.2 47.1 1343 0.64| 1052 55.7 161 0.76/ 96.5 742 170.7 0.81| 553.7 1049 105 05| 125.6] 0.69| 0.84| 0.77
$3-2 249 179.3  131.7| 87.2 47.1 1343 0.75] 1052 59.1 1644 092| 96.5 742 170.7 0.95| 553.7 1049 105 0.59| 131.4| 0.66| 0.8 0.73
$3-3 249( 229.8  166.9 86 46,5 132.5 0.58| 103.8 63 166.8 0.73| 952 73.2 1684 0.73| 546.2 103.5 103.5 0.45| 1425 0.6 0.73| 0.67
$3-4 249 176.1 1277 86 46.5 132.5 0.75] 103.8 67.2 171 0.97| 952 732 1684 0.96| 546.2 103.5 103.5 0.59| 148.7| 0.58| 0.7 0.64
$3-5 251 2979 2136 84.2 455 129.7 0.44| 101.7 62.1 163.8 0.55| 933 717 1649 0.55| 5351 101.4 101.4 0.34| 145.4| 058 0.7 0.64
$3-6 251| 2842 203.7| 84.2 455 129.7 0.46] 101.7 629 1646 058 933 717 1649 058 5351 101.4 101.4 0.36| 146.6| 0.57| 0.69| 0.64
S4-1 248 356  460.2| 175.1 112.4 287.5 0.81] 211.3 162.2 373.5 1.05| 189.9 177.1 367 1.03| 1173.5 2504 250.4 0.7 275| 0.64| 0.77| 0.69
S4-3 25| 2448 202| 1109 71.2 1821 0.74| 1339 99.7 233.6 0.95| 1204 1122 2326 0.95| 7435 158.6 158.6 0.65| 185.4| 0.6 0.72| 0.65
S4-4 25| 2594 188.4| 976 626 160.2 0.62| 117.8 82 199.7 0.77| 1058 98.7 2045 0.79| 653.9 139.5 139.5 0.54| 158.8| 0.61| 0.74| 0.67
S4-6 253 204 1015 66.2 425 108.6 0.53] 799 56.7 136.6 0.67| 71.7 669 138.6 0.68) 443.4 946 94.6 0.46( 111.2| 0.6/ 0.72| 0.64
$5-2 2.74| 2613  207.9| 98.7 62.6 161.3 0.62| 119.2 80 199.2 0.76] 109.5 98.7 208.2 0.80| 663.8 139.5 139.5 0.53| 158.5| 0.62| 0.75| 0.69
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Thi nghiém ACI318 (SAA233 TCUN 5574:2018 Eurocode 2 cscr | TV1€dong g6p be
Tendim  |a/d 1ong
Vi, M Via  Vias Vg Ving A Acsa & Qo Araw Vitnae  Vhas Vo A2 Vi QAosa |Docsa |Dotam
W km ol kv kN WO kN WK KN W KN kN T e e
574 34 2746 2586] 86 745 1605 058 1038 1023 2061 0.75| 1459 783 2241 082 550.9 1661 1661 06| 1532 056 0.68] 0.95
575 343054 2877] 86 852 1712 056| 1038 1136 2174 0.71] 1459 894 2353 077 5509 1898 1898 0.62| 1515 0.57] 0.69] 0.96
57-6 34/ 3118 2935] 86 994 1854 059 1038 1317 2355 076 1459 1044 2502 080 5599 2214 2214 071] 1513] 057] 0.69 0.96
581 25 2734 1986] 902 418 1319 048] 1089 537 1626 059 985 658 1643 060 5866 93 93 034 149 0.61) 0.73] 066
582 25 2523 1832] 902 501 1403 056] 1089 661 175 0.69] 985 789 177.4 070] 5866 111.6 1116 044 1513| 0.6] 072] 065
583 25( 3108 226] 902 626 1528 049 1089 772 186 06| 985 987 1972 063| 5866 1395 1395 045 146.1| 0.62| 075 0.67
584 25 2671 194] 902 626 1528 0.57] 1089 812 190.1 071 985 987 197.2 074 5866 1395 1395 052| 1504 0.6] 072] 065
2992 387] 1528 2646 668 477 1146 075 805 697 1503 098 955 501 1456 095 248 1063 1063 07| 1144] 058 07| 0.83
1536 31568 145] 585 283 869 055 707 352 1059 0.68] 651 446 1097 070 3838 631 63.1 04| 988 059 072] 066
