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Abstract: Precast concrete comprises the basic components of modular buildings. The efficiency
of precast concrete building component production directly impacts the construction time and
cost. In the processes of precast component production, mold setting has a significant influence
on the production efficiency and cost, as well as reducing the resource consumption. However,
the development of mold setting plans is left to the experience of production staff, with outcomes
dependent on the quality of human skill and experience available. This can result in sub-optimal
production efficiencies and resource wastage. Accordingly, in order to improve the efficiency of
precast component production, this paper proposes an optimization model able to maximize the
average utilization rate of pallets used during the molding process. The constraints considered
were the order demand, the size of the pallet, layout methods, and the positional relationship of
components. A heuristic algorithm was used to identify optimization solutions provided by the
model. Through empirical analysis, and as exemplified in the case study, this research is significant
in offering a prefabrication production planning model which improves pallet utilization rates,
shortens component production time, reduces production costs, and improves the resource utilization.
The results clearly demonstrate that the proposed method can facilitate the precast production plan
providing strong practical implications for production planners.

Keywords: precast production; molding process; optimization model; quantitative methods

1. Introduction

Prefabrication is the practice of assembling the components of a structure in a factory, or other
manufacturing locations, and then transporting complete assemblies or sub-assemblies to the
construction site where the structure is to be erected. Whereas, traditional building construction
takes place on site, prefabrication has gained much interest in recent years, particularly with regard
to industrial buildings, for its potential energy saving benefits, as well as improved efficiencies in
the construction process. Consequently, the efficiencies gained in the production process of precast
components directly enhance the construction time and cost of buildings.

There are several methods to enhance the efficiency of precast components production and
to reduce its cost. Generally, these methods involve various stages, including precast component
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design [1-3], material management/transshipment [4,5], precast component production planning,
precast component inventory control [6-9], precast component transportation and site assembly [10,11].
It is well established that production planning is the key element in the precast production process
and it is closely related to the production time and cost. Planning involves the allocation of resources
over a period of time to perform a series of jobs that are subject to known constrains. However,
the current practice of designing precast production plans depends primarily on the scheduler’s
experience, which has generally proven to be problematic for planners and schedulers [12]. Inefficient
resource utilization and high production cost are common in the precast industry due to unsuitable
and inaccurate planning methods [13,14]. Therefore, optimizing the production plan is vital in the
precast component production process.

Subsequently, this particular area has attracted the interest of many researchers who have
proposed various computational techniques to manage planning issues. For example, Dawood
developed a scheduling model for the precast industry using the heuristic job scheduling approach.
The proposed model was regarded as a factory simulator to automate the planning process which
comprised of scheduling rules and the factory’s attributes [13]. Chan and Hu developed their flow shop
sequencing model for precast production scheduling by incorporating actual constraints. They adopted
a genetic algorithm approach and compared the proposed method with some well-established heuristic
rules [12]. Benjaoran et al. studied the impact of the quantity of molds on shop floor schedules
of precast production and proposed a bespoke precast flow shop scheduling model by using a
flow shop sequencing model [15]. Ko and Wang applied a multiple-objective genetic algorithm
to search for optimum solutions with minimum makespan and tardiness penalties. In their model,
buffer size between workstations in precast production scheduling was considered for the first time [14].
Tharmmaphornphilas and Sareinpithak developed a scheduling model to select concrete formulas
and schedule jobs to minimize the total product cost and proposed a heuristic approach to solve the
model [16]. Hong and Lee developed algorithms that could promptly establish a production layout
plan by considering in situ production factors affecting composite precast concrete members [17].
Prata et al. proposed a model based on integer linear programming to schedule the production of the
beams so as to minimize the losses in a minimal time by taking into account the constraints inherent in
the forms and beams [18]. Yang et al. proposed a flow shop scheduling model of multiple production
lines for precast production and developed an optimization approach to facilitate optimized scheduling
by using genetic algorithm [19].

Examining the existing literature on precast production planning, two categories of research can
generally be found. The first category focuses on optimizing the specific process for various distinct
precast production methods, such as the roll-cutting process of the filigree wide-slab method [18] and
the layout process of composite precast concrete members for precast concrete in situ production [17].
The second category focuses on traditional precast production methods for optimizing the production
plan based on the job shop/flow shop scheduling problem [12-16,19], which mainly emphasize the
flow variability between processes under special constrains such as limited labor and mold [14].
However, strategies for improving the specific production processes for traditional precast production
methods are generally neglected in current literature.

