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ABSTRACT: Evaluating new construction technologies based on quantitative analysis before applying
the technology in the construction industry can minimize the risk of using a technology. The research
method in this article is experimental-theoretical. The experimental part includes the review of the
information on 45 types of implemented technologies, their field impressions, and pathology, and in
the theoretical part, the author designs 330 quantitative evaluation questions and receives the opinions
of prestigious universities of the country regarding the proposed questions and finally presents the
mathematical model of the evaluation criteria. The questions are designed to meet the two goals of safety
and competition. The mathematical model presented for the first time by the author is presented in this
article under the title of the triangle of evaluation criteria of new construction technologies. The length
of'the sides of this triangle is equal to the score obtained from each of the questions related to the quality,
cost, and speed of construction for each technology, which are the three main criteria for the quantitative
evaluation of a technology. The evaluation triangle shows that if the length of the quality side becomes  safety
zero in the evaluation of a technology, it is a deterrent and ban on the use of that technology. Presenting
the normalized triangle model for evaluation criteria was aimed at achieving a competitive goal. The
length of each of the sides of this triangle can be between zero and 0.5 (except zero and 0.5), provided
that the sum of the sides does not exceed one. In this model, if the length of one of the sides approaches
zero, the result will be a skinny triangle. which indicates the high risk of that technology in relation to
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that criterion.

1- Introduction

In developed countries, the history of industrialization
and the use of modern construction technologies began in the
18th century with the beginning of the Industrial Revolution
and has grown significantly in the 19th century. Today, due
to the culture, environment, and geographical extent of the
countries, we see the use of modern technologies. We are an
innovative construction company in high-rise construction
projects and quick-build one- and two-story buildings. In
developing countries, due to the ever-increasing growth of
the urban population, the need for mass housing in the form of
short- and medium-rise buildings is felt. For example, in most
Asian countries, South America, and Africa, mass housing is
mainly provided with 2-15-story buildings, and to achieve this
goal, they consider the use of new construction technologies
in an industrial production manner. While developed countries
mainly use They prefer high-rise buildings. Although the type
of housing needed in developed and developing countries is
different, but both of them use the solution of using modern
construction technologies in the industrial production method
and are almost the same in terms of the main and effective
indicators and have minor differences.

*Corresponding author’s email: r.ahmadi@bhrc.ac.ir

The basic challenge in using construction technology is
the feasibility of using the technology before construction
and operation. Nowadays, evaluation is done only for existing
buildings and on a case-by-case basis. This type of evaluation
does not help construction industry workers in the feasibility
stage of mass housing supply projects. Many researchers have
tried to use the experiences of the developed technologies for
future projects. In 2021, Edward et al. [ 1] studied an important
industrialization project with printing technology in the
Czech Republic in order to minimize project costs in terms of
construction and service life, for this purpose, the indicators
And the parameters of the factors affecting the project costs
have been determined, which include the equivalent costs
related to investment stagnation, operational costs, repair and
maintenance, renovation in the future and recycling. They
have tried to check the impact of the above cost indicators
on the economy of the project, they have done their analysis
based on the assumption of linear relationships and finally,
they have concluded: the analysis of energy consumption
during operation, the implementation mechanism of printed
building technology and updating Costs in different stages
of construction and engineering costs have a significant
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Fig. 1. Similar model of new construction technology
evaluation criteria

impact on the economic evaluation of this building. The
main criticism of this research is the use of technology that
does not have a known structural structure, and its structural
behavior against lateral loads has many uncertainties. In
2021, Petri et al. [2] examined the impact of transportation
on a house construction system in terms of the system’s
ability to move volume, its effect on the service radius of the
factory, and the impact on the total cost of the building. This
research has omitted to deal with the effects of transportation
in terms of quality and construction engineering. In 2020,
Mona et al. [3] examined the door element of architectural
components under the industrialization system of a building
and tried to optimize the product in terms of production speed
and production volume by linear modeling in the factory
production line. The researchers [4] to [9] have also done
case-by-case research on construction projects built with
industrial production methods, mainly on implementation
methods in a specific project or from the point of view of
the application of technology in the architecture of a specific
building.

