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Modified Approaches to Delay Estimation for the Work Zones in the
Proximity of the Signalized Intersections

ABSTRACT

Unlike its archetype predecessor such as the Highway Capacity Manual of the United States, the Korean Highway Capacity Manual
of 2013 provides the analytical models for estimating the saturation flow rates for the lane-occupying work-zones in the proximity of
the signalized intersections. Direct application of the revised saturation flow rates into the classic control delay models, however,
appears to produce unreasonable delay amount as traffic demand approaches lane-group capacities and surpasses them, which is
common phenomena in the work-zones. Complex interaction among vehicles, lane-dropping work-zone geometry and signal
operations were never accounted in the traditional control delay models, and considerable differences between the delay model
outcomes and field observations are repeatedly experienced. This paper proposes the modified approaches to the delay models in the
manual, exerted on all three elements of control delay, and particularly focuses on the temporal and spatial boundary expansion in
comparing the simulated results to the estimated ones. Extensive microscopic simulation work and calibration effort supports the
modified approaches well enough to use them in the work-zone planning and evaluation.
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Fig. 1. Comparison of Various Control Delay Estimates for Work-zone Situation
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Where, N : number of lanes
Nyz : number of lanes occupied for the road work
dyyz . distance from a stop-line to a work-zone (m)
Ly : longitudinal distance of a work-zone (m)
CRF : capacity reduction factor
(less than or equal to 1.0)
d, : distance clearable for effective green time (m)
dp : bumper-to-bumper distance under stand-still
condition at a stop-line (m)
gr - elapsed time from the green initiation to the moment
that a shock-wave created at a far-side bottle neck
propagates back and reaches to a upstream stop-line
(s)

: saturation headway under prevailing conditions (s)
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Fig. 2. lllustration of Saturation Flow Rates Change in Uniform
Delay Estimation
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Table 1. List of Parameters for CORSIM Simulation Runs

o

22 v=e] FHWAE 538 egiest A9, 7idd Bt 2

golu} =2, EFFH=e] o] o] HCMe| I21E3% A9] 22
NS AR Ao 2 Qe QITKITT Industries Inc., 2006).
T A SRR Fejo] FAA|RLE ] AEshs Aot
HA] AREElo]A 2de) Ariele] vlm-RAje|n R of] Re] B
Zro A FEdUs F1)9) 1o Hedk Pak o] Hulelof
st} o] 9JslA] Dowling et al.(2004)7} Holm et al.(2007)<]
7hol=eRl, 1l o]2 &3 HCM 2010 (TRB, 2010)2] A
7o) Hxdhe U= S okt

533 HCM West 22 AXRF A 2A2] 2Fgel 73

8% Y ke kg ¥eo)al, of= s HIT

Variable

Description

Simulation time

3600 + 3 * 300 sec (temporal boundary extension)

Initialization period

10 minutes

Random number seeds

3 seeds for entry headway & response to traffic choice

Vehicle entry headway distribution

Erlang distribution with a parameter of 2

Mean discharge headway

1.8 seconds (equals to 2,000 vphgpl)

Mean start-up delay

1.0~ 3.0 seconds

Time for lane-change maneuver 3.0 seconds
% drivers cooperating w/ lane-changer 80%
Typical vehicle length 16 feet with 120% headway factor
Stand-still gap size 3.3 feet
Heavy vehicle mix 0~5%
Link (of interest) length 4000~ 6000 feet (spatial boundary extension)
Lane width 10 feet

Free flow speed

38 mph (30 mph at bottle-neck proper)

FS_5080_SIM

FS_5050_SIM

NS_5075_SIM

NS_5060_SIM

Average Control Delay (secsfveh)

FS_5050_KHCM
—— NS 5075 KHCM 4 s
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FS_5080_KHCM

0.55
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0.65 0.70
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Fig. 8. Control Delay Disparity by Work—zone Location (Near—side vs. Far—side)
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Fig. 9. Comparison of Control Delays for a Near—side Work—zone (Case 1)
Table 2. Delay Estimates of Modified KHCM Model vs. CORSIM Simulation Runs
Degree of Near-side Work-zone Case 1 & 2 Far-side Work-zone Case 3 & 4
Saturation Mod_1 COR_1 Mod_2 COR 2 Mod_3 COR 3 Mod_4 COR 4

0.20 13.6 12.9 14.5 13.5 21.2 243 26.5 244
0.25 14.0 13.0 14.8 13.9 21.6 242 27.0 24.0
0.30 14.3 13.1 15.0 14.2 22.0 242 274 23.6
0.35 14.7 13.2 15.3 14.6 22.5 242 27.8 233
0.40 15.1 13.3 15.2 14.8 23.0 24.7 28.3 23.1
0.45 15.5 13.5 15.6 14.9 23.6 25.4 28.8 238
0.50 16.0 13.4 16.1 15.0 242 26.0 29.4 244
0.55 16.6 133 16.6 15.1 24.8 26.7 30.0 24.8
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Table 2. Delay Estimates of Modified KHCM Model vs. CORSIM Simulation Runs (Continued)

Degree of Near-side Work-zone Case 1 & 2 Far-side Work-zone Case 3 & 4

Saturation Mod_1 COR 1 Mod_2 COR 2 Mod 3 COR 3 Mod 4 COR 4
0.60 17.2 133 17.3 15.4 257 27.5 30.8 25.0
0.65 18.0 13.7 17.9 15.7 26.6 28.2 31.5 25.4
0.70 18.8 14.1 18.9 16.1 27.5 29.0 323 26.8
0.75 19.9 14.8 19.9 16.5 28.6 29.8 33.6 272
0.80 21.5 15.5 21.3 16.9 30.2 30.3 35.1 28.5
0.85 23.7 163 23.6 17.3 32.6 31.2 375 30.5
0.90 27.6 173 27.6 18.6 36.0 34.0 41.2 32.1
0.95 39.2 222 372 22.9 45.7 42.6 51.8 439
1.00 66.3 37.1 64.1 56.8 78.0 71.5 86.9 69.8
1.05 135.2 102.4 1333 107.0 144.8 134.2 150.0 125.9
1.10 221.9 170.0 220.8 184.6 230.0 211.1 234.8 208.2
1.15 3132 277.6 3123 264.5 321.2 289.8 3259 290.6
1.20 406.5 356.1 405.6 3474 4143 367.1 419.0 3834

gi & dwz 50g 60d 50g 75d 50g 80d 50g 50d

*: COR_# values represent the average of 3 CORSIM runs w/ different random No. seeds

Delay for Far-side WZ with 50g80d w/ Capa = 1650-1670

= 35p = CORSIM_RN1 CORSIM _RN2
300 KHCM15_0.85 KHCM_mod
250 KHCM15_0.90
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0.60 0.70
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0.80 0.90
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Fig. 10. Comparison of Control Delays for a Far—side Work—zone (Case 3)
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