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THE USE OF TRANSYT AT SIGNALISED 
ROUNDABOUTS 

ABSTRACT 

As traff ic f lows continue to rise, delays at many 
major roundabouts are increasing. One method 
adopted in an effort  to reduce delay and increase 
capacity is to signalise one or more of the entry 
arms. Where roundabouts require signals on most 
or all entries, the TRANSYT method of signal 
settings can be used to predict the ef fect  of f i t t ing 
signals and to find opt imum signal t imings. 

The report discusses the factors to be considered 
in modelling a signalised roundabout using 
TRANSYT. These factors include the link 
structure, t reatment of flared approaches, 
estimation of saturation f lows, and the use of link 
weighting and queue penalties to avoid blocking 
back and ' locking up' of the roundabout. Two 
examples are used to i l lustrate the techniques 
described. 

1 INTRODUCTION 

Traffic f lows, part icularly on motorways,  have 
continued to rise steadi ly over recent years, and 
this has lead to long delays occurring at some 
junctions. Many of these junctions are large 
roundabouts, and at peak t imes long queues can 
form on the slip roads and could back-up onto the 
motorway.  One method of reducing these 
dangerous queues is to signalise the motorway 
exit slip road, either part or full t ime. 

There are other situations, for example at 
gyratories in towns,  where signalising can increase 
capacity and hence reduce queues. Signalisation 
can often be used to al low for f low increases due 
to new developments etc. In these situations 
some of the sections of road round a gyratory can 
be very short, leading to problems if a queue 
should block back to a previous junction. 

Signalling roundabouts to prevent queues blocking 
the junction was f i rst  studied in 1959 (Webster 
1960), and the technique has been select ively 
applied over a range of circumstances. Several 
authors have shown that the performance of three 
arm roundabouts could be improved by traf f ic 
signals (Davies et al 1980, Flanagan et al 1983) 
and, more recently, this work has been extended 
to larger junctions. Other authors have studied 
junctions in London (Huddart 1983, Wright et-al 
1984) and Sheffield (Bull et al, 1983) wi th 
success. The Sheffield study used TRANSYT to 
provide initial signal t imings for a six arm junction. 

Many roundabouts have had part- t ime signals on 
one or two  entry arms, and in these si tuat ions co- 
ordinating signal t imings for  t ra f f ic  progression 
around the roundabout has not  been a 
consideration. More recent ly there have been 
si tuat ions where most or all ent ry  arms to a 
roundabout need to be signal led, usual ly for 24 
hours a day. In these c i rcumstances there are 
nearly a lways  benef i ts to be gained by opt imising 
the co-ordinat ion of the signals round the 
roundabout. The TRANSYT program (Vincent et 
al, 1980) is the most  common ly  used method for 
opt imising signal t imings in signal networks where 
benefi ts can be obtained by co-ordinat ion between 
adjacent junct ions. The method is suitable for 
roundabouts where most or all of the arms are 
signalled. By using various fac i l i t ies avai lable in 
TRANSYT such as link weight ing,  the shared link 
faci l i ty ,  and queue penalt ies, the program can be 
used to model t ra f f ic  behaviour on the 
roundabout, control  queue lengths, and f ind signal 
t imings such that  queues do not  form to block 
upstream junct ions.  

2 THE T R A N S Y T  PROGRAM 

The TRANSYT computer  program is a method for 
f inding and studying the 'best '  f i xed- t ime signal 
t imings wi th  wh ich  to co-ordinate adjacent signal 
junct ions, so that ,  wherever  possible, platoons of 
t ra f f ic  can receive a green signal. The program 
runs off- l ine and uses in format ion about the 
junct ions (nodes), and f lows and turning 
movements  on the sect ions of road joining the 
nodes (links). The program was developed at TRRL 
during the late 1960s and has become the most 
w ide ly  used method of producing f ixed- t ime signal 
plans for ne tworks  of centra l ly  control led signals. 

TRANSYT uses an off- l ine model of t ra f f ic  
behaviour on l inks and signalled nodes to 
est imate the value of a Performance Index (PI) 
consist ing of a weighted sum of the tota l  vehicle 
delay and stops in a network.  This measure of 
performance is used by an opt imisat ion routine 
that  sys temat ica l l y  alters the signal t imings unti l a 
set are found tha t  give min imum PI in the 
network.  

The program is described fu l ly  in TRRL Laboratory 
Report LR888 User guide to TRANSYT version 8 
(Vincent et al, 1980) and the TRRL Appl icat ion 
Guide AG 8, TRANSYT/9  Users Manual (Crabtree 
1988). The program wil l  run on mainf rame,  mini 
and microcomputers,  and is avai lable f rom TRRL. 



Several features of the program are of special  
s ign i f i cance when  using T R A N S Y T  to model a 
s ignal ised roundabout .  These are: l ink we igh t i ng ,  
the shared l ink fac i l i ty ,  and queue penalt ies.  
Descr ip t ions of these features are given in LR888 
and d iscussed be low.  Ano the r  feature w h i c h  may 
be s ign i f i can t  is the g i ve -way  model  w h i c h  can be 
used if there are any uns igna l led entr ies to  the 
roundabout .  

One d isadvan tage  of the T R A N S Y T  model is tha t  
arr iv ing veh ic les  are assumed to have an un- 
in te r rup ted passage to the stop- l ine,  regardless of  
any queue on the l ink. T R A N S Y T  e f fec t i ve ly  
queues veh ic les  in a ver t ica l  heap on the stop- l ine,  
and th is  s imp l i f i ca t ion  of the model  has 
imp l i ca t ions  in s i tuat ions whe re  l inks are shor t  and 
f l ows  are h i gh - -as  can occur  at s ignal ised 
roundabouts .  This e f fec t  is d iscussed in more 
detai l  in sub-sect ion 3 .6 .3 .  

3 M O D E L L I N G  A R O U N D A B O U T  

The pr inc ip les invo lved in model l ing  a roundabou t  
are d iscussed be low and i l lust rated by us ing a 
simple, hypothe t i ca l ,  four -arm roundabou t  s h o w n  
in Figure 1. Further examples  based on real- l i fe 
sites are descr ibed in sect ions 5 and 6. 

Note t ha t  the un i ts  used t h r o u g h o u t  the repor t  are 
passenger  car un i ts  (pcu). Other  un i ts  may be 
subs t i t u ted  (vehic les for example)  w i t h  the  
qua l i f i ca t ion  tha t  f l o w  and satura t ion  f l ow  should 
be in the  same uni ts  for a g iven l ink. 

3.1 CYCLE TIME 
In n e t w o r k s  w h i c h  conta in  some short  l inks (such 
as roundabouts ) ,  severe prob lems can arise if 

t ra f f ic  queues fil l these links and block upstream 
nodes. If th is blocking cont inues for any 
s ign i f icant  t ime, the capaci ty  of the ne twork  wi l l  
fal l  dramat ical ly  and t raf f ic  queues can block back 
and ' lock up' around a roundabout.  One of the 
most  impor tant  methods of keeping queues short 
is to keep the length of the red t ime short.  This 
can be achieved by having a short cycle t ime, 
g iv ing as much green t ime as possible to the short 
l ink, cons is tent  w i th  having no link running at 
more than 90 to 95 per cent saturat ion (if 
possible). 

TRANSYT has a cycle t ime opt imiser (CYOP) that  
predicts the saturat ion of each node over a range 
of cycle t imes. This can be used to select the 
lowes t  possible cycle t ime such that  no l ink has a 
degree of saturat ion worse than 90 per cent. 

3.2 LINK STRUCTURE 
A l ink in TRANSYT is used to represent more than 
one lane when  the t raf f ic  in the lanes behaves in a 
similar way  and forms equal length queues. In 
many  cases, however ,  t raf f ic  wi l l  not form equal 
queues because a part icular lane may be used for 
a speci f ic movement  only. For example, on a t w o  
lane approach, v i r tual ly  all vehicles w ish ing  to turn 
lef t  at or before the next  signal may use the 
nearside lane on the approach. This may occur 
even though the nearside lane has longer queues 
than the of fs ide lane. By using the nearside lane, 
vehic les avoid having to 'push in' f rom the offside 
lane. In th is  s i tuat ion t w o  separate l inks wi l l  have 
to be used and the proport ion of t raf f ic  in each 
must  be measured or est imated separately. 

Unequal use of lanes of ten occurs when  arrow 
markings in the lanes direct vehicles making a left  
turn into the nearside lane, and other t raf f ic  into 
the of fs ide lane, as shown in Figure 1 - -node 2. In 

\ 2 veh flare 

Q 
7 veh flare 

Free le f t  t u rn  

Fig.1 Site diagram forafour-armroundabout 



this case, only one lane has been marked with a 
left turn arrow because further downstream left 
turning traffic has only one exit lane. This means 
that it is unlikely that any left turning traffic would 
be in the centre lane, so unequal length queues 
could form and two  separate links are required. 

At nodes 1 and 3 the centre circulating lanes have 
been marked for both straight ahead and left turn 
traffic. This should be acceptable because the left 
turning traffic exits down a two lane road. As the 
centre lane is therefore likely to contain both left 
turn and straight ahead traffic, it is probable that 
the queues on all lanes will form at the same rate. 
Queues at the circulating link stop-line should 
therefore form equally for all lanes and one link 
can be used. 

This assumption is only valid, however, when the 
arriving f low is reasonably balanced between 
turning and straight ahead. If, for example, during 
any part of the cycle more than 67 per cent of the 
f low arriving at the stop-line wished to turn left, 
then the queue in the left and centre lanes would 
be longer than that in the outside (straight ahead 
only) lane. Equally if in another part of the cycle 
less than 30 per cent of the arriving traffic was 
turning left, then the queue in the left lane would 
be smaller than the queue in the centre and 
outside lanes. In this situation it would be 
necessary to use one link for each lane. 

The link diagram in Figure 2 shows one main 
circulating link for node 1 (link 11), and two main 
circulating links for node 2 (links 21 and 25) 

where left turn traff ic uses the nearside lane 
exclusively. The link structure for node 3 is similar 
to node 1, and the link structure for node 4 is 
similar to node 2. For nodes 2 and 4, where there 
are two main links for the circulating traffic, one 
main link is used to model traff ic continuing round 
the roundabout and through to the next 
downstream junction (eg link 21), and a second 
main link models traff ic that turns left, leaving the 
roundabout prior to the downstream junction (eg 
link 25). Vehicles on these second links have a 
'free left turn'  before they reach the subsequent 
node (eg node 3 for link 25), and are not 
considered again by TRANSYT. 

It is also necessary to represent traff ic by more 
than one link where one lane on an entry arm is 
exclusively used for traff ic making a specific 
movement. For example the two  lane entry at 
node 2 is split into two  links, the nearside lane is 
modelled using link 29 for traff ic making a 
immediate left turn before node 3, and the offside 
lane is modelled by link 20 for other traffic. 

Driver behaviour can be influenced by lane 
markings, and how the lanes are marked can 
make a significant difference to the capacity of a 
junction in many circumstances. Generally it is 
better to encourage equal use of all lanes by 
using, for example, combined straight ahead and 
left turn (or right turn) arrows wherever  PoSsible. 
This tends to maximise capacity by ensuring that 
lanes do not empty during the green whi le 
neighbouring lanes still have queues. 

f34 + f31 + f32 f14 f24 f34 
free l e f ~  ~ 

f 1 3 f 2 3 f 4 3 " ~  @ ~ ~ f32 ~,. @ 
free left turn \ Y ~ I - Y F  4~k~'f21 - -  X K '42+f43 

®p 
/ \ ~ f32 i i ~ ,  f21 f31 f41 

" f43 (22") X ~i~ free left turn 

, 1 ,  

~y $2 ~ f13 ~ ~ 

f32 f42 
free left turn 

f24+f21 f12+f13+f14 

Major link 
~i~ Minor shared link 

Fig.2 Link diagram for a four-arm roundabout 



The use of  markings,  howeve r ,  canno t  be 
guaranteed to ensure fu l l  use of  all c i rcu la t ing  
lanes, espec ia l ly  if f l o w  on one of  the entr ies is 
dest ined p redomina te ly  for  a par t icu lar  dest inat ion•  
Each case mus t  be cons idered on its merits• Care 
must  also be taken tha t  mark ings appropr iate for  
one per iod of  the day w i t h  a cer ta in or igin- 
des t ina t ion  pat tern are also appropr iate for the 
rest of the day.  If no doubt ,  i t  may be bet ter  to 
omi t  the  d i rect ional  ar rows•  

3.3  FLARED APPROACHES 
These are common  on roundabou t  entr ies where  
extra shor t  lanes are o f ten  added prior to the stop- 
l ine to increase entry f l o w  into the roundabout .  
Un fo r t una te l y  T R A N S Y T  can on ly  model un i fo rm 
sa tu ra t ion  f l o w ,  so the model wi l l  not  be accurate  
for  f lared links• In these s i tuat ions the saturat ion 
f l o w  in real i ty  wi l l  s tar t  at a high level (say three- 
lane f l ow)  and then drop as the f lare is empt ied 
(to two - l ane  f low)•  

3.3.1 Increasing Average Saturation Flow 
A k n o w l e d g e  of the green t ime at the node wi l l  
a l l ow a subs t i tu te  'average '  sa tura t ion  f l o w  to be 
ca lcu la ted for  use in T R A N S Y T .  It mus t  be 
remembered,  however ,  tha t  th is  wi l l  be model led 
as a s l igh t l y  higher un i fo rm f l o w  t h r o u g h o u t  the 
green, whereas  in real i ty  there w o u l d  be more 
t ra f f i c  at the star t  of the green and less at the 
end. Shou ld  the t im ings  be re-opt imised and resul t  
in a d i f fe ren t  green t ime,  the "average'  sa tura t ion  
f l o w  w o u l d  also need to be re-calculated.  

3 .3 .2  Calculating the average saturation 
f l o w  

Before ca lcu la t ing  the average satura t ion  f l o w ,  
t w o  parameters  of the f lare need to be k n o w n :  
f i rs t ly ,  the  number  of  pcu tha t  can be 
accommoda ted  in the f lare over -and-above the 
number  of  pcu tha t  w o u l d  be present  if there were  
no f lare; and secondly ,  the sa tura t ion  f l o w  of  the 
ext ra  lane(s) in the flare• From th is  in fo rmat ion ,  
the f o l l o w i n g  formula  should be used to ca lcu la te  
the t ime  taken for the f lare to comp le te ly  empty  
(the f lare c learance t ime):  

gc = 3 6 0 0  x N 

Sf 
• . . equat ion  1 

where :  gc the f lare c learance t ime in seconds;  
N the extra number  of pcu tha t  can be 

accommodated  in the f lare in pcu 
(see note be low) ;  

Sf the extra saturat ion f l o w  of  the f lare 
in pcu /hour  (see note be low) .  

Note:  w h e r e  the f lare has more than  one ext ra  
lane, and these lanes are not  of  equal length ,  then  
N shou ld  be the number  of pcu in the /ongest of 

the extra lanes and Sf should be the saturat ion 
f l ow  of tha t  lane. 

Then,  providing the f lare clearance t ime is less 
than the ef fect ive green t ime, the fo l l ow ing  
formula can be used to calculate the average 
saturat ion f l ow  of the link: 

Sa=S~ + 3 6 0 0  x N where gc < ge 

ge 
• . . equation 2 

where :  Sa average saturat ion f l ow  of the link 
for t ime ge in pcu/hour;  

N as in equat ion 1 above; 
ge the ef fect ive green t ime in seconds; 
gc the f lare clearance t ime in seconds; 
S~ the saturat ion f l ow  w i t hou t  the flare 

in pcu/hour.  

