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ABSTRACT

The Delamtect was intrdduced to the Iowa Department of

Trahsportation through a 1975 Federal Highway Administyration

 demonstration project. The Delamtect'is a small mobile unit

for conducting a rapid bridge deck survey'to determine the

extent of delaminationé (subsurface fractures) .. Comparison'

of the'Deiamtectrwith manual sounding methods and.dfilled
cores hasldemohétratedlits reliabiiity . Thisreseéiéh_has
showﬁ the Delamtect to be a more effective,‘more’ecoﬁomica; 
and safer method of surveying bridgé deqké thah‘manual sound;
~iﬁg‘methcdé. The Delamtect can also be used to prévide a

measure of the bond within menbrane systems.‘



BRIDGE DECK DELAMINATION STUDY

' SUMMARY

Scdge ana Purpose
| .ThelpurPCSe of th;s research was to reduce bridge deck‘
repair costs by providing_a ﬁofe eff¢ctive, more ecoﬁbﬁiaalu
' aﬁd séfer ﬁgthbd of‘locéting sﬁbsurfaéé fractures(éelaminén
tions) and evaluating p?otective‘meﬁﬁrane sysﬁems;.fThe‘specific
ébjeCtiVeé witﬁiﬁ‘this-purpose wefe to détermine the_éffeétiVej
l,néssiof £hé belamﬁect for: | |

1. Surveylng deterioration of older decks prior to
‘ resurfac1ng.

2. Verifying that:resurfacing operations WQre successful.

13} Determlnlng the degree of bond developed w1th1n a
membrane system. S

lbné Delamtect survey device was purchased in January, 1976
for research ?urposes. ihis researéh‘was conduc ted by the.
‘Special Investigations Secfion of the Office of-Maté&iais.through
March, 1978. No addifional'pérsonnel were employéd fér-ﬁhié
research and the evaluation of the Délamtedt was inéludéd'in the
o&efal;~brid§e and baVement testing program throughoﬁt‘the State
- of Iowa. The brzdges utilized for the evaluatzon were generally
lselected from the Federal nghway Admlnlstratxon (FHWA) National

Experlmental and Evaluation Program (NEEP) .



Conclusions

From the results of this investigation, the following con-

clusions are drawn:

1. fThe 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

Base& upon the findihgs of this research, it is recommended
that:

_l. ‘Six additionalsDelamtect units be purchased:

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 "attacking“ the reinforc-



ing steel. This salt causes corrosion of the top layer of
reinqucihg steél. ‘The prodﬁct of the corrosion occupiles
about twice the volume of the original ﬁetal; This ékpansive
force‘créaﬁeS‘ stress that produces subsﬁrfaée fractures.
Uﬁder'the confinual imyacﬁ of traffic, thése fractures, commonly
referred to as delaminations, result in Spalling.

In 1962, the Iowa State Highway Commission (now the Ioﬁa
D.O.T.)-discussed the éubject éf deteriorating Cbncrete bridge
- decks at‘a District Engineers Meeting. This meeting generatéd
a survey of bfidge deck deterioration throughOuE the.State;‘ This
was to prodgce a gummary of the extent of the deterio;ation 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 Portland Cement cdn-
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 slump, dense Portland Cement Concrete.
This‘Was'the beginning‘of the "Iowa Method"” overlays, where the
~unsound concrete is rémoved and a cement sand g;oqt-is applied to
provide a bond for the new dense concrete layer. This‘P.C. resuy-
facing program has continued to expand until theré Sre 88 bridges

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



fifteen year period.

A vefy im@ﬁrtant factor in tﬁe success of the "Towa Method"
resurfacing is the removal of the delaminated, unsound concrete.

