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Introduction 

Within the l as t twenty years the study 01 

soil, and its behavior as rela ted to building 

construction, has become increasingly important. 

Of pa.rticula.r i mportance is the determination of 

&.llowable soil loadings which may be applied with­

out disastrous results. Every yea,r rr.ore buildings 

must be erected on soils which may be of s_ ques­

tionable na. ture, and thus the need o:t ;-aore inl orm­

at ion concerning bearing values. Lack oi such 

information may lead to disastrous re sults as ex­

emplified by the failure of ua ny l a r ge and i mpor­

tant structures 01 Mexico City. 

Closely related to tne problem of bearing 

va lues for diifernt soils is tne problem of deter­

mining the maximum rwisture content v,hich tne soil 

is a.pt to nave in its na.tural and undisturbed 

position. It i s generally a cknowledg ed tha t the 

shea ring va lue of~ soil pl ays a n i mportant part 

in the deter1iina tion 01 Dea.ring va.lues, 2-nc:i. in 

turn the :noisture content ot a s oil atr eot s tne 

shearing va lues. Ii there were some manne r of 

determining what maxrn:um moi s ture cont en t could 

be expected in different soils, by l ab ora tory tests, 
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pr obable bearing va lues of soil s coul d be obta ined 

more ea sily and a ccura tely. 

As 2 prelimina ry thought, it r!ms t be recog­

nized thE.t soil ab ove t he wa ter t able is s eldom 

sa tura ted except r or a t ew i nches a t t he surfa ce 

during excepti ona l r a i ns . Also, t he soil i s s eldom 

dry, since s ome wa ter is very closely bound t o the 

soil particles. Somewhere cetween the s e t wo ex­

tremes, it i s believed, t here i s a n2,tura l maximum 

moi s ture content which wi l l not De exceeded. Thi s 

va lue in genera l wi l l not be exceeded s ince the 

va rious rorces a cting on the moi s ture such a s 

capillary forces, gr avity, molecul2r a ttra ction, 

etc., strike a ba l an ce preventing t he s t or ag e of 

;;1ore mo i s ture. 

Severa l re s ea rch pr ojects na ve been undertaken 

a t t he California Ins titute of Te chnology t o de­

termine whr,t tne max i mum moisture content s of soils 

a re and now such moi s ture content s crm be c'lu rJ lica ted 

oy l a bor a tory proces s . George :! . Dorwart end Walter 

L. Mo ore in the year 19jS ~ere ver y f ortuna te to 

obt a i n da t a_ on t ne ma.x i rnum moi s t ur e cont ent o:t· 

certa in soila, since i n tnat yea r en unusua lly wet 

season was experienced . In 1937 Ha r ol d J. Al wart 

and. Abdurrah i m Servet :'·,a de ::: ever2l t es t s t o t r y to 
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co r relc.:te r;1aximum moi s ture contents with l a.bora.tory 

tests. Some of the tests a ttempted were l a r ge 

percola tion tests and small percolation tests, and 

va cuum te sts. 

The test s of Dorwart and ~core i nd i ca ted tha t 

the va cuum test shavved fairly goo d results :for 

maximum moi s ture content if E., vacuum of eight 

inches or mercury vva s neld :tor ab out thirty minutes. 

These tests however were made on only one genera l 

type of soil. After a consultat ion with Professor 

F. J. Converse of the Ca lifo rnia Institute of Tech­

nology , Civil Engineering Department, it was con­

cluded tna t t he result s of the v2- cuurn tests looked 

pro~ising of result s if use d on di ff erent types of 

soils. Thus the authors of this thesis, R. w. 
Folkins e,nd A. W. Sidler, decided to continue the 

resea rch of m&xi mu::1 moisture content hpping t o lind 

the va cuum test o,n Ern s r, er to t he problem. 

Thu s. the more direct object of' thi s re s earch 

was to gat her soil s of va rying t ype and to te st them 

under vacuums of di lterent strengt h end J or dii' :terent 

periods of time so ~.s to a tte~pt to determine a 

s t a ndar d test for groups of soil or separ a te soils. 

Al so , it wa s ncped by the author s that tne seasona l 

r a in:t'all 1JVould be su:t"!'iciently ne1.1vy so &s to enesble 



4 

col l ection of da t a on maximum moisture contents. 

However, the seasonci, l r a. in:fa ll wa s li ght and the 

collection of such da t a was disca r ded. 
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ApparF.tus 

Soil Auger: 

The soil auger, used in boring holes to the 

desired depth e. t which soil samples were t aken, 

was 0 1 standard design, h&ving an eftective diameter 

of six inches and length of nine inches. Rigidly 

a tta ched to the coring head ~as a three foot length 

of' three quccrter inch pipe. Addi tionEl three foot 

lengths of pipe were ava ila ble so tha t by coupling 

the parts together holes could be bored to any 

desired depth. The handle consisted of a woodeti 

cros s bar with a screw connection ror fastening to 

the pipe extensions. The probab le max i mum de pth 

to which holes could be effectively bored would be 

approxi ma tely 18 to 20 feet. 

