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ABS!rRACT 
\ 

Larf\e dimension semples' of nat-ural permafrost~. obtalned 0 

\ '-::{Ç, 

t'rom the Seheffer'lille area. "uebee. were tested in a high-

capa.city double direct shearing ·apparatus with normal 

Jressure to ~OO psi, at ~otest-temperatu~e of 2S-F. with 

ioading rates
e 
bet,~een 100 - 200 ps l/mln. Threë sa.m'Ole 

t'" \ 

s-1zes. 6" x 6") !l" ,x ~n) and 2!' x 2") ln o,oss s~ction were 

"tested to ,determir.e shearing ~haraote~istios ot the material. 
"-

~e re'sults show a le.~ge· 'inorease in shearing str~gth. w1th 

inore~s,es in O'O!frinem~nt .-' Compar1son tests \lti th remolded 

samples show a s1gnifioant reduotion in shear~nR strength 

ocourrlng with remold1ng. 
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1 - jNTRonycTloN 

1-1 S'atement gf Problema 
, 

The mininc industry.oonstitutts & very importan~ ccri-
, . 

tribulion to Canadian life. both economioally andopolitioally, 
1 

It has b,en estimated that Oanada's total m~~eral~dep'nd'nt 

'labor force oould comprise about 12 pel' oent oi the total' ' 

\ ,labor force,f Including the service iJdustries related to 
,,/ 

1-

-.---' 

J 

\. 

.ininc, the minins industry aooounts'for approximâfelY 20 pel' 
, ( /' . \ 

oent of Qan~da's Gross Natiorial'PrOdUC~~ The ~uest for 
\' J ~. , 

minerals has been responsible for---éonside'rable northern dev-
t ..___------

elopment, neQes8itate~~by/-the deolinlng ~re reserves ln the 1 
-~ 

south~rn yw-ona:~ il 
---- ------ , 1 _ .,' .0---;-~- T~e ~eveloprent of ,r.sources in the Arctio and Sub-Arotio 

, . 

presents unique ohallenges, In Canada, approximately one 

half of the total land area is under1ain by,permafrO$t (fig.1) 

Thioknesses of up to S'O '., ha.ve ~'een ~ooX'ded 'o'):). Melville, 

l!land. and it is pro~eoted that depths' to 1000 m. oould be 

antiolpated. (2) Aa detiried by Muller ~) "permafrost" was 

~e ~h.rmal condition ot soila/and rooka a: temperatures that 

remained b,lpw oOC continuously for two years or more., The~ 
~ri~tional defin~tion' tha~ la now àdcepted ~ncl~des al1 rroze~ 

, , 

l)1-ourid., e"/on tliat whicb la froBen for on~ one year(4). A , 

! ' 

* ParenthealBed numbers reter'to raterenoes! in 
the Bib1iograp~~ . 

/ 

\ 

j 

-.. 
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o' '1' ' 

, Wfiloh~is8u~jeQt to, intèl"mittêf\t t~,~f.i"go and tha.~~-,th1L_. ___ -_' ___ . 

i' untromen ground oalled ,talUtJ 'and th~ areae oontainlng pèr- _:,-/ ' , ' 

<r' ma.i'roet. 

ManY large projeots. ~~tably~ New QUèbéo-Làbrador iron 
\ 

ores. thé Alberta 1'ar Sand~. the Niah Arotio 011 and "Iàâ';( 
\ 1 ; \ 

fields. ~nd the 'ni~kèl ~nd asbestos dèpos~td -in -thê Déception 

,Ba.y Area of Ungava. Quebeo~ are in 8uoh areas, Thé\~rèSènoè 
, -', 

of oontihuous or diaoontinuoua permafrost otters'ofiallengèB . 

to trans~or~ation' and mat~l."i~lS ha~dling ~YatGm6. min~ng è~~iP~ 
"....., , 

ment têohnology, and'the design of ~ine ~xQavations~ 

The designing of struotures on .. C?l" in p<u;mafrost IOl'leè, 

and oi open" ,pi t or itndel."ground exot\va:t1,on in thèse' areas. 1 

, ' ( 

n'èoGssi tates \an understanding of the behavior of fro~ew'j Boil, 
l , 

~ , 'Q. ' 

and rook. 'If ":the lI\etliod of oonstruotion lB' iuoll'that the 

permafrost, la not allowed to thaw. then thé a,trGfigth ot the 

na. tura,l lI\~terla\ oa.n. be US'êd in oaloula. tins f béar,lng oa.ploi tiês.1 
r \ ... , 

or;- the stabili tiGe o't .lapes a.nd l'etaining struotures, These 

oaloulatiens r~qulre knowing the Sheal." strength'propèX'ties of 
. ' \, 

permatros-t in, i ta \rl:~ural ~,tat., 

o • The purpoae of \ this pro~eot -was to determ.ine how theae 

'sh~t\r s~rencth parametera ,~oûld best be obtalned quantitativély , , 

- ' 1 
~ . 1 

1 _ \ 

for a natural permafrqst ma.t.rial. 
, ! ' 

/ • 

/ \ 
\ 
\ 

) 
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\ 1 

1 
1 
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FIGURE 1 - PERMAFROST IN OANADÀ 
1 ( after BROWN and: PE~.'E (4) ) . . 
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FIGURE 2 - TyplCAL VERTICAL DISTRIBUTION OP PERMAFROST 
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1~2 OJtline of Projecta , 
, ~ 

~~he strenglh of ~~st geological materials is heavily d.-

pendent on the~r fabr~c, thatis, the system of fractures, 

structures, and the physical arrangement of the discontin-

uities. Furthermore, bedding planes, ice lenses, and natural 

gradation of granular materials will lead to highly variable 

.anisotropic:prop~rties. 

In-the past, testing has usually involved small samples 
,~ 

" 
(5,6). The sampling procedures have resulted in the selection 

IV 

of samples which did not contain structu~e and which were 
\ ' relatively homogeneous. Such samples woul~ not-necessarily 

reflect the true character of the in-situ material. It is 

believed that larger samples, which do accomodate more struc-
() ) 

'ture and which reflect more of the fabric of the natural mat-

erial, w~uld yield more meaningful results. Furthermore, 'in 

the prep~ration of srunples from natural permafrost, th~ usual 

met'hods of cutting and trimming cause, considerable surface 

disturbance, which, ~n aIl ~robabili~y, affects the strength 

of ,the material~ It ·is be~ieved that larger samples would 
, 

tend to reduee the area th~t is subjected to this disturbance. 

v The purpose of this study, then, was to design a shear 
, 

testing machine in which large samples of natural permafrost 

~could be tested. 

", 

A double direct shearing apparatus, with a vertical shear- 0 
\ 0

0 

ipg capacity of 100 tons and a horizontal axial load capacity , 

of 25 tons was designed by the author and built under his 

.. 
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supervision in thJ-fflachine shop at the Institute for Mineral 
"' .... 

Industry Research of McGill University, Mont St. Hilaire. 
1 

The testing machine ean aecomodate' 6" x 6", 4" x' 4".' and 

2" x 2" samples. The sEtparation between the shear box halves, 

i6 adjustable to'a maximum 3/4".. The loads are applied man-

~~ ually through a hydraulic system. The apparatus has ~e"en 
calibratêd and has been found to perform effectively. 

Natur~l samples of permafro~t were obtained by the author 

during a trip to Timmins ~ine at Schefferville, Quebec. The se 

.were relatively uniform in appearance, and were taken from 
_ f 

'approximately the same mining horizon and in the sarne geo-
-

logical unit, namely the Middle Irôn Formation. whieh is 

mainly eomposed of hematite. The frozen material had few 
) 

visible ice lenses. When thawed, the material is best des-

eribed as a granular s~il, sandy sllt to the ~ouch. 

At the time of selection, t~e samples were packed in ice 
o' 

chests, stored in a free zer overnight, and then air shipp.ec,l 

to Montreal. After being transported to the Institute for 

Mineral Industry Research, they were stored in a temperat~re 
) 

controlled refrigeration unit. Two large"shiprnents of samples~ 

were made. 

Al th,ough i t cannot be. claifiled that the material 'was "un­

disturoed"" wi th regard to -temp'eratùre. sinee the aetual grourid 
j • t • 

Itempe~ature was J~ot lÙlown, and since various temperaturel 
J. ~, 

!changes could ha~e oecurred during transp~~tatior' it 'sho~ld 

rbe noted that the.~a.mples arrived tn a solid state and were 

1 
1 

i 
~I 
1 
1 

J . 1 
-_1 \ 
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l)'laintained in that state. If sorne thawing had oeeurred, it 

was 'at the surfaces of the rough samples only. 

At least 
\ 

\, 

3/4" of the surfaèe ~FiS discarded in the cutting 

and trimming processes. It can be assumed that,· for all prac-

tical purpose)s, the structures in most of the samples were 
J, \ 

undistu~bed, except due to relaxation effects of removal of 

overburden pressures. 
, 

While.in Schefferville through the courtes~ of the Iron 

Ore Company of CaJ1ada, the a'..tthor used the company' s fac il-, 

ities ta copduct shear tests on material which ~ad geen per­

mitted to thaw. This material had been obtained from the 
IJ;, 

same loca;;ion ,as the frozen samples shipped for testing. 
1 .. 

Fi ve test~ we;e \onduèted, using a vJykeham F~rrance 10, ton 

capacity Shearind apparat1s, In addition to the shearing 

parameters, the moisture contents and '-'a grain size distrib­

ution analysis were obtained.' 

At Mont ~t. Hilaire, the samples of permafrost were eut 

to size in the cold room: Several preparation techniques' 

were tried before the author establi~hed that using a band 

saw for rough cutting and a portable grinder for final trim~ 

ming produced the most acceptable samples. 
-

These ~ere then tested in shear, either with or without 

normal pressure.: The ambient temperature during storage, 
. ' . .. Id 0 • 

preparat~on and test~ng was rna1nta~ne at 25 F. ,Th~s temper-

ature was selected to replicate ~ typical field temperature· , 

and to perrni~_.comparison with other results pUblished, on. thè 
! r • 

1 

! 

1 

'. 
1 

J 
~1 
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subject of shear testing of frozen soils. During testing, , . 
the axial Ioad appIi~d was held oonstant throughout the test. 

l 

0bservations of movements versus the loads applied were made 

in addition ~o the ~aximum breaking strength. The loadi~g 
rates were,calculated from the shearing strengt~ ~nd the total 

time to failure. Moisture contents, densities, and sorne grain 

size analyses were performed in addition to the shea1,tests. 

Remolde\ samples ,were pre~ared from/the remnants' of the 

natural materials tested. After thawing, the materi~l was 

packed into molds and refrozèn. The remold'ed samples were 

then tested under the same conditions as were-used for the 

original samples. 

Three sample size~, 2," x 2", 4"'x 4", and 6" x 6", were 

tested, and the results were compared to determine if the 
. . 

r effÇct of sample size to shearing strength could be quanti-

fie'd • 

1 The res.uI ts obtained fJ;om the experimental work suggest 

Many conside~ations that must be taken into account in the 

testing of naturaI permafrost materials. These will be dis-
/ &, 

1 1. .,; 

cussed in the sections concerned wi th the analysis of the "~ 

" -
results and with the writer's conclusions and reco~endations. 

1 , . / 
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II THEORY and~REVI~W of RELATED, L!TERATURE . 

2.1 General cOl}~~B.ts 1 \ 

ï .... -
c " 

1 

1 
J 

\ . The s:;urr;.nt ~ethod~ employed in the design of op/n pit slopes, 

retaining a s, or foundations are dependant on the knowledge of 
\ 

• 

l '( 1 

so~called "shear strength" parameters~ These would be the prop- f, 

erties of cohesion ~hd angle of friction which'will be defined 

below. They reflect the resistance offered to movement along a 
" , 

'" particular pl~é. As the most common type of failure seems to be 

shear failur4~~~helr importance can be seen. 
~~v~, 

The resistance to shearing can be e~ressed as a linear re-

:lationship denoted by the famili,ar ~m ,of the Cou~omb-Navier 

criterion. That lS, failure occurs when: 

(1) 

wherez ~ m = maximum shear stress 

c. = cohesion \ fi ',' 

cr = normal stress 

" <P = angle of int~rnal friction 
1/ 

Thus', accepting the relationship between maximum shear stress 

(stress in the direction 'of mo~ement) and the normal stress (stress 

normal to' the direction of movement), we see that the parameters. 

c)and~ are constants for any particular material. Determining ~ 

these constants, either by laboratory or in situ methods, leads 
, 1 

ta establishing the resisting forces to movement. The stability 

of the earth s~ructure i6 thus deternâned by comparing~he forces 
1 

tending to produce a failure ta the forces tending to prevent\ 

.. ~.- \ 

1 
1 
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The simplistic view offered in equation (1) is. of course. a~ 

ideal~zation whjch shoulq be used only as a working model. The 

factors affecting the various parameters must be apprecia~ed as ,/ 

weIl as the' Inherent limitations .to. the the ory when, applying i t 

to the practical design prohlem. 

A discussion of the shearing strength of permafrost necessi~ 
-- ~---- . 

tates 'a full appreciation of thé mechanics of fr~en soils in 

'general, and of natural permafrost in particular. Much of the 
.., . 

work done in the study of permafrost'has been concerned with 
l , 

either the delineation ot ,permafrost, or. especially, with trying 

to establish its p~ysia-chemical properties. ,Until a better 
1 

understanding of these properties can be reached. investigating 

the mechanical properties of permafrost will'be, difficult. This \ 
, 

explains the unf-ortun~te lack of" information' available ta, the 

practicing design engineer. 
, 

Science and engineering seern to app~oach prob~erns with differ-
~ , ' 

ing points ~f view. The eng~nee~ing viewpoint is usually purely 

utili tarian, that is. to formulate solutions to problems in a 
. 

practicàl if not rigorous way~, The scientific appraach is a 

careful exercise in determining the true nature of the materia~ 
~, .' ~ 

studied. consistent with aIl the laws of nature. Although engin-
\ . 

eering as a wholeis usually thought of as appied science t the 
\ 

geotechnical branch,particularly is establishing a more empir-. 
ica~ philosophy, generating working hypotheses not always in, 

conformity with the rigorous scientif~ theories being developed • 
.,J 
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, 
The present study tries tp relate the various scientific infor-

" .,~.. t 

, "ma tion available, while keeping the emphasis on the, ,"engineering" 
\ 

'approach as outlined above, 

2.2 Review of Related Work: 

Much of the pioneering_' work in .tpe ,stu.dy of the properties 

permafrost and frozen ground has been doné by Soviet authors. 
l , 

The most notable publications are works wri tten or edi:ted by 
",Y '"' ' 1 ~ ; , , , 

N.A.' Tsytovich, M. 1. Sumgin, and !?,.S.; Vy.alov, Most of the maJor 

works are available in translation' (8,9.10). 

s.w. MUllerts. "Permafrost or P,ermanently Frozen Ground and 

Related Engineering Pr'ob"lems" (3) was probabl:y the first' notable 

North Amerièan p~blicat,ion. 
1 

Much of the information included was 
1 

compiled from the wri ~.tng of ,Soviet authors. A.l thÇ>ugh ~U~h of 

tDe information is us~ful, descriptions of 'testing procedures are 
r -....:." . 

lacking. 1 Thus 1 i t is hard ta ascertain, the. proper significal}.Pe , 

of the resul ts presentep'. It is notewo:r:thy to mention tha~ ~' 
1 

Muller is credi ted with origina ting, th~ word "permafrost" ~ 
\ 

Among the various organiza tions in North America,' the United 

States Army,Corps of Engine~r~ and the National Research Counèil~ 
'j , 

,of Canac;la are the MOSt active in cond~c'ting or sponsoring re-
1 

~ ~ search. These organizations also provide translations of works' 

by foreign authors. 

In connection with this project, the McGill Sub-Arctic 

Research L~boratory at Schefferville, Quebec produced much neêded 
~ 

field information (11,12,13). The rep9rts contain discussions of 

f 
,{ 
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'. 
() the cl:inÙite, terr~in, and 'geology of the area. 

\ ' , 

Prévio~ work on dete~mining en~ine~-;ing pr~perties of frozen 

ma t€rials from the Schefferville ar~'â~~~as done by S .M. Yap' (14)'. 
, \r"'~, ~ 

Fi ve ty'pes of froz.~n geological materials were tested to date'r-

mine reGist~vity., ~hermal cond~ctivity, compr~ssive strength, 

'. shearing strehgth, and sonic. veloci ty at t~mperaturrs ,betwe.en 

~8oF and 36~F. Thé shear'strengths determined were at zero con-. , - ~ 

finement, using one cubic inch samples'. 

the 

R.N. Yong's work (15) includes,a revie~ and discus~ioris of 

important variables àff~c~irg the s~earing s1rengt~ of frozen 

, \ 

, . 

1 -
'~~ ~ 1 , 

soi+~. A double ring shearing device was use~ in,the experimen- . , . ' 

tation. Effects of:. tempe'rature. lateral confinement., void ratio. 

and water content were examined. using cohesive and cohesionless 

'reconstituted soil samples. 

Quite recently, ~July 1973) 'the second international coni'er-. , 
• '4 

ence on permafrost ,was he ld a t Yakutsk 1 U. S • S • R • The pro ceedings 

of the North Amer~can contributions to the ~onferencj can be~used 
as an up-to-date guide to the available information and thinking 

.... 

on frozen ground and permafrost. In â re",,:,iew of avail.abl~ infor-
, 

mation on the mechanical properties of frozen and thawing ground, 
\ 

1 

Anderson and MOrgenste~n note that ft ••• the .~tudY of fr/zen soils 

is c1early in the stage where most work is- being done on recon-
( . 

stituted "frozen soi1s •• ~·('16). T is situation han~1icaps the 

researcher gathering information 0 

permafrost. 
• In summary, although the 

'the properties of natural 
! 

li terature does help ln 

" 

\ 

l, ' 

, 

1 
1 
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, \ , 

setting up an acceptable framework for the ~resent study, i t 

'Sho\lld be. reali2.ed that, in fact, very l,i ttle re,search into the 

study of the shearing"streEgth.of'natural per~afrost has been 

done or is available. 

/ 
2.3 Factors Influencing Shearing Strength'of Permafrost, 

C) 

Al though the fundamental pro cesses and variables that ~ontrol 

the mechanical behavior of frozen ground are not fully understood, 

engineering requirements nicessitate at least sorne theoretical 

models and methods in order to gi"'\)'e practic.ing enginéers sorne 
/ 

confidence in the design of eanth structures made of 
l ' .' ~ . . \ 

er~als. The proc~sses and var~ables 'wh~ch have been 
1 

these mat-

isolated 
" 

are va~yinglY intérJependani. In sorne case,S. this inte~dependance 

is difficul~ to quantify., A further difficulty arises in trans-

'lating laborat9ry studies to field conditions. and again in 

comparing sail types of differing 'structure 0 

F.H. ?aYles discusses shearing strength in terms of the two 
, 1. 

accepted para~eters 'of cohesion and angle of internal friction~ 

Following a Russian work by Vyalov and Tsytovich (17), ~e ~es~ 

cribes cohesion as "attribüted to molecular forces of attraction 
! ' 

between particles, p~sical or chemical cementing of particles-
, 

toge~~rt and cementing of partiéles by ice formation in the 

soil voids". _ These ,are aIl dependant on temperature. However t 

the internaI friction depel'lds on ,ft ice content, the soi~ grain 
~ \ 

1 arrangement, si2.es, distrl,.bution, and shape, and the number of 

grain-to-grain contacts". Although ice content is temperature 

\ 

\ 

) 

1 
1 

\ 
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,dependent,-all the other variables are n~t, 

lQ. 
Temperature 1s therefore a 'Signl.ficant factor in the strength 

characteristfcs of a material. 'It has been found that, as tem-

Jpera-ture~ ar~ lowered, the strength of the frozen ma terial in-
.. 

creaS0S (figures J_L).)'. This irtcrease in strength is thought to 

be due either to an increase in the strength of the ice phase or 

to an increase in the quantitative amount of ioe in the material • .., , 

At temperat' __ reG four.d in,field conditions (t-o ... 1SoC) (19). the . 

/ latter explal;tatio!1 appears more important. Also of significance 

15 the tempera~ur~~~istory of ~e~permafros~, as this affects 
.l', • _ Ir '\ ;fi 

both the ice content and the ioe structure (16). 

The existance of unfrozen water atobelow OOC is well known; - , 

h?wever, its qu~ntitative effects on strength and its\dete~min-

ation in natural sa~ples is.not well documen~ed. P.J. Williams 

\ 

\ 

(lS) has observed that in" a sample of previously unfrozen .Ïron--------­

ore material, the ·unfro~en wa~~r content on first freezing éan . 

be as high as :;% at -5°c. The -.effect of unfrozen water is 

thought to Dé ~ore significant in clays and silts, which contain, 
• , 1 

due to their structures, bou.d or "double layer" water, requiring 

much lower temperatures than fret water to freeze. It can be 
" apsumed that the affects of, unfrozen water will not~be as pro-

Inounced in gt-anulali ma terials. due to the absence of ionically 
1 

- bound wa ter. The increase in strength of the. frozen ma terial 

can then be re1a ted-- to an increase in the total ~oisture content. 

ref~eeting the increase ~n the iee content (figure 5). Thus.' a 

simtle model containing!a combination of,two constituents. soil 
\ 

- -r:-.. 

