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= 1970’li yillarin ortalarinda 45¢
Koni Methodu ilk kez
kullaniimaya baslanmistir.

@D Sieel Deslgn Eunr- =3

Column Base Plates

Frojected Surlsce




= 1990’larin baglarinda Beton Kapasitesi Yontemi (Concrete
Capacity Design-CCD) gelistirilmistir.
= 1990’larin ortalarindan itibaren ACI Komitesi CCD yontemini

benimsemistir.

@ Stool Dcin Guide

Base Plate and

Buibding Code Rsgquirements for
Structural Concrate (ACT 318411

Anchor Rod Design
e e o ot

@ ") American Concrete Institute”
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American Concrete Institute®
o

= ACI 318-14; 2014 yili son geyreginde yayinlanacaktir.

= ACI 318-14 hakkinda detayli bilgileri ve degisiklikleri asagidaki
adresten takip edebilirsiniz;

http://www.concrete.org/COMMITTEES/318public.htm
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[ T s | et = =
ACI 318-11 Kapsami mEm Emm o=sE
——

it = EK D—Betona Ankraj basligi
= - anltinda incelenmektedir.

= Sayfa ikiye bolinmistur;

== mmp Sol taraf: Yénetmelik (CODE)
mmp Sag taraf: Aciklama (COMMENTARY)
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= Beton iginde dnceden birakilan
ankrajlarla, sonradan betona
baglanan mekanik ve kimyasal
ankrajlar bu yénetmelik
kapsamindadir.

= Ybnetmelik kapsami disindaki
ankrajlar:
Pnématikle galkilan civiler
Beton elemanin diger tarafindan ")\
cikan ankrajlar e
= Yorulma (fatigue) ve darbe
(impact) yiklemesi kapsam
disindadir.

IMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013 8




24.05.2013

= Ankraj ve ankraj gruplari elastik analizle elde edilen
arttinllmis (faktorlii) ylklerin etkilerine gore
tasarlanir.

= Deprem etkisinde plastik mafsal olusacak bolgelere
yapilan birlesimler yonetmelik kapsami disindadir.

= Depremli hesap icin;
D.3.3. Sismik Tasarim Sartlari
bolumu incelenmelidir.

Sdneklikle ilgili sartlar siralanmistir.
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Kanca ve 90° biikiimlii ankrajlar
NCHRP (National Cooperative Highway Research Program)

= 90° bukimlu ve kanca ankrajlarin tam cekme kapasitelerini baslikl
ankrajlar kadar etkili kullanamadiklari tespit edilmigtir.

= Bu tip ankrajlarda gekme etkisinde biikilme bélgesinde akma
gOrtlmastar.

= 90° bukiimlu kancalarda ¢gekme etkisinde bukulme bdlgesinde
betonda ezilmeler gériilmektedir.

= Kancalar tam ankraj konisi olusturamamaktadir.

= Yuksek dayaniml bulonlarin biikulerek kanca haline g(TtiriImesi_
malzeme Ozelliklerini negatif ydnde etkilemektedir.
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Yiik Kombinasyonlari
= D: Olu Yik
L:Hareketli yik
= Lr: Cati hareketli yuki
U=1.2D+1.6(L,orSor R)+(1.0Lor 0.5W) = \W: Rizgar yiki
U=12D+1.0W+10L+05(L,or SorR) * E:Deprem kuvveti
= H: Zemin itkisi
= S: Kar yuki
U=09D+1.0W = R:Yagmur yiku

U=1.4D

U=1.2D+1.6L+0.5(L or SorR)

U=12D+10E+1.0L+0.25

U=09D+1.0E
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Cekme Etkisinde
w

I 1
) (g

Beton Kopmasi
(Concrete breakout)

Celigin
Kopmasi Yan yiizde beton
(Steel kopmasi
Failure) (Side-face blowout)
Siyriima
(Pullout)
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e B e Dayanim Azaltma Katsayilari (9)

Celik Kapasitesi Hesabinda

= Siunek Malzeme = Gevrek Malzeme
= Cekme Etkisinde: 0.75 = Cekme Etkisinde: 0.65
= Kesme Etkisinde: 0.65 = Kesme Etkisinde: 0.60

Celigin Kaldirag Etkisi Beton Kopmasi
Gogmesi (Concrete pryout) (Concrete breakout)
(Steel
Failure)
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Dayanim Azaltma Katsayilari (9)
N Ek donati diizenlemesi hangi gogme modlarinin dayanimi

Beton Kapasitesi Hesabinda hesabinda kullanilir?
\ Aurumu | B Durumu ADURUMU
B@sme Ek donati diizenlemesi
Etldsinde 075 07 yapiimasi durumudur.
2) Gekme
Etkisinde
—> Bashiki
kayma givisi ve
bashikl bulon 075 07
> Mekanik ve
Kimyasal
IAnkrajlar igin
Dusik Beton Kopmasi .
Hassasiyetli Yan ylizde beton
burum 075 0.65 (Concrete breakout) kopmas!
Orta Hassasiyetli B DURUMU Side-face bl ¢
Durum 0.65 055 Ek donati = : (Side-face blowout)
- - tl Bu gé¢me modlari dayanimlari hesabinda; ek donati
iiksek diizenlemesinin
Hassasiyetl ablineie e kullaniimasi durumunda A DURUMU, kullaniimamasi
Durum 0.55 0.45 durumunda B DURUMU katsayilari kullanilir.
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Cekme Kuvveti Igin Tasarim Kriterleri

1) Gelik Ankraj Bulonu Tasarimi

SF"yr’;'ma Kaldirag Etiisi
(Pullout) (Pryout)

Bu gogme modlari dayanimlari hesabinda;

Ek donati diizenlemesi olsun veya olmasin B DURUMU katsayilari
kullanilir.
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@ ile carpmayi

unutmayiniz!i!

y nArHrua\

Bulon Sayisi  Etkili kesit Alan) <opma Dayanimi [Mpa]
[mm?] |fma < min( 1.9f,,;860 Mpa)
A .= E(d _0.974\3)2 Disg araligi tablosu
se, N T 1% n, CAP(mm) | p(mm)
/ s o
e 16 2
1mm’deki dis 20 25
sayisi [ 1/p] 2‘7‘ g
30 3.5
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Tek ankraj igin

g ile carpmayi

unutmayimiz!!!

