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Abstract

Four techniques applicable to a field survey fof detecting areas of
poor quality concrete in concrete bridge decks were inﬁestigated and com-
pared, Comparisons were also made between thevméaéurements obtained using -
these four techniques and 1aboratory_determinatibns of the compréssive
strength of cores taken from each bridge déck.

It was cbncluded‘that eaéh of fhe téchniques, écoustic‘velocity,
Windsor probe, Schmidt hammer and difeét tensile test can be applied to
a survey procedure for detecting weak spots, The results imply that
core éompressive strengﬁh is ﬁot the only useable indicator of concrete
quality and also that the several properties of concrete which determine
its quality are largelyiindependent. Each of the abbﬁé techniques and the
core strengths appear torbe somewhat differently influenced by the effects

which accompany deterioration.

KEY WORDS: Concrete Quality, Deterioration, Non-destructive Testing,

Bridge Deck, Measurement.




Summary

‘Several non-destructive (or slightly destructive) techniques for
detecting-deteripfated or poqr quality~concrete'in bridge decks were
compared-with each,other and with measurements of coreicqmpreséive
strengths. Meaéurements]made on 26 bridge slabs indicate thatAcqre

compressive strength is not a complete measure of environmental

deterioration or loss of quality of concrete. Each of the other

measurement techniques, acoustic vélocity, Windsoriprobe,'Schmidt hammer
and direct tensile test, was found applicable to a survey procedure for
finding deteriorated or poor quaiity areas on bridge decks, The Schmidt
hammer was found to provide the most rapid method, but, as ranked byv,
the authors with respect to'COnfidence in its ability to detect
deteriorated concrete, the tensile test was superior, The results imply
that each of the measurement techniques is differently influenced by the

effects which accompany deterioration.
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Implementation Statement

Any one of the four technidues-investigated could be implemented to
provide a rapid field éurvey method for detecting and delimiting areas in
bridge decks which contain deteriorated or poor quality concrete.

The choice among the field instruments tested depends largely upon
the purpose of the testing program and upon such ‘factors as'the'reguired“
speed of operation and the level of operator training and skill available.

The most rapid and economical of the methods investigated (and the
one.requiring the least skiliful operation) was found to be the Schmidt
rebound hammer., This device, which has been available for a number of
years and has been widely used in concrete testing, could be applied in
a program of routine bridge deck survey measurements to accomplish the
general objective of finding low quality areas, While somewhat greater
confidence might be placed in measurements made by another technique,
the simplicity and economy of the Schmidt hammer are such as to make it

the most readily implementable one of the several methods tested.
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1. Introduction

This report describes the research effort directed aﬁ the
detection ofrthe,accumulated gradual deterioration and loss of quality in
concrete.ﬁridge decks. This research was a portion of the work in PhaséAl of
the research study entitled "A Study of Reinforced Concrete Bridge' |
Deck Deterioration: Diagnosis, Treatment and Repair" being conducted
at the Texas Transportation Institute as part of the cooperative
research program with the Texas Highway Department and the United
States Department of Transportation, Federal Highway Administration.
The objective of Phase 1 was the development of methods tQ'eVaiuaté
the extent of déterioration in bridge decks, -

Research Report 130-7, entitled "An Investigation of the
Applicability of Acoustic Pulse Velocity Measurements to the
Evaluation of the Quality of Concrete in Bridge Decks" described equipmenf
development and initial testing directed/toward thé detection of poor
quality concrete. Research Report 130-9, entitled "Detection of Bridge
Deck Deterioration" summarized several different types of instruments
applicable to the détection of several'forﬁs of bridge deck deterioration
and .the results of their use in this study. The present report deals
only with the measurements aimed at determining concrete quality, the
specific purpose of this research effort being the detection of poor
quality concrete, Although emphasis was placed on non-destructive testing
techniques, two slightly destructive evaluation methods were included in

this investigation. The following quality determination techniques




were investigated and evaluated:

(a) acoustic velocity

(b) Windsor probe, (slightly destructive),

(c) Schmidt rebound hammer, and

(d) direct tensile strength (slightly destructive).

The measurements made using these four techniques and the results
obtained are presented in this report. Comparisons between the concrete
prbperties indicated by each of these measurement techniques, and the
compressive strengths of cores taken in the vicinity of the spot at
which the measurements were made on each slab, are evaluatea.

At the outset of this_research it was believed that the best
technique available to evaluate deterioration or the loss of quality
in a concrete bridge deck would be the measured compressive strength of
cores taken from the deck., The results of the investigation reported
here imply that the core compressive strength is not clearly the best
indicator of concrete quality. They indicate that the properties of concrete
measured by the four instruments mentioned above'élso determine its quality

and that these properties are largely independent.




