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Abstract:In order to master the temperature stress variation of lightweight composite bridge decks and to avoid
interlaminar failures between TPO-UHPC, the thermal expansion coefficient and elastic modulus of TPO materials
were investigated by strain gauge method and ultrasonic method respectively; the interface temperature stresses of
the composite pavement system were calculated by using ABAQUS finite element software. The parameter sensitivity
analysis was performed on the main factors that affect the interface temperature stress of the pavement system. The
effects on interface thermal stress between TPO-UHPC were discussed, referring to thermal expansion coefficient
ratio, TPO thickness and construction temperature. The experimental results show that the thermal expansion coef—
ficient of TPO is much larger than that of cement—based materials, and the elastic modulus of TPO decreases with
the increase of temperature. The simulation results show that,under the condition of uniform temperature, the inter—
laminar shear stress and the normal tensile stress decrease with decreasing the expansion coefficient ratio and the

thickness of the TPO layer; the interlaminar shear stress plays a more dominant role than the normal tensile stress in
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the pavement system. The influences of construction temperature on the interlaminar stress of TPO—-UHPC are differ—
ent for high and low temperature. It is possible to reduce the interface temperature stress amplitude by a suitable con—
struction temperature and TPO thickness.

Key words:bridge engineering;composite bridge deck;interface temperature stress;ultra high performance

concrete ; thin polymer overlay ; finite element
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Tab.1 Properties of cured polyurethane epoxy binders

R B L MR E B OWREN
X TRBE A RN B % 100 ASTM D4541
AR EC A EE (shoreD) — 46 ASTM D2240
PUH R E MPa 51.1 ASTM €109
B EE MPa 18.5 ASTM D638
SR % 65 ~ 90 ASTM D638
&S % <0.5 ASTM D570
e e i 2 MPa >34.4 ASTM D790

F2 I AERIRE
Tab.2 Gradation of aggregate for testing

ANRIFEALALAE T YIS 2%
i

4.75 mm 2.36 mm 1.18 mm 0.6 mm
ZhC EFR 100 75 5 1
UM 100 30 0 0
B I 100 52.5 2.5 0.5
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Fig.2 Bridge connection diagram of strain gauge
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Tab.3 Test results of TPO expansion coefficient

LR RS £ /107

TFC St tfE2 WE3 WRE4 RS e
23.7 0 0 0 0 0 0
30 334 335 342 301 348 332
40 881 915 908 840 892 901

50 1437 1419 1411 1456 1398 1503
60 1952 1961 1 960 1978 1970 2008

70 2 480 2 448 2 498 2 520 2512 2 560
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Fig.3 Relationship between strain of TPO and temperature
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Tab.4 Wave velocities of TPO at different temperature

R Wk v/ (km-s™)

TGtk wtfE2 wE3 R4 wtiEs e

-25 3150  3.150  3.125 3150  3.150  3.175

-15 3101 3101 3101 3101  3.101  3.101
-5 3030 3030 3050 3.050 3.050  3.030
5 2985 2985 2985 2985 2985 2985
15 2899 2899 2920 2899 2920  2.899
25 2.817 2.817 2.837 2.817 2.797 2.797
35 2703 2685 2703 2685 2703  2.685
45 2532 2532 2516 2532 2516 2532
55 2299 2312 2299 2299 2299 2312
65 2061 2051 2061 2073 2051 2073

2HfE K
[7] 320 3 S0 D S PR A | B P A
OIAM L, WA 4 K 5, IR ZE Bk 5 TR,

A4 Jdakmix B 5 A B m bl iX
Fig.4 Wave speed test Fig.5 Elastic modulus and

Poisson's ratio test
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Tab.5 Summary of TPO test results

L TG ERER SRR K=E/E, A
E;/GPa E,/GPa
15 6.88 12.59 0.55 0.34
25 6.50 11.81 0.55 0.32
35 5.90 10.83 0.54 0.33
SEAE — — 0.55 0.33
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Fig.6 Relationship between static elastic modulus
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of TPO and temperature

