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Preliminary Evaluation of Subsurface Cavity and Road Cave-in Potentials
Based on FWD Deflections
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PURPOSES : The objective of this study is to evaluate the potential risk level of road cave-ins due to subsurface cavities based on the

deflection basin measured with falling weight deflectometer (FWD) tests.

METHODS : Ground penetrating radar (GPR) tests were conducted to detect road cavities. Then FWD tests were conducted on 13 pavement
test sections with and without a cavity. FWD deflections and a deflection ratio was used to evaluate the effect of geometry of the cavity and

pavement for road cave-in potentials.

RESULTS : FWD deflection of cavity sections measured at 60 cm or a closer offset distance to a loading center were 50% greater than more

robust sections. The average deflection ratio of the cavity sections to robust sections were 1.78 for high risk level cavities, 1.51 for medium risk
level cavities, and 1.16 for low risk level cavities. The relative remaining service life of pavement with a cavity evaluated with an surface
curvature index (SCI) was 8.1% for the high level, 21.8% for the medium level, and 89.8% compared to pavement without a cavity.

CONCLUSIONS : FWD tests can be applied to detect a subsurface cavity by comparing FWD deflections with and without a cavity
measured at 60 cm or a closer offset distance to loading center. In addition, the relative remaining service life of cavity sections based on the

SCI can used to evaluate road cave-in potentials.
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Fig. 2 Vehicle-mounted Multi-channel GPR Surveyor
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Table 1. Selected Cavity Size and Risk Level

Cavity AC
ID D L W H | Risk | T

(cm) | (em) | (cm) | (cm) | level | (cm)
St 22 310 100 18 A 20
S2 29 260 120 38 A 20
S3 51 290 130 23 B 22
S4 28 120 80 24 A 28
J1 48 200 90 62 B 45
J2 32 110 100 13 B 32
J3 a7 140 130 24 B 41
N1 17 130 100 29 A 17
N2 26 140 110 35 A 26
N3 36 90 100 36 B 20
G1 24 70 60 40 A 20
G2 27 70 60 8 A 27
G3 51 300 60 17 C 50

Ave, 33.7 1715 | 954 28.2 28.3 28.3

D:Cover depth, L:Longitudinal length, W:Transverse width,
H:Height, T:Asphalt Concrete thickness

AC
Thickness (T)

Cover
Depth (D)

Cavity
LHeight H)

E3 FHAAGTC 2 A 2SS Hoke
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Fig. 3 FWD Test at a Section with Cavity
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Fig. 4 Surface Deflection at Various FWD Loading Levels
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Fig. 5 FWD Deflections at Various Offset Distances
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Table 2. FWD Deflection index(SCl, BDI, and BCI) of
Pavements with and without Cavity

SCl(um) BDI(um) BClI(um)

w/o | w/ |Ratio| w/o | w/ |Ratio| w/o | w/ |Ratio

S1 | 84.5(200.4/2.37 1439|739 [ 1.68 | 24.1 | 37.1 | 1.54

S2 |989|127.1|11.28 | 521 |74.31.43 |29.8|38.3| 1.28

S3 | 61.9 [100.4|1.62 | 32.1|52.5|1.63 | 17.6 | 27.5 | 1.56

S4 | 72.7 |120.6| 1.66 | 37.8 | 58.6 | 1.55 | 20.7 | 29.9 | 1.44

J1 |22.6(327|1.45| 82 |19.2|234| 6,5 |10.6 | 1.65

J2 |26.0|52.6(2.02|18.6 |44.0|2.37|14.2 |25.2| 1.77

J3 297|339 (114|142 171 ]120| 51 | 7.0 | 1.38

N1 | 38.1|113.5/2.98 |46.5|89.3|1.92 |36.4 |46.7 | 1.28

N2 |83.5(401.7| 4.81 |68.4|277.5/4.06 | 39.5 (116.5| 2.95

N3 [56.0|75.3|1.34 |42.8|77.0|1.80 |30.1|54.7 | 1.82

G1 |522|79.9|153|40.0|53.5|1.34|23.8|34.1|1.43

G2 | 54.1(126.7|2.34 | 55.1 |104.9| 1.91 | 37.2 | 66.8 | 1.80

G3 |65.1|63.3|0.97|37.3|75.1|201|17.1|39.8|232

G4 |48.0|49.1]1.02|38.8|48.7|1.25|27.4|34.4|1.26

Ave. | 56.7 {112.7|1.90 | 38.3 | 76.1 | 1.89 | 23.5 | 40.6 | 1.68

Std. | 23.1(949| 1.0 |16.2629| 0.7 [10.8|26.8| 0.5

E23E =TT FWD HA =9 AASTA S A
H17] 9Jto] SFH Do, Dio, Deo, Diso®l %X:laohﬂ] &l
A/5%) +E5 Fig. 9o Yeffiict Dol A A
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