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" CONSISTENCY OF SOIL :

v The .terfn- consistency deno‘fes the degree_ of firmness. / g |
v" It represents the different physical states such as
> Liquid state ..

> Very soft

> Soft |

> Stiff

> Very stiff
» Semi solid or solid

Vi o4

water
- ocontent

" “v The term c0n31stency is mam]y meant for f.me gramed soﬂs (less than 425 mlcron)
v’ It has been developed by Mr. Atterberg in 1911.

v Con51stency of soil is expressed in
> Atterberg Limit |
> Unconﬁned compresswe strength of clay -

v Atterberg limits
> Liquid limit (LL)‘\
> Plastic Limit (PL)
> Shrinkage Limit (SL)

o] ;
MBI :
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LIQUID LIMIT :

N

> It‘fs the min. water content of fully saturated soil mass on which the soil is if,

-

l.i'qiiid state having very low shear_strength which is measurable.
- sop | | C
i e lowiune. :
= Ligud imit =42
R S C
| !

i C

30 i ! | .

10 20 25 30 40 SO - - C

Number of blows, N (log scale) ¢

BOTTOM WIDTH | TOP WIDTH DEPTH C

| CASAGRANDE | 2mm A4 11mm Smm e
| GROCVE c
ASTM GRCOVE | 2mm 13.6mm 10mm C
v' There are three methods to determine LL in the lab : C
> Casagrande L.L method C

> One pcint Method C
> Static cone penetrometer method (IS 2720 — 1970) ¢

| | C

CASAGRANDE METHOD PROCEDURE : C

» Fine gramed solid (dry state) passing through IS 425 micfon sieve is takex

1rto account

» The dry mass is about 120 gm

> A certain amount of water (say about 10 to 15 ) is added to drv sail

((_‘

C
.

8

-

o
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The casagrande cup is lifted (1cm) and dropped on the rubber pad

The number-of blows is counted till the groove is closed (N1)

The volume of the water content is changed and the test 1s repeated

>
>
> The water content of the soil mass is determined accurately (Say wy) -
>
> A number of test results are obtained.
>

A graph is plotted in between number of blow (log scale) on jx axis and
corresponding watgr content on 'y axis (ordinate)
» The graph such plotted is known as Flow curve (st. line)
> The water content corresponding to 25 blows on the flow curve is known as
liquid limit (LL) | |
> The slope of the flow curve is known as flow index (Iy)
> Flow index is measured by shear strength of soil

> If flow index is hfgiﬁ.er, shear strength will be lesser

v" In one point method only one trial is conducted using casagrande apparatus and then

: by mathematlcal relations.

N 101
> Liquid limit (LL) = w [25]
- N110-1
> Wi=w [22]
v In static cone penetrometer method, the water content corresponding to 25mm

penetration of Cone is called liquid limit.

v .‘3
o

0.1
D qumd hmlt (LL) W [_1\_/5_]

PLASTIC LIMIT :

> It is the water content of fully saturated soil mass on which a thread of 3mm |
diameter of soil starts crumbling while rolling in to thread.

%
ol
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¢
> The size of the soil grain is less than 425 micron - .
: . v 8
o W= (78N .
- T » (
Based on ke /
Wi and Liquid /, 4
- W 13674 timit /. / (
~; i ; ( )
z ! -
: €
= ! .
¢
ol / ‘
Aot " > C
. ) e g';('n.vf.iuiil.)!h o vy (
(
SHRINKAGE LIMIT : (

» Tt is an arbitrary limit between semi solid and solid state of the saturated soil

mass. N o C
> Tt is the lowest level of full saturation. - C
» It is the max. Water content of the saturated soil mass below which the volum{ -

of soil mass does not change even though water content of saturation if

lowered. A ' A -
€
.vf _______ =~‘ - AH’
i I ’
! 1 C
¥ !, ) .
‘ ' —
! t } { :
H : :
| . .
= } i (w/
3 | ‘ b
3 ! i . :
o ] | : } (
. 1 :
5 ‘I_.'.\ ! : : i (
= : ! | :
i ! 1 |
| \ b C
i ] I t i
Shrinkage Plastic Liquid w; - o
limit " limit limit (
Moisture content (95) sy R
£ m
C
C
-
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FORMULAS : V(f’? Tnbial Volume % Goil maus

1. DEGREE OF SHRINKAGE::" )

D.S=22""dy 100% Vd*?m Yoot %'&me
Vo \

D.S Quality of Soil -
<5 Good / _
5-10 Moderate |
10—15 | Poor
> 15 V. poor

2. SHRINKAGE RATIO :

Yo—Vqg

SR :&L (or‘;i’.l)-s.L

3. PLASTIC INDEX :
Ir=LL-PL
Ip | Degree of Plasticity
-ve Non piastic
<7 Low plastic
7 to 17 | Medium plastic
> 17 Highly plastic

4. LIQUIDITY INDEX :
=27 X 100%

it i
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5. CONSISTENCY INDEX : | | L
I = N
Ic 14 Consistency (
>1 10 V. Stiff ‘
1-0.75 0-0.25 Stiff | (;
0.75-0.5 0.25-0.5 Medium soft (
05-025 [05-0.75 Soft (,
0.25-0 0.75 - 1 Very soft z
<0 - ; > ] Liquid state ¢

| o )
6. TOUGNESS INDEX : )
Ir :%: C
It Soil type - O
0-3 For general soll G
<0 [ Crushable / fryable | S
soil at plastic limit C
‘ C
| 7. ACTIVITY NUMBER : ¢
L B Ip C
€™ o Finer than 2 micron " ¢
I Nature of soil C
<0.75 Inactive .
0.75-1.25 | Normal ¢
>1.25 o Active C.
C
C
12 | C
C
C
C

.
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TOTAL STRESS, PORE WATER PRESSURE AND EFFECTIVE STRESS

1) Total Stress :
Total stress (c) = Total load per unit area.
Total stress is due to
(a) Self weight of soil and

(b) Over burden on the soil
_ Total load

area
__y xvolume

area + q
c=yh+q
where q is the surcharge load.
If there is no surcharge, then
c=vh
Unit : kPa (KN/m?)
Dimension : ML'T?

2) Neutral pressure (or) pore pressure (u): |
(a) The pressure transmitted through the pore fluid
(b) u=hy X yw (i.€) u = Pressure head x unit weight of water

3) Effective stress (¢”) :
(a) It is equal to the total vertical reaction force transmitted at the points of contact of soil
grains divided by the total area, includ_ing that occupied by water.

(b) In other words, it is the pressure transmitted from particle to particle through their points of
contact through soil mass. '

(c) Itis also called ‘Intei- granular pressure’

Significance : The Jecrease in void ratio and mobilization of shear strength of soil depend on
effective stress only.

4) Relationship among (o, ¢’ and u) :

o’=06-U
effective stress = total stress —neutral stress
5) The differdnse pressure increases due to downward seepage flow (Flow from top to bottom)

and the increase in effective pressure is equal 10 iz Yw
N e e Pt

6) The effective pressure reduces or decreases due to ngﬂow (Flow from bottom to
top) and reduction in effective pressure is iZ Yw , '

FJL _ é H

&

Leeepage (z)
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EFFECT OF SEEPAGE IN EFFECTIVE STRESS :
1) IF NO SEEPAGE :

"] PIEZOMETER

- 7‘.'Y’Z’L

- - ;') W

PO

Effective Stress at section XX
Oxx =Y1 Z1+ Y2 Za—Ywhy
Oxx = Vsat Z_l T Yw Lo—Yw (21 + Z3)
= Ysat Zl -Yw Zl
= Vot = Yw )21
Oxx = Ysub Z

IF THERE IS UPWARD SEEPAGE :

"l PIEZOMETER

A DH
&%
_. T s B

Effective Stress at section XX

O‘)’(X =71 Z T2 ZZ_;YW hy -

Oxx=Y1Z1 + Y2 Zo—Yw (Z1 + Zo+ AH)

Oxx = Ysat Z1 + Yw Za—Yw (Zi + Zo+ AH)
= ('Ysub Zl) - Yw AH

. AH
where vy, AH can be rewritten as, Yoy X Z4

1
Which can be written as, vy X i X Z;

Where, i is the hydraulic gradient and Z; is the length of the seepage.
Then, oyy = (Ysub Z1) - YwX i X Z4

io

N ~ i

T caie T Y S T A N S0 T i S S

-~

o~ ~
{ 4

.
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Mote : If there is upward seepage, then there is-a chance for sand boiling when the upward seepage
force is equal to the downward weight of the soil.

