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Subject: Tra~smittal of final report on results of soil tests on 
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V/ashington. 

To: The Divis;on ~ngineer, }!orth Pacific Division, Portland, 
Oregon. 

Herevdth is Technical },iernorandum No. 164-1 \·1hich constitutes 
the report on soil tests conducted at the U. S. 1ilater\1ays Experi.r.lent 
Station on material from proposed Mud lvfountain Dam, 1 fhite River, Vlashington • . 
Included in this report are text, tables and figures~ The basic data have 
been retained in the files of the Experiment Station. 

K~ E. Fields 
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IL~Ut.1TS OF SOIL T :ST3 OlI !JAT ili.IAL FRO!! 

P~10POS~D l&J"J f 10UJJTADI DAJ.i, ~.lHI 'i'2 RIV .:TI, ~.:AStIT~lGTOIT • 

Introduction 

1. This inemorai1dwn is a report of tho results of soil tests p~r-

formed on material to be used ;n the construction of the proposed Mud 

'! t . D ,.n.... t ~ · · ·r • • gt .!·•Oun a.in am, ~ '111 c ., aver, ·(asnin on. The tests nere performed for the 

Division mgineer oS the IJorth Pacific Division by the personnel of the 

Soil ilechanics Laboratory of the U. S. ::1atervrays J~eri1nent Station, 

Vicksburg, !~li_ ss:issippi. 

Scope 

?.. In accordance wit~1 the requests oi the Office of the Division 

~ngineer, North Pacific Jivision, as indicated in lettors from the 

Divisi 011 &lgineer to the Experilnant Station dated April 11, 1939, and 

June 19, 1939, the r eiults of the tests performed -v!ere reported to that 

office as soon as t ~e:>r vvere avai lablc. This inemorandun1 contains all 

pertinent data previousl~r fornarded, together \"nth addi.tio11al data not 

yet reported. . . 

A~thority; 

J.· Authority for the performance of the tests was gra"lted by tho 

Office, Chief of 3nGineers, as indicated by a letter from the Division 

~nginecr to the ~rimcnt Station dated April 3, 1939, Subject: "Tests 

of material for rolled fi 11 dam". .\tithori ty for nddi tional testing vras 

granted b;y· thz Officu, Chi0f of .311gii1eers by letter to tho Division 
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EnginGer on June 8 1 1939, Subject: "Test Emba.rlkments of Unaltered Till 
. 

Mixed \~i th Sand and Gravel - l"lud ~fountain Da"!l". 

Purpos~ 

4. The purpose of this investigation was (a) to ascertain the 

physical properties of the natural materials to be used in the construuc-
• 

tion of the dam, and (b) to obtain test data on mixtures of t he materials • 

. 
I.raterials Tested 

5. The materials to be used in t l1e construction of the dam are of 

t v¥o types; the first, a soil identified locallJr as a sand and gravel, and 

the second, a soil identified locally as glacial till. The number and 

locations of all samples submittc::d for t esting ar~ shoWn L11 Table 1, below. 

Sample 
f•JO • 

as recti. 

2 
2 
2 
2 
2 

1 
2 
3 
4 
5 
6 

u.s.w.E.s. 
Rof ercnce 

No. 

1 
2 
3 
4 
5 

Table 1 

Location and I~illnb0r of Sarnples 

Location of Sa~ple 

·r0st Pit l'!o. 1 
Test Pit !~o. 3 
To st Pit 1'To. 8 
Tu st Pit l'Jo. 9 
Spillt¥ay surf acu fill 

1 Vicini t ,, daru site or borro\1 pit 
~ 

2 " " " 

Type of ttaterial 

Proposed cor e material 

" fl fl 

" " " 
" " " 
" " " 

Unaltorod gJ_acial till 
" tr 

3 Expos0d face of borrow pit area Sand and gravel 
4 II 11 " " 
5 " " II " 
6 II " " " 
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Tests 

6. The study ·,va.s ihi tiated to · determine the tria.ual conpression 

characteristics of the drun material under va1·~ring hydrostatic pressures. 

