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Reinforcing steel bar Steel types and class in Turkey

 Reinforcing Bars | Reinf. mesh —
| MeCh. prop |Natural hardness Cold process
5220a 5420a 5500a 5420b 5500bs 5500bk
IMin. yielding strength
£ (MPa) 220 420 500 420 500 500
[Min. Ultimate strength_ | 240 500 550 550 550 550
feu (MPa)
=32
IMin. Fracture strain 18 12 12 10 8 5
€ (%)
32<6=50
IMin. Fracture strain 18 10 10 10 8 5
oy (%)
yielding . Reinf. mesh
strength _ S —
Steel (gelik) T Hot benching o =2 J*j
A /! D: smooth 220 | ' < '
S420a N : ribbed 420 1l
P: profile 500 |V

(BCllla)
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Reinforcing steel bar Steel types and class in Turkey

Reinforcement mesh:

* Qtype (15cm x 15cm)
* Rtype (15cm x 25¢cm)

* Should be used in slabs, shear walls, retaining walls, tunnel linings, road
pavements etc.

150 mm

Qtype I

;
i

150 mm

2,
T

|l= 5m

RC_RCS D_1 http://mmf2.0ogu.edu.tr/atopcu/index.htm




Remf QEcg steel bar Stress-Strain (o- &) Relationship

O fy 1 steel yielding strength
A fyk . Characteristic steel y. strength
: steel ultimate strength

o)
o
)
m'_b

U

\ ! sy - steel yielding strain
600 - 5
b”

\a\[ crushing « - Steel ultimate strain

s - Stress of steel

m

™ Qg . m

s $train of steel

200 /\ ¢ - Elastic modulus of steel

T

Y >t yielding strength: the stress

004 008 012 018  0.20 _ e
0 ' Strain 2 corresponding to yielding treshold

steel Og = €5 curves (for type a)

* Hotbenching (a) more ductile; cold benching (b) more brittle
* (b)isnotallowed in seismic zones

* Lineer -elastic/Hooke Law is valid up to yielding strength
 Es=tan a (elastic modulus)

RC_RCSD_]_ http://mmf2.ogu.edu.tr/atopcu/index.htm 4



Reinforcing steel bar general

» S220: steel class with the lowest strength and adherence;
usage in beam,column and shear walls should be avoided

» Steel with higher diameters are more birittle
For S420a and S500a; <32

* S420a most common and convenient (strength&ductility)




Reinforcing steel bar properties

e Eg = 2.1x10° kg/cm?
e y=7850 kg/cm?

* Lengths; 12m (in gen.)
Diameters;

« S220a(BCI):6,8,..,22,24,25,26,28mm

* S420a,b (BCIII) and S500a (BCIV):

. 6,8,....,22,24,25,26,28,30,32,40,50mm
* Corrosion protection is needed for storage




REINFORCED CONCRETE

The following figure shows the concrete deformations and cracks. They are presented in a very
large scale so as to thoroughly comprehend the way the members behave. In reality they are so
small that they are not visible to the human eye.
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REINFORCED CONCRETE

FRAMES WHERE NO SEISMIC DESIGN IS REQUIRED

The following frame is composed by two columns and one beam and it bears only gravity loads
i.e. no seismic loading is applied.




REINFORCED CONCRETE .
slab reinf.

- 7 e T B =  — \ \
Beam reinf. e S — — \\‘ A\ \\ -
- _= — A L AY \T
ey ——— i B 1 A\ A g
— = e | \ \ \ \
o - p—— &_& =), Pe— \
= =N — \ \
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Plastic spacers for

Bend up rebars Concrete covering

Formwork
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Reinforced Concrete General

* Concrete; high compressive strength, poor tensile
strength

* Toresist the cracking due to tensile stress, steel
reinforcing bars are placed inside the sections’ tensile
regions. Therefore, RC is constituted.

RC_RCSD_1 . 10



Reinforced Concrete Adherence

The resistence developed on concrete-steel bond that occurs
when pull out force applied to steel bar.

Coherence of concrete and steel; working together
Expansion coefficient of steel and concrete similar/same
Adherence; bonding force that resists the shear force
developed in between concrete and steel.

Surface roughness, rib of reinforcement is important




Reinforced Concrete Adherence

Adherence depends on;

 Diameter, surface of bar

e Strength, composition, compaction of concrete
Cement/sand ratio ./  adherence \
W/C \ adherence A

In RC; interlocking length of the bar, direction of bar; cover
thickness, stirrup effects the adherence.




