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TGM TAT

Vigc thigt k& chiu xodn cho dam bé tang cdt thep (BTCT) duge
sir dung trong nhiéu tiéu chudn cla cac nudc trén the gioi
nhung quan diém va phrang phép thigt k& van ca su khéc nhau.
Tieu chuén EC2-04 dya vao ma hinh dng thanh méng chiu xoén,
tieu chudn ACI318-19 dua trén ma hinh dng thanh méang va ma
hinh gian &o cho tredc va sau nit. Trong khi do theo TCUN
2a74-2018 dva trén Iy thuy&t un vénh. Myc tigu cda nghién
ctru nay |3 khéo sat sy khac nhau giira céc tigu chudn khi tinh
toan kha nang chiu xoén cia ddm BTCT. Kha néng chiu xoan cia
dam duoc tinh toan theo cac tieu chudn EC2-04, ACI 318-19 va
TCVN 5a74-2018 cho ol ddm bé tdng cdt thep va so sanh vdi
ket qua thi nghiem. Gac nghigng cia céc thanh chéng chiu nén
bé tang coa md hinh gian &o ly twéng dwge chon bang 44°
trong tinh toan.

Tir khéa: Cuang di chiu xodn; xodn thudn tay; thanh chiu nén be
tong; gdc nghiéng; bé tang cdt thep.

ABSTRACT

The design of torsional strength of reinforced concrete beams is used
in many standards of many countries around the world, but the
provisions and design methods are still different. According to EC2-04
standard based on torsional strength thin-walled tube model, ACI318-13
standard is based on thin-walled tube model and truss - tie model for
before and after cracking. Meanwhile, according to TCVN 9574-2018
based on the point of view of warped section. The objective of this study
is to investigate the difference between the standards and the accuracy
of calculating the torsional resistance of reinforced concrete beams.
The predicted torsional strength based on successive design methods
ECZ - 04, ACI 318 -19 and TCVN 5574-2018 is compared with the results
of al reinforced concrete beams tested for pure torsional force. The
angle of inclination of the concrete compressive support bars of the
ideal truss and tie model is chosen 4a°.

Keywords: Torsional strength; pure torsion; concrete
compression struts; angle of inclination; reinforced concrete.

1. GIGI THIEU

Dam BTCT trong cac tda nha, cdu va cac két cau khac cé thé
chiu Ung sudt xodn & muc dang ké. Trong cac két cidu BTCT,
thuédng gédp cac cau kién chiu uén xodn déng thoi nhu dam dé
ban céng, cac ban san c6 dang cong xén, dam céng x6n, dam
dang cong, cau thang xoan... hodc céc cau kién khac khi ma luc
tadc dung lén chdng khéng nam trong mat phing di qua truc
doc cta ching [4]. M6 men x0dn ¢6 xu hudng lam xodn cac cau
kién quanh truc doc cta cac cau kién nay. Kha nang chiu xoan
clia dam BTCT dugc dong gop chi yéu bai c6t thép doc, cét
thép dai va cla bé tdng xem nhu thanh chéng nghiéng chiu
nén. Quy trinh danh gia kha nang chiu xoan ctia dam BTCT theo

quy dinh thiét k& [1], [2] va [3] c6 su khac biét quan trong & moét
s chi tiét va cach ti€p can. Muc dich cia nghién ctu la khao sat
va danh gié su khac nhau gitta ba tiéu chuin nay trong thiét ké
dam BTCT chiu xoén. D& dat dugc muc dich da néu, kh3 ning
chiu xodn clia dam dugc quy dinh trong tiéu chuén [1], [2], [3]
dugc ap dung vao tinh toadn cho 51 dam bé téng c6t thép duoc
thuc nghiém theo. Cac két qua so sanh cho thay dugc su khac
nhau gilia cac tiéu chudn khi xac dinh kha nang chiu xoén cla
dam bé tong c6t thép.

