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Preface

Geotechnical Engineering is the specialty of Civil Engineering which deals with the property

and behavior of soil and rock in engineering purposes. For getting different properties of saill,
different soil tests are performed. Some tests are performeddatvhiich are called field test.
Sometimesoil from field is collected and is tested at laboratory with equipment ticatlex

laboratory testThis Lab manual mainly deals with the common and universal laboratory tests

of different types of soilField identification tests of soil and laboratory tests digeain size

analysis by sieve and hydrometer; specific gravity tasisture content determination test;

organic content determination tegitterberg limits test; permeability tests; unconfined
compession test; compaction test; relative density test; direct shear tests; consolidation test
are described according to ASTM (American Standards for Testing Matefiais)Lab

manual was prepared with the heip o A So i | Testing f omLalbegi neer
some lecture notes from BUET (Bangladesh University of Engineering and Technology),
Lecture noteon WAENngi neering Properties of Soi l b a

Krishna Reddy, UIC and some others.

A S M Fahad Hossain
Department oCivil Engineering
Ahsanullah University of Science and Technology
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Experiment 1
Field Identification Test
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Standard practice for Description and Identification of Soils (Visdehual procedure)

Scope of the test
U The practice covers the procedures for the description of sodmfmeering use.
U The identification is based on Visu@xamination and manual test. It must be clearly stated
in reporting identification that it is based on viso@nual procedure.

Standard Reference
ASTM D 2488 - Standard Practice for Description afdentification of Soils(Visual - Manual
Procedure)

Identification of Peat

A sample composed primarily of vegetable tissue in various stages of decomposition that has a fibrous
to amorphous texture, usually a dark brown to black color, and organic @llobesldesignated as a
highly organic soil and shall be identified as peat, PT.

Preliminary identification

Soils can be classified into two general categories: (1) coarse grained soils and (2) fine grained soils.
Examples of coarsgrained soils are grals and sands. Examples of figeined soils are silts and

clays. Procedures for visually identifying these two general types of soils are described in the
following sections.

U The soil is fine grained if it contains 50% or more fines.
U The soil is coams grained if it contains less than 50% fines.

a. ldentify the color (e.g. brown, gray, brownish gray), odor (if any) and texture (coarse -or fine
grained) of soil.
b. Identify the major soil constituent (>50% by weight) using Table 1 as coarse graeejrdivel,
coarse sand, medium sand, fine sand, or fines.
c. Estimate percentages of all other soil constituents using Tdbéad the following terms:
Trace- 0 to 5% by weight
Fewi 5to 10 %
Little - 15 to 2846
Some- 30 to 4846
Mostly - 50 t0100%
(Examples: trace fine gravel, little silt, some clay)

Table 1.1 Grainsize distributions

Soil Constituent Size Limits Familiar Example
Boulder 12 in. (305 mm) or more Larger than basketball
Cobbles 3in (76 mm)-12in (305 mm) Grapefruit

Coarse Gravel ¥ain. (19 mm) — 3 in. (76 mm) Orange or Lemon

Fine Gravel 4.75 mm (No.4 Sieve) — % in. (19 mm) Grape or Pea
2 mm (No.10 Sieve) — 4.75 mm (No. 4
Coarse Sand Rocksalt
Sieve)
0.42 mm (No. 40 Sieve) — 2 mm (No. 10
Medium Sand Sugar, table salt
Sieve)
0.075 mm (No. 200 Sieve) — 0.42 mm (No.
Fine Sand* Powdered Sugar
40 Sieve)
Fines Less than 0.0075 mm (No. 200 Sieve) -

*Particles finer than fine sand cannot be discerned with the naked eye at a distance of 8 in (20 cm).
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d. If the major soil constituent is sand or gravel:ldentify particle disiobuDescribe as well graded

or poorly graded. Welgraded soil consistsf particle sizes over a wide range. Poorly graded soil
consists of particles which are all about the same size. Identify particle shape (angular, subangular,
rounded, subrounded) using Figur& dnd Tablel.2.

Rounded Subrounded

Subangular

Figure 1.1 Shapes of coarsgrained soil particles

Table 1.2 Criteria for describing shape of coarsgrained soil particle
Description Criteria

Particles have sharp edges and relatively plane sides with unpolished
Angular
surfaces.

Subangular | Particles are similar to angular description, but have rounded edges.

Particles have nearly plane sides, but have well-rounded corners and
Subrounded
edges.