TH39 31438 1329] 577 248 825 057 697 237 934 065 651 391 1041 072] 3766 552 553 038| 83.8| 0.69| 083| 078
1539 31801 1667] 577 331 908 05| 697 27.1 968 054 651 521 1172 065 3766 737 737 041 785 074 089 083
Vi 357] 1009 1161 505 392 897 089 60.9 412 1022 101| 845 412 1256 125 2701 873 873 086 751 067 0.81] 1.13
7 291] 7991 17485] 4306 2441 674.8 0.84] 5201 3132 8333 1.04] 487.8 3846 8723 1.0 28032 543.8 5438 068| 6187 07| 0.84] 079
9 291] 7606 1663.2] 5665 2441 8107 1.07] 6842 3385 10227 134| 592.3 3846 9768 128| 38518 5438 543.8 072| 8792 0.64| 078] 0.67
1471 337] 1706 1493] 523 493 1016 06 631 663 1294 076] 858 518 1376 0.81] 3033 109.8 1098 064 97.8] 053] 065 088
17N 337] 1905 1667 536 1597 2133 1.12] 648 2077 2725 143| 1226 1226 2452 129] 3324 3314 3314 174] 995 054 065 1.23
NHW-4 | 392] 94 73] 367 417 784 083| 443 562 1006 107 586 437 1023 109 2507 928 928 0.99] 697 053] 0.64] 084
DBOSIOM | 2.88] 2659 707.7| 228 1109 3389 127| 2754 1193 3947 148| 2498 1746 4244 160 11418 247 247 093] 253.9] 0.9 1.08] 098
DBIAOM | 2.88] 2795 74| 2486 1109 3505 129] 300.1 1509 451 161| 277.5 1746 4521 162] 13303 247 247 0.88] 360.3 0.69| 083 077
H100/2 | 295 2266 2351] 957 641 1597 07| 1155 777 1932 0.85| 1059 1009 2067 091 6438 1427 1427 063] 163.1] 059 0.71] 0.5
23 25| 2546 1849 889 626 1515 06| 1073 824 1897 075 985 987 197.2 077] 575 1395 1395 055 162.6] 0.5 0.66] 061
24 250 2206 1602 889 626 1515 0.69) 1073 858 193.1 0.88| 985 987 1972 089 575 1395 1395 0.63| 164.6] 0.54] 0.65 06
533 249 2298 1669] 86 465 1325 058 1038 63 1668 073 952 732 1684 073 5462 1035 1035 045] 158.9] 0.54] 065 06
534 249] 1761 1277] 86 465 1325 075 1038 672 171 0.97] 952 732 1684 096 5462 1035 1035 0.59] 161.8] 053] 0.64] 059
541 248] 356 4602] 1751 1124 2875 081 2113 1622 3735 1.05] 1899 177.1 367 1.03] 11735 2504 2504 07| 3147| 056] 0.67] 06
S44 25| 2504 1884] 976 626 1602 0.62] 1178 82 1997 077 1058 987 2045 079 6539 1395 1395 0.54] 178] 0.5 0.66] 059
546 253 204 1015 662 425 1086 053] 799 567 1366 0.67] 717 669 1386 068 4434 946 946 046 1225 054 065 059
553 25 2451 178] 987 626 1613 0.66] 1192 833 2025 0.83 1095 987 2082 085 6638 1395 1395 0.57| 181.1] 0.55| 0.66] 0.6
574 34 2746 2586] 86 745 1605 058 1038 1023 2061 0.75| 1459 783 2241 082 5599 1661 1661 0.6] 163.1] 053] 0.64] 0.89
2992 387] 1528 2646 668 477 1146 075 805 697 1503 098] 955 501 1456 095 248 1063 1063 07| 123.3| 0.54] 065 077
Gia tri trung binh (Mean) 071 0.88 091 0.64 066] 08 082
D lech chudn (SD) 021 0.5 0.5 0.24 024 029 034
He s6 bién dong (CoV, %) 296 284 2.5 375 364] 363 415

