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ABSTRACT 

The stability of a soil mass against progressive failure 

caused by the weight of the soil, or superimposed loads may 

be predicted by comparing, at all points within the soil 

macs, the shearing stresses caused by these loads and the 

shearing resistance of the coil* 

The two most generally accepted tests for evaluating 

the shearing resistance of soils are: 1* the direct shear 

test which measures the shearing resistance directly and 

2. the triaxial compression test which determines the shearing 

strength of a cylindrical specimen of soil by measuring tho 

principal stresses required to cause failure. 

The purpose of this Investigation was to evaluate the 

triaxial compression test for determining the shearing 

resistance of soils by comparing the shear resistance of 

controlled samples of soil as determined by use of a direct 

shear apparatus and a triaxial compression apparatus. 

The scope of the present investigation'was limited because 

of time. Before an unqualified recommendation of the triaxial 

compression test as a method for determining the shearing 

strength of soil can be made, further investigation will be 

necessary* However, the method of approach has been proved to 

be satisfactory and the present investigation Indicates, that the 

triaxial compression test can be used to evaluate the shearing 

resistance of some soils. 



iiOi DGFMENT 

In tho pursuit of a research project, it happens that 

one draws from the knowledge, skills, and experience of many 

others. This project is no exception* 

Chief among those from whom benefit was•gained'were the 

faculty of the Civil Engineering Department, of The Rice 

Institute and the Houston Urban Expressways staff of the 

Texas State Highway Department* 

Of the faculty of The Rice Institute, acknowledgement 

is particularly given to Mr. Adrian Pauw, Assistant Professor 

of Civil Engineering,.and faculty advisor to the author* 

Appreciation is especially expressed.also to Mr. Fredrick 

A. Harria, Senior De signIng Engineer in the Houst on Urban 

Expressways office of the Texas State Highway Department, for 

consultant services* 

The equipment loaned to tho author and his colicague by 

the Texas State Highway Department was of very material 

assistance in. the research effort* 



TABLE OP CONTENTS 

CHA PTi;R . PAGE 

I THE PROBLEM   .. ... ..... 1 

II THEORY OF TRIAXIAL COMPRESSION TEST . 3 

III 

IV 

Stress at a Point . . • 

Mohr’s Circle of Stress • ••• 

Mohr’s Theory of Falluro ... 

Coloumh's Equa tion •.*  

Triaxlal Compression Theory 

THE TRIAXIAL COMPRESSION CELL 

Description of the Apparatus 

Alternate Arrangements 

TESTING PRQCKEDURK     

Choice of the Sample and its Characteristics   

Identification of Sample and Tests and Data Taken • 

Preparation of Sample for Molding 

Molding the Test Samples 

Preparation of Molded Test Samples for Testing .... 

Preparation for Tests.      

3 

3 

4 

5 

7 

9 

9 

16 

17 

17 

17 

18 

19 

21 

22 

Quick Shear Test without a Membrane .............22 

Quick Shear Test with.a Membrane ................22 

Quick Consoliciated Shear Test ••••••.•• *.22 



CHAPTER PAGE 

Execution of Tests  .........................22 

The Quick Shear Tests **22 

The Consolidated Cuick Shear Test *••••••••.•• .*25 

Moisture Specimen and Angle of Shear Measurements.26 

V INTERPRETATION OP THE TEST DATA   ............2? 

Moisture and Density Relations ......... .,*,27 

Determination of rlncipal Stresses at Failure ...27 

Unit Stress due to Additional Axial Load ,27 

Percent Vertical Strain    ,#**,28 

Graphic Construction of Stress-Strain Curves *,*29 

Determination of Cohesion and Angle of Friction ,.32 

Determination of the Angle of Friction from the 

Failed Samples ,,32 

VI RESULTS, DISCUSSIONS AND CONCLUSIONS   *..**.36 

Results  * 36 

Discussion         .36 

Control of Moisture-Density Relation .........*.36 

Uniformity of Determination of V    .A3 

Effect of Planes of weakness Perpendicular to V.43 

Effect of Membrane      .43 

Rellability of       .45 

Effect of End Restraint on the Test Samples ,*,445 



CHAPTER PAGE 

Effect of Testing Technique ...................,46 

Adequacy of the Investigation .46 

Conclusions  .....*•,4? 

BIBLIOGRAPHY .     ,48 

APPENDIX          ,49 



LIST OF TABLES 

TABLE PAGE 

I Results of the analysis of all tests performed 

in the triaxial compression apparatus ... ....... 37. 

II Results of triaxial tests itemised by "Samples” ..... 40 

III Results of direct shear test itemised by "Samples''' .* 41 

i 



LIST OP FIGURES 

FIGURE PAGE 

1 • theory ohctches •**«••••*•••»••***•••***•«• *•*••« 6 

^♦ ii*lsxl&X CGII In Losciin^ ^I*SRIG 10 

3* Gross Section of Triaxial Cell  ... 11 

4* Component Parts of Triaxial Cell    12 

5* Calibration Curve of Proving Ring Triaxial Coll .... 14 

6* Triaxial Cell - Showing apparatus with sample in 

place for test 'without membrane * .............. 23 

7* Triaxial Cell - Showing apparatus with sample in 

place for test with a membrane ..................... 24 

8* (a) Laboratory Press ...     20 

(b) Soil Compaction Machine     20 

9. Stress-Strain Curve for Sample II Qc     3p 

10. Mohr*s envelope of Rupture for Sample II Qc ........ 33 

11. Portions of Failed Specimen after test in Triaxial 

Cell . 33 



CHAPTER I 

THE PROBLEM 

Each structure that man constructs is ”founded” on 

or rests upon the earth in some fashion* The adequacy of 

the supporting soil mass to resist load imposed by the 

structure is fudged by two criteria, (1) Is it strong 

enough to be stable against progressive failure? (2) If 

it Is strong enough* is its deformation due to the load 

of the structure of a magnitude that can be tolerated? 

Until about 1$25 the answers to these two questions 

were obtained by trial and error and extrapolating ex¬ 

perience in similar situations to the problem at hand. 

Dr. Karl Terzaghl is credited with having introduced 

soil mechanics Into the United States about 1925* 

Since that time much work has been done toward obtaining 

objective criteria whereby the strength and resistance to 

deformation of a soil mass may reasonably be predicted 

without the aid of prior experience with the particular 

soil under consideration# 

It is generally accepted that a soil mass will be 

stable against progressive failure if the shearing stress 

on any plane passing through any point does not exceed the 

shearing resistance of the soil. The shearing stresses 

caused within a soil mass by Its own weight and the weight 

of structures thereon can be estimated rather closely by 
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application of theories of elasticity and plasticity# 

Several methods of evaluating the shear’ strength of 

3oils have been used* Of those, only the direct shear 

test and the cylindrical compression test are applicable 

to both cohesive and granular 3oils* ^ 

It has been the purpose of this investigation to 

evaluate the cylindrical compression or triaxial com¬ 

pression test and the direct shear test as methods for 

ineasuring the shear strength of soils* The problem was 

approached by determining the shear strength of a series 

of controlled samples of bank sand in both a cylindrical 

compression apparatus and a direct shear apparatus. 

