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ABSTRACT

Crack Detector — The Crack Detection In The Snotty Building Based Artificial
Intelligence And Image Processing Smart Solution To Structural Collapse is a device
designed by the building's design team by implementing artificial intelligence science and
image processing to detect the cracks and dimensions autonomous. Data obtained was
sent to the user's computer in real time. The purpose of the construction of the device is
to facilitate communities especially construction and construction safety committees
(KKK) the building's security system hopes to detect cracks in high rise and can provide
data on the level of damage, data obtained from a crack detector among other images and
videos from the state of the building, the dimensions of cracks and the positions of cracks.
Based on these data can be determined an ordinance of the building structure. Toolmaking
begins with observing a multistory building on the campus and a literature study of both
national and international journals and books. Next is the tool design using Solidworks
2020. Once the design is finished it continues to the stage of procuring the components
needed to make the prototype. The building of the prototype is divided into three stages
of assembly of the frame, assembly of the electronic components and program building.
Once completed, the tool was tested for performance knowing.

Keywords: Drone, crack, artificial intelligence, image processing, structural collapse

1. INTRODUCTION

The emergence of high-rise buildings such as office buildings, shopping centers,
hotels, apartments, flats is a form of development development. This development
development aims to encourage the achievement of objectives and the implementation of
the main functions of optimal use, including facilities and infrastructure. Aspects that
need to be considered during the economic life of the building is during its operation.
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Usually the appearance of the damage that occurs is seen after the building begins to
operate (Ariyanto, 2020: 45).

The appearance of the damage that occurs needs to be identified as early as possible
regarding the existence of other damages that can cause a bad effect on the building.
Identification of building elements needs to be done because there is a lot of damage to
buildings with different causes (Adeswastoto and Islah, 2018: 58). Based on data from
the ministry of education and culture, the directorate general of early childhood education
and public education (2019: 25) the total number of damage to buildings in Indonesia is
18.86% with the level of damage still below 30%, which means the building suffered
minor damage.

The level of damage to the building can be determined by measuring the width of the

crack in the cracked element. The wider the crack that occurs, the higher the level of
damage that occurs (Ariyanto, 2020: 50). Multi-storey buildings not only have a positive
impact, but can also have a negative impact. One of the negative impacts is the collapse
of the building. The collapse of the building occurs due to the decrease in the strength of
the building. Therefore, it is necessary to check the physical condition of the building
periodically. In the process of checking the physical condition of high-rise buildings, it is
difficult for humans to do it directly due to limited human views. In addition, this work
has a high risk of accidents. So we need a tool that can replace the job.
Based on the explanation above, the author took the initiative to create a tool, namely
Crack detector Detection of Cracks in Multi-storey Buildings Based on Artificial
Intelligence and Image Processing Intelligent Solutions to Overcome Building Collapse
to facilitate checking the robustness of buildings. Crack detector is a type of UAV vertical
take off and landing (VTOL) equipped with a camera that will capture images of the
building structure and can calculate the dimensions of the existing cracks so that users
can find out how big the crack is without having to measure it. It is hoped that with this
Crack Detector it can overcome the collapse of high-rise buildings.

2. LITERATURE REVIEW

Drones

According to Herry (in Rendyantoro, 2018:10) Drone is an unmanned aircraft that is
controlled remotely called the Unmanned Aerial Vehicle (UAV) is a flying machine that
functions remotely controlled by the pilot or is able to control himself, using the laws of
aerodynamics. to lift itself, can be reused and capable of carrying a load of both weapons
and other cargo. The drones that will be discussed are drones that use GPS (Global
positioning system).

The Vertical Take Off Landing (VTOL) method is a method of launching and landing
an Unmanned Aerial Vehicle (UAV) which is carried out vertically. This allows the UAV
System to be operated on virtually any type of terrain, requiring no runways, or
complicated catapult equipment. The launch is carried out independently and the UAV
System can be airborne for several minutes to arrive at the intended location (Austin,
2010). Vertical Take Off Landing (VTOL) Aircraft is a type of aircraft that can take off
and land perpendicular to the earth so that it can be carried out in a narrow place.
Helicopters, tricopters, quadcopters, and similar multirotors belong to this category
(Rangku, 2014: 5).
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Quadcopter is a development of a helicopter that only uses a motor. The quadcopter
has four main propulsion motors. Quadcopters are used in surveillance, search and rescue,
inspection purposes and several other applications (Tamtomi, etc, 2016: 194). According
to Tamba (2014: 5) quadcopter is a type of rotorcraft that has four rotors as propeller
drives that produce lift. The quadcopter can take off and land vertically. Quadcopter can
move up, down, forward, backward, left, right, and rotation. These movements are better
known as pitch (moving forward or backward), roll (moving left or right), and yaw
(rotating left or rotating right).

