Chapter 4      Structural Analysis And Design
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Structural Analysis And Design
4.1 Introduction.

4.2 Design method and requirements.

4.3 Determination of Slab Thickness.

4.3.1Compare Between a Thickness of one way and Two Rib slab

4.4 Design of topping.

4.5 Load calculations for one way Rib slab.
4.6 Design of one way Ribbed slab.

4.7 Design of two way Ribbed slab.
4.8 Design of two way Solid slab..
4.9 Design of Beam.
4.10 Design of Short Column.

4.11 Design of Basement Wall.
4.12 Design of Shear Wall.

4.13 Design of Stairs.
4.1 Introduction:
-Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnels, and others.

-Concrete is a construction material composed of cement (commonly Portland cement) as well as other cementations materials such as fly ash and slag cement, aggregate (generally a coarse aggregate such as gravel, limestone, or granite, plus a fine aggregate such as sand), water, and chemical admixtures. 

-Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and frequently admixtures. 

-Structural concrete can be classified into:-
· Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.

· Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.

· Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.
In This Project, there are three types of slabs: solid slabs, one-way and two-way ribbed slabs. They would be analyzed and designed by using programs such as Beam D, Safe, Staad pro.to find the internal forces, deflections , and then hand calculation would be made to find the required steel for some members.
In this Chapter, we will show the procedure for designing the several structural members of our project, so we will discuss the steps that we followed to design the Ribs, beams, slabs.
So, this chapter will contain a sample calculation related to one of the preceding members contained in this project.All of these members will be designed according to (ACI –318-code).
4.2 Design method and requirements:-

The design strength provided by a member is calculated in accordance with the requirements and assumptions of ACI_code (318_11).

4.2.1 Strength design method:
-In Strength design method which formally called ultimate strength design method, the service loads are increased by factors to obtain the load at which failure is considered to be occurring. 

This load called factored load or factored service load. The structure or structural element is then proportioned such that the strength is reached when factored load is acting. The computation of this strength takes into account the nonlinear stress-strain behavior of concrete.

-The strength design method is expressed by the following,

Strength provided ≥ strength required to carry factored loads.

NOTE:

The statically calculation and the key plans dependent on the architectural plans.
· Code UBC: ACI 2008.
· Material:-

Concrete: B300 ……..
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 For rectangular sec.
·      Reinforcement steel :-

The specified yield strength of the reinforcement [image: image5.png]{fy = 400 N/mm? (MPa)




·   Mild steel :    A-36.

· Connection Type :     Weld , Bolts.
4.2.2 Factored loads: 
The factored loads for members in our project are determined by:

[image: image6.png]Wu = 1.2DL + 1.6 LL ACI — code — 318 —08(9.2.1).




4.3 Determination of  Slab Thickness:-
[image: image7.png]



4.3.1Determination of  The  thickness of one way and two way ribbed  slab:-
· One Way Ribbed Slab :R1.

· Two Way RibbedSlab :S16.
· Statically system for (R 1) :-
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Fig 4.2: Statically system for (R 1)
· Section in ribbed slab :-

[image: image9.png]



Fig 4.3: Section in ribbed slab
The overall depth must be satisfying ACI table (9.5.a) for nonprestressed beams or one way slabs unless deflections are computed.
The minimum required thickness is:-
       -Maximum span length for one-end continuous   : L=5.96 m =596 cm.
        - hmin for one-end continuous =  L/18.5.

[image: image11.png]


=  L/18.5 = 596/18.5 = 32.2 cm. ………..(control)
-Maximum span length for both –end continuous   : L=4.4 m =440 cm.

      -hmin for both-end continuous =  L/21.

hmin =  L/21 = 440/21 = 21 cm.
- The controller slab thickness is 32.2 cm.
But by deflection checked it was controlled at 35 cm thickness.

So Select Slab thickness h= 35cm with 27 cm hollow block & 8cm Topping .
· Check Thickness of two way ribbed slab:

0
· Two way ribbed slab( S16):-

· Statically system for (S16) :-
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Fig 4.4:Statically system for(S16)
· Thickness of slab :-
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=267mm
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Limitation of deflection according to ACI:-

Ribbed slab section :-
[image: image20.png]
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· Statically system for beams :-

Interior Beams (B,F,43-- B,F,44– B,F,46-B,F,49):

[image: image1034.png]


-Interior Beam (Rectangular-Section)…….
(B,F,43 - B,F,44 - B,F,46 - B,F,49):
· For Interior Beam (B,F,44-B,F,49) :-
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Fig 4.5:Beam 44 & 49.

· For Interior Beam (B,F,43) :-
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[image: image28.png]Ib =(60= f60f ~3/12)= 1080000 cm"4




Fig 4.6:Beam 43.

· For Interior Beam (B,F,46) :-
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Fig 4.7:Beam 46.
· For Interior Beam
-In Long direction (B,F,49) ………[image: image32.png]L 1ope



= 1360cm.
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-In Long direction ((B,G,44) …….[image: image35.png]right



=1360cm,[image: image37.png]L 1ope



= 550 cm.
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-In Short direction (B,F,43) ………  [image: image40.png]


= 1160cm
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-In Short direction (B,F,46) ………  [image: image43.png]right



=1160cm .
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· αf=[image: image46.png]



α1=[image: image48.png]625000
877.88+103



= 0.71
α2 =[image: image50.png]1080000
759.246+103



= 1.42
α3=[image: image52.png]625000
866.015+103



= 0.72
α4=[image: image54.png]4860000
759.246+103



= 6.4
αfm =[image: image56.png]alt+o2+o3+a4
4



= 2.315
αfm=2.315>2

where αfm>2
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 = [image: image62.png]116



=1.17
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 = 322.1mm>[image: image68.png]Pomin



= 267 mm

[image: image69.png]Nassumsa=350mm > 313.6 mm — OK




The thickness in one way rib slab is larger  than in two way rib slab SO ,

Take the slab thickness = 35 cm, 17 cm for concreteblock , 8 cm, for topping.

But  from design software (safe program) it was determinated as h=45cm , 6 cm for

concrete block , 31 cm for (kalkal) and 8 cm for topping (in order to be safe for the

 long term deflection ).
4.4 Design of topping:

Topping in One way ribbed slab can be considered as a strip of -1 meter widthand a span of hollow block length (b=40 cm) with both end fixed in the ribs.
[image: image70.png].
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Fig 4.8: topping load.
4.4.1 Determination of dead load:-
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Fig 4.9: Typical Section In Ribbed Slab

Dead load calculations:

	Dead load from:
	δ×γ×1
	KN/m

	Tiles 
	0.03×23
	0.69

	Mortar
	0.02×22
	0.44

	Sand
	0.07×16
	1.12

	Topping 
	0.08×25
	2

	Interior partitions 
	1
	1

	
	∑
	5.25


Table (4.1)Calculation of one way dead load
Live load :
LL =5 KN/m2
 LL =5 KN/m2 × 1m= 5KN/m
Factored  load :
WU = 1.2 ×5.25 + 1.6×5 =14.3 KN/m.
· Check the strength condition for plain concrete, øMn ≥ Mu, where ø =0.55.

[image: image73.png]Mn = 042 &[fI sm.




(ACI 22.5.1, equation 22-2).
[image: image75.png].h” _ 1000x80°
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[image: image76.png]oMn = 055X 1 X 0.42 X V24 X 1066666.67 X 107¢ = 1.247KN.m
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([image: image80.png]negative moment).




[image: image81.png]oMn >> Mu = 0.191KN.m




-No reinforcement is required by analysis. According ACI 10.5.4,provideAs,minfor slabs as shrinkage and temperature reinforcement. 

[image: image83.png]Penrinkage = 0-0018



………….ACI 7.12.2.1

[image: image85.png]As = p X b X htopping = 0.0018 X 1000 X 80 = 144 mm®/m strip



.
Try bars ɸ8with  As= 50.27 [image: image87.png]


.

