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ABSTRACT

This study focuses on the management of concrete waste from demolished buildings. It is a crucial issue globally
and particularly in Syria due to the significant amounts of concrete waste resulting from the long war and the
February 6, 2023 earthquake. The research aims to promote sustainability and resource conservation in the Syrian
construction sector by introducing a method for managing demolition waste using Building Information Modeling
(BIM) technology. A case study was conducted on a residential building in the old city of Homs that was demolished
due to the war. The building was modeled using Revit software, and mathematical modeling was applied to calculate
and manage the demolition waste related to the building’s structural frame. The study revealed potential economic
savings of up to 4.2% of the total cost of the building’s concrete framework through recycling the structural-frame
waste (coarse aggregate and fine aggregate only). Furthermore, the study estimated the financial returns that could be
realized from managing demolished concrete waste across the entire Homs Governorate.
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1. INTRODUCTION

In light of the prolonged conflict Syria has experienced over
the past decade, the country has faced immense destruction
to its infrastructure, including buildings, facilities, industrial
zones, and archaeological sites. This devastation was further
exacerbated by catastrophic earthquakes, expanding the de-
struction to nearly all Syrian regions. Consequently, it has
become essential to develop a suitable strategy for manag-
ing the vast amounts of rubble and exploring their use as
sustainable materials in future reconstruction efforts.

The construction industry is increasingly focusing on elim-
inating waste and inefficiency to improve quality and prof-
itability [1]. The industry, in all its forms, is among the most
resource-wasting and waste-producing sectors and generates
approximately 17% of the total waste produced globally [2].

As projects have evolved and increased in complexity, these is-
sues have intensified and become more pressing [3]. However,
recent technological advances in construction—including
Building Information Modeling (BIM) and Virtual Design
and Construction (VDC)—make these challenges more man-
ageable. As sustainability concepts and standards have devel-
oped within the Architecture, Engineering, and Construction
(AEC) sector, the focus on sustainable materials and recycling
practices has grown significantly.

In Syria, demolition waste accumulated during years of con-
flict poses a major challenge to reconstruction and develop-
ment. As of January 2022, total damages across cities and
sectors were estimated at between $8.7 billion and $11.4
billion, with approximately 68% of those damages (about
$5.8-7.8 billion) attributed to physical infrastructure. The
World Bank estimated a further $5.1 billion in direct physi-
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cal damage from the February 6, 2023 earthquake [4]. This
situation presents an enormous amount of waste that must
be effectively managed and utilized. Reconstructing cities
requires a comprehensive and innovative methodology for
repairing damage or reusing debris from affected buildings.
Such an approach can reduce environmental impacts while
providing cost savings, because economic factors play a cen-
tral role in reconstruction [5].

Construction-waste management supported by BIM technol-
ogy therefore emerges as a promising solution aligned with
global standards because of its positive economic and envi-
ronmental effects and its potential to create new employment
opportunities. BIM already plays a significant role in the
construction industry and has proved beneficial in address-
ing many challenges faced by AEC projects. Researchers
have investigated construction-waste management during the
design and construction phases [6, 7, 8]; however, research fo-
cused specifically on demolition-waste management remains
limited.

Despite the enormous amount of demolition waste in Syria
and growing global interest in maximizing its value as a sus-
tainable material, relatively little research has addressed its
management and economic return. This paper presents a prac-
tical methodology for managing demolished concrete waste
from building structural frames. The method is applied to a
residential building affected by the war in Homs Governorate
and modeled in Revit 2018. The economic gains achievable
through recycling demolished concrete are then calculated.

2. REFERENCE STUDIES

The Syrian war caused extensive destruction of infrastructure
and buildings, making it necessary to consider how debris
from demolished structures can be managed, sorted, and
reused during reconstruction. Hassan et al. [9] presented a
method for estimating the expected volume and composition
of debris in several Syrian cities. Their work discussed re-
cycling costs and anticipated profits and proposed a work
plan and technological alternative for managing the recycling
process.

