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Abstract

Structural Design for Multi-purpose Building
Prepared by
Basel Wael Abdeen Maen Osama AbuRajab Yazan Ghassan Hijazi

Supervisor
Dr. Riyad Awad

Project objectives can be summarized in the structural design of all structural
elements contained in the project work, the slabs, bridges, columns, foundations,
walls and other structural elements.

The project of a mixed-use building consists of five different floors in architectural
distribution, use of spaces and overlaps mass of parts of this building, which has
earned us a huge knowledge in the structural design of concrete buildings.

The idea of this project are summarized in the structural design of the multi-
purpose building contains entertainment , residential and commercial and the
needed facilities.

The project consists of several stages are beginning to scrutinize architectural
schemes, has been selected the various structural elements of the columns and
bridges and details are not incompatible with the architectural requirements of the
project. We then phase structural design of some structural elements with the help
from some software design construction and display the results on the data on the
form of data and numbers.

It is worth mentioning that we were using the Jordanian code to determine the live
loads, and to determine the loads of earthquakes we used UBC- 97)), As for the
analysis of the structural and design sections have been using the American code
(ACI_318- 08), It must be pointed out that we were relying on some computer
programs such as: Autocad2007, Office2010, Atirl1.5, and others.
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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 .

X



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

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.
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e g, =compression strain of concrete = 0.003.

e g =strain of tension steel.

e £ =strain of compression steel.

e p =ratio of steel area.
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Chapter 4 Structural Analysis And Design

Chapter 4
Structural Analysis And Design

4.1 Introduction.

4.2 Design method and requirements.

4.3 Check of minimum thicknesses of structural members
4.4 Design of topping.

4.5 (Rib 13,b-3) Calculation and design.
4.6 (Beam 34,b-2) Calculation and design.

4.7 (Solid 4, b-2) Calculation and design.

4.8 (Column C3) Calculation and design.

4.9 (Wall CW6) Calculation and design. ”Shear Wall”

4.10 (Wall CW?2) Calculation and design. “Basement Wall”
4.11 Stair Calculation and design.

4.12 (Strip Foundation) Calculation and design.
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4.1 Introduction:

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

Reinforced concrete is logical 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:

= Lightweight concrete with unit weight from about 1350 to 1850 kg/m?®.
= Normal weight concrete with unit weight from about 1800 to 2400 kg/m®.
= Heavyweight concrete with unit weight from about 3200 to 5600 kg/m®.

4.2 Design method and reguirements:

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.
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.

Y Code: ACI 2008
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Chapter 4 Structural Analysis And Design

UBC

Material :

B300. fc'=30N/mm?*(MPa) For circular section
but for rectangular section ( fc'=30*0.8 = 24MPa) .

Concrete:

Reinforcement steel : The specified yield strength of the reinforcement {fy = 420
N/mmz2 (MPa)}

v Factored loads:
The factored loads for members in our project are determined by:

W,=12D_+16L, ACl-code-318-08(9.2.1).
W,=12D_+1.6S_
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4.3 CHECK OF MINIMUM THICKNESS OF STRUCTURAL

MEMBER :

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR ONE-WAY SLABS

UNLESS DEFLECTIONS ARE CALCULATED. (ACI 318M-11)

Minimum thickness, h

Simply One end Both end

supported continuous continuous

Cantilever

likely to be damaged by large deflection

MemberMembers not supporting or attached to partitions or other construction

Solid one way

Slabs L/20 L/24 L/28 L/10
Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8
Table (4.1): Check of minimum thickness of structural
members

Thickness of slab :

For rib salb:

hminfor(one end continuous )=L/18.5=4.12/18.5=22 cm
hminfor(both end continuous)=L/21=5.31/21=25cm .
hminfor(two way slab )=(2x6.65 + 2x6.225) / 180 =14.3.
select h = 32cm with 24cm blocks & 8cm topping.

