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Abstract

The construction industry produces waste while consuming resources. To cope with the adverse effects of construction
waste, attention should be focused on waste reduction opportunities. The consensus is that the architectural design
decisions play an important role in construction waste minimisation. This means that any improvement in terms of
architectural design decisions has the potential to enhance the construction industry’s performance with construction
waste-reducing benefits. To this end, this study aims at presenting an approach in construction waste optimization
through dimensional coordination at the architectural design stage. To achieve the objective of the study, a residential
project was chosen as a case. Finding out the most dimensionally efficient product for the bathroom flooring in this
project was aimed. When determining the ceramic tile, the main criterion was to find out the most compatible size of
ceramic tile which directly affects the amount of waste produced. Some calculations were made and the results of which
were compared. The results show that the waste rate can be reduced to a dramatically low level when the dimensionally
coordinated product is chosen for the given space. This result proves that dimensional coordination between building

product and building dimensions has an important effect on waste reduction.
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Introduction

Architectural design is a multi-criteria decision-
making process. All decisions taken during the design
stage are inputs to the construction stage. Accordingly,
successful results are obtained in the cases where the
decisions regarding the structural system and building
products are taken in coordination with the spatial
organization. Decisions as to the spatial organization are
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taken by the architect whereas the ones regarding the
structural system are taken not merely with the Architect
but also with the civil engineer. Having said that, the
building products are not always selected by the Architect.
Sometimes the product selection is made by other
stakeholders (contractor, user, and so forth) without the
architect’s suggestion. Building product decisions should
be taken in accordance with various criteria for effective
and sustainable usage. The harmony of the building
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product with the space in terms of functional, visual and
dimensional aspects is significant. Product choices made
by merely aesthetic or economic concerns, without
considering coordination between building and product
dimensions cause mandatory cut-offs during construction,
thus resulting in construction waste. On the grounds that
construction waste is a major problem in the
developed/developing countries and is becoming an
increasing problem around the World, it is thought that
dimensional coordination in building design will help to
reduce construction waste. In response to growing
attention to the reduction of construction waste, this
study aims at presenting an approach in construction
waste optimization through dimensional coordination at
the architectural design stage. Gavilan and Bernold;
Craven, Okraglik and Eilenberg; Osmani, Glass and Price;
Salgin; Hung and Kamaludin also explained the
importance of dimensional coordination in construction
waste prevention [1-5].

In this study, a residential project! which was
designed in Kayseri/Turkey was selected as a case study.
In the aforementioned project, different sizes of ceramic
tiles for bathroom flooring are calculated in terms of
waste generation. When determining the bathroom
ceramic, the main criterion was to find out the most
compatible size of ceramic tile which directly affects the
amount of waste produced. To find out the most
dimensionally efficient product, some calculations were
made, the results of which were compared. Even in the
example of the bathroom, which is one of the smallest
units of a building, the waste rate can be reduced to a
dramatically low level when the dimensionally
coordinated product is chosen for the given space. It is
assumed that the waste rate will be reduced if a similar
method is adopted for larger spaces.

Dimensional Coordination between

Building and Building Product

It is important to choose dimensionally coordinated
products with the building so as to avoid the required cut-
offs in the construction stage. At the architectural design
stage, having determined the product options in different
sizes, the dimensions of the space and the product should
be associated. In order to use as many full products as
possible, the appropriate size product should be selected.
For example, while choosing the correct flooring option to

1 The project which is numbered 052374 has been approved by
Erciyes Technopark. The architectural design team of the mentioned
residential project consists of Kemal Demir, Ozan Binboga, Burcu
Salgin and Baris Ergen.
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meet the needs of each space, it is important that the
dimensions of the space be coordinated with the product
sizes to be used.

Assuming that;

Full tile size: Ax A’

Cut tile size: Yx Y’

Number of full tile: n

Number of cut tile: m

Joint gap wide: S

Number of joint gaps: n+ m + 1

The calculation formula is as follows [6];
(Axn)+[(n+m+1)xS]+ (Yxm).

