116

Journal of University of Duhok, Vol. 23, No.2 (Pure and Eng. Sciences), Pp 116-130, 2020 (Special Issue)
3" international conference on recent innovations in engineering (ICRIE) Duhok, September 9-10-2020

SEISMIC VULNERABILITY ASSESSMENT OF REINFORCED CONCRETE
STRUCTURES IN KURDISTAN REGION -IRAQ

MAND ASKAR"", KAMIRAN ABDUKA™~ andL AWEND ASKAR
" Technical College of Engineering, DuhBklytechnic University, Duholurdistan Regioriraq
" Faculty ofScience, Engineering and Technology, Swinburne University of Technology, Melbbustralia
" Technical College of Engineering, Duhok Polytechnic University, DuKoikdistan Regiofiraq

(Accepted for PublicationDecember 8, 2020

ABSTRACT

Earthquakes are one of the most destructive natur a
infrastructure and economic issues. Therefore, seism
di saster management, a n3le iesctmeircg ewnwclyn eprreelpialrietdyn eisss . one

evaluating the risk of earthquakes on reinforced conc
are buildings |l ocated in a seismic regioneamndgnedther
without consideration for seismic activity. I n the
buildings do not me et t he typicaas ctuhrer ernd g isoeni swd st eX
noseismic region andmiocl zowedwhhehl| cagbsi dg,ehrderde faosr ea |

these typeiofpdoautiedi ngssuffer extensivevVvudlama@gdl éumRiCn
buil di ngsassshedsud edolrbdeer t o prevent future daemdgéoamdehe
such ¢Eroawvisouscenddcieasd assessment of ifnouor dtee vail iaseo
sei smi da tiynamaelase ductility of mbhbebeiwbhduahed amesaat al
eXxi s&sitmdRE€byui |,0do0 @ tDeudh oikn govkEumnor atan r égicedesofgnkbdaaqnd
eval usadiedmoStruct V6.5 software was wutil i zded afidr ntghe
for t he exi sutsiimg sptursthcotvitgrree almualty $iiidsst i ng heaher exosed

redesigned buildings the=st edvrpilfutatarndd bd/i sopbltaaci enmmenngt i bnat
curviBhe origindlur téhwalguianietderrmesi néfor ce ment ratio and
redemsiimghhe exi stgi ngaboagiokrdiance withldme WLIingodE®ABI 85 o f:

version 9. 7.Nbaftiaealtystagic pushover analysis is use
Il nel astic static anal ysi s procedures i nclude capaci
met hodst rThetsurtedmeaddd » observe the yiahdi hgpeofadebhaameg mi
structur al strength. The extent of damage experienc
repretstemtdamage that would be experiisesaudd @ity edlin a kod.@ain
As a condleusrieodsetsri genteldr e showed 30% increasing in di
direction based on both ulwthiihmat @ h&nd ncaleasleati éd db &spd
10% when It dhhedlierde cifthiiosn.di spl acement incrdaseil edy i nhot

redesigned structure.

KEYWORDS :Seismic assessmemiortinear static pushover analysRC buildings; target displacemergapacity curve.

1. INTRODUCTION moderate or high seismic activity. Many existing
RC buildings in medium to high seismic region
arthquakes can cause devastatingwere designedaccording to recentlyutdated
damage to buildings, bridges and in codes In low seismic regions, most existing
many cases cause death. However, manyuildings wee designed without taking into
reinforced concrete RC) structures which  account seismic criteriayhich means they are
represent a large proportion of the building stockgravity load designed (GLD)Both types of
in many countries all over the worldlo not existing reinforced concreteave often displayed
meet the current seismic requirements and suffeuansatisfactory seismic behaviour because they
extensive damage during earthquak@AJU do not have sufficient resistance toisseic
2012. Thus, a seismic assessmentolnerable activities Egypt is an example for that,
RC buildings is mandatory in any area that hasaccording to(EL-KHOLY 2012, most of the

mand. askar @Qkdab.dbpk.akdsd)i awemrdd . khkamal @dpu. edu. k
'Corresponding authotTechnical College of Engineering, Duhok Polytechnic University,
Duhok Kurdistan Region