This paper evaluates the molding process, a critical process closely related to precast production
efficiency and proposes a layout optimization schedule of the components on pallets during the
molding process, that (1) improves the utilization rate of the pallets, (2) shortens the manufacturing
time, (3) reduces the component manufacturing cost, and (4) saves the resource consumption during
the precast production.

2. Problem Description

There are two basic types of precast component production systems in a precast plant, namely, the
fixed location production/stationary system and the flow shop production/traveling system [19-21].
For fixed location production, all the activities are performed in a particular workstation either by
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the same team or different teams. In the flow shop production system, pallets are moved on a rolling
line from one station to another, with different activities being performed at different stations by a
particular team. The two production systems involve the same six main processes: (1) pretreatment,
(2) molding, (3) placing of rebars and embedded parts, (4) casting, (5) curing, and, (6) stripping.

It is worth noting that two of the processes, mold setting and curing, have a significant impact
on the component production efficiency and cost. In regards to the flow shop production, several
pallets are cured in a kiln during the curing process, where the concrete mix undergoes an accelerated
but expensive process. For the curing of the precast concrete, water is consumed by the curing kiln,
which is driven by electricity. The curing kiln is limited by a fixed pallet capacity and it takes some
hours to cure the precast components loaded on the pallets. Therefore, if more components can be
accommodated in the kiln during the curing process, the average curing cost and resource (electricity
and resource) consumption for each component are lowered and an increased efficiency of component
production can be achieved. In the mold setting process, molds are placed onto the pallets according
to the component production layout plan, which determines the number of components on each pallet.
The pallet is generally made of steel and can be used a few hundred times. Obviously, the more
components loaded on a pallet, the higher utilization rate of pallet, the lower the average curing
cost for each component, and the larger the efficiency of component production. Thus, cost and
efficiency of component production is directly responsive to the configuration of the mold setting
process. Furthermore, from the perspective of the environment, an intensive molding layout could
enable lower energy and material consumption (e.g., electricity, water and steel pallet consumption)
during the curing process. Similarly, for fixed location production, which normally uses a steam curing
method in its curing process, a much more efficient layout plan also helps to reduce the number of
pallet cycles. Accordingly, production efficiency can be improved and the resource consumption,
production time and curing cost can be reduced as well.

In contrast to the manufacturing industry, such as in car, electronics or machine production where
automated scheduling decision systems are used, precast concrete component production generally
relies on subjective decision systems. While the knowledge and experience of managers may be
sufficient to handle normal workloads, there is limited emphasis on optimizing the use of the pallet.
This leaves the production facility unable to maximize output in peak periods. Indeed, it leaves the
production facility unable to gauge what its maximum production capacity is.

Figure 1 shows an example of a typical production layout plan of precast components. It includes
a large area inside an unused pallet. Not only does this reduce the pallet utilization rate, but this also
causes a waste of production capacity. Consequently, this results in extended production cycles and

increased curing costs.
'( waste of production capacity>
'( low utilization rate of the pall@

> the size of the component

I vaJe pPalsepn

v

the layout area of the molds

Figure 1. An example of a typical precast production layout, showing sources of wastage.

In summary, concrete components are laid out on pallets based on existing practices and the
judgment of the manager, which can be sub-optimal. This leads to a lower utilization rate of the
pallets and curing kiln, and consequently imposes higher costs and resource consumption and reduces
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production rates. If production efficiency is to be improved, a structured, scientific approach to the
laying-out of the precast molds needs to be adopted. The aim of this study is to propose such a
structured approach.

3. Proposed Model

Precast components are usually rectangular and workers normally arrange the molds in a regular
way (horizontal or vertical). These assumptions will be incorporated and inform the model developed
here. There are three such assumptions: (1) the shape of the production component is to be contained
within an envelope rectangle of the smallest possible size, (2) the edge of the component is to be
arranged parallel or perpendicular to the edge of the mold, regardless of the diagonal layout, and,
(3) the amount of mold available is unlimited. The relevant notions used in developing the model,
along with their corresponding definitions, are shown in Table 1.

Table 1. The notions used in the model.

