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ABSTRACT 

Tho shearing strength of the soil not only controls ■’oho resis¬ 

tance to failure hy sliding, but also influences the ultimate com¬ 

pressive loads which may be applied. The shearing resistance depends 

on the nature of the material and on the conditions of loading. There¬ 

fore it is necessary to knou certain characteristics of tho shearing 

resistance of the material to predict the ultimate strength under actual 

conditions. 

To determine these shearing characteristics experimentally, tv/o 

methods of testing have been developed - the Direct Shear and the Tri- 

Axial Methods. These two methods represent the extreme limits of the 

stress conditions which could exist. The actual stress conditions 

within the soil should lie somewhere between theso limits. If the 

same results were obtained by both methods, it would- be reasonably 

certain that these results were correct. The variation of these results 

would also give an estimate of the accuracy of the theory of failure. 

This project was an investigation of the usefulness of the Direct 

Shear Method. This was to be done by comparing the results of the 

direct shear testing with the results obtained by ti’i-oxial testing. 

To do this a direct shear machine was designed and built. The tests 

were performed on carefully controlled samples. During the testing 

certain difficulties were encountered, and one main error in the design 

of the machine wao discovered. 

The results of the testing showed that tho approach to tho prob¬ 

lem wao sound. Since the testing.was limited, tho results are only an 

indication of the final results. For the material tested, however, the 

comparison between the results obtained by the two methods was good. 

The accuracy of the results was well within the range of ordinary engi¬ 

neering requirements. 
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CHAPTER I 

SHEARING RESISTANCE OF SOILS 

The Problem 

The study of the shearing resistance of soils probably began 

when i%n first investigated the cause of a landslide. Gradually the 

study was extended to include other problems such as the stability, 

of slopes and the pressure against retaining walls. These wore ob¬ 

viously controlled by the shearing resistance of the soil. After the 

development of Mote's Theory of Rupture, the study of shearing resis¬ 

tance of soils increased greatly. According to Mohr's theory, failure 

occurs when the maximum sheering stress exceeds the ultimate value. 

Therefore the shearing resistance is one of the factors controlling 

the ultimate bearing capacity of soil under compressive loadjs.. The 

determination'of the safe load on a foundation is the problem most 

frequently encountered in soil mechanics since every structure must 
■ / ■ 

bo.supported in one way or another by the soil. Therefore, by knowing 

the ultimate shearing resistance of the soil, a rational design of the 

foundations can be made. Several variations of tills method have been 
1 

used for several years with much success. 

With the advance in-,the field of soil mechanics, two principal 

methods for determining the shearing resistance have been developed. 

These are the Direct Shear Method and the Cylindrical Compression or 

Tri-Axial Method. Those tests have been developed in an effort to 

determine, by laboratory analysis, the safe load that may be applied 

to the soil. 

It is a relatively simple natter to perform a shear tost on a 

sample of soil and to determine a numerical value for the shearing 
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strength. It is another matter, however, to obtain results tliat have 

some meaning when applied to field conditions. To do this test con¬ 

ditions should reproduce the natural conditions as closely as possible. 

This is not all ways practical since both tost and field conditions 

are often too involved to permit a complete comparison. Therefore, 

intelligent application of the test results con be made only when all 

the conditions are considered* 

No other phase of soil mechanics is moro complex or influenced 

by more variable factors than is that of the shearing resistance. 

Although much work has been done in this field, little is known. of 

certain factors which affect the ultimate shearing resistance. Many 

of those variable factors arise from the nature of the material as 

the strength depends upon such items as the type of material, the 

particle gradation, the density, and the permeability. Of almost 

equal importance to the make-up of the material are the conditions 

accompanying the loading. The type and rate of application of the 

load, the water content, the drainage facilities, and the past 

history of the soil are all important factors influencing shearing 

resistance. 

As it has been previously stated, two methods of determining 

tho shearing resistance were developed. Many variations of each 

have been tried in an effort to overcome certain disadvantages. 

Each method has generally been used where it is moot suited to 

duplicate field conditions. Certain types of samples give accurate 

results for only one of the two methods. Under many conditions, 

however, either may be used. For these cases, very little work has 

been done to actually compare the results obtained-by the two methods. 



The problem for -this investigation is to try to determine a corre¬ 

lation of the shearing resistance obtained by both methods when 

testing similar samples under equivalent testing conditions. 

It was decided to approach the problem using the Direct Shear 

Method and to evaluate this method by considering two main criteria*. 

First, wore the results reasonable and consistent? Second, could 

those results be compared with results obtained from similar tests 

performed by Tri-Axial testing? Throughout the design and construc¬ 

tion of the testing equipment and the testing, the author worked 

jointly with Mr. J. J. Dodson, Jr. It is the purpose of this paper 

to present the evaluation of the Direct Shear Method while the eva- 

2 
luation, of the Tri-Axial compression method is given by Mr. Dodson. 

It is not the intention of the author to claim the results are a 

product of his own work, entirely, or to show any superiority of 

one method over the other since all the work was performed jointly. 

To make a complote evaluation, the comparison would have to be 

made for all types of material under many varied conditions. However, 

a good comparison could bo obtained for an investigation made between 

certain carefully controlled limits. Because of the time limit it 

was decided to perform all tests on one type of soil. All samples 

were prepared in the same manner, applying the same compactive 

effort to each. By varying the v/ater content slightly it ms possible 

to obtain samples of different density and shearing strength while 

all the other physical properties v?ere kept the same. 

Since this work was a research project, no -attempt was made to 

adapt the testing procedure to any particular natural condition. 

Instead, an average condition that is frequently encountered was 
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chosen which would be comparable bo an earth fill, compacted at or 

near maximum Proctor Density. 

A comparioon between the two methods could be made only by per¬ 

forming all toetc under the same conditiono. The load wan applied 

at approximately the came rate. Drainage waa allowed only through 

the ends on both type samples. The preparation of the oampleo elimi¬ 

nated any errors dvic to 1 pact history’ . To prevent different in¬ 

creases in otrength due to thixotropic effecto, the toots wore run 

at approximately the same length of time after preparation. Finally, 

to stay within the same range of loading, the normal load for the 

direct shear mo made equal to the confining pressure for tho Tri- 

Axial test. 

Thoory of Shearing Resistance 

Before beginning the discussion of the project it is necessary 

to study the basic concepts of the shearing resistance of soils. 

When a material is subjected to a shearing stress, there is a 

tendency to displace isolated particles with respect to each other 

or to displace one port of the material with respect to tho other. 

This displacement can occur by three methods: a slip of particles, 

a disintegration of the maos along a failure plane or a plastic flow. 

Opposing the displacement is the shearing resistance of the material. 

This shearing resistance is a passive stress developed only when a 

shearing stress is applied. In a condition of equilibrium the 

shearing resistance is equal to the shearing stress. An increase in 

the shearing stress c avis os an accompanying increase in the shearing 

resistance up to tho ultimate shearing resistance. If this limit is 



exceeded, failure occurs. The actual shearing resistance of soils 

io due to complicated phenomena. For cimplicity it is usually con¬ 

sidered to be made up of two factors: the frictional resistance to 

the movement of adjacent particles, and the cohesion between adjacent 

soil particles. Because of the basic differences of the two factors, 

they trill be discussed separately. 

Frictional resistance can be represented by a clean granular 

material ouch as dry sand. 'Tiro grains or fragments of on ideal 

granular material may be considered hold T 

normal force and a tangential force (S). 

Obviously tho value of S may bo increased from aero to some maximum 

value at which sliding between tho particles will occur. Tho angle 

of obliquity is the angle between the resultant (R) of the forces 

and the-normal.- As the tangential or shearing force (S) is increased, 

tho angle of obliquity also will increase up to 3ome maximum angle 

of friction 0 ; at this instant movement begins. Therefore, at 

failure for on ideal maos it may be written 

The analogy holds true in the case of granular soils whore 

failure occurs by a slip of particles along some plane with the mass. 

The internal friction (0) is a property of the material. The normal 

force (N) io due to the overburden and the applied load. To deter¬ 

mine the shearing resistance, the equation for cohesionloss material 

is visually written 

together by a normal force (IT) which is 

perpendicular to the surface of contact. 

All tho stress transmitted from one grain 

to tho other may be resolved into the 
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S,, - N tan. 0 . 

The other factor which makes up the shearing resistance is 

the cohesion. There are tv?o kinds of cohesion: true and apparent. 

True cohesion i3 caused by the mutual attraction between grains due 

to molecular forces. Apparent cohesion is due to the surface tension 

of the moisture films which surround the particles. For instance, 

fine sand which is cohesionloss when dry, will become cohesive when 

moist. The surface tension tends to hold the grains together in a 

manner analogous to the normal load in the other case. This hypo¬ 

thetical internal pressure would act in all directions within the 

mass to resist any shearing stress. Therefore, for the hypothetical 

case the cohesion could be written 

0 - pi tan 0 . 

The so-called internal pressure and tho internal friction depend on 

the material, not on any applied force. Therefore tho shearing resis¬ 

tance, duo to cohesion only, is constant and is usually written 

sc ~ °* 

Most actual materials will have properties of both friction and 

cohesion. Therefore tho total shearing, resistance can be expressed 

as the sum of the shearing resistance due to friction (S^,) and that 

due to coheoion (Sc) or 

S - 0 / H tan. 0 . 

This equation was proposed by Coulomb aborit 1775* From the 

Coulomb formula the shearing resistance of soil is made up of a 

constant cohesion and a frictional resictanco which depends upon 

the normal load. Since this formula was developed for an ideal 

4 
material, it is only an approximation for soils. . 
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To show that thia equation closely 

approximatea the actual failure of soils, 

tho strength envelope of a coil under given 

conditiono could bo conoiderod. The strength 

envelope is obtained by plotting the maximum 

shearing strength against the applied normal 

load. Within a given pressure range the envelope mil be approxi¬ 

mately a straight lino. From analytical geometry this lino con be 

represented by the "Slope-intercept" type equation 

S = A / BN 

in which A represents the aero intercept and B, the slope of the 

lino. This equation can also bo written 

S « o / H tan.0 

5 
which ia the accepted Coulomb equation. It can eaoily be seen that 

tho equation is approximate or empirical and that the terms friction 

and cohesion are conventional conceptions. In actual soils, the 

friction will not bo constant throughout the entire mass. Neither 

is the actual cohesion independent of the applied loads. The 

strength envelope is approximately a straight lino only for a limited 

range of loading. 

