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: Impact-Echo and Impulse Response stress wave methods:
Advantages and limitations for the evalation of highway pavement concrete overlays.

~ Allen Davis', Bernhardt Hertlein®, Maleolm Lime® and Kevin Michols’®
ABSTRACT

Concrete overlays with thickness ranging between 25 mm and 300 mm are frequently used to
restore and strengthen existing comcrete pavements and bridge approach slabs. Differences in the
strengths and elastic moduli of the overlay and the substrate; as well as the cleanfiness and roughness of
the interface between the two layers affect the medinm and long term performance of these structures,
Debonding at the interface, excessive tensile stresses-at the base of the: overlay and delamination within

structures and foundations have shown great promise in recent years. The Impact-Echo (I-E) test has = .
been applied successfilly to many diverse concrete material problems. The Jmpulse Response (IR) test is
proven in the detection of flaws in deep concrete foundations, as well as the location of POOTI support
conditions beneath and delaninations within concrete slabs on grade. . This paper presents a case study
where both methods were used to examine a stepped concrete overlay on approach slabs to bridge decks
on a heavily trafficked Interstate highway. The two test methods are briefly described, and - a ‘comparison

1s drawn emphasizing the advantages and disadvantages of both techniques. :
Keywords: concrete payefnént_ overlay, nondestructive testing, stress wave methods,

1. INTRODUCTION

In January 1995, the authors were able to examie the'condition of reinforced concrets approach
slabs by nondestructive stress .wave. methods at .seven different bridge decks on- a_heavily, trafficked
Interstate highway in.the eastern USA. The original slabs were constructed in a stepped ‘configuration
along their longitudinal direction, with. slab thickneds between 375 mm (15 inches) and 625 mm (25
inches), in 125 rom (5 mch). steps. The approach slabs were supported on soil fill. Each bridge approach

-slab is approximately 6 m (20 feet) long and 4 lanes wide, with one slab width per lane. The stepped-areas
had first been overlaid by asphalt, which was subsequently removed and replaced by reinforced concrete
overlay, intended to be bonded to the underlying slab. These.concrete overlays now- exhibit cracking,

delamination and spalling. It was believed that mmich of the deterioration was associated with debonding

of the overlaid stepped areas from the underlying approach slab.

- Nondestructive methods using stress waves have been used to examie debonding of concrete
layers i’ previous studies.™” However, a comparison between the two principal practical methods
available (Impact-Echo (I-E) and Tmpulse Response (IR)) has not been reported to date: The opportunity
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was aﬁordcd m this study to use both test mcthods m paraﬂel, and to comparc the relative mcrxts of thc
two techmquc& ‘ A . .

2, iEsT M'"EH{.OD.DESCRIPTTONS

2.1 ImDBCt—EChO

:m:L Rcﬂcotcd strcss wavc;c. nre dfde}:feﬂ TW ﬂw!ﬂw“""’"“’“' *“'nn:;duw.,' aud Jlu umo—umymwmcuL
*sp onse is oonvertcd to a frcquency respanse nsmg a Fast Founer Transform (FFT) algorxthm_

I ..,flhe reﬂcctcd Stress wavc‘ ~om thc base of -a; concretc slabbsupported on subgrade with a lower
CL’iSth modulus is.a tensmn wz;/e :as;is thereflected Pwave, fomm - any -debonded * suiface between
concrete ovcrlay and substratc 'Ihc time taken, dt, for the retum:wavé to.reach the’ reocwmg transducer
isa dxrect ﬁmchon of thc P.wave vclocxty m the concrete cP and thc thlclmess of the tcsted clemcng H:

B L

The plate thlckness (or depth to a debondcdumtcxﬁice) can - bc dctcrmmed more aocurately from

the dxsplacement—frcquency response curve, by locatmg the charactenstlc frequcncy, £ for the particular
plate thickness on the response curve:

H= cp/2f R )

i The P-wave velocity 1s either obtamcd by calﬂ)ratxon on elements of }mown thlckness, or by usmg
“two dlsPIaocmcnt transducers at different. distances from the impactor, -and méasuring the Rayleigh, or

rﬁxce wave velocity. Typ1cal I-E records. from ﬂns case.study for debonded overlays:are given in
Figures 1-2. Figure 2 also has a peak at vexy low ﬁequency, whichis eqmvalent to a résponse from the
slab m the bending mode. This feature is used in the Impu]se Response test described below.

