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INDONESIA INFRASTRUCTURE INITIATIVE

This document has been published by the Indonesia Infrastructure Initiative (Indll), an
Australian Government funded project designed to promote economic growth in
Indonesia by enhancing the relevance, quality and quantum of infrastructure
investment.

The views expressed in this report do not necessarily reflect the views of the Australia
Indonesia Partnership or the Australian Government. Please direct any comments or
qguestions to the Indll Director, tel. +62 (21) 230-6063, fax +62 (21) 3190-2994.
Website: www.indii.co.id.
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ABBREVIATIONS

AASHTO Association of American State Highway and Transportation Officials
AC Asphaltic concrete

ACBC Asphaltic concrete binder course

ACWC Asphaltic concrete wearing course

AMP Asphalt mixing plant

Austroads Association of Australian and New Zealand road transport and traffic
authorities

BB Benkelman Beam

CBR Californian bearing ratio

CESA Cumulative equivalent standard axles

CIRCLY Australian mechanistic design software program used by Austroads 2004

CTB Cement treated base

DCP Dynamic cone penetrometer

DG Director General

DGH Directorate General of Highways (Bina Marga)

DGH 2002 DGH Flexible Pavement Design Guide
DGH 2003 DGH Rigid Pavement Design Guide

EA Executing Agency

ESA4 Equivalent Standard Axle — 4th power
ESAasphalt Equivalent Standard Axle for asphalt (5th power)
FWD Falling weight deflectometer

FY Fiscal year

Gol Government of Indonesia

Hr Hour

Indll Indonesia Infrastructure Initiative

IRI International Roughness Index

IRMS Indonesian Road Management System

K Constant

Km Kilometer

LMC Lean mix concrete

MDD Maximum dry density

oMmcC Optimum moisture content

ORN Overseas Road Note

Pl Plasticity Index

PPK Pejabat Pembuat Komitment (Sub Project Manager)
RF Reliability factor

SG2 Subgrade with CBR 2 percent

TMasphalt Traffic multiplier for design of asphalt layers
TRL Transport Road Laboratory (UK)

VDF Vehicle damage factor

Yr Year

ue Microstrain



EXECUTIVE SUMMARY

Training materials prepared for workshops conducted throughout the Activity delivery
period are provided. The audience for workshops that have been conducted to date
has been limited to Indonesian Road Research Institute (Pusjatan) and Technical
Directorate of Directorate General of Highways (DGH-Bintek) staff. A final workshop is
planned to present the Design Supplements and Activity #201 findings to a wider
audience. Materials for the upcoming workshop are under preparation and have not
been included in this document set.

Table 1.1 summarises the main workshop activities, papers presented and authors.

Table 1.1: Indll RSDP3, Activity 201, Training Workshops

1 Bintek, Jakarta Activity 201 Road Design Nigel Rockliffe, 22 Nov, 2011
Standards Ted James
2 Pusjatan, First Pusjatan Presentation: Edward James 14 Dec, 2010
Bandung Pavement Design Module
3 Pusjatan, Second Pusjatan Presentation: | Edward James 18 Jan, 2011
Bandung Pavement Design Module
4 Bintek, Jakarta Pavement Design Edward James 8 Feb, 2011
Supplement: Part |: New
Pavements
5 Bintek, Jakarta Pavement Design Supplement | Geoff Jameson 21 May, 2011
Part II: Rehabilitation and
Recycling
6 Bintek, Jakarta | Rehabilitation Treatment Edward James 20 May, 2011
Selection, Warrants and
Triggers

Copies of presentations are provided in Annexes 1 to 6.

Translations of Supplements | and Il to Bahasa Indonesia are included as Annexes 7 and
8. These translations will be an essential component of any future training programme.
They require review before final issue.

Every effort has been made to ensure that the Supplements are self explanatory.
Training during the course of the Activity was directed towards Bintek and Pusjatan
staff who will support future training activities. A further training programme will
clearly be required to introduce Supplements | and Il to a wider audience including



provincial and local level pavement and drainage designers. This training should be
delivered during Phase Il of the Activity.

Deliverable 7 describes further training and other Activities required to support full
implementation of Supplements | and .



ANNEXE 1: ACTIVITY 201 ROAD DESIGN

STANDARDS

ANNEXE 1: ACTIVITY 201 ROAD DESIGN STANDARDS

Activity 201
Road design standards
- Life cycle cost analysis

‘Support to DGH to review road design standards and
prepare a manual for their application to each class of
national road’

Presentation to Bintek 22 November 2010
(Updated 3 March 2011 - based on Final WP33)

- 4 Awvtraiie lndumrsis Partacibiy ] 1
= “rwinais Ao by

Our task

* The problem
- ‘'shorteffective life of the nationalroads’
- ‘abouthalf the normative expected life’ (ToR p.2)

* Thecause
- Legacy network
- (Mostly)unsuited formodern traffic volumes and loads
— (Mostly)neverreconstructed

* Ourgoal
- ‘improved road quality for national roads in Indonesia'(ToR p.3)

* OQurobjective
- Tocomplete a comprehensive review of technical road design standards
fornational roads with a focus on:
* Minimising whole-of-life cost
* Recommendations for future design standards (ToR p.3)

.
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Two main outputs

* 3a-LCC model, data preparation and key policy issues
on new or fully reconstructed pavements

— evaluation of the design catologue
— pavement construction quality
— Overloading

* 3b - Final LCC evaluation including
— rehabilitation and maintenance treatments
— consequences for budget planning
— astrategy to address budget limitations

— sensitivity to traffic levels loading and maintenance
practices

Awvtraiie lndunesis Partacnibiy ] 3
s “oinaia Aviris bty I

Component tasks

=N

Review current DGH design standards

N

Develop rehabilitation and new design options

w

Conduct life-cycle cost analysis
-~ Selectand configure life-cycle cost(LCC)tool
— Create LCC case studies
* New (flexible) pavements and majorpolicy drivers
* Rehabilitation and maintenance
- Conductand interpretLCC analysis

Devise road design standards / warrants

Write pavementand drainage design and maintenance manual
and...

Conducttraining
7. Scope services for potential future activity

Awirae |ndumrsis Partarnbiy | 4
T i A s I
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ANNEXE 1: ACTIVITY 201 ROAD DESIGN

STANDARDS

Results — new pavement designs

Aentr e |t Pacvacnbiy | 5

SEes  Rimarass Awaiviie Mudows

-

Minimising costs

Minimum
transport
Excess cost
transport —= \ Sum of costs
costs \J
Agency's
maintenance cost
Budget glececcemceccdencnnncnconcaaaay
shortfall e B Road user cost

!
{=— Actual budget  }-—Optimum budget

Design/Maintenance Standard

Nantr e |neberits Pacvacnbiy | 6
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Design traffic and pavement catalog

Current rate of loading 3 times higher than legal loading
— 30% less trips than legal loading

— ‘Actual’ scenario: 40% of representative sections fall
within catalog

— ‘Compliant’ scenario: 60% fall within catalog
— Need for rigid pavements?

Capacity constraint for high traffic (>25,000 AADT) and
very high traffic (>50,000 AADT)

— Need for 4 lane and 6 lane solutions

Awvtraite |ndvnesis Partarniiy | 7

L e

Road deterioration rates & treatment lives
& Road Agency Costs

Treatment lives (surfacings/overlays etc with Multiple Triggers)
— Wide variation (based on research studies)
— <5 years ‘Actual’ scenario
- 12 -20 years 'Compliant’ scenario
Road Agency Costs (RAC) for flexible pavements
- Low traffic (<5,000 AADT)
*  Whole of Life Costs 30% lower for ‘Compliant’ scenario
» 8% construction cost saving
— High traffic (>15,000 AADT)
*  Whole of Life Costs 22% lower for ‘Compliant’ scenario
* Minimal construction cost saving
* Need for rigid pavements?