Journal of University of Duhok, Vol. 23, No.2 (Pure and Eng. Sciences), Pp 116-130, 2020 (Special Issue)
3" international conference on recent innovations in engineering (ICRIE) Duhok, September 9-10-2020

buildings in Egypt were gravity load designed structural aspects that control performance. With
until 1992, when Egypt was hit by an structures that vibrate primarily in the
earthquake. Despite the fact that the earthquak®indamental mode, the pushover analysis
was not classified in the strongest category, itprovides adequate estimates of global, local
caused damage and casualties all over thanelastic, and deforation demands. It also
country. The collapse of vulnerabbuildings in  exposes the weaknesses that can be hidden in an
the last century because of earthquakes in manglastic analysis such as story mechanisms,
countries worldwide caused thousands ofexcessive deformation demands, strength
casualties, cost millions of dollarsAnother irregularities and overloads on potentially brittle
exampleis Halabjah earthquak& July 2018in  elements such as columns and connections.
Sulaymaniyadraq with 7.3  magnitude. Furthernore, pushover analysis can be
Therefore, this studyaims to assess RC  performed as force controlled or displacement
structures in term o$eismicity behaviouwith  controlled. In forcecontrolled pushover method,

according to ACI standard. load combination is applied as specified. It is
recommended that foramntrolled procedure to
2. LITERATURE REVIEW be used when the load is known sashgravity

load (AHMED 2013.

The validity, applicability, and accuracy of Seismic response of the structures can be
the inelastic static pushover analysis inobtained by focusing on two damage factors,
predicting the seismic response of RC buildingsinter-storey drift and the ductility demand based
were investigated by (Castaldo 2017) and on capacity curve (Figurel)MASI 2012. A
(KRAWINKLER  1998). They \validated total of 216 building classes were defined in this
pushover analysis by adopting inelastic staticstudy by simulating some factors which were
pushover analysis for predicting seismic practiced at the time of construction such as:
performance in existing RC buildings. A feur number of storeys, infill presence and position,
storey steel structure building was modelled. Theplan dimensions, external beam stiffness and
study investigated the target displacement of theconcrete strenbt Results show that the height
structure at the roof using a variety of load of the structure and the distribution of the infill
patterns. Similar tfMWAFY 2001), the study are the most significant, parameters that effect
indicated that the pushover analysis @  the performance of the structure. The only
adequateanalysistool for low and moderateise  drawback isthat it did not tale into account
structures. During severeearthquakes, the height irregularities.
pushover analysis gives insight into the
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Figure 1: Capacity curve [6]

According to (EL-KHOLY 20120 and found that buildings with the same configuration
(REPAPIS 200§ existing RC buildings have but with perimeter infill walls show considerably
higher overstrength compared to newly better stiffness and lateral resistance. However,
designed buildings, which have very low these types of configuratiorshow further
ductility. A low ductility capacity is a significant reduction in the ductility and would be
factor for resisting seismic activity. It has been vulnerable to seismicity when such structures
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have irregularities in height specifically in first
storey. 3. CASESTUDY

Irregular structures have limited lateral 3.1 Existing Building
resistance and are susceptible to storey An existing reinforced concrete structure was
mechanisms ding earthquake loading. To assessed in relation to current design practices
avoid sudden changes in the overall strength oand construction detailing practices in the
stiffness at any particular level, the vertical Kurdistan region, and then seismic analysis of
regularity check is essential thosebuildings using the ASCE 406 2007 was
(ATHANASSIADOU 2008, (RAJEEV 2012.  conducted.
The effects of vertical irregularity on the median  The selected buildinig located in Duholcity
values of staey drifts and floor displacements in Irag The building was designed in 2010 using
were studied by(CHINTANAPAKDEE 2004. the ACI 318 2002 code. The building is an eight
Modal pushover analysis (MPA) was used tostory RC building and is 26.9m in. The first
obtain the median and dispersion values of thestorey of the building is 4.5 mlear height and
ratio of storey drift demands. They establishedall other storeys are 3.2 m in height, which cause
two main results Firstly, the accuracy of the irregularity in vertical direction as shown in
MPA procedure does not deteriorate, regardles§igure 2 The plan dimensions of the structure
of the location of irregularity in stiffness, are 20 m (norttsouth dimension) by 26.6 m
strength, or é$ifness and strength. Secondly, (eastwest dimensionpgs illustrated in figure .5
MPA is able to accurately identify stories with The existing structure was designed in
the largest drift demals and detect critical accordance with the ACI 318 2002 code. The

storeys. structural system consists of momerdsisting
frames represented by the columns, beams and
slabs.
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Fig. (2): Elevation View Fig. (3): Typical longitudinal spandrel beam elevation (existing buildings)
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3.2 Redesigned building and poor transverse reinforcement detailing.