These tests, together vrith mecho..-.Ucal analysis ancl compactio11 tests were 

performed on the spillway and test pit materials listed in Table l. 

Follovdng a conference held in the Office of the S!ri_ef of Engineers on 

11a:>r 25 and 26, 1939, additional testing w7as r e commended to determine the 

feasibility of mixing tL'1altered glacial till and sand and gravel for core 

material, and to select the mi~:ture v-rhich would givo the des ired imper-

viousness vri. th consolidatio11 characte1,.istics approxL'!lB.tely equal to the 
• 

shell material. ConDequently, triaxial, consolidation and permeability 

tGsts were performed together with mechanical B.J.1alysis and compaction 

tests on t~e six samples of sand ar:d gravel and glacial till listed in 

Table 1. 
• 

Test Procedures 

7 • . T~1e procedures foll0\li1ed i~ performing the nec~a..~cal analysis 

and compaction tests '?Tere in accorda.'1ce Ydth 9resent accepted nethods. 

Because of the general ~ature of these tests, no discussion regarding 

their details 1d.ll be given here. HoY.rever, the proce dures followed are 
. 

described fully in a manual of the Expe1 .. imcnt Station, entitle.d: 

"Laboratory Procedure in Tenting Soils and Sediment". The procedures 
,. 

follov:ed for performing tho triax:i.al compression, consolidation:, and 

permeability tests arc described below. 
I 
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8. T~iaxial compression tests - Tost pit .samples . The procedure 

followed for performing triaxial compression t ests on the t est pit samples 

was essentially th~ same as t hat described ir- a r eport pr epared by the 

District ~ng-lneer, U. s . Sngineer Office, Boston, 1iass., entitled: 

"Critical Density Investigation of Cohesionless J~at0rials for Franklin 

Falls Darn11
• Exceptions to that procedure are described as follows: 

... -- --- .-_,.. -#· ~-::;...- ...-.. ... .,_ 

.. 

!!• Testing apparatus. The t esting apparatus used is knotm as 
a large triaxial machine, requiring a specimen of 2.8 inches 
in diameter and about B incl1es in heigl1t. General arrangement 
of this apparatus is shovm in Plate ·1. 

£. Specime11 . The procedure for th~ t est makes it necessary 
for t ho specirren to be sufficiently stable so as to r e1nain 
unsupport0d for a short tir~ bet vfuen the r 0moval of the forming 
cylindl.3r and thu applicatio11 of the lateral (hydrostatic) pres
sure . It was found. after r epeated trials that v1hen the material 
contained 19% to 22% moisture ( dr~r weight basis ) as specified by 
th0 }Jorth Pacific Di vision, tho sp0cin1en would not stand unsup
ported. Th0r0fore, it was necessary to preparu the specimen at 
a r 0duced v1at e r cont0nt ; approval for this deviat·i on from tho 
specificationP. was s 0curvd from Mr. Grimm, of th0 North Pacific 
Division, on April 25, 1939 • 

..... -
c. Consolidatione Full consolidation of each of the test -_., . . ~pocimons was accomplisn0d bef or e developing the major stress • 

1· Loading schedule. The ti'Ile interval betweun the applic'ation 
of the i11crc~monts of raa.jor stress v1as such that full strain 
dov~loped under each increment. Thus, t he ~ffoctiv0 stress was 
made equal to t he total stress in nll caaus up to the maxinrum 
stress. Proof of this vras' indicat0d by cess ation of t11e outflow 
of water fron1 t11u specimen, as indicatud by pipetta ruadings • 

.£• Drainage .system . Drainage of th0 t vst spcci-tnon v1as provided 
during t h\J enti re t est by means of a filter papor jacket 
insortod ju0t insid& thu rubbur m~mbrano about thu ontiru periph
ery of tho spe c:ilnon. This jack:et of filt0r paper vrns mado to 
extend be lovv tho pervious stone in thu ha.so of tho specimen. 

