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Nomenclature

Q Flow rate for lhour(veh/h)

N Number of vehicles observed(veh)

T Unit time(lhour)

h, Headway of each flow i(sec)

4 Each flow i(veh)

U, Spot mean speed(km/h)

D Distance between loop detectors at spot(m)

t Mean travel time(sec)

i Travel speed for each vehicle i(km/h)

T, Headway(sec)

T, Arrival time of i—th vehicle(sec)

T, Mean headway(sec)

D, Headway distance(m)

K Density(veh/km)

o Occupancy(%)

(t,); Time that detector is occupied by ¢—th vehicle(sec)
K Design hour factor

@, Traffic volume for i—th hour(veh)

K, Design hour factor for peak 1 hour

K, Design hour factor for 3 hours before and after peak hour

including peak 1 hour
Q, Traffic volume for peak 1 hour(veh)

Qs Traffic volume for i—th hour from peak 1 hour(veh)
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Peak Spreading Effects in Gyeongbu Expressway

Ki Hong, Ryu

Department of Civil and Environmental Engineering,

Graduate School Korea Maritime University, Busan Korea

Abstract

Expressways are primary arterial highways that provide highway users
for high levels of safety and efficiency with full control of access, and
also allow vehicles to enter through the entrance ramps. However, most of
expressways are suffering from traffic congestion on the basic segments
as well as ramp junctions for the peak periods. So, expressway travel
characteristics—related studies are strongly needed to improve the travel
system in expressways.

The purpose of this study was to collect the traffic flow characteristics
(volume, speed, occupancy, and density, etc.) in expressway basic
segments, analyze the traffic flow characteristics, especially design hour
factor(K) calculated in the expressway basic segments, compare the peak
spreading effects for peak hour and peak period, and finally determine the
most appropriate period and day of week for peak spreading.

As a result of the analyses in traffic characteristics and peak spreading
effects of the expressway basic segments, the following conclusions were

drawn:

1) Traffic characteristic analyses were found to show a considerable
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peak characteristics in weekday, weekend, and directional traffic
characteristics of the expressway basic segments. So, it was needed to
establish the traffic management system based on weekday, weekend, and
directional traffic characteristics for improving the efficiency of
expressway.

i1) Design hour factor(K)analyses were found to show a distinct peak
characteristics in weekday, weekend, and directional characteristics of the
expressway basic segments. So, it was needed to analyze peak spreading
effects based on weekday and weekend, especially direction of
expressway.

iii) Peak spreading analyses were found to show a distinct peak
characteristics in direction and day of week, especially on Monday in
northbound and Sunday in southbound direction. So, it was needed to shift
the travel demand from peak hour to non—peak period of Monday or

Friday for increasing the peak spreading effects in Gyeongbu expressway.
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Figure 1.1 Gyeongbu Expressway under the study
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Table 2.2 Flow rate

statistics in Expressway Ex—1

Flow rate(veh/h/1)

NB

Min 53 Min 95

Max 926 Max 948

SPOT1 Avg 462 SPOT1 Avg 455
AM—Peak | 916 AM—Peak —

PM—Peak - PM—Peak | 948
Min 53 Min o6

Max 928 Max 955

SPOT2 Avg 466 SPOT?2 Avg 457
AM—Peak | 914 AM—Peak -

PM—Peak = PM—Peak | 950

SB

Min 67 Min o6

Max 1018 Max 964

SPOT3 Avg 519 SPOT3 Avg 459
AM—Peak [ 1002 AM—Peak -

PM—Peak - PM—Peak | 957

Min 58 Min 56

Max 957 Max 955

Avg Avg 482 Avg Avg 457
AM—Peak | 944 AM—Peak -

PM—Peak - PM—Peak | 952
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Speed distribution at Spot 3(NB)
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Table 2.3 Speed statistics in Expressway Ex—1

