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PREFACE

This study summarize the symposium about the
methods and techniques used in assessment,
repair/strengthening as well as materials for
interventions an reinforced concrete buildings. Alsc
summar ize the reliable experimental data available on
the repair/strengthening of reinforced concrete
structural members. Some analytical and experimental
studies are being carried out in various European,
Asian, and North American Countries, especially Balkan
Countries, Japan, and United State of America, which
are related to repair and strengthening of concrete
buildings. These experimental researches are concerned
with the behavior and strength of repaired or
strengthened building members and systems.

I must express my gratitude to my supervisor Prof.
Dr. Halit Demir for his continuocus suppaort and
encouragement over the years of writing this thesis,
and 1 also acknowledge the help of the staff of civil
engineering department. Special thanks are owed to my
wife Zienab for her high limit state of patient and
encouragement over the years which made the writing of
this thesis a reality.
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NOTATION

The fallowing symbols are used in this study:

Do
duou
A
Ae
n-l
Ae
At =

Aar .

As
AAe

Ac

As, w

A

A

Aw
Ag

a
Aas
Ae
Ac
Am
Ao
BA-
b
Pa
bs
bz
C
C

d
da

de

O wannn

residual deflection;

total deflection;

total area of door or window;

total area of the compartment;

area of steel at fiber ij

area of tension reinforcement;

additional steel area of tension reinforcement;
cross—sectional area of additional concrete
Jacket;

area of steel plate, also area of tension
reinforcement;

area of added concrete;

area of existing concrete;

area of new closed stirrups;

area of column longitudinal reinforcement at
tension sidej

total cross—-section area of wall including.
boundary column;

area of horizontal reinforcement in wallj;

total area of longitudinal reinforcement in
boundary columng;

h/3

area of steel stud bolt;

area of flange of beam or column region;
effective area of concrete corn projected by a
post—installed anchor;

minimum cross-secticnal area of mechanical wedge
anchor;

minimum cross—sectional area of spliced bolt or
rebar;

cross~sectional area of post—installed anchor at
inter face;

width of column or beam;

A/Ls

width of member at i fiber?’

width of compression face of column after
strengthening;

basic shear-coefficient;

strength index;

effective depth of section, or diameter of bent
down barss

diameter of post—installed anchor, or nominal
diameter of mechanical wedge anchorj;

diameter of hole drilled;
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depth of steel layer ij;

depth of concrete layer ij;

dissipated energy increment;

damage index; )

diameter of wedge;

young’s modulus in direction 1j;

young’s modulus in direction 23}

basic structural performance index;

modulus of elasticity ofv steel;

modulus of elasticity of concretes;

ductlity index, or yield point strength of
steel;

compression strength of existing concrete;
compression strength of new concretes;

tensile strength of concrete;

cube concrete strength;

tensile strength of concrete as it is

moncl ithics

yield stress of steel;

concrete cylinder strength;

unit compression stress in the brace member;
design force;

local geolgical index to modify the Eo—index;
shear modulus of the gluej

unsupported length of hcoop side between legs of
supplementray cross ties;

unsupported length of hoop side between legs for
additional hoop;

effective flexural length of column;
crass—section depth of column or beam;

total cross—sectional depth of column after
strengthenings;

total depth of member at i fiber;

seismic per formance index for structure;

0.8d

residual stiffness;

stiffness;

stiffness as if the final section were
monolithics;

the real stiffness of the final sectidn;
distance from extreme compression fiber to
extreme tension fiber in wallj

anchor length, or total length of panel plate or
bracings;

anchorage length, or entire length of mechanical
wedge anchorj;

effective anchorage length ;

total length of stud bolt or rebar which is
spliced with post—installed anchorg
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Mcr
Mus
Mo

M.

effectiv anchorage length of spliced steel bolt
or rebar; )

the half length of Jjacket;

shear ratioc = 1/dj;

clear length of the in—-filled wallj;

anchorage lengthj;

embedded length of mechanical wedge anchor;
projected length of mechanical wedge anchorj
bending moment, or total mass of combustibles in
the room;

first cracking moment;

stabilized cracking moment;

moment corresponding toc the elastic limit of
steel;

ultimate bending moment, or ultimate flexural
strengths;

AMu, aaa= additional bending moment capacity;
Mu, exs1ev= €xisting bending moment capacitys;

Mu.m

M".r

wﬂu

bMy
c“y

N

Nt ot

Nes

N\— -

Ne

Nc
Ne

N=
No

P<
Pn
Pa
Pe
Pe
Pw

the bending moment strength as if the final
section were monolithic;

the real bending strength of the final section;
ultimate flexure strengtyh of wall with boundary
columnss;

flexural strength of beam regionj;

flexural strength of column regionj;

compressive axial forces;

.total normal force, or total axial load to be
retained after taking off temperary shores;

locad to be transferred by means of additional
reinforcement (A’g) welded on existing
reinforcement;

load to be trusted to the damage columnj

load to be transferred to the section of the
Jacket (AcT) by means of lateral frictions
compressive strength;

tension strength;

axial force by gravitational load at tension
sides;

axial farce by gravitaticocnalj;
normalized axial stress = N/bdf.’;
normalized steel ratio = puefy,./fe';
edge column reinforcement ratio;
horizontal reinforcement ratio;
Ag/bah}

tension steel ratio,( and for wall
100A¢ /ba-L;

confinement ratio, or shear reinforcement ratioj
ratioc of fire load to unit area, or shear
strength;
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qd-

Vu.r

vu.m

Va

] n H nn

shear capacity per a post—installec anchor;
shear capacity per a post—-installed anchor that
is dominated by yield strength of steelj;

shear capacity per apast-installed anchor that
is dominated by bearing strength of concretej;
the smaller of flexural strength or shear
strength of the other side of boundary columnj;
punching shear strength of the one side of
boundary column;

design shear force;

shear force of a column in which the yield hinge
developed at both the top and bottom of a
column;

shear strength of post-installed anchor;g
ultimate shear strength of a column after
strengthening;

calculated yield strengthj;

ultimate shear strength of a wall after
strengthening;

= lateral load capacity of a frame after

nu

strengthening by steel bracing;

lateral load capacity that is dominated by steel
bracing system, such as the strength of steel
brace or steel panelj;

the unit strength of steel stud bolt;

strength;

residual strength;

action-effect;

new action—effect;

local slip, or spacing of stirrups;

critical slipg

front slip;

time index to modify the Es—index;

tension strength per a post-installed anchor;
tension strength per a post-installed anchor,
that is dominated by its yield strengthg
tension strength per a post-—installed anhor,
that is domnated by embedded concrete strengths;
thickness of Jjacket;

tickness af concrete element;

thickness of glue;

thickness of steel plate;

thickness of in—-filled wallj;

shear force to be retained by the R.C. element
after repair and/or strengthening;

the real shear strength of the final sectiong
the shear strength as if the final section were
monol ithics

shear force which can be transfervred by plate;



Vuxime= shear force to be trusted to the existing

dfa=

T
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do'z
Tms
O=a
Ty
T

mu.y
dTi=

Tex
Tax

Bn

i nnu

(damage and/or weak) R.C element;
effective heat of combustion;
distance of netural axis from compression side;
Ea/Ec, or deformation compatibility factor;
end spacing of new stirrups used for repiaring
damaged columnj
coefficent for cyclic loading effect (function
of structure parameter);
incremental shear strain in the 1-2 planes;
partial factor for concrete;
safety factor for materialj;
resistance—mocdel concrete factor for redesign;
maximum response deformations
ultimate deformation capacity under static load
for beam and column;
average settlement;
incremental linear strain in dirvection 1;
incremental linear strain in direction 2j;
top strain of concrete;
rate of increase of residual deformation;
ratic of residual to total deflection
effective slenderness ratio;
residual ductility;
ductility factor;
friction coefficient corresponding to
T = feceomin}
poisson’s raticg
length along which densely spaced hoops have to
be provided in concrete jacket for repair of
damage coclumnj
compression stress of concrete;
incremental normal stress in direction 1;
incremental normal stress in direction 2;
steel stress at i fiber;
concrete stress at 1 fibers;
vield strength of longitudinal reinforcement;
N/b.hj;
compression strength of existing concrete;
yield strength per a post—installed wetdge
anchor
incremental shear stress in the 1-2 plane;
bond stress;
laocal bond strength;
mean value of bond stress;
basic bond strength of chemical adhesive;
diameter of bar used for hoop.
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SUMMARY

The purpose of this thesis to review some basic
facts about concrete damage, and review some techniques
used for interventions by repairing and/or
strengthening, before and after building damage.

The necessary procedures for the inspection of
damaged and/or weak building, and assessment of an
existing (damage or not? buildings are presented in
this document including temporary protection.
Estimation of residual structural characteristics.
Also quantifying damage and difinition of damage is
breifly discussed.

Polymer materials are commonly used in the repair
of concrete structures. These polymer materials
include the epoxy resins, producing polymer concrete,
and some non—-polymer materials, such as special cement
and additives are used in repair works. Traditional
narmal cast-in—-place concrete is often used in repair
and strengthening works, but always the results are
unsatisfactory, mainly because of the-volume change
shown by the cement—-based concrete used, that impairs
every possibility of good contact between the new a nd
the old element. The basic properties and
recommendations to use these materials are reviewed in
this study. Additional reinforcements, the use of
incorporated steel profiles, also infilling and bracing
techniques are briefly reviewed. Shotcrete (gunite),
and grouts also discussed.

The techniques used for repair/strengthening of
buildings, which have a back analytical and
experimental data related to the different elements in
a building (columns, beams, coclumn-beam Jjoints, slabs,
shear walls, foundations) are summarized with some
recommendations and provisionals. Also introduction of
new structural elements (infilling shear walls, adding
side walls to existing frames, infilling steel brace
into existing frame, and adding buttresses to existing
frame building) are summarized and discussed.

The calculation method used for dimensioning of
additicnal structural arrangement for repair and
strengthening for different elements in reinforce
concrete buildings (columns, beams, in-filled shear
walls, steel bracing) summarized in last chapter.
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CZET

BETONARME BINALARIN ONARIM VE GUCLENDIRSLMESINDE
BUGUNKU DURUM

Bu tez calismasinin amaci, beton hasari konusunda
bazi temel hususlar ve yapi hasarindan dnce veya son—
ra onarim ve/veya yapilarin giclendirilmesi icin kul-
lanilan bazi tekniklerin gbozden gegirilmesidir.

_ Hasar gfrmis ve/veya zayif olan yapilarin akilc:
projelendirilmesi mihendisin karsilastig: en zor prob-
lemlerden biri cldugu kabul edilmektedir ve bunun be—
lirli sayida sebebi vardir; mevcut vapilarin degerlen—
dirilmesi ile 1ilgili belirsizlikler, alisilagelmisin
disinda analitik modellere olan ihtiyvac ve ayrica
mithendisin yapi1 hakkindaki malumatinin da genellikle
cok mikemmel olmamasi. Hasar garmis bir yapinin
hasar seviyesi ve bu seviyeyi gtstermek igin kabul
edilen yollar herhangi bir teknik yGnetmelikte yeralma-—
micstir. Hasar girmiis ve zayi1f yapilarin iyilestirilme-
sine ait fnemli adimlar Sekil 1 de gériilmektedir.
(Betonarme yapilarin degerlendirilmesi ve yeniden
projelendirilmesi icin disiinidlen model?

Analitik ve deneysel verilere sahip olan betonarme
yapilarin onarimi ve giclendirilmesi ile ilgili bazi
temel kavramlar kisaca gézden gegirilmis ve bu alanda
bugiinkii durum ve bu maksat igin kullanilan malzeme ve
teknikler kisaca verilmistir.

Onarim/giiclendirme pratigi arastairicilarin dikkati-
ni sadece son zamanlarda cekmeye basladi, fakat onaraim
ve giclendirme uygulama olarak yapim pratigi kadar
eskidir. Yapim kalitesi oaoldukca zay:rif ocldugundan
problemli durumlara cok sik rastlanilan gelismekte olan
illkelerde onarim/giclendirmeye ait iyilesmelasr daima
vaygin olarak mevcuttur. Diinya iilkelerinin cofunda ona-
rim ve gliglendirme uygulamasi sezgiye dayanmaktadair.
Yapisal elemanlarin iyilestirme sonrasi davranisi ve
sonug olarak tiim yapi sisteminin davranisi idzer indeki
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etkisi ne bilinir ne de bakilair.

Bu calisma batonarme yapilarin iyilestirilmesi i-
cin betonarme binalarin degerlendirilmesinde kullani-
lan metod ve teknikleri biraraya getirmesi vyaninda o—
narim/giclendirme icin kullanilan malzemeleri de dzet-
lemektedir. Ayrica betonarme yapi elemanlarinin ona-—
rim/giclendirilmesi hakkinda mevcut gilvenilir deneysel
verileri de Gzetlemektedir. Bazi1 analitik ve deneysel
calismalar degisik Avrupa illkelerinde, Asya ve Kuzey
Amer ika ililkelerinde, dzellikle Balkan iilkeleri, Japonya
ve Amerika Birlesik Devletleri’nde ylritilmektedir.

Hasar gdrmiis ve/veya zayif binalarin muayenesi i-
cin gerekli islemler ve mevcut (hasarli veya hasarsiz)
bir binanin degerlendirilmesi gecici koruma (Pathology
image, gecici koruma igcin giivenlik tedbirleri, kalain
yapisal karakteristliklerin tahmini) belgelerinin tah-—
mini ile Boélim 2 ve R&élim 4 de sunulmustur. Hasar
gormils ve/veya zayilf binanin gézden gecirilmesinde ana
gaye, yapidaki hasarin artmasi: durumunda muehtemel
malzeme kayiplarini en aza indirmeye kadar yapidaki
hasarin nitelik ve derecesini ayraintilariyla belirle-—
mek ve kaza ve yaralanma riskini ortadan kaldirmak i-
cin gecici mesnetlerle giivenlik tedbirlerini yerles-
tirmektir. Kusurlu veye hasar gormis betonarme bir
yapinin yeniden projelendirilmesinde dnemli hazairlayi-—
c1 adimlar, olciim ve testler yaninda yapi hakkinda ve—
rilerin toplanmasi ve yapinin muayenesidir. (Giozden
gecirilmesi, incelenmesi) Bu adimlar kazai etkilerin
bilinmedigi zaman bunlarin tahmin edilmesiyle B&ldam 27
de kisaca tartisilmistir.

Gecici koruma icin &nerilmis olan teknikler disey
ve yanal mesnet olusturma metotlarinin dahil - edilme-
siyle B&lim 3'de tartisilmistir. Gegici koruma ted-
birlerinin hasar gormilis binaya yakin octuran alanlarda-—
ki insanlara emniyet sagladigi,ayrica tamir ve giiclen-—
dirme vyapan iscilere givenlik sagladigi, bu gecici
koruma tedbirleri bazi temel islemlerle kisaca ince-—
lenmistir.

Kalici yapisal karakteristliklerinin hesabi1 {(ri-
Jitlik, mukavemet,diktilite) BSlim ¢4 de genel analitik
metodlarla,mekanik etkiler olmasi durumunda malzemenin
kuramsal kanunlari,yangin ve korczyon sonrasinin dahil
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edilmesiyle kisaca gtzden gecirimistir. Farkli yiikleme
sartlar:i altinda {(monoton gerilme davranisi, tekrarla
gerilme davranisi, tekrarli geri devirli gerilme dav-
ranisi) celiiin davranis: yukarida bahsedilen davra-—
nislari yvansitmasi icin dnerilen cesitli analitik me-
todlarin incelenmesiyle B&lim 4 de kisaca Gzetlenmis—
tir. Son 20 senede 4dnerilen betonun geri devirli
yikleme altinda bir, iki ve cok eksenli davranisinin
yaklasimi icin ¢ok sayida malzeme modelleri de B4aliam 4
de kisaca verilmistir. Monotonik ve geri devirli etki-
ler altinda yerel aderans—yerel kayma modelleri de
Gzetlenmistir. Ayrica farkli arastiricilar tarafindan
rapor edilen betonarme yapilarin c¢elik ve beton bile—
senleri iizerine yvangin etkileri de B&lim 4 de
tzetlenmis bulunmaktadair.

Egilme ve eksenel yilk etkisindeki betonarme ele-
manlerin kalic:r yapisal karakteristlikleri malzemenin
kuramsal kanunlarina dayanilarak, moment—-efrilik di-
divagramlarinin hesaplanmasiyla elde edilebilir. Mo-—
ment—-egrilik iligkisinin hesabinda kullanilan metot—
lar analitik bir diizlem olan genel 1lif metocdu kisaca
tzetlenmistir. PModel

Akilci bir yolla hasar belirlemek icin metod bul-
maya yénelik girisimler hasarin tam ve hassas tanimiy-
la baslamalidair. Cinkii hasar kelimesi yaygin olarak
farkli biatiin olaylarda kullanilmakta ve kisiye gire
farkli terciime edilmektedir. Betonarme elemanlarain
hasari, ilgili elemanlarin daha fazla yiilk tasima kapa-
sitesini netice veren fiziksel bozulmanin &zel bir de—
recesi olarak belirtilmelidir. Benzer olarak bir ele—
manin gocmesi, kisiye gore farkli olarak tanimlanan
kalici yilk tasima kapasitesinin belirlendigi &zel bir
hasar seviyesini belirtir. Betonarme bir elemanin
hasarinin yukaridaki tanimi, hasar mefhumu, bstonarme
elemanlarin hasar ve giécmesinin temel tartismasi ve
beton hasar modelleri B&élim S de kisaca Gzeflenmistir.

Onarim ve/veya giclendirme islerinde cesitli tek-
nolojiler ve malzemeler vaygin oclarak kullanilimaktadir.
Praoje yapanlar bu malzeme veya tekniklerin bazilarinda
tecrilbesiz olabilirler. Betonarme yapilarin onariminda
polimer malzemeler yaygin olarak kullanilmaktadir. Bu
pol imer malzemeler epoksi recineleri, clusturulan po-—
limer betonu ve bazi polimer icermeyen otzel cimento ve
katkilari gibi malzemeler onaraim islerinde kullanil-
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maktadir. Geleneksel olan normal yerinde dakiim beton
conarim ve giclendirme islerinde sik sik kullanilmakta-
dir, fakat kullanilan betonun ¢imentoya bagli clarak
hacim degisikligi yapmasi dolayisiyla eski ve yeni
eleman arasaindaki iyi temasin bozulmasi ihtimaliyle
sonuc daima memnuniyet verici degildir. Bu malzemeleri
kullanmak icgin temel &zellikler ve dneriler B&lim 6 da
gézden gegirilmistir. Piskirtme beton ve harclar da
B&élum & da tartisilmistir. Dnarim ve/veya giiclendirmede
kullanilan malzeme ve tekniklerin Gzetlenmesinin amaca,
bir yapi mithendisi bir onaraim/giiclendirme projesini ele
aldisginda evvela kullanilacak olan onaraim malzemesi ve
gerekli uygulama &Gzelliklerine karar vermesi gerekti-
tigi icindir.

Onaraim/giiclendirme de kullanilan tekniklerle il-~
gili pek gok temel kavramlar deneysel galismalarla
dogrulanmistir. Yapisal anlamda onarim,hasarli eleman
veya yapinin yapisal dayanimini: eski durumuna getirme
islemi, ve giclendirme ise yap:i elemani: veya yapinin
dayaniminin eski durumunun iizerinde bhir dizeye getirme
islemi clarak tanimlanabilir. Betonarme binalarin
anarim/giiclendirilmesine iliskin mevcut givenilir de-
neysel veriler ve kullanilan teknikler B&lim 7 de
tartisilmaktadir. Yeni yapisal elemanlara (perde du-
varlari, mevcut cercevelere duvar ilavesi, mevcut
cercevelere celik carprazlar ve mevcut cerceve bina-
lara payandalar) giris de Gzetlenmis ve ayni bolimde
tartisilmistir.

Son iki bélim projelendirme islemi ve hesap tek-
nikleri ve ilave dilzenlemelerin boyutu ile ilgilidir.
Betonarme binalarda farklal elemanlar (kolonlar, ki-
rigler, ilave perde duvarlar, celik caprazlama) da
onarim ve giclendirme igin ilave yapisal dizenlemede
kullanilan hesap metodu scon biéliimde dzetlenmistir.

Hasar gérmiis ve/veya zayif betonarme yapilarin
projelendirilmesi ve degerlendirilmesinde kullanilan
temel teknik ve metodlari kapsayan bu calisma,
betonarme binalarin yeniden projelendirilmesi ve
degerlendirilmesinde konu ile ilgili mimar ve milthen—
dislere rehber clacaktir.
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Chapter 1

INTRODUCTION

Worldwide the investigation and evaluation of
gxisting structures, and where necessary their
strengthening, has been carried on for many years with
the resultant accumulation of considerabls theoretical
and practical experience. However, from the
literature, it i= clear that there is no unanimity of
opinicon among engineers as to the proper methodolagy
for strengthening an existing concrete building. The
investigation, evaluatiaﬁ AHE determination of whether
strengthening is required or not, and how to
strengthen, is =still as much an art as it is a
science. Codification of repair and/ov strengthening
procedures can never remove the necessity for art in

the application of such procedures.

The concept of damage permeates many br;nches =f
concrete engineering. As concrete is subjected to
lcads of increasing intensity, it underqos different
phases of damage; ¥from microcracking up to ultimate

failure.

Any attempt to devise methods to quantify damage
in rational way should begin with a clear and precise
definition of damage because "damage" is a widely used
word that describes all kinds of different phenomena

and is open to subjsctive interpretation. Damage of



()

reinforced concrete member shall signify a specific
dearee of physical deteriocraticon with precisely
defined consequences regarding the members capacity to
resist further load. Similarly, "failure" = a member
signifies a specific level of damage, which
corresponds to a somewhat arbitrarily defined residual

capacity toa resist further locad.

Experience from recent earthqgquakes has
demonstrated that structures which have been properly
designed and constructed are able to withstand severe
earthguakes without cocllapse. However, these
earthguakes have shown that old buildings as well as
building of recent construction can be sericusly
damaged cr can collapse causing loss of life to the
occupants. Studies of the structural per formance have
clearly demonstrated that structural system must not
only have sufficient strength to resist any type of
forces, but they alsc must have sufficient ductility,
or the ability to maintain their integrity when
stressed beyond their yield point in order to protect

human life.f11

Amcng several classification of damages, it is
interesting for this document to recall a
claggification regarding damaging action ocnly, {(i.e a
classification which does not deal with the use of the
building, the stage of its construction, ect..?».L2]

a) Ewceptional and accidental actions:

1. earthquake, landslides

]

. hurricanes, tornadoes

0]

. explosions {(detonations, container explosions,

etc. 2



bl

d3
el
£l

4, impacts (from vehicles, ships, air crafts,
gtc.d

incidents due to prestressing operations

Aging—-environmental acticns:

1. chemical attack (corrosion of steel and/or
concrete)d

2. carbonation

3. freezing—-thawing

Imposed deformation

1., differential settlements

2. thermal—effects

3. time affects (creep, shrinkagel

Fire

Overlcading (vertical locads 2

Construction gross—-errors

1. inadequate concrete quality

Z. inappropriate geometry

2. insufficient reinforcement or detailing

For each one of these actions, some particular

effects have to be examined:[2]

il

-y
F2x )

possible modification of constitutive laws of
materials and/or of critical regions of bBuilding
elements

particularities in facing assessment and redesign

FRepair is the reestablishment of the initial

strength of damaged structural members and the

reestabkl ishment of the function of damaged

nonstructural slements. Properly repaired structural

members will possess approximately the same strength

as before they were damaged but will probably have a

somewhat reduced stiffness in concrete and masonry



structures due to very fine cracks which are caused by

the earthguake and are impossible to restore.

Strengthening is the Jjudiciocus modification of
the strength and/or stiffness of structural members or
aof the structural system to improve the structure’s
per formance in future earthguakes or other causes.
Strengthening generally includes increasing the
strength or ductility of individual members or
introducing new structural elements to significantly
increase the lateral force resistance of the

structure.

Each structure is a unigue-system and its damage
will be different from cocther structures, requiring
custom repair and/or sitrengthening solutions and
details. The decisicn of the repair and/or
strengthening method and the appropriate construction
technique depends on many factors, such as local site
conditions, type and age of the structure, type and
degree of damage, available time, equipment and staff
for specific repair and/or strengthening works
architectural requirements, cost, and the required

level of safety.

The key steps of interventions on damage and/or
weak R.C structures as shown in (fig. 1.1) are:[21
1- Urgent measures, such as demclition, evacuaticn,
relief of lcads, propping, shoring, bracing, etc.
22— Assessment and diagnosis {(informational and
gxperimental data on residual structural

characteristics).



]

23— Remedial conceapts (uargency, available personnel
and equipment, available technigues’, including
cost—-benefit consideratiocns, socizl, historial
and cother considerations.

4— Redesign procedures (conceptual redesign,
structural analysis, estimation of action-—
effacts, redimensioning of structural

arrangement?.

The necessary procedures for the assessment of an
existing {(damaged or not ) structure are presented in
chapter 2 through chapter S of this document including
temporary protection ("inpvestigation and evaluation,
emergency measures for temporary protection,
estimation of residual structural characteristics,
damage of RE.C building”). In chapter & and chapter 7
the materials and techniques used in repair and/or
strengthening are discussed and reviewed. Chapter 8
and chapter 2, design procedures for repair and
strengthaning of H.C building combined with
appropriate criteria and redimensioning with
calculation techniques used in redesign procedures are

presented.

In connection a glossary should be reminded very
brieflys:

1. Assessment: evaluation of the conditiocn and the
mechanical characteristics of the
structure

2. Interventions: repair, substitution,
strengthening
2. Fepair: restoring of the initial mechanical

charactericstics (reincstatementl



4. Substitution: demolition and rebuilding of
theavily) damaged elements

S. Strengthening: instating of mechanical
characteristics higher than the
initial ones

€. Redesign: design procedures concerning

interventions

Ratiocnal design of existing damaged and/or weak
structures has not known the same degree of refinement
such as design of new sitructures; and thers is a
éertain number of reasons for it: Uncertainties
related to the assessment of existing structures, as
well as the unconventional analytical models needed
(taking into account several discontinuities), are but
few of the difficulties encountered in "redesign” not
to menticon the need for a more general and complex

reliability philosophy.[23

This thesis is therefore an attempt to be a
State—-of-the-Art Report, containing a first (very
brief though? synthesis of knowleadge on the gubject,
able to serve as a practical guide for a more rational
redesign of repaired and/or strengthened concrate

building structures.
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Chapter 2

INVESTIGATION AND EVALUATION

The engineer concerned with the problem of a
concrete structures, is facing first of all the
problem of the assessment of the present condition of
the structure. The point to be made is that the
engineer charged with or interested in assessment must
be trained , technically, in wvhere to loak, how to
look, and what to lowok for, before he can even be
expected to realize that there i= trouble, knowing
what, where, and how to lack also reguires a knowledge
of the various types of damages which can occcur and of

the basic causes of damages, and experience.

