Structural Report --------------------------------------------Design Of Hotel
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1.1 Project Description:
In this report we will do the structural analysis and design for the building of “ Hotel Five Star ”. The building consist of seven story and small basement  with an area of  710.61m2  for the ground floor and 155.94 m2  for the basement , the total area is  866.5m2. A construction joint divided The ground floor into 2 parts, the first with 465m²,the seconed with 245.61m².

The structural system will be a combination of frames and shear

walls. In this system shear walls and frames are acting together to resist

lateral forces. The slabs will be designed as one-way ribbed slab, while the beams will be designed as drop beams and the internal partitions are concrete blocks of 10cm thickness.
1.2 Design Codes:

The structural design will be according to :

1)  the American Concrete Institute code ACI 318-05 .

2)  the seismic design according to UBC-97.
. First a preliminary analysis and design using 1D and 2D models are made, then the analysis and design are done using 3D model using SAP2000 program.

* Design will include the following elements :

1) slab ( one way rib slab).

2) beam ( main beam & secondary beam) .

3) column .

4) shear wall.

5) Stairs.

6) footing. 

 Structure elements of building
Structure elements of building are the most important elements from anther , so that we must be very conservative about this.

The figure below show different element structure of building
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The load will transverse as this figure :
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Choosing suitable section of structure elements its position and loading on this elements as following figures . 
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Distribution of beam according to  the load
Distribution of column according to connecting beam and wall
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Correct dimension of continuous vertical column

[image: image157.png]=
ssss





[image: image4.emf]
[image: image5.emf]
1.3 Materials
1. Concrete

· Concrete strength for all concrete parts is B300→f'c=250 Kg/cm²

· Modulus of elasticity equals 2.5*105 Kg/cm2.

· Unit weight is 2.5 ton/m3.
· The specified compressive strength of concrete employed as defined by a standard.150 mm cube at 28 days shall be used.

· Ordinary Portland Cement (OPC) will be used.

2. Steel:

· Modulus of elasticity equals 2.04*106 Kg/cm2.

· Steel yield strength:

· steel reinforcement, is 4200 kg/cm2.

3. The unit weights of the main materials used are shown in table1.1:

Table1.1. Density of the main materials used

	Density(ton/m3)
	Material

	2.5
	Reinforced concrete

	1.2
	Bricks

	1.5
	Filler

	2.7
	Masonry

	2.5
	Tiles

	2.3
	Mortar

	2.3
	plastering

	1.9
	Selected filler (compacted base coarse)

	0.04
	Polycarbonate


Concrete Cover:

concrete cover for reinforcement will be:

7,5cm for foundation in contact with soil, with blinding or water proofing.

5,0cm for external basement walls.

4,0cm for concrete columns and walls not exposed to earth or weather.

2,5cm for concrete slabs.

5,0cm for concrete beams.

1.4 Loads:

9.1.3 Loads

· Dead loads(D.L):-

· Own weight(o.w):-the loads  due to the own weight of the structure, which will remain constant during the life of the structure.

· Imposed load(I.L):-it is considered as dead load .it result from the own weight of the backfill, the tile and mortar.

· Live Load (L.L):- The expected load that the structure will carry i, such as the people , books, machines, and all movable loads expected during the life of the structure.

The following table shows the value of the live load that has been used in the project.
Minimum uniformly distribution live loads,( ASCE 7-05)
	Specific Use
	Uniformly Distributed Load

(KN/m²)

	Staircases
	4.79

	Exit ways
	4.79

	Corridors
	3.83

	Patient rooms
	1.92

	Operating rooms
	2.87

	Laboratories
	2.87


According to the special situation in our state which influence by the occupation conditions , the average value of the live load can be taken as 0.5(ton/m2).
Methods & tools of  analysis

Method of analysis:-

1)The ultimate design method was used for analysis and design. In which we have two safety provision to be on the safe side : the first is to multiply the service load by factor, called(load factor).

