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Estimation of Cumulative Axle-Load Spectrum for
Axle-Load Distribution Standard by Vehicle Type

oF X g o w AT Y ow =
An, Ji Hwan Ohm, Byung Sik Kim, Yeon Bok

Abstract

The primary objective of this study is to characterize traffic axle loadings that consider Korea specific traffic conditions
for developing mechanistic-based pavement design method as a part of Korea Pavement Research Program(KPRP).
Although the concept of equivalent single axle load(ESAL) has been generally used since the 1960s for the pavement
design, the mechanistic-based pavement design procedure requires more accurate axle loading data on the specific
pavement. In this study, axle loading data were collected according to vehicle type and highway functional classification.
Axle-load spectrum was then standardized by cumulative density function(cdf), because the axle load spectrum could vary
from the observed site, truck traffic volume, and truck type. Finally, this study presented the procedure and S-shaped
exponential models for characterizing axle load spectra according to vehicle type and highway functional classification.

Keywords : axle load spectrum, traffic load, S-ourve

2 A7 @ £93Q 9RY T3 AN NS THYS AU a7 9Boz

F 9SS Y] A ANsdc

%a—mzu} oI 9ste] WY FA A WEY AR
o

4% A2718 ol %s}oq 7% A% U £35S 2T
2749 39% ARE 47 2RE 209 nebd 5953 29EdoE BEYNGoN, 1 Yo FAYEISA S
AR UL ol g3l 24 228 A% 2 AN

+ Holel BR7N|S0ITH 2P 0TSl - THMA
o ZoH - BR2WIATH ER0PY G578 - ZNA
rer MIE - BT ERUPE 6T - SN



““Jr ey
Spectra) & ©}-&-38h= HH{ol 9l

71 S AREE I SlE AA

Factor) & ©] &3] %3 Axle Load
SHTO A&
&8t mEatss st
2 e} FrVdEslgol & et & )R] 9} 7o)
utet AolstAl AldtE = 2% shE (mixed traffic
load)& 2A9 AH&3t7] st @9 wEatE
(uniform tlafﬁc load) oz HHE e el &Ax)
AHEE 1 »l

SIAESASATE 08

o A ATE v A3 249 F4A 9 A
&ot7] o] A B ARE 44 5 Q)
w ol th(Kim 1998, Timm 1998).
o] St Ee AT dAlHE A 9
o X ol AR TN E g AEE =9 B
}ﬂaﬂﬂ‘ﬂ %0"4 43°ﬂh °—3;§—4. 73@

@
[

=.

[oR
jd

I}
)
=y
)
=

2 A olele Fa2e BARE )
Hep] gato] AnTEAIN F3hE 2AE A4
sl A58 333 ~9EY FAAAT. BAe 2

0ot wjo odu Rl
)
S
e
_O|L
ofy
(u
N
=2,
£ fr
o
BN Rt =
i
o
L
fo

R
=
b 8

oo o [o U o

O
-

o
[

e
%0,
T
fdr &

==
>
pll
i
9,
oo
ol
o
2
1
o
-
o
¢ ﬂtl_,
o
— T
R
ol
S

yo M1 Lm o
fr o o H1oox
4 b
L T

ﬁ o,
e
VR 45
gy
x
_O,
olo
40,
oE 4r &

=
=
S-Curve 54 & Sigmoidal CurveE A}

tHJerry, 2000).

