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ABSTRACT

The Kingdom of Saudi Arabia has been applying the Shari'ah of Islam, acting in accordance with the
Holy Qur'an and Sunnah, and making judgments based on Allah’s Shari ah. It also strives to propagate
and call people to Islam with wisdom and fair preaching.

This is the essential cornerstone of its system, duties, and obligations, to which it pays due attention.
The Basic Law of Saudi Arabia provides for deriving power from the Holy Qur'an and Sunnah, which
rule over this Law and all other laws of the Kingdom.

It also stipulates that the Kingdom should protect the Islamic creed, apply the Shari ah, enjoin good,
forbid evil, and call people to Allah.

The Sectors of Islamic Affairs, Da 'wah, Guidance, and Endowments have been among the outstanding
pillars and essential parts of the Kingdom. Since the foundations of the kingdom were laid by King
"Abdul "Aziz Al Saud and his sons after him, the Kingdom has established, sponsored, supported, and
developed large organizations for this purpose, flourishing in the era of the Custodian of the Two Holy
Mosques, his Crown Prince, and his Second Deputy Prime Minister.

Subsequently wherever the Muslim's have gone, they built Mosques for their needs in that community
and worship Allah. Moreover mosque indeed is a great example of traditional and long lasting
buildings which civil engineers do best making a strong, stable, and sustainable buildings.

Through our civil engineering study at Prince Mohammed bin Fahd University, as well as taking the

opportunity to apply what we have studied at the university level, we decided to choose the design of
the mosque. We make Comparative Design & Analysis of a Mosque Using Steel and Reinforced
ConcreteElements design and analysis ( figure 1), including calculation of the foundation.

Our project covered bgeveral programs such as Etabs2015, Sap2000, AutoCAD, SkiCiv, LimCon,
and steel connections.
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Figure 1 Mosque overview

4|Page



Table of Contents

ACKNWOLD GEMENT oo e e e et e e e et e e e eaa e e e et e e e et e e eeaneaeennns 2
Y = 1S I 7 O USSR PPPPPPPRR 3
JLIE=1 o1 (23 @] o] (=] o1 U PPPPUPPRRR 5
(@ gF=T o) (= g I [ 1 o Yo [1 [ £ o P 10
R T =T - SRS 10
1.2 The main objectives for OUr PrOJECE @re: ........oeevuiiiiiiiiiiiiie e e e e e ee e et s e e e e e e e e e e e e eeeeeeennnnns 11
1.3 SCOPE Of TN TP OIT: ... r e e e e e e e e e e e e e e e e e e e aaaaanns 11
(@ gF=T o] (=] g2 @ o 01 =1 (= PSSP 12
P2 o = o K3 @ | o ] =40 P 12
2. 1.1 TYPES OF IOAUS:....ceeieieeieeiee ettt r e e et e e e e e e e e e e e e e e e e e aann 12
2.1.2 Load parameters and super imposed dead l0ad: .............cccooiiiiiiiiiiiiiiiecee e 14
2.1.3 L0AAS ON SIADS: ... ittt e e e e e e e e e e e e e e e e e aaaanaaae 14
2.2: DESION OF SIADS ... e e e e e e e e e e e 15
2. 2.1 TYPES OF SIAD: ..o e e e e e e e e e e e e e 15
2.2.2 Steps to Design 0Nne Way SIab: ......... e 17
2.2.3 Slab MiniMUM ThICKNESS: ....ueiiiiii et e e e e e e e e e eeeeeeeenne 17
2.2.4 MALEIIAIS PrOPEITIES: .ceeiiiiieeee ettt et e e e e e e e e e e e e e e e s e bbb bbb et e e e e et e e e aeaeeeeeas 17
2.2.5 L0Ad CalCUIALION: ... e e e st e e e e e e e e e e e e e e e e e e e naannnnae 20
2.2.6 FIEXUIAl DESIGN......coeeeeeiiiieticee et e et e e e e e e e e e e e e e e e e e e ee e es e e e e e e eeeeaeaaaeesennennnes 21
2.3 Design of beams & SUD DEAIMS: .........oiiiiii e 26
2.3.1 Steps to Design Rectangular beam & sub beams: .........oovviiiiiiiii 27
2.3.2 MALEIIAIS PrOPEITIES: ..ceeiieiieeeee ettt e e e e e e e e e e e e e e s e bbbt e e e e e e e e e eaaeeeeeas 27
2.3.3 Load calculation for Sub Deam: ... 27
2.3.4 Design Of SUD DEAMS: .......ouei e 28
2.3.5 Calculations of [0ads for Beam: ... 39
2.3.6  Design Of the DEAM: .. ..o e e e 40
2.4 DESIgN OF COIUMNS ...t e e e e e e et e e e e e et e e e e e ea it e e e e e eeraaanas 46
2.4.1 Classification Of COIUMINS: ...ttt e e e e e e e e e e eeeeneeees 46
2.4.3  MaAterialS PrOPEITIES: .. ouuuiieieeeie et e e e e e e e e e et e e e e e et e e e e e e 49
P S o T (o J @2 1 [olF] F=1 i o] o AU PP 49
2.5 DESIGON OF HOMIE ...ttt ettt e e e e e e e e e e e e s s s s bbbt bbbt e e e e et e e e e e eeeeeeens 52



2.5.1  ClasSifiCation Of GO, ... oo e 52

2.5.2  Calculations Of AOMIE: ... ....uiiiiiiiiiiiie it e e e e e e e e e e e e e e e e s e e nnae 53
CRAPLET 32 STEEI ... ettt e ettt e e e e e e e e e e e e e e e 59
0 0 I [ 01 o T ¥ x4 0] o AP PPPPURPPPPPPP 61
3.2 DeSIgN INFOIMMALION: ....eeiiiiiiiiiiee ettt e e e e e e e e e e e e e e e e e e e e e e eeaeeas 62
3.2.1 Applicable DeSIGN COUES: .......eiiiiiiiiiiie ettt e e e e e e e e e e e e e 62
3.2.2 Material SPECITICALIONS: ... ....cciiiiieiit e r e e e e e e e e e e e e e e e a e e 62
IS IZRC o Y- To Il ©o 1] 11 4 F= 11 (0] 0 < AP PP P TP 63
G RC IY 1 F ox (1 = L g F= 1] PR 64
3.3.1 Mezzanine floor beam (GIrder 2-2):......cooo i 65
3.3.2 ROOT DEAIM (BDE): ...ttt ittt ettt et e e e e e e e e e e e e e e e e e e e e b b e e e ee e 70
3.3.3 DOME DEAM (BBD): ...ttt e e e e e e e e e e e 75
R T N o 111 o o T (2 ) OO 80
I B T o | o LR PPPPPPPPPPP RN 82
3.4.1 Mezzanine beam desSign (GIrdEr 2-2): ........uuiiiiiiiieiiieee e 83
3.4.2 ROOT DEAM dESIGN (BDE): ..o iiiiieii ittt e e e e e e e e e e eeeas 92
3.4.3 Dome beam desSign (BBD): ....ccoiiiiiiiiiii e as 101
3.4.4 COlUMN AESIGN (2C): ..ttt e e e e e e e e e e e e e e e e e e e e e been e 110
I o N = R Yo [ = 111 T o 3ROSR 119
SRl ©fe] a1 [=Tex 1T0] g We (=3[0 | o NP PPPPPPUPPPPPP 125
3.5.1 Connection of Mezzaning FIOOI: ...........uuiiiiiiiiiiiiiiieee e 126
T2 ©o] ] 0= Tox 1 o] o o ) o 1o 5P 140
Chapter 4: FOUNAtION .........ooiiiiiiiiicee e e e e e e e e e e e e e e e e e e e et e e s e e e eeeaeeaaeeeeeenennes 154
2 g I 0 1 o o 3o 1 o o R 154
4.2 1S0lated fOUNTALION ... e e e e e e e aaaeaeaeaaeeeesaaannnnnne 154
4.3 Design of ISolated FOUNUALION: .........uiiiiiiiiiiiiiiiei e e e e e e e e e e e e 155
Y o] 1= T LG SPPPPN 162
Appendix A: Analysis & design report using ETABS 2015........coooiiiiiiiiiiiiiiiiiiiiiieeeeeeeee e 162
Appendix B: Steel design and modeling using ETABS 2015........ccooiiiiiiiiiiiiiii e 182
] (=] (= o > SRR 253

6|Page



List of figures

FIQUIE 1 IMOSOUE OVEIVIEW .....eiiieieeeieeiiitiiee e e e s e e e e e e e e e et eeeaeeetaa s s e e e e e e aaaaeeeeeaeessassnsa s aeaeeeeeaeaeeeeennnnnnnnns 4
Figure 2 One way slab; (a) classification; (b) reinforcement ..............cccceceeiiiiiiiiie e, 15
FIQUIE 3 TWO WAY SIAD .....eeiiiiiiiie e e e e e e e e e e et s e e e e e e e e e e e e e e eeeeeseenssnnnnn s 16
Figure 4 1st FIoor (MeZzaning flOOr) .......... oo e e e e e e e e e e e aeeeeaenes 18
FIQUIE 5 ROOT FIOOT ...ttt e e e e e e e e e e e e e e e e e e e e e et bana e e e e e e eeeaeas 19
Figure 6 Force acting on sub-beam & reaction fOrCe ............ccccuiiiiiiiiiiiiiee e 29
FIQUIE 7 SNEAT FOICE ... .t e e e e e e et e ettt e et tb b e e e e e e e eeeeeeeeeeaeessnsnnnnnns 29
Figure 8 BeNdiNG MOMENT ........oiiiiiiiiiiieiee ettt e e e e e e e e e e e e e e s e e bbb e e e e eeeeeeeaeeas 30
[0 WL =I e T = L= ox o] o SRR 30
Figure 10 (3D) renderer and ColOred reSUILS ...........oeeuiveiiiiiiiie e e e e e e e e e e e e eaaaaannne 31
Figure 11 Force acting on sub-beam & reaction fOrCe. ..o 35
FIQUIE 12 SNEAT fOICE .....ciiiieeeeeieeecce et e e e e e e e e e e e e e et e e e e et s s e e e e e e aaaeeeeeeeeeessennnnnnns 35
Figure 13 Bending MOMENT .........ooiiiiiiiiiiie e e e e e e e e e e e e e e e e e e e e e s eaasan e e e e aeeaeeaeeeeeees 36
FIGUIE 14 DEFIECHION ...ttt e e e e e e et e e e bbbt e e e et e e e e e e e eeeeaeeee s e e aannne 36
Figure 15 (3D) renderer and COIOred reSUILS ...........ooooiiiiiiiii e 37
Figure 16 Force acting on sub-beam & reaction fOrCe ...........ccccuuuiiiiiiiiiiiiiie e 41
FIQUIE 17 SREAK fOICE ... ettt e e ettt e e e e e e e e e e e e e e e e e a s nnnenaeeneees 41
Figure 18 Bending MOMENT ..........oiiiiiiiiii i e e e e e e e e e e e e e e e e e e et e e s e e s e aeeaeaaaeeenees 42
T T8 LSRR I 1= =T ox 1 o o SRR 42
Figure 20 (3D) renderer and Colored reSUILS ...........ooeiiiiiiiiiiiiee e e e e e e e e e e e 43
Figure 21 Cross section for eccentrically loaded column. .............oooiiiiiiiiiiii e 46
Figure 22 Column selected for the sample of calculation is 2C Shown in the Figure........................ 48
Figure 23 (3D) DOME StrUCTUIal AESIGN. .......uiiiiiiiiiiiieiieie e e e e e e e e e e e e e e e e 54
Figure 24 (3D) dOME OVEIVIEW AESIGN. ...uutieiiiiiiiiiieeeeeeee e e et e et e e e e e e e e e e e e e e e e s s aeenbneneees 55
Figure 25 Top view for 1St floor (MEZZANINE) ........uuiiiiiiiiiiiiie e 56
Figure 26 Side view for 1st floor (MEZZaNINE) ........ccoiiiiii i 57
FIQUIE 27 SIUE VIBW ..veeiieii e e et e e et e e et e e e et ettt e e e e e e e e e e e e e e eeeeeseaesaa e e e aeaaeaaaeeeeees 57
FIgure 28 TOP VIEW fOr ROOT ......ueeeiii it e e e e e e e e e e 58
FIQUIE 29 FrONT VIBW ...t s et ettt e e s e e e e e e e e e e e e e e e e ee e e s e e e e e eaaeaaaeeaees 58
FIQUre 30 ETABS 3D AraWINQ ..uuueeuieiieeeeeeeeeeee et s e e s e e e e e e e e e e e e e e eeaasaaaaa e s s e e e e eeeaaaeeeeeesesnsnnnnaas 64
Figure 31 AutoCAD Drawing, for Grade 2 - LeVel 7M.........oooiiiiiiiiieeeee e 65
Figure 32 ETABS drawing, mezzanine floor, GIrder 2 ...........coovviveiiiiiiiiiiiieee e 66
Figure 33 Input data from SkyCiv program for mezzanine floor beam ..........cccccoeen, 67
Figure 34 Output data from SkyCiv program (MOMENL) ......cceeiriiiiiiiiiiiiiiiiii e 68
Figure 35 Output data from SKyCiv program (SNEAI) ..........uuuiiiiiiiiiiiii e 69
Figure 36 ETABS drawing, ROOT, SDE. .......ccoiiiiiiiii i e e e e e e 71
Figure 37 Input data from SkyCiv program for Roof beam ...........cccoooiiiiiii i, 72
Figure 38 Output data from SkyCiv program (MOMENL) .........ceeiiiiiiiiiiieeei e e 73
Figure 39 Output data from SKyCiv program (SNEAI ...........euuiiiiiiiiiiiiiiiii e 74


file:///C:/Users/SAMSUNG/Desktop/report%20new%20-%20Copy.docx%23_Toc438943880
file:///C:/Users/SAMSUNG/Desktop/report%20new%20-%20Copy.docx%23_Toc438943881
file:///C:/Users/SAMSUNG/Desktop/report%20new%20-%20Copy.docx%23_Toc438943891
file:///C:/Users/SAMSUNG/Desktop/report%20new%20-%20Copy.docx%23_Toc438943896
file:///C:/Users/SAMSUNG/Desktop/report%20new%20-%20Copy.docx%23_Toc438943898
file:///C:/Users/SAMSUNG/Desktop/report%20new%20-%20Copy.docx%23_Toc438943903
file:///C:/Users/SAMSUNG/Desktop/report%20new%20-%20Copy.docx%23_Toc438943908
file:///C:/Users/SAMSUNG/Desktop/report%20new%20-%20Copy.docx%23_Toc438943912
file:///C:/Users/SAMSUNG/Desktop/report%20new%20-%20Copy.docx%23_Toc438943915

Figure 40 ETABS drawing, Dome Beam (3BD). ......coiiiiiiiiiiiiieiieeeeiiiiiiine e 76

Figure 41 Input data from SkyCiv program for Dome beam..............cccoiiiiiiiiiiiis 77
Figure 42 Output data from SkyCiv program (MOMENL) .........euuuuiiriiiiiiieeeeeeee e e e ee e 78
Figure 43 Output data from SKyCiv program (SNEAI) ..........eeeuuuiiiiiiiiiiii e 79
Figure 44 ETABS drawing, COlUMN 2C ........uueiiiii e e e e e e e e e n e e e e aeaaes 81
Figure 45 Steel section propertiesS (HE 500 B) ......uiiiiiiiiici e 88
Figure 46 Steel section propertieS (HE 400 A) .....coooiiiiiiiiiiiiiiiiaes e e e e e e e e e aeees 97
Figure 47 Steel section properties (IPE 450) ......ccoooo oo e e 106
Figure 48 Steel section propertiesS (HE 400 B) ......ciiiiiiiiiiiiieeeeeeeeir e 115
Figure 49 ETABS 3D MOUEL........ ittt e e e e e e e e e e e e eeeeeernnnnes 119
[T 8L (=TT 0 S (o [ IRV 1= PP 119
Figure 51 Top view for mezzanine floOr ... 120
Figure 52 Top view of sections for mezzaning floor ............ccccoiiii i 121
FIgure 53 TOP VIEW fOF FOOT........ooeieeeeceiee et e e e e e e e e e e e eeeeeaaene 121
Figure 54 Top view Of SECHIONS fOr FOOF .........coiiiiiiiii e 122
Figure 55 Steel Stress ratio (COIUMNY .......oiiiiiiii it e e e e eeee s 123
Figure 56 Steel stress ratio (Mezzaning and FO0T) ..........uuiiiiie e 124
Figure 57 Mezzanine Floor plan - CONNECHION ..........ooiiiiiiiiii e 126
Figure 58 ROOf plan - CONNECLION ........oooviiiiiiiece e e e e e e e e e e e e as 140
Figure 59 Isolated FOUNALION ...........ccooiiiiiieicie e e e e e e e e e e e e e e e e e eeeas 154
Figure 60 Foundation thickness and height aSSUMPLION .............uiiiiiiiii i 156

8|Page


file:///C:/Users/SAMSUNG/Desktop/report%20new%20-%20Copy.docx%23_Toc438943916
file:///C:/Users/SAMSUNG/Desktop/report%20new%20-%20Copy.docx%23_Toc438943921
file:///C:/Users/SAMSUNG/Desktop/report%20new%20-%20Copy.docx%23_Toc438943934
file:///C:/Users/SAMSUNG/Desktop/report%20new%20-%20Copy.docx%23_Toc438943935

List of Tables

Table 1 Minimum thickness of one-way solid Slabs...............ccccii 17

LIz o] (SR o ] 01T 11 S 17
Table 3 Design of rectangular beam & sub-beam section for moment (simply supported beam) ..... 26

LI Lo (SRR A o T 01T 11U 27
LI (ST T o ] 01T 11 SR 49
Table 6 Material SPECITICALIONS .........eeiiiiiiiiii et e e e e ee e 62

L= Lo (ST BT To I o = Vo [ S SSPPPP 63
JLIE= o1 (SRS I IV o - Vo SRR 63
LIz ol (=3 I U1 1] g F= L= o = o P 63
Table 10 Mezzaning floor @NaAIYSIS ..........iiiiiiii e e s e e e e e e e e e e e e eeeaaanen 65
Table 11 Structural analysis fOr QIrder 2..........cooo oo e e e e e e e e e eees 67

Table 12 Roof analysis for 3DE DEAM ..........cooiiiiiiic e e e e e e e e e 70
Table 13 Structural analysis for 3DE DEaM ...........oooviiiiiiiiii e, 72
Table 14 Roof analysis for dome DeaM ............ouiiiiiiiiiii e 75
Table 15 Structural analysis for 3BD DEAIM .........uuiiiiiiiiiiice e 77
Table 16 Structural analysis fOr COIUMN ... e 80

Table 17 Structural analysis fOr COIUMN ..o e 81

Table 18 Steel section properties (HE 500 B) ......couiiiiiiiiiiiiiiiiieieiiiii et 83
Table 19 Steel section properties (HE 400 A) .....oooiiiiiiieiieii et s e e e e e e e e e e e e eeeeeaananns 92
Table 20 Steel section properties (IPE 450) .....ccccooeeiiiiiieeeeees e e e e e e e e e 101
Table 21 Steel section properties (HE 400 B) .....uuuiiiiiiiii e 110

9|Page


file:///C:/Users/SAMSUNG/Desktop/report%20new%20-%20Copy.docx%23_Toc438943510

Chapter 1: Introduction

1.1 General

There are strict and detailed requirementSunnifigh for a place of worship to be considered a
mosque, with places that do not meet these requirements regamiegdadiasThere are stringent
restrictions on the uses of the area formally demarcated as the mosque (which is often a small portion
of the larger complex), and, in the IslarGbarialaw, after an area is formally designated as a mosque,

it remains so until theast Day.

Many mosques have elabora@mesminarets, and prayer halls, in varying styles of architecture.
Mosques originated on thgrabian Peninsula, but are now found in all inhabited continents. The
mosque serves as a place whdreslims can come together fealat(meaning "prayer”) as well as a
certer for information, education, and dispute settlement.iiflaenleads the congregation in prayer.

The mosque played a major part in the spread of education in the Muslim World, and the association
of the mosque with education remained one of its main characteristics throughout history, and, the
school became an indispensable appendage to the mosque. From the earliest days of Islam, the mosque
was the center of the Muslim community, a place for prayer, meditation, religious instruction, political
discussion, and a school. And anywhere Islam took hold, mosques were established, and basic
religious and educational instruction began. Once established, mosques developed into well-known
places of learning, often with hundreds, even thousands, of students, and frequently contained
important libraries In Irag, pharmacology, engineering, astronomy and other subjects were taught in
the mosques of Baghdad, and students came from Syria, Persia and India to learn these sciences. While
at the Qarawiyin Mosque, there were courses on grammar, rhetoric, logic, mathematics, and
astronomy, and possibly history, geography and chemistry.
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1.2 The main objectives for our project are:

1- To apply all theories that have been learned "in all structural courses" to this Project.
2- To learn how to design a building from A to Z and passing through all design stages.
3- To be familiar with other elements that is used in real life and wasn’t learned in the courses.

Codes in practice:

1
2
3
4

American Concrete Institute (ACI 318-08) code.

Saudi Building Code. SBC.

International Building Code UBC-1997.

Minimum Design Loads for Buildings and Other Structures ASCE_7-10

The materials used, in this project include steel, concrete and foundation with the follomg
properties:

1- Fy =420 MPa steel.
2- f°c = 30MPa concrete (Slab, beam).

3- F’c = 40MPa concrete.(column and shear wall)

The building will be planted on a soil with 450 KPa bearing capacity.

1.3 Scope of the report:

The present report is composed of five chapters. A detailed description of the project and a historical
background is presented in chapter 1. The concrete design is introduced in chapter 2 including floors,
beams, dome, and columns. Following that, the steel design with connections are given in chapter 3.
The foundation design discussed in chapter 4.

1l1|Page



Chapter 2: Concrete

2.1 Loads Calculations:

2.1.1 Types of loads:
Structural loads are forces applied to a component of a structure or to the structure as a unit.

In structural design, assumed loads are specified international and local design codes for types of
structures, geographic locations, and usage. In addition to the load magnitude, its frequency of
occurrence, distribution, and nature (static or dynamic) are important factors in design. Loads cause
stresses, deformation in structures. Assessment of their effects is carried out by the methods of
structural analysis. Excess load or overloading may cause structural failure, and hence such possibility
should be either considered in the design or strictly controlled.

In the Euro codes, the term actions have a similar meaning to loads, but encompass applied
deformations as well as forces.

The following lists the common loading types primarily for civil infrastructure and land machinery.
Structures for aerospace (e.g. aircraft, satellites, rockets, space stations, etc...) and marine
environments (e.g. boats, submarines, etc.) have their own particular design loads and consideration
includes dead loads but also includes forces set up by irreversible changes in a structure's constraints
- for example, loads due sattlement, the secondary effects of pre-stress or due to shrinkage and creep

in concrete.

A. Dead Load

The dead load is the weight of the structure acting with gravity on the foundations below. Snow load
is the weight of the dead load and the imposed load but also the weight of the snow on top which could
cause damage to the roof.

B. Live Loads

Live loads, or imposed loads, are temporary, of short duration, or moving. Examples include snow,
wind, earthquake, traffic, movements, water pressures in tanks, and occupancy loads. For certain
specialized structures, vibro-acoustic loads may be considered.

C. Environmental Loads

- Temperature changes leading to thermal expansion cause thermal loads
+ loads caused by humidity or moisture induced expansion

- Water waves

« Shrinkage
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D. Static Loads

These are loads that build up gradually over time, or with negligible dynamic effects. Since
structural analysis for static loads is much simpler than for dynamic loads, design codes
usually specify statically-equivalent loads for dynamic loads caused by wind, traffic or
earthquake

E. Dynamic Loads

These are loads that display significant dynamic effects. Examples include impact loads,

waves, wind gusts and strong earthquakes. Because of the complexity of analysis, dynamic
loads are normally treated using statically equivalent loads for routine design of common

structures. Dynamic loads are also caused by a force other than gravity.

F. Load Combinations

A load combination results when more than one load type acts on the structure. Design
codes usually specify a variety of load combinations together with weighting factors for
each load type in order to ensure the safety of the structure under different probable
loading scenarios.

e The Load Combination Equations as per ACI 318 M- 08:

1.4(D + F)

1.2(D+F+T)+ 1.6(L + H) + 0.5¢lor S or R)
1.2D + 1.6(lor S or R) + ((0.5 or 1.0) or 0.8W)
1.2D + 1.6W + (0.5 or 1.0) + 0.5(Ly or S or R)

1.2D + 1.0E + (0.5 or 1.0) + 0.2S
0.9D +1.6W + 1.6H
0.9D + 1.0E + 1.6H

No o~ owbdhe
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2.1.2 Load parameters and super imposed dead load:

A. Load parameters according to ACI & SBC code:

e Ceramic tiles thickness = 0.03 m.

e Ceramic tiles density = 23.5 kN Am
e Density of RC = 24.525 kN /n

e Slabs thickness = 0.25 m.

B. Super imposed dead load:

. Ceramic tiles = 0.03 * 23.5 = 0.705 kNVm
. Concrete = 24.525 * 0.25 = 6.13125 kN/m

2.1.3 Loads on slabs:

Since our design have roof and one floor (Mezzanine floor) so we will have two different LL
(live load).

a) 18t Floor (Mezzanine floor)

Equivalent L.L (SBC 301 table 4-1) =5 kNgm
b) Roof

Equivalent L.L (SBC 301 table 4-1) = 2.5 kN/m
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2.2: Design of slabs

2.2.1 Types of Slab:

Introduction:

Reinforced concrete slab is used to provide flat, useful surface. It might be supported
either by beam or directly by column. Slabs might be classified to one way or two way
slab depending on the deflection shape of slab as shown on the figures 2.1 and 2.2.

The selection of the system of slab used in the structure is depending on the architectural
plan and the construction requirement and the economy.

8
Cl *CZ * C3 C4
| | | |
1| CS ] | €7 | | C8
. = W =
L Y]

Cc9 Ccio0 Cll Ci2
=== om
I I I I | |
'c13 | +C14 ! +c;5 | '|c16

(a)
c;:?“ shrinkage reinfi
s
g
/II/ /II/
(b) L

Figure 2 One way slab; (a) classification; (b) reinforcement
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= m—  m ——m
| |
e
/ g
L 7 / ‘ ‘
lcis3 |c14 "\ c1s "\c16
. =

Figure 3Two way slab

To know which type is our slab we need to calculate it:

Design of Slab

Type of Slab

Ly/Lx=6/3=222

It's a One way Slab

Ly=6m

Lx=13m
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2.2.2 Steps to Design one way slab:

Step 1:
Step 2:
Step 3:
Step 4:
spacing.

Determine the minimum required thickness of slab fromaaldpACl 318

Determine the ultimate loads that effect on the slab.

Determine the total factored static moment.

Determine the required area of steel with the required

2.2.3 Slab Minimum Thickness:

Table 1 Minimum thickness of one-way solid slabs

Element | Simply | One end| Both ends| Cantilever
supporteq continuoug continuoug
One-way
solid 1720 1724 /28 /10
slabs

Wherel is the span length in the direction of bending.

Minitmum thickness of one-way slabs.
Both ends Continous.
One-way solid slab = 1./28
where L is the span length in the direction of binding.
L Total
L/28 = 236592 + 28 = B449714 in
8445714 in = 021572 m = 0.25 m thikness of slabs

2.2.4 Materials properties:
Table 2 Properties

concrete fc’ 30 MPa

steel Fy 420 MPa
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2.2.5 Load Calculation:

a) 1% Floor (Mezzanine floor) loads:

First Floor (Mezanine)

Loads
Dead Load:
Cerammic Tiles:
D=kN'm’ Th=m Total
235 X 003 = 0.705 kN'm®
Concrete:
D=kN'm’ Th=m Total

24525 X 025 = 6.13125 kN/m®

Total Dead Load:
Ceramic Concrete Total

0.705 % 6.13125 = 6.83625 kN/m"

Live Load:
Live Load = 5 KN/m*
Ultimate Load:
WU=12xDL+-16xLL Total
1.2 X 683625 + 16 ¥ 3 = 16.2035 kN/m"

Saudi Building Code, 301 Structural — Loading and Forces
CHAPTER 4. LIVE LOADS

20|Page



b) Roof Floor loads:

Design of Slab

Loads
Roof Floor
Dead Load:
Concrete:
D=kN/m’ Th=m Total

24525 % 025 = 6.13125 kN/m®

Live Load:
Live Load = 2.5 kN/m®
Ultimate Load:
WU=12xDL+16xLL Total
12 % 613125 + 16 x 25 = 113575 kN/m®

Saudi Building Code, 301 Structural — Loading and Forces
CHAPTER 4: LIVE LOADS

2.2.6 Flexural Design

The total factored static momeni,i4 given by:

2
My = Wylzly
8

Where W, = factored load per unit area, length of span, measured center to center of supports
in the direction perpendicular to the direction moments are being determined, sisdthe
average of adjacent clear span length.
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a) 18t Floor (Mezzanine floor) design:

Design of Slab
One way Slab
Floor Slab
Yield pomnt of the Steel
Fy = 60000 psi = 60 ksi
More than two spans. L=
_ Wu#L2xLn®
n= 8
Wu = 16.2035 kN/m® — = 0.338491 kip/ft’
Total
16204 = 3 36 ..
Mu = 3 — = 2187473 kN-m — 3975777 kip-in
Area of Steel
La=09xH H Total
La= 09 = 10 = 9 in
A— Mu
= 0.9sfy+la
e 397.5777 L Total
09 X 60 X 9 0818061 in~
A min = 200/Fy Total
200 + 60000 = 0.0033
A max=073x A,
A = N.j;. F‘-
K_:nhz [}.Eﬁ*fc*ab*b
Ch . La—Cb
0.003 ~ 0.00207
from the formula above we get Cb= 354 1in
a= [*Ch — Pp=0.85 for fc = 4000 psi
a= 085 = 5S4 = 459 in
b= 1 fi — 12in  { assuming )
N.a= 085 » 4000 » 4359 % 12 = 187272 Ib/in® — 187272 KIb
A= 187272 x 60 = 3.1212 i
A.max= 075 x 3.1212 = 23409 in"
we will use As as the area of steel bars =  0.818061 in”
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Design of steel bars in Floor slab

we will use As as the area of steel bars = 0.818061 in"

Use the table to Find the Number of Bars and Diamater of bars

Table 2.3 Areas of Multiple of Reinforcing Bars (in-)

Number Bar number
of bars B3 74 §5 W | %7 #8 #9 #10 #11
1 {11 020 03] 044 | 060 Q.79 1.00 127 .56
2 022 | o040 | o6z [foss]l 120 1.58 2.00 2.84 R
3 S 0,60 .93 1.32 18O 237 3.00 31.51 4.6%
4 .44 .80 i 24 1.76 240 3.16 4,00 £ 0% 6.24
5 0.55 1.00 1.55 2 20 3.00 30% 5,00 §.35 7.80
6 0.66 1.20 1.86 264 3.60 4.74 6,00 762 .36
7 0.77 1.40 217 308 4.30 £43 700 3.80 1092
8 0.58 1.60 2.48 3.52 4.80 6.32 8.00 10,6 | 1245
9 0.9 150 | 279 | 396 .40 701 | 900 | 1143 | 1404
10 1.10 2.00 3.10 4,40 6.00 790 | 1000 [ 1270 | 1560
Take 246 O — 2 No. 6 bars
b) Roof design:
Design of Slab
One way Slab
Foof Slab

Yield point of the Steel

Fy = 60000 psi = 60 ksi. L= 6m

More than two spans.
Wu # L2 # Ln®

=
8
Where Ln is the average of adjacent clear span length.
Wu=  11.3575 kN/m® — = (.237258 kip/ft’
Total
11358 =% 3 = 36 - ..
Mu= — = 1533263 KN-m — 2786737 kip-in
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Area of Steel

La=0%9xH H Total
La= 09 »x 10 = 91
A= Mu
= 0.9sfy+la
As 278.6737 o Total
09 %X 60 X 9 0.573403 m*
A min= 200/Fy Total

200 + 60000 = 0.0033 m°

A max=075x A,
Ay= No/Fy
N=085*fc*a*b
Ch La—Cb
0.003 ~ 0.00207
from the formula above we get Ch=541n
a=B*Cb — p=0.85 for fc < 4000 psi

a= 085 x 54 = 459 in
b= 1 f — 12in  { assuming )
N.= 0.85 x 4000 x 459 x 12 = 187272 Ibiin® — 187272 KIb
Ay= 187272 x 60 = 3.1212 in’
. 2

A max= 075 5 31212 = 23409 m

we will use As as the area of steel bars = 0.573403 in”

Design of steel bars in Roof slab
we will use As as the area of steel bars = 0.573403 iy’
Use the table to Find the Number of Bars and Diamater of bars
Table2.4 Areas of Multiple of Reinforcing Bars (in?)
Number Bar number
of bars #3 =z 55 #G #1 | #8 # | #10 | #1
1 0.11 0.20 | 031 044 [Joso]| o079 100 | 127 | 15
2 0.22 040 | 062 | 088 120 | 158 | 200 | 254 | 302
3 0.33 060 | o093 1.32 150 | 237 | 300 3.81 4.68
4 044 | 080 1.4 1.76 240 | 316 | 400 508 | 624
s 0.55 1.00 1.55 220 | 300 | 395 00 | 635 | 780
6 0.66 1.20 186 | 264 | 360 | 474 | 600 | 762 9.36
7 0.77 140 | 217 308 | 420 | 553 7.00 589 | 1092
8 0.88 160 | 248 352 | 480 | 632 $00 | 1016 | 1248
9 0.99 180 | 279 3.96 £.40 7.1 000 | 1143 | 14.04
10 110 | 200 | 310 | 440 | 600 790 | 1000 | 1270 | 1560
Take 187 O — 1 No. 7 bars
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Find the actual La

Prefies
d: h = 10m
Actual d = h — Cover — stirrup — Eh
= 1
La=0%xH Total
La= 09 % 10m = 9 i
Actuald = 10 1.50 — == = &m
2
Table 2.5 Minimum Required Beam Width. b (in.)
Number Bar number
of bars # 3 and #4 $5 #6 BT #8 #9 #10 #11
2 6.0 6.0 6.5 6.5 7.0 S g0 2.0
3 T.5 8.0 8.0 B.5 9.0 | 9.5 10.5 11.0
4 Q.0 0.5 10.0 10,5 11.0 12.0 13.0 14.0
5 1058 11.0 11.5 2.5 1.0 14.0 155 16.5
6 [2.0 12.5 13.5 [4.0 i5.0 16.5 [5.0 19.5
7 13.5 14.5 150 16,0 17.0 18.5 20.5 2.9
5 15.0 16.0 17.0 I8.0 19.0 1.0 23.0 25.0
9 16.5 17.5 15.5 200 21.0 23.0 255 25.0
10 18.0 19.0 20.5 21.5 230 25.5 250 il0
Find the actual b
from the As we will find the actual b after we assume it 12 in
Take 325 0 —_ from table 5. the minimum widthb=291n
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2.3 Design of beams & sub beams:

e Introduction:
Beams are the structural elements that carry the transferred loads from the slabs; they
are treated as the slab's supports.

e Beams types according to the reinforcement are:
1. Simply supported - a beam supported on the ends which are free to rotate and have no

moment resistance.

Fixed - a beam supported on both ends and restrained from rotation.

Over hanging - a simple beam extending beyond its support on one end.

4. Double overhanging - a simple beam with both ends extending beyond its supports on both
ends.

5. Continuous - a beam extending over more than two supports.

Cantilever - a projecting beam fixed only at one end.

7. Trussed - a beam strengthened by adding a cable or rod to form a truss.

w N

o

Table 3 Design of rectangular beam & sub-beam section for moment (simply supported beam)
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2.3.1 Steps to Design Rectangular beam & sub beams:

Step 1: Determine the minimum required depth of beam & sub beam from table 4.1 ACI 318
code then compute the width.

Step 2: Determine the ultimate load that effect on the beam & sub beam.
Step 3: Determine the total factored static moment.

Step 4: Determine the required area of steel for flexural design.

Step 5: check the ductility.

Step 6: Determine the required area of stirrups for the shear.

