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Abstract

The efficiency of construction work is affected by the time required to transport workers between
ground level and their worksites. Usually, exterior construction hoists are installed outside the
building for the transportation of construction workers. However, the permanent hoistways of
the building can already be used to transport workers even during the construction time. These
elevators have a temporary machine-room that is moved floor-by-floor in jumps upwards as the
building gets taller and taller. Compared to the exterior construction hoists, jump elevators can
have higher lifting speeds, which results in higher handling capacity and shorter waiting times.
Thus, less time is lost in waiting for transportation. This paper introduces a method to calculate
the time lost in vertical transportation in a construction site. Using the method, it is shown how
working shift and location arrangements affect the vertical transportation.

Marja-Liisa Siikonen Janne Sorsa

Keywords: Jump Elevator, Construction Time Use, Traffic Analysis
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Introduction

Traditionally, construction hoists are used
for vertical transportation of materials and
workers on construction sites. However, the
early use of permanent elevators provides
many advantages for the builder, of which
the savings in construction time result in
reduced capital and labor cost (Lam et al.
2001). In addition, fewer construction hoists
are needed for the project, which decreases
the builder’s rental costs. Elevators used
during construction time are converted
into permanent elevators at the end of

the construction project by reusing many
elevator components, which also reduces the
installation time of the elevators.

Jumplift is a special elevator concept for
construction time use. It has a temporary
machine room, which is raised in jumps as the
building itself grows. Thus, JumplLift is capable
of serving all floors up to the topmost level
below the temporary machine room location.
In addition, JumplLift provides the same

level of safety and operational efficiency as
normal passenger elevators. The operational
efficiency is a result of several factors, such

as automatic doors with safety edges, and an
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automatic control system, which runs the elevators smoothly to call
floors while construction hoists require on board attendants. JumplLifts
can have rated speeds up to 4 m/s compared to the construction
hoists' typical speeds of 0.5-0.7 m/s, but in special applications 1.6 m/s.
Elevators also have higher acceleration values of 0.8-1.2 m/s? whereas
the acceleration of construction hoists is typically only 0.6 m/s%

The traffic flow during construction time of a high-rise building follows
similar trends as found in office buildings. There is an up-peak in the
morning, when workers need transportation to their workplaces,
increased usage before and after lunch time, and down-peak in the
evening when the workers end their shifts (Lee et al. 2000, Perttula et
al. 2006). While construction hoists are mainly used for transportation
between ground level and the topmost floor, Jumplifts are often also
used for transportation to other floors below the top floor (Lee at al.
2000). The well-known elevator traffic planning practices can also

be applied when analyzing peak performance of construction time
elevator use (e.g. Barney 2003). The same method is valid for both the
construction hoists and JumplLifts. The difference comes in the higher
rated speed and faster doors of the elevators.

Jumplift Principle

JumplLift may be defined as “builder’s elevator for construction time
use”in addition to “permanent elevator for end-users” Unlike the
traditional construction hoist, which is installed on the outer wall,
Jumplift is installed inside the permanent elevator hoistway, which

is protected against weather conditions. Thus, JumpLift enables safe
and reliable transportation at all times. It is designed either to provide
additional capacity for workers or to replace construction hoists in
cases where the building design does not allow outer wall installations.

Jumplift is a traction drive system using suspension wire ropes, which
is installed in stages in an enclosed elevator hoistway as the building
“grows taller” JumpLift provides smooth vertical transportation for
workers and small tools as the floors served are extended upwards
with the progress of the building. As soon as the permanent hoistway
has reached the height that it can be waterproofed, the builder installs
a deflection crash deck (see Figure 1). The permanent guide rails

are installed, along with the core structure, all the way to the top. A
second crash deck needs to be installed in line with the jump plan,
which defines the number of floors for each “jump”. This waterproof
protection deck needs to be in place before removing the deflection
crash deck, after which the JumplLift can rise in the newly built hoist
way section. Below the crash deck sits the working deck that contains
the plumbing template of the guide rails and a material hoist. From this
deck is suspended the Installation Platform (IT platform), which is used
to drive up the installation of the guide rails and other elevator shaft
components in the newly opened up shaft space. Once these guide
rails are in place, the cathead can move up to its new location higher
up in the shaft. The cathead is a temporary fixed machine room that
will rise up (“jump”) as the building progresses. The elevator controls
and the traction machine are located on the cathead.