Another factor, not conoidered, ia the effect of the rate of 

application of the' load. When the .normal load is applied, part of 

the stress is carried by contact between tho particles and part by 

an excess of pore water pressure. Certain soils, such as clean sand, 

are so permeable that the water content adjusts immediately to tho 

applied load. For loos permeable materials, such an silt and clay, 

this adjustment ia much slower. This adjustment is called 
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consolidation. If the'teat in performed before complete conso¬ 

lidation has token place, the effective normal load between parti¬ 

cles will bo reduced. This causes on apparently lower value of 

friction. The increased effects of surface tension and viscosity 

give a higher apparent cohesion* 

If complete consolidation is allowed before the test is 

performed, all the normal load is carried by contact between the 

grains. Therefore, tho effective friction is higher and the 

cohesion lower. 

Because of the complexities which make up and influence tho 

shearing resistance, rational use of tho Coulomb ccitation can bo 

made only when all factors influencing the determination of C and 
• • : 9 

0 are known. • ' \ 



9 

CHAPTER II . 

TESTING EQUIPMENT 

Design Considerations 

The oldest method for determining the shearing resistance of 

soil is the direct shear test. A device to perform this type of test 

was apparently first constructed by Leygue in Prance and by Krey in 

Gerroany, then introduced into this country by Frofeosor Cain of the 
6 

University of North Carolina. Since that time the use of the direct 

shear machine has spread, and many varied types have been built 

ranging from very small machines to machines v?hich have a test.speci- 
7 

men of 12" x 12" x 6". 

Basically the apparatus is very simple. A sample is enclosed in 

seme sort of a divided box. A normal load is applied and the shear 

is produced by moving ono part of the box with respect to, another. 

Some provision must bo made for determining the normal load, the 

shearing force, the change in sample thickness, and the shearing 

strain. 

.With any apparatus of thin type there are several inherent dis-. 

advantages. One of the greatest of these is the reduction of tho 

sliding area as the shearing strain is increased. This affects not 

only the unit shearing stresses but also tho unit stresses due to the 

applied normal load. Tho second main disadvantage is that the dis¬ 

tribution of the shearing stresses over the potential area of sliding 

is nm-uniform. Failure or yielding tond3 to begin at the edges and 

proceeds to the center. This progressive failure may cause the sample 

to, bond or the shearing surface to bulge. Another difficulty is in 

tho apacing between the shear boxes. Too much space causes bending 
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in tho sample; too little allows friction on soil particles caught 

between the boxes. The change in the vatei' content also causes 

complications. Very permeable soils drain so rapidly that the test 

cannot be performed at a constant vrotor content. For other soils 

the draining is so slow that a largo part of the load is carried by 

pore water pressure. Either of these conditions will give erroneous 

8 
values of cohesion and internal friction. 

There are two methods of applying the shearing load, namely by 

stress control or by strain control; In the controlled-stross type 

shear bo;: the horizontal load is applied at a uniform rate, and the 

deformation produced is measured. In the strain-controlled type a 

uniform rate of strain is applied, and the load required to produce 

this strain is measured. Since in the stress-controlled typo the 

materials fail completely at the maximum load, no information can 

be obtained beyond the failure point. Therefore, the relationship 

between shearing stress and strain beyond the peal: value can be 

9 
determined only with a strain-controlled typo apparatus. 

In an effort to standardize soil testing procedures and to 

assist in obtaining useable results tho A.S.T.M. lias published 

Procedure for Testing Soils. In that publication CONVERSE malcoo 

10 
the following recommendations. For strain control, the horizon¬ 

tal displacement should range from 0.02 to 0.10 inches per minute; 

for stress control the load should be applied at a rate which will 

complete the test in ten minutes. Tho size of the sample container 

should be at least twenty times tho diameter of the largest particle. 

To prevent squeezing out of tho material, tho clearance between tho 

samplo container and tho loading block should not exceed 0.015 times 

the diameter of the samplo container. These recommendations have 



11 

not boon, universally accepted. For instance, the Bureau of Public 

Roads recommends a velocity of horizontal displacement from 0.002 to 

11 
0.02 inches per minute. 

It was decided to design a machine of the strain controlled type 

which would operate at a rate of 0.20 inches per minute, It wa3 be¬ 

lieved that this speed would bo slow enough to prevent viscous resis¬ 

tance of the liquid filling the pores of the soil, yet rapid enough 

to prevent consolidation under the load, to heterogeneous materials 

such as soils, the larger the sample tested the groater the probabi¬ 

lity of obtaining true or average results. Therefore, by testing 

the samples in double shear, two areas of each sample rather than one 

are tested. The double shear, or three ring machine, also tends to 

reduce bending in the sample. Vertical cracking due to induced 

shearing stresses is also reduced as the samples are thicker. 

to an effort to eliminate the difficulty of cutting and trimming 

the sample exactly to fit the shear box, Proctor developed a orocedure 

12 
using a liner to contain the sample. The liners, which consist of 

three cylinders or inner rings, are placed inoide the shear box. 

Proctor* s liners are relatively heavy so the sample con be compacted 

directly within them. Undisturbed samples must be mounted in the 

inner rings by a special, time consuming process. To obtain a more 

versatile arrangement, it was decided to use very thin-walled liners. 

These thin liners would also serve as the liner for a core barrel or 

cutting tool. The sample is placed within the liner during the 

cutting process. This method can bo applied for either compacted or 

for a so called "Undisturbed11 sample. The confining of the sample 

within these liners does not disturb the edges of the sample as 

badly as would inserting a similar sample without the liners into 
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•the machine. It was also believed that theeo liners would hold the 

a ample evenly and tightly thereby giving bettor shearing stress dis¬ 

tribution across the sliding surfaces. 

Description of Testing Machine 

Following the ideas of design worked out from the recommenda¬ 

tions already listed, tho testing machine was designed and built as 

shovel in Figure 1. 

Accessibility to tho sample is necessary from the bottom as well 

as tho top. It is also necessary for the normal loading lever to 

extend past the machine on both ends. To meet these requirements a 

12" channel, 50" leng was used as a base while legs made of 1-1/4" x 

1-1/4" angles were used to make the stand. The machine may be 

divided into three functional parts for discussion: The Shear box, 

tho normal loading lever, and the shear loading mechanism. 

The shear box, as shown in Figure % consists of-three oast 

bronze rings and the framework necessary to support them. These 

outer rings were carefully machined so that the sample contained in 

the 5" CD liners would fit snugly within them. The lower ring was 

fastened directly to a 1/2" base plate. A framework of cold rolled 

steel bars was constructed to hold the top ring in position. To 

allot; the necessary horizontal movement, the central ring was 

supported on four ball bearings. These ball bearings worked in "V" 

shaped tracks which had been milled in cold rolled steel bars. A 

track or runner was fastened to each side of the center ring and to 

the side of the shear box framework. Ball bearings between those 

tracks provide on almost frictionleso support for the center ring. 
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Even for ordinary coils, normal leads may be desired as high ac 

50 psi, which would mean a total load cn tho sample of approximately 

540 lbs.. Any type of jacking apparatus would require a device to 

measure the applied load.. Therefore, the simplest form of loading 

device is a lever-.. The loading mechanism designed for -the machine is 

shown, in Figure 4. This lever 4' long, made of cold rolled steel bars 

was balanced by the moveable counterweight 30 that only tho applied 

weight produces a load on the sample.. To distribute the load evenly 

over the entire area pivoted loading blocks are provided above and 

below the sample. A quick release mechanism was designed to support 

tho bottom loading block. This consisted of three arms pivoted from 

tho base of the machine which can be swung in and out of position by 

the control bar-. 

The shear load is applied by means of a "Turning Hut" type const¬ 

ant rate of strain mechanism..(See Figure 2.) The driving power is 

supplied by a 1/20 horse power Ratio—motor, Tho gear train reduces 

tho out put speed of tho motor to 0.8 RHI for tho driving gear. The 

driving gear is tapped to engage the threads of the 5/4" diameter 

lead screw. Since rotation of tho lead screw is prevented by a key 

and keyway, turning the driving gear causes horizontal motion of the 

lead screw. The load required to produce this horizontal motion was 

determined by measuring the deflection of the proving ring* This 

proving ring, made of heat treated alloy steel, was calibrated before 

mounting in the machine (See Figure 9)* The actual rate of strain 

varied from tho 0*2 inches per minute motion of tho lead screw by 

the deflection of the proving ring* This variation is slight but 

causes a noticeable reduction of the velocity until the peak load is 
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reached. The actual strain is determined by a l/lOOO inch dial 

gauge which measures the movement of the center ring. To position 

the center ring the sliding gear may bo disengaged and the assembly 

moved by hand* 
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CHAPTER III 

METHOD OP TESTING 

Preparation of Test Samples 

The selection of the sample material was baaed on three main 

criteria. Firat, a sample mo desired that would give results that 

wore applicable to many other typeo of material. To do this tho 

material must have both properties of cohesion and internal friction. 

Seconds the material in its natural state should be as homogeneous as 

possible. It should contain enough sand particles to be broken-down 

easily and mixed to obtain an even water content. Thirds it ms de¬ 

sired to test a local material frequently encountered, in construction. 

The reason for this was that if the results obtained were applicable 

only to the material tested they would still be of some value. 

To meet these requirements a large deposit of reddish-brown sandy 

clay was selected which had been exposed by on excavation made at the 

Gulf Freoway crossing of Brays Bayou. Because of the accessibility 

of the locations the desired quantity of material was easily obtainable. 

Tho material lias a liquid limit of 20.65/as plastic limit of l6.20/;5, 

and contains almost no foreign-or organic material.- The material 

contains a large percentage of sand which makes it readily workable 

when slightly damp. 

