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Kyoto Model — Data Oriented Management Approach

: P

Scheduled Inspection

Deterioration forecasting model
(Performance evaluation)
(Bench-Marking evaluation)

Maintenance Planning
Short-term and Middle Term)
- =

Budget
planning

Deterioration Inspection

prediction

management

Inspection Map
{ Spatial data
Video data

oad Asset DB

Invi T.my

Archived data
management

Ex-post Valuation
(evaluation of LOS)

Database Management ]

2

© PASCO CORPORATION 2014

management 3

Repair
planning

Database

Daily monitoring
(Mobile inspection system)

£EAsco

Kyoto Model | (FF#fER) °

® Data Oriented Road Management System - Kyoto Model, Kazuya AOKI, Kyoto University / PASCO

CORPORATION
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Kyoto Model

» Concept

»Management cycle based on actual monitoring data
»Finding problems and solution based on benchmarking analysis
»0Ongoing improvement of management cycle by objective way

+ Technical feature of Kyoto Model
» Stochastic performance evaluation(deterioration forecasting model)
» Probabilistic forecasting model using Markov theory

» Statistical analysis using objective data collected on site (not
Pavement engineering)

»Good compatibility with actual conditions on site

6
© PASCO CORPORATION 2014

FPASCO
Comparison between Kyoto Model and Existing model
<Kyoto Model> <Existing Model>
> Performanqe Evaluatlo.n Deterioration Prediction
(Benchmarking Analysis)
| Problem points finding | v
‘ | Repair Plan
| New Actions / Solutions |
—| Feedback to next implementation |
Find damaged, high-speed deterioration, Based on Pavement Engineering
problem. segments i i Deterioration Predication and
Co_rrelatlon W|th_deterlorat|on factors Maintenance Plan (Traffic or Structure)
(Big Data Analysis) $
Based on actual site situation and data
MANAGEMENT MAINTENANCE

" Kyoto Model ; (FE#BER) °

11 A 17 H F4#8 21 APPLIED KNOWLEDGE SESSIONS : Pavement Applications
SHIEIFEE > SR ¢ T Nanotechnology for Soil Stabilization with Very Low Permeability | >
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iz T8 E B BIFE R FKM: - 58 T BRIl - B2 est E hae i -
I HFER TR E R SO BRI R -
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3. PROPOSED SOLUTIONS

Soil bases with higher CBR, can share the traffic load, taking considerable burden
off the structural layers

Road designs can be optimized by significantly cutting down the thicknesses of the
stone layers and the asphaltic layers. (Refer to Figure)

Optimized Road Design

Balanced,
Sustainable
Economical

For illustrative purpose only. Not to scale

Waterproofed Soil layers

D
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Better Roads. Better World.
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SF i A T IR /KSR AT DU R Y R & 88 2 R (50 B g I R /KHRRAYRL
R ARFEE S IR - AR RER A S FEEY (polymers) BIKIJE
FERD - 2 B IRy 58 8 AT 552 50~ 100 CBR -

BEIFORF TS TR E S > HRE S E Zydex Industries A\ E A BRE
TR BRI > Ajay RANKA B30 K7 TR 58 2046 » H AR s AR A 8 A8k
{EISRE IR

11 A 18 H IRF ZHET5 1 @ TESE > HAYi & Bali Mandara Toll Road &
Expressway * F3 2013 SR A£G ES s (Asia-Pacific Economic Cooperation

* Nanotechnology for Soil Stabilization with Very Low Permeability / Ajay RANKA, Zydex Industries
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18 H N2 TS2: Pavements & Materials 4B ishT & &

SAE
FHON 5 — HE ST > FTLARIE R EEEE Mandara ULE A\ Z fEHER
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" The use of ceramic

waste materials as fine aggregates in Hot Mix Asphalt (HMA) | 53 B B sk g En£E Salihudin

® & HUE http://www.baliairport.net/bali-mandara-toll-road.html
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BHER - B AY— 5 EAE BN BRI IR &3 - 55— 7wt al5@(E HMA 1%
RE o JTVEREREE RTINS 5.0mm MRSt EVAAIROEHE M - Sefe TSl
PIERIEER - RFZ RS AIROEHEYEE BT 5375 B 0% > 20% > 40% > 60% > 80%#(1 100
% (EEAZTL) 74 MREEEARESIRRSHERE > U7 HMA W2 ATg#E
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Table 4. Replacement of ceramic waste aggregate

Sieve size GC 20C 40 C 60 C 80C 100 C
(mm)