The structure was redesigned in accordanceThis can cause a building wifioor detaihg as
with the ACI 318 2014 codeand moderate illustrated in figure 3 and 4 This resuls in
seismic zone was adopted assess its design inadequate buildings not only for earthquake
and reinforcement detailing. This can expose thectivity but also for gravity load criteria.
hidden weaknesses that cannot be exposed biyurthermore A 3-D model has been developed
theoretical analysis. Weaknesses su@s using the ETABS 9.7 software, in order to
inadequate steel bar development speciaflgr  analyse the applied loads that include gravity
the supports, improper column spligessition load and lateral loadhcluding wind load and
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earthquake Beam detailingis illustrated in figure 6.
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Fig. (6): Beam detailing (Redesigned building)
4. COMPARISON OF STRUCTURAL are over reinforced in accordance with the ACI
DESIGNS AND DETAILING OF THE 318 2005 code requirement for gravity load
EXISTING BUILDINGS AND THE design. On the other hand, the slab and
REDESIGNED BUILDINGS. foundation reinforcement is inadequate and less
than the minimum code requirement. As a result,
4.1.Inadequate Reinforced Design the exising building is inadequate in terms of

According to the details of the redesignedreinforcement ratio. Talde? and 3 indicate the
buildings and reinforcement ratio of the steel provided for the existing and redesigned
elements, the original design is over reinforced.buildings respectively
As it can be seen in Table beams and columns

mand. askar @Qkdab.dbpk.akds)i awemdd . hamal @dpu. edu. k
120 'Corresponding authotTechnical College of Engineering, Duhok Polytechnic University,
Duhok Kurdistan Region



Journal of University of Duhok, Vol. 23, No.2 (Pure and Eng. Sciences), Pp 116-130, 2020 (Special Issue)
3" international conference on recent innovations in engineering (ICRIE) Duhok, September 9-10-2020

Table (1): Comparisonn reinforcement ratio between the existing design buildings and the
redesigned buildings

Buildings | Reinforcement Ratio | Reinforcement ratio Reinforcement ratio of the
Members | (Existing Buildings) | (Redesigned Buildings) | redesigned RC buildings over
(AstAg) (As/Ag) the existing design %
Bl 0.012 0.0093 713
B2 0.015 0.0093 62
B3 0.026 0.011 423
B4 0.012 0.011 916
B5 0.01 0.0093 93
Column 0.0106 0.0103 99
Slab Reo 0.0025 0.0035 140
Raft footing 0.0025 0.004 160
Table (2): Beams reinforcement deta{lsxisting building)
Beams D Top Bomtom Mid-sechon Transversal
Rewnforcement | Renforcement | Reinforcement | Remforcement Spacing
Bl 4Y16 4716 Y6 Y12@ 300 mm
B2 5Y16 Y16 - Y12@ 300 mm
B3 4Y16, 3Y20 416, 320 - Y12@ 300 mm
B4 iYle iTl6 Y16 Tl 300 mm
B3 4¥16 Y16 Y16 Y12@ 300 mm

Table (3): Beams reinforcement deta{lsedesigned building)

Beams ID | Top Remforcement | Bonom Renforcement Transversal
Reinforcement Spacing
Bl Y20 Y20 Y12@& 300 mm
B2 2¥20 2¥20 Y12& 300 mm
B3 IV Y20 Y12/@& 300 mm
B4 3Y20 2¥20 Y12& 300 mm
B3 2¥20 Y20 Y12 300 mm
4.2.Inadequacies in Detailing the column detailing is very poor. Despite the

Both case study buildings show inadequatefact that the ACI 318014 suggestghe lap
reinforcement detailing represented by both splice lengthshouldnot be less than the largest
reinforcement distribution and anchorage ofof 300mm and 48l in both existing buildings
transverse reinforcement. These typicalthe lap splices length is approximately 300 mm
deficiencies in detailing often result in local (Figure 4), which is less than the code minimum
damage and collapse modes. This issue reflecteequirement length. Moreover, the transverse
the problem that RC buildings in the Kurdistan steel reinforcement along the splice lenigtimot
region suffer from. provided This is not appropriate practice
4.3.Column Lap Splices especially when the column is designed for