As brought in from the field the soil had a water content of 

approximately 10%» At this water content the matorial proved to be 

soft and workable yet not too plastic or sticky. Tho material ms 

first passed through a screen made from 1/4" mesh hardware cloth. 

This accomplished a double purposo: it screened out any impurities 

such as bits of shell and grass roots and broke up the large lumps 
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to smaller more workable particles. The material was then placed in 

large open trays and thoroughly mixed to obtain as homogeneous a 

sample as possible. Water was added or the material was allowed to 

dry until the desired water content was reached. The mixing was con¬ 

tinued at intervals umtil the water content was evenly distributed. 

The sample was then ready for molding. 

In order to obtain as' nearly as possible the same density for 

each ‘test* specimen, the Compaction machine was used, (See Figure 

No. 7) This machine is simply a mechanical tamping device designed 

to apply the same amount of compactive effort to each layer of soil 

compacted. The hammer weighs 10 lbs, and lias a striking surface of 

5.14 square inches the shape of one quarter of a circle. With each 

complete rotation of the handle, the hammer is lifted 12", rotated 

approximately pO degrees, and allowed to fall. Each test specimen 

’was compacted in three layers, each layer being approximately l-p/4 

inches deep and containing approximately 1-1/2 lbs of material. The 

amount of material per layer as measured by the loose volume -was 

determined by trial and error. Each layer was given a compaction of 

twenty-five blows giving a compactive effort: of 11.4 ft. lbs. per 

cubic inch. After compaction, the samples were removed from the 

mold and stored in air tight, one gallon cans. These 'prepared' 

samples were cured for at least 24 hours before tests wore made to 

allow the water content to become-uniformly distributed in the 

sample . 

It may be added that the time required to compact the samples 

was considerably reduced by the construction of the mold shown in 

Figure 5. This mold ms made from an 8-1/4 inch length of 4 inch 

pipe split in half longitudinally. During compaction these two 
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halves were held togother by four Allen screws in lugs near the top 

and bottom of the mold * By unscrewing the four screws, the mold may 

be opened and the sample easily removed. The standard mold for the 

compaction consists of a hollow cylinder with a slight taper from one 

end to the other on the inside diameter, Tho compactod sample must 

be forced out of tho larger end of the cylinder. Removal of the 

sample from the split mold not only takes less time and effort, but 

also causes loss damage to the sample, 

Before the sample was ready to tost it was trimmed to the re¬ 

quired siae and placed in the three 3-inch 0,D. brass inner rings or 

liners. This ms done by a special cutting tool shorn on Figures 5 

and 6. The cylindrical tube was made from throeinch-1.D, seamless 

steel tubing so that the inner rings would fit snugly inside tho 

tube. The cutting edge was beveled on the outside on a 15 degree 

taper while the inside diameter was the same as that of the liner. 

With the inner rings placed in the order shewn, tho cutting tool was 

forced through the four inch diameter molded sample by using the 

laboratory press. This laboratory press, built for the project, 

consisted of a loading frame and a scissors type automobile jack, 

(See Figure 8) 

After tho sample, contained in the inner rings, was.removed 

from the cutting tool and trimmed to the length as shown in Figure 

6f it was ready to be put into tho testing machine. To assure 

that the loading block vnxs bearing against tho sample and not the 

end of the liner, the sample ms trimmed one-fourth inch shorter 

than the liner on each end. 
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Tooting Procedure 

! ■ 

After the center frame was returned to the aero position, the 

oainple could be inoerted from either top or bottom. When the sample 

io in proper alignment, the divisions between the inner rings are 

visible through tha space between the outer rings, If the inner ringo 

are in contact with each other during testing, serious errors result. 

To prevent this tho inner rings may be spread by spacers l/p2 of an 

inch thick. These spacers are forced between tho inner ringo from 

both sides of the shear box. The bottom loading block io put in 

place, and the quick release mechanism moved to support the load. The 

normal loading lever io swung down into position and leveled* Before 

tho normal load is applied the dial measuring vertical deformation io 

moved into place and set at zero. This is done so tho initial con¬ 

solidation can bo measured. After the normal load lias been applied 

tho opacoro between the inner rings are removed, and tho machine io 

ready to test. 

To begin the test the sliding gear is engaged, then the motor 

started. The data desired from the test consisted of a series of 

simultaneous readings of the horizontal deflection, the total load 

or the shearing resistance, and the vertical deformation. It was 

found that talcing a reading of the total load for each increment of 

horizontal deflection gives a bettor stress versus strain curve than 

readings taken at each increment of load,. Hear the maximum load, 

whore much information io essential, the load changes very little. 

Therefore, to obtain sufficient information, readings were taken 

for each 1/100 of an inch of horizontal, deformation. The test data, 

thus taken, io tabulated in the appendix.: 

The density and the water content of each sample tested wore 
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desired. At the completion of each teat, a portion of the sample 

was weighed, dried in an oven and weighed again to determine the 

water content. As each sample had the same volume, the density could 

be determined from the weight of the cample.' Just before the sample 

was inserted into the machine it was weighed.' The density was calcu¬ 

lated as follow i 

During the testing two types of tests wero performed—the "Quick" 

and the "Quick Consolidated"»• The test procedure for the Quick toot 

has boon described.; The test procedure for the Quick Consolidated 

test differs from the Quick test in only one respect.1 Before the 

test is begun,.complete consolidation under the normal load is 

allotted-. , To do this, .the testing machine is set up and the normal 

load applied exactly as in the Quick test. ! The consolidation of 

the sample is determined by the-vertical deflection dial. After the 

ultimate consolidation is reached,-the tost may be performed. For 

the sample tested, .twenty-four-hours was allowed for consolidation. 

Tile time required for the Quick test is so short that the water 

content of the sample does not change appreciably. ' Therefore no 

drainage facilities were provided, -For the Consolidated Quick test, 

the normal load was applied 'through porous stones to permit drainage 

at both ends of the oample during consolidation. ‘ 

Density(wet) Dw- 455*59 

Denoity(dry) Dd= JT/u0 

xy.75x6.777 = .1458 "w" 

Me - Water content 
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CHAPTER k 

INTERPRETATION OF TEST DATA 

Normal lathed of Interpretation 

To determine the internal friction and cohesion for any particular 

sample, it io necessary to determine the maximum shearing stress for 

each test. The data, as recorded, has very little meaning. The 

shearing stress is recorded in Proving Ring Dial readings, not in 

pounds or in PSI, The first step in interpreting the teat data must 

bo to convert the shearing resistance to a more useable form,. 

Before the proving ring was mounted in the shear machine, it 

uaq calibrated by using a Riehle Hydraulic Tenting Machine. The 

calibration curve is shovm on Figure 9» With this curve it is possible 

to determine, the load in pounds for any deflection of the proving ring. 

The shearing stress rather-than the shearing load is desired. To 

calculate this stress, the load must be divided by the area of the 

shearing surface. At the start of the test the horizontal.displace¬ 

ment is zero, and the oroa is simply twice the cross-sectional area 

of the sample. As the tost progresses, the horizontal displacement 

causes an overlapping of the rings. This reduction of the area in 

shear depends entirely on the horizontal displacement*, 

An exact determination of this area may be made by considering 

two circles of radius "R" v/hich overlap a distance "a"The center 

of gravity of the area resulting after the overlapping has taken 

place is l/2a from tho center of either of the circles. The area 

of one quarter of the resulting area could be expressed as 
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Figure 9 
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2 2 ~ 2 
The equation of a circle io x / y ? R 

- /r,2 2\3 y ~ (R - x ) 

Therefore tho total area would be 

fT o 2 "a 
A ~ 4/ (R - x ) dx 

U11 

Whichj after integration, would equal 

o o p ti p &  

A = JTR - a(R^ ** ia ) - 2 R sin 2R 

From this equation the actual (shearing area was calculated for 

every 0.05" displacement up to a displacement of 0;5"• These valueo 

were plotted against the correoponding displacement on Figure 10; 

Using this curvo it is possible to determine the actual shearing 

area correoponding to any displacement; The true shearing stress for 

any load may be calculated by dividing the load by the actual area* 

Therefore, for any . proving ring dial reading it would have to first 

be converted to pounds using Figure 9; Then the stress could be 

determined using the area from Figure 10 corresponding to.the deflection. 

To do this for every value of each test would be a long and tedious 

process. Therefore a faster method wan desired; 

Tho apparent or uncorrected shearing stress could be doterained 

by dividing tho loads by the area at the start of the test; This 

area io a constant; The deflection of the proving ring for each 

pound of load is also constant* By combining thebe two constants it 

io possible to obtain a direct relationship between proving ring 

dial readings and the uncorrecicd shearing stress; A plot of this 

relationship is shown on the left half of Figure 12. 

The actual shearing stroos could be expressed as a percentage 

of tho uncorrected stress. The increase of the actual stress over 

the uncorrected stress is in direct proportion to the reduction of 
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the area. The correction for the increase in stress due to the 

displacement can be v/ritten 

„ , . „ actual stress 
Correction Factor :  

apparent stress 

- lo^d/actual area 
load/initial area 

The correction in percent would be 

, . . _ initial area   
corrections * 100 

Using this relationship a correction curve for the increase in 

stress was plotted,. (See Figure 11),. Even with this correction 

curve the stress would still have to be calculated for every dial 

reading. 

A method of automatically applying a similar correction while 

plotting the stress-strain curve was developed by Mr,. Fred A,. Harris. 

This method, called the Computo-Plot, is used to interpret the re¬ 

sults of Tri-Axial tests made for the Texas Highv/ay Department. 

Y/ith certain modifications thi3>inethod can also be applied to direct 

shear testing. 

