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Ab&& 
This paper presents a new approach for concrete plant 

operations optimizstion by combining a ready mixed concrete 
(RMC) production simulation tool (called HKCONSIM) with 
a genetic algorithm (CA) based optimization procedure. A 
revamped HKCONSIM computer system can be used to 
automate the simulation model construction, conduct 
simulation experiments on certain scenarios of site orders and 
resource provisions, and optimize the system perfonnanw 
measums under a stochastic simulation environment. 
HKCONSIM is suitable for assisting a RMC plant in its 
resoume provision planning and concrete production 
scheduling in order to meet given demands at a number of 
sites for concrete over a working day, determine the least 
costly, most productive amount of truckmixer resources to 
improve the supply service level and the utilization level of the 
truckmixer resources available. To simulate and optimize the 
RMC production operations with HKCONSIM does not 
require familiarity by the user with any software-specific 
terminology and modeling scbematics; simulation model 
construction can be easily acbieved by specifying the 
attributes for each pour and site and providing the plant and 
truck-mixer resou~p available on self-explanatory on-screen 
forms. This paper also presents two case studies for 
optimiaOg concrete plant daily operations based on Hong 
Kong's real operations data. Conclusions are given on the 
research and recommendations for future work made. 
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1. Introduction 

Genetic Algorithm; Stochastic Optimization; 

Ready mixed concrete (RMC) accounts for an 
increasingly high proportion of the concrete consumed on 
residential building, heavy and highway construction 
projects. Compared with on-site mixed concrete, RMC 
affords the advantages of stable quality, less pollution and 
less working space requirement, which are of significance 
to many construction sites, especially those in crowded 

large cities such as Hong Kong, Beijing and Tianjin. In 
these cities, many central concrete plants are in operation 
and more are being established in order to meet the 
growing demand of concrete in construction sites. A study 
benchmarking the performance of concrete placing in 
buildings (covering Hong Kong, Beijing, UK, and 
Germany) has found that metropolitan areas typically adopt 
the one-plant-multi-site RMC production and supply 
system; site productivity is influenced not only by the 
placing method and other site factors but also by an 
inevitable imperfect concrete supply [l]. Timely concrete 
delivery by. truckmixers on site contributes. to not only 
continuous, productive. site operations on the side of 
contractors, hut also the cost-effective utilization of limited 
mckmixer resources on the side of the plant. Hence. 
enhancing the coordination between a RMC plant and the 
sites is as critical to improving the productivity of the 
placing operation, as enhancing the efficiency with which 
sites and the RMC plant are separately managed. In order 
to become profitable and competitive, it is also crucial for a 
RMC business to he able to deploy less truckmixer 
resources and marshal more efficiently its truck-mixer fleet 
in running its daily operations. 

The present research is mainly concerned with how to 
apply operations simulation modeling and GA optimization 
to resource planning and production planning of a RMC 
plant in order to achieve better plant-site coordination and 
meet the daily demand of sites for concrete. The emphasis 
of the simulation and optimization model is on (1) the 
estimation of the number of truckmxiers of certain volume 
capacity to he deployed, (2) the estimation of the 
interarrival times of consecutive truckmixers on different 
sites (i.e. the supply rate), (3) the service levels in terms of 
timely delivery acbieved on each site, and (4) the utilization 
levels of plant resources available (i.e. mainly the hatching 
bays and truckmixers). 
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2. Review of Previnus.Related Work 

2.1. OperatinnS simulation 
. I .  

Simulation is to imitate the operations of a real-world 
process or system over time [2]. Operations simulation has 
been proven as an effective tool for engineering complex 
construction processes that feature. dynamic queuing and 
resource interactions.. The best known construction 
simulation method is the activity cycle. diagram based 
CYCLONE, which uses six modeling elements to model 
typical,. repetitive construction . processes [3]. The 
development of the activity-based construction simulation 
method (ABC) is intended for making simulation as easy as 
the critical path method (CPM) without compromising the 
functionality .of simulation [4]. The simplified 
discrete-event simulation approach (SDESA) further 
streamlined the algorithm and modeling schematics for 
discrete-event simulation [ 5 ] .  The executive program of 
SDESA controls the simulation operations by manipulating 
two dynamic queues, namely, the flow entity queue and the 
resource entity queue. A flow entity, passing through a 
sequence of activities in a process, is an essential element 
with-common time attributes to initialize an activity, 
engage with resource entities, and acts as a key to control 
the execution of an activity. SDESA distinguishes 
disposable resource entities from reusable ones to represent 
some intermediate products or command units that can he 
used once only. SDESA was particularly adopted for 
creating the simulation tool of HKCONSIM [6] after 
twenty weeks during 1999/2000 period were spent in 
observing the practical RMC operations in Hong Kong and 
collecting fifteen operational days of reliable and 
substantially complete data [7]. HKCONSIM drew on these 
raw data in estahlishmg statistical distributions for activity 
durations such as loading concrete, plant-site travel time, 
unloading concrete etc. 