Equation 2 can be applied w i thou t  modi f icat ion to 
s i tuat ions where the extra lanes in a f lare are of 
unequal  length, and gc < ge. 

If gc_> ge then Sa=S1 +Sf  (where Sf is as in 
equat ion (1) above) except in the s i tuat ion where 
the flare has extra lanes wh ich  are of unequal 
length.  In th is case, $1 becomes the sum of the 
saturat ion f l ows  for all long-lanes, plus the 
saturat ion f l ow  for all short  lanes that  do not 
empty  during the ef fect ive green. This value of S~ 
is then used in equat ion 2 and N becomes the 
extra pcus accommodated by short lanes that  do 
complete ly  empty  during the ef fect ive green. 

As an example calculat ion,  take link 40  in Figures 
1 and 2. The extra capaci ty  of the flare is 7 pcu 
and the flare lane saturat ion f low is 1750 
pcu/hour• This gives a f lare clearance t ime of : - -  

gc = ( 7 x 3 6 0 0 ) / 1 7 5 0  
= 14.5 seconds. 

Then,  for a init ial guess use say 20 seconds for 
the ef fect ive green t ime. The average saturat ion 
f l o w  for the link is t hen : - -  

Sa = 3 5 0 0 + ( 3 6 0 0 x  7) /20 
= 4 7 6 0  pcu/hour.  

The value arrived at should then be entered into 
the data; TRANSYT run; and the new ef fect ive 
green-t ime used to recalculate the average 
saturat ion f low.  The process is repeated unti l  the 
green-t ime arrived at in the TRANSYT run is the 
same as that  used to calculate the saturat ion f low 
(preferably to the nearest step, part icular ly for 
cr i t ical  l inks). 

3 .3 .3  Reducing the Start Lag 
Another  possibi l i ty  is to reduce the start  lag and 
so input  an amount  of extra f low at the saturat ion 
f l o w  rate of the long lane(s) (w i thout  the flare), 
before the main f l ow  on the link starts. This has 

4 



rather l imited possibi l i t ies, but can be useful when  
flares are small, say 1 or 2 pcu (equivalent to 
about 2 or 4 seconds per lane reduct ion in start  
lag). 

The formula for decreasing the start  lag is : - -  

T = N x 3 6 0 0  

Sf 
• . . equat ion 3 

where: T is the reduct ion in start  lag (seconds); 
and 
N and Sf are as in equat ions 1 and 2 
above. 

This method is i l lustrated in Figures 1 and 2 for 
the 2 pcu flare on the t w o  lane approach 
represented by l ink 30, where the saturat ion f l ow  
of the flare is 1750 pcu/hour,  and the start lag is 
reduced from 5 seconds to 3 seconds. 

This again does not  model the real s i tuat ion and 
wi l l  cause vehicles to arrive downst ream earlier in 
the model than real life• This can be overcome to 
some extent by reducing the cruise t ime sl ight ly.  
Both the above methods wi l l ,  however ,  model the 
overall capacity of the node correct ly.  

3 .4  S A T U R A T I O N  FLOWS 
At normal signalised junct ions such as cross 
roads, saturat ion f l ows  can be est imated using 
formulae in TRRL report RR67 (Kimber et al, 
1986). Unfor tunate ly ,  these formulae do not take 
account  of f lared approaches, stop-l ines w i th  more 
than 3 lanes, obl ique stop-l ines or curved 
approaches. This can lead to problems when 
calculat ing or est imat ing saturat ion f l ows  at 
roundabouts. Consequent ly  the RR67 formulae 
cannot a lways be taken as appropriate. 

3.4.1 Entry arms 
Entry roads to roundabouts can have a number of 
stop-line features not  common on other types of 
signalled junct ions.  The way  to model f lared 
approaches in TRANSYT is described in the 
previous section. Other features that  can af fect  
saturation f l ow  are: obl ique stop-l ines; sharp 
bends; and gradients. Such features tend to 
reduce the saturat ion f l ow  and due account  should 
be taken of them if  saturat ion f lows are not to be 
over-estimated. Where possible, it is advisable to 
measure saturat ion f lows.  

3.4.2 Circulating arms 
Deciding on the saturat ion f low to use for 
circulat ing links in TRANSYT can be more of a 
problem than for entries. As yet there is l i t t le 
evidence about saturat ion f l ows  for c i rculat ing 
sections of carr iageway.  The factors that  can 
af fect  saturat ion f l o w  are as f o l l ows : - -  

(a) lane changing or 'weav ing '  (wh i ch  can occur  
when  t ra f f ic  moves from of fs ide to  nearside 
prior to ex i t ing and tends to in t roduce  gaps 
into the t ra f f ic  stream); 

(b) obl ique stop- l ines;  

(c) road curvature;  

(d) shor t  l inks w i th  several lanes. 

I tem (d) above may require a great  deal of t h o u g h t  
if accurate model l ing is to be achieved• On most  
signal ised roundabouts  there are at least  some 
short  c i rcu la t ing sect ions of ca r r i ageway  w i t h  
several lanes. Often,  not  all these lanes are fu l ly  
ut i l ised. 

Ideally, a single T R A N S Y T  link shou ld  be used to 
represent more than one lane on ly  i f  the queue 
lengths are simi lar in each lane t h r o u g h o u t  the 
cyc le.  Where lane usage (and, therefore,  queue ing 
behaviour)  is k n o w n  or can be pred ic ted ( through 
the use of dest inat ion markings for  example)  one 
l ink should be used to represent one lane. In these 
c i rcumstances the formulae in RR67 (Kimber et al, 
1986)  may be appl icable (once due accoun t  has 
been taken of the fac tors  (a) to (d) above).  Where 
know ledge  of lane usage for a sect ion of  road is 
inadequate,  it may on ly  be feasible to use one 
T R A N S Y T  l ink to represent  more than  one lane on- 
street.  However ,  where  it is necessary to 
represent more than one lane on one l ink, the 
e f fec ts  of uneven queueing may be compensated  
for  by reducing the saturat ion f l o w  in TRANSYT .  
The amoun t  by w h i c h  to reduce the sa tura t ion  
f l o w  wi l l  depend on the ex ten t  to w h i c h  queueing 
is uneven,  but it is l ikely to be in the order of  a 
f e w  hundred pcu /hour  per lane. If there is doub t  
about  the ex ten t  of the unevenness  of  queueing,  it 
w i l l  be necessary to err on the l ow  side, o the rw ise  
the capac i ty  of the roundabout  may be over- 
est imated.  The init ial est imate can be ref ined 
f o l l ow ing  observat ion of  the junc t ion  w i t h  a set of 
T R A N S Y T  t imings.  

3 .4 .3  Measuring saturation flows 
It can be d i f f i cu l t  to measure sa tura t ion  f l o w  at 
s ignal ised roundabouts  since, if co-ord ina t ion  is 
e f fect ive,  queues are o f ten short  and satura t ion  
f l o w  can fall dur ing a long green. The cor rec t  w a y  
to  measure saturat ion f l ows  is to measure the lane 
or lanes represented by one T R A N S Y T  l ink (and in 
th is  con tex t  the major and minor  l inks fo rm ing  a 
shared l ink are one l ink). Where a l ink represents 
more than one lane, the saturat ion f l o w  should be 
measured unt i l  the t ra f f i c  has ceased to f l o w  at 
fu l l  saturat ion in ALL the lanes. The resul t ing 
saturat ion f l o w  value wi l l  then compensa te  for  
uneven queueing as expla ined in sect ion 3 .4 .2 .  

Measurements  have been a t tempted (in the w a y  
descr ibed in the prev ious paragraph) on the M 4  at 



junct ion 11 (where par t - t ime signall ing was 
operat ing) and at the Handy Cross roundabout at 
the intersect ion of the M 4 0  and the A 4 0 4  at High 
Wycombe.  For the m o t o r w a y  of f - ramps (which 
w e r e u p h i l l  f rom the m o t o r w a y  at both sites) 
values of 3 4 0 0  to 3 5 0 0  pcu/hour were measured 
for the two- lane  entr ies. For circulat ing 
car r iageways,  saturat ion f lows for three-lane links 
were measured at about  4 9 0 0  pcu/hour, and 
saturat ion f l ows  for two- lane  links were measured 
at about 3200  to 3400  pcu/hour. 

Even where saturat ion f low was maintained on all 
lanes throughout  the green, it tended to become 
reduced as t ime wen t  by, part icular ly on the uphill 
m o t o r w a y  of f - ramps. This supports the use of 
short  cycle t imes where possible (see section 3.1). 

3 . 5  SHARED LINKS 
The use of shared l inks can improve the model l ing 
of  the junct ion s igni f icant ly ,  especial ly i f  
or ig in/dest inat ion f l ows  are available. More 
accuracy is obtained as more informat ion is added 
to the TRANSYT model.  

TRANSYT models t ra f f ic  f l ows  in a series of t ime 
intervals or 's teps ' ,  and the number of steps per 
cyc le is chosen by the user in card type  
1- -Genera l  Parameters. Steps are general ly 
chosen to be an integer number of seconds 
(usual ly 1 or 2 seconds). When model l ing a 
discharging queue, TRANSYT calculates the 
proport ion of f l ow  that  cont inues into each 
downs t ream link f rom its knowledge of the tota l  
f l ow  on the discharging l ink and the tota l  f l ow 
required to enter the downst ream link. For 
example,  if 75 per cent  of the upstream link f low 
cont inues into the downs t ream link (wi th  25 per 
cent  turning off)  then for  every step in the cycle, 
three quarters of the discharging f l ow  is taken as 
the entry f low into the downst ream link. This is 
repeated for  every  step in the cycle. The 
remaining f low is assumed to have turned out of 
the ne twork  and is not  considered further.  Thus 
every  four th vehic le wi l l  be assumed to turn of f  
prior to the next  node. 

In many cases this s impl i f ied model is not 
accurate,  as in real i ty there wi l l  be predominate 
movements  across the roundabout.  Whi le on 
average one vehicle in four wi l l  exi t ,  i t is probable 
tha t  these turning vehic les wi l l  not be evenly  
d is t r ibuted during the cycle.  It is not uncommon 
tha t  for most  of the cyc le there is l i t t le t ra f f ic  
turn ing out  at a given node, but then, for a short 
t ime,  a platoon arr ives of which the major i ty  exi t .  

Figures 1, 2 and 3 i l lustrate this for a simple four- 
arm roundabout.  Consider the f lows arr iv ing at the 
stop- l ine X - - - - X  at node 2. Some vehic les wi l l  
have come f rom the entry  at node 4, heading for 
node 3 (f43), and wi l l  ex i t  before the stop-l ine Y - -  

- -Y  at node 3. The remaining vehicles arriving at 
X - - - - X  wil l  have entered at node 1 (f13 and f14) 
and a proportion of this (f13) wil l  also exi t  before 
stop-l ine Y - - - - Y  at node 3. The vehicles from 
nodes 4 and 1 enter the circulating carr iageway 
between nodes 1 and 2 at dif ferent t imes in the 
cycle and so wi l l  form two  dist inct platoons at the 
stop-l ine X - - - - X .  The platoons are i l lustrated in 
Figure 3 (a). Of the two platoons only the 
proportion which entered at node 1 and continuing 
to node 4(f~4) wil l  continue to stop-line Y - - - - Y .  
This t raf f ic  alone should f low into the downstream 
link 32. 

Fortunately it is possible to model two  entry f lows 
separately using the shared link faci l i ty in 
TRANSYT. If vehicles that are turning out of the 
roundabout before the next node (f43) are modelled 
as a minor shared link, then the f ixed proportional 
reduction for circulating traff ic can be applied to 
the newly entered traf f ic only (f~3 and f14). This 
wi l l  give signi f icant ly improved modell ing 
compared to taking a (smaller) f ixed proportion of 
the total t raf f ic  on a single link between nodes 1 
and 2. 

This is further i l lustrated in Figure 3. The two 
platoons arriving at stop-line X - - - - X  are shown in 
graph (a), and their departure in graph (b). Graph 
(c) shows the f low along links 31 (circulating 
f low)  and 32 (entry f low),  and it can be seen that 
f l ows  f13 and f43 have turned out of the 
roundabout. Graph (d) shows what would happen 
if only one link was used to model all the f low 
between nodes 1 and 2 (f13+f14+f43)--TRANSYT 
s imply reduces the f low leaving stop-line X - - - - X  
by the proportion which is turning out of the 
roundabout. Hence arrivals downstream would be 
earlier in the cycle than in real life. This can have 
a signif icant detr imental ef fect on the co- 
ordination of the final signal t imings, and wherever 
possible the shared link model described above 
should be used. The shared link model does 
require complete origin/destination f low data. 

Use of the shared link faci l i ty is required to 
separate circulating traf f ic such that, on each 
section of circulating carr iageway, either: 

(a) t raf f ic  from each entry is represented by a 
dif ferent link; or 

(b) t raf f ic  to each exi t  is represented by a 
dif ferent link. 

The option (a) is described above- - the equally 
acceptable alternative (b) is i l lustrated in example 
2, section 6.2. 

For roundabouts wi th f ive or more entries (or four 
entry roundabouts wi th signif icant U-turning 
traf f ic)  inaccuracies of the nature described in 
paragraphs 1 and 2 of this section are introduced. 
For correct modell ing of such roundabouts, extra 
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Fig.3 The use of shared links to model  flows 

Time 

shared links would be required such that either (a) 
or (b) above is taken into account. 

3.6 BLOCKING BACK 
It is important that queues on circulating links do 
not extend back and block the upstream junction. 
If this should occur the capacity of the system 
can fall and queues build up very quickly. While a 
set of signal t imings can be found that prevent 
this occurring under 'normal' or average 
conditions, it is necessary to consider the effect a 
sudden large increase in arrival f low would have 
on the system. 

The use of a short cycle t ime is important,  as 
described in section 3.1. The use of the l imit- 
queue facil i ty, and the effect of increased demand 
are discussed below. 

3 . 6 . 1  L i m i t  q u e u e s  

One method of discouraging the formation of 
queues on circulating links is to use the ' l imi t  
queue' faci l i ty on card type 38. The user must  
specify a maximum queue in pcu, and a penalty 
factor to be applied as soon as the limit queue is 
exceeded. The penal ty is added as soon as the 
back-of-queue modelled by TRANSYT exceeds the- 



max imum number of pcu def ined in card type 38. 
The number of pcu specif ied in the l imi t  queue wil l  
normal ly  be based on an est imate of the al lowable 
queue length for each link, assuming 5 .75 
metres/pcu per lane (or about 6 metres/vehic le) .  
This al lowable queue length at a roundabout wil l  
usual ly be less than the tota l  l ink length, because 
the cr i ter ia for l ink blocking is often when vehicles 
are unable to make the ' f ree lef t  turn '  out  of the 
link. For roundabouts this lef t  turn can be m idway  
down the circulat ing link, so the max imum 
al lowable queue length must  be less than the link 
length to take th is into considerat ion. 

The max imum back-of-queue (known as the Mean- 
Max-Queue or MMQ) in TRANSYT is calculated 
for  an 'average cycle '  during the period under 
considerat ion. Because this max imum back-of-  
queue is for an average cycle,  it is expected that  
in 50 per cent of cycles the max imum queue in 
real l i fe wi l l  exceed the value calculated by the 
TRANSYT model. It is necessary, therefore,  to 
make an a l lowance for this by reducing the 
number  of pcu specif ied for the l imit  queue by a 
factor .  A factor  of 60 to 75 per cent  of the 
es t imated max imum al lowable queue length has 
been found suitable, but a lesser value may 
somet imes be needed, depending on the si tuat ion. 
Where there is l ikely to be a large var ia t ion in 
numbers  of vehic les arr iving in each cycle,  a 
smal ler  percentage factor  should be chosen 
(nearer 60%);  but if there is unl ikely to be much 
var ia t ion in arr ivals per cycle,  a larger percentage 
can be used. It is possible that  on circulat ing links 
there is less oppor tun i ty  for arr ivals to vary  much 
be tween cycles compared w i th  entry  l inks; but 
each si tuat ion should be considered careful ly .  

