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Abstract The main goal of this research is to create an 
advanced framework for evaluating the performance of 
architectural structures. Structures have various functions 
beyond just providing support, stability, and cost-efficiency. 
This study suggests using state-of-the-art numerical analysis 
to assess the quality of structures in architecture. It focuses 
on evaluating the qualitative performance of space frame 
structures in Tehran, using five prominent case studies. The 
assessment encompasses mechanical performance, environ-
mental performance, aesthetics and meaning performance, 
spatial considerations, and economic factors, utilizing a 
multi-criteria decision-making method. In this research, the 
Delphi method is used to determine the primary criteria. 
Then, the Analytic Hierarchy Process (AHP) is employed 
to assign weights to each criterion and rate each case study 
accordingly. The scores are then used to rank the case stud-
ies. The analysis showed that Milad Tower received the 
highest overall score, followed by Imam Khomeini Inter-
national Airport. The Tehran International Exhibition 
Center and Tehran Book Garden also demonstrated strong 

performances in specific areas. However, Azadi Stadium 
had the lowest overall score. Milad Tower showed the most 
balanced performance across various criteria. These results 
emphasize the importance of considering multiple factors 
when evaluating architectural structures.

Keywords Structural performances · Quantitative 
assessment · Qualitative performances · Space frame 
structures · Tehran architecture

Introduction

Throughout history, humans have strived to build durable 
and secure homes. In architecture, a structure has roles 
beyond bearing load and resisting forces [10]. Efficiency and 
elegance are important factors in engineering a structure. 
The final shape of a structure is a compromise between these 
factors and aesthetics. Santiago Calatrava integrates engi-
neering and architectural expression to prioritize aesthetics 
[15]. According to leading thinkers, a building’s structure 
is an integral part of architecture with functions including 
environmental effects, aesthetics, usefulness, style, social 
effects, sustainability, and resistance [2].

Space frame structures are widely used in modern archi-
tecture due to their effectiveness and appealing aesthetics. 
In Tehran, several significant space frame structures show-
case these characteristics. This paper aims to analyze and 
compare these structures based on qualitative performance 
criteria. The study seeks to both evaluate the performance of 
space frame structures and identify the strengths and weak-
nesses of each structure’s performance.

 * Sara Sadeghi 
 s.sadeghi@aui.ac.ir

 Mehdi Mahmoudi Kamelabad 
 m.mahmoudi@aui.ac.ir

 Hamed Kamelnia 
 kamelnia@um.ac.ir

 Mohammad Hoseinpour Jajarm 
 hoseinpour_jajarm@jdm.ac.ir
1 School of Architecture and Urbanism, Art University 

of Isfahan, Isfahan 81486-33661, Iran
2 Department of Architecture, Faculty of Architecture 

and Urbanism, Ferdowsi University of Mashhad, 
Mashhad 91779-48944, Iran

3 Jahad Daneshgahi Institute, Mashhad 91775-1376, Iran

http://crossmark.crossref.org/dialog/?doi=10.1007/s40030-024-00858-6&domain=pdf
http://orcid.org/0000-0002-6321-6170


 J. Inst. Eng. India Ser. A

Literature Review

Research on space frame structures has provided valu-
able insights into their structural efficiency, environmental 
impact, aesthetic value, and economic performance. How-
ever, much of the literature focuses on specific aspects, often 
neglecting the need for a holistic evaluation that incorporates 
multiple criteria. This literature review critically evaluates 
key studies and identifies areas where further research is 
required.

Structural Efficiency and Performance

Space frame structures are widely recognized for their 
load-bearing capacity and structural efficiency. [14] dem-
onstrated that space frames are effective in spanning large 
distances while minimizing material usage, making them 
particularly suitable for large-scale buildings. These findings 
are supported by [3], who emphasized the adaptability of 
space frames in seismic zones, highlighting the importance 
of designing for safety and durability in earthquake-prone 
regions. While these studies underscore the strength of space 
frame structures in handling large loads and seismic stresses, 
they primarily focus on mechanical performance.

Environmental Impact

[6] Provided a comprehensive analysis of the environmen-
tal benefits of space frame structures, noting their efficient 
use of materials and potential to reduce the carbon footprint 
of buildings. They argue that space frames can optimize 
natural lighting and ventilation, contributing to both energy 
efficiency and user comfort. [5] Extended this analysis, 

demonstrating that space frames can result in significant 
energy savings. Few studies have considered how environ-
mental factors interact with other performance criteria.

