A distributed strateqy for

eliminating incident-hased traffic jams

from urhan networks

by Penina Roberg, Road Traffic Research Centre, Middiesex University®

New technigues are needed to deal with traffic jams that have fermed in urban
areas. As part of a study supported by EPSRC, the author has investigated
dynamic strategies for controlling and dispersing jams that originate from temporary
obstructions at particular locations in an idealised network. The strategies involve
the application of bans to a number of critical junctions in the network. The
bans come in two forms: turn or ahead. Turn bans are imposed on selected links
to break gridlock cores at the nucleus of the jam. Ahead bans are implemented
around the envelope of the traffic jam 1o reduce input into critical sections of the
road. Under appropriate circumstances, certain combinations of these control
measures have been found to have an appreciable impact on jam development
and dispersion.

In this paper, the effects of these core and gating strategies are investigated
with the aid of a simulation model. A qualitative explanation of the performance and
effect of the strategies under a varnety of road network conditions is put forward.
A quantitative estimate of the delays incurred over the period of control is also
provided.

The paper discusses the application of the ideas presented here tec the twe-way
idealised network and concludes with a brief review of future research directions

aimed at applying the experience gained to real networks.

1.INTRODUCTION

The form of an incident-based traffic jam
in a simple, idealised, one-way road
network is characterised by irreversible cores
or knots which develop at specific locations
within the jam arca. These knots persist
even when traffic demand falls away at the
end of the peak period. External measures
are required to break the interlocking
queues apart in order to resiart vchicular
movement.

Previous research’ has highlighted two ap-
proaches for the successful control of traftic
queues. The first approach considers how
features in the road layout, such as the alloca-
tion of queue storage space between ahead
and turning vehicles, can be exploited so that
the rate of jJam expansion may be curbed. The
second approach suggests responsive mea-
sures which can alleviate congested situa-
tions which have afready assumed a gridlock
characteristic,

There arc several ways to deter the spread
of such jams and eliminate them once they
have formed. One such way is via the vehicle
movement ban, so that movement is re-
stricted to ahead only or turn only. Two varia-
tions of the ahead ban huve been investi-
gated:

(/) vehicles are barred from entering the

congested region (gating); and

(2} vchicles moving ino the congested re-

gion ure forced onto nearby routes {re-
routeing).
In real life, these measurcs take the form of

a set of rules which channel vehicles away
from the sensitive locations of the network.
Although these rules may temporarily re-
strict the motorists™ freedom, they can easily
be applied through wraffic signals,

2. THE TRAFFIC SIMULATION
MODEL

The construction of a simple, idealised simu-
lation model may lead to the understanding
of some of the fundamental charactenstics of
traffic-jam growth as well as to the comple-
mentary process of decay. The model used in
the context of this research is simple, but the
principles involved in its formulation have
already been extended to incorporate more
realistic network features. Here, the salient
features of the model are introduced along
with specific details relating to the experi-
ment described later in the paper.

2.1. The environment

The network consists of equally-spaced
strects at right-angles. 1t forms a grid-like
structure typical of town centres, for examplc
Manhattan in New York. A sequence of alter-
nating sources and sinks is constructed at the
edges of the square grid. Vehicles travel from
any source towards uny sink.

*The author’s address; Read Traffic Research
Centre.  Middlexex  University,  (Queenswoay,
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Generation of vehicles from each ol the
sources 15 determined by a Poisson maodel re-
Mecting demund Tor sccess 1 the network of
roads. The expected mean of the demund at
each access point is described by g, which
has the same value for all sources 1o create a
sicady flow of vehicles through the system as
awhole.

The mechanism of vehicle movement
mimics simple tratfic control. Vehicles are
partially segregated into traffic lanes and
progress, subjeet to:

— spuce being availuble downstream:

— capacity constraings at junctions: and

— interactions between queucing vchi-

¢les,

2.2, Vehicle progression

Vehicles can either go straight ahead or tumn
in prescribed directions. The propensity fora
vehicle to turn is controlled by a tixed proba-
hility value which 1s the same for euch inter-
section and is used 10 determine the propor-
tion of turning vehicles at each intersecnon.
This proportion is subject to numerical
rounding to ensure that vehicular flow is al-
ways integer.