\ 
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and ice, can be exarnined as to str~ngth and deforma~ion charac-
• ter'is-eics. .r 

\ . 
The effects' of'the ,loadlng sate on fro~én soil 

I.! .. 
strength has 

~---' 1 
been reviewed by Kaplar_(20). The data from ~he American and 

Q, '/] 

l d 

Russian sources,indicate that the strengt~ of unsaturated frozen . 
soils of norma~ unit ~eight always increases with the loading 

4-

,'rate,(s~e, fig. G). 
, 

It. 'shoul.d be noted, Qowever.f that th'i.'s ,trend 'would not con-

t tinue indeffnit"e\y. As pointed out by Sayles -(i8),~the ,phenom-
. '.", 

enon is'probably limltèd by the brittle fracturing of the içe 

·matrlx"at rates'which would produce;this phenomenon. Little' 

l' effec~' was found o~ 'the short-t~r::m/ s~rengt'h oi s~'ils tested wi th, 
. . , 

loading rates in ~~e ,range of 200 to 1000 psi/min at temperatures 
- 0 ~ , . 

in the area of -1 to 0 C. However, these loading rates are very 
• 'l 

high compared to trrose in m~st,slope or foundation failures. If ' 
\ " 

~ rela tionship between cstrength and loading ra te .,doe's e~\, as 

pro~osed' by Vyalov'(21), a~d others (~8,22), it'would be much 

more practical ~,o perform rapid tes,ting and to extrapolate the 
( , 

strengths expected at whatever loading\rate is encounter~d in the 

field conditions. 

,~~ t~~ J ~ ~'I.~ In analyz:l.ng lB;.ndsli~e, fa~lures in the Mackenzie Valley, 
-'.;: ,'(" /;}:t,':, . .". 

, ""~r.' F/ N. W. T., McRober1;s and Mor,genstern (2J) Ci>bserved tha t- t~e, lo!:g-

, Î'" term strength of permafrost soil's appeared to be goverrled by 
);~,,- "1 \ ' 

, ~icitional resistanci' Sayles also observeâ this relationship 

for saturated fr9zen sand with a'porosity of 37% or less (18): ~ ... -~- ... 
• < 1 

The long-te~ strength was thought to be a function of normal 

. " 

" ' 

.. 
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Istress and the apparent angle of internal friction, which could 
1 

1 / ' :be determined through triaxial tests on unfrozen material. 
! 
1 Geological structure is also to be mentioned as an important 
1 

!factor in the overall strength of the masse Indeed, the nature 
1 . 
'of geological materials is such that the usual assumptions of .. . 

~omogenity and i~otropy can rarely, if ever, be a 

~ogical materials usually contain bedding planes, 
1 

ied. Geo-

shear 

Zones, micro-cracks, and other discontinuities. or 
1 
1 

rtructures within the material probably gove'rn the ultimate 

~oading capacityand the mode ~f failure. It is therefore imper-­
i 
ttive that structural features be cQnside~ed during t~e selection 

nd preparation of laboratory specimens., The effects of sample 

ize May thus be critical in determining the strength ch~racter-

:istics of, natùral permafroit. Howcver, no sueh relationship has 

Ibeen published or proposed, to the author' s knowledge. 
1 

1 
1 

1 

Testing methods and apparatus are also important in consfd­
) 

ering the validity of the strength parameters thus determined. 

Triaxial direct shear with biaxial confinement, or torsional 

tests with axial compression, seern to 'be the MoSt widely used· 

rnethods in field rock mechanies and ~oil mechanics. From an 

engineering poiht of view, the d-irect shear test wi th normal 

pressurer. (fig. 7), is perhaps the simplest to perform. Ho.y-

- ever, fro~ a research point of view, various~theoretical object-

ions Cqn be raised. Among these are the non-homogeneous distrib­

ution of_stresses in the sheared sampIe, the indeterminancy of 

the stresses and strains withiri the sampIe, and. the problem of 

J • 
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< , D 

a fixed shearing surface (24). However, in an/engineering study 
" \ 1 

~f directional properties, that is , properties influenced 

primarily by structure, some,object~ns are invalid, and certain 

advantages of the method outweigh the apparent disadvantages. As 
1 

listed by E.Z. Lajtai (25), the following features should 'be con-
1 

sidered: ! 
... 1)" Failure through planes of weakness is an. 

enforced failure and does not in general 
coincide with the orientat~n of shear 
fractures predicted from the Coulomb­
Navier criterion. A similarly enforced 
failure occurs in the direct shear box 
(this is considered to be a disadvantage 
when test1ng isotropie materials). 

2) In dir7ct shear, one of the principal 
stress~s is t~nsil~.- Su ch a state of 
stress cannot be reproduced in a conven­
tional triaxial celle Since failure in 
tension is quite common i~ geo~ogical 
materials (e.g. tension gashes assoc­
iated with faults), the p~tulation of 
direct ~hear loading in~ture is 
reasonable • 

3) uhlike the triaxial test, the direct 
shear test allows the definition of the 
ultimate shear strength because the 
method permits shear deformation beyond 
the point of first fracturing. 

~) In the direct shear test, the influence 
pf the other planes of wea~e~s is elimin­
lated to a certain degree by the rigid 
confinement of aIl but"a small portion -
of the test block. .. 

Moreover, from a cost point of view, the triaxial or 

torsional test~ ar;vmuch m~re expensive and time ,consuming. 

", Theref'ore,.~ direct shear test.seems to offer the MOSt 
J 

practical solution to the experimental determination of the 

, \ 
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1 1 

ghear strehgth ~roperties of permafrost, providing ~he~e with 

accuracies weIl within reasonable limits when compared ta the 

heterogenous nature of natural. permafrost. 1 
'" 

, 2-4 Summary: 
\ 

Many interrelated factors must be considered in determining 

the shearing strength of ?ermafrost. The distribution of moi'sture 

in the various phases of the 'material will govern its strength to 

a great extent. The proportions of the various.phases are govern-
\ 

ed by temperature and ~oil structure. In granular ~oils, un-

frozyn water content is considered negligible, and thus strength 
1 
1 • 

is directly related to total water content. 

Effects of loading rate are not~well understood; however, 
,. '1 

short-term strength de'termined --tn the range of 200 to 1000 psi/min 
\.- -,...J\.. .. 

- ~..---!:.. '.... -

can be use~ to fix one end of the scale. Long-term strength of 

frozen ~oil is thought to be frictional and can be determined 

using unsrozen samples. 

The relationships of geological fabric to strength, although 

recognized as being possibly the most important considerations, 

have not been studie~ to any extent. It is th~ught, however, 

that large; natural samples with a greater amount of structure 

are more valid than·~mall samples of reconstituted material. 

The testing technique is itself a variable in the quanti­

iitive analYpis of stren~h properties~ The direci shear ~ethod 

wi ~h normal pressure al though not ~he m.5t theoretical,ly 

~ccurate, seems to be the most practical for investigating 

directional properties of geologic~l material •. 
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III-EXP~RIMENTAL INVESTIGATIO'S 

3.i Sampling Program-Location and Gbology : 

~ A sampling prograrn was undertaken to obtain suitable natural ' , 

\ 

samples of permafrost. The location chosen was the Timmins #1 pit 
\ 

, near Schefferville, Quebec, owned and operated by the Iron Ore 

Company of Canada. Schefferville is located about 700 miles 

northeast of Montreal. 'The mine site is approximately 12.5 miles 

nortneast of Schefferville (see fig. 8). 
'" oThe iron ore deposits in this area occuru in the so-called 

"Labrador Trough", which consists of a 700 mile geosynclinal 
. 

segment composed of tightly folded and faulted proterozoic sed-

iments, volcanics, and intrusivep (26). The rocks in the trough 

cQnsist mainly of conglomer~tes, breccias, quar~zites, shalJs 

and slates, dolomite, and iton formation. 
1 
/ 
1 

The stratigraphie column af the depos~ts in the Timmins mine 

area is given in figure 9. The Middle Iron Formation of the 
\ 

Sokoman Iron Formation was chosen for sampling. This forma~ion 

is readily differentiable given the color, which, although vary- i 

ing in places from purplish-red to a bluish-black, is character-

istically·blue. The texture is granular a~d porous. The un-
:;. . .> 

frozen mateTial can be described as a sandy silt. 

The Middle Iron 'Formation is the chief ore-fo~ing horizon. 

It"is from 200 to 400 feet thick, and contains si~ica-iron oxide 

ri ch rock which bas a high metallic lustre, due primarily to the 

presence of a larg~ amount gf blue hematite. 
\ 
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FIGURE 9 - STRATIGRAPHIe 
COLUMN -' TIMMINS NO. 1 
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3.2 Sampling Program-Climatic Con~~tions and 
• 1 

Permafrost Distribution~ 

Much information is available concerning the Schefferville ~ 
!) 

area.The McGill Sub-Arctic-Research Laboratory has been active 

in the region since the jearly 1950'5, and much useful background 

information has resulted from the research conducted to date 

(27,28). 

\ 
\ 

The Mean annual air temperature at th~ Timmins 4 Permafrost 

Experimental Site is -5.5°C, while the Mean annual snowfall is 

31.5 inches (1). The site is located a few miles north of the 

Timmins mine, the origin of the writer's samples. 

, In general, the area has a~sub-~tic climate with cool 

summers and severe winters (27). ~he mean monthly temperatures 

at the Schefferville station range from about 54°F in July to 
\ 

_SoF in January. 
• 1 

With the temperatures noted, ~ much greater ~ount of perma~ 

frost woùld be expected, ar it i8 only maintained where~the 

annual Mean surface tempetat~re is below freezing~ The exp lan-
p 

ation lies primarily in the insulating effect of the snoW and 

vegetation, which increases the expected ground temperatur,e 

(29,13). ~he di~tribution is th~ dependant on snow, vegetatipn, 

ground water, and the local relief. 
, 

In the Timmins mine open pit, values of ground temperature 
, " 

, 

may be in the, range of 27 to 29°F (30). 

These values were obtained during a project undertaken by 
, 

I.O.C. in the summer of 1970. _ The two "Lifts". or work,ing 

} 

) 

1 

, \ 



'. -, , , 

----'~' ----------...... --_____ .~ •. ~' __ -4 
.J li ••• 1. ? ________ ~ , 

--~---------....!--
" 

-27-
\ 

hortzons, ~nvestigated revealed tne existing perkafrost cobditions. 

A classification of permafrost was sug~ested. on the basis of sueh 

parameters as temperature, moisture content, iee content, and its 

form and lithology. 

The MlF was dèscribed as being extremely dry and britt1e. 

The pit faces were said to be ïrequently overhung. The material, 

was ~aid to vo.r'y locally frpm an "ice-bound material" to a "hard 

~ 

t 
1 

, , 

comp',tent rock' wi th li ttle or no ice". \M~sture rntents of r 
about, 5% were noted. ) 

\" 

The horizons i~vestigated were 190 and 130 feet above the 

hor~zon chosen in the sampling program for this project. 

3! 3 Sampling Program-Selection and Shipment,: 
1 

The Timm~ns mine is worked as two separate sectio~s, with 

pits bei~~stablished at ;the n~rth and s~uth end~ o~ the deposit. 

The south pit, lo~ated on the slde of a rldge, contalns permafrost. 

The north pit contains no frozen material. The causes of the 
/ . 

difference are probably re~ated to vegetatlon and snow coyer 

conditions. ,. 
~re samples1were taken from two different loc~tions at diff-

er~et horizons. The principal sampling conc~rned the recovery of 

samples imrnediately following a blast.' Since the air tempe rature 

during the writer's visit was 45°F,' any prolonged efPosure lOf the 

ma~erial~ lead to thawing and disintegration. , 

Small The sampling wa, done on Lift # 2357 and Lift # 2395~ 

sket~hes O~:~~ions_~e shawn in ;fi~e :o..It should be 

.<~ 
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c 

noted that both sampling locations were in the PGC!URC of the 

Midqle Iron Formation {s~~'figure 9). The sampling was done on 
} . 

July la a~d July 13, 1974, 

Withi~ ten minutes after blasting, the sampl~ng'was started. 

The rough samples, approximately 9"x9"x,Stt, were chiseled from 

larger pieces using a variety of hammers and chisels, These were 

thJn wrapped in commercially available polye~hylene wrap 1 then" 

with aluminum paper, and then were placed in plastic bags. The 

purpose of the aluminum wrap was to provide sorne insulation. The 
'1 1 1 purpose of the plastic and polyethylene'wrap was to a~oid moisture 

loss. The -S'amples were packed into three insulated icd chests, 

whose internaI dimensions :were 22"xll"xl1". " 
Two or three samples 

were placed in each. The ice chests were tr~~spôrted to 1\ freezer 
, ( 

unit in Schefferville for overnight storage. During storage the 

samples were packed in with ice packs; the chests were taped and 

secured with rope, a~d then'shipped byair freight to ~ontre~l. 
O~e sh~pment weighe~ 585 lb. and t~e s~cond 5~O lb. Upon arrivaI, 

,.~·technician recei~d the ice chests and transported them to the 
/ ,,;',~ / 

f l -

, \ 

, :: cO,ld room l;2:bor ory a t Mont St. Hilaire. After inspection, the 

samples were emoved from the chests and placed in a freezer unit .. 
w~iCh ~aintained _~t 25°F. A total of ,185 samples were deliv-

, 
~red and stored to await preparation and testing. 

, - . 
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3.4 Testing on Unfrozen Samples: 

" While in SCheffe=sville, jthe,author conducted snear .tests on 

thawed material obtained from the Middle Iron Formation~ The 
" 

samples were obtained from the sarne location selec'ted for the,:,,' 

'" samples which were shipped to Mont St. Hilaire. 

The Geotechnical Engineeri9g Section of the Iron Ore Co. of 

Carada permitted the author~to use,the~r 10 Tpn capacity ~ykeharn-
1 

Ferrance shear box. The 12 inch shear halves,w~re equipped with 

2-1/8"~'J 4"x4", and 6"x6" inserts: the shearing mechanism was, 

adjustable to 42 various shearing rates, rang~ng from .03 in/min . , 

to .00008 in/mip. The horizontal and vertica~ load capaci\ies 

were both limited to 10 tons. (see figure 11) 
~' 

The testing was d6ne on a 6 inch ~ample packed into. the shear, , 
,~. 1 \ 

box halv-es, o~he wri ter dià not attempt Ito test an 'undisturbed 

sample, since the thawed material was too friable to permit the' • 
.., , 

retention of structure. It would be possible, ,ho'wever, to o'btain 

undisturbed samples by taking these frozen samples, eut to the 
.. 

dimensions of the shear box, and then permitting these to thaw 
o 

while in tne apparatus,. "As will be mentioned in the section on 

sample preparation, the most practical method 'for preparing the 

samples was .found to be with the use of a ,portable grinder. A 

sui table.) envirorpnent must be maintained to permit sample prep-
l '( 

aration. The cl~mate in the Schefferville area rs such that, 1 
, ' 1 \ \ _ 

excluding1the twb summer mo~ths of July and AUGUst, the mean 
l, ; ft >, - ,~ l ' 

- 1 

ambient t1~perat~e is sufficieptly below ornear the freezing 

·point .... to;t-~ermi t the p,reparation of samples outdoors or in an 

, , \ 
1 

\ 
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FIGURE 11 - WYKEHAM FERRANCE 
WF 2550 10 TON SHEAR BOX~ 
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ùnheated building •. 13y applying iirif§- method, a more accurate 
, . , 

assessment of the natural -material' could be obtained. 
1 1 

The procedure used in testing was as fo~lows,: 

1) setting,the sampIe, 

2) creating a separation of abO,ut 1/8" between the shear 

box hahres, 

3) applying a vertical load (100, 200, and 400 psi r~spectively), 

4) allowing the sample to consolid?te for 3 to 4 hours, 
Q) 

.5) shearing the sample,' 

6) ~esetting theo.f~ple to vertical and applying"a higher 
)1 , v _ 

ve~cal load, consolidating, and resh~aringo 
.. ) . 

The strain rate?f009 ,in/~in wds selectéd.' The shear ' 

halves were submerged
o 

fter the initial loadihg wâs applied, as 
. \ 

is suggested by the prp osed· method for consolidated, drained 

direct shear testing of ~oils (6). 

Displac~ment versus load !~ata and maximum<-shearing strengths 
" \ 1 

at,the various applied normal stresse~ were measured o The shear 

tests, moi~tur~ con~ent, a~d grain size analysis were obtained 

us~ng standard proFe~ures (5). 

. . 1 
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3.5 Cold Room Laboratory-Facilities: , 
The cold room laboratory is located :at the Institute for 

Mineral- Indus~ry Resea~ch at Mont St: Hilaire, approxirnately 

/25 miles from Montreal, Quebec. The Insti tute is a part of 

the Department of Mining and Meta11urgical Engineering of 

McGill University. 

1 The cold room 1s 1 a walk-in refrige'rator, appr'oximatÊüy 

10 ft. wide, 11 ft. lon-g, and 8 ft. high (in inside dimension). 

_ A detaiIeè. ::escripti on is. provided by S.:~. Yap (14 ). 

A ~~inneapolis-Honey"'lell r.esistance thermometer controiler 
, , . 

is used to rontrot; the ~emper~tur,e to wi thin ;t lOF for th~ , 

ran~e of temperature for which the ~oom has been d~signed, i.e. 

-500 F to +40oF~ Two se~voline recorders are used to record the 
1 

temperature and humidity in the.chamber. (see figuge 12) 

A smaii refrigeration unit, approximately 3 ft.x) ft. 
, - 1 q 

by 4 f~. long was aiso used to store the s~pIes. The unit, 

equipped wi th a cont~lJUOUS te~peratUre (recorder, has a _temp­

o erature sensitivity of ~.1 F. (see figure 13) 
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3.6 Preparation of :!atural Samples: 1 

In this section, the oroblems encountered in the orepar-

ation of natural sampl~s are reyiewed, and reco~~ended p~ocedures 

for future work are given. 
\ 
\ , 

The sa~ples required by the writer for testlng were rectan-

gularly shaped with approxlmate cross-sectlonal dlmensi~ns of 

2" X 2", 4" X 4" and 6" x 6". Inittal procedures involved 

~ougn cutting of the lar~e s~mple blocks and trirnning to the 

final dime1sions. Varlous preparation techniques \'lere attempted 
• 

oefore the most oractical procedures were established. 

The hot wlre technique\of sllclng was tried as a frist step. 
.. t 

In this method, a high resistance wire was placed over a' block 
, 
\~ 

with weights applled to elther end; slmultaneously, a current-

wap passed through the wire. The method was rejeéted due to the 
f 

length of time required per eut, and due to eo~on oeeurences of 

brok~ wlres. A reclprocatlng action of the wire resulted in 

f~ster penetration, but wires were soon abraded bv the material. 

The writer concluded that the hot wlre techniq~e cight be 

useful for small samples of materials such as clay. 

A re~lprocating saw, or a mechanic~~ h~ck-saw, was then 
\ 

tried. Once again, considerable abrasion resulted. r.1olybdenum 
1 

tungsten b lades were ~sed at the rate of ~ ?bout o~e blade per 6" 

eut. Although a worn blade could be "used, the euttin~ tlme 

became excessive. Another limitation was tbe size of the sample 

that could be aeeommodated in the saw. 

Wedge-type cutting or breaking, using 

~hammers, was also attempted. / Thi"S met,h.od 

surfaces. It was also time consuming, as , 

cold ehisels and 

resulted in-uneven 

a great deal of mat-
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erial had tro be re~oved. D 

A tile saw ~itted with a 6~ blade was available to the 

wri te!'. This ~':O'..lli r.ave been sui table :.~or cu~ting the small 

2" samples" ho'::ev..?!', i t was inadequa te for cutting the larger 

4 " ~rld 6" l _ s a::r.? E: S • ?or these, a larger c ircular saw, wi th ' 

blades of at 'least a 20" diameter, would have been neeessarY( 

_A band saw wéÎs 'JI timately use~ for qutting the rou?h 

samples. Although ~he blades tended to wander during euttiQg, 
f 

and'uneven cuts resulted, the writer found the method to be 
\ 

jsui table for rough (cJ.tting. 1rJhile - blades V/ere wprn out fairly 

ctuickly, cu tting, in r.:ost cases, was not impe~ded. No sign~'ficant 

differences were noted when wide and l1arro\\' blades were used, 

nor did/the design of bl~de teeth appear to be signifieant. 
1 

An average of one blade v:as used pez; sanple. Wear to blade \ 

teeth seemed to vary with the hardness of the r.laterial being 

eut. Small inclusions of so~id hematite impeded cutting sig­

l}ificantly. Wear was also related -to the pressure applied to 
, 

the saw and to the ur.iformit:r of the material being eut. 
1 

In cutting t~e 2" sample~! sufficient alignments were 
-

maintained to produce ~est samples within acceptable tolerances. 

_ After cutting the larger samples. however, further prepara tipn 

'was required.. Pi por:table grinder was used to Jring the large 

samples to acceptable final dimensions. 

~A ~and-held grinder, with a 4,,'circular abrasive' blade, 

was used. ~amples \Vere secured in a vise and the upPEjr surface 

ground to flatness-. A Pl~i surface was used to detect une ven­

ness. The remai~ing faces o~ the sample wer~ then groun~. 
\ 

; 

-' ,1 

l 
î 
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\ 
1 

Some- skill was required for grinding sinc,e material, once re-

moved, could not be replaced. 
-l: 

Overly ground samples would 

have ta be discarded. Sorne thawing of the sU,rfaces resul ted 

from the grindinr;J hO"\vever, in the case of the, 4" and 6" samples 

this was thought to be negli~ible. The grinding i wheel used was 
. 

not ~eplaced. al though i t was reduced by abou't one inCh in 

trïrnmine the samples. Therefore this method is fairly econ-

onrical. 

