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Summary   This paper presents mathematical formulae for analysis of passenger traffic using 

double decker lifts.  The formulae are general allowing any possible traffic flow to be 

considered.  A Poisson approximation of passenger arrivals at a lift landing stations is 

assumed allowing probable number of stops and average lowest and highest reversal floors to 

be calculated.  Conventional techniques can then be used to calculate round trip time, interval 

and capacity factor.  The calculations are iterative and require computer implementation. 
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List of symbols 

 

d
,i j 

Probability of the destination floor of a call from i being the jth floor (i 

and j must be both odd or both even for di,j0) 

DownJoini   Average number of passengers joining lift at ith floor on journey down 

DownLeavei   Average number of passengers leaving lift at ith floor on journey down 

FM Figure of merit for use of double decker lifts (%) 

H rf Average highest reversal floor of lower cab 

L rf Average lowest reversal floor of lower cab 

N Number of floors (N 4 and even) 

p
,i j 

Probability of no calls from the ith to the jth floor in the time interval T 

..pDS
N 3

pDS
3 

Probability that the lift will stop at intermediate floors on its journey 

down (subscript refers to floor lower cab stops at) 

..pDSC
N 3

pDSC
3 

Probability that the lift will stop at intermediate floors on its journey 

down with stops coincident to both cabs 

pH
n 

Probability of nth floor being the highest reversal floor (subscript 

refers to lower cab) 
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pL
n 

Probability of nth floor being the lowest reversal floor (subscript refers 

to lower cab) 

p( )n
,i j 

Probability of n passengers travelling from the ith to the jth floor in the 

time interval T.  

pS
1 

Probability that the lift will stop at the lowest floors (bottom cab floor 

1, upper cab floor 2) 

pS
N 1 

Probability that the lift will stop at the highest floor (bottom cab floor 

N-1, upper cab floor N) 

pSC
1 

Probability that the lift will stop at the lowest floor with the stop 

coincident to both cabs 

pSC
N 1 

Probability that the lift will stop at the highest floor with the stop 

coincident to both cabs  

..,pUS
3

pUS
5

pUS
N 3 

Probability that the lift will stop at intermediate floors on its journey up 

(subscript refers to floor lower cab stops at) 

..pUSC
3

pUSC
N 3 

Probability that the lift will stop at intermediate floors on its journey up 

with stops coincident to both cabs 

S Probable number of stops including terminal floors 

S
c 

Probable number of coincident stops 

SPLIT(Q,i,j) Proportion of passengers travelling from the ith to the jth floor who are 

using lifts in zone Q  

T Interval (s) 

T(n) Interval, zone n (s) 

UpJoini    Average number of passengers joining lift at ith floor on journey up 

UpLeavei    Average number of passengers leaving lift at ith floor on journey up 


i 

Passenger arrival rate at floor i (persons s-1) 

 

 

1   Introduction 

 

Double decker lifts have two separate cabs built into a single unit so that the upper and lower 

cabs serve adjacent floors simultaneously.  During peak periods maximum operating 
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efficiency is achieved by restricting the lower cabs to serving odd numbered floors, and the 

upper cabs to serving even numbered floors. 

 

Double decker lifts provide greater handling capacity per shaft than conventional lifts.  This 

is particularly attractive for high rise buildings.  The sacrifice is that double decker lifts are 

less convenient for passengers.  Occupants of even numbered floors are required to use 

escalators to reach the upper lift cab on their way into the building.  And again to reach the 

exit on their way out.  Passengers have to walk one storey when an inter-floor trip from an 

odd to an even numbered floor, or vice-versa, is made.  To alleviate this problem, double 

decker lift control systems can provide an odd-even floor service by operating in alternative 

modes out of peak times.   

 

A more detailed discussion of the application of double decker lifts and their control systems 

is presented in(1). 

 

The value of double decker lifts in increasing the efficiency of lifting high rise buildings is 

recognised(1)(2), and calculations for their performance during the simple up peak traffic 

scenario have been defined(3).  This paper deals with the general case, allowing any practical 

configuration of double decker lifts and any peak traffic flow to be considered. 

