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PREFACE

This is the ninth report igsued under Research Study 2-18-68-130,
A S;udy of Reinforced Concrete Bridge Deck Deterioration: Diagnosis,
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by Raouf Sinno and Howard L. Furr, Research Report 130-1,
Texas Transportation Institute, March, 1969.
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Treatment and Repair - Part I, Treatment," by Alvin H.
Meyer and Howard L. Furr, Research Report 130-2, Texas
Transportation Institute, September, 1968. '

3. '"Freeze-Thaw and Skid Resistance Performance of Surface
Coatings on Concrete,'" by Howard L. Furr, Leonard Ingram
~and Gary Winegar, Research Report 130-3, Texas Transpor-
tation Institute, October, 1969.

4. "An Instrument for Detecting Delamination in Concrete
Bridge Decks," by William M. Moore, Gilbert Swift and
Lionel-J. Milberger, Research Report 130-4, Texas Trans-—
portation Institute, August, 1970.

5. "Bond Durability of Concrete Overlays,"” by Howard L. Furtr
and Leonard L. Ingram, Research Report 130-5, Texas Trans-
portation Imstitute, April, 1971.

6. '"The Effect of Coatings and Bonded Overlays on Moisture
Migration," by Leonard L. Ingram and Howard L. Furr,
Research Report 130-6, Texas Transportation Institute,
June, 1971.

7. "An Investigation of the Applicability of Acoustic Pulse
Velocity Measurements to the Evaluation of the Quality of
Concrete in Bridge Decks," by Gilbert Swift and William M.
Moore, Research Report 130-7. Texas Transportation Institute,
August, 1971. : '

8. '"Concrete Resurfacing Overlays for Two Bridge Decks," by
Howard L. Furr and Leonard L. Ingram, Research Report 130-8,
Texas Transportation Institute, August, 1972,
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ABSTRACT A ' : -

Delamination is probably the most serious form of deterioratién
. , | )
which is commonly found in bridge decks. It ultimately results in 1arge
scale spalling ﬁecessitating costly repairs. This type of failure is-
.believed to be caused chiefly from salt inducedwcorrpsion of the reinforcing
steel. An instrument designed to detect Qelaminatién;*énd tests conductedv
to validate its perﬁqrmance;*arekBrief;y;deééfibedi.ﬁThé iné£rument has’
been used by Texas Highway Department maintenancevpersonnel and has been
found to be an effective and practical tool, especially on resurfaced
decks. |
Other bridge deck evaluation techniques investigated were: (a)
Cbrrqéion Potential, (b) Acoustic Velocity, (c) VWindsor Probe, (d)
Schmidt Rebound Hammer, and (e) Direct Tensile Strength. It appears
that all of these techniques have merit.‘vIt is bélieved that‘any of
~them can be used to search outvweak spots or deterioration in bridge
decks. |
" Key Words: Concrete; Deterioration; Testing Evéluation;

Delamination; Nondestructive testing.
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SUMMARY -

- Two typesbof defects have been considered to be of paramognt importance
in the evaluation of concrete bridge decks. They are (a) delaminatioﬁ (a
separatiqn of the original slab into two or more approximately horizontal
layers) and (b) poor quality concrete. One portion of this research effort
has been directed toward providing a rapid ahd rgliable means for detecting
delamination through the development of a practical and fieldwoftﬁy
instrument. The other portion of this research has been devoted towérd
':investigétiﬁg various techniques for the detectioﬂ of poér quality-concrete.
This efféft has resulted in the development of a Velocity meter and an in
situ tensile'tésting-device. The investigation included two commercially
availablg>duality indicaﬁing devices, the Schmidt Rébduhd Hammer . and the
Windsor Probe. It appears thét each of these four téchniéues has merit and

can be uéed»to locate poor quality concrete in bridge decks.
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IMPLEMENTATION STATEMENT

The delamination detector has been found to be a praétical and
ﬁieldworthy tool for use By highway maintenaﬂce personnel. Research has
demonstrated_that multiple-path automatic detection is practicai.