Queues are maintained on all the net-
work’s links. The size of each individual
gueue is reviewed each time-shee and up-
dated according to the movement of vehicies
away downstreant. Vehicles requiring access
to a link on which a queue has already formed
may join the queue providing there is space w
accommodate them. If the link becomes full,
vehicles may no longer enter and must wait in
the link upstream until space appears in the
blecked link. This spuce becomes available
after vehicles begin to discharge across the
downstream stop-line.

2.3. Spillback and quene propagation

The propagation of queues throughout a
road network can be described in relatively
simple terms”. The pattern of development
focuses on the conscquence of any single link
becoming blocked. The link can block as
a result of an incident on the network
which causes queues to evolve around the
original source of obstruction. The inter-
acrion between the individual queues on
the link governs the nature ol the spillback
mechanism involved. More details of the
process of queue propagation and spillback
can be found in Roberg' and Abbess and
Robery?,



3. EXPERIMENT DESIGN
The effect of the model’s parameters on the
total delay incurred as a result of congestion
has been examined in a detailed experiment.
The experiment focuses on the performance
of a particular control strategy when applied
to treat jam formations on the network.

In the experiment, vehicles progress
through the idealised one-way grid network.
This process is repeated until the system has
reached a steady state, whereupon an ob-
struction is installed at the centre of the net-
work. As a result, a traffic jam begins to
evolve. The growth period of the simulation
is limited to 10 time-slices to prevent the jam
overflowing the system boundary. Following
the period of growth, the obstruction is re-
moved. This prompis a slight rearrangement
of the queues located close to the original
source of obstruction. A further three time-
slices are allowed to enable the traffic jam to
settle. The control strategy is then imple-
mented for a fixed time period. When the
congestion is deemed to have sufficiently
cleared, the restrictions enforced by the con-
trol measures are lifted. The simulation pro-
gram is terminated as soon as the network re-
achieves an isotropic state.

3.1. Factors influencing the delay

The effects of three factors on the incurred
delay (defined below) are evaluated in the ex-
periment. These factors can be represented in
terms of the following parameters:

— p# — the number of vehicles per entry
point per minute;

— p — the turning proportion: a fixed
probability value in the range 0. .. 1;
and

— o — the stop-line width allocated be-
tween the segregated queues.

(Inthe context of this research, the proportion
of stop-line width devoted to the ahead
queuves has been denoted by o, with the re-
mainder of the width 1 — o allocated 1o the
turning queues. For example o + 0.66 de-
notes the situation of two lanes for ahead traf-
fic and one for turning vehicles.) The possi-
ble values of o have been limited to the
parameter set oo € {0.33. 0.50, 0.66, 0.75,
0.80}, as these represent typical lane config-
urations.

In the experiment, lraffic jams have been
simulated under a range of conditions. De-
mand varied from g = 18 to =27 vehicle per
minute per entry point whilst the proportion
of tuming vehicles ranged fromp=0.1top=
0.9, Different queue storage allocations were
investigated by varying o as described
above. The effect of these parameters on the
total delay incurred during the dispersion pe-
riod was then measured and evaluated.

4. ESTIMATING THE
DELAY IN THE NETWORK

Atthe end of each time-slice a record is made
of the number of blocked links enclosed in
the traffic-jam structure, the total number of
vehicles present in the system, the total num-
ber of vehicles which have entered the sys-
tern and the corresponding total which have
left the road network. These statistics are
used to calculate the delay encountered by
vthicles in the congested system.
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Fig 1. Spatial form of traffic jam fust before treatiment.

4.1. Steady state conditions

The simulation is brought to a steady state be-
fore an obstacle is introduced into the net-
work. The steady state is isoropic —
vehicles are evenly distributed among the
road links, with some random variation
caused by stochastic inputs.

The simulation is run in two phases, Dur-
ing the first phase, known as the RUNUP pe-
riod, no obstruction is present on the net-
work. The total input to the road network is
recorded at the beginning of each time-slice.
Similarly, the total output is recorded at the
end of each time-slice. The difference be-
tween the two variables forms a sequence
which can be tested for stationarity using
time-series methods®, Once the road network
has reached a steady state, an estimate is
made of the mean and standard deviation of
the number of waiting vehicles, Following
this, the second phase of the simulation be-
gins. During the simulation period, the exper-
iment described in the previous section is car-
ried out. Summary statistics, such as the
number of blocked links and the total number
of waiting vechicles, arc gathered each time-
slice.

