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ABSTRACT

The Delamtect was intrddﬁced to the Iowa Department of

. _Transportation through a 1975 Federal Highway Administration
. demonstration project. The Delamtect is a small mobile unit
- for conducting a rapid bridge deck survey to determine the

extent of delaminatiéné (subsurface fractures). Comparison

of theDeiéﬁtectwith manual sounding methods and dfilled
cores hasdemoﬁétratedlits reliabiiity . Thisreseéfch_has
showﬁ the Delamtect to be a more effective,'more'ecoﬁomica1 
and safer method of surveying bridgé decké thah‘manual sound;
‘iﬁg'methOdé. The Delamtect can also be used to prévide a

measure of the bond within menrbrane systems.'



BRIDGE DECK DELAMINATION STUDY

 SUMMARY

S¢6pe ana Purpose
| ‘ThelpurPCSe of ﬁhgs research was to reduce bridge deck'
-repalr costs by prov;dlng a more effectlve, more economical -

' and safer method of locatlng subsurface fractures (delamxnan
tlonS).and evaluating protectlve membrane systems..lThe specmfic
objectlves w1th1n thls purpose wefe to détermlne the effectlven
,ness of thé Delamﬁect for-

1. Surveylng deterioration of older decks prior to
' resurfacing.

2. Verifying that:resurfacing operations Were successful.

]3} Determlnlng the degree of bond developed w1th1n a
membrane system. .

‘Oné Delamtect survey device wés purchased in January, 1976
for research @urposes. ihis researéh-was ¢ondﬁcted by the
‘Special Investigations Section of the‘OEfice of-Matefiais.through
March, 1978. No additional pérsonnel we?e’employéd for-ﬁhié.
reseaxCh and the evaluation of the Délamteét Was inéludéd'in‘the
o§e£a1;~brid§e and ?aVeﬁent testing program throughoﬁtlthe State
,of Iowa. The brldges utilized for the evaluatlon wexe generally
lselected from the Fe&eral nghway Admlnlstratzon (FHWA) National

Expermmental and Evaluation Program (NEEP) .



Conclusjions

From the results of this investigation, the following con-

clusions are drawn:

1. The Delamtect is a more effective, more economical
and safer method of surveying bridge decks than past
sounding methods.

2. The Delamtect is rellable and repeatable in outllnlng'
areas of the delamination prior to resurfacing.

3. The Delamtect is effective in verlfylng that resur-
facing operations were successful.

4. The Delamtect can be used to provide a measure of
the degree of bond within a membrane system.

Recommendations

Baseé upon the fipdihgs of this research, it is reéommended
that:

1. lsix additional:Dalamtect units be purchasedf

2. One Delamtect unit be assigned to each districtf

3. The Delamtect units be equipped with the optional ear-
phone audio signal and paint spray systems.

INTRODUCTION

A goal of highway engineers is to design and construct bridges

to provide mainenance free service thoughout the design life.

Unfortunately, there are far too many cases where this is not true.

- One of the major concerns is the premature surface spalling deter—

ioration. This spalling is usually induced by deicing salt (as

. salt water) penetrating the concrete and "z:ﬁ:tac:k:i.ngfil the reinforc-



ing steel. This salt causes corrosion of the top layer of
reinqucing steél. ‘The prodﬁct of the corrosion occupies

about twice the volume of the original métal; This ékpansive
force‘créaﬁeS' stress that produces sﬁbsﬁrfaée fractures.
Uﬁder'the conﬁinual imyacﬁ of traffic, thése fractures, commonly
referred.to as delaminations, result in sballing.

In 1962,-the ITowa State Highway Commission (now the Ioﬁa
D.O.T.)-discussed the éubject éf deteriorating cbncrete bridge
 decks at‘aADistrict Engineers Meeting. This meeting generatéd
‘a survey of bfidge deck deterioration throughduﬁ the‘State; - This
was to prodpce a summary of the extent of the deterioration and a
recommended method'of'repair. The common method of repair, at
‘that time, using bituminous materials was unsatisfactory as it
provided only temporary repair.

Iowa ﬁegan using a high cement content Pértland Cement con-
crete for partiél depth repair in June 1964, In August of 1964,
a conﬁract was awarded for research project (HR-95) to resurface
a 240 ft. bridge with a low s}ump, dense Portland Cement Concrete.
This.Was'the beginning‘of the "Iowa Method" overlays, where the
unsound concrete is rémoved and a cement sand g;othis applied to
provide a bpnd for the new dense concrete layer. This‘P.C. resur-
fécing-program has continued to expand until theré are 88 bridges

‘scheduled for 1978 construction bringing the number to 360 for the



fifteen year period.

