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Event Event .
Name Ma_gnltude Year Station Component
(Richter)
Changureh 6.4 2002 Avaj Longitudinal
Changureh 6.4 2002 Avaj Transverse
Fandoga 6.6 1998 Sirch Longitudinal
Fandoga 6.6 1998 Sirch Transverse
blZ(nﬁgll)la g 7.1 1979 Qaen Longitudinal
Kojour 6.2 2004 Poul Longitudinal
Rudbar 7.3 1990 Ab-bar Longitudinal
Rudbar 7.3 1990 Ab-bar Transverse
Rudbar 7.3 1990 Qazvin Longitudinal
Silakhur 6.1 2006 | Toshkeabesard | Transverse
Tabas 7.4 1978 Deyhook Longitudinal
Tabas 7.4 1978 Deyhook Transverse
Tabas 7.4 1978 Tabas Longitudinal
Tabas 7.4 1978 Tabas Transverse
Zarand 6.3 2005 Zarand Longitudinal
Zarand 6.3 2005 Zarand Transverse
Zarand 6.3 2005 | Qadrouni Dam | Longitudinal
Zanjiran 5.8 1994 Meymand Longitudinal
Zanjiran 5.8 1994 Meymand Transverse
Zanjiran 5.8 1994 | Firouz Abad Transverse

Table (1) List of Suggested Records [9&10]
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ﬁ\;?:: Station Component Coz;fligle nt FS;‘?[I: v
Changureh Avaj Longitudinal 2.025 2.8
Changureh Avaj Transverse 2.15 3

Fandoga Sirch Longitudinal 1.46 1.8
Fandoga Sirch Transverse 2.08 2.6
bL?lg:)la d Qaen Longitudinal 464 37

Kojour Poul Longitudinal 3.37 3.8

Rudbar Ab-bar Longitudinal 1.67 2.3

Rudbar Ab-bar Transverse 1.85 2.3

Rudbar Qazvin Longitudinal 4.85 3.4

Silakhur | Toshkeabesard | Transverse 2.62 3.7

Tabas Deyhook Longitudinal 3.07 3.8

Tabas Deyhook Transverse 25 31

Tabas Tabas Longitudinal 1.15 15

Tabas Tabas Transverse 1.17 15

Zarand Zarand Longitudinal 3.07 3.8

Zarand Zarand Transverse 4.15 41

Zarand Qadrouni Dam | Longitudinal 4.49 3.6

Zanjiran Meymand Longitudinal 2.23 31
Zanjiran Meymand Transverse 2 2.8
Zanjiran Firouz Abad Transverse 3.46 3.9

Table (2) Scale factor for 12-storey frame [9]
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Fig. 1. Zoning map of shear wave velocity at depth of 30 m
from ground surface for Iran [11]
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No. of No. of
No. of openings | openings Span Floor
Story in X iny (m) | height (m)
7 5 3 5 3.2
12 5 3 5 3.2
20 5 3 5 3.2

Table (3) Information for designed structures [12&13]
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Maximum  Story Drift
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1 CDF (Cumulative Distribution Function)
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Maximum Cumulative of
Story No. of story _ story _
Cycles deformation deformation
range range
1 9 0.013 0.0702
2 44 0.0221 0.3636
3 43 0.0265 0.4114
4 41 0.0308 0.441
5 41 0.0351 0.4503
6 46 0.043 0.5361
7 52 0.0502 0.6133
8 58 0.0508 0.734
9 72 0.0402 0.8497
10 84 0.0413 0.9356
11 104 0.0403 1.2084
12 131 0.0346 1.4045

Table (4) Demand parameter 12-storey frame (Rudbar event,
Ab-bar station)
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Deg‘:ourmgl?;lr:/;gzge 0.701 1041 148

