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ABSTRACT

Delay is an widely—used tool for evaluating the operation of signalized intersections.
This paper presents two mathematical models: a model converting stop delay into approach
delay : and a model estimating delay at isolated signalized intersection.

To develop the delay—conversion model, actual stop delay and approach delay experienced
by individual vehicles were measured and then their relationship was formulated using ma-
thematical procedure. The formula expressing the approach—delay to stop—delay ratio was
a monotonously decreasing function of effective red time.

New delay model was developed based on the following criteria; the fitness to measured
delay for undersaturated traffic condition, and the convergence to the deterministic overflow
delay for oversaturated traffic condition. Performance of this model was better than those

of other existing models based on the comparison study.
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E P ZAK|He| By
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W3 mzg A2y e 4972 (n)
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: oltE | WB 4 1,500
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4 oinE ’

EB 3 2,400

3] 232%
NB 3 2,400
4| F9% EB 4 1,100
51 A4% NB 6 2,900

M@ “Direct Measurement of Prevailing Sa-
turation Flow Rates”¢] 'd& &8&3t 2}
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£ 2ddMe A &A% 2¥E
% FAXe 2¥A4 L vingr. 234,
AESgeio FPdE AEA8E AMSdlmz
A% 2P4Ebe AZsHeel s 2y u)
g @+ Atk 29 Hrle AEAS F
A 7te] ALY RMS errorE Ax2 &
o Ngsct.

(2Yg &L AMEe H&x9 zF vy
FAXNLY ¥RE RYgFE Axxolg. Z
agdA vevdes daide 7187171 191 3
Mog Axxie HEo] of A 71zA
RAQEFE T RYY FYX I 4E5X ¢
LAY § F A oA TEHA, & 2
gel Jehd HEEY (A 7)€% 19
NA&S5E HZRYo) Syt B = 9
o4 4 2yo) g7 HAYY rerle H
4o Jebdcl. Australian 2#0] 0.989 7}
€717} 7v 19] 7423, HCM, KOTI 2aa
Akcelik 289 &oltt. 299 EYPSLE 7
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E & X|HTe| MEXQ} EHX|9 o1
243k A4 |RMS
m| a | b |71&7] R® lerror¥

B
HCM 21 410 |0 1.03| 0.87 | 6.93
Australian | 0]12|0.67|1/600 0.98| 0.85 | 6.86
Canadian | 0} 4]0 |0 1.0%| 0.88 | 7.72
TRANSYT 8/—1| 4/0 |0 1.13} 0.89 | 8.87
Akcelik | 0] 8]0.5 |0 1.05) 0.87 | 7.32
KOTI 0| 3|0 |0 1.04| 0.88 | 6.63

_ /2 AEXN-FFA)
*RMS error—/ RE

RMS Errore A&X ¢ A9 2HAHE
H2E3le 2xd YIW3] ALS=0, go] &
£ 5 7T BE¥ol + 3t & 4 Ud
(B H27H KOTI £¥°] 7}4 & RMS
Error® RBoln, Australian® HCM R o]
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A& vz AAE 2ye Hrlsrlzs @
o oldl AFF s} o], A mH
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2y 2AAAE RAF o IFMA F
& 44& Deterministic Overflow Delay&
et =, 2 239 ARXE X7 2718
of wat o] Aol F2sok e}, o] 1Yl
A HCM 232 A xsdeoA A zE B
) FA3, TRANSYT—-8 2¥8& #iFA
8t uig3 st Rlvh, 199 RYEL 3
X3Sl ¥ 2R B
3) &7t
oeiztz] AARYEE W4T gade
vigro 2 Byhsk v KOTI 233 Australian
23] 71 43 oz wHEd. o
E Ry yrtdAdA vk d9E By
SEE 777t $ol3kA ¥k &R 9, KO-
Tl 2382 Australian 28] n]de A A



ARZBLHE Tt 8%, 1991

100} %
80 B
— o “uu
T s ]
<. 60 E
'\'(j o :% n:n
" catms e ]
L 40F c o = J
P |
201 - b
0 7 1 1 1 ] L
20 40 60 80 100
A& (x/9)
(a)HCM
100 ' ' ' Z
80 b
—_ o uﬂ“ 1
g 60 T . -
’YH -] 5‘1 oo 4
- 4
" » exl- owPan
T ER i
¥ w0 7
)
20 é b
o/ . : ) \ -
20 40 60 80 100
' AZA (/D)
(b)Australian
100 T 1] L /]
80 b
—_ ol “‘un/’
= ° T o>
60 v o2 S¥o o h
® L
Ty ° h
w4

20

.

20 40 60 80 100
A& (x/d)
(c)Canadian

8 oS XX =Ho| cist

37
IOOhI T T 14 L] l-
80F .
E. -]
] '::n"
= 60b . 424 ]
H ;T
= °? TR
= 40 -
- ]
20F % ]
o-l 1 H 1 1 l—
0 20 40 60 80 100
Hz2(z2/A)
(d)TRANSYT—8
100'.[ 1] ] i T 11
80 4
° -]
; 60 nu :'5’ :b ] T
~ o ]
A o al
= R
% 40} =7 AE -
o ]
20} 1
o
O-J il . 1 L 3
0 20 40 60 80 100
AZA(x/U)
(e)Akcelik
100-] T T T T -1
80r 1
]
o 4
— ] e 1
= 60F o "% .
~ LERY-9 53] 4
ﬁ » ° 3 m©t 4
4 2% ax. 8
% 40f ° 1
s ]
20} E
-]
O—I L 1 1 1. l-
0 20 40 60 80 100
AZA(x/d).
(f)KOTI