Soil Sampler: 
,._ 

j 

The soil sampler cons isted of a cylindrical 

steel barrel, 2½ inches inside diameter a nd S-d­

inches in length. The bottom edg e ha d a sha r pened 

lip f or cutting and penetra ting the soil, 2nd t he 

top end was threaded with fine threads so that a 

steel cap could be screwed on t he barre l. The cap 

ha d a threaded projection to which a one inch pipe 

coupling was atta ched. Three toot lengths of one 
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-5oil Auger - - - -5oil 5ompler --

A Exfens(ons: A Driv/119 H@od 

B A ug t> r /lead B Gv/de Rod 

C 8orn°/ Cap 

D 5om,Pler l3orrt?/ 

E Sampler /1/179s 

F Ori~t:LZCZ :, 
/ -lo171m~r 

G 5omplr?r Cost? 

fl Driv,n~ Eds_ P 
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inch pipe were ava ila ble so tn~t they coul d be 

a tt a ched to the head and to ea ch otner making the 

ste~ extension a s long as desire d . To the top end 

of tne pi pe stem wa s applied a driving head which 

~as of steel ab out one inch thick and three inches 

in diameter. Two horizontal ro d projections from 

this hea d served a s handles and one vertica l pro­

jecting rod served a s a guide ror t he driving 

weight. The guide was of such a lengt h as to en-

. able the hammer to drop 18 inches. The driving 

hams er wa s a 22pound steel cylinder with a small 

hole in the center to enab le the hE..m1:1er to slj_de 

down tne vertic2.l gui de. Two steel na.ndles were 

a ttached to the ham~er ror lifting purposes. 

Sampler Ring;s: 

The sampler rings ~ere ~ade of ~achined brass . 

Ea. ch ring nad a,n outside di ameter 01 2½ i nches and 

a depth of one inch. The ins i de a rea or tne rings 

was 4.56 squa re inches. Ei ght rings , slipped into 

t he sampler aft er oiling, m~de up t ne char g e of the 

sampler. These same rings ~ere of jus t the correct 

size t o Iit the permeometer and t he shea r ~a chine. 

Oven: 

The oven used in dr ying sa~ples ror moisture 



- - Oven- - 5coles - -

A Heof Control 11 . Somplt? 

8 To11 Qs 8 . Jr id@r 
> 
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content determinat ions was a Thelco electric oven 

with di mensions of t welve inches nigh, t we lve inches 

deep, and eighteen incnes wide. The oven Tas 

equiped with a neat cont rol unit whi ch regulat ed 

the temp erature and held it constant. The temper­

ature □aintained in al l tests wa s 110 degrees 

Centigrade. 

Sccoles: 

Sca les used in weighing samples were of a 

beam balance type with a capacity of 200 grams. 

A threaded ri der was fixed to the oeam so as to 

balance the scales at the zero reading. The scales 

~ere placed in a gl ass case to prevent disturbances 

due to air currents. A bub ble level on the scales 

enab led the operator to bring the scale to a level 

position ror a ccura te weigning. The scale could b e 

read to 0.01 gra~s. 

Liquid Limit Device: 

The liquid limit device consisted of a light 

t 1 ••• h • t 4 1 • • d' t me a a is ao ou ~ incnes in iame er E~nd ab out 

one inch deep ,,,, -mounted by mea,ns of a hinge to a 

flat wooden block which absorbed the shocks of the 

falling dish. A cam device working age i ns t the 

hinge lifted and dropp ed the dish aga inst the 

wooden clock. A small n~ndle rotated tne cam and 

provided an easy c:.nd uni1or:i1 21ethod o:t· jarring the 

dish. 
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-- Hydrometer - Both -- A PermeometPr 

A Bath B l/quid Limif o~vice 

B Grod11ofe C: Sampler t:/ nn ., 

C. Hydrometer D Groo~ lao ., Too/ 

I)_ . Cloe/( E J e.ec/ -f'{ c Grovi I .t rlos/( 
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A metal (brass) bar about four inches long 

with a triangular end ~ith tne neignt and base both 

equa l to three eighths of &n inch served a s the 

g-rooving instrument. { See picture on pag e 10) 

Pl2.stic Limit and Field :,.~oisture Equi va.lent equip­

ment: 

Equipment tor the Plastic limit test consisted 

of a plate glass one ro ot square and a blotter. An 

eye dropper was used to a.o.d water to t he ss.mp le. 

Equipment tor the F. ~ - E. te s ts cons i st ed of 

a wa tcri glas s to hol d the pat of soil s nd an eye 

dropper to add water to t11e sa.rnple. 

Hydrometer 2.nd. Gra.dua,tes: 

The nydrometer used in tne :::ecn2nicEtl ane,lysis 

tests was a Dur·ac hy d.rometer 1::12-_nu:ta.ctured by the 

H-B Instrument Co. , Phila o.elpnia. The gr a clue tions 

on tne nycrometer were to 0.0005, and the scale 

ranged from 0.9950 to 1.0500. 

The grad.ua te u s e d. in tne mech2.nica. l a n1:.lysis 

tests nad a capacity of one liter and was eighteen 

inches tall. It wa s graduated. to 10 c.c. divisions. 

Mixer: 

The :2:1ixer used in t he mechc•nica l ana lysis y·as 

an ordinary electric drink mixer. The conta iner 



- Mixer --

A . Confo/ner: 

8 Bof'Tl,-s, 

12 
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was also a metal mixer conta iner such as is used 

commercia lly. HoweveT, tne container was fitted 

With .baffles to aid in the dispersion of the sample. 

Hy.dror.1eter bath: 

The hydrometer bath .wa s a .metal tank twelve 

inches deep, six inches wide, . and -IShirty . seven 

;inches long, provided with 2½ inches of insulation 

.on the outside~ An overtlow was provi ded near the 

top t~ ·maintain a ,certain level in the tank. 

