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Abstract

Structural Design for " Commercial-Residential building ** In Hebron.

The idea of this project can be summarized by preparing Commercial-Residential building
. Which consists of all facilities that should be available in any Commercial- Residential
building.

The project is consist of ten floors, and the total area of the building is 7100 meter square,
the design of the project is based on the multiplicity of spatial cluster and distributed consistently
aesthetically and functional.

We used ACI-318 code and structural designing programs such, ATIR, AutoCAD, and we
studied some old graduation projects, and the project will include detailed structural study of
identified and analysis of the construction elements and the expected various loads, and then the
structural design of elements and the preparation of shop drawings based on the prepared design

God grants success
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

A,' = area of non-prestressed compression reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within a distance (S).

At = area of one leg of a closed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

C.= compression resultant of concrete section.

C,= compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension
reinforcement.

Ec = modulus of elasticity of concrete.

f.' = compression strength of concrete.

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction,

measured face-to-face of supports in slabs without beams and face to

X1l



face of beam or other supports in other cases.

- LL = live loads.

Lw = length of wall.

- M = bending moment.

- Mu = factored moment at section.

- Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load.

- S = Spacing of shear in direction parallel to longitudinal reinforcement.

Vc = nominal shear strength provided by concrete.

- Vn = nominal shear stress.

- Vs = nominal shear strength provided by shear reinforcement.

- Vu = factored shear force at section.

Wc = weight of concrete.

- W = width of beam or rib.

- Wu = factored load per unit area.

- @ = strength reduction factor.

- g = compression strain of concrete = 0.003.

€ = strain of tension steel.

€, = strain of compression steel.

p = ratio of steel area

X1
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A

Chapter Four

Structural Analysisand Design

4-1 Introduction.

4-2 Design Method and Requirements.

4-3 Check of Minimum Thickness of Structural Member.
4-4 Design of Topping.

4-5 Design of One Way Rib Slab.

4.6 Design of Beam.

33



Chapter Four Structural Analysis and Design

4-1 Introduction

Many structures are built of reinforced concrete: bridges, buildings, retaining walls,
tunnelsand others.

Reinforced concrete islogical union of two materials: plain concrete, which
possesses high compressive strength but little tensile strength, and steel bars

embedded in the concrete, which can provide the needed strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water,

and frequently admixtures.

Understanding of reinforced concrete behavior is still far from complete, building
codes and specifications that give design procedures are continually changing to
reflect latest knowledge.

Structural concrete can be classified into:-

O Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.

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

O Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.
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Chapter Four Structural Analysis and Design

4-2 Design M ethod and Requirements

The design strength provided by a member is calculated in accordance with the
requirements and assumptions of ACI_code (318 _08).

v Strength design method:-

In ultimate strength design method, the service loads are increased by factors to obtain
the load at which failure is considered to be occurring.
Thisload 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:-
ACIl 2008
UBC

Materia:-
Concrete:-B300
but for rectangular section ( fc'=30* 0.8 = 24MPa ).

Reinforcement steel:-

The specified yield strength of the reinforcement {fy = 420 N/mn??
(MPa)}.

v' Factored loads:-

The factored loads for members in our project are determined by:-
W,=12D_+16L, ACI-code-318-08(9.2.1)
The factored loads for members in our project are determined by:-

W,=12D, +16L, ACI-code-318-08(9.2.1)
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Chapter Four Structural Analysis and Design

4.3 Checkof MinimumT hicknessof Structura Member

Tabled-1 :- MinimumT hicknessof Nonprestressed Beam or One-Way Slabs Unless
Deflectionsare Calculated. (ACI 318M-11).

Table (4.1): Check of Minimum Thickness of Structural
Member.

For Rib :-

hminfor(one end continuous)=L/18.5=407/18.5=22cm
hminfor(both end continuous)=L/21=347/21=16.5cm
Takeh =32cm

22 cm block + 8 cm topping = 30cm

ForBeam :-

hminfor(one end continuous)=L/18.5=548/18.5=29.6cm

Takeh =32cm
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4.4 Design of Topping

v' Statically System For Topping :-

Consider the topping as strip of (1m) width, and span of mold length with both end fixed
intheribs.

Wu

nm

40 cm

Fig 4.1: Topping L oad.

v" Load Calculations:-

Dead L oad:-

0.03*23*1 = 0.69 KN/m

0.03*22*1 = 0.66 KN/m

0.07*17*1=1.19 KN/m

0.08*25*1 = 2.0 KN/m

2.3

Table(4.2): Dead Load Calculation of Topping.
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Chapter Four Structural Analysis and Design

LiveLoad :-
L, =5 KN/m?

L, =5 KN/m?x1Im=5KN/m
Factored Load :-
Wy = 1.2 x4.32 + 1.6x5 =13.21KN/m

Check the strength condition for plain concrete, gM > M, where g = 0.55

Mn=0.42% f! Sn(ACI 22.5.1, equation 22-2)

oM, =0.55%0.42x1x/28 x1066666.67 x10~7 =1.34 KN.m

_ Wyl
T 12

My =0.216 KN.m (negative moment)

_ Wyl

24

My =0.108 KN.m (positive moment)

oMp>>My= 0.216KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provideAsminfor
slabs as shrinkage and temperature reinforcement.

