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I NTRODUCTION 

In an aGe when over population is predict ed to become a 

serious problem, certain areas on earth can not be indefinitely 

bypasGed by en[;inooring structures because of their economical non­

feasi bili ty. Neither can an expanding Canada afford a neV.igence 

v:i th her vas t lands covered with muskeg . Access and the utilization 

o f organic terrain, which must precede as well as ac company its 

development , are mainly hindered by the inability of soft organic 

soils to carry enGineering structures and vehicles. 

A scientific and r a tional treatment of organic soils within 

the domain of present day knowlede;e of Soil Mechanics is not possible; 

therefore, only an uneconomical exploitation of the organic terrain is 

being maintained. 

An understanding of tho behaviour of the structure of peat 

under stresses can direct t he application of Soil Mechanics principles 

to peat to a more rational way. The struc t ural similarities of pea t 

to mineral soils, as v1ell as their differences, have been appreciated; 

though more complex like other soil kinds peat possesses a structure, 

with particle sizes ranging from colloidal sizes to tree t runks a t 

various degrees of decomposition, all of various but organic origin . 

Under an apparent cosmos lies orgunization and per haps some discipline 

as implemented by Radforth classifications ( Radforth, 1952). Certain 
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synthesis of information may be necessary before t hese are r evealed. 

On a general scale, an understanding of peat requires a 

knowledge on s everal related sciences. An application fro m t hes e 

related areas to engineering requires an appreciat i on of some of 

t hese principles. On the specific topic of shear strength of peat, 

althou Gh there is an acute shortage of information, any one investi r,a-

tion is limited to the kind of peat that is tested; tha t is, unless 

attention is concentrated on some elements common to most kinds of 

peat. For example, as peat is of or!janic origin, it is lo gical to think 

in terms of cell structure as a common denominator to work on whenever 

possible. Importance of its water content, fibrous behaviour, tensile 

strength of its fibres and several dif f erent kinds of water held within 

peat, in relation to its shear strength as well as s tructural deforma­

tions that peat undergoes under stresses have in most cases only been 

hypothesized. Therefore, this investigation on the shear strength of 

peat, using conventional tools of Soil Mechanics such as tria.xial testing, 

supplemented by an investigation on the microscopic scale to focus 

attention on the less apparent but intrinsic structural features of 

peat, was undertaken. This is one of the series of research projects 

being conducted at HcI1aster University on organic terrain, with the 

cooperation of several departments. 



CHA.P'l'EH I 

LI TEP.A7URE SURVEY 

Shear Strenc;th Properties of Soils: 

Coulomb's equation, introduced in 1776, has been used in 

determining the shear strength of soils (Coulomb, 1776). The 

equation: 

s = c +er tan ¢ 

states that the shear resistance of a soil is the sum of t wo 

components (i) Cohesion, c; and (ii) frictional compon ent 

which is dependent on the normal pressure acting on the plane 

under consideration. Hvorslev suggested cohesion as a function of 

water content 11hile confirming Coulomb's equation (Hvorslev, 1938 

and 1960). Both 'ferzaghi and Hvorslcv sue;gested frictional com:ponent 

to be a function of effective stress whereby the original Coulomb 

equation could be redefined as: 

S = c + 0-tan ¢ 

where c is the true cohesion which is dependc;int on water content, 

\l"" is the effective normal stress on tho plane of failure and ¢ is 

the true angle of internal friction. 

\'.lith the introduction of the triaxial testing equipment where 

the measurements of pore water pressure were possible, stresses experienced 

by a sample could be analyzed and varied . The hi?tory of stress as 

experienced by a particular sample is called a stress path when plotted 

on a stress diagram . While attention was called to the importance of 
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stress paths by Rcmdulic especially related with water content, Taylor 

pointed out the importance of investication of tho stress history on 

the failure plane ( 'l'aylor, 1948). While Hvorslev•s contention of 

shear strenGth paro.moters was c ompl icated to apply to the investieation 

of natural soil samples , t he examination of the stress history on the 

assumed failure plane was shown to be a useful and practical approach 

by Casagrande (Casagrande and Hirschfield, 1960). This conc ept , called 

vector curves , was useful in the understanding of the less permeable 

soils. 

Investigation of volume changes du ring shearing ( Bjerrum, 1954 ) 

and introduction of pore pressure par ameters (Skempton, 1954) and their 

applicability to natural soils and practical problems ( Bishop, 195 4) 

have also proven to be a useful tool. As the ultimate aim in research 

is the application of findin gs to practice, it was necessary to corrola te 

the behaviour of a soil sample to the behaviour of the same soil under 

gross field conditions. 

The triaxial testing apparatus proved to be useful in exrunininc 

the behaviour of soil samples, but its limitations are known ( Bishop and 

Henkel, 1957). 

Organic Soils: 

The eneineering characteristics of peat were investigated by 

Radforth who -was able to generalize the surface vegetation of musk eg 

and devise a system useful in interpreting the strength of peat 
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qualitatively, especially for hic;hway access throu gh mu 2'cog ., 

( Radforth, 1952). Aeain Radforth class ified peat into s i x teen 

categories in relation to its structure. 

In runninc; l aboratory t es t s , reraoulcled s ampl es are desi rable 

for the duplic ability of test r esults in thorou gh i nvestieations of 

shear strength. Because r emoulding des troys the structur e, especially 

in relation to fibre strength and v1ater holding capacity, generally 

remoulding of peat has not be en a ttempted in laboratory triaxi al 

testing. 

Hanrahan conducted laboratory triaxial testing of peat 

( Hanrahan, 1954); he came to the conclusion that the shear strent;th 

of peat was mainly due to cohesion. Hor!ever, there v1ere others who 

seemed to entertain the idea that its streneth was mainly due to the 

frictional component. NacFarlane pointed out this controversy 

( MacFarlane, 1959). Pioneering work in Canada (Ada.ms, 1961) supports 

this latter point of view. This, perhaps, has led Vlilson and his 

associates to doubt the applicability of strength theories that have 

been successful in determinine the shear strength of mineral soils 

to peat; thus they chose to investigate the strength of peat from 

a rheological point of view (Schroeder and Wilson, 1962; Krzywicki and 

Wilson, 1964). 

Yet as repeatedly pointed out, each investi gator was dealing 
i 

with one kind of peat with a unique structure. Not only should peat 

be treated as a unique material but also each kind of peat should be 
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treated the same. While each investiGation v1as usefu l for the 

accumulation of information, it \'las necessary to acc ept the results / 

cautiously due to the complex biolo gical origin of peat. 'fhis was 

the reason for controversial laboratory test r esults . 

It is logical that, in order to be able to generalize, it is 

necessary to find ou t some common structural elements and conc entrate 

the attention on these . In other \'lords , it i s necessary to supplement 

any investieation in shear strength with an investiga tion on a 

micros copic scale as the constituents of peat r ani:;e down to colloidal 

particles . ViacFarlane and Radforth report research \'1here the effect 

of stressing on peat structure during consolida tion is to be eAamined 

microscopically although no published results are given ( NacFarlane and 

Radforth, 1964). 

Microscopic examination and analysis of peat for purposes 

other t han engineering have been utilized. In almost all cases 

thin sections of peat were examined. One of the more significant 

was the work of Eydt (Eydt, 1956 and 1962) where a method was 

developed for examining in situ arrangement of peat by paraffin 

infiltration ( Radforth and Eydt, 1958). Thaler devised a similar method 

for peat with considerable mineral content ( Thaler, 1964). Stewart made 

indirect use of cuticles in examination of peat (Stewart, 1960). 

Because an understanding of the structure of peat requires a 

diversified investigation, it is necessary to resort to publications 

in various other fields related to organic soils. In agriculture, 



7 

researchers who dealt \'Ii th peat mainly from a biochemicn.l point 

of view are unable to reveal tho complex nature of humic acid nhich is 

nn end product in the humification of peat (Kononova, 1960). This 

nec essity of havine to obtain pertinent information from other fields 

lil~e microbioloi;y (Alexander, 1961) and others ( Bear, 1955; Bailey, 1947; 

Hiller and Turk, 1943; Black, 1957; Francis, 1954) strongly suge;osts 

the necessity of a synthesis of information pertinent to engineering 

purposes. 



CH./\PTER II 

MATERIAL AND INVESTIGATION T~HIHGUES 

Site Selection: 

Peat s ar:plcs were taken from Copetown Bog which lies about 

1/2 mile south of Copetown Village in Wentworth County, Ontario. 

The organic terrain, conf~ned to an area of about 28 acres, is 

located at a depression formed during the last gl aciation, possibly 

being the largest of the kettles of a knob and kettle topography. 

I-:ineral sublayer is composed of fine sand, silt and clay. The 

deepest part of organic soil is 7.5 meters near the centre of the 

bog. In September the water table was about eight inches below the 

ground level. Its hiGh water table is believed to be due to the adjacent 

high water table rather than continuous streams being emptied into 

the depression as no such are visible (for more information see 

Stewart, 1960). 

The surface vegetation is IEF - EIF and BEI according to the 

Radforth classification. The bog has been bypassed by engineering 

structures and left undisturbed from human activity. 

The site chosen for sa>npling within the bog was an area where 

the tree density was less as it was undesirable to have large roots 

in the samples. The immediate area was covered with mosses, some 

sedge grasses and low shrubs (Figs. tfl and #2). 

8 
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Fig. 1 - General View of the Sampling Area 

Fig. 2 - Closer View of the Sampline Area 
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It was desirable to obta.in r elatively young pea~ as it 

is likely that t he cell structure is not promin~nt in humified 

p eat. Therefore, samples were taken f rom 2 to 3 feet depths. 

'l'o ensure some uniformity among the sampl es, all the sampl es were 

taken from the same depth and close to each other. 

Figo 3 - A Sampling Hole and Experimental 
Sampling Pipes. 

Holes about 3 1 X 2 1 X 2 1 were dug with spades and were cleared 

of debris by hand. As an experiment, pipes, of different lengths with 

diameters ranging from 1.5 to 6 inches, sharpened at one end, were 

used as samplers (Fig. #3). It was found that the larger diameter 

pipes not only reduced the friction between the sample and the sampler, 

but also utilized more cutting action . The degree of disturbance of 
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the samples was exDJnined in the laboratory by freezin g c. d cut ting 

them into t\'lo along their length; the disturbnnce due to sarnpling 

vms found to be negligible. Finnlly, thin-walled pipes like stove-

pipes, four inches in diameter, cut to about one foot in length, and 

sharpened at one end, were used for sampling. The sharpened end was 

pushed into the peat with very slight turning action utilizing the cutting 

ability. In most cases, the thin-walled pipes penetrated into the soft 

peat without necessitatinG a11y turning action; this vras desirable to 

avoid pulling and breaking the fibres. Having pushed several pipes 

into one hole in this manner, they were retrieved wl.th as little \vater 

loss as possible. They were then sealed at the ends oy quick foam 

formine; chemicals in situ and brought under water to the laboratory 

where they were resealed by waxing and stored immersed under water in 

the humid room . 

Triaxial Sample Preparation: 

For macroscopic analysis, the samples were obtained from the 

thin-walled pipes by the use of 1.5 inch diameter stainless-steel 

samplers sharpened to razor edge thickness at one end; the samplers 

were pushed into the pipes with minimum turning action. The samples 

were consolidated in these samplers before they were extruded for 

triaxial testing. The stress used for consolidation was equal to the 

proposed cell pressure for that sample; this ensured that the samples 

were not over-consolidated. Using this technique, the consolidation 

pressure was less than the cell pressure because the sample experienced 

less stress due to friction between the sample and the sampler; also 
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the horizontal stress was less than t he vertical stress by the 

ratio of earth pr essure at res t. 