The Direct Tensile Test, Velocity Meter, Rebound»Hammer, and Windsor
Probe are each desigﬁed to measure avdifferent characteristic broperty of
iﬁlsituvtoncféte: ;All:of them have merit and any one of them can be used
to- locate weak spots or deterioration in bridge decké. “These tesfs can

supply valuable data to the engineer faced with the problem of possible

major maintenance of a bridge -deck.
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‘1. INTRODUCTION

This reporf summarizes the resuitsvin Phasé 1 of a reseafch étudy entitled

A StUdy of Reiﬁforced Concrete Bridge Deck Deteribratioh: .Diagnosis,rTreat—
ment and Rebair.". The study is being conductéd by the Texas Transportation
 Institute as part of ﬁhe cooperative research progrém with the.TekaS Highway
Department and ghe United States Department of Tranépoftation, Federal
Highway Administratidn. The specific objective of‘fhaseil of the research
'£évthérdevelopment of methods to evaluate the exteﬁt of deterioration in
bridge decks. |

‘ - Two defects have been considered to be of péfamountvimyorfance in thé
~ evaluation of concrgte Eridge deéks.. They are (a) delaminétion_(a separation
of the original slab into two or mofé approximately horizontal layers) and
(b) poor quality concrete. Researéh Report 130-4, entitled "An Instrument
for Detecting DelaminationAin Concrete Bridge Decks,' deséribed the devglépment‘
and preliminary festing done in the "delamination" portionAof the research; 
Research RepbrtAi30¥7, entitled "An Investigation of fhe Applicability‘éf
Acoustic Pulse Velocity Measurements-fo the Evéluation of the Quality of

Concrete in' Bridge Decks' described the development and initial testing

b}

directed foward thé detection of poor quality concrete. 1In both of these
reséafch efforts,'primary-emphasis was placéd on‘non—destruétive'testing
techniques for diagnosing'deterioratioﬂ. In later research, séme_slightl&
déstructive'conc;ete evaluation techniques were‘investigated. ‘Specifically
the following ﬁéasurement techniques wére examined:

(a) Delamination Detection,

(b) Corrosion Potential,

"(c) Acoustic Velocity,




-‘(d) VWindsor.Prebe,
(‘e"):/;lf"s*ch;n__i‘dt Rebound Hammer, and
A(f) Direct Tensile Strength.

The present report deScribes each one of these measurement'teehniques
and discusses fhe interpretation of their results. For-the conveniehce of
the reader, section 2, Delamination Detection and section b, Acoustic
VelOCity:eqntainvsome background information which has been Previously

ereported.f Asdetailed’anéIYSis of comparative in-situ atrength measurement

technlques is currently in progress and w1ll be reported at a later date.




2. DELAMINATION DETECTION

‘Probably the mosf serious form of detériéraﬁion cdmmbnly“found in
reinforced con§rete'5ridgg déCké is‘delaminatiop:whi@hiﬁiﬁimﬁtely results
in largerscale Spallingjgna tps£ly repéifs;;.Tﬁiéft?peﬂ§f;dé£érioration
occurs most fréqﬁently'wheré}salt is uéed fé%;winfér:deiéiﬁg_and»is believed
: té result chiéfly frombéait induced éorﬁosioﬁtéfftﬁéAreinforcing steel (1, 2,
3, 6. | L
| The normal maintenénég procedure for repgiriﬁg delaﬁinated areas in
bridges is torremove the materiallaboVe the plane ofrdelamiﬁétion and replace
it with a relatively fast setting material (Figure 1). Epoxy or faét setting
cément mixes are normally used for thesé repairs to minimize delay to traffic.

Delamination has been detected by mainténance personnel based on their
subjective judgment of the sqund produced by striking the deck:wifh a hammer
or somé other object. Wooden blbcks, dragAChainé, sﬁeelvrodé and séecially
designed hammers have been used for such detection (Figure 2); These tech-~
niques are very dependent npén the operators ability to judge the
distinctive "hollow sound" produced at thé location of a delaﬁination.

