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al. What is an Isobar? What lsapressure bulb? s ¥ e : , _. Ta F e .' | l it

(Nov.-15, Set-2, Q5(b) | Nov.-15, Set-3; Q5(b) I Nov.-15, Set, Q5(b))

o

OR:

I

What is an Isobar?
Oct/Nov.15, Set-1, Qf (@
OR-

. Define stress isobar.

. Oct./Nov.-17, Set-1, Q1(d)

Answer :

A stress line below the ground surface whu:h cormects all the pomts at which the vemcal pressure is equal is called as an .
2 Stress Isobar. It is a curved surface, Whlch resembles hke a bulb, due to the vertical pressure at all the pomts below the oround
“surface in the horizontal plane. Hence it is also known as pressure bulb:

Q2 What are differences between Boussinesq's aqd_ \A_!estergaard theories?

Answer: . ¢ : SN (Model Paper-II, Q1(d) 1 Nov.-15, Set1, Qi(d))
Boussinesq’s Theory . o ; - Westergaard’s Theory
" 1.| InBoussinesq’s theory, the self weight of the soilis | 1.| In Weszergaard's theory, the soil is assumed to be
neglected and soil is assumed to be isotropic, - isotropic and homogeneous and self wei ight of the
homogeneous and semi-finite medium. - N | soil is not neglected.
2|1t is assumed that ‘iniﬁally the soil is unstressed. _ 2.| It is assumed that the soil is assumed to be placed
. 2 - o ' or reinforced horizontally. ' p

3. Stresses are symmctncally dlstnbutcd wnh rcspect 3. | Ttis assumed that deformation of the material is

to z-axis. , 5 1 . : prevented by membranes. _

4. Di Pference in volume due to the apphcatmn of loads 4.| The volume dlfferences due to loads are taken into ° ! .
on soil is ignored. . - | account. - ot i

£ : - : it
5.| Itis assumed that stress contmmty exists in the 5. | Horizontal sheets of negligible thickness are used f {1l

medium. - _ ‘ g to prevent the mass being subjected to lateral i ’, i

_ " movements of soil. - - & . ‘{ J i
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.’ (vi) * Itis assumed that initially' the soil is unstressed

3 @) Itis assumed that the sml consists of welghtléss and lmcarly elasnc material.

- QS. Dlscuss about lmportance of pressure bulb.’

.Answer -

Amswerss | - owoaxai e UGS ey Rl FE ,oi::.muv.ﬂs,s"eM.m(il}*

| Q7. What is the.use of New mark’s influence chart? \ .

INEEH"""' - —_—

Q3. List the assumptions of Bousslngsq s theory. _ mcdel paper -N. m(d} | OclJNov 16, Set2, Q1(g))
Answer : X - ; o B m R
The assumptions made in Boussinesq theory are as follows, =~~~ ol St ol (
() The self weight of the sml is neglected L edium.
_(ii) It is assumed that soil is homogeneous, elastic 1sotrop1c and seml-:n@_te m J | :
(iii)) ‘The so:LmEdlum obey’s Hooke's feaeh, 8o _ h, o e :
(iv) Difference in volumc due to the application of lnads onr the soﬂ is :gndred : ' % '-

(v) Iti 1s assumed that stress conlmuuy c)usts in the medlum e e

(vii) Stresses are symmetrically dlstnbuted with respcct to Z-axis.

Q4. _Wha‘tarethe assumptlons ofwestergaardstheor)‘? I < ) | '_ Made:baeenq,_d“q

£ ﬂnsWer :

.The assumptions made in Westcrgaard s theory are as follows,

(D) TItis assumed thal lhe soil i is isotropic and homogeneous

es of low thickness spaced closely
(iii)  The materials of soil is assumed to be placed or remforccd honzontall)' with. me‘mbmn o fad b :
; -toeachothcr _ SEE R e B e S e R

(iv) * Ttis assumed that deformation of the matcnal is prevented by the membrancs

JI: o Model Papar -, Cl1{rl} 1:
‘ Importance of pressu.re bulb in soil engmecnng, o
(a) Thesc are used to determine (he effect of load on vertical stresses at different points.

¥

(b) For a given systzm of load, a nurnber of isobars can be drawn of various mtensmes of ver’ucal pressu:e But on]y one 55
: " jsobar among them is responsible for the settlement of structure in the soil. - . e

Q6. What is the increase in Vertlcal stress ata pomt 5m belowa point load of 100 kN, usmg Boussmesqs Y
o RS T . 6" _ S o g

i

Gwen that
Distance (verncal) of point below that load z=5m
- Horizontal distance of point from the ]oa¢ re0
Intensity of load, P =100 kN ' 3

/

Vrt"l .urcc"spl'l r i B fpines | 3100.
ertical pressure, 0, = 5 o7 [T py b = _3x
1 2 | 1L |- 2%wES 1+[2] m
_3x4 '
T 2m,

1

1.910 KN/m?

1l

g,

Answer @ ) oI ™ di i e
. i : ov.<1 ; v AL
_ For answer refcr Unit-IV, Q33. : o E . 5, 3912 Q1(d) I Nov..15, Set3, af| )
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‘ . Nov-15, Set4, Qi(d)
~ For answer refer Umt-IV Q34 _ _

g,_'whenisNewmarksmﬂuencec S I . Y - sy R
:- westergaard’s theones hart applicable? What-are ghe differences between Boussinesq's ahd.

' Oct/Nov.-16, Set-3,Q1(d) -

Oct/Nov.7, Set-2, Q1 (d)

. Oct/Nov.-17, Set<, Q1(d)

wer &'

- For answer refer Umt v, Q31
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-~ equation,

' Cas_e (i)

-_
: Q13 ‘Using Boussinesq’s expressmn derive the' expression for vertica| stress a

— ; .
s WWW. Jntu kMQDEQFJ&LQ“?

R Essmr QUESTIONS W""" 50"

|oN
N

GMRDS
4 1 STRESSES INDUCED BY. APPLIED LOADS - Bouss::lﬁ:ﬂ E,,,-.- sHAPES ki Sk

THEORIES FOR POINT. LOADS AND AREA OF

: Q12 Write a short note on geostatic stresses.