Reinforced Concrete Adventages

Ease of formability /workability

* Good in compression but requires steel bar for tension
* Fire-resistant (compared to steel/wood)

* Rigidity,

* less corrosion problem;

* Cheap maintenance, long life

* Economic,

 Workmanship is easy




Reinforced Concrete Disadventages

Formwork, scaffold cost

» Relativeley heavy structures, dead loads

* Attentive cure needed

* Damage repairing difficult/expensive

* Mostly non-recyclable

* Non convenient for skyscrapers as only use
* casting depends on wheather

* Concrete production in construction site




Loads Load types and effects

—

Dead laods (G): self-weights of RC components such as columns
slabs, beams etc. —  Vertical / gravity

Live loads (Q): the loads that acting betimes loads
(furniture, snow, people etc.) =

Lateral loads: Earthquake (E), wind (W), soil (H), fluid etc. } Lateral loads

Others: temperature effects, differential settlement, ice load etc.

Load values is not precise, statistically determined and given in codes

TS498, TS 1S09194 :
G, Q, W, snow-ice loads

DBYBHY 2007: Earthquake loads

http://mmf2.ogu.edu.tr/atopcu/index.htm



Loads Load types and effects

" R ' ~X
PERMANENT IMPOSED
LOADS LOADS
(dead) (live)

wall humans
floor furniture

"

RC_RCSD_]. . http://mmf2.ogu.edu.tr/atopcu/index.htm 16




Loads Load types and effects

marble 20 mm
Dead loads (27 kN/m:’)

The density and the related unit weight of the materials used in construction are:

sand mortar 20mm

Reinforced concrete p=2.50 t/m® (e=25.0 kN/m®) (20 kN/m’)
Light- weight concrete for ground leveling p=0.80 t/m® (¢=8.0 kN/m?®)
Sand mortar p=2.00 t/m* (e=20.0 kN/mS) ||ght-we|ght concrete
Marble p=2.70 m® (e=27.0 kN/m®)  for ground leveling ——
40 mm (8 kN/m”®)
reinforced
concrete 150 mm ——
(25 kN/m”)
m:’_—. g X
(— e T ] /1.00 m
| qv
1.00 m

The dead mass of one m? of the above slab is,
g=0.15"2.50 + 0.04*0.8 + 0.02*2.0 + 0.02"2.7= 0.5 t,
i.e. the self mass of one square meter of a usual slab is
0.5t (weight 5.0 kN)

RC_RCSD_]. http://mmf2.ogu.edu.tr/atopcu/index.htm 17



Loads Load types and effects

Live loads

Human loading:
- Normal human loading p =0.20 t/m? (¢ = 2.0 KN/m?)

Human live loading 2.00 kN/m’

The live mass of one m? residential building is 0.2 t (weight 2.0 kN)

RC_RCSD_]. - http://mmf2.ogu.edu.tr/atopcu/index.htm :'



Loads

Live load arrangement

TS500 (6.3.3); to obtain maximum excitations

max M; min M,

max M; min M,

[ | | | |
0" 1 2 3 4 ?
min B,
max Xg
[ | | | |
t 1 2 4
max
max X,
= 1 1 |
0 1 2% 4
max
min X,
] ]
ot 1 2 4
min
min X,
[ | | I |
0 1 2? _ 4
min

min M, maxM, minM; maxM,
’—‘\ | | | |
2 3 4 %
max B,
max X,
| I \ ——
0 1? 2 3 4
max
max X,
| | | | |
0 1 2 3% 4
max
min X,
—] ———
0 1% , 2 3 4
min
min X,
’—‘\ | | ] |
0 1 2 3? 4
min
EX.
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Specifictions TS498, TS500, Seismic Code

TS 498 TS 500 Specifications for
i REGUIREMENTS FOR DESIGN AND CONSTRUCTION buildings to be builtin
DeS|gn Loads for OF REINFORCED CONCRETE STRUCTURES seismic zones (2007)
Buildings
TURK STANDARDI
TURK STANDARDI
TURKISH STANDARD
T(assum412987 BIRINCI @ TS 500/ubat 2000
(TS 498:1987 + T1:1997 dahil)
YAPI ELEMANLARININ BOYUTLANDIRILMASINDA e — Bayindrlic ve Iskan Bakanify
ALINACAK YUKLERIN HESAP DEGERLERI DEPREM 80LGELER|NDE YAP'LACAK
Design loads for buildings . BINALAR HAKKINDA YONETMELIK
FOF RENFORCED CONCRETE STRUCTURES 2007

RC_RCSD_1
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Specifictions
pecif 75498

Design loads for buildings

0 - KONU, TARIF, KAPSAM

0.1 - KONU Value of Loads is given
Bu standard, yapi elemanlannin boyutlandinimasinda alinacak yiklerin hesap dederine dairdir.