These apparatus were designed, built, and the tests 

made by Mr* G* C. Lee and the author as a Joint investi¬ 

gation* The discussion of the triaxial compression tests 

will be presented here and the discussion of the direct 

shear tests will be presented by Mr* Lee* It is not 

the purpose of the author to claim as his own the results 

of the triaxial tests or to disclaim the results of the 

direct shear tests, for the investigation was conducted 

in such a manner as to render a nice divorcement of the 

two impossible. It is rather the purpose of the author of 

this paper to present his evaluation of the triaxial com¬ 

pression method and leave to Mr* Lee the evaluation of the 

direct shear method of determining shear strength of soils. 
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THEORY OF TRIAXIAL COMPRESSION TEST 

Stress a Point 

The condition of stress on any plane through a point 

in a body under external loads may be described in terms 

of principal stresses and the angles betv?een the principal 

stresses and the plane under consideration* When the inter¬ 

mediate principal stress is equal to the minor principal 

stress, It is assumed to have but small influence upon 

the condition of stress and the stress system may be con¬ 

sidered as biaxial* {5> The following expressions may 

then be writteni 

p - 1/2 (Si *«* S5) + 1/2 (Sx - S^) Cos 2A 

and s =s l/2 (&x — S3) Sin 2A 

where 

p =s normal stress on the plane under consideration 

s = shearing stress along the piano under consideration 

Sx = major principal stress 

33 = minor principal stress 

A = angle between the plane normal to the major 
principal stress and the plane under consideration 

Mohr’s Circle of Stress 

If a is plotted against p, it will be found that the 

locus of all points satisfying the above equations is a 
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circle of radius 1/2 (3^ - 3^) and having Its center on the 

p axis a distance of 1/2 (S-^ + S~) from the origin* This 

graphic representation of the condition of stress,at a poin 

in terms of the major and minor principal stresses is known 

as Mohr’s circle of stress* 

If a cylindrical sample of material is subjected to 

a hydrostatic pressure L and a direct stress (V - L) is 

added parallel to its axis of generation, then the major 

principal stress is V and the minor principal stress is 

L, as shown in figure 1(a)* The state of stress at any 

point in the specimen for any (V - L) may be represented 

by Mohr's circle of stress as shown In figure 1(b)* 

Mohr’s Theory of Failure 

If (V - L) is increased until the sample falls and 

the magnitude of L and (V - L)roax noted for a number of 

samples of the same material using different hydrostatic 

pressures, a family of Mohr’s circles at rupture may he 

plotted a3 in figure 1(c)# The lines RS and R'S* have 

been called Mohr’s envelope of rupture. If another sample 

of this same material were to be tested to failure at a 

lateral pressure within the range of magnitudes for which 

the Mohr's envelope had been established, the (V - L) that 

would cause the sample to fall could bo established from 

the Mohr’s envelope of rupture# Mohr’s theory of failure 
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may be stated In the follow-ins manner* For any given 

combination of lateral and axial stress a Hohr’s circle 

can be drawn* If the circle is contained within but never 

touches the envelope of rupture* the combination of stresses 

chosen will not cause failure. If the circle is contained 

within and tangent to the envelope the combination of 

stresses chosen is just sufficient to cause failure* If 

the circle is not contained within the envelope of rupture 

the combination of stresses chosen can never be attained 

in the sample since they exceed those necessary to rupture 

the sample* 

A triaxial compression apparatus for use in testing 

soils is a device whereby a measured hydrostatic pressure 

is applied to a cylindrical 3oil specimen, and an axial • 

stress superimposed until the specimen fails* Mohr’s en¬ 

velope of rupture can be established by repeating this at 

different lateral pressures on several samples of the same 

soil* The principal features of a triaxial compression 

apparatus are shown in figure 1(d)* 

Coulomb’s Equation 

Shear strength of soils is the resistance to sliding 

on any plane through the material,* This resistance is 

composed of two components* one component independent of 

external forces oh the weight of the part of soil mass 
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acting on another part and one component that is depen¬ 

dent on those forces* 

Thu*first component is called cohesion* It may be 

caused by a cementation of the grains, as is the case in 

a cemented sand or gravel deposit; or, it may bo caused 

by some type of bond between the adsorbed layers of vmiex>' 

at the points where the grains touch, as in the case of ' 

clay* The second component of shear strength is usually 

attributed to friction between the soil grains and may be 

defined by an angle 0 where Tan 0 is the ratio of the 
shearing resistance duo to friction to the- normal force 

between adjacent grains of soil# 

About 1773 Charles Auguste de Coulomb, c French 

engineer and physicist, proposed expressing the above 

relations in the form of the equation s = c + p Tan 0 
where s is the shear strength, c is the cohesion, p the 

normal stress between soil grains and 0 the angle of 
friction between the soil grains* This expression is known 

as Coulomb’s formula* 

Triaxlal Compression Theory 

Let it be assumed that the results of several tri- 

axial tests have been used to determine Mohr * s envelope of 

rupture* If Coulomb’s formula holds and if Mohr’s theory 

of rupture holds, then the envelope of rupture must be a 
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straight lino# the shear intercept must be the cohesion, 

and the slope of the envelope must be the tangent of the 

angle of internal friction* 

This| briefly, is the theory upon which the cylindrical 

compression or triaxial compression test for shear strength 

In soils is based* 
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■ THE TRIAXIAL.CELL 

After examining the available literature on triaxlal 

testing equipment, it was decided to pattern the cell to be 

used for this investigation after a cell designed and 

built in about 1949 for the Houston Urban Expressways office 

of the Texas Highway Department by Mr. Fredrick A* Harris, 

Senior Designing Engineer. There were three main reasons 

for selecting thl3 type triaxlal cell. First, the measur- 

raent of the additional axial load (V - L) is made by a 

proving ring contained within the cell and thus Independent 

of any frictional forces* Second, the sample is placed in 

a plastic container and may be observed by the investigator 

at all times during the test* Third, this type triaxlal 

cell required no precise machining and is more economical 

to build than any other investigated. 

Description of the Apparatus 

Figure 2 is a picture of the triaxlal cell positioned 

in the loading frame. Figure 3 is a section of the triaxlal 

cell. Figure 4 is an enlarged view of the separate parts 

of the triaxlal cell* The principal parts of the appa¬ 

ratus are a pressure vessel, a loading piston, a proving 

ring for measuring axial load and fluid pressure and drain- 
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Motion of Jack 
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FIGURE 3 
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A Plastic outer cylinder with proving ring 
B Steel inner piston with 0 rings 
C "Porous stones 
D Porous stone retainers with drainage Connections 
E Spherical loading device on loading plate 
F Plastic membrane 
G Plastic tubing for drainage 
H Rubber bands for holding plastic membrane 

to porous stone retainers 
I Samole 
J Air pressure inlet 
K Drainage outlet 

COMPONENT PARTS OF TRIAXIAL CELL 

Figure 4 
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age arrangements* The principal parts of tho apparatus 

are labeled In tho above three figures, 

Tho pressure vessel consists of an outer plastic 

cylinder, 6“ OD by 5 l/2" ID, 16" long, open at the bottom 

end and with a proving ring attached to the inside of the 

top* The proving ring is equipped Tilth a 1/10,000“ Ames 

dial* The proving ring calibration curve is shov/n in figure 

5# This outer cylinder fits over a hollow steel inner 

piston 5*08“ in diameter, some 14“ hlgh»closecl at the top, 

with, a 3/8“ x 8“ base plate shrunk onto the bottom* Fluid 

closure between the outer and Inner cylinders is accompo- 

liohed by two rubber 5“ x l/4“ 0 Rings that are positioned 

in two shallow circular depressions machined in tho outer 

surface of the steel piston* 

Lateral pressure is provided by air supplied from a 

pressure regulator and carried to the cell from a l/8" 

pipe valve by a flexible hose provided with a quick dis¬ 

connect at the cell. The air supply passes through the 

quick disconnect and through a cross that is fitted on on© 

side with a bleeder cock and on the other with a 0 to 60 

psi gago* From the eroo3, the air passes Into the piston 

and by means of a series of tubes and fittings to the air 

pressure outlet on the opposite side of the top of tho 

piston* (figure 4J) 