Building Crack

In general, the word building means something that is built or built to carry out
activities. Building according to Law No. 28 of 2002 concerning buildings defines a
building as a physical form of construction work that is integrated with its domicile,
partially or wholly located above or in the ground or water, which functions as a place for
humans to carry out their activities. both for housing or residence, religious activities,
business activities, social activities, culture, and special activities (Simanjuntak and
Bernard, 2013: 186).

According to (Adeswastoto and Islah, 2018: 61) cracks are symptoms due to working
forces or many combinations that exceed the capacity of the building or its material
components. The factor that causes cracks in the wall is due to the load acting on the wall
exceeding its flexural strength. Cracks are divided into two types, namely structural
cracks are cracks that occur due to settlement of the support plane which can be in the
form of soil, foundation, or other building structural elements. Non-structural cracks are
cracks that are generally harmless but sometimes reduce the aesthetic value of the
building (Hidayat, 2009: 61-63).

Open Computer Vision (OpenCV)

Computer Vision is the science of programming computers to process and understand
images or videos in real time. OpenCV requires images in BGR (Blue Green Red) or
grayscale to be displayed or saved (Abdullah and Pane, 2020: 1). OpenCV is an API
(Application Programming Interface) library which is very familiar in computer vision
image processing. Computer vision itself is a branch of the field of image processing that
allows computers to see like humans. With this vision the computer can make decisions,
take action, and recognize an object.

Image processing or image processing is a system where the process is carried out with
the input (input) in the form of an image (image) and the result (output) is also an image
(image). Initially, image processing was carried out to improve image quality, but with
the development of the computing world, which is marked by the increasing capacity and
speed of computer processing, as well as the emergence of computer sciences that allow
humans to retrieve information from an image, image processing cannot be separated
from the field of image processing. computer vision (Mulyawan, etc, 22011: 2).

Raspberry Pi
The Raspberry Pi is a Single Computer Board (SCB) or microprocessor that has been
equipped with a GP1O (General Purpose Input Output) pin so that in addition to being
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able to function as a PC computer, it can also function as a data receiver through its input-
output pins. The raspberry pi operating system is linux and its basic programming uses
the python language which is open source software (Sanjaya, etc, 2018: 73). The
Raspberry pi consists of many important pieces of hardware with several important
functions. The main part of the raspberry pi is the processor. Each raspberry pi has a
broadcom BCM2835 chip embodying an ARM1176JZF-S core CPU. This chip has a
clock speed of 700MHz and is a 32-bit system. Raspberry pi has an SD card slot for SD
cards that act as storage media, everything including the operating system and other files
are stored on the SD card (Baskoro, 2014: 2).

Figure 1. Raspberry Pi (Source: news.ralali.com)

Artificial Intelligence

Artificial intelligence is a part of computer science that is specifically aimed at
designing the automation of intelligent behavior in computer intelligence systems. The
main part of artificial intelligence is the knowledge base, which is an understanding or
understanding of the subject area obtained through education and experience (Kristanto
in Azzary, etc, 2016: 48). Artificial intelligence is intelligence added to a system that can
be managed in a scientific context or can be called Al which is defined as the intelligence
of scientific entities. According to Kaplan and Haenlein (in Siahaan, etc, 2020: 2) define
artificial intelligence as the ability of the system to interpret external data correctly. Such
systems are generally thought of as computers. Intelligence is created and incorporated
into a machine or computer so that it can do work as humans can.

IMPLEMENTATION STAGE

Tool Design

The design of this tool uses the Solidworks application. In designing we take
measurements and layout of all components.

Procurement of Tools and Materials

The selection of electronic components and the procurement of supporting equipment
are stages that must be carried out before the VTOL Crack Detector assembly process.

