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Solls generally are called gravel, sand, stlt, or clay, deP?“digg veral OF8 : B |
within the soil. To describe solls by their particle siz& R -
particle-size classifications.

Table Particle-Size Classifications

Name of organization : 002
Massachusetts Institute of Technology > 21000 205100 007 <0.tv-
(MIT), { ’
U.S. Department of Agriculture >2 210003 ' 0.002 <0.002 h:
(USDA) o 0075 0.07310% =
American Association of State 762102 Aalg 8= 2
Highway and Transportalion Fines 3
Officials (AASHTO) 75 . clays) =
Unified Soil Classification System Cg6210475  ATSEOOR G, o ‘g% g A

U

(U.S. Army Corps of Engincers, G.S. ) . . ~
Burcau of Reclamation, and American ' // =
Sociely for Testing and Matcrials) : 3, No. 10 sieves

v . . " \ e’ i oS on 2
Note: Sicve openings of 4.75 mm are found on a US. No. 4 sicve; 2-mm ope0ing

0.075-mm openings on a U.S. No. 200 sieve. T r
50 My ' Know its =
‘ - . . o i erly, you muSt . =
In any soil mass, the sizes of the grains vary greatly. To classify 3,50‘(; I;:‘i)lpis g);nerally dete}'mmed 2
grain-size distribution, The grain-size distribution of coars:e-s@“; rribution can be obtained >
by means of sieve analysis. For a fine-grained soil_, the grain-size dIS : k e
means of hydrometer analysis. . N '
100 -
. 804 ;
-g :;;
2, 60 > _
D I
ey I
g I
(= [
£ 40 - |
§ !
2 T
20 - I : <
| '
> T 1
r 1
0 UL |||||I||| T TITTT T T 1 1
10 1 - 0.l ' 0.01

' Grain size, D (mm) .
Figure: Grain-size distribution curve of a coarse grained soil

DESIGN INTEGRITY, Call: 01633905761
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'_‘ "1 Classification systam Grain size (mm)

Unified Gravel: 7S mm 1o 4.75 mm
‘ Sand: 4.75 mm to 0.073 mm
‘ Silt and clay (fincs): <0075 mm

AASHTO Gravel: 75 mm to 2 mm
Sand: 2 mm to 0.05 mm
§ilt: 0.05 mm to 0.002 mm
\i . Clay: <0.002 mm

! Figure: Soil-Separate Size Limits
| Effective size ( Dyo): This parameter is the diameter in the particle-size distritguti_on curve
: corresponding to 10% finer. The effective size of a granular soil is a good measure to estimate the

‘ hydraulic conductivity and drainage through soil.
Uniformity coefficient (C,): The uniformity coefficient C,, is defined a{ﬂxe’-ratio of Dgo by Dyo-

Where, D¢, is the diameter corresponding to 60% finer.
| Cy > 4 for well graded gravel
C, > 6 for well graded sand

q C, < 4 for uniformly graded soil containing particles of the same size.

- o - Ly D}

¢} Coefficient of gradation (C,): This parameter is defined as C; = —_
. D3gxDyo

Wherein Dy, is the size of particle at 30 percent finer on the gradation curve. The soilis saidto
be well graded if C, liesbetween 1 and 3 for gravels and sands.

Question: Draw grain size distribution curve for Dyq, D3o and Dgo (BUET M. Sc. —2011)

N\
1}
i
y 60 f———————==mmmm—m— L—\—\~|\
£ F
z ] !
3 L
£ 40 : !
_________________ S . X
o I — s o Y
] R
iDs 10g Dxl 1Ds 1Dg
\ 0 T p— T 1
j 100 5o 1.0 05 0.1 0.05
‘-?ﬁ Panicle size (mm) —log scale
DESIGN INTEGRITY, Call: 01633905761
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: . . . . cuﬁe.
Question: Draw qualitative diagram of particle size distribution?
(TGTDCL — 2014, DNCC — 2020) -

Solutjon;
100 - \
80 -
\\‘/ Peorly graded
g - \
5 Well graded o .
E w- Cap goded .
1
20 - A,
OM ' ! T T T T T 1
10 05 02 o1 o005 002 001 0008
Panicls diamcter (mm)—log scale
£ . = . meaning
Question: What five letters used for unified soil classification system In their ™
(RAJUK — 2014) Ny, P
Solution: O :
neering

n system used in engi
fication system can be applied

The Unified Soil Classification System (USCS) is a soll classificatio
bol. Five first-letter

and geology to describe the texture and grain size of a soil. The classi
to most unconsolidated materials, and Is represented by a two-letter sym

symbols are used:

= G for gravel

-+ S for sand

- M for silt

-+ C for clay

- O for organic soil

Question: According to the unified soll classification system specify the meaning of the following

types of soil. (TGTDCL - 2014)
Solution;
a.CL = Lean Clay

b. MH = Elastic Silt
c. S¥ = Peerly Graded Sand with silt.

d. OL = Organic Clay/Slit.
e. PT = Peat and others highly organic soil.

DESIGN INTEGRITY, Call: 01633905761
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f ) Question: Write fivele

2 ation systém with thelr meanings.

tters used for unlﬁed soil clas'siﬁq
& (RAJUK - 2014)

ed in engineering and

S_thﬂgm . ystem us
il classifi be app“ed to

The Unified Soil Classification System (USCS) isaso
geology to describe the texture and grain size of a soil. The classification system can
-Jetter symbol.

most unconsolidated materials, and is represented by atwo

a. CL=LeanClay ‘ : P
b. MH = Elastic Silt N

c. SP=Poorly Graded Sand with silt. . 5

d. OL=Organic Clay/Silt. ) .
e. PT=Peatandothers highly organic soil.
f. GW=Well graded gravels with sand.

g
h.
I
j

GP = poorly graded gravels with sand. -
sw = Well graded sand with gravel.
SP = poorly graded sand with gravel.

OH = Organic silt and clays. '

Question: For the particle-size distribution curv
0.27mm. Find uniformity coefficient and co-effici

Coefficient of gradation, C¢ =; D D;°D°= 5 20'7'170' 5=
30 X D1o3yy, 0.27 X0-

071

e §

A

:O;é?l_018 mm, Dgg = 0.577. Find the coefficient of uniformity.

Question: Dy = 0.0162 rfimID;w
(DNCC-2016) .4 4.

Solution:

v Dgo _ 0511 _ oo
D, 00162

Question; (';ra\;i'n’si;"é ciistribuﬁon of a soil are given bellow, fi miformi '
estion: Grain si , find the uniformity co-effici
co-e,fgc:ent of cur!fature & find outif the soil is well graded? (PGCB — 2019)\:)' oefficientandthe

| -+ Particle size (mm) . . Percentage finer |
0.4 : - %0
0.2 » 30
0.05 - 10

Solution:

Scanned with CamScanner
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G >6andl 5 C, < 3,50 the soil is well graded.

TV VINIR IV U,

D3, _ 022 42 |
D;o X DIO 0.4 x 0.05

Coefficient of curvature, C, =

Question: Define i) Effective Grain Size and ii) Optimum
Solution; A L
reg
dor other agg r the
Effective Grain Size: Effective Grain Size means the diameter of ﬁ_ltef_::“dismbgﬁon curve O
corresponds to the 10 percentile finer by dry weight on the graif &

sieve size that retains 90 percent of the materials.
104 ~ .

Peramt er

Dy iDg Du

100 59 0 oS

Panicle sive (mmd— log sculs . )
Optimum Moisture Content: The Optimum Water Content of so}l is t! it weight
maximum dry unit weight can be achieved after a given compaction efforfi A maa};cgg:\gre dengse,
‘would have no voids in the soil. Ifyou were trying to compacta hard dry Solh_tohm * suld compact
you might want to get it wet. The OPT is the water content ofthe soil in which yo

it the most.

Max.dry
. danslty
/— (vamax)

.

ewater content at which a

Zero air vods

T (Saturation
curye)

2

]

;'D

g Ogtimym
modsture oantent
(OMC)

<—Dry side ——3|4—— Welside—>
' : (of optimurm)
Moisture content {(w) —>

DESIGN INTEGRITY, Call: 01633905761

TIPSl 1!

Scanned with CamScanner

x

N
B

Le
-3
¢

'.t'}“»":

p o

(TR vl et

P




pLY L2

AT
R

Weightvolume relationship

Soll is composed of solids, liquids, and gases. The solid phase may be minerals, organic matter, gr
both. The spaces between the solids (soil particles) are called voids. Water is often ; f:_
predominant liquid and air Is the predominant gas. We will use the terms water and air lnsteav'O
liquid and gas. The soil water is called porewater and plays a very important role in the behavior
of soils under load. If all the voids are filled by water, the soil is saturated. Otherwise, the soil is

unsaturated. If all the voids are filled with air, the soil is said to be dry. We can idealize the three
phases of soil, as shown in Figure,

Solids ‘

-_:‘\:n = - 3 T ;?'1}“

N

1
W¢=0

Voids
Idealization

IR
PURANINDL o
Qutbardre

(a) Soil
V=V + V%=V +V, +V

(b) Idealized soil

. -45 Where, V; = volume of soil solids

: 3 b
RRC NN ItIR S 4TI :

¥, = volume of voids
Ve = volume of water in the voids
Va = volume of air in the voids

W=W,+W,
Where, W; = weight of soil solids
W, = weight of water

Void ratio (e) is defined as the ratio of the volume of voids to the volume of solids.
y |

e=—

¥
Porosity (n) Is defined as the ratio of the volume of voids to the total volume.
i N
V. 1+e

Degl"/ee of saturation (S) is defined as the ratio of the volume of water to the volume of voids.
wG.
S=L="__5
Ve e .
IfS =1 or 100%, the soil is saturated. If S = 0, the soil is bone dry. It is practically impossible to
obtain a soil with § = 0,

DESIGN INTEGRITY, Call: 01633905761
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Moisture content, usuall ex ressed in t . s of ercenmge'

the u;f’lght of solids. ESE dhahatl

W= = : g
Air content is derned as the ratio of volume of air voids to the volurn

Qa
Qe = —

' . . z

Vv.-

Vo=V~ w.Weget,ac-l—‘;_“’—j_ 5 . mthe‘mi,t

o]ids (Yw)
Sp ecific gravity of solid particles of soil is the ratio of the unit Welght of s
weight of water (y,). P
G. = YS s . “'.:'l-f . .
£
Yw Vr Yw

Unit[:’v Eig(hat Is the weight of soil per unit volume.
y=o=BE00N Gy (1+w)
l+e 1+e :
Dry unit weight, Ya = W G, Yw 'y 4 : \,)‘k’{;” :..-.,“
2 T1+e T1+w +w A %
(G =V i =

1t+e S 1
Relative density is an ind X between the loosest an
compactness
ex that quantifies the state of I used tol h cate the in

densest possible state of coarse-grained sojls. Re]atxve density is co
situ denseness or looseness of granular soil N

€max .
Dy = x 100 . R

€max — emn
=1in situ void ratio of the sml y .
emuz = void ratio of the soil i in the loosest state
€min = Void ratio of the soil in the denseststate

Submerged unit weight, ¥’ =y, —- Yw =

N

In terms of densxty, . s
Pd = Pd(min) Pd(r’ri'ax)

D, =
Pd(max) = Pd(mtn) Pd

or,D, = Yd Yd(mln) Yd(max)
) Yd(max) Yd(min) Yd

yd(‘,‘,‘,},,) = dry unit weight in the loosest condition when the void ratio of emax

Ya= ih‘giru dry unit weight, at a void ratio of e
Yd(max) = dry unit weight in the densest condition when the void ratio of emin

Relative density (%) Description of soil deposit
0-15 Very loose
15-50 Loose
50-70 : Medium
70-85 ‘ ’ Dense
85-100 Very dense

DESIGN INTEGRITY, Call: 01633905761
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d soil, partially saturated soil and dry soil.

( Y Questlon: Draw phase diagram of saturate -
b ?;RI 015, RAJUK — 2014, BUET M.Sc. 2014, ISTT 2015)

F T il T
M, :_.:_: Water ol V,IV.

A

phase diagram of a fully saturated soil in terms of mass.

Figure Two-
o4 .-
JF My~ 0
T
M’
u T Y
[ My,
J'_ 2

Figure  Three-phase diagram of a partially saturated soil in terms of mass.

x T . T -

M,=0 | Air V.=V,
R Z/ AR
M;=M¢% /

VT4 |

Figure  Two-phase diagram of a dry soil in terms of mass.

e

DESIGN INTEGRITY, Call: 01633905761
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' . . RER AP N 3 e N g . H . yy - .. .
. . % . 4 g - g, . - = " . R ~ . ..
4 . . B . « - da ' . ! . " o g ’ 1
v . L 0 - ’ K * . 4 § :

-4 )

. i )

. _W W+ Gtetete_ @V B ' o

My STy T 14e - .1lte : . . S

For saturated soil, e = w G; ' A s N l,
_ (Gs +wGs) Yw _ Gs (1 +W)Yw _ & }_*'_‘i -. k| %, -

Ysar = 1te = 1+e —W(l + e)yw . o }

Question: A soil has a porosity of 80%, calculate its void ratio. (PGCL = 2014) g

v l d ti _ n — 0'8 = 4 o7 N ’ S;"*: 3 2 )

oiaratio, € "'1 —n = 1-0.8 : br?,.:-,.".:. ‘ @ | X

Question: A saturated soll of, w = 30%, G = 2.65, determine th{gdxyumt weight. (PGCB - 2017)

Solution: ! e

Weknow, Se =w G

For fully saturated soil, S =1 _ Lo 4

e =w Gs = 0.30x2.65 = 0.795 s TN ‘?\;ga

Gotw _ 265x9.81;
1+e 1+0795
Question: In its natural states.a moist soil has a volume of 0.4 ft? and weight 501b, the oven dry
weight of soil is 401b. Calculate the bulk unit weight , dry unit weight and moisture content of the
sample. (PGCB—2015) =~ :
Given, V = 0.40 7%, W = 50 Ib, W, = 401b

Weight of water, i, = W — W, = 50—40 = 101b

Dry unit weight,yq = = 14,48 kN/m’

—

~3 ,:". Yo W 50
i e e—= 3
Bulk unit_ggngt}& Y=V =04 125 lb/ft
e s T W, 40
Dry unit weight,ya = 3 = g7 = 100 Ib/f’
W, 10
oisture content,w = —=—=025= 25%
M W, -~ 40

FRT TS T AT TN ey

DESIGN INTEGRITY, Call: 01633905761
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of dry soil with 10% by rna‘s's of V_viter. LT
imen of 15 cm diameter = '

d by mixing a quantity
d the dry density of the

oil sample was prepare
quired to produce a cylindrical spec
t. Also find the void ratio an

. J‘».QueStion:As
/= ! Find the mass of this wet mixture re
deep and having 5% air conten

© and 125 cm
specimen ifG = 2.68. (38th BCS)

Solution:
M,, = 10% of dry mass of soil = 0.1 M,
2 2 )
nd®h _Tx 152 x12.5 — 220893 cm®

|
’ Volume, V = m 2
|, B 74
\ _ta_
i‘ ac = Vv = 0.05 :)I;T
I Va=005% '
Volume of void,V, =Va + ¥, =005+ Voo
— Vw . v
Vo = 59s. . _
Total volume, V = Vg + W i V5 = 005 ¥ + v, + V%
Vw , . ) AT
Vv =0.05x -Q—9_5'+ W, + Vs
Vv =1.0526V, +V;
L0
=5 M M,
‘I oy =10526x 24—
_ pw GsPw }

) Mw Mj
V—.1.0526x 1 +2.68x1

o,

2208.93 = 1.0526 x 0.1 Mg+ 0373 M

& ¥

M, =4618.68gm i . | |
Mass of wet mixtire = M + My, = 461868 + 0.1 4618.68 = 5080.54 gm

Densi 0805 e
% hp 2.30
Dry density,a T 7 = 1+ 0.1

i

'"'i\} .
< W
@y e
r, 5 G pw

Welknow, pa =77 ¢
Gs pw 2.68x1 1=028

=2.09 gm/cc

V d i =—L—— = ——
oid ratio, e . 1 209

i DESIGN INTEGRITY, Call: 01633905761
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X Que;ﬂgn:;i’l‘qé_‘tﬁyé unitwelght ;'Jf:'i *tﬁx":afe‘id'zébi‘l‘.'\/‘nr-_un“.f T,
. specific gravity, G,= 2.7, (DPDC — 2014, PGCL — 2017) ol

Solution:

N . ) . G V
Dry unit wef ==X
Iy unit weight,y, T+e o
110 < 27 X624 . %
l+e Wi
e =0531 i
(Gs+Se .
Y C : )vw (27 +1x0531) 624 _ 131.69 pcf g e d
: te 1+0.531 _ U oid ratio 046 a0
Question: A soil having 6’ depth. Its relative density is 40% with m~i-m!':;‘t:‘tmhe'“'s.oil. (BHP -2017)
maximum void ratiois 0.9, Its specific gravityis 2.65. Find thedry dex_\-":;l:}’f.(,_,_ﬁ W
D, = €mar — €
€max — €mn
04 = 09 —e
0.9 - 0.46
Void ratio, e = 0.724 . P
Cotw 2.65%0.81 Vi T
Dry unit weigh = = =15. m’
Bty =Ty = Tromza S8 WY/ 93 Ib. The oven
3 and weight 39.
o . ht and void ratio.

Question: In a natural state, a moist soil has a volume of 033
dry weight of soil Is 34.54 Ib. if the specific gravity Is 2.75, calculate dry unit weig

(BCIC — 2017)
. W, 34 54
Dry unit welght, ¥4 = —Vi = W = 104.66 1b/R>
e b:Yw
We lmov\'r.,‘)ild =Tte
G:Yw_ 62.4x2.75 1=063

Voldratio, e == =~ 1= "Toa66
A saturated clay soil has 45% moisture content and G =2.7; determine the unitweight

Que.éiion:
of soil? (DPDC — 2019)
Solution:

We know,Se =w G

_ For fully saturated soil,l§=1
e=wGs= 0.45x2.7 = 0.81

i

DESIGN INTEGRITY, Call: 01633905761
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(G +Se)vw _ @7 +1x08D 881 _ 005 joy/m’

e ‘, o =
e ST 1t 1+ 081 : 4 _
Question: Water contentofa fully saturated soil sample s 5006, specific gravity of soil solid (Gs) =
2.65. Find the values of bulk unit weight, dry unit weight and void ratio. (SGCL — 2017)
Solutjon:
We know, Se =w G; : : _
For fully saturated soil, § = 1 ' F Mo s
e=wG; =05x2.65= 0.1.325 S - Yo
‘ o GeYw 2.65%9.81 _ s £ '
= E =11.18 kN/m i
Dry qnltwexghr,yd “1+e 1+1325 o . / _ e
Bullc unit weight,y =vq (1 +w) = 11.18 (1 +0.5) = 1677 KN /mf"“
Question: The dry density of asoilis 1.58 gm/cc. Ifthe satixrat;on'waté* _}or’i‘té“ﬁ"t. is 50% then what '
would be it saturated density and submerged density? (BWDB, 20;15'5) e
sn hlﬂnn'. ’ . »@";"iz ’ 1
 y=ya(1+w)=158(1+05)=237 gm/cm?
Submerged unit weight,y' = ¥sat —Yw = 2.37§;-£'l ,
021 fi3.Find

‘Question: A soil sample is dry wéight 40.1b:and moist u;:'éight 50 Ib; volume of soil
the moisture content, bulk unit weight and dry unit weight. (GTCL - 2016)

‘ : w 50 =
it weil = — —= 37
Bqlk uan Wexgh;, Y =7 =04 125']b /\ft

Wi 40 n
S= — 51_0_0.1b/ft3

»

Dry unit weight, ¥a =704
W,,,W-Ws .50 —40 o

Moisture content,w = 7= = v s L —=025=25%

: . B, Ww\1 W 40

jo and volume of soil is given 0.876 and 40

volume of solids. (WASA — 2014)

s
it
3

“«

’ SRR
Question:. Void rat
volume of Voids and

a%

Solution:=:, "4+ .
ay,” e 0.876 . _ 0467

<,

"l ¢

Porosity,n =3 =T 1+0876
Volume of voids, ¥, =nV = 0.467x40 = 18.68 cm®
e i
We know, e ==
| yve ow, e V;
S ) V, - 18.68
" Volume of solids, V; = — = ——~ = 21.32 cm®
G g sV =% = 0876
PR ' .
%)

ey old
AT P

a e
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cm3. Determine the amount of




' the
) i After oven dried
S:fesitéo?: . sarlnple o psand measured volume 12 cm? and weighlt 32'31_5 r;4-8 cfn’: calculate the
Of sample is to ba and.volume is 8. | -
void ratio of the sample, measured 31.2 gm. If the solids s

Solution;
Total volume, ¥ = 17 cm?

Volume of solids, Vs = 8.48 cm? '
Volume of void, , =  — Vi =12-848 = 3.52 cm?

Void ratio, e =
. . ' ) . .‘\v’ 1":: - ed unit :
Question: Percent of vold Is 50%. If specific gravity of soil solid 2.7 then cal_‘j'}}nlate sulgmerg

Weight. (BPDB — 2015) , = |
| . W _05 ' ' . o
Porosity,n = v _ 93 _
| mn=g=T=0s "
B . VOId ratio‘ e = Yg = n - O.s =1 'ﬁ‘__. 2% ;_?'::.._ :J
: K 1-n"1=057 G 4 e

4 .
Submerged unit weight, y’ = @ Dy, _(27-1 )98 28339 kN/m’
1+e _d1+1, v |
Question: 100 cm? sample of moist soil has 'é:'ixfl_ass of 31225 gm. Water content 16%. spemﬂg
Eravity of soil is 2.68. Calculate bulk unit 'Wéight‘ibftsoil', dry unit weight of soil, void ratio an
- ‘15,,?\ 24

porosity. (DNCC - 2016) : ) ks

- ' i )

=Y
Yy,

W_ 21225

Bulk unit weight,y = V=100 =212¢g/ c'm3
;212 |
14 ———— = 1.83 g/cm3

Dry unit weight, y; “T+wo 1+0.16

Gsvw

We know, y,; = Tte

Gy 268x1
Void ratio;e = =% — 1= 222X 2 1 _ 0,465 = 46.50%

" V g 0.465

POT.‘?f" : n= 1+e 1+0.465

=0.317

Quesﬁb:h: lr‘;-a field hole is cut off volume 1.1 ft3 and the wet mass of the hole is 130 |b and dry

mass is 119 lb. determine the degree of saturation if specific gravity is 2.7. (BWDB — 2016).

. w 130 ' 3
Bulk unit weight,y = V11 118.18 Ib/
W 1D sas Ib/ft3

Dry unit weight,ys =37 = 53~

LS

=N
¥

\18
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EE ::J We know. Yq = =t

1+w + e
Water content,w = E -1= %%g— -1=0.0924 . ‘ : :
We know, y4 = f’:‘;
Void ratio, e = ;:" -1= 2':0’;_612: ~1=0557

Weknow,Se = wG;

Degree of saturation, § = weG’ s 0. 09:::2 l =0 447 = = 44.7%

Questmn 100 cm3 sample of moist soil has a mass of 212.25 gm Water content 16% Specific
gravity of soil is 2.68. Calculate (a) void ratio (b) Dry unit welght of soﬂ (c) Degree of saturation. -
(PGCB - 2018) £

. | W _ 212,
Bulk unit weight,y = 11035 =212 g/ cm3 -
_ N y 212
Dry unit weight, y, = = =
ry unit weight 7, T+w  1+016
We know,y, = s Yo
N 1+e :
~ 1 Gs Y 1 268x1
Void ratio, e = —-1= =
id ratio; e Ve 183
We know, S e = w G %
: wG,-« 268x016
i = = = 920
Degree of saturation, S " e o4 T 0 92 Yo

Question: A 27. 501b sc;ll sample has a volume of 0.220 cft, moisture content of 15.20% and
specific gravity of soﬂ solids of 2.67. Compute the bulk density, dry density, degree of saturatxon

R N

and void ratio. (32th BCS)

Bul}f densxty, = % = 3—7-2213 =125 lb)ft3

Dry densxty,f;; ;_fw i +1(2)5152 =108.50 Ib/ft3

BT e

Voidratio,ef ;5“"— = '10;'50' —-1=0.535 | - L
‘Weknow,Se=wg, - : - : & b
Degree of saturation, § = 208 = 26;’;2; 2 0758 = 7580% e

. DESIGN IN'I‘EGRITY Call: 0163390576‘ =
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; ‘\ o ‘\51 "AI" l,h W :;(’ A Lol ".4 QE\.‘
. BERY P SN . . Y
. 1 : 1 oz ] g ?‘.é\:
. } €., g : \:.\ - A 3:&
i b : . 2RO S -

. 0 kg/m* Find the void ratio s S G
quesdom The dry density of a sand with a porosity of 0.381 15 1600 kg, \ \iﬁ\
ofthe soil and the specific gravity of the solids. (33th BCS) Yt ‘ So

Solution; \V ‘
. , 3
Vold ratio, e = .0 __ 0381 _ | \ |
1-n " T-o3s1 ~ 0615 , g 4
Dry density, p,, = 22fw ' : D
l+e ;e |-
Gj=g’1%=1600(1+0.615)_258 ' 1
1000 258 . Lo, d -
. 5 H vi 2071 an !
3:: stlon: Moist sofl sample total volume 1.2 m3 and total mass 2350 kg Sp’gc.l fic gra,_::t}’ . ;
_ler content 8.6%. Find () Porosity if) Degree of saturation. (BBAD = ?91 ). 4
Solution | i b g
Bulk unit wejght y = 2 _ 2350 VPR
| elghty =5 = — = 1958.33 kg/m = 1921 KN/m’.. " ‘l
Dry unit weight,y, = Y. __ 192 P :
WM=Ee——=—""" _ _ 3 i
=T = Tr opgs = 1768 1/m? |
W — GS W . ,3“;\‘-.:'_ : "“'\.‘. & ' 1
e know, Ya —i_-}-*: | A N -
: ~‘-'.~'~;': "':_3:) Coa R

Yd 17.68 £ W

[\
‘,."

- §
+ -
Ay B TRNEY
e b

P
(L

We know, Se =y Gs o e
Degree of saturation,§ = W Gs _—_» 0.086 x 2'7‘1;'; = ' 0

e T sz - 0.464 = 46.4&
Question: An undisturbed sample of clayey soil have wet weight 285 N, dry weight 250 N and
volume 14 x 103 cm3, IFG = 2.70, then calculate w, eand S. (HBFC — 2018) '

oluti ‘
Water content, w = -‘-4-,-“1’= il S 285 - 250‘: 0.14
ST, W, 250

w
Drvun T W 250
ry unit ngghg e =7 = Taoo0 = 001786 N/em® = 17.86 kN/m?

_ 2.7x9.81

1= 17.86

We know, y, = 2%
sty _ —-1=0.483

Void ratio, e =
Ya

We know, S e =w G
weG;, 0.14x27 .
= =0.7812 = 78.12%

'Degree of saturation,§ = = 0483

DESIGN INTEGRITY, Call: 01633905761
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¥
A
K :_Q_, . Question: Determine the soil is saturated or not. Where porosity, n’ = 0.6, water content, w=
54.54% and specific gravity G, = 2.75. Ifthesoll is saturated find out the value of y4 (BCIC — 2019)
Solution:
0.6

.Voidratio, e, e
1-n 1-06 5

We know, S e = w G

F

w Gy _ 0.5454 x2.75

Degree of saturation,§ = == G =1=100%

The soil is fully saturated

Givw 275X981 _. ,
Sl - e =1079 W/m _“h,

-

Question: Water content, specific gravity and void ratio ofa soil simplé arelzp%. 2.68 and 0.78.
Now calculate dry unit weight, degree of saturation and porosity. (BIWTA —2019) .

Dry unit weight,yg =

Dry unit weight,yq =

Ve 268X98L_ oo Ey
Tre = 1ro7E - AT KYm

etn

Y
W k4
u -

" Weknow,Se=wG;

A o, |
wGg 0. 68 .. ., ;
‘;L Degree of saturation,S = — 2= ___20x7286?1'___ 0.68 = 68%
~‘7“‘,"' & :-;‘.‘\ ‘ .
ot 0.78 by ™
Porosity,n = o~ =043 .,
T¥e 14078 -~ ‘o ™

Question: In a natural state,Aa‘_mqis_t soil has a volume of 0.33 ft? and weight 39.93 Ib. The oven
dry weight of soil is 34-.54‘lb,. if the specific gravity is 2.75, calculate dry unit weight and void ratio.