The design of the existing case study buildingresisting lateral loads. In fact, this practice
was governed primarily by gravity loading and makes the column work to resist compression
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loads and weakens the lateral capacity of thesoftware trying to achieve the real behaviour of
column. Moreover, the spks in the columns in  the existing buildings. This is by multiply the
the case study buildings are located just aboveatio in the software the ratio obtained by
the slab at each floor level. Thus, the columndividing the actual length of development on the
splicing would be dee meguiredi lengtld &yqtheadctaal dqugntity of dhe y 6 s
standards. One would expect limited tensilereinforcanent at the supportas illustrated in
capacity and limited ductility(SARKAR S. Equation (1) This means that the poor detailing
2013, (LEE 2013. of the beam bar anchorage in the existing case
4.4. BeamColumn Joints study building affected the overall behaviour

The forces between columns and beams areuring pushover analys(RAJU, K 2013.
transferred by the beaoolumn joints.
Therefore, to develop the full capacity of the YQQE QT HH6 WE &
frame members, adequate strength of the joint is DO DO o BFEO DE O QOO
essential. Joints have to have tramsee
reinforcement to provide better behaviour during(l)
seismic activity. The case study buildings had
essentially no transverse joint reinforcement
(Figure 4-a). Under severe earthquake activity, - .
insufficient transverse reinforcement can lead to, | "€ €Xisting an_d redeS|_gd structures have
shear failure of the joints due to the loss of bond?€® evaluated using nonlinear stapashover
capacity within the joint. According to analysis. SeismosStruct V6.5 software analysis is

(WALKER, S. G 200}, such damage has been used for this purpose l_Js_ing capacity spectrum,
observed in laboratory test of joinwith no and displacement coefficient methods. Capacity
transverse reinforcement. curveswere generated for the two buildings by

4.5 Beam Bar Anchorage pushing the top node of each structure to the

Bottom reinforcement in the beams is placed!@’9€t displacement and setting appropriate
to provide positive moment resistance performance criteria such as shear limit, moment

especially at migspan. Therefore, in this case curvature limit, concrete cracking and cover
study building the steel reinforcement is not SPalling for the elements using ErpsStructure
extend to the sugpt or even to the column face SCtWare(MONAVARI B. 2012).

(Figure 3) Lateral forces generated by an >-lTarget Displacement .
earthquake cause negative moment at the botto '_I'he target d'?*p'a?ceme”t for th_e structure is
of some beams at supports. Therefore, prope erived by linearization of the obtained pushover

detailing should allow for a full development of CUrvé and subsequent use of Displacement
reinforcement bars at the bottom of theam at  CO€fficient Method accordingo ASCE 4106
tandard However,the fundamental period of a

the supports. Hence, these inadequate detailing iding i : by thi dard. theref
results in reducing the moment capacity of thePU!lding Is not given by this standard, therefore

beam during an earthquake. According(ci  the Iragi Seismic Code 19@asused to find T,
318 2012, top bar reinforcemenshould be which will be used later to find the effective

extended beyond the point where it is no longedundamental period JTBased on calculations in
required to resisiexure for a distance equals to accordance withASCE 4106 standard the

the greatest of D or 12 dblowever, in the case pushover curve foexistingstructurewasloaded
study building (Figure 3), the top bars of the for @ displacement of 150% ait equal to
beams are extended 280mm into the joint, while32->Mm at the top node foraxis loading and
the required length is 450mnBottom bar S°-6mm for yaxis loading.
detailing was simulated using the SeisStruct

5. SIMULATION ENVIRONMENT
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Fig. (7): Idealizedpushover curve for the existing buildingaxis loading

Redesigned building was loadedl39mm at the top node foraxis loading and equal to 35.1mm feayis
loading.

