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Shockwaves

0 What?
Backup or queuing as aresults of a sudden decrease in
roadway capacity (reduction in number of lanes, red traffic
signal, accidents., slow moving truck ...etc).
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Shockwaves... TYPES

1) Backward Propagating 2) Forward Propagating
= m o m m e -
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time
3) Stationary
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space-time diagram will
look like this

Space-Time Diagrams

Distance
0 Assuming that all NN
vehicles are travelling & C}Q&W
with a constant speed, the %
=)

Slope= vehicle speed

Time
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Intersections

a Basic Concepts:
Space-time Slopes: represent
speeds
Traffic State: an areawith
steady-state vehicle speeds
(consistent space-time
slopes)

Shockwave speed (»): isthe
slope of the boundary
between two traffic states

Space-time Diagram at signalized

Distance

Red signal stop

~—  \ / cleari ng
shockwavs

 Forming
i shockwave

Red signdl

timing Time
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0 Basic Concepts.

State A Free-Flow
State

State B: Vehicles
Stopping State (red
signa)

State C: Vehiclesflow
at full section capacity

Shockwaves at signalized intersections

Distance

Red
signa \
B X Clearing
shockwave
i | (0pc)
A i Forming shockwave
(0ap) '

Red signal phase

length Time
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0 Basic Concepts:

State A Free-Flow
State

State B: Vehicles
Stopping State (red
signal)

State C: Vehicles flow
at full section capacity

Shockwaves at signalized intersections

A B to C resultsin
a“Clearing
shockwave”

B

AtoBresultsina
“Forming
shockwave”
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Shockwaves at signalized intersections

0 Estimation of Shockwave Speed

q
— Capacity
Wy = 9a=% c
Ky —Kg Aq A B to C resultsin
=) W= AK aClearing
Wge = M shockwave
kg —ke B
. K
+ve value for forward propagating shockwave AtoB resultsina

-ve value for backward propagating shockwave Forming shockwave
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Shockwaves at signalized intersections

0 Estimation of Queue Characteristics

Distance Red signal timing queue
Red length
signal
Queue
Reach
Queue
A clearing
Time > Ny |
Time QueueTota Time

{@ Hoda Talaat 10

Hoda Talaat



Faculty of Engineering, Cairo University Traffic Engineering - Lecture 4

Shockwaves at signalized intersections

0O Example: Signalized intersection
Vehicles are flowing with arate of 1000 veh/hr
Approached ared signal (with 60 sec red phase)

Estimate the speed of the forming/ clearing shockwaves.
Estimated the max queue length

Estimated the distance the queue will reach
Consider the model u=80-0.8k
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Shockwaves at signalized intersections

0 Example: Signalized intersection
State A:
g,= 1000 veh/hr

d, =1000 =80k, — 0.8k, A

. 80z |/(80)2 - 4(0.8)(1000)
. 2(0.8)

k, =85.35014.64veh/ km 2
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State B:
- gg=0
- kg=k= 80/0.8=100veh/km

State C:
+ Oc= Oma=80* 100/4=2000 veh/hr

Shockwaves at signalized intersections

0O Example: Signalized intersection

- ke=k;/2= 100/2=50veh/km
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0 Example: Signalized intersection

Distance
Red
_ _ signal
w,, =3a=0s _ 100020 _ 1) gom/py
Ky—k, 14.46-100
wy = Je =% 022000 o py
ks —k. 100-50 A

Shockwaves at signalized intersections
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Shockwaves at signalized intersections

0O Example: Signalized intersection

Max
60 sec(00167hr) queue

W,z = —11.69km/ hr Jlength
Wy =—40km/ hr
ueue

Max — Queue =11.69* 0.0167 = 0.195km Seech

Qreach T max Qreach Queue

W W clearing
A8 8¢ Time N
Qreach —-0.195 _ Qreach
Q 11_'63 275km 40 Queue Total Time
reach — “*
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Space-time Diagram along a highway
with a slow moving truck

0 Basic Concepts.

Distance Truck
State A: Free-Flow State Truck speed exits /[ C
(W) \

. . . Cleari
State B: Vehicles slowing ;t‘;ks B A dockoe
down behind a slow truck ®g0)

A Forming

State C: Vehidlesflow | shockwave (@se)
with full section capacity Time
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Shockwaves along a highway with a
slow moving truck

0 Estimation of Shockwave Speed

q
0a—Us Capacity
W = c,— _
Ka—Ke Aq A B to C resultsin
=2 aClearing
— 9 "% Ak shockwave
Wgce = :
kB B kc
+ve value for forward propagating shockwave AtoBreslltsina

-ve value for backward propagating shockwave Forming shockwave
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Shockwave along a highway with a
slow moving truck

0 Estimation of Queue Characteristics

Max
. Time Truck on-road Queue
Distance — length
(u)
(od0)
B N ¢ Queue
Reach
: Queue
A { (0pp) clearing
Time —T——0
Time

Queue Total Time
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Shockwaves along a highway with a
slow moving truck

0 Example: slow moving truck
Vehicles are flowing with arate of 1000 veh/hr

A slow moving truck (with 20 km/hr) entered the highway
and exists after 500 m.

Estimate the speed of the forming/ clearing shockwaves.
Estimated the max queue length.

Estimated the distance the queue will reach

Consider the model u=80-0.8k.
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Shockwaves along a highway with a
slow moving truck

0O Example: slow moving truck

State A:
- (,= 1000veh/hr
) C

0, =1000 = 80k, — 0.8K, A

. _80% |/(80)2 - 4(0.8)(1000)

. 2(0.8) 5

k, = 85.350r04.64veh/ km <
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Shockwaves along a highway with a
slow moving truck

0 Example: slow moving truck
State B:

. Ug= 20 knvhr

. kg= (80-20)/0.8=75 veh/km c

- Og= 75(20)=1500 veh/km

State C:

+ 0= Ona=80*100/4=2000 vehvhr
- kc=k/2= 100/2=50veh/km

{@ Hoda Talaat 2a

Shockwaves along a highway with a
slow moving truck

0O Example: slow moving truck

_ _ Note the sign
Wyg = A, ~Gp _ 1000-1500 8.28km/ hr
kya—ky 14.64-75

w,, = Jo =G 150022000 _ o0
ks—k.  75-50
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Shockwaves along a highway with a
slow moving truck

0 Example: slow moving truck

Max
Time-Truck-on-road queue
W, =8.28km/ hr <> length _
Wy =—20km/ hr
Time—Truck —on-road = 0.5/ 20 = 0.025hr f
Qracn = 0.5km Queue Total Time Queue
Max —Queue = 0.5-8.28* 0.025 = 0.293km Reach
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