Ghi chu: Anc, Acsa, Arewy, Aecz (i) - tuong dng la t s6 gidia kha nédng chiu luc tinh theo cdc ly thuyét ACI, CSA, TCVN va EC so vdi gid tri thuc nghiém;
QNoscy Nocsa va Dorevn (Do,i)- tuong ting la ti s6 giiia khd néng chiu luc do phdn bé téng déng gép theo cdc tiéu chudn ACI, CSA va TCVN so véi kha
ndng chiu luc cia dam duoc tinh cho trudng hop khéng ddt cét dai theo CSCT.
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¢ Tiéu chudn EN1992-1-1:2004
Hinh 1. So sanh khé néng chiu cdt Iy thuyét theo cac tiéu chudn va gid tri thuc nghiém
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d) Tiéu chudn TCVN 5574:2018

1200
Ve kN

thuyét véi gia tri thuc nghiém trén Hinh 1 c6 thé thdy, cac tiéu
chuan thiét k€ & trén déu cho két qua nhd hon gia tri thuc
nghiém, tudc 1a két qua thién vé an toan. Tiéu chudn Eurocode 2
cho két qua an toan nhat, vdéi ti 1& gia tri ly thuyét véi thuc
nghiém trung binh 14 0.64, trong khi d6 TCVN 5574:2018 cho két
qua kém an toan nhat, vdi ti s6 gilta gia tri ly thuyét va thuc
nghiém (A) trung binh 13 0.91. Bong thdi, ti |& A tang khi tang ti
s6 a/d déi vai tat ca cac tiéu chudn xem xét & trén (Hinh 2). Vdi
cac dam co ti 1é a/d thap (gan 2.5), két qua tinh toan ly thuyét
TCVN 5574:2018 tuong dong vai két qua thuc nghiém, khi tang
ti 1& a/d, két qua ly thuyét c6 xu hudng tang 16n hon két qua thi
nghiém (Hinh 2d). Trong khi d06, khi ti s6 a/d gan véi 2.5, cac tiéu
chuan ACI 318, CSA A23.3 va EN1992-1-1:2004 cho gia tri kha
nang chiu luc ly thuyét nho hon nhiéu so vdi gia tri thyc nghiém,
khi tang ti s6 a/d dan dén 4, cac gia tri ly thuyét nay dam tiém
can véi gia tri thuc nghiém (Hinh 2a, b va c).
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¢) Tiéu chudn EN1992-1-1:2004 d) Tiéu chudn TCVN 5574:2018

Hinh 2. Anh huéng clia a/d dén két qua du béo kha ning chiu luic cia dam theo Iy
thuyét

Qua két qua so sanh & trén c6 thé thdy, kha ning chiu luc ly
thuyét ctia dam bé téng c6t thép trén tiét dién nghiéng theo cac
tiéu chudn nhoé hon nhiéu so vdi gia tri thuc nghiém. Nguyén nhan
chinh & day la do cac ly thuyét tinh toan néu trén da bé qua nhiéu
yéu t6 anh hudng dén kha nang chiu luc clia dam, céc tiéu chudn
chi ké dén kha nang chiu luc clia bé téng va c6t dai. Ngoai ra, cac
céng thiic xac dinh phan déng gop cua bé téng theo cac mo hinh ly
thuyét khac nhau cing chua that su hoan chinh. D& lam rd hon khia
canh nay, tac gia tién hanh so sanh phan kha nang chiu luc tir déng
gbp cla bé tdng theo cac tiéu chudn ACI 318, CSA A23.3 va TCVN
5574:2018 vai kha nang chiu luc cta dam tuong tng khi khéng dat
c6t dai theo CSCT (Muc 2.5), két qua so sanh dugc thé hién trén Hinh
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¢) Tiéu chudn TCVN 5574:2018 va (SCT
Hinh 3. So sanh phan ddng gdp ctia bé tong vao kha nang chiu cat clia cdc dam theo
cac tiéu chudn thiét ké so vdi kha nang chiu luc cia dam khdng c6t dai theo CSCT (Vz).
Tu két qua so sanh trén Hinh 3 c6 thé thay, tiéu chuan ACI 319-
18 uéc luong thap phan déng gop clia bé téng so vai hai tiéu chuan
CSA A23.3va TCVN 5574:2018, TCVN 5574:2018 danh gia phan déng
gop clia bé tong gan véi kha nang chiu luc ctia dam tuong tng
khong dat cét dai. Theo d6 ti s6 trung binh gitia phan kha nang chiu
cit do bé téng déng gop theo cac tiéu chuan ACI 319-18, CSA A23.3
vaTCVN 5574:2018 so v&i kha nang chiu luc cla dam bé téng khéng
c6t dai theo CSCT lan lugc 13 0.66, 0.8 va 0.82.
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4, KET LUAN