An insfrument for detecting deiamination was de?elbpéa in this study
to replace the techniques which involve subjective judgment (Figufes 3 and 4).
The basic design of the instrument'and the reéults qf preliminary field
evaluations were described in an earlier report (5). The ability of the
detector to distinguish delaminated concrete from solid concreté has béen:
verified by specially constructed test slabs kboth delaminated énd solid)
as well as by coring ten different bridges. On each bridge, éne core-was

taken at a location where delamination was not indicated and another at an
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FIGURE 2:

Sounding - with chain drag (top) and
with "Texas Hammer" (bottom) - to find
the "hollow" areas is a method of lo-
cating shallow delaminations in non-
resurfaced bridge decks.




FIGURE 3: Instrument. developed to detect delamination
on bridge decks. It can be disassembled
and stowed in an automobile trumk,
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FIGURE 4: Typical record produced by Delamination
Detector. Arrows illustrate method of
‘selecting points for taking comparative
cores for instrument verification.




apparenily,identiCal location wheré delamination was indicated:(Figufe 5).-
Agfeemenf'has been perfect.' No evidence of'delaminatipn or hofiéqﬁtal
‘cracking could be found upén examinatioﬁ 6f thé wali? éf ﬁﬁe cé:e»holgs
atvfhe ten locationé wﬁere delamination‘was not iﬁdicafed; whereag
delamipation»was'visible in each of the'othér ten core holes. Six of the

, tén bridges hadvasphaltic'surfacing»layérs‘ﬁhich varied in thicknesé from |

1/4 ﬁo 3-1/271nche$} The delaminations found in these six bridges ?aried.
c~iin depth'from 1 inch to‘é—l/Z_iﬂches;’-In onevinstance the delamination

was 3 inches below a 1~1/2 inch asphaltic con@rete overlay; In another

it was 1 inch Bel§ﬁ a 3-1/2 inch asphalfic concrete ovériay. VThése‘findings
wefe‘feit,tO‘be particulatly significanf because fhe charactéristic hollow
sound préduced by tonvéntional'techniQues 1s greatly diminished by’asphaltic'
;sﬁrfécing layers. The délaminatibﬂé fbund in the four unsurfaced bridges
varied in depth from 1/2 ;orzél/z.incﬁés. 'If is doubtful. that conventionalb
* sounding techﬁiques.éou¥d have been ﬁsed to locate the delaminatédvafeaé in
mostrof'the'ten bridges cored.

'Since the earlier report (5) the inétrUment has been usedvby méintenance
petsonnei in several Tekés;HighwayFDeﬁartmént Districts. Throﬁgﬁ this more
‘or less continuous use, several design problems in the instrument were found
~ which were eliminated by subsequent modificationms. The major modifications
consisted ofrfhe follo&ingzrr

1. Modification of the electricalvﬁowér pack to pérmit mofe than

8 hours of continuous use.

2. Modificatioﬁ of the acouétic receivers to eliminate ;raﬁéducer
deterioration.

Dévelopmént of a calibrator to standardize and equalize the

sengitivity of the acoustic receivers.




FIGURE 5:

Verification of the ability of the instrument
to detect delamination was made by coring two
locations in each of ten bridges (one in an
indicated and one in a non-indicated area).
Note typical horizontal separation visible in
core hole at a location where delamination was
indicated by the unit. :




AfProbably the most extensive use of the instrument'Was by'maintenance '

personnel in the El Paso Dlstrict who surveyed about 130 bridges (Figure
6). Most of these brldges contalned asphaltlc concrete or epoxy overlays.
El Paso maintenance personnel report that conventional sounding techniques

were not effective on most of; these decks bécause of the overlays.