Making VTOL Crack Detector To Detect Cracks

The Crack Detector Vector assembly process is carried out by dividing the tasks with
each member. The assembly is carried out at the 4th Floor of the Spikology Building. The
steps taken in the assembly process are as follows: preparing the necessary work support
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equipment and materials, making mechanical Crack Detector VTOL, assembling Crack
Detector VTOL components.

Trials

After making the Crack Detector VTOL program, then we will test the tool aiming to
find out whether this VTOL Crack Detector can work properly or not.

Tool Revision
Tool revision is carried out to correct errors after testing the tool.
Tool Socialization

If the trial is successful, the tool will be disseminated to the public. Tool socialization
was carried out by practicing the use of tools by the writing team in high-rise buildings.

Acceptance Level Survey

During socialization, the writing team also carried out periodic monitoring to see the
level of tool work activity and the level of acceptance of the tool among the community

3.10. Evaluation

The evaluation stage is carried out to see the level of success of program
implementation from beginning to end.

3. EXPERIMENTAL

Table 2. The composition of the chemical compounds of natural zeolite.

The oxide Percent (%)
SiO2 46.57
Al203 16.58
Fe203 10.21
CaO 8.77
MgO 4.81
Na20s3 2.97
K20 0.87
MnO 0.14
TiO2 0.83
P>0Os 0.14

Loss of ignition  7.75
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Fig 2. Compressive strength of SFP (Source: news.ralali.com)
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Fig 3. Stress-strain relationship of SFP with an additional 4% WTR.
(Source: news.ralali.com)

4. RESULTS AND DISCUSSION

Compressive strength

The average compressive strength for the SFP from each of the 3 variations of
WTR and natural zeolite was plotted in Fig. 7. The results showed that there was a
significantly increase of compres- sive strength with the increase in the zeolite content
from 0 to 15% while slightly decrease at percentage of 25%. The increase in the
compressive strengths at 10% and 15% were reported to be caused by the presence
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of zeolite in the mortar which made it denser after hardening compared to the
composition without the mineral. This is associated with the reaction of the silica
(Si0Oy2) in zeolites with the calcium hydroxide (Ca (OH)2) which is a by-product of the
hydration process of cement in a mortar to form calcium silicate hydrate. This,
therefore, led to the increase in the density and com- pressive strength of mortar, and
consequently, for the SFP. How- ever, at 25% zeolite, the amount of SiO; in the
mixture exceeded the requirement for the reaction leaving some of it unreacted
and this weakened the compressive strength of the mortar and the SFP as a
consequence. Furthermore, the figure also shows the highest value of compressive
strength was recorded at 5% WTR and 15% zeolite.

Flexural strength

The average flexural strength value of the SFP for each variation of WTR and
natural zeolite was plotted in Fig. 8. The results showed 5% WTR has the highest
value for all the mixture except for 25% zeolite. As with the compressive strength,
the substitution of the cement with natural zeolite by up to 15% increased the flex-
ural strength of the SFP but the value decreased at 25%. The highest value was also
observed with 5% WTR and 15% natural zeolite.

Initial modulus of elasticity

The initial modulus of elasticity was calculated from the stress- strain relationship
data. This involved comparing the stress and strain under linear conditions to obtain
the magnitude of the elas- tic modulus for all the variations as shown in Fig. 13. The
results showed the lowest values were obtained at 15% zeolite and this means greater
deformation was experienced at this mixture com- pared to others at the beginning of
loading.

Modulus of elasticity after crack

Show the SFP experienced a micro crack as observed from the drastic reduction in
its stiffness and the stress—strain relationship subsequently tended to be linear again
up to when the maximum stress was reached. Therefore, the modulus of elasticity
after crack was calculated based on the slope of the stress—strain curve after the
initial crack occurred and the magnitude is shown in Fig. 14. The figure shows
the elastic modulus after the crack is almost the same for all mixtures, except for
3% and 4% WTR with- out zeolite which was found to have higher values.

5. CONCLUSION
Based on the results in this study, the following conclusions can be drawn:

It is possible to replace some quantities of cement with natural zeolite in grout
mortar needed in porous asphalt. The mixture with the highest compressive and
flexural strengths was found to be 15% zeolite. It was also discovered to have the
ability to reduce drying shrinkage and increase the semi-flexible pave- ment
permeability and durability. Moreover, the addition of 5% waste tire rubber was
also found to have the best performance.