MR A5, TPO F P Ey 55 ¢ A3
K&

E;=-0.000 51— 0.032 ¢ + 7.54 (5)
1.2 UHPC ##&#
1.2.1 #HEEE

FEIE R TOUT , UHPC 220 F1AZ By 24 R 30
L UHPC 4R LR R 530 5 7E 40~60 GPa, A
CEESCHR[16], B UHPC SRR 42.6 GPa.
122 AR R 2

HH LB IR R 1, UHPC /KR & R s, HLAE R
TR REONE, SO IR R B s T R
UHPC Ik R EOREZ: WK 6.

% 6 UHPC #HARKREIC R
Tab.6 Summary of thermal expansion
coefficients for UHPC

ESPUN [17] [18] (o [20]
PR B (10°-C)

14.7~15.6  13.6~14.8 12 11

1.2.3 @k
[l YA SCHR A, UHPC f9IAFA HLAE 0.18~0.21
ZIa), Wk 7.
&7 UHPC #HLa# LS
Tab.7 Summary of UHPC Poisson’s ratio

BIAWFTELEI], TPO Bl S A 5 e i P A
A RAFAIROCHE , K R ALAR/INILER 5), IR 5

E =BT [17] [18] [20] [21]
MEL/N 0.18 0.21 0.20 0.19
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R E UHPC B3R AFGCR, UHPC
P 280 11 x 1079°C, JAFA FLEL 0.20.

2 TPO-UHPC FELEEN a5t
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Fig.7 Finite element model
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Tab.8 Material physical and mechanical parameters

W H HfH | HfE
Tout 5 14 mm FEIE A 5 8 mm
T B AR i 3220 mm BT ) 600 mm
T AR 8 mm AR 16 mm
RS CE RAF) 10 mm HE AU 24 mm
AR A H 206 GPa || UHPC #iPEfist  42.6 GPa
LIS 12x10° || UHPC Ik REL 11 x 107
HIBIARA L 0.30 TPO JAFA L 0.33
TPO KA 54.78x10° || UHPC it H 0.20
UHPC J5E 1 35 mm TPO JEEEE 10 mm

IR TET A 0t TR 20 °C, AN[ERLE R TPO
TRE R 1405 B AL SR a3k 9 .
2.2 HRTERILEE
WA= (6), FTA5 B R EE T TPO IR L1 )
SRR, DL3 9.
*9 TPOBRENANITHLER

Tab.9 The calculation results of TPO temperature stress

REE/C ATIC E/GPa T1SL{EH/MPa  H54U{E/MPa 1225/%

-5 -25 7.69 12.56 12.10 3.7
5 -15 7.36 7.21 7.01 2.8
15 -5 6.95 227 221 2.6
25 5 6.43 -2.10 -2.08 1.0
35 15 5.81 -5.69 -5.71 0.4
45 25 5.10 -8.33 -8.36 0.4

PGSR MR bl A SRR

H1 & 9 W1, TPO I 82 I ) 40U (E 5 e (R
WHEIT , B KR EE N 3.7% , KW BROCH R AR A
R BB R A A 2 (6) 2 i T AE B T
UHPC BZAK RECT o3 A A 3Rl -, AT 40k
A UHPC” H S50 01 Al 35 A =0 A
Fb2 R, A FR G R BE % it AT RHE M, B4
Z R0 2 A AOR S OR TR 250 S B LA
AREF DT B Jeg b, Sz W 2 S22 1) S B 100, W T
S IR E N T RS AR A BT
2.3 TPO-UHPC REREN NitES S

X TPO-UHPC &S24 1), PR B A8
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38 A ) (LA AR ) B , PR T 4 1| B
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°C.TPO-UHPC JZ [8] 55 )i 3 01 J2 [8] 32 17 7. %7 3 0
2R UL 10.
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Tab.10 Results of peak interface temperature stress

WREE T°C AR KIS F1/MPa IR IR IR F1/MPa
-9 2.85 1.09
5 1.03 0.29
25 0.31 0.09
46 1.83 0.77

MAFE 10 AT RN, BRI 7 A R B JE TR0 T
-9 C&AFF , TPO-UHPC Fiifi s KT R J1°h
2.85 MPa, B [0 B J1ok 1.09 MPa, J2 [8]3REE b 175
PG E .

