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The surface of a road pavement can become rough due to
many factors:

1. Repetitive traffic loading — causing permanent deformations within
the pavement structure.

2. Aging or wear of the bituminous pavement seal, which leads to
cracking and associated pot holes.

3. The occurrence of differential volume change within an expansive
subgrade, which increases roughness and loss of shape. This
increases in magnitude due to the presence of Gilgai relief.
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Gilgai is best described as a soil that is in a state of
slow continuous movement where the soil from the
deeper layers is brought to the surface on the
mounds, and the soil from the surface slips down to
lower levels in the soil profile through the shrinkage
cracks.

" Shrinkage Cracks
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Developed in 1985
(World Bank Funds)

Based on Quarter-
Car Model that
simulates behaviour
of a passenger car
at 80 km/hr.

oprung Mazss
Displacement l M

of the sprung
Mass: Zx
Linear Damper: c-

Linear Spring: k.

Unsprung Mass
Digplacement Mu
of the
UREpruUng
Mass: Zy
. Linear Spring: ke
Profile Input: y{x) 1‘ | | Fixed contact length = 250 mm
| i
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Detects passenger discomfort due to body
Gain for profile slope [ bounce of vehicle - long wavelength roughness

2.0 at A =15.4 m (caused by deep seated distress).
[ 1 1 I U L G 0 B
—1 Detects passenger discomfort
1.5 due to isolated bumps and pot
holes - short wavelength
1.0 L roughness atA=2.4m

(caused by shallow distress).

0.5

0
0.01 0.1 1 10

Problem: The IRl cannot discriminate between types of
roughness due to averaging these two effects !!
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Wavelength, & (m)

100 ull 220015 10 i 2E2 15 1 04 0.5
1.E-02 ! - ! N ! |
—o—BE031103 - IRI = 3.87

—=—BE030988 - IRl =3.95
|

I Essentially, IRl just tells you _

= 1E03

fé‘ that the road is rough but
g PSD can tell you why.

% 1.E-04 - —

1.E-05 A

1.E-06
0.01 0.1 1 10

Wave Number (cycles/m)

9th International Conference on Managing

6/4/2015

Pavement Assets | May 18-21, 2015



Wavelength, A (m)

100 50 2520 15 10 5 25215 1 05 05
{E03 - | Ll 1 | I - | | .
| ——2005
——2007

S

=
=
7 Here, PSD
S 1E05 - .
= | analysis
= reveals which
(a
wavebands
have been
1.E06 - 1 )
| effectively
rehabilitated.
Note: IRl in 2005 = 6.02 m/km, and ‘
IRI'in 2007 = 1.77 m/km after rehabiltation. ‘
1.E07 | |
0.01 0.1 1 10

Wave Number (cycles /m)
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1.

2.
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To develop a series of new profile indices that clearly
represent and quantify short and long wavelength
roughness.

Create a series of new templates to identify pavements
that contain unusually high concentrations of short or
long wavelength roughness, and thus identify the critical
roughness wavebands within individual pavements.

Evaluate waveband roughness progression rates.
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Octave Bandwidths

Single Double Triple
0.354 m T,
Acene = 0.5 M DOB1
0.707 centre
" SOB2 | A= 0.707m
)\centrez 1 m DOBZ
1.414
B " SOBS Acenie = 1414 m | TOBY
Pl 2528m oo = 2 DOB3 Meonre= 2 M
2 | SOB4 | Aonso= 2.828m
= Acenre = 4 ™M DOB4
o centre
0.657
> " SOB5 A= 5657m
= )\centre =8m DOB5
> 11.31
‘;" " SOB6 Aegrre = 11.31 M -
22.62m Aoonre= 16 DOB6 Acenre = 16'M
| SOB7 )\centre =22.62m
Acentre = 32 M DOB7
4525 centre
" SOB8 | M= 45.25m
9051 m )‘centre = 64 m
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Intermational RoughnessIndex(mm/m)

e Jpper 98% Confidence Limit
== ower 98% Confidence Limit
|

4 H 6 7 8 9 10 11 12 13 14
Profile Index (PI) calculated by PSD Analysis
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Sample:N = 6278

Note: this is the raw control section
5 | data used to develop the template. -

IRI = 1.23Plpog, + 1.02
5 | |
B IRI = 1.23Plpog, + 0.53
o R? = (.89
4 \ | |
IR =1.23Ply0g, + 0.04
3 I | a

Therefore, the envelope between the
blue and orange regression lines

contain 96% of the sample, which is
expected to represent a normal
concentration of waveband roughness |

(DOBA4) for this type of pavement.
0 i I I I
0 1 2 3 4 5 6 !