The stress—strain curve of semi-flexible pavement was linearly elastic with the
slope to be equal to the initial elastic modulus up to the start of the microcracks
which occurred at 14% to 20% of the compressive strength. After the crack, the
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stiffness was observed to have decreased drastically and the curve became linear
again with reduced stiffness.

ACKNOWLEDGEMENTS

we would like to thank all those who have contributed to the writing of this paper which
we have no mentioned one by one, hopefully this paper will be useful. Thank you.

REFERENCES

[1] Z.A. Alkaissi, Effect of high temperature and traffic loading on rutting
performance of flexible pavement, J. King Saud Univ. Eng. Sci. 32 (1)
(2020) 1-4, https://doi.org/10.1016/j.jksues.2018.04.005.

[2] Hasan, M., & Sugiarto, S. (2021). Determining the properties of semi-flexible
pavement using waste tire rubber powder and natural zeolite. Construction and
Building Materials, 266, 121199.
https://doi.org/10.1016/j.conbuildmat.2020.121199

[31 D. Casey, C. McNally, A. Gibney, M.D. Gilchrist, Development of a
recycled polymer modified binder for use in stone mastic asphalt, Resour.
Conserv. Recycl. 52 (10) (2008) 1167-1174, https://doi.org/10.1016/].
resconrec.2008.06.002.

[4] N.M. Noor, H. Hamada, Y. Sagawa, Rubberized concrete durability
against abrasion, Matec Web Conf. 47 (2016) 01006, https://doi.org/
10.1051/matecconf/20164701006.

[5] M.L. Afanso, M. Dinis-Almeida, L.A. Perera-De-Oliveira, J. Castro-
Gomes, S.E. Zoorob, Development of a semi-flexible heavy duty pavement
surfacing incorporating recycled and waste aggregates — Prelimenary
study, Constr.  Build. Mater. 102 (1) (2016) 155-161,
https://doi.org/10.1016/ j.conbuildmat.2015.10.165.

[6] N.M. Husain, M.R. Karim MR, H.B. Mahmud, S. Koting, Effects of
aggregate gradation on the physical properties of semiflexible pavement,
Adv. Mater. Sci. Eng. 2014 (2014) 529305.
https://doi.org/10.1155/2014/529305.

[71 1.B. Topcu, B. Isikdag, Effects of crushed RAP on free and restrained shrinkage
of mortars, Int. J. Concr. Struct. Mater. 3 (2) (2009) 91-95, https://doi.org/
10.4334/1JCSM.2009.3.2.091.

[8] D. Ge, K. Yan, Z. You, H. Xu, Modification mechanism of asphalt binder
with waste tire rubber and recycled polyethylene, Constr. Build. Mater. 126
(2016) 66—76, https://doi.org/10.1016/j.conbuildmat.2016.09.014.

[9] L. Geng, X. Wang, Q. Xu, Thermal stress of asphalt pavement based on
dynamic characteristics of asphalt mixtures, Int. J. Pav. Res. Technol. 9 (5)
(2016) 363 367, https://doi.org/10.1016/j.1jprt.2016.08.009.

[10] M.R. Islam, S.A. Kalevela, J.A. Rivera, Finding an equivalent hot-mix
asphalt for cold-in-place recycled asphalt using laboratory testing and
numerical analysis,

J. King Saud Univ. Eng. Sci. (2019), https://doi.org/10.1016/j. jksues.2019.10.001.

[11] J. Zhang, J. Cai, J. Pei, R. Li, X. Chen, Formulation and performance
comparison of grouting materials for semi-flexible pavement, Constr. Build.

CRACK DETECTOR — THE CRACK DETECTION IN THE SNOTTY BUILDING

BASED ARTIFICIAL INTELLIGENCE AND IMAGE PROCESSING SMART

SOLUTION TO STRUCTURAL COLLAPSE



https://doi.org/10.1016/j.jksues.2018.04.005
https://doi.org/10.1016/j.conbuildmat.2020.121199
https://doi.org/10.1016/j.resconrec.2008.06.002
https://doi.org/10.1016/j.resconrec.2008.06.002
https://doi.org/10.1016/j.resconrec.2008.06.002
https://doi.org/10.1051/matecconf/20164701006
https://doi.org/10.1051/matecconf/20164701006
https://doi.org/10.1051/matecconf/20164701006
https://doi.org/10.1016/j.conbuildmat.2015.10.165
https://doi.org/10.1016/j.conbuildmat.2015.10.165
https://doi.org/10.4334/IJCSM.2009.3.2.091
https://doi.org/10.4334/IJCSM.2009.3.2.091
https://doi.org/10.4334/IJCSM.2009.3.2.091
https://doi.org/10.1016/j.conbuildmat.2016.09.014
https://doi.org/10.1016/j.ijprt.2016.08.009
https://doi.org/10.1016/j.jksues.2019.10.001
https://doi.org/10.1016/j.jksues.2019.10.001

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

USIN, et al.