Below the cathead, the permanent elevator is installed for construction
time service, with its actual components such as sling, counterweight
and all that is required for safe operation. The elevator cabin, short of its
final decoration, is the actual cabin that will be used when the building
is finished. Usually, the hoist rope drums are installed on the ground
floor although alternative locations are possible if the building design
requires this. These rope reels are used throughout the construction
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Figure 1. Components of JumplLift (Source: KONE)
P 1. 3 A7 JumplLift B A% 304 (R IR 3 A7)
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to‘feed’the rising elevator the exact amount of roping needed to
travel correctly and safely. As the core of the building moves upwards,
the crash deck is installed by the builder a number of floors up. The
working deck is prepared and the IT platform moves up to install the
necessary shaft equipment. Then the cathead self-propels itself upward
and extends the range of floors served up until the building is finished.

When the core construction is terminated, all that remains to finish
the elevator installation is to install the permanent machine room
and the final aesthetics for the elevator car, doors and signalization.
Since the elevator has been used extensively during the construction,
testing can be reduced to a minimum. Inspection and commissioning
by the proper authorities is straightforward, as the elevator has been
code checked after each jump. In the conversion from JumpLift to
permanent elevator, all major components can be utilized, which also
reduces the time required to install the final elevator.

Elevator Traffic Analysis for Construction Time Use

Elevator Roundtrip Time Calculation

At a building construction site, the highest demand for vertical
transportation of workers occurs at the beginning and the end of the
working shifts, as all the workers of the shift require transportation
either to or from their workplace. These traffic patterns are known as
up-peak and down-peak in elevator traffic planning. For up-peak, an
analytical formula has been used for a long time to model elevator
roundtrip time (RTT), in which an elevator loads passengers on

the ground floor, transports them to their destinations, and returns
empty to the ground level (Barney 2003). Several elevators serving
the same upper floors are usually combined into an elevator group,
for which two important design parameters, handling capacity (HC)
and interval (INT), are calculated using the roundtrip time. Handling
capacity determines the quantity of service and is usually expressed
in passengers per five minutes. The average interval between
subsequent elevator starts is INT, on the other hand, which correlates
with passenger waiting times. These high-level design parameters
are calculated with the equations shown below, where L denotes
the number of elevators in the group and P the number of workers
transported in one elevator.

HC = LxP/RTT
INT =RTT/L

Elevator roundtrip time can be divided into three main components:
the time to travel from the ground to the reversal floor at full speed, the
time spent during stops, and the time required by the P passengers
to transfer in and out of the elevator. The stopping time of the elevator
contains delays due to the door and its safety device operation as well
as the lifting machinery and its brake. The effect of acceleration and
deceleration of the elevator is also taken into account in the stopping
time. Usually, the passenger transfer time is rather short for passenger
elevators, for example, in total two seconds for one passenger

journey (one second for entry, one second for exit). The transfer

time of goods is much longer, typically up to 10 seconds although
even 30-second transfer times may occur. Roundtrip time is always
related to the current construction phase, during which the elevator
serves N floor levels above the ground and the total travel height is h
meters between the ground and the highest level. In addition to the
number of served floors and the number of transported passengers,
the distribution of workers (population) on the upper floors affects
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the statistical quantities modeled in the roundtrip time, namely, the
average reversal floor H and the average number of probable stops S.

