
•LITE ROCK" IN STRUCTURAL CONCRETE 

by 

DWIGHT DAMERON RITCHIE 

A THESIS 

submitted to 

OREG01 STATE COLLEGE 

in partial fulfillment of 
the requirements for the 

degree ot 

MASTER OF SCIENCE 

June 1951 



llPBgTEr

Redacted for Privacy
Itof,cmo,r of" Strustrrnrl hglncrllr.agn 

. IB 0brrgi of EJon 

Redacted for Privacy
hE et Drppht}t Stvtl hslnc.rtagr

Redacted for Privacy

€hftlrl of Sehect h:*- Sortttr. 

Redacted for Privacy
D.E ef GrrCrmt* S6oel. 

Drtr thxtr Lr gmr*tt{ ,,f,nft,,?.r,Ifr{ft,,,, . 
It*.d ty Irttr Erl:hm 



ACKNO LEDGE T 

Appreciation is expressed to the Empire Building 

Company of Portland, Oregon, for t he financial assist

ance necessary to this project and for their willingness 

to accept the writer's recommendation concerning a 

departure from the original program and to adopt t his 

recommendation f9r plant production. Acknowledgement 

is also made to staff members in t he departments ot 

Civil and · echanical Engineeri ng and the Engineering 

Experiment Station at Oregon State College, who have 

assisted both in the planning and execution of the 

project. 



• • • • • • • • • • • • • • • • • • • • • • • 

TABLE ~ CONT TS 

Page 

INTRODUCTION • • • • • • • • • • • • • • • • • • • • 1 
1. Applications of lightweight concrete • • • 1 
2. Need for design information • • • • • • • • 2 
3. Lite Rock • • • • • • • • • • • • • • • • • 2 
4. Outline and scope or work • • • • • • • • • 5 

NOTATIOB 9 

PART I-PRELIMINARY TESTS ON BEAMS USING CRUSHED
LITE ROCK CONCRETE • • • • • • • • • • • • • • • 10 

1. General • • • • • • • • • • • • • • • • • • 10 
2. ixing • • • • • • • • • • • • • • • • • • 10 
3. Diagonal tension test • • • • • • • • • • • 14 
4. Beams with web reinforcing • • • • • • • • 14 

PART II-CONCRETE TERIALS • • • • • • • • • • • • • 16 
1. General • • • • • • • • • • • • • • • • • • 16 
2. Description ot the aggregates ••••••• 16 
3. Sieve analysis • • • • • • • • • • • • • • 21 
4. nit weight •••••••••••••••• 21 
5. Specific gravity and absorption •••••• 23 

PART III-PROPORTI NING AND MIXING • • • • • • • • • 26 
1. Maximum size • • • • • • • • • • • • • • • 26 
2. Proportions. • • • • • • • • • • • • • • • • 28 
3. Dry batching • • • • • • • • • • • • • • • 28 
4. Dispersing agent • • • • • • • • • • • • • 29 
5. ixing water • • • • • • • • • • • • • • • 29 
6. " xing • • • • • • • • • • • • • • • • • • 30 
7. orkability and slump ••••••••••• 30 
8. Vibration • • • • • • • • • • • • • • • • • 31 
9. easurements • • • • • • • • • • • • • •• 32 

PART IV-CONCRETE 'J.lESTS • • • • • • • • • • • • • • • 33 
1. Curing • • • • • • • • • • • • • • • • • • 33 
2. Compressive streng th tests {No. 1-5) ••• 33 
3. Compression Test (No. 4) ••••••••• 35 



• • • • • • • 

'!'ABLE .Qf CONTENTS (CONT 1D) 

Page 

PART IV-COUCRETE TESTS (CONT'D) 
· , 4,• .· Son.ic. modulus· tes.t ,(No. 6 8 ) • • • • • • • • 41 

5. Flexure test (No. 6} ••••••••••• 43 
6 • Bond test . (No. 7 ) • • • • • • • • • • • ., • 46 
rf. ~orri. abrasion tes~ (Nq. 8) •••••••• 49 
a.. J\bso~pti~n test (No. 9) • • • • • • • ,• • • 51 
~. Sbr.1~kage test (No. 10) •. • • • • • • • • • 51 

PART V-DI SCOSSION • • • •. • • • • • • • • • • • • • • 57 
· 1. · Mix d·e f! 'ign • • • •. •. • • • • • • • • • • • 57 

2. Unit ,we igh t • • • • • • • • • • .. • .. • • • 60 
3. Effect of age on compressive strength ••• 61
4. Compari son of four-inch and six-inch 

. cyiinde.rs • • • • • • • • • "' • • • • • • 61 
s. Modulus of elasticity ••••••••••• 62 
6. Fle?tu.re str_eng tb . • • • • • • • • • • .• • • 62 
7,. ~on.d st.reng th • • • • • • • • • • • • .• • • 62 
a. Ap~asion • • • • • • • • • • • • • • • • • 63 
9.• Absorption • •. • •. ... • • ~ • • • • • .• • • 63 

.10.• Shrin.ka ge • • • • • • , • • • • • • • • • • 63 

PART VI-DESIGN OF LITE ROCK REINFORCED CONCRETE • • 64 
1. Importance of weight in design •••••• 64 
2. Effect of modul.us of elastic! ty • • • • • • 64 
3. Design tabl. e~ • • • .. • • • • • • • • • • • 68 
4. Senior beam tests •. • • • • • • • • • • • • 68 
5. Deflection • • • • • • • • • • • • • • • • • 68 
6. Increase in steel • • • • • • • • • • • • • 71 

PART VIl-CONCLUSIONS • 74• • • " . • • • • • • • • • • 

LITERATURE CITED . ._ . . • 76• • • • • · ~ ·~ ... . • • • 

APPENDIX . . . .. . . .. . • • • • • • • 77 

http:modul.us
http:Shrin.ka
http:Fle?tu.re
http:cyiinde.rs


• • 

LIST OF ILLUSTRATIONS 

Page 

Figure 1. Fred Meyer Shopping Center, Portl~nd, 
Oregon, with trusses of Lite Rock 
Concrete:. (Frontp1ece) • • • • • • • • 

Flgure· 2 ·~ Section Through Lite Rock Concrete 
(Actual Size) • • • • • • • • • • • • • • • 6 

Figure 3 •. Section Through Expanded-Shale No . 2 
Concrete (Actual Size )........ . • • 7 

Figure : 4.. Beam Test on Crushed-Lite Rock Concrete•• 11 

Figure· S. Fail ure of Crushed-Lite Rock Beam Due 
to Tensi on in Steel. • • • • .. • • • • • • 12 

Figure ' S. · Beams Without Stirrups, After Test•••• 13 

Figure 7. Beams With Stirrups, After· Test•• ~ ••• 13 

Figure a. Coarse Lite ock Aggregat e · {Actual Size). 17 

Figure 9. Fine Lite Rock Aggregate (Actual Size )•• 18 

Figure 10.. Coarse E:Xpanded.- Sbale No . 2 Aggregate
(Actual Size )............ ...... 19 

Figure 11. Fine Expanded-Shale No . 2 Aggregate 
(Actual Size ). • • • • .. • • • • • • • • • 20 

Figure 12. Compression Test Cylinder set up with 
Graf Stra1nometer. • • • • • • • • • • 36 

Figure 13. Stress-Strain Curves. • • • .. • • • • • 37t 

Figure 14. Stress- Strain Curves. .. • • • • • • • • • 38 

Figure 15. Stress-Strain Curves. ., • • • • .. • • • • 39 



LIST OF ILLUSTRATIONS (CONT'D) 

.Page 

Figure 16. Static and Sonic odulus of Elasticity
Compared to Strength for Three Types of 
Concrete. • • • • • • • • •. .. • • . • • •. • 40 

Figure 17. Sonic · dulus Teat on Plain Concrete 
Beam...... . . . . . . ,. . . • • • • • 42 

Figure .18. Flexure Te st on Plain Concrete Beam••• 44 

Figure 19. Relation Between odulus of Rupture and 
Compressive Strength••••••••••• 45 

Figure 20. Bond Test on Pull-Out Specimen • • • • • 47 

Figure 21. Relation Between Bond and Compressive 
Strength.. • • • • • • • • • • • • • • • 48 

Figure 22. Dorry Abrasion Test o~ Two Inch C~lind~50 

Figure 23. Measurement of Shrinkage with h1ttemore 
Strain Gage. • • • • • • • • • • • • •• S4 

Figure 24. Strength of Lightweight Concrete as a 
Function of Density. • • • • • • • • • •. 59 

Figure 25. Relation of Modulus of Elasticity to 
Strength••••••••••••••••• 66 

Figure 26. ment Factors for Two Types of Concrete. 67 

Figure 27. Comparison Between Reinforced Concrete 
Beams of Lite Rock and Gravel Concretes. 69 



• • • 

• • 

• • 

• • 

fill OF TABLES 

Table 1--0utline of Principal Tests .. . . . ' 

Table II--Sieve Analyses of Aggregates •• • • 22 

24 

. .. •• 27 

Table III~-Physical Properties of Aggregates • • 

Table IV--Mlx Data ••••• A e • e' a II 

Page 

. . .. . . 

Table V--Results of Compressive Strength Tests ' 
(Test Nos. l-5) ................ 34. . ' 

Table VI-Results of Flexure Test (No.., 6). .. . • 46 

Table VII--Results of Bond Test • • • • • • • • • ·• 49 

Table VIII--Results of Dorry Abrasion Test • • • .. • 52 

Table IX--Summary of Absorption Test Results • . .. • 53 

Table X--Summ.ary of Shrinkage Test Results • .. • • • 56 

Table XI--Design of Lite Rock Concrete Beams and 
Slabs • .. • • • .. •· • • • • • • • • • • • • 72 

Table XII--Review ot Lite Rock Concrete Beams and 
Slabs • • • • • • • • • • • • • • • • • • • 73 



\ 

Figure 1. Fred Meyer Shopping Center, Portland, Oregon, 

with trusses of Lite Rock Concrete. 



"LITE ROCK" IN STRUCTURAL CO CRETE 

INTRODUCTI OB 

1. Applications ~ lightweight concrete . The use 

ot lightweight concrete is not new, having been employed 

in the early days of the Roman Empire when pumice was 

used as a component of temple root slabs . Today we have 

rediscovered the practice and many types or lightweight 

concrete are in use. Probably the most notable example 

is the placing or naraveliten lightweight- aggregate con

crete in the upper deck o.r the San Francisco- Oakland Bay 

Bridge where a $3 , 000 , 000 saving was attributed to the 

reduction or dead load . Another instance of interest 

as the addition of six floors to the Argyl Building in 

Kansas City, Missouri , by using "Haydite , • an expanded 

shale aggregate, where only four floors bad been planned 

with heavy concrete . In Cleveland, the original design 

ot a building as changed by the addition of four mez - . 

zan1nes without enlarging the foundations . 

At the time of writing , a building is under con

struction ln Portland , Oregon , (Fig . 1) where "Lite Rock• 

aggregate concrete, which is to be the subject of tbi• 

paper, is being used . Here a floor one hundred and 
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thirty feet 1n elear- .span width is achieved by light

weight concrete trusses . 

2 . ~ !.2£. desisn information . itb the -expand

1ng use of lightweight aggregate concrete a demand arises 

tor 1nfor:mat1on descriptive or its behavior . Ar-chitects, 

engineers.. contractors, ~d ou.ilders, desiring to use 

llghtweigbt concrete, require reliable design data aa 

well as a knowledge of characteristics which might 

govern the choice of material for a particular need . 

Existing b uilding codes and regulations for natural 

aggregates are not a pplicable to lightweight concrete . 

Recognition of this faet has resulted in the· publication, 

"Lightweight Aggregate Concretes ,•• ( l, p . II) recently 

issued by the Housing and Home Finance Agency. This 

publicationshows not only that these aggregates differ 

from sand .and gravel , but that wide variations may be 

expected between different types ot lightweight aggre • 

g te and that each particular aggregate requires indi

vidual study . 

It was wi tb the object or securing information 

relating to such a pa.rtieular aggregate_ "Lite Rock," 

(a trade name) that the present investigation waa 

inaugurated. 

3 . ~ Rock . Lite Rock is t he material produced 

by cri.lSbing and burning a certain shale. mined near 



TABLE I 

OUTLINE OF PRINC I PAL TESTS 

,. 

I 

Test Specimens 

lfumber 

Name No • Size Curing Mix 
. . 

A B c D ct D.t E G H 

Compressi.ve Strength l 4" x 8" cyl. 7 day moist 3 3 3 3 3 3 3 3 3 

2 4" x 8" cyl. 7 day moist 3 3 3 3 3 3 3 3 3 
" 21 day air 

3 4" x 8" cyl. 28 day moist 3 3 3 3 3 3 3 3 3 
-

t Mod. Qf Elasticity) 4 6" x 12" cy. 28 day moist 3 3 3 3 3 3 3 3 3 

5 4" x a"~ cyl. 7 day moist 3 3 3 3 3 3 383 day air 
' 

· Flexure 6 6" X X 36"6 11 1 1 l 1 1 1 l 1 1 

Sonic Modulus .. 6a 

Bond 7 8" X 8" cyl. 3 3 3 3 3 3 3 3 3 

Dorry Abrasion 8 2" x 4" cyl. l 1 l 1 1 l 1 

Absorption 9 · 4" x 8" cyl. 3 3 3 3 3 3 3 

I I I 

Shrinkage 10 3" x 3" xll" I j3 3 f3 3 33 13 I Iy S.ll;' 
" ~ 



TABLE I 
(Cont•d.) 

OUTLINE OF PRINCIPAL TESTS 

51ne mixes were used as follOWIS 

Aggregate: A.,B,C,D,Ct;Dt,E·L1te Rock: G-Gravela H-Expanded Shale No.2. · 
All dry batched. Uax1mum size: A,B-3/4"J O,D,E,H,-3/8"; . 
Ot ,Dr-l/4"; G·l"• . _ . . . 

Cement Factor, ek. cu. yd.a A-3.7; B-5.4J Q...6.9J D-9.2J Cr-6.9J Dt•S •. S; . 
' I-7.1J G-4.8J H-6.9. 

