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A Study on the Integrity Assessment of Bare Concrete Bridge Deck based on
the Attenuation of Radar Signals

Ji-Young Rhee'™, Jae-Jin Choi’, Hong-Sam Kim®, Ko-Eun Park”, Myeong-Jin Choi’

Abstract: The signal characteristic of radar wave on concrete decks is determined by the attenuation of the radar due to the conversion of
EM(Electromagnetic) energy to thermal energy through electrical conduction, dielectric relaxation, scattering, and geometric spreading. In this study,
it is found that the attenuation of radar signal received on top rebars in bare deck concrete with 2 way travel time shows a general decreasing linear
trend because of its same relative permittivity and conductivity. The radar signal after depth-normalization, can then be interpreted as being principally
influenced by the content of chlorides penetrating cover concrete, which caused corrosion of rebars in bridge decks.
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Fig. 1 An Example Scan of GPR on a Bare Concrete Bridge Deck

Table 1 Approximate Electromagnetic Properties of Various Materials

Relative Pulse

Material Permittivity,  Velocities, Conductivity,
K m/Ns mS/m
Air 1 0.3 0
Fresh water(f,t) 81 0.033 0.10~30
Sea water(f}t,s) 70 0.033 400
Sand(dry)(d) 4~6 0.15~0.12  0.0001~1
Sand(saturated)(d,w,f) 25 0.055 0.1~1
Silt(saturated)(d,w,f) 10 0.095 1~10
Clay(saturated)(d,w,f) 8~12 0.106~0.087 100~1000
Dry sﬁl‘iiy(g)oaml 10 0.095 2
Fresh water ice(ft) 4 0.15 0.1~10
Permafrost(f;t,p) 4~8 0.15~0.106  0.01~10
Granite(dry) 5 0.134 0.00001
Limestone(dry) 7~9 0.113~0.1 0.000001
Dolomite 6~8 0.122~0.106
Quartz 4 0.15
Coal(d,w.f, ash content) 4~5 0.15~0.134
Concrete(w,f, age) 5~10 0.134~0.095
Asphalt 3~5 0.173~0.134
Sea ice(s,ft) 4~12 0.15~0.087
PVC, epoxy, polyesters 3 0.173
Vinyls,rubber(f,t)
Note 1

d = function of density, w = function of porosity and water content,
f= function of frequency, t = function of temperature, s = function of
salinity, and p = function of pressure.

g A@Ho|th &, GPRE AA7|9HE 241 HHALE| o] Hj&
o2 41312 (1) A|AAIZH2 Way Travel Time)# (2) 215.9]
A7) (Amplitude) E ©]-85}] Hlo]E] S RAsH= o),
AR o] A AAZHE o2 Fitalr] s e, Wi
W A7) 9] £ 55 dofok gtk ASTM D 64320] W=
AupEee F82 27|97t gdste Ao Joiidg
(¢,)°l 3l ZA =], Tha- 21(1) %} 2ok T Al 5ol ;&
A (e, )T AT 50| FEZS Table 17 2t

Vel Ve (M)
714, et FAFolA e AoEEGEx10%s), 1,2

el 2] AT, ¢ = Tj 2] r)fA ol o,

R A Aelishel WAL )] i

2 AAksRE ) A8 5 T Bl S} gl GA T

o niegtol 4| el Ee] JrifaEe ke 22l 3

ArEe], WA e AEE ALkl BE Te 43
3} 2.

Ve=3—4 )
cT

4= NG 3

A7, ¢, & A glole] st

ZaE FUlwdE, 4, =<
O] IE(FFB o 2R U2 HhALa}e] Z‘i , AT &71/2=8
ZdA AN & WAL W, d= WA 71 M = dHE D)
6 %X]"q/‘lﬂiiFlg. 139 2273984 A1 3 4

2.2 o|cmt Ztx|e| JEkelxt

w o] o)A 9l A2l A9 AIgkE Lol A Akl @)
o] B uhe 7ha181A) AR, AR wl Aol U] &
A W7 Zol ola) 7H471 BAsAl ek oA dkehes
Hold 4159] 71418 Yo7t agle thes o] A A
M2 LA ek

221 FUHAE

i 20| FHA] o] Fo| 2= W A9} 515HH
Aste) o)Fo W FA $43F £42 WA o]
& oA Z HAFA 2N A E Lot} o] &AL

sl 2o] Abh 2 ol met ok e,

J. Korea Inst. Struct. Maint. Insp. 85



222 A H A &4

A2 A shek Edole, mjd Wi o] ZA) e} o], Hltd Ao
EAIE o Holr] 3L Adeiste] RS ot oA
2% 2ol 74 Al ARl AR ARgshe, duky oz =
3 Zol7} &= AAA ok AL ZATES WiFE
BEAL7], 71 )0l w2 Zepiek