2. Measurements Program

Initially, measurements were made with each of the four instruments

on twelve 18x48x7.5 inch slabs made durihg this study from twelve dif-

ferent batches‘of cdncfete. 'Descriptionsrof the batches are given in
Tabie A-1 of Appendix A. The batches contained three different types
of aggregate and had widely varying cement factors.

Additional measurements wére made in the field-on actual bridge
slébs. The bridges were located in the Texas Highway Department Districts
of Fort Worth, Amarillo, and San Angelo. Bridges were selected with the
objective of obtaining a range of ages and strengths of the concrete.
The bridges and the number of slabs tested on each bridge are listed in
Table A-2 of Appendix A. Measurements were attempted with eachvof the
four instruments on all of the bridges. However, on one bridge slab in
the Amarillo District, réadings could not be obtained with the acoustic
velocity meter. Many of the velocity readingsrreported were difficult
to obtain because of micro~-cracking in the bridge decks. Although the wave
velocity is substantially unaffected, these cracks tend to greatly attenuate
the acouétic signals. Also, thé measurements made of tﬁe direct tensile
strength in the Fort Worth District have been discarded. The needle of the
hydraulic gage was sticking during the time these tests were made, rendering
these data inaccurate and therefore meaningless. The data taken on the
twenty-six bridge slabs and the twelve test slabs are given in Table A-3 of
Appendix A. Average values are shown for eacﬁ instrument on each slab. ihe
number of observations made on each slab differed ﬁith instruments. Fifteen

were made with the rebound hammer. Three were normally made with the Windsor




probe and velocity meter; however, on the 1aboratory slabs, only one
reading was made with the velocity meter. Three tensile tests were

made onrthe laboratory slabs and normalf§ four on the bridge slabs.

Also shown in Table A-3 are compréssive strengths of 4" diameter cores
taken from allAthitty—eight slabs in tﬁe viciﬁity,of the locations used
for the other tests. One core wasrtaken from each slab. All of the
tests on each slab, other than the velocity tests were made within a
one square yard area. Because of the need to avoid cracks, the velocity
measureﬁents could not always be made within the same area used fpr the

remaining tests.




3. Operatibn-gg_Instrumenté

A. Operation of the Velocity Meter

The velocity measuring system was basically the same as that
described in a previous publication, Research Report 130-7(1) but was
modified by reducing its transducer spacings from 1 foat to 8 inches.

The operating progedure for its ﬁse is giﬁen-iﬂ-Sectidﬁ 1 of»Appehdix

B. As shown in Figure 1, this apparatus consists of an arra§ of four
transducers placed in contact with the bridge deck for transmitting and
receiving the propagated waves, and electronic equipment for determining
the time-interval between the wave arrival at two receiving F?ansducers
spaced 8 inches apart. Waves are propagated from left toviight using the
left transmitter and from right to left using the right traﬁémitter. The
time of wave travel between'the two receiving transducers is observed

for each direction of travel and averaged. This pfocedure minimizes the
effect of time delays in the acoustic couplings between the receiving
transducers and the concrete surface.

Timiqg is accomplished by sgparately observing the first zero crossing
of each received signal on one trace of a dual-trace oscilloscope and setting
an appropriately shaped voltage step to occur at the corresponding instant

on the second trace. When this matching has been done for both received

signals, the time-interval between the two voltage steps has been set equal
to the time-interval between the wave arrival at the two receivers. The
two voltage steps are utilized respectively to start and stop a time-interval

counter having a digital display readable to the nearest one-tenth microsecond.




FIGURE 1:

The control unit of the
measuring instrument is
from a pickup tail gate
moved to various points

field-type velocity
conveniently operated
as the probe unit is
on the deck.




FIGURE 2:

A standard probe 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,




B. Operation of the Windsor Probe System

The Windsor probe, shown in Figure 2, is a device designed to provide
estimates of concrete coﬁp;essive strength by méasuring the resistance
to penetration of a probe driven into the concrete'bj a’constant energy
explosive cartridge (2., The probe:penetration ié coﬁsidered to be inversely
related to the compressive stieﬁgth of the concféte. The procedure for
the operation of the Windsor probe is giveh:in Section 2 of Appendix B. In
normal practice, three probes are shot into a bridge deck through a template
having three equally spaced holes. The template is then removed and the
average exposed height'of the three probes is measured using the measuring
plates and gage provided by the manufacturer, Windsor Probe Test Systems,
Inc. The probes are pulled out of the bridge deck after the measurement
is completed. The test is slightly destructive to the concrete surface
being tested. 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 produced by the test. The Windsor scratch test
set, containing minerals numbered from 1 to 10 bn Moh's scale of hardness,
is used to determine the hardness of thé aggregate in the concrete. Using
tables furnished by the manufacturer, an estimate can be obtained for the
compressive strength of the concrete from the measured exposed height of
the probes and the hardness of the aggregate.

