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1. Hexagrid structure
2. Diagrid structure
3. Incremental dynamic analysis (IDA)
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1. Panel zone (PZ)
2. Nonlinear time history analysis (NTHA)
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Fig. 2. Elevation view of the studied 24-story models with
various perimeter geometric configurations.
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Fig. 1. Plan of the studied diagrid structures with and without
internal moment frames.
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Transitional Torsional
Structure Modes Mode
Tix(sec)  Tiy(sec)  Tiz(sec)
Diagrid (49°) 1.225 1225 0.426
Hybrid-Diagrid (49°) 1.223 1.223 0.430
Diagrid (67°) 1.284 1.284 0.631
Hybrid-Diagrid (67°) 1.281 1.281 0.635
Diagrid (74°) 1.647 1.647 0.906
Hybrid-Diagrid (74°) 1.622 1.622 0.910

Table 1. Modal characteristics of the studied structures.
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Fig. 3. The proposed nonlinear behavioral models for the diagrid elements and the beam-columns [24,25].
(MM g sbel) Sllllas slasile 6 h5 G Sy 5 har Sl sbolal) wblis Slasis ¥ s
Story 1-6 7-12 13-18 19-24
Column BOX 600x30 BOX 550x25 BOX 500x20 BOX 450x15
Moment Frame
Bream PL 500x15+350%25 PL 450x15+350%25 PL 450x10+350%25 PL 400x10+300%20
Diagonal Element - 49° BOX 55025 BOX 500x22 BOX 450x18 BOX 400x14
Diacrid F Diagonal Element - 67° BOX 500x28 BOX 450x25 BOX 400x22 BOX 350x18
14 rame
& Diagonal Element - 74° BOX 500x26 BOX 45024 BOX 400%x20 BOX 350x16
Beam PL 500x15+350%25 PL 450x15+350%25 PL 450x10+350%25 PL 400x10+300x20
Table 2. Section sizes assigned to the beam-columns and the diagrid elements of the studied structures.
dmm a slal) g ks 4 glasle js aie VLA L el saolll dalﬁ.» Slasdn W J g
Story 1-5 6-10 11-15 16-20 21-24
Simple Frame Column BOX 500%25 BOX 450%20 BOX 400x15 BOX 350x15 BOX 300x10
P Beam PL 350x10+150%20

Table 3. Section sizes assigned to the simple frame elements of the studied diagrid structures.
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Fig. 4. The 5% damped acceleration response spectra of the selected earthquake records.
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Magnitude

Distance  Truse PGA@rry PGViw) PGDiry

No. Earthquake Year Station (My) (km) (sec) @ (cms) (cm) Directivity
1 Bam 2003 BAM 6.6 1.0 3.65 0.793 123.70 35.14 Forward
2 Imperial Valley 1979 El Centro Array 5 (E05) 6.5 4.0 5.35 0.379 90.52 62.19 Forward
3 Imperial Valley 1979 El Centro Array 6 (E06) 6.5 1.0 4.65 0.439 110.14 69.31 Forward
4 Imperial Valley 1979 El Centro Array 8 (E08) 6.5 3.8 - 0.602 54.13 31.24 Forward
5 Imperial Valley 1979  Holtville Post Office (HVP) 6.5 7.5 - 0.253 50.03 32.05 Neutral
6 Loma Prieta 1989 Los Gatos (LGP) 6.9 6.1 7.30 0.563 96.23 37.12 Forward
7 Loma Prieta 1989 Corralitos (CLS) 6.9 5.1 - 0.644 55.48 10.46 Backward
8 Northridge 1994 Arleta (ARL) 6.7 12.9 - 0.345 42.04 10.09 Neutral
9 Northridge 1994 Sylmar Olive View (SYL) 6.7 6.4 2.60 0.843 129.61 32.93 Forward
10 Tabas 1978 TAB 7.4 3.0 7.95 0.852 122.66 101.73 Forward

Table 4. The physical specifications of the selected near-field earthquake records.

