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KEYWORDS Abstract The earthquakes disasters basically occur due to buildings damage not because of the
St earth shaking. Therefore, the countries have being updated the seismic codes. The seismic loads
Performance; for buildings design in Egyptian Code have been changed from (EC-1994) to (ECP-201, 2012).
Pushover; On the other hand, the need is raised to study the vulnerability of existing buildings, which can
Egyptian; be divided into the buildings designed to resist the gravity loads only (GLD) and the buildings
Code; designed according to Egyptian code (EC-1994). Comparison between forces due to Egyptian code
Frames for loads (EC-1994) and (ECP-201, 2012) is carried out on the multi-stories R.C. framed buildings
which are the most common type of existing buildings in Egypt. To investigate the vulnerability of
existing buildings, nonlinear static pushover analysis is conducted to evaluate the real strength of
the existing buildings. Moreover, it is considered a useful and effective tool for the performance
of three framed buildings: 3, 6 and 10 stories due to expected future earthquakes. Finally, it is found
that the vulnerability of existing GLD buildings occurs at expected ground accelerations (a,) greater
than 0.125 g in Egyptian seismic map, while the EC-94 designed buildings behave elastically up to
(ag) equals to 0.2 g and above that a slight damage may occur.
© 2015 Production and hosting by Elsevier B.V. on behalf of Housing and Building National Research
Center. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
Introduction stresses conducted under earthquake effect. Codes require that
structures possess adequate ductility to allow them to dissipate
Structural design should achieve high probability of survival most of energy from the ground motions Fhr.ough inelastic
under the expected loads. The earthquake loadings are differ- deformatlor}s. 'T}'“S concept prevents the bu11d1pg§ from col-
ent from other loads because of the high deformations and lapse even if it is seriously damaged because it is generally
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uneconomical to design most buildings to respond elastically
to moderate-to-strong earthquakes [1]. Therefore, it has
become an urgent issue to achieve seismic hazard mitigation
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loads only or designed according to earlier codes. Potential
structural deficiencies in the existing structures are assessed
by the code seismic-resistant design and pushover approaches.
In the first approach, the potential deficiencies are determined
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by redesigning under one selected seismic combination code in
order to show which members would require additional rein-
forcement. The second approach is a nonlinear pushover anal-
ysis [2]. The nonlinear pushover analysis is a simple technique
to predict the seismic response of buildings and evaluate the
adequacy of the lateral strength of the buildings. A pushover
analysis is performed by subjecting a structure to monotoni-
cally increasing pattern of lateral forces, representing the iner-
tia forces which would be experienced by the structure when
subjected to ground shaking. Under incrementally increasing
loads, various structural elements yield sequentially.
Consequently, at each event, the structure experiences a loss
in stiffness [3]. It is wuseful for the methodology of
performance-based seismic engineering introduced by ATC-
40 [4]. The modern seismic codes and guideline documents sup-
port the application of pushover procedure as a practical and
effective approach to attain performance-based seismic assess-
ment of multistory frame buildings [5]. Seismic performance is
described by designating the maximum allowable damage state
for an identified earthquake ground motion. Performance
objectives such as life safety, collapse prevention, or immediate
occupancy are used to define the state of the building following
a design earthquake [6]. The performance-based roots of ATC-
40 are essentially the same as FEMA-273 [7] and FEMA-274
[8], and SEAOC [9].

The objective of this research is to predict earthquake risk
of the existing framed buildings. In this study, the potential
structural deficiencies in the existing frames are determined
due to lateral loads according to Egyptian code (ECP-201,
2012) to detect potential weak locations in the structures.
Pushover analysis is conducted to know the sequence of crack-
ing, yielding and failure on the members and structure.
Moreover, ATC-40 approach is carried out to study the seis-
mic performance of GLD and EC-94 designed moment resist-
ing frames.

