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Guidelines for installing Traffic Signals at Diamond Interchanges
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ABSTRACT

The paper contains the data collection methods and procedures employed in the study to
evaluate the operational effects of stop sign and signai_;l control at diamond interchanges. An assess-
ment of traffic control alternatives is described in terms of operational effects of queues and travel
speed. '

Guidelines for installing signal control at diamond interchanges are provided in terms of internal
volume, left turn proportion within internal volume, and the sum of internal and external volume.
The specific traffic volume guidelines were developed based on a combination of these variables
affecting operational performance.

I.

o

§ ATAEEo 24 tlolol2= ol B3
Aol zgH FFFudE A 2 F
FeAst ol 4 F v AT ATz
e el

#qA o] 453 v 2F-TPuHE Wt
2 AR AFTFAY Furt HxE 2
Aol 4 cholot = slalaAtll A mFE
QJuigst olol] WE IF4LBA FE JIL

thol ot gl mAE AW 4 &L
2 2 a&3tz e sARAERE o83}
€ LEE Wi F83e FHoR Bol
ol 8= 2 ol ZZe rlolopE= {lalwat
|4 B4 2 mEAlYE Ao}
e JFrt RETEHAPIA e RAeleh F
AFPo| o J|Foll EEYPL ul EE of

w3 73T 2E 2% vholohE= slal At
YA AE A AWt 22 2F AZT
T AAY AW sk A 2EA] #
Alel WAl Aolh £ =g olHF FHA

¥ ASNEAR . T80t

AE3taA} P,

L od 7l 73

tholohZ = old malell HEHE WLEAS



76 JOURNAL OF THE TRANSPORTATION RESEARCH SOCIETY OF KOREA VOL. 4 NO. 2, 1986.

Yol £ o] FrbA7L gu,
- 4| A =) EA] (Stop signs )
- %A 55 (Traffic signals)

tlo]ofZ = il Aol 4] wEgo] B A
v AR B nEe Hlg
<dl wlmgAelr] HAfel A3 FE A=Y
Yool w2A He} ol HL Fola
227323 RFAAe] F9Y o
AR BFATF Ateldlv A= + 9
t ZEEH] Aozt EAFA] =gl Aol
4’4010}%5 QA mate] e A 4
2 8 F7 234 Y == MUTCD Manual
on Uniform Traffic Control Device)! ¢
SHZAR JFdl Ak A mate) E
oju} }& BFs} Eletd wf o|Folxm: Y}
azly MUTCD®| Ax|elet4d 7| &2 ctlolo}
2E JAmAst 2 g 2ESYL 4ty
St QA o Huk ohel dA| mbol] 4 2
278 matzel A3 wESN e ulzsle
5 A= UAE o -

HAp 2 WA Tdoll 4 B {E clolopr e
ozl mate] ol 2P0 njodulr 2 w5 o
AFE DO chojobre A TAN A |
Asgsh Aulzs 2o @Estel A5A
Al Azl FEIA o} sl matol 4 o
RFAAXYL M SR a9l

weld Zzke] ® 2757z mEsiE o]
Abolgh tlolot2 = qlalaatell 4 i ukekal 4]
A Exe LEFAZF AT AojE Aus)
5 gEstns a&4ql A AMte] &
B3 gle Zojr,

2. A75H

LT FAg TAH2 AN e
3} R,

1) $7Ax1e Aol (5
A2k A5 %0l wHE o
7

2) 27 2FAS Po] ZE Ao
844 ¥4

3) SYYA LA Aol ZEAPRE 4
4 + Ut AR sl

s

Y
3k

=

3k 4
o

L

I. RYEMARHE ° SHEEHE
L AeFyRay

o= B4k Fo) of AR] Al A 2 S g}
3 Fofl Abo|’t JETEY LEAIIL 7ok
3t 4x"E A (E L H=2). AF
H 4XHL ¥ 2ERER FE wS3ER
oo} tlololE e olxlmALE 22142 over-
passo]i 2X|AHL underpasso|t} 14
@EH =z AuaszE JAlzde 7
F3ted dg%Hqor Aajsof glonsy U-Turn
AL A== dx g3 JAlmAte] 2m
A= Apoldle HA4E Addlne  2sA
Bay 7} Aa]=e] glox HZze 24 $&
1~3x402 45 et =3 233
Z Afole] Eel®l AlE 90~ 160 m2 ¥
ofglct,

