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1- Linear Static Procedure (LSP), Linear Dynamic
Procedure (LDP)
2- Nonlinear Dynamic Procedure (NDP)
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1. Introduction

Forward directivity effects in near field of fault causes the creation of long-period pulse-like records with low
effective duration and high amplitude at velocity time history of ground motions that lead to increase in ductility
demand for structures [1-3]. Because of widespread use of linear methods for structural design in order to estimate
and control the structural drift by engineers and according to standing some of the Iran's cities in near field of fault
[3], in this study the base shear and relative displacement demand of steel moment frame are studied under the
effects of forward directivity with height changes in near and far field of fault. The seismic demand of 5 steel
moment-resisting frames under 20 earthquake records is determined for estimating forward and neutral directivity
effects on the demand of steel moment-resisting frames (base shear and relative displacement of stories), using
linear static, linear dynamic and nonlinear dynamic methods. Then the accuracy and correctness of linear methods
for the estimation of structural demands are discussed, comparing results of demands obtained from linear methods
with nonlinear dynamic method in near field and far field of fault. At last, based on the far field of fault's data some
relations are proposed for estimation of base shear and drift demand of steel moment frames in near field of fault.

2. Methodology

For estimating the forward directivity effects on the demand of steel moment resisting frames, 5 structural
models of two-dimensional steel moment resisting frames are designed with 3 number of spans and the height of 3,
S5, 7, 10 and 15 stories. The length of spans are 5 meters and the height of stories are 3.2m. for modeling and
nonlinear dynamic analysis of the proposed models, Perform 3D v4 software is used assuming the 5% damping.
Plastic hinges is considered assuming the rigid connection of girders to columns based on force-displacement
relation for the ductile structural elements in accordance with FEMA356. Also, P-A effects are considered in
nonlinear dynamic analysis. According to Iranian seismic design code 3™ edition for very high hazard level regions
with 10% occurrence probability of earthquake in 50 years of the life of the building, peak ground acceleration
(PGA) is considered 0.35g and average of results are used. In order to determine the seismic demand of models, 20
earthquake records related to Denali, Alaska (2002), Chi-Chi, Taiwan (1999), Imperial valley, USA (1979), Kocaeli,
Turkey (1999), Loma Prieta, USA (1989), Kobe, Japan (1995) and some of the Iran's records (1978-2006) are used.
Near field of fault records are chosen somehow that have low effective duration, high amplitude and pulse-like
effects with high period (more than 0.7s) in velocity record and maximum distance of the record's mapping from the
fault does not exceed 15 kilometers [2].

Each of the structural models are analyzed under the far and near field of fault records and then results of base
shear and stories relative displacement are determined using linear static analysis, linear dynamic analysis and
nonlinear time history analysis methods. Finally, using statistical analyzing of the results, approximate relations for
estimation of seismic demand of steel moment frames in near field of fault are presented based on seismic demand
of far field of fault.
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3. Results and discussion

3.1. Estimation of base shear in near field of fault

According to Fig. 1 base shear ratio at near field to the far field of fault increases with the 40% slope, as the
practical period of moment resistant frames increases.

1.7 1 e Vnf(Ave.+Stdv)/Vff(Ave.)

16 1 — Linear (Vnf(Ave.+Stdv)/Vff(Ave.))

15 . (Vo/Vy) = 0.3946T, + 0.9814

14 4

1.3 4

Base Shear Ratio of NF to FF

0.4 0.9 1.4
Practical Period (s)

Fig 1. Regression curve of proportion of the average and standard deviation of base shear's result at near field of fault to the base
shear's results at far field of fault while changing the model's period

Eq.1 is proposed to estimate approximately the base shear at near field of fault according to the far field of fault's
data, using statistical analysis of the nonlinear dynamic analysis's results and considering the results of Fig. 1.

V.. A, &)
T 0.0328 4 +1 (1)
Vi Ay

According to Iranian Seismic Design Code 3™ edition, the parameters of Eq. (1) consist of: ¥, base shear; A4,
proportion of design base acceleration (peak ground acceleration) to gravity acceleration(g); B, spectral acceleration;
1, importance factor related to the residential buildings; R, reduction factor; W, building's weight; 4, the ratio of the
design base acceleration in near field of fault to gravity acceleration at the range of maximum 15 kilometers from
the fault and 44, the maximum proportion of the far fault base acceleration to the gravity acceleration for regions
with neutral directivity effect. 4,, and 4 are determinable using the seismic hazard analysis based on approximate
methods for one duration of specific return for far and near field of seismic sources. Using Eq. (1), base shear of the
steel moment frames could approximately be estimated for seismic sources at near fault of structure using the base
shear that is obtained from far fault seismic sources. This relation can be used for linear methods and it is more
conservative for nonlinear methods. It should be considered that Eq. (1) is achieved from average results regression.
Hence according to limited numbers of used records in this study and un-determination of the earthquake
phenomenon, the results of Eq. (1) are not having the enough universality for all of the structural states and special
conditions. Hence directivity effects based on structural parameters should specifically be evaluated for important
applications.

