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Resilient Modulus v~

Resilient modulus is a measure of how well a material, such as soil or pavement, can resist deformation and recover its shape
after being repeatedly loaded or stressed. It is an important property in predicting the long-term performance of pavements
and other geotechnical structures. Think of it as a material's ability to "bounce back" after being pushed or loaded repeatedly.
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LWD 2t (Light Weght Deflectometer) test

An LWD test is a way to check how s'irong a road is without damaging it. A small plate is pushed down onto the road, and sensors
m'easure how much the road bends. This tells engineers how strong the road is and if it can handle heavy traffic. The LWD test is quick,
inexpensive, and doesn't require the road to be closed.

Fiold, et

Dynamic lone Penstration T2st (DCPT)

During a DCP Ttest, a metal cone with a weight is dropped onto the pavement surface, and the penetration depth is measured. This
process is repeated at regular intervals along the pavement section to determine the strength and stiffness of the pavement layers.
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Plate Load Test (PLT)
Effective Residiont Modulus Effective nesilint modulso ve esilint modeus

A plate load test is a way to check how strong a road is by applying a known weight onto a metal plate that is placed on the road
surface. Engineers use a hydraulic jack or weights to push the plate down onto the road, and instruments measure how much the road It takes into account the complex interactions between the resilient modulus is a basic measure of material stiffness under laboratory

deforms or bends. By measuring the deformation, engineers can determine the load-bearing capacity of the road and its suitability for material properties, loading conditions, and conditions, while effective resilient modulus is a more realistic and
heavy traffic. The plate load test is a simple, cost-effective way to check the strength of a road, but it can be time-consuming and may environmental factors, such as temperature and moisture. comprehensive measure of material strength and stiffness under real-world

require the road to be temporarily closed during the test. conditions.
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Macro and micro texture are two important factors that affect skid resistance. Macro texture refers to the larger features on the surface of the pavement, such as the size and depth of the aggregate

vL
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E{-f RI/8 M.)?. = ﬂ+)b \/7P/M ﬁBk— usi Yéf‘:’4— particles. Micro texture refers to the smaller features, such as the surface roughness and the shape and distribution of the aggregate particles.
Moduus Me= 176 (45 c8R)
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Table | Requirements for Paving Bitumen
(Clause 6.2)

SI Characteristics Paving Grades Method of Test,
No. — e —_— Refto
VG0 VG20 VG30 VG40
11 2) (&3] [£)] 5 6y (K]
i) Penetration at 25°C, 100 g. 55 0.1 mm. Min 80 60 45 kA IS 1203
i) Absolute viscosity at 60°C, Poises 800-1 200 1 6002400 2 4003 600 32004 800 1S 1206 (Part 2)
i)  Kinematic viscosity wt 135°C, oSt, Min 250 300 350 400 IS 1206 (Part 3)
iv)  Flash point (Cleveland open cup), °C, Min 20 220 20 220 IS 1448 [P: 69]
v} Solubility in trichloroethylene, percent, Min w0 9.0 99.0 99.0 IS 1216
Vi) Softening point (R&B), °C, Min 0 45 47 50 1S 1205
vii)  Tests on residue from rolling thin film oven test
a} Viscosity rtio at 60°C, Max 40 40 40 40 IS 1206 (Part 2)
b) Ductility at 25°C, cm, Min 5 50 40 25 1S 1208
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Connections
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Elastic Response Viseous Respovse Maxwell Model
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Example 1.
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Table 9.2 Indicative Values of Resilient Modulus (MPa) of Bituminous Mixes

Mix type Average Annual Pavement
Temperature °C
20 [ 25 [ 30 [ 35 | 40
BC and DBM for VG 10 bitumen 2300 | 2000 | 1450 | 1000 | 800
BC and DBM for VG30 bitumen 3500 | 3000 | 2500 | 2000 | 1250
'BC and DBM for VG40 bitumen 6000 | 5000 | 4000 | 3000 | 2000 |
BC with Modified Bitumen (IRC:SP:53) 5700 | 3800 | 2400 | 1600 | 1300 |

BM with VG10 bitumen

500 MPa at 35°C

BM with VG30 bitumen

RAP treated with 4 per cent bitumen emulsion/
foamed bitumen with 2-2.5 per cent residual bitumen
and 1.0 per cent cementitious material.

