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Introduction

Roughness?

* Irregularities in the pavement surface that adversely affect the ride quality of a
vehicle, Not only ride quality but also vehicle delay costs, fuel consumption and
maintenance costs

* |RIwas developed by the World Bank in the 1980s

« Commonly used indices are Bl Value (mm/km) and (IRI)

Longitudinal
Profiles

Lateral
Profile

Unevennessfroughness index is defined as
the ratio of the cumulative vertical
displacement to the distance traveled and is
expressed in mm/km.



It’s a FAC....

“Many customer surveys, on both a national and
local level, have shown us that Pavement
Smoothness I1s one of the main factors when it
comes to rating the nation’s highways”




Pavement Smoothness = Ride Comfort
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Q: How comfortable is this road to drive on?
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ASTM Definition of Roughness

“The deviations of a pavement surface from a true
planar surface with characteristic dimensions that
affect vehicle dynamics...... ”?

Pavement Smoothness is alack of roughness




WHY IT IS IMPORTANT TO ASSESS
ROUGHNESS AND FRICTION?

Perb%of pavement
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Different Road Profiles
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Planar Surface Mega texture yUneveness

Micro texture
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Roughness Measurement Devices

Straight edge method Who Said This?

Sp Ot I evel S “No claim is me_ade _that the roughness or ridino
of a pavement is directly or completely refle
profile index.”

M ER - I N “It shou_ld again be emphqsized l

Profilograph o et

Bump integrator fvers

Multiple wheel bump integrator =™

K RTRR Measuring System '

Road roughness profiling device

Non-contact Lightweight devices
Portable Laser Profiler Systems

Axle

Mounted Roughometers

Swedish Laser Road Surface Tester
K. J. Law 8300 Roughness surveyor
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Inertial Profilers, High and Low Speed

TOPCON RTP-300 PROFILER

The new RTP-300 High-Speed Surface Profiler from Topcon Positioning Systems collects
surface data at speeds up to 65 mph and creates an exact model of the existing surface.




Technology: Roughness and Distress Data
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Roughness Indices

- International Roughness Index (IRI)
- Mean Panel Rating (MPR)

- Profile Index (PI)

- Ride Number (RN); and

- Root Mean Sqguare Vertical Acceleration
(RMSVA).




IRI computation

IRI Is suspension movement average under 80km/h.
- average of suspension expansion and compression-

(3) Calculate average
length of suspension
expansion and
contraction, that is IRI.

Sotyhinsy e (2) QC sIMulation is
Swpspng [>T applied to calculate

and Damper 50 inches/mile _
- suspension movement.

Axle Mass
Computer Algorithm\ (1) Measuring Iongitudinal

profile.

Measured
Profile —®

S AN




International Roughness Index

* The IRl is defined as an index computed from a longitudinal
profile measurement using a reference mathematical RTRRMS
(a quarter-car simulation) for a standard simulation speed of
80 km/h (ASTM E867 2012; Sayers 1986).

* |IRI Experiment conducted in Brazil (Sayers et al., 1986a) and is
reproducible, portable and stable with time

|t allows data from different Iinstruments and different
countries to be directly compared and enables historical
trends to be determined with confidence

* Without a common method for calculation, results from
research could not be compared without the use of conversion
factors from one unit to the next.




Roughness Scales

IRI TRRL BI Qt car Index
(m/Kkm) (mm/Kkm) (Counts/km)
0 0
700 13
1400 26
2200 40
3000 50
3800 65
4700 80
6500
8300
Poor paved 1000
14000
Unpaved 18000
22000

Good unpaved

)
1
y/
3
4
5
6
8




Relationship between IRI and Normal operating speed

{ o1 \,})l'r"\ FarenE wwww r V '
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(m/Km) | (l.m/h)
" | 120 and dmu_ el \ullui hrnhlg asually found in casc ol runway pavements
| Up %0 =t 12010 95 g Very nmkl surface profile, Ride comfortable, without ney
251040 | - | undulations <4mm/3m and pulhwlw - 4
== ) T 2 | Good surface pmnlg. Ride comfortable, undulations 3-8 |
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2310 135 = _ rl-'rujucm transverse undulatons 1045 mm3 m-5S m at
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Rough surface having frequent dt:’a:p transverse depressions and
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J surface condition is inferior to the above condition.
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IRC Recommendations Selection of Appropriate
o Equipment
- Plain terrain areas

