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ABSTRACT

PURPOSES : One of the main components of road projects funded by the Economic Development Cooperation Fund (EDCF) is the
improvement or rehabilitation of existing pavements. The result is that pavement structures are critical to the success of a project. There is,
however, no design standard available at present that reflects a region's specific features including climate conditions and quality of pavement
materials. For this reason, a comparative study of the major EDCF borrowers' flexible pavement design standards was conducted. This study led
to the proposal of a new method for applying flexible pavement designs which can be used for EDCF-funded projects in Asia.

METHODS : The method has been produced by adjusting some input data of the "AASHTO Interim Guide for Design of Pavement
Structures" in accordance with certain Asian countries' geometrical features, tropical and subtropical weather, and strength of pavement
materials. The Philippine regional factors, having five different grades, have been selected after taking into consideration the amount of rainfall,
strength of pavement materials, and characteristics of the Asia and Pacific regions. Structural layer coefficients have been prepared for two
different regions according to the geometric difference between Southeast and Southwest Asia. The Philippine and Sri Lankan coefficients have
been used for Southeast Asia and Southwest Asia, respectively.

CONCLUSIONS : Owing to applying this new method, it was verified that the thickness of the pavement was underestimated by
between 11 cm and 16 cm compared with the originally designed thickness. Having discovered that the use of the Korean and American-
oriented factors and coefficients is not appropriate for other Asian countries, the new method is expected to enhance the quality of pavement
in future projects.
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g 2] 4 A ¥ 2 7] F(Economic Development
Cooperation Fund, EDCF)2 524 7HE-d 2 (Official
Development Assistance, ODA) FollA 7ft=Al=r
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(a) NR-48, Cambodia

(b) N-45, Pakistan
Fig. 1 Damaged Pavements
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311,71

g 72 AAle 'AASHTO 7249 A
AR & F8ote A= 713ef JrEHS vhgste
A Hoz 2AAE “AASHTO Interim Guide
Method ¥} +2&3ks S8, SE F4 2 4
Z2-58 FA7)ZE 59 AEE 0]83}= “Road Note
29 Method 7} et -2 "AASHTO Interim
Guide Method”& #&3% “Design Guidelines
Criteria and Standards for Public works and
Highways, Volume I, 1983”2 A3}l Qit}, o)<}
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B GrEstar glon E3| A7H-(Private
car)?| 74§ 2% ?iéi—*o*oﬂ Qs AgstA] ¢
.

Design Traf fic = P[(lﬂ%} 365

where, P, = A% ¢ 15 (Annual Average
Daily Traffic)

%7 (Traffic Growth Rate)

N =587]7HDesign Life Period)
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E [ azxleload(tons) ]1
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+= Table 13} Zt},

Table 1. Terminal Serviceability Index (TSI)

Road type TSI
Low traffic gravel roads 1.5
Relatively minor highways below 2.0
More than 5% traffic inc.reased or 50
phased construction ’
First class highways with traffic speed up to 25

80km/h

2h) x4
AR Helw WX 7% D AAEAL 1

shof Theat o] FEske] AMgala 9lrt,

Table 2. Regional Factor (Rf)

Roadbed condition Rf
Average yearly rainfall is less than 900mm 1.0
Soil with porosity of more than 10° m/s 1.0
General condition with sufficient drainage 1.56-20
Insufficient drainage due to terrain condition
; S 25-35
or it does not function in flood season
Swampy area where .the soil surface/ 40-5.0
subgrade is wet
o) A=A
dejgolA ARgsts AU EATE AASHTO
A AN AR B EATE 7IReR ﬂﬂ Jlﬂlﬂ‘—ﬂ A
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Table 3. Layer Coefficient (Lc)

Layer Material Condition Lc
Good condition 0.38
surface Asphalt Fair condition 0.2 0.3
(at) concrete
Bad condition 0.15
Base | Crushed gravel - 0.15
(a2) Broken stone - 014
Subbase Granular Passing specifications 0.1
(a3) material Poorly graded 0.07
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Table 4. Axle Loads which Cause Equal Damage