This assessment may be based on either a group of
informational and experimental data (inspection,
measurements, tests, etc.’, in conjuction with an
analysis based on current design method, or Sn overall
loading tests (vertical as well as horizontal cnes).
In some cases these two groups of data may lead to
sameiicw cantradictbry conclusions; therefore emphasis
is given on the need for calibration and good

engineer ing Jjudgement.

2.1 Inspection, Measurements and Tests:

The main preparatory steps of the redesign of a

defective or damaged R.C structure are, inspection and



collection of informaticnal data, as well as

measurements and tests.L[Z2]

2.1.1 Inspection of Damaged and/or Weak Buildings:

The main purpose of inspection of damages and/or
weak building is to determine in detail the nature and
degree of damage and to design and install emergency
measures for temporary support to avert the risk of
casualties and injuries, as well as to minimize the
possible material losses in case of increased damage
to the structure. The inspection of a damage building

comprises the faollowing stages:

a) Visual inspecticn: Visual examination and
ggtimatian of the consequences of the damage need
to know three basic visual symptoms of distress in
a concrete structure which are, cracking, spalling,
and disintegration (which may be defined as a
general decay o the surface involving loss of the
cement past and loosing of the particles of coarse
aggregats). Each of these basic symptoms in it
z2lf i= fairly obvious and be readily detected and

differentiated from the cthers.

Severe damage may appear in the form of & rupture
of a column, or sericus cracking of load bearing
walls, etc. Fossible urgent measures, such as
evacuation o«f the building, propping and shoring,

relief of loads, etc. are needed in this cass.

bl Collection of information: Investigate the history

of the structure. When was it built? By whom? In
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what season of the year?T What type of cement was
used? 4What kind of aggresgates were used, and what
was their source? What were the methods of
construction? How was the concrete cured?
Collection of information regarding the previocus
condition of the building, such as possible
previcus repair and/or strengthening work, behavior
of the building during previcus damaging action,
pre—existing damage, stc. Thesse data should alsa
include the data of construction, and information
regarding the use of the building, as well as the
file of gquality control, if any, during

construction.

Sketching (on plans and elevationsd: The lacation

and of cracks should be noted on a sketch of the
structure. a grid marked on the surface of the
sur face of the structure can be useful to
accurately locate cracks on the sketch. Locations
of ocbserved spalling, exposed reinforcement,

sur face deteriocration, and rust staining should be
nocted on the sketch. Sketching {on plans and
elevations? of all kinds of damage of locad-bearing
as well as secondary elements fon existing or new
drawingsl. photographs of damaged elements, which
provide an overall view of the level and character

of damage occcurred.

Laocalizabtion of possible gross—ervors. ignovrance or

carglessness:
In the conceptual design of the building
fespecially as far as the earthguake and/or wind

resistance design is concerned, in case of damages
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due to =arthgquake, hurricanes or tornadoesi. The
effects of improper design range from poor
appearance to lack of serviceability to
catastrophic failurs.

Z— In the construction and detailing can result in
cracking in concrete structure because of poor
construction and detailing.

3- In the maintenance and possible misuse

2) Study of design documents of the building:

Which includes the examination of construction
drawing in order to evaluate the correctness of
detailing foreseen, proof calculations in order to
disclose possible errors regarding action—effects
and dimensioning, especially in the damaged
elements of the building, etc. If the initial
design documents (drawings, proof calculaticons,
etc.? are missing, new ones must be prepared. New
drawings will =show the general layout, dimensions
and cross-sections of all members and the
reinforcements in certain crucial regions. Also,
new procf calculations have to be carried out,
following the results of a new ifbrizf but carefull

-

structural analysis of the structure.

The above mentioned steps of inspection can be
per formed based on uniformly methodoclogy used by "
Balkan countries"[2] Fig. 2-1 contains methodology for
inspecticn of esarthgquake damaged and uwsability
classificaticn which can be generalized for inspection

of any damaged and/cr weak building.
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3. ORIENTATION OF THE BUILDING PRINCIPAL
SKETCH OF THE BUILDING AXIS (X): 1.NS, 2.EW, 3.N43E, 4.N45H 13[:]
PLAN CROSS SECTION 4. POSITION OF THE BUILDING IN THE BLOCK:
{.CORNER, 2.MIDDLE, 3.FREE 14[:]
3. MUMBER OF STORIES:
5.1 STORIES 15|___Dzs
3.2 APPENDAGES
17[:]
5.3 HEIZANINES
18]
ADDRESS: 3.4 BASEMENTS
{UNER: 19D
6. GROSS AREA OF THE BUILDING (a2):
1. TOWN (NAHE) 20[:1:1:]22
1[:1:1:]:1:]5 7. USAGE (SEE DESCRIPTION ON BACK PAGE):
2. BUILDING IDENTIFICATION: 7.1 BUILDING: ZBD:I:]ZS
2.1 SECTION NUMBER OF CONSIDERED 7.2 GROUND FLOOR:
AREA OR SETTLEMENT: 5[']7 26[]:[]28
8. NUMBER OF APARTHENTS:
2.2 WORKING TEAM NUMBER 29{:1:]30
B[:]:]? 9. CONSTRUCTION PERIOD
2.3 NUMBER OF (T0 BE DEFINED BY EACH COUNTRY):
BUILDING 10[:1:1:]12 i. 2. 3 31[:]
10. TYPE OF STRUCTURE (SEE
DESCRIPTION BACK PAGE): 32[:1:1:]34 15, TYPE OF LOAD SYSTEM (SEE DESCRIPTION
1. FLOORS: ON BACK PAGE): 1.BEARING WALL, 2.FRAMES,
R.C., 2.8TEEL, 3.W0OD, 4.0THER 35[] 3.FRAMES WITH INFILL WALLS, 4.FRAME WITH

ROOF: 1.R.C., 2.STEEL, 3.400D,
4.0THER 36[:]
RODF COVERING: I.TILES, 2.METAL SHEETS,
3.LIGHTHEIGHT ASBESTDS CEMENT,
4.ASPHALT PAPER,5.HEAVY INSULATION,

6.LIGHT INSULATION, 7.0THER 37
14, QUALITY OF WORKMANSHIP:
1.6000, 2.AVERAGE, 3.POCR el

SHEAR HWALL, 5.SKELETON WITH INFILL WALLS,
6.MIXED, 7.0THER (SPECIFY)

al]
16, FIRST FLOOR STIFFNESS RELATIVE TO OTHERS:
1.LARGER, 2.ABOUT EQUAL, S.SMALLER 40
7. REPAIRS FROM PREVIOUS EARTHOUAKES:
L.N0, 2.YES, 3. UNKNOWN - ol

18. DEGREE OF DAMAGE
STRUCTURAL ELEMENTS (SEE DESCRIPTION

ON BACK PAGE):

18.1 BEARING WALL: 42[:]
18.2 COLUMNS: 43D
18.3 BEANS: 44[:]
18.4 FRAHE JOINTS: 45{:]

NONSTRUCTURAL ELEMENTS AND INSTALLATIONS
(SEE DESCRIPTION IN THE HANUAL):

1.NONE, 2,SLIGHT, 3.MODERATE, 4.HEAVY, 5.SEVERE
18.11, INTERIOR WALLS:

solJ
18.12. PARTITIONG:

51
18.13. EXTERIOR HALLS (FACADE):

52

18.14. ELECTRICAL INSTALLATIONS:

Fig. 2-1 Fora of aethodology used in Balkan countries
for inspection of earthquake damage
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(8.5 SHEAR WALLS: : s3]
L] 1815, PLOMBING:

18.6 STAIRS: sl
470

13.7 FLOORS:
sl

(8.8 ROOF:
sl

19. DAMAGE OF ENTIRE BUILDING: 21. OBSERVED SOIL INSTABILITIES AND GEDLOGICAL

(.1 NONE, 1.2.SLIGHT, PROBLENS

2.1, HODERATE, 2.2.HEAVY, {.NONE, 2.SLIGHT SETTLEHENTS, 3, INTENSIVE

3.1, SEVERE, 3.2.TOTAL 551 SETTLEMENTS, 4.LIQUEFACTION, 5.LANDSLIDE,

20. INDIRECT DAMAGE (FIRE, SLAMNING. ETC. 6. ROCKFALLS, 7.FAULTING, 8.OTHER(SPECTFY) 570

{.NO, 2.YES 56 .

22. USABILITY CLASSIFICATION AND POSTING:

POSTED: 1.GREEN. 2,YELLOW, 3.RED

NOT POSTED: 4. TO BE POSTED GREEN AFTER RENDVAL OF LOCAL HAZARD, 5.SOIL AND GEOLOGICAL

PROBLEMS, REINSPECTION REQUIRED 6.UNABLE TO CLASSIFY, REINSPECTION NECESSARY,

7. BUILDING INACCESSIBLE 55l
GREEN 1 ORIGINAL SEISMIC CAPACITY HAS NOT BEEN DECRESED UNLIMITED USAGE |
YELLOW 2 ORIGINAL SEISMIC CAPACITY HAS BEEN DECREASED  TEMPORARILY UNUSABLE LINITED ENTRY
RED 3 BUILDING DANGEROUS AS SUBJECT TO SUDDEN COLLAPSE ENTRY PRONIBITED =~
HAIN REASONS FOR YOUR CLASSIFICATION AND POSTING:

23, RECOMMENDATIONS FOR EMERGENCY NEASURES:

{.HONE, 2.REMOVE LOCAL HAZARD, 25, ESTIMATED PRESENT VALUE OF BUILDING

3.FROJECT BUILDING FROM FATLURE, ( NILLONS OF...vvnnnsns) sl LLe

4.PROJECT STREETS OR NEIGHBOURING 26. ESTIMATED LOSSES, (% OF ESTIMATED VALUE)
BUILDINGS, 5.URGENT DEMOLITION 64 5

5900 | 27. HUNAN LOSSES (DEATHS AND MNJURIES)
24. ADDITIONAL DATA (PHOTO/SKETCHES (1IND; (2)POSSIBLY; (3)VES

AND COMMENTS): [.NONE, 2,PHOTOS
ONLY, 3.SKETCH AND COMM. ONLY,
4,PHOTOS AND SKETCH AND COMM.

sl

(4)IF INFORMATION AVAILABLE PLEASE INDICATE 67D

Fig. 2-1 { Continued )

NB. OF DEATHS 68[:1:]69
OPTIONAL NG. OF INJURIES 70[[] n
28,DATE OF INSPECTION:HMONTH/DAY
NAMES OF INSPECTION ENGINEERS: 72[:1:1:1:]75
1. SIGNATURES
2.
3.




7. BUILDIRG USAGE/IMPORTANCE CATEGORIES:

USAGE

10 Residential: 11 Faamily houss, 12 Apa-
rtaent Buildings

20 Office: 21 Entire Building, 22
Partially

30 Economical: 31 Trade, 32 Finance,
33 Small industry, 34 Storage and
Harehouses, 33 Agriculbural,Fishing
Forestry

40 Health and Social Helfare: 41 Hosp-
itals and clinics, 42 Social welfare
(old people hoame, invalid daycara
canters)

30 Public Services: 31 Adeinistrative-
central or local government, 52
Police, 33 Fire station, 34 Transport-
ation (buildings: ground,rail,air,sea)
35 Comaunications (building: postal,

radio, TV)

60 Education and Culture; 61 Education,
62 Historical and religious.63 Cult-
ural and entertainaent, 64 Sporis
{gymnasium, stadium)

70 Tourisa and Catering: 71 Hotsls,

72 Restaurants,Cafe, 73 Coffee
shaps, pastry shops, efc.

80 Industry and Energy: 81 Industrial,
82 Energy (power Plant,transforaer
station, etc.)

90 Other Buildings (to ba described)

i

5
10. TYPE OF STRUCTURE:
1st Digit Znd Digit Ird Digit
1= i= No belts 1= Adohe
2= Horizontal belts2= Stone with no mortar
Hasonry

3= Stone vith aortar
4= Solid brick
3= Hollow brick

3=Horizontal &
Vertical belts,
or Diagonal

14

18, DEGREE OF DAMAGE: (damage category)

. NONE: Without visible damage to the structural
elesents, possible fine cracks in the
vall and celling mortar. Hardly visible
nenstructuraal and structural dasage.

2, BLGHT: Cracks to the wall and celling mortar.

Falling of large patches of sortar from
wall celling surface. Considerable
cracks, or partial failure of chianeys
attics and gable walls.Disturbance,
partial sliding, sliding and falling
down of roof covering. Small cracks in
structural aembers judged not to reduce,
the seismic capacity of the building.

3. HODERATE: Diagonal or other cracks to structural

valls, walls between windows and similar
structural elements. Large cracks to
reinforced concrete structural members:
coluans, eaas, R.C.walls. Partially

failed or failed chimneys, attics or gable
walls, Disturbance, sliding and failing
doun of roof covering.

4, HEAVY: Large cracks with or without detachment of

valls with crushing of materials.large
cracks with crushed gaterial of walls
between windows and similar elements of
structural valls, Large cracks with ssall
dislocation of R.C. structural elements:
coluans, neams and R.C. walls. definite
dislocation of both structural elements
and entire building.

« SEVERE: Structural membegs and their comnections
are extremely damaged and dislocated. A
lage number of crushed structural
eleaents. Cconsiderable dislecations of
the entire building and settlesent of
roof structure. Partially or completely
failed building.

22, USABILITY RELATED TO POSTING (JUDGHENTAL)

GREEM - Buildings posted as green (damage category

1%2) are vithout decreased seisaic capacity
and do not appear to pose danger to human

braces f= Concrete blocks
4= R.C, floors or 7= Unreinforced concrete
roof 8=
9=

Fig. 2-{ { Continued )

life. Immediately usable, entry unlimited.



2=

13

i= Cast in place 1= With lightweight YELLOW -Building posted as yellow (damage category

Reinforced frame partitions 344) have significantly decreased seismic
Concrete capacity.
2= Cast in place 2= With solid brick Lipited entry is permitted, but not usage an
bearing valls infills a continouos basis before repair and/or
3= Prefabricated 3= With hollow brick strengthening. Need for supporting and
4= Hixed with infills protection of the building and its surrou-
pasonry 4= Hith concrete block ndings should be considered,

3= Mixed with sieel infills
RED - Building posted as red (damage category 5)

= 1= Heavy steel 1= Bith lightveight are unsafe and subject to sudden collapse,
Steel  structure partitions Entry is prohibited. Protaction of streets and
2= Light steel 2= With solid brick neighbouring buildings or urgent deaolitionmay
structure infills be required. In case of isclated or standard
3= Hixad with 3= With hollow brick building decision for demolition should be
masonry of infills based on economical study for repair and
concrete strengthening.
4= 1= Wood frape I=
Hood 2= Bagdadi 2=
3=0ther

13. TYPE OF STRUCTURAL SVSTEH:

L

2

4'

3

Vertical "and lateral loads are carried by bearing walls.

2. Vertical and lateral loads are carried hy frames
. VYertical and lateral loads are carried by frase and

infills

Vertical and lateral loads are carried by frame-shear

wall systea

Vertical and lateral loads are carried by colusns and
walls but no vell-defined frames are present.

Vertical and lateral loads are carried by combination of
walls, fraaes, infills and/or shear walls.

. Dther systems to be described (e.g.inverted pendulunm

types, ebc,)

Fig. 2-1 ( Continued )
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The Engineer concerned with such a problem of
radesign of an "old" concrete structure should alsc
take intoc account the standards {(national Codes,
design rules, practice, stc.? in force when the

structure was constructed.

Finally, it has to be noted that among the above
mentiocned steps of inspection, an examination of other
building =similar in structural form in the vicinity
should alsa be carvied cut, for purposes of
differential diagnosis, especially in case of damages
due to earthquakes, aging-environmental actions,

differential settlements, etc.

2.1.2 Measurements and Tests:

Fudimentary techniques of structural evaluation
by vibration monitoring are thousands of years old.
Sounding of clay pokts can reveal cracks, and tapping
alang the surface of a material can reveal voids. In
many cases, instrumental measurements and tests may be
needed, both in order to guantify the level and
character of damage and tao complete the infoemation
regarding the condition of the building before any

repair and/or strengthening work.

a) Damape guantificstion:

1- Gecmetrical measurements:
(i? plumbing, leveling, eccentricities,
(ii? widths of cracks, crack wicdth can be measured
with an accuracy of about {(0.0Z5mm) using a
crack comparator Fig. 2.2 or similar

instrument
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€iii) residual deflecticns

(iv) in—time evolution of the above menticoned
characteristics, possible installation of
monitoring sensors, for example the crack
movement can be monitored with mechanical
movement indicators of the types shown in Fig.
2.3. The indicators, or crack monitor, in
Fig. 2.3¢a) gives a direct reading of crack
displacement and rofation. The indicator in
Fig. 2.3¢b) amplifies the cvack movement (in
this case, 50 times) and indicates the maximum
range of movement occurring during the
measurement pericd.

22—~ Overall test=:

see subsectiocn 2.2 {(Criteria for Evaluation o

Overall Loading Testsl.

Fig. 2.2-Comparator for measuring crack widths
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b) Measurements and testes regarding previocus condition

it 'f

buildings:

i—

General arrangement of locad-bearing and
secondary slements, dimensions of cross-—

ions, uncovering and localization of
reinforcements (the pressence of reinforcement

be determined using a pachometer (Fig. 2.4).
a number of pachometers are availabkle that range
in capability from merely indicating the
presence of stesl to those that may be
calibrated to give either the depth or the =size
(provided that the other is known) of the

reinforcing.

Fig. 2.4-Pachometer (reinforcing bar locator)
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2— 8cil investigationss

i) inspection pits,

€ii}Y gectechnical borings, sampling, testing.
32—~ Concrete or mortar strength evaluations:

€i) care’s taking and testing,

£ii) combinsed non—destructive methods.

4— Reinforcement characteristics:

£il ultrasonic and gamma radicgraphy methods
(defects, correctness of detailing) as
well as magnetic methods,

(ii? strength and ductility characteristics of
steel samples (in—-situ and/or laboratory
estimaticonsd,

€iii) elecivrical potential measurements (state

of chemical attackd.

Alsa, special tests and measurements may he
carried out in order to complete the information
regarding the effects of aging-envirocnmental acticons
o fire, such as:

— chemical analysis of concrete and/or steel,

— detection and determination =f chloride content in
hardened concrete,

-~ gpraying with sclutions of suitable color
indicators facid-bas=) for determining the depth

of carbonaticon {color changes),

- special thermcluminescance examinations of
aggregates for determining the maximum

temperatures reached during afire, etc.



2.2 Criteria for Evaluaticon of Overall Loading Tests:

The method for checking the siructural adequacy
of doubt ful members is a load test. Generally, the
overall loading tests for damaged and/or weak
buildings are not able to yield information valid for

large plasticdisplacements.[Z2]

This is dus to the fact that all induced action-—
effects (accelerations, velocities and displacements
for dynamic tests or levels of loadings and

displacements for static tests) are limited.

2.2.1 Vibrational Cbaracteristics:

The main types of dynamic tests suitable for
existing structures may be summarized as follows:[43
at Free-vibration tests:
1- initial displacement tests,
B 2~ initial velocity tests.
by Forced-vibration tests:
1- stzady—state sinuscidal Excitatiani,

2— variable frequency sinuscidal excitations,

3— transisnt excitations.

Although the free—-vibration tests may appear to
have the virtue of a relative simplicity, forced-
vibration tests will usually produce move complete and
mors accurate information; the increzased camplexity
and cost of such forced-vibration tests are usually
Justified. Such test results can be used to estimate

the natural frequencies and damping ratios. It is



i
2

known that the sstimated dynamic characteristics vary
with the type of test, as well as with the amplitude
of excitation causing vibration. In the following
sections the above mentionsd ta2sts will bs brisfly

aoutlined.

2.2.1.1 Free-Vibration Tests (see R. Wiegel. 1970)[42

1- Pull-back and guick-relsase tests:

£
i

The simplest type of dynamic test consists

deforming a structure by pulling—on it with a cable
(or a system of cables) which is then suddenly
released (by means of electromagnetic devices)d, thus
causing the structure to perform free vibratiocns about
its static equilibrium position. By recording the
vibraticon curve vs time, the natural period of the
structure can be directly determined. Because of
energy dissipaticon in the structure, the vibration
ampl itudes will decay, and from the ratics of
amplitudes of successive cycles of motion the damping

can he calculsted.

A difficulty in such tessts is to apply the pull
and relgase it in such a way that the structure will
vibrate in cone plans only. What often happens is that
twx different modss of vibration may be simultanecusly
excited. If the pgeriods of the two modes are close
together, as it will be the casze with the structures
which usually have at least an approximats structural
symmetry, the resulting moction will show beat
phenomena, making it difficult to obtain any

meaningful measure of damping.



Finally, ancther advantags of these tsstis is the
follawing up of the bshavior of the structure during

sgveral levels of harizontal load.

22— Imoacts, rockets, etc:

Free vibraticns can be also set up in a structure
by initial velocities rather than by the initial
displacements described above in the pull-back tests.
This can be done by impact forces, caused by falling
welights or by a pendulum that can strike a horizaontal

bBlows

The swinging mass is hanged from a cantilever on
the roof of the building o~ the boom of a2 crane, it iz
deviated a certain angle and then it impacts the

building at the level of one of its rigid diaphragms.

Impulsive loads for structural tests also have
been generated by explosive cartridges or by small
rockets. In such impulsive tests the totzal time
duraticn of the applied force is praferably short
compared with the natural periocds of significant
structural modes, so that the resulting moticons are
functicnse of the total impulse or the initial velocity
rather than of the force magnitudes. 8Blso, the main
dizadvantage of these is the possibility of local

damages.
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2.2.1.2 Force-Vibration Tests (see F. Wiegsl, 13703

1— SBieadvy—stats sinuscidal sxcitations:

£i3) Vibrators:

B8 stzadv-state resonance test involves the
application to the structure of a sinuscidsally varying
uni—directicnal force (by means af rotating eccentric
weight vibraticn generators, slectromagnetic vibration
gxciter= or hydraulic—-tybe wvibration actuators) whose
pericd can be held accurately constant at one value,
while measurements are made of the resulting motion of
the structure. The pericd is then adiusted to a new
value, the measurements are repeated, and so an to
describa the whole pericd-response curve. Thus, by
measuring the amplitude of motion of the structure at
var ious pericods covering the whole range of natural

pericd=s of the structure, the resonance curves can be

plotted.

From these resonance curves, accurat2 values of
natural period anﬁ;ﬂamping can he obtained. By varying
the magrnitude of the exciting force as well as its
pericd, variaous non-linear characteristics of the

-

structure can be studied.

£1i) Man—-excited vibrations:

All of the above methods of rescnant vibration
testing require relatively Eamplex equipment and hence
arg limit=d in various ways to very special fiesld
conditicons. There is thus a need for simplest tests
that would give some information an building
characteristics without the elaborate preparations
that often make more complete dynamic tests

impractical.



The method of man—sxcited vibrationz (with its
very low vibration amplitudes) is most ussful for
multistory buildings with relatively low natural

frequencies

Z2— Variable fregusncy sinusocidal sxcitations:

In steady—-state resanance tests of the type
described above, the cbjzct is to hald the exciting
frequency fixed for time sufficient so that all
transient motions have died out and a uniform steady-
state motion has been established. Because of the
practical difficultiss of holding fixed frequsnciss,
there has been considerable study of the use of

continuously varying fresquency excitations.

The advantages of such tests are, first, the
absence of a need for an slaborate speed control and,
second, the rapidity with which the whole test can be
carried cut (and so, these "run—down" tests are very
usaful in preliminary investigations). The
disadvantage is the difficulty of analyzing the data

to find energy dissipation in the system.

J

23— Transisnt excitations:

£1y Microtremors:

Whereas large earthguakes are infrequent, there
are many smsll sarthquakes and there is a continucus
moticon of the ground causesd by microseismic activity
and by wvariocus man—made disturbances such as

machinery, wvehicle %raffic, stc. Although these



motions are usually of a very low magnitude, they can
be usad in cesrtain circumstances to throw some light
on structural properties

Becausz of the very low levels of vibvration
involwved, methods of data reductiocn based on
autoccorrelation techniques have been developed fo

sgparate informatiocon from background noise.

Duz to the fact that the microtremors cover a
large range of frequencies, the estimaticn of natural
frequenciss of building (rigid, flexibl=s oo with
maderate stiffness) is very good; on the octher hand
the estimation of damping characteristics is not so

reliable.

Finally, it has to be noted that in case of R.LC.
buildings with well constructed infill wslls {exterior
and interiord the results of this method could ke
misleading, dus to the high values of initial

stiffrness.

ii¥~ Wind-excited vibrations:

A useful source of gxcitation for naturmal pericd
determination of full-scale structurses is the wind.
Even on a relatively guist day, there are usually
encugh gusts of wind to excite a tall building intoc
measurable vibrations at its fundamental periacd.
Because of the very low level of sxcitation and the
complex nature of the exciting force, the same type of
data analysis based on autocorrelation techniques that
was mentioned above for microtremor wvibrations may

also be applied to wind-excited motions.



Many structures fovw which wind-sxcited wvibration
tests are feasible, alsco would seem to be suitable for
the type of man-excited forced vibration tests
discussed above. In fact, wind excitatiocn may
interfere with such man—excited testz or with free-
vibraticn decay tests. In such cases the operators
will nmeed to wait for a sufficiently quiet air
condition to obtain undisturbed data.

iiiy— Explosions:

[WH

The characteristics of ground motions during an
explosicon are very similar to those during an
earthquaks, although the accelerograms and
acceleration response spectra are poor in long periocds
and so the results for flexibles bulldings are not so

reliable.

2.2.2 Vertical Load Tests:

i:p'["l:u:! f—=1oac tE’StE}

In such tests, vertical loads higher than normal
vertical serwvice loads are applied uniformly and
slowly on a F.C. siructure, and the deformation
characteristics of flexural eslements are measured. The
procedures of these loading tests and the atcsptance

criteria are specified by national standardes.

The most commonly used critsriaon for acceptance
is the ratioc of residual to total deflections
{P= Zrwm ! Avoslt. This critericon is a typical case
of a ruls of thumb, intended to check the zafsty of

the R.C. sleaments (slab and beams) tested. But, in

“h

actty; there is not a clsar correlation betwean

deformability and strength.[23
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Mavertheless, it is undeniable that A -ratics

tend to increase with the level of loading.

