Prince Mohammad Bin Fahd University

College of Engineering

Department of Civil Engineering

Design of 60 Storey RCC & CLT Connected Twin

Towers in Al-Khobar

Course Title: Learning Outcome Assessment Il (senior desigproject)

Course Number: ASSE 431 Fall 2018/2019

Students Name & ID:

1. Abdulaziz AFMulhim 201302523

2. Ali Alabyadh 201302489
3. Saad Rabah 201301560
Advisors:

1. Dr. Tahar Ayadat

2. Engr. Danish

Coordinator:

Dr. Andi Asiz

DECEMBER 26, 2018
PRINCE MOHAMMED BAHD UNIERSITY



1| Page



Table of content

2| Page



Contents

TaADIE OF CONTEIL.......eiiiiiiie et e e e e e e e b e e e e e e e s nr e e e e 2
ACKNOWIEAGEIMENT. ... e e e e e e e e e s e e e e e e e e e s e e eeeeaas 8
03 = od AP P PP P PP RPT P PPPPPPPPPP 9

Chapter L: INTOTUCTION. ... ..eeieeiee et e e e e e e e e e e e e e e e e e e e e s s nr e e e e e e e e annnnees 10
1.0 GBNEIAL ..ttt a e 11
I o o T oo [T ox o (T ] o PRSP 11
I O I I = Tod (o {011 a T 12

BRIEF HISTORY .ttt e e e ettt b b e e e e e e e e e e ee bbbt e e e e eeeas 12
DEFINTTION ottt et e e e e e e e e et ettt bt e e e e e e e e e e eeebabbba e e e eeas 12
1.4 PrOJECt ODJECHVES:.....coiiiiiieei e e e 14
1.5 Project MethOUOIOQY:......cccooi i er e e e e e e e e e e e e e e e e e e e e e s e e s s e e s e e eeaannes 14
I G T I o TN o o] (=Tt Ao o] o L PPN 22

CHAPTER 2: Constraints and Design CQUES..........uuuiiiiiiiiiiiiiiiiieeieeeeeee e e e e e eee e 23
P2 A [ g 0T [ 8T i o o LA PP PP PP PPPPPPRPPRN 24
2.2 DESIGN COUBS:...eeieiiiitiieie e ettt e e e e ettt e e e e e e sk e e e e e e e e s bbb e e et e e e e e s b ae e e e e e e e e nnbe e e e e e e e e annnrnneas 24

2.2.1 SHUCTUIAl DESIGN. ... .o e e e e e e e e e e e e e e e e e e e e e e e e e e e e s e eesesassassaanannnnes 24
2.2.2 Design of Members subject to flexure or akiatls.............cccvvviviiiiiiiieiiiieee, 25
2.2.3. Design for Shear StrenQthl.... ... 25
2.2.4 DESIGN OF SIAD. ...cci i 25
PRl O0] 41511 =] 1 SO SP PP PP PP PPTPPP 26
2.3.1 GeOoteChNICAl CONSITAINLS:......eiiiiiiiiiiiii e ettt e e e e e e s e e e e e s e 27
2.3.2 Material CONSIIAINTS:. ... ..ceiiriieiiiiiee ettt e et e e e b e e e anne e e e e 28
2.3.3 ENVironmMental CONSIIAINTS:........ciiuuriiiiiiiie et e e inee e 28
2.3.4 STrUCTUIal CONSITAINTS:. ... .eeiiiiiiii ettt e e enneeas 29
2.3.5 COSE CONSIIAINTS:.....eetieeeiiitte et e e ettt e et e e e e e st e e e e e s s bbb e e e e e e e e s anbbe e e e e e e e ennneeees 29

CHAPTER 3: Preliminary DESIGIL. ....ccuoa e e ettt e e st e e sttt e e e e e s annnneeeaaee s 30

3.1 Design the top part between the tWo tOWELS:...........cevieeeeei e 31
3.1.1 Design twavay Slab (RCC) .. o i r e e e e e e e e e e aaa e 32
3. 1.2 DA I08Q:. ...t e e e 34
3.1.3 Design steel stiieam for the tOP Part:............ueeieeiiiiiiiee e 37
3.1.4 Design steel girder for te tOP PAIti........uueiiiiieiiiiiiiee e 40



3.2 Design concrete beams for the TOW tOWEK: .........ooiiiiiiiieee e 50

IRl O0] 8]0 4] 053 B T=T] [0 1 PP PTPPRPPP PP 57
3.5 Shear Wall deSIgN.....uuveiieieeeeeieee e e aaaaaaaa e 63
K O i I o (= [T 1T = LYo (=] T PP 64
K 3t I I = o T o (=13 o T PP PPEPRRRRRY 65
3.4.2 CONCIEIE DBAIMS.....eiiiii ittt e e e e e e e e e e e e s s nn e e e e e e s e nnnneeeeeeas a7
I A 001110 0] I 0 [T [0 o PP PRRTP P PPPPPRRPPP 70
3.4.4 Shear Wall dESIgN. ... .ueiiiieei et e e e s e e e e e e e e e e e e e 12
Chapter 4: Steel REINFOICEMENLS.........ccoi e e e e e e e e e e aaa e 73
4.2 RCC Slab StaReiNfOrCEMENIS:.......coiiiiiiiiie i 74
4.2 Steel Reinforcement of CONCrete BEAIMIS:...........uveiiiiiiiiiiiie et 93
4.2.1 Steel Reinforcement of Concrete Beams for RCC model:........cccccooviiiiiiiieieiiiiiiieeen. a3
4.2.2 Steel Reinforcement of Concrete Beams for CLT model:.........ccccoooviiiiiiiiieeiiiiiiieenn. Q9

4.3 Steel Reinforcement Of COIUMNS:.......coiuiiiiiiii e 105
4.3.1 Steel Reinforcement of columns for RCC model:...........coooiiiiiiiiiiiiciie e 105
4.3.2 Steel Reinforcement of columns for CLT model:..........ocovviiiiiieiiiiiiceeeeeee e 116

4.4 Steel Reinforcement of Shear Walll:............oooiiiiiiei e 127
4.4.1 Steel Reinforcement of Shear Wall for RCC Madel:..........ccccooiiiiiiiiiiiiiiiieecees 127
4.42 Steel Reinforcement of Shear Wall for CLT Model:..........c.oovvviiiiiiiiiiiieiieeee e 135
Chapter5: Geotechnical Design for Appropriate Foundation SYStemL.........ccccvvvvvvveeiveeeeeeeeeeeees. 143
T R €10 (=Tod ol o Tot= L =T o Lo S 144
5.1.1 SOOIl PrOfile . e e e e 144
5.1.2 GEOtECNNICAI DESIGILL ....ci ittt e e e s e e e e e e e e nnbrrneeeeeeaann 146
5.1.3 Geotechnical Design MethodOIOgY:........coiiiiiiiiie e 148

5.2 Geotechnical Design Calculation for RCC MOdEel:..........ooviiiiiiiiiiiiiieeieee e 149
5.3 GeotechnidaDesign for CLT MOdel:... ..o e e e e e e e 171
Chapter 6: Comparison between RCC & CLT modelS.........oooiiiiiiiiiiiiee e 192
110 [0 ox 1 o] o LSO ETR PRI 193
6.1 STTUCTUIAl MEIMDIEIS.....ceiiiii it e e e e e e e e e 193
B. 0.0 BRAIMIS: ... ettt ettt ettt e e e et oot oo e n et e et ettt et et e e e e e e e aaaaaaaaaeas 193

LG I O 0111 1 PSP PPPPPPPPPR 194
6.1.3 SNEAI WaLi......cc it 195



6.3 ateral DISPlaCEMENL:. ... ... e e e s 196
ORI R BTy o] Fo o =T g 1= o | A ] = ] o 1 197
Chapter 7: COSt ESHMALION.........ccoiiiii e e e e e e e e e e e e e e e e e e e e s e e e s s e e s e e s s e e eannnanes 201
A% [ oo 8T i o] o PP TP PP PPPPP PP 202
7.1.1 RCC Model COSt @StMALIAN.........eeeiiiiiiiiiiiiiee e ee e 202
7.1.2 CLT Model COSt @SHMALIAN.......ciiiiiiieie e et e e 207

AR S 10 1 011 1T LT PPPPPPPPI 212
Chapter8: USEd SOMWATE..........uuuiiiiiiiiiiiiiiieeiee et e e e e e e e e e e e e e e e e e e e s e e e e e e s e s e s e e naaaaerarrrerrereesees 213
8.1 AULOC A ... ettt e et e ettt e e et et e e e e e e e et e e e e re e e eaeas 214
8.1.1 AULOCAD USES iN OUI PrOJECL: ... e e e e e e e e 214

B 2 T A B S .. i e e ettt e e e e e et et ettt e e e aeaaaeaaaes 215
8.2.1 ETABS USES IN OUR PROUJECT ...ttt e e e eeaennees 215

8.3 SAP 2000, ...ttt e e e e et et e e e a e e e e e et e e eere b e e eeeas 215
8.3.1 SAP2000 USES IN OUI PrOJECL:....ciiiiiiiie e e e 216

