Intersection Design
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Not to scale

SSD minimum
DSD desirable




Adequate ISD

Sight Triangle - area free of obstructions
necessary to complete maneuver and avoid
collision - needed for approach and
departure (from stop sign for example)

Allows driver to anticipate and avoid collisions

Allows drivers of stopped vehicles enough
view of the intersection to decide when to
enter
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Sight Triangle

Area free of obstructions necessary to
complete maneuver and avoid collision -
needed for approach and departure
(from stop sign for example)

Consider horizontal as well as vertical,
object below driver eye height may not
be an obstruction

AASHTO assumes 3.5" above roadway

1
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Ceear Sight Triangie
Decision Point

Clear Signt Triangle for Viewing Ciear Sight Triangie for Viewing
Traffic Approaching from the Left Traffic Approaching from the Right

B — Departure Sight Trizagies
Exhibit 9-50. Intersection Sight Triangles
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Design Vehicle
Type

Passenger Car

P

Minimum Design
Radius

[m]

Slehalel) Jle ciliaidd) el calial

Minimum Inside
Radius

[m]

Single Unit
Truck

sU

7.3

4.4

Intercity Bus

BUS-40
[BUS-12]

12.8

8.6

City Transit
Bus

City-Bus

13.7

8.4

Conventional
School Bus
(65 pass.)

S-BUS36
[S-BUS11]

12.8

7.5

Large School
Bus (84 pass.)

S-BUS40
[S-BUS12]

119

7.3

Intermediate
Semi-trailer

WE-40
[WB-12]

7.7

Intermediate
Semi-trailer

2.9

2.2
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Design Vehicle
Type

Passenger Car

P

Minimum Design
Radius

[m]

Slehalel) Jle ciliaidd) el calial

Minimum Inside
Radius

[m]

Single Unit
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sU

7.3

4.4

Intercity Bus

BUS-40
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12.8

8.6
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Bus

City-Bus

13.7

8.4
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(65 pass.)
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7.5

Large School
Bus (84 pass.)

S-BUS40
[S-BUS12]
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7.3

Intermediate
Semi-trailer

WE-40
[WB-12]

7.7

Intermediate
Semi-trailer

2.9

2.2
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Desiﬂn Widths for Turning Roadways [Metric]

Pavement width [m]

Caze | Case ll Casze lll
Radius on One-Lane, One-way One-Lane, One-way Two Lane
Inner Edge Operation—No Operation—With Operation
R [m] Provision for Passing a | Provision for Passing Either One Way
Stalled Vehicle a Stalled Vehicle Or Two Way
Dezign Traffic Conditions
A B C A B C A B C

15 o4 5.5 7.0 6.0 T8 9.2 94 11.0 136
29 4.8 2.0 5.4 2.6 6.9 7.9 8.6 9.7 11.1
30 4.5 4.9 3.9 2.5 6.7 7.6 8.4 9.4 10.6
a0 4.2 46 5.0 5.3 6.3 7.0 78 B8 9.5
T 3.9 4.5 4.8 0.2 6.1 6.7 T.7 8.5 &.9
100 349 4.5 4.8 0.2 -9 6.5 76 8.2 a.7
125 3.9 4.5 4.8 5.1 2.8 6.4 76 8.2 8.0
150 3.6 4.5 4.5 2.1 5.8 £.4 7.5 8.2 &4
Tangent 3.6 4.2 4.2 =.0 2.5 6.1 7.3 7.4 7.9

Width Modification Regarding Edge Treatment:

Mo stabilized Mone Mone Mone
Shoulder
Mountable curb Mone MNone Mone
Barrier curl:; **
one side Add 0.3 m Mone Add 0.3 m
two sides Add D6 m Add 0.3 m Add 0.6 m

Stabilized shoulder,
one or both sides

Lane width for conditions
B and C on tangent may
be reduced to 3.6 m
where shoulder iz 1.2 m
or wider

Deduct shoulder width;
minimum width as
under Case |

Deduct 0.6 m where
shoulderis 1.2 m or
wider

Mote:

Traffic Condition A = predominately P vehicles, but some consideration for SU trucks.
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Case A- No Control

Minimum sight triangle sides = distance
traveled in 3 seconds (design or actual?) = 2
seconds for P/R and 1 second to actuate
brake/accel.

Assumes vehicles slow ~ 50% of midblock
running speed (rural???)