Analysis procedure

Recent trends in earthquake engineering practice aim to pro-
viding better seismic assessment for building structures
through explicit consideration of the inelastic performance of
the building [5]. The practical objective of inelastic seismic
analysis procedures is to predict the behavior of the structure
in future earthquakes, which is important in existing building.
The pushover analysis is conducted on two dimensional R.C.
frames by using a Computer Program for Inelastic Damage
Analysis of R.C. Structures (IDARC version 6) [10]. The com-
puter program IDARC was conceived as a platform for non-
linear structural analysis in which various aspects of concrete
behavior can be modeled, tested and improved upon.
Program developed and enhancements have been primarily
to link experimental research and analytical developments.
One of the significant features incorporated in the program,
to implement inelastic behavior in macro-models, is the dis-
tributed flexibility model that replaced the commonly used
hinge model developed for steel frames. The hinge model is
not suitable for R.C. elements since the inelastic deformation
is distributed along the member rather than being concentrated
at critical sections. To trace the hysteretic response of a sec-
tion, a three parameter model was developed. Through the
combination of three basic parameters and a trilinear skeleton

curve stiffness degradation, strength deterioration and pinch-
ing response can be modeled. Hysteretic behavior is specified
at both ends of each member and it changes from one
linear stage to another, depending on the history of
deformations.

The building is modeled as a series of plane frames linked
by a rigid horizontal diaphragm. Each frame is in the same ver-
tical plane, and no torsional effects are considered. The pro-
gram calculates the forces, deformations and the damage
index which represent the frame state under earthquake excita-
tion. The program uses a distributed flexibility model in con-
structing the element stiffness matrix leading to including the
effect of spread plasticity. Column elements were modeled con-
sidering macro-models with inelastic flexural deformations,
and elastic shear and axial deformations. Beam elements are
modeled using a nonlinear flexural stiffness model with linear
elastic shear deformations considered. Column and beam ele-
ments include a rigid length zone to simulate the increase in
the stiffness of the element. Parameters used in the nonlinear
analysis are the stiffness properties and inelastic hysteretic
properties which are based on the default values defined in
the program.

The predicted structures may not be as the same as the
actual observed performance of such structures after earth-
quakes because the models used in this study neglect founda-
tion flexibility and many other elements that contribute to
their strength such as infilled walls. The analysis of multi-
stories reinforced concrete frame structures under static loads
has been carried out using Sap2000 software, finite element
package. According to Egyptian code (ECP-201, 2012), the
flexural rigidity of R.C. columns is assumed as 0.7 E.J, and
the flexural rigidity of R.C. beams is assumed as 0.5 E.[,,
where E. is Young’s modulus for concrete and I, is the
moment of inertia of gross concrete section.

Description of considered cases

The moment resisting frame system consists of beams and col-
umns in which bending of these members provides the resis-
tance of lateral forces. Frame structures are modeled as 3, 6
and 10 stories plane frames with 3 bays to represent typical
low-to-moderate rise moment-resisting reinforced concrete
framed residential buildings located in Egypt. The typical
height of all floors is 3 m except for the ground story, which
is 4 m. The total heights of the three buildings are 10, 19 and
31 m, respectively.

Three interior frames are fully designed for gravity loads to
represent the GLD buildings. The cross sections and reinforce-
ment of beams of the studied frames are given in the Table I.
Also, Table 1 shows the cross sections of columns, where the
reinforcement ratio of columns is 1% from the total cross sec-
tion. The columns and beams have the same cross sections
throughout the height of the frames. The columns are consid-
ered fixed at the base for the considered frames. The compres-
sive strength of concrete is 250 kg/cm? while the yield strength
of reinforcement steel is 3600 kg/cm?. The direction of ground
motion is seldom correlated with the orientation of the build-
ing. The worst case is usually considered when the ground
shakes parallel with each Cartesian axis of the building. The
system is modeled as two separate planer systems, each of
which is subjected to all earthquake forces.
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Table 1

Dimensions and reinforcement of gravity load-designed R.C. frames.