2.2. Genetic algorithms 

The GA was conceptualized by John Holland in the 
1970s. and was originally devised as an algorithm for 
optimization search and for computationally studying the 
process of evolution [8]. The basic idea is that by following 
the rule of “the survival of the fittest”, many different 
possible solutions (i.e. the chromosomes) to a problem 
compete amongst themselves, replicate, mate (or crossover), 
mutate, are.evaluated with respect to an objective function, 
and further evolve according to the evaluation result (i.e., 
the higher the fitness score for a chromosome, the more 
chance for the chromosome to survive and further evolve). 
GA has been used successfully to tackle numerous resource 

scheduling applications, including the resource allocation 
and leveling combined scheduling [9], the optimization of 
resource-activity critical-path method [IO] and the resource 
optimization in operations simulation [ll]. 

3. HKCONSIMSystem . 

3.1. Concrete pdudioddelivery operations 
. modeling 

HKCONSM allows the user to input the site demand 
attributes through a simple site demand assignment form 
(Figure 1). These attributes include the site n>, the volume 
of concrete ordered (in cubic meters), the plant-to-site 
traveling distance range, themethod for placing concrete, 
the site requirement for truckpixer volume capacity (i.e. 5 
m3 only, or 7 m3 only, or no specific requirement), the first 
buckmixer’s arrival time (i.e. when site crews and 
equipment are ready to. start pouring operations),’the 
estimated inter-arrival time of consecutive truckmixers (i.e. 
the average time of unloading a truckmixer relating to the 
site placing method),.and the priority of a site (e.g:the plant 
operator may assign a higher priority to a pour with a larger 
volume of concrete ordered; when multiple sites request 
concrete simultaneously, the next returning truckmixer is 
dispatched to the site with the highest priority). . .  

. ,  ‘ 1. 
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Based on the site demand data entered, HKCONSIM 
can automatically generate the SDESA simulation model. 
Since the concrete plant usually serves a large number of 
sites in its daily operations, the one-site-multi-site 
simulation model is created for dealing with each site 
individually and explicitly. Figure 2 shows the 
one-plant-multi-site SDESA model.. The RMC production 
and delivery process is divided into 6 distinct activities, i.e. 
batching and loading concrete into the truckmixer; washing 
and checking out the truckmixer at the plant; the 
truckmixer traveling to a specified ‘site’; unloading the 
,truckmixer on site using a particular placing method; 
washing out plus waiting on.site; and the truckmixer 
retuming to the plant). Statistical distributions for these 
activities’ duration are classified by the size. of truckmixers. 
the plant to site distance range, the placing method on site. 
In order to control the interval of dispatching consecutive 
truckmixers to a certain, site, another activity called 
“Interval” is added into the model. This activity requires no 
resources.and its duration is set as the inter-arrival time of 
consecutive truckmixers estimated for the specified site. 
This “interval” activity will be activated following the 
completion of batching and 1oading.one truckmixer. When 
the “interval” activity finishes; another request for 
truckmixer (a flow entity) will be inserted to the waiting list 
for the “batch & load” activity to process. In dealing with 
those sites that accept both the 5 m3 and 7 m3 truckmixers, 
the concept of ‘‘Substitute Resource” is introduced into this 
model, which allows the user to assign’different types of 
resources that can be alternatively used by an activity 
subject to availability and user-defined priorities. A similar 
process model is generated for each site that the plant 
serves, enabling the simulation tool to handle each site 
individually and track site service performance. 

