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Vehicle Behavior Characteristics According to the Change of
Vehicle Speed and Road Vertical Grades
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Abstract When a vehicle is running on the road, the surface conditions and environment of road by reason of
insufficient road design standards is so greatly that have an effect on drivers. In particular, the road design of
the past is conducted empirical and ideal judgment, but recently, the new technical development is attempted
that three and four dimensional parameters is reconsidering and adjusting at the same time. In this study, we
analyzed the vehicle behavior characteristics according to the change of driving speed and vertical grades on
braking at the peak point of the frozen road by using a PC-crash program for traffic accident reconstruction. As
a result, we were conformed the fact that the friction coefficient of road surface and the vehicle speed is
affected by vehicle behavior characteristics for intersection vertical grades and were showed the feasibility of
verification through a simulation in order to solve the problem of road design in advance.
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Table 1. Friction coefficient and deceleration

Road conditions C(I):erggzi.g]t Max. deceleration
Dry 0.8 7.85
Wet 05 491
Very wet 04 392
Snow 0.3 294
Ice 0.1 0.98
29| ZTHZA| WE HXIAA
R 9] BolBE WRlaka Ho)aE Yol
A5AE A @ Wl AN AL 1 wRe B

s
WAl wet matell Bk %, A5AA AT} A
BATRRIAE ek, S BATRIAE F7k
A HEE ZOAAL T AE TS A8 utEals A

o = U=

ANAE BREFo ok g},
2
D=0.694V+—254(fi5/100) @)

4714 D= AAANm), Vi FAEE (), £ B
ololst el G MnTHIAS, S FAAA

(%)o]tt.

off e FXIAA
Aol AR 2§ Elolof
Y, AASERY o A= A
oA v, S v anepEA o]
HA ok aejez 9 vjadepds
0.15 2 o] AAANAE Arteieh. a2
14 SAEE 45, doez 3dsA Hol %

o=z
A Suow ool A8 4 YouE FA

Sz
o

! it rE
= 4
12 g
o zy M0 g
feokoR Jp e

o lg ft

2
9,

of o
>,
>,

odk
o

D=0.694V+

A7 f v =55 Eolo], Al 58 AT we] vk
AlGo] .

Kika 63 sttt ol
sto} watzo| =2 uj7hA] Zciad A1,

Aol HEn
aelm w2o] ol i dolEE #Ast] 27l
FARAE Bletag sl

1. XFEESE 10km/hO[M HISA| XFEHS E4

9 38 AT 10km/hol A AlEA] did Aol =
2o HuAA UelE o Azt w2 £ewstE U
R Aotk FUAHAL 3%t 6%l A= 42959} 7.3%
ghel| Okm/holl 717k 525 L}E}kﬂaﬂi THAEAF10%
A E 145274 TLEEE FA8IH}F 1L o)F 34
3] 7hske] 188%0l Okmvholl o] 2T 8, FE7dAL
15%0 A= 855kl 231 AUkmy/h7HA] S718Hch7) 157
Zol Okm/h o =23kt o] 21 Fa F2 2ol #

_l

el v S 2 @4:—5& Herbl e
o} 4= glglom EUAA} ARGE ko] BAEHo)
DETE o= Aoz BolyQ ;}

- 167 -



Vehicle Behavior Characteristics According to the Change of Vehicle Speed and Road Vertical Grades

4
| —— Vertical grade 3%
35 ==u=__Vertical. grade. 6%.
----- ertical grade 10%
=== Vertical grade 15%
3
<
£ 5 .
= 7/
3 i
g ) y \
o
2 s \
S 15 /
i \
i \
10K: \\ \
\- \
& \
s\ Nty
NS
™, N,

0 5 10 15 20 25 30 35 40
Driving time [s]

O3 3. Azt w2 £5 He}
Fig. 3. The change of velocity according to time

a9 4% didabEge] E2o] HargelA wAtE7A]
4mE FAHS o] AzhAEE e Ao Fu7
A} 3% 2} 6900 A= Al 7ke] Wle] ule} o] F A= o
A3 Vb on WAL 10069 15%01 4= 1474%
o} 850% whol| wAZE Ftd s
AL S5 WA SR @ifﬂﬁ}% RAE g

