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PART X!l DETERMINATION OF SHEAR STRENGTH PARAMETERS
OF SOIL FROM CONSOLIDATED UNDRAINED TRIAXIAL
COMPRESSION TEST WITH MEASUREMENT OF PORE
WATER PRESSURE

( First Revision }

0. FOREWORD

0 1 This Indian Standard was adonted bv the Indian Standards Institution

Uel 131D aaGian Ssiauncarié was WUV LWL Uy bidW LASWAGAL MWL U LAATSALLE VAV AR

on 24 December 1981, after the draft finalized by the Soil Enginecring and
Rock Mechanics Sectional Committee had been approved by the Civil
Engineering Division Council.

0.2 This standard (Part XI1 ) was first published in 1975. Based on the

smamanisman animad in tha mmaa af thic ctandard in tha nact fiva vasrs thic
CXPCIICIICL  Eailibl Il IV Usv Vi LS SlaliualU 14 Lub pPast vy yuwadls, wiio

Part has been revised. The principal modifications being made are in
regard to permitting the other types of apparatus also whlch meet the basic
reqlm'cments glven 1n Ine stanuaru d.H(l a150 U[IIGI' blzes Ul SpéCuncn

0.3 In reporting the results of a test or analysis made in accordance with
this standard if the final vnlnA observed or nalnn]afpﬂ is to be rounded

off, it shall be done in accordance with IS : 2-1960* PYmEEEE

1. SCOPE

MThic gbnmndaad £/ Dot N lowe Aawe shha man Aodnonn T
1-]. lulb oslallualu | raii All } layd> uuwl Luic mctuuu Ul ucu:luuulug u.u:

shear strength parameters of saturated soils from triaxial compression shear
tests conducted under consolidated undrained conditions with measurements
of pore water pressures. it aiso describes a procedure.

1.2 The test is limited to specimens in the form of nght cylmders of

nnnnnn Ainmeatas 2Q &0 TO ~e 10N o it hainlad desrian A e
uuuuua.l WidillLiIlE 00y JU, /U UL 11UV mm wuu ucxsul. LWILC llh LdIciCr. luc

ratio of diameter of the sample to the maximum size of the particle in the
soil shall not be less than five.

*Rules for rounding off numerical values ( revised ).
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1S: 2720 ( Part XII ) - 1981
2. TERMINOLOGY

2.1 For the purpose of this standard the terminology given in IS : 2809-
1972* shall apply.

3. APPARATUS

3.1 For conducting the 'CU test, the testing system consists of the
following five major functional components:

a) A system to house the sample, that is, a triaxial cell;

b) A system to apply cell pressure and maintain it at a constant
magnitude;

¢) A system to apply additional axial stress;
d) A system to measure pore water pressure; and

€) A system to measure changes of volume of the soil sample.

3.2 Any of the apparatus which can achieve the five functions listed above
can be used. One of the suggested variety of the apparatus and the alter-
nate variety suitable are given below. The general set up of apparatus is
given in Fig. 1.

Functional Suggested Variety Alternate Variety
Component
( see 3.1)

a) A triaxial cell with two valves Variation in number of valves
providing access to -cell and and vents acceptable. Tri-
two to pedestal. Operation of axial cells with higher pres-
valves shall not produce a sure capacity may be used.
change of volume in the lines The bush through which the
in which the valves exist. The loading ram passes should
cell has one . air vent and one not have a ‘0’ ring seal
oil inlet. It has a stainless steel which will increase the ram
loading ram running in a lapp-  friction
ed or honed bush lubricated
with oil. The triaxial cell con-
sidered can be subjected to a
maximum pressure of 10 kgf/
cm?

*Glossary of terms and symbols relating to soil engineering ( first revision ).

4



IS : 2720 ( Part XII ) - 1981

b) Self compensating mercury pot Any system employing air
system able to keep pressure or hydraulic pressure so long
at a constant level with a vari- as it can be maintained at a
ation of less than 0-01 kgf/cm®  constant level with a preci-
sion of + 001 kgf/cm?

¢) Loading frame able to subject Any device to effect incre-
- soil sample to axial deforma- mental loading for conduct-
tion at constant rates inthe ing tests under stress control
range from 050 to 0'02 mm/ conditions
min

d) Mechanical null indicator i) Electrical null systems
system able to measure pore ii) Pressure transducers act-
water pressure with an accu- uated by insignificantly
racy of 0'01 kgf/cm? little flow of water

The system shall be such as
to measure pore water pres-
sure with an accuracy of

0-01 kgf/cm?
e)  Burette of 10 ml capacity with Burette of larger capacity
a least count of 0-05 ml but with a least count of at

least 0°05 ml

3.3 The details of the suggested variety except the loading frame and its
accessories are shown in Fig. 1. The details of the alternate varieties will
depend on their types.

3.4 Components — The suggested variety shall consist of the components
given in 3.4.1 to 3.4.14. The components of the other varieties will depend
upon their types. .

3.4.1 The Triaxial Cell — See (11 ) to (25) in Fig. 1.

3.4.2 A System to Fill Water in Cell — See (7), (1) and (II') in Fig. 1.
The water reservoir ( 7) can be filled with de-aired water by connecting lead
(1) to a vacuum pump and lead (I1) to a.sump of de-aired water with valves
W1 and W2 open and valves G1, G2 and G3 closed. After reservoir (7) is
filled, disconnect vacuum pump from lead (I ). For filling cell with water
open valves W1, G2, C3 and C2 and air vent (12 ) and keep all other valves
closed.

3.4.3 A System to Apply Cell Pressure and Maintain it at Constant
Pressure — See (1) to (6)in Fig. 1. With valves M2 and M3 closed and
valves M1, C3 and C2 open, cell pressure can be applied on account of the
difference ir elevation of the level of mercury in the top movable mercury

5
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(1) Movable bracket
(2) Spring with specified spring constant
(3) Top movable mercury pot
(4) Bottom mercury pot connected to the top movable mercury pot
(5) Top fixed mercury pot
(6) Bottom mercury pot connected to the top fixed mercury pot
(7) Reservoir of deaired water
(8) Screw control cylinder
(9) Pressure gauge
(10) Burette
(11) Triaxial celt
(12) Air vent
(13) Loading ram
(14) Oil inlet
(15) Loading cap
(16) Rubber membrane
(17) Rubber “O” rings ,
(18) Coarse porous stone ;
(19) Filter paper strips
(20) Soil sample

NoTE — All tubes, cell, etc, filled with water; shaded portions filled with mercury; dashed portion filled with oil.

