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CE3O2A-PavementEngineering Part Taughtwing sides!!Broad Course content
·Basic propertiesof pavement materials PavementDistress
· Performance based evaluationof bituminom mix. portle crushing
·

Viscoelastic modelling
·

depressich ·cracking
·PavementAnalysis and Design

· deliminated layer
·

Geometric Design Wh cracks?
PavementDistress and Maintenance Differentialsettlement

Broash - low level distress
India-2nd largestroad network inthe world. thissurfacing, microsurfacing

Emulsion- colloid

Bitumen molecule +water(lig.)
Typical Pavementcomposition

Bituminous/Flexible pavement concrete/Rigidpavement

Material Bitumen & Aggregate cement, Aggregate & Water
cost Less expensive more expensive

Durability Less durability more durability
Maintenance Require more freemaintenance Require less freemaintenance

Crusher Plant - why? - Batch Mix plant-compaction

Bituminous Pavement Bitumen vs Aggregate quantity
Material -> Purpose > in bitumenous mixture? (4-7%)
·

subgrade Load transfer Generally. Bitumen ->4 to 7%

· subbase · Minimize stress & subgrade Aggregate ->93 to 96%
Base course · Good riding quality Design Life?
Bituminous Drainage. Generally IS to 20 years.

some may lastupto 30 years.
Cementconcrete Davement

Material -> Purpose-> Design life?
·

subgrade load transfer Generally, 20-30 years.
· Base DLC provides strong support
· surface & avoide mud pumping
· Steel ·Good riding quality.
Typical costcomparish
· Bituminous pavementlower initialconstruction cost.

- more cost effective in short term.

-require more maintenance inlong term.

· lementconcrete pavement
-

higher initialconstruction cost.
- more cost effective in long term
-

require less maintenance inlong term.

PavementMaterialcharacterization
· Soil ·

Aggregate
Bitumen. Cement

↑

why should we bother aboutthere materials?
Load bearing capacity
Durability
·performance etc....
importantproperties

I · voidratiostrength stability skidresistance
·

Durability ·Fatique resistance ·

Bearing capacity
Moisture susceptibility
How to evaluate those properties
Tests are there.....

Utility ofthose properties
These propertiesemure that pavement perform
well and as per intended designwell.
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Taughtusing slides!

Bituminous Pavement Bitumen vs Aggregate quantity
Material -> Purpose > in bitumenous mixture? (4-7%)
·

subgrade Load transfer Generally. Bitumen ->4 to 7%

· subbase · Minimize stress & subgrade Aggregate ->93 to 96%
Base course · Good riding quality Design Life?
Bituminous Drainage. Generally IS to 20 years.

some may lastupto 30 years.
Cementconcrete Davement

Material -> Purpose-> Design life?
·

subgrade load transfer Generally, 20-30 years.
· Base DLC provides strong support
· surface & avoide mud pumping
· Steel ·Good riding quality.
Typical costcomparish
· Bituminous pavementlower initialconstruction cost.

- more cost effective in short term.

-require more maintenance inlong term.

· lementconcrete pavement
-

higher initialconstruction cost.
- more cost effective in long term
-

require less maintenance inlong term.
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I confined to a x gets distributed to
certainarea entire arch

1 T

↑

W -
Bituminous pavement cementconcrete pavement

-due to slab action -due to grainto graincontact
Better riding quality?comfortlevel It has better ording quality as
Effect oftemp. compared to bituminous pavement

Different types of Bituminous Material

Tack coat - purpose -? Filter layer. - Subcourse I

prime coat-Bonding. Drainage layer 3
-to control dust particles.

Filter layer
- to plug the surface ooids.

·IBM - Water Bound Macadam

WMM- Wet Mix Macadam.

Quality central of XMM is better than IBM.

Two main functions - 1. distribute load. - 2. drainage

PavementMaterialcharacterization
· Soil ·

Aggregate
Bitumen. Cement

↑

why should we bother aboutthere materials?
Load bearing capacity
Durability
·performance etc....
importantproperties

I · voidratiostrength stability skidresistance
·

Durability ·Fatique resistance ·

Bearing capacity
Moisture susceptibility
How to evaluate those properties
Tests are there.....

Utility ofthose properties
These propertiesemure that pavement perform
well and as per intended designwell.

Bounded and unbounded Pavementstructures? - Banden plastic sheet.

·Dowel bar -

&
·Tie bar-

Why plantic sheet for bitum.?-? L =W =

L= 1000 m B:Tm

GSB = 325mm
- Calculate volume.

-Mm
=

2 so
em I t =>

DBM = 125 ma multiply by individual
BC = 50 mm rates

cost Ratio??
· GSB 2000m3
wam 2500/m3

il - whatproperties? ↑

-

8

Bearing Capacity (strain
· void ratio

·cement-cohicles soil 3 typical subgrade strengtherin

lime-cohesive soil menures.

woven type?
non-woven type?
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Importantproperties for subgrade soil

strength Volumetric
stability long term strength

Drainage potential Leaching potential
Ease of compaction

Performance under dynamic and static load

Tests on soil

Basic Test Mechanical propertiesbased test Field based tests

·Attenberg limits CBR test 100% ·DCPT

Specific gravity ·UCS test ↓ ·LID test

Gradation Durability test · ·Plate Load Test

Compaction Directshear test ⑱08
free

swelling index
·

Permeability test
·PH flexural strength test
Chemical analysis Resilient modules test

>Imp for durability
cavities, 583, carbonation

Aman Kumar Singh \ IITK

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.

Resilient Modulus

As temperature increases, the resilient modulus of road 

materials generally decreases. This is because higher 

temperatures cause the road materials to soften, making them 

more susceptible to deformation under load.

-

5 R Ea--

- i
soil'sbehaviour isnotorious!!

L
7 I

***
L Triaxialsetup

-
>t
' Recovery

>t
-> E->

o R
Effectoftemperature?

clastic

.lllt
Er (Recoverable strain)

N

Accumulated plastic strain

cycles
-

-

~

iaitic'sTrain V
↑ > t

total 111 I
strain

Thisfacility is not available everywhere
ResilientModulus = MR= Wa

so we relate itto CBR test eler I
Er HH+

· MR = 1OXCBR ; (BR (5%
0.64

· Mi =17.6X(B ;CBR>5%

↳ NPa olo

During a DCP T test, 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.