3, 6, 10 GLD stories frames

Sec. (mm) Exterior beam reinforcement

Interior beam reinforcement

Exterior edge (%) & As

Interior edge (%) & As

Left edge (%) & As Right edge (%) & As

250x 500  Top Bot. Top Bot. Top Bot. Top Bot.
0.18 0.18 0.36 0.18 0.36 0.18 0.36 0.18
2¢p12 2012 4012 2¢12 4012 2¢p12 4012 2¢12

Exterior column Interior column

3 stories frame Sec. (mm)
6 stories frame Sec. (mm)
10 stories frame Sec. (mm)

The direction of columns depth should be distributed into
two directions to resist earthquakes, but sometimes this con-
cept cannot be achieved in gravity load designed buildings.
The effect of varying the stiffness of columns in earthquake
direction is studied. Three cases are considered. In case 1, all
columns are used in strong direction (columns depth is in the
direction of earthquake forces). In case 3, all columns are used
in weak direction (columns width is in the direction of earth-
quake forces) while in case 2, columns depth is distributed in
two directions (zigzag shape).

A comparison between seismic egyptian code (EC-1994) And
(ECP-201, 2012)

Egyptian code (EC-1994) [11] uses equivalent horizontal static
forces, based on empirical formulas to predict inertia forces
due to earthquakes. Egyptian code (ECP-201, 2012) [12] uses
response spectrum to represent the earthquake shaking and
it allows for using the equivalent static loads to represent the
seismic loads for regular structures. The lateral forces from
(ECP-201, 2012) are ultimate forces while lateral forces from
(EC-1994) are working forces. Therefore, (ECP-201, 2012) lat-
eral loads were divided by 1.4 for comparison purpose. The
lateral base shear for (EC-1994) is calculated as follows:

V = ZISKCW (1

Table 2 Base shear obtained by (ECP-201, 2012) and (EC-1994).

250 x 300 250 x 400
250 x 500 250 x 700
250 x 700 250 x 1200

Z is seismic zone coefficient which represents the maximum
effective peak ground acceleration, the Egyptian seismic map
consists of three regions, 7 is an important factor, S is a numer-
ical coefficient for site-structure resonance, K is a factor
depending on the structural system. C is a factor depending
on the natural frequency of the structure (=1/15,/T), where
T is the natural period of the structure in seconds, 7" = 0.1
N for moment resisting frame system where N is the number
of stories. W is the total permanent load.

The lateral base shear for (ECP-201, 2012) is calculated
according to the following equation

Fy = S/T) - aW/g 2

2.5[T¢
Tc<T<Tp: Si7) :agylS? {7(}11 (3)

a, is the peak ground acceleration which varies from 0.05 g to
0.3 g in Egyptian contours map. 7T is the natural period of the
structure in seconds which is equal to C,(H)**. S is the soil
coefficient, R is the force reduction factor, W is the total per-
manent load in addition to 25% of live load. The comparison
of base shear obtained by the code formula (ECP-201, 2012)
and (EC-1994) for 3, 6 and 10 stories R.C. concrete frames
is shown in Table 2. The assumed parameters of comparison
are listed below.

EC-1994 ECP-201, 2012 ECP201, 2012/EC-1994
V4 vIiw ay (g) 40/4

3 stories frame 0.1 0.011 0.05 0.013 1.18
0.2 0.022 0.1 0.028 1.27
0.3 0.033 0.15 0.043 1.3
0.3 0.033 0.2 0.056 1.7
0.3 0.033 0.25 0.07 2.12

6 stories frame 0.1 0.008 0.05 0.0104 1.3
0.2 0.0156 0.1 0.021 1.35
0.3 0.023 0.15 0.0311 1.35
0.3 0.023 0.2 0.041 1.78
0.3 0.023 0.25 0.051 2.21

10 stories frame 0.1 0.006 0.05 0.0075 1.25
0.2 0.012 0.1 0.015 1.25
0.3 0.018 0.15 0.022 1.22
0.3 0.018 0.2 0.03 1.67
0.3 0.018 0.25 0.037 2.06
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For EC-1994: Z is equal to 0.1, 0.2 and 0.3 for regions 1, 2
and 3 respectively. S is equal to 1.15 for moderate dense soil. 7
is equal to 1 for residential buildings. K is equal to 0.8 for non-
ductile R.C. frames.