3) IF THERE IS DOWNWARD SEEPAGE :

AH

- e e wm o e e

- wm e e e e e = e
- e mm ke e o owa

- P
- - - WATER - - - - ;QMETER

- / e hw = 7‘1;‘"7’?/’AH

Effective Stress at section XX
Oxx =M1 Z1 + Y2 Zo—Yw hy
oxx = Ysat + Yw Z2—Yw (Z1 + Zo- AH)
Ofx= Vsat Z1 + Yw Z2— Yw (Z1 + Zo- AH)
= 'YsubZI + Yw Zl
= ('Ysub Zl) + Yw AH

. AH
where v, AH can be rewritten as, yw—~ X Zy
1

‘Which can be written as, yw X [ X Z;

Where, 1 is the hydraulic gradient and Z, is the length of the seepage.
Then, oy = (YsubZ1) TYwX X2y

’ W
Note : If there is seepage flow then it will affect the effective stress. — & upwax A

S@&PC&/@P/
ag =(Ysub Zl) + Yw X iXZ1

kY i ) S~
ai» K owonwaiel Cepeoge

UNIT WEIGHT OF THE SOIL :

SN o ol
bulk T4 Lhwere » Copillasy
: (or) N o
ery {or) Ysat Als € , i gorlL obove IN
AvA
[4 . /)
UL e % Sevk
Jsat wi U o€
3.1'%
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> Soil above G.W.T will be in bulk state or dry state

> If the soil above G.W.T is in fully saturated condition (Due to caplllary rise) the soil is
considered to be fully saturated.

> Soil below G.W.T will be always in saturated condition.

EFFECT OF WATER TABLE IN EFFECTIVE STRESS CALCULATION :

(a) RISE OF WATER TABLE :
: L, OWT?2

GWT 1

B e . . . 0
v Avdrdrdrdyd

Sk rm 6&9&"—"{
> Dueto the rise of water table, the soil above the G.W.T alse will become fislsssstmated
soil,

> AS Ysat > Yary OF Youlk effective stress inereases.
Ol 5 C.oAHCE

\gSa,t’ z gl?m, < > g(’i\ry e 5075‘&;9

(b)) LOWERING OF WATER TABLE :
S L GWT 1

GWT 2

Aamaaas I

> Effective stress decreases

T e as 8 -

12 Wil be Tevo Mok b intagace

of - ey < canol.

~ -~ ‘K"\ P

Y
}

¢

~ o~

SRRl

f"’\\
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Y .STRESS DIAGRAM :
‘(1) WITHOUT CAPILLARY RISE :

o u
h, N
. + :
- 7 -
WAL 32 ) _
- h, \ : +
+ +
) o~ :§1h1+§2h2 u=§’whw G_’:Q"_- u
(b) WITH CAPILLARY RISE :
. Capillaryrise == (0 |y =dwh, o= +3wh,
b +
| { +
o [ A4
A L __ .
. h, §2 h,, + +
( }

o~ =Yth+h, USWwh, o’=0"-u

Note : Pore water pressure is positive below ground water table and negative above ground water
table due to capillary rise.

13
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Pm;;SSURE MEASUREMENT:

l)The Pressure or pressure intensity is the force exerted per unit area. Its symbol s (p).

_¥YxAxh -
A

where ’YIS the unit weight of the fluid 2
. t{“-«. . ) ° o w %W
@l =8 = fazy, = Slig
" Sis the spemﬁc gravity of fluid
Yw 18 the unit welght of water (generally 10 kN/m?)

Units of Pressurég“lntensity :

M LT
v N/m? (Pascal) SJ K=
/ kgf/m* (Metric gravr[y system) o - QT;;L
v Dyne/cm (Absoluteﬁnetrlc sysiem) -
Dimension : K“
v MLT? AN
Notes ¢ - \\
v" 1 Pascal =IN/m® '\
v 1Megapascal  =10°N/m’ ={N/mm’
v 1 bar =10°N/m’ '>;'<”~\‘T"“PSC
v" 1 kilopascal = 10°N/m’
v ImmofHg(p) =vh Semete vty

,=Swah' \ O =
=13.6 X 9810 x — \

1000 V
=133.416 Nlm*> ) 0-1%3 e

” 10.3m of water (p) =vh

=Svywxh
4 )
= 1336 x 9810 x 10.3 \‘

= 13.b

i
o

e

Faas

I e N T

Y

~ A A

{

1 glee (ov) 100O0C kg [€

Q.
Ly}
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‘ e\ 4 KPa .
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D

1

—

1
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[c = 3bxa)
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TERZAGHI INSTITUTE
STRESS DISTRIBUTION
INTRODUC TION :

Stress drstrrbutlon at a certam depth due to externally apphed load on the ground surface

_’ can be determrned wrth the help of followmg theories.

- (a) Boussinesq’s theory ‘_ |
(b) Westergat theory (For 'stratiﬁed 'soil)
(c) Newmark’s chart (For 1rregu1ar shaped footrng)
(d) 2:1 Method (Fer-approxrmate method)

| BvOUSSiNESQ’S THE(Y)R"Y.*;" :

1. Boussinesq’s Equatlon

Boussrnesq s theory is wrdely adopted because of its consetvative value (hrgher Value
- than any other method)

Assumptlons made by Boussmesq in the derivation of thls theorv

' 'Sorl 1s homogenous 1sotroprc sem1 1nﬁn1te elastrc medium, welght less and the load 1s.>
- apoint load actrng on the ground surface o |

‘2. ,Homogenous

A materral 1s said to be homogenous 1f it has identical propertres at drfferent pomts 1n

~identical drrectrons

" 3. Isotroprc

A material 1s sard to be 1sotrop1c when it has 1dentrca1 elastrc propertres m all directions

at a point.

4. Semi infinite :

A material is said to be semi infinite if it extends infinite in all directions below a

hglzgm&l_slllfazﬁ—
4

s
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TERZAGHI INSTITUTE | Gatezo16 . C
5. Vertical stress (o,) : (e e e R *me-,e—sgj ) )
, 5/2 ‘ ' | - {
Q 3. 1 : 1
Gzz——_[ zj' - ‘(
zZ22m | (T .
: T AT it (;) £
Q c-(
' e
z o
¢
als
i._)
Where | f? (
L Z= vertlcal dlstance of the pomt below the load, vo. - (
' - el
Q p01nt load k N o , = (
. 'a
1= radlal dlstance of the pomt = ,/ X2 + yz = &Y o C
° Rad1a1 shear stress rrz 0,(1/z) - _ -3 ¢
* Note:Whenr=0,Ks=321=0478 =7 O =o- Lﬁ%( O ¢
) Theoretlcally, o, 1s zero only at an mﬁmte distance. t §§ C
R Qc
6. vIsobar :
It is a curve or contour connecting all pomts below the' ground surface of equal vertical C
e e e it e T ——— — .
stress. Itis a spat1a1 curved surface ‘The zone wrthm a sorl mass bounded by an isobar of ‘3 ’
given vertrcal pressure 1ntensrty is called “Pressure bulb” _ (] L
- The pressure in the soil 1nsrde an isobar is greater than the pressure present on that g ¢
isobar. . ' -«
iy »
Y .\ '\\J-’{/’. /- Y -
>/ acC
z e
oL
£ C
. G
v
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TERZAGHIINSTITUTE | Gatez016

Note : BoussineSq theory'is -bestsuited to shallow foundations.

7. Vertical stress due to ci'rculafr ’lodded area : C(‘_\wrcu;\a:f (POOBOB>

o, at a depth ‘2’ on the vertlcal axis - passmg thlouOh centre of a umformly 1oaded

circular area of radius ‘a’.

T ; 5 @ «\ﬁ,e.f.:
CL - P«cew e \0\:2— s‘ta ;<

SO

or o, = q[1 - cos’8)

Gz—q<1— =z ) L

8. According to Bboussinesq,’ the depth‘ factor must be checked (‘ibze)' if Z/B = 3, then ‘t‘h'e‘t

f01mu1a can be applied dlrectly If the depth factor is not sat1sﬁed then the footlng must :. ‘: S
: be spht into a number of- segments such that if Z/B = 3. Then en-l-y the vertical s tresses o

shall ‘be determmed by conmdenng each segment 1nd1v1dually and the ﬁnal vertlcag,

- stress is equal to sum of all Vertlcal stresses due to the load on segmental areas.
. b= 6"4— S, 40,4 01F | |

: () To find Vertlcal stress below the loaded area of M C\‘r‘tesu\cur S\'K\PEC\ (Peo\zxng)

N (b) The point may lie with in or out31de the loaded areas

(¢) Each area unit causes equal Vertlcal stress at the centre of the chart

(d) The Newmark’s chart is based on Boussmesq s theory.

Downloaded From : www.EasyEngineering.net A
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L L only downward deformatlon as a whole without allowmg it to undergo any lateral stram
i Westergaard s theory is suxtable for stratlﬁed soﬂs or seehmentary soﬂs varved clays ‘

cz (Vc,rtlcal stress) ata pOln‘[ is gnven by, .

