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1. RAPOR OZETi :

Bu rapor Has Vida Gebze Kocaeli deposunda kullanilan raf tasiyici sistemlerinin statik
analizini incelemek amacli olusturulmustur. Kesitlerin tagima kapasiteleri ve sistem
geometrilerine gore raflarin tagiyacaklar yiik ve yiik kapasiteleri raporun ilerleyen sayfalarinda

ayrintili olarak incelenecektir.

Ayrica raflarin belirli yiikler altindaki davraniglar1 ayrintili olarak irdelenecek ve nlardaki

yer degistirmeler ayrintili bir bigimde raporda gosterilecektir.




HAS VIDA_Raf Statik Hesap Raporu_Gebze/Kocaeli H:5.00m

2. TEMEL KABULLER:

2.1.Birimler
Gerek tasarimda gerekse hesaplarda Sl uluslar arasi 6l¢ii birim sistemi kullanilmstir.
Uzunluk ( m,cm)
Yikler ( ton, kg )
Agirlik ( ton, kg )
Kiitle ( ton.sn?/m )

Moment ( ton.m, ton.cm ) .'Q%

Gerilme ( ton/m?, ton/cm2)

2.2.Malzeme &r

2.2.1. Yapi Celiklerinin Mekanik

Celik Malzemelerin Akma Gerllmelerl Elastisite ve Kayma Modiilleri
3 4 5

Basmc; ve Kayma Lineer

a Cekme igin Sicaklik
Malzeme mlr_mda Elastisite Modiili, G | Gegirgenlik

Cerilme
kg/em?2 Modiili, E Say1st, ot
kg/lcm2 kg/lcm2 cm/cm °C
y 2400

Celik St 44 2850 21000000 810000 0,000012

~

Celik St 52 3600

Konstriikgiyonda kullanilan yapi ¢elikleri St-37 kalitesindedir.
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2.3.Hesaplarda Kullanilan Bilgisayar Programlari

e SAP2000V.22.2.0 Structural Analyse Program (Version 20.2.0) (Statik Analiz

Programi)

m SAP2000 Advanced 64-bit
Version 22.2.0 Build 1663
Structural Analysis Program
Copyright (c) 1976-2020 Computers and Structures, Inc.

A product of:
Computers and Structures, inc.

WWW.csiamerica.com
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3. YUK ANALIZi

3.1.Diisey Yiikler ;
Konstriiksiyon yiikii program tarafindan analizlere otomatik dahil edilecektir.

Depolama Yiikleri :

Dikme aks araliklarinin 270cm oldugu gézlemlenmistir.
Raf Genisliginin 105c¢m oldugu gozlemlenmistir.

Bir kata toplam 2500kg yiik koyulmasi 6n goriilmiistiir.

NN
O
S
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3.2.Statik Yiik Durumlan ve Yiik Kombinezonlari ;

3.2.1. Statik yiik durumlari :

TABLE: Load Pattern Definitions

LoadPat DesignType |SelfWtMult
Text Text Unitless
KONSTRUKSIYON DEAD 1
MALZEME SUPER DEAD 0

3.2.2. Yiik kombinasyonlari : 4 :

TABLE: Combination Definitions
ComboName | ComboType [ AutoDesign| CaseType CaseName ScaleFactor
Text Text Yes/No Text Text Unitless
DUSEY BOS | Linear Add No Linear Static 1
DUSEY DOLU | Linear Add No Linear Static 1
DUSEY DOLU Linear S 1
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4. SISTEM AKS BILGILERI :(Birimler cm cinsinden)

]
'/ 173cm
-
y

270cm

105cm

T T E——

CoordSys | AxisDir GridID |XRYZCoord | LineType
Text Text Text cm Text

A 0 Primary

X B 270 Primary

Y 1 0 Primary

Y 2 105 Primary

GLOBAL Z +0,00m 0 Primary
GLOBAL z +0,977m 97,7 Primary
GLOBAL Z +1,72m 172 Primary

10
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5. KULLANILAN KESITLERIN OZELLIKLERI :(Birimler cm cinsinden)

SAP2000 HESAP PROGRAMINDA TAHKIKi YAPILAN KESITLER :

A : Kesit Alami

133 : Kesit 3 yonii atalet Momenti (cm?)