B B M A X oot e e e et et a e e e e e e e e e e e a b eaeas 217
8.4.1 3D MAX USES IN OUI PrOJECL . ... .utiiiiiie ettt e e 217

YT (=T =] g To L TP PO PPPPPR PP 218
APPENDIX 1: Sections Extractethf@audi Building COE..........ccoviiiiiiiiiiiiiiiiiiieee e 219
PN o] o1 g ot q I S {0 [oa (U= L BT o 220
Appendix 1.1.1 Strength and Serviceability Requirements for CenStaictures.................... 220
Appendix 1.1.2 Design of members subject to flexure or axial loads.................................. 223
Appendix 1.1.3 Design for Shear Strength...........ooocuviiiii e 224
Appendix 1.11.4 Design of TWday Slab SyStem...........ooviiiiiiiiiiiiiee e 225

Y o] o170 o [t I T PP OO P PPPPPPPPI 227
Appendix 1.2 GeoteChNICAl DESIGI. ...ttt et e e e e e e e e e e e e e e e e e e e e e e e s e aaaaeanaennes 227
PV o] o1 a0 [ Qo P2 R ST o == To I o T 1] o L= 227
Appendix 1.2.2 Retaining Wall..........cccoe e 230
Appendix 1.2.3 Combined Footing and Mat FOuNdation...............coccvviiiiiieeniiiee e 230
Appendix 1.2.4 Underground WatRetention StrUCUIeS............ccceeviiieeiiiiiee e 232
Appendix 1.2.5 Deep FOUuNdations (PIlES)........uuiiiiiiiiiiiie et 233
Appendix 1.2.6 SIope Stability........cccoceeeiiie s 238

5|Page



APPENDIX 2rG72Ct MBNAGEMENL.....ceiiiiiiiiiiiee e e et e e s e e s e e e e e e e e e e e e s e nnnreeeees 239

APPENTIX 2.1 PrOJECE PIAINL....cii ittt e e e e 240
Appendix 2.2 Contribution of Team MembDerS..........cccco e 241
Appendix 2.3 Project Execution and MONITOMNG..........cvviviiiiiiiieieee e 243
Appendix 2.3 Challenges and Decision MakKing............ccccociiiiiiiiiiiiiiiiieeeeeeeee e eea e 243
Appendix 2.4 Project Bill of Materials and Budget (if applicable)...........ccccooviiiieiiiiiiiiiiiinnen. 243
APPENDIX 3: ProJECT ANGIYSIS......ceeiiiiiieiieeeeeeiiie et e ettt e e e e e e e e e s s e e e e e e e aan 244
Appendix 3.1 LiFONG LEAINING........uuiiiieeiiiiiii it e e e e e e e r e e e e e e 245
Appendix 3.2 Impact of Engineering SOIULIONS........c..ovviiiiiiiiee e 245
AP P EN DD X A oottt e et e e e e e e et et e eer e e e e aeeeeenrne 246
Appendix 4.1 Column Calculation (RCC Madel)...........ccccoee e 247
AP P END DX B et e e e e e et e bbb raaaaaaaaarre 250
Appendix 5.1 Shear Wall Calculation (RCC MOEI).........ooviiiiiiiiiiiiieeeiieee e 251
APPENDIX B .t e et e e e e e e et e e e r e b e e aaaeaeeenrne 254
Appendix 6.1 Column Calculation (CLT Madel)............cccoeiiiiriiii e 255
AP P END DX ettt e et ettt e e e e e e et e e e r e b e e aaaeeeeenrne 258
Appendix 7.1 Shear Wall Calculation (CLT MOGEI).......c.cumiiiiiiiiiiiiiiee e 259
AP P END DX B e et e e e e e e e et et bbb eaaaaaeaearees 262
Appendix 8.1 Foundation Design (RCC MOel)...........ouiiiiiiiiiiiiiiiee e 263
AP P END X O e e et e e e e et e e e bt e e e e e eeeenree 271
Appendix 9.1 Foundation Design (CLT Model).......c.ooviiiiiiiii e 272
APPENDIX L0ttt e ettt e e e e e e e et e et ee b e e e e e e e e e e eeerrnaaaas 280
Appendix 10.1 Pile CaICUIATIQN..........oiiiieiiiie e 281
APPENDIX L ettt e ettt e e e e e e e e et e e e et e b e e ee e e e era s 284
Appendix 11.1 Beam Reinforcement (RCC Madel)...........oooiiiiiiiiiiiiiiiiiiiiiieee e 285
APPENDIX L2t e et ettt e e e e et et e e e b e e e e e e aeeeernnaaas 287
Appendix 12.1 Beam Reinforcement (CLT Model).........ccoooiiiiiiiieeeeeeeee e 288
AP PENDIX 3.ttt e e et e bt e e e e et e et eeba e a e e e e e eeeeenrnaaas 290
Appendix 13.1 Column Reinforcement (RCC Madel)..........ccoceiiiiiiiiiiiiiiiiiciec e 291
APPENDIX LAttt ettt e e et e et e ettt e et e eeaaan 293
Appendix 14.1 Column Reinforcement (CLT Madel).........cccoviiiiiiiiiiiiiiiiiiiee e 294
APPERIIX A5t e e et e e e e et e et ee bbb e e e e e e aeeeerrnaaas 296



Appendix 15.1 Cost Estimation (RCC MOEI).........oeiiiiiiiiieiiee e 297

APPENDIX L.ttt ettt e e e ettt et bt e e e e e e et ae bbb e e e e e e e e eeanenaaaas 300

Appendix 16.1 Cost Estimation (CLT Model)..........oooor e 301
APPENDIX L7ttt e e ettt e e et e e e r b e e e e e eeeneneaas 304
Y o 01T a0 13t TR 305
LY o] 01T o b R TP PP ETP PRI 306
F Y o] 01T o [0 O PP PP ETPP PRI 307

7| Page



Acknowledgement:

Before starting, we would like to give a special thanks to both ofaduisors (Engr.
Danish Ahmed and Dr. Tahar Ayadat) for helping, motivating, and guiding us in every step we
have made, and for spending lots of their precious time for us to establish our design of a 60
storey Twin Tower Connected from the top and bottand using two different slab floor
systems, and we shoul dnét forget the continu
Ayadat and Eng. Danish Ahmed. Lastly, we would like to thank Prince Mohammad University
(PMU), and the Civil Engineering Departmemthich isled by the man himself the one who
helped us all the way since the first time each of us met him in person in the university which is
Dr. Andi Asiz for their coordination, and support for us to reach this level of educational
knowledge and proding us this huge opportunity tachieveour bachelor degrees as Civil
Engineers.

8| Page



Abstract:

To catch up with the urban renaissance thableas happening in Saudi Arab#nd as
an effective element of the vision of 2030, Saudi Arabia hasup#ét major economical,
educational, engineering, and commercial projects that will help making Saudi Arabia all the
more an advanced, stable, and more secure condition to be more pulled in by investors and
tourists. In this manner, we pick the eastern twest up our project, where the city has been

receiving numerous conservative and designing activities over the most recent couple of years.

We choose King Fahd road because itds one of
as it connects Damam and ALKhobar together, and a second reason that lots of the big Saudi
and foreign companies are in that area along with a couple of international hotels, which makes

that area the perfect spot for our project.

Our design project is the design of a 6@rsy Connected Twin Tower from the top and bottom
using two different slab floor systems which are; Roller Compacted Concrete (RCC), and Cross
Laminated Timber (CLT). The Twin Towers are 40 m apart and the total area of the whole
building is 120m x 60m. Ae Twin Towers are 60 storeys each, one is a residential tower and the
other one is the commercial tower. One of the main objectives of the senior design project is
designing a unique 4 storey connection between the two towers. The bottom storey of the
comection part has a glass slab pathway and
place.
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Chapter 1: introduction
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1.1 General
In line with the great vision of the kingdom of Saudi Arabia (KSA), vision 2030 and along with
its urbanization growth the eastern province is one of the largest busamgessin (KSA).
There will be lots of business opportunities for foreign investors to invest their money that will
eventually improve the economy of KSA to be aligned with thénwijsthrough higkrise
building with multiple purposes such as offices, hotels, malls, cinema and more. Therefore,
High-rise buildings are needed in the eastern province, where both Dammam-hdbar
cities are the biggest business cities in the eapterince. In addition, there is no better place
to establish this huge project rather than khstionwhichis on King Fahad highway; where
all the businesses headquarters are located. The senior design prajaahsise building
consistsof two towers connected from the top and bottom. One tower is residential and the

other one is commercial with multiple purposes.

1.2 Project description:
The senior design project is Design of 60 Storey RCC &CLT Connected Twin Towers in AL
Khobar. The TwinTowers are 40 m apart. The Twin Towers are 60 storeys each, one is a
residential tower and the other one is the commercial tower. The total area of the whole
building is 120m x 60m. To be more detailed, the area of each tower is 40m x 60m and the
storey heht is 4m. The top part area is 40m x 60m as well. The main challenge is designing
the hanging part between the two towers where the deflection limit is the dominated factor. The
Twin Towers are to be designed twice using two different slab floor syReites Compacted
Concrete (RCC) and Cross Laminated Timber (CLT). The hanging part between the two towers
is 4 storey where the girders and sub beams are steel with (RCC) slab floor system.

