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Abstract: The cracking damage of linings is a common damage form of tunnels, which directly affects the bearing capacity of
the structure. The reinforcement of bonded steel plates is widely used as the structural reinforcement, but there are few
researches on the bearing capacity of the highway tunnels after reinforcement and the reinforcement effects under different
damage degrees. The 1 : 10 model loading tests are used to study the bearing capacity, mechanical deformation characteristics
and failure process of the reinforced highway tunnel structure under different damage degrees, and the reinforcement effects
and time are analyzed. The results show that: (1) The deformation process of the original and reinforced structures under loose
loads can be divided into four stages, but the failure characteristics and forms are different. (2) When the residual bearing
capacity is 50%F and 30%F (F is the ultimate bearing capacity of the original structure), the failure loads are strengthened and
increase by 50% and 51% compared with those of the original structure. The steel plates applied before the failure of the
structure can effectively improve its ultimate bearing capacity and are less affected by the loads at the reinforcement point.
When the residual bearing capacity is 50%F and 30%F, the final deformations increase by 59% and 56% compared with those
of the original structure, which can reduce the risk of brittle failure. (3) The failure mode of the reinforced structure is large
eccentric compression failure of the vault. (4) When the reinforcement is too late, the steel plates will be difficult to effectively

bond or cooperatively deform for a long time due to the surface cracks and deformation speed of the linings, resulting in
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accelerated failure. It is suggested that the residual bearing

capacity of the structure should be between 62%F and 50%F as
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Fig. 1 Dimensions of prototype tunnel section

x1 AR

Table 1 Summary of similarity ratio design

IR B L PE S AHABLEL
JUAT RS ¢, m — 10
AR C, N/m? — 19

NJic, N/m? — 19

fif ¢, m C; = CEC_" 10

I c, N/m? C =C, 19

®Jic, N/m3 C = g— 1.9

SN N c,=C,C? 1:1900
T C,, N'm c,=CC 1 : 19000
SR TIWAES
iy ;fzjj % N/m? G, =% 1:1.9

W UL C, =1 110, 456 RA RS L gt 3,
e HA AL L I 1. AR T 0 R -

(1) JREL.

KRR AP IR C30 VR, HkIE. FHD.
FRE KA LA 187 & 1450 & 113 : 330 iR &,
HFEP 5P ER RN 1.57 GPa.

(2) .

SR PRI AN 22 X SRS DL SR R i o 7 A A T 17
P A B 11 R E AR 1 mm (04N, B R EE
NS mm.

(3) R

REKAE 0.5 mm, % 50 mm [¥) 1070-0 549
AT

(4 AR B 45 70) B Rk o AR ARARCRT A ] )
FHEE R EEARUERY, S HM-120 45 KRG ER i 78 24 B 45
s AR R AR 22 AT, [A)BE 8~15 cm. 4N
AR 2



H2W SR

S5, ASFEHROIRERE R A BRBEE RGN0 [ ORI 7T 245

2 WWARE AR EER

Fig. 2 Reinforcement conditions of inner surface of linings with

bonded steel plates
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Table 2 Types and parameters of spring
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Table 3 Details of test conditions
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Fig. 5 Relationship between vault subsidence and top load of
original structure
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Fig. 6 Relationship between lining strain and top load of original

structure
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Fig. 7 Failure modes of original structure
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Table 5 Loading values of key points of reinforced structure with

bonded steel plates
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Fig. 14 Final failure modes of structure in Case three
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Table 6 Comparison of reinforcement effects of bonded steel plates under different damage degrees
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Table 7 Cracking and deformation characteristics of structures under different reinforcement time
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