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Elements With Shear Effects for Structures

LI Jiayu, CHEN Mengcheng, WANG Kaixin
( School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, P.R.China )

Abstract: The classical fiber beam model based on the Euler-Bernoulli beam theory ignores the influence of shear
deformation on the section. To get a more accurate beam element model, based on the fiber beam element with shear effects
and the Timoshenko beam theory, the stiffness matrix of the fiber beam element was deduced, and the dual effects of
geometric nonlinearity and material nonlinearity were considered at the same time, combined with the elastoplastic
incremental theory. Then, the nonlinear finite element analysis theory for the structure under the complex stress state of
compression, bending and shear was established. Finally, a program was coded on MATLAB to conduct finite element
numerical simulation of the typical compression-bending-shear members of reinforced concrete and rectangular concrete-
filled steel tube, and the nonlinear full-process load-displacement curves were obtained. The analysis of the numerical

examples show that, the established nonlinear finite element analysis theory is universal, feasible and correct.
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Fig. 2 The flow chart for stress updating with the incremental theory
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Fig. 3 The reinforced concrete column (unit: mm) Fig. 4 The fiber element section
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F1 HESH

Table 1 Calculation parameters

parameter value
compressive strength of concrete fl=32.1MPa
Poisson’s ratio of concrete ve=02
yield strength of rebar fy =510 MPa
sectional shear coefficient ky =Kz =6/5
elastic modulus of concrete E. =2.64x10* MPa
Poisson’s ratio of rebar vs =0.3

_ 5
elastic modulus of rebar Es=2x10° MPa

peak compressive strain of the member £=0.0052
shear modulus of concrete Ge = 1.1x10* MPa
moment of inertia I=7.63x1073 m*
shear modulus of rebar Gs =7.7x10" MPa
equivalent weight of the element P =353925kN

AR SCERARSR AR 10 751 2R P AL G 3 2548 1 B LA P 7 ¥R, s D /K SP Jaa n s, (52 F 18 e 2 o 20
AR Aw =1 mm, SAFEHR A Hn = 25, IACSHENIR LA S, FeiFiRZEs = 107,
3.1 s R ARMEEA

75 1 B YR 15 - 52 ) 9 71 24 AT, SCTE BB DL v, A2 4 DXCIRBE SR T 28 Scott %51 B IE JR Y Kent-
Park!"™ HIREE L AR, U1K 5 PR, 5 ZULV B, X T 3247 IR EE 1, 2R, n] A2 HAZ R 5T
Hk, RISz R IR BE L 2 4RO 1 0, IX— RPN IR 30K L A R B T S 1M eR IR B b e
JBE N2 R O 14 1 U5 - W 7 2 R ARG BIR 778 P4 RS RR [15] # B 4 H A K (E R 0B b 32 R AS A A TR BL (AR 3 Tk 5

.
e \2
Kf{ ( )} e<eg.,
o= g \& 27
Kfl[1-Zn(e—&)], & < e<g,,
0.2Kf,, £> &y,
/\q:‘
K =14 P (28)
1
0.5
I = 29)

30D 0750, 1| 0.002K
145/7-1000 Py T

o, KR8 A A 24 RSO T 5 | P TG - 5 i‘jt%& HRPEA B SEOTHH AT K = 1.21; pg, i 57 1)
TRFRC A 25 fyn o 00557 1) ot IR SRR B8 5 e A VR TEE A BRI A8, AR SCHL e, = 0.024 8 Zon oA 24 SRTRLERE - 107 77 107 725 iy
2R R RRELRIER, 458 (29) 18, AUz, = 13.66.
3.1.2  ARAh ARAAAEAR

A 3 ) A R R TR SR R B S AR A AR U T&] 6 T, LA MR A LR ek AN R

Es, &gy,
Os = fy + k(& _8y), &y < 3s<3u, 30)
0, & > &y,

A, ECNAAT R SR s f, AT 8 R IR 5 o, A AN AT 100 JE IR DL A 5 &Ry B9 A5 AL B R, AR 305 Sk [15]
AHIF], Bk = 0.01E,.
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Fig. 5 The constitutive model of concrete Fig. 6 The constitutive model of steel reinforcement

3.1.3 HAAEEMER
F ISR SEVERS F BB 25 5 I BT VIR T Y = 2T 4E ZR B TR A, St AR Y MATLAB FEP 15, #4k
(ERLDLZE 5 SR [15] AR ZEA T X L 23#r, Anlel 7 Fisk 2 B,
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0 4 8 12 16 20 24
displacement # / mm
B 7 - RINE
Fig. 7 The load-displacement curves
®2 BB
Table 2 Numerical simulation results
displacement u/mm ref. [15] Fr/kN numerical simulation F\/kN error 6/%

2 167.16 156.02 6.66
4 313.14 294.85 5.84
6 417.97 409.75 1.97
8 490.91 487.48 0.70
10 540.35 537.67 0.50
12 568.83 558.61 1.80
14 577.99 570.97 1.22
16 573.22 555.43 3.10
18 562.80 534.98 4.94
20 552.04 515.57 6.61
22 538.23 497.12 7.64
24 517.62 479.59 7.35

TP 7 A0 2 AT UL: AR SCHYTHIN S R SCHR [15] 5 25R W) 5 B4, 7K 28 ) 4 id A FROCRU BRI 45
AR T SCRIR [15] PSSR, HARXTR ZZI1E 8% LA, Z5MI RS Be L Sk B LR B BON A .
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Fig. 8 The calculation model for the rectangular CFST column under the Fig. 9 V-R curves of the rectangular CFST column

compression-bending-shear loading condition
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