Laboratory Solls Testin ¢

Proctor Compaction Test



Homework Set 2 Due




Proctor Compaction Test
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e Apparatus
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e Procedure

Presentation of Resul

Possible Errors




e In the laboratory compaction test, a

soll at a known water content is placed
In a specified manner in a mould of
given dimensions and subjected to a
compactive effort of controlled
magnitude after which the resulting
unit weight of the soil Is determined.

The procedure Is repeated at various
water contents until a relation between
water content and unit weight of the
soll Is established.




Variations on Compaction
Test

e Standard Proctor Test

e Used to simulate field compaction for
routine foundation and embankment design.

e In special cases, to suit anticipated
construction procedures, it may be
necessary to use higher or lower compactive
efforts on the soill.

e Modified Proctor Test

b e Used to simulate greater compactive efforts
when required




Preparation of Sample

Sample should be broken up but the size
of the individual particles should not be
reduced.

If 5% or less of the soll does not pass
the No. 4 sieve, that portion should be
discarded; otherwise, test in 6” mould

If sample contained more than 5% of
material retained on 34" sieve, use
different test



Procedure

e Record all identifying information for
the sample such as project name or
number, boring number and other
pertinent data on a data sheet. Record
the compactive effort to be used, size ¢
mould, and initial water content of

- processed sample.




Procedure

e \Weigh a quantity of air-dry soil equivalent
to 2.5 kg (5.5 kg for 6” mould) oven-dry
weight. Thoroughly mix the material with &
measured quantity of water sufficient to
produce a water content 4 to 6 percentage
points below estimated optimum water
content. Store the soil in an airtight
container for a sufficient length of time to

_ permit it to absorb the moisture. Repeat
this for at least four additional specimens.
_ Increase the water content for each
specimen by approximately 2 percentage
points over that of the previous specimen.



Computation of Sample Size

necessary to prouce 2.5 kg of ven—dry S
IS computed as follows W

I - ! _V
Wo - Ws 1+ 100

e W, = Iinitial water content of material (after air-
drying)
e W', = desired weight of oven-dry soil = 2.5 kg

e The amount of water, \Yin cm3, to be
added to the weight of soll, Y/to produce

2 specimens at the desired test water conte

IS computed as follows: 7w —w )

. W, =
’ e W = desired test water contel 100




Procedure

e \Weigh the compaction mould to the
nearest gram, and record the weight o
the data sheet.

e Attach the mould, with collar, to the
base plate and place the mould on a
uniform, rigid foundation, such as a
- block or cylinder of concrete weighing
not less than 200 Ib.



Procedure

e Place an amount of the previously prepar
sample in the mould such that when thre
such layers have been compacted in the
mould, the total compacted height is

netween 4 5/8"and 5Compact each layer

oy a set number of uniformly distributed
pnlows from the rammer, with the drop
weight falling full height. In operating the

- manual rammer, take care to hold the

rammer vertical and avoid rebounding the
. rammer drop weight from the top of the
guide sleeve. Apply the blows at a unifor
-2 rate not exceeding 1.4 set/blow.




Procedure

e Number of blows per soll layer with
rammer:

e Standard Test (5.5 Ib rammer)

e Material finer than #4 sieve: 25 in 4” mould
e Material larger than %" sieve: 56 in 6” mould

e Modified Test (10 Ib rammer)

e Material finer than #4 sieve: 25 in 4” mould
- e Material larger than %" sieve: 56 in 6” mould



Procedure

e Remove the extension collar from the
mould. Remove the exposed compacted
soil with a knife and carefully trim the
surface even with the top of the mould by
means of a straight edge.

e Remove the mould with the compacted
specimen therein from the base plate,
2 weigh the mould plus wet soll to the
nearest gram, and record the weight on the
2 data sheet. When cohesionless soils are
being tested, there Is a possibility of losing
e the sample if the base plate is removed.

For these soils, weigh the entire unit.



Procedure

e Remove the compacted specimen fron
the mould, and slice it vertically
through the centre. Take a
representative specimen of the materiz
from each of the two parts and
determine the water content of each.