Bar numbersn=[image: image89.png]As

As (pg)



 = [image: image91.png]144
50.27



 = 2.87 ……….take 3bars .
Step (s) is the smallest of:

1. [image: image93.png]3h = 3X80 =240 mm. ... control .. ACI 10.5.4





2. [image: image95.png]450mm



.
3. S =380[image: image97.png]—2.5¢, = 380 (.m
by

) —2.5.20 = 330mm





but…….
S≤ [image: image99.png]


……………ACI 10.6.4
Use  ɸ8 @ 200 mm in both direction, As provided =250 [image: image101.png]


/m , S = 200 mm <Smax = 240 mm.
4.5 Load calculations for one way Rib slab
[image: image102.png]One Wy RS Shinkage & Temperature Bars





Fig 4.10: one way Rib slab.
-The effective flange width (be), according to ACI 8.12.2 is the smallest of:

· [image: image104.png]975 mm L: is the min span of the rib.




· [image: image106.png]be < bw + 16hf = 120+ 16 X 80 = 1400 mm.




· [image: image108.png]be < center to center spacing between adjacent beams
520 mm

400 +120 =



. ……Control
Requirements For Slab Floor According to      ACI- (318-08) .
· [image: image110.png]bw = 10cm ACI(8.13.2)





Select bw=12cm
· [image: image112.png]h < 35%bw .ACI(8.13.2)
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· [image: image115.png]tf = Ln/12 = 50mm ACI(8.13.6.1)





[image: image117.png]Select tf = 8cm




.
· Unit width ([image: image119.png]


) = [image: image121.png]bw
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=  [image: image129.png]12
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Fig 4.11:Section in one way Rib sla
· Dead load calculations:

	Dead load from:
	δ×γ×be
	KN/m

	Tiles 
	0.03×23×0.52
	0.359

	Mortar
	0.02×22×0.52
	0.2288

	 Sand 
	0.07×16×0.52
	0.582

	Topping 
	0.08×25×0.52
	1.040

	Interior partitions 
	1×0.52
	0.52

	RC rib
	0.27×25×0.12
	0.81

	Hollow Block
	0.27×9×0.4
	0.972

	Plaster
	0.02×22×0.52
	0.2288

	
	∑
	4.7406

	
	
	


· Table (4.2)Calculation of one way dead load
· live load calculations:

[image: image136.png]Live load /rib = 5KN/m?X 0.52m = 2.6 KN/m.




· Factored load calculations:
[image: image137.png]Du = 1.2 X 4.7406 = 5.68872 KN/m.




[image: image139.png]Lu = 1.6 X 2.6 = 4.16 KN/m



. 

[image: image141.png]Wu = 65364 + 4.16 = 9.85 KN/m



.
4.6 Design of One Way Rib slab:
· System :

One -way ribbed slab:
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· Loading
By using BEAMD (ATIR)  program we get the envelope moment and shear diagram as the following:
Dead-load-service:
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· Moment / S h e a r   E n v e l o p e  (Factored):
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· 4.6.1 Design for positive Moment for Rib (R1 )

· [image: image147.png]Mu (max.positive moment) = 30.8 KN.m.




Assume bar diameter ɸ12 for main positive reinforcement.

[image: image148.png]dy 12
~ cover — dstirrups ——> =350 2010 —— = 314 mm





· Check if  a>hf  to determine whether the section will act as rectangular or 
T_ section,

[image: image149.png]My = 085.fL.b, by (d =)
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= [image: image153.png]0.85 X 24 X 520 X 80 X (314~ ) X 107 = 232.53 KN.m




Mnf>[image: image155.png]


=[image: image157.png]


=34.2KN.m,
-The section will be designed as rectangular sectionwith  b = 520 mm. 
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ρ[image: image162.png]2x206x0.67

) = 0.0016
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[image: image164.png]As = p.b.d =0.0016 X 520 X 314 = 264.9mm’



.                

· Check for As,min.
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[image: image169.png]As,required



=264.9 mm2.>[image: image171.png]As,min = 125.6mm*




[image: image172.png]Use 2914 ,Bottom ,As,provided = 307.9 mm® > As,required
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· Check for strain:
a =[image: image174.png]307.5x420
omE D@sxs0xzh

12.19mm
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·  Design for positive moment [image: image179.png]Mu = 21.8 KN.m




Assume bar diameter ɸ12 for main positive reinforcement-
[image: image180.png]dy 12
— cover — dstirrups -—2 = 350 —20 — 10 — — = 314 mm.





[image: image181.png]M,, =232.53 KN.m




Mnf>>[image: image183.png]


=[image: image185.png]218



=24.2 KN.m, the section will be designed as rectangular sectionwith  b = 520 mm.
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ρ[image: image190.png]



[image: image192.png]As = p.b.d =0.0011 X 520 X 314 = 184.76mm*




. 
· Check for As,min.

[image: image193.png]As,min = 125.6mm*





[image: image195.png]As,required



=184.76 mm2>[image: image197.png]As,min = 125.6mm*





[image: image198.png]Use 2912 Bottom ,As, provided
184.76mm?>..0k

226.2mm* > As,required




· Check for strain:-

a =[image: image200.png]226.2x420

—————=895mm
085n 7] 085x520028




c[image: image202.png]== =1053 mm
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· Design for positive moment [image: image205.png]Mu = 9.6 KN.m




Assume bar diameter ɸ12 for main positive reinforcement-
[image: image206.png]dy 12
— cover — dstirrups -—2 = 350 —20 — 10 — — = 314 mm.





[image: image207.png]M,, =232.53 KN.m




Mnf>>[image: image209.png]
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=10.67KN.m, the section will be designed as rectangular sectionwith  b = 520 mm.
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[image: image218.png]As = p.b.d .0005 X 520 X 314 = 82.1mm*




. 
· Check for As,min.
[image: image220.png]As,min = 125.6 mm*




(control) >[image: image222.png]As,required



=82.1 mm2

[image: image223.png]Use 2910 Bottom ,As, provided
125.6mm?..0k

157.1mm* > As,required




· Check for strain :-

a =[image: image225.png]157.1x420

————=6.22mm
o85n 7] 0Bsx520x28




c[image: image227.png]



[image: image228.png]0.003 0.126 > 0.005







Note: All spans with Positive moments less than 9.6 KN.m will be             Reinforcedwith [image: image230.png]10



 .
· 4.6.2 Design for negative Moment for Rib (R1 )

· [image: image232.png]Mu = —24.7 KN.m.



( maximum negative moment at the face of support –ACI 8.9.3) 
-Assume bar diameter [image: image234.png]$12



 for main negative  reinforcement.
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[image: image239.png]As = p.b.d =0.0059 X 120 X 314 = 221.5mm’




· Check for As,min.

[image: image240.png]As = 221.5 mm® > As,min = 125.6mm* — OK




[image: image241.png]Use 2614,Top ,As,provided = 307.88mm* > As,required = 221.5mm* Ok





· Check for strain:
a =[image: image243.png]307.88x420
ome f  Desxiz0w2h





c[image: image245.png]22 = 62.1 mm





[image: image246.png]0.012 > 0.005 0k





· [image: image248.png]DesignforMu = —16.0Kkn.m





Assume bar diameter [image: image250.png]12




[image: image251.png]dy 12
— cover — dstirrups ——- =350 —20—10 ——= 314 mm





[image: image252.png]M, 16.0 X 10°
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ρ[image: image254.png]2x206x1
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[image: image255.png]As = p.b.d =0.0037 X 120 X 314 = 140mm*





· Check for As minimum:-
[image: image256.png]As = 140 > As,min

25.6mm* — OK




[image: image257.png]Use 2$10,Top ,As,provided = 157.08mm* > As,required = 140mm*




· Check for strain:

a =[image: image259.png]157.08x420

————=26.95 mm
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c[image: image261.png]== = 3171 mm
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[image: image262.png]0.0267 > 0.005 .
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Note: All spans with Negative moments less than 16KN.m will be             Reinforcedwith [image: image264.png]10



 .

