
Increasing Efficiency with Prefabrication in the Construction Industry 

 

Objective 

To research and preview the use of modularization in commercial construction in the past, as well as its 

practicality in the future.  

Abstract 

Efficient practices in the construction of buildings and structures are sought after by all in the 

capital facilities delivery industry, including but not limited to owners, engineers, architects and 

contractors alike. As the construction industry seeks to move towards greener and more sustainable 

practices, along with it comes the desire for positive impacts on cost, project schedule, and waste 

reduction among other factors. This report provides an overview of the innovative method of 

prefabrication in construction, a technique that is underutilized in the construction industry despite its 

potential uses of increasing industry efficiency. As time and project schedule begin to emerge as the 

dominating factor, prefabrication is able to provide the most time-efficient solution. The concept of 

modularization has been present in the form of residential applications for centuries, and is now 

beginning to be explored for commercial application. As design presently moves towards strictly digital 

applications through Building Information Modeling (BIM) technologies, commercial modularization 

through use of off-site prefabrication is becoming a more viable option.  Prefabrication through 

modularization provides many benefits to all major parties involved in the building process by providing 

a more controlled and safe environment, organized quality control processes, a more sustainable 

procedure through elimination of waste, and a flexible project schedule that should be considered when 

deciding the best method of construction in the commercial setting.  

  



Introduction 

As arguably the world’s oldest industry, construction has been around for millennia and will 

continue to be the industry that shapes the tangible environment made up of buildings and 

infrastructure. It has however, been one of the slowest industries to become more productive in the 

sense of economical and time factors1, even as material, equipment and software technology continue 

to evolve at a growing rate. As a result of the inability of the industry to conform to these new 

technologies at the rate they are being produced, productivity and operational efficiency in the field of 

commercial construction has fallen victim to factors present when erecting structures on-site2. This can 

put a project at the mercy of code requirements and weather inconsistencies, as well as noise 

complaints and site access issues to name a few. These subjects among other things can almost be 

eliminated by the use of another age-old industry that is being severely underutilized for the benefits it 

provides, even though it is being applied more commonly in the industry now than it was years. 

Prefabrication through the use of manufacturing in an off-site capacity has been considered as a method 

of construction that is not only recommended, but critical for enhanced productivity and provides 

several other benefits3. Prefabrication helps to simplify construction processes within a controlled 

factory environment by using manufacturing techniques such as the assembly line improved by the use 

of building information modeling (BIM), which creates precise templates for construction that ultimately 

reduces waste during production. These benefits all work to reduce overall construction costs, 

abbreviate building timelines, and improve working conditions that decrease risk of injury4. It is also 

important to note that while there may be some substantial benefits to producing building components 
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within the confines of a shop setting, there are also some elements that may affect the capacity at 

which a project uses prefabrication. These factors include the necessity for precise plans due to 

difficulties in altering the design of a prefabricated building, the shipping schedules and delivery loads, 

and the location of the building geographically5.   

Methods of Off-Site Production 

Prefabrication 

Prefabrication is defined by the Merriam-Webster dictionary as the fabrication of parts in a shop 

setting “so that construction consists mainly of assembling and uniting standardized parts”6. This is the 

broadest term for preassembling construction components that come together as a whole in the factory 

off-site, and are then shipped to the site. Prefabricated elements are also referred to as preassembled 

parts, and are usually on the smaller side7 so shipping and delivery is manageable, however there are 

instances where larger pieces are factory-built. 

Precast Concrete 

The art of precast is to be “ready to be used to build something”8, and precast concrete is just 

that; concrete that is placed, reinforced, cured and finished in the factory before being shipped to the 

site to be put into place. Concrete prepared in this way offers a greater level of fire resistance and sound 

attenuation9, while also having the opportunity to have a decorative finish perfected off-site. Precast 

concrete also can be formed while foundation systems are being installed, so the installation process of 
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entire wall and elevated slab structures can be mass produced simplified by crane erection. The site-

placed concrete slows the construction process due to formwork assembly and curing times before 

more concrete components can be placed, with the possibility of delays due to weather conditions and 

traffic impeding concrete trucks.  