4.2, Method for estimating the total delay
When gridlock oceurs, it is not possible to
measure delay using conventional methods.
However, it is possible to compute the total
dcelay {an important statistic in that it gives a
direct measure of the financial cost due to
congestion) caused by the traffic jam using a
different technique.
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The delay incurred as a resuft of conges-
tive can be estimated, either by considering
the shortfall of vehicles leaving the system or
by comparing the excess number of vehicles
in the congested system with the expected
number in the steady state. These two tech-
niques are equivalent — see Roberg and
Abbess?. Here, the latter method is described.

The delay incurred during a single cycle of
the simulation can be approximated by com-
paring the difference between the number of
vehicles wailing in the congested sysiem
with the corresponding number present in the
steady state. This excess, when multiplied by
the cycle-time, describes the delay incurred
during this particular cycle. In other words, if
w; denotes the number of vehicles present in
the system at the end of time-slice i, W repre-
sents the total number of vehicles waiting ina
free-flow, isotropic system and Tcorresponds
to the length (in minutes) of a single cycle of

“the simulation, then the contribution to delay
within time-slice i {(denoted by 8A;) can be
written as §Ai= T (w, — )

The total delay, A%, incurred throughout
the period of congestion can be found by
summing these individual contributions to
delay. Thus, if the implementation of control
measures in time-slice s successfully elimi-
naies the traffic jam so that the system recov-
ers its steady state at time-slice k. then the
total delay incurred as a result of congestion
is estimated by

ste
A%=rY (w,-w) (veh-min)

=



The shape of a typical traffic jam just before
control measurcs have been implemented is
shownin Fig I. Anobstruction has been set at
the junction shaded in purple. In Lthe expeni-
ment, external countermeasiures are intro-
duced in the 13th cycle. In some situations
the tratfic jam has been successfully treated.
yet in others it continues to grow irrespective
of the control measure introduced. Alterna-
tively, the control measure may clear the
original jam but cause a new one to build
elsewhere in the network. In the context of
this research, this phenomenon is referred to
as ‘jam migration’.

If the strategy completely eliminates the
traffic jam from the road network, it is possi-
ble to estimate the total defay incurred by the
presence of the jam. However, where the iraf-
fic jam continues to grow regardless of the
control measures which have heen intro-
duced, the total delay incurred is not finite, it
grows cach time-slice with no bound.

5.A COMBINED DISPERSAL
STRATEGY
In their discussion of the treatment of *catas-
trophic’ or severe urban congestion, Huddart
and Wnight® and Quinn® propose a number of
approaches for tackling the problem. They
suggest that:

(1) the control system be altered to dis-

perse or free critical queues; or

f2) reservecapacity be providedtorelieve

congested links; or

f#) the level of demand be reduced albeit

temporarily.

Rathi’ categorises the treatment of conges-
tion in terms of internal and external meter-
ing. Internal metering is implemented to cope
with queues along critical intersections,
whereas external metering is applied along
the periphery of a centrol area to reduce flow
into the congested region. The paper deals
extensively with various external metering
control-iest scenarios.

The implementation of vehicle bans fol-
lows a methodology which is similar to the
ones proposed above. The bans can be ap-
plied in two forms: turn or ahead. Turn bans
can be imposad on selected links to break
gridlock cores at the heart of the jam, thus
dislodging critical queues. Ahead bans
around the envelope of the jam reduce input
into critical sections of the road. These ahead
buns can be used in two ways. Vehicles nsing
the banned junctions can either be queuved
outside the congested region or else be re-
routed away from the jam. Due to the current
nature of the software. vehicles which have
been re-routed will not necessarily track their
original destinations.

Treatment which is solely aimed at the jam
boundary will onl¥ work providing the grid-
lock core has not already formed and suffi-
cient storage area is available for the vehicles
waiting at the control area’s periphery®.