The actual shearing stress versus horizontal displacement may 

bo plotted for any load,. ■ 'This curve will begin at the apparent 

shearing stress and increase according to the correction from Figure 

11. It is possible to determine from this curve the true shearing 

stress for this load at any displacement,. A family of these curves 

has been plotted for every 5 poi stress and is shown on the right 

half of Figure 12. Using Figure 12 it is possible to determine the 

actual shearing stress for any proving ring dial reading without 

malting any calculations. The Computo-plot was not designed to be 

a method of determining the actual stress but to be used in plotting 

) 



the stress versus deflection curve from teat data. Rather than, 

plot directly on the Computo-plot, a piece of very thin graph paper 

nay be fastened over the right half of the computo-plot. To plot 

any point enter the chart on the lower left with the proving ring 

dial fending. Proceed vertically to the calibration curve, then 

horizontally to the apparent shearing stress,. At this point pro¬ 

ceed along the slanted stress correction linos to vertical line 

marking the displacement. Since this is the actual shearing stress, 

the point is plotted there,. If this is done for each load taken 

during the test, the stress-strain curve will result. 

For each test performed the stress-strain curve was plotted in 

this manner. The curves for Sample II are shown on Figure Ip as a 

typical example,. For these curves the dotted line represents Quick- 

consolidated tecta, while tho solid line represents Quick tests. 

Tho principal reason for plotting the stress-strain curve- was to 

determine tho 'maximum or -ultimate• shearing stress,. Since these 

curves show actual stresses, the maximum may be determined directly 

from tho curve,. 

Actually it is not the maximum shearing stress, but the cohe¬ 

sion and internal friction that io desired,. As explained in the 

first chapter, "C11 and 110” may be determined from the strength enve¬ 

lope. This strength onvelope is a plot of the maximum shearing stress 

versus the normal load. A strength envelope vras dram for each sample. 

Figure 14 she via this curve for Sample II. Tho maximum shearing 

stresses were determined from Figure and plotted against the normal 

load. The cohesion is the intercept of the curve at zero normal load, 

and 0 is the angle between the curve and the horizontal-* 
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HORIZONTAL DISPLACEMENT IN INCHES 

TYPICAL STRESS VS. STRAIN CURVE 

SAMPLE II - TESTS 7 - 12 

Figure 13 
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Correction of Normal' Load 

After several samples had been tested it became apparent that the 

results wore not correct., Tho angle of friction found ranged between 

50 and 60 degrees.. Since 0 is very seldom as high as 40 degrees, the 

values found were knom to bo in error.. The test results were consis¬ 

tent., The stress-strain cvirves had the proper shape and the strength 

envelopes wero straight lines., The cohesion checked approximately tho 

results obtained by Tri-Axial testing., The equation of tho strength 

envelope is 

C / H tan 0 „ 

Since "C" v/as correot tho error in the slope of the line must be due 

to tho normal load., 

Measuring tho normal load showed that the desired normal load 

was being applied to the top of the sample*. Tho vertical deformation 

dial readings,, taken during the tooting, showed that the material 

bulked considerably before the maximum load «s reached.' For tho 

material to bulk thore must be vertical movement of the material. Re¬ 

sisting this movement would be frictional forces which would increase 

the normal load on tho failure planes.. 

The normal load on the failure planes cannot be measured. The 

load on the bottom of tho sample would not be tho load at the failure 

plane but would indicate on increase on the normal load. To measure 

the load on the bottom, the compression proving -ring from tho Tri-Axial 

machine was used. Supporting this proving ring, a hydraulic jack was 

used. The quick release mechanism, which normally supports tho loading 

block, allows no vortical displacement. Therefore tho hydraulic jack 
, .. i | •   

was operated to keep the displacement of the bottom loading block equal 

to aoro during the tests. The load on the bottom of the sample would 



bo the reading of the compression proving ring., This data mo taken 

for three tests—59> 40, and 4l.; Tho results of theso tests were 

plotted and shorn on Figure 15. 

From theso curves it is evident that the normal load on tho 

bottom increases considerably daring the test.,- This load on tho 

bottom is not the load on the failure plane since there are friction 

forces built up between the lower rings.. The curves of normal load 

on tho bottom shov; little similarity.. They all increase as the 

shearing load increases., Although no direct conclusions as to tho 

magnitude of the increase may bo obtained from theso curves, they do 

prove that the normal load is increased during the test.• 

The increase in the normal load must be due to frictional forces 

which oppose bulking.. From the vertical dial readings it is apparent 

that the sample increased in length during tho test.- This increase 

in length must bo due to bulking on the failure planes.' For this in¬ 

crease in length to take place, the material in the top ring would 

have to slide upward., 

This sliding could toko place either between the sample and tho 

liner or between tho liner and the outer ring*' Since both brass 

surfaces were very smooth, the coefficient of friction of braes to 

brass should be less than that of soil to brass.' It was therefore 

assumed that this sliding would occur between the liner and the outer 

ring. 

For sliding to take place, the 

maximum frictional force must be ex¬ 

ceeded., Therefore tho load on the top 

shearing surface would be 11II", the applied 

normal load plus 11F", the force of friction 

!/2P 

N 

J 
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or 1 

Mt ? M / P. 

The center ring is free to move upward. Therefore the center ring 

would simply move upward if the material bulked. The load on tho 

bottom Gurface would be the load on tho top shearing surface plus 

the weight of the center ring or 

Hb = IT / F / W ., 

The average normal load would be 

\ sjj/p / 

Since the applied load, K,. and the weight, Y/, ore Ycnown, the actual 

normal load could be determined if the frictional force, F,- were 

known., 

To measure the frictional forces,, a 5” CD thick v/alled brass 

cylinder v?as incerted into tho testing machine in place of tho sample. 

A horizontal load "P” vjas applied to the cylinder.. The cylinder mo 

then forced to move upward by an arrangement similar to that used to 

measure tho normal load on the bottom., The load from the jack was 

increased until the cylindor moved.. The maximum reading of the com¬ 

pression proving ring was recorded•> The force to move tho cylinder 

was made up of a frictional resistance, F', and the weight of the 

center ring, W., To compute tho actual frictional resistance, the . 

weight was subtracted from the load recorded., 

Tho cylinder was extended only through tho top and center rings.. 

The contact prescure between the liner, and the top rihg in thin case 

would equal P., The sample extends into both the top and bottom rings 

which reduces tho contact pressure against the top ring to -§P.. This 

would also reduce the frictional force against the top ring by a 

factor or two., Therefore, the actual P was obtained by dividing the 
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F* determined by two. 

The results of the determination of the friction correction are 

listed below. 

Horizontal Friction Corrected 
Load Vertical Load Load Friction 
» p» IT* . IT* ■ N* - u F F 

Horizontal Compression 
Prov. Ring Prov. Ring 
Dial Rdg.. Dial Rdg. Lbs. Lbs * Lbs. PSI 

50 ' 25 50 41 20.5 5.02 
100 45 90 81 40.5 5.98 
150 m . 156 127 65*5 9.57 
200 94 188 179 8 9*5 15.20 
250 i?5 • 270 261 150.5 19.28 
500 191 582 575 186.5 27.40 

Weight Correction: Yf - 9 lbs. - 4.5 lbs. - 0.7 psi 

From this data the correction curve was plotted. (See Figure 16.) 

Y/ith this curve the increase in normal load may be determined for any 

shearing resistance. The actual normal load on the failure planes 

will bo the sum of the applied load, the increase due to friction and 

the weight correction. The actual norma.1 load is dosirod only at 

failure. The increase duo to friction may be determined frosi Figure 

16 since the shearing resistance at failure is known. The true 

normal load obtained in this manner was then vised to plot the strength 

envelopes a3 shown on Figure 14. 
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CHAPTER V 

RESULTS 

Behavior of tho Direct Shear ’--achine 

In even tho moot carefully designed machines the need for 

certain corrections or revisions beccmeo apparent after the equip¬ 

ment has been put to use. Certain difficulties were encountered 

during the operation of the shear machine. Those operational diffi¬ 

culties made tho tooting more tedious but actually had no real effect 

on the test results, 

Tho most troublesome of these difficulties was tho insertion of 

tho sample into the shear box. A small clearance mo allowed between 

tho liner and tho outer rings to insure a snug fit, Particloo of 

soil between the liner and the cuter ring increased the force re¬ 

quired to insert the sample, The three liner rings were not always 

in perfect alignment. This also made insertion difficult. Samples 

that had a high water content were so soft that handling them was 

troublesome. On tho other hand, samples that were very dry often 

broke apart during inserting. 

Most of these difficulties encountered were overcome by the use 

of an insertion, cylinder. The cylinder was made of a thick walled 

braes tube 'which had the same outside diameter as the liner. (See 

Figure 1) One end of the cylinder was turned down to fit inside 

the liner one quarter of an inch. Using this cylinder, the sample 

could be pushed in place in much less time. 

In tho process of inserting the sample the inner rings are 

forced into contact with each other. These had to be separated 

before the test could be performed. Spreading the rings proved 
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difficult because of their inaccessibility. 

One other difficulty encountered was not directly caused by the 

machine but by the method of preparation of the samples. These 

campion were compacted in layers. The planes separating these layers 

were planes of 1708101003. When one of those compaction planes fell 

veiy close to the shearing plane, low shearing values were obtained. 

One factor,not considered in the design of the machine,was found 

to have a substantial effect on the results. Thin wan the increase 

in the normal load due to tho bulking of the material. The correction 

developed may be applied only to materials which bulk sufficiently to 

cause an appreciable lengthening of the sample. Certain materials 

ouch as soft clays, do not bulk at failure. For materials of this 

typo the correction factor would bo scro, and the machine would give 

correct results. For Intermediate materials which bulk only slightly, 

no correction factor of thi3 typo can be developed without a Itnow- 

ledgo of the elastic properties of the sample. Therefore the inter¬ 

pretation of tho test results would bo difficult. 

Except for the indeterminate values of the normal load tho 

machine functioned satisfactorily. The test rosults were consistent 

throughout the testing. To prove this, tests 59s 40, and 41 were 

pcrfoi'med simply to check the consistent operation of tho machine.. 

