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Evaluation of Concrete Bridge Deck Deterioration Using Ground Penetrating Radar
Based on an Extended Common Mid-Point Method
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Abstract

This study proposed a new non—destructive evaluation method for concrete bridge deck deterioration using ground
penetrating radar (GPR). To calculate dielectric constant of the concrete bridge deck, an extended common mid—point
(XCMP) method was developed for a two—layered structure using an air—coupled GPR antenna setup. The deterioration
conditions of the concrete bridge deck such as deterioration depth was evaluated based on the dielectric constant and
surface—to—average dielectric constant ratio of the concrete bridge deck. A GPR field test was conducted on an old
concrete bridge with asphalt concrete surfacing to validate the new evaluation method. The test results showed that the
newly proposed method estimated pavement thickness and deterioration depth of the concrete deck in a reasonable level.

Keywords : Concrete bridge deck, Concrete deterioration, Dielectric constant, Ground Penetrating Radar(GPR), Extended
Common Mid—Point (XCMP) Method, Non—Destructive test
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Fig. 1 Travel paths of EM waves in one layer structure for the
CMP method using two ground—coupled antennae
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Fig. 2 Travel paths of EM waves in one layer structure for the
XCMP method (Leng, 2011)
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concrete bridge deck and asphalt pavement

Location | Condttion | 1. Thickness (cm) €
i 1 i i ocation | Condition | Layer
thickness and dielectric constant of the concrete bridge XOMP | Core | Refl. | XCMP | Refl.
deck
A 0K AC 4.7 - 4.5 6.3 -
o em) |z, (em) | @y (cm) | 6, ) 019, () PCC | 5.0 - 4.0 77 10.7
T/1 38.0 1.4 0.4 13.3 5.1 40 | 45 | 40 | 40 | 68 | -
Rl| tae@S) | t5, () | ty(ns) | ¢y,(ns) | At (ns) | At,(ns) B NG PCC 36 - 55 12.0 | 133
5.309 0.892 0.678 5.320 0.885 0.674 AC 4.7 - 5.0 6.6 -
S S S C NG
zg(em) |z (em) | @y (cm) 0,1, () 015 () 02 ) PCC 3.7 - 5.0 9.2 11.4
T 1086 3.4 11 34.2 126 9.9 AC | 47 | 30 | 40 | 68 | -
/ D NG
R2| tae@S) | ty,(08) | ty@s) | ty(ns) | Aty(ns) | At,(ns) PCC | 35 - 40 | 112 | 133
6.244 0.911 0.686 6.309 0.867 0.666 5 NG AC 5.2 5.5 6.0 6.6 -
d, (cm) d, (cm) € a0 d, (cm) €. pcc PCC 3.1 - 5.0 10.7 13.3
77.5 5.2 6.6 3.1 10.7 “ PCC means the upper part of the concrete bridge deck.
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Table 3 Comparison of concrete bridge deck concrete deterioration evaluation based on the surface to average dielectric constant ratio

Location Condition o R, Concrete Deck Evaluation
XCMP Refl.
HEEEEEE AN
B NG 120 13.3 110 (L)JSZre;lI?aggtefie;re;tii(ﬁtﬁz;z\sfzz? e((jieterioration depth: 18~22mm)
c | w [ s [ [ [t doke
D NG 1.2 13.3 L19 8521?;11?35;:tecrlféf;ﬁtgi;zzgg e((3ieterioration depth: 15~25mm)
£ NG 107 133 1.24 (L)J\I/)Zre;l1IDagé:te?ie;re;i(zr?t;(r)liietljtee\(;elziiirioration depth: 8~10mm)
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Fig. 9 Concrete deterioration in a core sample (location D)
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