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Characteristic Analysis of Detection Profiles for Internal Moisture Content of

Asphalt Pavements Based on Ground Penetrating Radar

YANG Li, HE Pingping’, LIU Weizhen,FU An
(School of Transportation, Changsha University of Science & Technology, Changsha, Hunan 410114, China)

Abstract: As a novel non-destructive testing method for roads, ground penetrating radar (GPR) can effectively
prevent road water damage by regularly detecting the internal moisture condition of roads. However, when the
moisture data of GPR are analyzed, the moisture conditions obtained by relying solely on the analysis of a
single profile characteristic may be misjudged. To improve the accuracy and reliability of GPR in detecting the
internal moisture content of pavements, focus was placed on the time-frequency domain analysis of GPR
moisture content detection profiles in this paper. Simulation tests were conducted, and the influencing factors
and results of moisture detection in the pavement surface layer were deeply investigated. Furthermore, the
performance patterns of radar detection profiles under different levels of volumetric moisture content of the
surface layer were emphatically analyzed. The results indicate that the change in antenna height has a
significant impact on the ground reflected wave, while the change in surface layer thickness mainly affects the
arrival time and energy intensity of the echo signal at the surface layer-base interface. In addition, as the
moisture content of the surface layer increases, the amplitude of the ground reflected wave increases
significantly; the arrival time of the reflected wave at the lower interface of the moisture layer is prolonged, and
the frequency of the reflected wave within the layer shows a decreasing trend. The research results provide a
theoretical basis for detecting the internal moisture content of roads using GPR.
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Figure 1 Propagation of electromagnetic waves
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Figure 2 Non-uniform pavement structure model
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Table 1 Electrical parameter settings of each material

in electromagnetic simulation
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Figure 3 B-Scan profiles under different levels of surface
layer moisture content
10007 ", 1(3:202 38,426.183 07) 1
|aY)

-1000 ‘ ‘ 1) 2 7K 0%
1 008’ ,1(3.998 02,40.507 29) )
‘= ~1000( ‘ ‘ 127 7K % 6%
q 938 i 1.(4:8729.202.837 05) i
g 20 ‘ ‘ JZ 7K 9% |
= 0 L (5919 45,72.429 85)

—980 ‘ ‘ 27K 3 12%
960 (6,147 24,49.524 24) 1
-960| ‘ THZEKH 15% 4
0 10 20
i 7] /ns
(a) RE®E 2 cm
1708 " 1(3466 49.362.212 83) 1

~1700 ‘ / T2 5 KR 0%
2 008 1(4.796 96,57.943 04) )
£ 2000 ‘ M2 2 KA 6%
3- 1 708 A;\V(S.Oﬁ 19,116.075 92) ]
= —1700 A ‘ T2 55 7K % 9%
= 1700 | (591945,72.42985) ]
= 0 —Afl pu .

~1700 i ‘ Mz K 12% 4

1 708 | (6.33212,48.600 33) ]

~1700 WV ‘ I KR 15%

0 10 20
5} 7] /ns
(¢) RELF 6 cm
4
Figure 4

Shy DXy IR I R M TR S, ok 22 2 Rk
TR R RL S E RT3/ emZ G, A
IR U5 TSI I 8 4 g L AR OB I 1 IR U, T
XA [R] 5 7K ARG T BE AT B I 25 B AR B 45 2R 4
KSR o Z5BR BRI, AN ) T 2= 55 7K SR I B0 3 T
BT IR TR R B A S RN T T
S 90 ) I W 328 T O 3 T BB S D A D)2 A K AR Y
8T Aol A T JZ PN FR A XA R R RO R, TR 5 AR
JZ% W) ) A 2R B T, S R B DA e B

T )22 J5 J3E AN [ Ik T 2 I 8 A 5 B 5 UK R Y
R VSR U NS I N o N 3 NN 1 VAT B S
T JZ 5 K RO 000 I THT 2 PR 2 A8 Ak, X T s 5 35
TC WY S T 2R VR AR AR B T A S R T -
BEJZ A2 BT A AE T BaA IS A . HJE TR N AR K
S 5] 96 45 5 o b i S S O A I i 52 21 T R R
LTI JZ 2 52 57 T [0 A 35 A B 3 T = JRE AR
b, B35 I (1] 722 W HLRE 5% W8 o X B R B ALK
FE T ST (0] 30 i R AT T S 5 K R AR I 23 52 B W =
J5EBE AR A B L, 0 2045 5 M T S 9 — R A T
RS KRBT LR A T

13091 (3354 24,390,349 37) 1
~1500¢ ‘ ‘ T2 £ 7k 28 0%
~ 1800r \(4.744 14,69.878 63) 1
£ 1800} ‘ ‘ T2 5 7K 6% |
< 1800F 1

. 0 (4988 45, 151.101 36)
= 1800 ‘ ‘ T2 5 7K R 9%
w00 | (6.011'89,64.975 89) 1
1600 T ‘ R Ak 12%
16001 | (6239 68,45.05276) 1

0 ol -
-teoop | | 2% 15% |
0 10 20
I} 8] /ns

(b) RELHE 4 cm
1508* ‘A(\V(%% 55,341.000 64) ’
15001 ‘ )2 55 7K % 0% 1
~ 17001 214935 62.49.421 44) 1
g -1700F ‘ ‘ 12 75 7K 7 6%

N 708 A\(5:71476,43.066 53)

E 1700 ‘ ‘ IHZ 57K H 9% ]

= 9 ], (6193 46,35802 07)
—17001 ‘ ‘ T2 57K 12%
1700 F d

0 L (6.444 37,55.303 05)
~1700¢ ‘ T2 FK A 15%

0 10 20
I 8] /ns

(d) RE& = 8 cm

AEIR &S E B H R & 7K R i iEE

Time domain chart of surface layer moisture content detection under different antenna heights



86 ook o % 2026
2000 800
- E KA 0%
1500 600 e B 6%
-~ 1000F - 400 | \ +ﬁ7jj§i§9%
g i E ~ kR 12%
- 00 -0 | K 15%
> 0 > 0 \ f'e,
= 500} = -200] e
¥ _1000f =400 7
-1500r —600
~2 000 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 05 1.0 1.5 20 25 3.0 0.5 1.0 1.5 2.0 2.5
5} [ /ns I} [ /ns
(a) HikiK (b) LB HBWEIG
5 mE RS KRR
Figure 5 Effect of ground reflected waves
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layer thicknesses without water
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Figure 7 Ground reflected waves and reflected waves at surface layer—base interface under different

surface layer thicknesses with water
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Figure 8 Time-frequency diagram of detection under different levels of volumetric moisture content
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