Another study indicated that a high percentage of building
rubble in Syria could be reused, reducing the transportation
and disposal costs of unwanted debris, minimizing environ-
mental pollution, and generating economic value. Applying
recycling and rehabilitation techniques in Syria could save
approximately $17 billion [5]. In general, little research
has integrated BIM with Demolition Waste Management
(DWM) [10, 11, 7]. Budget and time constraints may dis-
courage practitioners from adopting BIM in DWM without
modern construction documentation, while the lack of BIM-
compatible DWM functions and interoperability between
BIM and waste-management tools remains a challenge [10].

Noaman [12] discussed strategies for managing construction
waste in Iraqi reconstruction efforts, seeking an effective and
economical approach while limiting negative environmental
impacts. A field survey in Mosul determined the volume
and nature of accumulated construction waste, which was
evaluated, classified, and assessed for reuse and recycling.
The economic comparison found a 12.9% saving in the re-
construction cost of the University of Mosul presidency and

a 37.3% saving in supplying natural stone for construction
work at the Al-Hadba Minaret.

The principal quantitative methods reviewed for estimating
building-demolition waste are summarized below.

¢ Estimation according to physical-planning models. Lau
et al. [13] proposed a method that estimates construction-
waste volume from the physical arrangement of waste
on site. Four forms—stored, aggregated, scattered, and
stacked—record waste at different project stages. For ex-
ample, stockpiled waste is assumed to have the form of a
pyramid with a rectangular base. The method lacks accu-
racy and is not directly applicable to all demolition forms.

» Estimation based on building components. Jalali [14]
introduced the “Component Index” approach, in which the
amount of Construction and Demolition (C&D) waste is
estimated from the type and quantity of building compo-
nents. A component is the smallest specific and indepen-
dent construction unit used for data collection and waste
estimation. An index for each component estimates differ-
ent wastes, such as wood, concrete, and reinforcing steel.
The approach relies heavily on detailed spreadsheets and
labor-intensive manual measurements and updates, making
practical implementation difficult.

¢ BIM-based estimation and planning of demolition and
renovation waste. Cheng and Ma [11] developed a system
for estimating and planning Demolition and Renovation
(D&R) waste. A Revit plug-in allows multidisciplinary
information to be incorporated into a single digital building
model. The system was demonstrated on a 47-story residen-
tial building in Hong Kong and uses volume-change factors
based on the demolition-increase factors in the Andalusian
Construction Costs Database [15]. Restricted access to the
software limits the evaluation and use of this model.

* Area-based estimation. Poon et al. [16] presented the
“Waste Index” method for estimating the total amount of
new-construction waste. The index is the quantity, by vol-
ume or weight, of construction waste generated per square
meter of gross floor area or activity area. Because it treats
building area as the primary factor, the method is relatively
inaccurate for projects whose waste characteristics differ
substantially.

» Estimation from construction databases. Several re-
gional models use construction-cost databases to estimate
waste quantities. A prominent example is the Spanish
model presented by Solis-Guzman et al. [17], based on
the Andalusian Construction Costs Database (BCCA) [15].
It estimates waste from construction and demolition activi-
ties using four parameters: Apparent Construction Volume
(VAC), Apparent Demolition Volume (VAD), Apparent
Wreckage Waste Volume (VAR), and Apparent Package
Waste Volume (VAE). Statistical analysis of more than 100
residential projects established relationships among these
parameters. For example, the VAC of an element is con-
verted to VAD using a factor Cr representing its volume
increase after demolition. For concrete columns, Cr = 1.15,
indicating an average volume increase of 15% after demo-
lition.
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The Spanish model is adopted in this research because it
assigns an individual factor to each construction element,
provides accurate results, and is flexible and straightforward
to use.

3. RESEARCH METHODOLOGY

The study began with a review of prior work to select an ap-
propriate quantitative model. A residential building damaged
during the war in the old city of Homs was then chosen as
a case study and modeled using Revit 2018. The amount of
concrete used in the building was quantified, after which the
Spanish model [17] was applied to estimate the volume of
demolished concrete.