When choosing penal ty values i t  should be 
remembered tha t  the penalty is added to the 
TRANSYT Performance Index only during those 
parts of the cycle when the l imit  queue is 
exceeded.  This is l ikely to be a small  proport ion of 
the cyc le,  but even this short t ime can be crit ical 
when  the link becomes full enough to a f fec t  the 
ent ry  rate f rom upstream links. Penalty factors 
should therefore be quite large, and values in the 
range 3000  to 6 0 0 0  pence/pcu-hour are often 
appropr iate.  

There may be occasions when, despi te a high 
penal ty ,  the l imi t  queue on circulat ing l inks is sti l l 
exceeded.  This can occur because in order to 
reduce queues on a given link, TRANSYT must  
increase the green t ime for the stage in which the 
c i rcu lat ing l ink receives green. This can only be at 
the expense of  entry link(s) that  run in the other 
stage, and some of these entry  l inks may then be 
forced into over-saturat ion.  This over-saturat ion 
causes the Performance Index to increase 
considerably ,  and the opt imiser wi l l  a t t emp t  to 
reduce the over-saturat ion to lower  the 
Per formance Index. This in turn wi l l  cause the l imi t  

queue to be exceeded, and even a very high 
excess queue penalty may not keep the queue 
below the l imit in situations where entry links 
running in the other stage have high degrees of 
over-saturat ion. 

In such cases, a low delay weight ing for over- 
saturated entry links which can usually 
accommodate a long queue may help to force the 
crit ical circulating queue below the desired limit, 
but the consequences of having an over-saturated 
link should be careful ly considered. 

3 .6 .2  Excess Demand 
A situation can occur when a large increase in 
demand, (such as departures from a footbal l  
match or similar event) may cause queues to form 
on the circulating links that block upstream 
junctions and cause the roundabout to ' lock up'. 
Obviously if the demand is suddenly increased, 
queues are going to form somewhere, but it is 
important  to ensure they form on the approach 
arms and not on the circulating links. 

This can be achieved by making sure all entry 
arms are running at a high degree of saturation 
( typical ly 85 to 95 per cent). This wil l  ensure that, 
even if demands double, f lows on circulating links 
can only increase by about 10% on average, 
which should not cause problems d u e t o  blocking 
back and ' locking up' the roundabout. 

In some situations, for example motorway entry 
slip roads, this may not be appropriate, as queues 
forming here are just as undesirable as queues on 
circulating links. In these situations a lower degree 
of saturation on the entry link wi l l  be necessary, 
but the consequences on the circulating traff ic 
should be careful ly considered during periods of 
higher than average f low. 

When modell ing a normal urban network, 
TRANSYT wil l  calculate the delay and number of 
stops on each link in the network. It then 
mult ipl ies these by the value of delay and the cost 
of stops for each link to produce an overall 
Performance Index for the optimiser to minimise. 
Unless specif ic action is taken to 'we ight '  
part icular links, this process treats all l inks as 
being equally important  and, for individual nodes, 
wi l l  distribute spare green t ime between links. 

As discussed above, for roundabouts it is usually 
necessary to arrange entry links to have high 
degrees of saturation, giving any spare capacity to 
the circulating links. This can be achieved by 
removing the stop weight ing for entry l inks by 
entering -9999 in columns 6 1 - 6 5  of card type 
31; and by entering a low delay weight ing of 
about 20 per cent so that only 1/5th of the 
normal delay cost (card 1 columns 71 -75 )  is 
added to the PI. The low delay weighting on an 



entry link is achieved by entering 20 in columns 
7 6 - 8 0  of card type 31. This wil l  ensure that entry 
links run at between 85 to 95 per cent saturation, 
leaving any spare capacity to the circulating links. 

This low weighting factor may not be appropriate 
where the entry link is a motorway slip road, as it 
may be dangerous to form large queues which 
could block back onto the motorway.  In this 
situation a larger weight ing factor may be used (a 
value of 60% has been used in example 1, section 
5) or perhaps no weight ing factor at all. This 
means that at these nodes, queues are more l ikely 
to form on the circulating links, which could lead 
to blocking back, although the queues on the 
entry slip roads should not be excessive. 

Once the signal t imings have been found using the 
suggested weighting factors and queue penalties 
etc, an economic assessment of the delay of the 
network can be achieved by removing all 
weightings and queue penalties, and re-running 
TRANSYT with the final t imings and no 
optimisation. This network should also be run wi th 
f lows increased by about 20 per cent to check the 
network wil l  continue to operate in higher than 
average f low conditions. Again, no optimisation 
will be needed. This is easily achieved by use of 
the network f low scale factor in columns 4 1 - 4 5  
in card type 1. The TRANSYT output should be 
carefully checked to ensure queue lengths remain 
short on circulating and other crit ical links, so that 
blocking back to upstream nodes is unlikely to 
O c c u r .  

3.6 .3  Blocked Links 
When optimising the signal t imings and, in 
particular, the node offsets, the TRANSYT 
program does not take into consideration whether 
any links are blocked or not. This means that 
situations can arise when TRANSYT produces 
signal t imings that would discharge traf f ic from an 
upstream link straight into a queue on a short 
downstream link. 

This happens because the TRANSYT model 
assumes that vehicles form a vertical queue at the 
stop-line, rather than a linear queue back along a 
link. The model can then release traf f ic into a 
blocked link believing that  by the t ime the traff ic 
reaches the stop-line, the (vertical) queue wil l  
have discharged. Thus the model does not 
correctly take account of the green start ing wave 
and the physical length of the queue. 

When t imings are implemented it is possible that 
some links can therefore be poorly co-ordinated. In 
such situations signal t iming offsets between 
adjacent signals may have to be adjusted 
manually. The use of low limit-queue values and 
high queue penalties wi l l  generally keep queues 
shorter and prevent this happening (see 6.4.2). 

3.7 SAFETY 
From observat ions at a trial si te it was not iced 
that  problems occurred when t raf f ic  enter ing the 
roundabout was almost  immediate ly  faced w i th  a 
red signal on reaching the next  stop-l ine on the 
circulat ing carr iageway. Having wai ted at an 
entry,  drivers seemed to expect  an unrestr ic ted 
passage through at least the next  c losely fo l lowing 
stop-l ine downst ream. 

In certain cases where the downst ream node did 
not have good coordination for the entry t ra f f ic ,  
vehicles were often observed jumping red signals. 
It is possible that  this problem was related to the 
fact  that  the signals were new ly  instal led, and 
drivers were not used to stopping on the 
roundabout; and that  wi th  t ime this would  not be 
a problem. 

It was fel t  necessary, however ,  to t ry  to arrange 
good coordinat ion for the ent ry  t raf f ic  at this site, 
where this did not compromise overall co- 
ordination in the network.  This can be achieved by 
model l ing the entry f low as a separate shared l ink 
when it enters the circulat ing link. The circulat ing 
t raf f ic  can be represented b y : -  

a) a major shared link consist ing of the entry  arm 
t raf f ic  

b) minor shared link(s) consist ing of the t ra f f ic  
arr iv ing from the upstream circulat ing link(s). 

By sett ing a high stop weight ing on the entry arm 
major link, the opt imiser wi l l  be biased to t ry  to 
arrange for this t ra f f ic  to f l ow uninterrupted, and 
hence reduce the chance of any running through 
red signals. A value of 5 t imes normal stop 
weight ing (so that  every 100 pcu-stops contr ibute 
f ive t imes the value on card type 1 (columns 
7 6 - 8 0 )  to the PI) has been used successfu l ly ,  and 
this can be achieved by entering 500 in columns 
6 1 - 6 5  in the card type 31 for  the major shared 
link. 

4 CHECKING C O O R D I N A T I O N  

Once the final t imings have been derived, it is 
usual ly wor thwh i le  to obtain graphs for every  link 
(major and minor where shared) using the card 
type 35. The graphical outputs from TRANSYT 
should be studied careful ly as they show a great 
deal about the ways  queues form, and the way  
the t raf f ic  wi l l  behave at the junct ion. 

Individual platoons should be fo l lowed f rom entry 
link, round the roundabout, to f inal ex i t  to see 
where red signals are encountered. Graphs are 
also useful to check links wh ich  require special 
coordinat ion, for example where an entry arm 
should meet a green for sa fe ty  reasons as 
explained in section 3.7. Examples of interpret ing 
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graphs are included in section 5.2 of the 
roundabout example.  

5 EXAMPLE 1 - - A  M O T O R W A Y  
R O U N D A B O U T  

The example roundabout  shown in Figure 4 has 
been chosen to be as typical  of a motorway / t runk  

road site as possible, and to demonstrate the 
features described above. Lane arrows have been 
shown but not destination markings; these would 
normally encourage the use of all lanes as far as 
possible. The link diagram is shown in Figure 5, 
which also gives link lengths, vehicle speeds and 
saturation f lows.  Saturation f lows are based on 
1750 pcu/hour for entry lanes and 1650 pcu/hour 
for circulating lanes. Vehicle speeds have all been 
set to 35 kin/hour. 

\ 

® 

Q 

® 

Fig.4 Example 1 roundabout site diagram 
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5.1 MODELLING THE JUNCTION 
5.1 .1  Link structure 
As discussed in sect ion 3.2, entr ies at nodes 2, 3, 
5 and 6 have t w o  or three lanes and the lane 
arrow mark ings would encourage the format ion of 
equal length queues; so one l ink can be used (links 
20,  30, 50 and 60). For the entr ies f rom the 
mo to rways  (nodes 1 and 4), the nearside (left) 
lanes are marked for  lef t  turn only, therefore t w o  
l inks are required. The f i rs t  l ink models the t ra f f ic  
entering the roundabout to cont inue at least one 
more node (links 10 and 40), and a second l ink to 
model t ra f f i c  that  ex i ts  immedia te ly  at the next  
downs t ream node (links 19 and 49). The 
circulat ing l inks are made up of a major shared link 
tha t  models the t ra f f ic  just entered, and two  or 
three minor shared l inks model l ing the circulat ing 
t raf f ic .  

Traf f ic  t ha t  is about to ex i t  somet imes has an ex i t  
w i th  t w o  lanes (after nodes 2, 3 and 6), and 
somet imes just one lane (after nodes 1, 4 and 5). 
Where a node has a single lane exi t ,  the 
circulat ing stop-l ine has just the nearside lane 
marked for  lef t  turn, and where there are t w o  ex i t  
lanes the circulat ing stop-l ine has the nearside lane 
marked for  lef t  turn only and the nex t  lane marked 
for  left turn and stra ight  ahead. 

The circulat ing t ra f f ic  at nodes 1, 4 and 5 wi l l  
general ly form uneven queues, as the number of 
lef t  turners in the nearside lane wi l l  not usual ly 
form the same length queue as the circulat ing 
t ra f f ic  in the other lanes. Two  links are therefore 
needed; one for lef t  turners (l inks 15, 45 and 55) 
and one major w i th  t w o  shared l inks for the 
circulat ing t ra f f ic  (l inks 11/1 2 /13,  41 /42 /43  and 
51 /52 /53) .  

The minor shared l inks model the circulat ing f l ow  
f rom other entr ies. For example,  the major l ink 61 
models f l o w  entering at node 5, minor shared l ink 
62 f low entering at node 4, minor l ink 63 entering 
at node 3, and minor l ink 64 f l ow  entering at node 
2. 

5 . 1 . 2  Flows 
The Or ig in/Dest inat ion f l ow  mat r ix  is given in 
Table 1. This shows the f l ow  f rom each entry  to 
each ex i t  during the period under considerat ion. 
The l inks on which the f l ow  t rave ls  are given in 
brackets in the order in which t ra f f i c  t ravels down 
them. 

As an example,  consider the f l ow  entering at node 
1. Traf f ic  ex i t ing d i rect ly  just before node 2 wi l l  
use the le f t - turn-on ly  lane (link 1 9). The t ra f f ic  on 
l ink 19 ex i ts  at node 2 and is not  considered 
again. Al l  other t ra f f ic  uses the other two  lanes 
model led by link 10. This consists of 300 pcu 

exi t ing at node 3, 300 pcu going to node 4, 
100 pcu to node 5, and 50 pcu to node 6 (750 in 
all). 

The 750 pcu from link 10 now proceed into the 
major link 21. Af ter  node 2, the vehicles due to 
ex i t  just before node 3 leave and are not 
considered again; the remaining 450 pcu from 
node 1 going to nodes 4, 5 and 6, enter minor 
shared link 32. After node 3, the 300 pcu from 
node 1 exit ing before node 4 are not considered 
again; the 100 pcu due to exit  just before node 5 
join the pcu in the left turn lane at node 4 in link 
45;  the remaining 50 pcu due to exit  just before 
node 6 enter minor shared link 43. On leaving 
node 4 the 50 pcu enter minor shared link 53 and 
f ina l ly  exi t  the network before node 6 so are not 
considered further. 

A similar method is used for the entry f lows from 
other nodes. 

5 .1 .3  Flared entries 
The example has two flared entries; a small bay 
on the entry link at node 3 that holds two  extra 
pcu (over-and-above the number present wi thout  
the flare) on average, and a larger flare on the 
entry arm at node 5 that  holds 7 extra pcu on 
average. 

The smaller 2 pcu flare is represented by 
shortening the start lag for link 30 from 5 to 3 
seconds. The start lag in TRANSYT corresponds 
to the normal inter-green time, or the t ime delay 
between a stage f irst being called and a green 
appearing on the street. This is commonly made 
up of 3 seconds amber for the stage about to lose 
r ight-of-way,  plus 2 seconds of red/amber for the 
stage about to receive green; making 5 seconds in 
total .  In order to model the extra 2 pcu, the lag at 
the start  of green on link 30 should be reduced by 
2 seconds (see equation 3, section 3.3.3),  giving 
an extra ef fect ive 2 seconds of green t ime to link 
30. Two seconds of green t ime at the saturation 
f low of l ink 30 (3500 veh/hour) corresponds to 
approx imate ly  2 extra pcu. 

The larger 7 pcu flare on link 50 is modelled by 
the more usual method of increasing the 
saturat ion f low of the link. Entry saturation f lows 
for  this link have, in the absence of a flare, been 
set to 1750 pcu/hour per lane, making a 
saturat ion f low of 3500.  To calculate the 
increased saturation f low with the flare, 
knowledge of the ef fect ive green t ime is 
necessary. An initial est imate would normally be 
made and a value calculated and used in a f irst 
run of TRANSYT. This f i rst  run would give a green 
t ime for link 50 which is then used to recalculate 
the saturation f low,  and the value changed if 
necessary. 
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TABLE 1 

Origin-destination matrix for example roundabout 

TO NODE 

1 2 3 4 5 6 TOTAL 

1 - 250 ( - )  300 (21) 

F 2 

R 

O 3 

M 

4 
N 

5 
D 

50 (31) 
(42) 
(53) 
(64) 

100 (41) 
(52) 
(63) 

270 (51) 
(62) 

300 (61) 

250 ( - )  

50 (41) 
(52) 
(63) 
(15) 

100 (51) 
(62) 
(15) 

400 (61) 
(15) 

300 (15) 

250 ( - )  

50 (51) 
(62) 
(13) 
(24) 

500 (61) 
(12) 
(23) 

300 (11 ) 
(22) 

300 (21) 
(32) 

300 (31) 

250 ( - )  

50 (61) 
(12) 
(23) 
(34) 

100 (11) 
(22) 
(33) 

100 (21) 
(32) 
(45) 

300 (31) 
(45) 

300 (45) 

250 ( - )  

50 (11) 
(22) 
(33) 
(45) 

50 (21) 
(32) 
(43) 
(55) 

100 (31) 
(42) 
(55) 

300 (41) 
(55) 

300 (55) 

250 ( - )  

Total 1000 1100 1400 1000 1000 1000 

Note: f iguresln b racke tsa re the l i nk  numbers. 