Answer :
Geostatic Stresses - orizontal and the nature of sml '

e 3 2 T ound is I
The stresses, which are induced in sedimentary deposits where the Slu'ff“:"3 of gr soil mass are: generally caused

tresses in & al load and self
direction are termed as geostati¢ stresses. The srated due to.the both extem self
due to the applied external loads and self weight of the soil. The stress patteris gene!

ht. ; ' -
the self wclg i 3
welght Aare-very complex but i in Sedlmemary deposits a simple pattern of stress is induced. by

s in both honzontal and vertical planes
<

The soil deposit in which geostatic stresses are induced do not haye shear Stress

th and it is given by the '
above that dep _
The vertical | gcostanc stress at any depth is evaluated by consrdenng the Wclght of soil ; &
“Where, °

Gy, - vertical geostatic stress
Y - weight per unit volume of soil
Z - depth under conmderanon

The unit weight of soil should be constant throughout the depth A ]mear variation of geostatlc stress is observed wnh

‘respéct-to the depth of soil layer. The fol!owmg are the two cases of calculatmg geostatic stress dependlng upon the conditmns. :

along the depth of sml layer. e
Case (l) ] = = : .

f

If the weight of soil changes along the depth,

If the sml is ava:lable in different strata and the unit welghts of cach strata is different

Cp= 712 +YZZ +Y3Z *.

=Ty AZ 1y SR L P

t depth ‘Z’ under the center

f radlus r Ioaded uniform| with a Ioad
of cm:ular area o _ | y of the 1 Mass of sail.

q at the surface

0 L : g e T i M
OR sl | s ) | odel Paper—l QS(a} |
the stress intensi 3
Derwe an equation for determlnlng ty at a given o :
uniformly loaded circuilar area. ‘: . the axis of Ioadmg due to the g
} OR . L EE Nov.-is_;sa-é, as@)

* Derive an expression of vertical stress for normal load ayer a circular area

‘ " Look for.the SIA' GROU.P'_LOGQ Qﬁ °"' the T\ - :

IT
LE COVER before you buy' e
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wer i 4 ’ 2 ' ! I ]
wn below, ; o3
1

The yertical stresses under a circular area is sho

"

Figare: Uniformly Distributed Circular Load _

* Consider a circular area (dA) of radius ‘r’ loaded uniformly with a load '’ at the surface mass of the soil as shown in
figure. If the area of cross—section (dA) is divided into small elemental areas, then the point load on each small area is given by
gdd'. Therefore, the vertical stress ‘P’ ata depth ‘z’ on vertical axis o '

f1he cross—section is given by,
£ . 3 ¥ '
' Bgdd et :
= —— 2 " . : . -
. 653 . 2n [!‘1 +22_T o e ! . :
Integrating the above equation to get the vertical stress due to entire load,
i ; - )
i 3q 2_3 dA
c,= — {2 1
o 2n. 0[:-2 +22]s
‘A R R '
R 3q t2eudr) 3 35 rdr -
' 7 =3qz0 )T, - .62
" 2 0 [:'2 + 2315_ 0 [rz +12Y.- ' S . ‘
Substitute 12 + z2 = m?, Therefore, rdr = mdm.

Applying limits from r=0tom=zand '

r=Rtom=(R*+ %)

. _3I 3 (R+2" mdm -
0,=3q2 | -

i : LHZ]S”' [ rdr.=mdm]

- jqu jw:“‘? M mdm

z mS

' _ RE+Z?)'.” -
g B 3qz3r d_n;_
.- . m

Iv[..i-p] ‘x! +:! )1r!
=3q23[-4+ll
(R'l_'_:l]h’.‘
=3¢z [L]
3. m’ 5
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4.6 \ TN AL ENGIMEERING:! LINTU-KAKINADA)

32 T . 2
=g —————-—| L 1 I 1
4 |:(R2_|_zz)3><m‘r zJ] =—qz* % g T . =1 =g 1__Rz_..._
z
Helncc‘ a'z :qIf o . f ) i . f

3;‘2-;
Where; /; — Boussinesq inﬂ-uence factor for uniformly distributed circular load = | 1— ———zl '
- ' ! [._Riz_-l- l]

i : z

r

The influence factor 1;can be written in terms of § suspended at the ﬁoinl ‘p’ with the external p»int load.

01_4. Derive an expressign for uniform load on rectangular area based on Boussinesq’s Theory.

Answer : -
' Model Paper-Iil, Q5(a)
A rect : o . ; = i .
al. ke unifoan?ulcz;‘r shaped foundation is shown in figure. Consider a small elemental area of rectangular section of size db x
& Hoy ‘smb“‘f’d load acting over the elemental area can be assumed as concentrated load acting at the centre. -
. 10 5 k -

&

-
£

g Fig o &
Figure: Vertical Stress at the Carner of a Uniformly Loaded Rectangular Area

- Where, . _ '
Q=qd4" ¥ R | : e | 3 (1)
O=gxlb | v |
dQ =qdlxdb" | R S T >
Due to the load (dQ) on the small e]erne,nta.l area, vertical stress o_ is given by,
= o2 412 o : ‘ ' . )

The dimensions of the elemental section (dl. db, ) are expressed in terms of angles a,B. Equation 3 is then integrated
between the limits o, 1o obtain the total siress over the entire area.

Look for the SIA GROUP LOGO Q‘fé on the TITLE COVER before you buy
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5‘]“] B“jPI g o a=q' B=p! 1 3,3 I
= © 22 .
- % = u‘[,, "u'[o E[(z’ +r2)5"5 ]dQ

The solution of the above equation is given as
]

-4 i 2
A 2mmym* +n+1 2. 2 3
X[rn +n +2] _1{ 2mnym® +nt+1 ﬂ

5,:41[ 220,22
miEnt4mnt 11 | 'mEent 4]
i - _ m*+n®—m'n +l
s . b I
Where,m= — ,n=—_
P
g =1 ' .
: g e (4)

here, I- dm{ensmnless factor

The total vertical stress below the uniformly loaded
cectangular area at a depth of ‘2’ from the surface is given by,

o — Al 7 9 e (8)

“Thetotal vertical stress outside the umform]y dlstnbuted
rec[anol.ﬂar area ata depth ' is given by, -

. ©. —q[I —I-I+4]

‘Where, L.L,L,1, are the influence values for smaller.
reclanoular areas cutout from the large rectangular area.

