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Calculation method for shear bearing capacity of double T-
shaped steel-concrete composite beams

CHEN Jianbing’, TIAN Zhuangyan', LIU Cong’, LI Xiang®
(1. School of Civil Engineering, Suzhou University of Science and Technology, Suzhou 215011, Jiangsu, P. R. China;
2. CCCC Fist Public Bureau Second Engineering Company Limited, Suzhou 215011, Jiangsu, P. R. China)

Abstract: Double T-shaped steel-concrete composite beams (DTSCB) are a new type of structural form. The
restraining effect of the steel web on the concrete web enhances the load-bearing capacity of the composite
beam, while the concrete web improves the local stability of the steel beam. To investigate the shear
performance of DTSCB, this study designed and fabricated three specimens with varying concrete flange widths
and steel plate thicknesses as parameters. Through experimental results such as shear force-midspan deflection
curves, shear force-relative slip curves, and strain distribution, the influence of structural parameters on the
load-bearing capacity and deformation ability of the composite beams was analyzed. A finite element model was
established using ABAQUS software to verify the accuracy of the model, and further simulations were
conducted to analyze the effects of different structural parameters, such as shear span, steel plate thickness, and
concrete flange width, on the shear capacity. A formula for calculating shear capacity was proposed. The
research results indicate that shear span ratio has a significant impact on the shear capacity of the composite

beam and determines the proportional contribution of the steel beam and concrete to the shear resistance. The
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critical shear span ratios for diagonal compression failure, shear failure, and bending failure are 1 and 3,

respectively. When the shear span ratio is 1 to 3, the steel web bears approximately 70% of the shear force. The

proposed shear capacity calculation formula offers higher accuracy compared to current design codes.

Keywords: steel-concrete composite beam; shear-span ratio; shear capacity; finite elements; calculation

method
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Table 1 Specimen parameter of DTSCB

N

L,/mm B/mm H/mm h./mm t/mm d,/mm d./mm d,/mm d,/mm d,/mm
DTSCB-1 3000 640 300 80 4 200 56 100 88 30
DTSCB-2 3000 760 300 80 4 200 56 100 88 30
DTSCB-3 3000 640 300 80 6 200 56 100 88 30
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Table 2 Performance of Steel

A t(d)/mm [/ MPa [/ MPa E./GPa
421.0 530.9 211.6

WA
6 477.0 567.7 219.6
. 8 527.6 649.8 227.2

W A
12 434.9 610. 4 191.6

1.3 MBEMNEAR
1.3.1 mHEFZ

I 7 A 2 s R s R S B AR
I #% Jy ACR =4y s RROm R, S TR B 3
ARG L CE — AR R RE A R Y A3 TC SR A 3 AT
oo TR IR IR CE A oy R S KA U il
BLE He i =z 8], W0 2 T 10 5% 52 B far 8

P
FL‘/H:‘}JH%%%

Pariis

\ 1000 ; 1000
- 3000

2 MEREE (A :mm)
Fig.2 Loading conditions

WA A 2 2 2 iy AT O A, O AR
FrEs I E, r om #k A 9% 20 kN, # % 20 kN/min,
RPN G A FE 2 min, L3k 39 5 ##k . 1E=0n
R AL RS 4w ), sk By Be B O 45 2 mm, i
R 1 mm/min, ff 2% HBF B S BRSNS 0.5 mm/

- 1000

min, REE - A B I BRSO .
1.3.2 MmEH%

50 X 2H G R e 28 B TR N N T
R AT R R 4R

A7 B M A 1A 3 B s, FE B rh T RS S X
AT E 2B H (W, W), Lo/ 4 38 35843 il 4R
B 1MW, W), I i e B2 AR Ak, 52 e b A
2L RE T (W W) I 8 52 0 LR 20 & 522 5 A
B 5N (S,~S,) , A1 375 mm, Il & VR 5Bk 1- 3

M 5 50 1 e =22 8] 8 A X M RS
14 14
W, 1000 Wi
| lf—’l |
ST S, s & S
375 375 ; 375 ; 375 ;
W, W, (W,) W;
- 750 - 750 , 750 , 750

