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4.1:  Introduction

In This Project, there are three types of slabs: solid slabs, one-way ribbed and two-way ribbed slabs. They would be analyzed and designed by using finite element method of design, with aid of a computer Program called " ATIR- Software" to find the internal forces, deflections and moments for ribbed slabs, and then hand calculation would be made to find the required steel for some members.

The design strength provided by a member, its connections to other members, and its cross-sections in terms of flexure, and load, shear, and torsion is taken as the nominal strength calculated in accordance with the requirements and assumptions of ACI-code.

NOTE:
 * fc'  = 24 MPa .
* fy  = 420 MPa .


4 .2  : Factored Loads.

The factored loads on which the structural analysis and design is based for our project members, is determined as follows:

                                     qu = 1.2 DL + 1.6 LL                     ACI – 318 - 05 




4.3 Determination of Thickness of Slabs:

4.3.1 Determination of Thickness for One Way Rib Slab:

The structure may be exposed to different loads such as dead and live loads. The value of the load depends on the structure type and the intended use.
The overall depth must satisfy ACI Table (9.5.a):           
-The maximum span length for simply support (for ribs):
hmin  =              	ACI-318-05   
-The maximum span length for one- end continuous (for ribs) :  
hmin  =  
 -The maximum span length for both -end continuous (for ribs ):  
hmin  =  
Take slab thickness   h=350 mm  >  329.37mm.
h =35 cm  (27cm Hollow block + 8cm Topping).

4.4 Topping Design:
4.4.1 Design of Topping for Ribbed Slab:  
 Topping in one way ribbed slab can be considered as a strip of 1 meter width and span of hollow block length with both end fixed in the ribs.
   Table 4.1 ( Dead load calculation for topping)
	KN/m
	Ơ * y* 1
	Dead load from:

	0.69
	0.03*23*1
	Tiles

	0.44
	0.02*22*1
	mortar

	1.12
	0.07*16*1
	Coarse sand

	2
	0.08*25*1
	topping

	1
	1*1
	partitions

	5.25
	∑


Live load calculation=5*1=5 KN/m

Total factor load:
Wu = (1.2 * 5.25) + (1.6 * 5)  = 14.3 KN/m

  For a one meter strip Wu = 14.3 KN/m   

Assume slab fixed at supported points (ribs):

    Mu =   =  = 0.194 KN.m /m of strip width.
[image: ]Mn  ≥ Mu-strength condition ,
where =0.55-for plain concrete.

    = 0.42* Sm           ACI-318-05                    
 Where  Sm for rectangular section of the slab:
Sm =  =  = 1066666.67mm3.
Mn = 0.42* *1066666.67*10-6 = 2.195 KN.m  
 Mn = 0.55 * 2.195= 1.207 KN.m    

 Fig. (4-1) Toping of slab                             

 Mn = 1.207 KN.m > > Mu = 0.191 KN.m  

*  No reinforcement is required by analysis. Provide As, min for slabs as shrinkage and temperature  reinforcement. 
   shrinkage =0.0018                                                            ACI-318-05   
As =  * b * t = 0.0018 * 1000 * 80 = 144 mm2 /m strip 

Try  8 with As = 50.27mm2.
Bar numbers n= ==2.87
Use 38/m with As=150.8mm2/m  strip or  8@300mm in both direction .
Step(s) is the smallest of :
1. 3h =3*80= 240mm – control.
2. 450mm.
3. S= 380 (-2.5Cc=380(
S ≤ 380 (=300(=300mm.
	Take 8@200mm in both directions. S = 200mm.







4.4:Load  Calculation for Rib2B:

4.4.1: One - way ribbed slab.

For the one-way ribbed slabs, the total dead load to be used in the analysis and design is calculated as follows:



[image: ]
Fig. (4-2) One way rib slab
The effective Flange width(be) is the smallest of :
(a) be ≤ = =1150mm.
where ln is taken here as the smallest clear span of the rib.
(b) be  ≤  bw +16*hf= 120+16*80=1400 .
(c) be ≤ center to center spacing between adjacent beams 
     =400+120= 520 – control .
 Take be =520mm.

[image: A$C309D7D19-Model.jpg]
                     Fig. 4-3 (Typical section in rib slab)

Table 4.2 :Dead load calculation for Rib (2B)
	No.
	material
	H*ơ
	Kn/m

	1
	Tile
	0.03*23*0.52
	0.359

	2
	Mortar
	0.02*22*0.52
	0.229

	3
	Sand
	0.07*16*0.52
	0.583

	4
	Topping
	0.08*25*0.52
	1.04

	5
	Rib
	0.12*0.27*25
	0.81

	6
	Block
	0.27*0.4*9
	0.972

	7
	Plaster
	0.02*22*0.52
	0.229

	8
	partition
	1*0.52
	0.52

	     ∑ =                           4.742 KN/m


Live load calculations:
LL= 5*0.52 =2.6 KN/m .

Dead load / rib: DL= 4.742 KN/m.
Live Load /rib: LL = 2.6 KN/m.

4.6 Design of Rib (2B): 
[image: ]

Fig.(4-4) Rib location in part B .

By using ATIR program we get the envelope moment and shear diagram as the follows:-
[image: ]            Fig. (4 - 5) Spans  length and section of rib (2B).
[image: ]
                           Fig. (4 - 6) Moment diagram for rib (2B)-(KN.m).
[image: ]

                             Fig. (4 - 7) Shear diagram for rib (2B )-(KN).

4.6.1 Design of Rib(2B) for Positive Moment :

Assume bar diameter 12 for main positive moment reinforcement .
d= h- cover – d stirrups- = 350-20-10-6=314mm.
»  Mu max positive for span = +25.6 kN.m

Rn= =  = 0.5548 MPa.    
m = = = 20.588 
ρ  =  )  =  )
=0.001339
As = ρ*b*d  = 0.001339*(520) *(314) = 218.7mm2  
*Check for As, min : 
 As min = (bw) * (d)                                         ACI-318 -05
A s min =   0.25 (120) * (314)=109.88 mm2.                                         
 As min = (bw) (d)                                         
As   =(120) (314)  =125.6 mm2.                             - control          
As =218.7mm2 > As, min = 125.6 mm2 

 Use 212 with As =226.2 mm2 > As req = 218.7 mm2.   -OK


* Check for Strain: 

a = =  

εs = 0.003* () = 0.003* ()= 0.864 > 0.005 
 Ok…


4.6.2  Design of  Rib for Negative Moment   (Rib 2B):

The maximum negative moment at the face of support  Mu = - 21.4 kN.m 
Assume bar diameter 12 for main negative moment reinforcement .
d= h- cover – dstirrups- = 350 – 20 – 10 - 6= 314mm.
m = 20.588
Rn= =  = 2.01 MPa.    
ρ  =  )  =  )
=0.00505
As = ρ*b*d =  0.00505*(120) *(314) = 190.3mm2  
*Check for As, min : 
 As min = (bw) * (d)                                         ACI-318 -05
A s min =   0.25 (120) * (314)=109.88 mm2.                                         
 As min = (bw) (d)                                         
As   =(120) (314)  =125.6 mm2.                             - control          
As =190.3mm2 > As, min = 125.6 mm2 

