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Abstract:

As a culmination for our study in the field of civil engineering in -Palestine Polytechnic University-, and as a
continuation for the prestigious role played by the university in different fields in our life; we have come here to
sum up the different applicable concepts in civil engineering to one designed municipality building, as per the

conditions and standards required to design this building.

This project has been chosen for the purpose of public serving, therefore; comfort and excellence in provided
services for visitors and public, was the priority and of course considering all the standards. The integration of
various aspects of design, architectural and mechanical engineering together has been considered for best

quality of this work and services will be provided by this building.

General description of the project:

This project is a multi-story building, consisting of five floors over an area of 2000 m?2. Ground floor is
consisting various offices which helps in the direct contact with public, like post office, public service center,
reception and others. First and second floors are meant for other offices which are not in direct contact with
public, along with meeting hall. Roof and underground floors have been considered for the services related to

the building itself. External emergency exits and stairs also provided as per the standards and requirements.
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Chapter 4

Structural Analysis & Design

4.1 Introduction.

4.2 Factored load.

4.3 Slabs thickness calculation

4.4 Load calculations.

4.5 Design of Topping.

4.6 Design of Rib (3).

4.7 Design of beam (3).

4.8 Design of Column (C2).

4.9 Design of Isolated Footing (F6).

4.10 Design of Stairs.

4.11 Design of Basement Wall.

4.12 Design of shear Wall.



4 .1 Introduction:-

As engineering structures are built with the help of natural and processed materials, so the selection of right material is
one of the most important steps to achievestrength, stability, appearanceand economy in construction. Occupying all the
materials like concrete and steel in proper form and quantities in best way together is considered as the core task of
engineers for best desired constructs.[1]

Concreteis a stonelike material obtained by permitting a carefully proportioned mixture of cement, sand and gravel or
other coarse aggregate, and water to harden in forms of the shape and dimensions of the desired structure.Cement and
water interact chemically to bind the aggregate particles into a solid mass.[2] Concrete is the heaviest major building
material in most of the structures that can be delivered in plastic state; which makes concrete desirable for being taking
any needed shape.

Concrete is used in most of construction work reinforced with iron and steel alloys. When concrete structure members
must resist extreme tensile stresses, metals and steel supplies the necessary strength, which is coming from being
embedded in the concrete in the form of a mesh,roughened or twisted bars and other forms.Concrete has a high
compressive strength but a low tensile strength. Steel, on the other hand, has a very high tensile strength (as well as a
high compressive strength), combining steel and concrete into a composite material results with high compressive and
tensile strength of concrete.[3]Bonds formation between steel and concrete makes stresses transferrable between both of
the components.

In this project, all design calculations for all structural members will be made upon the structural system which was
chosen in the previous chapter. So, in this project, two types of selected slabs will be used: Oneway solid slab, and one
way ribbed slab. They would be analyzed and designed by using finite element method of design, with aid of a computer
program called "ATIR- Software™ to find out the internal forces, deflections and moments for ribbed slabs and by using
the previous program along withEtabs and Safe programs to find the internal forces, deflections and moments for One
way solid slab, and then handle calculation would be made to find the required steel for all members.

[1] (Head, P. R. (2001, August). Construction materials and technology: a look at the future. In Proceedings of the Institution of Civil
Engineers-Civil Engineering (Vol. 144, No. 3, pp. 113-118). Thomas Telford Ltd.)

[2] Darwin, D., Dolan, C. W., &Nilson, A. H. (2016). Design of concrete structures. McGraw-Hill Education

[3] Somayaiji, S. (2011). Civil engineering materials. Pearson Education India



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-318 code.

NOTE:
fc'= 30N / mm?(MPa) For circular section but for rectangular

( fc'=30%*.8 = 24MPa) .((this note is not supposed to be here in this introduction))

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=12D.L+1.6L.L.

4.3 Slabs thickness calculation:

Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or one way slabs unless deflections are
computed as follow:

The maximum span length for one end continuous (for ribs):
hmin for one-end continuous = L/18.5

=720/18.5 = 38.9cm

The maximum span length for both end continuous (for ribs):
hmin for both-end continuous = L/21

=720/21=34.3cm



The maximum span length for one end continuous (for beams):
hmin for one-end continuous = L/18.5

=720/18.5=38.9 cm

The maximum span length for both end continuous (for beams):
hmin for both-end continuous = L/21

720/21=34.3cm

Select Slab thickness h= 35cm with block 27 cm & Topping 8cm

4.4 Loadcalculations:

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 in the

following table:

Table (4 — 1) Calculation of the total dead load for one way rib slab.