1. Velocity pulse
2. Period
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Fig. 5. Time histories of the cumulative approach related to the
kinetic energy release of the HVP, LGP and BAM records.
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1. Forward directivity effect
2. Spike

3. Drift

4. Displacement
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Fig. 6. The envelop of the maximum story drift and displacement responses in the X direction of plan.
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Fig. 7. The envelop of the maximum story drift and displacement responses in the Y direction of plan.
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Fig. 8. The resulted IDA curves for the 24-story studied structures with skeletal configuration angle of 49°.
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2. Max story drift ratio

3. Demand measure (DM)

4. Intensity measure (IM)
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Fig. 9. The resulted IDA curves for the 24-story studied structures with skeletal configuration angle of 67°.
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Fig. 10. The resulted IDA curves for the 24-story studied structures with skeletal configuration angle of 74°.
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Fig. 11. The resulted fragility curves of the studied structures
with skeletal diagonal angle of 49°.
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Fig. 12. The resulted fragility curves of the studied structures
with skeletal diagonal angle of 67°.
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Occurrence Performance Level
o Structure
probability 10 LS CP GI
Diagrid (49°) 0.60 0.63 0.75 1.37
Hybrid-Diagrid (49°) 071 1.00 133 1.52
20% Diagrid (67°) 057 074 0.85 1.10
Hybrid-Diagrid (67°) 0.69 0.92 1.09 1.48
Diagrid (74°) 041 068 0.81 1.01
Hybrid-Diagrid (74°) 0.54  0.90 1.03 1.29
Diagrid (49°) 079 093 112 1.87
Hybrid-Diagrid (49°) 092 137 185  2.14
s0% Diagrid (67°) 073 1.03 1.21 1.52
Hybrid-Diagrid (67°) 096 125 148 2.03
Diagrid (74°) 0.50 091 1.09 1.40
Hybrid-Diagrid (74°) 0.66 119 143 1.94
Diagrid (49°) 106 136 167 255
Hybrid-Diagrid (49°) 119 186 258 3.02
0% Diagrid (67°) 092 144 170 2.08
Hybrid-Diagrid (67°) 133 168 198 278
Diagrid (74°) 0.60 1.20 1.47 1.94
Hybrid-Diagrid (74°) 079 1.8 1.98 290

Table 6. The calculated seismic intensities corresponding to the
probability of exceeding performance levels of 20, 50 and 80%.
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Fig. 13. The resulted fragility curves of the studied structures
with skeletal diagonal angle of 74°.
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Fig. 14. The results of fragility analysis of the studied structures based on the rule of SRSS spectral combination.
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Abstract

The evaluation of the fragility functions is an analytical approach that allows different ground motions to be
used at varying intensity levels and represent various characteristics of low-intensity and high-intensity
shakings. The fragility curves demonstrate the structure’s probability of collapse, or other limit states, as a
function of some ground motion intensity measures (IM). The intensity measure is often quantified by spectral
acceleration (Sa) or peak ground acceleration (PGA). Based on the statistical procedures, the parameters of the
fragility functions are computed by assessing the results of nonlinear dynamic time history analyses. Therefore,
the probability of failure associated with a prescribed criterion (e.g., the maximum inter-story drift) is estimated
based on the probabilistic distribution relations.

This paper evaluates the effects of internal flexural frames on the seismic performance of diagrid structures
based on fragility curves. This evaluation is achieved by designing a group of 24-story studied diagrid models
with various diagonal angles of 49, 67, and 74 according to the Iranian Standard No. 2800 (4th edition) and
the Iranian National Building Code (Steel Structures-Issue 10). Then, some specific interior gravity frames of
the studied diagrid models are replaced with bending frames. The seismic vulnerability of the studied diagrid
structures with and without internal bending frames is assessed using nonlinear time history and incremental
dynamic analyses (IDA) under near-field earthquake records containing different directivity effects. Finally,
the fragility curves for the studied structures were obtained based on the lognormal probabilistic distribution
function for the seismic performance limit states including 10, LS, CP, and global instability (GI). Moreover,
the seismic performance levels of the studied structures were determined based on the FEMA 356.

The results of performed nonlinear time history analyses indicate that the application of internal bending
frames in diagrid structures would reduce the value of inter-story drift in upper floor levels, especially when
the angles of exterior diagonal members are large. The results also show that the global instability of diagrid
structures without internal bending frames can occur at a faster rate than the skeletal models with internal
bents. Also, the contribution of the internal bending frames in improving the nonlinear behavior of diagrid
structures depends on the perimeter triangular patterns. Due to this dependency, the increase in the angle of
the inclined members in skeletal geometric configuration can increase the effectiveness of the internal bending
frames in preventing the occurrence of global dynamic instability. The fragility curves of the studied diagrid
structures illustrate that the internal bending frames reduce potentially excessive seismic performance levels.
Furthermore, the internal bending frames amplify the seismic energy dissipation capability of the diagrid
structures.

Keywords: Diagrid structure, Fragility curve, Incremental dynamic analysis, Collapse, Seismic performance
level.
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