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Statistical Evaluation of Validity of KS Asphalt Penetration Grade System
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Abstract

In this study, the Korean Industrial Standard (KS) penetration grade system was examined to evaluate its statistical validity. It
was found from this limited study that the system has no gap between each grade, the binder falling out of limit trespasses into
other binder grade. Therefore, many products can have similar property level with an adjacent grade even though the mean value
is within the specification limit. It was also found out that the equal range setup of each grade, such as 20 for 40-60, 60-80, 80-
100, has no statistical foundation. Since KS penetration grade is defined without gap between each grade, the producer must
maintain the coefficient of variation below the level by the ASTM system to satisfy the normal quality control limit of products.
Due to its lack of a gap between grades, higher percentage of products will be duplicated even if the mean is at the median of the
specification limits due to material's quality uncertainty. Especially if the mean moves toward the upper limit, a half or more of
the binder grade will be overlapped with the upper binder grade. Therefore, KS penetration specification should be immediately
modified by statistically valid methodologies.

keywords : penetration, mean, standard deviation, standard error of mean, POL, PTL, confidence interval,
operation characteristics curve
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E 1. Specification limits for binder viscosity and
penetration grades

Viscosity grade ASTM D338 ﬁgﬁ‘;ﬁs

Original binder Aged Residue* KSM2201#*  |ASTM D946
Designation| Range (p) | Designation | Range (p) (gzlmrf;) Designation (gfn;};)
AC25 | 250450 | AR-1,000 | 1000250 | 120150 200-300
AC-5 | 500100 | AR-2,000 | 2000+501) | 100-120 120-150
AC-10 |1000+200 | AR-4,000 |4000£1000| 80-100 |  AP3 85-100
AC-20 |2000+400| AR-8,000 |8000+20C0| 60-80 | APS 60-70
AC-40 | 4000800 { AR-16,000 160004000, 40-60 40-50

* Aged Residue after rolling th n film oven test,
** Listed only for paving asphal’ grades

E 2. Binder specifications and selected two grades in
each specification.

Specification|. . . |Typical two Gap between .
and property Designation| grades Range wo grades unit
ASTM | ACIO | 1000:200 | 400 200
Viscosity | AC20 | 20000400 | 800 P
OldKSpen.| APS | 6070 | 10
&ASTM | AP3 | 85100 | 15 15 0-lmm
KS APS | 08 | 20 0 ol
Penetration AP3 80-100 20 -mm
B0-80, N(70, £ 8)
80-70, N(65, 5.4}
80-100
N(80, ™.5)
7\
85-100, N(32.5.7.7)
AP3
40 5 80 70 80 P 100 110 120

Peretration (. inm)

12 1. Normal distributions of two binder grades
for KS and ASTM.
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Standard deviation (s) for QC level of

Penetration|
Binder | mean(x) 40 60
(0.1mm) — —
by spec. limit by ’x +-25%|by spec. limit|byx +25%
60-70 65 433 8.13 2.89 542
60-80 70 8.66 8.75 577 583

85-100 925 6.50 11.56 433 77

80-100 9 8.66 11.25 577 750
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,4.2) ACB0-100
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2 ) 4@ 0 60 70 58] Q0 10 110 120 10
Penetration (0.1mm}

22| 2. Sample ranges (S. R.) when means are at
spec. limits for each grade
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12| 3. Probability density functions of ASTM
60-70 and 85-10
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olth. 2, 60-70& 1 9] A 108 Yol

&-& (Probability out of Own Limit: POL)°] <
18%°]3 85-1002 3kgkd<l 85 ojstz je4 &
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Trespassing into next grade Limit: PTL)& A4
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1% 4. Probability density functions for KS 60-80
and 80-100

/

X 4. Probability out of limit and trespassing into
the adjacent limit

Probability POL PTL

Std. deviation \by spec. range| by ¥ +25% by spec. range| by x +25%

QCLevel | 46 | 66 | 46 | 66 | 46 | 60 | 40 | 60

ASTM 60-70 [0.1241]0.0416|0.2692 | 0.1780{0.00010.0001|0.00691 0.0001

ASTM 85-100|0.1241|0.0416|0.2582 |0.1653|0.0003| 0.0001 [0.0058}0.0018

KS60-80 [0.1241|0.0416|0.1265|0.0432|0.12410.0416(0.1265]0.0432

KS 80-100 10.1241)0.041610.1870}0.0912)0.1241|0.0416/0.1870 0'09L81

POL :probability of falling out of its own specification limits,
PTL:probability of trespassing into next specification limits.
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means are at own limits

olg} & KS wa¥slE vehde 7 & BAl
A& AP59] ¥stolt}, a7t el A &AW R
g 2 Q3 7|2 o}l~BEE AP3AM APSE A
Skl et ] AP57} HA AR ZR 724 =
I QA AP3 FEHY TEE szt webA
AAwy *1101 H?ﬂ HRRIT WA o] 1129 ¥
3tz 2 9fu|7} glofR Aol

