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IRTRODUCTION

The primary purpose in cshoosing concrete and concrete aggregates
for this thesis was to give the writer a more complete knowledge of
thege materials, espeeially for this fmmediate vicinity.

4t the start of this experiment the fixed objective was to deter=-
mine the relative strengths of some of the important stones that are
located in Los Angeles and vicinity. This particular problem was
brouglt to the writerh attenthon after it was found that Laton Canyon
materials that were used in a recent addition to the Rose Bowl gave
conerete that was far inferior to the conerete that was being prepared
under the supervision of Mre. Byron Hill at the Institute, these latter
- materials being secsured from San'Gabriéi. After some investigation
the difference in str%éth of thege two concretes were found to be
partially due to the aggregates.

After the experiment was started varibus tesﬁs and experiments
somewhat naturally followed in succession, Some sgtones, for exampley
might be far superior in strength and hardness to stones from another
gource, yet the grading of'these stoheg might be guch as to give a
relative weak concrete under some fixed mix, Or, ag wag algo found;
certain stones may be preferred under different conditions of use
or preparation of $he conecrete,

This report is on the whole somewhat interrelated and it
would hardly be fair to quote too strongly any partiocular small
geotion of the axperiment, } |

The lack of consistency in certain phases of this experiment
has left the writer with a dubious feeling as to the precise validity
of certahn parts, It is hoped that certain parts of this report shall

encourage further work for a check on the results presented here and

a contimuation of a field of endeavbr that has hardly been totiched.



MATERIALS

Sand and stones were obtained from each of the following 4
sourcess Eatog Canyon, van Fernando, vsan Gabriel, and Catalina =
Long Beach, ZFrom this last source sand was obtained at lLong Beach
and stones at Catalina. These 4 sources of materials were chosen
because they were considered the most representative for Los Angeles,
Pasadena, and vicinity. Concrete sand and both 3/4 inch and 1% inch
crushed rocks were desired. 1In some cases where 3/4 inch and 1§ inch
rock could not be obtained, it was necessary to substitute 1 inch rock
for the 3/4 inch'and 2 inch rock for the 14 inch rock. In some cases
it was also necessary to substitute gravel for crushed rocke.

The Faton Canyon sand and 1 inch crushed rock ﬁere obtained from
a Pasadena City construction job, and the 1% inch gravel was obtained
from a bin at the katon Canyon plant. |

San Fermando sand, 1 inch gravel, and 2 inch crushed rock were
obtained from the bins at the San Fernando plant of Graham Bros,

San Gabriel sand, 1 inch gravel, and li inch gravel ﬁere obtained
from the bins of Graham Bros,' San Gabriel plant.

The Long Beach sand and Catalina 1 and 2 inch crushed rocks were
sent to the Institute through the courtesy of R, VW. Livingston who

was at the time connected with Graham Bros., Ince.



GENERAL GEOLIGICAL SURVEY

When all of the materials were on hand, =z general geological
observation was made with the asvistance of David Scharf, a graduate
geoldgist at the Institute.

- The Iaton Canyon rock had a comparatively large amount of mica
which was very cleavable., A good many of the rocks were gneissie,
i.es, the minerals were arranged in bands or layers,

The Catalina rock was fine grained and compact with practically no

bands or layers. The crushing surigcea were large and very smooth and
flate After several wonths of weathering the rocks secemed to become
somewhat darker on the surfaces.

The Jan rFernando rock was somewhat less gneissic and micaceous
than taton Canyon rock but there was, however, & noticible amount
present. There were some decomposed peebbles present that could be
broken with the hand.

The Gan Gabriel rock was finer grained and much less gneissic
or micaceous than the rocks of Baton Canyon or 3an Fernando, 1t
contained a few pebbles of decomposed rocke.

The clasuification in strength, from a geological study of the rocks,
is Catalina first, 3an Gabriel and San Fernando about the same, and

Haton Canyon by far the weakeste.

PHYSICAL AND GLOLOGICAIL SURVEY
To carry the geological study of the rocks a little further,
some rocks from each source were broken and the interior of the rocks
were observed., The method of breaking the rocks gave an approximate
relative measure of the strength of the four rocks. The pgiture on
page & illustrates the method of breaking. The same testing machine
that was used for testing specimens was used but the maximum capacity

was reduced to 15,000 pounds and the minimum scale division was then



one pound. The rate at which the cross-head moved was about .05 inches
per minute, the same as is required for the standard compressive tests
of concrete cylinders and which vas used throughout. The individual
rock that was to be tested was placed on a three guarter inch bvoard
that was laying on the weighing table and the load was applied through
a steel bolt head that measured one and one quarter inches across and
one half inch thick. 7The load was applied until the rock cracked, broke,
or crushed. The board was used in order to give a large bearing area
on the bottom. The rocks that were t0 be tested had to be carefully
selected to be sure that the load was applied by the bolt head on only
one flat surface of contact and also that the bottom of the rock had a
good resting area directly beneath the point where the load was applied.
Approximately eight pounds of @ch of the four larger rocks were taken
and from these the specimens were chosen. There were three rocks tested
from each source as explained above and then three more were tested but

strip
instead of the three quarter inch board a 3/4 inch square wood was used.

L

RESULTS OF BREAKING STRENGTH WITH 3/4 INCH

BOARD BASE
Breaking Thickness
load in
Catalina in pounds inches femarks
2,140 0.5 Dense crystalline structure.
1,829 1.1 Very fine structure., Partly
decomposed.
1,487 1.3 Partly decomposed rock.
Uniform throughtut.
San Fernando 1,706 0.8 Dense., large crystals.
Iarge amount quartz.
1,625 1.0 Noyxbanding. Slightly de-

composed.,



Breaking Thickness

San Fernando Load in
(Con.) in pounds inches Rermrkd
1,793 1.2 Cracked at 9,000 #.
Mica
San Gabr;g; © %,418 0.7 pense. Fine structure.
Kica.
946 1.0 Mica.

