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Abstract

Volume home builders in Australia generally employ specialised subcontractors in their
house construction projects which introduces immense coordination and production
challenges. One of the challenges is increasing construction completion times due to
resource shortage. The volume home building industry is often considered as the part of the
construction industry that is very similar to the manufacturing industry. This paper
investigates to what extent resource availability affects the completion time of individual
houses when the volume home building production system is viewed as a manufacturing
production system. To achieve this objective a typical single storey house construction
process, which is based on actual data from a large volume home builder in Victoria, is
simulated with a number of different resource availability scenarios using discrete event
simulation methods. The simulation results demonstrate that the completion times stay
relatively stable up to a certain level of resource availability. However, further reduction in
resource availability leads to vast increases in completion times. This research shows how
simulation methods can be used effectively to predict the effect of resource shortage on the
completion time of individual houses.

Keywords: Volume home building, house completion time, simulation, resource
availability.

1. Introduction

The Australian home building industry is an important contributor to the Australian economy.
The home building industry provides jobs for 370,000 people and builds approximately
140,000 brand new homes, worth about $19 billion, every year and contributes 3.5 per cent
of Australia’s GDP (Housing Industry Association, 2012).
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The Australian volume home building industry is characterised by massive fragmentation. It
consists of many small, medium, and large companies ranging from material suppliers, to
home builders, and specialised subcontractors or trade contractors. This array of companies,
often linked by poor communication, introduces immense coordination and production
challenges; such as increasing construction completion time due to resources scarcity when
housing demand is high.

During the period of 2000 to 2008 there was an increase in the average house completion
time across Australia, as depicted in Figure 1.
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Figure 1: Australia quarterly average house completion times and number (Gharaie et

al., 2010b)

Gharaie et al. (2010b) and Gharaie (2011) examined whether house size, in terms of house
floor area was responsible for the increasing completion time and reached a conclusion that
house size had limited impact on completion time. Dalton et al. (2011) suggest that a
possible explanation for the lengthening in completion times could be resource availability
which is related to the contract system used in the Australian volume home building industry.

This paper investigates to what extent the completion time of individual houses in the volume
home building production system are affected by the availability of resources when viewed
as a manufacturing production system. To achieve this, the construction process of a typical
detached single storey house, which is based on actual data from a large volume builder in
Victoria, has been modelled and simulated with variations in crew availability for one trade
(concreter)

2. Context

The Australian volume home builders’ contract system consists of three forms of contracts
(Dalton et al., 2011), as follows.



* A Supplier contract is a contract between the home builder and a building material
supplier for the supply of building material only. The home builder will have other
contracts with specialised subcontractors to use these materials in the construction of
the house.

« A Supply and install contract is a contract between the home builder and another
company for the supply and the installation of materials on the house construction site.

e A Subcontract is a contract between the home builder and a subcontractor, who is
usually a tradesperson employed directly to complete a specific job using materials and
building components supplied by the home builder. These building components and
materials are usually delivered to the house construction site by using a supplier
contract.

In a typical house construction there are 108 contracts formed (Dalton et al., 2011) which
consist of supplier contract (31%), supply and install contract (53%), and subcontract (16%).
This number of contracts in new house construction is quite large and requires sound
coordination and scheduling between contractors. Bashford et al. (2003) state that one of the
critical factors that determines the successful completion of a residential project is the
management of the numerous handovers between predecessor and successor trade
contractors.

Dalton et al. (2011) state that each detached house project is delivered by a temporary
organisation. Cherns and Bryant (1984) describe the temporary organisation as follows:

it is, in fact, a multiorganization since its membership is drawn from
representatives of many different organizations; these representatives will
eventually disperse, going back to their own organizations or on to some new
project, when the building is complete, so it is only a temporary
multiorganization. (p. 181)

In the Australian residential housing industry, many of these organisations become part of a
multi-organisation comprising of partners or sole traders (Dalton et al., 2011). In the
construction industry as a whole, approximately 60% of enterprises were sole traders and
about 30% employed between 1 and 4 people (Australian Industry Group and The Australian
Constructors Association, 2008). Furthermore, each of these organisations may be involved
in other building projects being carried out by other multi-organisations or in other words by
other volume builders. For instance, a carpet company is probably supplying and installing
carpet material and fixing them in new homes being built by many volume builders. This
situation could lead to resource shortages which in turn would increase completion times as
jobs are delayed because subcontractors are not available when the volume home builder
needs the job accomplished (Master Builders Australia, 2010).