For solid slab:

hmin for(One end continuous )= 4.4/24 = 18.33 cm.
hmin for(Both end continuous )= 4.4/28 = 15.71 cm.
hmin for(Simply supported)=3.7/20 = 18.50 cm.

select h=25cm for solid slab.
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4.4 Design of topping:

v’ Statically system for topping :
C Consider the topping as strip of (1m) width, and span of mold length with both end fixed in

the ribs.
Wu
- 40 cm -
wi? ‘ ‘ wi?
12 T 12
wL?
24

Fig 4.1: topping load and moment diagram.

v" Dead load calculations:

Dead load from: oxyx1 KN/m
Topping 0.08x25x1 2
Y 2

Table (4.2) : Dead load calculation Topping

D, (factored) =1.2 x 2 =2.4 KN/m
Factored load : W, =2.4 KN/m

2
M, =2 = 22008 0,032 KMm

g M, = M, - Strength condition, where g = 0.55 - for plain concrete.
M, =0.42 A Vfc’' S (ACI 22.5.1,Equation 22-2)
Where Sp, for rectangular section of the slab

_ bh% _ 1000x80?
Sm==g =

= 1066666.67 mm°

M, = 0.42AVfc'Sy, =0.42 x 1v/24 x1066666.67 x 10° =2.19 KN.m
oM, =0.55%x 2.19 = 1.21 KN.m >> M, = 0.032 KN.m
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Chapter 4 Structural Analysis And Design

No Reinforcement is required by analysis. According to ACI 10.5.4., provide
Asmin Tor slabs as shrinkage and temperature reinforcement.

According to ACI 7.12.2.1,

As = p.b.t = 0.0018x1000x80=144 mm?*/m strip

Try bars 8 with As = 50.27 mm?

As _ 144 _

Asg8 5027 2.87

Take 3 88 with As = 150.8 mm?/m strip or 8 @ 300 mm in both directions.
Step (s) is smallest of:

1. 3h = 3% 80= 240 mm - control

2. 450 mm

3.8=380(2) — 2.5C; = 380(;‘2‘:)) ~2.5%20= 349 mm
3

Number of bars n=

But S< 300 (oY) = 315 mm
5400

Take 28 @ 200 mm in both direction . S = 200mm < Smax = 240 mm — ok

4.5 (Rib13,B-3) Calculation and design :

Requirements For Ribbed Slab Floor Accordingto  ACI- (318-08) .
Pw>10CM oo ACI(8.13.2)

| T I o) R ACI(8.13.2)
Select h=32cm <3.5x 12=42cm
> Lofl2>50Mm .o ACI(8.13.6.1)

Select tr=8 cm
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v’ Statically system and Dimensions.

T = B0, B-3—~—~___
1 ] |
. | 1T~
] | | o7 |
' L M V| |
o |l . [V | |
sl ' ==l oS | |
o | | —|RIBB3 | (N 1 |
: : C_— | | |
P | Ao ]
| e | e | 7]
' — % | u@ | | &)
[ o | |
| | |
] . | B LI;
— | —
Fig 4.2: One Way Rib slab (R 13,B-3)
Loadin 4]
load group no. 1
Dead load - Service Units:kN,meter
545 545 545 545
44.13\4 ‘ ’ 53 : ) \ 49 l ‘ 2.;5
Live load - Service Load factors: 1.20,1.20/1.60,0.00
I lqpal b Japal b | Y VI I b T
413 53 49 255

Fig 4.3: loads of rib and its statically system (R 13,B-3)
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Geometry Units:meter,cm
1 2 3 4 5
1 2 3 4
A A A A
02 3.63 , 08 45 , 08 4.1 ,08 175 08
X 413 L 53 L 49 T
I 52 T T i 1
32,
12
AA

Fig 4.4: Geometry of rib and it’s dimension.

Load calculations :

Dead load calculation :

Material

W= 8xyxb (KN/m)
Topping 0.08 x 25 x0.52 = 1.04
RC Rib 0.24 x 25 x0.12=0.72
Tiles 0.52 x 23x0.03 =0.36
Mortar 0.52 x 22 x0.02 = 0.23
Partions 1.5x0.52=0.78
Hollow Block 0.24 x10x 0.4=10.68
Plaster 0.03 x 22 x0.52 = 0.343
Total dead load | 4.334 KN/m

Table (4.3): Dead load calculation Rib.
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D, (factored) =1.2 x 4.334 =5.2 KN/m

The effective flange width (be) :
be is the smallest of :

1) be < by, + 16hf =120 + 16 x 80= 1400 mm
2) be< center to center spacing between adjacent beam = % + % + 120 = 520mm

Take be=520 mm

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

Moments: spans 1to 4

-19. -19.7
14 /\ 108 RIPYA EIX | -13.1
Iy 78
A291.2 N | 132N
' ! ' WY ! ¥R
) 0I94I0 sis I IU és * {D 91 =
\ P e | ’W|'—| - 'ﬁ"—| -y
10.4 10
| 165 | 248 | 265 , 265 | 245 | 245 | 178 o7
Moment/Shear Envelope (Factored) Units:kN,meter
Shear
215 223 104
-16. -16.7 as
/ 58
Lt ~ | | \ ) ) ) 1.2
I T 1 } } " " Aill I
‘ /
10- 10.
13.1 65 s .
221 218

Fig 4.5: Shear & Moment Envelope Diagram (R13,B-3)
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Design of positive moment.
M, =11.3 KN.m.