Adjacent to the constant .temperature bath was 

an electric clock, reading to seconds, which a~ded 

in timing the hydrometer readings. · 

Permeometer: 

The permeometer consisted of rour parts. (1) 

A br~ss ba se with a cylindrical -cut in the bottom 

.whicn admitted a .·porous st,one. Into · the cut, tram 

the side., .a .stop-cock .was available tor admitting 

water or applying e, vacuum as desired. . ( 2) A 

hollow bra:s s cy linde.r one inch .. deep !into which 

fitted the ring and soil sample described under 

sam15ler rings. . This cylinder .sat on the base, tne 

sample against t he porous stone, and the cylinder 

screwed to the base. (3) On top of this cylinder 

ritted a ring surrounding a porous stone which 
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rested on top of tne sample. l4) A crass pl a te was 

placed on top of tne ;porous stone and securely 

clamped. 

Vacuum: 

For vacuums under four inches of mercury an 

aspirator attached to a water faucet was used. 
·•·. 

The vacuum line pas sed through a water trap and 

termina ted at severa l stop-cocks. 

For vacuu:ns over four inches of mercury a 

vacuum pump driven by a¼ H.P. electric motor 

was used, attached to the system described above. 

Vacuu::a was read on a dial guage reading to 27 inches 

of mercury and ca librated to one inch of mercury. 

Sieves: 

The sieves used in t he sieve ana lysis were 

standard le,boratory sieves, ten inches in diameter 

and two inches deep. Sieves used were numbers 10, 

20, 40, 60, 140, and 200, na.ving respective open­

ings of 2.00mm, 0.84, 0.42, 0.25, 0.105, and 0.074. 

The sieves were shak en by hand due to tbe fact tha t 

the Ro-Tap shaker was out of order. 
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.Test. Pr.ocedures 

Sampling: 

In obtaining samples, the soil auger was used 

to bore a hole down to the depth a t which it was 

desired to ta.ke a sample. The auger wa s then re­

moved and the sampler lowered into the hole. The 

sampler barrel was then driven into the earth 

until the rings were full, as sensed by t he feel 

of the hammer. The sampler was then brought to the 

surface and the s~npler rings removed from the 

barrel. Oare wa s used in removing the sam~ler rings 
" 

so that the core of soil in the rings was kept 
..... 

intact. The sample and ripgs together were care-

fully wr apped in wax paper, and then were placed 
,· 

in a coffee can. To prevent the samp le from being 
. , 

ruptured, dirt was carefully packed about the 

sample. As a second precaution agains t mo isture 

es ca ping fr om the sample while in trans it :between 

field a nd laboratory, the coffee can was sealed 

with wax ) aper. All of the samplini done in this 

re s earch and class ified as undisturbed wa s done 

ns described above. 
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~oisture Content: 

The natural moisture content of the soil was 

obtained by taking one ring of the undisturbed 

samples and w~ighing a portion of its contents on 

2 watch glass. The weighed portion e.nd glass were 

then placed in the oven and held over night at a 

temperature of 110°0. , until the sample was oven 

dry. The sample and watch glass were then removed 

from the oven and weighed. The ratio of the weight 

of moisture to that of the oven dried sample ex­

pressed as a percent was tne moisture content. 

Field ),Ioisture Equivalent: 

A sample of approxomately 50 grams was selected 

2.nd niXed with water in &.n evaporating dish. When 

the wetted soil formed into b2.llsunder rna,nipulatioh, 

the sample was smoothed off with u stroke of the 

spatula. Drops of water were ~pplied to the smooth 

surface until they did not immediately disapyear but 

spread out over tne smooth surface end left a shiny 

appearance. A portion of the sample was then 

placed one watch glass and weighed. It was then 

oven diied and the moisture content deter~ined. 

This percentage gave the F. M. E. 
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Liquid Limit: 

The liquid limit is defined _a_9 the moisture 

content, expressed as a percentage of the ~eight of 

the oven dried s.oil, ;;,t which the soil will just 

begin to flow when ja,rred 25 times. The so_il is 

placed in_ the- dish of tne liquid limit device so 

that it forms a l&yer of about three eighths inch 

thickn_ess, and then it i s divided into two portions 

by a. grooving tool. The cam dev_ice is us_ed to tap 

the dish until tµe two edges of tp~ sample just 

meet. This process is repeated t v-.· o or more t i :nes 

with slightly different moisture contents, an 

a.ttempt being ma.de to i,1ake the necessary number of 

taps approach 25. If e, sauple requiring just 25 

taps is obtained, t h e moisture content in that 

sample h&s reached the liquid li_mi t. If a sample 

demanding ju~t the required n,umber of taps is not 

obtained, the moisture content of the other samples 

is determined and the values plotted a g~inst tne 

log of the number of taps used. A stn:. i 6ht line 

is drawn through these points &nd the moisture 

content for 25 t a ps is deter□ined. This moisture 

content is the liquid limit. 

Plastic Limit: 

This test was made by rolling a portion of the 



soil previously wetted, on :a piece of absorbant 

paper. When tne materia l could no longer be rolled 

into a one eighth inch diameter thread, that is, 

it broke up, the plastic limit was reached. The 

- moisture content at this po int rras recorded as the 

plastic limit. 