Pshrinkage— 0.0018 ACl 7.12.2.1
[As= pxbxhtopping =0.0018 x1000x80 = 144 mm2/m
Step (s) isthe smallest of:

1. 3h=3x80=240 mm controlACI 10.5.4
2. 450mm.

280 280

3. S=380 3 = 2.5C. =380 Tag 2.5.20 = 330mmACI 10.6.4
3

5

Take @8 @ 200 mm in both direction , S =200 MM <Syax =240 mm ... OK
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4.5 Design of One Way Rib Slab

Requirements For Ribbed Slab Floor Accordingto ACI- (318-08) .

DW= 10CM . e ACI(8.13.2)
Sdect bw=12 cm
N< 35 bW oo ACI(8.13.2)

Sdlect h=32m<3.5%12= 49 cm
tF>Ln/12250Mm ..o, ACI(8.13.6.1)

Sdlect tf=8cm

< Material :-

b concrete B300 Fc' = 24 N/mm?
P Reinforcement Steel fy = 420 N/mm?

«» Section :-

B =520 mm

Bw= 120 mm

h=320 mm

t=80 mm
d=300-20-10-14/2= 283 mm

T T UTUTUTTU
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v' Statically System and Dimensions:-

AT

=11
1 -

i
(=
0

1
=

Fig 4.2: OneWay Rib Slab (R1).

40



Chapter Four
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Geometry

Units:meter,cm

1 2 3 4 5
1 2 3 4
‘ 0.6 ‘ 3.37 \ 0.8 ‘ 2.67 0.8 ‘ 1.95 0.8 ‘ 2.57 0.8
‘ | ‘ 4.07 [ | ‘ 3.47 | ‘ 2.75 | ‘ 3.37
I I I I
5 7
5 6
A . A —
AJ J_/|,_L AJ J_/|,__
‘ 0.8 ‘ 2.54 ‘ 3.01 \0.6‘
‘ ‘ 3.34 ‘ 3.71 o
1 3 1
32.
12.
A-A
Loading
load group no 1
Dead load - Service Units:kN,meter
6.84 6.84 6.84 6.84
4.07 3.47 2.75 3.37
6.84 6.84
3.34 3.71
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.6 2.6 2|6 2.6
4.07 3.47 2.75 3.37
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Loading

2.6

3.34 3.71

Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 6
-27.7
-23.1
[
T
7>
23.2
163 | 244 | 191 | 156 | 124, 151 | 168 168 | 15 | 184 223 | 148
[ I T I T I T I T I T I 1
Shear
-39.8
-29.1 272 -26.9 -29.3 812 253
-16.5 -16.2 -18.6 -20.5 -16.2
L 1 1 1 1 1 1 1 1 1 1 1
I I I I I I I I I I I T
18.4 3.4 139 18.9 17.2
34.1 36.3
Reactions
Factored
[ [ | [ | [ | [ | [ | [ |
[T 1 1 1 1 1 U
DeadR 13.33 36.83 22.34 25.73 26.36 33.19 12.21
LiveR 14.1 37.02 29.43 30.77 30.84 34.29 13.08
MaxR 27.44 73.84 51.76 56.5 57.2 67.48 25.29
MinR 12.23 50. 26.34 33.26 35.92 45.33 11.04
Service
DeadR 11.11 30.69 18.61 21.44 21.97 27.66 10.18
LiveR 8.82 23.14 18.39 19.23 19.27 21.43 8.17
MaxR 19.93 53.83 37. 40.67 41.24 49.09 18.35
MinR 10.42 38.92 21.12 26.15 27.94 35.24 9.44

Fig 4.3 Statically System and L oads Distribution and Shear and M oment
diagram for Rib
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v" Load Calculation:-
Dead Load:-

0.03*23*0.52 = 0.359 KN/m/rib

0.03*22*0.52 = 0.249 KN/m/rib

0.07*17*0.52 = 0.620 KN/m/rib

0.08*25*0.52 = 1.04 KN/m/rib

0.24*25%0.12 = 0.72 KN/m/rib

0.24*10*0.4 = 1.08 KN/m/rib

0.02*22* .52= 1.229 KN/m/rib

2.3*0.52= 1.196 KN/m/rib

Table(4.3): Dead Load Calculation of Rib(R1).
Dead Load /rib =6.84 KN/m

Live Load:-
Liveload =5 KN/M?