(1,390 1.1 Supporting block
failed, not the speci=
men., )

Eaton Canyon 719 0.6 Fine structure, Muica,
906 1.0 Granite. Decomposifion.
902 0.8, Partly decomposed |

throughout .,

REPRESENTATIVE BREAKING VALUES

Catalina 1,830 Ibs.
San Yernando : 1,710 ™
San Gabriel 1,400 *
Baton Canyon 900

RESULTS OF BRBAKING STRUNGTH WITH 3/4 INCH

STRIP AS BASE

Breaking Thickness Geological Report
- load in
Catalina in pounds Inches
2,351 0.7 Compact impalable

rhyolitic, Apparently
not decomposeds,

4,993 1.1 Compact impalable
rhyolitic rock.
5lightly decomposed

along break,



Catalim
Cone

Eaton Canyon

Breaking
Load
in pounds

San Fernando

San Gabriel

4,062

961

6560

986

6,198

1,800

1,921

2,430

Thickness
in
Inches

1.3

0.6

0.7

1.6

1.0

0.8

0.7

0.9

Geological Report

Same kind of rock. Break along

a plane of slight decomposition.
¥ine grained mica schist, quartz,
and feldspar, Break almost pare
allel to schistosity.

Medium grained, roughly branded;‘
quartz, feldspar, and mica. De-
composed condition accounts for
weakness. Break normal to plane,
guartz and {f elspar mufh more than
mica, Relatively fresh. MNo
banding.

Very coarse grained quartz, felde
spar, and mica. N0 banding. Ve
fresh.

Coarse grained gquartz, {eldspar,
Mica, and a little hornblende.

o banding, S5lightly decomposed,
Coarse grained quartz and felapar,
No Banding.

Gueissic medium grained, yuartsz,
felspar, and mica arranged in
bands which are planes of weakness,
but breal occured almost normal to
these bands, 7The load was applied

parallel to the bands.



Breaking Thickness
San Gabriel Load in
(Con.) In pounds Inches
2,242 0.9
2,995 0.9

Catalina
San Gabriel

San Fernando

Eaton Canyon

Gyeological Report

ledium grained grenite, slightly
altered, toward a gneiss. Much
more guartz snd felspar than mica.
nica arranged in bands but to a
much less degree than above rock.
Part of break across and part along
plane of wmica.

guartz, felspar, and mica approx=
imately equal in amount; uniformly
distributed with flakes of mica
generally parallel to each other.
Nox banding. Couwparative freshness
of rock and absence of banding or
sebistos ity accounts for high

strength.

REFPRESENTATIVE BREAKING VALUES

4,060
2,430
1,920

960

3ince there were few suitable specimens from the 8 lbs. of rock

samples 1in each group, those first chosen :nd used with the flat board

test gave better and more representative results as the range indicates.






Iaton Canyon
3an fernando
San Gabriel

Long Beach

Eaton Canyon
San if'ernando
San Gabriel

Long Beach

UNIT WEIGHTS OF HATERIALS
sand (Dried)

Wt. of Q.10 cu.ft.
10,53
11.56
11.03
10:12
Check on above.
Wt. of 1/2 cu.ft.
51.2
56.4
54.0
48.8

Sands arrayed by weight
san Fermndo
san Gabriel
aton Canyon

Long Beach

Wt., of 1 cu.ft,
105.3
113.6
110,03
101.2

Wte of 1 cu.ft,
102.4
112.8
107.9

97.6



Faton Canyon
San Fernardo
fan Gabriel

Catalina

Katon Canyon
San Fernando
San Gabriel

Catalim

3/4 INCH STONE

Wte of 1/2 cu.ft.
47 .69
51445
52,77
46.79
Arrayed by weight
san Gabriel
San rernando
iaton Canyon

Catalina

Net Wte 1 cu.fte
95,3
102.9
105,56

93,6

l-1/2 INCH STONE
Wt. 1/2 cu.ft.
49,03
48.0
53467
46.82

Arrayed by veight
San Gabriel
Eaton Canyon
San Fermnando

Catalina

Wte 1 cu. Tt
98.1
96.0

107.3
95 .6

70 .



SPECIFIC GRAVITY OF ROCKS

The apparent specifc gravity of the stones from each of the four
sources were determined by the standard A. S. T. 1, method, Zach of the
four small groups selected by a representative method were first weighed
dry, indicated in the following table by A. After 24 hours soaking in
water they were again weighed after being blotted dry « B. The soaked

rocks were then submerged in water and the net weight is indicated below

by C.
Catalina  Baton Canyon San Fernando San Gabriel
1.4% 1.04 1.27 1,32
1,485 1.05 1.28 1.54
«935 +651 .8106 0634
BeC 550 . 399 .469 .506
Specific %_&_; 2.67 2,605 2.71 2.61
Gravity (B=C

ARRAYED SPECIFIC GRAVITIES

San fernando
Catalina
San Gabriel

Faton Canyon

A M A0 oy TP AR N A S NN 23 A S A R ABAN AN 3 I N PN T P A i 8 L SR ST T T TR T TR ] VR R s T _ W R Sy s

PER CENT VOIDS IN 3/4 INCH ROCK

San Fel‘n&ndo 2.71 X 62._& ok 10209 Pl 39.1
2.71 x 62,4

Catalina 2467 x 62,4 = 95,6 = 43.85
267 x 62.4

San Gabriel 2061 P 624 "310505 - 35.2
2.61 x 6.4

Eaton Canyon 2,608 x 62.4 = 95,3 = 41.4

2.6056 x 62.4

VL



ARRAYED ACCORDING TO GRADING BY VOIDS

San Gagbriel
San Pernando
Eaton Canyon
Catalina

_DISINTEGRATION TEST

Six lagge rooks were shosen from each of the 4 sources at randomg
These stonss were tested for disintegration by scaking them in a saturated
golution of sodium sulphate for about 12 hours and then drying them at
about 100 degrees sentigrade for the same length of time., All rocks were

kept in the same solutbon and oven and treated exacetly the same,

The fault with thie test is the personal element in judging the
extent of disintegration. Some of the stones cracked in half, others
disintegrated to various extentsy, while some were not even effected.

After about 10 complete cycles, the following order gives the resistance

- to disintegration.