9. Triaxial compression t osts - Sand and gravel and glacial til~ 

sB.ml21es. Tho triaxial compression procedure followed in t osting tho sand 

and gravel, and glacial till srunpl~s, v1as tl10 same a.s doscribud above 1dth 

• 
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th(j exception of certain limiting specifications on the maxi.mum sizo of 

pnrticlos, All of tho spocimris of the sarnpl~u of sn.nd mid gravel and 

glncial till were prGparud in n mann~r ngr0~d upon at a conf crenco in tho 
.. - ..--- -

Office of th~ Chief of Enginuers on May 26, 1939. At thnt confurence, it . 

v1ns agr\,;0d that the maximum allovtnble grain-siz~ of test sp0cinens would 

bo 1/16 thu 1ilnimwn dimension of thu t~sting nppnrntus. Thu minimu.I!l di mon-

sion of thu apparnt1ls was 2.8 inches; co11soquentl:sr, nll 1nn.torin.l conrs1..1r 

thnn 0.17 inch should hnvu bvu11 romovcd. It -vvns found, howuv'3r, that 

mntorin.l slightly larger could bu t ostod; hencu, nll mntwrinl coarser than 

1/ 4 inch WM r0rnoV'3d. T~st spuci tTuJns v'lerl.,j londod n.t npJ>ro.ximu.tcly their 

nntur<ll. wnt~r content. 

10. Consolidation t0sts. This t0st wns not r~quest0d for th0 spill-

wny or tost pit sompl~n. Thv proccdur~ us ud in purforrning consolidntion 

tvsts on the sa~1d c.r1d grnv8l, glc.cin.l till, nnd mixtures of both is the 

so.m0 ns duscribvd in the 1£..borntor~r l.11:;.nunl pr0viously m~ntionod, except 

for th~ dutn.i.ls noted bolow: 

i:• Testing nnJ28.rntus. Thu testing appn.rntus usud and shown 
in Plnto 2 v1r!s a lnrgc hydrc.ulic consolidomctvr cnpr'.blo of 
t esting n spccim..;n 28 inchus in diamotur :)nd 8 inches in 
height. The 1nnc11; nu Vfr!S cssentin.lly thu snme ns n sto.ndnrd 
consolidomot0r. Bc.fflod steel plnt0s, tog~thur with large 
porous stones and nduqunte drc.ins provided for vsc~po of vra.tar 
during consolidntion of th~ spocimen, V0rticn.l loads wero . 
npplied by menns of n hydrostatic prussur0 nrrruigvment, and the 
runount of consolidation men.sured by m~n.ns of nn Amcls dinl. 

. 
'6 

£. Size of sp~cim~ns. Thu spacificn.tions rvgtirding the size 
of spE;cinivns r1ur0 th0 snm~ ns outlinvd in pnrc.grc.ph 9 nbovo. 
Thu minimum dir.lunsion of the consolidation dvvico wcs n.pproxi-
mntely 8 inch0s. Cons0quently, o.ll mnturinl con.rs~r th?-11 tl/

1
2 · ! .. 

inch v1n.s r umov vd. T0st spucirn(jns woru loc.dcd nt c.pproxima: o y 
their ~nturu.l wntor cont0nt. T~st spccirnuns vrer~ c.lso com
pnct0d nt th~ir optirrn.lln v1n.t~r cont0nts n.nd loc.dod in this 
condition for compn.rntivo purposes. 

. . 
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11. PvrrJen.bility tests. This tust vrns not r cqucstl.:d for thu spill-

vrny or test pit sn:J11l.Js. Thu proc~dur0 f ollO\iVUtl in nurf orminP- thls test .. ~ 

on th<J sn.r1(l n.nd gravul, gJ.n.cinl till nnd n1.:L"'Ctur0s of both is as dus.cribod 

in thu pr0viously mc.:ntionud Lr..born.tory Mn.nunJ.. T:1, : hydr~ulic consol:i..do!D.-

ut\jr v1C!S fittud rrith o. stnndpipu o.nd ov~rflov1 nrrmig . .:m011t to uimulD.tu n 

constm1t h\.;nd p1Jrmucm\jtcr. t.11 purmuc.bilit:>r t 0st s i.v~r .... p~rfortn\Jd in 

conjuctio::-i ;·.ritl! th~ co11Solida.tion · t0sts. 

