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Assignment No.1 — Model answer

Soil Compaction

1- Discuss the differences between compaction and consolidation.

Solution of problem No.1:

Consolidation Compaction

Reduction in soil voids by expulsion of

Reduction in soil voids by expulsion of air
water

Occur under the effect of static loads,
vibration loads or impact loads
Require long time to finish ___Require relatively short time to finish
Phenomena that occur for cohesive soil Can be applied to any soil type

Occur under the effect of static loads

2- Compare between the standard and the modified Proctor test.

Solution of problem No.2:

Proctor test Modified proctor test
Soil is compacted on three layers Soil is compacted on five layers
Hammer fall height 30.5 mm Hammer fall height 457 mm
Hammer mass 2.49 Kg , Hammer mass 4.50 Kg
No. of blows is 25 blows gt No. of blows is 25 blows

3- Show with aid of neat sketches when possible the different rﬁethods used to determine the
soil density in field.

Solution of problem No.3:

e Sand cone method:

A small hole is dug in the compacted soil (the hole size depends on the soil grain size). The
excavated material is then weighted in wet and dry conditions. The volume is determined
using the sand cone apparatus. The apparatus consist of a jar filled with sand attached to a
cone. A valve is attached on the cone to control sand fall. The apparatus is put above the dug
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hole and the valve is open. The apparatus is weighted before and after the test. The
difference in weight can be used to find the sand weight filling the excavated hole. The
volume of the hole is found by dividing the sand in the hole weight to its density.

Woighwith poccomo==
sand befors

Weigh with |
sand after )

ol R Subtract sand to
Differsrice= 5 Fil cone and plate
waight to Fill A g
cone plus hole ‘ i

e Rubber balloon method:

A small hole is dug in the compacted soil (the hole size depends on the soil grain size). The
excavated material is then weighted in wet and dry conditions. The volume is determined

- usiiig the rubber balloon apparatus. The apparatus consist of a tank filled with water attached
to a rubber balldon at its end. The apparatus is positioned above the dug hole with the

" balloon is in the hole. The water volume is tank is determined. The water is then allowed to
flow into the balloon with aid of small pressure. The difference in water volume is equal to
the hole volume.
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e Core cutter method:

s W -~ Yead 10 be Filied when Externa
3 Prasurs is Applied

This method can only be applied to cohesive soil only. The compacted soil is cut by a core
cutter with known volume. The soil density is determined by weighting the soil in the cutter

a divide it on its volume.

4- The following data are available in connection with the co.r'lstl_‘.ucvtidn of an embankment:
(a) Soil from borrow pit: Natural density-= 1.75 g/cm®, Natural water content = 12%

(b) Soil after compaction: density =2 g/cm3, water ¢ontent = 18%.

. For every 100 m® of compacted soil of the embankment, estimate:
(i) The quantity of soil to be excavated from the borrow pit, and
(ii) The amount of water to be added.

Solution of problém Nq.f}; '

(i) Soil after compaction dry weight (solid particiés weight) for 100 m’> =

169.5 ton (soil density =2 t/ m°)

2X 100
==
1+0.18

Soil from borrow pit must have the same dry weight (same solid particles from borrow

pit will be placed in the compacted volume) = 169.5 ton

172~ 15625 t/m’
14+0.12

Volume of excavated soil = 169.5/1.5625 = 108.48 m’

Soil in borrow pit dry unit weight =
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(ii) Amount of water to be added =+(0.18 —0.12) X 169.5 = 10.17 ton =10.17 m’ (water

unit weight = 1t/ m’)

(1)

/

Proctor compaction test was conducted on a soil sample, and the following observations

were made:
Water content (%) 7.7 s hlde | 175 | 197 | 21.2
Mass of wet soil (gm) | 1739 | 1919 | 2081 | 2033 | 1986 | 1948

If the volume of the mold used was 950 cm’ and the specific gravity of soils grains was 2.72
Correct the specific gravity of soils grains to 2.72

Make necessary calculations and draw,

(@)

Solution of problem No.5:

Compaction curve, and find maximum dry unit weight and optimum water content
80% and 100% saturation lines. b s e i

Water content (%) 1.2 11.5 14.6 17 197 212
Mass of wet soil (gm) 1739 1919 2081 2033 1986 1948
Wet unit weight (g/cm’) 1.83 2.02 | 200 R awe | 005
Dry unit weight (g/cm’) 1.70 1.81 | 191 | 1.8 | 1.75 | 1.69
Sr =80% unit weight (g/cm3) 2.16 1.96 1.82 171 1.63 157
Sr =100% unit weight (g/cm3) 275 2.07 1195 1.84 77 1873
23
19 : E\ N
2.1 &'\.‘ i
e S . ZAV
£ Ay w\
Ty
o dry max = 1.91.g/cm B
S 19 [ o
2 o
S 18
=
(a]
B
16 | We o= 14.6 % i
15 ‘
6 9 12 15 18 21 24
Water content (%)
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6- The following observations were recorded when a sand cone test was conducted for finding
the unit weight of a natural soil:
Total density of sand used in the test = 1.4 glem’.

Mass of the soil excavated from hole = 950 g.

Mass of the sand filling the hole = 700 g.
Water content of the natural soil = 15 %.

Specific gravity of the soil grains =2.70

Calculate:
e The wet unit weight, the dry unit weight, the void ratio and the degree of saturation.

