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Abstract:  

To catch up with the urban renaissance that has been happening in Saudi Arabia. and as 

an effective element of the vision of 2030, Saudi Arabia has built up a 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 area to set 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 itôs one of the most important roads in the eastern province 

as it connects Dammam and AL-Khobar 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 60 storey 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 × 60m. The 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 

connection part has a glass slab pathway and that what makes the building a touristsô attraction 

place.  
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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 business centers in (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 the vision; through high-rise 

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 and Al-Khobar 

cities are the biggest business cities in the eastern province. In addition, there is no better place 

to establish this huge project rather than this location which is on King Fahad highway; where 

all the businesses headquarters are located. The senior design project is a high-rise building 

consists of 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 Twin Towers 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 × 60m. To be more detailed, the area of each tower is 40m × 60m and the 

storey height is 4m. The top part area is 40m × 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 systems Roller 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, and other entertainment 

facilities. The location of the project is on King Fahd Dammam Al-Khobar highway.  
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1.3    CLT Background: 

 

BRIEF HISTORY  

Cross-laminated timber (CLT), a new generation of engineered wood product developed initially 

in Europe, has been gaining popularity in residential and non-residential applications in several 

countries. Numerous impressive low- and mid-rise buildings built around the world using CLT 

showcase the many advantages that this product can offer to the construction sector. 

 

It is a potentially cost-competitive wood-based 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 wood product that was 

introduced in the early 1990s in Austria and Germany and has been gaining popularity in 

residential and non-residential applications in Europe. 

 

After several slow years, construction in CLT increased significantly in the early 2000s, partially 

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 (typically at 

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 products are 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 angles to one another and then glued to form structural panels with 

exceptional strength, dimensional stability, and rigidity. .  

 

Because of CLTôs structural properties and dimensional stability, this mass timber product is 
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well suited to floors, walls and roofs used in mid-rise 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 plywood in terms of grain orientation. Wall panels are oriented with 

the grain of the outsid layersô parallel to 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 pre-cut 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 wall. (19 October 2015 by Sofianna Teriaki) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.3.1:   Scott Breneman, PhD, PE, SE 

https://plus.google.com/111228344600324516563
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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. The bottom storey of the connection part has a glass slab 

pathway and that what makes the building a touristsô attraction place. The other objectives, the 

building is to be designed twice using two different slab floor systems (RCC) & (CLT). 

Afterward, the analysis of (RCC) & (CLT) slabs floor systems is to be performed to compare 

the advantages and disadvantages between both systems. 

 

1.5    Project Methodology:  

The projectôs methodology goes through several stages; these stages will be discussed in this 

part: 

The first stage: 

 The original layout images of the structure are taken from a reliable source which is the 

Pinterest website. The original layout is for a building located in Makati Central Business 

District in the Philippines [Fig. 1]. The layout is redrawn with slight changes to serve our idea 

for the senior design project. Our layout done by duplicate the original layout after the slight 

changes [Fig. 2] so the twin towers and the hanging part can have one complete layout. The 

idea of doing that is designing a unique 4 storey connection between the two towers. 
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Fig. 1: Original Layout 
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Fig. 2: Our Project Layout 
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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 level, each tower 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 about the service that each storey give: 
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Storey No.Storey Nameporpose Storey No.Storey Nameporpose Storey No.Storey Nameporpose 

43-60
38th Floor -

55th Floor

residential Suite, 

Super Deluxe 

Room

59-60
54th Floor - 

55th Floor
Wedding hall58-60

53th Floor - 

55th Floor
VIP Suites

42 37th Floor
Female gym and 

swimming pool
58 53th Floor Museum 57 52th Floor Sky lobby

41 36th Floor
Male gym and 

swimming pool
57 52th Floor

Sky lobby & 

coffeshop
56 51th Floor Emergency clinic

34-40
29th Floor -

35th Floor
Apartments 1-4 B1-B4 Parking 54-55

49th Floor -

50th Floor
Control rooms

32-33
27th Floor -

28th Floor

Emergency clinic 

& pharmacy
53 48th Floor Female boutique 

31 26th Floor Mechanical layer 52 47th Floor Male boutique

11-30
6th Floor -

 25th Floor
Apartments 51 46th Floor Mosque

10 5th Floor
Restaurants, 

& Coffee-shop
50 45th Floor Library

8-9
3rd Floor-

4th Floor

Supermarket, 

Barber shop, 

laundry, 

services.

49 44th Floor 
Female spa and 

sport center

7 2nd Floor Mechanical layer 48 43th Floor
Male spa and 

sport

5-6
GF -

1st Floor

lobby &

Management
47 42th Floor Sky lobby

1-4 B1-B4 Parking 46 41th Floor Mechanical layer

36-45
31th Floor  - 

40th Floor
Hotel

35 30th Floor Mechanical layer

34 29th Floor Conference hall

17-33
12th Floor-

28th Floor
Offices

16 11th Floor Mechanical layer

13-15
8th Floor -

10th Floor

Mall (stores, 

restaurants,

 & Coffee-

shops) 

11-12
6th Floor -

7th Floor
Entertainment 

8-10
3rd Floor -

5th Floor
Parking

7 2nd Floor Mechanical layer

5-6
GF-

1sr Floor

lobby &

Management 

1-4 B1-B4 Parking

Residential tower Connected top part commercial tower 
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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 between the two towers of the top part is 40m. 

The girders and sub-beams of the top part are going to be designed based on slab self-weight, 

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, the twin tower design is to be 

designed twice using two different slab floor systems RCC & CLT. For RCC, the girders and 

joists are to be designed based on slab self-weight, finishing and live load. The columns design 

to consider the load that is transferred from the 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 size will be less 

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

 

The fourth stage: 

The fourth stage is modeling the whole structure on ETABS software.  The analysis is to be run 

to compare the hand calculation with ETABSôs calculation. In addition, the complicated forces 

such as wind load and seismic forces are to be calculated on ETABS as well as the required 

rebar for slab, beam, column, and the shear wall. The deflection limit and the structural drift is 

to be calculated using ETABS and compare them with our hand calculation.  
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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 less loading on the structure. So, that is why the foundation will be 

designed twice.  