20



Case A- No Control

Prefer appropriate SSD on both approaches
(minimum really)

Provided on lightly traveled roadways

Provide control if sight triangle not
available

Assumes vehicle on the left yields to vehicle
on the right if they arrive at same time

21



Can use
«— table or

graph
}

US Customary

Design speed
{mph)

Metric

Length of leg
("

Length of leg
(m)

Design speed
(kmv/h)

CREBIEIIR

K8IIBRBE

§8833¢

BB88RR

l

For approach grades greater than 3%, multiply the sight distance values in this exhibit by

the appropriate adjustment factor from Exhibit 9-53.

1]
Cose

I‘L’

Modify for grade

us

Design speed (mph)

35 40 45 50 55 60 65 70 75 80

&

.....
.......
.......

4
PLYL21%%®

4

10

400 100

Length of Signt Triongle Leg (1)

100



Minimum Distances for Sight Triangle: No Control

Speed (mph) Distance (ft)
10 45
15 70
20 90
25 110
30 130
35 155
40 180
50 220
60 260
70 310

From Garber and Hoel

A little lower than Green Book Values
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SIGHT TRIANGLE

using similar triangles, ... h

‘ M\\Qﬁ&\\\\\\\\\\ o

\\ }\\w > b
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A. CASE | & I

NO CONTROL OR YIELD CONTROL ON MINOR ROAD

can set critical speed to g

available stopping distance, d, = ax - a -

a
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Example I

g

47

25 mph

50 mph

Is sufficient stopping sight
distance provided?
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Example I

25 mph

a=47
j “w Vv
] v
« N
; |
d, =ax—°



Minimum Distances for Sight Triangle: No Control

Speed (mph) Distance (ft)
10 45
15 70
20 90
25 110
30 130
35 155
40 130
50 220
~0U 200
70 310

From Garber and Hoel

d, = 220 feet

27




Example I
25 mph
¢ i; d,
/ S 4
- !
- -
50 mph da
d, = 220 feet I
d
dy = 47' (220) = 69.9 d=ax -

220'-72 “



Minimum Distances for Sight Triangle: No Control

Speed (mph) Distance (ft)
4
15 70
0 00
25 110
30 130
35 155
40 180
50 220
60 260
70 310

From Garber and Hoel

d, = 69.9 feet
corresponds to 15
mph



Example

— v

Y

<

a

25 mph > 15 mph, stopping sight
distance is not sufficient for
25 mph
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Case B - Stop Control

Three Sub Cases - Maneuvers

Turn left on to major roadway (clear traffic
left, enter traffic right)

Turn right on to major roadway (enter traffic
from left)

Crossing (clear traffic left/right)

31



Case B - Stop Control

Need ISD for departure and completion even
if vehicle comes into view at point of
departure = 1.47 V4 jor * Tg where gap time,

T9=7.5-11.5s:
add more time for grade or multilane;

decrease by 1s. for right turns

32



Time gap (s) at design speed
Design vehicle of major road (L)
Passenger car 75
Single-unit truck 95
Combination truck 11.5
Note: Time gaps are for a stopped vehicle to tumn right or left onto a two-lane highway with
no median and grades 3 percent or less. The table values require adjustiment as
follows:
For multifane highways:
For left turns onto two-way highways with more than two lanes, add 0.5
seconds for passenger cars or 0.7 seconds for trucks for each additional lane,
from the left, in excess of one, to be crossed by the turming vehicle.
For minor road approach grades:
if the approach grade is an upgrade that exceeds 3 percent; add 0.2 seconds
for each percent grade for left tums
Exhibit 9-54. Time Gap for Case Bl—Left Turn from Stop
Metric US Customary
Intersection sight Intersection sight
Stopping distance for Stopping distance for
Design sight passenger cars Design sight passenger cars
(km/h) (m) (m) {m) (mph) () (f) (f)
20 20 417 45 15 80 1654 170
30 35 626 65 20 115 2205 225
40 50 B34 85 25 155 2756 280 e
50 65 1043 105 30 200 330.8 335
60 85 125.1 130 35 250 385.9 390
70 105 1460 150 40 305 4410 445
80 130 166.8 170 45 360 496.1 500
90 160 187.7 190 50 425 ss13  sss | u r‘ n
100 185 2085 210 495 606.4 610
110 220 2294 230 60 570 661.5 665
120 250 250.2 255 65 645 7166 720
130 285 2711 275 70 730 771.8 775
75 820 826.9 830
80 910 882.0 885

two-lane highway with no median and grades 3 percent or less. For other
conditions, the time gap mus! be adjusted and required sight distance recaiculated,