Rounded Particles have smoothly curved sides and no edges.

e. If the major soil constituents are fines, perform the following tests:

Procedure for Identifying Fine-grained Soils:

Select a representative sample of the matéor examination. Remove particles larger than the No.

40 sieve (medium sand and larger) until a specimen equivalent to about a handful of material is
available. Use this specimen for performing-the

A Dry strength

Dilatancy/ shaking,

Plasticity and

Dispesion.

> > >
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1. Dispersion

u

i

c:

A rough estimate of the relative amounts of sand, silt and clay in a soil can be made by
dispersion test.

A small quantity of the sail is dispersed with water in a glass cylinder or beaker and then
allowed to settle.

Thecoarser particle fall out first and the finest particles remain in suspension the longest.
Usually, sands settle in 3D sec, silts settle in 10 min and clays remain in suspension for
several hours.

Figure 1.2: Dispersion Test

2. Dry strength:

U Fromthe specimen, select enough material to mold into a ball about 1" (25mm). in diameter.
Mold the material until it has the consistency of putty, adding water if necessary.

U From the molded material, make at least three test specimen about .5" (12.5riamjeiterd
Allow the test specimen to dry in air, or sun, or by artificial means, as the temperature does
not exceed 6C.

U If the test specimen contains natural dry lumps, those that are about 0.5" in diameter may be
used in place of the molded balls. Noténe process of molding and drying usually produces
higher strengths that are found in natural dry lumps of soil.

0 Test the strength of the dry balls or lumps by crushing between the fingers and note the
strength in accordance with the criteria in tahl@

Figure 1.3: Dry Strength Test
Table-1.3 Dry Strength
Description Criteria
None The dry speenen crumbles into powder withane pressure of handling
Low The dry specimen crumbles into powder with some finger pressure
Medium The dry specimebreak into pieces or crumbles with considerable finger presst
High The specimen cannot be broken with finger pressure. Specimen will brea
pieces between thumb and hand surface.
Very High The specimen cannot be broken between the thumb anduréade.
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The presence of higktrength water soluble cementing materials, such as calcium carbonates, may
cause exceptionally high dry strength. The presence of calcium carbonate can usually be deleted from
the intensity of the reaction with dilute hydhbaric acid.

3. Dilatancy:
From the specimen select enough material to mold into a ball about 0.5" in diameter. Mold the

material, adding water if necessary, until it has a soft, but not sticky, consiskemagth the soil ball

in the palm of one handitk the blade of a knife or small spatula. Shake horizontally, striking the side

of the hand vigorously against the other hand several times. Note the reaction of water appearing on
the surface of the soil. Squeeze the sample by closing the hand or gutiehisoil between the
fingers, and note the reaction in accordance with the criteria inttable

Table-1.4: Dilatancy

Description Criteria
None No visible change in specimen
Slow Water appearslowly on the surface of the specimen during shaking and doeg
disappear or disappear slowly upon squeezing.
Rapid Water appears quickly on the surface of the specimen during shakin
disappears quickly upmsgueezing

4. Toughness and plastidy:

U Following the completion of the dilatancy test, the test specimen is shaped into an elongated
pat and rolled by hand on a smooth surface or between the palms into a thread about 1/8 in, in
diameter. If the sample is too wet to roll easily, it shouldspeead into a thin layer and
allowed to lose some water by evaporation.

0 Fold the sample threads and reroll repeatedly until the thread crumbles at a diameter of about
1/8 in. The thread will crumbles at a diameter of 1/8 in, when the soil is near stie |ihait.

Note the pressure required to roll the thread near the plastic limit.
U Also note the strength of the thread. After the thread crumbles, note the toughness of the

materials during kneading. ]

-

Figure 1.4: Toughness an pIastE:ity Test

Table-1.5: Toughness of plastic thread

Description Criteria
Low Only slight pressure is required to roll the thread near the plastic limit. The t
and the lump are weak and soft
Medium Medium pressure is required to roll the thread near the plastic Tihetthread anc
the lump have medium stiffness.
High Considerable pressure is required to roll the thread near the plastic limit. The
and the lump have very high stiffness.
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Table-1.6: Plasticity

Description Criteria

Nonplastic A 1/8 in, threadccannot be rolled at any water content.

Low The thread can barely be rolled and the lump cannot be formed when drier tl
plastic limit.

