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02. HIGHWAY ALIGNMENT
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03 HIGHWAY  GEOMETRIC DESIGN
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04.. HIGHWAY GEOMETRIC DESIGN
GRADIENTS
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05. SIGHT DISTANCES
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06 OVERTAKING SIGHT DISTANCE
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07. HORIZONTAL CURVES
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Undon tdaal tonditoms, cle distamce  blw +two succomive vehicles
{Adovm’h&& o5y length, of \JéMoLm ‘a,’\r\a(, 1@ distance o idead
drison . oAr por IRC, 1 = 6dm & neackion Hme of ol
drweor U 0.7,

gon voleal U-ef\\,',ob,) b?\ojdng d.t%";u’hqz, (SJD) =0.

'S = 1+ 83D,
S

= 1 4+ vt +_V_2__
29 |
dn +the above cose, o the calewlation of 39p, gradients

and, bnaking efpidengy anz  not comsdaned..



06. ¢ = 1+ vb + v°
2gF

= b + 0.23 . . ‘ Y '
§x65x25 + (0298x65)"_ g 30 m
23)(0"" J

Copaclty = 1,9%(2_1 = _lgt_;_cl)_é_fé_‘é_ = 308.09 Véh[ houn/lane
.29

o1. S = _1 4+ 0.3V = & 4 0.1 (0-248)(’-\0)
= 2. 184 ™
Copactly = 1000V = 1000x40 _ 3129 véh/Wn/lave.
S 12.384
Gopoclly = 1000V o —1000XA0  _ 5382 veh[fy
S 26 —_—
o = Sed. doration, =82 Kwmph.
-69,
Mean = 33 ko

- Lakion. = T
En e%bguen% ofy varuotcon T o

—s Trabbfic Sl;‘ream Models

1 Gree“s'\xlelok’s Model - Lmean xPea’d, ol.em&\:’ mode] .
A




I I | —— == ' |
/_‘l_\ |
! ]
: —> - N
2 ——

| Jam
% — 'monc. demeily ©Y) zZonre d,emiﬁrj
Ny,  —> dasign 8peed (Y "monc fpeed. sbeon noad.
9 dero 9&1 w Lthe derwy ok wWhich el vehiocled  one
— .Qom _

| b M A Ahos
cl(g,e)l{cj aJ\fLan—aub ot the nocol b maen yPo\,uma/ b].w e
oot oy befos ned,  gigmal.

C = Qe = (l'(g\_

Woh  OCC U3 ‘i“f‘“"g' trhaific ¢

e
. Km

)
{x°%$
66%$'®:§@?;€§—Q\6}’
N o a‘%“*j;‘ N
e '6&%&‘-‘3&9%‘9@& |
'0_. g = 1YY‘\_ . ‘G}’fb%’ P"o‘\qu A
| S
Krmax = 1000 _ 1000 142. 96
S T
G max = Kmax Vimax = 142.86 70
22 2 2. 2.
. km = 100 , Vn = 80 kmp"x
Qo = Ve Km _ g000 = 2000 vehh P40 kmph,

4 KX

3. J = € = 1700 ven [



veh(km.

Kmax = 1000 _ 1000 _ |g1.82
S 55
N
» = ki Vm)
qm 2 ( 2 . Y
= 394
1700 = I181.8 (Vm)
2. 2 o (
hY
VY = 334 km [k ’
. e
- >
V — Vm K Ko
T =gl §2
Km =K - '
A
18. 82—k ' 1RV 22
4.96V = ISL.g2— K
N = \Q\ '92-‘—',5;.*%%7 _ _ I _
4-..26.
looo = @L_@_Z“_K) K = 37.41 k — 0.206 k*
4.¢6

149.2 veh kam

k = 32.53 Vehfkm &

2. Greew bevg’s Logarithwmic model.




3. Umderwood.’s EXPOnewﬁal model,

» ' ‘K‘/km,
Y = Vm @

- Orig in & Destitmation Studies :

— m ethoed O-A Co’“ec;t‘thd O & D. daku, :

© @ Rood side  tetowiew vrghhod
@ Luerse pete  wnethod, .

@ Posk cand  swwey,
%5 L 4

@) Uome  irrbenariew .
— {Pnese,m-l:cr\:iOTL Of 0&YD daku
@ O & D -tables.
18] c@mtm Umnes — sjchakﬁ%% Unes ACo'nmec;bima onigin ?dm
with dastinakions, surnmamiged ot diffeiet  anea Jroups. |

B Desire line

A dth of donine LUY\(Z« W dnawm ’P"OPOT"H’O“%L 40 numben
o{) %mPa . Lot dlonecktoma. |
e oG Pechenty e

@ Eovrboun Vmes

= Tyaffic Llow Anaractevistics

a diverg 9 a merging ] evos‘ﬁné . 4 weaing \\




- Point  of Comflict
__;Aa;wke«rr!r prome  Jone.
— Nb. o rpe’m‘bs of comlict on two lane noads
. meeting ok gt amgler

Type of TrafAc I, No. of cmv@l‘\c,—l:'mé
» po‘ln-\rg
Both +the noads 2- way” 24
Orne noad or\-t-—uooua/ LA
Both the Nnoads T'-uowé. - 6 : T
L —> uoe,aw‘uvzj LM/\J'\:K.

B - Widkk—of votary roadway

A
— rob
W= [e‘ +e‘°-1 + 35 iglamd. .

2

& —> oy width ot oot

-* ‘:quc—\:tcal Capacity of ‘fo%mry voad way,

.Q _ 2gaw (1+em) (- Pk)
" (1+ wn)

b o nobaRgased (6.0 )

Q = e‘ -—‘—ez
2

P = b+ d j Proponiom of,
a+btctd weawing  thaldic

==, Ula & k
—(_—_/
Blaek+ red '



w= {4m

L =35m™
b4c = 1000 Pev/ M

a+b+c¢+d = 2000 Peu /W,

P = bi_c___ = 0.5
otbterd T
Ry = 280 ”"‘(”’e/w)('—%)
‘ T+ W)
= 280X 14 (1+2.4/1) (1-0.5/3) /e, ,
(=I+ %T55] & 33.33  Pev/i,,
e = 55

y W=6m, L=20m, P~ o5

18 -

% - 280x6(1+ sofe(1_oh)
’ = 2064 pcu
(1 + 6f20) Pcu /o
mQ/feoJ\MfYB -ET\Q_%{C . @
V3 = 4BO
Mg =212
Neo; = 310 X
Yoy = 1090
VQ3 = 200
Vgz = 600
= 450 + 310 + 1090 4600 -~ owg 0]