Mater. 115 (2016) 582-592, https://doi.org/10.1016/j.conbuidmat.
2016.04.062.

W. Cao, Study on properties of recycled tire rubber modified asphalt
mixtures using dry process, Constr. Build. Mater. 21 (2007) 1011-1015,
https://doi.org/ 10.1016/j.conbuildmat.2006.02.004.

F. Moreno, M.C. Rubio, M.J. Martinez-Echevarria, The mechanical
performance of dry-process crumb rubber modified hot bituminous mixes:
The influence of digestion time and crumb rubber percentage, Constr. Build.
Mater. 26 (2012) 466-474,
https://doi.org/10.1016/j.conbuildmat.2011.06.046.

C. Akisetty, F. Xiao, T. Gandhi, S. Amirkhanian, Estimating correlations
between rheological and engineering properties of rubberized asphalt
concrete mixtures containing warm mix asphalt additive, Constr. Build.
Mater. 25 (2) (2011) 950-956,
https://doi.org/10.1016/j.conbuildmat.2010.06.087.

P.S. Wulandari, D. Tjandra D, Use of crumb rubber as an additive in asphalt
concrete mixture, Proc. Eng. 171 (2017) 1384-1389.
https://doi.org/10.1016/j. proeng.2017.01.451.

D. Zhang, X. Huang, Y. Zhao, S. Zhang, Rubberized asphalt mixture
design using a theoretical model, Constr. Build. Mater. 67 (2014) 265—
269, https://doi.org/ 10.1016/j.conbuildmat.2014.01.011.

F. Xiao, P.E. Wenbin Zhao, S.N. Amirkhanian, Fatigue behavior of
rubberized asphalt concrete mixtures containing warm asphalt additive,
Constr. Build. Mater. 23 (10) (2009) 31443151, https://doi.org/10.1016/
j.conbuildmat.2009.06.036.

F.J. Navarro, P. Partal, F.J. Martinez-Boza, F. Gallegos, Thermo-
rheological behavior and storage stability of ground tire rubber-modified
bitumens, Fuel 14-15 October 2004; 83.

N.F. Ghali, Effect of sulfur on the storage stability of tire rubber modified
asphalt, World J. Chem. 3 (2) (2008) 42-50.

M. Attia, M.A. Abdelrahman, Enhancing the performance of crumb rubber-
modified binders through varying 1 the interaction conditions. M. 6. Int. J. Pav.
Eng. 10 (2009) 423-434. https://doi.org/10.1080/10298430802343177.

G. Cheng, B. Shen, J. Zhang, A study on the performance and storage stability
of crumb rubber-modified 11 asphalts, Petrol. Sci. Technol. 29 (2) (2011)
192— 200, https://doi.org/10.1080/10916460903070421.

X. Wang, Z. Fan, L. Li, H. Wang, M. Huang, Durability evaluation study
for crumb rubber-asphalt pavement, Appl. Sci. 9 (2019) 3434,
https://doi.org/ 10.3390/app9163434.

M.A. Franesqui, J. Yepes, C. Garcia-Gonzalez, Improvement of moisture
damage resistance and permanent deformation performance of asphalt
mixtures with marginal porous volcanic aggregates using crumb rubber
modified bitumen, Constr. Build. Mater. 201 (2019) 328-339,
https://doi.org/10.1016/ j.conbuildmat.2018.12.181.

S.M. Saleh, R. Anggraini R, H. Aquina, Karakteristik campuran aspal porus
dengan substitusi styrofoam pada aspal penetrasi 60/70, J. Teknik Sipil ITB
21 (3) (2014) 241-250. http://dx.doi.org/10.5614%2Fjts.2014.21.3.7.