Rosults of Tusts 

12. Tvst pit s~qplds. Thu r 0sults of th~ In\Jchanical analysis and 

compaction t ests perf ormod on tho t ost pit samples listed in Table l are 

sho-rm by Figures 1 to 7, incl. In addition, t:-1e ros~1lt s of t he tria.xial 

co;npress_ion tusts porf ormod on these ~Jat~rials are sho\m by ti1e stress-

• 
strain curv~s, consolid~tio~ curvos and Hohr's circles · of stress of 

Figures 8 to 27, incl., arid ar0 su~:lhl.arizcd in Table 2. 

13. Sand arid grave l and c;laci al till samples. Ilcsults of rnechanical 

analysis and co:apaction tests perf or;ned on rcprcse1:tati vc sand and gravel, 
,, 

glacial till, and a rnixtar~ of soi sand and gravel and 2C/f, glacial till, 
. 

are shoi:.n by FiF,Ures 2S to 39, incl. Stress-s l:.rain and til110-consolidation 

d.iagrams, toget •1er \\rith. ~.Iorh 'r circles of stress -r1hich p1~es cnt triaxial · 
. 

compression data on t hese samples, arc shovm b3r Figures 40 to 66. !11 

addition, the results of the triaxial compr ession tests arc summarized, 

and sl10\m in Table 3. Figures 67 and 6B i:idicatc t 110 grcin-size distribu-

tion of r epr0sentativc sand and grnvcl and 8J_acial till sa'!lples as received. 

Thu r esults of co11solidation tu0ts p0rf armed in t l1u hJrdraulic consolidom-

etur, tog0ti1or 1-vith Jrochanical analys0s of t ho consolidation specimens 

-6-
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actually t estod arc shown in Figuros 69 to 94, j_nc1_. FermcabiJity test 

result3 obtaine;d i :1 conn0ction \:..rith thu oorforma11co of t he consolidatio11 -
tests ar0 show·m by Figti.r(-j 95. -

Discuss~on of Tiosu.lts - Test Pit Sanplu~ 

14. Standard t usts. T:1u datn. obtained from mucha.!1ical ru1nlysos, 

lvatJr contunt , 1mi t v;c::.gl1t ru1d compactio11 t Gsts perf or m0d on t~usu s rurtp lcs 

art;1 sclf-~xplanatory. It can b~ 11otud thc.t compacti011 t\:}sts wvr v p01--formcd 

on srunples fro.:n Test P~ts 1 ~nd 8, only. Classifi cation of material from 

all t vst pits s:iov.red tl1um to be v0ry similar; hGnC \.: , onl~r t vto compaction 

tusts 'rcr0 purf orm0d as shovm. Thus~ ·v10r u suf.fic:l.\;nt to indicate:: th\} 

compnction characturistics of t he rnat0rial. 

15. Triax:i.al comr>r ossion test~. It can. bo not ~d t!1at trinxial com-

press ion tests ;1or0 not 1)urf orm0d on tr£0 sarnpl o r u}Jr osontr..ti ve of tho 

spillYfO.~t su.rf~.ce fill denoted heruin ns Sn.i~pl\:: Ffo. 2 , U .s ; 7 . ~.s. Ruffjrencv 

~Io. 5. An insuffici0n~ supply of thu matorinl prohibited tr!e purformanco 

of the t ~st . Hov10v0r, as stntud abov0, th0 fivo srunpl~s submittad origi-

nally for t ~st; 11g v1ur u nll v0ry sin1ilar, hvnc0, thv triaxial compression 

tusts porfor:ned n.ro c onsidorud ndequo.t~ fort hu propose d cor\;: 1nn.t urinl ns 

furnished. 

