MEASUREMENTS OF MATERIAL PROPERTIES

Soil Properties

1. Physical properties
2. Index Properties
3. Hydraulic Properties

4. Mechanical Properties



Index Properties

Index Properties: Used to classify the soil or to correlate with the mechanical properties.

Moisture Content vs. Unit Weight Relationship (Compaction)
Grain Size Distribution

Atterberg Limits or Consistency Limits (LL, PL SL)

B~ W o

Relative Density D,

Californian Bearing Ratio

CBR or LBR

Limerock Bearing Ratio

o1



Soil Compaction |




Definition:

Soil compaction is defined as the method of mechanically increasing the
density of soil by reducing volume of air.

Ysoil (2) = Ysoil (1)
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Soil Compaction in the Lab:
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Soil Compaction in the Lab:
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Soil Compaction in the Lab:

1- standard Proctor Test

ASTM D-698 or

¢
Energy. = 12,375 foot-pounds per.cubic foot %max

Zero Air Void Curve
S, = 60%
j Zero Air Void Curve

Dry Density

S, =100%

A
AASHITO 1-99

A

7/dmax

/

2- Modified Proctor Test ASTM D-1557 | Modified
or AASHTO T-180

Energy = 56,520 foot-pounds per cubic foot
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Soil Compaction in the Field:

5- Sheep foot Roller

1- Rammers

2- Vibratory Plates

3- Smooth Rollers

4- Rubber-Tire



Field Soil Compaction

Because of the differences between lab and field compaction
maximum dry density in the field may reach 90% to 95%.
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Index Properties

Grain Size Distribution
Atterberg Limits
&
Soil Classification
Systems



Unified Soil Classification System

Soil Classification [

Grain Size Distribution
. -1 - : = s P | o T
The separation of soil into classes or groups LSRN o
each having similar characteristics and L EESSmRa
potentially similar behaviour " R
USDA Soil Textural Clasification Systen

\

[ Few simple (routine) tests are used to classify soils.
o Gradation ...... Sieve Analysis -2
o Atterberg Limits ........ —
a Hydrometer Analysis, ... —— = = 4
[ A AT VA1 U : L — Casagrande Chart
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Plasticity Index ;“’
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Figure 5.3. Particle-size distribution curves for sediments in Czechoslovakia (Bazant,
1979): 1. Vltava River gravel; 2. “Gap-graded” gravel; 3. Letna terrace, uniform sand;
4. Pankvac terrace, gap-graded clayey sand; 5. Micovna loess; 6. Hodonin silt; 7. Ruzyne
clay; 8. Branany bentonite; 9. Quartzite talus from Boulder Mountain, Black Hills, South
Dakota.
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Computing CU and CC

cU — Deo Coefficient of Uniformity
D1, High Values Indicate Well-
Graded Soill
5 Coefficient of Curvature
CC = DBO .
Values Between 1-3 Indicate

Dlo X D6O Well-Graded Soil



Soil Classification Systems



Unified Soil Classification System

Plasticity index
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UNIFIED SOIL CLASSIFICATION
{Including Identification and Description)