Field Test

Dynamic Cone penetration Test (DCPT)

Rate ofpenetration t => higher resistance V

* =>lower resistance
- 600

N
noof blows

depth

a.!! d3-strongest
mm/no. of b18w, -

·-------
a

i log1CBR)
=2. 465-1.12 log,N

nor ofblows (ene
d3 -....-

V

2log est ?? See somewhere the wel
- C

-

-

-
-

An LWD test is a way to check how strong 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.

LID test (Light Weight Deflectsmeter) test

Pavement response under impact loading.
To measure stiffness ofdifferent layers.

load sensors
I
base plate E=x(1 -m2) rxP

deflection at 8
the centre S

E:moculus (NPa)
--
- nor---- 6: deflection below plate atcentre- Y-

p: contactpressure
M: poisson'sratio
r: radius of plate
d: shape factor-depends on soil& plate type
6= E 2 for rigid plate* fer plexible plate



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 

deforms or bends. By measuring the deformation, engineers can determine the load-bearing capacity of the road and its suitability for 

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 

require the road to be temporarily closed during the test.

Plate Load Test (PLT)

· Initially developed to estimatebearing capacity of soil. I/IIII frame
Reaction

· To measure the modulus ofsubgrade reaction (K)

>pressure hydraulic17 =7(= 1.25mm) jacka
dial gauge

-

M

load 4

-

I deflection
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resilient modulus is a basic measure of material stiffness under laboratory 

conditions, while effective resilient modulus is a more realistic and 

comprehensive measure of material strength and stiffness under real-world 

conditions. 

It takes into account the complex interactions between the 

material properties, loading conditions, and 

environmental factors, such as temperature and moisture.

Effective Resilient Modulus Effective resilientmodulus is resilient modulus

MR: effective resilientmodulus (psior Mal

Effective resilient modulus 8:deflection ofpavementsurface under loading (mm)
MR =2 (1-

M2)
rx

M: poisson'sratio (unitless
:radius ofcircular loading plate (mm)b:pressure
> effective CBR.

Prob :-
--

↓40,000N-

-- Deflection atcentre

MR1
subgrade

M1 =0.95
CBRI

MR2
CBRI

M2 =0.35

x 4000tch IITPave
--

software

Resilient modules MR= 17.6 (01 (BR)
0.64

for CBR75%
·Pavement Design

For embankmentMR= 176(070.04 =66.6 p=0.56MPa

For subgrade MR =17.6 (201064= 119.7 40,000N

xx x x x xx x

Deflection- Find using IIT Pave softwareor ISgaFz
20% subgrade

E2

M=0.35 . P =0.56MPa
2= 140.8mm, 5 =1.41mm

Eff. res Mr= 2 (1-M2) rxp
> Find CBR using rel6

modulus
S

MR =17.6 (4CBK)

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 

particles. Micro texture refers to the smaller features, such as the surface roughness and the shape and distribution of the aggregate particles.

Water can also have a significant impact on skid resistance. If the pavement 

surface is wet, the presence of water can further reduce the friction between 

the tire and the pavement, increasing the risk of skidding or hydroplaning.

Ravelling happens when the surface of the pavement wears away, causing loose rocks and aggregate particles to 

appear. This can create a rough, uneven surface that can be dangerous for vehicles and pedestrians.

Stripping is when the asphalt binder that holds the pavement together separates from the aggregate particles. This can 

cause the pavement to become weaker and more susceptible to other types of damage, like potholes and cracks.

Lec4-PKA-14Mar 2023 Aggregate and volumetrics

AGGREGATES
>interlocking - even load distribution on road

Role of Aggregates > friction-surface texture -provide skid resistance

>strength - distribute load over large area
M30 1:8.75:1.5 L avoid cracking↓o sand Garre

cement
aggregate Effect ofwater?

-

when aggregate quality is poor?
·

skidding resistance is low
·

Ravelling >

·

stripping -

~Microtexture less than 0.5mm inheight - friction development -avoidskidding
Macrotexture greater than 0.5mm inheight



Types ofnatural aggregates
· Igneous
- granite, basalt

· metamorphic marble, schist,gneiss
· sedimentary - sandstone, limestone, challe

Chemical Nature:-

·Acidic-silica contentishigh than 58%
·Basic - silica contentisless than 50%

water affinity:
-

hydrophobic - acidic aggregate - granite
hydrophilic - basic aggregate

- limestone

* crusher - jay crusher - most common.

wizeanComemore
e

*come crusher

A vertical shaft

* horizontal shaft eccentric
movement

shape properties
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x shape Properties ofAggregates
·

Angularity
· Texture can find thesphericity-Image processing!!
· sphericity
· Flatness and Elongation

water absorption - it is important?way
If high water absorption bitumen will getabsorbed.

strength of aggregate will be less.
more fractures will bethere

Lit willbreak down easily)

SPECIFIC GRAVITY
- Mixed Design

Bulk,Apparent, effective considers mass of given material

Bulk specific gravity-4sb-including bothimpermeable and waterpermeable voids
Call pores and voids included - whole volume)

Apparentspecific gravity
-Gsa-includes only isolated voids (impermeable voids)

Effective specific gravity
- ase - includes bothimpermeable and water permeable voids,

not filled with absorbed asphalt

· isolated void (impermeable)8
45b <4se795a

·

water permeable voids

whole

permeable void

Well graded ene-sized

·density is highest
Aggregategradation example

Maximum theoretical density ofa compacted bituminous mixture

PASA+ Pistis + Pctc > Upper Limit E Pa,P6Pc- % ofcoarse, fine, mineral agg.31 I 11 <Lower limit faifb.fc-bulk specific gravity corresp.

Targetgrading
L

sieve A B C Mid Pt.

19 100 100 100 100
Solvet function inExcel

13.2 63100 100 7O

4. TS 19100100. d

2.36 & 36

0.3 O
: i zu

8.15 O 76 97 17

8.675 101310010
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Aggregate v Soil Flexible Pavement -

Bitumen > has notorious behaviour best of viscoelastic nature

Marshall Nix Design volumetrics - Do on your own!!
-

"I "Il * Different grades of bitumen
A B 2 D Choose based on softening point/viscosity.

softness > softness is hardness 4

viscosity > viscosity es
· Components ofBitumen
·

Chemistry
->Resins

· Composition
· Bitumen

- Maltene

->
Aromatics

->Asphaltene - saturates

>.

Highest Polarity
3. Responsible for stiffness.

>
-

· Mechanical properties of Bitumen stiffness, Elasticity, Ductility, cohesion
Fatique resistance, Adhesich.

· Bitumen isa colloidal structure (small particles of asphaltina mixture

of oils and waves)
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->imp mechanical propertylityof Bitumen *
Imp for exams!!