Assume bar diameter g10 for main positive reinforcement.
d =h- cover —d stirrups—% =320-20-10 - 12—0 = 285 mm.

M, _ 11.3x10°

K.= =
"™ ¢bdZ ~ 0.9x520x2872

= 0.297 Mpa.

f 420
m=—— = = 20.6
0.85f.  0.85x24

1 2mK, | L _ _ 2x20.6x0.297 \
p= ; <1 - 11— W) = 206 <1 \/1 —420 ) =0.0007123

ASreg= p.b.d = 0.0007123x520x285 = 105.6 mm2 Control
Check for ASmin.

ASpin IS the maximum of :-

e 14
, bw-d="by.d

ASi :0.25% 120 X 285 = 99. 73mm?

ASmin =X 120 x 285 = 114 mm?
420

Asieq= 105.6 mm? < 114 mm?, S0 Aseq= 114 mm?,

Use 2910 with ASpro =157.08 mm2>Aseq= 114 mm2 . Ok

_120-40-20-(2x10) _

S
1

40 mm > d;, = 10 > 25 mm OK

Check for strain:

AS.
_ Asty . 157x420  _ 6.2 mm
0.85bf!  0.85x520x24
X= — = 62z _ 7.3mm
B, 085
d—x 285—-7.3
g =0.003 (T) =0.003 (?) =0.114 > 0.005 ok
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Design of negative moment.
My =-11.6 KN.m.

Assume bar diameter g12 for main negative reinforcement.

d =h- cover —d stirrups—% =320—-20—-10 - 12—2 = 284 mm.

My 116x10%
Kn= ¢bdZ ~ 0.9x120x2842 1.33Mpa.
fy 420
m= = = 20.6

"~ 0.85f)  0.85x24

p:l<1_ 1_%> :L(l_\/l_w) =0.00327
m 420 20.6 420

ASreq = p.b.d = 0.00327 x120%x284 = 111.44 mm2 Control

Check for ASpin.

ASpin is the maximum of :-

Asnin=0.25% <, d > 12p,,.d
y y

ASui :0.25% 120 X 284 = 99. 38mm?

ASmin =% 120 x 284 = 113. 6mm?
420

ASeq= 113.6 mm2.

Use 2 10, ASpro= 157.08mm2 > Asq=113.6 mm2. Ok

_120-40-20-(2x10) _

S
1

40 mm > d;, = 10 > 25 mm OK

Check for strain:

Agt 157.08x420
=—Y_ = ' = 26.95 mm
0.85bf.  0.85x120x24 )
a 26.95
X=—=——=31.70mm
By 0.85

40



Chapter 4 Structural Analysis And Design

d—x 284 —-31.70
£ =0.003 (T) =0.003 (W) =0.0238 > 0.005 Ok

Shear Design for (R13,B-3):
Vu at distance from face of support = 16.7 KN

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

Ve =2 A\/fib,d = V2% x 120 x 284 x 103 = 30.82 KN
g V. =0.75%30.82 =23.12 KN.

0.59 V. =0.5%23.12 =11.56 KN

V,>0.50V,

Minimum shear Reinforcement is required.

Use stirrups U-shape as montage (2 leg stirrups )@8 @ 150 mm , A, =2 x 50.24 = 100.5 mm2.

1 bws 1bys
AVmin =—/f¢ > o

16V € fyt = 3 fyt
_ _1 120s _
AVnin=100.5 —16\/24 220 ST 1.15m
_1120s o
100.5 =320 5= 1055.25mm

S max—»% = 107.5mm

S max —<600mm

Take (2 leg stirrups )g8 @ 100 mm

_2x50.3
V™ 010

= 1006 mm2/m strip
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4.6 (Beam 34,B-2): Calculation and design.