For (ECP-201, 2012): Five levels of seismic ground motions
were considered, (¢, = 0.05g, 0.1 g, 0.15g, 0.2 g and 0.25 g).
Type (1) of response spectrum was used with moderate dense
soil

S=15 Tz=01 Tc=025 TD=12 7, =1 =1

C, is equal to 0.075. R is equal to 5 for moment resisting R.C.

frame system with limited ductility.
The following notes may be conducted from Table 2:

(1) The values of base shear forces from ECP-201 formula
are greater than EC-1994 values by about 25% in
average for (a, = 0.05-0.15 g).

(2) The values of base shear forces from EC-201 formula
are greater than EC-1994 values by about 67-121%
for a, = 0.2-0.25 g.

(3) With increasing the number of stories, the lateral loads
to total weight decease for both Codes.

(4) At maximum peak seismic zone, the lateral loads V/W
(EC-1994) are 0.033, 0.023 and 0.018 for 3, 6 and 10 sto-
ries frames, respectively, where V/W (ECP-201, 2012)
are 0.07, 0.051 and 0.037 for 3, 6 and 10 stories frames,
respectively.

Table 3 illustrates the effect of both codes on the design of
the model framed buildings. EC-94 refers to frames that were
designed according to the Egyptian code of practice for design
and construction of reinforced concrete structures (ECCS-203,
1995) where the seismic loads were calculated according to EC-
1994 (Z = 0.3). On the other hand, EC-2012 refers to frames
that were designed according to the Egyptian code for design
and construction of reinforced concrete structures (ECP-203,
2007). The seismic loads were calculated according to (ECP-
201, 2012) at zone 5a, the design ground acceleration of this
zone is 0.25 g.

The reinforcement details of R.C. elements of frames with
limited ductility according to both codes require to increasing
the stirrups of beams and columns at their ends, where the

column stirrups extend through beam column connection.
Furthermore, the top and bottom longitudinal reinforcements
of beams extend through the connections with sufficient
development length.

Table 3 illustrates the cross section of beams and columns
and the reinforcement of beams. The depth and longitudinal
reinforcement of beams of EC-94 frames increase in relation
to GLD frames. The significant change is found in the beams
of EC-2012 frames. The columns of EC-94 frames are similar
to columns of GLD frames with width 30 cm instead of
25 cm. The depth of columns of EC-2012 frames increases by
about 10%, where the reinforcement percentage of columns
of all frames is 1% from the total cross section.

Effect of lateral forces due to (EC-201, 2012) on the existing
framed buildings

Every structural system is designed to have a seismic capacity
that exceeds the anticipated seismic demand. In this study, the
potential structural deficiencies in the GLD and EC-94
designed frames are determined by an analysis of these frames
under seismic loads due to (ECP-201, 2012) to show which
members would be over stressed. Interior beam and column
at ground floor are considered as indication of all frame
elements.

The bending moment is selected to represent the straining
actions of frame members. The ratio My/M., is used to show
the ability of frame members to resist the code results. M, is
the moment demand of the members due to (ECP-201, 2012)
loads, M, is the maximum moment that members can sustain.
The moment demand (M) related to moment capacity (M) of
frames components is shown in Table 4.

It is evident from Table 4 that the beams at first story of
GLD frames sustain to moment demand due to (ECP-201,
2012) forces more than the capacity of beams. The lateral
forces in area of high ground acceleration cause increasing of
M,/ M. of beams which attain to more than 3 times, while
the increasing of ratio M,;/M,. of columns amounts to 75%.
Also, Table 4 illustrates that increasing the number of stories
with low moment of inertia in earthquake direction may cause
inelastic actions of frames due to high moment demand related
to the moment capacity. Therefore, insufficient strength of

Table 3 Dimensions and reinforcement of beams of EC-94 and EC-2012 designed R.C. frames.