A

N

Nep = A S od, NV e, NW cp, NN
Co

Ankraj Grubu igin

ANc
Ncbi = m@gd, We NVep, nNp

Birbirine 3h.ten daha yakin olan

ankrajlar grup olarak calisir
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15hy ,  15hy

Saction through failure cone

Apco = (2% 1.5hg) % (2 % 1.5hyr) = Bh%
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Ay Co1_ 51 1.5hy Ane
I |
1.5k, mi-
| o O
] 1.5y
1 .51., |

Ape= (€1 * 81+ 1.5h4)(2 x 1.5hy)
if Ggy = 1.5hy and sy < 3hy,

Aye= (€q1 + 1.5hgg)(2% 1.5
i gy < 1.5Mgr

(& ]
Sz
|18, oS
o 2
—T
Ape = (Cq1 + 81+ 1.5hg)(Coa * 53+ 1.5hyy)
if a1 and Ca < 1.5her
and s, and 8, < 3h,
iMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013 B

A
N
Nep = Ao S ad, NW o, N cp, NN
oo

Bir ankrajin
catlamis
betondaki

temel beton
kopma
dayanimi

Np= kcla«/f_.-,: hef1 S

k. : 10 (Beton iginde birakilan ankrajlar igin)
A, : Hafif beton igin diizeltme katsayisi
f.': Beton karakteristik dayanimi <= 70 Mpa (f,)

IMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013
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Eksantrik cekme etkiyen ankraj grubu diizeltme katsayisi:
Alternatif olarak;
.. v = ; <=1
280 mm < h,;< 635 mm  Igin; ec, N 2e)
(1 N

3h,
Np=3.94, [f] het"®

I N
Bu degerden bilyiik olamaz ‘ . yﬂﬂ-“—";n]—"g”} ,—"EH—'TE_"——DEU—‘

L4 I

nh y ol 2 .
v
) Gentroid of anchors | g,
Centroid of anchors | 6 | pestant Ioaded in tension e Resultant
laadad in lansicn — o st tension load
T,+Ty+ Ty Only anchors that are T+ Ta
in tension are considered
Elgrvation when determining ej,
{) whire all Anchors in & group am in fensian

Elevation
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Kenar etkisi diizeltme katsayisi:

Servis yiikleri etkisinde betonun catlamadigi gosterilebiliyorsa:
Ca,min = 1'5hef - WdeN =10

wen=125
c .
=0.7 + 0.3-201
Ca min < 1.5h; - Ved N 1'5hef
N — ANC
cb = g Ved WWe Mep, wNp
Nco
|
1.5hy Bu katsayi betona sonradan
. yapilan ankrajlar igin
s + 4 ( kullanilir.
“o| | 1
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OZEL DURUM-1:

= Bir ankrajin en az Ug¢ kenara 1.5h/ten yakin
olmasi durumunda ;

P'e= MaX (Camax/1-5 5 Smax/3)

= Cekme etkisinde beton kopmasi hesabindaki
tim heler yerine h’ ¢ kullanihr.
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Assumed Actual
faiure surface faidure: / faiure surface
for imiting b~ Surface > for b b,
T - b
N \ PointA~" | % Actual
150 mm H \ 3 fahurn
! \ . sutace L.
[ Z‘ | T * d'lt::ﬁ \
100 mm - ] ¥
|Jsmm [ m0em | 18R, | o |
Pl 140 mm
S secton

hy, = (150/1.5, 230¢3) = 100 mm

“Assumed <
failure surface |
for limiting Ry
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OZEL DURUM-2:

= Bulonun ucunda plaka kullaniimasi durumunda
gbgcme ylzeyi, etkili plaka gevresinden itibaren
1.5h, disari ofsetlenerek belirlenir.

= Etkili plaka gevresi ankraj bulonu basligina plaka
kahnligr eklenerek hesaplanir.
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Cekmede Beton Kopmasi igin Ek Donati Diizenlemesi

Yapilmasi
Cosme I" A - - 1She TN
T == T~ = LT i

> - I
oy T

iy}
<2
- 1 1
o
reinforcament #
1 I~
\
505k _ -

“ Anchor reinforcement
At S05hy _| |, placed symmetrically

Elewalion Section A-A

» Ankrajlardan 0.5h_; mesafe icinde kalan donatilar
hesaba katilir.

* @=0.75 azaltma katsayis! kullanilir.
* ONgyg= 0.75 A  fiq
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3) Cekmede Betondan Siyrilma Dayanimi
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—
@ ile carpmayi

unutmayiniz!!!

an = Wc,PNp

= Baslikli kayma civisi ve baslikli ankraj bulonu igin;

Np = 8Apgf,

Ay : Baslikli saplama veya baglikii bulon net
ezilme alani

f.: Beton karaktereistik dayanimi (f,)
= Servis ylkleri altinda ¢atlak olusmadigi
Osteriliyorsa; _
gosteriiyorsa; . p=1.4
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4) Cekmede Yan Yiizde Beton Kopmasi Dayanimi

iMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013

~
o ile (,‘arpma}uI
H

unutmayiniz

= Derin ve kenara yakin ankrajlarda gordllr. (hgy > 2.5¢4 )

Ngp = (13c4 a/Abrg)}'aA/f—c'

= Tek baglikli ankraj i¢in; c,,<3c,, ise Ny, degeri

(1+c,lc,y)/4 ile garpilir. Burada; q1.0< CaolC 3.0

€ S 15k

&

&
&)
ry
W
|
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= Grup ankrajlarda;

hes > 2.5c, Ve ankrajlar arasi mesafenin 6c¢,,'den kiglk
olmasi durumunda;

Nepg =1+ %} Ngp

s: Kenar boyunca uzanan ankraj sirasinda dig
uclarda kalan bulonlar arasi mesafe.

IMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013 3

* = Ankrajlarin kenara mesafelerinin en az 6d olmasi
tavsiye edilir.

Bulon

b cevresine

eklenecek olan
spiral donati

veya etriye yan
ylzeyden beton
kopmasi
kapasitesini
- arttirmaz.
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1) Kesme Etkisinde Ankraj Bulonu Tasarimi

"
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]
@ ile garpmay!

unutmayiniz!!!