It is sugg~sted that an improvement to the procedure would 

res~l t from a mfunting of the grinding wheel into a sturdy ~rame. 

Alternately, a grinder which could accomodate ,large, movable 
-

samples could be used. Ei ther of th~seJ ~ogether wi th -initial 

rough cutting of the samples, woùld seern to be the most eC'on­

omical and practic~l methods of sample preparation. For large, 

blocky materials, a circular saw would be the only al ternati ve', 
". 

Abrasive, rather than diamond blades, are indicate~ f~r non-
• uniform materials. ;For rocks, a diamond blade is necess~y. 

After preparation, the samples w~re wrapped with·thin poly­

ethylene plasiic and placed in plastic bags, whiéh were secured 
'" - \ 

ta proc!!lce an air-tight seal. This was necessary in; order ,to 

prevent a loss of moisture through surface sublima~on. The 

samples were then labelled and stored in a smali refrig~ration 

unit. 

, . 
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J .7 Preparation' of Remolded Samples: 

~he writer~repared a number of remolded samples, in order 

to compare the effects of re-molding on sample strength. As 

mentioned earlier, most studi&s on the mechanical properties.of 
_L /' ' 

permafrost have béen done using' reconst:ruc'ted jmaterial. In this 
.1 ,- -

process, gèological strucure ls destroyed, and what remains is 
1-

a more or less hombgeneous mass, which may not be representative 
1 

of thé original material. Tb determine quantitatively the effe~ts 
-

of ,geological strucure on" th~ strength characteristi.cs cpf the 

natural permafrost samples, remolded samples wepe prepared. These 
. 

samples were made from the fragments of the sh~ared natural 
,w 

samples. After the initial shear tests, the fragments were coll~ 

ected' and placed in sealed plastic bags. This ensured that the 

~terial woulù thaw without a 'loss of moisture. 

After thawing, the material was placed in a plastic trough 

and mixed so that a relativelylhOmogeneous sample would be pro­

duced. A very small amount o~ distilled w?-ter (20 ml) was intro-
1 - { 

duced 'to compensate for possible evaporation, and other, losses.' 

'/~ooden molds, used for rem~lding the- samples, were assembled 
'à" 

as shown in .figure ::.4. The sides of the boxes were coated wi th , 

petroleum jelly in order to facili tate èlisassembly after remold-
1 ~ 

ing. 

Packing of the thawed material into the ,boxes was done in 

2 inch lifts. Material was placed in the box and packed manually. 

During remolding; the boxes were~ covered in order to retard sub-

limation. 
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The Ifilled molds w~re then placed in the flmall freezer unit 

\ (at 250p) and the contents allowed to fr~eze. A minimum freezing 

period of 5 days was used. 

/ 

1 
1 
1 

! No apparent volume changes occurred,' during the fr~ezing 

process. It could be ~oncluded, therefore, that the material 

,as not saturated and that it probably wou~d not be suscepti~le 

to heaving. 

Remolded samples wefe tested under the same testing condit­

ions as were applied to the original samJles from which these 

originated. 
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3.8 Equipment Design: 

A high-capacity shearing apparatus was designeA by the author - ,. 

and built under his supervision at the Institute for Mineral 

Industry Res~arch. The ùnit was desi&ned to accomodate large 

samples (up to 6'~x6"), and to permit the application of biaxial 

loadine to 25 tons. 

Mechanical drawings of,the shearing apparatus 

l,as Appendix A. A schematic in figure 15 is given 

are included 

• JIU s'tr!1 te 

the various capacities and capabilities of the apparatus. 

\ 

\ , ) .. 

The machine enables double diréct shearing. This config-
~ 1 

uration, as opposed to s~ngle dirept shearing, avo~ds eccentric 

loading and enables a greater shearing area, srnce it involves 

two faces. 

jFFOm an analysis of the resul:s obtained for a similiar mat­

erial tested by Yap in 1973 (14), the estimated loading capacities 

of the testing machine were calculated.' 

It was decided that, if confinements up to 500 psi were to 
, T' 

be considered, a vertical, loading of 100 hydraulic cylinder would 
-= 
r be required to apply the direct shearing loads. Two 25 ton cap~-

o , \ 
--------~-

aci ty hydrau,lic cylinders were used to -a~p'1""';y-l-lh:7"'iO""r.--.j-i"z-noY;;n~t;;;a;11---;:c~o;:n~fine-

ment (figure 11)· 1 \ 

~ Loading was applied hydraulieally using hand P~ps. Loads 

were determined- from pressure gauges fitted to the l~es (fig.17). 

A'fter testing, the gauge readings (in psi)\ were ~onverted' 
~ 

into applied load. Th~ calibration curves determined using a 

-~ p~dving ring are given in Appendix B. 
\ 1 

1 
j 
1 , 
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FIGURE 16 - DIRECT SHEARING APPAR4TUS 
GENERAL VIEW 

FIGURE 1? - ~IRECT SHEARING APPARATUS 
PUJIP~ and PRÈSSURE GAUGES t-
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The two 

shear boxes were made from one inc~ cold rolled steel. 
,. ';;> 1) "\ 

outside sections were adjustable through a sliding plat'-

form too which they were attached·. 
\ 

4 ." • • In the deslgn, the wr,;t. ter 'es,tabllshed tliat the central section 

of the ~hé'ar box could',~not be displaced m6re than 2t" downwards 

and 1" upwards. \ . 

One of the 25T hydrauli'c "cylinders was hinged ~o permit easy 
--~---

/ acc~s~ for loading and unl~ading specimens from the shear boxes. 

1nserts for ~he" 6" x 6" shear boxes' were also assemb'led. 
C' 

Th~se were 2" x 2" and 4";x 4" in dimension. The i.nserts for,:;!the 
f, 

middle box could be secured in place by means of a bo~t threaded 

J r through the three boxes on ei ther side of the b~'~. The two side 

snekr boxes have inserts witt outside flanges to restr~t their . " 

-anward -1Dovement. (see-, fj,gure 18) ! . , . 
Ver,tical movement during shearing was detected using a magnet-. ; 

ically mounted displacement gauge. The gauge was accurate to 

'~it~in .001". (see :fi~re ,19) 
J 

The shearing apparatus was te~t~d to its design specifi~ations 
, 

an~ found -to operate, 1 effi,ciently a~ safely. 
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~ J.9 Testiry~ Frocedure: 

Ü· \\ '" l'Ph d '.. ~ th t' d' tl' th th d - . . '{. "'~ e "~uc~~r't~on 01 e est~nf proce 'tre ou ~nes e me 0 S 
r" , 

• j :: '- /[.'.l.Sed t.o prodllc'J tr.e da ta gi ven, aidir.;:; f,~ther research wi th the 

o 

1 ',,\'t apparatqs.-
f 0 

! 

: '~ , After '~nwrappinG' the sa-n;:>les were mea:nreè ·\sir.~ a ',ernier' 

., ~'Û \?e r • ?h" :>.co" ra c:' 0 r 'he :'le ac" rO::lè"~3 .,,~" a ~ ce~ ted 1 by -bo th 1 
th,e a"l Il lit· 0 f preS21lre exerted on the c:Üi!?er a:"ld tl1e S'l1oo"~~ness 

1 

of, t'lI? sa nl::', ':';-.e:!:'e::o~e, ~these :1ea~ t:r',i"'1cr:-::: ':!cre aP!lroxi~-:ed 

to the neare -1, 
(\ '"1 ~. , ' 

.:JV~) l~,cn. Ir. SOi9 cases, 
. 1. • 
var'latlons of up to 

ta '~e; • T'1e a~reraces \'lere llsed in 
, \ \! 

calculatin- the areas. ~ 

1" ,prepa~ in:; the shearinf,' appara t'JS,f 'the shearine boxes 

were ali:ned ~d th a separation 0: 1/'= inc~ het'lleen each pa~r. 
, 

The ad~'lstable .horizontal ram wan pivoted out of the way and the 

sa~ple was then inserted~ 

Afte.r dete~ir,ing t~e croSS-6ecti~al a~ea, the press'lré 

necessary to mai tain the desired confinement was determined: . , 
-~ 

normal pressure of 100 ,psi and. 50_psi were used. as weIl as 

tests wi thou t horizontal confinemenk. 'l'he sample was 'allowed to 

3ettle ander this applie,d load. 

The vertical ram 'lias lowered 'until contàc~- wi th the . , 

specimen was dctected by an increas~ in the ~Oàd. This load was 
1 

then removed and the vertical diGpl~çe~e~t ~~age !ead an~ recorded 

ad the initial readinr,. 'The vertical loading was then applied, 
\ 

the confininf~ pres3'.tre being continuo1Jsly ad,i'Jsted to maintain a 

conota'1t prea:nl'e. 

. 1 
" -(:Ch LlE ~ H ... --"'ù ttt 'J\ ..J.< .;) ol~&=.i/~~;\ 
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As the shear loading was applied, vertical shear displace- ' 

ment readings were takenJat regular increments' of line pressure, 
/ 

varying from ?O psi for the s~aller size samples ta 25Q psi for 

the larger samples. These were recorded and later tabulated. 

As the loading was applied. it was noticed that the sample 

would creep somewhat. A steady loading rate was maintained, 

however, until the sample failed. ' Sharp bri ttle fr,cturing was 

notic~d only in sorne c'ases of uncanfined shearing. The" maximum 

shearine stress applied was recorded. 

To remove the sample, the Middle box was raised, the de­

tachâble ram was pivoted out, and the line plessure disconnecte<Ïl. 

Pressure was applied to the' other ram'and the sample was removed. 

The boxes were then cleaned and readied for the next sampIs. The i 

loadin~, teGting, ~nd unloadlne operation took appraximately 45 

minutes per samPJ...e.f thUG being particularly s11i table for commercial 

testing. 1 i --' ; 
1 • /--. ... 

After the Ghearine tests, the remainin~ fragments were used 

in d~terminin~ density and moisture content, as weIl as in grain 
1 

size analyses. Density was particularly difficult to ascert7in 

in that the volttme of the frozen samples cO'lld not be obtained , 

usinf, conventional water displacement methods. An improvised 

sand box method ~as used. A fine Gand, rather.than water, was 

used io d;ispla~e the vol'..Ime of the sample. (he me~hod, wi th sample 

calculations, is described in Appendix c. Where the simples were 
)' . 

found ta be sufficiently regular, their volumes.were determined 

by means of a vernier calipér. A, bearn_balance was used to measure 



c) 

( -

\ 

• 

. '. 

the weight of each sfmPle to witnin 
, ) 

ru. gm. 

... , 
- . 

The moisture contents and grain size analyses'of the s~ples 
\ 
were obtained using çonventional techniques as outlined,in ~ 

Iambe (S). 
. . 

Three determinations for density and moistur~ content 

were done for the six ~nch samples, two diterminations for the 

four and two inch samples. 
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IY~ - RESULTS and Ar:bLYSES 

4-1 ,Introduction: 
.~ 1 

The stati3tipal variabliity of I~ysical and mechanical 

properties must al~ays be considered when testing geological 

materials. In many cases, a pufficient number of samples la 

unavailable due to logis tic and.. econoI:1tc restraints. Th-e 

design engineer I:1ust therefore mal':e'the best use of the valu.es 
~ 

available to him, bearing in minrl the limitations of his re-

sul ts. It is vii th :ces!)ect to this concept tha t the following 

results are analyzed. 

The present study made use of 1085 lb. of natural perT.1a­

frost material, which provided three 6" x 6" samples, _five 

4" x 4" sampIes, eight '2" 'x 2" samples, and n",'merous samples 

remolded from tr,a'::e1 frag:nents. The resul ts of the tes'ts 

examine the rel;tionj~lPs :bet~een : l,' 

a) sample size 'Tersus-material strength anj 
defermatien characteristics; 

b} normal pressure versus ffiater1al stren~th; 
! . 

C), strength of remolded' ma terlal ver~us strength 
of natural materlal. 

For comparison of deformation and shear str~ngth prop­
• erties, test!? Viere aIse conducted on an unfrozen, sample of 

géologically siml1ar material~. 

Except for the unfrozen sample tested ~t SCQefferville, 

which used the facil~ties of ~e Iron Ore Company ~~ Canada, 

all shear testing was done using the 100T shearing apparatus 

outlined in Section ;-8. 

1 

c • 
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4-2 Unfrozen Sample - Schefferville Tests: , 

A Wykeham Ferrance shear box, shown in figure 11, was 

us~d to establish the 'shear strength pa~ameters of unfrozen 

MlF. The procedure and test conditions are described in 

Section J-4. 

This material was geologically similar to, the sc.m:ple'l3' : 

tested in the cold room at Mont St. Hilaire. AlI samples 

were taken from the sarne general area (see Sect.ion 3-4 ), and 

were visibly similar- in t~ture and color. Grain size 

analyses were performed on all_material. The Jesults are' 

tabulated and contained in Appendices E and F. From summary 

curves shown in figure 20, i t can be se en that the tests oh 

the Schefferville sample established its similarity to the 

sample~ subsequently tested • 

The Schefferville tests were carried out u~ing the pro­

cedures and test conditions described in Section' J-4. Load 

versus deformation data ia tabulated in Appendix E; Bummary , 

aurves are shown in figure 21. It can be noted that the 
1 

material be;navior, changes from visco-elastic to visco-plastic 

at a shear displacement of approximately 0.3 inches. This 

seems to be independant of normal confinement. 

The increases in peak shear strength values with increas- .\ 

ing normal stress are shown in figure 22. The angle of fric-

tion is 290 wit~ a negligible coh~sion value, 

The moisture content 'of the sample wa~ determined to be 
) 

8.7%, being typicai of the subsequentIy tested permafrost 
, 1 samples. 
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4-3 Permafrost Samples: 
~ 

-AlI samples were vislbly simil~i 

-------------- -

1 
in texture and color. 

Determination of grain sizè'distributions and densities con-. 

firmed this,similaritYJ however, the moisture Jontents showed 

a wider range of 1alues. ~ 

Results of the grain size analyses are given in Appendix 

E. A sUIl!ID:ary of the data shpwing the limita within which 

the MlF falls\is given in figure 20. The material can be 

se en to be weIl graded., having unif-ormi ty coefficients between 

5 and 9. 

Moisture contents and denfities are reported i~Appendix 

Dr' and summarized in Table >1.~ • The samples are seen to have 

an average moisture content o~ 8.9%, and an average density 

of :3 gm/cc • 

Shear test data for natural samples are given in Tables 

D-1 to D-14 of Appendix D. On examining the relationships 

between the shearing stress and vertical displacement, as 
1 

summarized in figure 23, it is noted that aIl the natural 

samples tençied to' exhibi t similar behavior. The 2" samples 
j 

occupy the 'upper series of curves, while the 4 t
• and 6" samples' 

show more displacement pe~ unit of stress and IOccuPY the lower 

\ series of curves. Wi th thJe exception of SAM 4-4, . the 4" an~ 
-

6!Lsamples showed/much greated linearity than t1i'C! the 2" 

samples. 

In figure ~3, two characteristic slopes are evident, one 
; 

1 parallel to the lower series of curves, and one parâllel to 

/ \ 

.. - ----,., ------_._--, -----------~-----.-----~--.,..>-

\ 
, 

1 
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TABLE 1 - MOISTURE CONTENTS and DENSlTIES 

r 

SAMPLE 

SAM 1-6 
SAM 2-6 

. SAM 3-6~ 

-
SAM 1-4 
SAM 2-4 
SAM 3-4 
SAM 4~4 
SAM~-5 

SAM 112 
SAM 2-2 
SAM 3.,.2 
SAM 4-2 
SAM 5-2 
SAM 6-2 
SAM 7-2 
SAM 8-2 

.. 

1 

, 

NATURAL PERMAFROST 

" MOlf TURE CONTENT DENSITY 
% gre/cc 

1 
1 

2.3 3.0 
7.3 3.15 

10.2 . 3.3 

! 
4.9 3.3 

10.0 3.2 
10.3 .3.3 
10.3 3.2 
4,1 3.3 

10.3 2.5 
111.9 3.0 
11.6 3.1 
11.2 3.1 

"-
9.2 3.3 
6.2 3.2. 

11.7 3.1 
5.2 3.0 

". ... 

1 
.' . 

.,. .. 
..,._t' 
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j 
the upper series of curves. Onlyone ofcthe 4" samples (SAM 

4-4) exhibi ts both slopes. Four of the eight 2" salnples 

(SAM 6-2, J-2, 2-2, 7-2) also show this behav~or in thei~ 
'1 ' 

/ :: 
deformatio,l'\ characteristics. The explanation for this seems 

/ 
to be that, ~iven that aIl samples had similiar grain si~e 

\. 

distributions (see figure 20), inclusions on the shear plane 
1 

have a greater effect on the shear"stress of smaller samples. 
'" 

Although the chances were reduced, the 4" samples were 
~ 

still p~one to~~his problem. As illustrated by the d~for-
" . 
.: .. .. ! '" ~ 

mation curve for SAM 4-4, it would seem that the shearing 

plane encountered large inclusioil-s at 0.070 inches .vert\cal 

displacement and again at Q.12 inches vertical displacementJ 
. 

giving rise to the sudden increase in slope. This problem 
o 

can ble circumvented by ,.increasing the gap dimension between 
, 

the shear box halves. Howev~r, this l,s not always satisfactory, 

as the size of inclusions may be such'that an excessive gap 

.w~ld have to be left. This wouldl produce eccentric loading 
" " 1 

problems. A s weIl, the largest particle size must be known 

bef'ore tes'ting, which, in the case of natural samples, is im-
" 

possible. If, however, the sample homogeneity is such that 

the size of the rargest particle can be determined from geo-. .., 
- logically sim~li~;ma~erial, the gap Can be adjusted accord-

/~ --~i~lY. 

~ .~·Since shear failur~s in the field occur on large planes, 
7 1 ~~ . 

~ it 1s_ safe to conclude that the deformation eharacteri~tics 
il~strated bYjthe ~ower series of curva~, iS'probably ~ore 

--,-;-------1 

I~ 

! 

l 
~ 

1 
.j 

~ 
,~ 
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accurate than results obtained from the 2" samples .. 
'l-

_ The bri ttle behavior: of the safuples is, evident.' In most 

cases, excepting v:here change~ in slopes ':lere experienced, 

the sa!nples broke abrupt::"] after a lin~Cf,r build-up in stress. 
e 

~his is as expected, given the rates of loading used, which 
't 

were above the ductile to bri ttl,~ transition zone discussed 
, ' 

1 

in Seètion 2-3. 
~ A 

The' range of shearing strength, wi th confinement pressure' .. 
\ 

for the samples te,s't8d, i's sho·.'l!~ in figure 24, There is con­

siderable scatter o~ data, as'could be expect~d from any nat-
" 

ural geological\ materi,al. Factors influencing this' scatter 
l, ~ 

could include varying moist~~e content. and varying geological 

structure of the material. " For example, the low sh'\ar strength 

value obtained foi SAM 1-6 cpuld be due to its relatively low ~ , 
, 

moisture ~o~tent. \ 

The number of sa.rnple~ te·sted should be taken into account 
v 

wpen interpreting the data to obtain shearing parameters for 
a 

. use in design work. Working design values cap be obtained by 
• 1>' 

grouping aIl s~ples together andotaking averag~ valùes at 
/ 

ea'ch confinement 0 As' s:1ol'm l' fror.l fi&~re ~5, a cohesion, of 

435 ;Si and an angle I~f frïction of' 8J o wer.e determine'd. The 

cohesion va.lue arrived at is consistent wi th resul ts reps:>rted 

by 'Mf ,Yap, (1;) in, his t.ests ~n MIF. Vaiues 'of '355, J68 and 

'.. ~oo psi were listed. '" 'lUne testin.g'-wp.s ,done ufing 1" cubes at 

,2SoF, wi th. a ioading rate of 286 psi/min. \ 

The~angle of friction of 8Joappears high when c~J~ared 
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with that of ,unfrozen geological,materials, thoae being 

typ'ic~11y'200to 50°, At low confining pressures, it would 

,.,'; Beem that the iee in the', matrix eontribdtea. 'an addi tional 
, " 

resistance to the frictional resistance of the soil particles 

themselvea. The resulta of R.N, Yong's work on frozen soi1s 

and of iCB indieatea that the shear strength of iee increases 

quite rapidly with increaaea in eonfining pressures (fig. 26), 
1 

1 

It ia very likely that, until the eru~hirrg strength of loe is 

reached, a.J'ligh angle of. friction V{J~l persiat. \4/i th frozen 

soi1e, once the iee matrix has been erushed, residual etrength 
1 

is entirely due to' frictional resiatance between the sail ' 

partlcles. 

This increase in shearing strength with normal stress ia 

~ conflrmed by C.W. Kaplar's direct shear data, using 

frozen concrets sand and blendB of Manchaster fine 

sand a~d East Boston 

Angles of friction ot 

j 

'. 

• 
. (20). This data ia shawn rin fig.27 , 

obtalned from this data, 

, l' 
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4-4 Remolded Samplesl ~ 
• 

The natural permafrost samples were remolded and tested to 
. 1 

determirie the effects of structure' on the .deformation charac-
-teristics and on shear strength. The resulte are tabulated 

in Appendix D. 

