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Structural Analysis and Design

4.1 Introduction

The main material that will be use in different structural works is concrete because of
its ability to form in different shapes.

In different construction members will be use both plain and reinforced concrete, and
the steel in the reinforced concrete used to resist the shear forces that can be affect on

the members, or to the moments that happened by the effect of the forces.

In This Project, will be use three types of slabs: solid slabs, one-way ribbed and two-
way ribbed slabs. They will be analyzed and designed by using finite element method
of design, with aid of a computer Program called " ATIR- Software" to find the
internal forces, deflections and moments for ribbed slabs and by using the previous
program and "STAADPRO 2004" programs to find the internal forces, deflections
and moments for one & two way-ribbed slabs, and then handle calculation would be

made to find the required steel for all members.

We design all of the structural systems in the project by use the American code ASI-

318-02.



4.2 Factored Loads:

The factored loads on which the structural analysis and design is based for our project

members, is determined as follows:

q.=12DL + 1.6L ACI-318-02(9.2.1)

4.3 Determination of thickness of slabs:
4.3.1 Determination of thickness for one-way rib slab:-

The structure may be exposed to different loads such as dead and
live loads. The value of the load depends on the structure type and the
intended use.

The overall depth must satisfy ACI Table (9.5.a):
For rib (R11) in the fifth floor, as shown in fig (4-1).

iy 5m S im &

Fig. (4-1) Rib (11) in the first floor
Spans from left to right for one-way slab:

ACI-318-02 (9.5a)

—:5'—61:0.27m:27 cm
185 18.5
Le L1 _ 613 m =13 em
8§ 8

For rib (R13) in the first floor, as shown in fig (4-2).

28] 255m )

Fig. (4-2) Rib (13) in the first floor

Le _235 () 318m =31.8em
§ 8

So, from the calculations that shown above we assumed that the thickness of the slab

will be =35 cm




4.3.2 Determination of thickness for two-way rib slab:-

=~ DAY
Y=
>4
~ 2x0.2x0.08x0.04+0.15x0.35%0.175
2x0.2x0.08+0.15x0.35

Y rib

=0.123m =12.3cm

~0.55%(0.123)°  (0.55-0.15)x(0.006)’ N 0.15x(0.264)’

=3.14x10"m* /b

rib

3 3
4
I, 30 6 60— 5.34x107m
‘ 0.55

1 1
I, =—bh’=—%*0.8%0.35=2.85*10"m"*
12 12

1,,=1.786*10"m"

I : B
L 2850107 o
I, 5.34x10
I,, 1.78x107
o, =t = L(L =1.33
I, 534x10
o= aq er% _ 1.3+0.538 0919
02<a, =0919<2
According to ACI-code: Fig. (4-3) Two Way Rib Slab

~1,(0.8+ £, /1500)
" 36+508(a, —0.2)

ACI-318-02 (Eq.: 9-12)

L, 832
ﬂ: a —_— —
L, 7.05

1.18

_ 8.63(0.8+420/1500)
" 36+5x1.18(1.118-0.2)

=0.24m =24cm

We select from one & two way rib slab, The Thickness Rib Slab = 35 cm




4.4 Load Calculation:

First: 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 & Temprature Topping Sand Fill
: One Way Ribbed Slab

Rienforcems

Topping

Concrete Block
_—

““ .
\ a o fulth oo
. - . 2
N e
\ s
E .A
.
YR
G
N [
—— :
N .
\ .5. H
2

#

Section Of Rib

Fig. (4-4) One-Way Rib Slab model & Its Section

Calculation of the total dead load for one-way rib slab is shown in

the following table:

1 Rib 0.15%0.27*%1%24.5 0.9922 KN/m Linear
2 Top Slab 0.08*0.55%1*24.5 1.078 KN/m Linear
3 Plaster 0.03%0.55*%1*22 0.363 KN/m Linear
4 Block 0.27%0.4*1*10 1.08 KN/m Linear
5 Sand Fill 0.15%0. 55*%1*16.4 1.353 KN/m Linear
6 | Tile & Mortar | 0.05%0.55*1*24 0.66 KN/m Linear