Axles Single Single | Tandem | Tri—axle
configuration Single Dual Dual Dual
Load(KN) 53 80 135 181

o Satete}l vzl & 8 9tonolH, &
Zo| AztE trzo g Hojalar Qirh Ab] Tol| A AA|

where, EXP : £4-84]0] uwha} Abo] oluta o2 4

HA| A7) A A5G ESEY] A9 A

Y wFgFS oty Fo FEH= FAAZAS
(Cumulative Growth Factor)® H3l AA7]7F St

o] & Frhe7tdEseS A4,
- F7Hs7FEE5Hs | NEX365XGF
where, NE : 2459 4=X 571S85A4 4 X 1l
ZFAADT)
GF : ZEore 739 4~6%2] 571 218

Table 5. Cumulative Growth Factor

Design period Growth rate (%)
(year) 0 2 4 6 8 | 10
5 5 5.2 5.4 5.6 5.9 6.1
10 10 10.9| 12.0| 13.2| 145| 159
15 15 17.3] 20.0| 233| 272| 318
20 20 243| 298| 36.8| 458| 57.3
25 25 320| 416| 549| 731] 983
30 30 40.6| 561 | 79.1| 118.3]| 164.5
35 35 50.0| 73.7| 111.4| 172.3| 271.0
40 40 60.4| 95.0| 154.8 | 259.1| 442.6

Table 6. Traffic Level based on Cumulative Equivalent
Single Axle Load

Traffic(X10° Equivalent standard axles) Traffic level

<03 T1

0.3-07 T2

0.7-15 T3

1.5 - 3.0 T4

3.0-6.0 5

6.0 - 10.0 T6

10.0 - 17.0 T7

17.0 = 30.0 T8

oo} oA s A9 =4 CBREFS £ANSHO] e/

B
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Table 7. Soil Support Value(SSV) based on California
Bearing Ratio

California bearing ratio SSV
below 2.0 St
3.0-40 S2
50-70 S3
8.0 - 14.0 sS4

15.0 — 29.0 S5
above 30.0 S6

Table 8. Standard Catalog Pavement Structures

3.3.3. eIzl Alo}

A=Alore] 49 AASHTO A ﬂ]lﬂ;—g— 7o
5, 3ot e Fo] uheh RS X A5 =
FA A4 (Pavement Thickness Index, PTI) 52 ©]
|3 AA 7 &

il
oft
Sk

(Ministry of Settlements and

Regional Infrastructure, "Indonesian Road

Design Manual, 2001)2 ARt}

20 7}&%:‘& B2 Aestalon, 7P£*é:‘£%* Z A
T OIATEFRIGIE ZA0] 5 0

EDCF == 6710 A ¢d EEAMA x7%
Classification Pavement structure
AFE Eﬂ o3 7F .
Chart 1 Granular Roadbed / Surface Dressing oa e
Chart 2 |Mixed Roadbed (Unbound & Cement) / Surface Dressing . ) ) .
- Table 9. List of EDCF—funded Road Projects in Asia
Chart 3 | Granular Roadbed / Semi—Structural Surface
Chart 4 Mixed Roadbed / Semi—Structural Surface Country Length(km)| Pave
o ) Pavement layers Method
Chart 5 Granular Roadbed / Structural Surface project title | /Width(m) | type
Chart 6 Mixed Roadbed / Structural Surface GMS Surface: DBST 21imm
Chart 7 |Bituminous Roadbed / Semi-Structural Surface Northwest | 84/t |DBST|  Base: 200mm Catalog
- NR-48 Subbase: 200-250mm
Chart 8 Cement Roadbed / Surface Dressing
Rural Road Surface: DBST 2imm
¢ | mprovements 210/6.5-75|DBST| Base: 150-200mm | Catalog
3.3. 7IEt ORAlO} F7te| FRMEE MAYIE A ouobese E07200mn
M .
ELt Surface: 5em
3.3.1. HIES 51 NR2t 635200 | AC | Baserfoom | AASHTOSS
H Ee-> AASHTO AAW - 0183 A A (Ministry D Subbase: 10cm
oL . | .
of Transport, 'Specification for the Design of A NR-2 Surface: 7cm
. _ & 722/130 | AC Base: 22cm AASHTO72
Flexible Pavements, 22TCN-274-01, 2003)3} Z&; NR-22 Subbase: 22cm
T= GURAYE gHilsto] A7, fRUE, Heke 9 o] Surface: 7cm
E‘j A 52 AEslY] 387 ols) HEE A5k NR-48 | 150.0/11.0| AC Base: 21cm AASHTO'72
Subbase: 20cm
Z=AAHE (Ministry of Transport, "Specification
) ) Surface: 10cm
for the Design of Flexible Pavements, 22TCN- o GSO 18/ ac | Asphalt Base: 10cm |\ oy ron
211-06. 2003)& x],jﬂ oz _/,k_%]»g}o:] A}%g}ﬂ 3}]\ o H Phase 1 11.7~20.0 Base: 200-250mm
’ ) | Subbase: 450mm
1, EDCF2 A|¢H AFdE vk tiF2e] Atgo] L .
o = - . | GSO 197/ Surface: 10cm
AN S 285t TFFAE AL P | prase2 | 117-200 | AC |Asphalt Base: 100mm| AASHTO72
p R Subbase: 450mm
|
Slab: 20cm \
i N
3.3.2. O}7|AEt : Samar Road | 27.8/8.0 | PCC Subbase: 100m | AASHTO86
N 2 ol o oLl ol Bk S !
Tp7|agte] A A AAZIEe] flem, ofAleiE %rgf %0681 | PCC| ¢ fgzks’ezggg | w2
o3, AALE Soll A A Ushs YzARIe] A vl ° Hobase
‘ ol WA A EL gy 7|2 ALEhT i Surfece: Scm
AASHTO 724 AAR = 861 7152 ARgotal Ptak' Maakend | g7/216 | AC | Asphalt Base: 20em | AMSHTOT2
9lon EDCFZ A ¥H tete gAY 9 4 stan Subbase: 40mm