In what follows, some comments on the A -ratia
criterion are discussed, which may serve for the
refinsments they are certainly needed. Subsequently,
somes rulss relatsd to ancther critericn, bassd oo
rates of increase of residual deflections, are

prezentad.

In fact, combined criteriz prove somehow more

promising than the old A—ratic criterion of

acceptance. Mevertheless, further research is
urgently needed, both theoretical and experimental, in
order to improve the reliability of estimations made
cut of load tests.

The 2 —criterion:

1—- It is clear that for under-reinforced (and guits
g0 for balanced) sections, residual deflections
are not influenced by concrete strength.
Therefore, the 2 —criterion can not be the
general sclution in casz of doubts on concrets
strength.

Z— For the above menticoned s=cticns (which
constitute the majority o7 cass
depends strongly on the initia
the dead load level. Fig. 2.5.c gives a clear,
qualitative though, indication of the sensitivity
of the phenomencon. The higher the initial lewvsl,
the larger the 2 -valuss are expectsd to be.

3- A rapid increase of A —ratic is expscted just
after the middles level between Mo,y and Mee (first

cracking moment and stabilized cracking moment,



respectivelyl. Afterwards, somehow constant
values are expected. & similar trvend is shown in
Fig. 2.6. If this is =, the reliability = the
criterion will diminish precisely near the level
of test-loads wvhere it is needed.

On the basis of the above mentionsed fact, higher
Merv—valuss of prestressed concretes slemsents may
produce much lower A —values than the expectad
ones. From this point of view, the limit wvaluss
for prestressed concrets slements provided by
some codes are rather high.

Motwithstanding all thess reserves, the A -ratic
is =till wvery roughly increasing in function of
load level, but it is very scatter=d. This iz a
fact which further diminishes the already poor

reliability of the critesrion.

The rate of increase of residual deformations:

i-

i3
]

Empirical diagrams of the unloading stiffrness KT
(slope of the secant of unloading curves) as a
function of loading lavel, may in principls serve
as & basis for the estimation of uwlitimats moment.
Such an example is shown in Fig. 2.7 agd it is
similar to the expected K - diagram of Fig.
2.10.c. The scattering is, howewvsr, so largs
that any practical application is impossibkls,
although this scattering iz comparabls to that of
the A-ratio.

Subsequently, instzad of absclute valuss it is
reasanable to examine the rate of change of
guantities relatsd to the loading lsvel. REesidual
deflections seem to be the most expressive
guantity in this connection. Arn indicatiocn of the

possibkilities offered Tor the determinaticn of
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)]

Mwe and M, f=tabilizad cracking moment and

moment corrasponding to the elastic limit =f
tive

i
stesl, respec 1y is shown in Fig. 2.85.

bt
I

In a similar way of thinking, the following ra

t
could possibly be promising, as sxplainsd in Fig.2.8

g =1 - {avas 2 Srew, L

Experimental data show that % —ratic has a maximum
neary My, conssguently itz practical usefulness is
limited to cases of heavily damaged structures. A

considerable improvement of the significance of
information taken out of locad tests would be achieved
if during theses tests s=trains were alsoc measured:
Differential strain diagram=s dus to the additional
loading may offer additional information about the
stage of the structure (degres of plastic behavior,

etc.l.
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2.3 Estimation of The Intensity of Accidental Actions
when Unknown (Trial Calculations to Reproduce

Analytically the Damage—Morphology)

2.3.1 Principle of The Methaod:

~ Trial calculations may be carried ocut on the
level of the structure, based on possible causes of
the damags. The coarresponding cracking patterns and
widths, as well as residual deformatiocns of vertical
building-elements, are sought; that load intensity is
retained which yields an overall patholocgical image as

close as possible to the actusal one.[2]

In the special case of a structure damaged by an
earthquake, several seismic locad intensities are
tried, starting from an estimated value of the base

shear—coefficient.

A much simpler approach confines itself to the
level of damagsd building-elements: Appropriate
action—effects are scught, abls to reproduce the
actual damage or residual deformations, cbhserved on
gach particular building-—element.L2] The following
data may be helpful:

1- Cracking patterns (nature: flexural or shear,

estent: length of area affected, etc.) and
widths, for both structural and sscondary

elements.

b2

—~ 8igns of local compressive failure (concrete
popping, reinforcement buckling.

Z—~ Residual deflections of vertical elements.



2.3.2 Illustrative Examples:

In the next paragraphs tow rather over-simplifisd
examples are presented. They are only intended to
illustrate the steps of an application of the above
method in tow sxtremely simple cases; hence, they
cannct be followed up in every rez]l situatiosn under

complicated conditions. [2]
2.3.2.1 Damages Due tc Earthquakes:

The 4-storey building shown in Fig. 2.9 was
damage by a severe earthquake. All the corner columns
0f the ground floor have been cracked. The gpattern of
the cracks shows that the columns suffered of
excessive moment intsnsity at their top and bottom.

At first place, a structural analysis of the structure
is carrvied oult, in order to Tind ocwutl the normal forces
which act on the damage d columns. Then, ths moment-
curvature diagram of the sectiocns of the damaged
columns Fig. 2.10 is found; similarly the maximum
moment the columns were abkle to withstand bsfore the
garthguake is also determined.

Afterwards, trial calculation 5£art: 5{;CE the
illustrated crack pattern is develaoped, the moment due
to the sarthquake should be between the valuss Mg and

My.

Based on seismological data and on our experience
let®s assume that the base shear—coefficint was equal
to c X 0.12. Then:

1- Muoe % F200.0 EMy, Veos FIZ00.0 x 0.12 X 1115.0
KN

The distribution of the horizontal force is carried
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out according o the.?lexibility of =ach column.
Thus, shear force and moment suffsred by column A:
2= Va & &80O.5 EN, Ma & Vath/Z2) X 145.Z ENm.

This figure is very clase $To Mu { % 147.5 HEMmd,
and therefore the damage at the corner coclumns &
may be explained.

The assumptiocn of C % C.132 was right.

If not, we should start the2e wholes process again

assuming ancther value for L.
2.3.2.2 Damage Due to Differential Settlements:
The portal frame shown in Fig. Z2.11 developed the

crack pattern shown in Fig. 2.12. The nature of the

cracks indicates that the column AT suffered of

excessive moment developed at its top dus, most
probably, ta the moment developed from differesntizl
settlement of the foundation Fig. 2.13 and added to
the moment due to the =tatic loads. After further
~inspe«:tia::n and carrying cut asppropriats meEssurements,

& differential ssttlement of the base of the right-

Uy]

hand column was found equal $to 80 to 90 mm Fig. 2.13.
A structural analysis is carried out first, in
order (o find out the normal forces which act on the
damaged column and the magrnitude of the moment dus ta
static laéds at its %
I- N % 400.9 EN, M

!:'.P 3
¥ 75.0 EMm

E

Afterwards, the moment—curvature diagram of th

i

section of the damaged column ise computed Fig. 2.14
the ma=zimum moament the column was able to withstand
baefore the damage 1s alsc evaluatsd. The developed
crack pattern Fig. 2.12 indicates that the sum of

the moment dus to the static loads and due to



26

differsrtizl s=ttlement should be between Ms and Mu
Fig. 2.14,

The momsnt in the beam is between lzvel 1 and S
Fig. 2.14; thus its stiffness has to be taken as

i
gqual to Kipr. Hence, Tor an aver
B mm, the moment at the top of the column is:
2= M X 70.32 ENm.
Thus, the totzal moment at the damaged secticon is
egual to:
S—- ™3 75,0+ 70,2 % 145.2 ENm.
This figure is very close to Mo ¢ ¥ 147.5 ENm), and
ther=fore the damages may be explained by such a

settlement.

3

Trhe above calculations show that the estimation
of & ¥ BS mm was right. In an opposite case, we
should start the wholes process again, assuming ancther
value for & and checking it again.

{Not2: The aboves porial frame was suppossd to ke

adequately reinforcad to resist shearl.
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Chapter 2

EMERGENCY MEASURES FOR TEMPORARY
PROTECTION

3.1 General

Immediate temporary support is recommended for
building which are severely damaged but did not
cocllapse after an earthguaks, or other reasons.

Severes damage may appesar in the form of a rupture of a
column, or sericus cracking of locad bearing walls,
gtc. Immediate measures can relieve damaged elementa
of their load by means of additional temporary members
and thus protect the structure against a future
aftershock or the seffsct=z of gravity loads on severely

damaged elements.

The purpose of the tsmpovary protection is to
provide temporary strength or support for those
damsged elementzs and connections on which the safaty
of the whole structural system depends. The measures
for tempovary protection must alsc provide safesty Tor
the pecple in ths arsas adjacsnt to the damaged
building, such as in adjacent stireets, sidewalks and
vards. It also provides safety to workman making
repairs and installing strengthening provisions.
Supporting the structure should be implemented when
repair and/ov strengthening of the structure is
foreseen, as well as in special cases where continued

functioning of the building is necessary. Supporting



should not be planned im cases of obvious danger for
working people installing temporary protection and
demslition should be ordered for structure of such

hazard.

The temporary protection should be provided in
the following:

1- Vertical suppoart for failed or seversly damasged
columns or bearing wall.

2— Lateral counterforts or wall braces should be
provided for walls which may fall laterally or when
there is doubtful stability of the structure
against horizontal forces.

3— Diagonal braces of structural frames can alsc he
installed to provide bracing of structure as a

whiole.

The design of smergency measures for temporary
oprotection must usually be done guickly withaout the
normal time pericd availables for design procedures.
The designer should pay specizl attention to the
fellowing:s 13
1- The shear strength of the supported beams:
indicated as section t-t in Fig. 3.1, must be
carefully checked

2— Transmission of the temporarily supportsd loads to
the adjacent elements as well as to the soil
beneath the structure.

33— Temporary foundaticns may be required

4—- The distance between the supports and the damaged

m=mber must be minimum.
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Available materials must be utilized and only
crude, approximats analysis ar2 usually performed to
determine the order of magnitude of loads and
stresses. Dus {to the need for prompt action, Judgment

and ingenuity must replace detailed analy=sis.

b
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Column or load bearing wall
to be replaced or repaired

Fig. 3.1 Temporary vertical support

Deﬁending on the means available, the sericusness
=f the damage and the size of the structure, a
suitable method of supporting can be selected for
vertical locad support of damaged or failed membsrs,
technigues such as industrial scaffolding, tree logs,
steel profiles, or grillage logging can be installed.

For lateral support of wall, or the structure as a



whale, lateral wall bracing or frame bracing can be
installed The description of these methods is given in

the following paragraphs in more details.

FProviding temporary support of a damaged
structure is dangerous for peopls installing the
temporary protection. Thereforz, the wholes procedurs
should be properly organized, in order to minimize the
working time of peopls in and under the structure.
Bracing =2lementz should bs assembled and ocrganized
cutside of the structure and then guickly installed in
the structure. Wedging and Jjacking forces should be
applisd from a distance with appropriate safety

precautions for workmen.

3.2 Methcd for Supporting Vertical Loads:

Industrial-Type Shoring and Scaffolding:

In the case of very light loads, indespendent
supports vwtilizing standard industrial-type
shoring can be used with bearing capacity up to 2
tons and for height of about Z.00 fon.

Industrial —-type scaffolding Fig. 3.2 can be used
in casg of minor damage and for small loads, or
in casss where flexural members theams or mainly
=labs)y. 012

[an ]

Timbers, Tree logs and Telephone poles:
Timber,; such as tres logs, sawn timbers ar

tslephons poles can alscs be used for supporting

vertical loads, wood used must be free of def=cts
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Cknots, hollows, etc.2. The efficiency of the
timber or log =zection must be checked on the
bases of an approximate of the load and of the
maximum permissibla stress of the wood along the
loading direction. When the locads are sufficient
to require two timbers ovr logs on each side of
the vertical element, use at least two
approximatzly 29 cm diameter logs or 20 cm sawn
timbers, which should be interconnected with wood
planks and/or stitching dogs, put in pairs, in

the from of the letter X, as shown in Fig. 3.3.

Fig. 3.2 Industrial-type scaffolding

Steel Profiles:

Steel profilss can be used for vertical support
in the same manner as tree logs. Steel sections
reguire bearing plates of sections both top and

bottom and must be properly wedged. Steel
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profiles assembled around the perimster of a
damaged coclumn similar to permanent Jjackesting
with steel profiles can be utilized for temporary

support.

Timber Grillages:

If wooden rail sl=z=zpers o other similar timber

1
is available, wvertical support can be sffected by
forming =2 grillagse. The =lzepers ars placed in

alternating layers %t

-~

= the required height. 0On
top of the grillage wide flange steel I-beam or
suitable timbers are placed. Wedging, in between
the top of the stesl beams or timbers and the

lower =ide of the structure, iz effected by using

cng of the methods discussed in section.

seam . |
o
T"adges . /, O
X Thick planks
Logs # 250 &N CAN (reinforced with
d- < APD steel places)
Meral stiching
dogs @ 10 ¥
<] 1
\::\ ’>
* N ’
Planks 20/100 ————————px ~> ‘s
> d
T 7 T T i g 2 L N XL A FLITAL

Mecal stiching dog

Fig. 3.3 Vertical support showing planks, logs and
metal stitching dog
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Methods for Providing Lateral Support:

Lateral Wall Bracing:

Lateral wall bracing can be instzalled to prevent
the wall from Talling owbtwards, as shown in Fig.
3.4. The members of thes bracing can be timbers,
logs or steel prafile. The diagonal member
should be placed as an appropriate angle for
stabkility with a suitablszs foundation in the
ground to make the brace effective. If it is
impossible to install such a diagonal bracs, an
alternate form of providing equivalent wall
bracing is installing internal tension tiss

Within the structure with stesl anchovages and

[
i
]

ring element=s on the cutside of the wall, as

illustrated in Fig. 3.95.

vertical wich
suitable atrzachment
ro building wall

T Diagonal brace,

K braced for compmessive

L Floor - / stabilicy as required

b =
L Deadman or anchor
to ground

Floor 1
S : 4...'. o R

Fig. 3.4 External lateral wall bracing
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Frame Bracing:

When frame buildings have been damaged to
earthguake, it is necessary to install some form
of temporary lateral bracing to prevent the
building as a whole from collapsing during the
continued seismic activity. Frame bracing can

consist of timbers, tres logs or steel profiles

)
~H
v}

wifizient stresngth considering their
potential for buckling. Bracing members are
1led an a diagonal betwesn columns on a2

frame line as shown in Fig. 3.6.

t JF 41’ 1
f ™ 'GD
_—® | HIEH L
f 'T < <
SN 8
< 2 <~
i o s o

t-exterior wall; 2~-interior wall; 3-crack; 4~steel tensioner;
5 and 6~anchorage profiles; 7-steel plates

Fig. 3.5 Interal lateral wall bracing
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Wedging Techniques:

Wedging is essential far all temporary supports
in order to transfer thes loads from the damaged
member to the new support systesm. For wedging
temporary supports of any kind, =several methaods
can be used, such asz ordinary wooden weadges with
zuitatkle securing devices, mechanicszl Jjacks,

hydraulic Jacks or hydraulic Flat jacks

timber or steel struts wedged tight
to act as compressive struts

| roof

' ~

|

floor

—y dyr—

Fig. 3.6 Frame bracing



Chapter ¢

ESTIMATION OF RESIDUAL STRUCTURAL
CHARACTERISTICS

4.1 Analytical Methods:
4.1.1 Constitutive Law of Materials:
4.1.1.1 Due to Mechanical Actions:

as Steel

In maxst casss of enginesring fﬁfarest, the way of
formulating the steel behavior is crucial to the
success of any analytical model for reinforced
concraete structures. The post—cracking response may
largely be governed by the reinforcement
characteristics. Most of the analytical formulations
being proposed sa far are established by seeking close
fites to experimentally obtained stress—-strain curves
rather +than being based on any basic knowledge of the
material on the microscopic level. It is believed
that such basic knowledge is not available to a

sufficient degres vet.

i) Monotonic stress behavior:

Typical stess—-strain curves for steel bars used in
reginforced concrete construction are shown in Fig. 4.1
for monotonic loading. It is generally assumed that
the stress—-strain curves for steel in tension and

compression are identical. This has been reasonably
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verified by tests.

Js 820
Eahot

800 r7

500

tond /—;——

300

o

200
100f

0

0 5 10 15 20x107?
Eg .

Fig. 4.1 stress—-srain relationship of steel bar

£ii) Repeated stress behavior:

A typical stress-strain curve for steel under repeated
loading is shown in Fig. 4.2. The sonctonic stress—
strain curve gives a good idealisation for the

envelope curve for repeated of the same sign.

Sliress {MPa)
a
? o

i

8

Fig. 4.2 Stress-strain curve for steel under
repeated loading of the same sign



£i1i) Rever=sed cwclic stress behavior:

A typical stress-strain curve for stael under reversed
lzading is shown in Fig. 4.3, sxzhibiting the
Bauschinger effact, in which under reversed locading
the stress—-strain curve becomes nonlinear at a stiress
much lower than the initial yield strength. Resversed
loading curves for steel are of fundamental importance
when considering analytically the deformation
characteristics of reinforced concrete members under
geismic loading. Several analytical models have been
proposed to reflect the above behaviors

i1- Elasto—plastic model.

2— Multi-linear model.

3— Mensgotitoc and Fintoc model.

4—- kKato, Akivama and Yamanouchi model.

S~ kKent and Parlk model.

&—- Aktan, Earlson and Sczen model.

7— Ma, Berterc and Popov model.

8- The mechanical sublaysy (or overlayl? model.
For more details about the above menticoned models see
the C.E.B Bull. 151 "Response of RE.C. critical regions

under largz amplitude reversed actions”.

€s

Fig. 4.3 Typical experimental stress—-strain curve for
steel under reversed cyclic loading



b)Y Concrete:

A large number of mat=zrial models far
appraximaticn =f the uniazial, biaxial and multiaxial
behavior of conorets under cyclic loading has been

propaosed during the two last decades.

i3 Uniaxial cvclic behavior of concrets:

Fig. 4.4 shows experimental results (Fark R. and
Faulay T. : Reinforced concrete structures) of stress-—
strain curves of concrste under cyclic loading. Many
researchers have fTound that a unique envelape curve of
the stress-strain curves for concrste can be defined
which connects the starting points of unloading curves
as well as the ends of reloading curves regardless of
the load pattsrn,; i.e. it iz a limiting curve within

which all stress—strain curves lie Fig. 4.85.

Many model=s have been proposed to 2simulates the
behavior of concrete in uniaxial cyclic loading, some
of them are suitable for ressarch purposes, alsoc some

of them are suitable for desiogn purposes.
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Fig. 4.5 Cyclic leading and envelope (Karsan and Jirsa
1969)
£ii) Biaxial cyrlie behavicor of concrete:

Darwin and Fecknold (1974) developed a model for the

biaxial cyclic behavicr of concrete, which is based on



a nonlinsar elastic formulation, i.e. by treating the
material as an incrementally linear, elastic material.
During each load increment the material is assumed to
bshave slastically, while between increments the
material stiffness and stresses are corrected to
reflect the latest changes in deflection and strain,
using an adaptation of the initial stress methad. The
constitutive model describes a stress—induced
orthotropic material beshavior. The incremental
constitutive relation between siresses and strain is

ohtained a=:

do, 1 |E. V{EiE= © r;;I
de= |= VIE.Ez= E= 0 dex
dry=| 1 —9=]|0 0 1/4(Ea +E=—2VELE2) | [dfa=
L. ] L dL .

or, written in matrix notation

do = D.de

The term Das=1/4(E;+ E=—2WE.E=?

iz chosen to make the constitutive relation dirvection-—
independent,,and the constitutive matrizx D is defines

by only three quantities: E.,E=z and ¥ -

€iiiy Bazant Z.F. and Eim 8.5 (19733 dev=loped &

plastic—fracturing model for the multiaxial
cyclic behavicr of concrete. The basic idea in
this model is that inelastic strains consist of
ocneg part due to plastic deformation and one part
which iz connected to microcracking in the

concrate.



The characteristic fsztures of the model can be
illustrated as shown in Fig. 4.6. Fig. 4.6Ca)
represents an elasto—plastic model, where the
strain increment consists of an elastic and a
glastic part. Unloading in this model is linear
and follows the initial modulus of slasticity.
Sinc=s plastic slip can not explain a descending
branch or strain softsning of the stress—-strain
curve, such effects must be connected to micro-—-
cracking or Tracturing in the materisl. Dougill
J.W. (13976) developed a model for a fracturing
material where an elastic strain increment is
followed by a fracturing stress decrement. This
model is illustrated in F.g 4.6(b). The plastic-—
fracturing model combines these two models, and
the result is shown in Fig. 4.6€(c). This model
iz capable of describing both strain—scftening

and stiffness degradation during load cycling.
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Fig. 4.6 Basic concepts of Plastic—fracturing model

c? Bond:
Local bond (1) versus 1local slip (s) relationships

along a bar inserted in a concrete elements, are of



fundamental interest for the analytical investigation
of reinforced concrets deformation, especially under

cyclic loading.

(i) Basic models of local bond-local slip behawvico

under monctonic actiong:

An attempt has been made for a synthesis of a physical
mode!l Fig 4.7 vegarding the characteristic valuss of
the -5 constitutive law undsry monoctonis loading.

This lead also ¥o anslytical expressions of tha
stresses Tay

Tey Tuy Tr- Further details are given for the
characteristic points of a monctonic T— diagram

Fig.4.8.

The shape of the local bond law is significantly
influenced by the position of the bar during casting.
The largest bond stiffness iz reached for bars cast
vertically and loaded against the setting direction of
fresh concreste. Barzs cast horizantally show a2 much

smaller stiffness and a lower strength.

-

The lccal bond stress—-=lip relationship may vary
along the embedment lemngth. Bond stiffness and bond
strength are 2-3 times largey in the interior of a
specimen with tension forces acting on both ends of

the embedded bar than towardz the snds.
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£ii) FEepeated loading:

Fepsated load has a similar influences on the slip and
the bond strength of deformed bars as on the
deformation and failure behavior of unrsinforcead
concrete load in compression. The bond strength
decreasss with increasing number of cycles between
constant bond stresses. The slip under constant peak
load and the rvresidual =sliz increases considerably as
the number of cycles increase Fig. 4.9. If no> fatigus
failure of bond cccurs during cycling and the load is
increased afterwards, the monotonic envelope is
reached again and followed thereaftar. That means,
provided the pealk locad is smaller than the load
corvesponding to the fatigus strength of bond, a
preapplied repeated lcad influences the behavior of
bond undey service load but does not adversely affect
the bond behavicor near failure compared to a monctonic

loading.

€i1i) Cyclic vreversed actions:

The first analytical model of the lacal stress—-slip
relationship for cyclic loadings by Morita and EKaku as
shown in Fig 4.10. The monotonisc envelope, which are
‘different for locading in ftension ar camprssé&an and
for confined or unconfined concrete, are given by two
successive straight lines which fallow closely the
experimentally measured curve. Fig. 4.11 shows the
bond model proposed by Tassios T.F.  The monctonic
envelope consists of s=ix successive straight lines.
Movre detail about this model explained in Bull. Noo
161 fC.E.B) "Response of RH.T. critical r=gions under

large amplitude actions"



4}
W

1.0 O
I FAILURE 077 T FAILURE
Max T/ Tpno,~ 0.85 )

(o]

005 o] : l  —

f: 223.5 N/mm?
dyzidmm

SLIP ATUNLOADED BAR END [mm]

min T * 0.1 Tpay
¢ | '

10° 10’ 102 103 R (o 103 10®

NUMBER OF LOAD CYCLES, N

" 0.01

Fig. 4.9 Increase ufrslip at the unloaded bar end
during cyclic loading as a function of the number of
load repetitions (Rehm and Eligshausen 13772

T

4 MONOTONIC ENVELOPE
B

,‘A——rﬁ' "7

MONOTONIC ENVELOPE

Top: BTy T =T, s, = (sg+s;)/2
Ty BT, Tn ® o Ty syslsy+sp)/2
Te = Ty To =& Tp sg® sp/2

K3 = 400 N/imm>

o = 0.8

B = Cs s<0.05mm

B8 = 05-054(5-0.05) CC5<5<0.5mm

Fig. 4.10 Analytical model for local bond sress-slip
relationship proposed by Morita/kKaku 1972



For "n, full cycles . = .
} C/.‘ /';
a, ¢t ¢
T 3
ct ° J '
3 ' R _ e
' o P,
] o
1 ]
* 'f————"———ﬁ—-d -—-...-'Jo .
* 9 " . L
. | sy SUP
' Tgie ! S
> ‘ ‘[J!.
e ——d, 4
‘K-iai-lc_;z_')
- TA YB TC 3
ke ST LR
1o Tg te, tF

Fig. 4.11 A simplified model for reversed bond-slip

constitutive law (Tassios T.F 19831

(iv) Factors affecting bond strencth under cyclic

loads:

The main factors affecting bond behavior under

cyclic loads are:

i-

| )

L2

Y

Concrete compressive stiresngths

Caver and bar spacings

Bar sizeg

Anchorage length;

Rib geomatry:

Steel yield strengths;

Amcunt and position of tfansverse stael;
Casting position, vibration, and revibration;

Strain {or stress? rangs;

10— Type and rate of locading:

11~ Temperatures

12— Surfacs condition (coatingsd.
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4.1.1.2 After Fire:

ventilation parameter, Ao™ ., thes opening factar, F o=
2.5 7/ 8. , which controls $the rzte of combustion; and
the thermal propsriiss of She compartment lining
materials (Magnusson and Thelandersson 139743.L15,6,71
wheres
Ao= total area (square metsrs? of door o window
opening in the compariment;
A= total area f(square metercsl’ of the compartment
bounding sur faces
M = total mass ( N 3 of combustikbles in the room;

fzctive heat of thelir combustion.

=
il
-

a

The standard AETM E112 fire test imposs three
conditions for failure for reinforced concrets
components as Tollows:

1- Tollapss of thes component or failure to
=f flame or hot gases

=
S the limiting averaage famperature

QoeE (53371 in reinforcement aor 800°F

{AZ27=CY in prestrassing steel.

LJ
|
A
[N
m
M
]

¥ Z250°F {139=T ) in the average
temperature of the unsxposed surface of the

test component.