450 4+ 412, 4 310+ 1090 +200 + -
‘ 600



—> (Pavkhng
@ On  stneet Ony kenb ’Pm,&mg
@ Oy ttneek -Pwkhw&
- ’H.‘QMWQV g 1!9\’\4:'\'."'3
— As por IRC, i AL l@uﬂnqﬁtm, heq wined  om

LmPonchwb nooos W 30 WX amd  maiw noads 15 lux ;
' Fackon

* ¥ Pao'mzj 9 lovpz = ]ormlp Auwnen % coefAcient of uHlisationy maiterance
A\'j- lux on road * width of voad.

peh nov,
SONDAY

- Traffic Signals
‘Cycle: Ul\g, Tre ’Laf)g@d/ e(g\om +the beﬂimm,tng, o} 36%&\’3/

ol to @ particwlornzidle 4o the bggimwimg of  mak Aed

to +the game :s‘n',clm W called a cycle.

Cycle tme : (R—>G—A)
’\/\fe(x\,{:en axb @

— gtven bz

Co = I5L +5
t-Y

L hene L > et e PQJL C(‘jc'lz’ (=2h+R)
n—> no: 06 »P(\wa/aeb.
R—> ol 7ed Wme.

-

N

A—

\Pi : [
I aPhase | a Phase 2,




!

e

_—

s

Y=y + Yo+ Yz -+

S Sa

4+

q4; —> Monvnal {)louo (\Jolu'me,)._g veh [ hn

St —  gokunatked. ll)bauo (qmw:c%apaaby) Ean
(2]
X EFFective greeﬁ”%ﬁe, - aié'@j
AV
Lo L& A
S5ES .~
3 Y —> C(Co~L PRy
o(? 57,3,“?;;4%(\00.
X X o
Y —> 61 =7 AL
§ s §
G = 9 (co-L)
Y
e b C—J =
gtm\,ooxtlj 2 ﬁ_z_—' (CO—L)_ _
Y -
P
1000

550

!
|

© 700 Goo




] Ons = YUnes

Y

- = 94 (73-12).
(¢co-L) — (7#-12)

= 32.14 SV

Gew = 9'_".3_*.'(';2-_-{2) = Q9%.86 S

——

1-y 1-0-5 =

2

'S f—ﬁﬁec_ﬁ\ze gheem Jdmo,, G = Gack + A ~ L

7 R K lost., time
e ber light
g Yeag\_n:l Lght mO f\,-Y 9

—Lane Capacity

Co — S (Uo'\'\z,h Mo Xi,g'ha,l/s)'

G — q.

* Lame capaclly with g ok,

o - < (2)]

whene 8 —» wnare Jlow with Mo dgnals.

_C2_ — 37\_2@'\’\_ 7\&'&0 ( £ 1)
Co

Fhu onoge oldcw: 0O +R
2.

VD\ = R
60»\/ —i

o= R—k——6—3  time -y



22.

24,

¥ Webske Ys EmPo,YLcaL egn

Ay = 2 (-8

- %4
S

{

G —-9 effective 37UM:W\ e (GC‘M'

Co — cﬁou time
6 —» nonwmal jlow (volume)

S —» ok

g = 1000 veh | Yoo Co = 105
G =0,
S = 2800 veW o o 0.55

Lo

+A-L).

akion & -(Y\.mc’.%low,(,ﬂdmme,),

1\2, G
Cf’mhc,a.k -(‘,O\PQCL)E} Of \ Fmoy = S (_—Co) ,
= 0900 X 0.55 = 1540 veh/houn

psm—

Ee otive gnegem e , = 27+ 4-

Gokanaked Bome head woy =

3' =288

= 2.4 Sec/veWele .

Sakun ke  How,S = 3600 _ 1500 veh[Wn.

2.4



Copacy of lame (with sdgmab), q = s (&

= 1500 X 2€ _
‘GF = %0 Ve’h/&h
180
|
23. 330 yeh|n [lame. - inOwoned -to :
i ]
440 ven| W)l in E - 660 —>
. Z - - - -
do ecion . =330 —=
. , . I T O e
:. @mfh Live inoeases W BE-w me_ ______ é: 5B 225
No choamge on  graem Hwme o | -
N-§ dineddon o \ALO(D AR GAYA T:
+he Bamme. ‘SOI

Q. 047772%\&@{’; umduﬁa a biyde mavfefwiaa frrnoet. YUe

tole, 40 vin o ek howme Lrudant stoppedl O 18 win oy
e ude. Meammudhile 45 véldlel oventakem the  ghuslen &
Fruning b ride, 60 véhicles ovorkook the Fbudewt . Bokonmina
o onag e spaed- o}, \)e,mc/{,a_ fraom  on rwad. ;—5&“\?9_\ of mide i

5 ke

40 ~Yran nddudga 15 min OLQ"LO('J

A — B
Bkm .

Stme- o} 4tnove = 40-15 = 25 A .

Yo = 5 km 2 kmph,




12. YALLEY CURVES

N = =N — (+n2)

<+ N,

o
- IRC 7necovmmends 3 '})a\mbola,

on cublc parabola (tnomaition, - cunve) : < ;
: v N2 =0
© Type of Curve IRC Yecommended.
yp - "—'__—'\Co\rm. N\" >N2_'
)] %Mgo'ﬁ—l:al ¢ unve —— Arc of circle Ny
6 Q-LOMBOWL -5n ama o —> Spiva[ .
Gih dumanit . _— /squ.qre pwrabo]a_
or ?curabo]a_
NS

vy '\/a\led cunve , —> 3P/Cub"xc ‘PaYabOUL.

Case t: L >5 = HSD +Ny =0

L = - ONS*

2hy + 2stand



Sane  hy —> haight' of Maoadlght (= 035 m)
X —> head Ught beam angle (= 1° as per Inc)
(uprOLQ).

L = NS’Z'

(v5 4+ o035 5)

Case 2: L < SSD

L - os - ol +28tan &

N.

x From cor vt condition.

C = Nake 06 Or)'\a'nga O{)
C@Y\‘k"kb u,gal C«.CC&WW‘CO’\"L-

(0.61 wjs?)

