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ADbstract Structural Design of Ministries complex at Bethlehem

Abstract

The idea of this project can be summarized by preparing For Residential
Building. Which consists of all facilities that should be available in any
Residential Building . The project is consists of eight floors, and the total area
of the building is 7549 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 (2016), 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.
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List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

e As = area of non-prestressed tension reinforcement.

e A.C = area of non-prestressed compression reinforcement.

e Ag=gross area of section.

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

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

e b =width of compression face of member.

e bw = web width, or diameter of circular section.

e C.=compression resultant of concrete section.

e C,=compression resultant of compression steel.

e DL =dead loads.

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

e Ec=modulus of elasticity of concrete.

o f.: = compression strength of concrete .

o fy =specified yield strength of non-prestressed reinforcement.

e h =overall thickness of member.

e 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.

Xl



e LL = live loads.

o Lw = length of wall.

o M = bending moment.

e Mu = factored moment at section.

e Mn = nominal moment.

e Pn = nominal axial load.

e Pu = factored axial load.

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

e V¢ = nominal shear strength provided by concrete.

e \/n = nominal shear stress.

e Vs = nominal shear strength provided by shear reinforcement.

e VVu = factored shear force at section.

e Wc = weight of concrete.

e W = width of beam or rib.

e Wu = factored load per unit area.

o @ = strength reduction factor.

e £, = compression strain of concrete = 0.003.

e g, = strain of tension steel.

e £ = strain of compression steel.

® p =ratio of steel area.

X1l
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Chapter 4 Structural Analysis & Design

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.

Reinforced concrete behavior is still under studying, building codes and specifications that give design

procedures change from time to time to reflect latest knowledge.

Structural concrete can be classified into:

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

4-1-1 Design method and requirements:

The design strength provided by a member is calculated in accordance with the requirements and
assumptions of ACI_code (318_14).

4-1-2 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.
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Chapter 4 Structural Analysis & Design

The strength design method is expressed by the following, Strength provided > strength required to carry

factored loads.
NOTE:

For rectangular ( fc'=30*0.8 = 24MPa)

4-2 FACTORED LOADS:

Factored loads are the loads specified in the general building code multiplied by appropriate load
factors. Load factors also account for variability in the structural analysis used to calculate moments and
shear.

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

W.=12Dy+1.6 L. (ACI-code-318-14(Table 5.3.1Eq (5.3.1b))

NOTE:

Use concrete B300
f. = 24 Mpa.

f, = 420 Mpa

fyt = 420 Mpa , will be used at design and calculations.
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4-3 SLABS THICKNESS CALCULATION:

According to ACI-Code-318-14(Table 9.3.1.1)

Minimum thickness, h
Simply One end Both end

i . Cantilever
supported continuous continuous

MembenMembers not supporting or attached to partitions or other construction
likely to be damaged by large deflection

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

The minimum thickness of non-prestressed beams or one way slabs unless deflections are computed as
follow:

For rib:

hmin for one-end continuous = L/18.5 longest one-end cont. is 5.05m.
hmin =5.05/18.5 = 27.29cm.

hmin two-end continuous = L/21 longest two-end cont. is 5.92m.
hmin = 5.25 /21 = 25.00 cm.

hmin cantilever = L/8  longest cantilever. is 1.93m.

Amin = 1.93 /8 = 24.13 cm.

Select Slab thickness h= 28cm with block 20 cm & Topping 8cm.
For beam:

H min =L/18.5=5.15/18.5=27.83 cm......... “One end continuous”

H min =L/21=5.85/21=27.86cm ......... “Both ends continuous”

Select H=28 cm with no-drops beams (hidden beam).
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4-4 LOAD CALCULATION FOR TOPPING:

v’ Statically system for topping;:

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

Wu

- 40 cm -

WL? w2
12 12

WL?
24
Fig 4.1: topping load and moment diagram.

For the topping, the total dead load to be used in the analysis and design is calculated as follows:

Table (4.2) Dead load calculation for topping

No. | Parts of Rib Calculation
1 Tiles 0.03*22= 0.66 KN /m/rib
2 Mortar 0.02*22= 0.44 KN/m/rib

3 Coarse Sand 0.07*18=1.26 KN/m/rib

4 Topping 0.08*25=2 KN/m/rib

5 Partitions 1*1.98=1.98 KN/m/rib
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Nominal total dead load =6.34 KN/ m2.

Nominal total live load = 3 KN/m?2.

4-5 DESIGN OF TOPPING:

Toping

Hollow Block 20

Fig. (4.2): Topping of one way rib slab.

Qu=1.2xD+1.6XL
Qu=12.408KN/m. (Total factored load)

W, =12
M, = 12 = 0.16544 KN.m

2

80
®M,, = 0.55 % 0.42 x V24 * 1000 * 3

PM, = 1.2071 KN.m > M,;, = 0.16544 KN.m

*107% = 1.2071 KN.m

No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must be

provided.
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For the shrinkage and temperature reinforcement:-
p=0.0018

Ag = p*b*h=0.0018 x 1000 * 80 = 144 mm?2.

~ Use @8 @ 20 cm in both directions.

Check of shear strength:
Qu *1
V, = = 2.42KN.m
@+ Ve=—x+24 x1 %80 = 49 KN

49>>242

~ No shear reinforcement is required.

4-6 DESIGN OF RIB 12 (ONE WAY RIBBED SLAB ):

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

Shrinkage & Temperatuer Bar's

Hollow Block (28cm )

“Fig. (4.3): One way rib slab.
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4-6-1 PLAN OF RIB 11 AND RIB 11 AND RIB 12:

I o .
EZF0-32 poaapy OO Bociy  Co-3EER
3
¥
&
,d"’-'-'-
N R |C0-43
< :
&
<
\\.
0448 :
= = 555 B o-49
3 PRI\~ IR A
& G 12/ z x
b o Ry =
= = | T
= i
_— N
CO-5
f N
5 g . B
g o0 i = ¢
[y}
- - R O e

Fig. (4.4): Rib 11 and rib 12 in third floor.
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4-6-2LOADS OF RIB:

Table (4.3) Dead load calculation for rib

Quality
Densi
1: Material ensity Calculation
' KN/m?3
1 | Topping 25 0.52x0.08x25 = 1.04
2 | Rib 25 0.20%0.12x25=0.6
3 | Sand 18 0.52x0.07x18 = 0.6552
4 | Mortar 22 0.52x0.02x22 =0.2288
5 | Tile 22 0.52x0.03%22 =0.3432
6 | Plaster 23 0.52x0.02x23 =0.2392
7 | Block 10 0.4x0.20x10 = 0.8
8 | Partitions 2.4 2.4x0.52 =1.248
Y | 5.15 KN/m/rib
L =3%0.52=1.56 KN/m
Qu=12*D=6.18 KN/m
+1.6*L = 2.496KN/m
% Effective Flange Width ( b ):-ACI-318-11 (8.10.2)
be For T- section is the smallest of the following:-
b =L (smallest span) / 4 =340/ 4 =85 cm
by =12+16t=12+16 (8) =140 cm
b: = be < center to center spacing between adjacent beams = 52 cm. Control

b For T-section = 52cm.
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1 2 3 4
1 2 3
| SN o p Ry
A A A
0.4 3.5 0.6 4.7 0.6 3.7 0.4
— 4. : 53 : 4.2 tel
! | ]
I T 1
52.
28.
12.
A-A
load group no. 1
Dead load - Service Units:kN,meter
5.15 5.15 5.15 5.15
y h
i 2:89 i 3:65 % =

Live load - Service

Fig 4.5: Dead load on the rib.