The sixth stage: 

The sixth stage is the project constrains and cost estimation. The project constrains as follow 

are: 

1.    Geotechnical design: Must know the type of soil that 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 standards for designed and   

constructed buildings. 

3.    Environmental constraint: Air pollution and soil contamination. 
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1.6 The project scope:  

 

All calculations, analysis, and design procedures are covered in five main chapters in this report 

as follows: 

¶ Chapter1:  General information, objectives, methodology, project description, scopes of 

the project and CLT background. 

¶ Chapter2: Constraints and Design Codes. 

¶ Chapter3: Preliminary design. 

¶ Chapter4: steel reinforcement (girders, beams, column & concrete slab )   

¶ Chapter5: Geotechnical design of the appropriate foundation system: geotechnical report 

& soil profile. 

¶ Chapter6: used software. 

¶ Chapter7: Comparison between RCC & CLT.  

¶ Apendix1: 

¶ Apendix2: 

¶ Apendix3: shear & moment diagrams for CLT model strip1.  

¶ Apendix4: shear & moment diagrams for CLT model strip2.  

¶ Apendix5: shear & moment diagrams for RCC model strip1.  

¶ Apendix6: shear & moment diagrams for RCC model strip2.  

¶  
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CHAPTER 2: Constraints and Design Codes 
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2.1 Introduction : 

The main goal of Assessment III project is to Expose students and provide 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 design skills that students acquire in major areas of Civil 

Engineering in the curriculum.  

There are many approaches to engineering design, choosing an adequate design develops 

creativity, use of modern design theory and methodology, formulation of design problem 

statements and specifications, and consideration of alternative solutions. Include a variety of 

realistic constrains such as serviceability, economic factors, health and safety, and environment 

considerations 

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

design considerations is required in the project report. 

 

2.2 Design codes: 

Loads and regulations are taken from international codes: Saudi Building Code (SBC), American 

Concrete Institute (ACI), and American Institute for Steel Construction (AISC) to insure project 

safety and quality. 

2.2.1 Structural Design 

 

2.2.1.1 Strength and Serviceability Requirements for Concrete Structures  

¶ 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. 

¶ Members should also meet the requirements of SBC 304, to ensure the 

adequate performance at service load levels. 
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2.2.2 Design of Members subject to flexure or axial loads 

¶ 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 éé 

 

2.2.4 Design of slab 

¶ Concrete slab design equation is obtained from SBC. 

¶ CLT slab design, used the doubled RCC slab thickness.  
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2.3 Constrain ts: 

 

 

 

Constraints Solution 

 

 

Geotechnical 

 

1. Water table at 2.5 m 

Dewatering 

Permanent drainage system 

2. Rock Excavation of 4.5 m 

 

Material 

1. Sulfates Type 5 sulfate resistance Portland cement 

2. Chlorides Coating the foundation 

 

Environmental 

1. contaminated water Transporting the contaminated water to the right 

disposal place 

2. Contaminated soil Dispose the contaminated soil into hazardous 

landfill 

 

Structural 

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

combination cases to ensure safety and stability of 

the building. 2. Load combination cases 

 

Cost 

1. The Solution of the 

constraints affect the cost 
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2.3.1 Geotechnical Constraints: 

The constraints are the water table level and the bedrock. Our building is 60 storeys 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 excavate 5.5m of the rock strata.       
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2.3.2 Material Constraints: 

According to the geotechnical report, the water and the soil have a certain amount of harmful 

chemical concentration higher than the allowable . The chemical are sulfates and chlorides. The 

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 chlorides. Chloride is the enemy of steel 

reinforcements. Therefore, the solution is to coat the steel rebar and the concrete mix after it gets 

hardened.  

 

 

2.3.3 Environmental Constraints: 

We have to put the environment in our consideration. The excavated soil is contaminated. 

Therefore, the contaminated soil must be disposed into hazardous landfill. The dewatered water 

is contaminated is well. It has to be transported to the right disposal place or transported to waste 

water treatment plant.     

 

     

 

Sample Type Chemical concentration 

Sulfate Chloride 

Soil 
0.048% 0.372% 0.061  0.137% 

0.039%  0.386% 0.059%  0.112% 

Water 600ppm -665ppm 1670ppm ï1790ppm 
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2.3.4 Structural Constraints: 

To ensure the safety, stability and durability we developed load combination cases 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 storm happens for example once each 100 years or extreme 

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 is hanged between the twin towers is by itself a constraint due its long span. It 

was a great challenge to design the girders of the top, many times we designed sections they 

fulfill the safety, but they failed in the deflection limit. The constraint is designing a section that 

its deflection less than 1 inches and its depth accepted so it is not affect the storey height. The 

solution is that we build-up a section and we increased the storey height 1m for the top four 

storeys.      

2.3.5 Cost Constraints: 

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. Dispose the contaminated soil into 

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 sections. This may affect the project total cost.    
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3.1 Design the top part between the two towers:  

The top part consists of girders, sub-beams and slab. Girders and sub-beam are steel members. 

The slab is roller compacted concrete (RCC).  First, calculating the slab thickness to know 

exactly its weight on sub-beams. The weight and load coming from the slab is transferred to sub-

beams and the sub-beams transfer the load including sub-beams self-weight to the girders as 

well. The hand calculation is considering the gravity load only including live load, dead load and 

member self-weight. The slab thickness that we get may change later on and the steel members 

as well. The slab reinforcement is might be the reason behind changing the slab thickness. 

ETABS calculation will consider multiple load combination cases including wind load and 

seismic forces along X & Y directions. The initial slab thickness including the cover is to be 

defined on ETABS to run the analysis. After running the analysis, ETABS will provide the 

required area of steel to reinforce the slab. Same story for the steel members. In our hand 

calculation regarding sub-beams and girders design, the self-weight, live load and dead load only 

are considered to get an idea about what will happen later with ETABS analysis. We will assign 

preliminary sections for girders and sub-beams on ETABS to run the analysis. 
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3.1.1 Design two-way slab (RCC): 

The slab thickness is obtained based on the critical situation where the bigger slab area is carried 

by the sub beam which is 5.55m x 5.975m as shown in figure3.1.1. Since the ratio of the longer 

beam to the shorter beam is 1.08. so, it is two-way slab.  

