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A Study on Efficient Management of Bicycle Traffic Flow at Four-Legged Intersections
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ABSTRACT

PURPOSES : This study aims to suggest a proper left-turn treatment method for the bicycle traffic flow at four-legged intersections.

METHODS : Four types of crossing methods are proposed and analyzed : (1) indirect left turn, (2) direct left turn, (3) direct left turn on a
Bike Box, and (4) direct left turn on bike left turn lane. The VISSIM simulation tests were conducted based on forty-eight operation scenarios

prepared by varying vehicle and bicycle traffic volumes.

RESULTS : The results from the four-legged signalized intersections suggest that (1) the indirect left turn is appropriate when vehicle
demand is high, (2) the direct left turn is efficient on most traffic situation but the safety is a concern, (3) the direct left turn on a Bike Box is
appropriate when bicycle demand is high while vehicle demand is not, and (4) the direct left turn on a bike left turn lane is appropriate when

both vehicle and bicycle demand are low.

CONCLUSIONS : The direct left turn of bicycle provides more efficiency than the indirect left turn at the four-legged intersections but to

apply the methods and to study more, advanced evaluation methods, related law, and insurance programs are needed.
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Fig. 1 The Standard of Bicycle Crossroad
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Table 1. Measure of Effectiveness by the Types of
Bike Lane

Classification M.O.E

Bicycle Track The Number of Conflict

Shared Pedestrian/ Bicycle Path | The Number of Conflict

Bicycle Lane The Number of Conflict

Signalized Intersection Stop Delay

Bicycle Lane on road

Average Travel Speed
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Table 2. Level of Service of Bicycle Use at the
Signalized Intersection

Level of Service Average Control Delay(sec/veh)
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Table 3. Details of the Simulated Intersection

Classification Vehicle Bicycle
Lane Width(m) 35 1.5
Desired Speed Distribution 50(50~55) | 13(10~15)
(km/h)
Critical Deceleration(m/sec?) 45 25
Whole Length(m) 5 1.9

AAA AA #3495t Bike Boxe} AAA A
2234 A28 pFstgon, ol Bike Boxi: X
A 10HE =88 5= Y= §Fo R FEsiont

3.1.2. S 8F

4ABARAA HHe] AAA ATLPYNE FE
st7] 915kl =9l A 2 EPAR] E4E Sl
Z Y AdA Y FE 472 £/ 4714
EauiHo 1) 73] A uomé’ 2) A= g_i_ _?,];z]sL].
XWH A8 =2 B ARofA AY 3 s
3) A A Al YA ¥=2 33HBike Box)
£ o83t FF| Mt W I8 4) AR Y F
34 AR 920 ST AAA AG HEH A2

J‘l
2
ol
_,d
l"

O

i

& olgete Asiets Y
3, Fig. 4, Fig. 5, L

I
e

L
ITETETE

A

7
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Fig. 6 Direct Left Turn at Left Turn Lane
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Table 5. The Phases and Cycle Length according

to the Saturation

) Signal Length(sec)
Saturation Cycle
1 2 3 4
0.35 19 27 19 27 90
0.5 19 27 19 27 90
0.7 24 27 24 27 110
0.9 24 27 24 27 110
8 4

J -
-

Fig. 7 Phase Sequence of the Virtual Intersection

Table 4. Scenario Compositions according to the Crossing Method, Vehicle Traffic Volume, and Bicycle Traffic Volume

g VETE| Sesenios Bicycle Traffic [Vehicle Traffic i Vet Sesieries Bicycle Traffic |Vehicle Traffic
Volume Volume Volume Volume
1 600vph 1 600vph
St 2 1,200vph 1,500vph S9 2 1,200vph 1,500vph
3 1,800vph 3 1,800vph
1 600vph 1 600vph
Passing S2 2 1,200vph 2,250vph Passing S10 | 2 1,200vph 2,250vph
Method 1 3 1,800vph Method 3 3 1,800vph
(Indirect Left 1 600vph (Direct Left Turn 1 600vph
Turn) s3 | 2 1,200vph 2,800vph | atBike Box) | g1 | 2 1,200vph 2,800vph
3 1,800vph 3 1,800vph
1 600vph 1 600vph
S4 2 1,200vph 3,800vph S12 | 2 1,200vph 3,800vph
3 1,800vph 3 1,800vph
1 600vph 1 600vph
S5 2 1,200vph 1,500vph S13 2 1,200vph 1,500vph
3 1,800vph 3 1,800vph
1 600vph 1 600vph
Passing S6 | 2 1,200vph 2,250vph Passing sS4 | 2 1,200vph 2,250vph
Method 2 3 1,.800vph ~Method 4 3 1.800vph
) (Direct Left Turn
(Direct Left 1 600vph at Left Turn 1 600vph
Turn) S7 2 1,200vph 2,800vph Lane ) S5 | 2 1,200vph 2,800vph
3 1,800vph 3 1,800vph
1 600vph 1 600vph
S8 2 1,200vph 3,800vph S16 2 1,200vph 3,800vph
3 1,800vph 3 1,800vph
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Table 6. Average Stop Delay and Average Stops of Vehicles according to Scenarios

