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ABSTRACT

Latin America and the Caribbean are experiencing a severe housing shortage. The
construction industry plays a pivotal role in housing provision and must find means to
increase output and productivity in housing construction. However, inefficient
production techniques, commonly associated with the building industry, exacerbate
the problem. Adopting standardization and industrialization practices is seen as an
option in scaling up production. Nevertheless, the complex nature of the industry (e.g.,
the uniqueness of projects and uncertainty) poses challenges when implementing
standardization approaches in housing construction. Particularly, formwork
standardization requires advanced planning and coordination across project delivery
stages. Such synchronization is fundamental to balancing the production flow and
optimizing the standardization process. This paper presents the case study of
VillaHermosa, an Ecuadorian affordable housing developer exploring formwork
standardization in the construction of reinforced concrete housing units. The authors
describe their standardization process, the challenges faced by the company, the
results and the lessons learned from the experience, as well as a topic for future study.
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INTRODUCTION

Countries in Latin America and the Caribbean (LAC) are experiencing an affordable
housing crisis. Currently, nearly 23% of urban residents in LAC live in slums,
equivalent to 110 million people (United Nations, 2011). Governments are challenged
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to find means to increase the availability of housing (United Nations, 1965). As a
result, the construction industry is a key stakeholder in addressing the problem.
However, many issues in housing provision are attributable to inefficiencies in the
building sector (Lizarralde and Root, 2008; Inter-American Development Bank,
2012), poor technology implementation in building processes (CEPAL, 1996, p. 180)
and inadequate project delivery methods (UN-Habitat, 2003, p. 5). This, in addition to
productivity issues commonly associated with construction activity (Allen, 1985;
Sanvido, 1988; Arditi and Mochtar, 2000), only intensifies the problem.

The United Nations (1965) has long recommended standardizing and
industrializing the industry in order to accelerate housing construction. Arguably, the
nature of the building process (i.e., uniqueness, uncertainty, and complexity of
production systems) prevents mechanization of work. Despite the singularities of the
building process, the housing construction sector is well-suited for the application of
standard work (United Nations, 1965; Inter-American Development Bank, 2012).
Woetzel et al. (2014) estimated that by Lean approaches including standardization
and industrialization, construction costs for affordable housing may be cut by 16%.

Standardization stands for the use of components, methods or processes enabling
regularity and predictability (Gibb, 2001). In this area, formwork suppliers have made
significant progress in bringing automation to concrete related operations through the
use of standard modules that can be easily transported and assembled on site
(Oberlender and Peurifoy, 2011). Nevertheless, several factors must be taken into
consideration when applying standardization practices in housing construction, e.g.,
an overuse of standardization may lead to design conflicts (Gibb, 2001) and customer
dissatisfaction (Dos Santos, et al., 2014). This notwithstanding, excessive use of
unique components may increase a project’s complexity, making it hard to manage
(Tommelein, 2006). Therefore, a balance between customization and standardization
must be struck. In addition, key decisions made at the design stage impact the
construction process. The use of standard products requires a comprehensive
evaluation of the production system since excessive standardization may affect
flexibility at the production stage (Barlow and Ozaki, 2005; Jonsson and Rudberg,
2015). In particular, the use of standard formwork modules requires advanced
planning and coordination in design and construction (Oberlender and Peurifoy,
2011). The link between product standardization and production process design must
be analyzed in order to achieve a balanced production flow.

This paper examines the case study of VillaHermosa, an Ecuadorian affordable
housing developer exploring the use of standard formwork for the construction of
reinforced concrete houses. Based on observation, the authors describe the design
process for standardization, the challenges faced by the company during this process,
and the results of their experience. The paper ends with suggesting a topic for further
research.

ABOUT VILLAHERMOSA

VillaHermosa is a developer based in Duran, Ecuador. The company is constructing
an affordable housing project of over 10,000 single and multi-family units over the
span of 8 years, starting in 2014. VillaHermosa is responsible for the design,
procurement, and construction of the entire project, a position that provides it with
broad control over the project delivery process. Because of its large size, the project is
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divided into 10 phases. This case study focuses on its first phase, which involves the
design and construction of 700 single housing units to be completed by early 2017.

FORMWORK STANDARDIZATION

Standardization is the extensive use of components, methods or processes which
enables regularity, repetition and a background of successful practices and
predictability (Gibb, 2001). Component standardization specifically relates to the
replacement of several components by a single one that can perform the functions of
all of them (Perera, Nagarur and Tabucanon, 1999). Among other benefits, the use of
standard products or components shortens lead times, improves quality and eases
operations at the construction stage (Gibb and Isack, 2001; Pasquire and Gibb, 2002).

