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Abstract:
steel-concrete composite beams with different shear

In order to study the mechanical behavior of

connection degree, finite element models of composite
the validity and

correctness of models are verified by four beam tests.

beams are established. In addition,

Moreover, factors such as the number, diameter, length
and material strength of the studs are selected to conduct
the parametric study, by using the orthogonal test
method. Furthermore, the influence of shear connection
degree is discussed and the fitting formulas of bending
capacity and end slip of composite beams are obtained.
The results show that the number and diameter of studs

have the most significant effect on the interface slip of
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composite beams. In addition, the bending capacity and
beam end slip of composite beams with different
connection degrees can be accurately predicted using
fitting formulas. Moreover, in bridge engineering, as the
studs are usually distributed according to structural
requirements, the limit value of interface slip is not the

controlling factor when designing composite beams.

Key words: composite beam; shear connection degree;

parametric study; beam test; bending capacity;

interface slip
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Fig.1 General layout of composite beams (unit: mm)
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Tab.1 Distribution of studs

JEETZ a1 SN2 B MR T /N K e
Hm M%TMmrr‘JnlEﬂEE/ *E-%A/T\T N/ SO 5
SCB—1 215 14 1.00
SCB—2 320 10 0.71
SCB—3 400 8 0.57
SCB—4 186 16 1.14
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Fig. 2 Finite element model
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MPa, [ -1 A8 [ 26 RG2S RSN . i AT
e A, 15 BEET YRR R 2. 0X10° MPa, 1
FR 5 ok 525 MPa.,
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Tab. 2 Contact relationship in models
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Fig. 3 Setup of beam test
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WY 3 S e, BV AT B 25 7R 28 ) Wit o 3 AR P T 3
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Tab.3 Results of bending capacity

iR AROTEAME/KN B i/kN R/ %
SCB—1 226 228 —1.0
SCB—2 220 221 —0.4
SCB—3 213 211 0.8
SCB—4 240 233 —2.9

B BROCTH A 25 R 5 B a0 A5 2 A9 oy 30
Mo 2 i) A REREA 70 b, AP 4 Fr s . B Aral LA
B AR THUERET T T, DY AR X i 2
RS I 2 B T 25 RS RIS RS i 2 it %
PR RIS I A o A FROCAR A5 5
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SCA BRCAR Y RE A% 45 kg HERA HASDLA ] i 2 R i 2
RN A IES R G R MBI E R
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Fig. 4 Curves of load-slip

0 05 1.0

3 SHOH
3.1 BHIZE

KSR HRETHCR CHBS) K B A
FIBRIEREAL A TIPS BB A ST T £

S R B SO . AT ABAQUS/CAE i
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Tab. 4 Levels of different factors

KPEC BoR/A HE/mm REE/mm 3R/ MPa
1 8 10 55 445
2 12 13 60 485
3 16 16 65 525
4 20
5 24
6 28

LT A SRUKE A6 2 TR TR 2
THREACH KR, I AT R FHIEAC T A IR =
BB A AT AR L, SEBLR R K F
(355 AT LEAE RN 2] 43 HPE DU I8 21 &8 2 A Al
B TBLAR T 4 S HO 45 R 52 i g i 1) B
s RS T T IEAC T E IR A KT
IEAESR, IFEE X 18 SR 43 i i T A BR T
B BanER 5 IR S o 1S R AR ET S
R84 CEESPY) T HAZR M 10 mm FRET B R 55
mm ST R BR 58 A 445 MPa.
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Tab.5 Calculation scheme of orthogonal design