2 The water content specimens shall

weigh not less than 100 g.



Procedure

e Repeat steps for remaining specimens
Compact a sufficient number of test
specimens over a range of water
contents to establish definitely the
optimum water content and maximum
density. Generally, five compacted

_ specimens prepared according to the
above-described procedure should
completely define a compaction curve.



Quantities Obtained In Test

e All quantities obtained for each
specimen

e Weight of mould plus wet soll

e Inside volume of compaction mould

e \Weight of water content specimen plus
tare before and after oven drying

e Wet and dry unit weight and water content
determined for each specimen in same wa
as with standard water content test



Presentation of Results




Use of Data

e Relative
Compaction

Dry Unit
OATIMUM TER CONTENT

WATER COMTENT, *4

The lower the relative compaction, the greater the
3 acceptable range and the simpler the compaction



Compaction Example

e Compaction Tests with results as shown
below

e Compaction mould mass = 2.031 kg
e Volume of mould = 9.44 x 1Om?

Data Point 1 2 3 4 5
Mass of Compacted
Soil and Mould, kg 3.7620 3.9210 4.0340 4.0910 4.0400
_ Mass of Can, kg 20.11 21.24 19.81 20.30 20.99

Mass of Can and Wet

12 Soail, kg 240.85 227.03 263.45 267.01 240.29
Mass of Can and Dry
Soail, kg 231.32 212.65 241.14 238.81 209.33

Note: Lower three lines are results of water content t



Compaction Example

e Find

e Water content and dry unit weight for
each point and plot the results

e Draw the compaction curve and determine
the maximum dry density and
- corresponding water content



Compaction Example

e Example Calculations for Point 1

e Wet unit weight of solil in mould = (3.762
kg-2.031 kg)(9.81 m/séx9.44 x 10-4 i
= 17,990 N/m= 17.98 KN/

e Water content = (240.85 g — 231.32
0)/(231.32 g—-20.11 g) = 0.045 =4.51%

e Dry unit weight of soil in mould =
17.99/(1 + 0.045) = 17.21 kKNfm



Compaction Example

~Results 1or all Data Points

Data Point 1 2 3 4 5
Mass of Compacted
Soil and Mould, kg 3.7620 3.9210 4.0340 4.0910 4.0400
Mass of Can, kg 20.11 21.24 19.81 20.30 20.99
Mass of Can and Wet
Soail, kg 240.85 227.03 263.45 267.01 240.29
Mass of Can and Dry
Soail, kg 231.32 212.65 241.14 238.81 209.33
Wet Unit Weight,

F KN/cu. m. 17.99 19.64 20.82 21.41 20.88
Water Content 4.51% 7.51% 10.08%12.91%16.44%

v Dry Unit Weight,

kN/cu. m. 17.21 18.27 1891 18.96 17.93



Compaction Example

e Plot of Results
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Possible Errors

e Aggregations of dried soil not completely
broken.

e Water not thoroughly absorbed into dried
soll.

Soll reused. Since some soils are affecte
by recompaction, fresh material must be
used for each specimen.

Insufficient number of range of water
contents to define compaction curve
B accurately.



Possible Errors

Improper foundation for compaction
mould.

Incorrect volume of compaction mould

used
mou

used.

. The exact inside volume of eacf
d must be determined before bein

Mec
calib

nanical compactor not properly
rated.

Human factors in the operation of hand
rammer.



Possible Errors

e EXcessive variation in total depth of
compacted specimen. The extension
the specimen into the collar of the
mould should not exceed about V4",
and care should be taken that each
layer Is nearly equal in weight.

e \Water content determination not
- representative of specimen.



Overview of Test 1




Textbook Portions Covered

o Partl
e Chapter 1: pp. 3-26
e Chapter 2: pp. 67-80
e Chapter 3: pp. 96-102
e Chapter 4: pp. 104-133
y e Chapter 5: pp. 144-211
.