2. mEA A4}

Zal mA el A Frl Ao R g T EA
AYAE EDoll M=o glet AH 12 A

E 1> g3A7872 9 2EAoj Ay 4t
#4xA | A2 (m) L E A A4
1 145 A" 384, 4894%F % (overlap)
2 160 YA A =], 434 FE
3 115 YA =], 44 FHE
4 90 AAHR], 484 FE




KRB aE HEETR, 1986

ol AT AA 1L AETFS AFAA
gn dAHAA A2 e I F
g Hrlslgch AA 48 Adn BE A
352 AdF7)u4] (Pretimed signal ) o]3

L

X
o
[N

DIAMOND INTERCHANGE CONTROL

Travel Time Recording Form
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City: . Location:
Time: Recorder:
Approach 1st ‘Intersection| 2nd Intersection 2;;2§§1on Stop Dela
Influence Zone |Stop| Departure Stop |Departure P Y Travel
Arrival Time Time Time Time Time R, T, LT, rav
LL, TT, TL|1st|2nd|{TotaliTime
t
|
[
i
!
}
a: _
R =Right turn
T =Through

LT=Left-through
Li=Left-left
TT=Through-through
TL=Through-Tleft

{z" 1> Travel Time Recording Form.



78 JOURNAL OF THE TRANSPORTATION RESEARCH SOCIETY OF KOREA VOL. 4 NO. 2, 1986.

HAZ A 3Rl 447 (A, 2FJF
Z 1 A7 93T 247 ¢ 2AEHgeE %
7t Aatee AT AL FIES 23
B 4 weHoz g

FY ST A @AY PR Mo ®A}5)
€ g A3 T4 14 23AR A
AAZ D 13 2mAE FwAE 755}
Ao old) A8X ZAxtE Fr} (2 1ol
AAHT gl

Age 2z aatzel] 199 SHaxpt A
229 mFFE o 15E0kt Alsrle =
%7]%7] (Automatic counters ) & o]43}ld

Queue

Stop Sign A- Phase

B- Phase

V' Vz Volume
PRETIMED CONTROLLER

Quevs i
Stop Sign ~—

24513 o]& A7kt el stdch

AR AE4e BEAL A 152 ZAHoR
olalmmate] 2mAkRel] ol2y 649 HZE
Aol AL g€ 2Aerg AL A
AeLARgARo2E 153E AP
HFe Aoy = 15279 3 Fx|= 2%
42 A3t

EREEIS:

tholol 2= ola| makll 42 BEA o] w4 &
A% AYAE oF23 2 3743 S 7
zog & 4 & Aol

1) AZAA o Ao Hg x4
o :

Stop Sign A-Phase
B-Phase
i
[) [)
Vy Vg4 Volume

ACTUATED CONTROLLER

2) AzAAA 27 =3
o)

Pretimed Controller

Actuated Controller

Volume



BT BBAE HUEETR, 1986.

79

3) Qe wEAA YA 4% A3

o

Queue

Stop Sign

Signal Control

2 A7 FAo] dAHA A9} BFAT

g olg% Aol AL wiyl A% Aol
A Hgel 3w PP ol Sy

5. ARAALE T ALEA Y

AR AL 2z Aol et Al A 4bol
@ AsFas nEAEL 49sted weislE
Aolehol Wet, =k Zze] 22 A4
ao] Aol 4 & JEE A¥slr U 2

RIE

Internal Volume Per Lane

Volume

2 o] A3t (normalize ) sttt
B TR uAo] A4 L Y YA w2k
B2 6719 HERolA] AHdd L5
- gHabgk Aol ok

ks Aol gt ol A mAbl| A o] wFsHEle] 4
ol4dE EHAL F UAEF 2 HrE =
s

1) W3agsd o Ftassy 9E
(Ratio of internal volume per lane to
external volume per lane (RIE))

[ e

o

External Volume Per Lane



& JOURNAL OF THE TRANSPORTATION RESEARCH SOCIETY OF KOREA VOL. 4 NO. 2, 1986.