The performance of concrete activities generally plays an important role in the
overall performance of projects that use structural concrete (Dadi, et al., 2012).
Within concrete activities, formwork design has been noted as offering opportunities
for standardization and industrialization (Shapira, 1999). The conventional and still
widely-used system of timber and plywood formwork built on-site, has been set aside
and replaced by more efficient modular systems. Formwork modular systems are
fabricated in a shop and delivered to the construction site. On site, standard modules
can be transported and assembled quickly. The use of standard formwork has several
advantages (Oberlender and Peurifoy, 2011) over custom-built formwork:

e Simple installation that can be performed even by low-skilled workers

e Reduced erection time

e Higher number of reuses that leads to reduced overall costs of equipment
e Improved safety for the labor force

e Better quality concrete surfaces which reduces further finishing work

e Automation of formwork operations and improved productivity

Nevertheless, the implementation of standardization highlights the conflict between
uniformity and variation. The tension between standardization and flexibility may
result in design impotence (Gibb, 2001). In the context of housing design, the
excessive use of standard products may cause customer dissatisfaction due to the
variety of family profiles and the diversity of lifestyles in the population (Dos Santos,
et al., 2014). In contrast, excessive customization may prolong the length of the
construction process. The uniqueness of a facility may be valuable to the final
customer, but using unique materials increases system complexity, making it more
challenging to manage (Tommelein, 2006). As a result, developers must strike a
balance between standardization vs. customization in order to handle production
systems efficiently while still meeting customers’ needs.

In addition, the implementation of standard components must be evaluated beyond
the design stage. It is recognized that the use of standard products must match the
production system design (Jonsson and Rudberg, 2015) since the incorporation of
standard products may harm the flexibility of the production process (Barlow and
Ozaki, 2005). For this reason, the trade-off between productivity-related capabilities
(e.g., cost and lead time) and flexibility (product and process) has to be carefully
analyzed when designing the project’s production system (Nahmens and Bindroo,
2011). In terms of production system design, success in using modular formwork can
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be achieved only by proper planning at the architectural design stage and then
requires advanced planning and coordination at the construction stage. Work
sequence, reuse scheme, allocation of formwork sets, cranes and crews must be
considered (Oberlender and Peurifoy, 2011). Consequently, it is crucial to evaluate
the interface between the design of standard components and production capability in
order to reach a balanced production flow.

CASE STUDY AT VILLA HERMOSA

FIRST RUN STUDY

Based on local market studies, VillaHermosa decided to design 20 preliminary house
models, the smallest one being a 40 m? 1-bedroom and the largest one being an 80 m?
4-bedroom. As a first run study, the company built four demonstration houses. The
purpose of this study was to assess the units’ constructability and to evaluate
construction performance in terms of time and budget. After this experience, the team
identified several constructability issues related to variation among unit models. For
instance, the different dimensions of concrete elements impeded the reutilization of
formwork panels. The additional work required to adapt panels to different concrete
elements’ dimensions resulted in a significant waste of resources. Moreover, the
construction team noticed formwork activities demanded a significant amount of time
and resources. After this experience, the company reevaluated the house designs and
decided to standardize the dimensions of concrete elements like rooms, walls,
window- and door openings, and stairs.

D1SCUSSION OF STANDARDIZATION VERSUS CUSTOMIZATION

As described, excessive use of standardization may lead to customer dissatisfaction.
In the case study, the level of standardization vs. customization in the models became
an important topic of discussion for VillaHermosa’s project team members. On one
hand, the sales team wanted to maximize customization. More variation in housing
models facilitates sales since it is easier for sales agents to find a model that meets
specific customers’ needs. On the other hand, the construction team wanted to
moderate variation. As experienced during the first run study, more variation
considerably increased the complexity of operations on site.

After several iterations, VillaHermosa decided to keep 12 base models. However,
in order to offer more customization, they decided to include certain architectural
“add-on” elements to satisfy a broader range of customers. By adding iconic elements
to the 12 base models (i.e., balconies or different types of finishes), the design team
was able to find a balance between standardization and customization. As a result, the
12 base models became 47 types of houses.