» (BUET M.Sc —2019)
. Solution: ; ‘.:i'wv 3 ‘w '{}W 39.93 — 34.54
. J--‘___z=— - S_____' " T =
. Moisture coxﬁeq? w— W W, 3454 0.156
&7 W 34.54 ;
RN, =104.66 Ib/ft?
Dry umt welg‘bt. yd}‘ 7 = 033 10 /
2 gy
We kgp?v. 74;= 15 +:
o G, _ 275x624
Nyt e S = _1=0.63
Void rano,e- . 1=—10766

g R

A

DESIGN INTEGRITY, Call: 01633905761
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A _" ‘g 4 ..,_.". “ . whE e \
B L P AT ST B b Bk N T
s oeample Sl ' e S8

seispecificigravity, 5 e b 0 Rk

nhf [ “
= = Ao T Moisture contént w = "
: 2 SR s W, 210 Ve
3 < !
B Dry unit wej = ﬂ —ﬂ)._ g
=i Bht yq V " 150 = 14 g/em? Ak
G y ) 2 < s
L ey, - Tre N
‘ -1 " Void rati | Cs Y 26x1 £ T
! lO,e:———-l:.N' == — . i . v ™ &
} : > Ya 1-4’ 1= O.BS yr’?f"":\‘ kS A
, ; We knoVV,S e=wg, ) "-f;‘_;," -’;{'.3‘.‘:;" 34
b Degree of Saturation,§ = L Gy = \0'19 X 2.6 =0576 = 57.6%';: e '7".".-,. 4

-

e - 0.85

| Juestion: Th? difference between the maximumand mir{;}ﬁt'xm ;';c;'id ratiois 0.3 and field Wigx 1;?:‘:
tve density is 66.6% then find out the saturated density at its loosest con :

M e ' Am—wuﬁ

| is 04 If rela
! Specific gravity of the soil is 2.65 (BPDB ~2016,RPGCL — 2017, CPGCBL — 2018)
ﬁa]!.ﬁﬂm 5‘., .‘;:‘;‘.,, . .
' DR e\
Dy=tmex—e .o L2
émax = emin y
v ) — emax bt 0.4 e
66.6 = 0\3- x 100 )
€max = 0.6 r '-',L.;,:.
(G + emax) ¥ * (2,65 +0.6) 9.1
= —] ; - 3
4 TF enax . 1708 19.92 kN/m
Question: A soil Sample inits natural state has a weight of 5.05 Ib and a volume of 0.041 ft3. In an
oven dried state, the dry weight of the sample Is 4.49 Ib. The specific gravity of the solids is 2.68.
Determine the total unit weight, water content, void ratio, porosity and degree of saturation,
‘W 505 |
= —==—=1232 Ib/ft3
. R Y 7T d
wiw WU 55445 s 12.5%
A W, 4.49
4.49
= = 0,0268 ft3
= Gve  Z68x624
V,=v =V, = 0.041—0.0268 = 0.0142 ft*
’J DESIGN INTEGRITY, Call: 01633905761
v *_A._.,.‘._—-—L;“/f = :

i s
Scanned with CamScanner



® e

Scanned by CamScanner

e _ 053
1+e 1+0.53
s <WGs _0.125x268

e 0.53

Question: The moist weight of 0.0060 m3 of soil is 10 kg. If moisture content of thesoil is 13% and
specific gravity of the soll is 2.71, find the porosity of the soil sample. (TGTDCL — 2021)

Solution;

Given, V = 0.006 m3, W = 10 kg = 98.1 N = 0.0981KN
W _ 0.0981

n= = 0.3464 or 36.64%

= 0.632 = 63.2%

Bulk unit weight,y = 7 = 5008 = 16.35 kN/m? ,
16.35
Dry unit weight,y = lrw ke 14.46 kN/m?
Yw
Now,yy = =2
OWiTe =T¥e
_ GsYw _271x981 _
Void ratio,e = Ya 1= 1246 1=10.83
p . _ e _ 083 045
oroSIty, M = T e T 1+083

Question: Saturated unit weight and moisture content are 19.3 KN/m? and 28% respectively.
Calculate void ration e. (SGFL — 2021) :

Solution:
(Gs+Sedny _ (Gs+wG)vw _ G 1+w)tw
Vs =3 1¢ 1+e T 1+e
For fully saturated soil, e = w G;
_e (1+wij

¥sat = m
193x0.28(1 +¢) =e (1 + 0.28) 9.81
e=075

)

DESIGN INTEGRITY, Call: 01633905761
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DESIGN INTEGRITY, call: 01633905761
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Question: A soll has a total weight of 16,97 kN/m? and a vold ratlo 050'84}?& :aemradm‘ of .th
salldsl is 2.70. Determine the molsture content, dry unit welght and degr .
sample.

Solution;
(G +Se)yw
1+¢
(2.7 +0.84 5) 9.81
1+ 0.84

GsYw _ 27981
14+e 14084

We know, y, =

1697 = or§ = 58%

= 14.4 kN/m?

Dry unit weight, y, =

Water content,w = Ei = M = 0.18 or 18%
G, ~ 27

Question: Dry unit welght of soil is 1.65 gm/cc and specific
weight and void ratio. Calculate the hydraulic head that wou
stratum of thickness 1.476m. (RPGCL — 2017)

Solutjon:
We know, y4 =

urated unit

inesa
terml ain sand

ity 2.67.De n
graviy 267 uick conditio

Id produce q

Gs Yw
1+e
G 267x1
Void ratio,e = ~ ¥ 1=
Ya 5

-1=061

_ (Gs+Se)ve _ (2.67 +1x0.61) 9.81 — 10,98 kN/m’
Ysat =11 13061
Hydraulichead = hydraulic gradient x thickness

G—-1 2,67 -1 -
' = — = B 76'—‘-1.53"1
Hydraulic head = TTe xH 17061 x14

Scanned with CamScanner

T ME e N
vtyof kﬁ}




Plasticity and Structure of Soil

Atterberg Limits: The water contents corresponding to the transition from one state to another
are termed as Atterberg Limits.

The physical and mechanical behavior of fine-grained solls is linked to four distinct states: solid,
semisolid, plastic, and liquid, in order ofincreasing water content. Let us consider a soll initially in
aliquid state that is allowed to dry uniformly. Ifwe plot a diagram of volume versus water content
as shown in Figure, we can locate the original liquid state as point A. As the soil dries, its water
content reduces and, consequently, so does its volume.

At point B, the soil becomes so stiff that it can no longer flow as a liquid. The boundary water
content at point B is called the liquid limit; it is denoted by LL. As the soil continuesto dry, there is
arange of water content at which the soil can be molded intoany desired shape without rupture.
The soil at this state is said to exhibit plastic behavior: the ability to deform continuously without
rupture. But if drying is continued beyond the range of water content for plastic behavior, the soil
becomes a semisolid. The soil cannot be molded now without visible cracks appearing. The water
contentat which the soil changes from a plastic to a semisolid is known as the plastic limit, denoted
by PL, point C. The range of water contents over which the soil deforms plastically is known as the
plasticity index, PL. T L

As the soil continues to dry, it comes to a final stat'éicalled ':{Jlie_)sol'id state. At this state, no further
volume chafge occurs because nearly all the water in the soil has been removed. The water content
at which the soil changes from a semisolid to a solid is called the shrinkage limit, denoted by SL,

Z_ point D. The shrinkage limit is useful for the determination of the swelling and shrinking capacity
=< ! of soils. The range of water content from the plastic limit to the shrinkage limit for which the soil

behaves asa semisolid is called the shrinkage index (S1).

_ : B- A
| SI=PLSL | Pl=LL-PL 4"
Vclume | l c ‘
Visible craqks Deforms without | Flows like a

appear visible cracks viscous fluid

Semisolid J» Plastic v Ligquid N
[ Lt Water content
Shrinkage limit Plastic limit - Liquid limit

Lower strength,-higher settlement

Y

DESIGN INTEGRITY, Call: 01633905761
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Que ) .
(WA?AOE.Z \f:{;t)e down the definition of Atterberg limits and plastlcit}l chart Mth_SkefCh-

?: n?Ste"c}’ varies with the water content of the soll. The consistency of a soil can range frof
. 3’1 solid to sem{-so)q ¢, Plastic to liquid (wet). The water contents at which the consistency
8es from one state o the next are called consistency limits (or Atterberg limits).

} Welling
_\

. ',:'. ,'},"‘.
S=100% y _/ oo Sh :
_— % o
vy -~ T P '

Volume, v ore

Pl

Liquid limit: The water content at which soil changes from the liuid state to a plastic state or the
water content at which the soil has such a small shear strength that it flows to close a groove of

Standard width when jarred in a specified manner, ‘s

Plastic limit: The water content at which a 'soil‘th’;riges from the plastic state to a semisolid state
or the water content at which the soil begins to crumble when rolled into threads of specified size.

Shrinkage limit: It is the maximum water content at which areduction in water content will not
cause a decrease in volume of the soil mass. It is the lowest water content at which soll can still be .
saturated. S T T+ 1

Plasticity Index is the rénge 6f-.!\(at‘e"r content over which a soil behaves plastically. It indicates
the degree of plasticity of the soil. Pl is the difference between the liquid limit and the plasticlimit

PI=LL —PL
Plasticity index Plasticity
-0 Non-plastic
: S - <7 Low plasticf
717 . Medium plastic
>17 _Highly plastic
Table: Soil classification according to plasticity index
DESIGN INTEGRITY, Call: 01633905761
T Yol ey W g e 08
ji.'.v"r'- ’!it L i R it e .
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F
ré) ‘k.) Liquidity Index: The index that is used to Indlcate the consistency of undisturbed solls is called
the liquidity index.

L5 w-pPL
TR
Consistency I, Ie ]
Semisolid or solid state Negative >1
Very stifl state (wy — wp) 0 1
Very soft state (wy, — wy) 1 0
Liquid state (when disturbed) >1 _Negative
Table: Values of /; and /¢ according to consistency of soil
Cansistency Index: The Index /¢ reflects the state of the claysoll condition In the fieldinan
undisturbed state '
J L= LL—-w
LL—-PL
It may be seen that values of [,and I are opposite to each other for the same consistency of soil.

Ip+le=1
Flow index is the slope of flow curve obtained by plotting water content as ordinate or natural
scale against number of blows as abscissa on logarithmic scale.

- Ip= !1_;7‘2

g log(l-vf)

Toughness index: The shearing strength of clay at plastic limit is a measure of its toughness. It is

the ratio of plasticity index to the flow index.

IF
Activity of clays: Activity is the ratio of plasticity index to the percent by weight of soil particles
of diameter smaller than two microns present in the soil.

‘Plasticity index, Ip

Rttyiyi= percent finer than 2 micron
Activity Soil type
<0.75 Inactive
0.75-1.40 Normal
L <14 Active

Table: Soil classification accordingto activity

05
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to remoulding is
, sam le due .
of undisturbe? CIa%ned fompression strength Ln
con ange in water conten

Sensitivity of clays; The degree of disturbance
withoutch

expressed by Sensitivity which Is defined as the ratio of its un
the natural or undisturbed state to that in the remoulded state,

Sensitivity, 5, = Qyu undisturbed
qy remolded folay
. e0
Sensitivity Nature of clay Sensitivity g;tsui:ive clays
1 Insensitive clays 4-8 Extra-sensitive clays
1-2 Low-sensitive clays 8-16 Quick clays
2-4 Medium sensitive clays >16 —
Table: Soil classification on the basis of sensitivity .

on of liquidity index with meaning of each symbol. What is

Question: Write down the expressi
plasticity index? (PGCL — 2014)

Solutjon;

Liquidity index: Th
| the h‘quidity index.
W—PL w-pp TR

G S is called
e index that is used to indicate the consistency of,_undxsturbed sollsis

I, = —_—
CTL-RLTT

W = Natural moisture content, LL = Liquid l_imiﬁ PL= Plastic limit .
Plasticity Index is the 'x";;lfg)é"olf water content over which a soil behaves

Plasticity Index: 1ave
e degree of plasticity ‘of the soil. P! is the difference between the liquid

plastically. It indicates th
limit and the plastic limit
Question: Water content 48%, LL 50%; PL 30%, SL 10%. Explain whether it is soft compressible
or less compressible, (MES - 2015) ..

_ 48-30""
I =L'Z - iﬁ = ::_ 30" 0.9, so the clay is less compressible

Question: The valueé of liquid limit, plastic limit and water contents are 20%, 20% and 40%,
Determine plasticity Index and liquidity index. (BUET M. S¢ — 2019) ’

PIasﬁcify'f;dex, Ip=LL-PL=50-20=30%
w—PL 40-20

Liquidity index, ], = 77— = 55=%p = 0.6

DESIGN INTEGRITY, Call; 01633905761.
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X \ . .
_&/ /‘3 Question: A soil have liquid limit LL = 72 and plastic limit PL = 18. Classify the soil by USCS systemn
plasticity chart A line I, = 0.73 (LL — 10) (BADC —2020)
)

Solution:
Plasticity index, [p = LL — PL =72 — 18 = 54% *
, From A line, [, = 0.73 (LL — 10) = 0.73 (72 — 10) = 37.96
! The soil is above A line and LL > 50%, so the soil is CH (High plasticity inorganic clay)
Question: What is relative density/index? Is it possible to have relative index = 0? Explain.
(MES — 2015) I
dicate thein situ denseness or i

Relative Density: The term relative density is commonly used to in
looseness of granular soll. It may be expressed as, 22 5
[

Dr —_ emﬂx —e€
€max — €min
The values of D, vary from minimum of 0% for very loose soil 0 a maximum of 100% for very

’ dense soil.
Question: What is expansive clay? LL = 70, PI = 40. Will it be an expansive clay? (MES — 2015)

~¥ Expansive Clay: Expansive clay is a typé of clay known as lightweight aggregate that is prone to
large volume changes (swelling and shrinking) that are directly related to changes in water
content. .
Degree of LL% PL % Natural soil suction, tsf
expansion g N ~
High >60 | >35 >4.0
Marginal 50-60 25-35 1540
Low <50 <25 <15

Question: The values of liquid limit, plastic limit and water contents are 35%, 13% and 40%. D10
= 0.0162 mm, D30 = 0.1018 mm, Deo = 0.577. Find (a) The coefficient of uniformity (b) coefficient

of curvature and (c) Plasticity index. (PGCB — 2018)

D? 0.1018?
b C = 30 = =
®)c D3y xDy,  0.577x0.0162 111

(Ip=LL-PL=35-13=22%

DESIGN INTEGRITY, Call: 01633905761

%

3canned by CamScanner

Scanned with CamScanner




.....

— T il

i

) - ] lt =
| = 40, Shrinkage lim

f Question: Clay sample has atterberg limits: Liquid limit = 60, Plastic "mltn: is decreased from LL
| 25. The sample Shrink from 15 cm? to 9.57 cm?, when the molsture conte

tothe SL. What s the dry specific gravity of the clay sample? (GTCL — 2018)

. l///m ///%'

@A UquiaLmit’  (h) A Shrinkaga Limit () Dry Sample :
Difference of volume of water content = 15 — 95=543cm’ , *
Difference of mass of water = 5.43 g -,

| Ma = 15.51g ot b
‘ Mass of water at shrinkage limit = 0.25 x 15.51 =_,»3.j8.7\g Vg

| ~ Volume of water at shrinkage limit = 3.87cc  ** - wo

b Volume of solids = 9,57 - 387 = 5.7 em® .

L Mg 1557 PR

1 < Hence,pg = -2 =220 _

J | nce, s 7 57 =272 .

o G, = B_»pPs - 122 =272

; |‘ Yww  Pw 1 R S

S Question: The laboratory tests on a sample of soil gave the following results: w = 24%, LL, = 62%,
rlf ‘ PL = 28%, percentage of particles less than 2 p = 23%. Determine: (a) The liquidity index, (b)

o activity (c) consistency and nature of soil.

i Ip = LL— PL = 62— 28 = 34%

- w—PL 24-28 _
L= —pr~62-28"
Sincel, ié‘ﬁégaﬁve, the consistency of the soil is very stff to extremely stiff (semi;solid state),

Plasticity index, Ip 34 ;

Activity, A = % of particles less than 2 p -3 148

-0.12

!
I Since /p is greater than 17% the soil s highly plastic.
|

Since A is greater than 1.40, the soil isactiveand is subject to significant volume change.

DESIGN INTEGRITY, Call: 01633905761
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E) ¢ (9 Question: The natural moisture content of an excavated soil is 32%. Its liquid limit is 60% and
N *plasticlimitis 27%. Determine the plasticity index of the soil and comment about the nature ofthe AR
L ._ ‘SOi]. :
; ‘::‘ , Solution:
Plasticity index, Ip = LL — PL = 60 =27 = 33% , _
The nature of the soil can be judged by determining its liquidity index, : 4

I _W—ipL _32 -.27_
LTIL-PL 60-27
Since the value of it is very close to 0, the nature of the.soil is

0.15

' Qliestion: A soil with a liquidity index of -0.20 has a liquid limit of 56
the nature of this soil?

20%. What s its natural water conte_nt? Whatis

e s s o A A TR £ A R D 3

Solution;
. fp=LL=PL
 PL=I,—lL=56-20=36 |
% w—PL |
& 4 i
|, w=lxlp+PL=-020x20+ 36=132,

;«,Jf Since I is negative, the soil isina semisﬁlid orsolid state.
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Permeability: Permeability Is a property of porous materfal wh
seepage of water through its interconnecting volds.
B

f' imbammde”“F°’
¥
i

- — —

| T T
"y 1
E 2
ke ] T o [ : A
Sty * ’l' 2 »’v‘;\i-l
Zy v "i:'., .
J‘ . ¢l | . it i S -
Darcy’s law: For laminar flow condition ina saturatedgé]i,' ;_l1é’ i-a;gvpf flow or the discharge per
unit time Is proportional to the hydraulic gradient. . 7.~ g
q=kiA . o % W
Where k is termed the hydraulic conducrlvl'ty'fbl;:cogfﬁtigpt of permeability)
v (1te s '
.‘D_‘- =;l_ = —e__ v . J\(L
v, = seepage velocity . L
v =discharge velocity. Y
Empirical formula for dqte_i:m:i‘ri;tio‘ﬁ of coefficient of permeability
Allen hazen's formula, K=CDfy ™
Where C is 100 when Dpisincm. 7
& k _
for determining the coefficient of permeabilityk canbe classified

Methods that ar’éin’i:binr_rlxgﬁ;use
under labcratory and field methods.
T -CA 'S ot

Laboratory meghods
1. Constant !;ead permeability method. (For coarse grained soil)
2. Falling head permeability method. (For fine grained soil)

Field me;}igds:
1. Pumping tests
2. Bore hole tests

’_ For Constant — head permeability test, K = ARt
: t

= volume of water collected
A = area of cross section of the soil specimen

. DESIGN INTEGRITY, Call: 01633905761
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) ¢ = duration of water collection
T L= - length of the specimen

h = Constant — head difference
h,

' al
For falling head permeability test, X = T In T
1

a = cross — sectional area of the standpipe
h, = initial head difference
h1 = final head difference

permeability of soil. (38th BCS)
Solution:

is defined as coefficient of permeability.

e

1. Size of soil particle
2. Shape of soil particle
3. Void ratio

4. Soil structure

5. Degree of saturation
6. Water properties
7. Temperature ‘.

8. Adsorbed water s s

9. Impurities in the water : -

e L=30cm Ak

* A=areaofthe specnmen 177 cm?
Consmnt—head dnfference, h=50cm

Water collected ina per!od of 5 min = 350 cm3-

Calculate the hydraulxc conductmty in cm/sec.

/i r._ . L 4 ’

Yo ':u
Y

3
e

GiVEHQ 350cm3L 30cm A= 177cm2h 50cmandt—5mm

Welcnow]{- oL
Aht

o 350x30 3
i = 1‘7’.',,‘5()’(5,“5():3.95;(10_ cm/sec

Question: What is meant by coefficient of permeability of soil? List the factors affectmg the

" The coefficient of permeability of a soil describes how easily a liquid will move through a soil. Itis
also commonly referred to as the hydraulic conductivity of asoil. The rate of flow under laminar
flow conditions through a unit cross sectional are of porous medlum under umt hydraulic gradient

Question: Referto the constant-head permeablhty arrangement, a test gives these values.
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Scanned with CamScanner



1
Porosity,n = =
. 1+e 1+0.675

cm
A and B are found ha 2 2cotlalculate the

f the soll Is 0.15 mm/se; Con0)

Questlon: Plezomotric head of a soll at two point
f 10 sz_ (BADC

Length between two point Is 10 ¢m. Permeabllity 0
flow between these two polnts through cross section are0
Solutlon:

Given, k= 0.15 mm/sec = 0.015 cm/sec

Head difference, h=hy -hg =20-10=10 cm

We know,k:-Q—l'-
Aht

0.015 =2 x 22
t 10x10

..‘ . ’. . d
ed in a test cylinder. The length an
field sample tested for 2 period of 3
45.2 cm3 of water is collected at the
le. (SGFL— 2021)

Q

T 0.15 cm3/sec
nfined aquifer s pack
d 6 e respectively. The

£16.3 cm. Asa result of
f the aquifer samp

Question: A field sample of an unco
diameter of the cylinder are 50 cm an
min under a constant dead difference o
outlet Determine the hydraulic conductivity 0

: 2 £, o

Area of the sample, 4 = "—:— = 1‘—%—6— =28.27cm’
QL1 45.2 50 -1 ' N B

k==—=—= = 0.02724. sec
thA_3x60 163 2827 - - s

m? cross sectionial area and 20

9

g

cm long was tested ina constant -
0mlin 6 min. The dry weight of

Question: A sand sample of 35 ¢
nductivity in

head permeameter. Under a head of 60 cm, the discharge was 12 .
sand used for the test was 1.120 g, and G = 2.68. Determine (a) the hydraulic co

cm/sec (b) the discharge velocity, and (c) the seepage velocity. ,

oL . 120x20°

= = = -3
We know, X ARt 35X60%6X60 3.174x107% cm/sec

Discharge velocity, v=ki=3.174x 1073 -z—g =852x1073 em/sec

? .
- T W 1120
Dry density, 4=~ = 7o = 16 cm3
GensE Yy " ssx20 g/
- YwGs
We V4 =

. . YwGs 1x2.68
Void ratio, e = .1= -1=0.
Ya 15 1=0.675

1
=0.403

LoV 952x1073
Seepage velocity, v, =~ = aos - 236x 1072 cm/sec

DESIGN INTEGRITY, Call: 01633905761
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(.} Question: Fora falling-head permeability test the following values are given:
» Length of specimen = 8 in.
» Area of soil specimen = 1.6 in?

« Area of standpipe = 0.06 in.2
« Head difference at time t = 0 = 20 in.

« Head difference at time ¢ = 180 sec=12 in.
Determine the hydraulic conductivity of the soil in in/sec.

Solution:
We are given,a = 006 in? L = 8in,A = 16in* ¢ = 180 s¢C hy =20 inand h, =300 mm

ho _ 0.06x8 ]n%(z-) =8.52x107* in/sec

al

We know, K =;1_tln71: = -1—6—x—1—8-0'
Question: A falling head permeability was performed in a permeameter with an inside diameter
of 5 cm. The inside diameter of standard pipe was 2 mm. The sample had a length of 8 cm. During
100 to 50 cm. compute the value of K.

eriod of 6 min, the head on the sample decreased from
(TGTDCL —2018) ,

Solution:

al hy %x (12-0')2"8 100 .-, Lo
We know, K =—In—= -n————ln—ﬁ 2.5x 1075 cm/s
At hy I x52x6x60
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In the field, the average hydra

determined by performing pumplng tes

ot -“—M_* )

- -
g ran he

. tjon of flo

; git In the direct)

Y po
ulle conductivity of 4 soll dej
ts from wolls.

(ar. I 2303 ¢ log 2]
For an unconfined aqulifer,K = m ) o omervtin il
- T " - .
% G level /' I “L - -~ 7
R, ——}—
Original GWT level l"— — [ |...--1 - o— .,;
----------------- i L-"L’l‘—" * T
] IS
N =1rat
Dy ( dr ‘.
cunve
h
n Y H
o I
y
7 . 77777777
N TIITFTTTTITITTTTT 7777777777777 77777777 7777777777777
) Inywermeable stratum 7
- |-— ' ——-_-ﬁ
Figure: Pumping test in an unconfined aquifer
: ter. K 2.303q log™
i T e——————— —
‘ D For an confined aqul er, Ta Tl =D 0
Test well Cbscrvation wells
GL
/7NN /NN
AT - 1
Original piezometric level P N
I
:’.::('
il Case | kg > Hy
< Case2mg<Hy
h <| Impermeable
,A y. gl;nll_ul 224
- ~ J,.‘-h":' I:";.-. ',
A L LEUPN W

NGO [

S AR A

2l

S e gl e
° 10, e ‘ol .
AR SR,

2’
AR AR
Yoot . ?

P’ "' "".l' ‘J

- e 80t
od .'l.'. .’\c’

®e ‘ S ...
P .0.:" ."]-,u ]
X "'f'.o'-. .
b .“.',.l-‘.‘

Impermeable staium

T

o

2y

Figure: Pumping test in confined aquifer

AT
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Question: A pumping test was made in pervious .

where a t_)ed of clay was encountered. TlI:e nonnalg;gfxl;da r\:vda:z;lrn ldesvgﬁsgg lntgﬂt]o iy OFrsfg .
Observation wells were located at distances of 10 and 25 ft from the pum l: we“gr:tung.suh ce.
of 761 ft3 per minute from the pumping well, a steady state was attained lrliJ abgoute 24 hraTl:scd:;vfﬁ
down at a distance of 10 frwas 5.5 ft and at 25 ft was 1.21 ft. Compute the hydraulic ct'md:ctivity

in ft/sec.

Solution:
=1—6}- =12.683 fi3/sec
=760
r1=10ft,rz =25&.h2 =50- 1.21 =4879ﬁ,h1 =50-55=445ft
2.3034 T2 _ 2.303 x 12.683 25 '
k=1r (h% "‘hf) log r; ™(48.792 - 44.52) 08 10

=9.2x107 ft/sec

estion: A field pumping test was conducted from an aquifer of sandy soil of 4 m thickness
confined between two impervious strata. When equilibrium was established, 90 liters of water
was pumped out per hour. The water elevation in an observation well 3.0 m away from the test
well was 2.1 m and another 6.0 m away was 2.7 m from the roof level of the impervious stratum

of the aquifer. Find the value of k of the soilinm/sec. "~ =~
' Observation wells

Qu

. Test well 1 2 B
ns ém
]mpamenble stratum .
ne 3 m '-‘"1 .
g h 27w
: h' =21m l
907/ R I
Hym4m Confined aquifer
t —N
[mpermeable
q=90x 10 cm3/hr. = 90X 1076 m?/sec
T;
23030, T2
2n Ho (’lz - h]) Ty )
2303 x25x107° 0,6 1148107 m/seC
= 2x314ax4(27-21) 3 ' ag

5

canned by CamScanner

- ~vennITY, Call: 01633905761

Scanned with CamScanner

m




WWW

2". A\, Horizontal flow M
He i' AN\ },
_#_ f
5| N\ }
b | -

Flow in the Horizontal Direction

kyZzy +Kkaza+... . +KknZn

kh =
Z
Flow in the Vertical Direction
z

S TN e

kl kz ° e k'ﬂ. o ]ong havin
Question: In a falling head permeameter, the San;pdrop of head from

area of 24 cm?. Calculate the time required for

e f
sectional area of the stand pipe is 2 cm2 The sample of soil ismade ¢

k, =2x107*

thickness 8 cm has k, = 5 x 10~* cm/sec and the bottom

10~* cm//sec. Assume that the flow is taking place perpendicular to the Layers.
Solution; ‘
i Layer | k=2 x 10 emisec
8cm Layer2 k= S % 107 emisec
Sem Layer3 k=7 % 10" emsec
Z 20

kp =z S TR
122,23 = g 7 =324x 10
ks kz k3 zx107% 2x10% T Tk tm/sec

al , hy
Weknow.I(—At lnh1

(8l ho__23x2x20 25
“ak "h, "24x324x104 n1z‘37715'=C=62.9minuts

DESI
GN INTEGRITY, gy, 0163390576,
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g a cross-sectional
‘25 to 12 cm if the cross-
three layers. The thickness
cm/sec, the second layer of
of the first layer from the top is 8 cm and has a value of 1layér L ickmoss 4 cm has & ks = 7x

—ry




ra$ Seepage: Seepage is the slow movement of water through the continuous vold sample.

Seepage force: The pressure that is exerted on the sofl due to the seepage of water is called the

seepage force or pressure.

_Flow net: A flow net for an isometric medium is a network of flow lines and equipotential lines
intersecting at right angles to each other.

Flow lines: A flow line is a line along which a water particle will travel from upstream to the
downstream side in the permeable soil medium.

Equipotential line: An equipotential line is a line along which the potential_hea'd at all points is
equal. Equipotential lines are lines that intersect the flow lines at right angles. .