 Use 214 with As =307.8 mm2 > As req = 190.3 mm2.   -OK

* Check for Strain:

a = =  

εs = 0.003* () = 0.003* ()= 0.012 > 0.005    Ok…





4.6.3 Design of  Rib for shear    rib (2B): 
            ACI – 318 – Categories for shear design:
The maximum shear force at the distance d from the face of support 
Vu max = -25.8 kN
Use Ф8  with two legs
      Vc = (1.1)** **d = (1.1) ** *120*314*10-3 =33.842 KN.
      ФVc =0.75*33.84 =25.38 KN .
       Vs min =* **d = * *120*314*10-3 = 11.53 KN
        Vs min = **d =  *120*314*10-3 = 12.56 KN  …  control …
1-  ФVc =  * 25.38 = 12.69KN < Vu max = 25.8 kN
2- ФVc =25.38 KN < Vu max = 25.8 kN
3- ФVc =25.38 KN < Vu max = 25.8 kN < Ф(Vc + Vs min ) =0.75(33.842+12.56)=34.8                … control ….
Minimum shear reinforcement is required.
Use 2 legs 8 : Av provided =2*50=100mm2.
Sreq = ==1050mm.
Sreq = =  =1143mm.
             Smax    ≤  = 157   … control ..         Smax ≤ 600 mm .
	Select   2legs Ф8 @ 150mm .  <  S max =157mm


4.7 : Design Of  beam (17-B) :-  
[image: ]
                      Fig(4 -8 ) location of beam (17-B) 
4.7.1 Load calculation of beam (17-B) :
The distribution  Dead load and live loads acting  upon the Beam2 can be difined from the support reactions of the rib1B and rib 2B .
Dead load calculation :
From  R1B :
WDL from rib 1B = 61.42 KN/m.      on span 1
From  R2B :
WDL from rib 2B = 56.59 KN/m.     on span 2+3 
b= 0.8m   -- then the own weight of the beam and plaster :
RC beam  = 0.35*25*0.8=7 KN/m             palster =0.02*22*0.8 = 0.352 KN/m       
Factor dead load = (7+0.352)*1.2 = 8.82KN/m      on all span .
Live looad calculation : 
From  R1B :
WLL from rib 1B = 48.52 KN/m.      on span 1
From  R2B :
WLL from rib 2B = 49.86 KN/m.     on span 2+3
From use atir program we find the envolop moment and shear diagram . 
[image: ]Fig.(4 – 9)  spans  and section of beam (17-B)
[image: C:\Users\John\Desktop\صور تكست\sss.png]Fig. (4 - 10) Moment diagram for Beam (17-B )-(KN.m).
[image: C:\Users\John\Desktop\صور تكست\ppp.png]
Fig. (4 - 11) Shear diagram for Beam ( 17-B )- (KN.m).
4.7.2: Design  of  beam for  positive moment    beam(17-B) :  Mu= 286.4KN.m       for span 1

d= h- cover – dstirrups- = 350 – 40 – 8 - = 293mm.           ...........................
m =  20.588
Rn = =  = 4.63 MPa.    
ρ  =  )  =  )
=0.013
As = ρ*b*d =  0.013*(800) *(293) = 3047.2mm2  
*Check for As, min : 
 As min = (bw) * (d)                                         ACI-318 -05
A s min =   0.25 (800) * (293)=683.52 mm2.                                         
 As min = (bw) (d)                                         
As   =(800) (293)  =781.33 mm2.                             - control          
As = 3047.2 mm2  > As, min = 781.33 mm2           OK..
No. of bar =  =   = 11.9 
 Use 1218 in one layer  with A =3054mm2 > As req = 3047.2 mm2.   -OK
* Check for Strain:



a = =  

εs = 0.003* ()  = 0.003 * () = 0.0065 > 0.005    Ok…
         Positive moment     Mu= 160.9 KN.m           for span 2
Rn = =  = 2.6 MPa.    
ρ  =  )  =  )
=0.0066
As = ρ * b * d =  0.0066 * (800) *(293) = 1547.04 mm2  
*Check for As, min : 
 As min = (bw) * (d)                                         ACI-318 -05
A s min =   0.25 (800) * (293)=683.52 mm2.                                         
 As min = (bw) (d)                                         
As   =(800) (293)  =781.33 mm2.                             - control          
As =1547.04mm2  > As, min = 781.33 mm2           OK..
No. of bar =  =  = 6.07
 Use 718 in one layer  with A =1781.5mm2 > As req = 1547.04 mm2.   -OK

* Check for Strain:

a = =  

εs = 0.003* () = 0.003* ()= 0.013> 0.005    Ok…
  Positive moment   Mu= 291 KN.m           for span 3
Rn = =  = 4.71 MPa.    
ρ  =  )  =  )
=0.013
As = ρ*b*d =  0.013*(800) *(293) = 3047.2 mm2  
*Check for As, min : 
 As min = (bw) * (d)                                         ACI-318 -05
A s min =   0.25 (800) * (293)=683.52 mm2.                                         
 As min = (bw) (d)                                         
As   =(800) (293)  =781.33 mm2.                             - control          
As =3047.2 mm2 > As, min = 781.33 mm2           OK..
No. of bar =  =  = 11.97 
 Use 1318 in one layer  with A =3308.5 mm2 > As req = 3047.2 mm2.   -OK

* Check for Strain:

a = =  

εs = 0.003* () = 0.003* ()= 0.0057 > 0.005    Ok…


4.7.3 : Design of  beam for negative moments   beam (17-B)  Mu= ( -274 ) KN.m    
                                                                           for  support 2

Rn = =  = 4.43 MPa.    
ρ  =  )  =  )
=0.012
As = ρ*b*d =  0.012*(800) *(293) = 2812.8 mm2  
*Check for As, min : 
 As min = (bw) * (d)                                         ACI-318 -05
A s min =   0.25 (800) * (293)=683.52 mm2.                                         
 As min = (bw) (d)                                         
As   =(800) (293)  =781.33 mm2.                             - control          
As =3187.84mm2 > As, min = 781.33 mm2           OK..
No. of bar =  =  = 11.05 
 Use 1218 in one layer  with A =3054mm2 > As req = 2812.8 mm2.   -OK

* Check for Strain:

a = =  

εs =  0.003* () = 0.003* ()= 0.0065 > 0.005    Ok…

Negative Moment   Mu = 278.1  KN.m      for support  3  

Rn = =  = 4.5 MPa.    
ρ  =  )  =  )
=0.012
As = ρ*b*d =  0.012*(800) *(293) = 2812.8mm2  
*Check for As, min : 
 As min = (bw) * (d)                                         ACI-318 -05
A s min =   0.25 (800) * (293)=683.52 mm2.                                         
 As min = (bw) (d)                                         
As   =(800) (293)  =781.33 mm2.                             - control          
As =2812.8 mm2 > As, min = 781.33 mm2           OK..
No. of bar =  =  = 11.05 
 Use 1218 in one layer  with A =3054mm2 > As req = 2812.8 mm2.   -OK

* Check for Strain:

a = =  

εs = 0.003* () = 0.003* ()= 0.0065 > 0.005    Ok…
4.7.4 Design of Beam for  shear    Beam (17-B) : 