Dispersing Agentt 1/2 lb. per aack cement in all but mix E. 

Water: Sufficient to provide good workability• 

.p. 
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Banka, Oregon. The burning is accomplished 1n a rotary 

kiln at temperatures in excess of 2200 F. At these high 

temperatures melting begins and gases are evolved causing 

expansion or the softened shale by formg tion of innumer

able cells • . The outer surface becomes completely melted 

and upon cooling, forms a coating over the inner cellular 

structure. 

In the past this expanded material bas been recrusbed 

when d1 scharged from the kiln. This produces a harsh 

aggregate and one bleb h s the cellular structure exposed 

to invite absorption. During the course of this project, 

however, it was learned that a considerable portion of 

the kiln output could be obtained in such sizes that 

further crushing as unnecessary. The testing program 

was carried out using this uncrushed material . Pre

liminary testa on the crushed Lite Rock are dealt with 

briefly in Part I. 

4. Outline ~ scope ~ ~· The investigation 

considered here consists primaril y of tests on Lite Rock 

aggregate concrete. For comparison, similar but limited 

teats ere made using two other aggregates, natural sand 

and gravel, and a second expanded shale. Sections through 

the lightweight eoncretes are sho n in Figures 2 and 3. 

The materials used in the tests are described in Part II, 

and their proportioning and mixing in Part III. The con

crete testa are outlined 1n Table I, described 1n Part IV, 
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Figure 2. Section Through Lite Rock 

Concrete (Actual Size). 
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Figure 3. Section Through Expanded-Shale No. 2 

Concrete (Actual Size). 
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and ,furnish material for the discuasion and design data 

taken up 1n Parts V and VI. 

The testing program was arranged to facilitate 

comp rison with the extensive work done on lightweight 

aggregate concretes by the Bureau or Reclamation and 

the National Bureau of Standards which is reported in 

"Lightweight Aggregate Concretes• (1}. Cement factore 

were chosen 1n the n 1ghborhood or three, rive, seven, 

and nine sacks per cubic yard to correspond with the 

government tests. In the compariaon tests, cement fact 

ors ot approximately seven for expanded shale No. 2 and 

five for tbe gravel were used. The mixes are taken up 

in detail 1n Part III. 
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NOTATIOli 

b : 1dtb of rectangular beam or slab, inches. 

d =Depth from compression surface of beam or slab to 
center ot tension steel, inches. 

= orking stress in extreme fibers of concrete, p 1.t 0 

t' c • Ultimate compressive stress, psi •. 

t 8 : Worlcing stress 1n tension steel, psi. 

I : Moment of inertia of a section about the neutral 
axis,. 1n.4. 

j =Ratio ot lever arm of resisting couple to depth, d. 

k : Ratlo of depth ot neutral axia to depth, d. 

K : l/2 tckj : pt8 j. 

n•-Ea =ratio or modulus or elasticity of steel to 
that of concrete. 

Aa 
p = : ratio of tension steel area to effective 

bd area of concrete. 

r :- • ratio of stress 1n tension steel to compressive 
stress in extreme fiber of ccncrete. 

u : Average bond stress, psi. 
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PART I-PRELI ARY TE STS ON BEA~S 

USING CRuSHED-LITE ROCK OONCRETE 

1. General. The tests on crush ed-Lite Rock beams · 

are included here because of their usefulness in sup

porttng design theory which is stated in Part VI. These 

tests were to be a part of the program as originally 

planned and are termed "preliminary" because of the 

.subsequent change to uncrushed aggregate. The tests 

are illustrated in Figures 4 to 7. 

The beams ere poured and tested by senior students 

in civil engineering enrolled in the courae, Structural 

Materials Lab. Five beams were tested, two with crushed

Lite Rock ag regate and three with sand and gr vel. Com

parison tests ere made between Lite Rock and gravel con

crete bearn:s ith and without stirrups, and a fifth beam 

of avel concrete was tested hicb w s provided with 

both tension and compression steel. 

2. xing. To avoid drying out of the mix , the 

crushed-Lite ck aggregat e was soaked in the mixing 

: ater for about five minutes prior to mixing . A dis

persing agent {"Pozzolitb"), dissolved in a portion of 

the mixing ater , as added to the mixture. Best results 
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Figure 4. Beam Test on Crushed-Lite Rock Concrete. 
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Figure 5. Failure of Crushed-Lite Rock Beam 

Due to Tension in Steel. 
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Figure 6. Beams Without Stirrups, After Test. 

Figure 7. Beams With Stirrups, After Test. 
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were obtained by withholding the dispersing agent until 

after the soaking period. 

The capacity of the mixer was found to be reduced 

about one-third by the lightweight aggregate, and another 

problem was encountered in the tendency or the fine 

aggregate to stick to the sides of the mixer . Apart 

from this, the beams were poured without difficulty and 

with little departure -from ordinary methods. 

3. Diagonal tension teat. In the beam test with

out stirrups (Fig. 6), the Lite Rock beam attained 

slightly greater load than the gravel beam, but leas 

' than would be expected considering a higher compres

sive strength. This deficiency in diagonal tension 

resistance for crushed-Lite Rock concrete was 1n accord 

with lower values for modulus of rupture as found on 

plain concrete beams. No such deficiency exists in the 

uncrushed-Lite Rock concrete as will be seen in Part IV 

ot this paper. 

4. Beams ~ !,!£ reinforcing. The two beams 

with stirrups (Fig. 7), failed at loads approximately 

proportional to their compressive strengths. The ulti

mate loads are not of great significance, however, aa 

tbe failure in bo tb cases was due to tension in the 

steel. The most interesting compar i son is that ot 

relative stresses in Lite Rock and gravel concrete 
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beams for equal loads. This will be discuss.ed in Part VI 

where design of Lite Rock concrete is considered.. . 

http:discuss.ed
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PART. II-CONCRETE TERIALS 

1. General. One lot of ordinary portland cement 

( 8 0regon" brand) was used for all mixes. 'l'he admixture, 

which waa a dispersing agent rather than an air entrain

ing agent, was one recommended by the msnuf'acturers ot 

Lite Rock aggregate. The steel used in the bond test 

was structural grade . 

2. Description of the aggregates. Coarse and tine 

Lite Rock aggregate is pictured in Figures 8 and 9. 

This aggregate is composed of expanded shale particles 

as they are discharged from the kiln, wi tbout recrush

ing. Each part1cle,-bav1ng been heated to the point ot 

fusion, retains on its surface a coating ot melted 

s.bale. This aggregate is not as smooth as natural gravel, 

but much less harsh than a crushed stone , or s shale 

which has been crushed after expansion. The glaze 

coating al o furnishes protection against absorption 

which is mater ial ly reduced from that tor the crushed 

aggregate. Another advantage is that less surface is 

exposed to cover ith cement paste than with an aggre

gate having an exposed cellular structure as does the 

crushed material. 
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Figure 8. Coarse Lite Rock Aggregate 

(Actual Size). 
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Figure 9. Fine Lite Ro.ck Aggregate 

(Actual Size}. 
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Figure 10. Coarse Expanded-Shale No. 2 

Aggregate (Actual Size). 
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Figure 11. Fine Expanded-Shale No. 2 

Aggregate (Actual Size). 
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.._ 

The expanded shale used for comparison , and termed 

•expanded shale No . 2" 1n this paper, was shipped in 

from California . The coarse and fine aggregates are 

shown in Figures 10 and 11. This aggregate was more 

harsh than Lite Rock having been partially recrushed as 

shown in the photograph . However , much of it was 

coated and it differed from Lite Rock principally by 

its greater weight . 

Columbia - River sand and gravel were obtained from 

Portland , Ore gon, to represent the agg~egat~ with hich 

Lite Rock would normally compe~e. 

3 . Sieve analysis . The Lite Rock a ggregate was 

shipped from the plant 1n sacks and was used as received 

except here it as necessary to remove sizes larger 

than desired . Sieve analyses were taken on representa

tive samples from each mix and are shown 1n Table II 

along i th those tor the two compar i son aggregates . 

Separation at the plant was not exact and it will be 

no ticed tha t some of the fine aggregate was retained 

on a No . 4 sieve . This need be considered hen making 

a study of proportions used 1n t he concrete mixes . 

4 . ~ weight . Unit weights of the aggregates 

with mois ture cont ents as used were determi ned from the 

weight of a 1/ 4 cubic foot measure of the aggregate 

rodded as described in A. S. T. M. Designa t i on : C 29- 42 . 



TABLE II 
SIEVE ANALYSES OF AGGREGATES 

Aggregate 
; ,.. 

K1x 
Per cent by Weight Retained 

3/4" 3/8" 4 a 14 

on Tyler Sieve No. 

28 48 100 

Finenesa 
llodulua 

Lite Rock 
-COarse 

Fine · 
A 
A -- 54 -

_...,.· 

99 
14 

100 
32 

-
46 

-
61 

-
85 -

98 
6.53 
3.36 

Coarse 
Fine 

B 
B 

-
_._: 

54 - 99 
14 

100 
32 

-
46 -61 -85 

-
98 

6.53 
3,.36 

Combined c - - 32 50 69 88 99 100 4.36 

Combined D - -~ 35 55 70 83 97 100 4.40 

Combined 

Combined 

Ct 

Dr 
--

-
-

7 

7 

25 

25 

46 

46 

70 

70 

92 

92 

100 

100 

3.40 

3.40 

Coarse 
Fine 

E 
E 

-- 1- 88 
14 

96 
33 

98 
56 

99 
81 

99 
97 

100 
99 

5.81 
3.80 

Gravel 
Coarse 
Fine 

G 
G 

31 - 78 - 93 
7 

95 
26 

96 
41 

97 
59 

99 
89 

100 
99 

6.89 
3.21 

Exjanded Shale 
o. 2 

- Coarse 
Fine 

H 
H 

-- -- 84 - 99 
29 

99 
56 

99 
76 

99 
87 

100 
93 

5.80 
3.41 

(\) 
(\) 



23 

!be unit weights or the aggregates, along ith other 

physical properties, are listed 1n Table III. Lite 

Rock weighs abou. t two-thirds a !lll.Cb as the expanded 

shale No. 2. 

5. Specific gravity ~absorption. The deter

mination or bulk specific gravity and twenty-tour hour 

absorption tor the aggregates was carried out as des

cribed in A.S.T•• Designation: C 128-42 as tar aa 

possible . In other lightweight-aggregate studiea 

(1, p.S: 2, p.ll) special, and in same easee elaborate, 

techniques nave been found necessary tor determination 

of specific gravity and absorption due to the difficulty 

in obtaining a saturated-s~tace-dry condition. Ho 

ever, the Lite Rock was sufficiently like sand and 

gravel to preclude the need for special ' treatment 

which would have been required here only for the ex

panded shale No . 2. Since the investigation was prin

cipally concerned with the Lite Rock, such painstaking 

methods were not thought .Justified. 

Standard procedures were therefore followed ith 

two exceptions: The Dunagan apparatus, hich "is supplied 

with a pail rather thaD the specified wire basket, waa 

used to weigh the coarse aggregate immersed. The fine 

lightweight aggregates were considered saturated-surface

dry when they would tlow freely through the fingers 



TABLE III 
PHYSI CAL PROPERTIES OF AGGREGATES 

...  . 
Unit t. Moisture BulkRo(lded 1 Content,Aggregate Mix Specificlb. per per cent Gravity. cu. .rt. by wt~ 

L1t·e Rock . .' --Coarse· A 30.6 0.3 
Pine A 49.9 6~6 

.. ' ..Coarse 30,6B 0.3 
Fine B 49.9 6.6 

Combined c 44~2 2.0 

Combined D ~6.2 2.2 
' 

Combined 48.6 ' o.oCt 

Combined 48~6 o~oDr 

Coarse E 30.9 o.o o .. 8o 
Fine E 43~0 2 ..0 1"14 

Gravel 
Coarse G 108!1 2.581~1 
Fine G 105~8 1 .. 5 2 .. 51 

Expanded Shale 
No. 2 
- Coarse R 44.3 o.o 1il31 

Fine H ~4 .. 0 0.1 1.82 

By We1 

. 

13.4 
14 .. 9 

1.5 
3.0 

s.7 
7.5 

24 Hr. Absorption, 
per cent 

~ht By Volume 

' 

6.7 
10.3 

2.6 
s.o 

4.1 
9.0 
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" . 

though they would not respond to the slump teat at th1a 

point. 

'l'he Lite Rock aggregate, being eoated throughout 

all sizes, approximated the slump condition when con

sidere~ saturated-surface-dry, but the e~panded shale 

No. 2 was quite harsh and was not sui table for the slump 

test. 

Repeated determinations for bulk specific gravity 

showed agreement within 0.01 except for the expanded 

shale No. 2 far which the same technique gave agreement 

within 0.03. For the absorption test repeated deter

minations gave aggreement within 0.2 per cent absorption 

except for the expanded shale No. 2 which gave values 

agreeing within 0.3 per cent for the coarse and o.a 
per cent for the fine aggregate. Mean values are 

reported in Table III. 
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PART III - PROPORT'IOHIHG AND MIXING 

A au.mmary of mix. data is given in Table IV, and 

the data are tabulated completely in the Appendix . 

. l ·. Kax1mum size. Proportioning of Lite Rock·
aggregate ia complfcated by the weaknecss of larger 

sizes . While it 1s desirable to avoid an oversanded 

mtx as uneconomical, it is also necessary to limit the 

amount .of eoarse aggregate since compressive strength 

tor lightweight- aggregate concrete is a di~ect function 

of the aggregat.e strength . 

With this 1n mind, ~/4-1nch aggregate was used 1n 

the two l eaner mixes , .A and B, while 3/8- inch aggre

gate was used 1n the seven and nine sack miXes , C and 

D~ as well as in the seven sack mix, E. For further 

study of tbe effect of maximum aggregate size, seven 

and n1ne sack mixes , Ct and Df, were made with a max

imum aggregate size of' 1/4-ineh. 