3.2. Estimation of stories drift in the near field of fault

Forward directivity effects cause the increase in the stories relative displacement demand up to 1.1-1.6 times for
low-rise models and about 1.3-3 times for high-rise models proportion to the far field of fault (Fig. 2). To
determinate the increase amount of the stories drift at the near field of fault, the average of stories drift at near field
and far field of fault for low and high rise models are calculated and then the results figured at Fig. 3 against models
relative height. Based on regressed line in Fig. 3, Egs. (2) and (3) estimate the proportion of the relative
displacement demand of the steel moment frames at near to far field of fault for low and high rise models
respectively. Generally because of the attenuation effects of soil, the peak ground acceleration of the far and near
field strong ground motions are not equal for a constant hazard level. For considering approximately the effects of
earthquake intensity differences, Eqs. (2) and (3) are multiplied to ratio of (4,/Ay).

Al =A"/[_0.8><(h")+1.8} ¥
H
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Aimp and 4,5 in relation (2) and (3) are respectively the relative displacement of the i™ story at near and far field
of fault. &, is the height of i floor from the base level and H, is the height of the hole structure from the base level.

It should be considered that because of the nonlinear relation between earthquake intensity and stories drift,
multiplying design acceleration ratio of the near field of fault to the far field of fault does not have enough accuracy
in nonlinear dynamic analysis for correction of Egs. (2) and (3). But in linear analysis method for the structures,
neglecting the P-A effects, according to the linear relation between lateral displacement of the structure and
earthquake intensity, it is possible to estimate the relative displacement demand of stories from near seismic source
based on a far seismic source data, using Egs. (2) and (3). Also, according to the assumption of this study while
using Eqgs. (1)-(3), the amount of 4,, and 4, should not be considered less than 0.1g and more than

1

1 — — =SMRF-10 — — -Low-Rise Models
0.9 0.9 ——SMRF-15 0.9 High-Rise Models
0.8 0.8 II 0.8
g o7 8 o7 ‘I ] o7
5 0.6 H 0.6 \ H 0.6
I T \ ==
£ o5 s o0s \ g o0s
k] k] \ k]
é’ 0.4 g 0.4 \ g 0.4
03 03 \‘ 03
\
0.2 0.2 . \
AN 92| y=-0.8x+1.8 1
0.1 0.1 0.1 : A -
0.00 1.00 2.00 3.00 0.00 1.00 2.00 3.00 0.00 1.00 2.00 3.00
NF to FF Drift Ratio NF to FF Drift Ratio NF to FF Drift Ratio
Fig 2. drift demand ratio of steel moment frame stories at Fig 3. Regressed line of the average result of the stories
near field of fault to far field of fault relative displacement ratio for high and low rise models

4. Conclusions

In this study, design demand of the steel moment frames was studied that consists of base shear and stories drift,
using linear static, linear dynamic and nonlinear dynamic analysis method in constant hazard level and assuming
peak acceleration to be equal (equal to PGA) at near and far field of fault. The following results were obtained.

1. The base shear ratio at near field to the far field of fault will increase with the increase of practical period of
the steel moment frames with 40% slope .

2. Forward directivity effects at the near field of fault proportion to the far field of fault cause the stories drift
demand to increase 1.1-1.6 times for low-rise models and about 1.3-3 times for high-rise models.

3. The relative displacement demand of story that is obtained from linear static analysis and linear dynamic
analysis methods in upper stories of the structure is about 20-60% further and in lower stories of the structure 5-50%
lesser than the real values that are obtained of nonlinear dynamic analysis methods. Hence, in this study some
coefficients are proposed in order to correct the stories relative displacement at the structure‘s height.

4. According to the salient increase in design demands of steel moment frames and limitation of the access to the
seismic information in near field of fault, in order to estimate the design demand of steel moment frames located in
near fault regions, In this study, approximately relations are presented to estimate the design demand of steel
moment frames located in near field of fault form seismic data of far field of fault.
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