Q15. Explam how the vertical pressure determmed
"due to strlp Ioad? _

Answer : Oct./Nov.-17, Set-1, Q5(a)

Expression for Vertical Pressure Under Strip Load

4.7 '

el al
of the Mfihi e'stnp whxch is

mtensuy of q per unit

Let ‘B’ be the: widt
uniformly loaded on the strip with an

 Let us findcout the vertical pressure ata pomt
is at a depth ‘z’ on the vertical

elementary strip of wxd:h ‘dx’ is ngen as gxdx.

Due to the load of elementary lme, the verncal pressure

at point ‘p is. glven by,

2q.dx) 1
"'k (q.4%)

Subsntute lh.lS in equatxon (1),

g
2_qX2J' zxsec’ B
l+tan B

oy :
4q sec” B
-o[(l+tan B)? 7P

4q% '
o= J cos* Bdp

. '.4qy[l+cosﬁ}i"
Tt 2 o

0

g o+
4
= 2—i£(l AB + cosP.dp)

area. =
I ‘p’ which
axis passing through the centre °

of the-strip.
% Cons&der width of strtp load as g’ ata distance ‘x’ from '
the centre. 3 .

: The load mtensny of the elementary line along the

Nl i

* The total vert:cal pressure due to the entire strip load is -

glvenby,
Eq . .
I o
: AP B2 :
(zJ
o Let, s '
: g '
E=tanB.
& P zseczﬁdB
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02
= o)+ sinp],

490 o A - ' : : :
. U:-— -— R i . ‘ 5 ' : i
- z 2R[2+$1n2] . . . {1 - ...

‘ '_ ‘ ig_[9+si|19]

P 2TE 2
o 4q v .
c e (6+sinB) _ o | Aoy

’ U,='i(9+sin9)
o T .o 3

This is the vertical pressure: under strip load.

We!

stergaard’s theory.
i - : edon ' A m
Q16. Derive an expression for uniform load on rectangular are Raz pe
Answm- : : e ' ’ . ‘ ' " ! i .
: : ; th infinj
_ - al shcels of negligible thickness, Wit te
s of horizont below the corner of cross-sectional areg

Westergard made the assumptions Lhat the so:l mass consrst
P d vertical stresses

strain rigidity which does/not allow the occurence of]'neral stram an
of umformly loaded rectangular section. ;

~ The vertical stress o obtained by Westergaard is:given by, | , . _ = A :
v g 1-2 ] [1-2] 1 7 | e A
o*,=—q—cot'l i -l—+—++ Y % - o ' o =
z 2 2-2y mz nz 2 2vl]-m RZ . . oo e ._ ) -
. Ify=0, (V——:— poissoﬁ’s ratio), we get. : o ' -

O % NG
) q _[rl 1 1 4 I ' -
0,= ——| cot = = | == .

C.2n 2 m? n® )-\2) m"n* o

Q17. A concentrated load of 22.5 kN acts on the surface of a homo ; — . ,
the stress intensity at a depth of 15 meters, .Qeneous soil mass of large extent. Find

(i) Directly under the load and.
(|i) At a horizontal distance of 7.5 meters Use BOI.ISsmesq s equatio
ns.
Answer H )

Given that, i | _ . |
Concentrated load, @ = 22.5 kN i

Depth, Z=15m ' : \' L oma o B .

Scanned by CamScanner




e (i) ; '
o pirectly under the load,

r=0

Y -o

Z=15m, - Q=225kN.

. Bylsubstituting the above values in equation (1) we gfI:t.‘,

: .3
B

e

, Yeyyg g )
E X

_ ie 3o
'. = 3 - —3-
15° - 2n(1+0)2
=0.1x04775
~=0.004775 KN/m?
s 2 =47.75 N/m?
case (i) . ' e
At a horizontal distance of 7.5 meters.
' T =175 T el
z=15m"

_Q_X

: RS
-5 %

ETARe )
l+-—'—]- ,
2]

o ollxl" 04775 .-

= 5 o
(1+0.25)2
| =0.1x0.2733
g ¢ . =0.02733 .
=733 %107 kN/m? _
' ’T _—— p i £Pis 100 kN and thatof -
+ Q18, p and Qacton the ground surface gm apart. The m:.ngmtud_e o N anc |
2::33 i::llcl,ia:us-nt Aisata depth of 6 m directly below P and point B is atadepthof 5m directly below
'Q. Point C'.ls petween P and Q and it is at a distance ‘of 4m from P. PointClies ata depth of 3m below
the ground surface Calculate the increase in vertical stresses at A, B and C due to the point loads. -
SPECTRUM m.l.-m-oﬁa JOURNAL FOR ENGINEERING STUDENTS — _——SIA GROUP @
3 ___._,-____.._____.—— — -r._.__..,_____,____,.‘__
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Answer:  WWW.J

“Given lhat;