Qo= ‘AASHTO 729 FAA A & #4353t

(Table. Continued)
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Country Length(km)| Pave
project title /Width(m) | type FelailElges st
Northern DBST: 21mm
GMS 59.1/9.0 [DBST|  Base: 200mm Catalog
L Road Subbase: 125-275mm
é Surface: 5em
S | SEA Game Middle Layer: 5cm ,
Access Road 45/212 | AC Asphalt Base: 15cm AASHTO T2
Subbase: 20cm
Surface: 5cm
S Piit)unayz‘ake 711140 | AC Asphalt .Base: 10cm AASHTOT2
adeniya Base: 250mm
Ff Subbase: 275mm
L Anura D Surface: 4cm
A Pa deniy.a 80.8/14.0| AC |Asphalt Base: 45-70mm/AASHTO'72
E Subbase: 150-250mm
Al Hation- Surface: 5em
Nuwara E 46.8/8.0 | AC | Asphalt Base: 10cm |[AASHTO'72
) Subbase: 350mm
Int
Rach Gia DBST: 2imm g Tal
20.3/12.0|DBST|  Base: 150mm g
Bypass Subbase: 300mm (e2TCN
211-06)
V] oo TBST: 35mm '”ETa'
I . 159.0/12.0 | TBST| 1" Aggregate: 250mm .
E | Rech Sol 2 Aggregate: 300mm (22TCN
T 211-06)
N Thanh Surface: 5mm Internal
Q Hoa City 219/ AC Asphalt Base: 7mm G.L.
Ring Road 12~15 1 Aggregate: 300mm| (22TCN
2 Aggregate: 360mm | 211-06)
' Surface: 6cm Internal
T\;mr; 55/75 | AC Asphalt Base: 7cm G.L
Bri(';;e DI Base: 180mm | (22TCN
Subbase: 320mm | 211-06)
Surface: 4cm  |Internal G.L.
| Padang Middle Layer: 6cm |(Indonesian
N Bypass 22.0/40.0| AC |Asphalt Base: 7.5cm|  Road
D Base: 200mm Design
0 Subbase: 350mm | Manual)
N
E Internal G.L.
S| Manado A S;Jrflac;. 5C[2 (Indonesian
|| Bypass | 774150 | ac | ASpnalt Baset rem o oy
A Phase 2 Base: 250mm Design
Subbase: 350mm
Manual)
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Table 10. Proposed Layer Coefficient (Southeast Asia)

Layer Material Condition Lc
Good condition 0.15
Surtace Asphalt Fair condition 0.08-0.12
(a1) concrete
Bad condition 0.06
Base |Crushed gravel - 0.06
(a2) | Broken stone - 0.056
Subbase| Granular Passing specifications| 0.044
(a3) material Poorly graded 0.028

