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Abstract. When reconstructing traffic-light regulated intersections with over-saturated flows, it is proposed to build short 
lanes by simultaneously increasing the number of traffic lanes on the entrance to a dedicated direction. However, neither 
Lithuania’s STR, nor HCM contain any specific methodology for calculation of the capacity of such intersections both in 
present situation, and forecasting transport flow growth in a short perspective (up to 5 years). The article proposes a 
methodology for calculation of the capacity of right and left short lanes depending on the length of the traffic lane. 
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1. Introduction  

 
The capacity of urban streets is limited by the 

existence of a dedicated lane and by the number of such 
dedicated lanes; but still, its is most limited by the 
capacity of one-level intersections. Cars parked at the 
street sides, an insufficient number of traffic lanes, and 
stops of  the public transport on the carriageway to a large 
extent contribute to a reduced street capacity. Expanding 
of the capacity of the street network should start with the 
increase in the capacity of intersections. 

The capacity of the street intersections could be 
increased by improving traffic regulation. At non-
regulated intersections that would mean installation of 
appropriate road marks and banning of certain 
manoeuvres. Regulated intersections allow more 
possibilities for the increase in the traffic capacity, i.e. 
changing traffic-lights cycle or length of individual 
phases; introduction of multiphase regulation; 
coordinated traffic regulation at all intersections. 

Reconstructions of traffic-light regulated 
intersections in the old town or the central part of the 
town, where the flows at their approach are over-saturated 
(gsat > 0,85) result in the installation of additional traffic 
lanes. However, a limited width of the street between the 
red lines and buildings situated at a different distance 
from the red lines prevent making a new lane along the 
whole length of the street between two intersections, 
without removing the buildings. In such situations the 
intersection capacity is increased by building short lanes 
that can contain a limited number of vehicles. Lithuania’s 
standard of street designing, STR 2.06.01:1999 [8] 

recommends that a short traffic lane should be Ltj > 40 
meter long. However, building of such short traffic lanes 
under the conditions of the old town is not possible. The 
Department of Urban Engineering of Vilnius Gediminas 
Technical University (VGTU) carried out tests on and 
analysis of transport flows on the short lanes to find out 
the dependence of the capacity of the dedicated traffic 
lane on the length of the short lane and on its position on 
the plan of the intersection. 
 
2. Problem formulation and objectives 
 

Research object: short lanes at the traffic-light 
regulated intersections.  

Research goal: devising the methodology for 
calculation of traffic lane capacity considering the length 
of the short lane. Estimation of the impact of the 
distribution of transport flows that from the short lane 
move straight and turn to the right (mixed flow movement 
lanes) across individual movement directions on the 
capacity of the short traffic lane.   

 
3. Simulation of the capacity of the short traffic lanes 
 

Transport flow loading of intersections of Vilnius 
and other major towns of Lithuania has been growing. In 
1980-2005, in cooperation with SĮ Vilniaus planas, the 
analysis of ten typical intersections situated in the central 
part and the old town of Vilnius was carried out. The 
analysis revealed that in the central part the change 
fluctuates in the range of 1.80-3.39 times, while in the old 
town, due to traffic restrictions, it fluctuates in the range 
of 0.87-1.97 times (Table 1). 
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Table 1. Transport flow dynamics 91980-2005) at the typical intersections of the old town and the central part of Vilnius (veh./h in 
rush hours). 

 
No. 
No. Intersection 1980 1990 2000 2005 

Increase in 
magnitude, 

times 
 The central part 

1 Kalvarijų g.–Ozo g.–Kareivių g. 2220 3450 4930 5060 2,27 
2 Kalvarijų g.–Žalgirio g. 1830 3080 3760 3750 2,05 
3 Kalvarijų g.–Konstitucijos pr. 2570 4860 4000 4620 1,80 
4 Kudirkos g.–Pamėnkalnio g. 1580 3095 3770 3705 2,34 
5 Ukmergės g.–Geležinio Vilko g. 2455 4280 6810 8330 3,39 