Geometry Units:meter,cm
1 2 3 4
1 2 3
Al Al Al
B B ::I
A A A
0.2 4.85 , 0.8 | 4.1 _ 0.8 1.75 0.8
' | ' 5.35 ' ' 4.9 ' ' 2.55 ' '
I } }
32
80.
AA
Loading
load group no. 1
Dead load - Service Units:kN.meter
21.3 21.3 21.3
6.40 630 540
5.35 4.9 2.55
Live load - Service Load factors: 1.20,1.20/1.60,0.00
T 5.35 T 4.9 T 2.55 T
[ [ [ |

Fig 4.6: Statically System and Loads Distribution of (B 31,B-2)

Fig 4.7: beam (B 31, B-2)
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Load calculations:

Load calculations for B31,B-2 :

Dead load calculation :

Material

W= 3xyxb (KN/m)

Block

0.1 x10%x2.93 =2.93

Concrete wall

0.18x 24x2.93=13.19

Stone

0.05 x 27x2.93 = 3.96

Plaster

0.02 x 22 x2.93=1.29

Total dead load

Table (4.4): Dead load calculation Beam.

Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 3

-100

505 -65.3
422
1.12/1.44 -16.9 4&92’ 2
[ L |'73| .\\\
I T e T T T — 11—
}Q\ 10177
| 214 I 3.21 2.21 } 0.76 |
Moment/Shear Envelope (Factored) Units:kN,meter
Shear
: -107.8
- 479_—
_— 259
n L L —
T - T T T T T 1
_;,0_5 58.5 = f»] 4 59.

Fig 4.8: Shear & Moment Envelope Diagrams of (B 31,B-2)
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Design for positive moment :
Mu = 74.5KN.m

From the Geometry of T-section :
bw =320mm

d=320—40—10-12—6:262mm

M,  74.5x10°
~ ¢bd? 0.9 x 800 x 2622

Kn = 1.507 Mpa.

f 420
=Y = =20.6
0.85f,  0.85x24 )

p:1<1_ 1_m> :;<1_J1_M) — 0.00373
m 420 20.6 420

As = p.b.d =0.00373%x800%262 = 781.8 mm2 Control.

Check for ASpin .

Asnin=0.25% <, d > 12p,,.d
y

f y

ASi :0.25%800 X 262 = 611.2 mm?2

Asmin =X 800 x 262 = 698.7 mm?
420

ASmin = 698.7 mm2< A; =781.8 mm2
Use 4 g 16 Bottom, Aspo= 804.24 mm2 > Aseq= 781.8 mm?. Ok

Check spacing :

_ 800-40+2-20—(4x16)

S 10

=63.6 mm >d, =16 > 25 OK

Check for strain:

Asfy _ 804.24x420

= = = 20.7 mm
0.85bf.  0.85x800x24
a 207
X=—=——=24.35mm
By 085
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d—x 262 —24.35
£ =0.003 (T) =0.003 (W) =0.0293 > 0.005 Ok

Shear Design for (B31,B-2):

V, = 85.8 KN

Ve :%\/ﬁbw d== %x/ﬁ X 800 x 262 = 171.13 KN
® V= 0.75*171.13 = 128.34 KN

0.5® V.= 62.17 KN

050V, < V< OV,

Minimum shear reinforcement should be provided
SRR T
yt yt

2=0.33> (-V24)=0306

Ay

i 1b
( mm) — 2 Ow
S

3 fyy

Use 2 leg @ 10.

As =158 mm?,
_ Ay 3fyt _ 158.3.420 _
S= e 500 =331.8 mm
d 262
Smax < 2= = 131 m or sy, <600 mm

Use2leg® 10 @ 250 mm .

Design for negative moment :
Mu = 65.3 KN.m

M, 65.3 x 10°

Kn = =
D= 3bd% = 0.9 x 800 x 2622

= 1.32 Mpa.

f 420
m= y —

= = = 20.6
0.85f,  0.85x24
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1 2mRy\ _ 1 (o [ 2x206x132) _
p-;(l— 1-= )-20.6<1 Jl w0 )—0.00325

As =p.b.d =0.00325x800%262 = 681.2.48 mm2 .

Check for ASmin .

Asin=0.25Y b . d > *p,,.d
fy fy

Asnin =O0. 25%800 X 262 = 611.2 mm?

ASmin :% 800 X 262 = 698.7 mm? . Control

ASmin = 698.7 mm2 > As; = 681.48 mm?2
Use 4 g 16 Bottom, Aspo= 804.24 mm2 > As,q= 698.7 mm?. Ok

Check spacing :

S— 600—40*2—820—(4><16) =54.5mm >d, =16 >25 OK

Check for strain:

Asfy 804.24x420

a :0.85b f. ~ 0.85x800x24 20.7 mm
=2 =227 _ 24.35mm
B1 085
d—x 262 — 24.35
& =0.003 (T) =0.003 (T) =0.0293 > 0.005 0k
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4.7 (Solid 4, b-2) Calculation and design.