FORMWORK SUPPLIER SELECTION

The team put special care into the selection of the formwork supplier. During this
process, a bidder’s technical expertise and willingness to participate in a collaborative
design process was of great importance in awarding the contract. Finally,
VillaHermosa selected a formwork provider with more than 50 years of experience in
the market. This supplier would engineer and manufacture concrete forming systems
according to VillaHermosa’s specific requirements.
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FORMWORK STANDARDIZATION PROCESS

VillaHermosa’s goal was to come up with a project that offered options for different
customers’ profiles. The company also aimed to design a project that reduced
variation, optimized concrete related operations and eased production flow. With this
purpose, stakeholders’ interests were aligned in order to balance standardization vs.
customization. Team members involved in the collaborative design process stacked
two types of pre-existing designs up against each other. On one side were the
preliminary designs of housing units made by VillaHermosa’s architectural team. On
the other side were the standard panels marketed by the formwork supplier. In order
to optimize formwork standardization, the existing models were adapted to the
dimensions of standard panels. In doing so, VillaHermosa and the formwork provider
set the following goals:

e Reduce the number of formwork equipment on site — Reduce inventory
e Standardize housing models for concrete operations — Reduce variation
e Develop one LEGO set capable of building all models — Interchangeability

Figure 1 shows how the design process proceeded for each group of housing models.
Models were standardized in batches. The cycle depicted in figure 1 repeats itself
several times after all the shells of houses were completed. The design process lasted
four months. At this point two sets were used, each one flexible enough to build any
of the twelve base models.

I
1
1
1 Standardization process :
1
- . ) . 1
k=) Assessment of original designs Assessment ofChanges> Final Drawings -
‘5 . .
3 Send the current Approve or Considering
% housing units’ discard approved changes,
I dravﬁn < proposed architectural team
§ 9 changes adjusts the plans
Revision of drawings
and standardization
of main concrete
\ Propose
elements (walls e
modifications

length, width and
height; door/window
openings)

for drawings

Formwork supplier

Figure 1: Standardization process at VillaHermosa

BALANCING PRODUCTION THROUGH DESIGN

Success in using standard formwork depends on proper design as well as adequate
correlation with construction processes. In alignment with this statement, and
considering the use of two flexible formwork sets, VillaHermosa and the formwork
provider simulated construction operations. Their objective was to optimize the use of
each formwork set in order to achieve a balanced production rate that met sales.

In order to meet demand, the construction team had to produce 2 houses/day. This
meant having two construction crews working simultaneously, each one capable of
building any model. However, the size of the models and the setup of project lots
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affected the production flow. During the simulation, the team identified challenges
and collaboratively implemented the following solutions.

Problem 1: Idle Inventory: The initial production process design considered using
two formwork sets, each one capable of building any base model. This solution was
flexible since two crews working simultaneously could build any type of house.
However, a typical block design has two lot sizes, one 67 m? and one 100 m?
respectively with an average distribution of 30% and 70% per block. As shown in
figure 2, for each lot, only certain kinds of house models are allowed to be built. The
67 m? lot allows for the construction of small models while the 100 m? lot allows for
the construction of big models. Since the project had small and big models, several
inventory pieces (approximately 45%) would remain unused when building small
models.

Typical block set up

far o
far

lot

67 m? 100 m?

30%
Distrib.

70%
Distrib.

st

Figure 2: Typical block setup and its corresponding house model
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models

En Ak AEEN
»

Solution 1: In collaboration with the formwork supplier, VillaHermosa readapted the
set’s configurations so as to have one set for small models and one for big models,
thereby reducing the idle inventory considerably during the construction process.
Problem 2: Unbalanced Production per Delivery Zones: Given one formwork
set for each type of house, two specialized crews are necessary to maximize inventory

use and make production efficient.
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Figure 3: Unbalanced production flow through delivery blocks
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Nevertheless, the specific distribution of different-sized lots (30/70) and the due dates
for the completion of blocks imposed new challenges. Using two specialized crews
with the 30/70 lot distribution resulted in an unbalanced production flow of small and
big houses. By sharing only 30% of the work per block, the crew working on small
models would work faster than the crew working on the big models. Schematically,
figure 3 shows construction progress at day 9. If each crew built 1 house/day, at day 9,
the crew for small models would be working on block 3. However, block 2 would
still be under construction because the big models would not be completed yet.
Although the production rate would still meet the demand of 2 houses/day, the
production flow per delivery zone would not be met. This was a relevant issue since
VillaHermosa is committed to delivering the project by block at specific dates.