oo ki a2 Hr a® o

{

4t

i

[o}

N max

NO et {

w W max

= 1, L8kl S-Curve 34
S-Curved] 54-& th53 2o}
- 0(%3= 100)1M Al&slod 7} &=

HE Pt



b=E AEER AA

o3

S

a1 sy Ao | o W Ho | o o o
1 o I GG AN = < o S
) p T B wo | T TS TIET mw _ ; * e
Tw| T4 | | owd |BREN 22T i R
Il B P wp S e 2 s B e | g e 2w T
® & QD4 g BT BL| 2T T w = =
> ] wp | o ab o o o
MM.M Q.MM T E (SN IeS i 3% S la S| W E_er E_Mw._ Wl &g
RIMEl B Tl g o e g e de & A I}
p ° o Ko | Ao T o | S M KM | 4o — Ho o Ko
BE B |k Ko - BB | Ko go oo | fogp| S| 3 X N
=0 I e =, H%HAW HM#%; iy | fy | il
Yol % |88 me¥ vl |v vl |wd =¥ R IERS
T e
_ B (0 N |jam nn| [sm NN |(® W(|[sm NN | (@ A9 A0 N i
~ ]
._U.rw 11 b 0|y r | (® Y |in Eonn onlox H
N N N N N W N N LR - N -
[aN] (e (o] (o] [aN] [N N o o L0 o Ne]
= - - — i R — —
M__M w M \M \qu|~n| % WW w Mo % Mo M
- Mo & Wz e 2 o wy o ) | Mo | | Mo S =
i o Klo = i fiid [ o w0 i
o = = 4 Yo | Ao = =
- 5 S e R o
5 I & = = H 4ok ow
: B o T o 5 o RN
—_ lrl - T
) T TEE T w o~ E S 0
e W o 2w A 2l 7
_#/ % ~ oy o T i o 9% Y ©
i o ~ O : ) >3
oS X olp =3 = o AR =
Sy HF SEOE FET g PEmE 3
Fa oo ET 8" Ty god 0w = IR I
Mo o | 5 — ol X - L 2 < e o il v =
2 Al T S 6T A Kl ot
Top T, Sz ™ 8 W ool W
oW T = ! oo Kjo Mo b B
o oy o o W ok > o @ 10 Ko W N Ry o
T T T W = =3 W K gmwdx A
& A T = oy 2 M D EER )
V2 ToE x o g K B WO 2
i B — N A 2 ol o WMo mh
~ T el %o N - R mp b
o o ° W o = e M =T

, 2004).

-
o
E!
ol

=

A

7 AA K

Mo
X
H

E

293} A gRgez v
= 99 7171 sl

\=]
=
3t 24

=
Rinis

<0
.A
ar

3.2 ZAHK|

Hlareh Al vl &l wh

e 2AAA A3718s 24

F 7R R YRl

31

ol



LEF) AL A4S B4, 2 90 A9E e
2 4xsgon), A ved 3, e4-0F &
52 gk 2ER0] BE A EANdoR 4
B3

o T 2AL 0 $3A71E AGDE AFAY
(B4 EE Ao AFedt 42 5o, 33/
F% 5P 4ol BAClT, AU 25% 54
o] EAY o o] AL BN 2 AT PAolT}

7 Double Unit 24 (9~11F) 22 AlEslste] F
A% EA4S sotstaat ik
a8 2 AR S AAde 332 YE
ot.

.

]

=]
w
=
=

A2 & 29 2& ZARIHo] AR AL,

LR E R ENREEREC )

sagi 2915 249 B 3% e A0ACE 7Y
A, FAE 548 28 BRolt TEIT 5 URE dAehs A Y nEEs R
AA nEFA FAE FAAETE 2 wXe @ F de 93 Al didAES Adstke B
FFgol Athe AL T ¢ & o, E2AA o] vk ¥F Alddlel ZAMNY A A
Al FAbEk] g G o] mesojof gtk wd  HEstie AL ATAAE FEAI)7] wEel 4
3kt Aoz ZAe| oz go] Brh EF dF ZAM
FA% 54E Aot 1oz Y AFE T JmER) FFAQ FEE o= HE dEshe
AUE ol Bym, FaAFG~118)3 24F A A7 Aot oldd A 2 A 9
(1~4%)9 7442 A8t 153 ol 39| Agole 24 TAd ZARE AlAste 2% 7
a8)3 FAES Al Single Unit 2HF(5~8%F)  AI7EA] AAlska Slok. B ofke] stEmE ol
EAHDIYS 0|88 HoI5 TMNE U
NS o S\:f(siﬁa% ) El xéﬁggz Moz
e — I & REHPE-11Y)HE OB it
208 m AADT 73
( agazon| | oz e ‘ Cang van i i EREErTT I
a2z oe g JE %) (%)
— ETESE
IEMH&M]EDIM‘;:D "
2 > [2600t-7500m | 1 25-10%) 1:>
Ix;gxl|:\u§;[|:>1J‘:liiﬁ]ci>X7 Eb
1(20,000¢H 01 8H) — B & A
o L ok e
ayz > 220,001-35,000u) | _’
Lo ) [ ool | sy S
O8] 2. 5315 ZAMKE MY FA
B BIRE 255 =2%