Both cost minimisation rules give similar optima, i.e. TTC and RAC

Awtraite Indunasis Partaensly |~ | B

o~ ) T e — ¥
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ANNEXE 1: ACTIVITY 201 ROAD DESIGN

STANDARDS

Compliance is costly

« Compliance delivers
lower RAC

+ However, RUCs rise
* Why
— toomany extra trips \
(39%)
— RUCs very high X /

- legally sanctioned ol
limits too low \\‘ e
— abalance is
needed

« but, need to ensure T ——
loading spectrums &
compositions
reasonable

ekt Awsirabe Induansis Partarrsily | | 9

Catalog of structures which minimise life cycle costs (1)

» Different structures apply for ‘Actual’ and ‘Compliant’ scenarios for
the same transport task (tonne.km)

« Solutions for 10, 20 and 40 year initial design lives

= Significant strengthening &/or heavier pavements required for
‘Actual’ scenario

*  Optimums assume sufficient lane capacity exists

— Addressed through lane-by-lane analysis of multi lane roads for
> 25,000 initial AADT

" \ Amrae Indvasis Parterrsiy | | 10
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Catalog of structures which minimise life cycle costs (2)

Compliant Scenario

LEGAL LOADING {7 - Condition responsive with re contrection )

CESA LD (5420 CES5A%0

COMPUANT SCENARO  AADT YEARS YFARS YEASS

[ B E M g B e B 2 E
= - = - = n o - - -
F § 3 § 3 % % % 3 %
Rac (5 * 1076 Bxvremel 200 04 1 4 o0q__G¥ G 023 0 0¥ 0¥ R OF o<
Very low 500 1 3 07 o0 aR O3 oa
Below lov 1500 3 9 zr_// ) o3 0r oz ox o
We | 20 s W e ’;%’” s ol _em _om en ox os
Medum 750 ¥ & %’ /ﬂy/ 474 o 1 o3l_033 o 04
Hen 25,000 s 081 054 :
Veryhgh 5000 = 2 / a8t

[ | solution acceprable by all methods

- Rejeaed on basis of reconstruction reatment fives too short based on LCC analysis
W - Rejected on basis of short structural lives froem design analysis (<10 years)

Bold - structural design solutions subject to checking with left most solution with > 10- 15years structural life

Solid line
Dashed

- boundary of solutions with > < 10 years life
- boundary of solutions with > <20 years life

" Amirate ludaesin Pursacriity | 2 |
L~ L P —— - — é"

"

Pavement designs for ‘Compliant’ & "Actual’ scenarios

> 10 year initial structural design life

- ~ " - 2 Fal =l ™~ = o
- — - - .- o [ " DR
8 8 3 8 8 S S 8 S S
z = z = z = = = = =
< e S 2 S R " £
Extremely low 200 i
Very low
Below low 1,500 1___“” !
Low 2,500 i
| e :
Medium 7,500 )
High 25,000 1 i 55
Very high 50,000 |
12
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ANNEXE 1: ACTIVITY 201 ROAD DESIGN
STANDARDS

RAC v Initial traffic level

= - AMGET]
& ANGET2
3 : ° * - AMGET)
- % 2 - AMGETS
K 7
: E 0% A - AMGOTS
; S ? ~3 AMCETS
. O, o 4 - ANCETS
U T SSLLE ST B ssorriton - - ’ uLad
a o - ANCATY
L - e ; > - @ ANKETE
- < -y SR . ANCETS
= . - - ~ Lemst con
2 : = =
e —~3 o
00
10 1000 10,000
Trafiic tlow (veh/d)
Traffic Bow (veh /d)
e ——— " 3

Key assumptions

Key assumptions

« Extent of overloading and applicability to
low-medium volume roads

+ Are road deterioration rates are typical of
today

« VOCs adequately represent fleet

_& Nantr e | nebensis Pacvacrbiy 2 | 14
o [P VS - - e
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Results - rehabilitation and
maintenance treatments

_& Nt wte | neber st Forvacrbey F | 15
= oo Mirvatoss Vot die Sudmree e

Process

* Initial optimisation

— Multiple analyses using a wide range of possible
solutions

— Decision criteria — minimise TTC

— Triggers
» Cracking, rutting, roughness

— Intervention levels
» Fair, Poor, Very Poor, Ex Poor

— Treatments
* Overlays: 50mm — 250mm, Full reconstruction
* Routine maintenance

‘& R T 4 F | 16
= Rirvatass Vodidie badmeve R
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ANNEXE 1: ACTIVITY 201 ROAD DESIGN

STANDARDS

Condition as a function of surface distress

Condition
Areaol  Areaol Standard  Edgebreak  Mean rut
cracking (%) raveling (%) potholes (m?) depth (mm)

Condition

L e )

Condition as a function of roughness (m/km IRI)

Traffic

Condition Medium High Very high

* Aentr b oaasin Parvacesbiy 18
Mirvatase Losivie badanse
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Trial 1 - Optimal treatment— 50 mm to 100 mm overlays
The overlay solution

Start

condition EL VL BL L M H VH
GOOD MPRESOVP | MPRESOP | MRUFSOF | MPRESOF | MPRE7SF | MPRE10OF | MRUF100F
FAIR MPRES0P | MPRESOP | MRUFSOF | MRUF75F | MPRE7SF | MPRE10OF | MRUF100F
POOR MPRESOP | MPRESOP | MPRESOP | MPRE7SF | MPRE7SF | MPRE10OF | MRUF100F
VERY POOR | MPRESOP | MPRESOP | MRUFS0F | MRUF7SF | MPRE75F | MRUF75F | MRUF100F

J Awwraie Iaduansis Porsorntiy | 3
> Kires Ao bebaes kg) »

Trial 2 - Optimal treatment— 50 mm to 250 mm overlays
The rehabilitation solution

Start
e || EL VL BL L M H VH

GOOD | MPRESOF | MPRESOF | MPRESOF | MPRESOF | MPRE75F | MPRE10OF | MPREI25F

FAIR MPRESOP | MPRESOP | MPRE10OF | MPRE1DOF | MPRE125F | MPRE125F | MPRE125F

POOR MPRE7SF | MPRE10OF | MPRE10OF | MPRE10OF | MPRE125F | MPRE125F | MPRE125F

VERYPOOR | MPRE100F | MPRE10OF | MPRE10OF | MPRE10OF

Typical
tructural
r:qulremcm 150 200 250

(mm) for 50 50 100 100

very poor

conditions

mp';::' L Recon Recon Recon Recon Recon Recon Recon

2 Avralie Induansis Portoretly | 3
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ANNEXE 1: ACTIVITY 201 ROAD DESIGN

STANDARDS

Trial 3 - Optimal treatment - 50 mm overlays to Reconstruction
The reconstruction solution
Start
e EL VL BL L M 8 VH
GooD | MPRESOF | MPRESOF | MPRESOF | MPRESOF | MPRE7SF | MPRE10OF | MPRE125F
FAIR | MPRESOP | MPRESOP | MPRE10OF | MPRE10OF | MPRE125F | MPRE125F | MPRE125F
POOR | MPRE7SF | MPRE10OF | MPRE10OF | MPRE10OF | MPRE125F | MPRE125F | MPRE125F
VERYPOOR | MPRE100F | MPRE10OF | MPRE10OF | MPRE10OF
Typical
structural
requirement
(mm] for 50 S0 100 100 Recon Recon Recon
very poor
conditions
Extramaty Recon Recon Recon Recon
poor
e e () 21
Modelling the road network
ROAD SECTOR DEVELOPMENT
15
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Analysis conditions

Treatment strategy — use of two options comprising:

- Nommal quality and early reconstruction for high traffic with a full suite of
preservationand renewal treatments.

— Poorquality and overlays, with a full suite of preservation and renewal
treatments.

Treatmentselection

- predominantly condition basedtriggers

— practical constraints

Unconstrained budget.

Constrained budget-50% and 75% of the unconstrained Year 1 need, with

the former representing the preservation budgetin the RENSTRA.

Axle loading regime

- the current actual axle loading regime

Construction quality

-~ existing network (with deterioration factors setat poor)

-~ eitherpoor or normal (good) quality applied postreconstruction.