16. In thu consolidn.tion of tht! srunplu from Tust Pit !'To. 1 (Figure 

11), a brcnk in th,.) curv<.:: wn.s oxperiuncod aft0r t h1..: lr'-pso of o.1)proximnt(}ly 

2100 minutvs. This bren.!( wc.s du0 to thu inadv0rt~nt closing of th0 drain- · 

ng~ valve from th~ t 3sting ni:.)pn.ratu.s. Op0nine thu vnlvu allo,1od continua-

tion of tho drninn.gu.. &amir-c.ti o!1 of t~1d sp0cimcn indicatud th~t no 

c.pparent drunngc had b00n oxp0riuncod through t ~\; inte rruption of tltls 
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drainage. It was found that, upon the c ompl etion of t ha 20-ton test 

of the sa.-:ic sample, that glycerin had entered tl10 top of ·t:io specimen 

during the test. ~ve~'" l1oss.ible checJ{ had been made of the a1)paratus 

prior to the test, and no plausible explanation can be given f or the 

entrance of the glycerin. Its entrance was not discovered until the test 

\Vas cornpleted. The 011J~Y apparent effect of this Glycerin upon tho results 

of the test is indicated in t he excessive unit vreight (wet) (Table 2) 

after the complotion of the t est, and in tho void ratios after consolida-

tion and at the co11clusion of tl'e test (botl1 extronely low). 

17. The consolidation of tho specimens 'vas accomplished by the 

direct application of full hydrostatic pressure (15 or 20 tons , as the 

case may have been). Thi s procedure was used in order to expedite the 

tests, and to produce a condition analogous to that desired in a mininrum 

time . The void ratios r esulti11e froo consolidation by t his marmer may be 

different from those resulting from: (1) allo~:in~ consolidation under 

successively incr0asing· j_ncre_rnents of l oad, unti l full consolidation had 

developed uncler the presnuro desired (2) by co:npaction of the l:laterial at 

its optLttrurn moisture content, as indicated by Figures 6 and 7, and then 

produci~ consolidation by successively increasint~ i11crements of load. 

Inasnruch as resistance t o s hear is a function of voi (l ratio, the values 

giver. in Table 2.may not. be the maximum that t he r11aterial is capable of 

developing because t ;1e r esuJ_ting void ratios :nay be hi3hcr than the actual 

voi d rctios developed by the material within the structu re. It is inter

esting to note that a comparison of the unit' weights, both wet and dry, 

and ccrrospondir1g void ratios for tl1c s,cciLlen tested correspond closely . 

to the data shorm bi· the compaction curves, Figures 6 and 7. 
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~ Table f,To. 2 
I , 

Summary of Test Data - Triaxial Compression_Test~ 
Tes~ F'it Sample~ 

·.s. tt.r .3.S. lateral Vl.C.whan Uni t ·reight Lb. per Cu. Ft. Void Ratio ~gle of 
~aference Ta st Pressure Loaded Before Cons. After Co11s. Aft or Test Before Cons. After Qons ~ . t.fter T .Jst Internal 

• T • .. m I rt cf . F . t . 
!~o. r,09 1 sq. ,• 1 /0 I ------··---· - -·- ric ion 

1 

1 

2 

2 

3 

3 

4 

4 

l 

2 

1 

2 

1 

2 

1 

2 

15 

20 

15 

20 

15 

20 

15 

20 

a - denotes dry weight 
b - denotes vret weight 

15.18 

16.62 

17.30 

19.21 

15.26 

15.90 

21.00 

19.90 

117.87 a 
135.78 b 
113.82 a. 
138.15 b 

113~88 a 
132.97 b 
112.82 a 
133.10 b 

116.69 a 
135.03 b 
113.59 a 
131.65 b 

108 ~ 26 a 
131~48 b 
107~45 a 
128.83 b 

133~ 60 a 
145'.58 b 
141'.40 a 
156.50 b 

• 

128.54 a 
142.08 b 
129~79 a 
143.77 b 

131.85 a 
144~52 b 
129 ~ 60 a 
141.7l' b 

.120 . 24 a · 
139.09 b 
123.49 a 
138.81 b 

137~77 a 
148.16 b 
148.64 a 
161.30 b 

135.10 a. 
146 ~08 b 
133.80 a 
146.28 b 

137 ~16 a 
147~83 b 
133 ~54 a 
145.27 b 

124.55 a 
141~84 b 
127~73 a 
141.36 b 

0.43 

0.49 

o.4s 

0.49 

0.44 

0,.48 

0.54 

0.55 

* Computed asnurning Hohr's envelope a straight line and passing through origin. 
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0.27 

0.20 

0.31. 