A procedﬁre was developed where the entire deck was tapped With
a:hamﬁer or steel rod. The areas yileldinga "hollow" sbund were
outlined and include& for removél down to the reinforcing steel.
Chain drags and métallbar‘drags were later used to réduce the
time and'effort of conducting this sounding oparation.

| On June 16, 1975, the FHWA presented Demoﬁstraﬁion Projeét
- No. 33, "B;idge Deck Evaluation Techﬁiques" on a US 30 bridge |
over the Des Moines Ri&er in BoonelCounty. One of the'devicés
included in that dembnstration 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. Thg
‘liﬁeratufe also stated that the device could be used.ovér a 3 to
4 in. bituminous overlay, but could not distinquish between delam-
inations and unbonded overlays. This generatéd the idea of using-
the Delamtect to evaluate the bond of menbrane systeﬁs (with A.C.
‘wearing su£face). This type of bridge deck meﬁbrane system was
| placed on some new Iowa bridges in 1975 to protect the reinforcing
steel. Probleﬁs were encountered with some sheet membranes in

developing or maintaining sufficient bond. A vapor "outgassing”



Ffrom the underlying P.C. Concrete either filled woids 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 distincﬁ than
on P.C. Concrete.
DESCRIPTION OF THE DELAMTECT

The Delamtect is a small mobile unit manufactured by S.I.E.
‘iné.,‘pf forth Worth, Texas. The electronic, acoustipal 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 hlisten" to locate the hollow areas
ére two‘dil‘filled 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 ﬁapping. A
response from each wheel is transmitted to a dual channel strip
chért recorder. Bach 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.
QPERATION OF THE DELAMTECT

‘The S$.I.E. Company ﬁrovides an operators manual contéining
general instructions for the use of the Delamtect. Test Method

No;:Iowa 1010 (Appendix B) outlines more explicit instructions



for‘détection of delaminated areas on bridge aecks. Testing
of_bfidges with horizontal or vertical curves fequires modified
layout procedures but ﬁhe Delamtect is just as.éffective.' The -
transvefsg paﬁhs-mustlbe marked on the bridge mére often as the
cord line does not function on the horizontal gurves'nor on &efti—
cal curves in a wiﬁd.

The calib;atioh ané adjgstmen£ of the unit is covered in the
manufaéturer‘s_opérator's mahual. Generally, the'adfustments are
‘easily méde with the "trim pot” adjﬁstments in the.sioragé.comm
partment. There have been a few c%ées where internal adjustments
were necesséry to aliow."trim pot" adjustment.

Thé deflection response of the Delamtect will bergreat@r for
large, shallow areas of delamination‘and less for sméll, 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 f% in.,
1 in., 2_in. thick) were made. .The reSultaﬁt deflgqtions‘were
exceptionally variable. A sﬁall difference in latefal ?osition
would yield considerable difference in réading. Experimentation
‘With‘a variable thickness ramp seemed to yield more consistent
“results. The magnitude of deflection varied with the thickness
and produced é‘repeatable trace shape. No check "standards"

haveibeen established to date.



 TESTING AND EVALUATION USING THE DELAMTECT

Surveving Bridges Prior to Resurfacing

In Iowa, a delamination survey is conducted on all bridgee
to bejineluded in the deck resurfacing program. This survey is
used for the design and estimating of gquantities for the project.
The preparation of the deck for resurfacing is separated into
three bid. items with brief descriptions as:

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

at least the level of top re1nforc1ng steel, but not
full depth.

2. Class B Bridge 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
.deck surface ﬁe aid the contractor.

The eqﬁipﬁenf that is generaliy used for this ?rewcohstruc~
tion sﬁrvey consists of ber dregs, cﬁain.drags, hammers or other
metal devices. Even though these depend upon the perceptlen by
the ear of the operator, with some operator experlence, these
methods have proven to be very reliable. This procedere is some-
”what slow and tedlous and requlres dlllgence of the operator.
There are aleo‘tlmes when traffic noise interferes With the opera-
.tor'e.ebility to hearAand pérceive the "hollow" sounding areas.

