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Abstract

In view of the longitudinal penetrating cracks and negative moment zone which is easy to crack in
concrete slab of steel-concrete composite beams, it is proposed in this paper to apply the shear con-
nectors with constrained measure and additional steel plate in the negative moment zone to the
beam members. The mechanical performance of 40 m steel-concrete composite box girder with the
above two structures is studied by numerical simulation, and the stiffness, stability and stress state
of the composite box girder with different deflection span ratios are analyzed and discussed. The
results show that: (1) the results of the finite element model in this paper are in good agreement with
the theoretical calculated values, which can realize the quantification of the combined mechanical
properties of composite beams, and provide a general simplified method for the optimization and fine
design of composite beams; (2) after the continuous composite beam is formed with additional steel
plates, the variable section beam can be simplified to equal section composite beam, simplifying the
design and application of composite beam, the stiffness and material utilization efficiency of the
composite beam can be effectively improved under the premise of durability, and the construction
cost can be reduced. However, the shear force of stud connectors in mid-support is 4.3 to 4.5 times
that of the edge support, the fatigue strength and durability of the stud connectors and the concrete
at the bonding surface should be checked and calculated; (3) in the example, the deflection span
ratio of 1/500 of simply-supported composite beam can be used as the deflection control index of
the normal use limit state of the simply-supported composite beam, and the continuous composite
beam is taken as no more than 1/600 of the deflection span ratio as the deflection control index of
the normal use limit state; (4) for the optimization and design of composite beams, a simplified and
practical fine analysis model should be established to quantify the combined mechanical properties
and durability of composite beams. Through numerical analysis, the numerical technical standards
of concrete, steel and various parts of the joint surface in the composite beam can be gradually es-
tablished under different working conditions, and the further development and application of the
composite beam can be guided and promoted.
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Figure 1. Diagram of structural arrangement in the negative moment region of continuous composite beams
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Figure 2. Edge beam cross-section
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Figure 3. Finite element computational model
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Figure 4. Load-deflection curve comparison chart
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Table 1. Comparison of stiffness between calculated values and finite element simulation values

# 1 HEESHRTEMERIE XL

WG MM B mm RN AN ﬁfﬂ'ﬂf %ﬂfﬂf Rz L
27.16 27.97 728.4 727.34 26,818 26,004 0.970

Table 2. Comparison of finite element model stiffness under long-term and short-term loading
= 2. WEATr K E R S AT E A A IR AR IVERIE X EE

. . KR AR AT AR B0 A A A AR RS0, 8 B 7 22 4 FH B4 M1
PR B E/mm B mm BN HIKN B /(N/mim) e Nmm) R

33.09 27.97 727.2 727.34 21,976 26,004 0.845

DOI: 10.12677/hjce.2025.1412326 3045 AT


https://doi.org/10.12677/hjce.2025.1412326

I SARG I

5. MXRERTHH

L) HAE AR AT BY BN - TR S A R ST BB SR N 5.2, I ESHENE 3, H
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(BY VA Dy P 3% 22 S AR AT S 2 AN 2R b 325 b MRl PR B 1 LR, AR T A 30 Vi vk b A KR S g
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(4) FRUE SO G AT HUERES L 1/500 1 15 456 FH IR BRAR S B AR 48 AR o OIS &5 & TP 8T 4
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Table 3. Calculation parameters for simply supported composite beam sections

#3 BXEARBEMNITESY

BELL E/Ec  le(mm®)  ls(mm®)  Ac(mm?d  As(mm?d)  yo(mm)  lo(mm%  yoq (Mm) log (MmM*)
246 597 22x10° 4x10° 6.6x105 1.15x10° 1076 8.9 x 1010 922 7.2 x 10

e HA you lov yogu log 235G REETH P A R R REE S . AERME B . Bk AA S TIA-ERE

T PR 2 R EE B . T AR AL B T B ZH & AT B M

Table 4. Finite element analysis results of simply supported composite beam

® 4 EXHEARBRTONER

$EFE (mm) 40mm 80mm 120 mm 160 mm 200 mm 240 mm 280 mm 320 mm

Pt 1/980  1/490  1/327  1/245 1/196  1/163  1/140  1/123

5 82 P 8 (KN) 554 1107 1662 2202 2770 3176 3372 3446

— 5 il R 7 e IR v / / / / 0.0051 0.0771 0.1271  0.153I
JE N S11E (MPa) 7.2 145 21.7 28.9 335 3375 341 34.3