- L =21 =2 (NV_.s_)l/?'
\¢C

L = 0-3% Q\1V3)’/z $

. Mivtmaumnm nad'ug o ”“ued

¢ wrwe 6@\ culbic ’,Pw\a,bo\q.,

e R ele (ch,Phwaik ad %)

.I = _.E_ = |‘6 NV2 o ° |
" S /o ($ f:?’/o) sV oin kmp’h.



BDe

' ! A _ -
o N = oo Ne= o o V= 100 kmph G =06 mid, 8502190
N = ':'__ - 4 = —~0.09
285 20 -
Arume L > SSD,
2] 2
L = N¢ _ ©0ax g0 373.85 m
1.5+0.035 1.5+ 0.035 X189
(83 @omJDGJ\:E Qﬂi‘\:m)
L = 0.3¢ (st)'/’- %
= 0.2¢ (0.0ax 100°%)
= 114
S L = 333.¢5m
o2, -st‘”'\PaUt— 6@0{7071 = e nv? _ |-6Xo-oqx100?" >
: __L—_ = 3'?5/0
0.0 2.
03. I —> 3F2.¢5
.04 —> X
o¢ = 33%.¢5%x0.0
ZTEEX0 0% 166016 m
0. Oq _—
—1 |
OLL Ny, = E(—_)' 2 N’L: 4—0 > V = Q0 kmyl\) C=0.6 M/5‘3, S=120 ™~
N=—=l__ L = ~o0o035.
o] 40

1 5+0.0355

gtho.o’c {)ac)con = 1.6 &NV

L

0b-

-

1.5 +0, Q35 X120

0F5 X 152,02

1.6 X 0-0F5X80.
189. 472




Yd‘nov

SUN DAY 16. [RAFFIC ENGINEERING

> Ty offic ’\/O].IU'YY\Q :
No: o4 vehicles cn w‘unﬁ a  sectiom O{S noed
v umtt v, ‘ :
Unit: Vvehicle/ hour pen lame (OY) vehicle /day per lane.
obtained, ay a (,{m&%@’tm value, UOPL\L*\»

- Volumme can be

eoanM@oL v teonmes OJD CPaMemJOJL GOJ'L (M’*W‘L‘ ('PCU) pa Thown

o da@.

— pcyu mumblen w amigned based on distunbarnice Corcsed,

x cMe,-l:%ocL o-P Yol wme Gown%u'nd

0 Mamuad 'me/‘ckod
& dn o bu.ba ’Howx, +he {)ou,oww‘ma veri ey ane sbserved at a
cnowd  sockkom of a noad. @alaudoke trajfic flow.

Corw — 200
gno,H)/tc \)O],LLW = 200x%1 4+ 280 x3 +
Rurar — 20
500% 0-5 + x4,
2 wheelor — SO0
= 320 pcu/hown O
HDV — & ' 720 vehice / hoto,

MSROADS 4 +the Aotkwone, used. to  calcul ake “nalfic %bw

bated ov \J'chz,oéno.p% takem
'H'\zr me:H\ooL Wa&% zw&:a/bla %@L

:-— (gavrc:;'_iaY;JC %
—E'nm-g(pc A aka.,
go—tk H'\ghes{:. Hourly Volume. ( @%Lﬁm voLu.'me,)

Jhe ’\\om\:j voluwme thot will bo  esccaeded. MUy

L ond  alk oo l\OwL\Z, volurmas 9‘6

29 times v & Yye
the Yean wilk be Lx than  thu \)oTwme,



v
0.

80
_ km k
p

o 29 $o&§ 60\0&&005
p B 3)\\@6(\ ﬂ\?a‘-oo&
_‘:‘i; ?“ <% &+ v%’@&e@e
e o C\\((\Q\G‘}-
‘»\6.-9'\ O 2}9\,\,&"



13. HIGHWAY MATERIALS
&
TESTING
= Floxible Povevnert

& WBM, Gnanel, Eanth, g.T.

%: Cornent Comoete . |
T edbbae T

?e,‘w\{) onced, Cemertt Gmon ete,
AN

W;‘”—Povma’c(on width_ Sabgvade.
= C + shoulders

> (Rig\‘,d. k])awé%en-t

iVl

| Wi G

N sub-bage

%@Yop@rﬁes of Subgvde requived :
1. CBR \ Califermia ,Bewﬁama Pokio
T cer = T stremgth o} subgnade.
2. Modulua ob-.rfwbﬂnouie_ Reacton (K) :
f ko1 submes S | seement
- C‘;nqcompa, ‘Bearing  Ratio test:
— CBR W the primary dasign v])a)\o»we)cm,

— counbanceight w providad 4o avoid e

2ol (Hewoi‘wa \\\'\‘\\‘ : \'\\'\\




— |CBR, . = Pos P @
> — ¥ 100
std. p2.5
— X100
std. Py
—  Skd, Pos = 1370 kg
Std  Ps = 2055 Kg

CBRZ,‘E‘ > CBRS

—- Az pon IRC, Uy CBRs > CBRas, nepeak -the tert. Jf the
sarme  resalkt  are  obbained agoun, we the ‘*\Agluh of the w0,
_ cBR gva the mloobiye Xw‘:mnabk ofy foll cont  crushad
aggneqoke Of Coliponmia.

CBR = 157, => S—Emmg":l’\ O[) 3ub<c]hqoLQ, W 15% Ob SJcmvny
of crushed aggrigeke of Califgnmic

- Plate Load or Bearing Test.

o Jha  tet give .
O K o il (shfimos o tugnode o).
b Z\Joumz}a modulus , E.
Fhondond  plate  2ge = J5 cm clia
Cornmonly  used. = 80cm @

- Prewune oh soll, p = Lood. .
- : rP\m«L anea  0f P‘wae,
X Method 1 Fix d=1.25mm ’PA
K = Prersune. (kﬂfcw‘? | e — —
Unit  Pefleckion. or |
N/mms) : |
‘-( f— .P\-QS ™ ﬁl\
+ 25 min :




% Method 2: Ax p=0.7 kgfesd ]
K = O-F
dO-:]» P=0:7 kg/a.-,%' b > - —
|
|
s pon IRC, -\b_omna/ indap emdent Y
[
Pcmovme/c‘zn (=4) W Tecor v emoled. . L o
. d=0.% -

v E of soil
— E of sl ba P\a)c@ Locol test gen Lv.a/ ,Rowss‘the..g%

& gen mAglCL p'\.m(ms)