FE D OAA )
AA|RIR O CHEH K|O4 3l IERE 12T

Az
IF ;lﬂ"ﬁ T AAD
LU TEIE amg | AT R
2 h=d AI E:J\] W X]ﬁ =S
BERER 1 | 2
2 T4 A8} 3 3
2 EA AdF A, A% 2 2
2 x] Ho" E/\l 3 5
2 1
Z]HQ]- E/\] 2] Hc}_y EA] 2
2 Z] Hc!- _‘;:_/\] 2 3
2 | A% | A S
2 1
A} A |2 2 ; 42
2 |H} e 37
4 | =N = 3 9
4 1
TA| A |BALEA 2 16
4 TA A 32
4 EA 2| ut 3 13
4 1
; TA A=A A 2 50
A A%
4 3
2 w4 A% 54 .
4 A =)k
4 A u} 2 R uk A 1
2
g 2azo
N ;j;i‘/] Val 57]' 2 '5‘1' Z2 —?—7]—1/\]_7
o e 71Fo g 12A)7F Eot % '
et olo] et 2 R
% o4 o = O:‘:[Loﬂl\il“: }‘/\}7]{}:‘9_
AN s ZA A Y 24X -
2 s} 9% 24413

0]
() GFE 2371 559 o
37—5‘7 O =
i Feahe Aaye
:olz}; A2 1A oS FriAg]
el ’ =, Tr __‘0
o} 2% 34w vhek 2o] 1 5

o
He
PL)

i 2

2
S
> o
e ot
oly o
L
o St
B
o 4
g =
o N
oy 2
o o
of¥, ‘E‘
o3
=
i
e

U e
1o,
s,
=
A
b
KY)
2
s
dpr
>
o
[P
o

ro

I8

o

i

=)

O

mg, e
x

o

BN
T
i
ok

to] 28l AP HEE

O, o

=)
R S
2

b
b jﬁi

h
N

2
o v Q@ hu X

ol ot
e
Sk S
ey
(> ol
moN oftt
Fol rlo
ﬂa_ﬂy,
e 2
5 3@
3=
> 0
aF fr
Ko
g2
B
m\l ;‘j}; rﬂ H’l
RS S
o

©
ofo
P,L'
L
ol
o
o
_0|L
olN
N jaic)
>
il
b2
>

EH - ""“%‘ ]*a‘
%k,

’iglmmimumm ., ‘k‘% i

1 I itk




\ Y

// 0000000000000 000C0000C000000000COV00C00000V000000000000000VCI0V0TTOCVATO0COC0O0C0OD

LJL;

2l ’“74] X]’" A A B AR F3tE 2AF AT
AHE oH|ZALZ A s3, o] ZAMA Y B
g EFExo| g ¥MEA T (Coefficient of
Variation) & EHE dtdd A% ZAR A9 215
W §EI7)E AFsigct