2.3.2 Materials properties:

Table 4 Properties

concrete fc’ 30 MPa

steel Fy 420 MPa

2.3.3 Load calculation for sub beam:

a) Load of Sub beam for ® floor (mezzanine floor):

Sub Beam of floor

Loading
Loading on Floor= Wu % Spacing = Total
16.2035 KN /m2 b im = 486103 KN/m

b) Load of Sub beam for Roof:

Sub Beam of Roof

Loading
Leoading on Foof = W # Spacing = Total
113373 EM/m2 im 340725 EM/m
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2.3.4 Design of sub beams:

a) Design of Sub beam for ¥ floor (mezzanine floor):

TABLE 2.8 Minimum Thickness of Nonprestressed Beams or One-Way Siabs Unless
Deflections Are Computed'#

Minimum Thickness, i

Simply One end Both ends
supported continuous continuous Cantilever
Members not supporting or attached o partitions or other
Member construction likely 1o be damaged by large deflections
Solid one-way slabs 1/20 [/24 [/28 £/10
Beams or nbbed
one-way slabs {/ 16- 1/18.5 i1 £/8
Eeam 'ﬁ’eight
Length= 6m
1- Find Depth of Beam (h) = Lil6= T38m o= 8in = 203 mm
2-Find Widt of Beam (b) = hi2= 3f%m = 4in = 102 mm
3- Self weight of Beam (Bw) = b x h * Density = 8in 4in 150 Ib/ft"3
— 0667 = 03331 = 1503 = 33331b/ft
cofTvert BBk — = 0.04318 kEN/m
Wop = 0043518 = 12 = 0054216 EN/m
4-reaction force acting on beam:
Ws«+L P
2 2 h= 203 mm
Rl1= 24 46TROR KN
Rl= 24 467808 KN
b= 102 mm
3- moment:
WL: PL — 0054216 = 36 6
i 2m 4 Om 1315072 N/m
3 4 g 4
moment formula from steel book from moments table 3-23
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24,468 kN 24468 kN

Figure 6 Force acting on sub-beam & reaction force
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Figure 7 Shear force
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Figure 9 Deflection
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Figure 10 (3D) renderer and colored results

Area of Steel
La=09xH H Total
La= 0e = 3 = T2 m
Mu - . ..
f=—" Mu= 73159722 FN'm — = 1329603239 kip-in
0.9=fy=la
A 1329693230 Total
nge X 60 = 712 0.34199929 in’
A.min= 200 Fy Total
200 = 60000 0.0033 in’
A max = 0.753x A
_-'!':.51;.= }I.:t,-"F}-'
M= 0.85*c*a*b
b la—Cb
0.003 ~ 0.00207
from the formula above we get Ch=34in
a=[(*Ch — f=10.83 for f'c < 4000 psi
a= 083 « id = 450 i1
b= 1ft — 12in ( assuming )
MNa= 083 = 000 X 430 12 = 187272 Ibfin® — 187272 KIb
A= 187272 | x 60 = 31212 in®
A.max= 0.7 % 31212 = 23409  in®
we will use As as the area of steel bars = 034199920 in®
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Use the table to Find the Number of Bars and Diamater of bars

Table.9 Areas of Multiple of Reinforcing Bars (in°)

Number Bar number

ofbars | #3 #4 $5 #6 #7 #8 #9 #10 #11
1 0.11 0.20 0.31 0.44 0.60 0.79 1.00 1.27 1.56
2 022 040 0.62 088 1.20 1.58 2.00 2,54 3.12
3 033 0.60 0.93 1.32 1.80 2.37 3.00 381 4.68
N 044 0.80 1.24 1.76 240 316 4.00 5.08 6.24
) 0.58 1.00 1.85 2.20 3.0 398 $.00 6.35 7.80
6 0.66 1.20 1.86 2.64 3.60 474 6.00 7.62 0.36
7 0.77 1.40 217 3.08 4.20 583 7.00 §.89 10.92
8 0.85 1.60 248 3.52 4.80 6.32 §.00 10.16 12.48
9 0.99 1.80 209 3.96 540 7.11 9.00 11.43 14.04
10 1.10 2.00 3.10 440 6.00 7.90 10.00 12.70 15.60

Take2240 - [ oNosbas
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Shear

Vv =R — Wub = (h')
h'=2=+b

Vw= @Vc+ Vs

Ve=28~f'cbwd

V= 24468 — 0054 + ( 6m —  58m)

24457

BN

=2 + 083 4 \J 4351.151 * 4 = 8 — 3588 3022 1b
35833928 b — 1628127414 kg — 1593564866 N — 159556 KN
24 457 159556
Vs — = 10.00165428 kN
0.850
from Vs calculate stirmps
Av s+ fy+d
5 =#
Vs
0220 4000 720
5 = = 632335 i
10.02
according to ACI the spacing of shear reinforcment should not be longer of the
smaller of the following :
(1] a2 Sin X 2 = 4in — = 102mm
Aufy 0220 * 60 _
© = 0bw = 0.033 in
' 30 X 3in
Find the actualLa
Prefixes
dy, h = 8in
Actual d = h — Cover — stirrup — — .
) 2 cover = 1.50 in
La=09xH H Total dy, = 1
La= 09 ® §in = 72 in
1
Actuald = 8 — 150 — 0033 - = 6 in
2
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Deflection for Sub-beam Floor
A _ G4 P32 3 s 0000054216 = 1296E+15 0034073 2. 16E+11
MAX T 30asEel,  48+E+ly 384 x 25000 x 710507043 43 ¥ 23000 x| 710307043
gz = 0.00051 3066 + 3.63206E-03
Mgy = 0.000601387 mm — = 6.01387TE07T m
A o L 6 Prefixes
240 240 E- 25,000 N/m
Lib beae | 710507043 mm?
Dpornal = 0.025 mm - = 0.000025 g Ly inge= 14047810614 mm?
Apcrval = Anax 0.000023 > 6.01337E07 m
b) Design of Sub beam for Roof:
Beam 'Weight
Length= Gm
1- Find Depth of Beam (h) = Li16= T.38in A Sin = 203 mm
2-Find Widt of Beam (b) = hi2= J6%in R 4in = 102 mm
3- Self weight of Eeam (Bw) = b * h x Density = gin 4in 130 1b/fe3
— 0667ft = 0333ft * 30bA™3 = 3333 1b/ft
cotrvert 33533 1b — = 0.04318 KN/m
Wae = 004318 X 12 = 0.054216 kN/m
4-reaction force acting on beam:
Ws+L P
+ —_
2 2 h= 203mm
El= 17198898 kN
Rl= 17.198898 kI
b= 102 mm
3- moment:
WL: PL 0054216 = 36 6
i - O 5135722 KNm
8 4 8 4
moment formula from stesl book from moments table 3-23
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Figure 11 Force acting on sub-beam & reaction force.
Shear (kN}
Force & -
T 1 -I
17.199
0 .
i - - ;
: 2-) :
i o " *
3 ] % (m}

Figure 12 Shear force
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Figure 13 Bending moment
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Figure 14 Deflection
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Figure 15 (3D) renderer and colored results

Area of Steel
La=09xH H Total
La= g = 3 = 72 in
Mu e .
p=— Mu= F13532722 EWN'm — = 03 33464338 kip-in
0.9 fy=la
A 03 33464358 Total
ng X 60 X 72 0240038243 in’
A min= 200 Fy Total
200 = G0000 = 0.0033 in®
A.max= 073xAn
A= N Ty
Na=083*c*a,*b
b lLa—Cb
0.003 ~ 0.00207
from the formula above we get Ch=341in
a=[*Ch — f=10.83 for fic < 4000 psi
a= 085 54 = 459 i
b= 1ft — 12in ( assuming )
Na= 085 = 4000 X 4358 % 12 = 187272 Ihiin® — 187272 KIb
A= 187272 w= 60 = 31212 i
A, max= 073 x 31212 = 23400 in®

we will use As as the area of steel bars = 0240058245 in®
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Use the table to Find the Number of Bars and Diamater of bars

Table2.10Areas of Multiple of Reinforcing Bars (in?)

Number Bar number
of bars #3 #4 $5 #6 #7 | #8 #9 #10 #11
1 011 0.20 0.3] 044 0.60 L 0.79 1.00 1.27 1.56
2 022 0.40 0.62 088 120 | 188 2,00 .54 312
2 0.33 0.60 0.93 1.32 180 | 237 3.00 3.81 4.68
4 0.44 0.80 1.24 1.76 240 | 316 4.00 5.08 6.24
s 088 1.00 1.55 2.20 300 | 308 5.00 6.35 7.80
6 0.66 1.20 1.86 2.64 360 | 474 6.00 T.62 9.36
7 0.77 1.40 2.17 3.08 420 | s%3 7.00 §.80 1092
8 088 1.60 248 3.5 480 | 632 8.00 10.16 12.48
9 0.99 1.50 2.79 3.96 s40 | 1 9,00 11.43 | 1404
10 1.10 2,00 310 440 600 | 790 10.00 12.70 | 15.60
Takel#5 © - 1 No. 5 bars
Shear
Vv=R—Wub=({h')
h =2=+«b
W= 17.199 — 0034 #( fm -— 58m) = 17.133 )
Vv= @Vc+ Vs
Ve=20+f'cbwd
V=2 ¥ 085 =+ | 4351131+ 4 = = 35883928 psi

35883028 b — 1628.127414 kg — 1395564866 N —

17.188 139356
‘n’rs — T

0.850

1440880578 KN

from Vs caleulate stitrups :

5.800

Av = fy=d
Ve=—""—
° s
5 0220 54 720
B 1440880578 Bl
according to ACT the spacing of shear reinforcment should not be longer of the
smaller of the following
(1] dn 8in % 2 = 4in — =
(2] Aufy 0220 X 60 _ .
= 0bw = 0033 in

30 * 8in

130336 KN

102mm

ge



Deflection for Sub-beam Roof

A — Sl pal? 5w 0000054216 % 1206E+13 00486105 2.16E+11
TEE 3g4sExly  48+Exly 384w 25000 K TI0507043 43 25.000 x| 710507043
A = 0000515066 + 0.00012315
Amar = 0000638216 mm 6.38216E-07 m
L 6 Prefiies
Ayl = 340 = =
240 E= 23,000 ¥N/m
Lsgppee= 710507043 mm?
Avctnal = 0.023 mm - = 0.000025 m L mirger— 14047810614 mm”
Aoetval = D 0.025 > 638216E07 m
2.3.5 Calculations of loads for beam:
critical beam
Loading
Loading on Floor = Wu = Spacing = Total
16.2035 EN/m® X 97221 kN/m
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2.3.6 Design of the beam:

Beam Weight
Length = L 12m 47232 in
1- Find Depth of Beam (h) = L/6= 2952in ~ 30in = 762mm
2- Find Widt of Beam (b} = h'2 = 1476m &~ 15in = 381 mm
3- Self weight of Beam (Bw) = b = h = Density = 30 in 15in 150 b/ft"3
— 25006 = 1250fi x 150/fR03 = 46875 Ib'fh
convert 468.75 Ib/fi — R 06355 KN/m
W = 0.6355 1.2 0.7626 kN/m
point load from reaction acting on sub beam of floor R = 24 467898 kN
Pl= 24467898 X 2 = 48935796 kN
Pi= 24 467898 X 2 = 48935796 kN
Pi= 24467898 X 2 = 48935796 kN
h= 762 mm
4- reaction force acting on beam:
R Ro— E E b= 381 mm
2 2
. 5 2 x 12
Rl — 3 :.' 48 9358 4 0.7626 - 12m . = 77979294 kN
£ 5 2 x 12
R) — 3 ); 48 9358 4+ 0.7626 - 12m = 77979294 kN
5- moment:
WL PL 2 Y : S 2
1 " 4 pa — 07626 »x 144m + 4893538 X 12m + 489358 x 3
8 4 :
8 4
M = = 30734158 KN/m

MMoment formula from steel book from momenis table 3-23
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Figure 16 Force acting on sub-beam & reaction force
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Figure 17 Shear force
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Figure 20 (3D) renderer and colored results

Area of Steel

La=09xH H Total
La= 09 X 30m = 27
p— MU Mu= 307341576 KN'm — = 558.5997383 kip-in
 0.9+fy+la
558.5997 Total
A= —
09 X 60 X 27 0383127393 in®
A, min= 200/Fy Total
200+ 60000 = 0.0033 in®

A max= 075xA,
A =N, Fy
N.=0.85*fc*a*b
Cbh La—Cb
0.003 — 0.00207
from the formula above we get Ch=541in
a= B*Cb — B=0.85 for f'c < 4000 psi

a= 0.85 x 54 =439 i
b= 1ft — 12in  ( assuming )
No= 0.85 x 4000 % 459 x 12 = 187272 Tbiin® — 187.272 KIb
A= 187272 x 60 =3.1212 i’
A, max= 075 % 3.1212 —23409 in®

we will use As as the area of steel bar 0.3831274 in”
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Use the table to Find the Wumber of Bars and Diamater of bars

Tablez2.11 Areas of Muluple of Reinforcing Bars (in-)

Number Bar number

of bars #3 =24 55 #6 #7 #8 #9 210 #11

1 lon J o2 f o3 | os ] 060 | 079 [ 100 | 127 | LS6
2 022 | 04D 0.62 0.88 1.20 1.58 2.00 2.54 3.12
3 0.33 | 060 0.93 1.32 1.80 237 3.00 381 | 468
4 044 0.80 1.24 1.76 240 316 4.00 5.08 6.24
s 055 1.00 1.5% 2.20 3.00 308 5.00 6.35% 7.80
6 .66 1.20 1.86 2.64 3.60 4.74 6.00 7.62 936
7 0.77 1.40 217 3.08 4.20 553 7.00 §.50 10.92
8 0.88 1.60 148 182 4.80 .32 5.00 10.16 | 1248
0 0.99 1.80 279 3.96 £.40 711 0,00 11.43 | 14.04
10 1.10 2.00 110 4.40 6.00 7.00 1000 | 1270 | 1560

Take 284 @ —> 2 No. 4 bars

Find the actual La
Prefixes
d | ]
Actual d = h — Cover — stirrup — L h = §m

2 cover = 150
La=09xH H Total d, = 1
La= 09 x 30m = 27 in
Actuald= 30 — 150 — (0.0088— = 28 in

44|Page



Shear

Vv=R—Wub=x{h')
h=2=+hb
V,= 77979 — 0763 ( 6m — S58m)= 77827 kN

Vv= @Vc+Vs
Ve=20+fcbwd

W= 2 # 0.82 -cw||4351_131 # 30 =* 153= S0461.7740 b
50461774016 — 2289554 kg — 22437631 N — 2243763 kN
22413763 77827
Vs — 17241122 kN
0.830
from Vs calculate stirrups
Av* fyxd
Vs=—22 —
g S
0.220 4000 27.00 ;
5 = = 137810 m

172.411218

according to ACI the spacing of shear reinforcment should not be longer of the
smaller of the following :

(1] d/2 0m x 2 = 15 in = 381 mm
(2] Afy 0220 % 60 .
: = (.0088 in
S50bw 50 X 3Win

Deflection for Girder

A

LU o

Sewslt | Pel? 5 x0.0007626¢ 2.0736E+16 N 48.935796 x 1.728E+12
384=E+l,  4B+Esly 384 % 25000 X 14047810614 48 % 25000 * 14047810614
Ay = 0.0005863  0.015048796
Apay = 0.0156351 mm — 1.56351E-05 m
L 12m Prefixes
Agoruat = 574 — - .
240 240 E= 25,000 kN/m
L s pee™ | 710507043 mm’*
Aceryar = 0.05 mm — = 0.00005 m L sige= 14047810614 mm*
Aperuat = Aoy 0.05 = 1.564E-05 m
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2.4 Design of columns

Columns are the third important element in structural system which are defined as members
that carry load chiefly in compression .usually columns carry bending moment as well about
one or both axis of the cross section

2.4.1 Classification of columns:

Column are generally classified according to:

a) The load acting on column:

1) Axially loaded column: where the load act at the center of the column
Section
2) Eccentrically loaded columns: where the load is acting at distance e form

the center of column cross section in any direction.

3) Biaxial loaded columns: where the loads are acting at any point on the
columns section causing moment about axis of the section

Y
L 2 |
’l 'FU ’I
® & —? NO ® P X
by 2
° °

Figure 21 Cross section for eccentrically loaded column.
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b) The column length:

1) Short columns: where the columns failure is due to the crushing of
concrete or yielding of the steel bars under the capacity of the columns.
2) Long columns: Where the effect of the buckling and the slenderness ratio

must be taken into consideration in the design.

c) The columns ties:
1) Members reinforced with longitudinal bars and lateral ties(Rectangular columns)
2) Members reinforced with longitudinal bars and continuous spiral (circular
columns)

d) sample of calculations of rectangular columns:

Steps of design:
1) Check the type of the floor in each direction (sway or non-sway)
2) Determine the load applied and the critical load combination
3) Check if the column is slender or not.
If columns is slender finds its magnified moment, then compare this with the
calculated minimum moment:

4) Then find out the required area of steel
5) Calculate the ties or stirrup reinforcement
6) Draw the detailing of the columns
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Figure 22 Column selected for the sample of calculation is 2C Shown in the Figure
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2.4.3

24.4

Materials properties:
Table 5 Properties

concrete fc’ 30 MPa

steel Fy 420 MPa

Load Calculation:

General formula for Pu of column
Pu=0.8 5 *0.85fc Ag
— for rectangular beam o= 0.7
[For Column # 2C in Drawing : 1 |
1-ROOF :
loads acting on column are 1/4 of 4 slabs

Wy = 113575 1N/m’

for 1/4 of 4 slabs — = 3m’ — 18 = 113373 = 24435 EN
Paisder = 07626 x 9 = 6.8634 KN

Pu= 204435 = 68634 = 2112984 EN

2-FLOOR:
loads acting on column are 1/4 of 4 slabs

Wy = 162035 §N/m?

for 1/4 of 4 slabs  — 3m° — 18 = 162035 = 291663 KN
Poisder= 07626 x 9 = 63634 EN

Pu= 01665 + 65634 = 2083264 KN

ROOF + FLOOE. — 2112984 + 208.3264 = 309.3248 KN
convert: 5098248 kN —= 114613174 kips
1146131744 = 038 ® 07 x 085 x 6 x Ag
Ag= 4013066331 in® — = 25800.60874 mm’
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Column "Jr’eight

Length= 12m — 47244 in
1- Find Depth of column (h) = L16= 2053in &~ 30in = T62mm
2-Find Widt of column (b) = hi2= 476in * 13in = 381mm
3- Belf weight of column (Bw) = b = h » Density = 30in 13in 150 I3
— 2500ft » 12350ft = 150 1b/fi"3 468.75 Ib/ft
convert 46875 bt — = 004318 EN/m
Wub = 004318 x 12 = 0034216 EN/m
4- reaction force acting on column = h= 762 mm
E= 281.1951 kN
3- moment:
M= 712766 KN/m
Area of Steel
A, = 4013066331 n”
— A-‘
tofindA: — P~ 5 — p= between 0.0 & 0.08
assuming that p= 0.01
001 = — A : As — = 43 in
13 in = 30in
Asmin= 200 Fy Total
200 = 60000 = 0.0033 in’
La=0.9xH H Total
La= 09 x 30 in = 2T in
we will use As as the area of steel bars = 45 in’
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Use the table to Find the Number of Bars and Diamater of hars

Table2.13 Areas of Multiple of Reinforcing Bars (in®)

Number Bar number

of bars #3 = %5 #6 &7 #8 =9 #10 #11
1 0.11 0.20 0.51 0.44 060 | 0.79 .00 | 127 1.56
F ] 022 0.40 0.621 0.58 120 | L.58 =00 2.54 ] 212
3 033 0.60 003 1.32 180 | 237 300 | 381 4.658

[ 4 044 | 080 1.24 176 | 240 | 316 100 | 508 | 624
-] 0.55 1.00 1.55 2.20 3.00 195 00 | &3S T80
6 0.66 1.20 1.86 2.64 3.60 4.74 5,00 762 Q.36
9 077 1.40 A7 308 420 | %553 o0 | s80 10,92
] 0.88 1.60 =45 3s2 4.80 6.32 5.00 10.16 11.48
L] 0.9 1.80 2 T 2086 240 7.11 Qe | 11.43 14,04
10 | 110 | 200 | 310 | 440 | 600 | 700 | 1000 | 1270 | 1560

Take3#110 — 3 No. 11 bars
Shear

Vv =R — "Wub +{ h')
h" =2=+b
¥, = 281.193 — 0.034 * ([ 6m — 38m )= 281.1%4 kN

Vv= @Vc+Vs

Ve=28+vIf"cbwd | .I
=2 + D83 =+ || 4351.131 = 30 =+ 15= 304617740 |1b

5046177400 — = 22808534176 kg — = 2MIT6I0B N — = 2243763 EN

2 / 224 37
Ve — ‘SI'ISHDS;{DJ'S& =56.83287046 EN

from Vs caleulate stirnips :

Avs fysd
Vs = —s
22 27
g _ 0220 X 60 x 2700 5333 n

66.83287946
according to ACI the spacing of shear reinforcment should not be longer of the
smaller of the following :

0 42 W0in  x 2 = 15in— = 381 mm
© Afy 0220 x 60  _ i
505w 50 % 30in 00088 in
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2.5 Design of dome

2.5.1 Classification of dome:

A dome is an architectural element that resembles the hollow upper half of a sphere. The precise
definition has been a matter of controversy. There are also a wide variety of forms and specialized
terms to describe them. A dome can rest upon a rotunda or drum, and can be supported by columns
or piers that transition to the dome through squinches or pendentives. A lantern may cover an
oculus and may itself have another dome.

Domes have a long architectural lineage that extends back into prehistory and they have been
constructed from mud, stone, wood, brick, concrete, metal, glass, and plastic over the centuries.
The symbolism associated with domes includes mortuary, celestial, and governmental traditions
that have likewise developed over time.

Domes have been found from early Mesopotamia, which may explain the form's spread. They are
found in Persian, Hellenistic, Roman, and Chinese architecture in the Ancient world, as well as
among a number of contemporary indigenous building traditions. They were popular in Byzantine
and medieval Islamic architecture, and there are numerous examples from Western Europe in the
middle Ages. The Renaissance style spread from Italy in the early modern period. Advancements
in mathematics, materials, and production techniques since that time resulted in new dome types.
The domes of the modern world can be found over religious buildings, legislative chambers, sports
stadiums, and a variety of functional structures.

Domes in Islamic architecture:

When he built the Messenger of Allah bless him and his mosque in Medina, was the roof of the
mobile fronds on the palm trunks, the case remained on it among the mosques was not the dome
has entered the building of mosques.

The first dome was built in Islam are Dome of the Rock mosque in Jerusalem built by the
Umayyad Caliph Abdul Malik bin Marwan year 72 AH. Muslims and was able to be transferred to
the customs of the Maghreb and Al-Andalus, and today we find a beautiful example of the city and
the valley will (State of the valley) in the east of Algeria domes that make up the foundation
element in roofing Hjradtha. And people still call in the Orient and some of Morocco on the room
or the Dome of the room
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2.5.2 Calculations of dome:

Dome
Given Data of Concrete Dome:
H, 38 m
H,= 4 m
R, = 28 m
R,= 3 m
Th= 02 m Prefixes
M= 314

V,=n/6*h (3R, +H)
V= 7548979 m’

Vy=m/6*h (3R +Hy)

Vo= 8551267 m°

Total V = V,-V,
85.51267—75.48979=10.02288 m’

D=kN/m V=m’ Total
24525 » 10.02288 =245 8111 kN

1/4 OF DOME
245811132 + 4 = 6145278 kN
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e Sap2000 design:

Figure 23 (3D) Dome structural design.
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Figure 24 (3D) dome overview design.
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Figure 25 Top view for 1st floor (mezzanine)
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Figure 27 Side view
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Chapter 3: Steel

Symbols:
SHORTS MEANING

A, Gross Area of Section
A, Web Area
Cp Lateral Torsional buckling
C, Web Shear
Cw Warping Constant
E Modulus of Elasticity
F.. Buckling Stress
F, Elastic Critical Buckling Stress
Fy Yielding Stress
I Moment of inertia at X- axis
I, Moment of inertia at Y- axis
J Torsional Constant
K Effective Length
K, Plate Buckling Coeffient
L Length
Ly Distance between Braces

Ly, L, Limiting Laterally Unbrace Length

M nax Maximum Moment
M, Nominal Flexure Strength
M, Plastic Bending Moment
M, Ultimate Moment
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N
<

= a O @«

=
)

Nominal Axial Strength
Elastic modulus at X-axis

Elastic modulus at Y-axis

Nominal Shear Strength

Ultimate Shear Strength

Plastic modulus at X-axis

Plastic modulus at Y-axis

Width

Coefficient

Depth of Web

Overall height

Distance between Flange Centroid
Governing radius at X-axis
Governing radius at Y-axis
Thickness of Web

Thickness of Flange

Resistance Factor for Flexure
Resistance Factor for Compression
Resistance Factor for Shear
Maximum Deflection

Actual Deflection
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3.1 Introduction:

Steel buildings first gained popularity in the early 20th century. Their use became more widespread
during World War 1l and significantly expanded after the war when steel became more available. Steel
buildings have been widely accepted, in part due to cost efficiency. The range of apphiaation

expanded with improved materials, products and design capabilities with the availability of computer

aided design software.
Steel provides several advantages over other building materials, such as wood:

e Steel is a "green” product; it is structurally sound and manufactured to strict specifications and
tolerances. It is also energy efficient. Any excess material is 100% recyclable.

e Steel does not easily warp, buckle, twist or bend, and is therefore easy to modify and offers
design flexibility. Steel is also easy to install.

e Steel is cost effective and rarely fluctuates in price.

e Steel allows for improved quality of construction and less maintenance, while offering
improved safety and resistance.

e With the propagation of mold and mildew in residential buildings, using steel minimizes these
infestations. Mold needs moist, porous material to grow. Steel studs do not have those

problems.

This chapter will include three main sections: Design information, Structural analysis, and Design

process.
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3.2 Design Information:

This section will provide the applicable design codes, material specifications, and load combinations.

3.2.1 Applicable Design Codes:
The loads as described in the design summary sheet have been applied on the structure in accordanc
with:

e American Institute of Steel Construction (AISC) Manual of Steel Construction/ Load and
Resistance Factor Design (LRFD).

e American Institute of Steel Construction (AISC) Manual of Steel Construction/ Allowable
Strength Design (ASD).

e Saudi Building Code (SBC) For Minimum Design Loads for Buildings and Other Structures
(301).

e European Specifications Beams (EURONORM) 53-62.

e Egyptian Building Code (EBS) For Connection design.

3.2.2 Material specifications:
The following is the list of the material standards and specifications for which the building
components have been designed:

Table 6 Material specifications

Minimum
No. Materials Specifications
Strength
Fy = 34.5 kN/cr
1 Steel Members | ASTM A 992M Grade 345 Type 1
Fu=47.0 kN/crm
5 Bolt ASTM A 36M Hot Dip Galvanized| Fy=36.0 kN/crd
olts
Class C Fu=52.0 kN/crd
Fy = 34.5 kN/cr
3 Plates ASTM A 992M Grade 345 Type 1

Fu = 47.0 kN/crd
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3.2.3 Load Combinations:

This section will provide the calculation of the load combinations. These loads are calculated in
accordance with Saudi Building Code (SBC) 301. These loads will be used in the structural analysis
of the mezzanine beam and roof beam. Dome beam needs to calculate the dome weight and added t
the load combination to do the structural analysis and dome beam design.

1- Dead Loads:

Table 7 Dead load

Slab thickness 0.25m  According to slab calculation in concret

section.
Beam weight Steel section table.
Ceramic tiles 0.15 t/m Saudi Building Code (SBG) 301
Dome weight 20.52 t/m  According to dome calculation in concre
section.

Note: Slab is concrete-base. Density of Concrete 25 t/m

2- Live Loads:
Table 8 Live load

Mezzanine 0.5 t/nt

Saudi Building Code (SBCG) 301
Roof 0.25 t/nt Saudi Building Code (SBG) 301

Ultimate Load

Table 9 Ultimate load

1.2
Saudi Building Code (SBG) 301

1.6 Saudi Building Code (SBC) 301
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3.3 Structural Analysis:

As indicated previously, the mosque contains a ground floor and a mezzanine floor. The structural

analysis will determine the critical reactions, maximum moment, and maximum shear.

Ultimate load that has been applied is taken according to the Saudi Building Code (SBC) as mentioned
previously. The applied ultimate load is distributed load along the beam.

American Institute of Steel Construction (AISC) Manual of Steel Construction, Load and Resistance
Factor Design (LRFD) will be applied on moment equations and shear equations. Moreover, SkyCiv

software program will be used in addition to the calculations to determine the structural analysis.

In this section, a structural analysis will show the reactions on the mezzanine floor beam, the roof slab
beam, dome beam, and column. Each beam will contain the input data and the output data. SkyCiv
program will also show the moment diagram, shear diagram, and reaction forces. The results will be
used during the design phase in the following section.

Figure 30 ETABS 3D drawing
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3.3.1 Mezzanine floor beam (Girder 2-2)

e Input:

Ultimate load is applied on the mezzanine floor beam using calculation and SkyCiv program. The
beam is fixed at both ends. The length of the beam is
12.00 meters. The drawing shows the length of the beam, applied load, and supports.

Table 10 Mezzanine floor analysis

A- Dead Load
A- Slab Weight = Thickness x Space x Density = Total
0.25m 6 m 25 ym’ 3.75 t/m
B- Beam Weight = 0.178 t/m
C- Ceramic Tile = 0.15 t/'m
Total Dead Load = 4.078 t/m
| B-Liveload |
Live Load= Load x Space = Total
0.5 t/m’ 6 m 3.0 t/m
C- Ultimated Load
Wu= 1.2xDL + 1.6 xLL= Total
9.69 t/m
© © ®
01010 O 9000
- A 4 - B
Q) H—= g - (2)
— —- - - - ~+ -
3000 9000
1 ]
© 0 ®

Figure 31 AutoCAD Drawing, for Grade 2 - Level 7m
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Figure 32 ETABS drawing, mezzanine floor, Girder 2
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Figure 33 Input data from SkyCiv program for mezzanine floor beam

e Output:

Output data are the results of the structural analysis of the mezzanine floor beam using calculation and

SkyCiv program. The following tables summarize the calculations of the reactions forces of the beam.
Table 11 Structural analysis for girder 2

W, X 12 969 x12 2
Mmax(End) = “12 = —116.32 t-m

W, X112 9.69 x12 2
Mmax(Cen) == u24 = oA 58.16 t-m

W, xL 969X 12
Vinax = —5— = > = 58.16t
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Free Body Diagram (FBD)

116.32 t-m 116.32 t-m

58161 58161
0 12m
X
| | B
I ! »
Bending (tm)
Moment A ]
58.16
0 >
-116.32
! [
i 25359 6 9 4641 12 % (m)

Figure 34 Output data from SkyCiv program (moment)
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Shear ()

Force
58.16
0 >
T
1
T
1
]
]
]
]
]
]
]
]
]
|
]
-516 r------—="=""="="="="="="-"-"-"------ : ------------------------- f
] ]
: : >
6 12 % (m)
4

Figure 35 Output data from SkyCiv program (shear)
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3.3.2 Roof beam (3DE)

e Input:

Ultimate load is applied on the roof beam using calculation and SkyCiv program. The beam is fixed
at both ends. The length of the beam is 9.00 meters. The drawing shows the length of the beam, appliec

load, and supports.

Table 12 Roof analysis for 3DE beam

A- Dead Load
A- Slab Weight = Thickness ¥ Space x Density = Total
025m  6m 25 tm’ 3.75 t/m
B- Beam Weight = 0.125 t/m
C- Ceramic Tile = 0.15 t/m
Total Dead Load = 4.025 t/m
| Blad ]
Live Load= Load x Space = Total
0.25 t/m’ 6 m 1.5 t/m
C- Ultimated Load
Wu= 12xDL + 1.6 xLL= Total
7.23 t/m
[ [
‘ l +— }
- B4
& —} =] B —1—(3
- 4= —— —— = =
| 0 J
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Figure 36 ETABS drawing, Roof, 3DE.
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Figure 37 Input data from SkyCiv program for Roof beam
e OQOutput:

Output data are the results of the structural analysis of the roof beam using calculation and SkyCiv

program. The following tables summarize the calculations of the reactions forces of the beam.

Table 13 Structural analysis for 3DE beam

Wy XI? 7.23 X&F
12 12 a

M max(End) = 48.80 t-m

W, XL 723 x9 2
24 24

Mmax(Cen) = = 24.40 t-m
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48.80t-m 4880t-m

3240t 3240t
0 9m
| | [
f T »
Bending (t-m)
Moment A 1
2440
0 >
-48.80
I
! [
9 % (m)

l 19019 45 7.0981

Figure 38 Output data from SkyCiv program (moment)
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Shear (Ton)
Force

32.40

Y

[ J

v fmi

45
Figure 39 Output data from SkyCiv program (shear)
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3.3.3 Dome beam (3BD)

e Input:

Ultimate load is applied on the dome beam using calculation and SkyCiv program. The beam is fixed
at both ends. The length of the beam is 6.00 meters. The drawing shows the length of the beam, appliec
load, and supports. The dome weight is calculated and applied in the beam structural analysis to be

used in dome beam design.

Table 14 Roof analysis for dome beam

A- Dead Load (Distrubuded Load)

A- Slab Weight = Thickness ® Space x Density = Total
0.25m 3m 25 tm’ 1.88 t/m
B- Beam Weight = 0.078 t/m
Total Dead Load = 1.953 t/m
Dome Load
Dome Weight (P.L) = 1.2 x Weight = Total
PL= 1.2 17.1 t'm 20.52 t/m

The Weight of Dome are Dead Point L.oad Acting on the Centar of The Beam

Live Load= Load = Space = Total
0.25 t/m’ 3 m 0.8 t/m
C- Ultimated Load
Wu= 1.2xDL + 1.6 xL.L= Total
3.54 t/m

B C)
} 3000 : 3000
= = = =
B4 —
@+ & =1 (3
\I\_ _P_ —
L 3000 | 3000 |
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Figure 40 ETABS drawing, Dome Beam (3BD).
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20521

Figure 41 Input data from SkyCiv program for Dome beam

e Output:

Output data are the results of the structural analysis of the dome beam using calculation and SkyCiv

program. The following tables summarize the calculations of the reactions forces of the beam.

Table 15 Structural analysis for 3BD beam

W, XL P.L o _ WXL PL_
=Tyt s 2= T T2 T
354%x6 2052 354x6 2052
1=+ =12088t R, = =——+—,—=2088t
W, xL? P.LXL
Mmax{huth Ends) — 12 + g =
3.54x6% 2052x3
Mmax(bﬂth Ends) — 12 + 8 = 26.01 (t _ Hl)
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26.01 (t-m) — 7] 26.01 (t-m)
\d
(T — )

f f

2088t 2088t
0 3 6m
X
| | | »
I 1 1 Ll
Bending (t-m)
Moment A
20.97
-26.01 |
]
! | .
6 x (m)

l 1.4155 3 45845

Figure 42 Output data from SkyCiv program (moment)

Page | 78



Shear (t)
Force A

20.88

Figure 43 Output data from SkyCiv program (shear)
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3.3.4 Column (2C)

e Input:

For column analysis, calculation would include the load combination. Using these load combinations,
they will be used to do the moment calculation and shear.

Table 16 Structural analysis for column

A- Dead Load

A- Slab Weight = Thickness x Area x Density = Total
= 025m x(6m x3m)x 25 tm = 11t

B- Beam Weight= 0.187t/mx(6m + 3m ) = 1.68t
C- Column Weight = 0.125 t/m x (6 m + 3im ) = 1.13t
D- Ceramic Tile = 0.15tm x(6m + 3m ) = 135t
Total Dead Load = 1541t

. Bliwled 00000000 |
Live Load= Load x Area = Total
=  05t¢m°x(  6m x 3m) = 9.0t
C- Ultimated Load
Wu = 1.2xDL + 1.6 xL.L= Total
32891
Combined the Point Load From First Floor and Roof
First Floor Load + Roof Load = Total
= 3289t + 3289t = 65.78 t

SECTION (2-2)
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Figure 44 ETABS drawing, Column 2C
Output:
Output data are the results of the structural analysis of Column calculation. The following tables

summarize the calculations of the reactions forces of the column.

Table 17 Structural analysis for column

W, XI? 65.78x 7

Mmax(End) = T 15 = 268.60 t-m

W, x1? 65.78x 7
M max(Cen) = u24 — i —  134.30 t-m
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3.4 Design:
According to the structural analysis, the most critical analysis is the mezzanine floor beam.analysis

Its moment, shear, and reactions are the most critical. These data will be used to design the mezzaning

and roof beam. Dome beam and column have its own different output reaction.

The steel sections are taken from European Specifications Beams (EURONORM). For moment, shear,
and deflection calculations, American Institute of Steel Construction (AISC) Manual of Steel

Construction for Load and Resistance Factor Design (LRFD) is applied.

Selected steel section is shown in tables. These data are taken from the steel section properties, ETABS
software during the modeling phase, and the American Building code equations. ETABS output will
be included with the appendix.

Moment design will include the lateral-torsional buckling design. Accordingly, this will check the
beam length if it is safe against lateral-torsional buckling. In next step, the nominal moment for the
selected steel section will be calculated to check and compare it with the ultimate moment from the

structural analysis.

Shear design will include web condition of the section. This will determine the web shearing strength
of the selected section. Next step, the area for the web will be calculated to use it in nominal shear
eqguation. In nominal shear, it will show the capability of the selected steel section against the ultimate

shear that has been mentioned previously in the structural analysis.

Deflection check is the check of the maximum allowable deflection of the structure according to the
building code with the deflection of the selected steel section. The deflection limit is calculated

according to the American Building Code.

This section will show four designs: Mezzanine beam, roof beam, dome beam, and column. Each
member will have the properties of the selected steel section, moment design, shear design, and
deflection check.
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3.4.1 Mezzanine beam design (Girder 2):

e Properties:
Table 18 Steel section properties (HE 500 B)
Section Property (HE500B)
Ag 0.0239 m? | S« 0.004287 m? | Cw | 0.000007018 | m®
b 0.3 M |S 0.000842 m?3 J 0.000005 m*
d 0.39 M | rx 0.212 m L 12 m
ho 0.42 M | ry 0.0727 m | @b 0.9 -
h 0.5 M | tw 0.0145 m Dy 1 -
I x 0.001072 m4 | ts 0.028 m Kv 5 -
ly 0.000126 m* | Fy 35153.48 t/m? | Co 1.14 -
Zx 0.004815 m? | Fu 45700 t/m? | Cv 1 -
Zy 0.001292 mé | E 20389019.16 t/m?2 | C 1 -
Steel Section ETABS Software Building Code
Note:

The date that are shown in blue are taken from the steel section properties, European Specifications
Beams (EURONORM).

