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The Safety Evaluation of Expressway Geometries by
Cross-sectional Analysis Techniques

ABSTRACT

The representative design elements of the road geometric structure are longitudinal slope, horizontal curve radius, super elevation, and
transition curve. According to the function of a road, the design standards of these elements is applied by diverse combinations of them.
This study divided expressway into homogeneous segments based on longitudinal slope and horizontal curve radius. And then, data
required for analysis were matched to each segment, and the safety performance function was built by using the established data. crash
modification factors which can explain traffic accident exposure rate were calculated. When the threshold value of horizontal curve
radius R=1,000 m was set to 1.0, the crash modification factors at R=300 m was calculated as 1.33, which means that the accident
exposure rate is increased by 33%. When the threshold value of the longitudinal slope 0% was set to 1.0, the crash modification factors
demonstrated that the accident exposure rate decreases on the upward slope and the accident exposure rate increases on the downward
slope. The results of this study can be used as basic information in the design of expressway geometries during the improvement or the
construction of expressways.
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Table 1. Study Scopes

Division Scope

® Expressway accident data : 2001 ~2010
Temporal

® Expressway volume data : 2001 ~ 2010

. ® Gyeongbu, Yeongdong, Seohaean, Jungbunaeruk,
Spatial
Honam, Namhae

® Vertical grade

Geometry = Radius of curve
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[Expressway Traffic Safety Evaluation Methodology
Establishment

:

[ Literature Review ]

:

Expressway Traffic Data Investigation(2001~2010)

Accident Data || Volume(AADT) |[|Road Geometry

:

[ Traffic Integrated Data Matching ]

:

[ Safety Performance Function Development ]

:

[ Crash Modification Factor(CMF) Development ]

Fig. 1. Flow Chart

Table 2. Crash Modification Factor by Lane Width(HSM)

Undivided Rural | Divided Rural
Rural Two Lane . R
Treatment Roads Multi-Lane Multi-Lane
Roads Roads
Oft or less 1.50 1.38 1.25
10ft 1.30 1.23 1.15
11ft 1.05 1.04 1.03
12ft or more 1.00 1.00 1.00
Note) AADT of 2,000 or more
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Table 3. Crash Modification Factor by Shoulder Pavement Type

(HSM)
st}i]((;tl]lqk(i;r) Paved Gravel Composite Turf
1t 1.00 1.00 1.01 1.01
2ft 1.00 1.01 1.02 1.03
3ft 1.00 1.01 1.02 1.04
4ft 1.00 1.01 1.03 1.05
6ft 1.00 1.02 1.04 1.08
8ft 1.00 1.02 1.06 1.11
10ft 1.00 1.03 1.07 1.14

Note 1) Road type : Rural two-lane roads
2) Base Condition : Paved shoulder
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Table 4. Crash Modification Factor by Sideslopes (HSM)

Table 6. Crash Modification Factor by Vertical Grade (HSM)

. Accident Setting .
Treatment (Rizgmg N Jg?if;ce Type AMF Treatment| (Road J;?:Efe Ac(cslgsz:i"l"})lpe CMF IES;(ir
op (Severity) type) v
1V:7H or Flatter 1.00 Single-vehicle
vey | -off-
1V:6H Rural 1.05 Increase | o 1 run-off-road 1 0 1 02
IVSH | (Multi-Lane | Unspecified | 1 9P [ g9 vertical | o ified| 200
: ulti-Lane specifie (Unspecified)| " erade by two lane | Unspecifie (All severities)
1V:4H Highway) 1.12 o roads
—_— : 1% All types 102 | NA
1V:2H or Steeper 1.18 (All severities) ’

Table 5. Crash Modification Factor by Superelevation (HSM)

Table 7. Crash Reduction Factors on California State Highways
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Sample ARF (%, 1-ARF)
Treatment - —
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Table 8. Crash Modification Factor in Texas

Accident Modification Factor

AAFH(* — 00831 (DC)
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Horizontal Curve
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Table 9. Grouping of Vertical Grade and Radius of Curve

Vertical grade Radius of curve

1% Interval (+7%~-7%) 200m Interval (300m~3,500m)