- Spacing between loads = 8 m
Load acting at P= 100kN , - *

Load acting at 0 = 80 KN

lncre_eise in Vertical-.slrescs,' |
‘ ) 3 & ' A 11] .
2 BP’[H'&&)?]“*' BQ"[T?(%F]’ |
@ . Increase in vertlcal stress at a depth of 6 m be!ow 100 RN dond
| -'leenthat g :
; - L ;
'.P J00KN, 9= BOKN, r,=0, r-8mand zZ= 6m |
_ 3x100 o ]’“-140916*”“l :
% 2m x 6’ [l+(0!6) r 27c><6’ [1+(8»’6) : _‘
' (ii__)__ Increase in verucal stress ata depth of 6mbelow SOkNload : : '.
vaenihat, § Ve i o SN | .
. PLIOOkN Q SOkN _r;l.=.'(-), o —Omand z Sm P ” .
_ s i ]’--lgggkam* g Bt
. 2nx53[1+(815)“]m 2:t><5z l+(0!5) (- bl o o .
(Iiiil) increase in vertlcal stress ata depth of 3 m below thc mldpomt of the leads ; _
Gwenthat ’ k '  R th 5 oy g
—IOOkN Q SOkN .r1=4,' 4mand Z 3m | i : '
4= g}:}cosq[u(m) f z"’;f%[wéa)f 0?43““’2 = o ; 
-1601&&1' o 80N .10_0k_N et =g s_o_kN - 'so'klN._
pl JLc;z Pl . lQ k. e B '_J‘Q
: o fe— —8m—> . }‘ : i '_‘r‘} ' }4_4m_—_—"__4-m,__>| :
6m i 3m
o, ,. c_r; o,
) J -.LgL :
A , Shn

Figure: Vertical Stresses Due to cnncnnt;etéd Loads |
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4.1 ¥ ;

i A‘?',Teg-legged tower form
o triangle of side 4m in
the tower is 450 kN and is equall ied by
‘ _ ally carri
he legs, compute the vertical stress [i‘:::r'::ya:::
caused in the soil by the tower at 3 depth of 4m
directly below one.of the legs and also at the
same depth belqw the centroid of the triangle

wer 3 = . Oct/Nov.-16, Set4, Qs(b)
Given that, e :
Depth of vertical stress=4m : :

‘Total weight of the tower = 450 kN A

Load on each leg, 0 = 450/3 =150 kN
: a2 '

=450 KN)

1 fe——4m —>|3
lf'igu,rq: Plan nf_a Thl’lee-leg‘ged .T'uﬁu'er o |

Increase in vertical stress below one of the le gs' Ed

. 30 '_.['3Q[.1_ s2]

%= 207 P2 2n [1+(n’z)’} ]

i 3lsh 3><1"50{ B W
2mx4 T 2nx 4’ |1+ (4/4)') |

~ 7 =6.06 kN/m?

Incréase.in vertical stress below centroid of triangle,
= %__(length of median of triangle)

()

o " ag - irdg __I__H -
%~ 2t +2['.21|:zfz{l+(i'fz)f

3x150 , 5[3x150.[_ 1 i |
2
= 8.840 KN/m? '

020, Aconcentrate load of 300 kN acts on the surface
of a homogeneous soil mass of large extent.
F_ind the stress intensity ata dgpth of2m,’

" (i) Ditectly under theload -
(i) At a horizontal distance of 3.0 m away
" from the point of application of load. Use
3 Boussinesqs'equation. -t
' : _'AprIIMay-ﬂ. Set2,Q5

ms an equilatéral
plan. If the tota) weight of .

Answer : .

oo

| get,

(i)

5

s Z=2m .

=19
=19 % 103 KN/m? - :

Load, 0= 300kN -
' DepthyZ=2m

From the Boussinesq’s equation theory,

i),

Diréctly Under the Load

Directly u_r)dér the load, »
T _

Dz =0

- 7=2m,0=300kN
By substituting the above

o300 .3
N
2n(1+0)2

i Z=35.810 N/,

=0

values in equation (1), we

~35810 N/m2, . - .

At\a Horizontal _Distﬁn ce

Ata horizontal distance 3

r=3

=T5x —— 5

. 0, =19N/m’

mts

1

1+225)2

1l
v, .
n 5

WECTRUM ALL-IN-ONE JOURNAL FOR ENGINEERING STUDENTS
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GEOTECHNIC i3 requi’®

' 021 Acircular area on the surface of an elastic mass |

of great extent carries a uniformly distributed
1oad of 120 kN/m2. The radius of the circle is 3
m. Compute the Intensity of vertical pressure at
* point 5 metres beneath the centre of the circle
using boussinesq’s method. '

Answer :
‘Given tﬁat
- Radius of circle, r = 3
Umformly dlstnbuted load=¢q = 120 kN/ mz
. - Z=5m
o Ac.:cording to Bnﬁssinesq’s eﬁuation, .
_ _|.

(-

a
n
L]

. oo=120|1-

e e
- 13—
. i ‘(. 25 -

_ 5 [
v 1=
=120 Y

.- 1257 |-

12011~

=120 (1 - 0.630)
=120 x 0.369

NOIE

oz & o -Bysube_éﬁmﬁngme-vahmofr,zandq'in.e'qualion(l),we-

(i) -

-0, = 4433 KN/m’

a :
4 circy . dePthedfd tributed load on thy

o

(iii)

e th |
a diametar of1g |
m below the groyp,

sﬂm 2. Assuming that g, :
“Tre . o 325 KNI™ - o pth and is isotrop,

rea :
f.,undatl" S ds toad o rmine the stresses 5
ubsoneogeneou ]
m

N ia =sm '

b fadia| -distance from the

.z is the depth below the
~Z1 ctthe effect of the depth_

: O the stresses.-

Set—3 ‘Qs(b) | Model Paper ll Qs(b}} s

'Dcl'Jth 2m .

Dlsmbuted load (9) =
Diameter_ 16

RadmsRD —T Vo n

325 KN/m?

=8m

Whenz 8!11,1‘ 0. ) _
; -I—=9=0
RO 8

(From ﬁgure Inﬂuence dlagram for vemcal
: norma} stress)

;'3_-§=
Ry 8
0.7

.o =I.xq '
—07X325 2275kN/m2

Whenz=8m r= 8 m

=1.0

coo|o

s
33 {From ﬁgurc Inﬂucnce dlagram for
. vemca] normal sﬁess)

0:.=fz><q
L =033%325
= 107725 KN/m2 ,
Whenz=16m,r=0 - . . = ‘. '

sl il i

R U
o

| =0.3 (From ﬁgur influence diagram for vertical

'normal strcss)
} Uz = fz xXq :