N the number of pallet cycles
L the length of pallet
W the width of pallet
i the type of components
j the jth layout of precast production on the pallet
d; the demand of component type i
X the number of the jth layout
ajj the number of the ith component used in the jth layout
lplq the length of component P and Q
Wy, Wy the width of the component P and Q

(xp,Yp)(X.Yq) the lower-left coordinates of the component P and Q

P and Q are two arbitrary components on a pallet.

Figure 2 shows an example of a general order. Here, the production plan is determined by the
order contract to be delivered within a certain amount of time. Moreover, there are various sizes of
components needed to be produced, with the demand for the components designated as dy, dy, ds,
..., d;, respectively. All these will be laid out on the pallets. N describes the number of pallet cycles
required. As layout plans vary, N will vary as well. The aim is to minimize N (all else being equal),
and in doing so, to reduce the component production cost and time.

Inner wall panel

Outer wall panel

Lay out (I, xw,xd,)
. (I, xwy xd,) I
Pallet
Lay out
(LxW x N)
Precast stair Superimposed
floor

(I, xwyxds)

Lay out (Tyxw,xd,)

Precast beam (/5 x wy xdy)

Figure 2. Various components to be loaded onto pallets, demonstrating the problem of how best to
arrange the elements.
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The layout optimization model is formulated using the following mathematical equations

Zz 1li'w1 dl
= t 1
max- W'Z?—l x; (1)
s.t.
n
Zai]-xj:di, i:l,~~~,H1} j:1,~~',7’l. (2)
i—1
0<x, <L—(1—rp)ly—rpwp 3)
0<yp <W—rply— (1—rp)wp 4
x> xp+ (L—rp)lp +rpwy
xp > xg+ (1 —1p)lg + rqwy )
Yo = Yp+ (1 —rp)wp +1ply
Yp =Yg + (1= 1p)wg +1ply
rp:OOrl, rq:Oorl. (6)
aijZOI szoi l:1,,m, j:1/"'/n- (7)

In the model, the objective function in Equation (1) represents the average utilization of the pallets.
By computing this equation for the highest value, the highest utilization rate can be determined,
with the number of pallet cycles consequently minimized. In turn, reduction of the pallet cycles will
increase the production capacity, shorten the production time, and reduce the number of the pallets
that need curing, thereby reducing overall production cost.

The constraint introduced in Equation (2) ensures that the number of components required to
meet the order agreement are achieved. As shown in Table 1, in a production plan, there are j layout
schemes in total. Where x; stands for the number of pallets using the jth layout scheme, and, 4;; is the
number of the ith component on a pallet using the jth layout scheme. So, the product of 4;; and x;
needs to meet the ith component’s demand d;.

The constraint in Equations (3) and (4) ensures that the component layout will be limited within
the pallet size. As shown in Figure 3, components could be placed either horizontal or perpendicular
to meet the parallel requirement. As shown in Table 2, we adopt a coordinate constraint to achieve
this condition, considering the convert of component placement. In order for the components to be
arranged within the pallet dimensions, the formulas in the table will need to be satisfied.

(Lw)

W. (x, +w,y, +I)

A
\

(x, +1,y, +w)

T Component P placed
T horizontally
(

(1=1)

(r=0)

Ajrejnaipuadiad
paoe|d 4 jusuodwo)

\
(0,0) (%50 ¥yp)

Figure 3. An example of two kinds of arrangements for precast components.
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Table 2. Constraints of layouts.

Horizontal Constraint Vertical Constraint
Placement conditions horizontal (r = 0) perpendicular (r = 1) horizontal (r = 0) perpendicular (r = 1)
. . 0<xp 0<%y 0<yyp 0<xp
Coordinate constraints { yrl<L { xptw<L { Yyt w< W Y l<W
Results 0<x, <L—(1—rp)ly—rpwp 0<yy <W—rgly— (1—rp)wp

The constraint in Equation (5) assures that the component layouts do not overlap. There are four
non-overlap situations in total, as shown in Figure 4. Each formula in (5) represents a non-overlap
situation of the P, Q components, and the corresponding coordinate constraints were given, which are
presented in Table 3. Therefore, if the component layouts do not overlap with each other, at least one
of the formulas in (5) will be satisfied. Constraints in Equation (6) indicate the placement method for
components, where r = 0 means that the components are laid in a transverse direction, and r = 1 means
that the members are placed in a longitudinal direction. Constraints in equations (7) are constraints of
decision variables.