ACI – 318 – Categories for shear design: critical section of distance d= 293mm from the face of support . 
                     Vu critical = 311.2 kN    at support 2 .
Use Ф8 with 4 legs
Vc = *  *bw*d =  *  *800*293*10-3= 191.38 KN
Check for section dimension:
Vs=  - Vc=  -191.38 = 223.55KN
Vs max =  *  *bw*d =  *  *800*293*10-3 = 765.54 KN
      Vs < Vs max  --- the section is large enough .
    Find the maximum stirrups spacing :
    =  *  *b w*d = *  *800*293*10-3 =382.77 KN
    Vs <  then 
     Smax ≤ 600mm   or     Smax ≤   =  =146.5 mm
     Check  for  Vs min  :
       Vs min  =  *  * bw* d =  *  *800* 293 * 10-3 =71.77 KN
        Vs min  =       * bw*d = * 800 * 293 * 10-3 = 78.13 KN   … control …
       ( Vc + Vs min  ) = 0.75 ( 191.38 + 78.13)=202.13 KN
        ( Vc + ) =  0.75 (191.38+ 382.77)= 430.61KN
         ( Vc + Vs min  )  =202.13≤ Vu =311.2 ≤    ( Vc + )=430.61
          Or      Vs min = 78.13  ≤ Vs =223.55  ≤   =382.77
          Then it      case IV   or      Items 4
         Use stirrups 2U – shape (4 legs stirrups) 8
         With   Av = 4* 50.27 = 201.1 mm2 .
        S req  =  = = 110.7 mm
	Take 2U  shape (4 legs stirrups )  8 @100mm<   Sreq <  Smax


         S req < Smax =146.5mm      
                  
   Vu critical = 310.7 kN           at support 3
Use Ф8 with 4 legs
Vc = *  *bw*d =  *  *800*293*10-3= 191.38 KN
Check for section dimension :
Vs=  - Vc=  - 191.38 = 222.88 KN
Vs max =  *  *bw*d =  *  *800*293*10-3 = 765.54 KN


          Vs < Vs max  --- the section is large enough
     Find the maximum stirrups spacing :
       =  *  *bw*d = *  *800*293*10-3 =382.77 KN
    Vs <  then 
     Smax ≤ 600mm   or     Smax ≤   =  =146.5 mm
     Check  for  Vs min  :
       Vs min  =  *  *bw*d = *  *800*293*10-3 =71.77 KN
        Vs min  =       * bw*d = *800 * 293 * 10-3 =78.13 KN   … control …
       ( Vc + Vs min  )  = 0.75 ( 191.38 + 78.13 ) = 202.13 KN
        ( Vc + ) =  0.75 (191.38 + 382.77 ) = 430.61KN
         ( Vc + Vs min  ) =202.13 ≤ Vu =310.7  ≤    ( Vc + )=430.61
          Or      Vs min = 78.13 ≤ Vs = 222.62   ≤    =382.77
          Then it case IV   or    Items 4
         Use stirrups 2U – shape (4 legs stirrups) 8
         With   Av = 4* 50.27 = 201.1  mm2 .
        S req  =  = = 111.03 mm
         S req <  Smax =146.5mm
          
	Take 2U  shape (4 legs stirrups )  8 @100 mm<   Sreq <  Smax




4.8   Determination of Thickness for Two Way Rib Slab:

[image: ]*Minimum thickness (deflection requirements): Assume the thickness for the shown ribbed slab (R4B)  . h=35.
*All Exterior and Interior beam have
 rectangular section of 40,80cm 
respectively and 35cm depth for both.
I b, exterior===142916.66 cm3.
I b , interior === 285833.33 cm3.
**Slab section for Exterior beam:
The moment of ribbed slab is the sum of
 Moment of inertia of T-section ribs 
Within distance ( + bw ) , bf  = 52 cm ,              Fig (4.12) Tow way rib slab location . 
was  defined as one-way ribbed slab design (bf = be) 
Yc= 
Irib= 
**(Exterior beams):
Short direction L= 10.1 = 1010 cm.
Is=  =  =814169.31 cm3 .
Long direction  L= 10.2m = 1020cm.
Is=  =  =821638.75 cm3 .


*** Slab section for (Interior beam) :
Short direction      L right = 10.1 m =1010 cm , L left = 4.7m = 470cm.
Is= I rib *  77682.21* 1224988.7 cm3.
Long  direction      L right =10.2 m=1020 cm ,  L left = 4.6m = 460cm.
Is= I rib *  77682.21*  1224988.7 cm3.
f=  
f1=  =0.23         Interier  – short direction.
f2=  =0.17         Exterior – long direction.
f3=  =0.17         Exterior – short  direction.
f4=  =0.23         Interior  – Long  direction.
∑fm =  =0.2 = 0.2
The  minimum thickness of slab without interior beams.  =           or  ,…
h =  =   Ok
β=
	Take slab thickness  h slab = 350 mm.

	             80 mm- topping   , 270 mm concrete block.






 4.8.1 Load calculation:
   Table 4.3 ( Dead load calculation for two way slab )

	  Material
	Quality Density
KN/m3
	
	W
KN

	Tiles
	23
	23*0.03*052*052
	0.186

	Mortar
	22
	22*0.02*0.52*0.52
	0118

	Sand
	16
	16*0.07*0.52*0.52
	0.3

	Reinforced Concrete Topping
	25
	25*0.08*0.52*0.52
	0.541

	RC. Rib
	25
	25*0.27*0.12(0.52+0.4)
	0.74

	Concrete Block
	9
	9*0.27*0.4*0.4
	0.388

	Plaster
	22
	22*0.02*0.52*0.52
	0.118

	Partitions 
	1
	1*0.52*0.52
	0.27

	
	
	                     ∑ =
	2.661  KN


   Dead Load of slab :
DL = .
WD=  1.2 * 9.83  =11.79 KN/m2.
  Live Load of Slab :
LL =   1.6 * 5  = 8 KN/m2.
W total= 11.79 + 8  = 19.79 KN/m2.
4.8.2   Moments calculations:
Ma= Ca* W * La2 * bf         and   Mb =  Cb * W * Lb2 * bf  
   
*** Negative moments at continuous edges  (Table1)    case (4)
C a , neg ( = 0.0548
C b , neg  ( =0.049

Ma, neg =  0.0548 *19.79 * 10.12 * 0.52 = 57.52 KN.m
Mb ,neg  = 0.049 * 19.79 * 10.22 * 0.52=52.46 KN.m
***  Positive moments:   (Table2+ Table 3):
Ca, D ( = 0.0276
Ma, pos,D =  0.0276 * 11.79 * 10.12  * 0.52  = 17.26  KN.m
Ca,L ( = 0.0326
Ma, pos,L= 0.0326 * 8 * 10.12  * 0.52  = 13.83 KN.m
Ma, pos = Ma ,pos ,D  + Ma ,pos ,L =  17.26 + 13.83 = 31.09kN.m
C b , D ( = 0.0264
Mb, pos,D = 0.0264 * 11.79 * 10.22  * 0.52  = 16.84  KN.m
C b, L ( = 0.0314
Mb, pos,L = 0.0314 * 8 * 10.22  * 0.52  = 13.59 KN.m
Mb, pos =M b ,pos ,D +M b ,pos ,L= 16.84+13.59=30.43kN.m
***  Negative moment at Discontinuous edges  = (*positive moment )
Ma , neg = * 31.09 = 10.36 KN.m
Mb , neg =  * 30.43= 10.14 KN.m
4.9  Design two way rib slab (R4B) 
   4.9.1   for negative moment: cont. edge
Mu = 57.52 KN.m
Assume bar diameter Ø14 for main Reinforced concrete section.
d = h – 20 -  ds  - = 350 – 20 – 8 - 7  =315mm
c= 
a = β * c  =  0.85 * 135 = 114.75 mm