T BY 7 i KB (KN) 4.4 8.8 13.2 17.6 22.0 25.3 31.2 35.2

kT C80 Wit L KM /7 (MPa) 7.5 15.0 225 29.9 33.8 35.3 36.3 36.8
PR AT J 120 TRt = e IR S / / / / 0.0101 01171 0.1631  0.194l

HH Al g K A % 22 (mm) 0.3 0.5 0.8 1.0 1.3 15 1.7 1.9

ANGE T L2 RG] (mm) / / / / 0.0151  0.0991 0.1151 0.176l

R N RN 1 {E(MPa) 711 1422 2133 2844 3467 347 3489 351
AN IR JE RS FEl (mm) / / / / 0.0081 0.0921 0.115] 0.153l

B HEZ ) J11E(MPa) 32.1 64.1 96.2 1282 1458 1616 1855 196.4

e L R B A T VR AR IR B PN G N P, R R IR AR KA s 2. N RREN AN B
BN IE IR 2 N B G BRI X R LRGN PIE, RJERE R R, BEARETA D 4 MBI 3.1 I
HEERE, W 39.2m; R ARRAAEImGANBE; 4 BEESMEBEERBRITOIEE, RN
H A MG IE A P B L (L/490) 5%t B i 5 rh A R i 4 1107 kN 5 A5 B 45 & T T R 5ot I s rh & rh i 4 2 bE 1251
kN Z bty 0.885. ERG T AT {5 o 20 & 0 1 st AR 3 BT D 2612 kN S8 7K 3k J1 I THE 9 2830 kN i IR
A # T14 3201 kKN #RFRA&# 714 4361 KN,
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Figure 5. Simply supported beam load-deflection curve
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Figure 6. 1/123 buckling-to-yield diagram of concrete slab
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Figure 7. 1/123 deflection-to-span ratio yield diagram of steel beamed
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T LA BY BN — VRLAE i S A A TR A X S B B AN R N 3.2, TR
AP AR BT E R R 4.04, USRS BR i B IE R E Y 5.56. TS RERYFE B 100 SRR Y I Bk
S H M4 5. 6 Fin(FSH0E X 5% 3 —80). H14 5. 6 A WA S B A A A R A&
BIMPTE NIEER) 1.68 £, ARSI A RN BE LU A 1.43 £, HARTTHTERENE 7. W&
7R, SRR B S B RS TR D 40 mm B B EE AR K BT 750 26.6 KN, KRBT 7] 70 MPa, it
T RGBT ARAE ) [22] TR AR ET BY R 9% 55 k1 PR 55 MPa, ZALRIVE RS In) R, TR AR AT
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Table 5. Calculation parameters for the section of continuous composite beams over the central support span
F 5 PXEEBRESESREETESH

PEE L ESEc o (mm?) Is (mm*4) Ac(mm?d  As(mm?)  yo(mm)  lo(mm%)  yog (Mm)  log (Mm?)
246 597 6.2x10° 562x10° 11.4x10° 1.46x10° 985 15.1 x 1010 989 10.7 x 10%0

Table 6. Calculation parameters for the cross-section of continuous composite beams at the end support shear span
6. WX EHERESAARETITESH

EEEitth Es/Ec  lc (mm?) Is (mm*) Ac(mm?)  As(mm?)  yo(mm)  lo(mm*)  yog(mm)  log (Mm?)
246 597 22x10° 453 x10° 6.6 x 10°  1.24 x 10° 1089 9.0 x 1010 947 7.5 x 1010

Table 7. Finite element analysis results of continuous composite beams
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Figure 8. Continuous beam load-deflection curve
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Figure 9. 1/217 deflection-to-span ratio of concrete slab at mid-span of continuous beam
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Figure 10. Distribution diagram of shear force for studs in the negative bending moment zone with an additional steel plate
and upper flange strap of 1/490 span ratio/kN
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Figure 11. Yield diagram of additional steel plates and upper flange in negative bending moment region with
different slenderness ratios
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Figure 12. Yield diagram of steel beam under different slenderness ratios of continuous composite beams
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Figure 13. Load-deflection curves under different parameters
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