3
% Qg

oA

it
fiu
1o,

N

120
— iVertical grade 3%
== Vertical grade 6%
F767) MBS NSRS SASSUSNRINS SUORUNS SO S B rtical-grade-109

l — iVertical grade 15% |

Driving distance [m]
(o2}

0 5 10 15 20 25 30 35 40
Driving time [s]

O3 4, LE742| ol W2 AlZH Het
Fig. 4. The change of time according to driving
certain distance

% 5 E29] olel AzhAstE Uehi Ao
1.23m ¢} 247m & L}E}lﬁ
o

i

FHAAL 3%} 6%l M=

W, FHAAL 10269} 15%14 EZ9] #3173 1=zt
7y 411m ¢t 6.15mo|t}. o= B FHAAL 3%} 6%
ol ARl wheh sk QAN e FEA
10%9} 15%°] 4-5-olli= Z=22] Eol7k =LA YehiiA wl
2 AR 92 5S4 Bde & 5 it

— Vertical grade 3%
e Mertical-grade 6%
6 g
| N S A S S A Bt ‘ertical grade 10%
5| \\ -—- Vertical grade 15%
\
\
\
— 4 \
£ ~ \
= ..
= N
5° \
@ .
T, \\‘-
A
\
\
1 T
\ N\,
\ s,
0ol \
-1
0 5 10 15 20 25 30 35 40

Driving time [s]
O 5. AjZhol| E &= 3
Fig. 5. The change of velocity according to time

2. XEEE 20km/hoflM HISA| XEZHS £
9 68 AFEE 0kmv/hol A AEA] i Abeke] =
2o HauzlelM el ) Azt wE SEske
B Aotk SEAAE 3%t 620 A= 83459} 14.39%
o)) Okm/holl 717he & 55 UERon EUAL 10%
AME TURM FASES FASIL 1 o F 7
&) 7t2:3k0] 1329200 Oknvhell o235tk g9,
AL 15%01 M= 5823 whell 231 30.07kmvh7HA] S71st
SATH7F 1458%0] Okm/hell =gtk o212 2p& H]
Alske] Aol wdelo] A WA Tt HAk 2ol

(s it
O o) 2~
KeIue) I 9})]\04}\}\];}_

40,
—— Vertical grade 3%
35 e _\ertical grade 69
--=+= Vertical drade 10%
=== Vertical drade 15%
. 30| N
E T\
S 25f -l N
s [/ \
@ , \
A\
2 20k N
0 N3 L\
o © LN,
2 15| < MR
$ \ - S\
10| v
N AW
SN
5 3
"\1. \
0 i

0 5 10 15 20 25 30 35
Driving time [s]

J2 6. AlZHf| mE &= HS}
Fig. 6. The change of velocity according to time

T8 7 gdatge]l R A o)A WAE A
AmE TIPS "] AzhAstE Yepd slo 2 97
AL 3%} 6%l M= 2710 Al7ke] W3l ule) o] 5 Az
= HlHEt F7FetSl oL, ARl BEFE o]EAYE
ZolE o, T 10%9} 15%0) M= 7.38%2F 5,83

- 168 -



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 14, No. 4, pp.165—172, Aug. 31, 2014. pISSN 2289—-0238, elSSN 2289-0246

Z ol WAZE FAAAT. oA e Age] S}
4ejo] Aol Wel, FRAA F4E Az B
2ro] adTE AL & 4 9t
120
— Vertical grade 3%
~=- Vertical grade 6%
100| tical grade 109
l — Vertical grade 15%|
E 80
8
g
2 60
©
o
£
Z 40
[a]
‘s
20 73
0
0 5 10 15 20 25 30 35

Driving time [s]

a3 7. YE7E| Mol W2 AlZH Hat
Fig. 7. The change of time according to driving
certain distance