10




FIGURE 6:

The delamination detector has been used for bridge deck
inspections by maintenance personnel in several Texas
Highway Department Districts. Probably the most extensive
use was by the El Paso District personnel who accurately
surveyed about 130 bridges.
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3.  CORROSTION POTENTIAL

As mentioned breV1ously, bridge deck delamlnatlon 1s believed to result
chiefly from salt. 1nduced corrosion of the reinforcing steel. ‘If this cor—’
rosion can be detected before 1t causes delaminatlon, it may be pOSSlble to

varrest the c0rr081on prlor to 1ts damaglng etfects on a deck Currently,
cathodic protection is being 1nvest1gated as a pos31b1e means of arresting
corrosion under the Natlonal Cooperatlve Higbway Research Progran prOJect
number 12 13, Cathodic Protection for Reinforced Concrete Bridge Decks.

The California Division of Highways has reported that-electrical poten--
tial measurements can be made on the surface of a concrete bridge‘deck which
are indicative_of actine corroSionrof reinforcing'steel (2, 6, 7). These
measurements are obtained by making anrelectrical connection to thefre—
inforcing steel and'a second electrical‘connection between a saturated
copper—copper sulfate half cell and the upper- surface of the deck- (Flgure 7.
The latter connection is made with a sponge saturated w1th copper sulfate |

bsolution. The electrical potentials are measured us1ng a high 1nput
impedance voltmeter.v |

Typical results'of an electrical'potential surveybusing theVCalifornia
technique are shown in Figure 8. These measurements were madeé by a Federal
Highway Administration demonstration team under the Region>157Research and

: Develmeent.Demonstration,Projects Program. In this survey a c5r¢ was taken
in the area of tbe highest potential indicated and rust was found on the
reinforcing steel at that location.

Under this Federal Highway Administration program, the demOnstration

team has made measurements on bridges in forty-eigbt states and the District

of Columbia. Their results to date indicate that the system gives reasonably

12




FIGURE 7:

Electrical potentials between a copper-copper sulfate
half cell and the steel reinforcement are measured .
with a high impedance voltmeter. The half cell is
used as a probe to measure the potentials at various
points on a deck.
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FIGURE 8: Typical results of an electrical potential
survey made by the FHWA demonstration team.
A core was taken in the area of highest po-
tential and rust was found.
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Vaccufate indications of the degree'éf corrosion in bridées. Measurements
have béén'confirmed With:actual on site inspectioné. Becausefa complefé
inspection required measﬁrements to be made at numerous points on a deck,
considerations aré being given by the_Federai Highway”Administrétion.re_

search team to automate the device.
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4, ACOUSTIC VELOCITY

From the literature acoustic phlse'velocity ﬁeasurements appéared to
offer a promising method for determining the quality of concrete in bfidgé
decks (8, 9, 10, 11, 12, 13, 14, 15). Thus, as a first step, the relation-
ship of acoustic wave velocity to otﬁer properties of concrete was'explored.
Laboratory measurements were made on a wide variety of concrete specimens
and the relationships between measurements of acoustic compressional wave
velocity, unit weight, elastic modulus and strength were examined.‘ The
‘results of this investigation as well as a description of an ihstrumeﬁt
designed for fiéld—type’measurements has been reported previoﬁsly (16);

In the laboratory investigation two measuring techniques for
determining acoustic velocity were investigated (Figure 9). The
simplest technique, referred to as "timing through," is based upon the
time required for an acoustic wave train to travel thé distance between
a pulsed transducer and a receiving transducer which are cdupled.tb
opposite sides of a specimen. The other technique, which is applicable
to making measurements on_the accessible upper sqrface of bridge decks,
is referred to as the "timing along" technique.’ Thié method is based on
detérmining the travel-time of the wave train between two points on the
.same surface as the pﬁlsed transducer., Using either technique attainment
of aécuracy requires qonsideration of the effééts'of'time delay in the
transducers and their couplings. Comparison measurements indicated a
satisfactory agreement between the two techniques. Upon comparison of
the measurements, substantial agreement was found between th¢ dynamic

elastic modulus as determined by ASTM C215 and an estimate based on

16
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FIGURE 9: The "timing through" technique for measuring acoustic wave
- velocity (top) determines the time required for a wave-train
to travel the distance between transducers coupled to oppo--
site sides of a specimen. - The "timing along" technique
(bottom) measures the acoustic wave travel time between
points on the same surface.