=Q7 c1avs a
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C )

o,=1,%q Answer : ApriliMay-13, Se‘f’ as’
B 0; . q | ' Given that, I
- 2
/’_-_— 65.0 kN/m? Line load, 0 = 90 kn/m
3, (i) Along stripfootmg of width2m transmits a’ o ;
o2 Depth, (2)=1.5m.
pressure of 200 kPa to the underlying soil. R ini ; .
i Using 2: 1 dispersion method, compute @  Intensity of vertical stress at point 1.5 and distance will -
the approximate value of the vertical stress™ | - Boira: * & o '
. ata depth of Sm below the footing. z_m_." "_
(ii) A line load of 100 kN/m run extends toa gty R
- long distance. Determine the intensity of ' So .
vertical stress at a point 2 m below the o
~ surface ata distance of 2 m perpendicular 20 ‘
tothe Ime load. Use Boussmesq s theory. 0= 27 .
' M,swer o ' Oct/Nov.-16, Set-1,Q5(b) | - 2;90
g Givendata, . - N, - 'nxl,S'
Wldlh of footmg, B=2m" 3 sz i 33 197 km /m
- Pressure, g.= 200 kPa (iij Vertical.stress at giismncé 1 m perpendicular to.line, -
Depth below the foolmg, Z=5m : 20 - 1
Using 2:1 dispersion method, the approximate value of , 9z 7z’ 14V 2
(e vertical stress is given as, . ' . [1 +(§] _ |
o, E ol \ _ ssuming unit | ] . :
gt of ooting] A | | TR
of footin = ’ , _
n31 g HIJT.)(I.S A _ll 21 :
_200x(2%1)  AEY +l— 11|
TTE+H)*1 e L5)1 ¢
Cie LIRS O yudgern =18:30 km/m '
Gwen Ihal \ : . . TR
G ; Q25. Arigid footing of 3 m diameter carries a column
Line load, = 100 KN/m load of.1500 kN at foundation level. Compute
Depth @=2m .theincrease in stress due to the columnload at
| - aradial distance of 5 m and vertical downward
: hltCﬂSIW of vertical stress a‘ad'sm“cezm perpend'c" ar from foundation level of 2 m.
' toline, - . < e g . : =
20 0 1 Answer :° ' May/June-14, Set-2, Q5(b)
o = x 2 ! ; . . ;
== nZ [1 +[%]1] § i Given that,
_ 2x100 1 . Diameter of column =3 m
X 2 [l + 2.)‘] Y, *
g _ 2 Column load = 1500 kN
= lﬂnﬂ >‘.'le | Radial distance = 5 m’
.o, . =796kN/m Depth, Z=2m
d=2m 5 .

T .4 :Stress Dlstrlbutuon |n Soils -

- 413

f”u Sty “WWW Jn tu mamrrm?ﬁ“’tmmsoﬁz::::; ‘

£
R, '8 R,

[ 0.2 (FrOm figure mﬂuence dlagram for vemcal
normal stress)

stress ata point 1.5 m below the surface,
(i) Directly under the line load and .

(i) Atadistance’tm perpendicular to the line.
. Use boussinesq’s theory.

WECTRUM ALL-IN-ONE JOURNAL FOR ENGINEERING STUDENTS
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4.14

According to Boussineq's equation,

.=1500]1-

=1500 1_.___1____

=1500] 1 -——

=1500|1-

1
(?.25)3“]
= 1500 (1-0.051)

. oEUBNm,

Q26. Write a short note on westergaard’s analysis. -

r 2

Answer : ' 0ctJNov.-1 7, su—z, Qs(a}

For answer refer Unit-IV,’ Q2 Topic: Westergaard s’

Theory.

‘4.2 NEWMARK’S INFLUENCE CHART - 2:1°
SUASTRESSDISTRIBUTIONIMETHOD;

Q27. Mention tﬁe different pressure isobars based on
either Boussinesq or Westergaard’s equation
and also provide their sketches. -

Answer : Model Paper-Iv, Q5(a)
The different pressure isobars for square, rectangular

, and circular footings used to determine the vertical pressure
(0.) based on, Boussinesq's or Westergaard’s equation are as

follows, t
Y

www.Jntuk Mz

0.05

on the TITLE COVE .
. You buy

0fq=
at B ISR — 18
tpt———" " _
. (b) Cilrculay'fﬂolin.gs :
: Bi2=b ' Bi2=b .
- Square Connnumfs
= //LM L{/j’{ - 18
AONCSES J
K [Nere \ -
-3 - / .
4h g - . . : :
W 4B
Shi— | . / 1
l‘ D / : s
~1 68
s
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. wggterga:d Isobars for,

) ® Square and conlmuous Footmgs

w-b M-—b
squa“ ] Continuous
! .2k b \i\i 12 ad 2
0.8 )
» 1 —0 7} b= B2 ='Half widlhl
? . B =Widih of
\0.5 04 \ fooling

/| /

- qu=0V '
-mBoussinesq’s formula for point loads.

'_ -mwer $ 0 Lan . _ '_ Modei'Paperl Q5(b)

~ Boussinesq made the following assumpnons for point

s,

i '(,} Tne soil mass possess the propemcs such as elasticity,

lsotl'ﬁplc homogeneous and semi- mﬁmto

0) - The point load acts on the surface of soil mass.

() Soilis wewhtless

The vcmcal stress ‘c,” at point ‘P’ is oblamed based on
tthoussmesq s formuila as,

L]

- 2 .
Z_. 22 ) _.' J ¢

" Where,
r — Horizontal distance between the point load

‘P’ below the surface and vertical axis
‘through the poml load Q.

. z — Vertical dlstance from the surfdce to the
_point load P.

4.15

r P
The various values of [, and ~are obtained from the
: z - 3 .

below figure as shown.-

c I-«-——r—-—'vt

Fthure Vertical Pressure below the Earth Surface

Q29. Derive Westergaard’s formula for Point loads.