A Residential Project as a Case Study

A calculation was carried out to determine the most
suitable size for the ceramic tiles planned to be used in a
(140x280) cm bathroom area (highlighted in yellow in the
Figure 1) in the residential project designed in Melikgazi
district of Kayseri provinceZ.
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Figure 1: Floor Plan.

The data related to the space and building product
(20x20 cm ceramic tile)-on the direction of 140 cm-are as
follows;

e Width of the floor: 140 cm
e Number of full tile: n

2 Block number: 12024, Parcel number: 5.
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e Number of cut tile: 1

e Cuttile size: Y

¢ Joint gap wide: 0,3 cm

e Number of jointgaps:n+1+1

In the light of these data; calculation formula is as
follows;

(20xn)+[(n+1+1)x0,3] +Y=140 cm

In this formula, it is possible to start calculation by
giving a possible value for n. If it is accepted as 6;
(20x6) + [(6+1+1)x 0,3)] + Y=140 cm
Y = 17.6 cm [(2,4x20x13) cm? ceramic tile waste is
formed in this direction].

The data related to the space and building product -on
the direction of 280 cm- are as follows;
o Length of the floor: 280 cm
e Number of full tile: n’
e Number of cut tile: 1
e Cuttile size: Y’
e Joint gap wide: 0,3 cm
e Number of joint gaps:n’+ 1 + 1

In the light of these data; calculation formula is as follows;
(20xn)+[(n+1+1)x0.3] +Y =280 cm

In this formula, it is possible to start calculation by giving
a possible value for n’. If it is accepted as 13;

(20x13) + [(13+1+1) x 0,3)] + Y’ =280 cm
Y’= 15,5 cm [(4,5x20x6) cm? ceramic tile waste is formed
in this direction].

The ceramic quantity for flooring according to the
obtained data is as follows;

(20x20x6x13) + (15,5x20x6) + (17,6x20x13) +
(15,5x17,6) = 37908,8 cm?

The wasted ceramic is as follows;

(2,4x20x13) + (4,5x20x6) + [(20x20) - (17,6x15,5)] =
1291,2 cm?

37908,8 + 1291,2 = 39200 cm? total ceramic tile,
(1291,2x100)/39200 = 3,29% percentage of the ceramic
waste.

In case of using ceramic tiles in the same space as
(30x30) cm, (33x33) cm, (40x40) cm, (45x45) cm and
(60x60) cm, the waste rates are also calculated (Table 1).
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Sizes of Tiles | 1stCalculation3 2nd Calculation?
20x20 cm 3,29% 3,29%
30x30 cm 15,02% 7,63%
33x33 cm 21,88% 14,26%
40x40 cm 14,17% 3,88%
45x45 cm 32,19% 5,06%
60x60 cm 28,49% 10,61%

Table 1: Calculations for Ceramic Tile Waste which is used
in (140x280) cm Bathroom Floor.

In the list of wastage rates, the acceptable rate for
ceramic tile wastage during construction is given as 5%
[7]- In practice, this ratio is acceptable if it is between 5%
and 7%. In the light of these data, the (20x20) cm, (40x40)
cm and (45x45) cm tiles are suitable for this bathroom;
however, (20x20) cm tile is found to be the most
compatible one -with the lowest waste rate- for this
bathroom.

Conclusion

In general, dimensional coordination can be
interpreted as a comprehensive approach to the
coordination of building geometry and building products
through a set of dimensional preferences including
tolerances. This approach is a way of optimization in
terms of building products. Thus, it helps construction
waste reduction. In order to achieve this goal, it is
important for architects to create product options of
different sizes at the design stage. For each option, the
product's dimensions should be analyzed. Options should
be examined based on waste generation conditions. The
most suitable product in terms of waste generation at
acceptable limits should be selected. In this way, it is
believed that environmental benefits will be achieved,
and economic losses will be reduced.
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