Allowable reference ratios for recycled aggregate [18, 19]
were used to calculate the quantity of recycled aggregate
that could be incorporated into the building’s reconstruction.
The current recycling cost for 1m? of concrete waste was
estimated from the work of Hassan et al. [9]. The monetary
return and percentage saving produced by using the permis-
sible recycled-aggregate ratios were calculated, followed by
the financial return from selling the remaining recycled ag-
gregate.

These calculations provided an estimate of the financial return
from recycling 1 m?> of demolished concrete. The volume of
debris in Homs reported in [9], together with the proportion
of demolished concrete reported in [20], was then used to esti-
mate the potential financial return from managing demolished
concrete throughout Homs Governorate.

3.1 Case Study

The residential-building case study was selected because of
the large number of demolished buildings in Syria. After
obtaining two-dimensional CAD drawings from the Syrian
Engineers Syndicate branch in Homs Governorate, the author
created a three-dimensional model of the building’s structural
frame in Revit.

The building is located in the Bab al-Dreib area of the old city
of Homs. It has five levels: a basement, a ground floor for
commercial use with canopies, and three residential floors. Its
overall dimensions are approximately 16.7m x 32.2m, with a
floor area of about 450m?” and a total height of 17.15m. The
basement is 2.8 m high, the ground floor is 5m high, and each
residential floor is 3.3 m high. Figure 1 shows the resulting
Revit model.

4. RESULTS AND DISCUSSION

4.1 Extraction of the Bill of Quantities

The Bill of Quantities (BOQ) covered the concrete used in
the structural work—foundations, columns, slabs, and load-
bearing walls—together with the estimated cost of complet-
ing these works. Interviews with supervising engineers and
contractors indicated that, in July 2024, one cubic meter of
reinforced concrete with a strength of 350 and a reinforce-
ment ratio of 100kg cost approximately 3,200,000SYP/ m3
in the Syrian construction market, including materials, labor,
and wastage. Figure 2 presents the schedules extracted from
Revit, and Table | summarizes the resulting quantities and
costs.
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Figure 1. Three-dimensional view of the building model using Revit
(2018).

Table 1. Quantities and cost estimates of the building’s concrete
works.

Structural element Quantity and unit Cost
Foundations 108.49m’> 347,160,754.55 SYP
Columns 114.79m? 367,323,391.54 SYP
Slabs 361.27m3 1,156,069,301.29 SYP
Load-bearing walls 298.55m> 955,367,109.14 SYP
Total 883.1m’> 2,825,920,556.52 SYP

4.2 Estimation of Expected Demolition-Waste Volume

The Spanish model [17] was applied to the quantities ex-
tracted from Revit 2018. The Apparent Construction Volume
(VAC) for item i is calculated as

Vaci = QiCc,, (D

where V¢ is the apparent construction volume in m3, O;
is the quantity of the element in its specific unit, and Cc; is
the conversion ratio from that unit to apparent construction
volume.

The Apparent Demolition Volume (VAD) is calculated from
VAC as

Vap,i = Vac,iCri = QiCc,iCr,, 2
where Vyp ; is the apparent demolition volume and Cr; con-
verts VAC to VAD. According to [12], the Cr factors for foun-
dations, columns, beams, concrete walls, and slabs are 1.01,
1.15, 1.25, 1.18, and 1.20, respectively. Applying Eqgs. (1)
and (2) gives the values in Table 2.

Table 2. Estimated volume of concrete waste for the building.

Q; (m®) Cc;(m’/m®) Cr; Vaci(m®) Vap;(m?)

. Waste type

1 Foundations 108.49 1 1.01  108.49 109.57
2 Columns 114.79 1 115 114.79 132.01
3 Load-bearing walls  298.55 1 1.18  298.55 352.29
4 Slabs 361.27 1 120 361.27 433.52

Total apparent volume of demolished concrete  1027.4

4.3 Savings from Recycled Aggregates

The residential-building model produces 1027.4m? of con-
crete demolition waste. Revit quantities show that the build-

36



International Journal of BIM and Engineering Science (IJBES)