Solution 2: In order to balance the production per block, the team included a specific
house model in the design that could be built on either the 67 m?or 100 m? lot. This
model can be used as a “wildcard” to achieve a balanced 50/50 distribution of small
and big models per block. By adding a subtle design variation that indeed reduced the
level of standardization in the original design, flexibility was obtained at the
production level, enabling an even progression in the production flow.

Problem 3: Sales Point Coordination: By implementing this design change, the
team set a balanced production system. However, the balanced distribution was based
upon sales to customers since the sales representatives had to ensure that the wildcard
house model was being sold in every block to keep the 50/50 distribution.
Consequently, the project would require control over the sales per block or loose the
balance in the production process.

Small crew progress
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Delivery date 1 Delivery date 2 Delivery date 3 Delivery date N
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Figure 4: Balanced production flow through delivery blocks resulting from the
wildcard house model and sales point control

Solution 3: In order to achieve control over the sales per block, VillaHermosa’s sales
software set a counting system that calculates the percentage distribution for the
different house models. Once the sale of big houses per block reaches over 50%, a
restriction is set to only allow the sale of the wildcard house in the big lots. Thus far,
this had not been a problem since the wildcard model has sold well, thereby allowing
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an equal distribution between crews without limitations to the sales representatives.
Figure 4 schematically represents this new balanced production, which takes into
account the wildcard house model and the sales point control.

RESULTS

In the first design iteration, the team standardized the houses’ concrete elements in
order to have only two formwork sets capable of building any of the twelve models.
However, this left 45% of formwork equipment idle when building small models. In
response, the team designed two specialized sets, one for the small models and one
for the big models. This alternative was efficient in terms of inventory use but
inadequate when considering the balance of the production flow.

In a second design iteration, the team decided to include variation through a
wildcard model that can be built with any formwork set. This design variation helped
the team achieve a balanced flow of production between construction crews and
allowed the team to meet project delivery dates per block. The team at this point
realized that the balance in the production process could be achieved only at the sales
point (Wardell, 2003) and to that effect set a subtle restriction at the sales point.

Through collaborative design and coordination among team members, the
standardization process benefited the project. Table 1 shows the original setup cost
$631,184. After completing the design iterations, the final setup cost $501,597. The
final setup also reduced inventory by 25%, which eased operations on site.

Table 1: Final result of design standardization process

Item Original setup Final setup Reduction [%]

Number of pieces 3,360 2,492 -25.8

SKUs/Items 944 687 -27.2

Total Cost USD 631,184 501,597 -20.5
CONCLUSIONS

This case study describes a successful experience of formwork standardization in an
affordable housing project in Ecuador. In the first stage, the formwork standardization
process focused on design, aimed to reduce variation and facilitate construction
operations. However, the design team realized that further involvement of other
project stakeholders was needed to optimize standardization. The success of this
experience relied on collaboration among project members, as well as planning and
synchronization among different project delivery stages.

Key decisions made early in design were crucial to making the final solution
efficient overall. The production process simulation performed by the team identified
the imbalanced production flow resulting from the original design. To overcome this
imbalance, the company’s construction and sales teams helped find the solution. This
case study demonstrated the link between design and production. Specifically, the use
of standard components affected the flexibility in construction and production flow
balance. Incorporation of the wildcard model added variation and reduced
standardization, yet proved to be beneficial by helping the team achieve a balanced
production flow. This improvement, in addition to modifications of sales procedures,
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facilitated the application of a solution that optimized the whole, not parts, of the
production system.

The involvement of an experienced formwork supplier had a significant impact on
this success. Nevertheless, professionals participating in this project agreed that
involving the formwork provider earlier in the design process could have helped the
team avoid initial design iteration, leading to the development of an even more
efficient final solution. A barrier impeding the application of this improvement was
the competitive bidding process required by the company in awarding contracts.

An aspect relevant for discussion relates to the type and scale of the project and its
relation to standardization practices. In order to maximize affordability, developers in
the affordable housing industry accept small profits per housing unit so they will aim
to maximize the benefits of economies of scale. In this context, the standardization of
building components becomes crucial for the success of projects. Specifically in this
case study, small profit margins achieved in the production of a single housing unit
can be replicated in the following units, maximizing overall gains.

This case study focused only on the benefits of standardization in the design
process and its correlation with production flow. However, standardization also has
an impact on labor training and productivity, especially when dealing with repetitive
work. This important topic is driving future research at VillaHermosa.
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