Solution of problem No.6:

Volume of the hole = 700 /1.4 = 500 cm®
Wet unit weight of soil = 950 / 500 = 1.9 g/em’

Dry unit weight of soil =

1.9
1+0.15

= 1.65 g/cm’

2.70

Voids ratio (e): 1.65 = T wes 0.64

The degree of saturation (Sr) = Gs We¢/e=2.70 X 0.15 /0.64 = 0.63

7- Laboratory compaction test results for clayey silt are given in the following table:

Water content (%) 6.0

8.0

9.0

110

12.0 | 14.0

Dry unit weight (kN/m’) | 14.80

17.45

18.52

18.90

18.50 | 16.90

A sand cone test was conducted to find the in-situ unit weight for the same compacted
soil and the following W'ere‘observed: '
Dry density of used sand = 1570 kg/m”
Calibrated mass of sand to fill the cone = 0.545 kg

Mas of jar + cone + sand (before use) =7.59 kg

Mas of jar + cone + sand (after use) = 4.78 kg

Mass of moist soil from hole = 3.01 kg

Moisture content of wet soil = 10.2%

Determine the following:
(i) Maximum dry unit weight of soil.
(ii) Relative compaction.
(iii) Show the in-situ density and moisture content on compaction curve. (Determine
whether it is dry or wet of optimum?)
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19.5

18.5 Ny 19.05 kN/m?

12500

165

Dry density (kN/m3)

145

(1= e ARSI LR

In-situ density- field water content

1 I i !

135 : ‘ -

9 10 il 12
Water Content (%)

13, 14 15

Mass of soil in the hole = 7.59- 4.78- 0.545 = 2.265 kg
Volume of the hole = 2.265 /1570 = 0.00144 m’

Wet density of the sand'=3.01/0.0144 = 2086.4 kg/m’
Dry density of sand = 2086.4 / ( 1+0.102) = 1893.3 kg/m’
Relative compaction = 18.93 / 19.05 = 0.99

The in-situ density and moisture content are dry of the optimum’

8- A rubber balloon test was used to find out the density of soil in field. The initial water '
volume in the container was 4500 cc. The mass of excavated soil was 2850 gm. If the
water volume in the container after the test Was,"3050 cc and the weight of dry excavated
soil was 2590 gm find the dry density of soil in field.

Solution of problem No.8:

Volume of the hole = 4500 — 3050 = 1450 cc
Dry density of the soil = 2590/ 1450 = 1.78 gm/cm’
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9- The following data were obtained from a modified proctor test on a sand specimen

Can weight (gm) 250512587 123.82 13051 | 3142 [2326 |23.00
Wet soil + can weight (gm) | 85.90 | 88.83 | 96.18 | 103.84 | 104.45 | 103.17 | 123.04
Dry soil + can weight (gm) 84.61 |86.21 |91.90 |98.10 |97.15 |93.57 |107.98
Wet soil + Mold weight (gm) | 5917 | 5936 |5976 |6016 |6078 |6125 |6140

The mold weight is 4265 gm and its volume is 936.90 cc. The maximum and minimum void
1atios (€max) and (emin) are 0.72 and 0.42 respectively. The specific gravity of the soil grain is |
2.64

The followings are required:
(i) Draw the compaction curve and find the optimum water content and the maximum
= T e i e e ’ ' o e
(ii) Draw zero air voids curve (ZAV)
(iii) Find the relative density at the maximum dry density and at degree of compaction

of 95%.

Solution of problem No.8:

Can weight (gm) 23.15 23.87 23.82 30.51 31.42 "23.26 23.00
Wet soil + can weight (gm) 85.9 88.83 96.18 103.84 104.45 103417 123.04
Dry soil + can weight (gm) 84.61 86.21 919 98.1 97.15 93157 107.98
Wet soil + Mold weight (gm) | 5917 5936 5976 | 6016 6078 6125 6140
Solid weight (gm) 61.46 62.34 68.08 67.59 65.73 70311 84.98
Water weight (gm) . 129 1 262 | 428 | 574 | b 9.60 15.06

| Water content 2.10% | 4.20% | 6.29% | 8.49% | 11.11% | 13.65% | 17.72%
Wet unit weight (gm/cin3) 1.76 1.78 1.83 1.87 1.94 1599 2.00
Dry unit weight (gm/cm3) 1.73 1.71 1.72 192 = 1.74 1.75 1.70
ZAV (gm/cm3) 2.50 2.38 2.26 2.16 2.04 1.94 1.80
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Dry density at relative compaction 95% = 0.95 X 1.752 = 1.664 gm/cm3

Void ratio at maximum dry density = (2.64 X 1/1.752) -1 = 0.50

Relative density at maximum dry density = (0.72 -0.5) / (0.72 - 0.42) X 100 =73.33 %
Void ratio at relative compaction 95% = (2.64 X 1/1.66) -1 = 0.59

Relative density at relative compaction 95% = (0.72 -0.59) / (0.72 - 0.42) X 100 = 43.33 %

Note: Great drop in relative density of sand despite the high relative compaction achieved
due its grading
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10-In a large project, the granular soil of the site was compacted to a moist unit weight of
18.0 kN/m’. The compacted soil passed lab tests that showed that the water content was i
11.6%, the maximum and minimum void ratios were 0.8 and 0.4 respectively and the

specific gravity of soil particles was 2.7.

Determine the following:
(i) Degree of saturation.
(i1) Relative density.
(iii)dry unit weight.
(iv)relative compaction.
(v) ZAV unit weight.