Parts of Rib Calculation
Rib 25 0.12*0.27*25= 0.81KN/m
Top Slab 25 0.08*0.52*25 = 1.04KN/m.
Plaster 22 0.03*0.52*22 = 0.3432 KN/m.
Block 10 0.4*0.27*10= 1.08 KN/m
Sand Fill 17 0.07*0.52*17= 0.6188KN/m
Tile 23 0.03*0.52*23 = 0.3588KN/m
Mortar 22 0.03*0.52*22 =0.3432KN/m.
partition - 2.3*0.52 =1.196 KN/m
> 5.79




Nominal Total Dead load = 5.8 KN/m of rib

Nominal Total live load =6.5*0.52=3.38 KN/m=3.5KN/mof rib

4. 5 Design of Topping:

The calculation of the total dead load for the topping is shown below:

Tiles 23 0.03* 23 0.69 KN/m’
Mortar 22 0.03 * 22 0.66 KN/m?
Sand 17 0.07 * 17 1.19 KN/m?
Slab 25 0.08 * 25 2 KN/m?
Partitions 2.3 1.00*2.3 2.3 KN/m?.

Y 6.84

W,=12DL+16LL

Dead Load = 6.84 KN/m?. (for Stores)

Live Load = 3.5 KN/m?. (for Stores)

=1.2*6.84 + 1.6 *3.5 = 13.81KN/m”. (Total Factored Load)

Wy 12 _ 1381+ 0.42

M. = =
D) 12
= 0.1841 KN.m
M, = f xS
2 " 2
= 0.42\/f « % = 042V24 + % £ 10° = 219 KN.m

@M, = 0.552.19 = 1.21 KN.m

$M, = 1.21 KN.m > M,, = 0.1841 KN.m



~No structural reinforcement is needed
Shrinkage and temperature reinforcement must be provided.

For the shrinkage and temperature reinforcement :-

p = 0.0018
As= p*b*h=0.0018* 1000 * 80 = 144 mm?.

#0f @8 =2rea =1 _ 5 g8, Spacing(S) = —=0.347m = 347 mm.

Apar 50

<380 (%) ~25*C< 380 (%)

=380 * (222) _2.5%20<380 * (22)

3y 3y

_ % 280 \ * x 280
380 (g* 420) 2.5*20<380 (g* 420)
=330 mm. <380mm.
<3*h=3*80=240mm........... controlled.

<450 mm.

~Use ®8 @ 20 Cm C/C in both directions.



4.6Design of Rib (3):

Material :-
concrete  B300 Fc' = 24 N/mm?

Reinforcement Steel fy = 420 N/mm?

Section :-
b =12cm bg=52 cm

h =35cmT =8 cm

Figure (4-1): Rib geometry.

Rib:1 Code: ACI318
Project: ppu Page: 83
Designed by: Date: 12/ 6/19
1 2
TV ! TV A TV
JL S | 1 g [ AJ 141
‘0.5‘ 6.5 \ 0.8 ‘ 6.2 0.8
[ | I 715 I | I 7 |
[ I |
52.
35. I
12.
A-A




Figure (4-2) : loading of rib (3)

Loading

Dead load - Service

Units:kN,meter

5.80 5.80

7.15 7.
Live load - Service

3.50 3.50

7.15 7.

Figure (4-3) :Shear & moment Envelop of rib3

Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 2

-78.6
-57.3 -57.5

2'4412'54
[

! | !
1.38/1.38
8.7 | |

52.4

2.86 4.29 4.2

49.6

28 \

Moment/Shear Envelope (Factored) Units:kN,meter




Shear

-55.9
-47.2
-35.3
-26.6
; ; ; ;
29.5
36.3
46.5
55.2
Factored
— I ] |
(L ] |

DeadR 18.79 61.56 18.14
LiveR 17.49 49.53 17.18
MaxR 36.28 111.09 35.31
MinR 16.42 85.96 15.55
Service

DeadR 15.66 51.3 15.11
LiveR 10.93 30.96 10.73
MaxR 26.59 82.25 25.85
MinR 14.17 66.55 13.5




4.6.1 Design of flexure:-

4.6.1.2 Design of Positive moment of rib (RIB 3):

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=350 — 20 — 10- —= 313mm.