Mn max = 0.85 fc'*a*b*(d- )
Mn max = 0.85*24*114.75*120(315-
Ø=0.82      
Mu=57.52KN.m < ØMn=0.82*72.36=59.34 KN
*** Design the section as doubly concrete reinforced …
Mns = 
d' =cover+ Ø stirrups+ =20 +8+
fs' =600() = 600( > fy=420 MPa
compression steel is yielded           fs'= fy= 420MPa 
As' ==
T= Cc +  Cs=0.85* fc'*a*b + As'(fy-0.85fc') =((0.85*24*114.75*120+96.5(420-0.85*24))*10-3 = 319.3KN
As=  = 760.2 mm2
	Take  222  with  A s ,provided=760. 3mm2>As req=760.2 mm2        Ok

	Take  212  with  A's provided=226.2mm2>A's req=96.52 mm2      Ok


Check whether compression steel has yielded
  ρ ==
  ρ' ==
   ρcy'==*
     ρ  ≥   ρcy'   compression steel is yielded ( εs ' ≥  εy)
   Check for strain εs   ≥ 0.005:
   a == 
  c==
   εs =0.003 (= 0.003 (> 0.005   Ok
  4.9.2  Analysis the section rib for different two bars(2):
* **  Assume 214 for bottom bars (+ve moment )at mid span .
d =  h – 20 - ds  - =  350 – 20 – 8 – 7 =315 mm
As 214 =2 * 153.9 = 307.9 mm2  > As min =* 120 * 315 = 126mm2
a =  
C== mm
   εs = 0.003 (= 0.003 ( > 0.005   Ok
Mn=*fy*As*(d-=0.9*420*307.9*(315-)*10-6=35.95>Mu=31.09KN.m
** * Assume 212 for top bars (-ve moment ) at discount. edge .
d = h-20-ds-= 350-20-8-6=316mm
As 212 =2*113.1=226.2 mm2 > As min =*120*316=126.4mm2
a=  
C=  mm
   εs = 0.003( = 0.003 (>0.005   ok
Mn =*fy*As*(d-=0.9*420*226.2*(316 -)*10-6=25.1 > Mu=10.36KN.m
   4.9.3  Design two way rib slab for shear  :
Case (4)
Wa = 0.51            Wb =0.49
**total load on the panel being = 10.2*10.1*19.79=2038.76KN
*Load per rib at face of long beam is 
Vu,dface=0.51*2038.76*0.52/ 2*10.2= 26.5KN   in long  …  control …
Vu,d face= 0.49*2038.76*0.52/ 2*10.1= 25.7 KN   in short  
The shear strength of one rib in slab is  
      Vc = (1.1) ** **d = (1.1) **  * 120 * 312 * 10-3 =33.62 KN.
      ФVc =0.75 * 33.62 = 25.22 KN .
       Vs min =* ** d  =  *  * 120 * 312 * 10-3 = 11.46 KN  
        Vs min =  **d =  * 120 * 312 * 10-3 = 12.48 KN     …  control …
1-  ФVc =  * 25.22 = 12.61KN < Vu max = 26.5 kN
2- ФVc =25.22 KN < Vu max = 26.5 kN
3- ФVc =25.22 KN < Vu max = 26.5kN < Ф(Vc + Vs min ) =0.75(33.62+12.48)=34.57                … control ….     Case 3
Minimum shear reinforcement is required.
Assume  Ф8 @ 250 mm 
Av min  =  =21.87mm2.
Av provided = 2*50= 100 mm2 .
S    ≤  = 156   … control ..         d ≤ 600 mm .
            
	Take 2leg stirrup , U-shape   8@150mm  <  Smax =156mm




4.10 Design of composite Beam (B14-C)

Calculation of load for beam:

DL(slab) = 22.3 KN/m   
DL(beam weight) = 3 KN/m   
DL(beam concrete)= 0.25* 0.5 * 25=3.1 KN/m
Total Dead load =  22.3 + 3 + 3.1 = 28.4 KN/m
[bookmark: _GoBack]Total Live load  = 22.1 KN/m
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Figure (4-13): shear and moment for composite beam 

Determination width of flange (effective width):

Be == = 2.7m
Be=1.8m
Determination of beam section (As):
Take   be = 1.8m           ts = 25cm           Mu = 2882.8 KN/m
a=250 mm
d=+ 250 = 440.5 mm
Mn = As * Fy * (d - )
 = As * 345 * (440.5-250/2)
Asreq =0.0294 m2
Select W14*159       (A572 Grade 50)
A = 46.7 in2 =  0.0301 m2
d = 15 in =  381 mm
tw = 0.745 in = 18.9 mm
bf = 15.6 in = 396.2 mm
tf = 1.19 in = 30.2mm
Fy = 50 Ksi = 345MPa

T = C
As * Fy  = 0.85 fc *be*a
0.0301*345 = 0.85*40*1.8 *a
a = 170  mm
so the neutral axis in the slab

Cc = 0.85 fc *be * a
Cc =  0.85* 40*1800 * 170 = 10404 KN
Ts = As * Fy
Ts = 0.301 * 345 =10384.5 KN
Mn = Ts ( + ts -)
       = 10384.5 (250 -)
       = 3691.7 KN.m
ØMn = 0.9 * 3691.7 = 3322.5 KN.m    >  Mu = 2882.8 KN.m     OK


Figure (4-14): detail for composite beam 


Connector design :
Select MC6*18
A = 5.29 in2 = 3412.9 mm2
d = 6 in = 152.4  mm
tw = 0.379 in = 9.63 mm 
bf = 3.5 in = 88.9 mm
tf = 0.475 in = 12.06 mm
Qn = 0.3(tf +0.5 tw) Lc
Ec = 4700 = 4700 = 29725.4 MPa
Assume  Lc = 300  mm
Qn = 0.3 (12.06 +0.5*9.63)*250*
Qn = 1380 KN
Cmax = 0.85fc * be * ts
           = 0.85 *40* 1800 * 250
           = 15300 KN
Tmax =  As *  Fy
          = 0.0301*345* 103
          = 10384.5 KN  
N =  =   which smaller
N =  = 7.6
Use 8 channel per half span 

Welding Calculation :
Type of welding is fillet welding
Select a = 8 mm
amin = 6 mm
amax = 12.06-1.6 = 10.46 mm
te = 0.707a
   = 0.707*8 = 5.656  mm
Shear action :
ØRnw = 0.75* te *0.6 * Fuw
Fuw = 70Ksi = 483 MPa
ØRnw = 0.75*5.656*0.6 * 483
          = 1.23kN/mm
Qn per one channel =  = 649 KN
L =   =  = 527.6mm
Permeter of channel = 2*250 + 2*88.9 = 678mm
The welding is for all perimeter .