14.00 100 % 100 % 100 % 100 % 100 % 100 %
10.00 Granite Granite Granite Granite Granite Granite
5.00 100% 20 % 40 % 60 % 40 % 100 %
3.35 Granite Ceramic Ceramic Ceramic Ceramic Ceramic
1.18 waste waste waste waste waste
0.425
0.150 80% 60% 40% 20%
0.075 Granite Granite Granite Granite
Pan

Note: % of aggregate weight

5. EVALUATION OF RESULTS AND NEXT STEPS

Properties Standard Type of Aggregate
Granite Ceramic Waste
W ASTMC 131 2012% 20.00%

Aggregate Impact Value BS 812 Pant 3 880% 430%
Specific Gravity ASTM C127 2612 2381
Flakiness Index ASTM D 4791, BS 812 6.12% 95.56 %
Elongation Index ASTM D 4791, BS 812 0.07% 0%

Soundness Test ASTM Cas 012% 008%
14 4300
4100 T T
13 T g
§ 3000 1 1
12 + § 3700 +
z =
= 3500
/M 1 3
3 P o |
a
10 | I 3100
2900 T T 1
¢ I I 2700 i
8 2500 =
GG 20C  40C  60C  80C  100C GC  20C 40C 60C 80C 100C

1* IRF Asia Regional Congress & Exhibition
e:" IRF Bali, November 17 - 19, 2014
Batter Roads. Better World.
o IS 2 A REA
i i . i d VARV N

AWFFEEERIEH > £ HMA JUR A ERSEYIE AR &5em 2 1T
[y - FEVIEEMEREMIETIE - BR 7R IRTEE (Flakiness index ) =i 95%4h » HerYIMEsE

® The Use of Ceramic Waste Materials as Fine Aggregates in Hot Mix Asphalt (HMA)/ Dhieyatul Husna
ISMAIL, Ratnasamy MUNIANDY, Salihudin HASSIM
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18 HERE A & HIERME T Gala Dinner & IRF Awards Ceremony » El&r FH/HHEFE S
75 TUHh B I EE e - hER5 T 2014 £E Global Road Achievement Awards » 37 9
{4515 © (MConstruction Methodology * @Design > (3Environment Mitigation > @Traffic
Management & ITS * BProgram Management * (6)Project Finance * (TQuality Management °
®Safety » @Technology, Equipment & Manufacturing ° {5552 BE40 R ¢

Winners of the 2014 GRAA competition:

@Construction Methodology Abu Dhabi Municipality & Parsons International
Ltd. for “The Zayed Street Tunnel” (United
Arab Emirates)

@Design T.Y. Lin International/Moffatt & Nichol, Joint

Venture for “The San Francisco-Oakland Bay
Bridge New East Span” (USA)

@Environment Mitigation Transcity Joint Venture for “Legacy Way”
(Australia)

@Traffic Management & ITS Xerox for “Merge Dynamic parking pricing”
(UK)

(&Program Management Hube1 Changjiang Road & Bridge Co. for

“Ma-Wu Highway Construction Project”

(China)
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Winners of the 2014 GRAA competition:
BProject Finance District Department of Transportation (DDOT) for
“11th Street Bridge Project” (USA)
(DQuality Management Delcan, a Parsons Company, for “Columbus
Crossroads (I-670 / I-71 Interchange) Design-Build
Project” (USA)

@Satety Dubai Roads & Transport Authority for “Children
Road Safety is a Shared Responsibility”  (United
Arab Emirates)

@Technology, Equipment & Roadroid for “Smart phone IRI data collection”

Manufacturing (Sweden)

un IRF E' MISTRYOF PUBLC WORKS
1 IRF Asia Regional Congress & Exhibition

November 17-7e3,2014
Bali, Indonesf Sy 2% ?} t- \
Bali, Indon -: g\‘ @ ; 9 Q W } r Int
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2014 f;a GlobalRoad Achievement Awardsf-q&)\ EAﬁﬁ7

T BAF 3E ¢ http://asiarc.irfnews.org/dailynews2/2014-AsiaRC1-Daily_News2.html
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11 A 19 HZE 21 TS2.6: Durable Paving Materials SEIsk A5 € - 5#RH :" The Mechanical
and Thermal Analysis of Porous Asphalt Concrete Containing Steel Slags | > 8% FyEIEER H
2ENENL = AR 5 R IF L - 2 LA 5+ (Porous Asphalt Concrete,
or PAOEASFLIEHKME » BABBLEFRERIR ~ FRRFEHUE ~ FIFRFEK ~ B
5t~ PR REH I TR S - A9 EEPRET SRR R R E LN IR a Ak fERE
HUCRARDEHER BT - S SHIE S S BN B IS R 5 2

Kgf/em?
1m .......................
80000
N PAC-0
60000 - W BOF-30
™ BOF-50

M B55F-30

100C 250C 400C

Figure 3. The resilient modulus of PAC mixtures

4. TEST RESULTS AND ANALYSIS

» Threshold of PAC mixture containing slags?
* 30% BOF slag was the best fit in this study.