Avurate |advansis Purterrstty | 3
Eie. o ol P TS — 4 oo

Unconstrained: Annual budget needs (in S year periods)

2,500
2,000

1,500

® 01-Normal quality & early
1,000 recon for high traffic
B 02-Poor quality & overlay
S0

O O O
o ® B G
'9'9'9'9'9'\9'\9"9
> 6‘:° gt o"» o‘*b
A A AR A AT AT D A

Agency cost ($ millions)

o

o
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ANNEXE 1: ACTIVITY 201 ROAD DESIGN

STANDARDS

Unconstrained: Comparison with RENSTRA & forward estimates
4,500
4,000
S Betterment -
- 3:300 1 pr— no:‘malqu:ﬁty
=S 3,000 (Thissmdv)
E 2,500 _Preservnior.a-
- normal quality
g 2,000 (This study)
-2 v Renstra - All
; 1,500 preservation
1,000 e
w—Renstra -
00 I ' | I I I Preservation &
0 : development
¥ & P PP P PP
\4\9 .\b:"o 1\:\0 ,\b”P ,5‘\:‘9 .,’6'\9 \"\9 ‘oﬂP
RO S & & S
My T ) 2
Annual treatment length for two options
Option 2011- 2016- Long
Works type 2015 2020 term
01-Normal
quality and Periodic &
early Rehabilitation (%) 10% 14% 12%
reconstruction
for high traffic |Reconstruction (%) 13% 5% 2%
02-Poor quality -
and overlays | Periodic &
Rehabilitation (%) 24% 31% 22%
Reconstruction (%) 9% 3% 1%
P e W 2

ROAD SECTOR DEVELOPMENT
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NO. 201
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Annual average preservation and renewal costs ($ millions)

Low | Medium 3

Treatment Yy oW (AADT | (AADT e
strategy/scenario (':ggg< 1000- | 5000- (1‘\5%2; ALL

) | 4999) | 14999) | )
01-Normal quality
and early
reconstructionfor |, o0 | 20,744 | 26,208 | 80,654 {26,780
high traffic with
unconstrained
funding

Nertr e |neberin Parvacnbiy L 27

T Y T —

»

Trendin RAC, RUC and TTC by treatment strategy/funding
constraint

Dscounted RAC (5 millions)
o -
3
o

ArHoldng reatments

8- Comsraned 50%
backiog

Aevtrahe |odmrsis Porvacrbiy |
TSN ——

C+ Conmranad 75%
backiog

optimum

»

T 40,000

- 485,000

0,000

475,000

00,000

5,000

50,000

455,000

+ 450,000

D+ Uscorsrainad

w— AL
— R

Discounted RUC/TIC [$ milliom)
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ANNEXE 1: ACTIVITY 201 ROAD DESIGN

STANDARDS

Summary of economic costs ($ billions)

Marginal
PV of
Treatment PV of PV of PV of R Increase BCR
strategy/budget RAC | RuC | TTC YV
constraint savings Base | Base
«A | =B
A - Holding treatments 6.5 475.0 | 4816 0 0 0 NA
B> Constrained S0% 88 | 4638 | 4726 | 11.2 2.2 50 | o
backlog
C-Consraned 138 || 117 | ase0: /|27 | 190 | 531 37 | 27
backlog
U=Unentistiained 122 | 4546 | 466.8 | 20.4 5.6 36 | 1.7
optimum
Key:
TTC - Total transport costs (the sum of RAC and RUC)
RAC - Road agency costs
RUC - Road user costs

Awtr e ndarsis Parvacrbiy ||
o L T T T — 6‘ 29

Trend in road roughness in relation to treatment
strategy/funding constraint

Arnudl Average Roughness fer each Surface Class of the Optimnised Work
Programmae (weighted by length)

I [1/]]] \
-~ 1' ! B AF- homn 100
— g & AF. norma 75%
g aa H ‘ O 4F-normal 50%
£ 1] 4 | 1 {]] ‘
- ol 11 * | | [
16 4 g!
| |
]| 418 i.l | | | 8 ITEL
2 12 I R : < ¢< % - gﬂ s
3 g ] | 29 0 P .
L ] * ¥
R | Ui 0933““4" hAE ', '1. eadki
24

Year

Awtratie lndencis Partacnibiy | ‘| 30
TR Mevatass Aeariiie bademewe ‘»gf
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Summary of network budget analysis

* Unconstrained optimum (D) is best
* Holding treatments option (A) are worst
» Constrained options with reconstruction provide large
savings:

* Marginal BCRs between 3.7 (C) and 5 (B) where

the base case is Option A

* If base case is changed to Option B, (equivalent to
the current RENSTRA asset preservation budget)

» BCRsbetween 1.7 and 2.7
* Net savings between 5 and 11 times annual
preservation budget.

' f Awurale Induansis Porterribly | 3

Network analysis

' | Awuraie Indvansis Porterribly | 32
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ANNEXE 1: ACTIVITY 201 ROAD DESIGN

STANDARDS

Roughness progression

5
SNPd=3
HS = 50 mm
YE4 =01
5 m = 0023 Environmental component
g Rutting component
g
w 4
@
E
o
3
@
3 1
24 T T - 1
0 5 10 15 20
Pavement Age (years)
~ Km-'- Vodivie babone . ‘&f‘ 3
Deterioration factors A
Construction Quality Traffic (MESAlyr) Kgm | Kgs
Well constructed roads with average to good asphalt Heavy >075 13 10
surfacings in flat to roling terran and free flowing traffic
condions Tight- <075 | 26 | 12
Medium
Poorly designed/constructed road, exhibiting failures due Heavy >0.75 53 10
1o poor road widening and reinstatement prior to overlay Tiohic 075 % T3
and poor mix design, in flat to roling terrain and free flow Me?i:um 2
traffic conditions
‘Well constructed roads located in mountainous regions All All 256 15
with average to good asphal surfacings
Weil constructed roads n mountamous regions with poor All All 10 15
asphalt surfacings

Kgm - environment and design standard modifying factor [affected by location, X-section, drainage, etc)
Kgs - structural deterioration progression factor {function of strength adequacy/variability relative to design traffic)

Awtraite Indvnesis Partaensby | |
T Y T — 4
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Logical flow

« The model simulates the
performance of representative roads

They largely cover the range of
conddtions found in Indonesia

but unlike the design standards they

Vehicle fleot are not exhaustive
» Composiion « The performance of roads not
o Loading analysed is interpolated from the
* Performance performance of roads that are
Representative roads Results Sefect :
_» Trafficvoume I ' Condition(futre) ™ iy
[ « Condition (current) « Agency cost and
« Climate o Usercost warmants
; Treatment
y o New construction
« Penodic mantenance
« Routine maintenance
. Fopest for sach rastment
__________ Repeet for sech reprosentative rosd and flest S P
5 %4
Fleet composition
Vehicle type
Light vehicle Motor cycie
Sedan « 13 vehicle types
* Sourced manly from Bina
A
s Marga
- Pickup « Excludes non-motorised
| » Performance and costs
Heovy o HDM defaul
Rigid truck —— 2-axle ight « PPBP 2006 (updated to
2010
b 2-axle medium < Load ng)
p— 2-axle hoavy « legal (Austroads)
ey « overioaded (actual)
Articulated truck of
tuckwithtrailer ] +oxe * traler
P d.axie articulated
—— S-axle artculated
— G-axie articulsted
36

o Nty we |nabenriis Pacvacrbay &ﬁ' |
L. o el P TS — é'x
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ANNEXE 1: ACTIVITY 201 ROAD DESIGN

STANDARDS

Representative road sections

Sections are of 1km

each
Condition (current) T T T T Y o Eachrepresentsa
Traffic notional road
by Very poor Poor Fair Good classifedby
{
Secton 311 Section 312 Secton 313 Section 314 8 ‘c':::t o
— Verylow _C_Seciongtt et £12 R &1 Sectio 374 o cument condiion
CSecton it Sscweti2 et Secson i
Secton 17 Section 112 Sacton 113, aidacd ¢ Road ‘condition'is
Secton 321 Secton 322 Secton 323 Secton 324 "‘m‘;’;: :‘s‘"a'm o
— Low Secton 221 Secton 222 Secton 223 Secton 204 - Ol
Secton 121 mﬂ w”’ ' Secton 124 o Normal - default
Secton 331 Secton 322 Section 333 Section 334 s Poor-IRE/TRL
— Madium Secton 231 Secton 232 Saction 233 Section 234 o Trafficandroad
Secton 131 Secton 132 Section 133 Secton 134 conditon classes are
not exhaustve
Section 331 Secton 332 Secton 333 Section 334
p— High Secton 231 Secton 232 Secton 233 Section 234
Secton 131 Secton 132 Section 133 Secton 134 Climate
Section 341 Secton 342 Secton 343 Secton 344 Dry
— Veryhigh _ Secton 241 ___Section 243 _Secton 28¢  Medium
 Secton 141 Tecton 143, (et rea; Wer
~
o Awriraiie Indvaesis Partaenbly | |
~ T Y TS ES——— & 37
Treatments
Maintenance o Each maintenance
treatment consists of
=
Treatment 1 T | > a set of ‘work tems
3 such as
Work tem 1 Work no:nn o pothale patching
oad it b s o crack sealing, ot
and patch
Trgger !.-- Trigger o overdays eic
] , o Each 'work iten'is
Operston :‘“ Operation characterised by
] niles setting out
Etoct SOt what it does. how,
when and where
}— Treatment n r T 2>
- N ~
o Eachmprovement treatment is
} programmed by computable rules
improvement « Improvement treatments inchide
I o vadening
! Treatment 1 o pavement reconsyuction
H o reakgnment eic
r== Treatment n
i * Designs
o AM/ granular base
o AM/cemented base
* concrete
J Nntr e | nebearsin Paannbay » 9
T Y T — s o 38
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Dimensions for classification

Dimension
Traffic volume Medium

Current condition Verypoor  Poor Medum  Good Verygood
Climate Dry Seasonal  Wel

Structural adequacy Wesak Moderate  Strong - .