Aesthetic and Spatial Qualities

The geometric flexibility of space frames has been praised 
for enabling innovative architectural designs. [7] Highlighted 
their ability to create iconic architectural landmarks, while 
Wang and [16] focused on how space frames support open, 
adaptable spaces, particularly beneficial in public buildings. 
Existing studies tend to treat aesthetics as a secondary con-
sideration, with little attention paid to how architectural form 
can simultaneously serve functional, environmental needs.

Economic Considerations

From an economic perspective, [11] found that while space 
frames often have higher initial costs, the long-term savings 
in maintenance and operational costs frequently outweigh 
the upfront investment. Similarly, [1] performed a cost–ben-
efit analysis of space frame structures, emphasizing their 
economic advantages Although these findings underscore 
the economic efficiency of space frames over time, they 
often fail to account for context-specific challenges.

Research Gaps

While previous studies offer valuable insights into individ-
ual performance metrics of space frame structures, several 
research gaps remain:

Criteria Definition Weighting: Delphi method and expert consensus. Applying AHP to       

determine criteria importance.

Data Collection: Case study selection and rating process.

Normalization: Adjusting ratings for consistent comparison.

Calculation: Summing weighted scores to rank case studies.

Analysis: Conducting sensitivity analysis for result validation.

Criteria 
Definition 

Data 
Collection

Normalizati
on

Calculation   
of weighted 

scores 

Analysis 
(sensitivity )

Fig. 1  Research Method Process from Authors

Fig. 2  Methodological flow 
from Delphi results to final 
scores

Criteria 
Definition 
(Table 1)

Pairwise 
Comparisons 

(Table 2)

Normalization 
of Criteria 
(Table 3)

Weight 
Assignment 

(Table 4)

Final Case 
Study Scores 

(Table 5)
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Most studies overlook the importance of user experience 
and how spatial flexibility impacts the overall functionality 
of space frames in public and commercial buildings. The 
economic analysis of space frames largely focuses on devel-
oped countries, leaving a gap in understanding how these 
structures perform in regions with budget constraints and 
socioeconomic challenges Figs. 1 and 2. 

The research aims to answer the following questions:

How can space frame structures be evaluated across mul-
tiple qualitative performance criteria?
How does the integration of environmental, mechanical, 
and spatial considerations affect the holistic performance 
of space frame structures?

Research Method

This research employs the Delphi method and the Multi-
Criteria Decision-Making (MCDM) approach to assess and 
compare the qualitative performances of space frame struc-
tures. The methodology consists of several critical steps, 
detailed below:

Defining and Weighing Criteria

The Delphi method was used to refine the selected vari-
ables, resulting in five key performance criteria. These cri-
teria were assigned weights through expert consultations. A 
panel of 27 civil and architectural engineers participated in 
the rating process using a Likert scale. Finally, weights for 
each criterion were assigned based on their relative impor-
tance using Saaty’s Analytic Hierarchy Process (AHP). 
The criteria with the highest significance were given larger 
weights, reflecting their influence on the overall performance 
assessment.

Collecting Data

Data was collected through case studies of five prominent 
space frame structures in Tehran: Milad Tower, Tehran 
International Exhibition Center, Tehran Book Garden, Imam 
Khomeini International Airport, and Azadi Stadium. Expert 
ratings on a scale of 1 to 10 were gathered for each criterion 
across these case studies.

Normalizing Ratings

To ensure consistency across all case studies, the rat-
ings for each criterion were normalized. This process 
adjusted for differences in rating scales and units of 

measurement. The formula used for normalization was: 
Normalized Score = Raw Score

Sum of All Scores for the Criterion

  This method ensured that each case study’s score was 
proportionally weighted, allowing for fair comparisons 
between structures.

Applying Weights and Calculating Scores

The normalized scores for each criterion were then multiplied 
by their assigned weights to obtain weighted scores. The total 
score for each case study was calculated by summing the 
weighted scores across all criteria. This step allowed for the 
integration of the expert panel’s evaluations into a compre-
hensive ranking system, reflecting the relative performance 
of each structure. The weighted score formula is as follows: 
Weighted Score = Normalized Score × Weight of Criterion.

