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The application of elastic second-order method with considering stiffness
reduction to two-span bent structure

LIU Yi*", LIU Nianpeng® » ZHUO Zi®, MENG Xiufan"

(a. Key Laboratory of New Technology for Construction of Cities in Mountain Area, b.College of Civil Engineer;

c. Faculty of Architecture and Urban Planning, Chongqing University, Chongqing 400045, P.R.China)

Abstract: Second-order effect of structural members is usually analyzed with a practical and effective elastic
finite element method in the design of frame structure. The method considers the stiffness reduction of
structural members, the structural geometric nonlinearity and the material nonlinearity, and its accuracy
mainly depends on the rationality of stiffness reduction factor. Until now, there has no research on the
stiffness reduction factor of the two-span bent structure. 34 typical single story equal-leg two-span bent
columns were taken as the object to carry out the elastic second-order analysis and the nonlinear static
analysis under the most unfavorable loads. Taking the equivalence of the entirety second-order effect as the
target, a unified stiffness reduction ratio is suggested which is compliant to two-span bent columns. And
the effectiveness of the elastic second-order method with considering stiffness reduction in two-span bent
structure and the rationality of the stiffness reduction factor is proved through comparing the nonlinear
analysis to multi two-span bent structures.
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Fig. 1 The non-liner response of structure

P P
I Y ey = —
7/EI” / K, () | K
| | |
| |- .
EI EL| = i\Kh (x)K, (x)||= K., K.,

Z | | | |

[ -

(a) MNAERETHE  (b) KEERIBLREI R (o) G—RRIESEREE
B2 HEREFRNEREE

Fig. 2 The equivalent procedure of elastic stiffness reduction
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Table 1 The example number of double-span bent frames

B BREORE HEARUE 0.3 kN/m?  BEAKUE 0.5 kN/m® A& KUK 0.8 kN/m?
LSOV Y YO 1 ¥ 21 B OBE O BE O BE BE O BE BE BE BE
t m m 18m 24m 30m 18m 24m 30m 18m 24m 30m
9.5 0.379 4 20
10 3.6 7.1 0.507 1 5 16 21 32
6.0 0.600 6 22
9.9 0.394 7 23
20 3.9 8.0 0.488 2 8 17 24 33
6.9 0.565 9 25
9.4 0.447 10 26
32/5 4.2 8.3 0.506 3 11 18 27 34
7.7 0.545 12 28
9.5 0.505 13 19 29
50/10 4.8 8.3 0.578 14 30
7.7 0.623 15 31

R2 HOAXRANETHRASEE

Table 2 The loading combination types of the example adopted

[GE EikEEpil ERiETR,
A 1.2,4,5,6,7,8,9,16,17,20,21,22,23,24,25,32,33
B 3,14,15,30,31

@

10,11,12,13,18,19,26,27,28,29,34
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Table 3 The displacement comparison of bent frames and stiffness reduction factors

e ARgRtE . TR Y .

wH B B Mf WS | EE B W @ai” R 47
HY fE/ BB/ ﬁ m/ AN | HE  mB/ B/ Tﬂ TES e

mm mm mm mm

1 —17.12 —17.12 1020 1.000 18 28.23 29.32 1664 0.964
2 —32.65 —35.56 1 344 0.924 19 56.23 59.05 3034 0.956
3 25.19 25.31 1 374 0.996 20 —43.89 —50.37 1 956 0.870
4 —42.17 —49.66 2 142 0.860 21 —22.28 —24.30 1024 0.923
5 —21.17 —24.22 1278 0.878 22 —15.14 —15.14 1020 1.000
6 —14.75 —15.69 1020 0.942 23 —63.65 —69.41 2 696 0.927
7 —59.63 —71.94 2 820 0.841 24 —39.59 —43.25 1 850 0.923
8 —37.46 — 44,97 2 044 0.842 25 —28.43 —30.55 1 340 0.936
9 —26.38 —30.56 1574 0.867 26 38.67 41.87 1 886 0.929
10 37.20 39.97 2 264 0.933 27 28.84 30.29 1474 0.955
11 27.87 30.00 1 858 0.931 28 24.75 25.01 1274 0.990
12 23.92 25.17 1 660 0.951 29 57.09 59.38 2 886 0.965
13 54.43 56.98 3142 0.958 30 43.15 45.65 2 386 0.949
14 40.37 43.13 2 662 0.938 31 37.39 39.28 2 144 0.955
15 35.06 37.20 2 430 0.944 32 —27.97 —30.58 1 886 0.932
16 —21.45 —24.10 1132 0.915 33 —49.51 —51.64 2938 0.962
17 —39.39 —43.66 1982 0.910 34 34.47 36.60 2 370 0.944

i Of/ N F A 1021 mm®;
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Fig. 3 The scatter diagram of stiffness reduction factors
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Table 4 Checking the suggested value of stiffness reduction factor

2 SRR BE 3 v A P By S35 1y
T s 5/ 51/ =2 B/ 51/ %/
£ R kN - - ~ - i
(kN + m) kN mm (kN » m) kN mm
R 420.68 446.8 —48.2 445.3 —48.0
7 i 952.02 331.5 —4.7 —71.21 408.0 —10.2 —71.94
At 335.15 488.1 —62.6 415.4 —57.3
Paps 407.37 297.4 —40.23 297.3 —40.5
9 P 938.71 248.6 —1.01 —31.94 286.1 —5.2 —30.56
ZEME 321.85 317.2 —51.2 267.1 —46.7
ik 781.04 —523.9 51.6 —544.8 53.7
10 Rk 1161.47 —454.0 16.6 44.96 —477.5 19.3 39.97
At 451.24 —571.4 61.2 —499.1 56.3
R 770.80 —413.5 43.2 —429.8 44.7
12 FfR: 1151.23 —384.3 15.2 28.26 —402.6 16.8 25.17
R 441.01 —459.5 56.8 —422.7 53.7

A% 4 AT 25 R BE T B4 AT PN A P SN T e TR IR £ AT D Al 2 A R A R 0
T 0 )57 A% o R AR TR 25 R DAL AT 28 B g AR T 1A 3 0 ) B[] B2 e W] AT 5 5 AR RE A s R B0k
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