> Solution:

5 _ Gs(1+Wc)
T 1te b
o dg—tlel gy
P —— IO e SRS S = >
e e=0.674
e Gs.Wc=¢.Sr
e 2.7*%0.116=10.674 * Sr
e .~Sr=0465

emax - e nat 0.8-0.674
e Dr= — = *100=31.5%
éemax— e min 0.8-0.4

__ Gs(1+Wg)
T 1+e

. 4b. 18
* Y= o= = 16.13 KN/m3

w

Gs 2.7 =
. * Ydmax = Yw= 7 ¥10 = 19.28 kN/m3
e - Re=2118 00 = 2613 4100 = 83.66 %
) yd max 19.28
° Yazav= ﬁ—sw- Y= -1—727—70——; 10 = 20.56 kN/m3

Sr=1 1
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11-For foundation work on a weak soil stratum, a soil volume of 15m x10m x5m is to be
removed and replaced with a good soil. The weak soil has a bulk unit weight of 1.45 t/m’
while the good soil has got maximum dry density of 1.8 t/m’ at opt. water content of
16%. The specific gravity is 2.7. If the target of the compaction of the fill is to achieve
95% of the maximum dry density, what is the maximum Degree of saturation can be
permitted and how much volume of new soil will be needed at this degree of saturation to
fill the excavated volume. void ratio for the new soil before compaction = 0.75

Water content allowed range from 14.7% to 17% "to get Rc=95%"

> Solution:

o vi=Re* Y4 ma=0.95*1.8 = 1.71 t/m’

Gs
& Vd :IIEY“'
2.7
e 1.71= E *]
o e=0579

e Max. degree of saturation is at max allowed water content =17%
e Gs.We=¢.Sr .
27 01T 057 55w
o ~Stmx=80%

After Compaction : Vp=15*10*5 =750 m3 , ,=0.579
Before Compaction: Vy=??7, e, = 0.75

° Vt o VS (1+e)
o 750 =V, (1+0.579)
o 2V,=475m’>

=Vy=475(1+0.75) = 831.25 m’

5/3




, LATERAL EARTH PRESSURE
1-a) Describe the effect of raising the ground water level on the
horizontal and vertical forces acting on a retaining wall.

-For GW.T.1:-

~ dSSiumnie V= ”}/\L”
N (‘Ta i ]\,;1 ’ yx:n i
R | I )
e e .,
": 2 i 2 i ol
. I :
oy }f;” 3 T 21 (.}\';! A !'\'d & )
) ' f ] \ ~
- V\ == ’},\m -\ = Y:\nl i *; : b o }{ (2)
-For G W.T.2:-
= O‘\ = 'l( o yt\’j[ }"] (-;'\N]zrli: 2‘
[ I T
M]”{[ = Sl -II’—"ZV“"'}‘Q, 'y;h'}l?
: 2 4 o a su
- W Y
. I I . ‘
el g
i S B, +1 AL R
| =y § Sy Faub | 2 . Y\‘ .

-+
SE
1
s
-
S
.
e
M
~~
9
N’

e

1 : )
o i)

N

sal

——

sat

- S RO e (i) and (3=
- When the ground water level raises the lateral force
acting on retaining wall increases

- Promieq (7 and (4 )

- When the ground water level rajses the vertical force
acting on retaining wall due to soil weight is
approximately the same.




//‘ 1-b) Discuss the influence of existing external loads on the body of
the retaining wall or on the ground near the wall on the stability

of the wall.

I- Inflience of existing external loads on
the body of the retaining wall (P)):-

- Increases the F.O.S. against sliding
due to the increase of Fg.

v

2- Imereases  the,  F.OS.  agamst
overturning due to the increase of Mg.

3- Decreases the F.O.S. against bearing
capacity failure due to the increase of
stresses under the base of the wall.

11- Influence of existing external loads on the ground near the wall (P»):- -

|- Decreases the F.O.S. against sliding due to the decrease of Fp.
2- Decreases the F.O.S. against overturning due to the increase of Mp.

3- Decreases the F.O.S. against bearing capacity failure due to the
increase of (f;) and the decrease of (f;) under the base of the wall.

J-¢c) What is the effect of increasing the friction between the wall
surface and the surrounding soil on the wall stability?

- When the  friction. between _the.  wall

- surface-and the surrounding soil increases
(6 increases) the horizontal force acting

“on the wall (P, cos ) decreases and the
vertical forceé acting on the wall (P, sin 0)
increases, hence the stability of the wall
will increase.




// 2- A vertical smooth wall of 6.00 m height supports sand

backfilling with horizontal surface. Compute the active earth
pressure assuming water table to be at 2.00 m below the backfill
supface (o= 32° ¢ | 80 t/m°). If the soil and water level in the
othér side is above the wall footing by 2.00 m, calculate the
passive earth pressure.

/— - B I aaT— B i e o e 2 2 e i~ o e Dt i i) oo o i il

> . YYYY
- Solution:- 1
g=18tm’
: e
_1-sin32 s QT
K, =22 g3 2T
° 1+sin32
] A
i e 2 tm’
\P . k .25
-0, = k. g, Al '\/k-, : :
‘ y 5 S0 : & S S
- Oﬁd O D (O) - = =) i 210l ol 2 um

o, =0. v](”xl %)wl 12 Um*

i

i

o, =031(2x1.8+4x0.8)=2.11 t/m’