Tir két qua nghién clu t8ng quan vé cac ly thuyét tinh toan kha nang
chiu cit clia dam bé tdng c6t thép theo mét s6 tiéu chudn va tir két qua
kiém chiing mé hinh tinh toan clia cc tiéu chudn dé véi cac dam chiu tai
trong tap trung, c6 thé rdt ra mét s6 két luan chinh nhu'sau:

1. Hién nay, dé tinh toan kha nang chiju cit cia dam bé téng cét
thép van chua cé mét phuong phap hoan chinh nao dugc ap dung
théng nhat gilia cac tiéu chuan. Méi tiéu chuan sirdung cac phuong
phép tinh todn khac nhau duoc xay dung tU nhiing co s riéng biét.

2. Phan 16n cac tiéu chuan dua ra cong thic tinh toan cuéng doé
trén tiét dién nghiéng clia cac dam bé téng cét thép gém hai phan:
phan do bé téng déng gép va phan do cét dai, bo qua nhiéu yéu té
anh hudng dén kha nang chiu luc khac.

3. Cac mo6 hinh tinh toan kha nang chiu luc trén tiét dién
nghiéng clia dam bé tong c6t thép qua thién vé an toan, vi vay két
qua tinh todn kha nang chiu luc trén tiét dién nghiéng ctia dam theo
cac ly thuyét tinh todn nhé hon nhiéu so vdéi gia tri thuc nghiém.
Dong thai, ti s6 gilta kha nang chiu luc theo ly thuyét so véi thuc
nghiém thay déi khi thay déi ti s6 a/d (thay d&i nhip cat);

4. Déi véi vi pham nghién clu 1a cdc dam bé tdng cét thép co ti
1& nhip cdt a/d thay d&i tir 2.5 dén 4.0, tiéu chudn EN1992-1-1:2004
dugc danh gia cho két qua thién vé an toan nhat, trong khi d6 TCVN
5574:2018 cho két qua ly thuyét gan tuong déng vai két qua nghién
cdu thyc nghiém.

5. Gilra cac tiéu chudn dugc xem xét & trén, bao gém ACI 319-18,
CSA A23.3, EN1992-1-1:2004 va TCVN 5574:2018, TCVN 5574:2018
danh gia phan kha nang chiu luc do bé tdng dong gép gan véi kha
nang chiu cua tiét dién khong dat cét dai.

Cang luu y thém, cac két luan trén dugc dua ra Ung vai pham vi
nghién ctiu, cu thé 1a cho cac dam bé tong cét thép chiu tac dung cla
tai trong tap trung vdi ti s6 a/d thay d6i tir 2.5 dén 4.0. D8i v6i cac dam
€6 céc dic diém gia tai khac, can c6 nhiing nghién ctu cu thé han.
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PHU LUC KET QUA NGHIEN CUU THUC NGHIEM