Es = ‘-19PCL
- d
Shane G —> Nodaws  Oh Pi“*e‘

, b Lodee )
i o {lesable plade (nubbon plese)

Es = 1.5 P>
' d

lebc,._ w o neplhca, of nubben bm on

Jest otk nubben

nood. . =Std. plate

- (k) -

3 kK of soil :.L!Sc,m¢ = (k)30¢"“- ¢

2.
03, Kas o = '<302¢m = 200 =100 n/end
o5 E = (18 pa  _ L8xo0.9x 52
- e . 2 _ 4t kN e

d- 0.5 —_—



2. CBRx = 605 490 = 4"4"_% | | %
1330

CBRS = 80,5 X 100 J— . 92 0/°
2055

CBRQ'S > CBR.S % CBR = CBRQoS p— 4“[ Va

_.>Tes4:s on. /Poqd A_QQYegcxte.
1. TOuS’\nhess
— resistamee Ojaim‘b l"""’»f.)aﬂt?
— oﬂﬂru;zjo:te LYNPack value 'Ponc,zrﬂ:og@ $ire PO‘ML“'B/
2,86 mm Rlewe to tobtak &gjﬂzjcde, uoug’h—\:
- %3M3m Lpack chciw«gr mMac hineg .
9. Soundne ss
— raniztarce to wea:kke?ﬁvna actoon..

— goluttom oJ0 fodim zulp",\wko, N hmgmtwhm Xw?p(lwae

csed .

3. Shape test
~ omguwlan thope T prejerned .
& Glokiness index .
Jhickrers < 0.6 x(avg size) = {LQR&
iy € lowwjaﬂion index .

Leomnagth >~ 3x0.6x = elongoted. .
9 , J
(avg size)

On a gien sarnple, {lakidnen etk W omdutked and, oven
hom—{)lakd aggﬂézja:t%, e\crngabfﬂ“ ‘ot CO‘_Y\OLuCkQaL,

TFhickners < 016%X 1y = Y mm,

%e'ﬂd‘\,‘l\_ > 33X 06 Xy = 252 mm. l e

16 mm

avg Size = 14mm
/RQ'\'\ge O’b ’PQJ\'&.C)-Q» 8&36 : N I 12 man

" !
! s

4 wvm — 252 mm )




%: fq«w"ﬂz 0337\9\.3&7{2, = 500 g.
glakﬁ r akoni od, =150 g

Flomgadkesh modkorial = 100 g
Hlaky makarial

mers Indec = . %100 = '8 x100 = 307
%l@lwm A 30{,}4{, o cig ot SODMOO 307
flon . st = flohgouteﬁt materual
da‘t‘O'Y\, Y #100
on {‘Lakﬁ
= 100 4 100 = 28:53%%
500 —150 } =

4. Strength.

— 2aslstamnce 'agai““b% 3naolaual load .

— %nﬁm owa’)\,tv(wj et

5. Hardmesg

— rasivbance. to abnasion .

— stomndond abnab‘;on tost  ana -
o Lo Angel’s Tesk. — pavisbane o lmpact & abnasion,
b, Bwal abnawion -test.
o). 907\"@ abnasion test:

6. §pect€ic 3?@'&:7 ‘_

— prepenally bl 2.6 & 29
7. Wasker absorpion < 06 %o
8 A'ﬂgwla\ri:by nuwmber

_ volds W emcemms o{)-‘hOWY‘de Jnowel ”69’1. whith wolde
nokdo W - 33%

pe fe ok

33% voids round Q"‘ﬁ"&"‘r
o o OOONO000Q

6270 Souds &%08885380 SERRAY 825288 |




— (74‘1’15%/{‘ o‘h"’_% nuwmb
w oL = .
6%+ — /o YOLL(;L UOQULM
e,
= 63— too X
CG ((‘ﬂ‘dé ﬁumbeh)’

- /I\ oMM A .-
g whamidy  num
ﬁd b?h, ___> Taﬂ\c]btlah o
3 .
1 comson g
)

- Bituvren

- g .
nacttomal desttWatton of
Pe‘l:nol_eum

g-a“b 0 lL'n e —> (p
‘ ' 'e/%;\o LG :
— Besbruweti wm —> 9‘\%9_\ ___} 7<M :
‘ | . N2 OLM kj:u, . Gleme, —> ‘
(V’Y\ _t}ne clbze’,h& OVhTD'Y\, O{) UJOOO(I £ i ' 3{%;‘\&%0’“'
CL /L'\q wd. g—%m O{) O’Dw e,’Y\) . 3@ N Co (l/L 3(.\7% -t-_-ar

. ’ . w »

an -{;Q,
'W\]OM ok une.

golutions

—7 Test
q
s on  Bid
iU e’
Yo
r. /pe Net
Ya;ﬁ Com lete Class Note
on Fest. ¢ P JAIN'S / MAX O
SHRI ANTI ) P‘RISEE
37-38, gurya: Comple®
Abids, Hyd.
70029 1147

med %m
_'pehe'l\:‘mee_ta' T o 80{)%;’\% 06 b,“
« WA UAQ,d_ 3

_.(pehex‘\': o

ratton value: "Pé*\e:lm
DAL 1L’n, 1

por  Ss. e unity

w 4
dectded, based on pem N

P vl
emetnation valu ‘
e =
120 b
{0 mm |:|
— GI’ZQ/lbo
= 1
° (Duc-ﬁ’];%)’ Test * _2;_1 6 ™mm
—

- elo“{)@ﬁom ‘v‘: (
failue b calewl
wloked.



