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Torsional resistance of reinforced concrete beams: The assessment of predictive models
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Tom tat

Bai bao nay nghién citu kha nang chiu xoan clia dam bé téng cét thép
thudng theo mét mé hinh ly thuyét va mét s tiéu chuan thiét ké két
cau bé téng ot thép va déi chimg véi mét sé két qua thuc nghiém dé
dua ra cac khuyén nghi vé thiét ké dam bé tong c6t thép chiu xodn.
Cacmé hinh tinh toan dam chiu xoan bao gém mé hinh gian mém géc
nghiéng thay d6i va mot s6 tiéu chuan nhu TCVN 5574-2018, ACI 318-
19 va EC2-04. Cac két qua thuc nghiém duwgc tap hop tir mét s6 nghién
citu da dugc cong b6 trudc day. Két qua chi ra rang cac tiéu chuan
ACI318-19 va EC2-04 du bao kha nang chiu xoan voi hé sé bién dong
tuong dueng nhau, trong khi mé hinh dan mém du bao cho hé sé bién
ddng nhé hon khoang 40% so véi cac tiéu chuan. Ham luong c6t thép
ngang anh hudng nhiéu dén két qua du bao theo cac tiéu chuan.

Tir khda: dam bé tong cdt thép, khd nang chiu xodn, mé hinh dan mém, tiéu

chudn thiét ké

Abstract

This paper studies the torsional resistance of normal reinforced concrete
beams according to a theoretical model and several design standards of
reinforced concrete structures and compares with some experimental results
to provide recommendations on the design of reinforced concrete beams
under pure torsion. Calculation models of beams in torsion include the
rotation-angle softened-truss model and several building codes such as TCVN
5574-2018, AC1 318-19, and EC2-04. The experimental data are gathered from
several previously published studies. The results show that the ACI318-19 and
EC2-04 building codes predict torsional moment with the same coefficient of
variation, while the rotation-angle softened-truss model provides a coefficient
of variation about 40% smaller than that of the standards. The ratio of
transverse reinforcement greatly affects the prediction results according to the
building codes.

Key words: reinforced concrete beams, torsional resistance, softened-truss
model, design standards
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1. Giéi thiéu

Nhirng cdu kién chiu md men xodn xuét hién trong cac
céng trinh xay dwng kha phd bién, chdng han nhw cac dam
bién trong hé théng san swon, dam chiéu téi cdu thang, cac
dam c6 dién chiu tai khong déi x(rng hay cac ddm cong trong
cong trinh cau...Viéc thiét k& cac cAu kién chiu xoan, uén-
xo0dn déng thoi trong két ciu nha clra ngay cang dwoc cac
nha thiét k& quan tam vi gan day cac tda nha duwoc thiét ké
v&i hinh dang d&c biét va c6 cac cAu kién véi dang hinh hoc
thay ddi xuét hién ngay cang nhleu Véi sw phat trién cua
cong nghe va vat liéu maéi, cac clu kién két cau ciing co thé
duwoc thiét ké véi hinh dang méng va cé dac trwng hinh hoc
ti wu dé tiét kiem chi phi. Do d6, viéc phan tich cac mé hinh
ddi voi ciu kién bé téng cbt thép (BTCT) chiu xodn tir d6 cé
nhi*ng so sanh va nhan xét c6 thé Iam can ct cho viéc thiét
ké cAu an toan va dang tin cay hon. D&c biét, viéc tinh toan
chinh x&c cuéng dd gidi han va cac dang pha hoai cia két
cAu dam bé tdng cbt thép chiu xoan sé rat hivu ich dé thiét ké
cAu kién chiu xoan két hop véi cac thanh phan néi lwc khac
nhau nhw lwc cit, md men udn bdi vi thye té rat it khi chi gap
cu kién chiu mé men xoan thuan tuy.