3.2 Al APY WHE FHE
Ak 1 8)(Generalized linear model)&-
T4 RIS 7ok ik e R
(Link function)& #at] AEFrR FA4sH= H21&
kAo 2, U Aol disl A ARKAS
A5E A HH, g AReA] G AAs7t ukE o)
g9} A AekS HolA =), o)F ARE A d(Temporal
correlation)o|g} $ic} & S0, v Gnjt} AlAlES
TRl AYAL = WHelAA] G R = QIS
ARE RS ZEet o’k AR e SA

siAmYe] Fgge) Yopwo] 291 JUS

B

=

¢
J

)

FEQA} AR} T 24E, dep A AR
o] folai e WaTh felall AEEE BAL B

T nk ol FAIE AT o Sl o] ksl
(GEE: Generalized estimating equations)o|t, o] FEAN-Z

(Covariance structure)S &8l 3| RE-S A= Uvkst

AYRH(GLM)S] 8 Fefek 2 5 gk
wEpa] B o= AT Un 5 AADT, Annual average
daily traffic)7} 77k S = v
ther] R dsdre St} WA, A me
A = Ang dpo 2 FWAA} 1
e ST AP whE AR
Ag= SHAPE 0% oo s vy 25
Eq. 3)& &8st 7

AT

p=R

=

i

=
1,
o
i
3

S~ =
"=

Y=exp(a+p; X AADT— B, < RC or VG) ?3)

N

predicted ~

71M, . 81,62 -

AADT? o Length™ « exp(a)
EREES

“)

422  Journal of the Korean Society of Civil Engineers

Z&<4y(Dependent variable) 2= 558 ARAZ =7 5
bkl 2] AfLeis} wksln], SeoIndependent variable)
2 AARTE ARk wETHAADT)H 7107} A-8-Hrt.
Lo)8} 3)A2}e F-¢-=H(Maximum likelihood estimate)<-
7Rko 2 Z¥zke] AlgEo] FAEW, TAA frolds AES]
2J4l ttest 2 pseudo Mcfadden's R*gko] Bl - 22} 1a]a
PR EAFSTRre] AR T TR AlJg A
= ATk 7HY st 25 wsAlL dISE ARES
THAL] Wstel] wE AR AIG(CME)= Eq. (5)2F 2]
Hla 5o Zaikaripel] 71250 7[di i s vhe HIE
olc}. wfep EekiAle] FIRgs v IES vlTsie] s
ol vlal] of= A weARr} wAskal, HasheAlE Adl
o~

Chm RS
FAR ek ARSItk

E M)erdi,de:d, group A

CMF= )

E ]vpcrdiatcd«, base group

4. JIOAZ At

2= =
R

SArEe]
A slolct ko

Jom, g=de we

R e

glopH 7b &
s} Qo w

Eh 340m oo 2 Ak Al

AT THFPL 919

=

3

P

ol
]
2

o w8, 93ae
197) 7o) ok
=

4 1
%0, 'z
b

1

0

e
)

'O
3
Mg

(

LS T
AR ol w=
w21 3,000mel] Bect wepx] & AtollAl= Elvik
e} Ak 3,500m mIRke] SANEEE 7R
00m €)= FARLAdsE AFEsialh

A E7] s FHEAE £1%21
TEATE Hold 3R A%
99% AZ|ZeA] €0.00000991 2 FA = Qdrk
=9 tigk Pk viskE SR1sk 23, Table 1074
o] 3,500~3,300m TS V€02 Hks ) £ dElS
Holx] ekAuk 1,000m g #] /¥R A
I3t AR Al

-
ks
—

§

2
X

&
o
7
o

ANFzHo R 2

AADT?] Alg=

Exvse)
=

% ek e Sefupel ndsmel



AQl7] - A - A -
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Fig. 3. Average Accident Change by Radius of Curve