0.2 - TARIFLER

0.2.1 - Hareketli Yiik Live load
Hareketli yok, zati yoklerin digindaki, insan, mobilya, yiok tagimayan hafif bolme duvaran, depolama
malzemesi, makina, arag, gereg, ving, rizgar, kar gibi yiklerdir.

0.2.2 - Zati Yiik Dead load

Zati yik, kirig, kolon, dogseme, ¢atl gibi tasiyict elemanlann ve bunlann siva, kaplama vs. gibi tamamilayici
kisimlanmin agirhklandir.

RC_RCSD_1 21



Specifictions

Vertical live load values

15498

Usage Value of Loads
Kullanma Sekli Hesap Deder
CATILAR Dagemeler MERDIVEMLER kMim®
Yatay wveya 1/20°ye (Sahanhk ve merdiven
kadar egimili girigi dahil)
1 Cati arasi odalar 1,5

e

Faman zaman
kullamian gatilar

Konut, teras oda ve koridoriar,
burolar, konutlardaki 50 m::ye
kadar olan dukkanlar, hastane
odalarn

P [

CATILAR
Yatay veya 1/20°ve
kadar edgimli

Ddgemeler

MERDIVENLER
(Sahanhk ve merdiven
girigi dahil)

Hesap Deder
KN/m®

Konut toleranslannin
kullamimasi ve
ciceklik (bahce
yapilmasi)

Hastanelerin mutfaklan,
muayene odalan, poliklinik
odalan, siniflar, yatakhaneler,
anfiler

Konut Merdivenler

35

— Camiler

— Tiyatro ve sinemalar,

— Spor dans ve sergi salonlar,
— Trbdnler (oturma yeri sabit
olan)

— Toplant ve bekleme salonlan
- Madazalar,

— Lokantalar

- Kitiphaneler

— Argivler

— Hafif agirlikh atdlyeler

— Biylk mutfaklar, kantinler

—  Mezbahalar

— Fininlar,

— Blylkbag hayvan ahirlar

— Balkonlar 10 m:=ye kadar

— Birg, hastane okul, tiyatro
sinema kitiphane depo vb.
genel yapi koridorlan

Umuma acik yapilarda
biro  hastane okul,
tiyatro, kitiphane
kitaplik vi.

— Tribdnler (oturma yeri sabit
olmayan)

75

— Garajlar
(Toplam adifigi 2,5 tona kadar

olan araglar igin)

RC_RCSD_1
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Specifictions
pecif TS500

TURK STANDARDI
Turkish Standard

BIRINCI C TS 300 Subat 2000
BASKI ICS 91.080.40

BETONARME YAPILARIN
TASARIM VE YAPIM KURALLARI

REGUIREMENTS FOR DESIGN AND CONSTRUCTION
OF REINFORCED CONCRETE STRUCTURES

0 - KONU, TARIF, KAPSAM

0.1 - KONU
Bu standard, betonarme yapi elemanlari ve yapilarin kullanim amag¢ ve siresine uygun gavenlikle
tasarlanmasi, hesaplanmasi, boyutlandinlip donatilmasi ve yapimi ile ilgili kural ve kosullara dairdir.
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Sp ECIf ictions TS500- safety of structures

6.2 - YAPI GUVENLIGI  Structural safety

6.2.1 - Genel

Tasarimda, yapinin kullanim slresi boyunca, hem yikilmaya kargi gerekli givenlik saglanmali, hem de
catlama, sekil degistirme, titresim gibi olaylarin yapinin kullanimini ve zaman icinde dayanikhiligini
etkileyebilecek dizeye ulasmasi énlenmelidir. Bunu saglamak amaciyla, yapi Uzerindeki yuk etkileri, belli
oranlarda buyltilerek, malzeme dayanimlari da belli oranlarda kocultilerek tasarimda géz o&nine
alinmalidir. Bu oranlarin belirlenmesinde istatistik veriler esas alinir.

