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Analysis of Critical Locations in Double-layered
Cement Concrete Pavement Structure

ZHOU Yumin, TAN Zhiming
(Key Laboratory of Road and Traffic Engineering of the Ministry of
Education, Tongji University, Shanghai 201804, China)

Abstract: The rigid and semi-rigid materials widely employed
as the base in cement concrete highways construction in
China. Based upon a model of double-layered structure with
unequal planar dimensions resting on an elastic foundation, an
investigation was made into the maximum loading stress
locations and magnitudes, corresponding axle load positions
and the effect of multi-axle loads with the finite element
method.and an analysis was made of the influence lines of the
maximum stresses under moving axle loads. A study was made
of the axle loads acting on different pavement positions
(including offset of axle loads) the loading stresses in
pavement structure with/without base extension as well as the
coupling effect of temperature curling and axle loads action
jointly. Study results are helpful for determining the critical

locations in cement concrete pavement structure.
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Fig.1 Mechanistic model of double-layered structure

with unequal planar dimensions
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Fig.2 Configuration of single axle-dual wheels load
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Fig.3 Schematic of axle loads on pavement slabs
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Tab.1 Structure combination and material properties for double-layered pavement

G £ )2 iz )
hi1/m E;/MPa V1 ho/m E,/MPa V2
4k 1 0.22 30 000 0.15 0.20 3000 0.25 0.078
LR 2 0.22 30 000 0.15 0.20 10 000 0.25 0.261
%5 3 0.22 30 000 0.15 0.22 30 000 0.15 1.000
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Fig.4 Relationship between stress ratio and the centerlines of longitudinal axes

L 4a 7] B 55 RGFRAUZ IR a1 By B9
KA/ NGB K 2 y=~0.30 m I, a1 K E
/IME 2y =2.50 m I, BIGFAZ AL T A i b g
oy BBV KAA a0 = L HJZ I IT L By B v RYIE K
BTN B T KA BT 0.85, 24 y=2.50m i, B
KRB ER/MA. a By RS a0 AOIEASHH )
%’[ y=2.50 m By as ﬁé”%jﬁfﬁ» az = 1. g%/ﬁ\ ats
Bisas BZEHRT B S bRl 2 0E TR 558 RS
TN 97 SN IR AR A= R I FL 2R UBUE: 3
AR AL T 7 BT EEJZ ST - ST MIRE LE 2 X 45 R
SERUZHR A FEJZ N ST a1y By an BISZIRAR /N AR
P&l 4b, FER B FEAUZMR a1 By BE v 12 LA
S EE RO BUZ BRI SEAL, RISGI80 N 5 2 i <, 2
S AR b 2 A T Al A e 2 BT By = 0~
0.30 m, H 4 2 B KR, Fen A>0.261, o, >1, 3
LA DNTT) Y 76 SN E A VA KA -2 3 i N (DS SRV
— A4 RUEE R T3 T Z I T8 S 107 AS 2 A A 3 2 rh
iz, Bl y = 2. 50 m R J7 B2 I I {25 B R SE
AR AT S5O CHRAHI BT A% AT AL ) L FE I G\ 18] 0
2 — WA XUEE R 5 THTJZ Y T8I e 20 ) A BT 4T 08 @
Aelad 1. i THREER R YT o0 B y B9 R R
T 1 ZW/ NI T 1. B, B8 s bR Al 21 A
o i JE A 1] O AR T 2 e KA B L AT
TEGNL 3 L v Ff A 5T 5 T8 2 VT » T 4 J2 e KA

BN E B AL T A B TR T 5 B2 ST . A % R
A 1] e G DUZ AT R JZ BT HE @ s a0 7 — ERETE
FISEIA S X TRZ T LG By B sZ i AR /s BT 4c mf
DIERIEZN 0B AUZ R a0 By 3G R Z W
R y=00f,a I/ y=2.50 m B, a, iK
B ar = 1. Brsaz BE y BZE MRS B2 )
TR TEBUZ A AL, o By ANl 0. 5.

L B Sh bR v S 2R R B 2 Gk 1) A U2
HROTAT e J22 5 R Ay 28 17 ) A7 "5 6 1) 0 002 Al 1Y)
AHIE S A X a1 s By FEMA T X an FEMHESK.

2.2 HEhZHHBIER

PRI ZSA SRR S G O R Z IR S
B R AR SE BT VINIEE Cy = 0, BN 8 Al B[]
(ARG far RN, HEJZ M 58 Lo = 5. 00 m, £ [1]
Y B, = 1.00 m. AAPRIGSBEETESR 2 AR S
C , ZEHH o A B MO 67 B 3RAE 22 240 47 4 (o
U D =) W TEZ A 1 AL 3l Cy b 1)) i
(LK 5) s ay s ar BERE BN EZ AR HIZR ILIE] 6. 18] 5
A B SR G AT REGE B I 5 A C A3
AR T ZEE R i LA GE SR T AR A S D . A [
57 8V P67 2 6T 7 18 320 78 v e A 280 ) 59
RPN I 2 b @ s ay BERS SO A (LA 28 T
7. & 6 AN 7 AL AR 2y 1/2.

MNIEL 6 FEL 7 7] R DATH] 2248 5% — S i D\ 321 1n]



%4

JE 3 B+ 55« WUz K YR TR 6 3 1 5 ¥y i S oz 541

73—k sl AT A E TR S T2 T 20 T BE v 1
SN A ORI T AR  HE R AT AR B v AR
/NS TRE » Bl 23 28 1 3 i JZ 4850
GRS ST 2N ) B L R WA AR T k)2
JEG T A 28R 3 B 1 UK WL BUAh Ay 28/ T T
JZ FEZATENIIRE v (i sh Rt TR E .
T2 B KT 30N F AN e A AE Ui vy 280 B B9
SE N G h S BB TR AE NG 1L S b R AT L
L RU AT BB 2R 1 UK IR AEYNAE 1 2 I A Ak
ARV 7 B 2 R WAL, A1 T D R v i Y

Ty B 2 YA OOUilh i AR b 28 B 1 vk B 1
O = B R 102 B2 A B0 g BE A AR
bRy B IMIR B B AE AL I TR E » = fih i 280 Bk 22
1O I J2 AE AR T SR TR s AL Ay 2800 7 H BE 3 1k
W (L, FLHR L PNAE I G P CRITIA A 1 U0 P Al 1
UK. 55N P I AR T = A 2800 WA F A A3
Hh A T 4 15 T W (ELZ4 D i1 0. 90~0. 93 1
1113 A1 PR 77 e 22 D v i 80 A7 HH B 3 R L ( =l
A2 M 1 B 1 U0 . R Z T B
XU R0 = At 1y 2V FH 102 A1 R P A FE

B B
TR E T B B Bsm
——— — —
x
0 >y C A C A

c X
B5 BHETHREATER

Fig.5 Schematic of moving axle loads on pavement slabs
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extension and relative base extension
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Tab.3 Stress ratio of single (tandem and tridem) axle dual-tires load and temperature gradient
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Tab.3 Passenger economic benefit of different

timetable variants (N9
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5 6 055 3 380 8 275 -6 435

10 8 740 7 095 12 255 —-12 790

15 21 755 16 850 21 655 —23 000
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