(21) Coarse porous stone

(22) Cell pressure line

(23) Drainage and back pressure line

(24) Top drainage line

(25) Pore pressure measurement line

(26) Non-expansive tube ( anncaled tube )

(27) Null indicator

(28) Mercury

(29) Screw control cylinder

(30) Pressure gauge

(31) Reservoir of deaired water

(32) Manometer

(33) System to apply back pressure

(I) Connection to vacuum pump

(II) Connection to deaired water sump
VALVES ‘
Al to A6 Ml’ to M3
Bl to B3 M1l to M3
Cl to C3 w1 and W2
Gl to G3

FiG. 1 GENERAL SET UP OF APPARATUS WITH DETAILS OF SUGGESTED VARIETY

1861 - ( IIX ¥ed ) 0TLT : SI



IS : 2720 ( Part XII ) - 1981

pot ( 3 ) and its corresponding bottom mercury pot ( 4 ). The movable brac-
ket (1) can be moved up or down as necessary to apply any desired pressure.
The maximum amount of pressure that can be thus applied is controlled
by the floor to ceiling height of the laboratory. The range of cell pressure
that can be applied as noted above can be doubled by using two pairs of
mercury pots in series by closing valve M1 and opening valves M2, M3, C3
and C2. Pressure from mercury pots (3) and (4 ) is conveyed via valve M3
to top of mercury pot ( 5 ) fixed at the ceiling and is thus added to the pres-
sure contribution from mercury pots (5) and (6 ) before it is conveyed to the
cell via valves M2, C3 and C2. '

~ 3.4.3.1 The cell pressure is maintained at a constant level by hanging
the top mercury pots on specially designed springs ( 2'). The spring constant
of the springs is given by the formula:

K= —detm g
9 . Xw
Ym
where
k = spring constant,

Ap = the cross-sectional area of the inside of the mercury pot,
Ym = the unit weight of mercury,
vw = the unit weight of water, and

W = the weight per unit length of the flexible pressure tubing filled

with mercury connected to the mercury pot. ( W shall include
the weight of mercury in the tubin

o)
at of mercury the tubing ).

3.4.4 A System to Measure Drainage of Water from the Sample During
the Consolidation Phase of the Test — See (10 ) in Fig. 1. With valves Bl
and B2 open and valve B3 closed water flows out of the sample and into
burette ( 10 ).

3.4.5 A4 System to Apply Back Pressure to the Samplie in Order to Satu-
rate it — See ( 33 ) in Fig. 1. With valves Bl and B3 open and valve B2
closed, pressure can be raised in the pore water of the sample through the
mercury pot system connected to valve M1', M2', and M3’ ( with valves
M2’ and M3’ closed and valve M1’ open, pressure will be applied by a

" single pair of mercury pots; with valve M1’ closed and valves M2’ and M3’
open, higher pressure will be applied by two pairs of mercury pots connected
in series ).

3.4.6 A System to Measure Cell Pressure and Back Pressure — See (9)
in Fig. 1. Cell pressure can be read on the pressure gauge (9) with valves

8



IS : 2720 ( Part X1I ) - 1981

C2, C3, G2 and G1 open and valves W1, W2 and G3 closed. Back pressure
can be read on the pressure gauge ( 9 ) with valves Bl, B3, G3 and Gl open
and valves W1, W2, G2 and B2closed. The pressure gauge ( 9 ) which-
should have a least count of at least 0°1 kgf/cm? shall be so mounted in
the system that it is at about the same clevation as the mid-height of the
soil sample.

3.4.7 A System to Push Water into or to Withdraw Water from Zones in
the Cell Pressure Application System and in the Back Pressure Application
System — See ( 8 ) in Fig. 1. Clockwise rotation of the handle of the screw
control cylinder (8 ) pushes water out of the cylinder and into the zone
determined by valve positions anti-clockwise rotation of the handle draws
water into the cylinder.

3.4.8 A System to Measure Porc Water Pressure — See (26 )to (32)in
Fig. 1. Pore water pressure measurement is made with valves Bl, A4, A5
and A6 closed and valves A1, A2 and A3 open if pressure is to be read in
the pressure gauge ( 30 ). If pressure is to be measured on the monometer
(32) then valves Bl, A3, AS and A6 are closcd and valves 41, 42 and 44
are opened. The pressure gauge ( 30 ) which should have a least count of at
least 0-1 kgf/cm? and the manometer ( 32) shall be so mounted in the system -
that they are at about the same elevation as the mid height of the sample.
The crucial requirement for the pore water pressure measuring system is that
it shall be able to measure the pore water pressure under undrained condi-
tion, that is, water should neither flow out of the soil sample nor flow into
it during the process of measurement. This is ensured by:

a) using a tube which expands a negligible amount when stressed
internally ( for example, annealed tube ) between the valve A1 and
the null indicator;

b) complefely de-airing the drainage and back pressure line { 23 ), the
pore pressure measurement line (25 ), the tubing (26 ) and the null
indicator ( 27 ); and

c) using the null indicator.

. Norte — For the purpose of understanding how this equipment works, the null
indicator may be considered to be narrow bore U-tube with mercury filled in
the bottom of the U-tube, and also partially filling a vertical limb of the U-tube.
Before beginning to make a measurement, the pore water pressure measuring
system shall be brought to the same pressure which exists in the pore water
of the sample and which is determined by the position of valves B2 and B3
in the drainage and back pressure line ( 23 ). This is achieved by opening valves A2,
A3 _and A4 but keeping valve A6 closed and using screw control cylinder ( 29 ) to
build up pressure in the pore pressure measuring system to approximately equal the
pore water pressure in the soil sample and then by connecting the pore pressure
measurement line (25) and the drainage and back pressure line ( 23 ) together by
keeping open valve B1 and opening valve A1, With pressure in the measuring system
now equal to the initial pore water pressure in the sample and recorded by pressure

9
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gauge ( 30 ), the position of the mercury-water interface in the left limb of the U-tube
is set at a convenient height by using the screw control cylinder ( 29 ). Valve Bl is
closed. The external stress conditions on the soil sample are changed which induce
changes in pore water pressure. If the induced pore water pressure is positive there
will be a tendency for the pore water to move-out of the sample, travel through the
tubing ( 26 ) and push the mercury-water meniscus ‘in the left imb of the U-tube down
from its initially set position. This movement of the meniscus is prevented by ope-
rating the screw control cylinder ( 29 ) and raising pressure on the right limb of the
U-tube. When the pressure built up by the screw control cylinder equals the induced
pore water pressure there will be no tendency for the meniscus to move. By keeping
the meniscus at its initially set position, the null condition or the undrained condition
is maintained and the increase in pore water pressure is obtained by observing the
increase in the pressure reading in the gauge ( 30 ). If the induced pressure in the
pore water had been negative there would have been a tendency for the mercury-
water meniscus to rise which can be countered by operating the screw control cylinder
( 29 ).and reducing the pressure on the right limb. The induced reduction in pressure
can then be obtained by observing the decrease in the pressure reading in the
gauge ( 30).

3.4.9 The Membrane Stretcher — See Fig. 2. To mount the membrane
and the rubber ‘0’ rings on the soil sample and loading cam/pedestal.

3.4.10 Rubber Membrane — See (16) in Fig. 1. The soil sample is
enclosed in a rubber membrane impermeable to water, to isolate the sample
from the water in the cell. The membrane should be about 140 mm long.
Its thickness should be about 0-2 mm.