‘The Delamtect has been compared with the manual sounding



metﬁods nentioned labové on selected bridges from the National
'lExperiméntal and Evaluation Pfogram'of the FHWA. The Deiaﬁteqt
‘has demonstrated complete agreement'whén compared to delaminations
as_iocatéd by ménuél methods. Using the manual sounding methods;
theoéera;pr relies on perception by his ear #o judge a ?a;ticular
'afea'és *héllcw“'of "not hollow." fhe only‘delamination informa~
tion utiiized in ﬁhe fesuffacing progfam:is‘separation,iﬁtohthe 
nhollow?lor “pdt hollow" cléssifications; The Deiamtecé not only
makes this classification, but yields various magnitudeé_of deflec-
tibﬁ related to the size and depth of the delaminaﬁion. Even
tﬁdqgh no signifiqant-use is presently being made of these varying
magnitudés ofléeflection, they are interesting in damonstrating-
| the repeatability of the 5elamtect. If the Delamtect is operatéé
over the same path, near duplicate tracés are produced. The slight.
differéﬁces are believed to'reéult from slight deviations in the
péth traversed. |
| The‘reliability of the Delamtect has also béen éemonstrated

by ¢cre‘drillihg of delaminated areas to identify thé Location of‘
the fracture.

L..»The Iowa D.O.T. Delamtect was ordered without the earphone
~or paint spray optibns. The paint spray optibn was'later purchased
and added to the Delamtect. This is a definite asset in”idenﬁifyg

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
su?veyed by manual sounding gftér resqffaciﬁé. Tﬁé Delamtect
has been used extensively in a survey of denge‘P.C, Conérete resur-
facings which date béck to 1965. As would be expected, ' the Delam-
tect.is:also.reliable for ?ost copstruction evalﬁatiqn. These sur-
veys hévé verified the absénse of delaminations or-unboﬁdedAareés
on recent projects. Hollow areas have been identified aﬁd invesﬁiu
gated-on oider‘projects.' Because theré was no post-constfuctioh
survey,-thefe is no way to determine if the hollow éreas are a
result of poor surfacelpreparation 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 Svstems

‘  In 1974, a protection system was reqﬁired on all-bfidge:decks‘
with”feaeral funding. iQWa applied Neoprene, Bituthene‘and Protecto-
Wrép membréne sysﬁems on I~380 bridges in Cédér Rapids. bpriﬁé the
hot&summer mbnthé'of 1975, following construction in'thé‘fall éf

1974 an&_before béing opened to traffic, many blisters'were observed

10



on‘thélNeoprene meﬁﬁrane system. Some'manual "soun&ing“‘had been
conducted to locate “hollow" areas, but this was rather slow and.
the limits of the areas were not easily defined on the asphalt

' concreﬁe. | .

Inifial use.of the Delamte&ﬁ to survey membréne systems generated .
doubt és‘to the effectiveness. This first attempt was ﬁo evaluate the
_bonding'bf the Nedpreneléystem and ail'tesﬁing‘seemed to yield sub-

stantiaijdéflectidns. This Neopréne sﬁstem,consisted of é layer of
GWM~28=(polyurethane) adhesive placed on the‘concréte déck,,a Neopfgne
sheét,another layer of UﬁMwZS, a protéction board and the asphalt con-
grete wearing coarse. A# first, gsome individuals were of the oPinién
'that'the gréa£er deflectiohs were a result of the 1éyers of flexible
materials. 'Betwéénrthe‘sUbstantiai deflections, tﬁeré were very short
sections of trace exhibiﬁing no deflection which does nét support the
.“deflection feSultihg from flexible material™ opinionf Because the.

" unbonded areas were ériented primarily_léngitudinally, testihg was
conducted usihg transverse passes with the unit. | | |

Testiﬁg of the Bituthene and Protectowrap systems-proauced‘
ttécés‘with essentially no deflectiops (a High dégree offbon&).
‘Based‘upon this membrane tesﬁing data,.the Delamteétwasvéry effective
‘ihevaluatiggthe.lack of bond. It indicated very poor‘bonding of the
. ﬁedpfeng sfstém whiCh‘Was confirmed bétﬁ by thé biistéré ahd exploraml

' to:y‘reﬁoval of some asphalt mat and Neoprene membrané.