D4 ¢6 nhiéu nghién ctu khac nhau dé phat trién mé hinh
phan tich cho cAu kién chiu xoan. Dau tién 13 ly thuyét uén
xién duoc Elfgren [4], Lessig [5] phat trién dé xac dinh kha
nang chiu Iuc cAu kién dam bé téng cbt thep khéng chi chju
momen x04n ma con ca chiu két hop nhiéu thanh phan khac
bao gdm mémen ubn va lyc cét. Tuy nhién, viéc phan tich
cac mé hinh dwa trén ly thuyét udn xién chi xem xét duwoc
didu kién can bang lyc, voi gia thiét 1a cbt thép dat toi gisi
han chay. Do d6, rat khé dé ap dung mé hinh d6 cho trwéeng
hop c4u kién bi pha hoai do nén v& bé téng. Trong trwong
hop d6, mé hinh ciing khong thé tinh dén kha n&ng chiu kéo
va cét clia bé téng, thanh phan dwoc coi la quan trong nhét
trong viéc khang clia céac cAu kién bé téng cbt thép chiu lwc
cét va luc xoan. Budc phat trién tiép theo la st dung mo
hinh dan déo khong gian dwoc Lampert va Thurlimann [6]
va Hsu [7] phét trién va kiém chng. Hinh 1 md ta cac thanh
phan ndi luc va tiét dién ngang dang thanh thanh méng cé
chiéu day t chiu xodn bé qua phan 18i bé téng bén trong. Cac
dai bé tong xoén 6c nghiéng gitka cac vét nirt chdng lai luc
nén, trong khi cac thanh thép doc & cac géc va thanh thép
dai chéng lai lwc kéo sinh ra b&i mémen xoén. Trong trwdng
hop nay, tiét dién thanh méng duoc gia dinh déng vai trd nhw
moét gian khong gian. Nhwoc diém chinh ctia mé hinh dan
déo khong gian 1a khéng ké& dén sw dong goép kha néng chiu
lwc cta bé tdng nam gilva cac dai nirt nghiéng va chua ké
dén trang thai lam viéc 2 truc clia bé tdng vung nén.

Dé khac phuc nhitng han ché d6, mé hinh gian mém
géc nghiéng thay ddi (RA-STM) va mé hinh dan mém goc
nghiéng cb dinh (FA-STM) do Pang va Hsu [8,12], Hsu va
Zhang [9], Jeng va Hsu [10], Ju va cong sw [11] da duwoc de
xuét. M6 hinh dan mém da xem xét day da u=ng xt clia cAu
kien bé tong cbt thép chiu xodn véi cac didu twong thich
ciing nhw trang thai can bang lwc. Tuy nhién dudi goc do chi

SO 45 - 2022 59



b

NG DAIHOC KT

KHOA HOC & CONG NGHE

Thah ngﬁh_:

chi b

5
Thanh Theg o
i b

Hinh 1. Cac thanh phan néi luc cha tiét dién chiu xoan

dw bao kha nang chiu lwc thi md hinh RA-STM thuén tién cho
tinh toan toan hon vi chi st dung hai mé hinh bién dang vat
liéu la cbt thép chiu kéo/nén va bé tong chiu nén, khéng xem
xét dén sw déng gop cuia bé téng chiu kéo vao kha nang chiu
xoén cltia ddm. Bai bao nay nham muc dich gi6i thiu mét mé
hinh dw béo kha chinh xac kha nang chiu xoan ctia ddm bé
téng cbt thép thwerng dwa trén moé hinh RA-STM do Pang va
Hsu [8] d& xuAt. Ngoai ra, cac két qua tinh toan dwoc so sanh
véi cong thirc tinh toan trong mét sé tiéu chuén hién hanh
va sau d6 dugc so sanh véi mot sb két qua thwe nghiém dé
dwa ra mot sé khuyén cao khi thiét ké loai cAu kién chiu luc
phtrc tap nay.