Load factors: 1.20,1.20/1.60,0.00

150
)

1.56

—

1.56

2.69 A

B

34

32

Fig 4.6 : Live load on the rib
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\ ~
= Vo b 5 el
Scole 1:10
Fig 4.7: Geometry of rib and its dimension.
Reactions
Factored
Lt | 1 1 [}
I T I T ]
DeadR 8.64 31.96 9.09
LiveR 8.83 26.94 9.08
MaxR  17.48 58.9 1817
Min R 6.72 42.91 7.28
7.2 26.63 7.57
5.52 16.84 5.68
MaxR  12.72 43.47 13.25
MinR 6 33.48 6.44

N
Fig 4.8 : Reactions of rib (live and dead).
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Shear

28, -30.1
-23.2
-211 -18.2

%
|t | | | I Il

T I T I I ™1

12.7

175 = o

29.9 288

Fig 4.9 : Shear diagram of rib

Moments: spans 1to 3

-25.6 -26.4
5.2 145 5.2 5.7

; 1.76/1.43 , | 1.73 |

I I 1 I 1.50 1
N 4.7610.¢ oz 2
\_—/ - ; \‘/34/‘

14.1 S 15.3

| 18 24 | 267 1 2.68 | 2.49 . 186 |
I T T T T T 1

Fig 4.9 : Moment diagram of rib
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4-6-3DESIGN OF FLEXURE FOR RIB (12):

4-6-3-1DESIGN OF POSITIVE MOMENTS:

Design of Positive Moment for (Spanl) :- (Mu=14.1 KN.m)

Assume bar diameter g 12 for main positive reinforcement
— dp 12
d —h' cover - dstirrups_7 = 280 - 20 - 10 - 7 = 244‘ mm

M 14.1x10°
R=—"%= = 0.5 Mpa
"™ @bd2 ~ 0.9x520x2442 p

_fy 420
m= 0.85f  0.85x24 20.6

p:l 1— 1_2.m.Rn _L 1— 1_2X20.6><0.5 = 0.001205
m

420 | 206 420

As.req = p.b.d = 0.001205 x520%244 = 152.89 mm>

Check for As min:-

As min= i/(f_f; (bw)(d) ACI-318 (10.5.1)

V24
4(420)

As min= (120)(244) = 85.38mm?

1.4
As min=——(bw)(d
S min (fy)(W)()
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As min= %(120)(244) =97.6mm?*controls

ASreq = 152.89mm? >Aspin= 97.6 mm? OK

Use 2 10, As, provided= 157.08 mmM*>As required=.152.89mm?... Ok

_ 120-20-20—20—(2X10)
- 1

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

Check for strain:-

AS.
q =5ty = 15289420 _ o
0.85b fc 0.85X520%24
x=2=5% _ 711 mm
B1 085
d—x 244 — 711
g, = 0.003 (T) = 0.003 (T) = 0.099 > 0.005 0k

Design of Positive Moment for (Span2) :- (Mu=17.4 KN.m)

d =h- cover - dyimps— -2 = 320 — 20 — 10 — = 244 mm

_ M, _ 174x10°
Rn= @bd2 ~ 0.9x520x2442 0.624 Mpa
Jy 120 _ 206

m= ; = =
0.85f¢ 0.85x24

p:l<1_ 1_M> :L(l_\/l_w> = 0.0015
m 420 20.6 420

A req = p-b.d = 0.0015x520x244 = 190.32 mm®
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Check for As min:-
1
As min=——(bw)(d) ACI-318 (10.5.1)
4(fy)

24

120 (120)(244) = 85.38mm

AS min=

.14
A =——(bw)(d
S min (fy)( w)(d)

As min= i'—240(120)(244) =97.6mm?controls

ASreq =190.32 mm?> Asyin =97.6 mm* OK

Use 2 912, As, provided= 226.194 mm*>As required= 190.32mm?>... Ok

_ 120-20-20-20(2x10)
- 1

S =40mm > d, =12 > 25 mm OK

Check for strain:-

_ Asfy  226.194x420

= - = = 8.95mm
0.85b f, 0.85x520x24

X= = = 895 _ 10.52 mm
B 085

d—x 244 —10.52
& = 0.003( = ) = 0.003 (W) = 0.066 > 0.005 Ok
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Design of Positive Moment for (Span3) :- (Mu=15.3KN.m)

Assume bar diameter g 12 for main positive reinforcement
— dp 12
d —h' cover - dstirrup5_7 = 280 - 20 - 10 - 7 = 244‘ mm

_ My __ 15.3x10°
T pbd? T 0.9x520%2442

= 0.549 Mpa

n

f 420
=2 = = 20.6
0.85f]  0.85x24

p:1<1 _ 11 _ﬂ> :;<1 _Jl_w> = 0.00132
m 420 20.6 420

As req = p.b.d = 0.00132x520x244 = 167.48 mm®

Check for As min:-
A (4
As min=——(bw)(d) ACI-318 (10.5.1)
4(fy)

‘/2_‘; (120)(244) = 85.38mm°

4(420)

AS min=

.14
A =——(bw)(d
S min (fy)( w)(d)

As min= i'—240(120)(244) =97.6mm?controls
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ASreq = 167.48 mm? > Asyin = 97.6 mm?

Use 2 912, As, provided= 226.194 mm?*>As. required= 167.48mm°... Ok

_ 120-20-20-20—(2x10)

S T =40mm >d, =12 > 25 mm OK
Check for strain:-

AS.

- fy = 226.194%x420 — 895 mm

0.85b £/~ 0.85x520%24
x=2 =285 _1052mm

B, 085

= 0.003 (d - x) =0 (244 — 10'52) = 0.066 > 0.005 0k
& = x ) 1052 /) '
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4-6-3-2 DESIGN OF NEGATIVE MOMENTS:

Design of Negative Moment for (Supportl):- (Mu=-15.2KN.m)

Assume bar diameter g 12 for main positive reinforcement
dp 12
d :h' cover - dstirrups_7 =280—-20—-10— 7 = 244mm

M, 15.2x10°
R=—"% = =236 M
" @bd2 T 0.9x120x2442 36 Mpa

420
m= 2 = = 20.6
0.85f ~ 0.85x24

p=l<1 -1 _%> =L<1 _Jl —w> = 0.00581
m 420 20.6 420

As. req = p.b.d = 0.00581 x120x244 = 170.19 mm?