· colloidal Index - Saturates +Asphaltene
Resins +Aromatics

·

Ability to resist deformations under traffic loads.
· More stable bitumen has less colloidal index.

· Asphaltene * -> Colloidal Index

>proportionally mattere content isy
Chemistry of Bitumen

Asphaltene 5-25% >
Although less but

C 82 - 20%

saturates 6-20% ithas bigger role to play.
H 8-11%

Sulfur 0 -60/0
Aromatics 40 -65% - Most of the bitumen

Oxygen 8-1.5%
Resins 10-20% is aromatics

Nitrogen 0-1.100

What properties do we want out of bitumen ?
· Affinity towards aggregate
· less temperature susceptible.
· Fine balance blu stiffness and flexibility.
· should be third enough to cost aggregate butshouldn'tsegregate during transportation.

·

Aging Resistivity -Short term aging happen during production stage
> Long term aging happen when placed in field& exposed to atmosphere.

Environmental loading 3
Traffic loadingunmodifiedbitumen is not good for use.

Bitumen Modification Process: (We have differentkinds ofmodifiers)
Y

modifiers >polymers -SBS (Styrene Butadienestyrene
o

↳3-5% by notof bitumen (more costly)
I crumb rubber - waste tyres and refine them to be

need as modifiers
↳5-20% by wt. of bitumen

surface layer Where should we place modifiers?
binder layer

· polymer-we prefer using itinbinder.1111111 however itcan be usedinsurface as well
· crumb rubber - we putat surface'

-

- noise canceller to reduce noise inlocality.

Bitumen

Grading
Penetration grading 1990 30140 60170 80/100

2
↳ What'sthe problem? Why we changed to viscosity grading now.

· It doesn'treflectgrading propertise. It had several limitations.· Take into accountthe temperature dependence of bitumen.

⑱3600
>

shiftedtomissiositygrading aliststhe
-410, 1920, 430, 4440

⑱200 3000xo



SRP-strategic Highway Research Program
↳ superpare performance grading 1992/1991

perf gradeD This is(22) i.e. minus 22
Iday average lowest pavementtempat the surface

max. pavementtemperature
20mi

P276-22 -> Bitumen is suitable atmax. temp upto 76°

and min temp-22°C

High temperature performance grade Dynamic shear Rhesmeter

Low temperature performance grade - Bending Beam Rhesmeter

Rheometer -> 40-58 lacs -> expensive-> that's why not inuse rightnow.

Aman Kumar Singh \ IITK

can interpolate

High temperature performance Grade to find others.

↳ Temp. ↓Rutting Parameter

I
/

4* >comb. modulus

sins) -phase angle I 603can do test on

-

unaged sample
>1KPG 75-

continuous grade v
- short term aged sample areaparameter exact number where you're nitingstiffness

↳ s-value -300MPS

Rate of change instiffness
· P476-22
·

P476-12

60sec of creeps loading
·

P476-32 w-value 3, 0.5

⑭G -> High temp. 14 <High temp P4-Low temp P4] +4

Intermediate >G*xsins
temp. P4 ↳ Fatique factor-5000Kla For long term sample.
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Lecture 6-PKA-17Mar2023

-correction pG -> - 10, -16, -22, -28, -34,o
testing temp ->

~6,-12, -18, -24, -30
S m-value

- 6-10 = - 16 2 - 6 223 0.186
low temp PC

-

- 12 473 0.258-

- 10 872 8.340

Gradius for which
For Si- 5 -300 3 =?-

-

300 - 223= 473-223
m +8.3

X - ( - 6) - 12 - /- 6)

x = -7.&4d - choose this one.
X

FNM: - X =
- 15.87

Viscoelastic Modelling

viscoelastic - elastic + viscom Effect of Temp?

low temp, intermediatetemp. high temp ·

Temp 4 y stiftness 4
clastic clastic +viscous Viscous ·

Loacting freq. ↑ stiffnes 4

<service temp.
>

condition

->sumeanenLoad et >Linear viscoelastic

range
-> Non-linear viscoelastic range BsItzman

superposition

↑

I ->to model, we have to

X
> I

principle

take some simple case.

t

A N

creep
8 E

E 2

> t > A

creep Relaxation

Istress centrolled) Istrain controlled)

a ↑

once you remove
2 > creep load t

how itbehaves?
>t >I

a

3 solid like
T

! - liquid I fluid
like behaviour

t behaviour

I ! -- Residual strain
astress

x
-

y
>t

>solidlike behaviour > fluid like behaviour

Non-linear time dependentstrain response.



Elastic Response Viscous Response
linear elastic spring y

R-spring constant r=yt
&=Rt

stress a strain stressE

clubbing

Maxwell Model 3 elementmodel

(Zener Model)

4element model

Kelvin. Voigt Model (Burger'smodel)
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Maxwell Model

R n
3
r=x, =22
t =t1 +tz ->E =

21+ +2

I I E it
3=Rt w= yEz= yd
E1
=

I Ez=
y

constitutive equ =I+
R 8 =0
i =E +E u=4 i =2 =4=
R 2 [

Sde =

= Stat
W/R

a

I

it t - E = t
M

X⑤ W/R
t e
E A

It
t=I+

X
3 t

- R44
r=wo2Relaxation Mode C= + I
a =rox(-) x e-

RtY

E

R
i =0

=0
=

i+
a =

- E At t=0

>t D

a Se =t
=- spet=0

2 the endor- r=No- doRt

7

> t ·(E) - - 0 =50-roRt => No-Y
r=roe

- Rt/y
t = D (Pa-sec)

E (Pa)

Relaxation Time
M

2

similarity with
... > t viscoelasticmodel

Kelvin Voigt Model

R Wi
t=t1 =t2

2 2
5=a +62

482

↑
=R)2

=

Re+ye

2

"st How it behaves 2=Rt +ye
under creek recovery? 2-Rt =n

M

------- S
t
dt ='Stat

i
0(8-RE)

>t

ECt) =ietly



a

f(t) =(1 -
-

**Y)
W

7 = e
Ry

........ OR ()to >

Ana
y ot=
t =1
R

Retardation Time
->

-e) +-II-e
- RCt-ti) /4
C-

0 ↓

ti
[It)=e

-R=1 jet!1) Limitation of Kelvin-Voigt Model

O ① No relaxation test

Applicable only for t>A1 & No instantaneous strain
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mpteennarcotepreovery test
a

· Modelled creek - recovery behaviour of bitumen

t using Maxwell'smodel

I
· creep loading I see unloading it

>t 50 > 2.550

d 10 15 20
· What kind of change instrain at
t= 8SCC, t=15Se, t = 20SeC.