Geometry Units:meter,cm

A

— ——
T A p IR
04 3.27

3.67

25)

100.
A A

Fig 4.9: Geometry of solid slab and it’s dimension.

1. Minimum thickness (deflection requirements )
Simply supported, h = 333 _ 21.65cm

20
Take h=25cm
Assume bar diameter @12 for main reinforcement

db 12
d=h—20—7=200—20—7=174mm

2.Load calculation :-

Material Quality W = yh KN/m?
Densitg/
KN/m
Tiles 22 22 x 0.03=0.66
mortar 22 22x0.02 =0.44
Sand 16 16 x0.07 =1.12
Reinforced concrete 25 25 x 0.25=6.25
solid slab
Plaster 22 22 x0.02=0.44
Partitions 2KN/m 1.5
Total Dead load 10.41

Table (4.5): Load calculation Solid slab.

Dead load for 1 m strip of slab =10.41 x 1 =10.41 KN/m
Live load for 1 mstrip of slab=5*1 =5 KN/m
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Loading
InadF no. 1
load - Senvice UnifsckN meter
108
387
Live load - Service Load factors: 1.20,1.20/1.80,0.00
5.00
387

Fig 4.10: load distribution of solid slab(S 4,B-2)

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

Momenis: spans 1fo 1

1.84 35 183

38.2

Fig 4.11: Shear & Moment Envelope Diagrams of (S 4,B-2)

3. Check whether thickness is adequate of shear :
Vu max = 29.6 KN/ 1m strip

Ve =z Jfc bwd =2 v241000 174 10~ = 142.1KN /1 m strip
® = 0.75 for shear
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®Vce =0.75142.1 = 106.55 KN/ 1 m strip
Vu <z ®ve =29.6
The thickness is adequate enough.

4. Design of Positive moments:-

Mu =35 KN.m
m=__ ¥ - 420 _545gg
0.85%fc  0.85%24
RN = Mn/ ¢
b>d?2
n= 35710%6/0.9 _ 1 o5 1o
1000~ (174)°

p =£(1_ /1_2m*Rn)
m fy

_ 1 1- \/1_ 2(20.588)(1.28) ) = 000315
20.588 420
As=p*b*d=0.00315* 1000 * 174 = 548.1 mm? ..control

As min = 0.0018x1000%250 = 450 mm?

A 548.1
n=—2_=22-_484
As 912 113.1

Take 5¢12/m , with As = 565.5 mm?®/m
Select 12/15cm

Step (s) is the smallest of :

1.3h = 3250 =750 mm

p

2.450 mm

3.

$<380 * (222)_2.5%20 =380 * (o) —2.5* 20 = 330mm
§fy 5*420

s < 300(%") :300*(%):300 mm >> control

37y
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- Check for strain:

Tension = Compression

A * fy=0.85* fc' *b*a
565.5*420=0.85*24*1000*a
a=11.64m
C= a_ —11'64 =13.7mm
g 085

174-13.7

& =————
13.7

&, =0.035>0.005—— 0k

*0.003

( Temperature and Shrinkage ) :
—p=0.0018

As min=p,. *b*h  =0.0018*1000* 250 = 450mm’

Use 12 @ 250 mm
step (' s) is the smallest of :-

<5*h=5*%300=1500 mm
<450 mm. . (control)

4.8 (column C3) Calculation and design.

o0

Fig 4.12: Coulmn Section(C3)

Pd=2196.04 kn
P1=556.62 kn
B=h=50 cm

50
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Fc'=28 Mpa
Fy=420 Mpa

length in both directions is 2.93 m

Check for slenderness

Ku 12 (Ml) < 40
r M2 -

M1
(W) = 1.0 — braced frame with M min
K = 1.0 — for columns in nonsway frames

Klu
7334—12*1.0:22 <40

klu 1.0x2.93
rx 0.3x0.4
< 22 short column for bending about x — axis
klu 1.0x2.93
ry 0.3x0.4
< 22 short column for bending about y — axis
@Pn = Pu = (0.8 (0.85 Fc'(Ag — Ast) + Ast Fy) ]
= 0.65 — for tied column
Pu=1.2Pd+1.6P1=1.2%x2196.04+ 1.6 * 556.52 = 3525.84 Kn
Ag =500 * 500 = 250000 mm?
3525.84 « 103 = 0.65 * 0.8 (0.85 x 28(250000 — Ast) + Ast x 420)
Ast = 2096.066 mm?