4 .11 Design of long column(C13B).
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Figure (4-15): Location of column (C13B)

  4.9.1 Load Calculation:


     

      





4.9.2 Check Slenderness Effect:

· In 0.6 m-Dirction

[image: ]
Lu: Actual unsupported (unbraced) length. 
K: effective length factor (K= 1 for braced frame).
R: radius of gyration = 0.3 h = [image: ]
Lu = 3.15 m
 =1
K=1 , According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be permitted to be taken as 1.0.


                              

                  
· In 0.4 m-Dirction
[image: ]
Lu: Actual unsupported (un braced) length. 
K: effective length factor (K= 1 for braced frame).
R: radius of gyration = 0.3 h = [image: ]
Lu = 3.15  m
=1
K=1 , According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be permitted to be taken as 1.0.


          











With As = 24624mm2 > As reg =2400mm2 .       ok.
· Check for spacing between the bar


S = 


S = 83.2  ≥ 40

                       ≥ 1.5db = 21        Ok

4.9.3 Design of the Tie Reinforcement:

[image: ]
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   Figure (4-16):  Reinforcement of column (C13B)

4 .12  Design of one way solid slab (2) .
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Figure (4-17):  one way solid slab (2) .
Minimum slab thickness for deflection.
hmin=     take h min = 250 mm
=than-1(
Flight Dead load computation :
Table 4.4 :Dead load calculation for flight of solid slab(2)

	Material
	        KN/m3
	W  kN/m

	Tiles
	            23
	23 ( ) * 0.03 *1=0.99

	Mortar
	            22
	22*()*0.02*1=0.61

	Stair steps
	            25
	*()*1=4

	R.C solid slab
	            25
	 =6.67

	Plaster 
	            22
	 =0.47

	Total Dead Load
	            ∑
	12.74


Landing Dead load computation;
Table 4.5 : Dead load calculation for Landing of solid slab (2)
	Material
	       KN/m3
	W    KN/m

	Tiles 
	          23
	23*0.03*1=0.69

	Mortar 
	          22
	22*0.02*1=0.44

	R.C solid slab 
	          25
	25*025*1=6.25

	Plaster
	          22
	22*0.02*1=0.44

	Total Dead load
	           ∑
	7.82


*live load= LL=5 KN/m2
*Total factor load    w = 1.2*dl+1.6*LL
For flight   w =1.2*12.74+1.6*5=23.28
For landing   w = 1.2*7.82+1.6*5=17.38
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Figure (4-18):  geometry, load, and moment, shear, for solid slab (2)
** Check for shear strength :
Use  14 for main reinforcement 
d= 250 - 20 - =223mm                  
 
Vc = () ** 1000 * 223 *10-3 = 108.047 KN.
=075  for shear.        Vc = 0.75*108.07=81.05  KN/1m strip .
Vu max  =73.4 KN/1m strip < Vc=81.05 KN/1mstrip .
The thickness of the slab is adequate enough
**Design for flexural ;
Maximum bending moment and steel reinforcement;   Mu=67.6KN
Rn= =  =  1.51  MPa.    
m = = = 12.35 
ρ  =  )  =  )=0.0036
As = ρ*b*d  = 0.0036*(1000) *(223) = 802.8 mm2
Asmin=0.0018*b*h=0.0018*1000*250= 450 mm2
As   > As min       Ok
Use 14 then    n == 5.22          s=  == 0.19
Take 614/m     with As=923.4/m strip   or 14@150mm
Step(s) is the smallest of:
(1)   3h = 3 * 250 = 750 mm          (2)   450 mm           
(3)    s = 380  () -  2.5* 20 = 330 mm
(3)     s ≤ 300 () = 300 mm      ….control .
S= 150mm<S max =300mm          ok
**for positive moment   Mu=27.4 KN.m
   Rn= =  = 0.61 MPa.    
m = = = 12.35 
ρ  =  )  =  )=0.0014
As = ρ * b * d  = 0.0014 * ( 1000) *(223) = 312.2 mm2
As min=0.0018 * b * h  =0.0018 *1000*250=450 mm2
As < As min       notOk        Take AS min=450 mm2                  use 14
n== 2.9        s= = 0.34m         use  314/m    with As=461.7mm2
or 14@300mm                   S=300≤Smax=300mm              ok
*** Design of Negative moment :               Mu = -70.6  KN.m
   Rn= =  = 1.57 MPa.  
ρ  =  )  =  )=0.0038
As  = ρ * b * d  =  0.0038 * (1000)  * (223)  =   847.4 mm2
As min = 0.0018 * b * h = 0.0018 * 1000 * 250  = 450 mm2
As  >  As min       Ok                        use 14
n= =5.51        s= = 0.181m         use  614/m    with As=923.4mm2
or  14@150mm                   S =150 ≤ Smax=300mm              …ok
*** As(Temperature and shrinkage )  = 0.0018 *b *h=0.0018*1000*250=450mm2.
n= = = 2.92               s= == 0.34m
Take 314/m     with As= 461.7mm2/m strip          or 14@300mm
Step (s-for shrinkage and temperature reinforcement ) is the smallest of:
(1)    5h=5*250=1250mm                (2)   450mm     …control 
               S  =  300  mm < S max = 450  mm   … OK
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Figure (4-19): reinforcement detail for solid slab(2)

  



4 .13 Design of stair(1).
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Figure (4-20):  geometry of stair (1)
** minimum slab thickness for deflection (for simply supported one way solid slab)      hmin =  = = 0.261 m =26.1cm
Take h min= 250mm.
*** Flight Dead Load computations;  
= tan-1 () = tan-1() =28.07 
Table 4.6:Dead load calculation for flight of stair (1)
	material
	       KN/m3
	W  kN/m

	Tiles
	23
	23()*0.03*1=1.173

	Mortar
	            22
	22*()*0.02*1=0.67

	Stair steps
	            25
	*()*1=2

	R.C solid slab
	            25
	 =7.08

	Plaster 
	            22
	 =0.49

	Total Dead Load
	∑
	11.41


Landing Dead load computation;
Table 4.7 :Dead load calculation for landing of stair (1)
	Material
	        KN/m3
	W    KN/m