2. QUY PINH THIET KE XOAN THEO CAC TIEU CHUAN
2.1 Quy dinh theo EC2-04
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Thiét ké dam BTCT chiu xodn thuan tdy trong [1] dua trén gia
thiét rdng dam (ng x& nhu mot 6ng c6 thanh mong cé chiéu
thanh hiéu dung nhu Hinh 1. Khd nang chiu xodn (Tec2) clla dam
BTCT dugc ldy nho hon trong cac gia tri trong cong thuc (1) va (2)
theo kha nang chju lyc cta cét thép dai va thép doc tuong tng.

Tam dong chay cit

|@ #|
A4,
b
Lr
N -
M
A, - ®
— D »
Hinh 1. M6 hinh tinh todn kha néng chiu xoan dam BTCT dang chi¥ nhat theo [1].
24 A f,
Ty = A, cotd (M
N
2A Aj-f;,
EC2 T #l‘age ()

k

Trong dé: 4, :(D—tef)(B—te,) la dién tich phan thanh mong
hiéu dung (mm?).

U, :2(D+B—2tef) la chu vi trung binh clia phan thanh mong
(mm). ¢, = max(A4/P,2c) la chiéu day hiéu dung cta thanh méng
(mm).

A=BxD ladién tich tiét dién ddm (mm?). P. =2(B+D)la chu
vi clia tiét dién dam (mm). D, B la bé rong dam va chiéu cao dam
tuong Ung (mm) va c la khodng céch ti mép ngoai bé téng dén
trong tam thép dai (mm).

A,, 4 1a dién tich ciia moét nhanh dai va téng dién tich thép
doc (mm?). s la khodng céch thép dai (mm). f,, f, la cudng dé
chdy déo cla thép dai va cudng dé chdy déo clia thép doc (MPa).

6 la goc nghiéng pha hoai cda bé téng chiu nén (d6).

Cac phuong trinh (1) va (2) lién quan dén kha nang chiu xoan
vGi cach bé tri cot dai kin va cét thép doc, tuang Ung. D3i vai xoan
thuan tdy, danh gia (Tec2) khong dugc vuot qua kha nang chiu xodn
I6n nhét (7% ) cla tiét dién dam, thé hién bdi kha nang chiu nén
cla thanh chéng chéo bé téng.

Tpes = 2va, f, At sin Bcosd (3)

Trong dé: v:0,6[1—( f;/zso)} va a, 1aldy bing 1 cho két csu

khéng phai tng sudt trudc. £ 1a cudng do chiu nén mau lang tru
cla bé téng (MPa)

2.2 Quy dinh theo ACI318-19

Viéc tinh toan kha nang chiu xoan trong [2] dua trén mé hinh
6ng thanh moéng (Hinh 2) va mé hinh gian 4o (Hinh 3) trudc va sau
khi nut.
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Dong Ung sudt cit (q)
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(b) Dién tich dwge bao bdi chu vi dong U'S cit
Hinh 2. M6 hinh 6ng thanh méng

C6t thép dai kin
Vét nirt

Thanh thép doc

i
Cac dai BT
Xién chiju nén

Hinh 3. Mg hinh gian o

Mac du [2] dua trén mé hinh gian do khéng gian dé danh gia
kha nang chiu xoan ctia dam BTCT sau nut, c6 su khac nhau véi
quan diém thiét k& theo [1]. Khd nang chiu xodn (Tac) clia dam
BTCT chiu xoan thuan tuy dugc lay bang gia tri nhé hon cla hai
céng thic sau (4) va (5) lién quan dén kha nang chiu luc cta cot dai
va cét thép doc nhu sau:

24 )
Ty = ﬂcot@ 4
s
24,41,
Ty = T‘tan@ (5)

h

Trong d6: 4, =0,854,, la dién tich dugc bao quanh dudng chay
cat (mm?).