= :akp~<7\+«26\/k
-, =325(0)+0=10

P

o oy =3 250 R = 5.2 Wi




- Solution:-

3- For the shown R.C. wall in Fig. (1), angle of friction between the

footing and the soil is 16°, and density of R.C. is 2.5 t/m’. Calculate
the factor of safety against sliding using Rankine theory for the

following cases:
a. Neglecting the passive resistance

b. Taking the effect of the passive resistance

192 ym™

05

Ny

J

YYY Y

o ~l~—><].l><(().85 ~4.71)=2.83 t/m

P2

o

it
1- L.E.P.:- ,‘( 8=1.9 t/m
. h =2.51m A c=15tm
s L:sTnLJ 041 ; A 4.0
1+5s1n25 oy
1 g
= 1\ . o ig— = 246 | /\\’]
| 471 vm <] B
e e F T | +—
X 7 g 854 3 2 2.05 ¢m
7, = Tl \/k“
-5, =041(0)~2x1.5x/0.41 ==1.92 t/m’
-0, =0.41(5.1x1.9)-1.92=2.05 t/m’
- =K e, da e
- 0,7 =2.46(0) +2x1.5x /2146 =471 tym? .-
-, =2.46(1.1x1.9)+4.71 = 9.85 t/m” .. Lo
 2- Forces:-
5 5k - =h =25 m: =
52  L92e208 ... s e
[ -
-E = EX 2.05% (5.2~ 2 51)= 2 76 T
=B = el =
: : 192 205



W, =0.5%4.5x2.5=5.63 t/m

i Wz — 06352 5=5251m
- W, =0.5x3x1.9=2.85 /m'

- > W=563+525+2.85=13.73 t/m'

3- Check sliding:-

1- Ne'glecting the passive earth pressure:-

-, =8, =076t
-F, =Y Wiand=13.73xtan16 =3.94 t/m

T 3.4
RN e s LD
F, 276

_2- Taking the effect of the passive earth pressure:-

o FI.’,) = Eu — 2 76 t/lﬂ“-
" F?R = PEP\ = ]:?Dj 4= Z W tan (3 = S 8 Sl 283 3 84
[, 1195

SraiE e =4.33
E 2.6

R
D

= 11,95 i/rn



" 4- Calculate all the factors of safety for the wall shown in fig. (2).

Qan =10.00 t/m”. £t
05 15 }L 1.0

T VY
=10 ¢=5tm
2.0 G,=2.72 w.=15% ¢ = 0.9
A 1.09Ym G.W.T.
= LS e 919y
E. S t/m E.
L= -
T 1.53 vm
ha 9:=19t/m’
f:]j0 ¢ =10 t/my «smml?’“'
IAUJ
2.5 thmp
S ,_4“5[ T S .ﬂ - <
" 4.0 t/m’
- Solution:-
1-1EP, -
- For the 1" soil layer:-
G (1+w,_) 2 s S
Yy L =] 65
l +e 1+0.9
I—-sinl0 s
= ]’\, = MMM& Sos 7
1+sin10

- For the 2nd soil layer:-

1 —sin30

{l

—

B ka

- For the 3rd soil layer:-

Feisinis
k&l

l+sinls

-0, =0.7(0)~2x 5x /0.7 = -8.37 tm’?
-0, =0.7(2x1.65)-8.37 = —6.06 t/m"




! !

33(2x1.65)-0=1.09 t/m°

-0 0.
0.3
0.5

iy

-0, =0.33(2x1.65+1.5%0.9)~ 0 =1.53 t/m"
-0, = (7><]65+ 5%0.9)-2x10%~/0.59 = —12.62 t/m>

0, =0.59(2x1.65+1.5x0.9+2.5x0.9) - 2x10x/0.59 = —11.29 t/m°

2- Forces:-

= | P

-E, =1.09505 =164 1/m o —x1.5x(1.53-1.09) = 0.33 t/m’
. I 1 S U L e

== :;XI.DXLS::].]B tme e, =192 5= 3 T8 i

-P=5tm (External load on the wall)

N e E S e qg;

=ML =1%3%0 4 0 i/ - W, = ~]~\< 0.45 ¢t Sxl=034 t/m

=W, =03x1.5x1=0.75 /s -1, =2.5%3 =75 ihn

| :
~U, = :x].5><3 =2 25 t/'m

\
|
|
|
‘ | |
| W, =1x5x24=12tm'  -W,==x5x15x24=9 ym'
|
i

3- Check sliding:-

i Fl) = Eu[ e E‘m wh, HE w. o 6.85 t/m

1 -F, =Y Ntand+c, -B
N T ZN:P+W1+ Wz T,L';W}T‘L.VVL + \NS»TU] “Uz
= Y N=5+1249+47.2+034+075-7.5-2.25=24.54 t/m'
RN ' 2
soE—das D =100, e — :mx]O 6.67 t/m'
¥ 73 3 3
= F, =24.54xtan10° +-6.67x 3 = 24.34 t/m'
. 24.34 ’ )
- F.O.S.:—Fi: 27 =00 =15 saic
F, 6.85
|
|
|




4- Check overturning:-

ZMR
EZNL)\

-F.OS. ==——

Fo Arm | Mp Fr. A | Mg
Um m | m.tU/m tm m_ | m.tm

Eg=l64 | 325 | 533 P 50
Baiss - 2 1.0 Wl 120 /

{0
0

T
z
l
=
(e}
&)

539 1 W—9.0

W 77

T
)J
I
I5e)
=1
N
Lo
{ wn
=0
o)
O

B2 i |1 »034

7 o 5 M S e V\/ =g

64.71
e s e
30.16

5- Check bearing capacity:-

=2 P.OB =

- ZN 24.54 t/m

N B4 543016 - 64.71

= M =276 m.t/m

C.