Answer ;. S "Model Paper-il QS{a)

According to the assumptions of Westergaard, the clastic
soil mass is laterally reinforced by number of closely spaced,
horizontal sheets of negligible thickness of infinite rigidity

" which allows only vertical movement and provems the mass

being subjected to lateral movements of soil grains. 5
: The Westergaad’s formula for the vertical stress 6, for
surface point load Q is given by,

. |a-2n)-
e V@-2u)

G.= .
2“??[ - |
| J -2+ (7 2)

Wherc, p= Polsson s ratio,

bl

_If p is COnSldEl'ed to be ‘{}‘ for pracucal purpose then,

2(112 XETE

f

K
22

X
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arks’ lnlluence Chart:

In the determination of the vertical stress, Newmark’s

Chart is the accurate method. It comprises of radiating

P ond number of circles are made 50, that the effect of each

|l"=s .3 at the centre of the concentric circles is similar, that

vertical Stress caused by each umt area is cqual z;t the
P°tm of the chart. -

A circle of radius 'R is dwlded into 20 sections. If g,
! vertical piessdurc ata herght 2’ below the centre ofarea,
” mtenslf}’ of loading is ‘w” then the pressure exerted at each

r‘“ 2 0L1"’1 which is equal to —Z at the Centrc

“"_-n-‘.“
F .

u|=\

32

AR s
+| — !
f(z

. Where,
' 372

i ¥ e 1__
Influence value = i 20

By fixing the value of 1),. as any arbitrary value for

! exarnplc 0.005, then,

e . . 417
tion_(2)

We get,
- 327
L2 Py - —t =0.005 w
| |
| \5/) ]
[ e ) ]m_”,
- .
LhAd—t {005
-_ 1+ =L '
112 I
1- 25 005
0.05 25+R. =0.
- 0.05|1 {2s+x ),,;H =0,005
'. 1
. : e
(25 + R} P? 125ﬁ 50 (25+ R} )M

25+ R, JM- —(25+ R’)3ﬂ+ 125

-(25 + R )3"’2 - -—-(25 + REY2=125

. 1 .
+ RpIY2 {1-—1} =125

@5+ RE ) {0.90) =125

Rl =2682-25
Rf ~1.82
. ) =135cm

0 Therefore if a circle with radius R, = 1.35 cm is drawn
and is separated into 20 equal parts, each havmg 0.005 w-
intensity of pressure at a height of 5 cm.

Let us assume ‘R, as radius of second concentric circle.

* | The twenty radial lmcsarccxtendedbywhmhihcmwnhm
; twoconcenmccuclesnsnglmscpamedmzoeqmlpuh.h

this, L, L mlmz:soneawhpan.mlctothtseq\nlpmu,the
mtcnslty of vertical pressure will be 0.005 w. Hence i total
pressure due to equal parts OLm,and L, L, m, m, at bqll

Z= ScmbclowtheecmreBZ ><0005w

- Thevmucalpmeatdepthzduc to OL, M is gwenby.

2 . "2‘|
_ | | .
) l ¥ l-{———} [=2x0005 ..
. 5‘% gt 5 =t |=0.005w ) 20 1 &Y :_<0.00 )
I : H(El) +_ -
SIA GROUP {55
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ence Char_t‘

CH arks Influ .
: Figure: Newmar L e
Explain the use of New_mar.k s '“ﬂl-len'cg prac :
Q33. veftical stress estim atl_o_n-m case of.irre gulany
"Joaded areas. - :
P ; : G [ :wel‘: * - 5
- I)F Q.OOS | Al Newmark’s influence chart is used to_evaluate 5
o ' vertical stresses for uniformly loaded area of any shape,
: ') o4 g e I 'léxplanation.qf the use of Nemﬂfk’s.lqﬂuencg Chﬁrlis
(_25 + RyY2_ o5 o Eﬂﬂ(zs.a,‘ Ryn. - | as follows. g m o ; ‘
., : 0.05 - 2, (1) A point ‘O’ below any uniformly loaded arey A

: ) _ . considered, on which vertical stress is to be determingg
@5+ g2y2 - 1 Srearst ¢ |Gy Ona trace paper, the plan of the uniformly loaded o,
= W 2 4 5 (2 + &3 )y.z * 1_25 o'y B .,Ql) 'is traced with a suitable sc'c_llc. Such tha.t_.th_e length ;
; IR N, ) LT eqﬁal to the depth of the pom_t ‘0. - g . ¢ S
DRI A W R example, if depth (d) is of 5.m, then the scale t
25+ R2y2 _ _;_(25 Y RIYRS 135 - (iii) For.example, if depth (d), ale take

to draw the plan must be 1 cm = Im (if the line Op.
% Jie 0 . - |- " -5m) where OP is the ve_nicai line d;_awu_to Teprese
. AR - 11 .. i depth (d). A = .
Lo, @S+ RyYR- l"'s' =125 = . " | (iv) The traced plan is then kept on Newmark’s influen
Y, T e L : . chart suchrthat the point ‘O’ should coincide with ¢
: - |- centre of the circles. e gt 5
LS+ R ')3!2—{0,30} —135- - - | ® _Theverticalstréss (o) ata depth (d) at the spec'iﬁed_ini
S T T & ey - ‘O’is given by, - k ' - s
R} =29 25 e S et Y e =I¥axg :
sl PV Bt : - Where, /] - Influence coefficient

" n —Number of small area units covefedbyt
q — Load Intensity. ' '

R2=2cm_ .

Therefore, the circles from 3 to 9 is calculated based on |~ - -
the above procedure. The radius of 10th circle is given by the |
equation, ' o ' :

3;2"‘I
w- ‘l -

AnlETY o a2
20 " ﬁa
L : z -

" Theréfore, from the above equation R,, = infirnity.

w

20

: '=10x0.005w= w

*———-é—__ii_gl'i': Newmarks Influence lfha'n
=1A ~ZDPBMNIIP |1 nrn /”R STy - a
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. 4.19

-

write 3 note on 2:1 stress distribution method
' | Oct/Nov.-16, Set-2, qé{a) | Oct/Nov.-16, Set4, Q5(a) -
wel‘ ¢ . ; : 5
g

The 2 1 St['css dlsmbutlon me[hod assu I . . tion .
angle of 2(vertical) to 1 (honzontal) fl‘OI:] fli that the stress::s are umfonnly distributed over lhe areas below the found.a i

a”“ | stress (G, ) at any d epth @i, e e loaded edgc points as shown in ﬁgure bclow This rnethod gives an average

rica’
A (b‘+,z) (1)
lue of ; | i
The va e max1mum S"css S, is dlffcrem form the average stréss o, below the loaded area at same depth.