2. Cong thirc tinh toan trong mét s6 tiéu chuan va mé
hinh dan mém

2.1. Tinh toan d4m bé téng c6t thép chiju xoén trong céc tiéu
chuén xay dung

2.1.1. ACI 318-19 [2]

Tiéu chudn ACI 318-19 danh gia mdé men xoan gi6i han
cla cAu kién bé tong cbt thép dwa trén mé hinh gian khong
gian. Tiéu chuén gia dinh rang sau khi ciu kién bi n(t, chi cd
cbt thép dai va cbt thép doc la tham gia chiu xoan. Do d9, khi
tinh toan Tn, kha nang chdng lai lwc xoén cla cAu kién phu
thudc vao cbt thép dai va cbt thép doc, anh hwéng clia bé
téng bi bd qua. Theo tiéu chuin ACI 318-19, mé men xodn
gi&i han clia cac cAu kién bé téng cbt thép khong trng suét
trwde va (ng suét trwde 1a gia tri nhd hon theo (1) va (2):

|

(a)

=i Tl TR e T

T 24 A 5 174
T :#Coteg_ _ " oh 1
" s 6 Je D, A

2441 r—1.74
T;}:#tan@ﬁé ﬂ% (2)

Dy 6 by

4,=0.854,

Trong do 4, la dién tich tiét dién dwoc gidi
han b&i chu vi dong (ng suét cat; 4,, 1a dién
tich tiét dien dwoc gidi han béi cbt thép dai; p,
la chu vi cGia phan duoc gidi han béi cbt thép
dai; 6 la goc thanh xién chiu nén, 30°<6<60°, tiéu
chuén d& xuét l1ay 0=45°; 4, la dién tich cta 1
thanh cbt thép dai; 4, la dién tich cta thanh cét
thép doc; s la khoang cach cét dai; £, 1a cwong
dod chay déo clia cbt thép dai; 7, 1a cuwdng dd
chay déo cuia cbt thép doc.

2.1.2. EC2-04 [3]

EC2-04 x&c dinh gia tri md men xodn gi&i han cla ciu
kién bé téng cbt thép dwa trén phuong trinh sau:

2454 2454
A Sy cor, 2 1fyl tané?]

TRd = min[
s ug

< 2vacy fed Aklef sinfcos 3)

ty =A/u>2c
4 :(b_’ef)(h_tef)

0=cot (\[4sf, [ 4u,1, )
v=0.6(1- f /250) [fo,MPa]

Trong d6 1, 1& chiéu day hiru hiéu cla tiét dién thanh
mong chju xoan; 4 la dién tich bao ngoai tiét dién cau kién
bé tong; u 1a chu vi bao ngoai tiét dién cAu kién bé téng; ¢ 1a
khoang cach tlr mép tiét dién dén trong tam cét thép doc; 4,
va u; 1a dién tich tiét dién va chu vi dwoc gidi han bdi chu vi
dong ng suét cat; 0 1a géc thanh xién chiu nén, 22°<0<45°; v
14 hé sb gidm cwong d6 do bé téng bi nikt khi chiu cat; ., 1a
hé s ké dén trang thai rng suét nén, lay a.,=1 v&i bé tong
thwong; £, 1a cwéong dé thiét k& mau nén bé téng f.,=f,/1.5.

2.1.3. TCVN 5574-2018 [1]

Tinh toan déd bén clia cAu kién gitra cac tiét dién khéng

(b)

Hinh 2. (a) MoOi quan hé (rng suat-bién dang cta cua bé tong [14];
(b) MGi quan hé 'ng suat-bién dang cua cot thép [14]
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gian dwoc tién hanh theo diéu kién:
T<0.1Rb*h @)

Trong d6 T la md men xoan do ngoai lwc trong tiét dién
thdng goc clia cAu kién; b va h 1an Iwot 13 canh nhé va canh
I&n cha tiét dién ngang cua cAu kién.