(!0

H

M > 5 0k
N 24,54

( i G
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- Solution:-

1- L.E.P.:-

=i

-k, =~ =
I+ sin 30
- o-;I] - ()

- 0, = 0:33(6x1.8) =3.6 t/m”

2- Forces:-

;E”:éx3bx6;LQ8qmﬁ~

} Wl.: 3x 54 )/25 = 405 t/m
- WL = 0.6 B0 5 - 1|5E il

WL =R s s Oe R

- W, =1x0.4x1.8=0.72 t/m’
- 2 W =11.22B—7.87 t/m’

5- Calculate the minimum breadth (B) for the smooth retaining wall in
fig. (3) to have a factor of safety 1.30 against sliding, 1.50 against
overturning, and the safe gross bearing capacity is 20.00 t/m2.
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/" 3- Check sliding:-

s =0 G
fVFR = ZN tano+e B : -

Cl 18] l () 3 / 2
=C====-— 5N
2

o
wo |
S

4- Check overturning:-

, AL SRES - S— B e L
- M”nz}\ﬂR“lN:4,05\/{].‘];5’FI.DBX%«'%(()‘7QB’]2.()4’)X(B+21 jJ

+0.72x0.5
=) M, =4.66+0.75B> +4.86B’ ~8.22 + 0.36
=) M, =561 -3
- > M b, =108x2=21.6 mt/m

NEFMMLSﬁmzﬁzuli
i 21.6

= SOIRP. A5 6= 1 . .seB =50k

LAY




5- Check bearing capacity:-

- > W=11.22B-7.87
-M, =5.61B*-32
-M, =10.8x2=21.6 m.t/m

B
-M_, =(11.22B-7.87)x—
+21.6—(5.61B° -=3.2) e }-» 1.0
= M, =-3.94B+18.4 B .

M., -3.94B+18.4
—er: —

N 11.22B-7.87 / /i
s \ ¢
_]lf_(]+,6—éj |
AU B

] = ()

~11.22B—7.87 1 " 6(~3.94B+18.4)
B |  B(11.22B-7.87)

; N(]~_6e)_ 1122B-7.87(  6(-3.94B+184) ]
R B B(11.22B-7.87)

= B, =251m’

-From B, to By:- -

= e B=2.50tim*




6- For the given wall shown in fig (4), calculate factor of safety
against sliding and overturning.

P\ P‘J; T)J P;!-.
e i : LR |
Y YYY

R e

- Solution:-

_“szi:WZZ%XL“dxkgzé

- From or

aph:-

=P, =6.

8 t/m' -

- Forces:-

-P, =6

8 t/m

L

_ W]] ':: 1 %5 % QSM ]25 t/m“

- W, =

w5

l><D><2.

2

x2.5=15.63 t/m

9=18tm’
=0

d=15"

7 Sand %
' VP d

5 tim




3- Check sliding:-

-l =P coso —6.8 we0s]s —6.57
!,,/ : = ZNtan O+=C, B _
- D N=P cosd+ W, + W, = 6.8% cos15+12.5+15.63 = 29.89 t/m"
= F, =29.89x tan15" = 8.01 t/m’
Iy 1 &0

RO = =122 215 = unsafe 1
] b 67

4- Check overturning:-

-2 My, =125x3+15.63x1.67+1.76x3.5 = 69.76 m./m"
- Y M, =657x1.65=10.84 m.ym |

SNE————, £V o (N o s L. i S
A te =644 >15 = safe
DM, 1084




/

7- For the wall shown below, find the critical failure wedge
using Coulomb active earth pressure theory. Also calculate
the value of the earth pressure

50 KN/

\ silty Sand
\ 9 =19 kN/m'
\ g
5.0 \ d=13
\ ¢ =20 kPa

\\ . =8 kPa

- -Solution:-
| , ;
= \Nyl = Wf} == “/; = \A/4 = :X } 55 X 535)< ] () = 788 ](N/m

P =t L =850 =44 8 kN/m'

€

P =L =Sihs e 0T ki)

|

-P_ =20x5.55=111kN/m'
e B 206:45 2123 KN/m'
P =20x7=140 kN/m'

- From graph:-—

-P =48 kN/m'
- AP, =30 kN/m'




1.0 1.5

e L ———

1.5




8. For the shown retaining wall Cal

culate the total active force
and its position on wall surface

using Coulman's Method.

Fars
V)

X

33"
20°

O

Sy = 17kNIm?
i‘fsaf 20kN/m?*




Calculations of weights:

W= Ay, S,

Wi =17[0.5%1.3%3.4] 1 17[05%3.5%2.8] 10
3.9+ 88.6 =2222 kN/m

W= 310.8+ 88.6 = 399.4 kN/m

From Drawing :

Pame = 150 kKN/m

Y=17m

[0.5%1.3%2] = 133.9 kN/m _

7l
W2=133.9:40 17]0.5%0.7%3.8 + 0.5%3.4%2.03] + 10[0.5%0.7%2]
33



= 2.02 > 1

oD

= (ol o ol o) /AL idi i)
= (3.05x4.6x1+3.05x1.5x2)/(3.05x((5+

SAFE

/

5)/2)x1)

[~
Page (1/7,
Assignment {3)
Seepage through soll
Model Answer
Question (4):
1 {
£
H, =10 2
£
- N i
./
_/
/
.
From drgwing: NFf:S T
q = KxHx(N, /N, )= (7.2x1077/100)x10x(3/6)x24x60x60 ~
ER = 311.04.m° /day/m
Check Heave:
F.0.S. = Soil weight / Seepage force 5




A Check Erosion:

Rl =, /e
= (Uw/ % )/ (AH/L,)
= (1/1)/(1.67/2.11)
= 1.26 < 1.5

UnSAFE

Calc. of stresses on S.P.W.:

Point 1 2 3 4 5 6 i 8 g
H, (m) 10 | 10 | 833|667| 5 |333|167| 0 | 0
H, (m) T Ry MECT AR RSy e E
H, - (m) O T TETGTA | 9.6 T6 | IZFTA 0| O
p (t/m?) 0 6 | 776|974| 96| 76 | 377 O 0
o, (t/m?) 0--|- 6 | 128 120121454 |11 SEE MG G|~
o (t/m*) = . 0= O |504 1038t WP | 394|343 3 | 0O
i
6 2
| . 9
i 176 3 i
8
1 37
9.74 4
96 R6 7.6
9.6

Pore water pressure diagram




1 Page (3/7)
2
504 3|
10.38 4
13.6 .
76
Fffective stress diagram
- TN LN |
x
w
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Colc. of ‘Uplift on blanket:

d

q = KxHx(N, /N;) = 7 5x107%5x(3/9)x24x60x66x 50

= 54.00 m® fday/50m"" .