' . Delay(sec) Stops(times)
Vehicle_Scenario
(Left Turn) (Through) Total (Left Turn) (Through) Total
. 1/2/3 35.6/35.6/35.6 | 29.5/29.6/29.5 31.6/31.7/31.7 0.8/0.8/0.8 | 0.7/0.7/0.7 0.8/0.8/0.8
35.6 29.5 31.7 0.8 0.7 0.8
37.4/37.4/37.4 | 30.7/30.8/30.8 | 32.9/32.9/33.0 | 0.8/0.8/0.8 | 0.7/0.7/0.7 0.8/0.8/0.8
Passing | S2 | 1/2/3
ot d91 37.4 30.8 329 0.8 0.7 0.8
etho
(M1) s3 | 1273 38.0/39.1/39.1 35.0/37.1/37.2 36.2/38.0/38.0 | 0.8/0.8/0.8 | 0.8/0.8/0.8 | 0.8/0.8/0.8
38.7 36.4 374 0.8 0.8 0.8
sa | 1273 43.2/43.5/43.4 44.5/451/45.3 44.7/45.3/45.3 1.1/1.1/14 0.9/0.9/0.9 1.0/1.0/1.0
43.4 45.0 451 1.1 0.9 1.0
5 | 1/2/3 35.2/35.2/35.2 29.2/29.2/29.2 | 30.4/30.4/30.4 | 0.8/0.8/0.8 0.7/0.7/0.7 0.7/0.7/0.7
35.2 29.2 30.4 0.8 0.7 0.7
38.0/38.0/38.0 | 30.6/30.6/30.6 | 32.2/32.2/32.2 | 0.8/0.8/0.8 | 0.7/0.7/0.7 0.8/0.8/0.8
Passing | 6 | 1/2/3
Method 2 38.0 30.6 32.2 0.8 0.7 0.8
etno
(M2) 57 | o3 40.4/40.4/40.4 | 36.9/36.9/36.9 37.3/37.3/37.3 0.8/0.8/0.8 | 0.8/0.8/0.8 | 0.8/0.8/0.8
40.4 36.9 37.3 0.8 0.8 0.8
ss | 123 43.9/43.9/43.7 42.8/42.7/42.7 42.6/42.6/42.5 1.0/1.0/1.0 0.9/0.9/0.9 0.9/0.9/0.9
43.8 427 42.6 1.1 0.9 0.9
o | 1/2/3 37.0/37.0/37.0 29.7/29.7/29.7 30.9/30.9/30.9 | 0.8/0.8/0.8 0.7/0.7/0.7 0.7/0.7/0.7
37.0 29.7 30.9 0.8 0.7 0.7
43.0/43.0/43.0 | 325/32.5/325 34.9/34.9/34.9 0.9/0.9/0.9 | 0.8/0.8/0.8 | 0.8/0.8/0.8
Passing | S10 | 1/2/3
9 43.0 325 34.9 0.9 0.8 0.8
Method 3
(M3) 42.2/42.3/42.2 41.6/41.6/41.6 44.2/44.2/44.2 1.1/1.1/14 0.9/0.9/0.9 0.9/0.9/0.9
S11 | 1/2/3
422 41.6 442 1.1 0.9 0.9
si2 | 1273 84.4/83.9/86.1 72.9/741/72.7 76.0/76.7/76.3 3.7/3.6/3.6 3.3/3.2/3.2 3.4/3.3/3.3
84.8 73.2 76.3 3.6 3.2 3.3
s3] 1273 35.1/35.1/35.2 29.3/29.4/29.6 | 30.4/30.5/30.6 | 0.8/0.8/0.8 0.7/0.7/0.7 0.8/0.8/0.8
35.1 29.4 30.5 0.8 0.7 0.8
38.0/38.0/38.2 | 30.7/30.9/31.0 32.3/32.4/32.5 0.8/0.8/0.8 0.7/0.7/0.8 0.8/0.8/0.8
Passi S14| 1/2/3
N atiSEgA 38.1 30.9 324 0.8 0.8 0.8
etno
(M4) 40.7/40.5/40.7 37.5/38.3/39.3 37.8/38.3/39.0 | 0.8/0.8/0.9 | 0.8/0.9/0.9 0.8/0.9/0.9
S15 | 1/2/3
40.6 38.4 38.3 0.8 0.9 0.9
s16 | 1/2/3 44.2/52.3/61.7 46.9/61.2/78.3 45.8/58.5/73.5 1.0/111.3 1.0/1.2/1.6 1.0/1.2/1.5
52.7 62.1 59.2 1.2 1.3 1.3
Table 7. Average Stop Delay and Average Stops of Bicycles according to Scenarios
i i Delay(sec) Stopsi(times)
Bicycle_Scenario
(Left Turn) (Through) Total (Left Turn) (Through) Total
s /23 81.4/83.3/84.7 40.4/43.2/415 | 42.6/42.9/42.0 2.0/2.2/2.2 0.9/1.0/1.0 1.1/1.2/1.2
83.1 17 425 2.1 1.0 1.2
81.4/83.3/84.7 40.4/43.2/415 | 42.6/42.9/42.0 2.0/2.2/2.2 0.9/1.0/1.0 1.1/1.2/1.2