Base Shear kN

250 300 350 400 450 500 550 600 650 YOO 750

Top Floor Displacement mm
Fig. (8): Idealized pushover curve for the redesignesddBey building: xaxis loading

The analysis is then carried out for 150% ofby the building when subjected to a design
the calculated target displacement for theearthquake.
structure to observe the yielding of the memberss.2Base Shear
and the adequaayf the structural strength. The Base shearfor the existing and redesign
extent of damage experienced by the structure atuildings inaccordance withS 1170.4 2007 was
the target displacement is considered t01980 KN. Then the structures are loaded in both x
represent the damage that would be experienceand y directions until theidimit (Figure 9.
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Fig. (9): Pushover loadingf®r x and yaxis

5.3 Reinforcement Detailing Simulation simulated reinforcement quantity for the existing
The poor detailing of the existing two case two case study buildings at the supports. By this,
study RC buildingsvas simulated by adjusting the detailing of the existing buildings can be
the ratio of reinforcement at the supports. This issimulated using a  software model
done by looking at the length development of (MOUZZOUN M 2013.
the beams at the supporfhis criterion has 5.4 Performance Criteria
been investigated because the current practice in Inclusion of shear failure limits, moment
the Kurdistan region is to stop the bottom bars ofcurvature limits, and cover spalling for the
the beam near the support as the bottonsections is essential to identify the behaviour of
reinforcement is required by the code in thethe buildings during the pushover analysis using
middle of the spans only. However, during anthe SismoStruct version®software. Therefore,
earthquake, due tdn¢ lateral loads generated by moment curvature of the sectionsbased on
seismicity, negative moment at the bottom of ASCE 4106 standard wereobtained using
some beams cabe generated at the support StructureExpress version 6.5 softwaréhe
especiallyat the end spans. For this reason,analysis of this software is based on strain
length of development for the reinforcement in compatibility approach. A Series of moment
the existing two case study buildings curvature graphs ardllustrated below that
investgated and compared with the requiredrepresent the idolized sections moment curvature
length of development. By dividing the actual o f buil dingsd el ement s.
length of development on the required length,was used in SeisoStruicsoftware to set the
we will have the ratio of the effective section moment curvature limits in the program.
reinforcement at the supports. Then by multiply Shear failure limit in the program is also set
this ratio by the actual quantity of @h using mathematical approached and shear
reinforcement at the supports, we can get thecapacity & all elements were calculated.
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Fig. (10): Moment curvature of existing columns
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Fig. (11): Moment curvature of redesigned columns
6. RESULTS ultimate base shear was 3200kN with 200mm

displacement (Figure2). When loaded at -y

The pushover analysis is undertaken byaxis, the building reached failure at 255mm, and
loading the structure to a state of completethe ultimate base shear was 3500kN with
collapse and a capacity curve is obtained usin@25mm displacement (Figur&3). While the
SeismoStuct Version 9.5. The structisethen  redesigned &tory building reached failure at
pushed to the code calculated base shear fa&890mm during xaxis loading, and the ultimate
limiting displacement. Taking into account the base shear & 3790kN with 225mm
low level of seismicity of thesite locationand  displacement (Figure?2). When loaded at -y
the characteristic features of the structure andxis, the building reached failure at 290mm, and
using ASCE 4106, with adopting moderate the ultimate base shear was 3610kN with
seismic region the target displacement is 225mm displacement (Figufs).
calculated and thenused in SeismoStruct The base shear value of the building due to
software for both axis loading and 3axis the calculated target dismlement was 1137kN,
loading to generate pushover curves by pushingvhich is about 30% of the base shear capacity of
the building to the target displacement under thehe building, and it was 1090kN when loaded in
considered directionThen thegeneratecturves  y-direction, which is about 31% of the base
were integrated in the actual pushover curves ofshear capacity of the building. On the other
the building. There was both concrete cracking hand, the base shear value of the redesigned
and some cover spalling, which identified by thebuilding due to the calculated target
SeismoStruct software, in some elements whemisplacement was 1325kN, which is about 35%
the models were loaded, but the overallof the base shear capacity of the building, and it
behaviour of the models wasfe.However, the was 1150kN when loaded indirection, which
design detailing assessment of the buildingss about 31% of the base shear capacity of the
shows that He reinforcement detailing of the building.
existing buildings has major inadequacies in In terms of structure capacity, when
terms of bottom beam bar anchorage, splices lapstructures loaded in-direction, ultimate base
and beanrtolumn connection. These shear of the redesigned structwas abou0%
inadequacies carffact the overall behaviour of higher than the existing structure when loaded in
a building and reduce ductility. x-direction and top displacement was 225mm

