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ABSTRACT

Building codes did not include requirements forcsgleseismic detailing of
reinforced concrete structures until the 1970's rwiseveral earthquakes
demonstrated the need for more ductile design. é'baddings are vulnerable
to numerous failure modes including: failure ofwuh lap splices; strong
beam/weak column failures; captive column failypenching shear failures in
flat plate slabs; and shear and axial load failofecolumns with wide
transverse reinforcement spacing. A discontinuitystiffness and strength at
the bottom story, due to a soft story, often rasut a concentration of
earthquake damage at the building base. Severaipesa of past earthquake
behavior are given in this report as well as disims of various retrofit
options.

Gravity load designed old school buildings had beeavily damaged by
the October, 1992, Egypt earthquake in the reghmas the epicenter. Most of
the victims were school students because therenavgsevious knowledge of
the ideal behavior dealing with earthquakes, tise ¢hat leads to the students'
rushing into corridors and stairs. As a resulth#f weakness of some parapets
of corridors, some students fell into the playgmbukoreover, the existence of
only one stair at most schools cause the accuronlafistudents over the stair,
which led to the death of some students. Samplesddoschool buildings in
Egypt were selected for evaluation to determineddicient aspects of these
buildings. Finally, the research sheds the lighttloe best public behaviour
against earthquakes.

The aim of this study is to investigate the codseldaprocedure of seismic
performance assessments of existing buildings andetermine the seismic
performance levels of a case study reinforced @eactbuilding, which
represents typical existing building stock in Egyg$ well as comparing the
consequences of linear static analysis procedures.

Keywords. ECOL2008 ; Egyptian Code ; Seismic Assessmengaiirstatic
Analysis ; School building.
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1. INTRODUCTION

Determination of seismic performance of existingidings has become one of the
key concepts of structural analysis topics afteen¢ earthquakes. Considering the need
for precise assessment tools to determine the &eiparformance level, most of
earthquake hazardous countries try to include padoce based assessment in their
codes. Recently, Egyptian Code 2008 (ECOL2008) misoduced linear assessment
procedures to be applied prior to building rettofg@. In this paper, a comparative
study is performed on the code-based seismic amsas®f RC school buildings with
linear static methods of analysis, selecting asteg RC school building. The basic
principles dealing the procedure of seismic perforoe evaluations for existing RC
school buildings according to ECOL200 before artgrat992 Egyptian Earthquake
will be outlined and compared. Then, the procedapplied to a real case study
building is selected which is exposed to 1992 Eprdke in Egypt, the seismic action
of Ms =7. 3 with a maximum ground acceleration &It is a five- storey RC school
building with a total of 17.5 m height, composedoathogonal frames, symmetrical in
y direction and it does not have any significantiural irregularities. It was reported
that the building had been not damaged during €82 Earthquake. The computations
show that the performing methods of analysis withedr approaches using
(ECOL2008) independently produce similar perforneamevels of collapse for the
critical storey of the structure. The computed badear value according to
(ECOL2008) is much higher than the requirementshef Egyptian Code, while the
selected ground conditions represent the same atkasdics. The main reason is that
the ordinate of the horizontal elastic responsetspa for (ECOL2008) is increased by
the soil factor. The demand curvatures from limaathods of analysis of (ECOL2008)
before and after 1992 Egyptian Earthquake togetreealmost similar.

Performance based design and assessment in satusgineering is becoming more
important in the past several years. The decisibrthe analytical method for
performance-based assessmeriteisig a new topic and thdinear elastic methods of
analysis have been used for a long time.

Structural assessment and design concept withrtheigde of performance criteria
based on the displacement and strain are espepidilforward and developed for the
realistic safety and rehabilitation of structunestie United States’ earthquake regions.