3.4.11 Rubber ‘0’ Rings — See (17 ) in Fig. 1. Seamless rubber ‘0’ rings
should be used to seal the rubber membrane to the loading cap and
pedestal. The unstretched inside diameter of the ‘0’ ring should be
31 & 1 mm. At least two, usually more, ‘0’ rings are used both for sealing
with the loading cap and with the pedestal.

3.4.12 Coarse Porous Stones — See (18) and (21 )in Fig. 1. Coarse
porous stones should be placed at the top and bottom of the sample to
provide a free draining surface to the pore water. The stones should be
about 3 mm thick and should be made of material whose particle size is
between 180 and 150 micron IS Sieves.

3.4.13 Filter Paper for Strips [ See (19) in Fig. 1] and Discs — Filter
paper strips should be provided along the height of the sample at its cir-
cumference to induce radial drainage. In lieu of strips a rectangular paper
of appropriate size with parallel slits may be wrapped around the sample
after soaking the paper in water. Filter paper discs should be placed bet-
ween the sample ends and the coarse porous stones to prevent the stones
from becoming clogged due to migration of fine soil particles with the pore
water. The filter paper to be used for this purpose should be such that it
does not soften in water ( for example, Whatman’s No. 54 or equivalent ).

3.4.14 Accessories — Also required are accessories for soil sample
preparation, extrusion, trimming and for measurement of size, weight, water
content, etc.

10
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4. PROCEDURES FOR COMMISSIONING APPARATUS

4.1 Deairing of Pore Pressure Measurement Line — To make accurate
measurements of pore water pressure, the pore pressure measurement line
shall be completely de-aired and shall contain deaired water from the line’s
outlet in the pedestal of the base of the triaxial cell to the mercury-water
meniscus in the null indicator. This is achieved as described in 4.1.1 to 4.1.5.
The description assumes that all valves are initially closed, and the top of
the triaxial cell is lying on a table separated from the base.

4.1.1 Open valve 46 and fill de-aired water in screw control cylinder
(29) from reservoir of de-aired water ( 31 ) by moving the handle of the
screw control cylinder in the anti-clockwise direction. Close valve 46 when
cylinder is more than three quarters full.

4.1.2 Open valves A2 and A3 and adjust pressure so that pressure gauge
reads zero. Open valve Al and by operating the handle of the screw con-
trol cylinder bring the mercury down to the horizontal part of U-tube in
the null indicator. Tilt the null indicator such that the mercury settles at
the bottom part of the horizontal limb of the U-tube and such that when
the water is pushed from the screw control cylinder it passes over the mer-
cury to the tubing ( 26 ). Mercury shall always be prevented from coming
in contact with brass and copper fittings since it reacts with these materials.
By operating the screw control cylinder push water from the cylinder to
pass over the mercury in the null indicator. through the tubing ( 26 ) and
let it overflow at the pedestal on the base of the triaxial cell. Flush water
thus through the pore pressure measurement line until screw control cylinder
is empty. Close valve 42, open valve A6, refill screw control cylinder, then
close valve A6, open valve 42 and flush the pore pressure measurement
line again until screw control cylinder is half empty. This flushing will
push out most of the air from the pore pressure measurement line. Close
valve Al, build up pressure of about 6 kgf/cm? in the tubing ( 26 ) and null
indicator by rotating the handle of the screw control cylinder in the clock-
wise direction. Leave the system under pressure for one to two hours.
Open valve 41 and flush out some more water through the pore pressure
measurement line. The line is most likely deaired.

4.1.3 To check whether the pore pressure line has been de-aired or not
proceed as follows. This check, however, tests the line from the null indi-
cator to valve A1 only and not beyond valve A1 to the pedestal.

With valves A1, A4 and 46 closed and valves 42 and A3 open, tilt
null indicator so that mercury shifts to the left side of the horizontal part
of the U-tube. Build up pressure by operating the screw control cylinder
(29). As pressure is built up, mercury will rise in the left limb of the
U-tube. If the pore pressure line from the null indicator to valve A1 has
a lot of air it will compress as pressure builds up and lot of mercury will

12
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be pushed into the left limb of the U-tube. On the other hand, if the
above mentioned portion of the pore pressure line has been deaired, the
rise of the mercury in the left limb of the U-tube when pressure is built
up will be insignificant and only due to the slight expansion of the
tubing ( 26 ). The rise should be less than 10 mm for an increase pres-
sure of 8-0 kgf/cm®.

4.1.4 Apart from de-airing, there shall be no leaks in the pore pressure
measuring apparatus. This may be checked visually as well as by subjecting
different segments of the apparatus to pressure by operating the screw con-
trol cylinder ( 29 ) and seeing, by observing the pressure gauge (30), if
pressure is maintained in the segment; if the pressure drops to zero with
time, some leak in the segment under study is indicated and this shall be
isolated and eliminated.

4.1.5 When the pore pressure measuring apparatus has been de-aired
and systematically checked to ensure that no leaks exist, the mercury in the
nuli indicator is again brought to the horizontal part of the U-tube as des-
cribed in 4.1.2, water is pushed from the screw control cylinder through
valve A2 over the mercury, through valve 41 until the pedestal is covered
with water. Valve A1 is then closed and pressure built up in the apparatus
to about 6 kgf/cm? by operating the screw control cylinder (29 ). The
apparatus is left thus under pressure until required.

Note — During the consolidation phase of the CU test, the pore pressure measur-
ing unit is not required. The unit may be used elsewhere in the laboratory. For
such purpose close valves 41 and 42 and disconnect the unit where the tubing (26 )
meets valve 41. Prior to applying back pressure this connection shall be remade
and to avoid any air getting trapped in the line during connection, the following
procedure shall bc observed: the connection shall be made under water : ( a ) while
water is flowing out from the tubing (26 ) which can be arranged by keeping
mercury in the horizontal limb of the null indicator, valve 42 open and moving the
screw control cylinder ( 29 ) clockwise, and ( b) while water is flowing out from
valve A1 which can be arranged by opening valves 41, Bl and B2 and letting water
flow from burette ( 10 ) through the pedestal and out at valve 41.

4.2 De-airing of Drainage and Back Pressure Line (see Fig. 1) — There
shall be no air in the drainage and back pressure line (23 ) ( see 3.4.8 ).
The deairing is achieved as in 4.2.1 to 4.2.3 and the description with refe-

rence to Fig. 1 assumes that initially all valves associated with this line are
closed.

4.2.1 Open valves B2 and Bl and let de-aired water flow from burette
(10) to overflow at top of pedestal on the base of the triaxial cell. Keep
the burette supplied with de-aired water and let water flow until no air
bubbles are observed to emerge at the pedestal. Close valve B2.

4.2.2 Open valves W1, G1, G3 and B3 and let de-aired water flow from
water reservoir ( 7) to overflow at top of the pedestal on the base of the

13
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triaxial cell until no air bubbles are observed to emerge at the pedestal.
Close valves W1 and Bl.

4.2.3 Operate screw.control cylinder ( 8 ) and build up pressure in the
back pressure and drainage line ( 23 ) to 6 kgf/cm®. Leave the system under
pressure for one to two hours. Open valve Bl and flush out some more
water through the drainage and back pressure line by operating the screw
control cylinder. Let some water stand on the pedestal and close valve Bl.