Baslikli kayma ¢ivisi ankraj igin;
Vea = NAge,vluta
Baslikli ankraj bulonu igin;
Vea= N0.6A yluta

= Malzeme dayanimi ve etkili
A,y = E(dn - W)Z kesit alaniyla ilgili kurallar
4 f gekme etkisindeki bulon
hesabiyla aynidir.

IMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013 W0
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ONEMLI 1!

= Ankraj plakasi altinda harg¢ (grout) kullaniimasi
durumunda ankraj bulonu kesme dayanimi 0.8 ile

azaltilir.
NEDEN ?
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2) Kesme Etkisinde Betonda Kopma Dayanimi

= Bir ankraj bulonuna kenara dik dogrultuda kesme
etkimesi;
dile garpmakrl

unutmayiniz!!!

A
Vi
Vep = -— Ved, We, vWh vV
AVco

= Ankraj bulonu grubuna kenara dik dogrultuda kesme etkimesi;

Ala"c
Vcbg = mwec, Wed, We, vWp, ],.rvb

Birbirine 3c,,'den daha yakin olan

ankrajlar grup olarak galisir

iMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013 r IMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013 m
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Ifh,<1.5¢c,; and s;< 3¢,
Ay =(2x 1.5¢c,, +s,-)h,

Ifh, < 1.5c,,
Ay =(2x1.5¢,)xh,

v, v/2
| = Y|
=35° 156, 1.5k 4
<] = V4
15¢, V4
DCa :
|
_1 B Vo | 1.
L 1 e 1
Center of
15¢x anchor where / 4 If gz < 1.5¢,
it crosses the
L free surface Aveo = 2(1.5641) x (1.56z1) Side section
B Sea’
e —/ Elevation
Plan
€42 1.5
A= 1.5¢5(1.5¢h + €aa)
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1.Durum: 2.Durum: Kenar
82 Cpna-r
oy
e | St _
" e v Vv, =2V,
15601 1S ?
A =201 56, 10k, A= 20156550,
IFh, <1 s;,." ! Why < 1.5¢0 Vv

. Sz €y, olmasi durumunda 1. ve 2. durumlar incelenir.

3.Durum:
5= Caa
a7 il = S<Ca1  olmasi durumunda

e i/ o2 3. durum incelenir.
e t
1.5€ma~" 18¢m,
A= 2(1.56, 0k,

Hh, <156,
iMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013 a7

= Beton kopmasi dayanimi, kenara paralel kesme kuvveti
uygulanmasi durumunda;

Veav=1.0

alinarak kesme kuvveti kenara dik etkiyormus gibi hesaplanan
Vg veya Vpg'nin 2 kati olarak alinir.

IMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013 n
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A
A |l
Anchor A Anchor A—
== A <
v e Vi—o ——
Icnz }‘1
Cot Caz

Kdsede yer alan bulonlara kesme etkimesi durumunda;
= Kenara dik etkiyen kesme kuvveti
= Kenara paralel etkiyen kesme kuvveti

ayri ayri dislindlerek beton kopma kapasitesi hesaplanir.

IMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013 W

V., = % v
ch = Ved We, VWh vYb

A Veo l

p 0.2
f rten \ 7 1.5
v, =06 =2 [d,In, [flic,)

Vp = 3.74,,(F] (ca1)'®

Tek ankrajin gatlamig betondaki beton

kopma kapasitesi iki formiilden elde
edilen degerin minimumudur.

d, : Bulon ¢api

le: Akrajin ylk tagityan boyu (Beton iginde 6énceden
birakilan ankrajlar icin h.;/e esittir.)

Ust sinir; £e < 8d,
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* Baslikli kayma ¢ivisi veya baglikli bulonlarin ;

max (10mm ; d./2) kalinhgindaki plakaya kaynaklanmalari
durumunda;

- g 02 — 15
Vp = |‘_o.es[\°§] Jda)hg, [Tl (€a)
Buna gore;

= En uzak sira ankraja gore kapasite belirlenir.
= Bulonlar arasi mesafe 65mm’den az olamaz.

= C;»<1.5h ise ek donati dlizeni gerekir.

iMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013 51

Eksantrik kesme etkiyen ankraj grubu diizeltme katsayisi:

1
Ve, v = —Har <=1
2ey,
1+ 3
cai
' = Bir bulona eksantrisiteden
et dolayi daha fazla yuk
concrete @) gelmesi olasiligidan dolayi
EZE B bu diizeltme katsayisi
—t - kullanihr.
v ie
s -_ 52
(@ '
Plan
IMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013 5
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Kenar etkisi diizeltme katsayisi:

Cpz1.5CH —) g,y = 1.0
=07+03-22
Cap<1.5C;1  wmmmnp Ved V=0 “1.5¢c,,
[\
\
- v =35°
—_— -
]
| Caz
ot
Cat

IMO istanbul Subesi Meslek igi Seminerleri ~ 21-22-23 Mayis 2013

Servis yiikleri etkisinde betonun ¢atlamadigi
gosterilebiliyorsa:
Ve v= 1.4
wev = 1.0 Donatisiz gatlamis betondaki ankrajlar
wev=12 Donatili gatlamis betondaki ankrajlar
vev=14 Donatili ve max. 100mm aralikl etriyeli
catlamis betondaki ankrajlar
IMO istanbul Subesi Meslek igi Seminerleri ~ 21-22-23 Mayis 2013 54

has<1.5¢a1  olan beton elemanlarda diizeltme katsayisi;

f1.5¢c
- al >=
d

h, : Ankrajin baglandigi beton elemanin
kalinligi. (Ankraj ekseni dogrultusunda)

IMO istanbul Subesi Meslek igi Seminerleri ~ 21-22-23 Mayis 2013

OZEL DURUM-1:
= Bir ankrajin en az i¢ kenara yakin olmasi durumunda ;
Ccpove h,<1.5c, ise;

C'a1= MaX (Cap max/ 1.5 3 Ny/1.5; 8,5,/3)

= Kesme etkisinde beton kopmasi hesabindaki tim
C,qler yerine ¢’ kullanihr.

Actni
taurn e

Assumen
fadurn mrtscn
for bmiting 6.0

S~ PonA
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Kesmede Beton Kopmasi igin Ek Donati Diizenlemesi

" Yapilmasi
-
1]
€
3
t R |
[T e
o)
L] e
L)
N i
! I = Ankrajlardan min(0.5 c,,; 0.3c,,)
I mesafe iginde kalan donatilar hesaba
- ™ -|M katilr.

