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PREFACE

The soniscope investigation of concrete in the F. E. Warren Auxiliary
sites, Squadron III, was verbally authorized by Mr. J. 0. Ackerman, Chieý',

Engineering Division, U. S. Army Engineer District, Omaha, on 17 August°

1960, and confirmed by teletype dated 19 August 1960. The group conduA..*ng

the soniscope testing consisted of Mr. 0. Keifer, Jr., Engineering Divi-

sion, Omaha District, and Messrs. J. H. Sanderson and Dale Glass, Con,'ete

Division, U. S. Army Engineer Waterways Experiment Station (WES). This

party was accompanied by Mr. Ralph Newman, Cheyenne Area, who acted as

guide and provided general assistance to the group.

The original report of the investigation, F. E. Warren Auxiliary

Sites, Squadron III, Report -f Evaluation of Concrete by Ultrasonic Test-
ing, dated August 1960, was prepred by Mr. Keifer under the direction

of, and with general guidance from, N.u- L. S. Bray, Chief, Materials and

Airfield Pavement Design Section, F & M Branch, Engineering Division,

Omaha District. This paper, prepared by Mr. H. T. Thornton, Jr., under

the supervision of Messrs. T. B. Kennedy, Bryant Mathee., and E. E.

McCoy, Jr., all of the Concrete Division, WES, is based on the original

report, and a considerable amount of the information contained herein was

extracted from it verbatim.

Col. Edmund H. Lang, CE, and Col. Alex G. Sutton, Jr., CE, were

Directors of the WES during this investigation and the preparation and

publication of this report. Mr. J. B. Tiffany was Technical Directur.

i
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* SUMMARY

Preliminary investigations of the concrete construction in various
areas of the F. E. Warren Auxiliary Sites, Squadron III, established the
fact that some of the structures contained low-strergth concrete. On 15
to discuss the problem, identify the scope, and determine the course to be

takn orthe design of corrective action.

was requested to furnish one of its soniscopes -4,o make velocity tests on

concrete at the various sites, On 19, 20, and 21 August 1960, velocity
tests were made on the struc'~ures where low st~rength was suspected. During
this same time, velocity tests were also made on 6- by 12-in, cast cylin-
ders and on cores taken from the questionabla areas. After velocity meas-
urements were obtained on tbpse cylinders and cores, they were aubjected
to compressive strength tests.

The information on pulse velocity and compressive strength obtained
from the test cylinders and cores was used to establish correlation between
pulse velocity and compressive strength of the concrete being investigated.;
this correlation and the pulse velocities obtained from the concrete in
question were used to assign compressive strength values to the in-place
concrete.

It was concluded that (a) a number of the areas tested had concrete
*of' less than adequate quality, (b) some of the suspected areas contained
very uniform concrete of acceptable quality, and (c) ultrasonic testing
provides a rapid, economical, and satisfactory means of surveying the
quality of the concrete in Rtructures of this and similar types.

vii
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EVALUATION OF CONCRETE BY ULTRASONIC TESTING

F. E. WARREN AUXILIARY SITES, SQUADRON III

PART I: INTRODUCTION

The Problem

II
;1. This investigation was initiated to evaluate areas of concrete

construction at F. E. Warren Auxiliary Sites, Squadron III, near Cheyenne,

Wyoming, where the possible existence of low-strength concrete had been in-
:dicated by the results of compressive strength tests of cylinders at 28- ,

day age and other ages of the concrete. Some of the questionable areas

had been investigated by cutting 4 -in. cores from the concrete and testing

the cores for compressive strength. The low-strength concrete problem was

discussed at a meeting at Air Force Ballistic Missile Division (AFBmD) on

15 August 1960 and reported in "Memorandum for the Record," dated 16 August

1960, by Mr. G. L. Otterson of the Construction Division, Omaha D.1,ýtrict,

Purpose and Scope of Study

2. To facilitate further investigation of the concrete mtructures

suspected of containing questionable concrete, the Waterways Experiment

Station (WES) was requested to furnish a soniscope and crew to make a rapid

survey of the quality of the concrete by ultrasonic tests. The investiga-

tions were to be concentrated .an the areas containing concrete of question-

able quality which had been desinated as most critical from a structural

standpoint, and those areas for which the representative test cylinders in-

dicated extremely low strength. Using these: criteria, the most impcrtant

areas were determined to be in various parts of the Launch and Service

Buildings and Launch Operations Buildings at sites 2 and 3, and to a lesser

extent in these buildings at sitcs 7 and 9. The soniscope investigation

was confined to these four siteb and to the test specimens available in the

""central laboratory at Cheyenne, Wyoming.