) . . el

| Beint -0
1H, (m) 25 oo | il i o
H, (m) o |0 | e cene] o R
H, (m) 2.6 -2 1 BT | 00| s
e 55 | 227 | 157 (i o e

Uplift pressure diagram




Erorr—thremmie st

N, =8

g =KxHx(N,_ /N, ) = (6.1x107/100)x4.5x(4,/8)x24x60x60

= 118584 m® Jday/m - - .- =

Calc. of Uplift on Weir base:

Uplift pressure diagrem

[Point e T e T A
H, (m) 45 |3.93753.375 2.8125|- 2.25 [1.6875|1.125 [0.5625| ot
b (m) . 4l -1.50|-1.50|~1.50|~1.50|<1.50 =1.50 1.50|-1.50|-1.50
. (m) 6.00 5 4375 4.875 [4.3128| 3.755.1875| 2.625 2.0625 1.5
U (t/m?) 6.00 |5.43754.875 |4.3125 375 [3.1875|2.625 [2.0625 |

12 5 4 5 6 7 89 ‘
i

e

b




.

ﬁeck Frosion:

FOS. =i / i,

B,/ Y, )/ (AH/L,)
0.9/1),/(0.5625,/0.87)
= 1392 < 1.5 Un SAFE

|
e

Page (6/7)

£ &
n (@]
N Q i
) (@)
£ &
(o)) N
>
/ — -
!
/
/
I
! |

Frora diaming: o N =

N,
s = 79.056 m’ /day/m

Cdle. of Uplift_on Weir base: -

Point l - 5 4 ° 0
H, (m) Gn 0 e SRR e
H, (m) (50— 1.50] 1 50— 50 e
H, (m) 3.75 | 3.50 | 3.00 | 2.50 [ 2.00 | 1.50
U (t/m?) BRI R e R 8 N0 L o

q = KxHx(N, /N, ) = (6.1x107°/100)x4.5x(3,/9)x24x60x60




7D
3.50

e

Uplift pressure diagram

SRR

Check Erosion:
B — el
= AT ol A )
= (0.9/1)/(0.5,/0.85)
SRR TS
Naofe:

} Downstream position

—Best S.P.W. position to increase F.0.S. against erosior’ is at the.

—Best-S.P.W. position to decrease the Uplift pressure on the wier’s base is

‘at the Upstream position

i)
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Assignment No.5

Bearing Capacity of Shallow Foundation
1-" Discuss with neat sketches the different shear failure types of shallow.foundation.
- .. 2= Determine the allowable net bearing capacity of the shown footing in both drained and

undrained conditions if the footing is subject to normal load. Comment on the results (safety
factor equals 3.0)

= ‘m)}é,;;,;,‘ S

A Etm L Fill

[ B " 3
20X25m v = 18.0 kN/m
Silty Clay
o Cohesion Friction angle Saturated
Cluiiion (KPa) (deg) Unit weight
Undrained 100 - 3
Drained 30 15 W okh

3- A footing 2.50m X 2.25m is subject to a normal load of 1000 kN and a bending moment of
100 kN.m. find the allowable net bearing capacity using a factor of safety 2.0 '

e
' 1000 kN
1y i?qu M. Loose fil
1.00m e ¥=16.0kN/m*> -
Dense Sand
@ =35 degree
v = 18.0 kN/m®

4- Find the allowable net bearing capacity for the shown below footing. Assume that only
vertical force will be applied on the footing. Recalculate the problem if the clay is below the
footing and underlain by the sand. compare between the results

172

RN




VF Gl
2.00m : Lopse fill
2.00 X 2.30 m 1.50m 5 =16.0 kN/m®
4
/
Sand 0.50 m
150 ™ ¢ =34 degree 2t
‘ 1 v=19.0kN/m® — ‘;
Clay
Qun =120 kN/m?
7 =17.0 kN/m®

5- For the shown footing it is required to find the allowable net and gross bearing capacity

108

1500 kN
N
1.25m

G

250X 265m

Silty Sand

¢ =29 degree
7 =19.0 kN/m®
C=15KPa

212
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Model answer of Assisnment No.5

Bearing Capacity of Shallow Foundation

4

1- Discuss with neat sketches the different shear failure types of shallow foundation.