2 2 Impulse Responsc

The IR test > (oﬁen rcfe:rrcd to prevmusly as the Tranmmt Dynaxmc Rcsp onse, OF TDR test) also
'~ uses a low strain’ mmpact to send a stress wave through thé tested element. However, the mmpactor takes
the form of a 1kg sledge hammer with a built-in load cell in the hammer head. The maximum compressive
stress at'the fmpact point in concrete is directly related to the elastic propértics of the hammer tip. Typical
stress levels range from 5 MPa for hard rubber tips to more than 50 MPa for ahrminum tips. This greater
Stress mput than for the I-E test means that plate structures behave dxﬁ'crem}y At relatively low
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frequencies (0-1 kHz) the plate responds:to the IR hammer mmpact in a bending mode. The'response to
the mput stress is normally measured using a velocity transducer (geophone). This receiver is preferred
because of its stability at low frequencies, and its robust performance i practice. The equipment used i
this project was developed by STS Consultants, Ltdi ~ ~ :

Both the time records for the hammer foic‘e #d the geophone response are processed using the
FFT algorithm, and the resulting velocity spectrum is divided by the force spectrum to obtain a transfer
function, referred to as the plate Mobility: The Ie,sultant test: gmph of Mobility plotted agamst ﬁrequency
over the 0-1 Kiz range contams mformatlon on thc condrhon ‘and. mtcgnty of the concretc m the slabs,
obtained from the following parameters: .
e Dynamic Stiffness; The- slopc of. fhie: pomon of the Mobihty plot ﬁom 0100° Hz' deﬁnes thc
. compliance, or flexibility: of the;test point for:a- noxmahzcd force. mput Thie ' mverse of
corapliance is the dynarnic stlﬁhess ofthe s]ab at the test Domt_»-'l‘hls can be exnressed L
-Stiffriess ffrnnrrr-f;- mmlﬁv cbﬂs ﬂmdmpoo ;-1-,1\ cinpiaf bandiisnLl: I

B ahéananhnae] t/r AL, Wuu..u_Lu.uaJ

- »  Mobility . zmd Damsz,_ thc: slah’s response ‘o thc xmpac:t—genemted elasﬂc wave wﬂl bc
: damped by the platc s IHImsic” ng1drty (body dampmg) Thc mean mobﬂlty vzﬂnc ovcr the b 1-

. Peak/mean Mobihw I‘;itlo when debondmg 1s present; the upper debonded layer controls the
IR result. In addition to.the i ingrease inf mean mobilrty the dynamic-stiffness decreases preatly.
The peak mobility below 0. 1 XHz becomes apprecxably higher than the mean mobility from

17

w0 1 1 kHz:The: ratlo of ﬂnsfpéak mobxhty to the mean " ‘h'bihry va}ue‘is A mdxcator of thc .

Examples of these features aTe; g;(vm m Figures 3 5 Iepresc:ntmg test re;suhs ﬁom thls case; study
Flgure 3 (test B4) shows a typxcal mobihty plotffor'zr Wcll bonded. .overlay;: with a relatrvdy h1gh stlﬂhess.

< fgffest

Eigure 5 shows a totally debonded overlay wnh very hlgh mﬁnal mobﬂrty and Iow spfﬁleﬁs, and
20&07 m/s/N average mobility. The peak/mean mobility ratio for this test point is™Z.47 “The plotfot test

B4 is superimposed on Figure 5 to demonstratc the re:maxkable dlﬁ‘eranoe bctwcen the curves for ar sou:nd
overlay and a- dcbondcd laye:r : i SR 3 .

3.1 Feasibility and correlation testmg:
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Initial testing with both methods was pexformed on a trial section of four slabs on one brdge:
a) to demonstrate the ability of the test methods to detect debonded areas, and
b) to correlate the test results obtamod with cores taken at. locatlons exhibmng different
- features reported by thie stress wave tests.
(his proof test series was carried out during one night, with traffic diverted around the test: slab&

The concre:tc Surﬁlcc was considerably roughened by wear zmd was grooved for shddmg
esistance. As’a result, it-was; often dxfﬁcult to guarantee a good coupling betwee:n ‘the I-E: dlsplaccmcnt
ransducer and the concrete surﬁicc, and some test pomts had to'be retested Several times: The very small
sontact area of the I—E xmpactor also meant that the point of impact could not be located immediately at
he crest of a concrete- ETOOVE, bccausc the impactor wounld crush the relatively weak surface ‘concrete at
hat pomt. The- IR test eqmpmﬁnt with a'50 mm diameter rubber hammer tip :and a 50 mm diameter
geophone base adapted to the groovcd smﬁlce was not-as scnsmve to surface vanabi]ny Asa Icsult, the
Rt g O\Ilput was much ﬁiStCI' for a nge:n aréa tcsted_ e

&

1 Summarizes the oorrelatton ‘of the core ﬁndmgs with the NDT observations.

Six corcs Were taken by the local Dﬁnartmcnt “of Transnortatmn at celected fpct nn'mfc rmd Tahla

Table:’ 1 Conelaﬁon of NDT r%u}ts Wxth corcs

IR SRR

LOCATION | " IR Re’mi]ts N IR Results' CORE SUMMARY
delanznation depth Stiffness (MN/pom) _
(mm) = woitze fos & MeanMobilitys o5 " 5 2 s
1 140 0.13 / 18 Delaminated at interface between two
A . ‘ different concretes at 133 mm
2 - S 300 .. -] =027/ 15 — “|'Delaminated’at interface between two
- o different concretes at 290 mm
3 : -115 023 / 40 Large void in core between 75 and
— i 125 nifn fromicore top
1 ' 150 0.13 / 10 Broken at interface between two
: ' |.different concretes at 150 mm depth
5\ 5 5 . 165 : 035 [/ 5 Intgct core with epoxy resin layer
- ' between 140 mm and 280 mm depth
-6 _ 140 0.07 / 30 Core sepatatéd-at 140 mm, with
drilling water loss. Layer ofloose
- -| agpregate present in hole.