3 BERENAZMEZESH

R T A A A R TPO-UHPC J2
) YL N SR, e H R 2K R AL (TPO J&
JE DA Rt T B A TS, A LG R 2 )
JE I 1 AR AR , AR A G SRS AL
3.1 FEEKRHLL

H T TPO 5 UHPC [k RECHAAE2: 5, IR EE T
FEAE 3L T 2K A TEAS—30, Tl e B
JEIRIRR . B9 TR & ] UHPC Pk 2500 11 x 107
%/°C,TPO 5 UHPC /i 285 LU Xl 26 = ] g 2= g
FIFZ I AN 8 Fi7R.

& 8 A WL, 1)TPO-UHPC JZ[a] 55 )% J7 . 1
$i7 107 1 357 Bt 5 T2 ik 2 5 LG B B g B4 G, L AR R
R 2) X R R IR BT ARIR A N K R
B LR 2 ()07 5 M 5K 5 3) B 07 ) 14 i A ik 1)
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Fig.8 Effects of different expansion coefficients ratio

on interface temperature stress
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Fig.9 Effects of different construction temperature

on interface temperature stress
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3.3 TPO BEE

TPO — &) N 6~15 mm, EHL 6.8.10.12.14
mm 5 PR 2 R B 4y S Ny AT PR TR | 2 ) Y B
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Fig.10 Effects of different thickness of TPO pavement

on interface temperature stress

& 10 &1, 1)TPO-UHPC JZ2 8] 55 )% 7 1]
F R J1¥RE TPO J2JEFESE NI K5 2)7E 10 mm Fif
IR AR F 10 mm 25 B K A 22,

I LA AT B8N TPO i 2R B
50/ NJZ AR R F7 .40 TPO M\ 14 mm 32 7/ N 3]
8 mm, (IR 5 K2 [F BTN J) i1 3.33 MPa FEAIL %
2.08 MPa, FlE R 37.5% ;3 1m0 1 1.35 MPa [%
fKZ 0.59 MPa, [EIE K 56.3% ., TPO =2 BHE)2E
FH A SCEBURE TR 6 ~ 10 mm.
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TR S BN 7 B A R 2 A AR AL R —
05 2) B 5T B AR S K2 [N T Bl TPO JEE B
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CHY, e RZ RN 1 Fei/ NG 8K 7 15 CH ik 5]
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Fig.11 Effect of construction temperature and TPO

thickness on maximum interfacial stress
4 N
4 %45

DSHE R . TPO AR IK 2 BGE 4 H
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54.78 x 107°C ; TPO it 14 A5 5 Bl Yk 18 T o i ik
/N TPO M i 55 0 B OC R TR R h < =
-0.000 52 - 0.032¢ + 7.54.

2SR IE AR J2 8] 55 B ) Ry 1) Fir hi
J1BEE K 2B AT TPO JZ2 5 2 /Nt /I EE 1L
PG A E AL, P TPO BEIK 228 o /NTF45F
35 x 10°%°C, K&k TPO-UHPC JZ [A] 3B B 77 3 TPO
FESEBERE)ZEH BT EEE N 6 ~ 10 mm.

3)FE e R AIG IR PR BT T it T30k 3 % I B vy
(14) 5 M R A S N 6 A5 3 (A TRLEE , Fi b X
TPO Jiti T3 BB R 15 CAE A

TEX SR AT | 2 B BT U1 A5 ik
MEDANDARER: B N e o o L AR S N A v 0 )
UHPC % [ gE AT REfL AL BR, UHPC 3 1 #4 1 V8 7 BT
7 0.4 ~0.55 mm.
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