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Analysis of normal section bending bearing capacity of inverted
U-Shaped steel-encased concrete composite beam

Yan Qiwu, Zhang Zheng
(School of Civil Engineering, Central South University, Changsha 410083, P. R. China)

Abstract: In order to study the normal section bearing capacity and the formation requirements of a novel
inverted U-shaped steel-encased concrete composite beam, the nonlinear finite element models of the
composite continuous beams have been established based on the existing U-shaped steel-encased concrete
composite continuous beams. The load-deflection curve at mid-span of the composite continuous beam finite
element model was plotted, and compared with other test results. It proves the rationality and effectiveness
of the modeling method and parameter selection of the composite beam finite element models. Using the
established finite element model of composite continuous beams, the main influential parameters of normal
section bearing capacity of the inverted steel-encased concrete composite beams are analyzed. Based on the
test and simulation results of normal section bearing capacity of inverted U-shaped steel-encased concrete
composite continuous beams, it is proposed that when the normal section bearing capacity of the composite
beam is calculated by the simplified plastic theory, the plastic theoretical calculation value of the normal

section bearing capacity of the composite beam should be multiplied by a correction factor of 0. 96.
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Comparing the calculated value of 0. 96 times the plastic theoretical calculation value of the normal section

bending capacity of the composite beam with the calculated value of the finite element model of the

composite beam, the two values are found very close in safe side. The proposed modified simplified plastic

theory calculation value of the normal section bending capacity of the composite beam is accurate and

reliable enough.
Keywords: composite beam;

theory; structures
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Table 1 Material properties of rebars and steels
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Fig. 1 A two-span composite continuous beam and its load
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Fig.2 Composite continuous beam section
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concrete composite two-span continuous beam
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Fig. 6 Schematic diagram of general yield moment method
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Table 2 Comparison of test results and simulation results of specimens
8/ % A/mm  Ay/mm 8/%

o/ % Prax/kN  Pomax /KN 0/ % Ay/mm  Ay/mm

No. Py/kN  P,/kN
B1 94. 5 100. 7 6.5 278.2 298. 2 7.2 7.8 8.3 5.4 63.7 59.0 —7.4
B2 127.1 130. 2 2.4 296. 6 315.1 6.3 8.1 8.3 3.3 50. 5 52.9 4.7
B3 208. 0 215.9 3.8 298. 2 328.0 9.9 8.6 9.4 9.3 47. 4 50.2 5.9
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Table 3 Stresses and strains at section key points on load characteristic points of the load-deflection of finite element model B1

I% 71 /MPa G R R R UE VK
TRAFE g 3 5 K Bz BEPZ O REUE PIOE o g e
JEMIMR MM TR DUER BT R RNEM RIEE
JE MR 185.39  52.38  101.73  113.56  129.79  113.41  148.85  101.16 0. 000 757 0. 000 254
WA 465.00  142.10  465.03  465.01  390.15  390.74  390.19  390.24 0. 003 34 0. 003 22

A BRTCAR B AL 8 56 X1 1 o 2 5 v B
2k 2B, A HLAC B AT 1Y U BLAMu ) BdL & Rk
A= IR o for 8k B 21 & SR UG (R for 4R ), 2 & R 15
Hh 5 e S AT 53 R S AR DS PR A7 R U e IR A o HL A
PR BN AR TC I 3Z hiad 232 1, #B I8 B i R B 7
2 R A TREE - 390 25 07 28 130 il o YRR - A B
A% 0. 003 3,52 HEIREE £ W ) FEAER IS 2R EE + 52 1%
WA ), U B A 2H 5 32 AT 7 48 n] LR
RZHUH A BB AR )35 R % fay 4k 28 v 2
WA, 26 WO S 1 21 2 B T A Y i 28— 55 rp 4%
FERLALL 55 T 1) 3 36 fr 28K 25 e B AR TR R S AR —
3, ULRHZE 6 7 15 1 2 QR Ay 1 M S EGE U A
A B ST R LA T I O S A R TR R B A il
& TSR A T P AN T S
2 AEFERBEHEMT AN

S

J T RAWF SRR B U T SMAR TR 4
A T A TH B0 A AR A T R b R A DL A o 1Y
B1.B2 f7 FRICHLRY, Xof 20 & G 1F # 1H Bt 25 7K 28 ) i
T80T, TIEA G A BRITHEA G 40— H s
PLE TS B AR 3 22 T HAE .U
T AMUAR GEIE R TREE Lo B R AR R T
— AR IR I A RS B LI FL R B LA | 5T
B EAR R ET RS R AT, 41 A BR e A Al
- PRI S RO 4, 4 P AR RO
RIS, Bl Pk AL A A BROT AL DUAH I 3 55 1t
4 BY JUAT R B A e /i S 2% e 5r . B2 HF ki