7
—— Vertical grade 3%
ok tical grade 6
LU A R S S S Qe ertical grade 10%
i \\ === Vertical grade 15%
5
\
\
1 \
— SN \
£ ~e N
= .
5 3 <
[} \
S AN
=
LN
" \
T S
\\ N
o . >
-1
0 5 10 15 20 25 30 35 40

Driving time [s]

a3 8. Azt mE =0 Hat
Fig. 8. The change of height according to time

3. XIHEE 30km/hollM HISA| XEEAHS £
S5z S0knvholl A AlEA] B Akl =

18 9% Ak
29| Hugold W uf Azt 1 £EHEE
ERA Aotk FAL 3%9F 6% A= 1084322 12,15
o

Z Wbl Okvhel] =gl om, FTAAL 10%01 41+ 4.83
27 BUSEE FASNIE 1 ol F T Las]

13620l Oknvhell o]E2gith 4, FHAAL 16%0l 4=

432z el #HaL 3747km/h7HA] Z7FsH T 15.09%
ol Okmvholl ST, o] 718 FRHAE A Q5% A
KX

AEEE gushl adths 2S Selskgich

pd

of

—— Vertica grade 3%
=== Vertical grade 6%

----- Vertical grade 10%
=== Vertical grade 15%

Vehicle speed [km/h]

15 20 25 30
Driving time [s]

a7l 9. Alzhol M2 &= Hat
Fig. 9. The change of velocity according to time

I7 102 udAtEre] ER o] oA w2 71A]
AmE FANUE v ARMsE Uehd Aoz, F9A
Al 3%8} 626014 6.85%9F 56727F AR on, FHA
AL 10968} 15%l1 41 492391 436% Rt WA2E &
ettt webA Ap&Stel mlEete] FEEAE S

= wAR BTl UEEE & 5 vk

— Vertical grade 3%
------- Vertical grade 6%
100 tical grade 10%
—— Vertical grade 15% |
E g9
o
o
c
bt
2 60|
©
o
£
Z 40
o
20
0
0 5 10 15 20 25 30
Driving time [s]
a3 10. L2 FHo| WE Azt HEt

Fig. 10. The change of time according to driving
certain distance

- 169 -



Vehicle Behavior Characteristics According to the Change of Vehicle Speed and Road Vertical Grades

7 z28} 3977 A#lon, T 10%9F 15%4+=
—— Verticaj grade 3% _ - —
e ericd grasziof‘/i 369z¢} 343% Wl wARE BT o] E29
A\ o veeuen)l SRR} A, Ao BESE AR Euhol
£ Bt A% o 5 Ak
E )
£ 3b A
2 W
T AN 140
V\ —_— Ven?cs\grade3% |
INON 120 Ve ade 1%
“ —— Verticdl grade 15%|
0 S —100
E
) 5 10 15 20 25 30 8 80
Driving time [s] %
- > 60
a8 11, AjZtoll mME =0| H3t 5
Fig. 11. The change of height according to time S 49
_ 20
4, REEET 4A0km/hOM MISA| XEHS EM
[0
a9 12= HFEE Akm/hol A AEA] Ol ko) 0 5 10 15 20 25 30

Driving time [s]