61 14
60 F12
59 b1 g
z
o L
H 58 — 08 2
> s
4 3
&7 L06 E
)
®
£
56 + 04 ;'?
- mmm BPN value
55 1 r 02
=4=Thermal conductivity
54 4 T T T + 0
BSSF-30 BOF-50 PAC-0 BOF-30

1t IRF Asia Regional Congress & Exhibition
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IRF Bali, November 17 - 19, 2014

é Better Roads. Better World.
IR E LR A 2~ BT

Y,

° The Mechanical and Thermal Analysis of Porous Asphalt Concrete Containing Steel Slags/ Yu-Min SU,
Dana MUTIARA, Jyh-Dong LIN
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SUNDAY, NOVEMBER 16

10:00 - 17:30 William Troxler Memorial Golf Tournament

18:30 - 21:30 International Reception & IRF Fellows Reunion at Bali National Golf Club

16:00 - 18:30 Registration & Information Desk Open

MONDAY, NOVEMBER 17 ROOM

9:00 - 10:30 Opening Ceremony Tanjung Benoa

10:30 - 11:00 Exhibition Opening

11:00 - 12:30 @ ES1: Congestion Management in Asian Cities Pecatu 1
@ ES2: Sustainable & Resilient Road Infrastructure Pecatu 2
@ PS1: Towards a Traffic Safety Culture (INTP) Mengwi 1 & 2
@ PS2: Vehicle Safety Standards in Developing Mengwi 6
Economies (GRSF)
@ TS 1.1 Mengwi 3) @ TS 2.1 Mengwi5) @ Various
TS 5.2 Mengwi 7)

11:00 - 15:00 @ WS1: Road Sector Reform Mengwi 8

12:30 - 13:30 Lunch

13:30 - 15:00 @ ES3: Smart & Accessible Cities for a Connected Pecatu 1
Asia
@ PS3: Rural Road Development (Thai DRR, Mengwi 6
PMGSY)
@ PS4: Asset Management Technology (JRA) Pecatu 2
@ SRDI: Engineering Safer Roads Mengwi 1 & 2
@ TS 1.2 Mengwi3) @ TS5.1 Mengwi7) @ Various
TS 7.2 (Mengwi 5)

15:00 - 15:30 Refreshments Served

15:30 - 17:00 Building The Asian Highway Network: An Agenda Tanjung Benoa
for Shared Regional Prosperity

17:15 - 18:30 | @ AKI: Pavement Applications (Mengwi 7) @ Various
AK2: Asset Management Applications (Mengwi 6)
@ HS1: Infrastructure Programs in Indonesia Pecatu 2
@ Interactive Posters Pecatu Prefunction
IRF Committee on ITS Meeting Mengwi 5
IRF Committee on Road Safety Meeting Mengwi 8
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TUESDAY, NOVEMBER 18 ROOM

9:00 - 10:30 Technical Visit 1: Bali Mandara Toll Road & Congress
Expressway Registration Area

9:00 - 10:30 UN Decade of Action for Road Safety: Asia Progress Pecatu 1 & 2
Report

10:30 - 11:00 Refreshments Served

11:00 - 12:30 @ ES4: Innovation in 21st Century Transport Pecatu 1
@ PS5: Integrated Road Network Policy, Planning Pecatu 2
and Delivery (ARRB)
@ SRD2: Roadside Safety Mengwi 1 & 2
@ TS 1.3 Mengwi 3) @ TS 2.3 Mengwi5) @ Various
TS 5.4 (Mengwi 7)

12:30 - 13:30 Lunch

13:30 - 15:00 @ ES6: Up-skilling the Workforce in Emerging Pecatu 1
Economies
@ PS6: International Road Assessment Program Mengwi 1 & 2
(iIRAP)
@ TS 3.1 Mengwi 5) @ TS 6.2 Mengwi 3) @ Various
TS 7.1 (Mengwi 7)
Technical Visit 1: Bali Mandara Toll Road & Congress
Expressway Registration Area

13:30 - 17:00 @ WS2: Saving Lives Through the Development of Mengwi 8
an Effective Speed Enforcement Strategy

15:00 - 15:30 Refreshments Served

15:30 - 17:00 @ ES5: Best Practices in Asset Management Pecatu 1
@ ES7: Managing Complex Project Delivery Pecatu 2
@ SRD3: Motorcycle Safety Mengwi 1 & 2
@® TS 2.4 (Mengwi 3) @ TS 5.3 Mengwi5) @ Various
TS 6.1 (Mengwi 7)