Table 10. Average Accident by Radius of Curve

Relative
Radius of curve Sample Avg. Accident* rzrs(:g r(:g;:);
3,500m)
3,500-3,300 260 0.268 1
3,300-3,100 0 - -
3,100-2,900 1,250 0.408 1.52
2,900-2,700 120 0.414 1.54
2,700-2,500 120 0.546 2.04
2,500-2,300 560 0.35 1.31
2,300-2,100 170 0.316 1.18
2,100-1,900 1,270 0.397 1.48
1,900-1,700 260 0.491 1.83
1,700-1,500 380 0.292 1.09
1,500-1,300 1,070 0.400 1.49
1,300-1,100 640 0.303 1.13
1,100-900 2,010 0.376 1.40
900-700 1,620 0.459 1.71
700-500 1,350 0.539 2.01
500-300 280 0.635 2.37

* : Annual average of accident/km = exp (0.00000991xAADT)
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>,

AAGEE)E o)g3to] e
2 ool T 821 BAIS) 918 BAL 7
PSS FRelek FRole] A% frole] Sl

Table 11. SPF on Radius of Curve using GEE

Parameter Factor V4 P>z
Constant terms 0.971 10.83 Less than 0.001
Radius of curve | -0.000407 -4.23 Less than 0.001

AADT 7.95E-06 6.79 Less than 0.001
2004 -0.190 -3.57 Less than 0.001
2005 -0.305 -6.28 Less than 0.001
2006 -0.297 -6.09 Less than 0.001
2007 -0.371 -8.05 Less than 0.001
2008 -0.382 -8.44 Less than 0.001
2009 -0.377 -8.27 Less than 0.001
2010 -0.440 -10.13 Less than 0.001
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Y= exp(0.971+0.00000795 - AADT—0.000407 - RC
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—0.382 - 2008d Dummy—0.377 - 20093 Dummy

—0.440 - 2010 Dummy)
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Table 12. Crash Modification Factor by Radius of Curve

Radius of curve (m) 1,000 900~999 800~899 700~499 600~699 500~599 400~499 300~399
Relative number of accidents 0.666 0.693 0.722 0.752 0.783 0.816 0.850 0.885
CMF 1.00 1.04 1.08 1.13 1.18 1.23 1.28 1.33
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Table 13. Average Accident by Vertical Grade

Vertical grade (%)| Sample | Avg. Accident* l?g::ﬁg:rzr; P;(())r(;;:;
6~7 90 0.312 0.82
5~6 90 0.319 0.84
4~5 180 0.215 0.57
3~4 390 0.263 0.69
2~3 1,970 0.310 0.81
1~2 2,010 0.293 0.77
0~1 3,210 0.380 1.00

0~-1 3,180 0.339 0.89
-1~2 2,210 0.296 0.78
-2~-3 1,800 0.332 0.87
-3~4 360 0.333 0.88
-4~-5 270 0.409 1.08
-5~-6 20 0.470 1.24
-6~7 70 0.225 0.59

* : Annual average of accident/km = exp (0.0000134xAADT)
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Table 14. SPF on Vertical Grade using GEE

Generalized estimating equations (GEE)
Parameter

Factor Z P>l7|
Vertical grade 0.283 18.12 Less than 0.001

AADT -0.00484 -1.3 0.195
2005 years 0.0000134 20.06 Less than 0.001
2006 years -0.095 -4.51 Less than 0.001
2007 years -0.157 -8.15 Less than 0.001
2008 years -0.174 -9.25 Less than 0.001
2009 years -0.217 -12.35 Less than 0.001
2010 years -0.199 -10.92 Less than 0.001

Table 15. Estimation Results of Generalized Estimating Equations

Generalized estimating equations (GEE)
Parameter
Factor z P>|7|
Constant terms 80.108 15.14 Less than 0.001
Vertical grade -0.00976 -1.71 0.087
AADT 0.0000106 17.13 Less than 0.001
Years -0.0398 -15.09 Less than 0.001

Table 16. The developed Crash Modification Factor by Vertical Grade
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Vertical grade(%) 5 4 3 2 1 0 -1 -2 -3 -4 -5
Relative number of accidents 0.95 0.96 0.97 0.98 0.99 1.00 1.01 1.02 1.03 1.04 1.05
CMF 0.95 0.06 0.97 0.98 0.99 1.00 1.01 1.02 1.03 1.04 1.05
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