A4, la dién tich phan I6i bén trong tinh tU trong tdm cot dai
(mm?) dugc xac dinh nhu Hinh 4. P, la chu vi phan 16i dugc bao

bai cot dai kin (mm).
Vi Cét thép dai kin

]

Hinh 4. Xacdinh dién tich 4,
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Hon nira, [2] chi ra rdng trong trudng hop xoan thuan tay, kha
nang chiu xodn bi gidi han bdi thanh phan bé téng (7% ) dugc thé
hién bang céng thic:

e _ VNS A,
Tier = T (6)
h

2.3 Quy dinh theo TCVN 5574-2018

Phuong phéap xac dinh kha nang chiu xodn cta dam BTCT
trong tiéu chuan [3] 1a ap dung ly thuyét tiét dién vénh nhu (Hinh
5) dugc phét trién béi nha khoa hoc ngudi Nga Lessig. Theo [3]
tinh toan kha nang chiu xodn clia cau kién thi phai phai dam bao
cho céu kién khéng bi pha hoai ca theo tng suat nén chinh va ting
suat kéo chinh.

a) Cot thép chiu kéo

nam & canh dwdi oo I
C |

: |

cr2” I"'.I 1= -z
N Asi P cp
d -~ F )
Asw.f
4

b} Cot thép chiu kéo
nim & canh bén

Z

A =, 1

Za

Hinh 5. So d6 ndi luc trong tiét dién khong gian khi tinh todn chiu mo men xodn theo 3]
DO bén clia cau kién gilta cac tiét dién vénh khong gian khi
chiu ting suat kéo chinh dugc kiém tra theo diéu kién:
Ty =T +T, )
Trong doé:
T..T. lan lugt 1a kha nang chiu xodn cla cét dai va kha nang

chiu xodn cua c6t thép doc dugc xac dinh nhu sau:
R_A
];w 20,9 swswl Z]ZZ C
s, 2Z,+7

w

ZIZZ

T, =0,9R 4,

o [RAs(22,+2)
R.\‘\VA\W]

(10)
. 2(222+Zl)
C<min{(2Z,+2,),Z, -
1
Piéu kién han ché:
R _A Z
O,SS sw < Tswl 1 SI,S
K R A an

w 54781

R A Z .
Khi Mﬁ < 0,5, ing suat trong thép dai dat Rw nhung
Sy 54351

c6t thép doc chua dat dén cudng do chiu kéo tinh toan Rs. Trudng
hop nay Tsw dugc tinh theo hé thic (8) nhung Ts dugc xac dinh bai:

R_A yAVA
]; zo’nglg (8a)
Sy, C
. R,A Z . x . .
Khi MWM,S, Ung suat trong thép dai chua dat Rsw
sw s 01

nhung cét thép doc dat dén cudng dd chiu kéo tinh toan R..
Trudng hgp nay Ts dugc tinh theo cdng thiuc (9) nhung Tsw dugc
xac dinh béi:
Z.
T.=09(L,5RA,)—2—C
w=0.9(L5R, .\,)222 Z (9a)

D& dam bao vé bé téng khéng bi pha hoai do (ing suat nén

chinh gay ra, kha nang chiu xodn khéng dugc vugt qua gia tri:
Ty, =0,1R b h (12)

Trong d6, b va h 1an lugt la canh nhé va 16n cla tiét dién chi nhat.

2.4 Quy dinh xac dinh géc nghiéng 0 trong tiéu chuan EC2-
4vaACI318-19

GOc nghiéng 6 xuat hién trong cac biéu thic danh gia kha
nang chiu xoan trudc day cho dam BTCT dugc thé hién la goc gilia
truc dam va cac thanh chéng chiu nén bé téng cha gian khéng
gian ly tudng dugc st dung &€ mé hinh héa ing xit ctia dam dudi
tac dung cdia luc xoén. Trong khi céc giGi han (22° <6<45) duoc
khuyén nghi bdi [1], [6] da quy dinh rang gia tri cia 6 phai bang
45° d8i véi thiét ké dam BTCT trong. Theo [2] thi g6c nghiéng &
thay d6i tir 30° dén 60°. D8i vdi cac ciu kién khéng ing luc trudc
thi [2] khuyén céo 1dy =45, d6i véi cac cau kién tng luc trudc thi
ldy 8=37,5". Trong khi [3] xét g6c nghiéng @ dua trén chiéu dai
hinh chi€u cta canh chiu nén cla tiét dién khong gian lén truc doc
cau kién ky hiéu la C da trinh bay & trén. Gia tri cda 6=45 dugc
xem xét trong nghién ctru nay cho hai tiéu chuén [1] va [2].