2- Research pattern: experimental-theoretical

The experimental part of the research included the
investigation of 45 types of technologies, including the
complete building system and subsystems. This part includes
collecting and organizing the information of each technology,
field impressions of the performance of the implemented new
technologies, determining the strengths and weaknesses of the
technology, pathology, and analysis. It is information whose
results are used in the theoretical part. In the theoretical part,
firstly, three main criteria of quality, cost, and speed (time) of
construction definition and quantitative evaluation questions
have been designed for each criterion, so that the quality
criterion is 100 questions, the construction cost criterion
is 150 questions, and the construction speed criterion is 80
questions and the answers to the questions are all optional. In
addition to being placed in one of the above three criteria, the
questions are also categorized into one of the two target groups
of safety and competitive evaluation. Questions do not have

20

a single value in terms of their effectiveness in evaluating
technology, so the weighting factor for each question is
intended according to the importance of the question and its
impact. For example, when the question related to the ability
to use a technology in seismic areas of a country is raised, it
will have a different importance and impact than the question
related to the permitted methods of structural analysis in that
technology. Therefore, the weighting factor of each question
will be different. In order to take advantage of the collective
wisdom, the questions and answer options as well as the
suggested weight coefficients for each question have been
made available to academics and experts in the construction
industry, and their valuable opinions have been received and
applied as much as possible. Finally, the model Mathematics
based on the results is presented by the author for the first
time.

3- Results and Discussion
The indicators that make up the sides of quality,
cost minimization, and speed of the triangle of the main
evaluation criteria with engineering content were explained
in the previous section, now the most important question of
the research is raised and is: how to consider (if necessary,
convert) these three main criteria into criteria How can it
be expressed with mathematical and engineering sciences?
77?7 In this part, first, a mathematical model is presented
to express the effect of each criterion, as well as the type
of relationship and dependence of these three criteria. In
this model, according to figure number (1), a triangle with
the sides of the three main quality evaluation criteria, cost
minimization and speed is used, which was presented by the
author for the first time, and we call it the triangle of new
construction technology evaluation criteria. In this article,
two characteristics related to the sides of the triangle have
been used for this model, which according to figure number
(1) are:
1-3- The sides of the triangle are non-zero evaluation
criteria.

AB,BC,CA >0 (1)

2-3- The total length of two sides is greater than one side

AB+ BC > CA<BC+CA>AB«CA+ AB >

BC (2) )

3-3- The ratio of one side to the sum of the sides of the
triangle

A=4B/, 3

_BC
L,A=CA/ L=AB+BC+CA

3)
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4- Conclusion

The present article is a part of a comprehensive research
in the field of “evaluation of new construction technologies”
by the author, which will be presented in several articles.
This article shows that with reliable quantitative tools and the
mathematical model provided by the author, it is possible to
evaluate new construction technologies in two sectors: safety
and competitiveness. The obvious point is the deterrence
function if the safety goal is not met, which deprives the
technology of its usability. Also, the performance of the
competitive target compared to other technologies and
obtaining a small score will be the factor of success or failure
of a technology. Based on the study, the following results
have been obtained:

1- The triangle model of evaluation criteria for new
technologies was presented in the three sides of quality,
cost minimization, and speed, which expresses the user and
engineering indicators of a technology.

2- The evaluation indices were presented in the form of
general and specific indices and the grouping of specific
indices in the main safety group (with structural and fire
subgroups) and the main operation group (with architectural,
energy, and acoustic subgroups) was determined.

3- The side related to the quality of the new technology
in the evaluation criterion triangle consists of two safety
and competitive parts, the lack of safety (structure and fire)
in technology causes the length of the quantity side to be
zero in the quantitative evaluation and the triangle loses its
definition. and this means preventing and prohibiting the use
of new technology in the construction industry.