Exhibit 9-55. Design Intersection Sight Distance—Case Bl—Left Turn From Stop
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Can use
«— table or

graph
}

US Customary

Design speed
{mph)

Metric

Length of leg
("

Length of leg
(m)

Design speed
(kmv/h)

CREBIEIIR

K8IIBRBE

§8833¢

BB88RR

l

For approach grades greater than 3%, multiply the sight distance values in this exhibit by

the appropriate adjustment factor from Exhibit 9-53.

1]
Cose

I‘L’

Modify for grade

us

Design speed (mph)

35 40 45 50 55 60 65 70 75 80

&

.....
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4
PLYL21%%®

4

10

400 100

Length of Signt Triongle Leg (1)

100



=we  Pight Turn

design speed of
Design vehicle major road (tg) o
Passenger car 6.5
Single-unit truck 8.5 G n C r O S S | n
Combination truck 10.5

Note: Time gaps are for a stopped vehicle to turn right
onto or cross a two-lane highway with no median
and grades 3 percent or less. The table values

require adjustment as follows: US Customary
For multilane highways: Intersection sight
For crossing a major road with more than two Stopping distance for
lanes, add 0.5 seconds for passenger cars and Design sight passenger cars
0.7 seconds for trucks for each additional lane to speed distance Calculated Design
be crossed and for narrow medians that cannot (mph) (ft) (ft) (ft)
store the design vehicle. 15 80 143.3 145
For minor road approach grades: 20 115 1911 195
If the approach grade is an upgrade that exceeds 25 155 238.9 240
3 percent, add 0.1seconds for each percent 30 200 286.7 290
grade. 35 250 334.4 335
40 305 382.2 385
Exhibit 9-57. Time Gap for Case B2—Right Turn from 45 360 430.0 430
Stop and Case B3—Crossing Maneuver — 420 477.8 480
55 495 525.5 530
60 570 573.3 575
65 645 621.1 625
70 730 668.9 670
75 820 716.6 720
80 910 764.4 765

Exhibit 9-58. Design Intersection Sight Distance—Case B2—Right Turn from Stop and
Case B3—Crossing Maneuver



US CUSTOMARY

80 | I....
» PC o+ l
& L G l
= 60
B i
§ 50 : : Ll R
§ » Sts_l‘)..o’ i Ft
Jo
304 .J} pt
ST mn
+ | 1]
10+ + ——t -
o 100 200 300 400 K00 00 700 1800 900 1000 1100

Length of Signt Triongie Leg (ft)

Exhibit 9-59. Intersection Sight Distance—Case B2—Right Turn from Stop and Case B3—
Crossing Maneuver



Case C - Yield Control

Minor Roadway Yields - must be able to
see left/right - adjust speed - possibly
stop

Sight distance exceeds that of stop
control

Similar to no-control

37



Case C - Yield Control

Must use minimum stopping sight
distances for d, and d,

SSD calculation should include effect of
grade

Required distance = P/R + stopping
distances

38



Case C - Yield Control

Typically Known - a, b
Typically Assume V,_or V,

Similar triangles can be used to calculate
safe approach speeds (given one approach
speed) or allowable a and b.

da/db - (da - b)/a
d. = (d. *a)/ (d, - b)

39



Yield Control

Case C 1. Crossing maneuver from minor road

Assumes minor road vehicles that do not stop
decelerate to 60% of minor road speed

Vehicle should be able to:

Travel from decision point to intersection
decelerating to 60% of design speed

Cross and clear the intersection at the same (i.e.,
60%) speed

40



Metric ——USCustomary |
w+ L, w+ L,
t o=t 4——— =, +———"
0167V, £ 088V . (9-2)
b=0.278V .1, b=147TV .1,
where: where:
tg = travel time to reach and tg = travel time to reach and
clear the major road (s) clear the major road (s)
b = length of leg of sight b = length of leg of sight
triangle along the major triangle along the major
road {m) road (ft)
ta = ftravel time to reach the ta = travel time to reach the
major road from the major road from the
decision point for a decision point for a
vehicle that does not vehicle that does not
stop (s) (use stop (s) (use
appropriate value for appropriate value for the
the minor-road design minor-road design speed
speed from Exhibit 9-60 from Exhibit 8-60
adjusted for approach adjusted for approach
grade, where grade, where
appropriate} appropriate)
w = width of intersection to W = width of intersection to
be crossed (m) ba crossed (ft)
La = length of design vehicle g = langth of design vehicle
(m) (ft)
Ve = design speed of minor Vimnee = design speed of minor
road (km/h) road {mph}
vnujnr = design speed of major vmjur = design speed of major
road (km/h) road (mph)