1000 

1000 

1000 

970  

1 500 

1000 

If the effective green time for link 50 were 20 
seconds, the first consideration is whether this is 
longer than the time to discharge 7 pcu from the 
flare. At a saturation f low of 1750 veh/hour (the 
average saturation f low of entry lanes) it takes 
approximately 14.5 seconds to discharge 7 pcu 
(see equation 1, section 3.3.2), so an effective 
green time of 20 seconds is long enough to empty 
the flare. 

If the flare were longer and not all the pcu in the 
flare could be discharged, then a full 3-lane 
saturation f low would be appropriate. 

The saturation f low Sa (see equation 2, section 
3.3.2) of link 50 with a 7 pcu flare becomes:- 

Sa = 3 5 0 0 + ( 3 6 0 0 x  7/20) 
= 3 5 0 0 + 1 2 6 0  
= 4760  pcu/hour 

This gives a sizeable increase in the saturation 
f low, and shows that adding flares at the 
approaches is a very effect ive method of 
increasing capacity. 

5 . 1 . 4  Weighting factors 
In order to give all the spare capacity to the 
circulating traff ic, all entry links have been given 
zero stop weight ing and non-motorway entry links 
20% delay weight ing (links 20, 30, 50 and 60). 
This should ensure all these entry links will have a 
degree of saturation between 80 to 95 percent. 

For traffic entering from the motorway slip roads 
on links 10 and 40 (ie non-left turning entries) the 
delay weight ing has been reduced less than for 
non-motorway entries. The 60% weight ing used is 
a compromise between causing blocking back on 
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the roundabout,  and excess ive queues forming on 
the m o t o r w a y  slip roads. The vo lume of the 
remaining lef t - turning t ra f f i c  entering f rom the 
mo to rway  (l inks 19 and 49) is small and does not 
add s ign i f i cant ly  to the sl ip-road queue. This 
t ra f f ic  has been given a 20% delay weight ing (to 
the benef i t  of c irculat ing t raf f ic) .  

A posi t ive stop weight ing of 500% has been given 
to f ive  c i rculat ing links 21,  31, 51, 55 and 61. 
These l inks model the entry  t ra f f ic  f rom links 10, 
20, 40 and 50, and th is should encourage the 
opt imiser  to give good coordinat ion to this entry 
t ra f f ic ,  and avoid entry vehic les running stra ight  
into a red. This is not deemed necessary for l inks 
11 and 41 as these l inks are longer w i th  better  
s ight l ines. 

5 .1 .5  Limit queues and queue penalties 
Queue penal t ies have been added for the f ive  
short  l inks 21, 31, 51, 55 and 61. When shared 
l inks exist ,  the queue penal ty  is given to the major 
shared l ink and applies whenever  the queue on the 
major AND minor l inks taken together  exceeds the 
queue l imi t .  

When deciding values for  l imit  queues on 
roundabouts,  the link should be studied, and the 
queue length beyond wh ich  the f ree- lef t - turn 
would  be blocked should be est imated.  This wi l l  
normal ly  be s igni f icant ly  less than the total  stop- 
line l ink length. 

For the 80 metre long l ink 21 a queue of 55 
metres has been assumed to cause obstruct ion of 
t ra f f ic  ex i t ing immedia te ly  prior to node 2. If an 
average pcu-plus-gap length of 5 .75 metres is 
used, then for the three lane l ink 21, 55 metres 
could store about 9 pcu per lane, or 27 pcu. As 
described in section 3 .6 .1 ,  a factor  of 60 to 75 
percent of the available l ink storage is used, as 
the mean max imum queue calculated in TRANSYT 
is an average value and can often be exceeded. 
Apply ing a factor  of 6 6 %  reduces the value f rom 
9 pcu/ lane to 6, or 18 pcu in total .  This then 
becomes the l imit-queue value entered in the card 
type 38. The TRANSYT opt imiser wi l l  then star t  
adding an excess queue penal ty to the PI once 
more than 18 pcu are in the queue on l inks 
2 1 / 2 2 / 2 3 / 2 4 .  

A simi lar value has been used for  l ink 
6 1 / 6 2 / 6 3 / 6 4 ;  and for the s l ight ly  longer l ink 31, 
an excess queue length of 20 has been used. For 
the t w o  l ink 51 /52 /53  a value of max imum queue 
length of 90  metres has been used to def ine the 
point where  blocking back starts.  This gives a 
max imum al lowable queue of about  30 pcu, wh ich  
is reduced to 20 for the l imi t  queue by apply ing 
the fac tor  of  66%.  For l ink 55 a blocking distance 
of about  80 metres is appropriate, wh ich  leads to 
a max imum al lowable queue of just  over 13 pcu. 

Applying a factor of 66% reduces this to a limit 
queue of 9 pcu. 

5 .1 .6  Cycle time 
The initial data set is given in Table A1 (Appendix 
A). CYOP was run on this data with the 
' informat ion only '  option, and the 'cycle t ime 
informat ion'  output is given in Table A2 (Appendix 
A). The f i rst  section of Table A2 shows the 
maximum degree of saturation at the node when 
each node is considered in isolation (ie no 
consideration taken of coordination between 
nodes) over a range of cycle times. These show 
that  with a 60 second cycle, the maximum degree 
of saturation is 90% at node 5. Shorter cycle 
t imes would not give suff ic ient capacity, and 
longer cycle t imes would al low spare capacity. For 
roundabouts the shortest possible cycle t ime 
should be used so a value of 60 seconds is 
appropriate. 

The second section of Table A2 gives an estimate 
of the performance index (weighted sum of stops 
and delay) for each node over a range of cycle 
t imes.  These show that  a cycle t ime of 60 
seconds gives a minimum estimated performance 
index (PI) of 419.1 wi th nodes 2 and 3 double 
cycled, and 435.4  wi th  all nodes single cycled. 

The CYOP Table shows some benefit in double 
cycl ing modes 2 and 3. Introducing double cycling 
in networks wi th short links can, however,  often 
upset co-ordination on the street and is not 
a lways  desirable. It is unlikely that double cycling 
node 2 would provide any major benefit as the 
est imated PI is 72 at 60 second cycle and 69 for 
a 30 second cycle. There may be benefit in 
reducing the cycle t ime at node 3 which has an 
est imated PI of 57 at 60 second cycle, and 44 at 
30 seconds, and a second TRANSYT run with this 
node double cycled may prove worthwhi le .  

5 . 2  T R A N S Y T  O U T P U T  
5.2.1 Normal flows 
Table A3 (Appendix A) gives the optimised 
TRANSYT output. There are several points to 
notice. 

(a) The est imate of 20 seconds effect ive green 
t ime for link 50 was correct and there is no 
need to re-calculate the saturation f low for link 
50. Note that whi le the actual green t ime for 
link 50 is 19 seconds, TRANSYT adds one 
second as the dif ference between the start 
and end displacements on card type 1. The 
start displacement of 2 seconds al lows for 
vehicles to accelerate to cruise speed, and the 
end displacement of 3 seconds al lows for 
vehicles continuing to pass during the amber. 
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(b) The degree of saturation on the non-motorway 
entry links (20 30 50 60) is between 86 to 95 
percent, as required to prevent excessive 
entry f lows and locking-up of the roundabout 
in periods of high demand. 

(c) For the motorway entries (links 10/19 and 
40/49) the degrees of saturation are 88% for 
link 10 and 77% for link 40. The reserve 
capacity for link 10 is rather low, and the 
timings may have to be checked every few 
years to allow for traffic growth. 

(d) The degree of saturation on circulating links is 
generally below 80%, except for links 1 5 and 
55. These links will need to be checked 
carefully to see how they behave when flows 
are increased. Node 5 appears to be the 
critical node in the network. 

(e) There is a small excess queue of 0.2 pcu for 
link 55. The graph for this link will have to be 
checked to see if blocking back is likely to 
occur at a critical point in the cycle. 

(f) Overall the optimised output shows that this 
signalised roundabout is just operating within 
capaCity. 

For an economic assessment of the performance 
of the roundabout the optimised signal timings 
should beused without optimisation or any 
weighting factors. 

5.2.2 Excess demand flows 
Table A4 (Appendix A) gives the TRANSYT output 
with the optimised signal timings from Table A3 
and flows increased by 20%. This shows that all 
non-motoway entry links are over-saturated with 
queues building up. 

Motorway entry link 10 is over-saturated and a 
mean queue of 65 pcu is predicted for the one 
hour period. This implies a queue at the end of the 
hour of approximately 130 pcu in two lanes; 
equivalent to a queue 370 metres in length. This 
is likely to be longer than the exit slip road. The 
other motorway entry slip road, link 40, is not 
over-saturated. 

The circulating links, however, do not have large 
queues, and apart from link 55 are in no danger of 
blocking back to the upstream nodes. The queue 
on link 55 exceeds 20 pcu during part of the cycle 
and the effect of this should be studied further. 

5.3  G R A P H I C A L  OUTPUTS 
Figure A1 (Appendix A) shows the TRANSYT 
graphical outputs for links 40 41 42 43 45 and 
55. These can be used to show when upstream 
vehicles arrive at link 55 stop-line, as indicated in 
the Figure. The signals controlling link 55 change 

to red after the entry traff ic from link 40 has 
passed through. The circulating traff ic from links 
42/43, fol lowed later in the red by traff ic from link 
41, begin to form a queue at the stopline. The 
signals change to green after approximately half 
the circulating platoon of traff ic from link 41 has 
arrived. The stopline queue has almost discharged 
by the t ime the entry traff ic from link 40 has 
arrived. 

The TRANSYT/9 queue graph for link 55 is given 
in Figure A2 (Appendix A) which shows pcus 
arriving and the queue discharging during the 
green. This graph shows the maximum uniform 
queue as 8 pcu which is less then the 11 pcu 
given for the mean-maximum queue in the 
TRANSYT output for link 55 in Table A3. This is 
because the graph only deals wi th the uniform 
queue, ie the queue that will form on average, and 
takes no account of random-plus-oversaturation 
fluctuations (2.5 pcu) that wil l  lead to larger 
queues. Discharging vehicles meet the back-of- 
queue some 12 seconds into the green, at 
approximately time 28 seconds. From the link 
graph in Figure A1 this corresponds to the t ime 
when the circulating traff ic has passed through, 
and just before the entry traff ic starts to arrive. 

As shown above, the queue is longest on link 55 
between 24 and 30 seconds. The question is 
whether this wil l  adversely effect the traff ic 
turning out of the roundabout just before node 5; 
this is not modelled directly, but comes from links 
45 and 49. The graph for link 45 shows that it 
discharges from time 43 seconds to t ime 18 
seconds, when the queue on link 55 is 6 pcu long. 
As the l imit queue for link 55 is 9 pcu, it is 
unlikely that the queue on the circulating link 55 
wil l block the exit traff ic. The entry arm traff ic on 
link 49 f lows from t ime 23 seconds to t ime 38 
seconds so may be blocked by the queue building 
on link 55. As the f low on link 49 is only 250 pcu 
per hour, this is unlikely to be a problem. 

Whilst careful checking of graphs can tell a great 
deal about the behaviour of the roundabout, it is 
vital to check the signal timings when f irst 
installed. The TRANSYT output does, of course, 
highlight possible problem areas where attention 
should be directed first. 

6 EXAMPLE 2 - - A N  URBAN 
R O U N D A B O U T / G Y R A T O R Y  

The example roundabout described in this section 
further il lustrates the method of applying 
TRANYST described in previous sections. The 
subject is a gyratory-system which forms a 
roundabout at the junction of the A413 and the 
B4443 to the south-east of Aylesbury town 
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centre. The signals had been installed in an 
a t tempt  to. improve capacity. The TRANSYT model 
described is of the morning peak period and it 
shows  a typical urban situation in which the 
junct ion has reached or exceeded capacity during 
the peak periods. Prior to TRRL becoming 
involved, the original t imings resulted in 
unacceptably long queues on entries and indeed a 
reduct ion in capac i ty - -TRANSYT had been used to 
f ind the original signal plans, but the model took 
no account  of the special circumstances at 
signalised roundabouts. Once the method set out 
by TRRL had been applied, a reasonable plan for 
the A M  peak was produced. This example 
i l lustrates how such a junct ion can operate in an 
acceptable fashion, even when demand exceeds 
capacity, by using TRANSYT to obtain signal 
t imings that control where the queues form. 

6.1 DESCRIPTION OF THE 
ROUNDABOUT 

The roundabout is triangular in shape (see Figure 
6) w i th  four main junctions, plus a signalised 
pedestr ian crossing on the exit  to the north. The 

longest circulating link is 1 50 metres and the 
shortest just 40 metres. Each link has two  lanes 
at each stop-line. Due to physical restrictions 
(such as buildings and a railway) engineering 
changes that might normally have been made to 
the roundabout, to take advantage of signalisation, 
were not possible. 

The roundabout lies on a commuter route to and 
from the town centre to the north-west. The 
A 4 1 3  is a major route bringing traffic in from 
nearby towns and villages in the mornings, whilst 
the B4443 serves various housing estates and is 
also an alternative route for the longer distance 
traff ic. The f low is tidal and in the morning the 
largest proportion of the traffic f low is towards 
the town centre.-The proportion of f low that 
comes from the town centre is smaller, but still 
significant. In the evening peak the situation is 
reversed with the heavier f low coming from the 
town centre. 

6.2  MODELLING THE JUNCTION 
The link diagram in Figure 7 and the TRANSYT 
imput data (Table B1, Appendix B) show how the 

Walton Road 

Walton Street 

Town  Centre 

Pedestrian; 
cross ing , 

4 _ _  1 Z~___ 

Wendover Road 

A413 

Magistrates Courts 

N 

B4443 ! ' I Stoke Road 

Fig.6 Site diagram of the Walton Street roundabout, Aylesbury 

16 



°oop f3,0o 
299 

4000 - ~  88 t 3 8 0 0  

'<--.2--, 
\173 / ' ' ~ ~  3 6 0 0  

'729 
, , 3375 

Fig.7 Link diagram for the Walton Street roundabout 

roundabout is modelled. Flows are based on 
Origin-Destination (OD) data supplied by 
Buckinghamshire County Council. The link 
structure in this example differs from the example 
in section 3. In the earlier example, f13 and f14 
were represented by the major link at stop line 
X--X and f43 was represented by the minor link. 
Here, traffic exiting after the immediate 
downstream stop line (f13 and f43 for example) is 
represented by the major links and traffic 
continuing past that point (f14) is represented by 
minor links. Hence, a/I the traffic represented by 
the minor link is added to the downstream major 
link and a/I the traffic represented by the major 
link is modelled as a free-left-turn (after crossing 
the stop line). This avoids the incorrect situation 
illustrated in Figure 3(d) and described in section 
3.5 where TRANSYT continues to model traffic 
that would, in reality, have exited. The link 
structure would not model the OD movements 
correctly if there were significant U-turners or if 
there were five or more entries. 