17




.velocity and unit'weight. Similatbagreement was found for the chord modulus

as determined by‘ASTM C469. The éstimating equations  found afe as follows:

ﬁ ~AVc2W - » ,
r—5-6—7~6——-——' —————— -——-—--—-—-———-——-—-————-—--———-——Eq.]_
A vczw o , _ ,
B = L e e e e e e ) 4
r 6630 | | ' Eq. 2

,ni;whete;Efv? gs;imated dYnamic modulus in psi,
E = estimated chord modulus in psi,
V = compressional wave velocity in ft/SEC5 and

W = unit Weight in pef.
The coefficients of variation for equations 1 and 2 were found to be 9.5
and 12.0 percent, respectively. |

No consistent’rélationship to velocity was-fouﬁd among the compressive
strength meésuréments made on cylindrical specimens; however, separate trends
were foﬁnd for veiocity to increase with strength within each group of cast;
cylinders containing a specific type of coarse aggregate. Thgéévcombarisons
of iagofatoiY»meaéurémehis indicate that Véio?ity,measureﬁeﬁfs'ﬁsed with
discretion éré éénerally indicative of'the ébﬁcfefe quality.

As mentioned previously a portable field-type velocity measuring in-
strument was developed in this study_for use Qn'the accessibie ubper
Sdrfacés.of'bfidgg decksA(Figure 10). It employs a probe which piaces
an array of four'acoustic'transducers’into:gontact with the concrete. Ve-
'locit§‘is measured, using the "timing aléng" technique, by obéérving.the

time of travel of the acoustic waves between two identical receiving




FIGURE 10:

The control unit of the field-type velocity
measuring instrument is conveniently operated
from a pickup tail gate as the probe unit is
moved to various points on the deck.
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tréﬁsducers. Waves afe‘produced and ﬁropégéted succéssively-in opposite
directions and-the two time—intefvalsvare measured ahd,é&eragéd in order

to cancel coupling deléy_errors."Other design features'inclu&e-a precise o
digital timer used in combination’with a novel timing method in the
OScilloscoﬁe display, andilbw power consumption which permitsjthérinstrﬁméﬁt
'to be operated from a thicle battéry. o
Since the previous report the field instrumént has been uged to make
Hpegsﬁtemen?s»oniZS—different bridge slabs and 12 speéially coﬁstfucted
lsboratory slabs. Normally the averagé of three velocity meésurements

was determined for eachlsléb. It was found that onrmany_bf,the bridges
whichAhaﬁe been in servicé for several years, it is_difficuit_to-measure the
acoustic velocity due tOithe atténﬁation introduced by numerous sﬁail

surface cracks. Often these sﬁrface cfacks‘were visible only aftér moistening
the surface. This problem-was not encountered on the newer>slébs.

The compressive strengths of air dried cores taken from the slabs were
found to be &lightly correlated with the slabs' average acouStié vélbcities.
In a linear regression énalysis to estiméte slab core strength from its
average acoustic veiocity the coefficient pf variation was found to.be 19.9%.

fhe instrument is believed to be practical for use in researéh studies
when it is desirable to non-destructively estimate the modulus of -elasticity
(Equations 1 & 2). It is not believed to be practical for routine bridge
deck measurements, since on too mény in-ser?ice bridges the measﬁreﬁgnt
process is difficultrand time consuming even for a highly tfained operator.
A singlg measurement requires about 3 minutes on a new slab but may require

up to 30 minutes on an older slab that contains surface cracks.