The damage caused by the 1989 Loma Prieta and N&&#ridge, in California —
USA, made it possible to reconsider not only theent performance criteria regarding
the strength of materials but also add more réalisiteria based on displacement and
strain. With this concept, Guidelines and Commsanfar Seismic Rehabilitation of
Buildings — the ATC 40 [1] Project by the Applie&dhnology Council (ATC), and
NEHRP Guidelines for the Seismic RehabilitationBafildings — FEMA 273 [2] and
FEMA 356 [3] by the Federal Emergency Managemen¢rndy (FEMA) have been
developed. Later on, in order to examine the redulther on, the ATC 55 and FEMA
440 [4] have been developed. Besides these ordgamga different projects like
Building Seismic Safety Council (BSSC), Americanciety of Civil Engineers
(ASCE) and Earthquake Engineering Research Cemteniversity of California at
Berkeley (EERC-UCB) contributed them. With the afdhese projects and papers, the
assessment of the performance the existing stegtur the quake zones and the
redesigning of buildings according to their eartkpiperformances could be possible.
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On the other hand, there exist also some researegasding the performances of
structures according to ECOL2008 [11].

Recent earthquakes, which occurred in Egypt madenipulsory to assess the safety
of structures. Thus, in addition to the Egyptiand€m®f 2008, the new version of
Egyptian Code (ECOL2008) was issued in Septembd8 2[11] in which the
assessment and rehabilitation of structures haga bdded. The researchers state that
linear analysis method under the scope of ECOL2688It not with same performance
levels of non linear method. However, it is notddttlinear analysis method is
relatively more conservative on the basis of congpomperformance damage level [7,
8, and 9].

2. CODE-BASED PERFORMANCE ASSESSMENT
PROCEDURES PERFORMANCE REQUIREMENTS

Building performance levels or limit states are s#o discrete levels of building
damage under earthquake excitation.

ECOL2008 chapter eight defines three limit statelated to structural damage:

No Collapse Requirements (NCjhe structure is not damaged all or some of it.
Repair of structural components is not requiree¢abse their resistance capacity and
stiffness are not compromised after earthquake8¢ df design possibility (Return
period 475 years ago).

Damage Limitation Requirements (:Cthe design requirements are to resist the
earthquake loads without crakes after earthquak&0by possibility of design (Return
period 95 years ago).

Increase of Earthquake safety XI$he structures specify by its importance, each
structure has an importance factor this factor dépeon the return period of the
earthquake ((Return period 475 years ago for ioadit building).

Egyptian Code 2008 defines the seismic performaasdhe expected structural
damage under considered seismic actions. Seismiorpance of a building is
determined by obtaining storey-based structural begndamage ratios under a linear
or nonlinear analysis. Member damage levels agsifiad as shown in Figure 1. The
building performances are as in the following:

Ultimate limits states (UL For each main direction that seismic loads affémr
each collapse shape that caused dangerous to life.
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Figure 1: Cross-sectional Member Damage Limits@QE2008)

Serviceability limit state (SL)For each main direction that seismic loads affect,
these limits affect the safety using of the strregu

A target performance assessment objective for anghwilding consists of one or
more performance level for given earthquake hazawél. Recommended return
periods to corresponding limit states are givehable 1.

Table1). ECOL 2008 Recommended Return Periods

Probability of

Limit States Return Period
Exceedance
No Collapse Requirements (NC) 475 years 10% / 50 years
Damage Limitation Requirements (LD) 90 years 1@ years
Increase of Earthquake safety (IS) 475 years 168%years

3. LINEAR STATIC ANALYSIS PROCEDURES

Depending on the structural characteristics ofaiéding, Lateral Force Method of
Analysisor Modal Response Spectrum Analysisy be used as linear-elastic methods.
Static procedure may be used whenever the patfiipaf higher modes is negligible.
V=ZIKCSW............. (1); for old code design;

Z earthquake factor zone
| important factor
K structural system factor of building
C structure factor (C = 1/45 T > 0.12), T fundamental natural period of building
(T =0.1N or T = 0.09 HVB; N number of storeys, H height of building and B width of
building perpendicular to earthquake direction eten).

S soll factor
W equivalent dead load plus half live load
W.H (V-F
j=— 1\ T);FT=O.07T.V; .......... )
2 WiH))

i=LN
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Fr excessive horizontal force in the plan of roof
Wi; load of floor, H height of floor from foundation level.