These consolidated samples were nssembled under Ytatcr so as 

to minimize t he amount of air entrapped between the rubber membrane 

and the sample. They were consolidated under a predetermined cell 

pressure. 

As the permeability of peat varies considerably with the 

consolidation pressure, the possibility of consolidating all the 

sampl es for the same length of time was discarded because it \'tas 

necessary to ensure uniformity of samples. At the time a sample 

consolidating under a high cell pressure is still in the primary 

cons olidation stage, another sample consolidating under a lower cell 

pressure is way in the secondary consolidation stage; it is known 

that secondary consolidation effects can not be neglected 1n 

organic soils ( Wilson, 1963). 

The criterion for deciding the end of consolidation was 

chosen to be the end of primary consolidation. A plot of expelled 

water versus logarithm of elapsed time was made as the consolidation 

progressed. It was found that, in many cases, this criter~on for 

the end of primary consolidation was rather arbitrary; and therefore, 

pore pressures were recorded. When the pore pressures within the 

sample fell below a certain percentage of the cell pressure, shear 

testing was started. 
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A further difficulty was encountered at t he consolidation 

sta.Ge ; it was found that, because drainage was only from the bottom 

of the sample, by the time pore pr es::mres f oll ·close to zero within 

the sample, the bottom of the sample v:as stronger than tho top due 

to its lower water content; because of the length of drainaee 

pat h , the bottom of the sample experienced more secondary consolida-

tion than the top. This gave rise to a non-homo 5eneous sample which 

promoted failure at the top half of the sample durine; shearing. To 

overcome this effect, drainage from the top as well as from the 

bottom was tried. This procedure vras discontinued because the 

pull by the plastic tubing used to drain the sample from the top gave 

rise to some eccentricity along the length of the sample before shearing 

started. The non-homogeneity of this peat v1as such that eccentricity 

of the samples was common; during shearing, that same eccentricity 

grew larger and the sample failed by buckling. This is significant in 

that it gives a false value of the stress that the sample can caxry 

in the field. Finally, side drains cut from filter paper were used to 

obtain a relatively uniform sample with regards to its water content 

after consolidation. 

Fig. 4 - Typical Eccentric Sample Before and After 
Shearing Stage . 
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Shear testing was performed by a strain controlled type 

V/ykeham Farrance Eng. Ltd. triaxial apparatus. 

IXtring all tests, it was intended to use 1.4 X 2.8 inch 

sar.iples. However, because the dimensions of the samples changed 

drastically during consolidation, not all samples had these exact 

dimensions before tho start of the shearing stage. 

A constant displacement rate of 0.009 in/min. (or about 

0.32 %/min.) was used during all tests. 

Material description: 

The peat used was non-woody, fine fibrous, containinc; a 

mound of coarse fibres (Category Mo. 8 of Radforth Classification). 

Its colour changed from reddish bro\m to black upon exposure to 

atmosphere. The peat samples had a natural water content of 

about 800~~' a specific gravity of 1.57, 96% organics and a pH 

value of 4. 5 determined using water obtained by squeezing out the 

samples; the loosely held water of the peat gave a pH value of 4.9. 

Microscopic Analysis: 

To examine the effect of shearing on the structure of peat, 

first a direct approach was taken. The sheared triaxial samples 

were cut along desired planes and examined under a microscope 

capable of utilizing reflected light . However, this approach was 

discarded because of technical difficulties. Of the available 
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microscopes, a mctDJ.lurglco.l microscope r equires a pr epo.r ation of 

the sample s o tha t it reflects t ho l ight. 'fhe surface of pea t, 

being i rregulor and dark coloured, absorb ed the light. An 

electron microscope has too great a magnification for this purpos e 

and only shows the topography. Therefore, it was decided to conduct 

examinations using thin sections and trans mitted light. 

First a freezing technique was tried. Tho s ample v1as 

frozen and thin sections were cut using a microt.ome. 'l'he s ections 

crumbled and did not retnin their original arrangement. Gelatin 

.. 
embedding, accompanied by quick freezing, was also discarded 

for similar reasons. In this method, a 1/211 cubic s ample was 

subjected to two changes of 20% gelatin each for 12 hours in an 

0 oven at 37 C. It was then embedded in 20% gelatin and was allowed 

0 to set at 5 c. The block was trimmed and immersed in 10% formalin 

solution for 24 hours to harden. It was then quickly frozen and 

sections were cut by a microtome. 

Eydt found that for thin section examination of peat, paraffin 

infiltration gave satisfactory results ( Eydt, 1956 and 1962). 3/4" 

cubic samples cut from the larger triaxial samples were subjected 

to changes of l0%-30~6-50%-70%-859'a-95% and 100% alcohol solutions (see 

the Appendix). Samples were placed in each solution for four hours 

except for 10% alcohol solutions in which the samples were kept for 

two hours. They were then placed in pure tertiary butanol. Three 

changes of pure tertiary butanol were made, 24 hours each. Then the 
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so.mples v1ere placed for one hour in beal<:ers containinc; equal mixtures 

of tertiary butanol and paraffin oil. The samples, then, were ready 

for paraffin infiltration. They were transferred into o.luminum cans 

(the kind used for water content determination) containinr; melted but 

slightly cooled paraffin wax. 'rhey were just covered by a mixture of 

tertiary butyl alcohol and paraffin oil and then placed in a ventilated 

0 oven at 60 c. After 12 hours they were subjected to tv;o changes of 

pure paraffin for 24 hours each, after which time the distinctive 

smell of tertiary butyl alcohol wns absent which meant that the 

alcohol \Ws replaced by paraffin. They were immediately placed in 

deep freeze for quick cooling. The frozen paraffin containing the 

peat samples were slightly melted along the walls of the cans and 

dumped out. The samples were trimmed off the excess paraffin. The 

paraffin infiltrated samples were sliced by a slidinr; table micro tome . 

The slices v1ere transferred on the glass slides covered by IIaupt •s 

adhesive prepared in accordance with Johansen's recommendations 

(Johansen~ 1948) and flooded with 3% formalin solution. They were 

slightly heated on a warm plate. After several hours of drying, 

the slides were put in xylene which removed the paraffin. Canada 

Balsam was used as the mounting medium. 



CHAPTER III 

RESU LTS 

Tri axial Tests: 

A series of consolidated undrained tests with pore pressure 

measurements ( R tests) v1as performed. 

Stress-Strain: 

A typical stress-strain diagram is shovm in Fig. /fi5. Stress­

strain diat;rarns of all the tests are included in th0 Appendix. Haximum 

deviator stresses wore taken as the failure criterion. 

Pore Pressures: 

Pore pressures are plotted on the stress-strain diagrams. The 

pore pressure parair.eter B was calculated by r aising the cell pressure 

and recording the pore pressures induced. After each incre1;:ent of cell 

pressure, ten minutes were allowed for the pore pressures to reach 

equilibrium. A typical graph of pore pressures versus cell pressures 

is given in Fig. #6. The values found are in the order of 0.9-1.0. 

The pore pressure parameter Af was calculated by dividing the pore 

pressures (at max~num deviator stresses) by the maximum deviator 

stresses. The values of Af range from 0.44 to 0.84. 

Mohr Diagrams: 

Mohr circles, in terms of total stresses for all the tests, 

are shown in Fig. #7. An approximate envelope drawn for these circles 

11 
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indicates a cohesion intercept of 0.05 kg./cm. 2 and an angle of shearing 

resistance of 18°. 

Fig. (/8 shov/S the results of the tests in terms of effective 

stresses; the approximate envelope i ndicates a cohesion intercept of 

0.05 kg./cm. 2 and an angle of shearing resistance o f 46°. 

\'later Contents: 

'.'later contents were obtained after dividing the test specimen 

into three parts. Water contents versus effective consolidatine 

pressures and lo garithm of compressive strengths are given in Fig. f/-9 . 

Vector Curves: 

Fig. 1~10 shows the vector curves for all the tests. These 

curves were obtained by assuming an effective angle of shearing 

resistance of 46° which gave a failure plane of 68° to the horizontal 

using the equation: 

where o< is the assumed failure plane and ~ is the effective angle of 

shearing resis t ance. 

Rendulic Plots: 

Rendulic plots are given in Fig. #11. 

Microscopic Examination : 

Visual examinations of the prepared slides were conducted 

under microscope at various magnifications ran ging from 40X to lOOOX. 

Pictures, taken at appropriate places, are shown from Fi g. #12 to Fi g. f/.37. 
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fh1a plate exhibi\8 the water holding capacity ot peat. 

!':lg. 15 - Cross-sec.Uon tb.rough 

two non-woody f1l>r98• amorphous 
granular material and several 

twigal hyphae 18 ehon. While 

the hollow sect1om within tlle 
tib.rea haft a large capacit-1 

for water storage• 'Ule ma1a 

vol.UM of water is held around 

the amorphous material.. Water 

held within the oellJI ocmsUtutea 

another kind ot water. ·(Mag. 300X.) 

Hg. 17 - Aaothe.r root in el"O•• 
and loagi.iudinal seotions ia 

shown. lote that water ce 
be held both within the hollew 

fi.b:rea and the cella that 

cout1tute the t1brea 

(Mag. 300X.) 

ftg. l.6 - ledp root.e 

·. 1h c:ro• and l•Jlliludinal 

secti.e>aa are •henna. la 

the hoU. JU'\8 o'f $11• 

,root ad ill the c«ri.Uee 

lage qv.u.titi.ea of 

water cab• oonta1ne4. 
{Mag. 300&.) 

J'i&, lS - Bl• cadt1ea 

beueen 'Ule matenal.a• 

•P"iall.7 ar01UUl the 

aub•riaetl \1-u•• ve 

shown 1a tl:aia croee­

sac,ion \hroup 1'0Uow 

steu (ti.Wea). (Mag. 

7$X.} 
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FIG . JG 

FIG · 17 
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Plates DI A and III B show the 8truotu.re ot peat :1n genei-al. 

.F14. l9 • A large and. several 

saall.er t:ibres whi.ch 1nd1cat.e 

a tairly h1,sh fibrosity ratio 

are ahoWD. (Rag. 30X.) 

J'1g. Zl .,. A fibre at the 

top, a cell structure 

at the right and a spon 

in the lower ri.gb.t coner 

are shown. Main bod;r of 

mater1al is amorphous. 
ltote the aotive breakdown 

ot the ma•er1al to ton 
amorphous cranular. 

(Mag. 300X.) 

Fig, 20 ·~ An aaol'Jjlhou.a 

eectiOA 1a eaown. Note 
the blend1D.g_ot tibroua 

. uteri.al and leafy seotione: 

hto amorphous aat.e.nal. 
h this figure aa4 1a 

the next seven t1gu.ru* 

note the ltu•-. hJPha•J 
. this 1n41eatea a d,JDuic 

state ot bnakd.owa ot the 

eel.lu.l.u matui.al which. 

tona the cell.a. (Rag. 

75X.) 

J'1g., 22 - Blead1ng Of plant 

Ussuea into amorphous 

gl"&mlar is ahon. .wote 
the abund.aue ot tu.ng1 and 

t.isau brokea 4nn to 

aincle cell-s1&•. (Mag. 

300L) 
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Fig. 23 - Amorphous peat 1s 

shown with a root (top left) 
and a spore (bottom right). 

(Hag. 300X.) 