Check for As min:-

4/ fc
A = bw)(d) ACI-318 (10.5.1
s min 4(fy)( w)(d) ( )

V24

20 (120)(284) = 85.38m

As min=
4
.14
A =——(bw)(d
S min (fy)( w)(d)

As min :i'—240(120)(244) =97.6mm? controls
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ASreq = 170.19> Aspin= 97.6 mm? OK

Use 2 812, AS, provided=.226.2 MM*>As. required=_170.19mm?... Ok

_ 120-20-20-10-10—(2x12)
- 1

S

=36mm > 25 mm >d, = 12 OK

Check for strain:-

_ Asry = 2262x420 _ g g o,
0.85b f, 0.85%X120x24
X= —+ = 388 _ 45.66 mm
B1 085
= 0.003 (d _ x) =0 (244 _ 45'66) = 0.013 > 0.005 0k
&= U x ) 4566 ) '

Design of Negative Moment for (Support2) :- (Mu=-15.7KN.m)

Assume bar diameter g 12 for main positive reinforcement
— dp 12
d —h' cover - dstirrup5_7 = 280 - 20 - 10 - 7 = 244 mm

M, __ 15.7x10°

R.— _
" @bd2 T 0.9x120x2442

= 2.44 Mpa

420
m= 2 = =206
0.85f,  0.85x24

p:l<1 -1 _M> :L(l _\/1 _w> = 0.00621
m 420 20.6 420

As req = p.b.d = 0.00621 x120x244 = 181.85 mm>

Check for As min:-
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As min= ‘/_(bw)(d)ACI 318 (10.5.1)

V24

AS min=
4(420)

(120)(244) = 85.38mm*
1.4
A min ——(bW)(d)
(fy)

As min —'—2(120)(244) =97.6mm?*controls

ASeq = 181.85mm? < Asyip= 97.6 mm?

USE 2 ﬂ12. AS provided: 2262 mm2>Aq' required: 18185mm2... Ok

120-20-20-10—10—(2x12)
1

S= =36mm > 25 mm >d, = 12 OK

Check for strain:-

Asfy  226.2X420
0.85b f! ~ 0.85x120x24

= 38.8 mm

x=2 =388 _ 4566 mm
B1 085

(244 — 45.66

d—x
& = 0.003 (T) = 0.003 1566

> = 0.013 > 0.005 Ok
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4-6-4 DESIGN OF SHEAR FOR RIB:

V, at distance d from support (\/, max =23.2 KN (for Span2))

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 =/fibyd = =V2& x 120 X 244 X 107 = 26.29 KN

2V, =0.75%26.29 =19.72 KN

0.50V:=0.5x19.72 =9.86 KN

@ Vsmin> 0.75 (%) *pw * d =0 .75* (%)*1000*244*10'3 = 61 KN Controls

® Vsmin >0.75 (%) *bw*d= 0.75*(%) * 1000 * 244*10° = 56.03KN
® Ve<Vu < @ (Ve+ Vsmin)

127.86<141 < 197.46...... satisfied

Case 1... is not suitable

Case 2 ... is not suitable

Case 3... satisfied
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Vs = o — Ve =4.64KN
Use 2 leg @ 8 forb=12 cm
Ay min =100.53 mm?

Av min _ Us min

s dfy

Av min

S = dfyt

Vs min

$=692.18mm

Smax = S5 < 122 mm

Use 2 leg @ 10 @15 mm

O Smax < 600 mm
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4-7 DESIGN OF BEAM 26 AT GROUND FLOOR SLAB:

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

Reinforcement Steel Fy = 420 N/mm?

By using ATTIR program we get the envelope moment and shear force diagram as the follows:-

Al A Al

3.3
3.6

KRN
]
]

33 0.3
36 i

o

w

w

w
t1et
118t

32,

Fig. (4.11): Beam geometry.
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Load of this beam come from reaction of Rib11 and Rib 12 as following:

Losading

load group no. 1
Dead load - Service Units:kN,meter

49.1 49.1 49.1 55.0

3 y

369 2:68 i 34 37

Live load - Service Load factors: 1.20,1.20/1.60,0.00
1, lns.sl, 14.5 L l l 1&5 L l 11 l17-3l l
269 265 34 3.2

Fig. (4.12): Loads on the beam.

»Self-weight of beam = (0.28%0.6) *25 = 6.4 KN/m
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Moment/Shear Envelope (Factored) Units: kN, metar
Moments: spans 1to 4
£9.7
-29.3
kt }
E.AS y
14
56.8
| 1.08 1.61 | 133 | 132 | 1.52 i 1.87 | 1.92 ,  1.28 ]
I I 1 1 I I I 1
Shear
-171.9

AL 1275 1339 127.9

[ 1 1 1 1 1 1
T T T T T T T LI |
68.
825

101.5 L~ 109.3

129.6 147.4 152.6

194.1

Figure (4.13): Moment& Shear Diagram of beam

Load calculation:-

Dead Load Calculations for Beam (B 9):-

The distributed Dead and Live loads acting upon B9can be defined from the support reactions of the R13.

From Rib12

The maximum support reaction from Dead Loads for R12 upon B26 is29.5 Kn.

Self-weight = 0.8%0.32*25= 6.4 KN

DL =29.5/ 0.52=56.73 KN/m
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Live Load calculations for Beam (B 9):-

From Rib13

The maximum support reaction from Live Loads for R13 upon B 9 is 16.1KN the distributed Live Load
from the Rib 13 on B9.

LL =6.86/ 0.52= 13.2KN/m.

4-7-1DESIGN OF FLEXURE FOR BEAM:
4-7-1-1DESIGN OF POSITIVE MOMENTS:

Flexural Design of Positive Moment for (Spanl) :-( Mu=82.7KN.m)

Determine of Mn, max

d =280 — 40 -10 — 16\2 = 222 mm

—3d—3222—9514
x=zd=z. = 95.14 mm

a=B.x = 95.14 x 0.85 = 80.87 mm
Mnima,= 0.85+ f7 xa*b (d - 2 ) = 0.85%24*80.87*600%(222-80.87/2) *10°°= 179.72KN.m

@ Mnpax = 0.85* 179.72 = 152.76KN.m >82.7KN.m.

Design as singly reinforcement

M, 827 x10°

Rn = -
"= BbdZ 0.9 X 600 X 2222

= 3.1Mpa

420
m= 2 = =206
0.85f,  0.85x24
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p=i(1— ,1_2.m.Rn> =L<1_ 1_M> = 0.008
m 420 20.6 420

As = p.b.d = 0.008x600x222 = 1065.6 mm*

Check for As, min:-

./ fc’ N

ASmin = (bw)(d) = V2%, 600%222= 388.4 mm?
4( fy) 4*420

ASpin = ﬂ(bw)(d) = 14 «600*222= 444 mmZControls
(fy) 420

A= 1065.6 mm?

Use 6 16 Bottom, As provided=_1206.37 mMm*>As required=_1065.6 mm>... Ok

Check spacing:-

§ = 22200 — 80.8 mm > d, = 16 > 25 mmOK

Check for strain:-

_ Asfy  1206.37x420
0.85bf! ~ 0.85x600x24

=41.39 mm

a 41.39
X=—=——=48.7mm
B1 0.85

d—x 222 —48.7
& = 0.003( = ) = 0.003 (T) = 0.0106 > 0.005¢0 = 0.9
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Flexural Design of Positive Moment for (Span2) :-( Mu=53.7KN.m)

My __ 53.7x10%
Rn= @bd? ~ 0.9x600x2222 2.13Mpa.
420
fy = 20.6

T 0.85f!  0.85x24

p=1<1_ 1_m>_ <1_J1_M>=0.00536
m 420 20.6 420

= p.b.d = 0.00536x600%222=715.05mm?’.

Check for Ag, min:-

J_ m

Aspi bw, 22 %600* 222 =388.41 mm?