3. Soniscope readings were taken at the four sites on 19, 20, and

21 August 1960. On 19 August areas at site 2 were tested; on 20 August

S ...... .. . .. . ._ _ __-_ _._ _ __._ _ _ _ _ _ _ __- A_ _



aresJ at site 3 were tested; and on 21 August areas at sites 7 and 9 were

tested. At each site, areas suspected of containing low-strength concrete
• were investigated,, and in addition, areas of kwen strength were tested for ,

correlation purposes. Also, during the test period concrete cylinders cast "

from mixtures used in structures at all the auxiliary sites except site 7,
and which were scheduled for compression tests in the central laboratory, ;

*ere tested with the soniscope. In addition, 4-in.-dimeter cores from

questionable areas of the in-place concrete were subjected to ultrasonic

tests.

If
I ~i-
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PART II: TEST EQUIPMENT AND PROCEDURESj;e S~ Equipment

!or
Ist

i. The soniscope equipment used was similar to that described in

I , Corps of Engineers test method CRD-C 51-57.2* The soniscope is an instru-

m ent that transmits pulses of ultraso~ic waves through a material and elec-

Stronically measures the tn.m of travel from the transmitter to a receiver

L while each is held against the surface of the material a known distance

apart. Knowing the ti, ef travel and the path length, the velocity of

the ultraoonic pulses can be computed. This velocity provides an index ofI the condition or qualit,-; of the concrete. In this investigation the pulse

velocities were correlated with the known strengths of test cylinders made

in the laboratory, and with the strengths of cores ftom conci ;e in ploce

in various portions of the structures, in order to provide a basis for

evaluating areas of concrete of unknown quality by means of measured pulse

velocities.

Procedures

5. Soniscope readings were taken on the 6- by 12-in. test cylinders

I and on the cores by transmitting ultrasonic pulses through the cylinders or

Scores from end to end. Soniscope readings were taken on concrete in place

either by transmitting pulses through the concrete from a point on one sur-

face to a point on the opposite surface, or by transmitting pulses through

the concrete from one point to another point on the same surface of the

concrete. The soniscope measured the time of travel of the pulses from one

Point to the other point, and the lineal distance between the two points

was measured with a steel tape. From these two valhes the pulse velocity
S~2

was calculated by the following formula:

s vpath length, ft
Pulise velocity, fps effective time, sec

Raised numberb refer to similarly numbered items in the list of
Sreferences at the end of this report.



- All pulse velocities were computed to the nearest 10 fps.

6. Soniscope readings were normally taken in sets of two to four

readings at locations approximately 1 ft apart. In a few instances the

pulse velocity at one point was abnormally high as compared with the other

readings in the set. In such cases another reading was taken approximately

6 in. away from the original location, and this reading was compared with

the others in the set. In every case the pulse velocity from the extra

reading compared favorably with the other velocities of the set, and was

recorded in place of the original reading, it being assumed that the

original reading had been influenced by reinforcing steel.

I'I



I PART III: RESULTS

I Summaries of Test Results

7. Soniscope readings and compressive strength test results on the

6- by 12-in. conicrete test cylinders in the central laboratory are recorded

in table. 1. Averages for each set of soniscope readings on the concrete

in place at the four sites are recorded in tables 2-6, together with com-

pressive strength test results for comparable test cylinders and 4-in.

~ cores.

Correction for Surface Readings

8. At the start of the investigation an attempt was made to corre-

late pulse vclocity ieadings taken between points on the same surface of

the concrete ("surface readings") with readings taken between points on

opposite surfaces of the concrete ("through readings") on an equal basis.

However, after the first day's results were computed and studied, it was

obvic.us that there was a variation in the results of the two types of read-

inGs. On the last two days of the tests, surface readings and through

readings were taken close together wherever possible to provide a compari-

son. The average for each of the comparable sets of surface and through

readings is listed in table 7, and it is apparent that the variation oc-

curred in all cases. The only explanation for this variation is that the

surface readings were normally taker, with a path length of 6.0 ft, as com-

pared with a path length of 1.5 to 2.5 ft for the through readings.

Studies made by personnel of the Concrete Division, WES, indicated that

there is a definite decrease in pulse velocity with increase in path length.

I However, no distinction was made in the study discussed i:t reference 1 be-

t tween surface and through readings, and no formula was given for computing

the difference to be expected.

9. The dat'. summarized in table 7 are plotted in plate 1 to show tqe

relation of surface readings to through readings (the two aggregate types

represenr,ed in plate 1 are discussed subsequently and are not relevant

• h�hrc). Tiate 1 indicates that a factor of 800 fps should be added to the
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surface readings to make them comparable to through readings. This factor

has been added to all surface readings listed in tables 2-6.

General Correlation Between Pulse Velocity
and Compressive Strength

10. In the evaluation of the data obtained at the F. E. Warren

Auxiliary Sites, soniscope readings on concrete of unknown quality were

;correlated with readings on concrete of known strength without regard to

the individual mixture used or the aggregate source. This was done because
so many mixtures had been used on the project that it was impractical to
get sufficient field data to correlate concrete areas for each mixture. In

addition, as may be seen in table 1, most test cylinders available for

soniscope testing were from mixtures other than those used in the concrete

areas of questionable quality. The concrete tested with the soniscope

equipment varied in cement content only from 6-1/2 to 6-3/4 bags per cubic

yard except for one mixture which had a cement conteAt of 6 bags per cubic

yard. Table 8 lists the mixtures used in the structures and in the test

cylinders tested with the soniscope equipment.