AA ZAR AT A8 BAA L v 2

2 2
22
E

A71M, n HL ZARHE
Z ¢ 28 AE e ] tig FFHA AS
D oI ZALEA PofRlE AT Z2AANYY

Aol 2R E g HEA S
E: 2845 E=01#%

22 AW EBE 2|8 24 A8 DAL

h 84

E 3lHE 249 2 438 2548 2
7] A8 USSR 2Aee AR
AR5 LRl E AFIAE NFE 90%

Ex 2 3l A4 HLazA ¢S 12702 i)

mlm oo

3. XEY AUHEAT (88 ZAIRE) U XEY HAFE

an S EL LA
Azns 24 A A =(%)(E=0.15)
FLAF ] 95 | 90 | 8
13(682/4902) 458 0.262| 11.72| 826| 6.33
2% (39w2) | 212| 0202| 6.97| 491| 3.76
3% (gu2) | 219| 0.227| 8.80| 6.20| 4.75
4% (A9EZ A) | 297| 0.378| 24.40| 17.18| 13.17
5% (33EZ B)| 678| 0.442| 33.36| 23.50| 18.00
6% (39EZ C)| 1,344 0.450| 34.57| 24.35| 18.66
7% (F¥EY D) 775| 0.276| 13.01| 9.16| 7.02
8% (33E4 E)| 38| 0.367| 23.00] 16.20] 1241
9% (Y4 F) | 349| 0.255( 11.10| 7.82| 5.99
10% (HEEH G) 9| 0.110| 2.07| 146| 112
11% (W¥E="} H)| 131] 0.256| 11.19| 7.88| 6.04
& A 4,450 | 0.349180.19 (126.91 | 97.25

Mg Qo] BAR A Sl E 4199
AL Aoz ZAE AN e, a8 F= ¥
AL Ao}t BEHF TAQEAN AFE BEH]
&< vehd Zeltt
AN A5 &
A 4,55 A Eo] Wik ‘11 8%, 105 A=)
&0 g7 vehit o= ¥
% &a Base] YPES
R ZA A€ W 4% %

Z2 Q3 n%F FAAE 29 £¥H &S A
70
A\ - SATZ(TAD
\ —a A ERR(ZAD
60 N — SAREEW [
W\ —e—A=RERY)
50 W
—_ \\\
S AN
PR N
o e N
B \,

w
>
/

L
ya
7

o >
K
|
#
1
|\‘
'y
4
/,’
It
¥,
h
W
[}
LY
W
g
)




0CO0OC000000000000O000000000000000000000000000000000000000000000000000000000000000C

2ot z23m 9% A 112 %] 7
Zo] 7] glglem 8% Atgka} 10% 2o

_CI’_.
HIEHS =F/FE o]F2 JU

4. 55 S515 ABER £3 U H|m

A ARG BAF AN ARAAE o84
A A 2R QAR-EA], 22 2-AY, 4325
A, ARR-A O W 2 3k 2~dEY 3

2 AE = 95% 2 Akt

100

80

B

60

R
s
40

#2A2_T Al(P=4.980,3-6.096) [
B2A2 X W(P=6.622,4-3.633)
4 4R2 _& A(P=5.022,6.319) 5
0 472 R #(P=6.394,3=8.590)

0

2

14 18

3% 6. 63X Single & 7%

E 4. 2020l £ ZRY 515 280l W FA HHEXIE LELET| sl AFSE S-Curved| pot B2t
A57 z%% il e