2) W3 ERSF 23lAlo| A zhe ¥E
W B Eagd sl nEyE Feldl
A2 ol WHollA s LFFHe] B
45 Adbdal A wate] wEE o) IF
< wa Y7 dFolch, EHAE olfrEE ol
25l | &o] IR APl BRE AujLEE R
Ao 2% 3314 w5 % (Double left turning
traffic )-& $83}7] 98] 4% FcU-Turn
4] olA & dbd Al ' S Aolrk

M. ERGHER
L A= £4
6.0 r
Legend
5.5 L P ‘S'Op Slqn
6 - Signal

5.0

4.5

4.0

3.5

Per Lane Each 15 Seconds)

3.0

2.5

Queue(Total Interchange Traffic Queue Stopped

2.0 L L

ol A odFFRol 6702 HZ2eA x|
T Apge-g 248 E vk 249 AZRe
ZAE R 2708 AZRE A¥AER.]
2 2749 HZ2E 2749 WAR AlelE ¢
o|Eka gle,

2 Toll A Hod FUA AR A ol
T 6AHTRANA AT A HFAA
g AR Zold,

Ayt o2 olal aate] ;Yo AL o
ol LAAHAA 7L TEATZ 2] Ale]
2o} At He Ao Fdqlsgig, e
oglwl make) wE o] Uk sle WA
A Aejrt AFTFA et o g AAsh

1 i - —

850 950 1050

1150 1250 1350 1450 1550

Volume ( Total Interchange Hourly Volume Per Lane)

(a3 2> Queue Versus Volume by Stop Sign and Signal Control

at Location1



RBLBBEE Hras— 5%, 1986,

A= et
ag2>e dAAA 144 24" AAx
54¢ A4 Fu glos FalHoem Hel
1 Z3e ug3 Ao

- ZFFo] FHEHEA AT Tl 27 Ao
7b QAR Al net v EEH rielct

- BF o] A mA A7 1100 o
Ad Aol ALZSA o 7F YA A 2} v
5 A ole,

(2D FAAH 2004 WA A =5
Aole FAIYo 2 gzl ZL 4kgte] 9l
=gl

'3 r Legend
12 » - Stop Sign
6 ~Signal

Per Lane Eoch 15 Seconds)

N WA N W O

Queue (Total Interchange Traffic Queue Stopped

81

CALFF] FAFSIEA AT Hl 23t Ao
7b o% Aspdolele Uybdql E4E <l
sF 9ot

- EFo] Azkd 600 o)|AhE Ez
W AlFFo] dAHA B} FapH ol

@¥2>9) A 13 (22> AH2E
IR Ao} REATEZ T
T AAEE WY REF Aol o7}
A+ el gle olel’E Aol 7zt
slal mabstolel] EA e wESEY Aol
FEHoe J3e nAlE Aos HAxiEgle
o} ol2|jF old o] HMo] gtoz AAH o

Stop Sign

1 1 i )

600 800 1000 1200

1400 1600 1800 2000

Volume (Total Interchange Hourly Volume Per Lane)

(¥ 3
at Location 2

Queue Versus Volume by Stop Sign and Signal Control



82 JOURNAL OF THE TRANSPORTATION RESEARCH SOCIETY OF KOREA VOL. 4 NO. 2, 1986.

A o AZTAHE HIT ARl A3
et

2. LEAC|4 A7

SEA UYL Hrletr] AdAde 2719
71 ;e dhglet shube AFAl 4] A
Az vl2e G Hrtoln =HE e
TR ujA€ P Hrtelet olHF
27kA HrtrlEe ¢4 SUHeE $4H
fon Foll Histe] G AA AR S AY
3=t

3. TEAYAE A2z mEFFH
A

AR 13 26 iyt 27184 Az s
A 2:A24tolo] W RAAHE o] &5 =
Bkl HETF WEFATF g Aot
A watze] FolgaEHo| YR ET
1 guAzg ol S3ste  almale
7] ud & oS F3PHQl Aol Faly
Sict,