The handling capacity also determines the building filling time (FT)
if the number of workers (the total population, POP) in the building
is known. It takes in total N = POP / P elevator roundtrips to
transport the whole population into the building. The waiting time of
passengers served in a particular roundtrip is always INT longer than
the waiting time of those served in the previous roundtrip. If the first P
passengers wait zero seconds, the waiting time of the last transported
workers becomes (N — 1) X INT.The total waiting time (WTtot),
and average waiting time (AWT) can be derived using the rule for the
sum of arithmetic series. Finally, the average journey time of a passenger
(AJT) includes the waiting time and the transit time inside an elevator.

FT =POP/HC
WT, = (NRTT -1)x NRTTP/2
AWT = (N, - 1) X INT/2

AJT = AWT + RTT/2

Population Distribution within a Working Zone

During construction time, the building is likely to be more ready at the
bottom than at the top, which causes the population to concentrate at
the top. The effect of worker concentration on JumplLift performance
is illustrated in three different scenarios for a building with 10 floors
above the ground floor (see Figure 2).

Even Worker Distribution
Workers are distributed uniformly among the upper floors (100
workers per floor).

Zoned Worker Distribution
Workers are distributed uniformly between floors 6 and 10 (200
workers per floor).

Triangular Worker Distribution
The number of workers increases linearly with respect to the floor level
(10 workers on floor 1, 190 workers on floor 10).

Worker Arrival Patterns

The beginning and the end of the working shift causes peak demand
for vertical transportation, as the workers arrive at or leave the site. The
average waiting time of the workers can be decreased by increasing
the number of JumplLifts and/or construction hoists. However, a less
costly way to reduce waiting is to plan the arrival and departure times
of the workers properly. The average waiting time is deduced for three
examples of arrival profiles (see Figure 3).

All at Once Profile (A)

All workers arrive at the same time in the morning: the first P
passengers wait for zero seconds, the next group of P persons waits for
INT seconds, and the last transported workers (NRTT - 1) - INT seconds.
The average waiting time of a worker for the total population POP with
NRTT round trips and P persons is AWTA = (NRIT - 1) X INT/2.

Staged Profile (S)

The arrivals of the workers are split in two stages. The first half of

the workers arrives in the morning at the same time as in (A). The
second half arrives only after time N, X INT / 2 when the first

half has been transported. Since only half of the population demand
transportation at the same time, the number of roundtrips to transport

Figure 2. Distribution of population within the working zone (Source: KONE)
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Figure 3. Three arrival profiles: workers arrive all at once, in two stages, or constantly
within one hour (Source: KONE)
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them reduces to half of the original. Therefore, also the average waiting

times is halved ANT_ = (N_;/2 - 1) X INT/2.

RIT

The staged arrangement does not affect the total filling time if the
latter stage starts exactly N .- X INT / 2 after the first one starts.
Naturally, the working time of the second stage workers ends NRTT X

INT / 2 later than the first stage.

Constant Profile (C)

Workers arrive at the elevator lobby, at even intervals, so that they
do not form a queue longer than the elevator capacity. In this case,
the average waiting time becomes half of the interval, since the first
worker for a particular elevator start arrives immediately after the
previous elevator has left and the last worker walks directly into the
elevator without waiting AWT = INT/2.

In this extreme case, the average waiting time becomes the shortest
of these profiles, although constant arrivals are rather challenging to
arrange in practice.

Traffic Analysis Example

An example traffic analysis for the up-peak situation, with the three
population distributions within the working zone, and with the three
arrival profiles is described. The building has reached the height of

10 floors (above the ground) with 3.3 m floor-to-floor distance. Two
Jumplifts are in operation, each of which can transport a maximum 21
persons at rated speed of 2.5 m/s. In the beginning of the shift, 1000
workers need to be transported to their workplaces.