2

—My max = 52.4 KN.m

bE < Distance center to center between ribs =520 mm............

AN

Span/4 = 6500/4 = 1625 mm.

IA

(16* hf) + b,, =(16* 80) +120 =1400 mm.

—hf=520 mm.
— Myy = 0.85 f; * by * ty + (d = L)

0.08

Controlled.

= 0.85 * 24 % 0.52 * 0.08 * (0.313 - T) «103 = 231.6KN.m

dMp = 0.9 *187 = 208.5KN.m
— My =208.5KN.M> M, max= 52.4 KN.m.

-~ Design as rectangular section.

1) Maximum positive moment Mu® =524 KN.m

M,, = Mu /¢ =52.4/ 0.9 = 58.2KN.m

fy _ 420

0.85f, 0.85x24 =206

=1.142MPa

R. = Mn _ 58.2%10°
M pxd2 520+ (313)2



1 2*RN*
p=ta- [1- o)

_ 1 <1 _ 1— 2*1.14-2*20.6): 0.002799

" 206 420

—As=p * b *d = 0.002799*520*313=455.7 mm’

fC’ 1.4
Asmin = s *bwrd 2 Fxbyrd . (ACI-10.5.1)
109.52mm?<125.2 mm? ............. Larger value is control.

— ASpin =125.2 MM <AS;eq =455.7mm’.

~ As = 455.7mn?’.
2 ®18=508.66mm>>As,, = 455.7mm?. OK.

~ Use 2 @18

— Check for strain:-(g; > 0.005)
Tension = Compression

A*fy =0.85*f/ *b*a

508.66* 420 =0.85* 24 * 520 * a

a=20.13 mm.

f! =24 MPa< 28 MPa— f3, = 0.85

c=2=2213_93 68 mm.
B1 085

g, = 25+ 0,003
c

_ 313-23.68

*0.003 =0.0366 > 0.005..¢ =0.9 OK
23.68



2)positive moment Mu ¢49.6 KN.m

M,, = Mu /$ =49.6/ 0.9 = 55.11 KN.m

_ fy _ 420 _
T 085f, 085%24 20.6
106
Ry = 2= 2> = 1,08 MPa

T bxd2 ~ 520%(313)2

1 2*RNx*
p=ta- [1- )

= L(l - 1= M): 0.00246
20.6 420

—As = p * b *d = 0.00246*520*313=430.24 mm?

———=xh,xd = —x*b,*xd ............ (ACI-10.5.1)

_V:

T 4%420

£120%313 > —2 %120 %313
420

=109.52 mm?<125.2 mm? ............. Larger value is control.

— ASmin = 125.2Mm*<As,, =430.24 mm’.

~ As = 430.2mn7’.
2 ®18=508.68 mm*>As,e, = 430.24 mm’. OK.

~ Use 2 ®18

— Check for strain:-(g; = 0.005)
Tension = Compression

A *fy =0.85*f/ *b*a

508.68* 420 = 0.85* 24 * 520 * a

a=20.14 mm.



f/ =24 MPa< 28 MPa— B, =0.85

20.14
c=—2=2"2=237mm.
B, 085

g, = 22£%0.003
c

= 32-227 % 0,003 =0.0366 > 0.005.-¢ =0.9 OK

23.7

3)negative moment Mu ©-57.5 KN.m

M,, = Mu /$ =57.5/ 0.9 = 63.9 KN.m

Iy - 420 _996

0.85f, 0.85%24

m-=

d= 350 — 20— 10-%: 313mm

_ My, _ 63.9%10° _
R, = bed? - 120+ (313)2 =5.435 MPa

= L(l - 1= w>: 0.0154
420

A 14
rfy) * Dy, * d > —=* bw *xd (ACI-lO.S.l)

Asmin -

= V2 120313 > 224120313
4%x420 420

=109.52 mm?<125.2 mm? ............. Larger value is control.

—ASmin = 125.2mm*<As,, =577.55 mm’,



~ As 577.55 mm?,
2 ®20=628mm*>As,eq =577.55 mm’. OK.

~ Use 2 ®20

— Check for strain:-(g; = 0.005)
Tension = Compression

A*fy =085*f/ *h*a
628*420=0.85*24*120*a

a=107.7 mm.

f! =24 MPa< 28 MPa— f3, = 0.85

c=2=277_196.75 mm.
B1 085

e, =25+ 0,003
c

_ 313-126.75

*0.003 =0.0054 > 0.005..¢ =0.9 OK
126.75

4.6.2Design of shear of rib (RIB 3):

1) Vu =47.2 KN.
1l
Q)chq)*g*bw*d

=0.75* % * 120 * 313 *10°= 23 KN.