Sec. (mm)  Exterior beam Reinforcement Interior beam reinforcement
Exterior edge (%) & As Interior edge (%) & As Left edge (%) & As Right edge (%) & As
Top. Bot. Top. Bot. Top. Bot. Top. Bot.
3 stories EC-94 250 x 500  0.32 0.32 0.64 0.32 0.64 0.32 0.64 0.32
2¢16 2¢p16 4¢p16 2¢16 4¢p16 2¢p16 4¢p16 2¢16
EC-2012 250x 500  0.64 0.32 0.8 0.64 0.8 0.64 0.8 0.64
4916 2¢16 Spl6 49016 Spl16 4916 Spl6 49016
6 stories EC-94 250 500  0.40 0.32 0.64 0.32 0.64 0.32 0.64 0.32
2016+ 1912 2¢16 4016 2¢16 4¢p16 2¢p16 4¢p16 2¢p16
EC-2012 250x700  0.46 0.46 0.69 0.46 0.69 0.46 0.69 0.46
4p16 4916 6916 416 616 4¢p16 6916 4916
10 stories  EC-94 250x 700  0.34 0.34 0.46 0.34 0.46 0.34 0.46 0.34
3pl6 3916 4¢p16 3pl6 4¢p16 3pl6 4¢p16 3pl6
EC-2012 250700  0.46 0.46 0.69 0.46 0.69 0.46 0.69 0.46
4¢p16 4016 6916 4916 6916 4¢p16 6916 4916
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Table 4 Effect of forces due to (ECP-201, 2012) on GLD frames.

3 stories 6 stories 10 stories

Case 1 Case 2 Case 3 Case 1 Case 2 Case 3 Case 1 Case 2 Case 3
Ag (g) Md/Mc Md/Mc Md/Mc Md/Mc Md/Mc Md/Mc Md/Mo Md/Mc Md/Mc
Interior beam
0.05 0.89 0.92 0.9 0.97 1.11 1.1 1.09 1.18 1.32
0.1 1.16 1.2 1.16 1.34 1.58 1.5 1.47 1.57 1.84
0.15 1.42 1.53 1.42 1.65 2 1.92 1.74 2 2.36
0.2 1.66 1.84 1.65 2.1 2.5 2.32 1.97 2.3 2.9
0.25 1.86 2 1.86 2.4 2.87 2.68 2.37 2.9 3.39
Interior column
0.05 0.28 0.33 0.34 0.2 0.32 0.36 0.14 0.25 0.27
0.1 0.53 0.67 0.7 0.38 0.61 0.72 0.28 0.48 0.57
0.15 0.8 1.03 1.03 0.6 0.93 1.1 0.43 0.71 0.85
0.2 1.07 1.37 1.4 0.78 1.22 1.45 0.6 0.88 1.13
0.25 1.31 1.6 1.68 0.93 1.5 1.75 0.7 1.16 1.44
Table 5 Effect of forces due to (ECP-201, 2012) on the EC-94 frames.

3 stories 6 stories 10 stories 3 stories 6 stories 10 stories
Interior Beam Interior column

dg (g) Md/MC Md/Mc Md/Mc Md/MC Md/Mz' Md/Mc
0.15 0.77 1.19 0.88 0.69 0.57 0.42
0.2 0.91 1.47 1.01 0.92 0.76 0.52
0.25 1.0 1.7 1.26 1.08 0.92 0.69

R.C. elements of the GLD buildings, in addition to the absence
of special provisions to insure the ductility, both can cause
unexpected structural failure during stronger earthquakes. It
is indicated that the R.C. elements in low-to-moderate rise
GLD buildings are not adequate to achieve safety according
to (ECP-201, 2012) lateral loads especially in high seismic
regions. It is important to illustrate that, Code lateral forces
used for seismic evaluation of existing buildings are reduced
by multiplying a factor of 0.75. This reduced force level is jus-
tifiable because an existing building does not need to have the
same level of safety factor as a new building since the remain-
ing useful life of an existing building may be less than that of a
new building [13].

Table 5 shows the ratio of M /M, which used to illustrate
the effect of lateral loads due to (ECP-201, 2012) on the EC-
94 frames. M, is the moment demand of the members due to

(ECP-201, 2012) loads, M. is the maximum moment that mem-
bers can sustain due to load combination (0.9D + S) where
D = dead loads and S = seismic loads due to EC-1994
(Z =0.3).