= @=0.75 azaltma katsayisi kullanilr.
= @Vgpg= 0.75 A fig

IMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013

KesmEtkisinde Betonda Kaldira¢ Etkisi Dayanimi

IMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013

™~
@ ile garpmay!
unutmayiniz!!!

Tek ankraj igin;
Vep = kepNep
Ankraj grubu igin;

Vepg = KepNeng
kep= 1.0 hgg < 65 mm
kep= 2.0 m— 3 65 mm

= Kisa ve rijit ankrajlarda
etkilidir.
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Cekme ve kesme gégme modu dayanimlarindan
minimumlar ankraj bulonunun gekme ve kesme
kapasitesini verir.

q_\JLE og

THUNS

IMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013
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Cekme ve Kesme Kuvvetleri Etkilesimi

Vi = 0.2pV,
ua #Vn Tam kapasite cekmeye caligabilir

Tam kapasite kesmeye caligabilir

Nya < 0.24N,,

V.a : Ankraja etkiyen faktorli kesme kuvveti
Nya : Ankraja etkiyen faktorli gekme kuvveti
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‘vm >0.24V, ve

N

Nua, Yua_ 4,

ON, oV,

)

-

Nyg = 0.2¢N,

02N, —-—1——-—

N .
~_ - Trilinear
\\ interaction
approach
\

iMO istanbul Subesi Meslek igi Seminerleri

21-22-23 Mayis 2013

6

Kimyasal Ankrajlar

= 21 gunlik betona kimyasal ankraj uygulamasi yapilabilir.

= Delik ¢apr: 1.5d,'dan fazla olmamalidir.

= Minimum beton dayanimi 17MPa olmaldir.

= Uygulama aninda beton sicakligi minimum 10 derece olmalidir.

iMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013 6

= Betona delik agildiktan sonra firga ve pompa yardimiyla delik

icindeki toz mutlaka temizlenmelidir.

Anchor Rod
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4d, < hes < 20d, igin '

24.05.2013

_—

Tek ankraj igin

Na Y
Ny = %y naVep naNpa -
1= Ao ed, Na¥ep, NaVba

A <[ v 8
]l £, 0, <0,
5, 5, < 25,

Ankraj grubu igin
ANa
= ANaowec’ Naved, Navcp, NaNDa

ag

ft
_ {Tuner
Cng = 10d, =%

@ ile carpmayi
unutmayinizi!!

T i T

uncr Gatlamamis beton igin
yapisma dayanimi

) gl st anchce sty o ackpes
and o anchors

oar a comar

24 Groug of four schasses anchors kcated |
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Npa = AaTerT dahet

TABLE D.5.5.2 — MINIMUM CHARACTERISTIC

BOND STRESSES™!
Moisture content
Installation |of concrete at time | Peak in-service
and service of anchor temperature of | Tore | Tuncre
i C | MPa | MPa
Outdcor  |Dry to ully saturated) T 14 4.5
Indoor Dry 43 21 | 7.0
"Where anchor design ncludes sustained termsson loading, mulliply values of
[t and 1, by 0.4,
FWhare anchor design includes. sarthquake leads for structirss assigned 12)
Seismic Design Categery C. D, E. or F, multiply values of T, by 0.8 and Tuned
by 0.4,

Deprem yukleri etkisinde hesap yapiliyorsa;
Ter 0.8ile

Tuner 0.4 ile garpilacaktir.
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Eksantrik cekme etkisi dizeltme katsayisi:

wec, Na =

Kenar etkisi dizeltme katsayisi:
Ca,min 2 Cpjy - WBcf,Na =1.0

c +
Ca,min < €Na - WYed,Na = 0.7 + 03211
SNa

iMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013

= Catlamamis beton igin tasarlanan ankraj igin
dizeltme katsayisi:

CaminZ Cac - Wep.na=1.0

c
Camin < Cac ‘ VepNa =

Cac= Zhef

a, min
Cac

Birbirine 2cy,’dan daha yakin olan

ankrajlar grup olarak galisir
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ORNEK COzUMU

24.05.2013

1

Nyo=45 kN

V=11 kN

150mm

150mm

fc'=25 Mpa
Ankraj Bulonlari M16 (5.8 Kalitesinde)
hef=200mm

Ankrajin verilen arttirnlmis yUkler etkisindeki yeterli olup
olmadigini belirleyelim...

IMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013 7

GEKME DAYANIMININ BELIRLENMESI
= Celik Dayanimi

Nea = NAge nfuta @=0.75, Siinek ¢elik davranigi

fua= 500 Mpa

097492

L
A.w, N= E(dn_ ",

p = 2mm (Dis aralidi)
Agen= 155 mm?2

OIN,,=0.75 *2*155*500= 116250 N F 116.25 kN

iMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013

= Beton Kopma Dayanimi

A
N
Ncbg = Amciwec. MWed nVe NV ep, b

@=0.70 , Ek donati dlizenlemesi yoktur.
150mm  300mm

150mm Anco= 9h,2=9*2002=360000mm?
150mm

Aye= 600450=270000mm?
300mm ¢

IMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013 7
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Y Weon=1 (Eksantrisite yoktur)
>* W4 Nin belirlenmesi:

Camin =150mm < 1.5h,=300mm

_ Ca. min =
VedN= 0.7+0.3 1‘5hef 0.85

* W.n=1 (beton kenar ve kégeleri gatlak olugsmasi
muhtemel bélgelerdir)

IMO istanbul Subesi Meslek igi Seminerleri ~ 21-22-23 Mayis 2013

* Np=koa [f] hef®
ke = 10

N,=10*SQRT(25)*200"-5=9*200%=141421 N= 141.4 kN

*:k* @N,,,=0.70 * (270000/360000)* 1* 0.85 * 1 * 141.4463 kN |

IMO istanbul Subesi Meslek igi Seminerleri ~ 21-22-23 Mayis 2013

= Ankraj Siyriima Dayanimi
an = r»’-’a'.:,lF"““'p

* W, p=1 (beton kenar ve késeleri gatlak olusmasi muhtemel bélgelerdir)

* Np = Bﬂﬂbrgfc-r
A,g=292mm?  (Strength Design of Anchorage to Concrete Tablo-2)

**:k ON,=0.70* 2 1*8" 292" 25= 81760 Nf 81.76 kN |

21-22-23 Mayis 2013

= Yan Yizde Beton Kopmasi Dayanimi

hg=200 < 2.5¢,, = 2.5 * 150 = 375 sarti saglandigindan

Y& Bu gégme modunun kontroliine gerek yoktur.