B3 Bt HAEE(EA:mm)
Fig.3 Layout diagram of LVDT
Joj A8 W A A AN R A R 7R AL A B b
B BE T 3 AR bR MmO T AR R R A
(C~Cy) AN B v Al T P A AR (G~ Gy) Al B
AR o, 5 5 B U SR O I A = ) AR AR
(Go~Gy) o

y o — BRI

, t—w 200 = iR

v HNAR = I N AR A

500 ; 500 " 500 " 1500
L2 L1

(a) Sz AR e (CH :mm)

G G G C G G C

Cof Co
Co G fG. "Cu ‘
Gy Gs Go
G# [Gs Gio
G; Gg Gny

(b) 1-1 7 i A ] (c) 2-2 T A & 1
B4 NERHEER

Fig.4 Layout diagram of strain gauges



4 E R B R LR FROP E )

% XX A

2 HEHER

2.1 KM K

PLRE DTSCB-1 24 41 %t 42 36 B 4 o 47 48 R
T ) 3, B b B R B fr 4 S AR PR IGC L n4R )
255 kKN B, i 25 A R E AR T e B 1 R
28 (K 5(a)h @), gk PANE 273. 1 kN W}, 49 i 4
JFE 350 15 21 A0 A i IR I AE 1989. 6 X107, Ik fif % 78 X
HIEMRATE V, = P/2, NP % 421. 5 kN, 3 AR
0 1 PR 22 A B o Ak KR W R R A 3k K
GeMe B R NG . far 1 P A B 0 T 4% 439. 8
KN A, I 2 3B 3% 1 B 2 4% O PR /N TR
e W (B 5(b) ), LB 85 v 5% 5 35 51 61. 6 mm,
ik PR B 2 413, 2 kN A, Jii 22k a6 v Ak 3 i 0 g o1
BN 1) 5%, Ik 1) & e & BN R T TR BE 1 B R
i, e AT s A B IR 2] 71,5 mm (B 5(¢) ), ik
fof B8 SUCHREIR T3 V= P/2,

(c) FAWIRIET

5 DTSCB-1iXII %
Fig.5 Test phenomena of DTSCB-1

2.2 HIA-EBRIREHE

XUBF T B 50 -TR 20 2 10 09 7 -85 v e B2 il 2
B 6 i 7, 28 3 G 11 i 2k asd it e O Sk B B o 7 11
ARBTG5 , 0,0, 0 20 53l X 07 Je IR A 2% V7, L 0 {1 ff 2K
V, Bt 3 Vo X R i B v TR B R . T R A
w AV % 2R By v DARAE IR BT BT RE 1, 43 )

0D R(2) 35
(1)

(2)

300

250+
200+

150+

577 /kN

1001 — DTSCB-1
i — DTSCB-2
50 — DTSCB-3

010 20 30 40 50 60 70 80
P [ mm
El6 BYS1-B5 PR E 4
Fig.6 Shear-mid-span deflection curves
x3 MERETHHFER

Table 3 Mechanical indicators of stage load

v, v,/ Vi &/ o,/ &4
wme ’ oo ey
kN kN kKN mm mm mm
DTSCB-1 136.6 219.9 206.6 14.0 61.6 71.5 5.1 1.6
DTSCB-2 163.1 217.7 211.1 18.2 58.3 68.4 3.8 1.3

DTSCB-3 218.3 270.1 240.6 15.2 34.4 48.1 3.2 1.2
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Fig.7 Shear force-relative slip curves
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Fig.11 Constitutive curves of concrete and steel
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Fig.12 Comparison of shear force mid-span deflection curve
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Table 4 Comparison of finite element calculated values
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Table 5 Model parameter