use @20
_ 2(:[96.(;66:6. 667
20

=19.533

=19.533

4

Take 8020
As pro =8*n/4 *2072 =2513.274mm"2

Aspro>Ast OK
p =As/Ag = (2513.27/250000)100% = 1.005 %
p>1% and p <8% OK

Design of Ties

1- S =48ds =48*10=480mm

2- S=16db = 16*20=320mm.. control

3- S the leatest dimension of column = 500mm
Take @10/20cm OK
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Clear spacing between longitudinal
S=500-40-40-10-10-8*20/7 = 34.28mm>25mm>db OK

4.9 (Wall CW6) Calculation and design. ”Shear Wall”

Criticpl [ 2047

456 section .

b 1

bending shear - 765
moment 0| - —
™

le,76

Fig 4.13: Shear & Moment Envelope Diagrams of Shear wall (CW6)

1. Check maximum shear strength permitted.
dVn=¢ 0.83 Vfc hd=0.75. 0.83v28 . 200 . 7650 = 5039.759 KN
where ¢$=0.75,d=0.8.7650 =6120 mm

2.Calculate shear strength provided by concrete V,

critical section for shear :

LTW = 7'2i5 =3.825m - control
hy _ 1236 _
5 -5 - 6.18 m

story height = 3.09 m

Ve = %\/fc‘ hd = % V28 .200.6120.10°
vc =1079.466 KN - control .

52



Chapter 4 Structural Analysis And Design

Nud
= 0.27Vfc hd +35

85.6120.1073

_ 3
V.=0.27v28 . 200. 6120. 10 + % 7650

Ve=1765.735 KN

Lw (0.1vVfc +0.2- 0%

= [ 0.05VfC +—— L h] hd

Vu 2

7.65 (0128 +0.2. 25105
= (0.05 vZ8 + 222012892 7650500 200 . 7650 .107

2047 2

V. =3298 KN

3.Detrmine required horizontal shear reinforcement

Vu < c|>Vn = ¢ (VctVs)
Vs = T — Ve % — 1079.466 = 1649.867 KN

Avh Vs 1649.867

S2  fyd 4206.120103

_Avh _0.0006%2 _ 4.0032 = 0.0025
P =hsz™ "0z ="

Take pt =0.0032
max spacing is the least of

L;V 765"— 1530mm

3h=3 200 600 mm
450 mm - control

m2
=0.000642—
m

try ¢ 10 (AS = 78.54mm2 ) for two layers
Avh 78.54

t= =2
Pt=hs2 =~ “200s2
So= 167 mm

take ¢ 10 @150 mm

=0.0032

4.detrmine vertical shear reinforcement
h_w 12 36 _

=123 _ 1 616

L, 765

pl = 0.0025 + 0.5 (7) (pt — 0.0025) > 0.0025
Avh 78.54

pt=——=2_—""""_ _0.00446

hs2 200+176
=0.0025+0.5+1.616 (0.00446 — 0.0025) > 0.0025

=0.00408 =2 0.0025
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try ¢ 10 (AS 78.54 mm2 ) for two layers

 _Avl_ 7854
Pt =hs2 ™ “200s2
s2 =192 mm

take ¢ 10 @150 mm

maximum spacing is the least of
Iw/3 = 7.65/3 = 2550 mm

3h =3 *200 =600 mm

450 mm - control

5.design of flexural

At—76502 78.54 = 6008.31 2
st = 200 27854 = .31 mm

Pu

“Iwhfc

(44

85103

= 7650, 200,28 _ 0002
c (w+ a) B (0.059 +0.002)

Iw 2w+0858 (20.059+0.850.85)
PMn = @ (0.5 Ast fy lw <1+

a

=0.07

Pu c
Ast fy )(1_6) -
85.103
6008.31.420

=0.9(0.5.6008.31 .420. 7650 <1+ >(1—0.07).1O‘6

= 8351 KN.m
8351 > 4065
PMn > Mu okay.
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4.10 (Wall CW?2) Calculation and design. “Basement Wall”

load calculation

Fc’=24 MPa, Fy=420 Mpa, Ys=18KN/m®, qall=250KN/m?, ¢=30, wall thickness =20 cm

Fig 4.14: Distribution force from soil for basement wall (CW?2)
K=1-sin¢g=1-sin30=0.5

W,=K+h+y=0.5%3.19 x18 = 28.71 KN/m?