3. Viscosity best

— ranisbome to flw

— wacesily W a genaral tvm Jon comLaJGth@,

— Orifice "byp'e,‘ of Viscometen W wsed Aot bibiomen
i lguid eonvm.
n g % ' 50 mL

~ e on. secondks »ﬁmﬁbﬁ:umm to  Alows 3bamdang
oralce ok omdand tempoekures

4, Floo;k test

—

wed Aov Uitwmen n sold o biburninous

/ Plug ,

5. Qpec\@tc gravity

— Purne bituwymen : 087 - 1.02 B
| San_ . 1'b et !025 ' ﬁ

6'. S‘oﬁJco_Y\'vhd Pourit test.
— 'R‘Wg g ‘Ball +test.
- Q—kg'\'\oﬂ. 'H'xe. Xoh—heﬁha, /]Doi.Yﬁ,‘, loweon woill be_ '{z;n—\PmW
susceptililily . amd. 14 prafovied. tn  wonma olirnadkes.
12 Flagh & Five Po'm{— “+tost-
¢ L]
N (Pewuk\y-'f‘f)a,vheﬂg cloved Cup o Open cup Qppw@w
_ Jlosn Ppoirt ¢ 175°¢
Q. So\ubﬂ/ﬂzy Test

_ Biburen soluble in - Benzene, canbom dirulpWele &

canbon ‘l:eknacf_\\l,o ruole

0

— Joan goluble in Toluene. ru\

9. Spot  test
— Naph+tha solwon waed..



e

&
— Cut back Bituymer.. :

- bibumen wibh nsdlweed Viacosity due o addidi veg
% Types of Cutbacks :
Gy Rapid Cuntng  (RC)
— maghtha o1 gasoling  ane {lusced cotbh biburror.,
Gb Medwrn Qunkra, (M¢)
~ Yloced wikh. kenossene o Tight dissel oil. |
Gy Flowo Cunimg (S0)
~ Migh boxuha poivt gou oll.

RCO, RC1, RC2, RC3,RC4, pcs.
T no. =7 Viscosity = | Fluidity

MCO, mca, .. .. MCE .
c
Sco, sCc1, §2 . .. scs.
RCE wone Vvwcous +than Req. .
Mces  wynone wutouws Hhan  Mc2, '\A,scofaﬂf/ dapemols

MC2 , SC2, Rez  howe  darne wsc:ost’g J On%_ on the M
- Brwmen Evulsion,

—_ (Bi‘tu,’h’\i'ho Uubd Paﬂ,‘b«,ol-zo YHbPQ’Y\OU—OL in &I GAen. CUer'\ _H\’e‘
’he\f; ofy sovne evaulstfion,

— Cam be used  In wek uo@q:%L\RJL, wen whem s WM%

- emulsion e wsed \é@’\ ?%T\L'\’\J”H\a'\'\b’a/ o{, soil.

s Roar Tar (RT),

RT-1 , RT-2, RT-3, RT-4, rr-5. ( f’nCYQa.s‘l‘Yg order of
. viSc.osHsy)
_ HNMnmak Indian clivmakic conditons > pro2



—> Ithe dierbs  of Bituminoug Concrete.

— Birouwmen 1 Binden .

- Coarse aggvﬁcuke . ?%ne’ng-l:k. Va. ' " Air
- gtnna (138Yﬁoybe, ° Yoich gt‘\lsz;'q. Vi B’l*:umm v
. » B |
— Jly axh ¢ vod fillon. £ly ash -
| - v
X q)evcew\:age Air Voids . “CA
N

R theonetical gpeddic 31’1%;&3 (without aun votds).

- G, = 100

+ TR g WAy Wi
| Gena Cen G ey | Ghir

Wen —> % wt o{) Caanse Oggm&mﬁe (CA).

Gea —> 3pecfic gnonily of ca

c/V]e—aboJ\.wL (o) bulk ol,zmi\a, T = wab o bk ia_'\"f\?l@,
Vol of, bib, 3"‘”“131&

Gm —> bulk, ®v measuwned 2p- gronily -

~ Gm = \‘m.

Fw

X (Pevcew\;age volume of b ittuwren.

Vb = Gm (Y_V_b._
Gk




55 _
a6.

0%

¥ /Pevcerr\:age VOIS ir mineyal QQSY% aAp. .
( i\"\ o/o)ﬂ

obtaimed as above.

VIR = Ya Vb

V) (Peﬁrcehjco&e' voids flled with bitwimen,

VFB = Yb  x100 = Vb_ 4100
Wy VIVOA
Gm = 2.325 it g,
G =2.41. Sz SHANTIEMNS/SﬂUtzcogA?
’K 7~38) Sluy TCERPRISES
7 (o]
Gb = _.}_)._ 1083 _ »03 Moblllﬁeélg; Hyq. lex
Kw 1 ; 29.11 >
Wb = 4.5 %
VQ, = GE‘G)M, %100 — 2.4i— 2.305 €100
Gt 2.4
= 3.5‘22_90
Vp = Gm ( Wb = 2.325 [ 45 ) - 10.16%
Gb 103
VoA = Va + V}p = 2.527F +10.16 = 13.6857%,
VEB = Vb 4100 016 4100 = 24.243 %
\VEGTY 13,685 =
¥ = 1100 2,31 gle
435
6m = ¥m  _ 2.3
w pinsm—e—
Spedmeh. Ay Ar - Ag Aq Biturmen.
Wit (g) <25 1200 3258 150 100.
0/0 \A)b 3’. ?3 L‘B ) '5 '2A5' 5'?‘?‘ 3' ?5'
2. 63 2.5 2,46 243 1,05

Sp-gn.



100 .

L33 465 | 125 4 5FR y 3es

2.63 2.5\ 246 243 OS5
= .;2. 405
*) 0/0 an "\JO’\rdb, \’m = '6{:_" Ghr\_
. —_— X 100
G-
= - 2.3
2. 405 X100 = 9.957%

= 2.31 X 8.%5 _ Q.47
]'05 ———
A votos Un raneoal agjﬂﬁojcu y YOA = V, + V.

f

3.5+ .43 = 12.42%, -

2, 46 e,
St

= Marshall S+abﬂt—l:>: Test.

2.3

~ Appicable to ot Wo&—Pav&ng, miscbune  clasigm waimg.
penctnation 5,\m bitumen  and COW’cai,'w{ha/ aggroqakes  with.,
mortraum  Bige of 2.5 cm.

— focm ¢ & 63 e heightt  gpetivmen,

- ﬁoad ack {’ailwm_ kmouwm as  Marghall Stability Value’
(in kg) omd deforwmadion ok failune  kmown as ¢ Marshall
flow value’ (1unit = 4™ one  mobad.

~ P sy = T shnemgth

T MFy = T deformation

$ kb mess.