w,
D EE—
P |
| | Wy
| | -+
| | e 1
IPerpendicular : |
: P : :Perpendicular: Component P
pll G=D Component Q }7777Q7777L7777 .
[ [ ¥ I Ll G=1) | I
| | I 91 ! l(x )
: hor’zontal P I : horizont{al 4] W : oV
: (=0 o) (X, 0,) : (=) i
| | | | |
L [ A I L________[ 77777 |
(x,,3,) (x,+w,,»,) (x,+1,,) (x,,) (5, +w,y,) (x,+1,y,)
(a) Pis to the left of Q (b) P is to the right of Q
Component Q
Component P
(%5,
w 9°7q
(x,,5,) . ,
w, : :(xp+w/,,yp+lp)
,,,,,,,, I
} 1, +w,,p, +1) i :
I
| [ .
\Perpendicular} :Perpen’()ilculaﬁll
AR Al |
/ |r (r=1) ! i (x,+1,y,+w,) r I___(:=_lz__|_ __________
! | AR A | | G+, +,)
| horizontal Q I ! | [ l
| ‘ wl! : hor'zontal P i
I (r=0) qf ! | AN
! i | i fr=0) [
|
b ' Lo __ I § i
(x,,¥,) (x,,7,)
(c) P is above Q (d) P is below Q
Figure 4. The four non-overlap situations.
Table 3. Constraint conditions for non-overlaps.
P is to the Left of Q P is to the Right of Q P is Above Q P is Below Q
Tlustration Figure 4a Figure 4b Figure 4c Figure 4d
PlaceAn.lent r=0 r=1 r=0 r=1 r=0 r=1 r=0 r=1
conditions
Coordinate
constraint P TIPS yprwp<xg gt <y xptwgSxy  yptwp<yy Yyt <y;  ygtwe<yp  ygtl=<yp

Results xg > xp 4 (1= rp)lp +rpwp xg > xp+ (1—rp)lp +rpwp Vg = yp+ (1 —rp)wp+rply Yp =Yg+ (1 —rp)wg+rply
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4. Algorithm

This paper develops an optimization approach to maximizing the average utilization rate of
pallets with extra constraints, such as the size of molds and the order demand. A heuristic algorithm
is developed to solve the proposed problem. In this algorithm, components needed to be placed to
compromise the elements of production sequences, with the position of the elements corresponding to
the order of component placement (the earlier the component is located in the sequence, the earlier it
is placed). Additionally, different component production sequences represent different production
schedules, which can lead to different layout schemes of the pallets. Therefore, the algorithm aims to
identify the best layout sequence with the maximum utilization of pallets among numerous feasible
sequences, thus identifying the optimal schedule. As shown in Figure 5, the algorithm can be described
according to the following three interrelated stages: (1) generate a set of feasible sequences, (2) calculate
the utilization of an extracted sequence, (3) identify the optimal layout sequence. The following section
describes the three stages in detail. Table 4 shows the notions used in the heuristic algorithm.

Table 4. The notions used in the heuristic algorithm.

T The sequence set of precast components to be arranged. T = {Ty, To, - - -, Ty},
where Ty is the kth sequence consisting of Z; to Z;
7. The sequence of a ith type of component. T = {z1,zp, -+ ,z4, }, where z; is a
! matrix that contains the size information of ith component, and d; is the demand
v The width of the lowest available space
hy The height of the lowest available space
Uy The utilization rate of the layout patterns according to kth sequence
N The number of pallet cycles according to kth sequence
Fy The the kth layout plan
H The component layout height

Stage 1: Generate a set of feasible sequences.