On the other hand, the success of core
strategies (turn bans directed at the gridlock
cores in the jam) on their own is not always
guaranteed. Resuits have shown' that if the
demand is fairly light or if the jam has not
been active for more than a few time-slices, it
may be sufficient to ban a small number of
critical turning movements to clear the whole
jam. However, experiments have demon-
strated that this simple expedient often forces

the core to migrate to a nearby location. This
problem has been addressed by using com-
pound core strategies. Multiple core strate-
gies become less effective when demand in-
creases and when the jam has already
assumed area-wide proportions.

This paper considers the effect of simulta-
rieausly applying the two types of control
available for the treatment of severe urban
congestLion.

5.1. The control strategy
used in the experiment
Experiments with bans have resulted in the
formulation of a comprehensive dispersal
strategy which will be referred to as the dis-
tributed strategy. The distributed strategy
combines two control plans which operate in
tandem: the flow of vehicles into the con-
gested region is reduced using ahead bang
whilst the gridlock cores located at the centre
of the jam are fragmented using turmn bans.
5.1.1. Turn bans. The arrangement of the
bans a1 the centre of the jam focus on and near
the point of the original obstruction. When
four sides of a city-block in the network be-
come jammed with turning vehicles, an irre-
versible knot or core is formed. The traffic
can be reieased from this core using a set of

turn bans which are superimposed on the four

locking turns in the network. The shaded re-
gions in Fig 2 describe the location of the four
cores within the jam structure. Movement
along any of the links which bound the
shaded regions has been restricted to ahead
only.

5.1.2. Ahead bans. A cordon of ahead
bans is set up around the boundary of the jam.
These bans deflect traffic away from the traf-
fic-jam area. The size of the cordon can vary
and is usually fixed so that it neatly encom-
passes the jam without impinging too much
on the jam structure. In the experiment, a cor-
don is set at a fixed distance of six links from
each of the four cores at the centre of the jam.
Figure 2 shows the ban scheme proposed by
the distributed strategy.

5.1.3. Gating. Instead of forcing vehicles
away from the congested region via ahead
bans, vehicles can be gqueued on the ap-
proaches to the jam without being diverted.
This option is described in more detail in Sec-
tion 7.1.

5.2. Qualitative performance

of the control strategy

Applying the core and either of the boundary
(re-routeing or gating) strategies in parallel
seems o disperse jams on the idealised net-
work quite quickly. The cordon of restric-
tions protects the jam from excessive demand
whilst the compound core strategies are ap-
plied dircctly to knots at the heart of the jam,
The shielding of the cordon minimises the
tendency of the cores to reform at nearby lo-
cations, and the reduction in the overall jam
size and delay time can be dramatic within a
few time-slices of the simulation process.

6, EXPERIMENT RESULTS

The experiment has cutlined three critical pa-
rameters which have an appreciable impact
on jam development and dispersion. These
factors are not the sole contributors to the un-
derlying processes, indeed the proportion of
segregation within a link is associated with
minimal jam prowth®. Here, we deal only
with the effect of the level of demand, the
preportion of turning vehicles and the space
allocated to the segregated queues on the dis-
persal process of a traffic jam.

6.1. Increasing demands

The experimental results confirm that the rate
of jam expansion accelerates with each in-
crease in demand. As a result, the total delay
incurred during the period of dispersion also
increases proportionately with demand. The
distributed control strategy is an effective
one, With low, intermediate and often high
levels of demand, the strategy successfully
eliminates the queue structures.
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Jam elimination.




6.2, Increasing turning proportions

The effect of the turning proportion, p, on the
performance of the distributed control strat-
egy cannot be easily explained. The results
gencrally show that increasing the turning
proportion reduces the performance of the
control stratcgy.

Careful analysis of the results has shown
that the turning proportion of vehicles has a
crucial effect on the dispersat process. The
control strategy is more effective and induces
smaller delays when p is low. As p assumes
higher values, the control strategy 1s less suc-
cessful-and ofien fails to eliminate the jam,
For valuves of p occurring between these two
upper and lower bounds, the total delay in-
curred during the dispersal period does not
follow a sysiematic trend. Instead the total
delay is extremely sensitive to changes in p
and changes markedty with each variation. Tt
is not possible to predict how the pattern of
Muctuations will vary with respect 1o changes
in the turning proportion.

