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Soil Mechanics — Brief Review

Q1.
Sieve | Diameter Mass of Soil of Sieve + Soil Percent Percent
Number (mm) Empty Sieve | Soil Retained | Retained (g) | Retained Passing
(9) (9)
4 4.75 116.23 166.13 49.9 9.5 90.5
10 2 99.27 135.77 36.5 7.0 83.5
20 0.84 97.58 139.68 421 8.0 75.5
40 0.425 98.96 138.96 40 7.6 67.8
60 0.25 91.46 114.46 23 4.4 63.4
140 0.106 93.15 184.15 91 17.4 46.1
200 0.075 90.92 101.12 10.2 1.9 44 1
Pan | ... 70.19 301.19 231 44 1 0.0
Total Weight= 523.7
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From Grain Size Distribution Curve:

Gravel =95% Do =0.002 mm
Sand =46.4% D3o =0.017 mm
Fine =44.1% Deo =0.25 mm
D. Y 0.017)
¢ =Du_ 02 s o D) (001) 5
D, 0.002 D,,xD,, 0.25x0.002

Unified Soil Classification System (USCS): SC /SM (see next page for more details)
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GROUP NAME

<5% fines =—_

GW <15% sand —— Well-graded gravel
= 215% sand — Well-graded gravel with sand

> Cy<4andor1>GCy>3

fines = ML or MH
Cu24and1scc£3<
fines = CL, CH,

GRAVEL

— GP —

— =15% sand — Poorly-graded gravel
= 215% sand — Poorly-graded gravel with sand

GW-GM <15% sand — Well-graded gravel with silt
T 215% sand — Well-graded gravel with silt and sand
GW-GC ? <15% sand — Well-graded gravel with clay {or silty clay)
>156% sand — Well-graded gravel with clay and sand
(or silty clay and sand)

GP-GM -\_\_\_\ <15% sand — Poorly-graded gravel with silt
>15% sand — Poorly-graded gravel with silt and sand
GP-GC *T: <15% sand — Poorly-graded gravel with clay (or silty clay)
215% sand — Poorly-graded gravel with clay and sand
{or silty clay and sand)

GM «—\\ <15% sand — Silty gravel
>15% sand — Silty gravel with sand

GC — <15% sand — Clayey gravel
=>15% sand — Clayey gravel with sand

GC-GM <15% sand — Silty, clayey gravel
T >15%sand —— Silty, clayey gravel with sand

SW —\_\_—\_: <15% gravel — Well-graded sand
=15% gravel — Well-graded sand with gravel

SP —=\_\_‘H <15% gravel —* Poorly-graded sand
=15% gravel — Poorly-graded sand with gravel

SW-5M <15% gravel —— Well-graded sand with silt
T >15% gravel — Well-graded sand with silt and gravel
SW-5C — <15% gravel — Well-graded sand with clay (or silty clay)
215% gravel — Well-graded sand with clay and gravel
{or silty clay and gravel)

SP-SM <15% gravel — Poorly-graded sand with silt
= >15% gravel — Poorly-graded sand with silt and gravel

{or CL-ML)
% gravel > 5-12% fines
% sand
fines = ML or MH
Cy<4andor1>C.>3 <
fines = CL, CH,
(or CL-ML)
/ fines = ML or MH
>12% fines \ fines = CL or CH
fines = CL-ML
C,26and15C,<3
<5% fines =—___
Cy<6andlor1>C;>3
fines = ML or MH
C,26and 1 sc,;sa<
fines = CL, CH,
SAND (or CL-ML)
% sand 2 5-12% fines
% gravel
fines = ML or MH
Cy<6andlor 1>Ce>3 -<:
fines = CL, CH,
{or CL-ML)

-(’// fines = ML or MH
>12% fines fines = CL or CH

SP-SC — <15% gravel — Poorly-graded sand with clay (or silty clay)
>15% gravel —= Poorly-graded sand with clay and gravel
(or silty clay and gravel)

SM — <15% gravel — Silty sand
=15% gravel —= Silty sand with gravel

SC — <15% gravel — Clayey sand
>15% gravel — Clayey sand with gravel

$ fines = CL-ML —é SC-SM Q <15% gravel — Silty, clayey sand

215% gravel — Silty, clayey sand with gravel
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Q2.
Method 1: Assume volume of solids, Vs = 1cm?, py, =1g/cm?