Fig. 25 • Xn this photograph 

the amou.t ot n.ter that 
oan be stored arowul the 

pl.ant tiasu• should be 

note4. (Ma&• aoox.) 

fig. 24 - .AltOrphous aect1Qa
1 

with various non-huld.f'1.ecl\ 

tiaaue auuoturea 1a ah~. 
(Hag. 75X. ) 

11&. 26 ... .&ao~e.r t1J>1P1 
· auQheu-81"aalar aeo:Uo~ 
18 ehon wit.h· ... UJI•• 

stJ'Uctu.re aa 7et·un4"ompo•e4 
at lower left eone.I'. (Hag. 

300:1.) 
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Platea IV A and XV B •how various larger ooapcm.enu that 
form the structure of »eat. 

Hg. 2.7 - Amorphous peat With a 

root ill crosa-aection 1e 

showa. (Mag. 75X.) 

fig. 29.A - cz.oae-section of 
several large and small 

roota a.re shown. lfe'M 

the 'Void.a between the 

roote. {Has. 30X.) 

ns. 28 ... Jaol'plloua peat. 

section with gramllea 

1e ahou. (Hag. 75X.) 

Fig. 29B - A tu-t.h.er enlarged 

v.t.ew of the d.l'Oae-aectioa 

of the large .root is shown.. 
(Mag. 751..) 
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n.a. .... - In \ld.8 ........ 

••Un ot a 1'0041 .l'Ml •t• . 
the ou.iu auber.l.aed tua•• 
(ool'k UM) ad tlle ld.d.dle 

oona wJd.a 1a t1Jll.Q.al ot 
l"OOta. (lle\g. 751.) 

ft& •• - .Aa •al.!asecl 
deill:U ot tae ••• l'M\ 

18 .en. (Mag. 300L) 

J'i&• 31 •A lose t1bre1 a1tout r:t.a. al.• LOagt.tu.u.aal. ••"1oa 
2/3 •• 1a 1d.4ill S.. •titlal. •t a smalle.l" fibre 18 aon.. 
.u.e, i8 .... :la lo:agl\Udlul .,. ila• .,. .. :Luicl• 'tit• 

••oUoa. (Mag. aox.) 111-e *1A ... h014 water. 
(Hag. 7U.) 
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fta. 33.l • A JrOOt eecu.oa. 
idatlti.ed hOa the csentnl 

}I081t1oa ot --•ou.na 
'1.aaue.Utll••~ 

u.u., 111 ••• .., • 

•• • ,, .. , ...... .-tu.ac 
-.t1oa ot·tb.• ·-~ 
bl.aft •• to~ 

ad.erotoaag. (11ag .. 71L) 

11g. 330 - J'un.b.er •al__. 
d.etaU of tihe -••ell 
•tnctun .le alula. 
(Mag. ?'SOX.) 

'ii· 338 - .la •allQ>--' 'd.R 
of t.he U....e 'ld.t!l 1.u 

•1'1 o.U. ill ahowa. 
(Mag. 3001.) 

rte. 34 - two dU.tenat •.U 
•Uu.•81'811 .,.. aMwaf .... 

ai-e~c.U.•I 

hdp • ~· an t1)t.lu1 

· •ella ot llilNI ... 
DMk ave ·a VV'T· Id.Ill 

upt.4dt7 to ..... ---· 
<Mas· aoox. > 
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FIG, . 33 A 

Fie; . 3 3 c F1t:;. . 34 
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Sampling: 

CHAPTER IV 

DISCUSSION OF T:EX:: HNI QUES USED 

Thin-walled pipes, used for obtaining peat samples, minimized 

disturbance to the samplese A few shortcomings of this method, however, 

should be cited. 

Some loss of the gravitational water could not be prevented. 

This may be achieved by an automatic catcher that closes the bottom 

of the sampler. 

Gases escaping from the peat s amples due to pressur e r elease 

and temperature change could not be prevented. To minimize this 

effect, ends of the pipes were immediately sealed and samples were 

immersed in water~ Apparently some of the gases lost were replaced 

by water during transportation; this explains the high saturation 

values obtained. For permanent storing, great care was taken to 

seal the pipes. When gases were able to find a v1ay out of the 

samplers, these were released in the form of bubbles because samplers 

were immersed in water, and they were replaced by the water. 

Preparation for Triaxial testing: 

Preparation of peat samples for triaxial testing and 

executing successful triaxial shear tests are exceptionally 

difficult operationso If the samples are put into a triaxial 

44 
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ch ru;ibor for coni:;olidation without previous treatment, they talrn 

dis torted shapes during consolidation. Therefore, some treatm ent 

of the sru;1ples before pu ttinG into the triaxial chamber was necessary. 

Consolidating the samples in 1.5" stainless-steel samplers provided 

the K condition while avoiding this problem of shape. 
0 

The samples were softer at the bottom than at the top when 

extruded fror.i these SC1.l1lplers due to the friction during initial 

consolidation in the samplers between the samples and the samplers. 

This caused more water to be expelled from the bottom of the samples 

during final consolidation in the triaxial chamber. \'/hat is more, 

these samples experienced more pressure at the bottom than at the 

top when consolidated in triaxial chambers due to a head difference 

of about 7 cm. (height of tho samples) of water. This head 

2 
difference is 7% of a chamber pressure of 0.10 kg./cm. • These 

produced slic;htly smaller diameters at the bottom of the samples 

than at the top. These differences in diameters were small and did 

not effect the results and average of the diameters were used in 

calculations. 

The stresses chosen for consolidating samples in 1.511 ID 

stainless-steel samplers were equal to the predetermined cell 

pressures, ignoring the friction between the sample and the sampler. 

This choice, besides preventing the possibility of working with 

overconsolidated samples, was such that at the end of consolida-

tion in the triaxial chambers, the diameters of the samples were 

in the order of 1.411 • In this way, the shortening of the samples 
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in leni:;th was also reduced. It was, nevertheless, ncceosary to 

measure the dimensions of the samples at the end of final consoli­

dation. 

Slight disturbances and, sometimes, their own weight caused 

samples to acquire eccentricity along the vertical axis. This 

eccentricity, difficult to detect at the start, became conspicious 

at the end of consolidation. If this was disregarded, the eccentricity 

became critical at around 9% strain during shear testing. Therefore, 

in cases of eccentrici.ty, it wa.p necessary to correct this effect 

by taking out the sample at the end of consolidation stage. This 

can perhaps be avoided by using a straight cap attached to the rim 

of the loading piston. Then the sample will be forced to straighten 

itself. 

It was found that side drains not only decreased consolidation 

time and ensured some uniformity in connection with water content, 

but also helped in dealing with eccentricity. 'rhey are desirable 

aids in triaxial shear testing of peat. 

To represent natural conditions, the choice of low chamber 

pressures was necessary. Because the last glaciation scraped the 

organic terrain on its way, present muskeg is, geologically speaking, 

recently formed. Therefore, peat is a surficial soil. What is more, 

poat has a specific gravity of about 1.5, but because water table 

is almost always near the ground surface, its effective specific 
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cravity i s in t he order of 0.5. 'l'hercfore , peat e:.~pcrienccs 

r el atively small str esses due to its ovm weicht. Thes e 

f actors made the choice of low chamber pressures necessary 

as in a practical problem chamber pressure r epr esent s the 

confining effect of the soil mass around t he sample. Again , 

because muskeg has been recently formed, it was necessary to VJOrk 

with normally-consolidated samples. 

Choice of low chamber pressures meant that small errors in 

readings of either c.ell or pore pressures could cause large errors 

in t he results. · Care was taken to ensure reliability of both 

readings. Low chamber pressures impaired the poss ibility of 

saturating samples by back pressure. It was not possi ble to have 

2 readings of 0.002 kg./cm. accuracy at pressures in the order of 

2 6 kg./cm. • Saturation by back pressure was discarded as a possible 

aid not only due to the above eff ect but also due to the fnct that 

it would not be representative of field conditions. 

\'/hen measuring pore pressures to judge the end of cons olida-

tion period, it was found that, although the readings within the first 

minutes of any one measuring were in the order of zero, by the 

pro gress of time they went up; it took as much as 50 minutes to reach 

a constant final value. Therefore, when measuring the pore pressures 

only from the bottom this stabilization of pore pressures within the 

srunples was taken into account. Side drains somewhat reduced 
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this time lag. It was also found that pore pressur es vrere sencitive 

to temperature change s within the laboratory. For the choice of 

strain rate, all of these above factors as well as the permeability 

of peat should be considered. 

No attempt was made to vary the strain rate with the variations 

in chamber pressures in order to keep the number of variables at a 

minimum. 

Discussion of Microscopic 'rechniques: 

No previous records of a microscopic investigation on the 

structure of peat for engineering purposes were available. Therefore, 

several methods were t:i;-ied. At the start, a direct approach seemed 

appropriate. Each triaxial test sample would be examined for the 

effects of shearing on the structure before and after shear testing 

in relation to the effect of stressing on the cell structure, fibre 

behaviour, water holding capacity and water movement. This would be 

accomplished by moving the objective lens of a microscope with 

built in light source along the desired planes of peat sample. This 

would give at least a two dimensional view of the structure before 

and after shear. It was abondoned due to non-availability of a 

microscope fit for the purpose. The only other choice was to resort 

to thin section methods. Using thin sections, neither the fibre 

behaviour nor the water movement relations could be investigated. 

But a better picture of the structure of peat with respect to its 

water . holding capacity could be obtained. 
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Gelatin infiltration into peat was incomplete, and the 

method gave unsatisfactory r esults. As in quick-freezing, 

components of peat did not retain their ori (iinal arranccmcnt 

a fter slicing. 

Radforth and his associutes had already developed 

several techniques for the investic;ation of the structure of 

peat und er microscope. Stewart's method was not suitable for 

the purpose as it was devised for cuticle obscrvationa (Stewart, 

1960) and Thaler•s method was much too coarse in that there was a 

potential danger of disrupting peat tissues (Thaler, 1964). Eydt's 

method seemed appropriate (Eydt, 1956). 

Paraffin infiltration was complete and t~1e components of 

peat retained their in-situ positions. 

As one of the aims of this investigation was to be able to 

analyze the effect of stressing on cell structures, distortion of 

the cells during the process of preparation could not be tolerated. 

Therefore, Eydt's method had to be modified . Instead of subjecting 

peat cubes directly to 50% alcohol, a gradual increase of alcohol 

concentration starting from 10% was used in order to avoid any 

shrinkage of the tissues during the dehydration process. Johansen 

recommended the use of pure tertiary butyl alcohol as a pre-infiltration 

medium instead of normal butyl alcohol (Johansen, 1940). According 

to his experience, normal butyl alcohol , but not tertiary butyl alcohol, 
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caused distortion of the tissues in s ome cases. No attempt 

was made to use vacuum to help remove air as this could disrupt 

the tissues. 

Paraffin infiltration was preceeded by a change of an 

equal mixture of paraffin oil and tertiary butyl alcohol. This 

avoided damage to the tissue that could be caused by t he. heat 

of the oven while the sample sank into the paraffin. The slow 

sinld.ne of the peat cube into paraffin insured the complete 

infiltration of paraffin into the peat tissues. It was lea rned 

that , if several changes of paraffin were made, the on e week 

period in the oven recommended by Eydt was not necessary as paraffin 

and tertiary butyl alcohol proved to be rapidly miscible; all of the 

tissues that were previously soaked in tertiary butyl alcohol v1ere 

completely penetrated by paraffin within n couple of days and it 

was not necessary to add chips of paraffin as recommended by most 

textbooks on botanical microtechnique. 