p p 42| R g P AEF | R
4z Single 3.133 | 0.7435 | 162 | 09934 | 3999 | 0.7166 | 564 | 0.9987
Dual-Single 2482 1 0.7515| 162 |0.9850 | 3.253 | 0.7075 | 564 | 0.9901
5z Single 3.453 | 2.755 85 0.9926 | 3.927 | 2.839 214 | 0.9919
Dual-Single 2.241 | 3.483 85 0.9780 | 2.256 | 3.507 214 | 0.9695
6= Single 6.096 | 4.960 50 0.9982 | 3.633 | 6.622 110 | 0.9548
Tandem 2.585 | 10.720 50 0.9650 | 7.736 | 17.100 | 110 | 0.9247
= Single 6.833 | 5410 28 0.9941 | 6.314 | 5.322 58 0.9966
Tandem 3.116 | 12,51 28 0.9836 | 3.263 | 11.760 58 0.9594
Single 2.845 | 6.620 50 0.9397 | 5.125 | 7.842 311 | 0.9417
8-1% Single 2.864 | 7.481 50 09032 | 6.224 | 8114 311 | 0.9589
Tandem 1.831 | 12,530 50 0.8293 | 9.016 | 17.080 | 311 | 0.9647
Single 7.598 | 5.581 90 0.9984 | 12.830 | 8.273 6 0.9902
g9 Single 5569 | 5.588 90 0.9975 | 11.490 | 9.293 6 0.9869
Single 5967 | 7.107 90 0.9903 | 10.17 | 9.393 6 0.9508
Tandem 12.180 | 17.370 90 0.9897 | 10.940 | 20.250 6 0.9940

Single - - 0 - - - 0 -

9% Single - - 0 - - - 0 -

Tandem - - 0 - - - 0 -
Single 23.600 | 5.674 8 0.9997 | 13.500 | 5.251 195 | 0.9993
10% Tandem 15.670 | 19.190 8 0.9888 1 16.030 | 15670 | 195 | 0.9860
Tandem - - 8 - 13.780 | 15,750 | 195 | 0.9842

Single - - 0 - - - 1 -

11% Tandem - - 0 - - - 1 -

Tridem - - 0 - 132.8 | 6.151 1 1.0




5 AXR20IM £ ZSFY 515 280 WE T HMEIXIE HERHT] fioh ALREl S-Curve?| p2t B3t

A28 %35 Pz e
p P AEF | R B p AEF | R
4z Single 2716 | 0.7747 | 282 |0.9929 | 3.613 | 0.7318 88 0.9995
Dual-Single 1.965 | 0.7518 | 282 | 0.9886 | 2.298 | 0.7424 88 0.9963
5z Single 3.635 | 2.803 268 | 09966 | 3.429 | 2.957 140 | 0.9929
Dual-Single 2.458 | 3.663 268 | 0.9886 | 2.536 | 3.989 140 | 0.9767
6 Single 6.319 | 5.022 107 | 0.9951 | 8.590 | 6.394 57 0.9933
Tandem 2.490 | 10.690 | 107 |0.9395 | 11.460 | 16.480 57 0.9927
= Single 5.669 | 4.976 112 109984 | 6.684 | 6.457 279 1 0.9925
Tandem 3.368 | 9.528 112 1 0.9911 | 5777 | 14.77 279 | 0.9590
Single 3467 | 5725 93 0.9839 | 4.747 | 6.048 168 0.9844
8-1% Single 3.888 | 6.267 93 0.9895 | 5.144 | 6474 168 | 0.9843
Tandem 2.937 | 12.260 93 0.9393 | 6.904 | 16.160 | 168 | 0.9616
Single 5446 | 6.034 40 0.9944 | 8.556 | 5.867 255 | 0.9987
g0 Single 4677 | 6.226 40 0.9896 | 7.909 | 5.563 255 | 0.9984
Single 6.194 | 7.697 40 0.9790 | 7.115 | 7.566 255 | 0.9885
Tandem 7.740 | 17.260 40 0.9966 | 13430 | 17.340 | 255 | 0.9941
Single - - 9 - - - 1 -
9% Single - - 9 - - - 1 -
Tandem - - 9 - - - 1 -
Single 9.991 | 5.147 68 0.9996 | 12.35 | 5.245 312 | 0.9987
10% Tandem 3.239 | 11.72 68 0.9479 | 11.56 | 15.86 312 | 0.9874
Tandem 3.759 | 13.85 68 0.9481 | 10.800 | 16.180 | 312 | 0.9873
Single 8.279 | 4.671 6 0.993 | 10.880 | 4.883 48 0.9949
1% Tandem 1145 | 13.13 6 0.9958 | 12.44 | 14.31 48 0.9927
Tridem 6.850 | 20.98 6 0.9688 | 10.03 | 17.85 48 0.9965
33 62 652149 Single %l it ¥4 S5 vlusiof stevl FH4 2 AA o2 vluste W
soERe @ d2A oo AR pst fatel UG WE ol emE Slol ANE fatst p gke) A3
S-Curve® uraw et 2 Bate] A O Aol 2 vl maledrt
4S5 4 95 I PA SRR U AR o) 20 02 Aok p G AL §
Bhli7] 918 S-Curve?| pot f3ks YERIRITE 7] 7F, A G ol &3l /AT 5% = BAHEA