It is concluded from Table 5 that the M /M, decreases with
increasing the number of stories due to the large cross section
of columns. At 0.2-0.25 g, the seismic loads due to (ECP-201,
2012) cause additional stresses above than capacity of beams
members.

Structural capacity

Capacity is a function of strength, stiffness and deformability
conjectured by the system configuration and material proper-
ties of the structure. The nonlinear static pushover analysis is
conducted to create the capacity curve of structures when

\ Backbone .
Force backbone curve curve Idealized component
behavior
actual hysteretic '
behavior\/ ]
| A/ /
‘ .' A E Deformation
i Deformation Ductile Semi-ductile Brittle
7| (deformation controlled) (force contolled)
==

(a) Backbone curve from actual
hysteretic behavior

Fig. 1

(b) Idealized component behavior from backbone

curves

Idealized component force—deformation relationships [14,15].
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subjected to lateral forces. It is generated by subjecting a
detailed structural model to one or more lateral load patterns
(vectors) and then increasing the magnitude of the total load in
a step-by-step and the corresponding incremental displacement
is calculated to generate a nonlinear inelastic force—deforma-
tion relationship for the structure at a global level. The load
vector is usually an approximate representation of the relative
accelerations associated with the first mode of vibration for the
structure. The results from pushover analyses are presented in
graphs that describe the variation of base shear versus top dis-
placement. Capacity curve defines the capacity for an assumed
force distribution and displacement pattern, if the building dis-
places laterally, its response must lie on this capacity curve. A
point can be found on the capacity curve that estimates the
maximum displacement of the building when the earthquake
will cause and defines a specific damage state for the structure.
Pushover technique allows the sequence of cracking, yielding
and failure on the members and structure and it is benefit to
highlight potential weak regions in the structure. Detailed
structural models for inelastic analysis are normally based on
approximations derived from the test results on individual
components, Fig. 1 [14,15].

The pushover analysis may be carried out using force con-
trol or displacement control. In the former option, the struc-
ture is subjected to an incremental distribution of lateral
forces and the corresponding incremental displacement is cal-
culated. In the latter option, the structure is subjected to a dis-
placement profile, and the lateral force required to generating
that deformation is calculated. Force controlled actions pro-
vide little deformation to the entire building through inelastic
behavior, inelastic action in these elements may cause a sudden
or total collapse of the structures [10]. In this study, the force
control option is used to model frames, because of the limited
ductility associated with force control.

Capacity curves of GLD frames

To investigate the lateral capacity of GLD buildings, the non-
linear pushover analysis is carried out on 3, 6 and 10 stories
GLD frames (case 2). Capacity curves of 3, 6 and 10 stories
GLD frames are shown in Fig. 2. The maximum values of lat-
eral load related to the total weight (V/ W) are of low values for
GLD frames which is obvious in 6, 10 stories, the maximum
values of (V/W) are equal to 0.064, 0.02 and 0.01 for the 3, 6

’ ——3 stories =@ stories ====10 stories ‘

0.07

0.06 /o/

0.05

0.04
E O| beamyields |
> 003

0.02 //X/
0.01

0 0.05 0.1 0.15
U/H (%)

x [Fomr |

Fig. 2 Capacity curves of gravity load designed GLD frames.

and 10 stories frames, respectively. The pushover analysis illus-
trates that the beams start from cracking to yielding at low
level of lateral loads. This is attributed to the GLD frames
dominated by weak beams due to low reinforcement at end
beams. Therefore, the GLD buildings tend to be of brittle
behavior and are more vulnerable with increasing the number
of stories.

Capacity curves of EC-94 designed frames

Fig. 3 illustrates the capacity curves of 3, 6 and 10 stories
frames which have been designed to resist seismic loads from

—EC-94 —— EC-2012(0.25)|

0.18
0.16
0.14 1
0.12
0.1
0.08
0.06
0.04
0.02 1

VIW

0 0.1 O:Z O.'3 0.'4 0.'5 0.6 0.7
U/H (%)

Fig. 3a  Capacity curves of 3 stories frames designed according
to Egyptian Codes.