F,. = M ........... (3); for new code design,
9

F, total horizontal base shear force
S (T,) elastic response spectrum
T, basic period of the structure

A Correction factor (1~0.85)

W total weight of the structure

_| uW, _| ZW, .
= Zu,-Wj'Fb .......... @) OorF, ZZjo'Fb ............. (5);

j=Ln j=Ln

F horizontal force affecting the floor

F, total horizontal shear force from earthquake

u;, Yy displacement of masses, m

Wi, W, weight of masses iimm

n number of storeys over the foundation level

Z; and Z heights of masses;nand m

Design schools before the 1992 earthquake on greaids only without taking in
consideration the effect of earthquakes but after 1992 earthquake the details of
construction building resist earthquake take intonsideration in design and
construction.

The load patterns, used for static analyses, arealnle to represent the deformed
shape of the structure when higher modes are patdfiect. The participation of
higher modes depends generally on the regularityna$s and stiffness and on the
distribution of natural frequencies of the buildiwith respect to seismic fundamental
frequencies. Linear procedures (lateral force nebthibanalysis and modal response
spectrum) are applicable when the structure remaimsst elastic or when expected
plastic deformations are uniformly distributed aller the structure. ThEquivalent
Seismic Load Method suggested in ECOL2008he main objective of these methods
is to compare demands by using unreduced elasfionse spectrum with the existing
capacity of elements, then to evaluate damagedewelthe basis of elements with
obtained demand-capacity ratios, and to deternhiaes¢ismic performance level of the
overall building. The conditions of using the egiént seismic load method according
to ECOL2008 are summarized in Table 2. In the datetion of base shear force,
unreduced (elastic) response spectrum is utilized.

The distribution of the horizontal seismic forcex@ding to ECOL2008 ateral
Force Methoddepends on modal shape of the structure at theafnedtal period. On
the other hand, iEkquivalent Seismic Load Methdateral force distribution is related
to storey masses and their elevation.

Time history analysis is a more realistic methodreépresent the true effect of
earthquakes on the building so, for the comparstates for 1992 Egyptian earthquake
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using the method of ECOL2008 and time history asialynethod to stand up with
which an existing structures will resist these kirickarthquake.

Figure 2 shows the typical structural plan of oktsion school building designed
before 1992 Egyptian earthquake. The system asrskownsists of one stares and one
R.C. frame in one direction as shown also the csestion of beam is satisfied the
gravity loads but columns (small cross sectionshasvn in Table 4) is not and will be

collapse under vertical loads of gravity and earétkg loads.(;f~18 Mpa and & 240
Mpa)
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Figure 2 Typical Storey Plan (designed before 1082hquake)

Figure 3 shows the typical structural plan of nesvsion school building, which
designed after the 1992 Egyptian earthquake, wihieltonstruction details and design
take into consideration. As shown, the frame systemstructed in two orthogonal
directions and the sections of beams satisfiedgtheity and earthquake loads. The
column cross sections carry gravity and earthquadtical loads safely as cross
section illustrated in Table 5.
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Figure 3 Typical Storey Plan (designed after 198&ffjuake)
4. CASE STUDY ON AN EXISTING RC BUILDING
(DESIGNED BEFORE AND AFTER 1992

EGYPTIAN EARTHQUAKE)

On 12 October 1992, an earthquake, magnitude nthardl Ms = 5.2, hit the City of
Cairo, Egypt. It was this century’s largest eartiiqeiin northern Egypt with related
destruction in the City of Cairo, the Nile Vallepdhthe Nile Delta areas. The case
study building has five storeys with a total of @3l.m height and it is composed of
orthogonal frames, symmetrical in y direction angesl not have any structural
irregularities. The planar dimensions are 24 x 15 860 ni with six spans in x and
three spans in y directions, (Figure 2). It wadially designed and constructed
according to the 2008 Egyptian Code.

Storey heights are 3.50m. Slabs are having a tegkrof 14 cm and they are
modelled as a rigid diaphragm at each storey |eMeé column dimensions are as
shown in Table 4. The in-situ tests for materi@parties reports that the characteristic
compression capacity of the concrete is 25 MPalamdharacteristic yielding capacity
of the reinforcement is 360 MPa, which are loweluga than the ones given in the
original project.