MR HEXY MR



Journal of Korea Transportation Research Society Vol.9, No.2, 1991

38
600 /
i —— Deterministic
500~ — — HCM /
— — ——  Australian
t ——- —— Canadian
400
= A ekt TRANSYT-8
E —--—  Akcelik’s /
f:: 300 —— KOTI
F [
" L
pF o -
200~ L
100
o | 1. i R I B B
0.6 0.8 1 1.2 1.4 1.6 1.8 2

X(2s=H)
gl 7> A3 MefolM 28| At

Hol A Aol k. (B HAA KOTI =¥
< 1749 diAEsE 7bA W, Australian
232 349 dAESFE 2HEh Australi-
an 23L& #FFHo| okF AL AL FHAA
A7t A gevhe s AAES a
s} bE AH43te Y& AT ol
e $9n B £ AT dAEF ast
bE AH$EA ¥ dEY RSN FEH
t FAAAE HL ZEFANME ofF T
o Folmz Zo] WMEF a%t bE F7131
o 2¥g diEA € daE ddn o
AN (2 6)A mjAES, a%t bE A
g3l x7t AAHZE 2yo] §F THH
A,

2 A3s 53 AAE KOTL A28 &
oA HEd g3 2o
=0. 5¢(1—u)?

1_

+12x/Q]

d +225[(x—1)++/(x—1)

A7 A, d=HFHIAA(X/K)
c=F71(2)
u=FfESH A7
x=X3%

Q=% (/A

N. g8

B podEe Azaxz gAdx Asd
F e AAE NIARYL FAEE 9T
oz Agsd AANsAY. 7€ AAE B
g5g ¥yt AEsz 1 AAE HBe=
KOTI AN =289 Addgez doh. A
Azuge Men oo FAARL F2A
Azrel #AE nFagon ANYHIRIS
ANt oldF ATFE F3d FH 2
& Z&¢ doh

RAAAA L HIAANY AEu &L 3

DAY §A Rdd, o] gL fFEAH

2

A

&



KETERIEE Bl T8, 1991

7 5% g W4Ee g4 B} @
o A= g olgsd ALY ANAYE
Ho) Mw AP FEFANT 7}
ol wet FastA =, AEF7I7 S
of Wt A gasE 2HE AT AL
N AELYARE o83t MgA BA =
Az HF AFuE AT A 1.299 &
o] ustid), o e $ds US HCMS 2
st As AP AME ABA F Az
A AR Yo W FANSL ARY
of wtgFa} AFHY BAGMNE JFHY
W g olgstalx Tutatalel £t

KOTI ANEERe RY3AXe 42 A
Azol W AAPANN 712 #9 AA
ESRYEd vad $48 Aoz BUHRA
o, agzm, FETHPHAN 2y 439

2R e ol&de SAsH @A A

7} paEEg ReAERRAA waHsde
o, 484 £% Z=AUch KOTI AAAS
293 AASHARYE B A7 AREE
24 44 Azaxed wdg AvdFd
Ardel 43 A4 4 Aok

2 A7dNE Egazdse AN
o Awe) Zesgon, 4% w4z A
2ye A4 dFFolth

# £ X MW

- 1. Webster, F. V. “Traffic Signal Setting-
s,” Road Research Technical Paper
No. 39, Her Majesty’s Stationery Offic-
e, London, 1958.

2. Miller, A. J. “Settings for Fixed—Cyc-
le Traffic Signals,” Operations Resear-
ch Quartly 14, 1963, pp. 373—386.

3. Newell, G. F. “Approximation Method-
s for Queues with Application to the
Fixed—Cycle Traffic Light,” SIAM re-
v. 7, 1965, pp. 223—239.

10.

11.

12.

13.

14.

39

. TRB, Highway Capacity Manual, Spec-

ial Report 209, TRB, 1985.

. ‘Akcelik, R. Traffic Signals . Capacity

and Timing Analysis. Research Report
ARR No. 123, Australian Road Resea-
rch Board, 1981.
1989)

(Fourth Reprint :

. Teply, S. Canadian Capacity Guide for

Signalized Intersections, Institute of

Transportation  Engineers—District 7

and the Uinversity of Alberta, 1984.

. Vincent, R.A., Mitchell, A.I., and Ro-

bertson, D.I., User Guide to TRANSY-
T Version 8. TRRL Report LR 888.
United Kingdom : Transportation Road
Research Laboratory, 1980.

. Lin, F. “Applications of 1985 Highway

Capacity Manual for Estimating Delays
at Signalized Intersections,” TRR, 1225,
TRB, 1989, pp. 18—23.

. Teply, S. “Accuracy of Delay Surveys

at Signalized Intersections,” TRR 1225,
TRB, 1989, pp. 24—32

HAA 5. “TRANSYT—7F Delay Mod-
elof 9 @2 Mulx FEEH7EA
o3 d3.” dEagRA, A 8E 4
23, 1990.

o)A@ 7]. “’c_‘i%’i’-zi}iﬂﬁi’—] REEEL
#HE A7,” HAR=E, okFudtn,
1991.
Akcelik, R.
Manual Delay Formula for Signalized
Intersections,” ITE Journal, March 19
88, pp. 23—27.
Hudle, V.F.
Delay Models—A Primer for the Uninit-
iated,” TRR 971, TRB, ?, pp. 96

“The Highway Capacity

“Signalized Intersection

. —105,

Rouphail, N.M. “Cycle—by—Cycle An-



40 ] Journal of Korea Transporiation Research Society Vol.9, No.2, 1991

alysis of Congested Flow-at Signalized 91, pp. 33—41.
Intersections,” ITE Journal, March 19