~-.. Problem 1:

o General shear failure

o B

General shear failure takes a place for relatively small footing supported on stiff clay or
dense sand, the ultimate load is well defined on the stress-settlement curve as shown below

Load per unitarea, q
S

Settlemeént, S

prd
y

3" Year Civil- Geotechnical Engineering (2) - CES (351) - Academic Year 2014/2015 Page (1/11)
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e Local shear failure

The local shear failure occur for larger footings supported on relatively medium dense sand
or cohesive soil with medium consistency

R

b B —]

As stress below the footing increase the settlement increase till the first failure stress (qu') at
this stress, the failure surface defined by solid lines is developed. With further increase in
the stress the stress-settlement curve become steeper. When the stress reaches the ultimate
capacity (qu) the failure surface reaches the ground surface (see dashed lines in the figure
above). No 'peak stress is observed for after the ultimate stress is reached. See below figure

Load per unit area, ¢

Settlement, &

3 Year Civil- Geotechnical Engineering (2) - CES (351) - Academic Year 2014/2015 Page (2/11)
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o  Punching shear failure

T
i

"Takes place for footings on relatively weak soil. The peak stress is never observed. the

ultimate stress is defined by the point which AS/Aq is maximum

> ool

u

Settlement, S

3" Year Civil- Geotechnical Engineering (2) - CES (351) - Academic Year 2014/2015 Page (3/11)
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Determine the allowable net bearing capacity of the shown footing in both drained and
undrained conditions if the footing is subject to normal load. Comment on the results (safety
factor equals 3.0)

b
[
/
I

S S B R e
i i I Fl”-180+<N/3
: PORIBM. | A T
Silty Clay
o Cohesion “Friction angle Saturated
o onamen (KPa) = degr - Unitweight. -]+
Undrained 100 - M -
Drained 30 25* 1T kR

Note: modify the friction angle to 25 degree

Problem 2:

e Undrained condition

¢ = zero hence, Nc = 5.0, Nq = 1.0 and Ny = 0.0
Shape factors for the footing L = 2.50 m and B =2.0 m

‘Ae=Aq=1+0.3(2.02.5)=1.24 ..
Ay=1-03(20/2.5)=0.76
. y1=18 kN/m’ and y, = 7.5 kN/m’

quig=C Nc hc+Dg yi Ng Aq+Bya Nydy

Quig =100 X 50X 124 +1.50 X 18 X 1.0 X 1.24 +0=653.48 KPa
"Quimet =653.48 — 1.5 X 18 = 626.48 KPa'

Qailnet = 626.48 / 3.0 =208.8 KPa

e Drained condition

¢ =25 hence, Nc 20.5, Ng=10.5 and Ny =4.5
Shape factors for the footing L =2.50 mand B=2.0 m

Ae=Aq=1+03(2.0/25)=1.24
Ay=1-0.3(2.0/2.5)=0.76

3" Year Civil- Geotechnical Engineering (2) - CES (351) - Academic Year 2014/2015 Page (4/11)
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1= 18 kN/m’ and y, = 7.5 kN/m?

qultg:C Ne¢ 7\C+Df’yl Nq ?»q+B”y2 N’Y?\.’Y o
Quig =30 X 20.5X 1.24 + 1.50 X 18 X 10.5 X 1.24 +2 X 7.50 X 4.5 X 0.76 = 1165.4 KPa
Quitner = 1165.4—~1.5 X 18 = 1138.4 KPa ‘ ,

. Qallnet = 1138.4/3.0 = 379.5 KPa

The undrained condition is more critical than drained one

3" Year Civil- Geotechnical Engineering (2) - CES (351) - Academic Year 2014/2015 Page (5/11)
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3. A footing 2.50m X 2.25m is subject to a normal load of 1000 kKN and a bending moment of
| 100 kN.m. find the allowable net bearing capacity using a factor of safety 2.0

| 11000 kN
E PRI, | 100 KN.m Loose fill =~
1.00m i V= ’
i 5 o ’ - 7=16.0kN/m
, | : 21 '

| . s Dense Sand
| ¥ =33 degree

7 = 18.0 kN/m®

e SR 'Prbb}emﬁ'i%‘ e

@ =35 hence, Ne = 46.0, Ng=33.0and Ny=23.0
: Shape factors for the footing L =2.50 mand B=2.25 m
eL=M/N = 100/1000 = 0.1
i L'=L -2e,=2.50-0.1 X2=230
| Ae=hq=1+0.3(2.25/72.3)=1.29
Ay=1-0.3 (2.25123)= 971
Y1 =16 kN/m” and vy, = 18.0 kN/m’

Quirg =0+ 100X 16 X 33.0 X 1.29 +2.25 X 18 X 23X 0.71 = 13425 Ky
| . Qune = 1342.5-1.0 X 16 = 1326.5 KPa
| Gallnet = 1326.5 / 2.0 = 663.24 KPa

| )

} Quig=C Ne Ac+ Dy vy, Ng Aq + By, Nydy
|

|

3" Year Civil- Geotechnical Engineering (2) - CES (351) - Academic Year 2014/2015 Page (6/11)
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4. Find the allowable net bearing capacity for the shown below footing. Assume that only
vertical force will be applied on the footing. Recalculate the problem if the clay is below the
footing and underlain by the sand. Compare between the results. in the second case find the
allowable bearing pressure if the allowable settlement is 50 mm (mv =I§.O X IO'SKpa'I)

. 2.00m i ke Loose fil
) 2.00%2.30m .. 1.50m v =16.0 kN/m
Sand 7 \ 0.50 m
@ = 34,degree =
. . \
¥ =190 kN/m® I

_Footing 3.50 X_3.80

Clay
Qun = 120 kN/m?
v = 17.0 kKN/m®

Problem 4:

¢  Sand layer

¢ =34 hence, Nc =42.0, Ng =29.5 and Ny =20.5

Shape factors for the footing L =2.30 m and B =2.00 m
ke=hg=1+0.5000.3)=1.76

MN=E-03 Q003 =074

1 = 16.0 kN/m>and Y2=9.0+10(0.52.0)=11.5 kN/m>

* Guig=C Node+Dp ) Ng Aq+By, Nyxy =

Quig =0+ 1.50X 16 X 29.5 X 1.26 +2.00 X 1.5 X20.5X0.74=1241 KPa

a2~ 1.5 % 16 =1217 KPa
Qatinet = 1217 /3.0 = 405.6 KPa

e Clay layer

¢ = zero hence, Nc = 5.0, Nq = 1.0 and Ny=0.0

Shape factors for the footing L =3.80 m and B = 3.50 m
de=hq=1+63(353.8)=127

Ay=1-03 (3.5/3.8)=0.73

3" Year Civil- Geotechnical Engineering (2) - CES (351) - Academic Year 201472015
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N =(16X1.50+19X0.5+9X1.0)/3=14.20 kN/m*and v, = 7.0 kKN/m’