700 MPa at 35°C
800 MPa at 35°C
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Stress- Stracn — EoussmesZs — Solitions ot #a AXis of sqmw%
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Foster and Ahlvin’s Chart (1954)

later modified Arvin and Viery (1962)
® Valid. for p= 05 only —7 7 7
® (harts — fz,0r,6v, Trz
8 What is the sfﬁmif/'awce M =05 (poisson’s ratis) 2
It represents He Limit condition fyr e chart
Incompressible. materialy

Resilint modulus —Independent of tonfining. pressure applied. .
03, 6r,6%,Crz foundy—> €2,€r €1, deflection an be caheulated .
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Right = v/h= 4 [%foO:@'—t%w 70 find O~ No,&mﬁrf:ﬂ/
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a

Y = 508 = 4.
a 2
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. A= II- 385 %10 *Mba
Right - 7/4= 4[&;”00:1'6 = (ra= 552x]0 Mﬂa.j
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Figure 2.2 Vertical stresses due to circular loading. (w"
(1954).)
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Figure 2.14 Vertical stress distribution

in a two-layer system 1
e ) - (After Burmister
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Vertical surface deflections for two-layer systems. (After Burnuster (1943).)
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Subgrade Rutting Criteria
-8/ 1 \+533 ) .
b
= (for B0 veliobitity)

M= 1-41% 1078 N $EB (o 30% vesiavitity)
Ev

Ng = 41656 x 10

%9; ade  Fati Criteria
0854

(for 8o vetinbitity)
(ﬁr 49 veliab) 9!)

' 3-89
N lepe4xcxio” [ L
£ €t ) (

Ne = 0slélxexio™t i)gﬁ( -
€t

c=10" where M=4'8¢(VL
Va+Vpe

361 Subgrade rting crteda
An average nut depth of 20 e or mare, measured along the whael paths. is consitered in these

il o failura T i standard axi foad (B0
KN) repetisons tet can be served by the psvemer, bafors the criical average n depth of 20
™M o more oocrs, I ghven By equations .1 and 3.2 respectively for B0 % and 90 % reladiy
lovols. The rutting performance model dovloped initiaky bazad cn the MoRTH R-6 Rosoorch
SchamelZ] perdomance data was subsequantly daveloped o two separale models for tha
diffecenst rakabiity levels Based on the addisanal parfomance daa collected for MoRTH R-S5
Research Schema(3)

N, = 41856 x 10 [ = (for 80 % relatiliy) @1
N, = 1.4100 x 10 [T ' {for 80 % refakility) 32)
Whers,

N,= subgrade neing Ife {cumeativo equiaient number of 80 &N standasd axo
1ouds Hal can be swved by e paverment befors e crilicat rul depth of 20 mm
©F MOre oours )

&= vertkal comprassive strain at the 1ap af tha subgrace calcuiated using lnaar
elastc leyeved theary by appiying standsrd exle ked at the surface of the
saloctad pavement system

382 Fatigue cracking ariteria o dltuminous byer
The accurrerce of fabgue cracking {appearing e imer connocied tracks), whose folal area
In 018 section of the rosd under considerstion is 20 % or Mo then the paved suface area
of tha section, is considered 1o be the critcal or faslure condition. The equivalent mumber of
standard axie (80 kN) load smpetitions Bal can be served by the pavamant, balors the crfical
conditon of the cracked surface ares of 20 % or mone coours, & gven by squations 3.3 and
34 reapactuuty 1or 80 % and 90 % reliatilly levali. Th WSgue parormance models ghee by
ecuatons 3.3 and 3.4 were developed undec MoRTH R-56 scheme{3] utkzing primanly the R-8
schame (Berkoiman Boam Studies) performance datal2) supplemanted by the data arailstia
from R-19 (Pavement Performance Studies8] and R-56 schemes(3]

N,= 1 6084<Co10% [ 15 * {1, J** {lor 80 % rebabilty) 33
N, = 05161+Co10% (1] ™[ 1M, "™ flor 50 % relablity) {3.4)
Wran

= 10, arnd o[

V, = per cant volume of st void in the mix Used in the betiom biuminoes leyer

V,, = per cont volume of effective bitumen in the mix used in $he botiom bituminous
Iayor

N, =fatguel

e (00 thot can be corvad by the pevement befors the critical cracked area
of 20 % or more of paved Surtace Aras 0ceurs)

£ = maseum horieontal lensbe sirai 8t e bottom of e battom bluvinous wyer
(DBM) calcuated using inear slasfic layered theary by spplying standard axe
Joad a1 the surtace of e salecsed pavemant systam

M, = maslliart modukis (MPa) of the btuminous mix used in the batiom bituminous
liyes. siacied as per Ihe recommendations made 1 hess guoslnes.