A 3“ x 3/4“ porous stone in a retainer rests upon the 
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top of the oteel piston* The sample rests on this porous 

stone and a porous stone and retainer rest upon the top of 

the sample* A length of plastic (polyethylene) ice box 

bag, about 8° in diameter and 12“ long, is placed over the 

sample and secured to the upper and lower porous stone 

retainers with rubber bands* A length of plastic tubing 

13 connected to the drainage outlets provided on each 

porous stone retainer and to the drainage outlet shown 

In figure 4 K*. This drainage outlet communicates with • 

the atmosphere through a series of fittings and tubing 

similar to the air inlet and terminates in a stop Cock at 

the bottom of the steel piston on the side opposite the 

air inlet# 

A spherical loading device consisting of a 3/4“ ball 

bearing brazed to a flat base rests upon a polished and well 

lubricated recess in the top of the uppor porous stone 

retainer* The retainer at the bottom of the proving ring 

has a conical recess about 1 l/2“ wide and i/4" deep 

terminating In a 3/4“ spherical recess about l/4“ deep* 

The loading piston, sample and outer cylinder are 

assembled and placed on the platen of the jack and the 

jack moved up* Any slight vertical misalignment between 

the sample and the proving ring is adjusted when the ball 

bearing meets the conical depression in the lower retainer 

of the proving ring by the ball sliding sideways until it 
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seata In the spherical recess provided. 

A 1" travel l/ljOOO11 Federal dial gage attached to the 

loading frame measures the upward movement of the inner 

steel piston. 

Alternate Arrangements 

A sample may he set up for drainage at the lower end 

hy using a plastic hag, omitting the upper porous stone 

and retainer, placing the loading plate on top of the hag, 

and capping one of the drainage outlets • 

A sample may he set up for test without drainage by 

placing it directly between the steel piston and the loading 

plate and closing the drainage cock at the base of the 

steel piston* 
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CHAPTER IV 

TESTING PROCEDURE 

Choice of the Sample and its Characteristics 

The particular sample of soil chosen for the investi¬ 

gation was from a large, uniform deposit of what is known 

locally as red hank sand. A portion of this deposit was 

used for the west embankment of the Brays Bayou Bridge on 

that portion of United States Highway ho# 75 known as the 

Gulf Freeway * This material possesses characteristics that 

make it attractive as a control sample# 

Specifically it is uniform throughout the deposit, and 

has no porceptable quantity of organic matter* It is easy 

to reduce to a constant moisture content by mixing, and can 

be broken down easily by passing over l/4" x l/4" hardware 

cloth at almost any water content up to saturation* Further 

more this sample has both cohesion and internal friction# 

The liquid limit of the sample was found to be 20#6$ 

and the plastic limit 16.2/5 shielding a plastic index 4*4/5* 

The modified Proctor optimum moisture content for compaction 

is ,}ust above 10^* ^ 

Identification of Samples and Tests and Data Taken 

A mimeographed fora was prepared containing on one side 

spaces for the following data: 1. sample identification 
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2* tost type of Identification 3* height 4. diameter 

5* weight 6* moisture sample information* On the other 

side was space to record proving ring deformation opposite 

each 0*01" deformation dial reading* 

The following identification system was established* 

Each test sample to be tested in the direct shear apparatus 

was assigned a number between 1 and 100 in the order the 

tests were performed* Each sample to be tooted in the 

triaxial apparatus was assigned a number between 101 and 

200 in the order the tests were performed# These are the 

test numbers* Groups of from six to eight tests v/ere 

performed with both apparatus upon test samples made fro#t 

the sample described above* These groups of test samples 

were prepared in such a manner as to obtain equal moisture 

density relations in all test samples of the group* These 

groups were called Samples and assigned a roman numeral 

which was used to identify tests in botL apparatus* The 

sample numbers were followed by a Q, to denote quick shear 

tests and a Q.c to denote consolidated quick shear tests* 

Thus "Sample XI Qe Test 108" Identifies the test as the 

eighth triaxial test, as a consolidated quick 3hear test, 

and as being a portion of the second group of test samples 

tested in both apparatus* 

Preparation of Sample for Molding 

Upon recoiving a specimen of the soil in the laboratory, 
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a moisture determination was made# The weight of the 

sample required to make one teat specimen for the direct 

shear apparatus and one test specimen for the trlaxial 

apparatus wore determined* The number•of tests to be made 

in each machine for a given sample was the same, so this 

number times the above weight gave the weight of the sample 

to be used* This was weighed and placed in a 36" square 

by 6" deep pan and mixed well* This comprised a ’‘Sample” 

and was identified by a roman numeral* Next enough water 

was added to bring the "Sample” to some predetermined 

moisture content between 6#5$ and 9*5^* The soil and water 

was thoroughly mixed with trowels, covered and allov/ed 

to cure for about 12 hours* The soil was again mixed and 

allov/ed to cure for about 15 minutes* 

Molding the Test Samples 

Enough of the prepared material to make a compacted 

layer 1 3/4" thick was introduced Into a 4” x 8" split 

mold, placed in the soil compactor (figure 8 (b)), and a 

10 pound ram dropped on it 25 times* This is about 11 l/2 

foot pounds of compactive effort per cubic inch delivered 

to each layer of soil* Tost samples for the trlaxial 

apparatus were 4" in diameter by 7" high and were composed 

of four compacted layers* Test samples for the direct 

shear apparatus ttere 4" in diameter by about 5 l/4" high 
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(a) 

LABORATORY PRESS 

Showing sample and 
sample cutter in place 
on platen of jack 

(b) 

SOIL COMPACTION MACHINE 

Showing 8" x 4" samnle 
mold in place 

Figure 8 
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and wore composed of three compacted layers* 

These molded test samples tvere then immediately sealed 

in one gallon syrup buckets and stored for a period of at 

least 24 hours before testing* This “curing" was to allow 

for any thixotropic hardening that might occur and to allow 

the moisture content to become even throughout the test 

samples* 

Preparation of Molded Test Samples for Testing 

The test specimen was removed from the syrdp bucket 

and placed in a circular can about 8" in diameter and 3" 

deep, which was on the platen of the laboratory press 

built for sample cutting. The sample cutter consists of a 

piece of "Shelby" tubing 3“ ID x 7" long v/ith a removable 

cutting shoe having an ID of 2 15/16" placed on one end* 

A liner consisting of a piece of brass tubing 3" OD x 

2 15/16" ID, 6" long, and a 1" long bushing was placed 

inside thG sample cutter* This was placed on the sample 

and the platen of the jack moved up until the top of the 

sample cutter was in contact with the cross head of the 

loading frame as shown in figure 8 (a)» The platen of 

the jack was continued up until the cutting shoe came 

in contact with the pan and then lowered»and the pan and 

its contents removed from the platen of the jack* 

The sample and liner were forced out of the cutting 
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shoe and the Shelby tubing* Tho bushing ring was removed 

from the sample* The ends of the sample were trimmed 

flush with the ends of the brass liner and tho sample was 

then pushed out and weighed# 

Preparation for Tests 

Qulek Shear Test without a Membrane# The test sample 

with the loading plate and spherical loading device was 

placed directly on the inner piston# Ho membrane was placed 

around the sample (figure 6) and the stop cock on the 

drainage system was closed# 

Quick Shear Test with a Membrane * The test sample 

was placed on a porous stone and retainer, and covered with 

a plastic bag attached to the retainer# One of the drainage 

outlets v?as plugged and the drainage stop cock opened# The 

loading plate and spherical loading device was placed on 

top of tho plastic bag and the test sample. 