ASmin = ( )(d)_ﬂ*eoo*zzz 444 mm>Controls

(f ) 420

A=715.05mm?

Use416 Bottom, As provided= 804.24 Mm?*>As required= 715.05 mmZ...

Ok

Check spacing:-

600—40+2—20—(4+16)
3

S=

= 145.333mm > d, = 14 > 250K

Check for strain:-
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Asfy _ 715.05x420
0.85bf! ~ 0.85x600x24

= 24.53mm

a 24 53
X=—= = 28.8mm
B, 085

(222 —28.8

d—x
& = 0.003 (T) = 0.003 8.8

) = 0.02 > 0.005¢ = 0.9

Flexural Design of Positive Moment for (Span3) :-( Mu=27.4KN.m)

R = M,  274x10° 1029M
m = 0bdZ 00 x 600 x 2222 e Mpa

_fy 420
0.85f]  0.85x24

p=1<1_ 1_m>_ <1_J1_w>=o.0025
m 420 20.6 420

As=p.b.d=0.0025%x600%222 = 333mm?

= 20.6

Check for Ag, min:-

ASmin = — 24 Y7 _*p00*222 =388.41mm?
(f ) *420
14 2
ASpin = y )( w)(d) = 70*600*222 444 mm“Controls

A= ASmin =444m?

Use 4g 12 Bottom, As provided=.452.38Mm*>As required= 444 mm®... Ok
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Check spacing:-

_ 600-40%2-20—(4x12) _
= - =

S

150.67mm > d;, = 14mm > 25 mmOK

Check for strain:-

Asfy _ 452.38x420

= - = = 15.52 mm
0.85bf! = 0.85X600x24
a 15.52
X=—=——=18.26mm
By 0.85

d—x 222 —15.52
& = 0.003 (T) = 0.003 (W) = 0.039 > 0.00590 = 0.9

Flexural Design of Positive Moment for (Span3) :-( Mu=56.8KN.m)

o Mo 568x10°
"= 0bd? T 0.9 x 600 x 2222 oM
fy 420

" 0.85f/ = 085x24 20.6

p:l<1_ 1_M> :L(l_\/l_m> = 0.0025
m 420 20.6 420

As = p.b.d = 0.0053%x600x222 = 715.05mm?

Check for AS, min:'

N fc! N,

ASmin = (bw)(d) = V2% 4 600%222 =388 41mm?
4A( fy) 4*420

ASpin = ﬁ(bw)(d) = £*600*222= 444 mm?Controls
(fy) 420
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As=715.05

Use 4@ 16 Bottom, AQ’ provided: 80424mm2>Aqrequ|red: 71505mm2... Ok

Check spacing:-

_ 600-40%2—-20—(4X16) _
= - =

S

145.33mm > d;, = 16mm > 25 mmOK

Check for strain:-

AS.
gz sfy _ B0A20x420 _ oo o
0.85bfc 0.85X600%X24
x= 2 = 22% _ 32 46mm
B, 085
- 0003(d_x) ~0 (222_32'46> = 0.017 > 0.0050 = 0.9

4-7-1-2 DESIGN OF NEGATIVE MOMENTS:

Flexural Design of Negative Moment for (Supportl) :-( Mu=-82.4KN.m)

M, _ 82.4x10°

Rn = —
"= BbdZ T 0.9 X 600 X 2222

= 3.096 Mpa

420
m= 2 = = 20.6
0.85f ~ 0.85x24

p= i(l -1 _M> = L(l _\/1 _M> = 0.008037
m 420 20.6 420

As=p.b.d =0.008037 x600x222 = 1070.55 mm®

ChECk for Asymin:'
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4 fc!
ASmin = —— (bw)(d) = V24 *600* 222 = 388.419 mm?

4( fy) 4*420
ASpin = ﬂ(bw)(d) = 14 600%222= 444 mm? Controls
(fy) 420

A, =1070.55 mm?

Use 62 16, As, provided=1206.37 mm?*>As requires= 1070.55mm>... Ok

Check spacing:-

_ 600—40%2—-20—(6%16)
- 5

S

=80.8mm >d, =16 > 25 OK

Check for strain:-

_ Asfy  1206.37x420

= - = = 41.39 mm
0.85b f! = 0.85x600x24

a 41.39
X=—=——=48.7mm
By 0.85

d—x 222 —48.7
& = 0.003 (T) = 0.003 (T) =0.0106 > 0.005 ©=0.9

Design of Negative Moment for (Support2) :-( Mu=-47.3KN.m)

R — M,  473x10° 1777 M
"= 0bdZ T 09 %600 x 2222 pa
fy 420

"~ 0.85f! = 085x24 20.6

p=1<l _f _m_> =L<1 —Jl——> — 0.00443
m 420 20.6 420
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As = p.b.d =0.00443 x600x222 =590.528 mm?

ChECk for As’ min:'

ASmin = — “24 —Z"_*600*222 = 388.419 mm?
(f ) *420
ASpi 14 ——(bw)(d) = £*600*222 444 mm? Controls
"= ) 420

A, =590.528 mm? Controls

Use 48 14, AS, provided=615.75 MM*>As required=_590.528 mm?>... Ok

Check spacing:-

600—40%2—20—(4%14)
3

S= =148 mm > d, = 14 > 25 OK

Check for strain:-

Asfy _ 590.528+420

- = = 20.26 mm
0.85b f!  0.85x600x24

a=

x= 2 =222 _ 93839 mm
B,  0.85

(222 —23.839

—0003(d_x)—0003
& = x ) 23.839

) = 0.0249 > 0.005 ©¢=0.9

Design of Negative Moment for (Support 3) :-( Mu=-34.9KN.m)

o My 389-10°
= 0bdZ T 09X 600 x 2222 pa

fy 420

= =206
0.85f, 0.85%24

m=
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o= 1(1 _ /1 _ Z-m-Rn> - L(l _ J1 - w) = 0.003229
m 420 20.6 420

As=p.b.d =0.003229 x600x222 =430.203mm’

Check for As, min:-

4 fc!

ASmin = (bw)(d) = V24 *600* 222 = 388.419 mm?
4( fy) 4*420

ASpin = ﬁ(bw)(d) = ﬂ*600*222: 444 mm? Controls
(fy) 420

A =444 mm? Controls

Use 40 12, AS, provided=452.38 MM*>Aq min= 444 mm>... Ok

Check spacing:-

_ 600—40%2-20—(4x12)
= - =

S 150.667 mm > d, = 12 > 25 OK

Check for strain:-

Asg, "
 Asfy 452384420 _ 1ppn
0.85b f/  0.85x600x24
x=2L = 2226 _ 18262 mm
By 0.85
= ooo3(d_x) =0 (222_18'262) —0.0335>0.005 @=0.9
& =Y x ) 18262 ) ' =0
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4-7-2 DESIGN OF BEAM FOR SHEAR:

1. span(1) : Vy max = 152.6KN

Ve ==/fc'by, d = V24 x 600 x 222/1000 = 108.757 KN

® V.= 0.75*108.757 =81.568 KN

@ Vsmin> (.75 (%) *pw * d=0.75* (%)*600*222*10'3 = 33.3 KN Controls
® Vsmin >0.75 (%) *pbw*d= 0.75*(1£64) * 600 * 222*10°° = 30.588KN
® Ve<Vu < @ (Ve+ Vsmin)

81.575<112.156<152.6

v) = g\/?} X by, X d X 1073= 217.51 KN

® (Vct+ Vsmin) < Vu @ ( Ve +v> )

Case 1... is not suitable
Case 2 ... is not suitable
Case 3 ... is not suitable

Case 4 is satisfied

67




Chapter 4 Structural Analysis & Design

Vs = %—VC:94.7KN

Use 4 leg @ 10 for b= 60 cm

Ay min =314.159 mm?