Tinh todn d6 bén cac tiét dién khéng gian dugc tién hanh
theo diéu kién:

T<T,,+T, ®)

Trong dé T la m6é men xoan trong tiét dién khéng gian,
dwoc xac dinh do tat cd ngoai lwc ndm & mét phia cia tiét
dién khong gian; Ty, 1a m6 men xodn chiu béi cét thép (cua
tiét dién khéng gian) ndm theo phwong ngang so véi truc cAu
kién; T, 1a md& men xodn chiu béi cbt thép (cla tiét dién khéng
gian) ndm theo phwong doc truc cAu kién.
2.2. M6 hinh dan mém [14, 15]

2.2.1. Luat vat liéu

Hinh 2 chi ra mdi quan hé (ng suét-bién dang cta vat
liéu bé tong va cbt thép s& dung trong md hinh dan mém.
Trong nghién clru nay chi xem xét sy dong gop clia bé tdong
viing nén vao kha nang chiu xoan cta dam. Bwéng cong
ng suét-bién dang nén cla bé téng dwoc thé hién bdi cac
cong thirc (17), (18) cho trén hinh 3. Do trang thai (rng suét
trong bé tong khi ciu kién chiu xoan |a trang thai kéo-nén
hai truc nén hé s& mém héa ¢ dwoc tinh dén dé 1am gidm
&ng suét nén ciing nhw bién dang nén trong bé téng so véi
trang thai (rng suét nén mat truc. H& s6 mém hoa ¢ tinh theo
cong thire (19). Quan hé trng suét-bién dang cét thép doc va
ngang cho trong céng thirc (20) va (21).

2.2.2. Cac phwong trinh can bang va twong thich

M6 hinh str dung ba phwong trinh can béng &ng suét (6),
(7) va (8) va ba phuong trinh twong thich bién dang (10),
(11) va (12) nhw chi ra trén hinh 3. Chi tiét vé thiét lap cac
phwong trinh nay cé thé xem trong tai liéu [15].

2.2.3. Cac bwarc tinh toan

Hinh 3 thé hién so dd khéi cac buéc tinh toan kha néng
chiu xoan ctia ddm bé téng cbét thép theo mé hinh dan mém
véi goc xoay thay dbi.

Céc phwong trinh tinh toan mé hinh dan mém

o,-pf =0,sn’a, (6)
o,-pf, =008, )
7, =(-0,)sina, cosa, (8)

T=1,(24,1,) 9

g =¢.cos’a, +e,sin’a, (10)
g =¢ sin’a, +¢,c08’ a, (11)
Y _ (e, —¢,)sing, cosa
—\%r d r r (12)
_ P
9__2/1 Vit (13)
w =0sin2a, (14)
_ %ds
= (15)
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d.Ti I1é T,/Tg theo mo hinh dan mém

Hinh 4. So sanh két qua thu'c nghiém véi két qua du bao

0.9
HA X A h, é’:
€ SO mem noa 1 n 6008r
fi=Eg £ <¢g,
/i :fly & Zgly
fz :Esgz & <gzy
f; =fry & thy
¢ :é (_gd)(gr_gd)
‘ p, (gl_gd)(gt_gd)
A (- _
gl_€d+ a( gd)( O-d)
At
As(—e V(-
£ =, + os( gd)( o,)
PA S,

A =A4.-05pz,+1;
po :pc_4td
E.=¢ +e —¢,

& &y

tan’ a, =
& =&,

(19)

(20a)
(20b)
(21a)

(21b)

(22)

(23)

(24)
(25)
(26)

(27)

(28)

Cac ky hiéu trong cac phwong trinh va cong thic tir (6)
dén (28) trong hinh 3 nhw sau: p;, p, 1a ham lwong thép theo
phwong /, ¢, f;, f; 1a rng suét ctia cbt thép theo phuong /, 1; A,
14 dién tich tiét dién; p. la chu vi tiét dién; @ la géc thanh xién
chiu nén; y 1a dd cong clia thanh chéng bé téng; s 1a khoang
céach cbt dai; f,,1a cwdng d6 chay déo cua cbt thép dai; 1, 1a
cwdng do chay déo cua cbt thép doc; ¢, la chidu day ving
tiét dién bé tdng chiu xo0n; ¢;, o, 1a (ng suét phap tuyén theo
phuwong |, t; o, la (’ng suét nén chinh cla bé téng; ¢, ¢, 1a bién
dang cua thép theo phwong |, t; g, bién dang I&n nhét ciia bé
téng & bé mét; ¢,, ¢, 1a bién dang ctia bé téng theo toa dd r-d;
y, 1a bién dang clia thép trong mat phang |, t; /. 1a cudng do
nén mau tru bé téng; £, la mé dun dan hdi clia thép.