Stage 1 is used to generate a set of feasible sequences. If the number of the component types is i,
the maximum number of production sequences is i!. Assume there are three component types (A, B, C),
thus a total of 3! = 6 feasible sequences can be generated as follows: ABC, ACB, BAC, BCA, CAB, CBA.
However, if the number of the component types becomes large (being greater than eight in this case),
an enormous number of sequences would be created, which would result in a high computational
cost. In order to reduce the unnecessary computation time of this algorithm, a classification method is
presented. Notably, as shown in Figure 6, a small component is more capable of being be placed into
the remaining positions than a large one, which can improve the utilization of the pallet. Therefore,
sequences where small components are at the back can generally achieve better solutions. According
to this, we equally divide all the components into two groups: small and large, with the large group
always being in the front of the sequence. The number of these two groups’ component types are a
= int(i/2) and b = i-int(i/2), respectively. For each group, the sequences are generated via random
permutations. For example, nine kinds of components in total need to be produced. We firstly divide
them into two groups, where the large group contains a = int(9/2) = 4 kinds of components while the
small group contains b = 9-int(9/2) = 5, then 4! = 24 permutations for the large group and 5! = 120 for
the small group can be generated. Thus a total number of 4! x 5! = 2880 sequences are finally created,
which has declined exponentially in comparison to the result of 9! = 362,880 for the ungrouped method.
In short, in this stage, the feasible sequences are generated by the following rules: if the number of
the component types i is greater than eight, then T = {Tq, To, - - - , Ty, }, where a(b) is the large(small)
group’s component type, and a + b = i; otherwise T = {Ty, T, - - - , Tu }.
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T={T1, T2, = Tarn} T={T1, Ty, == Tas

Stage 2: Calculate the utilizatjon rate of a selected sequence.

Invoke sequence Ty. Let
F=@, Ni=1, U,=0.

Calculate the width of the lowest |
available space (v) in the current pallet. |
i

Search available components by the order of the
sequence. Calculate the placement strategy r.

Update the lowest

N Does r > 0 exist?
available space.

Undo this
component, ++N,.

‘ Place the component which has the ‘ |

Y

minimal value of r.

Is H larger than W?

N

Accept the component and remove it from T.

Is Ty empty?

Y

‘ Calculate Uy, and output Ny, Uy, Fy. ‘

Is it the final sequence?

Y

Output the maximum utilization rate U, the minimal
number of pallet cycles N, and the best layout plan F.

Figure 5. Flow chart of the heuristic algorithm.
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Figure 6. An example to illustrate the capability of the remaining positions.

Stage 2: Calculate the utilization rate of an extracted sequence.

Stage 2 is used to calculate the utilization rate of the selected sequence from Stage 1. This algorithm
establishes an updating principle to place the components in the sequence (see Step 3). Also, the two
placement strategies (horizontally and vertically) of components are considered. The specific
procedural steps are outlined below.

Input: The kth sequence Tj.

Output: The number of pallet cycles according to kth sequence N, the average utilization rate
according to kth sequence Uy, and the kth layout plan Fy.

Step 1: Initialize. Let Fy =, Ny =1, Uy =0; k = 1.

Step 2: Calculate v.

Step 3: Search available components by the order of the sequence. Define the placement strategy
of components as r. ¥ = 0 means that the component is arranged horizontally, 7 = 1 means that the
component is arranged vertically.

If v is longer than the long side of the component then r = 0;

If v is longer than the short side, but shorter than the long side then r = 1;

If v is shorter than the short side then » = —1.

Step 4: Search for the value of r in sequence Ty. Check whether there r > 0 exists.

If true, then place the component with the first minimal value of 7 to the left side, go to Step
5; otherwise update the lowest available space, go to Step 2 (the updating principle for the lowest
available space is to raise its height to the penultimate lowest space when it is compared to the
current one).

Step 5: Compare H with W;

If H<W then accept the component, add the component into Fy; and remove it from T}, go to Step
6; otherwise, Ni = Ny + 1; go to Step 2;

Step 6: Check whether Ty, = @.

If true, save Ni and calculate Uy, go to Step 6; otherwise, go to Step 2.

Step 7: Return Fy, N, Uy.

For understanding how Stage 2 runs and how the updating principle works, a demo sequence
(sequence T1) is proposed to test it. Nine components in total are needed for arrangement, and the
size and order of components in T are given in Figure 7. Figure 8(G1) and Figure 8(G2) show the
updating principle for the lowest available space (Step 4). The width of the lowest available space (v)
in Figure 8(G1) is equal to 5, which is not enough to accommodate any components, so v is updated.
The updating principle for the lowest available space is to raise its height to the penultimate lowest
space when it’s compared to the current one. Thus, the height of the lowest available space (hy) is
raised from 0 (see Figure 8(G1)) to 45 (see Figure 8(G2)). The principle can also be illustrated in
Figure 8(I1) and Figure 8(I12), where the hy is raised from 45 to 115. Figure 8] shows component 2-3
placed in a temporary position before Step 5 runs. However, due to H = 250 > W = 200, component 2-3
has to be canceled. Then, another pallet to place component 2-3 is required. Figure 8K shows the last
placed component in a second pallet (N7 = 2). When it is finished, all components in sequence T have
been arranged, then the average utilization rate is calculated (U; = 45.87%).
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Stage 3: Identify the optimal layout sequence.