	Tiles 
	            23
	23*0.03*1=0.69

	Mortar 
	            22
	22*0.02*1=0.44

	R.C solid slab 
	            25
	25*0.25*1=6.25

	Plaster
	            22
	22*0.02*1=0.44

	Total Dead load
	           ∑
	7.82


*live load= LL=5KN/m2
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Figure (4-21): loads on flight of stair (1) 
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Figure (4-22): moment and shear diagram for flight of stair(1) 
**check for shear strength (assume bar diameter 14 for main reinforcement   d= h-  20  -= 250- 20 -=223mm.
Vu max  at distance d from face of support    Vu max=40.9KN.
Vc =() *1000 * 223 * 10-3 = 182.07 KN.
=0.75 _  for shear .         Vc=0.75*182.07 =136.55KN.
Vumax= 40.9 < () Vc = = 68.27KN.
The thickness of the slab is adequate enough.
**** Design for flexural:        Mu=62.2KN.
Assume bar 14                   d=223mm.
   Rn= =  = 1.38 MPa.  
ρ  =  )  =  )=0.0034
As = ρ * b * d   =  0.0034 * (1000)  * ( 223) = 758.2 mm2
Asmin=  0.0018 * b * h  =  0.0018 * 1000* 250  = 450 mm2
As > Asmin       Ok                        use 14
n== 4.93        S= = 0.20m         use  514/m    with As=769.5mm2
or 14@200mm                   *** Step(s) is the smallest of:
(1) 3h=3*250=750mm      (2) 450mm    
(3)  s=380 ( ) - 2.5*20 = 330 mm
(3)    S≤ 300() = 300 mm      control .
           S= 200 mm < Smax=300 mm          ok
*** As(Temperature and shrinkage ) = 0.0018*b*h=0.0018*1000*250=450mm2.
n= == 2.92               s = == 0.34m
Take 314/m     with As= 461.7 mm2 / m strip          or 14@300mm
Step (s-for shrinkage and temperature reinforcement ) is the smallest of:
(1)  5h=5*250=1250mm               (2) 450mm     …control    >300 mm  ….OK  
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Figure (4-23): reinforcement detail of stair (1)
***Design of landings..
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Figure (4-24):  loads on landing of stair(1)
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                   Figure (4-25): moment and shear diagram for landing of stair (1)
**check for shear strength    Vu= 15.6 KN < () Vc = 68.27 KN.
The thickness of the slab is adequate enough.

**for flexural :   Mu= 20KN.m 
   Rn= =  =  0.44 MPa.  
ρ  =  )  =  )=0.0011
As =  ρ * b * d   =  0.0011  *  (1000)  * (223)  =  245.3  mm2
Asmin = 0.0018 * b * h = 0.0018 * 1000 * 250  =  450  mm2
As < Asmin      not Ok                        Take Asmin = 450  mm2 .         use 14
n == 2.92        S== 0.342m         use  314/m    with As=769.5mm2
          or 14@300mm .                  S= 300mm ≤ Smax=300mm          ok
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Figure (4-26): reinforcement detail for landing of stair (1)  

4 .14 Design of Isolated footing.(F13).
** load calculation :
From column : 
Service dead Load  = 2391.66KN
Service live load = 1231.25KN
Soil density =18KN/m3                    soil depth =  0.7m          surcharge 5KN/m2
Allowable soil pressure =450 KN/m2 
Assume footing to be about (80cm) thick 
A =   =   = 8.78 m2.
A = L2        L ==  = 2.96 m                 Take   L=3 m.
***Depth of footing and shear design:
Pu=1.2*2391.66+1.6*1231.25=4840KN
  qu==  537.77  KN/m3
****Check one-way shear (Beam shear) [image: ]
Figure (4-27):  one way shear (beam shear for isolated footing)
Vu at distance d from the face of support :
Vu=qu*b (- – d )= 537.77*3* (-– d )            let Vu=Vc , (=0.75)
Vc=() bw * d= () ** 3000 * d
537.77*3*(--d ) =0.75* ()** 3000 * d                dreq=0.561m
d aval = 800-75-20= 705mm = 0.705m > dreq =0.561 m               …. Ok

  ****check Tow –way shear (punching shear) :
[image: ]
Figure (4-28): Tow- way shear (punching shear)

Let Vu=Vc,      (=0.75)
Vu = 537.77 ( 3*3 - ( 0.6 + 0.705 )( 0.6+0.705) = 3924.09 KN
β  = =1  , b0 =  2( 0.6 + 0.705 )+ 2 ( 0.6 + 0.705 ) = 5.22 m
Vc = ( ) (1+)  * b0 *d                where ( )( 1 +) = 0.5
Vc=(  )*(+ 2 )   * b0 *d      where ()*( () + 2 ) = 0.61
Vc= ( )    * b0 * d                             where  () = 0.333     …. Control 
Vc= 0.3 *   *  5220 * 705 * 10-3  = 5408.62  KN
Vc  = 5408.62*0.75 = 4056.46  KN>  Vu=3924.09   KN…….OK
***** Design for flexural in both direction:
Take steel bars of 14 
L= 3m           h=800mm        d= 718mm             fc' =24 MPa                  fy=420MPa
   Rn= =  = 0.83 MPa.  
ρ  =  )  =  )=0.002
As =  ρ * b * d   =  0.002 * (3000)  *( 718)  =  4308 mm2
Asmin  =  0.0018 * b * h  = 0.0018 * 3000 * 800  =  4320 mm2
As <  Asmin      not Ok                        Take  Asmin  =  4320mm2.
Use  3014    with As=4617mm2.
S = =  83.79 mm.
Step(s) is the smallest of :
(1) 3* h = 3 * 800 = 2400  mm                (2) 450mm    …control 
S = 83.79 mm <  Smax=450            ………  OK
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Figure (4-29) :  Top view for Isolated footing F13
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Figure (4-30): Reinforcement detail of Isolated footing F13 
    
4 .15 Design of combined footing.F24
Table 4.8 : information about combined footing F24.
	Col.
	Dead load factor
	Live 
Load fac.
	Dead
 service
	Live load service
	Dim. Of column

	C15C
	1600
	3000
	1333.3
	2500
	50*40

	C20C
	950
	1650
	593.75
	1031.25
	60*60


                                                          ∑Total service = 5458.33 KN
(1)   Footing dimensions:
** Footing dim.
∑M col1 = 0 ,    = 1.55m
A= == 12.13 m2.
A= BL         take    L=3.6  m   =B =   == 3.36m
Take    B=3.5 m
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Figure (4-31):geometry of combined footing F24 
P1u = 1.2 * 1333.33 + 1.6 * 593.75  = 2549.99 KN/m
P2u =  1.2 * 2500 + 1.6 * 1031.25 = 4650 KN/m∑(P1u+P2u)=7199.99KN
qu ==  571.42 KN/m2.
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Figure (4-32): moment and shear diagram for combined footing F24


***One way shear (beam shear)
Assume  h=85cm  and  steel bar of 20
davg =  850 – 75 – 20 = 755mm
Vc =  0.75  * () ** 3500 * 755 *= 1618.19 KN
**At column(1)    pu1 = 2549.99  KN
Vu = 2549.99 - 571.42 * 3.5  (0.0 + 0.4 + 0.755 ) = 240.02 KN
**At column (2)    pu2 = 4650 KN
Vu= 4650 - 571.42 * 3.5 (0.68 +  0.6 + 0.755 ) =  580.06 KN
Vc  = 1618.19 KN > Vumax = 580.06 KN      ….OK


Two – way (punshing shear)

**At colomn(1)  pu1=2549.99KN
d=  = 0.377m > 0.0m
as edge b0 =  2 ( 0.0 + 0.4 + ) +( 0.5 + 0.755 ) = 2.81 m
Vu = 2549.99 - 571.42 ( 0.0 + 0.4 + ) + ( 0.5 + 0.755 ) = 2106.96 KN
β= = 1.25,     s =30   -- edge column .
() (1+) = 0.43
() (() +2) = 0.83
=  0.333---- control 
Vc = 0.75 () ** 2810* 755 * 10-3  = 2598.35  KN
Vc = 2598.35 KN > Vu = 2106.96 KN     …..OK
adequate enough 
**At column (2)   pu2=4650KN
=  = 0.3775m  <  0.68 m
two options punching action .
*as edge perimeter :
bo = 2 ( 0.68 + 0.6 +) + ( 0.6 + 0.755 ) = 4.67    …. Control 