surface preparation prior to testing. Basically the tests consist of

B probe. A Spécial gun or driver unit is provided for shooting the probes

- (Figure 11). Gage plates are also provided to measure, of the avefage height

- were furnished for a nominal'charge. Measurements were made with this in-

“strument on 38 different portland cement concrete slabs which contained many

the slabs. The measured core strengths were found to be slightly correlated

5. WINDSOR PROBE

The Windsor Probe Test System has been used in field investigations'to

' estimate the in-situ strength of concrete in pavements, bridges, walls,

pipes, etg; (17, 18, 19). The device is easy to use and requires no

shooting a standard probe into the concrete with a standard cartridge. The

depth of penetration is determined'by measuring the heighf of the exposed

of the exposed probes in a standard group éf three shots. The higher the:
probes, i.e., the mdfe resistanttto penetration, the s;fqnger thé concrete.

Windsor Probe Test Systems, Inc. provided a coﬁplete measuremenﬁ_s&étem
and a set of miperals for perfdrming scrétch tests to defermineAMoh's

hardness for temporary use at no charge in this study. Probes and cartridges

different kinds of aggregates.

From the average_éf three probe penetration values and the Moh's hardness »
of the coarse aggregate, estimates of the cémpgessive strengths were made
using tables furnished by the manufacturer. These estimates were geﬁefally

higher than the measured compressive strengths of air dried cores taken from

with the’probe values. In a linear regression to estimate core strengths

directly from probe values without any correction for aggregate hardness the

- coefficient of variation was found to be 20.3 percent. .

21



This test system is believed to be practical for bridge deck survey

measurements to locate weak spots; The test is slightly destructive.

In addition to the small hole made by the probe penetration; a spall about
six inches in diameter and up to three fourths of an inch deep at the center
is often broduced by the test. A standard group of three probes éan be

shot and measured in about 5 to 7 minutes.




FIGURE 11:

A standard stud is shot into concrete with ’
the Windsor Probe Test System to determine
concrete quality. The average penetration
resistance of three shots is measured using

a depth gage and special templates.’
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6. SCHMIDT REBOUND HAMMER

-The Schmidt Rebound Hammer is a>vefy widgly used instrument for -
~estimating the quality of in’situvcontrete.f‘Basicélly, the test consists
of striking a rod, in contact with the céncrete,.wifh a sténdafd hammer
.and measuring the height of tﬁe,hémmer rebound. Thé hiéher fhe rebound,,
the stiffer (and better quality) the concréte._ |
| Several authors have suggested that the Schmidt feBound ﬁammér»can
be used to estimate.the compressiverstrength of in—éitu concrete (20,‘

21, 22). They agree that the type of coarse,

aggregate; surface condition
o . ,

of the concrete, its moisture conditibn, etc., have a pronounced effect

on the relationship between,rebound reading and strength.r Also; there is
common agreement fhat the instrument can be used to determine the uniformity
of condrete and thﬁs is an éffective tdol for 1ocating ﬁeék spots.

A Soiltest-Model'CT200'r¢boundAhammer was used for fhis study_

(Figure 12). Measurements have been made with it on 38 different portland
cement éoncrete slabs which chtained many-different‘kinds of aggfegéte.
From the average of fifteen rebound readings at each site, estimates of the
'compressive‘strength were madé’uéing curves furnished by the manufa¢turér. -
These estimates were generally much higher than the measured compressive o i
.strengths of air dried coreS-taken'fromrthe slabs. The measured core

strengths were found to be slightly correlated with the rebound values: °

In a linear regressipn.to estimate core strengths from rebound values, the
coefficient of variatibn was found to be 21.2 pércent.

The rebound Hammer is fast and easy to use aﬁd is believed to bg‘ﬁraCtical
for bridge deck measurements to 1océte weak spots. Prior to measurements

the surface of the deck should be ground smooth with a hand grinder. The

Smoothing operation and 15 tests can be made in about 3 to 5 minutes.




©

FIGURE 12: A Soiltest Model CT200 rebound hammer is used to
estimate concrete strength. Prior to testing the
surface is smoothed with a hand grinder.
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7. DIRECT TENSILE TEST

?,An important’characteristicrof concrete, which'is’seldombconsidered
in field evaluations, is its tensile.strength; :Thié characteristic is
highly significant in quality bridge deck construction."