Speed(km/h)
Min 86 Min 92
Max 100 Max 104
SPOT1 Avg 95 SPOT1 Avg 99
AM—Peak | 91 AM—Peak —
PM—Peak - PM—Peak 99
Min 91 Min 90
Max 107 Max 104
SPOT2 Avg 100 SPOT?2 Avg 98
AM—Peak | 97 AM—Peak -
PM—Peak 3 PM—Peak | 100
NB SB
Min 87 Min 93
Max 102 Max 104
SPOT3 Avg 96 SPOT3 Avg 99
AM—Peak | 91 AM—Peak -
PM—Peak - PM—Peak | 100
Min 88 Min 91
Max 103 Max 104
Avg Avg 97 Avg Avg 99
AM—Peak | 93 AM—Peak -
PM—Peak - PM—Peak | 100
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Figure 2.12 Density distribution at Spot 3 of Ex—1




Table 2.4 Density statistics in Expressway Ex—1

Density(veh/km/1)
Min 1 Min 1
Max 10 Max 10
SPOT1 Avg 5 SPOT1 Avg 5
AM—Peak 1 AM—Peak —
PM—Peak - PM—Peak 10
Min 1 Min 1
Max 9 Max 10
SPOT2 Avg 5 SPOT?2 Avg 5
AM—Peak 9 AM—Peak -
PM—Peak = PM—Peak 10
NB SB

Min 1 Min 1
Max 11 Max 10

SPOT3 Avg 5 SPOT3 Avg 5
AM—Peak | 11 AM—Peak -
PM—Peak - PM—Peak 10

Min 1 Min 1
Max 10 Max 10

Avg Avg 5 Avg Avg 5
AM—Peak | 10 AM—Peak -
PM—Peak - PM—Peak 10
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Figure 2.14 Occupancy distribution at Spot 1 of Ex—1
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Figure 2.15 Occupancy distribution at Spot 2 of Ex—1
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Figure 2.16 Occupancy distribution at Spot 3 of Ex—1




Table 2.5 Occupancy statistics in Expressway Ex—1

Occupancy (%)

Min 0.4 Min 0.4

Max 3.5 Max 3.6

SPOT1 Avg 1.7 SPOT1 Avg 1.7
AM—Peak | 3.4 AM—Peak —

PM—Peak - PM—Peak | 3.6

Min 0.4 Min 0.4

Max 3.5 Max 3.6

SPOT2 Avg 1.7 SPOT?2 Avg 1.7
AM—Peak | 3.4 AM—Peak -

PM—Peak = PM—Peak | 3.5

NB SB

Min 0.5 Min 0.5

Max 3.9 Max 3.5

SPOT3 Avg 2.0 SPOT3 Avg 1.7
AM—Peak | 3.8 AM—Peak -

PM—Peak - PM—Peak | 3.5

Min 0.5 Min 0.5

Max 3.6 Max 3.6

Avg Avg 1.8 Avg Avg 1.7
AM—Peak | 3.5 AM—Peak -

PM—Peak - PM—Peak | 3.6
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Table 3.1 Directional K—Statistics in Expressway Ex—1

Direction | Statistics Mon | Tue | Wed | Thu Fri Sat Sun
Max 0.087 1 0.082 | 0.082 | 0.083 | 0.080 | 0.082 | 0.083
NB Min 0.005 | 0.005 | 0.005 | 0.006 | 0.005 | 0.005 | 0.004
Avg 0.042 | 0.042 | 0.042 | 0.042 | 0.042 | 0.042 | 0.042
Max 0.082 | 0.089 | 0.089 | 0.086 | 0.083 | 0.083 | 0.096
SB Min 0.004 | 0.005 | 0.006 | 0.006 | 0.005 | 0.006 | 0.004
Avg 0.042 | 0.042 | 0.042 | 0.042 | 0.042 | 0.042 | 0.042
Peak K distribution of Ex-1
—Cf ]
0120
0.100
0.080 —— E%
w 0.060
0.040
0.020
0.000
fon Tue Wed Thu Fri Sat Sun
Day of week

Figure 3.1 Directional Peak K distribution in Ex—1
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K-Distribution in Ex-1(NB) K-Distribution in Ex-1(SB)

Figure 3.2 3D K—Graph in Ex—1
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Table 3.2 K—Statistics at spots of Expressway Ex—1(NB)