3.2. SDESA operations simulation 

After the simulation model is set up, the user can take 
advantage of the tools and functions provided by the 
SDESA simulation environment to simulate ‘and analyze 
the concrete plant operations. The SDESA executive selects 
an unprocessed flow entity (i.e. the site order) with the 
earliest arrival time from the flow entity queue for 
processing, which can be regarded as observing the 

fmt-in-first-out queue discipline. The simulation process 
ends when (1) there is no any entity in the flow entity 
queue or (2) all the flow entities in the queue can not be 
processed because not enough resources are available in the 
resource pool (i.e. resources become unavailable as the 
total simulation time is over) or certain control conditions 
are satisfied (e.g. concrete as ordered have all been 
delivered). 

Thmugh the simulation, the user can easily find the 
complicated relationships between the pattems of demand 
for concrete, the plant and truckmixer resources available 
to the system, and both the service levels achieved on sites 
and the utilization levels achieved for the resources 
involved [6]. Note that the original HKCONSIM is merely 
a simulation tool, which is capable of analyzing the 
performance of the plant operations given certain amounts 
of truckmixers of different volume capacity and interarrival 
times on sites. A trial-and-emr approach is required to 
experiment with various combinations of resource 
provisions and site interarrival times in attempts to improve 
the site service levels and the resource utilization rates. 
However, given the large number of possible resource and 
time combinations, trial and error is too time-consuming to 
arrive at a solution, and does not guarantee an optimal 
solution to such a complex NP-complete problem under 
uncertain constraints. 

33. GA fnmulation 

GA is applied for optimization of an HKCONSIM 
operations simulation model with the optimization 
variables set as the amounts of truckmixers and the truck 
inter-arrival times. The fmt two positions in the 
chromosome string are the amounts of the 5 m3 and 7 m3 
truckmixers (Hong Kong’s common practice), respectively, 
and the following positions are the interarrival times set for 
each site (Fig. 3). 

I 
FlnrhW 

Figure 2. One-Plant-Multi-Site model 
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Figure 3. Gene Structure for the GA Optimization 

HKCONSIM provides two different optimization 
objectives for the users to choose from (Figure 4). The first 
objective is to minimize the site idle time and improve the 
site service level (SSL) achieved by the RMC plant; the 
objective function takes the form of adding up the site idle 
time incurred on all  the sites during the simulated period. 
The other objective is to minimize the idle times 
concerning all plant and site resources in the system, 
including the batcbhg bay, the truckmixers and the site 
crews; the objective function is then defined as the total 
operational inefficiency time P I ) .  Note that the 
performance measures of SSL and TO1 were proposed and 
clearly defined by Lu [12]. 

The steady-state GA is applied to optimize the 
HKCONSIM. The system fmt generates an initial 
“population” of random chromosomes, and then evaluates 
the fitness score for each chromosome in terms of its 
average SSL or TO1 values obtained from multiple 
simulation runs (say 30). attempting to reduce the influence 
of randomness on simulation outputs due to Monte Carlo 
sampling processes in simulation. Next, two chromosomes 
with higher fitness scores are selected from the population 
to reproduce offspring chromosomes as follows: a random 
num p between 0 and 1 is genera&, if p is less than the 
crossover probability (Pco) then uniform crossover the pair, 
otherwise change each bit of the pair by the mutation rate 
(Pmu). Either crossover or mutation operations will result 
in two new chromosomes added to the population. The 
population is then ranked by the fitness scores of 
chromosomes, and the two achieving the lowest fitness 
scores are removed f“ the population. The stopping 
criteria for the optimization are as: (1) no improvement has 
been observed on the objective function over two 
consecutive iteration intervals or (2) a maximum of 
iterations (e.g., loo00) is reached. 

Figure 4. Optimization Settings 

4. Casestudy 

This section presents two case studies for applying the 
simulation-GA combined approach and the revamped 
HKCONSIM computer system to optimize concrete plant 
daily operations based on Hong Kong’s real operations 
data. 

4.1. Twenty-four sites ease 

The first case study looks into a Hong Kong concrete 
plant on a particular day, serving 24 sites to supply a total 
of 386 m3 of concrete in its daily operations. The distance 
between these sites and the plant ranges from 4 kilometers 
to more than 30 kilometers. 

The optimization objective is set as improving the site 
service level (SSL), i.e. to minimize $e total site idle time 
due to tardy concrete delivery. The truck interanival times 
and the number of mcks are all set as optimization 
variables. The number of simulation runs for evaluating the 
fitness score (SSL) by GA is set .as 30 and the iteration 
interval for checking GA’s, progress is set at, every 100 
iterations. 