Specific Gravity: 

To determine thi specific gravity of a soil 

sample a small 100cc flask was fille d with distilled 

water up to the etched mark a nd wei ghed, (W1). The 

water was poured out and a portion of the soil 

sample was carefully weighed (W0 ) and corredted for 

hygrosco pic moisture. This sampl e w~s placed in 

the flask and distilled water added until the 

etched mark on the flask wa s reached, care being 
. ' ' . 

t aken to se e that a ir was excluded from tne mixture. 

The weight of the bottle, soil, and water was , . 

taken (w2 ). The specific gravity was then ca lcul&ted. 

S. G. = 

Hygroscopic ~'.o isture: 

The hygroscopic moisture was obtained by 

weighing an air dried sa~ple, which was t nen placed 

i n t11e oven 2.t 110°0. until it Hc. s dry. The sE::1ple 

wc.s tr~en re- ,,,-eL:hed 2.nd the ,: oisture content ex-..., 
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pres s ed a s a percentage of t h e oven dried weight. 

Thi s moisture content represents the hygroscopic 

moisture. 

Hydrometer Analysis: 

About 50 grams of the a ir dried s oil sample 

was passed t hrough a no 10 sieve and that passing 

the sieve wa s covered with water in a beaker for 

about 18 hours. Then a 20cc portion of sodium 

silicate . (3° Baume a t 76°F.) was added and the 

mixture dispersed in the special stirring apparatus 

for one minute. 

This dispersed mixture wa s then placed in a 

1000cc gr adua te and distilleo. wa ter 2.dded to bring 

t h e liquid level up to t he 1000cc mark. The grad­

uate was then pl a ced in th e constant temp era ture 

b&t h , b eing stirred frequently until t he suspension 

wa s 2,t the tem1era, ture of the bath. T:1e gr aduate 

wa s then removed fro~ the bat h a nd with one hand 

over the end, t he gl'ecduate wa s shaken vigorous ly 

for one minute. The 6raduc~te was t hen replac~d 

in the hydrometer bath and hydr ometer re&dings 

were t aken a t interva ls of ab out 1,2, 5, 15, 30, 

250 , c.nd 1440 minutes. At the time of e2. ch rect~Hng 

t h e t e:.1per&.ture of t he be. t h was t ak en. For all 
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intervals over two minutes, the hydrometer was re­

moved from the gradua,te and replaced 15 to 20 

seconds before the next reading. 

After all the r~adings were taken, the suspen­

sion was washed through a 200 ~esh sieve &nd after 

drying was sieved through the 10, 20, 40, 60, and 

140 mesh sieves. From i"ormulas obtainable in text 

books on soil 3echanics, the datri derived from the 

hydrometer tests co,n be applied to give the percent 

of the sarrrole in solution e.nd the :::nc~ximum ;:rain 
- w 

size in suspension. 

The grain size accumulation curve wc.s plotted 

with the log of the particle size in m.m. as ab­

scissas 2,nd the percentage of' particles smaller 

than size ~hown, as ordinates. 

Vacuum Tests: 

The vacuurn tests were the :nain objective of 

this research project. The soil samples ~ere sealed 

in the permeometer with ~orous stone on both the 

top and the bottom of the soil sexnple. The only 

access of the undisturbed soil Sftm_ole to the ,it­

mosphere was through th~ top porous stone. The 

stop cock of the permeometer was then connected 

to a supply of distilled water with a head of from 

four to twelve inches of water. The stop cock was 
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then opened and water allowed to percolate up 

through the soil .sample. When water flowed freely 

out of the top porous stone, the sa"mple was a.ssumed 

to be saturated and the stop cock was closed. 

The stop cock wa.s then connected to the vacuum 

stop cocks by means of a heavy rubber nose. The 

stop cocks on both the permeometer 2.nd the vacuum 

lines were opened and the water was started flowing 

through the aspirator. The flow was regulated 

until the vacuum c:.s indicated on the gErnge was of 

the desireQ value. 

A moisture trap consistin; of e s~all bottle 

in the vacuum line caught the moisture being drawn 

from the sample and moisture leaking back tnrough 

the aspirator. The color of the water in this 

bottle gave indications of piping in the sample 

01· wasted vacuu:,1. 

After the vacuum had been a.pplied to the sample 

for the allocated length of time, the sample was 

re:noved, weighed, and tnen oven dried. The sample 

was tnen re-weished and the moisture content was 

co~puted and tabulated. 
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Test Data and Results . 

Sa mpling: 

The work done by Moore . and Dorwart ga:v:e iil~ 

dic8.tions the.t the high maximum moisture conte:l)l f.'.1 

in sqils mi ght be a t dep t h s r anging fr om six to 

nine feet. These va lues ho lding during the first .· •• 

f onths of the yea r a s for insto.nce J a nrn:cry and 

Februa ry. After these :::onth s ha d :pe s s ed the max­

imum moisture content reg-ion passed 1·arther down 

into t he e,3. rth t ·o e..b out the• twel_ve to fifteen 

foot level. All of tne sampling done for this 

research wa s done in J anuiuy a n d Februa ry, thus 

it wa s decided to t ak e borings a t va rious levels 

down to n ine feet. A li s t of t he samples, t he dep ~h s 

a t which they were secur ed, and the lo.02.tion ·fr.om 

which they were s ecured is s hown on the following 

page. Little diff iculty -was encountered securing 

samples. Th e only d if:ticulty encountered was the 

sa nd which occurred fre quently a longside of beds 

of sa ndy lom11 necessitating ·the d i s ca, rd.ing of many 

samples. For inste"nce sa ,-,1 .i les t a ken . a t Hunting ton • 

Pa rk High Scho ol only a short di s t a nce 2part were 

of such 2 na ture. 