4.2.4 Check for leaks in the line in a manner similar to that described
in 4.1.4 and systematically eliminate leaks.

4.3 Commissioning Self-Compensating Mercary Pot Systems — The mercury
pot systems apply pressure on account of the difference in the elevation
of levels of mercury in the top and the corresponding bottom mercury pots.
For applying pressure it is necessary, therefore, that there be mercury in
both the top and the corresponding bottom mercury pots. Mercury can
be moved from one pot to another as in 4.3.1 to 4.3.4. The description
with reference to Fig. 1 assumes that all valves associated with the system
are initially closed.

4.3.1 To Bring Mercury Down from Movable Pot (3) to Bottom Pot
(4) — Open valves M1, G2 and W1; mercury will thus flow from mova-
ble pot (3) to bottom pot (4) and water from pot ( 4 ) will be pushed
up into water reservoir ( 7). When required amount of mercury has come
down to pot ( 4 ) close valve W1.

4.3.2 To Push Mercury Up from Bottom Pot (4 ) to Movable Pot (3) —
With valves M1 and G2 open, operate screw control cylinder ( 8 ) and push
water from screw control cylinder to bottom pot (4 ) which will push mer-
cury up to movable pot (3 ).

4.3.3 To Bring Mercury Down from Fixed Pot ( 5) to Bottom Pot (6) —
This can be accomplished only by simultaneously bringing down mercury
from movable pot ( 3 ) to bottom pot (4). Open.valves M2, M3, G2 and
W1 and valve M1 closed, mercury will flow from movable pot ( 3 ) to
bottom pot ( 4 ) which will push water up through valve M3 to top fixed
pot ( 5) and mercury from pot (5 ) will then flow down to bottom pot ( 6)
which in turn will push water up through valves M2, G2 and W1 to water
reservoir ( 7). 'When required amount of mercury has come down from
top pots to corresponding bottom ones, close valve W;.

4.3.4 To Push Mercury Up from Bottom Pot (6) to Top Fixed Pot (5) —
This too can be accomplished only by simultaneously pushing mercury up
from bottom pot (4) to movable top pot (3). With valves M2, M3 and
G2 open, operate screw control cylinder ( 8 ) and push water from screw
control cylinder to bottom pot (6) which will push mercury up to pot
( 5 ) and simultaneously mercury from pot ( 4 ) will go up to pot ( 3 ).

14
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4.4 De-airing of Filter Paper Strips and Discs and Porous Stomes — For
rapid drainage of water from soil sample during consolidation and for rapid
equalization of pore water pressure during shear, it is necessary to place
two coarse porous stones and two filter paper discs, one set of stone and
disc at top of the sample ( 18 ) in Fig. 1 and one set at the bottom of the
sample ( 21 ) and to place about 8 filter papér strips of suitable dimensions
vertically along the exposed surface of the sample ( see Note). The
filter paper strips should be placed so that they are in contact with the top
and bottom porous stones and so that they do not protrude out from under
the rubber ‘0’ rings. The filter paper strips and discs and the porous stones
should also be de-aired. The de-airing is achieved by immersing them in
a pan of water and boiling the water. After the water has boiled for about
10 minutes let the water cool keeping the strips, discs and stones immersed.

Note — Alternately a filter paper of length ( #xDo 4+ 5 ) mm and width equal to
( Lo + 6) mm with slits of 5 mm width leaving 5 mm width of filter paper cut with
a sharp blade or knife, may be wrapped around the sample ( where D, is the diameter
of the sample and L, is the height of the sample ).

4.5 The Rubber Membrane — See ( 16 ) in Fig. 1. The membrane shall be
checked for leaks, by pinching one end and filling the membrane with
water, then pinching the other end and building up pressure by squeezing
the water into small zones in turn. After checking for leaks the rubber
membrane should be dried and some french chalk applied to it.

4.6 The Loading Ram -—— See (13 ) in Fig. 1. The ram should move freely
in its bush at the top of the triaxial cell. If it does not, it should be cleaned
with a soft and absolutely clean cloth and lightly oiled. The loading ram
when fully lifted should fall freely and smoothly under its own weight.

4.7 The Pedestal and Loading Cap — The pedestal at the base of the cell
(see Fig. 1), and the loading cap ( 15) should be carefully cleaned and
their vertical sides lightly greased with high vacuum silicon grease.

5. SOIL SAMPLES FOR TEST

5.1 Number of Samples — Normally a minimum of three samples of the
soil are required to be able to determine the strength parameters. The
three samples are then tested under three different effective confining stresses
in the stress range of interest for the investigation in hand.

5.2 Type of Sample and Soil — The method described herein is equally valid
for disturbed or undisturbed samples obtained by sampling from the field
as well as for samples prepared in the laboratory by compaction, remoulding
or any other process. Cohesionless soil samples are unable to stand on
their own without lateral support. Samples of such soil are formed directly
on the pedestal at the base of the triaxial cell. The procedures relevant.
to cohesionless soils are described in Appendix A. The procedure

15
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described in 6 is for soil samples which are cohesive enough to stand on their
own and which can be handled. The samples shall be brought to a diameter
equal to the diameter of the pedestal of the triaxial cell and they shall have
a height equal to twice their diameter.

5.3 Pre-sample Handling Operations — Prior to handling the soil for pre-
paration of soil samples, the equipment should be commissioned and
thoroughly checked as described in 4.

5.4 Control Measurements — For control purposes, the initial diameter,
length and weight of the sample shall be measured before setting it up for
test; the measurements shall be recorded in the proforma given in
Appendix B. The water content of the soil sample which may be ascer-
tained by determining the water content of the parent soil from which the
sample has been trimmed or shaped should also be recorded in the
proforma.

6. TEST PROCEDURE

6.1 The test should be conducted in an environment in which ambient
temperature is constant.

6.2 Setting Up of Sample — See Fig. 1. All valves are assumed to be closed
and it is also assumed that the pedestal at the base of triaxial cell is covered
with water as described in 4.1.5.

6.2.1 Gently slide one de-aired coarse porous stone on to the top of the
pedestal and blow off any excess water from the pedestal. Place a filter
paper disc on the stone and then place the soil sample on the disc. Place
the second de-aired disc and then the coarse porous stone on top of the
sample and the loading cap on top of the second porous stone. Ensure
that the sample, the stones, the discs, and the loading cap are all concentri-
cally placed on the pedestal.

6.2.2 Envelope the sample with eight de-aired filter paper strips placing
each strip in turn so that it touches the top and bottom porous stones and
arranging them so that they are placed at regular intervals around the entire
circumference of the sample. Alternately wrap the filter paper with slits,
around the sample.

6.2.3 Mount the rubber membrane on the membrane stretcher ( see
Fig. 2). Suck out the air between the membrane and the stretcher wall
and lower the stretcher on to the soil sample. Release the vacuum between
the membrane and the stretcher wall and let the membrane cling on to the
soil sample. Unfold the membrane from the top and bottom of the stretcher
and loading cap and the pedestal.