Upstream
water level Sheet pile

Downstream :
7 waterlevel

/Ay
Saturated
& permeable
<3 layer

Equipotential

lines
7 v/
Impermeable layer
Figure: Flow net for seepage around a sheet pile wall.
Upstream Earthe
water level a’; :
A Flow lines embankment
= A

AN
777777777777, 77777777777/ /77 —

Lowperpesbie e Equipotential Sand drain
lines '
Figure: Flow net for seepage in an earthen dam.

DESIGN INTEGRITY, Call: 01633905761 : ' |
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Properties ofa Flow Net

: w:
The properties of a flow net can be expressed as given belo

-Flowangq equipotential lines are smooth i Jes to eac
2.Flow lines and equipotential lines meet at right angles
No two flow lines cross each other.

- No two flow or equipotential lines start from the same point.
N, ag
=Ky
q H ~
N, =
N Nd =

—
=

h other.

d
Number of flow channel
Number of potential drops

ead difference between the upstream and downstream sides. _
9 = The quantity of Seepage s calculated per unit length of the section.

al hydraulic gradient: The effective pressure reduces to zero whel_l the .hy draulic_ gragxgl t
S @ maximum value which is equal to the ratio of the submerged unit weight of soil and the

unit weight of water, This gradient is known as the critical hydraulic gradient. In such cases,
cohesionless soj]s lose all of their shear strengthand bearing capacity and a visible agitation of soil
grains is observed. This P

Gt henomenon is known as bolling or a quick sand condition.
S .

Critic
attain

le==2_"

l+e
Question: In order to compute the see

were constructed. The result of the f]

Page loss through the foundation of a cofferdam, flownets
during Seepage was 19.68 ft. If the |,

ownet study gave N¢= 6, Ng = 16. The head of water lost

ydraulic conductivity of the soil is k = 13.12 x 10°S ft/min,
compute the seepage loss per foot length of dam per day.
Solution:
The equation for seepage loss is
= /4
q=kH N,

6
q=1312x10-5x19.68x T
=9.683x107* ft}/min = 1.39 ft3/day per ft length of dam.

Question: A concrete dam is constructed across a river over apermeab]e Stratum of soil of limnited
thickness. The water heads are upstream side 16m and 2 m on the downstream side, The flow net
constructed under the dam gives N¢=4 and Ny =12 Calculate the Seepageloss through the subso|
if theaverage value of the hydraulic conductivity is 6 x 103 cm/sec horizontally and 3 x104cm/sec
vertically. Calculate the exit gradient if the average length of the last ﬁeld. is 0.9 m. Assuming e =
0.56, and G, = 2,65, determine the critical gradient. Comment on the stability of the river bed on
the downstream side.

DESIGN INTEGRITY, Call: 01633905?61
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Impervious
Solution:
Upstream side, hy
=12, k, = 6% 1073 cm/sec, k,=3x1

=16 m and downstream side,h,=2m, therefore h =16 -2 = 14m

Ny =4 Na 0~* cm/sec

ke = Jknkv = J6x10-3x3x107 = 1.34x 1073 cm/sec

- Ny -3 4
> q= kH—£=134x107"x (14x100)x = = 0.626 cm3/sec
: Na 12
h 4
The head loss per potential drop = 3= = 77 =117m
d
AR 117 |
|

Exit gradient,1 =7~ =39 =130
- . G -=1 265 -1
Critical gradient,ic =377 =17 056 = 1.06
greater than the critical gradient, the river bed on the downstream side
ick condition. One solution would be to providea sheet pile wall on the

ent this condition.

Since the exit gradient is
will be subjected toa qu
upstream side below the dam to prev

A

i
DESIGN INTEGRITY, Call: 01633905761
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Effective Stress and Pore Water Pressur=

in attheconta
Effective pressure: The pressure transmitted through grain t2 Tgsa pressure is e
a soil mass fs termed as inter-granular or effective pressure- o of 2 soil mass.
decrease in the void ratio or increase in the frictional resistanc

ct points through
spgnsible for the

induced
. d if a pressure In
Pore water pressure: If the pores of a soil mass are filled with water an e water pressure ot

. - T
into the pore water, tries to separate the grains, this pressureis termed as po

ictional
um crease the friction
neutral stress. The effect of this pressure is to increase the volume or de

resistance of the soil mass.

ondingl
"The expulsion of water from the pores decreases the pore water pressure and corresP u
increases the intergranular pressure.

Total pressure, ¢ = % = Intergranular pressure + pore water pressure
or,o = o" +u

Final equilibrium will be reached when there is no expulsion of water. At this stage the pore water
pressure u = 0. All the

ressure willb iedb il grains.
pe i i P e carried by the soil grains

The pore pressure us equal to piezometric head h,, times the unit weight of water.

(b) Intergranular pressure (¢) Porewater pressure, u,
Figure: Effective and pore water pressures

- Effective pressure reduces to zero when the hydraulic gradient attainsa
equal to the ratio of the submerged unit weight of soil and the unit weighr::)?:':;?';m: whichis

is known as the critical hydraulic gradient ic. In such cases, cohesionless soils lose g]) onhsil’ldient.

strength and bearing capacity and a visible agitation of soil grains is observed This pheneof sh

is known as boiling or a quick sand condition. menon

DESIGN INTEGRITY, Call: 01633905761
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= (G = Dvw
" 1+e
_G -1
€T 1+e
Question: Define Total stress, Pore water stress and Effective stress. (BUET M.Sc.—2011)

Solution:
Effective stress: The stress carried by the solid particles or the solid portion of the soil is knownas

effective stress.
Pore water pressure: The stress carried by the pore water Is known as pore water pressure.

. 4

I W S— . — SES— p——

~

Total stress: The compressive stress at a point which may or may not consists of geostatic stresses
and induced stresses, is carried partially by the solid portion of the soil and partially by the pore

water.
Question: Calculate the total pressure and effective pressure of a swimming pool having 5 m of

water level from ground. (BPDB- 2016)

Solution:

Total pressure, o =y h=9.81x5 = 49.05 KN/m?

Pore water pressure, U=y, h=9.81x5=49.05 KN/m?
Effective pressure, 0’=0-U=0

Question: Find the effective stressand total stressin a depth of 8m, where unit weight of saturated

% et = e € 8 B i S

soil is 18 KN/m3 and unit weight of water 9.81 KN/m?. (BWDB- 2013)
Solution:

Total stress, o=y h =18 x B = 144 KN/m?

Water pressure, U =y, h=9.81x 8 = 78.48 KN/m?

Effective pressure, o’=0 - U=144-7848= 65.52 KN/m?2

has 8 feet depth; W.Tis at 2 feet depth below GL. Thesand layer is overlying
th. The moist (above W.T) is 16 KN/m?3 and saturated unit weight of sand

Question: Avsand layer
ht of clay is 20 KN/m3. Find the total effective pressure at 15

a clay layer of large dep
is 20 KN/m3 and saturated unit weig

feet depth. (GTCL- 2016)
| Y= 1xv/m

: '
Total pressure = 0.609 x 16 + 1.82 x 20 +2.13 x 20 = 88.74 KN/m? —
6 s = m?

Water pressure = (1.82 + 2.13) x 9.81 = 38.84 KN/m?
Effective pressure = 88.74 - 38.84 = 49.89 KN/m?

N

0.609m

Y= 20kN/m* | 2.03m

DESIGN INTEGRITY, Call: 01633905761
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/m3an | o
Water presupre. :dOE ct)h:h clay is 18,36 kN/m?, Compute (a) the total vertical pressure, (b) thep

T e € effective vertical pressure at mid height of the clay layer.

s - 3.66
0 =3.05¥, +792¥5qna + —3 Yetay

T
otal pressure at the mid height of clay layer,

g=
3.05x9.81 +7.92 X19.62 + 1.83 x 18.36 = 2189 kN/m?

Pore water pressur --3 56
eu=3, —
057w+7.92}'w+ > Yw

U=3.05x9.81+7.92x9.81 + 183« 9.81 = 1256 kN /m?

Effective vertical pressure, g’ = 0=u=2189-1256 = 933 kN/m?
X 6=93 m?

Total pressure = 3x16 + 7x20 +20x21 = 608 KN/m?

Effective pressure = 3x16 + 7 x (20 - 9.81) + 20 (1-9 81) ” Y
= 343.13 KN/m?
| 7
Pore water pressure = (7 + 20) x9.81 = 264.87 KN /m? "
20m

DESIGN INTEGRITY, Caj) 016339057 61
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Question: The water table {s lowered from a depth of 10 fttoa depth of 20 ft in a deposit of sile
r content is 26%. Estimate

N
R o
All the silt is saturated even after the water table is lowered. Its wate
the increase in the effective pressure at a depth of 34 ft on account of lowering the water table.

Assurhe G, = 2.7.

>

~of Final GWL.

o s Ve w9
R A
AR

elenvuesnassbensnrsccrnenescccmnscconn=d

Solution:
Effective pressure before lowering the water table

_The water table is at a depth of 10 ft and the so
submerged. The soil from 10 ft to 20 ft remains submerged. Therefore,

ftdepthis

il above this depth remains saturated but not
the effective pressure at 34

0y = 10 Vs + (34-10) vy
Now.S e =wG;
for saturated soil § = 1,e = 0.26x 2.7 = 0.70

_ Yw(Gs +e) _ 624 (2.7+0.7) _ 1245 lb 3
Vst == 714¢  1+07 8 1b/

ro(Gs—1) _ 624(27-1) _ ,
=T = T 107 =62.4 Ib/ft
ol = 10x 124.8+24 x 62.4 = 2745.6 Ib/fi

&

ive presst lowering of water table
e D e o / of 20 ft, the soil above this level remains saturated but

After lowering the water table toa depth : .
effective and below this submerged. Therefore, the altered effective pressure 1S

o} = 20¥sq + (3¢ =207
=20x124.8+14x624 = 3369.6 Ib/ft?
The increase in the effective pressure is

Ao’ = o} — 0] = 3369.6 — 2745.6 = 624.0 Ib/f?

Y
761

43
DESIGN INTEGRITY, Call: 016
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Assumptions: ‘

-infinite.
L. The soil mass s elastic, isotropic, homogeneous and semi-infi
2. The soil is weightiess,

3. The load s 5 point load acting on the surface. figure below:
Consider we want to calculate the vertcal stress Increase at point A in
Q

7

b1
lJ
'
1
'
¢

Y e
) int
'Th ZCXpragiOn cbtained by Boussinesq for computing vertical stress o, at point P due to a poin
0a Q is
O = 3 Q 1

— Q

"= the horizonta| distance between an arbitrary point P below the surface and the vertical axis
through the point Joad Q

-
Z = the vertical depth of the point P from the surface. |
Iy = Bous.ﬁnuq Stress coefficlent

Boussinescr's formula for jine 10a

The vertica) strless % Atpoint P may be written in rectan
Op = —

q
nz[1+ (x/7)i3

gular coordinates as,
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Only applies to vertical stress increase below the corner.
Under corner: Aoz = qs Iz

1 [ 2mnVmZ + n¥ + 1 (m2 +.n? + 2) _1(- amnvVmE + nE + 1 )]
+ tan

I =—

TTan|m¥+n? +min2 +1\m+n?+1 mZ + n? — m2n? +1
m=28/zandn =1/z

Approximate 2:1 method

In this method, the stress is assumed to be distributed uniformly over areas lying below the
foundation. The size of the area at any depth is obtained by assuming that the stresses spread out
at an angle of 2 (vertical) to 1 (horizontal) from the edges of the loaded areas. The average stress
atany depthzis

Cround surface
7N R )

i
i

=2 .qi
=gy’ Q is total load

| f‘"""" “""’B"’ Z_.—-—-—;

Under centre of the loaded area,

Ao = qs B L _ '
TEBrL+a B+2L+2)

The approximate method is only used to esimate

rectangular (or square) surface loads.

the vertical stress increase under the center of

A

DESIGN INTEGRITY, Call: 01633905761
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face. Compy h. Use
ound surface. e depth.
Question: A concentrated load of 1000 kN is applied at the gr f3m at the sam

: istance 0
pressure (i) at a depth of 4 m below the load, (i) at a dista

Bousstnesq's equation.
Solution;
(f) Vertical pressure at a depth of 4 m below the load |
o, =9 1 3 x 1000 1 = 30 kN/m?

2nz?[1+ (r/2)3572 ~ 2x3.18x 8 [1 + (0/ )22
() Vertical pressure ata distance of 3 m at the same depth

3Q 1 3x1000 1 2 - :
. _ =9.8 kN/m
T imzifiy (r/2?)/2 = 2x314x 42 [1 + (3/4)7]°/2 /
Question:;

Compute the stress at point A which is 10’ below the base of the single column

foundation carrying @ =250 kip load and size = 10’ x 10% y = 110 Ib/ft® (WASA - 2014)
. . 250 k
Pressure increases at point A due to 250 kload,
do—__ 0 250

B+ + @7 10)x (10 + 10)
40 = 0,625 k/f2 = 625 lb/f2 |
Stress at point A

L 32
[
Q

4
=10x110 + 625 = 1725 Ib/f:2 _

3
-

DESIGN INTEGRITY, Ca]): 01633905761
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oz

d 5 m apart center to cernter transmit

Calculate the vertical stress due to the

v Question: Three parallel strip footings 3 m wide each an
elow the base. Assume the

~ contact pressures of 200, 150 and 100 kN/m?respectively.

;Om_blned loads beneath the centers of each footing at a depth of 3mb
l::(tilsngs are placed at a depth of 2 m below the ground surface. Use Boussinesq's method for line
XX /mv/;\%va\u\\ //A%\/A;\%V/A\w 7=
m m
2?0 1?0 100 klNlm’
1R 7/ /
s — U~ N
Im
| l
A B ¢
B B LR - ®-----
Solution:
We know, 0, = 2g 1
2T pz[1+ (x/2)2)?
The stress atA
o 2 x 200 1 2x150 1 N 2x100 1
3.14x3[1+ (10/3)%)?

%W = 314531+ (073 ' 314x3[1+ /3T
Or(a) = 45 kN/mz

The stress at B -
1 2x100 1

_2Xx 200 1 + 2x150 -
0 () = 314531+ (5/37F | 314x3[1+ (/37 314x301+ /37

0;(8) = 36.3 kN/ITl2

The stress at [»

_2x 200 _
92() = 314x3[1+ (10/3

0z () = 23.74 KN/m’

1 2x150 1 2x100 1
e T 308 x3 [+ (/370 - 314x3 [+ (10/3)F
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ble settlement. SO

. failure and allowa Th
. Foundations should be designed for both shear capacity. The
tshe:tallﬁ?::l:ie ::t?]ement of shallow foundations may control the allowable bearing c2p

le: the maximum

ding codes. For exampie;

le settlement itself may be controlled by local buil
:ll}gx::l: .rs.:ttlement for mat foundation is 50 mm, and 25 mm for isolated footing.

immediately
Immediate or elastic settlement: Elastic or immediate settk-ament occurs idutl;i‘:fn .::;stur o content
after the application of theload (construction of structure) without change nbe ecoverable upon
of the soil. Elastic settlement is the settlement of a geosystem that can

unloading :
. i er
Consolidation is the time-dependent settlement of soils resulting from the expulsion of wa

from the soil pores.

Primary consolidation is the change in volume of a fine-grained soil caused by the
water from the voids and the transfer of stress from the excess pore-water pressure

particles.
Secondary compression is the change in volume of a fine-grained soil caused by the adjustment
of the soil fabric (internal structure) after primary consolidation has been completed.

Time
1 §Elastic compression
4

expulsion of
to the soil

Primary consolidation

Settlement

Seccndary compression

S=S+S.+S;
S = total settlement

S; = Immediate elastic settlement

Sc¢ = Primary consolidation settlement
Ss = Secondary consolidation settlement

Soil compaction: Soil compaction is defined as the method of mechanically increasing the density
of soil. Air during compaction of soil is expelled from the void space in the soil mass and therefore
the mass density is increased. Compaction increases the strength characteristics of soils, which
increase the bearing capacity of foundations constructed over them. Compaction also decreases
the amount of undesirable settlement of structures and increases the stability of slopes of

embankments.

DESIGN INTEGRITY, Call: 01633905761
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Consolidation s .

pressures. This p;h(te}::)r;eductlon in volume of a soil due to the dissipation o
€non only happens in cohesive soils, since granular s

ter pressures in the first place.

do not generate the excess pore wa

)
f excess pore Water B(8
ils drain rapidly and ‘

No . aximum
ally consolidateq clay: whose present effective overburden pressure s the I

ressu
p re that the sofl was subjected to in the pastis called normally conso

soil experienced in the Pastis called over consolidated clay. The max

is called the Pre-consolidation pressure.

. of aspeci
The overconsolidation ratio (OCR) for a soil is the ratio of preconsolidanon‘pl,’?ssur €

to present effective vertical pressure.

lidated clay.

men

Question: Write down the difference between compaction and consolida,l::twﬂ-

(DPDC — 2014, RAJUK — 2014, PGCB — 2017)
Solutjon:

Compaction

Con$oliﬁaﬁon ]
- where steady and

Compaction is a process where mechanical
pressure is used to compress the soil mass for

‘saturated soil.

Consdlidation is a process
statlc pressure causes

compression  Of

the purpose of soil improvement.

Dynamic loads by rapid mechanical methods
like tamping, rolling and vibration are applied
for a small interval in soil compaction. =

Static and sustained loading is applied for 2
long intérval in soil consolidation.

Compaction of soil is mainly used for sandy
soil. -

édnso]idaﬁon of soil is mainly used for clayey
soil.

Compaction process, soil volume is reduced by
removing air void fram the saturated and dry

soil -

Consolidation is due to expulsion of pore water
from voids.

Compaction is done before the construction of
structure : .

The pfocess of consolidation starts as soon as
the construction work begins. :

Question: Define (5) normally consolidated soil (b) over consolidated soil () SPT (BHP — 2017)

Normally consolidated ‘ clay: whose present effective overburden pressure is the maximum
pressure that the soil was subjected to in the past s called normally consolidated clay.

Over consolidated clay: whose present effective overburden pressure is less than that which the
soil experienced in the past is called over consolidated clay. The maximum effecti
is called the pre-consolidation pressure. epst PTeSS‘}Te

The Standard Penetration test (SPT) is a common in situ testin meth
; . e . od u i
geotechnical engineering properties of subsurface soils. It i agsimple anjei‘rix y i:fgmme the
estimate the relative density of soils and approximate shear strength paramete:sxplt p;‘ég :::t to
- san

N-value, which represents the number of blows of a stand

standardized distance.

anned by CamScanner

ardized sampler driven into the soil a
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@ Question: Define virgin censolidation curve. Which one do you prefer as s soil engineer in between
laboratory consolidation curve and virgin consolidation curve? Explain with necessary diagram ‘

and examples. (JB — 2017)

Solution:

Soil Samples collected from field are somehow disturbed. When consolidation tests are conducted
on these samples, we obtain e vs. log o’ plots that are slightly different from those in the field. This

is demonstrated in Figure.

(a) (b)
b Flald comprassion

\
eAu-.....-...\- | 1 l’\’lo'.:q
0 ) Virgin fm.__: N

\ comprassion
N curve

\ ope=C

BN
s TN\

Laborarory
(Undisturbed
sample)

Virgin comprassion
curveslope =

Laboratory
(Undisturbed
} sample)

Vold ratio
Void ratio

/

0.4?0 --------------- 0'4‘,0 e - -

y

y

0 O B »
o B o’ (lcgscale)

¥ o o’ (iogscale) R

c

Curve I in shows the nature of the e vs. log o’ variation that anundisturbed normally consclidated
clay (present effective overburden pressure; void ratio) in the field would exhibit. This is called
the virgin compression curve. A laboratory consolidation test on a carefully recovered sample
would result in e vs. log plot such as curve II. Due to obtain approximately corrected result
laboratory compression curve is preferred to obtain actual form of virgin compression curve. As
example the compression index as determined from the laboratory e-log o’ curve different from
that encountered in the field. Primary reason is that sofl remolds to some degree during field
exploration. The virgin compression curve intersects the laboratory compression curve at 0.42eo.
Knowing the value of eo and pc (Pre-Consolidation Pressure) can be easily construct the virgin
compression curve to calculate compression index.

—

Question: What is meant by OCR? Difference between OC clay and NC clay. How will you find
the preconsolidation pressure for clay? (32th BCS, BKB - 2018)

Solution;

The “over-consolidation ratio
current stress. A soll that Is currently experiencing its

consolidated” and has an OCR of one.

ay: whose present effective overburden pressure is the maximum
bjected to in the pastis called normally consolidated clay. l

- -

" (OCR) is defined as the highest stress experienced divided by the
highest stress is said to be “normally |

Normally consolidated cl
pressure that the soil was su

%
= DESIGN INTEGRITY, Call: 01633905761
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t which the

ve overburden pressure is less than tha e
u

Over consolidated clay: whose present effectl :
lidated clay. The maximum effective past press

soil experienced In the past s called over conso

is called the pre-consolidation pressure.
consolidation pressure based on

ists for appraising the relative merits of the various

used method was the one proposed by Casagrande
ture, B, on the laboratory e-log

There are a few graphical methods for determining the pre

laboratory test data. No suitable criteria ex
methods. The earliest and the most widely

(1936). The method involves locating the point of maximum curva
p curve of an undisturbed sample as shown In Fig. From B, atangent {s drawn to the curve and 2

horizontal line is also constructed. The angle between these two lines is then bisected. Theabscissa
of the point of intersection of this bisector with the upward extension of the inclined straight part

corresponds to the preconsolidation pressure pc.

g
]
3
e p » R
Question: Define over consolidation ratio (OCR) & Permeability. (BUET M.Sc. 2013)
Solution; '

The pre-consolidation stress is defined to be the maximum effective stress experienced by the soil.
If the current effective stress is less than the pre-consolidation stress, then the soil is said to be
1 the soil is normally consolidated (NC), if OCR>1 the soil is over

over-consolidated (0C). If OCR=
consolidated (0C). Soil deformation is higher in normally consolidated soil than it is over

consolidated soil.
uid mechanics and the earth sciences is a measure of the ability of a porous

Permeability in fl
ock or an unconsolidated material) to allow fluids to pass through it.

material (often, ar
Question: What do you know by normally loaded and preloaded clay? Draw e-log P curve for

both Condition.
Solution:
« If the initial vertical effective stress is approximately equals to the pre-consolidation stress

. then this condition is known as normally consolidated.” Or “The soil whose present effective
overburden pressure is the maximum pressure that the soil was subjected to in the past.

« Over consolidated soil may be defined as “If the initial vertical effective stress of the soil sample
is less than the pre-consolidation stress, then the vertical effective stress in the field was

(«

‘ DESIGN INTEGRITY, Call: 01633905761
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i . and the soil is called over consolldated.”
once higher than its current magnitude by e exper{moed ”

whose present effective overburden pressure is less than t
the past is called over consolidated sofl.
1
a
* %
________________ d
ol l
E .+~ Virgin consolidation
- curvesshope = C,
.g Labocatory
Consolidaticn curve =¥ cunsolidation curve
3 for rermolded specimen
e
Odeol--—-——==------ E— ----- J
‘ >
=

Prassute., v” (log scaled

Consolidation characteristics of normally consolidated clay of low to medium sensitivity

y 113 l a

J P

o —————————— D riwuis Sndedadeded g
S I O
2 41U
x -« Virgin consolidation
cunve:slope = G, =
compression index

L)
g Labocatory
B consolidation cune
= ~|
2l ey~

rebound curve: 1 \

slope = C, = I

swell index
e
Odepf———===—=——p=mm—mmm—— 1
d [
‘ Lt
w5 v

Pressuse. o' (log scale)

Consolidation characteristics of overconsolidated clay of low to medium sensitivity

DESIGN INTEGRITY, Call: 01633905761
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f the straight-line portion of the

Compression Index: The compression index, C, is the slope 0 7 curve, will be

-1
loading curve. The compression index as determined from the laboratort‘yi :t gsthe sil remolds
somewhat different from that encountéred in the field. The primary reaso _log o curve in
of variation of the e-108
ed to asthe

itself to some degree during the field exploration. The nature lly referr
the field for a normally consolidated clay is shown in Figure. The curve generaty
virgin compression curve.
: Yoid Slope
fatio, ¢ C, O

Void mtio. e N
o F————- A= en =
| F\ o .
‘ Virgin .
€T N }:\ compression wm?'“""’"
uml“y J \A"-' cunwe,
consclidation !\, Stepe G L Stope C.
cunt \
2
042¢, \ 042 ¢p
Pressure, o Pressure. o’
, (log scale) g (log scale)
o

o

Figure: Construction of virgin compression curve for normally consolidated clay and Construction
! of field consolidation curve for overconsolidated clay.

c = eg—e;  Ae
€ " logo—logo, logco/a,

For normally consolidated clays, C. =0.009 (LL —10)
For remolded clays, C, = 0.007 (LL —10)

Swelling Index: The swelling index, C; is the slope of the unloading portion of the e-log o curve.
The swelling index is also referred to as the recompression index.

c

=%
1

The one-dimensional primary consolidation settlement (caused by an additional load) of a clay

layer having a thickness H may be calculated as

Ae
Sc-l'*'eoH

For normally consolidated clay

Jo + Ao
Oo

de=C.log

CcH | oo 40

1+ oo

DESIGN INTEGRITY, Call: 01633905761
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oA

\ S. = primary consolidation settlement _ s
) Ace =$otal ::ange of void ratio caused by the additional load application

e, = void ratio of the clay before the application of load

Added pressure = Ao

Ll |

——— o ———— ——— — ——

Avenage
effective
St e— proasime
dz before load
application
= a‘o

.7 Sand

"Figure: One-dimensional settlement calculation

Eor over consolidated Clay Soil

Settlement Computation, if g, + 40 < o
C:H I op +Ac
= o
¢ 1+ €p g Op

b Settlement Computation, if o, < 0, < 0, + 40
o CH oo + Ao
=+ —log—>
oo, 1+e Oc

s

Time ¢

S‘{---' -------- S eaStens caesnrcmcamae

Time-settlement curve

DESIGN INTEGRITY, Call: 01633905761

Settlement § or U%
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Jime Rate of Consolidation

aclay
Consolidation is the result of the gradual dissipation of the excess pore water pressure from

induces
layer. The dissipation of pore water pressure increases the effective stress ;’hl:ltlafter the
settlement. Hence, to estimate the degree of consolidation of a clay layer at some msure
load is applied, you need to know the rate of dissipation of the excess pore water pressure.

Coefficient of consolidation, C,, =

UYW
: a
Coefficient of volume compressibility, m,, =
1 + e,y
Coefficient of compressibili e _m-—e
oe cer'ioc p ty'a”—Aa—a—ao
de
S.=
€ 1+ea,H
Ao H
=l HAo =m, H Ao

T 14ey 1+eg

k = co-efficient of permeability in cm/sec

¥w = unit weight of water in gm/cc

my = coefficient of volume change in cm?/gm

C, = Coefficient of compressibility in cm2/sec

Gt

Time factor, T, = %—
n (U %\*

ForU =020 60%.T, =& (1—00)

U > 60%,T, = 1.781 — 0.933 log (100 — U%)

U = degree of consolidation

t = time required for U% consolidation in sec
H = maximum length of drainage path in cm
C, = Co-efficient of permeability in cm2/sec

Highly permeable  Highly permeable
. layer(sand) . layer sand)

LIl

*Highly permeable
layer (sand)
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. atio was 1.0.The %
& Question:A recently completed fill was 32.8 ft thick and its Initial averalge vzlz:jr:a fthe fill Sorme \
fill was loaded onthe surface by constructing an embankment coveringa larg e averagevold
months after the embankment was constructed, measurements of the fill indicate
ratio of 0.8. Estimate the compression of the fill j
Solution: )
a 1-08
Se=——H= x32.8= 328 ft f

“1ve 141

Question: The intial void ratio of a 5 m thick clay layer is 1.1, If the difference of vO
than find out the the settlement. (BUET M. Sc — 2018)

id ratio is 0.3

Solution:
Ae 0.3
S=TreH=Tyia x> =07m

Question: The initial void ratio of a 5m thick underlying saturated clay layer is 1.4. Due to the
weight of a superimposed embankment the vold ratio of clay layer decrease from 1.4 to 1.1
Determine the consequent settlement of that clay layer. (DPDC — 2019)

Solution:
Ae 14-11

= H= - -
Tre = Ty1a (0 =0625m

vy Question: A 3 m thick layer (double drainage) of saturated clay under a surcharge loading
% underwent 90% primary consolidation in 75 days. Find the coefficient of consolidation of clay for

the pressure range. (PGCL — 2017)
Solution:

U> 60%,T, = 1.781 — 0.933 log (100 — U%)
T, = 1.781 — 0.933 log (100 — 90) = 0.848
Because the clay layer has two way drainage, H=3/2=15m

Se

Cot
Time factor, T, = ?"7
o T H?__0848x1S
"t  75x24x60x60
tory consolidation test, the void ratio of the sample reduced from 0.85 to

m2. If the co-efficient of permeability of the soil
efficient of consolidation. §

> ¢ AER A AV Suv-Ewen. 4 W JETEEEN JARNTEE WS WEYw W > w»

= 0.00294 cm?/sec

Question: In a labora
0.73 as the pressure was increased from 1 to 2 kg/c
be 3.3 x 10+ cm/sec, determine the coefficient of volume change and Co-

Solution:

Ae = 0.85-0.73 = 0.12

Ac =2 —1=1cm?/kg |
ibilty, my = —— = 2 ]

Coefficient of volume compressibility, my = v BT

g 6}

A
DESIGN INTEGRITY, Call: 01633905761
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I de _ 0.12
V7 Ao (1 + ¢) 1(1 + 0.85)

k 3.3x10°*

S Metw 65x10°x1

Questlon: The time required to reach 50% consolidation for a soll specimen of 3 cm thick tzst:gl
in a consolidometer under single drainage condition was 30 minutes. Determine the time reqyir
for the same soll of 4 m thick to reach the same degree of consolidation, it has double drainage
paths. (30th BCS)

= 0.065 cm?/kg = 6.5x10°5 cm?/g

= 5.07 cm?/sec

Gy

Solution:
For first case:
mt (U%\? /5042
For 50 lidatio, Ty, = =(—) =— —) -
% consolidatio, T, 4(100) 4(100 0.196

H = 3 cm and time for 50% consolidation, t5, = 30 minutes = 0.5 hour

2 2
Coefficient of consolidatio, C, = T:H = 0'1%6:3 = 3.528 cm?/hr
50 -

For second case:
H =4/2 = 2m = 200 cm (double drainage)

1 2
Time required for 50% consolidation, t5, = T'L_H = 0'1936;2:00 = 2222.22 hour
» .