Live load /rib = 5 KN/m? x 0.52m = 2.6 KN/m,

% Effective Flange Width ( bg):-ACI-318-11 (8.10.2)
b For T- section is the smallest of the following:-

b =L /4=195/4=48.75 cmControl

b, =12+ 16t =12+ 16 (8) = 140cm

be = be < center to center spacing between adjacent beams = 52 cm.
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b For T-section =48.75¢cm .

v" Moment Design for (R 1):-

Design of Positive Moment for (Ribl):-(Mu=23.2KN.m)

Assume bar diameter g 14 for main positive reinforcement

d =h- cover - dgimps— 2 = 320 — 20 — 10 —— = 283 mm

Check if a>h; to determine whether the section will act as rectangular or T- section.
Mo =0.85. £ b, by (d = L)

BO

=0.85 % 28 ¥ 487.5 ¥ 80 x 283 == %10 B = 225.55 KN.m

M % = i:—t:?: 25.78 KN.m , the section will be designed as rectangular section

with be =487.5 mm.

My _ 23.zx100

R,= - = - = 0.66 Mpa
"™ padE T DoOx4B7.5xza3E p
Iy 420
m=——, = =17.65
nass ~ nssx2s
1 2mR 1 2% 17.65%0.66
p=— 1— 1-"" =— 1—- 1-"""0 =0.0015
m 420 17.65 420

Asreq = p.b.d = 0.0015 x487.5x283= 219.89 mm®

Check for Asmin:-

-Asmin= m(bw)(d) ACI-318 (10.5.1)
4(fy)

Vi

4 4210

Asmin= 120 283 = 106.96mm

. 14
-A s min=——(bw)(d)
(fy)
Asmin:ﬁ 120 283 =113.2controls

ASe= 219.89>Asyin= 113.2 mm?  OK

Use 2 814 Asprovided=.307.87 mMM*>As; equired= 219.89 mm?.... Ok
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_ 120=40=20=(Zx14)

S= ; =35mm=>d,=14>25mm 0K

Check for strain:-

A - e
— 5-.,|'_-|,r I. = .-I'I'I-'F.R.-}C-'EEI:'I = 1114 mm
.B5hH fl_ NEBS=4R7.5=28
x=2 =11 _ 1311 mm
Hy 085
d—x 283 —13.11
£, =0003 —— =0.003 —— """ =0.062 > 0.005 0k
x 13.11

Design of Negative Moment for (Ribl ):- (Mu=-15.7KN.m)

Assume bar diameter g 14 for main positive reinforcement

d =h- cover - dsimps— = = 320 — 20 — 10 —— = 283 mm

M 15.7x10%

Ri=—5= : - = 1.82 Mpa

pd 0.9x120%283

fr 420

m=——,;= =17.65

0857 neSx2s

1 2.m.R 1 Zx17.65% 1.82
p=— 1-— -1 = 1= 1=——— =0.0045

m 420 17.65 420

Asreq = p.b.d = 0.0045x120%283 = 153.26 mm”

Check for Asmin:-

A'smin= \/f_cq:(bw)(d)ACI -318 (10.5.1)
4(fy)

VI§

4 420

Asmin= 120 283 =106.96mm
.14
A smin=——(bw)(d)
(fy)

Asmin:ﬁ 120 283 =113.2controls
ASeq = 153.26 mm® >Asyin= 113.2 mm*OK

Use 2 814 Aqprovided= 307.87 MM>>Asequired= 153.26 mm?... Ok

g = M0-40-20-@XAH) _ o >d,=12>25 mm OK

1
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Chapter Four Structural Analysis and Design

Check for strain:-

A E 7 2
a= s fv = I07.8 _mau — 45.28 mm
0.B5h [ 0.85x120x28
X=— = REES 53.26 mm
By (.85
d—x 283 =53.26
£.=0.003 —— =0.003 ————— =10.013 = 0.005 0k
x 53.26

v" Shear Design for (R 1):-

V, at distanced from support =30.1 KN

Shear strength V., provided by concrete for the joists may be taken 10% greater than
for beams. Thisis mainly due to the interaction between the slab and closely spaced
ribs.(ACI, 8.13.8).

Ve== f’b,d ==+28 x 120 X 283 X 10™% = 32.94 KN
2V =0.75%32.94 =24.71 KN

Vi>aV,

for shear design, shear reinforcement is required (4,,),

V Smin =1—1H flbwd = l{ bw d

Vsmin=—+/28 * 120 = 283 = 11.23 KN

Vsyin=; bwd=-+120+283 =11.32 KN - controls

BV +V Snin)= 0.75(32.94+11.32)=33.2 KN

2V <VU <@ (V+VSnin)

24.71<30.1<33.2

for shear design, minimum shear reinforcement is required (A, ,,,:»), Reinforcement.
Use stirrups (2 leg stirrups ) 8@100 mm , A, = 2 x 50.24 = 100.5 mm?

1 = Bys 1 bys
_ ¢ Pw W
AVmin —_1 : f’: = ™
6 JFyt 3 fyt
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e 12615

_ _1
Ame—lOOS —E '\/28 FET,

= 5§ = 106.36mm

S max—»% = 142 5mimcontrols

S max —<600mm

Take (2leg stirrups) 28 @ 120 mm

4.6 Design of Beam

< Material ;-
b  concrete B300 Fc' = 24 N/mm?