16
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6.2.4 Mount rubber ‘0’ rings at the edge of the membrane stretcher and
by again lowering the stretcher on the sample, slip off two ‘0’ rings to seal
the membrane to the pedestal and then two ‘0’ rings to seal the membrane
to the loading cap.

6.2.5 Place the top of the triaxial cell on its base and screw the two
together. While placing the top make sure the loading ram is pulled suffi-
ciently out of the top so that it does not hit the soil sample when the cell
is being assembled.

6.2.6 Fill up cell with water as described in 3.4.2 until the cell is almost
full. Fill the remaining space in the top of the cell by injecting oil through
the oil inlet ( 14 ). When excess oil begins to spill out through the air vent
( 12) close both the air vent and the oil inlet.

6.2.7 With valves C1, A1 and Bl closed and valve C2 open, apply cell
pressure as described in 3.4.3 equal to the desired amount of effective con-
fining pressure and record it in the proforma given in Appendix B. The
sample is now set up.

6.3 Consolidation of Sample — The sample will begin to consolidate as soon
as valves Bl and B2 are opened ( valves B3, A1 and C1 are still closed ).
Before opening valves B1 and B2 ensure the following:

a) That the water level in burette ( 10 ) is at an appropriate level so
that water draining from or into the sample can be observed and
recorded. The burette should be so positioned that the water
level in it is approximately at the same elevation as the mid-height
of the sample.

b) That the initial reading of the water level in the burette (10) is
recorded in the proforma in Appendix B.

¢) That the observer is ready to record data time versus flow of water
into or out of the burette ( 10 ).

6.3.1 Recording Data — Immediately upon opening valves Bl and B2 data
of burette reading versus time and elapsed time should be recorded in. the
proforma in Appendix B. Readings may be taken for elapsed times which
have a whole number for their square root, that is, for 1, 4, 9, 16, 25, 36, 49
and 64 minutes, etc, and continued until essentially complete consolidation
has occurred, or for a maximum of 24 hours.

6.3.2 Computation of Post-Consolidation Dimensions of Sample — On

account of volume change occurring in the soil during consolidation the
length and diameter of the sample alter. The dimensions after consolidation

17
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may be estimated on the assumption that the sample remains a cylinder and
that the soil behaves isotropically as follows:

L=Lo(1— ?;:)
/ /\V/\
pem(1= 47

L = post-consolidation length,
Lo = original lengih,

AV = change in volume during consolidation and is positive if

volnma hae darraacad
VULBLIIV UGS UVwivaOwl,

Vo = original volume,
D = posi-consoiidation diameter, and
Dy = original diameter.
These dimensions should be recorded in the proforma in Appendix B,

6.3.3 Computing Coefficient of Consolidation — From data recorded as
in 6.3.1, the coefficient of consolidation, ¢y, a parameter which is used for
determining the deformation rate as described in 6.4.4 may be determined.
In col 3 of Pre-shear Data Sheet No. 1 of Appendix B fill in square root
of ¢, the clapsed time, and in col 5 fillin AV, the change in sample
volume, being the difference between burette reading at each time and the
initial burette reading. Plot AV versus square root of time as shown in
Fig. 3 and determine 7,y,. ¢y can then be determined from the formula:

n D?

Cv = ~—F=

100 7149
where D is the diameter of the sample in cm.

This formula is valid only for a sample whose length is twice its
diameter and which has a coarse porous stone on its two ends and is enve-

loped with filter naner strins,

iR A12l0: papei Sulips

6.4 Pre-shear Operations — Before proceeding to shear the soil sample,
a number of operations should be completed and a few decisions taken as
described in 6.4.1 to 6.4.4.

6.4.1 Application of Back Pressure — During the consolidation process
described in 6.3 the pore water was allowed to drain into the burette until
equilibrium was achieved. This implies that the pore water pressure at the
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vVio: thO = 36 min
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end of consolidation became zero, that is atmospheric pressure. The total
stress on the sample is equal to the cell pressure and since pore water pres-
sure is zero, the effective stress is also equal to the cell pressure. The sample
can be sheared under undrained conditions with this same effective stress and
sample volume but by using elevated cell and pore water pressure. This is
achieved by merely increasing both the cell pressure and the pore water
pressure by equal amounts. The difference between the two elevated pres-
sures thus equals the initial cell pressure. Testing under an artificially
elevated cell pressure and pore water pressure is referred to as testing under
a back pressure. The back pressure equals the elevated pore water pressure.
This has two advantages:

a) During shear, negative pore water pressure is induced in some
soils. If pre-shear pore water pressure is zero, development of
negative pore water pressure implies below atmospheric pore water
pressure which is difficult and sometimes impossible to measure
on account of the consequent cavitation in the water in the pore
water pressure measuring system. Development of negative pore
water pressure during shear when sample has a back pressure
results merely in lowering the positive value of pore water pressure
and if back pressure selected is higher than the maximum negative
pore water pressure induced, the magnitude of pore water pressure
remains above atmospheric and is readily measurable.
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b) Even in supposedly saturated soil samples, the pore space some-
times contains some air which on application of total stress to
the sample compresses and causes volume change in the sample
as well as causes effective stress to increase even under undrained
conditions. By application of back pressure the air gets compressed
and dissolved in pore water and one can ensure that the soil is fully
saturated. This can be tested by measuring the B-factor of
the soil as described in 6.4.2. Back pressure may be continued
to be increased until B-factor becomes unity thus assuring that soil
is 100 percent saturated.

6.4.1.1 To apply back pressure, cell pressure and pore water pressure
should be increased simultaneously by the same amount. This is achieved
as follows ( see Fig. 1) :

Close valves B2, Bl and C2 ( valves C1 and A1l are already closed ).
By operating valves C3, G2, Gl, M1, M2, M3 and associated mercury
pots as described in 3.4.3 increase cell pressure to be applied by an amount
equal to the back pressure to be applied. ( Back pressure should be app-
lied in small steps of about 0'5 kgf/cm?2 so as to avoid creating stress con-
centration in soil sample ). Close valve G2. Operate valves G1, G3, B3,
M1', M2 and M3 and the associated mercury pots as described in 3.4.5
and set the system to apply the desired amount of back pressure. Simul-
taneously open valves Bl and C2 and let the sample come to equilibrium
by allowing the new stresses to act on it for say 2 to 4 hours. Repeat the
above process in steps until enough back pressure has been applied to
achieve the two advantages described in (a) and (b) of 6.3.1.

6.4.2 Testing for B-Factor — As noted in 6.4.1(b) the sample is saturated
when it exhibits a B-factor of preferably 1:0 but not less than 09. The
sample can be tested for B-factor at any stage during the process of back
pressure application. The procedure is as given in 6.4.2.1 ( see Fig. 1).

NoTtk — I1 certain soils such as residual clays and very stiff soils B-factor may be
less than one at saturation.