Optimum thickness for the sections was found to be 15 Jl• 

15 µ sections were superior to 20 µ sections as better quality 

pictures could be taken using this thickness. In some cases mechanical 

injury to the tissue due to the cutting action of microtome blade 

could not be prevented, but injured sections could be differentiated. 

No disarrangement of the tissues occured during slide preparation as 

Haupt•s adhesive caused peaty material to stick to the glass slides. 
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Paraffin infiltration method may be somewhat long and 

tedious for engineering purposes, but it seems that as of now, 

it is the only successful thin section method for the examination 

of peat structure in its in-situ arrangement. 



CHAP'.l'ER V 

DISCUSSION OF '.l'HE RESU LTS 

Reliability of the results: 

Vlhen examining the results, it must be borne in mind 

that there were non-homo geneities within the indivi du al s amples 

as well as differences among the samples because peat varies 

within a bog horizontally as well as vertically. Further more , 

various testing procedures imposed some differences amonc and 

within the samples w:hth respect to geometry and water content. 

Samples which were consolidated with drainage from the bottom 

only showed a gradation of streng~h increasing from top to the 

bottom; other samples showed uniform strength with height. 

There was no definite failure pattern of the samples 

during shear testing. Some failed by buckling due to an 

initial eccentricity; around 12% strain, eccentricity became 

critical and the samples were unable to take further load. 

As the areas were assumed to be increasing, the deviator stresses 

were calculated to be decreasing. Samples that acquired no 

eccentricity reached maximum deviator stresses in excess of 

15% strain; these samples generally showed bulging. In two 

cases, it was found that shearing had taken place through dis­

integrated wood within the samples. 
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Calcula tions of tne t est results were mnde as surninE no 

vol ume chances of t ho samples. Measuring t h0 volume chance by t he 

volume of water expelled fro m t 110 triaxial chamber durin g test ing 

indicat ed possi ble volume chan ges up to 4% of t he ori ginal volume 

of t he s amples during t ests with chamber pressures less than 0.25 kg./cm. 2 • 

Therefore, t est res ults calculat ed for tes t s with the lower cho.mbcr 

pressures may be slightly below the actual values. An.other point 

t hat must be k ept in mind when analyzing t he results is that some 

s amples had small initial pore pressures at the start of t h e shearing 

stages. 

Stress-strain Relationships: 

Fig. #5 shows the general trend for stress-strain relationships. 

It is noticed that deviator stress reaches a plateau after certain 

strain and remains fairly constant for a certain range of strain; the 

curve does not show a pronounced peak value. The deviator stresses 

rise beyond the cell pressures in all cases. 

Hohr Diagrams: 

The discrepencies explained are believed to be the reasons 

for the differences in Mohr circles of the tests run at the same cell 

pressures (Fig. #7)0 Using the approximate envelope in this figure, the 

shearing strength of this peat in terms of total stresses can be 

e:cpressed as: 

0 
s = 0.05 + CJ tan 18 

in accordance with Coulomb's Equation wherG s, c, and ~are in kg./cm.2. 



54 

T~e str encth , in t er ms of effective stresses, can be Given as : 

0 s = O • O 5 + er tan 4 6 

Although at a first glance, the exceptionally hi[71 angle of shearinG 

resistance indicat es a strone material , due to the high pore 

pressures induced, (i- is very small and therefore, the strcne;th 

mobilized is very small. In cases of complete drainae;e a high 

str ength is obtained. But then excessive deformations result due 

to great volume of water that is expelled. The e:~polled water can 

be generalized into four categories: 

The first cat egory i s t he loosely held water i n the voids 

enclosed by what can be considered as the solid constituents of peat. 

The second category water is within voids in the solids • 

. For example, water within the void portions of roots, hollow stems, 

etc. This water is more firmly held t han tho water in the voids in 

between the solid a:onstituents. 

The third category is the water that constitutes the material 

itself. The constituents of peat, being of biological orie;in, are 

composed mainly of water. Therefore, water forms an integral part 

of what is considered to be the solid constituents. This water, held 

in the cells, for instance, can be expelled under certain ranges of 

stress. 

The fourth category of water is the colloidal water. 
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The first two categories of v1ater can be seen on Plate II 

in Fig. #15 to Fig. #18 . 

In the sense explained, as opposed to the solid constituents 

of mineral soils, the materials that form peat change under stresses. 

Thus peat should be considered as a unique material when treating it 

within the range of knowledge of Soil Mechanics. 

\'/hen this investigation was undertaken, it was expected that, 

as the materials which form peat change under stres.ses, the Hohr 

envelope would not be a straight line. The slope of the envelope, 

it was expected, would increase after a certain stress range because 

water of the second and the third categories would be expelled out of 

the solid constituents and the material dealt would get stronger. 

This would continue up to a certain stress range where the material 

could no longer get stronger. Then the individual constituents would 

yield, causing the envelope to decrease in slope. The increase of 

strength of the individual constituents of peat would be accompanied 

by a phenomenon best described as 'fibrous interlock' where fibres 

would assemble themselves in a form where their total strength would 

be much higher than the total strength that can be obtained by 

summing the individual strengths of fibres. This can be visualized if 

it is thought to be similar to the strength of a rope which is composed 

of individual fibres. 
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An exrunination of the envelope in Fie. tn sho v1s t hat su ch 

behaviour >ins not fully r ealized during this investigation, except 

for the influence of the last circle. If t he results o f the tests 

\'lith the lower cell pressures are considered to be somev1hat less than 

their true value due to volume changes , this effect is slic;htly more 

pronounced. Nevertheless, no generalizations can be made using the 

r esults obtained. A more thorough investigation is necessary. Such 

an investigation may prove Coulomb's equation, which assumes a straight 

line relationship, not to be applicable to peat within certain stress 

ranges. 

Pore Pressures: 

Pore pressures induced during any one test follow, in general , 

the shape of the deviator stress curve. In. many cases, the induced 

pore pressures are in excess of 90"~ of the cell pressures. Similar 

results are reported elsewhere (Adams, 1961; Hanrahan, 1954); therefore, 

this seems to be a general trend in peat. 

Pore pressures at maximum deviator stress during any one test 

are very close in magnitude to the induced maximum pore pressures. 

The induced high pore pressures at fail~re have the influence 

of plotting the effective stress circles very close to the origin on 

the Mohr diagram. This influence renders the assignment of an effective 

angle of shearing resistance and cohesion a rather arbitrary choice. 
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Pore Pressure Parameters: 

The hi t;h values obtained for the pore pressure paramet er B 

are not believed to be representative of in-situ conditions. Some 

s aturation during sampling and possibly during storace of the samples 

may have occured. 

The Af values are in the range commonly associated with normally 

consolidated clays~ 

Whereas induced pore pressures are high, they are limited by 

t he ma gnitude of cell pressures. As compressive strengths are 

in excess of cell pressures within the stress ranges used during 

this investigation, relatively low values for the pore pressure 

parameter Af are obtained. In spite of high pore pressures, these 

relatively low Af values indicate a stable structure. This aspect 

is further substantiated by the fact that both the deviator stresses 

and the pore pressures retain their values without substantial decrease 

with an increase of strain. 

The Unique Relationship Between Water Content and Strength: 

The importance of water content on shearing strength of peat 

has been indicated. Radforth conducted cone penetration tests on peat 

to measure strength. There was no definite tendency for an increase 

in strength with depth as in clays; this was accompanied by a variation 

in strength horizontally. However, the strength of peat could 

qualitatively be guessed with respect to drainage. For example, more 
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str encth can be utilized on peat closer to a drainace f ac e . 'l'his 

relationship between water content and strenfjth observed in the 

field was also realized during this laboratory investieation. For 

2 
cxo.mple , test results of samples run at cell pressures of 0 . 50 kg. /cm. 

and 0.70 kg. /cm.
2 

indic ated closer compress ive strengths than \'las 

2 2 
expected (0.71 kg./cm. and 0.79 kg./cm. respectively) as can be seen 

from the Hohr circles in Fig. t.f.7. It was found that their water contents 

were almost the same ( 401% and 398% respectively). 

Fig. ~B shows the relationship between water contents and 

compressive strengths. If the data plotted is represented by a curve 

that decreases in slope with the increase in compressive strength, this 

means that less water need be expelled to increase the strength (after 

a certain stress range) than clayey soils in which case the same 

relationship is a straight line (Henkel, 1960; Casagrande and Rivard, 1959). 

This can be used to further the point that different water-solid phase 

relationships govern the structure of peat under stress than mineral 

soils in that water is an integral part of what is considered to be the 

solid phase in peat. 

Vector Curves: 

Fig. #10 shows the results of the tests on a single plot in terms 

o.f vector curves. These vector curve shapes are indicative of normally 

consolidated soils with compressive behaviour during shear when applied 

to clayey soils. It is shown that the same relationships hold for peat. 
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When strain contours are superimposed on vector curves, these 

can be used to predict approximate strains expected durinG loading 

as these curves shovr the stress history on the plane of failure. This 

feature is useful with peat as it was shown that peat has a stable 

structure over long ranges of strains which renders the possibility 

of including strains as a design criterion even in short term loading 

conditions. 

Fig. ifll shows tho influence of water contents on stress 

paths trucen by the samples. 

Microscopic Analysis: 

The microscopic examination showed the amorphous granular 

material to be the most commonly encountered element that formed the 

structure of this peat. These eenerally rane;ed from O.l to 5 microns. 

Therefore, a hie;h colloidal activity is probable. A unique property of 

colloidal particles is their large surface areas. As, in general» 

organic colloids have a high affinity for water, the colloidal phenomenon 

may be the chief cause of the high water content of peat. 

In general , the microscopic examination showed a high density 

as well as a fairly high fibrosity ratio. - The fibrous axes wore mostly 

nonwoody. These fossilized organs formed an important part of the 

structure of the peat and may act as the supporting media for the 

structure . 
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Hain body of tho cells were identified ns bcine; sedges. 

Th o lack of moss cells arc probo.bly due to t heir being loss 

resistant than sedee type cells and not due to their oric;l.nal 

absence. There was a general absence of leafy tissues which may 

also be due to mechanical breakdown as well as bacterial action. 

The large number of funGi encountered \':ere generally associated 

with tissues in a state of disinteL,rration. ApJ.1arently at that level 

in the bog, cellulose was dynamically being broken down. In eenoral, 

during early stages, mainly living tissues are decomposed. Usually 

lignified tissues are preserved for a mu ch loncer time. In grass 

roots, where the pericycle, the phloem and the parenchyma are 

decomposed during early stages of humification, lignified cells 

of the cortex and the xylem vessels are preserved. The general 

rapid humification observed in this peat obtained only from 2 to 

3 foot depth indicated the significance of colloidal activity in 

general , which may be expected to increase with depth. Additional 

loads may help the breakdown and thus increase the amount of colloidal 

sized particles. The chemical nature of those micronodules is a 

determining factor in their colloidal activity. Nevertheless as these 

are, in general, at various stages of humification, a generalization 

may be difficult. The general behaviour of the structure will not be 

only colloidal. Above mentioned fossilized plant organs determine the 

fibrous activity. The behaviour of the fibres in turn is partly 

determined by the behaviour of their cell structure. For instance, 

the strength of the fibres is influenced by the amount of water 

expelled from these cells under stresses. In any case, significant 
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chane;es in the structure can be expected (b~th in relation to 

colloidal activity and the behaviour of macro-orcanisms) as 

water is expelled from peat under stresses. 