1 The condition of roads is average to poor and average traffic speed is about
30 to 40 kmph ( MDRs, ODRs and Village Roads), then under such

conditions FWBI/ARUR,CAMBI can serve the purpose for roughness
measurements, as in these areas, the standard survey speed of 32 kmph

can be conveniently maintained.

- High speed road corridors
1 Expressways, NHS and SHs ), speed is more (>=60 kmph)

[ Laser Profilometer (LP) and Ultrasonic Sensor Based Profilometer

- Rolling and hilly terrain areas
[ Also, dueto high gradients and frequent sharp curves in these areas, the

use of FAVBI/ARUR (which is atowing type device) is not recommended.

Operating Conditions (Measurement Speed)

Low Medium High
(from 10 kmph to 40 kmph) | (> 40 kmph to 60 kmph) (> 60 kmph)
Terrain Terrain Terrain
Plain | Rolling Hilly Plain | Rolling | Hilly| Plain | Rolling Hilly
FWBI/ | FWBI/ CAMBI LP, USBP, CAMBI, AB LP and USBR Not
ARUR | ARUR (With Applicable
and and multiple
CAMBI | CAMBI speed
calibration)




Max Permissible Values of Roughness for Exp, NH,SH

Condition of Road Surface
;ﬁ%‘;;}; Good Fair
|
RI IRI RI
Bituminous
(BC, SMA, <180n
SDBC)

IRC:SP:16-2019




Max Permissible Values of Roughness for MDR and ODR

Condition of Road Surface

ﬁ;} Type of Surface Good Fair Poor

RI IRI RI IRI RI IRI
1 Surface Dressing .| <3000 | <4.03 |3000-3800| 4.03-4.98 | >3800 | >4.98
o | OpenGraded RIEMIXY o4 | 379 |2800-3500| 3.79-4.62 | >3500 | >4.62

Carpet

3 Mix SeakSurfacing | <2600 | <3.55 |2600-3200| 3.55-4.27 | >3200 >4 .27

4 _ SemiDense <2200 | <3.05 |2200-3000| 3.05-4.03 | >3000 | >4.03
Bituminous Concrete

5 Bituminous Concrete | <2000 | <2.81 |2000-2600| 2.81-3.55 | >2600 >3.95

6 Cement Concrete <2200 | <3.05 |2200-2600| 3.05-3.55 | >2600 >3.95




Max. Permissible Values of Roughness for Village Roads

Condition of Road Surface

Type of Surface
Good Fair Poor

RI IRI RI IRI RI IRI

Surface Dressing | <3200 <4.27 |3200-3800| 4.27-4.98 | >3800 >4 .98

Open Graded

: <3000 <4.03 |3000-3500| 4.03-4.62 | >3500 >4.62
Premix Carpet

Mix Seal Surfacing | <2800 <3.79 |2800-3200| 3.79-4.27 4 “=3200 >4 27

Semi Dense
Bituminous <2400 <3.30 |2400-3000| 3.30-4:@3™ >3000 >4 .03
Concrete

Cement Concrete | <2200 <3.05 |2200-2600¢"3:06-3.55 | >2600 >3.95




Fifth Wheel Bump Integrator

 RTRRM in 1970s-displacement of the test wheel by TRRL (Keir 1974)
* Fifth wheel Bump Integrator towed by a vehicle (32kmph &2.1kg/cm?

* The vertical movement of the suspension system of roughness meter

IS measured and accumulatedwith distance travelled. Vertical
movement is counted in multiples of a specified vertical distance.

* Distancetravelled normally estimated form the revolutions of
the fifth wheel. The Bl value is expressed as mm/km.




Stabiliser

Chart

MERLIN

Low cost roughness measuring
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Contd...