C. Operation of Schmidt Rebound Hammer

The Schmidt rebound hammer is designed to provide an estimatg of the
concrete compression strength from its rebound readings. A Soiltest Model
CT200 test hammer, shown in Figure 3, was used in this study. The procedure
for its operation is given in Section 3 of Appendix B. Its plunger is pressed

against a smooth area on the surface of the bridge deck, applying a gradual




FIGURE 3:

After smoothing the gurface with a hand grinder
a Soiltest Model CT200 concrete tester is used
to obtain rebound readings.




increage in pressure until thevhammerrimpacts. - The rebound reading from the
indicator scéle caﬁ'Be-used to make-an estimate of the compressive strengfh
of the concrete by‘meansrpf,calibratiqn curves provided by the manufacturer.
Rough spots, honeycombs apd'porous areas sﬁould be avdided; A number of
readings -- 15 aferrecomﬁénded by Spiltest - Shoﬁld be taken. to get-a good
mean value of the rebound ét a given location.

D. Operation of Concrete Direct Tensile Test

The direct tensile tests were made with the device shown in Figure 4.
It was designed to provide a direct measurement of the tensile strength
of in-place concrete. The operating procedure for its use is given in
Section.4 of Appendix B. A two inch diameter aluminum disc 1s attached, by
means of an epoxy adhesive, to the prepared surface of the bridge deck. The
surface is prepared by'grinding.and then cleaning with toluene. After the
epoxy has hardened, an hydraulic cylinder is’u§éd to pﬁil the discs from the
bridge deck, thereby breaking a dome shaped piece of concrete but of the deck.
Thus, this test is alseo slightlyvdestfuctive, prodﬁcing approximately a two
inch diameter spall about three eighths inch'deep a;'the center. A gage in
the hydraulic system indicétes the force required'fégpulljthe concrete apart.
The apparatus showq in Figure 4 was developed during this study, based on
the design of a similar device developed in 1956 By the‘Shell Chemical

Corporation.

10




FIGURE 4:

Two~inch diameter aluminum cylinders are
epoxied to a smooth clean concrete surface.
Tensile strength can be measured directly
after approximately 90 minutes for curing.
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4. Analysis of Data.

As previously mentioned, the sétvof ﬁeasurements pertaining to
each locality on each tested slab compriéedig laboratory determination
of the compreésive sfrengthbof_a core, togétheriwith the readings
obtained by each of the following insfruments:;:r
acoustic velocity_mefer
Windsor probe
Schmidt rebound hammer
direct tensile tester
Since poor quality concrete is geherally thought to be concrete
having inferior coﬁpressive strength, one approach to evaluating the
applicability of these instruments to the detection of poor quality
concrete is to compare their readings with the compressive strength of
representativevcores. Accordingly, both in the labqratory and on the
bridge decks, a core was taken from each concrete slab on wﬁich the
several instruments wére uéea, at a point as near as possiﬁle to theA
location at which the inégfuﬁent readings wererobtained.:VThe compressive
strengths of the air dried'gores were detefmined in'Fhé'iaboratory at the
loading rate,recommendéd in ASTM €39.(3) | |
Comparisons wére:made between these measur;d strengths :and the esti-
mated strengths obtained using the Windsor probe'tableslénd,fhe Soiltest
hammer chart. The estimated strengths in both cases were generally
higher than the measured strengthé of the air dried*cores., This is believed
to be due principally to the manufacturers’ estimating relatiohships
having been developed from testing molst cured cylinders; whereas, in

this study the cores were tested as taken, in the dry state.
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In all aﬁalysés, the basic output daté of the Windsor probe and
rebound hammer were used rather than the compressive strengths estimated
from manufacturers' tables and charts.

Four linear regression analyses were méde iﬁ which the readings of
each of the four instruments were used to determine the best fit estimating
equations for the compressive strengths of the dry cores. Table 1 summarizes
these particular analysés. The intercepts and slopes of the resulting

. 7 regression equations given in the table can be used to estimate core strengths,

but, as can be seen from the coefficient of variation shown for each analysis,
the estimates will be somewhat rough. It can bé concluded that, of the four
techniques, the direct tensile test is the one which best correlates with
compressive strength of the cores, however, none of the comparison measurements
can be said to be very well correlated with core strengths.