ὶ
 

 
 = 

Ȣ

Ȣ
 = 1.08 

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

1. ÓÌÁÂ ÔÈÉÃËÎÅÓÓ
 Ȣ

φȢςτσᴂᴂ  

2. ÓÌÁÂ ÔÈÉÃËÎÅÓÓ
Ȣ Ȣ

υȢπτς ρςψȢπφχ άά 

 

The slab thickness obtained from the second equation, the second equation is considered 

because it gave the smaller slab thickness. Also, the concrete cover isς υπȢψπ ÍÍ.  The 

final slab thickness is ρςψȢπφχυπȢψπ ρχψȢψφχÍÍ and this thickness is not practical. 

Therefore, the final slab thickness is ρψπÍÍ applied for the whole building since it is the 

biggest slab area. The required steel reinforcement for 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 number of bar and the quantities.   
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3.1.2 Dead load:    

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

it is structure self-weight. This includes all of:  

 

 

  

 Loading: (dead load + live load) 

Slab Self-Weight:   

Thickness x concrete unit weight (ɔc)  

Ȣ

  
 ÆÔ ×  ρυπ lb/ft3 φσȢπσ lb/ft2    

Concrete cover (2ôô): 

 

  
ÆÔ  ×  ρυπ lb/ft3   ςυ  lb/ft2      

Finishing: 

Tile:        0.57 kN/m2 = 11.91 lb/ft2 

Mortar:       0.51 kN/m2 = 10.65 lb/ft2 

Plaster:      0.25 kN/m2 = 5.22 lb/ft2 

PMD:           0.775 kN/m2 = 16.186 lb/ft2 
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E&M:           0.5 kN/m2 = 10.443 lb/ft2 

Ceiling:        2.41 kN/m2 = 50.334 lb/ft2 
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RCC slab cross section: 
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3.1.3 Design steel sub-beam for the top part: 

The dark shaded hexagon area is the uniformly distributed load (UDL) acting on the steel 

sub-beam. UDL is coming from slab self-weight, finishing and live load. The finishing 

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

Mechanical (E&M), and Ceiling.  The sub-beam is carrying the UDL from the slab self-

weight and the finishing, and live load. The live load used in our calculation for the top 

par is 10kN/m2. As mentioned earlier that the top part is 4 storeys. The live load of two of 

them was 10kN/m2 and the other two storeysô live load was less.  So, that is why 

10kN/m2 is considered for all of them.  

 

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

in ETABS analysis as results.   

  

 

ὰώ 

n 

ὰὼ 

n 
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Total dead load and live load including safety factors:  

 

Wu = 1.2 WD + 1.6 WL 

ρȢςφσȢπσςυ ρρȢωρρπȢφυ υȢςςρφȢρψφρπȢττσυπȢσστρȢφ (209) 

υφυȢχςψ lb/ft2
   ςχȢπψχ kN/m2 

The sub-beam is designed based on the critical situation, which is maximum loading to satisfy 

the safety and quality of the structure. The design of the steel sub-beams members are following 

the AISC Code regulations.  

This formula { Iy
 
 σ  is used to transfer the uniformly distributed load from 

the turbidity area to be active on the sub-beam that is under its stress.  

 

 

Iy
Ȣ  

 σ
Ȣ

 = 51.91 kN/m = 3557.025 lb/ft     

ŭall =   = 
Ȣ   

 = 24.9 mm = 0.98 in 

ŭ all = 
ό

 )Ø
 

ὓ = 
ό
 =   (351.91)(5.975)²  = 370.644 kN-m  =273.373 kip-ft  

рΦфтрƳ Ґ мфΦслпΩΩ  
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ŭall = 
ό

 )Ø
 

0.98 = 
Ȣ Ȣ ό

   

ὍὼφφυȢψχφ in4   

Choosing the sub-beam section based on the moment of inertia )Øχωυ in 4:  

The selected member is W14 x 74. 

 

Checking the deflection of the sub-beam in addition to its self-weight: 

WU+D = 3.557025 +0.074 = 3.631 kip/ft  

ὓ = 
ό
 =   (3.631)(19.604)²  = 174.432 kip-ft  

ŭall   = 
ό

 )Ø
 = 

Ȣ Ȣ ό

 χωυ
 = 0.524ôô ᾽ 0.98ôô   

Checking the shear force (vu) and the moment (Mu):  

Vu = 
 
 Wu L = 

 
 σȢφσρρωȢφπτ = 35.59 kip ᾽ 192 kip 

Mu = 
ό
 = 

Ȣ  Ȣ ό
 = 174.432 kip.ft ̓ 473 kip.ft  
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R2 

3.1.4 Design steel girder for tee top part: 

As mentioned earlier, all load coming from slab and sub-beam are transferred to the girders. The 

girder span is 40m so, the deflection limit is the governing factor in our design and the deflection 

has to be less 1 inch. The following is girder design process. Sub-beams are designed based on 

the critical situation. In fact, the sub-beams are resting on the girders and the load is transfer 

from sub-beam to the girders as point load.  The designed section is to be assigned in ETABS to 

be able to run the analysis with the consideration of the possible load combination cases. 

 

 

 

 

 

 

 

 

 

 

 

5m 

5 

пл Ƴ Ґ момΦнпΩ 

R1 

5m 

5 

5m 

5 

5m 

5 

R7 R3 

5m 

5 

R4 R5 

5m 

5 

R6 

5m 

5 

5m 

5 
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Girder Design: 

 

R =  WL 

2  =  (3.631) (39.327) = 74.4 kips 

2  = 2 = 2  = 2  = 2  = 2  = 2  

d   
Ȣ

φȢυφςͼ  

  

To get the reactions: 

S ὓ = 0 : 71.4 (16.405) + 7104 (32.81) + 71.4 (49.215) + 71.4 (65.62) + 71.4 (82.025)                

+71.4   (98.43) + 71.4 (114.835) -  6 (131.24) = 0 

6 = 249.9 K 

6 = 249.9 K 

Just checking: 

  
Ȣ

 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 … = 16.405ô  

 

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

M = 4099.61 K- ft 

V = 249.9 K 

 

 

2. At … = 32.81ô   

 

 

 

 

 

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

 M = 70.27.902 K-ft 

 

  S V = 0: V + 71.4 ï 249.9 = 0 

  V = 178.5 K 
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3. At … = 49.215ô 

