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$6= IFCCARTESIANPOINT ((0.,0.,0.));

s

$31= IFCAXIS2PLACEMENT3D ($6,5,5)

§22= IFCLOCALPLACEMENT ($311,%#31);

$114= IFCBUILDING ('lBNyUUMc]eywERWTEOzZ21o" , $41, ", 5,5, 32,5, "', .ELEMENT., 5,5, #110) ;
$120= IFCAMIS2PLACEMENT3D ($6,5,5);

§121= IFCLOCALEPTACEMENT (£322,$120);

$123= IFCBUILDINGSTOREY ("1BNyUUMc]6ywEAWTIS2vac", $#41, "\X2\63073ADENKON

17,5, 5, 121,85, "\X2\6H079RDB\X0N 1°, .ELEMENT.,0.);

$310= IFCRXISZPLACEMENTID (#6,5,5);

$211= IFCLOCALEPLACEMENT (S, $#310);

$312= IFCBITE ('1BNyUUMc])6ywELAWTkD=zZ1n"  §41, "Default" 5, "' $311,5,5, .ELEMENT.,
(42,21;31,181545) (=T71; -3 ,-24,-263305),0.,5,5);

$#165— IFCCARTESIANFCINT ((—7318.22370947408,711.194038980438,0.));

fle7= IFCAMIS2PLACEMENT3D ($#165,5,5);

$#168= IFCLOCALPLACEMENT (121, #167);

$170= IFCCOLUMN ('0Re7i0jE982gh$hTPwMCoa", §41, 'M \X2\77ES5F626TF1\X0\:475 x

610mm:203111",5, *'475 = 610mm’, f$168,F161,'203111");
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objective function is shown in formula (1) [14]. In order to
maximize the effectiveness of the tower crane, it is necessary
to understand the operating mechanism of the tower crane,
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‘The existing tower crane positioning layout mainly depends on the experience of construction personnel, and the best tower
crane positioning can be found through a large number of manual data calculation. This manual method is time-consuming
and impractical. In view of this, aiming at the current situation that building information modeling (BIM) software can only
obtain the relative coordinates of components, this article puts forward the key technology of importing computer-aided design
(CAD) graphics into geographic information system (GIS) software to automatically obtain the world coordinate information.
By clarifying the transfer relationship between the component material supply point, the component initial positioning point,
and the tower crane optional positioning point, as well as the cooperative relationship between each positioning point and the
tower crane operation, the tower crane positioning optimization model is formed, and the firefly algorithm is used to au-
tomatically calculate and generate the best positioning layout method of the tower crane on the project site. In this study, the
vertical transportation and positioning of components are studied, and intelligent construction is formed by integrating
information technology. It can further enrich the functions of perception, analysis, decision-making, and optimization; realize
the decision-making intelligence of industrial buildings; and achieve the organic unity of engineering construction execution

system and decision-making command system.

1. Introduction

Tower crane is an essential equipment for the vertical
transportation, installation, and positioning of prefabricated
components in high-rise residential buildings. Because there
are many types of components transported by tower crane,
such as prefabricated components, reinforcement, form-
work, and scaffold, and the location of material supply is
complex, the positioning and layout planning of tower crane
in the construction site of high-rise residence is a common
construction technical problem.

The previous research on the optimal positioning
method of tower crane mainly adopts two methods. The first
method is to minimize the cross area between tower cranes.

Zhang et al. proposed a computer model to optimize the
position of a group of tower cranes to determine the
minimum crossing area [1]. Irizarry and Ebrahim integrated
geographic information system (GIS) and building infor-
mation modeling (BIM) to determine the location of the
minimum crossing area of tower crane [2].

The second method is to minimize the lifting time and
cost of the tower crane. Tam et al. and Wilson K. W. Chan
proposed the optimization of supply points around tower
cranes based on a genetic algorithm [3]. Huang et al. pro-
posed the optimization of tower crane and material supply
location in high-rise building site based on mixed-integer
linear programming [4]. Lien and Cheng used particle
swarm optimization algorithm to determine the location of

minTC:minin:z’: xQ % GF, (1)

k=1i=1 j=1

where K is the number of tower cranes, I is the number of
material supply points, and J is the number of initial po-
sitioning points of components. T:‘f is the delivery time of the
k tower crane from the ith supply point (S;) to the jth
component initial positioning point (D;), which is calculated
by equations (4)-(11). Qk is the lifting capacity of the k tower
crane from the ith supply point (S;) to the jth component
initial positioning point (D;). C* is the unit time cost of
operating the kth crane.

Assuming that Qg is the total supply of the ith supply
point (), according to the relationship that the lifting ca-
pacity of all tower cranes is less than the total supply, there is
the following conditional constraint formula:

K I
>y al=aqs. @)

K=1j=1

Assuming that QD is the total demand of the jth
component positioning pomt (Dy), according to the fact that
the lifting capacity of all tower cranes is equal to the total
demand of each supply point, there is the following con-
ditional constraint formula [14]:

K I
Yrdi=an 3)

k=1i=1

Figures 3 and 4 show the free movement of the hook of
the tower crane in the horizontal and vertical directions,
which determine the total time and cost of an installation
task. (S, 8y 8z2) and (ij, D,, Dz‘_) refer to the coordinates
of the supply point and the initial positioning point of the
component for a single lifting task, respectively.

,C,» C. ) represents the positioning layout coordinates
of ti'le ith tower crane. The mathematical model of tower
crane operation is shown in the following formulas [4]:

Th= rnax(T';, TZ) + axmin(Tl;, T’;), (4)
Tf;: max(Tk, T’;) + ﬁxmin(Tk, Tf) (5)

D,,~8
Tk:|f_k )
Vh
$.)-p(D,
T = lp( JVKP( .)|, @
2
gk g M (8)
t Ve 2xp(D))p(s) )

N

Ficure 3: Horizontal movement mechanism of tower crane hook.
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T
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Figure 4: Vertical movement mechanism of tower crane hook.

For any lifting, the transportation distance of the hook
can be calculated by the following formulas [4]:

p(D) = Vkaj 7CX1)2 +(DJ’. 7C}’A)2’ ©)

where T% is the horizontal transportation time of the hoolk
of the tower crane at position k, which is composed of T*
and TX. TX is the movement time of the hook in the radlal
direction (along the radius of the circle), and T is the
movement time of the hook in the tangential direction
(along the tangent direction of the circle). Tﬁ is the vertical
movement time of the hook at k position. a and f8 are two
parameters between 0 and 1. & indicates the matching
ability of the hook to move in the radial and tangential
directions in the horizontal plane, and B reflects those
matching abilities in the vertical and horizontal directions.
When a =0, the radial and tangential directions of the
hook move synchronously a = 1, the radial and tangential
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