11. The fact that so many aggregate sources and combinations of ag-

gregate sources had been used on the project further complicated any com-

parison of concrete of the same mixture proportions. The aggregates used

in all mixtures at all sites were of the same general mineral composition,

the main differences being that the aggregates used at sites 1-5 were from

dry terrace deposits and those used at sites 6-9 were from river deposits.

When the results of the soniscope and compressive strength tests are dif-

ferentiated on the basis of aggregate source, as shown in plates 1 and 2,

it is apparent that the different aggregate sources had an effect on the

pulse velocity-compressive strength relation, but did not cause major vari-

ation- in the comparative results. The method of obtaining and using the

correlation will be apparent in the following section.

Discussion of Results

12. Table 1 and plate 2 show the relation between pulse velocities

measured in 6- by 12-in. concrete test cylinders and the compressive

i '• •-'..'7 : '.:. •.• •-:; ,•' ""• ,--• ""t
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i strength of the cylinders. The cylinders were tested with the soniscope

S in the central laboratory 6 to 18 hours before they were tested in the 2"

standard compression test. The cylinders were of various ages and from all

sites except site 7. All cylinders scheduled to be tested in compression

while or immediately after the soniscope test team was at Cheyenne were

tested with the soniscope; however, only 26 of the 71 concrete cylinders

available for test were from the mixtures that had been used in the areas

of questionable concrete (sites 2, 3, and 9). The data on the cores were

obtained to assist in establishing the correlation between the pulse ve-

locity and compressive strength data.

13. Table 9 and plate 3 are intended to provide a correlation be-.

tween pulse velocities in concrete of questionable quality and pulse ve-

locities in concrete of known quality. The value used for the compressive

strength of the concrete of kncwn quality is based on the results of the
Scompressive strength tests of 4-in. cores from that concrete. The cores

were normally cut in sets of three, and there was often wide variation of

strength within the sets, as well as between sets cut from the same place-

ment at different times. However, core tests were used as the basis of

comparison, since there was less variation !n results of tests of cores

than in results of tests cf cylinders made from the concrete aring place-

ment. The values shown in plate 3 are the averages of each set for each

pour in each building Lested at each site; table 9 shows these groupings.

Plate 3 was then used to obtain the compressive strength value (table 9)

assigned ýo each pour. No attempt was made to compensate for the fact that

cores were cut and tested at various ages of the concrete and that soni-

Scope readings were taken at ages different from those represented by the

cores. These factors were riot considered since they are beyond the degree

of accuracy of this investigation.

14. The relation of pulse velocity to core strength shown in plate 3

is similar to the relation of pulse velocity to concrete cylinder strength

shown in plate 2. The similarity of the two relations increases the valid-

ity of using pulse velocity comparisons to evaluate the quality of concrete

I Of otherwise unknown strength.
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PART IV: CONCLUSIONI3

15. Estimated compressiýve strengths of areas of concrete of qcues-

tionable quality at the F. E. Warren Auxiliary Sites, Squadron III, were

derived by a comparison of the ultrasonic pulse velocity readings in the

concrete of u'%,. wn strength with the pulse velocity readings in concrete

of known quailty. Concrete of known quality used for this comparison con-

sisted of (a) concrete in placements where core strengths had been estab-

lishedand (b) test cylinders which were tested "ith the soniscope equip-

ment immediately before they were tested in the standard compression test.

The relation of pulse velocity to compressive strength is shown in plates 2

and 3, and is an identical relation for in-place concrete and for conciete

test cylinders.
16. A range of indicated compressive strength values for each value ,

of pulse velocity would conceivably be more realistic than only one indi-

vidual value. However, an examination of the ultrasonic readings obtained

on concrete of known strength indicates that this range would be narrow,'

and the limits of such a range have not been determined.

17. Also it appears that a family of curves, one for each mixture,

would provide a more accurate representation of the relation between corn-

pressive strength and pulse velocity. However, due to the large number of

mixtures used on this project and the small number of specimens of each, it

was not possible to correlate adequately the compressive streneth-pulse

velocity relation for each mixture, and the correlation used includes all

mixtures.

18. The small amount of variation in the pulse velocity readings at

various points within each placement il.Iicated uniformity of c.ncrete witi'-

in each placement. The columns in the Launch Operations BuildirTg at site 2

were a critical area and were tested very thoroughly with the. ýyjrniscOpe

equipment (see table 2). Pulse velocity readings showed that n.e,& columns

contain very uniform concrete of acceptable strength (table 9).