P Reinforcement Steel fy = 420 N/mm?

«» Section :-
P B=80cm
P h=32cm

P d=300-40-10-20/2= 240 mm

v' Statically System and Dimensions: -

Geometry Units:meter,cm

1 2
: Al . A —
A — A 11—l
0.3 5.03 0.8 4.93 0.6
— ] ]
5.46 5.48

32

80.
A-A
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load group no. 1

Dead load - Service Units:kN,meter
41.2 41.2
896 2%
5.46 5.48
Live load - Service Load factors: 1.20,1.20/1.60,0.00
36.9 36.9
5.46 5.48

Fig 4.4: Statically System and L oads Distribution of Beam (B 2).
v' Load Calculations:-

Dead L oad Calculationsfor Beam(B 2):-
The distributed Dead and Live loads acting upon B2 can be defined from the support

reactions of the R1.
From Rib1
The maximum support reaction from Dead Loads for R1 upon B2 is 25.73
KN , Thedistributed Dead Load from the R1 on B2.
DL =(25.73/ 0.52) = 49.48 KN/ m

0.03*23*1=0.96 KN/m

0.03*22*1 = 0.66 KN/m

0.07*17*1=1.19 KN/m

0.35*25*1 = 8.75KN/m

0.03*22*1= 0.66 KN/m

2.3*1= 2.3 KN/m
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DL =49.48+1.6*14.25=72.28 KN/ m

LiveLoad calculationsfor Beam (B2):-

From Rib1
The maximum support reaction from Live Loads for Rlupon B2is30.77 KN The

distributed Live Load from the Rib 1 on B2.

LL =30.77/ 0.52 = 59.17 KN/m.
LL=59.17+1.6*5=67.17 KN/m

Moments: spans 1to 2 Moment/Shear Envelope (Factored) Units:kN,meter

-446.6
-339.7 -339.1
‘ 2.052.04 ‘
\ | \
L1 ! | ! ! |
‘ 1{03!1,(53 ‘ !
38, x 8.3
293. 295.7
2.18 3.28 3.29 | 2.19 \

|
[ I I I 1

Momenit/Shear Envelope (Factored) Units:kKN,meter

Shear
-407.7
-334.3
-265.7
-192.3
I I I I
206.
264.5
335.2
408.6
Reactions
Factored
H —— —
DeadR  123.17 411.82 123.92
LiveR 141.37 404.56 141.82
MaxR 264.54 816.38 265.74
MinR 102.79 613.58 103.84
Service
DeadR 102.64 343.18 103.27
LiveR 88.36 252.85 88.64
MaxR 191. 596.03 191.9
MinR 89.9 469.28 90.72

Fig 4.5: Shear and Moment Envelope Diagram of Beam (B2).
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v" Moment Design for (B2):-

Flexural Design of Positive Moment for (B2):-(Mu=295.7 KN.m)

Determine of M, max
d =320 -40-10 - 20\2 = 240 mm

3 3
X =7d =7.24O = 124.86 mm

a=B.x =124.86 =0.85 = 105.6mm

Mnmax= 0.85=f/ =a*b(d - % ) = 0.85*28*105.6* 800* (240-105.6/2 ) * 10°%= 476.9
KN.m

@ Mnma = 0.82* 476.9 = 391.07.m >295.7KN.m .

Design as singly reinforcement

7 M, 295.7 % 10° 4.86H
n —_ —_ —_ . a
ObdZ ~ 0.9 x 800 X 2402 p
m=—2 =9 _ 1765
l.'.I.F!."'lfl_ 0.85=28
_ 1 . . _2mRy _ 1 4 _ ZX1T.65x488 _
P= 1 420 1765 1 1 420 =0013

As = p.b.d = 0.013x800%240= 3051.77 mm”

Check for Agmin:-

ASrin = 4(fy)(b )(d) =" 800 240 =730.73 mm?

ASnin = ﬁ(bw)(d) —m 800 240 =773.3mm’Controls

As>AS,, i
Use 10 20 Bottom, Asprovided= 3141.6 MM*>As; equires= 3051mm?>... Ok

Check spacing :-

BO0=4042=16=({10x20}
9

S=

=56mm>d, =20>25mm OK
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Check for strain:-

A - ~ L
a= s fy = 3141.6x420 = 69.3 mm

0855 1 (L85 = B00=28
x=2 =22 — g1 53mm

By 085

d—x 290 —81.53
£, =0.003 —— =0003 —————— =0.0077 = 0.005 0k
X 81.53

Flexural Design of Negative Moment for (B2):-(M u=-339.7KN.m)

o _ M, 3307X10°
~ObdZ 0.9 %800 x 2402 >0 MPA
m=—2t =_*9 _1765
l'.l.F!Efl_ B5E=28
oS g g _ZmRx _ LI 2ATEEHEE _ 1
m G210 17.65 G210

= p.b.d = 0.015x800x240= 3480 mm®

CheCk fOI’ As’min: =

ASmin = V(fy)(b )(d) =" 800 240 =730.73 mm?