A very imébrtant factor in tﬁa success of the "lowa Method"
resurfacing is the rémoval of the delaminated, unsound concrete.

A procedﬁre was developed where the entire deck was tapped with
a;hamﬁer or steel rod. The areas yieldinga "hollow" sbund were
§utliped and included for removal down to the réinforcing'steel.
Chain drags and métal‘bar‘drags were later used to réduce the
time and'effort of cqhductinq this sounding operation.

| On June116, 1975, the FHWA presented Demonétfation Projeét
- No. 33, "B;i&ge Deck Evaluation Téch;iques" on & US 30 bridge |
over the Des Moines Ri&ér in Boone‘County. One of the'devicés
included in that demonstration was a Delamtect developed-to con-
duct a rapid survey of the extent of delaminations.

The FHWA demonstration primarily advocated the use of‘the
Delamtect.to detect delaminated areas in the deck concrete. The
‘literatufe also stated that the device could be used over a 3 to
4 in. bituminous oéerlay, but could not distiﬁquish betﬁeen delam-
inations and unbonded oﬁerlays. This generatéd the idea of using-
the Delamtect to evaluate the bond of membrane systeﬁs (with A.C.
‘wearing sufface). This type of bridge deck meﬁbrane system was
' placed on some new Iowa bridges in 1975 to protect ﬁhe reinforcing
steel. Probleﬁs were encountered with some sheet membranes in

developing or maintaining sufficient bond. A Vapor-"outgaséing“



from the underlying P.C. Concrete either filled voids left
during donstfuction or destroyed bond causing blistering.
'When the blistered areas were tapped with a hammer or steel
rod, a hollow sound wés detected, but much less distinct than
on P.C. Concrete.
lDESCRIPTION OF THE DELAMTECT
| The Delamtect is a small mobile unit manufactured by S.I.E.
. iné.,lpf Forth Worth, Texas. The electronic, acoustical device
imparts a tapping impﬁise inﬁo the surface of the concrete. -An
oscillating solenoid mounted on two steel wheels generates £his
impulse. The receivers that ﬁlisten" to locate the hollow areas
are two‘éillfilled inner tube tires. A hydréphone (pressure
transducer) is mounted near the bottom within eéch of these oil
£illed tixés and monitors the response from the Eapping. A
response from each wheel is transmitted to a dual channel strip
chért recorder. Each steel transmitter wheel operates three
inches from the reciever tire, thus, evaluating a tﬁree inch
.wide.strip. The two three inch wide strips traverse nine inch
center tolcenter for each pass. |
.OPERATION OF THE DELAMTECT

‘The S.I.E. Company érovides an operators manual containing
general instructions for the use of the Delamtect. Test Method

No;ﬂlowa‘lolo‘(Appendix A) outlines more explicit instructions
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for.détectioﬁ of delaminated areas on bridge aecks. Testing

of bridges with horizontal or vertical curves fequires modified
layout procedures but ﬁhe Delamtect is just as‘effective.' The
_transvefsg pafhs‘must he marked on the bridge more often as thgl
cord line does‘ﬁct function on the horizcntal curves‘nor on Verﬁi—
cal curves in é Wihd.

The calib;atioh ané adjgstmen£ of the unit is covered in the
manufaétur@r's opérator's mahual. Generally, the‘adﬁustments are
easily méde with the "trim pot” adjﬁstments in the.sﬁoragé com~
partment. There have been a few c%ées where internal adiustments
were'neCESsary to aliow "trim pot" adjustment.

Thé deflection response of the Delamtect will bergreater for
large, shallow areas of delamination‘and less for small, deep
areas. In an effort to establish'a set of standards to check
resultant deflections, a set of 3 ft. x 3 ft. thin slabs k% in.,
1 in., 2 in. thick) were made. .The reSultaﬁt defleqtions‘Were
exceptionally variable. A sﬁall difference in latefal position

would yield considerable difference in reading. Experimentation

‘with a variable thickness ramp seemed to yield more consistent

results. The magnitude of deflection varied with the thickness

and produced a.repeatable trace shape. No check "standards"

have:been established to date.



 TESTING AND EVALUATION USING THE DELAMTECT

Surveyinq Bridges Prior to Resurfacing

In Iowa, a delamination survey is conducted on all bridgeé
to be included in the deck resurfacing program. ‘This survey is
used for the de51gn and estimating of quantltles for the project
The preparatlon of the deck for resurfa01ng is separated into
rthree bid items with brief descriptions as:

1. Class A Bridge Floor Repair - Removal of concrete to

at least the level of top relnfor01ng steel, but not
full depth.