Modularization 

Modularization is the act of building complete volumetric units the size of rooms that are fully 

fitted with finishes, furnishings, and mechanical, electrical and plumbing connections10. The use of this 

form of off-site construction is most commonly used for hotel and apartment construction, as pre-built 

rooms provide convenient building blocks for the formation of the structure. Modules in a multi-story 

building are all pre-designed to interlock together through an engineered system and created to 

surround a stabilized core system made up of steel and/or concrete elements.  Depending on the 

design, these module pods have the opportunity to be identical in nature or have variations that have a 

set place in the multi-story structure, i.e. corner-supported modules that have different structural 

elements as well as architectural design elements11. When installed on-site, the conformation of the 

individual modules is designed to be a permanent structure placed on a foundation system12, but with 

the potential to be disassembled, i.e. if damage is sustained to the building for any reason. Building 

modularly shares a number of benefits that the other forms of prefabrication do, but one that is unique 

to the method is doubly insulated floors, walls, and ceiling systems. Since each room is its own unit, 
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when they are stacked adjacent to other units, it forms a dual-barrier between rooms providing an extra 

sound barrier, better fire resistance and better temperature control from the two layers of insulation13.  

Industry Productivity and Efficiency 

Aggregate productivity gains in the construction industry have been studied for decades, and 

while some say that the productivity within the industry “has been low and possibly declining”14, there is 

a statistic that claims the reason for it is “due to its slow adoption of information technology”15. Other 

studies suggest that productivity has risen due to wage reductions and deskilling of the subcontractor 

trades16.  However, productivity increases as a result of those factors do not propose a solution to 

continually aid in the increase of industry efficiency, and for as long as there is physical labor involved 

with the creation of structures, human error will exist and ultimately be responsible for setbacks. The 

practice that seems to provide the most promise and opportunities to provide gains in productivity is 

the use of prefabrication through manufacturing off-site17. Prefabrication in the shop setting has the 

potential to provide a level of quality control that cannot be attained by working on-site, especially with 

the technologies that have been and continue to be developed. Precision, speed and volume are the 

three key areas that prefabrication aids the necessity for productivity; once a template is designed and 

engineered to the desired final product, it can be entered into an automated system where components 

are cut to size and either assembled by the use of robotics or skilled laborers, quickly and systematically. 

While prefabrication is being used for a select number of construction activities currently, it has been 
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found that segregating certain building activities into on-site and off-site responsibilities has eliminated 

the ability to arrange for more construction to be completed off-site and more assembly completed on-

site18. 

Reliance on Technology and Building Information Modeling (BIM) 

Along with the desire to move the industry to become more productive in its ability to produce 

final products at a faster pace, there comes a need for a vehicle to provide accurate plans and 

specifications not only to create a clash-proof system regarding measurements and materials, but also 

because of the difficulties that exist in altering the design of a prefabricated building. Three-dimensional 

(3-D) models produced by building information modeling (BIM) can provide these capabilities in a way 

that two-dimensional (2-D) drawings cannot. BIM models have the ability to create a reliable, pictorial 

composition that architects, engineers, contractors and manufacturers can use to visualize the final 

product in its completed state19 when used at its full capacity.  Generating a BIM model also gives the 

creator the opportunity to detect errors within the building systems, as well as coordination between 

trade responsibilities. Once a BIM model is complete with the approval of an architect and several 

engineers, it can be used as the final template to prefabricate most elements of a future building by 

increasing component yield and quality, reducing the time of construction, decreasing waste and 

environmental impact on-site, and creating a safer, controlled working environment for laborers20 21.  

Various stages of prefabrication can benefit from BIM application, as regardless of whether the 
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prefabricated elements are small preassembled components or entire module pods, the ultimate 

advantage that a model provides is a more efficient and cost effective way to eliminate time from the 

construction schedule22.  

With the use of this BIM technology that is continuously updated to include additional functions 

and provide new ways to be technically precise with data, modular building has now become a viable 

option for high-rise residential construction, with the largest modularization challenge being the 

fabrication of mechanical, electrical and plumbing (MEP) systems23. Precise measurement and 

placement is required to be effective in manufacturing operational modules, and producing a 3-D model 

for the purpose of MEP coordination seems to be an effective method to avoiding coordination issues 

when assembly of the module pods is required on-site.  

