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Fig. 1 Mid-span section
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Fig. 2 One span finite element model
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Fig. 3 The soil spring finite element model
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Tab.1 Parameters of equivalent soil spring on the piles

FoooOMSE MR/ LEE HEmm WMEREY
5 %E/m (kNem™) JE/m HE/m (kNe.m™D
1 2.52 3000 2 — —

2 2.52 3 000 2 2 30 240
3 2.52 3000 2 4 60 480
4 2.52 3 000 2 6 90 720
5 2.52 3 000 2 8 120 960
6 2.52 3 000 2 10 151 200
7 2.52 8 000 2 12 483 840
8 2.52 8 000 2 14 564 480
9 2.52 8 000 2 16 645 120
10 2.52 8 000 2 18 725 760
11 2.52 4 000 2 20 403 200
12 2.52 4000 2 22 443 520
13 2.52 4 000 2 24 483 840
14 2.52 4000 2 26 524 160
15 2.52 4 000 2 28 564 480
16 2.52 4 000 2 30 604 800
17 2.52 4000 2 32 645 120
18 2.52 4 000 2 34 685 440
19 2.52 4000 2 36 725 760
20 2.52 4000 2 38 766 080
21 2.52 4000 2 40 806 400
22 2.52 4000 2 42 846 720
23 2.52 4000 2 44 887 040
24 2.52 50 000 2 46 11 592 000
25 2.52 50 000 2 48 12 096 000
26 2.52 10 000 2 50 2 520 000
27 2.52 10 000 2 52 2 620 800
28 2.52 10 000 2 54 2 721 600
29 2.52 10 000 2 56 2 822 400
30 2.52 10 000 2 58 2 923 200
31 2.52 10 000 2 60 3 024 000
32 2.52 10 000 2 62 3 124 800
33 2.52 10 000 2 64 3225 600
34 2.52 10 000 2 66 3 326 400
35 2.52 10 000 2 68 3427 200
36 2.52 10 000 2 70 3528 000
37 2.52 10 000 2 72 3628 800
38 2.52 10 000 2 74 3 729 600
39 2.52 10 000 2 76 3 830 400
40 2.52 10 000 2 78 3931 200
41 2.52 30 000 2 80 12 096 000
42 2.52 30 000 2 82 12 398 400
43 2.52 30 000 2 84 12 700 800
44 2.52 30 000 2 86 13 003 200
45 2.52 30 000 2 88 13 305 600
46 2.52 100 000 2 90 45 360 000
47 2.52 100 000 2 92 46 368 000
48 2.52 100 000 2 94 47 376 000
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Fig. 4 The foundation solid element model
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Tab. 2 Parameters of concrete
L A By P A/ FEEE/ e
NER N4 B
Pa Pa (kg+m™3) /%
3.45X10% 1.43x10% 0.2 2 500 5
* 4

k3 HELHESHK

Tab. 3 Parameters of foundation soil

+ 2 2 /m JEEE/m 4 HE/(kN - m™?)
e —2.9 5.9 16. 2
IR B 1 —8.7 5.7 17.5
kb —15.8 8.5 19.8
U 5T 1 —24.3 8.4 16. 5
BMEHLO —36.9 16.8 18.8
e —46.7 2.7 22.1
MEE 1O —64.1 32.1 19.3
4 XAk —84.9 9.5 19.9
S - - 28.4

A EIA 8 A S B — 3R Y S S A
WA S FroR AR TR B b S 4L, 7E 29 3R
J5 1] b A R EE S 1< 10° kN/m, 3% 2 77 16 b #
PERIEE 5 1>X10° kN/m.
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Tab.4 The relation of normalized equivalent dynamic shear modulus and equivalent damping ratio with