Vol. 10, No. 02 - 2025

, <Floor Schedule>
<Structural Framing Schedule> 5 5 = I 5 ' 2
Type Lavel Area Default Thickness Volume i Cost
A | B [ C I D
1 s Covar Slab 5cm 00-Foundation 452 m* 0.05 m 22 58 m* 172267918 .95 I
Type Count Volume Cost Est e 2268 m 72267916 95
BII ?03(25 “2 36 DD mt "515523‘1 45 Cover Slab bcm 01-Ground 409 m* 0.06 m 20.46 m* {65460913.08 I
Ti-Ground 1 08 o 20,46 §5466513.08
B 7025 112 36.00 m* 115186234 49
CowrSabow . |0d-hed ..o SO0 oo (DB [T TORESN06.3T
Cover Siab bem 03-Shed 79w 008 m 363 mt |73572660.30 |
B2 8025 109 a%m 137412140 88 R S T e
B2 80:25: 109 2% m 131412140 88
Cover Slab 5cm 03-Fust 450 m* 0.05 m 2248 m* 171920035 27 I
03-First 1 450 m* 2248 m* 71920035 27
B3 3535 m 2854 m 91332248 63
= Cover Slab bem 04-Second 450 m* 0.06 m 248 m* [71920036.10 |
B3 35025 223 254 m 9133224563 04-Second 1 450 m* 248 m* 71320038 10
N T ] Cover Slab 5cm 05-Third 450 m 0.06 m 2248 m* | 71920038 .10 |
B¢ 202 ar 1256 w HR00E 05-Third- 1 450 m* 2248 m* 7192003810
B4 2025 217 1256 m' 40202016.13
Slab 20cm 06-Forth 199 m* 02m 3989 m* {127T635460 17
Covar Slab 5cm 06-Forth 250 m* 005 m 12 49 m* 139958255 58
Ris (15/18):25 733 68.56 m' 12193927 11 O6-Forih 2 e AT 167543715 75
iy & G 28Rl Cover Slab bem 07-Roof 18 m® 0.05 m 0.89 m* 285509918 |
Grand total 1384 188.60 m* 603524987 24 a7-Roet 1 EEE 083 mt 2855095 18
|;mnﬂ tatal: 10 2855 m? 17267 m*
£ >
<Structural Column Schedule> Wal Sedi <Structural Foundation Schedule>
A [ 8 [ c [ 0 L | 8 C [
A [ 8 [ B [ 0
Typs Count Voluma Cost Estimation " H ik {'act i
& = . Tipe Wih gkima (ast Esimaion Type Foundation Thickness Volume Cost Estimation
C130x50 112 "9 m' 38313500 00
T 300, 12 e EEE L] Reangwl 130 T WEES | [Fem Dam 254 m 8113631 50 |
- F 30cm: 1 254mt 811353150
TIL 00 7 EFTS TAAT070 08 Retsang w56 2 B 6 %
GYCSE0AT A3t R b F 60cm 6m 6168 1973625362 |
W3 im wm SHEaTIEa 1
€2 30x50 I IEES 130796721 47 ! A E E | F Glcm: 1 6168 m* 187368283 62
29060 84 WeTe 0796721 47 *a i 1
orand (ol T84 Bt SR F wall 6lcm DEm 14427 m* 14167896342 |
€2 300 4 38.60 m* 123811200 00 Fwal G0Gm 1 R 121578960 42
C2 30050; 84 3869 m* 12381120000 -
il sl Grand total: 3 10849 m*

Figure 2. BOQ and cost estimates of the building’s concrete works using Revit (2018).

ing’s structural work requires 883.1m? of concrete. The stan-
dard concrete mix ratio used in Syrian engineering work is
1:2:4, representing one part cement, two parts sand, and four
parts gravel. The building therefore requires approximately
725m? of coarse aggregate and 371 m> of fine aggregate.
Up to 50% recycled coarse aggregate (RCA) can be used
in place of natural coarse aggregate [18], while up to 30%
recycled fine aggregate (RFA) can replace natural fine aggre-
gate [19]. Reconstructing the same building could therefore
use
0.5 x 725 =362.5m’

of recycled coarse aggregate and
0.3x371=111.3m’

of recycled fine aggregate.