· 4.6.3 Design of Rib for shear

Shear strength Vc, provided by concrete for the joists may be taken 10% greater that for beams. This is mainly due to the interaction between the slab and closely spaced ribs. (ACI, 8.13.8) .
From shear envelope diagram: [image: image266.png]V, =317 KN




[image: image267.png]V24 x 120 X 314 X 107° = 33.84KN





[image: image268.png]o Ve =0.75 X 33.84 = 2538 KN




[image: image269.png]1 1
Vemin = E‘/ﬁb‘“'i 16 V74X 120 X314 X 107 = 11.54KN




[image: image270.png]1
3X120X314X107° = 1256 KN — control





[image: image271.png]o Ve <V, <o(Ve+V, mn)




[image: image273.png]o Ve



=25.38[image: image275.png]


=31.7[image: image277.png]<o(Ve+ Vo)



=37.94[image: image279.png]—Case 3




[image: image280.png]minimum shear reinforcement is required (A, m;,)




[image: image282.png]Use stirrups U — shape (2 leg stirrups ) $8 Av = 2X 50.26 = 100.53mm*



.
If  [image: image284.png]
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= [image: image288.png]


 - [image: image290.png]


 = [image: image292.png]


/[image: image294.png]


 - [image: image296.png]


= 31.7/0.75 -33.84 =8.43[image: image298.png]



Then 
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· Check for [image: image302.png]
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=12.56[image: image306.png]KN
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minimum of :

[image: image310.png]34yfye _ 3x100.53 x:
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–……………. control
[image: image311.png]16A,f,s _ 16X 100.53 X 420
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Take S=140 mm

Use stirrups U- shape (2 leg stirrups )ɸ8/14cm c/c

4.7Design of two Way Ribbed slab:
4.7.1 Design of  two way Ribbed Slab (S35):-
4-7.1.1 Load Calculation
· Determination of Dead load
	
Dead load from:
	W = γ×V
	KN

	Tiles 
	0.03×23×0.65×0.55
	0.247

	Mortar
	0.02×22×0.65×0.55
	0.157

	Coarse sand 
	0.07×16×0.652
	0.473

	Topping 
	0.08×25×0.65×0.55
	0.715

	Interior partitions 
	1.5×0.65×0.55
	0.536

	RC rib
	0.31×25×0.15×(0.65+0.4)
	1.221

	Hollow Block+kalkal
	1×0.4×0.5
	0.2

	Plaster
	0.02×22×0.65×0.55
	0.1573

	
	∑
	3.71




[image: image312.png]Total Dead Load

3.71KN




[image: image313.png]3.71

L 2 i = 2
DL= go=So55 = 10-37KN/m®  Totalliveload = 5 KN/m’




· Determination of factored dead & live load

[image: image314.png]Factored dead load

1.2 X Dead load

12X 1037 = 1244 KN/m?





[image: image315.png]Factored Live load = 1.6 X live load

16X5

B8 KN/m?




· [image: image317.png]Wu= 12.44+ 8 = 20.44 KN/m2




· 4.7.1.2Design for Positive and Negative Moment:-

[image: image318.png]Discontinuous Edge

& &
3 3
a a
H H
H H
4 4
| |
g g
2 2
a a

Discontinuous Edge





·             Moments calculations 
[image: image319.png]Ma = Cawla®’bf and Mb = Cb wlb*bf




[image: image320.png]la
b

116
136




Negative moments:
[image: image322.png]


=0
[image: image323.png]



[image: image324.png]



[image: image325.png]



· Positive Moments:-

[image: image326.png]



[image: image327.png]M, =0.05+12.44+11.6° 0.52 = 43.52KN.m

o pos.dl




[image: image329.png]Cant (3 = 085) =



 0.05
[image: image330.png]M,

apost = 0-05%8%11.6% *0.5:




· [image: image332.png]=43.52+27.98 =71.42 KN.m/rib





[image: image333.png].026

la
Coutt (E = n.as)




[image: image335.png]My posar = 0.026+12.44% 13.67+0.52 =31.1 KN.m



/rib
[image: image336.png]la
Cont (E = n.as) 0.026




[image: image338.png]My posit = 0.026% 8% 13.6% = 0.52 = 20 KN.m



/rib .
· [image: image340.png]My .. =31.1+20=>51.1 KN.m/rib




· [image: image342.png]Negative moments at Discontinuous edge (g positive moment),




[image: image343.png]*71.42 = 23.81 KN.m/rik




[image: image344.png]1
<*51.1=17.03 KN.m/rik

negedges




· Short Direction:

· [image: image346.png]Design for positive moment (Mid Span)Mu = 71.42 KN.m




· [image: image348.png]bf = 650 mm



 .
Assume bar diameter [image: image350.png]d14



 for mainpositive  reinforcement.

[image: image351.png]dy 14
— cover — dstirrups ——* =450 — 20 —8 —— = 415mm.





[image: image352.png]M, 71.42 X 10°

Obd? 09X 650 X 4152

071 Mpa





[image: image353.png]420

——— =206
085+ 24






ρ[image: image355.png]2x2060.71

) = 0.0017
w20





[image: image356.png]As = p.b.d .0017 X 650 X 415 = 463.5mm*





· [image: image358.png]Check for As,min



..

[image: image359.png].25

fle
fy

b,

=t
25

.d




· [image: image361.png]As,min = 0252 150 X 415 = 181.5mm?





· [image: image363.png]As,min = —=X 150 X 415 = 207.5mm? .. Control.





[image: image365.png]As,required = 463.5mm’ > As,min207.5mm*



                                  OK
Use [image: image367.png]$18



 with As= 254.5[image: image369.png]


 .
         n =[image: image371.png]2545



 = 1.82[image: image373.png]N2,




[image: image374.png]Use 2§18 ,Bottom As,= 509mm?® > As,required =463.5mm?. 0Ok




· [image: image376.png]Check for strain:





a =[image: image378.png]509x420

————=16.1mm
085n 7] 0BSxEs0xA




c[image: image380.png]



[image: image381.png]0.063 > 0.005 Ok





· Check spacing :
         S [image: image383.png]=58mm>25 OK






[image: image385.png]Design for Discontinuous edge




[image: image386.png]1
< *509mm? = 169.7mm?* < As,min = 207.5mm?
FAspos =3




min As = 207.5 [image: image388.png]


(control).


[image: image390.png]= ez = iisoer - 183





[image: image391.png]Use2 $12 ,withAs = 226.194mm?’.





· Long Direction 

· (Design for  positive moment (mid span )) , [image: image393.png]Mu=51.1 KN.m



.

Assume bar diameter [image: image395.png]d14



 for mainpositive  reinforcement.

[image: image396.png]dy 14
— cover — dstirrups ——- =450 — 20 —8 —— = 415 mm





[image: image397.png]



[image: image398.png]M, 51.1 X 10°

Obd? 09X 550 X 4152

0.6 Mpa.





[image: image400.png]fy 420
085 ro’ | O@se2s




 .

ρ[image: image402.png](1 _hic zxmﬁxns) — 0.0015






[image: image403.png]As = p.b.d .0015 X 550 X 415 = 330.7mm?





· [image: image405.png]Check for As,min



.

[image: image407.png]


.