For example, if the normalized score for “Mechani-
cal Performance” was 0.20 and its weight was 0.423, the 
weighted score would be: 0.20 × 0.423 = 0.0846.

Analyzing Results

After calculating the total scores, the case studies were 
ranked based on their overall performance. A sensitivity 
analysis was conducted to assess how changes in criterion 
weights impacted the rankings, ensuring the robustness of 
the results. This analysis helped provide a clearer under-
standing of the influence of each criterion on the overall 
rankings, allowing the identification of key factors that con-
tributed most to the structures’ performances.

Defining and Weighing Criteria

The Delphi process can be iterated continuously until an 
agreement is reached. However, according to a study by 
Custer [8], it is typically possible to collect the necessary 
data and reach an agreement within three iterations. In this 
research, twenty-seven experienced civil and architectural 
engineers, holding advanced degrees and with over twenty 
years of practical experience, rated each factor using a Likert 
scale. Among these experts, 15 are university professors. 
Following a comprehensive literature review and research 
background, the factors affecting the structural performance 
of architecture were identified and categorized into 4 pri-
mary criteria and 51 sub-criteria. Experts were asked to 
evaluate each factor based on a Likert rating scale.

This process was repeated three times, with experts add-
ing or removing criteria and sub-criteria. Finally, five pri-
mary criteria and 30 sub-criteria were identified. The mean 
scores of each factor were then calculated. Any factor with 
a mean score lower than 3 was eliminated from the final 
list. It is also noteworthy to state that the number of Delphi 
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iterations is mostly dependent on the level of consensus pur-
sued by the researchers being in the range of 3–5 [9, 4]. It 
is this research, after third iteration for stable results, the 
authors decided to discontinue the iterations and make final 
decision after third round.

The reliability of the questionnaire was assessed using 
Cronbach’s alpha in SPSS software, which is a widely used 
measure of internal consistency. This method was chosen to 
ensure that the items in the questionnaire were consistently 
measuring the intended criteria. A Cronbach’s alpha value 
above 0.7 was considered acceptable, indicating good inter-
nal consistency across the expert responses.

The dimensions and indexes in Table 1 were identified 
through a systematic process that combined insights from 
the existing body of knowledge with the practical expertise 
of professionals in the field. The Delphi method allowed 

for the refinement and validation of these dimensions. This 
approach provided a robust framework for assessing multiple 
aspects of structural performance.

Step 1: Comprehensive Literature Review:
The first step in identifying the dimensions and indexes 

was conducting a thorough review of the existing literature 
on the performance of space frame structures and architec-
tural evaluation frameworks. The literature review helped 
to compile an initial list of factors or dimensions that were 
repeatedly highlighted as significant in evaluating structural 
performance.

Step 2: Expert Consultation:
After the literature review, the Delphi method was 

applied, relying on the expertise to validate and refine the 
dimensions identified from the literature. The experts were 
asked to evaluate and modify the dimensions and indexes, 

Table 1  Delphi result, main criteria detection from Authors

No Dimension Index Number of 
responses

Mini-
mum 
Score

Maxi-
mum 
Score

Mean Standard 
Deviation

1 Environmental Performance Amount of energy consumed 27 2 5 4.14 1.21
2 Amount of carbon dioxide production 27 1 5 3.43 1.72
3 Amount of waste production 27 2 5 3.14 1.07
4 Amount of water consumption 27 2 3 2.43 0.53
5 Possibility of using daylight 27 1 4 1.86 1.46
6 Mechanical Performance Geometrical stability 27 6 8 7.43 0.98
7 Structural efficiency 27 5 8 6.29 1.25
8 Resistance of materials 27 4 8 6.14 1.35
9 Physical aspects (resistance to fire, cor-