Medium The thread is easily to roll and not much time is required to reach the plastig
The thread cannot belled after reaching the plastic limit. The lump crumb
when drier than the plastic limit.

High It takes considerable time rolling and kneading to reach the plastic limit. The

can be rolled several times after reaching the plastic limit. Tihe kan be forme

without crumbling when drier than the plastic limit.

Combining all four field test result:

Table-1.7: Field Identification of Fine Grained Soil

Typical Name Dry strength Dilatancy Toughness of Time to settle in
reaction plastic thread dispersion test
Sandy silt None to very high | Rapid Low 30sec to 60 min
Silt Very low to low Rapid Low 15 to 60 min
Clayey silt Low to medium Rapid to slow | Medium 15 to several hours
Sandy clay Low to high Slow to none | Medium 30 sec to severd
hours
Silty clay Medium to high Slow to none Medium 15 min to severa
hours
Clay High to very high | None High Several hours to day
Organic silt Low to medium Slow Low 15 min to severa
hours
Organic clay Medium to very| None High Several hours tdays
high
Table 1.7 Identification of inorganic fine-grained soil
Soil Symbol Dry Strength Dilatancy Toughness
ML None or Low Slow to Rapid | Low or thread cannot be formed
CL Medium to High | None to Slow Medium
MH Low to Medium | None to Slow Low to Medium
CH High to Very High None High

Note: ML = Silt; CL = Lean Clay (low plasticity clay); MH = Elastic Soil; CH = Fat Clay
(high plasticity clay). The terms ‘lean’ and 'fat’ may not be used in certain geographic
regions (midwest).

Table 1.9 Criteria for describing soil moisture condition

Description Criteria
Dry Soil is dry to the touch, dusty, a clear absence of moisture
Moist Soil is damp, slight moisture; soil may begin to retain molded form
Wet Soil is clearly wet; water is visible when sample is squeezed
Saturated | Water is easily visible and drains freely from the sample
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DATA SHEET

ExperimentName : Field Identification of Soil
Experiment Date

Student 6
Student 6
Year/ Semester
Section/ Group

Name
D

n n

1. Color

2. Odor

3. Texture

4. Major soil constituent
5. Minor soil constituents

6. For coarseyrained soils:

Gradation
Particle Shape

7. For fine-grained soils:
Dry Strength
Dilatancy
Plasticity
Toughness
Soil Symbol

8. Moisture Condition:

Classification

Course Teacher
Designation

Signature
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Experiment 2
Specific Gravity Test
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Purpose

This testis performed to determine the specific gravity of soil by using a pychometer. Specific gravity
is the ratio olunit weightof soil at a stated temperature to timt weight of same volume of ghse
distilled water at a statadmperature.

Standard Reference
ASTM D 854007 Standard Test forgcific Gravity of Soil Soliddy Water Pycnometer.

Equipment
Pycnometer, Balance, Vacuum pump, Funnel, Sgoon

Test Procedure

(1) Determine and record the weight of the empty chrahdrypychometer.

(2) Place Bg of a dry soil sample (passed through the sieve No. 10) in the pycnometer. Determin
and record the weight of thgycrometer containing the dry soil.

(3) Add distilled water to fill about half to thrdeurth of the pyaometer. Soak the sample for 10
minutes.

(4) Apply a partial vacuum to the contents for 10 minutes, to remove the entrapped air.

(5) Stop the vacuum and cardjulemove the vacuum line fropycnhometer.

(6) Fill the pycnometer with distilled (water toet mark), clean the exterior surface of the pycnometer
with aclean, dry clothDetermine the weight ohe pycnometer and contents.

(7) Empty the pycnometer and clean it. Then fill it with distilled water only (to the mark). Clean the
extaior surface othe pycnometevith a clean, dry cloth. Determine tia@ight of the pycnometer

and distilled water

(8) Empty the pycnometer and clean it.