Stage 3 is used to identify the best precast component layout sequence. The specific approach is
to compare the average utilization rates according to Stage 2 and find the optimal one with the highest

utilization rate. The specific procedural steps are outlined below.
Input: Pallet size (L, W), component demand (d;) and component size (I;, w;).

Output: The minimal cycles of pallets N, the maximum average utilization rate U, and the best

layout plan F.

Step 1: Initialize. Let F=0J, U=0,N=0,k=1.

Step 2: k = k + 1. Run sub-process, save Ny and Fy, calculate U.
Step 3: Compare Uy with U.
If Uy > U, then U = Uy, N = N, F = Fy; otherwise, keep U, N, F unchanged.
Step 4: Check if all the sequences are already arranged.
If T = I, then go to step 5; otherwise, go to step 2.

Step 5: Output U, N, F.

T 1-1 1-2 1-3 21 2-2 2-3
1 (70,45) |(70,45) (70,45) (115,90) (115,90) (115,90) 3-1 (160,15) 3-2 (160,15)
21 2-2 23 11 1-2 1-3
T 3-1 (160,15 3-2 (160,15
2 (115,90) (115,90) (115,90) | (70,45)/((70,45)] (70,45) ( ) ( )
Figure 7. The size and order of components in Ty and T5.
L1=260
N=1]A | B [c]
Component arranged
L]
E l:| Applicable component
8 = == = | owest available space (v)
?I: ﬁ 1-1 1-2
Step2: v=260 & 11 & 2 2 Step2: v=120
(D] LE] Gl
i B | X i kot
5 ‘- 5 g
s
g‘ 11 ‘ 1-2 ‘ 13 fi%z 11 12 13 11 ‘ 1-2 ‘ 1-3 1-1 ‘ 1-2 ‘ 13
(G2] [H] Iz
y=115
i E z4 gL E 2t ® E 2l ®
8| stepa&2: Update v=210 3 o5 [T 8 3
11 1-1 ‘ 1-2 1-3 11 1-2 13 11 1-2 1-3
s J N=2 K|
E 241 Y
8
23
141 12 1-3

Figure 8. A layout example that demonstrates the running steps of stage two.

3-3 (160,15)

3-3 (160,15)
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Here, Figure 9 demonstrates the layout result of the second demo sequence T (see Figure 7),
which contains the same components as T does. Although T and T; contain the same components,
these two layout plans are different due to the different order of the components in the two sequences.
In Figure 9 it can be seen that only one pallet (N, = 1) is required and the average utilization rate is
91.73% (Up = 91.73%). Therefore, the layout result shown in Figure 9 is significantly better than that in
Figure 8. Hence, in this case, T is the optimal sequence according to Stage 3.

3-3 | N=1 T,

1-3

radi

1-1

1-t
T

2-1 2-2

Figure 9. The layout result of T,.

5. Case Study

As shown in Table 5, this study collected actual production data from a precast component plant
(Plant A) in Chongging, and the method described here was used successfully to solve the component
pallet layout. The optimization problem presented in this paper has general applicability, such that
various sizes of precast components, as well as models with different indicators may be used.

As per an order received, the plant management set a certain amount of time for the production
quantity, which included eight different types of precast components, such as outer wall panels, inner
wall panels and superimposed floors, etc. According to the specification of the precast production
line, the length and width of the pallets were 9 m and 4 m, respectively. The curing kiln could
simultaneously cure 21 pallets, the curing time required for the components is 8 h, the running cost
was 600 RMB per hour, and the power of the machine is 36 kWh. In the original plan, the total number
of cycles of the pallets was predicted to be 261, using the curing kiln 13 times, for a total of 104 h.

Table 5. Case study of ‘Plant A’. Size and demand of precast elements according to their types.