Construction quality

oy T () %

The challenges

My T () 40

ROAD SECTOR DEVELOPMENT
PROGRAMME PACKAGE 3 — ACTIVITY
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ANNEXE 1: ACTIVITY 201 ROAD DESIGN

STANDARDS

Past and future composition of Indonesia’s roads

'

Area of
road base ’
' Projections
¢ in this study

} Belterment and
1 new construction
| commence in

| mid 70s

New constructed base

1950 1980 2010 2040

Nentr e |t Pacvacnbey | 41

SeTer  Keatass Aearviie Madimewe

S
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ANNEXE 2: FIRST PUSJATAN PRESENTATION

L3 X
4 4 Australis Endosesia Partmership | L
SO Wermetrsan Australia Indonosia i.‘»

Road Sector Development-Package 3

Review of Design Standards (201) and Review of Procurement (207)

INDONESIA
INFRASTRUCTURE
INITIATIVE

.

[ 4 Australia badonests Partoership | L
s —— —— \ )

-5 - Komtrasn Austradis lodoocais ﬁ

Pavement design development steps:

* Prepare guideline drafts and warrants

* Workshop and expert review process

* DGH issues warrants instruction

* DGH initiates Gol regulation amendment
* Publish loose leaf guidelines

* |nitiate National training programme

ROAD SECTOR DEVELOPMENT

PROGRAMME PACKAGE 3 — ACTIVITY
NO. 201



ANNEXE 2: FIRST PUSJATAN PRESENTATION

n alis badonesis Parmerstip | 34
‘-% il::ﬂr‘-: Auntradia I.n.\mu 2 t:é:)

Design manual proposed modules:

PHASE 1: + Flexible pavement (DGH 2002)

SCLEEUEHEWEN .« Rigid pavement (DGH 2003)

CHCEILER I . Rehabilitation (DGH 2005)
existing manuals

* Reconnaissance

* Sub-grades and capping
* Drainage design

* Expert system

* Training materials

PHASE 1:
New modules —

* Mechanistic design module

PHASE 2 scoping: |8 Planning database mode

? * Publish fully compiled loose-leaf DGH
approved Manual

3

catalogue pavement iy, S W
design solutions (RN 31 style)

Determine:
« traffic CESA +/-24
» damage causal factors solutions

* foundation design

* drainage design

PAVEMENT SOLUTIONS CATALOGUT - OVERLOADED CASE

ROAD SECTOR DEVELOPMENT
PROGRAMME PACKAGE 3 - ACTIVITY 27
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iy, - (3
ACTIVITY 207 — Addresses the following
components

* Support the current implementation of PBC for
pilot roads;

* Examine the opportunities for extending the

concept of PBC to a wider geographic and
intervention level;

* Review the institutional responsibility for
procurement and contracting, given the new
Perpres, Development Guidelines;

* Review the potential for community-based
routine maintenance contracts

5

.

INDONESIA A 4 Australis badonesis Partoership | L

INFRASTRUCTURE 2y - \ ;
—c fov Kemstrsan Austradia lodonesis TN

INITIATIVE

Manual development constraints:

* DGH manuals published 2002, 2003 and
2005 - needs DGH concurrence for revision

* DGH concurrence timeframe cannot be
predicted

» Warrant approvals due 28 March

* A need to retain AASHTO method
- widely used and understood by local
staff

ROAD SECTOR DEVELOPMENT

PROGRAMME PACKAGE 3 — ACTIVITY
NO. 201



ROAD SECTOR DEVELOPMENT
PROGRAMME PACKAGE 3 - ACTIVITY
NO. 201

ANNEXE 2: FIRST PUSJATAN PRESENTATION

Current Implementation of PBC Pilot Roads

* The procurement for the Pilot projects was already
proceeding when the Consultant mobilized.

* The documents were reviewed by the consultant
and many deficiencies were recorded.

* The projects involved quite complex road
improvements and the design requirements had not
been adequately defined.

* The Procurement documents had not been
prepared along the WB PBC model.

* Evaluation criteria had not been adequately defined.
* Lowest price would be the key evaluation parameter

* Extensive list of Prequalified Contractors invited
(open Bidding)

Current Implementation of PBC Pilot Roads (cont)

* Performance standards and Quality Control not
adequately defined.

* Yearly Budget was inadequate to complete the
works in timeframe required. Left only 2 years
for Performance Based Maintenance

* Consultant provided recommendations to try to
address most of these issues.

* Some changes incorporated into Tender
Addendum.

* Revised Program for submission agreed




Extending the Concept of PBC to a wider
geographic and intervention level

* Bintec keen for the consultant to identify
suitable project for which more appropriate PBC
documentation can be prepared.

* Consultant has prepared some guidelines for

selecting appropriate road section. Focus should
be on Routine and Periodic Maintenance

* Awaiting on review of revised Renstra to
consider possible projects.

* Need to identify Government Regulations that
hinder or conflict with PBC concept.

Institutional Responsibility for Procurement
and Contracting,

* Review completed on the difference between KEPPRES
80/2003, and PERPRES 54/2010

* |dentifying Procurement Process and role of Satker both
before and after the introduction of Balai.

* Currently interviewed Balai IV and Balai VIl to review
their role and the changed role of Satkers after Balai
level introduced in 2008. Both are working differently.
Will meet with more to learn of discrepancies.

* Initial findings indicate that there has not been
significant changes or gains from Balai introduction.

* The reviews conducted thus far show that introduction
of Balai is not addressing fragmented packaging.

* Should consider institutional review and direct

assistance to say 2-3 Balai’s, and select candidate road
for PBC

10

ROAD SECTOR DEVELOPMENT
PROGRAMME PACKAGE 3 — ACTIVITY

NO. 201



ROAD SECTOR DEVELOPMENT
PROGRAMME PACKAGE 3 - ACTIVITY
NO. 201

ANNEXE 2: FIRST PUSJATAN PRESENTATION

Potential for Community-based Routine
Maintenance Contracts

* Work will not commence on this component
until Jan 2011.

* Initial thoughts are that CBM is not appropriate
for National Highways, where the focus needs to
be on larger, fewer projects, but can form part of
the delivery mechanism of a Prime contractor
engaged under PBC or Network Management
Contracts.

11




ANNEXE 3: SECOND PUSJATAN PRESENTATION

Kemirnan Awinalie ndomesa

Road Sector Development

Review of Design Standards (201) and Review of Procurement (207)

PAVEMENT DESIGN GUIDELINE SUPPLIMENT
FIRST DRAFT

Technical Presentation

18 January 2011

Early pavement failure
(possible weighting)

ASPHALT PAVEMENT

Construction
quality

Construction
quality

; mainte
Maintenance .

5%  Overl

Overload

47%

other design related
factors

e Awstrsiis Indencels Partnerblp |

INDONESIA
INFRASTRUCTURE
INITIATIVE

CONCRETE PAVEMENT

(foundation) Design
related factors

»n

&

nance

oad
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ANNEXE 3: SECOND PUSJATAN PRESENTATION

Provisional design life (subject to life
cycle cost model results):

_____pavement | _years _

Flexible 20

rigid 40

Overlay non structural 10
Overlay structural 10- 20

recycling 20

Pavement Design Supplement

Section 7

Foundation Design

ROAD SECTOR DEVELOPMENT
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NO. 201



- ,.wBESlGN SOLUTION FOR ¥
o 7 D REE SEGRADE

IMPROVEMENT ?

Overloading

Construction defects .