The sffect of five on the componsnts of

sinforced concrete structu as s=t=sl and concrete

"
E
in
n

as ftollows:



ar Steesl:

The affect upon steel of high temperature and

n

ubsequent cocling is shown in Fig. 4.12, significant
loss of strength may occur while the steel is at high
temperature such that only S04 of the original yield
strength remains at €00°C. FRecovery of yield strength
after coxling is generally complete, for temperatures
up to about 400°C for cold-worked, and up to about
800

C for hobt-rolled steels. 23
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Fig. 4.12 Yield strength of steels tested at elvated=
temperatures [concrete scciety technical report No. 15,

London 12781

-

by Concretes

Tempsrature changes have a marked effzct on the
thermal properties of concrete and a wide range of
values have been reporited by different investigators.
This rvange due to the composite nature of concrete and
varies with the properties <of the aggrsgats and
cement, their proportions, moisture content and also
the history and age of the concrete. As rvreported by (
Concrete Society , London, 1978, Technical report Na.

1S "Assessment of fire damage concrete structures and



repair by gunite™ 2 , the residual strength for dense
concrete after cooling from various temperatuwes are
shown in Fig. 4.13. For temperatures up to 300°C, the
residual strength of structural—-quality concrete is
not severely reducsd. 0On the octher hand, temperatures
greater than S00°C can reduce the compressive strength
of structural-quality concrete to only a small
fraction of its ocriginal wvalue and such concrete is

unlikely to possess any useful strength.l[2]

Note: The effect of fire on local bond-local slip and
the behavior of concrete after cooling have been
reported by different investigators using a pull-cut
specimen. The measured bond strength follows a trend
similar to that for the changes in the compressive

Strength of concrete up to 200°C-400°C
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4.1.1.3 After Corrosion:

A number of reports have been published on the
premature deterioration of reinforced concrate
structures due to chlaride corrosion of reinforcing
stael. Splitting tensile stress due to volume
expansion of corvrosion product causes the longitudinal
cracks in cover concrete along reinforcing steesl.
Okada, et. al. 1388 conclude that the yield strength
of corroded beams with potential longitudinal cracks

is scarcely reduced.[8]

Fesidual characteristics of constituent materials
are needed for the subseguent numerical reevaluation
of per formance characteristics of building-
glements.[21 Thus, for steel the following
characteristics may be investigated:

1- Loss in cross—section {(corrasicnld
2- Loss in strength
Z— Loss in ductility

d4— Modifications of bond

Similarly, for concrete the fsllowing
characteristics may be investigated:
1- Loss in crass—section {spalling’

2- Modification of strength (decreased in general,

or increased under carbonation?

0l
}

Modification of ductility (incresase when micro-—
cracking has taken place?

4— Increase of creep.



4.1.2 Estimation of Residual Structural
Characteristics:

(stiffness, strength, ductility?

4.1.2.1 General Method for Computation of Residual
Characterictics:

The residual characteristics of R.C flexural
members can be studied by computing their moment—
curvature diagrams as based on the constitutive laws
of materials. Theoretical moment—curvature diagrams
for reinforced concrete sections with flexure and
azxial load can be derived analytically by means of
various technigues, but the most used technigues is
the following analytical models:[31

1- The general fiber methaod.

2— The method of axizally loaded substituts

=lements.

But the maost convenisnt method for obtaining the
moment—curvature diagram is the general fiber method,
but the computational sffort involved is rather large,

sz the Jdi 1

il

ital computsr is the most conveniegt for
-tﬁis method, where the section is considered to bhe
composed of a number of horizontal element fibers, as
shown in Fig. 4.14. The procedure consists of the
following steps:
1- The ssction is divided into a number (nd of
horizontal elements.
2~ For a given top—sraliln and an assumed strain
distribution, the average stress in esach element
can be computed from the assumed stress—strain
material models.

2— In the case of cyclic loading, the stress—stirain
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history of sach slement has to be stored (inta
the computer) in order to calculates the stress
corresponding to the given strain, employing the
cyclic stress—strain material models

4— The farces acting on the =lements are calculated
from the stresses and the fiber's areas

S— The total internal forces are obtained by
summing up the =lsment forcss over the section.

€— The equilibrium of the forces in the section
must be checked. In general, this means an
iteration with 2 new start in the assumed strain
distributicn and the above steps are repeated
t

i1l the eguilibrium eguation:

Tiwm M
z fﬁlmiuu'gj."“}: BihiaOcs®+ N = O
i=1 i=1 C e

is satisfied, wherse M iz the compressive axzial
force in the section.

7— The neutral axis depth % can thus be determined
from the given top concrete strain, €2+, and ths
corresponding strain distributiocn, and the

curvature 1/r can be camputsd from:

1/vy = €o» Iin

and the moment from

ﬂ- nc

2 Agi.ﬁ.ﬁindsi + X binhi-a’cindci + Mn h/:’:

1=
-

1 i=
- £

=)

In this method 1{the general fiber method 3 ths
following assumptions have o be made:
1~ The strain distribution across the section is

ususlly linear {the section remains planel) in
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general sven a nan;linear distribution could be
adopted.

Z2- Cracking of concrete ococcurs mainly
perpendicular to the axis of bending.

3- &Adequate shear reinforcement is prssent to
suppresz shear failure, so that the effect of
zhear force on the moment—cuwrvature relations is

not considered.
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Chapter S

DAMAGE OF REINFORCED CONCRETE BUILDING

9.1 Introduction:

Damage to engineering materials essentially
results in a decrease of the free energy stored in the
body with consequent degradation of the material
stiffness. Most research in the field of damage
assessment has dealt with the analysis of simple
structural elements. As we know that any concrete
structure is subjected to loading of increase
intensity, it undergoes different phases of damags,

firom microcracking up to ultimate failure.

5.2 Fundamental Discussion of Damage and Failure of
R.C. members:

Damage of a reinforced concrete member ;ﬁall
signify a specific degree of physical deterioration
with precisely defined consequences regarding the
member’s capacity to resist further load. Similarly,
"failure” of a member signifies a specific levei of
damage, which corresponds to a some—what arbitrarily
defined residual capacity to resist further load. A
damage index is usually defined as the damage value
normalized with respect toc the (arbitrarily defined)
failure level so that a damage index value of unity

correspond to failure.[10]
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To understand the various factors that contribute
to damage, it is necessary to review the behavior of
plain concrete at different load levels. As concrete
is subjected toc stress, the stress concentrations near
the microscopic flaws invariably lead toc microcracks,
which multiply and propagate either along the cement-—
aggregate interface or into the cement matrix itself.
As the stress level exceeds about 0.3, a more
extensive and continuous macrocrack system begins to
develaop, which softens the material and give a
strongly nonl inear stress—strain relationship this is
explain by (Wittmann, Folker H., Fracture Mechanics of
Concrete, Elsevier Science Fublishers, Amsterdam, 1983,
£71 pp>. EBEeyond approximately 0.75f"<, the growth
rate of macrocracking accelerates until it becomes

unstable, leading to failure.

The response of reinforced concrete to load is
complicated by the complex interaction between steel
and concrete. This is reflected by the numerous
possible failure modes in flexure, shear, or bond.
For dynamically applied cyclic loads, it is difficult
to predict the failure mode for even "properly”
detailed members. There are two reasons for this.
First the so-called strain-rate effect influences the
various failure modes to different degrees. (Thus,
even a ductile steel member can experience a brittle
fracture, because the resistance against sliding
increases more rapidly with increasing locading rate
than does the resistance to separatiocon.) The second
reason is that load reversals inflict different levels

of damage in the various modes.[103
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5.3 Concrete Damage Models:

Numercus models have beesn proposed in the past to
reprasent damage af structural members or entire
structures. Several investigators have introcduced
energy indexes that are a function of a few selected

parameters

The earliest references to damage are ductility
based arising from considerations of two limit states
of failure: monotonic loading and low cyclic fatigue.
Several variations based on this concept have been
proposed, including the recent "modified flexural
damage ratio" of Roufaiel and Meyer (1987). Energy-
based indices for damage predicticn began toc appear
after Gosain et al. (1977). Among other recent madels
{Darwin and Nmai 19883 Stephens and Yac 19871, both
ductility and dissipated hysieretic energy are given
due consideration. Eeviews of damage—index madels Yao
et al. (1986) and Chung et al. (1987) [10,11,12]1 show
an increasing trend toward including aspects of both
ductility and energy dissipation in damage assessment

-

The damage model proposed by Park, Young-ji, and
Ang, Alfredo H-5., (1984), [11] is the only calibrated
model based on actual cbserved damage of reinforced
concrete buildings. In this model the structural
damage is expressed as a linear combination of the
damage caused by peak deformation and that contributed
by hysteretic energy dissipation due to repeated

cyclic loading:
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in which D = damage index, an empirical measure of
damage (D * 1.0 indicates total damage or collapse);
Sm = the maximum response deformations

du

loading

]

ultimate deformation capacity under static
where for beams and cclumns:
EulZ) = 0.52 1’0.9:-) p—o.z" p:.-t-e no—o.-ta (f*c)—©-18

and for shear walls:

SulZ) = 0.53%1-23 %°-=5%—°-°=Q-°-3qf-°9(f':?O.BS
in which

la = shear span ratio = 1/d ;

g = normalized steel ratic =p.f,/Tc"}

Pw= confinement ratic;
pe= tensiocn steel ratio; _
No= normalized axial stress N/bdf:";
pPn= horizontal reinforcement ratici{min. value
0.4%); ~
Pe= edge column rveinforcement ratic(min.
valueO.24)
pv= vertical reinforcement ratic;
B = coefficient for cyclic loading effect

(function of structural parameters)

= (-0.447 +0.073i/d + 0.24n, +0.314ped?x 0.7pw

By, = calculated yield strength;

dE = dissipated energy increment.

The above mentioned damage index (D) is represent



damage of each cumpanent.in the building. The

quantification of the local damage is not always
sufficient for the description of the entire structure
or parts of it. A strong damage index was therefore
daefined. Such an index is useful when analyzing weak-—-
coclumn strong-beam type buildings, where sudden shear
drifts may trigger progressive collapse of the total
structure. For the purpose of establishing the
strong—level damage index, the local damage indexes D,
are averaqed using a weighting factor based on the
energy—absorbing capacity of elements:

D=Z Da; E+/ZE,

where is the enerqgqy weighting factor and E, is the
total energy absorbed by the component. In the case
of strong—cclumn weak—beam type buildings, it is
necessary to extend the above concept to the entire
structure. An overall damage index is abtained using
the above equation for all the elements in the
building. The overall damage index used has been
calibrated (park et al. 1984) with observed damage
data of nine reinforced concrete building that were
moderately or severely damaged during the 1971 SAn
Fernando earthquake and the 1978 Miyagiken-in
eérthquake in Japan. Table 1 corresponds to the
calibrated index, which is meant only toc serve as a
gualitative indicator of the damage indexz used in the
above mentioned calibration. As stated earlier, lacal
damage of a more severe degree may be detected at the
component cr story level. The assessment of critical

damage is then a matter of interpretation.
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Table 5.1 Interpretation of damage (Park et al. 1384)
Degree of }Fhysical appearance Damage |State of
damage index building
Coll apse FPartial or +total >*1.0 loss of
cxllapse of building building

Sevare Extensive crushing of {0.4—-1.0(Beyond
repair concrete; buckled

reinfoarcement
Moderate Extensive large cracks| < 0.4 FEespairakble

spalling of concrete

in weaker elements
Minor Minor cracks through-— - -

out building; partial

crushing of concrete

‘in columns
Slight Sporadic occurrence of = -

cracks

The above mentioned damage index which is

proposed by Fark et al.

€139843 remains the only

calibrated model based on actual cbserved damage of

reinforced concrete building,

and post—-damage verification is made,

until more experimental

this model is

_expected to serve as a useful indicator interpreting

the overall damage sustained by the structure and its

components.



Chapter 6

MATERIALS AND TECHNOLOGIES

Various technologies and materials commonly used
in repair and/or strengthening works. Designers may
not be familiar with some of these materials or
technigues, more details (or even recommendations and
specifications 3 for the materials and techniques can
be found in many literature. In general, repair
material should mainly meet the following
specifications:

1- To be more durable than the initial material.

2— To protect steel (if possible by baoth raising the
alkalinity of its surrounding and providing
barriers to the ingress of harmful agents).

3~ To be dimensionally stable (minimal shrinkagel.

4— To achieve very good bond with cement and steel-.

6.1 Cast-in-place Concrete:
6&.1.1 Traditional Normal Cast-in-place Concrete:

Traditional normal cast-in—-place concrete is
aften used in repair and strengthening works, but
always the results are unsatisfactory, mainly because
of the volume change shown by the cement-based
concrete used, that impairs every possibility of a
good contact between the new and the old element
(build—up of stresses at the contact surface,

decreasing of adhesion , separation and crackingl). In



76

crder to improve the bond characteristics, and to
minimize the shrinkage, it is recommended to do the
following: 1,31
i- It is recommended to use higher strength concrete
(faaa = fexisetoMPa) with low slumps.
2~ Remove deteriorated or disintegrated concrete by
means of a chisel or a scarifier.
33— Form more cavities in order to obtain a rough
sur face (local breaking of concrete) and uncover
reinforcement.
4— Remove grease from concrete and rust from steel.
S— Remove dust by rinsing with water under pressure.
6— Saturate the old element for at least six hours
before pouring the new concrete
7— Cure all exposed surface by wetting or by
covering with wet burlaps for the required time

(at least ten days).

6.1.2 Shrinkage Compensating or Expansive Concrete:

Concrete of this type is produced with expansive
cements in place of normal cements, to obtain an
appreciable volume increase which can Jjust campensate
the shrinkage of the mix. The expansive cements
consist of the constituents of conventional portland
cement with added or formed in the cement kiln
expansive compounds; alsa, expansive admixtures (far
example fine iron or aluminum powder) could be used
with cement, water, sand and\aggregates to produce
these special type concretes; for many uses it is
mandatory to use premixed expansive or shrinkage
compensating grouts and mortars with a set of

precisely known properties.
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6.1.32 Polymer Modified Concrete:

Floymer modified concrete is produced by
replacing part of normal cement with certain polymers
which are used as cementitious modifiers, or by
replacing part of the mix water (or all of it) by
polymers. The polymers, which are normally supplied
as dispersions in water, act in several ways:

i- By functioning as water reducing plasticizers
they can produce a concrete with better
workability, lower water—cement ratioc and lower
shy inkage than normal concrete.

2— They can improve the bond between the old and new
elements, securing almost monclithic behavior of
the composite section after interventions.

3- They act as integral curing aides, reducing the
need for effective curing (but not totally
eliminating it) which may especially facilitate
small Jjobs.

4— By introducing plastic links into the binding
system of the concrete, they will impraove the
elasticit§ of the hardened concrete.

S— They can increase the resistance of the concrete

to some chemical attacks.

However, it must be cautioned that such polymer
modified concrete are bound to lose all additiocnal
properties when they will come under elevated
temperatures and that the alkalinity and thus the
resistance against carbonation will be much infericor
to normal concrete (and therefore it is necessary to
provide an adequate carbonation protection by a

finishing coating).
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6.1.4 Resin Concrete:

In resin based concrete mixes, the cement is
replaced by a two—component system, one component is
based on liquid resin (epoxy, polyester, polyurethane,
acrylic. etc. ) which will react by cross linking with
second component called hardener. Resin concrete can
be useful in patching small areas of concrete. HKesin
concrete require not only a special aggregate mix to
produce the desired properties but alsoc special
working conditions. Since all two-—component systems

are sensitive toc humidity and temperature.

The gqualities and properties of resin concrete are
so various, as the number of resins offered by the
industry for this purpose; there are nevertheless some
common tendencies of this relatively new construction
material that should especially be taken into
consideration. when using it for repair and/or
strengthening works:

1- Resins have a pot life which must be strictly
adhered to in use so that the work is completed
before the resin hardens. ~

2— For the resin types used for construction
purposes, normal reaction cannot be reached at
low temperatures (below +10°C); in warm weather
the heat developing during the reaction can be
excessive and give rise to an excessive shrinkage
of the mix.

32— Although the direct bond of a resin compound on a
clean and dry concrete surface is excellent, a
resin concrete has generally noc good direct bond

on concrete, due to the fact that there can only

be a punctual connection between the resin covered



79

aggregates and the concrete; to assure a per fect

bond , it is therefore necessary to apply a first

coating of pure liquid resin onto the concrete

sur face.

44—

Resin concrete will commonly have a much higher
strength but alsc a lower modules of elasticity
than normal concrete; the problems resulting from
the different elasticity must be thoroughly

considered for every construction.

6.2 Shotcrete (gunite):

When equipment and specially trained workmanship

is available, the method of shotcreting is often

desirable for strengthening reinforced concrete

members. The widespread utilization of shotcrete for

repair and/or strengthening works is based on three

principal facts:

i—-

{due

skin

A very good bond can be obtained between the new
shotcrete and the old concrete or masonry and the
new reinforcement of shotcrete when properly
applied on prepared sur faces.

The strength characteristics of shotcrete are
high due to the high compaction energy and to a
low water/cement ratioc.

shotcrete can be:sprayed on vertical, inclined

and overhead sur faces with a minimum of formworlk.

On the other hand the need of cracking prevention
to shrinkage) is increased and so a minimum of

reinforcement is always necessary and the curing

of the thin concrete layers by repeated wetting of the

sur face is of extreme importance.
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The sur face af shotcrete should if possible be
left as gsprayed. If, however, another smooth surface
required, a special thin layer is to be sprayed on the
hardened shotcrete; this layer can then be reworked

and finished to the required texture.

Sur face preparation before shotcreting invalves a
thorough cleaning and removing deteriorated or
disintegrated concrete by means of a chisel or a
scarifier, sandblast, and also to copen all the pores
in the old concrete, and removing dust by rinsing with
water under pressure, and saturating the old element
for at least six hours before spraying the new

concrete.

Shotcrete can be plain or fiber reinforced, with
a minimum of skin reinforcement, as mentioned above.
It can alsc be, as in the majority of cases, steel
reinforced. All additional reinforcements have ta be
securately anchored on the sur faces of the existing
element, in aorder not to tremble or tao change their

position during spraying. -

Shotcrete is made from cement (the cement content
should be 20%4 higher than for conventional concrete),
aggregates of small size (35 to 10 mm) and a limited
quantity of steel-fibers (usually less than S%Z of the

weight of the fresh concrete).
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6.3 Resins:

Resins are conventionally used for injections,
impregnations, glueing of thin steel sheets. These
materials are two—component system; ocne component is a
liguid resin (epoxy, polyester, polyurethane acrylic,

etc.) while the second component is the hardener.

There is a large variety of available products
with qualities and properties which may vary,
depending on the kinds of components and their
chemical structures, the mixing ratios, the quantity
and type of filler and sand eventually added, etc.
Therefore, the desired properties have to be precisely
defined, in order to select the correct formulation of

the synthetic mixture.

Resins used in the repair and strengthening
should exhibit the following properties:

1- Adequate pot 1life, low hardening time and good
workability.

2— Cure as far as possible independent of humidity

- and temperature.

3— Good tolerance for incorrvect mixing.

4— Emxcellent bond characteristics and adhesion to
concrete and steel and little or no reduction of
adhesion as a function of time o of exposure to
moisture.

S— Gowod, as possible, heat resistance

6— Low values of viscosity when the resins are used
for injection and impregnation, and high values
of viscosity when the resins are used for

glueing.



7—- Values of modulus of elasticity not very low, to
avaid local reduction of stiffness of structural

elements.

(i) Injections and impregnations:
Several different injection techniques may be

used, such as low pressure injection (up to 1
MFa), high pressure injection (up to 20 MPal, or
vacuum injection each injection technique
requires a special resin adapted to the system.
When the width of the cracks is very small
(crack width 0.1 to 0.2mm), a pure resin is
used, without any filler. 1In case of wider
cracks, it is advisable to add a filler for
reducing shrinkage, creep and thermic..phenomena.
Glass or quartz powder can be used as long the
crack width is no more than 1.0 to 1.5 mm, and
sand beyond this limit and up to 4.0 toc 5.0 mm;
the mazimum dimension of grains must be not
larger than 3S0Z of minimum width of crack and no
more than 1.0 mm in any case, using resin/filler
ratic of about 1:1.

_(ii) Gluing of thin steel sheets: -

This strengthening method consists in glueing
to an existing R.C element additiocnal steel, in
form of plates. This technique need special
requirements such as, excéllent bond between
resin and concrete as well as between resin and
steel, which demands special surface conditions
and climatic conditions during the bonding

phase.

Finally, the fact that all elements repaired by

resin injection or impregnation have to be protected
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against temperature variations and especially against

fire has to be emphasized.

6.4 Grouts:

Grouts are frequently used in repair and
strengthening work to fill voids or to close the space
between adjacent portions of masonry or concrete.

Many types of grout are available. Conventional grout
consists of cement, sand and water and is proportioned
to provide a very fluid mix. grout of this type has
excessive shrinkage characteristics due to the high

vaolume of water in the mix.

Cement milk is formed by mixing cement with water
into a fluid to place in the very small cracks.
Superplasticizers are required with such mixes to
maintain the water at an appropriate quantity required

to hydrate the cement.

' Non—shrink grouts are available for use_when it
ié desirable to fill a void without the normal
shrinkage cracks. The dry ingredients for non—-shrink
grout comes premizxed in sacks from the manufacturer

and mixed with water.

Epoxy or resin grouts are alsc available for
conditions when high shear force or positive bonding
necessary across a void. Also many others types of
grouts can be created using polymer praducts and other

newer concrete products. The executing of grout which
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comes premixed from manufacturer must be mixed and
used in strict according to the instructions of the

manufacturer.

6.9 Additional Reinforcements:

Additional reinforcement are frequently used in repair
and/or strengthening works, such ass
1- Glued or nailed thin steel plates (for flezural
and/or shear strengthening).
2- Re-bar and/or welded fabrics for the same
purposes
3— Additional stirrups in form of collars or bands,

for shear strengthening of R.C. elements.

In order to assure the transfer of forces from
the existing element to the new reinforcements,

certain adegquate measures have to be taken.

i) Reinforcement:
The electric welding method is the most common

- method to connect existing to additional
reinforcements. New re-bars are welded to the
"21ld" ones by large diameter intermediate bars,
additional diagonal bars (¢ shapead)
or additional bent—-down bars ( shaped).
According to the national codes, the techniques to
he applied should be chosen, taking into

consideration the weldability of the steel.

ii) Collars or bands:
There are two main techniques of shear
strengthening of R.C elements by means of

additional stirrups, tensioning and tightening
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technigue, bonding technique. The first technique

is

used for beams, columns an beam—columns Jjeints,

while the second one is used only for beams and

columns. Collars made of the following form:

11—

Collars made of narrow rather thin steel plates
{e.g. plate No.30.4) installed arocund the
element, sacured in position (vertical,
horizontal or diagonal) and then tensioned and
tightened through balts and nuts by means of a
wrench. In an alternative technique use is
made of round bars (with a diameter more than
16mm) of high strength.

Collars made of the same plates (or mild steel
round bars With a diameter more than 10 mm)
welded on angle bars positioned on the corners
of the R.C. elements. The angle bars have to
be clamped and pressed against the existing
element or the ccllars have to be preheated (tao
200-400=C) and then welded on the angle bars.
Mild steel round bars (with a diameter of I or
& mm) heat tensioned and then hammered around
the element, to form a rectangular spiral,
angle bars can be positioned on the corners and
the spiral can be welded on them, especially at
the ends.

Glued (or nailed) wide and thin steel sheets
(e.g. plate No. 50 or 100 ) around the
element. '

Wide and thin steel sheets heat tensioned,
welded in-between them, and finally bonded by
injections.

Tensioned packing—bands around the beam’s or
column's damaged area, subsequently secured

with pressed clips.
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Tow general remarks have to be mentioned, as far

as the additional stirrups are concerned:[(1,21

a) The possibility of arranging these additional
reinforcements on the sur face of R.C. element
(external collars, spirals or bands) or on the
core of the element, removing all concrete
cover of the reinforcements.

b) The necessity of covering all these
strengthening cocllars and bands by a layer of
shotcrete or of cement mortar with an

incorporated wire trellis.

This protection is of great importance in case of
bonded reinforcements, as mentioned in the previous

technology of resins.

6.6 Incorporated Steel Profiles:

In this technique use is made of a light steel
structure attached on a damaged E.C. element, (beam
-and mainly, coclumn) for flexural and shear -~
strengthening. The technique comprises four
longitudinal angle profiles on the corners of the
element temporary clamped and pressed against the
existing element <(by means of screw clamps or
transverse L—angle profiles in pairs and tightened
firm to each other through high-strength bolts), and
transversal steel strips or round bars as stirrups,
welded on the angle bars. The longitudinal angle bars
can be fitted on non-shrinking cement g rout, in order
to achieve a good contact. Finally, the whole

arrangement is covered by concrete jackets (cast-in-—
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place concrete or shotcrete) with additional
reinforcements or a minimum of skin reinforcement
(mainly welded fabrics), or by a layer of shotcrete or

of cement mortar with an incorporated wire trellis.

6.7 Infilling and Bracing Techniques:

The technique of infilling new shear walls are
mainly used for the strengthening of a building as a
whole (damage and/or weak R.C, frames). New bearing
elements infilling and/or bracing of existing frame
bays) are arvanged in order to improve the overall
behavior of a building (i.e strength, stiffness and
ductility), when subJjected to shear deformations
{lateral forces, differential settlements, etc.?.
There are several methods and technologies for
infilling and/or bracing existing R.C frames, among
which the most commonly used are the following:

1- Cast—in-place R.C. infilling walls connected to the
frame {(or un—connected). The infill element can he
connected with the frame along its perimeter or
only along the beams

2— Precast R.C. infilling panels connected taq the
frame; these prefabricated panels can fill the
whole bay or part of it , the precast panels may be
secured in position and connected to the frame by
means of steel anchors (expansion or adhesive

type?. 33— Masonry (brick or concrete block)

partition—-infilling walls, these masonry walls can be
reinforced or not.

4— R.C. wing walls, cast—-in-place or precast. The
wing walls are connected to the R.C. calumn as well
as to the R.C. beams, at their top and their

bottom, by means of steel anchors.
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S5—- Arrangement of various types of steel bracings (X-
type, K-type, Knee-type, etc.), steel trusses and

steel frames, connected to the frames.

Fasteners are used at the joints between the
added new elements and the existing structural members
in some of the mentioned above technique In the past
only mechanical anchors were accepted as the Jjointing
device in the strengthening design, now a days bond

anchors are accepted also as shear connectors.