122 : Kesit 2 yonii atalet Momenti (cm?) ‘ '
S33 : Kesit 3 yonii atalet Mukavemet Momenti (cm?®) %
S22 : Kesit 2 yonii atalet Mukavemet Momenti (cm?®)

r33 : Kesit 3 yonii atalet yaricap1 (cm) °
r22 : Kesit 2 yonii atalet yarigap1 (cm) Q

Capraz ,\
‘)
/i Dikme

\ Travers

/OA

11
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5.1. Raf Dikme Profili :

Dikme Profili Et Kalinligi : 2,05 mm Malzeme : St-37 (Birimler cm cinsindendir)

12

Section Properties
Base Material

ST-37

Orientation of 2-Axis for These Properties

(® Defautt O user

Angle from X- to 2-Axis 80

Mesh Size
Max. Mesh Size (Absolute) l:l cm
Max. Mesh Size (Relative) 0,05
Properties
Xcg 0
Yeg [ 0,3293
A 68,4788
J 0,1202
133 1456078
©2 196,0654
23 0
AS2 442
AS3 | 2,8287
533(+face) 20,9036
S33(-face) 30,1508
S22(+face) 32,6776
S22(-face) 32,6776
Z33 31,8904
z22 38,4846
r33 41441
r22 4,8088
d33pna -0,2843
d22pna 0
Refresh OK Cancel
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5.2. Raf Tasiyic1 Travers Profili :

Travers Profili Et Kalinligi : 7,25mm Malzeme : St-37 (Birimler cm cinsindendir)

E Box/Tube Section

Section Name
Section Notes
Dimensions
Outside depth (13 )
Qutside width ({2 )
Flange thickness (tf)

Web thickness (tw )

Material

ST-37

B Property Data

Section Name

Properties

Cross-section (axial) area
Moment of Inertia about 3 axis
Moment of Inertia about 2 axis

Product of Inertia about 2-3

Shear area in 2 direction
Shear area in 3 direction

Torsional constant

TRAVERS

Display Color
Modify/Show Notes...
Section
12 b
0,715 3
0,715
Properties
Property Modifiers Section Properties...
Set Modifiers... Time Dependent Properties...
\y S
TRAVERS
i Section modulus about 3 axis 65,2445
391,4672 Section modulus about 2 axis 38,9054
st Plastic modulus about 3 axis 84,3199
0 Plastic modulus about 2 axis 46,9773
e Radius of Gyration about 3 axis 41274
i Radius of Gyration about 2 axis 21517
259 47 0,

Shear Center Eccentricity (x3)

13
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5.3. Stabilite Profilleri (Caprazlar) :

Capraz Profili Et Kalinlhig: : 2,62mm Malzeme : St-37 (Birimler cm cinsindendir)

B Pipe Section

Section Name

Section Notes

Dimensions

Outside diameter (13 )

Wall thickness (tw )

Material

ST-37

B Property Data

Section Name

Properties

Cross-section (axial) area
Moment of Inertia about 3 axis
Moment of Inertia about 2 axis

Product of Inertia about 2-3

Shear area in 2 direction
Shear area in 3 direction

Torsional constant

CAPRAZ pispiay Coor [}
Modify/Show Notes...
Section
: D
0,262 /_;-"“"-\
3
A
Properties
Property Modifiers Section Propertizs...
Set Modifiers... Time Dependent Properties...
O
CAPRAZ
2,2536 Section modulus about 3 axis 1,4208
21312 Section modulus about 2 axis 1,4208
21312 Plastic modulus about 3 axis 19701
0, Plastic modulus about 2 axis 19701
R Radius of Gyration about 3 axis s
LG Radius of Gyration about 2 axis ORI
42624 0,

Shear Center Eccentricity (x3)

14
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6. SISTEM YUKLEME SEKILLERI :

Depo Yiiklerinin Sisteme Etki Ettirilmesi: (Birim kg-m) (Bir kata 2500 kg)

J

Frame Span Loads (MALZEME) (GLOBAL CSys) |

15
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7. DIZAYN SONUCLARI :

Kesit Numaralart ile birlikte dizayn sonuglar verilecektir.