Question: A raft footing s to be constructed on a 7.5 m thick clay layer which lies between two
sand layers. In order to predict the time rate of settlement of the building, a 2.5 cm thick
undisturbed sample of the soll was tested In the laboratory under double drainage condition. The
sample was found to have undergone 50% consolidation in 12.5 minutes. Determine the time

required for 50% settlement of the bullding.
. 2
nU%
AsU = 50%,T, = 2'('10_0)

750\
T, =7 (50) =017
Because the clay layer has two way drainage, H =2.5/2 = 1.25 cm

Cot
Time factor, T, = ﬁ,—

2 2
= LA _0197x1.25 = 0.0246 cm?/min

=== 125
In case of the actual bullding,
7.5x 100
= =375cm

T,Ht 0.197x375? _
= = =1126146.29 min =782d
v =T, 0.0246 s

DESIGN INTEGRITY, Call: 01633905761
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Questt
ffefect
(LCBECEL

ated and over consolidated soil. A clay stratum —

uestion: Differentiate between normally consolid 2, when

ad SQ m thick has Initial vold ratio of 1.50 and the effective overburdzen pressit(;r:azfolzgdﬁi ;“m 144,

the sample [s subjected to an increased pressure of 120 kN/m the vo . of the stramm.
Determine the coefficient of volume compressibility and the final settlem

(35th BCS)
Selution;

Normally consolidated clay: whose present effective overburden pressure is the maximum
pressure that the soil was subjected to in the past s called normally consolidated clay.

Over consolidated clay: whose present effective overburden pressure Is less th.:m that which the
soil experienced in the past s called over consolidated clay. The maximum effective past pressure

is called the pre-consolidation pressure. '
de =150-1.44=0.06
Ag = 120 kN/m?
A
C?efﬁcient of volume compressibility, m, = Wieo)—
_ 006
™ =120 + 15)

; A .
Settlement, S, = I _:e H= 1(:_016 T
0 .

=2x10"* m?/kN

x5=012m

Question: 2 m deep clay layer, coefficient of volume compressibility = 0.02 ¢cm2/kg. Effective
_ -~ “Y§ pressure increases from 2 to 4 kg/cm2 What is the settlement of the clay layer? (NPCBL — 2017)

Solution:

H=2m=200cm,Ac =4 -2=2cm?/kg

Se=m, HA¢c =0.02x2x 200 = 8cm ‘
|

Question: Determine the co-efficient of volume change if the settlement is 5 cm for 7.5 m clay
layer having increasing pressure of 80 kg/cm2. (CPGCBL — 2018)

Solution;

Sc=my, HAco
5=m,x80x75x100
m, = 8.33x10"5 cm?/kg

Question: A clay layer of 2 m thick has a coefficient of volume compresﬁlblllty 0.02 cm?/kg. If
effective stress increases to 2 kg/cm? what is the settlement of the clay layer? (NPCBL — 2019)

Solution:
H = 2m = 200 cm,m, = 0.02cm?/kg, Ao = 2kg/cm?
S,=m,HAlc= 0.02x2x 200 =8cm

4
DESIGN INTEGRITY, Call: 01633905761
130,
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d the coefficient of volume change A
struction of bullgiing

fin
Question: A clay layer 5 m depth has a settlement 02'23::2 o
if effective overburden pressure increases 20 KN/m
(CBGCBL — 2018)
Sojution:
H=75cm=0075m
Sc=m, HAc

0.075 =m, x5x20
m?/kN

Coefficient of volume change, m,, = 8.33x107°
the initial void ratio of 1.50

Question: A clay straturm 5 m thick has q
i creased pressure of 1&1
pressure of 120 KN/m? When the sample is subjected toan irf1 e Compressibili

void ratio reduces to 1.44. Determine the co-efficient 0
settlement of the straturn. (34th BCS)

Solution:

Ae =150-144=0.06"

Ao = 120 kN/m?

nd the effective overburden
re of 120KN/m?, the
ty and final

) Ae
Coefficient of volume compressibility, m, = Aol + en) 1+ e)
0.06 s
- e 2 -4 2
M= e g 1gy - 2 x0T m/kN

Ae 0.06

S nent, S, = .
ettlement, S, Tteg H T+15

Question: A strata of normally consolidated clay of thickness 10 ft is drained on one side only. It
has a hydraulic conductivity of k=1863x107% in/sec and a coefficient of volume
compressibility m, = 8.6 x 10 in?/Ib. determine the ultimate value of the compression of the
stratum by assuming a uniformly distributed load of 5250 Ib/ft? and also determine the time

required for 20 percent and 80 percent consolidation.

Solution; ‘
Total comgféé‘sioq, S;=m,HAc=8.6x10"*x10x 12 x 5250 X 1—12 =3.763in
T TU%\? 1202
For 20% consolidatio, T, = -(——) = _(_) =
‘consolidatio, T, 7100 7700 0.0314
For 80% consolidatio, T,, = 1.781 — 0.933 log (100 — U/%)
= 1.781 - 0.933 log (100 —80) = 0567

Coefficient of consolidatio, C, = —— = 1.863x 107
My tw  B6x10-*x361x102  0X107* in?/sec

x5=0.12m

DESIG '
N INTEGRITY, Cajj; 01633905761 t
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Time factor, VA

- : : _ Ty HY_ 0.0314x(10x12)! _ oo .o —~—
N} Time required for 20% consolidation, t3, = T = Ex10-"x60x60x24 A y ‘i

T, H? 0.567 x (10x 12)*
i i 80 nsolidation, tgy = —— = = 157.5 days
Time required for 80% co ation, tgg G " 6x10-"x60x60x23 y:

Question: A clay layer 4 m thick us subjected to a pressure of 55 m?/kN. Ifthe layer has a double
drainage and undergoes 50% consolidation in one year, determine the coefficient of consolidation.
Take T, = 0.196. If the coefficient of permeability is 0.02 m/yr, determine the settlement in one

year and rate of flow of water per unit area in one year. (36th BCS)

Solution:
T, H?  0.196 x 22
Cp=t— === =078¢ m*/yr
k 0.02x1000
= 2.60x 1073 m?/kN

™ = T Ye 0784 x 1000 X 9.81
Se=my Hy Ao = 2.60x10~3 x4 x55 = 0.572 m

Settlement after one year = 0.5x 0.572 = 0.286 m

Since U is'proportional to vt for U < 0.60, the settlement is a\ISO proportional to vt

s?cotort=Cs?2
When t = 1 year,s = 0.286 m

:’ = —
C = 55gg = 12:226
Thus, t = 12.226 52
ds 1 1
= 0.143 m/yr

dt  2x12.226s  24.452 x 0.286
143
= 0.072 m?/yr /m?

Discharge per unit area per surface = 5

Question: A layer of clay 2.0 m thick is subjected to aloading of 0.5 kg/cm?. After one year loading
the average consolidation is 50%. The layer has double drainage; (i) what is the co-efficient of
consolidation? (ii) If the co-efficient of permeability is 3 mm/yr, wh?t is'the settlement after one
year? (iif) How much time will the layer takes to reach 90% consolidation assume, T,,, = 0.848.

(37th BCS)
Solution:

Co-efficient of consolidation
. (U%)2
7 50\°
=—(==) =0.197
L 4 (100) - '
Time required for 50% consolidation, t = 1 year

Because the clay layer has two way drainage, H =2/2=10m

DESIGN INTEGRITY, Call: 01633905761
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Cyt
Time factor, T, = ";;T

T, H2 019781 _ g 197 m*/yedr

Coefficient of consolidation, &, =—— =" 1

Settlement after one year
co — efficient of permeability, k = 3 mm/yr = 3x1

0.5 9.81x 100 x 100 2
= = — 49.05 kN/m
Ac = 0.5 kg/cm 1500

co — efficient of permeability, k = Cy My Yw

= k 3x1073
" T C, 7% 0197x981

0-3 m/yT

= 1.55x%10~3 m?/kN

Sc = mp Ho AO'
S.=155x10"3x1x 49,05 = 0.076 m
Settlement after one year = 0.5 0.076 = 0.038m

Time to reach 90% consolidation

T.H* 0848x1?

Time required for 90% consolidation, tgp = "C =—0197 = 4,304 years
» .

Question: Compute consolidation settlement of 2 2.5 m thick clay layer due to an increase of 30

KN/m? pressure at the mid height of the layer. If vertical stress at the mid height of the layer is 130
KN/m2. Given, initial void ratio (ep) = 0.8and compression index (C;) = 0.28. (WRGCL — 2014)

Solution:

CCH 0'0+A0
Sc—1+eol°g Og
S _028x25 130 + 30
c="1708 & 130

=0.035m

Question: Compute consolidation settlement ofa2.5m thick clay layer due to an increase of 30.
KN/m?2 pressure at the mid height of the layer. [Fvertical stress at the mid height of the layer is 40

KN/m2. The value of initial void ratio is 0.7 and compression indexis 0.28.
(PGCB — 2015, GTCL — 2016, SGCL — 2017, ERL -2017, BWDB - 2018,NHA — 2020)

Solution:
S‘_1+e°log Op

_026x251, 40+30

Sc = 1707 %820 =0.100m

S

DESIGN INTEGRITY, Call: 01633905761
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Solut
Theave
7 = 2x

Question: Determine the primary settlement of the clay layer. The soll is normally consolidateq

WY Foce - 2018)
Selutlon: 1.5 k/f?

T" w=50% Sand
15° e=0.7 Gs=2.65

% = o

LL=60 " Clay
20' e=09
l Yeat = 122.4 1b/ft?
1+ w) 2.65x62.4(1+0.5)
For sand layer, Gs Y = 3

Existing presure at centre of clay layer, o, = Yh+ Vsae —vw) Iy
20
0o = 145.9x 15 + (122 - 62.4)—2— = 2784.5 1b/ft? = 2.7845 k/ft?

Overburden pressure, Ag = 1.5 k/ft2
Compression index, C. = 0.009 (LL - 10) = 0,009 (60 — 10) = 0.45

) For normally consolidated clay, ’
C.H oo +Ac 045x20 27845+ 1.5
AH = log = 0g
1+eo 0o 1+0.9 2.7845

Question: A soil profile is shown in Figure. If a uniformly distributed load Ag, is apphed at the
ground surface, what is the settlement of the clay layer caused by primary consolidation? If the
clay is normally consolidated the pre- consohdatnon pressure 160 KN/m?. Cc = 0.27, Cs = 0.045

(BWDB — 2019)
A = 100 kN/m?

J AU SUR SV U S

=09ft

_‘.‘-‘ _' .“4-.'4‘ . e " l’ ..-' N '....' ) l . . 3
2m Lo CCEBEY. Rt '.V.h 14 kN/m
..f..—,'.'_.—-?.-;-.'-.‘-;,‘.-,.-,;—;,.,_‘;‘,_-_:_-;;-_;_;_~__..f__<;';,_ it Groundwater table
Jm ..... ".'.. '- ','._'4,'_ R -.,". . R o ." v LI .'." y“" l kwn
J__ -';.."ag‘j.‘-.:g,”‘"".. A . AR }" ".Ii..~“"-;-’]"-ﬂ"..'.‘

= ﬁ-‘!g'i‘“}'&'-‘z'.‘-:‘.’l."" - R R SR = 19 kN/m®
PP S ey e e S e I T B Y
 W; b P daey 20 =% Yol
BN "'M’:;h‘x SE ARG via rilo,e = 03
4 > - » - . S Wi Y
+m P‘%‘ popae iy ‘x"v“ HER AR e Ivsfelly Gy
Ay LR KA -*"J Al £ 303 "- sdatsued RN 1L =10
A Tal e e “;;.' 5 ) e st L=
A LIHATD 5 2 .xi..«...i ::.-.:w:fa‘z.»t R

@' . v e
e )
sYfae | g AL

o | 63
(] sand B4 cuay ;

NESIGN INTEGRITY, Call: 01633905761
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( Solution;
The average effective stress at the middle of the clay layer is,

2
0y =2x14+4x (18- 9.81) + 2 (19 - 9.81) = 79.14 KN/m

Overburden pressure, Ac = 100 KN/m?
Pre — consolidation pressure, g, = 160 KN/m?

Here, 0y < 0, < 0y + Ac

(/]
¢ o CH g B0, GH | g

‘T1te, Oc 1+e - o
‘ 027x4; 79.14+100 0.045x4 160
‘ ¢ =T+08 % 160 1+0.8 67914

Se = 0.029 +0.030 = 0.059m

! 10.6 m and below this lies a soft clay layer 7.60 m thick The water table is at 4.60 m b:lsvu;'itlillet
| ground surface. The submerged unit weight of sand yy, is 10.4 kN/m?, and the .wet l(;n(!:l g .
; above the water table is 17.6 kN/m3. The water content of the norma.lly cgnsohdate ay wp ‘-i
[ 40%, its liquid limit w = 45%, and the specific gravity of the solid particles is 2.78: The propose

f construction will transmit a net stress of 120 kN/m2 at the center of the clay layer. Find theaverage

f settlement of the clay layer.

p Ce = 0.009 (LL —10) = 0.009 (45 - 10) = 0.32
’ . wG 040x2.78
| Void ratio, gq =—S-—'—1_-— 1.
| (G, +Sey)
s +Segye  (278+1x1.11)9.81 )
it wei = = =18.1 KN
’ Saturated unit weight, ys,, T¥e, 1711 1 /m
Submerged unit weight,y, =ys,, —y, = 18.1 - 9.81 = 8.28 KN/m?3
‘_ i Effective vertical stress 0p at the mid height of the clay layer is
' 7.60
0g =4.60x17.6 + 6x10.4 + -5 X 8.28 = 1748 KN/m?
_ CH log %2 +do  0.32x7.60 o 174.8 + 120 03
“lveg 7T g 14111 %8 174 =026m=26cm
Average settlement = 26 cm.

! DESIGN INTEGRITY, Cal), 01633905761

. . i th of
Question: Soil investigation at a site gave the following information. Fine sand exists to a dep _
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i f
Q) Question: Determine primary sertlement at the center of raft fo
2 consolidated soil. (RPGCL —~ 2017) .

Ya *15 KN/m’
Zm
BlbolviN
\vi [ERXAXL r
Gy Zmx8m |
90'0.9
c."018 Ysar * 17KN/m? ém
Rock bed
Solution:
&ém
Am
Po=15x2+3x(17-10) = 51 KN/m?
m= X 6. 2
- z 3 -
m= X _ 3. 1.33
=—=3=1
2 = distance between bottom of footing and mid clay layer
8160 "
=8x12 85 KN/m

Contact pressure, o = 85-2x15 =55 KN/m?
1 [2mnVvmZ +nf+1 (m2+nz +2)+ o _I(Zmn\fr;7+nz+1 )
- tan

“an |m2+ n+m?nt+1\m2+n®+1 mé+n2-min?+1
| =0.107
AP = 4l x gy = 4x 0.107 x 55 = 38.52 KN/m?
C. =0.28,¢,=09,H=3m= 3000 mm
C.H Py + AP

- la
AH 1 + eo g PO
0.28x3000, 55 +38.52
L 1 =101.92mm
AH=—7705 BT S5
W '
- DESIGN INTEGRITY, Call; 01633905761
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; was 1.068 under the

Question: In a consolidation test, the void rat of the Spwme?egl&irc: was increased to az: :
effective pressure of 214 KN/m?, changed o 0994 when the P index and the coefficient of
KN/m2. Calculate the coefficient of compressibility, c°mpress“s):ilng on above type of clay, if
volume compressibility. Find the settlement of foundation ré

thickness of layer is 8 m and the increase in pressuré is 10 KN/m?.

Solution:

2
Here, e, = 1.068, ¢ = 0.994, 0, = 214 kN/m?, 0 = 429 kN/m

Ae e,—e 1068-— 0.994 —3.442% 10-* m2/kN
Coefficient of compressibility, &y = 7= = L= —59=714 3

g

o-0p
Ae _ 1.068 — 0.994 - 0.245 N
logo/g, log429/214
-4
= av = 3.442)( 10 - 1.664x1o-—4 mZ/k_N
1+ e 1+ 1.068

g +Ac _ 0.245x8 214+10. 0.0188m

Compression index, C; =

CoefTicient of volume change, m,

CH og
1169 o, 1+1068 =~ 214

Question: A stratum of clay with an average liquid limit of 45% is 6 m thick. Its surfac% is lo::ja:;d
at a depth of 8 m below the ground surface. The natural water content of clay is 40% and the
specific gravity is 2.7. Between ground surface and clay the subsoil consists of ﬁne_sand_. The water
is located at a depth of 4 m below the ground surface. The average submerged unit Welgl'.lt of sand
is 10.5 kN/m3 and the weight of building that will be constructed on the clay above clay increases

Settlement, S, =

the over burden pressure on the clay by 40 kN/ m?. Estimate the settlement of building. (L‘ﬂ_"‘i’
ILLaX)) sm f \
y=17 kiN'm® ) “m
8m --..---...--..xzyy;l". ...........
1
Sand am
Y = 10.5 kN/m® }
Clay
6m W, =45%
w=40%
_ 76 =27
Solution:
e =wG=04x27=108
G v(1+w) 27x9.81(1+04)
= = = 3
For clay layer, ¥puix 1+ e 17108 17.82 kN/m
Pressure on the top of clay due to overburden,gp =17 x4 +105x 443 x17.82
‘05 =163.46 kN/m*
Increase in pressure due to construction of building, Ao = 40 kN/m?
DESIGN INTEGRITY, Call: 01633905761
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A
;. 0.009 (LL -~ 10) = 0.009 (45 = 10) = 0.315
Wy G

o H gy + b0 0315x6 163.46 +40 _
= = 16588 T = 0.086m
Settlemont, 5S¢ = T—;—;;loa 7 — 108 %8 16346 r
lmaryconsolldation or
westions A soll profile shown In figure. Calculate the settlement due topr .
31, 6 m clay layer due toa surcharge of 100 kN /m?, Ground water table Is flush with the top of th
clay layer.
100 kMm?
e S N O B
sand
am G, #2008
Vold ratio = 0.72
awT */ R ——
t Clay
om Im LL.s00
Vold i * 0.9
stm o 10378
o Rock s
Solution:

Gy, 2.66x981
Forsand,y = Y = I“; =2 = 1517 v/’

Forclay,y' = Ysax — Yw = 19.376 — 9,81 = 9.566 kN/m?
4
23 Overburden Pressure,0 = 15.17 x4+ 9.566%3 = 89,378 kN/m?

Increase in pressure,Ag = 100 kN /m?

€, = 0.009(LL — 10) = 0.009(60 — 10) = 045

CH oot o 045 6 893784100 _ o
) .= . _——=0463m
Tte, 9 g, 1+109 “BT89.378

Settlement, S =
depth of 2 m. Where water table
the width of the footing if it is
Jet load given isa constant and

o be established in a dayey soilata
el as shown in figure. Determine
for the given data, Assume that ther
lay as shown. Takey,, =10 kM/m’

Question: Asquare footingis
has risen upto the ground lev
permitted to settle by 120 mm
that the same is QIsper5cd into ¢
7] Nat load = 500 kN

f 1-’.

/OO0 | Y
PR S 4., =193 WD

r 1
b - = ! - C_=03h
g - ' ; 2
\ 8, =092

Let the size of the footing be 8% B

A
' | DESIGN INTEGRITY, Call: 01633905761
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+2
Widch of spread at the cenire of the depth below footg & B

u.ﬁ?—‘;},m/.'
Here,Se = 120 mam = 012m¢;
AtP.g = 4y = 4 (193 = 10) = 372 W/m'

= 0.36,¢ =092H=4m

036x4 372440
012 = ez 9T EIZ

Ao = 1657 IN/m?

500
Now, 1657 'r”—z)f
B=349m

mmlmhdhdaﬂcuﬁm:ﬁﬂd:pmﬂmhnﬁbﬂhyom:fwndadm (flexible or
r?id].md on the type of material (soll) that the foundation will rest on it (Le. this method Is valid

for both sand and clay).

e (52
q = Intensity of loading

B = Least lateral dimension of loaded area
1, = Influence factor

x = Poisson’s ratio of soil

DESIGN INTEGRITY, Call: 01633905761

A
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Q E = Modulus of elasticity
~ I = Influence factor
= 0.88 for rigid circular footing
=0.82 for rigid square footing
= 1.06 for rigld rectangular footing with L/B = 1.5
= 1.70 for rigld rectangular footing with L/B =S

Question: Determine the elud:m.ﬂmtohhoﬂnﬂm:?mmdngunnndymﬂ gvenBss
45000 kpa and .= 0.3, Footing carries a load of 2000 KN. Take 1y = 0.82 (51BMA)

Solution:

2000
Intensity of loading q = 55 = 22222 KPa
Least lateral dimension of loaded area, B = 3 m
Influence factor, I, = 0.82

Polsson'’s ratlo of sofLu = 0.3
! Modulus of elasticity, E = 45000 kpa

1- u?

- 2
5t=19( 1- 03

) b =222.22:31( 2500 )xm=n.0nn=umn

&

©

SHEAR STRENGTH OF SOIL

£

DESIGN INTEGRITY, Call: 01633305761
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resistance P fundame

mal The

Shear strength: The shear strength of a soll mass s the Int¢ e inside It-
soil mass can offer ta resist failure and sliding along any plan
strength equation proposed by the French engineer Coulombls

T=c+otan ¢

¢ = cohesion
@ = angle of internal friction
o = normal stress on the failure plane

T = shear strength
for cohesionless soll ¢ = 0
ive stress
In saturated soil, the total normal stress at a point is the sum of the effecti
water pressure (u),
o=¢c+u
in terms of effective stress,t = ¢’ + ¢’ tan ¢’
Question: Define shear strength of soil. Explain the shear cha
cohesionless soil. (30th BCS)

Solution: | )
ar ; i : the soil mass can offér

Thesh ilmass e internal resistance perunitarea that
ear strength of a soil mass is th Ths o oental shear stren gth equation

to resist failure and sliding along any plane inside it
proposed by the French engineer Coulombis
T=c+otang

¢ = cohesion

@ = angle of internal friction
o = normal stress on the failure plane

T = shear strength
Cohesionless soil: Purely granular soils possess no cohesion (¢ = 0). The shear strength of such

(c”) and pore

racteristics of cohesive and

soils aregiven by, r = o tan ¢

¢ e -
__s=¢C =
! |
c=0 g — ~ l a T

Cohesive soil: Fine soils possess cohesion and nofriction (¢ = 0). The shear strength of such soils
aregivenby, 1 =¢
Cohesive frictional soil: clayey sand, silty sand has cohesion and friction. The shear strength of

0 :

: by, t=c+otany . i .

such fO;]; a‘z,ehgaltv ::e tﬁe strength parameters of soil? Write down the expression of relating

uestion:

those. (PGCL — 2014)
DESIGN INTEGRITY, Call: 01633905761
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and angle of internal friction.

2

Scanned by CamScanner ?‘

Strength parameters of soil: Cohesion
r=c+otan@

l.'_"_.l Shear sirenpth, 5

Normal pressare, &
Question: Write the names of soil strength test. What tests are use

(BUET M.Sc.—2011)
Solution:

The following tests are used to
Direct shear test

Triaxial compression test
Unconfined compression test
Vane shear test
Consolidation test
Compaction test
Permeability test

d for cohesive soil?

measure the shear strength of the soil,

For cohesive soil

« Unconfined compression test
e Triaxial test

Question: Write down the para
calculate these. (BCIC — 2017)

Solution:
Parameters of shear strength
1. Angle of internal friction

2. Cohesion
3, Normal stress on failure plane

meters of shear swength of soil. Also write the name of the tests to

of soil is given below,

Following test are used to determine shear strength of soil

DESIGN INTEGRITY, Call: 01633905761
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Direct shear test

Tri-axial shear test

Vane shear test

Unconfined compression test

ball o Al o

arameters
There are several laboratory methods now available to determine the shear strength P

of various soil specimens in the laboratory. They are as follows:

* Direct shear test

* Triaxial test

* Direct simple shear test
* Plane strain triaxial test
* Torsional ring shear test

d is placed
Direct Shear Test: Dry sand can be conveniently tested by direct shegr tests. Thees;:le!ll 'ghen .
in a shear box that is split into two halves. First a normal load s applied to theds?rh e rnal and
shear force is applied to the top half of the shear box to cause failure in the sand.
shear stresses at failure are,
N R

r_ —_—
o' = y and s 1
Where, A = area of the failure plane in soil that is the cross-sectional area of the shear}:ifiix fthe
Several tests of this type can be conducted by varying the normal load. The angle of friction 0
sand can be determined by plotting a graph of s against ¢’

Shear (;:
stress B L

|
1
|
—————————— 7T :
i S { }
5" /= i o
““““ 4 1 1 |
%! ] | | » .
! ! i t Effective
l./ ° ,' ] \ \
i n . i— normal
a0 75 o stress, o’

(a) ()
Figure: Direct shear testin sand:

Triaxial Tests: Triaxial compression tests can be conducted on sands and clays. Figure shows
aschematic diagram of the triaxial test arrangement. Essentially, the test consists of placing a soil
specimen confined by a rubber membrane into a lucite chamber and then applying an all-around
confining pressure o to the specimen by means of the chamber fluid (generally, water or glycerin).
An added stress Ao can also be applied to the specimen in the axial direction to cause failure (o3 =
Aoy at failure). Drainage from the specimen can be allowed or stopped, depending on the condition

being tested. For clays, three main types of tests can be conducted with triaxial equipment.

DESIGN INTEGRITY, Call: 01633905761
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Terous — Luite
sthae o [ chamber
Rubher ki
membame R Chamter
. T flual Sreat
.S‘"l - S
speciaen : )
e Porous
) i stone
Base Voo | Gozrs] [oaaeosss )
pme—"f'-’z’ i G vatve %
L J \\ -.-.
Chamber “To drainage ambor ..I / '.' ) o5 Effectine
Nuid . pofe water pressure — - — ptmal
devige vy O 7y . swess
, et ' Consolidated-draiced test - -
Schematic dizgram of idaxial S
test equipment ' :
Shear
Sheat : stress. Effecse
s Total stress strust.
r . failure failoca
. eavelope emvelope

5 =% / & N ”7"7\ !
r_l_ f v Totdl ('I r5 Y Effective

i ¢ [ \ 4 ! 1
—» pormal i - —Ls normal
ay my o T qwess.o (Al a oj 9t s

Consolidated-undraiped test.