Chapter 7

REPAIR AND STRENGTHENING TECHNIQUES

7.1 Introduction:

Repair and strengthening techniques are naturally
as old as construction techniques itself, but these
techniques have started to receive researchers
attention conly recently. Many basic concepts related
to repair and strengthening has been confirmed by
experimental works. In the structural sense repair can
be defined as any operation to recover the structﬁral
per formance of element or structure with damage to the
original per formance, and strengthening can be defined
as any operation to increase the structural per formance
of a element or structure over the original
per formance. Reliable experimental data available on
the repair/strengthening of reinforce concrete
structures and the techniques used will be discussed in

this section. ~

7.2 Columns:

The aim of repair/strengthening is to improve the
seismic per formance of the buildings. Preventing shear
failure of the columns, improving ductility, and
rearrangement of the columns stiffness and making them
unify as possible, or the increasing flexure capacity
of columns may be aimed to improve the seismic

per formance of a building. Column flexural strength
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increase with the enlargément of the concrete area and
adding new longitudinal reinforcement. Shear strength
and especially ductility, is improved by better
confinement with close transverse reinforcement, ties
or steel strips, or by winding by carbon fiber wires or
steel wire strand. Unify column stiffness by
rearrangement, like separating columns from spandrel
walls, improves the compatible behavior of all columns
of the structure.ll1l,Z]

Damage of reinforced concrete coclumns without
structural collapse will vary, such as a slight crack
(thorizontal or diagonal) without crushing in concrete
or damage in reinforcement, superficial damage in the
concrete without damage in reinforcement, crushing of
the concrete, buckling of reinforcement, or rupture of
ties. Based on the degree of damage, techniques such
as injections, removal and replacement, or Jjacketing

can be provided.

7.2.1 Local Repairs of Columns:

Several techniques have been developed in recent
years for repairing damage concrete columns, and the
repairing techniques depend on the evaluation of the
damage. These techniques of repairing can be
schematically subdivided them into the following

categories:

i) Injections and impreqnation: with epoxy used to fill
cracks of limited amplitude (up to &mm), and without
damage of concrete or reinforcement. The general
procedures involved in epoxy injection and

impregnation are as follows:[131
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a) Injection techniques generally consists of

b

drilling holes atclose intervals along the
cracks, in some cases installing entry ports, and
injecting the epoxy under pressure. For massive
structures, an alternative procedure consists of
drilling a series of holes [usually, (22mm) in
diameterl that intercepts the crack at a number
of locations. Typically, holes are spaced at
€1.5m) intervals. More details about this
technique is described in ACI S03R-8B0 "Use of
Epoxy Compounds with Concrete". With the
exception of certain specialized epoxies, this
technique is not applicable if the cracks are
actively leaking and cannot be dried cut.

Vacuum impregnation is the second method to
introduce epoxy into damage concrete. This
method has been used in Great Britain to repair
range of deteriorated structures, including
bridge piers, sculptures, and pavements. The
vacuum impregnation procedure, the loose chunks
of material are integrated into the repaired
regions. The repair region is subjected to a
partial vacuum, epoxy is then drawn through the
system until it is completely submersed and, Jjust
before the epoxy sets, the vacuum is released.
The pressure difference between the vacuum and
the evacuated system forces the epoxy into the
remaining cracks and void spacés. Catherine

Wol fgram French, Gregory A. Thorp, and Wen-Jen
Tsai (1390) show experimentally the effectiveness
of epoxy techniques to repair moderate sarthgquake
damage and conclude that, the vacuum impregnation
technique may have an advantage in the repair of

large regions of damage and offshoot cracks.
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ii) Reconstruction with concrete: used to repair
heavily cracks or spalled concrete portions, and/or
to increase the section of a structural element.
it is usually associated with substitution and/or
addition of reinforcement. This technigques can be
applied both to columns and beams. prior to
repair, the damaged concrete must be demcl ished and
removed, and the exposed surface cleaned aof any
dust or loose material. Fig. 7.1 show the héthod
of casting new concrete. Additivated cement
concrete or resin concrete can be used, but the
last is the most expansive, is used when only
limited volume are necessary; the first requires a
glue to ensure adhesion to the old surface, and is
subject to cracking due to shrinkage. Shotcrete
application can be viewed as a special case of this
technique with improved adhesion to the old

concrete.

[

= existing reinforcement
= added new reinforcement
= added new ties

< new concrete

1

2

3

4 = existing concrete
5

6 - welding

7

= temporary castform

Fig. 7.1 Repair of damaged column
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iii) Repair or addition of metal reinforcement: when
the longitudinal reinforcement is buckled, the ties

are ruptured and the concrete is crushed, total
removed and replacement of the damaged parts must
be carried out, Fig. 7.2 show the method of
buckled reinforcement repairing. Non-shrinkage
concrete or concrete with low shrinkage properties
should be placed. Special attention must be paid
to achieving good bond between the new and the
existing concrete.

iv) Incorporated steel profiles: is mad of light steel
profiles attached on damaged or inadequate R.C.
elements (beam and mainly column) for repair and/or
strengthening. This technigque as shown in Fig. 7.3
, used for repairing damaged R.C. column with
degree of damage from light to medium. The
technique comprises four longitudinal angle
prafiles attached on the corners of the coclumn and
temporary clamped and pressed against the existing
column ¢by means of special screw clamps or
transverse pairs of L-shaped steel profiles
tightened firm to each other through long high-
strength bolts), and transversal steel strips (wide
and thin ones) or round bars as stirrups s£losely
spaced and thoroughly welded (full strength welds)

on the angle bars.
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7.2.2 Techniques for Strengthening Columns:

The techniques to jacket the existing column by
the concrete and welded wire fabric or by the steel
plates are very popular, and they have many
experimental back data to refer the details such as:

1- Japan Building Disaster Prevention Association:
GUIDEL INE FOR SEISMIC RETROFITING DESIGN OF
EXISTING REINFORCED CONCRETE BUILDING, 1977,
revised in 1990.

2—- C.E.B. Bull. 162: ASSESSMENT OF CONCRETE
STRUCTURES AND DESIGN FROCEDURES FOR UPGRADING
(redesign).

The basic targets for strengthening column techniques
are, to improve ductility, to adjust stiffness
distribution of columns, and to increase flexural
capacity. One important thing is the providing the
gaps at both of the column ends to keep the original
column section and to keep the original flexural
strength. So that the Jjacketing materials to become
effective only for the preventing shear failure and the

confining concrete.

-

7-2.2.1 Strengthening to Improve Ductility:

The following techniques are available to improve
the ductility of a column:

1—- Jacketing by welded wire fabric and cover concrete

2— Jacketing by welded closed hoops and cover
concrete.

3— Jacketing by steel plates and injecting grout
mortar.

4— Jacketing by steel strips and cover concrete.

S- Winding by carbon fiber wires cr steel wire strand
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7.4 show the Japanese techniques for

strengthening columns for improving ductility.

According to the Japanese techniques "GUIDELINE

FOR RETROFIT TECHNIGUES OF EXISTING REINFORCED CONCRETE
BUILDINGS"L[ 141 the following detail should be require

in each technique:

(al

(b)

(c)

£d)

(e

(f)

(h)

Providing the gap whose clearance should be
approximately 30 mm. at the top and bottom of a
column to remain the original column section and
to keep the original flexure strength.

Chipping the original cover concrete of a column
to fit the new cover concrete with the original
concrete.

The compressive strength of cover concrete or
mortar should be more than 21 MPa and more than
the strength of original concrete.

The length for lap—-Jcint of welded wire fabric
should be more than 200 mm. and more than the
length of transverse wire’s pitch plus 100 mm.
D10 bars should be used for hoops, and the
spacing of hoops should be less than 100 mm. for
the jacketing by welded closed hoops. <~Both ends
of a hoop should be welded each other, and the
lap weld length should be more than ten times of
the hoop diameter.

The thickness of cover concrete for welded wire
fabric or hoops should be more than 60 mm.

The thickness of steel plates or steel strips
should be more than 4.5 mm

The width and pitch of steel strips may be

approximately 100 mm.
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Fig. 7.4 Techniques for strengthening columns to
improve ductility
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7-2.2.2 Strengthening to Adjust Stiffness Distribution
of Columns:

The techniques, in which the non—-structural
spandrel walls in frames are demal ished and removed or
the effective gaps are provided in the Jjoint region
between non—structural walls and columns, are available
to adjust the stiffness distribution of existing

columns.

according to the Japanese technigues menticned
abovel14] the following details should be required:

(a) If the shear failure will be assumed for the
column after removal of non—structural spandrel
walls, the column should be strengthened by some
Jacketing technique.

(b)Y The clearance of gap which is provided at the
Joint of non—-structural spandrel walls should be
more than 30 mm. and the non—structural spandrel

-walls with the gaps should be safe against the
overturning.

(c) If the thickness of non—structural spandrel wall
be remained partially in the gap, the thickness
should be less than 30 mm.

(d) When the thickness of non-structural spandrel
wall will be reduced to provide the gap, the

existingfrebars in the gap should not be cut off.

7.2.2.3 Strengthening to Increase Flexural Capacity:

The available technique to increase flexural

capacity of columns is the jacketing by concrete with
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additional longitudinal and transverse reinforcement.
Adequate coclumn flexural strength can be achieved by
passing the new longitudinal reinforcement through
holes drilled in the slab and placing new concrete in
the beam-column Jjoint region (Fig. 7.3). The added
longitudinal reinforcement can be connected to existing
reinforcement by welding of bent bars as shown Fig.
7.6.a this jacket type is applied for large column
cross sections where the middle reinforcement cannot be
confined by new ties. If there is available space
arocund the column, Jjacketing with ties by concentration
of the newly—added longitudinal reinforcement at the
carners of the cross section iz the best for
confinement of all longitudinal bars (Fig. 7.5.b).

This type of Jjacket should be of sufficient thickness
with closely spaced ties to provide confinement. With
the new longitudinal reinforcement passing through
holes drilled in the slab, this procedure provides a
continuous connection of the jackets to the upper story
and lower story columns. The following details should
be required to increase the flexural capacity of a -
column by strengthening:

(a) The new tension reinfarcement in a column should
be developed beyond the top and bottom slabs and
the anchorage of tension reinforcement should be
provided enough.

(b) The chipping for the original concrete surface of
a column should be required to fit enough the
Joint concrete between the original and the new
concrete.

€c) The shear reinforcement should be provided enough
to prevent shear failure of a column after

strengthening.
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1 - existing column @ @ __©
2 - jacket :
3 - key
- bent bars

4

3 - added reinforcement
6 - ties

7 ~ welding
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~ alternative corners

Fig. 7.6 Construction techniqes for connection new °
reinforcement to the old reinforcement
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7.3 Beams:

Many methods of repair and/or strengthening of
beams are praoved by experimented works, for providing
adequate strength and stiffness of damage or undamaged
reinforced concrete beams. 1t is very important that
the repair and/or strengthening procedure chosen
provide proper strength and stiffness of the beams in
relation to adjacent columns in order to avaid creating
structures aof the "strong girder—-weak column®” type
which tend to force seismic hinging and distress into
the column, which must also support major gravity

loads.

7.3.1 Local Repairs of Beams:

Several techniques have been developed in recent
years for repairs damaged reinforced concrete beams.
Repairing techniques of damaged reinforced concrete
beams can be subdivided into the following:

i) Injection: are applied for repair of damaged beams
with slight cracks only. Epoxy or cement grout
injections are made according to the
recommendations in section 7.1.2, and similar to
such repair for columns.

ii) Reconstruction with concrete: used to repair

heavily cracked or spalled concrete, crushed
concrete, deterioration of bond and rupture of
reinforcement. Befoare the removal of damaged
concrete or rupture reinforcement, the damaged
beam must be temporarily supported. The
reconstruction procedure of beam is similar to
that of columns. More attention must be paid to

compacting the new concrete under existing beams
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or slabs which is extremely difficult if
placement access is not provided from the top

sur face of the beam.

Repairing gravity locad capacity of beams: steel

rods can be used for improving the shear
resistance af damaged or undamaged beams. It
can be performed by vertical external clamps
(Fig 7.7.a) or by diagonal ones (Fig. 7.7.b).
The clamps consist of round rods with threads at
the end which are tightened with nuts. At the
beam, bottom vertical clamps are fixed on angle
profiles, but diagonal clamps are welded to
longitudinal reinforcement to resist the
longitudinal component of force. If load
reversal are anticipated, four—-sided Jjacketing

is the preferred method of strengthening.
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1 - existing beam; 2 - stéel clamp; 3 - steel plate; 4 - nu:;-
5 - angle profile; 6 ~ welding

Fig. 7.7 Construction techniques for repairing gravity
load capacity of beams
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7.3.2 Techniques For Strengthening Beams:

The aim of strengthening of beams is to provide
adequate strength and stiffness of damaged or undamaged
beams which are deficient to resist gravity and seismic
loads. More attention must be paid tc avoid creating
structures of the "strong girder-weak coclumn™ type as
mentioned above for repairing techniques. It is
possible tao subdivide the strengthening techniques of
beams into the following:

1- Strengthening to increase flexural capacity of
beams.

2~ Strengthening to increase shearing capacity.

7-3.2.1 Strengthening to Increase Flexural Strength of

Beams:

The available techniques to increase flexural
strength of a beam are reinforced concrete jacketing
and glued thin steel sheets.

i) Reinforced concrete jacketing: can be per formed by

adding concrete on one, three or four sides of a
beam. This method can be achieved by cagfing a new
concrete layer with new longitudinal reinforcement
after chipping the concrete caver. To ensure banding
between the old and new concrete layer, either Z- or
U-shaped connectors welded to the existing steel are
used. An irregular shaped concrete surface by the
roughening of the concrete combined with anchoring by
waelded stirrvups provides good shear and tensile
caonnection of the jacket to the existing beam.
Reliable anchorage of longitudinal reinforcement bars
in Jjoin areas by sufficient development length or

reinforcement welding to steel anchor plates or
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profiles is of great importance. Adequate shear and
ductility improvement should be provided by
additiocnal stirrup distributed on all sides of the
existing beams. The legs of the stirrup should
penetrate through drilled holes in the slab in the
top part of the Jjacket, where they must be

sufficiently anchored.

One—-sided Jjackets Fig. 7.8 or adding strength only
to the beam soffit should be used only where it is
necessary to increase the flexural strength in the
mid—-span of a beam, and this technique must be
achieved according to the recommendation mentioned

above.

Four—-sided Jjacketing Fig. 7.9 or encasement of a
beam adds considerable flexural and shear strength
because of the increase of the reinforcement area and
concrete cross section dimensions (depth and widthi.
The additional longitudinal reinforcement should be
connected with the existing reinforcement by
diagonally welded bent bars or small stee{ plates.
The stirrups pass through holes drilled in the slab
and surround the whole beam. These holes can be used
to place the concrete in the part of the jacket
beneath the slab. Additional reinforcement for
negative bending moments must be added aver the slab
sur face in the beam region and ocutside of the
existing column. special attention must be paid to
the anchorage of the longitudinal bars in the joint

region of the cclumn jacket.
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Jacketing on three sides of the beam can alsc be
installed beneath the scffit of the slah, as shown in
Fig« 7.10. Shotcrete is the most feasible method of
installing this type of Jjacket and its primary
weakness is the anchorage of the new stirrups at the
sides of the Jjacket. The effectiveness of the
stirrups anchorage depends on dynamic strength of the
powery driven nails and the stiffness of the strand to

provide effective anchoarage for new stirrups.

Reinforced concrete jacketing should conform to the
following provisions:

{a) The strength of the new materials should not be
less than those of the existing beam.

(b> The thickness of the jacket should not be less
than 40 mm for shotcrete application or 80 mm for
cast-in-situ concrete.

(c) The beam reinforcement of moment resisting frames
should be continuous in the top and bottom of the
beam and not less than 0.005 times gross area of
beam at_support regions.

{d) Top and bottom reinforcement should be anchared
within column joint area with full development
length , beginning from the face of the column,
or continuous through the joint region.

(2) At support reqions for a length equal to 4 times
the overall beam height, the stirrup spacing must
not be more than 1/4 of the beam height. Outside
this region, the stirrup spacing can be doubled.

1ii) Glued thin steel sheets: Epoxy-hbonded steel plate
has been used effectively in Europe, South
Africa, and Japan to increase the locad—carring
capacity of existing concrete bridge girders.

This strengthening method has been found by
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practitioners to be economical and efficient to

apply.

The principals of this technique are

fairly simple. Steel plates are epoxy—-bonded to

the tension side , increasing the strength and

stiffness of the beam. A shortcoming of this

technigue, however, is the danger of corrasicon at

the epoxy—steel interface, which adversely

affects the bond strength. The following

requirements must be considered and followed such

as:

(a)

(b))

dd

(e)

The concrete must be cleaned from all loose
bits and hardened laitance (as well as
grease and oil) by sandblasting, pneumatic
bush—hammers and wire brushes; careful
smoothing and removal of dust.

The steel plates must be dipped briesfly
into acid solutions (for removing of scales
and oxides) and then applying
trichlorcethane, a grease and oil
dissclving cleaning agent.

The thickness of the resin layer should not
exceed 1.5 mm, and steel plates thickness
should not exceed 3.0 mm (for the plate, in
case special anchorage systems are used the
thickness could be higher but no more than
10 mmd.

Clamping up of all bonded steel sheets on
concrete elements by screw clamps, using
light but uniform pressure for at least 24
hours (depending mainly on resin
formulaticns and on ambient temperature).
Finally, the strengthened part of the
concrete element has to be protected
against temperature changes and especially

against fire (by means of a layer of rich
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cement mortar with an incorporated wire

trellis, or by more appropriate means).
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Fig. 7.10 Construction technique for strengthening by three
sides jacketing of beams

7.3.2.2 Strengthening to Increase Shearing Capacity of

The available techniques to increase shearing
capacity of a beam are reinforced concrete jacketing
and glued thin steel sheets.[Z]

i) Reinforced concrete jacketing: can be per formed

by adding concrete on three, or four sides of a
beam with longitudinal reinforcement and stirrups.
The same requirement mentioned in section 7.2.2.1
paragraph (i) be thoroughly considered.

Additional requirements (for minimum percentages
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of additional reinforcements, minimum additional
thickness, etc.) are shown in Fig. 7.11, for the
usual case of comb ined shear and flexural
strengthening attention is drawn on the need of
careful anchoring of all additional shear

reinforcement (stirrups, diagonal bars) of the

R.C. Jjackets.

WELRING DRILLS

/ AND RESIN GROUT

_ADDITIONAL .
STIRRUPS  min.08/20

(t ens_iomd)

0 mm

I min. 3012

Fig. 7.11 Strengthening by means of R.C.

and additional stirrups Jackets

ii) Glued thin steel sheets: can be performed by

gluing thin steel sheet on the two sides of a beam
by epoxy resin in the zone of maximum shear force.
The same requirements mentioned in section 7.2.2.1
paragraph €(ii) (in regard with thicknesses of
sheets and bond layers, sur face preparation,
protection against fire, etc.) have ta be
thoroughly considered and followed. Fig. 7.12
show the case of combined flexural and shear

strengthening by means of glued thin sheets for
beams.
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Fig. 7.12 Combined strengthening by means of glued thin
stell sheets
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7.4 Beam—Column Joeints:

Joints are often the weakest links in structural
system, and they are the most difficult to strengthen
because of the great number of elements assembled in
them, and alsc due to the high stresses subjected to
them especially during an earthquake. Under
earthquake loading Jjoints suffer shear and/or bond
tanchorage? failures. Severe earthquake excitations
can produce plastic hinges in the beams at the column
faces. As a result, cracks develop throughout the
overall beam depth. Bond deterioraticon near the face
of the calumn causes praopagation of beam reinforcement
yielding into the joint and a shortening of the bar
length available for force transfer by bond causing

horizontal bar slippage in the Jjoint.

7-4.1 Local Repairs:

Epoxy injections can be applied for repair of
damaged Jjoints with slight to moderate cracks without
damaged concrete or bent or failed reinforcement.
restaoration of bond between reinforcement arfd concrete
by injections is inadequate and unreliable. Epoxy
injections are to be performed according to the
recommendations in section 6.3. Removal and
replacement should be applied in cases of crushed
concrete, deteriorated bond or ruptured reinforcement.
Before the remaval, the damaged structure must be
temporarily supported. The replacement procedure is

similar to that of columns.
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7.4.2 Techniques for Strengthening Jointss

The available techniques for strengthening Jjoints
are reinforced concrete jacketing and steel plate

reinforcement.

7-.4.2.1 Reinfaorced Concrete Jacketing:

Reinforced concrete jacketing of a joint is
per formed in such a way that all the members connected
at the Jjoint collaborate together. It is generally
appropriate only when both columns and beams framing to
the Jjoint are also jacketed. For adequate bond between
the original and the new concrete and possibly for
welding of new reinforcement to the existing T
reinforcement, the concrete cover must be chipped away.
It is necessary that sufficient thickness of the Jjacket
be provided in order that the great number of
reinforcement bars (longitudinal column and beam bars,
ties and stirrups) can be installed. Appropriate
stirrups and closely spaced and adequately anchored
ties are great impartance. The vertical and horizontal
bars and ties must be assembled in a manner to form a
space reinforcement. 1It, together with the concrete
Jacket, must be able to transmit all the internal Jjoint

forces. Sufficient jacket stiffness is also necessary.

In cases of damaged or poorly detailed Jjoints, the
reinforced concrete jacket can be located in the Jjoint
area only Fig. 7.13. The Jjacket enclases the column,
the beam and the joint at all faces. Horizontal ties
provide the necessary shear strength of the Jjoint.

Transversal vertical stirrups are connected with the
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horizontal ties. Note that the Jjacket projects above

the top of the structural slab.

A-A L

\

1 - longitudinal >ars
2 - horizontal cties
3 - verzical stirrups

4 - vertical stirzugs

Fig. 7.13 Tecnique for strengthening column-beam
Joint by concrete jacket with additional
reinforcement
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For heavily damaged structures interconnected
Jacketing of the beam, columns and Jjoints is desirable
Fig.7.14. The cclumn and beam additional reinforcement
passes through the Jjoint area. Additional horizontal
and vertical ties in the Jjoint area must be placed for
providing adequate Jjoint shear strength. Above and
under the cross beam, horizontal column ties in the
Joint area must be closely spaced and spliced by
overlapping. In case of deep cross beams, a connection
with some horizontal ties passing through the beam web

(i.e. through drilled holes) is advisable.

Depending on the forces acting in the area of an
exterior joint Fig. 7.15 appropriate reinforcement
should be provide in the Jjoint Jjacket. Additional
horizontal and vertical bars from the column and beam
penetrate into the .joint area. Closely spaced welded
wire fabrics or reinforcing bars are placed at both of
the joint faces. HWelded wire fabrics in the joint area
should be connected by welding to the original
reinforcement or by attachment to the concrete with
epoxy anchored dowels or power—driven nails.
Additional stirvrups or ties in the beam and column
close to the Jjoint improves the per formance of this

connection.
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- column reinforcement
- beam top reinforcement

- beam bottom reinforcemenc

joint vercical stirrups

- beam scirrups

- column cties

~N oW N -
]

- column ties in joint

Fig. 7.14 Technique for strengthening heavily damaged
beam—column Jjoint with concrete jacket and
additional reinforcements and ties
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2

1 - column reinforcement; 2 - beam bottom reinforcement;-3 - beam top re-
inforcement; 4 - beam reinforcement; 5 - column ties; 6 - beam stirrups;

7 - welded wire fabric; T - tensile resultant

Fig. 7.15 Technique used for strengthening exterior
column-beam Jjoint by reinforced concrete

Jacket



121

7.4.2.2 Steel Plate Reinforcement:

Steel plate reinforcement is a technique which
permits strengthening aof Jjoints without considerable
changes in size. It can be used primarily in
industrial type structures where heavy frames are
located in one direction. Steel plates shaped
according to the Jjoint configuration are glued by epoxy
resin toc the concrete as shown in Fig. 7.16. The steel
plates should be anchored to the Jjoint by prestressed
bolts. At uneven sur faces of the Jjoint, a thin layer
of expansive cement mortar for smoothing is advisable.
Steel plate thickness must be at least 4 mm. NMNote that
this technique is not practical when sizable beams
frame into all four sides of a beam—column joint. The
method will not provide reliable strengthening of the
Joint region for seismic resistance frames unless the
steel plates are interconnected with similar steel
plates or profiles used in strengthening the adjacent
column and beam. External steel plate reinforcement
should mainly be applied for strengthening procedures.
Special measures must be taken into account for fire

and corrosion protections.

e .
|

<L

: I - steel plate; 2 - steel plate; 3 - steel strap;

4 - prestressed bolts; 5 - welding

Fig. 7.16 Steel plate strengthening for column Jjoint



7.5 Slabs:

Slabs, as we know they carry the vertical gravity
loads and transfe them to the beams or columns and
provide diaphragm action to resist the lateral loads by
compatibility with all lateral resistant elements of
the structure. Therefore, slabs must possess the
necessary strength and stiffness. Damages in slabs
generally occcur in locations with irregularities, such
as near large openings at concentrations of earthquake
forces in slabs close to widely spaced shear walls and
.at staircase flight landings. Repair of slabs is
necessary when damages aoccur. Strengthening is applied
when there is insufficient slab strength or for
increase strength in the region of newly—-introduced

shear walls.

7.5.1 Local Repairs of Slabs:

Repairing of slabs cracks can be achieved by the
same methods in repairing cclumns and beams. In cases
of spalled concrete, broken or buckled reinforcement
and coarrosion of reinforcement can be repaired by
removal of all deteriorated materials and replaced by
welding splice. Concrete with the same properties as

the existing concrete should be used.

7.3.2 Technique for Strengthening Slabs:

Strengthening by thickening of slabs should be
applied in case of insufficient strength or stiffness.

The new materials are incorporated above or under the
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existing slab. As shown in Fig. 7.17.a thickening done
above the existing slab, the flexural strength is
increased because of the increased effective depth and
ability to add negative reinforcement as supports. In
the second case as shown in Fig 7.17.b thickening under
the existing slab, the flexural strength increase
because of the newly added tension reinforcement. In
the case of ?a’ normal concrete is used; in the case of
'h? the application of shotcrete is more suitable. The
strengthening according to case 'a' provides greater
floor slab stiffness necessary for the horizontal
diaphragm action and is strongly recommended as the

preferred method of the two.

For the compatibility of the existing slab and the
newly—added reinforced concrete, obtaining excellent
shear bond is of great importance. It can be achieved
by means of the follawing:

ta) Reinforced concrete lugs as shown in Fig. 7.18.a.

(b? Rough surface, realized by gluing of sand grains
with epoxy resin as show in Fig. 7.18.a.

() Epoxied steel dowel bars as show in Fig. 7.18.b.

(d) Additional shaped concrete lugs in slab- voids as
shown in Fig. 7.18.c.

(e) Steel dowels performed either by steel angle
profiles anchored by power concrete nails or by
epoxied bolts or wedge anchor bolts as shown in
Fig. 7.18.d.