6 . 2 . 1  S a t u r a t i o n  f l o w s  

All the saturation f lows were estimated originally 
using TRRL Report RR67 (Kimber et al, 1986) and 
then reduced to account for factors such as road 
curvature, lane lengths and possible weaving. One 
link has a flared approach (link 35) wi th one lane 
flaring into two close to the stop-line. The flare 
has room to accommodate up to 7 extra pcu. The 
discharge rate of the flare is two-lane saturation 

f low; after the flared has emptied, the discharge 
rate reduces to one-lane saturation f low. To 
calculate the average saturation f low throughout 
the green for link 35, the method described in 
section 3.3.2 was applied. Initially, a green-time 
was obtained by running TRANYST with an 
approximation to the average saturation f low. This 
green-time was then used to calculate a new 
average saturation f low. The procedure was 
repeated until the calculated saturation f low 
matched the green-time for link 35 found by 
TRANSYT. The whole procedure had to be 
fol lowed every time a new cycle-time was tried. 

6 . 2 . 2  C h o i c e  o f  c y c l e - t i m e  

Finding the most appropriate cycle-time is an 
important factor in a roundabout type network. 
Section 3.1 suggests that the TRANSYT routine 
CYOP (see LR888, Vincent et al, 1980) can be 
used to predict the cycle-t ime at which the best 
Performance Index would be achieved. However,  
due to the fact that CYOP only predicts the PI at a 
given cycle-time treating each node as being 
isolated, a number of parameters, likely to be 
included when using TRANSYT to model a 
roundabout, are neglected. It neglects the effects 
of coordination, l imit-queues (section 3.6.1),  and 
Link Weighting (section 3.6) (except in calculating 
the Performance Index after finding the timings). 
Furthermore, it neglects variation with green-time 
of the average saturation f low on flared 
approaches. The latter point is particularly 
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signif icant in this case because the flared entry 
link (link 35) was part of a particularly critical 
node. Under the critical conditions at this node, 
the performance of link 35 has a significant effect 
on the overall performance of the roundabout. 
Therefore, the best cycle-time predicted by CYOP 
is heavily dependant on the saturation f low value 
for link 35. However,  for the initial saturation f low 
(which was arbitrarily taken as the the value mid- 
way  between one-lane and two-lane saturation 
f low,  ie 2700  pcu/hour) CYOP predicted that the 
best Performance Index would be achieved at a 
cycle-t ime of 70 seconds. 

To take account of the factors neglected by 
CYOP, which, never-the-less, affect the choice of 
cycle t ime, full TRANSYT runs with optimisation 
were carried out over a range of cycle times. For 
each run, the saturation f low on the flared 
approach (link 35) was adjusted to suit the new 
green time. With the over-saturation of the 
roundabout, the main consideration is to keep the 
circulating links free from blocking-back; achieving 
the lowest  Performance Index is of secondary 
importance. Therefore, the choice of cycle t ime 
depends on the ease with which queues on the 
circulating links can be kept under control, 
particularly on the critical links (links 31 and 32). 
In particular this depends on the coordination 
between nodes 2 and 3. Fortunately, there is only 
one platoon of any importance between these 
nodes and it contains the traff ic entering from link 
25, most of which crosses the stop-line at node 3 
en route to node 4. Another compromise must be 
made between presenting traff ic wi th short reds 
(by keeping the cycle-time low) and keeping the 
proport ion of lost-time in the cycle low (by 
keeping the cycle-time long). In this case (and for 
most signalised roundabouts for that matter) the 
balance will be in favour of short reds (hence a 
short cycle-time). A cycle time of 40 seconds was 
found to give a better result than the 70 second 
cycle predicted by CYOP. 

6 .2 .3  Weighting factors 
One of the key points in modelling roundabouts 

w i th  TRANYST is the use of stop and delay 
weight ing to help ensure circulating links get any 
spare green time at a node (section 3.6.2). In this 
example, the entry links are weighted so that the 
cost of stops is zero and the cost of delay is 20 
percent of the normal figure used in TRANSYT. 
The circulating links have normal (100%) 
weight ing.  The ef fect  of the weight ings is to keep 
the percentage saturation high on entry links and 
lower on circulating links. The weight ings also 
ensure that when over-saturation does occur, it 
occurs on entry links where excess demand can 
be stored wi thout  locking-up the system, rather 
than on circulating links. 

6 .2 .4  Limit queues and queue penalties 
Since the roundabout is over-saturated during the 
morning peak, an important consideration is to 
keep the queue-lengths on circulating links short. 
To assist TRANSYT in finding signal timings that 
keep circulating queue-lengths within acceptable 
levels, limit queues and queue penalties were 
applied for all circulating links (as described in 
section 3.6.1). The limit-queue lengths used at 
this roundabout were approximately two-thirds of 
the number of pcu that could be physically stored 
on the link (the left turning traffic have their own 
lanes so these were not considered when setting 
the limit-queue values). The queue-penalties used 
were 4000 pence/pcu-hour. The queue lengths on 
the circulating links were kept below the desired 
length as a result. 

6 .3  T R A N S Y T  O U T P U T  
The output from a TRANSYT run with a cycle 
time of 40 seconds is given in Table B2 (Appendix 
B). Studying the saturations on each link show 
that the aim of giving spare green to circulating 
links has been achieved. However, it can clearly 
be seen that nodes 2 and 3 are over-saturated, 
with long queues predicted for the entry links 
(links 25 and 35). It is necessary to put this 
oversaturation onto the entry links so that the 
amount of traffic entering the roundabout is 
restricted, thus reducing the possibility of blocking 
back. For these predictions to accurately depict 
on-street behaviour, the simulation time (card type 
1, column 20) should equal the length of time 
over which the f low conditions have been 
averaged. In this case the f lows are averaged over 
one hour, so the simulation time is 60 minutes. 

The circulating links for node 3 (link 31 and 32) 
also have a high degree of saturation and it will be 
necessary to check the queue-length to see if 
blocking-back may occur. The graphs (Figure B1, 
Appendix B) for links 31 and 32 show the large 
platoon made up of traffic entering the roundabout 
on link 25. With just the one platoon, good 
coordination between node 3 and the upstream 
node (node 2) is easily achieved. Hence, despite 
high saturation, queue lengths are comparatively 
short. However, a small error in, say, cruise 
speed, could result in some of the on-street 
platoon being stopped and it would not take much 
of an error to give rise to large on-street queues. 
This highlights the importance of correct 
information for critical nodes. 

For the remainder of the roundabout, the graphical 
output shows that it has been possible to 
coordinate well for all the platoons around the 
roundabout. Only on link 21 is there a significant 
platoon which is stopped by the signals. As for 
links 31 and 32, this good coordination plays a 
major role in keeping the queues on circulating 
links short. 
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6.3.1 Excess demand flows 
To check that the gyratory continued to function 
without locking up under conditions of higher than 
average flow, the final signal plan was tested with 
flows increased by 20 per cent of their modelled 
values (as suggested in section 3.6.2). Under 
these circumstances, the increase in circulating 
traffic was small, but, as would be expected, the 
queues predicted for entry links were large, 
particularly at nodes 2 and 3 (Table B3, Appendix 
B). This was tolerable at this roundabout since no 
significant hazard was caused by large queues on 
these two approaches, and this is preferable to 
blocking the roundabout. 

6 .4  INITIAL I N S T A L L A T I O N  OF 
T IM INGS 

The traffic signals had been installed and running 
at the roundabout for some months prior to TRRL 
being involved. The original timings were 
characterised by a very long cycle-time. The 
timings developed by TRRL from early TRANSYT 
runs were installed on site and on-street behaviour 
observed. The behaviour differed in a number of 
respects from the TRANSYT model predictions. 

6.4.1 Predictability of traffic flows 
One problem with the site is the unpredictability of 
the flows; Aylesbury town centre is served by 5 
major radial routes, many of which join on the 
outskirts of the town. Hence traffic has many 
radials from which to choose a route into the 
town centre. The traffic f lows, which were 
collected before the signalising of the junction, 
appear to have altered significantly since the 
signals had been commissioned. For the 
roundabout to cope with changes in traffic f low, it 
is important that the signal timings limited the 
amount of traffic that entered the roundabout. 
This is where it is important to arrange TRANSYT 
to give any spare green-time to the circulating 
links, and then testing the timings under 
conditions of excess demand. On the day 
observed, only the A413 coming out of the town 
remained under-saturated; the other three entry 
arms all had long queues during at least some part 
of the peak period. On the over-saturated links, 
the flow into the roundabout was controlled by 
the green-time. If the green-time had been too 
long, too much traff ic would have entered the 
roundabout, probably leading to locking-up. 
However, with the TRRL TRANSYT timings, for 
most of the period observed, traffic continued to 
circulate freely. 

6.4.2 Blocking back 
There was a problem with blocking-back on links 
31 and 32 for a brief period where the queue at 
the start-of-green more than filled these links. This 

meant that the traf f ic from link 25 joined onto the 
back of the existing queue and the links fi l led 
completely preventing any more traf f ic entering. A 
signif icant amount of green was given (hence 
wasted) to this link whi lst  traff ic was unable to 
enter the roundabout (see discussion in section 
3.6.3). This problem was solved quickly on site by 
manually bringing forward the start-of-green for 
links 31 and 32 by a few seconds to give the 
existing queue t ime to discharge before the traff ic 
from link 25 arrived. Subsequently, the model was 
re-run wi th the limit-queue reduced from 25 to 
15 pcu. This gave an early green for links 31 and 
32 similar to that implemented manually, 
indicating that the storage capacity of the link had 
been over-estimated init ially. 

6 .4 .3  Validation of saturation f lows 
Whilst on site, the saturation f lows were validated 
as far as possible. Links 15 and 35 were found to 
have saturation f lows that differed from those 
predicted. 

Link 15 has two lanes which stretch back about 
75 metres. Despite this, the nearside lane was 
used by the occasional left turner only and was 
empty on many cycles. Most of the remaining 
traff ic wished to exit along the B4443 (node 3) 
and, therefore, wanted to enter the roundabout on 
the nearside lane (link 21) at node 2. Due to lack 
of space, merging from the two lanes on link 15 
onto the nearside lane (link 21) was very dif f icult .  
Hence the saturation f low on link 15 was only half 
the modelled value. 

With link 35, the flared approach, the problem 
was that, after the initial burst of eight or 10 cars, 
drivers were very slow in moving off; leaving large 
gaps between vehicles. The behaviour was seen 
to improve over the period observed, maybe 
because drivers were beginning to realise the 
green was now much shorter than previously. In 
fact observations showed that drivers had started 
to use the flare to better advantage wi th an extra 
6, sometimes 7 cars using it. Even so the average 
saturation f low (over the quite long green used 
wi th these new timings) was estimated to be no 
better than 2000 pcu/hour. 

6 . 5  I M P R O V E D  M O D E L  
With the experience gained on site it was decided 
to produce an improved data set. Some new f low 
measurements were taken and the saturation 
f lows were adjusted. With the revised f lows the 
queue lengths predicted by TRANSYT were closer 
to those observed on street than before, giving 
confidence in the new model. The t imings from 
the new model have been installed at the 
roundabout and have been observed working 
satisfactori ly. Never-the-less, measurements taken 
by Buckinghamshire County Council revealed that 
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there was no signif icant change in capacity before 
and after signalisation in the morning peak (see 
section 7). 

7 CONCLUSIONS AND 
DISCUSSION 

With increasing traff ic f lows it is becoming 
necessary to signalise roundabouts to reduce 
queues, especially during peak periods. Several 
studies have shown signalising can increase 
capacity and al low the traff ic engineer to control 
where and when queues form. It has been 
demonstrated that TRANSYT, when used wi th  
appropriate care, is suitable for modelling traff ic 
behaviour on signalised roundabouts, and is 
capable of producing timings that provide good 
coordination, and avoid traffic ' locking up'. 

However ,  an increase in capacity cannot be taken 
as certain. Indeed, it is thought  likely that capacity 
will o f ten be improved only if signalisation goes 
hand-in-hand wi th  engineering changes such as 
widening of the circulating carr iageway to create 
extra lanes, and flaring of entries to increase the 
density of entry traff ic, particularly in the early 
part of the green. 

Made in isolation, such engineering changes are 
unlikely to improve traff ic behaviour enough to 
overcome the disadvantages of priority control at 
a roundabout in heavy traffic; a single circulating 
vehicle can still delay several vehicles wait ing to 
enter a roundabout.  Similarly, signalising a 
roundabout w i thou t  any engineering changes may 
also result in little or no improvement in capacity. 
It may well be necessary to use signal t imings 
which constrain entry capacity, to prevent 
blocking-back on circulating links which would 
reduce the improvements in capacity, possibly to 
zero. 

At  the roundabout/gyratory in Aylesbury, the 
throughput  of t raf f ic (ie capacity) was found not 
to have improved before and after signalisation in 
the morning peak. This was probably because 
some caution had to be exercised wi th  the t imings 
due to the unpredictable nature of the f lows at 
this site (see sect ion 6.5.1) and the need to keep 
excess demand traff ic queued on entry links rather 
than circulating links. 

8 RECOMMENDATIONS 
- -  Use shared links for accurate representation 

of origin-destination movements.  

-- Use reduced delay weight ings on entry links 
so that  TRANSYT considers circulating links 
as more important.  

-- Keep the cycle time short to avoid long 
queues on circulating links and to make the 
best use of flared entries. 

- -  Apply limit queues and queue penalties to 
circulating links to further discourage long 
queues. 

-- Use the formulae in section 3.3.2 to calculate 
the average saturation f low of flared 
approaches. 

-- Make use of the TRANSYT f low pattern 
graphs and queue graphs to check 
coordination and queuing behaviour. 

-- Compare the predicted queues, f low patterns 
and degrees of saturation with the on-street 
behaviour (and re-model the junction if 
necessary). 
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APPENDIX A: 

C O M P U T E R  P R I N T O U T S  F R O M  E X A M P L E  1 - - A  M O T O R W A Y  R O U N D A B O U T  

TABLE A I .  

Example 1--TRANSYT input data 

Program TRANSYT EXAMPLE I :  MOTORWAY ROUNDABOUT 
DATA INPUT :- 

CARD CARD 
NO. TYPE 

( I)= TITLE:- EXAMPLE I: MOTORWAY ROUNDABOUT 
CARD CARD CYCLE NO. OF TIME EFFECTIVE-GREEN EQUISAT O=UNEQUAL FLOW CRUISE-SPEEDS OPTIMISE EXTRA HILL- DELAY STOP 
NO. TYPE TIME STEPS PERIOD DISPLACEMENTS SETTINGS CYCLE SCALE SCALE CARD32 O=NONE COPIES CLIMB VALUE VALUE 

PER 1-1200 START END O=NO 1=EQUAL 10-200 50-200 O=TIMES 1=O/SET FINAL OUTPUT P PER P PER 
(SEC) CYCLE MINS. (SEC) (SEC) 1=YES CYCLE % ~ 1=SPEEDS 2=FULL OUTPUT 1=FULL PCU-H I00 

570 90 

O O 

0 0 

0 0 

2)= I 60 60 60 2 3 1 0 0 0 1 2 1 0 
CARD CARD LIST OF NODES TO BE OPTIMISED 

NO. TYPE 
3)= 2 1 2 3 4 5 6 0 0 O 0 0 0 0 

CARD CARD HILLCLIMB INCREMENT LIST ~.. 
NO. TYPE 

4)= 4 15 40 - I  15 40 1 - I  1 0 0 0 0 0 
CARD CARD ACCURACY PARAMETER LIST 

NO. TYPE 
5) :  6 I000 0 0 0 I000 100 I00 IO I0 1 1 0 0 

LINKS HAVING SHARED STOPLINES 
CARD CARD FIRST SET . . . . . . . . . . . . . . . . . . . . . . . . .  SECOND SET . . . . . . . . . . . . . . . . . . . . . . . .  THIRD SET . . . . . . . . . . . . . . . . . . . . . . . . .  