Sam~:il e No. 

1 

2 

3 

4 

5 
6 

7 

~ 

9 

10 

11 

12 

13 

14 

15 

16 

17 

HS 

19 

20 

21 

22 

Depth 

11 

3 

6 

9 

2 

5 

1 

5 

9 

l 

3 

6 

9 

1. 

3 

6 

2 

4 

l 

4 

6 

.. . $' 
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Loca tion 

Jefferson School, Pas&dena 

at corner of south east 

property line 

Huntington Park Hi gh a,t 

south east corner of Ad. Bldg. 

Huntington Park High School 

:;>0 1 south of Auditorium 

Bell High School 30 1 

north of tennis court 

Bell High School 50 1 south 

or east end .or the dr~ve 

on south of tennis courts 

South Gate High just inside 

gate in fence on west si de of sch6ol 

John c. Fremont Hi gh School 

10 1 from street sidewalk on 

north side of Administra tion 

buil ding . 
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In all ca2.ses except one, sample number 13 

from Bell High at a depth of 9 feet, tne ~a~ples 

were taken from above the water table. The .. one 

exception wa s clearly below the water t able a.sin­

dicated by the sudden increase in moisture · content 

between the 9 a.;tfd 9 toot l _evels, tne moisture 

contents being 4.8% and 2o.4i respective+Y• 

Natural Lloi~tu±~ Contents! 

There were great v&.ria tions in the na tura.l 

moisture contents found in tne various samples, a s 

indicated by t_he data and cur.ves on tb.e two follow­

ing pages which show the variatin o:r moisture 

content with depth. However such results were 

ex,1)ected clue to the many factors in:t'luencing tt1e 

moisture content such as type o:t' soil, de pth of 

water table, a ccumulative precipitation, c: ric:1 tne 

tfirte since previous rains. 

However, it is of interest to note ~tna t the 

curve for Je;rerson School nas a simila rity to the 

de:p tn-moistui·e content curve of Dorwart ., and Zoore, 

the main d.i:tference being in tne magnitude of the 

moisture contents. The difference of magnitude, 

which is relatively s~all, could probably be ex­

pl~ined by differences of time since previous 

r i infalls and differences in a ccu~rula tive · ±ainfall. 
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Sample No. De.te B.2,infall Mois.ture Content 

1 1-19-39 · ,13.91 11 9.31{, 

2 ,.S.2 

3 3.s 

4 5 .2 . 

5 1-31-39 14.21 11.2 

6 12.1 

7 1-31-39 14.21 12.2 

s 12.:j 

9 -~- 0 

10 2-2-~0 
.,I/ 14-.21 6.0 

11 2.S 

12 4-. 8 

13 26.4 

14- 2-2-"'.Z0 ' ' "'' .,I/ JJ+.21 s.7 

15 1:3• 9 

16 18.5 

i7 2-14-39 -1-s-.s. 

18 13.3 

1-9 16,1 

20 13.1 

21 $.6 

22 ·15.4 
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Curves such as are represented by Jefferson 

school and John O. Fremont Hi gh show e_ max imum 

moisture content near the surface, a decreasing 

moisture content down to a de pth of six feet, and 

t hen an increasing moisture content as a depth 

of nine feet is a pproached. The curve of t he 

sandy loam of Bell High shows an increase in moisture 

content between the depths on one foot and s ix feet. 

Tne se. nd Sccmples of Bell High showed cs decrease j_n 

moisture content to tnree feet a nd t nen ~ slight 

increa se a t six feet with a l a r ge increa se wh en tne 

water t ab le was reached. 

The r!'.)oisture content o:t the soil at Huntington 

Park Eigh rema ined close to 12.5% down to a depth of 

about five f eet and t hen the mo isture content drop­

ped to a va lue of 5.0% at n ine feet. 

Liquid Limits: 

Values for tne liquid limits or the soil 

samples r ange d between lb% and 27% a s indica ted on 

the chart on t ne following page which shows the 

limit s for t ne various samp les. Fred L. Plummer in 

his Notes on Soil ~echanics gives values for the 

lic;:uid li t!l i t of sand as 2070 e_nd th.2,t o:t silt 2,s 2Sf~. 

All of the values obtained in this resea rch fall 

in this region. For insta nce tne liquid limit of 
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Liquid Limit. Da t a 

Sample No. Taps lJoi s ture Content 

... • ·-' 

l 9 17. 8% . 

l 11 17.0 

1 17 l b. 2 

1 28 10.5 

l 5 ) 15.4 

b b 21. 7 

6 13 19 .3 

6 35 18 .0 

6 L~O l ~. b 

12 10 28 .4 

12 18 26 .0 

12 23 2:j .2 

15 11 22 .2 

15 15 21. 0 

15 20 21. 3 

15 35 19 . 9 

l o 5 31.1 

18 12 2/ .5 

18 35 26.5 

18 50 25 . ES 



Sample No. 

20 

20 

20 

20 

22 

22 

22 

22 

Liquid Limit Da ta 

(continued) 

Ta.ps 

14 

,15 

· .. 25 

lJ-3 

6 

15 
.·.~. 

40 

50 

29 

l.:oisture Content 

25. o~; 

2} . 8 

25.3 
, ... 

22.7 

29 .2 

27.2 

26.8 

27.0 
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the sandy loam of Jefferson School wa s lb-3% 2nd 

the liquid limit of the sandy loam of South Gate 

High was 26.7% ■ ~hese values show that the soil 

samples were of a. ne"ture to absorb water rea,dily 

with a r apid loss o:r stability. 