Downloaded From : www.EasyEngineering.net

»

TERZAGHI INSTITUTE | Gatezo14

o =Lngq.
]’I = mﬂuence coefhment S e
’_ 'n 7 number of sectors or area units occupled by footmg

el o _'-q mtsnsﬂy of l@admg (KN/m or Kg/m )

i WESTERGARR'D’S THEORY

' s ' ' o
Assumptwns Elastic. medmm of semi in finite extent but contammg numerous, closely

:».':; spaced horlzontal sheets’ of neghglble thlckness of an mﬁmte r1g1d matenal which pelmlts_

. Vertlcal stress 'belOw"cjfi_ij_cular- footing :
o, =q(l- [""77] )
: 1+ (;) |

e if _6Z< S:B;C (design is safe) but if 5, > S.B.C (design is not safe, change the dimensions) |

i

5
e
P o—

-
i ond.

~ oo

Wi

i,
lllhl“

> £

m‘w

¢

_—

o,

/4\‘

Py
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Case (ii) :

RN

" A

‘ Vertlcal stress below strxp footlng

o Exactlv below ,
' smp FOOT!NG :

o Vgrtical stress under line _l‘o:ild;-f(iRai:lwav liné) :
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Vertlcal stress below strlp tootmg

Awav from footmg
‘ bTRlP FOOT!NG '

e =L [0+ sindycos (0 +26)]

: .»‘I*?é-hske’_-s Chart is used to find the vertical stress based on Westergaard’s equation.

B H
2 1 ME THOD
3 dzi.-"——.v'———————"ﬁ Q =

o -(,B'.+,Z)V"_L'+Z,) 5
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FERZA(.H[ leTITUTE

| CONTACT PRESSURE :

It 1s the preSsure exerted by foundation soil on the under side of t}*e footmg It depends

a 'upon elastic properties of the soil and footing.

: - }% g ; o : l RxgldFaotmg l l

= : .
Settlefnent - S R ',_;5‘.:_‘_»«7.,5_’?.‘?”‘_’“.‘?9*

. T ‘{ :r T 4 j H“ccﬁaﬁxmsswe .

Rigid Footin‘g

::.,:’T_: e

{ otx ng
’ Sewemem

[ Fowmeroommg || 0 [ Fiex
S Settleraent. .. e

e

T T T T.L s ‘\ . L Cor?tactpfessure - . . 'y T + T T‘,kk ‘ C:o:n'ta::;; 'PFQSSUFEIV: - .‘ D e

o V ertlcal stress below the eorner of a umformly loaded rectangular mea (Newmark S
= Method) “ N
'_v'_-m =L/z

S n *B/z

3 I‘he pdlametels m’ and n’ are 1nterchangeab1e
 Vertical stress at the: come1 is glven by o, =1 q

 Where I is and mﬂuenoe coefﬁcxent depend@ on parametels m’ and

The [ value can be redd from tables or curves developed by New maxk

Foid
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TERZAGHI INSTITUTE
SOIL MECHANICS

PERMEABILITY AND CAPILLARITY
PERMEABILITY :
1) Permeability is the ability of soil mass (porous medium) to permit water to pass through it.
2) Permeability is also known as Hydraulic conductivity.
3) Importance of permeability :
In the determination of :
(a) Consolidation
(b) Seepage through Earthern dams, Canals and below hydraulic structures.
(¢} Yield from an aquifer.
4) Permeability is highest for Gravel and lowest for clay.
5) Darcy law (1856) :

c/s arca(A)RY =k. 1. A

Where, Q is the seepage discharge
Ah
i= 7 (Hydraulic gradient)

A = ¢/s area of soil sample
V = Avg. velocity (or) Superficial velocity (or) Darcy Velocity (or) Apparent velocity (by
consider c/s area) | T :
k = coefficient of permeability (or) permeability (or) hydraulic conductivity
Unit is cm/sec
6) Factors affecting Permeability :
(1)  Particle size of the soil grain :

k o D

— k= .C.D%O__ R

L

Where, C = 100 (Acc. to Hazen)
Do = effective size
Unit = cm/s
(i) Voidratio:
When e increases, then k increases
3

K o —
1+e
: ky—kq
% Change of k = PR 100%
1
(iii)  Unit weight of water :
k o yw
k=cyw

xv;f%
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TERZAGHI INSTITUTE
ke = Ywa
kx Vw2
(iv)  Viscosity of water (j1)
ko(l/p)
El == E—i
k2 uy
if wandy are given then,
k=Cx jiad (
u

ko,—k
—=—2x 100%

k1

Ywz YWa
=-FL Ll x 100
iz

(v)  Temperature of water :
- If temperature increases then viscosity decreases and hence k increases
(vi)  Degree of Saturation : S,
ka S3
(vii)  Presence of entrapped air : Decreases k
(viii)  Adsorbed Water :
Void ratio is reduced hence k decreases
(ix)  Stratification of soil and flow pattern :
Case (i) : Seepage flow parallél to bedding plane :

- //;3 {Unit width) .

z, —*V\ \
= > Q. \: A%

z, VY,
— - Q, :
- ~ A
-5V ¥ 3
g \%I*&>\
. ) =i =i Ah
' a) [=h=i3=—
o 1mh=hB==

) Q=Q+Q:+ Qs
kiA = 1(1ila -+ kziza + 1<3i3a
O kA :k]A1 +k2A2 +k3A3
‘ k[b X Ztotal] = 1(1[b X Zl] + kz[b X Zz] + kg[b X Z3]

(C T LRI
- < =)
{

L

C

(
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Case (ii) : Seepage flow perpendicular to bedding plane :

H
i

Head loss
&b,

Head logs -
Ah,

Head toss
N

a) By law of continuity : Q =Q; £2Q,2=Q3

A is same hence V 1s same

V=V +V,+V;

b){Ah=Ah, +Ah

2+Ah3

On applying Darcy law,

Ah
V=k x(-;)

o= (2)

VZ_ViZ | VoZo

Z -
—

V3Z3 K

kK K,

_|...

K3

= >
DA SR I
K "K' K3

(Z=2,+7Z,+ Z5)

h.(H >ky

(X) . Kequivalem.: By, kH X kv

7) Limitations :

(a) Soil must be fully saturated and homogeneous

vd
(b) Flow must be laminar [Re= pT < 1]

Vai
(c) If flow turbulent V

[Should not be > 1]
ai* so Darcy law is invalid

K,

8) Seepage Velocity (By considering flow through voids only)

4

) L

V, = seepage velocity

k4

Ko kS

AN

A

2

7.

b
:-:”J‘l 3

H
R
4,

%

s
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__Length of flow

s

] Flow time
Vi=Ik, x i ' (where kj, is coefficient of percolation) .

k,>k
Q1(Discharge through ¢/s area) = Q2(Discharge through Voids only)
AysX Vdarcy = Avoid X Vseepage

_Ac/s X Vparcy _ AgsxL

4

- s - X Vdarc
’ Avpoid Ayoid X L Y
|74 Vparcy
Vo= — X Vaurey =L
$ Vi darcy n
_ Vparcy _ Vparcy (1+e)
VS =— ——
— e
i+e
V> Vp

9) Determination of Permeability (Hydraulic Conductivity)
() Constant head permeability test
(b) Falling head permeability test
(c) Field test (Pumping out test)
10) Constant Head Permeablllty test : (Coarse Grained Soil)
o Supply e
B

mo.waf .

Where, H is the constant head
A is the c/s area of sample [(n/4)d2]
L is the length of soil sample
V. is volume of seepage water collected in time “t’

_ 11) Variable Head Permeability test : (Fine Grained Soil) (ov) ¢ o_QQ».n ]'\-G-D-A
aLln(h ) 2303aLlog( )
=——2 (o) K=
o A(tz—-t1) A(ta—tq)
_
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Where, a is the area of stand pipe [(1/4)d’] d— AJ‘"* rsj skand F""P*"
A is the c/s area of soil sample [(7/4)D’] D= dio ‘% s A_D_r\,\?QQ
L is the length of soil sample
hy is head at time (t;) '
h, is head at time (t2)

HH-t) =31

Then 1(1_2 = k2_3
hq ha
al log(h—z) _ al 1og(h—3)
A(tz—tyq) Ata—t3)

h h
ln(—l) =In (—3)
h; hi

) =)

he  =h xh;
Zrh =,thh3;7
12) Capillarity :
4o cos@
¢ (Syw)d

where, o = surface tension (N/m)

6 = Contact angle

S = Specific gravity of liquid

d = dia. Of soil pore (m), D = dia. Of soil grain
if d is not given,
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D | ~ FILTRATION

L3 L Fi tmhon is a process of water treatment where the water is passed through a bed of
L) porous medium like sand 1ayer to remove '[u1b1d1ty, eolour Very very ﬁne colloidal
{{ ‘; | matter and especially pathogenic bacteria.