19. The test results indicate that the different aggrev•-te sources
had an effect on the pulse velocity-compressive strength r but did

not caus- major variations in the compa.rative results.
20. From table 9, the following areas have compc..-,s, -hs

_•,,~Tr ..- SE..



indicated by pulse velocity co parison as being less than 4000 psi:

Compressive
Strength Indi-
cated by Pulse

Site Placement Velocity, psi

2 LOB pour 2, floor 3600
U&S Bldg pour 7, flame pit Below 3000
U t&S Bldg pour 21, flame tunnel floor 3400

3 LOB pour 8, roof 3700
IUS Bldg pour 10, flame tunnel 3800
IUS Bldg pours 12 and 24, flame tunnel:

East wall 3600
West wall 3300

IUS Bldg pour 17, missile support beam 3800
U&S Bldg pour 17-A, flame tunnel roof 3800
i&S Bldg pour 21, flame tunnel floor 3900
L&S Bldg pour 25, wall 3700
U&S Bldg pour 34, vestibule wall 3500
L&S Bldg pour 37, LOX tank housing wall 3500

7 LOB pour 11, vestibule roof 3700
U&S Bldg pour 25, wall 3700
L&S Bldg pour 30, 'iall 3800

9 LUS Bldg pour 24, flame tunnel wall 3800
UIS Bldg pour 26, wall 3700
L&S Bldg pour 29, flame tunnel roof 3900
L&S Bldg pour 30, wall 3700
L&S Bldg pour 36, mezzanine wall 3600
L&S Bldg pour 42, ramp retaining wall:

East wall 3300
West wall 3600

Note: LOB is Launch Operations Building; U&S is Launch and
Service Wuilding.

21. The Poncrete placements listed in paragraph 20 as having com-

pressive strengths lower than 4000 psi, as indicated by ultrasonic tests,

have been further evaluated by considering the results of tests on cores

cut from a number of the placements. These average core strengths are also

listed in table 9. Considering both ultrasonic test results and results of

tests on cores, where available, the following are the placements which are

dAfinitcly 4.ndicated as having concrete of strength excessively lower than

4000 psi (3500 psi or lower):

**--Ill---7 - - -
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Site Placement

2 IUS Bldg pour 21, flame tunnel floor

1 3 LOB pour 8, roof
LI Bldg pours 12 and 24, flame tunnel, west wall

9 LS Bldg pour 42, ramp, east retaining wall

22. It appears to be a further conclusion of this investigation that •

uultrasonic testing is a rapid, eccaomical, and satisfactory means of meking

a survey of the quality of the concrete in structures of this and .imilar
;• ' types.

I'i
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Table 1
Results of Ultrasonic and Compressive Strength Tests on

6- by 12-in. Test Cylinders from Sites 1-6, 8, and 9

SiteCylinder Pulse CompressiveAge Velocity Strength
No. Concrete Placement No. y f! R . psi

Mix C-,5558 B-Revised
1 L&S* Bldg pours 12, 24 1-145 28 13,490 4984

1-146 14,11o 4370l 1-47 1 4081
SAvg 131,80 7

i Equipment space, 1-161 28 Av ,85g 4478flame tunnel 1-162 148o 4987
Avg iV, 95-0 V512

Mix c-4226B

S L&SBldg pour 7 8-223 28 13,720 4478
8-224 13,830 4695
8-225 144

Avg 13,700 4550
West curb of ramp 8-272 7 12,920 3973

8-273 13,020 411

Avg 13,000

Mix C-4 236B-Revised
S9 I&S Bldg pours 29, 42 9-179 28 13,68o 3395

9-180 12,860
Avg 13,270 3197

mixc-6782

4 L&S Bldg pour 26 4-244 28 14,230 3937
4-245 14,190 4045
4-246 4,0 4o09

Avg 1i,"230 3997
U&S Bldg pour 30 4-250 28 14,690 3864

4-251 14,44o 3828
4-252 14,230 3937

Avg 14,450 3
3 I&S Bldg pour 26 3-216 28 14,010 405

3-219 13,820 14442
Avg 13,920--X--

(Continued)

Launch and Service Buildiinf,. (i of 3 sheets)

----- 10 M



Table 1 (Continued)

gyidrpulse 0aupre~3sive

Site Age Velocity Strevý V,
7 No. Concrete Placement No. days f ..

Mix c-6782 (Continued) "

3 U•S Bldg roof 3-254 7 14,420 3467T
3-255 1i,210 3286
"3-256 14,010 3178
3-244 14,630 3937
3-245 1.4,210 3250
3-247 14,210 3431

Avg 14,220

Mix c-6781

S1 U&S Bldg pour 15 1-154 14, 310 5381
1-155 14,230 4912
1-156 Av 20 81

Avg 522 0

2 U&S Bldg pour 18 2-229 28 13,950 4226
2-230 14,470 4551
2-231 1 4406

Avg 14,110 T397

2-235 28 14,140 3864
2-236 114,780 4370
2-237 1

Avg '14, 720

L&S Bldg walls 2-277 7 13,950 3467
2-278 14,000 368&
2-2T9b

Avg 14,170 358

ULS Bldg pour 25 2-241 14,4110 Not deter-
2-242 14,030 mined2-24 1403
2-43Avg 14,170

mix c.- 6784

4 U&S Bldg pour 35 4-282 14 14,420 W08i
4-283 Avg 4081SAvg 1.; .0

U&S Bldg pours 32, 38 4-301 7 13,450 3467
4-302 i4,OlO 3431
4-303 1-,450

Avg M3,I6'i0

(Continued) (2 of 3 sheets)

I-_ " O ' - ,. . .