3. KHA NANG CHIU XOAN cUA DAM BTCT THONG QUA Vi
DU TiNH TOAN

3.1 Kha ndng chiu xodn cia dam BTCT théng qua thi nghiém

Téng tat cd 51 mau thi nghiém dugc st dung dé so séanh vdi
két qua tinh todn theo cac nghién cdu cla [5], [7-9] dugc téng hap
trong Bang 1. Trong dé, nam 1995 Rasmussen va Baker [8] da tién
hanh thi nghiém trén 12 mau dam bé téng cét thép chiu xodn
thuan tdy véi tham s6 chinh dugc xem xét la cudng dé chiu nén bé
téng tir 35 (MPa) dén 80 (MPa). Két qua cho thdy rang, bé téng
cudng dé cao cho kha nang chiu xoédn t6t hon. Fang va Shiau [7]
nam 2004 da nghién ctu bién dang va kha nang chiu xoan cta 16
dam bé téng cot thép chiu xoan thuan tdy. Cudng dé chiu nén va
ham lugng c6t thép cac mau thr khac nhau dugc xem xét trong
nghién ctu nay. Nam 1968, Hsu [9] da thi nghiém 21 dam bé téng
c6t thép chiu xodn thuan tay. Anh hudng clia cac thong s6 khéc
nhau dén Ung x{ chiu x0dn ctia dam: cudng dd chiu nén bé téng,
ham lugng c6t dai va thép doc, ty & bé réng va chiéu cao dam. Két
qua nghién cltu cho thdy cac vét nit hinh thanh trong dam khac
v6i du doan theo nguyén ly clia Saint Venant. & Viét Nam, nam
2018 Nguyén Trung Hiéu va Ly Tran Cudng [5] da tién hanh nghién
ctru thuc nghiém BTCT chiu xodn thuan tdy dugc gia cudng bang
vat liéu tdm sgi cac bon CFRP. Mau thr nghiém bao gém 06 mau,
trong d6 c6 02 mau BTCT lam d6i chiing va 04 mau c6 gia cudng
CFRP.
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Bang 1: Tom tat két qua thi nghiém dam BTCT chju xodn thuan tay