Profile Index: PSD — DOB4 - 300m

International Roughness Index (m/km)
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Mallee Hwy (B12) Sections 2 & 3 Piangil to SA Border 226.5 km
~ Mildura
- e Red Cliffs Calder Hwy (A79) Section 5 Ouyen to Mildura 169.9 km
Meringur _n ‘ 2 Robinvale Hattah — Robinvale Rd (C252) Hattah to Robinvale 62.3 km
a a =7 ey
Ouyen ‘ o Robinvale — Sea Lake Rd (C251) Robinvale to Sea Lake 108.7 km
+‘“"’MMH Red Cliffs — Meringur Rd (C252) Red Cliffs to Meringur 79.9 km
647.3 km

~ Hopetoun

Borung Hwy (C234) Section 2 Litchfield to Warracknabeal 41.8 km

7 f
%, 5| Borung Hwy (C234) Section 3 | Warracknabeal to Dimboola 39 km

Henty Hwy (B200) Section 4 Horsham to Hopetoun 117.6 km

N 198.4 km
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Waveband Identification Template Equations m

Upper IRl =1.48 Pl p5p.s0m3-300m + 0-86
S0l Average  IRI=148Pl oy soppangm—001 075
1.41mto2.83 m -
£ Upper IRI = 1.53 Pl pep.s0ps.300m + 1.11
Z SokEx Average  IRI=153Pl ospcopeson * 053 0.86
= 2.83mto5.66m
D
3 Upper IRI= 1.73 Pl pep.soms.500m + 1.64
S SOB5 _
o Average IRl =1.73 Pl p5p.s0m5.300m + 0-88 0.77
2 5.66 mto 11.31m
@ Lower IRI = 1.73 Pl pep.sos.500m + 0-24
@ Upper IRI = 1.40 Pl psp sosea00m * 2.07
S0 Average  IRI=140 Pl osy somsaonn * 107 0.60
11.31 m 0 22.62 m
Lower IRI = 1.40 Pl pep, 50500 + 0-28
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Waveband Identification Template Equations

Upper IRI'=1.19 Pl psp.p083-300m + 0-99
DOB3 A _
1.41 mto 5.66 m -
5 Upper IRI = 1.23 Pl 5sp.0080.300m + 1.02
S DiOjEx Average  IRI=1.23 Pl osooomeaon + 053 0.89
S 2.83mto11.31m
§ Upper IRI = 1.18 Pl psp.p085.300m + 1.66
S Dol Average  IRI=1.18 Pl ospoopsaonn + 0.86 074
= 5.66 mt0 22.62 m
a Upper IRI = 1.07 Pl 55p.0086.300m + 2.03
DiOjEs Average  IRI=1.07 Pl oo oomsann + 095 052
11.31 mt0 45.25 m
Lower IRI = 1.07 Pl 5s5.0086.300m + 0.05
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Borung Highway at Chainage 126,150 m
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'Using Google Earth Street View:

Google earth
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B 126,500

Borung 126,288m

O

8 126200

8 1267200 fo)

811261100 Here, evidence of Gilgai relief is clearly
‘ (o) . .
’ visible, which was measured to have a
wavelength between 7 mand 12 m.

-
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BEI261200

. . .
Borung Hwy

But now there is a
O & | mathematical method

to follow to identify
Gilgai distress.
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5.66 m
300 m

0.78
13
1.69
18
2.34
29
3.77
24
3.13
34
4.42

Waveband | SOB4 DOB4 SOB5 DOB5

8m

300 m

45
5.84
58
7.93
64
8.31
64
8.31
62
8.09
77
10.0

1M1.3m 16m 16m 22.6m

300m 300m 300m 300m
28 12 11 9
Here, SOBS is shown to
be dominant as there is
up to five times more
roughness in this
waveband than normal:

A=566mto11.3 m

TT e \J =T

574 320 313  2.08
95 33 27 14
714 429  3.91 1.81
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Waveband| SOB4 DOB4 SOBS5 DOBS5 | SOB6 | TOB2 | DOB6

566m| 8m |113m 16m 16m 226m

300m | 300m | 300m 300m 300m 300 m
38 70 55 37 20 11

3.21 1 803 | Again, SOB5 is shown to

38 IR e dominant as there is
327 HEEE more than five times
37 105

316 | 897 | more roughness in this
45 103 | waveband than normal:

386 | 883 | \=566mto11.3m
44 107

376 | 945 | 470 346 349 163
8 | 123 | 2 s 38 30
411 | 105 | 616 453 325 257

Detection of High Concentrations of
Long Wavelength Roughness
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A new method (and series of templates) has been developed for
identifying sections of pavement that contain high concentrations of
roughness within a particular waveband.

These template proved very successful in identifying pavements
that had been affected by the presence of Gilgai relief (i.e. affected
by long wavelength roughness).

They also remove the need for visual proof of Gilgai.

In areas of expansive soil geology, the frequency of pavement
sections that revealed high concentrations of long wavelength
roughness were up to 5 times greater.

Initial studies have revealed that pavement deterioration is quite
different for the short and long waveband profiles indices.
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