In the comparison mixes , the maximum size used was 

that considered most likely to occur in practice. The 

gravel was one inch maximum and the expanded shale 

No . 2 was 3/8- ineh as furnished from the plant . 
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A 

Cement Factor 

Maximum Size 
Aggregate 

Per cent Coarse. 
bi wt. 

. 3.7 

3/4• 

20 

Dispersing Agtnt rx-ea 
Water-cement 

ratio, by. wt. 

SlW,up, 1n. 

Fresh wt., 
lb./cu. ft. 

1.07 

0 •.3 

76.4 

TABLE IV 
MIX DATA 

-· 

\• I 

s · c 

JU.x Designat i on 

Lite Rock 

'l) Ot Dr E 

' 

Gravel 

G 

,, 

. Expanded 
Shale No.2 

B .. • 

5.4 6.9 9.2  6.9 a.a 7.1 4.8 

3/4• 3/8" 3/8" l/4" 1/4• 3/8" 1" 

30 32 35 -·· - 20 55 

Yes Yes Yes Yes Yes No Yea 

o.e8 0.49 0.40 0.64 0.47 0.61 0.61 

2.3 3.0 s.o 4.6 5.3 1.8 5.3 
. . 

79.9 75.2 84.8 83.0 86.,5 80.3 143.8 

6.9 

3/8" 
' 

26 

Yea 

0.55 

2.1 

99,9 

ro 
'1 
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2. Proportions. After deciding upon the maximum 

size aggregate~ further design was controlled by worka

bility. In the two leanest mixes, as much coarse aggre

gate was used as compatible ith workability , but 1n 

c, D, and E mixes . the coarse was limited somewhat beyond 

the requirements for workability to gain greater aggre

gate strength . In m1Xes Cr and Dr~ one grade of aggre

gate was used with no attempt to separate and recombine 

into an ideal gradation. 

For the gravel mix, proportions were taken from the 

Portland Cement Association publication, "Design and 

Control or Concrete hU.xtures" (3~ p.lB). These pro

portions were modified slightly after trial batches 

were made. Literature was a lso available for propor

tioning the expanded shale No. 2. Trial batches were 

made here also and a mtx ·was used bleb contained a 

somewhat larger percentage or tines than suggested by 

the literature. 

3. Dry batcb1ng. All aggregates were dry batched 

and were not soaked pr1·or to mixing. This was \ contrary 

to the general ly accepted view that l1gh tweight aggre

gates sbculd be saturated when used, or soaked for a 

time in the mixer. The principal reason for the soak

1ng is to avoid drying out of the concrete batch due 

to absorption after discharge from the mixer . This 
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practice had been f'ollo ed 1n the preliminary tests and 

is no doubt necessary fo r highly absorptive aggregates 

but little difficulty was encountered here from drying 

out. Greater strength is claimed by one writer for 

moist aggregates, but an examination of his results 

shows this to be due to a higher cement factor obtained 

when bulking of the volume-measured moist aggregate 

resulted 1n a richer mix. 

4. Dieper·sing agent. A commereial dispersing 

agent ( "Pozzol1th"} was recommended bJ' the manufacturer, 

and this was used for all the mixes except one. One

half pound of the dispersing agent per sack of cement 

was di.ssolved in portion of tbe mixing water, and was 

very effective in producing a workable mix. An exam

ination of Table IV will show also that 25 per cent more 

water was required for the mix without the agent, than 

f'or a comparable mix where lt was used. 

5. ater. The water-cement ratio law has 

been declared impracticable for mu design with light

weight aggregates because of high absorption and vary

ing ra-t~. of absoPption wi tb different screen sizes 

(2, p.631J. The water-cement ratio was recorded, how

ever,. and its effect will be discussed with the strength 

tests. The criterion uaed for water content waa worka
.. 

bility sui table for placing with mechanical vibration. 
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6. Mlxing. Mixing was accomplished in a l 1/2

cubic foot tilt-drum mixer. While 1 1/2-cubic foot 

batches of the gravel concrete could be mixed readily, 

the Lite Rock aggregate was found to clog the mixer in · 

this quantity, and was mixed 1n batches or one cubic 

foot ·or less. The comparison shale was also mixed in 

the smaller batches. 

The lightweight a ggregates require greater tall 

1n the mixer f or equal effectiveness 1n mixing. This 

was accomplished by lowering the drum to a more nearly 

horizontal position. _ ixlng time was about five minutes 

for all mixes except the two leanest, A and a, which 

were mixed eight and ten minutes respectively. This longer 

mixing time, which would not be necessary with the more 

thorough mixing obtained in a large mixer, served to 

bring out the action of the dispersing agent. Tbe gravel 

mixture was quite dry until near the end of the mix1 ng 

period. 

7. orkability ~slump. In genera l, satisfactory 

workability was obtained with a slump of about four 

inches. However , with the leanest mix , workability as 

obtained though there was practically no slump. In thia 

mixture there was not sufficient cement paste to lubri

cate the surfaces, but the mix was wet enough to respond 

to vibration. Some tendency was shown toward drying out 
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in tbe mixtures wbero all fine aggregate 

great.er slump was required in these mixe 

equally plast;e concrete. 

Two factors are present to alter th 

of slump with lie;htweight emcretet The 

weight to overcome oob.esive forces and 

The significance of a slump test may be d 

subsequent drying out. Thus the slump t 

complete description of consistency. 

.... 

was used, and 

to provide 

evaluation 

e is less 

stroyed by 

at is not a 

In this work the consistencies obta ned for Lite 

ock, gravel, and the expanded shale No. 2 mixes were 

very compa~~bJ:,e. 

a. Vibration. Lite Rock concrete oes not con

solidate as readily as gravel concrete d e to some 

harshness and lack of weight . This is a so true of the 

compar~son shale. Therefore, a small vi rator was used 

in the six-inch cylinders and other larg specimens. 

It was used in the same way in the measu ing bucket 

wbicb. served to determine unit weights _a d cement factors. 

For the four-inch eylindei"s and otb r small speci

mens , a vibration table as improvised. T"ne table was 

supported. on rubber isolators. and vibra ed by clamp

ing to the table top the .same vibrator u ed with. the 

larger specimens. 

http:great.er
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9 . Measurements . Most concrete ma lter1al s were 

weighed on scales graduated to 1/8 pound . Small quanti

ties ere weigh ed on balance scales grad ated to 0 . 01 

pound. The fresh concrete was placed 1n a volumetric 

measure calibrated at 0 . 2 cubic feet. ~is was weighed 

on the same scales used for the concrete materials . 

Cement factors wer e determined and are reported to the 

neare s t 0 . 1 sack per cubic yard. 
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PART IV- CONCRETE TESTS 

1. Curing. The purpose of the testing program 

was to furnish data of practical value, and curing 

conditions were chosen accordingly. The specimens to 

be used for sonic and static modulus of elasticity testa 

were given a full 28-day moist cur as was one set of 

4• x 8" cylinders for comparison.. All other specimena 

were given only a seven day moist cure to correspond 

more closely with job .practice. The remainder of the 

curing was accomplished 1n room air. 

The moist curing as effected in a fog room at 

100 per cent humidity and 70 F. For the 11alr" curing, 

the specimens were placed in a curing room which remained 

at approximately 50 per cent humidity and 70 F. 

2. Compressive strength tests (!2. 1=2>· Com

pressive strength tests were made at seven, twenty

eight, and ninety days . Three tests were made at the 

twenty-eight ·day age to furnish a comparison of curing 

condition effects, and a comparison bet een strength 

of four-inch and six-inch cylinders. Results ot com

pressive strength tests are sumnwrized in Table V, and 

complete data are given 1n the Appondix. 



'l'ABLB V 

RESULTS OF COMPRESSIVE STRENGTH TESTS 
(TEST NOS. l-5) 

Compressive Strengthth1t Weight, 
lb./aq.1n.lb./cu. tt. .. 

• ~ 
~ . .a!l bOs~ Cylindera ..-4 •6:t~~·'" .x a•s!!l: ..~Jot • CD ,0
CDP,s::oa 0 a;:~.p.p ..-41~CD~ 0,0 

.p ll~ ll ~ .d oriI ~So i 
Cll .p .,.....Jot .. tD .....MCDCII 

0 .....• DC: bO f;:lcCDO ell oril>a 0Ullt. ~H~ ..... cOven CDCI.P :ai ~Preah p,p, p,~CIJ Jot 
.pDr7 J;>. CllCll CICII~ !>a !>a 
ellCIJCI CIJQ AQ A

QQ A 
t-tl) cor:: co ~t'-M co 

(\1~ 

A 3.7 1.07 0.3 16.4 61.8 780 1200 1060 1370 1200 15.9 
B 5.4 0.68 2.3 79.9 64.5 1670 2050 1960 2090 2170 27.2 c 6.9 0.49 3.0 75.2 2270 2670 2590 2490 2430 32.3 
D 9.2 0.40 5.0 84.8 2810 2860 3390 . 40.02890 3020 

6.9 0.64 -&.6 83.0 10.8Ot 2180 27202880 2750 33.2 
8.8 0.47 5.3 86.5 76.3 3390Dt 3480 3770 4220 48.8 

B 7.1 0.61 1.8 80.3 67.5 1980 2500 2480 2790 2250 28.0 
G 4.8 0.61 20305.3 ~43.8 11.36.3 3100 3160 2880 3380 24.8 
H 6.9 0.55 2.1 99.9 97.0 1830 3080 2900 3080 3570 35.7 

-Hote: Each teat value la the average ot t hree specimens. .. 

http:lb./aq.1n
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At the end of the CLlring period, cylinders were 

weighed and dimensions were taken to tbe nearest 0.01 

inch,. Cylinders were t hen capped with leadite and tested 

in a 150,000 pound Riehle testing machine at a tree- , 

head-travel speed of 0.055 inches per ~1nute.- Moist 

cylinders were tested wet. The t ype of break was record

ed and the amount of broken aggregate estimated. Com

pressive strength was determined to t he nearest ten 

lb./sq. in. 

3. Compression 'l'est <!E.· 4). A test for modulus 

of elasticity was ~ade on all of the s1x-1neh cylind~rs. 

The apparatus used was the Graf' str•inometer w1tb a 

dial gage reading to 0.001 inches. This device~ set 

up on a specimen at a ten inch gage length, is shown in 

Figure 12. ·The testing was done on the 150,000 pound 

Riehle machine at maximum speed of 0,.055 ·inches per 

minute. The load was applied 1n 3000 pound incrementa 

and gage readings were made at each incremen t. This 

was continued until approximately two-thirds of the 

ultimate load was reached. The apparatus was t hen 

removed and the specimen loaded until failure. Stresa

strain curves are shown 1n Figures 13, 14,. and 15~ and 

values :fbr the secant modulus. of elasticity. taken at 

0.45 t'c are plotted in Figure 16~ Complete data for 

the compression test are included in the Appendix. 
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Figure 12. Compression Test Cylinder 

set up with Graf Strainomete.r. 
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2800
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2800 Three Types of Concrete 
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4:, Sonic modulus!.!.!! (!!2,~ .§8 ), 'l'be teet for 

flexure and the test for sonic modulus or elasticity were 

maae on 68 x s• x 36• plain-concrete beame cured moist, 

At twen ty~eigb t days the specimens wet'"e removed from the 

fog room. weighed• and placed on the aoni.c modulus tester. 

This apparatus. which 1s s hown in Figure 17. aets 

up a vibration by means of a variable-frequency audio 

oscillator, The oscillator furni sh es an impulse which 

is transmitted to t he beam by means of a driver placed 

at one end of the beam. The vibration thus set up is 

indicated 1n frequency and amplitude by a cryst 1 pick

up placed at the opposite end. The pick..up carries 

vibrations to the audio amplifier which then sends them 

to the oscilloscope Where the vibration is indicated. 

The lowest natural frequency is determined as the 

vibration which produces resonance and bas nodal points 

only at the supports. The nodal points may be located 

by moving t he pick-up along t he beam and observing the 

points of minimum amplitude as indicated by the oscillo

scope, 

A dial reading from the apparatus corresponds to a 

certain frequency bleb is found from a curve where it 

is plotted as a function of dial reading , The frequency 

is t en inserted in the formula below to obtain the sonic 

modulus or elasticity. E8 • 
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Figure 17. Sonic Modulus Test 

on Plain Concrete Beam. 



ere w =weight of specimen in potmds, 

1 • length in inches. 

b • width in inches, 

d - depth in inches,-
and t =trequency 1n cycles per second. 

Results of the sonic modulus test are plotted in 

Figure 16 along with static modulus of elasticity. 

5. Flexure test (!!.2.• .§.). - Immediately .following 

the sonic modulus test, the specimen was removed and 

tested in .flexure. An American beam tester, made by 

the American Beam Testing Company, was used. Tbla 

device provides third point loading on an eighteen 

inch span and a gage which reads modulus of rupture for 

a 6" x 6" beam directly in pounds per square inch. The 

apparatus is pictured in Figure 18.. Two breaks were 

made on each 36" beam and modulus of rupture waa recorded 

to the nearest ten pounds per square inch. Average 

values for modulus of rupture are given in Table VI. 

They are plotted in Figure 19, and complete data are 

tabulated 1n the appendix. 
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Figure 18. Flexure Test on Plain Concrete Beam. 
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TABLE VI 

RESULTS OF FLEXURE TEST (NO. 6) 

Modul us of Rupture, lb~ per sq . in . 

A B c D cr Dr E G H 

200 330 400 440 490 515 455 460 505 

Each value is the average of two breaks . 

6 . ~~ (!!,2.. 1_.> . Specimens tor bond pull

out tests were a• X 8" cylinders With 5/8• deformed 

bars extending about twenty inches below the bottom 

ot the cylinder~ The specimens were poured on a bench 
. 

with holes provided for the reinforcing steel~ They 

were cured seven days moist and twenty-one days in 

room air . To measure the initial end slip, a dial 

gage graduated to 0 . 0005 inehes was used . A specimen 

ready for testing is shown in Figure 20 . 

A 50,000 pound Olsen testing na chine was used for 

the pull-out tests with the lower portion of t h e load 

applied at 0.176 inches per minute. Loads were recorded 

at end slip of 0.001 inches, and at t he ultimate value . 