A
¥ ¢N, =63 kN

)’
- >
)

IMO istanbul Subesi Meslek igi Seminerleri ~ 21-22-23 Mayis 2013
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KESME DAYANIMININ BELIRLENMESI
= Celik Dayanimi

Vea= no_a,qse‘v_ruh @=0.65 , Siinek celik davranisi

f,a= 500 Mpa

Agen= 155 mm?

@V,,=0.65 *2*0.6*155*500= 60450 N =/60.45 kN

IMO istanbul Subesi Meslek igi Seminerleri ~ 21-22-23 Mayis 2013 7

Beton Dayanimi
AV{:
vcbg = A_"'Vec, Wed, vWe, vWp, vvb
Veo
@=0.70 , Ek donati diizenlemesi yoktur.
150mr_n

150mm | 225mm

Ayeo= 4.5¢,,2=4.51502=101250mm>

A= 525*225=118125mm?

IMO istanbul Subesi Meslek igi Seminerleri ~ 21-22-23 Mayis 2013 7%

Y W, =1 (Eksantrisite yoktur)
Y Weqy nin belirlenmesi:

C,2=150mm < 1.5¢,, =225mm

Caz

Veqv= 0.7 +0.3 =0.90

a1

W.v=1 (beton kenar ve kdseleri catlak olusmasi muhtemel
bdlgelerdir)

IMO istanbul Subesi Meslek igi Seminerleri ~ 21-22-23 Mayis 2013 )

o402 i
>* "’ﬁ“-ﬂi,‘ Jda e

g = Bd, Sarti saglanmalidir.
1:=8d,=8 * 16=128mm < h,; =200mm
1:=128mm

V,=0.60 * (128/16)°2* SQRT(16) * SQRT(25) * 150"5=33415 N= 33.42 kN

*‘k* @V,q=0.70 * (118125/101250)* 1 * 0.90 * 1 * 33.42=24.56 kN

IMO istanbul Subesi Meslek igi Seminerleri ~ 21-22-23 Mayis 2013 80
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= Kaldirag Etkisi Dayanimi

Vepg = kepNebg

@=0.70 , Ek donati dlizenlemesi yoktur.
Ko,= 2.0

***chpg=0.70 *2* 90 126 kN

IMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013 81

A

<@ ¢V, =246 kN

£y4

IMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013

GCEKME VE KESME ETKILESIMi

V=11 kN >0.2 @V,=5 kN tam gekmeye izin veriimez.

N,.=45 kN >0.2 @N_=12.6 kN - tam kesmeye izin veriimez.

%,,&51,2
N, oV,

A{ 45/63 + 11/24.6 =1.16 < 1.2
ANKRAJ KAPASITESI YETERLIDIR...

<=

iMO istanbul Subesi Meslek i¢i Seminerleri ~ 21-22-23 Mayis 2013 5

TESEKKURLER!
SORULAR ??
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STRUCTURAL COMNCRETE BUILDING CODE (ACI 318M-11) AND COMMENTARY 423

CODE

D.3.1.1 — Anchor group effects shall be considered
wherever two or more anchors have spacing less than
the critical spacing as follows:

Failure mode undsr investigation Critical spacing
Corgrete breakout intension 3hgs
Bond strength in tension 28Ny
Conerats breakowt in shear 3oy

Only those anchors susceptible to the particular failure
mode under investigation shall be included in the

group.
[.3.2 — The design strength of anchors shall equal or
exceed the largest required strength calculated from
the applicable load combinations in 2.2 or C.9.2,

D.3.3 — Seismic design requirements

D.33.1 — Anchors in structures assigned to
Seismic Design Category C, D, E, or F shall satisfy

COMMENTARY

stiff. The forces in the anchors are considered to be
proportional © the external load and itz distance from the
nevtral axis of the anchor group.

If anchor strength is governed by ductile vielding of the
anchor steel, significant redistribution of anchor forces can
occur. In this case, an analysis based on the theory of elasticity
will be conservative. References D4 to D6 discuss
nonlinear analysis, using theory of plasticity, for the
determination of the capacities of ductile anchor groups.

RID.A.2 — Selsmic design requirements

Unless D334, 1 or 03351 apply, all anchors in structures
assigned to Seismic Design Categories C, D, E, or F are
required to satisfy the additional requirements of [D.3.3.1
throngh I.3.3.7 regardless of whether earthquake loads are
included in the controlling load combination for the anchor
design. In addition, all post-installed anchors in structures
asaigned to Selsmic Design Categories C, I, E, or F must
meet the requirements of ACI 2552 or ACI 2554M for
prequalification of anchors to resist earthquake loads.
Ideally, for tension leadings, anchor strength should be
rovemned by vielding of the ductile steel element of the
anchor. If the anchor cannot meest the specified ductility
requirements of [0.3.3.4.3a), then the attachment should be
either designed to yield if it is structural or light gange steel,
or designed to crush if it is wood. If ductility requirements
of [0.3.3.4.%a) are satisfied. then any attachments t© the
anchor should be designed not o yield. In designing attach-
ments using vield mechanisms to provide adequate ductility,
as permitted by D.3.24.30b) and [.3.2.5 3ia), the ratio of
specified vield strength to expected strength for the material
of the attachment should be considered in determining the
design force. The value used for the expected strength
should consider both material overstrength and strain-
hardening effects. For exampla, the material in a connection
element could yield and, dus to an increase in its strength
with strain hardening, cause a secondary failure of a sub-
element or place extra force or deformation demands on the
anchors. For a stactural steel attachment, if only the specified
vield strength of the steel is known, the expected strength
should be taken as about 1.5 times the specified vield
strength. If the actual vield strength of the steel 8 known,
the expected strength should be taken as about 1.25 times
the actual vield strength.

Under seismic conditions, the direction of shear may not be
predictable. The full shear force should be assumed in any
direction for a safe design.