 

Similar general formulae have previously been presented for conventional single deck lifts(3).  

It would be possible to extend these formulae for triple, quadruple, etc. deck lifts if required. 

 

The calculations are based on calculating the probable number of stops and average reversal 

floors of a lift during its round trip.  Lifts may be zoned to take into account the passenger 

split between different groups of lifts which may not be the same size, speed, etc., or which 

may not serve the same floors. 

 

 

2   Poisson approximation 

 

As previously discussed(4), it is generally accepted that the arrival of passengers at a lift 

landing station is reasonably approximated by a Poisson process.  This gives the result: 

 

p( )n
,i j

.
..

i
T d

,i j

n

!n
exp ..

i
T d

,i j
       

(1) 

      
 

 

When calculating probabilities, it is generally easier to calculate the probability of something 

not happening and then subtract this from 1 to arrive at the probability of the event 

happening.  So, let 

 
p

,i j
p( )0

,i j
 

 

which is the probability of no calls from the ith to the jth floor in the time interval T.  From 

(1), 

 
p

,i j
exp ..

i
T d

,i j          
(2) 
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3   Probable number of stops 

 

When calculating the probable number of stops, it is necessary to consider both the up and 

the down journey of the lift, as the lift may stop at a floor twice during a single round trip. 

 

For traffic analysis the designer is concerned with peak periods, so it is reasonable to assume 

that lifts are operating in their most efficient, double decker mode i.e. the lifts do not allow 

passengers to travel from odd to even floors or vice versa.  This means that dodd,even and 

deven,odd  must equal 0, which makes podd,even and peven,odd equal to 1. 

 

The probability of a lift stopping at a floor is one minus the probability that there are no calls 

to or from odd floors to the lower cab times the probability that there are no calls to or from 

the even floors to the upper cab.  This gives the results: 

 

pS
1

1

= 3

N

a

...p
,a 1

p
,1 a

p
,a 2

p
,2 a

       

(3) 

 

pUS
j

1 .

= 1

j 1

a

.p
,a j

p
,a j 1

= j 2

N

b

.p
,j b

p
,j 1 b

 

for  j ..,3 5 N 3

  

(4) 

 

 

pS
N 1

1

= 1

N 2

a

...p
,N 1 a

p
,a N 1

p
,N a

p
,a N

      

(5) 

 

pDS
j

1 .

= j 2

N

a

.p
,a j

p
,a j 1

= 1

j 1

b

.p
,j b

p
,j 1 b

 

for  j ..,3 5 N 3

  

(6) 

 

 

( is a mathematical symbol meaning multiple all the terms over this range.) 

 

                      

The total number of stops S is calculated by adding together all the terms: 

 

S pS
1

j

pUS
j

pDS
j

pS
N 1

   

for  j ..,3 5 N 3  (7) 

 

 

4   Reversal floors 

 

4.1   Reason for calculation 

 

In an “average” journey, a lift may not reach the highest or lowest floor of a building.  (This 

is less likely for double decker lifts than for conventional single deck lifts because double 

decker lifts carry more passengers, so are increasingly likely to have to stop at all floors.)  
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Calculating the average highest and lowest reversal floors allows the possibility of this 

shortened round trip to be taken into account.  In this paper highest and lowest reversal floors 

have been calculated with reference to the lower lift cab i.e. the lowest possible floor is 1 and 

the highest possible floor is N-1. 

 

Figure 1   Highest and lowest reversal floors 

 

 

4.2   Highest reversal floor 

 

The probability of the jth floor being the highest reversal floor is the product of the 

probability that there is a call from a lower floor to either the jth or the (j+1)th floor and the 

probability that there are no calls to or from floors above j+1: 
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1

= 1

N

a = 1

N

b

p
,a b

        

(8) 

 

pH
j

..1

= 1

j 1

a

...p
,a j

p
,j a

p
,a j 1

p
,j 1 a

= 1

N

a = j 2

N

b

p
,a b

= j 2

N

a = 1

j 1

b

p
,a b

 (9) 