Poor subsoil drainage g, "8
Weak foundation on sa\%& soﬂ] ﬁ

Photo: Merak Toll failure age 17 years Station 55+100

Foundation Design Supplement

Characteristic sub-grade

* Homogeneous sections

Sub-grade edge dimensions

Expansive soil

Capping for soft soil

Combined modulus

ROAD SECTOR DEVELOPMENT
PROGRAMME PACKAGE 3 — ACTIVITY
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ANNEXE 3: SECOND PUSJATAN PRESENTATION

Foundation Design:
responsibility for sub-grade
Improvement

As far as is possible, all sub-grade improvement
requirements, shall be clearly described in contract
documents. However the contractor shall remain
responsible for providing sub-grade supportin
accordance with pavement design requirements
even if not specifically described in the contract
documents.

(reason: full extent of improvement required often
only clear during grade preparation)

The design bearing capacity for normal and expansive
sub-grades shall be the 4 day soaked, 95% MDD value
provided field compaction is possible (ie not applicable
to saturated alluvial soils or peat)

If the sub-grade is saturated and cannot be compacted:

a) thelaboratory CBR value shall not be used in
design;
b) a geo-textile separator and capping layer shall be

provided and other sub-grade improvement measures
shall also be required as described in section... .

c) Thetop of the capping layer shall be deemed to
have a characteristic CBR of 3%,

ROAD SECTOR DEVELOPMENT
PROGRAMME PACKAGE 3 - ACTIVITY 35
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Characteristic CBR

The design road length shall be divided into homogeneous sections such
that:

a) When there is sufficient unbiased CBR data available (> 8 tests per
homogeneous section), the CBR data set for each homogeneous section
shall have a coefficient of variation not exceeding 25% (standard deviation
/ mean).

The characteristic sub-grade value shall be determined from the following
formula:

Characteristic CBR = mean— 1.3 x standard deviation

b) When only limited data is available, homogeneous sections shall be
determined visually (example: alluvial secton, hill section) .

DCP readings shall not be used to calculate sub-
grade-bearing capacity unless the sub-grade is at
its wettest condition when tested. DCP values
may be used to determine homogeneous
sections

Bearing capacity values back calculated from
deflection data (FWD or BB) shall not be used to
determine sub-grade bearing capacities but may
be used to determine homogeneous sections

ROAD SECTOR DEVELOPMENT

PROGRAMME PACKAGE 3 — ACTIVITY
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ANNEXE 3: SECOND PUSJATAN PRESENTATION

Sub-grade improvement

sub-grade improvement shall be in
accordance with Figure 1

Foundation—fig 1

ROAD SECTOR DEVELOPMENT
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capping

* A geo-textile shall be used beneath capping
placed directly on saturated ground,

* Ageo-grid layer may also be used if cost
reduction or other benefit can be
demonstrated

CAPPING LAYER DESIGN RULES —
CONCRETE PAVEMENT

Minimum for working platform
Minimum for cover over expansive soil

Minimum for cover over flood level and/or
ground water

4  Minimum to limit concrete pavement
curvature due to differential settlement !!

5 Minimum for CBR = {{ZhCBR%3}/zh}?

ROAD SECTOR DEVELOPMENT
PROGRAMME PACKAGE 3 — ACTIVITY
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ANNEXE 3: SECOND PUSJATAN PRESENTATION

Foundations: capping layer design
for rigid pavement

* Giroud / Hau working platform
* RTA deflection curvature > 800 m

* Permanent deformation of soft soil sub-
grade under dynamic loading

Capping on expansive soil

Capping on expansive soil having an activity value
exceeding 125 ... shall be as provided in Table ...

The capping should include a low permeability
layer or a stabilised layer

Moisture variation in the sub-grade shall be
minimised by shoulder sealing, lining of surface
drains, provision of cut off drains or moisture
barriers as appropriate, and positive drainage of
the sub-base

Subsoil drains shall only be used if free draining

ROAD SECTOR DEVELOPMENT

PROGRAMME PACKAGE 3 — ACTIVITY
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possiblerigid pavement structure for
soft soil sub-grades

295 concrete base
150 LMC
150 Aggregate base A (drained)
900 -1300 capping layer
(selected or stabilised, CBR 5)

sub-grade CBR 1.2-2.8

Suggested minimum rigid pavement capping
edge support for alluvial soft soil sub-grade
eg Merak Toll, Pantura, W Java, K

L 1500 -1900 mm

- T 3 capping ;
1] =~ /= 900-1300 mm |

NB: same edge dimension rules
apply to median — therefore cap
continuous across narrow median

ROAD SECTOR DEVELOPMENT
PROGRAMME PACKAGE 3 — ACTIVITY
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ANNEXE 3: SECOND PUSJATAN PRESENTATION

Rigid pavement soft soil edge detail —
capping 2.8 to 3.6 m wider than pavement

pedestrians / motorcycle?

drainage J | =
zone EE

Utilities
wone

J N 1
1400 -1800 mm capping with
geognid
500 - 900 mm

Pavement Design Supplement

Section 10

Flexible Pavement Design

ROAD SECTOR DEVELOPMENT
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Flexible Pavement
Guideline Supplement issues:

e Overloading year 0-10 allow in design

>year 11 assume legal
load in design

* Construction quality thereis no alternative to
design for specified
construction quality

* Other design deficiencies next slide

Design deficiencies:

» Optimum drainage ‘m’ factor adjustment
» Climate (wet season)

» Layered design analysis (AASHTO 3.1.5
Sub-layering design)

» Asphalt 5t power rule
» Axle group effects
» Pavement and cap edge dimensions

» layer thickness optimisation

ROAD SECTOR DEVELOPMENT

PROGRAMME PACKAGE 3 — ACTIVITY
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ANNEXE 3: SECOND PUSJATAN PRESENTATION

¢ Australis badoscsls Partnership ()

Sy o \

-~ i Karstraen Austradia lodoncaia é’
~

Climate Zone proposal Chart based
system Traffic

Multiplier (TM)

troplcal, subs-bamid Kuparg and isiarxdy

\ with strongly seasons further eost except <1400 6 1
rainfall Irlan Jaya
tropical, sub-hamid =

" ‘ Sumbawo, Ball 1400 - 1800 7 12
with seasonal rainfall
trogical humid with

n lkarta, 8andung 1900 2300 8 13

seasonal rainfall

permanent high wates
table andd irrigated
o4’ 4 ralnti "
v | Yeurround rainfuand | L. PANTURA, 52300 12 8
high bumidity and/or
wel mountanous

muisture surpius
areas

tropical per humed whh

23

Design cases: suggested ‘m’ values for general use

Field condition Water | Drainage | Percentof | ‘m’ value
removal | quality | timeclose | for design
within: to
saturation
Cuttings with sub soil drain, hillyarea, 2 hours excellent 5-25% 1.2
free draining
embankments with day-lightingof sub ~ 2hours  excellent  5-25% 1.2
base
At grade with subsoil drain, flat area, 1day good 5-25% 10
occasional flooding of subsoil drain
Embankments with low permeability 1 week fair 5-25% 09
verge and boxed sub-base
No sub soil drain in cut or at grade 1month  poor 5-25% 0.7
Sub-grade permanently saturated Willnot Very >25% 0.4
during wet season and undrainable - drain poor
no discharge point for sub-soil drains eg
Pamanukan—

NB: capping layer rules may also apply

ROAD SECTOR DEVELOPMENT
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Traffic multipliers (TM)

Traffic multipliers are proposed to account for
a number of key factors that contribute to
pavement service life reduction in Indonesia
factorsincluded in the standard values

providedin Table.. are:

a) wet season duration

b) Asphalt fatigue (5" power rule)

c) Axle group effect on soft sub-grades

Table .. Traffic Multipliers

pavement CLIMATE ZONE
FAILURE MODE | Structure
including | 1l 1 v
capping
| asphalt fatigue _ all »1.80 »2.12 2.39 __3.60
lessthan 1 | 4 5o | 1.18 | 133 | 2.00
permanent metre
deformation more than 1 110 1 130 | 146 | 2.20
metre

ROAD SECTOR DEVELOPMENT

PROGRAMME PACKAGE 3 — ACTIVITY
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ANNEXE 3: SECOND PUSJATAN PRESENTATION

Pavement Design Supplement

Section 5

Construction Considerations

Construction considerations — add to
specification:

all sub-grades that can be dried to a condition that permits
compaction, shall be compacted as specified: including cuttings,
embankment, at-grade areas and ground beneath sub-grade
improvement

all existing asphalt or rigid pavement at or beneath grade shall be
scarified or removed as instructed by the Engineer

a pad-foot roller shall be used for compaction of clay and silty clay
sub-grades

Compaction equipment shall have drum widths not exceeding the
width to be compacted. Excavation or embankment necessary
solely to provide access or operating width for compaction
equipment shall not be measured for payment