This non-smooth behaviour may be linked
with the discrete nature of the soflware, in
which the variabie for vehicular flow atways
remains integer. Thus, certain values of p,
when associated with other parameters, such
as the level of demand, may induce the dis-
persing jam inte one critical state, whereas
another combination may produce a differ-
ent, albeit rclated state. Each state will ex-
hibit similar yet distinet patterns of delay.
Furthermore, other permutations of model
parameters could produce a jum which can-
not be controlted by the distributed strategy
described in this paper.

6.3. Channelisation

The results show that the queue storage con-
figuration of a link can dramatically affect
the delay incurred during congestion. How-
ever, care must be exercised when changing
the allocatiuns between ahead and tming
proportions. The results show that. as p as-
sumes higher values, it would be unwise to
increase the value of acbeyond 0.50. The rea-
son for this is that allocating more space to
the zhead traffic simultancously reduces the
amount of space available for urning move-
ments. When turning proportions are high.
spillback can be triggered more rapidly, thus
inducing a premature onset of gridlock-type
phenomena. This would make dispersal more
difficult.

The results for & = (.33 deserve specific
attention. The layout allocates one-third of
the stop-line width to the ahead queues and
two-thitds to the twrning gueues, and would
almost never be used in practice. Neverthe-
less, it highlights anumber of interesting phe-
nomena. One of these is the spontaneous jam
which develops over a network without an
obstruction. Although the system has appar-
ently achieved a steady state, local pockets of
traffic queues are distributed in one or two
places in the system. The cifect of these up-
ward fluctuations can be graphically ob-
served in the model, Instead of dissipating
freely to create atruly isotropic system. these
pockets develap, albeit slowly, often one at a

time, until onc or more traffic jams have
formed and extended over the complete net-
work. This is an example of how inappropri-
ate road layout can induce a lack of stability
in the system as a whole.

Furthermore, the delays involved when at-
lempting to disperse the jams in the case of o
=0.33 are higher than for the remaining val-
ues of ¢. This suggests that the performance
of u control policy may be hampered when
their exists a mismatch belween road storage
configuration and the vehicular flows using
them.

Fig 3 {right). Operative domain of the conrol
strategy with respect to demand, trning propor-
tior and quewe storage comfiguration. (Total
delays measured in veh-min }

6.4, Evaluation of the joint effect

So far, we have seen that the three parame-
ters, 4. p und cthave a joint impact on the dis-
persion process of a traffic jum. Figare 3
shows this connection graphically. The fig-
ure shows how the total delay, ~% varies with
respect to demand and the proportion of turn-
ing vehicles. The effect of queue storage con-
figuration can also be assessed by consider-
ing each case separately. The shaded regions
in the respective parts of the figure denote the
field or domain in which the chosen strategy
has been totally successful in eliminating the
jam.

For example, when o= 0.50 the volume of
the surface covers a large proportion of the
plotting area. This indicates that the dis-
tributed control strategy is effective for most
of the values of g and p which were chosen in
the experiment. The degree of shading on the
surfuce demonstrates whether the delays are
law {darker shades). or whether they are high
(lighter shades). The white regions in the tig-
ures demonstrate where the stralegy has not
been successful at eliminating the jum, for
example p = 3.

The shapes of the surfaces with respect to
the change in & appear very similar, How-
ever, as ¢ increases the domain in which the
distributed strategy 15 effective becomes
smaller, This cffect can be seen in the reduc-
tion in volume of the surfaces with respeet 10
cach increase in ¢ This means that, regard-
less of the values of other parameters, allocat-
ing more space to the turning part of the seg-
regated queucs is not to be encouraged if the
overall aim is to disperse (rallic jams that
have formed as a result of an incident. In-
deed, road layouts corresponding to values of
&< 0.50 are not generally conducive to this
purpase. However, in the region where con-
trol policies successfully treat jams, the re-
sults show that, providing the Hows are in
proportion to the storage configuration ca-
pacities, then the total delay measured over
the dispersion period, may be reduced
slightly by carefully increasing o beyond
0.50. The benefits of such changes arc not
large and the sensitivity of the total delay to
the arrangement of quetes on the link suggest
that such interference is not advisable.
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7.FURTHER COMMENTS ON
EXPERIMENTAL RESULTS
The simulation experiment has revealed that
the application of control measures to dis-
perse a traffic jam may lead to one of the fol-
lowing outcomes:

{1} Tratfic jam clears completely within a
few time-slices.