=4 2784¢ A wAe] 2EYs) A
=7 Afgrz Jehl iz glgol  EHaly
ek webd A4 Held 4AE EAAE
W 3m-5eks gt sled RIE w48 F715)
o ohg3 e AsgrE 34" AR
£ 3k A-g3kqch

Q=exp (a+bV+cRIE)

{Q=A exp (bV+cRIE)

Q=% Az Y| Azt

V=3 qla| a3}t A7t 24 o| LaFek

RIE=wWYu%3% o ¥nss) vg
A a,b,c=%5% 4+

Aol +4¢ 2oz Wyskd Aguba4q
logQ=a+bV+ cRIE7} xlc} EA% A
Fe] =zaeel Statistical Analysis Sys-
tem(SAS) 8¢ o] &3k YAHR 9} AT F
Alojell o jF 2o} c}23} o] FEE g,

QA H=] : Qp=0.26 exp (1.89V/1000
+ 0.94 RIE)

AF5:Qs=0.29 exp (1.25/1,000)

3 A F4A4 A A (Coefficients of deter-
mination (R?)) = 742 0.959 0.93°2%
Jelgon TE ¥H4E a=0.01 7ol A
fastgct ok 455l g A F
% RIEM4+¥ a=0.252 H&EA o
kel olw xlicﬂ%ﬂﬂ o 2] A =] vk uch
Ads B WFREHE AHY de i
z om z{alow: SA4ol 7 @l Folct,

a4 E xR A 53 g Aol o
45 RIEZE 3AzA 4 doiAl gg o]
3t Qg 4ol B FKo] oA At
A WEZgge] g Afdle ¥ ddlm
A Fanggo A 455 A7 Yo Hu
deg neFoh

FER G 28 S Y FAAHS
2 Aol Fv dFL Hrtstd AdrEE
A2 Re] (E2)oll vieb e (E2 )l 4
53 FEE+= Aony ool wAr e
B4 mAt2ole g W E gk FRY
Fell A3l wlzelr] dgel] HdAelzz
A 7= of ok el Aolxt

4 EAAY FY£zo} It
A

FYEEE 2 TG 2 olf
€ ZAAE R A Zl{l AEot AvlLER
U W Hai 4 zsd nEFrl Abe]g &3
= 23 7] wﬂ—c°lr+. EF AANE 2edo
49} o] RIEM+E 37bstd  ohgat 2
o] f==gich

- ZAE=R ARAERe FE
dA]AH=] : Up=26.6—9.07V/1000
- Al%5% :Us=8L9 exp (—0.53V/
1000 — 1. 62 RIE)

- 33 FEF

dA]A =] : Up=28.9—10.17V/ 1000

A5%5 :Us=239.66 exp (—0.35V/
1000 — 0. 88 RIE)



KETRBPGE HEBEW 1986

Queue (Total Interchange Traffic Queue Stopped

5 ~
A
RYA:
AN
- Q\ Q' ’0 [

4 SVE
—~ U &
o o'
(%}
Q
w 3
v
F =4
(%}
o
w
e 2F
[~
-
@
a

| F

o 1 1 1 1 1 1 1 1 '8

600 700 800 900 1000 1100 1200 1300 1400
Volume (Total Interchange Hourly Volume Per Lane)
(284> Queue Versus Volume by Stop Sign and Signal Control.

Up =441 33 Alef4] FY4x, feet
per second(fps)
Ss =453 %A |4 FH4E, fps
V =% A 3A Az 2D o]-&4+
4%
RIE=W¥a%z o oFass uld
YA A= Aol FYPLEEE WFILETH
o] gkl FE Ao vehded 2 ol
= o7 Az2edlAe] AAFAI AT Aol
7y Aoz Bloh
P LEAES Aol FHEss W3
e T AL HEZFFo| d53S

o] g3 Fu Y] wEelct

2859 62 fE% WH4AE =3
Aow FAMes vdFD g AHE o
+3 2o

cAAER A TER AsAE ¥
Eopo] ol BmEe] 70%e) TEEA g
ALol = ATBt FEHlh olHF olf
£ AF37t fEaggel AvA Fx= W
o} o)XY ZLER FEE vA o 7A€
Abeds] ok R AFAAE FAYEF A A
Eol=

cEE A D ER A AE dAEZA F 2



traffic volume per hour per

%3t WraEee] WA oekAl ey
AA1Z 2] Alejr} AZTR a-FH o]} oy
3 olfv FF A ZEFFE AlFA4
1571€ 7lgfedof ste A7 sledl Y94
HRAe ol A& Yae x| o7 o
Eoltt