Ty 2. Filtration is generally adopted after Coagulatlon

3 . 3.. There are three types of filter :

S ~ (a)Slow sand ﬁlter o

“3 (b) Rapid gravity ﬁlter

J\} o (c) Pressure filter _ v -

G o (d) Combination of rapid grav1ty and pressure filter i is called Rapid sand filter. -
) 4. Slow sand filter was developed by Mr. Simpson in @’(U K) 18273

i} 5 : Slow sand filter can 1emove turbldlty upto S0mg/lit enly /ﬂ

‘___________-

6. Slow sand filter has very. hlgh efﬁmency of bacterial removal about 98 to0 99%

g2

) 7. The filtration ’qfe ig very low, 100 to 200 lit/hr/m’

oy 8. Slow sand filter is suitable only for small town, uadeveloped country, mdustrlal use.

/ 9. Rapid gravity ﬁlter was developed by Mr. Fuller (U S A) and 1mproved by Mr.Wallace
“’) " and Morrell. o |

‘:;’ . 10 R;l;;i/g—l ravity filter can remove turbidity upto 35mg/ht o n\\d

k) 1L The efficiency of Rap1d gravity filter is lower than that of slow sand filter.

{} 12 Accordmg to MrWallace the apwmnbercﬁﬁlter_’uﬂ in a plant may be
() | given by the relauon, (" o

g | | w

;;-j_ 13.The M during 's.eeﬁége of water through sand (Rapid Sand) is 2.5m and the

negative pressure head (or) suction head is 1.5m.

2
LS =
+14.The size o! " iilter unit 18 based on maxlm m da ﬂy demahj (1.8 times of average daily

b demand ]
L ,\/> QWM f*gQwa
.

C
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I5.The surface area of filter unit i determined by Interpolatlon e
s =

: £ et
18 [Populatlon x average daily demand per head](i) o

Surface area’ =— Rate of filtration (it/day/sq.m) m ' (

16.Comparison betwee_n Rapid sand filter and slow sand filter E NS

ITEM 'SLOW SAND FILTER e

Filter sand size .O.Z‘mm to 0.4mm 0‘33?0 0.5 55 - 3¢

Uniformity coefficient of ] ) \—Qs‘_ﬂ O ¢

)sand, CU=D—1€§’A'; /l.8t025 .;J.Z to 1.8 o :éa(

) . | .Size of each unit , 100 to 2000 m? [30 X 60mm] 10 to 80 n?ﬁ;gnT“** { ) ¢
WJ/ Pretreatment requlrement Ega?uigtion 1S not at all - 4 Coagn—l;unn anﬁ?@g ’’’’’’ { : ¢
\@ ' 1equned but plain | sedimentation is ’ m ¢
o : vsedn‘nenta’cion may be ‘ }co'mpulsory. f f ¢
: adnpted | ‘ o ’E ¢

Economy High initial cost of land and | Low i) cost but higher | O ¢

- material but low operation and ! operational & maintenance | € ¢

: maintenance cost | cost, cheaper than slow | ¢3¢

| sand. O ¢

Flexibility | Not @HWJ@&E@M‘“‘“‘“ ) o
variation in demand ‘x' : | @ C

Suitam ’Smdll towi, v@dustry, ,r _\/‘V‘n dv letd iuz Eéém | 9 (

| hottei place, now a days it { water supply systun and | ¢

became obsolete, lTlEl]Ol town S

Qnantity of wash water | Very small quantity (0.2 "to | Larger Tn&?)unt, 1-5% T)fJ AT

B I 3¢

e

» {
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B 0.6% of total water filtered) | total water filtered
Period of cleaning 1 — 3 'month interval 1 — 3 days interval
Post treatment - Svlight disinfection Disinfection is must
Base material ‘. ‘The gravel supports the saﬁd_,} ‘. Swel is 3mm to
| | the size of the gravel is 3mm A40mm and depth is 60cm
| to 65 mm and the depth of 't 0/90_Qm |
| t base is 30cm to 750m ‘ |
Lossofhead 0. 8m 6 L 2m (lmtlal loss | 2.5 to 3.5m (initial 105&, is
| 10em) | 30em)
“Method of cleani mz f-ﬁf’fifﬁgé}gﬁpmg and removing the Backwash and agitaling
- . ‘top 1.5cm to 3em thickness \ ‘
Construction process ‘ o Si‘mple method o | Complicated
Supervision - | No skilled supervision -~ Requires - skilled
_ supe'fvision |
Under drainage system | To remove filtered water only | To remove filter | and
; | | backwash

17 Pressure filter : A
(a)Itis a small rapid-gravity filter placed in a closed vessel where pressure applied
on water is very ‘ni,qh [300 to 700kPal (20 to 70m head of water). |
(M) The rate of filt ration is 2 to 5 firnes of r\apid grav,ii'?:fwﬁlter 1.e6000 to ]§OOO
ht/hr/m” but its efficiency is less than rapid gravity filter. | -

(c) The dlameter of the closed vessel is 1.5 to 3m and the length may vary from 3.5

to 8m.
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DISINFECTION (PURIFICATION OF WAI‘ER)
I. " Disinfection is a process of purification of water W}nch i
' “coming out from filter bed (after ﬁhratlon)
During filtration
coming hom fi

s very. essemial tQ‘kil'f' éﬂ_lb”éﬁic.‘b‘acteria

all pathogenn. bacteria are not kllled and hence it is very- cssennal to dlsmfcct the Water
}tratxon pxoccbs before supplymg to‘the public dlstnbuuon system..

<. There are fol lowmg, minor methods of disinfection:

A (a) Boiling of water - »

(b) Treatment with excess lime o o o
(c) Treatment with potassium permanganate k%m_ KM"’ OH i
(d) Treatment with ozone .

{€) Treatment with bromine and 1odine

() Treatment w1th silver elecuoly[e g v

{g) Treatment Wltl]’l] \'10 et ray (UV ’f&j) . : :

The major method of disinfection 1s chJon'nati.on xvh-ich is used widel

y all over the world,

C hlonnalxon 1s the best method of disinfection duet
a) It 1s cheap

(b) 1t is reliable
(¢) Tt is easy to measure
(d) 1t has capacity to control

0. the following reasons.

OF protect recontamination of water supply in future
(ey The supply of drinking water will be safe for a long duration
(B It 1S not unstable like ozone

et HIRC Ozone

i

{O) It is casily mixed with water without any costly eqmpment

i ln chlorine mixed wnh water reacts with water on}y when the PH value isTnore than 5

During c,hemu,aJ reaction b/n water and chlorine, hypoch]orous acid (Hocl) takes place alonv w1th HCI

A £
. {7
T he. Hypochlorous acid is the most dcs{rucllvc agént to kill bactena It is:80 times more destructive than 35!\ ’
: e Bdve :

H ypodﬂonlc 10r1 C OC,,l ) . . g » : ,&‘QA gy ;o
S, o _ ‘«\ b .
H >pochlorous acid gets dissociated when the Py value of water Jncreases from 7 and hence f01 eﬁectlve -7
ch lox mation the Py value of water is keptshﬂht]y less than 7 (5— 7). ' .
\
I the Py, value of water is more than 8 (then Hocl js dissociated) in to H' andegg'. wh'_ere OClis ca]bled“g
hy p>ochiorite ion which i 1S not so deﬁtmulvc as HOCI ' '
8 oe °
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" The free chlorine in water indicates about mixture or presence of chlorine gas (Clz) Hoc] and OCI

[— -

-~ The dose of chlorine is dependent on the source of water and it is determmed ex
E)
3

11. The dose of chlorine is the total quantlty of chlorine given to water such that the resili}ia] chlorine after

ten minutes of n11x1ng shall not be less than 0.2. m&/ht (pp-m)

If the chlorine is added to the water, it reacts with in orgamc substance pxesent in water like iron,
manganeseto form chlorides and hence the resi‘dua»l- becomes ml

penmentally in the Jab

It the <hlorination is. contmued then all bacterias present in water are killed and' the _graph rises at an
' __an0]e less than 45° where the 1e51dual chlorme 18 Iess than dose of chlorine. -

_.~,~..,..A

CIf the chJorinanon is further contiriued then the organic matters gets ox1d1xed zmd hence the graph’ fa]]s =
down sudden]y whexe residual chlorme 18 very very less than the dos€ of chIonne

s After ch]onnauon of organic matter, the supply of chlorine appears as free chlorine and at that point of
chlormanon the type of chlorination i is cal]ed Break point chlorination where the supply of chlorine is -
not consumed at all and hence > appeats. as free chlorine. i

Rm o monne.