17:15 - 18:30 | @ AK3: Road Safety Applications (Mengwi 7) @ Various
AK4: ITS Applications (Mengwi 6)
@ HS2: Doing Business in Indonesia Pecatu 2
@ Interactive Posters Pecatu Prefunction
IRF Committee on Asset Management Meeting Mengwi 5
IRF Sub-Committee on Enforcement Meeting Mengwi &

20:00 - 22:00 Gala Dinner & IRF Awards Ceremony Tanjung Benoa
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WEDNESDAY, NOVEMBER 19

7:00 - 8:30 IRF Asia Regional Committee Breakfast Meeting VIP Room

9:00 - 10:30 Technical Visit 2: Ngurah Rai Airport International Congress
Airport Registration Area

9:00 - 10:30 @ ES8.1: Managing Toll Demand Risk Pecatu 1
@ PS7: Natural Asphalt Properties (IRE) Pecatu 2
@ SRD4: Workzone Safety Mengwi 1 & 2
@ TS 2.5 Mengwi3) @ TS 4.1 Mengwid) @ Various
TS 5.5 Mengwi7) @ TS 5.6 Mengwi 6)

9:00 - 12:30 @ WS3: Performance-Based Contracts Mengwi &

10:30 - 11:00 Refreshments Served

11:00 - 12:30 @ ES8.2: Managing Toll Demand Risk Pecatu 1
@ PS8: Innovations in Safe and Efficient Road Pecatu 2
Infrastructure Design (KICT)
@ SRD5: Vulnerable Road Users Mengwi 1 & 2
@ TS 2.6 Mengwi 3) @ TS 4.2 (Mengwi5) @ Various
TS 5.7 Mengwi 7) @ TS 6.3 (Mengwi 6)

12:30 - 13:30 Lunch

13:30 - 15:00 Closing Session: Setting the Agenda to 2020 Pecatu 1 & 2
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ABSTRACT:

Since 2007, the Taiwan Directorate General of Highways (DGH) has begun to use the International Roughness Index (IRI) to
measure pavement roughness of all provincial highways. The annual measuring volume is about 9500 km under the calculation
of a single traffic lane. The DGH has completed 7-cycle measurements till 2013, and the results have been faded back to the
road maintenance management system. During these years, the pavement roughness has been considerably improved. From
2007 to 2013 the IRI mean value fell from the 4.82 m/km to 3.65 m/km, dropped significantly by 24%. Standard deviation
gradually reduced from 1.57 m/km to 0.98 m/km. In 2009, we set 3 IRI targets---one for the short-term before 2009, another for
the mid-term before 2011, and the other for the long-term before 2013. And, we have obtained 99-percent of our previously-set
targets. With a view to more effectively utilizing the road maintenance budget, we, in 2014, classified roads into 5 groups, and
set 5 different IRI targets respectively according to their different geographical areas and different designs of speeds. Using
rolling management, we expect to more effectively use the test results, and achieve perfect and more efficient pavement
maintenance; further, the DGH can provide the Taiwan™ s public for enjoying better road environments.
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The Improvement of Pavement and Its Future Prospects in Taiwan
Jaw,Shing-Hau' Hwang,Sunn-Jer’  Chen,Jyh-Lin’

"Director of Taiwan Directorate General of Highways
"Director of Materials Testing Laboratory, Taiwan Directorate General of Highways
*Section Chief of Materials Testing Laboratory, Taiwan Directorate General of Highways

Email for correspondence: hwang @thb.gov.tw

1 PREFACE

There are national highways, provincial highways, city highways, county highways and country roads in
Taiwan (Republic of China Highway Act 2013). In this paper, we emphatically study provincial highways used as
communications between two or more counties, or municipalities (or provinces), or major political, economic and
cultural centers. The total length of provincial highways is about 5,000 kilometers, and its paved area is about 90
square kilometers. Taiwan with the area of 36,000 square kilometers and with the population of 23,000,000 has the
character of heavy traffic. The average daily traffic is about 11,000 passenger car unit (PCU ) on provincial highways;
and its maximum daily traffic is about 87,000 PCU. The peak hour volume (PHV) is at an average of 1,300 PCU; and
its maximum is about 8,700 PCU (DGH website).

Since 2007, the Taiwan Directorate General of Highways (DGH) started to measure the pavement roughness
of all provincial highways by employing the International Roughness Index (IRI). Basically, one testing cycle is
implemented each year, by choosing a certain lane to do forward and back-ward (two-directions) tests. After the

completion of tests, their analyses and statistics will be used in road maintenance and management.

