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ABSTRACT

Transportation energy saving is a national concern because all national petroleum energy is
imported. A number of intersections are operating as semi-protected intersections, which have
left-turn signal but not exclusive left-turn lanes, because of limited roadways in urban areas.
Since the traffic signal methods for the intersections having left-turn signal/lanes cannot be
applied to the semi-protected intersection, it is needed to develop a new technique.

The purpose of this study was to develop a traffic signal timing method at semi-protected
intersections for energy saving and to computerize the method for the practical use.

A probability model which could estimate left-turn utilization factors of through traffic
during green signal was developed based on field studies. Employing the factors, macro-models
to estimate vehicular average delay and proportions of vehicles stopped at the semiprotected
intersections were developed. The calculated values of the delay model agreed well with the
simulated values of a simulation model using SLAM Il, a simulation language. Using the two
models and the idling fuel consumption rate and the excess fuel consumption per stop-go speed
change of vehicles, a traffic signal timing method at semi-protected intersections for energy
saving was developed and computerized. The method can be used for other measures of effec-
tiveness such as minimum delay, minimum stop ratio, etc.
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<&3> EXCESS GALLONS OF GASOLINE CONSUMED
PER STOP-GO SPEED CHANGE CYCLE-AUTOMOBILE
SPEED EXCESS GASOLINE CONSUMED (GAL) BY
DURATION OF STOPPED DELAY (SEC)
(MPH)
30 60 90 120 150 180

10 0.0016  0.0021  0.0026  0.0031  0.0035  0.0040  0.0045
20 0.0066  0.0071  0.0076  0.0081  0.0085  0.0090  0.0095
30 0.0097  0.0102  0.0107  0.0112  0.0116  0.0121  0.0126
40 0.0128  0.0133  0.0138  0.0143  0.0147  0.0152  0.0157
50 0.0168  0.0173  0.0178  0.0183  0.0187  0.0192  0.0197
60 0.0208  0.0213  0.0218  0.0223  0.0228  0.0233  0.0238
70 0.0243  0.0248  0.0253  0.0258  0.0263  0.0268  0.0273

Source : Reference 9
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<F4> IDLING FUEL CONSUMPTION RATES

VEHICLES STATIONARY

WTTH

27

CYLINDERS TRASMISSION
. ENGINE FUEL
DISPL. SPEED CONSUMED
VEHICLE NO (CU IN.) TYPE POSITION (RPH) (GPH)
(a) Automobiles
Composite - - - Neutral - 0.63
Drive - 0.58
Chrysler 8 400  Auto., Neutral 580 0.67
Drive 530 0.61
Chevrolet 8 283 Auto. Neutral 650 0.65
Drive 500 0.61
Falcon 6 200 Auto, Neutral 780 0.57
Drive 630 0.52
Volkswagen 4 72 Man. Engaged 550 0.34
(b) Trucks-gasoline
Pick up 6 250 Man. Engaged 500 0.45
Two-axle six tire 6 351 Man Engaged 600 0.65
2-S2 combination 6 386 Man Engaged 600 0.80
2-S2 combination 6 503 Man Engaged 650 0.79
3-S2 combination 6 501 Man Engaged 650 0.89
{c) Trucks - diesel
Two-axle six-tire 6 477 Man. Engaged - 0.38
2-S2 combination 6 672 Man. Engaged 600 0.45
(d) Bus - gasoline
Transit 6 260 Auto., Drive - 0.55
Transit 6 404 Auto. Neutral - 0.72
(e) Winfrey’s .
1.8-ton Passenger car {gas) 0.368
2.3-ton Commercial Delivery (gas) 0.420
5.4-ton Single-Unit Truck (gas) 0.659
18.1-ton 2-S2 (gas) 0.800
22.7-ton 3-S2 (diesel) 0.400
Source :Reference 9 and 10.
Winfrey o} Zi¥lol] o|8b 7+ dufgiol fie)l- Hif Claffey &+ Winfrey 9o zh& Hggsid, &
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2.0-ton Chevrolet sedan 22 k==

T e Fe Aty 0.0097, Winfrey 2] 1.8

-ton HEMHZE 0.0080 & Winfrey 2

el
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<#E5> Excess Gallons of Fuel Consumed per Stop-Go
. Speed Change Cycle
Excess Gasoline or Diesel Consumed ( gal )
Speed