0.30 

0.27 

0 . 30 

0. 39 

0.35 

• 

0.23 

0.14 

0.25 

0,26 

0.22 

0.26 

0. 34 

0.30 

• 

" .. 

38 °30' 

36° 52' 

37°30' 

36°17' 

36° 30 1 

37°30' 

37°37' 

34°59' 

... 



----

lS. Th0 s hoar characteristics of a J:iat~rial art:! illi.tstratod gra11hi-

cally by II10ans of J1ohr' s circJ_e s of stress, In ti-D.e c asc, hovrover, tl1e 

data are not sttfficie11t to dctermin~ the act·L!al ruptu1'e lino (~tohr' s 

envelope) \vith anJr d0grvc of accuracy. Horrovur, Figuros 12, 17, 22 ancl 

27 roprosc!1t the t est data as obtained. If it is nssurnDd that t11e rupture 

linv is a straight line;; passing through the oriftn instead of as sho1m, a 

value for tl1c angle of inter 11al friction nay bo comymtud. from the formula: 

6--
_I • tan2 (45 - ~) 
'1111 

in which (r; is thu major principal stress and t:r;;1 is thu minor principal 

strtJss. 'rh~ off 0ct of cohosion upon tl1u shear strengt.11 is n <;; gloct~d and 

all shear strvngth is attribut0d to int<;rnal friction. Th0 cff ect of 

cohosion in thuso tests ~as nugligiblv bocausu of thu high prussurcs used. 

19. b.fforts WJru mad0 to obsvrv~ thu eff 0ct of fcilur~ on th~ grains 

of th~ mat~rial alon~ th~ plunu of failure . Th~ t0st spJcimuns n.ft0r 

having fail~d v;0ru cut longitudi11ally \.rith a bru1d-so.~,,, . Th0 cut surface 

\Vas carc.:fully bru.shud ". ri t:i a f inu vriru brush i "!lme;diatuly nftvr tho tu st 

of thv sa.:lu it coulrl not be <l~tvrminud vih\Jth~r 01~ J1ot any crusl1ing of thu 

grain had occurrvd. 

Disc11ssion of Jt~stllts - Saric! and GravvJ. and Glacl:al Till Sa.mplu~ 

20. Standard t\,,sts. Tho data obtainud from tho r11""ci! ru1ical anal~rsis, 

compaction tvsts and v1ntv1~ contonts purf ormvd on th\,;su snmpl~s and mixtur\js 

th0r ""of 1 n.ru shovm by th•J inclosud din.grn.rns rvprusuntl'.ti vu of v a.ch and aru 

sulf-uxplnnatory. 
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Table 2 

Summary of Test Data - Triaxial Compression Tests 
Sand and Gravel - G·lacial Till Samples 

Lateral ' ; . C. when Unit · Teigh t - I .bs. 2er Cu . Ft. "Toid itatio *Angle of 
11ef erence Test ,Pressure Loaded Before Gons. Aftar Sons. After Test Before Cons. lft ~r Cons. Aft3r Test Intornal 

IJo. i\To. T/sq.ft. at Friction /0 
I -

4 3 5 . 21.10 108.83 a 
' 

1~2 .14 a 126 .,67 a 0(57 0.40 0.35 31> 171 

131.51 b 139.96 b 142.84 b 
4 4 10 21.10 108.94 a 125 .75 a 129.94 a 0 )57 0.36 0.32 36°44' 

131.58 b 142. 26 b 144.92 b 
33° 42' 4 5 15 21.10 107.10 a 127.09 a 132 . 24 a 0.60 0.35 0.29 

129.71 b 142. 28 b 145.51 b 
31° 3ot 4 ~ 20 20.00 110.53 a 129.71 a 132.59 a 0.55 0.32 0.29 0 . 