CHAPTER VI 

CONCLUSIONS AND R:EX;OMMEHDATIONS 

Acceptance of peat as just another kind of soil and 

application of the knowledge and the experience gained from 

investigations on mineral soils without any questionine is 

far from rational; before any application of the principles 

of Soil EngincerinG to peat is undertaken , their applicability 

must be questioned . During this investigation, the applicability 

of Coulomb's equation, which has boon successful in expressing 

the strength of mineral soils since 1776, \'las questioned. 

Al thou c;h there was no definite deviation from the s trn.igh t line 

relationship, some indications were observed. Because this could 

have been due to the variability of peat samples, as with other 

results no definite conclusions could be dra\m. A more thorough 

investigation is needed in this respect. 

The triaxial compressive test results indicated water 

content to be a key issue to the estimation of strength and 

the understandine; of peat. In addition, there was some indication 

that different water content relationships governed the strength 

of peat than those for clayey soils. Therefore, further investigations 

should give precedence to this aspect. For instance, a research on 

the contributions of the various kinds of water held in peat to 

measured high pore pressures may be of assistance in the 
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understanding of the behaviour of peat structure under streGsea. 

In an investigation of the shear strenGth of peat by triaxial 

testing, some deviation from standard procedures are necessary such as 

the anisotropic consolidation to precede the isotropic consolidation 

in the triaxial chamber; otherwise shearinc stage is conducted \'lith 

a distorted sample. Use of larger samples than 1.4 in. by 2.8 in. 

may help reduce the effects of non-homogeneity. A continuous check 

against an initial eccentricity is necessary. Time lag c an be 

expected when measurinG pore pressures. Side drains cut from coo d 

quality filter paper are of practical assistance. More sensitive 

pressure measuring devices than used during this investigation will 

be of great assistance. This aspect can not be overemphasized. 

The microscopic investigation of the structure of the p:i at which 

accompanied the macroscopic investigation was useful in examining the 
., 

structure of peat per seo It is improbable that the influence of 

stressing on the structure of peat can be investigated using thin 

sections due to great variability of the components of peat. A uniform 

element upon which attention could be concentrated was lacking. Even 

within this relatively young peat, the cell structure is seldom encountered; 

and when cells are encountered not only do the cells that belong to 

various plant organs vary, but also cells within any one tissue may 

vary. Therefore, no single element could be identified which occured 

all along within different samples so that thin sections of unstressed 
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and stressed srunples could be compared on this basis. 

Examination of thin sections enabled a very objective 

estimate of fibrosity and density; hov1ever, behaviour of fibres 

during shearing, though hypothesized, could not be observed. 

Although by thin section method an estimation of the 

various kinds of \7ater held within peat structure could be assessed 

rather than simply hypothesized, a three dimensional view of the 

structure and the means of an estimation of colloidally held water 

are lacking. 

The microscopic investigation of the structure of peat can 

be conducted more successfully by combining an examination of the 

structure by using a microscope capable of utilizing reflect ed 

light on the dosired planes of peat with an examination using thin 

s ections by the modified paraffin infiltration method which was 

shown to be the only method available with no disturbance of the 

original arrangement of peat samples. ~ven for examination with 

transmitted lightg a better quality microscope than that which this 

examination was conducted will be o.f great help especially for 

higher magnifications. 
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TRIAXIAL COMPRESSION TEST DATA: TEST NO. l 

2 Cell Pressure = 0.4 kg./cm. , Sample Dimensions = 2.6 in. x 1.4 in. 

Area= 9.73 cm. 2 

Proving Ring Sensitivity: 0.0001 in. = 0.125 l bs. 

Pore Pre2sure Vertical Deflection Proving Hing Strain Deviator
2
stress 

( kg./cm. ) Dial Heading (in.) Deflection (in.) ( %) (kg./cm. ) 

o.oo o.ooo 0.0000 

0.01 0.010 0.0002 0.38 0.013 

0.02 0.020 0.0004 0.75 0.023 

0.02 0.030 0.0008 1.12 0 .046 

0.04 0.040 0.0021 1.46 0.121 

0.05 0.050 0.0028 1.82 0.160 

0.07 0.060 0.0036 2.17 0.205 

o.oo 0.070 0.0041 2.53 . 0.233 

0.11 0.080 0.0048 2 .89 0.270 

0.13 0.090 0.0052 3.26 0.29 3 

0.14 0.100 0.0057 3 .63 0.320 

0.15 0.110 0 . 0061 3.99 0.341 

0.16 0.120 0 . 0064 4.38 0.356 

0.18 o.130 0.0067 4.74 0.372 

o.19 0.140 0.0070 5.12 0.387 

0.21 0 . 150 0.0012 5.49 0.396 

0.22 0.160 0.0075 5.86 0.411 

0.23 0.170 0.0076 6.25 0.415 

(Continued •••• ) 
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TRIAXIAL COi'iPRESSION 'l'EST DATA: NO. 1 (Continued) 

Pore Pre2sure Vertical Deflection Proving Hing Strain Deviat or
2

s tress 
(kg./cm. ) Dial Reading (in.) Deflection (in.) ( %) (kg./cm. ) 

o.24 0.180 0.0079 6 .62 0 .423 

0.25 0.190 0.0080 1.00 0.434 

0.26 0.200 0.0082 7.38 0.442 

0.27 0.210 0.0083 7.76 o.451 

0.28 0.220 0.0085 8.13 0.4 55 

0.29 o.230 0.0086 8.52 0.458 

0.30 0.240 0.0087 8.90 0.462 

0.31 0.280 0.0089 10.43 0.465 

0.32 0.300 ' 0.0089 11.96 0.457 

0. 33 0.340 0.0090 12.73 0.458 

0.34 0.380 0.0091 1 4.26 0.455 

0.35 o.4oo 0.0091 15.03 o.452 

0.35 0.440 0 . 0091 16.57 0.443 

0.35 o.460 0.0091 17.34 0.438 
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TRI.AXIAL COHPRESSION 'l1EST DATA: TEST NO. 2 

Cell Pressure= 1.00 kg./cm.
2

, Srunple Dimensio~s =2.4 in. x 1.4 in., 

2 Area = 9.73 cm. 

Pore Pres~re Vertical Deflection Proving Ring Strain Dcviator2streas 
(kg./cm. ) Dial Reading (in.) Deflection (in.) ( %) (kc./cm. ) 

o.oo o.ooo 0.0000 o.oo o.ooo 

o.oo 0.010 0.0004 0.40 0.023 

0.01 0.020 0.0010 o.79 0.058 

0.02 0.025 0.0027 0.93 0.156 

o.os 0.030 0.0040 1.08 o.230 

0.06 0.035 0.0051 1.25 0.294 

0.08 0.040 0.0060 l.42 0.345 

0.11 0.050 0.0077 1.76 0.439 

0.14 0.055 0.0083 1.94 0.474 

0 . 16 0.060 0.0089 2.12 o.508 

0.20 0.070 0.0103 2.49 0. 585 

0.24 0.080 0.0114 2.73 0.646 

0 . 26 Oe085 0.0118 3.00 0.668 

0.28 0.090 0.0122 . 3.25 0.688 

0.31 0.100 0.0129 3.62 0.724 

0.34 0.110 0.0136 4.01 0.761 

0.36 0.120 0.0141 4.41 0.786 

0.38 0.125 0.0143 4.61 o. 795 

0.39 0.130 0.0146 4.81 0.810 

(Continued •••• ) 
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TRIAXIAL COHPRESSION TEST DATA: TEST NO. 2 (Continued) 

Poro Pre~sure Vertical Deflection Proving Ring Strain Devio. tor
2
stres 

(kg./cm. ) Dio.l Reading (in.) Deflection (in.) ( %) (kg ./cm. ) 

0.40 0.135 0.0148 4. 92 0. 820 

o.42 0.140 0.0149 5.21 0.823 

0.44 o.150 0.0153 5.61 0 . 8 42 

o.46 0.160 0.0156 5.85 0.8 56 

0.47 0.170 0.0160 6.41 0.873 

o.so 0.180 0.0165 6.81 0.896 

0.53 0.200 0.0172 7.62 0.926 

0.56 0.220 0.0179 8 .42 0.955 

0.61 0.260 0.0189 10.04 0.99'1 

o.67 0.300 0.0198 11.67 1.018 

0.70 0.350 0.0207 13.72 1.041 

o.79 0.400 0.0215 15.77 1.055 

0.80 0 . 450 0.0221 17.83 l.058 

0.82 0.500 0.0232 19.86 1.083 

0.82 0.550 0.0223 21.99 1.014 

0.82 o.56o 0.0222 22.40 1.004 

0.82 o.58o 0.0224 23.23 0.998 

0.82 0.600 0.0226 24 .. 05 1.000 
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TRIAXIAL COHPRESSION TES'l' DATA : TEST NO. 3 

2 
Cell Pressure = 0.25 kg ./cm. , Sample Dimensions = 2.8 in. x 1.4 in. 

Area= 9.93 cm. 2 

Pore Pre~sure Vertical Deflection Proving Ring Strain Deviator 
2 

Stress 
(kg. /cm. ) Dial Reading (in.) Deflection (in.) ( %) (kg./cm. ) 

0 .01 0.005 0. 0005 0 . 18 0 . 0285 

0.02 0.010 0.0007 0.36 0.039 8 

0. 03 0.015 0.0010 0.54 0.0568 

0 .05 0.020 0.0013 0.71 0.0738 

0.06 0.025 0.0016 0. 89 o. 0905 

0.07 0.030 0.0018 1.07 0.1017 

0.07 0.035 0.0020 1.25 0.1128 

0 .08 0.040 0.0022 1.43 0.1238 

0.10 0.050 0.0026 1.78 0.1458 

0.10 0.060 0.0029 

0.12 Oo070 0.0032 2 .50 0.1781 

o. 14 0 . 100 0.0039 3.57 0 . 2147 

0. 15 0.115 0.0045 4 .11 o.2464 

o.15 0.120 0.0045 4.29 0.2460 

0.16 0.140 0.0049 5.00 0.2658 

0.17 0.150 

0 .17 0.160 

0.18 0.170 / 
/ 

0.19 0.180 

0.20 0.190 

(Continued •••• ) 
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TRIAXIAL COMPRESSION 'l'ES'l' DA'.l'A: TEST NO. 3 (Continued) 

Pore Pre~sure Vertical Deflection Proving Ring Strain Deviator
2
stresa 

(kg./cm. ) Dial Readin g (in.) Deflection (in.) ( %) (kt; ./cm. ) 

0 .20 0.200 0.0056 7.14 0. 29 69 

0.20 0.210 0.0059 7.50 o.3116 

0 .20 0.220 0.0060 7.86 0.3157 

0.20 0.230 0.0061 

0.20 0.250 0.0062 8 .92 0.3201 

0.21 0.300 0.0063 10.71 0. 3216 

0.21 0~420 0.0067 15.60 0.3229 

0.22 o.560 0.0071 20.00 0.3224 
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TRIAXIAL COMPRESSION TEST DATA: TEST NO. 4 