1- Pu =1.4D

2- Pu = 1.2D+1.6L+0.5(Lt, or S or R)

3- Pu =1.2D+1.5E+ (0.5L or 0.2S)

4- Pu = 1.2D+1.6(Lt or S or R) + (0.5Lor 0.8W)

5- Pu =0.9D-(1.3Wor 1.5E)

6- Pu =1.2D+1.3W+0.5L+0.5(Lt or S or R)

Where:

D: Dead load

L: Live load due to included use and occupancy

E: Earthquake load

Lr: roof live load

S: Snow loads

R: rain load

W: Wind load

The second provision is to multiply the nominal strength by a reduction factor, this can be expressed  as:

Design strength > Required strength

ACI reduction factors

	Nominal strength


	Reduction factor,



	Flexure
	0.90

	shear
	0.75

	torsion
	0.75

	Column with ties
	0.65

	Column with spiral
	0.70


2)The working design method: it was used in determining the area of the footing ,this method  uses the same service load, but it reduces the strength as safety provision.

Program in use:-

1. SAP : for structural analysis & design.

2. AutoCAD 2007: for all drawings.
SAP Model
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The building is composed of 3 stories above the ground, and an underground parking. The area of each story is about 1580m2, and its height is 4m.

The project has 2 structural  joints which divide the building into three parts:  A,B, and C from left to right. It is composed of both reinforced concrete and steel parts. The large dome over part B is made of steel and the vault over the entrance is made of steel arches. The rest of the structure which includes the two domes over the stair roofs over part B, and the dome over minaret are made of reinforced concrete. All these descriptions are illustrated on fig.1.1.
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Fig. 1.1 3D view of municipality building

The architectural plans were designed in year 2007 by Haythem  Alsaadi, who is an architectural student at AN-Najah National University. 
designing concrete parts, and the British Code (BS 5950) in designing steel parts. 

1. Dead Loads:
Dead loads are composed of own weight of the slabs, beams, columns, walls, Domes, and superimposed dead loads from the partitions and tiles.

· The super imposed dead loads are composed of:

Bricks, mortar and filling as shown below
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Thus their weight is equal to

0.03*2.5+2.3*0.02+0.1*1.5 =0.27ton/m²

partitions: consist of bricks 10cm thickness and plastering 1.5cm from each side.

Using false ceiling height 0.45m under concrete slab, the partitions height will equal 4-0.45-0.25=3.3m.

Average distance between partitions= 6m

(0.1*1,2*3.4+.03*2.3*3.3)/6 =0.1 ton/m²

Total super imposed load on slab =0.27+0.1 =0.37ton/m2.

2. Live loads: 

For the municipality building the live loads will be taken as 400 kg/m2.

3. Wind load

The Assessment of wind load according to British Standard should be made as follows :

1. The basic wind speed V appropriate to the district where the structure is to be erected 

2. The basic wind speed is multiplied by factors S1, S2 , S3  to give the design wind speed Vs for the part under consideration 

Vs = V * S1 *S2 * S3 

3. The design wind speed is converted to dynamic pressure q using the relationships 

q = k Vs2
4. The dynamic pressure is then multiplied by an appropriate pressure coefficient Cp to give the pressure p exerted at any point on the surface of a building 

p = Cp*q

Cp = Cpe -Cpi
If the value of the pressure coefficient Cp is negative this indicates that p is a suction as distinct from a positive pressure  

· In Nablus the average basic wind speed is 80km/hr, at 10m above ground in an open situation.

· S1 is a topography factor, it will be taken 1 for level terrain.

· S3 is a factor that takes into account of the degree of security and the period of time in years during which there will be exposure to wind , normally wind loads on complete structure and buildings should be calculated at S3 = 1 with the following exceptions :

· Temporary structures.

· Structures where a shorter period of exposure to the wind may be expected

· Structures where a longer period of exposure to the wind may be required

· Structure where greater than normal safety is required

Since our building is not one of those exception then S3 = 1

· k = 0.613 in SI units (N/m2 and m/s) " British code page 145".

· S2 is a factor which accounts for ground roughness, building size and height above ground. This factor is taken from Table1.2.

2.3 Slabs Analysis and Design
Ribbed Slabs Analysis and Design:

Types of slabs:

Slabs can be classified, according to the way of carrying load, into two types:
· One-way slab system :-

If a slab is supported by beams or walls where spans a distance in one direction more than twice that in the perpendicular direction, then much of the load is carried on the short span ,so the slab may reasonably be assumed to carry all the load in that direction(the short direction). 
[image: image11.emf]
The bending moment in this case appears in one direction ,so the main reinforcement will be in one direction Such a slab is called a one way slab.

slab considered as one way slab when the  (long side/short side>2).