The commercial tower has offices, hotels, malls, gym, restaurants other entertainment

facilities. The location of the project is &mng Fahd Dammam AKhobar highway.
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1.3 CLT Background:

BRIEF HISTORY

Crosslaminated timber (CLT), a new generation of engineered wood product developed initially
in Europe, ha been gaining popularity in residential and -nesidential applications in several
countries. Numerous impressive loand midrise buildings built around the world using CLT

showcase the many advantages that this product can offer to the construttion se

It is a potentially costompetitive wooebased solution that complements the existing light
frame and heavy timber options, and is a suitable candidate for some applications which
currently use concrete, masonry and steel. CLT is an innovative \womtlct that was
introduced in the early 1990s in Austria and Germany and has been gaining popularity in

residential and nenesidential applications in Europe.

After several slow years, construction in CLT increased significantly in the early 200s|ypar
driven by the green building movement but also due to better efficiencies, product approvals, and

improved marketing and distribution channels.
DEFINITION

CLT panels consist of several layers of structural lumber boards stacked crosswise (igpically

90 degrees) and glued together on their wide faces and, sometimes, on the narrow faces as well.
In special configurations, consecutive layers may be placed in the same direction, giving a
double layer to obtain specific structural capacities. CLT ptsdare usually fabricated with

three to seven layers and even more in some cases.

Introduction to CLT (Cross Laminated Timber):
CLT is an engineered wood panel typically consisting of three, five, or seven layers of dimension
lumber oriented at right gies to one another and then glued to form structural panels with

exceptional strength, dimensional stability, and rigidity.

Because of CLTO6s structur al properties and di
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well suited to floors, walls anabofs used in midise construction. The wall and floor panels
may be left exposed in the interior, which provides additional aesthetic attributes. The panels are
used as prefabricated building components, which can speed up construction practices or allow

for off-site construction.

CLT is manufactured to customized dimensions; panel sizes vary by manufacturer. While length
is usually limited by transportation restrictions, longer panels can be manufactured. CLT panels
are typically installed like plywoonh terms of grain orientation. Wall panels are oriented with

the grain of the outsil a y paraliebto the vertical loads of the application. Floor and roof

applications have the grain of their exterior layers oriented parallel to the span direction.

Openings within panels can be prat in the factory to any dimension and shape, including
openings for doors, windows, stairs, service channels and ducts. The resulting product is load

bearing, stable and can act as a diaphragm or shear wallc{@Ber 2Q5 by Sofianna Teriaki

Planks in alternating directions

= =

-

Transverse Planks L Longitudinal Planks

Fig. 1.3.1: Scott Breneman, PhD, PE, .
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1.4 Project objectives:

One of the main objectives of the senior design project is designing a unique 4 storey
connection between the two towers. Tdwtom storey of the connection part has a glass slab

pat hway and that what makes the building a t.
building is to be designed twice using two different slab floor systems (RCC) & (CLT).
Afterward, the anlgsis of (RCC) & (CLT) slabs floor systems is to be performed to compare

the advantages and disadvantages between both systems.

1.5 Project Methodology:
The projectds methodol ogy g o evll betdiscussad gnhithiss ev e r

part:

The first stage:

The original layoutimages of the structure ateken from a reliable source which is the
Pinterest website. The original layout is for a building located in Makati Central Business
District in the PhilippinegFig. 1]. The layout is recwn with slight changes to serve our idea
for the senior design project. Our layaldgne byduplicatethe original layout after the slight
changedFig. 2] so the twin towers and the hanging part can have one complete layout. The

idea of doing that is daging a unique 4 storey connection betweenetowers.
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The second stage:

As mentioned earlier that the whole building consists of twin towers one is commercial and the
other is residential. The second stage is dividing the towers lecélt@aer has 60 levels and

these levels are divided to serve multiple purposes. Based on the storey purpose; the live load
and the dead load are obtained from the Saudi Building Code (SBC).

The following tables provide more details abow service thag¢ach storey give:
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Residential tower

Connected top part

commercial tower

Store|Storey Nailporpose Store|Storey Nan|porpose Store|Storey Nan|porpose
residential Suite
38th Floor 54th Floor . 53th Floor .
43-60 55th Floor Super Deluxe [59-60 55th Floor Wedding hall58-60 55th Floor VIP Suites
Room
F I
42 | 37th Floor ema e'gym an 58 | 53th Floor| Museum | 57 | 52th Floor Sky lobby
swimming pool
41 | 36th Floor| 'V"'?"e g_ym and 57 | 52th Floor Sky lobby & 56 | 51th Floor|{Emergency clin
swimming pool coffeshop
29th Floor . 49th Floor |
34-4Q 35th Floor Apartments | 1-4 B1-B4 Parking |54-55 50th Floor Control rooms
27th Floor|Emergency clini .
- 48th FI F I
32-33 28th Floor| & pharmacy 53 8th Floor|Female boutique
31 | 26th Floor|Mechanical laygr 52 | 47th Floor| Male boutique
6th Floor -
11-30Q >5th Flool Apartments 51 | 46th Floor Mosque
10 | 5th Floor Restaurants, 50 | 45th Floor Library
& Coffee-shop
Supermarket,
8-9 3rd Floor-| Barber shop, 49 | 44th Floor Female spa an
4th Floor laundry, sport center
services.
7 | 2nd Floor{Mechanical layar 48 | 43th Floor Mali;:r? and
GF - lobby &
5-6 1st Floor| Management 47 | 42th Floor Sky lobby
1-4 B1-B4 Parking 46 | 41th Floor|Mechanical layg
36-45 31th Floor Hotel
40th Floor
35 | 30th Floor|Mechanical layeg
34 | 29th Floor| Conference ha
12th Floor- .
17-33 >8th Floor Offices
16 | 11th Floor|Mechanical laye
Mall (stores,
8th Floor -| restaurants,
1313 1 oth Floor| & Coffee-
shops)
11-19 N F1OOT -1 e rtainment
7th Floor
g-10| 3'd Floor - Parking
5th Floor
7 | 2nd Floor [Mechanical layg
5.6 GF- lobby &
1sr Floor | Management
1-4 B1-B4 Parking
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The third stage:

The third stage is the hand calculation process. Firstly, the top part that connects the twin
towers is to be designed. As known that the span betweendhevisrs of the top part is 40m.

The girders and subeams of the top part are going to be designed based on staeggif,
finishing and live load. Then the whole structure is to be designed twice manually using two
different slab floor systems which are RCC and CLT. Secondly, thettwier design is to be
designed twice using two different slab floor systems RCCL&. For RCC, the girders and
joists are to be designed based on slabvgeifht, finishing and live load. The columns design

to consider the load that is transferred frdma girders to columns as a point load. For CLT, the
design process is the same as RCC design except CLT has the different unit weight which will
produce much less weight on the structure. So, it is expected that the columns $irdesdl

than in the RC design which eventually will affect the foundation.

The fourth stage:

The fourth stage is modeling the whole structure on ETABS software. The analydig isiio

to compare the hand cal cul ation wi tedforeeEABSO s
such as wind load and seismic forces are to be calculated on Eag\B&Il as the required

rebarfor slab, beamg¢olumn,and the shear wallhe deflection limit and the structural drift is

to be calculated using ETABS and compare them with and lcalculation

19| Page



Fig.3: 3D View
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The fifth stage:

The fifth stage is the geotechnical design of foundation system. RCC & CLT, each one of them
will have different foundation dimensions. Concrete density is higher than timber density
where the timber produces ¢e®ading on the structure. So, that is why the foundation will be

designed twice.

The sixthstage

The sixthstage is the project constraiand cost ésnation. The project constramas follow

are:

1. Geotechnical design: Must know the type of Hult the structure sets on to design a

proper foundation and not to exceed the settlement limit.

2. Building regulation and restrictions: Set of rules that specify the standadésigmed and

constructed buildings.

3. Environmental constrairir pollution and soil contamination.
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1.6

The project scope:

All calculations, analysis, and design procedures are coveffegimain chapters in this report

as follows:

T

= =A =2 =

=4 =4 4 A4 4 -4 -4 -2 -1

Chapterl: General informationpbjectives, methodology, project daption, scopes of
the projectand CLT background

Chapter2: Constraints and Design Codes.

Chapter3: Preliminary design.

Chapter4: steelreinforcemen(girders, beams, column éoncreteslab )

Chapter5: Geotechnical design of the appropriate foundatystesn geotechnical report
& soil profile.

Chapter6: used software.

Chapter7: Comparison between RCC & CLT.