Re.sults from the pull~out tests are shown in Table VII. 

plotted in Figure 21. and given in detail in the Appendix. 
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Figure 20. Bond Test on Pull-Out Specimen. 
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TABLE VII 

RESULTS OF BOND TEST 

Average Bond Stress. lb./sq. ln. 

Mix 

A B C D G H 

At End Slip 256 351 528 523 426 572 392 317 549 

At Failure 532 605 729 777 700 842 633 1163**1178* 

Each -value ls the average for three spec.1mens.
* Steel failed in one specimen. 
**Steel failed 1n two specimens. 

Nearly all of t he specimens failed due to splitting 

before the ultimate bond streng th was reacbe,d. With the 

heavier concretes two of the gravel and one of the com

parison shale specimens failed from tension in the steel. 

However, none of the specimens failed below the s1gni.t"1

cant bond-stress at end slip. 

7. Dorry abrasion~ (!2, • .§.). Specimens for 

the abrasion test were 2" x 4" cylinders cured seven 

days moist and twenty-one days in air. The abrasive 

material was crushed quartz between 30 and 40 mesh size. 

The abrasive was fed to a grinding disc wbicb rotated 

approximately 30 times per minute . One thousand revolu

tions ccnstituted a test. 
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Figure 22. Derry Abrasion Test 

on Two Inch Cylinders. 
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The Dorry abrasion machine, which is pictured in 

Figure 22, holds two specimens and it was originally 

intended to test two of each mix. However, the control 

on the flow of abrasive sand is not positive and results 

were not reliable. Therefore one specimen of each 

batch was tested opposite a gravel concrete specimen to 

furnish a standard comparison. 

Roughness was ground off the specimens before 

testing and they were then subjected to 1000 revolu

tions on the machine. They were next transferred to 

the opposite bolder, turned end for end, and given a 

second 1000 revolutions. The average loss in grams for 

1000 revolutions is recorded in Table VIII. 

8. Absorption ~ (No. ~). Specimens for the 

absorption test were 4" x 8" cylinders, cured moist tor 

seven days and in air for t wenty-one days. At the close 

of the curing period, specimens were oven dried to con

stant weight, cooled, weighed, and immersed for 24 hours 

in water at 70 F. They were then removed from the water , 

wiped off with a cloth, and weighed. A summary of the 

absorption tests is shown in Table IX, and complete data 

are tabulated in the Appendix. 

9. Shrinkage test (~. lO). Specimens tor the 

shrinkage test were 3" x 3" x 11" bars into which 1/8" 

brass machine screws bad been set for gage points at 
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TABLE VIII 

RESUL S OF DORRY ABRASI N TEST 

Specimens: 2" x 4" cylinders Curing: 7 days moist , 
21 days air 

Mix 

Average Weight Loss in 
1000 Revolutions of Machine , 

grams 

Tested Gravel Comparison 
Specimen Specimen 

47 . 5 4 . 8 

31. 7 3 . 6 

30 . 3 4 . 1 

17 . 4 4 . 2 

25 . 5 3 . 8 

12 . 2 4.0 
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TABLE IX 

SU HY OF ABSORPTI 0 TEST RESOLTS 

Specimens: 4" x 8" cylinders Curing : 7 days moist. 
21 days air 

24 Hour Absorption, per cent 

w.x 

• GB B HCt Dt 
-

By eight 13.2 14.9 5.813.3 11.5 11.019.1 

13.8 14.1 16.1 12.8By Volume 18.7 14.9 15.3 

Each value is the average for 
three specimens. 
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Figure 23. Measurement of Shrinkage 

with Whittemore Strain Gage. 
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a ten....inch gage length. The brass screws had lteen drill
,

ed with a No. 60 drill as. specified for the Whittemore 

strain gag.e which was used to measure shrinkage . The 

strain gage was ealibrate4. to 0 . 0001 inch and was checked 

against a standard ten- inch 1nvar bar . Readings could 

be repeated on this bar within 0 ..0001 inch. A measure

ment is illustrated in Figure 23 . 

Shrinkage specimens were measured at one day and at 

t\tenty- eight days . They were then oven dried, cooled,. 

and measured again . Curing was seven days moist , and 

twenty- one days in air . During curing the bars were 

placed on end where air could circulate about them 

freely . 

Some of the gage- point screws showed instability 

as is reflected by the data tabulated in the Appendix . 

A summar.y or shrinkage test results is shown in Table X~ 



TABLE X 

SUMMARY OF SHRINKAGE TEST RESULTS 

Specimens: 3" x 3" x ll" bars Curing: 7 days moist, 
21 days air 

Condition 

Shrinkage, per oent 

IU.x 

A B Ct Dt E G H 

28 day curing 

Oven Dry 

0~027 

0,047 

0 .029 

0,053 

0.036 

0,068 

0.027 

!* 
0.029 

0.061 

0.046 

0 ,094 

0.057 

• 

Each value is the average for three specimens . 

*Oven overheated with these specimens. 

(JI 
en 
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PART V- DISCOSSIOB' 

1~ .!!:!.!. design. The design of a Lite Rock concrete 

mixture differs from that for heavy concrete due to one 

principal factor, the inherent weakness of the larger 

aggregate. For this reason it 1s not safe to design a 

mixture on the basis of water-cement ratio. This is 

not to refute the application of the water-cement ratio 

law . This law does apply and, excluding mixes Cr and Dr 

because of their fineness and consequent higher absorp

tion, a good curve could be drawn for seven- day compres 

sive strength as a function of water- cement ratio . For 

the twenty-eight day curing period, however, the com

paratively eak aggregate can not match the cement paste 

strength, and the water-cement ratio is of less signifi

cance than aggregate strength . It is therefore necessary 

to give consideration to the max~ si1e and the amount 

of' coarse aggregate in regard to strength as well as 

to their effect on workability or the mixture . 

From the results of these tests we may expect to 

produce 2000- pound concrete wl th 3/ 4- incb aggregate. 

about 40 per cent of which is retained on a No . 4 sieve; 

3000- pound concrete with 3/8- inch aggregate, about 
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35 per cent of which is retained on a No . 4 sieve; and 

4ooo.lp~und concrete with l/4-inch aggregate. Cement 
I 

fa:'~tor~· for these mixes should be about 5 l/2 sk./yd. 

for the i"lrst,. and 9 sk./yd. for the second and third, 

these factors obtaining when approximately a three 1neb 

slump is used. 

Other factors which need to be considered are the 

relative weights of fine and coarse aggregate, .the use 

of 'an air ent.ra1ning or dispersing agent ,. and a alight
I 

drying out which may be expected when a very fine grad-

a tion is :used. 

The relative unit weights of fine and c-oarse aggre ... 

gate need be considered when the aggregate is propor

tioned by weight. The fine aggregate weighs abou.t one 

and one half times the weight of the coarse. Thus a 

proportion of coarse aggregat e amounting to thirty per 

cent by weight is nearly forty per cent by volume. 

The use of an air entraining or dispersing agen t 

is not necessary as a very workable mix was obtained 

1n miX E where none was used. There was also an absence 

of segregation and of bleeding 1n this mix. However, 

the us.e of such an agent would seem advisable from the 

reduction in mixing water made possible 1 and the result

ing increase 1n strength. 
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Drying out of the mix m y be expected when a heavi l y 

sanded mixture is used . This is not excessive , however, 

and it is thought that an additional inch of slump is 

sufficient allowance for subsequent stiffening of the 

mix due to drying out . 

2 . Unit weight . Obviou.sly the utility of light

weight concrete is limited by the degree of lightness . 

Lightweight concretes range from about thirty to one 

hundred and twenty- five pounds per cubic foot . Each 

weight group may have its particular usefulne-ss, but 

it is clear that we must not consider s trengtp apart 

from weight . 

Lite Rock does not make the strongest expanded 

shale concrete. It does, ho ever , make concrete strong

er than any tested either by tbe Bureau of Recl amation 

or the ational Bureau of Standards {1 , pp . l0 , 14 of 

equal weig ht •. 

In a report on the Bureau of Reclamation tests 

(4 , p . 597), the following statement as made concern

ing weight: 

The strength of lightwe ight concrete 
is dependent on the strength of the aggregate
particles and t he ricbne s of the mix , but 
in genera 1 no amount of cement will produce 
concretes havi ng strengths above 1000 psi
for concretes wei ghing less t han 50 lb . per 
cu . ft . or above 2000 psi for concretes e1gh
1ng less than 80 lb . per cu . ft. , dry weight. 
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' ... 

Lite Rock concrete is shown to be an exception to 

the above statement by Figure 24 1 where strengths ot 

five Lite Rock concrete mixes are plotted against oven

dry eight. The Bureau ot Reclamation curve in Figure 24 

can not be compared 1th the Lite Rock directly as it is 

based on a constant cement factor. It is of interest, 

however , to note that the Lite Rock concrete with 3.7 

sacks ot cement per yard is shown to advantage over the 

Bureau curve for six sack per yard concrete. 

3. Effect 21 age on compressive strength. Due to 

weakness of the aggregate 1 Lite Rock concrete shows les• 

gain beyond seven days than does heavy concrete. The 

heavier comparison shale showed an excellent increase 

1n strength from seven to twenty-eight days. Beyond 

twenty-eight days, however, the Lite Hock concrete 

showed slight gains in all but one series, while the 

heavier two concretes made no increase 1n strength. 

4. Comparison of ~-~ and six-~ ~yllnders. 

Results from the four-inch cylinders ere not as consist

ent as desired. Flaws on the cylinder walls of four-

inch cylinders ba ve much larger effect and it is d1fficul t 

to prevent eccentricity in loading . Results from the six

inch cylinders averaged abru t seven per cent higher than 

from the tour inch with similar curing even though these 

six-inch specimens were loaded by increments tor the 
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compression test. ·Results from these standard specimens 

are used wher~ comparisons are ma de with other properties . 

s. Modulus .9!. elasticity. The modulus of elastic

ity of Lite Rock concrete is about half that of gravel 

concrete. The heavier, comparison shale had a modulus 

of elasticity about two thirds that of gravel concrete. 

The curve for sonic modulus values (Figure 16), showed 

good agreement with that for static modu lus values. The 

modulus of elasticity of Lite Rock concrete may be 

stated very closely as follows: 

E(lb./sq.in.} = 750,000 + 250 f'c 

This value will be used in the part on Lite Rock 

concrete design and the effect of the low modulus of 

elasticity will be bro ht out there . 

6. Flexure strength. The flexure strength values 

ot Lite Rock concrete showed no dis tinct pattern but all 

were very good. The gravel concrete and the comparison 

shale concrete fell closely in line when they were 

plotted against compress! e strength as in Figure 19. 

7. ~ strength . Very satisfactory results were 

obtained from the bond pull-out tests as is shown 1n 

Figure 21. At initial end slip of 0.001 in., both l ight

weig ht concretes showed about the same bond stress, and 

the gravel concrete was considerably lower. At failure, 

http:E(lb./sq.in
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however , the heavier concretes went mucb higher than 

the Lite Rock, and as has been noted , even caused steel 

failure in three eases . Al l results compare well with 

allowable values . 

a. Abrasion . Lite Rock concrete has little resist• 

ance to abrasion as shown by Table VIII . The expanded

shale No . 2 concrete showed better resistance , but was 

still far under the gravel roncrete . It is also necessary 

to point out that ~1 is comparison is by weigh t and that a 

volume comparison would show the lightweight concretes 

evan less satisfactory for abrasive resistance . 

9 . Absorption . A comparison of absorption based 

· on dry weight is unfair to any light eight concrete . A 

very light concrete may absorb 50 per cent of its own 

weight, while a heavy concrete could absorb the same 

amount of water and only have 10 per cent by weigh t . 

Twenty- four hour absorption values tbr Lite Rock and the 

comparison shale concrete , shown in Table IX, were 

about the same , and ere not greatly in excess of the 

gravel concrete when compared on a volume basis . 

10. Shrinkage . Toe time allowed for shrinkage 

tests was insufficient to furnish final shri nkage values . 

However , tba t o comparison concretes furnish an index 

for the evaluation of shrinkage . The Lite Rock concrete 

exhibited about two thirds the shrinkage of gravel con

crete both at 28 days , and when oven dry . 
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PART VI - DESIGN OF LITE ROCK REINFORCED CONCRETE 

The tests reported herein have discovered no weak

nesses in Lite Rock concrete with the exception of abra

sive resistance. When a properly designed mix is us&d 

c.<>mpressive strengths may be developed as desired; very 

adequate bond may be provided; and shear resistance, 

as shown by flexure tests» is in accord with compres

sive strengths . Shrinkage 1a low and absorption is not 

excessive. We e re now to consider the adaptability of 

Li.te Rock concrete for use with reinforcing steel • 
. . 

Notation used here is explained on page • 

1 . Importance of .weig)lt ,!a design . The 1mportanc·e 

of the .light weight ot Lite Rock concrete is readily 

appreciated. !'he light weight will be or major import

ance where the live load is .equal to or less than the 

dead load . It wi 11 be of less importane~ where the 11ve 

load is large in compari son to the dead load and the use 

of lightweight concrete may not always be justified in 

such cases . 

2 . Effect ,2!. modulus .21. elastictty . Another factor 

· looms actually as large as the lightness in weight. This 

is the low modulus of elasticity . This wi ll be -apparent 

by comparison of Lite Rock- concrete design with that for 

gravel concrete using E ;: 1000 t ' c for the gravel m d 
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test values for the Lite Rock . The two moduli are 

plotted in Figure 25. The value of 1000 tt 0 was used 

in accord with conventional design procedure but experi

mental values ould serve equally well in bringing out 

the point of discussion. 

In gravel concrete with balanced reinforcing the 

neutral axis falls about three-eighths of the depth, d, 

below the surface of the compression concrete. This 

means tba t only three-eighths of the concrete 1n the 

effective section is used to resist stress while the 

remainder is ~sed merely to hold the steel in place . 

With much larger n values for Lite Rock concrete 

the neutral axis is shifted downward to about six-tenths 

of the depth below the surface of the compression concrete. 