2 INTRODUCTION OF TESTING INSTRUMENTS

Figure 1 is the photo of DGH' s pavement testing car. Testing instruments are put in the right and left
instrumental boxes in front of the car (just next to bumper) where 2 laser displacement sensors are set. The laser
displacement sensors are used to measure the height difference between emitting point and the pavement surface.
Sampling frequency is 1250Hz. Following the longitudinal sampling Resolution =25mm regulated by ASTM E950
class 1, we take longitudial sampling resolution 11mm at the speed of 50km/hr; 22mm at the speed of 100km/hr. Two
accelerometers are set in right and left instrumental boxes, establishing a reference baseline for calculating elevation
changes of pavement (measuring scope, £5¢). One distance measurement instrument (DMI) is set on left rear tire, and
can emit 2000 pulse signals per revolution. Because of the circumference of the above tire being 2125 mm, one signal

1s obtained by driving 1.1 mm. All the above obtained signals, which are transmitted to the computer server in the
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testing car, are further analyzed and calculated by the related software in a notebook computer. The repeatability and
accuracy of the testing instruments which were approved by the Tjing Ling Industrial Research Institute, National

Taiwan University, in 2013, meet the requirements of AASHTO R56.

Digital Cameras
® record pavement
condition

/ Distance
Measurement

® 2 Laser Displacement
Sensors
®m 2 Accelerometers

Figure 1. The photo of DGH’ s pavement testing car

3 TESTING RESULTS IN THE PAST YEARS

During 2007-2013, annual measured mileage of provincial highways shown in Table 1 was about 9,500 lane
kilometers. Among them, a slight increase or decrease of length resulted from completion of new roads, not-yet
recovered roads because of natural disasters. The mean value of IRI (m/km), standard deviation of IRI (m/km), Max.
of IR, Min. of IRI, cumulative percentage of IRI <5m/km and cumulative percentage of IRI <4m/km in the past
some years are statistically shown in Table 2. As shown in Table 2, the mean value of IRI gradually decreased year
after year. For example, we reduced the mean value of IRI from 4.82m/km in 2007 to 3.65m/km in 2013. The
reduction percentage reaches 24%. The standard deviation of IRI was changed from 1.57m/km into 0.98m/km. It
means that the distribution had been gradually concentrated. The maximum of IRI has been changed from 15.46m/km
into 8.37m/km. The minimum of IRI has been changed from 1.55m/km into 0.92m/km. All these evidences show that
the surface of pavement has become flatter and flatter. Figure 2 shows the distribution of IRI in the past years, but too
many curve lines are difficult of being read. Therefore, we only choose 4-year cumulative curves which are
left-upward. This means that the percentage of flat surface of pavement is becoming high. For example, the
cumulative of percentage of IRI <5m/km has been increasingly changed from 60.1% into 90.5% year after year;
similarly, the cumulative of percentage of IRI <4m/km has been increasingly changed from 34.8% into 67.1% year

after year.
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Table 1. Measurement mileage of provincial highways from 2007 to 2013
Year 2007 2008 2009 2010 2011 2012 2013
Lane km 9406 9568 9124 9444 9566 9594 9627
Table 2.  Statistics of IRI from 2007 to 2013
Year 2007 2008 2009 2010 2011 2012 2013
Mean Value of IRT ( m/km ) 4.82 4.76 432 4.31 4.03 4.08 3.65
Standard Deviation of IR (m/km) 1.57 1.42 1.25 1.22 0.99 0.96 0.98
Max. of IRI (m/km) 15.46 13.75 13.10 11.45 9.92 8.33 8.37
Min. of IRT (m/km) 1.55 1.38 1.41 1.32 1.43 1.25 0.92
Cumulative Percentage of IRI <5 m/km 60.1% 61.3% 74.7% 75.2% 84.3% 83.6% 90.5%
Cumulative Percentage of IRI <4 m/km 34.8% 32.0% 44.9% 45.2% 52.6%  49.3% 67.1%
_.-"'.-...-----
g A ,/jﬁﬁa;”/f —2007
2 /// — 2009
~ o 2011
10F% // // K]
0 ﬁ’ L
2 3 4 5 6 7 8

[RI Cmlm )

Figure 2. Cumulative distribution curves of IRI respectively in 2007, 2009, 2011 and 2013.

Figure 3 shows the distribution changes of IRI in the past years. Rectangular blocks with different colors
represent different intervals of IRI. From the figure, we see each IRI interval is gradually upward year by year. For
example, the part IRI<3m/km (green block) is enhanced from 9% into 27%, and the part IRI>6m/km (red block) 18
decreased from 21% into 2 %. Apparently, we have made good use of the statistics of IRI to more effectively maintain

roads. The testing results are useful and beneficial to the mechanism of road maintenance and management.