ROAD SECTOR DEVELOPMENT
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Climate Zone proposal

tromical, sub- vl

mu" and iviardy

mmuu-nunmnm

Keritraen Austradia lodoncaia

Chart based

system Traffic
Multiplier (TM)

| with strongly seawod further eost excent <1400 6 1
rainfall Irlan Jaya
B b Sumbawa, Ball 1400 1800 7 12
with seasaonal rainfall
B[SO A nakarta, Sandung 19002300 8 13
seasonat rainfall
tropical, per humad whh f m,‘ S ntey
oar round ralnfiel and tte Bevt amted 3
(2 9 aress, e PANTURA, 2300 12
high bumidity and/or .
wet mountanows
muisture surpius
areas
29

Provisional Traffic Multipliers for
general use

asphalt fatigue

1.18 | 1.33 | 2.00
permanent
Without adjustment 110 [ 1.30 | 1.46 | 2.20
(new proposal)

pavement may fail in 10
years instead of 20

ROAD SECTOR DEVELOPMENT
PROGRAMME PACKAGE 3 — ACTIVITY
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ANNEXE 3: SECOND PUSJATAN PRESENTATION

DRAINAGE DESIGN ADJUSTMENT FACTORS

Field condition Water | Drainage | Percentof | ‘m’value
removal | quality | timeclose | fordesign
within; to
saturation
Cuttingswith sub soil drain, hillyarea, 2 hours excellent 5-25% 12
free draining
embankments with day-lightingofsub 2 hours  excellent 5-25% 12
base
At grade with subsoil drain, flat area, 1day good 5-25% 1.0
occasional flooding of subsoil drain
Embankmentswith low permeability 1 week fair S—-25% 0.9
verge and boxed sub-base
No sub soil drainin cut or atgrade 1 month poor 5-25% 0.7
Sub-grade permanently saturated Will not Very >25% 04
during wet season and undrainable— drain poor
no discharge point for sub-soil drains eg
Pamanukan-

NB: capping layer rules may also apply

EXAMPLE — STANDARD DESIGN SOLUTIONS CATALOGUES FROM
PAVEMENT DESIGN SUPPLIMENT

CHART 1: FOUNDATION DESIGN FOR FLEXIBLE AND RIGID PAVEMENT

TRAFFIC CLASS
T T2 T3 (T4 |75 (76 |T7 |78 | T9 |T10 | TN

LR - - - |00~
3103-05105.111.2R.2505-5 10 | 35 | 59 | 100 | 200

noimprovemantrequired

FOUNDATION

Provisional @43 200, 1200 mm granularceppingfor 500 £00 mm +
gao-gnd)

ROAD SECTOR DEVELOPMENT
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Possible future distribution of treatment
types — potential cost saving 30%

IDEAL
FSTES::E 20 YEARS Design life
(% of FROM NOW Years
National) (% of TM x CESA
National)
|
PERIODIC MAINTENANCE ~
Non structural overlay e 2 19
LT 10 2.5 10-20
—structural overlay
NEW CONSTRUCTION OR
RECONSTRUCTION R =3 i

Possible warrants to initiate
investigation for reconstruction or
recycling vs maintenance by overlay

<10°TMx  210°TMx

CESA CESA
Deflection (BB) (mm) >3 >2.4
Structural overlay thickness (mm) >90 >195

Percentage of pavement severely

distressed (%) = Ziie

ROAD SECTOR DEVELOPMENT
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ANNEXE 3: SECOND PUSJATAN PRESENTATION

Provisional pavement re-gravelling or
recycle planning solutions

=== TM x CESA (4" power)

0.5-2 2-50 > 50
Granular S
overlay Case by
Type : cement
with HRS or case
treated base
AC
135,000- 328,500 -
Etipi 185000 373,750
Provisional
#201 Traffic Class T2-T4 T4-T9 T10-T11

ROAD SECTOR DEVELOPMENT
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ANNEXE 4: PAVEMENT DESIGN SUPPLEMENT: PART |

2 .
ke Awstralin Indosesia Parmership | 3L )
A .

SO r  Kemetraan Austratis Indonosia f}

Road Sector Development

Review of Design Standards (201) and Review of Procurement {207)

PAVEMENT DESIGN GUIDELINE SUPPLEMENT
SECOND DRAFT

Technical Presentation
8 February 2011
Bintek, DGH, Jakarta

INDONESIA
INFRASTRUCTURE
INITIATIVE

Early pavement failure
(possible weighting)

ASPHALT PAVEMENT CONCRETE PAVEMENT

Construction : Construction  maintenance
quality Maintenance quality
5%  Overload

other design related (foundation) Design
factors related factors

ROAD SECTOR DEVELOPMENT
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ANNEXE 4: PAVEMENT DESIGN SUPPLEMENT:
PART |

Pavement Design Supplement

Section 7
Foundation Design

ROAD SECTOR DEVELOPMENT
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Foundation Design Supplement

Characteristicsub-grade
Homogeneous sections
Sub-grade edge dimensions
Expansive soil

Capping for soft soil

Combined modulus

CAPPING LAYER DESIGN RULES -
CONCRETE PAVEMENT

Minimum for working platform
Minimum for cover over expansive soil

Minimum for cover over flood level and/or
ground water

Minimum to limit concrete pavement
curvature due to differential settlement to >
800 metres

Minimum for CBR = {{ZhCBR3}/zh}?

ROAD SECTOR DEVELOPMENT
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NO. 201



ANNEXE 4: PAVEMENT DESIGN SUPPLEMENT:

PART |

possiblerigid pavement structure for
soft soil sub-grades

295 concrete base
150 LMC
150 Aggregate base A (drained)
900 -1300 capping layer
(selected or stabilised, CBR 5)

sub-grade CBR 1.2-2.8

Pavement Design Supplement

Section 10

Flexible Pavement Design

ROAD SECTOR DEVELOPMENT
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Flexible Pavement
Guideline Supplement issues:

* Overloading year 0-10 allow in design

>year 11 assume legal
load in design

* Construction quality there is no alternative to
design for specified
construction quality

* Other design deficiencies next slide

Design deficiencies:

» Optimum drainage ‘m’ factor adjustment
» Climate (wet season)

» Layered design analysis (AASHTO 3.1.5
Sub-layering design)

» Asphalt 5™ power rule
» Axle group effects
» Pavement and cap edge dimensions

» layer thickness optimisation

ROAD SECTOR DEVELOPMENT
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ANNEXE 4: PAVEMENT DESIGN SUPPLEMENT:
PART |

Pavement Design Supplement

Section 5
Construction Considerations

TERIMAKASIH
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Key findings:

Pavement types for 40 year life cycle

Causal factors that reduce lifeigid paveme

Foundation design

ROAD SECTOR DEVELOPMENT
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ANNEXE 5: CEMENT STABILISATION DESIGN
CHARTS

ANNEXE 5: PAVEMENT DESIGN SUPPLEMENT: PART I

PAVEMENT DESIGN SUPPLEMENT: PART Il
REHABILITATION AND RECYCLING

Meeting
Friday 20" May 2011

wwwarbocomay
research | consulting | technology

| QOutline Presentation

* Overlay design — modification to Pusajatan

« Design of cement stabilisation treatments

+ Design of foamed bitumen stabilisation treatments

arrb 2
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-
The challenge
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ANNEXE 5: CEMENT STABILISATION DESIGN

CHARTS

[ Design of asphalt overlays

- Existing Pusjatan Method

* Deflection-based method
« utilises Austroads design defections

« does not enable an assessment of whether
asphalt overlay will fatigue crack

Usaign setwcnzn jrewy

T 40 g 2 40 , 2 48 5 2 4

Dewpn raffic (254)

Tigaw €3 Tewgn 3sMectors 13 but perrusey! delormato s

arrb 6
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Deflection bowl curvature correlates with
strain at bottom of asphalt layers

Figum BS: Curvatere Musction

arrb .