Figure on page
671, AASHTO
“Green Book"
2001

41



etric ustomary

Traval time (i)

Minar-road approach [seconds) Minor-road ap-,':ln:-achl Travel ims (L) [setonds]
Design Length of Traval timea Design  Length of Trawve| tim

spead Ive-g1 | P Calculated Dasign spead IE-;|1 L ¥ alculate B3N

(krmih) {m}) {seconds) valus valug™" (mpi) () {saconds) value walug™”
20 20 3.2 71 7.1 15 75 3.4 6.7 6.7
30 30 3.6 6.2 B.5 20 100 3.7 6.1 6.5
40 40 4.0 6.0 6.5 25 130 4.0 6.0 6.5
50 55 4.4 & 0 6.5 a0 160 4.3 5.9 6.5
GO0 65 4.8 &1 6.5 a5 185 46 6.0 6.5
7o &0 51 6.2 6.5 a0 235 4.9 6.1 6.5
B 100 55 6.5 6.5 45 275 5.2 6.3 6.5
a0 115 58 &8 &.8 50 320 5.5 6.5 6.5

100 135 &3 71 71 223 LY b B.1 6.7
10 155 6.7 74 7.4 B0 420 6.1 6.9 6.5
120 180 7.0 7.7 7T B5 470 .4 7.2 T2
130 205 74 &0 8.0 7o 530 6.7 7.4 T4
[ 500 7.0 T 1.7
a0 &a0 7.3 7.9 T8

" For minor-road approach grades thal excaed 3 parcant, mulliply tha distancs or the ime in this lable by the appropriate
adustmant factor from Exhibit 8-53.

? Travel time apphas to a vehicle thal slows bafore crossing the indersection bul doss not stop.

* The value of L, should equal or exceed the appropriale time gap for crossing the major road from a stop-controlied
approach.

? Values shown are for a passengear car crossing a two-lane highway with no median and grades 3 parcant or lass.

Exhibit 9-60. Case C1—Crossing Maneuvers From Yield-Controlled Approaches—Length of Minor R+ud Leg

and Travel Times
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Metric us Eustnmarr

Major Major

raad Stopging road Stopging

dasign  asight Mincr-road design epeed (kmih) design  sight Mincr-road design speed {mph)

spaad distance 20 30-80 60 100 110 120 130 speed distance 15 20-50 55 60 &5 70 75 &0
tkmdhy  (m) Design values {m) {rnph) {ft] Diealgn values (ft)

20 20 40 40 40 40 45 45 45 15 80 150 145 150 155 160 165 170 175
30 L BO 55 BO &0 B5 85 TO 20 116 200 195 200 206 215 220 230 235
40 50 80 75 BO B0 a5 80 890 25 165 280 240 250 255 265 2Z7hH 285 2956
G0 65 100 95 85 100 105 110 115 a0 200 300 290 300 306 320 330 240 350
G0 85 120 110 115 120 125 130 135 35 250 345 335 345 380 ATS5 385 400 410

To 105 140 130 135 140 145 150 160 40 35 395 385 305 410 425 440 455 485
BO 130 180 145 155 160 165 17& 180 45 3650 445 430 445 460 480 490 510 525

ao 160 180 185 175 180 190 1495 208 50 425 405 480 495 510 &30 B45 &70 58S
100 185 200 185 180 200 210 215 225 55 485 545 530 545 GEO 585 S00 625 640
110 220 220 200 210 220 230 240 245 B0 &0 585 G675 BOG 610 B40 &85 &BO TOO
120 250 240 220 230 240 250 260 270 B5 645 645 625 645 680 680 TI0 V40 TES
130 285 280 235 280 260 270 280 290 70 730 680 670 &80 715 745 TehE V85 B15

75 &20 740 T20 V40 TEH Ta5 820 &850 BTG

80 910 7180 TB5 yO0 B15 B850 A&75 910 D30

Mole: Values in the table are for passsnger cars and ara bassd on the unadjusted distancas and imas in
Exhibil 8-80. The distances and times in Exhibit 8-60 nead lo be adjustied using the faciors in Exhibi 8-53.