Taﬁie 1:' Linear Regression Analysis of Core Compressive

Strength Versus Reading of Designated Instrument

Correlation Coefficient

Instrument Intercept Slope Coefficient of Variation
Velocity Meter -0.31 0.365 0.40 19.9
Windsor Probe -4.71 4.49 0.32 20.3
Rebound Hammer . 2.81 0.0391 - 0.15 21.2
Direct Tensile 2.31 4.06 0.56 17.4

Core Strength (ksi) = Intercept + (Slope x Instr. Reading)
Instrument Readings are in the following units:

velocity: 1000 ft/sec

Windsor probe: inches of exposed probe

rebound hammer: rebound reading

direct tensile: ksi

Intercomparisons of the same data among all the measurements
techniques reveal other correlations of almost equal magnitude. As

seen in Table 2, the velocity meter data is more strongly related to the

direct tensile test than to the core strengths; the Windsor probe data




correlates better with either the rebound hammer or direct temsile
measurements than with the core strengths.

Table 2: Correlation Coefficient Matrix

All Slabs
Velocity Windsor Rebound Direct Core
Meter Probe  Hammer  Tensile Strength
Velocity Meter — 0.21 0.01 0.45 0.40
Windsor Probe 0.21 - 0.51 0.51 0.32
Rebound Hammer 0.01 0.51 - 0.45 0.15 -
Direct Tensile 0.45 0.51 0.45 —— 0.56
Core Strength 0.40 0.32 0.15 0.56 ——

Since none of the relationships can be classified as very well correlated,
each of the measurements appear to be largely independent. Each must
respond to a somewhat different set of characteristics of the concrete., For
example; the Windsor,PrObeﬁis obviously influenced by the hardness of

the aggregate, as well aé by that of the cement matrix, but it seems
quite reasonable to expect strength and stiffness to be somewhat inde-
pendent of the aggregate hardness. Similarly, it can be expected that
the direct tensile test, which operates by failing the concrete in ten- .
éion, will not be as influenced by the shear strength of the concrete as
would the compression test. The observed écoustic velocities were found
to be substantially unaffeeted by micro-cracking-of the concrete,.while,
the compressive and tensile:strength are iafluenced. by- this. faetor.

It was found earlier. in this research that measurements.of acoustic
velocity could be used to estimate both the dynamic modulus and

the chord modulus of concrete. As reported in Research Report 130-7, the
coefficients of variation for these estimates were found to be 9.7 and
12.0 percent respéctively. Upon comparison of these figures with the

19.9 percent listed in Table 1 for strength estimation, it is seen that




the veiocity meter is more directly affected by changes in . the ﬁodulus

value of the concrete than by changes in its compressive fractufE'gtrength.
A highly significant factor‘affec;ing the correlation shown in

Table 2 isvbelievedvto be the state of aging and weathering of the

concrete. The laboratory slabs, although covering a wide range of

compositionsband strengths, had never been subjected to the environmental

influences of weather and traffic to which the bridge decks were exposed.

The effect of this factor on the correlations may be seen upon comparing

the data in Table 3 in which only the laboratory slabs appear, with

that of Table 2, representing all the tests.

Table 3: Correlation Coefficient Matrix -
Laboratory Slabs Only

Velocity Windsor Rebound Direct Core

Meter Probe Hammer Tensile Strength
Velocity Meter - 0.21 0.70 0.82 0.69
Windsor Probe 0.21 - 0.32 :0.38 0.58
Rebound Hammer 0.70 0.32 - 0.81 0.81
Direct Tensile 0.82 0.38 - 0.81 -- 0.67
Core Strength 0.69 0.58 0.81 0.67 -

The notably higher‘correlation coefficienté shown in Table 3 are believed
to result from the relatively undeterioratedrstate of the laboratory slabs.
This implies that, while the several instruments may be better correlated
with the compressive strength of undeteriorated concrete, they, and the
core strengths, are all differently influenced by the effects which

accompany deterioration.

Analyses of variance were made of the rebound hammer readings, the direct

tensile strengths and the velocities to determine whether the instruments

used to make these measurements could distinguish variations which exist
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between slabs from variations within slabs. The method used to arrive at
such a measure of the effectiveness of each instrument is a comparison of
the variability of the measurements between slabs to the variébility within
slabs. The higher the ratio of the between-slab variability to the within-
slab variability, known as the "F-ratio'", the morekcapable is the instrument
of sensing differences in the concrete. The analyses showed that the rebound
hammer, tensile tester and velocity meter could distinguish differences be-
tween slabs from measurement variability within slabs with a confidence of at
least 0.9995. Table 4 summarizes these analyses. Analyses such as these
could not be made of the core strengths and Windsor probe data since only
one core was taken from each slab and only one average measurement was made
of the penetration resistance of the three probes shot into each slab.
However, the ‘authors believe thaf any of the five meaéurement techniques

can be used with confidence to detect areas of deteriorated concrete.