Addition requirement in Austroads to check
F the fatigue life of proposed overlay using the
curvature

Asphalt overiay {mm) -
y 107 7x10° sx10®  3x10®°  2x10°

150 -
Allowable traffic 5
140 kading (ESA) 7x10°
130 5x 10°
120
110 3x10°
100
5
§0 2x10
BO |
70
60
50
40

018 022 026 030 034 038 042 0468 050 054 058 062 068
Characteristic curvature bedore overlay (mm)

arrb -
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ANNEXE 5: CEMENT STABILISATION DESIGN

CHARTS

Addition requirement in Austroads to check
[ the fatigue life of proposed overlay using the
curvature

Asphalt overiay (mm)
il 107 7x10° sx10°  3x10°  2x10°

150
Alowable lraffic 5
140  ladng (ESA) 7x10
120 5x10°
120
Ho 3x10°
-

Limited to design trafficup to 10" ESA

SN

0
018 022 026 030 034 038 042 046 050 054 058 062 066
Charactenstic curvature before overlay (mm)

8 Ba38 8%

arrb .

E Spreadsheet available

TEITR R e et fgve o (e e e s.8 .
T UV W SV AGRSSL § X3 R Y T LN N UL RS- IE T ISCEIF Y] |
- 2 o i
1) - F )
. . S N <
: Bpr for 2004 A o Guide Chan-Based Procedure for Asphak Overfay Thickness Design
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[ General Mechanistic Procedure (GMP

GMP is an iterative process with following steps:
* selecting homogeneous sections

+ estimating moduli of existing materials

* selecting a trial overlay treatment

« calculating the critical strains in the overlaid pavement
using CIRCLY

* using the strains to predict the allowable traffic loading

« if allowable traffic loading greater than design traffic
loading, then accept

+ otherwise select another trial overlay

arrb

Performance criteria of overlay treatments

Uniform stress
(equal to tyre
pressure)

i Asphait Overlay

Existing Cracked
Asphalt

Crushed Rock
Subgrade

1 Tensile strain at bottom of asphalt overlay - asphalt fatigue of overlay

2 Compressive strain at top of subgrade - rutting & shape loss
Denotes likely locations of critical strains due to applied loading
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ANNEXE 5: CEMENT STABILISATION DESIGN

CHARTS

B Move towards an Indonesian GMP

* Need first a mechanistic design procedure for
new flexible pavements

* Then develop a complimentary procedure for
overlay design

* GMP requires

- the use of FWD, difficult to estimate moduli
from BB deflection bowls

— Linear elastic model like CIRCLY

arrb

P Interim Proposal for Overlay Design

Supplement Pusjatan deflection-based method

« For project where the design traffic loading less than or
equal to 107 ESA,

— Measure curvature and check that proposed overlay
has adequate fatigue life

— Not required if overlay is thin HRS

* For projects where the design traffic loading is greater
than 10 107 ESA

— Check structural adequacy using the AASHTO
Structural Number approach as given in DGH Design
of Flexible Pavements

arrb
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[ Cement stabilisation

arrb 5

Concern about performance when cement
layers used as base with thin surfacings

K BN
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ANNEXE 5: CEMENT STABILISATION DESIGN

CHARTS

E Cemented materials fatigue testing

17
Fatigue life highly sensitive to axle
load, 20" power of axle load
Modulus, bresking strain and (stigue relatiorships for each material
Breaking stmin Mean medulus
Material Fatigue equation m:;:::n' (m c:.:lr-:m (MPy)
Smonths curing 9 months suring
Weatherad grante 3% KONy = 27 x log (deain 1abic) 545 & 185 14500
Weathered grinde 5% logiNg = -14 x log (seain rabioy 0 22 " 185 17 £00
Calaete Smetone 3% g = 22 x lag{sain i) 5.2 B 5 11500
Calcrete mectons 5% BogNg = -35 X log (steatn ratke) 8 7 * 21 16500
Sasak (M Gambeat] 3% WOy = -24 X log (steain ke -3 89 A 216 15000
Price dream graed 5% KON} = 15 x log (deain ratic) 0 85 1) 127 18,000
Mol ed pror steeam graved gl = -16 x log (steun raboy -1 77 1] 1% 17500
il
Lean mx conaele boiNy = 21 x log (eain radio)) -2 83 2 27 A0
(3 moeths aunng (3 months curng)
Soute. Gononlez et . 209
arrb 18
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| Pavement variation with axle load
e 4th Pmr ..........................................
RS
A singlg pass of 160 kN axle causes ume plv!mmt dlllge 2316
't 1 passes of an 80 kN axle :
o T T R 117 AT RET—
. h b Smgl: e lu.ﬂ‘l(lh‘N) h h b h
arrb "
| Pavement variation with axle load
200 12th‘Pmr cgenee
- Aln#epmoﬁﬁﬂlﬂndu@nlmpmmnl“e-l;m
yoo Passesofan®kNade 0 GG
ESA-_\-_',‘L[ .....
) . | Sng; axle lou; (IM - ) ) |
arrb 20
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ANNEXE 5: CEMENT STABILISATION DESIGN

CHARTS

Under high Indonesia axle loads, very high
[ CTB thickness if design to inhibit fatigue
crackingof CTB

Recommendation

|
* Unlikely to be economic to design for fatigue of CTB
« For practical construction thicknesses, assume
cemented material will rapidly fatigue crack
* Reduce to a cracked modulus of 500 MPa

w
g Note. For hot mex asphalt and stabilced Layers, the modular rato loat ensures
F that faster breakdown of stifiness due 1o weaker support is mcorporated
g
g /[LIS of cesnentt stabiized matenal on gt suppont
w N
\ ELTS of commnt stabiikzed matenal on gol] suppon
Axles Accommodated
arrb 22
(= = = o -]
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Proposed minimum surfacing
g Wwhenusing Portland cement
»the cemented material will fatigue crack into blocks
« with thin surfacings moisture ingress
* high maintenance costs
« recommend minimum 175 mm asphalt surfacing

«|If <107 ESA, use of slow-setting binders
(slag/lime/fly ash), maybe able to reduce surface
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ANNEXE 5: CEMENT STABILISATION DESIGN

CHARTS

[ Design method

GUIDE TO PAVEMENT TECHNOLOGY

Mechanistic Design

Response Model

critical strain, & |

pikiorbiedsn Allowable load

repetitions to
— distress

Performance N
Relationship:
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P Distress modes

arrb

P Pavement structure after treatment

Asphalt wearing course

Asphalt binder course

Asphalt binder courses

Cement treated subbase

Remaining pavement material
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ANNEXE 5: CEMENT STABILISATION DESIGN

CHARTS

Steps in rehab design process

Step Activity
1 Calculate the design traffic in ESA; as described in Section 3.

2 Using the data from construction and maintenance records, test pits and cores determine the

| Insitu material layer types, qualities and thicknesses. _
3 Determine a subgrade design CBR for the project, based on insitu dynamic cone penetrometer
(DCP}, or laboratory soaked CBR testing of material recovered from the test pits.

4 Using step 3 data, assess whether the insitu materials are suitable for cement stabilisation.

5 Using the layer thicknesses, select a trial stabilisation depth and caloulate the remaining depth
of pavement material beneath the stabilised layer. For pavements with a subgrade design CBR
less than 5%, a minimum 100 mm of pavement material is required below the stabilised layer.

6 Using the design charts in Annex 5, determine the asphalt thickness required over the FB
stabilised material.

arrb :

w0

[ Assessing material suitability

Vatoral grabeg roey

047 008 B3 O 10 I3 A7 &7 85 132 108 8

e = "™ T
Figure §.6: Suitzble PSD emvdlopes for bituminous binders (Zome A) o

arrb .

o
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arrb

arrb

Design of foamed bitumen
stabilisation treatments

South African research suggest micro-
cracks rapidly, reduces in modulus

3500
. ; |411A4, Foamed Bitumen ‘
3000 = + MOD4
= e = MDDS
g 2500 ? MOD12
%000 e
w el | s/ PoXPTIELY.
S "3#% Traﬂkload Traffic load
£ 8, " BOKN
» 1500 Ko —
g i .l« L L \ M% ‘
£1000 4 - —;;\”‘SW
- = . NOW
500 . T . ‘
0

0 200000 400000 600000 800L00 1P00N0O 1200000 1400000
Repetitions
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ANNEXE 5: CEMENT STABILISATION DESIGN