3. Di¥ liéu thwe nghiém va so sanh kha ning chiu xoan
gitra thwc nghiém va cac mé hinh dw bao
3.1. Chuén bj d liéu

Trong bai bao nay s dung 44 mau dam dwoc thi nghiém
chiu xodn thuan tiy do cac nha nghién ctru Hsu Thomas T
[16], McMullen AE va Rangan BV [17], Fang IK va Shiau JK
[18] thwe hién dé& so sanh va danh gia cac mé hinh da trinh
bay trong muc 2. Di¥ liéu bao gdm dac trwng tiét dién: chidu
rong dam (b) va chiéu cao dam (h); cwong dd mau nén try
clia bé tong (f',); cac dac trung cdt thép: dién tich cbt thép
doc (A), dién tich tich cbt thép dai (A;), cwdng dd chay déo
clia cot thép doc (f,), cuong d6 chay déo clia cot thép dai
(f,1), khodng buéc dai (s); gia tri mé men xoan gidi han thuc
nghiém (T,). Céc thong sb nay dwoc thé hién tir cot 3 dén cot
11 trong bang 1. Chi tiét vé cac két qua thi nghiém c6 thé xem
trong céc tai liéu twong tng.
3.2. Két qua va ban luan

Két qua tinh toan cu thd md mem xoén gi6i han theo 4
mé hinh dwoc thé hién trong bang di liéu 1, tir cot 12 dén
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Ton Tat
tac| ten [ [ n || Aan A ] s | o {Tow| L T [ veninn | Ty T/
gida | mau ACE | EC2  jan mém T:h TulTn T;d TulTst
mm | mm | MPa|mm?|Mpa| mm? | Mpa| mm | kNm | kNm | kNm | kNm kNm
M1 254 1381]129.918031326|70.9|353| 149 | 30.39 [20.33| 21.17 | 65.27 | 2868 |[1.49]| 1.44 |1.31]1.06
M2 254 |381]30.51132| 329 | 70.9 | 357 | 105 | 40.56 | 29.16 | 30.36 | 66.48 37.51 1.39] 1.34 1 1.23 | 1.08
M3 254 | 381]26.8 |1548] 322 |129.7| 326 | 140 | 43.84 | 36.52 | 36.01 | 58.77 4136 |1.20| 1.22 | 1.02 | 1.06
M4 254 | 381]26.5 12042 319 |129.1| 327 | 105 | 49.60 | 48.62 | 35.81 | 58.37 4530 |1.02| 1.39 | 0.88 | 1.09
M5 254 | 381]28.0 125841 335 |130.0] 331 | 83 55.70 | 52.94 | 36.80 | 61.70 49.85 |1.05| 1.51 | 0.90 | 1.12
M6 254 | 381]29.4 13058 318 |129.1| 341 | 70 60.11 | 55.59 | 37.71 | 64.39 52.31 [1.08] 1.59 | 0.93 | 1.15
13 254 1381 |44.7 |1132| 343 |128.6]| 334 | 127 | 45.65 | 40.92 | 42.60 | 96.00 49.41 1.12]1 1.07 | 1.14 |1 0.92
14 254 1381 |45.0 |1548| 315 129.0] 326 | 92 58.08 | 55.30 | 46.66 | 97.28 59.91 [1.05] 1.24 | 1.11 | 0.97