Examining tne deformation characteristics of remolded 

samples, as Bummarized in figure 28, the curves are noted to 

be generally aimllar to those obtained from the natural perm- 1 
afrost eamples. However, some differencea are apparent. Spec-

ifically, deformation characteristice of sets of samples re-
~ -

molded from SAM 2-:,,6 and SAM 3-6 arje examlned in figure 29. 

Theae curves sh0"1 ahallower alopes for the 9" remolded samples 

tnan for the natural aamples • 

Ae with the ~tura1 samplea, there0appear to be two elopes. 

The REM 5-4 sample exhibi ta behavior f3,imilar to the REM 4-6 

and REM 5-6 sample13. However, the remolded 2" sampleB and the 

REM 6~4 sample show eteeper, slopes, at leaot in their primary 

deformatlon stages. It would appear that , at lea~t in the 
r'. 
( 

defor~tion characteristics, the remolded samples do not reflect 

the' sarne beh'avior as natural permafrost maierial, poseibly due 

to differences in 4ensity and ,structure. 

The affect 

~n. flgur~ JO' • 

• p 

of ,structure on shearing Btreng~h ls illustrated 

Except i~ the case. of SAM 2~4, the Bfrength of 

natural permafros.t sampl~s, le seen to b'e greater ,than that of 

'the Barne material remolded. Ir ite natural etâte, SAM_1-6 

. had a low strength value, probably due-to the low molstufe 

-,.,.. .. ~ .. ., ,~. ~_ .... 
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content (2~.3%)., When remolded,and" tested, no- apparent strength 

value was obtained. Considering natural sarnples SAM 2-6, J-6,~ , 

-1-4, and 3-4,. and their remolded cou~terparts of the sarne size, 

we _.see decreasea in ahearing, strength up tÇ? 52%, wi th av.erage 

decreases of 40%. SAM 2-4 shows an increase in strength of 
1 

32%, however, upon examinfng figu;-e 28, whlch shows the erratic" 

~ehavior of REM 2-4, this increase may be accounted for by' ir-
\ ., 

regularities,in the ahearing plane, possibly lar~e grains. 

Therefore, the importance of structure on the shearing streng~ 

of permafroJt la evident. This effect of structure generally 
- 1 \ 

represents a decrease in~trength of remolded samples. It ls 

also evident that the 6" samples tend to exhibit more consis­

tent and regular results • 

-/ 
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4-5 SUnlmary, 

~rom the,results discussed, th~ importance bf the effect~ 

of ~tructure in assessint the shearing strength of a frozen 

material can be seen, Although th~s concept h~S been gener­

ally accepted in theory, experiment~l data ia lacking. It 

has been shown that, for Middle Iron Formation (MlF), the de­

crease in shear strength due to remolding is in the,order of 

40%. As weIl, the deformation characteristics may also be 

alteredJ however, a definite relationship between deformation 
1 

characteristics and remo.1ding cannot be established from the .. 
available data. 

Comparisons of the effects of sample ~ize on shear strength 

show more consistent an~ linear rksults where samples of a 

larger size are used. This j~stifieB the added effort needed 

, in procuring, preparing, and testing such samples. 

, The shear strength parameters are shown to increase from 

values of 290 for the angle of friction for unfroze~ MlF J to 

'"}'l'Obable values of 8Jo for thJ angle ~f friction wi th a co-

o hesion of 4JS psi for natural permafrost ,for short-term ehear 

stréngth a t conf'ining pres'sures to 100 psi. 

/ 
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, , 
V - CONCLUSIONS and RECOMMENDATlONS 

5-1 Generala 
, 

The o~jectives of t~is st\ldy were three-fold s )--- ---- - -

.'va ) to design 'a workable shearing apparatus, capable of 
effioiently handling and testing large dimension samples 
(6" x 6") with the precision required, 

b} to establish shear_ strength parameters for a particular 
geological material 'occurring in permafrost, this be-
ing,MlFJ ! 

c~ to determine the effects of remolding on the shearing 
'strength of samples of MlF. 

i Ks can be seen from the test pr~gram, the study was 
\ 

bared on a limi ted number of samples. To c;laim that the 

conclusions are béyond question is therefore inaccurat~ • 

The areas investigated represent a new and presen~ly poorly 

understood field of study. It is hoped that more experi­

mental. results on natural permafrost material will soon / 

become aVE}-îlable,I to provide empirical values for use ir 
( 

establishing guidelines when choosing design values for 

particular engineering problems. 

Cl, 

1 \ 

) 

, .-
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r 

5-2 Conclusionss 
-- -- ----- -From the present study, the fOllowing conclusions ~an be 

drawns 

1) The shearing'apparatus designed, conBtruc~d, and used in 
"0 

• 
this project was found to be eaf\ and e~fective. It functioned 

satisfactorily in testing shearing strength and deformation 

~racteri6tics of samples uPo to 6" x 6" in dimens~on. 

2) ~he sampling pro gram was successful iij procuring and tra1s-
J 

porting natural permafrpst samples. 

J) The effect of héat due to friction when eut jing and trim-
1. 

ming material is more pronounced with smaller dimension samples 

than with larger ones. 
) 

4) For large dimension samples;' rough cutting with a band 

saw and further trimming with a'~and-held grinder yielded the 

best resul ts. 

1 
5) The deforrnation characterlstlcs of large samples 

consistent and linear than the ones obtained for smaller 

samples. 

6) For the material t~s1ed, and at low,cQnfining pr~ssures 
(to 100 psi), the shear strength increases with increasing 

pressure • 

1 

/, 

/ 
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In tests-,on short-term strength, the ~rozen material! 

yields highér values of cohesion and probably higher values 
... , 1 

for the angle of friction thary the unfrozen materiai. 

'. --
7) An average decrease in shearing ~trength of 40% i5 

seen1with teating remolded versus natural samples. 

8) ~he materiai tested exhibited variability in moisture 

content, density, and ~trengthf which ie typical'~f aIl 

geologicai materials. The ,'nurn'Q.er of samples tested was 

limited and insufficient to definitively establ~sh the 

ehearing properties of natural permafrost'material. 

9) A surv~l of the available li terature shows that a def­

inite gap existe in present knowledge of the shearing prop-

erties of natural permafrost. 
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-5-) H(jcornmcj(lcl;,ÜloXlfJ 1 

,-

l , 1) "lV1~l'fj rJxt(mùi VCj t(j3'tl~'lg 01' rlO. tUJ:'Ql po-rmafrotJt ehould be 
-l... • .-, 

donC1 t'o c.mtâ,blltlh tha c11fStl'1butlon of' c.strongthtJ anc1/\Yshear1ng 
" ' 

, 

cha.r'aot~rb:Jtlof~ • , 1 : 

! 
l!"'t'~(j (U,t lotttlt 6" X 6") Ils amI' lo'fj f.Jhou 1<1 bo u ".d whcU'l" 

" 1 , Il>.,~,;~ 13"' 

1 d,.CJ tC8t'mirl~r)~ uJ1<H'I.t' utt'e.ttlgth pa.rarna t(tt'N • 

. 
3) Th~ ijrrootN of tho gap d1monulon b~twoon tho nhoar box 

~ 

'" h"lvCjij on Mw tJhtuu'lng oha.raott1r1tj"t1(J,~ 0.1' rnlltor1alfj "houl(l 
l ,1 , l' ( 

• J 
,'1 

bt.l 1rlV~Hj1Jlga ttJd'. 
. . 

1'4-) tllo livoit1 thtJ problmntlü,nd aXIHu1ljO af;Jtjoolatocj with tr'lln,,· 

pf.)rt1t}~ flQ tut'9.1 pot'fn~J.1'ro"t lM. tOi' la.l, te.l6t1ng tlhould bo oon­
. j 

dr~ttjtl Atj tJlotjtjly a~ l'()~allJl(j to ~,hCj ~Ampl~tlg rllto. 

. ~') V'urthor" rOSlÎaroh 1n'W a.mplo ,propllt'fltlon tfJohniquoa and 
, " " li 

thtli%' . o,r!'~01!H on rJ&mplo lnto&rity' would bt3' va.luablo • 
o~ N ( 

6) 11h13 I3fttHlt~ 01' 10l.d1ng ro.to, moirsturg content, (in both 
1 

! 

fro~on Ahd ur)I't'o~t3tl rnat.rial) '1 ... d.ns3ity, and t.mporaturo on 

tho ~h~ar1ng ~tr.ngth 01 natural pormlfroot mUlt'bo quant1!i.d, 
,-

, ' 1 

',7) Tr" rolltionlhip. b.tWft,\ ~hOt',t~t.rm .n~ lon,-t.m .h.ar 

, Itl'.nlth l~ou14 bo d.t.rmi~' .nabli~ t~. d.t~~i~ti,l'l ,r 
lon'-t.rm ~~ •• ~ .tr'nJth·bY·u.i~ th. mor~ tim.k.ttioi.nt -\ 
.ho%'t·~.%'1t .h.ar Itr.n,th ,t •• t, '. ~ 

/ 
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PROCEDURE3 FOR DENSITY 
DETERMINATION OF F~OZEN ZOIL~ 
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-8.5-

-lntrodu'ction 1 The following ia an outline of a procedure' 

" Mater1als. 

Procedure. 
~ 

/ 

--
'Ir 

"-

fo~ determining the bulk denaity of a sample 

of frozen 130il, 1he 'method ia efficient and 
. ,,'~ ~ 

~ suf.f'icientl'y precise for a q,uick determina-
-

tian of denaity under environmentalocondi-

tionB. 

Gradua ted cylinder - 1;11 ter cap"aci ty w1 th 

1.5 ml. graduations, 

Graduated CYli~O ml, oapacity w1th 

1 ml, gra~uations, 
, 

. Untform>sand (Ottawa Sand or equivalent), 

Beam~balanèe - reading ta 0,1 gm, 

- Chip, down eample to 'obtaln a r'oughly regular 

piece, amaller than the inaide diameter of 

the 1 L. grad,' cylinder, 
1 " 

- Weigh the eample to with1n 0,1 gm and record, 
, , 

- Pour 100 ml of sand i~to the bottom ot the 

1 L grad,.cylinder, 0 

- Slide in .ample. 

-~Wlth the 100 ml,grad, cyl1nder, pour in 
~ . 

m.aeur'd amount. 0.1 sand to oompl.tely 

.ubmer,. the .ample, tilling t~ 1 L grad, 

~!lin4.r, to th. clo ••• t 1,00 1111 ~k.· l:s • • ~ • 
tbe qnd i .. Uv.l when re.ding, , , 

----

1 , "t, , / 
• / , , of . \ . 

j 
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_ Record the, volume of a~nd needed to submerge 

'\ ) 
...:.." 

the eample • 

Sample . \ 
Calcu).ationa sr ',weight of sand::: \ 210.5 gm (1) 

300 ml (2) Volume of Ba~d + 3~le .= 
Volume of sand uaed::: ~"_', 230 

Volume of aample = \ . 70 ml (2-3) 

.-

ml (J) 
; 

.' 

Denaity ::: wt, of Q2$R~ ::: 210,5' 
; vol, of 6~ple 70 ::: J.O gm/ec 

" ' , . / 
Notes$ _ Avoid tapping the grad. cylinder, aB thi3 

will indues compactfon a~d lead to erroneOUB 

reaulta. 
Il l' ' 

_ Repeat the ·tesy until tW9 conaecutlve, con-

sistent results ~re obta~ned. 
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,a 

D'~A A1;D ?~;l;:3 

3A!-7a: SN: l_k 

DI~~i5IOK5: 3.~1· x 3.9Q~ 7. 6- • , 
~ , 

---, 

5HEA.~·I1!1 'A?3A ~ 29. 72 L-.;~ ê 
. . .. • 

HÔ~I~OwrA!. ~O:~?I1nf.G P?..E3S7;;d: 0 psi .' 
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" 

~ ..J 
~ ~ 

~~ ~-::'7?1(--~7. ~~_ ~-"'..r ..... ~ .. ~_ -.Jf"",---*_ 2 ,0-
... --.J • 

, ~~..:;::~: 
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Llit'E 
PRESSURB 

psi 

0 
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150 
200. 
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300 

35°' 
400 , 
450 

500 ,.. 
,550 

600 

650 
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S!ŒAa LOAD 'S:iZfd 5'r?3SS ~~l~AL ?Z,f..A?3'...5 

---<;> 

Db'"?LA(z{z~Vt 

Ib - ~ '- 10-3~ mn, x ,1n , ~ , 

- - ... -- _.. --- -, 
'0 OP 100 \:" 

1.0.)0 
2.060 

3,090 
4,120 
5.1.50 
6,1eo 

07,210 
'e;24O , 
'9,270' 
10,JOQ 

\ 

11,130 . ' 

1;2,360 
13,390 

" 

-... 

.' )4.7 
69~.3 

lQJ.9 
132 tt6 
~ 

173.3 
20e .• D 

2é Z.,5 

277.3 
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.. ~.6 
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415.9 
4.5Q.5 
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r:'A3"f? D-~ lA3 DA~f. A'm zes: .• =;; ~ .... c ~ J ........... q ~..;~~ 
// 

SMlPŒs sp~ 2-4 ~- -.:-=r""":;."!;PJ ~ -"~:'-:J' ~ :: 0? 
.. .."..., .. ","-1_ ~,.~_ ..,,....,.,11 2~ ~ 

,J • . 
DI~IŒ.Sf' )· .. 945- X 3.%~ 7., 5.5 .... J.E.::Z:~?= .., 2 -j ....... -,1_ .: l,,; -....,. 

. "Z 
S1!ZARING A.~= ,30.''-5 in î~.~:; ~OIS~j?..E !;C~!'~Eli7 = ., 

~ 
..1 __ 

pÂlaIZ01iTAL CO!!?I1iIZ:C .. PRE3~jP3 : 50'psi lDADp~ ?.A'E~ 109 psi/~i!". 

LL"Œ S-i"~~ LOAP 
~?..E 

.. , J.p- '. pS1-

" O'.·, . • 0 
1) 

50 . 1,0)0 
100 2,060 
J-

.. "150 3.090. 
'Ç. , 
~ 200 4,120 .. .. 

250, 5,-150 
)00 ~,le~. 

350 .' ", 7,21-0 

40,0 e,240 
~ '; ,450 

.~-~~ '. . 9,270 J 
~ ....... 

500 , '10, )00 

5-50 11.330 
600 . .' 

12.)!;O 

650 1},.390 
, 

5:-ŒAR 57?..ÉSS 

psi '\ 

!} 

'li ~ 
./ .'" 
S7.6 

,101.5 

1;35.3 
1.69.1 
202.9 
23fr;..?! 
270.6 .-- 0' ". 

304.4-

33B.3 
372 .. 1 .. 

U05.9 

J~39.7 

-- ----- -------- /' 

"'ŒR"IICAL 
DIS:P1A~~iT 
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f} 
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- --, f, , 
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: • '. ;.; ~ • _-.;" • -- of .~: • ~ 
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~.-..:. 

'l'ABLE D-6 1A3 DATA' AtID ~'9fJl;~--;r, 

../..- ~ ."' " ,...... ...«-.-;- \ 

, 
,. r -( ~ ~ .. 

".. 

., 

. .,- ~ .' , 

'" -/. 
",- ' , ' .. "" ;' , 

,/ ~ (" l ' 

-~ 

" ~, , 

ZlL·:PŒ. SA!.i 3-4 
~ 

j)1:'~~3IOfSSs 4 .. 00· x ) .. 71'- x 6'-
"S:~ZARIi!G À;;U: :29.68 1~2 
EC3IZO:-:TAL CO;:F!;!I?:G ,.~PP.E35UaeJ 100 psi 

-7 H 7 L __ --, 

S 333:;URZ 

Y'zi 

0 

50 
100 c, 

150 
2<00 

-250 

300 
350 
,}OO" 

'}.50 + 

500 . 
550 
600 

X--!ZAR l.OAD 

lb 

o 
1.0)0 
2,060 
),090 
4,120 

5,150 
6,'120 
7,210 

tJ ~.21~0 

9,270 
10,)00 

11,))0 
~2,J60 . 

!>rtEAR· 3TRES5 

psi 

o 
34~7 

69.4-
104.1 

• 
1)(;.8 

17) • .5-
2Qe.2 
242.9 

27..7.6 

1) 

0 

\, 

p 

". 

1JE:<fICAL 
DISPIACZ,/Y::T 

"t' O-J-x l.n 
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~ l' 
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.:;:; 

LOAnl''''- ;:;ll"""::7.. "lr Y' C!'';/:-'.l-~ <6~~"''''.Â .. ...r ..... ...,. .c... J ~.I ...... __ -.... ... -

~~ ... ~~/~ 
.... ~"'""" ........ ..-.iII 

;~tural pèr.:a~ro3~ 

S3!'lple. 

------------, 
11 

, , 

~tre~s ~_rail~ré:~6~ psi -. . 
<> 

~ r.o 'readi~g taLen 

• 
.. ., 

.. 

t> 

... 1. 
....... 

i 
Or' 

1 :' 
• R 

1 

, 
,-,l' , ~ 

'!l' , 
, : , 

, 

65°' 13.390 

,JI2.) 

'}47.0 
~ )81.7 

416.4 
451.1 

136 
l't9 
159 
169 

" J 
'\() 
\J 

~. 

700 
750 
EOO 

P50 

-. ':.!jll 

1t~,420 

15,1150 
16,4eo' 
11.510 

,435.B' 

520.5 ----
555.-) ~ 
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1~2 

1 5e9.9 1. l~"h 
'" • ,. t:> 

a ~ / ' 

• 
.. 

l 
/ 

1 Q-J"J.,.11 ~ Ph 7 1 ~ .. ~_....... ., 

n,:rrms tri 1 - if(' ') ~ ___ "..~_.. . "", ... ' "w_",,,,,_-.tI .. · W .... lftèc'ttt' ~ '11 1 
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TA312 D-7 1A3 DATA A!O ~;11:--S 

SA!~: SA::. 4-4 .. 
,,~ 

D, I·~~f:"IO~~- ? .... 75· 3 rd,,, 7' 5" ~.u,."" .. ~ : J ~'C X,. "7"'r X • 

...... .r:1 J1 ·RI··'! AO"" JO d., 1 ...... 2 
;>~~u. ~.o ..... ~" • T .... ... 

~.;O~IZm·TI""!' "O: .. ~~ .. I1 .. !'" p~":!~"~ .. ' 1"'0 .; 11.. V~~ ~ ..... ~.:;: ..... ~. ~.'J n;:,-J~'.h._.. U ns~ , . 
Llh"E 

1 
~~ LOAD 5:-ŒÂR 5TîŒSS ~-mTICAL 

l'RZSSURZ ' ' DI~1A """'~!'T A. """~..,..-JI .. " 
/' 

p~{ , --3-lb psi x10 l.r~ 

0 0, , .. ' 0 0 

100 2,060 67.4 10. 

~~-
l!.,120,,· 1)1!..09 30 

"-
. ~ l~O - Z~2_3 ~ , "-, ~ 

l}OO ~ 2"0 ?t:" '-0 ~~ . if _. '-""7--" '- .J 
\ 

500 10,30,0 ??? J ././ .. 105" 
t ' 

600 12.3~o m)1-, .. 7 116 ---
'70Q , ,,[. "20 ' !~7?'.2 122 .L.,./'''1' l - .-
800 1" 1-ao t:"?{) :(' '1 1"2 0" r ~.;.; • JI !:/ , "'- 1 

19. ,:kO 507 .. L ./ 900 " iLS 
" ',""'./ ' 

'.' 
1,000 -', 20r600 ?71:.. ~. .., . ./ 170 . 
'1.100 22,660 7k 1.9 1~~ 

~ .. '-..II JI -
1~;500 30,9f)O !pl1:? "* 
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~ 

.. 
-"\ 

---
~ '\ 

~1!ST ~ a.iE;'?Z?~5~;?Z: 

~ ...... -..... , 
-'~_"":;'Jj",i ... ! 

""-"'-T~~"~-:>7~ft:~"':7"'11*~ rII 
l':.:\,.;~'''''' J .. ~ JV''''r_..,''' ....... ". .. 
lC>~l;:; ?~:~: -~ 1 

~ 

2~O::l 
./ ~ 

'T 

? ? ..",...j..,.,.. 
..,;/-- -'-- ---

A 

10.}~ 

?.K~ .... :rr..3 
< ';1> 

~~a-t::....~! nêr-....afro3~ 

sa..::?le. 

" 

5tre~s ~ ::a!.l';'~ed.C.12 
_ ... ~ 
~.r:;, ... 

1" 

.' 
c:'~ 

. , 
~ <t€ -- ,." J., 
.J'.~# .....".-~ ..... -~ ............ ... J, ::; .... -~ ~A~ ....... .:=-, _3 __ _ ...... -.... _ ..<-

, -:rO::l ~::e s:a::e ~!.OCf.: • 
l'Il ' 

~ no readir~:=: ~?:en 
, J 

1, r_ 
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" 
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, .' 
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" 

• .1.. 
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TARLE -D ..... 8 IA.!J 'DATA ,AIO ?~JI:;S 

Sfé;:F12 s SAZi 5-4 l , 

151~SI01:S: 3.92'5" x 3.37" x 7 _,375"" 
'2 SHZARlt'oG ~.: JO. JB in 

HORIZOl1TAL Cœ!?l!U!:::i PRZSSU?Z: 50 psi 

LInE 
PRESSURE 

psi 

l , 

SF~A? LOAD ~{EAR STRESS 

lb :psi 

• 

v3?:iICAiL 
DISPlAcZ'mrr 

.-;!.O-3-
. A..1.. 1n 

" . 