- 40 -



B[ET= & mim

WIREI= 5~6 m'km

OIRI= 4-5 milan

BEl= 3~ m'km

alEls 3 mim

2007 2008 2000 2010 2001 Em2 o 2013
Year

Figure 3. Distribution changes of IRI in the past years

4 DISTRIBUTIONS OF IRI IN ACCORDANCE WITH DIFFERENT SPEED LIMITS

Provincial highways are scattered over all the island of Taiwan, composed of straight expressway and roads
located respectively in plains, hills, mountains. For example, there is a provincial highway just with the length of 31.4
km in Taiwan, but its elevation is changed even from 1100m into 3275m—very great difference of elevations.
Therefore, different grades of roads should be maintained by different standards of maintenance. According to
different speed limits, we statistically analyse so as to understand the pavement roughness on the roads with different
grades. In 2013, We tested 9627 lane km on provincial highways which were further divided into 5 groups---(1) speed
limit = 35km/hr (at very special mountainous areas) , (2) speed limit=40km/hr (mountainous areas), (3) speed
limit=50km/hr (hilly areas), (4) speed limit=60km/hr (plain areas), and (5) speed limits generally between 70 to
90km/hr(on most expressway). In Figure 4, the each tested length (lane km) of the above 5 groups is as follows :
Speed limit=60km/hr, 4366 lane km, 45% of total tested length; Speed limit=50km/hr, 2066 lane km, 22%;
Expressway, 1153 lane km, 12%; Speed limit =35km/hr, 1076 lane km, 11%; Speed limit=40km/hr, 966 lane km,
10%.

W Expressway B = 35km/thr
1153 I mnn L 1076 I ane km
12%
W A0km/hr
o585 I ana lkm
10%
= 60km/hr k_ B 50kmm/hr
A3IEE I ane km 065 I ane km
45% 22%

Figure 4. The each tested length (lane km) and its percentage of 5 different speed limits

The mean values, standard deviation, maximum, minimum of IRI and in 68% scope under different speed
limits are shown in Table 3. The box plot of analyzed IRI data of each group are drawn as Figure 5. The substantial
blue frames mean (1) the upper boundary line representing mean value + 1 standard deviation and, (2) the lower

boundary line representing mean value - 1 standard deviation. Vertical lines mean maximum (up-prolonged) and
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minimum (down-prolonged). From the above figure and table, we understand the mean value, maximum, and
minimum are becoming smaller as the speed limits are becoming higher. In other words, higher speed limits
consequently make better pavement roughness. Most of the low speed limits in mountainous area, pavement
implementation and maintenance are more difficult. Standard deviations are becoming smaller as the speed limits are

becoming higher. And, IRI data are more concentrated, and in narrower distribution.

Table 3. IRI statistical analysis of different speed limits

IRI (m/km)
Speed Limit Classification Mean Star}dgrd Max. Min. 6% Scope
Values Deviation
=35km/hr 4.80 0.97 8.37 2.36 3.82~5.77
40km/hr 4.26 0.91 6.63 2.14 3.35~5.18
50km/hr 3.83 0.83 7.09 1.81 3.00~4.66
= 60km/hr 3.38 0.75 6.37 0.92 2.63~4.12
Expressway 2.80 0.71 5.24 1.13 2.09~3.51
All of The Provincial Highway 3.65 0.98 8.37 0.92 2.67~4.63
N -
E g |
’ |
0 : : -
=35kmhr  Alknhr SOkmbr = a0kmthe Expressway

Speed Limit

Figure 5. IRI box plot of different speed limits

5 COMPARISON OF PAVEMENT AMONG DIFFERENT COUNTRIES

We tried to do the pavement comparisons with those of other countries. After consulting the related
information from many web sites, the American some state government information, including Washington (WSDOT
2013) ~ California (Caltrans 2011) ~ Florida (Florida 2010) ~ New Jersey (NJDOT 2008), showed the entire state
roads or only particularly concentrated in a certain area; in other words, roads are not classified into different grades,
so we cannot take them to do comparison with those of Taiwan" s provincial highways. The only information we
obtained is the pavement testing report by Virginia State in 2012 (VDOT 2012). Virginia State classified its roads into
different grades to do statistics of IR], and evaluated ride quality five grades from excellent to very poor. Their relative
IRI are shown in Table 4. The IRI thresholds under the acceptable ride quality should be smaller than 2.21m/km on
interstate & primary roads, and smaller than 3.47m/km on secondary roads. Because of VDOT website stating that the
limits of secondary roads are 45 mph for trucks and 55mph for other vehicles, we consider doing relative and
matching comparison by citing (a) Taiwan s provincial highways, including expressway, with speed limit= 70km/hr,
2863Lane Km tested in 2013, and (b) those of secondary roads in Virginia State, USA. We statistically obtain: the
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mean value of IRI 3.09m/km, standard deviation 0.76m/km, maximum 6.12m/km and minimum 0.92m/km. The
comparison results are shown in Figure 6. Excellent Grade 1.2% and Good Grade 30.6% of Taiwan' s provincial
highways are little worse than Excellent Grade 2.9% and Good Grade 33.5% of Virginia® s secondary roads. But,
Poor Grade 4.8% of Taiwan s is better than Poor Grade 10.7% of Virginia' s. If we cite IRI thresholds