(See Figure 17) These three tests were performed at tho same 

applied normal load on samples which varied approximately one percent 

in density. Tho ultimate shearing resistances determined from 

these tests varied less than three percent. The variation in the 

ultimate shearing resistance was proportional to the density. There¬ 

fore some of the variation in the shearing resistance was due to 

differences in the density. 
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The distribution of the shearing stress over tho failure planeo 

was fairly uniform since there was no evidence of bending or 

cracking in the sample-. At Certain times short samples were tested. 

Even when the end of the sample was within a half inch of the 

failure plane, there was no noticeable effect on either the sample 

or the results. This oven distribution was probably due to the 

manner in which tho sample is held by tho liner. By cutting the 

samples directly in the liner, the sample fits tho liner almost per¬ 

fectly. 

The moving parts of the machine also performed satisfactorily. 

The load applied by the normal loading levor was found to be very 

close to the calculated value. Even when different dial gauged 

wore tried, the proving ring ms found to be a very accurate and 

sensitive method of determining the shearing load. 

Despite all the better features the machine may have, the 

machine as designed will not give accurate results. Tho correction 

for the increase in the normal load must be applied before useable 

results are obtained. Therefore, before the machine may be classed 

completely satisfactory this error must be eliminated. This in¬ 

crease in the normal is due to frictional forces against the top 

ring. If the top ring wore free to move vertically this could not 

take place. This motion must be almost frictionleso and would 

have-'to bo'rigid in all directions except vertical. The simplest 

method of mounting would bo to pivot the top ring from a point at 

a reasonable distance behind or in front of the shear box. If 

this pivot were on tho some level as the ring, a very small verti¬ 

cal motion of the ring would not affect the equilibrium conditions 

appreciably. Therefore small vertical movements of tho ring 
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would, bo possible with almost no resistance. A counterbalance 

could be used to remove the effect of the weight of the top ring 

itself. 

From a study of the performance of this machine certain 

recommendations may be made concerning the design of similar 

machines. First, and most important, on any three ring type machine 

the top and center rings should be free to move vertically. Also, 

bettor accessibility to the sample is desirable. Although the 

methods of applying the normal and shearing loads was. satisfactory, 

a more efficient design might reduce the space required. To adapt 

the machine for two ring testing, a bottom plate for the center 

ring could bo made. Ho provisions were made for performing 

saturated tests. If this were included a wider range of field con¬ 

ditions could be duplicated. 

The machine as built lias certain very desirable features as 

well as certain undesirable ones. It is believed that these diffi¬ 

culties can be overcome by a modification of the machine. The 

resulting machine should give accurate results for most types of 

soil under a variety of conditions.: 

Analysis of Test Data 

All the data taken in the process of testing is recorded in 

the appendix.. From this data the maximum shearing stress v/as deter¬ 

mined and is listed on Table I along with the other data calculated 

for each test. From strength envelopes plotted for each sample, 

values of cohesion and internal friction were determined. The re¬ 

sults are tabulated in Table II. 

The results of the project were primarily dependent on the 
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TABLE I - DIRECT SHEAR TESTS 

Calculated Test Data fox* Quick Tests 

Test Y/ater Density Hormal Load Max. 
Ho. Content Yfet Dry Applied Corrected Ss 

Percent Lbo/OuPt# FSI P3I 

Sample 1 

1 7.05 124.0 115.0 6.94 17.1 25.6 
2 7.07 122.9 114.8 15.89 26.8 51.2 
5 6.94 124.5 116.4 27.78 55.5 50.0 

Sample II 

8 9.79 155.1 121.1 6.94 20.5 52.0 
9 10.05 155.2 121.1 15.89 29.5 56.4 

10 9.85 152.5 120.9 27.78 50.6 44.8 

Sample III 

15 9.50 152.8 121.2 6.94 17.7 :28,o 
16 9.17 152.8 121.6 15.89 50.1 57.5 
IT 9.05 152.1 121.1 20.85 58.0 59.0 
18 9*51 152.6 121.2 27,78 58.0 55.5 

Sample IV 

26 9.50 150.5 119.4 6,94 17.6 27.8 
27 9.45 150.0 116,8 6.94 16,4 24.2 
28 9.12 150.4 119.5 15.89 27.4 55.0 
2 9 9.50 129.5 118,5 15.89 24.9 28.0 
50 9.58 129.4 118.1 27.78 60.5 44,7 
51 9.42 150.4 119.4 27.78 45.8 5<5.5 

Sample V 

20 9.18 155.2 122.0 6.94 19.5 51.2 
21 9.00 155.9 122,5 6.94 19.6 51.5 
22 9.18 155.8 122.5 15.69 55.2 41.6 
25 9.11 150.1 II9.I 15.89 26.6 50.0 
24 9.52 155.8 122,1 27.78 67.0 59.5 
25 9.48 155.5 122,1 27.78 59.7 54.0 

Sample VI 

52 6,56 122.9 115.4 15.89 26,4 50*8 
55 6,72 122.6 114.9 6.94 19.2 51.0 
54 7.02 122.0 115.9 15.89 27.4 55.0 
55 6.80 122.8 115.0 15.69 55*4 55*4 
56 6.74 122.5 114,9 27,78 59.6 55.0 
57 6.59 122.0 114.5 27,78 60.5 55.0 
58 6.78 122.1 114.5 6.94 17.2 26.6 
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TABLE I - CCUT*D. 

Toot Water Density Normal Load Max. 
No. Content Wet Dry Applied Corrected Ss 

Percent Lbs/Gu Ft* PSI PSI 

Sample VII 

59 10.15 lp4*9 122.4 27.78 59.1 54.0 
4o 10.18 . 155.8 125*2 27.76 59.6 54.6 

. 4l 9.80 155.6 125*6 27*78 60.7 56.0 

Calculated Test Data for Consolidated Tests 

Sample I 

4 7.04 125.9 115.6 6.94 20.1 52.8 
. 5 6.94 124.2 116.1 15.89 51.4 59.5 

6 6.88 122.5 114.8 27.7S 65.4 59.0 

Sample II 

7 9.68 152.2 120.5 6.94 20.5 52.5 
11 9.75 152.4 120.7 15.89 52.8 41.4 
12 9.42 155.0 121.5 27.78 59.5 • 54.5 

Sample III 

15 9.00 152.5 121.4 6.94 18.1 29.2 
14 9.14 152.9 122.8 15.89 51.6 59.5 
19 9.60 151.1 120.0 27.78 51.4 46.5 
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TABLE II 

Tabulated Reoulto of Direct Shear Tests 

Sample Average 
Ho*. Vfetor 

Content 

Average 
Dry 

Density 

0 0 

Percent Lbs/Cu Ft* Degrees PSI 

For Quick Tests 

I 7*0 115.6 52*2 15*0 
II 9*8 121*0 25*2 24.0 
III 9.5 121*5 52*4 16*9 
IV - 9*4 119*0 24*6 17*8 
V 9.2 121.7 50*6 20.0 
VI 6*7 114*7 50*7 18.5 

For Consolidated Results 

I 7.0 115*6 50*4 21*8 
II 9*8 . 121*0 29.5 21.1 
Ill 9*5 121*5 27*8 21 *5 

For Average Results 

119 25*5 18*8 
120 27*6 19*2 
121 29*7 19*6 
122 50*5 20.8 

TABLE III 

Tabulated Results of 
2 

Tri-Axial Testing 

Sample Average Average 0 0 C 
Ho* Water Dry 

Content Density 
Percent Lbs/Cu Ft, i Degrees Degrees PSI 

For Quick Tests 

I 6.8 115*5 27 12* 20*4 
II 9.7 122.5 52 9.5* 25.0 

III 9*4 121*0 24 10.5* 16*0 
IV 9*6 120.0 50 24.5 22*0 

V 9*2 120*5 50 7*5* 20*0 
VI 6.7 114.0 26 29*5 20.0 

For Consolidated Tests 

I 6.7 114.0 Ho Results 
II 9.5 121.5 26 24.0 54*0 

III 9.0 121.0 50 28.0 28.0 

Ho membrane used* 



control of the samples tested. Ho comparison would bo possible 

unless the test specimens were almost identical. Therefore, it was 

necessary to produce test specimens of equal density and moisture 

content. The maximum variation of the water content found within 

any sample was 0.6 porcont, and the average variation was 0.4 percent. 

The average variation of the density was 1.2 lbs. per cu. ft. which 

was approximately one percent of the density; In only one toot cut 

of 40 did this variation exceed 1;7 lbs. per cu; ft. Those varia¬ 

tions showed that the test specimens wore by no means identical, but 

wore within the expected range of accuracy for soils. 

On the first three samples both quick and consolidated-quick 

tests'-wore performed.1 This was done to determine differences in the 

results of the two types of tests. Also it was believed that a better 

comparison to the Tri-Axial results might be obtained with the conso¬ 

lidated tents. In most materials the consolidation increases the 

angle of friction.; For all tests the wator content was considerably 

below saturation.' Therefore when the normal load was applied the 

increase in the pore water pressure was negligible. Consequently 

the values of 0 for tho quick and consolidated-quick tests ’were approx¬ 

imately equal.- During the time allowed for consolidation some ce¬ 

menting action took place in tho material which increased tho cohesion 

and the chearing strength. 

The average moisture content of four of the six samples tooted 

ranged between 9 and 10 percent. The water content for maximum 

Proctor density is within this range. Therefore, there is relatively 

little change in the densities of the four samples. Because of tho 

small rango of moisture-density relationships tested, it is difficult 

to determine the general trends of tho results. As the water content 



increased, 0 • decreasedThis may he explained by the-lubricating 

action of the additional moisture. The increased moisture content 

also tends to increase the apparent cohesion. 

Since the variation of the water content of those four samples 

was small, good average values of the results are possible. An 

average 0 and 0 could be obtained by simply averaging the values of 

0 and 0 that wore determined for each sample. Another method would 

be to determine C and 0 from one strength envelope plotted from tlio 

results of all the toots. Either of those two methods, however, would 

give one average value of G and 0 for all sample densities between 

119 end 122 lbs. por cu. ft* Therefore, a method which considered the 

effect of the density mo desired. 