132.64 b 144.82 b 146.65 b 

1 1 5 21.75 106.33 a 121.41 a 125.23 a 0.58 0.18 0.34 ' 3<f 23' 
129.20 b 138.67 b 141.08 b 

1 2 10 21.75 105.25 a 125.55 a 129.60 a 0.60 0.34 0.30 3Ef 10' 
. 128.14 b 140.62 b 143.35 b 1 . . 3 15 21.75 104.90 a 124. 7S a 129 .89 a 0.60 0.35 0.29 36° 29' 
127.72 b 140.09 b 143.27 b 

1 4 20 21.75 106 .32 a 129 .64 a l :J3.87 a 0.58 0. 2<; 0. 25 35° 34' 
129.19 b 143.85 b . 146.51 b 

. 
80% l~o. 4) 1 5 20.00 109.17 a 126.211- a 130 .14 a 0.56 0.35 O.Jl 3'f 37' 20% ~To. 1) 131.00 b 141.74 b 144.19 b 

ft 2 10 20.00 106.37 a 124.96 a 128 .79 a 0.60 0.36 0.32 35° 101 
127.65 b 139.05 b 141.40 b 

fl 3 15 20.00 107.03 a 130~38 a 134.74 C. 0.59 0.31 0.26 34° 25' 130.22 b 145.02 b 147.78 b 
Ir 4 20 20.00 109~43 a 131.23 a 135.04 a 0.56 0.30 0.26 32'.' 50' 131.74 b 145.56 b 147.97 b . 

a - denotes dry vtaig!it 
b - denot\3s i;ret weight 
K Computed assuming ~ifohr• s envelope a straight line and passing through origin. 
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21 . Tri rod al conprossion tests. It can be noted t11.:.lt tl1ese ttJsts 

Y~ere perf orned OLl tho srunplos tested B.t latc~aJ i1ressuroD of appro:>d.n1atc~r 
• 

5, 10, 15 a:1d 20 tonn 9er square foot. The c o1isolidation of all SDuci.mens 
• 

occurred qui tc rapidl~ · under t11cse loads as ii1dicat~d ~JY the t:iJ1c-cor.soli-

T?.ef c r enc0 to Tablu 3 sho1rs t hat the angle s of internal fri.ction for the 

glacial t ill under the various later al pressu1"es vre1"e connistently higher 

t11an for tho natural sa'1r1 an cl. gravel, ~vhereas the angles of internal fric-

tion for tho mixture of 8~ sand ru1cl ero.vol and ~ 0,r:, clacial till, a11d the 

sru1d and gravel ~Here practicall y ide:1tical fo1~ t11c various lateral pres-

nures. Tho values f or t he a:1gles of intor nal frict ioi1 Yrer e c omputed using 

the sruae method ai1d assu.l11pt-1_ons descJ .. ibod ; n paragraph 18. 1:ofc1"encc to 

the stress-strai.n curv.::s fo1~ tLo var:Lou0 s&.~Dlcs tested s11ow that the ... 

specime11s ~ecreased in vol:.u-:ie ir:. ev~!!Ji i i1sta11cc upon applicat; on o r stress. 

22. Co~1solidation tests. T~cfcr·ci1Ce t o tho timo-cor1soliclation diagrams 

f or the s11oci :~1e11s consolidRted ii1 th\:! la1"~ h:,.-drnttlic con3olidoraetc:r showed 

that consolidatio11 o t;cuI·re<i rar)irlly un·1er t ho various l oads· f rJr the sa.rnp lcs · 

placed D-1 both t!-tc satv.1~ated ar..cl co, t!'acte Ll s tG.tes. It is also i.ndicated 

t~ 1at sp0ci: .1ens compact~cl at tho optir.run1 ~rater co11te11t ( lQ: to 141 u:r <lry 

v1eight ) co11solidated rnoJ:"C ra;·idl3r arid axper ; 8nced less co:-isolidatio11 than 
• 