Direction/ Statistics K
Spot Mon | Tue | Wed | Thu | Fri Sat | Sun
Max 0.087 1 0.082 | 0.084 | 0.084 | 0.081 | 0.083 ] 0.084
S1 Min 0.005 ] 0.005 | 0.005 | 0.005 | 0.005 | 0.005 | 0.004
Avg 0.042 1 0.042 | 0.042 | 0.042 | 0.042 | 0.042 | 0.042
Max 0.088 | 0.082 | 0.083 ] 0.083 | 0.080|0.082 | 0.083
NB | S2 Min 0.005 ] 0.005 | 0.005 | 0.005 | 0.005 | 0.005 | 0.004
Avg 0.042 1 0.042 | 0.042 | 0.042 | 0.042 | 0.042 | 0.042
Max 0.087 1 0.082 | 0.079 | 0.081 | 0.080 | 0.082 | 0.083
S3 Min 0.004 | 0.005 ] 0.006 | 0.006 | 0.005 | 0.006 | 0.004
Avg 0.042 1 0.042 | 0.042 | 0.042 | 0.042 | 0.042 | 0.042
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Figure 3.4 K distribution at Spot 1 of Ex—1(NB)
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K distribution at Spot 2 of Ex-1(NB)
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Figure 3.5 K distribution at Spot 2 of Ex—1(NB)
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K distribution at Spots of Ex-1(NB)
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Table 3.3 K—Statistics at spots of Expressway Ex—1(SB)

Direction/ Statistics K
Spot Mon | Tue | Wed | Thu | Fri Sat | Sun
Max 0.083 | 0.089 | 0.089 | 0.086 | 0.083 | 0.082 | 0.095
S1 Min 0.004 | 0.005 | 0.006 | 0.006 | 0.005 | 0.005 | 0.004
Avg 0.042 | 0.042 | 0.042 | 0.042 | 0.042 | 0.042 | 0.042
Max 0.083 | 0.089 | 0.089 | 0.086 | 0.083 | 0.083 | 0.096
SB S2 Min 0.004 | 0.005 ] 0.006 | 0.006 | 0.005 | 0.006 | 0.004
Avg 0.042 1 0.042 | 0.042 | 0.042 | 0.042 | 0.042 | 0.042
Max 0.081 | 0.090 | 0.090 | 0.086 | 0.084 | 0.084 | 0.097
S3 Min 0.004 | 0.005 | 0.006 | 0.006 | 0.005 | 0.006 | 0.004
Avg 0.042 1 0.042 | 0.042 | 0.042 | 0.042 | 0.042 | 0.042
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K-Distribution at Spot 1 of Ex-1(SB)
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Figure 3.8 3D K—Graph in Ex—1(SB)
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K distribution at Spot 1 of Ex-1(SB)
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K distribution at Spot 3 of Ex-1(SB)
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4, ¥ FEAa 3K Peak Spreading Effect)2] £4

0 SqrLE AT SRR AR HFAIT Y] aEr
S

A 7+= AL on|star, 384t a 7 (peak spreading effect):= A5
Al Zt(peak hour) AAAZAG(K )] Aol -oF A3 (peak period) A
ANTAG(K el S7rl 2 velin, A5 AAAAS(K) e 35

AH AANAS(K,)E T 2t

K, = (4.1)

K == (4.2)

o] 7],
K, : design hour factor for peak 1 hour
K,, . design hour factor for 3 hours before and after peak hour
including peak 1 hour
Q, . traffic volume for peak 1 hour(veh)
Qpﬂ. . traffic volume of 2—th hour from peak 1 hour(veh)
) o traffic volume of i—th hour(veh)
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Demand shift to peak
shoulders

Time of day

Figure 4.1 Definition of peak spreading(Holyoak and Chang, 2006)
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Table 4.1 K for peak hour and K, for peak period in Expressway Ex—1