Shear
R Total stress
failure epvelope
(d=0)

-~

}
T e
JI :‘/ ;//\‘1 ::"

@ s N Normal stress
UNOHWlkhEd-undmneu wst (ol o
1. Consolidated — drained test (CD test)

2. Consolidated — undrained test (CU test)
3. Unconsolidated — undrained test (UU test)

Consolidated-Drained Tests: At failure,

Major principal effective stress = o3 + 40y = 01 = 0y
Minor principal effective stress = g3 = 03

- 0 =03 tan’ (45 +-¢2-) +2c' tan (45 +-§—)

DESIGN INTEGRITY, Call: 01633905761 ¢ %
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Note: For normally consolidated clay, ¢’ = 0
Consolidated-Undrained Tests: At failure,

Major principal total stress = o3 + Agy = 03

Minor principal total stress = o3

Major principal effective stress = (o3 + Agy) — Uy = o1
Minor principal effective stress = o3 —ur = o3
s=c+ atang

Note: For normally consolidated clay,c = 0

Unconsolidated-Undrained Tests: At failure,

Major principal total stress = 03 + Ady = 03
Minor principal total stress = g3
. AD’,
s= Cu = e—
¢y = undrained cohesion (or undrained shear strength).

i test in
The unconfined compression test is a special type of unconsolidated updralnedAtri';l:laalp\ied o
which the confining pressure g3 = 0 as shown in Figure. In this test, an axial stress Ac' 1S ap

the specimen to cause failure (Ao = Adp). For thk case,

Major Principal total stress = Ady = qu
Minor principal total stress = 0

The axial stress at failure, Aoy = qu, is generally referred to as the unconfined compression

strength. The unconfined compression test is generally applicable to saturated clays for which th‘e
apparent angle of shearing resistance ¢ = 0.The shear strength of saturated clays under this

condition,
.
u- 2

g = unconfined compressive strength at failure
tress is calculated on the basisof changed cross-sectional area A, at failure,

The compressives
A 4 A,
3 = =
L,—AL | _AL
1 1 L

L, = initial length of the specimen
AL = change in length at failure

1%

DESIGN INTEGRITY, Call: 01633905761
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Unconfined
i . compression
v sUress stength. g,
B
f 3 c / \ |
: _L \ Toal . ~  Degne
- > normal > of
uy=0 o, = Aoy stress saturation
=4
Figure: Unconfined compression test .
Vane shear test: Vane test can be used as a reliable in-situ test for determining the shear st}"en'gth
-of soft-sensitive clays. The vane consists of a steel rod having at one end four small projecting
“ 2 blades or vanes parallel to its axis, and situated at 90° intervals around the rod. A post hole borer
2" s first employed to bore a hole up to a point just above the required depth. The rod is pushed or
" driven carefully until the vanes are embedded at the required depth. At the other end of the-ro_d
above the surface of the ground a torsion head is used to apply a horizontal torque am.i this is
applied at a uniform speed of about 0.1° per sec until the soil fails, thus generating a cylinder of
soil. The area consists of the peripheral surface of the cylinder and the two round ends. 'l:he first
moment of these areas divided by the applied moment gives the unit shear value of the soil.
A P X2 R
r = radius of the cylinder
¢y, = undrained sheq.x"s‘;rength
T = torqué-
Que;ﬁoh:'A vé'ne"n.zs cm long and 7.5 emin diameter was pressed into soft clay at the bottom
of a borehole. Torque was applied to cause failure of soil. The shear strength of clay was found to
be 37 kN/mz. Determine the torque that was applied. .
Solution;
Here, c, = 37 kN/m? = 3.7 kN/cm?
Torque, T = ¢, 2 wr3(L'+ 0.677)
T = 3.7 x2x3.14x 3.752 (11.25 + 0.67 X 3.75) = 4500 N = cm
&% .

DESIGN INTEGRITY, Call: 01633905761
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Question: A cylinder of soll fails under an axjal vertical stress of 160 kN/m’, whe;i:}:g value of
unconfined. The failure plane makes an angle of 50° with the horizontal. Calcul3
cohesion and the angle of internal friction of the soll.

Solution;

@ = 500 = 45 +i;1

@ = 2(50° — 459 = 10°

As the sample is unconfined, o3=0

Now, 0, = 03 tan®a + 2 ctana
160 = 2 ¢ tan50°

oo 160 _ .

1192 = 67.1 kN/m
Question: A lateral pressure in a triaxial compression test in a cohesive soil gave the following
results: angle of shearing resistance @ = 17.5 degree, cohesion= 3.0 kg/cm? and total axial stress
at failure = 18 kg/cm?. Determine the lateral pressure.

Solutjon:

¢ =17.5% ¢ = 3.0 kg/cm?, 0, = 18 kg/cm?, 05 =7
. )

a = 45° +§=45° +172;5= 53.75°

Now, 0y = g3 tan*a + 2ctana
18 = 03 x (tan 53.75%)? + 2 x 3 xtan 53.75°

03 = 5.28 kg/cm?

Question: In-an unconfined compression test sample of clay 8 cm long and 4 cm diameter fails
under a load 12 kg at 7% strain. Calculate the un-drained shear strength of clay taking in account

that the effect of change in cross-section of sample. (BPDB -- 2015)
Solution:

AL
Strain, £= T = 0.07
it S - 2

: . nXx4
Initial cross — sectional area, A = = = 12.56 cm?

A 1256 ,
Changed cross — sectional area, 4y =3 =705 = 1350cm
f =
unconfined compression strength, g, = Z T 0.88 kg/cm?
0.88
= _q_u_ = —=0.44 kg/cmz .

undrained shear strength, ¢, > >

DESIGN INTEGRITY, Call: 01633905761
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a saturated sofl

N
kPa?

3 : N .
IRYS /] Question: What is the shear strength in terms of effective stress ona plane within
1% mass at a polnt wher the total normal stress s 295 kPa and the pore water pressuré 1

g The effective shear strength parameter are ¢ = 12 kPaandg’ = 30°%

Solution:
Effective stress, o’ =
Shear strength,s = ¢’ + o' tan ¢’

¢—u=295-120=175 kPa
=12 + 175 tan 30° = 113.04 kPa

ssion with a cell:pressure

total pressure of 35 N/cm?. With the same soil
t failure were 450 N and 325 N qnder r_mrmal
shear box was 36 qnz. Find the

Question: A cohesive soil specimen was tested under triaxial compre

of P;. Failure of the specimen occurred under a
direct shear test was also done. Shearing forces a
loads of 1000 N and 500 N respectively. The sectional area of the

cell pressure F; at failure.
500

R S ———

S

‘ T ,
. IfC is the cohesion and m is the slope of the line, . 400 - /
o 450325 450-C e
; ~1000-500 1000-0 # I {7
o 125 : - L2000 !
450 — C = 1000 x g7~ : A |
500 | |
‘ C=200N e clz 100 i
=™ s . 200 K ) Yk
"% Unit cohesion,C =—— = 5.6 N/cm? X !
Y S g 36 - 0 500 1000
: ‘i @ =45° + e 459, since the soil is cohesive ¢ =0 —N
§ Il Now, for the triaxial test, gy = a3 tan*a + 2 Ctana
e a=0 tan?45° +2Ctan45° = g3 —2C K

\L  @=0,—20=35-2x556=2389 N/cm?

Question: The unconfined compressive strength 120 KN/m2. Find undrained shear strength.
(WASA -—j_2017,AEGCB - 2020, BCMCL — 2020, APSCL — 2020) ’

- A e, qu 120
undrained shear strength, ¢, = =7 = 60 kN/m?

DESIGN INTEGRITY, Call: 01633905763
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s under 2.0 atis the angle

para
i > d In direct shear PP ag
Question: A sample of dry sand was testf:j ea b, The sample s;qz:h‘; 2 020

kg. The sample failed under a shearing loa ~ 2018,
ofinternal fiiction? (GTCL — 2016, 5GCL — 2017, BWDB ~ 20

Solution

For cohesionless soil. ¢ = 0

R
Shear stress, === %2 = 14.5 psi

N 36x2.205
Normal stress, ¢ = — = ———— = 19.84 psi
A 2x2

Shear strength,t = ¢ otang

14.5 = 0 + 19.84tan¢g

14.5
¢ =tan™! (19.84) = 36.16°

o 3 Watertable is 3m
Question: A 6m sand layer having properties, Ysat= 20 KN/m3._ Yd -15‘ g{:;a and 360 determine
below the ground level. If the cohesion and angle of intemal fncpon is
the shear strength of the sand. (B —R Powegen — 2019) : ;
SI tion: ’ O L e
Normal stress, & = 15 x 3+ 3 (20 - 9.81) +75.57 KN/m?

Shear strength,7 =c+ 8tangp = 52 + 75.57 tan36% = 106.9 KN/m?
' 3,ysar= 20 KN/m3, @ = 300 Water table is

Question: A soil layer having properties, yd = 16KN /m i
hear strength at a depth of 5 m from its

- 3m below the ground level and C = 50 KN/m?. Determine s
base. (DSCC — 2019) e

Normal Stress,o = 3x 16 + 2 x (20 — 9.81) = 68.38 KN/m?
Shear Strength, T = ¢ + o tang = 50 + 68.38tan 30° = 89.47 KN/m*

Question: A sand layer havi'ng properties, Yq = 16 KN/m3, ys;, = 18 KN/m3, Gs = 2.6, ¢ = 360.
Water table is 2.4 m below the ground level. Determine shear strength at a depth of Sm from its
base. (BPDB — 2018) ,

Normal Stress, o = 2.4 X 16 + 2.6x (18 — 9.81) = 59.69 KN/m?
Shear Strength, 7 = ¢ + o tanp = 0 + 59.69 tan 36° = 43.37KN/m?

DESIGN INTEGRITY, Call; 01633905761
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le is found 100 &200
e 1580 & 120 kip/ft? respectively. What

Question: From a direct shear test, the value of normal stress of two samp

kip/f? respectively. The value of shear stress of two samp
isthe value of c & ¢ value? (Combined Bank — 2020)

Solution

Here, oy = 100 kip/f? 02 = 200 kip/R?,7, = 80 kip/fi?, 12 = 120 kip/ft?

Now, Ty = ¢ +0ytang
80 = c +100tang
Again, v, = ¢ +0ztane
120 = c + 200tan@

Solving the two equations, ¢ = 21.80° & ¢ = 40 kip/ft?

Question: Properties of a soil layer are ¢ = 15 kN/m2,¢ = 30°% e =06 and 6 =2.7. Determine
the shear strength of the soil along a horizontal plane at a depth of 5 m in soil layer, If; (i) Water
table is at the ground surface and (if) Water table js at a depth of 3'm from the ground suriace.

(37th BCS)
o G, 2.7x9.81
. . - st " X 7. = 3
Dry unit weight, ¢ 1+e =1706 16.55 kN/m
(G +Se)yw _ (27+1x06)9.81 .
Tt =—15e AT =20.23 kN/m

Water table is at the ground surface

Normal Stress,o = 5x(20.23—9.81) = 52.1 KN/m?

Shear Strength,r =c +otang =15+ 52.1 tan 30° = 45.077 KN/m?
Water table is ata depth of 3 m from the ground surface

Normal Stress, o = 3x16.55 +2x (2023 - 9.81) = 70.49 KN/m?
Shear Strengtht =c+otanp =15+ 70.49 tan 30° = 55.69 KN/m?

Question: Angle of internal friction 30°. Maximum principte stressis 70 kpa at failure concerned,
Soil mass submerged by 2 m of water. What is minor principal stress? (NPCBL - 2017)

= 2(4c0 . 2 0,2
o, =o3tan (45 +%%+2ctan(45 +2)
70 = o3 tan? (4s°+?)

o3 = 2334 kPa

Principle stressisthe normal stress acting on principle plane. Principle Planeis theplane on which
shear stress Is zero and normal stress may or may not be. The maximum value of Principal stress
is known as major principal stress and minimum value of principal stress is known as minor

a principal stress.

DESIGN INTEGRITY, Call: 01633905761
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Question: Find the internal angle of fniction and cohesion- (G

10
120
Shear 100
stress 80
{kpa) g0
20
S0 100 150 200 250
Normal stress (kpa)
Solution:
140
120
Shear 100
stress 80
(kpa) 60 B j
0 . |
. 4
20 :
i

50 100 150 200 250
Normal stress (kpa)

- — 80
tan ¢ =}%T%=ziozﬁo——1ﬁ=°'4°
¢ = tan~1(0.40) = 21.80
Now,F, =C+ Ny tan¢@
80 =C +100x tan21.80

C = 40 kPa

DESIGN INTEGRITY, Call: 01633905761
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LATERAL EARTH PRESSURE

i | earth banks or any
taining wall: Structures that are built to retain vertical or nearly vertica
:}teher matgerlal are called retaining walls. Retaining walls may be constructed of masonry or sheet

piles.

Base slab

Heel

(b) Semi-gravity walls (c) Cantilever walls

(d) Counterfort walls () Buntressed walls
Figure: Principal types of rigid retaining walls

Question: What s earth pressure intensity? (BUET M. Sc - 2011)

Lateral earth pressure is the pressure that soil exerts in the horizontal direction. The lateral earth
pressure is important because it affects the consolidation behavior and strength of the soil and
because it is considered in the design of geotechnical engineering structures such as retaining
walls, basements, tunnels, deep foundations and hraced excavations. There are three types of earth

pressures on the basis of the movement of the wall.

® Earth pressure atrest

= Active Earth Pressure

=  Passive Earth Pressure

Earth pressure at rest: When the retaining wall is at rest then the ratio between the lateral earth
pressure and the vertical pressure is called the co-efficient of the earth pressure at rest,

Active earth pressure: When the retaining wall is moving away from the backfill the ratio
between lateral earth pressure and vertical earth pressure is called coefficient of active earth

pressure.

Passive earth pressure: When the retaining wall is moving towards the backfill, then the ratio
between the lateral earth pressure and the vertical earth pressure is called the coefficient of
passive earth pressure.

DESIGN INTEGRITY, Call: 01633905761
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Question: What do you mean by activeand passive earth pressure? (34th BCS)

Solution;

Active earth pressure: When the retaining wall is moving away from the backfill th::h ra:l:sts:ue:\:een
lateral earth pressure and vertical earth pressure s called coefficient of active earth p

Passive earth pressure: When the reta
between the lateral earth
Passive earth pressure,

i then the ratio
ining wall s moving towards the backfill, ¢
pressure and thge vertical earth pressure is called the coefficient of

LATERAL EARTH PRESSURE FOR AT REST CONDITION

P
Passive pressyre —2e

Wall\,\J ]

e

Pressure at rest, P,

Pl

Aclive pressuce
ent

Away from backfill

Into backfill

Development of active and passive earth pressures

If the wall is rigid and does not move with the pressure exerted on the wall, the soil behind the

zshown in Fig.

wall will be in a state of elastic equilibrium. Consider a prismatic element Ein the

backfillat depth

DESIGN INTEGRITY, Call: 01633905761
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Lateral earth pressure for at rest condition

|
3 Element E is subjected to the following pressures.
E Vertical pressure = g, =y z; lateral pressure = o,

i y = Effective unit weight of the soil. If we consider the backfill is.' homogeneous then both ¢, and
o), increase linearly with depth z In such a case, the ratio of o, to <o, remains constant with
respect to depth, thatis Con )

| —

Oh _ Oh
— = — = constant = K,
o, . V2

(P'_'T.__'.

e Where, K, is called the coefficient of earth preisure fdr the at rest condition or at rest earth
—~te— 2 pressure coefficient The lateral earth pressure g, acting on the wall at any depth z may be
{ expressed as i : '
! ap = Ku Yz
The expression for o, at depth H, the height ofthe wallis
|l Oy = Ko Y H
The total pressure P, for the soil for the rest condition Is,

Py = %Ko y H? actingat H / 3 above the base of the wall.
Ky =1-—sing

P

s 8%

DESIGN INTEGRITY, Call: 01633905761
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Backdlll with uniform surcharge

RN

v ; &

Lateral earth pressure atz = 0,0 =
Lateral earth pressure atz = H,on =

Total force per unit length, Py = Ko q H+3

kor 12

Submerged
[ T
¥ e A 7 :f.f f
: |
< . Water table @ K+ 7H) E
) ®
Tant
b A T
®
@
= le ! '/.H:-_"“
Mg+ vl +7'H

Effective unit weight of soil below the water table, ¥’ = Ysar — Yw

Lateral earth pressureatz = 0,0, = Ko q

Lateral earth pressure atz = Hy,0n = Ko q + Ko v H, ’

Lateral earth pressure atz = Hz, 0p = Koq+ Koy Hy+ Koy Hz
| 1 [ 1

Total force per unit length, Po = Ko q H, + -Z-KD YHZ + Ko(g+YH) H2 + EK" y' HZ +§Yw H2 :

{

DESIGN INTEGRITY, Call: 01633905761
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ay (i}/ Rankin’s theory: Rankin theory of lateral earth pressure is applied to uniform cohesionless soils

only. Later it was extended to include cohesive soils by Resal and Bell. The theory has also been
extended to stratified, partially immersed and submerged soils. This theory is based mainly on the
.assumption of neglecting friction between the soil and the wall, so no shear forces are developed

on soil particles.
Backfill—Cohesionless Soil with Horizontal Ground Surface

Active case:

o

Kyt —|
Pressure distribution against a retaining wall for cohensionless soll backfill with horizontal ground

surface: Rankine’s active state ‘
- Active earth pressure,o, = K,y H
@ 1-sing
= i = tan? -=)=—
K, = coefTicient of active earth pressure = tan (45 2) T+sing
Total active earth pressure P,,
1 ’
ha=5Ky H? acting at H/3 above the base of the wall.
Passlve case: R
4 v’
s -5
=T s -
‘r Al _/t" : \ /‘
t" / Failere wedge P -~ 1 \'
& ' e
i | Fo %\
k , T b e—
‘ - ¢ “+r—=p
K ] o ¢’ =0 rl \
e H —
Jr, I l/ _L_L.

*—.

(—K,yH—| :

Pressure distribution agalnst a retaining wall for cohensionless soil backfill with horizontal ground
surface: Rankine’s passive state

DESIGN INTEGRITY, Call: 01633905761
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1 +sin@

Passive earth pressure,a, = Ky yH
2 (45 +'i') =1 -sin®

K, = coefficient of active earth pressure = tart

Total passive earth pressure fp,
1
b= EK’ y H? acting at H/3 above the base of the wall.

Surchargé
Backfill—Partially Submerged Coheslonless Soil supportingd
Surcharge = ¢ ’ l
o
I R I I
y R4
B

Groundwaler table
v

-

Effective unit weight of soil below the water table,¥’ = ¥sat ~ Yw
Lateral earth pressure atz = 0,0, = Ko q

Lateral earth pressureatz = Hy,0n = Ko @ + KoyHy ,
Koq+ Koy Hy+ KoY H,

Lateral earth pressure at z = Hj,0n =

! qK,

i A

Kk + gk

B
L

Kdg+ vt -~ YH) Ywbla Kfg = yH) Ky'th+ vl
: 1 1 1
Total force per unitlength, B, =K, qH + -EK., yH + K,y HiH, + 7 K.y’ HZ + iy" H?

DESIGN INTEGRITY, Call: 01633905761
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|{z Backfill—Partially Submerged Cohenslonless Soll Supporting a Surcharge (Passive case)
Surcharge = ¢

T
IASME AR

p)
H t Failure wedye J
l e Groundwater table
v
}
| 7;;:

Effective unit weight of soil below the water table,y' = ¥ = Yw
Lateral earth pressureatz = 0,0, = Kp q -
Lateral earth pressureatz = Hy, 0, = Kp q + Ko v Hy

| Lateral earth pressureatz = H,, 0, = Ko q + Koy Hy + Ko v’ Ha

l T A ‘“\

1\
; Hy le——  —
s i /A;,wn. - \
. S i
—_— X \
w 1 \ \ AN
| - 1
| - = i \\
4——:——-— “—  ———
H: : \ \ ; \
“' A r | g'; \ ;’1:\ P ! :UP \ .
! i \ ;
! | N
T/ e |
gKy K(yH; + y'H y.H:  Kfg v yH) Ky =y Ho

1 1, ,...1
Total force per unit length, B, = Ky g H +5 Ky v H} + Ky y HiH, + -Z-Kp y' H? + 5% H?

Backfill—Cohesive Soil with Horizontal Backfill

Active earth pressure for cohesive soil . _
Figure shows a frictionless retaining wall with a cohesive soil backfill. The active pressure against

the wall at any depth below the ground surface canbe expressed as
g=K,yz—-2c \/K_a

2 3

DESIGN INTEGRITY, Call: 01633905761
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H-2

e =
l KyH 2K, KyH=2c VK,
e

Rankine's active earth-pressure distribution against a retalning wall with cohesive soil backfill

-

The depth z, at which the active pressure becomes equalto 0

Ka)’Z-ZC\H\'a:O
2c¢c

Zy =

° L

For the undrained condition,¢ = 0,K, = tan?45 = 1andc
= ¢, (undralned conditlon)

20 =
4

DESIGN INTEGRITY, Call: 01633905761
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: { >The depth 2, is usually referred to as the depth of tensile crack, because the tensile stress in the
"> 50il will eventually cause a crack along the soil-wall interface. Thus, the total Rankine active force

per unit length of the wall before the tensile crack occurs is

1
Pa.=5Kasz_2c KﬂH

1
Forthep =0, P, =inz—2cH
After the tensile crack appears, the force per unit length on t

pressure distribution between depths z=2g and z=H.only thea
the wall between z, and H is considered.

: 1 . 2¢ |
4 Pn=§(KayH—ZcJKa)(H—zo)=§(’fa7”’2““‘“)(ﬂ—y\/ﬁ)g-_i"

he wall will be caused only by.the
ctive pressure distribution against

A‘ N 1 CZ
: 3 Pﬂ=-2- asz—ZC"KaH"'Z‘?
Maximum depth of unsupported excavation = 22z P

Passive earth pressure for cohesive soil

Rankine's passive pressure against the wall at depth zcan be__ givéﬁ by ;
- atz=0, a,,=2chT~,

- atz=H, G=KyH+2c/K

Gl The passive force per unitlength ofthewall - :

Loany 1 -

T‘,}H},é -Z-Kp yH*+2c,[K H

1
Forthe =0, P,,=-2—yH2+2cH

., o

i
15-5
Y Y e
ki '
5
[
[t 3 . \
P_‘: Failure wedge <
B i
£ | \
Het 1\
s !
: |.'~;— | |
% 4] v '\
¢ ;.:t ) = : f_';' \
; P I \
L A5 -’Izc'\—k'—;}*—K}?" ":

Rankine’s passive earth-pressure distribution againsta retaining wall with cohesive soil backfill

DESIGN INTEGRITY, Call: 01633905761
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Question: If a retaining wall 5 m high Is restrained fron} ylel ;slonless
the backfill Is stcondition.

pressure per meter length of the wall? Given: g
= 18 kN/m?. Also determine the resultant force for the at-r

Solution:
Ky=1—sinp =1-sin30°=0.5
o) = KoyH =0.5x18x5 = 45 kN/m?

—K., yH?= —xO 5 x16x 5% = 112.5 kN/m length of wall
m ofa3 mdeep retd

ining wail wherey =
Question: Determine active and passive pressure diagra |
20 KN/m3 and ¢ =359 (JB — 2017)

Solution:

_1—sing _1-5in35° =027
@ 1+sing 1+sin35°

1+sing 1+sin35°
K = . .
P71—sing 1-sin35° =505
K.,yZ= 027x20x3-—162kN/m

|
-

Active pressure =
Passive pressure = K, yZ = 3.65 x20x 3= 219 kN/m :

- 5
Question: Determine the active earth pressure of followmg soil profile. (EGCB -2 015)

7777777717 i
y = 115 lb/A?
2f @ =30°
c=0
75.9 Ib/R*
Solution:
- —sin30° '
1=sing 1-50°"__ 33

@ —'-1 +sing - 1+sm30°
Active earth pressure,o, = K,yH=033x115x2= 75.9 Ib/ft?

DESIGN INTEGRITY, Call: 01633905761
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Question Determine the active earth pressure of a sandy soll at a depth 4.5m, where ¢ =37%and
y =16.5 KN/m? (PGCB - 2019)

Solution:

- 1-sing 1-sin37°
K = 1+sing 1+sin37° 8358

Active earth pressure,o, = K, y H = 0.398 x 16.5x 4.5 = 29.55 kN/m?

Question: Determine the passive pressure on a sheet pile 10m height if the soll retaining has

i
I* following properties, ¢ = 350 andy = 19 KN/m?. (DESCO — 2015) )
.8 TTI7TTT7TIT "-‘
y =175 kN/m?
o =33
10m Cezg

703 ]‘;;l;l;l:
1-sing 1-sin35° :

S K, =
;—-*:33](“ 1+sing 1 +sin359 =058

atz=0, op =k,yz=37x19x0=0
atz =10,0, = k;y h =3.7x19x 10 = 703 kN/m?

H

Question: A rigid retaining wall 15 feet high supports a backfill of cohesionless soil with ¢ = 30°,
the water table below the base of the wall. The backfill is dry and has a unit weight of 115 pct
Determine Rankin’s passive earth pressure per meter length of the wall.

(BCIC — 2017, BUET M.Sc — 2019)

The coefficlent of passive earth pressure Kp is
1+smqa 1+sin30

1-sing  1-sin 30

Atbase level, the passive earth pressure is

Op =Kpy H=3x115x15 = 5175 Ib/ft2
Total passive thrust,

P =

1
Pp=5 Kpy H? = 0.5x3x 115 x 152 = 38812.5 Ib/ft.

. . H 15
. Location offorce = 3 = 3 =5 feet from the base of the wall

DESIGN INTEGRITY, Call: 01633905761
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38812.5 b/

R
}—>5175 \b/ft= —
. por.
a level top: <ile Cl’?!?,k ify= 1

Question: A retaining wall has a granular sofl backfill with 2 e
condition (¢ = 0) of the backfll, determine the maximum depth of tpe
KN/m3and C, = 17 KN/m?2 (BUET M.Sc - 2019)

Solution;: -~ ] 0
. 1 — Sinp 1 - Sin
Active pr = = ' =15 o=
, p essure coefficient, K, Trsmeg 1+ S0 .
2C¢ _ 2x17
Depth of the tensile crack, Zp = ——== = 2.125m
yKa  16xV1 o 8 h-pressure diagram
Question: For the earth retalning structure shown in Fig. construct the earth pr
for the active state and determine the total thrust per unit length of the wall. w
q=292 b’ : C e, S
TR T o
% 98ft g . ' . e
3 | v GWT
s T amaa tabe tene e
Ha Z  Swmd G=265
3231 3 ¢ = 0.65
§ e
/2

1—sing 1-sin30°
K, = = =0.33
@77 +sing 1+sin30°

G. 2.65x 62.4
Dry unit weight, Yg = 1’:‘; =706 - 100.22 Ib/ft3

DESIGN INTEGRITY, Call: 01633905761
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Assuming the soil above the water table is dry,
01 = Kaya Hy = 0.33x100.22 x 9.8 = 327.39 Ib/ft?
02 =Ka¥, Hy =0.33x62.4x23=478.4 Ib/ft?
o3 = K, q =0.33x292 =97.33 Ib/ft?
04 = Vw Hy = 62,4223 = 1435.2 Ib/ft?
Total thrust : : :
= summation of the areas of the dif ferent parts of the pressure diagram

! | ‘ _.,1 - 1 1
G -=E¢71H1+0'1Hz+i0'sz+0'3(”1+”2)+2'0'4”2

 =0.5x327.39x9.8+327.39x23+0.5x478.4x23 +97.33x32.8
+0.521435.2 x23
= 34333 lb/ft = 34.3 kips/ft of wall

oS

Question: A rigid retaining wall 19.69 ft high has a saturated backfill of soft clay soil The
ks properties of the clay soil are y;,,= 111.76 Ib/ft?, and unit cohesion ¢, =376 Ib/ft3. Determine (a)
‘ it the expected depth of the tensile crack in the soil (b) the active earth pressure before the

I 3 occurrence ofthe tensile crack, and (c) the active pressure after the occurrence of the tensile crack.
| & Neglect the effect of water that may collect in the crick

Solution:
| Sihée;ga =0,K, =tan?45 =1
| atz=0, ~ oy =K,yz-2cK; =1x111.76x0-2x376x 1= ~752 Ib/R?

atz=H, o,=KyH-2c/K;=1x111.76x19.69—2x376x1 = 1449 Ib/ft?

, 2¢c 2% 370
The depth of tensile crack, z, = = =673 ft
v JK, 11176%1

The active earth pressure before the crack occurs.