162 The d_ose of chlorine is determined at the breakpoint only, before it, it is not safe

[

F he residual chlorine is generally adopted at break point ch]onnatxon -

Thechlorine demand i 15 equal to
Doac of chlorine — residual chlorine (fx ee chlorine)
Demand dose (Supply) — residual chlorme (Free chlorine)

—)|

[

i

£y
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dose of 1.3 ppm.

‘Sample Chlorine dose (ppm) | Residual chiﬁn’de'
4 : | after IO mins contact (ppm)
] 0.3 019 s
2 0.5 o036
3 107 - 105
4 0.9 - - ]0.48
5 11.1 R S : o
6 13 - o4 T - T
, 7 1.5 o 0.6 '
- 8 1.7 _ |08
)
o ~§) 1.0 . &
S 0.8 ) - -
‘q 5 06 Break _ - | \
= = %4 R pomt -
; = g |-
- :’SJ_ 02mglht
3 & 0030507081413
: a

dose of chlorine — o | i

IDose of break pomt =1.1 mg/lit
_ R esidiial chlorine =0.2 ppm
3 Demand =1.1-02
= =09 mglit .+ -
D emand at 1.3ppm- = dose — resjdual s
~ - - =1.3-04 S - -
= = 0.9 mg/lit i

Note : After breakpemt demand will never change

. -

. 2) Determine the quantity of bleachmg powder reqmred to treat the water to serve a populatlon

. 2’560(}'

at a demand of 160 | Vhead/day. Assume bleachmg powder contains. 30°o of chlonnc Take. chlorme dose -
j 0.ppm. Consider 1 year duration. » PO )

- So-Aution : A 9 VE' |

; To tal quantity of water = populat;on x demand per- head - : .

: o | =25000x 160 liday o o
& = 4 x 10° lit/day , V , |
\ 2]

. Downloaded From WWW EasyEnglneerlng net -



http://Easyengineering.net

Downloaded From : www.EasyEngineering.net

TERZAGHTINSTITUTE ;

Gatez016
o ':’flS‘o, to ;tr:c_at 1 litre of water,
" To'treat 4.x 10° lit/day of v

.. .

quantity_.of'chlorine_requir;e‘d.is 04m - -

ater, qty. of chlorize is, _ ' - - . 7y

=(04x4x10%/ (1000 x 1000) e , o

* =16kg/day . - ‘

= 1.6 x.365 kg/yr

ST =584 kg/yr : .

© 50,30 kg of chlorine js contained by 100 kg of bleaching powder.
, 'Hence, 1 kg of chlorine contained by 100 kg of bleachin

Co 584kg/yr of chlorine contained :

%

: g powder =100/30 -
by 100kg of bleachin-g'_',.pbwder, -
=(100/30) x'584 = 1‘94'_6.’67 kglyr

= 1.946 ton Jyr -
~ IMPORTANT NOTES : -
2 CL+H0= HoCI +Hel (P, > 5, P

. | L
- * “HoCl=H"+0CT (Ph>g) =

N quantity of chlorine gg 1000 x 1000
Dosace e *
R o

= ———— =0.41
- quantity of water - 20000 x 1000 O_ rppm

‘ .r_.Dﬁ’;man.d_ét 1.3ppm

= dose—residuél_ Y (E D : - !
=04 -02 , U D
o =0.2 ppm
TYPES OF CHLORINATION - : ‘ Y, -

;_(a) Plain chlorination ' S ) ' - 7

'(b) Pre chlorination - J =

() Post chlorination or chlorination ' T~ ~

- «d) Double chlorination (pre and post chlorination) ’ '

~ (&) Break point chlrinati
(®. Super chlorination
(8) Dechlorination

on
A PLAIN CHLORINATION :

e

£y

T
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B) PRE CHLORINATION : B : -
(\} It 1sgthe process of app}ymo chlorine to lhe water ~b_efoiﬁl»tranon or before sednnentatlon -
My coagulation. It helps in removing taste, odour, algae. The dose of chlorme should be ‘such that the

: 1Mould be about 0.1 10 0.5 ppm. The normal dose’is 5 to 10 ppm..
"QN_ -\——\__\_

C)POST CHLORINATION . :
" It is also called chlorination which.is. qdopted after ﬁltratlon The dose of chlonne should be
%’\-———9
. such that the residual chlorine is 0.2 mg/ht '

: ; i ettt % . N
& .
v D}DOUBLE CHLORINATION R oo
) . The pre chlorination and post chlormatmn are generally: used m double chlormatlon

E) BREAK POINT CHLORINATION : Qwa O‘nl,«mm — 0. 9_1’03 / i })

1 It is a term which gives an idea of the extent of chlorine added to water which is determined .
SO fl om the graph plotted between dose of chlorine on X ‘axis and residual chlonne ony. ax15

JF) SUPER CHLORINATION : . ' -
It is a term which indicates the addmon of chlorine of excessive amount of ehlorme to the
‘water during epidermic or in highly polluted water. ln this case the re&dual chlorine is very hlgh ( 1 to 2
pm) and the dosé is about 5 to 15 ppin '
_—

G) DE CHLORINATION : S -

- 1t 1s generally required to remove excess chlorine from water such that the resxdual chlorine is—
0.2 mg/lit. tGeneraMy sulphur di oxide, activated carbon sodium bi sulphate ammoma and sodium thio - .
sulphate are used for dechlormanon U TR T

DIINOR METHODS OF DISINTECTION - » ST ™
. a) Boiling ofwater » A . T ; : .

' The bacteria present in water can be destroyed by b01hng it for a Iong itme but it is not at aH
used for disinfecting public supply

Wl

,,,,, b)) Treatment with excess lime : ' Lo

Lime is generally used for softenmg the water. It kills the bactena 1f excess lime is-added to

tlle water 1.€ 14 to 43 mg/lit of excess lime is requlred to remove bacteria about 99 = lOO% but the Py,
value of water increases. The Ph value of water becomes 9.5. - :
. —_— ———

L8t
i
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c).' reatment wnh ozone :
7 "OZohe gas is a faintly blue gas and it is an excellent disinfectant but it is unstable. The dos&of

i »ozone is about 2 ~ 3 ppm so that the residual ozone is 0.1 ppm after a contact of 10 mins. The residual

ulb

"’j

_ 0) Treatment
In T.hlS method metallic silver, iron are mtroduced in the water and a direct current of 1.5 volt

s supphed The contact period is about lO mins to three- homs But it is very costly and hence not.
: adOpted for treatmg public supply.=

Notes

1) Quantity of

tested by orthotolidine. In Indla ozone is used in Chand1garh
"‘—}——«’—‘—

with Iodme and Bromme

S The (quantity of Jodine and Bromme is -about 8ppm but they are not used for n;@tmg large
,of water for public supply It may ‘be used for private plants, army troops, swnnmmg pools.

-’.'vf'e) Treatment with ultra violet rays :
Ultra violet rays are 1nv131ble light havmg wavelength 1000 to 4000 microns. They are
und in sunlight and they can-be produced by electric current passing through mercury-in
UV rays are highly effectlve in killing -bacterias but’ water should be-less turbid and
:t' is very costly and. hence unsultable foi-public water supply It may be used for treatment
in OSpltal minor factorles and sw1mmmg ‘pool.

f) Treatment thh potassium per manganate
It is used for disinfecting well water in villages. The quantity of KMnOj is about 0.1 mg/lit."
"The contact Lod is 4 to 6 hours. And the normal dose is about 1 —2 mg/ht It can remove about
. bactena Therefore it 1s not recommended for public watersupplymnly used for rural areas.

with Silver :

free chlorine to kill virus :

Types of virus.

Qty. of free chlorine after 30mms contact

| Pelio . 0.1 mg/lit
Hepatitis 0.4 mg/lit
Ameobic - 3 mg/lit
| dysentry =
TB - 3 mg/lit -
Coxsalckxe 2.1 mg/lit to 138 mg/lit

2) The commercxal name of hypochlorite is HTH (High test hypochlonte) @C L )
3) The chemical name of bleaching powder is chlorinated hime or wﬁkmﬁte (Caocly)
4) Bleaching powder contains chlorine about 30% but ca cWhlnte contains 60 to 70% of

chlorine.

