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Study on the influence of frozen soil layer on seismic performance of
railway gravity bridge piers with pile foundation
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(School of Civil Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract; This paper aimed to investigate the seismic failure characteristics of the railway gravity piers with pile
foundation under the influence of frozen soil layer and the influence of different influencing factors on the seismic
performance of railway gravity piers with pile foundation in the seasonal frozen soil region. Firstly, the seismic damage
characteristics of the railway gravity bridge pier with pile foundations in frozen soils were investigated by quasi-static
model test. Secondly, a finite element model of bridge pier with pile foundation considering frozen soil effect was
established. Then, the influence of the seasonal frozen soil layer thickness, shear-span ratio, axial compression ratio
and bearing depth of pile cap on seismic performance of the railway gravity bridge pier with pile foundation was
discussed by numerical simulation method. The results showed that the increase of seasonal frozen soil layer
thickness in a certain range is beneficial to improve the seismic performance of the railway bridge pier with pile
foundations, but if the frozen soil layer thickness increased beyond this range, its influence on the lateral bearing
capacity of the bridge pier is weakened and the damage of pile-soil-pier system will be accelerated. Increasing the

shear-span ratio and decreasing the embedded depth of the pile cap can significantly reduce the seismic performance
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of the bridge pier with pile foundations in frozen soils. Increasing the axial compression ratio can increase the lateral
bearing capacity of the bridge pier with pile foundations, but it will accelerate the appearance of peak load of the
bridge pier with pile foundations and accelerate the damage of the pile-soil-pier system.
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Table 1 Basic parameters of reinforced concrete MPa
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Fig.1 Dimension drawing of model Fig.2 Reinforcement drawing of model
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Fig.3 Schematic diagram of test device
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Fig.5 Schematic diagram of model crack development
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Fig.6 Hysteretic and skeleton curves of tests
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Table 2 Thermo-dynamic parameters of soil mass!'®
HRIE/C 3%/ (W/(m - C)) W (J/ (kg - C)) HARE I () kg)
-10 1.15 1455.47
-5 1.13 1517.96
0 1.10 1614.94
43 088
5 1.08 1528.02
10 1.07 1354.87
30 1.07 1294.52
®3 HEEMBER NS
Table 3 Thermo-dynamic parameters of pile foundation pier!'”’
R E M W/ (kg/m®) WPEAR/ MPa bEL/N 4 BRR/(W/(m-C))  HH(I/(kg-C))
et 2400 23026 0.2 1.58 960
] 7800 206 000 0.3 10 502
2) 1SR
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Table 4 Values of basic concrete constitutive parameters
N, o WS RRE LBE LT FELD e
AR E,/MPa THARLE ek () i 3l i 4 5 Rl A L T ) A R LA At R A
23026 0.2 38 0.1 1.16 0.6667 0.001
*®5 th@hsymE"™"
Table 5 Values of soil parameters!'®™"!
RS AR B/ C SR MPa HELAE PEHESA/(°) B S1/kPa
At 20 24 0.350 23.60 49.3
0 24 0.350 23.60 49.3
et -0.1 54.80 0.340 23.64 49.5
-2 69.90 0.318 24.12 100
-6 101.80 0.274 25.99 568
-10 133.59 0.230 30.49 798

fih + 2 5.40 0.350 19.52 16




230 ok TR 5 TR kg 5 44 %

32 BuREBREMER

1) (Y

I ISRUR AL 5 TR 8 DC3DS 5o ™" 5 4 26 4 AL B oTC DC1D2 B, k57K
& RS R SR I R TR N B o A BITRLEE - N PR TIEASE IR 45 b {2 A o7 5 R 4 fk 7
AL A LA,