CRACK DETECTOR — THE CRACK DETECTION IN THE SNOTTY BUILDING
BASED ARTIFICIAL INTELLIGENCE AND IMAGE PROCESSING SMART
SOLUTION TO STRUCTURAL COLLAPSE


https://doi.org/10.1016/j.conbuidmat.2016.04.062
https://doi.org/10.1016/j.conbuidmat.2016.04.062
https://doi.org/10.1016/j.conbuidmat.2016.04.062
https://doi.org/10.1016/j.conbuildmat.2006.02.004
https://doi.org/10.1016/j.conbuildmat.2006.02.004
https://doi.org/10.1016/j.conbuildmat.2011.06.046
https://doi.org/10.1016/j.conbuildmat.2010.06.087
https://doi.org/10.1016/j.conbuildmat.2014.01.011
https://doi.org/10.1016/j.conbuildmat.2014.01.011
https://doi.org/10.1016/j.conbuildmat.2009.06.036
https://doi.org/10.1016/j.conbuildmat.2009.06.036
https://doi.org/10.1016/j.conbuildmat.2009.06.036
http://refhub.elsevier.com/S0950-0618(20)33203-7/h0145
http://refhub.elsevier.com/S0950-0618(20)33203-7/h0145
http://refhub.elsevier.com/S0950-0618(20)33203-7/h0145
https://doi.org/10.1080/10916460903070421
https://doi.org/10.3390/app9163434
https://doi.org/10.3390/app9163434
https://doi.org/10.1016/j.conbuildmat.2018.12.181
https://doi.org/10.1016/j.conbuildmat.2018.12.181
http://dx.doi.org/10.5614%2Fjts.2014.21.3.7

[25]

[26]

[27]

[28]

[29]

[30]

USIN, et al.

Huang, D., Li, L., Zhang, H., Shi, L., Xu, C., Li, Y., & Yang, H. (2009). Recent
progresses in research of fire protection on historic buildings. Journal of Applied
Fire Science, 19(1), 63-81. https://www.researchgate.net/profile/Long-Shi-
3/publication/275619750

Farrar, C. R., Baker, W. E., Bell, T. M., Cone, K. M., Darling, T. W., Duffey, T. A,,
... & Migliori, A. (1994). Dynamic characterization and damage detection in the I-
40 bridge over the Rio Grande (No. LA-12767-MS). Los Alamos National Lab.,
NM (United States). https://www.osti.gov/biblio/10158042

Foldvary, V., Beko, G., Langer, S., Arrhenius, K., & Petras, D. (2017). Effect of
energy renovation on indoor air quality in multifamily residential buildings in
Slovakia. Building and Environment, 122, 363-372.
https://doi.org/10.1016/j.buildenv.2017.06.009

Siskos, P. A., Bouba, K. E., & Stroubou, A. P. (2001). Determination of selected
pollutants and measurement of physical parameters for the evaluation of indoor air
quality in school buildings in Athens, Greece. Indoor and Built Environment, 10(3-
4), 185-192. https://doi.org/10.1159/000049235

Hodgson, M. J., Morey, P., Leung, W. Y., Morrow, L., Miller, D., Jarvis, B. B, ...
& Storey, E. (1998). Building-associated pulmonary disease from exposure to
Stachybotrys chartarum and Aspergillus versicolor. Journal of Occupational and
Environmental Medicine, 241-249. https://www.jstor.org/stable/44995420
Bluyssen, P., de Oliveira Fernandes, E., Fanger, P. O., Groes, L., Clausen, G.,
Roulet, C. A., ... & Valbjorn, O. (1995). European audit project to optimize indoor
air quality and energy consumption in office buildings. Final report, March.
https://www.researchgate.net/profile/Eduardo-De-Oliveira-
Fernandes/publication/310321299

CRACK DETECTOR — THE CRACK DETECTION IN THE SNOTTY BUILDING
BASED ARTIFICIAL INTELLIGENCE AND IMAGE PROCESSING SMART
SOLUTION TO STRUCTURAL COLLAPSE


https://www.researchgate.net/profile/Long-Shi-3/publication/275619750
https://www.researchgate.net/profile/Long-Shi-3/publication/275619750
https://www.osti.gov/biblio/10158042
https://doi.org/10.1016/j.buildenv.2017.06.009
https://doi.org/10.1159/000049235
https://www.jstor.org/stable/44995420