In 1956, tﬁe Shell Chemical Cbrporation introduced-a "Highway
Tensile Tester" (Figure 13). This tester was develdped for evaluating
the duality of resinous cement overlays and to pre—évaluaterthe surfaces

upon which they were to be applied. A device similar to the Shell tester

was fabricated in this study (Figure 14). The chief modification was that

a hydraulic cylin&er, ihstéad of-é screw, was used to apply tenéion in ordér
to eliminate fhevpossibility of:BOIizontél forces on the screw handle being
converted into unwanted tension.

: Aﬁother tensile tester, quite similaf to the.Shell'device, is des-
cribed in Téét Method California 420%A "Method of Testing Cleanness and
Soundness of Portiand Cement Concrete Surfaces andAQuality of Resinous
Cement Overlays," published by the California Division 6vaighways. The
procédpre used to measure tensile strength in this studj is the same as
that described in.Part II of the California test méthod, "Evaluation of
Soundness of Portland Cement Concrete Surfaces.” H

Using this device, direct tensile strength was measured on 30
different ?ortland cement concrete slabs. ﬁormally the average of three
tensile tests was determined for each slab. Theéé tensile strength
measurements were found to be slightiy better correlated with the compressive

strengths of air dried core samples taken from the same slabs than any of
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vtﬁe‘other méasurément tecﬁniques investigated.  In a linear fegression analysi:
- to estimate core strengths from the averagéttensile strengths the .coefficient
of vari’afi’on was found th> be 17.7 percent. o

.-Thé tést.is somewhat time consuming because it requires a period of about
;éhAhour and_a ﬁalf for the épbxy-to harden priof tQ testing. On a warm
déy anut 40 tests could be made in an 8—houf day. Vaiugs obtained using
this test would probably be more indicative of thevgeneral quality of the
concrete slabs than any of the other tests investigated and the test is

believed to be practical for bridge deck measurements.
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FIGURE 13: "Highway Tensile Tester" developed in
1956 by the Shell Chemical Corporation.
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FIGURE

14

Two-inch diameter aluminum cylinders are
epoxied to a smooth clean concrete surface.
After about 90 minutes for curing, tension
is applied to pull out a dome shaped piece
of concrete.
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8. CONCLUSIONS

The technique ﬁtilizing.tﬁe delamination detector develﬁped in this
study has been foﬁnd‘to be ptgcfical aﬁd effective for determining

the extent of delaminatioﬁ’in bridge decks.

It'apﬁearé that all of the six measurement techniques invesfigatéd héve
mérit and can be used to locate weak spots or deteriorafioﬁ in bridge

decks; however, each one is designed to measure a different characteristic

" property.

The Direct Tensile Test, Velocity Metef, Windsor Probe and the Rebound

_hammer can each be used to estimate core compressive strength within

about 20 percent.

30




10.

11.

12,

13.

9. REFERENCES

Freyermuth, Clifford L., Paul Klieger, David C. Stark, and Harry N.
Wenke. "Durablllty of Concrete Bridge Decks-A Review of Cooperative
Studies", Highway Research Record No. 328, pp. 50-60, 1970

Spellman, Donald L. and Rlchard F. Stratfull. "Chlorides and Brldge
Deck Deterioration,' Highway Research Record No. 328, pp. 38-49, 1970.

Stark, David. ”Studles of the Relatlonshlps Among Crack Patterns,
Cover Over Reinforcing Steel, and Development of Surface Spalls in
Bridge Decks," Highway Research Board Special Report No. 116

pp. 13-21, 1971.

' Stewart, Carl F. "Deterioration in Salted Bridge’Decks," Highway
Research Board Special Report No. 116, pp. 23-28, 1971

Moore, William M., Gilbert Swift, and Lionel J. Milberger. "An

‘Instrument for Detecting Delamination in Concrete Bridge Decks,"

Research Report 130-4, Texas Transportation Institute, Texas ASM
University, College Station, Texas, pp. 1-29, 1970.