5.526 KN/m Linear

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



Nominal Total Dead Load:

D.L. o1 = 0.9922 + 1.078 + 0.363 + 1.08+ 1.353+ 0.66
=5.526 KN/m of rib

Live load = 5* 0.55 = 2.75 KN/m

Factored dead Load = 1.2* 5.526 =6.631 KN/m.
Factored live Load =1.6 * 2.75=4.4 KN/m

Second: Two-way ribbed slab.
For the two-way ribbed slabs, the total dead load to be used in the

analysis and design is calculated as follows:

Two Way Ribbed Slab

Fig. (4-5) two way rib slab model.



Calculation of the total dead load for two-way rib slab is shown in

the following table:

(0.55*0.55) units
N

1 Rib 0.15%0.27%(0.55+0.4)*24.5 0.94 KN/unit
2 Top Slab 0.08%0.55%0.55%24.5 0.59 KN/unit
3 Plaster 0.03*0.55%0.55%22 0.20 KN/unit
4 Block 0.27%0.4%0.4%10 0.43 KN/unit
5 Sand Fill 0.15*%0. 55*%0.55*%16.4 0.74 KN/unit
6 | Tile & Mortar 0.05*0. 55*0.55*24 0.36 KN/unit

3.26 KN/unit

Table (4 — 2) Calculation of the total dead load for two-way rib slab.
Nominal Total Dead Load:

D.L. o1 =0.94 +0.59 + 0.20 + 0.43 + 0.74 + 0.36 = 3.26 KN/unit
Dead load o, = 3.26/ (0.55*%0.55) = 10.77 KN/ m2.

Live load = 5 KN/m2.

Factored dead Load = 1.2* 10.77 = 12.9 KN/m2.

Factored live Load =1.6 * 5= 8 KN/m2.
Wu=129+8

=20.9 KN/m2



4.5 Design of Topping:
4.5.1 Design of Topping for One-Way Rib Slab:

Dead load = total dead load — dead load of one rib

DL =4.53KN /m

Wu = (1.2 * 4.53) + (1.6 * 2.75)
=9.83 KN/m

-> For a one meter strip Wu = 9.83 KN/m
Assume slab fixed at supported points (ribs):

Wu*I

12
~9.83*%0.4°
12
=0.131KN.m

Mu =

Mu

£.'=0.8%30 =24

Fig (4-6) Topping of slab

bh* _1.00x (0.08?)
6
0.55%0.42%24*1.07*10° =1.21KN .n ® Mn =

®Mn=1.21 KNNm>Mu=0.131 KN.m

S = =1.06x10"3m?

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

For the shrinkage and temperature reinforcement:

p =0.0018 ACI-318-02 (7.12.2)

As = p*b*h=0.0018 * 100 * 8 = 1.44 cm”/1m

Use (3P8 / 1m), with Asprovided = 1.5cm?/1m ®8@20cm in both directions.

® Ve =24.49KN > Vu =1.966 KN
So No Shear Reinforcement is required.

* In two-way rib slab, topping design is similar to the one-way rib slab



4.6 Design of Rib (11):

Fig.(4-7) Rib (11) location
By using ATIR program, we get the envelope moment diagram as the

following values:-

N 5m e 1.1m

Fig. (4 - 8) Spans length of rib (11).

2.25 n.7 2.75 | 14

Fig. (4 - 9) Moment diagram for rib (11)-(KN.m).

-29.8

Fig. (4 - 10) Shear diagram for rib (11)-(KN).