Dikme Baglantisi ve Cubuk Uc¢ Serbestlikeri :

Joint Restraints

e Restraintz in Joint Local Directions

v Translation 1 [T Rotation abaout 1
¥ Translation 2 [ Fotation about 2
[v Translaion 3 [ FRotation about 3

Fast Restraints

Ok | Cancel |

) 4
Tipik Mesnet Baglant1 Ozellikler

Dikme ayaklar1 zemine x,y ve z dogrultusunda hareket etmiyecek sekilde tanimlanmustir.
Ayn1 zamanda dikme baglantilari moment tasima kapasitesi olmayacak sekilde basit baglanti

olarak diistiniilmustiir.

16
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3-D View

.

‘ - - Object Model - Line Information
| Ve ! Locater,  Adsionect | Loads

\ / /

| Desn
derblcsion

‘_.
»
-

| ) e B Design Pocediae [SieeiFiane =
+ )
H ¢ — / / [Section Propeny CePRRZ =]
e s i Properly Moddiers Hore |
\ t! it Nong:
/ . / T Tz
/ . e Tarat =
Object Model - Line Information . / ' / one.
\ . . e et |
Locsion [Asmgrmertz | Losts | Deimn | "
derification v P N ‘ o
L[5 Dissign Procadure [Steel Fiame g * - i
Vo * e
\ /S L =
[Section Property [ ﬂ B8 N . _ Updats Daclay |
| Propesty Modifiers . ] Modiy Dispizy
/ ok
e S - °, | | Hash Ophin
,- I Material Tenp Goink &l Carcel
H y | Dol clck whle bechground cel i ect dem
o ,‘
05 e
e — | /34
= - . f 7
°
P . o [/
eh Dpton emedaz I
Duoule chok white background cel o edi lem. :

Cubuk Elemanlarinin Baglanti De

Kirislerde egilme yoniinde baglant1 noktalarinda mo

¢ seroestligi tantmlanmistir.

Caprazlarda egilme ve burkulma yoniinde bagla a da moment ug serbetligi
tanimlanmistir.

17
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7.1.Y-Z Akslar Cerceve Goriiniisleri : (Birimler : m)

| Y-ZPlane@Xx=0 |

AN
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|

Y-Z Plane @ X=2,7

]

20
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7.2.X-Z Aksi1 Goriiniisleri : (Birimler : m)

[ XZPne@¥=0 |
® L *
¢ 8 ®
z
X ®

\ N ‘

[ XZPlane@VY=105 |
® & .
[ 5 ®
%—»X ®

20
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7.3. 3D Perspektif Goriiniisii :

o —

21
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7.4. Kesit Elemanlarin Dizayn Sonuclari

Gerilme Kontor Diyagram

0,012 .
0289
o0
& 1,
L] oS 00!3
fe
;r,',_ '11% 0:
< O 09'15 =] 09
L]
L]
A
0 ot J 0.7
0,5
L ]
0.025 o 0,
(Tablolar SAP2000 programingdan alirfigis
Gerilme Dizayn Sonu@®at
/\
TABLE: Steel Design 1 - Summary Data - AISC-ASD89
Frame | DesignSect | DesignType Ratio | RatioType Combo Location
Text Text Text Unitless Text Text m
1 KDﬁ(ME Column |0,906189| PMM | DUSEYDOLU | 1,72
4 DIKME Column 0,906189 PMM DUSEY DOLU 1,72
3 DIKME Column 0,904403 PMM DUSEY DOLU 1,72
4 DIKME Column 0,904403 PMM DUSEY DOLU 1,72
5 TRAVERS Beam 0,278218 PMM DUSEY DOLU 2,7
6 TRAVERS Beam 0,268976 PMM DUSEY DOLU 1,35
7 TRAVERS Beam 0,270115 PMM DUSEY DOLU 1,35
8 TRAVERS Beam 0,276936 PMM DUSEY DOLU 2,7
9 CAPRAZ Brace 0,024849 PMM DUSEY DOLU | 1,43423
10 CAPRAZ Beam 0,012606 PMM DUSEY DOLU 0
11 CAPRAZ Brace 0,054392 PMM DUSEY DOLU | 1,28629
12 CAPRAZ Beam 0,012209 PMM DUSEY DOLU 0