HAARA PRITHA LU 5 B2 U] R b T
BT 225 H 57 A KA R oh B B 0 i (L
B2-PBLB3.4.5.6 B A, EARFE 0 6 mm).
B SR A AT BROTARSE LI 3] B0 4% 15 v i
BRI 7.,
F4 RFFRTRBEEHERSEESTSH
Table 4 Parameters of normal section bending performance

analysis of specimen finite element models
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Fig.7 Load-deflection curves in mid-span simulated by finite
element model of composite two-span continuous beams

under various parameters
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Fig. 8 Reinforcement section of a composite beam
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Fig. 9 Calculation Diagram of T-section Bearing Positive
Moment with Plastic Neutral Axis in the Flange
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Fig. 10 Calculation Diagram of T-section Bearing Positive
Moment with Plastic Neutral Axis in the Web
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Fig. 11 Calculation Diagram of T-section Bearing Negative
Moment with Plastic Neutral Axis in the Web
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Fig. 12 Calculation Diagram of T-section Bearing

Negative Moment with Plastic Neutral Axis in the Flange
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TableS Comparisons between the simulated values and theoretical values of T-section normal section bending capacity

bearing positive moment

M, rEn/ My, A/

M, ren/

4 B Moo 0. 96Moion | g g1 Muwn/ Mures 0. 96Mu.n
(kN . m) (kN . m) u, IDA u, FEA (kN e m) (kN . m) u, IDA u, FEA
Bl 135. 89 137.50 0.99 0.97 B2-PBLB3 215. 88 220. 28 0.98 0. 98
B2 156. 79 160. 63 0.98 0. 98 B2-PBLB4 217. 14 221.01 0.98 0.98
B3 188. 14 195. 32 0. 96 1. 00 B2-PBLB5S 218.95 222.74 0.98 0.98
B2-FBZJ6 156. 79 160. 63 0.98 0.98 B2-PBLB6 220. 19 222. 44 0.99 0. 97
B2-FBZJ10 165. 06 168. 15 0. 98 0. 98 B2-PBLLH50 156. 79 160. 63 0.98 0.98
B2-FBZJ14 176. 85 179. 49 0.99 0.97 B2-PBLLH60 156. 08 162. 79 0. 96 1. 00
B2-46 169. 64 183. 24 0.93 1. 04 B2-PBLH70 154. 56 163. 22 0. 95 1.01
B2-56 196. 05 203. 44 0. 96 1. 00 B2-PBLD20 155. 88 162. 48 0. 96 1. 00
B2-66 220.19 222.44 0.99 0. 97 B2-PBLD25 156. 79 160. 63 0.98 0. 98
B2-38 166. 13 184. 60 0. 90 1. 07 B2-PBLD30 154. 83 161. 11 0. 96 1. 00
B2-39 179. 17 195. 77 0.92 1. 05 B1-80 146. 10 152. 97 0. 96 1. 01
B2-310 193. 83 206. 82 0. 94 1.02 B1-120 148. 57 152. 97 0. 97 0.99
B2-C40 141. 69 152. 52 0.93 1.03 B1-160 147. 65 152. 97 0. 97 0.99
B2-C45 143. 64 154. 13 0.93 1.03 B2-G6 156. 79 160. 63 0.98 0. 98
B2-C60 159. 60 162. 04 0. 98 0.97 B2-G10 157. 65 160. 63 0. 98 0. 98
B2-C65 161. 22 162. 97 0. 98 0. 97 B2-G14 157. 39 160. 63 0. 98 0. 98
B2-YYG80 127. 22 133. 25 0.95 1.01 B2-S160 156. 79 160. 63 0. 98 0. 98
B2-YYG100 156. 79 160. 63 0.98 0. 98 B2-S120 155. 03 160. 63 0.97 0.99
B2-YYG120 175. 94 180. 34 0. 98 0.98 B2-S80 157. 98 160. 63 0.98 0. 98
B2-YYK660 156. 56 160. 53 0. 98 0.98 B2-SD10 154. 87 160. 63 0. 96 1. 00
B2-YYK680 156. 79 160. 63 0.98 0. 98 B2-SD13 155. 30 160. 63 0. 97 0.99
B2-YYK700 157.71 162. 18 0. 97 0.99 B2-SD16 156. 79 160. 63 0.98 0.98
B2-FBG140 133.17 141. 89 0. 94 1. 02 B2-SD19 157. 25 160. 63 0. 98 0.98
B2-FBG150 156. 79 160. 63 0.98 0. 98 B2-SC70 156. 79 160. 63 0.98 0.98
B2-FBG160 168. 02 171. 95 0.98 0.98 B2-SC60 156. 39 160. 63 0. 97 0.99
B2-FBK110 149.73 155. 61 0. 96 1. 00 B2-SC50 154. 56 160. 63 0. 96 1. 00
B2-FBK120 156. 79 160. 63 0.98 0. 98
B2-FBK130 165. 29 167. 95 0. 98 0. 98
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Table 6 Comparisons between the simulated values and theoretical values of T-section normal section bending capacity