·!,~?;·I. '"Ça F ::v.:.~_ w· ... 2P"T ; __ -.!JO 

1 

~.1.'~'-~ ~-!:i7?:"r-:.-;;;-:;, ~ '",==:0-:;> 
...,., ........ ~J"' .... ..--4_ ..... ...,.a;...,. Co,J _ 

:E:~3:Ao:' : 
-

.., ?" _/"',. ..,,-J :::.,.-J.I.....,-. 

'''j)lST~;:a ,.,.""'- .... ~~~­,..,v_w.M. ...... __ !;.. ~~ 
. --p ---" 

1.0;,.:)]::;:; ?.A;;~:I -!' 

o o ?3:-:A?2'S 

, , 

l~a~al pe-r-.....a::"ros~ 

'sa:;>1~_ 

" 

~~.::,..-
" 'ttP 

.' 

St:!"egs -:;. #a-=i l·· .... e ~ :();..-:. 
~ ~ ...... _....Ji..~ _.." ./ nsi -----:-- -- :..----::.....--

---- ~~_.:-

-------------...... "j, .... - 1, .. 1:.-- A7"'~ ~ __ !.:.. '""'1e""o ~-~ 
~""'_~ ~ a..".--""..JI -",.. '-' .., 4t ...; 

=ro= t~e ~~ ~loc~. 

~o. rèad~~ tar~ 

• ~ 
\n. 

'" 

1 ._ 

.p 
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~ 

TA31& P:9 - IA3 DATA Am> ~JI:1S 

S/v:PLE s SM! 1-2 

n-·-::n-... IO··.... 1 9"5" 1 9 r 5" 1..' ....,!1.ô> n:;:n • G x'. tI 

S~ql!;G/AREA:I ~a in2 

• 1- Ç7"''' .,.. '.~;) 

'" 

.. 
30?lZOHTAL COhPI~~lli3 PRESSURZ = 0 psi 

- . 

LIllE 
PRESS'JRZ 

SHEAR LOAD S:ŒAR S'!:1Œ5$ 

psi, , lb pgi 

---
" 

} 

/ 

"" 

vERTICAL 
DISPLACEl.:E!i-T 

x10-Jin , . '-

f" 

'7 

i'.... 

•• ,-:::::!~ 'IiîPJ,;"b7r.)I' ~-~" 250~ ~~.J. ~..I' J6J11'è...tS. .... J,.--.". J.. 

iJ3~,51T!= 2 r;: ~/!'". .... ' , IIfJ ,:",-" .,-. 

"1t.nI .... m;T·r;)~ "'If'f."~-""" 1 r, .,,,, - .. v ;:)~'V ... ........, ~"""V .... J..t....,.,.;,,_ -- ": V_.J,,7I 

U>ADI:-~ ?.ATE:I hOO nsi/::li:-~ 

îe''':~.?YS ' 

- ~ -- --~.- - ~~--- -----_._-- ~-, "---------- ... ~--- . ---~-_.~ --_ .. ~_ .. ~ 

--J) 0 0 0 
. 

50 1,OJO 1)0.7 10 Jrav.lral peh!afrost 

100 2,060 261.k. JO sa:.2ple. 
, 

0 , 
150 " 3,090 392.1 40 i' 

Stress ~ ~ailure:393'~si .. 

~. 
.N" 

Q 
o 

~ 

" 
J 

,/ 

\. ri ~ "" 0.. 
1 

----
'\ 

-~ 

----

"·r r­
i 

! 
t-
1 • . 
~ 

f . 
-, 

~ 

, , 

1 
t 

t 
l, 
f , 
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• 

-'~ ~ 1 

" 

J 

TABLE D-10-I.AE DATA AliD RESULT-3 -

SAf.1PI2 s SM: 2-2 .. 
fID2f:SIOl1Ss ï .. 91}5" x 1.945" x 6.25" 

t _ ... - --"' 

S~IlfG"ÂREAs 7.56 in2 
rJ 

HOIZOffrAL CO!iFI111i~ PRESSUE, SO psi 1 

---. 

LIllE S1ŒAR LOAD ~tŒAR SifRlSS VEl'lICAL 

./ 

·pjŒSSURE DISY"JACZ;'Z!7.r 

"s1 . lb 
..,. psi x10-3in 

_0; 0 0 0 

50 1,030 136.2 8 

100 2,060 272 .. 5 2) 

'150 },O-90 11-08.7 54 
200 4,120 ~J-.,9 1"~ ---. .1-' 

, 

" 

---

.~..-.... .. ~~-:;.....----_._-----_ .. 

o 

---. 

1 

~ 0 
TZST W).J'EP.ATIJREs 25 ? 

nZ::SITi, j.o~/cè. 

:~ISTJR! C~/= 11.9;f, 

LOADIJtG p~1Z ~ . son psi/~in' 
r ," 

n-;.AP.f~ 

fla:wral permafrost 
sa::l!ple. 

o 

-' 

3tress 1 failure,545 ?si 

SX: 2-2,3-2, 4-2 &J-~ 
_ tfere eut f'rom ~e black • 

. ~ 

~ 

" 

.. 
, 

'4) 

"'" • 

<' 1 
~:~ 

~~ .. ~=; 

~ 

'~,.:;' 

.?: 
i': .~. 

~ fi~) 
!~N; 
j. i':;: 

---':~. 
i "'~ ;~;:.#'i.."', 

? 

'~~Y l ,,_. 
•• 1 
1.' 
L. 
Lf;;' 

r:~·, 
t' 
1- 0 

~ 

.". 't ~ 

" ..... 
" 
.~ 
~-' 



fi 1--~-<'JI!;fif-IJ>I~Y !:"-- ~.' ... ~ *""'f. ·.,~T~'"I'-'-1.·-":" •• 11-',fA' ~1. ' -··W,;~-·:.r-;.·" - ,t: .. • .. T,~~(_~ • ".!{J' "J' ,l·~'~ 27:r-'7 . ..-s. .. ~]J: .. ~ '" .. ..: » ... /"'.u *' '" ~ <# ~ .... ~" , _ ~ .! ,~.. 1 f.i.f til # ~ J ~~. "'110 ~';_~~ ___ ... !!:_~_ .. ' ••••• L41'1,.. "~·""'.·<"kct""'#t1·f64..e;'1'- ~#"ft _ ... ~. "'J~ .. f,,'·._ .. '4t' ..... '. __ .. ... _-=-_ ....... ) 

-"-

---

.r' 

-----

~ 

'. 'l'ABLE D-ll !AB DATA -Ah1> RESULTS 
/' . 

SAl!PLEs SA!!. 3-2 

DI~~J.SIONSs 1~93- y. 1.95~ x 5.6-

SHEARI!iG AP.2A $ 7" 53 in.2 

aORIZOttTAL COHFI!iI!;!} PR23SURZ: 100 psi 

LlKE' ~HEAR LOAD ' SHEAR STRESS 
l'RESSI/Ri 1 

psi lb .' psi 

0 0 0 

50 1,030 136 .. 7 
--- 100 2_060 ,27J .. 6 

150 "J,090 410.4 

200 4,120 ,., 547.1 
6J 

250 5,150 ' 683 .. 9 

t 
] 

VERTICAL 
DI3PLAC&m;'1 

xl0-Jin 

0 

17 

35 

53 

72' 

167 ___ 

----------

/' 

0-
TEST W.,.-~.ATURE= 25 JI " 

DE!;SITY= 3 .. 1,~-/ce. 

V.oIS'roP3 CO;mn'l s 11 '. f. ,"! 

LOADIEG ?.A~ s 684; ,psi/~il': 

'0 

./ 

RE;~.s 

/' 

Uav.1ral permafrost' 
sa::ple. 

Stress ? !ail:Jre-: 681.:.. :psi 
) 

3~: 2-2, 3-2, 'h-2 ~ 3-~ 

":1ere ~~t ~r.o::! ~;U! 

---. 

!)10~~:::. 

• ~ 
Cl) 

• 

~. 

,. . 
J{'" .... ~ 

>; 
.,.. -' ~~~ 

~- ~ ... ·1, 
"'l ..... fi 

-';,...; 
,;; .... 
~­

'%"~, . 
... ~: ~~ 

'"0-1 _ 

i "'\": 
~ ~.\- ~ , , 

1
: ";:'L 
.. t",,_ 

,-
î . 
! ,~"';-. f l , • 

, '. 
! 

:.."'-
.'-

3:..:.! 

tfî:~ 
rr",:r. '" 
~ 
,,~.r 
~ ~~ 
.,.. II! 
, '~-f' 

::'i" r- ,,<, 
;"':; . 
i '-



œ 1..; :fct.r.: S!t'ltl li: JJ .. ~~~ :; .. ;,=4 ;'<:;"t": •• 1t~ ~~;<:~a·jL;itll !,,:.,,r.ç'; ~ dt-. + ;-,osÉ .~'(k..' ,'-Sf!l1: .. -,l:lJ:..Lt""r = __ r .. _ ... ;,_~ -_-...t. ~ --.-............-. 
-~ 

·Tfl'.32 1l-1Z!.A3 ~Nr .. \ A;!D ~!L:'3 

., 

SAY,1PLEs' gk~ 4-2 

Dl"~S-IO"''''' .. to" " .. ~1.J.' 0 ~',~ L., Z 1 .. 9$" X 6.25" 

"'t.-"'!1A~I'''('f 4!t'?. t'il' i-' 2 *!:i .. !J.J ,,, ... ~ .tJ.. .. --'.:l~ \.;.J r n 

··O?IZ0:lt#,mAL C~·::;JI·"IHrI' P~?""""1~t::u 0 .. ~ ,,' .,-~ vi......, .I"1.x ~.u,:;,,:; al.'u ~ pS1 

LINZ 
PRZSSfJRZ 

Sr:ZAR LaA!) .3HEAR 3TiŒS3 

.. 
~1 lb '. psi , . 

~. 

100 2,060 325 

..-" 

-ai .-- -' <> 

,( 

:. 

~ 

---
V2RTICAL 
DISPLACE;~;~ 

x1o-3in 

.. 
~ 

.J;b 

-::;~ 

.., 

'"' 

/' 

" 

tm:7Cf·T ~.'ty~? -,1'"';)'7. ? CO., 
~s:"i;;I i..u .. ;u,., .......... _'V ... ...,tI~ ... 

, 
DmiSITY: J.1 ç/cc. 

~I"tI:Z.~'''-::1 ~", .• ~-,..... 11 2 4 
T.~ ....,.1 J~~..J ~t..r.a. .:..:..:.", .. _ • l' 

l.OAD:G:: ?.A'!Z~ ~ 

P.E;':A~S 

/ 

F.'at"lral penlafrost 
osample .. 

Annro7.i~te stress ~ 
~- ~ 

~ailure= 325 psi " . -------.-
~ 

~ - ~~ readip4 ta~e~ 

SAU 2-2, 3-2, -4-2 603-6 
o • 

were eut f'rO!l1 SSl:e bloç:-t .. 

J 

~ 
• 
~ 

-'~~"'-4""" ~~t"'~'-' •• ~""""". l.J:t...,dt,,l:h.&t- r 7 

:"J~; 

" , ," 

':':~ 

;~ 

,-"" 
~ ;~ 

:.J' 
~ ""'~~ 
>~J'1" 

~ ;-1 

,,:.::-.. <~ 

-{~ 
<:f 

I~" 

r' 
L· 
t 
~ 



" I-~ .... ,.r-]I f. ~ ..:i '~rm ~'J.~ ",TéH:;,r; '-' Il''' ,. . 9. l' "." L.' '.,. ,.,'~"'''' ,'", _., --.. :7-' r -,f .~ ., ,. \ ~ • l' , , .... ,. " ., .. ~/. ,-' ~ . ~ t ...~ .' 1 ..... : ~ _. J/, ... - .t "., ': .. 4' _ .. , r jI _'( 
·1. -- ',," - '---,. ~ _;.. ,-_ ". 1.:"" • , __ ~', I!" • .k.ié _ ~ ... .; t-"t le .. < .... , •• cria* .... ~. ef ê' .;. .... r;.&..-----...-...:.r_ .. 

ri ~. ~ J';.,. • . - 'f" 
., : .~..... l~ .r .. "" 1 )...... .: 

~ .' ! -i-~-1Ut C_ 
, 1~ i' f! '" U" -ft " .:t~.. IM:.'- :JII:.;;.' 1 

// 0 ~ 

,// " (. 
, . 

fi ,,' 

'1 

, .. 
-.' . , 'IA32 D-1} LA3 DATA Atm· ~E:>;IT':; , 'C-

.. 
.r 

r;~?::'tr. rr;·'7>7~1.·t1·<r:;'7. 
.A.~.l. "'-4.l#" .... .l/WII~~ • .J .. ~. \20? ----- SA~œLE: SA'!!. 5-2 -- .... 

~ 
------- 1 "'C'9-~J' '1. ~ .... _ """',. Œl • ..>l. ... .a.: 3.3 SM _ ...... , il'-

1.935" x ,1.975~ x 7.25" D1;.:21.;::n01;S: 

r<lr.?A::>I1-'''' JI.:)-a.. 7 ?'l' • ?'\ 
2 

;':> .... JtJ ..... ..\.1 ~\.AJd.. • J # -;.'l. ..... d 
'-, 

l' 
HOI ..... t'I\ .. ·;:>? f!O""'~',m 9 2" ~'.. .:>1 J"'~ .., l~.l......" .. ~ J.: _,,~ 

• - Q UO!)IZO?'TA- CO·?I'r!" .... -p~J .... ~r':;.?.'-rr. • L01.n T """ :>Il....,. .. r')Q 'I-~- .. , .. 1 A. JI L .~_,., ~.; .... ~~Ù:.J ... ~......,. \;J,PS1 ... - __ ----==-=-..nU.A.. t .3 .. J'\. .... """"" • ...,,1// pS1 ... :l .... _~ / 
~....... ~ - +1 

o '~ _,_ 
_ .. ~_ .... _~ 

4 

~ 

! 
î 
~ 

." 

/;-LI"'!? ""'t."'=1 JI. ~ LO' D S~-l;- "-:i sm:>":r-! ..... '~ ':~'!'ICAr' ~--:r~ ~ "':r/':;: ~.Jj ~ ;:,.~;\~. . . ....,..ni1. -4t- .. ~:;,::;, ~ _ ............. l.LT"... .., ~t....J_A~ ..... ...., 

" pp~SSURE - . ~L.ACE~I'T 
-- )' l psi lb ,psi xl0- in 

_____ ~ __ . ___ ~_ _ ______ . _____ 0_ _ ______ ._____ o_·~~ __ ~_ __ _"2..___ 0 ____ ,____ • ____ ./ 

- , 
0 0 ~ 0 

50 1-,OJO 1 Jk •. Z 

100 2,060 
, 
~69.6 .. 

. 150 },O9() 404.U .. 
Q • 

" 
200 4,l20 539.3 

\ 

250 5,150 .!-aJJ..;i 

300
h 6', 1(~O . e03.9 

1> 

o '. _ J' 

o 

\ 

. ~ .... L -----~ 

0 
:' 11 

"-

26 

39 --:---

5,é 

25 

*' 
,/ 

....... 

Î' 

... 

~~at~al per:na~rost 

sa..~le. 

<l 

~três3 ~ fail~ré:~01 ~si 

~~ 

* - r.o reading tak~ 

"",,., .. 5 2 ;)1\.... -, 6-2 & 7-2 
were ~~t fro~ the 
Sa!Re b lock. ' 

\ 

J .... 
o 
o , 

.... .r-'-_~, ~.,.,L .L<A .... ___ .,/. .-.......-.-.' .. "1 • dnt:!'lc,$ co 

1 , 

!-, 
,) 

r' 

r 
t 

.~ 

f 
1 
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, • '. . n .... __ ' J~" . .. :~.J... "',,f . ., L'-'... .... i r .. ,~ t 'j ~ " 1 ~ ~ - 'br 3 "t~! -. W:._,.,..-:~ .. " ~ 1:' __ ... ~.;.;.c;leré1e1 ·.<.·::;;'.14_ ..w.Î~e .. ~~· .,.". ~:.-.. i 4'':''..::, • ! ...... '''' _____ ___..."' __ . et-' 

'1 
1 

./ 
,/ 

':' 

'-----
~ 

.Q 

./ 
TABLE D-14 LAB DATA AND RESULTS 

SAt.1PLE, SMl 6-2 
, 1 0 

DI~IEt!SIONS~ 1.975" x 1.97" x 7.625" 
1 

. SHEARlj:;(1-A~EA" 7.7'0 in2 ~ 
'-----

~"'--- ~~ (j 

./ 

~ 

, ~ 
T' 

, , . 

TEST TE~'PE?.A'PjRE~ 25°"? 
~ 

l, .DE!{SI~! : 3.2 g:'j/cc. 

.i -"'O--I""'tr'1·:r.;1 f'fO'-I"!"":n-m L .., ,_ ..... .:>_:Ju-" <J ~~~ ....... 'l: o.2.? 

// 

l' 

HORIZ01'iTAL COt!?Ilin:'} PRZSSUP..E, 50 psi LOADI;;:; AATE~ 860 psi/:ûn ~ 

LI1'4"E SrmAR LOAD 
PRESSURE 

psi lb 

0 O. 

-" 50 1 ,OJO' 
,1 

1 

iço .' 2,060 

150 c J,090 

200 4,120 
" 

'-- 250 5,150 

JOO 6,180 

'3?5 . 6,700 

.'/, 

~ o o 

~ r. 
SHEAR STRESS VE1lTICAL ?Z'::Aiw.S 

? 

• op 

DISPlAC~œ1i'1' 

psi '- x10-Jin 

o 

132;u 

26lJ..8 

397.2 

529.1; 

~6tl.9 -, ' 

", 794.3 
'" 0 " 

o. e60.5~ 

.". 
-Q 

• Q 

Il 

.. 

° 
20 

60 

75 

90 -'. 

116 
:.. 

137 
if ; 

----

~ 
/ 

,/ 

+ 

.. 

~ 
Î ~~ 

\, 

nataral.per:m.!""rost 
s3.i-npte. 

.""" j1 ;"1 ~'II:O . .::Jo "r:egg _ ..:. al ~l'!"e:.,.J pS1 

, ..." .. 5 2 
.;:;.,.:"..... - f 6-2 & 7-2 
... .,e;:e ~lt :fro:t 
sa;ne black. 

t~;; .. -

d ~ .4 Y '* - no rea l.r..g ~._en 

/ 

'---... 

. ' ... 
o ... 

••• 

'-----

.' 

'-----

-4> 

, 
l~/. 
!~ " . " 

.. 
j. 

... 

":' ( 
~1 

'10 



I:~~r:! JI.I~Y 
#1. :'~Y'; 

...b 
~ 

9 A 
ç---

TABLE D-15 DATA A?ID RESULTS __ 

3A:·1PŒ s SA},~ 7-2 
./ 

DI:,l3:mIO?iS: 1.0'0" x 1 .. 96" y. 7.:375~ 

SP.EARIU'; A?.EA: 7" 06 in2 

HOR!ZOHTAL CO::P'I!~I!;J PRESSURE-: 50 psi ;-

LnŒ 
PP.ESSURE 

psi -

SF.EAR' LOAI'J 

lb 

SHZAR STRESS 

psi 

c. ' 

VEitTICAL 
DISPLACZl,1E1;T 

xl0-3in 

" 

~ 

--;-

TZST TE.'!.PEru\TURE J 25°? 
1 

• 
ZiS!T7: 3 .. 1 g;:./~c. 

·'OIO'~1!J'l:7 CO·'r;..n-If'· 11 7'" ..... : 0.4 U~ J{ ... ~ ....... " • ~ 

LOADn;G ?.A'E s * 

;>-:r'l. !)'l"" • ,J;.t: oAi\._~ 

l'----- -- ----- ~----- ---~- -----~-- --- -- ---- ------

000 0 

50 . 1,,030 

100 2,060 

lS0~ 3,090 

200 4,120 

., 

- ,/ 
./ 

~--­
/' 

145.9 

291 .. 8 

1"37.7 

5e3.6 

,/). 

10 • 
.. 

45 

90 

150 

/ 

f 

',,-

./ 

• 

-, .~ - r ~ 
Îf~ t.,' ... ra.l penna ros ~ 
~ . 
sa;nple • 

3tr~ss ~ f'ail'lre: 5eJ~ psi 

3A:: 5:2~ 6-2 ~~ 7-'Z. 
~I.t::' +h were cu ~ .L ro:n .... e 

Sa::le blocr.. 

~ - no readine taker. 
~ 

• ~ 
o ,.., 
• 

r 

1 
i 
1 

i 
1 

1 ! 
1 

! 
1 
t 
~ 
1 
! 

t , 

~ 



~ 

,::' ,,,,\i.,< • ' :t-~1-'. t ~ , 
---~ ... -.., ....... - .... "" .... ~ .... ,."'" ~""" '*"'\ .......... -Il. ,. -_-.. .. _ ..... ~_ .. " 

~ -, 
-f .... -10,)-

tll 
~~, 

, 

~-
.. 

t) ~ ~: 

~ 
Cl C) 

+, .\ 1'1\: -. , . f. t') .. l\~ . 0 CI .p 
• 1". ~ ~ ~ 

~;.J 
0 0 N ft-i 'oS 1:0 

V'\ .. .. ' 

fi· 
r-I ~~ 

~ N ~ V'\ j .t"\ ·rI 
N t~ ~. 

•• u ~ . ~) l\~ .Ir ~~ - r-l ~1 p~ (.) .. , l'~ 
.. )/1 ... ,' !'il ~ 1 .... 