A

e DESIGN INTEGRITY, Call; 01633905761
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P, —_I.KayH3-2c‘/'K_aH b
_ox376x1x1% 9= 6857 .
rensile cracK oc

B ——t1x111 76 x 19.69%
2 curs

The active carth pressure after the

—-—(K yH=2cJKa )(H — Z0) 9367 1b/ft
387 =
Py = —(1 £111.76x19.69 —2x 376X 1)(19.69 = 6.73)9 rm surcharg? load of
9 ft high C“”es 10216/ 9 =25°%and¢
ednagram

Question: A smooth rigid retainms wall roperti
_ 251 Ib/f2. The backflllis clayey san th the followi and dP the P res sur
=136 Ib/ft2. Determine e passive earth pressu

Q 2
ct 251 it G, '_
K -1 7NN/, ’
s .
=25°
g ?=136!blﬁ
y=1021b/ﬂ’
)
19.69 fi
Clayey sand
_1_-
_1+sing _ 1+ 5in25°
?=1_sinp 1-—sin25° = 47
Passive earth pressure,dp = - Kq+Kpyvzt 2 cf—
atz=0, ~op=Kpqt2 ¢ JK, = 247x 251 +2x136 xVZ.47 = 1047.5 b/ ft?
atz = =H, —qu+prH+2cJ— '
2 +2x136xV2.47 = 6007 Ib/ft?

op —247x251+2 47x102x19.6

Total passwe pressure acting on the wall,
1
Py = 1047.5x19.69 + 3 x19.69 x (6007 — 1047. 5) = 69451 Ib/ft of wall

Location of resultant
Taking moments about the base

1
th== 1.10.69%x+ 1047.5 +2 x19. 692 x 4959.5 = 523518 Ib/ft

DESIGN INTEGRITY, Call: 01633905761
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e 523518 _ 523518

=17, t
Py T 69451 7.54f

1047.5 /03

- -
bt T,

f~ £, =69,451 I/
]

l—— 6007 1b/t2? ————l

.Q gsnon. Determine the earth pressure at rest over the Tength of an 18’ retaining wall under a
SSUr charge load of 100 psf supporting a backfill with unit weight 120 pcf and angle 300, Also
e:_,_ermme the point of application of pressure (SGFCL 2017)

- 100 psf

FRERNEN Rl

y = 120 pcf @ @ - |

18 ft ¢ =30° — = % i

3| H72 z

Ko(q+yH)

Ko=1-sing = 1-5in30°=0.5

Lateral earth pressureatz =0, 0y = Ko q=0.5x100=50 psf

Lateralearthpressure atz=H, o;3=Koq+ KoyH=0,5x100+0. 5x120x18
=753.33psf :

DESIGN INTEGRITY, Call: 01633905761
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1 2
_ Total force per unitlength, P = Ko q H + EKO vH
Py =0.5x100x 18 + 0.5x0.5x120x 187 = 7079.94 1b/ft
Locatlon of resultant force
Taking moments about the base
Poxh = 33.33x18x9+% x(753.33 - 33.33)x18x6 = 4

44279.46 _ 44279.46
P,  7079.94

4279.46 Ib/ft oo et |

h= =6.25ft

'm2. Non cohesive :
Question: Aretaining wall is 6 m height. Uniform load actingon t-h% Waltl:; 2 Ss‘é tant active forcel
sofl backfill, y = 18 KN/m3, ¢ = 309, water table 2 m from top. Find OUEERE

f per unit length. (BUET M.Sc — 2014, BPDB — 2018)

Solutjion:
6 kN/m?
IFEEREN 1.98 kN/m?
¥a =16 k%/ma . '
preish 2m 12.54 kN/m?

Vsar = 18 kN/m? 4m

23.35 kN/m? 39.24 kN/m?

_1—sinp _1-sin30° B

® " 1+sing 1+sin300

Effective unlé welght of soil below the water table,Y =y — ¥ = 18 —9.81
< = 8.19kN/m?

033

Lateral earth br_ess;ure atz=0,0,=K,q=0.33x6=1.98 kN/m?
Lateral earthpressureatz=2m, o, = K,q+ K,v4 I,
02 =0.33x6+0.33x16x 2 = 12.54 kN/m?
Lateral earthpressureatz=6m, 0, = K, q+ K, yqHy + K, Y H,
05 =0.33x6+0.33x16x2+0.33x8.19 x 4 = 23.35kN/m?
Pore water préssure =y, z = 9,81 x 4 = 39.24 kN /m?
Total active force, F, = 0.5 (1.98 + 13.86) x 2 + 0.5 (13.86 +27.31) x 44+05x4x3924

DESIGN lNTl-ZGRl'l’Yf Call: 01633905761
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= 176.66 kN/m

on: A retaining wall is g
I:fvd the water table s respe lt? wiHEA, water table 3 m from top. Unit weight of soll above and
br’e osure diagram and find m‘;h vely, y = 17.5 KN/m3 and y = 185 KN/m3, ¢ = 300 Draw active
2 eresultant active force per unit length. (DESCO — 2019)
:

774 7rrrir—

Ya =175 kN/m?
@ = 30°

AV4 17.325 kN/m?

3m

Yeer = 18,5 kN/m? 3m

2592 kN/m? 29.43 kN/m?
X _1-sing 1-sin30° A '
% 1+sing "~ 1+sin300

" E ff ective unit welght of soil below the water table,y = y,5 —y, = 18.5—9.81
= 8.69 kN /m?
Lateral earth pressureatz =0, 6, = 0 kN/m?

0.33

Lateral earthpressureatz=3m, o, = K,yqH,
03 =0.33x17.5x3 = 17.325 kN/m?
Lateral earthpressureatz=6m, 6, = K,y4H; + K,v' H,

0s=0.33x17.5x3 + 0.33 x8.69 x3 = 25.92 kN/m?

Pore water bressure =Y, 2=9.81x3 = 29.43kN/m?
Total active force, P, = 0.5x17.325x 3 + 0.5 (17.325 + 25.92) x3 + 0.5x3x 29.4 = 135 KN/m

Questiori: A retaining wall has to support 15 ft soil above its base level and the water table is 12
ft below the ground level. The backfill material is pure clay having A =110 Ib/ft3 and A= 125
Ib/ft3. The value of cohesion, C = 130 1b/ft?, determine the stresses at different location and draw

the pressure diagram. (JB — 2017)

* DESIGN INTEGRITY, Call: 01633905761
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1600
y= uolbfﬂi
w ¢ = 13010/R!
4 3
‘ = 1251W/R .
' L_r:_—‘_’i/ —eo 12478 1435
245=1
tan
ure Clay: @ = 0' K. =
Fore J1=2601b/f%

=2x130x
tto =2Cﬁ;"2x
o ¢ 2X130 _,a6p

Location of zero stress: = -Y m = 110 x Vi
3),04 = Kay H1 -

1 = 1060 Ib/fc?

—2c+/Ka .
2x130x V1 =1247.8 Ib /f2

Zc,ﬁ(:

atz = 12 ft (top of water tabl

a.=1x110x12-2x130x

¢=1x110x12+1x(125—-62.4)x3 -

Water pressure = ¥ H = 624X 3 = 187.21b/ft

at the top and bottom of a vertical cut 4.5 m deep in soil with
y =185 kN/m3. What could be the depth of the potentia
f excavation that can be left unsupported?

Question: Determine the stresses
@ =16" and c =191 kN/m? and
crack? What is the maximum depth o

Solution;

_1—simp_1-sin16°

=TTsinp 1+smnigo ¢/

Ka

Active earth pressure forc—¢ sqil, go=Kpsyz—-2c Jlf—a

atz=0,0, = 0.567x18.5x0 —2x19.1x V0.567 = —28.787 kN/m? (tension)
atz="45m,0, = 0.567x18.5x4.5 —2x19.1xV0.567 = 18.489 kN/m?
Depth of potential crack s at zy where g, = 0

2¢  2x191

vVK. 185xvose7 > 4m
Maximum depth of unsupported excavatiop = 22z,

Location of zero stress, z, =

=2X274=548m

Question: A vertical bank was formed dyri
d

weight of 1800 kg/m?. When the depth ol:l:;::

‘approximate value of cohesion of clay?

g the excavation of a soil having ¢ = 15° and 0"
avation reached 5.5 m the bank failed. Whatwas

DESIGN INTEGRITY, Cal; 01633905761
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*  Solution:

1-sing 1-sin15° _
T 1+sing  1+sin150 0589

a

c 2c -3
Y\/K_..= 1800xm= 1.448x107° ¢
Maximum unsupported depth = 2 z, = 2.896 x 10~ ¢
¢ =1899kg/m?
Question: An unsupported excavation is to be made in a clay layer ify.= 18.5 kN/m3, ¢ =

19.1 kN/m? and ¢ = 10°. Calculate the depth of tension cracks, the maximum possible
unsupported depth and draw the active pressure distribution diagram. '

Solution;
1-sing 1-sin10°
Ka= 1+sing  1+sinip0 0704

Critical depth, z, =

Active earth pressure for ¢ — @soilo, =K, yz—2¢ ,,/K_a s
atz=10,0, =0.704x 18X 0 —2x 30 x V0,703 = —50.343 kN/m? (tension)

2¢ 2x30 .
Depth of tension crack, z, = = =3.97m
P 2 yVK. 18x0.704

Maximum depth of unsupported excavation=2z, = 2x3.97 = 7.94m

Question: The unconfined compression of the soil is 50
without any lateral support. (BWDB — 2014)

' 50
Undrained shear strength, ¢, = % = 25 kpa

Kpa. Determine the depth of excavation

As for unconfinéd compression test »=0K,=1

2¢ 2x25
Critical depth, z, = =———=25m
P %o yVK: 20xv1

Maximum unsupported depth=2z,=5m

Question: A rigid retaining wall 6 m high has a saturated backfill of soft clay soil. The properties
of the clay soil are y,,, = 16.5 kN /m?, and unit cohesion ¢, =10 kN/m2, For undrained condition
(9 = 0) etermine (a) the expected depth of the tensile crack in the soil (b) the active earth

pressure before the occurrence of the tensile crack, and (c) the active pressure after the

occurrence of the tensile crack Neglect the effect of water that may collect in the crack
(BWDB -~ 2020)

DESIGN INTEGRITY, Ca]j: 01633905761
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Since, ¢ = 0.k, = tan®45 = | 2x10x1='20 kN/m
0, 0.=K yz—chzfg=1x16.5x0— 2o KN/
atz =y, a— fa 1:
H K, yH—chfa=1x16-5"6”2"10x
tz=H, Oa= ‘
N C 2c _2x10 _491m
The depthoftensilecraclczo'—'y" \/T(:"16,5x1

The active earth pressure before the crack occurs.

Pa=-21-KayH2-2cJ1?ZH
Pa=ix1x16.5x62—2x10x1x6= 177 kN/m

2
The active earth pressure after the tensile crack occurs.

1
P, = E(Ka yH=-2cK, )(H —2)

1 |
P = 5(1x165x6-2x10x1)(6 - 1.21) = 189.205 kN/m
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Question: How many types of foundation are there? (EED — 2015)

Solution:

Following are different types of foundations used in construction:

1. Shallow foundation
» Individual footing or isolated footing

» Combined footing
o Strip foundation
« Raftor mat foundation

2. Deep Foundation
« Pile foundation

« Drilled Shafts or caissons

Question: Draw and discuss different types of footing. (32th BCS, 33th BCS)

Solution:
= Shallow Foundation

Wall Footing: This type of foundation runs continuous along the direction of the wall and helps to
transmit the load of the wall into the ground. Wall footing is suitable whereloads to be transmitted

are small and are economical in dense sands and gravels.
Column Footing: A column footing (or isolated or pad) footingis provided to support an individual
column. Column footing is suitable and economical for the depth greater than 1.5m. In this type of
foundation the base of the column is enlarged.

Combined Footing: Combined footings are those foundations that are made common for two or
more columns in a row. It is used when the footing for a column may extend beyond the property

line. Itis also suitable when the two columns are closely spaced and the soil on which the structure

resist is of low bearing capacity.
Strap Footing: When an edge footing cannot be extended beyond the property line the edge footing
is linked up with the other interior footing by means of a strap beam. Such footings are called as

strap fqoting. Itis also known as cantilever footing.

Mat Foundation: A mat foundation is a combined footing which covers the entire area beneath of
a structure and supports all the walls and columns. It is also known as raft foundation. Mat

foundation is applicable when:
* Allowable bearing pressure is low,

« The structure is heavy.
* Thesite is with highly compressible layer.

\s¥
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= Deep Foundation
th small area of cross-section relative to its length.

dation is used when:
preferably rock

Pile Foundation: Pile is a slender member wi !
They can transfer load either by friction or by bearing. Pile fo'un
= Theload isto be transferred to stronger or less compressible stratum,

= The granular soils need to be compacted. ) )
= The horizontal and the inclined forces need to be carried from the bridge abutments and the

retaining walls.

Pier Foundation: Pier foundation is underground cylindrical structural member that support
heavier load of the structure which shallow foundations cannot resist. Unlike pile foundation, pier
foundation can only transfer load by bearing. Pier foundation is shallower in depth than the pile
foundation. Pier foundation s used when:

= The top strata are a decomposed rock underlying as sound rock strata.
» The soil is stiff clay that occurs large resistance for driving the bearing pile.

Well (Caissons) Foundation: The term caisson refers to box or a case. These are hollow inside and
areusually constructed at the site and sunk in place into hard bearing strata, As they are expensive
in construction, they are usually restricted to major foundation works. Well foundation is suitable
when the soil contains large boulders obstructing the penetration during installation of pier or pile
foundations. Caissons are used for bridge piers, abutments in rivers and lakes and other shore
protection works. They are used to resist heavy vertical and horizontal loads and are used in the
construction of large water front structures as pump houses.

DESIGN INTEGRITY, Call; 01633905761
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v Question: Deep foundation and shallow foundation. (HED —2017)

Solution:

Foundation which is placed near the surface of the earth or transfers the loads at shallow depth Is
called the shallow foundation. The depth of shallow foundation is generally about 3 meters or the
depth of foundation is less than the footing width. Shallow foundations transfer loads mostly by

end bearing. Isolated foundation, strip foundation, mat foundation, combined foundation etc. are

the types of shallow foundation.
Foundation which is placed at a greater depth or transfers the loads to deep strata is called the
deep foundation. Deep foundations rely both on end bearing and skin friction, with few exceptions
like end-bearing pile. Deep foundations are generally more expensive than shallow foundations.
Pier foundation, pile foundation, caissons etc. are the types of deep foundation. . :
Question: What do you mean by bearing capacity of soil? What is the utility of soil test for

construction of a Building? (EED — 2015)

Solution:

Bearing capacity: Bearing capacity of soil as the capacity of soil to resist external load applied to
it. In simple terms, it is the capacity of soil to support the load without failure. In other words,
bearing capacity of the soil is defined as the maximum coverage contact pressure between the

foundation and the soil which should not produce shear failure in the soil.
Utility of soil test: Soil testing is a vital and necéssary step in the construction process. The soil
- properties once established, such as settlement of the soil and other relevant data, canbe used by

engineers and builders to:
1. Determine the suitability of the soil, allowing you to assess whether the construction project

can be accommodated at the location.
2. By drilling in multiple different locations on the site, you can help to identify the different types

of soil located on the site and where they are.

3. Test the soil for strength, density, compaction, contamination, sand content, etc. andassess what
the impact of the soil may have on the construction project.

4. Getdata thatis necessary to compile technical and safety data reports that can help supportyou
in getting planning permissions from council.

5. Receive precise results and ensure maximum quality and safety for the project.

Question: Write major factors affecting the bearing capacity of shallow foundation?
(DPDC — 2014, BWDB — 2016, PGCL - 2017)

Solution:

The following are some of the more important ones which affect bearing capacity:
» Nature of soil and its physical and engineering properties;

e Nature of the foundation and other details such as size, shape, depth below the ground surface.

e Total and differential settlements that the structure can withstand without functional failure;

DESIGN INTEGRITY, Call: 01633905761
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| of the foundation;

jderations for foundation construction in the Site?
cons

aris |
soil types for Joad-bearing capacity
. Sot

off
. Drainage and run
The water wable, and presence 0
: The proximity of the site or propose

resence of expansive clays .
Thepresenc® i ination, ea
previous use of the site such as buried structures, contamin rthworks and —

friatural springs or waterlogged soils
d building to excavations or exposed banks

Question: What is bearing capacity of soil? Write four methods to improve beaﬁné Capacy o
soil? (Army — 2014)

Solution:

The bearing capacity of soil is defined as the capacity of the soil to bear the loads coming fomty

foundation. The pressure which the soil can easily withstand against load is called allowghy
bearing pressure. Some of the methods to improve bearing capacity of soils:

+ Byincreasing the depth of the footing

Draining the soil

Compacting the soil

gblemling gtxi'lanulalr materiali like sand, gravel or crushed stone into the natural soil
co e soil in an enclosed area with ) i

Byddnﬁmngving o ples the help of sheet piles

Stabilizing the soil with chemicals

Shear Faflure: Also called "Bea
rin ca ac‘ : n ) X 3
the soil exceed the shear stren gfth‘; . ;g' failure” and it's occur when the shear stressesia

Ovinun
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44
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surface Y
insoil  Scittement

B Load/unit arca. ¢
~—1 —
T
o e docany 1
L 3 N g,
\\
\\
{b) \
B Louad/unit area, g

>

St OAR . STARDIIRTT q.‘..u“

N Failure . _'i“ =
surface .
Suriace
ta L footing A
Settlement
Figure: Modes of bearing capacity failure

For ¢ > 36°, General shear failure
For @ < 28°, Local shear failure

4

The ultimate bearing capacity of soil for a strip footing may be given by

..‘ 1
qu=cN:.+qN, +-2- YBN,
qu = Ultimate bearing capacity of the underlying soil (KN/m?)

e ¢ = Cohesion of underlying soil (KN/m?)
g2 q = Effective stress at the bottom of the foundation (KN/m?)
B== The terms N,, N, and N, are called the bearing capacity factors

Ny = e™ " ®tan? (45 +2-)

: 2
N, = (N, —1)tan (L4@)or2 (Ng +1)tang
Square foundations: q,, = 1.3 ¢ No +¢ Ng+04y BN,

Circular foundations: g, = 1.3 ¢ N, +qN; +03 v BNy
03B 1 0.2B

Rectangular foundations: qy = ¢ N (1 + -—L-) +qNg + 57 B N, (1 ——L—-)

B = width or diameter, L = length of footing

”
DESIGN INTEGRITY, Call: 01633905761
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Foran undrained condition with

u
Now for local shear failure the above three ed )
~yBMy

7] ]
For strip footing, qu = ECNc +qNgt3

ations:

: BNy
For square footing qu = 0.867cNc +1 Nyt 0.: Y ; Nr;
] r 403y 5%y
For square footing, qu = 0.867 cNc +4 Nq 03 1 5 \ (1 _ O.iB)
] ' + N + K Y
For rectangular footing: g, = 067 ¢ Ne (1 + LB) LR

N, Nqand N, = Modified bearing capacity factors
2
tan ¢ (General shear) = §m @ (Local shear)

tany = 0.67tan¢
= tan-t ’
@ = tan~1(0.67 tany) e sofl can bear it |fthe bearing Sress from

i i value th ill be occur. So
Ultimate bearing capacity (¢,) isthe maximum O ear failurein soil will be occu
foundation exceeds the ultimate bearing capacity of the 5013;2 th'e‘ultimate bearing capacity to

we must design a foundation for a bearing capacity 105_5 Capacity”-
prevent sheargfl;ilure in the soil. This bearing capa is “Allowable Bearing Lap

e i X

Qat = '—‘é

Qau = allowable bearing capacity

qu = ultimate bearing capacity

FS = Factor of safety for bearing capacity 2 3

‘< defined as the ultimate pressure per unit area of the
The net ultimate bearing capacity is defined a P B < Chasiroiiniing

foundation that can be supported by the soil in excess of the pressure ¢ |
soil at the foundation level. If the difference between the unit weights of concrete used in the

foundation and the unit weight of soil surrounding is assumed to be negligible,
Qnee(u) = qu =9
' qu-9 _qu-rD

qnll(mt) = FS FS

q = Effective stress at the level of foundation level.

Ultimate Bearing Capacity(qy): It's the minimum load per unit area of the foundation that
causes shear fallure in the underlying soil. Or, its the maximum load per unitarea of the
foundation can be resisted by the underlying soil without occurs of shear failure (if this load is
exceeded, the shear fallure will occur in the underlying soil). The load per unit area of the
foundation at which shear failure in soil occurs is called the ultimate bearing capacity

Allowable Bearlng Capacity (q,,,): It's the load per unit areaof the foundation can be resisted by

the underlying sofl without any unsafe movement occurs (shear failure) and if this load is
exceeded, the shear faflure will not occur in the underlying soil till reaching the ultimate load.

DESIGN INTEGRITY, Call: 01633905761
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% Question: Discuss the eftect of water table on the bearing capacity of soll. (34,35th BCS,38 BCS) |

Solutioni

The ultimate bearing capacity of soll for a strip footing may be given by
1

qu=ch+qu+inN,,

Previous equation give the ultimate bearing capacity, based on the 'assumption that the water tablz

is located well below the foundation. However, if the water table is close to the foundation, som

modifications of the bearing capacity equations will be necessary.

Case I Ifthe water table is located sothat0 < D, < Dy, thefactorq inthebearing capacity equations

takes the form A : :

q = effective surcharge = D1y + D; (Ysar — Yw)

Ysar = saturated unit weight of soil
¥ = unit weight of water

Also, the value of y in the last term of the equations has to be replaced byy' =Ysat—Yw

P\t

Groundsater, 1

| table y_ ¥ !

—_— T fr-_,—_-.""_---.=7;-:-_ == Case |
Ve = "

e p——f

unit weight

Figure: Modification of bearing capacity equations for water table
Case II: For a water table located so that0 S d < B

q=vDr
In this case, the factor y in the last term of the bearing capacity equations must be replaced by
the factor

= — d [}

F=y+g50-y )

Case I]l: When the water tableis located so thatd = B, the water will have no effect ontheultimate
bearing capacity.

DESIGN INTEGRITY, Call: 01633905761
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escribe the terms:
Question: Express the bearing capacity equation and ¢

(WASA — 2014, BEUT M. Sc. ~2014)
' 1
Bearing capacity, q, = ¢ N +4 N, +-2- y B Ny

¢ N, = Effect of cohesion
q Ng = Effect of surcharge

% Y B N, = Effect of soil weight in shear zone

laid at a depth 0.5m.
Question: Determine the ultimate bearing capacity of a strip f°°t:"3?§16%s/m,‘ N, =17,Ng=12,
Water table is at 8 m bellow the ground level. Given, C=30 KN/m?,Y =

N, =5 (PGCB — 2019)
Solution;

qu=13cN.+qN;+05yBN,

Gy =30x17 +16x05x12+05x16x1x5 = 646 KN/m?

Question: Using Terzaghi equation, find the bearing capacity of a footing. Necessary datais 8“’32-
Footing size 2 m x 2 m and having the depth of foundation is 1 m, if take C - ¢ soil, C = 18 KN/m?,
@ =359, N.=57.7, N, = 14.4, N, = 42.4. (DESCO — 2015)

Solution:
¢ =18KN/m?.¢ = 35%,N, = 57.7,N, = 14.4,N, =424,B=2m,D = 1m,
q=yD,=18x1 =18 KN/m?

For square footing we know,

 qu=13cN.+qN; +04yBN, .
Qu=13x18x57.7+18x14.4 + 0.4x 18 x 2 x 42.4 = 221994 KN/m?

Question: Determine the ultimate bearing capacity of a strip footing 1.2 m wide and having the
depth of foundation is 1.5 m. Take for C-soil C = 30 KN/m2,y =20 KN/m3, ¢ = 0, Ne=5.14,Ng=1.0

Ny =2.4. (DESCO — 2015)

Solution;

¢ =30KN/m?y = 20 KN/m?,¢ =0,N, =5.14, N, =1.0,N,=0,B =12 m
q =yD, =20x1.5 = 30 KN/m?

For strip footing we know,q, = ¢ Nc + ¢ Ng + 0.5y BN,
qy =30x5.14 + 30 x 1 + 0 = 184.2 KN/m?

DESIGN INTEGRITY, Call: 01633905761
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. ting 2 m x 2 m rests on a C-@ soil, withits base at5 m belo.w the groun

v Questlom: |A lff;‘:: l;:fuiasﬁlovgable bearing capacity using a factor of safety 3. The soil has following

surfa"";:rgfscy . =20.4 KN/m?, ¢ = 20° C = 20 kpa and the value of N = 14.83, Ny =640, N, = 5.
ara » Ysa J

(BCPCL — 2016)

Solution:

¢ =20KN/m? ¢ = 20°, N, = 14.83,N, = 6.4,N, =5 B=2mD =5m,
q =y Dy =20x5 =100 KN/m?

For square footing we know,

qu=13cN.+qN;+ 04y BN, ,
Qu = 13x20x14.83 +100x 6.4+ 0.4x20x2x5 = 1105.58 KN/m

Question: Determine the ultimate bearing capacity of a continuous foot__ing'ha\(i;lg 1._2 m v\gd;:lh
and the depth of foundation is 0.9 m. Take for C-soil C =20 KN/m?, y=17.2 KN/ m3, Nc= 17.69, Nq
=7.44,N, =3.64. (APSCL — 2020, BCMCL — 2020)

Solution:

¢ =20KN/m?,y = 17.2 KN/m?, N, = 17.69, N, =
q=y D, =172x09 =15.48 KN/m? i,
For strip footing we know, g, = ¢ N +q Ny + 05y B N,

qu =20x17.69 4+ 15.48x7.44 + 0.5x17.2x 1.2 x3.64 =506.536 KN/m?

7.44;N, =364,8 =12m

» Question: A stripe footing of 1 m width g, = 50 kpal Nc=9,y=18 KN/m3, Ng =2, N, =1, Calculate
the ultimate bearing capacity. (WASA -2017) '
Solution: '
qu=cN:+qN; +05yBN, _

gy =25x9+18x05x2 +0.5x18x1x 1= 252 KN/m?

i Question:A3mx3m spréad footing with a depth of 1.5 m is to be placed on a homogenous clay

, layer having C =30 KN/m2 NMC = 20% and e = 50%. Determine the gross allowable load capacity

| if factor of safety is two. (SGFCL — 2017) :

GV (L+ W) 265%9.81 (1+02) :
T 1+ve - 1705 2079KN/m

For pure clay soil, ¢ = 0; N, = 5.14, Ny=1,N, =0

qu=13cN.+qN, + 0.4y B N,
=13x50x5.14+20.79x1.5x1+0.4x20.79x 3 x 0
= 365.285 KN/m?

Allowable bearing eapacity, g, = Ultim;te bear:ng capacity
actor of safety |

1
DESIGN INTEGRITY, Call: 016 s}\
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365.285 2

=" " =182.64 KN/m X

Qa .2 3= 1643,78 KN below the grollnd levt;l‘. l{nc;t r\\f‘\{eight of

Allowable load, Q, = 182.64x3 ing has Its pase at 3 n:)f the s0il ifC=35kpa, Nc =7 Ng=2, N,
Question: A ; &!}X ;* ;:“ s; :l;: zlﬁﬁa':)gle bearing capacity

the sofl is 18 KN/m?. Fin

-201
=1 and use factor factor of safety 3 BCIC
Solution:

Ultimate bearing capacity, qu

Gu= 13x35x0 +3x18x2+04x18x4x1
Ultimate bearin
Allowable bearing capacity, §a = Factor of safety

=1.3CNc+qN40'4YBNy 2
— 546.3 KN/m

g capac lty

2463 = 182.1 KN/m?

Qa

g i s footing 1.2 m wide
Question: Determine the ultimate bearing capacity of ﬂ_‘e_ CDH?T;O.;‘g KN /m3g' Cohesion C :;‘2
having the depth of footing is 0.8 m. Unit weight of the soil is;¥ —(E G.CB —2020) :
KN/m2 and ¢ = 20°, Ground water table is far more than footmg-
Solution:

20
Ny = e™tan® tqnl (45 + %’-) = gntan20 tqn? (45 + 7) = 6.40

Ne = (Ny — 1) cot @ = (6.40 — 1) cot 20 = 14.83

N, = (N, — 1) tan (1.4 ¢) = (640 — 1) tan (1.4x20) = 2.87

Ultimate bearing capacity,q, = ¢ N+ qNg + 05y BN,

Qu =9.6x14.83 + (0.8x 17.79) x 6.4 + 0.5x 17.79 x 1.2 X 2.87 = 264.07 KN/m?