Field Koisture Equivalent: 

In determining the F. ~ - E. of some of the 

soils such as samples number 9, 12, E.nd 15, • some 

difticulty was experienced. These soils, l:)$ing 

quite s&,ndy, would expa.nd 2nd. slump before a.n in­

dication of tt1e F. M. E. could be obtained. After 

slump ing , it Wees an impossibility t o determine the 

F ,, E 
• .lr.:. • • 

s2.mple. 

since lo ose water surrounded t he deformed 

All of the value~ obtained, an indicated 

on the cnart of limits, were fair ly high , r anging 

frcm 25 to 40%, These values indic2te a f a irly 

nigh a.mount of moisture to satisfy t he pore space 

o:t' the soil. 

Mechanical Analysis: 

There was little difticulty experienced in the 

me chanical analysis of t he sa~ples. Representative 

samples of each different type of soi l, as determined 

by estima ting, were chosen and a n analysis of them 

made. In all, seven samples were chosen, numbers 
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Limit Chart 

Specific Liquid Pla stic 
Sample No. Gravity Limit limit F . . }1 . E. 

1 2.59 16. } 70 19 7
,-{,' 

• 70 34 l e . /" 

b 2.79 lS.S 22.7 25.1 

0 2.b3 . sandy sa,ndy sandy ,,I 

12 2.77 24-. 8 sandy sandy 

15 3.47 20.7 sandy se.ndy 

18 2.59 • 26.7 ' 27.0 30.1 

20 3.40 23.3 27.2 30.s 

22 2.~1 27.4 31.8 40.4 .., 
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3, b, 12, 15, 13, 20, and 22. The results of the 

analysis, utilizing both hydrometer and sieve 

methods, are shown on the next few pages of this 

thesis. It is given in graph rorm as well as in 

tabulated lorm sp t.r,a t a visual picture may be 

obtained. 

With the data obtained the% of sand, silt, 

and clay of each sample was determined by finding 

the o/o of the sample by weight less tha,n 0. 005mm 

(clay), the % less tnan 0.05mm end greater than 

0. 005mm (silt) , a,nd the o/o gr.ee t er thcut O. 05mm ( sa,nd). 

With the percentage of each known the soils were 

classified as to type, sandy loam or sand, using 

the method: of Fre.d L. Plummer iri his !1,Notes on 

Soil ).'. echanics 11 (Pg 32b). In his article ne cla,ssi­

fies , sand¥_ loe,r:1 End sand as given below: 

Type · 

sand 

· ,; 

70 sand 

80-100 

sandy loam ~0-80 

ci; silt ,/ 

0-2Q 

0-50 

3/0 clay 

0-20 

0-20 

All of t.r,e samples analyzed lell into ei tt,er 

the group sandy loem or sand. 
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Sample No. 

3 

6 

12 

15 

Hydrometer Analysis 

Grain size 

o .. 053oomm 

.03775 

. 02.400 

.01395 

.00bb7 
. ·: •• , .. t · , 

.00408 

.0011+1 . --

.:05020 

.• 035so 

.02230 

. 01-314 

1_00933 

.00377 

. 00_145 

-.05:ioo 

.03b20 

. 02-290 

·. 01320 

.00942 

.00374 

.00146 

. Q_LJ,;2;5_.o 

:0.3050 

% finer by weight 

2}2. 85 

17.90 

14-.bJ 

9-69 

8.22 

us .. [58 

12.50 

-~ 35 ' .;I . ... 

b.1$ 

,3. 01 
:.: . ,' 

_ 1. 58 

0.19 

· 3.$3 

3-.05 

·1.3.75 

o. 704 

O. j 82 

0.8/5 
'. : .. , 1~· > .. . ~; 

:01, i O. 

.:19 .. 5 
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Sample No. Grain Size % Finer by Weight 

15 0.01910 14.95 

.01107 13.45 

.00790 s.92 

.00310 4.53 

.00122 3.20 

18 .05170 44.8 

.03700 36.4 

.023 70 23.1 

.01377 19.8 

.009s1 14. S 

.003 79 7.32 

.00139 4,3b 

20 .04-2_50 35.0 

.03020 29.bJ 

.01935 25 .2 

.01120 19.22 

.00797 13.25 

.00302 7.45 

.00124 4.c5 

22 .05340 38 -7 

.0}S00 33.9 

.02425 25.75 

.01'+1'.) 17.66 

.01005 12. 80 

.00377 o.48 

.00273 5.05 
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Classification by types 

Se.mple #3 sand 7870 

silt 16 Sand·y ·ioam 

clay b 

Sample J6 , sand 82 

silt 16 Sand 

clay 2 

Sample #12 sand 95 

silt 4 Sand 

clay 1 

Sample #15 sand b3 

silt 30 Sandy losm 

clay 7 

Sample #18 sand )3 

silt 3s Sandy loam 

cle.y 9 

Sample #20 sand bO 

silt 29 Sandy loa:m 

clay 11 

Sample 41=22 sand 60 

silt 33 S2.ndy loam 

clay 7 
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Vs,cuum Tests: 

The vacuum tests were the principal objectives 

or tnis research. The s&mples which na d 6een 

brought in rrom the Iield, each one being com~o sed 

of an eight inch soil core inclosed in eight one 

inch rings, were carefully separated into samples 

one inch high by sawing through the soil at tne 

jumcture of' trie rings. The saw ing Wet s cone c.s, i th 

a small tightly drawn wire, care being taken not 

to disturb the sawed surface of the s2mple. In 

some cC,ses, slight irreguls ri ties were present 

in the sawed. surface, but these irregula'ri ties 

Were carefully rilled up. 

