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Performance Level 10 LS CP
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Table 1. y; corresponding to performance levels [9]based on
ASCE-ASE-41
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Performance Level 10 LS CP
e=Im 0.003 0.066  0.084
e=1.75m 0.00525 0.1155 0.147
e=2.5m 0.0075 0.165 0.21

Table 2. Target /DR; values for 10, LS and CP performance
levels by triple link length
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Frame e=1lm e=1.75m e=2.5m
3 Story  0.0027 0.0038 0.0046
6 Story  0.0027 0.0038 0.0046
9 Story  0.0025 0.0035 0.0038
12 Story  0.0023 0.0029  0.0032
15 Story  0.0023 0.0029 0.0032
20 Story  0.0023 0.0029  0.0032

Table 3. Target y; values for the occurrence of the first plastic
joint
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oNear Field Strike Normal (NF-SN)

# Incremental Dynamic Analysis (IDA)
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Choosing an Earthquake
accelerometer

Selecting low band of SF
(for establishing elastic responds)

SFy=0.1

Selecting high band of SF
(for establishing in-clastic responds)
SFy=8.0

|

.{ SFy,=0.5(SF+SFy) |

h 2
Applying Nonlincar Time History Analysis,
using target performance level

Has it
achieved the
target
level?

SFypen=5F)
SFapen=5SFy,

[
SF1new=SF
SF2new=SF; |

Is it

below the
target

Fig. 1. Flowchart of the change in scale factor
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[137 o5, 5
. Pulse
Record Earthquake Year Station PGA* Mw® R¢ Period
No. Name Name (@ (km) )
Imperial EC County
1 Valley-06 1979 Center FF 0.179721 6.53 731 4515
Imperial El Centro
2 Valley-06 1979 Array #7 0.462394 6.53 0.56 4.228
Imperial El Centro
3 Valley-06 1979 Array #3 0.467966 6.53 3.86 5.39
I ial El Centro
4 PN 1979 Differential 0.417229 6.53  5.09  5.859
Valley-06 A
rray
Coyote
5 Morgan Hill 1984 Lake Dam 0.813971 6.19 0.53  0.952
(SW Abut)
6 Loma Prieta 1989 LGPC  0.943935 6.93 3.88 4.396
7 Landers 1992 Lucerne 0.704174 7.28 2.19 5.103
8 Landers 1992 YSrMOFire 535765 728 23.62 7.504
Station
Northridge- Jensen
9 o1 1994 Filter Plant 0.517814 6.69 543 3.528
jo  Northridge- g0, Newhall-— o550, (6o 502 1036
01 Fire Sta
. Rinaldi
11 ng‘l‘dge' 1994 Receiving 0.869806 6.69 6.50 1232
Sta
Northridge Sylmar -
12 01 8% 1994  Converter 0.594294 6.69 535 3.479
Sta
Northridge- Sylmar -
13 & 1994  Converter 0.828472 6.69 5.19 3.528
01
Sta East
. Sylmar -
14 N"”grl'dbe' 1994 Olive View 0.732606 6.69 5.30 3.108
Med FF
15 Kobe, Japan 1995 KIMA  0.854262 6.90 0.96 0.952
16 Kobe, Japan 1995 Takarazuka 0.645232 6.90 0.27 1.428
17 Kocaeli, 1999 Gebze 0241333 751 1092 5.789
Turkey
18 Chl,_Chl’ 1999  TCU049 0.286217 7.62 3.78 11.655
Taiwan
19 Chl,_Chl’ 1999  TCUO053 0.224488 7.62 597 12.845
Taiwan
20 Chlehl’ 1999  TCU068 0.564477 7.62 0.32 12.166
Taiwan

a) Peak ground acceleration. b) Moment magnitude. ¢) Closest distance from the recording
site to the ruptured area

Table 4. Characteristics of near-fault earthquakes used in
the ] 13[study
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[ Design of structure for FOE hazard level

l

[ Calculate empirical T; T.aHP ]

characteristics of the structure

{ Select and calculate the geometric
ny Ao, §

Select the corresponding
Response Modification factor of the code
Calculate the Inter—story drift ratio
mrine_RIDR

iy

¥
[ Seleet the performance level ]

|

Select the y; corresponding to the performance level
Table 2 of article, ASCE-ASE-41