Much more of the concrete becomes effective in compres

sion and the neutral axis is placed midway (at k•0.6) 

between the tension steel and the centroid of the com

pressive force. A higher percentage of steel is requir

ed for balanced reinforcing tban with gravel concrete. 

The value of this low modulus of elasticity is 

shown in Figure 26 where moment factors for t h e two 

types of concrete are compared. From 25 to 35 per cent 

more moment is carried by tbe ~ite Rock concrete than 

by the gravel concrete of equal compressive strength. 
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3. Design tables. Factors tor tbe design of rec

tangular beams and .slabs wl th .Lite Bock concrete are 

given in Table XI. Factors for the review of beams are 

offered 1n Table XII. 

4. Senior .2!!!!! tests. It was necessary to discard 

· some of the deformeter data on the beams poured by the 

senior students as it was not compatible. Therefore~ 

the following comparison is limited to two beams using 

Only the data wb1ch were considered reliable. However, 

the results available ·.from tests made in the senior 

eourae in previous years are in agreement with the. 

principle .involved here. 

The beam made of gravel concrete used in the com

. parison was · reinforced both in tension and 1n compres

sion. It had. tension steel equal to the Lite Rock beam 

and in addition two 7/8" round bars for compression 

reinforcement.. The .stresses in the concretes are 

plotted against load in Figure 27. The value of the 

low modulus of elasticity with the consequent greater 

k value is illustrated here to a conclusive degree .. 

5. Deflection. The question of deflection arises 

immediately when low modulus of elastic! ty , E., is 

men tion.ed. Greater deflection is expected with the , 

lower modulus and in a homogeneous beam deflection 

would increase as the value for E decreased. 
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This might lead us to e-'lpect a doubly large deflec

tion for Lite Hock-concrete members . However, an invest

i gation at the University of Illinois {5. p.76) showed 

only about 30 per cent more deflection for expanded 

shale beams t han for gravel beams . In the beam testa 

conducted at Oregon State College by the senior students 

more steel was used in the Lite Rock beams than 1n the 

gravel beams in proportion to the requirements for 

balanced reinforcing. Here the Lite Rock beams aver

aged five per cent more deflection than the gravel beams 

at a gi ven load in t he working range and fourteen per 

cent less deflection at a g iven load near the ultimate . 

Equal reinforcement might be expee t.ed to agree more 

closely with the Universt ty of Illinois results. 

'l'bis unexpected stiffness for expanded s hale con

crete must be explained as the result of an increased 

moment of inertia, I . with the decreased modulus of 

elasticity, E, since deflection is controlled by the 

product of I and E. The v alue ot I for a reinforced 

concrete member is not agreed upon in the literature. 

Some expressions for I would give support to the expert

men tal findings (5, p •. 76) while others would make I 

practically the same as if gravel concrete were used . 

The difference is in the consideration given to the 

concrete below the neutral axis. If this concrete is 
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neglected the moment of inertia ot a Lite Rock me~ber 

is much larger than that for one of gravel ; if this 

tension concrete is figured the two I values are about 

equal. The writer would point out that tbe low mod

ulus of elasticity of Lite Rock concrete allows less 

cracking below the neutral axis since tension stresses 

would only be half the value for gravel concrete. Tbua 

the smaller section area below the neutral axis 1n a 

.Lite Rock beam is probably as effective in deflection 

resistm. ce as the larger seqtion area in a . gravel beam. 

Since the area above the neutral axis is considerably 

larger for a Lite Rock beam this would result in a 

larger moment of inertia and account for the low deflec

tiona as observed. 

6. Increase .,!a steel. An increase in steel is 

required for balanced reinforcing with Lite Rock eon

crete and this may bring a question as to economy. Tbe 

steel requirement varies in a particular member with the 

value of j. The value of j decreases as k increases 

but only to the extent of on tbir(i of the increase. 

Thus the loss of effectiveness of the steel is only 

slight as compared to the gain in effectiveness of the 

concrete. 

t · 
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TABLE XI 
DESIGN OF LITE ROCK CONCRETE BEAMS AND SLABS 

. k
J::1- p: n · K=l/2tckj or pt8 j3 2r(n+ r) 

(nJ 
and pjk lttct. 
t'_c_ 

1125 0. 529 0.824 0.0165 245 
1500 

18.ooo 
o.8oo0.600 0.0250 360 

1688 0.628 0.791 0.0295 420(18) 
3750 1125 0.503 0.83220,000 0.0141 235 

1500 0.0216 .0.575 o.8o8 349 
1688 0.603 0 ..799 0.0254 406 

90018,000 0.500 0.833 0.0125 187 
1200 0.571 0.810 0.0190 277. 1350 0.600 o.8oo 0.0225 32.& 

..(20) 
3000 900 0.474 0.842 0.010720,000 180 

. < 1200 0.545 0.818 0.0164 268 
1350 0.575 o.8o8 0.0194 314 . 

. 
750 0.478 0.84118,000 0.0100 151 

1000 0.550 0.817 0.0153 225. 0.5?9 0.807 2631125 0.0181(22) 
2500 20,000 750 0.452 0.849 0.0085 144 

1000 0.524 0.825 0.0131 216,, 
1125 0.553 0.816 0.0156 254 

600 0.444 0.852 0.007418.000 113 
800 0.516 0.828 0.0115 171 
900 0.545 0.01360.818 200(24) 

2000 600 0.41920,000 0.860 0.0063 108 
800 0.490 0.837 0.0098 164 
900 0.519 0.827 0.0117 193 
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REVI EW OF 
TABLE XII 

LITE roCK CON (}HETE BEAMS AND SLABS 

k = J2_pn + (Pll )2 - ~ __1 : 1 - 1L3k 

n : 18 n: 20 n : 22 n -- 24 
p 

k j k k j k jJ 

0.001 0.1'73 0.942 0.,9400.181 0.189 0.937 0.196 0.9:55 
0.002 0~235 0.922 0.246 0.918 0.256 0.915 0.266 0.911 
0.00:5 0.2'79 0.907 0.292 0.913 0.303 0.899 0.314 j0.895 
0.004 0.3280.314 0.895 0.891 O.Z41 0.886 0.353 0.882 

0.3r 2 0.005 0~344 o.aa5 0.358 0.881 0.876 0.384 f0.872 

0.3690.006 0·.87'7 0.:584 0~872 0.398 0.867 0.412 0.863 
0~00'7 0.392 0~869 0.407 0.864 0.422 0.859 0.435 0.855 
0.008 0.412 0.863 0.428 0.85'7 0.443 0.852 0.457 0.848 
0.009 0.430 0.857 0.4:46 0.4620.851 0.846 0.476 0.841 
0.010 0.4630.446 0.851 0.846 0.479 .0.840 0.493 0.836 

0.462o.o11 0.846 0.479 0.840 0.495 0.835 0.509 0.830 
0.012 0.476 0.841 0.493 0.836 0.509 0.830 0.524 0.825 
0.013 0.489 0.837 0.507 0.831 0.523 0.826 0.537 0.821 
0.014 0.501 0.833 0.519 0.827 0.535 0.822 0.550 0.817 
0.015 0.513 0.829 0.531 0.823 0.547 0.818 0.562 0.813 

0.016 0.524 0.825 0.542 0.819 0.558 0.814 0.573 0.809 
0.017 0.534 0.822 0.552 0.816 0.568 0.811 0.583 0.806 
0.018 0.544 0.819 0.562 0.813 0.578 0.807 0.593 0.802 
0.019 0.553 0.816 0.571 0.810 0.587 0.804 0.602 0.799 
0.020 0.562 0.813 o.5ao 0 ..807 0.596 0.801 0.611 0.796 

0.021 0.570 o.5880.~10 0.804 0.605 0.798 0.619 0.794 
0.022 0.578 0.807 0.596 0.801 0.61 0.796 0.627 0.791 
0.023 0.586 o.805 0.604 0.799 0.620 0.793 0.635 0.788 
0.024 0.593 0.802 0.611 0.796 0.627 0.791 0.642 0.786 
0.025 0.600 o.8oo 0.618 0.794 0.634 0.789 0.649 0.784 

0.026 0.607 0.798 0.625 0.792 0.641 0.786 0.656 0.781 
0.027 0-.613 0.796 0.7900.631 0.647 0.784 0.662 0.779 
0.028 0.619 0.794 0.637 0.788 0.653 0.782 0.668 0.777 
0.029 0.625 0.792 0.643 0.786 0.659 0.780 0.-!374 0.775 
o ·.o3o 0.631 0.790 0.649 0.784 0.665 0.778 0.679 0.774 
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PART VII-CONCLUSIONS 

The tollowing conclusions are drawn concerning 

Lite Rock Concrete: 

1. Un1t weight, dry, is from 60 to 80 pounds 

per cubic toot. 

2. The maximum size and amount of coarse aggregate 

are critical in mix design. 

3. An air-entraining agent or dispersing agent 

is recommended but not necessary. 

4. The compressive strength ranges t'rom ·1200 

to 4200 pounds per square inch depending 

upon the cement factor and the maximum size 

aggregate. 

5. Less strength is gained beyond the seven day 

c~ing period than with heavier concrete. 

6. Resistance to bond and shear is in accord 

with compressive strength. 

7. Absorption is not excessive when considered 

on a volume basis. 

a. Twenty-eight day shrinkage is less than that 

for gravel concrete. 

9. Abrasive resistance is very low. 
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10. The low modulus of elasticity o:f t his concrete 

is remarkably well su ited to reinforced concrete 

design . 
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NIX DATA 
; ' 

B c 

Date Poured 
Proportions: 

c.em:ent. lb. ' 11.79 
Fine aggregate, lb. 36.00 
Coarse aggregate. lb. 9..00 
Dispersi ng agent, l b . 0.06 
Water, lb. 12.62 

Total batch weight, lb. 69~47· 

Approximate mixing time 

Averag e slump, in. 0.3 

orkability GOod 
Bleeding. Ye• 
Segregation No 

Fresh wt•• 0.2 cu. ft. 15.29 
Unit wt., lb./cu.. ft. 76 ..45 
Cement factor,. ak./cu. yd. 3~7 
l4o1sture content~ . ~ dry wt. 

Fine aggregate 6.6 
Coarse aggregate 0.3 

Water-cement ratio by wt. 1.07 

17.25 
31.50 
13 .50 

.10 
ll-.70 

74;os 
5 min. 

Very good 
No 
No 

15.97 
'79.85 

5.4 

6.6 
0.3 
0,68 

25.00 
32.90 
8.40 

.13 
12.13 

78~56 
. 

5 min. 

3.0 

V81'f good 
No 
No 

15.03 
'15.15 
6.9 
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JIIX DA'l'A 

:m.x 

Date Poured 
Proportions: 

Cement, lb. 
Pine aggregate, lb. 
Coarse ggregate, lb. 
Dispersing agent, lb. 
ater, lb. 

Total batch weight , lb . 

Approximate mixing time 

Average slump, in . 

orkability
Bleeding
Segregation 

Freab wt~, 0.2 cu. tt .~ lb. 
Unit wt., lb~/cu. ft. 
Cement factor, sk./cu. yd. 
Koiature content,~ dry wt . \ 

Fine aggregate
Coarse aggregate 

ater-cement ratio by wt~ 

D Ct Dt 

5-20-503-15-50 5·13·50 

36.84 22.30 30.00 
43.50 40.10 40.10 
2.72 
0.16 0.13 0.16 

14.86 14.20 14.00 

98 . 08 76~'75 84~26 

5 min; 5 min~5 min~ 

5.0 4.6 5.3 

Veey gocd ..,. good 1'-l good
No llo llo· 
No No Bo 

16.80 16.59 1'7.30 
82.9584.78 86 . 50 

9.2 a.a 6.9 

2.2* o.o o.o 
o.o0~0 

0~40 0.64 0 . 47 

•combined 
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MIX D TA 

E G H 

D t~ Poured 3-28-50 
Proportions: 

Cement,. lb. 25.40 
Fine aggregate, lb. 33.,00 
Coarse aggregate,. lb. 8.25 
Dispersing agent, lb. 
ater. l b . 15.40 

Total batch eight, lb. 82.05 

Approximate miJdng time 5 min. 

Average slump,. in. 1.8 

Workability VS!J goal
Bleeding No 
Segregation Bo 

Fresh wt., 0.2 cu. tt.,. lb. 16.06 
Unit wt., lb./cu. ft. 80.30 
Cement factor,. sk ../cu. yd.
Moisture content, %dry wt. 

7.1 

Fine aggregate 2.0 
Coarse aggregate o.o 

ater-cement ratio by wt. 0.61 

3-22-50 

25.20 
78.60 
97.20 
0.13 

15.28 

216.40 

10 min. 

5.3 

Good 
No 
No 

28.75 
143.75 

4.8 

1.5 
1.1 
0.61 

3-21-50 

23~40 
44.40 
15.96 
0.12 

12.76 

5 min. 

2.1 

Very gca1
Bo 
Bo 

19.98 
99.90 
6.9 

0.1 
o.o 
0.55 



DATA ON SEVEN DAY COKPRESSlVE STRJ:i;NGTH TEST 
TEST NO. 1 

Spec1ment 4• x 8" cylindera Curing: 7 day moist 

Mix and 
Specimen No. 

Date 
Tested 

Dimension•, 1n. Weight,
lb. 

Ultima-te Type
Load, ot 
lb. Break 

_.cent 
Broken 
A~ft:~ 

t•. c,
lb, per 
aq, in,D1am. Height 

' 

• 1 
2 

4-l-50 4.00 
4.00 

8.04 
8.oo 

4.37 
4~37 

10690 Diag, 
9360 Cone 

25 
10 

850 
750 

3 4,00 7,92 4.27 9360 Cone 10 750 

B 1 3-30-50 3.98 8,12 4t65 19200 Cone 60 1540 
2 3~97 7t92 4;56 20],90 D1ag. · 70 1630 
3 4,00 8,05 4.85 23240 Diag.. eo 1850 

c ]. · 
2 

3-25-50 3~96 
3.97 

8,10
e;oa 

4;54 
4;52 

26870 Cone 
29020 D1ag, 

75 
75 

2180 
2340 

3 4.03 s.oe 4,56 29410 ' Cone 75 2300 
.. 