22
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17 CAPRAZ Brace 0,024849 PMM DUSEY DOLU | 1,43423
18 CAPRAZ Beam 0,012606 PMM DUSEY DOLU 0
19 CAPRAZ Brace 0,054392 PMM DUSEY DOLU | 1,28629
20 CAPRAZ Beam 0,012209 PMM DUSEY DOLU 0

**Dizayn Sonuclarindan da anlasilacag lizere ;

Bir kata 2500kqg agirliginda yiik koyulabilir.

2 katl bir raf sisteminin emniyet ile taginabilecegi depolama yiikii : 5000kg olarak tegpit e

NN
O
S

23
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8. DEFORMASYON SONUCLARI

8.a : Dikme Elemanlarindaki deformasyonlar :

Diisey deformasyon Diyagrami : (birimler cm cinsindendir)
R1 : X yoniindeki Dénme

R2 : Y yo6niindeki Dénme

R3 : Z yoniindeki Dénmez

Ul : X yoniindeki yer degistirme

U2 : Y yéniindeki yer degistirme o
U3 : Z yoniindeki yer degistirme Q

Pl N

24
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8.b : Kiris Elemanlarindaki deformasyonlar :

Sehim miktari ; raf kirigleri i¢in L/200 ‘den az olmalidir.

Konsol kiris varsa bu limit L/100 olarak belirtilmektedir.

Mevcut Durumda :

Eger L/200 (TS EN 15635) den fazla sechim tespit edildiyse lizerindeki yiik kaldiriimali.
Olusan plastik deformasyon miktar1 dl¢iilmeli. Bu deger normal sehimin %20 sinjasamis
ise yuk azaltilarak sistem kullanilabilir.

Raf Kiris Acikligr = 290cm.

Miisaade edilen Sehim Sinir1 (cm cinsinden) = 1,45¢cm olmalidir. A
L]

kiris deplasmani 1,45cm’den az ise raflarda ki yiiklerin aza :
yoktur.

25
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[ Moment 3-3 Diagram (DUSEVDOLU) | H Diagrams for frame Object 7 (TRAVERS) X |
End Length Offset Display Options
Case |DUSEY DOLU Coomoa) & 2 O Scrol for Values
Rems  Major (V2andM3) v | Single valied - HEo Som @ Show Max
0, cm
t 4
JEnd | 0, cm
270, cm)

Equivalent Loads - Free Body Diagram (Concentrated Forces in Tonf, Concentrated Moments in Tonf-cm)

Dist Load (2-dir)
0,00481 Tonticm
C f ¥ ) at 180, cm
Positive in -2 direction
resuna S
Shear V2
0,6494 Tonf
8t270, cm
Resuttant Moment
Moment M3
22,067 Tonf-cm
at 135, cm
Deflections
Deflection (2-dir)
0,154637 cm
3 at 135, cm
Posttive in -2 direction
O Absolte O Reative to Beam Minimum @ Relative to Beam Ends
Reset to intial Unts Unts  Tonf,emC -

. 7
° < {~
Maksimum ytikler altinda maksimum egilme momenti alan 11 Kiriste 0,15cm sehim

gozlenmistir.
Sehim Sinir1 : 270cm / 200 = 1,35cm %

1,35cm > 0,15¢m oldugundan, maksimu 1t ehim problemi gézlemlenmemistir.

