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Mechanical Response Analysis of Tunnel Composite Pavement
Based on Response Surface
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Abstract : In order to reveal the mechanical response of highway tunnel composite pavement structural under moving load, field
test and finite element method were combined to verify the model accuracy. Response surface test design method was used to analyze
the mechanical response of tunnel composite pavement with and without inverted arch. The results showed that axial load had the grea-
test influence on mechanical indexes regardless of inverted arch, the thickness of concrete base layer had little influence on the mechan-
ical indexes. And the horizontal load had great influence on the tensile stress of concrete slab and the shear stress between layers of as-
phalt surface, but had little influence on the tensile strain of asphalt surface. The influence of surrounding rock modulus on mechanical
parameters without inverted arch was greater than that with inverted arch. In the case of inverted arch, the thickness of concrete surface
had a greater effect on the tensile strain of asphalt layer than that of asphalt layer, and the thickness of concrete surface had a greater
effect on the shear stress of asphalt layer than that of base layer, but the effect was opposite without inverted arch. The axial load con-
version coefficient of composite pavement structure with inverted arch tunnel was obtained that the design axis of concrete surface was
1. 8 times of the current standard and 1.3 times of that without inverted arch. The fatigue life of concrete surface with and without in-
verted arch respectively was 17 and 8 orders of magnitude longer than that of design axle load, and the fatigue life of asphalt surface was
1 order of magnitude longer than that of design axle load. The research results can provide a reference for the design method of tunnel
composite pavement structure.
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Tab. 1 Material parameters of each structure!™’
= LI () /em BIE (p)/ (kg - m™) HAPEBLUE(E) /MPa ST ()
Structure Thickness Density Elasticity modulus Poisson’s ratio
AC-16 C 4.5 2 450 1 300 0.25
AC-20 C 5.5 2 430 1200 0.25
C40 THIJZ
C40 surface 24.0 2 500 31 000 0.15
C20 )2
€20 base 20.0 2 450 25 000 0.15
C15 I
. RERE 15.0 2 400 21 000 0.15
C15 subbase
KA
Graded broken stone 15.0 2000 200 0.25
A
Weak surrounding rock N 2200 500 0.25
o R [
High strength surrounding rock 2 600 8 000 0.20
P - 7 850 200 000 0.30
Tie bar
fer - 7 850 200 000 0.30
Dowel bar
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Fig. 3 Time history curve of longitudinal dynamic strain at the bottom of longitudinal seam of concrete surface slab
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Tab. 2 Corresponding mechanical response and vertical position of each index
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Tab. 3 Response surface design factor level and code
A W R R B {REE + R CIREE LHZEE b A (E) /MP F KT B8

oy (hy)/cm (hy)/cm (hs)/cm DSE igﬁ‘;‘ ) -ka E #i# (P)/kN F7H ] /t-\lf(f:)
Code A Thickness of B Thickness of C Thicknessof un:(i)uln 1(n§ )roc E Axle load(P) OEZ u.n dl (;)r e

asphalt(h, ) concrete slab(h,) concrete base(hy) foduius coetheien
-1 9 22 18 500/8 000 100 0.3
0 10 24 20 750710 000 150 0.5
1 11 26 22 1 000/12 000 200 0.7

JREK LN T (o, ) T )2 )2 R e KA N A2
(&,) I HEZZ B R RN ST (7, 545 R
F3I5 22T MR AR, &5 8 07 200 s, 2
AT 18-19 ) H iy b 28 min 137 28 2, R JH R R 50T
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Tab. 4 Variance analysis table of maximum tensile stress of cement concrete slab bottom ( with inverted arch)