Table (7) Values of 50, 75 and 90% log normal distribution
function for data loss on the twentieth floor of 20-storey frame
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Fig. 8. Lognormal cumulative distribution function for the
maximum of story deformation range twelfth floor of 12-
storey frame
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Fig. 9. Lognormal cumulative distribution function for
cumulative story deformation range of the twelfth floor of 12-
storey frame
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Lognormal probability

distribution F(0.5) | F(0.75) | F(0.90)
Number of Cycles 51.4 72.48 98.75
Maximum Deformation 0.0278 0.032 0.0364
Range
Cumulative of Deformation 0.553 0.778 L05
Range

Table (5) Values of 50, 75 and 90% log normal distribution
function for data loss on the seventh floor of 7-storey frame
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Lognormal probability
distribution F(0.5) | F(0.75) | F(0.90)
Number of Cycles 71.9 97.14 127.3
Maximum Deformation 0032 | 0.0421 | 0.051
Range
Cumulative of Deformation 0.8026 | 1.1418 156
Range

Table (6) Values of 50, 75 and 90% log normal distribution
function for data loss on the twelfth floor of 12-storey frame
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Fig. 10. Loading history for the steel moment conections in
Iran
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Load Peak Drift Number Sum of Sum
Step Angle of Drift of
Cycles Angle | Cycles

1 0.0025 8 0.04 8
2 0.00375 8 0.1 16
3 0.005 8 0.18 24
4 0.0075 6 0.27 30
5 0.01 6 0.39 36
6 0.015 4 0.51 40
7 0.02 4 0.67 44
8 0.03 2 0.79 46
9 0.04 2 0.95 48

Table (8) Loading protocols for moment connections in Iran
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Abstract:

Premature rupture of steel structures in seismic Northridge connections led to investigate the performance of
steel moment connections under the forces of earthquake. In this regard, various kinds of earthquakes,
accurate determination of the used parameters and bearing capacity parameters of connections have been
investigated. The fact that no two earthquakes are similar leads to adopting a coordinated approach for
testing different structural elements. These requirements result in developing standard loading histories
called loading protocols. Today, the ever-increasing development of using steel in the construction industry
in Iran has become clearly evident. Considering the fact that Iran is an earthquake-prone country, identifying
the behavior of these structures against earthquake forces is important. In this study, steel moment frames
with seven, twelve and twenty stories are examined as the research models. A proper list of recorded
accelerations for Iran’s earthquakes during 1978-2007 is provided to estimate the seismic demands of
structural components. Regarding the catastrophic aftermath of earthquakes, having a reliable approach to
assess the seismic demands of specific regions seems inevitable. The aim of this study is to provide a list of
far-field seismic records in Iran which is applicable to 2-D nonlinear time history analyses. For this aim,
2000 seismic records from Iran's seismic records database are selected according to their characteristics,
amongst are focal distance, magnitude, rupture mechanism, frequency content, and soil profile. Time-history
dynamic analysis is carried out by using the list of proposed acceleration records aiming at preparing the
loading protocol of steel moment connections. The rain flow cycle counting technique is employed to
determine damage parameters for research models. Considering the fact that values of strength and
deformation capacities depend on cumulative damage, every component has a permanent memory of past
damaging events and at any instance in time, it will remember all the past excursions (or cycles) that have
contributed to the deterioration in its state of health. A loading protocol is developed specifically for
this purpose. Developing the loading protocol for moment-resisting connections, the time history is analyzed
using the selected set of recorded accelerations. By applying the method of rain flow cycle counting, damage
parameters are determined for the research models. Number of the damaging cycles, total deformation range,
deformation range and peak of deformation range are the parameters which are evaluated and compared for
all the layers of the research models. Afterwards, statistical estimations are performed on damage parameters
and target values are established. Finally, a loading protocol is recommended for moment-resisting joints
commonly used in Iran which has the capacity of being applied to the considered structural elements under
specific general state.

Keywords: Connections performance, List of Recorded Accelerograms, Damage Parameters, Loading
Protocol.
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