D 1 3-24-50 3;99 8.15 4.82 34760 D1ag• ; 75 2780 
2 4.00 8.10 4~74 34090 Diag. 75 2710 
3 4.00 8.14 4.82 37080 Diag, 75 2950 

Ct · 1 
2 

5-27-50 3.98 
4;00 

a.oa 
a;o6 

4.77 
4.78 

27350 Diag,
25990 . D1ag, 

50 
50 

2200 
2070 

3 . 3.97 8.06 4,78 27940 Cone 50 2260 

Dt 1 5·20-50 4.01 8.06 s;o:s 43050 3410 
2 3;99 8.16 5;02 44170 3530 
3 3.99 a.oa 4,93 40240 3220 

ro 
0 

I ~. 
jt 



DATA 0 SEVEI DAY COMPRESSIVS STRENGTH TES'l' 
TEST BO. · l (Oont'd•) , 

Spooimenl 4" X a• cylinders Curing: '1 day moist 

Jl1x and 
Specimen No, 

E 1 
2 
3 

G 1 
2 
3 

B 1 
2 
3 

! 
Ultimate Type Per Ofllt t':c•Date Dimensions, 1n. Weight, Broken

'l'ested D1am. lle1gbt · lb. Load, ot Aggre ... lb. per
lb. Break 12:ate sq. in,. 

4-4·50 3.98 8.o6 · 4.73 26140 Diag. 60 2100 
3.97 8.o5 4153 22280 Oone · 60 1800 
4.01 s.os 4.'12 25840 Diag. 40 2050 

3·29-50 3,98 8,.08 8-24 25670 Con.e 2060 
4.00 a.o4· 8j23 25700 Cone 2040 
4.01 8,02 8.3o 25010 Cone 1980 

3-28·50 4.00 a.oa 5.83 21160 Cone 25 1680 
3.98 8.02 5.75 23030 Diag. 20 1850 
3.99 '7.94 5.'16 24340 Diag, 20 1950 



DATA ON 'lWEIITY-EIGHT DAY COMPRESSIVE STRENGTH TEST 
TEST NO ·. 2 

Specimens 4" X a• cylinders 

JU.x and 
Specimen No. 

A. 1 
2 
3 

B l 
2 
3 

c l 
2 
3 

D 1 
2 
3 

Ct l 
2 
3 

Dr 1 
2 
3 

Date 
Tea ted 

4·22-50 

4·20-50 

4-15·50 

4·14-50 

6-17- 50 

6-10-50 

D1mensiona 6 in. 

D1am. 

4.00 
4.06 
3.96 

3.98 
3.98 
3.96 

3.98 
3.9'7 
3.97 

3.99 
3.99 
3.99 

4.00 
4~02 
3.99 

4~02 
4.05
••oo 

Height 

8.04 
a.oo 
8.06 

a.oo 
8.04 
8.02 

8.04 
a;o6 
8.05 

a.o5 
7;94 
a.oa 
a•oo 
8;o4 
8.02 -. 
8~06 
8.02 
8.10 

28 Day · 
Weight,

lb. 

3.94 
4.11 
3.98 

4.19 
4;33 
4.23 

4.28 
4~31 
4.34 

4.61 
4;56 
4.62 

4.45 
4;45 
4.33 

4;81 
4.95 
4.87 

m.t1mate 
Load, 
lb. 

13450 
16910 
14980 

25490 
24990 
25860 

32570 
33400 
33480 

36'790 
36990 
33650 

36660 
35900 
36070 

34420 
47230 
51180 

· 

Curing : 7 days moist, 

Type 
ot 

Break 

Cone 
D1ag . 
Dieg. 

Diag.
Diag.
Cone 

Diag;
Diag.
Cone 

Cone 
D1ag.
Diag . 

D1ag.
Diag.
Cone 

Diag.
Diag . 
D1ag. 

21 daye air 
Per cent 
Broken 
Aggre.. 
gate 

10 
50 
40 

70 
70 
70 

70 
70 
'70 

90 
90 
90 

50 
50 
50 

50 
50 
50 

t'c,
lb. per 
aq. in. 

10'70 
1310 
1220 

2050 
2010 
2100 

2620 
2700 
2700 

2940 
2960 
2690 

2920 
2830 
2890 

(X)2710 ro 
36'70 
4070 



DATA ON 'l'WENTY·EIGHT DAY COMPRESSIVE STREl~GTH TEST 
TEST NO. 2 (C.o~t 'd.) 

Speciment 4-. ~ 8° qy11nder.a C_uring; 7 days moist .. 
21 days air · -.. 

' ' Per . ~tiltTypeUltimateDimenaiona, in, ~a Pay · t•e•DateJU~ and BrokenLoad, ot~eight, lb * perTea ted Aggre,.Specimen No. 1b . Break ·Diam., Height lb!' aqil 1n,.. . gate 
. . 

3.,96 ' 8~04E 1 4-25...50 33~70 2710Oono 704~59-
2 a.oa 30070 Cone 704.02 4~54 2370 

.3.,&7 29970 D1ag. 503 8.07 4.49 2420 
iG 1 7.·96 30605.98 38050 Cone4-19-50 7~71 

Oone ,408002 4.05 8.06 8.16 3170 
3.,. 97 37920 D1ag. 3060z a.oa 7.79 

Diag.38220 3040H 1 8.03 5~59 404.004 ...18-50 
D1ag. 408~04 38790 31203.9e 5~722 
Diag.38070 40 30803.97 5.-668.103 

~-

.. 

~ 

.. 



DATA ON TWENTY-EIGHT DAY COMPRESSIVE STRENGTH TEST 
TEST BO. ~ 

Specimen• 4" x 8" cylinders Cur1ngc 28 days mo1at 
~ 

~cent28 Day ·D1mena1ona, ln. Ultimate Typellix· and Date t'c•BrokenWeight, Load, otSpecimen No. Tested lb. pe.rAggreD1am. Height lb. Breaklb. aq. ln.ilate 
A l 

2 
3 

B 1 
2 
3 

c 1 
2 
3 

D 1 
2 
3 

or 1 
2 
3 

Dr l 
2 
3 

4-22-50 4.00 
3.94 
4.00 

8.04 
8.06 
8.06 

4~44 
4.37 
4.47 

11420 
13480 
14660 

Diag.
D1ag.
Diag. 

15 
25 
35 

910 
1110 
1170 

4-20-50 3.98 
3.97 
3.97 

8.02 
7.92 
8.12 

4.80 
4.65 
4.71 

24630 
24130 
24130 

D1ag.
Cone 
Diag. 

70 
7.0 
70 

1990 
1950 
1950 

4 .. 15-50 3.98 
3.98 
3.94 

8.10 
8.12 
8.06 

4.~ 
4.54 
4.49 

31990 
32030 
32020 

D1a g. · 
D1ag. ' 
D!ag. 

50 
70 
60 

2570 
2570 
2630 

4•14-50 4.00 
3.97 
3.97 

a.oa 
a.o8 
a ..o8 

4.90 
4.84 
4.88 

37840 
33060 
37040 

D1ag.
D1ag. 
J?!ag. 

90 
75 
90 

3010 
2670 
2990 

6-17-50 4.01 
3.97 
4.00 

8.12 
a.o2 
a.oa 

4~77 
4~64 
4.74 

32270 
33840 
36100 

Cone 
D!ag.
D1ag. 

50 
50 
50 

2560 
2730 
2870 

6-10-50 3.97 
3~98 
3.98 

8~04 
8 ..02 
8.02 

4.92 
4.85 
4.92 

48210 
48960 
43450 

Cone 
Cone 
Cone 

' 

. 
50 
50 
50 

3890 
3940 
3490 a> 

tJ:!o. 



DATA ON TWENTY..EIGHT DAY COMPRESSIVE STRENGTH TEST 
. TEST NO. S (Cont •d.} 

Speclm.en: 4" X B" cylinder• Curingt 28 days moist 
. ~· eent · Ult1ma·te TypeD1mena1on.s 1 in• '~a Day · DateMix and f'c•Broken· Weight; Load, of lb~ perSpe·clmen No. Tested Aggre-BreakHe1gbt aq. in.Diam• lb• lb• P;ate 

;g a.;o23;·97 70 272033'720 Cone4~861 4-25-50 ,;oo 4;'72 238029880 Cone ' 708~062 
2340Diag; 503;97 29000e:oa 4~6'73 

. 
G :1 3220402208~06 a:2e Cone4-19-50 . 3 99 

Cone 3150398108.102 4,01 8~25 
Diag~ 3100385808.oe3 3.98 8.28 

D1a g ; 27'7040348605,914~00 8~08B l 4-18•50 
Diag; 40 ~03037660a.oo3;9a2 5f87 
Diag; 2890$6170 40a:oo 5.863 3.99 

. . 

CD • . 
C1l 

http:Speclm.en
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RESUL~S OF ~ llo. 4 
COJlPRESSIOli . 

General Data: 

App_ar.atus: .Grat atr t r . ed c onpresso eter . 

S pe eimens.: 6" x 12• cyli ders, mol s t 
28 days, tested wet, gage 
10 inches. 

cured 
length 

Loadi ng: Increments ot 2000 or 3000 
max1mum ~apeed ot 0.055 1n. 

lb. at 
per min •. 

~;gle_a.l Calculationa: 

h. 

2000 
4000 
6000 
aooo 

10000 
12000 
14000 
16000 
18000 
20000 
22000 

34110 

71 
143 
214 
285 
~56 
427 
498 
568 
639 
710 
781 

1.0 
2.2 
3.5 
4.8 
6.1 
7.6 
9.2 

10.6 
12.5 
14.5 
16.4 

1210 =t•· Failure 

1.2 
2.4 
3.7 
5.0 
6.~ 
7.8 
9.4 

10.8 
12.7 
1-4.7 
16.6 

.6 .06 
1.2 .12 
1.95 .195 
2.5 .25 
3.15 .315 
3.9 .39 
4.7 .47 
5.4 .54 
6.35 .635 
7.35 ..735 
6.3 .83 

0.45 (ultimate load) : 15580 lb. 0.45 t • c = 545 

Unit Strain at 0.45 (ultimate load) : 0.00053 ln. per in~ 

Kodu1us of Elasticity,. E: 
E: Stress : 545 = 1.03 x 106 lb./1n.2

Strain 53 x lo-5 



.. 
87 

DATA ON COMPRESSION 
TEST NO. A-4 

TEST 

Date•• 4-22-50 

Cylinder No . and Dimensions 

1 2 3 
5.99" X 11.-94"Load, 

lb. 
Unit Unit 

Stress. Strain, 
lb. per lo-51n. 
sq. in. per in. 

2000 
4000 
6000 

. ~ 

8000 
10000 
12000 
14000 
16000 
18000 
20000 
22000 

6.,071 
143 12.0 

19.,5214 
2s;o285 

356 31~5 
427 39 . 0 
498 47.0 
568 54 . 0 
639 63 . 5 
710 73 . 5 
781 83.0 

5.99" X 

Unit 
Stress, 
lb. per 
sq. in. 

12.02" 

Unit 
Strain, 
l0-51n. 
per in. 

5.98" X 12.00" 

Unit Unit 
Stress, Strain, 
lb. per lo-5in. 

71 
143 
214 
285 
356 
427 
498 
568 
639 
710 
781 

6.0 
13.5 
21;o 
28~0 
35.5 
44.0 
52.0 
61 .5 
71~5 
81~0 
91.5 

sq. in. per in. 

71 7.0 
142 13.0 
214 19.0 
285 26;5 
356 33.0 
427 40.0 
498 48.0 
570 57;o 

66.-0641 
712 76.5 
783 87.5 

32230 1147 !Fai~ure 
1210 Fai lure34110 

1229 'allure34620 . 
553 54.0 516545 53.0 51.50.45 Max. 

1.01 X loS1-.03 X 106 1-.02 X 106E,_lb./ln.-2 
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DATA 0 CO PRESSI OW 
TEST NO.; B.-4 

TEST 

Date: 4-20-50 

Cy11nde:r No. and Dimensions 

32 
s.gatt x 

1 
12.oo" 5.97" lt 12.10" 5~98" X 12.08"Load 

lb.• 
Unlt UnitUnit Unit Unit Unit 

. Stress,. Strain, Strain, Stress,Stress, Strain, 
lo-5tn .. lo-51n. lb. per l0-51n.lb. per1b~ per 

sq. in~aq~ in. per in.per 1n .. sq. 1n .. per in. 

2000 71 
4000 142 
6000 214 
8000 285 

lOOOO 356 
12000 427 
14000 498 
16000. 570 
18000 ·641 
20000 712 
22000 783 
24000 854 
26000 926 
28000 997 
30000 1068 
32000 1139 
34000 1210 
36000 1282 
38000 1353 
40000 1424 
42000 1495 
44000 1566 
46000 1638 
48000 1.709 

59840 
60950 2170 
61590 

0.45 Kax. 977 
- -

6.0 
12 .• o 
18.0 
24.0 
29.0 
34.0 
40.0 
46.0 
51•5 . 
57.0 
63.0 
68.5 
74.5 
81.0 
86.0 
92.0 
97.5 

104.0 
110•. 5 
117.5 
123.0 
130.0 
136.5 
143.0 

Failure 

77.5 

1.26 X 106E1 lb ./1n~ 
- ' 

7i 
143 
21. 
286 
357 
429 
500 
572 
643 
715 
786 
857 
929 

1000 
1072 
1143 
1215 
1286 
1358 
1429 
1500 
15?2 
1643 
1715 

2138 

962 

5.0 
12.0 
18•0 
23.o5 
29.5 
35.5 
41.o0 
47.0 
52.o5 
5~.5 
65.0 
71.0 
77.0 
82.5 
88.5 
95.0 

101•. 5 
107.0 
114.0 
120.0 
127.0 
134.0 
140.0 
149.,0 

Failure 

79.0 

1.22 X 106 

71 5.5 
12;.0142 

214 17•5 
285 23~0 
356 28.;5 
427 34.0 

40.0498 
570 45.5 
641 51.0 
712 57.0 
783 63.0 
854 70.0 
926 75.5 
997 82.0 

1068 87.5 
11:39 94.0 
1210 100.5 
1282 107.0 
1353 114.0 
1424 120.5 
1495 128.0 
1566 134.5 
1638 142.0 
1709 150.5 

2193 ·Failure 

987 

1.23 X 106 
. 
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DATA ON COMPRESSION 
TEST NO. C-4 

TEST 

Date: 4-15-50 

Cylinder No. and Dimensions 

2 3 
5.99"' X 12.02" 

l 
s.s8• x 12.04" 5.99" X 12..02"Load. 

lb. Unit Unit UnitUnit Unit Unit 
Stress, Strain, Stress, Strain, Stre a, Strain, 
lb. per l0-5in. l0-51n. l0-5in.lb. per lb. per 

per in. sq. in. per in. sq. in. per in.q. in. 