1.1* ¢V, = 1.1 * 23 =25.3KN.



—Check for items:-

1- ltem1: V, < %.

4.2< %:12.65.......N0t satisfy

2- ltem 2 :£2<v, <V,

12.65< 4.72< 25.3... Not satisfy

3- Item 3 :dV <V, <p(V+Vs min)

1 ’ _1 83
Vs min= —*\/f/b,, * d =—*/24*120*313*10° =11.5KN

Vs min=§* b, * d =§*120 * 313 = 12.52KN

¢Vs+pVe =37.82 KN Not satisfy

4- ltem 4 :d(V +Vs min) <V, <o(V +Vs )

Vs '= %*\/E b * d= §* 24 *120 * 313*10° =61.33KN satisfy

~ Item (4) is satisfy — minimum shear reinforcement is required.

Av=2®10 2leg ®10 Vs=Vu/0.75-Vc=62.93-33.7=29.2KN

_AvxFyxd_157.1¥420%313
Vs 29.2

As=157.1mm?> S =707 mm

Take S=d/2=313/2= 156.5

~ Use ®10 @ 15Cm



4.7Design of Beam (B12):

Material :-
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section :-
B =80
h =55 cm
—Select Total depth of beam h= 35cm.
1
— " A—‘ —
.08 6.4 .08
[ | I 7.2 I | |
[ |
65,
80.
A-A

Figure (4-5) : Beam Geometry.

load group no. 1

Dead load - Service Units:kN,meter
44.6 458.0
bV ade
2.95 ‘ 4.25
I
Live load - Service Load factors: 1.20,1.20/1.60,0.00
28.6 28.6
2.95 ‘ 4.25
[




Figure (4-6) : Load of Beam (36)

Figure (4-7) :Moment Envelop for Beam (B.F-63)

Moments: spans 1to 1

156. 156.8

3.6 74‘6.5 3.6

Figure (4-8) :Shear Envelop for Beam (B.F-63)

Shear
-415.
-368.9
f f
368.2
414.2
Reactions
Factored
L 1 1 ]
[ I I 1
DeadR 249.43 250.27
LiveR 164.74 164.74
MaxR 414.17 415.01
MinR 249.43 250.27
Service
DeadR 207.86 208.56
LiveR  102.96 102.96
MaxR  310.82 311.52

MinR 207.86 208.56




4.7.1 Design of flexure:-

4.7.1.1 Design of Positive moment:-
—Mumay 746.5 KN.m .
b, =80Cm. , h=65Cm.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=650 — 40 — 10 ~12—8= 591 mm

Crax = > * d = 2 * 591 =253.28 mm.
7 7

f! =24 MPa < 28 MPa—f; = 0.85

Amax = P17 Xmax = 0.85 * 253.28= 215.3mm.

Mnmax=0-85* fc/*b*a*(d'%)

=0.85*24*0.8 *0.215.3* (0.591 — % ) * 103

=1698 KN.m .

€:=0.004

$=0.65+ % *(0.004-0.002) = 0.816
—PMnpa = 0.82 * 1698= 1392KN.m .
—PMnpax = 1392KN.m> Mu =746.5 KN.m .

~single reinforced concrete section.
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1) Maximum positive moment Mu ®) =746.5 KN.m .
2) > bMn = 1392KN.m> Mu =746.5 KN.m

— single reinforced concrete section
—design with maximum condition of single

M, = Mu/d=746.5/0.9 =829.44 KN.m.

f 420
= =20.6
0.85f, 0.85%24

= 2.96MPa.

K. = My, :829.44*10_3
m " bxd2 0.8+ (0.591)2

1 25Ky *
p=—1- ’1—Tm)

= <1 - |J1- —2*2'961*2"'6>= 0.00765
20.6 420

—As = p * b, *d = 0.00765 * 800 *591 = 3617.15mm>.

fe 1.4
Asmin = rfy) * bW xd > E * bW *d ... (ACI'lOSl)
= 2% 8004591 > 1% 4800591
4420 420
=1378.7mm*<1576 mm’ ............. Larger value is control.

—ASmin = 1576.7MM’<ASyeq = 3617.15 mm’.

- As =3617.15 mm?.

