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1- Introduction

The rapid growth of the construction industry has increased the problems of construction waste
management in over the world. The construction industry plays a significant role both in the development
of infrastructures and economic sectors of any country (Nagapan et al., 2013). Projections show that the
world will have 1.5 billion new urban residents from 2015 to 2035, with nearly 90% of the increase in Asia
and Africa leading to unique housing and infrastructure challenges (Duan et al., 2019). Construction waste
includes physical wastes are concretes, aggregates, sands, timbers, metals and plastics that are generated
from various construction activities (Manoharan et al., 2020). Currently, although the re-use and recycling
of construction waste have been promoted by local governments and academic scholars, the most popular
waste disposal approach is still landfilling. Landfills occupy land resources and may cause water pollution,
harmful gas emission, and have other negative impacts on the environment, thus selecting an appropriate
construction waste landfill location is essential for sustainable urban development (Ding et al., 2018).
Among the environmental impacts caused by the construction industry are those arising from construction
and demolition waste illegal dumping, which can lead to health problems, pollution of water resources and
soil, and esthetic damage to cities (Paz et al., 2020). The appropriate site selection for waste disposal is one
of the major problems in waste management (Sener et al., 2011). An optimal landfill can be defined as a
land use that minimizing negative impact to the environment and society and creates maximum efficiency
in terms of economic factors and engineering applications (Beskese et al., 2015). Using spatial data and
correct analysis of this data is very important for use in site selection the location of construction waste
landfills (Tabatabaei and Aghsaei, 2016).

2- Material and methods
In this research, the optimal site selection of landfill construction waste for Tabriz city was investigated
using AHP method. Tabriz city is located in the Northwest of Iran with a total area of 250,590 km?.

The Analytical Hierarchy Process (AHP) method is a basic multi-criteria decision-making (MCDM)
method based on pairwise comparisons introduced by Saaty (Yildiz and Kahraman, 2019). The AHP
method is used by many researchers to find the relative importance (weights) of criteria and sub-criteria.
The use of fuzzy set theory in AHP (applying fuzzy numbers instead of a simple number) helps in capturing
the vagueness in preference (Mathew et al., 2020).
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Buckley proposed a new fuzzy AHP method based on trapezoidal membership functions. Buckley's
invention of the fuzzy hierarchical analysis process method is generalized form classical hierarchical
analysis process method. In this method, trapezoidal fuzzy numbers are used for pairwise comparison of
options and the geometric averaging method is used to obtain weights and preferences. This method has
been introduced as an alternative to Chang's method because Chang's method had disadvantages such as
zero and negative weight (Porkhabaz et al., 2018).

The technique for order preference by similarity to ideal solution (TOPSIS) is another MCDM method,
which also selects the best alternative among many. Alternatives that have the least distance from the best
or positive ideal result (Behzadian et al., 2012).

3- Results and discussions

The management of construction waste in Tabriz is in the form of collecting all the construction and
demolish wastes from the city and transferring them to the scattered places in different parts of the
city. However, people dump their construction waste on the outskirts and on highways to reduce
distances and relevant costs. Due to low public awareness of the people about the destructive impacts
of construction waste, easy access to the sand resources as construction materials, and the high cost of
recycling facilities, on the other hand, there is no management plan to reduce production, recycling
and reuse of demolish. The only action is the separation of the metal parts.

However, the re-use and recycling of construction waste, in addition to improving environmental
conditions, reduces costs and energy, creates employment, economic benefits and prevents greenhouse
gas emissions.

In order to optimal management of construction waste, they are separated into healthy and non-
healthy construction wastes and principal selection of sites for landfills are investigated to reduce the
distance and cost of demolishing. According to the composition of healthy and non-healthy
construction waste (Figs. 1, 2 and 3) and their type of pollution, management that should be done for
healthy construction waste is in the form of filling the excavated lands due to borrowing material, and
using for land grading and leveling for new constructions by compaction for preventing settlements of
the new structures founded on them. In addition to the activities that might be adopted by the
government to reduce non-healthy construction waste, re-use and recycling, for preventing their
destructive environmental effects, It is recommended to select landfill for construction waste in
accordance with environmental standards considering geological, socio-economic, principles and
engineering criteria.

In this study, a number of 15 environmental, geological and socio-economic criteria were applied
in order to select suitable landfill sites for the healthy and non-healthy construction waste of the Tabriz
city. Buffers applied were provided for each of the healthy and non-healthy wastes due to different
environmental effects. Buckley fuzzy hierarchical analysis approach was employed to calculate the
weight of the criteria. Then, using TOPSIS approach, the selected options were weighted based on
greater importance. Finally, the final locations for healthy and non-healthy construction waste disposal
in Tabriz city were selected, which are shown in Figs. 4 and 5.
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Fig. 1. The composition percentage of Tabriz healthy construction and demolition waste
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Fig. 2. The composition and volume percentage of construction and demolition waste due to destruction
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Fig. 3. The composition and volume percentage of construction and demolition waste due to construction
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4- Conclusion