In some of t he samples with loose s tructures, 

principally the sandy soils, great care nad to oe 

t ak en to prevent di sruption of t he sa.m1J le wt1ile 

water wc:.s perculating up throu6h it v:hen saturating 

the sample. In these cases t he head of ~ater 

above the perLl eometer was ma int~ined between t wo 

e.nd rour inches. 

When the vacuum wa.s a ; 1Jlied to the permeometer 

and the s ~mple, in every case, b l arge volume of 

water was drawn rrom the sample in the fitst five 

to ten seconds. Alter the t ~eriod the · vve,ter drawn . , 

rrom the sample appeared in the water trap in the 

for m of dro ps. This phenomenon indicated that a 



LJ-3 

large portion of tne moisture content was being 

drawn from the sample during the first tew seconds. 

However tne :noisture wt1icn ca:ne through tne vacuum 
. . . 

tubes in the form of dro ps amounted to a fairly 

l a r ge amount. From volumetric observations, the 

amount or moisture whicn cas e out of t he sa8ple 

in the lir s t 1ew seconds a rn1-:1 ounted to about 50 to 

75% of t he total moisture in the sample which 

could be drawn out. 

When the Vt:c. cuum v•.-a.s :i:'irst aiL liecl by t11e 

aspirator to the sample, va cuums of 15 to 21 inches 

of mercury ~ere a tta inr ble ror the first few 

seconds, r.fter which t.tie va cuu::1 drop) ed r a.ther 

swiftly to about 8 inches of mercury. From this 

latter value the Vo.cuum dropped r::ore s lowly down 

to values of from 3.3 to 5 inches of uercury. 

This gr adua l dro ) &_ ccurred over .::~ perio 5. of fr om 

one to t wo minutes. Aft er t h e lower va lues ~ere 

obtained, the va cuu.11 coul ::_ b e :naint&inec: a. t those 

figures for an indefinite period of time. 

Undoubtedly the reas on Ior tl'!e r 2.pi d drop in 

va cuum wa.s the short se.mple s use cJ. , ·which were onl y 

one inch high. As the VE~cuur:1 WES 2.p plied , the 

wa ter wes drawn down throu~hthe sample until the 

wa ter seal wa s br oken . After t~e s ea l wa s broken, 

t he 0a ssages t hrough t h e sa~ple, not being long 
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enough, a llmved such a quantity of air to pass 

t hrough t r1e sample t h&.t e, h i gh va cuur:1 could not 

be mainta ined. After consulting with Professor 

Converse it was decided t o obta in a va cuum- nu.mp ' • ~ 

in hopes that a higher va cuum could b e me:intained. 

A vacuu.111 pu.'np was ob t a ined a nd connected into 

the va,cuurn line in ) l a ce of t h e a spira tor. Vfoen 
-· 

the va cuu:1 wa s first &Vi)lied, va cuums of about 25 

inches of mercury could b e ob t a ined for t h e first 

few seconds. After this p eriod the vacuum dropped 

slowly to va lues of from 5 to S inch e s of mercury. 

Using t h e WB.t er 2,s ) ira tor about t wenty samples 

were g iven the va cuum test, with t he va cuum ranging 

from 3.3 to 4 .0 inche s of mercury. It wa s diff icult 

to regula te the va cuum at first but a fter the first 

minute or t wo t h e max i mum va cuum &.ttaim.~ b le h8- d 

droP:ied to these low values end t tLe va cuum could be 

lef t a.t it s ma ximum va lue. These va lue s c ould be 

ma i n t a,ined f or 1+5 :d nutes wh ich was t he long e s t 

time used in t hese test s . Two samples were put on 

t h e va cuum lines at t he s2,:ne t ime since it wa s 

observed tha t .the a dditional sample di d not- lower 

the va cuum to 2,ny gre,?.t ex tent vv h en t h e v2.cutEr1 

wa s a t a low va lue. As indica ted i n t h e cha rt 

s h owing the re sults of t h e v2,cuum tests, t h e time 

for e2.ch sample under va cuum WEt S ::12. inta ined. for 



Suction rests 

Sa,mple No. Vacuum Time :.:oisture Content 

2 3.31' Hg. 15 min. 24.6% 

2 3.3 30 23.4 

2 3.3 45 23.1 

3 i+. 0 15 18.4 

3 lLQ 30 17.5 

4 3.5 15 17.8 

4 8.0 15 11+.7 

4 s.o 30 14.o 

5 3.5 30 18. 5 -

5 5 r.:; 
• .,I 10 15.5 

5 6.o 20 13.0 

6 3.5 30 16.3 

7 3.3 15 23 .J+ I 

7 3.3 30 17.0 
.., 

3.3 45 21.3 I 

12 3.3 15 20.S 

12 3.3 30 20.9 

12 3.3 1+5 lS.3 
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Suction Tests (continued) __ .. 