26
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9. YAPIDIiZAYN YONETMELIGI

Celik eleman tahkikleri i¢in kabul edilen AISC-ASD89 (TS648 Eslenigi) yonetmeligi 6n

kabulleri asagidaki resimde gosterilmektedir.

-
Steel Frame Design Preferences for AISC-AS

Item VYalue
1 |Design Code AlSC-H5085
2 | Time Hiztary Design Ermelopes
3 |Framing Type Braced Frame
4 [Lateral Factor 115
5 | Conzider Deflection? Mo
E | DL Limit, L ¢ 120,
7 | Super DL+LL Lirit, L ¢ 120,
8 |Live Load Limit, L / 360,
9 | Total Limit, L/ 240,
10 | Tatal-Carnber Limit, L/ 240,
11 | Pattem Live Load Factor 075
12 | Demand/Capacity Fatio Limit 1.

—Set To Default Walues

(

Reset To Previous Values

r ltem Description

Thiz iz eithertoment Frame" or -
"Braced Frame". This item iz used for
dudhility considerations in the design.

-

— Explanation of Colar Cading for Walugs ——

Blue: Default Walue
Black: Mot a Default Yalue

Red: “alue that haz changed during

Al ltemns Selected ltems | Al ltems | Selected [tems | h A ]
& curent sezion
QK I Cancel |

27
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V23; 3 yonii kesme kuvveti (2 yoniine dik) (birim boy igin)
Fi1; 1 yoniine paralel eksenel kuvvet (birim boy i¢in)

F22; 2 yoniine paralel eksenel kuvvet (birim boy i¢in)

F12; 1 yoniine paralel kesme kuvveti (birim boy i¢in)

F21; 2 yoniine paralel kesme kuvveti (birim boy i¢in)

Mi11 & My egilme donatilarini belirler.

V13 & V23 temel kalinligin1 belirler (zzimbalama tahkikinde kullanilir).

F11 & F22 eksenel yonde donati belirler. K %

X
&

28
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10. DINAMIK ANALIZ:

Depreme kars1 dayanim hesaplari, 6 MART 2007 ve 26454 sayili resmi gazetede yayinlanan
DEPREME DAYANIKLI YAPILAR ICIN HESAP KURALLARI (2007)’ na gére

yapilmistir.
Buna gore ;
Spektral ivme katsayisi : A (T)=Ao X IXS(T)

A, = Etkin yer ivmesi katsayisi, Ao =0,40 (1. derece deprem bolgdsi )

I = Yap1 6nem katsayist : 1= 1,0 alinmistir (Bina tipi Endj el ilarda)
o
S : Spektrum Katsayisi Q
S(T1)=1+(15*T1/Ta) 0<T
S(T1)=25 Ta<
S(T1)=25%(Te/T)%® T > Tg olarak hesaplanacaktir

Toplam esdeger deprem kuvveti )/ R formiilii ile hesaplanacaktir

W : Bina toplam agirhigi (W =G +

[
G : Toplam zati yilik

Q : Toplam hareketlr

n : HarelCth attlim katsayis1 = 0,80 (Depo, antrepo vb.)

29
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Define Mass Source

 Mags Definition
" From Element and Additional Maszes
& From Loads

= From Element and Additional Masses and Loads

r~ Define Mass Multipler for Load
Load Fuiltiplier
MALZEME v |[0.80
KOMSTRUESIVOM |1,

Delete |

Ok, Cancel
Depreme katilan kiitle (Sap2000 Programin 15t1r)
R : Tastyict sistem davranis katsayist (Yapi Dav ay1s1 8 olarak alinmistir)

. 1.0erece
2.Derece
3.Derece
d.Derece

D S.Derece

s il merkezi
» lge merkezi
= Bucak merkezi
Diri FaylarimMTA)
—e Yol
—— Otoban
== [Demiryolu
Mehir

—— dgesimn g0 5 km

T [—

DEPREM ARASTIRMA D AIRESi ANKARA,

Saﬁanca

30
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Depremli Durum Yiik Kombinasyonu :