Quick Consolidated Shear Test. The apparatus was 

assembled with a porous stone and retainer both top and 

bottom, and a plastic membrane secured to the retainers* 

The plastic drainage tubes were attached to both retainers 

and both drainage outlets and the stop cock opened# 

(figure 7) 

Execution Tests 

The Quick Shear Tests* After tho test apparatus had 
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TRAXIAL CELL 

Showing apparatus with sample In place for test 
without a membrane 

Figure 6 
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TRIAXIAL CELL 

Showing apparatus with sample in place for test 
with a membrane 

Figure 7 
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been, assembled aa described above, the platen of the Jack 

was raised, forcing the inner piston up Into the outer 

plastic cylinder until the spherical loading device engaged 

the lower retained of the proving ring and until about 10 

pounds total load was indicated by the proving ring* The 

Jack was then carefully lowered until the load was Just 

zero* Next the deformation dial was adjusted to make con¬ 

tact with the base of the inner piston, and was set to read 

zero*. The air system was then adjusted to the desired 

pressure* The Jack was then raised until the proving ring 

showed a one or two pound reading and then again set at 

zero* The reading of the deformation dial at this point 

was recorded as the initial shortening and the deformation 

dial again set at zero* 

The tost was now run by raising the Jack at a rote 

of about 2/10“ per minute and recording the proving ring 

dial readings for each l/lOO” movement of the loading piston, 

as determined by the deformation dial, until failure occurred 

Failure was assumed to have occurred when the proving ring 

dial readings began to decrease while the strain was still 

being applied to the sample* 

The Consolidated Quick Shear Tost* This test was 

conducted in the same manner as the quick shear tests xvltli 

the following exception* After the first adjustment of 
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the deformation dial, the air pressure was introduced and 

maintained for a period of 24 hours or longer before re¬ 

cording the initial shortening* 

Moisture Specimen and Angle of Shear Measurements 

After failure, the test sample was removed from the 

apparatus and a moisture determination made in accordance 

with the usual procedure# In those tost samples where 

the plane of failure was sufficiently distinct, the slope 

angle of the failure plane was measured* Thi3 was done by 

placing the sample on its end on a flat surface* A straight 

edge was held against the sample parallel to the estimated 

mean failure plane, and the angle between the straight 

edge and the base of the sample was measured with a pro¬ 

tractor* 
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CHAPTER V 

IHTERFRET.AT ION OF THE TEST DATA 

Moisture and Density Relations 

While the moisture and density relation of each test 

sample is important it is not considered necessary to des¬ 

cribe the procedure used in Interpreting the data taken 

(o\ 
because these are routine tests. "' The wet density* the 

moisture content, and tho dry density of each sample, 

were determined. 

Determination of Principal Stresses at Failure 

The air pressure used (L) is the minor principal 

stress in the sample for each test* The major principal 

stress in the sample at failure (V) is determined by 

plotting the unit stress duo to the additional axial load 

(P) against the percent vertical strain of the test sample. 

The ultimate value of stress, taken from this stress-strain 

curve, plus the lateral pressure, is the major principal 

stress in the sample at failure* 

Unit Stress due to Add it lonal Axial Load. There was 

an appreciable amount of vertical strain of the test samples 

in the tests run (as much as 5%)* This caused an increase 

in cross sectional area as the strain increased. The 

cross sectional area was corrected as it increased 
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throughout the tost* The aura of principal strains la 

assumed to ho zero and the sample is assumed to roraain 

cylindrical throughout the test* neglecting a term involving 

the vertical strain squared* the expression for the corrected 

unit stress duo to the additional axial load Is: 

v -L = T0~T.iTe-r 

where 

V =s corrected ma^or principal stress in pounds 
per square inch 

L = lateral pressure used in pounds per square 
inch 

P = additional axial load in pounds = proving 
ring deformation dial reading x the proving 
ring constant 

A0 = initial cross sectional area of test sample 
in square inches 

ev = vertical strain In inches per inch 

For the 2 15/16” diameter test samples used, 

__ IT 

~ 6 *777 l l*Ov J 

Percent Vertical Strain* The percent vertical strain 

is one hundred times the sample deformation divided hy the 

initial height of the test sample* The deformation of the 

proving ring plus the deformation of the sample equals the 

deformation dial reading (figure 3)*- Therefore, the cample 
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deformation In inches is equal to the deformation dial read¬ 

ing divided hy 1,000 minus the proving ring dial reading 

divided by 10,000* The percent vertical strain is 

/3 Qy (dv) 

where 

$ov = percent vertical strain 

H =5 Initial height of the test sample in inches 

dv s vertical deformation of the test sample 
In Inches 

For the 6“ high test samples used, 

f*ev = 16*67 Qy 

Graohlo Construction of Stress-Strain Curves* The 

stress-strain curves for the tests performed could have 

been plotted from the two relations given above* However, 

(10) 
a graphic method developed by Mr* Fredrick A* Harris 

was used* Refer to the insert on figure 9* Using the 

usual convention for X and Y axes and the usual identifica¬ 

tion of the four quadrants, the following are established: 

1* To a convenient scale let 

(a) X axis represent percent vertical strain (^ev) 

(b) Y axis represent (V - L) 

(c) -X axis represent F 

(fi) -Y axis represent dy 
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2. Lay off a line In tho second quadrant with a slope 

equal to l/A (scales along Y and -X being considered)a 

and passing through the origin. 

3* Lay off a line in the fourth quadrant with a slope 

equal to IOO/H (scalo of ~Y and +X being considered), 

and passing through the origin. 

4* In the first quadrant, lay off a family of lines 

representing (V * L) as a function of ey* That 
P 

lSj (V - L) = ' 'A'0 (i*i*0 )"" « 4 convenient interval 

for these lines is about 1/16*'. 

To plot a point on the stress-strain curve for a test, 

enter this chart on the ~Y axis with a value of vertical 

deformation and follow the line a, b, and c to establish 

a line b c representing the percent strain (£ev), how 

enter the chart on the -X axis with the corresponding P 

and follow the line f, g, h, and 3 to establish the value 

of corrected unit stress (Y -L) for any unit strain*' 

Point k (the intersection of linos b c and g h) is the 

point on the stress-strain curve* The (V - L) for these 

values of load and test sample deformation is tho ordInant 

of point lu 

If tests of many samples of the same dimensions, per¬ 

formed with the same equipment, are to be analyzed the 

above process may be simplified in tho following manner: 
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1# Eliminate all "but the first quadrant* 

2* Add another scale along the +X axis that will 

give %0'v directly for values of d^. 