Passing S2 | 1/2/3
Method 1 83.1 417 425 2.1 1.0 1.2
e
M1) 89.8/92.7/94.0 | 46.6/45.2/47.2 | 47.9/46.7/46.9 21/2.2/2.3 1.0/1.0/11 1.1/1.11.2
S3 | 1/2/3
92.2 46.3 47.2 2.2 1.0 1.1
sa | 1273 96.0/92.7/94.0 | 48.2/45.2/47.2 | 50.2/46.7/46.9 21/2.2/2.3 1.0/1.0/11 1.1/1.11.2
94.2 46.9 479 2.2 1.0 1.1
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ss | 1273 30.7/39.7/41.9 | 40.3/42.7/41.0 | 28.4/29.2/29.0 | 1.0/0.9/1.0 | 0.9/1.0/1.0 | 0.7/0.7/0.7
40.4 4.3 28.9 1.0 1.0 0.7
30.8/39.8/41.9 | 40.2/42.8/41.0 | 28.4/29.2/29.1 | 1.0/1.0/1.0 | 0.9/1.0/1.0 | 0.7/0.7/0.7
Passing | S6 | 1/2/3
405 M3 28.9 1.0 1.0 0.7
Method 2
(M2) 57 | 1273 45.0/45.5/47.6 | 47.8/44.8/46.6 | 33.0/32.3/33.4 | 0.9/1.0/1.0 | 0.9/1.0/1.0 | 0.7/0.8/0.8
46.0 46.4 32.9 1.0 1.0 0.8
ss | 123 45.0/45.5/47.6 | 47.8/44.6/46.8 | 33.0/32.3/33.4 | 0.9/1.0/1.0 | 0.9/1.0/1.0 | 0.7/0.8/0.8
46.0 46.4 329 1.0 1.0 0.8
so | 1273 48.2/47.0/476 | 40.2/42.3/40.1 | 30.4/30.5/29.3 | 15/1.5/1.6 | 0.9/1.0/0.9 | 0.9/0.9/0.9
476 40.9 30.1 15 0.9 0.9
450/44.6/45.0 | 40.2/42.3/40.1 | 29.3/29.8/285 | 14/1.5/1.6 | 0.9/1.0/0.9 | 0.8/0.9/0.9
passing | S10| 1/2/3
Mothod 3 44.9 40.9 29.2 15 0.9 0.9
etho
(M3) s | 1273 47.9/53.7/49.7 | 47.2/45.6/466 | 32.6/33.8/32.3 | 1.6/1.6/1.6 | 1.0/1.0/1.0 | 0.9/0.9/0.9
50.4 46.5 329 0.6 1.0 0.9
si2| 1273 43.9/51.3/46.8 | 47.2/456/46.6 | 31.4/33.0/31.3 | 1.4/15/15 | 1.0/1.0/1.0 | 0.9/0.9/0.9
47.3 465 31.9 15 1.0 0.9
3| 12/3 30.8/40.1/42.9 | 41.6/43.3/421 | 29.1/29.8/30.1 | 0.9/0.9/1.0 | 1.0/1.0/1.0 | 0.7/0.7/0.8
40.9 423 29.7 0.9 1.0 07
39.8/40.1/42.9 | 41.6/43.3/42.1 | 29.1/29.8/30.1 | 0.9/0.9/1.0 | 1.0/1.0/1.0 | 0.7/0.7/0.8
Passing | S14 | 1/2/3
e d94 40.9 423 29.7 0.9 1.0 0.7
etno
(M3) 48.0/48.8/49.8 | 48.6/45.9/472 | 34.7/33.8/347 | 15/1.6/1.6 | 1.0/1.0/1.0 | 0.9/1.0/1.0
S15 | 1/2/3
489 472 34.4 1.6 1.0 1.0
O 49.4/48.2/525 | 48.6/48.5/48.9 | 35.2/35.3/36.5 | 2.0/2.0/2.1 | 1.0/1.0/1.1 1.1/1.2/1.2
50.1 487 357 2.0 1.0 1.2
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Bicycles Average Vehicles Average
Passing Method [Stop Delay and Stops|Stop Delay and Stops

Delay Stops Delay Stops
Passing 0.558** | 0.431** | -0.161* | —0.160*
Method 1 (.000) (.000) (.053) (.055)
Passing -0.225"* | -0.347** | -0.179* | -0.176*
Method 2 (.007) (.000) (.032) (.035)
Passing -0.169* | —-0.016 | 0.331** | 0.431**
Method 3 (.042) (.849) (.000) (.000)
Passing -0.164* | -0.068 | 0.010 | —-0.095
Method 4 (.050) (.419) (.907) (.259)

** 95% Significant level, * 90% Significant level
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