11



The - Delamtactl agéin demonstrated its ability to ?_i'oduce a trace
with not only‘similar 5hape,.but if éperated over the same longitudi- -
_ﬁal path,‘thefmagn;tude éf‘deflections are also dupliéated. Thié
'methoé.éould'then;ba_used'to assign a quéntitative valqé to tﬁé béﬁd—
ing'cn a‘particﬁlar test date;

ADVANTAGES OF THE DELAMTECT

Reliabiiitv

| Reiiability-is Qné‘of the most'important advagtages of.the;Delaﬁm
tect.:zIt-has-been proven efféctiﬁe‘in locating "hollowﬁ areas result-
:inglfroﬁ delaminations or lack of boﬁd.' There is very little operator
;abor;o:.hearing perception re@uired,‘éheréfore, réducinq;the &épehd—
.ence on the diligence of the operator._ It wiil yieldaimoétperfect
repetition éf defléctién due to the "hdlloﬁ"‘areés.
Eéonbmics

 «The Delamtect is a very rapid survey method. The fie1d survey
of a typical 200 ft._x 30 ft. bridge with manual souﬁding requires‘
‘épprpxiﬁately 12 man hou:s. The same field surﬁey with the Delan-
tect can-easily'be completed in one hour and could be accoﬁplished
-by.three,iechnicians (three man hours). The ﬁiméfor"réﬁuction'of
‘tﬁe”daté in the'office.would vary depehding on the amount of:delami-
natioﬁs,,but WOulé rgqui#e approXimafely‘six man hours for either
méthod; The’signiﬁgnand protection regquired ffdmlthe Offiéé of Mainte-

-hancgﬁwéuld be reduced from a four hour period to a.oné'hour period.

19



on four—lane rdadﬁays,‘the traffié is fﬁnneied into the opeh ianel-
and signing“personnel are“utiliéedlfor mahual sounding, but'én two~
iahe fabdways, tfaffic control by oné or twé flagmen woﬁld be éoga

tinuéllj:required. Every bridgelwould'have differenﬁsurvey and

| signingrequirements, buﬁ_forjthe Sufﬁéy (incluéiné data réduction)
of a‘ZOO fi.‘x‘30:ft. bridge,.the ménﬁal méthod would reqpire aéproxiw‘

“mately 26 man-héurs andiﬂueDelamtect.Method, 11 ﬁan.hoﬁié; Oﬁ a fou?» .
,léﬁe roadway{ this‘wbgld be'a?proximately 18 man hours for manuéirand

. 9 man hours‘for tﬁe Délamtect. |

-Safetx.“

.‘Thé-séfetf of”bdth the moforist and the*sﬁrvey teCﬁhician would
be iﬁptoved aé the time whén traffic is obstructed woﬁld be approxi-
. mately 25% of that requiréd for a manual séunding sﬁrvéy.
ACKNOWLEDGEMENTS

The author wishes to express appreéiaéion to:the Special Infestiu
gétiohs pefsonnei for their coﬁtribution to the project. - The.aSsis;

tance of Karman Kellogg and Richard Smith was especially'hélpfﬁl.