3* Add another tscale along the axis that will 

give P/AQ directly for values of proving ring 

deformation. 

The procedure in the first quadrant is the same as given 

above» 

By placing transparent paper over the above chart 

and plotting the stress-strain curves thereon# the same 

chart was used to establish the maximum (V - L) due to P 

for all testa. Typical curves are shown in figure 9* 

Determination of Cohesion and Angle of Friction 

Using V and L at failure, all the Mohr*a circles for 

a given "Sample” were plotted and Mohr*a envelope of rupture 

established as a straight line* From this the cohesion 

and the angle of friction were determined. Figure 10 

shows the construction of the l^ohr envelope for the stress- 

strain curves shown in figure 9’i 

Determination of the Angle of Friction from the 
Failed Test Samples 

If the slope angle of the failure plane is denoted as 
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MOHR'S ENVELOPE OF RUPTURE 
FOR 

SAMPLE U Qc 

FIGURE 10 
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A, then from the geometry of Mohr’s circle the angle of 

friction, 0S is 2A - 90°* Figure 11 3hcv;o test samples 

on which this measurement was made* 
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PORTIONS OF FAILED SPECIMENS 

AFTER TEST IN TRIAXIAL CELL 

Figure 11 
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RESULTS, DISCUSSION AND CONCLUSIONS 

Results 

Table I shot?a the results of tho analyses of all the 

tests performed .In the triaxial apparatus in the course of 

this investigation* 

For the groups of teste, conducted on teat samples with 

the same moisture-density relations the following results 

were determined and are shown in Table II: The results 

obtained from the Mohr diagrams 2* The average dry den¬ 

sities 3# The average moisture contents 4* The average 

angles of friction determined from the slope angles of the 

failure planeB* Those items represent results obtained 

from data taken v?ith tho triaxial apparatus for "Samples’*. 

Table III shows cohesion, angle of friction, average 

dry density, and moisture content obtained from data taken 

with the direct shear apparatus for the same "Samples" 

as shoY/n tabulated in Table II* 

Discussion 

Control of Moisture-Density Relation* The range of 

moisture content between 6% and 10% was chosen in an attempt 

to stay below the Proctor optimum (10%) so that for each 
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TABLE I 

Results of the analysis of all testa performed 
In the trlaxial compression apparatus 

TEST SAMPLE MOISTURE 
in 

percent 

DENSITY 
(dry) 

lb/cu ft degrees 

V 
in 
psl 

L 
in 
psl 

101* I Q 6*67 115*0 - - 7 

102* I Q, 6*92 112*7 mm ' 66*8 14 

103*' I Q, 6*93 115*3 30 93*2 28 

104 i a0 6*56 112*3 20 141*0 7 

105 i 6*79 115*3 - 137*0 14 

106 . i 6*71 H5 *3 - 105*0 28 

107" I Q, 6*59 113*5 32 64*6 7 

108 II % 9*40 121 *5 24 105*8 7 

109* II Q, 9.54 120,7 32 67.4 7 

110* II Q,j 9*98 122,1 34 80*8 14 

111* II Q, 9*66 122*1 30 93.6 28 

112 H % 9*57 121.9 24 143.2 14 

113 II % 9*45 121*0 36 181*2 28 

114 III Qc 9.20 120*2 77.4 7 

115 • III Qc 7.25 122 *7 123*6 14 

116* III Q, 9.21 121*4 - 52.6 7 

117* III Q, 9*78 120*8 24 56.4 14 

118* III <* 9*35 121 *2 - 65.0 21 

* no momhrane U3ed for the se tests 



TABLE I 
(continued) 
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TEST SAMPLE MOISTURE 
In 

percent 

DENSITY 
(dry) 

lb/cu ft 

A in 
degrees 

V 
in 
psi 

L 
in 
psi 

119* III Q 9.40 120.9 - 77.2 . 28 

120 I X X ' 8.74 120.8 30 141.2 28 

121* V Q . 9.06 121.2 26 55.8 7 

122* V Q, 9.18 121.2 ** 55.0 7 

123* V Cl 9.11 120.5 - 50.4 14 

124* V Q 9.28 120.5 - 68.0 14 

125* V Q, 9 .24 120.1 34 83.2 28 

126* v a 9*42 120.2 «•# 80.0 28 

127 XV Q, 9.50 121.6 30 88.6 7 

128 IV Q 9.44 119.2 30 78.2 7 

129 IV ci 9.62 119.2 34 91.6 14 

130 IV Cl 9.60 121.1 mm 103.6 14 

131 IV Q, 9.51 120.0 29 126.0 28 

132 IV Q, 9.50 120.1 30 146.0 28 

133 VI Cl 6.87 114.2 26 105.6 14 

134 VI Cl 6.84 114.5 28 113*6 14 

135 V I ci 6.69 112.8 32 75.8 7 

136 VI ci 6.92 114*2 30 108.2 14 

137 VI Q, 6.91 115.5 20 115.2 14 

no membrane used for these tests 
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TABLE I 
(continued) 

TEST SAMPLE MOISTURE 
in 

percent 

DENSITY 
(dry) 

lb/cu ft 

& 
in 

degrees 

V 
in 
psl 

L 
in 
psl 

138 VI Q, 6,25 113*5 •*» 155.0 28 

139 VI Q, 6*64 114,2 22 142,0 28 

140 VI Q, 6.75 114,9 24 91.2 7 
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TABLE II 

Results of triaxial tests itemized "by "Samples" 

SAMPLE MfJMBBR 
OF 

TESTS 

$ti avg. 
in 

degrees 

c 
In 

Ib/sq In 

0 
in 

degrees 

AVERAGE 
DENSITY 
(dry) 

lb/cu ft 

AVI: RAG. 
MOISTO; 
per co] 

I Q* 4 31 20,0 12 113*5 6.8 

II 3 32 25,0 9,5 122 ,5 9.7 

III Q* 4 24 16,0 10,5 121,0 9*4 

IV £c 6 30 22,0 24,5 120,0 9*6 

V V 6 30 20,0 7,5 120*5 9*2 

vi q 8 26 20,0 29*5 114,0 6,7 

i % 3 20 - - 114,0 6.7 

II C:c . 3 26 24,0 ^4 121,0 9*5 

Ill Qc 3 30 28,0 28 121,0 9*0 

** no membrane used for these tests 
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Results of direct shear test as Itemized by "Samples 

SA'.'PLE AVERAGE 
DENSITY 

(dry) 

AVERAGE 
EGI3TURE 

percent 

c 
in 

lb/sq in 
in 

degrees 

I Cl 115.6 7.0 15.0 32 *2 

II Cl 121,0 9.8 24.0 23.2 

III Q, 121.5 9.3 16.9 32.4 

iv a 119.0 9.4 17.8 24.6 

v a 121.7 9.2 20.0 30.6 

VI Q, 114,7 6.7 18,5 30.7 

I Q,c 115 *6 7.0 21.8 30.4 

II % 120,0 9.8 21,1 29.5 

III Q.c 121,3 9.3 21,5 27.8 
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density there would he only one corresponding moisture 

content* It was thought that by remaining within this 

range come relation between the maximum principal stress 

at failure.and moisture-density relation might bo estab¬ 

lished for a given minor principal stress,. Such a relation 

would have made it possible to construct a "Statistical” 