ARRAYED ACBORDING T0 RESISTANCE TO0 WEATHERING.
San Gabriel
Catalina
3gn Fernando
Baton Canyon

e 44
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STOHES TESTED

DISINTLGRATION
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SIEVE ANALYSIS OF MATERIAILS

Representative samples were secured by quartering about ;/2 cubid
foot of each material.. The sand was oven dried at about 100° C.rThe
free moisture in the sand was measured but has been omitted because of
its lack of importance.

sand Sieve Analysis

Sleve 200 100 48 28 14 8 4
Eaton Canyon = _
Wte Passing 02 ,14 .58 1.56 2.50 S.14 3628

% Passing o6l 4,256 17.6 47.4 76, 95.6  99.7

Long Beach = Wt. Passing .01 .06 .31 1.21 2,23 2.73 2.86

% P&BSing «55 2.08 10.7 41.8 77.1 94,5 98,9

Vite P&asing .01 .08 o205 1.66 2,94 3.7 4,61

San Gabriel -
% Passing . 21 1,66 T.26 34.5 61.0 2.2 95.6

Wt. Passing 01 .08 ,40 1,16 1.81 2,31 2.94

San Fernandoe
% Passing e31 2.53 12,52 36.4 56,7 T2.5 92.2

f e e e e e

/7
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3/4 Inch stone sieve Analysis

Sieve 8 4 971 0525 .742 1,05
Faton Canyone Wt. Passing .11 .16 .53 1.72 3.46 4.8
(Crushed) % Passing 2,29 3.33 11.0 35.8 72.1 100

Catalina Wt., Pass ing .01 «01 26 1.09 2,95 4,99
(Crushed) % Passing .20 420 5,11 21.4 58,0 98.1

San Gabriel Wt. Passing .14 .30 1.55 3.66 4,75 5,05

(Gravel) % Passing 2.77 5.94 30.7 2.5 94,0 100

San Fernando Wt. Passing .06 .13 .96 2,39 3.81 5,0
(Gravel) % Passing . 1.2 2.6 19.2 47.8 76.2 100

1=1/2 Inch Stone Sieve Analysis

Sieve #5371 5256 L,742 1,05 1,5 2,0

Eaton Canyon- Wt. Passing .12 .24 .54 2,50 5.96

(Gravel) % Passing 2,01 4,0 41.9 100
Catalina Wt. Passing .01 .01 «02 02 3.13 10,34
(Crushed) % Passing 97 W97 1.93 1,93 30.22 100

San Gabriel Wt. Passing e32 DI 1ldlR 4,33 8.4H
(Gravel) % Passing  3.78 6.27 13.26 51.2 100

San Fernmando Wt. ?aSSing 002 « 02 002 +68 4,93 5.84
(Crushed) % Passing W34 W34 .34 1,17 84.5 100

e e
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FINEJ}E“S MODULU.: OF SAND

Pér Cent vand PassLJg by ve g 3

Sieve 200 100 _ 48 28 14 -

=

Opening .0029 ,0058 L0116 .9232 .046 .093 .185

Eaton Canyon .61 4,26 17.6 47.4 76. 95.5 99.7  341.06
San Fernando .31 2,53 12,528 36.4 56.7 72.5 92.2 273,16
San Gabriel 21  1.66 7.26 34,5 61.0 78,2 95.6  278.43
Long Beagh .35 2,08 10.7 41.8 77.1 94,5 98.9  325.43

FINENESS MODULUS =

7 x 100 -?é
100

Eaton Canyon 3.59
San Fernando 4,27
ﬁan Gabriel 4,22
Long Beach 3.75

* ARRAXED FINEHEbS MODULUS

San Fernando %.27
San Gabriel 3.22
Long Beach 2.75

Baton Canyon 2.59

* Ipn this finsl grouping the values are unity | or ons;
less than above.Sinee the 200 mesh is commonly omitted

thege latter units take this into consideration.

/7 2



CEMENT

The cement that was used was ;ecured from the various construction
jobs that were in progress at the Institute during the time of the
experiments. All of the cement, which was of the Riverside Portland
" brand, came from the same sources but in different shipments. To check
the consistency in method of testing and strength of the cement, 4
sacks were tested. The neat cement mixtures were all thoroughly mixed
by hand in a glazed pan that was approximately 12 inches in diameter
and 4 inches deep. For reference, the sacks were‘numbered. After the
specimens were 1l day old they were then placed in the water curing
tank in the testing materials laboratory. The temperature of the water
in the curing tank was 139 C. Oiled metal forms were used for all the
specimens., All compression tests were made on the Tinius Olson Testing
Machine with 150,000 lbs, maximum capacity and & minimum scale division
of 10 lbs.
| CEMENT VIXTURES

Sack #1 Gross Wt. Cement =« 12.41 Ibs,
Pan . _1.34
‘Fet = .07 *
Net Vo. Vater e 1273 cc.
%W/C Ratio » .382 by Volume.

- 2.86 gal. Per Cu.

ft. Cement.



CEMENT MIXTURES (CON.)

Sack #e Gross wt. Cement - 10,37 Lbs.

Pan » 1,32

Net = 9,06 *

Net. Vo. water - 1040 co.

W/c - «382 by volume

P 2. 86 ga.l./ Ss £4.
cement.

Sack #3 Gross Wte. Cement = 9,33 Lbs.

Pan - 1355

Net = 8;00 "

Net Vo. Water - 920 cc.

Water Cement Ratio = «382 by volume.
o n " 2,86 gal.

Sack #4  Gross Wt. Cement e  9.33 Lbs.

Pan - 1.595
Net = 8.00 "
Net Vo, Water - 9.20 cc.

Water Cement Ratio = 3.82 by volume.,
" " . = 2. 86 8&10
Combination of above four sacks.

Gross Wt. Cement - 12,41 Lbs.,

Pan - _1.54

Net - 11.07 %

Net vol. water i 1273 cc.