From Atir we have moment and shear envelop :

Moment/shear envelope (Factoredq) UNITS KN, meter

Moments: spans 1to 1

1.61 31 1.32

Fig 4.15: Shear & Moment Envelope Diagrams of (CW2)
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Design of Bending Moment :

Assume ®20 for bar diameter
D=200 - 20 — 20=160 mm
_ Mn
n b 5 d 2
_311*10°
" 0.9*1000*1602

__ b
0.85x fc'

420
m e —
0.85x28

1 2mR * *
p=— 1- 1- n ZL 1_\/1_M =0.00328
m fy 17.64 420

As req = 0.00328*1000%160 = 524.8 mm%/m........... control
p =0.00328 > pmin = 0.0015 ... ....OK
Check for spacing

3h=3*300=900mm

S=450

Use ® 10@ 15 cm , As prov = 526.66 mm?/m
For compression
ASmin=0.0025*200*1000=300 mm*m

Use ¢10/15cm

For tension in horizantal

As min = 0.0025 1000 200 = 500 mm2/m

For each way = 250 mm2/m

Use ¢10@20 , As pro =395 mm2/m

Check for strain:

R

=1.45MPa .

=17.64

Tension = Compression
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A *fy =0.85* fc' *b*a
527 *420 = 0.85*28*1000* a

a=9.3mm
2 _ 93 _10.94mm
B, 085
g, = 1001094, 003 = 0.04
10.94

&, = 0.04 > 0.005—> ok
4-15.3:-Check for shear

0.75
PV, = %\/fc, xbxd= T‘/M * 1000 + 160 « 10~3 = 105.83KN

0.5 ¢ V.=0.5%105.83 = 52.915KN
dV.>Vu>0.5¢Vc
105.83 > 37.4 > 52.915

The thickness is enough

4.11 Stair Calculation and design.

fy=420 Mpa
fc'=24 Mpa
Live load = 4 KN/m2

1. Minimum slab thickness for deflection is ( for a simply supported one way solid slab )

L L4042 _
h min = 0= 20 =0.221 cm

In the case presented here , where the slab ends are cast with the supporting slab and
additional negative reinforcement is provided , minimum thickness can be assumed to be

! —ﬂ=14.5cm

hmin=—=
28 28
Take hmin=20cm

2. Loads : The applied live loads are based on the plan area ( horizontal projection ) ,
while the dead load is based on the sloped length . To transform dead load into horizontal

projection the figure below explains how.

tan 0 = tan-1(=) = tan-1(50) = 28.44
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Flight Dead load computation :

Material Quality W KN/ m
Density
KN/ m*
Tiles 22 o9 # (01625+0.3) o g3 . 1 —
1.329
Mortar 22 99 x (01625+03) . ' 9 4 1 =
0.678
Stair steps 25 25, (0162540.3) \ 4 - 203
0.3 2
Reinforced 25 25021 _p6g
concrete solid cos28.44
slab
Plaster 22 22+x0.2x1
c0s29.06 0 7°°
Total Dead load KN/ m
10.47
Table (4.6): Dead load calculation Flight.
Landing Dead load computation:
Material Quiality Density W KN/ m
KN/ m®
Tiles 22 22*0.03*1
=0.66
Mortar 22 22*0.02*1
= 0.44
Reinforced concrete 25 25 0.2
solid slab *x1=05
Plaster 22 22
*0.03
* 1
= 0.66

Total Dead load KN/ m
6.760

Table (4.7): Dead load calculation Landing.

Live load =4 KN/ m

Total factored Load : w=1.2D + 1.6L

for flight w=1.2(10.47)+ 1.6 (4) =18.96 KN/m
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for landing w =1.2 (6.760) + 1.6 (4) = 14.51 KN/ m

Design of flight

Fig 4.16: Distribution force for flight

R= (‘”?') = (—18'9:*8'7) =256 KN

Assume bad diameter ¢ [for main reinforcement
d=h-20-22=200-20-"=173 mm
Vu = 25.60 KN

1 1
®Vc = 0. 753\lfc‘ bwd = 0. 753\124 1000 173 1073 = 105.940 KN
1
Vumax = 25.60 < E(I) Vc =52.97
The thickness of the slab is adequate enough .