The data that are shown in green are taken from the ETABS software during the modeling phase.

The data that are shown in red are taken from the American Building Code according to its

equations.
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e Moment design:

1- Lateral-Torsional Buckling

Ly =L —[(0.211 x L) x 2]

Lp =12-[(0.211 x 12 )x2] = 6.94m

E
Lp=1.76)(ryij:

Lp = 1.76 X0.0727 X

-

20389019.2

35153.48

L 105 E I %c (]XC)Z 676 0.7><FY)2
T I KO TXE, " [sexh, s xh,) T ( E

X o

20389019.16 0.000005 X 1 0.000005X 1 & 0.7 X 35153.48 z
L, = 1.95x 0.083 X X + ( ) +6.76 (7) =1124m
0.7 X 35153.48 0.004287 x 0.42 0.004287 x 042 20389019.16

‘/0.000126 X 0.000007018

7 = 0.083 m
= 0.004287

2- The Case for Lateral-Torsional Bukling

a)ly <L, 6.94m < 3.08m X
b) Lp <lp <L, 3.08m < 6.94m = 1124 m
C) Ly > L, 6.94m > 1124 m X
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3- Value Of Plastic Bending Moment and Nominal Flexure Strength

M, = Fy X Z; =35153.48 X 0.004815= 169.26 t/m

Ip=L
M, = Cp lMp ~ (M, - 0.7R,S,) (u)l

L-L,

6.94 —3.08
M,= 114 x llSS.ZS—( 169.26 =0.7 X%35153.48 XD.DUMB?)(—)]

= 15860 t/m
11.24-3.08

4- Check for the Moment

M, < G,M
My,= 1163t/m u= OoMy

Mu = E"an /
DM, = 14274 t/m 116.3t/m < 14274 t/m
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e Shear design:

r-+.

W
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2- Find Web Area (A,,)

Aw =d X tyw = 0.39 X 0.0145= 0.00566

2
m

3- Find Nominal Shear (V)

Vo = 0.6 X Fy X Ay X Cy

V, = 0.6 X35153.48 X 0.00566 X

1

119.28 ¢t

Oy Vi

58.16t

119.281¢

1A 1A

4- Check for Shear

Oy Vi
119.28

v
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e Deflection Check:

Check for Deflection (A)
A= L 12000 50
max— 240 - 240 = mm
W, x L4 069 % 12*

A ——— = 24 mm
At 384 X E X I, 384 X20389019.16 X 0.001072

Aact = Amax /

24 mm = 50 mm

Accordingly, the selected steel section for the mezzanine beam is HE 500 B. This section is safe
against moment, shear, and deflection limit.

Figure 45 Steel section properties (HE 500 B)

Page | 88



ETABS 2015 Steel Frame Design
(Mezzanine floor beam)

AISC 360-10 Steel Section Check (Strength Summary)

Element Details

Location . e
Level Element Combo Element Type Section Classification

(m)
Mezzanine B60 11.8 DStS2 Special Momen

HE500B Compact
Frame

LLRF and Demand/Capacity Ratio

Stress Ratio
Limit

12.00000 1 0.95

L(m) LLRF

Analysis and Design Parameters
Provision Analysis 2nd Order Reduction

Direct General 2nd  Tau-b
LRFD Analysis Order Fixed
Stiffness Reduction Factors
aP: /Py aPr /Pe 7  EA factor El factor
0 0 1 0.8 0.8
Design Code Parameters
®p ()1 () 3% D1E Dy Dv-Ri Ovr
0.9 0.9 0.9 0.75 0.9 1 1

Section Properties
A(mM2) J(m* Is3(m*) l2(m*) Aw(m2) Avz(m?)
0.0000C

0.0239 5 0.0010720.00012¢ 0.0168 0.0073

Design Properties
Sez(M3)  Se2(M3)  Zzz(M3) Z22(m3) raz(m) ra2(m) Cw(m°)

0.004288 0.000841 0.004815 0.001292 0.21179 0.07267 7'00168E'

Page | 89



Material Properties
E (tonf/m?) fy (tonf/m2) Ry o

20382019' 3515348 1.1 NA

Stress Check forces and Moments

Lofr?]t)'on Py (tonf) Muas (tonf-m) Muzz (tonf-m) Vuz (tonf) Vs (tonf) T (tonf-m)
11.8 0 -84.99 0 40 0 0
Axial Force & Biaxial Moment Design Factors (H1-1b)
L Factor Kz K2 B1 B2 Cm
Major = 9967 1 1 1 1 1
Bending
Minor
Bending 0.25 1 1 1 1 1
Parameters for Lateral Torsion Buckling
Lito Kito Cob
0.25 1 1.109
Demand/Capacity (D/C) Ratio Eqn. H1-1b)
D/C Ratio
_ (Pr /12P:) + (Mr33 /M c33) + (Mr22 /M c22)
0.558 = 0+0.558+0
Axial Force and Capacities
Pu Force (tonf) ¢Pnc Capacity (tonf)  ¢Pnt Capacity (tonf)
0 607.22 756.15
Moments and Capacities
Mu M f- .
! orr:ﬂ)nt (ton oMn Capacity (tonf-m)  ¢$Mn No Ltsp (tonf-m)
Major 84.99 152.34 152.34
Bending
Minor
Bending 0 40.88
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Shear Design
Vu Force (tonf) ¢Vn Capacity (tonf) Stress Ratic

Major

4 152.92 .262
Shear 0 52.9 0.26

Minor

18.91
Shear 0 318.9 0
End Reaction Major Shear Forces

Left End Reaction Load Comba Right End Reaction Load Combo

(tonf) (tonf)

15.58 DStIS2 40 DStIS2

DEFLECTION DESIGN (Combo DStID2)
Type Consider DefI;ctlon lelt Ratio Status

Dead Load Yes 0.00775 0.1 0.077 OK
Super DL + Live
Load

Live Load Yes 0.01544 0.0333% 0.463 OK
Total Load Yes 0.02319 0.05 0.464 OK
Total - Camber  Yes 0.02319 0.05 0464 OK

Yes 0.01544 0.1 0.154 OK
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3.4.2 Roof beam design (3DE)

e Properties:

Table 19 Steel section properties (HE 400 A)

Section Property (HE400A)

Ag 0.0159 m? | Sk 0.002311 m?3 Cw 0.000000022 | m®

0.3 m |S 0.000571 m?3 J 0.000002 m*

0.298 m | rx 0.168 m L 9 m

ho 0.32 m | ry 0.0734 m Do 0.9 -
h 0.39 m | tw 0.011 m Y 1 -
Ix | 0.0004507 | m* | tr 0.019 m Kv 5 -
ly | 0.0000856| m* | Fy 35153.48 t/m?2 Co 1.14 -
Zx 0.002562 | m® | Fu 45700 t/m? Cv 1 -
Zy 0.00873 | m® | E 20389019.16 t/m? C 1 -

Steel Section ETABS Software Building Code

Note:

The date that are shown in blue are taken from the steel section properties, European Specifications

Beams (EURONORM).

The data that are shown in green are taken from the ETABS software during the modeling phase.

The data that are shown in red are taken from the American Building Code according to its

eguations.
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e Moment design:

1- Lateral-Torsional Bukling

Ly =L —[(0.211 x L) % 2]

L =195%x 0 X

L,=29-[(0211x 9 )x2]= 520m
B E
Lp =176 X1y X |
¥
20389019
L, = 1.76 x0.0734x = 3.11m
35153.48
L, = 195 X 1y X E ]Xc+ (]xc)2+676(0'7XFY)2
=i r 4
* Y707 xF, " [Scxhg S, X hy E

20389019.16 X‘ 0.000002X% 1

0.7 X 35153.48 \JOOOZSM X 0.3

o (O.OOOOOEX 1
0.002311 x0.32

2

) F 6.76(

0.7 X35153.48

2

20389019.16) = Jbm

’J 0.0000856 x0.000000022

Fes =

0.002311

0.02

m

2- The Case for Lateral-Torsional Bukling

ﬂ) Lb < Lp 5.20m
byL,<L, <L, S
O lp>Lr 5.20m

<

=

3.11m

5.20m

3.26'm

3.26m X
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3- Find Buckling Stress

Cb'ITZE

F 1+0.078 le ( )2
= X : X X|l—
. Lb 2 thu rts

()

2 X
14X 3. 9019. : .
1.14X 3.142° X2038901 16)( 140078 0.000002 1 (5 20
( 5.20 )2 0.02
0.02

2
) =16399.60 t/m’

o

0.002311X 0.32

4- Nominal Moment

M, = Fy X Z, =35153.48x 0.00256 = 90.06  t/m

M, = F. X S, =16399.60% 0.00231 = 37.90t/m

5- Check for the Moment

M, < MP /
37.90 t/m = 90 t/m
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e Shear design:
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2- Find Web Area (A,)

— — — 2
A, =dXt, =0208 X 0011 = 0.003278

m
3- Find Nominal Shear (Vn)
Vi = 0.6 XFy XAy, XC,
V, = 0.6 X35153.48 X 0.003278 X 1 = 69.14 t

4- Check for Shear

o, V, = 69.14
Vu < 0, V., v
32.54t < 69.14 t
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e Deflection Check:

Check for Deflection (A)
A L 2 = 38
max— 520"~ T o5 = mm
W, x L* 723 X 0"

act™ 384 X EX I, 384 X20389019.16 X0.0004507

Aaet < Apax \/
<

13 mm 38 mm

Accordingly, the selected steel section for the roof beam is HE 400 A. This section is safe against
moment, shear, and deflection limit.

300

Figure 46 Steel section properties (HE 400 A)
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ETABS 2015 Steel Frame Design
(Roof beam)

AISC 360-10 Steel Section Check (Strength Summary)

Element Details

Location . e
Level Element Combo Element Type Section Classification

(m)
Mezzanir Special Moment HE400

B51 8.8 DStIS2

m
e Frame A Compact

LLRF and Demand/Capacity Ratio
Stress Ratio
Limit

L(m) LLRF

9.00000 1 0.95

Analysis and Design Parameters
Provision Analysis 2nd Order Reduction
Direct General 2nd  Tau-b
Analysis Order Fixed

LRFD

Stiffness Reduction Factors

oPr /Py oPr /Pe ™  EA factor El factor
0 0 1 0.8 0.8

Design Code Parameters
@y Dc Oy ®OTF Dy Dv-Ri @V
0.9 0.9 0.9 0.75 0.9 1 1

Section Properties
A(mM2) J(m* Is3(m*) l2(m*) Aw(m2) Avz(m?)
0.0000C

0.0159 5 0.0004510.00008¢ 0.0114 0.0043

Design Properties
Sez(M3)  Sp2(M3)  Zaz(M3)  Z22(m3) raz(m) ra2(m) Cw(mS)
0.002311 0.000571 0.002562 0.000873 0.16836 0.07339 0
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Material Properties
E (tonf/m?) fy (tonf/m2) Ry o

20382019' 35153.48 1.1 NA

Stress Check forces and Moments

Location

(m)
8.8 0 -38.5 0 23.49 0 0

Pu (tonf) Muss (tonf-m) Muzz (tonf-m) V2 (tonf) Vusz (tonf) Tu (tonf-m)

Axial Force & Biaxial Moment Design Factors (H1-1b)
L Factor Kz K2 B1 B2 Cm

Major

sending 096 1 1 1 1 1
Minor 505 4 1 1 1 1
Bending

Parameters for Lateral Torsion Buckling

Litb Kitb Co
0.333 1 1.014

Demand/Capacity (D/C) Ratio Eqn. H1-1b)
D/C Ratio

(Pr /12P:) + (Mr33 /M c33) + (Mr22 IMc22)
0.475 = 0+0.475+0

Axial Force and Capacities

Pu Force (tonf) ¢Pnc Capacity (tonf)  ¢Pnt Capacity (tonf)
0 415.68 503.05
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Moments and Capacities

Mu Moment (tonf-

¢Mn Capacity (tonf-m)  ¢$Mn No Ltsp (tonf-m)

m)
Major 385 81.06 81.06
Bending
Minor
: 27.62
Bending 0 6
Shear Design
Vu Force (tonf) ¢Vn Capacity (tonf) Stress Ratic
Major 23.49 90.49 0.26
Shear
Minor
Shear 0 216.4 0
End Reaction Major Shear Forces
Left End Reaction Load Comba Right End Reaction Load Combo
(tonf) (tonf)
23.49 DStIS2 23.49 DStIS2
DEFLECTION DESIGN (Combo DStID2)
Type Consider DefI;cUon lelt Ratio Status

Dead Load Yes 0.00692 0.075 0.092 OK
Super DL + Live
Load
Live Load Yes 0.00816 0.025 0.327 OK
Total Load Yes 0.01509 0.0375 0.402 OK
Total - Camber  Yes 0.01509 0.0375 0.402 OK

Yes 0.00816 0.075 0.109 OK
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3.4.3 Dome beam design (3BD)

e Properties:

Table 20 Steel section properties (IPE 450)

Section Property (IPE 450)

Ag| 0.00988 | m? | & 0.0015 m? | Cw | 0.00000039| m®

0.19 m | S 0.000176 m?3 J 0.000001 | m*

0.379 m rx 0.185 m L 6 m
ho 0.394 m ly 0.0412 m Do 0.9 -
h 0.45 m tw 0.0094 m Dy 1 -
Ix [ 0.0003374| m* | ftf 0.0146 m Kv 5 -
ly | 0.0000167¢ m* | Fy 35153.48 t/m? | Co 1.195 -
Zx | 0.001702 | m® | Fu 45700 t/m? [ Cy 0.43 -
Zy | 0.000276 | m® | E | 20389019.16| t/m? | C 1 -

Steel Section ETABS Software Building Code

Note:

The date that are shown in blue are taken from the steel section properties, European Specifications
Beams (EURONORM).

The data that are shown in green are taken from the ETABS software during the modeling phase.

The data that are shown in red are taken from the American Building Code according to its
equations.
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Moment design:

1- Lateral-Torsional Bukling

L, =L—[(0.211 x L) x 2]

L, = 1.95 X 0.041 X

0.7 X 35153.48

) F 6.76(

0.0015 X 0.4 0.0015 X0.394

+J(

L,=6-[(0211 x 6 )x2]= 3.47m
1.76 £
=1. Xr, X |j—
LP y FY
20389019
L, = 1.76 X0.0412 X = 175m
35153.48
195 X 1y X ~—— Ix< (]xc)2+676(0'7”")2
=1. r 76(—"%
Lr ¥ T07xF, " |Syxh, S, % hy E
20389019.16 1E-06 X 1 1E-06 X 1 2 0.7 X 35153.48 \°

20389019.16) - Asam

J1.7E—05 X 0.00000039

Ies = XS = 0.041 m
2- The Case for Lateral-Torsional Bukling
a)l, <L, 3.47m < 1.75m X
bL, <L, <L, 1.75m < 347m < 4.84m v
C)Ly, > L, 3.47m > 4.84m X
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3- Nominal Moment

M, =M
M, = F, X Z, =35153.48X 0.0017 = 59.83 t/m ok
Ly — L,
M, = Cy [M, — (M, — 0.7F,S
n b[ P ( P yx)(Lr_LP)]

3.47 —1.75

M, = 1.20 x [59.83 —-(59.83 —0.7 X35153.48X 0.0015 ) —)] = 5624 t/m
4.84-1.75

M, < M, v
56.24 < 59.83

4- Check for the Moment

My = OpM,

26.0 t/m

M,

I

ijMn
50.62 t/m

M,
26.0 t/m

v

1A

GpM;, = 50.62 t/m
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Shear design:

t.,

1.37 X E

: X

F,
f X

1.3?){\’ =

k., X E
“© < 1.37 |—

Ih'l 'r

_ 151 XEXK,

A\ 2 -
h
(a\) X Fy
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Ay,=dXt, = X

1-C,

Vn=0.6><Fy><Aw><<CV+

V, = X X
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e Deflection Check:

Check for Deflection (A)
Ao L 6000
maxT 240 240
W,y x L PxL3
Ager= it
384 XEXI, 192XEXI
4 3
A 3.54 X 6 20.52 X 6 _
act™ T 381 x 20380019.16x 0.0002313 192 x 2038901916 X0 0002313

Aact < Amax /
<

Accordingly, the selected steel section for the dome beam is IPE 450. This section is safe against
moment, shear, and deflection limit.

IPE 450

Figure 47 Steel section properties (IPE 450)
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ETABS 2015 Steel Frame Design
(Dome beam)

AISC 360-10 Steel Section Check (Strength Summary)

Element Details

Location

Level Element (m) Combo Element Type Section Classification

M i ial M

€zzanit gag 3 Dstisz  —Pecidl Moment e o compact
e Frame

LLRF and Demand/Capacity Ratio
Stress Ratio
Limit

L(m) LLRF

6.00000 1 0.95

Analysis and Design Parameters
Provision Analysis 2nd Order Reduction

Direct General 2nd  Tau-b
LRFD Analysis Order Fixed
Stiffness Reduction Factors
oPr /Py oPr /Pe ™  EA factor El factor
0 0 1 0.8 0.8
Design Code Parameters
()] ()1 () 3% D1E Dy L) VAT Ovr
0.9 0.9 0.9 0.75 0.9 1 1

Section Properties
A(mM2) J(m* Is3(m*) l2(m*) Aw(m2) Avz(m?)
0.0000C

0.0099 1 0.0003370.000017 0.0055 0.0042
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Design Properties
Sez3(M3)  Se2 (M) Zzz(M3) Z22(m3) raz(m) ra2(m) Cw(m®)
0.0015 0.000176 0.001702 0.000276 0.1848 0.04119 0

Material Properties
E (tonf/m2) fy (tonf/m?) Ry o
20389019.1 3515348 1.1 NA

Stress Check forces and Moments

Lofr?]t)'on Py (tonf) Muas (tonf-m) Muzz (tonf-m) Ve (tonf) Vs (tonf) T (tonf-m)
3 0 22.18 0 0 0 1.497E-03

Axial Force & Biaxial Moment Design Factors (H1.3b, H1-2)
L Factor Kz K2 B1 B2 Cm

Major

Bending 1 1 1 1 1
Minor

Bending 1 1 1 1 1

Parameters for Lateral Torsion Buckling
Lito Kito Cob
1 1 1.136

Demand/Capacity (D/C) Ratio Egn. (H1.3b, H1-2)
D/C Ratio

(Pr /Pc) + (Mra3 IMc33)2 +(Mr22 IMc22)
0.521 = 0+0.521+0
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Axial Force and Capacities

Pu Force (tonf) ¢Pnc Capacity (tonf)  ¢Pnt Capacity (tonf)
0 73.95 312.58

Moments and Capacities

Mu Moment (tonf-

oMn Capacity (tonf-m)  ¢$Mn No Ltsp (tonf-m)

m)
Mayjor 22.18 30.74 53.85
Bending
Minor
Bending 0 8.73
Shear Design
Vu Force (tonf) ¢Vn Capacity (tonf) Stress Ratic
Major
22
Shear 0 89 0
Minor
Shear 0 105.32 0
End Reaction Major Shear Forces
Left End Reaction Load Comba Right End Reaction Load Comba
(tonf) (tonf)
14.79 DStIS2 14.79 DStIS2
DEFLECTION DESIGN (Combo DStID2)
) Deflecti Limi .
Type Consider € ictlon Imlt Ratio Status

Dead Load Yes 0.00514 0.05 0.103 OK
Super DL + Live
Load

Live Load Yes 0.00366 0.01667 0.22 OK
Total Load Yes 0.0088 0.025 0.352 OK
Total - Camber  Yes 0.0088 0.025 0.352 OK

Yes 0.00366 0.05 0.073 OK
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3.4.4 Column design (2C)

e Properties:

Table 21 Steel section properties (HE 400 B)

Section Property (HE400B)

A, 0.0198 m? S, 0.002884 m C, 0.000000022 m°
b 0.3 m S, 0.000721 m’ J 0.000002 m'
d 0.298 m r, 0.171 m L 7

h, 0.32 m ry 0.074 m @, 0.9

h 0.39 m t, 0.0135 m @, 1

I, 0.0005768 m t 0.024 m K, 5

I, 0.00001082 m’ F, 35153.48 t/m’ G, 114

Z, 0.003232 m’ F, 45700 t/m’ K 0.65

Z, 0.001104 m’ E 20389019.16 |  t/m’ C 1

Steel Section Etabs Software Building Code

Note:

The date that are shown in blue are taken from the steel section properties, European Specifications
Beams (EURONORM).

The data that are shown in green are taken from the ETABS 2015 software during the modeling phase.

The data that are shown in red are taken from the American Building Code according to its equations.
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Moment design:

1- Lateral-Torsional Bukling

Ly =L —[(0.211 x L) X 2]
Ly=7-[(0211 x 7 )x2]= 4.05m
B E
Lp = 176 X1y X |
y
20389019
L, = 1.76 x 0.074 x = 314m
35153.48
L 108 E Ixe (]xc )2 676(0'7”")2
=1.95Xr X X ar + 6.
3 ER07xF, " [Scxh, S, x h, E
9019. ! X ; X & 0.7 X ) &
L =195% 0 20389019.16 | 0.000002X 1 (ooooooz 1 ) +6.76(ﬁ) N
0.7 X 35153.48  [0.002884 x 0.3 0.002884 x0.32 20389019.16
_ ]YCW —
Fys = S -
X
- “ LOBEOS x0.000000022 4 .
s
0.002884

or Lateral-Torsional Bul

a)ly, <L, 4.05m <
b)L, <Ly <L, 3.14m <
CLp > Ly 4.05m >

3.14m x

4.05m = 1.63m x

1.63 m v
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3- Find Buekling Stress

Cb'szﬁ ]C [‘b
Fcr=—2X 1+0.078 x X(—)
(ﬁ) Sehg

2

rts

_ 114X 3.142% x20389019.16

(4‘05 )z X 1+0.07’a3><m2)<1 (4‘05

2
——| = 9876.82
0.002884x 0.32 0‘01)
0.01

cr

t/m”

4- Nominal Moment

Mp = F; X Z, =35153.48X 0.00323 = 113.62 t/m

M, =

F.r X S, =9876.82 X 0.00288

= 28.48t/m

5- Check for the Moment

Bp X My < M, 0.9 % 37.90 < 113.62 ‘/
25.64 = 113.62

Page | 112



Compression buckling design is required for the column to know the bearing capacity of column.

1- Cases for Flexural Buckling Stress

3- Check for

— = -
= = 4.71 X =

2661 = 113.43

S0 It’s the first case
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. m xE ( 3.142 )2 x 20389019.16 9

e z - ¥ 2
& )

F, =|0.658 28422844 |» 3515348 _ 3338001 t/m’

6- Nominal Compressive Strength

Fn =F X Ag= 33380.01 X 0.0198 = 660.92 t

Vinax <= Po

23023 = 660.92 ‘/
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e Deflection:

Check for Deflection (A)
A L _ T _ 017
maxT 940 240 i
W, x L4 3280 % 7%

A= = = 22.38 mm
At 384 X E x I, 384 X 20389019.16 X 0.000451

llﬁEll:'t < ﬂ‘max /

22.38 mm = 2917 mm

Accordingly, the selected steel section for the roof beam is HE 400 B. This section is safe against
moment, shear, and deflection limit.

HE 400 B

Figure 48 Steel section properties (HE 400 B)
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ETABS 2015 Steel Frame Design
(Column)

AISC 360-10 Steel Section Check (Strength Summary)

Element Details

Location ) o
Level Element m) Combo Element Type Section Classification
m
_ Special Momen
Mezzanine C28 6.5 DStIS2 HE400B Compact

Frame

LLRF and Demand/Capacity Ratio
L (m) LLRF Stress Ratio Limit
7.00000 1 0.95

Analysis and Design Parameters

Provision Analysis 2nd Order Reduction

Direct General 2nd  Tau-b
LRFD _ _
Analysis Order Fixed
Stiffness Reduction Factors
oPr /Py oPr /Pe ™  EA factor El factor
0 0 1 0.8 0.8
Design Code Parameters
()] ()1 () 30V DTE Dy Dv-Ri (()1Vay
0.9 0.9 0.9 0.75 0.9 1 1
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Section Properties
A(m2) J(m* I3(m*) l2(m*) Awz(m2) Avz(m?)
0.01980.00000<0.0005770.00010¢ 0.0144 0.0054

Design Properties
Sea(M3)  Se2(M3)  Zzz(M3) Zz2(m3) ras(m) ra2(m) Cw(mé)
0.002884 0.000721 0.003232 0.001104 0.17068 0.07392 0

Material Properties
E (tonf/m?) fy (tonf/m?) Ry o
20389019.1€¢ 35153.48 1.1 NA

Stress Check forces and Moments

Location
- Pu (tonf) Muzs (tonf-m) Muzz (tonf-m) Vw2 (tonf) Vs (tonf) Tu (tonf-m)
m
6.5 0 0 0 0 0 0

Axial Force & Biaxial Moment Design Factors (H1-1b)
L Factor Kz K2 B1 B2 Cm

Major

_ 0.929 1 1 1 1 1
Bending
Minor

_ 0.929 1 1 1 1 1
Bending

Parameters for Lateral Torsion Buckling
Lito Kito Cob
0.929 1 1
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Demand/Capacity (D/C) Ratio Eqn. H1-1b)
D/C Ratio

(Pr /2P ) + (Mr33 /IMc33) + (Mr22 IMc22)

0= 0+0+0

Axial Force and Capacities

Pu Force (tonf) ¢Pnc Capacity (tonf)  ¢Pnt Capacity (tonf)
0 355.93 626.44

Moments and Capacities

Mu Moment (tonf- _
oMn Capacity (tonf-m)  ¢$Mn No Ltsp (tonf-m)

m)
Major
_ 0 87.78 102.25
Bending
Minor
_ 0 34.93
Bending
Shear Design
Vu Force (tonf) ¢Vn Capacity (tonf) Stress Ratic
Major
0 113.9 0
Shear
Minor
0 273.35 0
Shear
Joint Design
Continuity Plate Area Doubler
Load Combao Load Combao
(m?) (m)
0.0026 DStIS2 0.01476 DStIS2
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3.4.5 ETABS drawings:

1

A B C ' D |
HE400A HE400A HE400A
0 [ma] (m]
om m om m
(=] [=] [=1] (=]
w w w w
r = - -
HE400A HE400A HE400A
{mn) /a (sm)
s3] [1e] [u1] a
(=1 (=] (=] =]
=3 (=3 =3 (=]
- =T = =
w w w w
I I I I
Il
A X A A A

Figure 50 Side view

Roof

Mezzanine

Base
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Figure 51 Top view for mezzanine floor
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~ 3 (m) |  (m)

} (m)

Figure 53 Top view for roof

| HE400A Ay HE400A , HE400A ,
{8 8
S @
— = i
| 8 2
E|
o i)
o £ 23
J HEA450A HE450A HE450A
L= L] L= =2 =21 =1 L= =] L=
E| 2 2 = 2 2 2 2 2 2
| w w w w w w w s
el = [ [== == a o o o L=
d HES00B HES00B
o (=] (=1 (=1 (= (=] (=1 (=1 (=]
E 2 > o e @ 2 9 2 2
1 LK w w uw s L L (1] i}
=l = = = = = = = =
i HE400A HE400A HE400A
: x : : :
Figure 52 Top view of sections for mezzanine floor
B E
9 (m) 3 (m) Iy 3 (m) 9 (m)
e s=——— ——— ————r-4J
(|
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{(m)

ml

T o0%€ad | 0% | 09634l 09€3d| i
< 0963dl < 0963dl <« 09€3dl 0963dl <
(=] (=] o [=]
o (=) [=] [=}
= i b3 =
w w w @ w
L oL - m XL

09634 09€3d| 09€3d| m 0963
1 0%3d | (EER ] 0963 09634 I
R :
w0 g o 09€3d 0963dl U
T 0%3d T oshEd ] 09634l 09€3d| I
m
[=]
3
< 0%3dl < 0%3dl  « 0%3dl W 0963dl  «
=} =] S bz =]
(=] [=] [=] (=]
=t = o) =
w w w w
h= I - s
0963 09634l 0963dI 0963d| K
T ose3d T 0%e3d [ 0%3d I

(W) g

Figure 54 Top view of sections for roof
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of -

-]

= . e . — _ Roof
a HEA00A =] HE400A o HE400A =]

o @ @ @

2 2 2 2

a Z g i

£ X E X

4 Mezzanine

o HE400A o HE400A = HE400A @

HE400B
HE400B
HE400B

2
i .
z
>x A+ A a Base

3 ) | 4 ) 5

A A [ A Al A

k == s Raof
=} IPE360 ] IPE360 g IPE360 2] IPE360 =]

» @ @ @ o

2 2 2 B 2

2 g g g 5

I & & & &

x T x = S

Mezzanine

= IPE450 L IPE450 L= IPE450 = IPE450 L=

HE400B

HE400B
HE400B
HE400B

2
g
z
>y Base
& A & F .S

ERT

Figure 55 Steel stress ratio (column)
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HE400A

HE400A

HE400A

ospadi

05p3dl

05F3dI

0SF3dI

LEEET 05P3di =
0583d1 05b3di
3 g
= s
I @ 2
T ose3dl |2 osr3a =
i
kS
05p3di 0St3di L
g osr3a 05P3di g
5 g
w w
x I
0sb3d1 054341 L
@

L osr3dl g osad
3 L] 3
= s
I ]
< osb3di 0gF3di =

x
0sK3dl 0sk3dl ﬁ

HE400A

HE400A

HE400A

09€3d1

09€3d|

0ge3di

09€3dI

99€3d1

09€3d!

09€3d|

09341

09€3di

IPE450 | HE400A

HE400A |

09€3d|

09€3d|

09€3d1

05+3d|

05¥3d|

09€3d!

09€3d!

0g€3d!

HE400A

IPE450

HE400A

08€3d!

09€3d1

08E3dI

08€3d|

09€3d1

09€3d|

09€3d|

08€3d!

0se3d|

HES008

HES00B

08€3d|

09€3d|

HE400A

08€3dI

09€341

08€3dI

HE400A

09€3dI1

09€3d1

HE400A

09€3d1

*
09£3d1_ |ﬁ

Figure 56 Steel stress ratio (mezzanine and roof)
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3.5 Connection design:

Steel moment frames have been in use for more than one hundred years, dating to the earliest use o
structural steel in building construction. Steel building construction with the frame carrying the
vertical loads initiated with the Home Insurance Building in Chicago, a 10 story structure constructed

in 1884 with a height of 45 meter often credited with being the first skyscraper.

This and other tall buildings in Chicago spawned an entire generation of tall buildings, constructed
with load bearing steel frames supporting concrete floors and non-load bearing, unreinforced masonry
infill walls at their perimeters. Framing in these early structures typically utilized "H" shapes built up

from plates, and "L" and "Z" sections.

Moment-resisting frames are rectilinear assemblages of beams and columns, with the beams rigidly
connected to the columns. Resistance to lateral forces is provided primarily by rigid frame action, by

the development of bending moment and shear force in the frame members and joints.

Through virtue of the rigid beam-column connections, a moment frame cannot displace laterally
without bending the beams or columns depending on the geometry of the connection. The bending
rigidity and strength of the frame members is therefore the primary source of laterasstéfre

strength for the entire frame.

Two combined connection type will be used in this design section, Bolted connection and Welded
connection. In this section, connection design for the steel structure frame will be applied to calculate
the needed numbers of the bolts and weld length. American Institute of Steel Construction (AISC)
Manual of Steel Construction/ Allowable Strength Design (ASD) is applied. In addition to
calculations, LimCon software will be used for connection design. LimCon output will be included

with the appendix.
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3.5.1 Connection of Mezzanine Floor:

3.5.1.1 Moment Connection (column HEB 400 with beam HEB500):

it -
1 HE400A | mHEd0A | HE400A 1
} trt Ht }
= =]
w w
- -
w w
B B
et - = +H+
o2 L=
< <
w w
o o
1 HE450A . HE450A HE450A
[=} = L=} (=] (=3 = L=} = [=}
Sk = < = = = < 2 <
w w w w w w w L w
B o L2 L= o Q. 0. L 15
| HE500B |} HES008
(=] (=] (=] L= (=] = (=] (=] L=}
= Ly w uy w iy w iy I
= = = =T =T - = =T =t =
LUk, w w w w w w (1] w
L5 o o a o o o a 0.
L | HE4o0A | HEdooA | HE400A
t > Hrt H+ HH+

Figure 57 Mezzanine Floor plan - Connection

Material specefication:

Bolts
D 30 mm
Material: steel geade (36) Grade 10.9 =
F, 3.6 t/em’ A, 5.61 cm’
Fy 5.2 t/em” T 35.34 t
P, 16.86 t
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Section properties:

Column Section (HEB400)
h 400 mm h 501 mm
Iy 352 mm by 444 mm
by 300 mm by 300 mm
t 13.5 mm te 14.5 mm
te 24 mm te 28 mm
r 27 mm T 27 mm
A 198 cm’ A 239 cm’
I, 57680 em” I, 107201 em”
Loading
Dead Load = 4.078 t-m
Live Load = 3 t-m
Ultimated Load = DL + LL
4.08 + 3 =7.078 t-m
M W, x1l? 7078 x 127 04 04
max =~ T 15 12 - ' tm
_ WyxXL 7078 X 12 H
Vmax - 2 - 2 - —1—24 t
Mmax 84.94
Mb and w — 2 = > =42.47 t-m
V 42.47 i
Vi and w = “‘;" = 21.23 t
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Design of welding:

Lbef+(bf—tw—2th)=
Le= 30 +(30 —1.45 —2 x28)= 52.95 cm

Mmax(ASD) _ 42.47 X100

= 89.97 t
h—t 50 — 2.8

Tb =

3 -The Stress of Welding

Fpw =02 XF, =
Fpw = 0.2 X 5.2 =1.04 t/cm’

4 -The Thickness of welding around the Flange

Ty 89.97

= = = 1.63 cm
Le X Fpw  52.95X1.04

5

Take S, = 2 cm

Properties of new beam section:

5 - Length of weld lines around the Web of Beam

L,= 2 x(30 —2 %28 )= 488 cm
Vi 21.23
0.42 cm

Sy = = -
Ly X Fpw  48.8 X1.04

Take S,,= 2 cm

Sy = 20 me

C=bd2-8,-(t/2)=

C = 300 2 - 20 -( 145 2 ) 22,75 mt
do=b-(8,%2)=

d, = 444 -( 20 x 2 ) = 404mm

X, =d,/2+8,=

X, = 404 2 + 20 = 232 mm

X=X +%=

X, =232 + 28 = 260 mm
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Checking the safety of welding:

1- Area of Welding

A, =(2xd,x5,)+(2xdegxS, )+ (42X Cx58,)=

Ay, =( 2% X 2 (2 x X 2)+ (4 x X 2)= 3798 cm’
2- Inertia Moment of Welding Section
d,, ¥% S, Cx§,*® , be % S, 2 3 5
wa:( 12 x2)+( 12 ><4)+(C><waxl ><4)+( 12 ><2)+(f><sw><)(2 X 4) =
wa:( x ) +( x ) +( X 2% x4 ) +( x ) +(30x2 x X 4 )= 1697307.66 ¢cm'
3- Tensile Stress
M >y » .
Ft == EEEEEE :} = = O. 1:5 ] C' t-":CII]._l
IXW
4- Gross Effective Area
Vi .
= = — 0.263 =
1= 7% S X dg, b x vem
5- Equivalent Stress
2 2 n ¥
Feq = Jth +3q* = J +3 X = 0.332 t/cm”
6- Allowable Stress
Fan,, = 1.1 X Fpy = X = 1.1 t/em’

7- Check the safety of welding

1:‘eq < l:"allw /
0.332 < 1.14
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Design of Bolts:

3xa a WXT,*
(4xb)x(4xb+1)+[3ﬂ><a><b2xAS

o Max(asp) X 3 .
b h—t; —
1
N = —_—= =
b= T
The Number of Bolts in one Row = 5 Bolts
The Number of Boltsin Plate = 10 Bolts
Text, = e = =
®X» = Number of Tension bolt -
WXT,*
LS 30 xaxbzx}\s]
X Text, =
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Checking the safety of bolts:

Text, +P=<08xT

T14+2.41 < 0.8 x 35.34

948 < 22827 [}

Checking for shear:

1ElIFrmul»: 21.2
v, = — = 21t
b n T
Ve = P

| ]
b

|
b

o
L
.
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Design of end plates:

Allowable Stress in Bending

Fc = 0.64 X F, = 0.64x3.60= 2.3 tlem’

Size around the flange

Mmax[ASDj _ 84.94 X100
h —t¢ 50 — 2.8

T, = = 607 t

Moment

T, XL 60.7x 75
M = =
8 8

= 569 t-cm

Thickness of Plate

¢ = 6 XM _\{ 6 X 569 -
P |2xwxF, 2 X 15 X230 : e

Plate Size
Thickness of Plate = 7cm
Length of Plate = 75 cm
Width of Plate = 28 cm
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SW=20mm
| LW= 530 mim

SW=20mm
LW= 530 mim

SW=20mm L
LW= 490 mm

AutoCad Connection Drawing for Moment Connection in Mezzanine Floor
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3.5.1.2 Simple connection (beam HEA 400 with beam IPE 450):

Material specefication:

Material: steel geade (36)

30 mm
10.9 =
5.61 CI
35.34 t
14.13 t

Beam Section (HEA 400)
h 450 mim
b 420.8 mm
by 190 mm
I 0.8 mm
te 14.6 mm
r 21 mim
A 98.8 cm’ A 195 cm’
I, 33740 em’ I, 45070 em’
Loading:
Dead Load = 4.078 t-m
Live Load = 3 t-m
Ultimated Load = DL + LL
2.11 + 1.5 =3.610 t-m
W, x L2 3.61 x 12°
= = 3.32 5
Mmax 12 12 43.32 t-m
Wy xL 361 X 12
\ A = 5 = 2166 t
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Design of welding:

Lf=bf+(bf_tw_2>{tf}=
Le= 19 +(19 —0.98 — 2 X1.46) = 34.1 cm

Tb _ Mmax[ASDj _ 43.32 >'*’-1["] _ 99 49 ¢
h—t 45 —1.46

3 -The Stress of Welding

Fpw =02 X E, =
Fpw = 0.2 X 52 =1.04 t/cm?