· [image: image409.png]As,required = 330.7mm*



>[image: image411.png]As,min = 207.5mm*



       OK

Use [image: image413.png]$16



 with As= 201.06[image: image415.png]


 .
         n =[image: image417.png]


 = 1.64[image: image419.png]N2,




[image: image420.png]Use 2§16 ,Bottom As,= 402.1mm* > As,required = 330.7mm?*. Ok




· [image: image422.png]Check for strain:







a =[image: image424.png]402.1x420

= Semxaonzs — 1505 mm






c[image: image426.png]== =17.71mm
o





[image: image427.png]0.067 > 0.005 Ok





· Check spacing :
 S [image: image429.png]150-20x2-8x2-(2x16)
T

62mm >25mm  OK




4.7.1.3 Design of Two way Rib  for shear
[image: image430.png]= n.as) =034




· [image: image432.png]The total load on the panel being (11.6 X 13.6 X 20.44 = 3224.6 KN)




· [image: image434.png]085 _

The load per rib at face of the long beam is (0.66 X 3224.6 X
50.8 KN)

e




[image: image435.png]50.8 - 20.44 x 0.65 x 0.415

453 KN




[image: image436.png]V24 X 150 X 415 X 107% = 559 KN





[image: image437.png]o Ve =0.75 X 55.9 = 41.9KN.




[image: image438.png]oVc<V, —Case3





[image: image439.png]Vemin :7,/7:1) d ﬁx 150 X 415X 107 = 19.1 KN




[image: image440.png]1
3X 150 X415 107% = 20.75 KN — control





[image: image441.png]o Ve <V, <o(Ve+V, mn)




[image: image443.png]o Ve



=41.9[image: image445.png]


=45.3[image: image447.png]<o(Ve+ Vo)



=57.5[image: image449.png]—Case 3




[image: image450.png]minimum shear reinforcement is required (A, m;,)




[image: image452.png]Use stirrups U — shape (2 leg stirrups ) $8 Av = 2X 50.26 = 100.53mm*



.
If  [image: image454.png]



[image: image456.png]


= [image: image458.png]


 - [image: image460.png]


 = [image: image462.png]


/[image: image464.png]


 - [image: image466.png]


= 45.3/0.75 -55.9 =4.5[image: image468.png]



Then 

[image: image469.png]



[image: image470.png]




· Check for [image: image472.png]




-[image: image474.png]


= 20.75[image: image476.png]KN




-[image: image478.png]


minimum of :

[image: image480.png]vlye _ 3X10053X320 _ 9444



–……………. control
[image: image481.png]16A,f,s _ 16X 100.53 X 420
b,V24  150x+24

=919.3 mm




Take S=140 mm

Use stirrups U- shape (2 leg stirrups )ɸ8/14cm c/c

4.8 Design of TWO Way Solid Slab….Pos. (SS1):-

[image: image482.png]



Fig. (4-12): Two way solid slab
NOTE:

· Code UBC: ACI 2008.

· Material:-

Concrete: B300 ……..
[image: image483.wmf])

(

/

24

8

.

0

*

300

'

2

MPa

mm

N

fc

=

=

 For rectangular sec[image: image485.png]tion



.

·      Reinforcement steel :-

The specified yield strength of the reinforcement [image: image487.png]{(fy = 420 N/mm? (MPa)




	Live load(KN/m2)
	
[image: image488.wmf]'

fc


	fy

	LL = 5 KN/m2
	
[image: image489.wmf]'

fc

= 24 Mpa
	fy = 420 Mpa


· Factored Loads :-

The factored loads for members in our project are determined by:
[image: image490.png]Wu = 1.2DL + 1.6 LL ACI — code — 318 —08(9.2.1).




4.8.1 Determination of  The  thickness of two way Solid slab -
The minimum required thickness according to ACI is :

        - hmin>[image: image492.png]clear preimeter
180



 =  [image: image494.png]3.35+2+3.9-2
180



 = 8 cm
select slab thickness = 20 cm .
But by deflection checked it was controlled at 25 cm thickness.

So Select Slab thickness h= 25cm.
Check h= 25 cm according to ACI for the limitation od deflection , h min is based on the stiffness ratio between beams and slab .

 stiffness of beams :

For Interior Beam (B,F,77) :-
section of beam :

b eff < 8*tf +bw = 8*25 +50 =250 cm 

< 2 * hw+bw = 2*65 + 50 =180 cm ( control ) .

[image: image495.png]Ye =

2AxY
3A





[image: image496.png]1(50*65*(57.5+25 )} +(25* 180 = 12.5)
¢ =

(50+ 65) + (25+180) = 339em





[image: image497.png]25% 65%
Ib wn-E + sn-E + (180 = 25 * 21.4%) + (50 * 65 * 23.62)

= 5611609cm"4





For Interior Beam (B,F,78) :-


b eff < 8*tf +bw = 8*25 +80 =280 cm 

< 2 * hw+bw = 2*65 + 80 =210 cm ( control ) . 

[image: image498.png]Ye =

2AxY
3A





[image: image499.png]1(80*65*(57.5+ 25 )} +(25* 210 = 12.5)
c=

80+ 65) + (25+210) = 473em





[image: image500.png]25% 65%
Ib 21n-E + an-E + (210 = 25 * 34.8%) + (80 * 65 * 10.22)

= 90032388cm"4





For Interior Beam (B,F,79) :-


b eff < 8*tf +bw = 8*25 +80 =280 cm 

< 2 * hw+bw = 2*55 + 80 =190 cm  ( control ) . 

[image: image501.png]Ye =

2AxY
3A





[image: image502.png]1(50*55*(27.5+ 25)} + (25* 190 * 12.5)
¢ =

(50%55)+ (25+190) = 27:2em





[image: image503.png]25% 55%
Ib mn-E + an-E + (190 = 25 * 14.7%) + (80 * 55 * 25.32)

= 5199386cm~4





· stiffness of slabs :
For Interior Beam
-In Long direction (B,F,78) ……… [image: image505.png]L 1ope



= 390cm ,[image: image507.png]L 1ope



= 335cm.

[image: image508.png]25°
450« = = 585937.5 cm*
12





-In Long direction ((B,G,79) …….[image: image510.png]right



= 335cm,[image: image512.png]L 1ope



= 235 cm.

[image: image513.png]25°
385 = —— = 501302 cm*
12






-In Short direction (B,F,77) ………  [image: image515.png]L 1ope



= 425cm , [image: image517.png]right



= 390cm.

[image: image518.png]25° .
508+ = = 660807.3cm’
12






αf=[image: image520.png]



α1=[image: image522.png]9003238.8
585937.5



= 15.4
α2 =[image: image524.png]5199386
501302



= 10.4
α3=[image: image526.png]5611609
660807.3



= 8.5 .
αfm =[image: image528.png]alt+o2+o3+a4
4



= 10.7                       αfm=10.7 >2

where   αfm>2

[image: image530.png]


=[image: image532.png]Injlong
In short




 = [image: image534.png]3.35



=1.17
[image: image536.png]Pomin



=[image: image538.png]420

39 (08+ o0

36+9(1.17)




 = 100mm>[image: image540.png]Pomin



=80 mm

[image: image541.png]Nassumsa=250mm > 100 mm — OK




4.8.2 Determination of  The  Loads of two way Solid slab:
	
Dead load from:
	W = γ×V
	KN

	Tiles 
	0.03×23
	0.69

	Mortar
	0.02×22
	0.44

	Coarse sand 
	0.07×16
	1.12

	slab
	0.2×25
	5

	Interior partitions 
	1.5
	1.5

	Plaster
	0.02×22
	0.44

	
	∑
	9.19




[image: image542.png]Total Dead Load

9.19KN




[image: image543.png]Total live load = 5 KN/m?




· Determination of factored dead & live load

[image: image544.png]Factored dead load

1.2 X Dead load

12x919

11.028KN/m?




[image: image545.png]Factored Live load = 1.6 X live load

16X5

B8 KN/m?