The factor G
peramaters (sfoctive birder volume ord air ok contert) on the fatigue 1o of bituminous rxon
[9)and was e fatigua modats I 16 1he mix dasgn matha

fatque perfarmance model

363 Fatigue performance modals for Camant Tated Base (CT8)

2649 In e caze af pavements wih CTB laye, fatigus perfommance check ke the CT8 layer
should be carmed cut a3 per eguaton 4.5 jbased on cumulaive stardrd axe load repestons
ostimatod usig vehicle domaogo faciors), and a6 por oquatkns 3.6 and 3.7 {oumuathg
fasgue damage anatysis) using axis laad spectnum cata. It may be notod that ‘Cement eated
refirs 10 ssatikzaton by diferent Ypes of camentifous materials such @ cement, e, By
581, OO 18 CObINUTIoN trarece, THe lfes, Conent trebed an0 Comeiious’, hiw besn used
ivmrchangeatiy n e guidelines. Equation 3.5 is based on the Austraian expecencel1’]
whareas equstion 3.8 is 85 per the recommendations of the Mechavssc-Empricsl Pavement
Design Guide[17]. Pavenert analysis shal be camed out using ITPAVE with & contict sress
910.8 MPa on e pevement auface 1o datarmine the teakes stain (e vaue at the botiem of
e GTB layar. The numisee of standard axis loads datived om equstion 3.5 by subslilving th
computed trnsile strain yalue AbNG with other inputs shal nct be less than he desgn rattc.

e o

R

Nt

@8

Vihere,
RF = raaity factor for comentiious maxerils S il agarst fague
= 1 for Exprosswarys, Nkcnnl Highways, Suis Hghways and Urban Rosds srd
for ctter categories of rasds # e cesign bl is mom than 10 mea
2 for all oMar cags
N = number of stendard axle lood repettions which the CTB can sustsin
E = slisbc modulis of CTB matarial (MPa)
€ tensie strain al the boom of the CTB lsyer (micrestrain)

3637 Cumutatvs faygus dsmage snaiysis

Tra CT8 layer Is subjeciod 1o cumulative tius damage by the apsiication of axks loads of
Gifarent ctegores and dfferent magnitudes appled over the design e penod. The Btigue e
N, of the CTB material when subjected o a specic rumber of applications (n) of axia load of
IAsS T AUNng the design period, & gven by squation 3.5, Dativs of Afferent types of Rxses, Ade
fosd epectrum, mpetiticns of coch load group expocted during the dosign (e pariod, shal be
obtalnad from the analyais of the da load survey data

¥ pane of anulysis, oo of
 singo axla carrying 50 % of Hia tandem axe woight 25 atles separated by a dstance of 1,30
mar Simtary, t 2 wdam

e may ba considensd as thes sing/e axdes, esch weighing one fird he weight of the Uidem
ao. For axamplo, il a ¥idom axle cames a bad of 45 lonres. It may bo taken $ be equévalont
10 hiren PSS of A 16 10N18 SNY Anle

Fer analyzing the pavement . of the CTB layer, shol
e takan as 0.80 MPa Instead of 0 55 MFa.

136
N, « Fastige ifie of CTB matscisl which i the maximum repeliions of are sosd
ciass 7 the CTB matarial can sustain
9 = tensie siress ai the betiom of CTB fayer for the given axie load class.

= 28-0ay Nexural strengh of the camentitious base
oM, = Stress Ratio
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axle arrangements

* AU are converted to cingle axle dudl whad (Standard. axie drmrif.mzmt)
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Some. Typital. Observations

¢ Madmimy sped you dvive ¢ Do you CAre aboul spesd Limit 2 Design apeed. ?
* How fast you abply the break ¢

* How 40 vyou decide ovu?ulzmy?

0 Dm‘w‘n/ ok curves ! Honizom4ad, Curves

Taught asinf Slides 11

) Verteal (Cyyvies .

f B i Bpplin / \
> ;
LS some
Cgarrf of Mot Aslope

* Other important aspacts: mmber,widmﬁnﬁ of curves dm‘vi% <k nights, ttattic. chanvelizatim, et
How about H/’défsi’ﬂﬂ’zdl% e dm’vin; banaviour of 4. driver ?

larmber Why camber?