4 -The Thickness of welding around the Flange

Ty, 99.49
Sw = = = 2.81cm
Le X Fp,, 34.10x1.04

Take S,= 3 cm

5 - Length of weld lines around the Web of Beam

Lw=2><(bf—2><tf)=
L= 2 X(19 -2 X146 )= 322 cm
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v, 21.66
Sew = = = 0.65 cm
Ly X pr 32.2 X1.04
Take S, = 1 cm
S = 3 cm
Design of bolts:
T 35.34
Tg=—=—"7"—"= 1767t
479 2
M naxcasp) 43.32 X100
T, = = = 99.49 t
" h-t 45 —1.46
Ty 09.49
N, =7= = 5.63
P Ty 17.67
The Number of Bolts in one Row = 6 Bolts
The Number of Boltsin Plate = 12 Bolts
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Text To
E-X =] =
b ™ Number of Tension bolt

0.5

N WxT,*
30 xaxb? x A

3xa a WxT,*
(4xb)x(4xb+1)+[30>~:axb2 x A,

X Texty, =

Check of bolts:

Texty, +P=08xXT

Check of sheatr:
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Design of end plates:

Allowable Stress in Bending
Fc = 0.64 X Fy = 0.64x3.60= 2.3 tlem’
Size around the flange
Mmax 32X _
T, (asp) _ 43.32X100 _ 659 ¢
h—t; 15 —1.46
Moment
T, XL 659%27
M= = = 223 t-cm
8 8
Thickness of Plate
o - 6XM J 6 X 223 A
PO l2xwxF, 2 X 15 X230 c
Plate Size
Thickness of Plate = 4 cm
Length of Plate = 27 cm
Wedith of Plate = 20 cm
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PLATE(3)

| Bl
SW=30mm - ii
IPE 450 #\ LW=3521mmm Ei #\

325 N N
T
DETAIL (5) |
T HEA 400

SW= 201
LW=145nmm

PLATEQ3)

IPE 450
HEA 400

SECTION (N-N)

AutoCad Connection Drawing for Simple Connection in Mezzanine Floor
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3.5.2 Connection of Roof:

3.5.2.1 Moment Connection (column HEB 400 with beam IPE3§0

Material specefication:

J HE400A 1 HE400A i HE400A A
[=] L =] =] L= [=] =] =] = [=]
| w w w w w w w w
™ ™ a2} m ™ ™ ™ ™ m
| W L i w L [fT] L L i
L o 2 o L o o g a
HE400A IPE#50 HE400A _
= ] o o = o o =]
g g e o a g g g
* HE400A 1 IPE450 1 HE400A 1
(=] (=] (=} [=3 (=1 (= (=] (=] (=}
w0 jiel w w w w w o w
| ™ ™ ™ ™ ™ ™ ™ ™
w w w w L [11] w w w
S a e o a o a = A
) HE500B . HE500B |
(=] = = = L= = (=] (=] (=]
o w w w w w w w o
(8¢ ™ ™ ™ ™ ™ ™ ™ ™M
LLh ) w w w L (11} w w w
0. o o o o o o o 0.
_ .| HE400A HE400A HE400A
- A
Figure 58 Roof plan - Connection
Bolts
Material: steel geade (36) D - mm
Grade 10.9 -
: i 5
52 Ucmi?. As 3.53 cm
T 2223 t
P, 10.6 t
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Section properties:

Column Section (HEB400)

h 400 mm h 360 mm
by 352 mm h; 334.¢ mm
by 300 mm by 171 mim
e 13.5 mm - 8 mim
te 24 mm te 12.7 mm
T 27 mm T 18 mm
A 198 cm’ A 2.7 em’
I, 57680 cm’ I, 16271 cm’
Loading :
Dead Load = 4.078 t-m
Live Load = 3 t-m
Ultimated Load = DL + LL
1.05 + 0.38=1.430 t-m
W, xL* 143 x 127 _
Mmax 12 - 12 l ! 16 t-1m
CWyxL o 143 X 12 ;
Vinax 7~ 5 858 t
Mmax 17.16 )
Mpandw = 2 = 5 = 8.58 t-m
V 8.58
max = 4.29 t
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Design of welding:

Lf=bf+(bf—tw—2)<tf)=
Le= 17 +(17 — 0.8 — 2 %1.27)= 30.66 cm

T = Mmax[’ASD) _ 8-58 xll}l] _
° h -t 36 —1.27

24.70 t

3 -The Stress of Welding

Fpw =02 X F, =
Fow =02 X 52 =104 t/cm’

4 -The Thickness of welding around the Flange

T 24.70
R, = = = 0.77 cm
Le X Fpw  30.66%1.04
Take S, = 1cm

Properties of new beam section
Sy, = 10 mm
C=by2 -8, - (t/2)=
C = 300 2 - 10 - 8.0 2 ) = 136mm
do=hi-(Sy>2)=
d, = 335 -( 1 2 ) = 315m
X =d,/2+8,=
X, = 315 2 + ( = 87 mu
X=X t4=
X, = 187 + 13 = 200 mu

5 - Length of weld lines around the Web of Beam

Lw=2X(bf‘_2XtE)=
Ly= 2 x(17 -2 %127 )= 289 cm

Vs 429
Lw X Fpw  28.9%X1.04

S

0.14 cm

w

Take S, = 1 cm

S = 1cm
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Checking the safety of welding:

1- Area of Welding

A,=02xd,xS,)+(2xdexS,)+(4xCxS,,) =

A,=( 2% X 1)+ (2 x X 1)+ (4%

X 1)= 177.32

32 com’

2- Inertia Moment of Welding Section

d, *xS CxS,2 be % Sy, 2
lxw:(wlz sz)+( TR x4)+(c><swxx12x4)+(fuw x2)+(bfxswxx22x4):

b x2) x4) *ssox 1xss0sx4 ) x2) +(30x

X

®

)= 504283.25

cm’

3- Tensile Stress

M Xy X .
Fe=—1 Y _ = 0.08507  t/cm’
Xwr
4- Gross Effective Area
v .
= = — [J 1 2 6 __.-' -
1= 7% Sw X dy, X X ? vem
5- Equivalent Stress
_ 2 2 _ 2 - .
Feq = Ft t3q° = +3 X = 0.141 t/cm
6- Allowable Stress
Far, = 1.1 X Fpyy = X = 1.1 t/em’
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7- Check the safety of welding
Feq < FallW /
0.141 < 1.14
Design of Bolts:
T, = M nax(asD) _ X _ .
h—t; —
Ty
N mE—mm e =
b= T
The Number of Bolts in one Row = 3 Bolts
The Number of Boltsin Plate = 6 Bolts
Text,, = T = =
®%% = Number of Tension bolt B
W x Tb 4
0.5 = 3{}xaxb?xﬁsl T
- x Text, =
3xa a W x T, * b
(4xﬁx(4xb+1)+LQXaxb2x&
P= *
( ) X025 +1 )+ | ]
P = t
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Checking of Bolts:

Texty, +P=08xT

214+0.73 =< 0.8 X

Design of Shear:
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AutoCad Connection Drawing for Moment Connection in Roof
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3.5.2.2 Simple Connection of Roof (beam HEA 400 with IPE 360):

Material Specification

D 30 min
Grade 10.9
Fy 5.0 Tz’cmj A, 561 cm?
Ey = o T 35.34 t
P, 14.13 t
h 390 mm h 360 mm
b 352 mm h; 334.6 mm
be 300 mm be 170 mm
= 11 mm - 8 mm
te 24 mm tr 12.7 mm
r 27 min T 18 mm
A 105 cm’ A 72.7 cm’
I, 45070 em’ I, 16270 cm’
Loading
Dead Load = 4.078 t-m
Live Load = 3 t-m
Ultimated Load = DL + LL
2.11 +  0.75=2.860t-m

W, XL 286 x 127
max o2 12

= 3432 t-m

Wy X L 286 X 12

Vmaxz = = 17.16 t
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Design of welding:

Lf=bf+(bf—tw—2>(tf)=
Le= 17 +(17 — 0.8 —2 x1.27) = 30.66 cm

T. = Mmax[ASD) _ 34.32 X100 _ 98 82t
b h—t 36 —1.27 :

3 -The Stress of Welding

Fpw = 0.2 X F, =
Fpw = 0.2 X 5.2 =1.04 t/cm’

4 -The Thickness of welding around the Flange

5 - Length of weld lines around the Web of Beam

Lw=2x(bf—2>(tf)=
Ly= 2 x(17 -2 X127 )= 289 cm

o Vo _ 1716 _
" Ly XFpy 289 X1.04

0.57 cm

Take S = 1 cm

Ty 98.82
S = = = 3 cm
L X pr 30.66%1.04
Take S, = Jcm
Design of Bolts:
T 35.34
Tg = — = = 1767t
4= 2 2
M max(ASD) 34.32 X100
Ty, = = 98.82 t
b h — t; 36 —1.27
Ty 08.82
Np==—7"—"=5.59
P T Ty 17.67
The Number of Bolts in one Row = 6 Bolts
The Number of Boltsin Plate = 12 Bolts
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Text To
®*' = Number of Tension bolt

WX T, *
0.5 — 2
30 xaxb? xA, T
= » ty, =
(3xa)x( a +1)+[ WxT,* A
4xb 4 xb 30 x a X b% x A,
0s
13237.5
P= q - — — aEn ] x ‘_r::
( )x(u::.:i 10+ [—=]
P‘: 5 Bl i

Checking for Bolts:

Texty, +P=08xT

16.5+5.60 < 0.8 x 35.3

WWI-:- = “:\. 27 -

Checking for Shear:
vmaz-: -_:
Vi, = = = 1.4 t
° n 12
Vo < P
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Design of end plates:

Allowable Stress in Bending

F.=0.64 XF, =

0.64% 3.60= 2.3 t/em’

Size around the flange

Mmax(ASDj _ 34.32X100

o= Thoy,  36-127 0 0!
Moment
T, XL 751X 25
M= = = 235 t-cm
8 8
Thickness of Plate

L]

o _ | 8xm _J 6 X 235
PT |2xwxF, 2 X 15 X230 -

Plate Size
Thickness of Plate = 5 cm
Length of Plate = 25 cm
Width of Plate = 20 cm
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e

PLATE(4) tl | PLATE(®)

PR 360 —— <= B5 P L
335 Ei
Ty | 4§ : 4X

H:ﬂ IPE 360

|

g R R
= O O
8 e o
to o -
=S
HEA 400
SW-30mm SW—30mm
LWw— 145 nm Lw— 145 mm
PLATE(4) PLATE(4)
gl [e3e [ls} i
B5 oo Ab|5o| BS
| g i ‘
IPE 360 SW—30nm SW—30nmm IPE 360

LW— 352 mm HEA 400 Lw— 352 mm
AutoCad Connection Drawing for Simple Connection in Roof
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Summary for Connection in Mezzanine Floor:

Connection of Mezzanine Floor:

Excel Sheet Along Grade 2

Column

HEB 500 HEB 400

HEA 400 HEB 400 Limcon Software Along Grade 1 and 5
IPE 450 HEB 400 Limcon Software Along Grade A and E
HEA 450 HEB 400 Limcon Software Along Grade 3

Excel Sheet
Calculation for
Moment
Connection

HEB 500
HEB 400

Connection 4

Connection 1 Connection 2 Connection 3

Connection of Sub-beam in Mezzanine Floor:

oA e

5 HEA 400 IPE 450 Limcon Software Along Grade 1 and 3
Note: The connection of sub-beam applied to the beam HEB 500 to be symmetrical.

Excel Sheet
Calculation for
Simple
Connection

HEA 400
IPE 450

Connection 5

Page | 152



Summary for Connection in Roof:

Connection of Roof:

Connection Resm Detalén Iumn Type of Calculation Repeated
1 HEB 500 HEB 400 Excel Sheet Along Grade 2
i HEA 400 HEB 400 Limcon Software Along Grade 1-3-4 and 5
3 IPE 450 HEB 400 Limcon Software 3B-3D-4B 4D
4 IPE 360 HEB 400 Excel Sheet Along Grade A-B-D and E

Note: Connection 2 and 4 1t’s applied without the connection in grade 3B - 3D - 4B and 4D (the area of
Dome)

Excel Sheet Excel Sheet
Calculation for Calculation for
Moment Moment
Connection Connection
HEB 500 IPE 360
HEB 400 HEB 400
Connection 1 Connection 2 Connection 3 Connection 4

Connection of Sub-beam in Roof:

Beam Beam

' 6 | HEA400 IPE 360 Excel Sheet

Note: The connection of sub-beam applied to beam HEB 500 to be symmetrical

Along Grade 1-2-3-4 and 5

Excel Sheet
Calculation for
Simple
Connection

HEA 400
IPE 360

Connection 6
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Chapter 4: Foundation

4.1 Introduction

A foundation is the element of an architectural structure which connects it to the ground, and
transfers loads from the structure to the ground. Foundations are generally considered either
shallow or deep. This chapter is made for the mosque foundation design and a shallow foundation
is going to be used for this project. This section includes the calculations and verification of the
suitable foundation system for different elements of the mosque. We will first check for isolated
foundation. If it does not work, then we will go directly for Raft foundation. In case of using raft

foundation settlements calculation is required.

4.2 Isolated foundation

Isolated foundations (footings) are standalone families that are part of the
structural foundation category. Several types of isolated foundations can be loaded from the
family library, including pile caps with multiple piles, rectangular piles, and single piles.

column rebars

column column stirrups

spread footing's neck

stirrups in the joint area

footing —, hook

Figure 59 Isolated Foundation
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4.3 Design of Isolated Foundation:

Analysis of Loading: defined the dead load and live load

1- Dead Load
Slab Weight = Thickness x Area x Density Total
0.25m x ( 12m x 6m x 25 yn® 45 ton
Beam Weight = Weight x Area
0.187t/mx( 12m + 6m 3.37 ton
Sub-beam Weight = Weight x Area
0.089t/m x( 6 m X 4 m) 2.14 ton
Column Weight = 0.125t/m x 12 m 1.5 ton
Ceramic Weight = 0.15t/m x (12m x 6 m) 2.7 ton
Total Dead Load = 54.70 ton |
2- Live Load
Live Load = Total
05t/mx (12m X 6 m 36 ton
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Properties and analysis to design the Foundation:

(A) Dead LoaQrooHlst floor) =

(B) Live Load(roof+1st floor) =

() @ Stealiameter 1.60 cm

(J) D Steglea=

©)ys= 2 2
1+p 1 + 0.85
(D) Fy =
(B) yc =
(F)Fc= 30 MPa
Kl
© A= —=
r
H p=- For concrete Fy = 40 MPa

SteebhiameterAccording to the steel table from the European specification (53-62)

Total

109 ton

72 ton

1.081 t/m"3

42,000 ton/m"2

2.50 ton/m"3

2500 ton/m"2

0.85

0.016 m

0.0126 N2

Before proceeding a 90cm thick foundation-base is assumed:

Assuming the footing thickness:

Isolated Footing Thickness (90 cm)

(hc) width =
Total depth> (df) depth =
p
th
< L »
Front View

900cm — 0.90 m
200.0cm — 2.00m
Column
Ground Level
€
o
o
Q
1
S
) B=160 cm g
Side View

hc=90 cm

Top View

Figure 60 Foundation thickness and height assumption
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The calculation are made based on ACI code and all the details are included in the Excel sheet in

order to design the foundation:

1- Gross soil pressure
Assuming the area: Total
Area = (L x B) (0.7m x 07m 0.49 M2
Use one way slab : % < 2 B
Saftey Factor: @ = 2.5
Gall grossy — L 90.702
@ = gx A 25 X 049 74.04 ton/m2
According to ACI code saftey factor can be used @ 2.5 - 3.0
2- Allowable net soill
Gall (net) = Gl (gross)~ Yc (he) - ys (& - ) | |
Qail (net)= 7404 - 25 x (09 - 1.081 x ( 2.06- 0.9 70.60 ton/i
3- Checking the Area
Total
Areq= Po+ R
Gall (net)
Areq= 109 4+ 72 2.57 m2
70.60
B= VAreq
B= +\/ 2.57 Because its one way slab then B = L 1.6 n
4- Soil Pressure
P,= 1.2 x Dead Load + 1.6 x Live Load Total
P,= 12 x 1094 + 1.6 X 72.0 246.48 {
qu (net) = 1.2p5+1.65, 246.48 95.93 ton/m™
LxB 2.57
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5- Checking the thickness for Puncting shear

Diameter: Total
Diameteg, 4= h. — 7.5cm — Bardiameter
Diameteg, 4= 90 - 75 — 0.02 82 cnf
0.825n
Bar Diameter:
Balgameter= C + Qg
1- 0.400 + 0.825 1.225n
2- 0.400 + 0.825 1.225 n
According to the steel table from the European specification (53-62)
Actual Area of Steel
Ht = Hc
Asfy = (0.85 f'ca x b)
As — (ossf”ca xb)
fy
As = 0.85 x 2500.00 X 0.49 X 1.60 0.0397 n
42000
1.562 in™4

Table 4. Areas of Multiple of Reinforcing Bars (in?)

Number Bar humber

of bars #3 #4 $5 #6 #7 #8 #9 #10 #11
1 0.11 0.20 0.31 0.44 0.60 0.79 1.00 1.27 1.56
2 0.22 0.40 0.62 0.88 1.20 1.58 2.00 2.54 3.12
3 0.33 0.60 0.93 1.32 1.80 2.37 3.00 3.81 4.68
4 0.44 0.80 1.24 1.76 2.40 3.16 4.00 5.08 6.24
5 0.55 1.00 1.55 2.20 3.00 3.95 5.00 6.35 7.80
6 0.66 1.20 1.86 2.64 3.60 4.74 6.00 7.62 0.36
7 0.77 1.40 217 3.08 4.20 5.53 7.00 8.89 10.92
8 0.88 I 1.60 248 3.52 4.80 6.32 8.00 10.16 12.48
9 0.99 1.80 2.79 3.96 5.40 7.11 9.00 11.43 14.04
10 1.10 2.00 3.10 4.40 6.00 7.90 10.00 12.70 15.60

Take 8#4 @ > 8 No. 4 bars
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Shear:

critical section
formoment

Formula for concrete column we use:

Ultimate shear () :
h I

\4

Vy= q,(net) x [(L) x B — (C;+d) x (C;+d)] =

L
Vy= (95.93) x [(1.60 x 160 - ( 1.22p x ( 1.22p 102.56

(Bo) Checking:

Bo= 4 x C + davg
By = 4 x (04 + 0.825 4.90 nf

Concrete shear (¥:

2
V.= 0.53xw/f’cx(1+ﬁ>xlxb0><d -------- 90
0.53 X 2500 X 1+ 2 x 1 x 490 x 0.825 359.07 t
0.85
Ve= A X +f'¢eXbyxd —  ———————— 99
1 x / 2500 x 4.90x 0.825 202.06 to
= A d
Yo 0.27><< be +2>x/1><w/f’cxb0xd ““““ ~>©
0
0.0126 x 0.825 +2 x 1 X 2500 x 4.90x 0.825 109.23 {
0.27 x 4.90
Check:
Vc > Vu
109.23 > 102.56
Safe
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6- Checking for beam shear
Total
BV.= 0.75 x 053 x /f'c x L xd
PV, = 0.75 x 0.53 x 2500 X 1.60 x 0.825 26.28 to
B —-C
V,= gq,(net) L [( 2 1> —d
V, = 959 x 1.60 I 1.60 - 0.400 _ 0.8%5 -34.35to
2
Check:
@V, > V,
26.28 > -34.35
Safe
7- Compute the area of flexural reinforcement in each direction
Total
a- Reinforcement in the long direction:
B B _(L-C
Mu—qu(net)2 X < > )
2
95.93 x 1.60] x 1.60 — 0.40 117.09 ton-n
2 2
b- Reinforcement in the short direction:
L (B -cC?
Mu = qu(net)2 X ( P )
2
95.93 x 1.60| x 1.60 — 0.40 117.09 ton-n
2 2
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8- Check for bearing strength of column and footing concrete

¢ = Strength reduction factor for bearing = 0.65 according to ACI code

For supported column, the bearing capacity ¢P, is: Total
¢oPn = $(0.85 f'c A1)
b=0.65
A,= Cross sectional area of column
Critical column area = 159 cm*2 - 1.59 m"2
0.65 x (0.85 x 2500x 1.59 2196.2 ton/nj
¢Pn = 2¢(0.85 f'c Ay)
2 x 065 x (085 x 2500x 1.59 4392.4 ton/n|

For a supporting footing:

A2= Cross sectional area of lower base:
A2 = 262

1.6m

Ay
dPn = $(0.85 f'c Ay /A— < 2.0 (0.85f'c A)
1

065 x (085 x 2500x 1.59x 2.6
1.59
Check:
¢P,, column > ¢P,, footing
4392.38 > 2791.78

For columns, minimum dowel reinforcement is given by ACI Code 15.8.2.1 as:

Ag min = 0.005 Ag
' 0.005 x 159 cnm2
> 1592

Required dowel reinforcement is give by:

_ (9P, = Pw)

As req —
' ¢ fy
(2791.78—  246.4B

0.65 x 2500

2791.78 ton/n

0.795 cm™]
0.00795 m*

1.57 M3
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Appendix

Appendix A: Analysis & design report using ETABS 2015

ETABS 2015

Integrated Building Design Software

7

/)
5
N/ X
/A
N
v

Project Report: Concrete for mosque design
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2.6.1 Structure Data

This chapter provides model geometry information, including items such as story levels, point
coordinates, and element connectivity.

a) Story Data

Story Data

Story2 5000 12000 Yes None

Base No None

b) Grid Data
Grid Systems

1250

CarteSk

Table 1.3 - Grid Lines

Gl X A Yes End 0

Gl X B Yes End 9
Gl X C Yes End 12
-——-

End
-——-

Yes Start

Yes Start
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c) Point Coordinates

Joint Coordinates Data

Label

© NOoO o1k, WDN P

W WWWWMNNNDNDNNNNDNNRRER@RRRRERRRR
A WNPEFPOOOWNOO Ol WNPEFP O OLPRF ~No ook w N O

X

24000
12000
0
24000
12000
0
24000
0
24000
0
24000
12000
0
15000
9000
15000
9000
12000
12000
3000
6000
9000
15000
18000
21000
15000
18000
21000
3000
6000
9000
21000
18000
6000

6000

6000

6000

12000
12000
18000
18000
24000
24000
24000
12000
12000
18000
18000
12000
18000

0

0
0
0
0

0
6000
6000
6000
6000
6000
6000
12000
12000
12000

AZ
Below
mm

O OO OO OO0 00 000000000000 0D00O00O0O0OO0O OO ooo
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d) line Connectivity

Label

35
36
37
38
39
40
41
42
43
44
45

3000
21000
18000

6000

3000
21000
18000

6000

3000
15000

9000

12000
18000
18000
18000
18000
24000
24000
24000
24000
24000
24000

AZ
Below
mm

OO OO0 00 OO0 OoOOoOOo

Column Connectivity Data

Column

C1
C3
C4
C5
C6
C7
C9
C10
C12
C13
C15
C16
C17
C8
C18
Cl1
Cc21
Cl4
C19

I-End J-End
Point  Point
1 1
3 3
4 4
5 5
6 6
7 7
9 9
10 10
12 12
13 13
15 15
16 16
17 17
8 8
18 18
44 44
45 45
23 23
22 22

I-End

Story

Below
Below
Below
Below
Below
Below
Below
Below
Below
Below
Below
Below
Below
Below
Below
Below
Below
Below
Below
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Beam Connectivity Data
I-End J-End Curve

Beam

Bl
B2
B3
B4
B7
B8
B9
B10
B13
B14
B15
B16
B17
B18
B19
B20
B21
B22
B23
B24
B25
B42
B43
B44
B45
B46
B47
B48
B49
B50
B51
B52
B53
B26
B27
B28
B29
B30

Point
1
4

Point
4
7

10

Type
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
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e) Mass

MsSrcl Yes

f) Groups

B31 None

B33 None

B35 None

B37 None

B40 None

B60 None

B63 None

Mass Source

Group Definitions

All Yellow
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2.6.2 Properties

This chapter provides property information for materials, frame sections, shell sections, and links.

a) Materials

Material Properties - Summary

4000Psi Concrete 24855.58 0.2 23.5631 Fc=27.58 MPa

b) Frame Sections

Frame Sections - Summary

Column 4000psi _Conerete
Rectangular

Sub-beam 4000Psi

Concrete
Rectangular

c) Reinforcement Sizes

Reinforcing Bar Sizes

10 10 79
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2.6.3 Assignments

This chapter provides a listing of the assignments applied to the model.

a) Joint Assignments

Story Label
Story2 1
Story2 2
Story2 3
Story2 4
Story2 5
Story2 6
Story2 7
Story2 9
Story2 10
Story2 12
Story2 13
Story2 14
Story2 15
Story2 16
Story2 17
Story2 8
Story2 18
Story2 11
Story2 19
Story2 20
Story2 21
Story2 22
Story2 23
Story2 24
Story2 25
Story2 26
Story2 27
Story2 28
Story2 29
Story2 30
Story2 31
Story2 32
Story2 33

Joint Assignments - Summary

Na

3
6
9
14
16
18
23
27
32
36
41
43
45
48
51
52
54
33
34
81
79
77
75
73
71
76
74
72
82
80
78
83
84

Unique Diaphrag
me

m
From Arec
From Arec
From Arec
From Arec
From Arec
From Arec
From Aree
From Arec
From Aree
From Arec
From Arec
From Arec
From Arec
From Arec
From Aree
From Aree
From Aree
From Aree
From Aree
From Arec
From Arec
From Arec
From Arec
From Arec
From Aree
From Arec
From Aree
From Arec
From Arec
From Arec
From Arec
From Arec
From Aree

Restraints
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Story Label
Story2 34
Story2 35
Story2 36
Story2 37
Story2 38
Story2 39
Story2 40
Story2 41
Story2 42
Story2 43
Story2 44
Story2 45
Storyl 1
Storyl 2
Storyl 3
Storyl 4
Storyl 5
Storyl 6
Storyl 7
Storyl 9
Storyl 10
Storyl 12
Storyl 13
Storyl 15
Storyl 16
Storyl 17
Storyl 8
Storyl 18
Storyl 11
Storyl 20
Storyl 21
Storyl 22
Storyl 23
Storyl 24
Storyl 25
Storyl 26
Storyl 27
Storyl 28
Storyl 29

Unigue Diaphrag

Name
85
86
87
88
89
90
91
92
93
94
95
96

2

5

8
13
15
17
22
26
31
35
40
44
a7
50
25
53
29
55
56
57
58
59
60
61
62
63
64

m
From Arec
From Arec
From Arec
From Arec
From Arec
From Arec
From Arec
From Arec
From Arec
From Aree
From Arec
From Aree
From Arec
From Arec
From Arec
From Arec
From Arec
From Aree
From Arec
From Aree
From Aree
From Aree
From Arec
From Arec
From Arec
From Arec
From Aree
From Aree
From Aree
From Aree
From Arec
From Arec
From Arec
From Arec
From Arec
From Aree
From Arec
From Aree
From Arec

Restraints
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Story Label
Storyl 30
Storyl 31
Storyl 32
Storyl 33
Storyl 34
Storyl 35
Storyl 44
Storyl 45
Base 1
Base 3
Base 4
Base 5
Base 6
Base 7
Base 9
Base 10
Base 12
Base 13
Base 15
Base 16
Base 17
Base 8
Base 18
Base 22
Base 23
Base 44
Base 45

Unigue Diaphrag

Name
65
66
67
68
69
70
38
98

1
7
10
11
12
19
21
28
30
37
39
46
49
20
24
97
42
100
107

m
From Arec
From Arec
From Arec
From Arec
From Arec
From Arec
From Arec
From Arec
From Arec
From Arec
From Aree
From Arec
From Aree
From Arec
From Arec
From Arec
From Arec
From Arec
From Aree
From Arec
From Aree
From Arec
From Arec
From Arec
From Arec
From Arec
From Aree

Restraints

UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; Uz
UX; UY; Uz
UX; UY; Uz
UX; UY; Uz
UX; UY; UZ
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b) Frame Assignments

Story Label

Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl

C1
C3
C4
C5
C6
C7
C9
C10
C12
C13
C15
C16
C1l7
C8
C18
Cl1
C21
Cl4
C19
C1
C3
C4
C5
Co6
C7
C9
C10
C12
C13
C15
C1l6
C17v
C8

Unique

Nam

117
129
40
119

~ o1

11
13
17
19
23
25
29
31
33
15

e

Frame Assignments - Summary

Design Length Analysis

Type

Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column

mm

5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000

Section

Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column

Max
Design Station

Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column
Column

Section Spacing ggarzons

w

WWWWWWwwWwwWwwWwwWwwWwwwwwowowowowowowowowowowowowowowowowow

Min

ber
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Story Label

Storyl
Storyl
Storyl
Storyl
Storyl
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2

Story2
Story2
Story2
Story2

Story2

C18
Cl1
C21
Cl4
C19
Bl
B2
B3
B4
B7
B8
B9
B10
B13
B14
B15
B16
B17
B18
B19
B20
B21
B22
B23
B24
B25

B42

B43

B44

B45

B46

Unigue Design Length Analysis

Name Type
35 Column
116 Column
128 Column
39 Column
118 Column
54 Beam
55 Beam
56 Beam
57 Beam
60 Beam
61 Beam
62 Beam
63 Beam
66 Beam
67 Beam
68 Beam
69 Beam
70 Beam
71 Beam
72 Beam
73 Beam
74 Beam
75 Beam
76 Beam
77 Beam
78 Beam
45 Beam
46 Beam
48 Beam
49 Beam
80 Beam

mm

7000
7000
7000
7000
7000
6000
6000
6000
6000
6000
6000
6000
6000
6000
12000
12000
9000
6000
9000
6000
9000
6000
9000
6000
6000
6000

6000

6000

6000

6000

6000

Section

Column
Column
Column
Column
Column
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam

Design Station

Column
Column
Column
Column
Column
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Max

500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500

500

500

500

500

500

Section Spacing ggargons

W www

Min

ber
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Story Label

Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2

Story2

Story2
Story2
Story2

B47

B48

B49

B50

B51

B52

B53

B26

B27

B28

B29

B30

B31

B32

B33

B34

B35

B36
B37
B39

Unigue Design Length Analysis Design Station

Name Type
81 Beam
82 Beam
84 Beam
85 Beam
86 Beam
88 Beam
89 Beam
90 Beam
92 Beam
93 Beam
94 Beam

107 Beam
108 Beam
109 Beam
110 Beam
111 Beam
112 Beam
114 Beam
59 Beam
58 Beam

mm

6000

6000

6000

6000

6000

6000

6000

6000

6000

6000

6000

6000

6000

6000

6000

6000

6000

9000
3000
3000

Max

Min
Num

ber

Section Section Spacing Stations

Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam
Girder
Girder
Girder

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Girder
Girder
Girder

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500

500
500
500
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Story Label

Story2
Story2
Story2
Story2
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl

Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl

Storyl

B40
B60
B62
B63
Bl
B2
B3
B4
B7
B8
B9
B10
B13
B14
B15
B16
B17
B18
B19

B42

B43

B44

B45

B46

B47

B48

B49

B50

Unigue Design Length Analysis Design Station

Name Type
115 Beam
120 Beam
125 Beam
123 Beam

21 Beam
22 Beam
37 Beam
38 Beam
41 Beam
42 Beam
43 Beam
44 Beam
47 Beam
87 Beam
91 Beam
50 Beam
51 Beam
52 Beam
53 Beam
95 Beam
96 Beam
97 Beam
98 Beam
99 Beam
100 Beam
101 Beam
102 Beam
103 Beam

mm

9000
9000
9000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
12000
12000
9000
6000
9000
6000

6000

6000

6000

6000

6000

6000

6000

6000

6000

Max

Min
Num

ber

Section Section Spacing Stations

Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam
Sub-
beam

Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder
Girder

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Sub-bean

Sub-bean

500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500

500

500

500

500

500

500

500

500

500
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Storyl B51 Beam 6000 b- Sub-bean 500

Storyl B53 Beam 6000 beam Sub-bean 500
---- -——
Storyl B40 113 Beam 9000 Girder Girder

‘Storyl  B5 28 Beam -——
Storyl B60 130 Beam 9000 Girder Girder

‘Storyl  B62 135  Beam -——

Storyl B63 133 Beam 6000 Girder Girder 500
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2.6.4 Loads
This chapter provides loading information as applied to the model.

a) Load Patterns

Load Patterns
Self-
Weight
Multipli
er
Dead Dead 1
Live Live 0

Name Type

b) Applied Loads

Frame Loads - Point

Absolut
: : .. Relative e
Sy | Lt Unique Design Load Load Directio Distanc Distanc Force
Name Type Pattern Type n o o kN
mm

Story2 B17 70 Beam Dead Force Gravity 0.5 3000 61.5
Story2 B21 74 Beam Dead Force Gravity 0.5 3000 61.5
Story2 B24 77 Beam Dead Force Gravity 0.5 3000 615
Story2 B25 78 Beam Dead Force Gravity 0.5 3000 61.5

Frame Loads - Distributed
Relati Relati Absolu Absolu

: Force
Uniqu Desian Load Load Directio ve ve te te o Force
Story Label e T g PatterT A1 Distan Dista Distanc Distan Start at End
Name yp n yp ce nce e Startce End KN/m kN/m

Start End mm

Story2 B1 54 Beam Dead Force Gravity O 1 0 6000 9.197 9.197
Story2 B2 55 Beam Dead Force Gravity 0 1 0 6000 9.197 9.197
Story2 B3 56 Beam Dead Force Gravity O 1 0 6000 9.197 9.197
Story2 B4 57 Beam Dead Force Gravity 0 1 0 6000 9.197 9.197
Story2 B7 60 Beam Dead Force Gravity 0 1 0 6000 9.197 9.197
Story2 B8 61 Beam Dead Force Gravity 0 1 0 6000 9.197 9.197
Story2 B9 62 Beam Dead Force Gravity 0 1 0 6000 9.197 9.197
Story2 B10 63 Beam Dead Force Gravity 0 1 0 6000 9.197 9.197
Story2 B13 66 Beam Dead Force Gravity O 1 0 6000 18.39418.394
Story2 B19 72 Beam Dead Force Gravity 0 1 0 6000 18.39418.394
Story2 B23 76 Beam Dead Force Gravity O 1 0 6000 18.39418.394
Story2 B24 77 Beam Dead Force Gravity 0 1 0 6000 9.197 9.197
Story2 B25 78 Beam Dead Force Gravity 0 1 0 6000 9.197 9.197
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Relati Relati Absolu Absolu

Uniqu Design Load Load Directio Ve € e
Story Label e Patter i Distan Dista Distanc Distan

Name ce nce e Startce End

Start End mm

Story2 B42 45 Beam Dead Force Gravity O 1 0 6000
Story2 B43 46 Beam Dead Force Gravity O 1 0 6000
Story2 B44 48 Beam Dead Force Gravity 0 1 0 6000
Story2 B45 49 Beam Dead Force Gravity 0 1 0 6000
Story2 B46 80 Beam Dead Force Gravity 0 1 0 6000
Story2 B47 81 Beam Dead Force Gravity 0 1 0 6000
Story2 B48 82 Beam Dead Force Gravity O 1 0 6000
Story2 B49 84 Beam Dead Force Gravity O 1 0 6000
Story2 B50 85 Beam Dead Force Gravity O 1 0 6000
Story2 B51 86 Beam Dead Force Gravity O 1 0 6000
Story2 B52 88 Beam Dead Force Gravity 0 1 0 6000
Story2 B53 89 Beam Dead Force Gravity O 1 0 6000
Story2 B26 90 Beam Dead Force Gravity 0 1 0 6000
Story2 B27 92 Beam Dead Force Gravity O 1 0 6000
Story2 B28 93 Beam Dead Force Gravity O 1 0 6000
Story2 B29 94 Beam Dead Force Gravity O 1 0 6000
Story2 B30 107 Beam Dead Force Gravity O 1 0 6000
Story2 B31 108 Beam Dead Force Gravity O 1 0 6000
Story2 B32 109 Beam Dead Force Gravity O 1 0 6000
Story2 B33 110 Beam Dead Force Gravity O 1 0 6000
Story2 B34 111 Beam Dead Force Gravity 0 1 0 6000
Story2 B35 112 Beam Dead Force Gravity O 1 0 6000
Storyl Bl 21 Beam Dead Force Gravity 0 1 0 6000
Storyl B2 22 Beam Dead Force Gravity 0 1 0 6000
Storyl B3 37 Beam Dead Force Gravity 0 1 0 6000
Storyl B4 38 Beam Dead Force Gravity 0 1 0 6000
Storyl B7 41 Beam Dead Force Gravity 0 1 0 6000
Storyl B8 42 Beam Dead Force Gravity O 1 0 6000
Storyl B9 43 Beam Dead Force Gravity 0 1 0 6000
Storyl B10 44 Beam Dead Force Gravity O 1 0 6000
Storyl B13 47 Beam Dead Force Gravity 0 1 0 6000
Storyl B16 50 Beam Dead Force Gravity O 1 0 9000
Storyl B17 51 Beam Dead Force Gravity 0 1 0 6000
Storyl B18 52 Beam Dead Force Gravity O 1 0 9000
Storyl B19 53 Beam Dead Force Gravity O 1 0 6000
Storyl B42 95 Beam Dead Force Gravity 0 1 0 6000
Storyl B43 96 Beam Dead Force Gravity 0 1 0 6000
Storyl B44 97 Beam Dead Force Gravity 0 1 0 6000
Storyl B45 98 Beam Dead Force Gravity O 1 0 6000