Av min _ Us min

s dfy

AU min

S = dfyt

vS min

S$=309.315mm

222
Smax = S5 < 111 mm OT Smax < 600 mm

Use 4 leg @ 10 @100 mm

2. span(2): Vu max = 133.9KN
Jﬁb d = =24 % 600 * 222/1000 = 108.757 KN

® V=0.75*108.757 =81.568 KN

® Vsmin> 0.75 (%) * bw * d =0 .75 (% J<600%222*10°% = 33.3 KN Controls

® Vsmin >o75(‘/_) *hw * d = 075*(\/_) * 600 * 222*10°° =30.588 KN

® Ve<Vu < @ (Ve+ Vsmin)
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v}z%\/;}xwadx1o—3:217.51KN

@ (Ve+ Vsmin) < Vu @ ( Ve +v))

Case 1... is not suitable
Case 2 ... is not suitable
Case 3 ... is not suitable

Case 4 is satisfied

Vs = % — Ve = 96.965 KN

Use 4 leg @ 10 for b =60 cm

Ay min =314.159 mm?

Smax < >= 5 = 111 mm 07 Smax < 600 mm

Use 4 leg @ 10 @100 mm
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3. span(3) : Vy max = 89.5KN

Ve ==4/fc'by, d = V24 x 600 * 222/1000 = 108.757 KN

® V=0.75*108.757 =81.568 KN

® Vsmin> 0.75 (%) * pw * d =0 .75* (% )*600%222*10° = 33.3 KN Controls

® Vsmin > 0.75 (%) *phw* d = 0.75*(1£64) * 600 * 222*10° =30.588 KN

® Ve < Vu<® (Vet+ Vsmin)
Case 1... is not suitable

Case 2 ... is not suitable
Case 3 ... is suitable

Case 3 is satisfied

Use 4 leg @ 10 for b =60 cm

Ay min =314.159 mm?

Av min __ Us min

s d fye
A min
s = — dfye

Vs min

S$=659.733mm

d 222
Smax < S= 5 = 111 mm O Smax < 600 mm

Use 4 leg @ 10 @100 mm
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4-8 DESIGN OF COLUMN IN BASEMENT FLOOR (Group 2)

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

v Load Calculation:- (From Column Group A)

Service Load:-

Dead Load = 1394KN
Live Load = 475 KN

Factored Load:-

Pu=1.2 x1394+ 1.6x475= 2432.8 KN

v" Dimensions of Column:-

Assumepg =0.017
$*Pn=0.65x0.8x Ag{0.85 fc (1- pg) + pg * Fy}
2432.8= 0.65x 0.8x Ag{0.85*24(1-0.017) +0.017*420}

Ag=172045.3 mm2
Use dimention 300*600 with Ag = 180000 mm2 > Ag required
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v" Check Slenderness Parameter:-

@ < 34—12ﬂ <40
r M 2

Lu: Actual unsupported (Unbraced) length.
K: effective length factor.

R: radius of gyration :\/L\: ~03h..............

Lu= 2.73m
M1/M2 =1
K=1 for braced frame.

e about X-axis

m < 34—12m <40
r M2
1x2.73

0.3x0.3

=30>22

Column Is Long About X-axis

e about Y-axis

@ <34—12ﬂ <40
r M2

1x2.73
0.3x0.6

=152<22

Column Is short About Y-axis

For rectangular section
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v Minimum Eccentricity:-

mine =15+0.03xh =15+0.03x300=24mm = 0.024m
e =0.024m

v" Maagnification Factor:-

5. ——CM -1 0and<1.4
L _Pu
0.75P,

Cm=0.6+ O.4(ﬁj >04
M 2

Cm=06+04*1=1>=04

_ 7El

“ (KLu)?
=
El =0.4 g
1+,

E, = 4700,/ fc' = 4700x /24 = 230252Mpa
_12DL  1.2*(1394)

-0.687<1
Ps Pu 2432.8
3 3
|, =X _800x3007 _; 55905 s
12 12
£y _ 04x230252x135 .\
1+0.687
2%7371
= 2 _9761.25KN
(1*2.73)
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1

= = > <
S 54358 1.4>1.0and <1.4

© 0.75*9761.25

v" Interaction Diagram:-

min X Ons = 0.024x1.4 = 0.0336m
e _00336_ ...,
h 0.3
300—-2*40—2*10—25
300
#*Pn _ Pu 24328*10°

- *0.145=1.96KSI
Ag Ag  600*300

o> Pn

Fory — O.6and% — 0.112and ~1.96

o =0.017
As =0.017*300*600=3060mm4

USE 10 ¢ 16 With As > As required

v" Design of the Stirrups:-

The spacing of ties shall not exceed the smallest of :-

spacing<16xd, =16x2.5=40cm
spacing<48xd, =48x1.0=48cm
spacing < leastdim =30cm

Usegl0@ 20cm
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4-9 DESIGN OF STAIR

Fig 4.7: Stair Plan.

<+ Material :-

= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
1- Design of Flight :-
v Determination of Thickness:-
hmin = L/20
hmin = 4.85/20 = 24.5 cm
Take h=25cm

The Stair Slope by 0 = tan™(17/ 30) = 29.56°
75
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v" Load Calculation:-

SN

.

20w concrets o 3cm Tles

| Y

- 23=e 27 2.0
Fig 4.8: Stair Section.
Dead Load For Flight For 1m Strip:-
No. | Parts of Flight Calculation
1 Tiles 23*0.03*1*(0.33+0.17/0.3) = 1.15 KN/m
2 Mortar 22*0.03*1*(0.3+0.17/0.3 ) = 1.04 KN/m
3 Stair 25*0.5*%0.17*1 = 2.13 KN/m
4 |R.C 25*0.25*1 / cos 29.56 = 5.75 KN/m
5 | Plaster 22*0.02*1 / cos 29.56° = 0.51 KN/m
Sum 10.6 KN/m
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Live Load For Landing For 1m Strip =5*1 =5 KN/m

Factored Load For Flight :-

Wy = 1.2 x10.6+ 1.6x5 =20.72 KN/m

v System of Flight:-

Load the flight to the middle of the landing , then load the landing to the shear wall

Femredeo= Llvwe Leoed =35 Ensm

LLLLLLL]

Sardcos Deood Load =1d.&a Ermasm

Fig 4.9: Statically System and Loads Distribution of Flight.
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Chapter 4

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

Moments: spans 1o 1

| |

| — 1

. 242 ‘“3:-9 243 |

_Shear
-28.8
—
.-""-FF--
=
- ""FFF--
T
.--"'F--
.-"'"'-F--
=
.-"'"F--
_—-""-F--
T |
_Beadtions
Factored
| |
[ 1

