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Analysis of Dynamic Second-order Effect in Simply Supported
Bridge System with Stiffness Correction Coefficient

FAN Qiwus QIAN Yongjiu, SHAO Changjiang
(Schodl of Civil Ergineerings Southwest Jiaotong University, Chengdu Sichuan 610031, China)

Abstract: Based on mechanical characters of the simply supported bridges, the method with stiffness correction
coefficient for quick calculating the P- Jeffect in nonlinear seismic analysis was presented. The stiffness correction
coefficient which fits to Euler-Bernoulli beam theory considering the P- Oeffect was derived in analytic method. On
this basis the stiffness correction wefficient for Timoshenko beam theory was also derived. The stiffness correction
coefficient was introduced to the Pushover analysis and the direct integration method of nonlinear dynamic time -
history calculation with the compiled program, and the method was applied to the calculation of the bridge seismic
resistance. Compared with results using the high precision solid element analysis with increment iteration, it is
concluded that (1) the method with tangent stiffness correction wefficient is a simple, effective method to solve the
poblem with second-order effect; (2) the results in Timoshenko beam theoty is mowe accurate than results in Euler
Bernoulli beam theory; (3) during earthquake, second -order effect of the structure can be magnified, its role
should not be neglected.

Key words: bridge engineering; effect; stiffness correction wefficient; Pushover; nonlinear time history analysis

[

: 2007-09-07
(2006A24-584)
(1981 ), s s s . (fangiwu @yahoo. com c¢n)



26

78
b b o 2
, , s P-90
e . Euler-Bemoulli 1.1 Euler-Bernoulli
Timoshenko 2 N F ,
) 2 0 E] ) :
. . N(A—y)+F(L—x)=Eh'=—M. @
’ a2: M
, EI
//2:2AE27:2@A7E
y+aya+Na(L x)aN+ Rk
@)
s 1. F oL
, , y:C.cosa.x—FCzsinax*ﬁxﬁ—F—FAo 3)
Fuler-Bernoull ; .4 -
EFuler-Bernoulli , Timosh- 2
-
enko . 2
1> JEl
Pushover T = T -
, P-9 x
P-90 Euler-Bernoulli Timoshenko
’ 2 P-9
’ Fig 2 Analysis of the p-delta effect in the
cantilever with uniform section
:x=0,y=0; x=0, y,ZO; x=1L,
y=A
G P T S s F F
Cl— NatanaL, Cz—Na o
2
|~ BNR_ A= Ganal — a) :
a
LSS ,\,F[(aL)S 2(aL)5] _FL| 2N
A el ™3 705 ) T3E| VSEr] - @
1 ’ p-9
Fig1 Simplified calculation model ’
Euler-Bernoulli
1 s P-9
Euler-Bermoulli ) ke= %: SE1 >T= kv Bes 3)
L] 1+ 2L
’ o S5EI
Timoshenko Euler- , ku P-90
B 1h 1 )
et s Be= —ZNLZ Euler-Bernoulli P-9

K

1 5py



79

12 Timoshenko
Timoshenko Euler-Bernoull

, %
d W — Y=
0 dx 0
as W
TR wlA
s Qs H G H W= VVb"—
Ws ’ W}J ’ Ws
Euler-Bernoulli , L
’ A9 19 Ea
Ga H
B do. Iw dM d'w
M.=—EI I EI P Ve= P EI P
A dm _ d'm
E T — B dx*’
s M. Euler-Bemoulli s Ve Euler-Ber-
noulli s EI $ X
; 0 ; Euler-Bernoulli
W= W.
Timoshenko :
o dO o dM dw,
M = E[d ,V—dx— GAQS[G_E
dv 77d2ML 4’0,
7 dx T d) —E dx’’
. M, Timoshenko s Vi Timoshenko
Gi= qes
dW
b+ C] 2+C2X+C3 (6)
1 ’ X— 0
Wy= w.=0, ddW =0.=0; x=1L M.

M:()y I/l: Ve: 09
W (L)= A:*ﬁtanaLcosaLJrﬁsinaL*]%LJr

N
P o PL+NA
A a0 al+=5 Glo. @

9

PL’ PLT  GAa,
A E
3151[1+ SEI] e Gda,— N° ®)

Euler-Bernoulli , P-9 Timo-
shenko
1— N 1*M
_P_ GAys c 3EI
W=7 L e L
3EI[ I SEIJ +GAO& 1+ 5EI +L
©)
_N
c
s =@ B=—F—7 5 P-A
o= Gios B 2N 3E
S5EI  [’c
Y Timoshenko
Euler-Bernoulli
_ _3El /<L 1)
N| |1
=8 B.=|1—= +2NL | 3EI) . A0
¢ SEI ' [’c
1, P-90 Timoshenko
Fuler-Bernoulli ,
v
2 P-90
21 P-90 Pushover
Pushover
. Pushover
s Kr H {A U}
s {AF) ; C
’ 1; {AF(rr }
P-9
KT 0
ET KT
Kl = BKl‘s (12)



26

80
, B 31 2 Pushover
, 1.1 . Pushover 3, h 3.0.
22 P-90 5.0.10. 0 m, s 5 kN.
s : fw=335 MPa, E.=2 0X
10’ M Pa, €y, =0.001 7, g4, =0. 12, 4, Pushover
M{Au)+ C{ADu}+K{Duy={ AF), a3)» ,
’ M H C H Au N Au Au 1 /2. ’
Ay N o 1.
Newmark Beta ,
P-3 : toad 47
M{Au)+ C{Au}+ Kr{Du}={AF}+ C{ AF..}, 0.2
(14) h ;
’ I_(T 5 C ’
1.0; { AF.. ) i
P-90 Newmark -
3  Pusho 4
Beta (Chopra, 2001) B=1/6, v=1h. "
Fig 3 Puchover model Fig 4 The perfect elastic plastic
3 material model
1
; EUDY  TIMDY Tah 1 Flexibilities of modal bars and their
Euler-Bernoulli Timoshenko Pushover forces in vertical direction
’ o | N N
, ABAQUS m
300 Q077 51. 96 456 462 %6 228 231.48
20 €3D20 ’ 500 0077 86. 60 164 326 67 82 163. 33
10 00 0077 173. 21 41 081 67 20 540. 83
8
~ > 7
g z Zs
= X X 4
g = =3
R E= R 2
=R - ]
2 09 1 ) 3 4 000 1 2 3 4
{LF% /m fiLf% /m {SiF% /m
—— BRHLHEH 1 P- 6 UM - - -BRBLRAHIE P- 6 M Timoshenko 4 1€ P- § (W
————— Timoshenko ARHFIE P- 6 BN - —— 94K TTHIE P- 6 — KR P

6 h=5Sm 7 h=10m
Fig 7 Calculation results of 10 m
high structure

5 h=—3m

Fig 5 Calculation results of 3 m Fig 6 Calculation results of 5 m

high structure high structure

5~ 7 P-90
8 s s
(D Pushover 2 R
(@) 5 6 , P-0
’ P’ 8 ’ 7



81

, 4 ,  Timoshenko
Pushover , .
o 2 s
3) 3 P-9
P-90 Pushover s
s 2. s .
2
. . . . 32 2
Tab. 2 Comparison of shearing forces on the yield point
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N N
M b 89
fm
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Tab 3 Comparison of stiffnesses on the yield point . i i 3 . .
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Tab 4 Comparison of negative stiffnesses in plastic stage ‘
caused by second-order effect @ 3
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Tab 6 Example calculation results
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