Table I (concluded)

i . Cylinder Pulse COaupressive
Site Age Velocity Strength I

No. Concrete Placement No. Lay fps psi

Mix CZ§784i (Continued)

5 & Bld -pour 26A 5-238 28 13,990 4587 A
5-239 14,1 io 4370
5-240 14,2110 W446

Avg 1,070

I&S Bldg pour 23 5-244 28 14,,470 4731
5-245 14.,4110 4406
5-246 14 610 51

Avg 4551

L&S Bldg pour 27 5-295 7 14,270 3973
5-29 14,3. 4151

Avg 14.,150 0 3

L 5-302 7 14,030 4370
5-303 13,,990 4623
5-304 13,950 4840

Avg 13,990 zui

Mix c-678i

6 L&S Bldg pour 39 6-260 28 13,*530 4515
6-261 13,790 4262
6-262 13,830 451

Avg 13,720 03
I&S Bldg pours 33, 41 6-266 28 13,450 4442

6-267 13,450 4153
6-268 14f005

Avg 13,640 7

"IMS Bldg pour 32 6-328 7 13,100 3576
6-329 12, 960

Avg 11,030 3M6•

Mix C-4733B-Revised

5 L&S Bldg pour 42 5-308 7 13,980 3864
5-309 14,11o

Avg W 0503

5-315 7 13,990 4045
5-316 13,910 4153
5-317 14,480

Avg 1413 117

s) (3 of 3 sheets)



Table 21
Results of Ultrasonic Tests on In-Place Concrete and Compressive Strength Tests

on Test Cylinders .and Cores, Site 2

Soniscope Tests Cylinders 4-in. Cores
Conc Pulse Compressive Compressive

Concrete Age Velocity Strength Strength
Placement days Test Location fps ... .. psi No. psi

Smix c-60314

LOB pour T 72 B-2 14,410 3250 No cores
columns B-3 14,290 3503 4

C-2 14,41 0
C-3 14,440 Avg 3 a
D-2 14,290
D-3 14,130
E-2 14,180

Avg 14,350

LOB pour 9 56 West wall 13,250* 3359 No cores
vestibule Interior wall 142 3648
walls Avg 13,840 Avg 35 03a

LOB pour 8 60 Near core 55 13,920 3460 55 4690
roof Near core 56 13 820 3220 56 33200

Avg 3 0 3400 57 471
3575 Avg r~r7c
460

Avg F23a
350§b

U&S Bldg pour 24 57 East wall 13,510 3612 No cores
flame tunnel I
walls Avg 30

3 287b

145 West wall 13,530 3395 No cores

Avg 3395a3142b

U&S Bldg pour 7 88 Floor I, 265* 3431 62 3710

"flame pit West wall 11, 170* 3395 63 3380
Near cores 62, 63 10,890* 2467 64 4620.A Near core 64 1 3214 Avg 390 3"d

Avg 11, I00** 3214

Avg Iai ~3142b,
(Continued)

Note: LOB is Launch Operations Building; U&S is Launch and Service Building.
* Soniscope readings taken on one surface of concrete corrected to values of

equivalent through readings; all other pulse velocity values taken through
concrete.
Averages using correrted surface readings.

a Cylinders tested at 23-day age.
b Cylinders tcsted at 4)-day age.
c Corc•' cut when concr,'c,: was 43 days old.
d Cor(. cut. when concrete was 71 (lays old.

* '~~~ ' .' ,- ,--:•r:'•..2- . . .. :--.... •-w-•m ,
~,s.- *.



Table 2 (Concluded)

Soniscope Tests Cylinders n Cores
Conc Pulse Compressive Compressive

Concrete Age Velocity Strength Strength
Placement days Test Location frp ps ND. psi

Mix C-6034 (Continued)

M&S Bldg pour 13 52 13,980 3214 No coresmissile siq ý 25 -
port beam Avg 33

3395"

mix c.6781

Avg •

a Cylinders tested at 28-day age.
b Cylinders tested at 45-day agt.
e Cylinders tested at 7-day age.