1.8-tan 2.3-ton 5.4-ton 18.1-ton 22.7-ton

(MPH) Automobile Commercial Single 2-S2 . 3-S2

(gas) Delivery Unit turck Gasoline Diesel

(gas) (gas)

10 0.0010 0.0012 0.0033 0.0110 0.0057
20 0. 0040 0.0037 0.0118 0.0348 0. 0265
30 0.0080 0. 0070 0.0203 0.0708 0.0485
40 0.0118 0.0109 0.0287 0.1160 0.0725
50 0.0165 0.0151 0.0372 0.1667 0.0993
60 0.0232 0.0195 0. 0456 0.2198 0.1204
70 - 0.0338 0.0240 - - -

Source : Reference 10.

AL Fe natk FHEY FIAA &
EEEERL Winfrey ] 1.8-tono] 0.368=
Claffey 2] £/pEl FAIE Volkswagen 9]
0.34¥c} b4 Ie], B FHE 0.58%
o AL }e ndd cAdAY AS Sk
/B EHEBLY oV HEREL Win-
frey o] #olA=l #A "Tagsle HA &
¥ RAHEs EES R st A~EQ A,
el FA wIgktt 55 ZEE o AHZA
ol Winfrey 9] zt& ol &3l ol BAT
Ao R PR}

SHER RAE B (Z /% )7 D,
BYE BILEES szt € « BEE REH
#8 FCx

FC = f (D+KS ) rereeeereenenns (21)
q7]elA K+
3,600 % (18] 1k / R EEB (LR

REHEER )
Emel E-BEE SRR

K=

o]l Winfrey 2] zto=He FAH, 2.3-

ton /NEIEYr, 5.4-ton EHEEY, 1.8- ton
R 22.7-ton EH P K@ 77 78.3,
60.0, 112.4, 318.6, 436.50]c} 1.8-ton 5
FH#Eel 2.3-ton /MNURYES F— HEo
E £ v, R RER] BmMTd e} K
#He EEgE & 4+ Uk HRXREAA
o HWSfi= RAES 84 %, iR A Ll
Lo s} 29 4.5-ton bl Fo] AFIHES 16%
olgdel flo BEEHE K HEAAL 4
£9 EYY KZoZE 5.4-ton HMHEHY
112.4 7}, F3" A9 EEFERL Claffey
o A EH9 (.38 gallon /hour 7} 743 7}
el 2822, K HRdAdAe olF FEE
Al ggtel FAHEE HFMHAR, vzt 59
< clddxlos 1A of wARL ol
o) EMRER (af /08 ) S 22 D, D, &
Sl B BIEEME 274 S,, S, sk,
Red Bt migmel oMl fkkLs
1.35¢l22 {Esitel o8t Mg sy #
¥ifigtR FC

FC=0.368 (D, + 78S,) + (0.380/1.35)
(D, + 112S,)



AL POl PAETH 1987,

Femme ClAddAle EMEEE 3 Eiem
e HERRELY HAsle2 ARES %
RE BEHE 1.9 8T o429 WMRK
o] Bazel

D,=0.73D, D, = (0.27D/1.9) - (23)
$,=0.73S8, S,=1(0.275/1.9)

od7leld DE T XA 24 B
B 2 /Bpole] S 28 BHE SILEX
ol e}

(X 23)9 A4 0.733 0.27¢ ©&
3} 7ol HH=A L

HRZXBAA S EWIH~ FAHES 84
%, KEEs 16 %0lng ZEFol 100X
ghel BEMRAA - ARES RAE ABE
B 195 FEAStY 114.4%°) RAEER #
Bl 114.4 Fo] Hio) A7) =W X%
BTSRRI B EE fikRo] S o
ol HBEsle 114.4 29 HFY 20BN
] Do} 248 ¥ SEEHK S/ HHEs=
2, D3} Solq9 sl KHEde] KX
< 747 13%8 27 %olet EE HEES X
Hee] 28EMSHN L BE SLEARs R
B #EEHE £85ld Rresls