Major Divisions 5(';0]:5 . Typical Names  perticles larger than 3 . and basmg fractions In.fonnatm_l; .Reqsml.-f d for
¥ an cstimatod weiphis) Descnbing Soils
1 2 3 4 3 &
= (E = Well-graded pravels, Wide range in prain size and For undi§turbcd Soils a‘,id
e E L -.g GW | pravelsand mixture, substantial amounts of all information on stratification,
" 28 E Eg little or no fines. intermediate particle sizes. degree of compactness,
2 2% - E 5 : ; cementation, moisture
= 2 2 Z-? =2 Poorly graded pravels or Predominantly one size or a condition, and drainapge
g 28 e 23 GP gravel-sand mixture, range of sizes with some characteristics.
2 E E i B - little o no fines. imtermediate sizes missing.
E G2 B g Silly gervels; gravetand: | Dooplastic fincsorfincs withlow | Gilve typledl naime; indicate
& 5 .E g £ 7 prh plasticity (for identification a s £
K = E & silt mixturss. pproximate pereentages o
= E s 5y g =4 procedures see ML below). sand and gravel, maximum size;
=E % = 2o Z 52 ; e sz angularity, surface condition,
e B B -g = RE Clayey gravels, gravel- Plastic fines (for identification and herdness of the coarse praing;
E g %ﬁ = 2 5= and-clay mixtures. procedures see CL below). lacal or geologie name and other
gt = : : - fal pertinent deseriptive information;
;.:;E =] £ . Well-graded sands, Wide range in prain size and and symbol in parentheses.
£ 2 E g 2 ¢ SW gravelly sands, litle or substantial amounts of all
g ‘é = 3% 7 4% no fines. intermediate particle sizes.
= O ol
= E : & % &3 Poorly graded sands or Predominantly one size or a Example:
= B EE R "_5; = SP gravelly sands, little or range of sizes with some Silty sand, gravelly; about 20%
T ges g © = no fines. intermediate sires missing. hrmiv, angular pravel particles %-
E Z|52 B o - L 1 ize; ded and
=3 B ‘ : Nonplastic fines or fines with low 1L TN 1205 ToICeran
‘f: Bl = _g E £.3 SM Silty sands, sand-silt olarE ity (i identificati subangular sand grains, coarse
B = s ; plasticity (for identification i :
E 3 gEE # mES mixtures. edires ses ML below) to fine; about 15% nonplastic
= = E z 33% . = o fines with low dry strength;
= H =] *EE i . a . PR
2| & 202 4 Ei £ sC Clayey sands, sand-clay Plastic fines (for identification well compacted and moist in
| = & 475 smixtures. procedures see CL below). place; alluvial sand; (SM).
.4
@ Identification Procedure on Fraction
.- Smaller than Mo. 40 Sieve Size,
£ o Dry Strength | Dilatancy | Toughness
= e (Crushing | (Reaction tof(Consigtency
) g Characteristics)]  shaking) near PL)
! - Incrpanic silis and very fine sarsds, 3 F £ 2
% ?’q - = rack flewr, silty or clayey fin None (o Quick to B For undisturbed sc}l.s ad_d information
2E 8 5.8 82 ML sands or clayey silts with slight slight slow S of steucture, steatification,
R 75 mE=s plasticity consistency in undisturbed and
253 EE = B2 Incrganic clays of low o mediom Medium None to : remolded states, moisture and
E'E B R CL plasticity, gravelly clays, sandy - ’ Bdedium & it
% % ,_f,_-, = § clays, silty clays, lcan clays. o high very slow idape condilins
) = Crrganic silts and ocganic silgy Slight to . Give typical name; indicate degree and
_E E a B.= % OL clays of low plasticity, medintm Hlow Slight dw:?pu&rofpm:icity; ammw%a.nd
GEE | Mu | mmumsme | siw | Sowi | Sigwe | Drmtsciotmgsscobe
S i = . . ¥ medinm none medium ; i it
3 'El ; = silty sodls, clasic sils. of gat_:u!o_glc _n:}me :md oﬂwrdpamﬂt
B =T Inorpanic clays of high plasticity, High to ) deseriptive information; and sym
E ] CH it ; None High ;
& 2 a3 fi clas. very high in parentheses.
= W & QY | Ceiccamofmedimuhia | Mediumte Nometovery Slightto Example: ) ;
plasticity, orpanic sils high slow tedilm Clayey Sﬂt'c?fmﬁr:‘e!glf ! r‘yplzsuc; ;ﬂ&m
Highly Orpanic Soils Pt Poat and other highly crganic Readily identified by calor, odor, spongy fieel toat holes: fmm;ddq' iﬂp  oess:
¥ LAE soils. and frequently by fibrous texture (ML) k




Casagrande Chart
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American Association of State Highway and Transpertation Officials (AASHTO) soil classification system
Table 4.1 AASHTO Soil Classification Syslem

SO CRSTRION | (a5% or less passing USNo. | 11 - (Moro than 35% passing US No. 200 siove) * :¢
A-1 A-3 A-2 A-4 A-5

Group classification | A-1a A-ib A24  |A25 [A26 |A27

Sieve analysis

Percent passing

US Mo. 10 (2 mm) 50 max
US No. 40 (420 p) 30 max | 50 max |51 max
US No. 200 (75 ) 15 max 25max | 10max |35max |35max |35 max |35 max |36 min 36 min 36 min 36 min