6.4.2.1 Open valves A2 and A3 and bring pressure in the pore pressure
measuring system to a value approximately equal to the pressure then exist-
ing in the pore water of the sample by operating screw control cylinder
(29). Open valve A1 and let the pressure in the pore pressure measuring
system equalize with the existing pore water pressure. Tilt the null indi-
cator (27 ) and set the mercury in the left limb of the U-tube as described
in 3.4.8. Close valve Bl. Increase cell pressure through valve C2 by a
known amount and measure the increase in pore water pressure as described
in 3.4.8. The ratio of increase in pore water pressure to the increase in
cell pressure is the B-factor which should be recorded at the bottom of Pre-
shear Data Sheet No. 1 of Appendix B. If B-factor is less than 1'0, greater
back pressure needs to be applied. To bring the system back to the set up
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used for applying back pressure set the back pressure to be applied using
valves M1’, M2, M3’, etc, and use screw control cylinder ( 29) to increase
the pore water pressure to the desired level of back pressure, then open
valve Bl. Use screw control cylinder ( 29 ) to withdraw mercury from the
left limb of the U-tube to the bottom part of the U-tube and then close
valve 41. Let the sample equilibrate under the new cell and back pressure.

6.4.3 Setting Proving Ring and Dial Gauge

6.4.3.1 Loading frames subject the soil to axial deformation. The
load required to cause deformation is usually measured by a proving ring
placed between the yoke of the loading frame and the loading ram of the
triaxial cell ( see Fig. 4). An appropriate proving ring should be chosen
for each test. The proving ring should be selected so that its capacity is
greater than the load required to fail the sample but not so great that pre-
cision in measuring the load is lost. An estimate of the load required to
fail the sample may be made by assuming reasonable values for the angle of
shearing resistance in terms of effective stress, ¢’ and the A-factor at failure
Ajs for the soil and using the equation below:,

a (6c —ps)sin é
Load to fail = Py = oc Ar + 24 T (1= 24;) sin &

where
ae = cell pressure,
Ar = the area of the loading ram,
A = the area of the sample, and

ps = the back pressure.
Proving ring to be used should have a capacity about 1°5 to 20 times
the load required to cause failure as computed above.

6.4.3.2 A dial gauge is usually used to observe axial deformation of the
soil sample. It should have a least count of at feast 0:02 mm and should
be mounted on the proving ring as shown in Fig. 4. As the loading frame
operates, it reduces the space between the yoke of the frame and the base
of the cell. This reduction in space is shared by compression of the proving
ring and compression of the soil sample. By mounting the dial gauge on
the proving ring only the axial deformation of the sample is measured.
The proving ring dial measures the compression of the proving ring which
is related to the load on the proving ring by the calibration curve of the
proving ring.

6.4.4 Setting Defo: nation Rate — The rate of deformation at which the
loading frame should be set should be selected for each soil. Since pore
water pressure is being measured only at the base of the sample and the
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failure zone is away from the base, it is imperative to shear slowly so that
the pore water has an opportunity to equalize and the measured value
equals the value in the shear zone. For 95 percent equalization the time
to failure, 7;* may be computed from:

0071 L3
4cy

where
L = post-consolidation Iength of sample; and

¢y = as given in 6,3.3 and filter paper strips, discs and porous
stones are used as described in 6.2.

and by estimating axial strain necessary to produce failure e, rate of
deformation may be calculated as:

61L+'%“‘

Deformation rate = y
4

where
Py = load to fail, and

K = a linear estimate of the proving ring calibration charac-
teristics.

6.5 Shearing of Sample — When the sample is ready to be sheared, the
pore water pressure measuring equipment should be again brought into the
circuit as described in the initial part of 6.4.2.1 and valve Bl closed. The
reading in gauge ( 30 ) should be recorded in first row of col 2 of Shear
Data Sheet No. 2 of Appendix B and is taken to be equivalent to a pore
pressure in the soil sample equal to the back pressure. The proving ring
should be suspended from the yoke and in the suspended position the pro-
ving ring dial should be set to zero and the zero reading recorded in first
row of col 5 of Shear Data Sheet No. 2 of Appendix B. Using manual
control of loading frame the loading ram should be then pushed into the cell
but not allowed to touch the loading cap. The loading frame should be run
at the selected deformation rate. During this operation the proving ring
records the force arising from the cell pressure acting upon the area of the
loading ram, o 4, and the friction mobilized between the ram and bush;
this should be recorded in second row in col 5 of Shear Data Sheet No. 2 of
Appendix B. Electrical operation of the loading frame should then be

*This is valid if only the condition of failure is of interest; if, however, the complete
stlress path is required, this time should equal the time to the first significant value to be
plotted.
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stopped. With manual controls the loading ram should be pushed further
into the cell gently bringing it in contact with the loading cap. The dial
gauge for measuring axial deformation of the sample should now be aligned
and set to zero ( see Fig. 4). The sample is now ready to be subjected to
additional axial stresses, that is, it is ready to be sheared. During the pro-
cess of shearing, by a constant gradual adjustment of the screw control
cylinder (29) the level of mercury in the left hand linib of the U-tube of
the null indicator shall be maintained at its initially set location.

6.5.1 Recording Data — During shear the three observations listed beiow
should be recorded at regular intervals of axial deformation as read on the
dial gauge and noted in col 3 of Shear Data Sheet No. 2 of Appendix B
corresponding to axial strain values of about 0:33 percent, 0'67 percent,
1 percent, 2 percent, 3 percent, 4 percent, etc, until failure or until 20
percent .of axial strain. Observations may also be made at other suitable
values of axial strain:

a) The reading on the proving ring dial in col 5 of Shear Data Sheet
No. 2 of Appendix B, -
b) The reading on the pressure gauge ( 30 ) of pore water pressure in

oal 2 af Chasr Nata Chaat NIa D Af Amnandiv R
WVl & Vi WG] L7410 DIAVWE 1YWV, & U‘. nPP\!uum Ary auu

¢) Elapsed time in col 1 of Shear Data Sheet No. 2 of Appendix B.

6.5.2 Dismantling ( see Fig. 1) — Upon completion of the test, first
close valve Al, thereby isolating the pore water pressure measuring system
and thus eliminating any hazard of altering the water content of the sample
during dismantling. Then shut off the loading frame and using the manual
control on the loading frame remove all additional axial stress from the
sample. Next shut off valve M1/M2 and M3 and open valve W1 to let
the cell pressure reduce to about zero. Open temporarily air and oil vents
and let oil spill over the top of the triaxial cell which can be wiped clean
by a dust free rag. Close valve G1 to isolate gauge and apply vacuum to
(I); then open air vent and water will be forced up into water reservoir

(7). Close valve C2 when there is just a little water left in the cell and
shut off vacunm at ( I). Remove ton of triaxial cell. Wrne rubber mem-

brane. Slip off rubber ‘0’ rings (17) and membrane( 16 ) and remove
loading cap ( 15 ) and top coarse porous stone ( 18 ) and recover sample.

aal Aff filtar naner ctring and dicrce and waiagh tha cnil camnla malkine anra
4 wwi NIrA Ailbwi l.lul.lvl S22 8 APU SRLAVE WLAOWAD CALANL VY \llsll LIAW OWILL OCLLlipIEw A.uul\xu5 DL

that no part of the sample is lost. The post-shear weight of the sample,
and the post-shear length and shape should be recorded in the Shear Data

Qliint NTa D Al AcvcmneaAier D Windae ammbased Jndn o dlmoe ol ld Loan oo
DLCTL 1NV, 4 ULl APPUIIUIA D. YYalll LULILLLIL uata I.Cdulllgb buUulU UG 1WLUL ucu

in Shear Data Sheet No. 2 of Appendix B.