15 254 1381 45.0 |2042| 310 |129.1] 325 | 70 70.73 | 72.49 | 46.66 | 97.36 7422 [0.98] 1.52 | 1.04 | 0.95
16 254 | 381 | 45.8 |2584| 325 |128.8]| 329 | 57 76.72 | 86.60 | 47.07 | 99.84 86.32 [0.89| 1.63 | 0.90 | 0.89
= N1 152|305 29.51283 352|315 341 | 92 9.09 6.49 | 7.30 | 21.20 8.95 140] 1.24 1 1.38 | 1.02
E N1A | 152 [305]28.7| 283 | 346 | 31.5| 345 | 92 8.99 6.57 | 7.39 | 20.75 8.81 1.37] 1.22 1 1.37 | 1.02
3 N2 152 |1305]30.4| 515|331 31.8| 338 | 51 14.46 | 11.71 ] 12.80 | 21.86 13.83 |1.23| 1.13 | 1.25]1.05
_§ N2A | 152 |305]|28.4| 515|333 | 71.0| 361 | 114 | 13.22 [ 12.51 | 12.37 | 20.71 13.64 |1.06| 1.07 | 1.10 | 0.97
E N3 1562 |305]|27.3| 422|352 | 32.0| 352 | 64 12.20 | 9.78 | 11.00 | 19.83 11.66 [1.25] 1.11 | 1.24 | 1.05
T N4 152 |305]27.3|1658 | 340 | 70.9 | 356 | 89 15.70 | 14.80 | 12.13 | 19.95 16.19 |1.06| 1.29 | 1.02 | 0.97
K2 152 |495|30.6| 767 | 336 | 71.3 | 338 | 105 | 23.73 | 19.55| 18.63 | 40.72 23.51 1.21|1.27 | 1.26 | 1.01
K3 152 14951 29.0 11196 316 |129.1| 321 | 124 | 28.47 | 25.51 | 18.13 | 39.26 29.82 [1.12] 1.57 | 1.11 | 0.95
K4 152 | 495 28.6 |1700| 344 |129.2] 340 | 86 35.03 | 25.16 | 18.01 | 38.75 37.00 [1.39] 1.95]0.92|0.95
C4 254 | 2541 27.2 11135 336 |128.8] 328 | 98 25.31 | 33.50| 18.61 | 35.83 31.32 |[0.76] 1.36 | 0.79 | 0.81
C5 254 | 2541 27.2 11548 328 |129.2] 329 | 73 29.71 | 34.29] 18.61 | 36.14 3220 |(0.87] 1.60 | 0.82 | 0.92
C6 254 | 2541 27.6 12039 316 |129.0| 328 | 54 34.23 | 34.79 | 18.75 | 37.01 33.20 [0.98] 1.83 10.92|1.03
J1 254 |381]114.31513 1328 | 71.0 | 346 | 152 | 21.47 | 19.56 | 18.95 | 35.04 20.71 1.10] 1.13 | 1.18 | 1.04
J2 254 |381]114.51803 1320| 70.4 | 341 | 98 29.15 | 27.42 | 26.49 | 35.48 27.50 |1.06| 1.10 | 1.05 | 1.06
J3 254 | 381]16.9 11132 339 |128.6| 337 | 127 | 35.25 | 31.95 | 28.59 | 40.69 35.78 [1.10] 1.23 | 0.88 | 0.99
J4 254 | 381] 16.8 |1548] 324 |129.0] 332 | 92 40.68 | 31.77 | 28.51 | 40.62 37.71 1.28] 1.43 1 1.00 | 1.08
wi E A2 254 |254138.2|516 1380 | 31.6 | 285 | 41 22.60 | 17.17 | 18.39 | 46.61 2192 1132|123 |1.31]1.03
]