2. Class B Bridgé Floor Repair - Full depth removal.

3. Bridge Floor Overlay - Scarification to a depth % in.
below the original surface.

Just prior to the resurfacing, a second survey is conducted
apd areas ?equiring Class A or Class B repair are painted on the
ldeck surface té aid the contractor.

The eqﬁiphenf that is generaliy used for this prevcohstruc~
tion sﬁrvey consists of bar drégs, chain drags, hammers or other
ﬁétal devices. Even though these depend upon the perceptlon by
the ear of the 0perator, with some operator experlence, thase
methods have proven to be very reliable. This procedﬁre is some-
”what slow and tedlous and requlres dlllgence of the operator.
Therg are also times when traffic noise 1nterferes wzth the opera-
.tor'é.ability to hear-and perceive the "hollow" sounding aréas.

‘The Delamtect has been compared with the manual sounding



methods mentioned‘abové on selected bri&ges from the National
'.Experiméntal and Evaluation Pkogram'of ﬁhe FHWA. The Deiaﬁtect
-has demonstrated complete agreement'whén compared to delaminations
as iocatéd by ménu%l methods. Using the manual sounding methods;;
théloéeraéor relies on pgrception by his ear‘to judge a paxticuIar
.afea'aé'ﬁhdllow“'of "nét hollow." fhe only‘delamination informa~
tion utiiized in.ﬁhe fesuffacing progfam:is‘separatiqn iﬁtohthe 
"hollow" or det hollow" cléssifications; The Deiamtec£ not only‘
mékes this classificatibn,‘but yields various magnituées of def;ec—
tioﬂlrelated to the size and depth of the delamination. Even
tﬁdggh no signifiqant use is presently being made of these varyingl
maénitudés ofaeflection, they are interesting in demonstrating-
| the repeatability of the belamtect. If the Delamtéct is operatéd
over the same path, near duplicate tracés are prcduced. The slight.
differéﬂces are believed to'reéult from slight deviations in the
path traversed.
| Thelreliability of the Delamtect has also béen éemonstrated

by_gbre-drilliﬁg of delaminated areas to identify thé location of‘
the fracture.

:“-The Towa D.0.T. Delamtect was ordered without the earphone
or paint spray Optibns. The paint spray optibn was'later purchased
ﬁand aaded to the Delamtect. This is a definite aséét in‘idenﬁifyn

ing holiow areas on the deck surface. The earphone system has not



been ordered, but would also be a benefit in freeing the operator
of continual observation of the trace. This would result in
improved event notation.

. Evaluation of Bridge Resurfacing Projects

- Due ﬁo manpowér limitations, very few bridge decks had been
suﬁveyed by manuai sounding aftér resuffaciﬁé. Thé Delamtect
has been used extensively in a surﬁey of degse'?.c,_Concrete resurm
facings which date béck to 1965. As would be expected, the Delam-
tect is also reliable for éost copstruction evaluation. These sur-
veys hévé Verified the_absénse of delaminations or-unboﬁdedAareés
on recent projects. Hollow areas have been identified aﬁd invesﬁim
gated-on oidex-projacts.' Because theré was no post‘const?uctioh
survey,-thefe is no way to determine if the hollow é:eas are a
result of poof surface‘preparation at the time of construction.
The Delahtect would provide the capability of more‘effective post
'constrﬁction.evaluatiOn and thereby verify that desired ;esults,
=performance and longevity are obtained. |

Evaluation of Bond Within Membrane Systems

In 1974, a protection system was required on all bfidge'decks‘
with federal funding. iqwa applied Neoprene, Bitutheneland Protecto-
| ﬁrép membrane sysﬁems on 14380 bridges in Cedar Rapids. ﬁuriné the
hot;summer'mbnths‘of 1975, following construction in thé'fal1 ﬁf'