· [image: image547.png]Wu= 11.028+ 8 = 19.028 KN/m?2




4.8.3Design of  two way Solid slab against shear :

Assume one way shear in short direction :
[image: image548.png]d =h — cover — dstirrups = 250 — 20 — 10 = 220 mm.





[image: image550.png]Vu



=19.028*(3.35\2) - 19.028*.72 =18.17KN .

[image: image551.png]1 1
ve :E«/ﬁbd:g‘/ﬂ X 1000 X 220 X 1073 = 179 KN




[image: image552.png]o Ve =0.75 X 17.8 = 134.7KN.




[image: image553.png]o Ve >V,




No shear Reinforcement is required .

4.8.3Design of  two way Solid slab against bending moment:
· For bending moment :

[image: image554.png]Ma = Cawla®* and Mb = Cb wlb?




[image: image555.png]



Negative moments:
[image: image557.png]


=0.06
[image: image558.png]0.06+19.028  3.35"2 = 12.82 kN.m





[image: image559.png]la
Comeq (E = n.as) =0031




[image: image561.png]


 0.031 * 19.028 * 3.9^2 = 8.97 KN.m
· Positive Moments:-

[image: image562.png]



[image: image563.png]M,

apos,at = 0.024% 11.028+3.35% = 3.00KN.m




[image: image565.png]Cant (3 = 085) =



 0.037

[image: image566.png]M, 0.037+8+3.352 = 3.3KN.m

aposll =




· [image: image568.png]=3+3.3=6.3 KN.m/rib





[image: image569.png].022

la
Coutt (E = n.as)




[image: image570.png]My posar = 0.022+11.028+%3.92 = 3.7 KN.m




[image: image571.png]la
Cont (E = n.as) 0.026




[image: image573.png]My posyy = 0.019% 8% 3.9 =2.3 KN.m



 .
· [image: image575.png]My 0. =3.7+2.3=6KNm





· [image: image577.png]Design for positive moment




[image: image578.png]As = p.b.d

.0018 X 25 X 100 = 4.5cm?* /m




Select [image: image580.png]$10



\15 cm  with [image: image582.png]As = 523 cm*/m




[image: image584.png]dM,



>= [image: image586.png]



Tension = compression 
523 *420 = .85  * 24 * a * 1000 
a= 10.77 mm .
[image: image588.png]dM,



= 0.9 * 523 * 420 * ( 220- (10.77/2)) 
                    = 42.4 KN.m .
[image: image590.png]$10



\15 is enough .

· [image: image592.png]Design for positive moment




[image: image593.png]As = p.b.d

.0018 X 25 X 100 = 4.5 cm® /m




Select [image: image595.png]$10



\15 cm  with [image: image597.png]As = 523 cm*/m




[image: image599.png]dM,



>= [image: image601.png]



Tension = compression 
523 *420 = .85  * 24 * a * 1000 
a= 10.77 mm .
[image: image603.png]dM,



= 0.9 * 523 * 420 * ( 220- (10.77/2)) 
                    = 42.4 KN.m .
[image: image605.png]$10



\15 is enough .

4.9Design of Beam ( B,51,F)
       4.9.1 Load calculations
The  dead load within the beam width = 0.8*25*0.6=12[image: image607.png]


 /[image: image609.png]



The live load within the beam width = 5*0.52 =2.6[image: image611.png]


 /[image: image613.png]



· The support reaction ( service ) from Dead loads of Rib (R21 ) upon beam ( B51F) is(30.52 KN). The distributed Dead load  from Rib ( R21 ) on Beam ( B51F):

[image: image615.png]DL ¢, 00 rib



=[image: image617.png]=31.038KN/m

o5



 QUOTE  
30.52/.52=58.7

· The support reaction (service ) from Live  loads of Rib (R21) upon beam ( B51F) is(17.79 KN) . The distributed Live load  from Rib ( R21 ) on Beam ( B51F):

[image: image619.png]LLf,om rib



=[image: image621.png]=31.038KN/m

o5



 QUOTE  
17.79/.52=34.2
 [image: image623.png]


 QUOTE  


· The support reaction ( service ) from Dead loads of Rib (R22 ) upon beam ( B51F) is29.72 KN). The distributed Dead load  from Rib ( R22 ) on Beam ( B51F):

[image: image625.png]DL ¢, 00 rib



=[image: image627.png]=31.038KN/m

o5



 QUOTE  
29.72/.52=57.1

 QUOTE [image: image629.png]=36.442KN/m

052



 


· The support reaction (service ) from Live  loads of Rib (R22) upon beam ( B51F) is(15.9 KN) . The distributed Live load  from Rib ( R22 ) on Beam ( B51F):

[image: image631.png]LLf,om rib



= [image: image633.png]=31.038KN/m

o5



 QUOTE  
15.92/.52=30.5

 QUOTE [image: image635.png]=22.538KN/m

o5



 


· The support reaction ( service ) from Dead loads of Rib (R23 ) upon beam ( B51F) is(21.8 KN). The distributed Dead load  from Rib ( R23 ) on Beam ( B54G):

[image: image637.png]DL ¢, 00 rib



=[image: image639.png]=31.038KN/m

o5



 QUOTE  
21.8/.52=42

 QUOTE [image: image641.png]=40.288KN/m

052



 


· The support reaction (service ) from Live  loads of Rib (R23 ) upon beam ( B51F) is (13.4 KN) . The distributed Live load  from Rib ( R23 ) on Beam ( B51F):

[image: image643.png]LLf,om rib



= [image: image645.png]227 = 23.596KN/m

o5



 QUOTE  
13.4/0.52=25.8

· beam system

[image: image646.png]Geometry

Units:meter.cm

1 2 3 4
1 2 3
A A
06 45 [ 69 06 53 06
o 51 ' 75 59
60,

B0





· Loading
[image: image647.png]Loading

Toad group To. T

Dead load - Service Units:kN,meter
20 571 58.7
k5] 3 5%

Live load - Service Load factors: 1.20,1.20/1.60,0.00
248 30.5 342
5.1 75 59





· Moment / S h e a r   E n v e l o p e  (Factored):

[image: image648.png]Moments: _spans Tto 3

-660.3
-530.4 -509.7 5124
4233 -388.7
. 2.88,1. , . 22 ,
A F 1 ! F 201 !
N T
562 bt [
1949
414. 3819
2.04 N 3.06 3.75 N 3.75 3.54 N 236
Shear
5218
J50a 373 -411.6 3258
g -209.1
1145
203.2
3819 405.2
4922

521.9





· Reaction:

[image: image649.png]Reactions

Factored

DeadR
LiveR
MaxR

(&
102.85
100.32
20316
7139

8571

627
148.4
66.04

-t
521.97
4323
865.2

62251

43498
21452
649.49
497.81

-t
636.92
406.76
1043.68
82459

530.77
25022
784.99
648.06

H
180.99
14485
32584
156.05

150.82
90.53

24136
135.24





4.9.2 Design of positive and negative moments.
· Design for maximum  positive moment, [image: image651.png]Mu

14 KN.m




Assume bar diameter [image: image653.png]$20



 .
[image: image654.png]d

h— cover — dstirrup:

d, 20
-2=600-40-8-=
P) P)




Check  whether the section will be act as singly or doubly reinforced section:-

Maximum nominal moment strength from strain condition [image: image656.png]=0.004





[image: image657.png]3
5542 =2323mm.