Kich thuéc Gt doc (Gt dai Bétong | KQthinghiem

Tac giﬁ Tén dam by, h, d, L (& a ad As, fy, Swy Asw, fyw, fu, Vie, Mye,

mm mm mm mm  mm mm mm®  Mpa | mm  mm* Mpa P MPa kN kNm
Ahmad_1996 NHW-4 127 254 198.1 1585 31.8 776.6 3.92| 1146.1 420.7 0.046 9.1 643 324.1 0.0051 76.6 94 73
Angelakos_1999 DB0.530M 300 1000 925 5400 76 2662 288 14043 550 0.005 300 708 508 0.0008 243 265.9 707.7
Angelakos_1999 DB140M 300 1000 925 5400 76 2662 2.88| 2808.6 550 0.010 300 708 508 0.0008 28.9 279.5 744
Bresler_1963 1 1549 558.8 463.6  3657.6 1524 17526 3.78| 12939 555.2 0.018 2096 643 325.5 0.0020 22.5 157.7 276.3
Cladera_2002 H100/2 200 400 353 2160 75 10425 295( 16085 500 0.023 165  56.5 530 0.0017 66.1 226.6 235.1
Guidi_1963 v 80 400 380 0 0 1500 3.95 904.8 490.5 0.030 100 56.5 490.5 0.0071 25.9 123.7 183.9
Johnson_1989 1 3048 609.6 5387 42545 9144 1670.1 3.1 4097 5248 0.025 1334 643 479.3 0.0016 27.7 3443 5749
Kong_1997 S1-1 250 350 292 1960 500 730 25| 20358 452 0.028 100 377 569 0.0015 46.8 229.6 166.7
Kong_1997 §1-2 250 350 292 1960 500 730 25| 20358 452 0.028 100 377 569 0.0015 46.8 209.7 152.1
Kong_1997 S1-3 250 350 292 1960 500 730 25| 20358 452 0.028 100 377 569 0.0015 46.8 207.4 150.5
Kong_1997 S1-4 250 350 292 1960 500 730 25| 20358 452 0.028 100 377 569 0.0015 46.8 279.3 202.9
Kong_1997 S1-5 250 350 292 1960 500 730 25| 20358 452 0.028 100 377 569 0.0015 46.8 254.6 184.9
Kong_1997 S1-6 250 350 292 1960 500 730 25| 20358 452 0.028 100 377 569 0.0015 46.8 2253 163.6
Kong_1997 $2-1 250 350 292 1960 500 730 25| 20358 452 0.028 150 377 569 0.0010 534 2614 190
Kong_1997 $2-2 250 350 292 1960 500 730 25| 20358 452 0.028 125 377 569 0.0012 534 2338 169.7
Kong_1997 $2-3 250 350 292 1960 500 730 25| 20358 452 0.028 100 377 569 0.0015 534 254.6 184.9
Kong_1997 S2-4 250 350 292 1960 500 730 25| 20358 452 0.028 100 377 569 0.0015 534 220.6 160.2
Kong_1997 $3-1 250 350 297 1980 500 740 249 12315 450 0.017 100 251 632 0.0010 49.6 210.5 154.8
Kong_1997 $3-2 250 350 297 1980 500 740 249 12315 450 0.017 100  25.1 632 0.0010 49.6 179.3 131.7
Kong_1997 $3-3 250 350 293 1960 500 730 249 20358 452 0.028 100 251 632 0.0010 49.6 229.8 166.9
Kong_1997 $3-4 250 350 293 1960 500 730 249 20358 452 0.028 100 25.1 632 0.0010 49.6 176.1 127.7
Kong_1997 $3-5 250 350 287 1940 500 720 251 27143 442 0.038 100 251 632 0.0010 49.6 2979 213.6
Kong_1997 $3-6 250 350 287 1940 500 720 251 27143 442 0.038 100  25.1 632 0.0010 49.6 284.2 203.7
Kong_1997 $4-1 250 350 524 3100 500 1300 2.48| 40715 452 0.031 100 377 569 0.0015 64.3 356 460.2
Kong_1997 54-3 250 350 332 2160 500 830 25 2463 450 0.030 100 377 569 0.0015 64.3 2448 202
Kong_1997 S4-4 250 350 292 1960 500 730 25| 20358 452 0.028 100 377 569 0.0015 64.3 2594 188.4
Kong_1997 S4-6 250 350 198 1500 500 500 253 13572 442 0.027 100 377 569 0.0015 64.3 204 101.5
Kong_1997 $5-2 250 350 292 2100 500 800 2.74| 20358 452 0.028 100 377 569 0.0015 65.8 261.3 207.9
Kong_1997 $5-3 250 350 292 1960 500 730 25| 20358 452 0.028 100 377 569 0.0015 65.8 245.1 178
Kong_1997 S7-4 250 350 278 1940 50 945 34 3217 433 0.046 80 377 569 0.0019 55.1 274.6 258.6
Kong_1997 S7-5 250 350 278 1940 50 945 34 3217 433 0.046 70 377 569 0.0022 55.1 305.4 287.7
Kong_1997 S7-6 250 350 278 1940 50 945 34 3217 433 0.046 60 37.7 569 0.0025 55.1 311.8 293.5
Kong_1997 $8-1 250 350 292 1960 500 730 25| 20358 452 0.028 150 377 569 0.0010 54.9 2734 198.6