5x ↓

50
t = 2 +It

->stress rate les

>t
i =

=
=i =(2.550) by 25 times and

itremains constt.

Relaxation test using Maxwell'sModel
-
Rt

r=woXe 5
a - So

8 50%reduction inR =073 MPa, y =148,750 MPa.sec -
stress

>

find time inreduction to 50% instress. t t

- Rt

do =NoXe Y

2

eoge(t) =118.10 Ice
r =50 - roRt
R-16R, 5070.250 Whattime=? 239--Now??3
y ->1.44,

8.250 =0.2 50x 1-1.6Rt

1.44

K-xModel

50 = 4X 10
-4

Creep test
A
E 50 sec & see whether

50 =200kPa 7 3
strain response=? 3 strain value is

R =500 MPa see
unverging

or not?
y=34000MPa.sec 500 SCL

- Rt

ect) =(l-e 5

At t =50 SeL Elt) = 2X10
4
= 200M

- a
Att =100 seL t(t) =300M ---

At t =200 SeL t(t) =300M
At t=500SeL ((t) =400M >t

Att=5000 see G(t) = 400M

70% of max strain value - How much time will ittake?

6 -> 0.7max, changing
with initial rate of change instrain value.
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Resilient Modulus of Bituminous Mixture

Resilient Modulus- Id·not
--Resilient strain

recoverable strain

Er

=>
deviator stress

7
t

AAPT Average Annual PavementTemperature
35°C or 20°C

↳snowbound area Different at different plates.
How to find out? -> ASTM D 4123

-> ASTM D 7369

ASTM D 4123

~

->
compressive ⑳

Loading-loading time-te
loading LW different on basis of vehicle speed)

2 - ->
Poisson's - tRS Effect

·

unloading
R

soil aggregate layer
↑
Bituminous Mixture
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LVDT
deformation

Loading time

Linear variable Differential Transformation (LVDT) > >

IIII - >

<
>even very small deformations can be measured

-To measure deformations ↓contact radius = a
=12 x radius

speed's'

Ex: - a
=150mm

S =64 kmph k -

Loading duration, d=12a = olsec d
↳

d=12xa

standard axle - two tyre on both side
S

simple axte - one tyre (duration of loading)

Loading period -> E
a with a in depth3
x with 4 inspeed

ELoadingperiod 8gscene 3 1 H3 frequency

n
I
oises logsecouses ogseclosed ogsec

Recovery period y
Recoverable straini

Resilient modulus

·

Preconditioning ->50-200 cycles
· Test temperature > 50-400

·

Loading frequency >0.33,03,243> loading- olsec
L

E ng
=1-0.1 = 0.9 Se 3unloadi

2) Forthistitssee

Gloading-
olser (remains same iness specified)

-As

unloading:
1-0.1= 1.9Se -

V Bitumen
~ strip load, strength'ambr-beyond this-can't go
-
- &

Loading range should be within linear viscoelastic range
R 10 to 50% ofX. Tm +0.005 se

-
Tm + 0.1

Resilient Modulus

Instantaneous Resilient Modulus *+.es
Total Resilient Modulus

TmE⑧
Load Pulse- 0.1 +55% of unloading

time
=> 0.9x0.55+0.1

I
oises

/ ogsec
=>0.495 +0.1

im
initial recovery

=

0.595e

Putse

deformation--total recovery value
P: applied vertical pressure

ResilientModulus =P(M+0.27) M: poisson's ratio
tX S t:pavementthickness

· ASTM4123-Assume 0.35 and doesn't change with temp. 8: vertical strain deformation
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Bituminous PavementAnalysis

· Prof. Huang-PavementAnalysisand Design
-

Chapter 2
· AAA Molenman Lecture Notes - Design ofFlex. Pavement

P
-

M

X X X ↳I IW//hBiz High quality X BL2 convential
X X X 22 he material hz material
X X X ↳3

X X X 14 42> hy

cost 17 cost 1

Introduction >one layer >two layer ->Multi-layer
X system system pavement structure

Historical ↓
1111 I

Development

his
*"

he

hi hi

Historical Developments
↑

* - Elastic mask

· Kelvin Problem (1005) ~ stress strain

L
↓
-

Infinite man system
Iie all 3dir)

· Boussineg Problem (1805)

N ⑧ clastic half space
X X X

X X X
-
& IIII andt

· cerruti'sproblem
P traction force

00 -
* ↓

clastic half space
X X X

X X X horizental
load

· Mindil's Problem I

- &
1 p

·indeterminateat2=0, ozntload trayi



·Mindin'sProblem I

0 &
. ->
p

· For I layer system
-> Foster & Alvin -> several charts (2, t,s)

· Burmister -> 2 layer system -> 1943
->3 layer system

- 1945

several charts - to reduce computation (motivation)
· Fox (1940) > tables/charts -> 2 layer system
·Acum & fox -> tables

!
-

4 22" a
L Table - to find it ever layerse)

Ar A
L5

axis
ofsymmetry

· Jones (1962) -> table ->Wat otherthanaxis of symmetry
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· Computer Program (19600) - Chex (1963)
- BISAR (1975)
-> bAMA (1979)

- ILUPAYE(1906)
- ELSYMSL (1906)

- PIMAR (1906)
-> MICPAXE (1905)
- PIPCOMAT (1995)
- PENLAYER (2000)
- IITPA -> Prof. Animesh Das

Ifaculty atIITK)

1 Layer System < 20 >

q

..... x *y
a

..... To elastic half space
52

2zv components ofstresses

(0,0,2) erz
- 2

↳7
⑧ AR i Y

under axisymmetric loading
M

E E

-

1 axisymmetric ->shear stresses w.r.t.ri

= tangentialdir*
= 0

rij =2j; [etz, ert 3 -0I 32t, Ct2

[e] -

[ 14 Er,erz

da, t, Er, Tuz
->stress-strain Relationship - constitutive equ no shearstress

> Stress - DisplacementRelationship A normal
Stress

->

Equilibrium Equation ⑧40 z=0

->

Boundary condition
-
20.6

(r= C
82=0

-2x4-!)
x
2
= Laplace operator

ro =(r24-) b =stress function

82 =fz((z - r)x2p -)
erz=Ge(l-rxp-B] Airey function



stress-Strain - Boussiness - solutions attheAxis of symmetry
al

U2, 5t,r, e2
X Y x x Y

-o at the axis ofsymmetry
Flexible At the axis ofsymmetry

· trz = 0 · deflection,z,r
Plate

·

L · Ur=Ut 82,52 -> principal stresses

The stresses & strains beneath the center of the plate can be obtained from:-

rz =q(1 - xazz)15] 82- independent ofEandM.