!" ) ~' 
. , 

~ 

10, l' 1 

""" 
... ~i 1 «1 t'lI t'l 0 

;;~ 
... 

~~ 0. h r-'I n \; .. 
0 ni (\ 

If) 1::) 
~ " ' ~~ 

m· 
,~ (;l -l' .. t'tl ". tl t ., 1," 

, \ t..: ('~ ~~ 
'Ii 

'"",";', \ ,:~ , ... 
:::..~ .... t:--~ I~ 

] 1:-1, 

R 
V) ~ ,.' ..... fI) ra' 

~ 
~ , . S / .. \ \ ~ 

\ 

,. ~" 

~ 
.. fi') 
~~ 

( .... C. 

I~ 
, , ':') 

fI) 
.\~ ... ~, ... N 
\.~ Il:: 

'\ 
\ 

!'.' E~ .. 8 / '- ' . .. 
..... tl 

: ] < 
1 l ~i 

~ 

~ 
'.-4 

~ 
.. ~ t.) ~ 0 t"- N 1:'. 
('h~ 

, 
"""' 

<"'\ \{''\ 

~ 
HI 0 
Edl. ~ ~ 

,,~ f () ~ 

:A ", t: H 

;s ,(.:l 

,~ \" , "t .... 
'-0 ...... ' "'li 

~ ... ~~ ~ , .~ ti'~ 

;1 
0') t·'\ . ' 
P. 1") 

('\~ 0 V\ .... 1 '" 0 {'; .. .. .. 
I~ 0 0 , ..... , ù" ....... '(' 

~ 
t - ~ fi) ("'\ t"- a 
t"- r~ P. ~ N -, -. ... .. ~ 
x g~ f'l 

~{ : 
~ p f'l 
\'/'1 rI' 
N 

~ Q'\ 1 .. N / l 
~ ~ Pol n 

·n .-,: 
....... ~ ~'? 0 0 0 0 0 \ 0 ... H <", ,.., C'--. x~ ~ ~ 0 , 0 

\ V\ • 1 . ~ ~ 
.. 

t"- e:-- H <: \ 
~ N <"'\ . N 0--- Î"~ / ~1 

~ 
, ... . . 

O.) T"'I 

~ 
0 F" 

\ 0 .. 
.". too.\' ... CI .. ",.<, « tl) -< t~ ~t.l.'" tIl .~ < , r"" , , 0 ~: t:-4 N r 

H ~ . :::: /"t~ l> 

tl tl) H 0 ::-, ~r-4 0 0 c 0 .. ~ t:I:: t-::I tt1 {I) 'r, 0 '-', -~ {~) -.,: H f-HI') A ~ ~ 

.. :.. ~:l, ~ ~ ~ .• ttl 
< H 0 HI"t:: 
tn ~ tr.! ~ ~~ t:4 

1 
/ 

~_-.a 



't", L:' ~.iT1 IJ' (l'ft , l "'~h., '.:~. • en 1,..,..... ;_'-.. ~ ~
, .. -.... ~~ "_ .. -:."-'\--.... -;1' ":;1' Il l-

I -, ",# "C;. 7"1 ".... . - '.'"..../. 
1~ Il ,_/~ 4 ... ::16;;';;' A,"'e L " /.,;1' J, ~ ..... 

,J 

~ 

:~ "\ 

. 
TABIZ D-171A3 DATA AliD 

SA:'PLE: RE;: 1-(; 
'" 

Dl:1ErSIOijSs 5,94 " X 5.99" X 7.875" 
SHEARIH:-}' AaZA: 71.1e in2 

HORIZO:,;TAL co;:irriI:-:::; PRESZ'JHE: 0 ''Osi ", . 
'$ 

~-

(; 

Llf!i1 ---v"'~'-'~~1'r.I\r.\/ M!1~/:> ""MR~"'~ ~~J~'I"'A" 

RE3 9;L'I'3 

'.Aï" lJ~jAJI"~.f. ~VI"U ~ ...:> .. t.WHr.:::,~ .,.I:i'::'>.::J f~ .... l V L 

PRESS'JRZ v Dl SPLAC.E:s:E!i'T 

:: 

n 

" 

(~ 

psi ~ lb "psi - xlÔ-Jin 

o 
100 
200 

~300 
L 

400 

500 
600 

7-00 
800 
900 
• 

1.POO 

1,100 

1,200 

1,300 
1,400 

1,~00 
1,600 

1,~OO 

D 

o 
2,060 
4,120 Q 

;: 1"'0' .J, U 

8, 21~b 

:-10,300 
, . 

12,360 
1/:.,11-20 ~ 

16., l~;-;O . 

lB,5L!.0 

20,600 . 
22,660 

2I~, 720 

26.,7eo t 

2è,811-0 
• 

30·,890 

32,960 
J5,eJO 

~ , 

~ 

,:; 

'" 0' 

2?9 

57.9 
86.8 0 

115.e 
144.7 

'" 173.7 
202,6 
_231.5 

;," 

~60.5 
Z89,u 
'18.4 
J47.3 
376.3 
405.2 
431r.2 
46) .10 

492.1 

-

O' 

10 

-30 
40 

060 

68 
e5 ' 
oIf 
/ 

110 
125 
135 
15° 
173 
190 

270 
300 
)20 

350 
~ 1,800 37,090 S2~ 0 380 

- _____ ...;~ ......... ..J..J... .... ~ ... ~,;,,..mmtt n:l'!è .......... ~..A!If~"' .. .,. ....... ~~iMM xt! w.....,.... ~ ~_t,t;r;o;" ....... *' 'I~ .... " ....... ~ 

? 

:" 

- ./ ~ç-

l'·~j!) . • :W ;{.' l '1: n if l-A." ..... 95 J l' -' ..." _ t#.~ Jœ 

----

TEZT ~Zvd2?~.7J?E: . 2" -::0-;1 
./ ~ 

!iE::SJ:7! : 3 .3 "...,./,..,.. .. ;, "',. --. 
~~OI-'r:'-'J~ ("O~·:-::-:rJ-"'. v. .;, 1/,......... V 1f ,.t,.,fJ.-' .... 

p c:1/., 
.J • -II" 

LOADI~;-:; ?~~2: 104 of • .,. ....... "J'Y"'I os ....... ~ .. 

J"J-"'" j;r-:::::" 
"~o4J .. A ..... --..I 

~ 

"j.,...O ..... ~7'Ofl -::; OO? 
~ ...... ;y~ -;..L.. - .. , 0- ". 
.tial~ta1~êd at 0 ~ :or J 

1ays; te~era~~~~ ~, 

" 
/' 

i~~~p~~p~ 4~ 25~~' 
_~."wI'~ _r.;;.'4J_-..40 6-"" .. , 
""_"~..,,.1 ~~ 2 t: '7' .J>~~ ? ~: -<#-=:/ 
#~ __ ...e _,-" ~ _ _ v_ ' ~, .". 

3t~esg at ~ailure:521 psi 

-_. '" l' ? ..i'\ -. ~ t -rlt>.-,.o 
1 ..:_'* _-f!Y' _ .... ./-, .t __ ... 

:o~~e1 :~O~ ~~~~ ~~~~~ial. 

o 

----

1 ,.... 
o 
+:­, 

- - ~~_~-..-..-;..., tg 

( 

1 
j 

'\ 

-

;:;. 

... 

( 
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lof., t.;1"/Mf .;'~fK l~ .. '.- ____ -1: l~_ ;.ç;":"i"1 .. éC .. ·é<;;"';'~U. '., ~, ... "#.. • ~ ;,(~4- f Ji" .. Jf~/~" iit'r. Il .;..... 1 ~l or 

~ '\ 

" . , 
/ 

r 
~ 

TA3LE D-18LAB-DATA AliD RE3U:i.'l'S 

SA!.1PLE. RE: 1 2-6 -.. 

DIY.ENSIOUS: 5.35"· x 5.7e" x 8" ". 

SHEARIHG A~ 67 :63 i~~ 
• ~ 1ft.:... ... .. ..., 1· 1-"" -~....,,.. .. .,, • HOuIZOt • ..:A.t.. co .. .:' 1..1. '-' ~ • ...,:..;,..Jo.)?.z ~ 50 ,~n 

,LI=-Z 
p.,? ....... 11~ 

~ .. J...iij:;,'J Tw~ 

..... tr1'? LOAD .-:J,..Jr... . 3:~AR ~"''j7'"'''' 
I~ .... J ~-I.j.;) 

'1. 

/ 

• ~/?:)tT'I l (! ~ - ~ 
".JJ • .A ~J~ ..... 

T\T"'p~ AC":" -;;:r-f!; --J..I"I;-=» J..oi1. ',.Uj-~lU: 

psi lb ~ psi • xl0-Jin 
~-- ----~~----

o 
950 
500 

6 130 , 
1,·000 

1,250 
1,500 
1,750 

'2~OO 

2,250 
2,360 

~-

000 
S, 150 " 76 .1 ~ , 

10 .. 300 

15;450 
20,600 

25,750 
30,900 
16 O~O 
/ ~./ 

1:..1,200 
'b6,350 

47,3eO 

152,3 
1 

228 .l~i 
39l !.;6, 

~~'O 7 ..J..; ~ 

L}56.9 

533,0 
609.2 
6(~5.3 

70().6 

----
, 

'. 

• 
7-. 

20 ' 

55 
75 
95 

123 

'153 
193 

253 
:323 

* 
/' 

, 

.. 
, . 

.../ 

./ 

~ 

" 

If> 

.. ~ " 

~S"" ~"n"7!)t IT"
J

1?":('. 250'7 1:...... .L J...L-*,,,.c......., ... Ui..L v. tJ;";,,,I • .;. 

D >?~--I"JT<" 3 1 -=-j,..,. ......1.;, ... _ • • '. -.;. 

1~OI""'rr1;?-:: "O'r~-'Ï'" 9 1~ ;,)" i:>-...,I • ..., '<...II ~"_~''''. .", 

.,.n,'r"i.-··'" ~l-? - 'f7~ "f· :..tvr.J.J.L,'~ •••• '; .... : Jo -! ?S1 :u:: 

7:"-'" -::r.'-::' ,,--,,_ ni." ... y 

Prepare1 at Oo? --­

~~rr~~1'~e~ a+ OO~ ~O~ ~ 
• ~J_~ J .I~ J~"..l. ..., ... _ li. ..,,1 

, ' 

1a7S; te~eratur~ 

~i~~r~ase1 to 29°7; 
~ iA ~4 ?~o~ , ~ 7 ~e ......... -:.., _~,1 _ ... 0 .... ~a··~ • 
~Stress at failure:701 ~si 

* - ~o ~~a.Al·ra ~a~er ...... A.. _ u ~ .. ? t,.. 2'_ #4 

~ ~: 1-6, 2-6 x 3-6 ''1'!r~ ~-------.., 

fo~ed fro~ sa:.e ~ateria!. 

'"'i1 '---- . 

.--"" 

• ,.. 
.0 
\.A' 
1 

.:,,>' 

L . t~··· 
1 
i " 
r 
,­: , 

• 

~ - ].. 

:.;:..:t 



~ l''~·; ~ l' ' ,~ e.:';I"~f~1,.):,. ~ -.:~~.,:,~.';±icc' k;/tL,;..gl':·'tll ~-,~~. tt.":'.;;"~'-" •. :!.:l;. _ ·,,\!Ii'" 'h !~~·Wn·- 4 ?f,.~ W' • ...-a::. L,~ 

01 

, . 

. --- " . 
....., 

" 

TABLE D-19IAB DATA AIID RE3iJlT3 

SAt-ll>LE s RE!.: 3-6 
DI~iEffS10HS 1 5 •. 915" x 5.675" x 8" 

. o3!tEARI~{G A?.EA = '67 • .16 in2 

HO?IZOHTAL CO;:?ljaj;ü ,I:P.E3S!JRE: 100 psi 

LliŒ S:-3AR LOAD S:~Arl: S'I?.ES3 
, . 

PRESSURE' ' ... , 

psi lb . ' 
p~31 

0 0 0 

250 5,1.50 76.7 
500 10,JOO 153.4 

750 15,450 " 230.0 
t,OOt? 20,600 306.7 . 

1,250 25r750 333.4 
1,500 30,900 1}60.1 

, 

1,750 . 36,050 536.8 ~ 

2,000· 41,200 613.5 
.--/ 

.. 

-t 

.. •• 

VERTICAL 
DIsPLAC~-:E1:T 

1" -) .. 
X 0 ~n 

0 

7 
30 . /' 

. 62 
• 

B6 
121 ' 

156 
224-

336 

t. 

A 

---' 

.... 

~-----
~ 

"::1':;"/":'1 ~J.' ~p-:;>-::7 "T1f~17' .. 
~..;~ --,.'~ 1i.J .. ~ ___ ~~......,- 25°?" 
-"'jJ"~~r'!T"."-J' • -'.-JI ... ...J. _ •• 

~:OlZ71J?~ CO~;TE:;T:: 

3.3 ~/é.c. 
9.2% 

LO:JJIi;t; ?~.':'E: ~ 

Jo"?;;';,," !.:)V~ 
.~ • .A .. ", .. ,...J 

PreparB1 at OO? 
--i~~a~~od a~ ~o~ ~o~ ~ 

JICiI, ... (, ...... 1_ ~ -..1 ~ _ ,1 

daJS : tB~'P!3ra t:lre 
inCrea3ed to 25°?: 
t~~~ ~~ 25°7 :o~ 7 ~2.:~Z • 

:>~, 1_1. 2-1. & 1-6 -;"'er~ . ...-".. -' , -- .,/ 

-----

-e. f' 
t 

1 

b 
>~ 

" 

~ .. """ / 

/' 

, JI< 

" 

~ .,...........,~~ 6~ _ ""- -0, - LO"~; ) _D_ .•• _ .... _.? ,,,,3.,, ,:.afl_ .. _a_. ~ 

'-. 

" 

3tresv } ~ail~re:73~ 

'~ 

~-~-
" .. no read~ng taker. 
~ 

--.... .. 
..J 

. 
;.I3~ 

..... 
o 
0. ' 

/ J 

1 
,~ 1 

1 
! 
f 

, 1-

, ,. 

,~ 

_ ~~ ....... ~ \> d 



.il 
!-;. 
if' 

t; 
~ 
.:-

~: 

'1'/ 1 -::" 1~-:, .' 'j','t fJ~" . -1, •• ", '1 .. "- _ . !_.~. ,-~ 4j~.t •• C... A1",~~! ii.. ~- _ · .. .,;.<44 ... 'M ....... ~ ;,,;lJM .:wtl :,' .!-, 

ib 

"'­'\ 

" 

'" 

I;;...~"'!i!":'~":"~ .. ~.' 

" 

m. ?...,. '!;" "T ~ Ir ~ "7"""'"':",--. , • :'b 
l.-1..JJJ .... D-20 J.sA.., DA.lA Ah ?UJ':>VLhZl 

3)\;·;PIZ l ~;.: 1:.~G 

DI:.Zi;SIC1;g J 5, 92" ~'5. 91," X 7 ,JZ5"~ 

,..,· ...... A':">!'·- '1. ")~A 70"5' 2 ..;.,;t..;:;; i\. "' • ..;; " .. ~ ~ -,1 ~n 
~ . -

~ 

'<.JO?IZOZ'TA- CO'-:;:O--'I"r< p:>~""''''J:>~ c:o . n.\ • J.J H~ 1;, .,'J aû;:J;:) •• ..::.: J pSI 

LIllE S~AR LOAD 5P.EA? STRES3 
PRESSURE 

.~ . 
pSl. lb psi 

0 0 0 
t 

100 "'- 2,060 29.3 
ZOO l,." 1\20 58".é 

300 - 6,180 ':>7 'P tJ ._ 

400 8,240 117.1 . 
./ 500 10,300, . Ihf .4 

600 12,360 175·7 ' 
700 11~,l~10 201" # 9 

BOO 16,h80 ~31~. 2 
900 lB,5ho 26).5 

1,000 :20,600 292.~ 

1,100 22,660 322.1 
1;150 23,71}O 337.4 

"1 

~ 

/' 

',Je ~ 

" ',.. 

YER7·ICAi.. 
D IS~LACE~,:z;:r 

x10-3in 

0 

26 
b.! 

61 d" 

72 
'2~ 

..t 10ü 
J 

121 

1l!.h 
162 

19.6 ~ 

23t: 

* 
& 

_ ;t~ ... :": _~ .. v;.~ -=-=--- T 

.. 
~ Q 

.l.U.J.4. _.Â.l. l -I.I..t',.. -' ~~ _ .,. f't'71':!trl 1'"'.-:7' m:;.>'j ll':J<'?'";1 # 250-. 
" 
:J~:$I::~ 2.ê~/CC~ 

r 

;-:OIS'i1t;?3 ~O;:~~~T: 9 .B~~ tI 

~n~ ....... -r"''''''' ~"'1J""7. ?l~ ~. .....Nr.u_.~..; ,. .~.6..~ ~ -vi"#' pi.:ll. 

," 

?~:P...,~.Y-S 

" 

1 - Sa'!lJ)le 1 remo1!deà -rr:;~ 

thaf.fJed ,j'raJ..onents 0;: 
3A':": 2-6" 

Prepared ?1 (l~? 
~~ir.~a;~e~ t' ~07 '..... • \, _~ ..... a u ~ ~or ; 

days; te~~ra~~re, 

~~cre~~e~ ~o 2~o~. 
.J-~. ~;;;...... ".... ~ ":. ~ 

',.e'd a 4 250
;:r ~or 7 ~a·'''' J"..L- ..1 ... _ u .;:;,. 

~ - no read i~'g ~ai:ei .. 

--. ----
Str~s3 ~ failur~:33? psi 

• ~ 
o 
~ • 

1 
;.~ 

-:/ . 

f : 
l . -

,~ . 
il I~ J 

\ .. ai 

" 

, 
L 

; . 

f,r~ 

.. ~-~,~~.~- .. . ''''d. "'4 ""'_ ..... ~ !'~ -"~~_ ~·_~L •• _ ~-''''''H,",~~''':''''.,~ ..... _ ... te s:'ZliNi'if'fJ. rRa' 



r.. l' -?P::~ ... " m' ., 
fi ,8àd'. J ~t. a: 

,. ~., ~ • -. -. ;;1:1' B -, . ..., - . 
~ ~J.L ~ ... ;"-*1< K~' "'''~1' -.... - ik. r -i ....... ~.rl. -ç ...... s< # r .J 

~ , 

TABLE D-~ t LA3 DATA AND R~S;]LTS 

SA::FI2: REM 5-t; 

DI::E:';SIO:;S: 5 ~8B" i. 5,,875" x e" 

AiŒA: 69.09 

100 psi 

1{ 

LIUZ Sl!t:AR LOAD SHEAR ST?.E3S '/EJ1.TICAL . 

.. PRESSURE DISPLACE;.:E!:T 
. lb psi~" x10-Jin p_s; 

" 
....... 

0 " 0 0 0 

100 2,060 29.8 
"" 

17 
200 4,120 59. 6 4z 

JOO 6,180 29.4 65 
-

l~OO ~,2l:.0 119.3 ?;3 

500 10,3'QO lU9.1 160 
, ;-

600 12,31)0 17~. 9' 116' 
. 

700 11},430 - 208:'1 . , -135 
0 

800 16,hBO 2Jt~ .5 153 
900 113,54 0 . 262.3 l72 

.1,-000 20,600 298,2 1.9Q 

1,100 22,650 327~9 217 

1,200 '2h,720 , . 357. ~ .. -252 

1,)00 26,780 -..,:: )B7.6 302 

1~400' 28,84-0 417.4' : 352 , . 
, . 

./ 
/' 

" 

"» 

,-. 

... t 

\, 

ffI11':!T Tw1."I"',<j? la r:'~;?"!1 • .1.. 5°,:> .1.;::""" .-I;:.r;LJ.au ....... ,J.& .. ~. l .... 

D-:7·--'T-·~ • 
4JJ.'~_.A. _. ", 2' 5 ::....../"'''' ''\ . ~"- .."....;. 

"7 ' 

'OT Nrp'::>~ "'0·'9'7"-"r.. 3 1·-1 !t. _..=> .L \J .. \...-..w -' .1 .... -..#4> 11' l • • .. -:;J 

LOAr.r··".... ?tïl'1. 11'0 ........ ;; 1 .... 1.'" JJ ".---" ... ;rt ...... ...,. l' y;;;,_/j,u jJ. 

?.z:~R::3 
" 

1 1< 

-;.\ 
'\ 

--

". 

1 3a'":1ple !"e~leg~ 

tr.awed !'rag!:ent 3-f t 
i 

prepai-ed ~qOO? 
-a~~~a;np~ 1: A O? ~ ~ _~ .J..1 v ...... _... ~ - ~ ~ ~ or ./ 

d 
.f- _.- .... a:rs; ",e:T,)era Il 1re 

l'~~~eacr~~ to 250-. " __ J- ~ __ J. _ _ -. 

"p 1;1 a1" ? .:;-0:;> -ro .... • 7 ..1a --<:e " .. ___ ~ ..,. _../..... ~ _ i.l ot.o' -. 