_—

98%

8
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- 5) Sometlmes chloramine is used as disinfectant which is formed by the reaction betWeén arnmonia -'an‘dg'- R
s . -chlorine: -

6) Sometlmes chlorine di oxxde gas (Clo)) 18 used nd disinfectant which is 2.5 times stronoer than '
£ ) o ch]orme e : ' _ \

£y TEST 01« CHLORINE -

_ 'lhe amount of residual chorine }eﬁ in the chlorinated water can be expenmentally de_terminedj; L
i} by usmg any of the followmg test. v '

DPED T |
‘xj , - E) DPRBI'EST (Dlethv phenylene dlamme) M} ?} L : N
. \‘ R 13 w:dely used in modern age generally 10ml of watf;x is. taken as sample and DPD i 1s used to deteot

the pxcsenu, ot chlori ine. It has been deve}oped by BDH (British Drug House)

g,

2) ST ARTCII IODINE TEST :

i“‘} v n this test, Sm] of starch is mixed with ]Oml of pota%smm iodine and wn;h the help of titration o

) method the’ presence of chlorine is determined. It | Is very costly and laborian therefore it is not’ used for
[ pubhc supp]v )

2 3) CHLOROTEX TEST :
It has been developed by British drug house where Sml of chlorotene mixed with 50mT of water if the
- colour developc,d 1s pink the the residual chlorine will be 0.2.ppm but if it is white in co]our then there
rl*\ is no chlorme at all. If it is blue in colour then residual chlorine is more than or equal to 1 ppm.~ _ _

3 auy 2 B4 0 ! ppm~
- 4) ORTHOTOLIDINE : T ' | oo
. In this test” 10ml of water is mixed with 0.1ml of orthotolidine and if the colour is yel]o"w’then the
} E chlorme s plexem T ( ¢ .
J ==
1 -
;;3 - W
g .
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T-SiPPHORTH

o TERZAGHI INSTITUTE
I TRANSPORTATION . . -
| o Razlwﬂu;;»! Degra
DEVELOPMENT AND PLANNIN G OF HIGHWAY L)

1) Highway is a mode of transportatlon havrng two degrees of freedom é‘W”
2) The road density is the length of road in km per 100 kcm? area. |

3) The highest road density in the world is Japan (296 km per 100 km? area) and the

~second nlghest road den51ty of-the world is Netherland The lowest road densrty is

=

- Afganisthan. | . ' ' N
4y Mr. JOENV TACADAM (18 273 ¢ s

i. He is called as Father of Modern Roadway
o ii. He was surveyor general of London [ K)
B iii. Hesuggested not to use larsze boulder

1v. He suggested to use only 25cm thrckness of pavement in tnree different layers

as shown in figure.

\ v. According to him the cross slope (Camber) should be 1 in 36 to drain of rain

water.

*CAMBER {1 in 36)

DRINAGE

JOHN MACADAM PAVEMENT
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- 3) JAYAKAR COMMITTEE :
| 1. InIndia, the development of road was mvestlgated under the chan‘manshlp of Mr.

Jayakar (1927) . _ _ .
Mr. J ayakar suggested to setup CRF (Central Road Fund) and IRC (Indlan Road'

Congress) .
ACTS ‘ | YEAR
Central RoadFund — CRF | 1929
Indian Road .Congress ~TRe 1934

Centrai R’oéd Research Institute CRRI - 1950

Motor Vehicle’s Act - = 1939

. :0) 20 YEAR ROAD DEVELOPMENT PLAN :

PLAN  |AREA  |YEAR ROAD T GUIDANCE
| ' DENSITY |
| 1% 20 year plan Nagpur T 19431963 Gkm  |[IRC
| (1961 finished) o |
2720 yearplan | Bombay | 19611981  |32km  |IRC
320 year plan Tucknow | 1981 = 2000 82 km Mtﬁistry- of
shipping and
¢ transport of
India

7y ROAD PATTERNS :
o Rectangular or Block Pattérn
e Star and Block Pattern
o Star and Grid Pattern

K Radial'and Circular Pattern

~ Downloaded From : WWW.EasyEngineering.net )
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Star and Block Pattern : ' L Tk

Radial{Star) and Blogk Pattern

Radial Roads

Butedp Arex -

Radis) Resdy.

Stralght
aheat

f"‘
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8) CROSS SECTION OF A ROAD :

9 TYPES OF LANE

. Buildine Line

Single lane :

: -Rqa;i;Mé‘rgm- '

rmati 'n‘mdth (oryroadaway

Vehicle

G .‘__]_Pavement

0'-,-:6£gm

25m 0625m

Double lane :

0.5m

M

3.75m

14
%

2.5m , - 2.5m . 0.5m

Vehicle | Vehicle

/

N

T T R o T o R I O T A T e T T T T T

£
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16) CLASSIFICATION OF ROADS :

) Accordmg to Nagpur road development plan, Roads are classified into ﬁve types
1. 'Natlonal nghway (NH) \

2. State nghway (SH)
3 ‘Major District Roads (MDR)* - ' OL W
" 4. Other District Roads (ODR) 7 R\L‘T

5 Vlllage Roads (VR)

Accordmg to Lucknow road development plan, Roads are classified into three |
types. ' : ‘ . \lamand_-zw &u«%) E*Pw‘e& wtd
1. anary Rocads (expressway and National nghway) |

2. Secondary Roads (State highway and Major District Road)

3. Tertrary Koads (Other Disitrict Read + Village Road = Rural Road)

R 1) According to Lucknow Road Plan,
X - 1. Length of National Highway A = L (Area in km®) |

2. Total length of State Highway (or) 62.5N - — (whlchever is greater)

T\I — No. of towns or cifies

3. Total 1ength of MDR Y (or) 90 N (whichever is greater)

4. Total length of Rural Road xATom, — NH — SH — - MDR

. 12) According to IRC there are followmg Valaes of road dlmensmns
- . _ ‘MINIMUM‘

$.No N | WIDTH OF PAVEMENT i Min- w,olﬂ; %’
A . TYPE OF ROAD o (CARRIAGE WAY) 7pqw\w
- — | | coomasewau)
1 Smglelane . o ,375m , L
2 Double lane without kerb 7.0m - |

Downloaded From : www.EasyEngineering.net -
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3 | Doubie lane with kerbs 7.5m
4. . |Intermediate carriage way |5.5m:
5 | Multi lane ~|3.5mper lane
6 |Résidential arearoad . |3m
7. |Village road . {3m -
S. No TYPE OFROAD mmmeH OF FORMATION
. Iy - (ROADWAY)
1 National Highway (I\";;) 12m
2 | State Highway (SH) o |12m |
| 3 | MaJor District Roads (MDR) 9m
o 3 /74 : . 7.5m (singie lane) and 9m |
4 ther District Roads (ODR) - ' '
Q o USRS ( 'DR) (double lane)
S Village Roads (VR) .~ « 7.5m
13) The minimum roadwéy width of Single lane bridge is 4. 25 m
'14) According to Lucknow road development plan thcre are four types of urban roads :
S.No. | TYPE OF ROAD SPEED
i Arterial Road | 80 km/hr
2 Sub Arterial road 60 km/hr
(3 [Coilector’s sead, - | 50 km/h
: VCmecors.}M km/hrh
4 ... Loeal street 130 km/hr =
6
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15) CAMBER OR CROSS SLOPE :

To drain off the ram water ﬁom the road surface.

Type of Camber based on shape :

(@) Parabohc or elliptic shape

b) Straight line éamber:

c) Combination of straight and paraboﬁé, slope:

Parabola |

.
(W Ve e e W e e W W e ki e e W e o i we N v e w i N 7
?
- '
...
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Recommended values of camber for different types of road surfaces:

IS.No .

Type of road surface

A~ Range of camber in areas of rainfall '.

range

Heévy

Light

Cement concrete and high type.

o Qad it}
bituminuous surface ﬂ

1in 50 (2%)

1in 60 (1.7%)

Thin bituminous surface . *

{1in40'2.5%) =

L'in 50 (2.0%)

()

rrnvral
WBM, gravel

[1in33 (3%)

Lin 40 (2.5%)

Eerthen Rdad |

|1in25 @%)

Lin33 (3%) -

PO
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| - TRANSPORTATIO‘\I
- SUPER ELEVATION : ®\0ﬂ® areth @JL {ng

1. -The transverse slope prov1ded for roadway to develop centnpetal force to counteract |

centrifugal force at the curve sect1on so that the vehicle will be in equilibrium in
transverse direction to have full de51gn speed along the length of the road is called as

‘Super eleVatlon or Cunt or Bankmg
2. Super elevation takes care of both overtummg and sklddmg

3. The s,mbol wsed for super e

— - »P
»Z
:l, v'h E_;:Ou_;grivqhee_l ,o'f')th,i:cle i
LA /
ey
. M, (overtummg Momeut)
: . “;, Mx {Restoring Mcment) -
For safety,. . I Mo-> OVeBAg

) Mr >Mg ‘
| wx2>Pxh | ' ‘

'>Ppxh . QQMW"‘%“

—_> ' : ‘ o

2h w ' i '
x b mv?

—>—

-2h .