Table 11. Proposed Layer Coefficient (Southwest Asia)

Layer Material Condition Lc
Stable condition 0.157
Surface Asphalt Hot mixed AC 0.138-0.157
(at) concrete Bituminous treated 0118
surface ’
Asphalt ) 1 ved bituminous AC|  0.118
concrete
Mixed bituminous
aggregate 0.118
Base
Dense graded
(a2) Granular crushed stone 0.085
material —
Unified aggregate 0.05
Granular material
(CBR 80) 0.048
Subbase|  Granular CBR 30 0.044
(a3) material CBR 20 0.038
5.1.3. Z&E ZASFH MEHIot
Ao 19 A3 e ned 23 24 Ha
) 7138 Aol Aglo] FUT 712 Mgt 5
otk Yo R 7|2 g O AUE ERE F
% Zoja7]e) 2,50 oS 1% 2A 24 A2 74
skal Qlal, AASHTOS| 7folle= 2435 =4 4
g $MEeE WeldR TR ol &, B3
o A= ArEE FES 93, AASHTOS 2%
St &5 et opamES} YARANRY] i
FAZE A= ] Q= vE, 2 dA HEHRY oflA= 2
4% Ajdo] golah hav|EL X gapy| 2 gt

Table 12. Proposed Minimum Layer Thickness

Classification Th|(cckr:11)ess
Surface Asphalt concrete 5
Asphalt treated(upper subbase) 5
Base
Asphalt concrete 10
course
Granular material 15
Lean concrete 15
Crushed stone 15
(Placed upper sand/aggregate)
Subbase Crushed stone 20
course | (Placed upper selected middle layer)
Random sand/Aggregate 20
Slag 20
Cement or treated soll 20
5.1.4. MAE ot Qo
A A oF & qofetd, 7]EA o2 'AASHTO

S=z2sts =28 - Mi9H M5z 27
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Table 13. Proposed Key Flexible Pavement Design

Parameters
Parameter Parameters Source
ESAL 8.2ton Korean Standards/AASHTO
Directional factor |Measured or 0.5| Measured or K.S./AASHTO
Lane factor 50~100 Korean Standards/AASHTO
Terminal SI 25 Korean Standards/AASHTO
Initial Sl 472 Korean Standards/AASHTO
ssv ssvczssﬁggm Korean Standards/AASHTO
Rf 1.0-5.0 Philippine Standards
e 0.028-0.150 |Southeast Asia: Philippines
0.038-0.157 |Southwest Asia: Sri Lanka
Minimum Surface | 5cm
layer Base |15cm Korean Standards
thickness | sypbase |20cm

5.2. A MUt pE ZFFH LY
EDCF= 2|13t obAJo} =8 47§ =7he] B2 ARl S
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A7} Abol g Abw B anA} ghe

5.2.1. ZHEC|Ot 48HZE JHE ALY
7hH M22 d7|YeHs M8
A QA2 - gz A Al ZARE U8
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Table 14. Comparison between Existing & Proposed

Parameters
Parameter Existing Proposed
ESAL 8.2ton 8.2ton
Directional factor 0.59 0.59
Lane factor 1.0(Single lane) 1.0(Single lane)
Rf 1.5 2.0
Terminal SI 2.5 2.5
Initial Sl 4.2 4.2
ssv SSV=3.8log10 SSV=3.8log10
CBR+1.3 CBR+1.3
Surface: 0.157 Surface: 0.12
Lc Base: 0.055 Base: 0.06

Subbase: 0.051 Subbase: 0.044

AN AL 4 EEREE]
e %6}04 AAKEE 28 SNREE 717} ol e} 2,

Table 15. Required SN When the Existing Method is Used

Year W8.2 log(W8.2) SN2 SN3
2027 | 1.277X106 6.089 1.994 3.254
2037 | 3.184%106 6.503 2.341 3.802

