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HDM-3

The Highway Design and Maintenance 
Standards Model is a computer program 
for analyzing the total transport cost of 
alternative road improvement and 
maintenance strategies. 
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Limitations of the Model
The sub model for the vehicle 
operating costs does not include the 
effects of congested traffic conditions, 
but the congestion costs may be 
entered as an exogenous input in the 
model.
The road deterioration sub model 
does not include freezing climates but 
facility to adjust the sub model for 
most effects of freezing conditions is 
provided and has been validated.
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The model does not explicitly account for 
the account of varying base routine 
maintenance on pavement performance, but 
this can be handled indirectly by adjusting 
pavement strength parameter.
The model endogenously predicts neither 
road accidents nor their costs, nor the 
indirect costs incurred during road 
construction or maintenance. Facility is 
provided however, to incorporate accident 
costs, delays and environmental impacts 
where exogenous estimates are available.
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Pavement Deterioration 
Models

Cracking models 
Patching Models
Ravelling Models
Pothole Models
Rutting models
Roughness Models
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Cracking Model

Cracking Initiation Models
The initiation of cracking is defined as the stage 
when a crack is observed on the pavement 
surface. 
It is mainly caused due to traffic repetition and 
the bituminous mix properties. 
The age of cracking initiation has been taken as 
the time between the pavement age since the last 
renewal or strengthening and the appearance of 
the cracks up to 2 percent of the pavement age.
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MSN :Modified structural number
CSALYR     :Cumulative standard axles per 

year (msa)-million standard axles
AGECRIN   :Age of pavement at the time of 

cracking initiation (years)
PC :Premix carpet surfacing
SDC :Semi-dense carpet (Semi-dense       

bituminous concrete) surfacing
AC : Asphaltic concrete (Bituminous 

concrete) surfacing
CRi :Initial cracking (%)
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Crack Initiation Models

Eqn
No.

Surface 
type

Model form

Eqn.
1

PC AGECRIN = 2.74*EXP*- 2.57(CSALYR/MSN2)

Eqn.
2

SDC AGECRIN = 3.29*EXP*-2.40(CSALYR/ MSN2)

Eqn.
3

AC AGECRIN = 4.00*EXP*-1.09(CSALYR/ MSN2)
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Cracking Progression 
Models:

Eq
No.

Surface 
type

Model form

Eqn. 
4

PC (CRt/ti) = 5.41(CSALYR/MSN)* 0.54*SCRi
0.28

Eqn. 
5

SDC (CRt/ti) = 5.67(CSALYR/MSN)*0.34*SCRi
0.20

Eqn. 
6

AC (CRt/ti) = 4.26(CSALYR/MSN)*0.56*SCRi
0.32
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Ravelling Models

Raveling occurs either due to loss of fines or 
stone particles from the surfacing and due to the 
loss of adhesion or bonding between binder and 
aggregates.
It affects both the structural and functional 
performance of the pavement. Thin binder film 
tends to oxidize rapidly, and thus the affect of 
aging on raveling is much higher on thin films 
than on thick films. 
Raveling when developed beyond a certain 
extent, leads to potholing 
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AGERVIN =  Age of pavement at the 
time of ravelling initiation 

AXLEYR   =  No. of vehicle axle per 
year (million)

CQ = Construction quality
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Ravelling Initiation Models:
AGERVIN = 3.18 AXLEYR-0.138*(CQ+1) -0.38 

Ravelling  Progression Models:
(RVt/ti)      = 3.94 AXLEYR0.32*SRVi0.46
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Pothole Models

Potholes are the cavities in the raod
surface and are generally bowl-shaped. 
Potholes are the most severe form of 
pavement distress which is caused due to 
spalling of wide cracks and disintegration 
of surfacing and subsequently the base 
material.

THBM =  Thickness of bituminous 
layer (mm)
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Pothole Initiation Models

Eqn. 
No.

Surface 
type

Model form

Eqn. 
9

PC AGEPHIN = 0.21THBM0.23EXP[-0.18AXLEYR]

Eqn. 
10

SDC AGEPHIN = 0.29THBM0.35EXP[-0.22AXLEYR]

Eqn. 
11

AC AGEPHIN = 0.13THBM0.47EXP[-0.12AXLEYR]
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Eqn. 
No.

Surface 
type

Model form

Eqn. 
12

PC (PHt/ti)= 1.49CRi*AXLEYR(1+CQ) +3.60Phi* AXLEYR(1+CQ)
THBM*MSN

+3.47 RVi* AXLEYR(1+CQ)
THBM*MSN

Eqn. 
13

SDC (PHt/ti)= 5.24CRi*AXLEYR(1+CQ) +0.78Phi* AXLEYR(1+CQ)
THBM*MSN

+0.84 RVi* AXLEYR(1+CQ)
THBM*MSN

Eqn. 
14

AC (PHt/ti)= 1.23CRi*AXLEYR(1+CQ) +2.50Phi* AXLEYR(1+CQ)
THBM*MSN

Pothole Progression Models
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Roughness Progression Models
Roughness is distortion in the road profile. The rate 
of distortion is accelerated, on weakening of the 
pavement due to surface defects like cracking, 
ravelling, potholing etc. roughness affects the 
dynamics of moving vehicles, vehicles wear and 
tear, and therefore, has an appreciable influence on 
vehicle operating costs. 
It also imposes dynamic loading on the road surface, 
thus accelerating the deterioration process further. 
Empirical statistical models of incremental form 
have been developed for prediction of roughness 
progression. 
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RGt = a1(CSAL/SNCK)*emPAGE + a2 m.RGt *ti + a3
CRt + a4 PHt + a5 PTt + a6 RVt

Where, 
SNCK = Modified pavement strength = (1+MSNR)
MSNR = Reduced modified structural number due 

to cracking 
m     = Environmental factor

MSNR = MSR – (0.0000758*THBM*CRi)
CRj =Initial cracking (%)
RVj =Initial ravelling (%)
PHj =Initial pothole (%)
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