Mohr’s envelope for any given density or moisture (within 

the range of the toots) and thus facilitate the comparison 

of the results of the trlaxial and the direct shear appa¬ 

ratus* However* no such relation could be established* 

The control of the moisture-density relation for the 

toot samples within a ”Sample" was within the accuracy 

that could be expected for any soil tests* To illustrate, 

Sample VI Q. consisted of eight test samploo for both the 

trlaxial and the direct shear apparatus*. The average values 

of moisture content and dry density and the maximum devi¬ 

ation from these averages for the eight tests conducted 

in the triaxial apparatus are shown below* 

Average Moisture Content 6*7# 

Maximum deviation from the average 0*2$ 

Average Dry Density 

Maximum deviation from the average 

114 Ib/cu ft 

1*35$ 

For the eight tests conducted in the direct shear apparatus* 
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the average moisture content is 6*.7$> and- the average dry 

density is 114*7 Ib/cu ft* 

Uniformity of Determination of V* In order to estimate 

the consistency of the data for determining (V « L) at 

failure, four tests of sample VI Q were run at 14 psi in the 

triaxial apparatus* The average (V » L) for those four 

tests is 96*6 pai and the maximum deviation from the average 

is 4*3^* This indicates that this apparatus can he used 

to dotermine the major principal stress at failure to a 

satisfactory degree of accuracy* 

Effect of Planes of 'Weakness PerpendIcular to V* All 

the test samples had planes of weakness (due to molding 

process) oriented at right angles to V*’ Thens had no 

perceptahlo effect upon the results» It was observed that 

the lines of intersection of the planes of weakness and the 

pianos of failure could not be detected upon removal of the 

sample from the apparatus after failure* However, appli¬ 

cation of a moment to the test sample in any plane containing 

the axis of generation caused the test sample to break at the 

planes of weakness* 

Effect of the Membrane* Yfnon the results from the Mohr’s 

envelopes for Samples X % II Q. and III Q wore compared with 

the results for samples II <1 and III Qcthe cohesion of the 

consolidated teats was found to bo in the same range of 

magnitude- as the cohesion for the unconsolidated tests* 
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However tho angles of friction for the Q srareplos were much 

lower than tho angle a of friction for the Q, samples • The 

angles of friction as determined by tho slope of angle of 

tho failure piano (0,\) for the two groups of tests were of 

the same order of magnitude. If consolidation had occurred 

in the Q.c samples, the difference in friction angles (as 

determined by the Mohr construction) could have been caused 

by a decrease in pore water pressure and an increase in 

(11) 
intergranular pressure* ' However all tho tests had 

been performed at moisture contents considerably below 

saturation so this coulu not bo the explanation of the 

variation of the angle of friction. Moreover, the 0^ in¬ 
dicated that the friction angles were of the same magnitude* 

This indicated that the air used for lateral proaeuro was 

Intruding Into the voids of the tost sample and reducing 

the Intergranular pressure. This reduction in intergranular 

pressure would reduce the effective minor and major principal, 

stresses and cause the circles of failure to be plotted 

farther along the p axis than their correct position, thus 

indicating an angle of friction lower than the true value* 

To illustrate tho above offoot, asaume that tho air intru¬ 

sion was complete for several samples tested at various 

air pressures* If Mohr's construction were mad© using the 

erroneous L (that is the air pressure), then the 0 would be 
zero* If the Mohr construction were made using the correct 
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L ( that lo zero since we assumed complete air Intrusion) 

than all tho circles would coincide and no envelope could 

be established* 

To further Investigate this, a plastic membrane wa3 

used in tests of sample IVQ, and none used in the tests of 

sample VQ* The results of these toots Indicated that the 

above analysis is correct, and that use of a membrane is 

necessary if the results are to be valid* 

Hoilability of 0^« Tho angle of friction determined 

from the slope angle of the failure .planes is only a rough 

estimate of the true friction angle* This can be seen by 

examining the procedure outlined in Chapter V*' First, tho 

"estimated-mean failure plane" can not be established with 

any great degree of accuracy* Second, if an error in the 

measurement of the slope angle is made, this error is 

doubled in determining the 0^ since 0^ » 2A « 90°• 

Effect of End Restraint on the Teat Samnles* The theory 

developed in Chapter II is based on V being a principal 

stress (l.e* no shearing stress existing along any plane per¬ 

pendicular to the direction of V)* This Is not strictly 

true in tho tests conducted in any trlaxlal compression 

apparatus, since there Is frictional resistance to lateral 

strain whore the ends of the test samples bear on tho porous 

stones or end plates* However if the ratio of H to D is 
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maintained at 2 or greater9 it is generally accepted that 

for practical purposes the effect of this end restraint 

is negligible at the- mid-section of the sample* 

Effect of Test inn; Technique* As the investigation 

proceeded the technique of the investigators becamo better* 

Thereforej, anyone reading this papor would do well to give 

more weight to the data taken in the latter stages of the 

investigation* 

Adoquacv of the Investigation* For a complete eval¬ 

uation of the triaxlal compression method a more extensive 

research program is nocessary than was possible in this 

investigation* Insufficient tests were performed to draw 

broad conclusions regarding the uniformity of determination 

of Ls the effect of end restraint on L9 and the effect of 

curing (both under lateral pressure and under no lateral 

pressure) on the shearing resistance of the soil* 

There would also remain to bo answered questions 

regarding the effect of pore water pressure in test samples 

above saturation and the usefulness of the apparatus for 

making shear resistance detorialnatIons on undisturbed samples# 

If this investigation had answered all the above ques¬ 

tions a complete evaluation of the apparatus would not bo 

possible until these and like questions had been answered 

also for various specimens of soils ranging from washed 

sands to bentonites* 
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CONCLUSIONS 

A conclusive evaluation of the triaxial compression 

apparatus as a means for determining the shearing resistance 

of soils was not possible because of the limited time that ' 

could bo devoted to investigation* Nevertheless the follow¬ 

ing conclusions may be drawn from the results: 

1* The method of approach to the problem is sound* 

That ID* If proper care is exorcised* test samples 

can be manufactured whose properties are suf¬ 

ficiently uniform for use as control samples in 

evaluating on a comparative basis the direct shear 

apparatus and the triaxial apparatus. 