Given: w= 25.7%= 0.257 (= “B“A—VSV)
e=0668 (=)
S=100% = 1.00 (= )

o Air
o —
; Water X
S S ¥ R
5 Soiids 8
Volume Mass

Phase diagram

Calculations:

1.V, =e x V, = 0.668 x 1 = 0.668 cm?

2.V =V, +V,=0.668 + 1 = 1.668 cm®

3. V. =S xV, = 1.000 x 0.668 cm? = 0.668 cm?
4. V,=V,-V, = 0.668 cm? -0.668 cm? = 0.00
5. M, = p.xV,, = 1.000 g/cm3x 0.668 cm? =0.668g

M,, 0.668¢g

6.M; =—=—"—""=2.599¢
w  0.257

7. M= M, +M,= 2.599g +0.668g = 3.267g

8.0 _ 32678 _ | 959 glome = 1959 kg/m?
P =y =166 cms = OOV M= g'm
Mg 1g

= = =2-
VsXpw 0.3847 cm® X 1.000g/cm? 599
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Method 2: Assume mass of solids, Ms = 1g
M

Given:w= 25.7%= 0.257 (= M—Z”)
e=0668 (=)
s=100% =1.00 (=1)

o Air

e X L
A 5 -
= ™~ o

Phase diagram

Calculations:

1. M, =wxM;=0.257 x 1 g=0.257¢
2. M=M, + M;=0.257g+19g=1.257¢g
Mw 0.257 g

.V, = =
3 pw 1.000g/cm?

=0.257 cms3

Vw 0.257 cm?
S 1.000

4. V, = =0.257 cm3

5 V,=V,-V, =0.257 cm3-0.257 cm3 =0 cm3
Vy 0.257 cm?®

6. Vs = =——=0.3847cm?
e 0.668

7. V=V, +V, =0.3847 cm3 + 0.257 cm3 = 0.6417cm?3
M 1.257g
"V 0.6417 cm?

8.p = 1.959 g/cm? = 1959 kg/m3

Mg 1g

9. G, = =
* Vgxpyw 0.3847 cm® x 1.000g/cm?

=2.599

Qs.
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a. Flow curve and liquid limit
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40
w = -0.6923N + 40.846
. ® R2 = 0.9838
2
= 30
[
Qo
[
s | \
H . N ‘\
o 20
= o
=
10
10 25 100
Number of blows, N

From the equation for the flow curve

LL = —0.6923 x 25 +40.846 =23.55 %

b.Plasticity index:
Pl =LL - PL =23.55-12 =11.55
c. Liquidity index:

w-wp 14 —12
wi—wp 23.55—12

LI = =0.17

d. Application of Atterberg Limits
» used in engineering classifications

» used in Group Index for pavement designs

» plastic limit is an indicator of optimum moisture content for compaction

» correlation with strength parameters and compressibility
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Q4.

Volume of the mold is 1000 cm3

Mass of soil (g) 2010 2092| 2114 2100 2055
Density (kN/m?) 19.72| 20.52| 20.74| 20.60 20.16
Water content (%) 12.8 14.5 15.6 16.8 19.2
Dry density (kN/m3) | 17.48| 17.92| 17.94| 17.64 16.91

20 \
19

18 ==

Zero-air-void

7\ !
15 - }i\ S=90%
14 | 5=50% 5 : |

<
10 15 20 25 30

17

Dry density (kN/m?3)

Water content (%)

Yd(@max) = 18.0 (kN/mg)
Optimum water content w. = 15.4%
(The above values can be slightly different depending on the compaction curves)

b. (Sample calculations: see next page for more details)

_ Gsvw _ _267x981 . 5
Vzav = 1+wGs  1+(0.05%2.67) (N/m

GsYw _ 2.67x9.81

Yoo = wGs — 0.05x2.67—22-81(kN/m3)
1+ 5 1+ 0o
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Gs w (%) Yeav (KN/M®) Yoo, (KN/M?) Y50, (KN/M°)
2.67 5 23.11 22.81 20.67
2.67 10 20.67 20.20 17.07
2.67 15 18.70 18.13 14.54
2.67 20 17.07 16.44 12.67
2.67 25 15.71 15.04 11.22
2.67 30 14.54 13.86 10.07