 

 

 

S M = 0: -249.9 (49.215) + 71.4 (32.81) + 71.4 (16.405) + M = 0 

M = 8784.878 K-ft 

S V = 0: -249.9 + 71.4 + 71.4 + V = 0  

V = 107.1x 

 

 

4. At … = 65.62ô  

 

 

 

 

S M = 0: -249.9 (65.62) +71.4 (49.215) + 71.4 (32.81) + 71.4 (16.405) + M = 0 

      M = 9370.536 K-ft  

S V = 0: -249.9 + 71.4 + 71.4 +71.4 + V = 0       

      V = 35.7 K 

5. At … = 82.025ô  
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S M = 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 K-ft 

 

V = 0: -249.9 + 71.4 + 71.4 +71.4 + 71.4 + V = 0 

V = -35.7 K 

 

 

 

6. At … = 98.43ô 

 

 

 

 

 

S M = 0: -249.9 (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 = 7027.902 K-ft 

 

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

V = -107.1 K 
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7. At … = 114.835ô 

 

 

 

 

 

S M = 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 (16.405) + M = 0 

 M = 4099.61 K-ft 

SV = 0: -249.9 + 6 (71.4) + V = 0 

           V = -178.5x 

 

8. At 131.24ô  

S 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 

SV = 0: -249.9 + 7 (71.4) + V = 0 

         V = -249.9x 
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Girder Deflection: 

Now we will calculate to find the deflection of the girder by using the formulas from (AISC), 

and we want to make the deflection equal to the allowable deflection to know the moment of 

inertia needed for the built-up section and should be higher than the one from the allowable 

deflection.  

 

 

 

 

 

 

‏  
Ȣ Ȣ

  [3(1574.88)2 ï 4(196.86)2] 

‏  
Ȣ
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‏  
Ȣ Ȣ

 
 σρυχτȢψψ τσωσȢχς   

 

‏  
Ȣ
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‏   
Ȣ Ȣ

 
 σρυχτȢψψ τυωπȢυψ  

‏  
Ȣ

  

 

 

 

‏  
 

  

‏  
Ȣ Ȣ

 
  

‏  
Ȣ

  

So, ‏  
S 

  Č 6.562 = 
Ȣ

 

Ὅ = 150755.187 Ὥὲ 
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Girder built-up section:  

After getting the required moment of inertia to design safe section, we build-up a section without 

considering wind load and seismic forces and this is the build-up section W 36 X 652.   

After ETABS analysis; this section (W 36 X 652) has failed due to load combination case, which is 

wind load along Y direction and dead load. Then we increased the web thickness and the depth 

of the section in many trails to get it safe, stable and economized. We could build-up a huge 

section without considering the exaggerated depth and economy. We considered in our built-up 

section dimensions three things. The first thing is the depth of the section should be not too long 

to affect the storey height. Secondly, the section dimensions should be logical and applicable in 

the construction phase. The last concern was the economy. We tried to minimize the section until 

it fulfills safety and stability requirements. Therefore, the final built-up section is W36 X 652 

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

 

 

 

 

 

 

 

 

 

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 the towers. The towers beams have designed for 

only two different spans, one with 51.94 ft span and the other one with 70.71 ft 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 in ETABS to get the required steel 

reinforcement area. Then we will choose the number of bar and the quantities. 

 

Concrete beams design: 

 Ὤ
Ȣ ᶻ

σψȢωυυ τπᴂᴂ 

Ὠ Ὤ σ τπ σ σχ 

 ὦ
Ȣ Ȣ

ςτȢφφχ 

Beam self-weight ρȢς Ἣz Ἢz ἰ 

ρυπz
ςτȢφφ

ρς
ᶻ
τπ

ρς
 

ρςσσȢσυ ὰὦȾὪὸ ρȢφχςς ὑὔȾά 

Beam cross section:  

Area of steel required (As): 

h= 40 in = 1020 mm 

d= 37 in = 939.8 mm 

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

 

 Ὤ
Ȣ ᶻ

υσȢπσσ 

Ὠ Ὤ σ υσȢπσσσ υπȢπσσ 

 ὦ
Ȣ

Ȣ

Ȣ
σσȢσυυᴂᴂ 

 

Beam self-weight ρȢς Ἣz Ἢz ἰ 

ρυπz
σσȢπυυ

ρς
ᶻ
υσȢπσσ

ρς
 

ςρωρȢςυχ ὰὦȾὪὸ ςȢωχρ ὑὔȾά  

 

Beam cross section:  

Area of steel required (As) 

h= 40 in = 1020 mm 

d= 50.033 in = 1450 mm 

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

 

Self-Weight:   

Thickness x concrete unit weight (ɔc) 

 
Ȣ

  
 ÆÔ ×  ρυπ lb/ft3 

 φσȢπσ lb/ft2   σȢπρψ ὑὔȾά  

 

Concrete cover (2ôô):  

 
 

  
ÆÔ  ×  ρυπ lb/ft3   ςυ  lb/ft2 = 1.197 ὑὔȾά       

Total slab thickness including the cover is χȢπτς 

 

Finishing: 

Tile:              0.57    kN/m2 = 11.91        lb/ft2 

Mortar:            0.51    kN/m2 = 10.65           lb/ft2 

Plaster:         0.25    kN/m2 = 5.22           lb/ft2 

PMD:           0.775 kN/m2 = 16.186      lb/ft2 

E&M:           0.5     kN/m2 = 10.443      lb/ft2 

Ceiling:        1.8    kN/m2 = 37.595         lb/ft2 
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Floors with Swimming pool: 

Level 41 & 42 the only two having swimming pool. These two levels are the only once having 

swimming pool. Since SBC doesnôt provide us with exact swimming pool dead load. So, we 

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, h= 2m): 

20 * 10* 2= 400 m3 

400 m3 = 400,000 liters = 400,000 Kg 

400,000 Kg * 0.00981 = 3924 KN  

 ρȢφσυ 

The total dead load = 10.255 kN/m2  

The dead load without slab load 6.04 kN/m2 
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Considered Live Load: 

The live load is obtained from Saudi Building Code (SBC). There are only three live load 

considered in our hand calculation 5, 7 and 10kN/m2. the live depend on the activities that each 

floor provide.     