There are two types of one way slabs:-

A. one way solid slabs.

B. one way ribbed slabs.
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Tow way slab:
 The load will transverse to all around beam because the dimension of slab are approximation as shown following .

[image: image13.emf]
The following grid show distribution of load to all around baem.

[image: image14.emf]
Minimum Thickness according To The ACI Code 2005:
To control deflections, the ACI Code sets limitations on slab thickness unless deflections are computed and determined to be acceptable Otherwise, thickness of one-way slabs must be at least Ln/20 for simply supported slabs; Ln/24 for slabs with one end continuous; Ln/28 for slabs with both ends continuous; and Ln/10 for cantilevers; where Ln is the clear span length(the following table has more details).

Minimum  thickness of beams and one – way slabs.
	Minimum Thickness, (h)
	Member

	Cantilever
	Simply supported
	Two end continuous
	One end continuous
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	One way solid slab
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	Beams and Ribbed slab


Where  Ln is the clear distance between the columns(the distance between the columns from face to face).
· Two way slab system:-

There are many types of two way slab systems:- 

1. Two way ribbed slabs.

2. Two way solid slabs.

               -Flat plate without beam ,without drop panel and with out column capital.

         -Flat plate with beams.

         -Flat plate with drop panels or column capital.
Summary:-

The type of the floor structural system that we used in our project was the one-way ribbed slab.
We select this floor system for many reasons:-

1. Low cost formwork

2. Fast
3. More practical
4. More absorption of noise
9.2.2 Analysis
· Slab thickness :- 
To determine  minimum thickness , the deflection limit (from table)
 [image: image24.png]


    was used
The critical span length is 4.3 m (one-end cont.)

H= 430\18.5= 23.24 cm
So use( 25) cm slab with 52 cm rib width.

Figure below shows a proposed section of the ribbed slab:
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· Check dimensions of ribs (T-Section) according to ACI code:
» Slab thickness, h ≤ 3.5 bw

        25cm < 42cm, ok.
» Web width, bW ≥ 10cm

         125cm > 10cm, ok.

» Distance between ribs, S < 75cm 

          52cm < 75cm, ok.

» Flange thickness, t > S/12 & t > 5cm

           t = 8cm, ok.

· Loads Calculations :
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1-Slab own weight:-

O.W =(0.55×0.08 + 0.15×0.17)(1)(2.5) 
          +(2)(0.2)(0.17)(1)(1.2)

                    = 0.255 t/rib

Slab own weight = 0.265\0.55=0.46 ton/m².

2- superimposed dead load:-

Wight of tile, mortar, filling.

To calculate the imposed load we need the following information:

(γ)tile =2.7 ton/m²,of thickness= 3cm
(γ)mortar =2.3 ton/m², of thickness= 2cm
(γ)filling =1.8 ton/m², of thickness= 10cm. 
· Partitions of 10cm brick wall thickness: the load of 10cm partitions always considered as a uniform load per m2 of slab, its value = 0.1 t/m².

Super imposed=

weight of filling +weight of  mortar+ weight of tiles+ weight of partition wall.

D.L`= (0.03*2.7) + (0.02*2.3) + (0.1*1.8)+(0.1) =0.41ton/m².

3- Exterior walls:-

As in most  buildings, the external walls are shear walls of (32cm)  thickness,
 it consists of  :

1. 7cm concrete block.
2. 15cm reinforcement concrete.
3. 5cm insulation layer 
4. 5cm stone .
[image: image159.emf]  1-wall own weight:-
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 {(0.05*2.6)+(0.15*2.5)+(0.05*0.2)+(0.07*1.2)}4
  =2.39 ton\m
4-Live load:-

LL=0.5 ton/m².
                                                                                       cross section in masonry wall
· Ultimate Load:-

According to ACI code 2005, the following  factors for (dead &live load) were used to calculate Wu.

Wu=1.2DL+1.6LL

Dl=own wt. +Imposed load.

Dl=0.46+0.41=0.87 ton/m².

LL=0.5 ton/m².

Wu   =1.2(0.87) +1.6(0.5) =1.84 ton/m².
9.2.3 Design
Part one:

Slabs are designed as one way ribbed slab. One way ribbed slabs are those panels in which bending takes place in one direction. Panels are supported on all four sides by unyielding supports such as shear walls or beams. The panel will deflect in a dish like form under the external load. Blocks with dimensions of (40cmX25cmX17cm) are used.