Vater cement ratio = +382 by volume.,

" - " . 2.86 gal,



28 DAY CEMERT TESTS

Breaking Average Unit

Strength Bwkg., strength Remarks
26,820 Sudden breaking of small
pieces, Cement dust in center
13" x 3% Cylinders-Sack#l 4,050
22,960 Chipped with first appli-
cation of loading, o
20,230 Judden failure.
Area m 1,77 Sack#2 10,450
16,690 Chipped and broke across
near the bottom,
6,270 Bottom was untrue. Felt
_ usede.
Sack#3 5,930
14,690 .
, 9,860 S
Sack#4 8,810
21,460 Chipped early and continue
ouslys load still increased,
nbination of above 20,980 oo
21,250 e
14,950
Breaking Average Unit
Strength Brkg. Strength Remarks
46,500 ——
3% x 6% ¢ylinders-Sack#l 8,330
71,330 Little early chipping.
Sudden Failure.
58,150 Sudden Failure
Area = 7,07 Sack#R 8,250
58 ,630 Felt Used,
41,750 luch early chipping.
Sack#d 6,500
50,000 Started chipping at about

14,000 Lhs,

22



Sack #4

Combination

2" Cubes  Sack #1
Area = 4 Sack #2
Sack #3
Sack #4

Combination

Sack #1
Sack #°
sack #3
Sack #4
Coubination

28 DAY CEMENT TESTS (CON.)

Breaking Average Unit
Strength  Brkg. Strength Remarks
49,900 Chipping at 26,000 Lbs.
7,370
544230 Chipping at 36,000 Lhs,
38, 370 First Chipping at 32,000 Lk
Ran Crossehead too fast.
49,930 5,960 Chipping &t 37,000 Lbs,
38,230 - Chipped at 33,000 Lbs. and
> 38,000 lLbs,
Breaking Lead Unit Strength
20,2850 7,660,
32,080 8,010
24,650 6,140
19,500 4,880
14,600 $,650
Briquetts
- 800
- 634
5566
855
478

23



SAND CHMENT SPECIMENS

Exactly 1000 c.c. (2.2 Lbs.) of water and 4.7 lbs. (0.05 cu. ft.)
of cement were added to 0.10 cus ft. of each of the 4 sands. All sands
were room dried. When the specimens were 27 days old theywere re=
moved from Institute Lavoratory curing tank. The specimens were tested
from 18 to 23 hours after being removed from the curing tank., The
temperature of the curing water was approximately 130 C, during the
curing period. ©Since all metal forms were used, the folliwung areas

represent the differnet specimens: the 13" x 3" molds area e 2.01j

the 2" cubes area » 4,03 the 3" x 6" cylinders area » 7,093 and unity

for the briquettes.

EATON CANYON

lﬁ“ x 3% Cylinders 2% Cubes

Breaking Force 8,340 7,050 10,340 27,730 26,700 26,080
Unit Max. Stress 4,150 3,510 5,150 6,930 6,680 6,520
Average(Arith) 4,270 6,710
Median 4,150 6,680
Breaking Force 3" _x6" Cylinders Briguettes
39,290 33,960 39,620 438
Unit lax. Stress 5,560 4,790 5,310
Arith Average 5,220
Median 5,310

S



1" x 3" Cylinders 2" Cubes
Breaking Force ' 7,14 4,820 9,810 23,800 27,480 19,260
Unit Hex. Stress 3,560 = 2,400 4,880 5,950 6,870 4,810
Arith.Average 3,610 5,880
Yedian 3,560 5,950
3% x 6" Cylinders Briquettes
Breaking Force 38,290 - 38,7790 445
Unit liax. Stress 5,400 - 5,460
Arith.Average ' 5,430
Median -
SAN GABRIEL
13" x 3* Cylinderé_ 2" Cubes
Breaking Force 9,420 10,520 9,370 - 25,660 25,460
Unit Hax. Stress 4,680 5,330 4,660 - 6,420 6,370
Arith, Average 4,860 6,390
ledian 4,680 -
3" x 6" Cylinders Briquettes
Breaking Force 39,660 38,160 42,330 390

SAN FERNANDO

Unit liax. Stress 5,600 b, 380 5,970

Arith. Average

liedian

5,650
5,600



IONG BEACH

| l§" X §2 C%linders — 2" chga -
Breaking Force 5 »0 6,53 18,200 21,100 23,030

Unit Max. Stress 4,730 4,480 3,250 4,550 5,280 5,760

Arith. Average 4,150 | 5,200
HYedian 4,480 ' 5,280

Breaking Force a® x @» Cz%;nders Briguettes
: 34,530 34,780 31,53 -

Unit Max. Stress 4,870 4,900 4,450 -
Arith. Average 4,740
ledian | - 4,870

SRR U IR

RESULTS OF COMPRESSIVE TESTS FOR
CEMENT-SAND SPECIMENS
(Cylinders and cubes weighed alike)

, Arith. Average
Arith., Averages of Nedians.

Eaton Canyon .. 5,400 5,380
San Fernando 4,900 4,980
San Gabriel | 5,970 5,560
Long Beach 4,680 4,880

ARRAYED SAND TEST RESULTS
San Gabriel
Faton Canyon
San Fernando

Long Beach



CONCRETE SFECIMENS

Two series of cylinders were prepared and tested. One of the
series was where the aggregate ratios were fixed, and the other was
where the aggregete ratios for each set of materials were determined

by use of Fuller's Curve for meximum density.

MIXES WITH FIXED RATIOS

For the mixes with the fixed ratios an attempt was made to make
the break go through the rock, the purpose being to get the relative
strength of the rocks. TFor this.reason & rocky mix was chosen. The
water, cement, silt, and sand were constant for all of the mixes,
3an Gabriel silt and sand were used., The silt was the only aggregate
with water in it. Since this was such a small‘quanity and constant
for all mixes, it was neglected.

All concrete for the fixed ratio specimens were mixed by hand in
the Institute Testing laboratory. The mixing was done in a large
me tal wmixing box, which was cleaned and dampened for each individual
mix; The msterials were first thoroughly mixed dry and then the water
was carefully added and again the mixture was thoroughly mixed.

The specimens were numbered for each set. Number one was where
the specimen form was of cardboard with a tin bottom. The cardboard
had only a very light parafin coat. Nurnber two, three, and four were
cardboard forms that were well parafined throughout. ﬂumber two had

a machined metal plate placed in its bottom to save later capping on

22



one end. Specimen number five was of metal It wag, immediately after
preparation, placed in the Ro«Tap Machine that is used for shaking
sieves for twenty two complete shakes or about ten seconds. About one

half inch of concrete was shaken out of the form. The water lost or

brought to the top was negligable.