Calculate the gy
ik =DR™ . Lean)(yi €.h)

|
h 4

Calculate the jg
ANFIS Model (2)

|

Calculate the ¢ }

ew g conducivi
to the previous g
ith a tolerance

ANFIS Model (1)

l

L Redesign the structure for the new g ]
( S)

Equivalent static design, Performance results

Fig. 2. Proposed flowchart of using the HFD method in the
design of EBF structures
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FIS Mean
ANFIS eneration RMSE Mean Absolute  Correlation
Model & Error Relative Coefficient(R)
method
Error
Subtrac-tlve 1.449 2.49E- 02302 0877
clustering 02
M 2.48E-

FCM 1.383 '02 0.2305 0.883
Subtractive ) 1,5 -46E- 3789 0.888
clustering 02

@ 7.71E-
FCM 2.197 '03 0.3215 0.885

Table 5. Results of evaluating different ANFIS models for test
data [16, 17]

Ja) mly olie 5 olgd Jde Sl ol w0 e ¥ S

[16] (L & sriveies s =() i po
Test Data_: R=0.87705

Predicted q=Real q|

— Fil

Predicted q

Real g

Fig. 3. Correlation between the real and predicted values
(ANFIS model (1) - Subtractive clustering method) [16]
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Fig. 6. Correlation between the real and predicted values
(ANFIS model (2) - FCM method) [17]
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5 D244.5x8 IPE360 IPE330 HEB240M HEB240B
Table 6. Structural design sections using FBD method in the

first design step
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IPE330 HEB240B IPE330 HEB240B
St.5  D244.5x8 IPE360 HEB240M D244.5x8 IPE360 HEB240M
Structure
Weight 14.122 ton 13.271 ton
Performance LS LS
Level

Table 8. Comparison of the results of structural design of the
force method and the last step of the HFD method
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Table 7. Structural design sections using FBD method in the

second design step
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Abstract

Due to the significant advantages of the performance-based seismic design method, such as the possibility of
determining the possible damage and financial and human losses of residents and neighbors of the structure,
this method has been widely welcomed. However, since this method requires more sophisticated analysis than
conventional force methods, sometimes the simple force method is preferred by some professional engineers.
The main purpose of this article is to combine the two methods of force-based and performance-based and to
develop a hybrid method in order to use the advantages of both methods.in this regard, frames with 3, 6,9, 12,
15 and 20 story with 3 bays with a width of 5 meters have been considered. The length of the link beam is
defined as another parameter affecting the response, 1, 1.75 and 2.50 meters. The studied models have been
developed by designing the method of load and resistance factor design method, for 3 performance levels of
immediate occupancy, life safety and collapse prevention, as well as the first occurrence of the plastic joint.
The final models are analyzed under 20 pulse-type near-fault records using time history analysis. To generate
the expected database, 12,960 time history analyzes were performed based on an incremental dynamic analysis
platform. In this regard, a unique frame is continuously and repeatedly affected by a single accelerometer by
multiplying the accelerometer by an SF coefficient. In each iteration, the maximum displacement in the frame
is compared to the target range of ASCE41-13 code. The analysis operation is continued until the expected
numbers are reached and then stopped. For each of the frames, 4 different acceptance levels are defined to
consider different performance levels. Finally, using the genetic algorithm, the corresponding experimental
relationships are presented to determine the behavior factor, local and global ductility. The proposed
relationships are influenced by geometric characteristics such as the number of stories, the stiffness ratio of
the columns, the slenderness of the braces, the length of the beam and the ductility levels. The first ambiguous
issue that has been less mentioned in previous research is the use of near-fault field records in the development
of a hybrid functional seismic design method. After generating 12960 data from an innovative time history
analysis, two intelligent adaptive neural-fuzzy models have been used to calculate the coefficient of behavior
and ductility of the structure. In order to create the best and most accurate model, Fuzzy C-Mean clustering
(FCM) and Subtracting clustering methods have been used. Based on the results, the model created based on
Subtracting clustering provides more accurate results than the other model. The results of hybrid seismic
design in comparison with the force method and equivalent time history show the acceptable accuracy of the
method introduced in the field of hypotheses. The obvious advantage of using a hybrid seismic design method
compared to force methods is the possibility of selecting an expected performance level, which leads to design
control and more accurate estimation of response values of quantities such as global ductility, local ductility,
inter-story drift.

Keywords: Hybrid Force/Displacement Design, Time History Analysis, Seismic demand, Pulse-type near-
fault earthquake, Adaptive Neuro-Fuzzy Inference System
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