Amarican Concrate Institute Copyrighted Material—seww.concrete.org
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CODE

0.3.32 — The provisions of Appendix D do not
apply to the design of anchors in plastic hinge zones of
concrete structures under earthquake forces.

[.3.3.3 — Post-installed anchors shall be qualified
for earthquake loading in accordance with ACI 355.2
or ACI 355.4M. The pullout strength Np and stesl
strength in shear Vg, of expansion and undercut
anchors shall be based on the results of the ACI 355.2
Simulated Seismic Tests. For adhesive anchors, the
steel strength in shear Vy, and the characteristic bond
stresses 1,,., and 1., shall be based on results of the
ACI 355.4M Simulated Seismic Tests.

[.3.3.4 — Requirements for tensile loading

D.3.3.4.1 — Where the tensile component of the
strength-level earthquake force applied to a single
anchor or group of anchors iz equal to or less than 20
percent of the total factored anchor tensile fores asso-
ciated with the same load combination, it shall be
permitted to design a single anchor or group of
anchors to satisfy 0.5 and the tensile strength require-
ments of D.4.1.1.

0.3.3.4.2 — Where the tensile component of the
strength-level earthquake force applied to anchors
exceeds 20 percent of the total factored anchor tensile
force associated with the same load combination,
anchors and their atachments shall be designed in
accordance with 0.3.3.4.3. The anchor design tensile
strength shall be determined in accordance with
0D.3.3.4.4.

COMMENTARY

RIL33.2 — The design provisions in Appendiz D do not
apply for anchors in plastic hinge zones. The possible
higher levels of cracking and spalling in plastic hinge zones
are beyond the the conditions for which the nominal
concrete-governed strength values in Appendix D are
applicable, Plastic hinge zones are considerad to extand a
distance aqual to twice the member depth from any column
or beam face, and also include any other sections in walls,
frames, and slabs where vielding of reinforcement is likely
to occur as a result of lateral displacements.

Where anchors must be located in plastic hinge regions,
thev should be detailed so that the anchor forces are trans-
ferred directly to anchor reinforcement that is specifically
designad 1o carry the anchor forces into the body of the
member beyond the anchorage region. Configurations that
rely on concrete tensile strength should not be used.

R332 — Anchors that are not suitable for use in
cracked concrete should not be used o resist earthquake
loads. Qualification of post-installed anchors for use in
cracked concrete is an integral part of the qualification for
resisting earthquake loads in ACI 355.2 and ACI 355.4M.
The design values obtained from the Simulated Seismic
Tests of ACL 2552 and ACI 355.4M are expected to be less
than those for static 1oad applications.

RID.3.3.4 — Requirements for tensile loading

RIL3.341 — The requirements of [.3.3.4.3 nead not
apply where the applisd earthquake tensile force is a small
fraction of the total factored tension force.

RIDL32A2 — If the ductile stee]l element is ASTM
Ad6M or ASTM A3DT steel. the f,dfy, value is typically
about 1.5 and the anchor can stretch considerably before
rupturing at the threads. For other steels, calculations may
nead to be made to ensure that a similar behavior can oocur,
R[5 1.2 provides additional information on the steel prop-
erties of anchors. Provision of upset threaded ends, whereby
the threaded end of the rod is enlarged to compensate for the
area reduction associated with threading, can ensure that
vielding cocurs over the stretch length regardless of the ratio
of the vield to ultimate strength of the anchor

Amarican Concrete Institute Copyrighted Materia l—www concrete.org
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[0.3.3.4.3 — Anchors and their attachments shall
satisfy one of options {a) through (d):

(@) For single anchors, the concrete-governed
strength shall be greater than the steel strength of
the anchor. For anchor groups, the ratio of the
tensile load on the most highly stressed anchor to
the steel strength of that anchor shall be equal to or
greater than the ratio of the tensile load on tension-
loaded anchors to the concrete-governad strength of
those anchaors. In each case:

1. The steel strength shall be taken as 1.2 times
the nominal steel strength of the anchor.

2, The concrete-governed strength shall be taken
as the nominal strength considering pullout, side-
face blowout, concrete breakout, and bond
strength as applicable. For consideration of pullout
in groups, the ratio shall be caloulated for the most
highly stressed anchaor.

In addition, the following shall be satisfied:

3. Anchors shall transmit tensile loads via a ductile
steel element with a stretch length of at least eight
anchor diameters unless otherwise determined by
analysis.

4. Where anchors are subject to load reversals, the
anchor shall be protected against buckling.

5. Where connections are threaded and the ductile
steel elements are not threaded over their entire
length, the ratio of f,4./fi, shall not be less than 1.3
unless the threaded portions are upset. The upset
portions shall not be included in the stretch length.

&, Deformed reinforcing bars used as ductile steel
elements to resist earthquake effects shall be
limited to ASTM A&15M Grades 280 and 420 satis-
fying the requiremants of 21.1.5.2(a) and (b) or
ASTM A70EM Grade 420.

(b) The anchor or group of anchors shall be
designed for the maximum tension that can be
transmitted to the anchor or group of anchors based
on the development of a ductile vield mechanism in
the attachment in flexure, shear, or bearing, or a
combination of those conditions, and considering
both  material overstrength and  strain hardening
effects for the attachment. The anchor design tensile
strength shall be calculated from 0.3.3.4.4,

(c) The anchor or group of anchors shall be
designed for the maximum tension that can be trans-
mitted to the anchors by a non-yiglding attachment.
The anchor design tensile strength shall be calculated
from 0.3.3.4 4,

COMMENTARY

RID.A3A3 — Four options are provided for determining
the required anchor or attachment strength to protect against
nonductile tension failure:

In option (a). anchor ductility requirements are imposed and
the required anchor strength is that determined using
strength-level earthquake forces acting on the structure.
Reseah? 78 has shown that if the steel of the anchor
vields before the concrete anchorage fails, no reduction in the
anchor tensile strength 1 nesded for eathquake loadings.
Ductile steel anchors should satisfy the definition for ductile
sieel elements in D1 To facilitate comparison between steel
sirength, which is based on the most highly-stressad anchor,
and concrete strength basad on group behavior, the design is
performed on the basis of the ratio of applied load to strength
for the steel and concrete, respectively.