5. AA=xs} FYEEE WP A

M

AA =} FYLEE P Pye A
37 Hsled BB 4ol s 2
Aoz wFakel] o FrixAo] Fell L)
Sz e

3 sl mAlel] Qlej4] RIEZe] 0.5 7}
Ak o] glAlmall A2 = uke mAsld 4l
%3} sledwd xbdg A 7kek mEeko] 990
olofol et (2 49} B2 H=x).

¥H FYLEE mdsly o)z =%
% Aol Al 41337 EER Aok
Foll o5 Azl dwde] U4 AR A o7t
#H3A AFFol 1% T gHovh(2Y 59

84 JOURNAL OF THE TRANSPORTATION RESEARCH SOCIETY OF KOREA VOL. 4 NO. 2, 1986.
(#&2)> TRAFFIC CONTROL ALTERNATIVE PERFORMANCE BASED ON QUEUE
ONLY AS RELATED TO TOTAL INTERCHANGE VOLUME.
Shorter Queue Shorter Queue
RIE During During
Stop Sign Control Traffic Signal Control
0.4 Volume < 1140 Volume > 1140
0.5 Volume < 990 Volume > 990
0.6 Volume < 840 Volume > 840
0.7 Volume < 690 Volume > 690
Note: Total interchange volume is the sum of internal and external

lane at an interchange.
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Travel Speed (Feet Per Second)
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10.0 I
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Stop Sign
75
1 I 3 1 1 1 1

5.0
500 700 900 1100 1300 1500 1700 1900
Volume (Total Interchange Hourly Volume Per Lune)

{28 5> Travel Speed Versus Volume for Arterial Through Traffic by
Stop Sign and Signal Control.
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Travel Speed (Feet Per Second)
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Volume (Total Interchange Hourly Volume Per Lane)

<236 Travel Speed Versus Volume for Left Turn Traffic by
Stop Sign and Signal Control.
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(287> Adjustment Effect of Queue and Travel Speed.
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(%3 > GUIDELINES FOR 'INSTALLING TRAFFIC SIGNALS AT DIAMOND INTERCHANGES.

RIE Left Turn Minimum Interchange Volume
% For Signal Control
0.4 30 1005
50 1035
70 1060
0.5 30 935
50 955
70 980
0.6 30 850
50 865
70 885
0.7 30 750
50 760
70 775
where: ) _
RIE = Sum of internal traffic volume per hour per lane
/sum of external traffic volume per hour per lane
Left Turn (%) = Proportion of left turn traffic within internal
traffic
Interchange Volume = Sum of internal and external traffic per hour per
For Signal Control lane at an interchange

Internal Traffic = Traffic at Stations 5 and 6

External traffic = Traffic at Stations 1, 2, 3, and 4

e |
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(4> SIMPLIFIED GUIDELINES FOR INSTALLING TRAFFIC
SIGNALS AT DIAMOND INTERCHANGES.

RIE Minimum Interchange Volume
For Signal Control

0.4 1050
0.5 _ 950
0.6 850
0.7 750
where:
RIE = Sum of internal traffic volume per hour per lane

/sum of external traffic volume per hour per lane

Interchange Volume Sum of internal and external traffic per hour per
For Signal Control lane at an interchange

Internal Traffic = Traffic at Stations 5 and 6

External Traffic = Traffic at Stations 1, 2, 3, and 4
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{#5) MUTCD MINIMUM VEHICULAR VOLUMES FOR WARRANT 1.

Number of Lanes
for Moving Traffic
on Each Approach

Vehicles Per Hour
on Major Street
(Total of Both

Vehicles Per Hour
on Higher-volume
Minor Street

Approaches) Approaches
Major Street Minor Street (One Direction Only)
1 1 500 150
2 or more 1 600 150
2 or more 2 or more 600 200
1 2 or more 500 200
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