g § A3 254 1254139.41800352|70.41360| 79 27.80 | 24.78 | 23.35 | 47.88 2912 112|119 | 1.11 ] 0.95
§ é A4 254 | 2541 39.2 111421 351 | 70.9 | 360 | 57 34.50 | 35.09 | 23.29 | 47.60 3719 [0.98| 1.48 | 0.98 | 0.93
H-06-12| 350 | 500 | 78.5|2030| 410 | 71.2 | 440 | 100 | 115.10 | 69.01 | 71.86 | 379.43 | 109.73 | 1.67 | 1.60 | 1.30 | 1.05
H-12-12| 350 | 500 | 78.512030| 410 | 71.2 | 440 | 50 | 155.30 [132.45|127.34|417.12| 162.28 | 1.17 | 1.22 | 1.24 | 0.96
H-12-16 | 350 | 500 | 78.5|2870| 520 | 71.2 | 440 | 50 | 196.00 [138.01|143.73|387.53 | 192.31 |[1.42] 1.36 | 1.17 | 1.02
H-20-20 | 350 | 500 | 78.5 |3430| 560 |126.4]| 440 | 55 | 239.00 [222.85|152.50401.98 | 260.89 | 1.07 | 1.57 | 0.99 | 0.92
= H-07-10| 350 | 500 | 68.4 |1715]| 500 | 71.4 | 420 | 90 | 126.70 | 73.43 | 76.47 |332.76 | 111.18 |1.73| 1.66 | 1.37 | 1.14
; H-14-10| 350 | 500 | 68.4 |1715] 500 [126.9] 360 | 80 | 135.20 [125.88|131.09359.93| 154.40 | 1.07| 1.03 | 1.12 ] 0.88
; H-07-16 | 350 | 500 | 68.4 |12870| 500 | 71.4 | 420 | 90 | 144.50 | 73.43 | 76.47 | 293.64| 105.60 | 1.97| 1.89 | 1.21 | 1.37
% N-06-06 | 350 | 500 | 35.5]1190| 440 | 71.2 | 440 | 100 | 79.70 | 69.01 | 71.86 [190.21| 87.88 |1.15]| 1.11 [ 1.14 | 0.91
¢ |N-06-12 350 | 500 [ 35.5]2030| 410 | 71.2 | 440 | 100 | 95.20 | 69.01| 71.86 | 176.67| 90.75 |1.38| 1.32 | 1.08 | 1.05
g N-12-12| 350 | 500 | 35.5|2030| 410 | 71.2 | 440 | 50 | 116.80 [132.45|102.56 194.22| 137.69 | 0.88 | 1.14 | 0.94 | 0.85
- IN-12-16| 350 [ 500 | 35.5 [2870| 420 | 71.2 | 440 | 50 | 138.00 [138.01|102.56 | 186.82| 144.92 | 1.00| 1.35 | 0.92 | 0.95
N-20-20 | 350 | 500 | 35.5 |3430| 560 |126.4| 440 | 55 | 158.00 [167.26|102.56187.17 | 170.08 | 0.94 | 1.54 | 0.84 | 0.93
N-07-10| 350 | 500 | 33.5|1715| 500 | 71.4 | 420 | 90 | 111.70 | 73.43 | 76.47 | 169.36 | 94.21 1521146 | 1.21 1 1.19
N-14-10| 350 | 500 | 33.5|1715] 500 |126.9] 360 | 80 | 125.00 [125.88| 99.62 | 183.19| 133.70 [ 0.99 | 1.25 | 1.03 | 0.93
N-07-16 | 350 | 500 | 33.5|2870| 500 | 71.4 | 420 | 90 | 117.30 | 73.43 | 76.47 | 149.45| 78.88 |1.60| 1.53 | 0.98 | 1.49
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KHOA HOC & CONG NGHE

