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Exact finite element method for time-dependent analysis of
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Abstract: To overcome curvature locking in conventional displacement-based finite element methods
for analyzing the long-term mechanical behavior of steel-concrete composite beams, and to improve
computational accuracy and efficiency, an exact finite element method that accounts for interfacial slip

between the two beam layers, shear deformation of beam layers, and the effects of concrete shrinkage
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and creep was proposed. Based on the fundamental equations of elasticity and a linear viscoelastic
constitutive model for concrete creep, the governing differential equations for the composite beam
element were derived and solved analytically. The exact element stiffness matrix and equivalent load
matrix were formulated using the direct stiffness method, and a corresponding numerical program was
developed. The proposed method was validated using three representative examples, followed by a
parametric study. The results indicate that the proposed finite element method can accurately predict
the time-dependent mechanical response of steel-concrete composite beams while accounting for both
shear deformation and interfacial slip. High accuracy can still be achieved with a relatively coarse
mesh and a limited number of time steps in shrinkage and creep analysis. Compared with the
analytical solution, the error in deflection at 365 d is less than 3.2%, while the computational
efficiency and applicability are significantly improved. In comparison with a finite element method that
neglects shear deformation, the proposed method reduces the error by more than 10%. The proposed
method therefore provides an efficient and reliable computational tool for the long-term performance
analysis and engineering design of steel-concrete composite beams.
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a steel-concrete composite beam
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a steel-concrete composite beam
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Table 1 Mid-span deflection at different time stages mm

A b ik 30d 50 4E
AL —21.86 —23.09 —31.26
k[ 37] —21.33 —22.62 —30.80

RARVEAR SC oM 7 1R R 05, 22 2 3 43 B4
41 A 53 A TR B i 25T C 25 8088 28 5) DL KR
fiff B T 35 50 45 0] 43 AN ] B 25 B CRR T30 o 2)°F
(10 2 it v 38 i) B R AR 45 SR A X L

P 5 v kg 438 43 o SCik [ 37 13 i A AR 2 25 1)
B CRf BT 150 485 6 0 7 728 105 A5 310 1 70000 &5 2R HL R %
JEBTYIRN . HESME LM, B T IZAARE



120 X i E M

2026 S

x2 TRBETHUS TIHELERILL

Table 2 Comparison of calculation results under different element

mesh divisions mm

LT Ik 30d 504¢
2 —21.8593333 | —23.0876107 | —31.2642244
4 —21.8593333 | —23.0876107 | —31.2642244
6 —21.8593333 | —23.0876107 | —31.2642244
10 —21.8593333 | —23.0876107 | —31.2642244
20 —21.8593333 | —23.0876107 | —31.2642244
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Table 3 Comparison of calculation results at different time stages

mm
P2 30d 24 104F 50 4
5 | —23.08761 | —29.024 99 | —30.73055 | —31.264 22
7 | —23.08761 | —29.009 82 | —30.724 32 | —31.261 96
9 | —23.08761 | —28.99937 | —30.71222 | —31.261 35
11 | —23.08761 | —28.99730 | —30.65270 | —31.23532
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Table 4 Comparison of mid-span deflections mm

oK it 15 I 30d 365d
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W Table 7 Ratios of calculated value to reference value of mid-span
1.25F ——314d deflection under different time periods and span-to-depth ratios
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< 115k
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Fig. 11 Relationship between mid-span deflection and

L/H under time-dependent effects
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Table 5 Mid-span deflections and end slips at L/H =3 mm

. T SR
W | %W | EE | S%M

o5t st 0.261 88 0.203 55 0. 100 68 0. 100 56
31d 0.32302 0.250 35 0.127 01 0.124 88
500d 0.51593 0.419 26 0.226 21 0.218 09
25550d 0.570 57 0.467 58 0.25529 0.24501
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Table 6 Mid-span deflections and end slips at L/H = 12 mm

_— ¥ hR g i 1 B
A ZH N WA 2%
[A30) 15.0276 | 14.6522 | 1.88473 | 1.88248
31d 17.8567 | 17.3817 | 2.25420 | 2.24384
500d 24.7301 | 23.9453 | 3.20525 | 3.15774
25550d | 26.5323 | 25.6510 | 3.45821 | 3.39817
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Fig. 13 Relationship between mid-span deflection and

shear connection stiffness under time-dependent effects
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