The triaxial cell should be cleaned with grit-free soap and water, the

loading ram oiled, and the rubber membrane washed, dried and sprinkled
with french chalk powder for storage until required for the next test.
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6.5.3 Computation of Results — The entire computations for each triaxial
test may be done on Shear Data Sheet No. 2 of Appendix B ( see also
Note ). At the end of the test col 1 is filled with readings of elapsed time,
col 2 with gauge readings of pore water pressure, col 3 with values of axial
deformation in terms of dial gauge readings, and col 5 with readings of
proving ring dial. Calculations should prove as follows:

a) By dividing axial deformation { col 3 ) by post-consolidation length
fill up col 4 for percentage axial strain.

b) Using calibration curve for the proving ring used, fill up col 6 for
load on proving ring.

¢) By subtracting each reading of pore water pressure (col2) from
the initial reading of pore water pressure ( col 2, row 1) obtain
change in pore water pressure and note it in col 7.

d) By subtracting the value of load on proving ring when the loading
frame was operated without the loading ram touching the sample
( col 6, row 2 ) from each value of load on proving ring (col 6)
obtain respective values of axial load for col 8.

¢€) By dividing post-consolidation area A, by (1 — ¢) where < is
the axia! strain, obtain for each e the value of the area of the sam-
ple A4, at that strain.

f) By dividing each value of axial load (col8) by corresponding
value of area of the sample 4, ( col 9 ) obtain values of deviator
stress ( 6; — a3 ), in col 10.

g) By subtracting from the value of initial effective cell pressure, that
is, cell pressure minus back pressure, each value of change in pore
water pressure ( col 7 ), obtain values of minor principal effective
stress o4 for col 11.

h) By adding values of deviator stress ( col 10) and minor principal
effective stress ( col 11 ) for each row in turn obtain values of major
principal effective stress oy, for col 12.

j) By adding value of minor principal effective stress (col 11 ) and
major principal effective stress (col 12) for each row in turn
obtain values of sum of principal stresses a; -+ a3, for col 13.

k) By dividing each value of major principal effective stress (col 12)

by corresponding value of minor principal effective stress ( col 11 )
obtain values of principal effective stress ratio s,/o3 for col 14.
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m) By dividing each value of change in pore water pressure (col 7)
by corresponding value of deviator stress ( col 10 ) obtain values of
A-factor for col 15.

NoTE — For soils of low shear strength suitable corrections may be applied for
the effects of membrane, filter strip and loading ram friction. These corrections may
not be necessary for routine testing.

7. DETERMINATION OF STRENGTH PARAMETERS

7.1 For determining strength parameters it is necessary to test at least
three samples of the soil under investigation at three different effective cell
pressures in the stress’ range of interest. The three soil samples should
initially be as identical to each other as possible.

7.2 Strength Parameters in Terms of Effective Stress — From respective
Shear Data Sheets of Appendix B or from respective stress strain curves
( see Fig. 5) identify the condition of failure ( see Note 1 under 7.2.1)
of each of the three samples. Plot a Mohr circle for the state of stress
at failure in terms of effective stresses for each of the three samples ( see
Fig. 6 ). - Draw the'best common tangent to the three circles. The angle
the tangent makes with the horizontal is the angle of shearing resistance
in terms of effective stresses, ¢’ and the intercept the tangent makes on the
y-axis is the cohesion intercept in terms of effective stresses, ¢’ (see Fig. 6).

7.2.1 The strength parameters mathematically describe the best tangent,
that is, the failure envelope as follows:

it = ¢ + oy tan ¢’
where

tir = the shear stress at failure on the plane of tangency ( see Note
2), and

"ot = the normal effective stress on the plane of tangency.

NotE 1 — What constitutes failure depends on the context in which results are to
be used. Often used criteria are : ( a ) at peak deviator stress, ( b ) at peak principal
effective stress ratio, (c) at 5 percent axial strain, and (d) at 20 percent axial
strain.

. Nore 2 — For engineering purposes, the plane of tangency may be considered
identical to the failure plane and ¢’ and ¢’ may be considered as follows:

w12 = ¢’ + a1 tan ¢’

where
+r¢ = shear stress at failure on the failure plane, and

o1y = effective normal stress at failure on the failure plane.
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7.3 Streagth Paramecters in Terms of Total Stresses — Follow the PIoCEaUIC

as described in 7.2 with the difference that the Mohr circles are to be plotted
in terms of total stresses. The major/minor principal total stress at failure
is equal to the major/minor principai effeciive siress at failure plus the
pore water pressure at failure. The pore water pressure at failure
is equal to the back pressure plus the change in pore water pressure until
failure ( from col 7 Appendix B Data Sheet No. 2). The angle the tangent
makes with the horizontal is angle of shearing resistance in terms of total
stresses as obtained from a CU test, ouv, and the intercept the tangent

makes on the y-axis is the cohesion intercept in terms of total stresses as
obtained from a CTU test, ccu ( see Fig. 7).

7.3.1 ¢cv and cov are parameters that mathematically describe the
failure envelope in terms of total stresses as follows:

Tt = Cou + Oy tan gov
where
7tt = shear stress at failure on the plane of tangency, and

ot = the total normal stress at failure on the plane of tangency
( see Note ).

NOTE — Plane of tangency obtamed from fallure envelope in terms of total stress
lb umc:rcm Il'Ulll uw pldllc UUldlthu ll.l terms Ul cuwuvc bllchbcb, umy Luv lalWl Luny
be considered as being identical to the failure plane in the soil sample.

7.4 Undrained Strength Over Effective Confining Stress Ratio — This ratio
can be obtained by obtaining for each sample the ratio of half the deviator
stress at failure to the initial effective cell pressure. For normally consoli-
dated soil this ratio is usually a constant.

7.5 ¢’ and ¢’ may also be obtained by plotting—c—,—‘;z-——c"‘— at failure versus

~1—'§—°’- at failure for the samples tested, as shown in Fig. 8.
8. PRESENTATION OF RESULTS

8.1 Stress-Strain Results — The results of the test on each sampie may be
presented in the form of stress-strain curves as follows:

Fig. 5 (a ) shows deviator siress versus sirain

Fig. 5 ( b ) shows principal effective stress ratio versus strain

Fig. 5 ( ¢ ) shows change in pore water pressure versus strain

Fig. 5( d ) shows A-factor versus strain.
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(AT FAILURE)

2
—Q.