Apendix1:

Apendix2:

Apendix3: shear & moment diagrams for CLT model strip1.
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CHAPTER 2: Constraints and Design Codes
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2.1 Introduction :

The maingoal of Assessment Ill project is to Expose students amvige them with the
opportunity to apply concepts, rules, methods and techniques learned in their undergraduate
education to a real project. It is a comprehensive and meaningful effort, focusing on a major area
of Civil Engineering and integrating desighills that students acquire in major areas of Civil

Engineering in the curriculum.

There are many approaches to engineering design, choosing aratadegsign develops
creativity, use of modern design theory and methodology, formulation of design rproble
statements and specifications, and consideration of alternative solutions. Inchadiety of
realistic constraig such as serviceability, economic factors, health and safety, and environment

considerations

The best designs are often a compromise oftiphel competing criteria. Discussion of these

design considerations is required in the projectntepo

2.2 Design codes:
Loads and regulations are taken from international codes: Saudi Building Code (SBC), American
Concrete Institute (ACI), and Americanstitute for Steel Construction (AISC) to insure project

safety and quality.

2.2.1 Structural Design

2.2.1.1Strength and Serviceability Requirements for Concrete Structures
1 As required from SBC 304, the structural members shall be designed with
strengths that must be at least equal to the required strengths calculated for the
factored loads and forces.
1 Members should also meet the requirements of SBC 304, to ensure the

adequate performance at service load levels.

24| Page



2.2.2 Design ofM embers subject to flexwe or axial loads
1 Concreter members column, beams, girders are designed based SBC & AIC.
Where the steel beams and girders are designed based on AISC.
2.2.3. Design for Shear Strength

Design for the cross sections subjected to the shear wall

For the detailed calculations, it would be made based on section é . while the
rest of the design shall be made based on sections € é

2.2.4 Design of slab

91 Concrete slab design equation is obtained from SBC.

1 CLT slab design used the doubled RCC slab thickness.
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Constraints Solution

Dewatering

1. Water table at 2.5 m -
Permaent drainage system

Geotechnical

2. Rock Excavation of 4.5 m

1. Sulfates Type 5 sulfate resistance Portland cement
MEIETEL 2. Chlorides Coating the foundation

1. contaminatd water Transporting the contaminated water to the righ

. disposal place
Environmental

2. Contaminated soil Dispose the contaminated soil into hazardous
landfill

1. Deflection limits&drift | Considering all possible and reasonable load

combination cases to enswwafety and stability off

Structural S
2. Load combination cases the building.

1. The Solution of the

constraints affect the cost
Cost
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2.3.1 GeotechnicalConstraints:

The constrairg arethe water table levednd the bedrockOur building is 60 stays including
basement. The basement is 4 levels. Each level is 4m high. Therefore, at least we have to
excavate 16m. The average water table level is 2.5m. This requires dewatering the site to be able
to construct the foundation. It is inevitable to esata 5.5m of the rock strata.

Silty Sand / Sand ¥ =18 KN/m3
= 133" 25m
35m A c=0
(Medium to dense) A SPT- 10

‘_

2.5m

lm
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2.3.2 Material Constraints:

Accordingto the geotechnical report, the water and the soil have a certain amount of harmful
chemical concentratiohigher than the allowableThe chemical are sulfates and chlosid€éhe

sulfates concentration affects the foundation unless we use the type IV sulfate resistance Portland
cement. Chlorides may harm the foundation. We are suggesting using MAT foundation
supported by bored pile. The soil is contaminated with chlorideleri@e is the enemy of steel
reinforcements. Thereforthe solution is to coat the steel rebar and the concrete mix after it gets

hardened.

Sample Type Chemical concentration

Chloride
_ 0.048% 0.372% 0.061 0.137%
Soil
0.039% 0.386% 0.05%9% 0.112%
Water 600ppm-665ppm 1670ppmi 1790ppm

2.3.3 Environmental Constraints:

We have to put the environment in our consideration. The excavated soil is contaminated.
Therefore the contaminated sothustbe disposé into hazardous landfill. The datered water

is contaminated is well. It has to be transported to the right disposal place or transported to waste
water treatment plant.
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2.3.4 Structural Constraints:

To ensure the safety, stability and durability we developed load combircatsas in ETABS

model to put the building under multiple crucial scenarios. The design will be based on the worst

scenario. There are many uncertainties regarding the nature. We cannot exactly predict the
magnitude of an earthquake, unusual stbappengor example once each 100 yearextreme

floods, etc. we look at project location environmental history and we considered all possible and

reasonable load combination cases to ensure safety, stiffness and stability of the building.

The top part that isdnged letween the twin towers is by itself a constraint due its long span. It
was a great challenge to design the girders of thenany timeswe designed sections they
fulfill the safety, but they failed in the deflection limit. The constraint is désiga section that

its deflection less than 1 inches and its depth accepted so it is not affect the storeyTHegght

solution is that we buildip a section and we increased the storeghtelm for the togour

storeys.
2.35 CostConstraints:

All of the previous constraints geotechnical, material, environmental, and structural are affecting
the project cost. The constraints solutions are costly specially the geotechnical constraint
solutions. Transporting the contaminated water is costly. Dispesedntaminated soihto
engineering hazardous landfill. It is must to design a hazardous landfill where in KSA there is no
hazardous landfill is fulfilling the international environmental standards. Lastly, the steel girders

of the top part are huge siects. This mayaffect theproject total cost.
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CHAPTER 3: Preliminary Design
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3.1 Design the top part between the two towers:

The top part consistd girders, subbeams and slab. Girders and fagam are steel members.
The slab isaller compacted concrete (RCC). First, calculating the slab thicknkaswo

exactly its weight on subeamsThe weight and load coming from the slab is transferred to sub
beams and the stlieans transfer the load including stieams selfveight to thegirders as

well. The hand calculation monsideringhe gravity loadnly including live load, dead load and
member seliveight. The slab thickness that we getychangdater onand the steel memliser

as well.The slab reinforcement is might be the remalsehind changing the slab thickness.
ETABS calculation will consider multiple load combination cases including wind load and
seismic forceslong X & Y directions The initial slalthickness including the cover is to be
defined on ETABS to run the analgsiAfter running the analysis, ETABS will provide the
requiredarea ofsteelto reinforce the slalsame story for the steel members. In our hand
calculation regarding sulbbeams and girders design, the sadight, live load and dead load only
areconsideedto get an idea about what will happen later with ETABS analyéeswill assign

preliminary sections for girders and sheams on ETABS to run the analysis.
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3.1.1 Designtwo-way slab (RCC):

The slab thickness is obtained based enctfitical situation where the bigger slafea is carried
by the sub bearwhich is 5.55m x 5.975mas shown in figure3.1. Bincethe ratio of the longer

beam to the shorter beam is 1.08. so, it is\Wway slab.

v _ 8 _
l —8—1.08

There are two equation obtained from (ACI) code to get the slab thickness:

1. 0 @BEAEI-AG66— N R

2.0l ABEAET-AOO0 —2 %  u8ttc pcapogad

The slab thickness obtained from tbecond equation, the second equation is considered
because it gave the smaller slab thickness. Also, the concrete apveris@ 1t | . The

final slab thickness i® c8p@ x v B 1T p X& ¢ X | dnd this thickness is not practical.
Therefore, the final slathickness isp Y 1t | dpplied for the whole building since it is the
biggest slab area. The requirsi#el reinforcemerior the slab is obtained automatically by
ETABS after assigning the slab dimension. After getting the area of steel required from

ETABS, we will choose the umber of bar and the quantities.
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3.1.2 Deadload:

Dead load can beonsideredas constant loads that cannot be changed over time. In other words,

it is structure selfveight. This includes all of:

e Unit weight | Thikness w iertis Unit weight | Thikness W e Unit weight | Thikness w
(XN\m?) (mm) (KN\m?) (KN\m?) (mm) | (KN\m?) (kN\m?) | (mm) [(KN\m?)
tiles 28.5 20 0.57 tiles 28.5 20 0.57 tiles 28.5 20 0.57
mortar 20.4 25 0.51 mortar 20.4 25 0.51 mortar 20.4 25 0.51
concrete slab 24 178.87 4.29288 concrete slab 24 178.87 | 4.29288 concrete slab 24 178.87 | 4.29288
plaster 0.25 plaster 0.25 plaster 0.25
profile metal deck 10.33 75 0.77475 profile metal deck 10.33 75 0.77475 profile metal deck 10.33 75 0.77475
E&M 0.5 E&M 0.5 E&M 0.5
Ceiling 1.8 Ceiling 2.41 Ceiling 1.8
swimming pool 1.635 total 9.30763 swimming pool 1.635
total 10.33263 total 10.33263

Loading: (dead load + live load)

Slab SeltWeight:

Thickness xconcrete unit weight)

L EOpu it ¢ e dblft?