These are the floors and their live load. The floors having live load 2 - 5 kN/m2, all of them 

considered as 5 kN/m2. the floors having live load 6-7.5 kN/m2, all of them are considered as 7.5 

kN/m2. the floors having more than 7.5-10 kN/m2   live load are considered as 10kN/m2.  The 

following table expresses some examples about the live load. 

Floor Purpose Live Load (KN\m²) 

 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 
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Wu (5 kN/m2
) = 1.2 (8.62)+1.6(5) = 18.344 kN/m2 

Wu (7.5 kN/m2
) = 1.2 (8.62)+1.6(7.5) = 28.344 kN/m2 

Wu (10 kN/m2
) = 1.2 (8.62)+1.6(10) = 26.344 kN/m2 

 

For floor 41 & 42 (swimming pool): 

Wu (10 kN/m2
) = 1.2 (10.255)+1.6(10) = 28.306 kN/m2 

Note: Dead load without swimming pool = 4.405 kN/m2 

 

Modified concrete beam designed: 

After assigning, the concrete beams dimensions and properties in ETABS. These two beams 

have failed the analysis because we did not consider the wind and seismic load in our hand 

calculation to get an initial beam cross sectional dimension. We came up with new concrete 

beams to fulfill safety and stability requirements. After assigning the wind, seismic loads and 

other load combinations in ETABS model. As results, we designed bigger sections to fulfill 

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

    

Beam cross section:  

Area of steel required (As) 

h= 51.020 in = 1250 mm 

b= 40.816 in = 1000 mm 
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Beam cross section:   

Area of steel required (As) 

h= 57.143 in = 1400 mm 

b= 48.980 in = 1200 mm 
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3.3 Columns Design: 

The column design is done based on the critical situations, which are in columns 

M11 and M7. M11 is located on the edge of the residential tower. It is carrying the 

load coming from the tower itself (turbidity area of slab) and in addition to the load 

coming from top part that connects the two towers up to 20m since the span is 

40m. The remaining 20m is carried by the other column right across column M11 

in the commercial tower. This scenario is only for the top 4 storeys.  M7 location is 

critical as well. Since this column is carrying the bigger slab area in addition to the 

other live loads of the purposes coming from different storey levels and this 

scenario is for the whole tower (60 storeys).  

 

 

 

 

 

 

 

 

 Dead load (kN/m2) Live load (kN/m2) 1.2DL+1.6LL (kN/m2) 

Tower UDL 8.62 5 18.344 

Over hanged 

(top part UDL)  

9.23 10 27.087 
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Column Design: (M11): - (For the top 4 storeys) 

Pu slab (5 kN/m
2
 & 10 kN/m

2) = Wu b L  

= 18.344 (5.975)(6.675) + 27.087 (20)(  
Ȣ Ȣ

 ) = 3968.513 KN  

  Ὑ  ὡὒ  

 Ὑ  πȢπφρρȢωτ 

    = 0.36 kN 

ВὊ σ 
Ȣ

ρȢςφ kN 

Pu (beams): 

Pu(B) = 1.2‎c  ὰ  ὦ  Ὤ 

τ ρȢςςσȢφz ςȢωψχυzπȢφσzρπς 

 ρȢςςσȢφz φȢφχυzπȢφσzρπς 

ρȢςχφȢωχςωzςπzπȢτψσωωρςςσȢπτυρȢςφ ρςστȢσπυ  ὑὔ           

Pu = Pu(s) + Pu (b)  

σωφψȢυρσρςστȢσπυ 

υςπςȢψρψ Ὧὔ  

τὖό τz υςπςȢψρψ 

ςπψρρȢςχς Ὧὔ  

5m 

5 

5m 

5 

4Pu 

5m 

5 

5m 

5 

R R/2 R R 
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Still column design for (M11): (the rest storeys): 

 

Pu(s) = 18.344 (32.883) =731.614kN  

Pu(s)= 2[1.2(1/2 *1.6722*11.95)] + 1.2 (23.6 *6.675*0.63*1.02)  

= 145.454KN 

Pu= 731.614 +145.145.454= 876.068 kN = 196.948 KIPS 

Pu(s) = 22.344 (39.883) =891.145kN  

Pu(s) = 145.454KN  

Pu = 891.145+ 145.454 = 1036.6 kN = 233.037KIPS 

Pu(s) = 26.344 (39.883) = 1050.678 kN  

Pu(B) = 145.454 kN  

Pu = 1050.678+ 145.454= 1196.132 kN =268.901KIPS 

Pu =28.306(39.883) + 145.454= 1274.382 kN = 286.4925KIPS  
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Column Design: (M7): - (the whole storeys) 

Pu(s)= 18.344 ( (5.275*5.975) + (6.9 * 8.9625) ) = 1712.584KN  

 

Find the Rs on the girder: -   

Sub. Beam on girder(M9):   

R1= ½ (1.6722) (11.95) = 9.99 kN  

Sub- beam on girder (L7):  

R2 =

Ȣ Ȣ
 = 5.482 Ὧὔ  

Sub beam on girder (M6)  

R3 
Ⱦ Ȣ  Ȣ

 = 3.747 Ὧὔ  

Total point load on girders= 9.99 + 5.482+ 3.74  

= 19.219 Ὧὔ  

Pu(B) = ρȢςςσȢφz φȢφχυzπȢφσzρȢπς 

ςσȢφz ςȢωψχυzπȢφσzρȢπς 

ςσȢφz υȢωχυzπȢφσzρȢπς 

ςσȢφz υȢυz πȢφσzρȢπς 

σψτȢφχ Ὧὔ 

 

SW of beam 1.6722 KN/m
2 

SW of beam 3.1777 KN/m
2 

SW of beam 1.6722 KN/m
2 
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Pu (5 kN/m
2
) ρχρςȢυψτρωȢςρωσψτȢφχ ςρρφȢτχσ Ὧὔ 

Pu (7.5 kN/m
2
) ςπψφȢπςςρωȢςρωσψτȢφχ ςτψωȢωρρ Ὧὔ 

Pu (10 kN/m
2
) ρχρςȢυψτρωȢςρωσψτȢφχ ςψφσȢστω Ὧὔ 

Pu(For Floor 41- 42)  ςφτςȢφσρωȢςρωσψτȢφχ σπτφȢυρω Ὧὔ 

Required column gross section area:  