O 13, Ly ™ol ME AlZt H3}
Fig. 13. The change of time according to driving

=20 HauHoA e of Ajzte] mE SrEwsts
veRd Aolth FEAEAL 3%9F 6%elAE 128439

1391% bl Okm/holl Eehglon, ETAAH0%0l A= certain distance
361%7H A& EE fFAS7 2L ol H48] A
’ ) I8 4 =29 Eol9) AhHEE W Ao
sfof 12652 Ol olzleh o, Fega g 1 M RS OISt AT A A
- - _ THAL At ME =29 Fole I¥ 49 2o
ST 3302 Wl A S Sl oo o e i ) | o e
z}4=o] mELSE 2T Task= A7 ~ 6.
968_%01] Okm/hoﬂ L:_\;E}o]_oﬂq_ 734,]_X4 o7 ;(]__,_o] _0_7} 7(]'—1 ] ]—ET'ﬂ Lu. I_Oﬂ EO}’ ] 6.11 6.38
o Zo]=0
fHol e} FUAAT AASE ko) o) phm o eol=dH
g A= As & A%en, of w FEAAL 15%0]
}\1"5 115In/52‘/] 7}%—?—? L}_]E}LH g—}\q— ! — Vertical grade 3%
o i,
i \ === Vertical grade 15%
50 S S, i \\
- . — Vertical grade 3% — 4k \‘
45 75 S e e srtical Grade 6% e B
- N S S S | U, Vertical grade 10% = 3\
ARG RN SIITVERGAl Grade 15% ) 3 1 Y
£ \ N I
£ N 3
N\ N
TN I
8 15 Y 5 10 15 20 25 30
1 \ i\\ Driving time [s]
5 ™,

32 14, AZhol| mE =0| H3}
Fig. 14. The change of height according to time

0 S
0 5 10 15 20 25 30
Driving time [s]

O 12, AZholl 2 A5 #ig}

5. XA E 50km/hojlA HISA| X2IAHS EN

o | o

Fig. 12. The change of velocity according to time
g 9 Y 9 719 15 AYEE kol A ASA] Rl
T 138 AYEE Okl ABA o) =EE AN Wl W Akl e vl

w29 HuAdA WAEAA AmE 2R E S wo] A UrE]' Ao}, FHAAL 3%l A= Alke] W stol| uwle}
WSS e R0, FUAAL 300k 620l iz 425 O AIS FOIRAL e n), FRAAL 66 926

- 170 -



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 14, No. 4, pp.165—172, Aug. 31, 2014. pISSN 2289—-0238, elSSN 2289-0246

% Wl Okmvhel e, FEAA 10200 4 280
M FAEEE AP 1 ol F T4 Rl

2729 Okvhel o 25101 SV} 15%4) = 278
Z el A3 5480kmvh7HA 7V E 7.49%0
Oknvhell =R, o] 2443} 2] FRANE AL

58 A% ARE AL & 5

IS —— Vertical grade 3%
------- Vertical grade 6%

tical-grade-10%
g

-—- Vertical grade 15%

Vehicle speed [km/h]
w
o

0 5 10 15
Driving time [s]

a3 15, AlzHf e &= Hst
Fig. 15. The change of velocity according to time

9 168 thAge] B2 Aol WAz
mE FPHAE wle) ANEE e 40w, S0
Al 3%} 6% 4= 32129 3087t ARl om, T
A 10969} 15%l1 4= 2.95%9F 281 % "hell wAtZE
segek 1 A%z, A&l V5T wRo| Fu
A 2706 e wAR B Aol 17 139
o @A3) Fase

il

(e}
Ol o, ol

Gl

140y

— Vertical grade 3%
-------- Vertical grade 6%
----- Vertical grade 10%
—— Vertical grade 15%

®
=]

o2}
=]

Driving distance [m]

N
o
T

N
o

0 5 10 15
Driving time [s]
a3 16. L¥72| 8o e AlZt Het
Fig. 16. The change of time according to driving
certain distance

— Vertical grade 3%
6 ertical grade 69
N - Vertical grade 10%
\ -—= Vertical grade 15%

Height [m]
w

0 5 10 15
Driving time [s]

a3 17, AlZhol| 2 =0 HEl
Fig. 17. The change of height according to time

V. Z2 2
3 QoA Yol ABA AL ES) Fe
AL Watol W ARATEA S FA3] skl AB
ol e B Aol Sweh Ak el mze) ol
wals 2o et g AR A

WA} 3%, 6%, 1029
17J94 s}l whe} ZH’:% ksl Eols
A 15%0 M= 2710l AFo] 54
a8k ch

(2) AFEHETE FHEFE FAEA 3%, 6%, 10%,
= AREE HlEske] 2

>
o rlr ol
~

AT
(@) AFEEI} F/HEFE 29 ol AR,
Az EdslE AR ZUAEAL 3% 6%,

1056, 1590 vlelstel rstalch
() EARARE FRYARE
98 A9 FaRd o2 =

3 2l PC-crashg ©]-&38}o]
29 AA 4 AlFol w2 EAHE AbHo] &

- 171 -



Vehicle Behavior Characteristics According to the Change of Vehicle Speed and Road Vertical Grades

References

[1] Ministry of Land, Infrastructure and Transport,
“Road Design Standards”, 2012.