For each test of these four samples, the maximum shearing stress 

was plotted against the density of the test specimen. (See Figure 18) 

A curve was drawn through the points for tests performed at the same 

applied normal load. From this curve it was possible to determine the 

average maximum shearing stress for each applied normal load. Strength 

envelopes were plotted from those average valuos. (See Figure 19) The 

average 0 and 0 obtained arc tabulated on Table II. It can be seen 

that the average values are in close agreement with the values of 

Samples III, IV, and V. These average values do not take into account 

the effect of increased moioturo content. Consequently the values for 

Samplo II deviate from the average. 

These average strength versus density curves also indicate that 

the results were consistent. The average deviation from the average 

curve is less than ten percent, which is small considering the number 

of variables involved 
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118 119 120 121 122 123 
DRY DENSITY OF SAMPLE IN LBS. PER CU. FT. 

STATISTICAL AVERAGE - STRENGTH VS.DENSITY 

Figure 18 

CORRECTED NORMAL LOAD IN LBS. 

AVERAGE STRENGTH ENVELOPES AT VARIOUS DENSITIES 

Figure 19 
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Correlation with the Tri-Axial Kosults 

Tho results of tho Tri-Axial testing, as determined by Mr. 

Dodson, are listed in Table III. The valuos of 0 and C listed were 

determined from Mohr’s envelope of failure. Tho vaTueo of 0a wore 

determined by measuring the mean angle of failure, This method is 

by no means exact, but serves as an indication of the magnitude of 0. 

Some of these tests wore performed without enclosing the sample in a 

membrane. This resulted in on erroneous value of 0 which cannot be 

used for comparison. 

Table IV has been prepared to show the direct comparison between 

tho results of the tests by the two methods. It can be seen that the 

results for both methods show tho same general trends and are within 

the same range of magnitude. The samples that gave higher values of 

friction by direct shear tests also gave higher valuee by Tri-Axial 

tests. Tlae same ie true for the cohesion. The maximum difference in 

cohesion found by tho two methods was 6.5 psi or approximately yO per¬ 

cent. The average difference was loos than ? psi or approximately 

Ip percent of the average cohesion. Neglecting tho values of 0 deter¬ 

mined without a membrane, tho variation of the valuos of friction 

found by the two methods was loos than that of the cohesion. The max¬ 

imum difference was 4.5 degreoo, while tho average was 1-ij degrees 

which was approximately 5 percent of the average internal friction. 

The samples were tested in the following orders I, II, III, V, IV, 

then VI. Tho closest correlation between the two methods was found 

for samples IV and VI. This was because the testing technique had 

been considerably improved and. because the number of tests made for 

each sample had also increased. For these two samples in particular 

the comparison between the two methods was very good. 



TABLE IV 
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Comparison of Results 

Sample Direct Shear Tri -Axial 
Ho. 0 C 0 0 

Degrees F5I Dogrees PSI 

For Quick Tests 

I 52.2 15.0 20.4 
II 2?.2 24.0 - 25.0 

III 52.4 16.9 - 16.0 
IV 24.6 17.8 24.5 22.0 
V ?0 *6 20.0 - 20.0 

VI 30.7 18.5 29.5 20 *C’ 

For Consolidated 

I 

Tests 

?0.4 21.8 mm , 

II 29.5 21.1 34*0 24.0 
III 27.8 21.5 28.0 28.0 

0a 
Degrees 

27 

V5
 &
' 

R>
S>

S 



Conclusion 

Before mining any final conclusions an approximation of the 

probable errors could bo given. The results were reasonably consis¬ 

tent. For the average shearing strength versus density curves, tho 

maximum variation averaged ten percent. It is unlikely that the actual 

shearing stress on tho failure plane would be more than ten percent in 

error. The scatter of the points on the strength envelope may allow 

another ten to fiftoon percent of error depending on how the failure 

line is drawn. The maximum probable error should not exceed thirty- 

five porcent.' ,Tho average error, however, should range from five to 

fifteen percent. This is in good agreement with the average differ¬ 

ences found by comparing the two methods. 

Certain conclusions can. be made concerning tho direct shear 

machine that wa3 designed for this project.1 This machine will not 

givo correct results directly. The accuracy of tho normal load correc¬ 

tion is questionable. This correction applies only under certain 

conditions. If revisions were made to eliminate this difficulty, the 

accuracy of tho shearing resistance obtained by means of the machine 

would be adequate for engineering purposes.: 

TMs project was based on the idea that the comparison of the 

results would bo made from tests performed on similar samples. It was 

believed that more nearly identical samples could be compacted in tho 

laboratory than could bo found in nature under ordinary conditions. 

The results showed that, with care, this could be accomplished. There¬ 

fore, the method of approach to the problem was sound and could bo 

used satisfactorily; ■ 

Tho comparison of tho results of the two methods showed .that-the 
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none order of magnitude of friction. and coho si on v;as found by each 

mothcd. Though the results were by no moans identical, they wore 

well within-the expected range of accuracy. This was for the one 

material tosted and under a very limited range of test conditions. 

To make a complete evaluation, this comparison would have to be ex¬ 

tended to all types of materials under various tent conditions. Only 

from a complete analysis could a thorough evaluation bo made. It may 

be stated that this study can. only be considered a beginning of the 

entire project. The results are only an indication of what the final 

evaluation may prove. However, the results obtained do indicate that 

reasonably accurate values of the shearing resistance of soils may 

be determined by the Direct Shear Methodv 
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DIRECT SHEAR TEST DATA SHEET 

Sample Ho* I ; ■ t - . 1 1 

Tsoi Ho* ■ I~(Q) 2-(Q) 4r(Qp) 

Hamal Load s Lbp* 6*98 15*97 27*95 6.98 

Doforjnation Dial PR Dial PR Dial PR Dial PR Dial 
Inches 1/10000 In* 1/10000 In* 1/10000 In* 1/10000 in* 

0*50 0 0 0 0 
0.89 70 70 90 70 
0*88 1?0 

147 
128 15b 155 

0*87 155 200 180 
0*86 148 158 256 187 
0.85 145 160 2# 160 
0*84: 157 164 ■ 

168 
■■ M'r 

0*8? 152 280 
0*82 150 170 285, 
0.81 : 150 175 :-,-' 286 
0*80 1?0 174 286 : 150 
0*79 150 175 • 284 
0*78 150 175 280 r 

o.*77. 150 - 175 276 
• 0*76 150 260 

o*75 . , ■150 . ■ 175 ■ 
0*74 
0*75 

150 . •174 ■ 252 
150 175 248 

0*72 150 172 245 
;1 0*71 ■ 125 ■ 170 ; 240 
- 0*70 125 - 167 : 258; , 

0*69 125 165 258. 
0*68 125 I65 257 

125 165 " 257 
0*66 , 105 160 

160 
256 

0*65 105 2^ 
0*64 105 160 255 
0*65, 102 158 2p4 

100 158 
0*61 100 158 255 
0*60 100 158 251 . 
0*59 

Density . 
Total Wt* 1012.2 1004*9 1015*5 1011.5 

165*0 Vit* Rings 185.0 185,0 185*0 

Moisture Specimen 
Wot tffc*. ' 156*86 521.70 

505*85 
551.07 
512.85 

255.85 
Dry Wt* 149*67 

47*50 221.64 
48.41 Taro Aft* 51*14 50.15 
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DIRECT SHEAR TEST DATA SHEET 

Sonplo Ho * ■ -..-X--;-;- - - •••••;.»; •;•••   II 

'Tp.ot;-HO* . &-(0f3) ■■ 7~(Qf>) v. 

Hoysnl: Xipod, Ltd* 15*97 • 27*95 ' ■ 6*98 ■ - 6*98 

Doforjnatiqa Dial PR Dial 
/lOOOO la. 

’ HR Dial 
1/10000 la. 

HR Dial 
i/ioopo in* 

HRDial 
1/10000 la 

0*90 vo ■ 0 0 ■ 0 
0*89 . • 0 80 42 5O 
0*88 m 180 85 78 
Q.87 ■ 187 : ' 250 120 110 
0*86 200 290 i4l 145 
o*85i 200 m ■ 165 176 
o«84 193 529 180. 185 m 555 :, 187 186 
o.;8§ 200 ; *>% '■■ V ' 160 175 
0,81 205 557 145- 170 
0*86 ; 209 521 ■ i4o 170 
o Mis'" 212 510 .150 165 

21*5 ■ ■ 507 - ' -150;: . -v 160 , 
-m ■ ■ 290 :■■■ ■ vigoi^ '■■'■v- 150 

: Oitf 218 280 . 125 140 
' '-omy-;. 21$ . 278 ioo 150 

■Q;s7fe::. 219 ■ ■ 278 V . • 106 
■■■■-mm 220 v.,. 275 100 

. - 220 ■: 275 ■ 
220 274 

i,:*:; ■ 219 270 ■ ■ . * _ 
'■ 210 268 

i.'y Oiw&j.--vi.-; 190 265 
*: :: m 260 ' 1 ‘ ; : 

v ; 0*66/ I85 258 
185 257 

i: 0*64 180 248 
■■ tm ■ 2p8 

■ 0*62 179 ■ 258 
■■ ■ 179 255 

gu-Ql^O/v 179 251 

Doaoity • • ..... ! 
1014*4 1GO2*4 .. 1067,0 . ■ 107<K8 

■ \ffc, Rihgo . ’ 185,0 185*0 185*6 185:6 

Moioture .Spooiinon 

Dry ; 
557*97 
519*44 

529*46 
'' 511*51 ' •• 

546*95 ' ^ 
^iOO V . ' 

^9:54 
551*57 

Tore 47*94 r •' 47*50 ■■ V5iii4 \ 50:89 
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DIRECT SHEAR TEST DATA SHEET 

Somplp Ho, II II " II; ;' 11 

Toot Ho* 9-(Q) IO-(Q) ll-(Qo) 12-(Qc) 

ITorrcal Load, Lbs* 15*97 27.55 15.97 27*55 '1 

Deformation Dial m Dial : PR Dial '■ PR Dial ": PR'Dial ■ 
Inoheo ' 1/10000 In. 1/10000 In. l/XOOOO&u 1/10000 In 