[ ]max =1.6at [ 5 ] 0~S where b= halfw1dth

it " S .
s TR , e i b~ > T
Q M
Y YYYY VY YVY Y o
] i 1\
| B : . e 142 z
|y o
e r Y ¥ Y VY v Yy ¥
b« ' : rm; : : al

~+ Figure: Oy 21 Method

035 A ring foundation of 10 m external diameter'and 9 m internal diameter carries a umformly distributed -
load of 150 kPa. Determine the vertical stress due to the load at a depth of 6m below the: centre of the
foundatlon ; : A . s

| Answer U A Vod SRR R LA e Y k. ' _OctJNov.-1e,sei-2]os{b} :
E Gwcn that, . ' ' ' ' y
. Outer dlamtcr of rmg 10m
Il_:me_r dlam_ter of ring =9 m
. -.ig“In.tensity of loading = iSO kPa’
z—Depthofvemcal stress—6m 5 ML o el o

"30 .
Outer radius of rmg =5 =5m

a,= Iruie_r radius of ring = 5.
C=4sm. |

The vertical stress,

f#?q[ {1+(afz) l [ 1+(¢“’Z) ﬂ

| '=150[1"'{1+(5/6)” 150[ {T+_@§/6_)}%]
'\____ "150[1—-0454] 150[1-0512]—-3-71(N;m2, :

"‘ﬂmnau-m-oﬂnouanal.ron ENGINEERINGSTUDENTS — . S|A GROUP @ﬁ
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RING| INTU- KAK!NADA

datio

belo
- dlameter Is 12 m. Determine the vertical pressure dlrectly

at depths of 4 m. and 6 m. _ ; o
Answer t e X L A DTy
Given that, '. . .
. The mtenstty of loadmg on the foundation = 200 kPa

The outer dlamcter of the ring foundation = 16 m

‘ The intemal diameter of the ring foundation = 12 m : i 8
Case (i) : ' .
(At ﬂepth, =4m) -
" Quter dlameter of the ng T g - .
D,=16m ' ~
LD 6

5,=091q

 D,=12m .

sity of Ioadi
3 g (N
i a2 mn and the jn¢ tem, n
oun the f 3y
the I‘oundatlon Is 200 kPa. The outer diameter Of th" "ng : w the Ge""“ of the °"“datl .

Lok for the SIA GROUP LOGO /1K mm o oo m
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1.4 Stress Distribution in sq;

kY

Na] .- : ; +(1.57 1" ' : o,=q |~ 7R kR A
on . e 5 . L[ ( ):I ) , - . 1+(1) (2) _
Al 3 T o - =q[1-0353]
| 325y ] ' = 0.646 g ‘
TR ’ * The vertical pressure is, .
= q 1__ ; 3
B 5.859] 0,=0.78 ¢—0.646 g
.0,=082¢ [ . =0.134¢ |
The Vé_rticél Pressure is, . S h -+ =0.134x200 ‘ )
' 0=0919-0824" ~ L =2680KNMm?
Yo =0094 . Y - | Q37. A reinforced concrete water tank of size 6_ m
L T I - . %6 m and resting on ground surface carries
- 7009%x200 UG S ' a uniformly distributed load of 200 kN/m*.
18 KN . ! Estimate the maximum vertical pressure at a
S " | depthof12m vertically below the centre of the
Case (i) . . i L I ba;’e. Use equivalent point load me_thod‘.-
.(Mnigpth_ Z,=6m) ’ ' s o _ f Mbwer L
e P T Given that,
— =133 W R il - _
2276 ' . | .+ w=Uniformly distributed load
i 1 . . " =200kN/m? . -
- Sl : ' Depth=12m
for 2=1333, == |1-— 1 - AR T I -
& vl e g | 9P| ; ~Divi ding the loaded area into four equal squares
[H[_’l] ] e 3 SN of 6 m size. ; -
- Lok ; 4 |7 'Theload from each small square may be taken to act
5 o : - | -through its centre. £
% 2B s : " T
. G:=q I_T*;F , ; ; ‘Q*200>_(|2—2400 -
L |:+( : h] :I 1| 3m ! 3m
T e - SNl Y-l o R
i _ | ek , » Yo ..“1 :
=q[1-0216] . - . - : =t =iy IO -
) o - % . " E \~\Df"’ ! “‘\C o"' I
6=078q . . SRELY N -GN
% . . . ~ P i
By Mt T
-i = -§_ = l B I - = T 3
s . % .6 o B ' N s :
k. " — - i L ! . . Figure: Loaded Area
_ ) - The radial distance r to 0 for each of the loads are,
B¢ it ) .5, 5§y : L =433 = = =
l A For .i =1, then k57T I__'_—l__:_‘TZ _ -3 e 3 +'3. ) 9+' JI—S 31!5
s i Z, q ) . 27T s bre ) ‘
| i) f I.}.["’;] ‘ . ‘-‘:.: 3~5' ='-_-]_' ‘ R - .
! o o ' 26 20
' "PETRUM ALL-IN-ONE JOURNAL FOR ENGINEERING STUDENTS -——— - S|A GROUP Q3
Ve ¢ ATEEY W . 2 At D ,n‘_“' = i W LY B Fu 11 40 e - )
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4.22

. imes th
By symmetry, the stress @, at 0 to 12 m depth is four DS

BG/an)

o, 4%2400

oo praf]

S =266.67 x- L47)
27

=46.154 kKN/m>
56 -

Q38. AnAnnular circular raft has outer and inner diame

- Given that,

Outer diameter D, =24 m,
L o4
Quter radius, R,= 7 =12m

It‘me_r diameter D, = 18 i-n, -

_ Innerradius, R, = B =9m
Depth, Z,=2m -
?22-‘—-'1_1'}1 i &

Load Intensity, ¢ = 250 kN/m?