 The old town 
1 Vrublevskio g.–Arsenalo g. 1685 3590 2660 3330 1,97 
2 Aušros Vartų g.–Liepkalnio g. 1470 1990 1250 1845 1,26 
3 Pylimo g.–Trakų g. 1930 2140 2280 1890 0,97 
4 Pylimo g.–Pamėnkalnio g. 1750 2330 2750 1530 0,87 
5 Goštauto g.–Vilniaus g. 2990 2865 3490 3410 1,14 

 
 

The short lanes have been used at urban 
intersections since 1970; however, they are designed 
intuitively, without substantiating the increase in the 
transport flow capacity and the traffic condition 
quantitative improvement resulting from the installation 
of the short lane. Under the conditions of the old town, 
where streets have only one traffic direction, commonly 
only one traffic lane of a limited length could be installed. 
bBecause of the buildings situated near the street, the  
 
 

short lanes in the old town usually are 24-27 meter long, 
i.e. without observing the requirement impose by STR 
[8]. In situations illustrated on schemes 1B and 1D, with 
heavy flows of pedestrians (P > 240 pedestrians/hour), 
dedicated phases within the general traffic-light 
regulation cycle could be set for the right and the left 
short lane flows. The schemes of such commonly used 
short traffic lanes are given in Figure 1.  

 

 
      A                                                B                                                  C                                                             D 
 
Fig. 1. Schemes of short traffic lanes commonly used in the old town of major towns.  
 
In the situations illustrated in schemes 1B and 1C the 

capacity of the right turn-off on the short lane is limited 
by pedestrians who benefiting from the green light cross 
the street of the perpendicular direction.  

In the central part of the town, where distances 
between the red lines are larger, two or three additional 
short traffic lanes may be installed if necessary and if 
possible. Schemes of such situations are given in 
Figure 2. 
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Fig. 2. Schemes of short traffic lanes commonly used in the old town of major towns. 
 
 
When the green light is given to both traffic lanes 

(EJ) at the same time, then the capacity of both lanes is 
calculated in the following sequence [2,4].  

The theoretical capacity, C1 (veh/h), of the main lane 
is calculated as follows:  

 
C1 = f • qs1.   (1)  

 
The theoretical capacity, C2, of the short lane 

depends on the number of vehicles, Nk, that can be 
contained by the lane and the number of cycles of traffic-
lights, U: 

 
C2 = Nk • U.       (2)

     
The total capacity, C, of both lanes:     
 

C = C1 + C2.          (3) 
 

where: 
C1 – main lane capacity, veh/h; 
C2 – short lane capacity, veh/h; 
C –   capacity of both lanes, veh/h;   
qs1 – saturation flow on the first traffic lane, veh/h; 
 f = tf/tu. 
f – share of the green signal duration falling to the 

analysed street; 
tf – duration of the green signal, s; 
tu – duration of the traffic-light regulation cycle, s: 
Nk – number of vehicles contained by the short 

traffic lane; 
U – number of cycles per hour. 
 

Where because of the short traffic lanes vehicles 
from one traffic lane have to take different directions 
(Figure 1C, Figure 3), then the initial flow distribution 
between EJ1 and EJ2 theoretically proceeds assuming 
that the flow saturation degree on both traffic lanes is the 
same [4,6] and such lanes are calculated applying the 
formula used to calculate the saturation degree of mixed 
traffic lanes (8).   

 

 
 

Fig. 3. Scheme for calculation of the capacity of  
mixed traffic lanes. 

 
The data available from the on-site tests illustrate 

the distribution of the flow on the individual intersection 
of the street along the movement direction: straight qg, to 
the right qr, to the left ql; thus, the degree of the same 
saturation of flows (Formula 4) could help to find out the 

EJ2 EJ1 

qg2 

q2 

qre qli

q1 

qg1 
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size, qg1 and qg2, of the flow moving straight from each 
traffic lane [4]. 

 

.
2

2

1

1 const
q
q

q
q

ss

=≅                      (4) 

 
Such flows are calculated assuming that entering into 

the individual short traffic lanes will not be blocked by 
long vehicles [1] (long trolley-buses, buses, trucks, see 
Figure 2B) and may be calculated applying Formulas 6 
and 7. 

 
q1 = qre + qg1, q2 = qli + qg2;  q1 = qre + qg1, 

 
qg = qg1 + qg2. 