rosion, rust and durability)
27 1 6 4.14 1.68

10 formability 27 1 7 3.57 2.30
11 Hardness 27 3 6 3.86 1.07
12 Repairability 27 1 6 2.71 1.70
13 Computability 27 1 3 1.71 0.76
14 Beauty and Meaning Performances Beauty 27 4 5 4.71 0.49
15 Proportions 27 2 5 3.71 0.95
16 Architectural style 27 1 4 2.29 1.11
17 Community acceptability 27 1 5 2.43 1.51
18 Signs 27 1 3 1.86 0.69
19 Functional and Spatial Performances Development ability 27 4 6 5.29 0.76
20 Geometric order 27 1 6 3.86 2.19
21 Optimal space 27 1 6 3.57 1.81
22 Spatial organization 27 1 6 3.86 1.46
23 Sense of safety 27 1 4 2.43 0.98
24 Flexibility 27 1 3 2.00 0.82
25 Economic Performance Indigenous technology 27 2 6 5.00 1.53
26 Ease of construction 27 4 6 4.86 0.69
27 Level of assembly technology 27 1 6 3.57 1.51
28 Possibility of mass production 27 2 5 3.14 1.07
29 Prefabricated construction 27 1 6 2.43 1.72
30 Transportation 27 1 5 2.00 1.53
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adding any missing factors or removing those they deemed 
irrelevant or redundant. The experts also helped prioritize 
the most significant factors.

Explanation on Dimensions and Indexes

1. Environmental Performance
Environmental performance plays a critical role in sus-

tainable architecture and measures how a structure impacts 
the environment. The five sub-criteria in this dimension 
reflect key environmental factors.

2. Mechanical Performance
Mechanical performance ensures the structural integrity 

and physical durability of a building. The sub-criteria focus 
on how the building withstands forces and environmental 
conditions.

3. Beauty and Meaning Performances

This dimension emphasizes the aesthetic and cultural 
aspects of architecture, focusing on how a structure is per-
ceived by its users and society.

4. Functional and Spatial Performances
This dimension assesses the practical usability and 

spatial efficiency of the building. It focuses on how well 
the structure fulfills its intended function while providing 
flexibility and safety for its occupants.

5. Economic Performance
It evaluates the cost-effectiveness of the structure, 

considering both initial construction costs and long-term 
operational expenses. The criteria here emphasize practi-
cality and efficiency.

The mean reflects the central tendency or the average 
rating given by experts for each criterion.

The standard deviation indicates the variability or dis-
persion of expert ratings from the mean. A lower stand-
ard deviation suggests a higher consensus among experts, 
while a higher standard deviation implies greater disagree-
ment or variability.

Next, the following steps were taken:
The Table 1 (Delphi results) forms the basis for all 

subsequent tables. The criteria detected via Delphi are 
compared and weighted through pairwise compari-
sons (Table 2), normalized (Table 3), assigned weights 
(Table 4), and ultimately used to calculate the final case 
study scores in Tables 5, 6, 7, 8 and 9.       

Table 2  pairwise comparison matrix for the criteria from research experts

Next, each element was divided by the sum of its column to normalize the matrix [13]

Criterion Mechanical 
Performance

Environmental 
Performance

Beauty and Meaning 
Performance

Functional and Spatial 
Performance

Economic 
Perfor-
mance

Mechanical Performance 1 4 3 3 2
Environmental Performance 0.25 1 0.5 1 0.5
Beauty and Meaning Performance 0.33 2 1 1 0.5
Functional and Spatial Performance 0.33 1 1 1 0.5
Economic Performance 0.5 2 2 2 1

Table 3  normalize matrix of the criteria from Authors

Criterion Mechanical 
Performance

Environmental 
Performance

Beauty and Meaning 
Performance

Functional and Spatial 
Performance

Economic 
Performance

Mechanical Performance 0.4 0.4 0.6 0.6 0.4
Environmental Performance 0.1 0.1 0.2 0.2 0.1
Beauty and Meaning Performance 0.13 0.2 0.1 0.2 0.1
Functional and Spatial Performance 0.13 0.1 0.1 0.2 0.1
Economic Performance 0.2 0.1 0.2 0.4 0.2

Table 4  the average for the rows from Authors

Criterion Weight

Mechanical Performance 0.423
Environmental Performance 0.089
Beauty and Meaning Performance 0.110
Functional and Spatial Performance 0.110
Economic Performance 0.078
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 To comparisons. The experts rated the following pair-
wise comparison matrix based on importance. [12]

In addition, calculations to determine the average for 
each row were performed, which allowed to obtain the 
respective weights.