K
Direction - Mon | Tue | Wed | Thu Fri Sat Sun
Time
Kp 0.087 | 0.082 | 0.082 | 0.083 | 0.080 | 0.082 | 0.083
Hour | 08:00 | 11:00 | 11:00 | 11:00 | 11:00 | 11:00 | 11:00
NB
Kpp 0.223 | 0.237 | 0.242 | 0.240 | 0.228 | 0.232 | 0.232
H 07:00~ | 10:00~ | 10:00~ | 10:00~ | 10:00~ | 10:00~ | 10:00~
our 9:00 12:00 | 12:00 | 12:00 | 12:00 | 12:00 | 12:00
Kp 0.082 | 0.089 | 0.089 | 0.086 | 0.083 | 0.083 | 0.096
Hour | 18:00 | 18:00 | 18:00 | 18:00 | 18:00 | 18:00 | 17:00
SB
Kpp 0.230 | 0.249 | 0.245 | 0.244 | 0.240 | 0.242 | 0.275
H 17:00~ | 17:00~ | 17:00~ | 17:00~ | 17:00~ | 17:00~ | 16:00~
our | '19:00 | 19:00 | 19:00 | 19:00 | 19:00 | 19:00 | 18:00
Peak hour K distribution in Ex-1{NB)
0050 E— |
0.088 ! i
0.086
ooss }
| 1
x 0082 i
0.080 : }
0078 1
oo7s i
0.074 : :
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Figure 4.2 Peak hour K distribution in Ex—1(NB)
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Peak period K distribution in Ex-1(NB)
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Figure 4.3 Peak period K distribution in Ex—1(NB)

Peak hour K distribution in Ex-1(SB)
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Figure 4.4 Peak hour K distribution in Ex—1(SB)
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Peak period K-distribution in Ex-1(SB)
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Figure 4.5 Peak period K distribution in Ex—1(SB)
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Table 4.2 K, for peak hour and K, for peak period in Expressway Ex—1(NB)

K
Spot - Mon | Tue | Wed | Thu Fri Sat Sun
Time
Kp 0.087 | 0.082 | 0.084 | 0.084 | 0.081 | 0.083 | 0.084
Hour | 08:00 | 11:00 | 11:00 | 11:00 | 11:00 | 11:00 | 11:00
1
Kpp 0.224 | 0.239 | 0.249 | 0.243 | 0.229 | 0.234 | 0.235
H 07:00~ | 10:00~ | 10:00~ | 10:00~ | 10:00~ | 10:00~ | 10:00~
our 9:00 12:00 | 12:00 | 12:00 | 12:00 | 12:00 | 12:00
Kp 0.088 | 0.082 | 0.083 | 0.083 | 0.080 | 0.082 | 0.083
Hour | 08:00 | 11:00 | 11:00 | 11:00 | 11:00 | 12:00 | 12:00
2
Kpp 0.223 | 0.237 | 0.243 | 0.242 | 0.228 | 0.232 | 0.230
H 07:00~ | 10:00~ | 10:00~ | 10:00~ | 10:00~ | 11:00~ | 11:00~
our 9:00 12:00 | 12:00 | 12:00 | 12:00 | 13:00 | 13:00
KD 0.087 | 0.082 | 0.079 | 0.081 | 0.080 | 0.082 | 0.083
Hour | 08:00 | 11:00 | 12:00 | 11:00 | 11:00 | 12:00 | 12:00
3
Kpp 0.221 1 0.235 ] 0.220 | 0.235 | 0.227 | 0.231 | 0.231
H 07:00~ | 10:00~ | 11:00~ | 10:00~ | 10:00~ | 11:00~ | 11:00~
our 9:00 12:00 | 13:00 | 12:00 | 12:00 | 13:00 | 13:00
Table 4.3 Peak spreading effect for peak hour in Expressway Ex—1(NB)
K .
Spot - Mon | Tue | Wed | Thu Fri Sat Sun | Avg
Shift
) Kp 0.087 | 0.082 | 0.084 | 0.084 | 0.081 | 0.083 | 0.084 | 0.084
Shift | —0.003 | +0.002 | 0.000 | 0.000 | +0.003 | +0.001 | 0.000 -
5 Kp 0.088 | 0.082 | 0.083 | 0.083 | 0.080 | 0.082 | 0.083 | 0.083
Shift | —0.005 | +0.001 | 0.000 | 0.000 | +0.003 | +0.001 | 0.000 -
3 Kp 0.087 | 0.082 | 0.079 | 0.081 | 0.080 | 0.082 | 0.083 | 0.082
Shift | —0.005 | 0.000 | 40.003 | +0.001 | +0.002 | 0.000 | —0.001 -
A Kp 0.087 1 0.082 | 0.082 | 0.083 | 0.082 | 0.083 | 0.083 | 0.083
vg
Shift | —0.004 | +0.001 | +0.001 | 0.000 | +0.001 | 0.000 | 0.000 -
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Peak spreading effect at Spot 1
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Figure 4.6 Peak spreading effect for peak hour at Spot 1 of Ex—1(NB)