bearing negative moment

. M, ren/ Mu.pa/ M, . . 96M,.1n e M. ren/ M..mwa/ M, rr . 96M,.1n

UL (kN * m) (kN * m) Mu.jl}m\ ’ lg\)/?wlfmlm UL (kN * m) (kN * m) Mu.?;/\\ ’ lg\)/?wlfmlm
Bl 82. 22 84.91 0.97 0.99 B2-PBLB3 142.72 139. 38 0.98 0. 98
B2 126. 42 128. 07 0. 99 0.97 B2-PBLB4 147. 00 146. 62 1. 00 0. 96
B3 173. 25 176. 90 0. 98 0.98 B2-PBLB5 151. 27 150. 28 0.99 0.97
B2-FBZ]6 126. 42 128. 07 0.99 0.97 B2-PBLB6 160. 07 152. 99 0. 96 1. 00
B2-FBZJ10 127.94 129. 74 0.99 0.97 B2-PBLLH50 128. 07 126. 42 0.99 0.97
B2-FBZJ14 129. 53 131. 84 0. 98 0.98 B2-PBLLH60 130. 89 126. 31 0. 97 0.99
B2-46 133. 41 138. 77 0. 96 1. 00 B2-PBLLH70 133.70 125. 89 0. 94 1.02
B2-56 143. 52 149. 44 0. 96 1. 00 B2-PBLD20 132. 45 127. 89 0. 97 0.99
B2-66 152. 99 160. 07 0. 96 1. 00 B2-PBLD25 128. 07 126. 42 0.99 0.97
B2-38 128. 56 131. 80 0.98 0. 98 B2-PBLD30 119. 64 115. 35 0. 96 1. 00
B2-39 129.5 133.79 0.97 0.99 B1-80 128. 07 123. 46 0. 96 1. 00
B2-310 131.2 135. 43 0. 97 0.99 B1-120 128. 07 125. 25 0.98 0.98
B2-C40 121. 85 124. 21 0. 98 0. 98 B1-160 128. 07 126. 42 0.99 0.97
B2-C45 122. 33 125. 46 0.98 0. 98 B2-G6 128. 07 126. 42 0.99 0. 97
B2-C60 126. 53 128. 66 0.98 0.98 B2-G10 128. 07 127. 43 0.99 0. 96
B2-C65 127. 54 129. 55 0. 98 0.98 B2-G14 128. 07 127. 56 1. 00 0. 96
B2-YYGS80 121.52 119. 72 1.02 0. 95 B2-S160 128. 07 126. 42 0.99 0.97
B2-YYG100 126. 42 128. 07 0.99 0.97 B2-S120 128. 07 124. 95 0.98 0. 98
B2-YYG120 131. 25 132. 25 0.99 0.97 B2-S80 128. 07 127. 41 0.99 0.97
B2-YYK660 126. 11 128. 07 0. 98 0.97 B2-SD10 128. 07 123. 85 0.97 0.99
B2-YYK680 126. 42 128. 07 0.99 0.97 B2-SD13 128. 07 124. 25 0.97 0.99
B2-YYK700 126. 75 128. 07 0. 99 0.97 B2-SD16 128. 07 126. 42 0.99 0.97
B2-FBG140 114.1 119. 88 0. 95 1.01 B2-SD19 128. 07 127.98 1. 00 0. 96
B2-FBG150 126. 42 128. 07 0.99 0.97 B2-SC70 128. 07 126. 42 0.99 0.97
B2-FBG160 136. 11 136. 48 1. 00 0. 96 B2-SC60 128. 07 125. 98 0. 98 0.98
B2-FBK110 119. 51 125. 28 0. 95 1.01 B2-SC50 128. 07 123. 99 0. 97 0.99

B2-FBK120 126. 42 128. 07 0.99 0. 97
B2-FBK130 129. 53 130. 59 0.99 0. 97
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DU B ARIER 12 21 A 22 0E 25 X OE 48 A T 2 K 4k
JHEIE ZBUR B e =0. 967 — 1. 645X 0. 000 380=
0. 966,

X TR AR 2 A T A 1E # i
U R T 54 AN AR 254 X OE
BT KA 1A BROCAE RS S5 B TR (A Y H
IR 0. 979,97 2274 0. 000 202, 3% HA 95% LA



92 I REZxRR A

% 42 %

M, pea/M,, 1pE
coocoooooooo-
X OO OLOOOOOOOD
CO—=NWANAIROD

120 140 160 180 200 220

M, pep
(a) BUOME 5P ES T A L GEEE)
1.00
0.99

M, rEA/M, 1DE

COLOOOOSSS
loblolloloo

i .
. L -
120 140 160 180 200 220

M, yEa
(b)0.964F ¥ FE T AR SR L A8
(%)

o
OO —NWRARNIRD

1.02 .
" 1.01
£1.00 P
5 '
s 0.99
X098 ;,‘_' .
=
0.97F «
: ¥,
= 0.96 . -

0.95
0.94

80 100 120 140 160 180
Mu,FEA

(e ) BUUME 5 PERE T A I B (5 )

1.01 .
=

£1.00 .~
70.99 e
§<0.98 .
£0.97 r
3 -
096 ve

0.95 .

80 100 120 140 160 180
M, rEA

(d)0.96f5 PR b 11 S8 SAUDME I B
(&R

13 TREEESEAZASENESEILENILER
Fig. 13 Comparison of the simulated values and theoretical

values of T-section normal section bending capacity
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