Concretecover (20)6

—/E® p v /ft2 ¢ db/ft2
Finishing:
Tile: 0.57 kN/m= 11.91lb/ft2
Mortar:  0.51 kN/nt = 10.65b/ft2
Plaster:  0.25 kN/nt = 5.22lb/ft?
PMD: 0.775kN/m? = 16.18db/ft?
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E&M: 0.5 kKN/nt = 10.443b/ft2

Ceiling:  2.41kN/m?= 50.334b/ft?
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RCC slab cross section:

_ Mortar Vi Tiles

RCC Slab

Profile metal deck <~
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3.1.3 Design steel sudbeam for the top part:

5.975m

The dark shaded hexagon area is the uniformly distributed load (UDL) acting on the steel
subbeam. UDL is coming from slab seifeight, finishing and live load The finishing

(UDL) is coming from Tile, Mortar, Plast, Profile Metal deck (PMD), Electrical &

Mechanical (E&M), and CeilingThe subbeam is carrying the UDL from the slab self

weight am the finishing and live load. The live load used in oulccdation for the top

par is 1&N/m?. As mentioned earliehat the top part is 4 storeys. The live load of two of
themwas 10kN/mand t he ot her two sSb,dhatésywsyd | i ve | o
10kN/n? is considered for all of them.

Initial sub-beam design could be changed after including multiple load condrireses

in ETABS analysis as results.

2.5m 2.5m 3 2.5m 2.5m

Active UDL on the Sub-Beam
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Total dead load and live loadicluding safety factors:

Wy=12We+ 1.6 W
P @@81C QL p@( pBL VB PP Y pB T LvVBOT pH(209)
L o ¢ Ib/ft2 ¢ B Y RN/m?

The subbeam is designed based the critical situation, which is maximum loading to satisfy
the safety and quality of the structure. The design of the stedlesrhs members are following
the AISC Code regulations.

This formulafly —— 0@ — s used to transfer theniformly distributed load from

the turbidity area to be active on the sadam that is under its stress.

i i
ly ——— 0 —— =5191kN/m=3557.028b/f
ljau = =2 =249 mm =0.98in
- 0
| p—
all ) @
0 =—= —(351.91)(5.975)% 370.644N-m =273.373 kipft

38| Page



Uall =—
) @
8 0
0.98=
0w ¢ o X ip?

Choosing the subeam section based on the moment eftin) @ x win %

The selected member\ig14 x 74.

Checking the deflection of the stleam in addition to its selfeight

Wy.p = 3.557025 +0.074 = 3.631 kip/ft

0 =—= —(3.631)(19.604)%= 174.432 kit

g , 8 ¢ o o

Ot =—2=—2 °-0.524065 0.9880
) @ X WU

Checking the shear force j\and the moment (W

Vy=—WyL=— oc®opp@&@mnt= 35.59 kip °~ 192
> 8 8 ) ,

My= — = 2 = 174.432 kip.ft 473 Kip.ft
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3.14 Design steel girder ér tee top part:

As mentioned earlier, all load coming from slab andIsedm are transferred to the girders. The
girder span is 40m so, the deflection limit is ¢oeerningfactor in our design and the deflection
has to be less 1 incfihe following is grder design process. Stleams are designed based on
the critical situation. In fact, the sdteams are resting on the girders and the load is transfer
from subbeam to the girders as point loathe designed section is to be assigned in ETABS
be ableo run the analysiwith the consideration of the possible load combination cases.
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Girder Design:

39.327
2%5.975 = 11.95m = 39.327’
‘f 39.327 39.327 39.327 39.327 39.327
R1 R2 R3 R4 R5 R6 R7
5m 5m 5m 5m 5m 5m 5m 5m
16.405" 16.405’ 16.405° 16.405’ 16.405° 16.405’ 16.405’ 16.405’
A B
40m = 131.24’
Va Vg

R=-WL

2 =-(3.631) (39.327) = 74.4 kips

To get the reactions:

+) SO =0:71.4 (16.405) + 7104 (32.81) + 71.4 (49.215) + 71.4 (65.62)4 (82.025)
+71.4 (98.43) + 71.4 (114.835)6 (131.24)=0

6 =249.9K
6 =249.9K

Just checking:

8

249.9 Kips
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Now we will calculate Shear and Moment on every point to find Maximum Shear and Maximum

Moment.

1. At.= 16. 405606 |L l M
v
TVA=249.9x
)

SM =-249.9 (32.81) + 71.4 (16.405) + M = 0

M = 4099.61 K ft

V=2499K

71.4 x

16.405 l 16.405 M
iv)

!

) SM=0:-249.9 (32.81) + 71.4 (16.405 + M = 0
+

M =70.27.902 Kft

’1 SV=0:V+71.4i 249.9=0

V=1785K
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3.At.= 49.2156 16.405" 71l'jlxm.a.os' 71“16.405' M
lv)

T 249.9x

D SM = 0:-249.9 (49.215) + 71.4 (32.81) + 71.4 (16.405) + M = 0
M = 8784.878 Kit
+} SV =0:-249.9+ 714+ 71.4 +V =0

V =107.1x

71.4x 71.4x 71.4x

16.405’ l 16.405’ J 16.405’ l 16.405’ M
\D

T 249.9x

D SM = 0:-249.9 (65.62) +71.4 (49.215) + 71.4 (32.81) + 71.4 (16.405) + M = 0
M = 9370.536 Kft
+] SV=0:-2499+71.4+71.4+71.4+V=0
V=357K
5_ At .= 82 . 025 71.4 x 71.4x 714 x 71.4 x

16.405’1 16.405° l 16.405’ l 16.405’ l 16.405" M
l\D

T 249.9x
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SM =0:-249.9 (82.025) + 71.4 (65.62) +71.4 (49.215) + 71.4 (32.81) + 71.4 (16.405) +
+) M =0

M = 8784.878 Kit

. V=0:-2499+204+714+71.4+714+V=0

V=-35.7K

6. At.= 98. 436

71.4x 71.4 x 71.4 x 71.4 %

16.405’ 16.405’ 16.405’ 16.405’ 16.405’ M
\D

T 249.9x

D SM = 0:-249.9 (98.43) + 71.4 (82.025) + 71.4 (65.62) +71.4288) + 71.4 (32.81)
+71.4 (16.405) + M = 0

M =7027.902 Kft

SV +) =0:-249.9+5(71.4)+V =0

V=-107.1K
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/.At.= 114.8350

71.4x 71.4x 71.4x 71.4x 71.4x

16.405’ 16.405’ 16.405’ 16.405' 16.405' 16.405’ M
l D

T249.9x
N SM=0:-249.9 (114.835) + 71.4 (98.43) + 71.4 (82.025) + 71.4 (65.62) +71.4 (49.215)
+71.4 (32.81) + 71.4 (16.405M =0
M = 4099.61K-ft
¥ SV = 0:-249.9 + 6 (71.4) + V = 0

V =-178.5x

8. At131. 2456

71.4x 71.4x 71.4x 71.4x 71.4x 71.4x 71.4x

M
16.405’ 16.405’ 16.405" 16.405" 16.405’ 16.405’ 16.405’ 16.405’ l
\'

T 249.9x

DS M = 0:-249.9 (131.24) + 71.4 (114.835) + 71.4 (98.43) + 71.4 (82.025) + 71.4 (65.62)
+71.4 (49.215) + 71.4 (32.81) + 71.4 (16.405) + M = 0

M=0
L] SV=0:-2499+7(714) + V=0

V =-249.9x
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Girder Deflection:

Now we will calculate to find thdeflection of thegirder by using the formulasom (AISC),
and we want to make tlieflection equal to thallowable deflection to know the moment of

inertia neededor thebuilt-up sectionand should be higher than the one from the allowable

deflection
_ Pa 3 qu2
6max - 24 EI (3l 4a )
71.4 x 71.4 x
16.405 16.405’
196.86" 196.86"
131.24’ = 1574.88"
8 8 . 2
) — = [3(157488)i 4(196.867
8
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Pa
Omax = 5= (31°—4a”)

71.4 x 71.4 x
32.81 32.81
393.72" 393.72"
131.24’ = 1574.88"
8 8
CPUAY T OwWPC
8
Pa
Smax = 313 — 4q?
71.4 x 71.4x
49.215’ 49.215’
590.58” 590.58"

131.24’ = 1574.88"
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8
PI3
6max g
48 EL
71.4 x
65.62’ 65.62"
784.44’ 784.44’
131.24’ = 1574.88"
"| —_
8 8
|
8
|
S > 8
So;] C 6562 =———

‘G- 150755.187Q¢
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Girder buit-up section:

After getting the required moment of inertia to design safe seet@mbuildup a section without
consideringvind load and seismic forces and this is the bupdsectioriV 36 X 652.

After ETABS analysis this section(w 3s x 659 has failed due to load combinaticase, whichs

wind load along Y direction and dead lodthen we increased the web thicknesd #re depth

of the section in many trails to get it saftableand economizedWe could buildup a huge
section without considering the exaggerated deptheandomy We considered in our builip
sectiondimensions three things. The first thing is tlepth of the section should bettoo long

to affectthe storey height. Secondly, the section dimensions should be logical and applicable in
the construction phasé&he last concern was the economy. We tried to minimize the section until
it fulfills safety and stability requirement§.herefore the final builtup sectionis W36 X 652

with L 8X8X1/2 in the four interior angles under the flanges.