14
ASnin = ) —— (bw)(d) —m 800 240 =773 3mm*Controls
AS>AS,,in

Usel2¢ 20 TOOP, A« provided= 3769MM>>As; cquires=3480 mm?... Ok

Check spacing :-

BO0=—4042=16=(12x20}
11

S= =4218mm >d, =20 >25mm OK

Check for strain:-
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As fyr 37649.9x420

a=s——; = —— = 83.16 mm
L858 jl_ 0.85=800=28
X=— = 8316 _ 97.8mmn
By 0.85
d—x 240 —=97.8
£. =0003 —— =0.003 ——=——— =.006 > 0.005 0k
X 97.8

v Shear Design for (B 2):-
for shear design, minimum shear reinforcement is required (A, ,,,:»), Reinforcement.

Use stirrups (2 leg stirrups ) @8/ 150 mm , A, = 4 x 50.24 = 201 mm?

V,=335.2KN

1

Ve=: fc'b,d == -v28 =800 =240 = 2046 KN

® V= 0.75*204.6=153.45 KN

® Vsmin> 0.75 (%) * pw * d =0 .75* (%)*800*240* 10° = 58KNControls

fc
® Vsmin >075(\/_) *pw* d= 075*( ) 800 * 240*10° = 57.5 KN

D Ve<Vu<d Ve + @ Vsmin
153.45<335.2< 262.6...... not satisfied

Cases 1&2& 3isnot suitable

v == fc'b, d=-v28+ 800240 =409.21 KN

Ejl:i"lt + v.a',rnm I} = ru E Ejl:-i"ln: + 1’.5")
(153.45+58)<335.2< (153.45+306.9)
211.45<335.2 <460.35

shear reinforcement arerequired
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Usedleg® 8

V=V, — Ve =222 _204.6=242.33KN

0.75

_ Afyed 201 =420 %240

S v,  242.33+1000

=101.03 mm

d 240

Ss = 5= = 145 mm control

or Smae = 600 mm
S<Sinax

Usedleg ® 8 @120mm

4.7 Design of Column:

% Material:
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel  Fy = 420 N/mm?

Check for Slenderness :

KXy, M,
—=34-=12 — =40
r M,
M—l =1 —for braced frame with M,,;,,.

2

l,: Actual unsupported (unbraced) length.

r: radius of gyration of its cross section = 0.3 h
l, =2.82m

K = 1.0 = for columns in nonsway frame.

a) In 30 cm —Dirction:

leu
——=34-12x10=22<40

Kxl, 1x282
r, 03%0.30

40>31.33

~ short Column for bending about y — axis.

=3133 =22

b) In 50cm —Dirction:

leu
TE’34—-—12><1.0=22-::40
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Kxl, 1x282
r., 03=06

» short Column for bending about x — axis.
v' Load Calculation:
Service Load:
Dead Load =1200 KN
Live Load =310 KN
Factored L oad:
Py =1.2 %1200 + 1.6x310 =1936KN

=1588 <22

v Dimensions of Column:
Assume rg = 0.01

f *Pn=0.65x0.8" Ag{0.85 fc (1- rg)+rg* Fy}
1936* 1000 = 0.65*0.8* Ag(28.39)

Ag = 131140.434mm’

Assume 300mm for on sidetied section
Ag=300*a
a=131140.434/300=437.134mm - oo J
Ag = 600* 300 =180000mm? | —ol@lo
Selecting Longitudina Bars:

1936* 1000 =0 .65* 0.8{ 0.85* 24(180000-
Ag)+tAg* 420} fig (4.7 ): column section

8025

Ast=127.8 mm2
Use 8T 25,Ast,prov=3926.99 mm2>Ast=127.8 mm2
rg =Ast/Ag=0.02
v' Design of thetie reinforcement:

S <16 db (longitudinal bar diameter)
S< 48dt (tie bar diameter).

S < Least dimension.

spacing <16xdy,=16x25=400mm....
spacing <48xdt=48%10 = 480mm
spacing <least.dim=300mmcontrol
Use2T 10@100 mm
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4.8 Design of basement wall:

4.8.1 Load Calculation:
y = soildensity = 18KN-m?.
@ = angleofinternal friction = 35°.
LL=5KN/nv.
Thickness = 30cm, cover = 4cm.
The design will befor 1m width.
Neglect the axial load, since its low value
al = soilpressure = Ko+ p + h,
a2 = surchargepressure = Ko + LL.
Ko = soilpressurecoef ficientatrest = 1 —sin@.
o,
Ko =1-=sin@ = 0.426.