I 2 A B/mm t/mm
2 1 0.2~4.5 640 4
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Fig.15 Influence of shear span ratio on shear force and bending moment
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Fig.18 Proportion of shear capacity of composite beam
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Fig.19 Shear load-shear span ratio curve of concrete slab
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Fig.20 Shear load-shear span ratio curve of core concrete
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Table 6 Comparison of test results and finite element

calculation results with those calculated by different formulas

A Vs Vo Vo MUV, SRR VAR Vi ViV, VAV,
HEAT X He S5 L2 6 7, % 6 A1, R SR RFARSRE SE R Aess
(10) 0 3157 25 5 5 1 50 245 S A7 B O 150 4 L = P neme e o
HEARERT . 70 0T R Ve nE el
VLN SR B A BT R A EL G R nE il
it F B R B B 44, 2K (10) H R4 L Lo o 02 2 0D
x7 AEAHMEHEESEBE
Table 7 Comparison of calculated and simulated values for different specifications
Y B/mm  t/mm V., /kN  V,,/kN V,/kN V., /kN Vi /kN ‘\//”1\ ‘;”: “//”%‘ \‘//”:
B640-1 640 4 510.73  420.02  420.02 509. 24 539. 56 1.06  1.28 1.28  1.06
B640-2 5 640 4 428.90  420.02  420.02 509. 24 411.27 0.96  0.98  0.98  0.81
B640-3 640 4 352.66  420.02  420.02 509. 24 330. 34 0.94 0.79  0.79  0.65
B640-4 5 640 4 281.59  420.02  420.02 509. 24 282.43 100 0.67  0.67  0.55
B760-1 760 4 511.63  420.02  420.02 509. 24 548. 68 107 1.31  1.31  1.08
B760-2 5 760 4 429.55  420.02  420.02 509. 24 413.83 0.96  0.99  0.99  0.81
B760-3 760 4 353.04  420.02  420.02 509. 24 332.62 0.94  0.79  0.79  0.65
B760-4 5 760 4 281.59  420.02  420.02 509. 24 286. 05 102 0.68  0.68  0.56
B520-1 520 4 509.40  420.02  420.02 509. 24 532.39 1.05 1.27  1.27  1.05
B520-2 5 520 4 427.96  420.02  420.02 509. 24 400. 74 0.94  0.95  0.95  0.79
B520-3 520 4 352.10  420.02  420.02 509. 24 323.76 0.92  0.77  0.77  0.64
B520-4 5 520 4 281,59  420.02  420.02 509. 24 274.00 0.97 0.65  0.65  0.54
B880-1 880 4 512.29  420.02  420.02 509. 24 570. 18 111 1.36  1.36  1.12
B880-2 5880 4 430.01  420.02  420.02 509. 24 417.43 0.97  0.99  0.99  0.82
B880-3 880 4 353.32  420.02  420.02 509. 24 339.15 0.96 0.81  0.81  0.67
B880-4 5880 4 281.59  420.02  420.02 509. 24 292.53 1.04  0.70  0.70  0.57
T2-1 640 2 325.71  211.95  211.95 256. 44 354.756  1.09  1.67  1.67  1.38
T2-2 5 640 2 268.72  211.95  211.95 256. 44 261.42 0.97 1.23  1.23  1.02
T2-3 640 2 217.53  211.95  211.95 256. 44 218.53 100 1.03  1.03  0.85
T2-4 5 640 2 171.95  211.95  211.95 256. 44 178.378  1.04 0.8  0.84  0.70
T6-1 640 6 692.25  707.22  707.22 758. 41 771.01 111 109  1.09  1.02
T6-2 5 640 6 586.07  707.22  707.22 758. 41 582.21 0.99  0.82  0.82  0.77
T6-3 640 6 485.25  707.22  707.22 758. 41 464. 23 0.96  0.66  0.66  0.61
T6-4 5 640 6 389.17  707.22  707.22 758. 41 386. 00 0.99 0.55  0.55  0.51
T8-1 640 8 870.30  934.14  934.14  1003.93 888. 34 102 0.95 0.95  0.88
T8-2 5 640 8 740.22  934.14  934.14  1003.93 712.58 0.96 0.76  0.76  0.71
T8-3 640 8 615.29  934.14  934.14  1003.93 635. 00 1.03  0.68  0.68  0.63
T8-4 5 640 8 494,68  934.14  934.14  1003.93 513. 64 1.04  0.55 0.55  0.51
ST 100 0.92  0.92  0.78
HR 0.05 0.30 0.30 0.28
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