Modares Civil Engineering Journal

Volume 26, Issue 2, 2026, 19-32 i
DOI: 10.48311/mcej.2026.24047 Tarbiat Modares

University

Analytical Evaluation of the Effect of Geometry and Local Configuration
of Diagrid Structures on the Performance and Robustness Component of
Seismic Resilience

Maryam Khalajzadeh®, Safoora Morshed-Shekarchi 2, Afshin Meshkat-Dini >, Ali Massumi *

M.Sc. Graduate, Department of Civil Engineering, Kharazmi University, Tehran, Iran.
PhD Student, Department of Civil Engineering, Kharazmi University, Tehran, Iran.
Associate Professor, Department of Civil Engineering, Kharazmi University, Tehran, Iran.
Professor, Department of Civil Engineering, Kharazmi University, Tehran, Iran.

el NS

Abstract Review History
Nowadays, with the advancement of science and technology and the growing population, Received: Aug 8, 2024
constructing high-rise structures is essential for the optimal use of urban spaces. Diagrid structure  Revised: May 10, 2025
is an extended resistant skeleton based on a framed tube system which has been considered in Accepted: Jul 19. 2025
high-rise building constructions due to its architectural aesthetics and configurational character. pted: '

These general characteristics are demonstrated by reducing the consuming materials by removing  Keywords
columns and applying a grid configuration of diagonal elements. The main structural element in Diagrid Structure
these resistant structures is triangular modules that consist of two diagonal members and a . .
horizontal connecting beam. The triangular modules and the angle of the diagonal members are  Structural Configuration,
two factors affecting the lateral stiffness and efficiency of these structures. Finding the optimal Near-field Record

angle in design is an important step and depends on parameters such as shape, floor height, Incremental Dynamic
aspect ratio, lateral load distribution, and building location for each structure. Analysis (IDA)

The seismic behavior of such a structure is affected by the configuration angle and the axial  Fragility Curve
capacity of the diagonal members. With the dominance of axial function, the diagonal elements
also resist lateral loads caused by wind and earthquakes and also play a key role in limiting the
amplitude of inelastic behavior. Therefore, the seismic performance of diagonal elements would
reduce the process of formation and expansion of nonlinear zones in diagrid structures.
According to the lack of guiding principles for the integrated design of diagrid structures, there is
a high demand for extensive research in collecting comprehensive and effective criteria for
estimating stiffness and strength parameters, establishing dynamic stability, and understanding
how the resilience of these structures changes due to dynamic loads caused by wind and
earthquake.

It should be noted that the destructive effects of large earthquakes quickly lead to human and
financial losses and spread to various economic, social, political, and cultural dimensions of
human society. Considering the continuity of these different dimensions and their influence on
each other, it is important to consider a suitable and coherent multifaceted approach to manage
and reduce the destructive effects of unexpected events. The resilience assessment is one of the

integrated approaches to managing and reducing the destructive effects of disasters. There is an

Seismic Resilience

urgent need to pay attention to the measurement of the resilience index and the construction of
concepts and relationships between scientific research on this index and practical measures,
especially on all types of resistant skeletons. Moreover the explanation of this parameter has been
done mostly in the field of resilience in communities and cities.

In this study, the seismic performance of three 20-story studied diagrid buildings with the
same structural system under a set of near-field records has been evaluated. The particular focus
of this study is on evaluating the effect of the geometry and configuration of the resistant
skeleton on the ground floor and the entrance section on behavioural characteristics. In this
paper, an analytical study has been run on the results of incremental dynamic analysis (IDA),
fragility curve, and the seismic resilience component under the selected earthquake records. The
analytical results of this study show a close convergence between the behavioural characteristics
of all three studied structures.
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Fig. 1. Elevation view of the studied 20-story models with various perimeter geometric configurations; Structure 1 with a polygonal
entrance, (b) Structure 2 with a triangular entrance, (c) Structure 3 with a rectangular entrance
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Table 1. Section sizes assigned to the beam-columns and the diagrid elements of the studied structures

Storv  Diaarid Element Internal column Internal column Beam Beam
y g (Internal Moment Frame)  (Simple Frame)  (Internal Moment Frame)  (Simple Frame)
1-5 C55x2.5 C70x 3.0 C65 x 2.5 B50x1.5%x35%2.5 B35x1.0x15%2.0
6-10 C48x2.5 C60 x 3.0 C55x3.0 B45x1.5%35%2.5 B35x1.0x15%2.0
11-15 C40x2.5 C55x%x25 C48 x 2.5 B45x1.0x35%2.5 B35x1.0x15%2.0
16-20 C40x1.5 C48x2.0 C40x 2.5 B40x1.0x30%2.0 B35x1.0x15%2.0
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Table 2. Physical specifications of the selected near-field earthquake records