223AE%

ud|E elQle] M EA, T2]a1 8 Wi e Aol 2
2 AT SA= AR ]9k AU A & BoHA| 2 A A7 S
2N 25 Yo, ZFe vjde] AEwo| e} th=o),

o|9} Zo] #ojrute] 7= md o] A RAER HESE
o] F&FS w1, vid WE Aufste Fzlolof whet 7ha 7
o] AXA Ach. whehA, A2 W uigA-E T35 24
2 E o] Aol we} glo|o e THaf o] Wsld Z1 o= o
Z5)m, o]of] TATI £ ATl M= AHFEAE GPRE ©]
83t YA A nFFurEe] S TIR R R R o T
B9 v Eo] ZIE JHE B e ks A
AletaLA} it

3. glo|E ZAEEE 15T YEIE I T

31 232|E EM} Za[9] 2HA

71Ee] AT AT w2H, 238 E uietia) o] okA
=48 2k vjdol A e] Tl T 2)(5)9h Bol 1
31 = ATkaL skaiTh

ap =607 a/ \/g (3)

A7, 0, & RHFFOI L, 0 & AT
oo ve TS Qe RagEs 3
olg3te] YA Bpste] NFHEE, SBF A LE A
b3 AT AR 1S 5 Uk webA), nlek o)

ol

L gul
T TEFAHFAE o AR 0 5 7HA HEE 714
T ape ek 7L Aok OA Eeh, niee] 27)9] A
S AL e AT 7ol elolnute] = 2=
YE WS Aapsh= AR )0l whet A& 2 o= ashe
73%& UehiA 2 Aoz Az

LA A E wif vigol] o] BASHA == A
G, “FEELLL AFE D] AE5FA A2 FefelA o
Bk Rl o7t o) 7] Ao ok Zr o= A 9l

86 FHITRZSFICLGX|IM2|FEE =2F M 20 M4 (2016. 7)

37l 131, Azke] Z3hgol whe} @do] o] Sareln] 53]
AT 3BT} AL H9lol N A0 HAd
o] WAYSA ). o) £ARIAT} B S} o] eape] 5
e 2aEEe) HEE 0 8 B 8] LA 0, S 27
e}, Th e, o] 213k Sako] Sl El B9l A
Sloll wla) 257} 2 Ao dH e Arjdow 2
72417} dof'd 7154 o] v $- St ol o] -2 ATol A
= dloldute] 747} AriA o FA) Uehds T3kl o)
sIA Se Flzglo] <o) MAE FrkoR BEksl AL
8l WISk o] 2ol A2 glek,

_l

32 alo|cimel ZASHS TR{E MEfTTL Lot KA

UA|2) e e 4 5}
£ Ao} Hlme S are Eae) 2] HEE A 0.
2 M 5 9 A oE Bt Ax )

£ (1) 1RGP g2 9 AEE F7hel BhE 2) %
412 Wb 4 9ok Wb, 41l A 78440
2 wjw golol td Yol AAT HAR BHAL AL
Sleh, A gaee ol ket S7h8 Bl Je
O MR F/h741 %0 2 MR MR ARA A <)
Sae)E AuE A0 2 2HSE AUEIRIAR A
2 5 9} olela U g2 WiRro 2, glolrvle) 2 B4 L
] uheke] e} HhE-E Fig. 29} 2ol AlQkshnzt
sk,

(1) Aele 2k 4=
(2) FA A A AR (x)9F T2 H(y) E ALt
(3) EABtALA k= AP (n), A2 4] & UER
T dlolE 9 (), FZEAF 23} (error) U : AR
dq
(4) ARHES () Hlol8 2 : AESE O~QF WhE
@ L7 A QAR oM g 27 EE Y
@ @ellA Sk, =28k Al
@ @elA AR (r)oll wet belE 7=
(5) AAAIZY (4)2] FHo2 AF 3] A AA]
(6) (5)21 A8 B)F1 Al At 7127 F=
(7) F2A gk A B8 A4 A5 il B A
(8) (7)°] AR =AY oW — &P, oW — o)
e



=)

j{ input sires of radar signals j"

L

calculate 2 way time[x], attenuated
amplitudely] at top rebar

I

set
time gap : dT
ranking : r
error

| (_max-x_min)/dT = n |

)