./4-'?\. To ensure. proper dlwrwﬁc of- ranoater

Design of Horsomtal &£ vertical cuvves ande tormpevents,

e

Example ; 3 V'

y with ‘bans and sub-base layors with wﬂlhﬂ'
m.mm granulsr 4 ~

UT fave — tavermpts Desip

A W
active OB o sirate: 1% o O 2 VBltiad i thickeses:
* Wanimen oy ICHOBVA VEAOL P Mod = 3000 MPa 00 O+ 656,230 min
e — N ity el T ‘;\\‘ (0 * WMM: 250mm
5 Zd? 4 )’/S 8L A e (6\(' s * OBAREC 150 mm

wMM Bare Ll 3000 035 IS0
) S 1.1 L2 196 040 480

Ao subyrods L3 b 0-45
Sandwrd 81 ton axle dosd, total Tjre préssure =056 Mfa
— 8/ fom 4 Newtaw doad, = 20,009 N
4

Analysis point
Aptte.  fodial distance slo i~ N
150 o

stzndard-
/50 155 O Ristapce
630 o

630 185
Fati Ne — (131X10%
Ku.Zf% M — &y

IRCT3.2020
Classitication of terrau
based on slopl .

Honizontal Cuyves

Sethack distznce
O ~ Crash barriers
o vedute Hwe intensity of acidmit.
prevent ok trove me‘r? ack.




mrn/'n/ Radivs and TZUmm_ﬁ, Pati.

Vertical. curves
Qeometaic dusi ign espuoially for Shanp nns Joared horzontak cuves .
' Exnont whal can o fwwu .

VPIT
* Minjrum. ande - MAX ivnawre  2uovn?

sight, distance , 8
e —
nﬂ Wd, l/
- lntre kine iurm'ni xadius . pow«yrwt vericle

del?kt ar?&
l/.linlof sipht
2whels only rotatr
(Fromt - one )

| |
’r U signt austance s !
425

why pairabola S
Transition showld ke symoot~

WVertakin g #l

2 > #e #H5

(] (] C
fast mwving vehice R v
Rlow movivg Vehids-
vehicde comi j {rom
oppas«tb sido.

CE-382A, Transportation Engg., Dept. of Civil Engg., IT Kanpur
Ruman Factors

Typical roadway cross-section
Arception. Reaction  Process
gbpp/'n/ distante

pley Thzogf_
Reackin- braping

/nﬂuzna‘)? facton~

* Age

oun] BURING

. * Intoxication Level
: ]

: : » fatigue sevel
Hagord B\'t ey o o g
727

aneL 15 =

! , IRC 73: 2020
, ‘Distracteds dnivy
Aete bagin tands sHU %

SRy 7
c..,.n::a«t«mmm
L_'____mwmmwm
»2:530¢ as pr IRC:73 and AASHTO How to smd7 dniver's bWW'aW.?
° Mobile Aum/‘? — Neo by 200 *fo —> 5300, HS/’? Simulations
T (

Pn/V/?, shmulation based smd;)
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Stopping Sight Distance (SSD)

Stopping sight distance is the minimum distance required for a driver to see an obstacle ahead and stop their vehicle safely without colliding with the obstacle.

stopping distanw PIEY Theo

Reackion  Braging Doreeption + Inttllection + Emotion + Volition
>t Perceiw?e/wfembvﬁ Y situation—> Actiornn

distance | distance h/
. ! BRAIN
: ; p- PERCEPTION

.
The - T - INTELLECTION
£ - EMOTIoN

V —VoLITION

1
hazard. b:a X
dutecked begirna Atavds gt

Height of 2P0 driver's eye i assumed to b2 127 .
‘ He("ght of tha le)%t o assunwd o k2 ab 05 STIMOLUS

SPINAL coR

RESPONSE

Refux Action,

O
XA
Cr;{s Qg;ﬁ'i:?n for 6-Lane Divided Highway with Service Roads and Depressed Median ngﬁ ‘/nﬂ“.lha.?? fbdﬂm S i 7 Mf) RIS Brmﬁﬁ LD
ot * Reaction time Ytypically 2-S sec)
® s Vewicle Spead,
* Brup eee‘ccm%
* Fiction bho “noad and, tyre (2ssupud, g e D35~ 0- 4 as per IRC73)
* Gradiwmt ,if a%

superelevation Vo tical ey véo

Stopbing.  Distant en Slopes
4

Sfopp/‘nﬁ Distanee on Level Road,
Stopping Sight Distane = L‘% Distane + emunf Distanee WerR dome by €rickion = VL + wsindL = L
Desigh sped =18 Reaction digne =2 2