(2) Tratfic jam assumes a static nature —
it neither grows nor contracts.

{3} Single jam splits into two mini-jams
which:

— resonate until one dies out fol-
lowed by the other; or

— resonate uniil one grows and other
dies out; or

— resonate until both become grid-
locked and extend over the net-
work,

{4) Traffic jam migrates to a fresh loca-
tion.

(5) Traffic jam continues to grow regard-
less of the control measures intro-
duced.

The variety of cutcomes highlights the sensi-
tivity of a traffic jam to external forms of con-
trol and it would be desirable if some of the
unustal features, such as resonance and mi-
gration, could be explored further.

7.1. Gating instead of re-routeing

The distributed control strategy which has
been described so far involves core as well as
boundary intervention. Vehicles arriving at
the jam envelope are deflected away from the
jam using ahead bans. The vehicles are
forced to turn on to other routes pear the jam.
This form of control may in some situations
be alittle drastic.

An alternative measure can be imple-
mented on the jum boundary whereby, in-
stead of being re-routed, vehicles qucue on
the envelope of the congested region which
acts as a gate. As aresult, gueues will begin ta
propagate along the boundary. The longer the
restrictions remain in place, the more likely
that the queues themselves form the cores of
new traffic jams. This implies that the queue-
ing opticn involves heavier delay to drivers
caught in the congestion. However, re-route-
ing takes drivers away from their destina-
tions. In reality they would drive around until
aliowed to go where they wanted and the de-
lays might be large. The queueing option rep-
rescnts more realistically what might happen
in real life.

Figure 4 graphically compares the differ-
ence in delay between the two strategies for
one particular set of network parameters. A
more detailed comparison between the re-
spective control policies may be found in
Roberg and Abbess?*.

Fig 4. Guting versus re-routeing: d comparison in
delay Himes. .

8. CONCLUSIONS
In this paper, a control strategy that elimi-
nates trattic jams that have formed as a result
of an incident has been introduced. The re-
search has established that two elements are
generally necessary to control the gridlock
phenomenon. They are:

(7} tragmentation of the gridlock cores of

the traffic jam; and

(2) protection of the treatment under (7)

using a re-routeing or gating poticy

outside the envelope generated by the

tratfic queues.
Although each of these measures can be ap-
plied singly, the paper has examined the ef-
fect of implementing these policies simulta-
neously and described how one particular
sirategy performed in a wide range of nel-
work conditions,

The implementation of these strategies in
the model was represented via banning
mechanisms, The gridlock cores, clustered at
the heart of the jam, were broken by imple-
menting core strategies at the centre of the
jam. This action re-started vehicular move-
ment in the area, To shield the cores from fur-
ther build-up, vehicles were deflected away
from the jam or else simply stopped them
from entering the traffic-jam area. The
boundary restrictions usually remained in
place for a short time. to minimise the effects
of new jams appearing on the envelope of the
original congested region. The core restric-
tions stayed in place until the traffic jam was
sufficiently broken apart, thus ensuring that
the dispersion process would be completely
successful.

A detailed experiment considered the ef-
fect of one particular strategy (four cores and
a te-routeing mechanism constructed -near
the jam envelope) on the tetal delay incurred
for the period of dispersion. The total delay
was measured by comparing the total number
of vehicles waiting in the system in the con-
gested state with the average number of vehi-
cles present in the system when the network
was operating in a free-flow régime. This
method gave a rough measure of the delay in-
curred. '

The performance of the distributed control
strategy was analysed under a variety of road
network condittons. Simulation experiments
confirmed that under increasing levels of de-

mand and turning proportions it became
more difficult to achieve total dispersal. The
total delay increased with the level of de-
mand and with the proportion of turning ve-
hicles. However, the dispersion mechanism
appears to be rather delicate and interference
with the queue storage configuration can be
damaging. The results also showed that
changes in queue storage configuration often
limited the performance of the centrol strat-
egy.