Table 3
•Result. of Ultrasonic Test." on In-Pac-ý Concrete and Compressive Strength Tests

on Test Cylinders and Cores, Sites 2 and 3

Soniscope Tests Cylinders 4-in. Cores
Conc Pulse Compressive Compressive

Concrete Age Ve]ocity Strength Strength
Placement days Test Location fPs P i No. posi

Mix 0-1.702

Site 2 109 Near core 49 13,620* 3007 49 4420d
LOB pdur 2 Near core 50 12,510* 3024 50 3-Kd

floor Near core 51 12,790* "22 51 3 09 0 d
Near core 50A 13,200* Avg 31101 501 3 56 0e

•r•13, 480* 53A 4120e
S11,710* 3936 52A31o

• Near cores 51A,52A Avg 1 0* 3612 Avg 3552SAvg 12, fflE* 4081 ( 51A is 1. 5 ft,
SAvg 3 7 from 52A)

@i Site 3 .110 12,9To 328T 35 3D60U LS Bldg 12,930 281 36 2630
pour 21, flame 14,050" Avg 30529 37 28T0
tunnel floor IaL3467° Avg 2d53

Avg 13,3f20*

Site 3 123 3070 38 3400
ULS Bldg 28 39 3810
pour 8, flame Avg ---- c 40 2840
Stunnel floor 3214b Avg 33 _0 g

28
Near core 29 14,210* 29 2850
Near core 30 fld9* 30

"- Avg Avg 31
Avg 3 2 46 1

Overall avg 3313

SiteAv 33lo853o
SSite 3 109 13,610" 3756 No cores

I&S Bldg 3684
pour 7, flame
tunnel floor Avg 3--f

• , I .• •.• •( C o n t i n u e d )
Note: LOB is Launch Operations Building; L&S is Latmch and Service Building.

Soniscope readings taken on one surface of concrete corrected to values of
equivalent through readings; all other pulse velocity values taken throughS• concrete.

* Averages using corrected surface readings.
a Cylinders tested at 23-day age.
b Cylinders tested at 45-day age.
c Cylinders tested at 28-day age.
d Cores cut when concrete was 91 days old.
e Cores cut when concrete was 64 days old.
f Cores cut when concrete was 62 days old.
g Cores cut when concrete was 77 days old.
h Cores cut when concrete was 100 days old.
i Average of three cores cut at 45-day age.
J Average of three cores cut at 32-day age. (1 of 3 sheets)



I'4

Table 3 iOontinded,'

-Soniscoipe Tests Cylindlir 4 iu-in Cres-
CocPulse Coinpreý-%,ive Compressive

Concrete Age Velocity Strength Strelngth

Placement IM Test location fpssi -NO. s

Mix ý:-4Mr2 (Oontiuei

Site 3 135 South wall 13,7T.0 4623 No cores

UcS Bldg 4550

Avg WI

Site 3 103 South wall 12,68D 2998 32 3850

3T, LCX straeAv 2,6* Avg 2-- 34

tank housing Av , 3 2 j4b Avg

Mix C-4701B

Site 3 60 13,290 4220 So cores

MS. Bldg pour364-
17, missile 3790
support beam 3j3

396o

Avg

Site 3 64 13,590 3611 19 4730

IL!S Bldg pour 13,430 3395 20 3710
18&A, floor Avg 13, 510** 33T( 21 47

3287 Avg M23--
3395

Site 3 54 13, 110 3647 No cores

U&S Bld~g pour 3323W
25, wall. Av

3323

AvgW

(Continued)

*Soniscope readings taken on one surface of concrete corrected to values of equiva-

lent through readings; ali other pulse velocity values taken through concrete.

**Averages using corrected surface readings.
b Cylinders tested at 45-dAY age.
c Cylinders tiested at 28-day age.
k Cores cut when concrete was 57 days old. (2 of 3 sheets)



Table 3 (Concluded) -

Soniscope Tests Cylinders 14.in. gores
Cone PuIe Compressive Compressive

Concrete Age Velocity Strength Strength
Placemenit g Test Location J. Pei No.

mix C-t[OBl0 Con~. LnUed)

Site 3 66 13,820* 3575 16
UAS Big pour 3611 17 4450
15, floor. 3900 18i 3M•. Avg

3T92
3756

Avg 3

Avg

site 2 98 13,490 346T 65 3830
2M1 B1, pur 12,990 66 4890

tunnel floor Avg 12, 386 4 Avg 0m
3T20 53 2~930
14117 514 2220
4153 553T92 Avg 27 3n

I Avg

!I

S Sonisco•e readings taken on one surface of concrete corrected to values of equiva-

leng through readings; all other pulse velocity values taken through concrete.
•* Averages using corrected surface readings.

b Cylinders tested at 45-day age.
c Cylinders tested at 28-day age.
I Cores cut when concrete was 42 days old.
m Cores cut when concrete was 80 days old.
n Cores cut when concrete was 53 days old. (3 of 3 sheets)



Table 4

&esults of Ultrasonic Tests on In-Place Concrete and 2Mpressiv Stren tMlt Tests

on Test Cylinders and Cores, Site 3

Mix C-4702B-Revised

Soniscope Tests C ylinders 4-in. Cores
Cone Pulse Compressive Compressive

Concrete Age Velocity Strength Strength
P _ement .... __ _ stLocation. f,, ps, , 2 No. psi

U&S Bldg pours 72 East wall 12,850 3756 34 3700
12, 24, flame 12,460* 3720 35 3660
tum.2g walls 1 200* 3395 AvgAvg 12 900 Avg 717C•