I =(((2 +2M) - 2(1
+M)2
I

23

I Or -> independentof E

(a2 +220.5 (a2 +22) 1s

tz= 2MZ(1+

M)a((1 - 2M) +ca2+2yos-ca2241s]E

2(1 -M)2
IEr = (IM)(1-2) (a2 +zz0s (a2z1s]

Aman Kumar Singh \ IITK

The vertical deflection to can be determined from:-

10=
(1+M) 9 a E 33I ca24240s +11-M)(192+240-2

For M=0.5, w= 3992
2 E (a 2+24 0S

Lecture 10-PKA-3IMar2023

254mm⑭, E=68.9Na 9 =0.34MPar
9=0.344MPa

M=0-3
↓ by Determines, I, deflection(vertical) I =?

a

half-space I atA
*

2.54mm " X (82,et =0r) Axisymmetric.

- A*
*

2=254mm

q
=0.344MPa

At 2a = 25mm =>a =127mm

rx =q(1 -24is)
=0.344/1 -

2543

(1272 +254215]
=>0.MPa

rt =rr=(11 +2M) - 2/1 +M12 +23
-

Ca2+220s (ax+21s]
- (0.00K15Mp)=(1.715kPa)

w=(+M)ga(n20s + 12M)((a2 +240-2) =

Or =-1.77 x 10-3 MPa= 2t

52 =0.890 MPar

Ez = 1.44 x 10-3

tr =4.14x18
- 1

Relationship blu stress and strain

After the stresses are obtained from the charts, the strains can be obtained from:-

62 ==(82
- M15r +8t)) It Elastic & IsotropicMateriain

er =

((r
- M(ez +rt)] putvalues from prex question

and check whether this

retationships holds true or not!!
et

=

1(2t -M(x +rz)] ↳ All values coming same and
matches the prey prob.



Foster and Ahlvin’s Chart (1954)

->later
modified by Ahlvin and very (1962)

Valid for M= 0.5 only
Charts dz, Jr, It, Zuz

Whatis the significance m
=0S (poisson'sratiol?

It represents the limitcondition for the chart

Incompressible material

Resilient modulus - Independentof confining pressure applied.
22,0r, It,Trz found 7 t2, tr,et, deflection can be calculated.
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254mm 254mm -
8.345MPa

ProbEz
dia

p
dia I

b=345kpa ->Both

↓ x x x i ↓ x itt
a I M =0.5

z =69MPa
z=254mm ! 500mm ! 8z, Ez& vertical deflection at A

X
< 38

sol A == 4
--

-

(a =254,a =127mm, q = 0.345MPa
Z

T
=
2

Total

52x100 = 20 182, =0.00966MPa)-> U2,trtal=821+822For 22 left -ra= o(a
7 =9.936x10-2MPa

(2x100 =0.0=r2=276x 10MPa]Right +va= 4

ForLeft -va =0 ( 4x100= 17-Ur= 5.865NoMPa-Jr,tal=writerzI
Right +va= 4(2x100 =16 =rr2=5.52x183MPa

X
=11.305x83MDa

Fort Left ->wa =0 ( + x100 =01 8t = 0.345x16-3MPa]

Right-ra=4 [Ex100 = - How to find?- No line for= 4!

For Trz Left + ra = 0 ->Ataxisymmetric erz=0 itself -
[rz=6.21k1

Right + ra= 4 x100 = 1.07 ev2
= 6.21x183MPa] 3 -E

For a (vertical deflection) w=baxF
Left +wa =0 ->F=060 ->Wi =1aF =0.4318mm

Right + va= 4
-> F =0.22- We =GaF =0.01397 mm

Wotal-Weeft+Wright =W,+W2 =0.4577 mm
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Flgure 2.2 Vertical stresses due to circular loading. (After Foster anJ .~hh in 
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Figure 2.3 Radial stresses due to circular loading. (After Foster and Ahlvin, 
(1954).) 
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Figure 2.4 Tangential stresses due to circular loading. (After Foster and 

Ahlvin (1954).) 
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Figure 2.S Shear stresses due to circular loading. (After Foster and A.hl,·in 
(1954).) 
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non-uniform

Lecture 11- PKA-GAPULO2- <pressure q(r)

FLEXIBLEPLATE uniform RIGID PLATE w > pressure

L
pressure q 1- distribution

↳
Iis to do to il pressure

- x x x x ↓
/

I

distribution : ·
S " E ·

! deformation .....IIII/11(1)....
"IIIIIII)1 profile

q(r) =9 x a

2(a2-r2/OS L

() average loading pressure
[

↓
dist, from center ↑- 1 ->

Deformation below center= 8 =I (1-M29Xa Put r=0,q(r)=a=
2 E

-

Prob :-
I 305M35.6KN M=0.4

T
-

-

S =2.54mm

↓ Eotsubgrade=? 14
S1 35.6

= 40KPaq= ↑
*Einms mod of surface reaction

6=A (1 -M2)9a => E =7(1
-M49a =36MPa

2 E

Aman Kumar Singh \ IITK

Layered System 
· Es Ez Es..... usually.
· But maybe EI E2 Es in some cases. Those are called

x xt y Y campsite pavements
h, Layer/ EI, M/ -

he Layer2 =2,M2 Assumptions:- - homogenous
his Layer 3 E3,M3

·

weightless
he Layer4 E4,M4 · isotropic

! · elastic half-space

④ ·

compatibility blu layers at interface
~

Bituminous layer - 3000MPa -

....

WMM placedbymentitious
material me

nee

GSB

mm u

compatibilityblu two layers:
- ↓

suspended... · vertical stress ⑧
S interface

shear stress Si

vertical displacement
·Charts - assume perfectbonding blu

two layers.

2 Layer System
↳ load q

x **"What'sthe max, deformation?
Bituminous layer"

- > What's the vertical stress atthe interface?
M is i vertical strain
subgrade

· TO-80% contribution to rutting comes from subgrade.