Question: A strip footing carrying a load of 340 KN/m which is located at EGL. Water table is
located at. EGL.Ygat =21 KN/m3, width of footing = 2 m and depth of water = 1 m, FS = 3, Ultimate
pressure is 530 kN/m? Use q, =q, -y Dr. Prove that the size of footing is safe. (TGTDCL — 2018)

Solution:
Y =Ysat—Yw =21-981=11.19 KN/m3,D, =1m,

Net Ultimate Bearing capacity, g, = g, - y Dy =530-11.19x1 = 518.81 KN/m2

Allowable bearing capacity, g, = "¢ Um:.: i:e Be: m;g Capacly _ 51881 172.93 KN/m?
or of safety o3 T e "

340
Applied ===
Pplied pressure 5~ =170 KN/m

Which is less than q,.Hence the size of footing is safe

D
ESIGN INTEGRITY, Call: 01633905761
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v Question: A square footing carry a gr

oss mass of 35,000 kg column load. If the factor of safety is

“ 3, determine the width of the footing. (BWDB — 2019)

Solution:

Total colurnn load, Qg = 35,000 kg = 343.35 KN
For square footing we know,

qu=13¢" N +qNy+0.4yBN,

' 30
Ng = ™" tan?(45 + %) = g™ tan30 tqn? (45 +-2—) = 1840

35,000Kg -

N, = (Ng - 1) tan (1.4¢") = 1566
With a factor of safety 3, 4 l

q 1 . y=18 KN/m?
Qau =73 =%(13CN.+qN, +04yB Ny) 1.5m - | c=5kpa

3 3 0=30°

Qan 343.35
and Qait = Bz = Bz | 1L
34335 1 )
NOW,T=§(1.3 C'N.+qN, +04yB Ny) == 0 >
34335 1 - _ '
3 -3 [1.3x5x30.14 + (18x1.5) x 18.40 + 0.4 x 18 x B x 15.66)
343.35 '
5= 230.90 + 37.58 B

By trial and error, B = 1.12 m

Question: A square footing fails by general shear in a cohesionless soil under an ultimate load of
Qure = 1687.5 kips. The footing is placed at a depth of 6.5 ft below ground level. Given ¢p = 35°, and
¥ = 110Ib/ft3, determine the size of the footing if the water table is ata great depth.

P

650 d $=35c=0
y =110 Ivfe
A
I"-_ BxB ——1
w\
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Solution:
For square footing we know.

Gu=13cN.+qNg+04y BN, 35\ _ 223
—-— ] — 33'
n can3s tdnz (45 + 2

)COt 35 [ 46.12
Ytan (14X

Ny = e™%"® tan? (45 +-§) =e

N.=(Ng—1)cotp=(333-1

Ny = (Ng— 1) tan (1.4 9) = (3331
Q. 1687.5x10°

WEp=" g1

Now,q, =13c N, +qN, + 04y BN, .

35) = 37.15

Bx37.15
1687.5%10° _ | o\ 0x46.12 +110x65x333 +0.4x110XBX 37.15

B? ‘
1687.5x 103 = (23809.5 + 1634.6B) B?

B=693ft
ow, Using Terzaghi's bearing capacity

, bel
wn 1n the ﬁgure e at the fOOdng can can-.y‘

Question: A continuous footing is sho ure 4
le load per unit area (Qaw) t

factors, determine the gross allowab

(33th BCS)
X X x y = 1151b/ft3
C = 4001b/fi?
Dy =21t ¢ = 25°
FOS = 4
’ B=25f
Given for, ¢ = 25° N, = 25.13,N; = 12.72, N, =834
Solution:

¢ =400 1b/f2,y = 115 Ib/ft3, @ = 25% N, = 25.13,N, = 12.72,N, = 8.34B =25 ft

q =y D, =115x2 = 230 Ib/ft?
For strip footing we know, q, =cN. +qN, + 05y B N,

gu = 400x 25.13 + 230 x 12.72 + 0.5 x 115 x 2.5 x 8.34 = 14176.45 Ib/ft?
14176.45
Qail = 2k = ——— = 354411 I/
! . DESIGN INTEGRITY, Call: 01633905761
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Question: A square footing Is shown is figure. Determine the gross allowable load that the footing
can carty. Use Terzaghi's bearing capacity equation for general shear faflure. Given factor of safety

=3, N, = 30,N; = 18, N, = 15. (40th BCS)

| Solution:
' X X X
C=0,¢ = 30° y =16kN/m3|0.5 m
2| L2
Dy=15m = —
Ysar = 16 kN/m®
‘ €=0,p = 30°

2m
q = effective surcharge = Dy ¥ + D; (¥sar — V)

q =05x16 +1x(19 — 9.81) = 17.19 KN/m?

¥’ =¥sat = Y = 19— 9.81 = 9,19 KN/m? y
Here, ¢ = 30%; Nc=30,Nq=18,N,,=15,C=0,B=2ﬁ; .
u=13cN,+qN,+04y BN, C
qu=1.3x0x30+17.19x18+0.4x9..19x2x15

fu = 419.7 KN/m? % 1.
Ultimate bearing capaci
Allowable bearing capacity, q, = m:a:mr:rflz:;?ww

419.7 X
la =—3— =139 KN/m?

\llowable load, Q, = 139.9%X2 x2 = 559.6 KN

Y
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ton. Is 8 combined footi

ich is sometimes referred to as 2 ra‘ft founda I3 8 et walia 14
The mat foundation, whi o scver:n;ompaddes‘ T m“v:;

ead footings would have tp
conomical. Matsmay
f a structure built over highly

phced over piles to control
rmally be used For

that may cover the entir
foundations are sometimes prefer

have to support high column or wall loads. Under some CORCE
cover more than half the building area. and mat foundations mig
be supported by piles, which help reduce the settlement 0
compressible soil. Where the water table is high, mats gty
buoyancy. For mats constructed over sand, a factor of safety of 3 shou
saturated clays with@ = Oanda vertical loading conditon.

qu=C,N:FsFa +q

C, = undrained cohesion
For,¢ = Othevalue of N, = S.14. Ny = LN, =0

0.195 8 D
Fo= (14— )andF‘,=(l+0.4-§'-)

So ultimate bearing capacity,q, = 5.14 ¢, (1 +

nditions, SPT
ht be more &

019558 DI)
ot ) TS

2}
19 D
Net ultimate bearing capacity, Gueequ) = qu — q =5-14 ¢ (1 + 0 lLS B) (1 +0.4 _Ef_)

Qnectatn = q.;-;("

The net pressure applied on a foundation, g = %- y D,

@ = dead weight of the structure and the live load

A = area of the raft
In all cases, q should be less than or equal to allowable Guon{ain)
[

A

q Lot soighn = o
| u
Figure: Definltion of net pressure on soil caused by a mat foundation

%t:npensaud Foundation
net pressure Increase in the soil under a 'oundat
roat |
::gtlls) Dy of the mat. This approach is generally referred ml:thc:‘ - mnd': v
- exmmdy useful when structures are to be built on o b
net average applied pressure on soil is ey soft clays,

q= Z"YD/
Fornolnaeaselndnmtprmunonsoﬂbelowamumum
9 should pe ,
ero

_Q
D=2

DESIGN INTEGRITY, Call: 016339¢, 6
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This relation for D is usually reterred to as the depth of a fully compensated foundation. The factor
Y of safety against bearing capacity failure for partially compensated foundations (D, <Q/Ay) may

be givenas
FS = qﬂ:‘(u) = Gnetw

%‘YW
Question: When and why raft foundation is used? (32th BCS)
Solution:

Rafts are most often used these days when the strata is unstable or (because of this) a normal strip
foundation would cover more than 50% of the ground area beneath the building. There are also
situations (usually in areas where mining has occurred) where thexje may be areas of movement
in the strata. A raft foundation Is usually preferred under a number of circumstances:

The soil-bearing capacity is low.
. Column loads are heavy. .
Single footings cannot be used.

. Piles are not used. .
Differential settlement must be reduced through the entire footing system.

PAN oW

Question: For a fully compensated mat foundation, ﬁnd the depth of foundation. Given, Area = 20
m x 30 m. Unit weight of soil 20 KN/m3, Load 6000 KN. (BUET M.Sc — 2017)

For of a fully con{pensated mat foundation, D, = E
6000 '

Dr = 0x30x20=- 0™

Question: Determine the net ultimate bearing capacity of a mat foundation measuring 20 mx8 m
on a saturated clay with C, =85 kN/m? ¢ =0and Dp=15m

. /. 0.195B D
Gnercuy = 5.14 ¢, (1 == )(1 + 0.43’)

0.195x 8 4x1.5
=514x85 (1+ - )(1+ - )=506.3 KN/m?

Question: Find the allowable bearing capacity of a raft foundation 0f10 mx 10 m and depth of the
foundation is 5 m below the ground level. Undrained cohesion of the soil is 40 kN /m? and bearing

capacity factor N is 5.14. Consider factor of safety two.
(BIFPCL — 2015, BCIC — 2016.MPL — 2017,JOCL — 2018)

Solution:

Tnet(u) = N, ¢, (1 +

o.1953) v oa
L ( s F)

DESIGN INTEGRITY, Call: 01633905761
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2
| 0.195 x 10 0.4 5) 294,83 kN/m
SR =T

10
294.83
Qner(att) = qn;;(u) = = 147.41 kN/m?

. Undrained cohesion 75
Question: Ifa mat foundation 10 m x 10 m and depth of {Ounqaz‘:g f1t151 en;oil, y = 18 KN/m3. What
kpa. Factor of safety 2.5, Bearing capacity factor 5.14, unit weig

isthe net bearing capacity? (LGD — 2018)
Solution;

' 0.19
o = e (1+2252) 10

= 5'.14x75(1 +
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¢ structural loads may be transferred to deeper firm strata by means of piles. Piles are long
slender columns either driven, bored or cast-in-situ.

-

N

The major uses of piles are:

1. To carry vertical compression load.

2. To resist uplift load.

3 To resist horizontal or inclined loads.

The factors that govern the selection of piles are:

|
|
1. Length of pile in relation to the load and type of soil ‘
2. Character of structure

3. Availability of materials ‘
4. Type of loading |
5. Factors causing deterioration i

The bearing capacity of a single pile depends upon

1. Type, size and length of pile,

2. Type of soil,
3. The method of installation.

Methods of determining ultimate load bearing Capacity of a single vertical pile
»* 1. By the use of static bearing capacity equatibns.
2. By the use of SPT and CPT values.

3. By field load tests.
4. By dynamic method.

Question: Wheh and why pile foundation is more suitable than shallow foundation?

(32th BCS)

Solution:

Pile foundation is required when the soil bearing capacity is not sufficient for the structure to
withstand.

1. Compressible or weak upper soil layer: When one or more upper soil layers are highly
compressible and too weak to support the load transmitted by the superstructure, piles are used
to transmit the load to underlying bedrock or a stronger soil laye

2. Presence of horizontal forces: When subjected to horizontal forces (see Figure-c), pile
foundations resist by bending, while still supporting the vertical load transmitted by the

superstructure. |
3.Presence of expansive solls: Pile foundations may be considered as an alternative when piles

are extended beyond the active zone, which is where swelling and shrinking occur.

DESIGN INTEGRITY, Call: 01633905761
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mission
ctures, such as trans _
dations o Strl:‘::ble, are subjected t0 uplifting

: The foun
forces s below the water

4. Subjected to uplifting
towers, offshore platforms, and basement ma

forces.
S.Soll erosion: Bridge abutments and piers are 11511_3")' ¢
the loss of bearing capacity that a shallow foundation m

ground surface.

ile foundationsto avold
ons“uCtEd ok f soil erosion at the

ight suffer because 0

Question: when and why sheet piling is used? (32th BCS)

Solution:
The term sheet piling in genera
Bearing piles, which are isolated and ta

interlocking edges that are driven into the
support. Sheet piles are most commonly ma

reinforced concrete.

; izontal loads, as opposed to
eslsts bortes sheet materials with

iles are sections of 4
and excavation

de earth retention
Iso be formed of timber or

lis used for a wall that r
ke load. Sheet p
ground to provi
de of steel, but can 2

Sheet pile walls are generally used for the following: )
1. Water front structures, for example, in building wharfs, quays, and piers

2. Building diversion dams, such as cofferdams
3. River bank protection
4. Retaining the sides of cuts made in earth.

Question: Differentiate between friction piles and end bearing pile. (31th BCS) -

Solution:
ansfer the load through water or soft soil ground to

End Bearing Piles: These piles are used to tr
a suitable hard bearing stratum. End bearing piles are used to wansfer load through water or soft
carry heavy loads safely to hard strata.

soil to a suitable bearing stratum. Such piles are used to
Multi-storied buildings are invariably founded on end bearing piles, so that the settlements are
minimized. End bearing piles are typically driven through soft soil, such as a loose silt-bearing
stratum underlain by compressible strata. Remember this factor when determining the load the
pile can support safely. '
r to a depth of a friction load carrying material by
n piles are used to transfer loads toa depth
friction along the length of the pile. Such
f hard stratum is very great. Some piles
earing. Such piles are
granular soils.

Friction Piles: These piles are used to transfe
mean of a skin friction along the length of piles. Frictio

of a friction-load-carrying materials by means of skin
granular soil where the deptho

piles are generally used in
d load both through side friction as well as end b

transfer the super-impose
more common, especially when the end bearing piles pass through

used in the soil of fairly uniform consistency and the tip is not seated in a hard

Friction piles are
ng capacity of the pile is developed by skin friction. The load is transferred

layer, the load carry!l

downward and laterally to the soil.

DESIGN INTEGRITY, Call: 01633905761
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stion: Driven Pile €3

Bored Pile a7 anfy;
¥ Qué V¥ AT BT TTE Ut ¥R | (LGED — 2019)

solutiom:

sven Pile: Driven pi .
" n:::tion that provgclilzss'l? Iso l:tl?wn as displacement piles, are acommonly-used form of bullding
- sufficient bearin ppo - 10T structures, transferring their load to layers of soil or rock that
have only used to g CapillClt_y and suitable settlement characteristics. Driven piles are
commonly support buildings, tanks, towers, walls and bridges and can be the most cost-

effective deep foundation solution. They can also b i icati
. y e used in applications such as embankments,
retaining walls, bulkheads, anchorage structures and cofferdan?:

I

Bored Pile: Bored pil.e also called drilled shaft, is a type of reinforced-concrete foundation that
supports structures with heavy vertical loads. A bored pile is a cast-in-place concrete pile, meaning
the pile is cast on the construction site. When used for foundations, bored piles are specified for
buildings and other structures that impose loads in the thousands ‘of tons. They are also
particularly well suited to unstable or difficult soil conditions.

Diff between Driven Pile & Bored Pile

Bored Pile o "~ DrivenPile

"Abore is construct by removing the soil and Thepile is casted in a yard brought to the site

the pile is casted at site in the bore.

and driven by some mechanism into the soil.

Bored pile foundations are preferred ina
location where the top strata consist of
decomposed rock overlying a strata of sound
rock

In such a condition, it becomes difficult to drive

the bearing piles through decomposed rock.

Bored pile foundation is shallower in depth.

Driven pile foundation is deeper than Bored
Pile.

Bored pile transfer the load only through
bearing. -

Driven piles are driven straight in and transfer
the load through friction and/or bearing.

Less disruption to adjacent soil occurs.

Vibrations & disruption occurs to adjacent soil

Can be installed in narrow areas.

Can't be installed in narrow areas, wide area is
required.

Easy to construct.

Advance planning is required for handling and
driving.

e -
X B o
- oS g
e o,
b - Et}‘
1

NG] - PRERE RNl
7\."}2':1 \; 5
Sk le:

ot vy wumsvewus o DFSIGN INTEGRITY, Call: 01633905761 \\;)

Scanned with CamScanner




(]
pile foundation- (34th BCS)
. esist lateral
lly, they T
support. Usua
Sheet Piles: This type of pile is mostly used to P ouid® late:all;su:lfy used for cofferdams, trenc
pressure from loose soil, the flow of water etc. They ar
sheeting, shore protection, etc.
1 is mainly used ¢
type of pile foundation 15 main
dations transmit Joads throu
earing theload.
ugh the lower tip of the pile. 1
Ily, the pile rests at a transition laye
and safely transfers the load to the

Question: Explain the various types of

rtical loads from

fer the vé .
o rans’” . ith poor supporting

gh the so1

Load Bearing Piles: This
the structure to the soil. These foun

property onto a layer which is capable of b
the loads pass thro
f soil or rock. Usua
pileactsasa column

]e. The bottom
r of

End Bearing Piles: In this type of pile,
end of the pile rests on a strong layer o
a weak and strong slayer. As a result, the

strong layer.
by the fricti onal farce

sandy soil, etc.

tructure to the soil
depending

the pile such as stiff clay,

sfers the load from the s
adefinite length of the pile,

Friction Pile: Friction pile tran
surrounding

between the surface of the pile and the soil
Friction can be developed for the entire length of the pile or

on the strata of the soil.
ed closed intervals to increase the bearing

Soil Compactor Piles: Sometimes piles are driven at plac

capacity of soil by compacting.
General equation for ultimate bearing capacity
Piles can be divided into three major categbn’es, depending on their lengths and the mechanisms

of load transfer to the soil: (a) point bearing piles, (b) friction piles, and (c) compaction piles
T . . . .
he ultimate capacity of the piles depends entirely on the load-bearing capacity of the underlyin
g

material; thus, the piles are called point bearing piles.
When no layer of rock or rocklik . ial i
Y IO e material is present ata reasonab i i
g::rb;;z?: a}lt:x;y long and uneconomical. In this type of su%ns:ﬁlle;;iig:};:: Zs.lte, point bearing
il to specified depths. These piles are called frictior‘n piles becall-;‘s’:n th;'to u%hththe
z most of their

resistance is derived from skin friction
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: <r"1l_’\_ Lil
| Yo Weak . S
’ ',“ soil ’ \ » Q‘
w5 I ey 1 Weak
‘.‘ ‘_‘ " ,- soil
.'.1'.;~ '3
SRy T ATt TR ¥k
TR LR L0
EIER g FRockitd 1
)
et 0 Efo
(a) L _ '} i ]
» = depth of penetration (c)
into bearing stratum
(b

(a)and (b) Point bearing piles; (c) friction piles

Compaction Piles: Under certain circumstances, piles are driven in granular solls toachieve proper
compaction of soil close to the ground surface. These piles are called compaction piles.

ieis Q, a part of the load is transmitted to the

AWhen the ultimate load applied on the tOp of the pi
soil along the length of the pile and the balance is transmitted to the pile base. Theload transmitted
friction load or skinload Q;and that

to the soil along the length of the pile is called the ultimate
transmitted to the base is called the base or pointload Qp. The total ultimate load Q, is expressed

asthe sum of these two,

=0p+Qr=qpAp+[s4s

= 0, = ultimate load applied on the top of the pile
0, = ultimate unit bearing capacity of the pile at the base
e base of the pile

Ay = bearing area of th

4, = total surface area of pile embedded below ground surface

f, = unit skin friction (ultimate)

The ultimate capacity of a single pile driven into sand, @y = Qp + Qs

Op=cN,Ap <A
P qAp S A Qi 2l pressure at the pile base, 4, = area of the pile base

@ =50 N, tang, o = vertic

rated clays (normally consolidated), we have for @ =0, Ng =1 and

For cohesive soils such as satu
N,= 0. The ultimate base load,

Q=c, N Ay + ey As
DESIGN INTEGRITY, Call: 01633905761\ \ |
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a = adhesion factor haft 1
Cu = average undrained shear strength of clay along the sha
;‘ Cp = undrained shear strength of clay at the base level
N = bearing capacity factor . 1y accepted 15 9 which is the value
The value of the bearing capacity factor N that is generally eater than 4.
Proposed by Skempton for circular foundations for an L/B ratio gr
For cohesionless soils, ¢ = 0. The ultimate base load,
Qu:Qb‘*'Q[:%Ab"'vas f
As = surface area of the embedded length of the pile
Ap = bearingarea of the base of the pile
o = effective overburden pressure at the base level of pile .
Javg = average effective overburden pressure over the embedded depth of the pile
k = average lateral earth pressure coefficient ‘
& = soil — pile friction angle
N, = bearing capacity factor
Values of k _
Pile material é Low D, (Loose soil) Low D, (Dense soil)
Steel 20° 0.5 1.0 \
Concrete 0.75 ¢ 10 2.0 p
Wood 0.67 ¢ 15 4.0
The unit skin friction increases with depth more or less linearly to a depth of L’ and remains
constant thereafter. This depth is called critical depth and the magnitude of the critical depth L’
may be 15 to 20 pile diameters. A conservative estimate would be, L’=15D
L°=15D Loose to medium sand
L’=20D Dense sand
e —T— » Uit
l.‘: B S O | frictional
RS A Tesistance, f
z' . E K B ‘.“j.:‘ 0 4 . et | L'
o },
L bouy Ko,
g
: ' +
Depth
Figure: Unit frictional resistance for piles in sand .
(

DESIGN INTEGRITY, Call: 01633905761
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= =1and
For cohesive Soils such as saturated clays (normally consolidated), we have for ¢ = 0, N, = 1an
Ny= 0. The ultimate base load,

Qu:ch,_.A,+acuA,

« = adhesion factor

Cy = average undrained shear Strength of clay along the shaft
¢y = undrained shear strength of clay at the base level
Nc = bearing capacity factor

The value of the bearing Capacity factor N, that is generally accepted is 9 which is the value
proposed by Skempton for circular foundations for an L/B ratio greater than4.

|
For cohesionless sojls, ¢ = (. The ultimate base load, e

Q=0 +Q;=gya, +fds

As = surface area of the embedded length of the pile -
Ay = bearing area of the base ofthepile . .

o = effective overburden Pressure at the bhase level of pile

9avy = average effective overburden pressyre over the embeddeq depth of the pile
= average lateral earth pressure coefficient - '
= s0il — pile friction angle '

= bearing Capacity factor

3

v
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1o a hOMOBENEous mag
n i ¢ unit cohesion of

face-
ra= 0.75- Compute @,

Question: A concrete rand 3
pile 18 inch In diamete he
The water tabl€ IS 21  adheston fa

of clay soil of medium consistency. 2
the soil under undrained condition s 10 /R* 30
and Q with f; = 2.5.
Solution:
Here, C, = C = 1050 Ib/ft’
aD? mwx15%
Ay = = = 2
) 2 2 1.766 ft
A;=1rDL=1rx1.Sx50=235.5ftz 50 )
1050x9x 1766 _ 2355%0°% 1050 _ 202.15 Kip*
_ Qu _ 20215 |
e = %5 = 25 = 81 kips lengthof 30
i tlength of 30’ is
. : with an embedmen .
capacity of 24 d}a‘r:lll:f: rfciil: dhesion factor are 25 psi and 0.8

Question: Calculate the ultimate
fined strength O
—2015)

saturated clay. Given the uncon
respectively. (PGCL — 2014, WRGCL - 2014, MES

Solution:
qu _ 25 -
Here,cp =cu=%5 =73 < 12.5 psi = 1800 psf

Qu = ¢p N Ap + xCuds
r D?

3.14x 22 o B,
Q. = 1800 x9x 4"  +0.8x 1800 x3.14x2x 30

Q. = 322.33kip

Question: Calculate the ultimate load b
is embedded in clayey soil. Coefficient 0
014, BWDB - 20

soil = 2000 psf. (DPDC — 2
2000

Here,c, = ¢y = -5 = 1000 psf
Qu =cp Ne Ap +acyis

n D?
Qu=cp Nc T+acu1rDL

3.14x 22
Q, = 1000 x9 x .—--4——-+0.5J_(1000x3.14x2x25

0, = 106814.15 b = 10681 kip

ofa 25 ft long and 24" diameter pile which

earing capacity
5 and unconfined compression strength of

f adhesion = 0.5 anc
16, PGCL — 2017,MPA — 2019)

DESIGN INTEGRITY, Call: 01633905761
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.. Question: Concrete pile of 24"

90 lis 4ksfand the embed ledlan;leter eml?edded in clay unconfined compression strength of
pile f adhesive friction between :lgt aoil the pile 30 ft. Calculate ultimate load carrying capacity of
exists at ground. (BPDB - 2015) y and pile is 0.45, unit weight of clay 100 Ib/ftand water table

Qu=Co NeAp +acy A
n D?
Qu=cNe——+acyunDL
f 2

+045%x2x3.14x2x30

Qu=2x9x
Qu = 226.19kip

QtléSﬂ(l:m A !;iine pile group consisting of 600 mm diameter concrete pile was cast in situ ina soil
whose f;og ned compressive strength is 80 KN/m2. Each pile is 15 m long. Using a reduction
factor a = 0.5 and factor of safety is 3, calculate allowable skin friction of single pile. (NHA — 2020)

. 0
Here, ¢y —%"7-:40 kN/m?
Qs =acy Ag
Qs =acynDL
s Qu =05x40x314x0.6x15

Qy = 565.46 kN
565.46

Allowable skin friction = =188.49kN

Question: A nine pile group consisting of 18" diameter concrete pile was castinsituina clayey
soil whose unconfined compressive strength is 1000 Ib/ft?. Each pile is 60ft long and the pile
spacing is 2.5 times the pile diameter. Using an adhesion factor a=0.5 and factor of safety is 3,
clculate allowable skin friction of single pile. (PGCB — 2015,DNCC — 2016, GTCL - 2016, SGCL—

2017, ERL — 2017, BWDB — 2018, BIWTA — 2019)

Solution:

; 1000
Here,cy, = 5'22 == =500 Ib/ft?

O =acyAs

;=ac,wDL
Q, = 0.5x500x3.14x 1.5x 60
0, = 70676 Ib = 70.686 kip

70.686 .
Allowable skin friction = —35— = 23.56 kip

DESIGN INTEGRITY, Call: 01633905761 ‘
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20 inch

i d RCC pile of diameter
pl 'slmilsb:trior't pelow the ground surface.
o 300, GWT is at the ground

iction capacity ofaca
finternal friction

layer. The top

Question: Determine the skin fr
d angle 0

and length 50 R in homogeneous sand
Unit weight at saturated condition 120 pcfan

surface. (BWDB — 2014) <~
Solution: 10 \ 576
We know, Q = Qs + Q7 = 5Nq Ap + k davg tan§ Ay 25t )1437.5
S0,Qs = k oavg tané Ay
Critical depth = 15D =15x % =25

.60 1437.5

Stresses at 10’ depth = (120 - 62.4) x 10 = 576 psf
Stresses at 25’ depth = (120 - 62.4) x 25 = 1437.5 psf

For loose sand, k = 1 and for concrete § = % @ =22.50

NOW,Q)' = ’CO’avgl tané Af +k Cavg2 tand Af
=k tané nD (oavgr1 x Ly + Oavg2 X L;)

_ 20 11
=1xtan22.5x3.1416 x 1 [i (576 + 1437.5) x 15 + 1437.5x 35]
= 141.87 kip

Group Efficiency of o

] ln

m
Ost cases or well above the ground, as in the case of offshore platforms

Determining the load-bearin i ; '
been fu] € capacity of group piles is extremel ;
the Sw:sl:ege:-?::;i:tv:;:;}:; P']ﬁs are Plllaced close to each other ay r::;zﬂ;ﬁ:e:s:: il yet
; ; e piles to the soil will over] - mption is that
the piles. | i overiap, reduci ~haart a
grouF;: lss n:: ?ICZ_ t:‘:f':;s in a group should be spaced so that ngls;fj}gad bearing capacity of
e sum of the bearing capacity of the indjvj dual :{2glcapacity of the
- IN practice, the

ly about 3 to

minimum center tg- center pi i tu
pile spacing 'd’ is 2.5D and i inary
Fo : 2oDandin i tu
5D. The efficiency of the load-bearing capacity of a grm:):]l:ll'l'ea m:)l’ b:t(jjorflis' o actual
efined as,

- %
1T Te,
1 = Group efficiency

Qg (:)UT .Ultimate load-bearing Capacity of the group pile
Qy = Ultimate load-bearing capacity of each pile without the Broup eff,
eltect

DESIGN INTEGRITY, Cal}: 01633905761
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‘hu,

Number of piles in group =n, X1, (Lg = By)
=(m—1Dd+2 (D/2)

(np—1d+2 (0/2)
[

Ly
B, =

Jeobas of o
singhe pile

{b) Group of pilés cloesly spaced

{a) Single pile

Ultimate Capacity of Group Piles for Sand
compact sand with a spacing equal to or

piles: For driven piles bearing on dense,
1to the sum of individual capacity.

,t (a) End bearing
greater than 3B, the group capacity is generally taken equa
Qy=n Qu : )
For spacing less than 3B the group capacity is found for block of piles group.
les are grouped together, it is reasonable to

s resistance will overlap. The bearing capacity
pacity of individual piles
p of

(b) Friction piles: When several closely spaced pi
expect that the soil pressure developed in the soil 2
of a pile group may or may not be equal to the sum of the bearing ca

have shown that the total bearing value Qg of agrou

constituting a group. Theory and tests
friction piles particularly in clay may be less than the product of the friction bearing value Qy0f
an individual pile multiplied by the number of piles n in a group. However there Is no reduction

due to grouping occurs in end bearing piles.

DESIGN INTEGRITY, Call: 01633905761
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of friction plles

Qg =n Qup My
piles

5 Qu = load carried by group
| Qup = load carrled by each friction

n = number of plles
ng = efficiency of group pile on

6 [n-pm+ ==

ng=1"79p mn
rows

m = number of
n = number of piles ina row
fpile
6 = tan™* g,d = diameter of pile,s = spacing® P .
’ saturated clay peari

Ultimate Capacity of Group pilesin - dthe p0§nt eam;lgi rheSiism.“Fe
Theb ity of single pile in clayls mainly 44 ¢ its top BY a pile cap wﬂ: _ngld.

e bearing capaclty lle group. the plles aré conné © ohich may pe smaller than the ultimate
may be negligible. In 31P Epis Jikely 0 occur atad loa (iles o group- The area of the pile
Hence the failure ofapile gli P ipli ed by the number © pl ver P of the pile grouP multiplied
Ioad.ancll can;;d by eachc;: i: approximately equal 10 the perim ,
group along failuré surfa .
by the length L of the pile.