· Slabs Design for Flexure:

The cross section of rib is shown in the figure below, its dimensions are:

- The effective width of rib, beff = 52cm

- Web width, bW = 12cm

- Total slab thickness = 25cm & flange thickness = 8cm.
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Figure: A Cross Section in one Way Ribbed Slab

        In order to design the slabs for flexure, bending moment diagrams must be determined for the ribs. Since 3D analysis for the building by SAP program is done, so the bending moment diagrams for ribs are taken from SAP.
* Values of Maximum & Minimum Longitudinal Steel
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* Longitudinal Reinforcement for ribs :

       The following figure taken from SAP
Slab1 :
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Slab  Shear force diagram (in ton)
[image: image38.png]Select Assign Anslyze Disglay Design Oplons Help

WS o /@ PPR®O Mty v oo W@ 4.

Moment 3-3 Diagram, (COMBI)

Right Cick n any Frame Element for detaled diagram &= [5LoBaL C -





Slab 1 bending moment diagram (in ton.m)

Max. shear =1.88 ton.

(Assumed columns dimensions are 30*70 cm.)

Nominal shear=1.88/0.75=2.5 ton

Vc= 0.53*
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*12*20*1.1*10-3=2.34ton>Vu→ no need for shear reinforcement.

Max. neg. moment= 1.68 ton.m/rib
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As =1.92 cm2 
  2 Ф12 /rib
So use 2Ф12 top steel for all spans except the exterior ends of the exterior spans 

Max. +ve moment= 0.96 ton.m/rib
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As= 0.00423*12*25= 1.1cm2
As min.= 
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Check if the compression depth smaller than flange thickness:
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Slab2 (S2) in part B in the ground floor :
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Slab2  load diagram (in ton/m)
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Slab2 reaction diagram (in ton)
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Slab 1 Shear force diagram (in ton)
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Slab 1 bending moment diagram (in ton.m)

Max. shear at distance d =20 cm from the face of column= 1.93-0.79*(0.2+0.15)=1.653 ton.

(Assumed columns dimensions to be 30*70 cm.)

Nominal shear=1.653/0.75=2.2 ton

Vc= 0.53*
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*12*20*1.1*10-3=2.34ton>Vu→ no need for shear reinforcement.

Max. neg. moment= 1.34 ton.m/rib
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As= 0.0013*52*20= 1.36cm2
As min.= 
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Use 
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Check if the compression depth smaller than flange thickness:
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=0.53cm<8cm ok.→the compression area within the flange.

shrinkage steel= 0.0018*b*H= 0.0018*100*8=1.44cm2/m →3Ф8/m in both directions.

Slab 3 (S3) in part B in the first floor :
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Slab3  load diagram
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Slab3 reaction diagram
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Slab3 Shear force diagram 
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Slab3  bending moment diagram

Max. shear at distance d =20 cm from the face of column= 2.32-0.79(0.2+0.15)=2 ton

(Assumed columns dimensions to be 30*70 cm.)

Ultimate shear=2/0.75=2.67 ton

Vc= 0.53*
[image: image76.wmf]c

f
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*b*d*1.1=0.53*
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*12*20*1.1*10-3=2.34ton<Vu→ need for shear reinforcement.

Vs = Vu-Vn =2.67- 2.34 =0.33 ton
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VS<2* VC→ max. spacing =min. of(d/2, 60 cm)= min. of(10, 60 cm)=10cm
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8mm stirrups→ AV=1cm2

S=
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8mm stirrup/10 cm.
If Vn< Vc/2 ,no need for shear reinforcement.

Vc*0.75/2=.88 ton = 2.32-0.79*X1→X1=1.82m

So at distance 0 to 1.82m (measured from left end of span 4) use 1
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8mm stirrup/10 cm, otherwise no need for shear reinforcement.

Max. neg. moment at span 4= 1.73 ton.m /rib
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Max. neg. moment at span 2= 1.1 ton.m /rib
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So use 2
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top steel for all spans except span 4 .
Max. +ve moment at span 4= 1.68 ton.m/rib
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As= 0.0022*52*20= 2.26cm2
As min.= 
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Use 
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 bottom steel.