~: -
Vertical stress (Figure 2.14)
219,0219, EilEz value

· strongest layer at top.
· Whatdoes E,/E2 using mean? stress yes as we go down
It means upper layer has more stress
· only applicable iftop layer-radius of rating area (Fig 214)

i.e H1 =a
29

top layer
I ↳ za = toplength

=>

- xx
thickness

,changing
· increase the layer thickness, stress will decrease
R X

305mm I -Rigid plate
Prob

xP =552kPa-
-

I <allowable stress-rc=55kPa
1 52 El= 3.454Pa Det. hi = 2
⑧

Ez =35MPa

-

35 MPG
8th

-3.45loslagase 3 ->using chart (Huang
552 kPa

a = 11 =>n=
hi =305

=(64m
m

2x1.1

NOW E, =IT3Mpa+What change?
-* =3 =

4.94 -S

3 ->using chart (Huang)

=El (same -=0.4-h1
== 30she-

-



Allowable No. of stress repititions to limitpermanentdeformation

Nd =4.073x10-5 r,3.734=,3.503 ⑭145psi
JC:vertical compressive stress on subgrade surface (in psi)
Ez:elastic modulus ofsubgrade (in psi)
No: no. of load rebititions

b:-
5c= 55kPa = 55x10-3x 145 psi= Opsi
E2= 35MPa =35x145psi= 5000psi
No. of load repitions =?

sol Nd=4.873N0-x(0), "5000)3'03
-
--

=>

3.7X10S

Aman Kumar Singh \ IITK

Vertical surface Deflection (Wol

For rigid plate, wo=
1109 a Fz No-maxdeflection atthe
Ez top of 1st layer

For flexible plate, wow 1.59a F2 F2= deflection factor
E2

30smm
-a=152.5mm

I I
Prob - Rigidplate ->I9KN E27 44.2NPa
-

- I allowable deflection = 0.1mm

"203mm

E,M2,0
Det. 21=?

X
Al Al

E2, M2
sol - Wo=0mm q= 09kN x10-3= 89x10-3 => 1.218 & 1.22MPG
=

No = 1.189a Fz *G2 Ax (152.512x10-6
Ez

↳
F2 =0.1x 44.2 - hi

=

203
- 1.33

1.18x 1.22 x 152.5 ↓
T 152.5

0.51 using Burmister chart
find = ?

E2
EMPa

vertical stress
-52 -

->-

vertical interface stress

52
--

-

-



wo- ISqa. Ez
E, E2

1.542
Wo=

Ez
#2

H

h,a
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Lecture12-PKA-OAPR 2023 Taught using Stides!!

Distress Transfer Functions (IRC 37-2010)

subgrade Rutting Criteria
4 .5337

NR =4.1656 x20-0 [for 80% reliability)

NR =1.42 x 10-0 (E)
2.5337 (for 90% reliability)

subgrade Fatique criteria

Nf = 1.6064XcX0- 1
3.89

Mem
0.854

L for 80% reliability)-

Et

N7 = 0.5161XCXO-R 1
3.89

1
0.854

(for 90% reliability)-

Et MRm

C= 10M where M= 1.04 Ybe 0.69

Va+ Ybe

IRC 37-2018



-X
L

· All are converted to single axle duel wheel I standard axle arrangement)

Aman Kumar Singh \ IITK

-PavementDesign

3 layers BL

WMM Bar 3000 0.35 150

COB subbase In 196 0.40 ↑O

en subgrade 13 Ol 0.45

standard 8.I fow axle load total Fyre pressure
=0.56MPa

↳ 8 tow inNewton load= 20,000 N
I

Analysispoint
Depth Radialdistance

30 mm

150 O / / - standard
158 155 1 17 sistance

638 O blw there
fires.

630 155 -

Fatigue No - 131x106

Rusting MR- =3.I
calculate ite

Lecture 13-PKA-11Apr2023 Taught using slides!!
Some typical observations
· Maximum speed you drive? Do you care aboutspeed limit? Design speed?
· How fast you apply the break?
· How do you decide overtaking?
·

Driving atcurves:Horizontal curves; vertical curves.
7 F

<St pling-creates so
sort of moment ↑ elope

· Other important aspects:camber,widening ofcurves, driving innights, trafficchannelization, etc

How about understanding the driving behaviour ofa driver?

camber Why camber?
To ensure proper drainage of rainwater

e I

Design ofHorizontal & Vertical curves and components.

Typical TerrainTypes

IRC73:2020

Classification of terrain

based on slope.

Horizontal curves
setback distance

-
crash barriers

...
- to reduce the intensity ofaccident.33 -

-

-
n

prevent cars from leaving track.



Turning Radius and Turning Path

Geometric design especially for sharp from based horizontal curves.
· Front wheel can only from.
· Minimum and Maximum turning radius.
· Centre line turning radius. ⑭2powered vehicle

↳zwheels only rotate
Ifront-one)

⑧

300 -600 X
D

-
⑧

⑱· ⑧
900

wei 1200
W

⑨

⑱ ⑧ A
1500

in ⑧
D

D ⑧
⑧

O
⑧

1800
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vertical curves

XPI

Y obstacle sightdistances
⑧

L
- Headlight angle

- ⑧ ... x
lineofsight

↑ sight distance,s ↑ ↑
-4) ⑧

↑
YPC XPT VPC

⑳
XPT

VPI

why parabola?
Transition should be smooth

overtaking #1 #2 #3#4#S#6

fast moving vehicle -
slow moving vehicle
vehicle coming fromopposite side <

S
x

b S
-

[ x x -

Human Factors
di dz d3 Ve

Perception Reaction Process

<
stopping distance

>

PIEX Theory
Reaction Blaking Influencing factors:

-

> x-

-- dist. dist. ⑧?
· Age

- · · Intoxication level
!
i

!
· Fatigue level

Haand The car

detected Braking
stands still

·Distracted drivingbegins

· 2.ssee as per IRC:13 and AASHTO How to study driver's behaviour?
see. usin simulations· Mobile talking ->

Res by 200% -> S
- q-

(priving simulation based study)

⑧ ⑧

&nounder
area
shoulder area?

hyneice need to parkstoppage)
or stubby

(temperary
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-

>service road

purpose of service road?
It is a seperate road that runs II to main road.
It allows local traffic to access nearby properties
without

causing congestion
on themain road.
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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.

Lecture 14-PKA-13 Apr 2023 Taught using slides!!

<
stopping distance

-
PIEX Theory

Reaction Braking perception +Intellection + Emotion+volition
< x
distance

adistanceI!@°⑧> Perceiving Inferring the situation
->Action

! · !