! - exiscting slab

I = added reinforcement
3 - dowel

%+ = anchoring bent bars

5 - welded conrecting bars

Fig. 7.17 Construction technique for strengthening
sl abs

1 - existing slab; 2 ~ new slab; 3 - sand corner; 4 - epoxy glue;
5 - epoxied bolts; 6 - angle profile; 7 - anchor bolts or shoot
nails

Fig. 7.18 Technique for compatibility of the existing
' slab and the newly-added reinforced concrete



7.6 Shear Walls:

Shear walls are one of the most efficient element
in a building in resisting lateral loads originating
from wind or earthquakes, when they are situated in
advantageous position in a building. Therefore, a
severely damaged or a poorly designed shear wall must
be repaired or strengthened in order that the
structure’s strength for seismic force can be improved.
There are several experimental back data for techniques
used in repairing and strengthening damaged and/or
undamaged shear walls, which have been used effectively

in Europe, and Japan.
7.6.1 Local Repairs of Shear Walls:

The purposes of repairing for a damaged shear wall
are to make the strength and stiffness recover
equivalent to the original vales. The fallowing

techniques are available to satisfy the above demand:

i) Injecting epoxy resin: into cracks of concrete in

shear walls has become a standard practice over
the last decade. When bond deterioration and
concrete crushing have not cccurred, epoxy
injections are capable of restoring approximately
the original wall flexural and shear strength.
But this technique will never achieve the
stiffness of the original wall. This is due to
the fact that not all of the small cracks can be
epaxy injected. Epoxy injections should be

per formed according to the method in repairing
beams and columns, also the same recommendations

in section 6.3 must be followed.



126

ii) RBecasting concrete: in site after removal of a
damaged parts from the damaged shear wall in case
of large cracks. Corley W.G. et al. ¢ 1983) [151
studied the behavior of this technique and
observed the following conclusions:

(a) Replacement of damaged concrete in webs of
structural walls found toc be a simple and
effective repair procedure. Strength and
deformation capacities of repaired walls
were equivalent to those of original walls.

(b)) Initial stiffnesses of repaired walls were
approximately Z0 percent those of ocriginal
walls. Reduction in initial stiffness
should be considered in evaluation of

dynamic response of repaired structures.

The criterion used was to remove all concrete that
could be taken out easily with hand tocls. Repair
procedures were chosen to provide the simplest and
least expensive repair that would restore reasonable
strength and deformation capacity to the wall., Also if
there are buckled reinforcement must be repaired. The
choice of replacement materials (poclymer mortar, cement
mortar, concrete or shotcrete) depends on the degree of
damage, the desired repair characteristics and the

rehabilitation conditions.

7-6.2 Techniques For strengthening Shear Walls:

Strengthening of existing shear wall should be
applied when the original strength of damaged or
undamaged wall is insufficient. There are different

ways to add strength to an existing concrete shear



wall. This technique can be achieved by shotcrete
caoncrete or cast-in-place concrete with additional
reinforcement. The following techniques are available

to improve the strength of a shear wall:

i) Beinfaorced concrete jackets on damaged walls: used
to repair and to strengthen a damaged concrete shear

wall. Minor cracks must be repaired before adding
the new jacket. Transversal shear connectors can be
achieved by epoxying dowels in holes drilled in the
wall. Generally, the recommendations for reinforced
concrete column (in regard with sur face
preparations) are also valid for reinforced concrete
walls. Minimum thickness to be used in case of
shotcrete for single jackets 70-100 mm and for
double jackets 30 mm, and alseo in case of cast-in—
place for single Jjacket 100-130 mm and for double
Jacket 70-100 mm. The entire of the reinforced
concrete wall has to be jacketed-up and special
attention has to be paid on anchoring all new
reinfarcementg and on connecting the Jacket with the

existing horizontal diaphragms.

ii) Increase of wall size: with reinforced concrete

should be applied when the original strength of a
wall is insufficient. There are different ways to
add strength to an existing concrete shear wall
Fig. 7.19. '

When shear strength is to be incr=zased thickening
the web with additional reinforced concrete (Fig.
7.19.a). Horizontal and vertical bars are added
depending on the strength increase desired. The

reinforcement and the concrete must be anchored toc the



existing wall by apprapriate roughening of the original

concrete surface and by special anchor bolts.

When flexural strength is to be increased,
reinfaorced concrete flanges must be added to both ends
of the wall As shown in Fig, 7.19.b. The new flange
must be confined by clasely spaced hoops and cross
ties. Anchorage of the new flange concrete can be
achieved by welding of special bent bar connectors to

the new and the existing reinforcement.

If both flexural and shear strength must be
increased, reinforced concrete must be added to both
parts, the web and the cross section ends as shown in
Fig 7.19.d. Soclutions with one—sided (Fig. 7.19a) or
tow-sided (Fig. 7.19.d) web thickening are possible.

As shown in Fig. 7.20 an example of a two-sided
shear wall strengthening. Shear farces between the
shear wall and the floor slab must be adequately
transmitted. For this purpose, concrete dowel
connections are made by opening holes through existing
slab. These holes alsa serve for concreting the new
wall parts beneath the slab. Diagonal reinforcement
bars passing through the slab and anchored in the upper
story and lower story walls provide an additional

connection for shear transfer.
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remcoved. Additional shear is transmitted from the
existing to the wall by epoxied dowels in the existing

sur face.

Reinforced concrete thickening of shear walls

should also conform tio the following provisions:

(a) The strength of the new materials should not be
less than those of the existing walls.

(b) The web thickness of the new material should be
at least 50 mm. The thickness of the new shear
wall flanges should be at least 100 mm.

(c) Both the hoarizontal web reinforcement area and
the vertical web reinforcement area must be no
less than 0.0025 times the gross area of the wall
thickening.

(d) The area of the vertical reinforcement
concentrated at the wall ends must be no less
than 0.0025 times the gross area of the newly
added cross section.

(e) The wall end ties diameter should be no less than
8 mm or 1/3 of the vertical end wall
reinforcement bar diameter. The tie spacing
should be no more than the thickness of the wall
end thickening or maximum 150 mm.

(f)} The new concrete should be anchored to the
eisting concrete with epoxied hooked dowels at a
maximum of &00 mm in each direction and the
existing wall sur face should be thoroughly

roughened.
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7.7 Introduction Of New Structural Elements:

There are several experimental research studies,
for introducing or adding a new structural elements to
increase the lateral force capacity of existing
structure., Most of them have a reliable results and
have been used effectively in Europe, Japan, South and
North America. These techniques have been used to
increase capacity by adding new structural elements, to
resist part or all of the seismic forces of the

structure.

The newly added elements may be subdivided as
follows:
1- Infilling new shear walls into thxe existing
frames.
Z— Adding side walls to the existing columns.
3- Infilling steel braces intoc the existing frames.
4— Adding buttresses to the exterior frames of a
building.
59— Additional frames in a frame or skeleton
structura.
The choice of the type, number and size of ghe added
eiements depends on the particularities of the existing
structure and the functional layout of the building.
Additional of new structural components in an existing
building will change the dynamic behavior of the whole
space structure considerably during an earthquake. The
increase in stiffness will alsoc tend to increase the
seismic design forces for most typical structures. It
alsc cause considerable redistribution of the lateral
forces between the earthgquake resisting elements.
Therefore, it is very important that the most favorable

conditions be created whenever possible, as follows:



(a) Avoiding large concentraticn of forces in members
with small strength and/cor ductility capacities by
locating the strengthening elements uniformly
throughout the structure.

(b) Improving the distribution of lateral force by
reducing the effects of torsion and irregularities

(c) Providing sufficient strength, stiffness and
ductility of the individual elements and of the
whole structure.

(d) Providing adequate strength in connections between
the existing structure and the newly added
elements.

(e) Providing stiffness compatibility of the existing

and the newly added elements.

Additional structural elements must be introduced
in regular way in plan and elevaticn, alsc should be
placed in such a manner as to minimize the distance
from the center of mass to the center of rigidity.

More attention must be paid to temperature, shrinkage
and creep which can produce significant redistribution
in the internal forces between the existing and the new

structural elements.

7.7.1 Infilled Walls:

Introduction of variocus types of infills improves
the seismic resistance of framed structures and causes
an increase in the lateral stiffness leading to 3
reduction in interstory drift. There are several
experimental back data for strengthening by infilling
shear wall, such as cast-in-place reinforced concrete

infills, masonry, precast panel wall and multiple
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precast panel wall. Structurally, the infilled wall is
a shear wall consisting of the existing frame warking
together with the infill. But the most popular
techniques of the menticned above is the in—-filling
reinforced concrete shear walls by cast in place

concrate into the existing frames.

7.7.1.1 In-Filling Shear Walls:

Strengthening of framed reinforced concrete
structures by cast—~in—-place reinforced concrete infills
is commonly used in practice. There are many
exper imental data for this technique. This technigue
is the most reliable one to increase the seismic
capacity. The in—filling shear walls includes, filling

existing frame by new reinforced concrete shear wall,
filling opening of existing reinforced concrete wall
with new concrete and to make a monclithic wall and to
increase the original wall thickness with new

concretell4] as shown in Fig. 7.21

The new reinforced concrete shear walls are
Jointed to the existing reinforced concrete frame or
wall by the post—instulled anchors or the concrete
shear keys. Connections with the column can be

detailed by the following methods:

(a) Chipped keys in the existing columns. Additicnal
anchor bars are welded to the longitudinal coclumn
reinforcement (Fig 7.22.a).

(b) Chipped keys in the existing columns. Diagonal
anchor bars are welded to the longitudinal column

reinforcement and additicnal ties are welded to
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(d)

the existing column ties (Fig. 7.22.b).

Chipped keys in the existing column plus steel
dowels epoxied in the existing column Fig. 7.23.a
Additional longitudinal reinforcement can be
added depending on conditions at the floor beams
Fig. 7.23.b.

Encasement or Jjacketing of existing coclumn if the
column must be strengthened for compressicon Fig.
7.23.c¢c.

Connections with beams can be detailed by the

foxllowing methods:

fal

(b)

{c)

{d)

Epoxied bolts in predrilled holes into the beams
Fig. 7.24.a.

Combination of chipped keys on the existing beam
with additional anchor bars, welded to the
existing reinforcement and epoxied bolts in
predrilled holes Fig. 7.24.b.

Combination of chipped keys on the existing beam
with additional diagonal anchor bars welded to
the existing longitudinal reinfc;cement and
additional stirrups welded ta the exis;ing onas
Fig. 7.24.c.

Steel dowels constructed by welding together
steel plates attached to the existing beam by

epoxy glue and wedge anchor bolts Fig. 7.24.d.
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{b) CLOSE OPENING BY SHEAR WALL (c) INCREASE THICKNESS OF
EXISTING SHEAR WALL

Fig. 7.21 Techniques by in-filling shear walls
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1 - added infilled wall; 2 - existing bear
3 - existing columns; 4 - stee! spiral;
/%> 5 - exoxied bolt; 6 - concrete dowel;

7 - welded anchor bar; 8 - diagonal ancho*
-bar; 9 ~ added welded stirrups; 190 - addec
welded ties; 11 - groove; 12 - prestressec
tendons; 13 - wedge anchor bolt; 14 - steet
dowel; 15 - epoxy glue; 16 - embedded steel
D]ates, 17 - welding; 18 - added diagonai
bars; 19 - added horizontal bars

Fig. 7.22 Techniques for connection of in-filling shear
wall to the existing columns
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i - added infilled wall; I - existing beam; 3 - existing columms:
<~ - steel spiral; 5 - epoxied bolt; 6 - concrete dowel; 7 - welded
anchor bar; B - diagonal anchor bar; 9 - added welded stirrups;

10 - added welded ties; 11 -~ groove; 12 - prestressed tendons;

12 - wedge anchor bolt: 14 - steel dowel; 15 - epoxy glue:

Ie = embedded steel piates; 17 - welding; 18 ~ added diaconai
bars: 1¢ - added horizontal bars '

[y

Fig. 7.24 Technique for connecting in-filling shear
wall to the existing beams
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7.7.2 Adding Side-Walls to The Existing Frames:

This technique is used to increase the lateral
strength of existing columns by adding narrow walls to
gach side of an existing column [143 as shown in Fig.
7.29. The side wall generally has a thickness
considerably less than the width of the adjacent
column, and must be placed symmetrically about the
existing column. Connections as previocusly discussed
under Jjacketing and infilling are appropriate for side
walls. However, the shear strength of boundary beams
should be checked, because the clear span of existing
boundary beams became shorter than before and the
failure mechanism might change after strengthening.
According to the Japanese recommendations [141]
"Guidelines For Retrafit Techniques Of Existing
Reinforced Concrete Building® the following details

must be considered and followed such as :

(a) Side-walls should be added symmetrically to both
sides of a column, in general.

(b)Y The minimum width of a side-wall should be wider
than the half of original coclumn depth, and wider
than 500 mm, but should be wider than “the double
of original column width.

{c) The minimum thickness of a side-wall should be
more than 1/3 of original column width, and more
than 200 mm, but should be less than the boundary
beam width.

(d>» The aspect ratic of a precast side-wall, L/H.,
should be more than 1/3, and the width should be
more than 800 mm.

(@) The thickness of a precast side-wall should be
more than 150 mm.

(f) The reinforcement ratios in a side~wall should be
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more than 0.25%4Z in both the horizontal and

vertical direction.

[, POST-INSTALLED ANCHORS
. =}
S

Ly
= == ADDED SIDE-WALL
= ==

EXISTING COLUMN

Fig. 7.25 Seismic retrofitting with added side-walls

7.7.3 Infilling Steel Braces Into Existing Frames:

The techniques by adding steel braces or steel
panels into the reinforced concrete frame have often
been applied in this decade. [141 This technique are
used when there are need to keep the lighting through
windows like the case in school buildings. This
technigue is alsa effective to increase the seismic
capacity of a building, and there are many experimental
data to refer the details. [2,3,141 IT the strength
capacity of the existing column is insufficient, which
is usually the case, a full vertical truss ®with
vertical chords can be added. If column and beams have
sufficient strength and ductility, the steel diagonal
braces can be added within the concrete frame to form a
vertical truss of existing beame and columns and new

diagonals.

There are some variations or combinations to apply
the steel bracing systems into the existing reinfarced
concrete frames as the following: [143

1- The technique using the special steel frame to set



the steel braces or panels into the existing
reinforced concrete frame.

2— The technique not using such the special steel
frame.

3~ The technique using the steel bolts or welding to
frame, called as the DIRECT JOINT TECHNIQUE.

4— The technique using Jjoint mortar or concrete and
the post-installed anchors to fix the steel
braces, called as the INDIRECT JOINT TECHNIGUE.
Strengthening of existing building by the steel

bracing system is basically achieved by setting

steel braces or panels into the existing reinforced

concrete frame as shown in Fig. 7.26. The installation

of steel anchors at the inside of existing reinforced
concrete frame is required first. If there are some
existing non-structural walls, they should be removed
before the installation of anchors. Then the steel
bracing system, that was fabricated in a factory in
advance and has the steel stud bolts at the periphery
of steel frame, is set into the existing reinforced
concrete frame in the site. Finally the juigt mortar

or concrete is injected into the Jjoint between the

existing frame and the steel bracing system. The steel

bracing system usually should be covered by anocther
finishing materials for the rust proof and fire

resistance.
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Fig. 7.26 Techniques for strengthening by steel braces

One of the details for Jjoint between the existing
frame and the setting steel frame is shown in Fig. 7.27
The technique shown in this figure is called the
INDIRECT JOINT TECHNIRUE, where the force from the
existing frame to the steel frame is transferred
indirectly through the compression or shear stress in

the Jjoint concrete. [14]
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7.27 Technique for post—installed anchor
"indirect joint technique"

The faollowing details sheuld  be required for

strengthening by steel bracing system:

{a

(b))

(c?

<dl

(22

f)

The K~type or X—-type should be selected for the
shape of steel braces, and the slenderness ratio
of a braczing member should be less than 38.

The gauge line between the steel braces and the
surrounding frame should be coincided.

The details for the post-installed anchors should
be followed by the caoming chapter. "

The post—-installed anchors generally shaould be
provided at  the inside of whole surrounding
existing frame, and the surface of existing
reinforced concrete frame should be roughened by
chipping the concrete.

The Jjoint concrete or mortar between the existing
reinforced concrete frame and the steel bracing
system should be confined by the spiral wires or
welded wire fabrics.

The reinforcement ratic of sgpiral wire or wire

fabrics in the Jjoint concrete, pe should be equal
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to or more than 0.4% using pe =Ae/h.x%a, (A area
of wire, h : clearance between steel frame and
concrete surface, %e: pitch of wirel.

(g?» The compressive strength of joint concrete or
mortar should be equal to or more than 30 MPa.

¢th) The roll iron whose size is equal to or larger
than H-150x150x7%10 should be used as a brace
member .

(i) The thickness of steel plate for a panel should
be equal to or more than 4.5 mm, and the panel
should be strengthened by the steel plate
stiffener that must be arranged with the 1000 mm
or less pitches.

(j) The diameter of post-installed anchor should be
equal tca or mare than 26 mm, and the pitch should
be equal toc or less than 250 mm.

(k) The diameter of steel stud bolt with head should
be equal to 16 mm o 19 mm, and the pitch should

be equal to or less than 250 mm.

7.7.4 Adding Buttresses to The Exterior Of Frame
Building:

This technique is achieved by adding buttresses to
the existing building from ocutside as extension of the
frames. Adding buttresses are not s popular because
they may require the vacant site around the building,
and the enough reaction from the piles or foundatiocn of
the buttress should be required. As shown in Fig. 7.28

the buttress is achieved by reinforced concrete with
enough anchors to the existing frames. This technique
applied to increase the lateral force capacity of a
building. According to Japanese recommendation

"mentioned Above the followings are regquired to
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strenqthen effectively.

{ad

(b)

(c)

(d)

{e)

Cf)

" BUTTRESS EXTENDED

The buttresses should be extended symmetrically
tx both ends of a existing frame.

The columns or beams should be provided to the
boundary of a buttress to confine the wall in a
buttress. The existing column should be
connected strongly with buttress.

The buttresses in each side aof a frame should be
connected together by slabs to make sure the
shear transfer by the slabs.

The buttress should have a new foundation. The
foundation should be supported by the hard layer
in the ground or strong piles not to make any
settlement. The foundation should be connected
to the existing foundation together by a footing
beam.

The joint between the buttress and the existing
frame should support the necessary tension and
shear force expected.

The thickness of wall in a buttress should he
greater than 150 mm. The shear reinforcement

ratioc in a wall should be more than 0.2 percent.

/4455 . EXISTING FRAME
7z | |

ST/ 777777777777 ST TT7777777 IS

Fig. 7.28 Seismic retrofitting with added buttresses
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7.8 Foundations:

Fepair and strengthening of foundations are
usually not easy, and alsc they need expensive
construction procedure. It should be performed in the
following cases: [1]

1- Excessive settlement of the foundations due to
poor soil conditions.

Z2— Damage in the foundation structure caused by
seismic averloading.

3- Increasing of the dead load as a result of the
strengthening coperations.

4— Increasing the seismic locading due to change in

code provisions or the strengthening operations.

W]
|

Necessity of additional foundation structure for

added floors.

The technigue of repair and strengthening of
foundations, can be per formed by the following:
ta) Strengthening existing foundations.
(b)) Adding new foundatiocns.
) Modifying the soil for improved foundations

»

support.

When there is 38 necessity to increase the footing
dimensions due to increasing the bearing areé o f
footing, the additional soil pressure must be equalized
in the footing body. In case of calumns strengthening
with Jjacketing as shown in Fig. 7.29. The footing
belt, arranged at the bottom, is of great importance
for transmitting the inclined forces (in strengthening
upper part) to the soil. Therefore, strong belt

reinforcement with adequate splicing is necessary.
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1 - existing foundation: . - existing column: 3 - reinforced jacket:

+ - added concrete; 3 - acded reinforcement

Fig. 7.29 Technique for strengthening foundations

-

In the case of an unstrengthened column, scil
pressure applied to the strengthened part must be
transmitted directly to the existing foundation body as
shown in Fig. 7.30. This can be achieved by
incorporating a steel profile under the end of the
existing footing. Adequate reinforcement must be

placed in the newly added footing body. [11
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! - existing column
4 - added reinforcement; S - steel profile

3 2 - existing foundation; 3 - added concrete;

Fig. 7.30 Technique for stremgthening foundations
in case of an unstrengthened column

Adding new foundations is necessary wh?n shear
walls or similar elements are constructed in the
building structure as show in Fig. 7.31 and Fig. 7.32.
Special attention should be paid to incorporating the
existing footing into the newly introduced foundation
structure in such a manner that the parts will function
together properly. The anchorage of the main vertical
shear wall end reinforcement intoc the foundations is
very important. This can be accomplished either by
anchorage of the reinforcement in predrilled holes in
the existing foundations with epoxy resin or by

inclined reinforcement bars in the newly constructed
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foundation parts. The inclination of the reinforcement
bars can be accomplished by welding toc steel plates
(Fig. 7.32.b) with adequate ties to resist any
unbalance in lateral components of force. The axial
forces from the overturing moment must be resisted by
adequately detailed reinforcement placed in the newly
constructed foundations. The wall shear forces must be
transmitted to the foundations by sufficiently anchored

web reinforcement.

Madifying the soil for improved foundation support
can be per formed by compaction grouting in case of fine
grained sails, or by chemical sclidification in case of
relative permeable granular material. compacticon
grouting results in densification of the soil and,
therefore, it reduces the potential for liguefaction.
Providing cchesion in granular scils by chemical
saolidification also reduced the potential for

liquefaction.
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shear wall: 4 - added reinforcement concrete; 5 - added reinfor-

cement: & - welded steel plates

Fig 7.31 Construction technique for sttengthening
foundation with in-infilling shear wall
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| - existing columns; 2 - existing foundations; 3 - added cast~in-place
infilled shear wall; 4 - added concrete; 5 - added reinforcemenc;
6 - diagonal anchor bars; 7 - welding; 8 - szeel place

Fig. 7.32 Technique for anchorage of new shear wall in
the existing foundations



Chapter 8

DESIGN PROCEDURES FOR REPAIR AND STRENGTHENING OF
R.C. BUILDING

8.1 General:

Rational design of existing damaged and/or weak
structure is unanimously acknowledged as one of the
most difficult problems that the engineer has to face,
and there is certain number of reasons for it:
uncertainties related to the assessment of existing
structures, as well as the unconventional analytical
models needed, also his knowledge of the structure is
generally very incomplete. [2]1 The safety level of a
damage structure and alsco the accepted ways to
demonstrate this level are not settled by any technical
regulations. Experimental as well as theoretical
studies have been carried out, in order ta establish
design method for upgrading. Temparary provisional
conclusions and practical guide rules are gi;en for
redesign purposes, with emphasis on the real
characteristics of the final sections after
interventions as compared to the corresponding ocnes of
equal but monolithic sections. When a building is to
strengthened or repaired, its projected new response
characteristics must be carefully analyzed so that the
selected procedure does not create new weaknesses. The
strengthening and repairing must alsoc be cost—
effective. Information on the relative merits of
different strengthening and repair procedures is needed

for the design process of repair and strengthening. In
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general , while working in redesign and especially when
dimensioning additional structural arrangements, it
should be noted that the following twoe aspects have
also to be considered: (21

a) Serviceability requirements should be also be

taken into account, i.e. criteria concerning the
adequacy of final stiffrnesses and criteria
concerning the width of cracks of repaired and/or
strengthened building elements have to be sought.
by Durability should alsc be thoroughly considered,
i.e. properties of existing as well as of
additional materials under aging—-environmental
actions and imposed deformations (especially
thermal —effects and additional problems of time—

effects due to the intervention itself).

The following basic steps need to be taken in
raedesign of repair/strengthening:
1- Chose criteria of repair and strengthening.
2— Damage evaluation and selection of repair and/or
strengthening sclutions.

3—- Final design procedures.

8.2 Criteria of Repair and Strengthening:

The design criteria for the development of
concepts for upgrading of existipg building, especially
seismic upgrading of existing building will be in
accordance with the applicable pravisions as required
for new construction. Each country or governmental
reqion should establish its own criteria based on
specific conditions related to the circumstances of the

region.
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8.3 Damage Evaluation and Selection of Repair and
Strengthening Solution:

Structural engineers in charge of damage
clagssification and evaluation, they can use the methods
mentioned in chapter 2, and chapter S or similar
techniques. The Japanese technique [16,171 is one of
the best techniques used for interventions after an
earthquake to classify the damage degree and Jjudqgment
for necessity of strengthening, for medium and low-rise

reinforced concrete buildings.

After the investigation has been documented and
the criteria for repair and strengthening, the designer
must typically evaluate the damage, perform analysis to
determine, why the damage occcurred, and develop
alternate schemes to repair and/or strengthen the
structure. These alternative schemes must be svaluated

and the most appropriate solution selected.

In general in most of the cases of damage
evaluation, the engineer involve in designifig of repair
and strengthening, he must first analyze the damaged
structure and thoroughly understand why the damage
ooccurred.  The force resistant paths in the building
must be determined and it must be explained why certain
member sustained damage while octher member were
essentially undamaged. It must be determined if the
structure suffered due tao discontinuities in strength
or stiffness, due to torsicnal moments within the
structure, due to hammering with adjacent structures or
due to improper connections or details. The effect of

non—-structural elements such as infilled walls and



appendages on the structural per formance must be
considered. 1t must be determined if members failed
due to shear, compression, tension, flexure, bar
ancharage, etc. This analysis is essential before any

repairs can be assigned. [11

Based on the calculation and analysis sclution of
repair and/or strengthening can be selected, a complete
analysis with the appropriate mathematical model,
according to the defined criteria, must be per formed
for the design. According to the sxperience gained
from past earthquake, more attention should be paid to
the weak links in concrete building such as: [13

1- Short, stiff columns in comparison to other
cclumns at the same level, possibly due to the
presence of partial height infilled walls.

2- Columns beneath discontinuous shear walls.

3— Abrupt changes in stiffness due to changes in
layout or structural system.

4— Concrete frame joints at infilled walls.

S—- Stories which are more flexible than adjacent
stories, possibly due to less infilled walls.

€&— Excessive building torsicn due to inappropriate
distribution of stiffness. )

7— Joint regions in concrete frames.

8- Flat slab to column connections.