The redationships between the Merlin scale and the Bl Asphaltic concrete
and IRI scales are givan below.

Bl= 574 + 2946 D
For all road surfaces:

IRl = 0.593 + .0471 D 1) 42 2D < 177 (1,270 < Bl = 5,370

42 >0 >312(2.4> IRl > 15.9) Surface treated

where IRl is the roughness in terms of the International Bl=132+3780
Roughness Index and is measured in metres per kilo-
metre and D is the roughness in terms of the Merlin scale 57 =D 2 124 (2 280 < Bl = 4,920)
and is measured in milimetres.
Gravel
Bl=-983+4750 (2)

42 > D =312 (1.270 = Bl = 16,750) Bl=-1,134 + 440D

where Bl is the roughness as measured by a fith wheel 77 <D <290 (2,010 < Bl <12,230)

bump integrator towed at 32 km/h and is measured in
millimetres per kilometre. Earth

When measuring on the Bl scale, greater accuracy can Bl =-2,230 + 58.4 D
be achieved by using the following relationships for
different surface types. Bd <D <312 (2,840 < Bl = 16,750}




Roughness variation...

Road Progression of Roughness ( m/km)

D 2)%; ;oeops 2Foi)bg gggg ;(?1no May 2010 2%61%
Gl 4.6 4.8 4.92 5.31 6.15 6.32 6.48
G2 3.18 3.47 3.52 3.88 4.00 4.09 4.28
G3 3.08 3.88 4.09 4.11 4.13 4.24 4.50
G4 2.52 2.9 3.11 3.11 3.35 3.47 4.47
K1 5.07 5.26 5.32 5.32 5.40 5.42 5.59
K2 3.8 4.08 4.16 4.23 4.94 5.09 5.22
K3 4.4 4.9 5.2 5.9 5.9 6.01 6.01
K4 4.13 4.31 4.45 4.65 5.59 5.62 5.87
W1 2.48 2.67 2.2 2.85 2.95 3.09 4.09
W2 2.65 3.89 3.92 3.99 4.09 4.32 4.65
W3 3.51 3.7 3.82 3.95 4.11 4.9 5.49
W4 2.85 3.09 3.13 3.45 3.85 3.86 3.89
W5 5.44 5.87 5.95 6.09 6.11 6.03 6.06
W6 4.13 4.46 4.67 5.03 5.03 5.92 6.23

W7 4.69 4.88 5.81 6.9 7.56 7.65 8.32




Roughometers

Features

Accurate and repeatable outputs regardless of vehicle
type, suspension and passenger loads

Axle-mounted inertial sensor used to determine road
profile and roughness

Integrated GPS for location data with on-screen
display of satellite tracking status

Outputs in International Roughness Index (IRI) or
NASRAA counts

Can be installed in most passenger and lighty
commercial vehicles

Fast and simple download of data, to laptop or
computer, using USB connection

Multi-format reports available:

- Tables
- graphs

- GPS maps
- CSV files

Components

Roughometer hand-held controller
Interface module

Inertial module and mounting brackets
Distance Measurement Instrument (DMI)
GPS antenna with magnetic base mount
Processing software




Roughometer

12/1/21
12:38 PM
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Data is collected under the driving by Smartphone App

1 e}ﬁ'f_’m

/ Hmmm e em

A=96Hz L=0.42Hz H=2Hz
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Smartphone app
—/A\ac_‘ —

Smartphone Is placed on
hard surface tightly, like
dashboard, arm lest.