W75 Ba(=1) HHE(G=2) KEG=3) @mEG=4)  F=HG=5) =H0G=6) F=H(G=7) AR
1 1 1 1 1 1 1 1 0.304
2 1 2 2 2 2 2 2 0. 560
3 1 3 3 3 3 3 3 0.919
4 2 2 1 1 2 3 3 0.771
5 2 3 2 2 3 1 1 1.273
6 2 1 3 3 1 2 2 0.538
7 3 1 1 2 3 2 3 0.663
8 3 2 2 3 1 3 1 1.213
9 3 3 3 1 2 1 2 1.557
10 4 3 1 3 2 2 1 2.297
11 4 1 2 1 3 3 2 0.760
12 4 2 3 2 1 1 3 1.401
13 5 3 1 2 1 3 2 2.546
14 5 1 2 3 2 1 3 1.077
15 5 2 3 1 3 2 1 1.542
16 6 2 1 3 3 1 2 2.123
17 6 3 2 1 1 2 3 2.725
18 6 1 3 2 2 3 1 1.160
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TN, FRET B AR ET BT AL A R 0 R
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Tab. 6 Results of finite element models in orthogo-
nal test
e A > S AT
I NS e ks od = 0
1 206. 8 0.923 0. 304
2 215.2 0.635 0. 560
3 226.5 0. 359 0.919
4 226.4 0.417 0.771
5 230. 1 0. 240 1.273
6 219.8 0. 589 0.538
7 223.2 0.414 0. 663
8 228.2 0.275 1.213
9 234.6 0. 186 1.557
10 237.6 0. 156 2.297
11 229.9 0.324 0. 760
12 234.9 0.224 1.401
13 237.9 0.125 2. 546
14 231.8 0.231 1.077
15 236. 4 0. 180 1.542
16 239.3 0.145 2.123
17 242.3 0.103 2.725
18 237.5 0. 190 1. 160

g

M B PIES MR ET T 228, AT A A R B o
R

TE FARRIR I, A KRBT 400 AR AR A 52 e i
REVEIATR Y . AR, AR AT RO A B AR A
PIFE a=0. 005 /K- 1 35, K BT Bt (9 52 i 2 o WA
o A PREMHBTRIRE T NN 5 s

RT HERGNEES TR
Tab. 7 Data analysis of bending capacity

T et (j=1) HEZ(G=2) KBE(=3) SREE (j=4) Z551 (j=5) ZE5 (j=6) 5 (j=7)
K 648.5 1348.9 1371.1 1376.4 1369.9 1377.5 1376.6
K, 676. 3 1380. 4 1377.5 1378.7 1383.1 1374.5 1376.7
Ky 686. 0 1409.1 1389.8 1383.3 1385.4 1386.4 1385.1
K, 702.3
K, 706. 2
K, 719.1
ky; 216.2 224.8 228.5 229.4 228.3 229.6 229.4
ky; 225.4 230.1 229.6 229.8 230.5 229.1 229.5
ks 228.7 234.9 231.6 230.5 230.9 231.1 230.9
k, 234.1
ks, 235. 4
by 239.7

*ﬁ%Rj 23.5 10.1 3.1 1.1 2.6 2.0 1.4

227 Ml y sy 1059.7 302.6 29.9 4.0 R e =43.8
GiilhtF, 27.3 19.5

P MR R RE 7 35 X 2 AR R 0. 6 R DT 7R
3 i £ 5 v A T R AT 0 A, S5 OR A SR 8
NS

P 6 S 2% IR AR BT 52 o Pl ] L% IR
ROHG R RN, 255K 6 KRS
TRUE B, AR SR TR BRI oK, SR 5T B
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Fig. 5 Influence of factors on bending capacity
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Tab. 8 Data analysis of beam end slip
TR B (j=1) HEG=2) KEE(G=3) PR (=4) Z 4 (j=5) Z3 4 (j=6) 25 (j=7)
K 1.917 2.671 2.18 2.133 2.326 1. 949 1.774
K, 1. 245 1.876 1.807 1.828 1.625 2.164 2.004
K 0. 875 1.168 1.728 1.754 1.662 1.5 1.835
K, 0.704
K, 0.536
K, 0.438
ky; 0.639 0.445 0. 363 0. 356 0. 388 0.325 0. 296
ky; 0.415 0.313 0.301 0. 305 0.271 0. 361 0.334
ks 0.292 0.195 0. 288 0.292 0.277 0.25 0. 306
ky 0.235
ks, 0.179
by 0.146
T}}z’:ﬁR_, 0.493 0.250 0.075 0.063 0.117 0.111 0.038
P25 5 il y s 0. 507 0.188 0.019 0.013 P2 yse=0. 049
GiilhtF, 12.4 11.5
0.7 0.7
0.6 0.6 —=— BETER
—Oo— BATKE

—— MBRE
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ZeomE s / kN
o o
w
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Fig. 6 Influence of factors on beam end slip
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Fig. 7 Influence of shear connection degree on

bearing capacity
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Fig. 8 Influence of shear connection degree on

beam end slip
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FESEBRHR R TR ARG A B BIR AL A AR R St
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