Force
Force

a at End
Start | \m
kN/m
18.39418.394
18.39418.394
18.39418.394
18.39418.394
18.39418.394
18.39418.394
18.39418.394
18.39418.394
18.39418.394
18.39418.394
18.39418.394
18.39418.394
18.39418.394
18.39418.394
18.39418.394
18.39418.394
18.39418.394
18.39418.394
18.39418.394
18.39418.394
18.39418.394
18.39418.394
11.00411.004
11.00411.004

05 05
05 05
05 05
05 05

11.00411.004
11.00411.004
20.50¢€20.50¢
05 05
05 05
05 05
20.50€20.50¢
20.50€20.50¢
20.50¢€20.50¢
20.50€20.50¢
20.50¢€20.50¢
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Relati Relati Absolu Absolu
Force

Uniqu Desian Load L oad Directio ve ve te te o Force
Story Label e T g PatterT R Distan Dista Distanc Distan Start at End
Name yp n yp ce nce e Startce End kN/m

Start End mm AN

Storyl B46 99 Beam Dead Force Gravity O 1 0 6000 20.50€20.50¢
Storyl B47 100 Beam Dead Force Gravity O 1 0 6000 20.50€20.50¢
Storyl B48 101 Beam Dead Force Gravity 0 1 0 6000 20.50¢€20.50¢
Storyl B49 102 Beam Dead Force Gravity 0 1 0 6000 20.50¢€20.50¢
Storyl B50 103 Beam Dead Force Gravity 0 1 0 6000 20.50¢€20.50¢
Storyl B51 104 Beam Dead Force Gravity 0 1 0 6000 20.50¢€20.50¢
Storyl B52 105 Beam Dead Force Gravity O 1 0 6000 20.50€20.50¢
Storyl B53 106 Beam Dead Force Gravity O 1 0 6000 20.50€20.50¢
Storyl B60 130 Beam Dead Force Gravity O 0'223" 0 3000 05 0.5
Storyl B60 130 Beam Dead Force Gravity 0'22330'23& 3000 6000 05 05

.. 0.6666€
Storyl B60 130 Beam Dead Force Gravity 67 1 6000 9000 0.5 0.5

: 0.333¢
Storyl B62 135 Beam Dead Force Gravity 0O 33 0 3000 05 05
Storyl B62 135 Beam Dead Force Gravity 0'22330'236( 3000 6000 05 05

.. 0.666€
Storyl B62 135 Beam Dead Force Gravity 67 1 6000 9000 0.5 0.5
Storyl B63 133 Beam Dead Force Gravity O 0.5 0 3000 05 05
Storyl B63 133 Beam Dead Force Gravity 0.5 1 3000 6000 0.5 0.5
Story2 B1 54 Beam Live Force Gravity O 1 0 6000 3.75 3.75
Story2 B2 55 Beam Live Force Gravity O 1 0 6000 3.75 3.75
Story2 B3 56 Beam Live Force Gravity O 1 0 6000 3.75 3.75
Story2 B4 57 Beam Live Force Gravity O 1 0 6000 3.75 3.75
Story2 B7 60 Beam Live Force Gravity O 1 0 6000 3.75 3.75
Story2 B8 61 Beam Live Force Gravity 0 1 0 6000 3.75 3.75
Story2 B9 62 Beam Live Force Gravity O 1 0 6000 3.75 3.75
Story2 B10 63 Beam Live Force Gravity O 1 0 6000 3.75 3.75
Story2 B13 66 Beam Live Force Gravity O 1 0 6000 75 75
Story2 B17 70 Beam Live Force Gravity O 1 0 6000 75 75
Story2 B19 72 Beam Live Force Gravity O 1 0 6000 75 7.5
Story2 B21 74 Beam Live Force Gravity O 1 0 6000 75 75
Story2 B23 76 Beam Live Force Gravity O 1 0 6000 75 7.5
Story2 B24 77 Beam Live Force Gravity O 1 0 6000 3.75 3.75
Story2 B25 78 Beam Live Force Gravity O 1 0 6000 3.75 3.75
Story2 B42 45 Beam Live Force Gravity O 1 0 6000 75 7.5
Story2 B43 46 Beam Live Force Gravity O 1 0 6000 75 75
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Story Label

Story2
Story2
Story2
Story2
Story?2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story?2
Story2
Story2
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl
Storyl

B44
B45
B46
B47
B48
B49
B50
B51
B52
B53
B26
B27
B28
B29
B30
B31
B32
B33
B34
B35
Bl
B2
B9
B10
B13
B19
B42
B43
B44
B45
B46
B47
B48
B49
B50
B51
B52
B53

Uniqu

e

Name

48
49
80
81
82
84
85
86
88
89
90
92
93
94
107
108
109
110
111
112
21
22
43
44
47
53
95
96
97
98
99
100
101
102
103
104
105
106

Des

Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam
Beam

ian Load
9 Patter

Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live
Live

Load Directio
Type

Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity
Force Gravity

Relati Relati Absolu Absolu

Distan Dista Distanc Distan
nce e Start ce End

ce
Start
0

OO OO0 0000000000000 O0D0DO0D0DO0DO0DO0ODO0ODO0ODO0ODO0OO0OO0O OO0 OO ooo

ve

End

H

PRPRRPRRPRRPRRPRRPRRPRPRPRPRPRPRPRPRPRPRRPRRPRPRRPRPRPRPRPRELPRRERR

te

mm

OO OO0 0000000000000 O0DO0DO0D0DO0DO0DO0ODO0ODO0DO0ODO0OO0OOO0O OO0 OO oo oo

te

6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000
6000

Force

a
Start
kN/m

7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
15
15
15
15
15
15
15
15
15
15
15
15
15
15

Force
at End
kN/m

7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
15
15
15
15
15
15
15
15
15
15
15
15
15
15
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c) Load Cases

Load Cases - Summary

Linear
Dead Static

d) Load Combinations

Load Combinations

Linear
Add

Linear
Add

No
Yes

Page | 181



Appendix B: Steel design and modeling using ETABS 2015

LIVELCADS

TABLE 4-1:
AONIALUAM UNIFOBAILY DISTRIBUTED LIVE LOADS, L,
AND AMNIAIUM CONCENTEATED LIVE LOADS

Oceupancy or Uze Uniferm Conc.
s KN /m® KN

Apartments (zee resdennal)

Access floor systems
Office wse
Computer use 5 g

It
LA
e}

Lh

Armones and dnll rooms 7

Aszembly areas and theaters
* Fixed seats (fastened to floor)
*  Tobbies
*  Movable seats
®  Platforms (assembiy)
*  Stage floors

o |
A LA Lh
Ly WA L L

Balcomes (exterior) i
O one- and two-farmily residences only, and not exceeding 10 m*

Bowling allevs. poolrooms. and simular recreational areas

(1 P [FERT

Catwalks for maintenance access 1.5

Comdors
Fo=t floor
. Other floors, zame 2 oceupancy served sxcent as indicated R 1
Mosoues [ i
Decks {pano and roof)
Same as area served. or for the type of oocupancy accommodated

LA

uh

Dinmnp rooms and restzurznts

Drwellings {zee residentual}

Elevator machine room gratme (oo arez of 2500 mum™) 15

Finich lizht floor plate eonstrection {on area of 630 mm™) 1

Fue escapes 5

Fixed ladders See Section 4.4

(arages (passenger vehicles only) 2 MNote (1}
Trucks and buses Hote (2) Note (2}

Grandstands {ses stadium and arens bleachers)

Grvpmasmms. mam flocrs. and balconies 5 Note (4)

Handrails, gusrdrails, and grab bars See Sechon 4.4

Hosputzls
*  (Operating rooms, laboratores
»  Prvate rooms
=  Wards
*  Comdors above fiost floor

Ja B b3 lad
el ]

Hotels (see residential)

Litranes
# Readng rooms 3 45
*  Siack rooms
*  Comdors above fst floor

Manufacturms
* Light 6 9

#  Heavy

Marquees and canopees 4

Office bulding=
*  File and computer rooms shall be demzned for heavier loads based on
anheipated oocupaney:
» T obhies and first floor comdors 3 ]
Offices 25 9
* Comdors above first floor 4.0

Panal motitutions
Cell blocks
Comdors

[

SBC 301 2007 48
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Table 3-23 (continued)
Shears, Moments, and Deflections

DESIGN OF FLEXURAL MEMBERS

15. BEAM FIXED AT BOTH ENDS — UNIFORMLY DISTRIBUTED LOADS
{ - Total Equiv. Undorm Load

[ _l w! = B W R R i e e
TTT"TF" T

R v,

2 -
h . Monas (BEBNUS) c.ciiiecinrnsimnssisssssasns s srasss sassss iasnsns
1T !
Shear ™ M,

(ATCBMBO) .o
021w

M,
L B (BVCOIINY oo ciiciiinssiisseiisbsiisnismsisiinis B

16. BEAM FIXED AT BOTH ENDS — CONCENTRATED LOAD AT CENTER

p—— ——y

o s r | Total EQuV, Unform LOAT ..ovovsrmensmnssmmmmssons oner
: 1 B2 WV i ensssesssss s e s s e s

I NTD

r ' |
2 T 27 Mg (BtcEnter and 8nds) ..o verernmsesene

@T @

M, (when x-:; O T

] 1]
Shear | | v
-L,--[I—]--L‘:r Aner (8tcenter) ...

M. /(h;\ Ay (whan x < ; Yo . %%(3:-;,)
/Vmur \I\L,Mﬂ- :

(4x~-1)

- -
—

-
N
£y

M!

17. BEAM FIXED AT BOTH ENDS — CONCENTRATED LOAD AT ANY POINT

A= V= Vi WhiEN 8 € D) ciirvnsiinmnumusinin =

A=V (= VieeWhen 8> D) ....inniinnninnn =

_! M, {(atpoint of 108} ..o = 2pa’o?
v, #

% §

| My (WO XC M) i sssrimimsmivsiisivmssmamsivs. B0 X

V ITTITTITITT
Shear

E

— ]
l” Amur (When a>bat x= 2% ) PP /. ..
M.

aed aei(3as0f

A (SUDONOTIOB I = PO
3

S —

By bl s s s JEI"'z"z*:m 3ax-px)
6 E.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION, INC.
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m Material Property Design Data *
Material Name and Type
Material Name |A992Fy50
Material Type ' Steel, Isotropic
Design Properties for Steel Materials
Minimum Yield Stress, Fy |35153.4B | tonf/m?
Mirimum Tensie Strength, Fu [45699.53 | tonf/m?
Erfective Yield Stress. Fye 38668 83 ' tonf/m?
Effective Tensile Strength, Fue 502689 48 | tonffm?
m Material Property Data g
General Data
Material Name | A992Fy50
Material Type Steel
Directional Symmetry Type |sotropic
Matesial Display Color Change...
Material Notes Modify/Show Nates...
Matenal Weight and Mass
(®) Specify Weight Density (O Specify Mass Density
Weight per Unit Volume 17.849 | tonf /m?
Mass per Unit Volume 10.80038 torf-s¥m*
Mechanical Property Data
Modulus of Basticty, E 2038301916 |tonf/m?
Poisson’s Ratio, U 03 |
Coefficient of Thermal Expansion, A |0.0000117 Ve
Shear Modulus, G 784193045 tonf/m?

Page | 184



m Frame Section Properties

Property Name

Section Name 'HE5008B

Base Material | A992Fy50

Properties

ltem Value
0.0239
AS2, m2 0.0073
AS3, m2 0014
133, m4 0.001072
122, m4 0.000126
$33Pos, m3 0.004288
S$33Neg, m3 0.004288
S22Pos. m3 0.000841
$22Neg, m3 0000841
R33, m 021179
R22, m 0.07267
Z33, m3 0.004815
Z22. m3 0001292
J, m4 0.000005
Cw, mb 7.018E-06
Fillet Radius, m 0.027
CG Offset 3 Dir, m 0
CG Offset2Dir.m |0
PNA Offset 3 Dir, m 0

PNA Offset 2 Dir, m 0

| ok | | Cancel |
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=
=

EUROPEAN SPECIFICATION BEAMS WITH F =T EUROPEAN SPECIFICATION BEAMS WITH F Tl
PARALLEL FLANGES IN ACCORDANCE [: PARALLEL FLANGES IN ACCORDANCE M
WITH EURONORM 19-57 By dy, WITH EURONORM 19-57 hydy 4,
= I i |
ink fiad
IF-_ f
o G | h b W b | r | & k d y Bl ok k| W W | Wy W | )
Desgnation T
IPEZ70A | 307 | 267 135 | 55 &7 | 15| 381 | 2496 298 4917 38 | M2 307 | B B30 | 412 23| 0060 104
PEZ70 | 361|270 135 | BF 102 | 15| 459 | 2496 2198 790 40 |12 102 | 48 &2 | & wologm 158
PEZ700 | 423 | 274 138 | 75 122 | 15| 538 | 2496 2138 BM7 513|114 109 | 507 755 | 575 118 |o0ms@ 250
IPEZ70R | 440 | 276 133 | 77 131 | 15| 560 | 2498 2198 7HZ G6 | 114 303 | 530 TTE | B2 121|008 289
PE300A | 365|287 150 | A1 92 | 15| 465 | 27A6 2485 73 519|124 13 | 483 B2 | B2 407 0407 133
PEI00 | 422 |300 150 | 74 107 | 15| 538 | 2786 288 B%E  BD4 | 125 335 | 557 BOS | BB 175 | 0426 198
IPEI00C | 483 | 304 152 | 80 127 | 15| 628 | 2786 288 999 76 | 126 345 | A 91 | T4 153 |0158 310
IPEI00R | 517 | 306 147 | 85 137 | 15| 659 | 2786 MBE 10500 728 (126 332 | 6BE %40 | 7AD 155 | 0455 370
IPE330A | 430 | 327 160 | 65 100 | 18| 547 |3070 M0 10230 685 (137 350 | 626 856 | 702 1B | 0472 196
PE330 | 494 |330 460 | 75 115 | 18| €26 |3070 270 f770 788 (137 35 | 713 %85 | AM 154 | 0200 284
IPE3300 | 570 | 334 162 | 85 135 | 18| 726 | 3070 2710 13910 960 (138 361 | 833 119 | W3 185 | 0M7 422
IPEJ30R | 603 |33 158 | 92 145 | 18| 764 | 3070 2710 14630 958 138 353 | B4 1M | W5 1% | 027 G0
IPEI60A | 507 | 3576 170 | 6F 115 | 18| BAD | 3ME 2988 W50 WM (151 38 | B1Z 1 | 97 M | 0283 714
PE360 | 5717|360 170 | 80 127 | 18| 727 | 3456 298 16270 103 [ 1500 379 | 904 1 1019 19 | 035 34
IPE3800 | 680 | 384 172 | 92 147 | 18| B4 |3ME 2988 19050 251 |50 385 | 1047 M5 | 186 2 |03 %57
IPEIGOR | 703 | 366 168 | 99 160 | 18| 896 |3M0 2380 WM/ 1270 | 150 376 | M08 151 | 17282 2% | 0389 687
IPE40DA | 574 | 397 180 | 70 120 | 24| 734 | 3730 330 W20 N7 | 167 400 | 1022 130 | MM 202 |04 362
IPE400 | 663 | 400 180 | B 135 | 21| B45 | 3730 33D W 1M |65 195 | 1% 146 | 1307 29 (0497 B3
IPE400C | 757 | 404 182 | 97 155 | 21| %4 | 3730 3310 J750 1564 | 167 403 | 134 172 | 1502 288 (0S80 733
IPE400R | 815|407 178 | 106 170 | 21 |14 | 3730 3310 JBBE0 160G | 167 393 | 1418 180 | 1618 284 | OBH 925
IPE400Y | B4O | 408 182 | 106 175 | 21 |107 | 3730 3310 W0 1766 | 168 405 | 1477 104 | 1RB1 34 | 0ETY  99E
IPE4S0A | 672 |47 180 | 76 131 | 21 | 855 | 4708 3788 TR0 1502 | 187 419 | 131 158 | 1484 M6 | 0707 474
IPE450 | 776 |450 190 | 94 145 | 21 | 985 |4208 3788 1740 1676 | 185 442 |4500 7R | 702 276 |07 6T
IPE4500 | 924 |45 192 | 0 176 | 21 |11 | 4208 3788 4920 2085 | 186 421 |178R M7 | 246 M (1M 18
IPE4S0R | 952 | 458 188 | 113 186 | 21 |121 |4208 3788 42400 2070 | 187 443 | 1851 0 | M5 MG | 0899 17
IPE450Y |104 | 460 184 | 124 186 | 21 |12 |4708 3788 45200 7397 | 187 476 | 2008 M7 | Z301 38 (116 148
38 1
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EUROPEAN SPECIFICATION BEAMS WITH

PARALLEL FLANGES IN ACCORDANCE
WITH EURONORM 53-62
G h b A by d
Desipaion Wk
kgim | mm  mm mm Em | mm o Em Em
HE280AA (612|264 280 | 70 100 | 24 | 78 244 196
HE280A (764|270 280 | 80 130 | 24 | 873 244 196
HE280B 103 | 280 280 | 105 180 | 24 | 13 244 198
HE280M (188 | 310 288 | 185 330 | 24 | 240 244 196
HE300AA (698|283 300 | 75 105 | 27 | 889 | 262 208
HE300A |BB3| 230 300 | 85 10| 27 | 13 262 208
HE30B (117 | 300 300 | 110 180 | 27 | 148 262 208
HE30OC (177 | 320 305 | 160 280 | 27 | 226 | 262 208
HE30OM (238 | 340 310 | 210 380 | 27 | 303 | 262 208
HE320AA (742|301 300 | 80 10| &7 | M6 218 225
HE320A |876| 310 300 | 90 155 | 27 | 124 2718 225
HEJNB |17 (320 300 | 115 205 | 27 | 161 a9 2%
HEJ20M |245 | 358 309 | 210 400 | 27 | M2 | 219 225
HEMOAA (789|320 300 | 85 15| 27 | 1M 27 M3
HEMO0A 105 (330 300 | 85 165 | 27 | 133 | 297 243
HEMO0B |13 | 340 300 120 215 | 27 | 11 287 M3
HEMOM 248 | 377 308 | 210 400 | &7 | 36 297 43
HE3G0AA (837|339 300 | 80 120 | 27 | 107 | 35 261
HE3&0A |12 | 350 300 100 175 | 27 | 143 35 26
HE3E0B (142 [ 360 300 | 125 225 | 27 | 181 35 26
HE36OM (250 | 385 308 | 210 400 | 27 | 19 B
HE400AA (924|378 300 | 85 130 27 | 18 k2 28
HE400x 107|107 | 364 287 | 100 160 | 27 | 136 | 352 298
HE400A |15 (330 300 | 110 180 | 27 | 159 | 352 298
HE400B |155 (400 300 | 135 240 | 27 | 188 | 352 298
HE40OM |256 (432 307 | 210 400 | 27 | 326 | 352 298
HE450AA (100 | 426 300 | 100 135 | &7 | 127 398 44
HE450x 123123 | 435 300 | 102 185 | 27 | 158 398 44
HE4504 140 (440 300 |15 210 27 | 176 | 398 344
HE450B 171 | 450 300 | 140 260 | 27 | 18 398 44
HE450M (283 | 478 307 | 210 400 | 27 | 336 398 44
HESOOAA 107 (472 300 | 105 140 | 27 | 137 | 44 330
HES00A  |155 (430 300 | 120 230 | 27 | 188 | 44 330
HESO0B  |187 | 500 300 | 145 280 | 27 | 239 444 380
HESOOM | 270 | 524 306 | 210 400 | 27 | 344 444 380
32

EUROPEAN SPECIFICATION BEAMS WITH

PARALLEL FLANGES IN ACCORDANCE J
WITH EURONORM 5362 1‘" *\h
1 oL
iy |y | W Wy | Wy We | lu k
el ol | o | ot e | e ent | dnf o
10560 3864 | 16 6285 | 800 6| i Wl 0EM 35
13670 4763 | 1 700 | 13 30| 1z 58 | 078 615
19070 6595 | 11 709 | 1376 i | 15 TR | 113 14
J0550 13460 | 128 740 | 2554 44 | 2968 97 | 82 b7
1380 4734 | 125 70| 976 3 | 1065 | 0879 478
1860 6310 | 127 749 | 1260 L RE] B | 120 EB
20 0563 | 130 58 | 1678 i | 1868 g | 168 18
40850 13740 | 135 T80 | 24558 i | 7 ) 29
200 15400 | 140 B0 | ME2 1252 | AR My | &% i
16450 4359 | 132 724 | 1033 | 1 86 | 104 5iE
W0 65 | 136 749 | 1478 466 | 1628 | o1 1
M0 9239 | 138 757 | 1926 b6 | 2148 Byl MW
B30 19710 | 148 TO5 | 3mE 1776 | M35 351 | &M 1506
19550 5185 | 139 [ALR R 6 | 13 B9 | 12 60D
e 746 | 144 746 | 1678 4% | 1850 T | 183 13
Joes0 9680 | 148 753 | 2156 b6 | 2408 M | 246 28
T30 14740 | 156 TH0 | 4082 1276 | 4718 fa53 | 6D 1512
M0 5D | 147 112 1388 31, | 1455 By | 145 611
o0 7EAT | 152 T43 ) 189 526 | bk B2 o| O2E 18
43190 1040 | 155 749 | 2400 &76 | 2683 32 | 2
BBTD 19520 | 163 THI | 4387 1268 | 499 M2 | E5 1513
B0 5EE | 183 T06 | 1654 M| B0 | 1% B3
T B59E | 166 720 | 1960 M | M5 ™| 7 %
45070 BE6d | 168 T3 | B | 6 | 25 i
57680 10820 | 174 T40 | 2884 | 4 | 82 M
04100 10340 | 179 TI0 | 4820 1260 | 5T i | 74 150
41090 GORE | 182 692 | 406 | B3 B4 | 258 904
EBEE0 G336 | 108 127 | 6k 556 | 236 B0 | g2 17
BT D45 | 1049 129 | 8% B | e e | 415 0
19850 170 | 19 733 | 35 81| 38 H9E | B2T 44
131500 10340 | 198 TH | BE1 1260 | B3N 3| BB 15U
MED B3| 200 69 | 245 2| B LI B [
BEO70 10370 | 210 724 | 3580 B | 39 053 | GBS 3
07200 12620 | 212 [RIREY B2 M5 192 | TO3 B4
161500 19450 | 217 T46 | GO0 2R2 | TOM B2 | HMZ O 16M4
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Sect. F2. DOUBLY SYMMETRIC COMPACT I-SHAPED MEMBERS AND CHANNELS 16.1-47

Cp is permitted to be conservatively taken as 1.0 for all cases. For cantilevers or
overhangs where the free end is unbraced, C, = 1.0.

User Note: For doubly symmetric members with no transverse loading be-
tween brace points, Equation F1-1 reduces to 2.27 for the case of equal end
moments of opposite sign and to 1.67 when one end moment equals zero.

F2.  DOUBLY SYMMETRIC COMPACT I-SHAPED MEMBERS
AND CHANNELS BENT ABOUT THEIR MAJOR AXIS

This section applies to doubly symmetric I-shaped members and channels bent
about their major axis, having compact webs and compact flanges as defined in
Section B4.

User Note: All current ASTM A6 W, S, M, C and MC shapes except W21 x48,
WI14x99, W14x90, WI2x65, WI10x 12, W8x31, W8x 10, W6x 15, W6 <9,
W6x8.5, and M4 x6 have compact flanges for Fy = 50 ksi (345 MPa); all
current ASTM A6 W, S, M, HP, C and MC shapes have compact webs at
Fy < 65 ksi (450 MPa).

The nominal flexural strength, M,, shall be the lower value obtained according
to the limit states of yielding (plastic moment) and lateral-torsional buckling.

1. Yielding
where

Fy = specified minimum yield stress of the type of steel being used, ksi (MPa)
Z, = plastic section modulus about the x-axis, in.* (mm?)

[
.

Lateral-Torsional Buckling

(a) When Ly < L, the limit state of lateral-torsional buckling does not apply.
(b)WhenL, <L, <L,

M, =Cy [M,, — (M, —0.7F,S;) (%)] <M, (F2-2)
r—Lp
(c)When L, > L,
Mn = Fcrsx < Mp (F2-3)

where

L = length between points that are either braced against lateral displacement
of compression flange or braced against twist of the cross section, in.
(mm)

2 J 2
F, = &% E\/ | 4 0.078— (ﬂ) (F2-4)

(Lb)- Scho \ 1
T'is

Specification for Structural Steel Buildings, March 9, 2005
AMERICAN INSTITUTE OF STEEL CONSTRUCTION, INC.
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16.1-48 DOUBLY SYMMETRIC COMPACT [-SHAPED MEMBERS AND CHANNELS  [Sect F2L.

and where
E = modulus of elasticity of steel = 29,000 ksi (200 000 MPa)
J = torsional constant, in.? (mm?)

5, = elastic section modulus taken about the x-axis, in.® (mm”)

Ilser Note: The square rool lerm in Equation F2-4 may be conservalively
laken equal to 1.0.

The limiting lengths L, and L, are determined as follows:
—

E
- 1_?51-\\]— (F2-5)
a F}.
E Je 0.7F, S:h, ')2
L, =195 | 1 +6.76 - F2-6
) 0T, \ S, +\/ ( E Jc o
where
A T G
== (F2-7)
Sz
and
For a doubly symmetric I-shape: ¢ = 1 (F2-Ba)
'ﬁu -l"v
For a channel: o= — - (F2-Bh)
2 Gy
where

1, = distance between the fanpge centroids, in. (mm)

Liser Note: If the square rool term in Equation F2-4 is conservalively taken
egual to 1, Equation F2-6 becomes

E
Le==ru 577,
% ¥

Mote that this approximation can be extremely conservative.

L |
For doubly symmetric I-shapes with rectangular fanges. Cy, = IJ:IJE and thus
Equation F2-7 becomes
A Ivh,
o — 25,

ry« may be approximated accurately and conservatively as the radius of gyration
of the compression flange plus one-sixth of the web:;

b
iy — £
121+ e
ﬁb_ff‘r

Specification for Structural Steel Brildimes, Morch 9, 2005
AMERICAN INSTITUTE OF STEEL CONSTRUCTION, INC.
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16.1-64

CHAPTER G

DESIGN OF MEMBERS FOR SHEAR

This chapter addresses webs of singly or doubly symmetric members subject Lo shear in
the plane of the web, single angles and HSS seclions, and shear in the weak direction of
singly or doubly symmetric shapes.

The chapter is organized as follows:

Gl. General Provisions

G2, Members with Unstiffened or Stiffened Webs

3.  Tension Field Action

G4, Single Angles

G5,  Rectangular H55 and Box Members

G6.  Round HSS

G7.  Weak Axis Shear in Singly and Doubly Symmetric Shapes
GE.  Beams and Girders with Web Openings

User Mote: For applicalions not included in this chapter, the following sections apply:

» H3i3 Unsymmeiric seclions.
= J4.2  Shear strength of connecting elements.
= J10.6 Web panel zone shear.

;1. GENERAL PROVISIONS

Two methods of calculating shear strength are presented below. The method pre-
sented in Section G2 does not ulilize the post buckling strength of the member
(tension field action). The method presented in Section G3 uvlilizes tenzion field
action.

The design shear strength, &, V. and the allowable shear strength, Vo582, | shall
be determined as follows.

For all provisions in this chapler except Section G2, la:

&, = 0.90(LRFD) £k, = 1.67 (ASD)

1. Nominal Shear Strength

This section applies to webs of singly or doubly symmetric members and channels
subject Lo shear in the plane of the web.

Specification for Structural Steel Buildings, March 9 2005
AMERICAN INSTITUTE OF STEEL CONSTRUCTION, INC.
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Sect. G2 MEMBERS WITH UNSTIFFENED OR STIFFENED WERBS 6. 1-65

The aominal shear strength, Vg, of unstiffened or stiffened webs, according o the
limit states of shear vielding and shear buckling, is

Vo = 0L6F, A, C, (G2-1)
(a) For webs of rolled I-shaped members with ii/n, = 2.24 /E [ F5:
¢, = 1.00(LEFD) 2, = 1.50(ASD)

and
O = 1.0 (G2-20

LUiser Note: All current ASTM A6 W. S5 and HP shapes except Wd4 »c 230,
W40 = 149, W36:x 135, W33x 118, W30x9, W24x55 WI6x26 and
WIi2x14 meet the criteria stated in Section G2.1(a) for F, = 50 Kksi
(345 MPa).

{b) For webs of all other doubly symmetric shapes and singly symmetric shapes
and channels. excepl round HES, the web shear coefficient, C.. is determined

as follows:
(iYForh/fr, < 110K E] F_‘.
O, = 1.0 (G2-3)
(i) For 1L10/ R EfFy < Afty < L.37 /K EJF,
110/ k E S Fy )
g = - G2-4
: ity \ )
(iii) For h /L, > I.ETJE.E 7 F_".
1.51EK,
= (G2-5)
(h/tw ¥ Fy

where
A, = the overall depth times the web thickness, df,. in.? (mm?)
The web plate buckling coefficient, k.. is determined as follows:

(i} Forunstiffened webs with /i /1, = 260, k, = 5excepl for the stem of tee shapes
where &, = 1.2.

(i1} For stiffened wehbs,

5
fop — 5 o e—
3 =+ (a/ k)
260 1°
=5whenu,.-’.i:::3.[}nrﬂ,.-'.ir:=r|: :I
Cht)

where

a = clear distance between transverse stiffeners, in. (mm)
f = lorrollied shapes, the clear distance between flanges less the fillet or corner
radii, in. {mm}

Spectfication for Struciuwral Sieel Buildinngs, March @, 2005
AMERICAN INSTITUTE OF STEEL CONSTRUCTION, INC.
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axes, respectively, considering the member loaded in
bending only as prescribed in Clause 2.6.5.

In addition, the compressive bending stress alone shall be checked
against the lateral torsional buckling stress.

2.6.8 Equivalent Stress f,
Whenever the material is subjected to axial and shear stresses,

the equivalent stress (fe) must not exceed the permitted stresses
given in this code plus 10%, and the equivalent stress shall be
calculated as follows:

fo=f2+3q2 S1AFyy o 2.39
2.7 EFFECTIVE AREAS

2.7.1 Effective Net Area

The effective net sectional-area of a tension member shall be
used. This area is the sum of the products of the thickness and net
width of each element as measured normal to the axis of the
member. For a chain of holes extending across a part in any
diagonal or zigzag line, the net width of the parts shall be obtained
by deducting from the gross width the sum of the diameters of all
holes in the chain and adding, for each gauge space in the chain, the

quantity (s2/4g).

Where:

s = The staggered pitch, i.e., the
distance, measured parallel to - -
the direction of stress in the - -
member, centre to centre of : ]
holes in consecutive lines.

t = The thickness of the material. | |

g = The gauge, i.e, the distance, measured at right angles to the
direction of stress in the member, centre to centre of holes in
consecutive lines.

I=

Allowsahle Sirescas 27 Housing & Building Nat. Research Cenfer
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6.5.2.6 Design Strength in Connections Subjected to Combined Shear
and Bending Moment

In moment connections of the type shown in Fig. 6.6, the loss of
clamping forces in region “A” is always coupled with a corresponding
increase in contact pressure in region “B”. The clamping force remains
unchanged and there is no decrease of the frictional resistance as given by
the following :-

Ps= nT/Y . 614

The induced maximum tensile force T{extb M) due to the applied

moment (M) in addition to the prying force P that may occur, must not
exceed the pretension force as follows:-

Tiextbmy+ P <08T ... 615

Figure (6.6) Connections Subjected to Combined Shear and
Bending Moment

6.5.2.7 Design Strength in Connections Subjected to Combined
Shear, Tension, and Bending Moment

When the connection is subjected to shearing force (Q), a tension
force (Text ) and a bending moment (M), the design

strength per bolt is to be according to the following
formulae:-

108
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6.9.2 Determination of The Prying Force P

In order to determine the prying force P, the connection is to be
transformed to an equivalent Tee stub connection as shown in Fig. 6.11. The
prying force P can be determined using the following relation -

3 - p
2 30abZA
P L . 1 'Text,b,h'l or TEl't,h —- 5.24
G e
— i —+1|+ 2
|\ 4 /\4b 30ab“Ag |
Where :
ab = Bolt outer overhanging and inner bolt dimension with
respect to the stem Tee stub respectively in cm.
W = FiﬂﬂgE Tee stub breadth with FES[JE['I to one column of
bolts.
A, = Bolt stress area.
Tewn. = Applied extemnal tension force on one bolt column due
Temtom to either an applied extemnal tension force T, (Fig.
6.10a) or due to the replacement of the applied
moment (M) by two equal external and opposite forces
T di (Fig. 6.10b) or due to an exact
b
analysis of an end plate moment connection (Fig.
6.10¢c)
Where Taiih = TTm ( Fig. 6.10a)

Textbm = TT'J (Fig. 6.10b)

115 Housing & Buiding Nat. Ressarch Cenfer

Page | 194



Where

W = Half breadth of end plate = half breadth of Tee-stub
flange.

w for case of two columns of bolts .

W

Text,h,lll +P E 08T 6.28
6.9.4 Safety Requirements for Beam to Column Connections

i. Column web at the vicinity of the compression beam flange
“ crippling of the column web * :

Crippling of the column web is prevented if -

tW{:E hhtb ................................ 6.29
tp +2tp + 3K

If Equation 6.29 is not satisfied, use a pair of horizontal stiffeners
fulfilling the following condition :

Mgitst 2 byty —(tp +2tp + Ktyye oo 6.30
In order to prevent the local buckling of these stiffeners:

bet It S25/0.F, . 6.31

li. Column flange at the location of the tension beam flange * bending
of the column flange *:
Bending of the column flange is prevented if:

................................ 6.32

If Equation 6.32 is not satisfied, use a pair of horizontal stiffeners
fulfilling the condition of Equation 6.30:

119 Housing & Building Nat. Ressarch Cenfer
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Table (6.3) Properties and Strength of High Strength Bolts (Grade 10.9%)

- » - - Permissible Friction Load of One Bolt Per One
S 3 3 2 — = _:__o:o: Surface AP:o:w - -
o] a0 -~ =c rdinary Stee ridges an

5 m 25 W W m 7 M -} Work Cranes
| w m W m m S 2 m w St. 37&42-44 St. 50-55 St. 37&42-4 St. 50-55

m Ne) (8 @ a| 3 m (u=0.4) (u=0.5) (p=0.9) (u=0.5)

Y g z Cases of Loading Cases of Loading

= | Il I I | [ I Il
M12 1.13 0.84 5.29 12 1.69 2.01 2.11 2.52 1.32 1.56 1.65 1.95
M16 2.01 1.57 9.89 31 3.16 3.37 3.95 4.71 247 2.92 3.09 3.66
M20 3.14 245 | 1543 62 4.93 5.90 6.17 7.36 3.85 4.56 4.82 5.71
M22 3.80 3.03 | 19.08 84 6.10 7.27 7.63 9.10 477 5.65 5.96 7.06
M24 4.52 3.53 | 2223 | 107 7.1 8.45 8.89 | 10.60 | 5.55 6.58 6.94 8.22
M27 573 4.59 | 28.91 157 9.25 | 11.03 | 11.56 | 13.78 | 7.22 8.55 9.03 | 10.70
M30 7.06 561 | 3534 | 213 | 11.30 | 13.48 | 1413 | 16.86 | 883 | 10.46 | 11.04 | 13.07
M36 | 10.18 | 8.17 | 51.47 | 372 | 16.47 | 19.64 | 20.58 | 24.55 | 1286 | 15.24 | 16.08 | 19.05

T=(0.7)Fp.As M =024d.T. Ps=pT/y

* For HSB grade 8.8 , the above values shall be reduced by 30%
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Integrated Building Design Software

ETABS 2015

Project Report: Steel design for mosque
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1 Structure Data

This chapter provides model geometry information, including items such as story
levels, point coordinates, and element connectivity.