0*50 52 0 0 6 
0.85 lp4 54 85 70 
C;88 146 . 0 I50 150 
0.87 180 145 170 200 
0*86:"./.. 208 188 200 245 

210 210 228 ; 280 
OM 200 252 ■ 258;: 500 

150 248 253 510 
C.82 180 252 250 512 
0#8l 170 257 220 508 
0i80 180 255 210 505 
0.79 162 247 ■ ■ :--206:r- 252 
0*78 150 ' 2pO ^1904■ 285 

225 ' ■ ICO 280 : v .■ 225 • .-iTOf '■ 260 
0.75. : ■ 220 250 
0,74 215 248 

0.72 
0,71 
0,70 •: 

217 
215 
210 

• 210 

Density 
1088,0 1067.5 Total V/t. 1075*5 1071*10 

Wt. Ringo 165,0 185,6 185*0 185*0 

Moiotwre. Specimen 
Mot Mt*;.' . 542*58 ■ 567*07 wv 565.5$ 
Dry.Wt,;; 515*88 529,84 ■ 559*15 558.61 
Tarelfs* , 47.50 48.41 52.78 48,10 . 
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ascipio. HQ* ■- iij ili... .. ■ ni. 

fffSt'No!*' ■ . ■■ I^TCQSS ) l%(Qa) 15r(Q) 

Normal Load, Lba* 4*?8 . ■ . 15.97 
.. - *£!; • 

6*28 

Deformation Pr;ov.*Rag* Verb. ProyiHng* Verb# Froy^Rng#, Verb*. 
'. Dial Dial ' Dial' Dial Dial "Dial. r Dial • 

■ Inches. • 1/100 00“ 1/1000“ 1/10000“ 1/1000“ 1/10000“ 1/1000' 

0*20 0 *rii; '■, 0: ' —20 0 -10 
0*82 70 /. 55, '-rl2 Up **: 6 
0*88, 110 • -10 - m - -17 72 ■*r 6 
0.8? 148 155 -15 . 105 5 

' 0*88 , -.I85 0 180 •—10 ,• 112 
0»85A'-^;:y 167 ■ e ■ 207 ■■' ■ ■' ■ •'^ ■•7*' 128 10 
0*84 Vv 166 . ' 15 228 0 ■ ' 141 

. ■ 0.;85 ; ■■;. I65 
158 

25 226 10 152 20 
■0*82^v;/;:;' 50 228 , ■ 15 ;• • 157 
Oj*&lL .v - 155 4o 220 ■ ■: 17 : , 146 
oiao-v ^ 150 45 ■ 215 25 : 150 59 

120 .... 50 . 210 125 
210 • ■"• *r. \ 125' 47 

■ymm^ 120 , 125 
54 170 100 

::mm m/m 

■ 
1 , : ■ ' 

MWM;- 
yQiTP ' 1 • : ' 

equity 

. -lifti* Ririgo - / 

Koioture Specimen 
VWet/Vft. ,.''; ■ ■ ■■ 

■;j; ;' 

1067*2 
185*0 

1070*9 . 1069*0 
185*0 185*0 

515*51 
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DIRECT SHEAR TEST DATA SHEET 

Semple No* III 

Toot No. 16-(Q) 

Normal Load# Ltd* Ip.97 

Deformation Prov.Rng, Vbrt. 
Dial Dial Dial 

Inches 1/10000" 1/1000’ 

0.50 0 ■ -19 
0.8 9 55 
0,88 88 
0.87 128 -18 
0.66 l6o -15 
0*85 -. 167 -10 
0.84 - 205 - 5 
0.85 ; 217 0 
0,82 215 10 
0.81 200 15 : 

0,80 ; 185 20 
0*79 175 22 
0.78 
0**77 ;;."i; 
0*76 
0 *75 
0*74- 

0.72 :-..l 
0V7I • 
0.70 V' 

Density .. 
1070.0 Total. Vffci 

Nt* Rings 185.0 

Moisture Specimen 
. .Wot m; 542.50 
Dry 518*18 
Toro Nt*- 48.70 

III III 

17-(Q) 18-(q) 

20*55 27,55 

Prov.Rng* Vert, Prov.Rng. Vert* 
Dial Dial Dial ' Dml 

1/10000" 1/1000" 1/10000" 1/1000' 

0 —22 0 
48 
98 

—59 

O
 

O
 

SI5K
S

. 

150 
I65 

; 195 

-29 

174 225 
186 2% 

195 
205 —22 ■ ' 275 ♦ , * 
210 : 285 ~10 

■ 215 ' 292 
215 ; -22 , 258 
216 -20 ... - 259 ■ - 5 
218 . 500 0 
219 ' -15''::' ' 298 5 
216 n 295 
215 -lo 292 8 
210 280 
205 
202 ~ 7 '■ 

270 10 

1065*5 1067.8 
185.0 I85.O 

551.01 
KA*7 no . .. 

528.05 
I ZL 

51.14 •';! 48.10 
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DIRECT. SHEAS TEST DATA SHEET 

Sample* Ho* III V v 

Toot Ho. 19-CQC) 20-(Q) 21-(Q) 

Honaal Loads Lbo* 27*55 6.98 6.98 

Deformation ■ Frov.Rng. ■ Vert,■ Prav.Rng. Vert, ' Frov.Rng. Vert. 
Dial , Dial : Dial Dial : Dial ''■Dial- Dial 

Inohoa 1/1C000" 1/1000” 1/10000" 1/1000" 1/10000" 1/1000" 

0,90 0 -26 0 - 8 0 -15 
0,89 74 50 m 
0*88 125 55 -8 80 
0,87 160 **2p . 151 -5 120 
0.86 187 161 0 1^5 -11 
0*85 * 210 —20 179 10 175 
0,84 . . 250 —1& 180 : 179 P 
0,85 240 175 25 180 
0,82 250 : 165 ■... 178 . .10 
0*81 260 -10 ■: 155 '■ 170 1, ' ■ 
0.80 • • 264 ■■- 5 ■■ 155 -.'.Mm t 165 20 
0,79 264 /;■ 155 
0,76; 260 0 ■ \ ■ ■ , -.1 155 ‘•50 
0,77 ;: 258 
0,76.; , ■ 255 ' • ■■ ■ - . . ; . 
0-75 ?■’ . 255 
0*74 v. 252 5 
o,75 r 250 ■ 
0*72 ■*. 248 . • • •. /• ■■ ■ 
0,71 242 
0*70 240 10 

Donoity ' t i 

Total;wt. 1069.2 1075,8; 1077.1 
stt* Ringe 185,0 185,0 185,0 

Moiotnro;Specimen 
V?ot tit, ; 550.55 552,05! ; , - 511.94 
Dry tft*,. 506,02 526.71, 290.57 
Tare Hit* 52.54 50,80 50.89 
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DIRECT SHEAR TEST DATA SHEET 

At 
Al 
7' 

Sample Ko* V V v 
!\ ■ 

TOSti' KO;#; ■ 22-(Q) 23-(0) 24-(Q) 

lTorznal Lead, Lbs. 15.97 15.97 27.93 

Deformation Prpv.Rng. Vert* Prov.Rng. Vort* Prov.Rng. Vert, 
Dial Dial Dial , Dial Dial ; Dial ■ Dial 

Inches 1/10000" 1/1000" 1/10000" 1/1000" l/XOCOO" 1/1000" 

0.90 0 *•24 0 -27 0 ' —30 
0.09 46 48 65 
0.08 100 88 122 
0.87 14) -21 120 -24 178 -28 
0.86 176 ■ -18 ' ■ •154 ■ • ■ 230 ..-25 
0.85 • 205 .-12 170 -15 ■ 270 -22 
0.84 , 250 - . - 8 . 179 , wio ■POO ..-20 
0.05 , . 259 ■ 4 : 179 . • 525 -15 
0.82 , 24) . 0 178 0 ; •• 555 -12 
0.01 235 10 ' 175 , 5' 340 -7 
0.80 . 220 20 170 10 340 . 0 

165 12;,y 555 • 5 
0.70 ;; , 320 10 
0*77 510 ■; 15 
0.76 nrnm • ; • 

Density jV' 

Total Wt. 1077.7 3 .032.0 1075*5 
.lit. Rings 185,0 I85.0 185,0 

Moisture Specimen ' 
hot tft.'. 355*09 323.72 557.51 
Dry t#;., . 309.11 301.11 351.11 

. Tlaro. V?t*' . 48 .10 52.78 47,94 
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DIRECT SHEAR TEST DATA SHEET 

Ssmplo Ho# V 17 IV 

Toot Ho. 25-(Q) 26-(0) 27-(Q) !' 

Horaal Load, Lbo* 27*95 6.98. ■ 6.98 

Dofozmtion . Prov.Rs ig* Vert, .Broy.Rng. Vert. .. Prov.Rng’. ■ Vert. 
Dial Dial Dial ‘ Dial ' Dial Dial : Dial 

Inches 1/10000" l/lCOO" 1/10000" 1/1000" 1/10000" i/10001 

0*90 0 •**55 0 -12 0 -20 
0.89 60 52 51 
0*88 100 ... 65 

: 
60 

0.87 148 ■ 95 • — 8 • 86 »rl8 
0.86 189 - 120 .. -.5 . 108 - >12. 
0.8? 225 l4o 0 128 
0.84: ■ 255 158 7 157 ,0 
0*85 275 158 15 • 158 
0*82 ^ 290 -50 . . -158 •' 25.; 155 
0.81 : 505 : - .-25 - 157 - 5O.;;:;0 150 26 
o.8o; 510 - -12 154 150 
0*79 ' • 515 —10 150 . , ' -45 • 2-50 ■ 50 
0.78 ' ='■ 510 • - 8 ' 
0*77 £:V, 500 : : -7 ■ ■ 
.-0.76 ■ :v--• 290 — 6 "• _ ■ -/ 
. 0.75 280 -5 

Bohoity; !- •i . •/ .. ... 
Total 'Wt» 1074.0 ■ 1055 5*5- . J .051.2 

■';V!t. Ringo ■ 185.0 I85.O 185.0 

I-loioturo Spec icon 
Hot lit* ‘ 569*65 •5# WJO 546.54 

■Dry-Wt. • 542.22 v 55 r*45 • 515.64 
Tare .lit. 52.94 50.12 52.59 
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DIRECT SH2AR TEST DAT/i BREST 

IV . ■ 

29-(Q> 

IV Sample Ho. IV 

Tost He. 28-(Q) 

tiornal Loads Lbs* Ip*97 

Deformation Frov.Eng» Vert, 
Dial Dial Dial 

. Inches i/l0Q00K 1/1000” 

0*90 0 ■ -~52 
0,89 4o -52 
0,88 80 -52 
0.87 115 -50 
0,88 145 -27 
0,85, 188 ■ -22. 
0,84 .• 180 ■ ■ -14:. 
0,85. I87 t****■, 
0.82 , 188 -5 
0.81 188 0 
0.80 ' 187 5 . 