Nghién ctiu Mau bxh 1. 4 £ 4, f s Ty
(mm) (MPa) (mm?) (MPa) (mm?2) (MPa) (mm) (kN.m)
B-1 150x200 20 314.16 325 283 240 100 6.1
5] B-2 150x200 20 314.16 325 283 240 100 6.0
H-06-06 350x500 785 1188 440 71 440 100 92,0
H-06-12 350x500 785 2027 410 71 440 100 115.1
H-12-12 350x500 785 2027 410 71 440 50 155.3
H-12-16 350x500 785 2850 520 71 440 50 196.0
H-20-20 350x500 785 3420 560 127 440 55 239.0
H-07-10 350x500 684 1710 500 71 420 90 1267
H-14-10 350x500 684 1710 500 127 360 80 1352
Fang va H-07-16 350x500 684 2850 500 71 420 90 144.5
Shiau [7] N-06-06 350x500 355 1188 440 71 440 100 79.7
N-06-12 350x500 355 2027 410 71 440 100 952
N-12-12 350x500 355 2027 410 71 440 50 116.8
N-12-16 350x500 355 2850 520 71 440 50 1380
N-20-20 350x500 355 3420 560 127 440 55 158.0
N-07-10 350x500 335 1710 500 71 420 90 117
N-14-10 350x500 335 1710 500 127 360 80 125.0
N-07-16 350x500 335 2850 500 71 420 90 117.3
B30.1 160x275 4.7 1544 620 79 665 90 16.6
B 302 160x275 382 1544 638 79 669 90 15.3
B303 160x275 363 1544 605 79 672 90 153
B50.1 160x275 618 1544 612 79 665 90 200
B502 160x275 57.1 1544 614 79 665 90 185
Rasmussen B50.3 160x275 61.7 1544 612 79 665 90 19.1
[8] B70.1 160x275 773 1544 617 79 658 90 20.1
B702 160x275 76.9 1544 614 79 656 90 207
B703 160x275 76.2 1544 617 79 663 90 210
B30.1 160x275 M7 1544 620 79 665 90 166
B302 160x275 382 1544 638 79 669 90 153
B 303 160x275 363 1544 605 79 672 90 15.3
B1 254x381 2758 531 313.71 79 341.29 152 223
B2 254x381 2861 804 316.47 133 319.92 181 293
B2 254x381 2861 804 316.47 133 319.92 127 375
B4 254x381 30.54 1521 319.92 133 323.36 92 473
B5 254x381 29.03 1963 332.33 133 3213 70 56.2
B6 254x381 28.82 2642 331.64 133 322,67 57 617
B7 254x381 25.99 531 319.92 133 318,54 127 26.9
B8 254x381 26.75 531 321.99 133 319.92 57 325
B9 254x381 2882 1134 319.23 79 342,67 152 298
B10 254381 2648 2642 334.4 79 341.98 152 343
Hsu 1968 [9] M1 254x381 29.85 804 326.12 79 353.01 149 304
M2 254381 30.54 1134 328.88 79 357.15 105 20.6
M3 254381 26.75 1521 321.99 133 326.12 140 438
M4 254381 26.54 1963 318,54 133 32681 105 496
M5 254381 27.99 2642 335.09 133 330.95 83 557
M6 254x381 2937 2945 317.85 133 3406 70 60.1
2 254x381 4523 804 32543 79 348.87 98 36.0
3 254x381 44.75 1134 34336 133 333.71 127 456
14 254381 44.95 1521 315.09 133 326.12 92 58.1
I5 254381 4502 1963 310.26 133 32543 70 70.7
6 254x381 45.78 2642 32543 133 328.88 57 76.7
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3.2 Khd néng chiu xodn theo cdc tiéu chudn va thdo ludn

K&t qua tinh toan kha nang chiu xodn dam BTCT theo [1], [2] va
[3] dugc thé hién & Bang 2 va Bang 3. K&t qué cho thay viéc tinh
toan theo tiéu chudn ACI 318-19 [2] luén nhd hon thuc nghiém,
diéu d6 mang lai an toan cho bai toan thiét ké khang xoan trong
thuc té. Trai lai theo [1] va [3] 6 nhing trudng hgp cho gia tri cao
han gia tri cta thi nghiém, gia tri vugt I6n nhat theo [1], [3] tuong
Ung 1a 1,58 va 2,09 thé hién trong Bang 2. Ngoai ra, theo Bang 3
cling cho thdy rang, gia tri tinh toan theo TCVN 5574-2018 [3] cho
gia tri cao hon so véi [1], [2]. Diéu nay dugc giai thich la do khi tinh

toan kha nang chiju xodn ctia dam BTCT theo [3] bang téng ca kha
nang chiu xoan cua thép dai va thép doc. Trong khi d9, [1], [2] chi
xét dén kha nang chiu xodn clia c6t dai hodc c6t doc nhung khéng
I6n hon kha nang chiu xodn clia bé tdng dé tranh bé téng bi ép vé.
Mat khac, gia tri tinh toan cia ACI 318 -19 [2] cling nhé hon EC2-04
[1], nguyén nhan bai kha nang chiu xoén theo [2] bi gidi han bédi su
nén v3 bé téng va diéu kién ap dung trong tinh toan nay la goc
nghiéng 6=45".

Bang 2: So sanh két qua theo EC2-04 [1], ACI 318-19 [2] va TCVN 5574-2018 [3].