*as interior perimeter 
b0= 2 ( 0.6 + 0.755 ) + 2 ( 0.6 + 0.755 ) = 5.42 m
Vu = 4650 - 571.42 * ( 0.68 +0.6 + ) * ( 06 + 0.755 ) = 3366.64 KN
β =  = 1.0         s =30 --- edge column .
 (1+) = 0.5
 (() + 2 ) = 0.57
= 0.33  --- control 
Vc = 0.75 * ()* 4670 * 755 * 10-3 = 4318.26 KN
Vc =  4318.26KN  >  Vumax= 3366.64 KN
OK…. The thickness  is  adequate enough .
**Flexural long –direction    Mu=-993.28KN.m
Take steel 20        d = 850 - 20 - 75-=745KN
   Rn= =  = 0.56 MPa.  
ρ  =  )  =  )=0.0013
As  =  ρ*b*d  = 0.0013*(3500) *(745) = 3389.75  mm2
A smin=  0.0018 * b * h = 0.001 8* 3500 * 850 = 5355  mm2
As  <  A smin       not Ok                        Take Asmin=5355 mm2.
Take 2716   with As= 5429.7mm2.
Mu=902.55KN.m  +Mu=62.49KN.m
   Rn= =  = 0.52 MPa.  
ρ  =  )  =  )=0.0013
As =  ρ * b * d  = 0.0013 * ( 3500)  * (745) = 3389.75  mm2
Asmin = 0.0018 * b * h = 0.0018 * 3500 * 850=5355 mm2
As <  Asmin      not Ok                        Take A smin = 5355mm2.
Take 2716   with As= 5429.7mm2.
**Design the flexural reinforcement in the transverse direction (transverse beams)
For column (1) under 
d= 850 – 75 -= 765mm
Pu1 == 728.56
Mu= (-) 2 = 819.63 KN.m
(c+d) =( 0.40 +) = 0.78 m            take 0.9 m 
Rn =  =  =  1.72 MPa.  
ρ  =  )  =  ) = 0.0043
As =  ρ* b * d   =  0.0043* (900)  * (765)  =  2960.55 mm2
A smin  = 0.0018 * b * h = 0.0018 * 900 * 850 = 1377 mm2
A s  >  Asmin       Ok                        Take As = 3167.1 mm2.
Take 1120   with As= 3456.2mm2.>Asreq=2960.55mm2.
S=   =  60.5mm < 450 mm    OK
For column (2) under 
Pu1== 1328.57
Mu=(- )2 = 1396.65 KN.m
(c+d) = (0.60+0.765) =1.365             take 1.4 m 
Rn= =  = 1.89  MPa.  
ρ  =  )  =  ) = 0.0047
As  =  ρ*b*d  = 0.0047 * (1400)  * (765)  =  5033.7  mm2
Asmin =  0.0018 * b * h = 0.0018 * 1400 * 850 = 2142  mm2
As >  A smin       Ok                        Take  As =5033.7  mm2.
Take 1820   with As= 5653.mm2.>Asreq=5033.7mm2.
S=  = 66.25 mm <  450  mm    OK
Temperature : 
Asmin  =   0.0018 * 1000 * 850 = 1530 mm2. 
Take 816     or   16@12.5cm <  45cm     ……OK[image: C:\Users\John\Desktop\صور تكست\سسئئء.jpg]
Figure (4-33): top veiw of combiend footing F24 
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Figure (4-34): reinforcement detail of combined footing F24
4 –16 Design of strip footing.
Determination of load  (from slab and weigh wall )
Dead factor      400     KN/m          live factor   120KN/m 
Dead service  333.33  KN/m          live service  75 KN/m
Soil density = 18Kg/cm3.
Allowable soil pressure =  450  KN/m2
** Estimate the size of the footing and the factored net pressure .
Assume footing to be about (30cm) thick.
qa.net =  450 – 03 * 25 – 0.4 * 18 - 7= 428.3 KN/m2.
A=b*1      b=0.95        Take b=1m
**Depth footing and shear design 
Pu =  1.2 * 333.33 + 1.6 * 75 =  620KN/m
qu = =  620  KN/m2
**  one way shear (beam shear )
Vu at distance d from the face of column :
Vu =  qu * 1 (-– d ) = 620 * 1 *  (  –  – d )
Let Vu = Vc , ( =0.75 )
Vc =  () *  bw * d = 0.75 * ()** 1000*d
620 * 1 * (0.5 -– d ) = 0.75 * () ** 1000 * d
310  - 77.5 -  620 d = 612.37 d             d=0.1886  
Assume  cover  75 mm ,and  steel  bars  of  20
h =  188 + 75 += 273 mm     the thickness is adequate enough.
Take h=30cm.             d= 300 – 75 - = 215mm
**Design for  flexure :
Take steel bar   of 20                Mu  = 620 * (1*0.375) * () = 43.59 KN.m
   Rn= =  = 1.04 MPa.  
ρ  =  )  =  )=0.0025
As  =  ρ b d = 0.0025 * 1000 * 215 = 537.5 mm2.
Asmin = 0.0018 * b * h = 0.0018 * 1000 *300 =  540 mm2
As = 537.5 mm2 <  Asmin = 540mm2     ---notOk
Use A smin       n =  =  =  4.77
S== 0.209 m     take 12@200mm
Or   512/m       with  As =  565.5mm2  > A s.req= 540mm2.
Step (s) is the smallest of :
(1)  3h= 3* 300 = 900mm.       (2)  450 mm  ---- control .
S =  200mm  <   Smax = 450     —Ok
Select the minimum (temperature ) reinforcement :by code ACI 
We require the  following reinforcement along length of the footing :
A smin = 0.0018 * b * h = 0.0018 * 1000 * 300 = 540 mm2.
The maximum spacing is 5h  or  450mm . Provide   512(565.5mm2)
For  shrinkage reinforcement.
** Development length of main reinforcement ;
The basic compression-development length is (ACI code)
 ≥ 0.043 fy * db  ≥ 200 mm
==288.05 mm
0.043 fy * db =  0.043 * 420 * 14 = 252.84 mm
Ld available   = 300 – 75 - 2*12 =  201mm
Ld available   = 201  mm  <   


Use Using hook   16*



Required length of hook    16*   16 * 1.4  =  22.4 cm
Use Hooksel. = 25 cm > Hookreq = 22.4cm
   Ld =  201 + 250 = 451mm >  =288.05      ….ok

 
[image: C:\Users\John\Desktop\ef.png]
Figure (4-35): geometry of strip footing 


[image: C:\Users\John\Desktop\صور تكست\سسس.jpg]

Figure (4-36):  reinforcement detail for strip footing     









4.17 Design of  Shear Wall: Shear(3)
[image: C:\Users\John\Desktop\صور تكست\sher.png]                           Figure (4-37): location of  shear wall  (3)



Figure (4-38):shear and moment for shear wall (3) 

Fc  =  24 MPa

 =  420 MPa.
   h= 25 cm.  Shear wall thickness.
Lw=  7.7 m.  shear wall width
Hw=  21.0 m.  Building  height
=  = 3.85 m 
=  = 11.5 m
Story height =  3.5…………..(control)
d= 0.8 * Lw = 0.8 * 7.7 = 6.16 m








Mu = 24281.95 kN.m

Horizontal shear reinforcement:





Take =0.0025
S ≤() = = 1540 mm 
S2 ≤ 3 h = 3 * 250 = 750 mm
450……… Control
Try ∅10

S = 251mm
Use ∅10  @ 25 cm c/c For Horizontal R.F.