The calculation assumes 80% car loading on average (P = 16.8), which
is possible to reach if the workers do not carry many tools. By rounding
to an even number of 16 passengers, the elevators make roughly

63 round trips (NRTT) to transport all workers up to their floors. The
results show that the population distribution does not much affect
the average reversal floor, but large variations occur in the average
number of stops (see Table 1). As a result, the elevators are able to
make one additional roundtrip in five minutes in the best case (“zoned
distribution”) compared to the worst case (“even distribution”) with the
shortest filling times. Furthermore, the difference in the filling time is
about 15 minutes in these extreme cases. Average waiting times are
the shortest for the constant arrivals and the longest when all workers
arrive at the same time.

Time Savings During Construction Project

The up-peak based traffic analysis enables the comparison of different
vertical transportation solutions for the desired construction time.
The comparison is based on the total time a worker spends in vertical
transportation daily, which equals the average journey time (AJT) of
each transport, multiplied by the average number of daily transports
per worker (n,,;) and the total number of workers (POP). Typically, a
worker needs four trips per shift (n,;) for vertical transportation: one
upward trip in the morning, one downward trip and one upward trip
during lunch time for downwards and upwards travels, and finally one
downward trip in the evening. For simplicity, the same average journey
time is assumed for the down-peak traffic and for the up-peak traffic,
although elevator group control makes the handling of down-peak
more efficient than up-peak. Thus, the total journey time of workers
during one day equals TJIT = AJT x n, . X POP.
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Even 9.79 83 1384 728 69 357 179 12
KR
Zoned 997 49 1100 916 55 284 142 09
BRLH
Triangular 997 72 130.1 775 64 336 16.8 1.1
ALK

Table 1. Results of the traffic analysis of the example with two JumplLifts (Source: KONE)
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Phase | Top floor HCHoist HCumplift | TTHoist | TJDumplift | Saved working time

W& | &REEE | @/5min) | (/5 min) | thours) | (hours) 4 H T
(hours)

1 25 519 808 35315 22688 12637

2 50 403 62.7 45550 29248 1630.2

Table 2. Working time savings per day if four JumplLifts are used instead of four
construction hoists (Source: KONE)

F2. VAW &3 A7 JumplLift B A BUR 10 & B S PR, & R4 80 TIER ] (R IE:
& 77)

The total journey time per day easily extends to evaluate the time
savings of JumplLift and construction time use elevators with respect
to the traditional construction hoists. For each day in operation, the
total journey time is calculated using the topmost served floor of

the elevators and number of workers. To demonstrate the savings in
working time, an example calculation is conducted for two phases of
a construction project: in the first phase, the top floor is the 25th with
a total travel distance of 90 meters and in the second phase the 50th
floor with total travel distance of 180 meters. In both phases, 1000
workers are transported between the ground and 25 upper floors. In
addition, an even distribution of workers on the upper floors and the
all-at-once arrival pattern are used in these calculations. Here, four
construction hoists are compared with four JumplLifts, both of them
transporting at most 21 persons per car. The construction hoists have a
rated speed 1.6 m/s and acceleration of 0.6 m/s? while JumplLifts have
2.5m/s and 0.8 m/s?, respectively. In this case, the handling capacity
with Jumplifts is about 50% greater than with construction hoists (see
Table 2). Then, filling time and total journey time are about 50% longer
with construction hoists than with JumplLifts. This immediately implies
considerable time savings due to efficient vertical transportation,
which even increases as the building gets higher.

Conclusion

This paper introduced the principle of JumpLift and traffic analysis
suited for construction time use of elevators. The analysis was
applied for different worker distributions on the upper floors and
arrival patterns during peak times. These factors greatly affect the
vertical transportation and the time the workers need to spend in

it. The presented scenarios give hints about how the work on the
construction site could be arranged to make the vertical transportation
as efficient as possible. The traffic analysis was extended to cover the
whole duration of the construction project to show the time savings
achieved by using elevators during construction time instead of
construction hoists. The improved site logistics with elevators has the
potential of reducing the total project duration by several months,
which gives rise to significant savings in reduced labor costs for the
builder and in reduced capital costs for the investor.
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