1.1 Story Data

Story Data

Roof 5 None

Base None

1.2 Grid Data

Grid Systems

G1 Carr:es'e Default O 0 0  1.25 ffa0a0al

Grid Lines

G1 X A Yes End 0

Gl X C Yes End 12

Gl X E Yes End 24

Gl Y 2 Yes Start 6

Gl Y 4 Yes  Start 18
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1.3 Point Coordinates

Joint Coordinates Data
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1.4 Line Connectivity

Column Connectivity Data

C16 9 9 Below
c24 6 6 Below
C26 8 8 Below
€28 13 13 Below
C32 12 12 Below
€33 10 10 Below
C34 2 2 Below
€% 1 1 Below
C36 11 11  Below
S 4 4 Below

C3 18 18 Below
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Column

C4
C5
C1
C6
C7
C8

I-End J-End

Point
23
40
29
28
19
46

Point
23
40
29
28
19
46

I-End

Story

Below
Below
Below
Below
Below
Below

Beam Connectivity Data
I-End J-End Curve

Beam

Bl

B2

B3

B4

BS

B6

B7

B8

B9

B10
B39
B40
B4l
B42
B43
B44
B45
B46
B52
B60
B15
B17
B18
B20
B11
B12
B16
B19
B21
B22
B23
B24

Point
31
30
29
12
17
28
27
26
9
37
36
35
10
13
34
33
32
5
5
13
6
2
7
1
23
4
18
7
6
40
23
40

Point
37
36
35
10
13
34
33
32
5
25
24
23
2
14
40
39
38
6
13
10
7
1
8
11
2
1
4
18
40
23
4
18

Type
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
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B25 15 16 None

B27 20 21 None

B29 42 43 None

B31 4 46 None

B33 24 44 None

B35 38 22 None

B51 9 28 None

B57 8 19 None

B61 19 46 None

1.5 Mass

Mass Source

MsSrcl Yes Yes No Yes No

Mass Summary by Story

Roof 3.522773.52277 O

Base 1.0538¢1.0538¢ O

1.6 Groups

Group Definitions

All Yellow

Yes
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2 Properties

This chapter provides property information for materials, frame sections, shell
sections, and links.

2.1 Materials

Material Properties - Summary
Unit Weight

tonffm> °  tonf/m3 Design Strengths

Name Type

Fy=42184.18 tonf/mz,
Fu=63276.27 tonf/m2
Fy=35153.48 tonf/mz,
Fu=45699.53 tonf/m?2

A615Gr60 Rebar 20389019.110.3  7.849

A992Fy50  Steel 20389019.110.3  7.849

2.2 Frame Sections

Frame Sections - Summary

Name Material Shape
HE400A A992Fy50 Steel I/Wide Flange
HE400B A992Fy50 Steel I/Wide Flange
HE450A A992Fy50 Steel I/Wide Flange
HE500B A992Fy50 Steel I/Wide Flange
IPE360 A992Fy50 Steel I/Wide Flange
IPE450 A992Fy50 Steel I/Wide Flange

2.3 Reinforcement Sizes

Reinforcing Bar Sizes
Diamet

Area
Name er
m2
m
10 0.01 7.9E-05
20 0.02 0'0203]
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3 Assignments

This chapter provides a listing of the assignments applied to the model.

3.1 Joint Assignments

Story

Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof

Labe
1
2 105
5
6
7
8
9

Joint Assignments - Summary

Unique
Name

109 From Area
From Area
61 From Area
65 From Area
69 From Area
73 From Area
57 From Area

I Diaphragm

10 101 From Area
11 113 From Area
12 97 From Area
13 81 From Area
14 85 From Area
16 93 From Area
17 77 From Area
23 12 From Area
24 30 From Area
25 29 From Area
26 27 From Area
27 25 From Area
28 23 From Area
29 21 From Area
30 19 From Area
31 17 From Area
32 28 From Area
33 26 From Area
34 22 From Area
35 16 From Area
36 20 From Area
37 18 From Area
38 32 From Area
39 31 From Area
40 15 From Area
4 5 From Area
18 9 From Area
15 24 From Area
19 33 From Area

Restraints

UX; UY; UZ, RX; RY; RZ
UX; UY; UZ; RX; RY; RZ
UX; UY; UZ; RX; RY; RZ
UX; UY; UZ; RX; RY; RZ
UX; UY; UZ; RX; RY; RZ
UX; UY; UZ; RX; RY; RZ
UX; UY; UZ, RX; RY; RZ
UX; UY; UZ; RX; RY; RZ
UX; UY; UZ, RX; RY; RZ
UX; UY; UZ; RX; RY; RZ
UX; UY; UZ; RX; RY; RZ

UX; UY; UZ; RX; RY; RZ

UX:; UY; UZ; RX; RY; RZ
UX; UY; UZ; RX; RY: RZ

UX; UY; UZ; RX; RY; RZ
UX; UY; UZ;, RX; RY; RZ
UX; UY; UZ; RX; RY; RZ

UX:; UY; UZ; RX; RY; RZ
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Story

Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine

Label

20
21
22
41
42
43

Uniqg

Nam
34
35
36
37
38
39
40
41
42

108
104
60
64
68
72
56
100
112
96
80
84
92
76
134
135
136
119
120
121
122
123
124
125
126
53
52
129
130
131
132
133

u: Diaphragm

From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area

Restraints

UX; UY; UZ; RX; RY; RZ
UX; UY; UZ; RX; RY; RZ
UX; UY; UZ, RX; RY; RZ
UX; UY; UZ; RX; RY; RZ
UX; UY; UZ; RX; RY; RZ
UX; UY; UZ; RX; RY; RZ
UX; UY; UZ; RX; RY; RZ
UX; UY; UZ; RX; RY; RZ
UX; UY; UZ; RX; RY; RZ
UX; UY; UZ; RX; RY; RZ
UX; UY; UZ, RX; RY; RZ
UX; UY; UZ; RX; RY; RZ

UX:; UY; UZ; RX; RY; RZ

UX; UY; UZ; RX; RY; RZ
UX; UY; UZ; RX; RY; RZ

UX; UY:; UZ; RX; RY: RZ
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Story

Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base

Label

18
19
46
47
48
49
50
51
52
53
54
56
57
58
59
61

Uniqg

Nam
8
48
51
59
63
67
71
75
79
83
91
99
103
107
111

11
14
106
102
58
62
66
70
54
98
110
94
78
10
44

13

46
49

u: Diaphragm

From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area
From Area

Restraints

UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ
UX; UY; Uz
UX; UY; UZ
UX; UY; UZ
UX; UY; Uz
UX; UY; UZ
UX; UY; UZ
UX; UY; UZ

UX; UY:; UZ; RX; RY: RZ
UX; UY; UZ; RX; RY; RZ
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3.2 Frame Assignments

Table 3.2 - Frame Assignments - Summary
Max  Min

Story Label Unique Design Length Analysi Desi_gn Statign Numbe Releases
Name Type m . SectionSpacing r
Section :
m  Stations
Roof C16 36 Column 5 HE400EHE400E 3 No
Roof Cc23 39 Column 5 HE400EHE400E 3 No
Roof C24 42 Column 5 HE400EHE40OE 3 No
Roof C25 45 Column 5 HE400EHE400E 3 No
Roof C26 48 Column 5 HE400EHE400E 3 No
Roof C28 54 Column 5 HE400EHE400E 3 No
Roof C32 66 Column 5 HE400EHE400E 3 No
Roof C33 69 Column 5 HE400EHE400E 3 No
Roof C34 72 Column 5 HE400EHE400E 3 No
Roof C35 75 Column 5 HE400EHE400E 3 No
Roof C36 78 Column 5 HE400EHE400E 3 No
Roof C2 33 Column 5 HE400EHE400E 3 No
Roof C3 59 Column 5 HE400EHE400E 3 No
Roof C4 80 Column 5 HE400EHE400E 3 No
Roof C5 83 Column 5 HE400EHE400E 3 No
Roof Cil 132 Column 5 HE400EHE400E 3 No
Roof C6 135 Column 5 HE400EHE400E 3 No
Roof C7 50 Column 5 HE400EHE400E 3 No
Roof C8 94 Column 5 HE400EHE400E 3 No
Mezzanine C16 34 Column 7 HE400EHE400E 3 No
Mezzanine C23 37 Column 7 HE400EHE400E 3 No
Mezzanine C24 40 Column 7 HE400EHE400E 3 No
Mezzanine C25 43 Column 7 HE400EHE40OE 3 No
Mezzanine C26 46 Column 7 HE400EHE400E 3 No
Mezzanine C28 52 Column 7 HE400EHE400E 3 No
Mezzanine C32 64 Column 7 HE400EHE400E 3 No
Mezzanine C33 67 Column 7 HE400EHE400E 3 No
Mezzanine C34 70 Column 7 HE400EHE400E 3 No
Mezzanine C35 73 Column 7 HE400EHE400E 3 No
Mezzanine C36 76 Column 7 HE400EHE400E 3 No
Mezzanine C2 31 Column 7 HE400EHE400E 3 No
Mezzanine C3 57 Column 7 HE400EHE400E 3 No
Mezzanine C4 60 Column 7 HE400EHE400E 3 No
Mezzanine C5 81 Column 7 HE400EHE400E 3 No
Mezzanine C1 2 Column 7 HE400EHE400E 3 No
Mezzanine C6 133 Column 7 HE400EHE400E 3 No
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Story

Mezzanine
Mezzanine
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof

Roof

Roof
Roof
Roof

Roof

Roof
Roof
Roof
Roof
Roof

Label

C7
C8
Bl
B2
B3
B4
BS
B6
B7
B8
B9
B10
B39
B40
B4l
B42
B43
B44
B45
B46
B52
B60
B15
B17
B18
B20

B11

B12
B16
B19

B21

B22
B23
B24
B25
B26

Unique Design Length An

Name Type
22 Column
51 Column

109 Beam
110 Beam
61 Beam
25 Beam
95 Beam
63 Beam
113 Beam
114 Beam
92 Beam
115 Beam
116 Beam
62 Beam
28 Beam
104 Beam
85 Beam
119 Beam
120 Beam
91 Beam
107 Beam
108 Beam
88 Beam
30 Beam
87 Beam
84 Beam
96 Beam
97 Beam
98 Beam
99 Beam
100 Beam
101 Beam
102 Beam
103 Beam
86 Beam
121 Beam

m

7
7
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

aly

Section

HE400EHE400E
HE400EHE400E
IPE360 IPE360
IPE360 IPE360
IPE360 IPE360
IPE360 IPE360
IPE360 IPE360
IPE360 IPE360
IPE360 IPE360
IPE360 IPE360
IPE360 IPE360
IPE360 IPE360
IPE360 IPE360
IPE360 IPE360
IPE360 IPE360
IPE360 IPE360
IPE360 IPE360
IPE360 IPE360
IPE360 IPE360
IPE360 IPE360

12 HES500EHESO00E
12 HES500EHESOO0E

6

(o] o O O O

©

D OO o) OO OO ©

IPE360 IPE360
IPE360 IPE360
IPE360 IPE360
IPE360 IPE360
HE400 HE400

A A
HE400 HE400
A A

IPE450 IPE450
HE400 HE400

A A
HE400 HE400
A A

IPE450 IPE450
IPE450 IPE450
IPE450 IPE450
IPE360 IPE360
IPE360 IPE360

Max

m

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

0.5

0.5
0.5
0.5

0.5

0.5
0.5
0.5
0.5
0.5

Min

> Design Station Numbe
Section Spacing

r

Releases

Stations

3
3

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No

No
No
No

No

No
No
No
No
No
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Max Min

Story Label Unique Design Length Analysi Desi.gn Stati(?n Numbe Releases
Name Type m . SectionSpacing r
Section :
m  Stations
Roof B27 122 Beam 6 IPE360 IPE360 0.5 No
Roof B28 123 Beam 6 IPE360 IPE360 0.5 No
Roof B29 124 Beam 6 IPE360 IPE360 0.5 No
Roof B30 125 Beam 6 IPE360 IPE360 0.5 No
Roof B31 126 Beam 6 IPE360 IPE360 0.5 No
Roof B32 127 Beam 6 IPE360 IPE360 0.5 No
Roof B33 128 Beam 6 IPE360 IPE360 0.5 No
Roof B34 129 Beam 6 IPE360 IPE360 0.5 No
Roof B35 130 Beam 6 IPE360 IPE360 0.5 No
Roof B49 143 Beam 9 HF?:'OO HF?:'OO 0.5 No
Roof B51 138 Beam 9 HTOO HTOO 0.5 No
Roof B53 141 Beam 6 HTOO HTOO 0.5 No
Roof B57 153 Beam 9 HTOO Hli400 0.5 No
Roof B59 150 Beam 9 HTOO HTOO 0.5 No
Roof B61 149 Beam 6 HTOO HTOO 0.5 No
Mezzanine B1 1 Beam 6 IPE450 IPE450 0.5 Yes
Mezzanine B2 3 Beam 6 IPE450 IPE450 0.5 Yes
Mezzanine B3 89 Beam 6 IPE450 IPE450 0.5 No
Mezzanine B4 5 Beam 6 IPE450 IPE450 0.5 Yes
Mezzanine B5 6 Beam 6 IPE450 IPE450 0.5 Yes
Mezzanine B6 105 Beam 6 IPE450 IPE450 0.5 No
Mezzanine B7 8 Beam 6 IPE450 IPE450 0.5 Yes
Mezzanine B8 9 Beam 6 IPE450 IPE450 0.5 Yes
Mezzanine B9 10 Beam 6 IPE450 IPE450 0.5 Yes
Mezzanine B10 11 Beam 6 IPE450 IPE450 0.5 Yes
Mezzanine B39 12 Beam 6 IPE450 IPE450 0.5 Yes
Mezzanine B40 90 Beam 6 IPE450 IPE450 0.5 No
Mezzanine B4l 14 Beam 6 IPE450 IPE450 0.5 Yes
Mezzanine B42 15 Beam 6 IPE450 IPE450 0.5 Yes
Mezzanine BA43 111 Beam 6 IPE450 IPE450 0.5 No
Mezzanine B44 17 Beam 6 IPE450 IPE450 0.5 Yes
Mezzanine BA45 18 Beam 6 IPE450 IPE450 0.5 Yes
Mezzanine B46 19 Beam 6 IPE450 IPE450 0.5 Yes
Mezzanine B52 20 Beam 12 HE500EHES500E 0.5 No
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Mezzanine B60 21 Beam 12 HE500BHE500B 0.5 No

Mezzanine B17 26 Beam 6 IPE450 IPE450 0.5 Yes

Mezzanine B20 29 Beam 6 IPE450 IPE450 0.5 Yes

Mezzanine B21 55 Beam 9 HI?:'SO HI?:'SO 0.5 No

Mezzanine B49 137 Beam 9 HTOO HTOO 0.5 No

Mezzanine B53 136 Beam 6 HI%:'OO HI%:'OO 0.5 No

Mezzanine B59 146 Beam 9 HI%:'OO HI%:'OO 0.5 No
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4 Loads
This chapter provides loading information as applied to the model.

4.1 Load Patterns

Load Patterns

Dead Dead

4.2 Applied Loads
4.2.1 Line Loads

Frame Loads - Point

Roof B16 98 Beam Dead Force Gravity 0.5 3 17.1

Roof B23 102 Beam Dead Force Gravity 0.5 3 17.1

Frame Loads - Distributed

Roof B1 109 Beam Dead Force Gravit

Roof B4 25 Beam Dead Force Gravit 1.05 1.05

Roof B7 113 Beam Dead Force Gravit
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Roof B9 92 Beam Dead Force Gravit 1.05 1.05
Gravit

Roof B39 116 Beam Dead Force

Roof B42 104 Beam Dead Force Gravit

Roof B45 120 Beam Dead Force Gravit

Gravit

Roof B52 107 Beam Dead Force 0.19 0.19
Gravit

Roof B15 88 Beam Dead Force 1.05 1.05
Gravit

Roof B18 87 Beam Dead Force 1.05 1.05
Gravit

Roof B11l 96 Beam Dead Force 0.13 0.13
Gravit

Roof B16 98 Beam Dead Force 1.02 1.02
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Story Label

Roof

Roof

Roof

Roof

Roof

Roof

Roof

Roof

Roof

Roof

Roof

Roof

Roof

Roof

Roof

Roof

Roof

Roof

Roof

B21

B22

B23

B24

B26

B27

B28

B29

B30

B31

B32

B33

B34

B35

B49

B49

B49

B51

B51

Uniau Load R\e/ftl Relati ute 0 Force
d Desigr LoadT Direct _. ve Distan _. a
e Patter : Distan __. Distan
ype Distan ce Start

Name ce Enc
ce Enc Start tonf/m

Start
m
100 Beam Dead Force ™ o 1 0 9 013
101 Beam Dead Force ©2 o0 1 0o 6 1.02
102 Beam Dead Force Gravit 0 1 0 6 1.02
103 Beam Dead Force ETE! 0 1 0 6 1.02
121 Beam Dead Force Gravit 0 1 0 6 2.1
122 Beam Dead Force ©& 0 1 o0 6 21
123 Beam Dead Force © 0 1 o0 6 21
124 Beam Dead Force ETE! 0 1 0 6 2.1
125 Beam Dead Force Gravit 0 1 0 6 21
126 Beam Dead Force © 2 0 1 o0 6 21
127 Beam Dead Force © 0 1 o0 6 21
128 Beam Dead Force El 0 1 0 6 2.1
129 Beam Dead Force Gravit 0 1 0 6 2.1
130 Beam Dead Force & 0 1 o0 6 21
143 Beam Dead Force o2V 0"223" 0O 3 019
143 Beam Dead Force e 3 6 0.19
33 67

143 Beam Dead Force = 2Vt 0'2366 1 6 9 019
138 Beam Dead Force OV o 0':3;3‘ 0 3 019
138 Beam Dead Force Gravit0.33330.666€ 3 6 0.19

33

67

Absol

Force

at End

tonf/m

0.13

1.02

1.02

1.02

2.1

2.1

2.1

2.1

2.1

2.1

2.1

2.1

2.1

2.1

0.19

0.19

0.19

0.19

0.19
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Story Label
Roof B51
Roof B53
Roof B53
Roof B57
Roof B57
Roof B57
Roof B59
Roof B59
Roof B59
Roof B61
Roof B61
Mgzza B1
nine
Mgzza B2
nine
Mgzza B4
nine
M(?zza B5
nine
Mgzza B7
nine
Mgzza B8
nine
Mezza
nine
Mezza
nine

Uniqu
e
Name
138
141
141
153
153
153
150
150
150
149

149

10

11

Absol

REE Relati ute 0 Force

Load : ve : Force
Desigr LoadT Direct _. ve Distan _. a

Patter : Distan __. Distan at End

ype Distan ce Start
ce Enc tonf/m

ce Enc Start tonf/m

Start
m
S| Bredl Raee e 0'2366 1 6 9 019 0.19
Gravit
Beam Dead Force 0.5 0 3 0.19 0.19
Beam Dead Force IV 0.5 1 3 6 0.19 0.19
Beam Dead Force Gravit 0 0'223‘: 0 3 0.13 0.13
Beam Dead Force EElitl=eilee 3 6 0.13 0.13
33 67
Beam Dead Force = 2Vt 0'267566 1 6 9 013 013
S| Dead e e g 0'323" O 3 013 013
Beam Dead Force Gravit|0.33330.666€ 3 6 0.13 0.13
33 67
Beam Dead Force ETE! 0'2366 1 6 9 0.13 0.13
Gravit

Beam Dead Force 0.5 1 3 6 0.13 0.13
Beam Dead Force © 2 0 05 0 3 013 013
Beam Dead Force Gravit 0 1 0 6 211 211
Beam Dead Force El 0 1 0 6 211 211
Beam Dead Force 2 0 1 0 6 155 155
Beam Dead Force © 2 0 1 0 6 211 211
Beam Dead Force O 0 1 0 6 211 211
Beam Dead Force Elet 0 1 0 6 211 211
Beam Dead Force 2 0 1 0 6 155 155
Beam Dead Force © 2 o 1 0o 6 211 211
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Absol

Relati . SO
: Relati ute Force
Uniqu Load . ve . Force
Desigr LoadT Direct _. ve Distan _. a
Story Label e Patter . Distan __. Distan at End
T ype ion Distan ce Start
Name n ce ce Enc tonf/m
ce Enc Start tonf/m
Start m
m
Mezza ba9 12 Beam Dead Foree O o 1 0 6 211 211
nine y
Nr']elrf;a B4l 14 Beam Dead Force Gr;‘v't o 1 0 6 155 155
Mezza o> 15 Beam Dead Force ©™ o 1 o0 & 211 211
nine y
Mezza 514 17 Beam Dead Force © o 1 o0 & 211 211
nine Yy
Mezza n/c 18 Beam Dead Foree O o 1 0 & 211 211
nine y
Nr']elrf;a B46 19 Beam Dead Force Gr;"'t o 1 0 6 155 155
'Vﬁéa B52 20 Beam Dead Force Gr;‘v't o 1 0 12 019 019
N:ﬁrf;a B60 21 Beam Dead Force Gr;“"t O 1 0 12 019 0.19
'Vr'ﬁrféa B15 24 Beam Dead Force Gr;‘"'t O 1 0 6 058 058
Nr'ﬁrf;a B17 26 Beam Dead Force Gr;\"t O 1 0 6 058 058
Mezza 515 27 Beam Dead Force©™™ o 1 0 6 058 058
nine y
'V:Trf;a B20 29 Beam Dead Force Gr;“"t O 1 0 6 058 058
“’:jﬁ;a B11 106 Beam Dead Force Gr;"'t O 1 0 9 158 158
Nr'ﬁrf;a B21 55 Beam Dead Force Gr;\"t O 1 0 9 158 158
Mn?rfga B22 56 Beam Dead Force Gr;‘v't O 1 0 6 158 158
Mgzza B49 137 Beam Dead Force Elet 0 Hletae 0 3 1.69 1.69
nine y 33
Mezz8 519 137 Beam Dead Force Cravit0-333:0.666€ o1 69 169
nine y 33 67
Mezza 519 137 Beam Dead Force OrVit0-666€ 1 o 9 160 169
nine y 67
Mgzza B51 23 Beam Dead Force Gravit 0 0.5333 0 3 1.69 1.69
nine y 33
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Absol

Relati : SO
. Relati ute Force
Uniqu Load . ve . Force
Desigr LoadT Direct _. ve Distan _. a
Story Label e Patter . Distan __. Distan at End
T ype ion Distan ce Start
Name n ce ce Enc tonf/m
ce Enc Start tonf/m
Start m m
Mez28 oo 23 Beam Dead Force 'Vt 0-333:0.666¢ 6 169 1.69
nine y 33 67
Mezza oei 23 Beam Dead Force CaVit 0-666¢ 6 9 1.69 1.69
nine y 67
Mezza Gravit
nine B53 136 Beam Dead Force y 0.5 1 3 6 1.69 1.69
'Vr'ﬁrféa B53 136 Beam Dead Force Gr;‘"'t O 05 0 3 169 1.69
e B e e R e L L s IR e
nine y 33
Mezza oer 139 Beam Dead Force OraVit0:333:0.6666 o o 5 o0 58
nine y 33 67
Mezza oer 139 Beam Dead Force Or2Vit0-666€ o 9 058 058
nine y 67
Mgzza B59 146 Beam Dead Force Gravit 0 0.3333 0 3 0.58 0.58
nine y 33
Mgzza B59 146 Beam Dead Force CIEVIE D SEEGIEEE 3 6 0.58 0.58
nine y 33 67
Mezza oeg 146 Beam Dead Force OrVit0-666€ o9 058 058
nine y 67
Mezza Gravit
nine B61 144 Beam Dead Force y 0 0.5 0 3 0.58 0.58
'Vr'ﬁrf;a B61 144 Beam Dead Force Gr;"'t 05 1 3 6 058 058

Roof B1 109 Beam Live Force Gr;\wt 0 1 0 6 0.75 0.75

Roof B2 110 Beam Live Force Gr;‘v't o 1 0 6 075 075

Roof B4 25 Beam Live Force Gr;lv't O 1 0 6 038 038

Roof B5 95 Beam Live Force Gr;“"t o 1 0 6 075 075

Roof B7 113 Beam Live Force Gr;vn 0 1 0 6 0.75 0.75

Roof B8 114 Beam Live Force Gr;“"t o 1 0 6 075 075

Roof B9 92 Beam Live Force Gr;“"t O 1 0 6 038 038
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Roof B10 115 Beam Live Force o oVt 0.75 0.75

Roof B4l 28 Beam Live Force o Vit 0.38 0.38

Roof B44 119 Beam Live Force o oVt 0.75 0.75

Roof B46 91 Beam Live Force o Vit 0.38 0.38

Roof B17 30 Beam Live Force o oVt 0.38 0.38

Roof B20 84 Beam Live Force Gravit 0.38 0.38

Roof B22 101 Beam Live Force Gravit

Roof B24 103 Beam Live Force o 2Vt 113 1.13
Gravit

Roof B27 122 Beam Live Force 0.75 0.75
Gravit

Roof B29 124 Beam Live Force y 0.75 0.75
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Roof B3l 126 Beam Live Force OVt 0.75 0.75
Gravit

Roof B33 128 Beam Live Force 0.75 0.75
Gravit

Roof B35 130 Beam Live Force 0.75 0.75

Mezza Beam Live Force Gravit

nine

Mezza Beam Live Force Gravit

nine

Mezzg Beam Live Force Gravit

nine

Mezza 11 Beam Live Force Gravit

nine

Nr':rf;a 14 Beam Live Force o 2Vt 0.75 0.75

Mezza 17 Beam Live Force Gravit
nine
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Mezza
nine

Gravit

19 Beam Live Force

4.3 Load Cases

Load Cases - Summary

Dead Linear Static

4.4 Load Combinations

Load Combinations

D Dead 1.4 Linear Add No

D+L Live 1.6 No

DStlS2 Dead 1.2 Linear Add Yes

DStID1 Dead 1 Linear Add Yes

DStID2 Live 1 No

DCon2 Dead 1.2 Linear Add Yes

0.75 0.75
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5 Analysis Results
This chapter provides analysis results.
5.1 Structure Results

Base Reactions

Dead 685.72 7305.7

8228.5¢
_----
D 0 0 960 102727 711520.C O 0 0 0

3

DStIS1 O 0 960 10227.9 11520.C O 0 0 0

! 3

DStiD1 O 0 685.72 7305.7 8228 5¢ 0 0 0 0

DConl O 0 960 10227 ) 11520 c O 0 0 0
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5.2 Story Results

Story

Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Roof
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine
Mezzanine

Load
Case/Combc
Dead
Dead
Live
Live
D
D
D+L
D+L
DStIS1
DStIS1
DStIS2
DStIS2
DStiD1
DStiD1
DStID2
DStID2
DConl
DConl
DCon2
DCon2
Dead
Dead
Live
Live
D
D
D+L
D+L
DStIS1
DStIS1
DStIS2
DStIS2
DStiD1
DStiD1
DStID2
DStiD2
DConl
DConl
DCon2

Label

46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46

Story Drifts
Item

Max Drift X
Max Drift Y
Max Drift X
Max Drift Y
Max Drift X
Max Drift Y
Max Drift X
Max Drift Y
Max Drift X
Max Drift Y
Max Drift X
Max Drift Y
Max Drift X
Max Drift Y
Max Drift X
Max Drift Y
Max Drift X
Max Drift Y
Max Drift X
Max Drift Y
Max Drift X
Max Drift Y
Max Drift X
Max Drift Y
Max Drift X
Max Drift Y
Max Drift X
Max Drift Y
Max Drift X
Max Drift Y
Max Drift X
Max Drift Y
Max Drift X
Max Drift Y
Max Drift X
Max Drift Y
Max Drift X
Max Drift Y
Max Drift X

Drift

o

O O OO0 OO0 0000000000000 O0D0DO0O0DO0OO0D0ODO00DO0DO0OO0O 0O OO OO OoO o

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

Y V4
m m
24 12
24 12
24 12
24 12
24 12
24 12
24 12
24 12
24 12
24 12
24 12
24 12
24 12
24 12
24 12
24 12
24 12
24 12
24 12
24 12
24 7
24 7
24 7
24 7
24 7
24 7
24 7
24 7
24 7
24 7
24 7
24 7
24 7
24 7
24 7
24 7
24 7
24 7
24 7
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Story Load Label Item Drift X Y £

Case/Comba m m m
Mezzanine DCon2 46 Max Drift Y 0 15 24 7
Story Forces
Load :
Story CaselC Locatio P VX VY T MX MY

tonf tonf tonf tonf-m tonf-m tonf-m
ombo

Roof Dead Top

o
o
o
o
o
o

Roof Dead Bottom
Roof Live Top
Roof Live Bottom
Roof D Top
Roof D Bottom

Roof D+L Top
Roof D+L Bottom
Roof DStIS1 Top
Roof DStlS1 Bottom
Roof DStIS2 Top
Roof  DStlS2 Bottom
Roof DStiD1 Top
Roof DStlD1 Bottom
Roof DStlD2 Top
Roof DStlD2 Bottom
Roof DConl Top
Roof DConl Bottom
Roof DCon2 Top
Roof DCon2 Bottom
Mezzanine Dead Top
Mezzanine Dead Bottom
Mezzanine Live Top
Mezzanine Live Bottom
Mezzanine D Top
Mezzanine D Bottom
Mezzanine D+L Top
Mezzanine D+L Bottom
Mezzanine DStIS1  Top
Mezzanine DStIS1 Bottom
Mezzanine DStIS2  Top
Mezzanine DStIS2 Bottom
Mezzanine DStID1  Top
Mezzanine DStID1 Bottom
Mezzanine DStID2 Top
Mezzanine DStID2 Bottom
Mezzanine DConl Top

OO OO0 OO0 0000000000000 O0D0DO0O0DO0ODO0O0OO00DO0OO0OO0OO0OOoO oo oo
OO OO0 OO0 0000000000000 O0D0O0DO0O0D0ODO0O0OO00DO0OO0OO0OO0OOOoO oo oo
OO OO0 OO0 0000000000000 O0D0O0DO0O0D0ODO0O0OO00OO0O0OO0OO0OOoOOoOOo oo
O O OO0 0000000000000 O0D0ODO0D0DO0D0ODO0O0OO00ODO0OO0OO0OO0OOoOOoOOoOOo o
OO OO0 OO0 0000000000000 O0D0DO0D0ODO0O0OO00OO0OO0OO0OO0OOoOOoOOo oo
O O OO0 0000000000000 O0O0ODO0D0DO0D0ODO0O0OO0O0ODO0OO0OOO0OO OO Oo o
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Mezzanine DCon2 Top 0

5.3 Point Results

Joint Reactions

Roof 1 109 Dead 20.8 0.0032t 28.71

Roof 1 109 D 29.12 0.0045%t 40.19

Roof 109 DsStIS1 29.12 0.0045¢ 40.19

Roof 109 DStiD1 20.8 0.0032t 28.71
Roof 1 109 DConl 29.12 0.0045t 40.19 0
Roof Dead 19.02 0. 0014 25.24
Roof 26.63 0. 0020] 35.34
Roof 2 105 DStIS1 26.63 0. 0020] 35.34
Roof 105 DStiD1 19.02 0. 0014“ 25.24
Roof 105 DConl 26.63 0. 0020] 35.34

223|Page



Load

Stor Joint Unique =" . FX FY FZ MX MY MZ
y Label Name tonf tonf tonf tonf-m tonf-m tonf-m
ombo
Roof 2 105 DCon2 O 0 3338 0'0225' 4424 0O
Roof 5 61 Dead 0 0 2592 -0.01 -45.56 0
Roof 5 61  Live 0 0 8.88 0.0032¢ -1553 0
2
Roof 5 61 D 0 0 3629 -0.01 -63.78 O
Roof 5 61  D+L 0 0 4532 -0.02 -7952 0
Roof 5 61 DStS1 0 0 3629 -0.01 -63.78 O
Roof 5 61 DStS2 0 0 4532 -0.02 -7952 0
Roof 5 61 DStD1L O 0 2592 -0.01 -4556 O
Roof 5 61 DStD2 0 0 3481 -001 -61.09 O
Roof 5 61 DConl O 0 3629 -001 -63.78 O
Roof 5 61 DCon2 O 0 4532 -0.02 -7952 0
Roof 6 65 Dead O 0  19.02 0'0214" 2524 0
Roof 6 65  Live 0 0 6.6 0'0555‘ 872 0
Roof 6 65 D 0 0  26.63 0'02201 3534 0
Roof 6 65  D+L 0 0  33.38 0'0(2)25’ 4424 0
Roof 6 65 DStS1 0 0  26.63 0'0220] 3534 0
Roof & 65 DStS2 0 0  33.38 0'0225' 4424 0
Roof 6 65 DStD1I 0 0  19.02 0'0214“' 2524 0
Roof 6 65 DStD2 0 0 2562 0'03196 3396 0
Roof 6 65 DConl O 0  26.63 0'0220] 3534 0
Roof 6 65 DCon2 O 0  33.38 0'0(2)25' 4424 0
Roof 7 69 Dead O 0 20.8 0.0032F -28.71 O
Roof 7 69  Live 0 0 7.24 0'02116 997 0
Roof 7 69 D 0 0  29.12 0.0045F -40.19 0
Roof 7 69  D+L 0 0 3655 001 -504 O
Roof 7 69 DStS1 O 0  29.12 0.0045F -40.19 0
Roof 7 69 DStS2 0 0 3655 001 -504 O

224



Load

Story Joint Unique Case/C FX FY Fz MX MY MZ
Label Name ombo tonf tonf tonf tonf-m tonf-m tonf-m
Roof 7 69 DStibl1 0 0 20.8 0.0032t -28.71 0
Roof 7 69 DStib2 0 0 28.04 0'0244] -38.68 0
Roof 7 69 DConl O 0 29.12 0.0045t -40.19 0
Roof 7 69 DCon2 O 0 3655 0.01 -50.4 0
Roof 8 73 Dead 0 0 8.82 -3.17 -11.08 0
Roof 8 73 Live 0 0 295 -1.13 -3.66 0
Roof 8 73 D 0 0 12.35 -4.44 -15.51 0
Roof 8 73 D+L 0 0 15.31 -5.63 -19.15 0
Roof 8 73 Dstisl 0 0 12.35 -4.44 -15.51 0
Roof 8 73 DSstls2 0 0 15.31 -5.63 -19.15 0
Roof 8 73 DStibl 0 0 8.82 -3.17 -11.08 0
Roof 8 73 DStb2 0 0 11.78 -4.31 -14.74 0
Roof 8 73 DConl O 0 12.35 -4.44 -15.51 0
Roof 8 73 DCon2 O 0 15.31 -5.63 -19.15 0
Roof 9 57 Dead 0 0 9.06 3.17 -11.43 0
Roof 9 57 Live 0 0 294 113 -3.63 0
Roof 9 57 D 0 0 12.68 4.44 -16 0
Roof 9 57 D+L 0 0 1556 5.62 -19.52 0
Roof 9 57 DStlIs1 0 0 12.68 4.44 -16 0
Roof 9 57 DStls2 0 0 1556 5.62 -19.52 0
Roof 9 57 DSstibl1 0 0 9.06 3.17 -11.43 0
Roof 9 57 DStib2 0 0 1199 4.31 -15.06 0
Roof 9 57 DConl O 0 12.68 4.44 -16 0
Roof 9 57 DCon2 O 0 1556 5.62 -19.52 0
Roof 10 101 Dead 0 0 2592 -0.01 45.56 0
Roof 10 101 Live 0 0 8.88 -0.0032 15.53 0
Roof 10 101 D 0 0 36.29 -0.01 63.78 0
Roof 10 101 D+L 0 0 4532 -0.02 79.52 0
Roof 10 101 DStiIs1 0 0 36.29 -0.01 63.78 0
Roof 10 101 Dstls2 0 0 4532 -0.02 79.52 0
Roof 10 101 DStib1 0 0 2592 -0.01 45.56 0
Roof 10 101 DstIb2 0 0 34.81 -0.01 61.09 0
Roof 10 101 DConl O 0 36.29 -0.01 63.78 0
Roof 10 101 DCon2 O 0 4532 -0.02 79.52 0
Roof 11 113 Dead 0 0 8.82 -3.17 11.08 0
Roof 11 113 Live 0 0 295 -1.13 3.66 0
Roof 11 113 D 0 0 12.35 -4.44 1551 0
Roof 11 113 D+L 0 0 15.31 -5.63 19.15 0
Roof 11 113 DStIS1 0 0 12.35 -4.44 1551 0
Roof 11 113 DSstls2 0 0 15.31 -5.63 19.15 0
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Load

Story Joint Unique Case/C FX FY Fz MX MY MZ
Label Name ombo tonf tonf tonf tonf-m tonf-m tonf-m

Roof 11 113 DStiD1 0 0 882 -3.17 11.08 0
Roof 11 113 DsStID2 11.78 -4.31 14.74
Roof 11 113 DConl 12.35 -4.44 1551
Roof 11 113 DCon2 15.31 -5.63 19.15
Roof 12 97 Dead 9.06 3.17 11.43
Roof 12 97 Live 294 113 3.63
Roof 12 97 D 12.68 4.44 16

Roof 12 97 D+L 1556 5.62 19.52
Roof 12 97 DStIS1 12.68 4.44 16

Roof 12 97 DStIS2 1556 5.62 19.52
Roof 12 97 DstiD1 9.06 3.17 11.43
Roof 12 97 DStiD2 1199 431 15.06
Roof 12 97 DConl 12.68 4.44 16