(IRI<3.47m/km )as Virginia® s acceptable Ride Quality, 70% of Taiwan’ s provincial highways are acceptable, and
slightly better than 66% of Virginia’ s secondary roads.

Table 4. Rating in ride quality on Virginia s roads

. . IRI Rating (m/km)
Ride Quality Interstate & Primary Secondary Roads
Excellent <0.95 <1.50
Good 0.95~1.57 1.50~2.67
Fair 1.58~2.20 2.68~3.46
Poor 2.21~3.15 3.47~441
Very Poor =3.16 =442
45%%
40
35%
3
25%
0%
15%
10%

%
0%

Excellent Good Fair Poor Very Poor

M Taiwan Provincial highway(speed Limit= 70km/hr) 2013
B Virginia secondary roads 2012

Figure 6. Comparison of ride quality of pavement between Taiwan’ s provincial highways and Virginia® s secondary

roads

Additionally, we cite the report of Irish regional road network (Kieran & Brian 2012), and do the comparison
between all Taiwan’ s provincial highways and roads mentioned in the above Irish report. Taiwan’ s IRI 3.65m/km
is slightly better than Irish IRI 4.2m/km. Cumulative distributions are shown as Figure 7. Taiwan' s curve is more
approaching S curve; and Irish curve is quadratic curve. The intersection of the two curves is at IRI 3.7 m/km. The
Irish cumulative percentage on the left part of intersection is slightly higher than that of Taiwan; but, on the right part
of intersection, Taiwan' s cumulative percentage is much higher than that of Irish Republic. From Figure 7, we
simultaneously understand that the IRI distribution of Taiwan’ s provincially highways is more concentrated than that
of Irish Republic.
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Figure 7. Comparison of IRI cumulative distribution between all Taiwan' s provincial highways and Irish regional
roads

6 TARGET-REACHING AND FUTURE PROSPECTS IN TAIWAN

In 2008, the second year when we observed, we found IRI mean value changed from 4.83m/km of year 2007
into 4.76m/km of year 2008; and similarly, IRI<7m/km, changed from 91.4% into 93.0%. In other words, the effect
was not apparent. With a view to letting IRI testing results be applied to road maintenance system and effectively
improve the pavement roughness so as to offer the public with better quality of roads, we, DGH, in 2009, set
short-term, middle-term and long-term programs to improve the pavement roughness. Before the end of 2009, the
short-term target of all Taiwan™ s provincial highways with IRI<7m/km is achieved except mountainous ones. Before
the end of 2011, the middle-term target of all Taiwan’ s provincial highways with IRI<6m/km is achieved. Before the
end of 2013, the long-term target of all Taiwan’ s provincial highways with IRI<5.5m/km is achieved. According our
previously-set targets, we review our improvement program, excluding the statistics of mountainous roads (speed limit
=35km/hr and speed limit=40km/hr). Through past some-year improvement, the results about the short-term target
before 2009, the middle-term target before 2011 and the long-term target before 2013 are respectively shown in Table
5. Target-reaching percentages are 99.2% for short term, 98.9% for middle-term and 98.8% for long-term. Totally

speaking, there was only 1% which was not achieved.