(R 23)& (X 22)ql 4std

FC=10.368(0.73D+ 78*0.73S)
+0.281(0.14D+ 112%0.14S) --- (24)
= 0.368( (0.73D+ 57S) + 0.764
(0.14D+ 16S))
= 0.368((0.73 + 0.11)D+(57+12)S)
=0.368 (0.84D + 69S)
= 0.309 (D+ 82S)

olch flo} AR I /FF EMERTE B
BHffER-E 0.309 5 EAstdew Kahd
82 & Argstgdch (K 24 ) ol K&
EAZ o2 FURSHRE S Emel kX
o] WHE JBEE 5 3k

V. BEZZ2089 A8

29

A WEAAE SOAP ( Signal Operations
Analysis Package )’ & #IF3sld $H%E
AW Wy XX SR BA=zeo
U2 BER3lglcl SOAPE WyufEsh TXE
olAe] ZBEES Rt R FHE 954
BEE=lo) £ BHICHKN (FHWA )dAd ¥
Estxn Q=

A HRAA FRY BE==199 MR
ZEWM= (29 12) 8 2 S R
kS Webster 38 fEA3IG oV, B9
B HiME Jsted At RELEMY 3
e (R 4)E RS 2R AL+
(&K 17) & Agstast #iEE HFHE 4
st A= RELEE PREBLEE 22
(X 18)3 (X 19)F A8tk &
z 2399 BFHIEM ( performance mea-
sure ) 2 (X 24 )9 FCr &=}

A z2iPeAe o8 THREHKHIRE
£ HEE fstd o2 #EHHE(MOE)
=9 FilAe] wrgestel

R M K

bl i

B Ok X

BB R

EEWAER

X zeaqe Ahz WAHe & #AE K
groll Wegksldel Abe) s sl=e] Vol-
ume 7} =9 HER A HMEFA ule} 2+ £
7Y PRELEEoI <178, RELE
old “ 0”& AN FaT BH2 2
M (2) 5 2HEsly) wzied

VI. kB

BT EmRMATY HAEZRXEAA 3
Fr-e] & bR Sl REEe ohes 7
Flacy

@& BrirRgo] HAERHE (NBT) 1 659% /

fefdl ( KBV BEEK: 15%)
S5 gLk AEEE (NBL) 189 &



30 Journal of Transportation Research Society of Korea Vol. 5 No. 2. 1987

B (ARE BA%K:9%)

uE gRKe] HEHESSE (SBT) (676 % /
B (ATE BEEE: 20%)

XE gpke AE#zsE (SBL) @ 18%/
BR ( KBUE BEE: 5%

AZE EiRke] E#zE (EBT) [ 139%/
Bef (ARE E4%E: 13%)

AZ gk LAE@xE(EBL) (173 /
B (KB BEK: 18%)

& BEKY H#LE(WBT) 2%/
B (AME BAE: 16%)

55 BE%S EE®LE(WBL): 6%/
B (ARE BAXK: 0%)

EWEF R Bie (2 13)3 s

X WRAA BREd BEz=aY9 AHL
7 R B HEY A+ HOK
EurEe 8 UBE srgdeod EEHL
18R stdck A R BEARNE RS
Bl A 282 slgsh olv HEE A
4 H@EE) FHERA d=sslnz %
Ll B3 XaERt BREEKS FIA
He £EEY) AS+ EEE HEEHE0
100 % ®A=l+ o #@siadch

KRE#Y R 16 % RXKAAY] KB
B RAHMEFRE 195 @39 ®A
B OEHE mEsigder B R AHiE
HEE snEaes, 2,200 /M oz
st =k _

e ERol FARE =l K Pzl 4 B8
e BHEZ 29 AAED B <2 &
KEfe 2 ERRMES (23 14 )9 Ze}
o] HEAA FREFs (23 13)3 2}