 

              

2

11

1

1

s

ggi

s

gre

q
qqq

q
qq −+

=
+

.        (5) 

 

21

111
1

)(

ss

sresgi
g qq

qqqqq
q

+

⋅−⋅+
=   (6) 

 

12 ggg qqq −=   (7) 
 

where: 
q1 – flow on the first traffic lane, veh/h; 
q2 – flow on the second traffic lane, veh/h; 
qs1 – saturation flow on the first traffic lane, veh/h; 
qs2 – saturation flow on the second traffic lane, veh/h; 
qre – flow turning to the right, veh/h; 
qli– flow turning to the left, veh/h; 
qg1 – saturation on the first traffic lane, veh/h; 
qg2 – straight going flow on the second traffic lane, 
veh/h; 
 
The saturation degree of the mixed traffic lane  with 

the flows of mixed moving directions is calculated 
applying Formula (8):  
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where: 
qsm – saturation on the mixed traffic lane, veh/h; 
ai – share of flow on the traffic lane; 
qsi – saturation flow on the traffic lane, veh/h; 
 
Calculation of the length of lines on every short 

traffic lane depends on its position on the general scheme 
of lanes [7]. Where the short lane functions according to 
the scheme given in Figure 1B, then the length of the 

vehicle line at the end of the red signal on the short lane 
would be calculated applying Formula [2,7]: 

 
)()(( )1)50(022,0(

gerger
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where: Nres – length of the line at the end of the red 
signal, veh.; S – probability of a long line (usually taken 
as 90%); mr – number of vehicles coming during the red 
signal, veh; qr – flow of vehicles entering the traffic lane, 
veh./h; Nge – the pending line at the end of the green 
signal when flows are over-saturated, veh.  

 
mr = qr • ts / 3600.        (10) 

 
In a specific situation, when the flow of the right 

turn-off from the short lane is qr =360 veh/h, the 
saturation flow on the first traffic lane is qs1 =1766 
veh./h, cycle duration is tu = 120 s, the green signal 
duration is tf = 31 s, number of cycles per hour is U = 30 
cycles, and flow saturation degree is gsat = 0.798, then the 
vehicle line is formed (Nres = 15 vehicles) and the length 
of the short traffic lane should be Ltj > 90 meters. Where 
in the existing situation the short traffic lane of the 
necessary length could not be built, it is recommended 
that, as far as permitted by the street width, two shorter 
lanes, Ltj = 45 m, are built (Figure 2B). The capacity of 
these two lanes will be lower and it could be calculated 
applying the following formula: 

 
 C2‘ = 1,88 • C2.   (11) 

 
In different sources [1, 7] calculation of the vehicle 

line length at the traffic-light regulated intersections with 
the short traffic lanes is carried out under different 
methodologies and often theoretical results fail to 
coincide with the on-site calculation of lines.  According 
to the results of tests of traffic flows on the short lanes 
carried out in the towns of Lithuania (Vilnius, Klaipėda), 
the intersections with short traffic lanes get quickly 
saturated on the main traffic lanes, and then the classical 
line length calculation methodology applied to 
unsaturated flows produces significant errors (up to 60%).  
Besides, often advantage is not taken from the capacity of 
short lines as entering into the short traffic lane is blocked 
by vehicles of the main traffic lane (see situation on 
Figure 2B). Therefore, when choosing the duration of the 
traffic-light regulated intersection cycle and calculating 
the probable length of vehicles, it is necessary to know 
the number of cycles per hour with unsaturated flows and 
the number of cycles per hour with saturated flows.  
Depending on the cycle duration, the number of such 
cycles could be taken from Table 2 [7]. 

 



 985

Table 2.. Number of saturated and unsaturated cycles per hour under different duration of the cycle. 
 

Cycle duration, s 72 80 90 100 110 120 
Number of cycles per hour, U 50 45 40 36 33 30 
Probability, S, that the vehicle line will not be longer than 
the one being considered  

Number of under-saturated cycles 

95% 47 43 38 34 31 28 
90% 45 41 36 32 30 27 
80% 40 36 32 29 27 24 

 Number of over-saturated cycles 
95% 3 2 2 2 2 2 
90% 5 5 4 4 4 3 
80% 10 9 8 7 6 6 

 
The total capacity of entering into the intersection 
(situation in Figure 1A, 1B) depends on the capacity of 
the main traffic lane and on the length of the short traffic 
lane. If the length of the short lane changes in the range 
of 36-90 meters, then the short traffic lane installed under 

the analysed situations could result in 30-75% higher 
capacity of entering the intersection. The impact of the 
short lane length and the cycle duration in more detail is 
given in Table 3.  