For some structures, anchors provide the best locations for
energy dissipation in the nonlinear range of response, The
stretch length of the anchor affects the lateral displacement
capacity of the stmcture and therefore that length needs to
be sufficient such that the displacement associated with the
design-basis earthquake can be achieved P® Obsarvations
from earthquakes indicate that the provision of a stretch
length of eight anchor diameters results in good structural
perfonmance. Where the required stretch length is calculated,
the relative stiffness of the connected elements needs to be
considered. When an anchor is subject to load reversals, and
its yielding length outside the concrete excesds six anchor
diameters, buckling of the anchor in compression is likely.
Buckling can be restrained by placing the anchor in a twbe,
However, care must be taken that the tube does not share in
resisting the tensile load assumed to act on the anchor. For
anchor bolts that are not threaded over their length, it is
important to ensure that yielding occur over the unthreadead
portion of the bolt within the stretch length prior to failure in
the threads. This is accomplished by maintaining sofficient
margin betwesn the specified vield and ultimate strengths of
the balt. It should be noted that the available stretch length
may be adversely influenced by construction technigues i for
example, the addition of leveling muts to the examples
shown in Fig. RIL1. 20

In option (b)), the anchor is designed for the tension force
associated with the expected strength of the metal or similar
material of the attachment. For option (b). as discussed in
RED.A3, care must be taken in design to consider the
consequenc es of potential differences between the specified
yield strength and the expected strength of the attachment.
An example s 21.4.3 for the design of connections of
intermediate precast walls where a connection not designed
to yield should develop at least I.S.S'_,I whers .‘.'J. is the
nominal steength of the vielding element basad on its specified
vield strength. Similarly, steel design mamals require stactural
sieel connections that are designated nonyielding and part of
the seismic load path to have design strengths that exceed a
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(d) The anchor or group of anchors shall be designed
for the maximum tension obtained from design load
combinations that include E, with E increased by £2,.
The anchor design tensile strength shall satisfy the
tensile strength requirements of 0.4.1.1.

[.3.3.4.4 — The anchor design tensile strength for
resisting sarthquake forces shall be determined from
consideration of (a) through () for the failure modes
gven in Table D4.1.1 assuming the concrete is
cracked unless it can be demonstrated that the
concrete remains uncracked:

(a) #N,, for a single anchor, or for the most highly
stressed indwvidual anchor in a group of anchors;

(B) 0.758N,y, or 0.75¢N,p,, sxcept that Ny, or Ny
nesd not be calculated where anchor reinforcement
satisfying [.5.2.9 is provided;

() G.TS#NP,., for a single anchor, or for the most
highly stressed individual anchor in a group of
anchors;

(d) 0.75¢Ny, or 0.75¢N, and
() 0.75aN, or 0.?5#&.‘59

where @is in accordance with D.4.3 or 04,4,

0.3.3.45 — Where anchor reinforcement is
provided in accordance with D.5.2.9, no reduction in
design tensile strength beyond that specified in D.5.2.9
shall be required.

COMMENTARY

multiple of the nominal strength. That multiple depends on
a factor relating the likely aciual to specified vield strength
of the material and an additional factor exceeding unity to
account for material strain hardening. For attachments of cold-
formed steel or wood, similar principles should be used for
determining the expectad strength of the attachment in order to
determine the required strength of the anchorage,

Additional guidance on the use of options (a) through (d) is
provided in the 2000 NEHRP Provisions.P® The design of
anchors in accordance with option (a) should be used only
where the anchor vield behavior 1s well defined and where
the interaction of the vielding anchor with other elements in
the load path has been adequately addressed. For the design
of anchors per option (b), the force assoCiated with yield of
a steel attachment, such as an angle, baseplate, or web tab,
should be the expected strength, rather than the specified
vield strength of the steel. Option (c) may apply (o a variety
of special cases, such as the design of sill bolts where the
crushing of the wood limits the force that can be transfemed
to the bolt, or where the provisions of AISC 341, Seismic
Provisions for Structural Steel Hulldings.D'm specify loads
basad on member strengths,

RIL3344 — The reduced anchor nominal tensile
strengths assoclated with concrete failure modes is to
account for increased cracking and spalling in the concrete
resulting from seismic actions. Because seismic design
generally assumes that all or portions of the structure are
loaded beyond yield, it is likely that the concrete is cracked
throughout for the purpose of determining the anchor
strength. In locations where it can be demonstrated that the
concrete does not crack, uncracked concrete may be
assumed for determining the anchor strength as governed by
concrets failure modes.

RIDL33AS — Where anchor reinforcement as defined
in 0.5.2.9 and D.6.2.9 is used, with the properties as defined
in 21.1.5.2, no separation of the potential breakout prism
from the substrate is likely to occur provided the anchor
reinforcement is designed for a load greater than the
concret: breakout strength,

American Goncrete Institute Copyrighted Materia —www.concrets,org
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[.3.3.5 — Requirements for shear loading

[.3.3.5.1 — Where the shear component of the
strength-level earthquake force applisd to the anchor
or group of anchors is equal to or less than 20 percent
of the total factored anchor shear force associated with
the same load combination, it shall be permitted to
design the anchor or group of anchors to satisfy 0.6
and the shear strength requirements of 0.4.1.1.

[.3.352 — Where the shear component of the
strength-level earthquake force applied to anchors
exceeds 20 percent of the total factored anchor shear
force associated with the same load combination,
anchors and their attachments shall be designed in
accordance with 0.3.3.5.3. The anchor design shear
strength for resisting earthquake forces shall be
determined in accordance with [L6.

CONMMENTARY
RIM3.3.5 — Requirements for shear loading

Where the shear component of the earthquake force applied
to the anchor excesds 20 percent of the total anchor shear
force, three options are recognized for determining the
required shear strength o protect the anchor or group of
anchors against premature shear failure, Thers is no option
comesponding to option (a) of [0.3.2.4.3 because the cross
section of the steel element of the anchor cannot be configured
so that steel failure in shear provides any meaningful degree
of ductility.