DeadR 168.64 17.7
LiveR 1047 11.13
Max R 271 Z8.84
Min R 2711 78.84
Service
DeadR 13.87 14.75
LiveR .54 806
Max R 20.41 21.71
Min R 20.41 21.71

Fig 4.10: Shear and Moment Envelope Diagram of Flight
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1- Design of Shear for Flight :- (Vu=28.8 KN)
Assume bar diameter g 12 for main reinforcement
d =h- cover —% = 250 — 20 —12—2 = 224 mm
Ve ==./fc'by, d = <VZ& x 1000 * 224 = 182.9 KN

® V.-0.75*182.9 =137.2 KN >Vu =28.8 KN...... Thickness Is Enough

2- Design of Bending Moment for Flight :- (Mu=48.9KN.m)

_ My, __ 48.9x10°
T @bd2 T 0.9x1000x2242

Rn

= 1.08 Mpa

420
m= 2 — =206
0.85f,  0.85x24

p=1<1 _ 11 _m> =L<1 _\/1 _M> = 0.00264
m 420 20.6 420

Asreq = p.b.d = 0.00264 x1000x224 = 591.36 mm?

Asmin= 0.0018*1000*250 = 450 mm?

ASreq =Asmin=591.36 mm’......... is control

Check for Spacing :-

S =3h =3*250=750 mm

280

S =380*(3 ) —2.5*%20 = 330
5 * 420

S =450 mm

S=330 mm ......... is control
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N=591.36/113.1 =5.2

Use 6 bars/Im strip ... or
Use 812 @ 150 mm , As provided= 754 MM*>A required= 591.36 mmZ... Ok

Check for strain:-

_ Asfy  754x420

= - = = 15.52mm
0.85b f, 0.85X1000X%24

15.52
c= = = =222 = 18.25 mm
B, 0.85

d—c 174 — 18.25
& = 0.003 (T) = 0.003 (—

18.25 ) = 0.0256 > 0.005 ...... Ok

3- Lateral or Secondary Reinforcement For Flight :-

As reg= Asmin =0.0018*1000*250 = 450mm?

Use 10@ 150 mm , As provided= 530 MM?>A; required= 450mm?... Ok
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v Design and System of Landing:-

Parts of
No. | Landing Calculation
1 Tiles 22*0.03*1=0.66 KN/m
2 Mortar 22*0.03*1=0.66 KN/m
4 R.C 25*0.25*1=6.25 KN/m
5 Plaster 22*0.02*1=0.44 KN/m

Calculation of thickness :

hmin = L/20

hmin = 4.2/20 = 21 cm

Take h=25cm

v" Load Calculation:-

Sum 8.01 KN/m

Table (4.6 ): Dead Load Calculation of Landing.

Dead Load For Landing For 1m Strip = 8.01 KN/m
Live Load For Landing For 1m Strip = 5*1 =5 KN/m (service )
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Reaction From Flight:-
DL =13.87 KN (service)
LL =6.54 KN (service)

DL=13.87/1.3=10.6 KN/m
LL=6.54/13=503KN/m

v System of Landing:-

We added the loads on Atir program in service condition

Loading

load group no. 1
Dead load - Service Units:kN,meter

10.6 106

’ \ Wy W 8'{]1 e Wl ’ A 3 \

1.3 | 1.61 | 13

Live load - Service Load factors: 1.20,1.20/1.60,0.00
| | osbs | | ] vl s fﬁ | |
| I T A =Y A |
1.3 | 1.61 | 13

Fig 4.11: Statically System and Loads Distribution
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 1

— 568

Fig 4.11: Shear and moment envelop diagram

1- Design of Shear:- (Vu=56.9 KN)

Assume bar diameter g 12 for main reinforcement
d =h- cover —"‘Z—b = 250 — 20 —12—2 = 224 mm

Ve==./fc'b, d == V24 x 1000 * 224 = 182.9 KN

®* V-0.75* 182.9 = 137.2 KN>Vu =56.9 KN...... Thickness Is Enough
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2- Design of Bending Moment :- (Mu=56.6 KN.m)

Assume bar diameter g 12 for main reinforcement

d =h- cover—%= 250—20—12—2= 224 mm

_ My _ 56.6x10°
Rn= @bd? ~ 0.9x1000x2242 125 Mpa
420
m= —2 = 20.6

T 0.85f/  0.85x24

p= l(l -1 _M> = L(l _Jl _M) = 0.00307
m 420 20.6 420

Asreq = p.b.d = 0.00307x1000x224 = 687.68 mm*

As min =0.0018*1000*250 = 350 mm?

Asreq = 687.68 mm-......... is control

Check for Spacing :-

S =3h =3*250 =750 mm

S = 380* (22 — 2.5%20 = 330
3 * 420

S =450 mm

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

Use ﬂlz @ 150 mm y As'providedz 754 mm2 /m >As’required= 68768 mmz... Ok
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Check for strain:-

_ As,fy - 754%420 — 15.52 mm
0.85b fc 0.85%x1000x%24
c=2 =132 _ 1895 mm
B, 085
= 0.003 (d _ C) — 0.003 (224 _ 18'25) = 0.0338 > 0.005 .....0k
g, = 0. —)= TV = 0. .005 ......
e

@12@15

@pt10@15
@e10@815

7 - ¥ = -
e . . = . \[ @or2815

\\ .

810@15
e
_@@f()@fS

(W re70@15 012015

= 700 _ \’,ﬁ@mo@m 012815
3 Bot0@15 100 \ - N
= T

() re12@15

(2 Te10@15
(3) Betoais ]

(1) Be12@15 |

Fig 4.15: Stair Reinforcement.
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4.10 DESIGN TWO WAY RIBBED SLAB

LL =5 KN/m? Fc' =24 N/mm? Fy = 420 N/mm?

* Tiles, 3 cm .

* Mortar,2 cm .

e Sand,7 cm .

* Plaster 2 cm, .

» Partitions, 2.4 KN/m? .

1. Minimum thickness (deflection requirements): Assume the thickness for the shown ribbed slab ,
h=28cm.

e
L] TF

.
T
P
—
[

DI ®
HEn
MRy

L"l.r.l_.l'
TF/B(41

yannn

1TI_,-’BC/-'J)

L]
E&
% }

£

b
NOO YO0C
L
B | (][]
JIEEyam
sIULLLLD
B TF /BC19

Check for the minimum thickness of the slab:

bh3 80x283 4
I = = =146346.7 cm
BTF/40 12 12

86




Chapter 4 Structural Analysis & Design

bh3 50%283

| = = =91466.7 cm*
B3TF/12 12 12
bh3 50%283 4
| = = =91466.7 cm
BTF/15 12 12
bh3 80%283 4
| = = = 146346.7cm
BTF/41 12 12

Note : For simplification Assume this panel is rectanqular ( this will give me additional safe )

The moment of inertia for the ribbed slab is the sum of moment of inertia of T-section ribs within a
distance (L/2 + bw )

52 cm

S

-

£ 3
g. o0
5‘11 -
: : :
: 3 8
— a0
- 20cm _|_12 un_l_ 20cm
r "™ - "1
be = 52 cm
40«8 x4+ 12 %28 x 14 5984
yCc = = =9.12cm

840 + 12 * 28 "~ 656
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_52%9.123  2+20+1.123  12+18.88%

