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Optimizing the lift process in high-rise construction projects
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ABSTRACT: Availability of resources, especially labor and materials, is a critical factor that directly
affects the project progress in high-rise construction projects. The project management team is continually
seeking to facilitate the supply-chain process to avoid delays caused by labor and construction materials
unavailability. This matter is especially of vital significance in high-rise buildings that comprise

numerous and repetitive activities.

The challenge that arises in these projects is the optimal vertical transportation of resources, which is
possible via special machinery, including tower cranes and lifts. It has been observed in the literature that
the optimal planning of construction lifting equipment can lead to significant improvements in reducing
The activity delays. This research develops a mathematical model that optimizes the lifts’ operational
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plan in high-rise buildings with multiple lift cars, using integer programming techniques.”
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1. INTRODUCTION

In a high-rise building construction project, a large
number of construction activities are executed in different
altitudes and latitudes of the building. Specialty trades, which
are activities that require special materials and equipment to
be conducted, form a large amount of the mentioned activities.
These activities and the labor assigned to them will be idle if
the required resources are not delivered to the tasks’ locations
on time [1, 2]. Lifting equipment is one of the necessary
tools for vertical transportation on construction sites. Now
the question arises as to how managers should plan vertical
transportation of labor and materials in a high-rise building
project to minimize costs while meeting all construction
activities’ requirements?

Most construction projects do not prepare and implement
a lifting plan in practice, and expert workers are mainly the
decision-makers regarding lift operations. It is obvious that
this approach will cause delays and impose costs, especially
when a lift becomes the bottleneck of supply chain process
in a project [2-4]. This problem can be tackled by employing
a precise lifting plan, while not planning the lifting process
properly in the early stages of a construction project can
cause issues such as having idle lift cars or delayed delivery of
materials and resources.

2. METHODOLOGY
The problem of finding the best lifting plan and Vehicle
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Routing Problem (VRP) [5] have similarities in many aspects.
The lift car’s traveling path can be seen as a VRP, when each
roundtrip in the lift planning problem corresponds to a vehicle
in the VRP. Also, similar to the lift problem, each vehicle in
the VRP must satisfy the demand of many customers.

The main difference between the lift problem and similar
shortest path problems [5] is the number of nodes visited on
each trip. In contrast with similar problems [6], the lift car
does not necessarily visit all of the nodes on one round trip in
the problem at hand. Here, the objective is to serve all floors
with resource demand, on consecutive roundtrips. Similarly,
a cost is associated with each edge (e.g., the distance), and
the main goal is to find a tour with the minimum total cost.
However, in the lift planning problem, it is not practical if
the objective function is only defined by the total cost of the
taken tour. In this paper, a comprehensive objective function
is introduced that includes all parameters incurring a cost
to the lifting process (e.g., the total number of lift stops, the
amount of demanded resources and also the type of resources
carried to each floor).
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A lift system is expected to transport materials and
workforce to the assigned levels on time and with minimum
delays, so in this paper, our objective function (Equation 1) is
designed to cover delays.

The constant delay itself is affected by the door opening
and closing time and acceleration/deceleration delay. In
lifting time calculation algorithms presented in the literature,
acceleration and deceleration times are precisely calculated.
In this study, however, the purpose of the model is not to
calculate the exact travel time. Since the main purpose
of this model is to find the best travel path, we assume
both travel speed and delay at each stop to be constant.
Regardless of this issue, implementing the available formula
for calculating the dynamic pattern of lift speed will impose
an excessive complexity to the formulation, which may
reduce the chance of obtaining the optimum solution within
polynomial time. However, this does not mean that we have
compromised on accuracy to obtain a relaxed optimum
solution; the introduced cost function (Equation 1) is a
good approximation of the real delay and travel intervals.
It also covers all three main delay functions in a typical lift
system. In details, the first term (XXM, <), in Equation
1 covers material loading/unloading delay which does not
affect the optimization process and has only been included
in calculating a good approximation of the total amount of
delays. The second term (222w ), will not vary since it has
to be greater than or equal to the initial demands according
to Equation 8 and it is subjected to minimum travel delays.
So, if it is not intended to have an approximation of the total
delay, then the first summation in the cost function can be
eliminated.