Design of the anchor or group of anchaors for the strength
associated with force-limiting mechanisms under option (),
such as the bearing strength at holes in a steel attachment or
the combined crushing and bearing strength for wood
members may be particularly relevant. Tests on tvpical
anchor bolt connections for wood framed shear walls™
showed that wood components attached to concrete with
minimum edge distances exhibited ductile behavior. Wood
“vield” (crushing) was the first limiting state and resulted in
nail slippage in shear. Mail slippage combinsd with bolt
bending provided the required ductility and toughness for
the shear walls and limited the loads acting on the bolts.
Procedures for defining bearing and shear limit states for
connactions to cold-formed steel are described in AISI
5100-07212 and examples of strength calculations are
provided in the AISI “Cold-Formed Steel Design
Manual”™!® In such cases, consideration should be siven
to whether excesdance of the bearing sirength may lead to
tearing and an unacceptable loss of connectivity, Where
anchors are located far from edges it may not be possible to
design such that anchor reinforcement controls the anchor
strength. In such cases, anchors should be designed for
overstrength in accordance with option ().

RIL33.5.1 — The requirements of [0.3.3.5.73 nead not
apply where the applisd earthquake shear force is a small
fraction of the total factored shear force.
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D.3.3.5.3 — Anchars and their attachments shall
be designed using one of options (a) through (2):

(a) The anchor or group of anchors shall be
designed for the maximum shear that can be trans-
mitted to the anchor or group of anchors based on
the development of a ductile vield mechanism in the
attachment in flexure, shear, or bearing, or a combi-
nation of those conditions, and considering both
material overstrength and strain hardening effects in
the attachment.

(B) The ancher or group of anchors shall be
designed for the maximum shear that can be trans-
mitted to the anchors by a non-yielding attachment.

(@) The anchor or group of anchors shall be
designed for the maximum shear obtained from
design load combinations that include E with E
increased by £2,. The anchor design shear strength
shall satisfy the shear strength requirements of
D411,

D.3.3.54 — Where anchor reinforcement is
provided in accordance with D629, no reduction in
design shear strength beyond that specified in D.6.2.9
shall be required.

[.3.3.6 — Single anchors or groups of anchors that
are subjected to bath tension and shear forces shall be
designed to satisfy the requirements of D.7, with the
anchor design tensile strength calculated  from
0.3.3.4.4.

0.3.3.7 — Anchor reinforcement used in structures
assigned to Seismic Design Category C, D, E, or F
shall be deformed reinforcement and shall be limited
to ASTM AG15M Grades 280 and 420 satisfying the
requirements of 21.1.5.2(a) and (b} or ASTM AT0SM
Grade 420,

D.3.4 — Adhesive anchors installed horizontally or
upwardly inclined shall be qualified in accordance with
ACI 355.4M requirements for sensitivity to installation
direction.

D.3.5 — For adhesive anchors subjected to sustained
tension loading, D.4.1.2 shall be satisfied. For groups
of adhesive anchors, Eq. (D-1) shall be satisfied for
the anchor that resists the highest sustained tension
load. Installer certfication and inspection require-
ments for horizontal and upwardly inclined adhesive
anchors subjected to sustained tension loading shall
be in accordance with 0.9.2.2 through D.9.2 4.

COMMENTARY

RD.34 — ACT 355 4M includes optional tests to confirm
the suitability of adhesive anchors for horizomtal and
upwardly inclined installations.

RD.AS — For adhesive anchors subjected to sustained
tension loading, an additional calculation for the sustained
portion of the factored load for a reduced bond resistance is
required to account for possible bond strength reductions
under sustained load. The resistance of adhesive anchors to
ststained tension load is particularly dependent on correct
installation, including hole cleaning, adhesive metering and
mixing, and prevention of voids in the adhesive bond line
(annular gap). In addition, care should be taken in the selection
of the correct adhesive and bond strength for the expected
conditions on-site such as the concrete condition during
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D.3.6 — Modification factor A, for lightweight concrete
shall be taken as:

Cast-in and undercut anchor concrete failure ... 1.04

Expansion and adhesive anchor concrete
FRIUPE. o 0.84

Adhesive anchor bond failure per Eq. (D-22) ... 0.64

where 4 iz determined in accordance with 881, It
shall be permitted to use an alternate value of A4
where tests have been performed and evaluated in
accordance with AC| 355.2 or ACI 355 4M.

DAT — The values of £ used for caloulation
purposes in this appendix shall not excesd 70 MPa for
cast-in anchors, and 55 MPa for post-installed
anchors. Testing is required for post-installed anchors
when used in concrete with f2' greater than 55 MPa.

COMMENTARY

installation (dry or saturated, cold or hot), the drilling
method used (rotary irmpact drill'rock drill or core drill), and
anticipated in-service temperature variations in the concrete.
Installer certification and inspection requirements associ-
ated with the use of adhesive anchors for horizontal and
upwardly inclined installations to resist sustained tension
loads are addressad in [0.9.2.2 through D924,

Adhesive anchors are particularly sensitive to installation
direction and loading type. Adhesive anchors installed over-
head that resist sustained tensicn loads are of concem since
previous applications of this type have led to failures. Other
anchor types may be more appropriate for such cases. Where
adhesive anchors are used in overhead applications subjected
to sustained tension loading. it is essential to meet test
requirements of ACT 25546 for sensitivity © installation
direction, use certified installers, and require special inspection.

RID36 — The number of tests available to establish the
strength of anchors in lightweight concrete is limited. Light-
weight concrete tests of cast-in headad studs indicate that
the present reduction factor A adequately captures the influence
of lightweight concrete. D403 & nehor manufacturer data
developed for evaluation reports on both post-installed
expansion and adhesive anchors indicate that a reduced 4 is
neaded to provide the necessary safety factor for the respective
design strength. ACI 355.2 and ACI 2554M provide
procedures whereby a specific value of A; can be usad based
on testing, assuming the lightweight concrete is similar to
the reference test material.

RD.AT — A limited number of tests of cast-in and post-
installed anchors in high-strength concrete™ ! indicate that
the design procedures contained in this appendix become
unconsarvative, particularly for cast-in anchors in concete
with compressive stiengths in the range of 75 to 85 MPa. Until
further tests are available, an upper limit on f7 of 70 MPa
has been imposad in the design of cast-in anchors. This
limitation is consistent with Chapters 11 and 12, ACI 355.2
and ACI 355.4M do not require testing of post-installed
anchors in concrete with 7 greater than 55 MPa. Some post-
installed expansion anchors may have difficalty expanding
in very high-strength concretes and the bond strength of
adhesive anchors may be negatively affected by very high-
strength concrete. Therefore, f is limited to 55 MPa in
the design of post-installed anchors unless testing is
performed.
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