4- The normalized evaluation triangle is used to make
the risk parameter for evaluation criteria with competitive
goals, in which: First, the length of each of the three sides of
quantity, cost, and speed is determined by the risk parameter
of that criterion, whose value is between zero and 5 0.0 is
placed (except for zero and 0.5). Second: the total length of
the sides of this triangle is 1.0.

5- According to the normalized triangle model, the closer
the risk parameter for one side of this triangle is to zero, it
creates a thin triangle and makes the use of technology risky
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Fig. 3. Technology evaluation triangle of a construction innovation

Sleogas Sl cSld dlie oy al 58 - wilbis Szl g
Ol Sloy g Sl el eainST el a5 g 5k (o)L,
L8 635 5o oY by 5 eog Coenl Pl Ly < 0l
3 Sulasl s ol ol pas g Cewl plasle Caro (o
oS Lo 5l e ool asls algs 1y (659l Sl esliul co bl
Gyold (8 eaS | ooyl )18 el Blasl dcgaze 3 0
abgye slas lliwl 5 (cwdige Slogyhe i)l g sl ;0 (ngs
5 wal  JE 5 Jom ooy 5 oSl o (b Gl ansn o
29I 80 ¢ ChS e Sl e cnl @Bly 5o Sl o g 5LEse
DS )8 (B, SBlaalose; 1 5055 5y oste oS haw
539 rd il b ChS Jlne SVl 51 Joloslal (f5ee

WS o e |y cdie ¢ CeaS a4 baye ado Job (Ylgw

CElw agie jlee gs =Y Y =Y
2 ARG 5 e Sl (285 55518 Sy ouds plad anye
o sl anie sile aneS I pshate il walss o )l
My g ol p Cie gla anie alS gases Jlas (g5l
Al (20 gy gl 5 JE 5 Jom B L A 50
@ S5k 5 B (IS g et 1) 0 Glise § o

Slaal dcgamoyy 10 Wiz o jlae opl adl e C8l3L s >

a1

$)9l8 oLl ol (slajlao (2l Jao Y -Y
Gloangy oles 50 6,5l o byl o ol sl lre
lge g ceal e Ja g Jo ccSbo g udy el (el
Soy ()NS5 ,50 g 00 Jge ¢ plaisle jee plail g (g 1o 0 40
sl 31 G e has Ko Sl 008 el il
by pealie & a5 A5 pxede SOl bl el
aidl g o9 wals> Coenl Bl Jlows ¢ cwiige 95 L (5
aw (nl Sz by 330 owyp g adlae ¢ e cnl sl
c bl ylae cpl o BLSSI 58 g Dbl o (el L
e 5k Odsl Gl g S by Sb,l edie ony
ool lid Sileds Oy 4 (V) ojleds K050 aS00 5
Iy edie ol oMol 09l o alaxde a5 jshilen . ol ouls
FSaT ey 5 anie il aneS oS ol L an
ogi axtly cdie cpl Sleogas 4 aST 5l M3 L sies

80,5 Gy JolS g gy a ol ol 51 S e el p3Y

CutS Hlas als =Y =V =Y
Do le a5 wdbie oo e 90 0l nS p 0 slae (p
Jo slasle pitacs o B 3 (ng 50ld el I