KN
gl = 0.426 + 18 + 3.50 = 23.004 prt

KN
g2 =0426+5= 213 —,.
m

Factored Load:
glu = 23.004 + 1.6 = 36.8 KN/m*
q2u = 2.13 + 1.6 = 3.408 KN/m*

Figure 4. 8Moment /Shear Envelope

4.8.2 Design of bending moment of wall:
Design for negative moment Mu =-23.8 KN.m.

16
id = 300 — 40 - > = 252 mim.
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MMy _238_ kN
H=090™ 0g = oM

Mn+10%  23.8+10°

An = v @ ~ 1000w 2502 - 0372 Mpa

__ Py 40 o
M= 085+fc 085+24 <

_1 1 1 2+« Rn+m o 1 1 1 2+0375+20.6
P=nt Fy 206 420

=9+107*
Asreq =p+bh+d=9+10"%+1000 + 252 = 227.08 mmZ-m.
Asminv = 0.0012 + b + h = 0.0012 + 1000 + 300 = 360 mm*/m. .... control.

¢

V24
+hw+d =0.25+#

Asminforflexture = 0.25+ 220" 1000 * 252
= 734.8 mm*/m.
1 .
Asminforflexture = E +hw+d = 220" 1000 + 252

= 840mm*/m .... control.
For inside wall Select 312@25¢m = 452.4 mm*® = 437.71mm?.
For outside wall Select @12@12.5cim = 904mm?® = 840mm”*.
Design for positive moment Mu =16.8 KN.m.

16
d=300-40-7=252mm.

mn=Mu_168 o ookn
”_0.9_ 09 = . .

Mn+10% 1777 + 10°

M= pvd? ~ 1000+2522 028 Mpa
__ Py a0
M= 085+fc 085+24
_1 1 1 2+ Rn+m o 1 1 1 2+0.28 + 20.6
P=nt Fy 206 420

=6.7+107*
Asreq =p+b+d=6.7+107*+ 1000 + 252 = 169.2 mmZ~m.
Asminv = 0.0012 + b + h = 0.0012 + 1000 + 300 = 360 mm*/m. .... control.
]

fe V24
= +hw+d =025+

220 1000 # 252

Asminforflexture = 025+

= 734.8 mm*/n.
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120" 1000 * 252

14
Asminforflexture = E thwed =

= 840mm*/m .... control.
For inside wall Select 312@25¢m = 452.4 mm*® = 437.71mm?.
For outside wall Select @12@12.5cim = 904mm?® = 840mm”~.

4.8.3 Design of shear force:
d = 300 — 40 — 8 = 252tmim

1 — 1 — ;
Ve = 0.75*6* fe'vbhrd= 0.75*6*\/24* 1000 + 252 + 10 = 154.3 K'N.

@Ve=1543 > Vu=23.
No shear Reinforcement is required, and thickness of wall is adequate enough.
But horizontal Reinforcement due to Cracking:
Asreqh = 0.002 + b+ h = 0.002 + 1000 + 300 = 600mm*/n.
For one side As = 300 nim*/m.
Select for one side horizonta reinforcement @10@25cm = 314.16 mm* =
300 mm*
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4.9 Design of stair:

Fig 4.9: Stair Plan.

v Material:
P concrete B300 Fc' = 24 N/mm?
P Reinforcement Steel Fy = 420 N/mm?
1- Design of Flight:
v' Determination of Thickness as a sample supported solid slab:

hmin = L/20

hmin=2.7/20=13.5cm

Takeh=20cm

The Stair Slope by 6 = tan™(17.5/ 30) = 30.26°

Dead Load For Flight For 1m Strip:
Table (4.7): Dead Load Calculation of Flight.

No. | Partsof Flight Calculation

1 | Tiles 23+0.03*1* ((0.3+0.175)/0.3 ) = 1.09K N/m
2 | Mortar 22%0,03*1* ((0.3+0.175)/0.3 ) = 1.045K N/m
3 | Stair 25%0.5%0.175* 1 = 2.187KN/m

4 |RC 25¢0.2%1/c0s30.26 = 5.79KN/m
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5 Plaster 22*0.03*1/ cos30.26 = 0.76KN/m

Sum= 10.87KN/m
LiveLoad For Landing For Im Strip =5*1=5KN/m

v' System of Flight:

TL=T 4K
LL=GKN

RL=134KN
LL=EkN

/0

Fig 4.10: Statically System and L oads Distribution of Flight.
Factored Load For Flight:

Wy = 1.2 x10.87 + 1.6x5 =21KN/m
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WMoments: spans Tio 1

Fig 4.11: Shear and Moment Envelope Diagram of Flight.
1- Design of Shear for Flight: (Vu=32.67 KN)

Assume bar diameter g 14 for main reinforcement

d =h- cover *%=200-20*~]—;=173mm
Ve==\/fc'h, d == -v24+1000 =173 = 141.25Kn

O V.-0.75% 141.25=105.94 KN>Vu =25.3kN...... No shear reinforcement is
required

2- Design of Bending Moment for Flight: (Mu=30.3KN.m)