9. Future research directions

Other work® has investigated the effects of
incident-based congestion in real urban
areas using the CONTRAM suite of pack-
ages. However, the work has reported that
some of the underlying assumptions in
CONTRAM restrict the rtesearch from
considering the effects of queue interaction
and blocking-back on the overall process of
Jjam growth and decay. This deficiency is
tackled by the model described in this paper
in that it can simulate the mechanism under-
lying the onset and development of jams.
However, the network and the demand
pattern are both not very representative of
reality. The simulation technique is currently
being extended for use on a representation of
a real-life network, with different Hnk
lengths, capacities and a directional demand
profile.

A simple two-way grid network has re-
cently been constructed and, although the
mechanism underlying congestion growth
is similar to the onc-way system, the pattern
of queue development is slightly changed.
The principles of congestion control remain
similar. namely treatment of the critical
internal parts of the traffic jam whilst
simultaneously reducing flow into the
congested region, These idcas will be
tailored to suit the needs of the specific jam
under consideration.

In order to extend some of the suggestions
to a real urban network, a number of issues
will be addressed. So far, origins and destina-
tions have not been specified for individual
vehicles. An interface between O-D specific
information and the simulation model will
have to be developed so that variable turning
proportions may be calculated for all the
links comprising the network. It will also be
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necessary to extend the model so that the
junction release mechanism would be able 1o
cope with un irregular network. This could be
achieved by devising a strategy for junction
processing in & non-symmetrical environ-
ment.

The envelope of the traffic queucs is likely
to depend on the position of the original ob-
struction. The traffic locking mechanism
may be different from the simple patterns
simulated in this project. As a result, experi-
ments will be necessary to determine how
queucs propagate. Strategies for breaking the
gridlock will be develeped using this infor-
mation.

This will be tested using a model of a par-
ticular real urban network, with and without
protection being provided by a shield of
appropriately-placed traffic redirections or
gates. Ultimately, it is envisaged that the
model could be used ay a tool to help select
appropriate control strategies to clear cases
of incident-based congestion.
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Bursaries for transport studies

To encourage graduates to specialise, the fol-
lowing consuitants have agreed 10 provide
bursaries for postgraduate study in the 1995-
96 academic year: Halcrow Fox and Associ-
ates, Ove Arup and.Partners. WS Atkins
Planning Consultants and The M VA Consul-
tancy.

The bursaries, worth £1 000 1o £1 5(M}, can
be used to supplement SERC/ESRC or simi-
lar advanced course studentships at the fol-
lowing institutions: Cranfield Institute of
Technology, the University of Leeds, the
University of London Centre for Transport
Studies, the University of Newcastle upon
Tyne, the University of Salford and the Uni-
versity of Westminster (and others).

Enquirics should be addressed to Profes-
sor Tony Ridley at ULCTS, Imperial College
Road, London SW7 2BU (7el: 0171-594
6100; Fax. 0171-594 6102),

The relationship between loss-of-control accidents
and impact protection standards: a case-study

Steve Proctor, TMS Consultancy, writes:
During the planning of new road schemes,
highway designers will apply Departient of
Transport standards for the provision of
safety fences on motorways and high-speed
dual-carriageways. But do these standards
adequately protect road-users who leave the
carriageway in a loss-of-control accident?

Safety audits are now compulsory on new
national road schemes. The safety andit in-
volves checking the road design for possible
sulety problems and recommending im-
provements,

During the safety audit process on motor-
ways and high-speed dual-carrizageways
there are a number of frequently-cited prob-
lems. Onc safety problem often hightighted
is the potential for vehicles to lose control on
high-speed roads, leading to injuries from
collisions with fixed road objects. However,
the recommendations often suggested by
safety auditors for eliminating some of these
problems reguire provisions beyond the cur-
rent standards for safety-fence installation.

In order to establish whether the problems
foreseen by safety auditors are justified —
and, if so, how these shortcomings in current
safety standards could be overcome — an
independent study was undertaken during
which the details of over 230 single-vehicle,
non-pedestrian (SVNP) accidents in War-
wickshire were examined. The accidents oc-
curred during a three-year period (1991-
1993) on motorways and derestricted
dual-carrizgeways in the county. The pur-
pose of the study was to examine the conse-
yuences of these accidents, in particular the
relationship between current safety stan-
dards and what happens in real crash situa-
tions*.