[ sort b1 by pxtr1 -yl |

repeat n

choose (r) of top rank in [y(n)] fmes

except maximum and minimum
value : R[y(n]]
I
Linear regression analysis [x, R[y]]
= intercept : b, slope : a
~1r
f input [yl f
I

| yl = y-(x*a+b) |

— e

yes
plot plot
‘poor deck’ ‘sound deck’
end

Fig. 2 A Flow Chart of the Condition Evaluation Method for Bare
Concrete Bridge Decks using GPR
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Table 2 A Status of the Surveyed Bridge(Sound)

Item Bridge 1
Super Structure PSCI
Bridge Length(m) 234(7@33.5)
Completion Year 1987
Survey Year 2012

2 way travl Itime(ns)
T

. o »
* * RS
+

+
40 +
*

Amplitude(dB)

y=-4.2034x - 11.469

R?=0.5591
-60

N =33,697

-80

(a) Bridge 1(Hanam)

2 way travl Itime(ns)
T

y=-3.963x - 11.814
+ R?=0.3891

Amplitude(dB)

N=33,843

(b) Bridge 1(Tongyeong)

Fig. 3 A Relationship between 2 Way Travel Time and Radar Amplitudes
of Top Radars on Sound Concrete Decks
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2 way travl ltime(ns)

Table 3 A Status of the Surveyed Bridges(Poor)

20

Item Bridge 2 Bridge 3 Bridge 4

Super Structure PSCI PSCI SBG
Bridge Length(m) 120 180 75
1987 1987 1986
2003 2011 2012
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(b) Bridge 1(Tongyeong)

Fig. 4 A Relationship between 2 Way Travel Time and Depth Corrected
Radar Amplitudes of Top Radars on Sound Concrete Decks
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Table 4 Corrosion Results by Half-cell Method and Normalized Attenuations on Top Rebars

. Survey Area Potential E(mV)(%) Normalized Attenuation(dB) Surface
Location 5 - B : .
(em)  E<-350” -350<E<-200" -200<E”  Plan View  Evaluation Plan View Condition
Span 3 . 3m from
Lane 2 1.8x1.8 0.0 0.2 99.8 ‘ good Harm
Span 4 Near
Hanam LZne ) 0.9x0.9 27.9 71.6 0.5 poor Patching
(Conc.)
Span 5 Near
Lgne 1818 140 483 37.6 poor Patching
(Poly.)
Span 3 . . :
1.8x1.8 0.0 0.0 100.0 good No Harm
Lane 2 "
Tong
yeong
Span 4 N 3
Lane 2 1.8x1.8 0.0 15.1 84.9 (/) | good No Harm
YGreater than 90% probability that reinforcing steel corrosion is occurring in that area at the time of measurement
P)Corrosion activity of the reinforcing steel in that area is uncertain
©90% probability that no reinforcing steel corrosion is occurring in that area at the time of measurement(10% risk of corrosion)
Table 5 Evaluation Results on Concrete Decks by Various Survey of Bridge 2
Visual Inspection GPR
. Survey Survey Clear Cover Depth Total Attenuation Normalized Attenuation
Location Area Damage Area of Top Rebar(below 5.2cm) (below -24dB) (below -3dB)
(") Area(m?) Ratio(%) Rating (M)  Area(m?) Ratio(%) Rating Area(m?) Ratio(%) Rating Area(n’) Ratio(%) Rating
Span2 336 2.35 070 b 271.8 88.7 326 e 28.9 106 d 19.87 7.31 c
Span3 336 6589 19.61 d 271.8  103.2 380 e 74.4 274 e 60.61 2230 e
Hanam Span4 336  16.83 501 ¢ 271.8 11.7 43 ¢ 210.3 774 e 6043 2223 e
Span5 336 8.85 263 ¢ 271.8 15.2 56 ¢ 219.9 809 e 4827 1776 d
Total 1,344  93.92 699 ¢ 1,087.2  218.8 20.1 e 533.5 49.1 e 189.18 1740 d
Span2 336 2.95 088 b 274.5 23.7 86 ¢ 10.3 37 ¢ 23.15 843 ¢
Span3 336 0.33 010 b 274.5 26.8 98 ¢ 12.0 44 ¢ 11.23 409 ¢
;;Irllgg Span4 336 573 171 b 2745 291 106 d 14 41 2020 772 ¢
Span5 336 8.68 258 ¢ 274.5 45.7 166 d 6.6 24 ¢ 23.71 8.64 ¢
Total 1,344  17.69 132 b 1,098.0 1253 114 d 40.2 37 ¢ 79.29 722 ¢
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