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Characteristics of ground-penetrating radar response to
abnormal defects of road gravel cushion

WEI Kuiye' , SONG Xinjiang' , ZHOU Song' , ZHANG Hongbing’
(1. Anhui and Huaihe River Water Resources Institude, Bengbu 233000, China;
2. College of Earth Sciences and Engineering, Hohat University, Nanjing 210098, China)

Abstract ; Ground-penetrating radar ( GPR) technology was used to detect the abnormality of a gravel cushion, and
the characteristics of GPR response to four abnormal defects, including gravel cushion shedding, gravel cushions
with dense and loose interfaces, a gravel cushion with varied thickness, and a gravel cushion filled with loose rock,
were studied. Through temporal profile evaluation, drilling data validation, and comparative analysis of a typical
single-channel time-domain waveform and its frequency spectrum, the results show the following: the typical single-
channel waveform for gravel cushion shedding is characterized by an absence of the event on the profile, the reverse
phase of the weak reflection of the interlayer, spectral energy distributed over the whole frequency range, and strong
signals appearing in the 550 to 800 MHz bands; the typical single-channel waveform for the gravel cushions with
dense and loose interfaces presents the event on the profile, spectrum energy that concentrates in the low-frequency
area, and more energy peaks; the typical single-channel waveform for a gravel cushion with varied thickness shows
the time difference in reflected waves between the upper and lower interfaces (upward convex event or pull-down
event) ; the typical single-channel waveform for a gravel cushion filled with loose rock shows strong-amplitude
complex waves (a random event with a diffraction fringe ), significant energy peak superposition, and a higher

peak.

Key words: response characteristics of GPR; abnormality of gravel cushion; cushion shedding; dense and loose

interface ; loose rock filling; concrete road
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Fig. 1 Principle of road detection with GPR
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Fig. 2 400-MHz GPR profile for gravel cushion shedding
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Fig. 3 400-MHz GPR profile for gravel cushion with dense and loose interface
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Fig. 4 400-MHz GPR profile for gravel cushion with increased thickness and filled with loose rock
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Fig. 7 Photograph of thin gravel cushion Fig. 8 Photograph of thick gravel cushion filled with loose rock
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Fig. 9 Comparison of typical single-channel waveforms and amplitude spectra of gravel cushions with and without shedding
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Fig. 11 Comparison of typical single-channel waveforms and amplitude spectra of

gravel cushions with increased thickness and filled with loose rock

3 & e

a. A AR 2 IO LR PR T R B R it S S Ik b R R 2K 5 R I 7 7 F) S AR PR IR AR H , B AR
TR A 440 2 2 181 114 555 S B AR AR e, 2 ) e P L = 2 e TR A TR AR g A i 2 5 TR e vl 0 95 Ak 114 3% 8 1 0 A A
ARG 7E 550 ~ 800 MHz 3 T 4055,

b. F77E% 5S-G b S T (14 3470 PR I8 36 BHOM 4 32 2 (R EL A SR IR R £ s i, 7 5 T PR 1 SR B A
AR JZ LB R AR ; SR ik Ag AR T AE TR IR X (VT 590 MHz) , H AR 2 R,



138 ERCPNE N #4348

c. TAEAT 2 5 RE AR Al LR AT PR R B Dy T St A Tk st 1] 2 ) A2 A, i T 1 2 B A () A Al
A e R,

d. FEAHYZT R R A FEIFCSL R AT I 10 28 R o I ek 1) 524508, 7 ) I 1] SR Bk TR AR A 2L, L
HATWIE B/INGEIR, RiE T s Re i 4 sp /e A3 X (/NT 590 MHz) | BEFHIS(ELZ I T, H AAT BORIE(E

SENW:

(1) RSOCARETG, BAAR, 45, RIUER ISR B B rh i WFSE[ 1], 24 B S B, 2004,21(5) :33-35. (LIU Dunwen,
XU Guoyuan, HUANG Rendong, et al. Ground penetrating radar survey in highway construction[ J]. Journal of Highway and
Transportation Research and Development,2004, 21(5) :33-35. (in Chinese) )

(2] 5KIA, GG BORE 5. TR AT K IR EE T B mGE Th R[] AR ASE AR ,2007 (2) :29-32. (ZHANG Juan,
TAI Diancang, ZHAO Shuzeng, et al. Application of ground penetrating radar in cement concrete pavement retrofitting [ J ].
Technology of Highway and Transport,2007(2) :29-32. (iin Chinese) )

[ 3] BT, 4550 AT, PR R IATE =5 S5 A B B R A I RN 48 B b A LT [ 0] Dl R 2 4k . A SRR, 2002,30(3)
68-71. (CAO Xueshan, CAI Liang, ZHENG Changjiang. Application of ground penetrating radar to quality inspection and
management of high-grade roads[ J]. Journal of Hohai University ; Natural Sciences,2002,30(3) :68-71. (in Chinese) )