In addition, an analysis of six accident
sites in Birmingham where crash-cushions
have been installed was carried out to see
whether this form of crash protection system
should be more widely used. These crash-
cushions have been struck on at least 47 sep-
arate occasions, giving a substantial amount
of information relating to performance in real
crash situations.

The SYNP study showed that a number of
scenarios suggested by safety auditors do
oceur in real accident situations. In particu-
lar, it is estimated that collisicns with
wooden fences, end terminals and collisions
after descending embankments could ac-
count for around 25 per cent of the SVNP ac-
cidents on motorways and derestricled dual-
carriageways in  Great Britain, costing
approximately £28M per year.

The proportion of SVNP accidents occur-
ring on Warwickshire motorways (40 per
cent) is significantly higher than the national
average (28 per cent). During the three-year
period studied, the number of SVNP acci-
dents rose by 37 per cent compared fo a rise
of 12 per cent for non-S¥NF accidents.

What was the cause of these accidents?
The most common human factors were
drivers fulling asleep and excessive speed.
An analysis of vehicle factors showed that 24
per ceat of accidents involved a vehicle's tyre
bursting; and in 6 per cent of accidents, vehi-
cles were lowing a caravan or (railer,

*The TMS Consultancy is an independent
Jirm specialising in traffic management and
road safety engineering. This note s an
abridged version of a paper given al the
Luropean Road Safety Conference held in
Lille in 1994.

But what happened after the vehickes lost
control? The majority of vehicles (83 per
cent) left the carnageway immediately after
fosing control, around half of them rolled
over and just under half of all vehicles hit a
safety barrier (Table ). One-third of acci-
dents invalved collisions with objects off the
highway; the most commonly struck items
were wooden fences, road signs and French
drains (Table IT).

A detailed study of accidents on the M40
highlighted examples of vehicles leaving the
carringeway where the gaps between adja-
cent sections of safety fence was less than
150 metres. A number of uccidents occurred
whereby a vehicle descended an embank-
ment through a short gap in adjacent sections
of fence. The average pap through which ve-
hicles passed in the study was 120m. In
terms of construction cosl. it is not cconomi-
cally viable to leave a gap of less than 60 m
between sections of fence.

The study alse suggested that there are
problems for vehicles both uscending and de-
scending embankments, particularly where a
wooden fence is situated close to the car-
riageway: 15 per cent of vehicles descended
an embankment and a further 18 per cent of
vchicles ascended an embankment on leav-
ing the carriageway. The M40 study revezled
that injuries occurred where the average
height of the embankments descended dur-
ing the accidents was 2.25 m. Existing stan-
dards do not previde for the protection of de-
scending embankments of less than 6 m and
there is no provision at all for the protection
of ascents.

Two-thirds of vehicles that ascended em-
bankments and a hall ot vehicles that de-
scended embankments struck a wooden
fence. Where vehicles hit a wooden fence.
there was a higher severity rate (42 per cent
fatal and serious, compared to 32 per cent
fatal and serious for the remainder of the
accidents).

The study looked at situations where im-
pact pretection systems may have been inad-
equate despite being constructed to current
standards, e.g. where the leading edges of the
safety fence were inadequate in advance of a
safety structure. Of the vehicles that hit a
safety fence after losing control, 15 per cent
invalved an tmpact with a ramped end termi-
nal. In at least five cases, vehicles were
‘launched’ off an end terminal.

An analysis of crash-cushion terminals in
Birmingham showed thar there has been a
significant reduction in accident severity at
these sites {Table I1I). This fact, together with
the 200 per cent rate of return on each instal-
lation, implies that the widespread use of
crash-cushion systems on derestricted dual-
carriageways and moterways (in particular at
ramped end terminals) would result in a
considerable reduction in the number and
severity of casualties. It is cstimated that
around 125 injury accidents occur cach year
throughout the country at sites that could be
prolected by crash-cushions.

Table lll. Number of accidents and severity index
at crash-cushion sites before and after instalta-
tion

Severity Before After
Fatal 3 0
Serious 5 1
Slight 4 6
Severity Index 67% 14%