2 
Cell Pressure = 0.40 kg./cm. , Sample Dimensions = 2.65 in. x 1.35 in. 

Area = 9.24 cm. 2 

Pore Pr2ssure Vertical Deflection Proving Ring Strain Deviator
2
Stress 

4{g./cm. ) Dial Reading (in.) Deflection (in.) (%) (kg./cm. ) 

o.oo o.ooo 0.0000 

0.005 0.0006 0.19 0.037 

0.010 0 .0011 0.38 0.067 

0.020 0.0020 o.75 0.122 

0.08 0.025 0.0025 Oo94 0.152 

0 . 10 0.030 0.0028 1.13 0.110 

o.15 0.040 0.0034 1.51 0.206 

0.18 0.050 0.0039 1.89 

0.21 0.060 0.0044 2.26 o.264 

0.22 0.070 0.0049 2.64 0.292 

0.24 o.oso· 0.0053 3.02 0.315 

0.26 0.090 0.0056 3.40 0.332 

0.27 0.100 0.0060 3.80 o.354 

0.28 0.110 0.0062 4.15 0.364 

o.30 0.120 0.0064 4.53 

0.31 0.130 0.0066 4.90 0.385 

0.32 0.140 0.0067 5.28 0.387 

o.32 o.15o 0.0070 5.66 0.405 

0.33 0.160 0,,0072 6.04 o.415 

0.33 0.170 0.0073 6.42 0.419 

(Continued •••• ) 
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TRI AXIAL COMPRESSION 'l'.EST DATA: TEST NO. 4 (Continued) 

Pore Pre~sure Vertical Deflection Proving Ring Strain Deviator
2
streas 

(kg./cm. ) Dial Reading (in.) Deflection (in.) ( %) (kg./cm. ) 

0 . 3 4 0.180 0.0076 

0 . 35 0.190 0.0079 7.17 0.450 

0.37 0.200 0.0080 7.55 0.454 

0.38 0.220 0.0082 8.30 0.461 

0.39 0.240 0.0083 9.06 0.463 

0.39 0.260 0.0083 9.81 0.460 

0.40 0.280 0.0083 10.57 0.456 .., 

0.40 0.300 0.0083 11.32 0.452 

0.40 0.320 0.0084 12.08 0.453 

0.40 0.340 0.0086 12.83 0.460 
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TRI AXIAL COMPRESSION TEST DA'rA: TEST NO. 5 

2 Cell Pressure = 0.2 kg./cm. , Sample Dimensions = 2.8 in. x 1.4 in. 

Area = 9.93 cm. 2 

Sample drained from top and bottom. 

Pore Pre~sure Vertical Deflection Proving Ring Strain Deviator
2
Streas 

(kg./cm. ) Dial Reading (in.) Deflection (in.) (%) (kg./cm. ) 

0.02 o.ooo 0.0000 

0.02 0.005 0.0004 0.18 0.023 

0.03 0.010 0.0008 0.36 0.046 

0.04 0.015 0.0011 0.54 0.063 

0.05 0.020 0.0014 o.71 0.080 

0.06 0.025 0.0016 0.89 0.090 

0.07 0.030 0.0018 1.07 0.101 

0.,08 0.040 0.0021 1.43 0 .. 118 

o.o9 0.050 0.0025 1.78 o.140 

0.10 0.060 0.0028 2.14 0.156 

0.12 0.070 0 .. 0031 2.,50 o.173 

o.13 0.080 0.0034 2.86 0.189 

o.14 o.o9o 0.0036 3 .. 21 0.200 

0.14 0.100 0.0038 3.57 0.209 

o.15 0 . 110 6.0040 3.93 0.219 

0.16 0.120 0.0043 4.29 0.235 

o.17 o.130 0.0045 4.64 0.245 

0.17 0.140 0.0047 5.00 0.255 

0.17 0.150 0.0048 5.36 0.260 

(Continued •••• ) 
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TRI.AXI AL COMPRESSION 'l'EST DA'l'A: TEST NO. 5 (Con tinu e d) 

Pore Pre~sure Vertical De flection Provin r; Ring Strain Deviato~ Stress 
(kg./cm. ) Dial Reading (in . ) Deflection (in.) ( %) ( kg./cm ) 

0.18 0.160 0.0049 5.71 0.264 

0.18 0.180 0.0050 6.43 0.268 

0.19 0.200 0.0052 7.14 0.276 

0.19 0.220 0.0055 7. 86 0.289 

0.19 0.240 0.0056 8.57 0.29 2 

0.20 0.260 0.0059 9.28 0. 306 

0.20 0.280 0.0061 10.00 0.314 

0.20 0.300 0 . 0065 10.71 0.331 

0.20 0.320 0.0067 11.43 0.339 

0.20 0 .. 340 0.0068 12.14 0.341 

0.20 0.360 0.0067 12.86 0.333 

0.20 o.380 0.0066 13.57 0.325 

0.20 0 . 420 0.0065 15.00 0.316 
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'l'RIAXIAL COMPRESSION DA'rA: 'l'EST NO . 6 

2 
Cell Pres sure = o. 70 kg./ cm. , Sample Dimensions = 2.65 in. x l.3 in. 

Area = 8.56 cm. 
2 

Sample Drained from Top and Bottom 

Pore Pre~sure Vertical Deflection Proving Ring Strain Deviator
2
stress 

(kg./cm. ) Dial Reading (in.) Deflection (in.) ( %) (kg./cm. ) 

0.07 o.ooo 0.0000 o.oo o.ooo 

0.09 0.005 0.0006 0.19 0.039 

0 .10 0. 010 0.0008 0.38 0.053 

0.11 0.015 0.0009 0.57 0.059 

0.11 0.020 0.0010 0.76 0.066 

0.13 0.025 0.0015 0.94 0.098 

o.15 0.030 0.0023 1.13 0.120 

0.21 0.040 0.0035 1.51 0.228 

0.24 0.050 0.0048 l. 89 0.312 

0.27 0.055 . 0.0053 2.08 0.344 

0.29 0.065 0.0061 2.45 0.39 4 

0.32 0.075 0.0067 2.83 0.431 

o.34 0.085 0.0073 3.21 0.468 

0.38 0.100 0. 0 080 3.77 0 . 510 

0.39 o.uo 0.0084 4.15 0.533 

0.42 0.120 0.0038 4.53 0.566 

0.43 0.130 0.009 2 4. 91 0.579 

0.44 0.140 0.0096 5.28 0.602 

o.46 0.150 0.0099 5.66 o.619 

(Continued •••• ) 
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TRIA..XIAL COJ:lPRZSSION TEST DA'r A: TJ~T HO. 6 (Continued) 

Pore Pre~sure Vertical De f lection Provine Ri ne St r ain Dcwia tor 2 s t r ess 
(kg./cm. ) Dial Reading (in.) De fl e c t ion ( i n.) ( ~~ ) ( k~./cm . - ) 

0.47 0.160 0.0102 6.04 0. 635 

0.49 0.180 0. 0107 6 .79 0. 661 

0.52 0. 200 0.0112 7.54 0. 68 6 

0.53 0.210 0.0117 7. 92 o.713 

o.53 0.220 0.0120 8.30 o. 729 

o.55 0.240 0.0125 9 .06 o. 753 

0.57 0.260 0.0128 9 . 81 0.764 

0.57 0.280 0.0130 10.57 0.110 

0.59 0.300 0.0131 11.32 o.770 

0.60 0.320 0.0134 12.08 0 . 780 

o.61 0.340 0.0136 12.83 o.78 5 

0.61 0 . 360 0.0137 13.58 0.785 

0.63 Oo400 0.0140 15.09 0 . 788 

0.63 o.440 0 . 0142 16. 60 0.78 5 
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TRIAXIAL COHPRESSION TEST DATA: "TEST NO. 7 

2 
Cell Pressure : = 0.30 kg./cm. , Sample Dimensions = 2.6 in. x 1.35 in. 

Pore Pre2sure 
(kg./cm. ) 

o.oo 

0.01 

0.02 

0.05 

0.07 

0.09 

0.09 

0.10 

0.11 

0.13 

o.14 

0.15 

0.16 

0.11 

0.18 

0.19 

0.20 

0.22 

0.23 

0.24 

Area = 9.23 cm. 
2 

Vertical Deflection 
Dial Reading (in.) 

o.ooo 

0.005 

0.010 

0.015 

0.020 

0.025 

0.030 

0.035 

0.040 

0.050 

0.060 

0.070 

0.090 

0.100 

0.120 

0.140 

0.160 

0.180 

0.200 

Proving Ring 
Deflection (in.) 

0.0000 

0.0002 

0.000 5 

0.0010 . 

0.0015 

0.0020 

0.0023 

0.0026 

0.0028 

0.0032 

0.0035 

0.0038 

0.0040 

0.0042 

0.0044 

0.0048 

0.0053 

0.0055 

0.0057 

Strain 
(%) 

o.19 

0.38 

o. 58 

0.77 

0.96 

1.15 

1.35 

1. 54 

1 . 92 

2.31 

2.69 

3.08 

3.46 

3.84 

4.61 

5.38 

6.15 

6.92 

7.69 

Devia tor2Stresa 
(kg./cm. ) 

0.012 

0.031 

0.061 

0.091 

0.122 

0.140 

o.158 

0.169 

0.193 

0.210 

0.227 

0.238 

0.250 

0.260 

0.281 

0.295 

0.306 

0.314 

0.323 

(Continued •••• ) 
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TRIAXIAL COMPRESSION TEST DATA: TES'i' NO. 7 (Continued) 

Pore Pre~sure Vertical Deflection Provine Ring Strain Dcvia tor 
2

streaE 
(kg./cm. ) Dial Reading (in.) Deflection (in.) ( %) (kg./cm. ) 

o.24 0.220 0.0059 8 .46 0.334 

0.24 0.240 0.0060 9 .23 0.336 

0.25 0.260 0.0062 C> 10.00 0.343 

0.25 0.280 0.0063 10.77 0.345 

0.26 0.300 0.0064 11.54 0 .348 

0.26 0.320 0.0065 12.31 0.350 

0.26 0.340 0.0067 13.08 0.358 

0.21 0.380 0.0068 14 .62 0.358 

0.27 0.400 0.0069 1 5 .38 0.360 

0.21 0.410 0.0070 15.77 0.362 

0.28 0.420 0.0071 1 6 .15 0.366 

0.28 0.460 0.0072 17 .69 0.364 

0.28 o.470 0.0072 18.08 0.365 

0.28 0.500 0 . 0073 19.23 0. 368 

0.28 0.520 0.0074 20.00 0.364 

0.28 0.560 0.0074 21.54 0.360 
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TRIAXI.AL c m~PRESSION 'rES'l' DATA : TEST HO. 8 

Cell Pressure = 0.10 k g./cm. 2 Sample Dimensions = 2.8 in. x 1.4 in. ' 
Area = 9.93 cm. 