[image: image658.png]B,C =0.85 *232.3 = 197.5mm




[image: image659.png]



[image: image661.png]197.
2

Mymae = 085 + 24+ 197.5 800 ( 542 = 72) « 10°¢



=1428.8 [image: image663.png]KN.m




[image: image665.png]0 = 0.82



 …………………    [image: image667.png]OM, g, = 0.82 * 14288 = 1171.6 KN.m




[image: image668.png]M, < OM, = 414 KN.m < 1171.6KN.m .. design as singly





[image: image669.png]M, 414 X 10°

Obd? 0.9 X 800 X 5422

195 Mpa





[image: image671.png]


 =[image: image673.png]Jy__ sz20
Sesfol 025eaa



 =20.6

ρ[image: image675.png]2x206x13:

5) 0049




[image: image676.png]As = p.b.d =0.0049 X 800 X 542 = 2119.8 mm*





· [image: image678.png]Check for As,min



..
[image: image679.png].25

fle
fy

b,

=t
25

.d




· [image: image681.png]As,min = 02522 800 X 542 = 1264.4 mm?




· [image: image683.png]As,min = —=X 800 X 542 = 1445 mm?





[image: image685.png]As,required = 2119.8 mm® > As,min = 1445 mm®



  …………… OK
Use [image: image687.png]$18



 with As= 254.34[image: image689.png]


 .
         n =[image: image691.png]A4s 21188
is318 | 25434




 = 9[image: image693.png]$18.




[image: image694.png]Use 9918 with As,= 2289 mm® > As,required = 2119.8 mm®. Ok




· [image: image696.png]Check for strain




a =[image: image698.png]2289 x420

————=1589mm
085n 7] 085xB00 x4




c[image: image700.png]



[image: image701.png]0.02>0005 ok





[image: image702.png]used = 0.9




[image: image704.png]=2289+ 420(542-%7) #1078




 = 492.7 [image: image706.png]KN.m




[image: image707.png]dMn = 0.9 * 492.7 = 443.5 KN.m > Mu = 414 KN.m





· [image: image709.png]



[image: image710.png]800—40+2-8+2-9+18
s=————5 = 6775mm>25.





· Design for  positive moment, [image: image712.png]Mu = 195 KN.m




Assume bar diameter [image: image714.png]$20



.

[image: image715.png]dy 20
d =h~ cover — dstirrups =600~ 40~ 8~ =542 mm





[image: image716.png]M, 195 X 10°

Obd? 0.9 X 800 X 5422

092Mpa.




[image: image718.png]


 =[image: image720.png]Jy__ sz20
Sesfol 025eaa



 =20.6

ρ[image: image722.png]2x206x0:

") 0022




[image: image723.png]As = p.b.d =0.0022 X 800 X 542 =972 mm*





· [image: image725.png]Check for As,min



..
[image: image726.png].25

fle
fy

b,

=t
25

.d




· [image: image728.png]As,min = 02522 800 X 542 = 1264.4 mm?




· [image: image730.png]As,min = —=X 800 X 542 = 1445 mm?





[image: image732.png]As,required =972 mm® < As,min = 1445 mm?



  …………… OK
Use [image: image734.png]$18



 with As= 254.34[image: image736.png]


 .
         n =[image: image738.png]asp18

1445
25434




 = 6[image: image740.png]$18.




[image: image741.png]Use 618 with As,= 1526 mm® > As,required = 1445 mm?. Ok




· [image: image743.png]Check for strain




a =[image: image745.png]1526 X420

——————=393mm
085n 7] 085xB00 x4




c[image: image747.png]



[image: image748.png]0.03>0005 ok





[image: image749.png]used = 0.9




[image: image751.png]=1526+420(542-%%) #1078



 = 334.8 [image: image753.png]KN.m




[image: image754.png]$Mn = 0.9 * 334.8 = 301.3 KN.m > Mu = 195 KN.m





· [image: image756.png]



[image: image757.png]800—40+2—-8+2-6+18
s=—————————=119mm>25.







Design for maximum  negative moment, [image: image759.png]Mu = —512 KN.m




Assume bar diameter [image: image761.png]$20



 .
[image: image762.png]d

h— cover — dstirrup:

d, 20
-2=600-40-8-=
P) P)




Check  whether the section will be act as singly or doubly reinforced section:-

Maximum nominal moment strength from strain condition [image: image764.png]=0.004





[image: image765.png]3
5542 =2323mm.





[image: image766.png]B,C =0.85 *232.3 = 197.5mm




[image: image767.png]



[image: image769.png]197.
2

Mymae = 085 + 24+ 197.5 800 ( 542 = 72) « 10°¢



=1428.8 [image: image771.png]KN.m




[image: image773.png]0 = 0.82



 …………………    [image: image775.png]OM, g, = 0.82 * 14288 = 1171.6 KN.m




[image: image776.png]M, < @M, = 512 KN.m < 1171.6KN.m .. design as singly





[image: image777.png]M, 512X 10°

Obd? 0.9 X 800 X 5422

242 Mpa




[image: image779.png]


 =[image: image781.png]Jy__ sz20
Sesfol 025eaa



 =20.6

ρ[image: image783.png]- ) _ g.006
=




[image: image784.png]As = p.b.d =0.006 X 800 X 542 = 2667.4 mm*





· [image: image786.png]Check for As,min



..
[image: image787.png].25

fle
fy

b,

=t
25

.d




· [image: image789.png]As,min = 02522 800 X 542 = 1264.4 mm?




· [image: image791.png]As,min = —=X 800 X 542 = 1445 mm?





[image: image793.png]As,required 2667.4 mm® > As,min = 1445 mm?



  …………… OK
Use [image: image795.png]$18



 with As= 254.34[image: image797.png]


 .
         n =[image: image799.png]asp18

2667.4
25434




 = 11[image: image801.png]$18.




[image: image802.png]Use 11$18 with As,= 2797.7 mm?® > As,required = 2667 mm”. Ok




· [image: image804.png]Check for strain




a =[image: image806.png]2797.7x420
085n 7] 0BSxB00x24

72mm




c[image: image808.png]



[image: image809.png]0016 > 0005 ok





[image: image810.png]used = 0.9




[image: image812.png]=2797.7 +420(542 - 7) + 107¢



 = 594 [image: image814.png]KN.m




[image: image815.png]$Mn = 0.9 * 594 = 535KN.m > Mu = 512 KN.m_





· [image: image817.png]



[image: image818.png]800—-40%2—-8+%2—-11+18
s= = S06mm>25.





[image: image820.png]4.9.3 Design Beam(B51F )for Shear



.
V[image: image822.png]umax = 411.6 KN




d =542 mm
[image: image823.png]1 1
Ve = E,/Z'bwd E\/24 X 800 X 542 X 1073 = 354.03 KN




[image: image824.png]g Ve =0.75 X 354.03 = 265.5 KN.




[image: image825.png]4116
——— - 35403 = 194.77KN
075




                 Check for section dimension:-

· [image: image827.png]3

JFb,d= g‘/24x 800 X 542 X 1073 = 1416KN




[image: image828.png]the section is large enough.





 Find the max stirrups spacing:-

If [image: image830.png]In
win

then S, Or S, < 600mm




· [image: image832.png]=2 [F] 2 )3 =
Vs' = /fb,d = ;V24 X 800 X 542 X 107 = 708KN




[image: image833.png]V,=19477 KN < Vs' =708KN OK




[image: image834.png]542

or s, <= =271mm.

In
g





   Check for section dimension:-

· [image: image836.png]Vomin = 1=y Febyd = =V24X 800 X 542X 1073 =

32.76KN




· [image: image838.png]X 800X 542X 107 = 144 KN — control





[image: image839.png]6( Ve +V,min) = 075(354+ 144) = 373.5KN




[image: image840.png]Vi > o(Ve+V, )




[image: image841.png]o(Vc+Vs') =0.75(354 +708) = 796.5 KN




[image: image842.png]o6(Ve+ Vo) < Vu < (Ve +Vs') case 4 stirrups are required





[image: image843.png]S,

271mm




[image: image845.png]Use stirrups U — shape (2 leg stirrups )$10 Av =2 X 785 = 157mm*



.