BRAIN
- PERCEPTION

④
⑧ ⑳

hazard braking
The car I-E I ~ INTELLECTION- EMOTION

detected begins stands still - VOLITION

·

Height ofthe driver's eye is assumed to be 1.2m.
·

Height ofthe object isassumed to be at 0.15m.
STIMULUS

*

** RESPONSE

RefAction

Major Influencing Factors SSD=Reaction (or lag) distance + Breaking distance
Reactiontime typically 2.5 sec)
· Vehicle speed superetevation vertical curves

Break efficiency
Friction blu road and tyre (assumed to be 0.35-0.4 as per IRCT3)

Gradient, ifany

Stopping Distance on Level Road

stopping sight Distance =Lag Distance +Braking distance

Design speed=1. Reaction time =t

Reaction Distance (lag distance)= xxt

For braking distance, equating work done and K.E.
-

L

=MY - 0 =Iy
I I

Yf fNL-Energy

Iy2- 0 =fIN f =coef offriction

9 =fL Recommended creftoffriction (f) values for SSD

speed (km(h) <3040506065750

7 =v2 (Braking distance)
f 8.400.380.370.360.368.35

297

SSD = vt +I

stopping Distance on slopes

work done by friction- fINL+wsindL=Iwy
q

Equating work done and Kinetic Energy

LfI+-
T

I⑦⑧⑤!⑧

T >!.
↳If +0)= ~sinoL

t
*WcosO

-

L= x2 Y
n'l -00 +=coeff. of

2g(+ +20) f
L

friction

n =gradient (or slope) in
L =42 I <ascending gradient -> upward
2g(f!) - ->

descending gradient -> downward

SSD=lag distance + break distance =vt
+x2

zglf,)



dems
90 kmph 90 kmph

Probl
A

> ↳
B SD=?

g t e

f=0.4 t=2SC

soln n=0
-

lagdistance = yt= (90x0.28)X2 =50.4m

braking distance==190x0.20)2=79.30m2x10X 0.4

SSD=lag dist.-braking dist.=
50.4 +79.30=129.70m

Prob#2 n=21 RT=2.5 sec SSD=?

&
.

, r =00kmph f =0.35
sh:-n =2% -> descending ->

-

lag dist.=Yt=100x0.20) X25=56m

braking dist.-
Y2 - 100X0.20)= Tom

2g((r) 2x10(0.35-21100)

SSD= lag dist.+ braking dist.= 56 +76=132m
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Overtaking sight distance is the minimum distance required for a driver to safely overtake another vehicle on a roadway.

Overtaking Sight Distance (SSD)

#1 #2#3#4#S#6

Yb

-
fast moving vehicle

V

- slow moving vehicle
vehicle

coming from
opposite side

< x x -
S b S

[ x x -

di dz d3 3.Stimes osc

L

Sosd,Need to find:-d,d2,d3?
Ve

osd i !

nee
-Major Infmencin Factors "g -ei· speed of all three vehicles Posa?" osch

< 7

· Distance blu overtaking & overtaken vehicle
3-5 times osd

Reaction Time S,-overtaking zone begin
·Rateof acceleration

S2-End ofovertaking zone

· Gradient, ifany. Overtaking zone
· minimum overtaking specified length= 3XOSD
· Desirable overtaking specified length

= SXOSD

XD
t - Reaction time (IRL-2sec)

di =rpXt, ①
#I #2 #3#4 #5#6

T-overtaking time -T
d2 =UpT+ aT=5 +b+s =b +2s

e
-

- C
S
- v

S=(0.7yb +6) Ispacing blu vehiclei < - x >

b =UbT di d2 d

-
3

Using (4)and (2), 8bT+1a+ =b +2s =NT+1aT =d+es

1 aT=25
⑤ di = UbXt T=2

T=5 =25
-b =UpT=zUb* dz =upxT+2s

dz
=UcXT S = (0.7Vb +6)

misec
d2=b +2s =2ub+2s ⑥

OSD =d1 +d2 +d5

d3 =VcT ⑦
· OSD =di+dz for one way roads
· OSD =ditd2+ds for two way

roads

OSD =d,+d2+d5

-
Ve-same inthebeginning

Bob: Va=70kmph wayd3=0
Up =40kmph one-way

-

a=0.99m/s2 t=2522 osD=2 War"teeandsol
>

di= Ppt = (40x0.20)X2 =22.4m OSD =d, +d2
5 =0.7+6 =0.7140x0.20)+6 =13.84m

T=2 = =
2 1304

= 7.40s
0.99

d2=b+25 =xbT +25=140x0.20)X7.48+ 2x13.04= 111.16m

d3 =VT=(70x0.20)x7.48 = 140.6m

OSD =d, +d2 +d3 =216m
-



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.

Superelevation

Frictional coefs. Value

Typical suggested value 8-IS
· As per AASHTO code:

=>0.19-0.0006X;3xV80kmph
=>0.24-0.0012 V;x700kmph

Imb factore affecting friction mco·Tyre condition
T

weather condition

· Road condition my
-

key Design Parameters i R

·Radius of horizontal curve mig
sinc

-

mgoss+sieMax/Min superelevation L

·Negotiating speed 10
· How to introduce superelevation Aslmgcoss+m"sino) V
· setback distance my
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cosO

mgsino+f(mgcoso+mysino) - *coso m T

gsino+fgcoso+sinc-I cost my
r --

i R

gland + fg + fo-I mig
sinc

-

mgoss+sie7
=
2 L

ge + fg
+fre= I L

10

fslmgcoss+mYsino) V

&((-fe)
=

g(e+H) my O
=

very small

e=tance sinc

R = 112(1-fe) - v2 sino-tanc

glett) everysmak))g(e + fl E COSO I

:R =x2

q(e+f)

Superelevation

LosO
Lecture 15-PKA-19Apr 2023 mi

RT

mgsino+f(mgcoso+mysino) - *coso

gsino+fgcoso+sinc-I cost maymostsina
10gland + fg++--e Is Imgcoso+sino) V

m

ge + fg
+fre= I g O =very small

e=tance sinc

↳((- fe)
=

g(e+t) since-tano, for small o
10SO- 1

R = 112(1-fe)
-
x2 .: R =x

2
-

g(e + fl g(e +f) q(e+f)

e:elevation- tanc - Y

fileff. oflateral fric effect etf=
12TR

"inmiser Xin kmlh

suggested lateral frictional coefficient value
· Typical suggested value:8.Is
· As per AASHTO code - 0.19-0.0006 X ; 30(X00 kmph

- 0.24-0.0012X;V700kmph

suggested superelevation values as per IRC T3
·

For plainand rolling terrain:max 7o10
·For hilly and steep slope terrain:max 200

·Minimum value:camber of the road

speed for superelevation design
·Max, superelevation may convenientfor vehicle movingclose

to design speed
butnot forslow moving vehicle.