ASreq _ 3617.7

=4.49— # of bars =5 bars.
Apar 254

# 0f @32=
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=~ Use 15®32
— As =5%804 = 4016 mm’>As,q = 3617.15mm’ .

— Check for strain:-(g; = 0.005)
Tension = Compression

A, *fy =0.85*f/ *b*a
3617.15* 420 = 0.85 * 24 * 800 * a

a =93.088 mm.

f¢ =24 MPa <28 MPa—f; = 0.85

a _ 93 _

X =
g = X% 0,003

_591-109.5
109.5

*0.003 =0.01319> 0.005..¢ =0.9 OK.

4.7.2 Design of shear:-

1) Vu 368.9 KN .
fe
¢Vc=¢*£*bw*d

V24 4

=0.75* ~—*0.8* 501 * 10° = 289.5KN.

Vu>dpVce
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— Check For items:-

1- Iteml: V,< %

368.9< 28;3; 144.75.......Not satisfy.

2- ltem 2 :£2<v, <V,

144.5<368.9 <289.5....... Not satisfy.

3-ltem 3 :pV.< Vy < dVe + GVS min

N _ 075 3_
OVSmin = —=f! * by *d==2v24*0.8%0.591 * 10° =472.8KN .......... Control.

*h,*d= 272 0.8%0.591 * 10° = 118.2 KN.

>
- 3

w e

~®VS min = 472.8 KN.

OV + VS min 289.5 +472.8 =762.3KN.
¢Vc< Vu < (l)vc + (l)VS min

289.5<368.9<762.3.......... satisfy.

~ Item (3) is satisfy — (A?v) = ﬁ '
t*
Vu
Vs=( —-V
s=( P c)

Vs :ﬁ- 386

0.75
=105.8 KN.
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Try ®10(4 Legs) =4 * 78.5 = 314 mm? .

4x78.5%107% _ 105.8 * 1073

S T (420+591) 5~ 0.73m
s< % = % =295.5mm......... control
<600 mm.
~ Usedleg @10 @ 25Cm.
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4-8 Design of column(C2)

Kc'= 25 Mpa
Pp=1600 KN

PL=400 KN

P.=1.2Pp+ 1.6P,=1.2 X 1600+ 1.6 X 400 = 2560KN

Pu 2560 .
P,= —= =3938.5KN ...use ¢ =0.65 — for tiedcolumn
¢ 065

Assume rectangular section:

Usep=1%

P»=0.85(0.85 x fc' (Ag-Ast)+Ast[fy])
Ast=0.01*Ag

Use 0.85 for tied column
3938.5% 10° = 0.85 x (0.85 X 25 (Ag — 0.014y) + [. 0144 * 420])
Agy=178358.74 mm?

Use square column 80*40 with area provide 320000mm2>178358.74mm? ok

1) Check for Slenderness :
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K Xl

M
<34-12( ) <40
M,

M
(E) =1 — for braced frame with Mmin.

ly: Actual unsupported (unbraced) length.
r:radius of gyration of its cross section=0.3 h
lu=3.6m

K =1.0 — for columns in nonsway frame.

a) In 60 cm - Dirction:m x- direction

K Xy
r

<34-12x1.0=22<40

K Xl 1x3

=—=125<22
Tx 0.3x0.8

=~ short Column for bending about X — axis.

b) In 40 cm - y-dirction:
short Column for bending about Y — axis
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3) Seleche reinforcement:
Ast = pg X Ag=0.010 X 800 x 400 = 3200 mm? ... ... Use 140 18
Design of the Tie Reinforcement :

S <16 (longitudonal bar diameter) — 16 X 25= 400 m
S <48 d; (tie bar diameter) - 48 X 10 = 480 mm

S < Least dimension. — Least dim. = 400 mm

Use @10 @ 20 cm
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4-9Design of isolated footing (F 1):

4.10.1 Load Calculation:-

* Service dead load ( DL) = 1800 KN

* Service live load (LL) = 400 KN

* Column dimensions =80 cm*40 cm

* Allowable soil pressure =400 KN/ m?
* Soil density = 17 KN/m3

* fc' =24 Mpa

*fy =420 Mpa

Calculating the weight of footing, soil, and Surcharge :

h, .
Weight of footing ( assume ©°"9 = 75 cm)

et

- Net soil pressure

Uper =400 —0.75*25-0.6%17 = 371.05 KN/m?