Table 16. Required SN When the Proposed Method is Used

Year W8.2 log(W8.2) SN2 SN3

2027 1.277X106 6.086 2.092 3.410

2037 3.184x106 6.500 2.454 3.976

Gz Ao Age EATI A4 Aguek o
AArE 2E AFA = oA A

Table 17. Pavement Design Results When the Existing
Method is Used

Needed| D .
Year| Layer | Lc SN |(cm) Design SN Remark
Surface|0.157| - | 7.0 | 7cmXx0.157=1.099
2 1.099+21cmXx0.055
0 Base |0.055[1.994|21.0 =5 054
2 2.254+20cm X 0.051
7 Subbase| 0.051]3.254|20.0 =3.074
Total | — |3.254(48.0 3.274 O.K
Overlay|0.157| - | 5.0 | 5cmXx0.157=0.785
B 0.785+7cmX0.157X | 85%
» Surface| 0.157 7.0 85%=1719 Reliabity
0 1.719+21cm X 0.055
3 Base |0.055]2.341|21.0 -5 874
7 2.874+20cm X 0.051
Subbase(0.051/3.802(20.0 —3.804
Total | - |3.802(53.0 3.894 O.K
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Table 18. Pavement Design Results When the Proposed ~ 5.2.3. AZ|2H7t FHELIOA-T}E|L 02t =2 ZAMAY
Method is Used -
ATt ARl ATt FHEUoR 9 gy of
Year| Layer | Lc Neseﬂed (c?n) Design SN Remark A9 At o] Fd 5,000mm7HA] o2& &
Suface| 012 | - [ 70| 7ecmx012=084 | AC AR AR A wierlse HekA Sehe A
o3 HEgle] 2|AdA40] AL 252 X 8alT A7
g Base | 0,06 |2.092|25.0 0'84+2_5203”21XO'06 Granar = =rorel Al 2.58 A&l 47
= TAGE 0.04494 0.15771A] AL3sto] ZAEAE
2 |suobase|0.044|3.410| 3a.0| 234¥34cmx0.044 o -
7 upoase|U. . . =3836 ranular ZH/\].;(é 6]_())3\]:]_
Total | - |3410{660| 3836>3410 | OK _ N
Overlay| 0.12| - | 5.0 5cmx0.12=06 Table 21. Comparlson between Existing & Proposed
suocel 012 | — | 70 | 0-6+7emx0.12x85% | 85% Thickness-3
2 ' ' =1.314 Reliabilty Layer Existing(cm) Proposed(cm)
O | Base | 0.06 |2454|250| 1314+25cmx0.06 Surface 5 5
3 ~2.81 Midd| 10 15
7 2.814+34cmx0.044 \adle
Subbase|0.044|3.976| 34.0 =4.310 Base o5 26
Total - [3.976|71.0 4310 > 3.976 0.K Subbase 275 34
Total 67.5 80
EAEA AR AT 7)E B RAN AaE AA
ZAEA7L 18em E7HEE Ao BARg 28 = 5.2.4, Oi7|AR HAZIE B2 LAY

A AT v 2.

Table 19. Comparison between Existing & Proposed

Thickness—1
Layer Existing(cm) Proposed(cm)
Surface 7 7
Base 21 25
Subbase 20 34
Total 48 66
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Table 20. Comparison between Existing & Proposed

Thickness—2
Layer Existing(cm) Proposed(cm)
Surface 5 5
Middle 5 5
Base 15 21
Subbase 20 29
Total 45 60

P e R[S AR E BN
el 1,500mm 016& ol WAl *POPZI
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Table 22. Comparison between Existing & Proposed

Thickness—4
Layer Existing(cm) Proposed(cm)
Surface 5 5
Base 20 22
Subbase 25 33
Total 50 60
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Table 23. Summary of Pavement Design Results

Project title . | Existing |Proposed
(Country) Layer | Material il el Result
GMS Surface AC 7 7
Northwest | Base |Granular 21 25
NR—48l Subbase | Granular| 20 34
(Cambodia) Total 48 66 +18cm
Surface AC
SEA GAME | Middle | AC
Access Base |Granular 15 21
Road
(Laos) Subbase | Granular| 20 29
Total 45 60 +15cm
Surface AC 5 5
Katunayake— Middle AC 10 15
Padeniya Base |Granular 25 26
(Sri Lanka) | g ppase |Granular| 275 | 34
Total 67.5 80 [+12.5cm
Surface AC 5 5
Malakand | Base | AC 20 22
Tunnel
(Pakistan) Subbase | Granular 25 33
Total 50 60 +10cm
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