60-809] x| Wsld) wet %A APS 718
707 AAY71EQ 802 92 FEE 18 694 AAL
544 (operation characteristics curve®)2.
B ad"dA "KS60-80 at 70" 42 KS
60-80 HiQlH ] Fto] FATAR] 60%E 80714
Wl o delol 60-80 AAE HY=st T0R}
& SES VeI Ho] 75U A 1 #E2 9
20%°19 Hito] o goA 1 FEFE T Yol
Hi 809X e 5%% A %=t "ASTM 60-70
at 70" 2L 60-70 wieltle] Fite] #2332
6058 70714 Wt o gloe] 60-70 ME A
Q&t 70 olstd FEolth. 28z "KS60-80 at



AL
gt B WA T

d S HoFr “ASTM60-70 at 85"
60-70 A2 A=} 85oletd gEE vehdtt
o] 28< 538 ASTM 60-70& 429 AZ 3
5o 50% ©]3lel Ao vl 3

0 ¥d& &89 95% oA
A

0=
AT F YT Helzrh 58 P4 2o

r}r Pﬂ [ o

(AP37 AP5HT} 7Hde] %), 713 WelA 7bs
Sthe AP5E T2l 44T

A FA = <t g},

10 8- &
\ S5 ASTME0-T0 at 85
09

ASTME0-70 at 70

ruf
N
olr
ox.
o
M
uf
rir
[‘.9‘.‘.
>,

b S g
o~
T

KS60-80 at

% 18 80

1%l 6. Operation characteristics (OC) curve of being
within the given limit due to mean change.

2

Probability within Limit
=1 o f=1 o [=]
w 13

KS60-80 atg0 4

o
N
!

o

g
=]

60 62 64 66 68 70 T2 T4
Mean of Pen

4. Hig st 52 EM%|

old FH vzt A HAS AN HE
+30¢ Ao oJ5hd 0.1% ©lsto
ol AP5(60-80)) Y it
o]‘"'—‘ U}Z:zﬂ— _1.1_11 ]. =
5.77°1tH& 3). ©]
100=8.2%°]t}. Z& AP3 (80-100)]
A5E Aeld 279 }—t— :La 39 5770|122
APBC 2E AFAUAE FA ok gt At o] 2
ZAFE AMEE 5.77/90x100=6.4%°191A
AP5£E} AEATE o WA Aol she BAV}

O{N
o2
=Y
S
o
[}
oy oA

.
po
.
= E'*i

HO

g

wAgtt WEASGE APSY 2 FEO R f4 &
ol EFAAE 0.082x90=7.47} A} 5F
Harh o]2A AAE 80-100 BYE /A 1E &

e 5 WEAI)A B3 D} o] & wEat
' 80-1009] M7t ol HiA 24 Hojofgint.

S 2 80-1000] MEASF 6.4%2 FATFE
BEstng 2e 7o WEAgd ddshe 60-
809 FZHUA= 70x0.064=4.48°]9, HM9&
4 48A3x6=15.52=1622 70+£8=62-78¢]t}.
Z, 80-100% 22 #Tos FARE & 4+ @
O e njolrie) A3 Mels AC2-780]t}.

Ak of2BES 3 WEA wEo] 4Ho
2 % vl 33| & 39 X +25%2 74]4%

FEo EFAATL dojAA 2 Aol &, £ 39
AP5—t— 5.83, AP3E 7.57} €014 lv} 2 kls
o€ 577 oW & Zoo} KS AT 7€ UE
& o glo}. ol& 4R &3 53] AP39] 7.58 5.77
2 Zo)7]& v o E Ao 11:} ueba olef &4
A& S0 A& EE Ao, o] Hel 18 A
o] ASTM A= SFolt}.