Equations 2 and 3 restrict the amount of materials carried
on each roundtrip, regarding the weight and area capacity of
the lift car. The role of Equation 4 is to prevent more than
one entry to each level (node) on each roundtrip. Meaning
that it is not optimal for the lift car to make two stops on the
same floor on a roundtrip. Equation 5 is also introduced to
ensure the lift car is allowed to storage level if and only if it
has unloaded all of the materials it has been carrying. The lift
visits the storage on the ground floor only after its direction
changes to downwards. Equation 6 is introduced to ensure the
flow conservation that means the number of arrivals at each
floor is equal to the number of departures. Equation 7 forces
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.Table 1. Notations used in this research

Symbol Description
i,j,k Floor number indices
m Material type index
c Lift index
l Round trip number index
SP(c) Movement speed of the lift car (m/s)
WC(c) | Weight capacity of the lift car
AC(c) Area capacity of the lift car
DL(c) Average delay caused by each stop (s)
W (m) Unit weight of material type m
V(m) Unit Volume of material type m
MD(m) | Load/unload delay for material type m

H(i) Height of level i
The amount of floor i’s initial demand

D@, m) of material m

. Travel time between floor i and j with
L g

0 If the path from i to j is chosen on
roundtrip 1

1 Otherwise
The amount of unloaded materials of

x(i,j,c, D)

.) ) ’l o .
utm,c,) type m at floor i in roundtrip [
N Big Constant
Z Cost function

the number of unloaded materials at a floor to be zero, if the
floor is not chosen to be visited by the lift. Similarly, the total
amount of unloaded materials on each floor must be greater
than or equal to the total demand of that floor, as restricted
by Equation 8.

3. RESULTS AND CONCLUSION

The presented model generates the optimum operational
plan in a high-rise construction site with already installed
lifting equipment. Unlike most of the models presented in
the literature, the platform proposed in this study optimizes
the operational process of a lift car in a high-rise construction
project. The proposed model can handle lift process planning
by considering practical aspects of this problem, and
optimizing this process based on a mathematical procedure.
Since this optimum finding process is based on a mathematical
procedure, the optimal solution is guaranteed to be the global
optimum. Optimizing the lifting process not only decreases

the construction delays, but also reduces the operational costs
of the lift car.
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Fig. 1. Example solution of a Vehicle Routing Problem
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Fig. 3. Flowchart of the optimization procedure
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Table 2 .Technical specifications of the lift cars

Jladie

S

48 » 50 36

o,55Ls 1500

39 b b

2/5x1/5x2/1

olal

b cud b

as 30

&l 3l uly o (8 bS5 .Y Jour
Table 3 .Characteristics of each resource unit

(S35 9 G55 5 (M?) ooy Jdl gl (Kg) o539 & £
3 0128 85 R
10 05 35 SLS o5 iS5,
15 0145 80 JEIERRR
7 0r1 15 Jy

6 Aluagdlue S dalgy ol o 58 Qoyﬂ yelaieds iou cpl yo
oS oo Jo Luly, cnl @bl (Aly Gle

Q .‘ayj.a Lgl..olm le.:n oolo m.).;b:GU Lg)‘L.u Eeovy qua)—l LS‘)%
i ety @Bly i8S sl )T (6l 4l Y 2 s 030
e e Yoo gelinl e VFe Gl o cnl a5 yslaes
Slaogar L cad oliws g0 sl plasle ol cwl Wyj
Aiload 0olo ¥ Jgaz 10 a5 ol wilie

e bawgd Cid (g5 sl jglatedy ool Sl )15 59, 50
6[.9)‘5.:0 u..a_» “sujé.lsj dlv)l ‘;LWLA s.JLJA-C &9) Ju> ‘0)5).:
Cawloads 0ols ¥ oz jo b codled ol (6l 5Ls 0590 mbio

olyon Ygare a5 (g)lpl Gl L oI55 51 SO ja 59
S50 S kS AL sgae i sle gy 50 W)l 395
slal hls plas” 2 BLS (25 sl 1Sy, cusloas a8 S
alions Slawlre oS b aS sitn 1.2mx2.4mx1.25mm

Y.

S Ak Lot (iS5l g 285 590 G 0 las Joo )90
Do 18 i S o s o ) Ll lea b

Vs o ojlarsld S0 B o (gilaaige slal e T a5
Sgds oo oddlice JSi pl jo a5 jeblen Lcwloads ools yioles
<8l 0 bz mbie 5l eosls lasl ;o oadiosls aswss (sasliy
D)0 50 g WS (o0 Sl | abgr 0 (639,9 Sl Sl g 008
il g ools Cuglsl gipasiy o 1) gl Gl glacdled sy
|y e gl 55 Saled o wS oo SR Olsr (slad o g
A3 oo oled Uipey 3 Xy (7955 o pile 93 p 2 &

oGan Se e osls (59, » 1) 595 e (Siluding dur Sed )3

&HS‘SQ R ‘) GLuso\))S d)LwooLu ‘55:_‘3‘9

b -¥

w0l gpb g 00,8 (Brma |y @S> Ly, (izes il i)



YA5 b YAY docio OFAR Jlo o oyl DY 093 epusS paol () yos (wrbite &yt

obisle Olib gloli g glai )l ay bgs o s 00lo .F Jgus

Table 4 .Input data of building floor heights and resource demands
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Table 5 .The number of resources carried by each lift car on each roundtrip
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Fig. 4. Semi-logarithmic convergence curve of the optimization process (Iterations-gap)
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