Pu πȢψπȢφυπȢψυτ ὃὫ πȢπςὃὫ φππȢπςὃὫ 

Ag 
Õ
Ȣ
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- The columns dimension for each group of storey levels [APPENDIX 1]: 

 

Model with RCC slab floor system 

Storey levels Columns Dimensions 

1-4 3.2 m X 3.2 m 

5-12 3.1 m X 3.1 m 

13-20 2.8 m X 2.8 m 

21-28 2.6 m X 2.6 m 

29-36 2.4 m X 2.4 m 

37-44 2.1 m X 2.1 m 

45-52 1.8 m X 1.8 m 

53-56 1.3 m X 1.3 m 

57-60 0.7 m X 0.7 m 
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3.5 Shear wall design  

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

Shear wall thickness: 

Pu(s) = 1.2‎c  ὰ  ὦ  Ὤ 

ρψȢσττςρπȢφυzςȢχυ ςρωȢσz υȢπυ 

τφυπȢσ Ὧὔ  

Pu(B) = 1.2‎c  ὰ  ὦ  Ὤ 

ρȢς‎c  ὰ  ὦ  Ὤ 

ψρȢςςσȢφz υȢπυzπȢωz ρȢσ  

ςρȢςςσȢφz ςȢχυzπȢωz ρȢσ  

ρυςπȢψχ Ὧὔ 

Pu (5 kN/m
2
) τφυπȢσ ρυςπȢψχ φρχρȢρχ Ὧὔ 

Pu (7.5 kN/m
2
) υφφτȢσςρυςπȢψχ χρψυȢρω Ὧὔ 

Pu (10 kN/m
2
) φφχψȢστ ρυςπȢψχ ψρωωȢρω Ὧὔ 

Pu (swimming pool) χρχυȢχρρυςπȢψχ ψφωφȢυψ Ὧὔ 

- The calculation of shear wall thickness is 0.6m [APPENDIX 2]. 

  



64 | P a g e 
 

 

 

 

 

 

 

 

3.4 CLT preliminary design:  
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3.4.1 CLT slab design: 

 The way of dealing with cross-laminated timber (CLT) floor slab system is the same as dealing 

with the roller compacted concrete (RCC). However, the only difference is the self-weight of 

slab because of the density. Timber density is 4 kN/m3 while the concrete density is 23.6 kN/m3.     

Since we calculated the RCC slab thickness, which is 18 cm, we considered the same thickness 

for CLT slab at the first time we ran ETABS analysis. After ETABS analysis, we decide to 

double the thickness, which is 36 cm because of the deflection. When the thickness was 18 cm, 

each slab portion of the floor deflected locally. When the slab doubled, the whole floor deflected 

as one unit. Moreover, there is another practical reason, which was the connection.  It is easier 

and more practical to use 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 (parking) have 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.    
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CLT slab cross section:  
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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 51.94 ft (beam) span and the other one with 70.71 ft (girder) 

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 in ETABS to get the required 

steel reinforcement area. Then we will choose the number of bar and the quantities. 

The designed section did not differ that much comparing with the designed section in RCC slab 

model. The only difference is with girders. Girder cross section in CLT design is smaller than the 

girder in RCC design.  

 

Girder cross section: 

Ὤ ρσυπ άά  

ὦ ρρππ άά  
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- Loading: (Dead load) : ( Both Towers ) : 

1. Self-weight: thickness x   

= 0.18 m x 4  ὯὔȾά  

= 0.72 ὯὔȾά  = ρυȢπτὰὦȾὪὸ 

 

2.Finishing: tile = 0.57 ὯὔȾά   =  11.91 ὰὦȾὪὸ 

Mortar = 0.51 ὯὔȾά  = 10.65 ὰὦȾὪὸ 

Plaster=0.25 ὯὔȾά  = 5.22 ὰὦȾὪὸ 

PMD= 0.775 ὯὔȾά  = 16.186 ὰὦȾὪὸ 

E&M= 0.5  ὯὔȾά  = 10.443 ὰὦȾὪὸ 

3. Ceiling: 

= 1.8  ὯὔȾά  = 37.595 ὰὦȾὪὸ 
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3. Swimming pool: (20m x 10m x 2m =400  

400 ά  = 400000 liter= 400000 kg 

400000 kg x 0.00981 = 3924 Ὧὔ 

   = 1.635 ὯὔȾά =34.148 

Total dead load with swimming pool = 6.76 ὯὔȾά  

Total dead load without swimming pool = 5.125 ὯὔȾά  

- Loading: (Dead load & live load): (Both Towers)  

We will design for three live loads, firstly with 5 Ⱦά  , and then with 7.5 ὯὔȾά , 

and finally with 10 ὯὔȾά . 

ύ   Ⱦ  =1.2(5.125) + 1.6(5) =14.15 ὯὔȾά  

ύ Ȣ  Ⱦ  =1.2(5.125) + 1.6(7.5) =18.15 ὯὔȾά  

ύ   Ⱦ  =1.2(5.125) + 1.6(10) =22.15 ὯὔȾά  

Floor 41-42 N  ύ   Ⱦ  = 1.2(6.76) + 1.6 (10) = 24.112 ὯὔȾά  

(With swimming pool)   
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3.4.3 Column design:  

Since the structure is designed twice with 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 have smaller column dimensions than the column in RCC, because CLT slab is ultra-

lightweight comparing the concrete weight.  