The existing Sstory building reached failure which is about 12.5% higher thadisplacement
at 525mm during »axis loading, and the in existing structure.
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Fig. (13): Base shear and code calculated base shear versus displacerestifag and redesigned structures
(y-axis loading)

Inter storey drift versus base shear ande
calculated base shear for both structures were
obtainedas damage indicattvase on capacity
curve.

inter-storey drift for levelQ

y
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where,Y ho¢ ¥ are the displacement of
the top floor and the displacement of the bottom
floor respectively. h is the height of the
considered floor.
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Fig. (14): Inter-story Drift versus Base Shear Plot first two storeysipon xaxis loadingor existing and
redesigned structures
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Fig. (15): Inter-story Drift versus Base Shear Plot for first two storeys upariy loading for existing and
redesigned structures

The obtained intestory drift versus base applied base shear when the structure loaded in
shear curves indicates that the redesignea-direction. This leadin ductility enhancement.
structure show improved b behaviour under
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Fig. (16): Building displacement versus code calculated and ultimate base shear Plotsaxsloading for
existing and redesigned structures
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Fig. (17): Building displacement versu®decalculated and ultimate base shear Plots upaxiyloadingor
existing and redesigned structures

Building displacement is a significant factor shear. Where thexisting structure loaded iny
for assessing the seismic behaviour of adirection, displacement wass2mm based on
building. In the analysed models the building ultimate base shear and 65mm based on
displacement versus base shear curves obtainadhiculated base shear. Redesigned structure
from the pushover analysis, indicatthat the showed more ductility as displacement was
total displacement of the buildings reached the290mm based on ultimate base shear and 67mm
all owabl e di spl ace men based éonntialdated (bgse BHear-untiermoreh e
building height). When structure loaded in-x inter storey drift data for the redesigned building
direction, displacement imhe existing 8tory  showedimproved ductility in existing building
building was 25mm based ornultimate base specifically when loaded in-girection. As a
shear and 75mm based on calculated base sheaesult, redesigned structure shows more ductility
Redesigned structure behave differently,than existing structure as thlsplacement was
displacement was 690mrbased on ultimate increased about 35% in each floor level for both
base shear and 120mm based on calculated basgaximum and target displacement compared

mand. askar @Qkdab.dbpk.akdsdw)i awemdd . khamal @dpu. edu.
'Corresponding authotTechnical College of Engineering, Duhok Polytechnic University,
Duhok Kurdistan Region



Journal of University of Duhok, Vol. 23, No.2 (Pure and Eng. Sciences), Pp 116-130, 2020 (Special Issue)
3" international conference on recent innovations in engineering (ICRIE) Duhok, September 9-10-2020

with existing structure when loaded in- X
direction under ultimate base shear while was
around 10% when loaded indyrection.

7. CONCLUSIONS

The existing and redesigned buildings, did
not incur any major failure in relation to the
pushover analysis based on the
displacemenaind the behaviour of the buildings
due to the target displacement was sdfke
pushover analysis reveals some sigatficfacts.

structures  with friction pendulum
devices Earthquake Engng Struct.

Dyn., 46: 1245 1266 doi: 10.1002/eqe.2854

KRAWINKLER, H. & SENEVIRATNA, G. 1998.

Pros and cons of a pushover analysis of
seismic performance evaluatiokngineering
strudures, 20, 452-464.

targetMWAFY, A. & ELNASHAI, A. 2001. Static

pushover versus dynamic collapse analysis of
RC buildings Engineering structure®3, 407-
424,

It clearly indicates that whilst reinforcement ApveED. s, Y. 2013, Seismic Evaluation of

guantity is important, detailing is just as
essential. According to theletailing of the
existing structurereinforcement was about 25%
more thanthe redesigned ongnd there was
inappropriate detiling of beam bar anchorage at
the supports, joint without transversal
reinforcement, and inappropriate location for
column splices. Hence, poor detailing of the
existing buildings reduces the effectiveness of
the reinforcement used. The
reinforcement is not only ineffective but an
unnecessary costMoreover, the redesigned
structure showed increasing in ductilitgs
displacement increasedbout 30% compared
with existing structurewhen loaded in X
direction based on both ultimate and calculated
base shear and about 10%
loaded in vydirection which lead in better
seismicity behaviourBase shear capacity is also
further increased with improving in intstory
drift behaviour.
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