9—- FPrecast elements with weak connections.
8.3.1 Evaluation of Seismic Capacity of Existing R.C.
Building:

As a consequence of the earthquakes over the

active zone in the world, most of the countries which
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are found in active seismic zone, they developed their
cwn methodalogy for the seisic evaluation of existing
building, with the purpose of detecting those with the
mast vulnerability, in order to make the preventative
actions necessary to improve the security of the
citizens in future earthquakes. The available
methodology such as:

1- Building Construction under Seismic Conditions in
the Balkan Region, "VYol. 4 Post-Earthquake Damage
Evaluation and Strength Assessment of Building
under Seismic Conditions, 1985". [33]

2- Japan Building Disaster Prevention Association,
"Guideline for Evaluation of Seismic Capacity of
Existing Reinforced Concrete Building,

1977 ,revised in 1930". [17]

3— The applied Technolaogy Council, "ATC-14:

A methodology for the Seismic Evaluation of
Existing Buildings, California, US8a, 1971". [181

These methodologies mainly depend on the base
shear strength of the main structural elements, the
caonnecticon strength and ductility of the connections,
the building configuration, the material tyLe, and the

interconnection of the structural parts.

The Japanese develop a practical method to
evaluate the cseismic per formance of existing medium
low—-rise reinforced concrete building in sort of
indices. The basic concept of the method [17]1 as

follows:

Unified seismic per formance index of structures: the

unified seismic per formance index of structure (I4) up
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to six stories is evaluated by the following squation
at each story and to every frame direction of a

building:
IB=E°- '3- SD- T ---------.----(8-1)

where, Eo= basic structural index calculated by
ultimate horizontal strength, ductility,
number of story and stary level considered;

G = local geoclogical index to modify the Eo—
index;

Sp= structural design index to modify the Eo-—
index due to the grade of irregularity of
the building shape and the distribution of
stiffness;

T = time index to modify the Eo—index due to the
grade of the detericration of strength and

ductility.

The overall method consists of three level
procedures; first, second and third level procedures.
The firset level procedure is the simplest, but most
canservative of the three, while the basic concept is

ommon for all three. o

<
Note: for more detail found in reference L[171].

8.4 Final Design Procedures:

Final design procedures include the detailed
calculations of the styrengthening solution and the
preparation of drawings, specifications and

instructions so the work can be accomplished. [11



The completed design for repair and strengthening
should be clearly presented in complete construction
drawings, instructicns and details. The designer
should keep in mined that repair technigues may be
unfamiliar to some construction workers and detailed
procedures and instructions must be provided. The
documents must show all work that is to be per formed
without leaving interpretation to the contractor and
the workmen. If existing conditions are unknown, the
drawing can require exposure of the unknown situation
and notification of the designer for determination of
the repair details. Schedules listing all columns,
beams and other elements in the structure with
reference to particular repair or strengthening details
or procedures can be helpful in clearly defining the

full scope of work. [13



Chapter 9

CALCULATION TECHNIGUES AND DIMENSIONING OF ADDITIONAL
STRUCTURAL ARRANGEMENTS

9.1 Columns:

In this strengthening technique, the preventing
shear failure of columns and the improving the
ductility, the adjusting cclumn stiffness and the
making them unify as possible, or the increasing
flexure capacity of caolumns may be aimed to improve the
seismic per formance of a building. Many retrofiting
techniques are available and have been applied for such

purposes.

9.1.1 R.C. Jacketing for Strengthening:
9.1.1.1 Calculation Techniques:

The Japanese techniques developed for calculations
to improve ductility, to improve stiffness
distribution, and to increase flexure capacity of a

column as follows: [14,171]

iy Calculation procedure for ductility improvement:

(a) The existing condition on a column should be
checked by using equation (9.5) if the ductility
improvement would be possible for the column or
not.

{b) Assuming the required Ductility Index F.

{c) Estimating the required ductility factor p
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corresponding to the F-value.

{d) Estimating the required shear reinforcement
ratioc pw= corresponding to the required
ductility factor p.

(e) Checking the result if the target is achieved or

not.

ii) Calculation procedure to improve stiffness

distributicn:

(a) Assuming the effective flexure length of a
column after removal of non—-structural spandrel
walls.

(b)) Estimating both the flexure and shear strength
af the column using the effective flexure
length, and also estimating both the values of
Strength Index C and Ductility Index F.

(c) Checking the result if the target is achieved
or not. If the target is not achieved, the
combination with the other strengthening

technique should be considered.

iii) Calculation procedure to increase flexure

capacity:
(a) Estimating the values C and F required for the

strengthening.

(b)) Estimating the flexure capacity of a calumn
corresponding to the value C, and estimation
the required quantity of tension reinforcement
corresponding to the flexure capacity.

(c) Estimating the shear reinforcement ratio pw=
corresponding to the value F.

{d) Checking the result if the target is achieved

ar not.
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Where the notations mentioned in the above three
calculation procedures for cases of strenathening a

column, are given in the “STANDARD" [17]1 as follows:

C = WUltimate strength index of structure
( estimated by three level screening procedure;
first, second, and third level procedures. The
first level procedure is the simplest, but most
conservative of the three, while the basic concept

is common for all three) [171

F = Ductility index of structure
{ estimated by three level procedure and this index

indicates grade of frame ductilityl

p = Ductility factor [ 5 2 p 2 2 ]

9.1.1.2 Calculation Equations:

The ultimate flexural strength a column may be
computed by equatiocn (9.1) which is given in the
"STANDARD"

Mu = 0.8 Agoy,h + 0.5MNh (1 — N/ bhf:d aanesmas(F.1D

where, As= area of tension reinforcement, [ mm=]
b = width of compressicn face of column, [mml
h = cross—sectional depth of column, Cmml
fe= compression strength of existing concrete,
CMPal
N = the axial load of column [N]
o= yield strength of longitudinal reinforcement

CMPal
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The shear force of a column in which the yield
hinges developed at both the top and bottom of a column
may be computed by equation (3.2).

Qmu=2Mu/Hq ll.-.-.l.-..-l..l-.l.l..(gﬂz)

vhere, Ho= effective flexure length of column.

(aNEN COVER CONCRETE

h=
a h g,
¥ |
ADDED HOOP

XISTING COLUMN

Fig. 9.1 Notations for columns after strengthéning

The ultimate flexural strength of a column in
which the new tension reinforcement are added may be

computed by equation (2.3)
Mu= Asﬂ'y g + As=- Fy= Q=t 0.5MNh={1 - N/b=h=fc1? « (9.3)

where, feoa2 = compression strength of new concrete
CMPal
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the notations with the subscript 2 represent the

notation after strengthening. See Fig. 9.1.

The ultimate shear strength of a column after

strengthening may be computed by equation ( 9.4).

0.0533pe=2"=2(17.658+f-1)

“

Q-u =

+0. 8457J PwlwytPuwzlwy=
M/@d= + 0.12
+0.1 UQ}OIBbzhz ..--..---.-----(9-4)

where, the nctations with the subscript 2 represent the
notation after strengthening. See Fig. 9.1, and,
Pe==Ag/bz=h=

p.= shear reinforcement ratioc in column.

Fuwy= yield strength of shear reinforcement in column

[MPal

Puw== additional shear reinforcement ratic in column
N/ bh [MFPal

]

To

The value M/Qd= may be taken as 1.0 if it becomes less
than 1.0, and alsc may be taken as 2.0 if it becomes

larger than 3.0

The value d= may be usually taken as H.,/2.

Special Reguirement to Keep Ductility:

Columnse in which the ductility improvement is

required shall be within the following limitationg

70p1’ + o.a { 37-5H°/(R1h) -...-.-.-.-.(9-5)
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Where, the value usualiy may be taken as 1.0, pe:
ariginal tension reinforcement ratio, o0o2 unit axial
stress of co lumn by gravitational load, ho: effective

flexure length of column, h : depth of column.

Mote: " all the requirement mentioned in Chaptér 7
about columns have to be thoroughly considered and

followed".

9.1.2 R.C. Jacket on Damage Columns:

After removal aof the temporary load bearing
supporting, loads are transmitted from the original
column to the reinforced concrete jacket through the

_ following mechanisms: [131]

a) Through bond and friction, developed between the
original column and the jacket. Load is
transferred through the jacket from the upper to
the lower part of the column.

b At the upper part of the column, lcad is
transferred from the original reinforcement to the
new one through the bent down bars (and vice versa
at the lower part of the column, beyond ;he
damaged region).

c) Concrete fills the region of damaged concrete
contributing to partial restoration of column’s
continuity.

d} Directly from the beam to the top of the jacket,
if pouring under pressure is used, from to the top
of the column (i.e. through holes in the slab
abave).

) Through the existing reinforcement, if buckling of

the bars has not occurred.
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Based on the above considerations some conservative
rules for dimensicning of reinfaorced concrete jacket as

foilows: £21

0.2 Nt ot T Nr' -
JEg + x ( ) « A's ..10(9.6)
) . At

Ne

22
~

where:

Ne : locad to be transferred by means of additional
reinforcements (Atg), welded on existing
reinforcements, [N oA

Neos: total axial load to be retained to after taking—

off temporary shores, and/or additiocnal loads to
act on the column after repair and/or
strengthening, as well as after eventual
shrinkage, creep redistribution, CNT

Nrwws * load to be trusted to the damage column (a

roughly estimated percentage of Meow?, [N]

) : the half length of jacket [ mml, )

®x = Eg/Ec,

A'. : cross sectional area of additional concrete of
Jacket Lmm=1

Ata: cross sectional area of longitudinal additional

reinforcements. CLmm=1]

Equation (9.6) based on the fact most of the friction
is mobilized when concrete—to—concrete slip reaches a

critical value of Q0.2 mm.
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If . denotes the diameter of bars used for hoops
provided in the jacket (every on) near its ends, the
following equation secures the substitution of tensile

strength of Jjacket‘'s concrete by hoops”

fct,m-x-t-ah= fay. 1152.-./4 ’ ()

ahx lll..ll.ll.(9.7)

t

where: fcs,max. = maximum tensile strength of
concretea tMPal
The length vo, along which these densely spaced hoops
have to be provided, is estimated by means of the

assumptions shown in Fig. 9.2 3

Nex (p.oyd. B8t. X p Tce,min. Bt. , or

Vo & 0.2 Ne¢/ pofee-t meesensssesnanne(F.8)

where, Me= load to be transferred to the section of the
Jacket ( A'-?, by means of lateral friction

(secured through horizontal compressive

stresses produced by differential Poisson’s

deformation) [N1
Br = friction coefficient corresponding to
Te™ fos,min
t = thickness of jacket. Lmm]

Empirical formula is given for the dimensioning of
the bent—-down bars needed to connect existing

reinforcement to the additional longitudinal
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reinforcements. This formula is valid when two levels
of 4 bent-down bars are provided, above the damaged

area: [2]

2/3 (Myoe— Nrgaed = 4(0.1. wd=/4f., = S0.s.dfcc)

where d = the diameter of the bent—-down bars [mml
s,=critical slip ¢ % Q0.2 mm)
fmy = vield stres of steel CHMFal

fee = cube concrete trength LMFal

Provisional recommendations:

First of all, the increased —factors (for
concrete and additional welded reinforcements) have to
be taken into account, when dimensioning the R.C.
Jackets ( Ref. 1 chapter 6). Alsc, additional
requirements (in regard with minimum additional
reinforcements, thicknesses of jackets, etc.) are
summar ized as follows:

1- In case of shotcrete:
a) min thickness aof jacket= 50 mm
b} new welded re-bars, min. 1514/150

c) densely spaced closed stirrups, min. -28/7100.

td
I

In case of cast-in—-place concrete;

a) min. thickness of jacket:
for one cage of re—-bars: 70-100 mm
for two cages of re-bars: 100-150 mm

b) for rebars and stirrups: the same requirements.

Also, the requirements for sur face preparation and
the problems of normal cast—-in—place concrete as well
as af shotcrete discussed in chapter 7 have to be

thoroughly considered.
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o lateratl
friction compression slip

bent-down
/////’ bars )

o
=t£}gt3&‘d

Fig. 9.2 R.C jacket for repair of columns:
critical length vo where jacket suffers the
highest horizontal tension (Concentrated b
friction transfer) :
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9.2 Beams:

The aim of repair and/or strengthening of beams
is to provide adequate strength and stiffness of
damaged beams which are deficient to resist gravity and
seismic loads. It is important that the range of
stiffness values for the beam and coclumn be
investigated for moment resisting frames subject to
forces to insure that potential hinging will occur in
beam rather in column. The beams must not be made too

stiff with respect tao the adjacent cclumns.

9.2.1 Flexural strengthening:

The available techniques for increasing the
flexural capacity of a beam are, qlued thin steel
sheets and reinforced concrete jacket. Some
experimental and theoretical data are vailed for these

techniques. [2]

9.2.1.1 Glued thin steel sheets:

The decisive factor in dimensiconing the steel
plates to be bonded to the R.C. members (mainly beams),
is the strength of their bonding. Steel strength
cannct, therefore, be fully exploited. This is ocne of
the reasons why thin plates are preferred (t:f3mm,
suggested by some authors in case of ordinary building—
elements), unless special mechanical anchorage systems

are provided. [2]

Bond stresses in the anchorage area of steel glued on

relatively thin concrete sections as follows:
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chtw. %)

Tx(%) = TomsW otwa. seesasusans CFT)
sh(w.la 2

where,

Tow = Stress in the steel plate immediately ahead of

the start of the anchorage zone in N/mm=

— -11/2
Gg 1 1
w = C + )] in mm—?
Gg , tg : shear madulus (in N/mm=) and thickness (in

mm) of the qlue

Ecy tc : modulus of elasticity (in N/mm=) and
thickness (in mm) of the concrete element

Eay te @ modulus of elasticity (in N/mm=) and
thickness (in mm) of the steel plate

*® : position coordinate in mm

la : anchorage length in mm.

For continuously glued sheets, a full check of

laocal bond stress may be needed at every point.

According to Greek "Recommendations for
Repair/Strengthening” (N.T.U.,1978), the following
formula for the local bond stress may be used, in case

of continuously glued sheets:



v Y
Teox™ =
Fla, 1 di—x% Za Aa, 2
b.z=.(1 + . . b.z=.(1+0,85 )]
Pu, = dz—% zZ= Aa, =
I = P R4 )
where:

V : shear force to be retained by the R.C. eslement

After repair and/or strengthening. LN]

For the other notations are shown in Fig. 9.3.

r o
—t Strengthened heam

h

|| e—e—e—- As.t NOTATIONS

-

As,2
/,x_ b N
¥ *
Glue
shear
Ec stresses
X Fe
1
th
/ I T
existing Z;
int
reinforcements - Fs.L
L ]

Tsteel sheet €s.2 F3.2 !

Fig. 9.3 Notation for equation (9.10)
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Provicional recommendaticons:

1- Continuously glued sheets: The local bond strength

b

should not be higher than the mean tensile strength

of concrete foreseen by the C.E.HE. -Model Code:

Tae £ 1/ efce.m B G- B
where: foe,m = mean value of tensile strength
of concrete
Sheets glued only at anchorage zones: In such a
case, on the basis of the actual stage of knowledge,
tws possible approaches may be used in calculating
anchorage lengths (although a considerable
uncertainty should be expected in this connection):
i) check of the local bond stress Ta.maxfor a chasen
anchorage length l,, as explained before.
However, due to the very high To—values
calculated with this method, it is temporarily
suggested to introduce a rough corvection factor

egual to 2 ( instead of 3):

1/27¢,m-,‘5(1/34).f=g,m. -----------(9-12)

iid A more pragmatic approach is based on pull-out

force-displacement diagrams Experientially or
theoretically prepared, taking alsc into account

the time-effects, see the Fig. 9.4.

First, these diagrams have toc be "reduced”
{dividing their ordinates by a mn—factar, say

equal to 1.5, in order toc asses a "safe" behavior).

—If the full bearing capacity of such an anchorage is
to be explaoited, then an anchaorage length l.: is

found in the figure for a design force Fga,a-
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-If a limited front slip Sa is imposed by design
conditions (acceptable deflectiocns or other
serviceability requirements); then a larger
anchorage length lag= is found in the figure for a

design force Fae,as

)
l'“2 ( l°1) *safe’ behaviour

© J e gy
(5] - g
5 -
3
Qo
L.
] . .
e *safe’ behaviour
for lq
1
Fﬁd

front slip S

Fig. 9.4 Relation-ship between the pull-out force and
front slip

However, additional mechanical anchorages (e.g. by
means of dowels) are recommended for the anchorage

zones of such steel sheets in any case. [2]

It is also recommended that the steel sheet
section be greater, by at least a factor 1.5, than the
section calculated on the basis of the strength of

steel:
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A-xl-S-A-,n--d-d y .---------.---.--(9-13)

on the én—factor for the additional steel has to be
grater, by a factor 1.5, than the normal factor for
ex;sting material:

% x1.5%
when a section is strengthened by use of bonded steel
sheets, additiocnal bending moment capacity must not
exceed half aof that the section before any repair
and/or strengthening works:

AMu.ada. £ 1/2(Mu, @ximu.?

Finally, the requirements mentioned in chapter 7 (in
regard with thickness of sheets and bond layers,
sur face preparation, protection against fire, etc.)

have to be thoroughly considered and followed.

9.2.1.2 Reinforced Concrete Jackets:

(cast—in—place concrete or shotcrete?

Dimensicning of a beam strengthene&‘by R.C. Jacket
on top and/or on bottom of the beam (cast—-in—-place
concrete or shotcrete plus additional welded re—bars),
have been presented in C.E.B. techniques [2]1 in form of

—factors, because redimensicning may be carried out
taking intao account the entire section constituted both
of the old and the additicnal materials, as if the
final section were monoclithic. Obviously, such a
hypothesis leads to strength and stiffness
characteristics (Mu,my Vu,.my Km) higher than the real
ones (Mu,r; Vu,ry Ke). Corresponding correction
factors are foreseen by the Greek "Recommendations

for Repair/Strengthening”, as follows:
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a) Cast—-in—-place concrete con the top of the building
element:

When AAQ. £ 1/3 Ac (Pfe: area of existing R.C.
elament)
for beams: My, 2 Mu,m = 0.80
Ya,er & Vuom = .80
K. 2 Km = 0.65

When A A 2 1/3A: (Ac-: area of existing R.C.
element)
for beams: Mu,r f Mu,m = 0.65
Vaor 2 Vaom = 0.65
K. : Em = 0.40

b)Y Shotcrete (gunite)d

(plus additional welded reinforcements)

for beams: Muor 2 Mu,m = 0.80
Vu.r H vu.m = 0.80
: Km = 0.65
Where:

Mu,» = the real bending strength of the final
section,

Mu,m = the bending strength as if the final
section were monolithic.

Vu,r = the real shear strength of the final
section

Vu,m = the shear strength as if the final section
were monclithic.

K. = the stiffness of the final section

Km = the stiffness as if the final section were

monolithic
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Provisional recommendaticns:

i) When the provisions presented above are observed, it
seems that no major problem arises regarding the

dimensicn of these R.C. Jjackets.

The max. shear stress due to bond is recommended to
keep it lower than two thirds of the mean tensile

strength of the "old" concrete: [Z2]

1 2

f:b.m

1%
.

Taxe mam

%

1 2

1

f2,ag|¢ -n-------(9-14:’

% 10

where Ta ; fe in MPa.

The maximum bond stress at the interface of flexural
elements can estimated by equatiocn (9.10). MNominal
strength can be increased, in case sheaé connectors are
used, by an amount of approx. 30%Z for closely spaced
anchors if no more advanced redimensioning methods are

used. [2]

—For flexural elements repaired/strengthened by
shotcrete jackets, the max. shear stress due to band
T, max 18 recommended to be less than the one fourth of
the mean tensile strength of the "old" concrete; it is
recommended that in any case, a minimum of shear
connectors { capable of fransferring a stress sequal to

O0.4Tx, max? should be pravided. In case flexural
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reversals or dynamic loading are expected, the whole
shear force at the inter face is recommended to be
transferred through shear connectors and, anyhow, the
maxzimum shear stresses has to be less than the two
thirds of the mean tensile strength of the "old"

concrete. [2]

ii) It is recommend that Kn—factors for concreteand
additicnal welded reinforcement be greater. It is
generally recommended that the thickness of the new
concrete layer has to be less than the thickness of
the existing concrete.

Ap. £ 1/3 Ac.

9.2.2 Shear Strengthening:

The available techniques to increase the shear
capacity of a damage and/or weak beams are glued thin

steel sheets, and R.C. Jjackets.

9.2.2.1 Glued Thin Steel Sheets:

The decisive factor in dimensiconing the steel
plates toc be bonded to the R.C. beams, is the strength
2f their bonding. Steel strength cannct, therefore be
fully exploited. 1In case of ordinary building—elements
the thickness of the plate must be less or equa1.3mm,

unless special anchorage systems are provided.

Fig. 9.5 show the caversimplified model for
calculations of this techniques, {21 the diagonal

cross—sections of the glued steel sheet (limited to an
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inclined shear crack) is undertaking the shear force V.

Va = V = Vaximt. e =
where:
V = shear force toc be retained by the R.C. element
after repair and/or strengthening. CN3
Vaximt.= shear force to be trusted to the existing

(damaged and/or weak) F.C. element. L[N]

O.I'Tc,maxzfa\ » L 0 'F‘I/’é.d (§=03)

A

vam glued

o
steel
sheet

41
7Z = F.
3 L s
1 1

. _ < hytfsy
Fs = (lz—g-).d.loIq <
d}

7Vs
l, = min{a,, (1-)

v

Fig. 9.5 Oversimplified model for calculation of shear

force of beam strengthening b .
steel sheets g by glued thin

For design purposes, a rough appraximation of the
mean value To of the bond stresses cuuid be sought,
2.0 Tx ~ 0.4 To,max. » 50 that the thickness t of the
sheet and the bond strength To, maxneeded should fulfill

the following conditions (which, of course, must be
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completed by the appropriate partial safety factors):

t 2 0.235de —8— aaaa.- ansnsenanea(Fa1E)
fus
d-la
VSﬁ - Tq.m‘x- -Il---.--.-.ll.(gul‘?)

td

where the notation are shown in Fig. 9.5.

Provisional recommendaticns: [Z2]

i) This method of gluing thin steel sheets used for
special cases , when the advanced technology and
high level of quality control required are
available.

ii) According to C.E.B.—model code the maximum shear
stress due to bonding to be less than the mean
tensile strength of the concrete;

1 1 3

<

Tu.m-n-— - fckzla == w (9- 18)

-fct-m x

Ue 0. 10

where Ty, fc in MPa.

iii) If the condition regarding the shear force which
can ﬁe transferred (Vg 2 dlo/2 Tox,max.) is not
fulfilled, appropriate addition mechanical
connectors should be used.

iv) It is alsoc recommended that the steel plate section

be greater, by at least a factor 1.5, than %the
section calculated on the hasis of the strength of

steel:
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A-xlns A-.ﬂ’-d-d --ll-.---...-l--(‘a.lg}

v) When a section is strengthened by use of bonded
steel sheets, additional shear capacity must not
exceed half of the section before any repair and/or

strengthening works:

Vu'“dd 5. 1/2 VU'-x‘_-ﬁ- ----.--.--..(9.20)

Alsa, the requirements mentioned in chapter 7 and

8 have to be thoroughly considered and followed.

9.2.2.2 Reinforced Concrete Jackets:

Accocrding to the extensive experimental and

theoretical investigation summarized in reference [21

which have been presented in a form of factors as

follows:
Vu.r = 0.80 Va,m ceasnesnsnns o=a(F21D
where:
Vu,r = the real shear strength of the final
sectiong; LN
Vua,m = the shear strength as if the final LN

section were monclithic.

Fig. 9.6 show oversimplified model for calculaticon
of shear force (Vga) taken by the additiocnal tensioned

stirrups,

V-'—'V_V-x’,-t. .----.-------------n(’3-22)
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Where:
Vv

shear force to be retained by the R.C. element
after repair and/or strengthening. EN1 _
Vaxims .= shear force to be trusted to the existing

(damaged and/or weak) R.C. element. [NJ

q_ e

S new closed A

Za B stirrups SW

d &
: 4

i /. Bl R.C. Jacket
Nl Y L -
T stirrups "L‘ =

FS
A
<s-—§—-os d.fsy?2
F !
s z 'Z‘Vs

Fig. 9.6 Oversimplified model for calculation of shear
force taking by additional stirrups

For design purposes the amount of new stirrups
should fulfill +the following condition <(which, of
course, must be completed by the appropriate partial

safety factorsd:

1/2 Ve
A‘w/sl -..I----.--I‘....l.--.(9.23)
0.9d. fay/2
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where the steel stress at limit state has to be
taken as equal to half of its yield strength, in order
to account for deviations of additional stirrups when
they are applied on a round irvegular periphery of a

concrete element.

In cases of non—closed stirrups or diagonal bars
for shear strengthening, the safe transfer of forces
acting on these additional reinforcements has to be
secured by adhesicn and additiocnal mechanical heavy

duty connectors (dowels, anchors, etc.)

Provisiocnal recommendations:

i) It is recommended, thatwig—factors for concrete and

additional welded reinforcements be greater.

1ii) When R.C. beams are strengthened by R.C. Jackets,
it is generally recommended that the thickness of
the new concrete layer be less than one third the

thickness of the existing concrete:
Anc.}. 1/3 Ac l...l.-.._-ll--..-.-li(9.24)

iii) All the requirements mentioned in chapter 7 and 8

be thoroughly considered.
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9.3 In—-filled Shear wall:

fn extensive amount of data of theoretical and,
mainly, experimental investigations of the behavicr of
strengthened R.C frames {(damaged and/or weak) by means
of infilling shear wall have been reported in the
literature. [20-301]

The in—-filling shear walls includes: (1) to fill
the existing frame by a new reinforced concrete shear
wall. (2) to fill the opening of existing reinforced
concrete wall with new concrete and to make a
monclithic wall. and (3) to increase the original wall
thickness with new concrete. The new reinforcement
concrete shear walls are anchored to the existing R.C.
frames or walls by the post-installed anchors or the
concrete shear keys or welding the rebars in the
existing frame. This technique increase the shear
strength of frame. However, the flexural strength or
the strength which is dominated by the uplift of
foundation may become lower than the shear strengéﬁ.
There fore, the smallest of the shear strength,
flexural strength or the foundation uplifting strength
should be taken as the final strength after

strengthening. [141

The building strengthening by in—-filling shear
walls generally should be designed by the strength
design concept. However, the building may be
strengthened by the ductility design concept. If the
member per formance of in—-filled shear wall will be
dominated by the flexural failure of in—-filled wall or

the uplifting of foundation.



The unit shear stress of 0.257f, (fe: compressive

strength of concrete) for the harizontal cross-—

secticnal area of in—-filled wall may be expected to

estimate the required cross-sectional area of in—

filling shear wall without opening. The following

values may be assumed for the ductility index F of in-
filled shear wall. [141

F =
F =
F =

9.3.1

9'3' 1.

1.0 for case of shear failure of shear wall.

2.0 for case of flexural failure of shear wall.

3.0 for case of uplifting of foundation.