CONSTANTS FOR SPECIMENS
WITH 3/4 INCH STONE,

Water Ceuent Silt Sand
Wt. in Lbs. 16,6 . 29.6 15.6 35.0
Volume in cu.fte. 264 | «315 « 15% o524

Ratio by Vol. . 838 1.0 0.50 1,03

WT. PER CUBIC FOOT OF CONSTANTS

Water Cement 8.6, Silt S.G. Sand
62.5 94,0 99,2 107.9

3/4 INCE STONES

Baton ~ Ban San

Catalina Canyon Fernando Gabriel
Wte in Lba. : 88.5 90,0 97.2 9947
Vols, in cu. Ft, 0945 « 945 e 945 « 945
Ratio by Vol,. 3.0 3,0 3.0 3,0

ix (by volume) 1.00 ¢ 0.50 ¢ 1,03 3 3.0
W/C = 6.29 U,S. gallons per cu.ft. cement

= 0,84 by volume.



Type of Stone
Wt, per cu.fte.
Flow

Slump

Wte in Lbs,

Vol. in cu, Ft..

Ratio by Vol,

Wte in Lbs.
Vole in cu. Ft.
Ratio by Vol.

Gatalina

Crushed
93.6
173
5%

Eaton
Canyon

Crushed
05 .5
210
53

-Ban san
Fernando Gabriel
gravel Gravel
102,9 105.8
235 230

% 8%

MIXES WITH BOTH SIZES CF STONES

Gatexr - Cement 8ilt Sand
9.9 17,76 2.36 21.0
+ 1588 2189 00943 . ,1944
« 838 1.0 - «50 1,08
‘WT. PER CUBIC FOOT OF CONSTANTS
ﬁgﬁgg Cement S.0. Silt S¢Gs Sand
62.5 94,0 99 .2 107.9
3/4 INCH STORES
ﬁatoﬁ‘ dan san
Cataline Canyon Fernando  Gabriel
17.% 18.0 19.5 20,0
« 189 «189 «189 » 189
1.0 1,0 1.0 1.0

25



1-1/2 INCH STOMNES

Katon san San

Catalina Canyon Fernando Gabriel

Vol, in Lbs. 35.4 37.1 3643 40.6
Vol. in cu. fte 378 <378 . 378 « 378
Ratio by Vol. 2.0 2.0 2.0 2.0

¥ix (by volume) 1,0 s 0.50 t 1.03 ¢ 1.0 ¢t 2.0
W/C w 6.29 U.S. gal. per cu, Ft., cement.

' - Baton San San
Catalina Canyon Fernando Gabriel

Type of Large Stone Crushed  Gravel Crushed Gravel

%t. of Large Roek 93,6 98,1 96,0 107.3

Flow - 230 230 2303 Grave 1

: 260) VWater

Slump % 74 6% 5%

Remarks very wet.' vet. wet. Wettest,
Separation of
aggregates,

28 DAY COMPHESSION TEST

Sen Gabriel
3/4* Stone

1. 61.200 Break thru very few rock,
24 60,300 Very few breaks. Decomposition,
Se 56,400 Practically no rock breaks.
4. 55,800 " " " .
e 63,200 JYew Breaks.
3/4% and 1~-1/2" Stone

1. less than 20,000 Lbs, Poor Matrix., Cement washed out,.



2,
S

1.
2.

Se

44

1.
2e
de

1.
2
Se
4,
5.

Less than 20,000. Hocks loose, No. rock breaks. Poor metrix.

62,500

51,000
54,700

66,100
58,900

50,600
46,500
524600

57,700
62,700
65,000
64,500
65,700

28 DAY COMPRESSION TEST (CON.)
3/4" and l-1/2* Stone

- Iess than 20,000 Lbs,.

Eatei Poor bond thru-out.

3/4“ Stone

Many rock breaks. luch mica exposed,

Poor bearing surface.

Break thru several rocks.,

Break thru stlll fewer rocks.

liany rock breaks. Much mica exposed.

3/4" and 1-1/2" Stone

Break thru several rocka: around blg ones.

L # it

L L] w

8

]

(1] W "W

i L L

Hote: Iany rocks broken,.

San Fernagdo
3/4% Stone

Break thru few rocks.
Same

“

L]

Mica and deoomposition.

3.



[N AV ]
L4 .

2

1.
2
S

4,
Se

1l

47,900
59,000
39,500

65,500
75,200
70,000

69,600
61,000

45,800

28 DAY COMPRESSION TEST (CON.)

san Fernando
3/4" and 1~1/2" Stone

Break thru few. liica and deéomposition.

Break thru few. iica only.

Break thru several, WNote: lostly mica. Some coarse
grained rocks.

Note: Poor bond. Very few rock breaks.

Catalig&
3/4* Stone

Break thr: several rocks. Hocks showed decomposiﬂon.
Few breaks, lNostly decomposed rocks.

Bresk thru wany rocks. While rock looks strong and fine
grained and light in color, the bwreaks were dark and
coarse grained, Few of the breaks looked strong like the
exterior,

Break thru several rocks. KRock showed decomposition.
Break thru few rocks. About 1/2 decomposed, Notes A
specimen cracked at damp top at 50,000, Broken upper

half,
3/4" and 1-1/2" Stone

Broke thru several big rocks and several small ones,
Some of the big rocks appeared decomposed on the interior

only. Note: Cracked at 42,000,

-



28 DAY COMPRESSION TEST (CON.)
Catalina

3/4" and 1-1/2* Stone

2. 39,200 Broke thru and around several large rocks. Broke thru
' few small ones.
3. 36,300 Broke thru several big rocks. ©Some of the broken rocks

looked strong while most of the bresks showed decmmpositinn,

S



RESULTS OF 28 DAY COMPRESSICN TESTS

FOR MIXES WITH WATER, CEMBNT, AND SANDS FIXED.

Baton
Ganyon
) 4 63;500
2 515000
3 543700
4 66100
5 58,900

Arith, 58,600
Aver,.

Median 585900

Aver. 22,600
Stress

3/4" gtone Specimens.

San

Fernando

575700
625700
655000
64, 500
65,700

63,100

64, 500

24,500

RIS S A AT AN

3/4" and 1-1/2" Stons  Specimens.

Baton
Canyon
50,600
464 500
52, 600

(5 B S - R -

Arith, 49,900
Aver,

lledian 505600

Aver, 19,400
Stress

San

Fernando

475900
59,000
39,500

48, 800

475900
20,500

sSan
Gabriel
615200
565400
60,100
63,200
55, 800

594300

603100

23,0000

R IR S R RN T

San

Gabriel

No cement.
Specimens
failed be=~
low 203,000

Catalina

654500
734200
703000
69,600
61, 000

67,900

695600

265400

SRR EANIN

Catalina

39,200
31,700
36,300
44,000
43,400
385900

395 200
15, 000

32



ORDER 1N MAGNITUDE OF STRENGTH
FOR SPECIMENS WITH 3/4™ STONES.