Sustainable Applications and Waste Reduction 

It has become a driving force in the construction industry to use sustainable practices in design 

and construction when making considerations for a renovation or a new structure that is to change the 

landscape. When considering the finished design and the construction methods to be used for a project, 

commercial buildings owned by corporations are being pushed by corporate social responsibility to 

strive for a greener structure24. With these sustainability requirements becoming more prevalent in 

building, certifications such as Leadership in Energy and Environmental Design (LEED)25 are commonly 

used to evaluate the performance abilities and sustainability and newly built or renovated structures 

based on certain green-building criteria. As a means of constructing a multi-story building that has the 
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potential to create less waste, recycle what waste remains, produce less emissions and attain energy 

savings, reduce noise pollution, and improve safety on-site, prefabrication has the ability to provide all 

of these benefits26. When construction is done in the factory setting, material is used only when 

necessary and if there is any leftover, it can be readily recycled for another component or project27. 

Emissions are reduced since the amount of deliveries to and from the site are controlled by the amount 

of product that comes from the factory, and noise pollution is reduced because construction time is 

reduced when components come to the site preassembled.  Safety is greatly increased in the factory 

setting, as laborers are working at a stationary site implementing predictable activities that do not give 

the opportunity for site-intensive construction accidents28 due to factory quality control standards. 

When prefabrication is increased to entire modules in modularization, these benefits provide even 

greater value to a project, with recorded waste reductions of 70% by efficient production practices, 

improvements in quality by reduced call backs, and less injuries on site by proven safer module 

construction sites29.  

Shipping and Delivery Scheduling 

Another facet of the prefabrication process that needs to be considered when deciding on a 

degree of prefabricated products in a project are shipping logistics and delivery schedules when 

transporting prefabricated items from the factory to the site30. While cost and construction schedule 

time are greatly reduced in the prefabrication process in the factory, shipping the components is where 

accurate scheduling becomes essential for on-time delivery to the site. When prefabricated components 
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are being used, a lead time is given by the factory to the contractor and updates are given to have it 

delivered to the site at a time agreed upon by the factory and the contractor. In the case of modules 

being produced for a commercial modular building, an accurate schedule with the building times for 

each module, the amount of modules being produced per day, the amount of modules that can be 

shipped per day, and the amount of modules that can be installed per day all need to be considered in 

the assembly schedule on-site to precisely estimate the schedule for the erection process31. There are 

other considerations to be made directly related to the transportation of the prefabricated components 

or the modules, including but not limited to their physical size, weight, material composition, and center 

of gravity, as well as where the prefabrication factory is in relation to the site itself and the weather 

conditions at the time of travel32. These factors can affect the method of how the components or 

modules are shipped, whether it be by truck on the road or by barge on the water. These shipping 

methods can in turn be affected by how close in proximity the factory is to the building site, making it 

within the best interest of the parties involved to have the prefabricated materials as close to the site as 

possible to improve the schedule and cost implications.  

Location Considerations for Installed Prefabricated Units 

While the methods for constructing a multi-story building with some level of prefabrication 

provides benefits that do outweigh techniques that involve only on-site construction, in some cases 

geographical location may affect whether or not using prefabricated systems are the best choice for a 

building, or whether more engineering needs to be factored into the design. Particularly with 

modularization, areas where seismic activity is more common gives reason to engineer the foundation, 
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core and modules to withstand extreme earth disruption. Modules are typically constructed with steel 

frames around a concrete core33, thus giving it a rigidity that cannot move as easily as other materials in 

the case of a great earth movement where the building must sway with the vibrations rather than fight 

them. In these areas, modules must be given a more malleable design regarding the structure so as to 

avoid this potentially fatal error, or else risk the building and its inhabitants. There are other ways to 

reinforce the modular building from a seismic event, but if ductility is not modified in the original design 

to accommodate for the geographical difference, “modular design can become unnecessarily costly, 

bulky, and inefficient.”34.   

Case Study – Hilton Palacio del Rio Hotel in San Antonio, Texas 

San Antonio’s “Palace on the River” was constructed by the H. B. Zachry Company in 1968, just 

before the World’s Fair was to be hosted in the city. The “HemisFair” event was going to bring in a 

considerable amount of tourism, large companies, and important people to the area, and it was 

recognized that there was going to be a shortage of places to stay for the exhibition’s expected 

attendance.  The city council needed the fastest way to remedy the situation while still keeping to 

building and moral codes, and as chairman of the fair, Henry Bartell Zachry (commonly known as H. B. 