MSV
(Strength)

Va,

S

e——  —— —_——

S/ btumen —>

]
|
I
!
|
I
!
1

N
—d

VFB

% hbitumen —

~

o bitwmen,

v

Yo bitwmen —>
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4. PAVEMENT DESIGN

Flexible Pavermert Rigicl Paverment

G One counce rpon—meL conunete.
sk |

GH g(exquL_ s%mvg’tk oy, concneke
U rrejor fockor Jen  debigm,

(h Series of loyors

(b Porerners otabg'n L“Y\Uum'»cz.d;
\a zubﬂno.dL 6%7\,0,%%,

Yood. dusksrtbutton thro uﬂ'l\, () Aisoudbudkes LO@L auen, @&

@Yy
th
ocrwx/Fo'nem-l' lo(jw . wide, omea.  becowse o% ;""“Jidaff
and. %3% olostte  vmodulud.
%: BT, WBM, gﬂowel , fm-k}\_ | % Rcc, CcC

- Design Facbors :
i Design Life :
Hleocdb e Pwemeh_té — 10 to 20 years

Q}t,gld, paua’\fneﬁz — 20 +to 30 da,m

) @cv\—ﬁ,cbpcx&ed gnqtjoi,c,t

A = P(1+v)™

g,g'. rpng/am’\'b "bla.kﬁi.c, P= 2520 co"wrmmd.cx/(, Ue,'\’chle,gs /dg.,y

Rete ofy gnowth, ¥ = H57

Anticip aked knafic @V Expecked L nofic

= 5 9“,_
25920 (H— _16_5.) = 0012.2 CV/day

P
e ——



® GOYY\'YY\QJLCLCLL Vehicles — lodem w?AgWTt >3t Q\a-
Giv LDesign Wheel ZLoad.
7—ype of Load., Flexible rpavemewb- Qigld, (})avefm@,h—b.
}/Vlw:;c,_iegat arcle £200 kﬁ 10200 kg..
lood, .
Mare equivalart 4100 kg 5100 kg
&L’Y‘\gllg. w%@,d, ‘Lo‘*i
(ESWL)
&O\T/kg | 10,200 K4
T :
///]\/ ¢ 7 //'/]\/ //l///l\l ..
400 Kq 400 kﬂ 5100 lg SIOOIY}'
o flexible payvevments B vigid pavememss
14500 k_j
x/J.—/THW// /////]/]-\ﬂ/ N
14500 _ k .
sesly = 3620k <4l0 iy QIO Yaingle A
v heel Single axle load — 9%
@ Dual whee "9 ¢ load. Tonderm Accle,

— Pesign o Ppowemerts W bosed. on  9gth percentile of anle
load .

X Contact Presgure. |

Corvsacs prervure = Load. on wheel .. ‘
Corback anea @) orea of Vempnivk

.. Covtoaet owea W omuwed, o be
’“‘%‘1 ctule ,%003'\» OV o\c-(:u.qua, eUiptocat

7777 77 P 7~

= Radsims CIN cowkact onea = O
S \ o = 15 cm (i vot given)




¥ Rigidity factor

%-LQLCLL)% ﬁackOTL = Carbach @hegzm

E@m @nwwm,

. F kglerd | then gl Y dackon = 1
44 wre prewwne < F kglovd, bhem ngidily fackon > 1
4 e pww > 7 kglevd, then rigidtly |fackon <1
.7 kg/cw = 0.3 MPa = 28 @oumd/&;.m(psi)
-On om owolage , gYne Prem L B mairtained, a;bv 80-35 pst
- IRC M@mmemdb 0.¢ ™MPa (‘E‘kg/cm‘,")’ ;
—Np W uwsed Aot tnflactton. :
M lew  ompavwion (almost similan 10 ldeal gas),
@ gh @ A0 NotKO, '

- Equ.i,yale“m‘t Single Wheel Load :

P\L : Pos P

4s°

~ Yo Single wheel gingle mo@ loed. -

EswiL = P.



_ Yo dumal wWheel gingle axle Load :

EswL =P (utp%o a. depth d/z)

Eswi = 2P . (depth >25)
EwL = P 2P (ol < depth < 2s)s
- b@ed ovL chma-kmo in@n)oolmh‘
Gy dn a dual wheel amerbly b An wheelasle, the Lood
on each Ygne 4 4000 kg The cle distance blw the tgne i
50 e, the laon clstane bl Byre w28 0m. %e)cenrmiyg_ |
Equl ok o depth of:
0 10 om GO 120 e GY FO o $0m noad funfpac.
G 4 =1Wem (<« 2) -
ESwL = P = 4000 vk\j‘
ih 22 = RO o (> 2x 850 .
ESwL =a47°P : 8000 I(La)
iy, Z3 = F0 em (125 <F0 < 100),
Es.wL = é%o 2P,
103 w0 —> log 4oo00 103 Q—ii)_% log P

IDS 39 —> L03 ,ESWL. 105 (25) _ '()3 2p.

log #00 —2 log €000

= | 00 —1 '
In BEswiL = In 4000 + ln €000 —ln 4000 *Qh 20— In 10)
In 100 —In 10

- %.8¢

= ESwL = TI85:55 kg

—_—



BN Eq'\,‘i\!alehc)/ ~Cac,4:0¥“5 EF

A &
E F‘ = CJCu,a,L wheel qud,

' fs: \740’!:7U~'CLL wheel 'lOch_, = 3@00‘%
. Ztd.  wheel loead = 400 ka

F =(3 4 '
£ { €00 > -,
4100 -

actush wheel lood W F47 of thek

Qamoﬂe cosused
Combed \a ebd, wheel Loed,

cel Lowds movlong on a mqot wﬂ;k dikhprant

gm NG, ob wh
given bebw.@@%mfw@m dotal Mumben 06

load AaMge ¥

NS PO N - o) stomdand whneel lood

Load  Mamge Notoh \Jer\*\./ol,ag‘ Equivaleny {)a&zm'
4100 Kg 300 1
5200 Kg 100 2. 50
3ec0 kg 0 | 034,

ﬁjo{—ai, mo. ©h vhicles +enrnd oﬁ_ ttand and ve%lol_e,

— 300x1 + 2:59 X100 4+ 0.4 X350

= 595 veh/ day

e
—



- Modified CBR method:

gmmﬁ% N = 3265 ( (1+r)n~1) ADF
andond, )
Hrocles (rse). ¥

whoe  A—> initial tnodfie ok bhe Hrme of end o conebnuction
in tons O} cv/otoﬂ.

n —> dm‘s‘ﬁ'h U»{)e. in éje,ams

D — leme Oli/‘s%mt)cdi‘o% ﬂad:rOh.