NO. TYPE 
6 ) :  7 I I  12 13 0 0 21 22 23 24 0 31 32 33 34 0 
7)= 7 41 42 43 0 0 51 52 53 0 0 61 62 63 64 0 

CARD CARD NODE 
NO. TYPE NO. CHANGE 
8)= 12 1 O 
9)= 12 2 0 

10) :  12 3 0 
11)= 12 4 0 
12)= 12 5 0 
13)= 12 6 0 

CARD CARD LINK EXIT 

NODE CARDS: STAGE CHANGE TIMES AND MINIMUM STAGE TIMES 
STAGE 1 STAGE 2 STAGE 3 STAGE 4 STAGE 5 STAGE 6 STAGE 7 

MIN CHANGE MIN CHANGE MIN CHANGE MIN CHANGE MIN CHANGE MIN CHANGE MIN 
I0 0 0 0 0 0 0 0 
I0 0 0 0 0 0 0 0 
10 0 0 0 0 0 0 0 
10 O 0 0 0 0 0 0 
10 0 0 0 0 0 0 0 
I0 0 0 0 0 0 0 0 

IO 0 O 0 0 
I0 0 0 0 0 
I0 0 0 0 0 
I0 0 0 0 0 
I0 0 O 0 0 
I0 0 0 0 0 

LINK CARDS: FIXED DATA 
FIRST GREEN SECOND GREEN 

START END START END LINK STOP SAT DELAY DISPSN 

NO. TYPE 
14)= 31 
15)= 31 
16)= 31 
17)= 31 
18)= 31 
19)= 31 
20)= 31 
21)= 31 
22)= 31 
23)= 31 
24)= 31 
25)= 31 
26)= 31 
27)= 31 
28)= 31 
29)= 31 
30)= 31 
31 )= 31 
32)= 31 
33)= 31 
34)= 31 
35)= 31 
36)= 31 
37)= 31 
38)= 31 
39)= 31 
40)= 31 
41)= 31 
42)= 31 
43)= 31 
44) :  31 
45)= 31 

NO. NODE STAGE LAG 
I0 1 2 5 1 O 0 0 O 0 lOO -9999 3400 60 0 
I I  1 1 5 2 0 0 0 0 0 200 0 3300 0 0 
12 O 0 5 0 0 0 O 0 0 200 0 0 0 0 
13 0 0 5 0 0 0 O 0 0 200 O 0 O 0 
15 1 1 5 2 0 0 0 0 0 200 0 1650 0 0 
19 1 2 5 1 O O O 0 0 200 -9999 1750 0 0 
20 2 2 5 1 0 0 0 0 O 100 -9999 3500 20 0 
21 2 1 5 2 0 O O 0 0 80 500 5400 0 0 
22 0 0 5 0 0 0 O 0 0 80 0 0 0 0 
23 0 0 5 O 0 O 0 0 0 80 0 0 0 0 
24 0 0 5 0 0 0 0 0 0 80 0 0 0 0 
30 3 2 5 I 0 0 0 0 0 I00 -9999 3500 20 0 
31 3 1 1 2 0 0 0 0 0 90 500 6600 0 0 
32 0 0 5 0 O 0 0 0 0 90 0 0 0 0 
33 0 O 5 0 O 0 0 0 0 90 0 0 0 0 
34 0 0 5 O 0 0 0 0 0 90 0 O 0 0 
40 4 2 5 1 O O 0 0 0 100 -9999 3500 60 0 
41 4 1 5 2 0 0 0 0 0 200 0 3300 O 0 
42 0 0 5 0 0 0 0 O 0 200 0 0 0 0 
43 O 0 5 0 0 0 0 0 0 200 0 0 0 0 
45 4 1 5 2 0 0 O 0 0 200 0 1650 0 O 
49 4 2 5 1 0 0 0 O 0 200 -9999 1750 0 0 
50 5 2 5 1 0 0 0 O 0 I00 -9999 4760 20 O 
51 5 1 5 2 0 0 O O O 105 500 3300 0 0 
52 0 0 5 0 0 0 0 0 0 105 0 0 0 0 
53 O 0 5 O O 0 O 0 O 105 O 0 0 0 
55 5 1 5 2 0 0 0 0 0 105 500 1650 0 0 
60 6 2 5 1 O 0 0 0 0 I00 -9999 3500 20 0 
61 6 1 5 2 0 0 0 0 0 80 500 4950 0 0 
62 0 O 5 0 0 O 0 O 0 80 0 0 0 0 
63 0 0 5 0 0 0 0 0 0 80 0 0 0 0 
64 O 0 5 0 O 0 0 0 0 80 0 0 0 0 

STAGE LAG STAGE LAG STAGE LAG LENGTH NT.XlO0 FLOW WT.XIO0 XlO0 
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CARD CARD L I N K  TOTAL UNIFORM 
NO. TYPE NO. FLOW FLOW 
46)= 32 I0 750 0 
47): 32 I I  450 0 
48)= 32 12 550 0 
49)= 32 13 50 0 
50): 32 15 850 0 
51)= 32 19 250 0 
52)= 32 20 I000 0 
53)= 32 21 750 0 
54)= 32 22 450 0 
55)= 32 23 550 0 
56)= 32 24 50 0 
57): 32 30 I000 0 
58): 32 31 750 0 
59)= 32 32 450 0 
60)= 32 33 ISO 0 
61)= 32 34 50 0 
62)= 32 40 750 0 
63)= 32 41 450 0 
64)= 32 42 150 0 
65)= 32 43 5O 0 
66)= 32 45 750 0 
67)= 32 49 250 0 
68)= 32 50 1500 0 
69)= 32 51 450 0 
70)= 32 52 150 0 
71)= 32 53 50 0 
72): 32 55 750 0 
73): 32 60 I000 0 
74): 32 61 1250 0 
75): 32 62 450 0 
76)= 32 63 150 0 
77)= 32 64 50 0 

LINK CARDS: 
ENTRY I . . . . . . . . . . . .  
LINK CRUISE 
NO. FLOW SPEED 

0 O 35 
60 450 35 
61 550 35 
62 50 35 
60 300 35 
0 0 35 
0 0 35 

10 750 35 
I I  450 35 
12 550 35 
13 50 35 
0 0 35 

20 750 35 
21 450 35 
22 150 35 
23 50 35 
0 0 35 

30 450 35 
31 150 35 
32 50 35 
30 300 35 
0 0 35 
0 0 35 

40 450 35 
41 150 35 
42 50 35 
40 300 35 
O 0 35 

50 1250 35 
51 450 35 
52 150 35 
53 50 35 

CARD CARD LINK LINK LINK LINK 
NO. TYPE NO. NO. NO. NO. 
78)= 35 41 42 43 45 

CARD CARD LINK LIMIT QUEUE LINK 
NO. TYPE NO. QUEUE WEIGHT NO. 
79)= 38 21 18 4000 31 

~ E N D  OF.SUBROUTINE TINPUT ~ 

FLOW DATA 
ENTRY 2 . . . . . . . . . . . .  
LINK CRUISE 
NO. FLOW SPEED 
0 0 O 
0 0 0 
0 0 0 
0 0 0 

61 400 35 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

31 300 35 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

41 300 35 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

GRAPH PLOT CARDS 
LINK LINK LINK LINK 
NO. NO. NO. NO. 
40 55 0 0 0 

LINK DATA: QUEUE CONSTRAINTS 
LIMIT QUEUE LINK L IMIT  QUEUE 
QUEUE WEIGHT NO. QUEUE WEIGHT 
20 4000 51 20 4000 

ENTRY 3 . . . . . . . . . . . .  
LINK CRUISE 

NO. FLOW SPEED 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

62 I00 35 
0 0 O 
0 0 0 
O 0 0 
0 O 0 
0 0 0 
0 0 0 
0 O 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

32 I00 35 
0 0 0 
0 O' 0 
0 0 0 
0 0 0 
0 0 0 

42 I00 35 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

ENTRY 4 . . . . . . . . . . . .  
LINK CRUISE 
NO. FLOW SPEED 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

63 50 35 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

33 50 35 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

43 50 35 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 0 0 0 

LINK LIMIT QUEUE 
NO. QUEUE WEIGHT 
55 9 4000 

LINK LIMIT QUEUE 
NO. QUEUE WEIGHT 
61 18 4000 
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T A B L E  A 2 .  

Cycle time information tables 

Program TRANSY~ EXAMPLE 1 : MOTORWAY ROUNDABOUT 

PERCENTAGE SATURATIONS BY NODE AND CYCLE 
CYCLE TIME (SECONDS) 

30 35 40 45 SO 

INFORMATION TO AID CYCLE TIME SELECTION 
(NODES CONSIDERED AS ISOLATED JUNCTIONS) 

60 70 80 90 100 120 140 160 180 

NODE 
1 103 97 94 90 89 86 84 82 81 80 79 78 78 77 
2 86 83 78 76 75 71 71 69 68 68 67 66 65 65 
3 58 57 57 56 55 54 53 53 52 52 52 51 51 51 " 
4 92 88 86 82 81 78 76 75 74 73 72 71 71 70 
5 105 100 97 95 93 90 88 87 85 84 83 82 81 81 
6 95 90 85 82 80 78 77 75 74 73 72 71 71 70 

MAXIMA 105.0 100.2  96 .9  94 .5  92 .6  90 .0  88 .2  86 .5  85 .2  84.1 82 .6  81 .6  81 .3  81 .0  

Program TRANSYT EXAMPLE I :  MOTORWAY ROUNDABOUT 

PERFORMANCE INDICES BY NODE AND CYCLE 

INFORMATION TO AID CYCLE TIME SELECTION 
(NODES CONSIDERED AS ISOLATED JUNCTIONS) 

CYCLE TIME (SECONDS) 
30 35 40 45 50 60 70 80 90 I00  120 140 160 180 

NODE 
1 200 • 121 • IO0 • 91 • 87 86* 88 91 95 I00  D I I 0  D 120 D 131 D 142 D 
2 69 71 68 . 67* 68 72 D 78 D 80 D 86 D 89 D I01 D I I 0  D 120 D 129 D 
3 44* 47 49 49 52 57 O 62 D 68 D 71 D 77 D 86 D 97 D 106 D 117 D 
4 80 • 68 64 62 ~ 62 64 67 71 D 75 D 79 D 88 D 97 O 107 D 116 D 
5 251 • 153 • 115 • 99 • 92 • 88 87*  92 94 96 102 D 108 D 115 D 124 D 
6 94 • 95 88 86 85*  86 93 95 D 99 D 102 D 113 D 121 D 132 D 141 D 

TOTALS 737.9 • 555.4 • 484.0  • 454 .3  • 446.4~> 453.5  475.0  497.6 519.7 543.1 598.9 653.4 710.4 768.9 

DOUBLES 737.9 • 555.4 • 484.0  • 454 .3  • 446 .4  • 437 .2*  452.9  452.8  453.4 449.9 453.5  475.0 497.6 519.7 

KEY:- • 

TOTALS 

DOUBLES 

TOO LOW 

A LONGER CYCLE TIME IS RECOMMENDED,TO GIVE SATURATION NOT EXCEEDING 90~ 

* MINIMUM PERFORMANCE INDEX FOR THIS NODE 
i 

DOUBLE CYCLING GIVES LOWER PERFORMANCE INDEX AND SATURATION NOT EXCEEDING 9OZ. 

COLUMN TOTALS - ALL NODES OPERATING SINGLE CYCLING. 

COLUMN TOTALS - BUT WITH P.I. FOR NODES MARKED D TAKEN FROM HALF CYCLE COLUMN. 

CYCLE TOO SHORT FOR MINIMUM GREENS ON AT LEAST ONE NODE 

PROGRAM TRANSYT FINISHED 
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TABLE A3.  

TRANSYT output from optimised settings 

Program TRANSYT EXAMPLE I: MOTORWAY ROUNDABOUT 
60 SECOND CYCLE 60 STEPS 

FINAL SETTINGS OBTAINED WITH INCREMENTS : -  9 24 - I  9 24 1 - I  1 
- (SECONDS) 
NODE NUMBER STAGE STAGE STAGE STAGE STAGE STAGE STAGE 
NO OF STAGES 1 2 3 4 5 6 7 

1 2 14 55 
2 2 59 37 
3 2 52 28 
4 2 18 59 
5 2 6 42 
6 2 38 14 

LINK FLOW , SAT DEGREE MEAN TIMES . . . . . . .  DELAY . . . . . . . . . . . .  STOPS . . . . . . . .  QUEUE . . . .  PERFORMANCE EXIT GREEN TIMES 
NUMBER INTO FLOW OF PER PCU UNIFORM RANDOM+ COST MEAN COST MEAN INDEX. NODE START START 

LINK SAT CRUISE OVERSAT OF STOPS OF MAX. AVERAGE WEIGHTED SUM END END 
DELAY (U+R+O:MEAN Q) DELAY /PCU STOPS EXCESS OF ( ) VALUES IST 2N0 

(PCU-H/H) (S/H) (~)  (S/H) (SECONDS) 

4.5 + 3.5 ( 45.7)* 115 ( 5.1) 1 0 14 
O.S + 0.2 ( 4 . 1 )  24 ( 0 . 6 )  1 19 55 
0.4 + 0,3 ( 3.8) 38 ( t . 2 )  1 19 55 
0.2 + 0.0 ( 1.1) 94 ( 0.3) 1 19 55 
1.8 + 2.5 ( 2 4 . 6 )  82 ( 4.1) 1 19 55 
1.4 + 0.7 ( 1 1 . 6 )  97 ( 1.4) 1 0 14 
5.7 + 7.7 ( 76.2)* 131 ( 7.8) 2 42 59 
0.1 + 0.3 ( 2.4) 19 ( 0.8) 2 4 37 
1.2 + 0,2 ( 8.0) 76 ( 2.0) 2 4 37 
1.1 + 0.2 ( 7.4) 36 ( 1.2) 2 4 37 
0,0 + 0.0 ( 0.2) 6 ( 0.0) 2 4 37 
5.2 + 2.9 ( 46.1)* 102 ( 6.0) 3 33 52 
0.1 + 0.1 ( 1.6) 16 ( 0 . 7 )  3 53 28 
0.5 + 0.1 ( 3.2) 20 ( 0.5) 3 53 28 
0.1 + 0.0 ( 1.0) 23 ( 0.2) 3 53 28 
0.1 + 0.0 ( 0 . 7 )  63 ( 0.2) 3 53 28 
4.5 + 2.9 ( 41.9)* l lO ( 4.9)  4 4 18 

(PCU/H) (PCU/H) (%) (SEC) (SEC) 

4 23 59 
4 23 59 
4 23 59 
4 23 59 
4 4 18 
5 47 6 
5 11 42 
5 11 42 
5 11 42 
5 11 42 
6 19 38 
6 43 14 
6 43 14 
6 43 14 
6 43 14 

TOTALS 

(PCU) (PCU) (S/H) 