Quig =C Ne Ac+Deyr Ng Aq+ By, Ny by

Quig =60 X 5.0 X 1.27 +3.0X 1420 X 1.0 X 127+ 0 =435.1 KPa ',
Quitner = #35.1 = 3.0 X 142 =392.5 KPa '
Quiine (from footing) = 392.5 X(3.80 X 3.50) /(2.0 X 2.30) = 1135 KPa

Galinet = 1135 /3.0 = 378.3 KPa

Take allowéblé bearing capacity of 378.3 KPa

Clay layer is underlain by sand layer

200m _-4—;7;17 . ol Loose fill :
l— 200X230m | 1.50m v =16.0 kN/m
I” I\\ /]
0.76m |/ Ao N 0.50 m Clay
1.50 m MO, Qun = 120 kN/m®
i gt v = 17.0 kN/m>
/____Footing 3.50 X 3.80 -
Sand
@ =34 degree
v =19.0 kN/m®
e Clay layer.

@ =7zero hence, N¢ = 5.0, Nq = 1.0.and Ny = 0.0

Shape factors for the footing L =2.30 m and B =2.00 m
Me=2q=1+03(2.0/23)=126

Ay=1-03(2.0/2.3) = 0.74

y1=16.0 kN/m’and y, = 7.0 + 10 (0.5/2.0) = 9.50 kN/m>

Quig =C Ne Ac+ D¢ y; Ng Aq+ By, Nydy

Quig =60 X 5.0 X 1.26 +1.50 X 16.0 X 1.0 X 1.26 + 0 = 408.2 KPa
Quitnet =408.2 ~ 1.5 X 16 =384.2 KPa

Qalinet = 384.2 /3.0 = 128.1 KPa

3" Year Civil- Geotechnical Engineering (2) - CES (351) - Academic Year 2014/2015
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* Sand layer
@ = 34 hence, N¢ = 42.0, Nq=29.5 and Ny =20.5

Shape factors for the footing . =3.80 m and B =3.50
| he=rq=1+0.3(3.5/3.8) =127
| M=1-0.3(3.5/3.8)=0.73 - .
‘ T1=16X1.50+17X05+7X 1.0 )/3=13.2kN/mand y, = 9.0 kN/m?

| . Quig =C Ne de+Dg y; Ng Aq+ By, Ny Ay

i Guig =0+3.0 X 13.2 X 29.5 X 1.27+3.50 X 9.0 X 20.5 X 0.73 =1530.1 KPa
Quitnet = 1530.1 = 3.0 X 13.2 = 1490.5 KPa '
Jaliner=1490.5-/3-0 = 496.8 KPa -

Take aﬂowable bearing capacity of 128.1 KPa

The presence of clay layer near the footing reduced the bearing capacity
San =50 mm = Ao X (H = 1.50m) X (m, = 5.0 X 10°Kpa™)

Ac = 666.7 KPa

Hence stress at foundation level to cause a settlement of 50 mm = 666.7 X (.75 X
3.05)/(2.00 X 2.30) = 1215 KPa _ '

Take allowable stress betow the .f.dbtin.g the least of 128.1 KPa and 1215 KPa which is
128.1 KPa

3" Year Civil- Geotechnical Engineering (2) - CES (351) - Academic Year 2014/2015 Page (9/11)
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5. For the shown footing it is required to find the allowable net and gross bearing capacity

—
(@]
o

1.25m
Silty Sand
¥ =29 degree
7 =19.0 kN/m®
C=15KPa .

Problem 5:

Vertical force (V) =1500 Cos 10 = 1477 kN

Horizontal force (H) = 1500 Sin 10 =260 kN

Vertical force at soil failure (Vo) = 1477 X (Fs = 3.0) = 4431 kN
Horizontal force at soil failure (Hy) =260 X (Fs= 3.0) =780 kN

® =29 hence, N¢c = 27.5,Nq=16.5 and Ny=95

Shape factors for the footing L =2.65 m and B = 2.50 m
he=2q=1+0.3(2.5/2.65)=1.28

My =1-0.3(2.5/2.65) = 0.72

1.7 19.0 kKN/m’and y, = 19.0 kN/m?

“quig=C No %e ic+ Dy 1 Ng Aqiq+ By, Nydy iy

Case of C-¢ soil:

T Hy, [, L 780 'J3 I

'q [1 L Vp+4 C cot ((p)J [1 0.7 4431+(2.50 X 2.65) 15 Cot (29) 0.685
. Hy, S [y 780 =

= [1 T Vy+AC Cot (w)J “[1 4431+(2.50 X 2.65) 15 Cot (29)} =0.573

. . 1~i 1-0.685]
ic = [lq — qul] =[0.685 - | =0.664
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Quitg = 15 X 27.5 X 1.28 X 0.664+1.25 X 19 X 16.5 X 1.28 X 0.685 +2.50 X 19 X 9.5 X
0.72 X 0.573 = 880.4 KPa

Gaig= 880.4 /3.0 =293.4 KPa

Quitner = 880.4 — 1.25 X 19 = 856.6 KPa
Qatinet = 856.6 /3.0 = 285.5 KPa
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