Max. +ve moment at span 1 and 2 = 0.71 ton.m/rib
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As= 0.0009*52*20= 0.945cm2
As min.= 
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For span 3 use min area of steel =.8 cm² , 2Ф10 / rib. 
Check if the compression depth smaller than flange thickness:
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=0.77cm<8cm ok.→the compression area within the flange.

shrinkage steel= 0.0018*b*H= 0.0018*100*8=1.44cm2/m →
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 in both directions.

Slab 4 (S4) in part B in the second floor:
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Slab  load (ton/m)
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Slab reaction diagram (ton/m)

[image: image113.png]L





Slab Shear force diagram (ton/m)

[image: image114.png]x
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Slab bending moment diagram (ton.m)

Max. shear at distance d =20 cm from the face of column= 1.42-0.79*(0.2+0.15)= 1.143 ton

(Assumed columns dimensions to be 30*70 cm.)

Ultimate shear=1.243/0.75=1.524 ton

Vc= 0.53*
[image: image115.wmf]c

f
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*b*d*1.1=0.53*
[image: image116.wmf]280

*12*20*1.1*10-3=2.34ton>Vu→ no need for shear reinforcement.

Max. neg. moment= 1.05 ton.m/rib
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So use 2
[image: image124.wmf]rib
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top steel for all spans except the end of the beams.

Max. +ve moment= 0.22 ton.m/rib
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As= 0.00028*52*20 =0.29 cm²

As min.= 
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Use 
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 bottom steel, for all spans.

Check if the compression depth smaller than flange thickness:

a =
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=0.53cm<8cm ok.→the compression area within the flange.

Shrinkage steel = 0.0018*b*H= 0.0018*100*8=1.44cm2/m →
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 in both directions.

· the maximum value of negative moments = 1.56  t. m\rib
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[image: image132.png]pbd =0.00787 X 12 X 225 =212 cm




USE(2Ø12) top steel.
· The maximum values of positive moment = 0.92  t. m\rib

[image: image133.png]_ 085x250
P~ 4200





[image: image134.png]pbd =0.00417 X 12X 225 =112 cm




USE(2Ø10) bottom steel
· Slab Design for Shear Forces:
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        Shear force diagrams are taken from Etabs analysis results for ribs:

· Vu @d = 1.49 ton ( from Etabs results)

· Ø VC = {Ø (0.53) 
[image: image135.wmf]¢
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 The shear capacity of rib, with bW =12cm & d = 22.5 cm     
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Now : Vu < ØVc   ( rib OK for shear )

· Shrinkage Steel:

The flange of T-Section of slabs is usually designed for shrinkage. 

»»  Area of steel for shrinkage = 0.0018 b h.

Where h is the flange thickness

»» (As )shrinkage = 0.0018 (100)(8) = 1.44 cm²/m

      Using Ø 8mm steel bars with area of bar = 0.5 cm²

»»  
[image: image137.wmf]cm
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       Use 1 Ø 8mm @ 30cm in both direction.
9.2.3.2 Part 2:

* Longitudinal Reinforcement for ribs :
[image: image161.png]Scem
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       The following figure taken from Etabs analysis results shows the bending moment diagram for the cont. rib : 

· the maximum value of negative moments = 1.23  t. m\rib
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[image: image139.png]pbd = 0.00566 X 12 X 22.5 = 1.53 cm




USE(2Ø12) top steel
· The maximum values of positive moment = 0.78 t. m\rib
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[image: image141.png]pbd =0.00351 X 12 X 225 = 0.95 cm




USE(2Ø10) bottom steel
· Slab Design for Shear Forces:
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        Shear force diagrams are taken from Etabs analysis results for ribs:

· Vu @d = 1.44 ton ( from Etabs results)

· Ø VC = {Ø (0.53) 
[image: image142.wmf]¢
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 The shear capacity of rib, with bW =12cm & d = 22.5 cm     
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Now : Vu > ØVc   ( rib OK for shear )

· Shrinkage Steel:

The flange of T-Section of slabs is usually designed for shrinkage. 

»»  Area of steel for shrinkage = 0.0018 b h.

Where h is the flange thickness

»» (As )shrinkage = 0.0018 (100)(8) = 1.44 cm²/m

      Using Ø 8mm steel bars with area of bar = 0.5 cm²

»»  
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       Use 1 Ø 8mm @ 30cm in both directions
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