Column Design Calculations: (M11. For the top four  storeys) 

- ὴ of slab : ὴ  = ύ  b L  

= 14.15 (5.975 x 6.675) + 27.087(20 x (
Ȣ Ȣ

)   =    3801.243 Ὧὔ 

 

DL + LL of both towers=5ὯὔȾά    

DL+ LL of top part =10  ὯὔȾάς 

 

- ὴ of beams : ὴ  = 1234.305  ὯὔȾά   

 ὴ =  ὴ  +  ὴ  = 3801.243 + 1234.305 =5035.548 ὯὔȾά  

 

 

Column Design Calculations (M11.  The rest storeys): 

LL=5 ὯὔȾά  Nὴ = 14.15(39.883) = 564.344 KN 

ὴ  = 145.454 KN  

ὴ = 709.8 KN  
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LL =7.5  ὯὔȾάςᴺὴ = 18.15 (39.883) =723.877 Ὧὔ 

ὴ = 145.454 Ὧὔ 

ὴ = 1028.863 Ὧὔ 

 

Floor 41-42 N  ὴ = 24.112(39.883)+145.454=1107.113 Ὧὔ 

(With swimming pool) 

  

Column Design (N7. The whole storeys) 

LL=5ὯὔȾά ᴺὴ
όυ

 = 14.15( (5.275 x 5.975) + (6.9 x 8.9825) ) = 1321.035 Ὧὔ 

Total point load on girders = 19.219 Ὧὔ 

ὴ = 384.67 Ὧὔ 

 

LL=5   ὯὔȾά ᴺὴ ᴺὴ
ό
= 1321.035 + 19.219 + 384.67 = 1724.924 Ὧὔ 

 

LL= 7.5  ὯὔȾά ᴺὴ ᴺὴ
ό
= 1694.473 + 19.219 + 384.67= 2098.362 Ὧὔ 

 

LL=10   ὯὔȾά ᴺὴ= 2067.91 + 19.219 + 384.67 = 2471.8 Ὧὔ 

Floor 41-42N ὴ= 2251.08 + 12.219 + 384.67 = 2654.97 Ὧὔ 
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3.4.4 Shear wall design:     

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

Shear wall Calculation Design: 

ὴ =14.15[2 (10.65 x 2.75)+ 2 (19.3 x 5.05)] = 3587.1 Ὧὔ 

ὴ = 1520.87 Ὧὔ 

LL =5  ὯὔȾά ᴺὴ=3587.1 + 1520.87 = 5107.97 Ὧὔ 

LL =7.5 ὯὔȾά ᴺὴ=4601.12 + 1520.87 = 6121.99 Ὧὔ 

LL =10  ὯὔȾά ᴺὴ=5615.14 + 1520.87 = 7136.01 Ὧὔ 

Floor 41- 42N ὴ= 6112.51+ 152087 = 7633.38 Ὧὔ 
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Chapter 4: Steel Reinforcements  
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4.2 RCC Slab Steel Reinforcements: 

The layout is divided based on two layers as strips. The first layer, the strips are along X 

direction as shown in figure 4.1.1. The second layer, the strips are along Y direction as shown in 

figure 4.1.2. The strips are the layout grid line. Then we ran ETABS analysis to check the 

maximum moments of both strips as shown in figure 4.1.3 in each 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 slab with the same area of steel and apply it for the whole 

building, but it is not economical. That is the reason behind dividing the storeys into groups who 

have similar bending moments.  

 

 

 

 

 

Figure 4.1.1 
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Figure 4.1.2 

Figure 4.1.3 
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Group1. Floor 1- 4:  

Slab Reinforcement calculations: 

M max  171.37 kN.m , Ὢὧǋ = 69 Mpa , fy = 345 Mpa 

Ru 
 

Ȣ 
       

Ȣ

Ȣ
 6.994 N/mm2   

” =  
Ȣ
 Ὢὧǋ   ρ  ρ

 

Ȣ     
   

Ȣ  
 ρ  ρ

 Ȣ

Ȣ     
   πȢπςρχ 

 As ʍὦὨ πȢπςρχρπππρφυ συψπȢυ  mm2  

Using 12 # 20 = 3770 mm2  

 ”Min 
  

 
Ѝ

πȢππςσ ḻ Asteel Min σψπ mm2  

”Max πȢχυ 
Ȣ   

πȢχυ 
Ȣ  Ȣ

πȢπυςφ  

Asteel Max πȢπυςφ ρπππρφυ ψφχω mm2     ḻ          Asteel Min  Asteel  Asteel Max  

Ὓ άὭὲ Asteel (1 bar)  
   

  O  Ὓ στρȢρφ  
Ȣ
  

 Ὓ ωυȢςψ 

Ὓ ψυ  

Ὓ άὭὲψυ mm Ὓ Max 
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Group2. Floor 5- 12:  

Slab Reinforcement calculations: 

M max  160.02 kN.m 

Ru 
 

Ȣ 
       

ρφπȢπς 

Ȣ
 6.53 N/mm2 

”  
Ȣ  

 ρ  ρ
 Ȣ

Ȣ     
   πȢπςπρ  

As πȢπςπ ρπππρφυ σσρφȢυ mm2  

Using 12 # 19 As = 3402 mm2  

As Min = πȢππςσρπππρφυ σψπ mm 2 

As Max = πȢπυςφρπππρφυ ψφχω mm 2 

As Min   As   As Max  

 Ὓ άὭὲςψσȢυ ρπππ
σσρφȢυ

 

Ὓ ψυȢυ  

Ὓ ψυ  

Ὓ άὭὲ  85 mm Ὓ Max  
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Group3. Floor 13- 20:  

Slab Reinforcement calculations: 

M max  135.16 kN.m 

Ru 
 

Ȣ 
       

ρσυȢρφ 

Ȣ
 5.516 N/mm2 

”  
Ȣ  

 ρ  ρ
 Ȣ  

Ȣ     
   πȢπρφψ  

As required  πȢπρφψ ρπππρφυ ςχχς mm2  

Using 11 # 18 As = 2799.2 mm2  

As Min = σψπ mm 2 

As Max = ψφχω mm 2 

As Min   As   As Max  

 Ὓ άὭὲςυτȢυ ρπππ
ςχχς

 

Ὓ ωχȢψρ  

Ὓ ωυ  

S  95 mm Ὓ Max 
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Group4. Floor 21- 28:  

Slab Reinforcement calculations: 

M max  182.08 kN.m 

Ru 
 

Ȣ 
       

ρψςȢπψ  

Ȣ
 7.43 N/mm2 

”  
Ȣ  

 ρ  ρ
 Ȣ

Ȣ     
   πȢπςσ  

As required  πȢπςσ ρπππρφυ σχωυ mm2  

Using 10 # 22As = 3801.3 mm2  

As Min = σψπ mm 2 

As Max = ψφχω mm 2 

As Min   As   As Max  

Ὓ άὭὲσψπȢρ ρπππ
σχωυ

  