- EC94 —— EC-2012(0.25g) |
0.18
0.16 Fecererereraieimi i eee e
0.14 Frmmsmrarannee o
oo | Y SRR o [cotmn it
E 0.1 - e -
O A | column ersci
0.04 Frecfoaglonnmnnmi s
e oo
0 T T T T
0 0.1 0.2 0.3 0.4 0.5
U/H%
Fig. 3b  Capacity curves of 6 stories frames designed according

to Egyptian Codes.

|—EC-94 — EC-2012(0.259)|

0.18
0.16 1---@-{ column yields

0.14 107 peam yields
0.12
® | column cracks | /O//

0.1 T

0.08 X% | beam cracks -

0.06
0.04 /

0.02

VIW

0 0.05 0.1 0.15
U/H%

Fig. 3¢ Capacity curves of 10 stories frames designed according
to Egyptian Codes.
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(EC-1994) (Z = 0.3) and compared to frames designed accord-
ing to seismic loads from (ECP-201, 2012) (0.25 g). The curves
show the good behavior of frames designed according to codes
compared to GLD frames. The plotted relationship can be
divided into 2 stages, the response of frames is mainly elastic
up to yielding of frame elements and after that the relationship
is curved. It is noticed from Fig. 3 that, the capacity curves of
EC-94 frames reach to high values of V/W more than GLD
frames by about 1.5, 3.25 and 6 times for 3, 6 and 10 stories
frames, respectively. Also, the maximum values of V/W of
EC-2012 frames are greater than values of EC-94 frames. It
is found from Fig. 3 that, cracks are anticipated in R.C.

elements of EC-94 frames when base shear to total weight
(V/W) equals to 0.042, 0.024, and 0.032 for 3, 6 and 10 stories
frames, while cracks start in R.C. elements at 0.064, 0.066, and
0.047 for 3, 6 and 10 stories EC-2012 frames, respectively.

Performance-based seismic engineering

The performance-based seismic engineering (PBS) is a method-
ology introduced by ATC-40 [4] for seismic evaluation of exist-
ing buildings and it is an attempt to predict the maximum
allowable damage state of building for an identified seismic
hazard. One of the methods used to determine the performance
point is the capacity spectrum method. The demand and
capacity parameter for the analysis is the lateral displacement
of the building. The capacity spectrum method requires that
both capacity curve and the demand curve be represented in
response spectral ordinates. The seismic demand on a structure
is usually expressed in the form of a design spectrum according
to the prevailing seismic code and including all structural and
zoning parameters. The capacity curve produced is plotted
against the demand response spectrums. The intersection of
the demand spectrum with the nonlinear pushover response
is called ““Performance Point™. It corresponds to the expected
state the structure under the considered earthquake.
Depending on the position and state of the performance point
(with respect to the actual pushover curve), the analyst may

Sa (g)

| 3 stories

6 stories

©1— 10 stories

b 4

X
b. 4

X

3 o

N hed La!
eV,

% L pE % %

Final state of 10 stories

x = Cracking for (concrete) initial yield (for steel)
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X

State of 3 stories at 0.25g

o = Plastic hinge developed

Fig. 5 Seismic performance points and state of the GLD frames.
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Fig. 6 Seismic performance points of the EC-94 (Z = 0.3) state of EC-94 frames & EC-2012 (0.25 g) at 0.25 g.

decide on how safe or vulnerable the structure is and where
possible strengthening should be performed [4,6]. If the
demand curve intersects the capacity curve near the elastic
range, then the structure has a good resistance. If the demand
curve intersects the capacity curve with little strength and
deformation capacity, then it can be concluded that the struc-
ture will behave poorly during the imposed seismic excitation
and need to be retrofitted to avoid future major damage or col-
lapse [16]. The technique requires that both the demand
response spectra and structural capacity curves be plotted in
the spectral acceleration vs. spectral displacement domain.