The optimization procedure took about 3 hours on a 
Pentium IV 2.0 GHz PC to complete. Table 1 shows.the 
site demand settings and the optimization results. Note @at 
the truckmixers enga ed increase from the original 14 (i.e. 
8 5m3 truck and 6 7m truck) to optimized 29 (9 5m3 and 20 
7m3 respectively), the inter-anival .times arealso shortened 
for all sites. Meanwhile,.the total site idle time (SSL) in 
terms of 30 runs average decreases from 1429.47 min. to 
97.57 min. but the averaged t o d  operation inefficiency 
time increases from 4326.05 min to 8498.73 min as the 
expense of improving site service levels by adding 15 extra 
tluckmixers. 

f 
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Table 2. Site Demand and Optimization Result 
of the 31 Sites Example 

Table ].,Site Demand and Optimization Result 
of the 24 Sites Example' 

. . .  . . .  

.4.2. Thirty-one sites case 

The second case study is a h  based on one-day real 
site demand ,data obtained from Hong , Kong.. h this 
example the'optimization objective is set as improvihg the 
total operation- efficiency, i.e. to minimize the total 
operations. inkfficiency (TOI) .time. The 'optimi,zation 
settings are the same as the previous example. 

The optimization procedure took about 3 hours 48 
minutes on the same computer. Table 2-shows the site 
demand semngs and the optimization results. Note that the 
numbers of truck&xers engaged decrease from 20 to 12 
(from. 10-5m3 trucks and 10-7111' trucks to 2-51? trucks and 
10:7m3' trucks), the inter-arrival times have increased or 
decreased 'on 'different, sites. The, total time of operations 
inefficiency is greatly shortened from the original 6244.62 
min to the optimized.2778.55 min. But the site idle time 
(SSL), by contrast; increases from 497.60 min to 1271.14 
min due to'shrinking the truckmixer fleet size. F 

. .  i' . , 
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43. Comparison of two optimization objectives 

Table 3 compares the resource utilization rates in 
terms of working percentage for the above two case studies. 
It is seen that when the site service level (SSL) is selected 
as the optimization objective (as in the 24 sites example), 
the sites resources' utilization rate are higher than in the 
original case, but the truckmixer resources are relatively 
undemtilized (averaging 45%) . This optimizatlon mode is 
most suited to situations in which the concrete plant has 
sufficient truckmixers and intends to improve their service 
level by providing adequate plant resources. 

By contrast, when the total operations efficiency VOI) 
is selected as the optimization objective (as in the 31 sites 
example), the site idle time is longer, but the utilization rate 
of truckmixers is much higher (nearly 90%). Hence, this 
mode caters to scenarios (1) when the concrete plants do 
not have enough buckmixers and hope to improve their 
truckmixers' utilization rates, or (2) when improvements on 
the efficiency of the whole system's performance are 
desired. 
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Table 3. Resource Utilization Rate in Two Scenarios 

5. Conclusions 

Combined simulation and genetic algorithms can be 
successfully applied to model and optimize the concrete 
plant operations in a practical one-plant-multi-site concrete 
production and supply seiting. The genetic optimization is 
suitable ‘for finding the near-optimal solutions in a 
relatively shon time. The two different optimization 
objectives (Ce. SSL and T01) can’be used in different 
situations to address different priorities. Taking the’ SSL 
objective can reduce the site idle time, improving the site 
service level. By contrast, selecting the TO1 objective can 
increase the plant’s resource utilization rates and the overall 
efficiency of the total system. The simulation-optimization 
tool developed will help the users to. analyze the 
performance of a complicated logistics system and’evaluate 
various scenarios postulated. 

In the ongoing reseakb; the HKCONSIM is being 
tested on real projects to improve plant daily ,operations 
planning and truckniixer deployment and dispatcbing, and 
will be further augmented to (I) model the 
multi-plant-multi-site model that allows the construction 
sites to have more than one concrete producers, (2) allow 
multiple objective optimizations (e.g. the total operation 
time, the cost of the plant and the sites, etc.), and (3) 
consider the quality standards achieved (e.g. the freshness 
of delivered concrete) and (4) the relative importance of 
each site customer as appreciated by the plant operator (e.g. 
pour size, client loyalty are such factors). 
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