Zachry) himself stepped up to the challenge35. The construction company ran a feasibility study and 

found that no traditional method of construction could have a hotel built in the nine months before the 

fair, so he suggested an innovative construction method for its time. He proposed that his company 

could provide an entire 500-room hotel constructed of monolithic modular rooms that would be 
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prefabricated off-site and assembled on the 54 foot by 350 foot site. Because of its proximity to the 

river, hence the hotel’s name “Palacio del Rio”, a strong structural system including a retaining wall and 

piers had to be traditionally constructed first before the module placement process could begin. The 

first four floors of the building were also fashioned by usual on-site construction methods to help 

provide a strong foundation. From there, slip-form construction was used for the concrete and steel 

cores that housed elevator shafts and stairways at a height of 21 stories, and also served as the central 

structures that connected the 16 stories made up of 496 modules to the core as a whole36. These 

modules were assembled into the multi-story structure lifted by a crane, with modules staggered not 

only for a modern aesthetic appearance but also to add privacy to the balconies on each on the units. 

The final phase was topping off the building with conventional construction techniques by installing a 

metal roof deck that sealed the tops of the module units and built up the final floor that housed a 

ballroom and dining room areas.  

The modules were designed to be complete hotel rooms, and were put together by assembly-

line methods in a factory eight miles from the site. They were formed from light-weight structural 

concrete and before being delivered to the site, each module was fully outfitted with MEP connections 

ready for linking on-site, finishes, and even furnishings. Finishes were of old Spanish design and there 

were five distinct styles assigned for each of the modules by Hilton standards. All furnishings, including 

lamps with bulbs, color televisions, and fully made beds, were bolted down in the rooms so as not to 

move during the lift and placement of the module. The units were 33 feet and 30 feet long, 13 feet wide, 

and 9 feet 6 inches high37. Each module weighed up to 35 tons once complete, and the weight of all 16 

hotel room floors needed to be supported by the strong foundation put into place at the outset of the 
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project. Once completed, each module was numbered with the hotel room number it was to receive in 

the hotel so as not to confuse those who were lifting and assembling the modules on-site. These 

modules were manufactured and delivered in the order they were needed to the site, taking a total of 

71 days to completely cast and furnish them all. The average placement of modules ended up at 17 

modules per day once the operation became second-nature to the crane operator and the assembly 

crew. The greatest number of modules placed in one day was 35 units, placing the equivalent of over 

one hotel floor at 31 modules. These room modules were finally placed and connected with only 100 

days left until the HemisFair opening day on April 6, 1968 and H. B. Zachry Company scrambled to 

complete the top floor and all the finishes regarding the core shafts that bond the modules to the 

building. The Hilton Palacio del Rio was completed on-schedule before the rest of the structures for the 

World’s Fair were finished, making the H. B. Zachry Company one of the first construction companies to 

construct a (mostly) prefabricated building by use of the modularization technique successfully.  

Summary and Conclusions 

The research and case study above demonstrate how prefabrication may affect the course of a 

project in any number of positive ways. Prefabrication in an off-site setting provides a way for 

construction to be productive and efficient in a way that conventional, on-site methods do not. Our 

society continues to develop more advanced technology that allows the opportunity for great 

adaptability for new building techniques through BIM. These developments are also pushing corporate 

social responsibility on corporations and other large conglomerates regarding sustainability and waste 

reduction techniques when building. These incentives to using prefabrication are paired with more 

beneficial products, including reduced project costs, abbreviated construction schedules, safer working 

conditions, and less time creating disturbances on-site among others.  However, shipping and delivery 

logistics must be well thought out and predetermined before a project can begin, in addition to design 



considerations regarding geographical location when choosing where prefabricated material can be 

erected or else risk imposing large cost implications to a project.  

Benefits of prefabricated construction were demonstrated in the case study of the Hilton Palacio 

del Rio hotel constructed in 1968 by the H. B. Zachry Company for the World’s Fair, as this hotel was 

constructed in less than a year by correct usage of the modularization technique. As this building was 

constructed in the 1960s, the computer technology such as BIM was not yet invented, but painstaking 

time went into the design, engineering, construction, and planning of the modules individually and the 

hotel as a whole. Waste was reduced by work being completed by assembly-line methods, and the site 

was only eight miles away from where the modules were being constructed, allowing for ease of 

transport. Additionally, San Antonio, Texas was not knowledgably near any geographical fault lines that 

could allow for seismic activity, so additional design considerations and reinforcement did not need to 

be made for extreme earth movements. The Hilton Palacio del Rio was famously, and more importantly 

safely, constructed in a total of 202 working days, accomplishing what seemed like an impossibly fast 

schedule for constructing a 21-story building.  
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