Ph ha Trung binh Léch Bién
tong phap X chuén SD | dong CV
TCVN 5574-2018 1.19 0.251 0.21
ACIl 318-19 1.37 0.226 0.16
EC2-04 1.09 0.162 0.15
Mo hinh dan 1.02 0.122 0.12
mem

cot 15. Hinh 4 thé hién so sanh gitva két qua thyc nghiém
voi két qua dw bao tir 3 tiéu chuan va md hinh dan mém. Tir
bang 2 co thé thdy rdng TCVN5574 dw bao kha nang chiu
xo0dn clia ddm bé tdng cbt thép cé dd bién dong I6n nhat,
thé hién qua hé sb bién dong CV béng khoang 0,21. Hai
tiéu chuan ACI318 va EC02 cho két qua dw bao véi hé sb
bién dong twong dwong nhau. Hinh 4.b thé hién dw bao theo
ACI318 cho biét toan bo cac mau cé ty I&8 mé men xoén thuc
té/m6 men xoan dy bao (T, 1n/TyLr) I6n hon 1, nhw vay dw
bao theo ACI318 1a an toan. Bén canh do hinh 4.a cho biét
c6 10/44 mau (chiém 22,7%) c6 ty 1&6 md men xoén thuyc té&/
md men xoan dw bao (T, tn/Tyr) Nhd hon 1 khi dw bao theo
TCVN 5574. Quan sat bang di liéu ta thay rang trong s 10
mau dy bao khdng an toan nay cé ham lwong cbt ngang cao,
dao dong t&r khoang 1,36% dén 3,2%. Trong khi tiéu chuén
EC2 c6 t&i 15/44 mau (chiém 34,1%) co ty 1& mbé men xoan
thyc t&/md men xoén dw bao (T, 1n/Tyr) Nhd hon 1. Ngoai
ra, t bang di liéu c6 thé thay phan I&n trong sb 15 mau
du bao khéng an toan c6 ham lwgng cbt ngang cao, trong
khoang tr 1,17% dén 3,2%. Diéu nay c6 thé chi ra rdng cac
tiéu chuan TCVN5574 va EC2 du bao thiéu than trong kha
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nang chiu xodn khi ham lwong cét ngang cao. Péi véi md
hinh dan mém hé sb bién dong nhé hon nhiéu so véi 3 tiéu
chuén trén ching té dd bién thién clta két qua dw bao theo
mé hinh dan mém Ia nhé hon. Tuy nhién ti» bang dir liéu ta
c6 thé thay 21/44 mau (chiém 47,7%) co ty 1&é méd men xoén
thuwe té/md men xoén dy bao (T, 1n/Ty.r) Nhd hon 1 (hinh
4.d). Do d6 c6 thé rat ra nhan xét mé hinh dan mém méc du
két qua dy bao cé dd bién thién kha thap va gan véi két qua
thwe nghiém nhung sb lwgng mau cé két qua dw bao ty lé
Tun/Tur <1 12 cao nhét.

4. Két luan

Bai bao dé trinh bay tém tat ly thuyét thiét ké dam bé tong
cbt thép chju xoan theo 3 tiéu chudn TCVN5574, ACI318,
EC2 va md hinh dan mém, déng thdi thu thap dwoc 44 div
liéu thi nghiém dam chiu xodn cta nhidu nha nghién ctru
khac nhau dé so sanh, danh gia cac mé hinh trén. Tl cac két
qua va phan tich bén trén, trong pham vi khdo sat cé thé rat
ra mot sé két luan sau:

- Ba tiéu chudn TCVN5574, ACI318, EC2 dy bao md men
x0dn ctia dam bé tong cbt thép véi két qua cé dd bién thién
I&n g&p khoéng 1,4 1&n mé hinh dan mém;

- Tieu chuan ACI318 cho két qua dw bao an toan trong
khi TCVN5574 cho két qua dw bao vé&i hé sb bién dong Ion
nhat. V&i ham lwong cét ngang cao (tr 1,17% dén 3,2%) hai
tiéu chudn TCVYN5574, EC2 dw bao thiéu than trong mé men
khang xoén;

- M6 hinh dan mém do Hsu va cong sy d& xuit mac du
cho két qua du bao gan véi két qua thwe nghiém nhung ty 18
cac mau cé ty s6 Tu, TN/Tu,LT<1 I&n hon so véi du béo theo
TCVN5574, ACI318 va EC2.

Khi st dung céac tiéu chuén trén dé& dy bao khd ning
chiu xoén clia dam bé tong cbt thép can lvu y ham lwgng cbt
ngang trong dam dé st dung mé hinh tinh toan phu hop./.
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