(28 14) 64 B i} o]  BREN
o B/hel BT B/MEsle EEE=
HEDS =871 ot Efs BY 68 K
el A FRAMEshe qbd e HIY
1508 742 st el Bfeol @7t
88Fbel A WiE HWEE 1208= stz 2
BUREEflo] o1-g31 & o BB 8.2

gal /hour (31.0 lit /hour ) o] =}

HiEEE . 98
HAAEE: 0B
RELEG: 18
RAEMHEE: 4P

oo wlste] (¥ 13 )9 FHERSRIS 4}
23198 A REEES 12.9gal /hour
(48.81it /hour ) & BHE 12082 2 K
AREES RELEE A HE REEERe
36.5 %<l BERIE 17.8 lit o] MEE @iHY
+ Ak A9 XEREE 1H 15Ros #
EIIL ol9 B0%E HEE < 1H 214
lit (1.1=29) 9] #RME g + e
w4 77,9001it (390 =8 ) o HEBHS &
#E = Al HEe B 8B4 A @R
S BB A mefsgs RHE
8.7gal (32.6 1it) & Mz MEHHiEES)
32.6 %9 BERIE 15.9 lit, 4 69,600 lit
(348=d ) 9 EBWME HWE + Ut H
£ EMNMRE 6 @S EHRREL 4
FE LEE TXBKE Z0E1 g %
o Euesi REME G $ e’
S HRaXE 50 %2 7HRAE o 4
273,000 1it ( 1,370 =7 ) o EFM @its
o] WAlglcl H#E 2EmMez @& Hel &
WX £RE ARG KE ETHR
ek olEE BEMY A EAT R
A E giRd 4 S Aos Hifgslc

VI. &8 &

(1) 5% LEHTRE (CESER: 9
o AE@ERE Jt TRE) A4 Fi
e EEsES FUAR #ue A% 50
mRo] B WMEH mpsid  HEsld
o} @RS AESEHE FIAK UFe
(1-e™)/uz A4, 7oA ui: g
EEESE Sokel ABEHEMO FHEAK
oleh {H, AAIE W EfFAEY AS



L@ PARIT, 1987,

£ (R 6)o] BRE=oF Tk

(2) EEEMWS ZEW HRAAL UFS
FIAT $RE AEMITXENA 2 Hiwe F
Bl #ed d¢ (X 17)3 i
£ #HEe A% (R 19)9 ERE Tz
ol BRI (R 17)& r14H 4
¢ 2 —gstgst

(3) S19) sel= s HMS #HHE T34
o} MEtfRERy Sk / HRY HEREE
mEEES FAstd AiABEES RME
e $AE AEWTXEY EuNE FE6
£ A% BHE=Z=19] RSN L KHR
o4 BARY BRE==292 dux &ML
Fab ohz) EMEE R HILHRR/MEE 4
3 FEREREtd s FAd + A HRX
XEge FukEHe RELY A+ F£ 390=
Fo ARmE Hve & A& Aoz B8
ek

T

A BXe BENBHMY T 33 2
Qg waie A MEe BRI

B3l B XX &

1. #EmE, “HiEEY SEEER i HxR
< BEET A= S5 RS,
BEEWEMER, Vol. 3, 1984, p.3~T0.

2. Federal

Highway Administration,

10.

. o4,

31

“signal Operations Analysis Package
User’s Manual”, Fedral Highway Admi-
nistration, 19s4.

Wetster, F.V. and Cobbe, B.M., Traffic
Signals, Road Research Technical Paper
No. 56, Road Research Laboratory,
1966.

Fedral Highway Administration, Traffic
Control Systems Handbook, Fedral
Highway Administration, 1976, pp. 59-
63.

Robertson, D.I. and P. Gower, User
Gaide to TRANSYT Version 6, TRRL
Supplementary Report 255, Transport
and Road Research Laboratory, 1977.
Pritsker, A.A., Introduction to Simula-
tion and SLAM II, John Wiley & Sons,
New York, 1954.

“ERRE S MERA W
T WE, ABRIAPE BmREe(1983)
1983. p.29 ~39.

Kim, K-W, “The Gap-Acceptance of
Left-Turn Drivers’”, Journal of the
Transportation Reseach Society of
Korea, Vol. 4, No. 1 1986, pp. 72-87.
Claffey, P.T., Running Costs of Motor
Vehicles as Affected by Road Design
and Trafficc NCHRP Report No. 111,
Highway Reseach Board, 1971.
Winfrey, R., Economic Analysis for
Highvways, International Textbook
Company, 1969, pp. 679-727.



32

Delay per Vehicle
o

Figure 1. Delay Comparison - Webster's vs. TRANSYT Model (2)
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