2»- There was a mechanical defect in the direct shear 

apparatus which was not discovered until the investi¬ 

gation was complete. This defect made it necessary 

to execute an estimated correction of the shear 

strength determination from that apparatus• Some of 

the triaxial tests ’wore valuloss because no membrane 

was used*- Nevertheless there was an indication 

that the shear strengths of soil specimen as deter¬ 

mined by the two apparatus were of the same order 

of magnitude* 
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EXPLANATION OF SYMBOLS USED IN TABULATION OF DATA 

Q, a quick teat 

Q.C a quick test made after specimen had been 
consolidated under lateral pressure 

IS 

DDR 

the initial shortening of the specimen in 
inches due to lateral pressure 

deformation dial readings in _1  

1000 
inches 

PROVING RING DIA READINGS 
10.000 inches 

L lateral pressure maintained during test 

MEMBRANE 

WEIGHT 

WW 

DW 

TW 

type of membrane used in test 

weight of specimen in grams Just prior to 
placing in cell for tost 

weight in grams of wot soil plus moisture can 

weight in grams of dry soil plus moisture can 

weight in grams of moisture can 
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MEASURED ANGLES OF FAILURE PLANE: 

TEST HUMBER ANGLE WITH HORIZONTAL 
(in degrees) 

103 
104 
107 
108 
109 
110 
111 
112 
113 
117 
120 
121 
125 
12? 
128 
129 
131 
132 
133 
134 
135 
136 
137 
139 
140 

60 
55 
61 
57 
61 
62 
60 
57 
63 
57 
60 
58 
62 
60 
60 
62 
57 
60 
58 
59 
61 
60 
55 
56 
57 



52 
SAMPLE NO. I (Q) 

’E3T NUMBER 101 107 102 103 
“O ,o 0*002 0*005 0.010 0.010 

i'u'ii PROVING RING DIAL READING s 
00 00 00 00 00 
10 32 18 15 30 
20 80 35 32 60 
30 115 54 53 88 
40 150 75 75 111 
50 176 96 100 135 
60 200 118 120 155 
70 220 I38 140 178 
80 240 158 165 196 
90 256 182 175 210 

100 260 197 182 220 
110 260 108 183 226 
120 115 175 225 
130 34 115 
140 100 
150 
160 
170 
180 
190 
200 

L 7 7 14 28 

MEMBRANE none none none none 

WEIGHT 13H.7 1292.2 1280.6 1192.4 

OISTURE 3PECIB iEN 

WW 238*82 286.41 382.84 225.25 

DVY 227*18 271.73 36I.32 214,12 

TW 52*94 48,48 50.80 53.23 
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SAMPLE KO. I (Qc) 

TEST JUMPER 104 105 106 

IS 0.027 0.026 0.009 

DDR PROVING i RING DIAL REi VDING3 

CO GO 00 00 
10 30 01 48 
20 60 28 90 
30 100 63 121 
40 138 98 148 
50 178 135 172 
60 220 169 195 
70 262 203 218 
80 310 236 235 
90 358 273 246 

100 398 305 260 
110 428 330 263 
120 452 355 267 
130 462 376 267 
140 468 393 260 
150 450 408 250 
160 420 418 220 
170 426 170 
180 431 
190 434 
200 432 
210 425 
220 300 

L 7 14 28 

T.r y??. ^71:::> A plastic plastic plastic 

WEIGHT 1279.6 1312.1 I3IO.O 

MOISTURE SPECIMEN 

>7W 223.56 289.73 345.65 

DW 212.76 274.66 327.00 

TW 48.10 52.78 50.89 



SAMPLE NO. II (Qc) 
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TEST NUMBER 108 112 113 
IS 0.018 0.024 0.024 

DDR PROVING RING DIAL RIL '.DINGS 
00 00 00 00 
10 45 58 39 
20 83 107 94 
30 113 142 148 
40 140 175 194 
50 163 204 233 
60 185 233 269 
70 210 262 302 
80 228 287 350 
20 249 312 362 

100 268 340 390 
110 284 362 412 
120 297 376 432 
130 307 393 450 
140 316 411 464 
150 326 420 476 
160 332 429 ' 490 
170 337 437 500 
180 339 445 510 
190 343 449 516 
200 341 452 519 
210 344 452 529 
220 344 448 532 
230 343 430 533 
240 343 412 535 
250 343 400 515 
260 343 391 513 
270 343 382 521 
280 343 363 525 
290 , 343 350 527 
300 343 280 527 
310 336 26c 527 
320 332 526 
330 328 525 
340 325 513 
350 315 490 
360 140 475 
370 455 
380 370 
390 368 



SAMPLE NO.II (Qc) 

TEST NUMBER 108 112 

L 7 14 

MEMBRANE plastic plastic 

WEIGHT 1419.4 1424,8 

MOISTURE SPECIMEN 

Wit 310,52 289,30 

DW 288.45 268.34 

TW 52,94 48.70 

113 

28 

plaatic 

1415#8 

272.04 

253.13 

53.12 
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SAMPLE NO. II (Q) 

TEST NUMBER 109 110 111 

13 0.007 0.007 0.011 

DDR , PROVING- RING DIAL READINGS 

00 00 00 00 
10 24 23 02 
20 44 38 30 
30 65 55 43 
40 83 69 52 
50 100 87 76 
60 118 102 92 
70 134 117 110 
80 152 130 125 
90 163 147 140 

100 177 160 160 
110 187 173 170 
120 198 185 180 
130 204 197 193 
140 208 205 205 
150 209 212 213 
160 205 220 220 
170 50 227 227 
180 232 230 
190 234 232 
200 . 234 215 
210 210 140 
220 30 

i 7 . 14 28 

iEMBRANE none none none 

'EIGHT 1409.8 1431.5 1426.0 

V 
Aw QI3TURE SPECIE 1'3 

WW 272.72 324.23 

BY? 253.52 299.35 

T\Y 53.23 50.80 

289.17 

267.60 

47.24 



SAMPLE HO*. Ill (vl) 

TEST NUMBER 116 117 118 119 

13 0.005 0.004 0.018 0.025 

DDR PROVING RING DIAL READINGS 

00 00 00 00 00 
10 20 16 24 32 
20 32 37 41 50 
30 45 54 52 64 
40 55 64 62 76 
50 68 73 70 87 
60 81 82 80 98 
70 92 91 88 107 
80 105 98 99 118 
90 117 107 107 12 6 

100 125 114 115 136 
110 135 121 122 143 
120 141 127 128 149 
130 147 133 135 154 
140 152 138 141 160 
150 156 140 145 164 
160 159 143 150 167 
170 160 145 151 170 
180 161 146 152 171 
190 159 145 151 170 
200 155 138 146 168 
210 140 125 140 160 

L . . ' 7 14 21 28 

MEBSBRANE none none none none 

WEIGHT 1413.0 1415.3 1415.3 1412.0 

MOISTURE SPECIMEN 

S7W 381.99 390*72 356.87 374.70 

DW 353.83 360.45 330.69 * 

TV/ 48.41 50.80 50.89 53*12 

* Moisture Test ruined 
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SAMPLE UO XII (Q.C) 
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TEST R 114 115 120 

IS 0.015 0.003 0*008 

DDR PROVING RING DIAL READINGS 

CO 00 CO 00 
10 38 48 41 
20 70 94 65 
30 91 137 88 
40 110 174 107 
50 128 204 135 
60 144 235 147 
70 159 264 162 
80 171 287 182 
90 184 308 200 

100 197 330 215 
1$0 208 342 232 
120 215 354 248 
130 222 383 260 
140 228 371 275 
150 234 377 287 
160 239 380 300 
170 243 382 312 
180 246 380 324 
190 247 371 335 
200 248 340 344 
210 246 353 
220 243 361 
230 240 368 
240 232 373 
250 225 380 
260 210 385 
270 390 
280 393 
290 396 
300 398 
310 400 
320 402 
330 403 
340 404 
350 403 
360 402 
370 400 
380 392 
390 370 
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SAMPLE HO * III (Qc) 

TEST NUMBER 114 115 120 

L 7 14 28 

MEMBRANE plastic plastic plastic 

WEIGHT 1403*9 1404*9 1366*6 

MOISTURE 3 PECIMEK 

WW ' 261,69 429*45 361,29 

DW 243*63 403.93 336.10 

TW 47.50 52.78 47*94 
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SAMPLE NO . IV (Q) 