Catalina (Crushed stone.
Flat surfaces]
San Pernando { Gravel)
San Gabriel (Gravel)

Baton Canyon {Crushed stone )

ORDTR IN MAGKITUDu OF STRENGTH

FOR aEuGIMmub WITH 5/4" 1~1/2" STONES
' Eaton Canyon (Gravel)
San Fernando (Crushed stone)
Catalina | (Brushed stone,
| Flat surfaces)
San Gabriel (Gravel)

ORDER IN MAGRITUDB OF TLbTLD &PFCIHEHB
WITH‘GRMA Mb“ NU&BLR OP BROK&N oTOHhu.
Eaton Cahpyon
Catalina

San Fermando - San fabriel

ORDLd IN MAGEITUDB OF TLSTMD SerIMLN&
ﬁITH B«b” bTOHL BOHD.
Laton Ganyon
Catalina (3/4")
San Fernando

San Gabriel



HMIXES DETERMINED BY FULLER'S CURVES

For the mixes determined by Fullers' Curves an attempt was made
to get the most practical mix for the field with each of the four sets
of materials. "The water and cement were kept constant for a2ll mixes.

All of the concrete in this test was nixed by means of a small
gasoline mixer, the same as is very commonly used on small constructibn
work. The drum was three feet in diameter and had three sets of paddles
for mixing. It revolved at a rate of about eighteen revolutions per
minute, its peripheral speed being about 170 feet per minute.All mixes
wére mixed for two minutes. 'The concrete‘was dumped from the mixer
into a wheelbarrow. The concrete was placed in the specimen forms
according to A.3.,T.M. One man placed concrete by thirds in each of the
forms while a second min followed up with the tamping.

The day after preparation the specimens were stripped. The specie
mens were prepared and cured on the Institute campus beneath one of the
large oak trees. The XH&E three days following the preparation of the

specimens they were lightly sprinkled each afternocon.

The following.wixes were finally decided upon as the most practical,
These mixes were chosen after much labor and with the assistance of
Byron Hill who was at the time connected with the Institute Civil

Engineering Department.

3¢



S PO MENS

ACCORDING T0 FULLER'S CURVES &

et

EETHODS

SHOWING e MWIXER USED
PLAGE OF CURING

FINISHED SPuCIMLES
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FULLER'S CURVES

San vernando interials

Volume Veight
Cement 1 94 15,0
sand 13 198 31.6
3/4% Stone 3% 334 5344
Total 626 100,0
sieve 200 100 48 28 14 8 4 3/8 AR 3/4 1
16,0 15,0 15.0 15,0 15,0 15,0 15,0 15,0 15,0 15,0 15.0
0el 0.8 4,0 11.5 17.9 22,9 29.2 31L.6 31L.6 3L.6 31.6
0 0 0 0 0 _0.6 1l.4 10,3 25.5 40,7 53.4
15,1 15,8 19.0 26,5 32,9 38.5 45.6 56,9 72,1 87.5 100,
Volume vieight % ieight
Cement & 94 15.3
Sand 13 198 B32:. 3
3/4% Stone 13/8 141 23,0
14" Stone 1.9/8 180 29.4
613 100,0
sieve 200 100 .48 28 14 8 4 3/8 2 34 L 4 2
15.3 15.3 15.3 153 15.3 1543 15.3 15.3 15,3 15,3 15.3 15,3 15,3
0.1 0.8 4.1 11.8 18.3 23.4 29,9 32.3 32,3 32.3 32,3 32,3 32,5
0 0 0 0 0 0.3 0.6 4,5 11.0 17.5 23.0 23.0 23,0
0 0 0 0 0 0 0 0.1 0.1 _0,1 0,3 25,0 29,58
15.4 16,1 19.4 27.1 33.6 39,0 45.8 52.2 58,7 65.2 70.9 95.6 1001

e o e e R N I I
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PULIERYS CURVES

Lonz Beach and Catalina Materials

Volume Weight % Weight

Cement 1 94 1665
Sand 1z 171 5061
&' Stons 5% 304 5344
Total 569 1000
Sieve 200 100 48 28 14 8 4 38 12 34 3
Cement 1645 1645 1645 1605 165 1645 1665 1645 1645 16e5 1645
Sand  Oel  0e6 Be2 1246 2342 2804 2948 30s1 0.1 3061  30.1
3/4" 0 0 0. _0 0 . Oel _Oel _2¢7 1le4 31.0 524

1606  17.1 1947 29.1 59.7 45 4644 49,5 58,0 77e6 9940
e e i e e e e L e R e e e S

Volume Weight % Veight
Cement i 4 94 1645
Sand 11/4 122 2145
3/4" Stone 17/8 176 3160
1 1/2" Stone 17/8 176 31.0
568 10060

Sieve 200 100 48 28 1 8 4 &/8 1i/2 B/& L 1 2
Cems 16o5 1645 1605 1645 16e5 1645 1665 1645 1645 1645 16,5'1595 1645
Sand  Oel 0o5 243 9.0 16s6 2045 2102 2105 21e5 215 215 21.5 21.5
/4" 0 0 0 0 0O  0Oel Ool 146 646 1749 3004 3Le0 3140
11/2"_0 0 0 0 0 00 _0e3 05 046 066 9e4 31,0

16e6 17e0 1868 25,5 53¢l 5669 3708 3949 44,9 5645 69,0 78e4 10040

7
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FULLLRYS

CURVES

Baton Canyon Mé.terials

Volume Weight % Woight

Cement | 94 1642
Sand 1% 154 2645
£" Stone &% 334 573
Total 592 10040
Sieye 200 100 48 28 14 8 & 38 ifz 3/t 1
Cement 1642 1662 1662 1662 1642 1642 1642 1642 16.2 16,2 1642
Sand 042  1al 4.7 1246 20,2 25,3 2644 2645 2645 2645 2645
B/a" 0 0 0 Q O _1e3 _1s9 U _6e3 2005 41,3 573