[image: image846.png]_Avfied _157+420+542
T v 144+1000

S = 248.2mm




[image: image847.png]Use stirrups U — shape (2leg stirrups )10 @90mm < S,




4.10  Design of short Column (C17) 

[image: image848.png]60

60

column 17




    Figure (4-26) : Geometry Of Column ( C17 )
4.10.1 Design of Longitudinal Reinforcement :
· Selecting column dimensions:
Pu = 4918 KN


[image: image849.wmf]%
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As =ρg *Ag = 0.0157Ag

[image: image850.wmf]f

Pn,max = Pu


[image: image851.wmf]f

Pn,max = 
[image: image852.wmf]f

*0.8 [ 0.85*fc'(Ag-As) + As*fy ]

[image: image853.wmf]f

=0.65 – for  tied column.
4918*103 = 0.65*0.8 [ 0.85*24(Ag-0.0157Ag) + 0.0157Ag*400 ]
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Ag =[image: image856.png]


 →[image: image858.png]


  =[image: image860.png]V352292



 = 593.5 mm.

Try [image: image862.png]a = 600mm



 ,              [image: image864.png]= 600° = 360000 mm?®.




· Check for Slenderness  :

b= 600 mm , h = 600 mm

[image: image865.wmf])
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Lu: Actual unsupported (unbraced) length. 

K: effective length factor (K= 1 for braced frame).

R: radius of gyration =[image: image866.wmf]I

A

 ≈0.3 h ……………….For rectangular section.
rx  = rx= 0.3*0.6 = 0.18
Lu = 3.4 m
M1/M2 =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.
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So , Short Column in both direction
· Selecting longitudinal bars:

[image: image868.wmf]f

Pn = 0.65*0.8 [ 0.85*fc'(Ag-As) + As*fy ]


[image: image869.wmf]f

Pn = 0.65*0.8 [ 0.85*24(6002-As) + As*400 ]

4918*[image: image871.png]10°



= 0.65*0.8 [ 0.85*24(6002-As) + As*400 ]
[image: image872.png]as = | 2187107
0.65+08

4918 = 10° 1
= —7344000| —— = 5568.2 mm®
3796






[image: image873.wmf]01
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So , Take 
[image: image874.wmf]g

r

 = 0.0154
Use Φ 20, with As = 314 mm2
n = [image: image876.png]5568.2
314




= 17.73bars , 

[image: image877.png]Use 18920 with As,= 5652 mm® > As,required = 5568.2 mm?. Ok




· Design For Ties :

Use  tiesΦ 10 With Spacing of ties shall not exceed the smallest of:
1) 48*ds = 48*10 = 480 mm

                2) 16*db =16*20=320 mm - Control

                3) Least Dimension of Column = 600 mm

So , Use  Φ 10  @ 200 mm.
· Check For Code Requirements :

1) Clear Spacing between longitudinal bars 

 spacing = [image: image879.png]600—40+2-

0+2-

*20



= 76 mm > 40mm 

> 1.5*db = 30 mm  - OK
2) Gross Reinforcement Ratio:

          0.01<
[image: image880.wmf]g

r

=0.0154 <0.08  - OK
3) Number of bars : 18 > 4 –for square section - OK
3) Minimum ds :   Φ 10  for Φ 16 Bars - OK

4) Spacing Of Ties : S=200 mm – OK
[image: image881.png]



Figure (4-27) : Details Of Column ( C17)

4.11 Design of  Basement Wall ( BW1 ) :-


[image: image882.png]-
Wsu=2.5KN/m  Ws=31.5 KN/im





       Figure (4-35) : Geometry Of Basement Wall  ( BW1 )
Fc’= 24 MPa, Fy = 420 MPa ,ϒs = 1 8KN/m3, qal l= 400 KN/m2, φ = 30º , surcharge = 5 KN/m2

 Wall Thickness = 25 cm

Consider at rest pressure 
[image: image883.png]



[image: image884.png]W,=C,*h*y =050*35*18 =315KN/m*




[image: image885.png]=C,* P =050%5=250KN/m*





From Atir we have moment and shear envelop :

[image: image886.png]Geometry
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[image: image887.png]Live load - Service Load factors: 1.20,1.201.60,0





[image: image888.png]Moment/Shear Envelope (Factored) Units:kN,meter

Moments: _spans 110 1





Figure (4-36) : Loading and Envelope of Basement Wall  ( BW1 )

4.11.1 : Design Of Shear :  

Check for wall thickness 

d = 250-50-20/2 = 190 mm
[image: image889.png]V241000 * 190 * 1073 = 116.35 KN





Vu (At face of support ) = 34.50 KN
ϕVc> Vu at face of support , So ϕVc will be greater than Vud  - OK
The thickness of Wall is Adequate Enough

4.11.2 : Design for Flexure  :  
Mu = 34.2KN.m

Mn =38 KN.m
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As req = 0.0026*1000*190 = 494 mm2/m ………..control

As min ( for bars < 16 = 0.0012*1000*250 =300 mm2/m

A
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As = 494.00 mm2/m < As min = 633.3 mm2/m

Use Φ10/12 cm As,provided = 658.33 mm2/m
For horizontal bars use the half of the min. in each side

0.5*Ashmin=0.5*0.002*250*1000 = 250 mm2/m

 Use [image: image903.png]


 =8
Use for horizontal bare [image: image905.png]


 8@20 cm in each side
Use ϕ10@20 cm for vertical in outer side to hold the horizontal bares  

Check for strain:

       Tension = Compression
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Check for step

Smax = 450 mm , 3*h = 3*250 = 750mm

note : all steps are less than Smax , So its  OK
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Figure (4-37) : Reinforcement Detail of Basement Wall  ( BW1 )

4 -12 : Design of shear wall :-

To design shear walls we use  ( CSI  ETABS)  Software , and this diagram from ETABS:-

[image: image908.png]



Figure (4-38) Diagram From ETABS

manual example of shear wall  design :
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Figure (4-39) Shear and Moment Diagrams of Shearwall

	Fc (MPa)
	Fy (MPa)
	 t (cm)
	LW(m)
	HW(m)

	24
	400
	25
	    5.4
	   4


4 .12.1:  Design of shear
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4.12.2:  Design of the Horizontal reinforcement:

The critical Section is the smaller of:


[image: image911.wmf]m

lw

d

m

t

storyheigh

m

hw

control

m

lw

32

.

4

4

.

5

8

.

0

8

.

0

4

10

2

20

2

7

.

2

2

4

.

5

2

=

´

=

´

=

=

=

=

=

=

K

K


[image: image912.png]5
OVimex = 0 g VFo'hd




[image: image913.png]=0.75 * 0.83 * V24 * 250 * 4320 = 3293.6KN >V,




[image: image914.png]= 8818KN ....cont

JE hdff V242504320 = 107




[image: image915.png]N, d
V.= 027Vf/hd + ﬁ 0.27V24+250 « 4320 * 107° + 0 = 1428.5KN
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[image: image920.png]V., _1587=10°

f,d  400+4320

=0.09184mm? /mm




[image: image921.png]0.09184

———— = 0.000367 < 0.0025
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Use ϕ12 As=113.04 mm2
[image: image922.png]_2*113.04

p= =0.0025 = § = 361.73mm
5250




· Max. Spacing is the least of:-


[image: image923.png]



[image: image924.png]3h = 3+250=75mm




450 mm……………cont. 

Use ϕ12@250mm in tow layer

4.12.3 :  Design for Vertical reinforcement :- 
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[image: image926.png]Pomin > 0.0025+0.5 ( ) (p. — 0.0025) > 0.0025




· Max. Spacing is the least of:-


[image: image927.png]



[image: image928.png]3h = 3+ 250 = 750mm




450 mm……………cont. 