UE-Z3 SET7 A B R Y75 P » M
Source Sum of squares Degree of freedom Mean square Significance
Model 0.149 9 6 0.0250 38.631 4 < 0.000 1 TS
A 0.001 2 1 0.001 2 1.903 8 0.174 2 ENTES
B 0.003 0 1 0.003 0 4.700 7 0.0352 BFE
C 0.000 5 1 0.000 5 0.814 2 0.3715 NTES
D 0.000 0 1 0. 000 0 0.016 0 0.899 9 PNTE S
E 0.1325 1 0.1325 204.907 9 < 0.000 1 LaTES
F 0.012 6 1 0.012 6 19.445 9 < 0.000 1 TS
R 0.831 4

x5 RBEIEHRRERXRN A ESHR(TMH)

Tab. 5 Variance analysis table of maximum tensile stress of cement concrete slab bottom ( without inverted arch)
UE-Z3 SEJ5 A A B Y5 P » I E
Source Sum of squares Degree of freedom Mean square Significance
Model 1.176 5 6 0.196 0 127.130 4 < 0.000 1 LiaTES
A 0.002 8 1 0.002 8 1.867 8 0.178 2 NTES
B 0.083 4 1 0.083 4 54.075 2 < 0.000 1 W
C 0.001 9 1 0.001 9 1.2599 0.267 4 NTES
D 0.003 5 1 0.003 5 2.3212 0.134 3 NTE S
E 1.078 3 1 1.078 3 699. 145 0 < 0.000 1 LiaTES
F 0.006 3 1 0. 006 3 4.113 1 0.048 2 T3
R? 0.942 0
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Fig. 4 Variation of o, response surface under axial load and horizontal force coefficient with inverted arch

K 5 i tmt A RKSEERT o, 5% T4l
ACRITRRE - T A J5 B2 A w7 T P, 181 5 R RN A
BARFEGS B EAE T o, BETRBE L T AR5 1Y
SR R, BARB R AR AR o, AR B
TERARAN A e iR e L ARS E R, o, R 2304 5

<
S
_E“s 1.0
% £ 09
= &g
=k z 08
*_K“ < 0.7
B g3 0f
g g0
_% E g 0.4
(= 0-236 200
j% = 55 1507
25 Vol 24 - 2
= 4 4. 125 A
- T’“’vlmffg @fﬁ/ﬁ‘j@? 22 100 t)%gé% ?\:;
of, (’O]I(,‘F@ff‘ b/)/(?
i “Slap

(a) K1 BHON 0.3

(a) Horizontal force coefficient is 0.3

TRBE L U R RN 7 /MPa

M ETE, BER & RE L AREE T o, BFHIETE
Ko HHEXS o, HO5 e 2R TR BE L 1 Al R B 1 52
M, AR TR RS E XS o, Y RZ RN 5 2
KV FREH 0.3 H#5n#] 0.7 B, o, Bz LT, il
M IREE E AR /NG o, TN

Maximum tensile stress of
concrete slab bottom
=)
2N

G\
22 100 B
/e, Qﬁ%\b

(b) AKF-J1ZHC 0.7

(b) Horizontal force coefficient is 0.7

5 TCMBETHMBFIRETEREEIER o, IMEEmEN

Fig. 5 Variation of o, response surface under axial load and thickness of concrete slab without inverted arch
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Tab. 6 Variance analysis table of maximum tensile strain of asphalt bottom layer (with inverted arch)
T5 2% I 1 B Faprpil F ) B E
Source Sum of squares Degree of freedom Mean square ! Significance
Model 75 939. 69 6 12 656. 62 24.757 5 < 0.000 1 L aTE S
A 2323.32 1 2323.32 4.544 6 0.038 3 BE
B 5210.32 1 5210.32 10.1919 0.002 5 el 2
C 1 083.03 1 1 083.03 2.118 3 0.1522 NTE S
D 161.57 1 161.57 0.316 0 0.576 7 ENTE
E 65 900. 23 1 65 900. 23 128.907 2 < 0.000 1 etk 2
F 1261.21 1 1261.21 2.467 0 0.123 0 ENTES
R 0.759 6
*x7 WEHEERBRKRRAAEENAZESHR(TIH)
Tab. 7 Variance analysis table of maximum tensile strain of asphalt bottom layer (without inverted arch)