Iris == 3 3 -
=13148.2 — 18.73 +26919.4 — ——
. 505} E5] - m
=40048.9 cm A
Note : All beams here are exterior beams l
eI WRib
Short direction , L=4.05 m =405 cm v 14)
MM _ /
B 1R13*(§+b w) | O
le = —— 27— =140048.9 + (405/2 + 80)/52 s |
= 217573.4 cm* |
I
Long direction , L=5.3 m =530 cm 2] Olgs R

I RIB+(>+b w)
bf

= 242603.9 cm*

ls = = 40048.9 * (530/2 + 50)/52

_ IbTF/a1 _ 146346.7

Of = = = 0.67
fl Igshort  217573.4
IbTF/40 146346.4
Opp = —L20 — = 0.67
Igshort  217573.4
IbTF/12 91466.7
Oy = L2 — = 0.38
Is Long 242603.9
IbTE/15 91466.7
Opy= /15 — = 0.38

IsLong  242603.9
Olfm = Oy T Ozt Ozt 0ipa/4

=2.1/4 =0.525
2>0.525>0.2
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Ln(0.8 + 2L

n= 1400 > 125
36 + 58 (afm — 0.2) —

In,long 5.3
=0 = 22 =13
In,short 4.05

B

5300(0.8 + —22)

1400

h= = 15. 2 k
3645+ 13(0525 - 02) oo cm<8em o

take slab thickness h slab = 28 cm

Structural Analysis & Design

Topping =8 cm

Hollow block = 20 cm

v" Load Calculation:-

Quality
Num Material Density Calculation
KN/m3
1
tiles 22 22 *0.03*0.52 *0.52=0.178
2 Morter 22
22*0.02*0.52*0.52=0.119
3
sand 18 18 *0.07 * 0.52 * 0.52 = 0.34
4 topping 25 25*0.08 *0.52 *0.52 =0.541
5
rib 25 25*0.2*0.12 * (0.52 + 0.4) =0.552
6 Block 10 10*0.2*0.4*0.4=0.32
7 23*0.02*0.52*0.52=0.124
plaster 23
* * —
8 partitions 2.4 2.4*0.52 *0.52 =0.535
Sum KN 2.709
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DL =2.709/(0.52*0.52) = 10.02 KN/ m2  (service)
DL =1.2*10.02 =12.024 KN/m2 ( factored)
LL=3KN/m2 (service)

LL=1.6*3= 4.8 KN/m2( factored)

Moment calculation:

e R
Ma = Ca*W*L%a*be , Mb = Cb*W*L’b*be
La=4.05m , Lb=5.3m
La/Lb =0.75
CASE 1
Ca positive p = 0.061 , Capositive L = 0061

Cb positive p =0.019 , Cb positive | =0.019
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Ma positive p = 0.061 * 12.024 *4.05% * 0.52 = 6.3 KN.m
Ma positive | = 0.061 *4.8 * 4.05° * 0.52 = 2.5 KN.m

Ma positive =6.3 + 2.5 = 8.8 KN.m

Mb positive p = 0.019 * 12.024 * 5.3* * 0.52 = 3.3 KN.m
Mb positive | = 0.019 * 4.8 * 5.3°* 0.52 = 1.3 KN.m

Mb positive = 3.3+ 1.3=4.6 KN.m

1- Design of positive Moment for short direction ( Mu= 8.8 KN.m ):
Assume bar diameter @18 For main reinforcment

d = h _C—dstirups_dbarlz = 280_20_8_ 18/2 = 243 mm

_ M, __ 88x10%

"™ @bd2 ~ 0.9x520%2432 0.32 Mpa.
420

= b =206

T 0.85f!  0.85x24

p:l<1 -1 _M> :L(l _\/1 _M) = 0.00077
m 420 20.6 420

As=p.b.d = 0.00077x520%243 = 97 mm?,

CheCk fOr Asymin:'
NA

Asmin = L1 () = Y24 w120+ 243 = 85 mm?
A(fy) 4%420
14

1.4
ASmin = bw)(d) = ——*120*243=98 mm?  Controls
min =y OO = 550

Asmin = 98 mm2 > Asreq = 97 mm2

Use 210 Bottom In Both Direction , Asprovided= 194 MmM*> Agmin =98 mm* Ok
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Check for strain: -

_ Asfy  194x420
0.85b f! ~ 0.85x520x24

= 7.68 mm

a 7.68
X=—=—=9.03mm
B, 085

d—x 315 — 9.03
g, = 0.003 (T) = 0.00 (—

9.03 ) = 0.1 > 0.005 Ok

Design for shear:

[— 2.015 1.27 2.015

2.025

2.025

The shear in the slab can be Calculated using tributary area for shear (as simply supported 1m strip )
Wa for case 1 in short direction = 0.76

Wu =4.8 +12.024 = 16.9 KN/m

Vug = Wu*be((Ln/2)-d) = 16.9%0.52((4.05/2)-0.243) = 15.6 KN

BVe = = [f'c*bw*d = 0.75%= « VZ4*120%243*10° = 19.6 KN
gVc =19.6 KN >Vug=15.6 KN .... No need for stirrups

But Use 28 @ 15 cm
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4.11 DESIGN OF ISOLATED FOOTING ( Group F2)

< Material :-

= concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

v" Load Calculations :-

Dead Load = 1147 KN, Live Load = 446 KN

Total services load = 1147 + 446 = 1593 KN

Total Factored load = 1.2*1147 + 1.6*446 = 2090 KN
Column Dimensions (a*b) = 60 * 40 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 400 KN/m2

45

50

10 50

Fig 4.20 : Foundation Section.
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Assume h =50 cm

Qet—aiiow = 400 — 25*%0.5 — 18*0.5— 25*0.45 — 5= 367.25 KN/m2

v Area of Footing :-

Pt 1593

— _ 2
= 36725 F33m

A=

qnet—allow
Assume Square Footing
SelectB=2.2m

v' Bearing Pressure :-

qu=2090/2.2*2.2 = 431.8 KN/m?

v" Design of Footing :-

1- Design of One Way Shear Strength :-

Critical Section at Distance (d) From The Face of Column

Assume h =50 cm , bar diameter g 14 for main reinforcement  and
7.5 cm Cover

d=500-75-14 =411 mm

B—-a
2

Vu:qu*( —d)*L

94

_=77/\

Inclined crack 7

Critical section for \f

one-way shear

—f a

Column

B

One-way shear,

Tributary area fo
one-way shear
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2.2-0.6

Vu :592.23*( — 0.411) 2.2 = 369.5 KN

$NC = ¢%*,/ fc'*b,, *d

PVC = 0.75*%*\/ﬂ*2200*411= 553.7KN

¢Nc =553.7KN >Vu =369.5KN
Safe

2- Design of Two Way Shear Strength :-

Vu=Pu-FR,

FR, =q, *area of critical section

Vu =431.8*[2.2*2.2—(0.6+0.411) * (0.4 + 0.411)]| =17359KN

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

v =¢.3[1+ i}/ f.'b,d
60 B
1 « '
V. =g—| % 2/t b.d
¢ C ¢ 12(b0/d + J C [0}
V. =¢%w/ £ b,d