In 2019, recycling one cubic meter of rubble in Syria cost
approximately 1440 SYP (equivalent to $2.88) [9]. Consid-
ering inflation and the roughly thirty-fold increase in the ex-
change rate between 2019 and 2024, the estimated July 2024
cost was approximately 43,000SYP/m?. By comparison,
coarse aggregate cost 110,000SYP/m? and fine aggregate
cost 290,000 SYP/m?, excluding transportation.

The recycling cost of the aggregate used in reconstruction is
(362.5+111.3) x 43,000 = 20,373,400 SYP.

The expected return from replacing natural aggregate with
the permissible quantities of recycled aggregate is

362.5 % 110,000+ 111.3 x 290,000 = 72,152,000 SYP.

The net saving is therefore

N; = expected return — recycling cost
= 72,152,000 — 20,373,400
= 51,778,600 SYP.
The percentage saving relative to the total cost of the required
aggregate is
~725(110,000) +371(290,000)
=27.6%.

Svi x 100

The reconstructed building would use 362.5 + 111.3 =
473.8m?> of the available concrete waste. This represents

473.8
1027.4

x 100 ~ 46%,

leaving approximately 54% for other reconstruction projects
or sale in the local construction market.

For calculation purposes, the remaining aggregate is assumed
to be sold locally. Recycled-concrete aggregate can sell for
83.3—100% of the corresponding natural-aggregate price [9].
This study assumes prices of 90,000 SYP for coarse aggregate
and 240,000 SYP for fine aggregate, averaging approximately
165,000SYP/m>. The profit from selling the remaining ma-
terial is

165,000(1027.4 —473.8) = 91,344,000 SYP.

The total profit obtained by recycling the building’s
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1027.4m3 of concrete waste is

91,344,000 4 72,152,000
— (1027.4 % 43,000) = 119,317,800 SYP.

The approximate net return expected from recycling one cubic
meter of concrete waste is

116,549,800/1027.4 ~ 116,000 SYP/m?.
Finally, the saving relative to the total cost of the structural

concrete work is

119,317,800
2,825,920,556.52
~ 4.2%.

Sv2 = 100

Although the model is simple and considers concrete alone,
the results show that substantial financial savings could be
achieved in Syria by recycling concrete, metals, bricks, gyp-
sum, plastics, and other construction wastes.

For Homs Governorate, the estimated quantity of construction
waste is 7.5 million tons [9]. Reinforced concrete represents
approximately 58% of building debris [20], giving an ex-
pected concrete-waste mass of

0.58 x 7,500,000 = 4,350,000 tons.

At a reinforced-concrete bulk density of 2500kg/m?, or
2.5tons/ m3, the corresponding volume is

4,350,000/2.5 = 1,740,000m’.

Using the estimated net return per cubic meter, the total ap-
proximate return from concrete recycling in Homs Gover-
norate is

1,740,000 x 113,000 = 201,840,000,000 SYP,

or approximately 202 billion Syrian pounds. All estimates
and prices are based on prevailing Syrian construction-market
prices in July 2024.

5. CONCLUSION

The study examined demolition-waste management using
BIM and compared quantitative models for estimating
construction-waste volume. The Spanish model was found to
be the most flexible because its coefficients can be tested and
modified to suit a region or country. Enormous quantities of
debris are present in several Syrian governorates, and using
this debris as a sustainable material can produce significant
economic gains while preserving natural resources.

Based on the case-study model and reference studies, the re-
search estimated the expected financial return from recycling
the building’s concrete waste. Recycling can save up to 4.2%
of the total cost of the building’s structural concrete work.
The study also presented an approximate mechanism for esti-
mating the return from recycling 1 m? of demolished concrete.
Using a previously reported estimate of construction-waste
volume, the potential financial return across Homs Gover-
norate was calculated at approximately 202 billion Syrian

pounds.

This is a conservative estimate because the assumed selling
prices for coarse aggregate (90,000 SYP) and fine aggre-
gate (240,000 SYP) are lower than internationally reported
recycled-aggregate prices of 83.3—100% of the corresponding
natural-aggregate price. Transportation-cost savings were
also excluded. Demolition-waste recycling therefore merits
extensive study because of its potential contribution to the
national economy and its role in preserving natural resources.
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