* Calculate the steel reinforcement and bending moment :

Mu = 25.6 (0.86 +27) - 18.86 (=) =39.30 KN.M

R _Mn_ 39.3 10° = 1.46 MP
"= $dz” 0.91000173 173 - a
fy 420
m = 20.588

~ 0.85fc _ 0.85 24

1 2Rnm 1 220.588 1.46
p_E(l_\ll_ fy)_zo.sss(l_\ll_ 420 =0.00361

As = pbd =0.00361 1000173 = 624.530 mm2 control

Asmin=0.0018bd = 0.0018 1000 20 = 360 mm2

_ 62453
113.09

=5.52

S =

Sl
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1
S=——— =0.181
5.52

use64l12/mor ¢12 @18 cm

Step (s) is smallest of :
1.3h =3 200 = 600 mm
2. 450 mm

280 280

3.5=380 (—)— 2.5Cc=380<

s >—2.520=330mm

2
5420

4.5 <300 (@) =300 (22 ) =300 mm control
fs 3420

180 mm < 300 mm okay .
5. Temperature and shrinkage reinforcement :

As=0.0018 b h
As =0.0018 1000 200 = 360 mm?2
N 360 4s
T .
z 1010
1 1
S-—'H __ng__ 0.22m

use 5¢10/mor ¢$10 @20cm
step s is smallest of :

1.5h =5 200 = 1000 mm

2. 450 mm control

Design of landing :

3523 a5 >3

Fig 4.17: Distribution force for landing

3x1.3

1. . 1.7
Mu=35.33*1.3—14.887—14.88*1.7(T+0.1)
=9.63 KNm
14
d=200—20—14—7=173mm
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" 9.63

_Mn 0.9 6 _

RN =4d2 = Too0173173 1 _ O30 MPa

__fy __420 _ 588

M=0.85fc 08524 -
p:i(l—\/1—2[:;"1)=20;88(1—\11—220'i$=0.0008648

As = pbd = 0.0008648 1000173 = 149.610 mm2

Asmin=0.0018bd = 0.0018 1000 20 = 360 mm2 control

360
N=fgF———= 4.5
—-1010
4
1

T 4.5
=0.22m

use5¢10/mor ¢10 @20 cm

Step (s) is smallest of :

1.3h =3 200 =600 mm

2. 450 mm

S =

= =

3.5=380 (2) - 2.5Cc =380 (-~ | — 2.520 = 465 mm

280

280) = 300 300 (242()) =300 mm control
3

fs

4.5 <300 (

200 mm < 300 mm okay .
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Chapter 4 Structural Analysis And Design

4.12 (Strip Foundation) Calculation and design.

Fig 4.18: Foundation strip section

Design of strip or wall footing :
Fc’=28MPa, Fy=420 Mpa, ys=18KN/m3, qall=250KN/m2 , wall thickness =30 cm
Pd,service = 176.3 KN/m , Plservive = 38.17 , df =30cm

g a,net =250 — 0.3 * 1.2*25 = 241 KN/m2

and we have :
=t 178343817 _ ), 8899 m2 per meter length of wall
q a,net 241
A=b.1

b=0.9, takeb=1.2m
Depth of footing and shear deign :

KN
Pu=1.2d+1.61= 1.2*176.3+1.6*38.17=272.632H

272.632 KN
qQu=——7o>-= 227. 193E
one way shear
Vu=qu. 1 (E—E—d) = 227.193 (E—E— d)
2 2 2
let Vu = ®Vc

1, 1
®dVc = "’g \fc'bd = 0.75g \281200d

1.2 0.3 1
227.193 % 1 (T_T_ d) = 0.75¢ V28 +1200d

d=0.1003 m
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Chapter 4 Structural Analysis And Design

Assume cover 75 mm, and steel bar 20
h=100.39+ 75+ 20 = 195.39 mm
Take h = 300 mm

Designe for flexure

Take steel bar 20

20
d=300—75—7=215mm

Mu = 227.193 « 1+ 0.45 %

5
=23.003 KN/m

R = Mn
b-d?

6
R, = 25,5610 =0.51MPa .

" 0.9%1200*%215°

__ b
0.85x fc'

p—i[l— - ZTR”J
m * *
y )1 (1_\/1_2 17.65 0.51}0.00122

~17.65 420

As req = 0.00122*1200*215= 314.76 mm2/m
As min =0.0018 b h = 0.0018*1200*300 = 648mm2/m

Try ® 14
® = (n/4) *12* 12 = 153.9 mm?2

As 648
n=as 1539 *H
use 5014 - mor ®14@ 200 mm
Select the minimum tesmperature reinforcement
As min =0.0018bh = 0.0018*1200*300 = 648 mm2
use 514 - mor ®14@ 200 mm
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