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Assignment optimization of multiskilled foreign labor for

construction industry.

Student : Chen Chiang Advisor : Ren-Jye Dzeng

Department of Civil Engineering

National Chiao Tung University

Abstract

The foreign workers were usually assigned works according to their productivity
assessed with the managers’ intuition or impression, when facing the inconsistency of foreign
worker's productivity. By the way, the foreign workers with some special skills may become
restricted resources, and some foreign workers maybe idle because of lacking some special

skills with the increase of parallel operations and work faces.

Managers must consider the different salary among the different kind of local technicians
and the cost caused of the foreign workers overtime working. Furthermore, managers also
have to think over the reduction of productivity due to the flexible assignment. As every
limiting condition complicated, It is difficult for managers to make decision resolutly and
clearly. Obviously, it seems to lack a kind of rational and systematical mechanism during the

process of assignment.

This study develops an integer programming model that consider the cost caused in
inconsistency productivity of each foreign worker and the reduction of productivity due to the
flexible assignment to facilitate manpower directly on the most economy assignment model.
After the model was set up, Genetic Algorithm was applied for searching the optimum
solution. The solution calculated by Genetic Algorithm can assistant managers to assign the

foreign workers to the suitable tasks that appropriate for the lowest manpower expenditure.

Keywords : Multiskilled workforce, Foreign worker, Assignment
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[2-1] Cass (1992)

Multiple tiers of field supervision that reduce overall crew efficiency.
[2-2] Thomas (1991 )

Worker idle times from 20-459%.

[2-3] Halpin (1991 )

Unassigned labor costs from nonworking supervisors, difficult crew coordination leading to

construction delays and rework.
[2-4] Williamson (1992) ; Cross (1996 ) ; Burleson et al. (1998 )

Research results indicate that multiskilling can increase theproductivity, quality, and
continuity of work, while providing fora safer site and providing managers more flexibility in

assigning tasks.
[2-5] Burleson et al. (1998)

Multiskilling is a labor utilization strategy in which workers possess a range of skills that are
appropriate for more than one work process and that are used flexibly on a project or within

an organization.
[2-6] Burleson et al. (1998)

Fall numbers of new craft entrans and reports of record low construction unemployment

indicate that there will not likely be enough skilled workers to meet rising demand for
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construction service.

Increased recruiting and image development efforts will help draw additional workers into the
industry. Another possible solution is to look at methods that optimize or better utilize the
skilled workers already in the industry. If a smallernumber of diversely trained individuals
could be used on a project for longer periods, the demand for new craft entrants can be

reduced. Multiskilling may provide this benefit.
[2-7] Burleson et al. (1998)

Four multiskilling labor strategies ( Dualskill labor strategy, Four skills labor strategy, Four
skills-helpers labor strategy, and Theoretical maximum labor strategy ) were defined and

evaluate in this study.

These srategies were developed cooperatively by reachers and industry partners to reflect a

spectrum of multiskilling possivilities.

The CII Model Plant was chosen as the basis for analysis because of the availability of

appropriate detailed project level data.

Benefit of multiskilled labor utilization strategies were demonstrated including potentially a
5-209% labor cost savings, a 35% reduction in required workforce, a 47% increase in
average employment duration, and an increase in earning potential for multiskilled

construction workers.
[2-8] Burleson et al. (1998)

The CII Model Plant is a theoretical, representative petrochemical processing facility. Nine
major components of a typical plant (a refractionation unit, tank farm, compressor unit, two
turbine generators, underground piping, pipe bridge, and a complete civil site package ) were
assembled to form the model plant. The model plant was developed over a 3-year period and
has since been used in two productivity benchmarking studies and one multifunctional

equipment utilization study.
[2-9]Hass et al. (2001 )

Strategies for multiskilling vary significantly for: (1)small maintenance projects, (2) small

25



capital projects,and (3) large capital projects.

Multiskilling provides the ability to perform more unforeseen maintenance activities, because

multiskilled workers and crews have a broader variety of skills.

Multiskilling was considered especially useful for developing varied small capital projects

that involve activities with relatively short duration.

Maintaining a large workforce composed solely of multiskilled workers is unfeasible and
unnecessary, because the peak workforce phase of construction allows almost all workers to
perform tasks in the craft in which they are specialized, and even requires the addition of

many single-skilled workers to meet demand.
[2-10]Hegazy et al. (2000 )

Because of its basic assumption of unlimited resources, the traditional critical path method
(CPM) of network scheduling often results in a project duration that is unrealistically short.
When a resource is limited, however, the daily demand of the resource by the various
activities may exceed its availability limit, and thus some activities have to be delayed,

causing a delay in project duration.

An attempt is made in this paper to modify existing resource-scheduling heuristics that deal
with limited resources, to incorporate the multiskills of available labor, and, accordingly, to

improve the schedule.
[2-11]Gomar et al. (2002 )

This research investigated the mechanics of allocating a multiskilled workforce and developed
a linear programming model to help optimize the multiskilled workforce assignment and

allocation process in a construction project, or between the projects of one company.

One of every four companies encountered labor shortages that resulted in serious project
impacts in terms of cost overruns and/or schedule delays. Because of these shortages,
minimizing the total number of worker-days used in a project is one objective of the model

developed.

Turnover also creates learning costs. Multiskilling reduces turnover by providing a workforce
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with broader skill sets. Thus, it is clearly desirable for the model developed here to seek to

minimize the number of hires and thus fires in the allocation and scheduling process.

[2-12]Beasly and Cao (1996 )

In order to structure our literature survey we consider airline crew scheduling, mass transit

crew scheduling and generic crew scheduling separately.
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