Stress ? failu~e:~17 psi 

l' 
• ... 
o 

• (» 

• 

,/ 

l 

1 

1 

1· 

Ci? ni m .. , pt-fi '1'11 " ,'. • 171' hi. n Cf. xe il 1 $SU>' l' &tW .1+ ......... "...-........"' ... ~ .. .:_ .. JdiMnfz(' Ha te ~ ... ·-,~r.i'i'~lJ~-'t tg Y'hrwre ~;.r:;j'"~j 



:~ 

. ." 
TAlLE. D-22 !AB DATA AND RESULTS 

SAMPIEs REM 6-6 , . ' ,. . 
~IMENSldNSs 5.89" x 5.92H 

~ARING AREA s 34<',87 in2 - ~ 
HORIZONTAL -C<1NFINING PRESSURE s 0 psi 

----- ... _--_.". __ ._----_._----_.-

~_ .. _-~-_ .. ~_.~- --_._~--_. __ . 

'---
/' 

Il 
/1 

NO APPARENT STRENGTH RECORDED $ , 
.. ' , 

~!} ~ 

'-

l .. 
/' 

" 

... 

,.-
l 

... 
r 

tf # 

~ --- '~ 

----- '" ~ 

,.. 

---

~ 

TEST TEMPEP.ATURE s 25°P 

DENSITY: 2.6 f!ftJ/cc. 

MOISTURE CONTENT: 2.2% 

LOADING RATE: ''-----'*---- ___ _ 

---

_REMARKS 

Sample remolded trom 

, 

,_1 
-" 

1~ 

~ • .,..; "!;' 

l' , 

f ;:'-: 

1 
r' 

_.-

thawed fragments ,of SAM 1-6 . 

Prepare~ 0 OOF 
-ma~ntained at OOy for 3 
days; temperature 
increased to 250p; 

~ 

h~ld at 25°P for 7 days. 

* - no reading taken 

G 
J ;----
~ 

o 
~ 
f 

'r 
, . 
"~,JI{ 

, 

1 1 



71 , 
r 

j~ [~!7J)),}J~ k· .~T,~ ~;~ '" lW-:r~-~ ... ~, :-:::2 V~ .... '.' :-J~ .. " .. ' }!..', .,:.' !.:,.~ ~J~ ./"'.' ;1_'f~J. 1. ... ___ .:; e4..é:.- .. -.h' ~" ". .. .j1' }J/ lt' '~ .. --M1.. ';jI-;:i" ;'J1F œ 'i~f.J,,;,!::; • !t;!,..~ ~lP'" ... .;. ltK J •• ,.. .. , ~ f:J4;, •• ,.... .~ ... _ *___ .. 4 ., ~~_ ,........ .itf!JIII"_~ 

TABLE D-21 LAB DATA AND RESfJM'S--

SA:~1PLE , .RE:l 1-11. 

DElEHi.nOfls s ).975" x 3.98" x 6.5" 

SHEARli~G AREA'l 31.64 in2 

HORIZ01·:TAL COt:?I;!I1!C; R?ESSU?E = 0 psi 

LIllE 
PREZSURE 

,/ 

TEST .œE.:F3?..ATjRE: 25
0g 

!JZ~:SI';1 : 2. e f(;l/c~. 

"015-:'-"7 "O"rr::l"'T 9 9 1f .'4 ït..r'-........ J ...... .....,,~~:' .;J 

• T OADI'·" :> l 'J1? -1 51.!. '/" JJ ~. 1 Aili ..... ...,,:.L pSI ~ln 

~ 

t ~", .. ::,/- . r ~ ,~ 

• 
'" ) J 

l, ' 

psi' 

SHEAR LOAD SHEAR STRESS VERTICAL. . ) -. it~~:A?tS 
DI3PLACE!,n::HT 

lb p~i x10-J.in~ , ' ~I . 
---_ .. _- -- - - -~--- --- ---

0 0 0 0' 3ë.-:QL: re:':lolded :-ro~ 
• 50 1,030 32.5 19 ....l.~'·'t:>d Pra~""7'\t~ 0 t:" '='A" 1- 1, t,...4_~~ _ _ -;:;.~ _.. '" ..L-..j .,,~. - ." 

100 2,060 ~ 65.1 29 
150 3,090 97.7 "'1 Pr~!,ared "1 OO? ;, ... , -
200 4,120 130.2 .--- 71 -na:'ntaine1 21; C/1: ~OY' ]. 

250 '5,150 162.8 9~ 
,1 .... 

1a·;3; -te~er2,~r9 
" 300 6,180 195.3 120 . • - 0 

i~creazed to 25 ?;~ 

~ 
) 
Î 

f\ 350 7,210 227.9 l" ., -~ ./ r.e' ~ at Zc:°-:; ''''0''- 7 ~::> •• ~. .. -4 -' , ~ -1'- 7' - ~ ...l_ &...f _ ~ 

400 3,21J.O_ 260.4- 17" --. ..... ~{'\ ~"" li- ") ~ai 1 :'"YO<:>. ..,')~ i)'"' ~ J .. _ .. .;;;" _ _ .JII.> ,,_ .1"'/ ! ,;~ ..... 

450 .. 9,270 292.9 217 

475 9,790 309.3 .. à' .... 1 ' * - no rea l.n~ ,t-ay.en 

,. 
1 ,... ,... 
0 • 

}< . , 
~.-: 

'~_"""6·. 7 7' 71' r ex 577.,"#' ... ·.... ru .... ~, ,f"rtFc Iz_ze c'YCe!"e: • .e'.d HeWsflbMdnmCttrédtfrretctftt Œ i J 

~ 



I,i L ... ' • "'fi ~ P.-' • .n" , ... r ï:" ~ '.1- ' .. ···t. J," '~ ........ ',: .• ' ";.:~ ·fl dl, 111,,1 M ~ .. ~ .. ~~_ Il /;é 4;"U=.tIc.t,'; r;,ç .4.:,1, ......!..,,-, 4-1 • -t ~ .... t " W' Tm # :.c~" ï*rP , ' ~., ....... ,-~- ,. ~ Mf, Vie ~ .... ~.... _ .r4l'~""'~ 

! , .i:. 

TAJ1Z D-24 LAB DATA A!;O ?3;;~JLTS, 

"" 

'" 

. , , 

SAi.il'LE: pj;.1 2-/} 

D!1.iEliSIONSs, l}.OO" X 3.805" x x 6.5" 
SHEAiür:G A?.EA: 30.44 in2 

HO~IZO!jTAL C01;?II;Iï(; PRZSS'JRE: 50 psi 
, 

LIHE S1ŒAR LOAD S;.ŒAR ST?.2ZS 
PRESSURE· 

ns1'" . 1":) "s1 
0 0 0 

50 1,030 /:> 33.8 
100 2,060 II 67.7 
150 ),090 101.5 
200 IJo,120 135.3 
250 5,150 169.2 
)00 6,130 20).0 
350 7,210 2)6.8 
400 B, 21~0 270.7 
450, 9,270 304.5 
500 10,)00 3:38.3 
550, 11,330 ~72.2 
600 12,360 '06.0 
650 IJ,~90 1J.39.8 
700 tl}, ~20 473.7 . 
150 
800 

1.5,450 
16,480 

50.7.5 
541.4 

850 Y 17,510 575.2 
900 18,,40 609,1 
950 . 19,570 642.9 

/' 

VERTICAL 
DISPLACE;-Z1;T 

--.xl0-3in 
0 

32 

g~ 
8] 
96 

108 
118 

--- 129 
136 
148 
15~ 
174 --;. 195 
205 
215 
23° - 251 
276 
311 

"'-, 

o m-;;oNT ~""n':l?AfTt1·J':l 2 l'D, 
~ J.Ù~ .L~ • .L.f" ~ • .L .,J ... ~ .... : ..J_ 

DEi:SITY: 
HOICfrf'1'j"l"":4' CO'1rr~1'T '.J~ J.l., ~'WJ i~.L,LJ"~: 

o 

LOADII:G P.Alis * 
jŒ--~1I. ;nr""" 
~ ... .J'i .. u.~ 

3.0 [; .. 7cc. 
12.Û,~ 

,- , 
. .1/;, -
~~~ 

• l' 

r "E 
• l' Jo .. ~. 

f, 
, 1 
_l, 
: ~ , 

Sample remolded from ~ 
l, 

thawed fragmentg of SAi:: 2-l.!. r- . 
1 

Pre9ared ~ Oo? 
• ~. ~ • h 0 7 ~ ~ 

mal~~alr.~~ aJ J • ~or ~ 

dayz; te~erature 

lncreased to 25°?; 

° neld a~ 2? ? for 7 da/s.-
Stress ~ failures 643 ~si 

* - no reading taken 

-------
./ 

J .... .... .... , 

, 

j 

I­
l 

J 

----1 

i~ 

l 
(~ : 

~~ 

.. _ ... '~..:'_J'~_"" __ 



if. I-U' .IA"; II· .- -,~,~':D'~ U~ ~a"~~ JI! r; ~- u. . -: 'il Ij;o;",~ -' "'Il: 1 it ?,C")-'j;'.' - J •• '~l (' ~A.4. ,."., , i _ ft é .. ~ t'/+ '~h' ~ li:. ' .• t ,;,=,.4, w· , ·;;:k~ 1, 'é%ril· s. ~.~~ ~_ ~ rc" g "';'.J-,.' .... ' ..; .1 x;·L~" _ ...... ~\~ A ., 

~ 

TABLÉ --n:'Z5 DATA Atm RESULTS 
( 

SAr,iPLE s 'REi·1 3_l~ 

. DIMENSIOHSs 3.775"---- x 3.975 u Je 6.5" 

~. 

. 

SREARIl'!G AREA s JO. 00 in2 

HOarZO!1'1'AL COi'!FII'lIHG PRESSURE s 100 psi' 

LItre 
PRESSURE 

psi 

0 
50 

100 
150 
ZOO. 
250 
)00 
4,0 

00 
450 
500 
550 
600 
650 
700 
750 
800 
8,0 
875 

r 

SHEAR LOAD SHEAR STRESS 

lb . 
pSl 

0 0 
1,--630 
2,060· 

)1~. J 
6~.7 

),090 10).0 
4,120 137.3 
5,150 171.7, 
.6,180 & 206.0 
7,210 240.3 
8,240 274.7 
9,270 )09.0' 

10,)00 34J .. 3 
11,330 ~ 
12,36D--

377.6 

13.390 
14,4Z0 
15,450 
16,480 
17,510 
18,OZO 

412,0 
446.3 
480.7 
515.0 
549.3 
583.7 \. 
bOO.8 0 

~~~rl-~' J~ 
~~ 

VERTICAL 
DISPLACZUŒliT 

x10-Jin 

0 
10-
27 
35 " 

~~ 
66 ---76 
85 
93 

1<04 
11) , ---
124 
131) 
154 
178 
ZOO 
221. 
* 

",'" 

... 

------

'" 

• 
TEST TE~~ERATURE: 2,O? 

-rri:i;SITY: J.O ç./cc. 

1hOISTUrtZ Cœ;TEll.T: 10~1;t 

LOADI:m RATE: 200 psi/min 

PZ:,:ARKS 

Sa!nple remolded fro:n 

thawed fragments 01'· SA:,; 3-b. 

q 

<> 

Prepared '1 OOp 
• ~. d t oo~ ~ ~ :Dal.n "al.ne a .: ~ O'!" =./ 

~ays= .temperature 
incr9ased to Z50?J 

. hp1 r1 a+ 2.:"0,. roO"" 7 "'''''"'-__ :.1 Loo ..J" _.... UQ .. ~~.-:;, 

Stress-~ failure:601 psi 

. ) * ~no readlng .taken 

J .... 
,~ .... 

f\) 
1 

~"""L""'''_~" __ ~._I .. n..IU.A.~i..~", - ... ....dii'h1t ..... 's ... ~r·io/::, ... ::... l ~~"'~..,L-!..~n.. ............. ."..~ _,;w'~ .;~z:~oAW-'~dÔll'&.6tè,f~~ 'SC _=e .. 1 ,'7571 

" 

o 

-"iT----;.. 

r' -; ,. 

t
', , 
.' 
.' 

1 • 

r 

-1 

~ 

" 



'1:' 1 ~- "70" '.. '/' : ~ ~ - 4- ..j tA .t 1:. ~ 
•• ' "~'''''-;. "f 1)'f·· ... ~~:!r.Î_J-.·~ -.• ~~: ... __ '1, 'li. f.',:~ <,'/.)7; ,'·'-r.'!. 
HL ____ ·+_tM~!';' ..... M.;./À .. fcdtj,.~J~ lr~:: ~~" .. :., ~~~~~t,\· ~~ .. _ ' ,~.,~1'êC c r;.?!!M1 

{!---r ~ , ~' • ft ';il. i...-i- _..... ~i 
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/ 
'l'AB1?; D-26 rAB DATA Ar:D R:Z3'~1T3 

'" 
SAC.n'LE s .RE; 1 4_1} 

7.5" 
, 

·kiI-':<,··rtIC"::O ..,. of,5" • 3 7':'" -~ .......... :> ,-> S ..J.:/' X • -' X 

""'{"'A1')I1'(' A?-'A )0 00 . 2 ..:1. ~ 1\ ,,~ aL,< S • ln 

II' 

tn-:?""fTI mT"l'~7:)Ar":':'J?~' ,. ,J. .... :J. .J.t;-',r ..... H l ........ 
, 

OEj:ZIï:Y: 

:J;OI:'2·;~:Z C!OI;r.rZ~:~: 

-r-

25°" 
2 • 7 ';;"JI cc • 

tr;.7:~ 

1 

1.fO"rZOM TAT ~O"-rf~I' G n::l .... ,...sq..,~ 0 ' . (LO~-I""" 7JArm;< )02 • /. • J. J"1. ~. 1 .JJ \J ~t~:.LIT " f l;".,,~.:;, !J~,,~S .. 1'91 c rl..J ., . ..f .... .L~: pSl./!':ll.n 
............ 0 

---- ------------ - -_. ---

LU:E 
PRESSURE 

; SHEA? LOAD SHEAR 3'i'RE5~ 

psi lb psi 

0 'J 0 0 
50 1,0)0 )4.0 

100 2,060 68.6 
150 ~,090 - 103. o' 
200 ,120--- 137 .• 3 
250 ),15°- 171.7 
300 6,180 206.0 

/35Q ,7,210 ZU.O.3 
lJ..OO r,2lW 27l~. 7 
450 9,270 309.0 
500 1'0,30,0 3l~3. 3 
55° 11,330 377.7 

.. 600 12 ,'J~O lJ..12.0 
650 1),390 l~4G. J 
700 1h,U20 480.6 -
750 15, t~50 515.0 
800 16,430 549.) ---850 17,510 58'3.7 
900 IB,5uO G18.0 
9.50 19,.57° -- - 652.3 

1,000 20,600 686.7 
1,025 21,110 703.8 

..Ji,~ .... ~.lL.b_" .. _ 11._" .. 

VEaTICA1 
DISPLACE;·!E!-!T 

' xl0-Jin 

0 .. 3-
7 , '" 
9-

12 ::---' 
14 
17 

o 19 
21 
23 
25 
30 
3ft. 
37 uu 
50 

'- 55-
6lL 

·73 
-fi) 

95 
:-105 

~ RE:,~Rf.S 
() 

Sa'1lple remolèed -from 

the.wed fratr.ne7lts of SA::' 1-6 

Pre:;>ared 2J 0°;;, 

naintnir"\,ed at O°,? ~'o!' 3 
1a.~/s; temperature 

i~creased to 25°?; 
}. Co 1""""'" -<. ? ~O--;o 1:"0"" 7· 1a- -~ . .1. .. _ _ ~ f.... _./ _ ,J...!. • ~I -...J • 

:;trese ') :'ai111re = 70h psi 

') 

fJ 

o 

, . 

.. 

, 
,..... ... 
U , 

'. ' 
A~~ ,~ 

--

! 
L~" 
11 

f . 
!::: 1 

-,F· ... 



'i': r"'~~l1 ~,: -~. ./, ~,~ '14 :; :,~.;.~ ,."'.,.. ~ ":JIi \', , . . " g 'l" j" ,', f , "; ~ . tt '1 4

• • _ roi ,..' • ," " , '4' ~ Q' ~ .," , 
• 1 w' .. '" t"':!. ] .... .. 1. ... • 16" ~ ... .. • ~ ~ " , •• 1 A. ..!._~ ............... ...i. .... ~ ... ~ il. ~, ____ , _ .... ,. 

'-

t'''''~ ,,;,:. •• 'J~'" r , 
, 1 , .; ,1 .1.1 t ' ~~ .. ~s.~_"""'__ .. t.f:.· ~' ... -~,,~ . ClJ: 

.:... ~ .... II' 

" 
'1 

" 
~ 

~-"kt --TABLE D-27 LAB DATA AfiD RES:JLTS , 0 -'1- , 

0< 

" 

~ 
SArIIT'LE-s REr~ -5-4 

t 

~ 

. ,DI!'ŒNSIONSs hlL~" x'3.91" X 6.125" 

SHEA?U;::t AREi\ s 29" 2 5 i'n 
2 

HORIZONTAL COi;gIjf!H'] PRZSSUREs 50 psi 
• 1 -

LINE 
.<..PRES3U?E 

'psi 

200 

250 

300 
)50 
400 

450 

....-

./' 

SP.EAR LOAD 

lb 

4,J20, 
5,-.1,20 

Il 6,180 
7,210 
~,240 

9,270 

" 

f-

SiŒAR '3TRESS 

P9i ,. 

105;(· 
i1w.3 
176~1 

Co 211.3 
\ 2/~6. 5 
281.7 0 

316.9 

~ 

'/ERTICAL 
DISPLKCE;1ENT 

x1.0-3in 

62 
. 92 
130 

c 180 

20E 

2)4 

2P19 

'-

'''---. 

./" T":;'~ri-· l'n?'-Tj':;'O\~"'··J7. 250--;-
4J;;;..L -.l~ • .1.a...,.1 .. rt~""", .. ......-. .... 

... .. 
J Q1''"'IlfIv. 2 9 r::--r:/tt>,.. .L.,J, .... ~ .-.&.. •• _ '1 .-". .. 

-1 

r·OI·C'Tl·-j~ 00'1"'~'T q 2/-' .,~ .,)'v.".=-~r:'-.I l', ..::,~. : ,,' 

LOADlj;:; ?.A~E: 1.60 psi/-r.in G ,', 

.'1 "'....." 

) 6 

~ ~ ~E"ARt:S ' 

Prepared -p Oo? 
J> 

1 

. t .~ d + ~o~ ~ ~ . ""'alr. alne a, - , .' 4 or ./ 

"! a:'s ; te'"lpera 'türe 

l'~~r~~DP~ +0 25°~: • ( fI"., ... n .. '1 , {. ... f 

- 0 . 
~eld ~ 25 ; :or 7 day~~ 

" 

Stress ~,~ail~re:317 psi 
.. . , 

" 

• .... .... 
~ '" , 

,,\ 

\ -............... 

1 

! 
l' . 

1 

__ ~~ ... ~ __ ... __ .. ~_.-..... ..... ~ ... __ ~L..,~ .. ~ ..... r~ .. 1' Mw» r 



'l' [1Jf~~'. ~.~ ~. -M"-.~"'I'P :.~ ... 'l !IIW~''''ill-- ~ ~'11 q'- ;- k" : .• l'~!;~';· "j. i.·, ":.JI ~. ~ ;..... ';W ',.1-" H .-~. '1V'-',,", 1. '. ··r."l-, '.'! ' If '--r - .. ' ." r. , el J.J • • # "1, ~ ~.(, ~.JiL'.'" . ...,. * ' ~4j.,,';';"'.. .ut;.~. 1. _~ ~t .. , ; .. -;: ..... , • .;;;.~, '. ~ ~.,'" "', / ... 4. -....... ...... ~.~ ..v ...... "- .".J. + ~;.I ~"""$"""_.( . ...... ,., . ..-L.....c.--... 

../' 

TABLE D-2R LAB DATA Aj;D RESBLTS 
( CO 

~\.!PLE ~E:,1' 6-4 

DD.;ENSI~HS: 3.9~" X 3.835" X 6.375". 

S~EA?I::G ARZAl 30.53 in2 "\ 

HOiuzor:TAL CO::~Iîn~:J PRESSURE s 100 psi .. 
.. 

LINE ~HZAR LOAD SHEAa STRESS VERTICAL 
PRESSl:P.2 DISPLACE:,m~:T 

psi lb -psi xlQ-Jin 

0 0 0 0 
50 1,0)0 JJ'.7 1 

100 2,060 67.5- 4 
150 ),090 101.2 7 
200 4,120 134.9 13 
250 5,150 168.7 1r . L .J 

300 6,180 202.4 23 
J50 0 

7,210 236.2-' 29 

rsg 8,240 269.9 34 
9,270 30'3.6 41 

, 500 10,)00 b 337.4 47 
. 550' • 11 f 330 371.1 ' . ~5 ," 
600 tz,J60 404 ,8 4 
650 13,390 /' 438.8 75 
700 14,410' --- 472.3 , 86 <\ 

750 15,440 506.1 99 
800 Ib,480 5J9.B )..-121 
B50 17,510 573.5, 

, 
11~O 

""~ 900 18,540 (,07.3 157 tif 

950 119,570 641.0 185 
1,000 20,600 674~7 218 

"-

'./',- '.~. '# ...... _ • ..1"_" ....• 1' • 

-C 

TEST TZ;,:FE?ATURE: 250p 

.JEl;':;Jj,1: 2.9 ;r:a/sc. 
'·OIC!"'·1;)-' '"'0"""-'1-T 9 1 'f 1J J -J.LJI,,;:".J !il~jf: • ,0 

LOADIn'J 7:A TE: * 
"--

RE~,:ARY.S 

~ 

Sa:nple remolc!e(.· fI)c:':\ 

thawed fragments of 
() 

SA:,! 3-6 (same ac, RE:: 5-t ,) 

prepared ~ OOp 

"'lain~aihed at OOi' for 3 
J / 

t1a~:s : temnerature ! - 1 

• Cl '... 25°:;-. 1~creas~ LO • • 

heid at 25°7 f#)r 7 da~!S. 
Stress 3 failure:675 psi 

* - no ~eading taken 
J .... 