1073000 106 8.0 106 8.0 
6000 213 213 21314.5 17.5 16.. 5 
9000 319 21.0 320 23.5 319 

12000 28.5 427 32.0 426426 34.0 
15000 532 
18000 

532 35.5 534 
64044.5 51.0 639 52.0 

21000 . 745 
639 

748 74551.0 61.0 
24000 852 58.5 854 852 70.0 
27000 

6v.o 
65.5 961 75.0 · 958 79.0 

30000 
958 

72.5 10651065 1068 84.0 87.5 
33000 1171 81.5 1175 94.0 97.0 
36000 

1171 
90.0 1281 103.0 1278 105.0 

39000 
1278 

98.0 1388 113.51384 1384 115.0 
42000 ·1495 14901490 106.5 124.0 126.0 
45000 . 1597 1602 1597115.0 136.0 136.5 
48000 1'103 1709 145.0 1703125.5 147.0 
51000 18101810 134.5 1816 157.0 157.5 
54000 144.5 1922 167.5 19161916 172.0 
57000 20292022 153.0 2022177.5 186.0 
60000 "193.52129 2136 2129164.5 199.0 

66460 2358 ~allure 
67440 Failure 
'11000 

2401 
2520 Failure 

1080 10611134 78.0 a5.o 87.50.45 x. 

1.21 X 106E,1b./1n.2 1.45 X 106 1.27 X 106 
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DATA ON CO HESSION TEST 
TEST i~O. D-4 

Date: 4-14-50 

Cylinder Ho. and Dimension• 

Load, 
lb. 

3000 
6000 
9000 

12000 
15000 
18000 
21000 
24000 
27000 
30000 
33000 
36000 
39000 
42000 
45000 
48000 
51000 
54000 
57000 
60000 
63000 
66000 
69000 
72000 
75000 
78000 
81000 

87340 
97100 

103040 

0.45 Max. 

1 
6.01 11 X 12.00" 

Unit 
Stress, Strain, 
lb. per 

Unit 

l0-5in. 
sq. 1n. per in. 

106 
212 
317 
423 
529 
635 
740 
846 
951 

1057 
1163 
1269 
1375 
1481 
1586 
1692 
1798 
1904 
2009 
2115 
2221 
2327 
2432 
2538 
2644 
2750 
2855 

6.5 
13.0 
13.0 
25.5 
34.0 
40.5 
48.0 
54.5 
61.5 
68.5 
75.5 
83.0 
90.5 
96.5 

103.0 

117.5 
126.5 
132.5 
140.5 
148.5 
156.5 
164.0 
172.5 
182.5 
193.0 
202.0 

3423 Failure 

1540 99.5 

2 
5.98• x 

Unit 
Stress, 
lb. per 
sq. in. 

107 
214 
320 
427 
534 
641 
749 
854 
961 

1068 
1175 
1282 
1388 
1495 
1602 
1709 
1816 
1922 
2029 
2136 
2243 
2350 
2456 
2563 
2670 
2777 
2884 

12.oo• 
Unit 

Strain, 
lo-5in. 
per in. 

6.0 
12.5 
18.5 
25.0 
32.0 
38.0 
44.0 
51 . 0 
58.0 
64.5 
71.5 
78.0 
84.5 
91.0 
98.5 

105.0 
11L5 
118.0 
125.0 
132.0 
138.5 
146.0 
153.0 
161.0 
168.0 
176.0 
184.0 

Failure3109 

1399 85.o 

3 
6.00" X 12.00" 

Unit Unit 
Stress, Strain, 
lb. per l0-5in.• 
sq. in. per in. 

106 
212 
318 
424 
531 
637 
743 
849 49.0 
955 56.0 

1061 62.5 
1167 68.5 
1273 75.5 
1380 82.5 
1486 79.0 
1592 96.0 
1698 102.5 
1804 109.0 
1910 116.0 
2016 123.0 
2122 130.5 
2229 137.0 
2335 144.0 
2441 152.0 
2547 159.0 
2653 166.0 
2759 173.5 
2865 182.0 

3645 Failure 

1640 99.0 

1.55 X 106 1.65 lC loS 1.66 X loSE, lb./1n.2 
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DATA ON COMPRESSION TEST 
TEST NO. Cr-4 

Date: 6-17-50 

Load, 
lb. 

Cylinder No. and Dimensions 

1 
5.99 .. X 12.00" 

2 
5.98 11 .X 11.96.. 

-

3 
5.98• .x 12.02. 

Unit Unit Unit Unit Unit Unit 
Stress , Strain, Stress. Strain, Stress, Strain, 
lb. per l0-5in. lb. per l0-51n. lb. per l0-5in. 
sq. in. per in. sq. ln. per ln. sq. in. per in. 

3000 106 8.5 107 11.0 107 6.5 
6000 213 16~0 213 20.5 213 14~0 
9000 319 24.0 320 28~0 320 22.0 

12000 426 31;5 427 31.5 427 29.0 
15000 532 39~0 534 39.0 534 37.0 
18000 639 47.0 640 46.0 640 43.5 
21000 745 54-.5 . 748 53.0 748 51.5 
24000 852 62.0 854 61;0 854 60.5 
27000 958 70.5 961 68.5 961 68.0 
30000 1065 78.5 1068 76.5 1068 76.0 
33000 1171 86.5 1175 83.5 1175 84.0 
36000 1278 94.5 1281 91.5 1281 92.0 
39000 1384 103.0 1388 99.0 1388 99.5 
42000 1490 112.0 1495 107.0 1495 108.0 
45000 1597 121.0 1602 116.0 1602 116.5 
48000 1703 129.5 1709 125.5 1709 126.0 
51000 1810 139.0 1816 133.5 1816 136.0 
54000 1916 148.5 1922 143~0 1922 144.0 

76100 2700 Failure 
77160 2747 Failure 
78500 2795 Failure 

0.45 Max. 1215 89•. 5 1236 88.5 1258 90.0 

E, lb./1n.2 1.36 .X 106 .. 1.40 .X lo6 1.40 X loG 
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DATA ON COMPRESSI ON TEST 
TEST NO ~ Dr-4 

- -- - Date: 6-10-50 

Cylinder No. and Dimenaione 

2 31 
6.oo• x 12.00" 5.98• x 11.96" 5.97 11 X 12.0011 

Load, 
lb. Unit Unit Unit Unit UnitUnit 

3000 
6000 
9000 

12000 
15000 
18000 
21000 
24000 
27000 
30000 
33000 
36000 
39000 
42000 
45000 
48000 
51000 
54000 
57000 
60000 
63000 
66000 
69000 
72000 
75000 
78000 
81000 
84000 

115980 
119440 
121020 

Oe45 Jfa%. 

E• lb,An~ 

Stress, Str~1n, 
lb. per 10- 1n. 
sq. in. per in. 

-

106 6.5 
212 12.5 
318 17.5 
424 23.0 
531 29.0 
637 35.0 
743 41...0 
849 47.0 
955 53.0 

1061 58.5 
1167 64.5 
1273 70.0 
1380 76.0 
1486 82..0 
1592 87.5 
1698 94.5 
1804 98.5 
1910 105.5 
2016 111.5 
2122 118.0 
2229 124.0 
2335 130.• 0 
2441 136.0 
2547 143.0 
2653 150..0 
2759 156.5 
2865 163.• 0 
2971 l-70..0 

4225 Failure 

1901 1oa.5 

1.80 X 106 

Stress, 
lb. per 
sq.. ln. 

107 
214 
320 
427 
534 
641 
748 
854 
961 

1068 
1175 
1282 
1388 
1495 
1602 
1709 
1816 
1922 
2029 
2136 
2243 
2350 
2456 
2563 
2670 
2777 
2884 
2990 

4315 

1942 

1..79 X 1o6 

Str~1n_. 
10- ln. 
per in. 

6.0 
12.0 
18.0 
24.0 
30.0 
35.5 
41.5 
47.5 
54.0 
60.0 
65.5 
71.5 
77.5 
83.0 
89.0 
95.• 5 

101.5 
108 .• 0 
114.5 
120.5 
126.5 
133.0 
140.0 
146.0 
152.5 
159.5 
166.0 
172.5 

Failure 

1oa.5 

Stress, Strain, 
1o-51n.lb. per 

aq. in. per 1n. 

107 6.5 
214 13.0 
322 19.0 
429 25.0 
536 31.5 
643 37.5 
750 43.0 
858 49.0 
965 56.0 

1072 62.0 
1179 68.5 
1286 74.5 
1394 81.0 
1501 86.5 
1608 92.5 
1715 98.0 
1822 104.0 
1930 111.5 
2037 117.5 
2144 124.0 
2251 131.0 
2358 137.5 
2466 143.5 
2573 150.5 
2680 157.5 
278'7 164.0 
2894 172.5 
3002 179.0 

4144 Failure 

1865 107,.0 

1.74 X 106 
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DATA ON CO RESSION TEST 
TEST NO. E-4 

Date: 4-25-50 

Cylinder No. and Dimensions 

3 
5.9911 X 11.96. 

1 2 
5.99" X 12.oo•5.99" lt 11.97 11

Load,. 
lb. 

Unit Unit Unit Unit Unit Unit 
Stress, Strain,. Stress., Stra1n, Stress, Strain, 
lb,. per 10-51n. l0-51n. l0-51n·. 
aq. 1n. per 1n. 

lb. per lb. per 
aq.. 1n. per 1naq.. 1n. per in. 

a ·.5 
6000 

a.o~000 lOS 9~0 106106 
21:3 21321~ 16.5 17.0 17~5 

26.09000 ~19 25.5 319 319 25~5 
426 426 42612000 34.0 34.0 33~5 
~2 43.0 532 53215000 42~5 41.5 

18000 639 659 63951~0 51.5 50~0 
60.0745 745 60.0 74521000 59.0 

24000 852 85269.5 852 69.0 67.5 
27000 958 78.0 958 77.5 958 76.5 
30000 88.o1065 1065 86.0 1065 85.5 
33000 98.0 1171 95.5 11711171 94.0 
36000 107.0 1278 12781278 104.0 102.5 
39000 1384 117.0 1384 113.5 1384 112.5 
42000 1490 128.0 1490 124.0 1490 122.0 
45000 138.5 1597 133.0 15971597 151.0 

56000 1987 
66260 2351 
68120 2417 

894 73.0 1088 10580.45 JIU. 88.5 83.5 

1.22 X 106 1.23 lt 106 1.27 X 106E., lb./1n;
1 



." 
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DATA Q CO RESSI 011 
TEST NO . G-4 

TEST 

Dat e: 4-19-50 

Load. 
lb. 

Cy l inder Ho. and Dimena1on e 

1 
5.99• X 12.00" 

2
s.ga• x 12.08" 

3 
6.00" X 12.00• 

Unit Unit· Unit Unit Unit Unit 
Streaa, Strain, Streaa, StrB1n, Stress, Strain, 
lb. per 1o-s1n. lb. per 10- 1n. lb. per 10-5in. 
aq. in. per 1n. aq. in. per 1n. sq. in. per 1n. 

3000 106 3.5 10'7 2.5 106 2.0 
6000 213 7.0 214 6.0 212 5.0 
9000 319 10.0 320 9.0 318 7.5 

12000 426 13.5 427 12.5 424 11.0 
15000 532 17.0 534 15.5 531 13. 5 
18000 639 20.0 641 18.5 637 16.5 
21000 745 23.5 748 21.5 743 19.5 
24000 852 27.0 854 25.0 849 22.5 
27000 958 30.5 961 28.0 955 26.0 
30000 1065 34.0 1068 31.5 1061 29.0 
33000 1171 37.5 1175 34.5 1167 32.0 
36000 1278 41.5 1282 38.0 1273 36.0 
39000 1384 45.0 1388 41.5 1380 39.0 
42000 1490 48.5 1495 44.0 1486 42.5 
45000 1597 52.5 1602 48.0 1592 46.0 
48000 1703 56.5 1709 51.5 1698 49.0 
51000 1810 60.0 1816 55.5 1804 53.0 
54000 1916 65.0 1922 58.5 1910 57.0 
57000 2023 68.0 2029 62.5 2016 61~0 
60000 2129 73.5 2136 67.5 2122 64.0 
63000 2226 77.5 2243 72.0 2229 68.5 
66000 2342 83.0 2350 77.0 2335 73.5 
69000 2449 aa.5 2456 82.0 2441 78.5 
72000 2555 93.5 2563 87.0 2547 83 •. 5 

93890 3342 Failure 
94830 3354 Failure 
97290 3452 Pai1ure 

0.45 Jlax~ 1553 50.5 15~ 45.5 1509 43.0 

B, lb./m.; 3.08 X 106 3.31 X 106 3.51 X 106 
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DATA ON COMPRESSION TEST 
TEST NO. H-4 

Date: 4-18-50 

Cylinder No. and Dimensi ons . 
2l z 

s.gga x 12 •. 04" 5.99• X 12.028 , 6.00" X 12-.00"LOad• 
lb. 

Unit UnitUnit UnitUnit Unit 
St:resa1Strain,. Strain,Streea~ Str~sa, Strft1n 1 

lb. per 1o•61n.10-51n. 10- in. 
aq. 1n. 

lb. per lb. per 
sq. in.per- 1n:e aq. in. per in. per 1n. 