Ap

The ultimate load, Qug = & cully T N,
Qug = CuPL‘l' CchAb

p = Perimeter of pile grouP = 2(B+H)
= cross sectional area of pile group = BxH

Ap

« = adhesion factor = 1 (for soft clay)

If piles of the group are o spaced that they act individually @

total load capacity of pilesis, Qun =1 Qup

Question: A group of 9 piles In @ row was driven into a soft clay extendin
great depth. The diameter and the length of the piles were 3Q cm and 10 m resp
unconfined compressive strength of the clay is 70 kPa. If the piles were p
center, compute the allowable load on the pile group on the basis of a shear fa
factor of safety of 25. ‘
Solution:

() Block failure

G _70_ 2
=7 =3 = 35 kN/m

2p=4B =4x21=84m
=35x84x10+ 35x9x4.4 = 4326 kN

Here,cy = Cp
Ay =21x21=44m
Qu,= c, PL+ CchAb

Q4326 _
=28 = = 1730 KN

Qa

DESIGN INTEGRITY, Call: 01633905761

icanned by CamScanner

Scanned with CamScanner

ther than acting in the group, the

g from ground level toa

ectively. The
laced 90 cm center to
ilure criterion fora

1pdi¥1

vi
¥

v (V)

Tzl

P



- (b) Individual pile failure

Qu=rcp NoAp +acuds
2

nD
Q“=Cch +GCunDL

2
Qu=:«;5x9x"":‘3

Qgu =nQy =9x352 =3168kN

+1x35xmx03x10 =352kN Assume,a =1

Question: A factor of safety of 3 is required for the group of piles shown below. Find the maximum
load as determined by (i) the piles acting as individual (ii) the piles acting as a group. The piles are
20.00 m long and are driven in clay havinga q,, = 90 kN/m2 Assume reasonable values for any
necessary additional data. (27th BCS)

—o—Q
0.3 m dia concrete piles im
G—o—
1m
FanY 14
C tm ~ 1m O

(i) the piles acting as individual

Qu =Cb NcAb+“CuAs
DZ
Qu=c¢cp N,HT+acuerL
\ 2

Qu=45x9x 7”‘4 +1x45xmx0.3x20 = 876.85 kN Assume,a:i

Qgu =7 Qy = 9x 876.85 = 789173 kN

Qo = = =——=—=12630.57Kn

Here,c, = ¢, = — =— = 45 kN/m?

03 0.3
B=1+ —_—t—=2
1+ 3 + 5 2.3m

Ay, =BxB=23x23=529m?P=4B=4x23=92m

. Qug= ¢ PL+ cy N, Ay = 45x9.2x20 + 45x9x5.29 =10422.45 kN

_ Qg _ 1042245 _
Qa Fs -3 = 3474.15kN

DESIGN INTEGRITY, Call: 01633905761
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31th BCS)
Question: Briefly explain the field procedure of pile load test (

Solution; g capacity of soil and the likely

Plate Load Test is a field test for determining the ulimate beaﬂil;ts of loadinga steel plate placed

settlement under a glven load. The Plate Load Test basically consdm to each load increment The
at the foundation level and recording the settlements correspon id gt& The total value ofload on
test load is gradually increased till the plate starts to sink atar aplthe value of the ultimate bearing
the plate in such a stage divided by the area of the steel plate BIves uitable factor of safety (which
capacity of soil. The ultimate bearing capacity of soil is divided by s il

varies from 2 to 3) to arrive at the value of safe bearing capacity of soil.

) ion is proposed to belaid.
1. Test Setup: A test pit is dug at site up to the depth at whichthe foundatlcxltltshg c::tre ofthepita

The width of the pit should be at least 5 times the width of the test plate.

small square depression or hole is made whose size s equal to the size of the testlplziiz?:::g:;:
level of which corresponds to the level of actual foundation. The depth of the ho eth_ ratio of the
that the ratio of depth to width of the loaded area is approximately the same as el di
actual depth to width of the foundation, The mild steel plate (also known as bearing plate) et Thes
the test should not be less than 25 mm in thickness and its size may vary from 390 to 750 mm. :
Plate could be square or circular in shape. Circular plate is adopted in case of circular footing an
square plate is used in all other types of footings. The plate is machined on side and edges.

2. Testing Procedure: The load is applied to the test plate through a centrally placed column. The
test load is transmitted to the column by one of the following two methods.

(i) By gravity loading or reaction loading method -
(ii) By loading truss method.

Sand bags tor loading

G.L.

ce——
Dial gauge | —Datum bar
Wood H— Loading coelumn
LAl f— Feundation lavsl

Bearing plale

. g Nute Load Tow . Reartnm by Us vwy Lovimg
Section A~ A

|20

DESIGN INTEGRITY, Call: 01633905761
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SOIL IMPROVEMENT

Question: What is soil improvement? Write down the varfous methods of soil improvement?
(31th BCS, DSCC - 2019)

Solution;

Soil-improvement techniques involve changing soil characteristics by a physical action, such as
vibration, or by the inclusion or mixing in the soil of a stronger material. The aim of this process is
as follows:

- Increase the load-bearing capacity and/or the shear strength.
- Reduce both absolute and differential settlements or in certain cases, accelerate them,
- To mitigate or remove the risk of liquefaction in the event of an earthquake or major vibrations.

The various techniques of soil improvement are:-

1. Vertical drains
2. Stone columns
3. Micro-piles ’
4, Vibro Compaction (Vibroflotation)
S. Dynamic compaction and replacement
6. Pre-compression and consolidation
7.Grouting and Injection
8. Chemical Stabilization
- 9.Soil Reinforcement
~.1 10. Geo-textiles and Geo-membranes

Question: Soil improvement R IXwHTIT: VA T @ ¥ 7soil improvement *Wfx ¥t ¥
(HED — 2020)

Solution:
oadest sense is the alteration of any property of a

Soil improvement: Soil improvement in its br
soil to improve its engineering performance such as strength, reduced compressibility, reduced

permeability, or improved ground water condition.

Soil improvement in Bangladesh: There are various techniques used in Bangladesh for the
improvement of the soil based on the construction activity and type of soil. The soil improvement
techniques are

n method of soil improvement is surface compaction.
Construction of a new road, a runway, an embankment or any soft or loose site needs a compacted
base for laying the structure. If the depth is less, the surface compaction alone can solve the
problem. The usual surface compaction devices are rollers, tampers and rammers. All
conventional rollers like smooth wheel, rubber-tyred, sheep foot, vibratory and grid rollersare be

used.

Drainage Method: Ground water is one of the most difficult problems in excavation work. The
presence of water increases the pore water pressure and decreases the shear strength. Heavy

Surface Compaction: Most commo

DESIGN INTEGRITY, Call: 01633905761
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y 2 Fil

a i

vations. Drainage method used \ ‘
struction scheme. \

4 densification of sat;urated

. dbratory rollers, vibro-

g W

side of open X¢2
4 economical €on

d for rapl@ ¥
Vibration Method: Vibration method can be eﬁ'e‘:ﬂviilﬁ: f:ethods are vl
non-cohesive soils. Some of the mostly adopted vibra Tamping etc.
displacement Compaction Piles, Vibro-floatation, Heavy idate
d aims to consolica

Pre-Compression and Conso]ldatlon:dTahri: PT:ltol::imS and Surcharge Fills,

construction. Various techniques adopte
Dynamic Consolidation etc.

. il rei
Soil Reinforcement: Soil Reinforcement is in the form of a Yeasl;sc%l as rubber,
thin horizontal membranes. A large variety of materials .
thermoplastics have been used successfully.

inflow of water during excavation collapses the
to control the ground water and ensure a safe an

the soil before
Vertical Drains,

nforced by high-strength
aluminum and

.« manufactured from synthetic
orous fabrics ma e yerhylone,

Geotextiles and Geomembranes: Geotextiles are p
. ' i d others, such as polyester, .
materials, which are primarily petroleum product:gsl :sns K Ll i ipsctines

polypropylene and polyvinyl chloride, nylon, fibre- _
are used as separators, filters, Drains, reinforcement, geo-mgmbranes etc.

Question: What is bearing capacity of soil? Write four riiet_hgds to improve bearing capacity of
soil. (CARMY — 2014)

: .
The bearing capacity of soil is defined as the capacity of the soil tobear the loac_ls coming from the
foundation. The pressure which the soil can easily withstand against load is called allowable k

bearing pressure. Some of the methods to improve bearing capacity of soil-

By increasing the depth of the footing
Draining the soil '

Compacting the soil

By blending granular material, like sand, gravel or crushed stone into the natural soil.
By confining the soil in an enclosed area with the help of sheet piles.

By driving sand piles..

o Stabilizing the soil with chemicals.

Question: What is geo-textile? (Army — 2014)
Solution;

Geotextiles are textiles in the traditional sense; however, the fabrics usually are made from

petroleum products such as polyester, polyethylene, and polypropylene. They also may be made
from fiberglass. Geotextiles are not prepared from natural fabrics, which decay too quickly. They

may be woven, knitted, or nonwoven. .

Geotextiles have four major uses:

1. Drainage: The fabrics can channel water rapidly from soil to various outlets.

; 12 2
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' fine grained,
laced between two soll layers, one coarse grzune‘;‘itatr;](‘i3 ts}::n oet}:je'; e gmtects
v & ﬁlmgon: Whe?rfe seepage of water from one layer to the othe':l'.
g:‘ A tf‘at:n;r:lil:::lssoll from being washed Into the coarse grained soil.
eline-

. b

anular base
the construction of highways, a clayey subgrade can be kept separate from a gr
inthe ¢ A
course.

i ity of the soil.
4.Reinforcement: The tensile strength of geotextiles increases the load-bearing capacity

Question: When and why geotextile is used? (32th BCS)
Solution;

Geotextiles are a king of geosynthetic material that has become m
Past fifteen years, The ma

terial owes its success fn more than 80
itsresistance to biodegradatio

sense of the worq, They aren

ore and more popular over the
applications to a large extent to
n. Geotextiles are indeed textiles, however not in the traditional

0 natural materials like cotton, wool or silk Geotextiles are
Synthetic fibers that can pe made into a flexible, porous, nonwoven needlefelt fabric,
POTOUS to water flow, to a

They are
varying degree. Because of this wide variety,
least five different ways:

they can be applied in at

1. Separation: Geotextiles wi]| Prevent two spj] layers of different Particle sizes from mixing with
each other, as js illustrated the image below.

3 2 Drainage: Geotex

tiles will efﬁciently collect superfl
rainwater or surplus

uous water from structures, such as
Wwater, from the sjj and discharge jt.
3. Filtration, Geotextiles are an ideg] interface for rev
geotextile, In a)) soils

rth Structures
tion Coefficient anqg high te y t?ea:; a:ig:

Protection from erosig
Or repeateq drawdg n

of earth ®Mmbankments |,
They can be‘:l’:éd ﬁl;y;rciggeoit‘gxtiles  be Placeq 50 as to gr:’z‘:‘i
ced under water. €aching or as'm

ess Structureg, They can
Question, Quick sang '

R Sand drajn m&m,(ﬂm -
Solutiop,

Quick sang, Quick sy
’ nd
and sanq, gy to verticalc zndition 'sthe

Oatation of Partic]
Pwarg Seepage floy, As sanq boiel?nOfco

2020)

hesion less soj] )
B occurs, g b Ol like fina gravel

aring Capacity apq
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i icles become
. ¢ of soil particles
e and the tion at occurs in cohesion
shear strength of the cohesion less soil decreas i1 but a flo¥ qndl (]  ade below the water
apparent. Quick sand condition Is not a type of so e e vater.
less soils. Practically, boiling condition may occur ' to keep the area free
table and water is pumped out from the excavation P! Ly dewate ring system. Sand
- d Draln is based rapidly and Cezmm};ge in the embankment by
Sand (.lrain: sar fra gllsl aI’lS creases rate of ra’['he holes are backﬁlled with
g r_al_n B aaspi?gcie:tsooth?ena\b;‘r,ﬂmc\’ent an rtical boreholes.
riving ¢

suitable grade of sand.
Question: Define liquefactionand li

Solution:

Liquefactionis a phenomenonin whichth
shaking. Liquefaction occurs in saturated soils, tha
particles is completely filled with water. When li
decreases and, the abllity of a soil deposit to SUppo
reduced. Liquefied soil also exerts higher pressure on r
or slide. This movement can cause settlement of theretaine

the ground surface.

on principles of
lidation which in
d making ve

quefaction index. (BUETM. Sc—2013)

i s d by earthquake
dstiffnessofa soilisreduce g

. Strengﬂ: iasnsoils inwhich thespace between indmdua.j
’ the strength of the soil

jon OCCUTS,
quefactor buildings and bridges is

rt foundations for .
etaining walls, which can cause themto tilt

d soil and destruction of structures on

al index is frequently used to assess the liquefaction susceptibility of soils. The
ps of liquefaction hazard

Liquefaction potenti ;
| index (LPI) was used to prepare quantitative ma

liquefaction potentia
area.

Question: What is negative skin friction? Write the equation of it and also write the value of
adhesion factor a for stiffand sandy clay. (BCIC — 2019) .

Solutfon:

Negative skix.\ friction Is usually a downward shear drag acting on a pile or pile group due to
downward sinking of surrounding soil relative to the piles. This shear drag movements are
expected to occur when a segment of the pile penetrates a compressible soil stratum that can

consolidate. Downward drag may be caused by (1) Placement of fill i
! on compressible solls,
lowering of the groundwater table (2) Placement of fill on Under-consolidal:ed natural or

compacted sails.
Negative skin friction of piles in cohesive soil, F, =P L C,

Where: F,, = Negative skin friction

P = Perimeter of the pile

L¢ = Pile length in compressible soil

C, = Unit adhesion,C, = a C,

a = Adhesion factor

C. =Undrained cohesion of the compressible layer
Adhesion factor value for stiff clay = 0.48 - 0.75
Adhesion factor value for sandy clay=0.96 - 1

DESIGN INTEGRITY, Call: 01633905761
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Point resistance

Question: Write down the short notes on
a. Bearing capacity

b. Compaction

¢. Permeability

d. Shear strength (52 BMA)

Solution:
Bearing capacity: It is defined as the capacity of the soil to bear the loads coming from the

foundation. The pressure against which the soil can easily withstand against load is called
allowable bearing pressure.

4 Compaction: Soil compaction is defined as the method of mechanically increasing the density of
soll. Air during compaction of soil is expelled from the void space in the soil mass and therefore
the mass density is increased. Compaction increases the strength characteristics of soils, which
increase the bearing capacity of foundations constructed over them.

Permeability: Permeability in fluid mechanics and the earth sciences is a measure of the ability
of a porous material to allow fluids to pass through it.

Shear strength: Shear strength is the maximum shear stress which a material can withstand
without rupture.

The process of identifying the layers of deposits that underlie a proposed structure and their
physical characteristics is generally referred to as subsurface exploration The purpose of
subsurface exploration is to obtain information that will aid the geotechnical engineer in

1. Selecting the type and depth of foundation suitable for a given structure.

2. Evaluating the load-bearing capacity of the foundation.

3. Estimating the probable settlement of a structure.

4. Determining potential foundation problems (expansive soil, collapsible soil and landfill).

5. Determining the location of the water table.
6. Predicting the lateral earth pressure for structures such as retalning walls, sheet pile.

7. Establishing construction methods for changing subsoil conditions.

DESIGN INTEGRITY, Call: 01633905761
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7 whatare common safety measures
n €

tves of soll exploratio

tfon: What are principal objec sth BC
ga::;h(:uld be taken during soll excavation? (3¢

rmation about subsurface

sists of determining the

d determining the

hods.

btalning the Info

Salution: .
plorations are done for exploration con

Site investigation or Sub-Soll ex Soll

uction. 30 an
conditions at the site proposed for cons}tr o aking the sofl samples e
el it well as in-situ testing

rofile of the natural soil depos
Enmnccnng properties of soils using laboratory tests as
ploration.

ex
Following are the objectives of site investigation or subsurface

nd rock strata.
tions.

. To know about the order of occurrence of soil a p——
To know about the location of the groundwater table level and 1ts

To determine engineering properties of soil.

. To select a suitable type of foundation.
To estimate the probable and maximum differential settlements.

1
3
4
S
6. To find the bearing capacity of the soil.

7. To predict the lateral earth pressure against retaining walls and abutments.
8.

%

To select suitable soil improvement techniques.
To select suitable construction equipment.

10. To forecast problems occurring in foundations and their solutions.

Safety measures for excavation

1. Prior to excavation work a complete knowledge of underground structures such as sewers,
water pipes, gas main etc. is essential so as to proper precaution to prevent accidents.

2. The works must be provided with all protective devices

3. When the depth of excavation exceeds 2 m the trenches should be securely shored and

timbered
4. Sheathing should be placed against the side of the trench

5. Excavated materials should be kept away from the edge of trench
6. Heavy equipment such as excavation machine trucks etc, should be kept away at suitable

distance from the excavation sides.
7. Afence or barricade should be erected and at night the area must be properly lighted

8. Adequate barricade and excavation sign board.

There are two types of samples:

Disturbed Samples: These types of sam
for the following types of laboratory soil tests:

» (Grain size analysis.
» Determination of liquid and plastic limits.

o Specific gravity of sofl solids.
136

ples are disturbed but representative, and may be used
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Determnination of organic content.
Classification of soll.

But disturbed soil samples cannot be used for consolidation, hydraulic conductivity, or shear
tests, because these tests must be performed on the same soll of the fleld without any
disturbance (to be representative)

The major equipment used to obtain disturbed sample s (Split Spoon) which Is a steel tube has
inner diameter of 34.93 mm and outer diameter of 50.8mm.

Undisturbed Samples: These types of samples are used for the following types of laboratory soll
tests:

Consolidation test.

« Hydraulic Conductivity test.

Shear Strength tests.

These samples are more complex and expensive, and It’s suitable for clay, however in sand is very

difficult to obtaln undisturbed samples. The major equipment used to obtain undisturbed sample
is (Thin-Walled Tube). '

Degree of Disturbance

1f we want to obtain a soll sample from any site, the degree of disturbance for a soil sample s
usually exprsseci as:

2
Ap() =

—'7-‘— x 100

(1

Ay = area ratio (ratio of disturbed area to total area of soil)
D, = outside diameter of the sampling tube.

D; = inside diameter of the sampling tube.

If (Ag) < 10% — the sample is undisturbed.

If (A,) > 10% = the sample is disturbed.

For a standard split-spoon sampler (which sampler for disturbed samples):

50.8? — 34.932
Ap(%) = 35937 X100 = 111.5% > 10% (disturbed)

Question: Define disturbed and undisturbed sampling? Where are they used?
(52 BMA, 31th BCS)

Solution:

Disturbed soil sample (DS): When the natural conditions of a sample such as its structure, texture,
density, natural water contents or the stress conditions are disturbed then the sample Is called as
disturbed soil sample. By using shovel from auger cutting these samples can be recovered.

Undisturbed soil samples: Without disturbing the natural conditions of a soll sample such as its
structure, texture, density, natural water contents or the stress condition the sample obtained is
called undisturbed soll sample. This type of soil sample cannot be recovered and it retains the
original properties of the soll mass as much as possible.

DESIGN INTEGRITY, Call: 01633905761
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Usually, scientists test the disturbed
as the nutrient and contaminant and
properties of strength, permeablllty.

others.
Factors Affecting Compaction
The factors affecting compaction are
1. The moisture content
2. The compactive effort d to the soil. For a pary
arte " Culyr

= s defined as the amount of en&f}ﬁych";‘i“’, s the maximum dry unit wej
] e cocmﬁpacet:_;_re ef:'g:tre < enly one moisaire tent " ht is called the optimum mg

ompactive effort, s e um dry un dry unit weight also increases, but the
The moisture content that f%ia rtis increased, the maximum e ally carried outina lab oratary
;;:tent. If tl;‘e com':;?);nt::te decreases. The following tests are )

mum mofsture y
D-698)

1. Standard Proctor test (ASTM Designation ™ 2.0,
a mold of given dimensions with each
dropped from a height of 12 in (3

2. Modified Proctor test (ASTM Designation
aced in layers into
f about 12,375 fl-1b/ft3 (600 kNm/m3), T,

A soil at a selected water content is Pl
layer compacted by 25 or 56 blows of a 5.51b (2.5 kg) hammer
dure is repeated for a sufficient number ofwater

mm), subjecting the soil to a total compactive e::ort o
resulting dry unit weight s determined. The pro S nnit weight and the water cantent of the )

. i between thed .
contents to establish a relationship Jationship known as the compaction curye o

This data, when, plotted, represents a curvilinear re

moisture-density curve. _
Asoil at a selected water content is placed in five layers into a mold of given dimensions, with egc

layer compacted by 25 or 56 blows of a 10 Ib (4.54 kg) hammer dropped from a height of 181n,
(457 mm) subjecting the soil to a total compactive effort of about 56,250 ft-1b/ft3 (2700 kN-m/m?),

The resulting dry unit weight is determined. The procedure is repeated for a sufficient number of
water contents to establish a relationship between the dry unit weight and the water content for

the soil. This data, when plotted, represents a curvilinear relationship known as the compaction

curve or moisture-dry unit weight curve.
Question: What is the difference between standard proctor test and modified proctor test?

Solution;
| Standard proctor te n
L Material pass #4 = M°g;ﬁ‘3d_ proctor test
[ 4" diameter mold faterial pass #4
[ 3 layers 4" diameter mold
5.5 Ib (2.5 ke) hammer 5 layers
—+——101b (4.5 kg) hammer

12" falling distance
25 blows per Jaye —— 18" fallinp di
e bl

D
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ts uses.

What is standard Proctor Test (SPT)? How is it conducted? Explain with i

Y Question:
(31th BCS)

Solutioni
SPT: The standard penetration test (SPT) is an in-situ dynamic penetration test designed to
provide information on the geotechnical engineering properties of soil.

Collection Process: The testuses a thick-walled sample tube, with an outside diameter of 50.8 mm
and an inside diameter of 35 mm, and a length of around 650 mm. This is driven into the grou_nd
at the bottom of a borehole by blows from a slide hammer with a mass of 63.5 kg (1401b) falling
through a distance of 760 mm (30 in). The sample tube is driven 150 mm into the ground and then
the number of blows needed for the tube to penetrate each 150 mm (6in) uptoa depthof 450 mm
(18 in) is recorded. The sum of the number of blows required for the second and third 6 In. of
penetration is termed the "standard penetration resistance” or the “N-value”. In cases where 50
blows are insufficient to advance it through a 150 mm (6 in) interval the penetration after 50
blows is recorded. The blow count provides an indication of the density of the ground, and it is

used in many empirical geotechnical engineering formulae.

characterization due to its simplicity.

SPT N value is widely used as it is an index for quick strength
for immediately understand the soil

In estimation of other parameters also, SPT N value is used
profile, the probable foundation depth, the probable Safe bearing capacity, the other parameters

like liquefiablilty of soil etc. The N value is used for workingoutc i.e. cohesion (in clayey soils) and
@ (angle of internal friction for Sandy soils) with direct empirical co-relations.

Question: What is meant by SPT of soil? Howis it carried outin field? Explain the relationship of

~.J SPT value with bearing capacity of soil. (30th BCS)
Solution:

SPT-N value: The standard penetration test (SPT) is an in-situ dynamic penetration test designed
to provide information on the geotechnical engineering properties of soil. ,
Collection Process: The testuses a thick-walled sample tube, with an outside diameter of 50.8 mm
and an inside diameter of 35 mm, and a length of around 650 mm. This s driven into the ground
at the bottom of a borehole by blows from a slide hammer with a mass of 63.5 kg (140 1b) falling
through a distance of 760 mm (30 in). The sample tube s driven 150 mm into the ground and then
the number of blows needed for the tube to penetrate each 150 mm (6 in) up toa depth of 450 mm
(18 in) is recorded. The sum of the number of blows required for the second and third 6 in. of
istance" or the "N-value”. In cases where 50

penetration is termed the "standard penetration resi
blows are insufficient t 50 mm (6 in) interval the penetration after 50

blows is recorded. The b fthe density of the ground, and itis used

in many empirical geotec

used for immediately understand the
fe bearing capacity, the other parame

o advance it througha 1
low count provides anindication o
hnical engineering formula.

SPT N value is soil profile, the probable foundation depth,
the probable 5a ters like liquefiablilty of soil etc.

Meyerhof’s equations:
For footing width, 4 fe
For footing width, greater

etorless:qq = (N Jo/K
than 4 feet:qq = (N/6)(B + 1)/B1*/K

DESIGN INTEGRITY, Call: 01633905761 Y
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Bowles’ equations: K ,
For footing width, 4 feet or less: 4a = (N/f.?g//'i)[(ﬂ +1)/8] /K
For footing width, greater than 4 feet:qa = ;

q, = Allowable soil bearing capacity in kip/®t

N = SPT numbers below the footing

8 = Footing width in feet In feet.

D= DePlhrflrsom ground level to the bottom of footing

K =1+033(D/B) S 133 1510,15& 20 SPT value. Calculatewvalul
etration neeé !

Scmpen

. h 1
Question: In SPT test for eac pSCL — 2020)

(EGCB - 2020, BCMCL — 2020,A
‘ =15+20=35

N value = 2nd penetration + 3rd penetration =

Question: of® v %fR « #7 AR penetra

(HED — 2020) .

Solutjon:

SPTvalue=6+8 =14

tion ax W blow 14

truction
Question: The soil used in an embankme_nt cons
standard proctor test. The specifications are;minimum 95% co
a block of soil is extracted from the compact oy
. 75 mm internal dia. Wet and dry weight of extracted soilis

the layer meet specifications? (DMTCL — 2019)

Solution: :
Maximum dry density MDD, ¥gmax = 19 kN/ m3

2 2
mdth _wx75"x100 _ 4 41787.5mm? = 4417 x10~* m?

Volume of the sampie, V= 2 2
] 810 x9.81
Dry weight of the sample, W; = 810 gm = 1000x1000 = 0.00794 kN

. W, 0.00794
Dry density in the field, y, = 7’- = 3417 x10-% =17.97 kN/m3

. Dry densityin the field 17.97
Percent compaction = 2
pacton = Nax dry densityinthelab ~ 19 * 100 = 94.57%

Percent compaction = 94.57% which is less than the specified 95% co mpaction
So the layer doesn’t met the specifications,

D
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found to have MDD of 19 kN/m?3 frgp,
mpaction. After finishing by rolly
\ver using a pipe section of 100 mm length apg
ion laye 65 grn and 810 gm respectively, Does
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imparted by Modified Proctor Test and Standard Proctor

solution: Evaluate the ratio of energy

Test. (BPDB — 2016)
S | Nnwh
Comparative energy per unit volume by Modified Proctor Test E=——
Here, Number of blows per layer, N =25
No.oflayer,n =5
Height of mould, h = 18" = 0.4572m
Wight of hammer, w = 10 Ib = 4.54 kg
Volume of mould, V = 944 cc

_anh
Now,E = v
B 25x 5 x 4.54x0.4572x9.81 _ T T .

B 944 x 10~ = .033]/m? = 2695.126 kJ/m
" Nnwh

Comparative energy per unit volume by Standard Proctor Test, E = —

Here, Number of blows per layer, N=25
No.oflayer,n =3

Height of mould, h = 12" = 0.305m
Wight of hammer,w = 5.51b=25Kkg

Volume of mould,V = 944 cc
N h 25x3x25x0.305%x981 :
nwh_25x3x25X339R 27 _ 59429 k]/m’

Now,E =——= 944x10-°
3 times energy per unit volume than Standard proctor test.

So, Modified proctor test imparts 4.5
can be used to determine the materials

ConePenetration Testisa versatile sounding method that !
in a soil profile and estimate their engineering properties. The test is also called the static
In the original version, a 60° cone

penetration test and no boreholes are necessary to performit.
e ground at a steady rate of about 20

with a base area of 10 cm? (1.55 in?) was pushed into th
istance to penetration (called the point resistance) was

mm/sec (=0.8 in/sec) and the resi

measured.
Question: Advantage of CPT over SPT. disadvantage of CPT. (BUET M. Sc —2014)

Solution:

Advantages of CPT over SPT test:
— Rapid and inexpensive

— Greater accuracy

—» Continuous soil profile

—-» Reduce cost over SPT

DESIGN INTEGRITY, Call: 01633905761
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Disadvanp, s:

~ Inability o s
- Pene
Lack of sampun; te through gravel and cobbles

: ,fgn:'l;:don of operator error
Special equipment and skilled operator
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