Table 4: Determination of Instrument Sensitivity by Analysis
of Variance

Obs. . F-Ratio
No. per F-Ratio (;onfidence levea
Instrument sets set (Calculated) of 0.9995 Significant
Velocity Meter: 23 2-3 3.65 3.24 ' YES
Rebound Hammer 38 15 22,13 2.11 YES
Direct Tensile 30 2-4 12.01 . 2.66 YES

Note: When analyzing data taken from a number of areas with a given instrument,
it may be said with a confidence at 1eas£ equal to a given confidence
level that the areas are significantly different as measured by the
instrument if the calculated F~ratio is equal to or greater thanm the
F-ratio for the given confidence level. The F-ratio for a given
confidence level is taken from published tables and is dependent upon

the number of areas measured and number of data points taken within

each area(ﬁ),




5. Implications of Results

Core compressive strength is ndt, per se, avcomplete measure of
quality or deterioration, and thﬁsrevefy_satisféqtory indicator Qf quality need
not show a high degree_of correlation to core coﬁpressivé strengths.

In other words '"quality" is not compressive strength alone and

. "deterioration" is not golely loss of compressive strength., Accordingly,
the question of which instrument best measures loss of quality or detects
deterioration is not aanered by merely determining which proVides ;ﬁe besé
basis for predicting compressive strength.

Each one of the techniques used, including the core compressive
failure tests, appears to respond strongly to one or more significant
characteristics of the céncrete. These several characteristics of the
material appear to affect each teéhnique in differing degfees, thus
impairing their correlations. However, each technique abpears to be
capable of distinguishing variations which‘exist from place to place
within a given bridge deck. Each would be applicable to a 5urvey
procedure for detecting and delimiting deteriorated atreas or weak
spots in a single concrete batch designisubjected to the same .
environmental influences. A choice among the field instruments tested
would depend largely upon the purpose of testing program and upon such
factors as speed of operation, level of operator training and skill
available.

In the opinion of the authors the procedures can be ranked in order
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of speed and economy of operation as foilows:
rebound hammer, most rapid and economical
Windsor proBé, good rapidity, less economy
velocity meter, requires most training and operator skill
direct tensile tesf, least rapid of the field»téchnidues
core test, léast‘rapid and most expensive of all.

With reséect to confidence in the ability of the test to indicate
deteriorated concrete the authors wduld rank the measqrement techﬁiques
as follows: |

tensile test,
core test,
rebound hamﬁer,
Windsor probe,
Qelocity meter.

The largest environmental influence which was seen during the’
field tests was that of attenuation of the acous£ic waves caused by
micro-cracking of the concrete. This is a factor which affects the
operation of the velocity meter but is not meaéured by it. It is
considered likely that if an instrument designed for measufing this
attenuation had been available its readingé would have been the most
indicative of environmental deterioration or the loss of quality in
concrete and be superior to any of the techniques tested.

Analysis of the properties of the four-transducer array used in
the velocity meter, developedbéarlier in this study,’indicates that
such an array offers an attractive solution to a basic problem involved

in the measurement of attenuation. This problem is caused by the large
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and unpredictable attenuation which.occurs in the coupling between any
acousfic transducer and the sﬁrface of the material whose afteﬁuation

iﬁ is desired to measure. Aé éxpiained in Research Repoft 130-7,

the 4 tramnsducer éfray; whén used to measure velocity'inrtwo directions,
cancels ouﬁ the'effecf 6f any inequality between the time delays.aésoéiated
with fhe coupliﬁgs of the individual transduycers to the'méterial. A
éimilar analysis, with‘respéct to the attenuation observed between the
signals produced by the -two receiving transducefs, shows that averaging

the attenﬁationsvobsefvéd-for two directioné«of wave travel likewiée
canéeis any inequality between the attenuation characteristics of the
trénsducers themselves or of their coupling to the materiél. A;cordingly,
it is suggested that an:instrﬁment, employing this type‘of array, ¥epresents
a practicai basis for the direct measurement of»acoustic atténuation and
that sﬁch measurements mighf provide a more trustWorthy-ahd ecoﬁémiéal
technique for detecting poor quality and deteriorated concrete iﬁ bridge

decks.
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6. Conclusions

The compressive strenéfﬁ of dry cores téken frqm bridge.decks can be
estimated to within éﬁoutk202 with the regre§sion equations given in.
Table 1 using any one of tﬁe‘measurément'techniques invesfigated.r About
t§o~thirds of the time fhe accuracy qf eséimates should be better.thén
the indicated coefficieﬁt of vériafion‘aﬁd.about one—third of the time

larger errors can be expected.

Each of the measurement techniques investigated responds to a somewhat

different set of_properties éf the concrete. These characteriétic
propefties of concreﬁe appear t§ be 1argel§ iﬁdependent.

Each of the measurement techniques investigated appears to be capable
of'distinguishing variations whiéh é#isﬁ from place to place Qithin

é given bridge deck. Eaéh would be.appiicable to a surveyrprocedure

for detecting weak spots in a single concrete batch design subjected

to the same environmental influences.