Characteristics of
fraction passing US
No. 40 (420 u)
Liquid limit
Plasticity index . . .
Non- 40max |41 min |40max |41 min |40max |41 min 40 max 41 min
6 max plastic | 10 max | 10 max | 11 min 1M min | 10max | 10 max 11 min 11 min
Group index 0 V] 1] 4 max 8 max 12 max 16 max 20 max
Usual types of Stone fragments Fine Silty or clayey gravel and sand Siity soils Clayey soils
significant gravel and sand Sand
constituent materials .
General rating Excellent to good Fair to poor
as subgrade

MNote: A-8 is identified by visual classification, and is not shown in the Table.
Classification procedure; Proceeding from lefi to right in tha charl, the comect group will be found by the procass of elimination. Tha first group from the left consistent with

the test data s the comrect classification. A-7 group is subdhided into A-7-5 or A-7-8 depending on the plastic limit. For w, < 30, tha classification is A-7-6; for w, 2 30, it is
A-T-5.

a = %P #200 - 35 Gl to the nearest whole number (integer)
- — b = %P #200 - 15 Never negative — (0)
Group Index (G): GI =0.2a+0.005a.c+0.01bd < __ /" "» High GI — low quality materiall7

d=LL-10 EX: A-7-6(5), A-7-6(18)



USDA - Soil Texture Triangle

Grain Size Distribution

1

ANEST OF SIEVES-COMMON SIEVE SIZES

Sieve Analysis

Percent Finer by Weight
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insertion of hydrometer.

Grain Size Distributions

U=, Standard Sieve Sizes | Hydrometer Analysis

§' 4" 2 A" lpro@3 #5 #12 #20 #40 #70_#200
2 T

“ou can control which sisve
sizes are shown and the type

of scale (AASHTO ar \
Udden-wiertworth) with Grain
Size Options under \
Options=LinearLog Scaling.
Alternatively, right-click within
the plot and select Grain Size

_ \
Options. \

Plastic Clay

—— —— Silty Clay
-------- Gravelly Clay

— = = Clayey Sand 1

— =  Clayey Sand 2
——=-—= Crushed Sandstons
—&——s— Concrete Sand
—— —+— Cruzhed Limestone

o 100
1000 100 50 0 5 1 058 01005 0m 0.0m
Grain Size in Millimeters
[ Gravel [ Sand |
Cokkles |Coarse | Fine | C [Medium | Fine | Sit or Clay

Percent Coarser by Weight

ing jar (b) before and (c) after

2- Hydrometer Analysis

100

> B 3 B S B B D

<——— Sand (%)

18




Example 1.
Given: Soil sample
without gravel

Sand = 26%
Silt = 35%
Clay = 39%
Sum =
100%
3
Soilis Clay Loam 30

USDA Soil Classification System

Example 2:

The Soil consists of Sand, Siltand Clay.
100

Jan

INONININININS

) ?0/\/\/\ clay/\/\/\ 35/‘%_
" AAAAAAA‘

/A\

Given: Soil sample

13%
14%
34%
39%
100%

Drop the Gravel and recalculate

For soil with gravel, Gravel =
subtract the gravel Sand -
from the soil and
calculate the new Silt =
percentages
Clay =
Sum =
the ratios.
Sand = 14%
Silt = 34%
Clay= 39%
Sum 87

'A'A'A'A\'m
(/\ VV‘

New Soil
Percentages

Sand = 14/87 = 16%

VAVAN A VA
, AVA NIAHRKAAXKAEN o Sa
- Q8NN NNNN/ VVVVV ~ Silt =34/87 = 39%
2 & % 2 2 P B v Clay = 39/87 = 45%
«——— Sand Separate, %
’ Sum 100%
COMPARISON OF PARTICLE SIZE SCALES
Sieve Opening in inches U N '\l nd rd Sieve Number: il
I AT P Soilis  Clay
SAND
USDA GRAVEL : . SILT CLAY
Notincluded '_‘”:'.'r‘w| Coarse i Medium l Fine | Ly
GRAVEL SAND
UNIFIED SILT OR CLAY
| Fine Cours Med l F
GRAVEL OR STONE SAND SILT - CLAY
AASHO
Cuarse [ Medium | Fine Caurse | Fine Cla
(A Lt 11 P11l 101 1 11! | 1 I 1 | |
!!!!! Aa w 5 P 1 0nE 042 "2 ol a4 K3 RETEY 9001
Grain Size in Millileters 19
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