Nghién cdu Méu TTesr TECZ h TAC[ TACI TTCVN TTﬂ
(kN.m) (kN.m) Trew (kN.m) Ty (kN.m) T
- B-1 6.1 457 0.75 4.70 0.77 3.67 0.60
B-2 6.0 457 0.76 4.70 0.78 3.67 0.61
H-06-06 92.0 61.29 0.67 71.89 0.78 68.51 0.74
H-06-12 115.1 61.29 0.53 71.89 0.62 68.84 0.60
H-12-12 155.3 122.58 0.79 127.33 0.82 123.58 0.80
H-12-16 196.0 122.58 0.63 143.78 0.73 137.68 0.70
H-20-20 239.0 199.33 0.83 149.03 0.62 223.89 0.94
H-07-10 126.7 65.01 0.51 76.25 0.60 73.01 0.58
H-14-10 135.2 112.12 0.83 129.19 0.96 116.49 0.86
Fang va H-07-16 144.5 65.01 0.45 76.25 0.53 73.01 0.51
Shiau [7] N-06-06 79.7 61.29 0.77 71.89 0.90 68.84 0.86
N-06-12 95.2 61.29 0.64 71.89 0.76 68.84 0.72
N-12-12 116.8 122.58 1.05 102.98 0.88 123.59 1.06
N-12-16 138.0 122.58 0.89 102.98 0.75 123.59 0.90
N-20-20 158.0 184.55 117 100.22 0.63 169.70 1.07
N-07-10 111.7 65.01 0.58 76.25 0.68 73.02 0.65
N-14-10 125.0 112.12 0.90 97.36 0.78 123.43 0.99
N-07-16 117.3 65.01 0.55 76.25 0.65 73.02 0.62
B 30.1 16.6 25.89 1.56 10.24 0.62 31.47 1.89
B30.2 153 24.12 1.58 9.80 0.64 31.66 2.07
B30.3 15.3 23.12 1.52 9.55 0.63 31.80 2.09
B 50.1 20.0 28.67 1.44 1247 0.62 31.26 157
B 50.2 185 28.67 1.55 11.98 0.65 31.27 1.69
Ras”[";fse“ B50.3 19.1 2867 1.50 12.46 0.65 3133 164
B 70.1 20.1 28.37 141 13.94 0.70 31.26 1.56
B70.2 20.7 28.28 1.36 13.91 0.67 31.32 1.51
B70.3 21.0 28.58 1.36 13.84 0.66 31.29 1.49
B 30.1 16.6 25.89 1.56 10.24 0.62 31.34 1.89
B 30.2 15.3 24.12 1.58 9.80 0.64 31.42 2.05
B 30.3 15.3 23.12 1.52 9.55 0.63 31.45 2.06
B1 22.3 18.71 0.84 18.62 0.84 17.98 0.81
B2 29.3 25.48 0.87 28.09 0.96 26.41 0.90
B2 37.5 28.57 0.76 28.09 0.75 30.84 0.82
B4 47.3 50.67 1.07 36.26 0.77 50.77 1.07
B5 56.2 63.58 1.13 35.35 0.63 73.23 1.30
B6 61.7 63.18 1.02 35.22 0.57 86.76 141
Hsu 1968 [9] B7 26.9 19.08 0.71 18.76 0.70 24.93 0.93
B8 32,5 19.20 0.59 18.88 0.58 34.91 1.07
B9 29.8 19.30 0.65 22.09 0.74 21.18 0.71
B10 343 19.26 0.56 22.04 0.64 21.43 0.62
M1 304 20.29 0.67 23.21 0.76 21.87 0.72
M2 40.6 29.12 0.72 33.33 0.82 31.04 0.77
M3 438 33.58 0.77 33.94 0.77 37.46 0.85
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M4 49.6 4487 0.90 33.80 0.68 4995 1.01
M5 55.7 57.48 1.03 34.71 0.62 63.19 1.13
Mé6 60.1 64.22 1.07 35.56 0.59 74.92 1.25
12 36.0 29.38 0.82 29.24 0.81 28.23 0.78
13 45.6 37.88 0.83 42.37 0.93 38.52 0.84
14 58.1 51.10 0.88 43,99 0.76 52.26 0.90
15 70.7 67.02 0.95 44,03 0.62 67.93 0.96
16 76.7 83.17 1.08 44.40 0.58 88.20 1.15
Trung binh 0.708 0.964 1.085
Do léch chuan 0.104 0.338 0.447
Hé s8 bién thién CV (%) 14.66 35.03 41.24
Bang 3: Chénh léch theo EC2-04 [1], ACI 318-19 [2] va TCVN 5574-2018 [3].
T, EC2 TTcsz 7?40 -7 Test TTCVN - TTcsz
Nghién cuu Mau Trea Trca T.. Lici T.., Trew T,
(kN.m) (kN.m) (kN.m) (kN.m)
(%) (%) (%)
5] B-1 6.1 4,57 23.03 4,70 25.01 3.67 39.82
B-2 6.0 4,57 21.74 4.70 23.76 3.67 38.82
H-06-06 92.0 61.29 21.86 71.89 33.38 68.51 25.53
H-06-12 1151 61.29 37.54 71.89 46.75 68.84 40.19
H-12-12 155.3 122.58 18.01 127.33 21.07 123.58 20.42
H-12-16 196.0 122.58 26.64 143.78 37.46 137.68 29.76
H-20-20 239.0 199.33 37.64 149.03 16.60 223.89 6.32
H-07-10 126.7 65.01 39.82 76.25 48.69 73.01 42.38
H-14-10 135.2 112.12 445 129.19 17.07 116.49 13.84
Fangva H-07-16 144.5 65.01 47.23 76.25 55.01 73.01 4947
Shiau [7] N-06-06 79.7 61.29 9.80 71.89 23.10 68.84 13.63
N-06-12 95.2 61.29 2448 71.89 35.62 68.84 27.69
N-12-12 116.8 122.58 11.83 102.98 495 123.59 5.81
N-12-16 138.0 122.58 25.38 102.98 11.17 123.59 10.44
N-20-20 158.0 184.55 36.57 100.22 16.80 169.70 7.41
N-07-10 111.7 65.01 31.74 76.25 41.80 73.02 34.63
N-14-10 125.0 112.12 22.11 97.36 10.30 12343 1.26
N-07-16 117.3 65.01 35.00 76.25 4458 73.02 37.75
B 30.1 16.6 25.89 38.38 10.24 55.79 31.47 89.35
B 30.2 15.3 2412 35.90 9.80 57.73 31.66 107.06
B 30.3 15.3 23.12 37.35 9.55 51.63 31.80 108.52
B 50.1 20.0 28.67 37.51 12.47 43.71 31.26 56.69
B 50.2 18.5 28.67 35.08 11.98 55.31 31.27 69.39
Ras“[";]sse“ B50.3 19.1 28.67 34.88 12.46 49.87 3133 63.77
B 70.1 20.1 28.37 30.49 13.94 41.42 31.26 55.83
B 70.2 20.7 28.28 32.95 13.91 36.36 31.32 51.01
B70.3 21.0 28.58 33.95 13.84 36.37 31.29 49,28
B 30.1 16.6 25.89 38.38 10.24 55.79 31.34 88.57
B 30.2 15.3 24.12 35.90 9.80 57.73 31.42 105.49
B 30.3 15.3 23.12 37.35 9.55 51.63 31.45 106.23
B1 223 18.71 16.37 18.62 15.96 17.98 19.22
B2 29.3 25.48 4.00 28.09 12.93 26.41 9.75
B2 37.5 28.57 25.11 28.09 23.83 30.84 17.78
B4 47.3 50.67 23.41 36.26 7.03 50.77 7.24
B5 56.2 63.58 37.04 35.35 13.22 73.23 3041
Hsu 1968 [9] B6 61.7 63.18 42.90 35.22 241 86.76 40.64
B7 269 19.08 30.25 18.76 29.06 2493 7.29
B8 325 19.20 41,98 18.88 41.00 3491 7.28
B9 29.8 19.30 25.94 22.09 35.28 21.18 28.99
B10 343 19.26 35.82 22.04 4391 21.43 37.61
M1 304 20.29 23.62 23.21 33.25 21.87 28.04
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M2 40.6 29.12 17.83 33.33 28.20 31.04 23.48
M3 43.8 33.58 22.59 33.94 23.40 37.46 14.55
M4 49.6 44.87 31.85 33.80 9.54 49.95 0.71
M5 55.7 57.48 37.68 34.71 3.19 63.19 13.44
Mé 60.1 64.22 40.84 35.56 6.84 74.92 24.64
12 36.0 29.38 18.88 29.24 18.48 28.23 21.67
13 45.6 37.88 7.18 42.37 17.02 38.52 15.61
14 58.1 51.10 24.25 43.99 12.01 52.26 10.01
15 70.7 67.02 37.75 44.03 525 67.93 3.96
16 76.7 83.17 42.13 44.40 8.42 88.20 14.97