 
 
Table 3. Dependence of the total capacity of the main traffic lane and the short traffic lane on the length of the short traffic lane. 
 

Number of cycles, U   50 45 40 36 33 30 

Cycle duration, s   72 80 90 100 110 120 

Duration of the green signal, s   40 40 40 50 50 50 
Share of the green line in the 
cycle, f   0.555 0.500 0.444 0.500 0.454 0.417 

Capacity of the main traffic lane, C1 = f*qs1, 
veh/h 1000 900 800 900 818 750 

  

Length of 
short traffic 
lane, Ltj, m 

Capacity of short traffic lane, C2, withy different lengths of short lines, veh./h 

C2 = Nk * U 36 300 270 240 216 198 180 

C2 = Nk * U 60 500 450 400 360 330 300 

C2 = Nk * U 90 750 675 600 540 495 450 

   Total capacity of the main lane and the short lain, veh./h  

C=C1+C2 36 1300 1170 1040 1116 1016 930 

  60 1500 1350 1200 1260 1148 1050 

  90 1750 1575 1400 1440 1313 1200 
Saturation flow, qs1, veh/h 1800      

 
The average vehicle idle time, tw, calculated applying 

the following formula [7] is the main indicator use in 
measuring the quality of the short traffic line 
functionality: 

 

s

ge

s

u
w qf

N

q
q
ft

t
⋅

⋅
+

−

−
=

3600

)1(2

)1( 2          (12) 

 
where: tw – the average idle time of a vehicle (transport 
time losses), s; 

tu – cycle duration, s; 
f – share of the green signal in the total cycle; 
q – the flow on the short traffic lane, veh./h; 
qs – saturation of the short traffic lane, veh./h; 

Nge – number of vehicles that remain in the line at the 
end of the green signal, veh. 

To verify whether Formula 12 may be applied to 
calculate time losses of vehicles on the short traffic lane, 
supplementary transport flow and line tests were carried 
out at intersections. Where the length of the short lane is 
sufficient (exceeds the maximum permitted length of 
vehicles) and not vehicles remain pending on the short 
lane at the end of the green signal, i.e. Nge = 0, then the 
average idle time on the short traffic lane per one vehicle 
is tw = 44 s, which corresponds to LOS C. Such level 
should be aimed at when reconstructing an intersection 
[7], i.e. by installing an additional short traffic lane.  If on 
the short traffic lane, however, at the end of the green 
signal one or more vehicles remain pending (Nge = 1), 
then tw = 63 s, which corresponds to LOS D and which is 
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a lower level than the recommended one for the 
reconstruction of an intersection [4].   

4. Conclusions and remarks 
 
1. The necessary length of the short lanes, Ltj, depends 

on the ratios of flow distribution along movement 
directions: to the left, straight, to the right. 

2. The necessary length of the short traffic lanes, Ltj, 
depends on the saturation degree, gsat, of the flows on 
the short traffic lanes and on the possible maximum 
length of the vehicle line, Nres, on the short lane.  

3. Before calculating the future length of vehicles, at 
least a course number of cycles per hour should be 
defined, when flows on the mixed traffic lanes and the 
short traffic lanes function in the under-saturated 
regime. 

4. With regard to the short traffic lanes, it is 
recommended to assume a longer cycle duration (tu = 
100 – 120 s), then it is probable that the number of 
over-saturated cycles per hour will be lower.    

5. If it is not possible to build the line of a sufficient 
length because of the surrounding buildings, then the 
capacity of the short lane, C2, will only partially 
reduce transport lines on the mixed traffic lanes. 

6. If it is not possible to built one short lane of a 
sufficient length, then two parallel traffic lanes should 
be built for a necessary traffic direction.  

7. Reconstructing intersections and building the short 
traffic lanes, it is recommended that the idle time of 
vehicles on the short traffic lanes is tw < 60 s and that 
LOSC is achieved. 
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