2 

Filter Paper Drains Used 

Pore Pre~sure Vertical Deflection Proving Ring St r ain Deviator
2

Stress 
(kg./cm. ) Dial Reading (in.) Deflect ion (in.) ( %) (kg./cm. ) 

o.oo o.ooo 0.0000 o.oo 

0 . 01 0.005 0.0002 0.18 0.011 

0 . 01 0 . 010 0.0004 0. 3 6 0.023 

0.01 0.015 0.0004 0.54 0. 0 24 

0.01 0.020 0.0005 0.71 0 . 030 

0.02 0.025 0.0008 0. 89 0.045 

0.02 0.030 0.0008 1.07 0. 0 46 

0.03 0.035 0.0010 1 ~ 25 0.055 

0 . 03 0.040 0.0011 l . 43 0 . 0 62 

0.04 0.050 0.0014 1.78 0.078 

o.os 0 . 060 0 . 0016 2.14 0.089 

0.05 0.070 0.0018 2.50 0.100 

0.06 0.080 0.0020 2. 86 0 .111 

0 . 06 0.090 0.0021 3.21 0 . 117 

0 . 07 0.100 ~ 0.0023 3.57 0 .121 

0.07 0.110 0•0024 3.93 0.13 3 

0.07 0.120 0.0025 4.29 0.13 7 

o . os 0.150 0.0029 5.36 o.157 

o.os 0.170 0.0031 6.07 0.167 

0.09 0.200 0.0035 7.14 0.185 

0.09 0.220 0.0036 7.86 0.190 

(Continued •••• ) 
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TRIAXIAL COMPRESSION TEST DATA: TES'.!.' NO. 8 (Continued) 

Pore Pre~sure Vertical Deflection Provine; Rini; Strain Devi at or 
2
stress 

(kg./cm. ) Dial Reading (in.) Deflection (in.) ( %) (kg./cm. ) 

0.09 0.240 0.0038 8 .57 0.198 

0.09 0.260 0.0039 9 .28 0.203 

o.o9 0.280 0.0040 10.00 0.206 

0.10 0.300 0.0041 10.71 0.210 

0.10 0.320 0.0042 11.43 0.213 

0.10 Oo360 0.0045 12.86 0.224 

0.10 o.4oo 0.0045 14.28 0.222 

0.10 0.420 0.0046 15.00 o.223 

0.10 0.460 0.0047 16.43 0.224 

0.10 o.soo 0.0048 17.86 0.225 

0.10 o.520 0.0049 1 8 .57 0.228 

0.10 0.560 0.0049 20.00 0.224 

0.10 0.600 0 . 0049 21.43 0.220 

0.10 0.660 0.0049 23.57 0.214 

0.10 0.100. 0.0049 25.00 0.210 



Cell Pressure: 

Pore Pre~sure 
(kg ./cm. ) 

-0.01 

+o.oot 

0.01 

0.02 

0.02 

0.03 

0.04 

0.,05 

0.06 

0.07 

0.08 

0.09 

0.10 

0.11 

0.12 

o .13 

0.14 

0.14 

o .15 

0.15 
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TRIAXIAL COMPRESSION TEST DATA: TEST NO . 9 

2 
0.20 kg./cm. , Sample Dimensions = 2.9 in. x 1.4 in. 

2 
Area = 9.93 cm. 

Vertical Deflection Proving Ring. 
Dial Reading (in.) Deflection (in.) 

o.ooo 0.0000 

0.005 0.0003 

0.010 0.0003 . 
0.015 0.0004 

0.020 0.0006 

0.025 0.0010 

0.030 0.0013 

0.035 0.0016 

0.040 0.0018 

o.oso 0.0022 

Oo060 0.0025 

0.070 0.0029 

0.080 0.0031 

0.090 0.0033 

0.100 0.0035 

0.110 0.0036 

0.120 0.0038 

0.130 0.0040 

0.140 0.004lt 

Strain Deviator2streas 
( %) (kg./cm. ) 

"" 
o.oo 

0.11 0.017 

0.34 0.017 

0.51 0.023 

0.69 0.034 

0. 8 6 0.056 

1.03 0.073 

1.21 0.090 

1038 0.101 

l.72 0.123 

2.07 o.140 

2.41 0 .156 

2.76 0.173 

3.10 0.183 

3.45 0.193 

3. 79 0.198 

4.14 0.208 

4.48 o.21s 

4.83 0.225 

(Continued •••• ) 
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TRIAXIAL COMPRESSION TEST DATA : TEST NO. 9 (Continued) 

Pore Pre2sure Vertical Deflection Proving Ring Strain Deviator
2
Stresa 

(ke./cm. ) Dial Reading (in.) Deflec t ion (in.) "' ( %) (kg./cm. ) 

0.15 0.160 0.0044 5 .52 0.237 

0.16 0.180 0.00 4 0.251 

0.17 0.200 0.0049 6 . 90 o . 260 

0.17 0.220 0.0051 7.59 0.269 

0.18 o.240 0.0053 8 .28 0.278 

0.18 0.260 0.0055 8 . 97 0.286 

0.18 o.2s o 0.0056 9 .66 0.289 

0.18 o.3oo 0.0058 10.34 0.29 7 

0.18 0.320 0.0059 11.03 0.300 

0.19 0.360 0.0061 12.41 0.305 

0.19 o.4oo 0.0062 13.79 0.305 

o.19 0.440 0.0063 15.17 0.305 

0.19 0.450 0.0061 15.52 0.294 

0.19 0.460 o.oo60t 15.86 0.287 
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TRIAXIAL COMPRESSION TEST DATA: TEST NO . 10 

2 Cell Pressure = 1.30 kg./cm. , Sample Dimensions = 2.6 in. x 1.4 in. 

Pore Pre~sure 
(kg./cm. ) 

o.o5t 

0.06 

o.o5t 

0.07 

0.09 

0.11 

0.17 

0.22 

0.38 

0.49 

o.54 

0.62 

0.11 

0.76 

0.86 

0.94 

l.00 

1.05 

Area = 10.00 
2 

cm. 

Filter Paper Dr ains Used. 

Vertical Deflection 
Dial Reading (in.) 

o.ooo 

0.005 

0.010 

0.015 

0.020 

0.025 

0.030 

0.035 

0.040 

0.050 

0.,060 

0.070 

0.090 

0.100 

0.120 

0.140 

0.160 

o.1so 

Proving Ring 
Deflection (in.) 

0.0000 

0.0006 

0.0011 

0.0014 

0.0029 

0.0052 

0.0075 

0.0092 

0.0108 

0.0132 

0.0154 

0.0169 

0.0183 

0 .0194 

0.0205 

0.0223 

0.0238 

0.0248 

0.0261 

Strain 
(%) 

0.17 

0.38 

o.52 

0.65 

0.77 . 

0.87 

0.99 

1.42 

1.72 

2.04 

2.37 

2.72 

3 .06 

3.83 

4.47 

5.20 

5.84 

Deviator2stresa 
(kg./cm. ) 

o.034 

0.062 

0.079 

0.107 

o.293 

0.422 

o.516 

0.605 

o.738 

0.858 

0.939 

1.013 

1.070 

1.126 

1.216 

1.289 

1.333 

l.394 

(Continued •••• ) 
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TRIAXIAL COMPRESSION 'l'EST DATA: 'l'ES'I' NO. 1 0 (Con t inued ) 

Pore Pr e2sure Vertic al Deflection Proving IO.n G Stra i n Devi a t or
2

Strcso 
( kg./cm. ) Dial Reading (in.) Deflection (in.) ( %) ( kg./cm. ) 

1.10 0. 200 0.0268 6 . 66 1.419 

1 .13 0.220 0.02 76 7 .40 1. 449 

1.18 0. 240 0. 0284 8 .14 1.479 

1.19 0.260 0.0290 8 . 88 1. 498 

1.22 0.290 0.0300 10.00 1. 531 

1.22 o.3oo 0.0302 10.38 1.537 

1.23 0.340 0.0313 11. 88 1..566 

1.24 0.380 0.0329 13 .35 1. 616 

1.25 0 . 400 0.0336 14.08 1.639 

1.25 0.420 0.0342 14.84 1. 6 54 

1.25 0.440 0.0347 15.58 1.661 

1.26 0.480 0.0355 16.73 1.675 

1.27 0.520 0.0358 18 .61 1.655 

1.27 0.540 0.0364 19.38 1.664 

1.30 0.580 0.0371 20.89 1.665 

1.29 0.610 0.0374 22.,03 1. 666 

l.28t 0.620 0 . 0373 22.42 1. 641 

1.27 0.630 0.0362 22.85 1.583 

1.26 0.660 0.0345 23.99 1.487 
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TRI AXIAL COMPRESSION TEST DA'l'A: TEST NO. 11 

2 Cell Pressure = 0.40 kg./cm . , Sample Dimensions = 2.8 in. x 1.4 in. 

Pore Pre~sure 
(kg./cm. ) 

o.o3 

0.05 

0.07 

0.08 

0.09 

0.10 

0.13 

0.14 

0.16 

0.19 

0.21 

0.22 

0.23 

0.24 

0.26 

0.29 

0.30 

0.32 

0.33 

0.34 

2 
A:rea = 9.93 cm. 

Filter Paper Drains Used . 

Vertical Deflection 
Dial Reading (in. ) 

o.ooo 

0.005 

0.010 

0.015 

0.020 

0.025 

0.030 

0.035 

0.040 

0.060 

0.010 

0.080 

0.090 

0.100 

0.120 

0.140 

0.160 

0.180 

0.200 

Proving Ring 
Deflection (in.) 

0.0000 

0.0005 

0.0013 

0.0019 

0.0025 

0.0029 

0.0033 

0.0037 

0.0040 

0.0046 

0.0051 

0.0056 

0.0059 

0.0062 

0.0066 

0.0072 

0.0077 

0.0080 

0.0085 

0.0088 

Strain 
(%) 

o.18 

0.36 

o. 54 

0.71 

0.89 

1.07 

1.25 

1.43 

1.78 

2.14 

2.50 

2.86 

3.21 

4.29 

5.00 

5.71 

6 .43 

7.14 

(Continued •••• ) 

Deviator
2
streas 

(kg./cm. ) 

0.029 

0.074 

0.108 

0.142 

0.164 

0.186 

0.209 

0.225 

0.258 

0.285 

0.312 

0.328 

0.343 

0.363 

0.393 

0.418 

0.431 

o.454 

o.467 
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TR IAXI AL COMPRESSIO N 'l'EST DA'l'A : Tf.S 'l' NO. 11 (C ontinued) 

Por e Pr e2s ure Vertical Deflection Provi n e; l~inc; St r o.in Dcvio.to r 
2
st r ecs 

( kg./cm. ) Dial Readin g (in.) De fl e c tion ( i n. ) ( %) ( k g ./cm. ) 

0 .35 0.220 0 . 0091 7 . 86 0 . 479 

0 . 36 0 . 2 40 0.009 4 8 . 57 0 . 491 

0.36 0.260 0. 009 6 9 . 28 o .49 7 

0. 3 6 0.280 0.0098 10.00 0.504 

0.37 0.320 0. 0101 11.43 0. 511 

0.38 0.360 0. 0.101 12.86 0. 50 5 

0.38 0.400 0.0100 14.28 0.49 0 

0.38 o.440 0.0098 15.72 0.474 

0.38 0.480 0.0098 17.14 o.469 

0.37 0.520 0.0096 18.56 0.446 

0.37 0 . 560 0.0094 20.00 o.429 
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TRIAXIAL COHPHESSION 1rEST DATA: 'l'ES T NO. 12 

2 
Cell Pressure = 0.30 kgJcm. , Sample Dimensions = l.4 in. x 2.8 in. 

Area = 9.93 cm. 
2 

Filter Paper Drains Used. 