09_».»: l) 9 L;).AA CJLAA 9 \)‘9.9 ‘G:LA.:}Lw ;I)}‘ W ).») ‘



Ve¥ BAY dxbo MY JL“’ A O)Lo..w HF 0)9 ‘)A.AS).:AI ul)o.c uw.\...e(c du).mJ

S o ol g dnugs ol &8ly )0 0l gy 5 oGl S
o O Sl 595 49 ey o p0 0ad b3l ng sl yelis |
3 ek Geizmed g (69l o ead S Ll line 5o s
4 5 35750 SleMbl Sl yo o (5 )5l8 Lo 5 (55l o] oSl
el et e LSy 0905 Hskaie Al dalyS oul 5,
oy LSid sl fyoged aseine pilins 6)3133 S Kl g
bl lelae cdie L1 o0 &jln . 0g dalgs (55l
g Sleaysld glyil 5l 4Ty pwaipe sgime gl (Sl
il ps 0 JolS Slesle pras JJB o Slaislo
2Bl Sl (g oged by (Brae las g olse ¢ Slesle
IS a0 )8 o)l ¢ it SleSRy S0 b
Il ol aalss cngi syl Dbl slalae clie 3L
SlaS iy G 99 )0 g 009 Canedl Pl b LS9 (ol (o) 2
L Ngdos grlae g 6yl S o polaiSl oSy 5 SIS

IS celgasls ) -0 Y
1555 50 el e e 5 b sl ol b o,k )
Lo ytne s aab T oo 5 i e
(9 S5 599,985 392 g0 DUl yrdlian 5l 6 15 0 oY
2l Elles 3ges JElas o 5055 ples il 4y L
1555 blia ales o ealiiul colls -0
2988 50 ol p oy (oo s g (Soid slpaieils el -F
Ll e g )l g send lo anie og JEla-V
R L RS TN BT PSR [P D RUTES )
shrzee Gy Slalill 5 L5509 (peli -V -
o),';.wf 59 &Q.C ‘Scmal.l 3 u;b)’yﬂ Al d olx! 8l =YY
Szl Jelse sl ams
‘LS}LM’ S Jols eio adgs ‘_45 sl u4::>L..4 Q.:.ALT—\Y

&5l ol g 5l @m0

(o ¢ (SloiFle JolS w51 jslaie gt (ol 5o
szl s 25 Geizre ¢ 2Bl oo 0jle 5 s)lere S s3I L

v

S9ld SG (i Gl 45 (g0 i S 9,8 513 B,
)ilo (51'01 )L:.LA 5\5 )‘ JM )L:M U"‘ s.iw - .J)‘J od.e‘.n.)
a5 ol S8 el oads ails )] sy s dnlsl o a5 bl o
arg g 4 al e (Gile aleS 5l jslate allie (pl )3 &S e jg 0
d9ds oo Julis 1y oladl 5l iso QT asly il ged Sume Slaiil
oy Jols g o)l leisle SO Slasl b puiis bl a5
¢ oS (Rl el sl sle e ¢ ey B3l e )
Ol - w0gd oo Jolio 1) Jed cnl 5l g (60 sLaidl g (3l o
39 wope il b cole anie Lae OVl I ol Lol

S s et |y e L a4y bgyye ol Jsb wYlges

il s e ghs Y ¥ ¥
5 Jo e adyi g cale ((Hlb jshaie 4 5l 050 Loy b wsSae
e S s B 5,58 51 g 5«
JT°WL569JA‘@L4‘9°‘9“@L‘“‘>L“’ “J‘"‘W“““""""J")
Dl e diSon i o5 23l 45 2 )] Jlre (nl 9052wl Sl
piiens 50 (610 00 4 5558 il g Sl ey K00
35S o), By Blaml o0y y0 g Al ouds pled sla 4o yo
o 6)91‘5 Sl o asle s 009381 (o3l » Loy 136 gl (pl o
Sl oy B gyl amgy 5l 5k 0550 loy asly bl o,
Slrmn 935 oo sl 5,5 ol o el 3llae (5,515 .
9 wure Sl b el copn L Nlgw I Jol> Ll

Jde (o Hlael ¥ =Y
ol Gosld ¥ byl sl Jae e Ll
sladlby b obsl byl cbe Joo I Jols mls

el 4B F Sgo ond Ll clos,sls 5l Sy e 5l Sl

)l slewad Ll -0 =Y
2@y bl cdie Joo 6250 L o0 AT
2l 0,55 osliul Sl x5l patia oSl s (5,5l