. 185 10 
;o,78',V' ‘ 180 *5 
: 0.77 
0,76 i 

:p*75-'-" ■ 
1-0.74 >;V- "■ 
0.75. 

, 0.72'.<v ’ : - 
; 0,71 V ' • 
',0^70,V - 

Density ■ 
Total, lib,, 1054.8 
Vft.'Rings 185,0 

Moisture Specimen 
Afet lit.,: , 550.25 
Dry Wtft.,; 512*55 
Toro ift*. 52.79 

15*97 27.55 

RroVftRng*- Vert. ■ Prov.Rng; Vorti 
Dial ■ Dial Dial Dial 

l/lCQOO" l/ICCO" 1/10000" 1/1000! 

0 -27 0 40 
40 60 
85 

-24 
95 

115 155 
157 165 >4o 
155 -15. 195 
153 220 ■*•55 
180 ~7 2p0 -50 
160 0 . 242 
180 24? 
158 5 250 -20 
155 251 
155 , . ii'"| 252 
155 ; 255 -10 
155 ■ 10 v 250 
155 248 
i4o 240 
155 12 ; $ 25P 0 

1047.4 1047.4 
I85.0 185*0 

588.99 555.29 
542.16 528,88 
55.25 52.94 



DIRECT SHEAR TEST DATASHEET 

Sample Ho* I? ■. _ ■ VI n. 
' ‘* 4 ■ 

Toot No* 5^rCa) 52-(Q) 55~<Q) 

Normal toad, LbO* 27.95 ■; ■/■ ; ' 15*27 • >■ 8*93 ■ v 

Dbforoatioa 2froy*Rng* ..Vei't* . Frot.Rns. Vert* ■ Prov.Rng. Vert. 
Dial Dial Dial Dial Dial Dial . Dial' 

. jtolibpv- > 1/10000" 1/1000“ i/ioodo" : L/1000” 1/10000” 1/10001 

0*50 0, -5* ; 0 -24 0 -10 
0.89 50 - 

: 
80 4o 

0.88 105 r- _ ■ 112 92 
0.87 140 l40 —20 155 8 
0.85 ■!" 150 •~55 v: 159 155 5 

170 187 -15 175 --•■•5 
6*84.{SR«v!:-1-'.v 180 171 

*. f, 174 0 
■ 0^85,-iSc-;' 187 <•*■30 ;. 175 ■ *vy, • • . • ■. r *. 

165 
■ CiSS":^'-'' .. 155 175 • 

H> : • < * j-.; 
158 10 

C^81#W-'r: 200 -28 1?4 *• ■' . - , . * 155 -15 
0.8b;^;V ■' 205 159 -io y 

207 l8o . ■■ • ••! !•■■•* *• <.t-| 

-.0.73 208 ' '1 j. : ■■ 156 0 
mm-WM 209 ■ • :. i ! ‘ ■ s v ■ 1 ' 
$&78£^’;-v 210 ■' -20 ; /’V*> . / 

210 -18 ■ . ■ . . ■ V‘.'> ••.. x\l ' ’ ’ -s 
■ 2t0 ; ; ■■ 

WSMMU 209 
■mmm. 

C ;V. 208 . ' ' ■ 
m,mm w 205 " . ' ;-'v\5 f.; 

yW.'DQjj ", '- 'm- 
■ 1 /1 ’ ’ 

. V ■ ■ T !■ V’-:- J.1/’" ■ 

•..TbtalytH>v,.\v' 

KoiB-biaro Speoimba 

185*0 

Dry 
Tor© Wt» 

1004.0 1005.0 
185.0 185.0 

549.80 : 529.10 
550.19 511.45 
47.24 47.94 
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DIRECT SHEAR TEST DATA SHEET 

Sample Ho* ■ • • n "VI. VI 

Tost Ho. 34-(Q)- 55-<Q) 56-(Q) 

Hormal hood. lbs. 35*97 15*97 27*95 

Deformation Proving* Vert*. Froir.RnE* Vert*. Frov.Rngi Vert* 
Dial Dial • Dial' Dial ' Dial Dial Dial' 

Inches l/lOOOO" 1/1000" 1/10000" 1/1000" 1/10000" 1/1000' 

0*90 0 -55 0 -55 0 -50 
0.89 51 46 100 
0.88 65 140 -50 200 -50 
0.67 105 **JO 200 260 —25 
0;86 145 240 255 -20 
O.85 170 -50 245 -20 . 510 
0,84 ; I85 -25 250 515 
0.8p I. 187 220 -10 , , 512 -10 
0,82 166 -15 510 
0;81.: ■' 170 505 -5 
0;80 : ; - 165 -10 . ' ■ 500 0 

Density 
/Total .Wt* 958*5 1005*5 . 1000.6 
>;Wt. Rings I85.0 185*0 185*0 

Moisture' Specimen 
:;;Wot- Wt* ' 271.68 ■ 559.15 : 514.76 
Dry Vft . 257*87 520.8I 298*22 
Taro: Vit. 50.89 51.14 52.82 



ei 

DIREOT SHEAR TEST DATA SHEET 

Sample Ho* VI • VI' 

Test Ho*' 57-(Q) 58-(Q) 

normal Load* Lbs. , ' 27*55 - 6*98 

Deformation Prov.Rng. Vert, Prov.Rng. Vert. 
Dial Dial. Dial Dial Dial 

Inches 1/1000C )" l/iooo1’ 1/10000" i/iodo" 

0*90 0 -17 0 —pO 
0.6? 90 65... 
O.S3 170 ■ 102 -29 
0,87 240 -15 157 -25 
0.66 280 • 150. -20 
0,85 .. 510. -10 152 -15 
0.84 51<3 -5 ■ 148; -10 
0.85 i 510. 0 150 0" 
0.82 290 6 
0,81 - :"w 

0.80 

Density-,;.. 
TcrbalWt, 997*5 . 958.9 
Dt» Bingo ■ 185*0 I85.O 

Moio^wq .Specimen 
;Vfet:Vit* • 529*66 559*17 
Dry \/t. • . 512*54 , 521.05 
Tara V/t* 52*54 55*25 
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■ DIRECT SHEAR; TEST' DATA SHEET 
■( 

Sample Hq* 711 .; VII 

Test Ho, 5gr<Q) . /' 
4O**(Q) 

Normal Load, Lbs.. 27.95 . ,. 7 27*95 

Deformation ■Bcov*Rng#' • Vert* • l^orm.Load . ■ Prov.Rng. ■.Vert, • • Horn,Load 
Dial Dial Dial ' Dial Dial Dial •Dial 

Inches 1/10000" 1/1000" 1/10000" 1/10000" 1/1000" 1/10000" 

0.90 . o —52 ■ 78 . 0 . -57 72' 
0,89 85 82 60 -57 78 
0,88 , 151 : . -52 86 120 ~57 80 
0,87 200 : -52 95 174 -55 85 
0,S6 2 59 101 . 216 88 
C.85 268 -52 107 "■255; -50 ; 90 
0,84. ; 286 ’ 111 290 95 

■ C.85: 295 -25, 115 501 ■ 98 ■ 
0,S2; ■ " 303 -■ 118 566 ■; ; -15 98 
0,81 • ■ • :i 507 - 8 510 98- 
0.80:' 508 150 511 0 99 

- o,79f. ^: : 5o4 152 ■ 508 . 100 
0.T8 : 295 -5 152 295 ... 10 1Q5 

, 0.77 280 152 
4 

0,76. ' 250 ' ' '■ • '■ 
4 

. 0.75 2^0 0 ' 
ji : . . .. 

Density ' : 
Total V/t. 1084.1 ‘ ■ 1090.4 
VJt. Rings 185.0 ; ‘ 185.0 

Moisture Specimen 
561*56 558.07 

Dry lJt,:. 551*01 529,85 
Tare IJt. 55*25 ■M': 52*82 



DIRECT BIEAR TEST DATA SHEET 

Semple Ho, VII 

Test Ho* 4l-(Q) 

Horaal Load;, Lbs* . ._ . ■ 27*95 •* 

Deformation Prov*Rng. Vert.. Horn. Load 
"■' Dial; ; ' ■' Dial Dial ; Dial 

Laches ; l/lpooo’1 1/1000"■' 1/10000" 

0.90 0 -40 77 
0.89 69 ■84 
0.08 m 

~40 
96 •, 

0.S7 185 110 
0*85 250 124 

■ 0*85, ••"• 250 -50 ■ 155 
0.84 285 154 
0.35 298 ; 155 
0*82 m 155 
0.81 $16 : ■ -10 ■ ■ . 156 
0.80 . - " 517 157 

. 0*79. 
■ ■ 0,78 '• 

510 0 158 
298 .. 159 

0.77: - , .. 280 5 
0.76 : 
Q.75 

Density ; 
Total vft.i 

- 
1088*2 

■: h’t. ■ Rings \ . 185*0 

Moieitzre Specimen 
V?et: Wt. . 574*p2 

'.'Dr;jr'.wfef-'"-, . . 545*59 
: Tare Wt, . 52*54 