Exhibit 9-61. Length of Sight Triangle LL# Along Major Road-Case Cl1—Crossing Maneover at Yield
Co .
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US CUSTOMARY
O0Trrrrrrr -——-T-!- . o~ 7 F—I

70

i &

Z
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»
o

Design Speed (mph)
"
o
*

. T
X I
20 i

ol i NNt T

100 200 300 400 S00 600 700
Length of Sight Triongle Leg (ft)

Exhibit 9-62. Length of Sight Triangle Leg|Along Major Road fl)r Passenger Cars— 4
Case C1—Crossing Maneuver




Also ..

Case C2: Left and Right turns aft yield
control

Case D: Signal control

Case E: All way stop

Case F: Left turn from major
1g=5.5-7.5s + multilane adjustment
Effect of Skew




Sighting Rod and Target Rod
(AASHTO)

For vertical sight
distance with
vertical curves
Sighting rod- 3.5
feet tall

Target rod- 4.25
feet tall (Top
portion and bottom 2
feet are painted
orange)




Measuring at an Uncontrolled

Intersection
4
\ X 1 /
_ /W—’
V]

47






Measuring at a Stop-controlled
Intersection

49
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ISD Cases

No control: vehicles adjust speed

Stop control: where traffic on minor roadway
must stop prior to entering major roadway

Yield control: vehicles on minor roadway
must yield to major roadway traffic

Signal control: where vehicles on all
approaches are required to stop by either a
stop sign or traffic signal

All way stop

Stopped major roadway left-turn vehicles -
must yield to oncoming traffic

53



Case A- No Control

Minimum sight triangle sides = distance
traveled in 3 seconds (design or actual?) = 2
seconds for P/R and 1 second to actuate
brake/accel.

Assumes vehicles slow ~ 50% of midblock
running speed (rural???)

54



Intersections

Figure 1-7. Functional Area of an Intersection. 2



Three-Legged Intersections

j0°

—
D)

N

Y

I

B ((SVIE) D

Hi

PLAIN ‘T’ INTERSECTION
A

Basic Design



Four-Legged Intersections

—>» Vehicular/bicycle travel
----- Pedestrian travel

Use this kind of design for high right turn movements

Figure 1-5. Typical Four-Leg Intersections.

Basic Design



Figure 13.2 : Simple T Intersection
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Figure 13.3 : Simple Four-leg Intersection
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a) Left/ nght stagger WY(
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b) Right / left stagger

Figure 13.4 : Staggered Intersection



Fig. 11 - Facility to assist left-turning movements at a low-fraffic T-intersection.
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Traffic deflection
island

Figure 13.5 : Typical Four-Leg Roundabout
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Figure 13.7 : Typical Four-leg Signalized Intersection



Intersections

Lateral movement

completed Vehicle "Clears" traffic lane
prite sk ul dggg:g;at'm Speed differential < 10 mph [15 kmih]
\ * / Begin deceleration tBegin ;
— = & lateral movement perception-reaction
D@ OED & + ¥
= < e

d, d, >L d, ﬂ»
< . . -

Minimum Functional Length
Figure 1-8. Elements of the Functional Area of an Intefsection.

Depends on vehicle speed, driver alertness,
and driver familiarity with the location



MINOR

ROADWAY
InEl Urban Intersection
| {
Traffic Signal |_|| %h I'| -
| |I| l
(Mast Arm) g b Traffic Separator
4!-; - £
- \ =
[ - .“II +
- - MAINLINE
Pavement 2 /| -2 ~ ROADWAY
Markings s—~——
— \/ = — Bi’cycfe
Paiee 3 spe— ane
Curb Ramp '* 7 —
| ™ 3-Centered Curve
NN/ Curbed Island

Bicycle Lane —H{|| | Turning Roadway
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Pavement
Markings

/ N\ Paved Bleycle

Shoulder Lane

Turning Hoaﬂ’wcry--
Palnted Island

J-Centered Curve

Suburban or
Rural Intersection
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