Lol Jlao! gleisle g slystd b)) slo) 5 50



V¥ BAY axén NPV Jl.u) A b)lo..m HF 0,93 ‘)“S)ml ul)a.c L;“’“\-‘-@(" d:)uu

Sy oyt slajlize b ()5l =)

Gy O-F-F-Y

B> Jlie o iz pateie 5, )

& Lone —F-F-F-Y
& lone

°‘-\:’.‘

sk 5 b
il 5l g St e celB-Y

59 (_g).n.\.\ Slass-Y

595 % 5 Jolate (Glueul slo s £lgil gl 2l LB Y
ol 6“" mlﬂ)\) 6)5)& L’L'-«MJL\-’_f

ojlw ,LB, 50 (6,135 ,50 pae e LB -0

o oaisSTas ;o ComBge posd dad 4o (5 ud E9:5 SLlgs-Y
ST 655l Elin 0 5L5 8590 (slo Sy el (Sl A
0,Slos g oo, Lra> (plSnl -4

5l -V-F-F-Y

Sl sl s oyl Jl Eum 5l asie LLEY
o g b Sl pl 5l eolanal el bls Y
ojlw 5 5 loxe Slg,b L (5,5 L-F

\ :.<5_Q L_SLbl .-

SewgS T -A-F-F-¥
Gailae Sl slwl jo oUles )
lalas jo o plaw alalll b -Y

S5y ilere sla Sy b 5,55 Y

oy g i -
auj ke aeS ¢ CuaS Sl saims LSS slaasls
GiF 53 (ewiige Slgiome b bl (el sl lae Eldie e s
9 95850 Tobae Rk Jlow Gryiete Sl e w0 i S

ol C s 5l Oy p0) oged Bld ogoi -l e jle o

A

Ll 5l fond b g ojle ¢ gylome b szl il o Slazs Lo
a5 jolaie 5o Ll (g gy 5 clae g olge (o9 o aily
e S 3 ol a8F G 2l (g (g 9 llas g slge
@ bgrye Cone 1) 0l oo pics 25 SO L Slesle JlS
S5 gad aoy (] 4 g 00 S de (B g (Sl Slusls
62913 (G0 s |l S 2 0 (cwdige SleSy S ok -

S alss e rh a pleisle ol il lgies oad Ol (nsd

: oLt el (slaas s Y -0 Y
o)LV -Y-F-Y

SASTY-¥¥y

ol ()l 00 sl L —F - -Y

6 LoV FF-Y

&pY-f-f-v

StssS T Ff Y

S Gl polaBl gla SRy oSl 4 axg L
cdio Joo B o g sleeyld byl (el slale
565 b Shs ol Sl w3¥ I wil e 55518 2l sl loes

D05 o S py 38 Sl b IS sla Sy ailes

ojle F-FF-Y

roloxe (yrodige (sl ()18) S5 ol sl ojl jasuie )8y
olkb

Johe sloljdl i b (s Jlow Sy

asl )5 558 (gl oj) ael il o )0 Sk

45 ye e slaplezslis )3 dooss lSel ¥

Jshte (6l il (sl piims o b 3l g S 5 it

2945 sloj) lepiy digg (olod 238 -5

calio SYLaS] (el i 5 (lore sloybo )3 (6 dy Sllasl-Y
&l ojlu e sl b

5l ooes dlng g o3l 558 5 (gl 0y0s (slayl )d s SIHE-A
I2lg b e

abgryo 4ol il Agd 3 wiwmw (Ul -4

02,95 Jelge Jlie ) (j3905 polia el - -



Ve¥ BAY dxbo MY JL“’ A o)l.ow: HF 0)9 ‘)AS).:.AI ul)o.c u»o.b.e(e du).mJ

(Ol p5) oo

3o

el 0235 (538 23] S0 lone il Jaa F S

Fig. 4. Similar model of new construction technology evaluation criteria
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Fig. 5. Your image is an evaluation triangle for a risky technology
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