Sample Calculation

B (02 01)
S04 01 (03 DZ)GT

Here,

M=Weight of Pycnometer

M,=Weight of Pycnometer+Soil

Ms=Weight of Pychometer+Soil+Water

M,=Weight of Water Pycnometer

Gr=Specific gravity of distilled water. (If normal tap water is used)

(You will get value of Gfrom Soil Testing for Engineeflsambe: Appendix ATable A2)
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Test Pictures

(©)
Figure 2.1 (a) Weight a blank pycnometer(b) Fill the pycnometer with 50gm soiland take weightc) Fill
the pycnometer with water up to mark along with soil and take weightd) Fill the pycnometer with only
water up to mark and take weight
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DATA SHEET

ExperimentName : Specific Gravity Determination of Soil
Experiment Date

Student Name
Student 6s: 1D
Year/ Semester

Section/ Group

Sample Description
Data Table

Specimen number 1

Pycnometer bottle number

Weight of Pycnometer, M

Weight ofPycnometer Soil, M,

Weight of Pycnometer Soil+Water, M

Weight of Pycnometer Water, M,

Specific gravity of distilled water, £

Specific gravity of the Soil, &

Sample Calculation

02 01
04 01 (03 02)

Gs—= Gr

Result:
Specific Gravity of the soil is :

Course Teacher
Designation

Signature
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Experiment 3
GRAIN SIZE ANALYSIS
(SIEVE ANALYSIS)
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Purpose

This test is performed to determine the percentage of different grain sizes contained within a soil. The
mechanical osieve analysis is performed tetermine the distribution of the coarser, largjeed
particles, and the hydromet@iethod is used toatermine the distribution of the finer particles.

Table 3.1 Sieve no. and openings

Sieve no.| Opening Sieve no.| Opening
4 4.75 35 0.50
5 4.00 40 0.425
6 3.35 45 0.355
7 2.80 50 0.30
8 2.36 60 0.25
10 2.00 70 0.212
12 1.70 80 0.180
14 1.40 100 0.150
16 1.18 120 0.125
18 1.00 140 0.106
20 0.85 200 0.075
25 0.71 270 0.053
30 0.60 400 0.038
Apparatus

1 #4, #8, #16, #30, #50, #100, #200 sieve 1 Spoon

1 Pan 1 Bowel

1 Lead 1 Balance

1 Brush 1 Sieve shaker

1 Container

Test Procedure

(1) Write down the weight of each sieve well as the bottom pan to bsed in the analysis.

(2) Record the weightfdhe given dry soil sample.

(3) Make sure that all thaéeyves are lean, and assemble them in tsezending order of sieve numbers
(#4 sieve at top and #200 sievehitton). Place the pan below #200 ste\Carefully pour the soil
sample into the topeve and place the cap over it.

(4) Place the sieve stacdk the mechanical slker and shake for 10 minutes.

(5) Remove the stack from the shaker aadefully weigh and record thveeight of each sieve with its
retained eil. In addition, remember tweigh and record the weight of the towh pan with its
retainel fine soil.

Data Analysis

(1) Obtain the mass of soil retained on each sieve by subtracting the weight of the empty sieve from
the mass of the sieve + retained soil, and record this mass as the weight retained on the data sheet.
The sum of these retained masses should be approxiregighls the initial mass of the soil sample.

A loss of more than two percentuasatisfactory.

(2) Calculate the percent retained on each sieve by dividing the weight retained on each sieve by the
original sample mass.
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(3) Calculate the percent pasgifor percent finer) by starting with 100 percent and subtracting the
percent retained on each sieve as a cumulative procedure.

(4) Make asemi logarithmiglot of grain size vs. percent finer.

(5) ComputeUniformity coefficient,C, andCoefficient of gradtion, C,for the soil.

_Gso _ 0%
C,— and G=——
Y00 G Gs50010

Test Pictures

=
=
e
-
-
-
-

Figure 3.1 (a) Clean all seives before test6l) Weight all seives (c) Serially set all seives
according to their opening size. (d) After pouring the soil place it to seive shaker and shake 10
min. (e) Weight all seive with contained soll
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Data Sheet

ExperimentName
Experiment Date

: Grain Size Analysis Test by Sieve Analysis

Student 6s: Name
Student 6s: 1D
Year/ Semester
Section/ Group
Visual Classification
Data Table
Sieve Wt. of Wit. of Wit. of Percent off Cumulative| Percent
Sieve No.| opening | container | container soil soil percent finer
(mm) (gm) + soil retained | retained retained
(gm) (gm)
4 4.76
8 2.380
16 1.190
30 0.590
50 0.287
100 0.149
200 0.074
Pan
Total weight=
From Grain Size Distribution Curve:
% Gravel D10 mm Cu
% Sand D30 mm C,
% Fines D60 mm

Unified Classification of Sb

Course Teacher
Designation

Signature
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Grain sizedistribution curve
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Experiment 4
PARTICLE SIZE ANALYSIBY HYDROMETER