Normalization of Scores: To make the scores compa-
rable across all criteria, the ratings need to be normalized. 
The formula for normalizing the score for each criterion 
i is:

Normalized Score i= Raw Scorei
∑

Raw Scores

For example, the normalized score for the "Amount 
of energy consumed" in Environmental Performance 
(mean = 4.14) would be:

N o r m a l -
ized Score for Energy = 414

∑

Raw Scores for Environmental Performance

  The sum of all raw scores for the Environmental Per-
formance criteria is:

4.14 + 3.43 + 3.14 + 2.43 + 1.86 = 14.00.
Therefore, the normalized score for "Amount of energy 

consumed" would be: 4.14
14.00

=0.296.
Weight Calculation Using AHP: Once the normalized 

scores are calculated, AHP assigns weights to each criterion. 
Experts compare the importance of criteria in pairwise com-
parisons, resulting in a comparison matrix. The experts rated 
the importance of the Environmental Performance dimen-
sion relative to Mechanical Performance. The comparison 
results in weights:

W Mechanical Performance = 0.50 W Environmental Performance = 0.25.
The final weight for each criterion ("Geometrical stabil-

ity" under Mechanical Performance) is calculated by mul-
tiplying the normalized score by the overall weight of the 
dimension:

W Geometrical Stability = Normalized Score  for Geometri-
cal Stability × W Mechanical Performance.

For Geometrical Stability, with a mean of 7.43 and 
assuming a total sum of raw scores for Mechanical Perfor-
mance is: 7.43 + 6.29 = 13.72.

The normalized score for "Geometrical Stability" would 
be: 7.43

13.72
=0.541.

Mechanical Performance was assigned a weight of 0.423 
through the AHP process, the final weight for "Geometrical 
Stability" would be: 0.541 × 0.423 = 0.229.

This means "Geometrical Stability" contributes approxi-
mately 22.9% to the total weight of Mechanical Performance.

Combining Weights Across Criteria: The final score for 
each case study is calculated by multiplying the normalized 
scores by the weights assigned to each criterion and sum-
ming them across all criteria.

For any criterion i: WCriterion = ( MeanofCriterion
∑

MeanScoresofDimension
).

Research experts have assigned ratings on a scale of 
1–10 for each case study. A 1–10 scale provides sufficient 
granularity, enabling experts to distinguish between closely 
related performance levels.

Collecting Data

The selected case studies offer a comprehensive view of 
space frame structures in Tehran, encompassing func-
tional, aesthetic, and economic aspects. They provide 
valuable insights into the performance of space frames in 
different applications and their contributions to the archi-
tectural and urban landscape of the city.

The five case studies—Milad Tower, Tehran Interna-
tional Exhibition Center, Tehran Book Garden, Imam 
Khomeini International Airport, and Azadi Stadium—
have been chosen for several reasons. While using a single 
building type might have provided more consistency in 
some aspects, the diversity of building types used in this 
research enriches the study by exploring the full potential 
of space frame structures in different architectural con-
texts. It provides a more comprehensive understanding of 
the performance of space frame structures across varied 
applications, scales, and design challenges.

Furthermore, each case study offers unique insights into 
various performance criteria. For example, structures like 
Milad Tower and Azadi Stadium exemplify high-load and 
seismic considerations for mechanical performance, while 
the Tehran Book Garden and Exhibition Center demon-
strate how space frames contribute to environmental effi-
ciency and sustainability.

Table 5  ratings for the case 
studies done by the research 
experts from Authors

Case Study Mechanical 
Performance

Environmental 
Performance

Beauty and Mean-
ing Performance

Functional and 
Spatial Perfor-
mance

Economic 
Perfor-
mance

Milad Tower 9 6 9 8 7
Exhibition Center 8 5 6 9 8
Book Garden 7 8 9 9 7
Airport 8 4 8 7 9
Azadi Stadium 7 6 6 8 8
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The selection of different building serves several key 
purposes:

Broader Scope of Application

By examining a variety of building types, the research 
demonstrates the versatility and adaptability of space 
frame structures across different architectural forms and 

functional uses. This diversity ensures that the findings can 
be generalized across a wide range of architectural con-
texts, enhancing the practical applicability of the research.

Understanding Performance Across Scales and Functions:
Different types of buildings provide insight into how 

space frame structures perform under various functional 
requirements and environmental conditions.