Gewertz, M. W., B. Tremper, J. L. Beaton, and R. F. Stratfull.
"Causes and Repair of Deterioration to a California Bridge Due to
Corrosion of Re1nforc1ng Steel 1n a Marine Env1ronment, Highway
Research Board Bulletln No. 182, pp. 1—41 1958.

Stratfull, R. F. "The Corrosion of Steel in a Reinforced Concrete

Bridge," Corrosion, Vol. 13, No. 3, June 1957.

Krautkramer, J. and H. Krautkramer. "Ultrasonic Testing of Materials,"
Springer-Verlag, New York, 1969. ' o

.Breuning, S. VM and V. J. Roggeveen. "Sonlscope Testing, Proceedlngs
34th Annual Meeting, Highway Research Board, Washington, D.C., PP-

379-386, 1955

Whitehurst E. A. "Pulse-Velocity Techniques and Equipment for Testing
Concrete " Proceedings 33rd Annual Meeting, Highway Research Board,

'Washlngton D.C., pp. 226-242, 1954,

Manke, Philip G. and Bob M. Gallaway. 'Pulse Velocities in Flexible
Pavement Construction Materials,' Highway Research Record No. 131,
pp. 128-153, 1966.

Popovics, Sandor. ''Characteristics of the Elastic Deformations of
1"t .
Concretes Highway Research Record No. 324, pp. 1-14, 1970.

Woods, K, B. and J. F. McLaughlin. "Appllcatlon of Pulse Velocity
to Several Laboratory Studies of Materlals, Highway Research Board
Bulletin No. 206, Washington, D. C., pp. 14-27, 1959.




14.

15.

16.

17.

18.

19.

20.

21.

22,

Long, B. G., H, J. Kurtz, and T. A. Sandenaw. "An Instrument and
Technique for Field Determination of Modulus of Elasticity of Concrete
(Pavements)," Proceedings, American Concrete Institute, Vol. 41, pp.
217-231, 1945. : :

Leslie, J. R. and W. J. Cheesman. '"An Ultrasonic Method of Studying
Deterioration and Cracking in Concrete Structures," Proceedings,
American Concrete Institute, Vol. 46, pp. 17-36, 1950. :

Swift, Gilbert and William M. Moore. fAn Investigation of the
Applicability of Acoustic Pulse Velocity Measurements to the Evaluation

~ of the Quality of Concrete in Bridge Decks," Research Report 130-7,

Texas Transportation Institute, Texas A&M University, College Stationm,
Texas, pp. 1-32, 1971. o

%;;ﬁbbért_é. ”Fieidrinvésfigétion of Concrete Quality Using the
Windsor Probe Test System," presented at the 50th Annual meeting of
the_Highway Research Board, Washington, D.C., 10 pp., 1971.

Gaynor, R. D. "In-Place Strength of Concrete —— A Comparison of Two
Test Systems ;" presented at the 39th Annual Convention of the National
Reéady Mixed Concrete Association, New York, 13 pp., 1969.

"Concrete Compressive Stréngth’Test by the Windsor Probe Iest-System,v
Windsor Probe Test Systems, Inc., Elmwood, Connecticut, 12 pp., 1970.

Boundy, C. A. P. and G. Hondros. "Rapid Field Assessment of %trength
of Concrete by Accelerated Curing and Schmidt Rebound Hammer s" Journal
of the American Concrete Institute, Vol. 61, pp. 77-84, 1964.

Grieb, William E. '"Use of the Swiss Hammer for Estimating the 7
Compressive Strength of Hardened Concrete ' Public Roads, Vol. 30, No. 2,
pp. 45-50, June, 1958.

Zoldners, N. D. 'Calibration and Use of Impact Test Hammer ' ACI
Journal, Proceedings, Vol. 54, No. 2, pp. 161-165, August, 1957.