Web GIS

e e —
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Result will be shown on web map soon.

for BumpRecorder  Data Download

BumpRecorder Web
IRI

Gilobal total:3,658,510[km] —

3
W @ & M

@ @ BN o
i

L S SN N

@ OpenStreetMap contributors
Scale =1:217K

100.67230, 14.57942

PhotoReport Other Free App  yagi-san, Hello  Logout

Background map OpenStreetMap v o Pale
Search condition

from 2011-03-01 to 2019-03-15 Compare

Measured by () Shared ()Mygroup )My self Search
Drawing data type

@ GPS path @Legend Legend Class 2~8 4

Speed >= 20km/h ¥

#IRlI [(JJRI [ICrack [JLinearity All Direction v

(JMCI (JPCR [(JSpeed ([ILTx [JLTz [JAXx [JAz
(JBump(2m) (1(10m) (C1(15m) [IBump(Sprung)

() Dashcam Photo
Area selection (&) Rectangle () Polygon () Line
Position 1 Lz Longitude
Position 2 La Longitude Clear
Analyze Type | Histogram at select point %+ Analyze
Data List

Search Result Latest Japan Latest Global

Date Time Distance  Comment Latfrom Lonfrom Country
2018/07/26 09:39:56 3 14.291... 100.42... Thailand
2018/04/06 16:40:22 18.3 14.441... 100.89... Thailand
2018/04/06 15:04:58 15.6 2089/100 14.660... 101.19... Thailand




Measurement result can be shown on the map online.

/
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BumpRecorder V for BumpRecordert st &4t

Global 10tal:606,316km]

/ IRI~24

&5~ |

R K N\
\%///\\ BOBIR) o
2 v y \//

>>
|
/ 24~5
7 5~10
& 10~15

(LR 1
Scale =1:14K

W7 7 yagi A, Thicsiz  B777h
#¥®iE GSI Maps Light-colored v
RRRH
from 2011-03-01 to 2014-11-01 L
HNE J89 JasZL—7 dahil EGLCH
FRREH
g% dAm  AFXD 2.4~15 :
BEE @R OFrcAls| ETAR:2HE ¢
BRI Yy IR
MR € 1 BEEHER
s 2 Clear L=241m
BATES | RREADER NSS4 s B

T97

around (35.650968 , 139.913476) at 2011/03/01 to 2014/11/01.
12

1.21.41.61.822.2.2.2.833

IRl [mm/m]

F—HYRK
REBR  HAXOEI  GLCHOR !
(51 -2 | AX b galn
2014/07/29 01:11:25 78.2 35.783
2014107127 23:42.38 35 =5~ 35.688.
2014/07/11 06:37:29 66.7 35.619.
2014/07/10 05:08:59 3321 35.875.
2014/05/25 21:01:45 426 35.643
2014/05/25 20:33:36 21 35.627.
2014/05/25 15:38:23 467 35.779.
20141808 15:42.51 107 a5 a1

IR
140.35,
139.97.
140.08.
139.51
139.89.
140.08.
139.70.

13988
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What is right monitoring?

mﬂw e -
N \ery precise Enough accuracy
Bad but intermittent and frequently
? @
IRI P
L )
Good

2016 2017 2018 2019 2020




What is right monitoring?

— e
Pavement health monitoring

Smartphone type Inertial profiler

B

Very precise
Human health monitoring
Body temp, Blood pressure CT scanner




How to use??
Install on your Smartphone

(2 il #069%) 11:50

Sasess  BumpRecorder is installed from Google Play. It can
— w“\ search or Bump Nauvi.

BumpRecorder
BumpRecorder.com
16 &

It measure the road roughness for

INSTALL

00

Transport Similar

Downloads

pavement maintenance management.

READ MORE
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Place on the dashboard tightly

e e —— .

Any tilt angle is okay, but must placed tightly NOT recommend

| -—
= -

QAT
2
A

L ——

It is easy vibrate itself

Not only fixed at
left and right, but
also bottom side.

It use sticky sheet on
the bottom side.




Using different smartphone model

————— e =T

Segment for 20m

BumpRecorder
10 | il

9 Measured IR| are same.

IRl [mm/m]

1 )

0

139.694 139.696 139.698 139.7 139.702 139.704 139.706 139.708 139.71 139.712 139.714 139.716 139.718
longitude [deg]

=0=Nexus 5 “*=Nexus 5X Xperia Z3 Compact




Using different vehicle type

e —m——

It measured 3 times

IRI [mm/m]

22 [
20 -

HiEREES

[ S =
o B

N

o N B~ O

400 500 600 700
distance [m]

—=-Audi A4 —*=Suzuki Baleno

800

900

1000

1100

/

1200

23

Measurement results are stable




Comparison with KUMATAKA MRP-3000




Comparison : kelative heignt in
15|m| long
— S —

Calculating relative height in 15[m] long
for MRP-3000 and BumpRecorder.
Then comparing this two values.