My 30.3x10%
Rn= = z
Qb 0.9x1000%173

=112 Mpa

m= S _ 420 _ 20.6

T ossf T o8sxz4

p:'i[ 1 "'-JII u_Z.m.R,[ ] oy 1 { 1 4_||1 J‘_Exlﬂ.HXI.]z ] = 000274

42100 206 2240

Asreq = p.b.d = 0.00274 x1000x173 = 474.75 mm?/m
Asmin= 0.0018* 1000* 200 = 360 mm*/m

ASieq = 474.75 MM*>Ain=360 mm?/m

Check for Spacing:
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S=3h=23*200 =600 mm
280

S$=380*(——) — 2.5*20 =330
3+ 420

S=450 mm

S=330mm......... is control

Use7@12.A¢ provided=_791.68 MM*>Asequired=_474.75 mmZ... Ok

Check for strain:

Asfy  _ 791.68x420

= ;= =16.3mm
0es5h [ DES=1000=24
=== 103 19.17 mm
Hy 085
d—rc 173 —=19.17
£, =0003 —— =0003 ————=— =0.024 = 0.005 ...... 0k
C 19.17

v Lateral or Secondary Reinforcement for Flight:
Asre= Asmin =0.0018* 1000* 220 = 360 mm?

Use g10@ 200 MM,As provided=.395 MM>>As roquired= 360mm>... Ok

Check for Spacing:
S =3h=3*200 =600 mm

S = 380" () — 2.5+20 = 330
3420

S=450 mm

S=330mm......... is control

Use7@12.A¢ provided=_791.68 MM*>As required= 556.8 mm?>... Ok

Check for strain:

_ As fy = 791.68x420 _ 16.3 mm
085h [ DBS= 100024
c=2 =1 —1917mm
By 085
d—rc 173 —-19.17
£.=0003 —— =0003 ————=— =0.024 =0.005 .... 0k
C 19.17

v Lateral or Secondary Reinforcement:
Asreq= Asmin =0.0018* 1000* 220 = 360 mm?

Use @14 then
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N=AgAs @14 =540/153.9=3.5 , s=1/n=1/3.5=0.28m
Take 4 J14/m

4.10 Design of Footing:

v Material:
b  concrete B350 Fc' = 28 N/mm?
P Reinforcement Steel Fy = 420 N/mm?

v’ Load Calculations:
Dead Load = 1200Kn, Live Load = 310Kn

Total servicesload = 1200 + 310 = 1510Kn

Total Factored load = 1.2*1200 + 1.6* 310 =1936Kn
Column Dimensions (a*b) =30*60 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 350Kn/m2

Mesh@10@20CcM 98 @20CM

_=870

4012

LT T ‘ T T T 7L 4014

- @12@20cm(Top) |

= . o —

0.1 (0.9
0.1

Fig 4.12:Foot Section.
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Assume h = 50cm

Oret- aliow = 350 —18*0.9- 25*0.50 = 321.3kN/m2

v Area of Footing:

Pt 1510

— — 2
13 HIm

A=

Ohest- atiow
Assume Squar e Footing
Brequired =2.17m
Select B=24m

v Bearing Pressure:
qu = 1936/(2.4*2.4) = 336.111Kn/m?

Design of Footing:

1- Design of One-Way Shear Strength:
Critical Section at distanced (d)from theface of column

Assume h = 50cm, bar diameter g 12 for main reinforcement
d=500-75-12 =413 mm

B=n
2

—d =L

Vu=qy=*

24=101.60

Vu = 336.111- — 0413 #=2.4=392.8kN

fve=f. 1% [fc*b, *d
6

fVc=0.75* %* /24 * 2400 * 413 = 606 .98kN

f Vc =606.98KN >Vu =392.8kN
\  Safe

2- Design of Two-Way Shear Strength:
Vu=Pu- FR
FR, =q,*area of critical section
Vu =1936- 336.111[(0.3+0.413)* (0.6 + 0.413)] = 1693.24kN

and 7.5 cm Cover

The punching shear strength is the smallest value of the following equations:
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fv, =f —g1+——\/f7¢bd
fv, =t 282 1091 % d

12%b,/d

fV, =f —\/7%(1

Where:

Column Length (a) 60
bC - =-—= 05
Column Width (b) 30

b, — Perimeter of critical section taken at (d/2) from the loaded area

b, = 2* (41.3+30) + 2* (41.3+ 60) = 345.2cm

as = 40\ for interior column
f v, =f lgel 20\/ Yod = 075 §i+i 24 * 3452* 413 = 4365.2kN

* .
fV, = 1za, ., \/ %d-075 @0 413 0, 54+ 3450* 413 = 2962.1kN
BT b/d 4 & 3452 g

£V, =f —\/ %d_075 24+ 3452* 413=1746.1kN

®Vc =1746.1Kn>Vu=1693.24kN
3- Design of Bending Moment:
Critical Section at the Face of Column

B=n 24=10.60

= [, =336.11* =5 *2.4=726kN

FR=qy~
Mu = 336.11*2.4*0.9*0.92/2 = 326.7kN.m

My 32aTH107

= — = — = 0.89Mpa
R PhdE T D9x2400%4132 0.89Mp
i F20
m=—— = =206
085~ 085x24
1 ZmR 1 Zx20.6x0.849
o=t 1— 1-FmRn _ 1 g _ 42206088 _ 455,
m 420 20.6 420

Asreq = p.b.d = 0.0022x2400x413 = 2180.6 mm?
Asmin = 0.0018* 2400* 500= 2160 mm?
Asre>Asmin2160 mm?