Vertical flexture reinforcement
Use ∅16@150
Ast  =  * 2 * 201.1  = 20646mm2
ω =. =. = 0.1877
 = = = 0.171
∅Mn=∅*0.5Ast.fy.Lw.
        =0.75* 0.5 *20646 * 420*7700  =   24920 ………..ok
[image: C:\Users\John\Desktop\صور تكست\shear final-Model.jpg]

                                   Figure (4-39): Reinforcement detail for shear (3) 




4.18 Design of Basement Wall:-
4.18.1  Load Calculation:-

 = 30 
Soil density =  18 Kg/cm3

ko= 1-sin = 1- sin 30  =  0.5
q1= 0.5*5 = 2.5 KN
q2= 18*4*0.5 = 36 KN/m
qu1 (factored) =1.6 * 2.5 = 4   KN/m
qu2 (factored) = 1.6 * 36 = 57.6   KN/m
[image: ]
Figure (4-40) :  Loads  on Basement Wall
 (
Figure (4-
41
):
 
 Loads & Shear/Moment envelope for basement wall
)[image: ]
4.18.2 Design of Wall:-
Assume h = 250 mm 
d =250 – 20 – = 223 mm
Vud= 63.6 KN


 … No Shear Reinforcement is Required.
** For  Horizontal Reinforcement, Use Asmin
As min  =  0.002  *  b  *  h
Asmin =  0.002 * 1000 * 250 = 500mm2 / m = 50 cm2 / m

Use 12 
= 4.42…..  use 5  bars

Use  12 at 20 cm c/c 
4.18.2.1 Design for Bending Moment:-
Mumax = 66.8 KN/m



Kn =     

 	





Use  16 
No. = 802.8/201.1= 3.99  , Use 4 bars

Use  16 at 25  cm
1/2 * 802.8 = 401.4 mm2 

Use  12
No. = 401.4/113.1 = 3.54    , Use 4 Bars

Use 12 at 25 cm c/c

4.18.3 Design of Basement Footing:-
Total factored load = 75 KN
Soil density = 1 8  Kg/cm3.                          
Allowable soil Pressure = 450 KN/m2.
Assume footing to be about (30 cm) thick.

Footing weight = (250.3) = 7.5 KN/m2.

Soil weight above the footing =  (3.7) 18 = 66.6 KN/m2. 
live load = 5  KN/m2
q a,net = 450 – 5  - 7.5- 66.6 = 375.9 KN/m2 
Assume b = 1 m , h= 30 cm
d= 300 – 75 – 14 = 211 mm,    qult = 375.9/1 *1= 375.9 KN/m2     
 (
                             
Figure (4-
42
): Loads & Shear/Moment envelope for basement wall
)                            [image: ]                 


4.18.3.1 Check of One Way Shear:-
Vu = 1* (0.5 - 0.125 - 0.211 ) *  375.9  =  61.64  KN
 


4.18.3.2  Design of  Bending Moment:-
Mu  = 375.9 * 1 * 0.375 *  =  26.43 KN/m



Kn =     

 	




Use  A smin

Use  14
No. =    = 3.51      , Use 4 bars


Use Using hook  16*



Required length of hook  16 *   16 * 1.4  =  22.4 cm
Use Hooksel. =  25  cm  >  Hookreq = 22.4 cm                

Use 14 at 25 cm c/c
In  the  other  Direction:-
Asmin =  0.0018 * b * h
Asmin =  0.0018  * 1 000 * 300 = 540  mm2

Use  14 
No. = = 3.51      , Use 4 bars

Use  14@ 25 cm c/c
The basic compression-development length is (ACI code)
 ≥  0.043 fy* db  ≥200mm
== 288.05mm
0.043fy*db= 0.043*420*14 = 252.84mm
Ld available =  300-75-2*14 = 197 mm
Ld available=  197  mm  <  


Use Using hook  16*



Required length of hook16*16 * 1.4 =  22.4 cm
Use Hooksel. = 25 cm > Hookreq = 22.4 cm
   Ld  = 197+250 = 447mm  >= 288.05      ….ok
              [image: C:\Users\John\Desktop\صور تكست\بيسمنت.jpg]


Figure (4-43):reinforcement detail for basement wall 


    4 –19 Design of Mat Foundation(Mat1).
We got the moment in x direction and y direction after using the sap12 program as the fooling …
The load on mat  is from the shear  wall 12 and columns  C26-C
And   C30-C .
Assume h = 70 m .
And  qa = 4.5 Kg/cm3   for the soil. 
[image: C:\Users\John\Desktop\صور تكست\vvv.png]
Figure (4-44):(M11) moment in x axis for mat foundation
                [image: C:\Users\John\Desktop\صور تكست\rrr.png] Figure (4-45):(M22)moment in y axis for mat foundation 


[image: C:\Users\John\Desktop\صور تكست\wwwww.png]
                 

Figure (4-46):    (M11+M22)=1100KN.m   maximum for positive.


	
[image: C:\Users\John\Desktop\صور تكست\tttttttttttt.png]Figure (4-47):     M11= - 600KN.m for maximum negative and
 M22 = 0 for negative

Design for flexural  short direction (x direction)(M11)
Moment positive Mu= 1100KN.m
d=  700 – 75 - 20 -= 595mm



Kn =     

 	




Use A s min

Use  16
No. =  = 26.9      ,  Use 27 bars


Use Using hook  16 *



Required length of hook  16 *    16 * 1.6  = 25.6 cm
Use Hooksel. = 35 cm > Hookreq = 25.6cm                

Use    27 16
 
Design for flexural  short direction (x direction)(M11)
Moment Negative Mu= -600KN.m
Use Asmin

Use  16
No. =  = 26.9      , Use 27 bars


Use Using hook 16*



Required length of hook 16* 16 * 1.6  =  25.6 cm
Use Hooksel. = 35 cm >  Hookreq = 25.6 cm                

Use    27 16

Design for flexural  long direction (y direction)(M22)
Moment Positive  Mu= 1100KN.m
d = 700 - 75 -= 615mm



Kn =     

 	




Use A s min

Use  16
No. = = 46.6      , Use 27 bars


Use Using hook 16 * 



Required length of hook  16* 16*1.6  = 25.6 cm
Use Hooksel. =  35 cm >  Hookreq  = 25.6cm                

Use    47 16
 
Design for flexural  long direction (y direction)(M22)
Moment Negative = 0 KN.m
Use A s min

Use  16
No. =  = 46.6      , Use 27 bars


Use Using hook   16 * 



Required length of hook  16 *    16 * 1.6  =  25.6 cm
Use Hooksel.  = 35 cm >  Hookreq = 25.6cm                

Use    47 16

[image: C:\Users\John\Desktop\صور تكست\ddddd.jpg]
Figure (4-48): top view for mat foundation mat1 
[image: C:\Users\John\Desktop\صور تكست\fffffffffffffffff.jpg]
Figure (4-49): reinforcement detail for mat foundation mat (1)
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