* mg

b 172'
L 2h 7 .g. 3
. L ;
L X
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~2h 9.81xR |
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- 2h T 127R s
2" |
- 127R - -
| P v? v? L : (
—_—— e . ® i - -
[1 R 1o7R (_ventnﬁagal ratio) / o
v" BASED ON SKIDDING :
: ' T
o —» P e

v st Spead o ¥ JRy

Ry Redwy g euwe Hm
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o4 For equilibrium Cant (Super elevatic')’n),' the inner and' outer wheel experience equal

Negle ab '%//' %d/w WW“”” |

pressure,
e = v'z»‘_. v? ,
T .gR~ 127R

5. If super elevation is not possible, then

S

f_____ v

-127R

e-:..

225R

Mmmgmlpex.al_exaﬁon_(as ner IR (‘)

Super elevation

Terrain

.o
.

L 16<7% (1in15)

In plain and rolling terrains

e < 10% (1 in 15)

‘Mountain zone .Without SNOwW

6. For mixed trafﬁé cond1t10n > K\/; O- j\g % @‘ a0 M

| e<4% Urban road /( (( |
Transverse Slope Terrain

0to IQ% Plain zone *

10to 25% Rolling zone

2510 65% Mountainous zone

> 65% Valley zone
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TRANSPORTATION
SSD (STOPPING SIGHT DISTANCE / HEAD LIGHT DISTANCE / NON PASSING
DISTANCE / HALF OF INTERMEDIATE SIGHT DISTANCE)

R=W

B Driver's sve  » obstacle
driver’s eye S~

¥

motor vehicle , - - - IR
N T Jl42m: : @ not less than 15¢cm
| oN! ' —J |

Frictional Resistance - '

QO
N | A A A e e
d, d,
%v d, = lag distance (during reaction time ‘t))

d,= brake distanice {due to longitudinal friction & gradient)
W = mg ' :

Kinetic energy = 2 my’
Frictional W.D = (F, x d))

v" SSD is the safe distance between an obstacle on the road and the vision of the obstacle
by driver’s eye.
v 5SD s dépendem on
(a) Height of an obstacle (15¢cm)
(b) Driver’s eye position above road (1.2m)
(¢) Road characteristics. :
v SSD 1s mainly dependent on

. fa.5 Accondd
) Reaction time “t’ CQ > P

(a
(b) Velocity of the motor vehicle (v)
(¢) Longitudinal friction (4D

(

d) Efficiency of brake

‘Downloaded From : www.EasyEngineering.net
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H

(e) Grad.ent (longitudinal) of road
v REACTION TIME :
> Reaction time as per IRC is (t) = 2.5sec

» Reaction time is dependent on PIEV theory

° Perception :
. » Sensation time from eye to brain via nerves.
° Intellection :

= Time required to understand the situation by brain.

° Emotion :

= Due to fear, anger and superstition.

o Volition :
= The final decision.

v LAG DISTANCE : (&)

» Lag distance is the distance travelled by motor vehicle during reaction time.

a, = velocity x time -
dl =vXxt

where, t = 2.5 sec

_ vx1000
60 x 60

[d/=0278vt |

here, v is in km/hr, t is in sec

I

»> Lag distance 1s dependent on :
e Speed
® reaction time.
> It is independent of ;
o longitudinal friction.

» longitudinal gradient.

PaieN N

L T S S e S T T o S e N W e N T W

ym«

S,
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v BRAKE DISTANCE : (4+)

> Brake distance is the distance travelled by ae vehicle after application of
brakes.

> It is dependent on :
» Velocity
s Longitudinal friction
e Qradient
o Efficiency
> It is based on Kinetic energy of moving vehicle.
Kinetic energy of moving vehicle = Friciion Work Done
K.E = Frictional W.D
vy mv? = Fix d,

Yo mv?® = (R x d,

) N = mg
/oy’ = (W) d; e
VszZZ(ptxmg)xdz M=

oV

&= sar

NN

<
where, f'1s the coefficient of longitudinal friction which is dependent ofispeed of
L N e RIS S NN Ay . e T . P N

the road characteristics.

e TN N e S S

> £=04100.35

> Ifthe speed increases, the coefficient of longitudinal triction decreases.

_ (vx1000)2
d> = 60 X 60
, = —00X60/

° 2x981xf
V2
* T 254f

(dmn ‘m’; V in km/hr)

T T e g

B G £ N N RS SRR AR,
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| ety

> Brake distance is dependent on gradient also (Jongitudinal)

v BRAKE DISTANCE DUE TO RISING GRADIENT :

W cosY

K E = Total work done in opposite direction
K.E = Force x distance

Vs mv® = (Fr+ WSind) x d;

Yy mv? = (WR+ WSind) x d,

Yo mv? = (f x Wcosf + WSin6) x d,

Vomv® = W(fcos@ + Sinf)xd,

Y, mv? =mg (f cosf + Sind) x ds

V2 1
29 [fcosB+sind]

dzz

1f 6 1s small, cos 0 =1, sinf =tanf =n

27 254 X e

d, decreases in rising gradient

T NN

- Downloaded From : www.EasyEngineering.net
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v BRAKE DISTANCE DUE TO FALLING GRADIENT :

(-]

R =Wcost n N e
> R oy be © () [+
~

K_.E = Total work done in opposite direction
K.E =Force x distance

Yo mv® = (F¢- WSin) x d,

Yo mv? = (LR- WSin8) x d,

v, mv® = (fx Weos@ - WSind) x d,

Y, mv? = W(f cosf - Sinf) x d,

% mv® = mg (f cosd - Sinf) x d,

d _ X =
= 29 * [fcos6-sind]

if 9 1s small, cos 0 =1, sinf = tanf =n Rong qeadiert = +h

vz 1 oYy
&= X | Falling guadiert 2 —h
V2 1 '

27 254 X [f-n]

d, increases in falling gradient’

58D = A+ A2
\]’2_
- 0,7:1%\]“(7 +,,____J-
B pen(FE0)
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v" FINAL SSD :

o SSD = lag distance + Brake distance
TSSD =0.278 Vt+—2 1 Ve

254(f+n)

.

v TWO LANES WITH TWO WAY TRAFFIC :

SSD = Vit + zg(‘;in)
v SINGLE LANE WITH TWO WAY TRAFFIC : { Tntevmediate
T4 S5P=SSD,+SSD, | , Poib bosnce )
- VE V2
Tep SEB=Vit 4 o) Valy * 2g(r+n)

SSD =2(SSD)) i:cqt Vi=vy |

NOTE:
The value of longitudinal friction as per IRC :
VELOCITY (km/hr) f
| 20-30 04 |

40 0.38
50 0.38
60 0.36
65 0.36
80 ‘ - 0.35
100 0.35

STKJM )

"4:, 8
AN

«

¢

o~
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TRANSPORTATION /
OVERTAKING SIGHT DISTANCE (OSD) :

v" OSD is the minimum distance open to the vision of a driver of a vehicle intending to
overtake a slow moving vehicle safely against the vehicle in opposite direction.

v' OSD is also called safe passing distance.

v Bven though OSD is not required in some cases but the minimum value of OSD is
provided is more than SSD.

v The minimum length of zone of overtaking shall be 3 times OSD and the desirable
length of zone of OSD shall be 5 times OSD.
v’ The value of OSD is dependent on following factors (or) parameters :
(a) The speed of overtaking vehicle/ Va
(b) The speed of overtaken vehicle (slow moving)/. Vi
(c) Speed of vehicle from opposite direction /Vc
(d) Acceleration of overtaking Vehiclc; Q
(e) Reaction time of driver of overtaking vehicle (fast moving) b =a Ascares
() Minimum distance between overtaking and overtaken vehicle .S
(g) The gradient of the road |
v" If the speed of Overtaken vehicle (Slow moving vehicle) is unknown, then it may be
taken as (speed of fast moving vehicle — 16Km/hr. ) Vo= Ve . VMp z Ma—l6 k-'“/'Tw
v" If the speed of the vehicle from opposite direction is not known then it may be taken as
equal to the speed of fast moving vehicle or overtaking vehicle. '
v" Consideration of vehicle from opposite direction shall be made only when it is two

way traffic (Two lanes). In case of single lane (one way traffic) vehicle from opposite
direction shall not be considered.

o

Downloaded From :www:EFasyEngineering:net —
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v' According to IRC, the minimum clearance distance hetween two vehicle |

(6111 +0.7 ‘vslow moving vehicle) ;'- S = (%(VI"‘ o4 vb)
v' The acce

nust be

leration of overtaking vehicle is higher at slow speed and it is lower at fast

speed.
v" The value of total OSD is given as below :
> OSD=d, +d, (Single iane - one way traffic)
> OSD=d, +d, + d, (Double lane - two way traffic)
» Minimum lengfh of Overtaking zone = 3 x OSD
» Desirable iength of Overtaking zone = 5 x OSD
Where,
> d = Vyxt, L= xAec
Vs (slow moving overtaken)