3000 · 106 5.5 · 106 4.0 5.-0 
6000 

· 106 g;o213 10.0 213 212 10.5 
13.59000 ~19 15.0 319 318 15.0 

12000 20.0426 424426. 19.0 20.0 
15000 532 25.5 532 24.0 531 25.. 0 
18000 29,.0639639 .30.5 637 30.0 
21000 745 35.5 '145 34.0 743 35.0 
24000 852 41.0 852 38.0 849 39.5 
27000 958 46.5 958 43-.0 955 44.5 
~0 48,.01065 52.0 1065 1061 49.5 
33000 57.011~1 1171 52.5 1167 54~5 
36000 1278 62.5 1278 57.5 1273 60.0 
39000 68.01384 1384 62.5 1380 65.0 
42000 1490 73.5 1490' 6a.o 1486 70.0 

ao.o45000 1597 1597 73.5 1592 75.5 
48000 1703 85.0 1703 79.0 1698 ao.s 
51000 1810 90.5 1810 84-.S 1804 85.;5 
54000 1916 97.5 1916 90.5 1910 90~5 
57000 2022 103.5 2022 95.5 2016 96.0 
60000 2129 2129 102.0 2122110.5 102.0 

223663000 2229.116.5 ' 2236 108.0 108.0 
66000 2342 23421.2:5.5 2335113.5 115.0 
69000 2449 131..5 2449 120.0 2441 121.0 
72000 2555 139.5 2555 127.5 2547 128.5 

Failure 
104150 
88270 3132 

3684 Failure 
109640 Failure3891 

0.45 llax. 1409 69.0 1751 1658 78.5 

2.15 X 1o6 2.11 X 106E, 1b./Sn.~ 2.04 X 106 
-• ' . • ' 



DATA ON NINETY DAY CO RESSIVE STRENGTH TEST 
TEST NO. 5 

Specimen: 4" x 8" cylinder• Curing: ? days moist, 
83 days air 

PC' cmtDimensions, in., 90 Day · Ultimate TypeMix and Date r•·c,BrokenWeight , Load, otSpecimen No. Tested lb. perAggre· Height Breaklb.D1am" lb. sq. in.ait:A 

A 1 6-23-50 3.95 8.00 3.72 14510 Diag. 25 1180 
2 3.97 8.oa 3.80 18080 Diag. 35 1460 
3 35 . . 14603 •. 97 8.06 3.86 D1ag •. 18040 

B 1 4.006-21-50 276404.27 Disg . 8.15 80 2200 
2 ' 8;063.99 4.22 Diag.22880 80 1830 
3 3.95 8~06 27530 Disg . 904.21 2250 

c 1 ,.236-16-50 3.99 8.10 29790 Cone 80 2380 
2 3.98 8 ..oo Diag.31760 2550 
3 

' 

·~18 
3.96 312808~1o 4.23 ],)1ag. 2540 

l) 1 6-15-50 Cone4.01 8~06 329404~55 '75 2610 
2 3.97 8;12 Cone35010 2830 
3 

••sl 
4.00 Diag.8.-12 4.89 45400 3610 

' 
E 1 6·26-50 3.98 4;44 34770 Diag.8.tJ.o 80 2800 

2 3.99 a.oa 4.47 32630 Diag. 261680 
3 3.99 36990 Disg . 8.l.o 4.41 80 2960 

' 

.2840Cone 
D1ag. 

35120G 1 6•20-50 'l ~Q23~97 8.05 
2940l37000s.o3 

Diag.
4;.002 a.g: 

2850135990"1 ..74a.3 4*'01 



DATA ON NINETY DAY COMPRESSIV~ STRENGTH TEST 
TEST BO.• 5 (Cont''d). 

Speoiment 4~ X a" cylinder& Curing: 7 days moist., 
83 days air · 

Per centDimensions, in., Type90 Dat, · Ultimate fl 0 ,DateMix and Brokenvte1ght-,_ otLoad,. lb,.. perTestedSpec1D;len No •. Aggre-HeightD1am. Brealt sq,. in~.lb .• lb-. ~ate 
. ' 

30308,02 5;55 3804d D.1ag~ 354~00H l 6·-19-50 
323040570 Dlag~5~608~082 4~00 

Dlag., 297037.5308.06 5 ..675 4.-01 

.tO ....::! 



98 

I' 

DATA ON FLEXURE TEST 
TEST NO. 6 

Ouring: 28 daya moist 

Mix Break Wo. 1 Break Bo. 2 

A 2W UO 

B 3~ ~0 

c 390 410 

D 430 450 

Ct 480 500 

Dt 530 500 

E 450 460. 

G 450 00 

H 500 510 



DATA ON SONIC MOOOLUS TEST 
TEST NO. Ga 

Speeimena 1 6" x 6" x 36" beams Curlng t 28 days moist 

2Mix 

-

Date 
Tested 

Depth,
in. 

Width, 
1n. 

Weight, 
lb. 

"Range"* 
ot 

Test 

Dial 
Reading 

Prequen-· · 
cy 
~. th''10 ~. 

A 
B 
0 
D 

gr
Et 
G 
H 

4-22.50 
4-20..50 
4-lt>-50 
4·14•50 
6•1'1•50 
6·10-50 
4·25•50 
4•19-50 
4-18•50 

6.00 
6.00 
6.05 
EhOO 
a.oo
s•9o 
s.oo 
6.00 
5.95 

6~00 
6.00 
a.oo 
5 .•90 
6.00 
5.90 
6.00 
5.90 
5.90 

59~0 
60~0 
sa.s 
65.0 
61~6 
62.3 
61.0 

106.0 
74.5 

2 
2 
2 
2 
2 
2 
2 
2 

·2 

45.2 
42i0 
41•0 
38.5 
39.,0 
59.0 
41.6 
33.3 
36.6 

' 
455 
500 
512 
549 
540 
540 
503 
640 
580 

lt29 
1.59 
1.58 
2.11 
1.90 
2.06 
1.64 
4.65 
2.77 

*Eaeh ":range" corresponds to a certain range of frequencies and is selected on 
the sonic modulus tester by the setting of a panel-board knob. 



DATA ON BOND TEST 
TEST Ot 7 

Spocimenaa 8" s a• oy11n~ere with 5/8" r ound deformed bars Curing : 7 day moi st; 
21 day air 

K1x and 
Specimen No. 

Date 
'l'ested 

Height, 
in. 

~!d 
llld 811p,

lb. 

Load 
at 

Failure, 
. lb. 

Type 
ot 

Failure 

Bond · 
Area, 
1n.2 

Average Bond 
Streas, lb./in. 2 . 

End Slip Failure, 

A 1 4·22-50 8.00 4120 9390 Split 15.71 262 598 
2 a.o8 4000 8310 Split 15~87 252 524 
3 e.oo 4000 7430 full tbt 15.71 255 473 

B 1 4·20-50 e.oa 5490 10360 Split 15.87 346 65~ 
2 a.o8 5400 8690 Split 15.87 340 . 548 
3 8.02 5800 9690 Split 15,75 368 615 

0 1 4-15-50 8.04 9120 11440 Split 15.79 578 725 
2 8.os 8130 10870 Split 15.8'7 512 685 
3 a .• lo 7850 12340 Split 15,91 493 776 

J) 1 4-14-50 e.o6 7480 9440 Split 15.83 473 596 
2 a.o8 8650 14010 Split 15.87 545 883 
3 a.os 8720 13480 Split 15.81 552 853 

Ot 1 6·17-50 8.02 5240 9670 Split 15.75 333 614 
2 8.00 7210 10920 Split 15.71 459 695 

· ~ e.oo 7630 12430 Split 15.71 486 791 

'Dt 1 
2 

6·10-50 7,95 
7.98 

9150 
8350 

14460 
15670 

Split
Split 

15.61 
15.67 

586 926 
533 1000 

3 8.15 9560 9560 Split 16.01 59'7 597 

.... 
8 



DAfA ON BOND TEST 
TEST NO . 7 .(Cont'd) 

Specimens: s• X en cylinders wi tb 5/8" round del.ormed bars Curing: 7 day moist, 
.. ( 21 day atr 

:Mix and 
Specimen No. 

E l • 

2 
3 

0 1 
2 
3 

H 1 
2 
3 

Date 
Tested 

. 4-25-50 

4...19-50 

4-18·50 

He+ght, 
in. 

8.06 
8~04 
8.10 

8.16 
8.05 
8.01 

8.02 
8.,04
a.Qa 

Load 
at 

End SUp, 
lb. 

7320 
6410 
4880 

4930 
4120 
6010 

93'10 
'7420 
8850 

Load 
at· 

Failurelb. , 

98'70 
10350 
9410 

17150 
19020 
19110 

-
19070 . 
18950 
17740 

Type 
ot 

Failure 
I 

Split
Split
Split 

Split
Steel 
Steel 

Steel 
MlGlt 

Split 

Bond · 
Area,
in.2 

15.83 
15.79 
15.91 

16,03 
15.81 
15.73 

15.75 
15.79 
15.83 

. Average Bond 
Stress, lb./m.2 

End SUp 

462 
406 
30'7 

308 
261 
382 

618 
470 
559 

Pllllure 

623 
655 
591 

1070 
1203 
1215 

1211 
1200 
1121 

• 

..... s / 

I 



DATA ON ABSORPTION TEST 
TEST NO. 9 

Specimens: . 4" 'x an cylinders Curing & 7 days moist, 
21 days air 

1l1x and 
Specimen No. 

Dimensions 
Diam., Height, 
in. in. 

Oven Dry 
Wt., lb. 

Oven Dry
Unilc Wt., 
lb. cu.rt. 

24 Hour 
Immer
sion Wt., 

lb. 

~baorptton, per cent 

By Dry Wt, By Vol. 

A 1 
2 
3 

4.00 
:Poor 
3.99 

8.06 
S\lrface 
e.oa 

3.63 
3.51 
3.59 

62.1 

61:5 

4.31 
4.20 
4.27 

18.7 
1~.6 
18.9 . 

18.7 

18.7 

B l 
2 
3 

3.97 
3.98 
4.00 

8,10 
8,06 
8 •. 04 

3.78 
3.73 
3.74 

65.. 2 
64.4 
64.0 

4.27 
4.23 
4.25 

13,0 
13.4 
13.6 

13.5 
13.8 
14.0 

Ot 1 
2 
3 

4.01 
3.98 
3.99 

8.12 
8.04 
8.05 

4.12 
4.20 
4.11 

69.5 
72.5 
70.5 

4.67 
4.74 

.4.65 

13.4 
12.9 
13.1 

14.9 
15.0 
14.9 

Dr 1 
2 
3 

4.00 
3.96 
4.00 

"""8.01 
·a.o6 
8.06 

4.·43 
4.43 
4.44 

75.8 
- 77.1 

75.9 

4.95 
4.93 
4.95 

11.7 
11.3 
11.5 

14.3 
14,0 
14.0 

E 1 
2 
3 

3.99 
4.00 
3.98 

8.06 
8,oa 
8.oo 

3,96 
3~98 
3.85 

67.9 
67~7 
66 .9 

4.55 
4.56 
4.44 

14.9 
14.6 
15.3 

16.2 
15.8 
16.4 

,....., g 



DATA ON A.BSORPTI OU TEST 
TEST no . 9 (Cont 'd.) 

Speoimensz· 4" X a" oylindera Curing : 7 days moist, 
21 days air 

Jl1x and 
Specimen No. 

Dimensions 

Dtam,, H!'-ibt,. 
. n .. n. 

Oven Dry 
Wt ., lb. 

Oven Dry · 
Unilc Wt.,
lb. cu• .tt. 

24 Hour 
Immer
aion \Yt.,

lb • . 

Absorption, 

By Dry Vlt . 

per oent 

By Vol. 

G 1 
2 
3 

4.00 
3.99 
4.00 

8.06 
8.14 
8.06 

7.91 
8.09
s.ol 

134.9 
13'7.4 
136.6 

8.41 
8.53 

.8.47 

6.3 
5.4 
5.7 

13.7 
12.0 
12.6 

H 
' 

1 
2 
3 

4.00 
3.98 
4.02 

8.03 
8.02 
7.99 

5.06 
5.09 

· s.oa 
87.7 
86.7 
86.6 

5.62 
5.62 
5.63 

11.1 
11.0 
10.9 

15.4 
15.5 
15.0 

..... 
~ 
0 



DATA ON SHRINKAGE TEST 
TEST NO. 10 

Specimens; 3" x 3" x 11" bars Curing: 7 days moist 1
21 days air 

Shrinkage, per centLength, in. 
Kill ald 

Specimen Ito. 28 Day Oven Dry28 Days1 Day Oven D.r7 Average . Average 

A l 10.0270 10.0233 10~0209 0.027 0.047 
2 10.015410~0181 10.0139 ,.3 , 9.9960 9.9943 9.9922 

~ 

B 1 10.0267 0.053 
2 

10.0317 10.0288 0.029 
9~9978 9~9950 9~9927 .' 9.99853 ' 10.0041 10.0010 

0,0361o.ooogJt 0.0689.99359.9961Ct 1 
10.0004* . 9~99762 

. 
9.9941 

' 3 •10.0030* . 9.9997 9.9962 

9.9912 0.027 
2 

9.9931Dt 1 
10.012610.0154 .,.

10,00793 10.0043 

0.029 0.061 
2 

9.98949~99279.9957E 1 
9~9931 9~98999~9959 
9.0078 9.99463 10.0006 

1-' 

~ 
0 



DATA ON SHRINKAGE TEST 
TEST NO. l.O (Cont ' d • ) 

Specimens: 3" x 3" x 11• bars Cur1nga 7 daya moist~ 
21 days . air 

Length, in. Shrinkage, per centJUx and 
Specimen No. 28 Day OVen Dry1 D 7 28 Days Oven Dry Average Average 

G l. 1o~om~a 9~9986 9.9934 o:o46 0~094 
2 10. 0036 9~9986 9~9947 
3 10~00'18 10. 0031 9~9980 

H 1 10~0071* 10. 0032 0 . 057 
2 10. 0035 9.9968 
3 10. 0038* 9.9973 

*unstable oa first day, measured at approximately 36 hourt. .... 
(JI 
0 