Roof 12 97 DCon2 1556 5.62 19.52
Roof 13 81 Dead 33.74 1.13 0

Roof 13 81 Live 11.31 0.27 0

Roof 13 81 D 47.23 1.59 0

Roof 13 81 D+L 58.57 1.79 0

Roof 13 81 DStIS1 47.23 1.59 0

Roof 13 81 DStIS2 58.57 1.79 0

Roof 13 81 DStiD1 33.74 1.13 0

Roof 13 81 DsStlD2 45.04 1.4 0

Roof 13 81 DConl 47.23 1.59 0

Roof 13 81 DCon2 58.57 1.79 0

Roof 23 12 Dead
Roof 23 12 Live
Roof 23 12 D
Roof 23 12 D+L
Roof 23 12 Dstls1
Roof 23 12 DStls2
Roof 23 12 Dstib1
Roof 23 12 DstiD2
Roof 23 12 DConl
Roof 23 12 DCon2
Roof 28 23 Dead
Roof 28 23 Live
Roof 28 23 D
Roof 28 23 D+L
Roof 28 23 DstIs1
Roof 28 23 DStIS2
Roof 28 23 DStiD1

39.2 13,55 -6.28
13.38 259 -3.09
54.88 18.97 -8.79
68.44 204 -12.48
54.88 18.97 -8.79
68.44 20.4 -12.48
39.2 1355 -6.28
52.58 16.14 -9.37
54.88 18.97 -8.79
68.44 204 -12.48
969 239 7.46

2.95 0.8 241

13.57 3.34 10.44
16.34 4.15 1281
13.57 3.34 1044
16.34 4.15 1281
969 239 7.46

O O OO0 OO0 0000000000000 O0DO0DO0D0DO0DO0ODO0DO0ODO0DO0ODOO0ODO0OO0OO0O OO OO oo
O O OO0 OO0 000000000000 0DO0D0DO0D0DO0DO0DO0DO0ODO0ODO0ODO0OO0ODO0OO0OO0OO0OO OO oo
OO OO0 OO0 000000000000 0DO0D0DO0D0DO0D0O0DO0DO0ODO0DO0ODO0OO0ODO0OO0OO0OO0OO0O oo oo
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Joint  Unique CL;san/lC FX FY FzZ MX MY MZ
Label Name tonf tonf tonf tonf-m tonf-m tonf-m
ombo
Roof 28 23 DstlD2
Roof 28 23 DConl
Roof 28 23 DCon2
Roof 29 21 Dead
Roof 29 21 Live
Roof 29 21 D
Roof 29 21 D+L
Roof 29 21 Dstls1
Roof 29 21 Dstls2
Roof 29 21 DStiD1
Roof 29 21 DStID2
Roof 29 21 DConl
Roof 29 21 DCon2
Roof 40 15 Dead
Roof 40 15 Live
Roof 40 15 D
Roof 40 15 D+L
Roof 40 15 Dstls1
Roof 40 15 Dstls2
Roof 40 15 Dstib1
Roof 40 15 Dstlb2
Roof 40 15 DConl

Story

o
o
(@

12.64 3.19 9.87
13.57 3.34 10.44
16.34 4.15 1281
9.69 239 -7.46
2.95 0.8 -2.41
13.57 3.34 -10.44
16.34 4.15 -12.81
13.57 3.34 -10.44
16.34 4.15 -12.81
969 239 -7.46
12.64 3.19 -9.87
13.57 3.34 -10.44
16.34 4.15 -1281
39.2 13,55 6.28
13.38 259 3.09
54.88 18.97 8.79
68.44 204 12.48
54.88 18.97 8.79
68.44 204 12.48
39.2 1355 6.28
52.58 16.14 9.37
54.88 18.97 8.79

O OO OO0 000000000000 0DO0DO0DO0D0DO0DO0ODO0DO0ODO0ODO0ODO0O 0000 OO OO oo o
O OO0 OO0 000000000000 0DO0DO0DO0D0DO0D0O0DO0DO0ODO0ODO0ODO0OO0ODO0OO0ODO0O OO OO oOoo
O OO0 OO0 000000000000 O0DO0D0DO0D0DO0DO0DO0DO0ODO0OD0O0OO0OO0ODO0OO0ODO0O OO OO ooo

Roof 40 15 DCon2 68.44 204 12.48
Roof 4 5 Dead 43.93 -9.59 -12.71
Roof 4 5 Live 15.08 -1.12 -5.43
Roof 4 5 D 61.5 -13.43 -17.79
Roof 4 5 D+L 76.85 -13.31 -23.93
Roof 4 5 DStIS1 61.5 -13.43 -17.79
Roof 4 5 DStIS2 76.85 -13.31 -23.93
Roof 4 5 DStiD1 43.93 -9.59 -12.71
Roof 4 5 DstlD2 59.02 -10.72 -18.13
Roof 4 5 DConl 61.5 -13.43 -17.79
Roof 4 5 DCon2 76.85 -13.31 -23.93
Roof 18 9 Dead 43.93 -9.59 12.71
Roof 18 9 Live 15.08 -1.12 543
Roof 18 9 D 61.5 -13.43 17.79
Roof 18 9 D+L 76.85 -13.31 23.93
Roof 18 9 DStIS1 61.5 -13.43 17.79
Roof 18 9 DStIS2 76.85 -13.31 23.93
Roof 18 9 DStiD1 43.93 -9.59 12.71
Roof 18 9 DStID2 59.02 -10.72 18.13
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Load

o Joint Unique Case/C FX FY Fz MX MY MZ

Label Name tonf tonf tonf tonf-m tonf-m tonf-m
ombo

Roof 18 9 DConl O 0 61.5 -13.43 17.79 0

Roof 18 9 DCon2 76.85 -13.31 23.93

Roof 19 33 Dead 12.36 -6.32 10.72

Roof 19 33 Live 4,08 -2.26 3.67

Roof 19 33 D 17.3 -8.85 15.01

Roof 19 33 D+L 21.36 -11.21 18.73

Roof 19 33 Dstls1 17.3 -8.85 15.01

Roof 19 33 DStlIS2 21.36 -11.21 18.73

Roof 19 33 DstiD1 12.36 -6.32 10.72

Roof 19 33 Dstlb2 16.44 -8.58 14.38

Roof 19 33 DConl 17.3 -8.85 15.01

21.36 -11.21 18.73
12.36 -6.32 -10.72
408 -2.26 -3.67
173 -8.85 -15.01
21.36 -11.21 -18.73
173 -8.85 -15.01
21.36 -11.21 -18.73
12.36 -6.32 -10.72
16.44 -8.58 -14.38
173 -8.85 -15.01

Roof 19 33 DCon2
Roof 46 42 Dead
Roof 46 42 Live
Roof 46 42 D
Roof 46 42 D+L
Roof 46 42 DStIS1
Roof 46 42  DStIS2
Roof 46 42 DStiD1
Roof 46 42 DStID2
Roof 46 42 DConl

O O OO0 OO0 0000000000000 O0DO0DO0D0DO0DO0ODO0DO0ODO0DO0ODOO0ODO0OO0OO0O OO OO oo
O O OO0 OO0 000000000000 0DO0D0DO0D0DO0DO0DO0DO0ODO0ODO0ODO0OO0ODO0OO0OO0OO0OO OO oo
OO OO0 OO0 000000000000 0DO0D0DO0D0DO0D0O0DO0DO0ODO0DO0ODO0OO0ODO0OO0OO0OO0OO0O oo oo

Roof 46 42 DCon2 21.36 -11.21 -18.73
Mezzanine 1 108 Dead 3.47 0 0
Mezzanine 1 108 Live 0 0 0
Mezzanine 1 108 D 4.86 0 0
Mezzanine 1 108 D+L 4.16 0 0
Mezzanine 1 108 DStIS1 4.86 0 0
Mezzanine 1 108 Dstls2 4.16 0 0
Mezzanine 1 108 DStiD1 3.47 0 0
Mezzanine 1 108 DsStID2 3.47 0 0
Mezzanine 1 108 DConl 4.86 0 0
Mezzanine 1 108 DCon2 4.16 0 0
Mezzanine 2 104 Dead 19.82 -0.43 233
Mezzanine 2 104 Live 6.75 -0.33 9
Mezzanine 2 104 D 27.75 -0.6 32.62
Mezzanine 2 104 D+L 3458 -1.04 42.36
Mezzanine 2 104 DStIS1 27.75 -0.6 32.62
Mezzanine 2 104 DstlS2 3458 -1.04 42.36
Mezzanine 2 104 DsStiD1 19.82 -0.43 233
Mezzanine 2 104 DstlD2 26.57 -0.76 32.3
Mezzanine 2 104 DConl 27.75 -0.6 32.62
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Load

Stor Joint Unique Case/C FX FY Fz MX MY MZ
Label Name tonf tonf tonf tonf-m tonf-m tonf-m
ombo

Mezzanine 2 104 DCon2 0 0 3458 -1.04 42.36 0
Mezzanine 5 60 Dead 0 0 26.98 0 -40.8 0
Mezzanine 5 60 Live 0 0 16.29 0 -27.51 0
Mezzanine 5 60 D 0 0 37.77 0 -57.13 0
Mezzanine 5 60 D+L 0 0 58.43 0 -92.99 0
Mezzanine 5 60 DStlIs1 0 0 37.77 0 -57.13 0
Mezzanine 5 60 DStls2 0 0 58.43 0 -92.99 0
Mezzanine 5 60 DsStibl O 0 26.98 0 -40.8 0
Mezzanine 5 60 DStib2 0 0 43.26 0 -68.32 0
Mezzanine 5 60 DConl 0 0 37.77 0 -57.13 0
Mezzanine 5 60 DCon2 O 0 58.43 0 -92.99 0
Mezzanine 6 64 Dead 0 0 19.82 -0.43 -23.3 0
Mezzanine 6 64 Live 0 0 6.75 -0.33 -9 0
Mezzanine 6 64 D 0 0 27.75 -0.6 -32.62 0
Mezzanine 6 64 D+L 0 0 3458 -1.04 -42.36 0
Mezzanine 6 64 DStIS1 0 0 27.75 -0.6 -32.62 0
Mezzanine 6 64 DStIS2 0 0 3458 -1.04 -42.36 0
Mezzanine 6 64 DStiD1 0 0 19.82 -0.43 -23.3 0
Mezzanine 6 64 DStID2 0 0 26.57 -0.76 -32.3 0
Mezzanine 6 64 DConl 0 0 27.75 -0.6 -32.62 0
Mezzanine 6 64 DCon2 0 0 3458 -1.04 -42.36 0
Mezzanine 7 68 Dead 0 0 3.47 0 0 0
Mezzanine 7 68 Live 0 0 0 0 0 0
Mezzanine 7 68 D 0 0 4.86 0 0 0
Mezzanine 7 68 D+L 0 0 4.16 0 0 0
Mezzanine 7 68 DStlIS1 0 0 4.86 0 0 0
Mezzanine 7 68 DStls2 0 0 4.16 0 0 0
Mezzanine 7 68 DStiD1 0 0 3.47 0 0 0
Mezzanine 7 68 DStib2 0 0 3.47 0 0 0
Mezzanine 7 68 DConl 0 0 4.86 0 0 0
Mezzanine 7 68 DCon2 O 0 4.16 0 0 0
Mezzanine 8 72 Dead 0 0 433 -025 -39 0
Mezzanine 8 72 Live 0 0 0 0 0 0
Mezzanine 8 72 D 0 0 6.07 -0.36 -5.46 0
Mezzanine 8 72 D+L 0 0 5.2 -0.3 -4.68 0
Mezzanine 8 72 DStIS1 0 0 6.07 -0.36 -5.46 0
Mezzanine 8 72 DStls2 0 0 5.2 -0.3 -4.68 0
Mezzanine 8 72 DStiD1 0 0 433 -025 -39 0
Mezzanine 8 72 DStID2 0 0 433 -0.25 -39 0
Mezzanine 8 72 DConl 0 0 6.07 -0.36 -5.46 0
Mezzanine 8 72 DCon2 0 0 52 -0.3 -4.68 0
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Load

Stor Joint Unique Case/C FX FY Fz MX MY MZ
Label Name tonf tonf tonf tonf-m tonf-m tonf-m
ombo

Mezzanine 9 56 Dead 0 0 18.58 0.68 -24.03 0
Mezzanine 9 56 Live 0 0 6.75 0.33 -9 0
Mezzanine 9 56 D 0 0 26.01 095 -33.65 0
Mezzanine 9 56 D+L 0 0 33.09 1.34 -43.24 0
Mezzanine 9 56 DStlIS1 0 0 26.01 0.95 -33.65 0
Mezzanine 9 56 DStls2 0 0 33.09 1.34 -43.24 0
Mezzanine 9 56 DStiD1 0 0 18.58 0.68 -24.03 0
Mezzanine 9 56 DStib2 0 0 2533 1.01 -33.03 0
Mezzanine 9 56 DConl O 0 26.01 095 -33.65 0
Mezzanine 9 56 DCon2 O 0 33.09 134 -43.24 0
Mezzanine 10 100 Dead 0 0 26.98 0 40.8 0
Mezzanine 10 100 Live 0 0 16.29 0 27.51 0
Mezzanine 10 100 D 0 0 37.77 0 57.13 0
Mezzanine 10 100 D+L 0 0 58.43 0 92.99 0
Mezzanine 10 100 Dstls1 0 0 37.77 0 57.13 0
Mezzanine 10 100 Dstls2 0 0 58.43 0 92.99 0
Mezzanine 10 100 DStib1 O 0 26.98 0 40.8 0
Mezzanine 10 100 Dstib2 0 0 43.26 0 68.32 0
Mezzanine 10 100 DConl 0 0 37.77 0 57.13 0
Mezzanine 10 100 DCon2 O 0 58.43 0 92.99 0
Mezzanine 11 112 Dead 0 0 434 -0.25 3.9 0
Mezzanine 11 112 Live 0 0 0 0 0 0
Mezzanine 11 112 D 0 0 6.07 -0.36 5.46 0
Mezzanine 11 112 D+L 0 0 52 -0.3 4.68 0
Mezzanine 11 112 Dstls1 0 0 6.07 -0.36 5.46 0
Mezzanine 11 112 Dstls2 0 0 52 -0.3 4.68 0
Mezzanine 11 112 DStiD1 0 0 434 -0.25 3.9 0
Mezzanine 11 112 DstlD2 0 0 434 -0.25 3.9 0
Mezzanine 11 112 DConl 0 0 6.07 -0.36 5.46 0
Mezzanine 11 112 DCon2 O 0 5.2 -0.3 4.68 0
Mezzanine 12 96 Dead 0 0 18.58 0.68 24.03 0
Mezzanine 12 96 Live 0 0 6.75 0.33 9 0
Mezzanine 12 96 D 0 0 26.01 095 33.65 0
Mezzanine 12 96 D+L 0 0 33.09 1.34 4324 0
Mezzanine 12 96 DStIS1 0 0 26.01 0.95 33.65 0
Mezzanine 12 96 DStls2 0 0 33.09 134 4324 0
Mezzanine 12 96 DStiD1 0 0 18.58 0.68 24.03 0
Mezzanine 12 96 DStib2 0 0 25,33 1.01 33.03 0
Mezzanine 12 96 DConl 0 0 26.01 0.95 33.65 0
Mezzanine 12 96 DCon2 0 0 33.09 134 43.24 0
Mezzanine 13 80 Dead 0 0 27.27 0 0 0
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Stor Joint Unique Case/C FX FY Fz MX MY MZ
Label Name tonf tonf tonf tonf-m tonf-m tonf-m
ombo
Mezzanine 13 80 Live 0 0 18.03 0 0 0
Mezzanine 13 80 D 38.18 0 0
Mezzanine 13 80 D+L 61.57 0 0
Mezzanine 13 80 Dstis1 38.18 0 0
Mezzanine 13 80 DStIS2 61.57 0 0
Mezzanine 13 80 DStiD1 27.27 0 0
Mezzanine 13 80 DStID2 45.3 0 0
Mezzanine 13 80 DConl 38.18 0 0
Mezzanine 13 80 DCon2 61.57 0 0

Mezzanine 23 134 Dead
Mezzanine 23 134 Live
Mezzanine 23 134 D
Mezzanine 23 134 D+L
Mezzanine 23 134 DStIS1
Mezzanine 23 134 DsStlS2
Mezzanine 23 134 DStiD1
Mezzanine 23 134 DstlD2
Mezzanine 23 134 DConl
Mezzanine 23 134 DCon2
Mezzanine 28 121  Dead
Mezzanine 28 121 Live
Mezzanine 28 121 D
Mezzanine 28 121 D+L
Mezzanine 28 121 DStIS1
Mezzanine 28 121 DsStlS2
Mezzanine 28 121 DStiD1
Mezzanine 28 121 DstlD2
Mezzanine 28 121 DConl
Mezzanine 28 121 DCon2
Mezzanine 29 122 Dead
Mezzanine 29 122 Live
Mezzanine 29 122 D
Mezzanine 29 122 D+L
Mezzanine 29 122 DStIS1
Mezzanine 29 122 DStlS2
Mezzanine 29 122 DStiD1
Mezzanine 29 122 DStID2
Mezzanine 29 122 DConl
Mezzanine 29 122 DCon2
Mezzanine 40 133 Dead
Mezzanine 40 133 Live

2261 -41 -13.94
76 -272 -571
31.65 -5.74 -19.52
39.29 -9.27 -25.87
31.65 -5.74 -19.52
39.29 -9.27 -25.87
2261 -41 -13.94
30.21 -6.82 -19.65
31.65 -5.74 -19.52
39.29 -9.27 -25.87
2343 4.1 1435
7.6 272 571
32.8 5.74 20.09
40.27 9.27 26.36
32.8 5.74 20.09
40.27 9.27 26.36
2343 4.1 1435
31.03 6.82 20.06
328 5.74 20.09
40.27 9.27 26.36
2343 4.1 -14.35
7.6 272 -5.71
32.8 5.74 -20.09
40.27 9.27 -26.36
32.8 5.74 -20.09
40.27 9.27 -26.36
2343 41 -1435
31.03 6.82 -20.06
328 5.74 -20.09
40.27 9.27 -26.36
2261 -41 1394
76 -2.72 571

O OO OO0 000000000000 0DO0DO0DO0D0DO0DO0ODO0DO0ODO0ODO0ODO0O 0000 OO OO oo o
O OO0 OO0 000000000000 0DO0DO0DO0D0DO0D0O0DO0DO0ODO0ODO0ODO0OO0ODO0OO0ODO0O OO OO oOoo
O OO0 OO0 000000000000 O0DO0D0DO0D0DO0DO0DO0DO0ODO0OD0O0OO0OO0ODO0OO0ODO0O OO OO ooo
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Joint  Unique C";S"’:/'C FX FY FzZ MX MY MZ
Label Name ombo tonf tonf tonf tonf-m tonf-m tonf-m

Mezzanine 40 133 D

Stor

o
o

31.65 -5.74 19.52

o

Mezzanine 40 133 D+L 0 0 39.29 -9.27 25.87 0
Mezzanine 40 133 DStlIs1 0 0 31.65 -5.74 19.52 0
Mezzanine 40 133 Dstls2 0 0 39.29 -9.27 25.87 0
Mezzanine 40 133 DStibl1 0 0 2261 -41 1394 0
Mezzanine 40 133 DsStIb2 0 0 30.21 -6.82 19.65 0
Mezzanine 40 133 DConl O 0 31.65 -5.74 19.52 0
Mezzanine 40 133 DCon2 O 0 39.29 -9.27 25.87 0
Mezzanine 19 48 Dead 0 0 4.34 0 2.17 0
Mezzanine 19 48 Live 0 0 0 0 0 0
Mezzanine 19 48 D 0 0 6.07 0 3.03 0
Mezzanine 19 48 D+L 0 0 52 0 2.6 0
Mezzanine 19 48 Dstls1 0 0 6.07 0 3.03 0
Mezzanine 19 48 Dstls2 0 0 5.2 0 2.6 0
Mezzanine 19 48 DStIb1 0 0 4.34 0 2.17 0
Mezzanine 19 48 DStIb2 0 0 4.34 0 2.17 0
Mezzanine 19 48 DConl 0 0 6.07 0 3.03 0
Mezzanine 19 48 DCon2 0 0 52 0 2.6 0
Mezzanine 46 51 Dead 0 0 4.33 0 -2.17 0
Mezzanine 46 51 Live 0 0 0 0 0 0
Mezzanine 46 51 D 0 0 6.07 0 -3.03 0
Mezzanine 46 51 D+L 0 0 52 0 -2.6 0
Mezzanine 46 51 DStiIS1 0 0 6.07 0 -3.03 0
Mezzanine 46 51 DStls2 0 0 5.2 0 -2.6 0
Mezzanine 46 51 DStibl 0 0 4.33 0 -2.17 0
Mezzanine 46 51 DStID2 0 0 4.33 0 -2.17 0
Mezzanine 46 51 DConl 0 0 6.07 0 -3.03 0
Mezzanine 46 51 DCon2 0 0 52 0 -2.6 0
Base 1 106 Dead 0 0 0 0 0 0
Base 1 106 Live 0 0 0 0 0 0
Base 1 106 D 0 0 0 0 0 0
Base 1 106 D+L 0 0 0 0 0 0
Base 1 106 Dstls1 0 0 0 0 0 0
Base 1 106 DStls2 0 0 0 0 0 0
Base 1 106 DStiD1 0 0 0 0 0 0
Base 1 106 DstIb2 0 0 0 0 0 0
Base 1 106 DConl O 0 0 0 0 0
Base 1 106 DCon2 O 0 0 0 0 0
Base 2 102 Dead 0 0 0 0 0 0
Base 2 102 Live 0 0 0 0 0 0
Base 2 102 D 0 0 0 0 0 0

N
w
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Load

Story Joint Unique Case/C FX FY Fz MX MY MZ
Label Name ombo tonf tonf tonf tonf-m tonf-m tonf-m
Base 2 102 D+L 0 0 0 0 0 0
Base 2 102 DsStlIs1 0 0 0 0 0 0
Base 2 102 DstlIs2 0 0 0 0 0 0
Base 2 102 DStib1 O 0 0 0 0 0
Base 2 102 DstIb2 0 0 0 0 0 0
Base 2 102 DConl O 0 0 0 0 0
Base 2 102 DCon2 0 0 0 0 0 0
Base 5 58 Dead 0 0 0 0 0 0
Base 5 58 Live 0 0 0 0 0 0
Base 5 58 D 0 0 0 0 0 0
Base 5 58 D+L 0 0 0 0 0 0
Base 5 58 DStIS1 O 0 0 0 0 0
Base 5 58 DStls2 0 0 0 0 0 0
Base 5 58 DStibl 0 0 0 0 0 0
Base 5 58 DStib2 0 0 0 0 0 0
Base 5 58 DConl O 0 0 0 0 0
Base 5 58 DCon2 0 0 0 0 0 0
Base 6 62 Dead 0 0 0 0 0 0
Base 6 62 Live 0 0 0 0 0 0
Base 6 62 D 0 0 0 0 0 0
Base 6 62 D+L 0 0 0 0 0 0
Base 6 62 DStIS1 0 0 0 0 0 0
Base 6 62 DStls2 0 0 0 0 0 0
Base 6 62 DStibl O 0 0 0 0 0
Base 6 62 DStib2 0 0 0 0 0 0
Base 6 62 DConl 0 0 0 0 0 0
Base 6 62 DCon2 0 0 0 0 0 0
Base 7 66 Dead 0 0 0 0 0 0
Base 7 66 Live 0 0 0 0 0 0
Base 7 66 D 0 0 0 0 0 0
Base 7 66 D+L 0 0 0 0 0 0
Base 7 66 DStIS1 0 0 0 0 0 0
Base 7 66 DStls2 0 0 0 0 0 0
Base 7 66 DStiD1 O 0 0 0 0 0
Base 7 66 DStiD2 0 0 0 0 0 0
Base 7 66 DConl O 0 0 0 0 0
Base 7 66 DCon2 0 0 0 0 0 0
Base 8 70 Dead 0 0 0 0 0 0
Base 8 70 Live 0 0 0 0 0 0
Base 8 70 D 0 0 0 0 0 0
Base 8 70 D+L 0 0 0 0 0 0

N
w
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Load

Story Joint Unique Case/C FX FY Fz MX MY MZ
Label Name ombo tonf tonf tonf tonf-m tonf-m tonf-m
Base 8 70 DStls1 0 0 0 0 0 0
Base 8 70 DStls2 0 0 0 0 0 0
Base 8 70 Dstbi o0 0 0 0 0 0
Base 8 70 Dstib2 0 0 0 0 0 0
Base 8 70 DConl O 0 0 0 0 0
Base 8 70 DCon2 0 0 0 0 0 0
Base 9 54 Dead 0 0 0 0 0 0
Base 9 54 Live 0 0 0 0 0 0
Base 9 54 D 0 0 0 0 0 0
Base 9 54 D+L 0 0 0 0 0 0
Base 9 54 DStIS1 O 0 0 0 0 0
Base 9 54 DStISs2 0 0 0 0 0 0
Base 9 54 DStiD1 O 0 0 0 0 0
Base 9 54 DStiD2 0 0 0 0 0 0
Base 9 54 DConl O 0 0 0 0 0
Base 9 54 DCon2 O 0 0 0 0 0
Base 10 98 Dead 0 0 0 0 0 0
Base 10 98 Live 0 0 0 0 0 0
Base 10 98 D 0 0 0 0 0 0
Base 10 98 D+L 0 0 0 0 0 0
Base 10 98 DStlIsl 0 0 0 0 0 0
Base 10 98 DStls2 0 0 0 0 0 0
Base 10 98 DsStibl 0 0 0 0 0 0
Base 10 98 DStib2 0 0 0 0 0 0
Base 10 98 DConl O 0 0 0 0 0
Base 10 98 DCon2 0 0 0 0 0 0
Base 11 110 Dead 0 0 0 0 0 0
Base 11 110 Live 0 0 0 0 0 0
Base 11 110 D 0 0 0 0 0 0
Base 11 110 D+L 0 0 0 0 0 0
Base 11 110 Dstls1 0 0 0 0 0 0
Base 11 110 DstlIs2 0 0 0 0 0 0
Base 11 110 Dstibl1 0 0 0 0 0 0
Base 11 110 DstIb2 0 0 0 0 0 0
Base 11 110 DConl O 0 0 0 0 0
Base 11 110 DCon2 0 0 0 0 0 0
Base 12 94 Dead 0 0 0 0 0 0
Base 12 94 Live 0 0 0 0 0 0
Base 12 94 D 0 0 0 0 0 0
Base 12 94 D+L 0 0 0 0 0 0
Base 12 94 DStlIS1 0 0 0 0 0 0
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Joint  Unique CL;san/lC FX FY FzZ MX MY MZ
Label Name ombo tonf tonf tonf tonf-m tonf-m tonf-m

Base 12 94 DStlS2

Story

o
o
o
o
(@
(@

Base 12 94 DStiID1 O 0 0 0 0 0
Base 12 94 DStiD2 0 0 0 0 0 0
Base 12 94 DConl O 0 0 0 0 0
Base 12 94 DCon2 O 0 0 0 0 0
Base 13 78 Dead 0 0 0 0 0 0
Base 13 78 Live 0 0 0 0 0 0
Base 13 78 D 0 0 0 0 0 0
Base 13 78 D+L 0 0 0 0 0 0
Base 13 78 DStIs1 0 0 0 0 0 0
Base 13 78 DStls2 0 0 0 0 0 0
Base 13 78 DSstbi O 0 0 0 0 0
Base 13 78 DStib2 0 0 0 0 0 0
Base 13 78 DConl O 0 0 0 0 0
Base 13 78 DCon2 O 0 0 0 0 0
Base 23 10 Dead 0 0 0 0 0 0
Base 23 10 Live 0 0 0 0 0 0
Base 23 10 D 0 0 0 0 0 0
Base 23 10 D+L 0 0 0 0 0 0
Base 23 10 Dstls1 0 0 0 0 0 0
Base 23 10 Dstls2 0 0 0 0 0 0
Base 23 10 Dstibi 0 0 0 0 0 0
Base 23 10 Dstib2 0 0 0 0 0 0
Base 23 10 DConl O 0 0 0 0 0
Base 23 10 DCon2 O 0 0 0 0 0
Base 28 44 Dead 0 0 0 0 0 0
Base 28 44 Live 0 0 0 0 0 0
Base 28 44 D 0 0 0 0 0 0
Base 28 44 D+L 0 0 0 0 0 0
Base 28 44 DStlIs1 0 0 0 0 0 0
Base 28 44 DStlIs2 0 0 0 0 0 0
Base 28 44 DStIb1 0 0 0 0 0 0
Base 28 44 DStIb2 0 0 0 0 0 0
Base 28 44 DConl O 0 0 0 0 0
Base 28 44 DCon2 O 0 0 0 0 0
Base 29 1 Dead 0 0 0 0 0 0
Base 29 1 Live 0 0 0 0 0 0
Base 29 1 D 0 0 0 0 0 0
Base 29 1 D+L 0 0 0 0 0 0
Base 29 1 DStIS1 O 0 0 0 0 0
Base 29 1 DStIS2 O 0 0 0 0 0

N
w
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Load

Story Joint Unique Case/C FX FY Fz MX MY MZ
Label Name ombo tonf tonf tonf tonf-m tonf-m tonf-m
Base 29 1 DStiD1 O 0 0 0 0 0
Base 29 1 DStiD2 O 0 0 0 0 0
Base 29 1 DConl O 0 0 0 0 0
Base 29 1 DCon2 O 0 0 0 0 0
Base 40 13 Dead 0 0 0 0 0 0
Base 40 13 Live 0 0 0 0 0 0
Base 40 13 D 0 0 0 0 0 0
Base 40 13 D+L 0 0 0 0 0 0
Base 40 13 Dstlst 0 0 0 0 0 0
Base 40 13 Dstls2 0 0 0 0 0 0
Base 40 13 Dstibi 0 0 0 0 0 0
Base 40 13 Dstib2 0 0 0 0 0 0
Base 40 13 DConl O 0 0 0 0 0
Base 40 13 DCon2 O 0 0 0 0 0
Base 4 2 Dead 0 0 0 0 0 0
Base 4 2 Live 0 0 0 0 0 0
Base 4 2 D 0 0 0 0 0 0
Base 4 2 D+L 0 0 0 0 0 0
Base 4 2 DStIS1 O 0 0 0 0 0
Base 4 2 DStIS2 O 0 0 0 0 0
Base 4 2 DStiD1 O 0 0 0 0 0
Base 4 2 DStiD2 O 0 0 0 0 0
Base 4 2 DConl 0 0 0 0 0 0
Base 4 2 DCon2 0 0 0 0 0 0
Base 18 6 Dead 0 0 0 0 0 0
Base 18 6 Live 0 0 0 0 0 0
Base 18 6 D 0 0 0 0 0 0
Base 18 6 D+L 0 0 0 0 0 0
Base 18 6 DStIS1 O 0 0 0 0 0
Base 18 6 DStIS2 O 0 0 0 0 0
Base 18 6 DStiD1 O 0 0 0 0 0
Base 18 6 DStiD2 O 0 0 0 0 0
Base 18 6 DConl 0 0 0 0 0 0
Base 18 6 DCon2 O 0 0 0 0 0
Base 19 46 Dead 0 0 0 0 0 0
Base 19 46 Live 0 0 0 0 0 0
Base 19 46 D 0 0 0 0 0 0
Base 19 46 D+L 0 0 0 0 0 0
Base 19 46 DstlIs1 0 0 0 0 0 0
Base 19 46 DStlIs2 0 0 0 0 0 0
Base 19 46 DStIb1 0 0 0 0 0 0

N
w
»



Base DConl

Base Dead

Base

Base 49 DStls1

Base DStID1

Base DConl

5.4 Modal Results

Modal Periods and Frequencies

Modal 1  0.165 6.069 38.133 JPH1

c
Modal 3 0.073 13.652 85.7782 7357.8¢

108.21111709.¢

Modal 5 0.058 17.222 541

110.99212319.c
Modal 7 0.057 17.665 5 297

203.09441247 .5
Modal 9 0.031 32.324 9 509
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Case Mode

Modal 10
Modal 11
Modal 12

Period

0.026

0.026

0.025

Circula Eigenva
Freque r 9

ncy Freque radz/sec
cyc/sec ncy )
rad/sec
243.93159502.:
38.823 1 -
243.93159502.5
38.823 1 82
249.657162328.7
39.734 3 543

Modal Participating Mass Ratios (Part 1 of 2)

Case Mode

Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal

Modal

Modal
Modal

© o0 ~NO Ol WD P

=
o

ol
N

Case Mode RX

Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal

Period Sum Sum Sum
sec ux oY vz UXx Uy uz
0.165 0 0.0812 O 0 0.0812 O
0.165 0 0.0543 O 0 0.1354 O
0.073 0.0003 O 0 0.0003 0.1354 O
0.073 0.1351 O 0 0.1354 0.1354 O
0.058 0 0.1359 O 0.1354 0.2713 O
0.058 0 0.1356 O 0.1354 0.4069 O
0.057 0 0.1911 O 0.1354 0.598 0
0.057 0 0.2079 O 0.1354 0.8059 O
0.031 0 0.0249 O 0.1354 0.8308 O
0.026 0 2'408595 0 0.1354 0.8308 O
0.026 0 0.0002 O 0.1354 0.831 0
0.025 0 0.0001 O 0.1354 0.8311 O
Modal Participating Mass Ratios (Part 2 of 2)
Sum Sum  Sum
RY RZ RX RY Rz
1 0.014 0 0.0054 0.014 0 0.0054
2 0.0093 O 0.008 0.0233 O 0.0134
3 0 0.0001 0.0002 0.0233 0.0001 0.0136
4 0 0.0232 0.0678 0.0233 0.0233 0.0814
5 0.0234 O 0.0826 0.0467 0.0233 0.1639
6 0.0233 O 0.0827 0.07 0.0233 0.2467
7 0.3523 O 0.1273 0.4223 0.0233 0.374
8 03832 O 0.117 0.8055 0.0233 0.491
9 0.0458 O 0 0.8513 0.0233 0.491
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Modal 11 2 891E 0.0011 0.8513 0.0233 0.4998

Modal Load Participation Ratios

Modal €T Ux 9822 1354
ation

Modal ~CCele" 7 0 0
ation

Modal Direction Factors

Modal 1 0.165

Modal 3 0.073

Modal 5 0.058 0.782 0.218

Modal 7 0.057 0.742 0.258

Modal 0.031

Modal 11  0.026 0.002 0.998
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Job: hussien. masqua — Cannaction: COM N4 .GRID(1-8) 12102015
04:20:05 PM

CONNECTION: CONN4,.GRID(1-B) - Bolted Moment End Plate
End plate: 313x28x700 Gr.5355

Flange weld; 12 FW/SE0 - Web weld: 10 FW/SE0

Bolts: 12 = M30 FH/BM in 2 cols. at 120 gauge

130 '
Pl i 339
g2 — -—tH—- ~——

139 >

Gr.g355
H B 12

Stiffeners: 51
Top: 140x16x352 Gr.3355 - Weld=16 FVW/556-3id H3fz-FEh=150 Plates: 109.1 kg
Web doubler both sides: 302x25x 305 Gr.5355 CJPBEW all around Bolts: 19.3 kg
Bim.: 140x16x352 Gr.5355 - Weld=16 FW/560 Side=302 End=150 Welds: 16.B kg

LIMOON Ww3.63.1.11 (0) 10=pEC=15
165:19:5%

Connaction: CONM4.GRID{1-B}

Type: Bolted Moment End Flakbe

A - End plake sgquare o baam
Counkry: UK

Units: 5@ metric

Daaign code: ANSIAAISC 360 (ASD)

Beam 1: Mark=Bl Secticn=HE400A Grade=5355 Angle= 0.00°

d 330 rm Rk rad. 27 o FyE 355 Niem?

el 300 mom Area 1.5900E«04 FywW 355 H/mm2

tE 19.0 rm Sx 2311000 Fu 490 Hirm2

LW 11.0 mm I 252000
JSecticn moment strength .o . . . S44.6 EN.m Hokte 1
Saction shear strength o o . . . GOR.0 KN AJGD {G2-1}
.Sectlon cenalon strength o o . o 3379.9 kN Ade0={D2=1}
.Section compressicon strength . .0 3379.9 kM Aded ET

Column: Mark=Cl  Sectlon=HE400B Grade=5355
d 400 #m Rek rad. = 27 mm FyE
L 300 mm Area = 1. 9800E«04 Fyw
tf 24.0 mm Sx = ZEBE4000 E'u
bW 13.5 rm Ik = 3232000
.Sectlon moment strength o . . . EBT.0 kHN.m Nobe 1
.Sectizn shear strength o . . . . 765.3 kN Adel {G2-1}
SAction compresaion sbrength . . 4203.0 kKN AJG0 ET

355 N/mm2
355 H/rmm2
490 H/mm2

End platea:
TO02313228  Gr./Fy/Fu=5355/35/4 900 /mm2
Beam to end plate angle o o o . . G0.00°

End plate welda:
L2 EW/560N/mm2 flanges.
10 FW/SE0H mmd waob,

BolEs;
& ¥ M0 FH/B/N top flange, 120 gauge.
& x M3I0 FH/B/H btm. flange, LZ0 gauge.

