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Abstract:In order to study the thermal stress response of oblique prestress reinforced concrete
overlying asphalt layer ( AC + OPC) composite pavement at short subgrade, the AC + OPC
composite pavement was taken as the research object. Uniform design test method was used to
design the scheme. ANSYS finite element software was used to establish a three-dimensional finite
element model to analyze the thermal stress response of AC + OPC composite pavement at short
subgrade. Results shown that when the thermal gradient is less than 0. 50 C/m,the thermal stress
of OPC layer of AC + OPC composite pavement structure grows slowly, and the thermal stress
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increases by 0.03 MPa with the thermal gradient increases by 0.05 C/m. When the thermal
gradient is greater than 0.50 C/m, the thermal stress increases rapidly. The thermal stress

increases by 0.13 MPa on average with the increase of thermal gradient by 0.05 C/m. The

calculation formula of thermal stress of oblique prestress reinforced concrete slab is obtained using

the McCott method and the general global optimization algorithm.

Key words : short subgrade ; thermal stress ; composite pavement ; uniform design; AC + OPC
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Table 1 Recommended values for maximum

temperature gradients in different natural regions

Ak X & T, n/(Cem™)
n,v 83 ~88
I 90 ~95
v,V 86 ~92
Vi 93 ~98

F2 A[FTREE L2 R Y IR AR AR 1 R 4L
Table 2 Maximum coefficient of temperature

gradient of concrete slabs with different thickness

T2 R/ T2 R/
p Qp

cm cm

14 1.23 28 0. 84
16 1.17 30 0.79
18 1.11 32 0.75
20 1. 05 34 0.71
22 1. 00 36 0. 67
24 0.94 38 0. 63
26 0. 89 40 0.59
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Table 3 Coefficient of temperature gradient correction

for concrete slab overlaid asphalt layer

(2) FIEREL

TREE LA R0 T PR ECRR L B4, 7
0.002 8 ~0.003 2 m’*/h,—J%H 0.003 m’/h,
2.2 #EEMBE

P T AR THU R AR RS A7 FE LS 22, AT RE 2 7
SRR ) FHUN, 7 TR AR A — R R SR I S

WEREE 4 | mEEE el WA TS 5 BOIEL 58 £ AR A8 0 197 B
; - ” o P T 0 1 24 RSSO 7 48
4 0.9 14 0.43 AT A 2 A 5 28 RGBT 2k
6 0.82 16 0.37 WA T AC + OPC 5245 2 TH1 45 1) %4 1) T
8 0.70 18 0.31 JS7 IR BE AR IR N ST, O T AR5
10 0-59 20 0-27 ZERAPRTRAYE , Al LA IR B AR A A
R4 IFJE IR EE LAY e IR R
Table 4 Maximum temperature gradient of concrete slab with different thickness
AR AR XK fy(Tem ™)
14cm 16cm 18cm 20cm 22cm 24cm 26cm
n.v 1.02~1.08 0.97~1.03 0.92~0.98 0.87~0.92 0.83~0.88 0.78~0.83 0.74~0.78
I 1.11~1.17 1.05~1.11 0.1~0.105 0.95~1.00 0.90~0.95 0.85~0.89 0.80~0.85
V.V 1.06 ~1.13 1.01 ~1.08 0.95~1.02 0.90~0.97 0.86~0.92 0.81~0.86 0.77 ~0.82
VI 1.14 ~1. 21 .09 ~1.15 1.03~1.09 0.98~1.03 0.93~0.98 0.87~0.92 0.83~0.87
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Table 5 Parameters of thermal stress calculation
- i /m PP i/ N SRR LRIk R A
MPa (w-(m-C)™ ") 1075(1-C1)
WHEE 0.1 1 200 0.25 1.2 2
AR THURE 7 R B 0.24 31 000 0.18 1.1 1.2
KPR E WA 0.36 2 000 0. 20 1.2 0.9
+ 3 7 30 0.35 1.3 1.5
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Table 6 Factor-level table

SN

K )= 74 KIeIREE L IKIBIREE+ WERE, WS/ — TRLEERR L/

cm Wit / MPa WUEE/cm MPa MPa 0 (Tmh)
1 4 21 000 16 800 1.7 0.30 0.40
2 5 22 000 17 1 000 1.8 0.35 0.45
3 6 23 000 18 1200 1.9 0.40 0. 50
4 7 24 000 19 1400 2.0 0.45 0.55
5 8 25 000 20 1 600 21 0.50 0. 60
6 9 26 000 21 1 800 2.2 0.55 0. 65
7 10 27 000 2 2 000 2.3 0.60 0.70
8 11 28 000 23 2 300 2.4 0.65 0.75
9 12 29 000 24 2 400 2.5 0.70 0. 80
10 13 30 000 25 2 500 2.6 0.75 0.85
1 14 31 000 26 2 600 2.7 0.80 0.90
12 15 32 000 27 2700 2.8 0.85 0.95
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Table 7 U12 * (12" ) uniform design table
E
K
1 2 3 4 5 6 7 8 9 10
1 1 2 3 4 5 6 8 9 10 12
2 2 4 6 8 10 12 3 5 7 11
3 3 6 9 12 2 5 11 1 4 10
4 4 8 12 3 7 11 6 10 1 9
5 5 10 2 7 12 4 1 6 11 8
6 6 12 5 11 4 10 9 2 8 7
7 7 1 8 2 9 3 4 11 5 6
8 8 3 11 6 1 9 12 7 2 5
9 9 5 1 10 6 2 7 3 12 4
10 10 7 4 1 11 8 2 12 9 3
11 11 9 7 5 3 1 10 8 6 2
12 12 11 10 9 8 7 5 4 3 1
*£8 U2+ (12")flifH%
Table 8 Ul12 * (12')table
S % 71853 WA D

2 1 5 0.116

3 1 6 9 0. 184

4 1 6 7 9 0.223

5 1 3 4 8 10 0. 227

6 1 2 6 7 8 9 0.267

7 1 2 6 7 8 9 10 0. 227

R PR 3R B O ) it R i 1,2, k9 Fr,
6,7,8,9,10 SIHATH A BT THE SR
x99 WLBAHTAY
Table 9 Calculation results of uniform design
S
K-
h,/cm E,/MPa h,/cm E,/MPa q /MPa u Tg/(C-m~') o/MPa

1 4 22 000 21 2 300 2.5 0.75 0.95 2.785
2 5 24 000 27 1 200 2.1 0. 60 0.90 2.031
3 6 26 000 20 2 600 1.7 0.45 0.85 2.592
4 7 28 000 26 1 800 2.6 0.30 0. 80 2.493
5 8 30 000 19 800 2.2 0. 80 0.75 2.427
6 9 32 000 25 2 400 1.8 0. 65 0.70 3. 049
7 10 21 000 18 1 400 2.7 0.50 0. 65 2.292
8 11 23 000 24 2 700 2.3 0.35 0. 60 2.194
9 12 25 000 17 2 000 1.9 0.85 0.55 2.351
10 13 24 000 23 1 000 2.8 0.70 0.50 1. 837
11 14 29 000 16 2 500 2.4 0.55 0.45 2.168
12 15 31 000 22 1 600 2.0 0. 40 0. 40 1. 808
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