A good agreement was obtained for both tests with the core observations. The dynamic stiffness
for the IR test- decreased with increasing severity of the overlay debonding, and the mean mobility
increased with decreasing effective layer thickness. The depths to layer separations were clearly recorded
by the I-E test, except for Location #5, where the depth to the mtact, epoxy—bonded interface was seen.

In view of the performance of the'equi‘pment du:ring this préliminary test series, it was decided
that all subsequent testing would be done using IR equipment to locate and measure the area oF potential
debonded areas, followed by I-E testing to quantify the depthis of the debonded interfaces.
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Figure 1. I-E test-response from debonded overlay
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Figure 2. I-E test response with Ieﬁectio;l ad beadng peaks
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Figure 3. : IR test response from sound: slab/overlay interface
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Figure 4. IR test response fron incipient overlay debond
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Figure 6. Mapping of debonded areas
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3.2 Production Testing

_ The remaining approach slab
total of 54 slabswas tested at-all bridg
dcbondmg for one*bndge approach is shown scllcmatlcally mFlg\m: 6.

i 8 Thc Icsults mdlcated xhat 9 slabs were: debo
*50%:01‘ fnore:of ithe aréa- tested;: 6" slablwere ¢

[T RN
L8 - ‘-n\;t.--,- e

s to the seven bndgcs were tested during the foIlowmg two nights. A
gesiThe test results are sxmnnanze:d pul Table 2} zmd a typlcal area of

nded oV 'thclr total irea; 27 slabs lmd sapamtmns at
s than 50%: ‘debonded, and 12 slabs*showed mo

+.debonding: The measured: depth of: debondmg’ genemlly oorresponded to the rccorde:d depﬂx of the
i mtexﬁxc‘,e between the overlay concretc and thet o Bobny Dok

U’}“V E 5

-l {'\._s\;‘

? g) {"4- .

RS

PRI Table’z Smmnarv ofPfodumonil‘estResxﬂis S e

Bndsre No No. of IR 1 %debondmg l . ) Comments
TIGnE b poinl:?;’ 7ae]s : .-|—---‘.éf"'-~'*':~"‘ e 2w
BT T AL 00 - . Testing onwheeipam .
g 12 : 0100 Testmg on wheel path &lanc RE
EERERE SO t 8 ERRE R AP s
3 85 75 50 -.100 " Testing on wheel path -
4 114 113 o . A4-100 Testing on wheel path and lane
SRS T center
5 90 65, | 7 -0-67. - : Testmg on.wheglpath
gl ¢ 57 TET oo T C 0500 Testmg onwhcel:path
T gL 52 : 0.'100 Test_mg on Wheelpath

) tests were used to venfy the IR test rqsulis, and to msasxxrc the depth of debondmg The
percentage debondmg for each slab was calculated byi mterpo

latxon ofthe IRtes; results..
Table 3 Companson of the two test mcthods
Test Method. . erta Impact—Echo Impulsc Response
. Advantages: | App aratus.very hg,ht and portable 2N Appa.ratus is robust and portable
CeomnE o Cbattery operated . ». Fasydata storage and data recall
» - Easy'data stomgc and data recall +  for analysis and xeportmg- -
for zmalysis and reporting Not affected by relatively rough
-« " Measures direct” dcpth to reﬂectcd - concrete test surfaces -
~features - " Fast testing (each:test-point cOvers
» Smgle operator 15-20 sec/test an area of 20 square feet) B
Disadvantages | *Good sensor coupling’ #nd impactor | e *‘Apparatus requires clecmcxty
- o © points are difficult to achieve on supply (generator)™
rough and grooved surfaces No depth measurement to
e each test measures the Jayer depth debonded surface
only mmumediately below the test Requires skilled data mnterpretation
L point
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4. DISCUSSION

The complementary advantages: of the two.test methods (summarized with their disadvantages I
Table 3) were combined to give a fast, certain gvatuation of the state of the interface between the odgmal
concrete approach slabs and their concrete overlays. The IR test has the disadvantage of not giving the
depth to the débog@aﬂ 1ayer, but does identify wider areas of delamination.around: each test.pomt. The
relatively rough working surface of the overlays resulted in -difficult testing conditions for- the I-E
equipment copmmercially available at the time of these tests, with uncertain. coupling: of the displacement
~ transducer and awlcward positioning for the impactor. The authors understand that new. F-E equipment is
now available to overcome these problems. The high frequency, reflected signal from the I-E method
. :thethickuess of the reflected mterface immediately below the testpomt, but did not give mformation
on the state of the mterface on either side of this point.

The conbination of the two test methods provided an exitciusly cost-efiective and xapid approack

R ) Cahdndatanl "

* for the evaluation of the 54 approack slabs i less than two pights’ work on the Taterstate. Fmding the
right combination of test techniques for a specific problem is the key to success It nondestructive testmg.
In the authors® experience, it is wmusual to find a single test method that can completely resolve the issues
raised by my project. - - Coe o S
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