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Numerical Analysis of Influence of Concrete Mechanical Properties on
Dynamic Response and Damage Evolution of Railway Tunnel

LI Guoquan
( China Railway 18th Bureau Group Third Engineering Co., Lid., Zhuozhou, Hebei 072750, China)

Abstract; With the rapid development of urban rail transit, railway tunnel structures are subjected to
long-term high-frequency reciprocating dynamic loads induced by train operations. The variability in
concrete material properties directly influences the structural dynamic response and service life. Based on
ABAQUS software, a three-dimensional dynamic coupling model of train-track-tunnel is established. The
dynamic response characteristics, damage evolution law and stiffness degradation mechanism of concrete
with low strength and high toughness, standard strength and high strength and high modulus under moving
train load were systematically studied. The results show that the elastic modulus of the material has a
reverse regulation effect on the dynamic displacement and dynamic stress. Although the high modulus can
effectively suppress the deformation, it will attract more dynamic internal forces and amplify the fatigue
load base due to the stiffness absorption effect. The damage evolution mode shows a significant material
dependence. Low-strength materials show early wide-area network cracking, while high-strength materials
show local brittle penetration characteristics. The stiffness evolution of the whole life cycle shows that the
high-strength material has obvious advantages in the early stage, but it is prone to sudden instability in
the later stage due to the lack of plastic energy dissipation mechanism.
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Fig.1 Variation of mechanical properties of concrete
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Fig.2 Constitutive curve of concrete uniaxial

compressive load

J13&5 .8 s3I A TG B A RSN AR 25 B
DRIV AR s 21, 20" 4330 R IR B 2 i S N
AR TR BE - 52 P AR SR N AR 5 B, R0 a6 S PE R
E, Rz hit e e i d, R gid 1) .
BETF O, ) de A a0 I A5 ) g 0 A 2k 2545 X
(5)~(8) , WA I Zh A M2, &l 3b fiR,
I S 1 52 100 0 - 5 R 1A 5 A2 i 5 1 I
FARPEN AR SRR

o, =(1-d)E,(e, —2&") (5)
B -En e - (6)
EO
~pl ~ck dl o,
el =&’ - (1-d)E, (7)
UI
d=1- Ee (8)

2 BB HERITEEMEST SHIE

h ELSASALL R K 8 4208 A T o AR P A AR - -
BRI A EAE R, 57 4 RF = 4830 1 53 bt
R AR R AN B B R | R E A A MR FL A T
1A 4 FRAr L R, BEA 4 1 b 2 W 5] 7 Bl o 28 4 L
R Y8 N R S L) R i R AR G 4t R
2.1 AU R 5 3oek) o

BRI 25 A 7 b A B A A ) S TR B T ) B
HUR%TE ARG 10 A5 DAL B AR PO AN 2 X S 7R

b ARG SZHL A 2k
3 FREHTRET AL
Fig.3 Constitutive curve of concrete

under-tensile load
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Fig.4 Dynamic coupling analysis model of

train-track-tunnel system
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Fig.5 Vertical displacement time-history curve of

tunnel arch bottom
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different material groups
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