1974 ana_before béing opened to traffic, many blisters Were observed
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on.thé‘Nebprene meﬁbrane system. 'Some'manual "sounding"'had been
conducted to locate “hollow" areas, but this was rather slow and
the limits'of the areas were not easily defined on ﬁhe asphalt
' concreﬁe. | | |
Inifial use‘of the belamtecﬁ to survey membréne systems'generéted.
doubt: és‘to the effectivenéés; This first attempt was ﬁo evaluate the
.bonding‘bf the Nedprene‘system and all testing seemed to yield sub-
stantialjdéfiactidns. This Neopréne system,consisted of é layer.of
UWM~28(§olyurethane) adhesive placed on the‘concréte 6éck,,a ﬁeoprene
sheétl'another layer of UﬁM~28, a protéction board'andfﬂméasphait‘con-
gtete wearing coarse. At first,'some individuals were of the opinién
that‘the gréa£er deflectiohs were a result of the léyers of flexible
méterials. 'Betweénrthe-Substantiai deflections, ﬁﬂeré were very short
sectioné of trace exhibitiné no deflection which does nét support the
‘ "&ef1e¢tion feSultihg from flexible méterial" opinionf Because the.
'unbdnde&.areas were ériented primarily_longitudinally, testihg was
Qonducﬁéd usihg traﬁsverse passes with the unit. | o |
Tésting éf the Bituthene and Protectowrap systems-proauced'
tféces-witﬁ eésentially no deflectiops (a ﬁigh dégree of bond).
‘Based upon this membrane testing data, the Delamteétwasvery effective
‘inevaluatigg.théglack of bond. It indicétéd very poorlbonding of the
‘ ﬁeﬁpfene system which‘Was confirmed bétﬁ by thé biistéré ahd explofam‘

‘ tory-ﬁeﬁoval of gome asphalt mat and Neoprene membrané.
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The3Delamtect‘again demonstrated'itsability to produce a trace
with not only similar shape,_but if bperated over the same ‘longitudi-
_ﬁal pathg‘thefmagn}tude éf'defléctions are also duplicated. Thié'
metho&,éould thenrbe used to assign a qﬁéntitative valué to tﬁé béﬁdu
ing'OR a‘particﬁlar test date;

ADVA’STAGES OF THE .DELAMI;ECT ‘-

Reliability

| Reliability is Qnélof the most impérﬁant advaptagesjof.théibelaﬁm
tect.:ZIt-has-been proven efféctiﬁe'in locating ﬁhollow? areas result-
;inglfroﬁ delamina#ions or lack of bohd. Theré is very little operator
;abor or‘hearing perception required,‘éheréfore, réducinq-the &epehd—
ence on the diligence of the operaﬁor.l It wiil jield‘aimost‘perféct‘
repetition éf defléqti@n due to the “hélloﬁ"‘areés.
EéonOmics

. The Delamtect is a very rapid survey method: The fieldAsurvey
of a typical 200 ft.rx 30 ft. bridge with manual sounding requires
‘épproxiﬁately 12 man hours. The same field sur&ey with the Delam—
tect can-easilf'be completed in one hour and could be aécoﬁplished
-bythree,iéchnicians (three man hours). The £ime_fofré§uétion'of

'tﬁe”daté iﬁ thé'officelwould vary depending on the amount ofgdelami—

' nations, but WOula réquire approXimaiely‘six man hours for either
méthod;: The’signiﬁ§~and protection required ffbm‘the Officé of Mainte-

'hancg‘wquld be reduced from a four hour'period to a‘oné‘hour period.

12



on foupmlane rQadﬁays,lthe traffié is fﬁnneied into the 6peﬁ iane
and signingﬂpersonnel are-utiliéedlfor mahual sounding, but'én two-
iahe paﬁdways, traffic control by oné or twé flagmen woﬁld be éonu
tinuélly:reQuired. Every bridgélwould'have different survey and
| signing.requirements, buﬁ_forjthe Sufﬁéy (includin§ data reduction)
of a‘200 fi.'x‘Bojft..bridge,.the ménﬁal méthqd would réquire aéproxiw_
“méﬁely 26 man héurs andiﬂueDelamtect Method, 11 mén:hoﬁfs. Oh alfouﬁm :
,léﬁe roadway( thislwogld be'a?proximately 18 man hours for manuairand
. 9 m¢n ﬁours.for tﬁe Délamtect. | |
'éafety~u

‘-Thé-safetf ofubdth the moﬁorist and the survey tecﬁhician would
be iﬁpioved aé the time whén traffic is obstructed woﬁld be approxi-
. mately 25% of that requiré& for a manual séunding sﬁrvéy.
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Test Method No. Towa 1010
April 1978

‘TOWA “DEPARTMENT OF TRANSPORTATION
HEGHWAY DIVISION

Office of Materials

METHOD OF TEST FOR DETECTING
DELAMINATIONS USING THE DELAMTECT

Scope

This test metho& covers the survey .
of bridge decks to determine the extent
of delaminations using the Delamtect.