920 mm

H =300 mm
B = 300 mm
Th =35 mm
FR =250 mm
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3.2 Design concrete beams for the tow tower:

In this part is the concrete beam calculation for theets. The towers beams hadesigned for
only two different spans, one with 51.94 ft span and the other one with 70.71 fSspathe
layout of the building isymmetrical We are designing onlyMo beam cross sections and apply
themfor the whole towes. We are using equation®im Saudi Building Code (SBD) to find the
cross section of the beam atiden to beassigned in ETABS to get the required steel

reinforcement aredhen we will choose the number of bar and the quantities.

Concretebeams design:

” 8 2
Q0 —

o@uLvyL T Meex
Q Q o 1tmo o
W - 5 (B®OoOX

Beamself-weight p& "F2 "Fz i

A
pc pPgC

p ¢ @an B0 pPH X LT

Beam cross section: d
Area of steel required (As):
. J AS
h= 40 in = 1020nm ——
d=37in =939.8 mm
b

b=24.667 in = 630 mm
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Same process for tltherbeam and the only difference is the span length:

N — vad8roo

Q Q o v@8lococo uvBloOo

O@ VUL e

(’1’) 8
8 8

Beam selweight p& "F2 "Fz i

o@uvuvv oo
p LT z
pC pC

¢ p @ IO B X P UTa

Beam cross section:

Area of steel required (AS)
h= 40 in = 1020 mm
d=50.033in = 1450mm

b=33.355n =900mm
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Loading (dead load for both towers):

SelWeight:
Thickness x cocrete unit weightd)
L EOp v it

@ &t db/ft> o8t p U T

Concrete cover(26 6 ) :
—/E® p v W/ft® ¢ ulb/ft?=1.1970 T4

Total slab thickness including the coveg&t 1t ¢

Finishing:

Tile: 0.57 kN/m?=11.91 Ib/ft?
Mortar: 0.51 KkN/m?=10.65 Ib/ft?
Plaster:  0.25 kN/m?=5.22 Ib/ft?
PMD: 0.775 kN/n? = 16.186 Ib/ft?
E&M: 0.5 KN/m?=10.443 |b/ft?

Ceiling: 1.8 kN/m?=37.595 Ib/ft?
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Floorswith Swimming poal

Level 41 & 42the only twohaving swimming pool. These two levels are the only oncerttav
swimming pool. Since SBC doesnét pJsosSowe de us w
assumed the volume of the swimming pool to be able to convert the water volume into liters.

Thus 1 liter equals 1 Kg, then we converted the water mass into weight by multiplying it by

0.00981 m/s to get it in KN.

Swimming pool (L=20m, b= 10m, k& 2m):
20 * 10* 2= 400 M
400 n? = 400,000 liters = 400,000 Kg

400,000 Kg * 0.00981 = 3924 KN

— PH oY

The total dead load = 10.2E5!/m?

The dead load without slab load 6.04 kR/m
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Considered Live Load:

The live load is obtained from Saudi Buiidi Code (SBC). There are orhyeelive load
considered in our hand calculatibn7 and 1RN/m? the live depend on the activities that each

floor provide.

These are the flosiand their live load. The floors having live load 2kN/m? all of them
considered as 5 kN/the floois having live load 67.5 kN/n¥: all of themare considered a5
kN/m?' the floors having more than 7-50 kN/m? live load are considered as 10kN/riThe

following table expresses some examples about the live load.

Floor Purpose Live Load (KN\m?)
Mechanical layer 10
Parking 10
Wedding hall 10
Library 7.5
Museum 6.5
Spa, fitness center 5
Restaurants, & Coffeehouse 5
lobby & Management 5
Emergency clinic & pharmacy 2
Apartments 2

54| Page



W, 6 KN/m? = 1.2 (8.62)+1.6(5) = 18.34dN/m?
W,y 7.5kN/m?) = 1.2 (8.62)+1.6(7.5) = 28.34N/m?

Wy 10kN/m? = 1.2 (8.62)+1.6(10) = 26.34N/m?

Forfloor 41& 42 (swimming pool)

Wy 10kN/m? = 1.2 (10.255)+1.6(10) = 28.366I/m?

Note: Dead load withouswimming pook 4.405 KN/m?

Modified concrete beam designed:

After assigning,the concrete beams dimensions and properties in ETABS. These two beams
have failed the analysis because eid not consider the wind and seismic load in our hand
calculation © get an initial beam cross sectional dimension. We came up with new concrete
beams to fulfill safey and stability requirementg\fter assigning the wind, seismic loads and
other load combinations in ETABS model. As results, we designed bigger sectituigllto

safety and stability requirements. The following figures show the modified concrete beams.

Beam cross section:
Area of steel required (As)
h=51.020in =125 mm

b=40.816in = 1000mm

AS
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Beam cross section:
Area of steel required (As)
h=57.143n = 1400mm

b=48.980in = 1200mm

AS
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3.3 Columns Design:

The column design is done based on the crifitahtions, whiclare in columns
M11 and M7. M11is locatedon the edgef theresidentiakower. k is carrying the
load coming fom the tower itselfturbidity area of slabdnd in addition to the load
coming from top part that connects the two towers up to 20m since the span is
40m. The remainind20mis carried by the otherolumnright across columivill

in thecommerciakower. This scenario is only for thep 4 storeys. M7 location is
critical as well. Since this column is carrying the bigger slabiaraddition to the
other live load®f the purposesomingfrom different storey levelandthis

scenario is fothe whole towe (60 storeys.

Dead load kN/m?) Live load (kN/m?) 1.2DL+1.6LL (KN/m?)
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Column Design: (M1X - (For the top 4 storeys)

Pu slab 6 knm?& 10 knm?) = Wy b L

= 18344 (5.975)(6.675) + 27.087 (20— —2—)=3968.513 KN

Y -6b
R R R R/2

Y -T18tep@t
5m 5m 5m 5m

= 0.35 kN ——

BO o - P& (N
Pu (beams)
Pie=1.2/ 00 Q
T P8 C @>CBY U@ G p TG
P8 C @ P X VT G p TG
PE X QX FOTETE YOou PpC@OU P& ¢ pG@MOU

4P,
Pu= Pys) + Pu)

CW@Up o p ¢ @I L
L ¢ Bicp QO

00 TZUL C P P

CTYUH R QU
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Still columndesign for M11): (the resktoreys):

Pu(s)= 18.344 (32.883) =731.6kM

Pus)=2[1.2(1/2 *1.6722*11.95)] + 1.2 (23.6 *6.675*0.63*1.02)
= 145.454KN

Pu= 731614 +145.145.454876.068kN = 196.948 KIPS

Pus)= 22.344 (39.883) =891.1KH

Py =145.454KN

Pu=891.145+ 145.454 = 1036kdl = 233.037KIPS

Pus)= 26.344 (39.883) = 1050.6k8!

Pug) = 145.45%N

P, = 1050.678+ 145.454= 1196.1BR =268.901KIPS

P, =28306(39.883 + 145.454= 1274.382N = 286.4925KIPS
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Column Design: (MY - (the whole storgs)

Pusi= 18.344( (5.275%5.975) + (6.9 *8.9625) = 1712.584KN

Find the Ron the girder: lsw of beam 1.672&N/m2

Sub. Beam on girder(M9 —

Ri= % (1.6722) (11.95= 9.99 W

lSW of bean8.1777 KN/m2

Sub beam on girder (L7): ) e—
8 8 .
R2—° ° 5480700 l ,
SW of beam 1.672RN/m
Sub beam on girder (M6) A —
R3 L2 8 -37470Q0

Total point loadbn girders= 9.99 + 5.482+ 3.74
=19.219Q0
Pue) =P8 ¢ @2z ¢ X VTE & p8l

C @2 ¢8| XU G P8 G

G @2 U X VT G P8I ¢

C @2ud T G P8 C

o Y& XQo
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Puskumy P X ®UTP @& p wo Y X ¢ p @ QO
Pugsiumy G TEE Cp & p wo Y& X ¢ T @aup @0
Pugoknvm) P X BQUPTPp @& p wo Y& X ¢ Y @or QU

PuForFioora14g G @ WO P @ p WO Y& X O TT @ QO
Required column gross section area:

Pu Mm@ uom@ut 0 Qmdro Q ¢ 8t co Q

0
8

Ag
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- The columns dimension for each group of storey IeWEIBENDIX 1]:

Model with RCC slab floor siem

1-4 3.2mX3.2m
5-12 3.1mX31m
13-20 28mX2.8m
21-28 26mX2.6m
29-36 24mX24m
37-44 21mX21m
4552 1.8mX1.8m
53-56 1.3mX1.3m
57-60 0.7mX0.7m
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3.5 Shear wall design

The wayor method usedf calculating the shear wall is the same as the column design process.