Peak spreading effect at Spot 2
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Figure 4.7 Peak spreading effect for peak hour at Spot 2 of Ex—1(NB)
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Peak spreading effect at Spot 3
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Figure 4.8 Peak spreading effect for peak hour at Spot 3 of Ex—1(NB)

Peak spreading effect in Ex-1(NB)
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Figure 4.9 Peak spreading effect for peak hour in Ex—1(NB)
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Table 4.4 Peak spreading effect for peak period

in Expressway Ex—1(NB)

K

Spot - Mon | Tue | Wed | Thu Fri Sat Sun | Avg

Shift
, K,, 10.224 | 0.239 | 0.249 | 0.243 | 0.229 | 0.234 | 0.235 | 0.236

Shift | +0.012 | —0.003 | —0.013 | —0.007 | +0.007 | +0.002 | +0.001 -
9 K, 10.223]0.237 | 0.243 | 0.242 | 0.228 | 0.232 | 0.230 | 0.234

Shift | +0.011 | =0.003 | =0.009 | —0.008 | +0.006 | +0.002 | +0.004 -
5 K,, 10.221]0.235|0.233 | 0.235 | 0.227 | 0.231 | 0.231 | 0.231

Shift | +0.010 | —0.004 | —0.002 | —0.004 | +0.004 | 0.000 | 0.000 -
A K,, 10.223]0.237 | 0.242 | 0.240 | 0.228 | 0.232 | 0.232 | 0.233
vg

Shift | +0.01 | —0.004 | —0.009 | —0.007 | +0.005 | +0.001 | +0.001 -

Peak period spreading effectat Spot 1
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Figure 4.10 Peak spreading effect for peak period at Spot 1 of Ex—1(NB)
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Peak period spreading effectat Spot 2
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Figure 4.11 Peak spreading effect for peak period at Spot 2 of Ex—1(NB)

Peak period spreading effectat Spot 3
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Figure 4.12 Peak spreading effect for peak period at Spot 3 of Ex—1(NB)
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Peak period spreading effectin Ex-1{NB)
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Figure 4.13 Peak spreading effect for peak period in Ex—1(NB)
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Table 4.5 K, for peak hour and K, for peak period in Expressway Ex—1(SB)

K
Spot - Sun | Mon | Tue | Wed | Thu Fri Sat
Time
Kp 0.095 | 0.083 | 0.089 | 0.089 | 0.086 | 0.083 | 0.082
Hour | 18:00 | 18:00 | 18:00 | 18:00 | 18:00 | 18:00 | 18:00
1
Kpp 0.270 | 0.232 | 0.247 | 0.245 | 0.244 | 0.241 | 0.242
H 17:00~ | 17:00~ | 17:00~ | 17:00~ | 17:00~ | 17:00~ | 17:00~
our | 19:00 | 19:00 | 19:00 | 19:00 | 19:00 | 19:00 | 19:00
Kp 0.096 | 0.083 | 0.089 | 0.089 | 0.086 | 0.083 | 0.083
Hour | 17:00 | 18:00 | 18:00 | 18:00 | 18:00 | 18:00 | 18:00
2
Kpp 0.277 | 0.232 | 0.250 | 0.245 | 0.243 | 0.238 | 0.242
H 16:00~ | 17:00~ | 17:00~ | 17:00~ | 17:00~ | 17:00~ | 17:00~
our | 18:00 | 19:00 | 19:00 | 19:00 | 19:00 | 19:00 | 19:00
KD 0.097 | 0.081 | 0.090 | 0.090 | 0.086 | 0.084 | 0.084
Hour | 17:00 | 18:00 | 18:00 | 18:00 | 18:00 | 18:00 | 18:00
3
Kpp 0.278 | 0.227 | 0.251 | 0.244 | 0.244 | 0.240 | 0.243
H 16:00~ | 17:00~ | 17:00~ | 17:00~ | 17:00~ | 17:00~ | 17:00~
our | 18:00 | 19:00 | 19:00 | 19:00 | 19:00 | 19:00 | 19:00
Table 4.6 Peak spreading effect for peak hour in Expressway Ex—1(SB)
K .
Spot - Sun | Mon | Tue | Wed | Thu Fri Sat Avg
Shift
) Kp 0.095 | 0.083 | 0.089 | 0.089 | 0.086 | 0.083 | 0.084 | 0.087
Shift | —0.008 | +0.004 | —0.002 | —0.002 | +0.001 | +0.004 | +0.003 -
5 Kp 0.096 | 0.083 | 0.089 | 0.089 | 0.086 | 0.083 | 0.083 | 0.087
Shift | —0.009 | +0.004 | —0.002 | —0.002 | +0.001 | +0.004 | +0.004 -
3 Kp 0.097 | 0.081 | 0.090 | 0.090 | 0.086 | 0.084 | 0.083 | 0.087
Shift | —0.010 | +0.006 | —0.003 | =0.003 | +0.001 | +0.003 | +0.004 -
A Kp 0.096 | 0.082 | 0.089 | 0.089 | 0.086 | 0.083 | 0.083 | 0.087
vg
Shift | —0.009 | +0.005 | —0.002 | —0.002 | +0.001 | +0.004 | +0.004 -
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Peak hour spreading effect at Spot 1
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Figure 4.14 Peak spreading effect for peak hour at Spot 1 of Ex—1(SB)