15m

25

—— S ———— —

7.5m

AT Trend was consistent.
\‘ Position gap was not so large.

.

50
40 — MRP-3000
30 | —BumpRecorder
— \
E 20 ""7""1""1" '1-"-1-'--1----1-----:-----:"--': ---------------------
= 1 i e il
g O o i | ‘ .-l_ ,
' ny | ' (4
E -10 ] . .............. 4 o3y
2 _20 '—--'r--'-r-'--r----;---'v-- ----v----; ------------------------------- 1:-"'1----1----1----1----1----1 b-w-----E -------------
L -30 : I o T RS - 7 KU KU B B B oo deees L4
_40 '—---r----r-'--r----:r----v----v'---v----i---'v----v----v----v--'-v----v----ﬂ'---'\--- " ---1----1----1----1----1----1-----|-----i ---------------
-50 : ' :
O — N W P O O =~ 0O O — — — e | e T N0 R N T N0 R N0 B N0 T N0 B N T N0 |
OO O O O O O O O O ) ~ OO O O — N W &~ O O ~J) OO
o QO O O O O 0O O O O O O O O




Combination Index

PCR (Pavement Condition Rating)

PCR =(0.60 * SCR) + (0.40 * RCl) Pavement Condition Rating
RCI =160*(2.718282 " (-0.259776 * IRl)) Roughness Condition Index
SCR =100 - [Cracking rate] Surface Condition Rating

0 (bad) ~ 100 (good)

MCI (Maintenance Condition Index) Japanese Standard

MCI =10-1.48C03-0.29D0.7- 0.47002

MCIO =10- 1.51C03-0.30D07

MCI1 =10 -2.23Co03

MCI2 =10 -0.54Do.7 smallest value is used.
C =Cracking rate [%0]
D =Rut depth [mm]

o=JRI [mm] 0 (bad) ~ 10 (good)

Wheel path cracking rate is used for above formula.
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Whole Japan and many courtiers!

1000 km
1000 mi

Data Download

© OpenStreetMap contributors
Scale = 1: 55M

175.02851, 5.63171
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American continent too

Data Download PhotoReport Other Purchase Free App [B]

You can access 3,697,200 [km] datas on BumpRecorder Web!

<<

© OpenStreetMap contributors

1000 km Scale = 1: 55M
1000 mi

66.21991, -30.58649




Close up Japan
— = ———

BumpRecorder Web Data Downioad PhotoReport ~ Other  Purchase  Free App (=)}

You can access 3,697,200 [km] datas on BumpRecorder Web!

© OpenStreetMap contributors
Scale=1:7M

100 km| =
100 mi

144.20087, 38.39711




Close up Tokyo area

_/A' -
————— ——
BumpRecorder Wet Data Download PhotoReport Other Purchase Free App [B] FraelD Login

IRI You can access 3,697,200 [km] datas on BumpRecorder Web!

—_— e B ea “ny, TR <<
A ¥ -
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e
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N % ’ .
' x ~ oy ot ’\" ”: 13 .I. | A\.
7 2 e 05 e + ; —— )
4 y i g e _ar 8 . A T
% 4 ; & 1 o > ) X

© OpenStreetMap contributors
Scale = 1: 867K

138.91095, 35.9(5078J
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Available from Network level to Project level
mﬂww

BumpRecorder Web Data Download PhotoReport ~ Other  Purchase  FreeApp  [H]

You can access 3,697,200 [km] datas on BumpRecorder Web!

<<

IR [ [TTTTTTTIE (@ 5

© OpenStrestMap contributors
Scale = 1: 1693

20m
100 ft

139.71029, 35.78394




Move to Comparison function
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Same location, different period
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