o4 9%, 10%, 112 Aue) dvae] B¢ 2AA  (ANOVA)E ol &3al , p & % ol shiehe 4
A7) AL A OIS oo BHE R S o) sl A2 B ) 233 Aol
otk 9% AR 112 A e 25 2 ok 2oz AU oo ©hE 4% 4, p o

HEAE B A EAF e AT dFolth Y felatge % 63} Ut
A AU U] 52 08 FYRL AL LA, SFAINL FAE 5ok A
He). 7 28 5 Cavert Aol A BEA 7 GE RO ehtent ol A5 dAAE




Q000000000 QOO000Q0000Q0CO000000000000000000000000000000000Q00000Q00000000O0OC0O0O0O0C0

07
06 T
05 A
A
Foo A
/AR
RERA :
[ &~ [/ N\ ZaN
I S U S et S A N
- N - N - N - & = N - N ® T - oNom
459578

B, p 3 AEL V1AAY B E T 71 4Ee AL
2 ey}

ol B AT Ui 4714 2A(2AE-TA], 2
A2-AW, A2 E-EA], 42 E-A )4 S-Curve
FR 240 N2 OE JoZ Ve AG Fio] A4
sitin waE)

5. 22 U g5

sk

Jok

B AL E 2613 ~dERS 245 9
FR2 & Atstglon, 4 E2EA 9 AFd| wet
LA gkie, fE AAEGTE AL &
FAASFRY7F HEE 0.9 o] =2 AF4E U
BRI}

2709 Aols By 3t B p gt A7
o] &3 EAEM(ANOVA)AA 5% A#+E )93
woiz] 2ol A2 AE Aolst Qe AR v
1237= 3

e A, AAZA olEl @ 34 AT o) F

o 2315 2AM] @F2AF 9E 3

229 QAR Qeo] Fab5 vlolElo] 27} o
201217 go} A A0 that AEL o) Fo)

o
#
ro
—
2
i)
2
X

AL Foks 2AM] B2

=
A AT B wE TRl AEE £

—_

£ dTe Auy puIAY R TEAN )
3 T4YF AL AT Y HABE ol 7

L AMR(1988), "TRER M NAM B U XS

A FokE ZAAT

2. A4 mE5(2004), 2003 E2uEE AL

. Jerry J. Hajek (2000), 'Estmating Cumulative

Traffic Loads, Final report for Phasel” FHWA-
RD-00-054

. Jong R. Kim(1998), "Axle Load Distribution

Characterization for Mechanistic Pavement
Design,” TRB, Transportation Research Record
1629.

. David Timm(1998), " Development of

Mechanistic-Empirical Pavement Design in
Minnesota,” TRB, Transportation Research
Record 1629.

. AASHTO Design Guide. (2002). "Design of new

and rehabilitated pavement stuctures-Appendix
AA, Traffic loadings.” NCHRP 1-37A, National
Cooperative Highway Research Program,
Transportation Research Board, Washington, D.C.

H = 2:20086.4.10
A A 2:2006.5. 10
AAltz e 1 2006. 8. 18

37