6.2.3 - Tagima Giicii Sinir Durumu  Ultimate strength limit

Yapi elemanlarinin herbirinin Madde 6.2.5 de belirtilen bicimde azaltiimis malzeme dayanimlar (tasarim
dayanimlari) kullanilarak hesaplanan tasima glcl degerlerinin, Madde 6.2.6 da belirtilen bicimde artinimis
tasarim yUki ile hesaplanan i¢ kuvvet dederlerinden hichir zaman kicik clmadidi kanitlanacaktir:

Ry > Fy (6.1)

RC_RCSD_1
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Sp ECIf ictions TS500- safety of structures

6.2.5 - Malzeme Katsayilan Material Coefficients

Malzeme dayanimlarinin istatistik dagihmi gézéniinde bulundurularak, hesaplarda kullanilacak "tasarim
dayanimi" degerleri, Bélim 3 de tanimlanan karakteristik malzeme dayanimi degerlerinin "malzeme
katsayis!" diye adlandirilan 1,0 veya 1,0 den blylk katsayilarla bdlinmesiyle elde edilir. Tasima gucl sinir
durumu icin beton ve celik hesap dayanimlari asagida verilmistir.

|
Concrete: feg = fox fyme

feta = Tet /Yme (6.2)

Steel f:.‘.-d = fyl{ J'II-"-'rms

Yerinde dékllen betonlar icin| v, = 1,5 |alinacaktir. Bu katsayi, dndékimli betonlar icin 1,4 alinabilir. Ancak,
betonda nitelik denetiminin gerektigi gibi yapilamadigi durumlarda, bu katsay! tasarimcinin karari ile 1,7

alinir. Donati celiginin tim siniflari icin |yms=1,15 |alinacaktir. Kullanilabilirlik sinir durumu igin hesap
yapilirken, gen ellikle malzeme katsayilar 1,0 annmalidir.
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Sp ECIf ictions TS500- safety of structures

6.2.6 - Yiik Katsayilan ve Yiik Birlesimleri LOad coefficients and load combinations

Yik etkisinin karakteristik dederi Fy , kullanim siresince bu dederden biyik dederler elde edilmesi, ancak
belli bir olasilikla mimkin olan degerdir. Bu standardda karaktenstik yik etkilen, TS 498 ve TS IS0 9194 ile
Bayindirhk ve Iskan Bakanlid tarafindan dizenlenen "Afet Balgelerinde Yapilacak Yapilar Hakkinda
Yonetmelik" de éngaralen yok etkileridir.

Tasarimda, yapiya etkimesi olasihd bulunan tim yik birlesimler dikkate alinmalhdir. Hesaplarda genellikle
karsilasilan yik birlesimlen asadida verlmistir.

a. Yalmz dusey yiklericin, Vertical loads

| Fs=14G + 1,60 (6.3)
Fa=10G+120+12T (6.4)

Denklem 6.4 deki T, sicakhk degisimi, buzdlme, farkli oturma vb sekil degistirmeler ve yer dedistirmeler
nedeniyle olusan yik etkisidir. Bu yiik birlesimi, bu tir etkilerin ihmal edilemeyecedi durumlar da gdézdniune

alinmalidir.
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Sp ECIf ictions TS500- safety of structures

wind b. Rizgar yukaniin sozkonusu oldugu durumlarda, Denklem 6.3 ve Denklem 6.4 ile birlikte,

Fa=10G+1,30+13W (6.5)
F,=09G +1,3W (.6)

EQ c. Depremin sdzkonusu oldudu durumlarda, Denklem 6.3 ve Denklem 6.4 ile birlikts,

Fa=1,0G+1,00+1,0E (6.7)
Fq=09G +1,0E (6.8)

Lateral 5O SITRSL ok itkisi bulunan durumiarda, Denklem 6.3 ve Denklem 6.4 ile birlikte,

Fo=14G+ 160+ 16H (6.9)
F,=09G +1,6H (5.10)

e.  Akigkan basinci bulunan durumiarda, bu basing 1.4 yik katsayisiyla carpilarak iginde hareketli yik
bulunan tim yik bifesimlerine eklenir.

f.  Yukanda Madde §.2 4 de belirilen kullamlabilidik simr durumu hesaplannda, bitin yok katsaylan
1,0 alrur.

6.3- YaPisAL cozomLeme Structural analysis

6.3.1 - Cdziimleme Ydntemleri

Yapi elemanlanmin kesit hesabina temel olugturan i¢ kuvvetler, yapi mekanigi ilkelerine uygun bir
goziimleme ile belidenmelidir. Bu ¢dzimleme, beton ve ¢eligin gerilme-birim sekil degigtime iligkilerini temed
alan, dogrusal olmayan bir yontem olabilecedi gibi, dogrusal elastik yapisal davramg varsayimna dayal bir
yontem de olabilir. Cergeve kirigleri ile sirekli king ve désemelerde, dogrusal elastik yontemler kullamlarak
elde edilen i¢ kuvvetler, gergek davranig gozonine alinarak ve denge kogullanm eksiksiz sajlayarak Madde
6.3.8 de tanimlanan cranda degistirilebilider.
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