Peak hour spreading effect at Spot 2
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Figure 4.15 Peak spreading effect for peak hour at Spot 2 of Ex—1(SB)
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Peak hour spreading effect at Spot 3
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Figure 4.16 Peak spreading effect for peak hour at Spot 3 of Ex—1(SB)

Peak hour spreading effectin Ex-1(SB)
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Figure 4.17 Peak spreading effect for peak hour in Ex—1(SB)
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Table 4.7 Peak spreading effect for peak period

in Expressway Ex—1(SB)

Sun

Mon

Tue Wed Thu Fri Sat
Day of week

Spot K Sun | Mon | Tue | Wed | Thu Fri Sat Avg
Shift
K,, 10.270 | 0.232 | 0.247 | 0.245 | 0.244 | 0.241 | 0.242 | 0.246
! Shift | —0.023 | +0.014 | —0.001 | +0.001 | +0.002 | +0.005 | +0.004 -
K., 10.277 | 0.232 | 0.250 | 0.245 | 0.243 | 0.238 | 0.242 | 0.247
? Shift | —=0.030 | +0.015 | =0.003 | +0.002 | +0.004 | +0.011 | +0.005 -
K,, 10.278 | 0.227 | 0.251 | 0.244 | 0.244 | 0.240 | 0.243 | 0.246
° Shift | —0.032 | +0.019 | —0.005 | +0.002 | +0.002 | +0.006 | +0.003 -
K,, 10.275]0.230 | 0.249 | 0.245 | 0.244 | 0.240 | 0.242 | 0.246
Ave Shift | —0.029 | +0.016 | —0.003 | +0.001 | +0.002 | +0.006 | +0.004 -
Peak period spreading effectat Spot 1
0.280
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0.260
0.250 "\ .
* 0240 \“f-__ — e —
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Figure 4.18 Peak spreading effect for peak period at Spot 1 of Ex—1(SB)
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Figure 4.19 Peak spreading effect for peak period at Spot 2 of Ex—1(SB)
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Figure 4.20 Peak spreading effect for peak period at Spot 3 of Ex—1(SB)

_65_




Peak period spreading effectin Ex-1(SB)
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Figure 4.21 Peak spreading effect for peak period in Ex—1(SB)
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Table 4.22 Differences in shifts of K, and K, in Expressway Ex—1

. . Difference .
Direction Mon Tue Wed Thu Fri Sat Sun
Rank
Difference| —0.004 | +0.001 | +0.001 0.000 +0.001 0.000 0.000
Rank 7 1 1 4 1 4 4
NB
Difference| +0.010 | —0.004 | —0.009 | —0.007 | +0.005 | +0.001 | +0.001
Rank 1 5 7 6 2 3 3
Difference| +0.005 | —0.002 | —0.002 | +0.001 | +0.004 | +0.004 | —0.009
Rank 1 5 5 4 2 2 7
SB
Difference| +0.016 | —0.003 | +0.001 | +0.002 | +0.006 | +0.004 | —0.029
Rank 1 6 5 4 2 3 7
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