Pé ma rdng so sanh théng ké gilta cac tiéu chudn EC2-04 [1],
ACI 318-19 [2] va TCVN 5574-2018 [3] trong dy doan khd ndng chiu
x0dn ctia dam BTCT, mot phan tich hoi quy da dugc thuc hién cho
thi nghiém xodn thuan tdy ctia 51 mau thit dugc thu thap va tinh
toan theo ba tiéu chudn trén va mo hinh phan bé tuyén tinh dugc
st dung trong phan tich nay. Hinh 6 cho thdy cac méi quan hé gilta
thi nghiém va tinh toan theo [1], [2] va [3] dugc so sanh cung
dudng phan bo ly tudng (khd nang chiu xodn theo thuc nghiém
bdng tinh toan). Budng phan bé chuén theo [1] cao hon dudng
phan bé ly tudng, trai lai thi theo [2] lai thdp han. Con theo [3] thi
I6n hon khi gia tri kha nang chiu xodn nho hon 45 kN.m va sau d6
¢ xu huéng nhd hon su phan bé ly tudng. Ngoai ra, hé sé tuong
quan (R?) thu dugc theo [1], [2] va [3] cho gia tri chdp thuan tot
(gan bang 1) tuong ting la 0,8357; 0,9423; 0,8559.
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Hinh 6. Tuang quan phan bo gitia thuc nghiém va theo tinh toan