Shear wall thickness:
Pip=1.27 c 00 Q
PHTTPHUCEL Cp@&2u8ty
T @ ®MO
Pug=127 0 0Q
PR ADQ
Y p& ¢ @2z udt ¥ d? pB
C P& C @2y ¥ Tdo? pB
P U @IKQU
Puskum) T @ BT p LU @IX @ p XPEXQU

Pugskwmd U @ @TC p U @R X p YPpul

Pugoumy @ @ XU p U @rX Y p @uw0

Pu (swimming pool) X P XU pLv @K Yo (iﬂ)qllbu

11 m

v

1.4m¢ [
16m} |

34m

8.5m

8.5m

- Thecalculationof shear wall thickness is 0.G@PPENDIX 2].
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3.4 CLT preliminary design:
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3.4.1 CLT slab design:

The wayof dealng with crosslaminatedtimber (CLT)floor slab system is the same as dealing
with the oller compacted concrete (RCGjowever,the only difference is the selfeight of
slab because of the density. Timber densitykBl4n®while the concrete density 28.6kN/m?3.

Since we calculated the RCC sliickness, whichs 18 cm, we considered the same thickness
for CLT slab at the first time we ran ETABS analysiter ETABS analysis,we decide to
double thethickness, whichs 36 cm because difie defletion. When the thickness was 18 cm,
each sla portion of the floor defleedlocally. Whenthe slabdoubledthe whole floor deflected
as one unitMoreover, there is another practicahson, whictwas theconnection It is easier

and more practical tose bigger nails to anchor the CLT slab.

The slab used for the parking area is (RCC) because of two reasons. It is not practical to use
timber in the parking area due some uncertainties. When we ran ETABS analysis the two beams
in the basement (parkingpbe failed. Even when used huge sections. However, when replace

the CLT slab with RCC the analysis is passed. The other reason is that we have to maintain the

timber dry as possible to protect it, but with the presence of cars, it might be impossible.

[ 41Phan View - Stoeyl « Z = 4 (mi - Displacements (Comb1) [m] X | [ 47Plan View - Storyl -Z= 4 (m) - Duplacemsents (Combl) [m] | v x

18 cm thickness

36 cm thickness

I - 55 0 o5 0 2 67820 1 - RGN

65| Page



CLT slab cross section:

Profile metal deck <~



3.4.2 Concrete beams:

In this part is the concrete beam calculation for the towers. The towers beams have designed for
only two different spans, one with 51.94lfeam)span and the other one with 70.7{gitder)
span.Since the layout of the building is symmetrical. We are designing only two beam cross
sections and apply them for the whole towers. We are using equations from Saudi Building Code
(SBD) to find the cross section of the beam and then to be assigned irSEdABt the required

steel reinforcement are@hen we will choose the number of bar and the quantities.

The designed section did not differ that mgomparing with the designed section in RCC slab
model. The only difference is with girdeKSirder cros section in CLT design is smaller than the

girder in RCC design.

Girder cross section:

"Q p o vam

@ p p TOMW

AS
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Noorais Unit weight| Thikness w
(KN\m?) (mm) (KN\m?)
tiles 28.5 20 0.57
mortar 20.4 25 0.51
CLT slab 4 360 1.44
plaster 0.25
profile metal deck 10.33 75 0.77475
E&M 0.5
Ceiling 1.8
swimming pool 1.635
total 7.47975

- Loading:(Deadload): ( Both Towers ) :

1. Selfweight thickness x
=0.18m x 4 "Qura

~

=0.72Q06 =p 8ud TNO

2.Finishing: tile =0.57°Q0f6 = 11.914 Q0
Mortar = 0.51Q0Fa = 10.650 £XQ0
Plaster=0.25Q(Fa = 5.224 £XQ0

PMD= 0.775Q(fa = 16.1864 #XQ0

E&M= 0.5 Qira = 10.443x 7Xd

3. Ceiling:

=1.8 Qifa = 37.5954 TXQ0O

Unit

Thikness

w

Materials (:;{?::) oy (KN\m?)
tiles 28.5 20 0.57
mortar 20.4 25 0.51
CLT slab 4 178.87 | 0.71548
plaster 0.25
profile metal deck 10.33 75 0.77475
E&M 0.5
Ceiling 1.8
swimming pool 1.635
total 6.75523
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3. Swimmingpool: (20m x 10m x 2m =400

4004 = 400000 liter= 400000 kg

400000 kg x 0.00981 = 392Q0

—— =1.635Q(0Fa =34.148

Total dead load with swimming pool = 6.7 T
Total dead load without swimming pool = 5. 7251
- Loading: (Dead load & live load): (Both Towers)

We will design for three live loads, firstly with#t , and then with 7.800fa |
and finally with 10Qfa .

0 ;  =1.2(5.125) + 1.6(5) =14.1R {14

0 g ¢ =12(5.125)+ 1.6(7.5)=18.18 (¢

0 ;  =1.2(5.125) + 1.6(10) =22.18 014

Floor 4142N 1 r  =1.2(6.76) + 1.6 (10) = 2412 Q (¥

(With swimming pool)
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3.4.3 Column design:

Since the structure is designed twwagh two different slab floor systems RCC & CLT. The

same procedure of designing the columns is going to be the same in both designs. It is expected
to hawe smallercolumndimensiors than the column in RCC, because CLT slab is ultra

lightweight comparing the concrete weight.

Column DesignCalculations: (M11. For the top four storeys)

-n ofslab:y =0 bl

= 14.15 (5.975 X 6.65 27.08720 X

|

DL + LL of both towers=E (¥&

) = 3801.24%0

DL+ LL of top part =10 Q(¥¢ ¢

- ofbeamsn  =1234.305 QU

N =1 +1n  =3801.243 + 1234.305 =5038% Q (&

Column DesignCalculations (M11. The rest storeys)
LL=5 QU@ N 1 =14.15(39.883) = 564.344 KN
N =145.454 KN

i =709.8 KN
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LL=7.5 QG SN f; =18.15(39.883) =723.87Q0
N =145.4%"Q0

N =1028.863Q0

Floor 4142N 1y = 24.112(39.883)+145.454=1107.1Q0

(With swimming pool)

Column Design (N7 The whole storeys)

LL=5"Q0FG N §, = 14.15((5.275 x 5.975) + (6.9 x 8.9825) ) = 13211036

Total point loa on girders = 19.21 )

N =384.67Q0

LL=5 QU@ N N N f,=1321.035 + 19.219 + 384.67 = 1724.904)

LL=7.5"QUIG N N N f,=1694.473 + 19.219 + 384.67= 2098.362)

LL=10 QUM N 1) =2067.91 + 1219 + 384.67 = 247180

Floor 4342 1y = 2251.08 + 12.219 + 384.67 = 265400

71| Page



3.4.4 Shear wall design:

The way of calculating the shear wall is the same as the column design process.

Shear wallCalculation Design

N =14.15[2 (10.6 x 2.75)+ 2 (19.3 x 5.05)] = 3587Q0
N =1520.87Q0

LL =5 "Qifd N 1 =3587.1 + 1520.87 = 5107.920

LL =7.5°Q(0f& N 1 =4601.12 + 1520.87 = 6121.990
LL =10 Qif&d N 1) =5615.14 + 1520.87 = 7136.020

Floor 41- 4N 1 = 6112.51+ 152087 = 7633.380
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Chapter 4: Seel Reinforcements
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4.2 RCC Slab Steel Reinforcements:

The layout is dividedbased on two layers as strips. The first layer, the strips are along X
directionas shown in figue 4.1.1 The second layer, the strips are along Y direc®shown in
figure 4.1.2 The strips are the layout grid line. Then we ran ETABS analysis to check the
maximum momentsf both strips as shown in figure 4.4rBeach floor as per group. We have
eight groups Therefore we have nine RCC slab cross sections with same thickness, but different
area of steel. We could design one shath the same area of stemhd apply it for the whole
building, but it is not economical. That is the reason behindidiy the storeginto groups who

havesimilar bending moments

AMANTIUANAN AN ANNNNN ANNN ARANTARHAN ARHEHHAATHIFHHAN IRETES BRRART ARRHES SRR SN NN SANNN NN
wﬁ&\&\\\w\w ﬁ\iﬁ\x\&&&\\&&\*
NN NIRRT
ANNNNNNNNNNNY ANNNNNANNRNNY
TENANNANNANANN f \\\\\\\\\\\m
NNNNNNNNNAN \‘i\ \ \ NNNNNNNNNNNN
SNANININNN S S SNNNRNNARNN
SRR UCLANNN AN  SNNNNN NN AEE SURRRN ERRRRY SEREREREEERERRER ARRRRN SRR AR S SN ; AANNN NN
Figure 4.1.1
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Groupl. Floor 1- 4:
Slab Reinforcement calculations:
M max 171.37kN.m Q&} 69 Mpa , f,= 345Mpa

8

Ru 6.994N/mn?

=2 aflip p - PP T8 G p X

As MO'Q TBIC pPXTITTE G U O L Wrmn?

Using 2 # 20 = 3770mnY

N '7'

" T8 T G 10 Astcelmin Y mun?

" v TE U — g v ——° T8IL C ¢
Astcelmax TBLU C@TITTE QU WO XWF | Ascelmin Asteel  Asteel Max
Y8 Q& Asteel (1 bar) °Y 0TPe —5

Y ow& g

Y Qv

Yo Q¢ g unm “Yimax
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180mm

1000mm

. . .
12#20 @ 85mm C/C

Cover = 15mm
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Group?2. Floor 5- 12
Slab Reinforcement calculations:

Ry P T 6.53N/mn?