Required sizes of footing:

p, 2200
371.05

A,required = =5.929m?

net
Try 2.55*2.55 Area=6.5 m2
4.10.2 Depth of footing and shear design:
Pu =1.2DL+1.6LL=1.2*1800 + 1.6*¥400= 2800 KN
2800

U= —— =430.8 KN/m?
q 65 /m

d=750-75-14 =661 m

Tributary area for
two-way shear

P

‘_dm

Critical section
for two-way shear ™

Two-wav shear.

Fig. (4-20) :Isolated Footing



4.10.2.1Check for One Way Shear Strength

N

N

Inclined crack

Critical section for

one-way shear Tributary area for

one-way shear

NN

——

-’d

Column ~

One-way shear.

Fig. (4-21) :One way shear strength

Vu = (%—%—dj*qu*b :(%—%—0.661}‘471.26*2.55: 437.42KN

AVC = %\/ﬂ *2.55%661*10° =1032.18KN >
OK



4.10.2.2 Check for Two Way shear (Punching):

The punching shear strength is the smallest value of the following equations:

1(, 2\ [.7
SV, = ¢.g(1+ F]\/T b,d

AV, :¢.$( s +2J,/ f. b,d

b, /d
SV, = ¢.%\/ f.'b,d
Where:

Column Length (a) 0.6

= =—"=1.20
Pe Column Width (b) 0.5

b, = Perimeter of critical section taken at (d/2) from the loaded area
b, =2(0.6+0.661)+2(0.5+0.661)= 4.844 m.

o =40......for interior column

AV :¢.%(1+ ﬂi}l fclbod :O'—675*(1+%J* 24 *4.844*0.661*10° =5229.3kN

d , . *0,
oV, =42 %2 2l t. bd :075*(40 0661 5\« /22 +4.844*0.661*10° = 5353.13KN
12\ b, 12 | 4844

PN =¢%Jf7 b,d =O'—;5* 24*4.844*0.661*10° = 3921.5kN

VU = ((2.55*2.55) — ((0.6 + 0.661) * (0.5 + 0.661)) * 471.26 = 2432.68kN

Vu =2432.68KN <®Vc =3921.5 ... OK



4.10.3 Design of Bending Moment:

h (mm)

d (mm)

b(m)

750

661

2.55

d =750-75-14 = 661 mm

Mu =471.26%2.55%(1.025*1.025)/2 = 631.27KN.m

fy 420

=20.59

m = - =
0.85*fc  0.85*24

R Mu/¢ 631.27*10°/0.9
h = -

“ b*d?  2550*(661)°

=0.6295Mpa

=0.00152

1 2mRn
= — - 1_
p (1 )
1 _ _
20.59

420

As,eq= 0.00152 (2550) (661) = 2562.036 mm?®

ASmin =0.0018*b*h == 0.0018 (2550) (750) = 3442.5 mm?>

Aseq= 2562.036 MM <As,,= 3442.5mm-..... NOT OK

As= Aspin= 3442.5mm?

Take 23 & 14 , As,provided = 35.42 cm? >As,required = 34.425cm?

. 2550-75*2-23*14

22

- Step(S) is smallest of:

1.3h =3*750 =2250 mm

2. 450 mm - control

=94.4 mm<Smax=450mm




3.5=94.4 mm <S,max =450 mm — OK

Check strain

Tension = Compression
A, x fy=0.85x f 'xbxa

3442.5%x 420 =0.85x 24 x 2550 x a
a=27.8mm
27.8

C=——=32.7mm
0.85

_ 661-32.7

&, % 0.003 = 00.0576 > 0.005...0k
32.7

4.10.4 Development length of flexural reinforcement:

Ld for ® 14:
* * *1*
L= 2 N ATverys 9, 420 171708 14 345 67mm > 300mm
10 ./fc' (kt,+cj 10 /24 2.5
db

Available length = ((2550-600)\2)-75=900 mm

900 mm>345.67mm................ ok

4.10.5 Load transfer at the column-foundation interface (Dowels design ):

- In footing :



®Pn.b = ®(0.85 fc'A, x \/%)

A; =0.8 *0.4=0.32 m?

A, =2.55%2.55 =6.5 m’

JE:/£:4.5>2 ................ Ay
A Vo032 A

®Pn.b = 0.65 x (0.85 x 24 x 0.32 x 2) x 1000 = 8486 KN
®Pn = 8486 > Pu = 2800 KN........... ok

The Dowels are not needed for footing

As,min = 0.005 * Ac = 0.005 *800 * 400 = 1600 mm’

Use 6420, As, provided = 1884 mm? > As, required = 1500 mm?