FReaction Distane [ /{/ distany )= ¥V Xt Eimﬁﬂ?/ WO, doe and. Kinehie Energy

Fon me/'ng o&‘s-tawm,eq/,m,ﬁ‘% WorR done and K-E-. O 0 L (%w#— Wn) = wv
100 22.

l;; L[f"'—”.):_!.z
=

5{- EWL— Enrgh e

f= oy of—fnictionr L= V%
a_[ 2 .1.%‘77 e Friction
n= gradit (or slope) e “lo
I i + —> asends; gradiont — upward

SpeedLtkmin) | <30 | 40 (50 | 60 |65 | >80 29(f+ D
@ en - ;
- 5o o gl 035 7] i) dbafndz? grodiad — downwardl

Recommonded:  coelfy- of friction () valuws frr SSD

v
2342 55

83D = Zaj distante. + brtak distani = V't +




Puoblems.
Overtaking Sight Distance (SSD)

0 Kl Overtaking sight distance is the minimum distance required for a driver to safely overtake another vehicle on a roadway.

Prob#) ; S — Z
H#( #2 > #5 #¢
[ fast moving vehicle

f: 04 f,: 2535
n=0 1V, [
bl—_‘w I zlow movi vehi s
[ vehicle comi 2 {rov~
1273

distance =vt = (q0x028)x2 = 5o-4m
boaking distne= _V* = (90X 028)%_ 73.38m 0 tJ _
/ 294 2RIOX 04 oppasutb E

38D = lag Aist- +braking dist. = 50-4 + 79.38=129-78m
% 7 a dy dsz Ve
Pwb#2. N=2. RT=253800  23p=0 Ned, 1o find - dy,ds, d3 <
v =80Kmph =035
Major Inf ana‘? factors s
ﬂh,'- N=2/ — deslendl — — 'QPM of all Aheror. vehicled ! :M
dist. =vi = (Qox0-28) X25=56m « Distzanes blw Wﬂyleki')?. & overtakp. vehicle TS umes 0k
brn.kj;% aist. = vz = (80)6—028)7‘ = Tbm ' Reaction Tivnme s,—ovtrmn’n/zvm-?lyfh
%[fil,'o”_o) 2%10[0-35 ) - Koty of acetleration $a-6nd ot lowrizking zana
" Qradient | if ay?_ OVUi'aR/‘ng 2Zone
SSD:JA/- dist. +mej7 dist =56 +76 = (32m o Mins ovarm}?/'ng spettied unjﬂ=8XOSD
° Desirable overmla‘n; spufied.  lngtho=5X0SD

21— Keaction time.  (IKRC—25¢C) _Ve—same s~ fmmginm?
dy=pXti Paob: U= 70Kmph
T= avertm‘e«‘;g Hmne Vp=90kmph, one -boay-
a=0-99m|s* 1=2s0c 08D=2 1t medioar is there
dy=UpT+ LaT = S+b+s=b+2s L0l B alse dz=0 and.
= @ = di=Upt = (40X028)x2 =224 m OSp=d+ds
S= (- TVp +6 = 0-7X [40X0:28)+6 = [3'T4m

s=(07v,+6)_L3

b= UpT
® T=2(5=2\38% =7.48¢
7% 0E99

usini #and @), BT+ LaT?’=p+25 = Mu aT2=ygé— 28
2> 2 do= b+28 = VYT +23 = ($0X028)XT48 + 2X13-84 = ll]- 46 7
dz= VeT= (70X0-28)x148= [48-6 m

taT%2=28
= —, di= UKt T=2)/% 08D =dy+dy +d3 = 282-44m

T=[4s=2[28 >b= 7= 2U[S  dp=6pxT+22
a a 2 dz = U XT 6:(0-?I£b+é)

mlsées

ém‘?_ bw vehidley)

do = b+23:2—!’b']}_§ + 2s 08D = di+ds +dz
@ @

dgzyﬂ'_@ ° 08D =d)+ds for one way spads
® 03D =di+d2+d3 for fwo way noods

0SD= d,+d>+d3




Superelevation

Superelevation is the banking or tilting of a road or highway's horizontal curve. It is designed to counteract the centrifugal force that pushes a vehicle outwards
when it travels around a curve at high speeds. By angling the roadway slightly, superelevation helps keep the vehicle on the road, making it safer for drivers. In
simpler terms, superelevation is the slope on a curve that helps you stay on the road when driving around a bend.