3684

Avg 36

81 West wall 12,650 2889 37 3000

11, 010* 2889 38 3170
1,2709 39 l

hvg 12,220** 3250 Avg 31 0od

Avg ib

U&S Bldg pour 10 85 West wall 3828 2 5000

flame tunnel Near cores 25, 26 12,950* 3 26 5010
wall Near core 27 2 Avg 37 0 2 a 27

Avg 13,270•* 37 20b Avg -91r

LUS Bldg pour 10 77 13,240 2456 i1 3840
flame tunnel 2. 2456 42 3470
wall, north 2384 43 A vg
part missile 231 Avg3
support area 2492

Avg

(Continued)

Note: I&S is Launch and Service Building.
* Soniscope readings taken on one surface of concrete corrected to values of

equivalent through readings; all other pulse velocity values taken through
concrete.I Averages using corrected surface readings.

a Cylinders tested atp28-day Rge.
b Cylinders tested at 45-day age.
c Cores cut when concrete was 50 days old.
d Cores cut when .`oncrcite was 59 days old.
e Cores cut when concrete was 62 days old.
f Cores cut when concrete was 32 days old.



Table s, (Concluded)

~' *Soniscope Test.; Cylinders 4rM-i.coma
4Conc Pulse Compressive Coeupressivi

Concrete Age Velocity Strength Strength

v 71Placement days Test Location- fr S- o.

U..S B9 pour 34 71 West wall 12,540 3973 13 3700
vestibule wall 3 15 4.600

3503 154o
3539 Avg r

AvgON
39 0 1b

- .S'Bldg pur 72 13,180* 3467 31 3220

17-A, flwne 3431 32 364o
tunnel roof 3359 33 Avi:3250 Avg *

3359

L&S Bldg pour 20 38 14,085* 4804 No cores
flame tunnel 4659
roof 4Q

Avg Ma

LOB pour 8 79 Near core 10 13,150 343.. 10 2980
rooff Near core 1U 12,910 2744 11 3070

Near equip. hatch 880 2817 12
Avg 12, 2889 Avg 31731

3178
3142- 2889

Avg 0ý

Note: LOB is Launch Operations Building.
* Soniscope readings taken on one surface of concrete corrected to values of

equivalent through readings; all other pulse velocity values taken through
concrete.

t Soniscope readings were made on 6-in. concrete cores cut from LOB pour 8 at 77-
day age, These 6-in. cores were cut near (within 2 ft of) the same locations as
the 4-in. cores with the same basic number.

6-in. Cores
Pulse Compressive

NO. Velocity, fps Stre s

10-1 12,890 3928
11-2 12,560 2542

Avg 12,650 Avg 2927
a Cylinders tested at 28-day age.
b Cylinders tested at 45-day age.
c Cores cut when concrete was 50 days old.
g Cores cut when concrete was 47 days old.
h Cores cut when concrete was 55 days old



Table 5
Results of Ultrasonic Tests on In-Place Concrete and Compressive

Strenh Tests on Test Cylinders and Cores, Site 7mix C-4226B

Soniscope Tests Cylinders 4-in. Cores
Cone Pulse Compressive CompressiveConcrete Age Velocity Strength Strength \ •

Placement R fps ,psi NO. --Psi

I&S Bldg 45 13,300 3756 No cores
pour 30 1260* 3684
wall Avg It ý * 4081

Avg 390 Ca

L&S Bldg 61 12,690 4030 No cores ap
pour 25 13L0* 3828wall Avg -121, 980"* 4040 '

Avg ~~

LOP pour 11 79 13,100* 3683 78 3860
vestibule 2 79 4040
roof Avg 3467 80 319-0

37 60b Avg c3 -

Note: LOB is Launch Operations Buil'ing; L&S is Launch and Service

* Soniscope readings taken on one surface of concrete corrected to
values of equivalent through readings; all other pulse velocity
values taken through concrete.

* Averages using corrected surface readings.
a Cylinders tested at 28-day age.
b Cylinders tested at 45-day age.
c Cores cut when concrete was 62 days old.



rTable 6
Rerults of Ultrazonic Tests on In-Place Concrete and ComprcssiDe

Strength Tests on Test Cylinders, Site 9

Son.scope Tests Cylinders
Cone Pulse Compressive
Age Velocity Strength

Concrete Placement days Test Location fPs psi

"Mix C-4232B-Revised

U&S Bldg pour 30, wall 43 12,990 3251

Avg 13, 060** Avg 33238

UIS Bldg pour 36, mezza- 13 12,796 1806
nine wall 18

Avr 1 5 4 2b

IUS Bldg pour 26, wall 45 12,985 4984
13,175* 4840

S'Avg 13,140"* Avg 92

Mix C-ý4236B-Revised

I&S Bldg p' 24, flame 53 West side 13,330 3828
tunnel walls 12,960*

East side 13, 520 Avg 3 8 3 c
1 21L 3612d

Avg 13,00

L&S Bldg pour 29, flame 30 Near top 13, 310 3395
tunnel roof A 3,5'O Av'-"Avg 73,• Avg -319P

U&S Bldg pour 42, ramp re- 30 East wall 12,390 (same place-
taiing walls 1L ment as 29)

Avg 12,T50**

19 West wall 12,730 3503
12,560 3720
1200*

Avg -2,Uo;* Avg 3 57 5 e

Note: U&S is Launch and Service Building.
No cores cut at any test sites.