88 10 38 15 27.4 
52 21 6 8 4.7 
52 21 4 8 5.0 
52 21 14 8 1.4 
84 21 18 13 28.7 
57 21 29 4 11.6 
95 I0 48 24 15.2 
59 8 2 14 ( 0.0)* 6.5 
59 8 II 14 I0.0 
59 8 9 14 8.6 
59 8 2 14 0.2 
86 I0 29 18 9.2 
35 9 1 6 ( 0.0)* 5.0 
35 9 5 6 3.8 
35 9 4 6 1.2 
35 9 9 6 0.9 
86 I0 35 IS 25.1 
32 21 14 l.S + 0.2 ( 9 . 6 )  69 ( 1.8) 8 I1.5 
32 21 8 0.3 + 0. I ( 2.0) 73 ( 0.6) 8 2.7 
32 21 4 0.0 + 0.0 ( 0 . 3 )  23 ( 0. I )  8 0.4 
74 21 18 2.4 + 1.4 ( 2 1 . 9 )  87 ( 3.8) 12 25.7 
57 21 29 1.4 + 0.7 ( 1 1 . 6 )  97 ( 1.4) 4 11.6 
95 10 37 8.1 + 7.4 ( 88.4)* 117 ( 1 0 . 4 )  32 17.7 
37 11 2 0.0 + 0.2 ( 1.2) 3 ( 0.1) 1 ( 0 .0 ) *  1.6 
37 11 5 0.1 + O.1 ( 1.2) 30 ( 0.3) 1 1.5 
37 11 10 0.1 + 0.0 ( 0.8) 38 ( 0.1) 1 0.9 
85 11 18 1,0 + 2.8 ( 2 1 . 2 )  63 ( 2.8) 10 ( 0 .0 ) *  36.1 
86 10 29 5.2 + 2.9 ( 46.1)* 102 ( 6.0) 18 9.2 
72 8 3 0.3 + 0.8 ( 6.6) 8 ( 0.6) 13 ( 0 .0 ) *  9.4 
72 8 19 2.1 + 0.3 ( 1 3 . 5 )  102 ( 2 . 7 )  13 16.2 
72 8 15 O.S + 0.1 ( 3 . 6 )  87 ( 0.8) 13 4.3 
72 8 13 0.1 + 0.0 ( 1.0) 77 ( 0.2) 13 1.3 

MEAN TOTAL TOTAL TOTAL TOTAL PENALTY TOTAL 
UNIFORM RANDOM+ COST COST FOR PERFORMANCE 

DELAY OVERSAT OF OF EXCESS INDEX 
DELAY DELAY STOPS QUEUES 

(PCU-H/H)(PCU-H/N) (S/N) (S/H) (S/H) (S/H) 
50.7 38.5 (268 .0 )  + ( 45.5) + ( 1.0) : 314.5 

10 750 3400 
11 450 33005 
12 550 l l L  
13 50 l l L  
15 850 1650 
19 250 1750 
2O 1000 350O 
21 750 540DS 
22 450 21L 
23 550 21L 
24 50 21L 
30 1000 3500 
31 750 66005 
32 450 31L 
33 150 31L 
34 50 31L 
40 750 3500 
41 450 3300S 
42 150 41L 
43 50 41L 
45 750 1650 
49 250 1750 
50 1500 4760 
51 450 33005 
52 150 51L 
53 50 51L 
55 750 1650 
60 I000 3500 
61 1251 4950S 
62 450 61L 
63 150 61L 
64 50 61L 

TOTAL TOTAL 
DISTANCE TIME JOURNEY 

TRAVELLED SPENT SPEED 

(PCU-KM/H) (PCU-H/H) (KM/H) 
1929.0 144.3 13.4 

Program TRANSYT EXN~I, PLE I :  MOTORWAY ROUNDABOUT 
60 SECOND CYCLE 60 STEPS 

CRUISE DELAY STOPS TOTALS 
LITRES PER HOUR LITRES PER HOUR LITRES PER HOUR L ITRES PER HOUR 

FUEL CONSUMPTION PREDICTIONS 136.5 + 124.9 + 109.9 371.3 

NO. OF ENTRIES TO SUBPT = 15 
NO. OF LINKS RECALCULATED= 486 
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T A B L E  A 4 .  

Output from optimised timings with flows increased by 20 percent 

Program TRANSYT EXAMPLE I: MOTORWAY ROUNDABOUT 
60 SECOND CYCLE 60 STEPS 

INITIAL SE1-TI~ 
- (SECONDS) 
NODE NUMBER STAGE STAGE STAGE STAGE STAGE STAGE 

NO OF STAGES 1 2 3 4 5 6 

I 2 
2 2 
3 2 
4 2 
5 2 
6 2 

LINK FLOW 
NUMBER INTO FLOW OF PER PCU UNIFORM RANDOM+ COST 

LINK SAT CRUISE OVERSAT OF 
DELAY (U+R+O=MEAN Q) DELAY 

STAGE 
7 

14 55 
59 37 
52 28 
18 59 

6 42 
38 14 

SAT DEGREE MEAN TIMES . . . . . . .  DELAY . . . . . . . . . . . .  STOPS . . . . . . . .  QUEUE . . . .  PERFORMANCE EXIT GREEN TIMES 
MEAN COST MEAN INDEX. NODE START START 

(PCU/H) (PCU/H) (%) (SEC) (SEC) 

106 10 153 
57 21 7 
57 21 5 
57 21 14 
93 21 32 
69 21 33 

114 10 266 
66 8 2 
66 8 11 
66 8 10 
66 8 3 

103 10 103 
39 9 1 
39 9 6 
39 9 5 
39 9 8 
103 10 114 

36 21 14 
36 21 9 
36 21 5 
82 21 23 
69 21 33 

113 10 
43 I I  
43 I I  
43 I I  13 
98 II 52 

103 I0 103 
79 8 4 
79 8 20 
79 8 16 
79 8 17 

MEAN 

(PCU-H/H) (S/H) 

6.3 + 32.0 (218.6) 
0.8 + 0.3 ( 6 ,1)  
0.5 + 0.3 ( 4 .9)  
0.2 + 0.0 ( 1.3) 
2.6 + 5.9 ( 4 8 . 2 )  
1.7 + I . I  ( 1 5 . 8 )  
9.8 + 78.8 (505.1) 
0.2 + 0,4 ( 3.3) 
1.3 + 0.3 ( 9.0) 
1.3 + 0.3 ( 8.9) 
O.O + O.O ( 0.3) 
6.8 + 27.6 (195.9) 
0.2 + 0.2 ( 1.9) 
0.7 + O.l ( 4.8) 
0.2 + 0.0 ( 1,5) 
0.1 + 0.0 ( 0.7) 
6.0 + 22.5 (162.2) 
1.9 + 0.2 ( 1 1 . 8 )  
0.3 + 0.1 ( 2.3) 
0.1 + O.O ( 0.5) 
3.1 + 2.3 ( 3 0 , 5 )  
1.7 + I . I  ( 1 5 . 8 )  

249 13.6 +110.7 (708.9) 
2 O.O + 0.3 ( 1.6) 
6 0.2 + O.l ( 1.6) 

0.2 + O.O ( 1.1) 
1,8 + 10.8 ( 7 1 . 5 )  
6.9 + 27.6 (196.6) 
0.5 + 1.2 ( 9.3) 
2.4 + 0.5 ( 1 6 . 3 )  
0.6 + 0.2 ( 4.5) 
0.2 + 0.0 ( 1.4) 

TOTAL TOTAL TOTAL 

I0 900 3400 
I I  525< 3300S 
12 582< I I L  
13 59 11L 
15 949< 1650 
19 300 1750 
20 1200 3500 
21 850< 5400S 
22 525< 21L 
23 582< 21L 
24 59 21L 
30 1200 3500 
31 788< 6600S 
32 510< 31L 
33 175 31L 
34 52 31L 
4O 900 350O 
41 525< 3300S 
42 157< 41L 
43 57 41L 
45 837< 1650 
49 300 1750 
50 1800 4760 
51 525< 3300S 
52 175 51L 
53 53 51L 
55 862< 1650 
60 1200 3500 
61 1 3 2 3 <  4950S 
62 525< 61L 
63 175 61L 
64 53 61L 

TOTAL TOTAL 

STOPS OF MAX. AVERAGE WEIGHTED SUM END END 
/PCU STOPS EXCESS OF ( ) VALUES IST 2ND 
(~) (S/H) ( P C U )  (PCU) (S/H) (SECONDS) 

222 (11.8) 47 + 230.5 1 0 14 
30 ( 1.0) 10 7.1 I 19 55 
41 ( 1.6) 10 6.5 I 19 55 
92 ( 0.3) 10 1.6 I 19 55 

102 ( 6.2) 20 54.4 I 19 55 
104 ( 1.9) 6 17.7 I 0 14 
259 ( 1 8 . 3 )  IOl + 523.5 2 42 59 

21 ( I . I )  17 4.5 2 4 37 
68 ( 2.2) 17 I I . I  2 4 37 
35 ( 1.4) 17 10.3 2 4 37 

7 ( 0.0) 17 0.3 2 4 37 
191 ( 1 3 , 6 )  48 + 209.5 3 33 52 

16 ( 0.8) 8 2.7 3 53 28 
24 ( 0.8) 8 5.5 3 53 28 
29 ( 0.3) 8 1.8 3 53 28 
52 ( 0.2) 8 0.9 3 53 28 

198 ( 1 0 . 5 )  38 + 172.7 4 4 18 
72 ( 2.3) 9 14.0 4 23 59 
66 ( 0.7) 9 3.0 4 23 59 
27 ( 0.1) 9 0.6 4 23 59 
90 ( 4.8) 14 35.3 4 23 59 

104 ( 1.9) 6 17.7 4 4 18 
255 ( 2 7 . 1 )  142 + 736.1 5 47 6 

3 ( O.1) 2 1.7 5 11 42 
30 ( 0.3) 2 2.0 5 11 42 
43 ( 0.2) 2 1.2 5 11 42 

116 ( 6.1) 21 + 77.7 5 11 42 
191 ( 1 3 . 6 )  48 + 210.2 6 19 38 

9 ( 0.8) 15 I0. I 6 43 14 
100 ( 3.2) 15 19.5 6 43 14 
88 ( 0.9) 15 5.4 6 43 14 
74 ( 0.3) 15 1.7 6 43 14 

TOTAL PENALTY TOTAL 
DISTANCE TIME JOURNEY UNIFORM RANDOM+ COST COST FOR PERFORMANCE 

TRAVELLED SPENT SPEED DELAY OVERSAT OF OF EXCESS INDEX 
DELAY DELAY STOPS QUEUES 

(PCU-KM/H) (PCU-H/H) (KM/H) (PCU-H/H)(PCU-H/H) (S/H) (S/H) (S/H) (S/H) 
2314.8 463.0 5.0 72.2 324.7 (2262.1) + ( 134.4) + ( 0.0) 2396.5 TOTALS 

Program TRANSYT EXAMPLE I :  MOTORWAY ROUNDABOUT 
60 SECOND CYCLE 60 STEPS 

CRUISE DELAY STOPS TOTALS 
LITRES PER HOUR L ITRES PER HOUR LITRES PER HOUR LITRES PER HOUR 

FUEL CONSUMPTION PREDICTIONS 163.8 + 555.6 + 214.5 = 933.9 

NO. OF ENTRIES TO SUBPT = 1 
NO. OF LINKS RECALCULATED= 56 
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FIGURE A I .  TRANSYT g r a p h i c a l  o u t p u t  
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UpstrlTotal To Lk 

Link I Out ! 55 

i 
I 40[ 7 2 0  2 9 0  
I 411 450 300 
I 421 150 100 
I 43l 50 50 

Total to 
Link 55 750 

I 

* = 0.75 pCUS 

GCAP = 14.7 pcus 

UMMQ = 8.0 pcus 

Link length 105 
(metres) 

Queue on Link 55 Node 5 
I step = I secs 
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......................................... XXXXXXXXXXXXXXXXXXXX 
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Figure A2. Queue graph for link 55 
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APPENDIX B: 

C O M P U T E R  P R I N T O U T S  F R O M  E X A M P L E  2 - - A N  U R B A N  R O U N D A B O U T  

TABLE BI .  

TRANSYT input data 

Program TRANSYT EXAMPLE 2: URBAN GYRATORY, BEST SETTINGS, WEIGHTINGS REMOVED 

DATA INPUT : -  

CARD CARD 
NO. TYPE 

( I)= TITLE:- EXAMPLE 2: URBAN GYRATORY, BEST SETTINGS, WEIGHTINGS 

CARD CARD CYCLE NO. OF TIME EFFECTIVE-GREEN EQUISAT O=UNEQUAL FLOW CRUISE-SPEEDS OPTIMISE EXTRA HILL- DELAY STOP 
NO. TYPE TIME STEPS PERIOD DISPLACEMENTS SETTINGS CYCLE SCALE SCALE CARD32 O=NONE COPIES CLIMB VALUE VALUE 

PER 1-1200 START END O=NO 1=EQUAL 10-200 50-200 O=TIMES 1=O/SET FINAL OUTPUT P PER P PER 
(SEC) CYCLE MINS. (SEC)  ( S E C )  I=YES CYCLE Z ~ 1=SPEEDS 2=FULL OUTPUT 1=FULL PCU-H I00 

2):  1 40 40 60 2 3 0 0 0 0 1 0 1 0 570 90 

CARD CARD LIST OF NODES TO BE OPTIMISED 
NO. TYPE 
3)= 2 1 2 3 4 0 0 0 0 0 0 0 0 0 0 0 

LINKS HAVING SHARED STOPLINES 
CARD CARD FIRST SET . . . . . . . . . . . . . . . . . . . . . . . . .  SECOND SET . . . . . . . . . . . . . . . . . . . . . . . .  THIRD SET . . . . . . . . . . . . . . . . . . . . . . . . .  
NO. TYPE 
4)= 7 I I  12 0 0 0 21 22 0 0 0 31 32 0 0 0 
5)= 7 41 42 O 0 0'" 0 0 0 0 0 0 0 0 0 0 

NODE CARDS: STAGE CHANGE TIMES AND MINIMUM STAGE TIMES 
CARD CARD NODE STAGE I STAGE 2 STAGE 3 STAGE 4 STAGE 5 STAGE 6 STAGE 7 
NO. TYPE NO. CHANGE MIN CHANGE MIN CHANGE MIN CHANGE MIN CHANGE MIN CHANGE MIN CHANGE MIN 
6)= 12 1 21 12 O 12 0 O 0 0 0 0 0 0 O 0 
7): 12 2 5 12 25 12 0 0 0 0 0 0 0 0 0 0 
8)= 12 3 O 12 20 12 0 0 0 0 0 0 O 0 O 0 
9)= 12 4 33 12 16 12 0 0 0 0 0 0 0 0 0 0 

LINK CARDS: FIXED DATA 
FIRST GREEN SECOND GREEN 

CARD CARD LINK EXIT 
NO. TYPE NO. NODE STAGE LAG STAGE LAG STAGE 
I0 ) :  31 I I  1 1 5 2 0 O 
I I )=  31 12 1 0 0 0 0 0 
12): 31 15 I 2 5 I 0 0 
13)= 31 21 2 1 5 2 0 O 
14)= 31 22 2 0 0 0 0 0 
15)= 31 25 2 2 5 1 0 0 
16): 31 31 3 I 5 2 0 0 
17)= 31 32 3 0 5 0 0 O 
18): 31 35 3 2 5 1 0 0 
19): 31 41 4 1 5 2 0 O 
20): 31 42 4 .O 0 0 0 0 
21)= 31 45 4 2 5 1 0 0 

START END START 
LAG 
0 0 0 50 0 4160 0 0 
0 O 0 50 0 0 0 0 
0 0 0 200 0 3500 0 0 
0 0 0 80 0 3500 0 0 
0 0 0 80 0 0 0 0 
0 0 0 200 0 4000 0 0 
0 0 0 130 0 3750 0 0 
0 0 O 13O 0 0 0 0 
0 0 0 200 0 3375 0 0 
0 0 0 125 0 2750 0 0 
0 0 0 125 0 0 0 0 
0 0 0 200 0 4160 0 0 

END LINK STOP SAT DELAY DISPSN 
STAGE LAG LENGTH WT. XIO0 FLOW WT.XIO0 XIO0 

LINK CARDS: 
ENTRY 1 . . . . . . . . . . . .  