PP T8t G 7O p

As TBICTPTIMHEPL 00 @DQnY
Using 12 # 19 As= 3402mnY

Asvin= TBITIC MM AE QUL 0 Y mm?
Asvax= TBIU G P TTTA QL P @ Xmm?

As Min As As Max

o\ gLt 3 TUTU TT
Ya ¢ ¢ Yy - 50
Y oy @
Y Qu

"Yd Q¢ 85 mm “YMax
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180mm

1000mm

/

12#19 @ 85mm C/C
Cover = 15mm
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Group3. Floor 13- 20:
Slab Reinforcement calculations:

M max 135.16kN.m

Ry PoDe 5.516N/mn?

PP TSP ¢ Y

Asrequired T[8Tp (PN”THHCP L CQ X ernz

Using 11 # 18 As= 2799.2mn¥
AS Min =0 l.IJ "Imm2
Asmvax= P @ Xmum?

As Min As As Max

PTTITM
YaQt C L@ Ty X C

Y R

Y wu

S 95 mm “YM ax
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180mm

1000mm

11#18 @ 95mm C/C
Cover = 15mm
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Group4. Floor 21- 28:
Slab Reinforcement calculations:

M max 182.08kN.m

Ru puRY 7.43N/mm?

P P = T8t C O

Asrequied TBIG @ TITTE QU O X WY
Using 10 # 2As=3801.3mnY

Asnin=0  mm?

Asmax= Y @ xmun?

As Min As As Max

o\ Lt 3 TTTUTT
Ya Q¢ O gt g—xwu

Y p i
Y pTu

S 105mm  "Ywax
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180mm

1000mm

V

10#22 @ 105mm C/C
Cover = 15mm
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Group5. Floor 29- 36 & Floor 45- 52

Slab Reinforcement calculations:

Mmax P T& kN.m

Ry PiDe 5.97N/mn?

b p — T8I p Y
Asrequired TBIP WM M HAPUL G (JL))(I'T'WII'\2
Using12# 18As= 3054mn?

AS Min =0 l.IJ "Imm2

Asmax =W @ Xran

As Min As As Max
Yo Q¢ C v&E —

v &
Y

S 85m m “YMaX
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180mm

1000mm

12#18 @ 85mm C/C
Cover = 15mm
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Group6. Floor 37- 44:
Slab Reinforcement calculations:

M max 120.42kN.m

Ry P ot 491 N/mn?

PP T8I p U

Asrequred TBITP P MTTMTAPUL QT )(I'T'I.I)Tl2

Using10# 18As= 2545mn?
AS Min =0 l.IJ "Imm2
Asmvax= P @ Xmum?

As Min As As Max
Yo Q¢ C v&E —

Y o migp
Y pTtu

S 105 mm “YMax
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180mm

1000mm

10#18 @ 105mm C/C
Cover = 15mm
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Group7. Floor 53 56:
Slab Reinforcement calculations:

M max 111.18kN.m

Ru PPPY T® ™N/mn?

PP T8 p T

Asreqied TBIP PTTTHEPU copmnnz

Using12# 16As= 2413mn?
AS Min =0 l.IJ "Imm2
Asmvax= P @ Xmum?

AsMin As AsMax
Yo Q¢ ¢ TIH —

Y gt
Y Qv

Yo Q€ 85mm  "Yuax
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180mm

1000mm

12#16 @ 85mm C/C
Cover = 15mm
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Group8. Floor 57- 60:
Slab Reinforcement alculations:

M max 128.85kN.m

5.26 N/mn?

PP 8P ¢

Asrequred TBIP @ TTTA O UL ¢ @ TMMY
Using10# 19A.= 2835.3mn?

Asnin=0  mm?

Asnax= P @ Xmumn?

AsMin As AsMax
YaQ: ¢ P& —

Y o gk
Y pTtu

Ya Q€ 105mm  "Yuax
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180mm

1000mm

10419 @ 105mm C/C
Cover = 15mm
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Model with RCC slab floor system

Storey levels Slab Reinforcement
1-4 12#20 © As=3770mn¥
5-12 12#19 © As=3402mny

13-20 11#18 © Ag=2799mn¥
21-28 10#22 © As=3801.3mn¥
29-36 12# 18 © As=3054mnv
37-44 10# 18 © As=2545mn?
45-52 12# 18 © As=3054mnv
53-56 12# 16 © As=2413mn?
57-60 10#19 © Ag=2835mn¥
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4.2 Steel Reinforcement of Concrete Beams:

4.2.1Steel Reinforcement of Concrete Beanfer RCC model:

We designed thiavo cross section baseuh three live loadsufx®hp Q4 2 ). We selected
four differentspansas per live loado have an idea about the steel requirediffierentspan
length We select theshortesbeam, the longest beam and two beams in beti&€hBS
analysisprovide us with area of steel requiréer each live load we have fogpans We took
the maximum required steel reinforcements top and bottom frofouhspans. then we create
our own sectiorfor a specifidive load Andthen same process for the other two livedka

i Floors with10QUra :

U Cross section: 1m X 1.25m

o5 18132 @ 110mm C/C

Cover =40 mm

#10 @ 150mm Stirrups

1.25m

s 10#32 @ 110mm C/C
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U Cross section: 1.2m X 1.4m

1.2m ZL
<~ % 20436 @ 85mm CIC

Cover =40 mm

1.4m

#10 @ 150mm Stirrups

\: iiooiiiii 22428 @ 90mm C/C
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1 Floors with7.5 Q4 :

U Cross section: 1m X 1.25m

— /.! 16#25 @ 125mm C/C

Cover =40 mm
#10 @ 150mm Stirrups

16#22 @ 125mm C/C

74 1.25m 7%\
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U Cross section: 1.2m X 1.4m

A f 1.2m /
e+ 18#32 @ 110mm C/C

Cover =40 mm
#10 @ 150mm Stirrups

1.4m

\ i) 18128 f0mmCiC
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9 Floors with5 Qifa

U Cross section: 1m X 1.25m

® e @ @

AL

1.25m

18#36 @ 110mm C/C

Cover =40 mm
#10 @ 150mm Stirrups

18#38 @ 110mm C/C
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U Cross seadn: 1.2m X 1.4m

% 1.2m f
s % 20438 @ 95mm C/C

= Cover =40 mm
j- #10 @ 150mm Stirrups
20#40 @ 95mm C/C

£
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4.2 .2Steel Reinforcement of Concrete Beanfer CLT model:

9 Floors with 10QWFa

U Cross section: 1m X 1.25m

. 18#36 @ 110mm C/C

Cover =40 mm

#10 @ 150mm Stirrups

s o2 18#28 @ 110mm C/C
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U Cross section:.1m X 135m

1im_/

==+ 18#32 @ 110mm C/C

Cover =40 mm

#10 @ 150mm Stirrups

.+« 18#28 @ 110mm C/C

f 1.35m ﬁ
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1 Floors with7.5Q4 :

U Cross section: 1m X 1.25m

1m Zé
s s rr e s 16820 @ 125mm C/C

Cover =40 mm

#10 @ 150mm Stirrups

© 1 16#20 @ 125mm C/C

101| Page



U Cros section: Im X 1.35m

1.1m
e — 16#28 @ 125mm C/C

Cover =40 mm

#10 @ 150mm Stirrups

e o o o o o 16#28 @ 125mm C/C

7L 1.35m &
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9 Floors with5 Qifa

U Cross section: 1m X 1.25m

Tm 74

s ottt 16#36 @ 125mm C/C

Cover =40 mm
#10 @ 150mm Stirrups

- e .« .« o 16#40 @ 125mm C/C

74 1.25m &

103| Page



U Cross section:.1m X 1.35m

Aim

e e oo 20836 @ 95mm C/C

Cover =40 mm

#10 @ 150mm Stirrups

. « .« 20#30 @ 95mm C/C

7L 1.35n 4\
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4.3 Steel Reinforcement of columns:

4 .3.1Steel Reinforcement otolumns for RCC model

1 Cross section: 3.2m X 3.2m

& =3200 x3200 = 10240006 &
®; =1024000 & (from ETABS)

Assumed quantity of bars: 31rsan width.

29 bars in length.

Total quantity = 2(31) + 2(29) = 120 bars

Area of one bar required—= =853.334 a

Choose #36 bar becauséadaitdéds area | arger than
— =1017.360 & >853.334
O = 120(1017.36) = 122083@ & > 1024004 &

p= ® = 0.0119 = 1.19%ithin the range B%)
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U Cross section 3.2m x 3.2m

£...3.2m

3.2m

31#36 @ 100mm C\C / Side
Cover =50 mm
#10 @ 150mm TIES
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U Cross section 3m x 31m

3.1m

30#36 @ 100mm C\C / Side
Cover =50 mm
#10 @ 150mm TIES
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U Cross sectio2.8m x2.8m
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