To convert a spectrum from the standard S, vs. T format
found in the building code to S, vs. S, format. The value of
Sy for each point on the curve of S,; 7; can be done with
the equation:

Sy = T2 Sug/4n* 4)

The capacity spectrum is developed from the capacity curve.
Any point V;, U(eof) On the capacity curve is converted to
the corresponding point S,;, S;; on the capacity spectrum using
the equations:
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Sui = Vi/ W)/ (5)

Sfli = U/(PFl X ¢1.roof) (6)

where o; and PF; are the modal mass coefficient and participa-
tion factors for the first natural mode of the structure, ¢ ;oof 1S
the roof level amplitude of the first mode. For regular build-
ings with uniform mass and straight line mode shape, «; and
PF, are equal to 0.86, 1.3 for 3 stories frame and equal to
0.78, 1.4 for 6 and 10 stories frames [4] (see Fig. 4).

Seismic performance of existing buildings GLD and EC-94
frames

To identify the seismic vulnerability of existing framed build-
ings under the seismic ground motions, PBS procedure is
carried out on the GLD and EC-94 frames. The seismic
demand is expressed in the form of a design spectrum according
to (ECP-201, 2012) for 0.05¢g, 0.1 g, 0.15¢g, 0.2 g and 0.25 g.
The performance of GLD frames (case 2) is achieved by the
intersection of the demand and capacity spectrum curves, as
shown in Fig. 5. Also, Fig. 5 illustrates the state of GLD
frames by using nonlinear dynamic computer program IDARC.

It is found from Fig. 5 that the lateral strength of 3 stories
GLD frame is adequate to resist seismic forces due to ground
acceleration in all regions in Egyptian seismic map (a, = 0.05-
0.25 g). With increasing the number of stories, the lateral
strength capacity can resist peak horizontal acceleration equals
to 0.12 g 0.09 g for 6 and 10 frames. Above these values the
probability of failure may exist due to high moment demand
related to the moment capacity.

Fig. 5 shows that 3 stories GLD frame is exposed to cracks
in columns and beams at ground acceleration equals 0.25 g.
The final states of 6 and 10 stories GLD frames illustrate that
the beams are exposed to crack and yielding due to low rein-
forcement at beam ends. This indicates that the GLD frames
will behave poorly under high horizontal ground acceleration.
Therefore, these buildings need to be retrofitted to avoid major
future damage or collapse.

Fig. 6 shows seismic performance of EC-94 frames com-
pared to EC-2012 frames. The performance points of EC-94
frames are illustrated in Fig. 6 by intersecting the demand
curves with the capacity curves of frames. By correlating to
actual pushover curves, it is noticed that the demand curves
tend to intersect the capacity curves in the elastic range up to
0.2 g. Above that value cracks in frames elements will be
noticed. Fig. 6 shows the state of EC-94 frames at 0.25 g.
Beam cracks start at beam ends due to the low values of loads
from Egyptian code (EC-1994) in high seismic regions. The col-
umns still behave elastically because the cross section of col-
umns is enough to resist lateral loads. On the other hands,
performance points of the EC-2012 frames indicate that the
frames behave elastically at all regions in Egyptian seismic map.

Conclusions
For the studied frames
(1) The values of base shear of low-to-moderate rise framed

building from EC-2012 formula are greater than EC-
1994 values by about 25% in average for a, from 0.05

to 0.15 g. The difference increases from 67% to 121%
for 0.2 g to 0.25 g.

(2) Out of nonlinear pushover analysis, it is found that
GLD frames are dominated by weak beams due to insuf-
ficient longitudinal reinforcement at top and bottom
beam ends so beams become more susceptible to dam-
age, especially in 6, 10 stories frames. On the other
hands, frames designed according to Egyptian code have
a high capacity to resist earthquakes.

(3) Application of performance-based seismic approach
ATC-40 on GLD framed buildings illustrates that the
lateral strength of 3 stories frame is adequate to resist
seismic forces due to ground acceleration in all regions
in Egyptian seismic map accompanying with damage
occurrence of R.C. elements. There is a probability for
failure of 6 and 10 stories GLD framed buildings at peak
ground accelerations greater than 0.125 g. Therefore,
GLD buildings need to be retrofitted to avoid
vulnerability.

(4) Seismic performance of EC-94 frames indicates that
these buildings behave elastically when exposed to the
ground acceleration up to 0.2 g. From 0.2 g to 0.25 g,
EC-94 frames may sustain to a slight damage.
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