;§,$ 1743 2069 2848 B6ed 4248 44,5 49,0 6342 84,0 10040

Yolume Weight % Weight
Cement 1 94 16.0
Sand 11/2 128 21,8
3/an 15/8 156 2645
11/2" 21/8 209 3847
586 10040

Sieve 200 _100 48 28 14 8 4 3/8 /2 3/ 1 1
Cems 1640 1640 1640 1660 1640 1640 1640 16.0 1640 1640 1640 1640
sand  0e2 0.9 Be8 10.2 1646 2048 21o7 21e8 2148 21,8 21.8 21.8
/4" 0 0 0 0 0O 0.6 069 209 94 19,2 2645 2645
11/2"_0 0 0 0 0 0 O, _0o7 _1s8 _3e2 15,0 25,7

1642 1649 19.8 2642 3246 57,4 3846 41le4 4847 6042 79.3 100.0

z7.
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PULLER®S

CURVES

San Babriel laterials

Volume lisight % Weight
Cement 1 94 1541
Sand 24 258 58e3
3/4" Stone 2 290 4846
Total | 622 1000
Sieve 200 100 48 28 14 8 4 38 1/2  8/6 1
Cement 15,1 15.1 15,1 1541 15.1 15,1 15,1 15,1 16.1 15,1 15.1
Sand 0.1 0 0.7 2.8 13,3 23.4 50e0 5648 36e3 58e3 B8e3 58e3
3/4" 0_ 0 0 0 O _1e85 _£o7 14es 53¢9 43,8 48,6
1H5e2 1548 1749 28e4 38e5 46os B4eb6 6748 87.5 97,2 100.9
Volume Weight % Weight
Cement kX 94 15.0
Sand 11/2 162 25,48
3/4" Stone 1 5/8 171 27.2
1 1/2" Stome 1 7/8 201 _82.0
628 1000
Sisve 200 100 48 28 14 8 4 38 1/2 3/4 1 it
CemMe 1540 15s0 15,0 1540, 15,0 15,0 15e0 15.0 1540 1540 15,0 1540
Sand  Oel  0e4 149 8¢9 15.7 2062 2447 25.8 25.8 25,83 25.8 2548
'5/4" 0 0 0 0 0 0e7 1;6 Bed 19,7 2546 27.2 27.2
131/8" @ 0 0 0o _0 0 Q0 _1s2 _260 _4.2 16.4 3240
15.1 15,4 1609 23,9 30,7 5509 41e3 50e4 625 7046 B4.4 100,0
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RESULTS O0F 28 DAY COMPRESSION "E‘JSTS ‘
POR LIXES DB rl'.rﬁl.\.u'IlﬂJD BY .I?UIJIAUR'E) CURVES .

3/4" stone Specimens.

Eaton - San San Catalina
Canyon Fernando Gariel
1 36,000 5%% 600 645,900 43% 800
2 44, 300 46,000 67% 300 474 900
3 395700 63,000 743700 504 400
Arithe 40, 000 55, 500 ' 69,000 4%, 400
Aver, ) |
Isdian 394700 57,600 67,300 47,900
Avar, 155 400 21,800 25,900 185400
Stress
3/4" and 1-1/2" Stone Specimens,
Taton San San Catalina
Canyon Fernando Gabriel
1 3535600 40,800 ' 43,700 435800
2 41% 600 48,100 37,900 47,900
3 37, 600 45,200 374100 505400
Arith. 38,200 4437700 %95 600 47,400
Avere
iledian 37% 600 455200 373900 47,900
Aver. 14, 600 17,300 14,900 185400

Stress.
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Unit Strength of Conorete Specimens
1;0;0.531.0335§0 sesss

3/4" Stones . S
Faller's Curve® ..eeee
1.0:0:5}1.9331.03200 e

Both Stones ‘

(8/47,1-1/2") |

Puller's Gﬁrvuc

Flow of Conorete for 3/4" Stones |
Pixed ﬁtiﬁ eessanwnes

Fuller's Curves ceesee

Slump of Conerete for 3/4" Stones ..see.
 Pixed Batio seseesenes B 3%5

Paller's Curves e..seses

Tested Specimens with Least Broken Stones..S.G. 5,7,

Tested Specimens with Least Loose vt i
but Unbroken Stones sonsssesnasasen Mg %

o
o
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PROLIKINARY DISSCUSION.

The results given in this report should not be ascepited too
fully for several reasons. #First, the results indicate that the acour-
asy wag not very good. For example, in determining the unit weights
of the sands with 2 different sized measuring deviees there was a
maximun variation of 3.6%. Ineidentally, this variation wa:z consistent
throughout the 4 gets of measurements. Second, and most of 1mportant
of all is the facet that the materials at the bins‘vary greatly from
tins to time..The writer made a sieve analysis of the San Gabriel
3/4" stone at & different times and the grading varied about as much
as any 3 of the aifferent 3/4" sténes listed in this report. It can
eagily be geen how the grading can vary.,even in & given bines Likewisey
but not to such an oxtent, there is the probability in variation in
gtrength and other characteristics of a material from a given source.
Bacauss of these possible variations the results of suech exyerimehts
ags here recorded can only be fully accepted afder a geries ofv&uplioate

sxperiments had been conducted at differsnt periodse

Throughout this experiment an attempt was made to securs only
comparative values. For this regson the author has felt justified‘in
diverging from common pfaetioe or the A.S.T.l, standards. For examplejy
the finess modulusges here recorded ars not standard because ths Tyler
standard set of sievs were not available,nevertheless the results are
gsuitable for the purposs of t¥is report. Then there are the empirieal
gscales used for some of the curves; the purpose being to better ille
ustrate the results., The water-cement ratio has been too aigh €%ough-

¥
out and the curing ha sbeen VeIy pooOT,vet the order and magnitude of

the results ars satisfacstory exeept in a few instances we:e sonerete
was prepared with 1-1/2" stone,

=



DISECUSION,

The original test used for measuring the hardness of stones
by erushing them individually on the teéting machine is apparently
a good method of measuring the hardness of stones. It would be inte
ereating to check the results of a series of tests madse on different
gtones by this method and by the standard rattler test. Obviously
it is necessary to test 3 or more individual stones and use ag the
represémtive value the median rather than the arithmetic average,
Incidentally, it 1s interesting to note the almost negligible variat-
ion between the median and the arithmetie average for the bresking
gtresses of the conerete specimens, The median is favored over the
arithmetic average because 1 freak specimen does not throw the final
result off, -