- In column:

®Pn, b = ®(0.85 fc'Al)

®Pn,b = 0.65(0.85 % 24 x 0.8 x 0.4 x1000) = 4243KN

®Pn, b = 4243KN > 2800KN

The Dowels are not needed for column

0.241y 0.24* 420
Ld(1)req = *db = *20=411.5mm
wres™ 2 e 1*/24

Ld(2)req = 0.043 Xfy>xdb =0.043 X420 X20=361.2 mm

Ld(2)req =200 mm



=2 Ld(1)req=411.5 mm ............. Control
Available Ld=750—-75—2*14 = 647mm .
Available Ld =647 mm>Ld required=411.5 mm................ OK.

Lap splice of dowels in column :

Ls =0.071 fy .db

=0.071 * 420 * 20 =596.4 mm.

Use 600 mm
(3) @10/10¢m
+0.00m i (2) Dowels 23 B14/10
s | 10020
— -

¥ ® % ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ W ¥ F W F ¥ W W

}Q %»—H —{(1)23 014/10

Section A-A

Scale 1:20



Fig. (4-22) :Section of Isolated Footing (F6)

.@ 46 @14 L-2 80
(P 23 @14/10
e
T
A

EM0@20
T — 2 @10@10
ekl
E} {>< —{1)23 @14/10

S




Fig. (4-23): Details of footing (F1)
4-10 Design ofStairs:-

4-10-1 Determination of Slabthickness:
L=7.67
h=(7.67/20) =38.35 cm

h=(7.67/28) =27.39 cm
take h=(38.35+27.39)/2=32.87cm

Use h= 32 cm and limitation of deflection will considered.

4-10-2 Load calculation:
Dead load (Total for flight ) =14.015 KN/m
Dead load (Total for landing) =9.76 KN/m

Live load for stairs =5 KN/ m2
Total factored Load: Wu =1.2*DL + 1.6*LLfor
flight W=1.2*14.015 + 1.6*5 =24.82 KN/m

for landing 1 W=1.2*9.76+1.6*5=19.712 KN/m

4-10-3 Design of flight:

Mu = 123 KN .m (from hand solution)
Mnreq =Mu/0.9=123/0.9 136.6 KN.m

Assume @ 14 for main Reinforcement:-
d=320-20-14/2=293 mm

po Mn

" b

6

136.6*%10 " 1000%*293



MPa

T o851,
420

1.59M 0.85%25 = 19.76

_1 _ _ 2*%Rp*xm
p=-—(1 / 1 ., )
— 1 (1 _ ’1 _ 2*1.59*19.76>: 0.00393
19.76 420

— A, = p * by, *d = 0.00393*1000%293 = 1151.5 mm>
ASin=0.0018* b,, *d = 0.0018*1000*293 = 576 mm>

—>ASpin = 576MM’<AS oq = 1151.1 mm®,

& As =1151.1 mm*m

ASreq _ 11511

=7.47 — # of bars = 8 bars/m
Apar 154

#0f ©14=

~ Use 8®14@125 mm

S is small of
3h=3*320=460mm

450mm

280 5o 280
<380 ()~ 2.5* Cs 380 ()

=380 * (222)-2.5%*20<380 * (22)
3ly 3y



280 280

=380*(Z 420)—2.5*205380*(
3

)

2,420
3

300 —control 125<300 ok

Use® 14 @ 12.5cm. .......

. As( For Shrinkage & Temperature Reinforcement)=.0018*1000*293=576 mm?

take 4 ®14/m or @ 14 @ 25 cm
S =5h=5*320=1600mm
=450mm -control

250<450 ok

4-10-4 Design of landing
Mu =40Kn.m

Mn=40/0.9=44 Kn.m

Assume @ 14 for main Reinforcement:-
d=320-20-14-14/2=286 mm

oo Mn
" bd
44*10 420 .53
R= = 0.85%25
" 1000%286°
000 19.76
MPa
_
m_o.85fc'_



1 2%Rp*
p=ta- [1- )
- 1 <1 _ ’1 . 2*0.53*19.76)2 0.0013
19.76 420

—As = p * by, *d = 0.0013*1000*286 = 371.8 mm’.
ASpmin=0.0018* b,, *d = 0.0018*1000*293 = 576 mn’.

— ASpin = 576MM*>As,eq = 371.8 mm’.