Sciffenera: Gr /Py Fu=85355/35/490N/0m2 welds fu=560N/mm2

LIMCOM V353111 CAlsars\Usar2\Deskiaphussian masqua Ims
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Job: hussian masqua = Connaction: COM N4 GRID{1-B)

12402015

0d:20:056 PM
27140 =i top, 16 FW 302 at midpoint and acroas enda.
2/140 =16 btm., 16 EW 302 at midpeint and across ends.
Web doubler plates:
J05x3INZK2T  Gr. .l"F':..-"F'u S355.-"35.-"4‘30H.-"r‘r|2
Ho. wWeb doubler plates
Weld CJIBCW/G60N/mm2 all ar{}und
BILL OF MATERIALS
Elatas:
1 ne. - T00X313%28 Grade=3353 . . . + « « 48.2 kg
4 no. = 352wid0xig Grade=5355 . . . . . . . 24.8 kg
2 né. - I0NSxI0Z2x25 Grade=3353 . . . . . . . 36.2 kg
Tobal masa of platea . . s e oa o »ow o » o 108.1 ka
Lta:
12 no. - M3I0 FH/B/N x 110 1ong . . . o . . 19.3 kg
Welda:
1200 mm - EW 12 fu=560N/mm2 0.7 kg
704 pem - FW L0 fu=560H mmd 0.3 kg
4816 mm = FW 18 fu=5a0N/mm2 i ¥ EhE 4.8 kg
1220 mm - CIPGW 20x25xE5% fu= 5'5EIH.-"rn2 SR 5.1 kg
1208 pm o= CIPGW 25025x100% fu=580N/mm2 5.9 kg
Total masa of welda . . . . & &« & & & &« & & 16.8 kg
MINIMIM ACTICON CHECK
{Minima are based on section capacity, not member capacity.}
Spacified minimum desiqn actiona:
Banding 50% of Ma/0 | G44.6} = 272.3 kN.m
Shear 0% of Va/Q { &09.2} = 0.0 kN
d0.0 kN
Tenaicn 0% of Ha/Q { 3379.%} = 0.0 kN
Comprassion 0% of Nc/o | 3379.3} = 0.0 kN
HOTE: Input dealgn actlona are not auktomaclically fncreased Lf they are leas than
the specified minimum acticns. Minimum acticns may be set in any load case.
Thia check warna if any Jdesign acticon £a leas than the apeciflied minimum
for all lead cases.
INFUT DESICGN ACTIOHNS
Beam 1: Momank, M . . . . . . JB6.6 kNum
Shear, V. . . . « « « . 235.0 kW
ARial, Bw e e e 0.0 kN
Column: Shear, Vo . . . . . . . 0.0 kM
Corprassion, PC . . . . 0.0 kM
SECTION ANALYSIS RESULT
Simplified analyaia:
Beam l... Bft = 1042.1t Ffc = 1042.1c
Fwk = 0.0 Pwz = 0.0
M = n.ao
Vo= 235.0
Elastic analyais:
Beam 1... FfL = 949.7c Ffc = 949.7c
Pwk = 0.0 Ewe = 0.0
MW = 34.13
Vi o= 235.0
Flastic analyais:
Beam 1... Ffr = 907.BE Ffc = 907 .8
Ewk = 0.0 Fwe = 0.0
M = 43.8
Vi o= 235.0
HOTE: Simpllfied analyals results used.
BOLT ARRANGEMENT
g=Boll 274 Extended End Flate
Connecticon checked for tension at top flange.
Usking AISC/ASI model...
Ref. 18: S5teel Dealign Gulde 18 |50GL&}
Flush and Extended Multiple Row Moment End Flate Connectiona
T.M. Murray & W.L. Shoomakar - AISC - 2002
Ref. 19%: Sceel Dealgn Gulde 4 |SDG4|
Extended End Flate Moment Connecticns - Seismic and Wind Applicaticns
T.M. Murray & E.A. Sumner - AISC - 2004
Ref. 43: Dealgn Gulde 12 = Bolted End Plate bo Column Moment Connectiona (DEL2Y
T.J. Hegan & WN. wan der Kreeek - ARSI - 2009
CGECMETRY CHECHS
CHECE 1 - Dataliling Requirements:
BOLIE WUES: 5 WA e e mw gw # nan 2 a0 Teg
LIMCOM V353.1.11 CAlsars\Usar2\Deskio flhusssan masaua Ims
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Job: hussien masqua = Connachion: COM N4 GRID(1-B) 12102015

02006 PM
End plate wldch, L . . . . . . . 3113 2 3113 Yea
313 i 3z5 Yas
HOTE: Clearances should ba checked in wirtval realikby view,

ASD STRENGTH CHECZES

Strength ratblo

Bequired strength

rFLSD strangkh .i Rafaranca

Secticn Bending/Rxial:

Flange tensicn yield strength . o o o o o« 1211.7 2 Pft = 907.8 1.33 Pass Manval p.355
Flange tenslon rupture atrength o . o . . . 1398.5 & Pfc - Q07.8 1.54 FPFaas
Flange compreasion skrength . . . . . . . .« 1211.7 2 Pfe = 8907.8 1.33 Pass
CHECKE 2 - Flange Welds:
Flanga width . . s e 00 mm
Total fillet weld *engtn b R 589 mm 5034 po38
For 12 EW/560N/mmZ2 both gides...
HOTE: Using 50% directional strengkh Increase. A3G0 | J2-5)
Filler weld atrength . . i 2,138 EM/mm
Flanpa Eillat wald bension stmnqth v i s L2GEGEY X PEE = 1042.1 1.21 Pasa
Flange fillet weld compression acrength . . 1259.5 & Pfc = 1042.1 1.21 Paas
CHECKE 3 - Wal Walds:
Web ahear force . . . . . . . . . 235.0 kN
Web axial force . . . . . . . . . 0.0 kN
Walk bending mosank . . . . . . . 0.00 kN.m
Length of web weld . . - 352 mm
NOTE: Thia check uauﬂ rrat.ho-d fI‘C-I'I AISC. 504G 16 {Bef. 18}.
Lengkth for ahear realatance . . . 176 mm
For 10 EW/560N/mm2 both sides...
Walk Fillet wald shear strength (2 asides) . 418.2 =z ¥ = 235.0 1.78 Pass
End plate dealgn moment, Meg . . JBE.6 EN.m
Section moment strength . . . . . 544.6 kH.m
Baam moment utilizakion ratie . . T1%
EBeam wWweb axial strength . . . . . 2,338 kN/mm
» Wob wold desian Force . . . 1.660 RN/mm
NDTI:. Uaing 50% directlional sl:renqth increasa. A0 {J2=5)
Fillet weld strength . . ¥ 1.782 kN/mm

Wak Eillet wold axial stmnqth IE gidest . 3.564 2 pw = 1.660 2.15 Fass

CHECKE 4 - Bolts at Tensicn Flange:

Single boelt tensicn strangkth o . 275.7 EN AJE0-T:J3.2
No. bolts effective at flange . . 4

Sum oF bBolk lever atma . . . . . 974 mm

End plate desalgn moment; Meg . . J86.8 EN.m

Tensign bolt moment atrength, Mnpd@ « o . . 53a.8 2 Meg = 38BG.8 L1.39 FPaas

CHEZKE 5 = Bolea in SBhear:

Tortal shear resisted by bolets .o . 235.0 kN
Singla bolt shear atrangth o . 161.5 kN AJE0-T:J3.2
Koo bolcs effective in sahear . . [
Belk shear strength, Rn/g . o - & o o & & & 959.2 2 Vb = 233.0 4.12 Pass SDG4 {3.17}
End plate bolt bearing atrength, Bnofo . . . 2%83.5% & Vb = 235.0 1.8 PFazs S5DGE4 13.18)
CHECE & - End Flake in Bending:
End plate deaign moment, Meg . . IBe. 8 EN.m
¥Yield line parameter, ¥p . . . . 3298 mm
End plate yield strangth, Mpl/Q . . « + . & 549,68 2 Meqg = 3JB6.6 1.42 Pass
Bolt moment atrength, Mbo/o o o . 536.8 kEM.m
» Ha prying strangth, Mmin . . . 9953.8 kH.m
» End plate no prylng thlcknessa . 2% mm DG4 {3.10}
Is plate strong encugh for ne prying? @ . . BZ2e.0 2 B93.7 Ho
» Bolt prying does csccur.
Single beolt tension screngch o . 275.7 kN AdE0=T:=J3.2
Specified minirum tensicn . . . . I7T0.0 kW
Bolt mad. prying Eorce, Cmax.i . 99.4 kN 50GL6 .1
Bolt max. prylng force, Qmax,o . 122.4 kN 5016 p.31
Boale ruptura strangkth (pryingl . . o . . . 410.% 2 Meq = 3JB&6.& 1.08 Pass
Erying LackoT o v o 0 v e ww osa 0.42 Informacive
Bolt efficiency . . . o & o o o . TR Informatciwve
CHECK 7 = End Flate in Shear:
Hzriz. shear . . i 347.4 kH
Horiz. shear ;.-'u‘d stmrlqth. Rn.-"ﬂ v e .o 12445 2 Wh = 47.4 3.58 Pass S5DG4 {3.12)
Horiz. shear rupture astrength, Rnjfo . . . . 1000.2 & Vh = 347.4 2.HH Paza S5SDG4 {3.13}
CHECK B = End Flate Stiffener:
Ho stiffener.
CHECK 9 = End Flate Stiffener Welda:
LIMCON V3583111 CAlsars\Usar2\Deskiapihussan. masqua Ims
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Jab: hussien masqua — Connaction: CONN4.GRID{1-B)

12102015
04:20:05 PM

No aclffener.

COLMN-SIDE CHECKES. ..
Raf. 19%: Stceel Design Gulde 4 {5DG4)

Extendad End Plate Moment Conneckicons - Seismic and Wind Applicabtions

T.M. Marray & E.A. Sumner = AISC = 2004

CHECK 10716 — Unstiffened Column Flange Bending abt Beam Tension Flange:

NOTE: This capaclty ia required for checking atlffenera.
Using method from AISC SOG 4 (Ref.19)...
End p;ate dasiqn moment, Megq . . JBE. 6 kH.m
Yield line parameter, Yo . . . . 3557 mm

L. [flange no prying thicknass . 28 mm
Column flange atrength . b e 435.8 kMN.m
Equiwvalent flange force, Rn.-"!’.‘l .o« L1T4.0 kM
End platae dasign moment, Meg . . JBE. & RN.m
No prying stcrength, Mmin . . . . G94.8 EN.m
Unaciffensd col. flange strength, Mcffih . . 435.6 2 Mag
» Tanaicn Elange stiffonors may nobt be requiced.

=

Jgs.g L.13

CHECE 11 - Unstiffenad Column Web Yialding at Beam Tansicn Flanga;

HOTE: This capaclcy i3 requlred for checking atiffeners.
Unstiffened col. web yield strength, BnsQ . 1294.0 & Fftc
» Tansion flange stiffenars may not e required.

=

1042.1 1.24

CHECK 12 - Unstiffened Column Web Yielding at Beam Compressicn Flanga:

ROTE: This capacity is required for checking stiffaners.
Unaciffened col. web yleld strength, Rnfa . 1294.0 & FPfc
» Comprassion flange stiffeners may nok be cequiced.

042:1 1.24

CHECE 13 - Unstiffened Column Web Crippling at Beam Compressicon Elange:
NOTE: Thia check nobt required with compression Flange stiffenars,

Column web crippling atrength, Rn/2 . . . . 1075.4 & Ffc
» Compressicn flange stiffeners may not be regquired.

1042.1 1.03

CHECK 14 = Unsciffened Column Web Buckling at Beam Compressalon Flange:
NOTE: This check not regquired with compressicon Flange stiffenarcs.

Column webk buckllng strength, Bn/2 . . . . 999.8 & FPfc

CHECK 15421 - Unstiffened Column Wel P.-.:nel in Shear:

Web doubler thickneasa . . . = 14
Total web doukler thickness . . . EIZI lovei]

Column nominal asial l:é.lp.: "ity.. E‘y 14129 kN

Ratle Fu/fBy . . . i 0.oo0

Column wobk panal slnear « «ow wow 1042.1 kN

Column web panel ahear atrengch, Bw/fQ . . . 323%.8 & vp

CHECE 22 - Trangwarsa Stiffenara at Boam Tension Flange:
sciffener widch . . . f 140 2 1413
140 S 143

Stiffenar effeckive widkh . . . . 123 mm

sciffener chickneas . . . . . . . 1.0 2 9.5
lumn Elanga atrength, REE/D . . 1174.0 kM

Column web ywield strength, RwWb/O 1291.4 kN

%» Unstiffened coclumn strength - I1T4L0 KM

Flanga tansion o e om 1042.1 kN

» Check of atlffeners nc.t naqu IFd.

1042,

[
=

.98

1042.1 3.11

CHECK 22A - Stiffendd Column Flange Bending ak Baam Tension Flangea:

Uaing mechod from AIST SDE 4 (Ref.l9)...

Yield line pardmeber, Yea . . . . 5113 mim

Col. flange no prying thickness . 23 mm

Column flange strength .o . . . . 626.1 kM.m

End plakte dasign momant, Megq . . dBE.6 kN.m

Sciffened col. flange strength, Mekbaso . . 62a.1 & Meg
Ho prying strength, Mmin . . . . 594.6 EM.m

Is ool [lange strong ensugh for no prying? 941.0 2 B93.7
» Bolt prying may nob ooour.

CHECE 23 = Tranaveras Sciffenera at Beam Compreasion Flange:
Stiffener width « o & o @ & & o & L4n

140
Sciffener thickness . o o o & o 1a.0
Sctiffener side weld . . oA W o2
Column wal yiald strﬁrlqr_h o owow  B231J4 kN
Column wWweb crippling atrength . . 1073.3 kN
Column web buckling strangth . . 993.8 kN
» Unatiffensad column strength T 999 .8 kN
Flange compresaion . - Lo42.1 kN
» SEiffaner dosign -:o'-rprqss..on - 42.3 kN
Sciffener sectlon yield. ..

143
143
9.5
anz

L ST

ka8 1.82

Fass

Fasa

Faga

Faza

Yeg

Fass
Yeag
Yag

Yea

Faga

Tas

Yas
Yaa
Yes
Yag

SDG4 {3.200

SDE4 {3.22)

Informacive

Informative

Informative

Informative

Informative

Nobe 4

SDELI {2.2-1}

S0G4 (3.20)

LIMCOM V3E3.1.11
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Job: hussien.mosque — Connection: CONN4.GRID(1-B)

12102015
04:20:05 PM

Stiffener yleld strength, Rfcs/Q . . . . . 850.3 2 Pcs
Stiffener effective width . . . . 125 mm

Stiffener section strong axis buckling...

Stiffener buckling strength, Rfcb/Q . . . 895.5 2 Pcs
Side welds...

Total side weld length . . . . . 1208 mm

Stiffener side weld strength, Rftw/Q . . . 2296.0 2 Pcs

CHECK 24 - Dlagonal Shear Stiffeners:
No diagonal shear stiffeners.

HOTES:
1. Flexural yield capacity ignoring section slenderness.

4. Compression yleld capacity of section ignoring slenderness.

CRITICAL LIMIT STATE . . . Bolt rupture strength (prying}
UTILIZATION RATIO ., . . . 94%
STRENGTH RATIO « « o « & o 1.063 Pass

42.3 20.1 Pass

42.3 21.2 Ppaas

42.3 54.3 Pass

LIMCON V363.1.11
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Job: hussian masqua — Cannaction: COON.3GRID(A-2) 12102015

04:17:01 PM
CONNECTION; COON.3GRID{A-2) - Fin Plate
Plate: 1B0x10x250 Gr.5355
' [ Weld: 10 FW/S60 to support (B/S)
|38 — Bolts: 6 x M2010.9N In 2 cols,
I
I
B
140 | [ p/|
Lo |
. BT .-"h| __,L45
# =T 3
I Gr.5355
80 |
= B IPE450 —
- I T =L . 1 - - - —
80 3 B1
(B
= TR T—0
L
NG
Giszis | “I\
HE400A ——
= | I
Plates: 3.5 kg
. Balts: 2.7 kg
- =5EzEy )| 85— 70— 10
Copes: Top = 55x50 Btm =55x50 | Welds: 0.2 kg
Gacmebry Check:
wuw WARNING -- Cleat top edge distance > 2 x dia.
1 warning.
LIMOON Vv3.63.1.11 {0} 10-DEC-13
Ig:ip:id
Connection: COON.IGRIDIA-Z}
Typa: Fin Plate
Country: UK
Unita: SI mecric
Design coda: ANSIZAISC 360 (ASD)
Baam: Mark=Bl Section=IFE450 Grade=3359 Span=3.0 m
d = 450 mm Rook rad. = 21 mm Fyf = 355 N/mml
b= 190 mm Arga = SEED Fyw = 355 H/mm2
LE = 14.6 mm S« = 1500000 Fu = 490 Nimm2
LW = 9.4 mm Iw o= 1702000
.Secticn shear strenmgth . . . . . H99,5 kN ARial (G2-1}
Section tensicn strangth . . . . 2100.2 kN AIG0-{DE-1}
Sectlon compresaslon atrength o o0 2027.8 kN AJa0 ET
Top copa dapkh o . @ o 0 & 0 . & 35 mem
Top cope Length o o o o o o o . . 50 mm
Bottom cope depth o o 0 & 0 . 4 . 55 mm
Babbom copa langth . . .« o o . . 50 mem
Elate:
250x1B0x10  Gr./Fy/Fu=5355/35/4900/mm2
Bolba:
6 x M20 10.9%/W &n 2 columns.
Bolt pitch, sp g shln A & B0 mm
Support be lak bolt oolumn, a9l . 55 mm
Exlt gauge, agl . o e H Tl 70 mm
Wiarld:
10 FW/560H/mm2 Lo support.
Support: Mark=C1  Sectlon=HE400A  Grade=5275
d = 390 mm Boot rad. = 27 mm Fyf = 275 N/mm2
b= 300 mm Araa = 1.5300E=04 Fyw = 275 N/om2
| 19.0 mm 5% = 2311000 Fu = 430 N/mm?
LIMCOM V3 83.1.11 CAlsam\Usar2\Deskiopthussan mosqua ims
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SEEN &+ & o« w o
ax.
Shagar . . . .

total uniform i{:}a-:l

Using AISZ 54 lith model...

GECMETRY CHEZES

c . 9.0m
A 321.6 kN
R 160.8 kN

CHECK 1 - Datailing Regquiresents:

Ref. &:

Sceel Constructisn Manual
== This ia an EXTENDED CONEIGURATION connection.

Plate Fillat wold "'EIQ

Flate length .
Flate thickness

2" {pura r'rcaﬁerll:.II

Bmax

B . duttilﬂ P-ﬂt.u LTI;L?:I‘]-GSB

Flate thickness

ASD STRENGTH CHECES

CHECK 2 - Wald;

weld length {each slde}

‘Wald design moment
.u‘ast.xl.‘:}

Wald strangth

NOTE: Weld leg not leas than

CHECK 3 - B&lEs:

Bolc group: & = M20 10.9/NW

Bolt group dasign ag

cantricity

Bzlt group dealgn mement
Single bolt shear streangth

4 o N S
ZEY v o v e s
=

Balt group shaar str\urlqth
Flate bearing strength
Waly baaring strangth

Flate vert.
‘Wabk wverk.
Waly wark,

CHECK 4 - Flakte:

tearlng
tearing {int.}
Laaring

{copl

i =h

Flate shear yield strangth
Blate ahear rupture acrength
Flaxural yiald strangkth
Flexural rupture atrength
Flexural strength reduced for
Block shear stranath

= l4th Edicizn = AISC = 2011 |sCMId)

e 0.0 2 6.2 Yos
TR, 250 2 1849 Yea
. 0.0 & 6.3 Yas
e 402 me
o Bd.2 EN.m
- 17.4 &m
W i.a b 17.4 Yea
Strengch ratlo
Regquired strength
rMDsummﬂl ]
P 250 mm
: T.B6 kN.m
i 249.5 2 = B7.3 Z.B& Fass

EIE af pl ate thickneas » check not required.

90.0 rem
r i T.BE EN.m
- TL.8 kH
' 2.329
P e 0.835
- 0.763
PoRCih B Eee 210.3 = ¥ = B7.3 2.41 Fasa
S A 4.5 = W - BT.3 3.95 Faass
= e B R 323.8 & ¥ = RB7.3 3.71 Faas
G il mha mhm i1 =2 W = B7.3 4.37 Faaa
- R S 511.2. 2 ¥ = B7.3 7.00 Fass
= e B R 7798 2 ¥ = BY.3 HB.93 Faas
= e B R 355.0 2 ¥ = B7.3 4.07 Fass
Sl mha mem 26,7 2 W = BT.3 3.00 Faaa
WA AR AR 369.1 =z ¥ = BY.3 4.23 Faas
T L 3159 & W = BY.3 3.83 Faas
shear i Ja4.8 =2 ¥ - B7.3 4.18 Fass
AN L 322.2 & ¥ = BY.3 3.863 Faas

Job: hussian masqua — Connaction: COON. 3GRID{A-2) 12102015
04:17:01 PM
bW = 11.0 om Iw = 2582000
.Secticn compressicn strength . . 2618.3 kN Adel ET
Connackidn Eo column wal.,
Unapecified support condicion.
BILL OF MATERIALS
Flacas:
1 no. — 2504180210 Grade=5355 . . . . . . . 3.5 kg
Bolta:
6 no. = M20 10.9/H = 60 long . . . .. 4 2.7 kg
Walds:
500 pm = FW L0 fu=Sa0N/mm2 T R 0.2 kg
MINIMUM SHEARR FORCE CHECE
Input design actigns are not automatically increased if they are less than the specified
minimum actions. Minimum acticons may e sat in any Ioad case. This check warns LE Ehe
ghear force Ls leas than the speclfled minieum {40 N} for all load cases.
* Shear force exceeds specified minimum in at Least gne load casa.
IHNFUT DESICGH ACTICNS
Shaar, ¥ . . . b B7.3 KN
Autal, F . . . A 0.0 kw
B&lt group eaccentriciby 5 0.0 mm
Max. eccentriclity moment i 3 T.B6 kN.m
BEAM TRELE SHERR
For uniform Lead on aimply supporced beam:
Section mormnk strangkh IR Jgl.8 kM.m Haka 1

SM14 p.10-102
5014 p.l0=108
Informative
SCMl4 p.T7-19
S5CMid p.l0=104
SCHMI4 p.10-104

Rafaranca

Informakiva

AJe0-T:J3.2

AJ40
AJED
Adal
A340
AJED

| J3=8al
{J3-6al
1 J3=6a)
{J3=-6a}
{J3-6al

AIG0D {J4-3}
AAE0 (Jd=4}
Ade0 (FIL-1
5013 ID.A=19
SCM14 p.l0-104
AJG0-{Ja-5}

LIMCON V3 B3.1.11
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Job: hussien.mosque — Connection: COON.3GRID(A-2) 12/1012015
04:17:01 PM

CHECK 5 - Beam Shear:

Double-coped web shear yield strength . . . 453.8 2 Vv = B87.3 5.20 Pass A360 {(J4-3)
Double-coped web shear rupture strength . . 370.3 2z V = B7.3 4.24 Pass A360 (J4-4)
CHECK 6 - Beam Web Block Shear:

Coped web bleck shear atrength . . . . . . 324.7 2 ¥ = §7.3 3.72 Pasas A3J60=-(J4=5)
CHECK 7 - Coped Beam Bending:

Coped section moment strength . . . . . . . 57.7 kN.m

Coped web moment strength . . « « « & & & & 825.0 2 Vv = B87.3 9.45 Pass

Estimated max. cope length . . . 450 e

CHECK B8 - Beam Rotation:

Rotation for UDL (rad.}) . . » 0.009

Rotation for contact {rad.) . . . 0.087

Contact rotation strength . . + v « & « &« » 869.3 2 V¥ = §7.3 9.96 Pass

Max. bolt shear deformation . . . 0.8 mm

Max. recormended deformation . . 4.8 mm

Strength at bolt deformation limit . . . . 545.2 2 V = B7.3 6.25 Pass Informative

CHECK 9 - Coped Beam Buckling:
NOTE: Coped beam must be restralned agalnst lateral teorsional buckling.
Buckling check to AISC SM 13th p.9-7 {Cheng, Yura, Jchnsaton)...
Critical stress, Fcr . . . . . . 5229 N/rm2
Critical stress, Fcr S Fy . . . 355 N/mm2
Coped web elastic modulus . . . 181106 mm3

Double-coped web buckling strength . . . . 550.0 2 V - B7.3 6.30 Pass
Estimated max. ccpe length . . . 450 mm
CHECK 10 = Support Member:
Depth of shear surface . . . . . 250 mm
Column web local shear strength . . . . . . 605.0 2 V = B87.3 6.93 Pass P212 p.167
Max. plate thickness {punching) . 13.3 mm

Plate thickness . . . « « &« « « & 10.0 < 13.3 Yes
Informative checks for double-sided connection...
Local shear strength for beam both sldes . 605.0 =2 2v = 174.6 3.47 Pass

ROTES:
1. Flexural yield capacity ignoring section slenderness.
CRITICAL LIMIT STATE . . . Bolt group shear strength
UTILIZATION RATIO . . . . 42%
STRENGTH RATIO . . . + . . 2.409 Fass
LIMCON V363.1.11 CAUsers\User2\Desklop\hussien.mosque Imc
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Job: hussien masqua — Cannaction: cann2 gndj3-B) 12102015

04:19:22 PM
CONMNECTION: conn2.grid(3-B) - Bolted Moment End Plate
End plate:; 313x25x700 Gr. 3355
Flange weld; 16 FW/SE0 - Web weld: 8 FVW/SE0
Bolts: 12 x M24 FH/BM in 2 cols. at 120 gauge
16
¥ 50
= I E —
130 ' =
g0 i 208 5355
- T HE4504,|
120 - ! i I = B"I -
= - I - :k‘\
130 I ~ i
| I B 7—
(Gr.9355
HE400B >—
stiffeners: .,1 18
Top: 140x16x352 Gr.5355 - Weld=12 FW/E56 Sidalisnn ch=150 Plates: 97.2 kg
Web doubler both sides: 316x16x371 Gr.5355 CJPRVY all around Bolts: 10.0 kg
Btm,; 140x16x352 Gr.5355 - Weld=12 FW/360 Side=302 End=150 Welds: 9.2 kg
LIMCOMN W3.83.1.11 (0) 10=DEC=15

I6:19:15
Connaction: conn.grid{3-Bl
Type: Bolted Moment End Flate
A - End plate sgquare Bo Boam
Country: UK
Units: 5I metric
Deaign code: ANSI/AISC 360 |ASD)

Beam L1: Mark=BL Secticn=HE450A Grade=5355 Angle= 0.00°

d = 440 mm Roob rad. = 27 mm FyE = 355 N/om2

L= 300 mm Area = L_THOOE=04 Fyw = 355 N/imm2

LE = 21.0 mm 5K = 2B3¢000 Fu = 430 H/mm2

LW = 11.5 mm v = 3216000
.Secticn moment scrength o oL . . 683.6 kH.m Hoke 1
LSockion shear strangkth . . . . . T1T.1 kW Adel |GE2-1}
.Section tenalen acrength . . . . 3ATHILB kN Ad60=D2=1}
.Secticn compressicn strength . . 3783.8 kH A360 ET
Column: Mark=C1  Sectlon=HE400B  Grade=5355

d = 400 mm Rot rad., = 27 oo FyE = 355 N/om2

L - 300 mm Area = L.9B00E=04 Fyw = 355 Nfmm2

LE = 24.0 mm Sxo= 2884000 Fu = 490 N/omm2

Lw = 13.5 mm Zx = 3232000
JHBection moment atrength o . L . BET.0 EM.m Hote 1
.Section shear strength . . . . . T765.3 kM AJE0 |GE-L1}
JGection comprassion strengkh o . 420%.0 kN Aden ET

End plate:
TO0x3IL3x20  Gr. /Py Fu=5355/35/4900/mm2
Beam to end plate angle . . . . . g0.00°

End place welds:
1e FW/560N/mm2 flanges.
B FA/S60N/ mm2 wob,

Bolba:
6 x M24 FH/B/N top flange, 120 gauge.
g x M24 FH/BS/H bEm. flange, 120 gauge.

Sciffeners: Gr./FPy/Fu=5355/35/490N /o2 Welds fu=560N/mm2

LIMCOM V353111 CAlsars\Usar2\Deskiopthu ssmn masqua lms

249|Page



Job: hussian. masque — Connaction: conn2 gnd(3-B) 12102015

04:19:22 PM
27140 %16 top, 12 FW 302 at midpoint and across ends.
2/140 =16 btm., 12 FW 302 at midpoinkt and across ends.
wWeb doubler platea:
ITixIlexi6  Gr. /Py Fu=5355/35/490N/nm2
No. wWweb doubler plates . . i
Weld CJIEGW/Se0N/mm2 all ar{}und
BILL OF MATERIALS
Flates:
1 no. — 700%313%25 Grade=5355 . . « « & « & 43.0 kg
4 no. = 352x140x16 Grade=35355 . . . . . . . 24.8 kg
2 no. — IT1AIL6XLE Grade=5355 . . & . . . 29.4 kg
Tokal mass of platea . . P SR TR R R 97.2 kg
Bolts:
12 no. — M24 PH/B/H = 80 Leng o+ & o & o« 10.0 kg
Welds:
1200 mm - EW 16 fu=560NM/mm2 . . . . 1.2 kg
796 om - FW B fu=560N/em2 . . . . . 0.2 kg
481G mm o= FW 12 fu=S80N/ mm2 i 2.7 kg
1464 mm - CJPGW LGx16xB5% fu= SEEIH.-"rnz o, 2.9 kg
1264 pm = CIPGW lexilexl00% fu=S80H fmm2 . . 2.5 kg
Total mass of welds &« & & o & o . & 9.2 kg
BINIMLM ACTION CHECE
\Minima are bassd on seckticon capacity, not member capacity.)
Spacified minicum design actions:
Bending 50% of Ma/0 | &GB3.6F = 3J41.8 EN.m
Shear 0% of Vs/0 { 718.5) = 0.0 kN
40.0 kN
Tanaicn 0% of Ha/o { 3783.8} = 0.0 kN
Compragaion 0% of Nesa { 37B3.8} = 0.0 kN
HOTE: Input dealgn acclona are not aubomatically increased Lf they are leas chan
the specified minimum acticns. Minimum acticons may be set in any lead case.
This check warna Lf any Jdesign ackticon ks less than the specified minimum
tor all load casea.
INFUT CESIGH ACTIONS
Beam l: Moment, M . . . . . . . 387.5 kM.m
SHEAT, Wi e e e 229.4 kW
Axkak, BTSRRI NE 0.0 kN
Column: Shear, Ve P 0.0 kH
Cuxmmsu‘-::-n.. P e e 0.0 kN
SECTICON ANALYSIS RESULT
Simplified analyala:
Beam 1... Efr = 424 .8c Ffc = az24.8c
Fwk = o.0 Fwz = .o
Mw = 0.0a
Vo= 229.4
lastic analyais:
Beam L... Ffr = B3T.1c Ffc = B3T.1c
Fwht = 0.0 Pwz = o.o
] - 3a.7
Vo o= 229.4
Flastic analvaia:
Beam L... Ffg = BO3.3c Ffc = BO3,3c
Ewt = 0.0 Fwo = no.o
w = a0.9
v - 229.4
NOTE: Simplified analyals resulta used.
BOLT ARRAHGEMENT
a=Bolec 2/4 Extended End Flate
Connecticon checked for tensicn at teop flange.
Uatng AISC/AASI model. ..
Ref. L8B: Steel Design Gulde 18 |S50GI6)
Elush and Extended Multiple Row Moment End Blate Connecticns
T.t. Murray & W.L. Shéemaker — ALST - 2002
Ref. 19: Steel Design Gulde 4 {50Gd}
Extended End Flate Moment Connectiona - Seismic and Wind Applicaticonsa
T.t. Murray & E.A. Sumnear - AISC - 2004
Ref. 43: Dealgn Guide 12 = Bolted End Flakte to Column Moment Connectlona |DGL2Y
T.J. Hegan & N. wan Jder KEreek - ASLI - 2003
GEGMETRY CHECKS
CHECE 1 - Datailing Regquirements:
BOLE UTE w0l vl vl Wil W W W P 2 g0 Yes
LIMCOM vas3.1.11 CAllsars\Lsar2\Daskioplhussian. masqua Ims
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Job: hussien masqua — Connachon: sann2 gnd(3-B) 12M0/2015
04:19:22 PM
CHEZE L10/Llé = Unstiffened Column Flange Bending at Beam Tensicn Flange:
NOTE: This capacity is required for checking stiffeners.
Using method from RISC 50G 4 (Ref.i0)...
End plate design moment, Meqg JBT.3 kMN.m
¥Yield iine paramecer, Yo . . . d0al mm
Zol. flange no prying thickness 23 mm S04 {3.20)
Column Elange sbrangbh + . 497.1 kN.m
Equivalent flange force, BnfQ . 1186.4 kN SDGE4 {3220
End plate dasign mocmenkt, Mag 3B7.5 kH.m
Ho prying strength, Mmin . 437.2 kN.m
Unatiffened col. tlange atrength, Mctj/o . . 497.1 & Meg = 3B7.5 1.28 Pass Informatlive
» Tanalon Elange stiffanars may not be rogquired.
CHEZE 11 = Unstiffened Column Web Yielding at Beam Tension Flange:
NOTE: This capacity is regquired For checking stiffeners.
Unatiffenad col. web yleld strength, Rn/2 . 1308.8 = Ffc = G924.8 1.41 PFasa Informative
» Tenaion flange stiffeners may ncot be required.
CHECK 12 = Unsciffened Column Web Yielding abt Beam Compression Flange:
NOTE: This capacity i3 regquired for checking stiffenars.
Unatlffened coel. web yleld atrength, Bn/2 . 1306.8B & Ffc = 924.8 1.41 Pass Informative
» Coompressicn flange stiffeners may not be reguired.
CHECK 13 = Unatiffened Column Web Crippling at Beam Compresalon Flange:
HOTE: This check not required with compressicn flange stiffeners.
Column web crippling strength, Rndg . 10B5.B 2 Pfc = B8924.8 1.17 Pass Informabive
» Compresalon flange aciffenera may not be reguired.
CHECK 14 = Unatiffensed Column Web Buckling at Beam Compression Flange:
NOTE: This check not required with compression flange stiffeners.
Column web buckling strength, RafQ 999.8 2 Pfc = 924.8 1.08 Fass Informative
» Compresslon flange stiffenera may net be regulred.
CHECE 15721 - Unstiffened Column Wel Panel in Shear:
wWebk doubler thickness . . i is & 14 Yea
Tobal wob doubler th‘l:.i:nﬂ::'lﬂ - 32 e
Column neminal axlal capaclecy, By 11573 kN Hote 4
Ratic FufBy . . . . o 0.on
Column web panal shﬂar f 924.8 kN
Column web panel ahear Ell:rnength.r vaﬂ . 2321.3 =& vp = 924.B 2.51 Fassg SDGELY (2.2=1}
CHECKE 22 - Transwvarse Sbtilffenera abt Beam Tanaian E"dn'-’JEl.
Sciffener wideh . . 140 143 Yea
140 S 143 Tag
Stiffener effective width . 125 mm
Stiffener thickness . . . . . . 16.0 2 10.5 Yaea
Column flange strength, REESD . 11B&. 4 KN
Column web yleld atrength, Bwt/O 1304.1 kW
% Unatiffened column strength IlBa.4 kN
Flanga tansion . . . 5 924 .8 kN
# Check of aclffeners not requ rad.
CHECK 22A = Sciffened Column Flange Bending at Beam Tenalon Flange:
Using method from AISC S50C 4 (Ref.l9)...
Yield Line parameter, Yeoca . . 6073 mm
Col. flange no prying chickneas 18 mm SDG4 13,201
Column flange strengch T4d.68 kH.m
End plate desiqn moment, Mog JB7.5 kN.m
Sriffenad col. flange acrength, Mckbafo . 743.8 & Meg = 3IBT.H 1.92 Faass
Ho prying strangth, Mmin 437.2 EN.m
Is col. flange atrong encugh for no prying? 1117.8 2 B57.2 Yes
» Bolt prying may not ccour.
CHECK 23 = Tranaverze Stiffenera at Beam Compresalan FPlange:
Stiffener widch . . 140 = 143 Yas
140 5 143 Yas
Sciffenear thlckneas . 15.0 - 0.5 Yes
Stiffener aide weld . i inz 2 anz Yas
Column web yleld strenqth el 1304.1 BN
Column webk crippling strength 1083.6 kH
Column Wik buckling strangth 9338 kN
» Unaclffened column atrength . 999.8 kN
'lange compresaien . & 4 0 4w . 924.8 kN

w Chack of stiffenars not cequicad,
CHECE 24 - Diagonal Shear Stiffaners:
No dlageonal shear aclffeners.

NOTES:

1. Flexwural yleld capaclicy Llgnoring sectlon slenderness.

LIMCOM vasa.1.11
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Job: hussien massua — Coannachon: cann2 gnd(3-B)

1202015
01822 PM

4. Compredalan yileld capaclty of section Llgnoring slenderness.
CRITICAL LIMIT STATE . . . Bolt ruptura strength {noe pryingl
UFILIZATION RATIC . . . . JE%

STRENGTH BATIO . 1.01% Pasa
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