_\.~~ , j-A 

~ 
/" J .. 

_ ~~.J_.~; ."',;; . .,; .... ~ __ .'_ ~. 

l,· 
1 
1 

1/ ,V 
i' 

-f , 
1 



. -. :; • . fJ"L - • ... • l.f, "l~ -J' ;' .., ...• ',.·t l " 'l !",/~ '. ,.:. • "~~ Jw., ~1~'1 ~r/~ _'~" k' ..... . "f":'~-i.·",.· :lY··.-~ :~-I' <\; •• L' :· ... y·.·:Y .. · "tt,· ';. '~~~' '. ~;- ~·i -,r l FF f 
1 ft.q. etu .: 'l:!.,. ... ___ ...: ..... ' ..... M.JI .' d".,'IkI" , •• ;- __ .. '_.61 .... wf. _ ....... _ _ d .... .. 

1 

, , 

1 

"--

~ 

TABLE D-29 LAB DATA AND RESULTS ) . 

3Ai1PLZ s RZ~.1 1-2' 

r·-::-1 ·.... ' .. ~ fi 1 09" . plI D .~. ,>:>10 •. .) s 1.975 x • _ X.J 

3!1EARI; '':j~2A: 7 ,1'·6 iJ-j2 

HonTZO':m 1\'" CO "~I"I"r' p:J' 1 ;:t:'T'O'? 0 • L 1\:iI. "lH~ ..... 1 J H"::'Ù.J'.Ji~ S pSI 

LI:;:!: ,3: .... ~.1I.::t LOAD S'HEAR ST:lZSS, 'tERTIe,,:. 
PRESSURZ DISPLACZ;3Z:'J 

psi 1') . 1 -3· pSl y. 0 ln.-

-- 0 '0 .1 0 0 

50 1 'f 0)0 l)Q.l 15 

100 2,060 276;t- J4-
/"" 

150 );090 4"14 .2 57 

200 h,120 552.3 74 
.......-

"---~/ 

--• 

---
---

------

--" 

T"l<''"'T 1T''''·oon.,., ~ ,.,.~.,~. ".c:'O..., 
L/;:J ... ..r:; .... r.,J"'\...[~J. .J.a&. ....... L7: 

DEllSI'IY: 2.6 ,e;n!cc. --- -

• .. "T~f':1T·!)? l''-O''m'?'~m 12 et. 
! .. ~..)_ ...... ",,_.,J ........ 1:.. .... : 'l" 

LOADI::: ::.\T3: 415 ugi 
\ \ . .... 

~E~:ARY~3 

,Saml'le reMolàed fro~ 

thav/ed fra~ents 0; 
(ca;ne as R~7,1 k-h.) 

. 0 
Pr~r>ared ~ 0 ? 

-'""1;. .. ,­
~Jii" .. 

~/.. L' o~ 
~a1nta1ned a~ 0 ~ .t ... or 3 
~ays; temperature 

increase1 to 2So?: 

~ 

1-6 

hel~ a~ 25°: for 7 ~a~c. 
3tre~s ~ failure: 552 prd .'; . ; 

• ,.... ,.... 
0-. 
• 

_.r..lo.l."' ___ ~"' ___ " 

.' 

a~~ 



, . 

.-

"--

;,J 

1" 

" 
/ 

o 

.r 

.. 
TABLE D-JO LAB DATA Alm RESULTS 

4 

SA;~PLE s RE!/1 2-2 TEST n::PZRA'PVRE: 25°;;, 

Dli,'IEN3IOnSs 1.775" x 1. 985" X 8" DEli31TY s 2.7 g;nlcc # 

, 2 
SHEARING-AREAs 7.0,5 in .. "OIr'TUP"" "'0·'T"""f.1T 6 '>.1 ,'j .:;, __ "~ "" J l z,: 1 = • ./r:3-

HORIZONTAL COHFINIUG PRESSURE, -:50 psi LOADHfG RATE: ~ 

LIftE SHEAR LOAD 
PRESSURE . lb pSJ. 

0 0 
l 
50 1,0:}0 

100 2,060 

..------

b 

SHEAR STRESS VERTICAL 
DI3PLACEIiIENT 

ps.i x10-Jin 

° 0 
./ 

1L~6 .1 ~----. 28 

292.2 56 
, .'" 

1 
., 

" 
./ 

~ 

. .,. , " 

" 

./ 

.. 

~~ 

" 

RE;.1A.ar.S 

Sample remolded from 
thawed fragments of 
SAi.; 2-6 (same as RE::: 5-h ) 

Prepared -~ 0°:1 : 

~aint~ined at OO~for 

3 da:.rs; te!"l'Dl!ra~r~ 

incre~ged ~o 25°P; 
o -

held at 25 F for 7 davs. 
Stress ~ failures292 psi 

* - no reading taken 

~ 

• ~ .... 
--..J 
J 

"'"'y"""' .... """".....-.... ---~· .. • .. -..... · ... • .. t,.,.,~~ ... ~Av 'fi ""7=1 ftdt~~."., 'hUMi dl ri \et'CM f~wœzfë.---.-'tj ~n;1if1tir$#.x«rt0v: 

("' 
'..J 

,\ 

r .. , 
'+. 

~. 
t .- -. 

,-
{) 
t -, , 
1-

t· 

,1 . 

,,/ 



'l'f, 

.> 
,.." 
< i 
~. ,. 
~ 

1!l!t ' J ~ 1 1 

.:j? '." '- .tii\ , . - '/': l, 
" ~, ~ , '" -... : ... 

\-i.': ;. r,' -'~O- 'Ji 'y.- • ' ~ .• ,f. \.~' r. ft-· -.-. ~ ~ t ,. 1 l' _ _ , .. ". • ~~; .. ".' ; ." r,..". • 

]~'~.-. ki.:~._~...;,J. tt·:,,_ - ," ': '" t1~·~ __ • -:.;:3_ /f:.~; h-":'~~ ~ .~~' 

," 

TABLE D-31~LAB DATA Aii;) RESUL'fS 

gAr~LE s P.Eri 3-2 

DI~!El'JSIOÎ'lSs 1.97" ,x 1.81}"~.x 8" 

;JHEARn~G AREA s 7.25 in
2 

HORIZO~lTAL CO::::II;I!:'; PReSSURE: 100 !,si 

LINE . 
PRE3SURE' 

psi 

SHEAR LOAD 

lb 

fo 

S,HEAR 3THESS 

psi 

)0 

141.0 ~ 

VERTICAL 
DISPLACE:·1ENT 

xl0-3in 

0 .. 
31 

.-
. ./" 

~ 
~~ 

TEST TE:~3RAT~RE: 25~ ~ 
Jt:i';SITY: 2.6 ;ry)/~c·. 

!.'rOISTUrtZ CO:;'IE~;'I': 11. 3~ 

LOADU:r:; Rf'.7E: ~. 

RE::.ARY.S 
./" 

II? ,0 l> 0 

Sà~leQre~o~lQed fro~ : . 
tha':led -frag,rnents 0:" 

f 
1 

i 
I~ o 

50 

75 
....--

1,030 

1,540 
" '-...... r< " " 3 h ( PO :)_.. té. /.) 

':>1\. ~ - J ùa.me:?:.p .. 'C---~.I-'" , : 

~ 

il 

212,.1 , '* 

1 '" 

',--

--------- ~-----

0, 

?r9"Cared at ~or. , 

nai~tain9d at 0°7 ~or 3 
da:rs; 

te:nperat')r~ increased'. to 
2

,..0 .• -. .. 
./ . , 

teld at 25°'? !o-r 7 1a:rs. 

Stresn ] failure:212 psi 
-!"r - no readin,g taken_ 1 

~ 
~ 

'c5 
1" ' 

----.~ ... _-"',-- 'etc. S sh_x Hwnmnn 3 lSper -'s't'Hm.y .- . lit $"ell" ___ I •• ~;~'~~"! u ~ .. -.., 
6 

; ~ 

, 

l ' 



, '-
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o 
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• 

\ 

, 

~ \ 

• 

1 

(r' _'} 

TABLES and GRAPHS 

GRAIN SIZE ANALYSIS 

----- -

/ 

" 

1 
j 

-119-

. -

\ 
\ 

i _ 

\' 

1 

, 1 

\ 

\ -



0, 

\ 
y 1 • ' • 

'f ~B·"7 E 1 """')~I" '"'I2v A"~-V"'T~ ü l....!t ~ ~ ..t .. ..! .. ,,;;) ~ •• i1..IJ.-'..L.J 

. 
S A=·~IZ 1 REfî 1-6 

"J"71"""T 0>7 .... " "p.::'. 500 rrm ~ ~ Jo-. ~ .Ir,. ÙJ1 • .... L...JJ. r' J,IJ 

c.s. 
• SIE\lE 

.. ;;U: .BE!l 

"'.~, IJ, 

'" 
16 

"0 .,./ 

.50 
,70 

., ~oo 

..... -

'rs 
260 

325 
LOO' 
~jII"" 
",'ri •• 

" 

T:!:2? 
.... ~ ...... :. .... 
• .J.:.,.J ... 

''''1, , . 

('. 

'!.~. 

2:"' 

" ,., ,.~ 

t~ 
.,./ 

fI):) 

2C.'0 

) ',. ·325 
'1.;.00 0 

~ 

r 

SIZ1/E ·~·IEI::;:~T 
O?'Z::I~;:; \ 07 ~Iî!:·'Z 

( ::t"J ) '. (-;Tl ) 

" 7( '. ' 

2.)~ 

1.19 

"'°5 .)", 

, .297 
.210 

1 (,-:1 
• - Il 

. 07!~ 
('\'.1. 

• .J ' 

('\")7 
, -s ..... 

Q 

539,J+ 
531.8 
453. 8 

I r08.4 
421.4 
363.3 
354 ,5 
33B.2 
329. /.} 

)87.7 
376.1 

;0. 

'#!T. .3 IS"E 
+ 301:' 
(~) 

580.4 

550.7 
IJ.8h • .5 
467.9 
L~96 • I~ 
hOo.o 

'327.4 
411.2 
h02.0 

11.3(-'.'-'-
379,1 

oeeer,?,· '$In .5.%'7') ;= • Il trtf t' u ....... J1I .... J..J~,ü~_, 

'~lî.. ::;'}Z~ 
.~:~/~ r: :.:;:.s 

( -:ï) 

h1.0 

1r. 9 ., . 
30.7 
5~h5 . 
75.0 
36.7 
32.9 
73.0 
7P,.~ 

~O.7 

3.0 

-1-;'Jr'I-~ 'fT' 
... ...." ... J...J •• _ 

~=':~~I: ":J 

~ .20 -

" 7" .J. ~ 

(, .11} , 

11.90 

15.00 
7 • 3L~ 

l.52 
1h .60 . 
15.72 
11) • 1'1-

.60 

, 

.. 

" 

=-

~~;: :·.:::~:I·~"2 
~~Îr--;""-
_ .- ... J-.J. _ 

-'),",:,,1"""'\" -~._­
.~.-..I_.-:.._l,"""-I 

ri .20 

11,9~ 

1?12 

30.02 
1. 5,02 

52 .3"f. 
5P .9h 

73. 5I~ 
0.<) 2t' . , 
l''')(). /. 0 

100.00 

---

~~ 0 

! • 

- -:" -1 --: .. "'­
_ -..1 .. 1 -J...,# __ 

-"\- ._-, 
. 1. ':' .. 

')1.2 

B2.02 
21.88 

~9.9~ 

54 ,ge 
47.6lJ. 

h1.o6 
2~ .f~6 

10.7h 

Jo 

2-

~ 

~ 

1 .-. 
1\) 

Q 
1 

• 

1 

/ l 

I-
I 



.' 

\ , 

,~ 

~ 
~ 

). ~ \ 
~ ~ ,....., 
\J ~ 

\,J 
'il 

'\ 
CI: 
~ 
\9 

a 

~ 
~ 

. 
1 . 

~ -
1- .... 
-.1 Cl .... 
~ V) 

~ • ~ 

a 
~ 
~ 

~ 

Cl~ 1 

~~ 
CI)~ ./ 

"JII--
'il 
~ 

/ ~ 
IJ 

l 7 0 

ï::: 
t-:~ 1/ 
~ ~ 

'" ~~ ~ 
~ 

/ 
) Î 

" ~ 

, 

1. 

-

*'" v 

-

. . 

, 

. 

~ 

} 
~ 

il 

• 

~ 
~ 

~ ~ 
... 

.:ii' ~ 

~ 

"' <~ 
.., 
6 ~ 

~ 
Cl 

-

, 

-( -

\, , 
1 

~121- j 

(Il 
H 
CIl 

i4 
i=â 
~ 

'~ 
N './), 
H 1 
tf.l ..-.1 

Z lE: 
H~ 
ë2 
el 

..-.1 
1 

fîl 

~ 
P 
r~ 
~ 0 



:} 
f; 
~' 

"', 
i 

~ 

" , 
'1 
fi 
.;; 
'f, 
~" "".". 

~j~ 

, , .. 

" -

mir3"',,' '<,- >,' , .... tw,w -i 'l' 2415 US tA ___ ~~_ , 
\ 

<J • 
\_ TABLZ E-2 

S1\;,1PLE, 3j-f\! 1-6 _ \' 

~?J'~Ii: SIZE A7:ALY~I3 

" 
:·1;;:1:;;-;T Oi' 3f,::f":.E •. 500 \ . 

\.-------

l' ,. '.." • v. T"'..,.-:-o 
... 1fIW.J,JJ.1. :; rz'/::; '~I~::T 'lm -T~~·f::' "J""' ~07'T ::>-:,~r.-:,·'rr ('1··· .. 17· '", -'r~ 

,'~ l..J~.a. .,.L. ÙJ...-I -J 1..,.J _-J _.J.'.J.r..J. _ ~v .. J. ..... _n".'-J 
SIZ'/E 

~r;u: .ÈER 

.,1\ 
1J. 
p 

16 

)0 

50 
70~ 

.100 

200 

325 
I~OO 

-" .. 
.. ./1. •• 

...... -. ., , 
l.J.!"Jr .. 

1'. 

(", 

1 t. 

2'" 

J, '" f f~, 

~5 

100 

200 
• -;25 
. l~,OO 

~ 

0_----··" ~.a.:..ti .. ,...: 

(f!l.4 ) 

..,{ 
'. . 

? ..,rl 
- t ~, 

1.19 

.595 
,297 

.210 
1[',':1 . - ", . 
flt7" -. ...; ... " 

'. fJ /, 1,' 

'fit").., 
• - .., 1 
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SIEVE .. ...,~;_ .. 

,L.J .. OPZ:;I:::': 07 SI:::::'~E + .301:' ~~TAr::3J ;1:::::~.\I:,:::J 
!:~;:.BE:t (m:l) 1 (;m) C:-:;n ) ( ':-:;1 ) 

4 ,. ' ... • 7C 539.1 539.1 0 0 
e Ci 

.Jo " Jn '-. ~ ,531 .~. .532.6 1.2 .46 -

té 1.< 1.19 45~ --45L~. 9 't.l. • L~4 

JO 2" .. 595 twe .5 l~20. 3 11.8 l~. 72 .. 

50 /, f') 
f' • .297 421,:5 l.j·50.3 28,8 '11.54 

70 ft' .210 362.9 3e4.5 21.6 3.66 ,./ 

100 11)0 1 l, (") 3 5I.!. • L~ 377.3 22.9 9.1. C · - ,/ 

?0(1 2 ;'1) 1)'7" 332.5 . 390.3 51.~ 20.76 • -d. .. , 

325 ;?~ • Q" l,' ·329.6 3f)5.5 J\ 35.9 '1 4 'l,q '-...... . ,; / 

I~OO !~ G ') "., ..... J r 7 J!. 402.7 1h.9 5.97 · "- ", .- ~ 
. ~A:; 36l~ .7 42L~ • 2 '59.5 23 • rL~ 

~ 

, ~ 

l,) 

~~ 

C-J- :~Jl.:1 ~ IOof: 
~-:'~rt--;,,··r-
.L..-'.Io.J-.I .. _ 

...,~,..,,, _ ... -""""\ 

J.t.~_ .. 6~JJ~..J 

0 
LI r • rC 

.92 
5 • 6l~ 

17.1.2 
25. 84 

35.02 
55.7;~ 

70.17 
7f • ll~ 

100.00 

" 
----

o 

-7...,r...., .... r ~ 
_ ....J .... ..J--' __ 

-,- --'"") _ .1 .• -=.. .. \. 

100.1)0 

99.52 . 
99.0P 
9L~. 36 

82.82~ i 
1 

74.16 -, , 
64.9f 1 

4l~ .22 
, 
, 

29.83 '1. 

23.S~, 
~ 

--

~ 
'<, 

1 
~ 

\.ù .; 

N 
1 

1 . , 
'~i' .. 
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~PHEFFERVI1LE TESTS: 
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1 TABLE F-2 SCHEFFERVILLE TESTS: SHEAR 'TEST DATA .1 

l li . • l , 
4 

~ 

>Y SAMPLE: Middle Iron Formation -1 
AREA = 6" RATE: 0.09'0 in/min' x 6" . 

700 F NORMAL CONFINING PRESSURE 1 '100 psi l TEMPERATURE : 

SHEAR LOAD SHEAR -~ _' REMARKS 
DISPLACEMENT READING LOAl) -. . 

lb ln 
\ 

,-

0 0 0 
\ 

.10 45 1046 Using proxing Ring 

• 15 5~· 1348 . # 3964 and a conver-

66 1:534 
" .20 ' sion factor o:f . .2.5 72 16/7!t 23.25' lb/division . 

,,,.' .39' . 75 11744 
, 

1790 Shear' stress at .35 77 ~ 
\' . J • .40 78 1813 \ 1 d 

:failure: 51 psi i 

.45 78 1813 
. 

~ 
l , 

.50 78 1813 , .; 
~ 

~ ~to 
-

78 1t~13 

.70 79 1837 

.80 79 " 1837 

.90 79 1 1837 
;" 0 ,~ 

1.00 79 183? 
'. 

1837 ~ 1.10 '-, 79 
J 

1.20 79 1837 
1\.)0 79 18ï? 
1.40 78 18 J 
1.50 77' 1790 
1.60 76 f76? 
1.70 75 1744 

r \ 

C 1.80 75 1744 
_ 1.90 75 1744 

• , \ 

• 
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TABLE F~4 SCHEFFER~ILLE TESTS: SHEAR TEST- DATA 

SAMPŒ,,; Middle Iron Formation 
" RATE: 0.090 in/min 

NORMAL CONFINING PRESSUREz 

SHEAR 
DISPLACEMENT 

in 

0 0 
.037 ' ~o 
.070 200 
.110 250 

t 
.170 300 
.225 330 
.310 342 
.360 342 
.410 )42 

. ,460 341 
.510 340 " . 
.560 340 ,/ 

" .510 339 1 
1 

.910 330 1 

1.tl0 )ê2 

1.)10 312 
-\ 

"' 

" 

\ 

J 

SHEAR 
LOAD 
lb 

0 
1860 
4650 
5812 
6975 
7672 
1952 
7952 
7952 
7928 
790$ 
7905 
7882' 
'7672 
7486 
7254 

AREA = 6" x 6" 
TEMPERATURE: 70°F ~ 

, REMARKS . 
~, 

ùlsing p'~ng Ril-:g , 
# 3964 ~d a co~;er-' . :t 

sion f&ctct:t of · 
23.25 Ib/Jfv~sion. 

Shear stress ac. 
failure: 222 psi. 

1· 

• 

..,. " 
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TABLE F-5 GRAIN SIZE ANALYSIS .,. 

SAMPLEI SCHEFFERVILLE TEST-
MIDDLE IRON FORMATION 

WEIGHT OF SAMPLE 1 500 gm 

U.S. TYLER SIEVE WEIGHT WT. ·SIEVE 
SIEVE MESH OPENING OF SIEVE "+ SOIL 
NUMBER (mm) (gm) (gm) 

16 14 1.410 823.2 828.5 
60 60 0.250 

. 
710.2 845.8 

80 80 0.177 704 • .5 742.4 
140 1.50 0.104 71"6.6 774.6 
200 200 0.074 702."6 743.5 , 

270 -270 0.0.53 ô98·:'6- 732.6 
325 325 0.044 696.8 736.3 

.--' 

- PAN 680.4 843.7 

.... 

i:1 

... 

-
WT. SOIL PERCENT' CUMULATIVE 
RETAINED~ RETAINED PERCENT 

(gm) 'RETAINED 

'" 
5.3 1.0.6 1.06 

135.6 27.12 28.18 
37.9 ' , 7 • .58 3.5.76 
.58.0 11.63 47.39 
40.-9 8.18 55\57 , 

34.0 6.79 62.36 
r 

39.5 - 7.89 70.25 
148.8 29.7.5 100.00 

-.: 

4 

r-' 

i·iMt ... ®~ 

, 

PERCENT 
FINER 

98~94 
. 71.82 

64.24' 
52.61: , 
44.43 
37.64 . 
29.75 

, , 
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