TABLE: Combination Definitions

ComboName |ComboType |AutoDesign CaseType CaseName |ScaleFactor
Text Text Yes/No Text Text Unitless
DEXP Linear Add No Response Combo DUSEY 1
DEXP Linear Static EX 1
DEXN Linear Add No Response Combo DUSEY 1
DEXN Linear Static EX -1
DEYP Linear Add No Response Combo DUSEY 1
DEYP Linear Static EY 1
DEYN Linear Add No Response Combo DUSEY 1
DEYN Linear Static EY

0.9EXP+0.3EYP | Linear Add No Response Combo DUSEY

0.9EXP+0.3EYP Linear Static EX

0.9EXP+0.3EYP Linear Static N 03

0.9EXP-0.3EYN | Linear Add No Response Combo
0.9EXP-0.3EYN Linear Static 0,9
0.9EXP-0.3EYN Linear Static -0,3
0.9EXN+0.3EYP| Linear Add No Response Combo Y 1
0.9EXN+0.3EYP EX -0,9
0.9EXN+0.3EYP EY 0,3
0.9EXN-0.3EYN | Linear Add No DUSEY 1
0.9EXN-0.3EYN EX -0,9
0.9EXN-0.3EYN EY -0,3
0.9EYP+0.3EXP | Linear Add DUSEY 1
0.9EYP+0.3EXP ear Static EX 0,3
0.9EYP+0.3EXP Linear Static EY 0,9
0.9EYP-0.3EXN | Linear A o Y |Response Combo|  DUSEY 1
0.9EYP-0.3EXN Linear Static EX -0,3
0.9EYP-0.3EXN 1 Linear Static EY 0,9
No Response Combo DUSEY 1
Linear Static EX 0,3
4 Linear Static EY -0,9
0.9EYN-0' No Response Combo DUSEY 1
0.9E 3EXN Linear Static EX -0,3
OOEYN, Linear Static EY -0,9
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Deprem Yiikii Deplasman Goriiniisii : (Birimler cm cinsindendir)

Pt Obj: 2
Pt Elm: 2
U1 = 0.3281
U2 = 0.001

-0,51

-0,8
-1,0
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11. SONUCLAR:

2 katli sistemde ;

1 adet yiik ( 105 cmX 270cm) her biri 833kg agirliginda toplamda 2500kg bir kata teskil
edilebilir. TSEN 15635 yonetmeliginde de bulunan kurala uygun bir sekilde bir kata

koyulabilecek maksimum palet sayis1 ve agirliklar: asagida da gosterilmistir.

A
- )
833kg 833kg| |833kg
MAX. MAX. MAX. j
833kg | |833kg | |833kg -
MAX MAX. MAX.
=
(— — —
- =\
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2 katli sistemde ;

Sehim Deformasyonu agisindan 3 adet 833kg agirliginda yiiklerin 1 kata koyulmasi, Sehim

Sinir1 : 270cm /200 = 1,35cm ve yapilan sehim miktarinin 0,15cm olmasi nedeniyle giivenli
bir sekilde teskil edilebilir.

= Jn
833kg 833kg| |833kg
MAX MAX. MAX. . )
—{
833kg | |833kg | |833kg -
MAX. MAX. MAX. :1
(— — —
- =\

v
&
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12. KAYNAKLAR

TS EN 15635 CELIK STATIK SAKLAMA SISTEMLERI- SAKLAMA
EKIPMANLARININ UYGULAMA VE BAKIMI

TS498 YAPI ELEMANLARININ BOYUTLANDIRILMASINDA
ALINACAK YUKLERIN HESAP DEGERLERI

TS648 CELIK YAPILARIN HESAP ve YAPIM KURALLARI
DBYBHY-2007 DEPREM BOLGELERINDE YAPILACAK BINAL NDA
ESASLAR

AISC-ASD89 AMERICAN INSTITUTE OF STEEL: ON —
ALLOWABLE STRESS DESIGN 198
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