Where:-

Column Length (a) 600

. = - = 1.5
Column Width (b) 400

b, _ Perimeter of critical section taken at (d/2) from the loaded area
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b, =2*(41.1+ 60) + 2* (41.1+ 40) = 364.4cm

s = 40 for interior column

PN =¢%(1+ ﬂi}/ fc'bod =%*(1+ %)* 24 *3644* 411 = 2140KN

1 a , 0.75, (40* 411
Ve =¢—| ——+2/f bd= * +2 |*/24*3644* 411=2986KN
e ¢12(b0/d ] ©cTT 12 ( 3644 )

oV, :¢é,/ £, 'b,d :%* 24*3644* 411=18343KN

®Vce =1834.3 KN>Vu=1735.9 KN ... Thickness is enough

3- Design of Bending Moment :-

Moment at face of column in x- direction
Mu =431.8*2.2*0.8*(0.8/2) =304 KN
d=500—-75-16/2 =417 mm

_ My 304x10°
T @bdZ ~ 0.9x2200x4172

Ry = 0.91 Mpa

420
m= 22 = = 20.6
0.85f,  0.85x24

p=1<1 _ 11 _%> =L<1 _Jl_w> = 0.00221
m 420 20.6 420

Asreq = p.b.d = 0.00221x2200x417 = 1998.3 mm?

Asmin = 0.0018*2200*500 = 1980 mm?

Asreg=Asmin = 1998.3 mm? ......... is control
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Check for Spacing :-

S =3h =3*500 = 1500 mm
S =450 mm

S=450 mm ......... is control

Use 10916 in Both Direction, As provided= 2010.6 mmM*>As required=_1998.3 mm®... Ok

S=(2200-75*2-10*16)/9 = 210 cm < S max .... OK

Check for strain:-

Asfy  2010.6X420
0.85b f! ~ 0.85x2200x24

= 18.82 mm

a 18.82
c=—=——=22.14mm
By 0.85

d—c 417 — 22.14
& = 0.003< p ) = 0.003 (W) = 0.053 > 0.005 ...... Ok

4- Design of Dowels :-

Load Transfer In Footing :-

®Pnb = (D(085fCA1><\/7)

A; =60 * 40 = 0.24 m
Az = 220* 220 = 4.84 m?

A .

P _ 484 9o A,

A V024 A
DPnb ={0.65x (0.85x 24 x 240000x 2)}/1000= 6364.8KN
®Pn = 6364.8 > Pu = 2090.......... ok
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No Need For Dowels

Load Transfer In Column :-

®Pnb = 0.65x (0.85x 24x 240000 /1000= 3182.4KN
®Pn =31824 > Pu =2090......... ok

No Need For Dowels
As,min for dowels =0.005* Ac = 0.005 * 400 * 600 = 1200 mm2

Use 10816, As provided= 2010 MM*>As required= 1200 mmZ... Ok

5- Development Length In Footing :-

Tension Development Length In Footing :-

_ 9. B s
LdT req — R * m * ket‘;-gcb x db> 300mm

16 200
Ktr = 0 (Nostripes)cb = 75 + - = 83mm Or cb = - = 100 mm

ktr +cb 0+ 83

=51 2.
b 16 5.19 > 2.5
ktr + cb _ ot
db -
Ly yeq = o oo s 2192 4 16 = 395.054 mm> 300mm
LdT avaitable = 22002_600 -75=725 mm
LdT a\/ai|ab|e= 725 mm >ldT€q = 395054‘ MMleceseces OK
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Compression Development Length In Footing :-

_ 0.24xFy*dB

Ldoreq= 222229 0,043*Fy*dB >200mm
Ldoreg= 222220418 = 46,9 > 0,043*420+16 = 288.96>200mm

LdCreq: 288.96 mm

LdCava”ab]e: 500 - 75 - 16 - 16 = 393 mm >Ld(:req: 28896 MM ceeeeeee Ok

Lap Splice of Dowels In Column :-

Lsc =0.071xfyxdb = 0.071x420 x 16 = 477.12 mm > 300 mm

Select Lsc =500 mm

10
10

80

|
(7
)

80

10
10

10 80 60 80 10
10 220 10
240
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4.13 DESIGN THE BASEMENT WALL.

Note : Column Load On the Basement wall not included , we designed these columns

< Material :-

= concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

v" Load Calculations :-

Soil density = 18 Kg/cm3 , Surcharge = 5 KN/m?

angle of friction in soil g = 35°

the wall is Pinned-Pinned system

the backfill is dry ( No Water )

Ko=1-sing = 0.426

P1=Kg x desnsity x h x b= 0.426* 18 * 3.7 x 1 = 28.4 KN/m ( Due to soil )
P2=Ky x q = 0.426 *5=2.13 KN/m ( Due to surcharge)

Pl1= 0.5 x3.7x23.85=44.1 KN (actatdistance 1.23 m from down)

P2=213x37=79KN (act at distance 1.85 m from down )
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Soll Pressure surchorge Pressure
@ \ <
<
é\
<\
R
\
~ : 7.9 KN
o \
)
S\
441 KN
|
Ty} g
) - \ @
o \ !
' - |
P
L)
@ \
= \ﬂ

Fig 4.20 : Basement Wall section

After enter these data to ATIR program

Basement
Project: Version 12.00.045 500 800 1
Designed by: Group

51

Code: ACI318-02
Page: 22
Date: 11/07/118

Loading

load group no. 1

Dead load - Se@ice Units:kN,meter
|
1 1 T I 1

3.7
Live load - Service Load factors: 1.20,1.20/1.60,0.00
a7
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Moment/Shear Envelope (Factored) Units:kN,meter

Structural Analysis & Design

Moments: spans 1to 1

-18.8

Fig 4.21 : Shear and moment envelop diagram

v Design Of Basement Wall
1- Design of Shear:- (Vu= 22.5 KN)

Assume bar diameter g 12 for main reinforcement

d =h- cover—dz—”= 300 — 75 —12—2= 219 mm

vc=§,/fc'bw d

®* V.-0.75*178.8 = 134.1 KN>Vu =22.5 KN...... Thickness Is Enough

§\/24 « 1000 % 219 = 178.8 KN
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2- Design of Bending Moment ( Mu=22.5KN/m) :-

d =h- cover—%= 300 — 75 —12—2= 219 mm

M, __ 225x10%
Rn= @bd? ~ 0.9x1000%x2192 52 Mpa
Iy 20 _ 20.60.00125

m= =
0.85f  0.85x24

As req = p.b.d = 0.00125x1000%219 = 273.75 mm*

Check for As, min:-

Ty = V24

ASpin = *1000* 219= 638.6 mm?
4A( fy) 4*420

ASpin = ﬂ(bw)(d) = 14 51000* 219= 730 mm? Controls
(fy) 420

Use 212 @150 mm , A provided= 754 MM>>As required= 730 mm-... Ok

3- Design of horizontal and minimum vertical

Asn = p.b.h= 0.0012x1000x300 = 360 mm>
For each side : As = 360/2 = 180 mm?

Use 910 @ 150 mm for each side , Asprovided= 527 MM*>As required= 180 mm>... Ok

ASymin = p.b.h=0.002x1000%300 = 600 mm? ... 300 mm?2 for each side

Use 10 @ 150 mm for each side , As provided=_527 MM*>A requires= 300 mm°... Ok
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