Table 6  Introduction of case studies

Case Study Description Pic Plan

Milad Tower Milad Tower is the sixth tallest 
telecommunications tower in 
the world, standing at 435 m. Its 
space frame structure efficiently 
distributes loads, offering stabil-
ity and resilience to seismic 
forces, a critical consideration in 
Tehran’s earthquake-prone region. 
(caoi, 2024)

 
 

Tehran International Exhibition 
Center

The Exhibition Center consists of 
several halls that utilize space 
frame structures to cover large 
areas without the need for internal 
supports. This design creates 
flexible, unobstructed interior 
spaces, ideal for hosting exhibi-
tions and large events. (caoi, 
2024)

 
 

Tehran Book Garden The Tehran Book Garden features 
a unique space frame roof 
that spans the atrium, allowing 
for a large, open space filled 
with natural light. This design 
enhances both the aesthetic and 
functional quality of the structure. 
(caoi, 2024)

 

 

Imam Khomeini International 
Airport

The terminal at Imam Khomeini 
International Airport exten-
sively utilizes space frame 
structures in its roof design. This 
structural system enables a spa-
cious, column-free environment. 
(caoi, 2024)

  
Azadi Stadium Azadi Stadium employs space 

frame structures in its roof and 
seating areas to cover vast spans 
without the need for many inter-
nal columns, ensuring clear sight-
lines for spectators. This design 
demonstrates how space frames 
can provide structural stability 
(Zaker & Eghtesad, 2018)
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Evaluation of Multiple Performance Criteria:
Each building type allows for a nuanced assessment of 

various performance criteria such as mechanical perfor-
mance, spatial and functional performance, environmental 
efficiency, and aesthetic value.

Diverse Challenges and Solutions:
By selecting buildings with distinct structural challenges, 

the research demonstrates how space frame structures can 
be adapted to solve different architectural problems. This 
allows the study to offer solutions to various challenges in 
architectural design and construction.

Influence on Urban Development:
The case studies chosen have significantly influenced 

Tehran’s urban landscape, contributing to the architectural 
identity of the city. Their varied functions—from public 
landmarks like Milad Tower to functional spaces like the 

Airport and Exhibition Center—offer insights into how 
space frame structures can impact both aesthetics and func-
tionality in urban environments.

Normalizing Ratings

Normalize the ratings by dividing each value by the sum 
of ratings for that criterion.

Sum of ratings for each criterion:
- Mechanical Performance: 9 + 8 + 7 + 8 + 7 = 39.
- Environmental Performance: 6 + 5 + 8 + 4 + 6 = 29.
- Beauty and Meaning Performance: 9 + 6 + 9 + 8 + 6 = 38.
-  S p a t i a l  a n d  F u n c t i o n a l  Pe r fo r m a n c e : 

8 + 9 + 9 + 7 + 8 = 41.
- Economic Performance: 7 + 8 + 7 + 9 + 8 = 39.

Applying Weights and Calculating Scores

Multiply normalized ratings by the criterion weights and 
sum for each case study:

Analyzing Results

The Case Studies based on the total scores were ranked 
as below:

Table 7  The normalized rating for case studies on performance from Authors

Case Study Mechanical Performance Environmental 
Performance

Beauty and Meaning 
Performance

Functional and Spa-
tial Performance

Economic Performance

Milad Tower 9 / 39 = 0.231 6 / 29 = 0.207 9 / 38 = 0.237 8 / 41 = 0.195 7 / 39 = 0.179
Exhibition Center 8 / 39 = 0.205 5 / 29 = 0.172 6 / 38 = 0.158 9 / 41 = 0.220 8 / 39 = 0.205
Book Garden 7 / 39 = 0.179 8 / 29 = 0.276 9 / 38 = 0.237 9 / 41 = 0.220 7 / 39 = 0.179
Airport 8 / 39 = 0.205 4 /2 9 = 0.138 8 / 38 = 0.211 7 / 41 = 0.171 9 / 39 = 0.231
Azadi Stadium 7 / 39 = 0.179 6 / 29 = 0.207 6 / 38 = 0.158 8 / 41 = 0.195 8 / 39 = 0.205

Table 8  the calculations for each performance criterion and the total score for each case study

Case Study Mechanical Performance Environmental Perfor-
mance

Beauty and Meaning 
Performance

Functional and Spatial 
Performance

Economic Performance Total Score

Milad Tower 0.231 × 0.423 = 0.098 0.207 × 0.089 = 0.018 0.237 × 0.110 = 0.026 0.195 × 0.110 = 0.021 0.179 × 0.078 = 0.014 0.241
Exhibition 