A .ﬁpparatus _ ;‘

_Delamtect (Figure 1 and 2)
Tape meagure’

. Cord line (500° long)
Lumber crayon

IR RS L
-

o Figure 1
Delamtect in Operation

Figure 2
Rear View of Delamtect

Test Record

Information to be recorded in field

book:

L. Project No. ineluding County an&
Design No.

2. XYear of last deck surfacing

3. Location description. {route Nos.,
.stream name, R.R. name etc.,
distance from known reference)

4. Dimensions (length and wldth
curb to curb)

5. Bkew if known

6. Surface type (PCC or AC)

7. bny special features (known or
chserved)

8. Nanmes of crew

bDate of survey.
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Information to be recorded on stripchart:

i.
2.

3.

Préject No. and County ‘

Location and description (Road, stream
atc., and date on each end of chart)
Survey beglnning location (side and
end)

Identify electrical zero, background
response and ¢alibrator bar readings
before and after each bridge survey

. Pass nuwber and direction of travel

Ends of bridge. joints, expan51on
devices

¢. Tesgt Procedure

Read the instructions in the Opera-
tor's Manual for the SIE Delamtect.
verify that the battery has suffi-
cient charge.

Turn power switch, “ON,“‘transmxtter

~ and chart drive switches "OFF" to

let the Delamtect warm up while mark—
ing the bridge for survey.

Bridge layout: beginning at curb
face, mark 18" spacings across each
end of the bridge deck.

Pelamtect Calibratiom:

a. ?lace calibrator bar behind the

-Delamtect and pull the Delamtect up
- onto the calibrator bazx.
‘down on handle. to lift the swivel

wheel off the surface to assure that

Push

the Delamtect is properly located on
thé calibrator bar, then let swivel
wheel back to surface.

B. With powér "ON}“ turn chart

‘drive "ON" to run about 1" of chart
‘paper.

(Figure 3) Mark this trace

“EZ"‘(electrlcal zero)

. W;th power “oN, function'CALI~
. BRAEE * transmitter "ON" and chart

drive. "ON," adjust Trim Pots mounted

‘at top of storage cabinet so that

the trace is 20 minor chart divisions
sbove "Ez *  Mark this trace wein
{calibrate). Switch function to

""OPERATE". and the pen should deflect
 to about 35. minor chart divisions
».above "Ez w

'-d; With the Delamtect ‘on a sound

portion of the bridge deck, powexr

tON, " transmitter "ON,* function
_'"OPERATE,“ turn chart drive "ON" and
fun about 1* of paper.

_Mark this
trace‘ﬂBR"w(background rasponse).

Test Method No. Iowa 1010
April 1978

T T
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Figure 3

Strip Chart of Caizbrat;on Procedure

Operat ion

a. Stretch the cord line between
marks on each end of the bridge.

b. Be sure the chart drive roller is
in contact with the chart paper as

. the mechanical chart drive advances

the chart paper the proper speed to

" correlate with the digtance traveled.

c. Note pass number and directlon of
travel on chart paper.

d. With power "ON," transmitter “ON "

. function "OPERATE," push the Délam~

tect at a. normal walking speed follow-
ing the cord line with the swivel
wheel. Mark ends of brmdge, expansion
devices, ete., with the event marker
which ig activated by the button on
the -gide of ‘the handle.‘”'

- After deck has been surveyed u31ng

ig* spacings, repeat steps 5a through

. 5d before turnzng power "OFF. *

Delamlnations (deflection of 4 or
more minor chart divisions dbove‘
"BR") may be marked on bridge at time
of survey by activating the paint sSpray. -



D. Data Interpretation and Piotting

1.

Select a reasonable longitudinal
scale and use an exaggerated
transverse scale {example: longi~
tudinal 1"=10', transverse l"=
4')

‘Lay out. the test lxnes on 9"

centers to the gelected scale.
Plot the limits of all portions
of each trace exhibiting deflec- '
tion of four or mwore minor divi-

"sions above the normal background

response level. (figure 4} .

Connect the limits of these ylots
and outline the individual delami-
nated areas.

Establish a block outline arxound
general areas of delamination.
Détermine the total area contained
in the bloek ocutline areas.

pivide the area obtained in poxnt
“g* by the total bridge deck area
and multiply by 100 to yield the
percent of delamination.

S ; Figure 4
Strip Chart Showing Deflections
Rqsnlting From Delamination

E.

JL.

,are in place.-

Test Method No. Iowa 1010
April 1978

Precautions

Before moving onto the traveled
portion of the roadway, be certain
that the required safety devices
Wear a safety vest
while on or near the traveled way.