Considering the fact that in developing countries such as Iran, all the construction waste are not recycling
due to weak management, people ignorance and abundance of sand resources. Therefore, construction
wastes were dumped illegally in scattered parts of the city, including highways, thoroughfares, rivers,
canals etc. Therefore, principal site selection is the essential plans to dispose and bury this wastes in the
viewpoint of urban management. In this study, using GIS and multiple criteria decision-making Buckley
fuzzy hierarchical analysis and TOPSIS methods, site selection was determined for healthy and non-healthy
construction and demolition waste of the Tabriz city considering 15 criteria including 4 environmental, 4
geological and 7 socio-economic factor. Finally, for the non-healthy wastes, three zones were selected
according to the criteria of saving time and transportation costs in three parts of north, south and east of the
city. For the healthy construction waste, due to employing different buffers, separate sites were selected in
the north and south of the city.
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Fig. 2. Distribution map of construction and demolition waste of the study area.
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Fig. 3. Accumulation of construction waste inside the city of Tabriz.
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Fig. 4. Accumulation of construction waste on the side of roads.
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Fig. 6. Large volume of healthy construction waste in the east of Tabriz.
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Fig. 7. Composition and volume of the demolition waste due to destruction.
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Fig. 8. The composition and volume of construction and demolition waste due to construction.
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Fig. 9. Sheep grazing in contaminated soils in the suburbs of the Tabriz.
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Fig. 10. Accumulation of construction waste in adjacent to Aji-Chay River.
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Fig. 11. Prohibited areas for landfills of construction waste in the study area.
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Table 1. Weights of criteria in FAHP Buckley method.

o The fuzzy weight | The final weight | The fuzzy weight of | The final weight
Criteria of non- healthy of non- healthy of healthy
construction health){ construction construction
waste construction waste waste
waste

Hydrology (1.1,1.54,1.96,2.33) 0.110382526 (2.3,2.4,25,2.7) 0.116903552
Geohydrology (0.62,0.79,0.93,1.1) 0.054938755 (0.33, 0.36, 0.45, 0.51) 0.019533207
Groundwater depth (0.79,1.03,1.2,1.37) 0.069933602 (0.34, 0.37, 0.43,0.52) 0.019649371
Distance to protected areas (0.79,0.95,1.06,1.16) 0.063207995 (1.51, 1.65, 2.01, 2.08) 0.085733965
Land use (1.05,1.23,1.33,1.36) 0.079076297 (2.78, 2.88, 3.01, 3.05) 0.138314162
Distance to fault (0.75,0.86,0.93,1.05) 0.057335199 (0.36, 0.38, 0.39, 0.44) 0.018545224
Lithology (0.92,1.1,1.21,1.27) 0.071550288 (0.5, 0.49, 0.5, 0.51) 0.023590745
Geomorphology (0.71,0.72,0.714,0.71) 0.045227519 (0.64, 0.63, 0.63, 0.64) 0.029953968
Slope (0.95,0.94.0.93,0.91) 0.059336206 (1.16, 1.15, 1.13, 1.05) 0.052902876
Distance to residential areas (1.97,1.78,1.74,1.56) 0.107449304 (4.1, 3.57, 3.38, 3.16) 0.167235559
Distance to airport (0.99,0.98,0.91,0.82) 0.057941853 (2.96,2.95, 2.94, 2.8) 0.137316792
Distance to road and rail (1.68,1.66,1.5,1.26) 0.097182233 (2.87,2.64,2.07,1.4) 0.105285946
Distance to mine (0.67,0.6,0.53,0.46) 0.036134055 (0.28, 0.26, 0.23, 0.21) 0.011528429
Distance to industrial areas (1.08,0.97,0.83,0.69) 0.057079515 (1.23, 1.07, 0.88, 0.74) 0.046032754
Distance to power transmission lines | (0.69,0.56,0.45,0.37) 0.033224654 (0.74, 0.65, 0.51, 0.44) 0.027473449
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Table 2. Buffers applied for different criteria.

Buffer applied for healthy

Buffer applied for non- healthy

Criteria construction waste (m) construction waste (m)
Faults 100 200
Residential areas 500 3000
Airport 3000 3000
Roads and rail 300 500
Geohydrology 150 500
Hydrology 250 300
Groundwater depth 25> 25>
Industrial areas 400 1000
Mines 100 300
Protected areas 100 500
Power transmission lines 100 500

Young and old terraces, Sandstone

Young and old terraces, Sandstone

Watery agriculture

Lithology ,Conglomerate, Limestone ,Conglomerate, Limestone
Geomorphology Mountain, Hill, Alluvial terrace Mountain, Hill, Alluvial terrace
Slope 20°< 20°<
Land use Urban areas, Dam, Arboretum, Urban areas, Dam, Arboretum,
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Fig. 13. Zonation maps of criteria for non-healthy construction waste. (a) distance to river, (b) morphology, (c)
Groundwater depth, (d) Distance to fault, () Distance to mine, (f) Distance to groundwater, (g) Distance to road and rail,

(h) Slope, (i) Distance to protected areas, (j) lithology, (k) Distance to residential areas, (I) Distance to power transmission
lines, (m) Distance to industrial areas, (n) land use, (0) Distance to airport.
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Fig. 14. Zonation map of criteria for healthy construction waste: (a) lithology, (b) Slope, (c) morphology, (d) Distance to
airport, (e) Distance to groundwater, (f) Distance to fault, (g) Distance to residential areas, (h) Distance to industrial areas,

(i) Distance to river, (j) land use, (k) Distance to road and rail, (I) Distance to mine, (m) Distance to power transmission
lines, (n) Distance to protected areas, (0) Groundwater depth.
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Table 3. Final weights of criteria in TOPSIS method.
Selected areas based on maximum weight 1 12 4 7 8 10
Normalized weights 0.9079 | 0.7418 | 0.6761 | 0.5553 | 0.5111 | 0.4487
Selected areas based on maximum weight 3 6 2 11 9 5
Normalized weights 0.3662 | 0.3062 | 0.2777 | 0.2574 | 0.1936 | 0.1069
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