 

       for  j ..,3 5 N 3 
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pH
N 1

1

= 1

N 2

a

...p
,a N 1

p
,N 1 a

p
,a N

p
,N a

      

(10) 

 

(A good check for this is that =

j

pH
j

1 )

 
 

Given the probability of each floor being the highest reversal floor, the average highest 

reversal floor,  Hrf is simply:

 

 H rf

j

.j pH
j

      

for  j ..,1 3 N 1  (11) 

 

4.3   Lowest reversal floor 

 

Similarly, calculate the probability of the jth floor being the lowest reversal floor, which is 

the product of the probability that there is a call from a higher floor to or from floors j or j+1 

and the probability that there are no calls to or from floors below j: 

 
pL

1
1

= 3

N

a

...p
,a 1

p
,1 a

p
,a 2

p
,2 a

       

(12) 

 

pL
j

.1

= j 2

N

a

...p
,a j

p
,j a

p
,a j 1

p
,j 1 a

= 1

N

a = 1

j 1

b

.p
,a b

= 1

j 1

a = j

N

b

p
,a b

  

(13) 

 

       for  j ..,3 5 N 3 

 
pL

N 1

= 1

N

a = 1

N

b

p
,a b

        

(14) 

 

(Again, a check for this is that =

j

pL
j

1 )

 
 

Given the probability of each floor being the lowest reversal floor, the average lowest 

reversal floor,  Lrf is simply:

 

 L rf ( )N 1

j

.pL
j

( )( )N 1 j    for  j ..,1 3 N 1  (15) 
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5   Capacity factor 

 

In a conventional up peak lift traffic calculation it is assumed that the lift is say 80% full at 

the beginning of its round trip.  This approach cannot be taken for a general calculation as 

people may enter or leave the lift at any floor.  One approach is to calculate the average 

number of people in the car when it leaves each floor.  But first calculate the number of 

people entering and leaving the lift at each floor.   

 

At the ith floor, going up, the number of passengers joining the car is

 
 

UpJoin
i

..T 
i

= i 2

N

j

d
,i j

    

for  i ..,1 2 N 2  (16) 

 
No passengers join the lift at the top floors to go up, so UpJoin

N 1
0  and  UpJoin

N
0. 

 
 

At the ith floor, going up, the number of passengers leaving the car is

 
 

UpLeave
i

.T

= 1

i 2

j

.
j

d
,j i

    

for  i ..,3 4 N   (17) 

 
No passengers leave the lift at the bottom floors subsequent to an up journey, so UpLeave

1
0  

and  UpLeave
2

0. 

 
 
At the ith floor, going down, the number of passengers joining the car is 

 
DownJoin

i
..T 

i

= 1

i 2

j

d
,i j

    

for  i ..,N N 1 3  (18) 

 
No passengers join the lift at the bottom floors to travel down so DownJoin

1
0 

and
 
DownJoin

2
0. 

 
 
At the ith floor, going down, the number of passengers leaving the car is 

 
DownLeave

i
.T

= i 2

N

j

.
j

d
,j i

    

for  i ..,N 2 N 3 1  (19) 

 
No passengers leave the lift at the top floors after a down journey so DownLeave

N
0  and  

DownLeave
N 1

0. 
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Having calculated the average number of people joining and leaving the lift at each floor, 

determine the average number of people in the car when it leaves each floor travelling both 

up and down and the building.  Dividing the maximum value by the lift capacity (in persons) 

gives the capacity factor, which is normally expressed as a percentage. 
 

 

6   Round trip time 

 

The round trip time for a single lift is the sum of the travel time from lowest to highest 

reversal floors, the number of stops times the delay time associated with a stop, and the time 

for people to load and unload the lift.  An example of conventional round trip time formulae 

applied to double decker lift calculations can be found in (3).  Having calculated the round trip 

time for a single lift, the interval, T is the round trip time divided by the number of lifts.  The 

interval is a common traffic analysis term representing the average time between successive 

lift arrivals at the main terminal floor.  

 

The calculations are iterative as the result, T is required as an input to the calculations.  T 

must be estimated, then the calculations repeated until the input T is equal to the result. 