Use ϕ12@250mm in tow layer

4.12.4 :   Design of bending moment :

[image: image929.png](54nn

) «2+113.04 = 4883.3 mm®
250




[image: image930.png]Ax\ Ly 4883.3 400
w= (L— =z (7)— =0.0603
L E \5a00+ 250/ 24




[image: image931.png]



[image: image932.png]C wta 0.0603 + 0 = 0072
I, 2w+0858, 2+0.0603+085%085




[image: image933.png]oM, = W[D.SAnfyl_/(l + - r)

f




[image: image934.png]=0.9[0.5 * 4883.3 * 400 * 5400(1 + 0)(1 — 0.072)] * 10™° = 4404.8KN.m




[image: image935.png]OM, = 44048KN.m < Mu = 4930KN.m  Not Ok




Try ϕ14@200 mm

[image: image936.png](54nn

). 2 153.86 = 6646.75mm?
250





[image: image937.png]6646.75 400
(7)— =0.082
5400 * 250.





[image: image938.png]



[image: image939.png]< wta 0.08z+0
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[image: image940.png]oM, = W[D.SAnfyl_/(l + - r)
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[image: image941.png]=0.9[0.5* 6646.75 * 400 * 5400(1 + 0)(1 — 0.093)] * 10™° = 6510.89KN.m




[image: image942.png]OM, = 44048KN.m > Mu = 4930KN.m Ok




use ϕ14@200 mm for vertical reinforcement
4.13  Po.(ST1A): Design of Stairs

[image: image943.png]



           (4-40) : Stair (ST1A)

NOTE: (Material)
· *B300…. 
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· Determination of Thickness:

height = 3.4 m

Rise = 3.4 / 20 = 18 cm

	     height
	    rise
	     run
	     LL
	
[image: image946.wmf]'

fc


	fy

	    3.4m
	 18 cm
	   30 cm
	3.5 KN/m2
	24 Mpa
	420 Mpa


· Minimum slab thickness for deflection is (for simply supported one way solid slab)

h,min = L/ 20
h,min =(0.6+3+0.4) / 20 = 4 /20 =20 cm  ………….take h= 25 cm.

· Use h = 25cm.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

θ = tan-1(18 / 30) = 30.9o
	h,min (cm)
	θ

	25
	30.9o


· Load Calculations

Dead Load calculations of Flight :
[image: image947.png]



[image: image948.png]0.25 X 25

concrete = ———— = 7.28 KN/m
05309




[image: image949.png]03+018
mortar ===~ 002 X 22 = 0748 KN/m




[image: image950.png]03+018
stair = ———— 25 = 2.25 KN/m
03 x2




[image: image951.png]033+018
Tile = == ~=— 0.03 X 22 =1.122 KN/m




Total load (DL) = 12.21 KN/m

Live load (LL) = 3.5KN/m

	Dead Load calculations of Landing

	material
	gama
	h(m)
	b(m)
	KN/m

	Tiles
	22
	0.03
	1
	0.66


	Mortar
	22
	0.02
	1
	0.44

	R C
	25
	0.25
	1
	6.25

	Plaster
	22
	0.03
	1
	0.66

	      Total load (DL)
	8.03

	                                      Live load (LL) = 3.5 KN/m2


Total Factored load,,,, (W = 1.2DL + 1.6LL)

For 
[image: image952.wmf]flight

W

  ,  W = 1.2*12.21+ 1.6*3.5 = 20.252 KN/m

For 
[image: image953.wmf]landing

W

  ,  W = 1.2*8.03+ 1.6*3.5 = 15.24 KN/m

	
[image: image954.wmf]flight

W

 (KN/m)
	
[image: image955.wmf]landing

W

 (KN/m)

	20.252
	15.24 


- Structural System Of  Flight (FL1) :

  [image: image956.png]60





           (4-41) : structural system of flight
Check for shear strength For Flight:
        Assume Ø 14 for main reinforcement:-

d = h – 20 – db/2 = 250 – 20 – 14/2 = 223 mm
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[image: image959.wmf]Vu

= 32.1  KN >   0.5* 
[image: image960.wmf]Vc

f

= 68.28  KN . 

Thickness is adequate enough 


	     db (mm)
	       h(mm)
	      d (mm)
	   Vu (KN)
	   
[image: image961.wmf]Vc

f

(KN)

	        Ø 14
	        250
	        223
	29.54
	    136.56


· Design of Flexure By Hand Calculations:

- Design for Flight:

Mu = 30.375 *2.1 -20.25*1.5*.75= 41 KN.m


[image: image962.wmf]Mn

 = Mu / 0.9 = 41 / 0.9 = 45.6  KN.m/m

d = h – 20 – db/2 = 250 – 20 – 14/2 = 223 mm
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Use Φ 14 @ 20 cm c/c  , As = 769.6 mm2/m strip

- Step ( s) is the smallest of  :-

1.   3*h = 3* 250 = 750 mm

2.   450 mm

≤ 380 ([image: image977.png]I



) – 2.5 * Cc
≤ 380 * ( [image: image979.png]


 ) – 2.5* 20  = 380 * ( [image: image981.png]=



 ) – 2.5 * 20 = 330mm

≤  300 ([image: image983.png]I



)  = 300 * ( [image: image985.png]


 ) =  300 * ( [image: image987.png]=



 ) = 300 mm … (control)
- Check for strain:

Tension = Compression
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· Temperature & Shrinkage reinforcement:
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Use Φ 14 @ 300 cm c/c, As prov = 461.8.33  mm2/m strip

- Step ( s) is the smallest of  :-

1. 5*h = 5* 250 = 1250 mm

2. 450 mm – control
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= 34.4 KN/m              From Hand calculations
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- Design for landing (S1):
qu = 30.375+15.24= 45,615  KN/m
vu =45,615 * 4.6/2- 45.615*.223 = 94.74 

- Check for shear strength (S1):

Assume Ø 12 for main reinforcement:-

d = h – 20 – db/2 = 250 – 20 – 12/2 = 223 mm
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[image: image999.wmf]Vu

= 94.74  KN /m>   
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f

= 136.56  KN/m . 

- Thickness is adequate enough 

- Calculate the maximum bending moment:

Mu = 120.6 kN.m/m
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 = Mu / 0.9 = 120.6 / 0.9 = 134 KN.m/m

d = h – 20 – db/2 = 250 – 20 – 14/2 = 223 mm
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- Step ( s) is the smallest of  :-

1. 3*h = 3* 250 = 750 mm

2. 450 mm

≤ 380 ([image: image1016.png]I



) – 2.5 * Cc
≤ 380 * ( [image: image1018.png]


 ) – 2.5* 20  = 380 * ( [image: image1020.png]=



 ) – 2.5 * 20 = 330mm

≤  300 ([image: image1022.png]I
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 ) =  300 * ( [image: image1026.png]=



 ) = 300 mm  (control)

- Check for strain:

       Tension = Compression
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· Temperature & Shrinkage reinforcement:
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Use Φ 14 @ 30 cm c/c, As prov = 461.8  mm2/m strip

- Step ( s) is the smallest of  :-

1. 5*h = 5* 250 = 1250 mm

2. 450 mm – control
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Table (4.3)Calculation of two way dead load





Reactions





Factored





DeadR





LiveR





Max R





Min R





11.59





9.12





20.71





10.94





Service 





DeadR





LiveR





Max R





Min R





9.66





5.7





15.36





9.25





30.71





24.19





54.89





37.26





25.59





15.12





40.71





29.69





16.78





19.9





36.68





18.02





13.98





12.44





26.42





14.76





36.83





27.88





64.71





45.21





30.69





17.43





48.11





35.93





13.88





10.75





24.63





13.28





11.57





6.72





18.29





11.19





Table (4.2)Calculation of two way dead load
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