Core compressive strength is not a complete measure of environmental
deterioration or loss of quality in concrete. Such deterioration
appears to affect several other significant material characteristics
in diffe?ing degrees.

The largest environmental influence observed during the field tests
on in-service bridge decks was the attenuation of acoustic waves
caused by micro-cracking of the concrete. An instrument designed to
measure this acoustic attenuation might be a éuperior detector of

deterioration than any of the techniques investigated.
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Included in this Appendix are tables of information on concrete
batch design for the labof&tpry slabs, description of bridges tested
for the bridge slabs, and data pertaining to the eoncréte’épecimens

tested with the four non-destructive instruments.




Table AEl: Concrete Batch Design forALaboratory Slabs

; N Design - - - - Actual Water
Batch Type of Coarse . Cement Factor Cement Ratio**
Designation Aggregate* =~ = Sacks/C. Y. Gal/Sack

1PD , River Gravel . 5 0 g - 5.6
2PD River Gravel - = . ' -5 . . 5.8
3PD River Gravel 6.5 3.9
4PD River Gravel 6.5 3.9
5PD . Str. Lightweight 5 6.9 -
6PD Str. Lightwéight 6.5 5.3
7fD Crushed Limestone . | 5 7.2 “
8PD Crushed Limestone 6.5 ‘5.3
9PD River Gravel 4 7.5

10PD River Gravel 4 7.5

11PD Crushed Limestone 4 . 9.2

12PD Str. Lightweight 4 8.8

* Natural sand was used in all batches for fine aggregate.

** The quantity of water estimated in mix design was adjusted during
mixing to obtain.a 3 inch slump in all batches. :
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Bridge

Number

S WN

0~ O

10
11
12

13
14

C?‘.C:CSG

Table A-2:

‘Description of Bridges Tested

over Trinity River

v over Cowen Road
~ 287 and 81 north, .over F.M. 156

121 business north, over U.S. 183

T.H. 35 north,
I.H. 35 north,
U.S.
S.H.
.S. 83 north,
.8. 67 north,
S. 67 north,
+S. 67 north,

over S.H. 29

over U.S8. 277

over Crows Nest

0.5 mile north of Tom

Green—Runnels County line

U.s.

87 south,

(Grape Creek Bridge)

U.S. 66 east, over I.H. 40

U.S. 87 north, over Cherry Street

U.S. 87 frontage road, south of Buffalo
Gap Road, over creek )

Adkisson Road south, over I.H. 40

Buffalo Gap Road east, over U.S. 87
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Table A-3: Comparative Measurements made on Slabs

Veloéity Windsér Rebound Tensile Compressive
Slab Aggregate Meter Probe Hammer Strength Strength
No. Hardness (fps) (inches) Reading = (psi) (psi)

Laboratory Slabs

1PD 6 13700 1.875 46.1 - 470 4030
2PD 6 13900 1.985 45.4 630" 4120
3PD 6 - 14400  2.125 . 46.8 640 5830
4PD 6 15400 2.020 46.7 . 660 4690
5PD (3) 11700 2.080 42.5 - 460 3250
6PD 3) - 12800 2.005 44.7 - 420 4740
7PD 4 13200 2.085 ° 43.9 . 390 4480
8PD 4 13800 2.085 . 47.6 540 5870
9PD 6 - 13500  2.065 41,1 440 4050
10PD 6 13700 2.005 4.4 550 4210
11PD 4 12700 2.025 38.5 .300 3590
12PD (3) 11700 1.885 36.7 200 2570
Bridge Slabs
1-1 A 12100 2.025 47.3 -— 4900
1-2 A 10800 2.020 47.3 — - 4570
2-1 4 13400 2.050 41.6 - - : 3790
2-3 4 12800 1.920 38.8 - 3650
3-1 3% 12600 2.110 45,9 - 4530
3-3 3% 13600 2.110 46.5 - 6730
4-1 435 13400 2.120 49.7 —_— 3360
4-3 43 14100 2.170 53.5 _— 3750
5-1 45 13300 2.075 43.9 740 6620
6~1 5 14300 2.130 44.6 800 4430
6-2 5 15000 2.150 45,9 710 5330
7-1 5% 13800 2.130 43.6 670 3880
8-1 5 12000 2.110 43.7 490 3070
8-2 5 11600 2.075 45.4 480 3450
9-1 4 14600 - 2.120 40.5 580 6110
9-2 43 15000 2.035 35.9 620 5920
10-2 7 13900 2.050 46.9 590 5040
10-3 7 11500 2.040 43.2 580 4290
11-1 7 14100 2.040 43.4 590 - 4000
11-3 7 15000 2.065 43.7 540 4490
12-1 7 13100 2.160 50.3 540 5430
12-2 7 12500 2.135 50.6 710 4630
13-1 7 13100 2.075 42,7 610 5160
13-2 7 13000 2.045 42.0 640 5230
14-1 7 12400 2.100 48.5 710 4600
14~2 7 - 2.150 46.5 560 4810

Note: Velocities listed are normally averages of 3 readings.