* Soniscope readings taken on one surface of concrete corrected to values of

equivalent through readings; all other pulse velocity values taken through
concrete.
Averages using corrected surface readings.

a Cylinders tested at 31-day age.
b Cylinders tested at 3-day age.
c Cylind1ers tested at 28-day age.
d Cylinncrs tested at 45-day age.
e Cylinders tested at 8-day age.



Table 7

Relation of Surface Readings to Through Readings

Surface Readings Through Readings
Pulse Velocity Pulse Velocity

Site and Placement fps fps

Mix c-6o34

Site 2
LOB pour 9 12,450 14,420

Mix C-4702
Site 3

L&S ldg pour 21 lj, 090 12,950
L&S Bldg pour 37 11i,760 12,680

Mix C-4702B-Revised

Site 3
I2S Bldg pours 12, 24 (east) 12,030 12,850
L&S Bldg pours 12, 24 (west) 11,200 12,650

Mix C-4701B

Site 2
U&S Bldg pour 21 10,030 13,240

Site 3
L&S Bldg pour 18-A 12,630 13, 590

Mix C-4226B

Site 7
IUS Bldg pour 25 12,470 12,690
L&S Bldg pour 30 12, 460 13, 300

Mix C-4232B-Revised

Site 9
U&S Bldg pour 26 12,380 13,130
L&S Bldg pour 30 12,330 12,990

Mix C-4236B-Revised

Site 9
U&S Bldg pour 24 (west) 12,160 13,330
L&S Bldg pour 24 (east) 12,320 13,520

" L&S Bldg pour 29 12,700 13, 310
U L&S Bldg pour 42 (east wall) 12, 320 12,390

L&S Bldg pour 42 (west wall) 12,400 12,650

Note: LO3 is Launch Operations Building; L&S is Launch and Service
A Buildting.
I:
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STable 9

Evaluation of Concrete of Questionable Quality

by Comparison of Pulse Velocities

Average Strength Average
Pulse Indicated Core

Velocity by Pulse Strength
Site and Placement fps Velocity, psi psi

"Site 2
LOB pour 2, floor 12,880 3600 3552
LOB pour 7, columns 14,340 4350
LOB pour 8. roof 13,870 4100 4247
LOB pour 9, vestibule walls 13,840 4100
IMS Bldg pour 7, flame pit U, 100 Below 3000 3903
L&S Bldg pour 13, missile support b,.am 13,980 4200
US Bldg pour 21, flame tunnel floor 12,440 3400 3480
L&S Bldg pour 24, flame tunnel (east wall) 13, 510 4000 -

LMS Bldg pour 24, flame tunnel (west wall) 13,530 4000
IAS B1l pour 25, wall 13,720 40

Site 3
LOB pour 8, roof 12,980 3700 3173
UAS Bldg pour 7, flame tunnel floor 13,610 4000
IS Bldg pour 8, flame tunnel floor 14,000 4200 3313
I&S Bldg pour 10, flame tunnel (north part) 13,240 3800 3543
U&S Bldg pour 10, flame tunnel (west wall) 13,270 3800 4917
ULS Bldg pours 12, 24, flame tunnel (east wall) 12,840 3600 3617
ULS Bldg pours 12, 24, flame tunnel (west wall) 12,220 3300 3107
UIS Bldg pour 15, floor 13,820 4100 4000
W L9S Bldg pour 17, missile support beam 13, 290 3800

LAS Bldg pour 17-A, flame tunnel roof 13,180 3800 3460
U&S Bldg pour 18-A, floor 13, 510 4000 4203
U L&S Bldg pour 20, flame tunnel roof 14,085 4200
LS Bldg pour 21, flame tunnel floor 13,420 3900 2850
U &S Bldg pour 25, wall 13,110 3700
U&S Bldg pour 34, vestibule wall 12, 540 3500 4320
ULS Bldg pour 37, LOX tank housing wall 12,620 3500 3703
UI&S Bldg, LOX sump, south wall 13,740 4100

Site 7
LOB pour 11, vestibule roof 13,100 3700 3897
U&S Bldg pour 25, wall 12,980 3700
IMS Bldg pour 30, wall 13,280 3800

Site 9
US Bldg pour 24, flame tunnel wall 13,080 3800
IS Bldg pour 26, wall 13,140 3700
U&S Bldg pour 29, flame tunnel roof 13,400 3900
LUS Bldg pour 30, wall 13,060 3700
LUS Bldg pour 36, mezzanine wall (13-day age) 12,790 3600
UAS Bldg pour 42, ramp, east retaining wall 12,750 3300
UAS Bldg pour 42, ramp, west retaining wall 12,830 3600

Note: LOB is Jiunch Operations Building; L&S is Launch and Service Building.
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