F -5 uvdhide damage {ackon,

A = P 1_\_\()3‘: ;oor—> comstnuction paiod.

x LDF (D) ‘6871, variows q/:gp% Oﬁtho(,z.

~

——

<

a single lave

—>

< it

g two lane single

carviage Way
: >
—
<3
——F

ﬁ-Fcur lane s‘mﬂlz_-.

chY‘»age voo./

D =1
D =0.4
D =0.35

gDuwal 2 lane
Corriageway



€ Py = 4\0053, N; =6 miMion P2 = %00kg, Np =79

4100 X6 = 300 X N’l

N, = 6,4F million

P-64. |
n =1\5 3601\6; Y= 2.5% ;P:‘IOOO Cvld,o», s oc=k Yeans
-3 i O

02,
VDF, F = 2.5, LDF, p = 1. (‘a‘ﬁ Moy givem,)

A = P(1+v)* = 1000 (1+ 0.075)°

= 1435.63 cv/doy

N = 365 ((14r)"— '
(( Y) ) AP _ 565 (Q+o‘o45) o) x 1435.63x1 x2.5
0. 035

34,2><|oé’ ¢S = 34.2 m3sa

I

{
04, A = 25006 (1 + 0.08) = 2300 cv/day
fe] .
N = 365 ( 1.8 ~1) X2¥00Xx036X35 37.4%5 mea
0. 08 |
06 N = Ny 4+ ' '
! Nz_ LDF s covwidenad..

Z
)

36 ] |D_
365 (@ + o.075) 1) 2000xs = 5164 msa

6,035

\O ’
= 0.0t —1) . x200 X
Ng 5’65((14» 0%5)'21) x © 2 696 msa

.05



Q.

N = 57.¢3 wvsa \Xg

(74 4Anofhic guw\)ea, on & noad Joves  Sooo CV/OLma ke anclo
lfoad” dtribution o the hooad ia Jvenm Leloco ngn peniod,
% nood w15 Jm gnoco‘bk hate 2‘5/‘*' VeWiele otmmoge

N h be c,oJ, wlatk o

ﬂ{)c_}con 8 auwd. ¢ (d, m@tm 4:‘16 above O(oaba xoo\oL ga{a;%
jockon & 1.3, Dekenmime  Eurudative  homdand amles (in msa)

| Aocle load gﬂ‘zﬂwﬂ"‘g EF
(tor) (in %)
N 10 23.2.
(4 20 5
10 a5 2.212
g : 153 0.qps
6 I 20  lo.29z

Stand.ond Owc)hz load. =¢.2 + (“ﬂe?l floxible p‘a‘oe’ma\q-b_)
(0x pen |RC) ' '

-’\/\f’e)\g'h'teol, Ouue*n_aﬁg 06 EF = vehiocl o[n'rhcge, &QO&OA

= 0:1 %232 4+0:2 X85+ 0.35X2.2)2 + O45x0-90%5

-5
N = 365 (1+ 0.0725)°4) 5
( )" =1) 5000x 1 x5 = 23%-33 msa
0.0%5 -

Sa,kims Lod g%e:td -Aac,{:on m a-ccourr’c,
23€.33 % load fojely fackon.
= 238,33 ¥ 13 = 309.83 msa

N

#
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- ';{chol;- Cmr\ﬂmﬁ/' 'capoucﬁa due +o
(i) ¢ m{gtdﬁa |

G vrodulus of elastic®y of slab; slaub ackom.

. VELEN|
¥ ?odtusb af Relative Stiffness,l
Radins of o @ncuhan - —~— ™
Powe.’mefwt w OMZ‘K('e'o_t"m(j due B |

o wheel losd ot s centne .

AR

Eh3

RK (- 12) 3

1 =

whene  E > rodulus (Db e,lab‘fid% oh Comenehe <;—_— 5000 \I%k )
s > Powsoris Nakio of concmeke (= 0.15) .

h = glab —k—\mzkmm
k — todulns  of gu.bgnao{.a_ neactom .

* Radiug of 'Pes‘ls\,—‘mngf Sedrton,b
Radiod  gone " hich | satl - below  ha poverment

W oLek{sac)ciY\a/
— Critical Load Positions
_{‘jl-\z sbhemses due o ml’&w{"mgﬂonm(w

Pm:z'm@rﬂr Pome'\w;“ .\Auua, xgppohk@i o soLL. w (sei® uah).
{

wheel load .

A KR AARAT L
Rp=w (sl prestuns)



© G ©

© o @

© ® ©

- ga,{)ee‘t—- toaoUw\a'/ @Mﬁito'n,_ W int-onwoh.

— Mot outlcek w Loadh\'g/ ok ,conwwm‘)-cw..lhg/ torston ot
‘op . | '

— foadbné at  intoion and @ckeniON  cawser tevwion on bathom
* Westergaard’s Equcot'\Oh for woheel loads:

Eje'hoﬁ_o, O‘C
Irer @

q\f_)°6
glaly top

x Modified Weskeygaard “forrmula. .
(Teller & Su—l:herland) >

@O nmen Lo a,d,c\fg : éo“e’*% \ .g‘q'

J
£ T
ac = 3P A R FY =y & &s@\"%’?\f’
e l

—> Seco‘nd.(le S;E‘YQS‘S‘Q,S;

. Temperature  Stresses

() Wanpmg  Ltress
~ dﬁaﬂd varu atton oﬁ Jcem?enou&une, |
— Bradbuvy 1

~SSS—Y
\6-—/ |

P » & —
@ wayrping up (fﬁg@. ] WQFF""“\? down. (d&y )




- A ponemert “A’Nv—\d WM;PL“E/, vo thress danelops.  Oven o
wonped. #6ress aunfece, iy whael boaol i placsd , stnawes  dowelsp

~ Nodune 0_[) wo"'Pt“é' FEREITS v‘ux Boore, ah  wheel lood 8bess

ffn-\:o)\koh} Tengion @ botso vy, Cf)rvmm-:; tension @
Edge top . N
* Worping. gtnen ok edge !

CExt o Gy Eab | (o
> ot > (whichaven U Wighar)

:wkgne 3%, %-bevr\?vw:b“"-ﬂ- ghquéWT’c‘ aCNnOAd —k"\k_ Pome:vnevﬂ:.
x —> Coeffeciemt  of Lhotal  eapansion,

*'V\fcmp‘mé graow ok onmaons

m(c) = Extbt a
30114 l

v

gn, winten , '{:'e'W\/PW\OL-)cLU\L da.cneosed
Lowsiomn develops.