Qo AL XN
- o= dh ”U)

S 1s the minimum clearance between the vehicles
» dy=V.xT
[

Take V. =V, (if not give 1)

T = I/R sec
Va
o E‘ e

Py

Sl

=

Lo S R

LA,

st
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~ TRANSPORTATION
OVERTAKING SIGHT DISTANCE (0SD).:

¥ OSD is the minimum distance open to the vision of a driver of a vehicle mntending to

overtake a slow moving’ véh_iclé safely a.gainst the vehicle in opposite direction.
v OSD is also called safe passing distance, o

:// Even though OSD is not t'eqﬁir'e’dfih Some cases but the minimum valye of OSD is

provided is more than SSD. ‘  ©8D > ssP
:// The minimum length of -zQﬁe of oveﬂakii_lg shall be 3 times

OSD and the desirable
length of zone of OSD shall be 5 times OSD. |

/ The value of OSD is dependent én fol}l_oWing faétors (or) parameters :

() The speed of ov,ertaldng_‘yéhicle Q\/ a-f)‘

(b) The speed of overtaken vehicle (leW‘mQVing) w‘) '

(c) Speed of vehicl¢ from Qpposite diré’étion C\/C)

(d) Acceleration of overtaking vehicle (o) ..

(e) Reaction time of driver of ove.rtakin—g. vehicle (fast moving) ( 2 8 )
(D Minimum distance between ove_irtakiﬂg and

overtaken vehicle L )
(g) The gradient of the road -

// If the speed of Overtaken'vchic_le (Slow m

oving vehicle) is unknown, then it may be
taken as (speed of fast moving vehicle - 16K m/hr. ) \/b = \/_R -\ .

{/ If the speed of the vehicle from opposite direction is not known then it may be taken as

equal to the speed of fast moviﬁg vehicle or overtaking vehicle. \/C: \/fq ‘
\{/Consideration of vehicle from opposite direction shall

be made only when it is two
way traffic (Two lanes). Incase of single lane (one wa

y traffic) vehicle from opposite
direction shall not be considered, O8.p - A wd, +al 5

(= teaey
.O“S'—b 1—0\“*“0\1

Ci looe
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. & - it £ /m N Res S ~ (7
v" According to IRC, the minimum cle

arance distance between two vehicle must be

(6bm + 0.7 Vsiow moving vehic.le) %6 + O- = \/Q ’
oo,

v The acceleration of overtakmg vehicle is hlgher at slow speed and it is lower at fast

A L

speed. VY S Vi an «
v" The value of total OSD is given db below" o o Va —a‘l« (
» OSD=d, +4, (Slnglc lane — one way trafhc) i

> OSD=d, + d; + d; (Double lane ~two Vsay hafﬁc) T

» Minimum length of Overtakmg zone = 3x OSD (

» Desirable length of Overtalqng zone = 5 X OSD » L (
Where, o o - " z
>d|=vafb’3»S\

Vy, (slow movmg overtaken)

P %=28+pNu | \ \/bx
S=(6+0.7Vy) : _

S is the mlmmum clearance between the vehloles

/} di=V.xT . N /] R %
TaKe V.=V, (if not given)

T = /4~Ssec ' ) ' . L&
a ) B . . V

: ¢
Nove © . L
\[0\, f\/\s’/ \/q. v m}g .
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TRANSPORTATION ENGINEERING
TRANSITION CURVE (GEOMETRICAL DESIGN OF HIGHWAYS)

Transition curve is a horizontal curve having profile other than circular such that its radius varies .
from owat the tangent point to the radius of the main circular curve.
Vinficky
TYPES OF TRANSITION CURVE :
1. Spiral (for highway of any deflection angle)

2. Lemniscate or Bernoulli (for roadway having small deflection angle) @yr') Be,vrraum;\éf Lenr\.i:u'.d_ca)le_
3. Cubic parabola (adopted for railways)

* Most ideal transition curve is spiral
¢ The most ideal condition to be fulfilled by an ideal transition curve is the rate of change of
centrifugal acceleration (c) must be consistent

» Due to the introduction of transition cugve, the main curve shifts inwards.

Shift, S = &
24R

LENGTH OF TRANSITION CURVE :
1. For Plain & Rolling terrain : .
’ e iy - oL 4
L=27= - —
R .

Where, ok cu AR °15JR
V = velocity ‘'of vehicle (km/hr) '
R = Radius (m} ‘
L = Length of transition curve (m)

2. For mountainous & steep terrain :

L=V£ NV —=> Rm/}w

3. Based on rate of change of centrifugal acceleration :
3 .
L=
CR -
V = velocity of vehicle (m/s)
e e,

Where, C = Rate of Centrifugal acceleration (0.5 to 0.8) m/s’
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TERZAGHI INSTITUTE |

80 ..
V is in km/hr
754V ( b.._).

4. Based on rate of introduction of super elevation :

eBN e
L= 5 (Centre line of rotation)
yoboed
L = BN (inner edge & heavy rainfall zone)
Where, A
B = width of road with extra widening

) e o ~akion
N = rate of change of super elevation (@¥) Rakeo- @&M;’-Wduc—hm Qj’ Sapan Y

2

55 h (Super elevation) :

Note : If V is greater than design value, adopt the design value as per Super elevation and do the
check for friction.

Adopt Greatest value of above four

POINT OF

i

TANGENCY STRAIGHT ROAD
LT TN TTT T TR
» . —__LMAIN CURVE
%4},:‘91;,,'"} o '\\;,TRANSITION curve. ‘
[SReY , [}
D, . fN 2 - < 53, Ipgl> S Wl
> ~—— 1" R Redive
. i > < ST — AN,
AR
POINT OF
TANGENCY
12
S=—
24 R 0
Note : R
If “e’ is not given then,
v? '
© T oSk
check it e < 7%
if not, restrict to 7% )
V?
Then check, e + f= pprre fshould be < 0.15
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¢
( TERZAGHI INSTITUTE
{ TRANSPORTATION ENGINEERING
(: - SUMMIT CURVE AND VALLEY CURVE (VERTICAL CURVES)
‘ { SUMMIT CURVE :
' ( N \\\ »
' //st‘T =&\':l; B2
(.
<
-
C N=+0,-(-0)
( {+) = Rising gradient
(-) = Falling gradient
{ N = Deviation angle in rad
{ BASED ON FOLLOWING CONDITIONS SUMMIT CURVE IS DESIGNED :
. 1. L>SSD . .
‘ . 2. L<SSD -
{ 3. L>08SD
4. L<OSD
C
@L>ssp: (8 —7 $3D
< _ N_Sz
, 44
: (2)L<SSD: _
¢ L=2s-% ,3—>SsD
{ (3)L>0SD :
. _ Ns? N
(4L<OSD: -
( L-2s-2 8§ —> ©O%D
(., e In practice, the shape of summit curve is s_i_gnLIe parabola and for valley curve is cubic parabola.
) e According to IRC, the valué of ruling, limiting gradient and Exceptional Gradient : "
<
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SLULEG

TYPE OF TERRAIN | RULING GRADIENT | LIMITING EXPERIMENTAL/
GRADIENT EXCEPTIONAL
GRADIENT

Plain and rolling terrain

1in 30 (3.33 %)

TTin20 (5%)

L'in 15 (6.7%)

On mountainous zone

1in 20 (5%)

1in 16.7 (5.9%)

lin 14.28 (7%)

Steep terrain

1in 16.7 (5.9%)

1in 14.3 (7%)

1in 12.5 (8%)

VALLEY CURVE :
Valley curve is also called as Sag curve.

LENGTH OF VALLEY CURVE IS DEPENDENT ON FOLLOWING PARAMETERS: -

L.

(1) Based on comfort condition :

Comfort condition

2. Length of SSD
3.
4. Rate of change of centrifugal acceleration

Deviation angle

L=z

C
Where,

N = Deviation angle

(& i‘u"sec3‘-,

C = rate of Centrifugal acceleration

V = velocity of vehicle (m/s)
80 . .
here, C = p— (V is in km/hr)
(2) If length > SSD :
M Qa»SSD
*(1.5+0.0355)
(3)L<SSD:
=25 _ (1.5+0.0355)

N

Adopt greatest value among above three

Whenever a horizontal curves lies on a raising gradient, then the resistance offered to the vehicle

increases. Therefore, the raising gradient should be lowered down.

According to IRC, if the raising gradient is more than 4% then grade compensation is must.

. 30+
Grade compensation = ——

ov) 5
Grade cgmpensation = 7;—

Adopt Lesser value between two
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