tictional lotfy. Valus-
- Typicat ;tg?zof(d \alue ©-)5
- AS per AASHTO cod -
= 08— 00008y ; 3{ V{806 b
= 0:24— 0-00l2V; X>BOmpr
lmb factors affecting friction
Tyre, condition
- (oepiney Condetion
“Rood, comdetior
Key ;Msyw barameirs
- Raclius of Honzomial curve ‘\mgms&ﬂi"?sm&
- Max[Min  supereltvation —\ R
' Negotiati spead (A

How Ao mMtroduct  Superellvatio~ fe /mf 2030 +r£y? ine )
"t

- stlback distance

hectyre 15— PEA—194pr 2023
Superelevation

m;s:‘n@ +f(mfms,_«,\+ %Vlg/'))@) = "}E__VZKAS&

2
n
gsind + 7?[0_(& + F/gzsin& = % Cosl- @9?

{ 2 .
mv
-19\[ 'm; tos@ - s17(3

ooty = “
2 _ —

e+ g+ V% = 7T SfelrsOt )
getii T = &

mf 8 =very smald,
e=tan@ X sinl

2O tand | for spalt &
w80 1

V2 (1-fe) =
v (1-Fe)= gletd)
K: V2[[,-,_F£) ~ vz K: vz
Fle+f) (e +f) 9 (e++)
|
¢ devation =tand ! J
£ wetf: of Iateral faic. erf=_v2 olf= V2
gr 127R
V v mlsel Vi kmfh

m;sfn@ o= f(mﬂ 3G+ %Vlsir;@) = ,’t”fz\_ﬂ[os&—

gsind + fj{o_ca + £Veinf = V? cost-
R R

ﬂfﬂh@_/_ fﬁ + £V fand = V* \\mémsﬂ—+m"?:m@~
R '—‘T_\K/?:g N\ R
ge-ﬁ/—;-Pﬂze,: vz v
R 3

V(1-fe)= glets
g (1-f0=glers)

&/mj ws@-+1Y2ing)
R “”’J‘i B =very small,
e=tanl@ X sin@

K: VZ[["‘ICQ) =3 VL {8—70 (Vl’y Smwj JI’TIQ'Q‘, W@—
Gre+f) geit)  Lfeso cosO = (

R=_ V2
g le+4)

Sbgg&sied, Lpteral, Frlctional cotffirint value
* Typieak suggested value.: 015

© As per AASHTD aodp = 0:19— 0:0008Y ; 30 VL 80 kmph

= 0:29 —0:0p/2.V ; V >80 kmph

Suﬁgested/ Superelevation Valucs ao per [RC 73

* For plan and ro/lj»y tervadn @ rmax 7%
* For pilly and  steep slope terrain.: mmax 109
* Minivwun Valke . tamber of the yoad

Speed for superelevation. desigm

~MAX- superelevation may conveniut for Vehicly 'mo]//'y clese 2o dmflf" Speed.
bt hut fo- slow moving vehicls.

Ag a compiomise, and.© prackicd owidera tiss, superctevation io cdrud. 2o
townteraat  cuntrifugol force dwdloped. b; 75 ). of Aa 4esg¢«, spedl Cby
n%ﬁ? Latal fsuption)
e= [0EV)* = V- Vis 6. Kmph

127 R 228R




Stehs {or superelevation design

© Gl 180l of e desigh spead.

I Gar £ Erumx | Ceas with be  provided .

" IF leat D Cmax | heeh Copge = 0-07 (say dr Pl and ma‘»y terran)
owd theck. Br # wdue - fuld design  speed

fF=_VY2 _ 007
1278

* It £ from above step {015 ' provigad ¢ is safe.Tf not, wstiction
on spud nudy fo ke vwde ao per:
etf = 007 + 045 = 022= _v2
127R
Put: R=500m e=2
T U= lookmph  £=2
Sobn: e=_V2 = 1002  _ (.09
- 225R 225X 500

f= Y2 _007= _t00% _ g7 = 00875
[27R 1277X500

How o inttodue  suparclevation at horizontzl cwrve?

© Wit tranisjtiow curve . Lvad ntroducted over the Htarsition curve qnole
Temaine Lopstank over the ciriddar curie.

C WiAhOUE BANSIHON cure 2 2/3T* e i providid al- e beginning of-

o
circalay cusve avd 1/3“”"& Is ﬁmd% atlerndid il Hae hz%%rt" o~
Me cirewlar  cuvve .