Trictiomal Fvesses «

dn U, -l:em\ommjbw& tnueanas,
Cmﬂ,]om/&éto'n dovelo ps.

E]Q,'Y\b'\,U’YL (;U.Ne'\o?eol, in ufa‘\."(\"C'UL | A i
due o dnop tn %GWPQJLQ*,UJ& condes | w Vo ey
the glab to ol:we,lO? ook An Ho maddle .
: " F=+N
Jrnictiomal {e&oa — Teswting ﬂm . = £ GNZ') : .
' - £ (fexBxixh)
£ = oz (8XNW). (lexexxh)
k xh | | | i
2 /
G = f£¥%b

2




® (J Jafety o
o safety > 9p sh
o} nup%wle o) comonete (-FZ;V = 0.3 Jﬁk) @

o < 9k

showd. Mot be morne Fhan modulus

(€] go Md&LC}Z. te Mtle, sbrew due o Q&J-LEG& om, s beHt 4
consbnuek POJU eanextt N waken . j{) = Cow\,FwOrz 40 cometyiuct.
guwrnmao, badlen  time W nxd‘\,ﬁ— ovne, .

Po‘/ue,wmem% n

5 Critical Combination of Stresses.

gwwmmm rrid doa— . +the onitical  stron ~697L nge T&ﬁion

com Pvession +ve ~Ve

o
+tension +ve

o-c_:_nl-\-tca/{, = e

+ Twce) -9z

o Wimkaw middoy cnitical  sbrens @ o edge negiom.

ng'd:tca L

2 Wiviken mzimig'h{r : ocnttical gbrene W el conmen negiom,

e + To).

Tinteal =

NOTE 2 ,
@ Ghe 3rnaemd due to '67\3&0&071 at onmeon almaag 5@10,
6 Mape FErom due 1O ﬁmdxﬂh obwelc;m ok the cdge ragion o

readdle of lLmgth.

— 2104+ 90 —10 = 290 N/mm

_ , )
Og = 30Kgfemd  Twap = $ Kofend OF(y = 4 kg/ond

ou
0 = 32 kg/ewt  Oi(e) = € Kafom  9%(9 = 5 kefent-
CSu\rnrrvL)
T (e = 6 kgfem:
(winten)

jgum'm en (mad Ol,aﬂ)

33




T = %+ Tue +

Y

fl

e
304 6+ 4 = 40 3(cmz

—_—

Wirrkern (rmid— mjw) 3

Te = 9C + (%),
=20+ = 39 kglew?
- Moss outcal  sbnare value = ™Maoe of above +thnee

I

40 |<3 [end

— Joints. Rigid Pavewmerts.

— le N
~
Bl & - 1 = k—f¢— e | longitstinal join
' e (no gap).
i LT Ret
- =3 (gop) \
—> gap ..
Expansion conbrackion joivt
Joint. (no gap).

1. Expamsion joivit
—~ tuv aMow - escpamelon o} povemertt due to rue in e
— roostic Pad 7Y rpnowuiaot o blw <]o‘m’\jg» Whi ol
Cormp ba/ 50%
¥ ,S’pa«,otmd o} ore amelon (‘)otn{,—:

L - Qe 3 |le =

Can,

d/2
| &9
whene -+ ¢ tNneare in i—e?ﬂf o const. -bew\jg

d : ackual gep at joinmt.



P12

@d
) - 1
Gl (?Pauﬂj; le = .___J/l = ——’————2‘5,2 = 254 cr
Xt 10X @5—10)

= 3853 m

0. Covitraction Toinmbs
® fon pcc Slab.

: 8
gT\LﬁO’Y‘LQ/L %GJ\QQ. = (R%%B‘\?%Y\a, ’5@1&"
h
+ C{E Elch> = 0z (sxk), X e,
< F
’1(‘, = 2 GTF
I Yo £ |
oz ;\/_«, torole fhnemgbh  of conoeke (&Y wmodulus  of) Auptone
= (03 37y )
® Fon Rcc

gn)uc:btmak -ﬁmcg, = anﬁﬁa, once

ﬁ(vfc.e,lc h) _ os. Ag
2
\ _' 2 g5 Ag
¢ T BhEY

whone T3 —» olMowable Aersile 53‘«"\2?&[9* ol sheol ( given in -?mb. )

3. L0thcixoLtna\ Jairts
— anow‘anL 7N -pcwe:meh‘\: width & mone +than 4:5m

dowel bar Qupporaha }_,,,,)}
a4
—> Dowvel Bars | 7
[

4 1]
S |

O SN
I
e
-

\)-
/1
e
[ ) ]
11
T 1
& A
g‘ _
a _
1 11 ]
| 5 |




% Spectfications:

0O BPowel Lans  mg; nownd, bow  of  ghont umjfk(CoM
copth, Zine om lead based. paints o epoagy coaked)

i Mo, load bnanejavned  Fhnoygh dowel bans i 40%
wnane, ancdle  load, :
| @y not  provided {on slab thickmar < 150 mm

@) bea_nima, stnens n cononete % meLbla e P@L{e?;xmmug,

o J@,lm-;h o dowel  bers

-~ lie bars
— wed auLey LOY\Ji—\;uLdAY\o\,L \)m‘ﬂ'b
~ ersunes two  adjocent slalss 4o wmoin fovmly ‘togarthar,

T - nov Ou-b\lﬂ‘mwl, o Loed, —&hwbm O(W'icz/.s

— borws  one oto,?ﬁ reds do  with sromd tensile Atraw i duead.

8 B
& Diavneter & SPQC-“W\a in'm | //
Fruckonal {oree = Resuing . Ly Vs
Hhonce. h ~ ~
R m_
-ﬁ(Yc_X1_mx2Bxh)_—_p\§'U§ N F
2 VY w
£ ¥ Bh
(74m O]S tie b >- Ag = ?—
Arsavme  dia o{) +e ban o ¢
— T 42
| s =0
- |Shact o} He bans = 1000 Qs
Pa. 'ng As
“'%&hg%, o) e bon 3 ? Ei..’::l
Li = .I_-_T_ —_ ¢ s A \1d= l—_’[_
2 4 “Tbd. 2

- L =7



NOTE < |
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