- Windsor probe penetrations are normally averages of 3 probes.
Rebound hammer readings are averages of 15 repetitions.
Tensile strengths normally are averages of 4 measurements.
Compressive strengths are measurements of a single core.
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Included in this Appendix afe the operatihg pfocedures for the
four following instruments:

1. acéustic velocity meFer

2. Windsor probe

3. Schmidt rebound hammer

4. direct tensile tester,




B-1: OPERATING PROCEDURE FOR ACOUSTIC VELOCITY METER

USED ON CONCRETE SURFACES

Select a location on the concrete surface that is relatively free -

of cracks.

Grease the four transducer bases to insure good coupling to the. concrete

surface.

Place the transducer assembly in the selectgd location with the four

transducers firmly in contact with the concrete surface. -
Turn on the electronic equipment for measuring the time interval between

transducers.

" Place the selector switch to position 1 so that the left transducer is

transmitting acoustic waves and the waves received by the nearest
receiving transducer are displayed on the oscilloscope.

Observe the first zero crossing of the received signal on one trace of
the dual-trace oscilloscope and adjust the left adjustment knob so that
the - downward abrupt voltage step occurs at the same instant on the second
trace.

Place the selector switch to position 2 so that the left transducer is
transmitting acoustic waves and the waves received at the far feceiving
transducer are displayed on the oscilloscope.

Again observe the first zero crossing of the received signal but this
time adjust the right adjustment knob so that an abrupt downward

voltage step occurs at the same instant on the second trace.

The time-interval between the two voltage steps has been set equal to the
time-interval between the wave arrival at the two receivers and is

displayed on the digital counter. Record this time.
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10..

11.

12.

13.

14.

15.

16.

Place the selector switch to position 3 so that the right transducer

- is transmitting acoustic waves and the waves received by the nearest

recéiving'trénSducer aré‘diéplayed on.the'oscilloécope.A

Repeat step 6. (Align sfep, ﬁsing'lgﬁg khob) .

flace the selector switch to'pOSitibﬁ'4 so that the right transducer is
transmitting acoustic waves and the waves received by the far receiving
transducer are displayed on thg ospilloscope.

Repeat step 8. (Align step, usihg right knob).

Repeat step 9. (Record time interval).

AVérage:the two times recorded.

Calculate the velocity of the wave using the following'éqﬁati6n¥ '

V(fps) = 670 / Avg. time in milliseconds.




10.

11.

iz,

13.

B~2: OPERATING PROCEDURE FOR WINDSOR PROBE

USED ON CONCRETE SURFACES

Select an area on the concrete surface for testing. Surfaces rougher
than é broom finish should bé ground smoéth prior to testing;

Place the triangular probe locating template on the surface of the area
to be tested. |
Load the driver guﬁ with a probe and explosive cartridge.

Position the gun over one of the threeAholes in the locating téﬁplate
and fire the probe into the concrete.

Repeat gteps 3 and 4 until three probes have been fired, through the

locating template into the concrete, in a triangular pattern.

‘Remove the probe locating template.

Tap each probe with a hammer to insure that it has not bounced back from
its deepest penetration position.

Sweep the loose concrete away from the probes.

Place the base gage plate over the three probes, setting i1t firmly on the
concrete surface.

Place the top gage Plate on top of the three probes.

Place the depth gage thru the appropriate -hole in the middle of the top
gage plate. Hold the flange of the gage firmly against the top plate,
release the gage plunger allowing it to snap against the base plate, lock
the plunger in place, and then remove the depth gage.

Read and record the average exposed height of the three probes in inches, as

measured with the depth gage.

Remove the two gage plates and jack the probes out of the concrete.




Note: Ihe manufacturer's opefating procedure included a détermination
of the hardness of the aggregate in the concrete using a mineral gcratch test
kit containing minerals numbered from 1 to 10 on Moh's scale of hérdness.
The compressive strength of the concrete may then be estimated from the
exposed height of the probes, corrected for aggregate hardness, by using
tables furnished by the mahufacturer. The estimated strengths were generally
higher than the‘measured strengths of air dried cores (See Section_4,vpage 12).
The correction for aggregate hardness did not improve the correlation between
the Windsor probe penetration data and core compressive strength. Thus,
the average exposed height of the three probes in inches, obtained in Steé 12,

was- used in all analyses.
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B~-3: OPERATING PROCEDURE FOR SCHMIDT REBOUND

HAMMER USED ON CONCRETE SURFACES

1. Select an area on the concrete surface avoiding rough spots, honeycombs
and porous areas.

2. Grind the area to be tested to prepare é émobth surface.

3. Place the plunger of the rebound hémmer in contact with the concrete
surface applying a light pressure to release it from the lockéd posgition
and allow it to extend to the ready for test position.'