Ground Motion Year Magnitude Distance Component PGA PGV PGD
Station (Mw) (km) P ()] (cm/s)  (cm)
LN 0836 97.70 39.91

1 gabag.t 1978 74 3.0km
abas Lity TR 0.851 121.3 9450
LN 0635 59.60 20.70

2 5 Bag. 2003 6.6 1.0km
am City TR 0.793 1237 37.40
: LN 0.604 7820 16.05

3 S'\I'O”h”ggel_ 1994 6.7 6.4km
ylmar (SYL) TR 0.843 129.6 32.68
- LN 0410 6490 27.69

'”Ee”a' E’ggey 1979 6.5 1.0km
rray (E06) TR 0439 109.8 65.89
: LN 0472 7275 19.82

5 R!\‘Olr:j'.‘”g%es 1994 6.7 7.1km
inaldi (RRS) TR 0.838 166.8 29.78
, LN 0.897 10223 4528

6 S'\:O”h”gg% 1094 6.7 6.4km
ylmar (SCE) TR 0.612 117.47 54.16
: LN 0583 7493 1755

N Nﬁ”ﬁ”ﬂ%ﬁ’m 1094 6.7 5.0km
ewhall (NWH) TR 0.589 97.32 37.92
Loma Prieta LN 0479 4499 1162

! 1989 6.9 5.1km
Corralitos (CLS) TR 0643 5519 10.89
, LN 0221 49.06 33.90

Imperial Valley =) g7q 6.5 7.5km
Holtville (HVP) TR 0.252 5002 32.06
: LN 0307 2304 10.18

10 ANIO”hTFgeL 1994 6.7 12.9km
rleta (ARL) TR 0.345 42.04 10.09
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Fig. 3. The IDA diagrams corresponding to the maximum drift and the probabilistic assessments of the IDA results at the probability of 16%,
50%, and 84% for the studied structures
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Fig. 4. The resulting fragility curves of the studied structures
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Table 3. The defined limit states based on the drift parameter and Definition of the damage ratio (damage factor) according to HAZUS 2005

o ) Average ) Average Average
Damage Insignificant  (Equivalent to the IO  (Equivalent to the LS (Equivalent to the CP performance level)
performance level) performance level)
Domain of EDP [23, 34] 0.005 0.015 0.02
Structural Type [36] 0.01 0.1 0.5 1
Non-Structural Type [36] - Equivalent to 0.1 Equivalent to 0.1 -
Sum 0 0.2 0.6 1

Slllas slasil GlosJ J 8 a4 ax 5 L5 Slas s 51 33813 Jlaa pns ¥ J g

Table 4. Determination of the probability of exceeding performance limits
considering the seismic control limit of the studied structures

The probability of exceeding performance levels

Structure
10
Structure (1) 0.2804
Structure (2) 0.1598

Structure (3) 0.4629

LS CP
0.1488 0.1427
0.1012 0.0799
0.0906 0.0271
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Table 5- Determination of the damage functions Li for the studied structures based on the results of Tables 3 and 4

Structure (1)

Structure (2) Structure (3)

Limit Damage The probability of Damage The probability of Damage The probability of Damage
State Ratio exceeding Function exceeding Function exceeding Function
10 0.2 0.2804 0.0560 0.1598 0.0319 0.4629 0.0926
LS 0.6 0.1488 0.0892 0.1012 0.0607 0.0906 0.0544
CP 1.0 0.1427 0.1427 0.0799 0.0799 0.0271 0.0271
Total (Table 5) - 0.2880 - 0.1725 - 0.1741

0 dsdr sl » Slllas slaosle (o510l adlge o .# gk

Table 6. Determination of the seismic resilience component of the studied structures based on the results of Table 5

Structure  Damage Function Li

Quality Function Q  Resilience Component (%6)

Structure (1)
Structure (2)
Structure (3)

0.2880
0.1725
0.1741

0.7118
0.8273
0.8258

71.18
82.73
82.58

100
90
80
70
60
50
40
30
20
10

0

9496°6%g0

Resilience index

9196 93% 94%

5%

Diagrid 1
Diagrid 2
Diagrid 3

10 Performance
Level

LS Performance
Level

CP Performance
Level

#dsdr el nCP LS IO 5 Shes # sl 5 Slallas slaesln Goslol Larls 0 Ko
Fig. 5. Resilience index of the studied structures at 10, LS, and CP performance levels based on the results of Table 6
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