did tl1oso 8pecimcns placed in t he consoli..ionater ir1 a ':Jaturated condltion 

Ti- · .. 13 if; as ;·1oulrl be exi)eCt '3d becat1se soils 

placed initially at the; r optimu;n vrntc1~ cont0!1ts are capable of obtaining 

t11eir rnn.ximum degrees of dons:!..ty nu.ch 1nor e so than at e.ny other vfater 

cont0nt • f'Ls i!'ldicated bef orc, thvsc ti:ro types o: tests ~"I0re perforrned 
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for coLlpaJ:at.:. ve pucposes and i11dicatc v0ry· nruch t h(., d0si1·ability of con-

trollirtg thG L1i t ifil mcisturc.: content so thr..t a rn:..nurtun a:r1ot1nt o:' s~ttl,~-

ric~nt will occur. 1?1.1r 4:J 10r r 1 ~vievl of thu co!1solidati 'Jr1 d(j,ta indicated thc.t 

appnrer1tly 01lly srnall ciiff erunces dx:i.Gt butYru~n ~hv corisolidation charac-

t erist i C3 of t~u r1at:u-nl matvrinls and of the 80% s~id :lnd grn.v\31 n...'1d 20% 

clacial tj.11 mb:tur\;, an1 t ~ 1(.; 6Cffo sand .:i.nd gr'lvc.:l ~~1d 4~ gln.cial till 

mixturlJ. It cru1 bw n0t0d t11<'.t chuck t~sts \1ur,~·· p· ..... rf or rril.Jd on d :J.Ch • sp0c11.1un. 

23 . P'"'rI!lunbi li ty t0st~. As indicn.tvd in Figurv 95, t!1v o.v0rag0 p0rnl0-

nbillty of t h0 nnturnl s~d and grnv...;l is gr0at0r t 11nn thc.t of th0 ti.10 

naxLurus, and of th0 un~lt0rvd gluci~J. till. Th~ glacinl till was more 

impervious t han any s1>ecin.cn or n1i.xture tested. 

3.urmna.rz 

24. The shearing strength of t J10 lnatcr~ ala t ested can be attributed 

to inter11nl friction onl:.r as t ho cff oct of cohesion is n.egligiblc Vfhen 

subjected to the high pressures us ed in t hese tests n.nd ' 1l1ich vdll bC; 

existent in the dnm structure. 

25. Tho consolidation c hm--acteristics of tl10 Jnatur ials tested nro 

very similar a'1d indicntu t11at confsolidation -~ll occur c:_uite rapidly 

v1hcthor in n. snturn.tcd or contpactcd at 011tiraum wn.t8r content ntnte. It 

is furthur indicated th~t much mor0 connolidntion vd.11 tnkc plc.ce in th~ 

sn.turnt.Jd than the corr1pnct ·~d stn.tu . This ln.ttor factor shovlS tho dosir-

ability or controlling th0 moisturo content of tr10 fill in ord0r to 

r vducu svt tl0m..;nt to n minimum. 

26 . Thv nvur:2g~ I-"Jrllh.) r'-bili ty of th'"' t ·.10 nc.turnl .mc.tl-ri~.ls n.nd th0 

• 

till is thv most impervious of t h,.,, \'fhol·J group. Ti1 .... diff '"'r~ncL- b\JtWuun 
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thE: mixtures of 8~ s and and gravel ru1d 20% elacial till , and 6~~ sand 

and g1'avel and 4Cffv ei acial till, does not appear 1.ar ge enough to v1arrant 

control of tho are~uLts of each natural material U5ed. 

( ~D OF lmJORAIIDU~ I PROP:ffi) 

(FI'}~?";.~ AN~ PU-T.~ FOLlirl!) 

.. - - - - --~~1..--.-- . _...,. ________ ,,,. _~_--_........ .- -· .1 --·-=--- - .,,..., .."\. ,. .,. 
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GENERAL ARRANGEME T OF Rl-AXIA 
CO P ESSIO APP R T 
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