 

 

6   Figure of merit 

 

The figure of merit for use of double decker lifts is defined as being the percentage of stops 

that are coincident to both upper and lower cabs(3).  A high figure of merit is preferable as it 

can be frustrating for passengers when the lift stops repeatedly and no one leaves or enters 

their lift cab.   

 

The figure of merit is not required as an input to the iterative round trip time calculation, so 

only needs to be determined once a solution for T has been found. 

 

The probability of a stop at the jth and j+1th  floors being coincident is the product of the 

probability of the lift needing to stop to serve a call to or from both j and j+1:  

 
pSC

1
.1

= 3

N

a

.p
,a 1

p
,1 a

1

= 3

N

a

.p
,a 2

p
,2 a

     (20) 
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a

p
,a j
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N

a

p
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a

p
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N

a

p
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(21) 

 

       for  j ..,3 5 N 3 
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pDSC
j

.1 .
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N

a

p
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j 1

a

p
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N

a

p
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a

p
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(23) 

 

       for  j ..,3 5 N 3 
 

 

The total number of coincident stops Sc is calculated by adding together all the terms: 

 

S c pSC
1

j

pUSC
j

pDSC
j

pSC
N 1

  

for  j ..,3 5 N 3  (24) 

 

giving figure of merit, expressed as a percentage: 

 

FM .
S c

S
100

          
(25) 

 

 

7   Overlapping zones 

 

Lifts which serve the same floors and are of the same size, speed, capacity, etc. may be 

defined as being in a zone.  If different zones do not serve the same floors, treat each as being 

independent, carrying out round trip time calculations for each zone separately.  However, if 

a passenger could use lifts in either of two or more zones to make a journey, zones are 

"overlapping" and it is necessary to split up the passenger traffic between zones before 

carrying out the calculations.  The results given for the single deck lifts in (4) also apply for 

double deck lifts: 

 

JWI( ),i j

Z

1

T( )Z

1

         

(26) 

 

where {Z}={all zones serving both the ith and the jth floor} 

 

SPLIT( ),,Q i j
JWI( ),i j

T( )Q          
(27) 

 

 

8   Examples 

 

8.1   Analysis data 

 

The validity of any lift traffic calculation is dependant on reliable analysis data.  CIBSE 

Guide D, Transportation systems in buildings(5) provides a summary of current thinking.   
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8.2  Up peak analysis 

 

Consider a 22 storey office building with 2000 m2 net area per floor where the 5 minute up 

peak handling capacity required is 16%.  Analyse the performance of 8 No 2.5 m/s, 1800 

kg/1800 kg lifts.  Assume the following additional parameters: 

 

Population density  1 person per 15 m2 Door operating times  1.8 s open, 2.9 s close 

Storey height   3.6 m   Acceleration    0.8 m/s2 

Passenger weight  75 kg   Jerk    2 m/s3 

Passenger transfer  1.2 s in, 1.2 s out Motor start up delay  0.5 s 

Round Trip Time 5 % inefficiency  

 

The passenger traffic can be represented as shown in Figure 2.  Calculations are calculated 

according to the flow chart in Figure 3. 

 

 
Level 22   0%   10% 
Level 21   10%   0% 

Level 20   0%   10% 
Level 19   10%   0% 
Level 18   0%   10% 
Level 17   10%   0% 
Level 16   0%   10% 
Level 15   10%   0% 
Level 14   0%   10% 

Level 13   10%   0% 

Level 12   0%   10% 

Level 11   10%   0%   

Level 10   0%   10% 

Level 9   10%   0%    

Level 8   0%   10%     

Level 7   10%   0% 

Level 6   0%   10% 

Level 5   10%   0% 

Level 4   0%   10% 

Level 3   10%   0% 

Level 2   0%   427  

Level 1   427   0% 
 

Key 

    427 Arrival Rate in persons/five minutes 10% Destination probability as percentage 

 

Figure 2   Example up peak traffic flow
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Program Input 

 

 

Program guesses Interval 

 

 

Calculate Probable Number of Stops 

 

 

Calculate Lowest and Highest Reversal Floors     Revise Interval Guess 

 

 

Calculate maximum number of passengers  

in car during Round Trip 

 

 

Calculate Round Trip Time and Interval 

 

 

 

    NO 

Calculated Interval 

    =Guess? 