* Natural patt. of dviver. ¢oljowo transition curve Kbiation abeut the outer wge.
Tegnsition curve creuday wwe

AN Bansition curve Rotatin apeut e antiad line

V
sm";u:\///\\,&d straght I 0 Profile of

outer edge. OF
/ Profile of

Chakrobarty and Das [Principies of Transpiratien Enginesring]

Kotztion alosut the nside e

Ruling. and, Minimum Radcus

> Quatim o oxams — Maybe on s |
€+7':: vz — M — ‘
1279

25
K’WJA; = V‘f_lw"lt R min.= Vo
12700+ £) 127(e4+)

Table 4.8 Design Speeds on Rural Highwsys

0 the
Nole - The vakses of ruling misimum and absolute minimum radii comespond

uling and miaimum design speed vaues Efven in Table 43,

Transrhon CUTVLs

‘Foam: cpiral’ because of Linear increasss in [t curvature ( 1/ radins)
with  the 4&737% of transiHor. curve

“Major rontrolling. facter for design
dee . 05~0-8Y wm)sr ale |RLT3

Rate ot change of ace = 75:9:/ L is in lmbh

‘7 tang| o curve | Tele of dmrye of

*Act At e start of transition curve = o £ Ace. at e and of
Arangition curve = V3/R

“If T #e vate of thange of acc | lamph, of- travsition cuvie L
tha for movh? vehicls at speid
VL
o

ket of chargt in acc. = Zz :_V3

Ly LR :
Lf T o e permissible Limit for e TaL of chargr 4 ace, sha.
Lomin = V7
RT*
s superelivalis. qunoff neds do be  providkd on e tansitiew ciyve !
thertfsve, L showld alwoays ko grem:er o syperelevation. yuhoff ond Loy,

% The ,lmjhi» of 1ransition curve car a0 be  palpedatzd. based o qatr
of /,‘ufrmfua‘n/ Suber lovation.




Transi iy Curves

Transition curves

¥ Eorm: Spiral: because of linear increase in its curvature (1/radius) with
the length of transition curve

v Major controlling factor for designing transition curve: W"?&%%ﬁ
acc.: 0.5-0.8 m/s?a/c IRC 73.

Rate of change of acc.= 7= ; Visin k ?\) 3\\«‘{\

v Acc. at the start of transition curve = 0 ; & Acc\at fheffpd
curve = V2/R (&C\

transition

v If "J" is the rate of change in acc.~Je <Jh o ‘NQIns:fnon curve as "L", then
$o
for vehicle moving at speed "v";

<0__
Rate of change{%tﬁ‘c = 37.1 =
iy IR
v If J*is the permnssuble.{n@é@or the rate of change in acc.; then Ly, = %

*Superelevation m{qf??needs to be provided on the transition curve;
therefore, bs\lgb d always be greater than superelevation runoff and Ly,

**The length of fransition curve can also be calculated based on rate of
introducing superelevation.

Prob:- =65 kmph

Pay. widtp.=?
Allow able rate of intnodicing e'= | i 150

R=220m
Rot. about tontral Live
a) Based ow xate of change of acc.
b) e
Aoln:-  e=_V2 — 65°
= 225R  225%220
e= tan® = __h-
(rs/2)
For 1m-ng th, 150m nise. (given,)

=008 $£007 = e= 007

= 007 = 4= (-26m

aise fr (W= 026m)
= /50X 026
= 39m
(o total jzn;ﬂ/ of transition cLrve
(pavement wigtt)

Sutback. Distanc

S ——

Setback distance

CENTRE LINE or}
V' The clear distance in the inner side of the curve which IO EANS

must be available so that adequate stopping sight
distance (or overtaking sight distance) is available on fhz

horizontal curve.

= iy

o

Major factors \
v Required sight distance Al

v Curve radius .
v Length of the curve

Critical lanes for setback dnsjante calculcmo

v For narrow roads:, S|gh1\d|5‘rance is measured along the central
line of the hor'zonhﬂ curve

v For widen roods sight distance is measured along the inner lane
of the hdrizontal curve.