Sample No. Vacuum Time Moisture Content 

15 (compacted) 3.3" Hg. 15 min. 28.7% 

15 (compacted) 3.3 30 30.2 

15 ( compa,cted) 3. 3 ,, 45 28.7 

17 6.o l _O 29.6 

17 6.0 15 • 28. 7 

17 7.0 5 23 .6 

17 21-5 10 30.1 

18 3.3 15 19.4 

HS 3. 3- 30 ··. 21.2 

18 3.3 45 19.7 

18 7.0 - ID 17.1 

5.0 
19 15 22.3 

19 8.0 15 22.8 

20 3.3 15 25.2 

20 3.3 30 21+.2 

20 3.3 45 23.9 
. ;;-
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15,30, and 45 minutes. By varying the t~me in 

this manner wl}ile mainta ining the vacut,im constant 

fo:r a series of samples, it was hoped to find what 

relation might exist between the time a vacuum 

was he~d on a, sample, and the ·. resulting moisture 

coptent. These values were plotted on t he graph 

on :page 47. 
It was believed that, since a large ~ortion 

of the water w&,s drawn from the SE~mple during the 

first few seconds, between the 15 and 45 minute 

intervals there should be a gradual reduction in 

moisture content. This deduction wc:cs verified by 

sample number 2 frorn Jefferson School, in which 

the moisture content dropped gradually during . the 

30 minute interval from 25. 2 to · 23. 9'ib. Sample 

number 20 from J.C. Fremont School closely par~ 

alleied the curve of the nu:nber 2 sample. The 

~a jority of the remaining curves were highly 

erratic. The erra tic nature of the curves may 

have been due to a lack of su:tficient points, but 

was probably due to the short soil samples which 

made the vacuum difficult to be applied in any 

uniform manner throughout the sample. However 

the erratic nature cf t he curve s only had a var­

iation of about 27b in general which might be 



considered as exper1Yri. e:nta.l error. •. From the fi gures 

tabulated 'in the chart ·f or the su-ction tests:-and 

from the· curv•es shmving the relation bet,~een- the 

time arid mo'isture content holding vacuum :constant, 

it is probably safe to say that by adjusting the 

time various moisture contents can be obtained ,, .. :· 
' 

but · only within certain limits as •dicta ted oy ; the 

strength of the vacuum. The va riation in moisture 

content due to the time elerdent, especially a t . low 

vacuum pressures is sine:11 and in many cases might 

fall in the class ·6f e~perimenta l error as caused 

by slight varia tions fro~ one soil ring to another 

or by apparatus error. 

It wa.s hope6- to get crnother set of da ta con­

sistinc· o:f moisture contents due to va riation in 
0 

vacuum strength holding time constant. To get the 

va cuum higher than 4 inches of mercury the vacuum 

pu mp w2,s utilized. Vacuums &.s high a s 8 inches 

of mercury could be maintained on some of the 

samples, namely; those ·with low sand contents. 

Thi s restriction m~de the collection of es s ential 

data extremely difficult. In order to maintain 

hi gh vacuums , one sample wE.s subjected to the 

va.c'uum a t one time. · 

Good results were obte,ined a,s f a r as reduction 

in moi sture content were concerned, by increasing 
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the vacuum. For instance sample number 4 when 

held at 3 tb 5 inches of mercury for 15 minutes 

gave a ,resul.t,ihg'<moisture content of 17. 8%, and 

when held at$ inches of mercury for the same length 

of time gave a moisture content of 14.7%. It is 

of importance to note that the values obtained at 

g inches of mercury correspond to the values ob­

tained by Moore and Dorwart a year previously. 

Also this value checked closely the value for the 

maximum moisture content of the soil as determined 

by 1'.foore and Dorwart. Sample nunber 5 as. indicated 

in the chart of vacuum test : results also showed 

a reduction in moisture content from lS.5% to 13%, 

for corresponding vacuur.1s of 3.5 inches to 6 inches 

of mercury. The few examples cited in the chart 

show that the method of vacuum ve,riation might be 

used to determine the maximum moisture content of 

a soil by laboratory methods if a. standa,rd test 

consisting of an established value of vacuum and 

time could be determined experimentally which 

would agree with the values of maximum moisture 

content as obtained in the field. The authors of 

this thesis did not have sufficient time to com­

plete this determination. The authors believe 

that the method shows promise because of the re­

ductions possible with variations in vacuum and 
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because of the close ·agreernent with the results 

obtained on Jefferson School soil by Moore and 

Dorwart. 
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Conclusions . 
, .. ·.. . 

1. The method of collecting samples in the field 
• -· .: . 

and testing them in the laboratory should be 

al t ;e/~a.' in order to obtain workable resu1 ts. A 

· 1ongei'uriit of sample should be t aken and used in 

tn~'-:' -permeometer in order to •• obtain workable values 

of vacuum. Longer samples would hold the water 

seal longer and increase the resistance of the 

movement of air through the sample. 

2. Holding the vacuum constant and varying the 

time will reduce the moisture content, but over 

periods of 1+5 minutes the difference in moisture 

content is not enough to provide a laboratory test 

for attaining a value of the natural maximum 

moisture content. 

3. Variations of vacuum strength offers good 

possibilities of obtaining a laboratory method 

for determining the nntural maximum wa ter content 

of a soil above the wa ter table. 

4. Soils of the sandy loam type of the Jefferson 

School may have their natural maximum moisture 

content determined in the la,bora tory by subjecting 

a one inch soil sample to a vacuum of$ inches 



of mercury for a time va rying from 15 to 30 

minutes. 

5. l':.Iore inf orr:1a tion is necesso,ry concerning 

53 

t he na tura l maximum moisture content of soil s in 

thi s vicinity, as determined by t aking moi s ture 

contents after heavy seasona l precipitat ion. 