Calculation Techniques:

1 Calculation Procedure:

The calculatiocn procedure for in—filling shear

walls

1-

iz as follows: [1473

Evaluate the structural performance of the
existing building.

Determine the strengthening policy, for example,
the strength design concept, ductility design
concept, or its combination.

Determine the strength or ductility required for
the building.

Assume the compressive strength of concrete for
strengthening, and assume the unit design shear
stress of in—filling wall.

Assume the thickness of in-filing wall, to
estimate the wall length required, and to decide
the arrangement of walls.

Calculate the shear reinforcement ratino of wall,
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in—fi
the f
1._

the
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and estimate the number of post—-installed anchors
required. |

Cal-ulate the maximum shear strength of in-filled
shear wall after strengthening.

Check if the total seismic perfarmance of the
entire building reached the target of
strengthening or not. If it did not reach the
target, the procedure from the step (57 should be

required again.

.2 Calculation Equations:

The shear strength which would be expected for an
lled shear wall should be taken the smallest of
cllowing: [143

80 thorough 90 percent of the shear strength which
may be calculated assuming that the in—filled wall
is jointed monclithically with the boundary
columns and beams, such as an I-section member.
However, 20 through 100 percent of the shear
strength as a monolithic shear wall be taken, if
the ﬁast—installed anchaors will be proavided for
the Joint.

The shear strength which may be calculated
assuming the special shear transfer mechanism.

The strength which is dominated by flexural
failure,

The strength which is dominated by uplifting of

foundation.

The Tollowing equations may be used to calculate

apacities of the above.
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i) Shear strength as a monolithic shear walls:

The equation which is given in the "Standard for

Evaluation of Seismic Capacity of Reinforced Concrete

Buildings"

£171 may be used ta calculate the shear

strength as a monolithic shear wall but some of the

notation redefined as follows:

i
lal

WQ-U

Where:

Res

Da

Ty

Co

M/8

0.0538p..°-23(17.658+f)

+ 0.8457‘ Pw Twy

M/sQL + 0,12

+0- IO-CI}' b-.j -.....-....C'B-ES:)

i

i

i

100As/ bal-
total area of longitudinal reinforcement in
column at tension side. L[mm=]
AL
total cross—-sectional area of wall included
boundary columns. C[mm=]
distance from extreme compressiocn fiber to
extreme to tension fiber. Cmml
Au/ba.-s
area of horizontal reinforcement in wall.
Cmm=1
spacing of horizontal reinforcement in wall.
Cmml
yield strength of vertical reinforcement in
wall. L[MPal
M / bae.L EMFal
total gravitational locads on boundary
columns.  L[NJ
ratic of moment to shear
£ where, @ = Bnu = 2 JMa /7 H. , and,

whu = Bg T, 1, + 0.5 Au.Tuy.l. + oSNl 1
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J = the smaller of 0.8L or distance between
centroid of boundary columns. Cmm1
1., = distance between both centroids of boundary

calumns [mml

Ag total area of longitudinal reinforcement in

boundary column at tension side, [mm=1

ii)_Shear strength by special shear transfer mechanism:
The shear strength should be the smaller of the

followings

wQ-u = wG!"u + 2 m Qc I...-IIO.III-I.('B-ZG}
wQ-u-—.Q;""ch"’ch n-------n---n-(9-27)
where:
wlf wu = shear strength of in-filled wall panel.
&, = shear strength of post—-installed anchors

which are arranged to the top and bottom
of in—filled wall.

v = punching shear strength of the one side of

boundary coclumns.

8. = the smaller of flexural strength or shear
strength of the other side of boundary
columns.

o = deformation compatibility factors, 1.0 for

shear failure and 0.7 for flexural failure.

iii) Flexural strength as an I-section member:

The equation which is given as equation (14) in
the "Standard for Evaluation of Seismic Capacity of
Reinforced Concrete Building" [173 may be used to
calculate the flexural strength of the wall, but the
strength transferred by the reinforcement in the wall

which equal to (0.5 A, 0wy lu?) should be replaced by
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the strength of the post—-installed anchors and became

as faollows:

wile = Ag 0y 1, + 8, + O, 5M1, cnmeanaa=a=(F.28)
Where:
Ag = total area of longitudinal reinforcement in

boundary column at tension side. Cmm=1]
o, = yield strength of longitudinal reinforcement
of column. [MFPal
l., = distance between centroid of boundary
columns, [mm]
@, = shear strength of post—-installed anchors.
M3
M = total gravitational lcads of boundary columns.
LN1]
Alsc the strength transferred by the reinforcement in
the wall should be neglected in case shear keys is used
to Jjoint the shear wall to the column, and the became
as follows:

wMu = Ag oy 1o + 0.GMlL, ceeccanannan csesnna{T.29)

iv) Punching shear strength of boundary columns:

pgg=Km1n 'ro b-h L N R R R L] (9-30)

Where:

To = 10 + 0.1 fo, + .85 o [MPal

for O < o < € 0.33 for — 28
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and, Te = 0.22 foa + 0.49 @ CMFPal
for € .33 Tca — 28 1 € ¢ < 0.66 foa

be = effective width of the column which is

punched. L[mml

h = depth of the column which is punched. [cml

a = h/3 Lmm3]

fea = compressive strength of the existing frame.
tMPAT

T = Pg.0, *+ T4 [MFal

Pa = Ag / ba.h

Ag = total area of the longitudinal reinforcement
of boundary column. Lmm=1

o, = yield strength of the longitudinal
reinforcement of boundary column. fMPal

0o = N / bw-h [MPal

N = axial force of the boundary column. [CMI

9.3.1.3 Design of In-filled Wall Panel:

1- First the Ductility Index F should be determined,
and design shear force @p for the in—-filled wall
panel should be decided. [141

&) The design shear force for the in-filled wall by
using the post-installed anchors approximately as

follows:
beﬁwg.u -------------n(9-31)

where:
wlau calculated by eguation (39.2357
In case of the embedded length of the anchor

equal Sda:



@ = 0.8 anchors arrvanged to only top and
bottom of a wall
# = Q0.9 anchors arranged to the surroundings
of a wall
In case of the embedded length of the anchors
equal 8da.
& = 0.9 anchors arranged to anly top and
bottom of a wall
@ = 1.0 anchors arranged to the surroundinags
of a wall
Z— The unit shear strength v. computed by equation
{9.32) should be less than the upper limit 7o which

would depend on the Ductility Index F assumed.

where, t. = thickness of in—-filled wall.
l., = clear length of the in-{filled wall.
The upper limit of unit shear strength Tp are given

as follows:

Tp = 0.16 fo - L forr F = 3.0 1
= 0.20 f- € for F = 2.0 1]
= 0.20 fc L for F = 1.0 1

32— The shear reinfaorcement of the in—-filled wall

should be provided to satisfy the following equation
ﬂ-@wu}an .lI.I.llI--.-.lIIQIII(QIBB)

L in case of that the post-

sje
[y
[

o

g = 0.9
installed anchors are arranged
to the surrvrounding of in—filled
wall panel 1

0.9 L in other cases 1

g = 0.8

where, G.. may be computed by the equation which is



given as equatiocn (13) in the "Standard for Evaluation
of Seismic Capacity of Existing Reinforced Concrete
Buildings" [171]

9.4 Steel Bracing Systems:

As menticoned in chapter (7) section (7.7.3) steel
bracing systems, the dimensioning and the design method
menticned hereafter will be for the following
techniques: [14]

1- The technique using the special steel frame to set
the steel braces or panels into the existing

reinfovrced concrete frame.

td

— The technigue using Jjoint mortar or concrete and
the post-installed anchors to fix the steel
braces, called as the INDIRECT JOINT TECHNIQUE.

9.4.1 Target for Seismic Per formance:

i) Resisting mechanism depending upon steel bracing

systems
The structure after strengthening is assembled by

three resisting components as follows:
a) Existing reinforced concrete frame.
b) Steel bracing system.
c) Connections between the existing reinforced
concrete frame after the in-filled steel

bracing system.

And the structural per foarmances after
strengthening , and they are summarized in table 9.1.

The Type-1 structural performance listed in Table—-9.1
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is the most resisting system after strengtheninag.

Table-9.1 : Resting System after Strengthening by Steel
Bracing System

Resisting Mechanism or Failure Pattern
Types
R.C. Existing Steel Bracing Connection
Frame ‘ Sys=tem both
1 columns/beams Braces or panels| Don’t reach
shear or flezxureltension or shear|its maximum
yield yield strength
11 Columns or beams|Braces or panels|Jocint mortar
shear failure don’t reach or concrete
their strength slip
III jTension side Don’t reach Dan't reach
column yields by}their strength its maximum
tension strenath
v Short columns Braces or panels| Donj;t reach
shear failure tension or its maximum
shear yield strength

ii) Another resisting mechanism:

Another mechanism, such as foundation uplifting, may be
allawed after strengthening, because of that frame
deformation by the foundation uplifting may dissipate
an vibration enerqy without any damage on the frame or

steel bracing systems. [141

iii) Decision of resisting mechanism for design:

The total story shear adding the share of steel
bracing system shcoculd be estimated for sach mechanism
in Table 9.1 including foundation uplifting mechanism.

The minimum amcong them may be adopted as the lateral
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load for the design of steel bracing system. The share
of story shear by the reinforced concrete frame can be
estimated by "The Standard for Evaluation of Existing

Reinforced Concrete Buildings"., [171]

iv) Ductility index F after strengthening:

The value of Ductility index F in each type after

strengthening should be followed in Table-9.2

Table-9.2: Ductility Index F after Strengthening

Types Ductility Index F

I The value that is estimated for the existing
reinforced concrete frame, but 2.0 < F < 3.0

I1 F =1.5
I11 F = 2.0
v F = 1.27

For the foundation uplifting mechanism, the value 3.0

may be taken as the ductility Index F.

9.4.2 The Indirect Joint Technique:

The indirect Jjoint technique is actually
recommended for the application of strengthening by
steel bracing systems. Fig. 9.7 and Fig. 9.8 show the
details of this joint. The tests should be done to
confirm the per formance of Jjoint concrete before an

actual application, if the different details from the



figure shown are applied. The clearance h' between the

existing frame and the steel frame should be I60 mm
through 250 mm. to anchor the stud bolts and to keep
the lap length L in the Jjoint concrete. The thickness
of the plate of steel frame, t, should be more than

de/d, (da @ diameter of stud boltd. [141

EXISTING
POST- [NSTALLED ANCHORS NG R/C FRAME

STUD BOLTS

0~250
_l1//
o,

o)

P4

-]

I_ MORTAR
. 2~ =] MORTA -
STE=L FRAME’J ;;U ds z
gR STEEL FRAME
es! g t2ds/4
ey 250 30 < ey < 80
g 250
€ ! side margia of stea! frame
€5 ! edge margia of steel frame
T : gage of steasl stud
h” : clearasgce for joiat cagcrete

Fig. 9.7 Details recommended for Jjoint concrete area
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D.. < L > c
as L “:"U a/2 s/21 srEsp Frame
JOINT CONCRET \ | L S‘I’UD BOLTS & l'_DLl S/LUD BOLTS
3 IE—— e o 3
T | T
L, Ly b %
o 577“7#
—7~1 - ’W
EXISTING R/C FRAME M ROUGH ING i{i‘ ROUGHING
4\ ADHES [VE ANCHOR U #EDGE ANCHORS

(a) CHEMICAL ADHESIVE (b) MECHANICAL ¥EDGE
ANCHOR ANCHORS

Fig. 9.8 Details recommended for Jjoint concrete area

The anchor shculd have a head as shown in Fig. 9.9
in case using the mechanical wedge anchor without a

splicing rebar.

~— EXISTING CONCRETE INTERFACE
INTERFACE
y L 4 < HEAD

PP

—r /1—7 A
wenge /o ]/J eap WEpGE 71 Siegrew
(2) WITH A MONOLITHIC HEAD (b) HEAD WITH SCREFW

O eV e ] ',

Fig. 9.9 Mechanical wedge anchor with head

The details to reinforce the Jjoint concrete by
using spiral wires, hoop shape reinforcement, or welded
wire fabrics are shown in Fig. 9.10. 1In case of spiral
wires, the diameter of wire should be more than & mm,
and the pitch should be less than 40 mm through &0 mm.
In case of hoop shape or welded wore fabrics, the
diameter should be more than 10 mm, and the pitch
should be less than 1/2 through 1/3 of the steel stud

pitch. The reinforcement ratic in the Jjoint concrete
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should be at least 0.4 percent to confine the concrete,

to prevent the splitting of concrete. [141

EXISTING R/C FRAME Y L A}
P4 L/ / S 7

B O/ TErso-

" i_"l J > CONCR;T;

=

{a) SPIRAL WiRE (b) HOOP (c) WIRE FABRICS

,-_._

Fig. 9.10 Reinforcement in Jjoint concrete area

9.4.3 Calculation Techniques: [141

i) General assumpticons:

1- The seismic capacity of steel bracing system
should be the minimum among the five resisting
mechanisms which were shown in Table—-9.1 including
the foundation uplifting mechanism.

22— The strength of existing reinforced concrete
member should be calculated using the original
member size.

3- It may be assumed that both the tension and
compression brace reach the maximum strength at
the same time. At the time, however, the unit
compression stress in the brace member, fo., shall

not exceed:

fer = € 1 — 0.4 (XA D=2 3 F for A < A
= 0-6 F/ ()/A )2 fl:ﬂ" A)A ---.--.--(9-33:’
where,
A = effective slenderness ratic
A = limit slenderness ratic ( = = E /7 (0.6F)
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7
Il

yvield pcoint strength of steel.

m
il

Young’s modulus of steel

4— In case of steel panel system, the shear yielding
of steel plate should be assumed to calculate the
strength of the system, and the necessary steel
stiffener should be arranged to prevent the

buckling of panel in its elastic rang.

ii) Design procedure for strengthening by steel braces

memberss

1- Deciding the share of lateral load by the steel

brace system.

)
]

Assuming the size of a steel frame or braces.
3- Propartioning steel stud bolts or post—-installed
anchors. The unit strength of steel stud bolts,

Jus Mmay be calculated by:
qd-=o.64 u.m-“ Ad- l...l.-..l.-..ll('a.34)
where, OTmax = tension strength of stud bolt,

should be less than 4100 kg/cm=.

area of stud bolt.

Aae

4— Proportioning the Jjoint between the steel frame

and the braces

iii) Design procedure for strengthening by steel

panalss:
1- Assuming the size of joint mortar between the

steel panel and the existing reinforced
concrete frame.

Z— Assuming the size of opening or window within a



panel.

3- Deciding the share of lateral lcad by steel
panel system.

4— Proporticoning the thickness of panel under the
shear yield assumption.

55— Propaortioning the flange plates or stiffener
not to yield by ension or not to make buckling

of a panel.

iv) Calculation equaticns:

The potential lateral load capacity of a frame
after strengthening by the steel bracing systems, afeuy
may be taken as the smaller of the values which are

calculated by equations (3.33) or (9.36).

-Q-u = -Qu + Qc1 + ch --n----------(gnss:’
=QJ +pB= +Q=2 ---.------.-.(9-36)
where, x84 = capacity that is dominated by steel

bracing system, such as the strength of steel braces or
steel panel which are calculated by equation (9.372 and
(9.38). The others, Oci, =, &, and pB., may be
calculated by using the equations which are given for

adding shear walls. See equation ( 9.26)

The later load that is transferred by the X—shape

braces may he calculated by eguation (3.37)

wlly = (Ne + Ne dcasé asssenscnnnaaa(F.37)

where, the compressive strength N: should be the
smaller of compressicon yield strength or buckling
strength, and the tension strength Me may be computed
under its yield stress level. The angle 9 is shown in
Fig. 9.11.
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Fig. 9.11 Notation and assumption for load
transfer by steel braces

The lateral load that is transferred by the steel panel
may be calculated by equatiocn (3.38)

-Qu--"ry- t- 1- ------------..---------(9-38-)

where, T, = shear yield stress of steel plate
= g,/ 43
t = thickness of panel.
la = length of panel, effective length without
opening, see Fig. 9.12.

EXISTING R/C FRAME \  MODELING FRAME FOR ANALYSIS

sQuepm—=tb oS C
i 7 7
OPENING | 1 do
- -t
(| - 2o de | gTEE
: Q0 ~ [o\_ Qs } STEEZL PANEL
{ {
{ - { l = [ -{
e
P
sQu =sQ; +sQ:

Fig. 9.12 Notation and idealization for load transfer
by steel panel

In case =f the panel with opening, the flexural
strength of the region which correspond to beams or

columns of a panel shown in Fig. 9.12 should be
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checked by using equation (9.3%9) and (9.40), and the

thickness of flange plate should be decided not to

yield by flexure.

bMy = Oy = Ae-

cHy = (ry - Af-

where, o, =

Af=

db=
de =

de for beam region ....{3.39)

de for column region ....(9.40)

yield strength of steel used.
area of flange of beam or column
regions.

depth of beam region.

depth of column region.

See Fig. 9.12

The capacity of lateral force for the mechanism by

Type—-1VY, in where the capacity may be dominated by the

tension compression failure of existing boundary

columns, may be calculated by equaticn (39.41)

bMu

where, Tu

=Min [Tu, Nu J-l -----u---------(9-41:‘

= Ny + ¢ 6y. Ag)

M, = axial force by gravitational load
at tension side.
Nz = axial force by gravitational load

at compression side.
fo = cancrete strength.
= width of column.

depth of column.

Lol S =
il

total length of panel plate, or

steel bracing mﬂ
erid
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9.9 Design Techniques for Post-installed aAnchors:

Two types of anchors may be applied to joint the
new strengthening members/elements to the existing
reinforced concrete structure, chemical adhesive
anchors and mechanical wedge anchors. The typical
shape of them are shown in Fig. 9.13.

g/EXISFING R/C FRAME ~ EXISTING R/C FRAME

Ly INTERFACE - NUT
.~ o [NTERFACE —= p
ﬁ%?EE?mw%mwﬁw%ﬁﬂg &~1 e
/ } —r—— //i — 1 —
- | SPLICING REBAR ’ :

(a) MECHANICAL WEDGE ANCHORS (b) CHEMICAL ADHES{VE ANCHORS
Fig. 9.13 Types of post—installed anchors

9.5.1 Design and Calculation Equations:

Basic anchor strength is defined as the yield
strength of post-installed anchor or its bond strength.
The design strength should be taken the smallest of the
basic anchor strength or the strength of other failure

mechanism by a post-installed anchor.

i) Notations related to the equations for calculation

of shear and tension strenath of post—installed

anchor s

As shown in Fig. 9.14 the following notation will be
used in calculation of shear, and tension strength
of post-installed anchor . [14]

Ta = tension strength per a post-installed anchor,
LM3



T-l

Taz

la =

11=

12=

1¢|=

de =

Da =

A =

Aw =

Ao =

wfe

U3 -]
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= tension strength per a post-installed

anchor, that is dominated by its yield
strength, M1

= tension strength per a post—installed

anchor, that is dominated by embedded
concrete strength, N1

anchor length, Cimm3

= effective anchorage length, [mml

entire length of a mechanical wedge anchor,
Cmm]

embedded length of mechanical wedge anchor,
Cmm1

projected length of mechanical wedge anchor
from inter face, [mml

la =14 + 12

taotal length of steel bolt or rebar which is
spliced with post—installed anchd?; Cmm1
effective anchorage length of spliced steel
bolt or rebar, [mml

diameter of post—installed anchor, L[mml, or
nominal diameter of mechanical wedge anchor,
Cmm3J )

diameter of hole drilled, [mm]

diameter of wedge, [mml

effective area aof concrete corn projected by
a post—installed anchor, [mm21 ,as show in
Fig. 9.15

minimum cross—secticnal area of mechanical
wedge anchor, [mm=3

minimum cross—sectional area of spliced bolt
or rebar, [mm=1

= cross—sectional area of post-installed

anchor at inter face, L[om=]

= compression strength of existing concrete,

LMPal



Fe = design strength of existing concrete,
CMFal

Ec = Young's modulus of existing concrete,
[MPal

v, = specified yield of rebar, [MPal

w0y, = yield strength of mechanical wedge anchor,

CMFal

@a = shear capacity per a post—installed anchor,
[M]

Ray = shear capacity per a post-installed anchor

that is dominated by yield strength of
steel, [N1

Ba= = shear capacity per a post—installed anchor
that is dominated by bearing strength of
concrete, [N]

Qazs = shear strength of past—-installed anchor,

ENJ

Ta = bond strength of chemical adhesive anchor,
LMFal

Te = basic bond strength of chemical adhesive

anchor, [MPal

,'—*‘l—j INTERFACE -
— e_}/d L4 | .~ ANTERFACE
| PN, . ;a ’ dlb ’ !— da

D 1—-—:. — st § D Laman 0 . i —
e 2, e =)
A ,4 [ ‘ 1 I >—7f7—72 T =
! 1 ! ! L ! {
1 2 2 ! o
I, | Ly —2
{a) MECHANICAL WEDGE ANCHOR (b) CHEMICAL ADHESIVE ANCHOR
[
! [N | *
31 a2 ag 34
ZH £ D A
© - < £ 4

Fig. 9.14 Notation defined for each part of anchors
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Ar=me2. (2. +d.)

da CHEMICAL ~ &
MECHANICAL ~ py CORN FAILURE "I CORN FAILURE
\ SURFACE 4 SURFACE

- ]\\/ U,./ ’\;/r/

te

Ac

da

L, =¢ ~d, L=t—d,

Fig. 9.15 Definition for projection area, Ae

ii) SBhear strength of post-installed anchor:

The shear strength of poast-installed anchor, @,
sﬁoﬁi& be taken the smaller of 4. (strength dominated
by the steel strength of past-installed anchor? or Ba=
(strength dominated by the bearing strength of concrete

around the post-installed anchorl.
Q..:minEQ-; ¥ Q-z] ---.-----.-....C'g.q-.?)

where, Q. and Ga= depend on the effective

anchorage length as follows:
ta) for mechanical wedge anchors and d4de { lea 4 7da
Q-l = 0. 7 mo-y - -A-
Q-z = () - ‘\3 ‘I Eg - O-B - -A-
But, G. / =fe not exceed 245.25 MPa

(b) for mechanical wedge anchors and le > 7da
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0- 7 ...O'y - -A-

oz = 0.4 !Ec a 0B « afle

But, G4 / «fe shall not sxceed Z94 MPa

]

]

"
Il

(c) for chemical adhesive anchors and leg > 7da

@,-1 = ()l 7 0", - -A-

0- 4 | E: L] G'B - -A-

But, 84 / =ffa shall not exceed 2940 MPa.

Qaz

iii) Tension strength of post—installed anchor:

The tension strength of post—-installed anchor should be
taken the smaller of Ta: (strength dominated by the
vield strength of steela. Taz (strength dominated by
the corn failure strength of concrete) or Tas (strength
dominated by the bond failure strength of an embedded

post—installed anchor).
ta) for mechanical wedge anchors

Tars = min [ ooy, =« fa , 0, « Ao 1

T-z = ‘:) - 75 (L= Ac
(b for chemical adhesive anchors
T- 1 = a.y - AQ

O- 75 UB- Ac

T-I ki d-- 1-

qu

T.-a
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where Ta = 100 o0 /7210

9.9.2 Requirements and Provisionals:

According to the Japanese techniques the following

requirements and provisionals should be followed: [14]

€12 Common Items

i) The chemical adhesive anchor shall be

installed to where the anchors are expected

to resist the tension corresponding toc the

yield strength of shear reinforcement in a

wall. The embedment length of chemical

adhesive anchors shall be more than ten times

of diameter of the anchor.

iid

iiio

The diameter, pitch or arrangement of post-—
installed anchors should comply with; (see
Fig. 9.16 »

diamet=r z more than 13 mm , but less than

22 mm.

pitch : move than 7.5da., but less than
300 mm.

gauge : move than 5.5d. for double

gauges, more than 4d, for stagger
arrangement
end margin : more than Sda.
side marqgin : more than Z.5da, post-
installed anchor should not
be arranged in the cover
concrete.
The necessary reinforcement should be
arranged to prevent the splitting failure
of concrete at the joint region with post-

installed anchors.
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iv) The past—inétalled anchors, in general,
should be arranged to both the columns and
beams which surround the in—filled shear

wall.

(2} Mechanical wedge anchors:
The splicing rebars with the post-installed
anchors should be the deformed rebars, and the
anchorage length into the in—-filled shear wall
should be movre than 30da. The anchorage length
may be more than 20da. if the rebar has a hock or

a nut.

The effective embedment length of a mechanical
wedge anchoar, la, should be more than 4da, and
the projecting length, 1z, should be more than

Sda-

£3) Chemicsl adhesive anchors:
The post—installed anchors, in general, should
be the deformed rebars with a nut or a hock, and
the anchorage length into the in-filled shear
wall should be more than 20da. The embedment

length, le, should be more than 7da-

EDGE MARGIN ¢, PITCH PITCH
-
"‘"—!—-— !—.-/S[DE MARG [N — |
—f.-- . _——[GAGF —0‘ ' '——TGAGE
— = ;:::1:::::§
_ — I'SIDE MARGIN

. "C EDGE MARGIN
(a) DOUBLE ARRANGEMENT (b) STAGGERED ARRANGEMENT

Fig. 9.16 Pitch or gauge for post-installed anchors



CONCLUSION

The following conclusions can be drawn from the

present study:

i—-

£

Various techniques for increasing the strength and
ductility of reinforced concrete members and
buildings has been briefly reviewed.

From the literature, it is clear that there is no
unanimity of opinion among engineers as to the
proper methodology for strengthening an existing
concrete building.

Repair and/or strenéﬁhening of damaged and/or weak
building is much more complicated problem than it
seems, 1its rational sclution is not yet developed,
but what found from the literature is a first

presentation of some aspects of the problem and some

‘provisional practical suggestions.

The investigation, evaluation and determinaticn of
whether strengthening is required or not and how to
strengthen, is still as much an art as it is a
science.

The evaluation of damage from any actiocn and
identifying it by direct abservation, instrumental
measurements and numerical analysis, provides basic
information for the formation of remedial =solutions.
Repairing and strengthening techniques for restoring
or improving the properties of reinforced concrete
components damaged by earthquake—type loading were
studied, including repair by injection of epoxy
resin, replacing damaged concrete, jacketing members

and addition of new structural elements.
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Repairing by epoxy was found by many researchers
effective with high gquality control, and must be
protected against temperature variations especially
against fire, because its strength properties is
reduced extensively during and after fire exposure.
When repairing and strengthening building damaged by
earthquake, it is very important to element the
cause of the failures, when possible.

The strengthening solutions must be compatible with
functional usage of the building which will strongly

influence the solution selected.
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