~AO
.\

CENTRE LINE OF
CARRIAGEWAY

Wwhen s;’;}ut distzice 4o A Ihan ,eanj#\, of He curve

B narrow road

m= K~K[(os/£§))

For colder roacd

m=R —[E~d)[(os /i&))

Setback distance 5\0’&"

When sight distance is less than length of the curve, 9’
(\\\ r&?éer road

CEINTRE LINE OF)
wsiog Lane ) | /{

For narrow roads
CENTRE UNE OF
CARmAGE Wiy

Cantre line
of road

m =R~ (R-d)(cos(?/3))

oW
m= ‘R = R(Cos(a/z))




when sf;;}u( distzrice ja(yrw,‘zr Har lﬂhyﬂv of He eurve

Fr
narroed goad For colder road

™= Rk R[G50 ) m=rete-a)feods)) # (Ext ) o))

Setback distance

-

1 1 %4
For narrow roads ort\aer‘ roads
> e

P

Will share the hand written derivation for

Will share the hand written derivalion 19°

“\.\‘{ X
m=R- R(cos(“/z)) . (((S T L)/z) Sin(a/z))

ééomdzy Of e verheal cuavve
Ly T Knsw awti%/fr'df/z/a —nud 17 knold.

' generic Mawematical. ALorrmulebion of Vertial cuyves

f —_
r-—z_’z 2%+

o BSiEM ol st Crest wert VAL 8 Pl coordivate

z = i ()= (L2, 7 L)2)
N

Radins of curvature - P OffSet Valul 1 He sunimit curvve

= N v 2>
N y ZLX

Lecture 16— PYEA ~ 12Apr2023 VERTICAL
Diffeyent types of Vertical cuyves

CURVES

* For summitwrve , N= n,~n2
_ * For valley wrve , N= n—n
Vifferint HpL of summit ewrves Difterent type of wrm;(, a}nm

) N=29,—rp, AN=2 1 =4 &

492 D= | N
/ ! ~n >
-+ Ry = b

VN= —py b, NG =0 llevet)

@ (o) M=

Ce

* No [ssup in terms of distomfort- do the =

L Discoméort
passengers as wid as vehide as welo 43?; Z f:zszgw

: Major 'des{gn Criterip for swmi't curie s:;m— distance_ * Major design eritena for
Shape' Parabola o Smal zm;& of deviation valie] ewrve : might vision

Aol of summrt curve

baged on Ssp or 0SPp  valus
When- demght. > sight- distance L= X¥Xsp?
2 ( T+ TE)"

wWhan y z
lngtls < sight - distance L=2xsp- 2([H +JE)L
N

K= deviatino An,&/

H= ht -of driver oye above 700d  surfac
h=hi- of Subject avove 70ad  surface

SD = sight disance




/_7_7%-‘9-' m=3/ 1t =-253ec des:;ﬁh sped = 8o Kmph H=]-2
Na= -5/ f= 0-35 7;')07% i}’m Effects fov 38D. A=0:15 —
S0k
Ssp=vi+ Y2 =(8ows2)x 25 + (80X028)*_ 554 7168= 12768 m,
294 20X0-35
N=n—Nny = 003 —(~0:05)= 0 08
bangl of Sumnut cure
L= N%x83p? — 008X (I12768)* — 5gg-6m
2 TiAR)t  2lft Vam)*

'.'Lm(]ﬂ/ 712768 m
/ (S3)D)

Pﬁof; n=1/100 0SP=4970m  design spud = 8xmps.
Na=~1/126 H=l h=2 L=2

Aot N= n—-Y2= _I _(—_1): 0:-0183%
160 (37 5 gt < 410 m (05D)
L= 2x8p — 2 (JA+VR)*= 3p3m —

N

Prob: = -1/25 =258 acomfsrt conditiou
M= /30 V=80 kmpn, b) headtight sight wnd.”
F=035 h'=0-75 =19 ignove grad. effect for Ssp.
Sol"
= ~-h=( _ /- { = )
N =1y-h 7 [ ZS) =008

1/2
Y Lc[—N V-fj/z"z = ZX(ZO‘DBX [80x0:28)° | " 74 )3,
T 06

B) sb= V2 4 vt= 7168+56=2768
P la

L = 0:073%X380% _ 199-76n: « 200m
2 (W + sptand)

hength of valley curve

e T Allowable rate sf change b acclevation : O-6m)s>

“lse T Headlght sight distance : Typically more thas 73V
Bl on headlight sipht dictance
When donghe 2 sigit distance L= __Mxsp©

2 (h!+3SpxXTanax)
when g < sight distance L= 28 — 2(A'+ spxTanX)
Baced. orn comfort corakition N

Y2
L= 2x /N_V}) Vis iz msec sp:sfjk/‘ distancs
ar N = deviatin angle b= ht-of He headlight
T = yate of charge in acederation (reormmended. ao 6-6 »m/s"j

a= hmuxﬂu baum 4'70,
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