The computed base shear value according to ECOLZO0&uch higher than the
actual earthquake effect, while the selected grocmaditions represent the same
characteristics (Figure 3). The main reason isttimabrdinate of the horizontal elastic
response spectrum for ECOL2008 is increased bgdhdactor as shown in Figure 3,
where, § (T) elastic horizontal response spectrum, T timexigol, g ground
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acceleration (actual,& 0.5g calculatedsa= 0.25g), E, Tcvalues of constant response
spectrum, 1, important factor (=1.2), g constant value of spectrum, damping ratio
(=1), and S soil factor.

Table 3: Dimensions and reinforcements of columnsin each storey for an

Table2: valuesof Tg, Tc, Tp, and S.

Subsoil class| S | Ts

Tc | To

C

15

0.1

0.25]| 1.2

old design model before 1992 Earthquake (M.S.)

Sym. Sections Reinfor cement
C1 25x25 cm ¢13mm
C2 25x30 cm 6¢p13mm
C3 25x35cm 6¢p13mm
C4 25x55 cm 8pl3mm

Table4 : Dimension and reinfor cement of columnsin each storey for a new

design model after 1992 Earthquake (M.S.)

Ground floor 1%, 29 floor 39 4" floor

Sym. Sections | Reinforcement | Sections | Reinforcement | Sections | Reinfor cement

C1 30x70 16¢p18mm 30x70 16¢p16mm 30x70 16p12mm
cm cm cm

C2 40x80 16p18mm 40x80 16¢p16mm 40x80 16p12mm
cm cm cm

C3 30x90 20p18mm 30x90 20p16mm 30x90 20p12mm
cm cm cm

C4 30x110 20p18mm 30x110 20p16mm 30x110 20p12mm
cm cm cm
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Figure 3: Horizontal elastic response spectruraecur

Figure 4 shows a comparison between the code methddthe real earthquake
effect on displacement of each floor, base shaaefand base bending moment of the
outer column row of the school building. Columnsahforce in the code case analysis
equals nearly 2.5 times the shear force in reak(tiistory analysis) case.
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mis(EsL) DcisiTH) WSFESL) TSF(TH) maV(ESY) T2 (TH)

I) Storey displacement (m) i) Batear of the outside columns (ton)
iii) Base bending moment (m.t)

Figure 4: Old School Design Straining Action, ip&®y Displacement, ii) Base Shear
of Outside Columns and iii) Base Bending Moment
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Figure 5 shows a comparison between the code methddthe real earthquake
effect on displacement of each floor, base sheaefand base bending moment of the
outer column row of the school building
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Figure 5: New School Design Straining Action, ipi@&ly Displacement, ii) Base Shear
of Outside Columns and iii) Base Bending Moment

5. CONCLUSIONS

In this study, performance based assessment me#matibasic principles given in
ECOL2008 and real time history analysis (TM) aneestigated. After the linear elastic
and non-linear approach are outlined as given mdases of analysis, the procedures
of seismic performance evaluations for existing B¢hool buildings according to
ECOL2008 and TM are applying for a real three disienal case study building and
the results are compared.

The computations show that the performing methddanalysis with approaches
using either ECOL2008 or TM independently produadifference performance level
for the critical storey of the two structures. Tdases study buildings are found to be as
in safety performance level for new version schmalding designed after the 1992
Egyptian earthquake but not for the one who designefore the earthquake. The
computed base shear value according to TM is hitjfaer the ECOL2008 Code, while
the selected ground conditions represent the séaecteristics. The main reason is
that the ordinate of the horizontal elastic respa@pectrum for ECOL2008 is increased
by the soil factor. It is also observed that thended storey drafts obtained from the
two methods of analysis are difference in valude ECOL2008 code for design such
kinds of building satisfy conditions for earthqud&ads. For the safety conditions, the
old version of the school building, which affectegithe 1992 Egyptian earthquake of
not it must be strengthened as the technical ptoee resist any future Earthquakes,
which the study showed the probably collapse if tigpose to anther earthquake.
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