[ 47 FIEAR, 5 R SRR AT I [J]. 0 274 A AR FE R, 2002,30(2) :90-92. (ZHOU Zhengdong, MA
Liangyun. Experimental study on damanomaly detection[ J]. Journal of Hohai University: Natural Sciences, 2002,30(2) :90-92.
(in Chinese) )

[ 5] ekt REHF. W GPR AIMZ AL BUK IS BANFEHERE[J] . R4k A ZRRF R, 2005,33 (1) :18-23. (GUO
Gaoxuan, WU Jichun. Advances in estimation of hydrogeological parameters of porous media with ground penetrating radar[ J].
Journal of Hohai University ; Natural Sciences,2005, 33(1):18-23. (in Chinese) )

[ 6] 1M, =, skl . £35S AR kb B AR 28 U BRI [0 ). TR 2724l A SRR 1, 2008 ,36/(1) :125-128. (XU
Peng, WU Zhong, ZHANG Yewei. Application of signal transform method to highway observation [ J]. Journal of Hohai
University ; Natural Sciences, 2008 ,36(1) ;:125-128. (in Chinese) )

[ 7] WhR&, £ PRAE P e R TE PRS2 b 2R S IR A 40 (0 E AL A T [ 0. A0 it sk 4 B R, 1997 ,32 (35 1) 1) £135-
140. (SHENG Biao,SHI Qinghua,SUN Zhongliang. Wave transmission and application of paving layer in the forward modeling of
GPR[J]. Oil Geophysical Prospecting, 1997 ,32( Supl) ;135-140. (in Chinese) )

[ 8 ] XN I I B PR M T A AT gl 2 B AGL I A o B IS [0 ] 90 i D R 2 2741 . AR iz, 2004,32.(2 ) £ 98-100.
(ZHAO Yanfeng,LOU Hai. The applications and test technology with exploring land radar on expressway[ J]. Journal of Henan
Normal University : Natural Science, 2004 ,32(2) :98-100. (in Chinese) )

[ 9] BRFE, BGIbk, T30 SRR IR I H 58 B2 45 440 1 I BAR S E e [ 1] W05 AR, 2003,27 (1) :79-82. ( YANG
Tianchun, LYU Shaolin, WANG Qiren. The application and development of GPR in detection of pavement thickness and highway
structures [ J]. Geophysical and Geochemical Exploration, 2003,27(1) :79-82. (in Chinese) )

[10] BRFA, X e, 5% b B 35 70 30 7 18 % JE2 B A 00 o g F 5 S5 0 D [ 0] 48 R 3 K 2 2 4k, 2000, 17 (4) : 24-28. (XU
Shengcai, LIU Feng. The research and application of GPR to detect thickness in city road[J]. Journal of East China Jiaotong
University, 2000,17(4) :24-28. (in Chinese) )

(1] Xy, BB, A9 TR )2 J5E B PR 7 SR A I S8R 2 A [0 B T, 2009 (5) :81-82. (ZHAO Xin, HUANG QI, LI
Haibin. Analysis on thickness of pavement base GPR detection[ J . Subgrade Engineering, 2009(5) ;:81-82. (in Chinese) )

[12] BRI, B 4R, 55, IR A7 SR A I 2 B 240 J22 8 S O IR P9 [0 ] A sl L, 2007 ,24(6) :1-7. (FAN
Yuewu, LI Xiuzhong, BAI Xingying, et al. Study on highway structure layer crack detection by ground penetrating radar[ J].
Journal of Highway and Transportation Research and Development, 2007 ,24(6) :1-7. (in Chinese) )

[13] WHHANE 2% &80, HREMLER 1A R 78 18 8% i S0 TR M b A i F [ 1], b 5T 5 4%, 2007 ,43 (5) :92-95. (XIE Zhaohui, LI
Jinming. Application of ground penetrating radar technique in the detection of roadbed disease[ J]. Geology and Prospecting,
2007,43(5) :92-95. (in Chinese) )

[14] 29k F 0. PR TR AT BK 1 HBE 28 B AG I I (9 15 5 20 M S AR BT ] A B Sl RHE,2010,27 (1) :22-27. (JIANG
Hong, WANG Xuancang. Signal analysis and processing for detecting void phenomenon under concrete pavement by using ground
penetrating radar[ J]. Journal of Highway and Transportation Research and Development,2010, 27(1) ;22-27. (in Chinese) )

[15] STHE BREEZ, FUSIE, 45 ST 8 B 35 A rh o WL T S DR B s PR 0 [ )] TRRIDEE,2012(11) :86-92. (JIA
Hui, CHEN Changyan, BAl Zhaoxu, et al. Common interference GPR image and its characteristic analysis in city road disease
detection[ J ]. Geotechnical Investigation & Surveying, 2012(11) :86-92. (in Chinese) )

[16] &, sRAIK. 5T Hy A 7R TR P - B v Al i s il v (g o7 AR [ 1] A B 3SR ,2005(3) :72-74. (ZENG Hai, ZHANG
Dongchang. Discussion on inspecting the hollow in concrte plane road using GPR[ J]. Technology of Highway and Transport,
2005(3) :72-74. (in Chinese) )