We know that,

C,=9q 32

f

on the raft is 250 kpa, estimate the increase in vert!
surface and “xactly below the centre of the raft.

Answer :

es ecti
mr Pm and

ely. If the load inteng
4 m from the grounﬂ.’d

" Look for the SIA GROUP LOGO Q}on‘the TITLE COVER pors

o

. \
m s Lo v N
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T 4 'S1ress Histbution g Soils

D hZ, - 4.23
For cp! Wmat.efm
o,=2s0—e L
1 ’ 2“—3;,‘.7--——-—--.:______-_1_"_2_’
(2] ke ]
2 r I--2...
0, =250| —' 1 - .
. _(21.25.)332 (3?)3& ' ~< . '
©4=250[0.0102- 00044 ,
G. - ‘750 [0 0058 ; o L%, . ! ' ’ ]
‘ C. -145 m;mz " on ;L - . i
Fordepch 4m 5, ) T : w i m i ' T

- 2_1_
]JI (?_)_l o g e
Li A J o SN
l 6.0 3;2] . | .- ___' el
o, ~884k.~dm-

Thcrcfore the depth of 2 m is 1 45 kam- and at depth of 4 m s 8. 84 kN/m?

, Q.39 Bnefly explam the procedure io ﬁr‘t, vertical stresses caused by a ﬂexlble hexagonal shaped foundation
with all sides 3 m long carrying a uniform load of 500 kPa at depths of 1.5, 3 and 4.5 m beneath a corner
of the foundation by usmg Newmark'q influence chart :

,lnswer % av o1, ; _ o e s - ' P | i Miany-un.e-u. Set-1, Q5(b) -
" “Given that, ' Pt ' '
© Uniform load, }:} = 500 kPa ¥
Foundation sidés =3 m. ' w3 POER S L % %
Depths—15345m B I ' | ‘
At depth L3, o
' Foundation plan is drawn or: the newmarks mﬂ.lence chart at the dlstance ofi1 S
Numbv..r of area unit occup:ed by plan i is, n = 313 o o - _ )
S Vertigal sncss (o, )“' I%nx i wi g d i _ P : ' . i
| 00015 x313% 500 ,o ‘
=235 kN/m? 3 A _ | ‘ ;
AtdeplhIBm. , ) ) ; a L E
| Foundation plan is drawn at a distance of 3 m :
_ Number of area unit occupied by plan is, n= 174 ) st _
~—
: !PRTRUH ALL-IN-ONE ]DURH_HL FOR EHGIHEERIHG STUDENTS. : : : e SIA G_ROUP @ )
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\’cmcalsWWWu a erlals Com )

©=0.003x 174 x 500 | | BN
=261 kN/m? e 3 :

Atdepth 4,5 m,

a 4.5m,
Foundation plan is drawn on new marks mﬂuence chart ata dlstaﬂce Of

Numbcr of area unit occupied by plan is, n =171
% Yumcal stress (6,) =Ixnxgq :

=10.0045x71x 500

=159.75 KN/m? : : o point load approximation wjg

Q40. Araftofthesizedmx4m carries a uniform load of 180 kN/m?. Us::g nthe 50" which is 4 m below
four equivalent point loads. Calculate the stress incrementataP o _
 gentre.of the loaded area, - ' . : = .. Model Paper-lv. QS{bl

Answer ' - .

.
Gwenthat S 2 o

. , Su:eoflhemﬁ 4mx4m

R Uniform load., q—lSOkNIm

511 " Depth below the centre of the loaded area, Z=4m _

'\. Py Figure indicates the loaded area, div ided into four equal squares 0;‘2_.111 size:
{

|

[ . # _ i 2m - } - 2m ——1

4 \ 4 "N /

e | NG | N

et e
b
7

. Figure :
The, load may act at the centre of each square Therefore, the each pmnt loads (Q,, QZ, Qs! 0, at pmnts ab.c and dare,
Q = 180 x4 o ) . i [ ¢ :
=720kN : [ = Py
' Radial distance for each ofthe pomt loads,

r-Zﬁm'

e Py

Sy RERO0H TI'-"". GROUP LOGO ' o i
i Lok for the SIA | Qﬁ on the TITLE cover before yoy by - oo E
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B ) J NIT'4 olress Uistribution in Soils '
: /:;t; (o) at \O/SZ WW o
_ _ 2 . .(_3 ' o
-l+ ‘ 2752 T U

(%) < <

=180 x 0.356 -
o, = 64.08 KN/m?

_z 42

& . 428

mtangular area of
Find the ve
(a) Dividing the rectangle into-
. Rl into f
(b) ;2_ 2 1Imethod. o
wer: ’
Given that,
Rectang}liar area=2m x 4 m
 Uniform load, g =180 KN/m2. |
_ Depth below the centre of the loaded area, 7=3 m _
Dividing the Rectangle '

*

)
. . m

ipto'Four Equivalent Rectangle

: 2m x - : _
rtical pressure ét; n": ;arnes a uniformly distributed load of 180 kN/mZ at ground surface.
& elow the centre and corner of the loaded area. Solve the problem.by,

r equivalent rectangles .

r

] Py

I?..]'l'l A

Figure -

. The load may act at the centre of each recta_ﬁgle"thereforc.' the each point load (Q,, 0y; Q3. 0,) at pointsa, b, ";" and dis,

. @=180x4
=7T20kN
_ Radial distance for each of the point loads,

rf?'m.
r B
e
=—X 5 :
2001 [rrr |
1+|— .
L z * ..
axm0 | —2—

ATl

o= 11037 kN/m?

PR
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- o = . 4 Lt * —_— J

) 2:1 Method

o - 4BxL)
* (B+2)(L+2)
Q180

q'= ?_é—sz =90 kN

90 x (4 x2)
. 0 4+32+3)

020571<sz— ULt e e Byt R L e

042 Explain Newmark's mﬂuence chart re aratlon and usage e it T
| ’ T e - : _ Nov.-15, Set-1, @5(a) Nov.-15,Set:3, Q5
Answer : o _ ,

'Fbr_ anSWer refer Uﬁit—W,'Q_33, Q32..
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