CARD CARD LINK TOTAL UNIFORM LINK CRUISE 
NO. TYPE NO. FLOW FLOW NO. FLOW SPEED 
22)= 32 II 696 0 42 173 25 
23): 32 12 315 0 45 346 25 
24)= 32 15 600 0 0 0 43 
25): 32 21 614 0 12 315 20 
26): 32 22 137 0 15 137 20 
27): 32 25 1720 0 0 0 43 
28): 32 31 1278 0 22 90 30 
29): 32 32 214 0 25 214 30 
30): 32 35 1354 0 0 0 43 
31)= 32 41 542 0 32 167 30 
32)= 32 42 196 0 35 196 30 
33)= 32 45 1098 0 0 0 43 

FLOW DATA 
ENTRY 2 . . . . . . . . . . . .  
LINK CRUISE 
NO. FLOW SPEED 
45 573 25 

0 0 0 
0 0 0 

15 299 20 
0 0 0 
0 0 0 

25 1188 30 
0 0 0 
O 0 0 

35 375 30 
0 0 0 
0 0 0 

GRAPH PLOT CARDS 
CARD CARD LINK LINK LINK LINK LINK LINK LINK LINK 
NO. TYPE NO. NO. NO. NO. NO. NO. NO. NO. 
34)= 35 II 12 21 22 31 32 41 42 

ENTRY 3 . . . . . . . . . . . .  
LINK CRUISE LINK 
NO. FLOW SPEED NO. 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 O 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

ENTRY 4 . . . . . . . . . . . .  
CRUISE 

FLOW SPEED 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
O 0 
0 0 

0 0 0 0 0 0 0 

=****END OF SUBROUTINE TINPUT ****= 
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T A B L E  B2.  

TRANSYT output from optimised timings 

Program TRANSYT EXAMPLE 2: URBAN GYRATORY, BEST SETTINGS, WEIGHTINGS REMOVED 

40 SECOND CYCLE 40 STEPS 
INITIAL SETTINGS - (SECONDS) 

NODE NUMBER STAGE STAGE STAGE STAGE STAGE STAGE STAGE 
NO OF STAGES I 2 3 4 5 6 7 

1 2 21 0 
2 2 5 25 
3 2 0 20 
4 2 33 16 

LINK FLOW SAT DEGREE MEAN TIMES . . . . . . .  DELAY . . . . . . . . . . . .  STOPS . . . . . . . .  QUEUE . . . .  PERFORMANCE EXIT GREEN TIMES 
NUMBER INTO FLOW OF PER PCU UNIFORM RANDO~ COST MEAN COST MEAN INDEX. NODE START START 

LINK 

(PCUIH) (F~CUIH) ( I )  (SEC) (SEC) 

11 694 4160S 
12 314 11L 
15 600 3500 
21 613 3500S 
22 137 21L 
25 1720 4000 
31 1194< 3750S 
32 198< 31L 
35 1354 3375 
41 527< 2750S 
42 194 41L 
45 1098 4160 

SAT CRUISE OVERSAT OF STOPS OF 
DELAY (U+R+O=MEAN Q) DELAY /PCU STOPS 

(PCU-H/H) (S/H) (%) (S/H) 

65 7 7 0.8 + 0.6 ( 7.9) 
65 7 5 0. I + 0.3 ( 2.3) 
40 17 I0 1.3 + 0.3 ( 9.5) 
54 14 9 1.1 + 0.5 ( 8 .8)  
54 14 IO 0.3 + O.l ( 2.1) 

108 17 154 7.1 + 66.5 (419.2) 
93 16 20 1.7 + 5.0 ( 3 8 . 4 )  
93 16 20 0.3 + 0.8 ( 6.2) 

I00 17 64 4.6 + 19.4 (136.7) 
55 15 8 0.7 + 0.5 ( 6.5) 
55 15 5 0. I  + 0.2 ( 1.6) 
81 17 19 3.8 + 2.1 ( 3 3 . 7 )  

MAX. AVERAGE WEIGHTED SUM END END 
EXCESS OF ( ) VALUES IST 2ND 

(PCU) (PCU) (S/H) (SECONDS) 

36 ( 0 . 7 )  4 8.6 1 26 0 
16 ( 0. I )  4 2.5 1 26 0 
64 ( 3.5) 5 13.0 1 S 21 
64 ( 0.8) 5 9.6 2 I0 25 
42 ( O.l) 5 2.2 2 I0 25 

251 (38 .5 )  86 + 457.8 2 30 5 
75 ( 4 . 2 )  17 42.6 3 5 20 
71 ( 0 . 7 )  17 6.8 3 5 20 

182 (21 .9 )  34 158.7 3 25 0 
45 ( I . I )  4 7.6 4 38 16 
25 ( 0.2) 4 1.8 4 38 16 
97 ( 9.5) 13 43.2 4 21 33 

TOTAL TOTAL MEAN TOTAL TOTAL TOTAL TOTAL PENALTY TOTAL 
DISTANCE TIME JOURNEY UNIFORM RANDOM+ COST COST FOR PERFORMANCE 

TRAVELLED SPENT SPEED DELAY OVERSAT OF OF EXCESS INDEX 
DELAY DELAY STOPS QUEUES 

(PCU-KM/H) (PCU-H/H) (KM/H) (PCU-H/H)(PCU-H/H) (S/H) (S/H) (S/H) (S/H) 
1351.2 154.8 8.7 21.8 96.3 ( 6 7 3 . 0 )  + ( 81.3) + ( 0.0) 754.3 TOTALS 

T A B L E  B3.  

Output from optimised timings with flows boosted by 20 percent 

Program TRANSYT EXAMPLE 2: URBAN GYRATORY, BEST SETTINGS, FLOWS XI20X 

40 SECOND CYCLE 40 STEPS 
INITIAL SETTINGS - (SECONDS) 

NODE NUMBER STAGE STAGE STAGE STAGE STAGE STAGE STAGE 
NO OF STAGES 1 2 3 4 5 6 7 

1 2 21 0 
2 2 5 25 
3 2 0 20 
4 2 33 16 

LINK FLOW SAT DEGREE MEAN TIMES . . . . . . .  DELAY . . . . . . . . . . . .  STOPS . . . . . . . .  QUEUE . . . .  PERFORPC~NCE EXIT GREEN TIMES 
NUMBER I N T O  FLOW OF PER PCU UNIFORM RANDOM+ COST MEAN COST MEAN INDEX. NODE START START 

LINK SAT CRUISE OVERSAT OF STOPS OF H#3(. AVERAGE WEIGHTED SUM 
DELAY (U+R+O=MEAN Q) DELAY /PCU STOPS EXCESS OF ( ) VALUES 

(PCU/H) (PCU/H) (%) (SEC) (SEC) 

11 801< 4160S 75 
12 377 l l L  75 
15 720 3500 48 
21 736 3500S 64 
22 t64 21L 64 
25 2064 4000 129 
31 1212< 3750S 94 
32 198< 31L 94 
35 1625 3375 120 
41 527< 2750S 55 
42 194< 41L 55 
45 1318 4160 97 

(PCU-H/H) (S/H) 

7 9 1.0 + 1.0 ( 1 1 . 5 )  
7 7 0.2 + 0.5 ( 4 .2)  

17 I I  1.7 + 0.5 ( 1 2 . 2 )  
14 I0 1.4 + 0.7 ( 1 2 . 1 )  
14 11 0.3 + 0.2 ( 2.8) 
17 430 12.1  +234.2 (999.9) 
16 23 1.8 + 5.9 ( 4 4 . 0 )  
16 22 0.3 + 1.0 ( 7.0) 
17 331 8.9 +140.4 (850.9) 
15 8 0.7 + 0.4 ( 6 .5 )  
15 5 0. I + 0.2 ( 1.6) 
17 45 4.9 + 11.5 ( 9 3 . 6 )  

TOTAL TOTAL MEAN 
DISTANCE TIME JOURNEY 

TRAVELLED SPENT SPEED 

(PCU-RM/H) (POJ-H/H) (K],'I/H) 
1621.6 474.0 3.4 

(%) (S/H) (PCU) (PCU) 

39 ( 1.0) 5 
23 ( 0 . 3 )  5 
68 ( 4 . 3 )  6 
69 ( 1 . 0 )  7 
46 ( 0 . I )  7 

275 (50 .6 )  259 
70 ( 4 . 7 )  19 
6s (0.7) 19 

277 ( 4 0 . 2 )  160 
37 ( 1.0) 4 
20 ( 0 . 2 )  4 

152 (17 .9 )  26 

TOTAL TOTAL TOTAL TOTAL PENALTY 
UNIFORM RANDOM+ COST COST FOR 

DELAY OVERSAT OF OF EXCESS 
DELAY DELAY STOPS QUEUES 

(PCU-H/H) (PCU-H/H) (S/H) (S/H) (S/H) 
33.4 396.5 (2450.3) + ( 122.0) + ( 0.0) 

END END 
IST 2ND 

(S/H) (SECONDS) 

12.5 1 26 0 
4.5 1 26 0 

16.5 1 S 21 
13.0 2 I0 25 
3.0 2 I0 25 

1454.5 2 30 5 
48.6 3 5 20 

7.7 3 5 20 
891.1 3 25 O 

7.5 4 38 16 
1.8 4 38 16 

111.5 4 21 33 

TOTAL 
PERFORMANCE 

INDEX 

(S/H) 
2572.3 TOTALS 
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FIGURE BI. TRANSYT g r a p h i c a l  output 

Program TRANSYT 
LINK 

I 

I 
] 

I 

4000+ 
I 
I 
I 
I 

3000+ 
I 
I 
I 
] 

2000+ 
I 
] 

I 
I@ 

1000+@@ 
[Ca@ 
[Ca@@ 
I@C:@I l l l l l l l l l l l l l l  
I @ @ @ I I I I I I I I I I I I I I I I I I I I I I I I  
+ ,  = = = = = = = = = = = = = = = = = = = = = = = = = = .  

EXAMPLE 2: SUBURBAN GYRATORY, BEST SETTINGS, NEIGHTINGS REMOVED 
II FED BY 42 45 0 0 M.M.E. 0.75 LINK 12 FED BY 

I 
I 
I 
I 

2000+ 
A I 

I 
^ ^  I 
^ ^  [ 

^ ̂  1500+ 
^ ^  I 

^ ^  I 

^ ^  I 
^ ^  [ 

^^^ Ca@ I000+ 
^^^ ca@@@@@ I 
A ^ ^ @ C ~  I 
^ ̂  ̂ @ C ~  I@ 

^ ̂ ~  I@@ 

^ ^ ~  500+C~ 
^ ^ ~  IC<@ 
^ ~  ICaC~ 

^ ~  I@@@ll 111 

45 0 

. I  . . . . . . . . .  1 = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

0 0 M.M.E.  1 . 1 7  

@ 
@La@@@ 

@@@@@@ 
^ @@@@@@@ 

^ ~  
^ ~  

^ I C ~  
^ I @ C ~  
^ I @ ~  
^ i L - a ~  

. . I  . . . . . . . . .  1 

LINK 21 FED BY 
I 

I 
I 
I 

4000+ 
I 
I 
I ^ ^ ^  

I ^ A ^  

3000+ ^ ^^  
I . . . .  

I . . . . .  

I . . . . .  

I . . . . .  

2000+ . . . . .  
] . . . . .  

I . . . . .  
] . . . . .  

] . . . . .  

I000+ I I I  . . . . .  
I I I I I I I I C = @  ^^^  

12 15 0 

Ca@ 
@Ca@@ 

I I I I I I I I I I @ C : @  ^A 
I I I I I I I I I I I I@@@C:@ ~ I I I I I I I  
I I I I I I I I I I I I I ~ I I I I I I I I I I I I  
+ . . . . . . . . .  # . . . . . . . . .  I . . . . . . . . .  # . . . . . . . . .  # 

0 M.M.E. 0 . 4 0  LINK 22 FED BY 15 0 0 0 M.M.E .  0 . 9 2  
I 
I 
I 
I 

2000+ 
I 
I 
I 
I 

1500+ 
I 
I 
I 
I 

I 000+  
I 
I ^ ^  

I ^ ^  

I ^ ^  

500+ ^ ^ Ca@ 
I ^^  Ca@@@@ 
I ^^  
I ^^  ~ l l l l l l l  
I ^ ^ ^  ~ I I I I I I I I I I I I  
+ . . . . . . . . .  # . . . . . . . . .  1 . . . . . . . . .  # . . . . . . . . .  # 
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Program TRANSYT 
LINK 

I 
I 
I 
I 

4000+ 
I 
I 
I 
I 

3000+ 
I 
I 
I 
I 

2000+ 
! 

I 
I 
I 

I 000+  
I 
I 
I 

31 FED BY 
EXAMPLE 2: SUBURBAN GYRATORY, BEST SETTINGS, WEIGHTINGS REMOVED 

22 25 0 0 M.M.E. 0.64 LINK 32 FED BY 

^ ^  

. . . .  ~ C ~  

^ ^ ~  

~ 1 1 1  
1 ~ 1 1 1 1  
1 ~ , ~ C = ~ ~ 1  1111 

1 1 ~ ' ~ ~ 1  111 1 1 1 
1 1 ~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

I I I I I I I I ~ I I I I I I I I I I I I I I I I I  
+ . . . . . . . . .  1 . . . . . . . . .  1 . . . . . . . . .  # . . . . . . . . .  # 

25 0 0 
I 
I ^ ^ ^ A ^ ^  

I ^ . . . . . . . .  
I . . . . . . . . .  

5 0 0 +  . . . . . . . . .  
I . . . . . . . . .  Ca@@ 
I . . . . . .  C ~  
I . . . .  C a C ~  
I . . . .  L ~  

375+ ^ A ^ @ @ C ~  

I ^ A ^ ~  
I ^ ~ ~  

I ^ ~  
2 5 0 +  ^ ~ I  

I ~ l l  
I ~ l l  
I l ~ l l l  
I l ~ l l l l  

125+  l ~ l l l l l  
I l l ~ l l l l l l  
I I I ~ I I I I I I I I  
I I I ~ I I I I I I I I I I  
I I I ~ I I I I I I I I I I I I I I I I  
+ . . . . . . . . .  1 . . . . . . . . .  1 . . . . . . . . .  # . . . . . . . . .  # 

0 M.M.E. 0 .74  

LINK 41 FED BY 32 35 0 
I 
I 
I 
I 

4000+ 
I 
I 
I 
I 

3000+ 
I 

I ^ ^  

I ^ ^ ^  

2000+ . . . .  
I . . . .  

I . . . .  

I . . . .  

I . . . . .  

I 000+  . . . . .  Ca@ 
I . . . .  

I ~ I I I I I I I I I I I I I I I I  1 
I ~ I I I I I I I I I I I I I I I I I I I I I  
+ . . . . . . . . .  1 . . . . . . .  ==# . . . . . . . . .  # . . . . . . . . .  1 

0 M.M.E.  0 . 3 7  LINK 42 FED BY 35 0 0 0 M.M.E:  0.81 
I 
I 
I 
I 

2000+ 
I 
I 
I 
I 

1500+ 
I 
I 
I 
I 

I000+ 
I 
I ^ 
I " 
i A ^ ^  

500+ ^ ^^ @@C'a~ 

I @ @ I ~ I  

I ~ I I I I I I  1 
+ . . . . . . . . .  1 . . . . . . . . .  # . . . . . . . . .  # . . . . . . . . .  1 

P r i n t e d  in  t h e  U n i t e d  K i n g d o m  f o r  H M S O  

D d 8 2 2 2 7 9 2  9 / 9 0  C 5  G 4 7 6  10170  
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