4. Presé the plunger against the concrete surface keeping the instrument
perpendicular to the test surface thle épblying:a gradual increase
in pressure until the hammer impacts.

5. Hold the instrument firmly against the concrete and read the scale.

If it is not convenient to read the scale in this position, press the
Eutton on the side of the instrument after the hammer has impacted and
remove the instrumeﬁt from the test position for reading. Do not touch
the button while depressing the plunger.

6. Record the reBound number read from the scale on the side of the instrument.

7. Repeat steps 3 through 6 until 15 readings of the rebound have been
obtained in the test area.

8. Average the 15 readings to obtain a mean rebound number for the test area.

Note: The manufacturer's 6perating instructions included on estimation of
the compressive strength from the mean rebound number. Calibration curves for
this purpose were furnished by the manufacturer. The estimated strengths were
generally higher than the measured strengths of air dried cores (See Section

4, page 12). The possibility of this occurrence in old and dry concretesvhad

been stated in the operating instructions, together with a suggestion that a

special correlation between the rebound number and the compressive strength be
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determined and a new curve plotted. Tor this reaséh, the average rebound

number, calculated in step 8, was used in all analyses.

At
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B-4: OPERATING PROCEDURE FOR DIRECT TENSILE

TESTER. USED ON CONCRETE SURFACES

Smooth the coﬁcrete surface, upon which the two-inch discs are to be
placed, with é grinder.

Clean the surface after grinding with toluene or xylene (toluene is
believed to leave less residue) using a clean rag for rubbing. Rub the
cleaned surface after it has dried to remove any residue left by the
cleaning solution.

Clean the surfaces of the disecs, to be epoxied to the concrete, with
toluene or xylene using a clean rag.

Mix the two part epoxy according to specifications. A small amount of
kaolinite (mineral filler) is then mixed in with the epoxy to give it a
thicker consistency so that it will not run out from between the disc

and the concrete. Mix only enough epoxy at one time to stick approximately

four fairly close spaced disés. (The working life of mixed epoxies is

influenced by temperature and amount of mixed epoxy. Higher temperatures
and larger bodies of mixed epoxy accelerate the set-up time and shorten
the working life.) - The type of epoxy found suitable for use with the
tensile tester is Shell Chemical Company EPON 828 resin and EPON Curing
Agent U. The mix ratio is four parts resin to one part curing agent

by weight.

Spread an even layer of the epoxy on the face of the disc and also on
the concrete where the disc is to be stuck.  Ice cream sticks or similar
objects are suitable for this purpose. Push the disc firmly on the
concrete. The excess epoxj that comes out around the side of the disc
should be removed so as not to increase the effective area of the disc.

Ice cream sticks are also applicable for this purpose.
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Heating the stuck discé with a hand torch for approximately 15 minutes
will aéceierate the set-up time. Heat should. be applied only to

thertob of eacﬁ diéc, as heat applied directly to fhe epoxy will cause
if to break down. Do not overheat the discs; tﬁey should only be

heated to "finger touch warm'.

Allow approximately 90 minutes for curing. -As previously stated, the
set-up time varies with ambient temperature.

Screw the coupler into the disc and attacﬁ it to ﬁhe teﬁsile tester. The
screw valve on the hydraulic jack must be loosened so that the piston

-of the hydraulic cylinder may be pulled down for attachment.

Operate the hydraulicrjack, after élosing the scfew valve, to pump up

the cylinder until the disc breaks-loose‘pulling oﬁt a chunk of concrete.
The hydtéulic jack should bg operated invéuéh a manner as to provide

for a slow and fairly cgﬁstgnt increasg iﬁ pressure as indicated by the
gage. Before beginning this step be sure the red follower needle of the
gage is set to zero. - (If a chunkris not pulled out of the pavement, for
example, the break is beéﬁeen'the epoxy and the disc or concrete, the
test should be rerun. These type breaks Cou1d resu1t from‘poorly mi xed
epoxy or inadequate curing time.) |

Observe and record the gagevreading'indicated by fhe red follower needle.
The gage reading is the,presSure-exerted dn the piston in the hydraulic
cylinder. The tensilé force is 0.3757 times the.gage reading. The tensile
stress acting on the concrete is calculated by.dividing the tensile

force by the area of the disc (nrz).v Thus the Congféte Breaking Stress =
(0.375 x Gage Reéding)/rz. For the two-inch diameter disecs thé radius is
equal to unity and the equation reduces to Concrete Breaking Stress (psi) =

0.375 Gage Reading.
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