 

  YES 

 

Calculate Coincident Stops and Figure of Merit 

 

 

Program Output 
 

 

Figure 3   Calculation flow chart 

 

 

Results from the authors’ computer program implementing the formulae are summarised as 

follows: 

 

5 Min Handling Capacity 16% 

Capacity Factor  76%  

Probable Number of Stops 10.7 including main terminal  

Highest Reversal Floor  Level 21 (to nearest floor lower cab reaches) 

Interval   25.6 s  

Figure of Merit  75 % 

 

8.3  Lunch peak analysis 

 

For a more complex example, consider the lunch peak scenario in an office building where 

there are double storey conference and restaurant facilities on the top two floors.  Consider 

the scenario when a morning conference ends during the lunch time peak.  Conference 

delegates are visitors to the building.  The peak traffic is a combination of: 

  

i. resident passengers travelling from their offices to the restaurant for lunch 
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ii. resident passengers travelling back to their offices after lunch 

  

iii. resident passengers travelling to the ground floor to leave the building to buy sandwiches 

or eat out 

  

iv. resident passengers returning from buying/eating lunch out 

 

An example traffic flow is given in Figure 4.   Assuming this traffic flow, analyse 8 No 2.5 

m/s 1250 kg/1250 kg lifts and the following additional input parameters: 

 

Storey height   3.6 m  Door operating times  1.8 s open, 2.9 s close 

Acceleration    0.8 m/s2 Passenger weight  75 kg   

Jerk    2 m/s3  Passenger transfer  1.2 s in, 1.2 s out  

Motor start up delay  0.5 s  Round Trip Time 5 % inefficiency 

 
 

 

Figure 4   Complex traffic flow 

 

 

Results from the authors’ computer program implementing the formulae are summarised as 

follows: 

 

Capacity Factor 68 %  Probable Number of Stops 11.9 

Interval  26.7 s  Lowest Reversal Floor 1 

Figure of Merit 83%  Highest Reversal Floor 13 

 

 

9   Conclusions 

 

The formulae presented in this paper allow analysis of any possible traffic flow for any 

practical configuration of double deck lifts.  The formulae are iterative, and for practical 

purposes must be implemented on a computer.  A discussion of a computer program 

implementing the formulae and examples are given in(6).

Level 14 0% 17% 0% 50% 0% 50% 0% 50% 0% 50% 0% 50% 0% 120 

Level 13 17% 0% 50% 0% 50% 0% 50% 0% 50% 0% 50% 0% 120 0% 

Level 12 0% 17% 0% 0% 0% 0% 0% 0% 0% 0% 0% 25 0% 10%  

Level 11 17% 0% 0% 0% 0% 0% 0% 0% 0% 0% 25 0% 10% 0%  

Level 10 0% 17% 0% 0% 0% 0% 0% 0% 0% 25 0% 0% 0% 10%  

Level 9 17% 0% 0% 0% 0% 0% 0% 0% 25 0% 0% 0% 10% 0%  

Level 8 0% 17% 0% 0% 0% 0% 0% 25 0% 0% 0% 0% 0% 10%  

Level 7 17% 0% 0% 0% 0% 0% 25 0% 0% 0% 0% 0% 10% 0%  

Level 6 0% 17% 0% 0% 0% 25 0% 0% 0% 0% 0% 0% 0% 10%  

Level 5 17% 0% 0% 0% 25 0% 0% 0% 0% 0% 0% 0% 10% 0% 

Level 4 0% 15% 0% 25 0% 0% 0% 0% 0% 0% 0% 0% 0% 10%  

Level 3 15% 0% 25 0% 0% 0% 0% 0% 0% 0% 0% 0% 10% 0%  

Level 2 0% 75 0% 50% 0% 50% 0% 50% 0% 50% 0% 50% 0% 50%  

Level 1 75 0% 50% 0% 50% 0% 50% 0% 50% 0% 50% 0% 50% 0% 
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