Asreq=2180.6......... is control
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Check for Spacing:
S=3h=3*50=150mm......... is control

28y 25475 =192.5mm
+420

S =380*(

S =450mm
Use 16@14in Both Direction, As provided= 2463MM>>As requires= 2180.6 mm?... Ok
Check for strain:

Asfy  _ 2463x420

= .= =21.13mm
D.H.’-’.hj;_ AS=2400=24
21.113
c=—= = 24.86 mimn
By 0nAs

413 — 24.86

765 ] =0.049 > 0.005 ...... 0k

d—c
£, =0.003( — ] =0.003

24

225
31 2@ 20cmi Top)

2.4
l
225

=
o
=
E
|2
]
L |
2

@1 A I Semi{Bot)

@1 4401 SemiBot)
325

Fig 4.13: Foot Reinforcement Details.
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4.10 Design of Shear Wall:

396.85

878.70

1154.09
M A A A A A A

Fig 4.14: Shear Diagram of Shear Wall.

1067.04

\ 3981.15
7825.87

A b A A A A A A&

Fig 4.15: Moment Diagram of Shear Wall.
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v' Material and Sections:- (From Shear Wall 16)

P concrete B300 Fc' = 24 N/mm?
P Reinforcement Steel Fy = 420 N/mm?
P Shear Wall Thickness h=30cm
P Shear Wall Width Lw =9.5m

P  Shear Wall Height Hw =31.15m

v" Design of Horizontal Reinfor cement: -

A Fx=Vu=115409KN

The critical Section isthe smaller of:

Iiv—6—1—305m ..control
2 2
h_vv_3115_156

2 2

storyheigh(Hw) = 3.15m

d=08" Lw=0.8" 6.1=4.88m

Ej nmax Ej_ .If't hd
= 0.75 0.833 =/24 = 300 = 4880 = 4480.8KN = V, = 2308.18KN

Histhesmall&et of :
1- fi 'hd = —\/24 300 #4880 = 1195.3KN ........ Control
=0.27V24 =300 = 4880 + 0 = 1936 5K N

N,d
2 -V =027 Jﬂhd+4

!W'
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l, 01 f'+02

3— V.= 005 [+ T Wt pd
Vu 2
6.1 01v24+0
= 0.05V24 + S 300 #4880 = 9108.6 KN

Mu= 3981.15 + 3.15—3.05 1154.09 = 4096.6 KN.m

M, L, 4096 _6.1_05
¥, 2 115409 2

Vc=11953KN
Vu=2308.18 KN>%*O.75* 1195.3= 896.5KN Needs reinfor cement

0 =vec+ Qvs =vu

@ = vs=vu-0 = v

Vs=vu/@ — ve
Vs=2308/0.75-1195.3= 1882.03 KN
f_'ﬂ vy 1882.03

=— =—"_=0.00092mm/ m

Sy fya 4 20«388(0

- Maximum spacing istheleast of:

L_VV = @ =1220mm
5 5

3*h =3*300 =900 mm
450 mm ....... Control
Take r =0.0025

Try ©10 (A; = 78.5 mm?) two layers

r =20 =212 —0,0025

hSy 3008y

§,==209.33mm

—use@10@200 mm in tow layer
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v" Design of Vertical Reinfor cement:-

2 =[o.0025 +025 25— 200025 ]
S W
157

Sj*h
Avy _ [o 0025 +0.25 25 24 0.0025 ]
5, L ' ~ 61 300200

=.0025

vy

8,
Try ©10 (A; = 78.5 mm?) two layers

2%785 0025
5 -

§,=62.8 mm

- Maximum spacing istheleast of :

Lw_ 6100 _ 5533 3mm
3 3

3*h = 3*300 = 900mm
450 mm ....... Control

—use@10@200 mm in tow layer

v" Design of Bending M oment:-

6100

— E) E) — 2
A 200 2=785 =47885mm

- Ay f, 47885 420_00458
“ L,h f' 6100+300 24

F
d=——-—=0

hvhﬁ

[ W+ .0458 +0

I~ 2w+0850 2-0458 +085-085 °0°03

P C
gl =)

My =0 054 fyly(L+ 7Y - -

=0.9 0.5 = 47885 = 420 = 6100(1 + 0)(1 — 0.0563) =
5209.85 K N<Mu=4096.6.....0k

Mub = Mu-@Mn=4096.6-5209.85= 1113.25
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fr G0
X= — =
ao0«2 G001
fwr

=10.2mm

Lb= % =51mm

Since Smallest value of Lb & Mub not requires Boundary
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