dynamic shear strain amplitude

i i A i) WRE+ SR W
y/10°1 G/Gmax A G/Gax A G/Gmax A G/Gmax A G/Gmax A
0.01 1.0000 0.0300 1.0000 0.0060 1.0000 0.0120 1.0000 0.0500 1.0000 0.046 1
0.05 0.9850 0.0300 0.9650 0.0060 0.9800 0.0120 0.9970 0.0700 0.9859  0.058 8
0.1 0.9700  0.0350 0.9350 0.0100 0.9700 0.0150 0.9940 0.0820 0.9722  0.062 8
0.5 0.8450 0.0550 0.7750 0.0300 0.8400 0.0370 0.9690 0.1000  0.946 2  0.065 3
1 0.7300  0.0770 0.6600 0.0450 0.7300 0.0560 0.9400 0.1180 0.9103  0.0710
5 0.3200  0.1370 0.3000 0.0880 0.4000 0.1120 0.7570 0.1420 0.6930  0.076 2
10 0.2100  0.1650 0.2500 0.1030 0.2500 0.1370 0.6090 0.1600 0.5542  0.083 3
50 0.0850 0.2200 0.1050 0.1240 0.0700 0.1700 0.2380 0.1950 0.2749  0.105 0
100 0.0580 0.2350 0.0900 0.1300 0.0300 0.1800 0.1360 0.2170 0.1688 0.1127
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Fig. 5 The distribution of bridge bearing
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Fig. 6 Viscous-elastic artificial boundary interface

element
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Fig. 7 The acceleration time history of earthquake
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Fig.8 The distribution of extreme bending moment
of bottom of pier along the longitudinal

direction under SL.-1 earthquake
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Fig.9  The distribution of extreme bending moment
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of bottom of pier along the longitudinal

direction under SL.-2 earthquake



%4

AEEF . R RG-S M B R At T 411

Bl 8(SL-1 T ) v, vk 55 0 4 5 51 43 531l 97
P o [T S R P S R T AR T B R AR S A
TR 22N AN K, A AR T B % B 3l
THE ALY GE R 5 18 9(SL-2 T L Rk 538
FE UK B A W (B Y o A AR S SL-1 T4 K B
T7) o G v 5 Sz A o 0 A A e A TR0 25 e e {484
I X L T 00 25 2R 8 g — HE B UK S
W AP B 250 43 B 0 WY PR K 4 A 1 R R T
10. SL-1 M= 3lifi A B, 22 AE 15%~20% , | K
Hh 18% ; SL-2 Hb 52 2 4 A B, 22 {H 7E 2096 ~
30% e RAH A 27 %.

30
n = " g =
x 20 A A A A A A
< 10 - SL-2(FR PR 24 = 50)
0 -A-SL-1(GB1 7R =)
500 550 600 650 700
L/m
H1o AEIRNTHEZSEBREEZMEE 4

BAR K A

Fig. 10 The difference percentages of extreme

bending moment of bottom of pier along the

longitudinal direction under different cases
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Fig. 11 The distribution of extreme bending moment of

bottom of pier along the longitudinal direction
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The difference percentages of extreme
bending moment of bottom of pier along

the longitudinal direction
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Refined dynamic interaction analysis of soil-bridge structure
of nuclear power plants

ZOU Degao™'*, SUl Yi"’, ZzZHOU Yang'’, KONG Xianjing"?, LIU Xin’, GONG Tao’

( 1. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China;
2.School of Hydraulic Engineering, Faculty of Infrastructure Engineering, Dalian University of Technology. Dalian 116024,
China;
3. China Nuclear Power Design Co. , Ltd. (Shenzhen)., Shenzhen 518000, China )

Abstract: An emergency bridge is planned to build in a nuclear power plant, which is the first time in
China's nuclear sector. The bridge of nuclear power plant has important function of emergency
evacuation and rescue, so its seismic security is very important. The traditional soil springs model by
m-method and soil-bridge structure solid element refined model are established respectively, and the
influence of foundation model and earthquake motion input method on dynamic bending moment of
bridge pier is researched. The results indicate that dynamic bending moment of soil springs model is
15%-20% lower than that of refined model under operation-safe ground motion. Meanwhile,
significant difference of 20%-30% on dynamic bending moment is observed under ultimate-safe ground
motion. Wave input method considers radiation damping and traveling wave effect of the foundation,
and the obtained dynamic bending moment is 24%-34% lower than that calculated by the uniform
excitation method. Therefore, it is necessary to take refined dynamic interaction analysis of soil-bridge

structure in seismic safety evaluation of important bridge structure in nuclear power plant.

Key words: pile-soil effect; nuclear safety related; bridge; refined model; wave input method; seismic

response