Type Components Length (cm) Width (cm) Demand
1 Outer wall panel 1 318 310 150
2 Outer wall panel 2 318 420 126
3 Inner wall panel 292 80 339

Superimposed
4 floor slab 1 328 162 220
Superimposed
5 floor slab 2 456 132 174
6 Concrete slab 106 84 120
7 Precast beam 1 408 34 132
8 Precast beam 2 502 38 86

In this case, Visual C++, on a Windows 7 platform, was used for programming the heuristic
algorithm. The final result showed that only 203 cycles were needed to finish the production task,
and five different layout schemes were needed. Figure 10 shows the five layout patterns for the given
case. Table 6 shows the number and types of components of each layout scheme. Table 7 shows the
number of the pallet cycles and the utilization rate of each layout scheme. According to Table 7, the best
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layout plan needs five configurations, the average utilization rate is 90.6%. These five configurations
reduce the original number of pallet cycles used from 261 to 203, saving 58 pallet cycles and improving
efficiency and shortening manufacturing time by 22.2%. Furthermore, the improved plan only uses
the curing kiln 10 times, instead of the 13 actually used, which saves (13-10) x 8 x 600 = 14,400 RMB,
which represents a 23.1% curing cost saving. Additionally, the improved plan could also enhance
the pallet utilization efficiency and lower the energy consumption. There would be a decrease of
3 X 36 x 8 =864 kWh in the electricity consumption, and the water consumption could be reduced

as well.

8- Precast beam 2

3-Inner wall panel
8- Precast beam 2

2-Outer wall panel 2 2-Outer wall panel 2
(a)
6- 7 - Precast beam 1 3-Inner wall panel
3-Inner wall panel p
5-Superimposed floor slab 2 P Concret 7 - Precast beam 1 =
eslab \
w
= 5
® o £
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Figure 10. The five layout patterns. (a) Scheme 1; (b) Scheme 2; (c) Scheme 3; (d) Scheme 4; (e) Scheme 5.

Table 6. The five layout schemes of precast production.

Scheme 1 Scheme 2 Scheme 3 Scheme 4 Scheme 5
1—Outer wall panel 1 1 1 2
2—Outer wall panel 2 2 1
3—Inner wall panel 1 2 1 4 1
4—Superimposed floor slab 1 1 5
5—Superimposed floor slab 2 3
6—Concrete slab 1 1 1
7—Precast beam 1 2 2
8—Precast beam 2 2

Table 7. Utilization analysis of various layout schemes.

Layout Schemes The Number of Schemes Pallet Area (m?) The Area Used (m?) Utilization
Scheme 1 43 36 32.86 91.3%
Scheme 2 58 36 33.48 93.4%
Scheme 3 40 36 32.64 90.6%
Scheme 4 26 36 32.72 90.9%

Scheme 5 36 36 29.79 82.8%
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Additionally, in order to prove the reliability of the method, another six cases were tested. The data
for these cases are listed in Table 8. Table 9 shows the specific layout schemes for these cases. Table 10
compares the proposed method with the original method, which reveals that the proposed method
cost fewer pallet cycles to arrange all the components. All these cases show at least 20% reduction in
the pallet cycles, thus, the resource consumption, production cost and time could be reduced as well.

In summary, these case studies, where experienced managers have been operating ‘Factory A’
over a number of years, utilizing their experience in combination with current best practice, show that
this proposed model has genuine applicability to real-world scenarios. The proposed model provides
a scientific approach to generating optimized component schedules that are relatively simple to use,
while offering significant gains in production efficiency, time saving, resource consumption, and overall
cost reduction.

Table 8. The data for another six cases study of ‘Plant A".

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Component Type
Size Demand Size Demand Size Demand Size Demand Size Demand Size Demand

1 (428,350) 150 (326,435) 124 (450,345) 86 (410,370) 124 (320,310) 302 (325,445) 164
2 (475,360) 114 (326,316) 128 (425,310) 90 (344,325) 72 (292,80) 180 (325,360) 118
3 (360,320) 180 (326,420) 124 (344,385) 126 (344,385) 242 (328,162) 143 (325,380) 82
4 (96,84) 246 (106,86) 315 (114,100) 320 (106,85) 316 (448,132) 534 (448,38) 102
5 (110,90) 306 (115,100) 174 (100,80) 160 (95,80) 231 (136,106) 232 (398,34) 313
6 (425,36) 204 (355,34) 169 (355,32) 162 (375,36) 169 (440,36) 136 (440,36) 157
7 (480,40) 153 (320,32) 241 (380,34) 103 (420,40) 296 (390,42) 276 (376,36) 217
8 (420,36) 210 (415,38) 184 (94,75) 428 (530,40) 127
9 (338,300) 117 (110,90) 215