TEST HUMBER 127 128 129 

IS 0*009 0.010 0.015 

DDR PROVING RING DIAL READINGS 

00 CO 00 00 
10 26 22 29 
20 52 42 54 
30 70 55 77 
40 87 75 94 
50 105 98 110 
60 119 120 126 
70 135 130 140 
80 150 144 154 
90 163 155 168 

100 178 168 179 
110 190 178 196 
120 205 186 203 
130 215 195 212 
140 225 205 220 
150 232 211 228 
160 243 218 236 
170 251 223 243 
180 260 230 250 
190 266 235 255 
200 270 239 259 
210 275 242 263 
220 280 246 267 
230 282 249 270 
240 285 250 272 
250 287 251 273 
260 289 251 273 
270 288 250 272 
280 286 245 265 
290 284 240 

L 7 7 14 

MEMBRANE plastic plastic plastic 

WEIGHT 1420.0 1394.5 1393.7 

/ MOISTURE i :PECIDEM 

WW 472*16 439.34 430.16 

DV; 435.35 405.62 396.62 

TW 47.99 48.41 48.48 



‘EST 

:s 

;DR 

00 
10 
20 
30 
40 
50 
60 
70 
80 
90 

ICO 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
260 
290 
3C0 
310 
320 
330 
340 
350 
360 
370 
380 
390 
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NUMBER 

SAMPLE WO . IV (Q,) 

130 131 132 

0.010 0.020 0.018 

PROVING RING DIAL READINGS 

00 00 00 
26 22 20 
47 54 53 
69 85 80 
90 110 108 

110 133 131 
129 166 154 
147 178 174 
160 195 195 
178 215 212 
191 230 230 
203 245 246 
213 258 261 
224 270 275 
235 282 287 
245 290 300 
255 300 312 
263 308 325 
270 316 
277 325 343 
284 328 353 
289 333 361 
293 336 370 
300 340 37 6 
303 344 386 
306 346 390 
310 347 395 
312 348 400 
314 349 405 
316 349 407 
317 348 410 
318 347 420 
319 346 421 
319 340 421 
318 345 421 
317 344 421 
315 344 421 
312 343 421 
308 343 421 

330 



IV (Q) 
62 

o J v \. •.}? Li w L K 0 * 

TEST RUBBER 150 131 132 

L 14 28 28 

MEMBRANE plastic plastic plastic 

WEIGHT 1404.5 1405.9 1403.2 

MOISTURE SPECIMEN 

mi 385.12 355.69 278*83 

DW 354.22 329.50 258.70 

TW 52.82 53.12 47.50 



SAMPLE HO . V (Q) 

TEST DUMB DR 121 122 123 

IS 0*007 0,009 0,010 

DDR PROVING RING DIAL READ IHGS 

00 00 00 00 
10 20 24 30 
20 37 40 55 
30 52 52 : 75 
40 67 64 88 
50 82 75 105 
60 95 87 120 
TO 108 100 132 
80 122 110 142 
90 134 122 150 

100 144 132 157 
110 152 140 163 
120 159 148 172 
130 165 154 171 
140 169 159 173 
150 171 163 174 
160 173 167 172 
170 165 168 165 
180 162 169 158 
190 168 135 
200 165 

L . 7 7 14 

MEMBRANS none none none 

WEIGHT 1409.6 1411.4 1401,4 

K’QISTUR] • SPECIMEN 

m 258*60 357*71 455.04 

DW 241*18 331.92 420.98 

TW 48.70 51.14 47-24 



SAMPLE HO. V •U) 

TEST NUMBER 124 125 126 

IS 0.010 0.022 0.025 

DDE PROVING RING DIAL READINGS 

00 00 CO 00 
10 28 36 30 
20 52 60 51 
30 69 80 70 
40 88 97 88 
50 100 112 104 
60 118 127 117 
70 132 141 129 
80 145 150 142 
90 155 160 151 

100 166 165 15S 
110 176 175 167 , 
120 182 180 172 
130 185 182 175 
140 187 184 177 
150 188 183 173 
160 187 180 150 
170 182 165 
180 176 • • 

L 14 28 28 

MFMBRAUE none none none 

WEIGHT 1406.0 1403.9 1404.1 

MOISTURE SPECIMEN 

WW 381.69 ‘ 450.82 431.56 

DW 353.73 * 398.47 

TV/ 52*54 53.12 47.50 

* Moisture Teat ruined 



65 
fPLE. MO. VI ( A) 

TEST NUMBER 153 134 135 136 

IS 0.015 0.018, 0,012 0,018 

DDR PROVIS !G RING DIAL READINGS 

00 00 CO 00 00 
10 21 21 18 24 
ao 39 42 30 42 
30 63 69 44 70 
40 93 100 56 97 
50 127 130 70 130 
60 153 157 85 158 
70 180 185 102 185 
80 204 205 116 204 
90 220 238 133 238 

100 242 262 149 260 
110 256 281 165 280 
120 266 297 178 292 
130 282 31C 196 304 
140 288 324 20 6 310 
150 292 330 215 317 
160 298 337 224 325 
170 303 347 231 327 
180 307 348 235 330 
190 313 348 240 332 
200 317 348 241 332 
210 324 348 240 331 
220 324 348 238 331 
230 325 348 220 327 
240 325 348 323 
250 326 347 320 
260 326 344 312 
270 326 341 . 300 
280 320 330 290 
290 308 325 279 
300 275 295 270 

L 14 14 7 14 
MEMBRANE plastic clastic pla st IG . plastic 
WEIGHT 1297.8 1303.5 1284.5 i302.1 

MOISTU 'RE SPECIMEN 

313*49 424.86 391.97 44;>*p4 
mv 296.42 401.00 370.57 417.65 
TW 48.10 52.78 50.80 47.50 



66 
SAMPLE NO. VI (Q,) 

T It- 3T .i I iT k'.I3 xi ft 137 138 139 140 

IS 0.012 0.030 0.032 0.010 

DDR PROVING RING DIAL RFADII’ IG3 

00 00 00 00 00 
10 35 26 32 20 
20 62 52 54 37 
30 100 81 85 55 
40 130 115 115 81 
50 158 142 145 103 
60 189 175 173 127 
70 215 210 197 154 
80 242 245 225 179 
90 265 27 6 252 200 

ICO 282 304 274 222 
110 3C0 331 297 240 
120 312 352 312 255 
130 324 371 328 267 
140 332 385 342 276 
150 340 398 351 283 
160 345 406 361 289 
170 348 414 369 294 
180 351 421 38O 295 
150 353 426 386 296 
200 354 430 392 296 
210 353 431 395 294 
220 352 448 400 292 
230 349 449 402 290 
240 345 450 405 285 
250 341 450 ' 405 284 
260 334 450 406 280 
270 326 449 4C6 278 
280 319 449 404 270 
290 308 447 402 260 
300 295 443 400 240 
310 395 

L 14 28 28 7 
MEMBRANE plastic plastic ■clastic plastic 
WEIGHT 1314.5 1261.3 3.299 .7 1309.8 

MOI; 3TURB 3?: ECB5EN 
rt'firr it H 365*11 325.12 394.72 359.45 
DY/ 344.96 308.82 373.13 340.09' 
T\7 53*12 48^41’ 47.99 52.94 