Kong_1997 $8-2 250 350 292 1960 500 730 25| 20358 452 0.028 125 377 569 0.0012 54.9 2523 183.2
Kong_1997 $8-3 250 350 292 1960 500 730 25| 20358 452 0.028 100 377 569 0.0015 54.9 310.8 226
Kong_1997 S8-4 250 350 292 1960 500 730 25| 20358 452 0.028 100 377 569 0.0015 54.9 267.1 194
Krefeld_1966 29g-2 254 508 4557 3657.6 127 17653 3.87| 25877 276.6 0.022 2286 643 3724 0.0011 12 152.8 264.6
0Ozcebe_1999 TS36 150 360 310 2260 400 930 3| 12064 450 0.026 70 251 255 0.0024 57 156.8 145
0Ozcebe_1999 TH39 150 360 310 2260 400 930 3 6283 439 0.014 80 251 255 0.0021 55.5 143.8 132.9
0Ozcebe_1999 TS39 150 360 310 2260 400 930 3 6283 439 0.014 60 25.1 255 0.0028 55.5 180.1 166.7
Petersson_1972 Vi 175 353 322 2600 100 1150 3.57 603.2 977 0.011 150  56.5 323 0.0022 28.9 100.9 116.1
Roller_1990 7 4572 870 762 4572 1334 22193 291 65552 4724 0.019 196.9 1417 445.2 0.0016 55 799.1 17485
Roller_1990 9 4572 870 762 4572 1334 22193 291 8194 4724 0.024 196.9 1417 445.2 0.0016 95.2 760.6 1663.2
Rosenbusch_2003 | 1.4/1 200 300 260 1800 0 875 337 18473 550 0.036 90 25.1 680 0.0014 36.4 170.6 149.3
Rosenbusch_2003 | 1.7/1 200 300 260 1800 0 875 337 18473 550 0.036 90 100.5 550 0.0056 383 190.5 166.7
Ahmad_1996 NHW-4 127 254 1981 1585 31.8 776.6 3.92| 1146.1 420.7 0.046 9.1 643 324.1 0.0051 76.6 94 73
Angelakos_1999 DB0.530M 300 1000 925 5400 76 2662 288 14043 550 0.005 300 708 508 0.0008 243 265.9 707.7
Angelakos_1999 DB140M 300 1000 925 5400 76 2662 288 2808.6 550 0.010 300 708 508 0.0008 28.9 279.5 744
Cladera_2002 H100/2 200 400 353 2160 75 10425 295( 16085 500 0.023 165  56.5 530 0.0017 66.1 226.6 235.1
Kong_1997 $2-3 250 350 292 1960 500 730 25| 20358 452 0.028 100 377 569 0.0015 534 254.6 184.9
Kong_1997 S2-4 250 350 292 1960 500 730 25| 20358 452 0.028 100 377 569 0.0015 534 220.6 160.2
Kong_1997 $3-3 250 350 293 1960 500 730 249 20358 452 0.028 100 251 632 0.0010 49.6 229.8 166.9
Kong_1997 $3-4 250 350 293 1960 500 730 249 20358 452 0.028 100  25.1 632 0.0010 49.6 176.1 127.7
Kong_1997 $4-1 250 350 524 3100 500 1300 248 40715 452 0.031 100 377 569 0.0015 64.3 356 460.2
Kong_1997 S4-4 250 350 292 1960 500 730 25| 20358 452 0.028 100 377 569 0.0015 64.3 259.4 188.4
Kong_1997 S4-6 250 350 198 1500 500 500 253 13572 442 0.027 100 377 569 0.0015 64.3 204 101.5
Kong_1997 $5-3 250 350 292 1960 500 730 25| 20358 452 0.028 100 377 569 0.0015 65.8 245.1 178
Kong_1997 S7-4 250 350 278 1940 50 945 34 3217 433 0.046 80 377 569 0.0019 55.1 274.6 258.6
Krefeld_1966 29g-2 254 508 4557 3657.6 127 17653 3.87| 2587.7 276.6 0.022 2286 643 3724 0.0011 12 152.8 264.6

Ghi chui: - by, - bé rong dam; h - chiéu cao dam; d - chiéu cao hiéu qua cdatiét dién; L nhip thi nghiém; C - khodng cdch gitia 2 diém dat luc; a - nhip cdit (khodng cdch tirgéi tua dén
diém dét luc géin nhat); As va f, - tuong ting la téng dién tich va gidi han chdy cda cét doc chiu kéo; ps - ham luong c6t doc chiu kéo; s.— budc c6t dai; Asw va pw - tuioing ting la téng dién
tich mdt cdt ngang cda 01 c6t dai va ham luging c6t dai fu - cuéng do chiu nén clia bé tong; Ve va Mue — tuioing ting la luc cdt cutc dai v mé men cuc dai tai théi diém phd hodi.

- Khi tinh toan theo TCVN 5574:2018, cudng dd bé tong dugc quy déi: R, = 0.8 1, ;

u >

R, =

5];‘14

45+

cu

; cudng do chiu cit cda cot dai R, = O.Sfyw
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