T3 2R 7 A A ¥r P EE
Source Sum of squares Degree of freedom Mean square P Significance
Model 109 804. 60 6 18 300. 76 71.671 8 < 0.000 1 xS
A 11592.78 1 11 592.78 45.401 1 < 0.000 1 e
B 458.71 1 458.71 1.796 4 0.186 6 ENTES
C 143.57 1 143.57 0.562 2 0.457 1 FNTES
D 895. 68 1 895. 68 3.507 7 0.067 3 ENTES
E 96 608. 15 1 96 608. 15 378.349 2 < 0.000 1 L aTES
F 105. 69 1 105. 69 0.413 9 0.523 1 ENTES
R? 0.901 5
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Fig. 6 Variation of &, response surface under thickness of asphalt surface and thickness of concrete slab with inverted arch
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Tab. 8 Variance analysis table of maximum shear stress between layers of asphalt surface (with inverted arch)
T 2R S5 A Bz ByJr F » hﬁ%ﬁ
Source Sum of squares Degree of freedom Mean square Significance
Model 0.528 2 14 0.037 7 128.713 1 < 0.000 1 LaTES
A 0.003 9 1 0.003 9 13.332 9 0.000 8 RS
B 0.002 7 1 0.002 7 9.343 6 0.004 0 laTES
E 0.4192 1 0.419 2 1430.247 0 < 0.000 1 aTE S
F 0.077 7 1 0.077 7 265.281 7 < 0.000 1 e ES
AB 0.000 7 1 0.000 7 2.3123 0.136 4 FNTES
AE 3.07x107° 1 3.07x107° 0.104 7 0.748 0 AR
AF 0.000 5 1 0.000 5 1.685 6 0.201 8 ENTES
BE 0.000 3 1 0.000 3 0.8512 0.3619 ENTES
BF 0.000 7 1 0.000 7 2.516 7 0.1207 ENTES
EF 0.005 1 1 0.005 1 17.394 1 0. 000 2 e e
A? 1.32x107° 1 1.32x107° 0.045 0 0.8330 ENTE S
B2 0.001 1 1 0.001 1 3.873 1 0.056 2 FNTES
E’ 0.000 1 1 0.000 1 0.3423 0.561 8 AR
P 0.0159 1 0.0159 54.493 6 < 0.000 1 e
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Tab. 9 Variance analysis table of maximum shear stress between layers of asphalt surface (without inverted arch)
T5 2% SEJ5 A 1 B Y75/ P ) B E
Source Sum of squares Degree of freedom Mean square ! Significance
Model 0.3979 6 0.066 3 108. 807 8 < 0.000 1 LaTES
A 0.007 3 1 0.007 3 11.937 2 0.001 2 e
B 9.85%x107¢ 1 9.85x107 0.016 2 0. 899 4 e
C 7.82x107° 1 7.82x107° 0.128 3 0.721 8 TS
D 0.001 4 1 0.001 4 2.269 5 0.1386 ENTES
E 0.376 0 1 0.376 0 616.905 8 < 0.000 1 i
F 0.013 29 1 0.013 29 21.589 9 < 0.000 1 i
R 0.932 8
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Tab. 10 Calculated value of mechanical response and fatigue cracking life

\ i KV LT

TH Asphalt surface Concrete surface

Operating e,/ne o /MPa 71 /MPa

condition S WM SHIRKOLE) e RO BT O

Fatigue life Design axis Design axis (standard) Fatigue life Design axis Design axis ( standard)

EERIIE

With inverted 130. 1 0.126  0.246  2.33x10® 2.48x10’ 2.48x107 9.19x10* 8.56x107 4.67x107
arch

Te it

Without inverted ~ 141.0  0.450  0.252  1.47x10° 2.53x107 2.48x10’ 1.94x10" 6.05x10 4.67x10
arch
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