13



Ajgpehd ix A

Test Method No. Towa 1018
April 1978

TOWA DEPARTMENT OF TRANSPORTATION
HIGHWAY DIVISION

Office of Materials

METHOD OF TEST FOR DEPECTING
DELAMINATIONS USING THE DELAMTECT

Scope

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

A ‘Apparatus'

.  Delamtect (¥Figure 1 and 2}
Tape measure’

Cord line (500' long)

. lLumber crayon o

M

ESIRT R

Figure 2
Rear view of Dealamtect

"B, Test Record

Information to be recoxded in field

book:

. L. Project No. including County and

) Design No. )

2. XYear of last deck surfacing

3. Lecatlon description. {(route Nos.,
.stream name, R.R, name etec,,
distance from known reference)

4. Dimensions (length and width ~
curb to curb) : .

5. Skew 1f known .

6. Surface type (PCC or AC)

. : 7. BAny special features {known or
‘ Figure 1 chserved) B :
belamtect in Operation ) . 8. Nanmes of crew

9. Date of survey.




]

Information to bé recorded on stripchart:

i.
2.

3.

4,

5,
6.

C. Test Procedute

-Pags numrber and direction of travel

Project No. and County :
Location and description (Road, stream
ate., and date on each end of chart)
Survey beglnning location (side and
end)

Tdentify éelectrical zero, background
regponsgse and calibrator bar readings
before and after each bridge survey

Ends of bridge, Joints, expans;on
devices

Read the instructions in the Opera-
tor's Manual for the SIE Delamtect.
Verify that the battery has suffi-
¢ient charge.

Tarn 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.

Delamtect Calibration:

a. Place calibrator bar behind the

.Delamtect and pull the Delamtect up

onto the calibrator har. Push

 ‘down on handle to lift the swivel

a.

) BRATE " transmitter
_.arxve “ON, " adjust Trim Pots mounted
‘2t top of storage cabinet sé that

- ld-'«‘

"UON," transmitter "ON," function
"MOPERATE, *- turn chaxt drive "ON" and
_run about 1" of .paper.

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

b. With power "ON‘“ turn chart

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

(Figure 3) Mark this trace
"Ez“-(electrlcal zero}

‘With pcwer “oN, " function'CALI»
"ONY and chart

the trace is 20 minor chart divisions
gbove "EZ." Mark this trace "C"
{calibrate}, Switch function to

“OPERATE". and the pen should deflect
- to about 35 minor chart divisions
r‘above

!IEZ Il
'A‘With‘ﬁhe Delamtéct on a sound
pertion of the bridge deck, power’

Mark this
trace "BR" (background response) .

" d.

-7

Test Method No. Iowa 1010
April 1978

‘ Figure 3
Strlp Chart of Callbratmon Procedure
Operation
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 distance traveled.

c. Note pass nunber and dixectlon of
travel on chart paper.

With power "ON," transmltter “ON "
function “OPERATE," push the Deélam-
tect at a. normal walking speed . follow-
ing the.cord line with the swivel
wheel. Mark ends of brldge, expansion
devices, ete., with the .event marker
which is activated by the button on
the - gide of ‘the handle.‘”

After deck has been surveyed u81ng
ig* spacings, repeat steps 5a through

ISd before turnxng power "OFF "

Delamlnations (deflection cf 4 or'

more minor chart dlvisions above'
"BR") may be marked on bridge at Eime
of survey by activating the paint spray.



D. Data Interpretation and Plotting ‘ E.

1.

Select a reasonable longitudinal
scale and use an exaggerated
transverse scale (example: longim
tudinal 1"=10', transverse 1"=
4} )

‘Lay out. the test lines on 9"
. centers to the selected scale.

Plot the limits of all portions
of each trace exhibiting deflec~.
tion of four or more minor divi-

‘sions above the normal background

response level. (figure 4} .

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

Bstablish a block outline arxound
general areas of delamination.
Détermine the total area contained
in the block outline areas.

pivide the area obtained in pomnt
"g" by the total bridge deck area
and multiply by 100 to yield the
percent cof delamination.

‘ : Figure 4
Str;p Chart Showing Deflections
_Resulting From Delamination

,are in place. -

Test Method ﬁo.

Iowa 1010
April 1978
Precautionsg
.1. Before moving onto thé'traveled

portion of the roadway. be certain
that the required safety devices

Wear a safety vest
while an or near the traveled way.