ASTM(#A KS)ellM & 60-70¢] 85-1002] A A
9l 852 AWd B35S 0.1% olstR Zolad Hd
T F9% 65% S W 3>/(65-85)| s =HH
EEHA()E 6.67013t]H HAUTY. o] HEAF
2 6.67/65x100 = 10.3%°]8, & 39 X +25%
Z A 542 2oE g4 AX W& 49
I S0l frel Aol

A A NFoRE EFHUAES 6.67 ol8tE
ik ZolH O FEE %b‘-ﬂ% g go l 7%4 %i%LUr



0000000000000 00000000CCO0000000000000000000000C0OCCO0QC000000NDLO000CO000000000NO0D0CT0O0

F49 A8 F7Hconfidence interval)el FAsIAN
AR ojot AT A 2L FEL ol FAF 2
Aol o HHow 7+ 238 FAHAY. 9
?‘igai.o_ih Ag*lx}oﬂﬂ] freja HolAw dAZE
g487] o ogA Helz g wet
F4 o] AatA ol AHeAtE EstA © Ao
th aejEE A S5 ASTM# Zo] Welst
A 253 AAste BHo- JA-Q AFE B3l
2§38 ok T Aot}

of
X
2
|o

2 BT THS

5.2 E
1. KS HYE 532 ok~BE A Fo| A4 54
of AUE WA B FL WA FFL T
A& A
A

TAteldl & Hﬂd {4 (gap
A2 3

Ov
—_— mlo
)
2
=

Agro g A2 512
xota . 1—‘5.—31 A% AP59| &83AE 60-
8022 10 el €840l 73 A 2o} Holu}
e3lE AR AE WEATFE o WA B2
of st ol g, AHlAAE F4Y F58E
o] oAl LR/ E LT},

2. = TN 249 E AAE el AP5 AL
&0l 53] F7HEe ﬁtﬁ«l Btz A4

o2 29 39 AY= 430 108 ¥ F
gl W oltol 1 3 :«w} i

= 1= &

3.4 %‘EL«] mH‘/‘r 7}73" H}O]ﬂ % A

2} 4181 77 (confidence mterval )< s
g s]ofok AR KS 114 HE ZAL ofx
204 %‘Qo}ﬂl HeE st
Attt SaAtolell 7H4 0] glo1xl7] w4
o A& de 7-Fol viEZ Q7 eI
ut go}oq o]./\)lEﬂ,] ;(].tﬂ,H

L

D
2
)
X,

lfﬂﬂozr

;9,_0.
T

. o
o

2E= 47 Eite] UAslgle]l SHE3E of
AR F5S U T fon Sl AMAE

2 gz AARQ dole) FAsE wHol
Bastch ag3tel F5 B4 BS AT 4
A5 Bok AR 978 5o $AZE 7
WA Eol BHEHES F3S APstor & Aol

aAjAE e Aol

g‘
o
ra
:Li

A, o)t HEE, TolABE FARE
’E"ﬂ et FRHE N st E
=& A153 13, 1995. 1, pp. 119-129,
Zﬂé o], "PCol|A JW" o] g3t o}
NeFd 7ted 4. HSESES

#4535, 1993. 11.

, 43, YIS A E2ME

el AFE3A, A714997-094, =147

T4, 1997

. d, 29 SAIE, WBA 1995.

5. Grant, E. L. and Leavnworth, R. S., ‘Statistical
Quality Control,” 6th Ed., McGraw-Hill Book
Company, New York, 1988,

6. "Hot-mix asphalt user guide,”
Manual, Asphalt Institute, 1988.

7. Kalidindi, S. N., Variability in asphalt cement

Thesis in

o, ok o3 o
ﬂﬁ

v oo
-II:InE
r[>'m“

T

e
w

Do
o TH (> dy Jo Hd de

L HI g o

o
ox
i
—‘5

fole A {m —[o
. Hd
— o,
12,

Q
=4

wy T
(e |
} >

A
JZ
ox
ot

Teacher s

properties based on source and time,”
partial fulfillment of the requirement for MS,
Graduate School, Clemson University, SC, 1986.

8. Kim, K. W., Burati, J. L.. and Amirkhanian, S.
N., "Required Number of Specimens for Moisture
Susceptibility Testing,” Transportation Research
Record 1228, TRB, Washington, DC, 1989.

9. o838t UFS, BFUA 2] THFA AFY
A% plA e 8 tistESE s =28 A 12 9,
A 43, 1992. 12.

#H = :2006.10. 27
A Ab 2006, 11.17
Az 1 2006.12. 5
................................................................................................ 133