Volume home builder production systems are more comparable to manufacturing production
systems where more or less similar houses are being built repeatedly in a limited space.
Such views of residential construction as manufacturing production systems have been



discussed by numerous authors (see for example; Ballard and Howell, 1998, Barlow and
Ozaki, 2005, Blismas and Wakefield, 2009, Blismas et al., 2009, Gann, 1996, Koskela, 1992,
Koskela, 1999, Koskela and Vrijhoef, 2001, Wakefield et al., 2001, Wakefield and O'Brien,
2004, Winch, 2006)

This study attempts to model the effect of resource availability on the completion time of
individual houses in volume home building by using simulation methods. This study uses a
discrete event simulation approach which has been recognised as a useful technique for
quantitative analysis of construction operations (Bashford et al., 2003, Damrianant and
Wakefield, 2000, Gharaie et al., 2010a, Gharaie et al., 2010c, Lu et al., 2008, Lucko et al.,
2009, Martinez, 2010, Sawhney et al., 2005, Sawhney et al., 2001, Velarde et al., 2009,
Wakefield, 1998, Wakefield and A.Sears, 1997, Wakefield and O'Brien, 2004).

3. Definitions and Assumptions

In order to have a clear understanding of the study results, the following definitions and
assumptions are used in this paper.

3.1 Definitions

In this paper project duration refers to the duration of the construction of 100 houses;
completion time (CT) refers to the duration of the construction of one house; inter-arrival time
refers to the time between the construction start of two consecutive houses; work in process
(WIP) refers to the number of houses under construction; resources refers to human
resources only; throughput (TH) refers to the number of house completed per day; job refers
to an activity performed by a specific crew.

3.2 Assumptions

All the houses are identical in design and size; inter-arrival time remains constant during the
project; there is only one crew available for each job; job durations are deterministic.

4. Simulation of Volume House Production

A simulation model of a single story detached house construction process is developed
based on a construction schedule employed by a large volume home builder in Victoria. This
model comprises construction activities such as, slab construction, wall framing, roof tiling,
etc. Logical relationships between activities is then included in the model to represent
activities dependent on preceding activities.

The house construction process model is then simulated using Simul8 software with different
scenarios to investigate to what extent the variations in resource availability that occur in day
to day operations of volume home builders affect the completion times of individual house in
the production system.



4.1 Dynamics of the volume house production

The duration of the jobs vary between 1 and 7 days. There are 100 houses to be constructed
and each house construction process consists of 173 jobs performed by subcontractors and
suppliers. Figure 2 shows a small section of the Simul8 representation of the construction
process. All 173 activities are not included in this paper due to space limitation.

WWIZ 26 Yl Frame 1 WIC2T Frame Hardweare M3 Milestone 3 Ready for Trusses WIZ29 Roof Truss Delivery W31 Roof Truss Installation

w0 @l R .

WC2E Wl Frame 2 WWZE0 Wall Frame 3
u]

L0

U@ L]

&

Figure 2: Simul8 representation of the house construction process

4.1.1 |Inter-arrival time sensitivity analysis

With the assumption that all resources are always available when needed the simulation is
conducted with different inter-arrival times ranging from 15 days to 1 day. These inter-arrival
times are arbitrarily chosen in order to find out which inter-arrival time best represents the
current situation of supervisors of detached housing, as they are usually responsible for the
construction of up to 15 houses at any one time (Dalton et al., 2011). The simulation results
as shown in Table 1 are then used to calculate throughput and work in process as follows.