Pore Pre~sure Vertico.l Deflection Proving Ring Strain Deviator
2
Streas 

(kg./cm. ) Dial Readine (in.) Deflect i on (in.) (%) (kg./cm. ) 

o.oo o.ooo 0.0000 

o.oo 0.005 0.0002 0.18 0.011 

0.01 0.010 0.0004 0. 36 0.023 

0.01 0.015 0.0008 o. 54 0.04 5 

0.02 0.020 0.0013 o. 71 0.074 

0.04 0.025 0.0018 0. 89 0.102 

0.05 0.030 0.0022 l.07 0.125 

0.06 0.035 0.0026 1.25 0.147 

0.07 0.040 0.0029 1 043 o.163 

0.08 0.050 0.0034 l.78 0.191 

0.10 0.060 0.0038 2.14 0.212 

0 . 12 Oo070 0.0042 2.50 0.234 

0.14 0.080 0.0046 20 86 0 .255 

o.15 0.090 0.0049 3.21 0.211 

0.16 0.100 0.0052 3.57 0.286 

0.17 0.110 0.0054 3.93 0.296 

o.19 0.120 0.0056 4.29 0.308 

0.20 0.140 0.0061 5.00 0.331 

0.22 0.160 0.0064 5.71 0.345 

(Continued •••• ) 
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TRIAXIAL COMPRESSION TEST DATA: TEST NO. 12 (Continued) 

Pore Pre~sure Vertical Deflection Proving Ring Strain Deviu tor 2 stress 
( k g ./cm. ) Dial Reading (in.) Deflection (in.) ( %) (kg./cm. ) 

o.23 0.180 0.0067 6.43 0 .356 

0.24 0.200 0.0069 7.14 0.367 

0.25 0.220 0.0071 7.86 0.374 

0.26 0.240 0.0073 8 .57 0.382 

o .27 0.260 0.0075 9.28 0.388 

0.27 0 . 280 0.0076 10.00 0.391 

0.27 0.300 0.0077 10.71 0.393 

o.27 0. 3 20 0.0077 11.43 0.391 

0.27 0 . 340 0.0079 12.14 0.396 

0.21 o.360 0.0080 12.86 0.401 

0.27 0.380 0.0080 13.57 0.398 

0.27 0.390 0.0080 13.93 0.393 

0.27 o .. 4oo 0.0080 14.28 0.391 

0.27 o.420 0 . 0079 15000 0.384 

0.21 o.440 0.0079 15.71 o.3ao 
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TRIAXIAL COMPRESSION 'l'ES'r DA'l'A : TEST NO. 13 

Cell Pressure = 0. 2 5 kg./cm. 
2 

Sample Dimensions = 2.8 in. x 1.4 in. ' 
A:rea = 9.65 cm. 

2 

Filter Pa per Dra ins Used. 

Pore Pre~sure Vertical Deflection Provine; Rin g Strain Deviator
2
stress 

( kg./cm. ) Dial Reading (in.) Deflection (in.) ( %) ( kg. /cm. ) 

0.01 o.ooo 0.0000 o.oo 

0.01 0.005 0.0003 0.18 0.017 

0.02 0.010 0.0008 0. 36 0.047 

0.04 0.015 0.0015 0.54 0.088 

0.04 0.020 0.0023 0.71 0.134 

0.07 0.030 0.0029 1.07 0.170 

0.08 0.040 0.0033 1.43 0.194 

0.10 0.050 0.0037 1.713 0.216 

Ooll 0.060 0.0041 2 .14 0.236 

0.12 0.070 0.0044 2.!50 0.252 

0.13 0.080 0.0046 2.86 0.265 

o.14 0.090 0.0049 3.21 0.279 

0.15 0.100 0.0051 3.57 0.289 

0.16 0.120 0 . 0055 4 . 29 0.311 

0.17 0.140 0.0059 5.00 0.333 

0.18 0.170 0.0063 6.07 0.347 

0.19 0.200 0.0065 7.14 o.349 

o.19 0.220 0.0065 7.86 o.355 
,_ 

0.20 0.240 0.0066 8.57 0.357 .. 
0.20 0.260 0.0067 9.28 0.360 

(Continued •••• ) 
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TRIAXIAL COMPRESSION TEST DATA: TEST NO. 13 (Continued) 

Pore Pre~sure Vertical Deflection Provin11 Hing Strain Doviator
2
stresa 

(kg./cm. ) Dial Reading (in.) Deflection (in.) ( %) (kg./cm. ) 

0.20 o.2so 0.0068 10.00 0.362 

0.21 0.300 0.0070 10 .. 71 0.371 

0.21 0.340 0.0072 12.14 0.372 

0.21 0.350 0.0071 12.40 0.369 

0.21 o.360 0.0070 12.86 0.357 

0.21 0.380 0.0069 13.57 0.350 

0.21 o.t.25 0.0069 15.18 0.343 
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TRIAXIAL COMPRESSION TEST DATA: TEST NO . 14 

2 
Cell Pressure = 0.50 lq~./cm. , Sample Dimensions = 2.8 in. x 1.4 in. 

Area = 10.00 cm. 
2 

Filter Paper Drains Used. 

Pore Pre~sure Vertical Deflection Proving ?.ing Strain Deviu tor
2
stress 

(kg./cm. ) Dial Reading ( in. ) Deflection (in.) ( %) (kg./cm. ) 

o.oo o.ooo 0.0000 

0.02 0.005 0.0002 0.12 0.014 

0 .03 0.010 0.0005 0.36 0.028 

0.04 0.015 0.0012 o.54 0.067 

0.06 0.020 0.0021 o.71 0.118 

0.11 0~030 0.0034 0.96 0.191 

0.14 0.040 0.0046 1.25 0.257 

o.16 0.050 0.0055 1.61 0.307 

0.18 0.060 0.0063 1.93 0.350 

0.18 Oa070 0.0068 2.25 Oa377 

0.21 0.080 0.0076 2c57 0.420 

0.23 0.090 0.0082 2.93 0.451 

o.25 0.100 000086 3.25 0.474 

0.26 0.110 0.0090 3.61 0.495 

0.28 0.130 0.0096 4.29 o.523 

o.3o 0.150 0.0102 5.00 0.549 

0.31 0.160 0.0104 5.36 o.560 

0.32 0.180 0.0109 6.04 0.581 

(Continued •••• ) 
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TRIAXIAL COMPRESSION TEST DATA: TEST NO. 14 (Continue d) 

Pore Pre~sure Vertical Deflection Provine Rine St r ain Dcviator2StreEJs 
(kg./cm. ) Dial Reading (in.) Deflection (in.) ( ?~ ) (kg./cm. ) 

0.34 0.200 0.0113 6 .75 0.600 

0.36 0.220 0.0116 7.43 0. 611 

0.37 0.240 0.0119 8 .14 0. 622 

0.37 0.260 0.0122 8 . 86 0.633 

0.39 0.280 0.0125 9 .54 0. 643 

0.40 0.300 0.0128 10.25 0.654 

0.41 0.320 0.0131 10. 82 0.663 

0.42 0.340 0.0134 11.68 0.670 

0.42 0.360 0.0136 12.36 0.676 

0.43 0.380 0.0138 13.07 0.681 

0.44 0.400 0.0140 1 3 .78 0.686 

0.44 0.420 0.0143 14.50 0.69 5 

0.45 0.440 0.0146 15.18 0.700 

0.45 0.460 0.0148 15.89 0.106 

0.45 o.480 0.0149 16.61 0.106 

0.45 0.500 0.0149 17.32 0.702 

o.46 o.520 0.0149 18.04 0.698 

o.46 0.540 0.0148 18.75 0.684 

0.45 0.560 0.0145 19.46 0.663 

o.4s ·o:s8o 0.0142 20.21 0.637 

0.44 0.600 0.0141 20.93 0.614 

0.44 0.620 0.0140 21.64 0.611 

0.44 0.660 0.0139 23.07 0.606 



Tss-r l?•SVLTS /N 7°A8VLAl'C Fol'fM 
Sample No. 

ere 2 
( Cfi:. - \f.ii:r) CJl: f CJir 2 E.r (%) 

~ax 2 (kg.cm. ) (kg./cm. ) (kg./cm. ) (kg./cm. ) £max (%) 

1 o.4o . o.465 0.55 0.09 10.45 
17.34 

2 1.00 l.o83 1026 0.18 19.86 
24.05 

3 0.25 0.323 0.36 o.o4 15.60 
20.00 

4 o.4o o.463 o.47 0.01 9.06 
12.83 . 

5 0.20 0.341 0.34 o.oo 12.14 
15.00 

6 0.70 0.788 o.86 0.07 15.09 
18.11 

7 0.30 0.368 0.39 0.02 19.23 
21.54 

8 

8 0.10 0.228 Oo23 o.oo 18.57 
25.00 

uf 
u 

max 2 
(kg./cm. ) 

0.31 
0.35 

0.82 
0.82 

0.21 
0.22 

0.39 
o.4o 

0.20 
0.20 

0.63 
0.63 

0.28 
0.28 

0.10 
0.10 

Af Initial 
Pore Pre~sure 
(kg./cm. ) 

0.67 

0.76 

0.65 

o.84 

0.59 

0.80 ' 0.07 

0.76 o.oo 

o.44 o.oo 

(Continued • • • . ) 

Water 
Content 
(%) 

384 
405 
4o6 

519 
528 
558 

616 
638 
724 

398% 

535% 

659% 

\0 
~ 



(Continued) 

Sample No. 
ere 2 

(Ci-OE:) 
o;_f 2 <Jir Er <%> uf' Af' Initial Water 

~ax 
(kg./ cm. 2> E:. (%) 

Pore Pre~sure Content (kg./cm. ) (kg./cm. ) (kg./cm. ) u (%) max max 2 (kg./cm. ) 
(kg./cm. ) 

9 0.20 0.305 0.3112 0.01 12.41 o.1B1h 0.61 o.OOh 570 
15.86 0.19 466 575% 

690 

10 1.30 1.675 1.71 o.o4 16.73 l.26 0.76 0~95'h 315 
23.99 1.27 312 316% 

320 

11 o.4o 0.511 0.54 0.03 11.43 0.37 0.76 O.O:;'h 443 
20.00 0.38 469 456% 

456 

12 0.30 o.4o1 o.43 0.0272 12.86 0.2'71h o.68 o.oo 467 
15.71 0.2~ 471 469% 

470 

13 0.25 0.372 o.41 o.o4 12.14 0.21 0.57 0.01 519 
15.18 0.2112 544 527% 

519 

14 0.50 o.7o6 0.76 0.05 15~89 o.45 o.64 O.OOh 399 
23.07 0~46 394 401% 

409 

Where: 

<>c = Cell pressure 

(~-'&-) = Maximum deviator stress 
max. <D 

~ 

~~f Effective Maximum Principal Stress at Failure 

(Continued •••• ) 



(Continued) 

QE-f = Effective Minimum Principal Stress at Failure 

bf = Strain at Failure 

E. max= Maximum Strain that the test was taken 

·~f = Pore Pressure at Failure 

u === Maximum Pore Pressure induced during the test. max 

tD 
f.O 
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Triaxial Testing Equipment 

Por e Pressure Measuring Device 



Preparat ion of Alcohol Solutions: 

10% Alcohol - l0j6 Ethanol ( 9 5%) 

90% Distilled water 

30% Alcohol - 30% Ethanol (95%) 

70% Dis t illed water 

50% Alcohol - 49% Ethanol (95%) 

10% Pure ~ertiary Butanol 

50% Distilled V/ater 

700/o Alcohol - 50% Ethanol ( 9 5~6) 

20% Pure Tertiary Butanol 

30% Distilled Water 

85% Alcohol - 50% Ethanol (95%) 

35% Pure Tertiary Butanol 

15% Distilled Water 

9 5% Alcohol - 45% Ethanol (95%) 

55% Pure Tertiary Butanol 

100% Alcohol - 25~ Ethanol ( 100%) 

75% Pure Tertiary Butanol 

HAUP1' 1S ADHESIVE: 

114 

1 gm. plain knox gelatin is dissolved in 100 cc. distilled 

water at 3o0 c. 
- 2 gms. of Phenol crystals and 15cc. glycerin is added, stirred 

and filtered. 
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