Center
0.205 × 0.423 = 0.087 0.172 × 0.089 = 0.015 0.158 × 0.110 = 0.017 0.220 × 0.110 = 0.024 0.205 × 0.078 = 0.016 0.241

Book Garden 0.179 × 0.423 = 0.076 0.276 × 0.089 = 0.025 0.237 × 0.110 = 0.026 0.220 × 0.110 = 0.024 0.179 × 0.078 = 0.014 0.212
Imam 

Khomeini 
Airport

0.216 × 0.423 = 0.091 0.138 × 0.089 = 0.012 0.211 × 0.110 = 0.023 0.171 × 0.110 = 0.019 0.231 × 0.078 = 0.018 0.226

Azadi Stadium 0.179 × 0.423 = 0.076 0.207 × 0.089 = 0.018 0.158 × 0.110 = 0.017 0.195 × 0.110 = 0.021 0.205 × 0.078 = 0.016 0.195

Table 9  The case studies ranking based on total score from Authors

Rank Case Study Normal-
ized 
Rating

1 Milad Tower 0.241
2 Imam Khomeini Airport 0.226
3 Exhibition Center 0.214
4 Book Garden 0.212
5 Azadi Stadium 0.195
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Discussion and Results

The results indicate that Milad Tower ranks highest among 
the case studies due to its outstanding mechanical perfor-
mance and economic viability. This is attributed to the 
tower’s advanced engineering, which provides structural 
stability, resilience against seismic forces, and efficient load 
distribution. These mechanical advantages are further sup-
ported by the economic benefits, such as the tower’s ability 
to demonstrate a balance between initial construction costs 
and long-term economic returns.

Imam Khomeini Airport also exhibits strong mechani-
cal performance, particularly in its capacity to support span 
large areas without compromising structural integrity. This 
underscores the importance of considering mechanical fac-
tors, especially in high-traffic public buildings where safety 
and functionality are paramount.

The International Exhibition Center and Tehran Book 
Garden performed exceptionally in terms of environmental 
and spatial performance. Both structures highlight the role 
of space frame systems in creating large, flexible interior 
spaces that optimize natural light, contributing to environ-
mental sustainability. These buildings demonstrate how 
space frames can enhance user experience through flexible 
design, making them suitable for multi-functional use while 
reducing energy consumption.

Finally, Azadi Stadium, while functional and mechani-
cally sound, received lower scores in aesthetic and economic 
performance. This suggests that while space frames provide 
structural benefits, they may need additional considerations 
in terms of visual appeal and long-term cost efficiency for 
large public facilities.

Conclusion

Milad Tower stands out as the top-performing space frame 
structure in this study, owing to its superior mechanical 
integrity, load-bearing capacity, and economic sustainabil-
ity. This research highlights the necessity of a multi-criteria 
approach to evaluating architectural structures, emphasiz-
ing that factors such as environmental impact, user expe-
rience, and aesthetic appeal are equally important along-
side mechanical performance. The findings underscore the 
importance of balancing structural efficiency with aesthetic 
and spatial considerations to achieve optimal performance. 
Space frame structures, by their nature, offer flexibility and 
efficiency, but their overall effectiveness depends on their 
integration with environmental and user-centered design 
principles.

Implications

The study’s findings have important implications for both 
architectural practice and policy. While mechanical perfor-
mance remains a critical consideration, the spatial and aes-
thetic aspects of design significantly influence the overall 
success of a building. Practitioners should adopt a holis-
tic evaluation approach when designing structures, ensur-
ing that mechanical efficiency does not overshadow other 
performance criteria. This can lead to more sustainable, 
user-friendly, and economically viable designs that meet a 
broader range of needs.

For architects and engineers, this research suggests that 
incorporating environmental considerations (such as natu-
ral light and energy efficiency) and user experience factors 
into the design process can enhance both the functionality 
and attractiveness of structures. Policy makers can use these 
insights to inform future building regulations and guidelines, 
ensuring that all new constructions meet balanced perfor-
mance standards.

Future Study

Future research should address gaps in the current under-
standing of space frame structures. While this study pro-
vided valuable insights, there are several areas where further 
investigation is necessary:

Long-term performance and durability: More research is 
needed to evaluate how space frame structures hold up over 
time, particularly in varying environmental conditions.

User experience and functionality: More work is needed 
to understand how different users interact with these spaces 
and how architectural design can improve user satisfaction, 
safety, and flexibility.
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