2) J1tp sl

AT EIORT AR F] = 4E SR BA.5T C3D8R BE4EL, F4 /37 >R FHMT AL R IT T3D2 A4, Nl 78 SR EE -2
T ol T % A ) B A S BHUAE T 22 ) A R 45 1 T, 8 2 B TR = 5 A 5 =2 Il B Wi B2 M B0 1 o
AR — 22 S SR 22 (8] SRR A A0, 1 5 R e B 7R B0 S T R 22 Rl AR e B i H ) &
— B0, WEFERIR S A AR T 2 Al 43 SR FH T T A 1 O R ABEAEL Dl R R < S R A, TR R
AR 5 A0 Tk T A2 Ak 1) PR 458 2R BCRASEAUIAN [0 BE B A S5 AR SRRl B ] ) R BRI 42 v I R < Bl 422 fh 2
RRRU A IE AT SO R 2 (A1 4k o BSR4
3.3 RBIARMRIMEFRAX

1) f& Y

TETRR 1 S 4 RIS ARIK T 20 C I RI AT , SR 4870 I I SRRt i 70 d 49 20 °C 1E R 114
BEAUTE BURRAE A HLIR 3 , DA ARUE AR B 3 7600 0 Z BT AL T 20 C A TERUIRES . S 17 R Rl g

M R 3 73 B4) RUS 5 U P DR — 3, e R 30 i 7 o L e e PR 4 1) I s 4
Tt AITAFLIE B4 YL 88 300 5 2% | A O ] — G 2 PRt S 25
2) Syt

TRBE 1R FH IRV A RS ) AR5 R PG Y Clough BRI | - SR FRE JR — EAS AR Mg s 18 250 | -
AR PERER R AT AR AL [ AR R Pk i B NI R BRI H AR Rk TaR e . T4k
TR A [ 2, M ] RO I A T 200, FERIAR 3T 20 AR R () 2 R RS O DR 1
SRR T AT ARSI N i 2, SR Se AT R B E 1 b . DR 2 el R S B g R
(AU B 1 5 A B2 AR v | I AR 5 R ) P38 85 375, T3 e 2R B ik 22 250 {4 o SRR B TR 42, 43
BB I ] SHE MR 8 — 30, SRS M AE BN S 1 43 i 58 [ i 2 RK S S 2 A0 g XSS 70
F508T o KA N2 S RIS AR R, B RAGIR—IK TR AR R A Ja o 58 42— 3K,

3.4 FEBIIGIE

1) I EE X L

TR 3 3 A A A SR A TR 5 AP IR R4S A S R AR A B TR R S A 4 R X AR B
Y1, ABH TR T — B T 7 SRR IR )2, S PR IR B Ay, 2 B0R 2 AR i IR A T [l
TE, ZEWR LRI T RIS A BRICA R R FH -5 00 A ] %) SR A 15 8 i B ML) - il
Y& 9 FioR , IrAs - (R Bl R AR A0 1 T 1l 48 S ARG E A7) L, S5 RN E 10 Frs , S W6 350

HiEE/C
DL ———— T
H R peny -25-20-15-10-3#40 5 10 15 20 25
+1.363e+01 20+
el R
= el g :__ ;ﬁ‘}i
% - +4. 7756+ x
L +21600e+00 60+
S ¥42500- £
R £ of
Z6:1006+00 i
z K 100}
ey 120f
1401
160L
9 THEEEFNE E10 THEEHZEITLE
Fig.9 Distribution of soil temperature field Fig. 10 Comparison of soil temperature curves
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Fig. 11 Comparison of force displacement curves
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Table 6 Mechanical parameters of soil mass!

R3] B/ C A i/ kPa bEL /N4 % J1/kPa NEEHEEF/ (°)
i -5 54347.82 0.2 568.05 25.99
E| 3/ 0 24000 0.3 23.60 49.30
20 24000 0.3 23.60 49.30

x7 HWEEARTHR

Table 7 Basic working conditions of the model

J3HTAL R EE/mm B L W/ % R AR/ mm
R 1 300 2.86 2.1 310
L 2 0 2.86 2.1 310
T 3 500 2.86 2.1 310
HE 4 300 3.86 2.1 310
HER 5 300 4.86 2.1 310
1T 6 300 2.86 5 310
R 7 300 2.86 10 310
T 8 300 2.86 2.1 155

1%L 9 300 2.86 2.1 234
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Fig. 12 Soil temperature distribution
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Fig. 13 Comparison diagram of temperature curves
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Fig. 14 Hysteretic curves under different parameters
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Fig. 16 Energy consumption curves of different parameters
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