& As =576 mm?%/ m

#0f ©14="2rea = 576 _3 94 _, 4 ofbars =4 bars/m.
Apar 154

~ Use 4014@250 mm



4-10-5 Design ofshear:

Assume bar @14 for main reinf
d=320-20-14/2=293mm
beam width=30cm

Vu=61-(9.856*(0.15+0.293))=56.6 kn

d)VC:d)*g*bW*d

=0.75* ? * 1000* 0.293 * 10°= 183kn

V, 5%. ok



4-11 Design of bearing wall:

4.11.1

H min =300/25 = 12cm........... take as 30 cm

4.11.2

Pu=1.2(300+7.5)+1.6(118) = 557.8KN/m

4.11.3

®Pn = (0.55*0.65*fc’*Ag*(1-(K*Ic/32h)?)) >Pu

Max vertical and horizontal spacing bet bars = the smallest of

1. 450 mm
2. 3*300=900 mm

®Pu = (0.55*0.65*25*1000*300*(1-(1*3000/32*300)? )) = 2419.4 KN/m >Pu= 557.8 KN/m....OK

4.11.4 Reinforcement :
Use two layer of ®12for horizontalReinforcement&two layer of ®10 forvertical

Reinforcement
Horizontal
Assume ®12

As=0.002*30*100=6cm?/m

S horizontal max =2%*113.1/0.0012*300=628mm

Use ®12/350cmAs provide =6.4cm*/m >6cm?/m
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Vertical

S vertical max = 2*¥79/0.0020*300=263mm

As=0.0012*30*100=3.6cm’*/m

Use ®10/25cmAs provide =6.4cm?/m >3.6cm?/m
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4-12Design of a shear wall (S.W15):
To design shear walls we use ( CSI ETABS)Software , and this is a manual example of

shear wall design :

Fc= 24MPa

Fy = 420 MPa

t=30cm .shear wall thickness

Lw = 6 m .shear wall width

Hw for first wall = 3.6 m story height

Hw for second wall = 3.9 6 m story height
Hw for third wall =3.96 m story height
Hw for fourth wall =3.96m story height
Hw for fifth wall =2.6m story height

m) 4-12-1Design of shear(Horizontal and Vertical Reinforcement)

Z Fx =Vu =150+ 265 + 345 + 350 + 355 = 1465KN

The critical Section is the smaller of:
Lw/2=6.6/2 =3.3.....control

Hw/2 =18.08/2 =9.04m

Storyheight=3.6

d=0.8*Lw=0.8*3300 =2640mm
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5 !
Q)Vnmax = Q)g fc'hd
= 0.75% 0.83 * V24 * 300 * 2640 * 103 = 2415KN

Ve = =\/f'hd = =24 300 * 2640 * 1073 = 646.6 KN Control

. Ny
Ve = 027\/f’hd + 7~ = 0.27V24 « 300 = 2640 + 0 = 1047.5 KN

Lw

Mu = 2300KN.m

My Ly _2300 66 _ .. oo
v, 2 6466 2 (+vevalue)
N,
Ly (0.1 +0.2 =% 6.6(0.1v24 + 0
V. =|0.05,/F, + ( — lwh) hd =[0.05v24+ ( oo ) 300 * 2640 = 2496.23KN
Ve 2 '

@Vc
For last 2 stories, Vu = 265 KN <T= 195.955 KN

Horizontal:-

P=0.002 for p < 16

~_ Ahmin

P :
s.h

§$=39.25cm

Use 1 10 @ 15 cm in each side for each story.
Vertical:-

P=0.0012for® < 16

__ Ahmin

P :
s.h

S=52.3cm

Use 1 10 @ 20 cm in each side for each story
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= 4.12-2 Design for flexure :

6600
Ag = ( 500 ) %2+ 113.04 = 7460.64mm?

A\ fy 7460.64 \ 420
= ( )—, = ( ) = 0.09891
Ly,h/ f; 6600 * 200/ 24
Py
a = -=10
lwhfe
C w+a 0.09891 + 0

= 0.107

I, 2w+085B, 2+0.09891 + 0.85 * 0.85

Py
Astfy

c

OMy = 0 |05A4fy 1y (1 + )1~

w

= 0.9[0.5 * 7460.66 * 420 * 6600(1 + 0)(1 — 0.107)] = 8310.6KN.m > Mu

But Etabs program give Boundary& use 10 ¢ 12 in both side in first and second story
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