4, KET LUAN

Ly thuyét xac dinh khd nang chiu xodn thuéan tdy cta dam
BTCT quy dinh trong cc tiéu chudn thiét k& [1], [2], [3] dugc trinh
bay va 4p dung vao tinh toan cho 51 mau thit theo cac nghién ctu
thuc nghiém. Cac két qua so sanh gilta cac kha nang chiu xoéan xac
dinh theo ly thuyét va thi nghiém chi ra rang, kha nang chiu xodn
xac dinh theo [2] luén nho hon thi nghiém dam bao an toan trong
tinh toan thiét ké. Trong khi @6, theo [1] va [3] mdt s6 trudng hop
¢6 xu hudng 16n hon va [3] cho gia tri l6n nhat vi tinh toan cé xét
dén téng kha nang chiu xoén clia c6t dai va thép doc. Két qua tinh
toan theo [1], [2], [3] c6 su khac nhau vi méi tiéu chuin c6 mot
cach ti€p can khac nhau khi di xac dinh kha nang chiu xodn cda
cdu kién dam BTCT. Trong d9, [1] phu thudc vao céng thic phan

tich d€ danh gia kha nang chju xodn 16n nhat cia dam bé téng cé
tinh dén anh hudng cta kha nang chiu luc ctia thanh chéng chéo
bé tdng va goc nghiéng (), trong khi cong thic dugc néu béi [2] la
ban dau xuat phat trén co sd kiém soat vét nut. Gia tri duoc chap
nhan cho géc nghiéng (6) bang 45° dan dén kha nang chiu xodn
du dodn chinh xéc cho cac dam dugc kiém tra bang cach st dung
phuong phép [1] va [3] cao hon so véi viéc st dung phuong phép
[2].
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