[2] Gwan-Seop No, “Development Plan of Technology
Related Road Design and Safety”, Journal of
Korean Society of Load Engineers, Vol. 6, No 3, pp.
9-18, 2004.

[3] Jeong-Sun Park, Tae-Yeong Kim and Byeong-Ho
Park, “Analysis of Rear-end Accidents at 4-legged
Signalized intersections in Cheongju”, Proceedings
of the KOR-KST Conference, 247-256, May 2007.

[4] Yoon-Hyuk Choi, Seung-Jun Lee, Young-Seok Bae
and Han-Geom Ko, “A Case Study on the Traffic
Operational Guidance for Temporary Closure of
Climbhing Lane;Focusing on Nakdong JC at
Jungbunaeryuk Expressway’, Journal of Korean
Society of Load Engineers, Vol. 12, No 4, pp. 17-28,
2010.

[5] Byeong-Ho Park, Hui-Sik Kim, Min-Hui Im and
Sang-Hyeok Park, “Analysis of Traffic Accidents
at Unsignalized intersections in Cheong—ju”, Journal
of Korean Society of Transportation, Vol. 25, No 5,
pp. 67-77, 2007.

[6] Myeong-Han Lee and Dong-Nyong Kim, “Sight

Crest Vertical Curves Under
Consideration of Construction Errors”, Journal of
Korean Society of Transportation, Vol. 23, No 8, pp.
153-162, 2005.

[71 Tae-Byung Lee, Kyoung-Hee Lee, Suk-Hyun
Kwon and Sang-Bum kim, “A Analysis of the
Environmental Costs with Changing the Vertical
Alignment at Load Construction”, Proceedings of
the KICEM Conference, 421-423, November 2007.
http://dx.doi.org/10.7735/ksmte.2013.22.6.945

[8] Young-Gwan Kim, Jin-1l Park and Jong-Hwa Lee,
“Research on In—vehicle, Real time Measurement of
Road Grades”, Journal of the Korean Society of
Manufacturing Technology Engineers, Vol. 22, No
6, pp. 945-949, 2013.

[9] Sung-Hoon Yang, Hak-Yong Lee and Jun-Kyu
Yoon, “A Study on Turning Characteristics of

Distance at

Vehicle Based on Parameters of Curved Road”,
Journal of the Institute of Internet Broadcasting and
Communication, Vol. 13, No 2, pp. 25-32, 2013.
http://dx.doi.org/10.7236/JIIBC.2013.13.2.25

[10] Jong-Duck kim and Jun-Kyu Yoon, “Reliable
Study on the Collision Analysis of Traffic
Accidents Using PC-Crash Program”, Journal of
the Institute of Internet Broadcasting and
Communication, Vol. 12, No 5, pp. 115-122, 2012.
http://dx.doi.org/10.7236/JIWIT.2012.12.5.115

[11] Hee-Hong Chae and Jong-Han Lim, “Analysis for
Traffic

Simulation”, Journal of the Institute of Internet

Accidents against Car-Pedestrian on

Broadcasting and Communication, Vol. 12, No 3, pp.
115-121, 2012.
http://dx.doi.org/10.7236/JIWIT.2012.12.3.115

HXp A4

v g A339)

L200BY SRR AHE RIS A}

L0149 Aeeta 7| A A et
)

1924 ~ A AATY 2T

LR 1 AEA A

*e-mail : ogad(72@naver.com

¢ 1996 ~ A 7ERYE . 7 A
ot 1%

RO 1 A5 WEA, A
FAARALEA

*e-mail : jkyoon@gachon.ac kr

1995~ @A) 1 st 71 A3
3}

TR} AR, A5
B2} ITHEoF

*e-mail : kkjong@gachon.ac.kr

- 172 -