10 (338,364) 80 (106,78) 105
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Table 9. The layout schemes of the six cases.
Case 1 Case 2 Case 3
Component Type  Scheme1 Scheme2 Scheme3 Scheme4 Schemel Scheme2 Scheme3 Scheme4 Scheme5 Scheme6 Scheme7 Schemel Scheme2 Scheme3 Scheme4 Scheme5 Scheme6 Scheme?7 Scheme$
1 2 1 1 1 1 1 2
2 1 1 2 2 2 2
3 1 1 2 1 1 1 1 1 2 2
4 4 6 4 4
5 3 6 4
6 2 2 4 3 1 6
7 1 1 2 1 1 1 2 5 3 5
8 4 2 2 4 2
9 3
10 2
Number of
102 12 75 33 52 1 41 1 29 29 43 24 1 20 23 40 40 39
schemes
Utilization 96.3% 93.8% 88.6% 88.1% 97.1% 95.4% 93.7% 93.2% 91.6% 76.4% 95.0% 93.9% 92.7% 91.1% 92.5% 95.1% 81.0% 84.5%
Average 92.3% 88.6% 90.1%
utilization
Case 4 Case 5 Case 6
Component Type  Scheme1 Scheme2 Scheme3 Scheme4 Scheme5 Schemel Scheme2 Scheme3 Scheme4 Scheme5 Scheme6 Schemel Scheme2 Scheme3 Scheme4 Scheme5 Scheme6 Scheme?7 Scheme$
1 2 2 2 2 2 2 2
2 2 5 1 2 2 2
3 2 2 2 1 2 2
4 4 6 2 2
5 7 2 4 3 7 2 2 2
6 2 5 4 4 1
7 2 2 2 4 2 7
8 2 6 9 1
9 5 7
10 5
Number of
62 79 9 33 36 36 40 58 89 17 25 57 31 10 14 1 30 21
schemes
Utilization 91.8% 92.9% 92.3% 97.7% 71.4% 95.6% 93.2% 90.7% 98.6% 72.7% 97.9% 96.0% 94.9% 94.9% 93.0% 92.2% 93.7% 93.5%
Average 89.8% 93.4% 94.4%
utilization
Table 10. Comparison between the proposed method and the original method.
The Number of Pallet Cycles The Number of Curing Kiln Used
Case
Original Method Proposed Method Saved Quantity Saved Time (%) Original Method Proposed Method Saved Quantity Saved Money (RMB) Saved Ratio (%)
1 341 257 84 24.6% 17 13 4 19200 23.5%
2 251 189 62 24.7% 12 10 2 9600 16.7%
3 282 222 60 21.3% 14 11 3 14400 21.4%
4 235 188 47 20.0% 12 9 3 14400 25.0%
5 274 219 55 20.1% 14 11 3 14400 21.4%
6 294 230 64 21.8% 15 11 4 19200 26.7%
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6. Conclusions

This paper establishes a layout optimization model for scheduling precast components on pallets
during the mold setting process. The objective function of this model is to maximize the average
utilization of the pallets, considering the constrains inherent to the pallets (capacity/size), to the precast
components (demand and size) and to the layout rules (layout methods and positional relationship of
components). To the best of the authors” knowledge, there is no other formulation in the literature
for optimizing the mold layout plans of precast components production. The proposed model is
solved using a heuristic algorithm. The empirical analysis illustrates that the model and the algorithm
proposed in this paper are highly operable and can effectively improve the utilization rate of pallets.
The approach provides strong practical benefits for component manufacturers seeking to optimize their
production plans, shorten production time, and reduce production costs. In turn, the approach may be
expected to enhance competitiveness in the industrial buildings sector. Furthermore, the approach
brings significant environmental benefits, such as reducing the water and electricity consumption and
enhancing the utilization rate of steel pallets.

However, this model has some limitations. Notably, the proposed plan requires various types
of components to be loaded onto any single pallet, which may add complexity to the transport and
storage of the various finished precast concrete components. Certainly, it is expected that the gains will
far outweigh the costs, but that remains to be evaluated. In future studies, the cost fluctuations arising
from the above-mentioned problem should be explored. Beyond that, the model should be extended to
consider mold quantity constraints and time constraints related to the customers. Finally, a propriety
‘user-friendly” software should be developed to assist factories achieve the promised efficiency gains,
as well as reduce their production costs.
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