· As a compromise, and practical consideration, superelevation is aimed to

counteractcentrifugal force developed by 25% ofthe designspeed (by
neglecting lateral friction)

2=10.75V)2= X is in kmph
127 R



steps for superelevation design

· cal. 75% of the design speed.
·

If ecal/emaxiecal will be provided.
· If ecal) 2max;Reep Cmax=0.82 (say forplainand rolling terrain)
and check for a value at full design speed

f =x2 - 0.07
12TR

· If + from above step (8.1s; provided e issafe. If not, restriction

on speed needs to be made as per:
etf = 0.02 + 015 = 0.22

=y2

127R

16: R= 500m e =?

r=100kmph f = ?

sol - e
=x2

=>

1002 =0.09
-

- 225R 225x508

+ -i -0.01- 05-0.07 = 0.007s
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Ruling and Minimum Radius

-Question inexams - Maybe on this!
=
--

etf=R
-

Routing => Yuling Rmin= Vin

12712+f) 127e+fl

How to introduce superelevation athorizental curve?
· With transition curve:Gradually introduced over thetransitioncurve and

remains constantover the circular curve.
·

Withouttransition curve:2/3rde isprovided atthe beginning of
circular curve and 2/3rde isgradually attended tillthe half partof
the circular curve.

·Natural path of driver:follow transition curve Rotation about the outer edge
Transition curve circular curve

Rotation about the inside edge
M -

I / Fransition curve Rotation aboutthe cential line
I M

~ I
straight

k

Itstraight
↳

Transition curves
· Form:Spiral: because oflinear increases in its curvature (1/radius)
with the length oftransition curve

· Major controlling factor for designing transition curne:rate ofchange of
acc:0.5-0.d mIs" alc IRLT3

Rateof change ofacc=
00 iv is in kmph

75 + V

· Acc atthe start oftransition curve =0 & Acc. atthe end of

transition curve =12/R
·

If 'J'is the rateof change ofacc;length oftransition curve (
then for moving vehicle atspeed ve

V2

E
-
o

3

Rate of change in acc.
-

LIV -
·If I

*isthe permissible limit for the rateof change inace, then

Lmin=k
A superelevation runoff needs to be provided on the transition curve;

therefore, I should always be greater than superelevationrunoff and Lmin.
* The length of transition curve can also be calculated based on rate
ofintroducing superelevation.



-curves
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b: - S= 65kmph Day, width=?
R=220 m Allowable rate of introducinge'- I in150
Rotabout central line

a) Based on rate of change of acc.
b) e

So:-2==
652

=>0.08 D0.07 => e07
-

225x220 -

e= tanc = h
=

0.07 => h =0.26m

(7.512) ↳
7.5

>
.

.For Imlength, Isom rise (given) h
a

O
X I

rise for (h= 0.20m) 2-
=>

150x0.26

=In total length oftransition curve

Ipavementwidth)

SettleDistance
When sight distance isless than length of the curve

For narrow road For wider road

m =R - R(cos()) m=R - (R -d) ((os(-))

↑



when sight distance isgreater than length of the curve

For narrow road For wider road

m =R - R0s)) +((4sin (11) m=R-10 -a((os(E)) +("(ein())
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Lecture 16-PKA-12APUIO23 VERTICAL CURVES

Different types of vertical curves
· For summitcurve, N =n, -h2
· For valley curve, N =12-n,

Differenttype ofsummitcurves Different type of vertical curves

N =n,- 42 N=n, I

- n,
-

n,

-- In N2=0 i
- "

----
b

+n,
+e1

=-the Care
i

(as (b) (b)
N =-4,

. x,N =x, +x2 -- N=n2-n,
- 42

/

-
" -,

-12 +----
+ 41 - 12

(C) (d) (C) (d)
N =41-42 N =n2- 41

I --

· No issue in terms of discomfort to the · Discomfort to thepassenger
passengers as well as vehicle as well as to the vehicle

· Major design criteriafor summit curve:sightdistance. Major design criteria for
· shake:Parabola a small angle of deviation valley curve:nightvision

Geometry ofthe vertical curve

↳ To know cuttingfilling - need to know.
VPI

- sope=
-

S
S' offsetop

-

↑ -

se Y XPI

lol A -

M

VPC

O M

S
↑

X

y ! -x
-

· Generic mathematical formulation of vertical curves

y
=-

x
2
+x,x

· Position of summit crest wirt.YPLVPI coordinate

x =xL (x,4) =(42, n,212)
N

· Radius of curvature · offset value for the summitcurve

R= y =x x2

Length ofsummitcurve

Based on SSD or ost value

when lengths sight distance L= NXSD2

2 (VF+ ()2

When length ( sightdistance L =2xsp - 2(H + ch)"
N

N=deviationangle
H=ht of driver eye above road surface
h=htof subject above road surface
SD=sight distance



Bob:n,= 3% t =2.5sec design speed = 80kmph H =1.2 h=?
- 0

12 =- 51 f=0.35 ignore gradienteffects for ssp. h
=0.15 -
-

sol
-

-

SSD =xt +4=(00x020)
x 2.5 +(00x0.20)2= 56 +7160 =127.60m

20X0.35

N=n, - n2 =0.03 -(-0.05) =0.00

Length ofsummit curve
296.6m
: length (12760m

L =NXSSD2 =

0.00x (12760)
= (SSD)

2/M+2)2 2 /F2+ vis)2

Rob:n,= 1/200 OSD = 470m design speed =00kmph
-

12= -1/120 H=1h=2 I =?

sol" N= n,-42= jor-(i28) +0.0103

L =2xSD - 2 (1+ ch12=303m -
length< 470m (0s)

N
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Length ofvalley curve

· Case 1:Allowable rate of change in acceleration:0.6m/s3
·case 11: Headlightsightdistance:Typically more than CaseI.
Based on headlight sightdistance
When length, sightdistance L =NXSD"

2. (n+ sextanc)

when length < sightdistance = 25-2 (h'+ spxTana)

Based on comfort condition N

L =2x )NY3
"

V is in miles SD:sight distance
I N

=deviationangle n =htof the headlight
J =rate of change in acceleration (recommended as 0.6m/s)
a =headlightbeam angle

t =2.55 comfort conditionRob: n,=-1/25 sn2 =1/30 y=80kmph headlightsightcondu
f =0.35 n=0.75 a=10 ignore grad effect for SSD.

81
-

N =n2-n
=

0 - (-s) =

0.073

a) =(A3)" x 2 =2x10.073x100x0.20)342= 74.13mI 0.6 I

b) SD = +xt =760 +56 =127.68

L =0.073 xSp= 199.76m 1200m
2 (h1 + sptanx)