¥he primary object of this experiment was to measure the ro=-
lative strengths cf the different stones here presented, When the
concrete specimens that were arbitrarily designed with fixed ratios
were tested the stones were graded according to their mumber of broken
surfébes and the bond to thé matrix. The order in magnitude of broksn
stones depends upon the strength of the matrix and its adhesion to the
stones and the strength of the stones. The adhesion of the matrix' :
to the stones is dependent upon the porosity of the gtones( congidering
here dried stonses) and the roughness of the surface of the stones, :
The line of fajilure in a conerete specimen may occur through the mata'

rix, $hrough the fyoneg, along the surface of the stenes,or, as is

most generally the case, through a combination of the above 3 possibil;jies
The specimens with the 1-1/2" stones gave low strenghhs because
of the weakness of the matrix itself and the poor bond between the

S



matrix and the stonss. The water cement was the same as the water
and cement for the specimens with the 5/4" gtones, In the latter speeiig
mens;'howevar; more water was used by the stones for absorption and
the dampening of ths surfaces since there was more stones surfaces
than where the 1-1/2" gtones were used, The matrix was weak in the speci-
mens with the large stone because the cement was washed out.

In the mixes with the smaller stone if the break gccured along
the surfsces of the stones the expected order in stremgth for the con-
crete gpecimens would be;l, ZLaton Canyon: 2, Catalina; 3, San Fernando;
4, San Gabriels this being the order of adhesion based on roughness.,
With regards to the surface the rocks may be classed in the following
manner: baton Canyon rpck was subangular stream gravel mixed with
angular crushed rock; Catalinas was irregularvorushed gravel with
flat surfaces; San Fermando rock was sub~angular stream gravel;
and the San Gabriel stone was sub-angular and sub-rounded stream gravel.

If the break was through the rock the brder given in the above
raragraph would not neeessarily hold but would probably hold if the
stones wers of the same strength and all other factors, except the smoothe-
ness of the surfaces,were the same. From actual observation the order |
for magni tude of number of broken stones in the tested specimens was:
1, Baton Canyon; 2, Catalina; 3, San Fernando; &,5%an Gabrisel. This is
the same order as the degree of surface roughness as given above, _'\
which indicates that the number of broken stones varies directly as the
surface roughness of the gtones.

A brief and complete summary of the geological survey of the

stonss is given on page #% of this report.

It is interesting to note that the geological classification

of the stones, which was made with no knowledge of the sources of the

stones at the time, and the rosk hardmess test that was devised by

6 -



the writer as a substitute for the rattler test because of the lack
of equipment, gave exactly the same results. Also, this same order
was obtained from the concrets specimens that were prepared asccording
to the fixed ratio of 1.0 : 0.50 : 1,02 : 3,00 by volume, Portland
cement, can Gabriel =ilt, Sam,Gabriel sand, and the 5/4"‘stnnas we re
uged, The water~cemsﬂﬁ ratio was 0,84 by volume.

The Labon Canyon stone proved to be the weskesb in the hardness
tegt and the poorest from a geologleal standpoint. It also gave the
weakest concrete in both the fixed ratho mixes and the nmixes deter-
mined by Muller's curvese. Its specific gravity and its resistance
to weathering were also the lowest, In the broken concrete specimens
the Laton Canyon stones had more breaks than the stones of any other
gources, Obviousgly there is no question but what the Haton Canyon
gtons is inferior to the others in all respects.

The Catalina stone , Which was the hardest and strongest, but ¢
the pocrest graded, made the strongest conerete for the rich mix
of the fixed proportional aggrepgates. For the practieal mix as
determined by Fuller's eurve ths Catalina stone gave congrete that
was next to “aton Canyon’s in weakness. Therefore, it seenms that in
a rich mix a hard strong stone is more important than the grading

the stone, whils in a practical field mix the grading of the stone

i

)
ie more imporbtant than the kind of stone.
Inthe weathering test, where the stone were goaked in & cone
cantrated sodium sulphate solution and then thoroughly dried, the
San Gapriel stoné proved to be far superior to the others. Thersfors;
where the concrets was to be subject to hard weatheringy such &s in a
furnace or piers for a wharf, the San Gabriel stone would be ehosen.
The speeific gravities of the 3/4" stones were so oloss that
the per sent voids were practiecally a direet funetion of the unit
weights, the relation of courge being iaverss.

T



There were no tests made on the sands for silt, loam, or organic
matters In the first placs all of the sands were washed at the plants,
and second, they were brought to the Institute at different periods
gnd werse allowed to remain in the open some time'before actual testing
was started., These sands,‘'unlike the stones, are known to approximately
the same strengths, and sines i{ is cuétomary td purchase sand and
rock fram'the same plant, little attention was given to the sands,

Prom a slosge inspection of the sands they were classified in
the following order for weak and cleavable grains; Long Beasch sand
had the least, van Gabriel and San Fernando appeared to be in about
the same clasw, and the Zaton Canyon sand had the most number of
| weak and eleavable grains, It is noted that the above grading of
gands follows the classifisation of stones fgpm 8 8tandpoint of
texture and compogition. The Laton Canyon, Sén Gabriel, and San Fernando
gands were angular to subangular, and the Long Beach was subroundsd
and therefore bsing lesst desireable in this respeet for conecrste.

The results shbw that the Long Beach sand made the weakest cenment-
gsand specimeng,

By oomparing the unit weights of the sands and the fineness
modulii of the sands it can be geen that the densities of the sands
are about the same for San Fernando, San Gabriel, and Long Beach.

The Eaton Canyon sand had a falr unit weight with a low finencss
modulug which indicated a high density.

The cement-sand specimens were treated alike throughout the
preparation, curing, and testing, The results indicated that the
strength of these specimens was not direetly relatedyo the fineness
‘modulus of the different sands. lr. Newberry, who is in charge of

the San Pernando distriet for Graham Brog. informed the writer that

=g



the besgt finensss modulus for thé particular sands here tegted was
from 2.85 to 3,00, OSan Gabriel and San Fernando were above this
while Eaton Canyon and Long Beach were below this range. San Gabriel,
which was closest to this range,had thegreatest unit strength for its

cement-sand specimens.
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