Ὓ ρπφȢω  

Ὓ ρπυ  

S  105mm Ὓ Max  
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Group5. Floor 29- 36 & Floor 45- 52:  

Slab Reinforcement calculations: 

M max  ρτφȢσφ kN.m 

Ru 
 

Ȣ 
       

ρτφȢσφ 

Ȣ
 5.97 N/mm2 

”  
Ȣ  

 ρ  ρ
 Ȣ  

Ȣ     
   πȢπρψ  

As required  πȢπρψρπππρφυ ςωχπ mm2  

Using 12 # 18As = 3054 mm2  

As Min = σψπ mm 2 

As Max = ψφχω mm 2 

As Min   As   As Max  

Ὓ άὭὲ ςυτȢυ  

Ὓ ψυȢχ  

Ὓ ψυ  

S  85mm Ὓ Max 
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Group6. Floor 37- 44:  

Slab Reinforcement calculations: 

M max  120.42 kN.m 

Ru 
 

Ȣ 
  

ρςπȢτς  

Ȣ
 4.91 N/mm2 

”  
Ȣ  

 ρ  ρ
 Ȣ  

Ȣ     
   πȢπρυ  

As required  πȢπρυρπππρφυ ςτχυ mm2  

Using 10 # 18As = 2545 mm2  

As Min = σψπ mm 2 

As Max = ψφχω mm 2 

As Min   As   As Max  

Ὓ άὭὲ ςυτȢυ  

Ὓ ρπφȢχ  

Ὓ ρπυ  

S  105 mm Ὓ Max  
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Group7. Floor 53- 56:  

Slab Reinforcement calculations: 

M max  111.18 kN.m 

Ru 
 

Ȣ 
   

ρρρȢρψ  

Ȣ
τȢυτ N/mm2 

”  
Ȣ  

 ρ  ρ
 Ȣ  

Ȣ     
   πȢπρτ  

As required  πȢπρτρπππρφυ ςσρπ mm2  

Using 12 # 16As = 2413 mm2  

As Min = σψπ mm 2 

As Max = ψφχω mm 2 

As Min   As   As Max  

Ὓ άὭὲ ςπρȢρ  

Ὓ ψχȢπφ  

Ὓ ψυ  

Ὓ άὭὲ  85mm Ὓ Max  
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Group8. Floor 57- 60:  

Slab Reinforcement calculations: 

M max  128.85 kN.m 

Ru 
 

Ȣ 
   

Ȣ   

Ȣ
 5.26 N/mm2 

”  
Ȣ  

 ρ  ρ
 Ȣ  

Ȣ     
   πȢπρφ  

As required  πȢπρφρπππρφυ ςφτπ mm2  

Using 10 # 19As = 2835.3 mm2  

As Min = σψπ mm 2 

As Max = ψφχω mm 2 

As Min   As   As Max  

Ὓ άὭὲ ςψσȢυ  

Ὓ ρπχȢτ  

Ὓ ρπυ  

Ὓ άὭὲ  105 mm Ὓ Max 
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Model with RCC slab floor system 

Storey levels Slab Reinforcement 

1-4 12 # 20  O   As = 3770 mm2 

5-12 12 # 19  O   As = 3402 mm2 

13-20 11 # 18  O   As = 2799 mm2 

21-28 10 # 22  O   As = 3801.3 mm2 

29-36 12 # 18  O   As = 3054 mm2 

37-44 10 # 18  O   As = 2545 mm2 

45-52 12 # 18  O   As = 3054 mm2 

53-56 12 # 16  O   As = 2413 mm2 

57-60 10 # 19  O   As = 2835 mm2 
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4.2 Steel Reinforcement of Concrete Beams:  

4.2.1 Steel Reinforcement of Concrete Beams for RCC model:  

We designed the two cross section based on three live loads (υȟχȢυȟρπ ὯὔȾά2 ). We selected 

four different spans as per live load to have an idea about the steel required in different span 

length. We select the shortest beam, the longest beam and two beams in between. EATBS 

analysis provide us with area of steel required. For each live load we have four spans. We took 

the maximum required steel reinforcements top and bottom from the four spans. then we create 

our own section for a specific live load.  And then same process for the other two live loads. 

ü Floors with 10 ὯὔȾά : 

 

ü Cross section: 1m X 1.25m 
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ü Cross section: 1.2m X 1.4m 
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¶ Floors with 7.5 ὯὔȾά : 

 

ü Cross section: 1m X 1.25m 
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ü Cross section: 1.2m X 1.4m 
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¶ Floors with 5 ὯὔȾά : 

 

ü Cross section: 1m X 1.25m 
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ü Cross section: 1.2m X 1.4m 

 

 

 

 

 

 

 

 

 

  



99 | P a g e 
 

4.2.2 Steel Reinforcement of Concrete Beams for CLT model:  

¶ Floors with 10 ὯὔȾά : 

 

ü Cross section: 1m X 1.25m 
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ü Cross section: 1.1m X 1.35m 
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¶ Floors with 7.5 ὯὔȾά : 

 

ü Cross section: 1m X 1.25m 
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ü Cross section: 1.1m X 1.35m 
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¶ Floors with 5 ὯὔȾά : 

 

ü Cross section: 1m X 1.25m 
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ü Cross section: 1.1m X 1.35m 
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4.3 Steel Reinforcement of columns :  

4.3.1 Steel Reinforcement of columns for RCC model:  

 

¶ Cross section: 3.2m x 3.2m  

 

ὃ  = 3200 x 3200 = 10240000 άά   

ὃȟ  = 102400 άά  (from ETABS) 

Assumed quantity of bars: 31 bars in width. 

                                           29 bars in length. 

 

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

Area of one bar required =  = 853.33 άά  

Choose #36 bar because itôs area larger than 853.33 άά   

  = 1017.36 άά  > 853.33 άά  

ὃȟ  = 120(1017.36) = 122083.2 άά  > 102400 άά  

P = 
Ȣ

 = 0.0119 = 1.19% (within the range 1-8%) 
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ü Cross section 3.2m x 3.2m  
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ü Cross section 3.1m x 3.1m  
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ü Cross section 2.8m x 2.8m  

 

 

 

  
















































































































































































































































































































































































