CHARTS

However, as FB more flexiblethan CTB,
[ N :
incidence of surface cracking much reduced
Table A2.1: Requirements for surfacing thickness for TRL method
Road type category Traffic design standard Minimum thickness of
[ESAX10) surfacing {mm)
0 N<Traffic <80 100
{ 10<Trafic< 3
2 25<Traffic <10 %
3 05<Trdfic <25 Ly
4 <05 L
Source Veml efd 2004)
arrb 23
[ Proposed minimum surfacings for FB
Design traffic Rinimum surfacing
(ESAs x 10°)
100 mm compnising
>30 40 mm AC WC
60 mm AC Binder
10 < Traffic < 30 S R
2x 40mm AC WC
1 < Traffic < 10 40 mm AC WC
< 30HRS WC
or surface dressing
arrb 24
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Example design chart, design traffic <102 ESA
SEsgEEESER s
AI’NT! . : w—tr={ g v d Den
200 1 | Foumed Btumen: : toidd . 60
| stabiiised al > &8 :
O P - b o O A0 LA
| Subgrade design
B LT S SIS | OO SO O« S 140
170 Total
asphalt
thickness
10 (mm)
160 T : : e &0
140 h”mﬂﬂs“.;ngc;uu- i
1 -WF oE 1 DE«06 1 0EQ7 1 f‘Eurl;
Design trafic (MCESA)
35
Example design chart
design traffic 10%to 10° ESA
Subgrade CBR=4, Foamed stabiisation thickness 300 mm
2% -
m e T
Total 230
I o L A N B N T o RS R
thickness *
)y —————————— SN O N S (S | S, WS, I
1 DEADS
Design traflic MCESA)
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ANNEXE 5: CEMENT STABILISATION DESIGN

CHARTS

Steps in rehab design process

Step Activity
1 Calculate the design traffic in ESA; as described in Section 3.
2 Using the data from construction and maintenance records, test pits and cores determine the
_ insitu material layer types, qualities and thicknesses. ‘
3 Determine 3 subgrade design CBR for the project, based on insitu dynamic cone penetrometer
{DCP), or laboratory soaked CBR testing of material recovered from the test pits.
4 Using step 3 data, assess whether the insitu materials are suitable for FB stabilisation. ‘
5 Using the layer thicknesses, select 3 trial stabilisation depth and calculate the remaining depth
of pavement material beneath the stabilised |ayer. For pavements with 3 subgrade design CBR
less than 5%, a minimum 100 mm of pavement material is required below the FB layer.
b Using the design charts in Annexures 3 and 4, determine the asphalt thickness required over
the FB stabilised materfal.
arrb o
= = = o =)
[ Summary

* Overlay design — proposed modification to
Pusajatan
* Design of cement stabilisation treatments
— CTB will fatigue crack rapidly
— If use thin surfacings, high maintenance costs
— min 175 mm asphalt cover
— developed design charts, max depth 300 mm

+ Design of foamed bitumen stabilisation
treatments

arrb 8
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arrb

Summary

Design of foamed bitumen stabilisation
treatments
— FB microcracks rapidily

— lower incidence of surface cracking, more
flexible

— If use thin surfacings, high maintenance costs

— thinner minimum surfacings than CTB

— developed design charts, max depth 300 mm
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ANNEXE 6: SELECTION OF REHABILITATION
TREATMENTS

ANNEXE 6: SELECTION OF REHABILITATION TREATMENTS

*
& 4 Australis Indosesia Partnership | 0
SRR Kemstraan Australis Indonesh f‘

Road Sector Development
Heviews of Design Standards (201 ) and Review of Procurement {207
Rehabilitation Treatment Selection,
Warrants and Triggers

Technical Presentation
20 May 2011

INDONESIA
INFRASTRUCTURE
INITIATIVE

Main rehabilitation treatment types

Full overlay

Partial overlay / mill and replace

Heavy patching

Reconstruction

recycling
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Warrant 7

When an investigation for
reconstruction is justified the
rehabilitation treatment to be used ......
may be selected by a least whole-of-life

cost analysis.

Reconnaissance options

Visualand IRl c.covvvveneniiieiennn, IRMS

Deflection / test pit based

Subgrade CBR

Soft soil areas

* Drainageissues
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ANNEXE 6: SELECTION OF REHABILITATION

TREATMENTS

Deflection triggers

Deflection values that justify a particular treatment:
1 Deflection triggers that justify an overlay:

below this level no overlay is required except for
cosmetic reasons

2 Deflection triggers justifying an investigation for
reconstruction

above this level overlay cost might exceed reconstruction
or recycling cost

Table 2.3  deflection triggers

Deflection triggers o D gﬂcctlo_ntrlggem.
D justifying an investigation
Trafficfor Ristiyingsnoveray- for reconstruction
1,0 _years Surfacing | e racteristic Oo-Dano Characteristic | DDy
{millionESA | type defiection Curveatur deflection | Curvature
fiane} Benkelman FWD Benkelman FWD
Beam (mm) Beam (mm) {(mm)
(mm)
not
<0.1 HRS >2.3 applicabl 3.0 not
€ ] applicable
0.1-0.2 HRS >2.1 0.63
0.2-0.5 HRS >2.0 048 |  »27 -
05-1 HRS >1.5 0.39 >25 0.66
1-2 HRS >1.3 0.31 0.54
2-3 AC >1.25 0.28 9.46
2-5 AC >1.2 0.23 >2.4 0.39
5-7 | AC | 115 | 021 | 035 |
7-10 AC >1.1 0.19 | 0.31
510 AC not applicable—test pit / deflection/ SN analysisis
required
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Other triggers for an investigation
for reconstruction /recycling

* IRI8

* Existing pavement condition> 30 %
distressed

* Existing pavement condition does not
permit a deflection survey —
reconstructionis needed in that case

Warrant 10: A full asphalt overlay may be used for
any homogeneous section if:

* characteristic deflection > Table 2.3
- Or —

* |IRI> Table 2.4
= Or -

* the existing asphalt shows severe distress comprising
potholes, wide and interconnected cracks expected to
form potholes, edge breaks and ruts exceeding 30 mm

covering at least 5% of the total area and are widely
distributed.
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ANNEXE 6: SELECTION OF REHABILITATION
TREATMENTS

Warrant 11: mill and replace of selected areas
shall be applied if:

* a full overlay is not required (refer Warrant 9)

* The existing asphalt shows severe surface
distress comprising potholes, wide and
interconnected cracks, edge breaks and ruts
exceeding 30 mm limited to confined areas

that can be treated independently.

Warrant 12: Reconstruction shall be
considered if any of the following
conditions apply:

* deflections exceed the reconstruction trigger

provided by Table 2.3 or
* roughness exceeding IRl 8 or

* severe distress requiring heavy patching

exceeding 30% of pavement area
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Materials 1: Aggregate Base A

Supplements propose more CTRB
CTRB requires good quality base A

TFAC: serious BASE A segregation on all projects
audited

<150 mm for best compaction

Solution: specify a 20 or 25mm grading for Aggregate

Base A (Australia = 20mm)

Materials 2: AC Base

Also suffers from segregation
Prone to stripping
Usually not used in Australia

The better properties of AC BC allow thickness
reduction of heavy duty pavements in
mechanistic design
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ANNEXE 6: SELECTION OF REHABILITATION

TREATMENTS

Materials 2: AC Base
100 million MCESA

Original Revised - no AC
Supplement Base GJ
Good construction

ACWC 40 40

ACBC 60 60

ACBC ( base layers) - 145
AC Base 160 -

CcTB 200 200

Base A 200 150

Base B 200

Sub-grade—CBR 6

500 million ESA; (Pantura)

HLRIP Il Pantura GJ
2004 Good construction
100 million esa No AC Base
500 million esag
ACWC 40 40
ACBC 60 60
ACBC ( base layers) 250
AC Base 180 -
CcTB - 200
Base A 200 150
Base B 200
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DESIGN CHANGE  Saving 24%

Warrant 1:

All roadworks construction .............. must
substantially comply with specified quality
SEOOONAS, smmaisiig Pavement design
must assume reasonable compliance with
specified construction quality.

Pantura sub-grade

Pavement layerstypically 680 — 840 mm

Typ
>1500 mm

embankmentor capping typically 750 — effective CBR 23 %

Saturated normally consolidated silty clay CBR 1.5%
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ANNEXE 7: PAVEMENT DESIGN SUPPLEMENT:
PART I-NEW PAVEMENTS-BAHASA

INDONESIA-FIRST DRAFT

ANNEXE 7: PAVEMENT DESIGN SUPPLEMENT: PART | -
NEW PAVEMENTS - BAHASA INDONESIA -
FIRST DRAFT
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ANNEXE 8: PAVEMENT DESIGN SUPPLEMENT: PART Il -
REHABILITATION AND RECYCLING OF
FLEXIBLE PAVEMENTS - BAHASA INDONESIA -
FIRST DRAFT
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