4.1.2 Throughput and work in process calculation
Throughput of the simulation model is calculated by dividing the number of houses
completed by the project duration. Once throughput has been determined the work in
process can then be calculated using the equation known as Little’s law which is a
production modelling equation relating WIP to TH and CT (Hopp and Spearman, 2008).
Little’s law is presented in the following equation:

WIP =CT x TH (1)

Where WIP = work in process; CT = completion time; and TH = throughput.

Table 1 shows the result of the simulation runs and the results of throughput and work in
process calculation.



Table 1: Simulation results of different inter-arrival times

Inter-arrival Averag_e Proje_ct Number of House Average /\A/://?rrli ?ne
e (Gay) | SomPelon | Dusston | Conpleted | Troughiut | process
(house)

15 160 1660 100 0.060 9.64

14 160 1560 100 0.064 10.26

13 160 1460 100 0.068 10.96

12 160 1360 100 0.074 11.76

11 160 1260 100 0.079 12.70

10 160 1160 100 0.086 13.79

9 160 1060 100 0.094 15.09

8 160 960 100 0.104 16.67

7 160 860 100 0.116 18.60

6 209.5 859 100 0.116 24.39

S5 259 858 100 0.117 30.19

4 308.5 857 100 0.117 36.00

3 358 856 100 0.117 41.82

2 407.5 855 100 0.117 47.66

1 457 854 100 0.117 53.51

Based on the simulation results in Table 1 it is then determined that a 9 day inter-arrival or
about 3 houses start every month which yields work in process of 15 houses is the best
inter-arrival time to represent the current situation of the supervisors, as determined by

Dalton et al. (2011).

4.2 Various resource availability simulation scenarios

The scenarios shown in Table 2 look at how the production system may behave by altering
the availability of the concreter crew while assuming other resources are always available
when needed and keeping inter-arrival time at 9 days for each scenario. In scenario number
3, for example, the concreter crew is only available 70% of the time that is 30% of the time

the crew is working on other sites for other builders and other supervisors.

Table 2: Overview of the simulation scenarios

Other Inter-
. I arrival
Scenario | Select resource availability | resources time
availability (day)
1 Concreter crew 90%
2 Concreter crew 80% A'Wﬁ{;
available
0,
3 Concreter crew 70% when 9
4 Concreter crew 60% needed
5 Concreter crew 50%




5. Results

The simulation results in Figure 3 show that up to 80% concreter crew availability yields
relatively stable completion times. However, when only 50% of the concreter crew is
available the completion times start to increase right after the third house enters the system
and the difference in completion time between the earlier and the later houses in the system
becomes larger. Take for example the completion times of house number 29 and house
number 94 which are 300 and 600 days in length respectively; that is a 300 day difference
when the resource is only 50% available. Whereas at 70% resource availability, the
completion times of the same houses are 191 and 297 days respectively yielding a 106 day
difference.

The simulation results show that the completion times stay relatively stable up to a certain
level of resource availability. However, further reduction in the resource availability leads to
vast increases in completion times.

700

500
£ /_/-/

]

=

)

g soo

b

= — -H-D:;ﬁ
2

3 400 - «30%
E.

8 / o

%30@ -'---,;':::’::“" cusess 50%
: e
=

200 = J;*F';Lﬂ'--ﬂ'—.-‘a

100 T T T T T T T T T 1

House Mumber

Figure 3: Completion time of individual house at different concreter crew availability
6. Conclusions

The nature of the Australian volume home building industry where subcontractors may work
for more than one volume home builder could lead to resource shortages when housing
demand is high. This study shows how simulation methods can be effectively used to
demonstrate the effect of a key resource shortage on individual house completion times
when volume home building production systems are viewed as manufacturing production
systems. However, further research in this area is needed to investigate the effect on



completion time when more than one resource shortage exists and when resources entering
and leaving the market are taken into account.
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