Table 5. Target-reaching situation in short-term, middle-term and long-term improvement programs of pavement

roughness
Target Term Goal The Intended Total Target-Reaching ~ Target-Reaching
Classification Achievement Target Lane km Lane km Percentages
Short-Term The End of 2009 IRI<7m/km 7314 7254 99.2%
Middle-Term The End of 2011 IRI<6m/km 7510 7429 98.9%
Long-Term The End of 2013 IRI<5.5m/km 7583 7493 98.8%
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During the past 4 years, the DGH has positively injected huge budget into road maintenance so as to best
improve the IRI values---USD 57 million in 2009, USD 69 million in 2010, USD 121 million in 2011 and USD 95
million in 2012 as shown in Figure 8. The upper one of the Figure 8 shows the changes of IRI values from 2009 to
2013. The lower one of the figure 8 shows the budgets from 2009 to 2012. On average, annual costs of pavement
roughness maintenance for Taiwan’ s provincial highways are about USD 88 million. And, it is great to obtain such
good improvements. We find in the long run the injected costs can decrease the IRI values, but there is no absolute
proportional relationship between injected costs and reduction degree of IRI values. This phenomenon maybe results
from local typhoons and frequent earthquakes. For example, a newly constructed road may possibly completely
destroyed by a typhoon, and all maintenance costs in poured become void. If we set a 2-year observation period as
shown in Table 7, the average reduction of IRI values 1s 0.29m/km from 2009 to 2011; the reduction percentage is
6.7% (by 0.29/4.32). The average reduction of IRI values is 0.38m/km from 2011 to 2013; the reduction percentage is
9.3% (by 0.38/4.03). During the observation period, we respectively poured USD 136 million and USD 216 million.
And, the IRI reduction effect per million dollars were 0.049% and 0.043% respectively. So, the both reduction effects
were very close. The lower IRI values they were, the lower reduction effects we got. At present, pavement roughness
of Taiwan’ s provincial highways is now faced with rapid improvement, so high IRI reduction effects were obtained.
The ratio of IRI reduction value to maintenance costs will be diminished. By our continuous observation, we think the

IRI values will become very stable.
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Figure 8. The changes of average IRI values of Taiwan’ s provincial highways, and their relationships with

injected maintenance costs from 2009 to 2013
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Table 7. The comparison between the changes of IRI values of Taiwan’ s provincial highways and annual injected

maintenance costs from 2009 to 2013.

Year 2009 2011 2013
Mean Value of IRT (m/km ) 4.32 4.03 3.65
The 2-year reduction of IRI values (m/km ) 0.29 0.38
The 2-year reduction percentage of IRI 6.7% 9.3%
2-years of investment in road maintenance funding $136 million $216 million
Each invested $1million funding decline in the average IRI 0.049% 0.043%

The short-term and middle-term targets which we set last time have been reached. We hope the continuous
improvement of pavement roughness will be obtained. In 2014, we set different targets toward different grades of
roads; and simultaneously different maintenance thresholds are made so as to let targets be clear and more effective.
Therefore, we in 2014 make 5-group regulations according to 5 different speed limits---speed limit=35km ~ speed
limit=40km ~ speed limit=50km ~ speed limit=60km and higher speed limit applied on expressway. Using the
statistical Figure 9, we approximately estimate the costs used to reach the target IR values so that the budgets will be
completely optimized. Generally speaking, mean value plus or minus some times of standard deviation is used to set
maximum and minimum in quality control. Therefore, we preliminarily set (mean value) + (1 x standard deviation) as
our maintenance threshold shown as in Table 8. From the view-point of normal distribution, there are 16% of
Taiwan’ s provincial highways which IRI are higher than the thresholds which we set. So, we focus our maintenance
attention on the 16% of roads, and will review the maintenance thresholds according to the final testing results in

2014.
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Figure 9. IRI cumulative distribution curves under different speed limits
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Table 8. Suggestive standards of IRI in roads’ maintenance

Speed Limit Classification =35%m/hr 40km/hr S0km/hr =60km/hr Expressway
IRI maintenance thresholds (m/km) 5.717 5.17 4.66 4.13 3.51
7 CONCLUSIONS

Since we, DGH, started to deal with testing the pavement roughness of Taiwan’ s provincial highways, the
related operations---planning, tests-executing, review of target-reaching, road maintenance and management
mechanism fed back by testing results and the executing of pavement maintenance, have been implemented during the
past 7 years. From PDCA cycle, the review of target-reaching and subsequent improvements has continuously made
pavement roughness of Taiwan s provincial highways better. Though the values of IRI are the same, comfortable
feelings are different, resulting from different speed limits. We will set targets and review them according to different
speed limits so as to let testing results be more widely used and let us be able to deliver more proper counter-proposals.
Additionally, national resources will be more effectively implemented under the circumstances of our governmental
tight financial situation.

IRI is not the sole factor in deciding the allocation of maintenance budgets or in enjoying maintenance
superiority. As a matter of fact, there are more other factors, such as consideration of other pavements, traffic flux,
population, economy and politics. Then, maintenance will be more precisely implemented. Because of the limitation
of the writing length, we focus the research paper only on IRI.

Compared with those of other countries, the Taiwan' s pavement roughness has been close to the
international standards. We, DGH, are looking forward to endeavoring to obtain continuous improvements.
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