Laboratory Experiments
Covered

e Water Content — General (Appendix I)

e Unit Weights, Void Ratio, Porosity and
Degree of Saturation (Appendix I1)

Liquid and Plastic Limits (Appendix IlI)

Specific Gravity (Appendix V)
e Grain Size Analysis (Appendix V)



Basic Test Structure

e Closed Book

e [Two Parts

e Part I: Multiple Choice, True/False, Fill in
Blank, etc., type of questions

e Part Il: Calculation problems
e Water Content

3 e RQD Problems

e Laboratory and Field Test Analysis (Grain
* size, liquid and plastic limits, relative density,
boring logs, etc.)



Formulas to Know

e Summation of Weight and Volume
e Unit Weight and Density Relations
e Specific Gravity
e Tare Weight Considerations

e Water Content

Void Ratio
Porosity

Degree of Saturation

= o Submerged soll analysis for saturated
solls



Basic Formulas

VtotaI_V +Vwater Vsoil
Wtotal Wwater Wsoil
Or
’ M total M water_l_ M Soll

W.=y XV, or M,=p XV,



Specific Gravity and Density

e Unit Weight of Watery )

e 62.4 Ib/ft
- e 9.81 kN/m

e Density of Water

e 1.95 slugs/ft
_ e 1g/cm =1 Mg/n’ =1 Metric Ton/m



Weight and Volume
Relationships

WX:C5X><)/W><VX

M,=G, Xp, XV,

- In most cases, calculations in soll
mechanics are done on a weight basis.
. Exceptions include wave propagation
problems (earthquakes, pile dynamics, etc



Water Content

e Definition: the ratio of the weight of water in
the soll to the weight of the soll solids.

W, percent W %100
, P W

. Ws:




Void Ratio

e Definition: the ratio of the volume of voids to
the volume of solid particles in a given soll
mass.

o Volume of Voids
Volume of Solids




Porosity

e Definition: the ratio (usually expressed as a
percentage) of the volume of voids of a given
soil mass to the total volume of the soil mass.

1 percent 100xVolume of Void
P Total Volume

e
- nzﬁxlOO
e VT



Degree of Saturation

e Definition: the ratio (expressed as a
percentage) of the volume of water in a given
soill mass to the total volume of voids.

VW
S, percenﬂtzv—xlOO

V



Submer ged Soll

ysubmerged: Y total ydisplaced water
G.—1
ysubmerged_ 1+ e Y w

Y wet
D Y submerged ™ g

(approximately

Y submerged” ¥ sat™ ¥'w



Formulas to Know

Uniformity Coefficient; meaning of D
(D,, D, etc.)

10’
Relative Density

Plasticity Index Pl = LL — PL
Liquidity Index LI = (w-PL)/PI

SPT correction methods (if overburden
correction Is given, the chart or formula
for this correction will be given)

Need to know Unified System codes



Particle Size Desi gnation

e D — designates particle size for which x
percent of sample has passed

e D - effective size — particle size at which 10%
of the sample has passed

e Useful to determine permeabillity D 60
e Uniformity Coefficient Cu_ D
B ¢ Well graded soils > 10 10

e Poorly graded Soils <5



Relative Density

emax eO
D = X100

I

Cmax™ Cmin
e ¢ =void ratio of the soll in its loosest
condition

e E _=void ratio of the soll in its densest
condition

® € = void ratio in the natural or condition
Interest of the soll

e Convenient measure for the strength of
cohesionless soll




Unified Classification System

War Il to organise t

e Developed by Arthur Casagrande during World

ne classification of solls

e In this or a modifiec

form, the most widely

used system to classify solls

oG: gravels s\W: well graded
e *S: sands S I\/I °P: poorly graded

*C: clays oC: clayey

o oM: silts oM: silty
»0: organic soils oL: lean (LL < 50)
oPt: peat oH: fat (LL > 50)

_) Primary Characteristics Secondary Characteristic



Laboratory Experiments

e Must be familiar with the procedures
and principles behind the experiments

e |f any formula and/or correction factor
IS needed, it will be given to you

e Must be able to use the general
formulas with the laboratory
experiment data



Questions?




