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Time-temperature Characterization of Bond Failure for

Geotextile Interlayer in Asphalt Overlay

ZHANG Haiwei' , HAO Peiwen'", TANG Cheng? ,ZHANG Hua

(1.Key Laboratory of Highway Engineering in Special Region of Ministry of Education,Chang’ an University,
Xi’ an 710064,China; 2.College of Highway,Chang’ an University,Xi’ an 710064 ,China)

Abstract: Layer-parallel direct shear test was carried out on the double-layered asphalt concrete speci-
mens with geotextile interlayer. The influence significances of temperature and deformation rate on the
bond failure behavior of geotextile interlayer in asphalt overlay were analyzed by using the index of inter-
layer shear strength based on ANOVA and multiple comparing methods. The mathematical relationship a-
mong temperature, deformation rate and interlayer shear strength was then derived from an exponential
function. Moreover, the sigmoidal master curve of interlayer shear strength was built based on the time-
temperature superposition principle ( TTSP) and the equivalent character of time-temperature for
interlayer shear strength was also validated. The results showed that the influences of temperature and de-
formation rate were significant. The interlayer shear strength was lower when the temperature increases or
deformation rate decreases. Furthermore, exponential model was used to predict the interlayer shear

strength in laboratory, and the simulation results agreed well with the experimental results. The change
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tendency of the interlayer shear strength was showed in a broader range of deformation rate by using the

sigmoidal master curve. The interlayer shear strength of specimen with geotextile interlayer had equivalent

character of time-temperature which was validated by the consistency of shift factors for creep compliance

and interlayer shear strength.

Key words: road engineering; geotextiles; interlayer shear strength; exponential model; time-tempera-

ture superposition principle
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Fig.2 Layer-parallel direct shear test set up
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Fig.3 Shear stress-time curve of layer-parallel

direct shear test
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Tab.1 Shear strength of samples with geotextile interlayer under different test condition MPa
. o =R/ (mm-min 1)
B C 1 2.5 10 25 50
-5 0.676 (0.093) 0.843(0.120) 0.949(0.068) 1.072(0.083) 1.195(0.099) 1.394(0.104)
5 0.390€0.031) 0.483(0.034) 0.562(0.057) 0.665(0.042) 0.781(0.081) 0.873(0.063)
15 0.201¢0.030) 0.242(0.029) 0.281(0.040) 0.334(0.022) 0.412¢0.021) 0.453(0.042)
25 0.108¢0.021) 0.135(0.016) 0.155€0.017) 0.176(0.035) 0.216(0.028) 0.253(0.021)
35 0.078(0.022) 0.102(0.016) 0.119€0.023) 0.128(0.023) 0.139€0.020) 0.149(0.022)
45 0.042(0.012) 0.048(0.010) 0.059(0.010) 0.069(0.009) 0.082(0.011) 0.091¢0.019)
55 0.021(0.005) 0.026(0.004) 0.033(0.008) 0.038(0.007) 0.045(0.009) 0.051(0.010)
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Tab.2 Variance analysis for shear strength of

samples with geotextile interlayer
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Tab.4 Significance analysis of the influence of different

test temperature levels on shear strength( « =5%)

(MDRBE (NDEE JZRIPLBT58 /) MPa
/°C /C WEHEHEM—N) sig.
—5 5 0.396 " 0.000
—5 15 0.701~ 0.000
—5 25 0.848 0.000
—5 35 0.902* 0.000
—5 45 0.956 0.000
—5 55 0.986* 0.000
5 15 0.306* 0.000
5 25 0.452* 0.000
5 35 0.507 % 0.000
5 45 0.561* 0.000
5 55 0.590* 0.000
15 25 0.147~ 0.000
15 35 0.201~ 0.000
15 45 0.255* 0.000
15 55 0.285* 0.000
25 35 0.055 0.078
25 45 0.109* 0.001
25 55 0.138* 0.000
35 45 0.054 0.082
35 55 0.084 " 0.008
45 55 0.030 0.340

ARk P Al By F{H sig.
LR 14.236 6 2.373  278.477 0.000
m#EE#EE  0.89 5 0.178 20.891 0.000
R 0.336 114 0.009
B 16.098 125

R3 MBFERARKEXE B EE
HIMBZMES (o« =5%)
Tab.3 Significance analysis of the influence of different

test speed levels on shear strength( « =5%)

OmEaEAR  Q)masR JZFLHTIR S/ MPa
/(mm'min~!) /(mm min~!) PEEMEA-D sig.
1 2.5 —0.052 0.071
1 5 —0.092* 0.002
1 10 —0.138~* 0.000
1 25 —0.193* 0.000
1 50 —0.250* 0.000
2.5 ) —0.040 0.164
2.5 10 —0.086* 0.003
2.5 25 —0.142~ 0.000
2.5 50 —0.198* 0.000
5 10 —0.046 0.107
5 25 —0.102~* 0.001
5 50 —0.159~* 0.000
10 25 —0.055 0.054
10 50 —0.112~ 0.000
25 50 —0.056 0.051
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Fig.4 Interlayer shear strength exponential

model fitted curves under different test speed
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Tab.5 Coefficient a and b of the exponential model under

different test condition

fndis e/ #Ba o
(mmemin™D gl fRfez fEIME bR
1 —0.025 3 0.000 7 —0.294 9 0.005 4
2.5 —0.025 5 0.000 8 —0.200 7 0.006 4
5 —0.024 8 0.000 9 —0.144 5 0.007 3
10 —0.024 2 0.001 0 —0.085 4 0.008 6
25 —0.023 7 0.000 8 —0.028 7 0.009 9
50 —0.023 9 0.001 1 0.031 6 0.007 4
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Fig.6 Interlayer shear strength master curve(25 ‘C)
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Tab.6 Summary of values of coefficient for interlayer

shear strength master curve
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Fig.7 Time-temperature shift factor
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Fig.8 Shear creep compliance and time-
temperature shift factor corresponding

to different temperature
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