(al‘ds)

-

- (AT FAILURE)
sin ¢’ = tan ¥; ¢ =W
Fi1G. 8 DETERMINING ¢’ and ¢’ UsING ﬂ"z_—“’ ( AT FAILURE ) versus al ;‘a:

( AT FAILURE ) PLOT

8.2 Failure Stress Results — The failure condition of all the three samples
may be shown in terms of Mohr circles at fajlure both in terms of effective
stresses, Fig. 6 and in terms of total stresses, Fig. 7.

APPENDIX A
( Clause 5.2 )

SETTING UP SAMPLES OF COHESIONLESS SOIL
A-1. PROCEDURE

A-1.1 In order to make samples of cohesionless soil for use in a triaxial
test it is necessary to use a former which will maintain the required speci-
men shape until effective stress of sufficient magnitude to make the sample
self-supporting can be applied. The former ( see Fig. 9) is a split mould of
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RUBBER TUBING

RUBBER BUNG

METAL RING (1)

. CLAMP
0’ RINGS (2)
g Sipdute h «
\RUBBER MEMBRANE
CIRCLIP
‘FORMER
‘Q’ RIN CLAMP TO HOLD
0 RINGS FORMER
ORI |
E FIG.
~~ (ZA

FI1G. 9 Ser Up ror PREPARING SAMPLES OF COHESIONLESS SoiL
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383 mm internal diameter which encloses the rubber membrane and is
clamped to the base of the cell. The lower “0° rings are accommodated in
a groove in the former.

A-1.2 After the equipment has been commissioned as described in 5.3 the.
sample can be set up as given m A-1.2.1 to A-1.2.3 ( All valves in Fig. 1
are assumed to be closed ).

A-1.2.1 Coarse porous stene should be placed on the pedestal. The
rubber membrane should be sealed to the pedestal by two ‘0’ rings and the
split former clamped into position. The upper ring ( 1) in Fig. 9 should
be placed inside the top of the membrane and held with the clamp (2) in
Fig. 9 before placing the funnel and rubber bung in position. The mem-
brane and funnel should be then filled with de-aired water; the pressure
due to the head of water holds the rubber membrane against the inside of
the former. Sufficient sand to fill the former should be weighed out and
saturated by mixing in a beaker with enough water just to cover the sand.

Tha mivtnra chanld ha hailad ta remave trannad air and then nlacad with
11y 1lllAatudiv SuauvuIul UV UVLIVU LV VIV RGPS Gl GG LIV piawwl Vil

a spoon in the funnel, the stopper ( 3 ) being in position.

A-1.2.2 The sample should be built up by allowing a continuous rapid
flow into the former. To increase densrty “of sampIe the former may be
subjected to vibration. The funnel and stopper should then be removed.

'T‘kn ‘n’ f‘ﬂnn chonld ha clinnad off tha matal rine and the memhrane falded
id Tiflgs SA0WG O€ sippea O Wl InClas Iing and nae mimorand iGiGea

over on to the sides of the former. After the surface of the sample has
been levelled a coarse porous stone should be placed on it and the loading
cap should be lowered inio position. Rubber 0’ rings shouid be used to
seal the membrane to the cap.

A-1223 A small necative nore water pressure should be apnlied to the

LR Redhess LR DEIILAL XivpRliTw PV TRMWER PAVIURLL MWL VY Rpritvss v waaw
sample to give it rigidity, by opening valves Bl and B2 ( see Fig. 1) and
lowermg the burette ( 10 ) ( see Fig 1) to the floor. Consolidation under
this effective stress occurs almost at once, and is indicated by the change
in the water level in the burette. The split mould should then be removed
and the height and diameter of the sample measured, the thickness of the
membrane being deducted to obiain actual sampie dimensions. The rest
of the test proceeds as described in 6.2 to 6.4 except that in the dismantling
process the sample again loses its shape; the entire sample is used to deter-
mine the dry weight of the soil used.
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APPENDIX B
( Clause 5.4 )

PRO FORMA FOR RECORD OF OBSERVATION OF
CU TRIAXIAL SHEAR TEST

Pre-shear Data Sheet No. 1

Project. . .ovvvveveienreisnncanannesds Test NO. cuoivnreraenancssasosssssannonssas
Sample NO.....coivviiiinianiacnns 0 1 T R
Soil Identification.................... Tested bY....oovvvvenrnnennonnns e
Sample Measurements : Initial Water Content......ccovievneienncne.
Initial dia, Dg....oovivvinrreeanncnnss CanNO. .. .cvtereeieeiisrensossensassnannens
Initiallength, Lo.......ccvveenennnn... Weight of can+Wet soil...................0l
Initial area, Ao...cvvveeceerveneananns Weight of can+Dry soil.....c..o.ooinnninann.
Initial volume, Vo........ eeeeeaeens Weight Of Water....ccvuveveecrvnrininncrenans
Initial weight..........ooviiiiiniianse Weight of can.....covviveeineniereiianiiieaa

Weight of dry soil...........coooeviiiniiiiian

Water Content. .. .cvvvreeirieeenennneennanseens
Specific Gravity..........ccenveeuess Void Ratio, ...ovvviiininreiinenninnnnennnnns
Effective Confining Pressure. . ........
Time | Elapsed \/ r Burette AV

Time, ¢t Reading
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Post-Consolidation Water Content.........ccvivenrereiivenecneons
Post-Consolidation Void Ratio.............. CFerrennnonncanannnans

Back Pressure

B-factor

Remarks:
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CU Triaxial Shear Test — Shear Data Sheet No. 2

S o T o= Loading Frame No. ............coiiiiiiiiiiinnnn. Cell NO- ..o Test No.
SAMPIE NO. it tet ittt it e i Proving RING INO. ..ottt ittt ittt et et tenaas it eeanannnns Date.....ovvveerennnnnnnnnnn.
T 6 0= 013 i T U £ ) + W Deformation Rate. ... ......iiiuniiitit ittt it ttnaneeanneannnenn., Tested by..........ccoooun...
Post-consolidation Length, L................... e et Confining Pressure, Ge. ... . cvveuevrimmrennenneeeennnnnons F e e,
Post-consolidation Dia, D.. ... ittt i i e
Post-consolidation Area, A..........iiueriiieiiiiiier ittt BaCK PreSSUIE. . ..o vt v vt iooe sttt te st e eutiae e naeenenoasanananee e senennnn Post-Shear Weight...........
ELAPSED GAUGE DiAL STRAIN | PROVING | LoaAD IAXIAL| AREA |oy—e;] o o, |oa+os afo, | A ; Post-Shear Water Content
TIME u GAUGE % RING ON Au |LoAD OF Fac- ‘
DiaL ProvING SAMPLE TOR
1 RinG 1
4y @ &) @ &) ©) | ® ) 10 | an | 4 | a3 [ a9 | g5 {16 | D
— ——
0 Proving Ring ‘ Specimen
Suspended Location
0 Proving Ring acted ! Can No.
up by a¢ Ar
;
0 3 000 0 : Weight of Can+
‘ Wet Soil
Weight of Can+
Dry Soil
Weight of Water
Weight of Can
Weight of Dry Soil
Water Content

Post-Shear Length..........................

Post-Shear Sample Shape. ...................
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Soil Testing Procedures and Equipment Subcominittee, BDC 23 : 3
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