4.6.1 Design for positive moment for Rib (11):

This design for 5.61 m spans,

Effective Flange width ( »,) ACI-318-02 (8.10.2)

b, For T- section is the smallest of the following:
b, =L/4=5.61/4=140cm
b, =15+16t=15+16(8) =143 cm
b, =C/C=55cm.................... Control

Use M, max positive for all spans =29.7 KN.m

M, =29.7/0.9 = 33kN.m
Check ifa <t:

For a=t=8cm

C=0.85 fct b,=0.85(24) (8) (55)=897.61 KN
d=h-cover-stirrup=35-2-1=32cm
M,=TorC(d—0.5a)=897.61 (32-0.5(8)) =251.33 KN
M, avaitable = 251.33 KN > M, requirea = 33kN.m

Design as a rectangular with »,= 55 cm

r

As min= (b )d) > T(b Xd) ACI-318 (10.5.1)

r
20)

Asmin=139 cm2 = 1.6cm2

As min—

(15)(32) 2 —(15)(32)

AS min=1.6cm’

420
0.85/'  0.85(24)

%k
_ an _33%040)° _ | seurpa
bd®  (55)(32)°




* *
sy f2mRa 1 1_\/1_2 20.5%0.58 ) _ 4 40
m fy 20.5 420

Ag = 1.5%10°(55) (32)=2.46cm” >Asmin = 1.6cm"

# Ofbas = Ay / Agpyy =2.46/1.53=1.6 * Note Ags= 1.53 cm?

Select bottom bars 2d14

Total As (provide) =3.06mm

* Check for yielding:
Tension = Compression

A x fy=085x f 'xbxa
(2x1.53)x420=0.85x24x55%a
a=1.14cm

@ L3 saem
T 085 085

32-1.34 x0.003 =0.0686

.=

g, =0.0686 > 0.005

4.6.2 Design for Negative Moment for Rib (11):

The maximum negative moment from spans with support is
Mu=11 KN.m

Mn =11/0.9=12.22 KN.m

Design of T-section for negative moment as rectangular section with

(b="by,

r

As min=

ACI-318 (10.5.1)

w

r
20)

Asmin=139 cm2 = [.6cm2

As min—

(15G2)= 75 (15)(32)



ASmin=1.6 cm’

I .
0.85/c'  0.85(24)

% 6
_Mn_12.22 (102) 0 1M Pa
bd (55)(32)

* *
sy f_2mRn 1 1_\/1_2 205%0.21 | _ ¢ 15 104
m fy 20.5 420

As =5.02%¥10" (15) (32) =0.24 cm?>

0.24cm’ < AS (i = 1.6 cm’

# of bars = Ay / Agpar = 1.6/0.785=2.03 =2 bars  * Note A®10 = 0.785 cm’
2 ® 10 mm > deflection is = L/340 at required As then:-

Rn

Select bar 2 @ 14 in order to decrease deflection to the limit of = L/360

Total As (providey =3.06cm

* Check for yielding:
Tension = Compression
A x fy=0.85x f 'xbxa

(2x1.53)x420=0.85x24x15xa

a=4.2cm
X =—% __494
0.85
_ 32-4.94 <0.003

s

g, =0.0164>0.005



4.6.3 Design of shear for Rib (11):

® Ve = CD*@ bw *d

=(0.75 * @ 150* 320) /1000

—29.39 KN
D Vpin = (D % * by * d)* = (0.75%*150*320)/1000 — [2KN.
>35> @ Vg, =12 KN,

(cp% * bw * d)* fo +® Ve =12%24+29.39 = 88.17 KN

V,=29.8 KN (From Shear Envelop)
DOV <V, <(DV,+ DVyin)
2939 KN <29.8 KN <2939 KN + 12 KN

Minimum shear reinforcement required so:

S=d/2=32/2=16 cm
S<60cm
Use S=15cm

Then use ¢ 8 @ 15cm




4.7 Design of Two Way Rib Slab:

Fig. (4-11) Two-Rib Slab With 40 cm Thickness.

4.8.1 Loads Calculation for Two-Way Rib Slab:

Lx=13.6m
Ly=13m

Lr B0 046
Ly 13

Sfx =1.35
Sfy =1.35

Kfx =24.5, Kfy =27.5
Kax= Sfx, Sty, Kax, Kay: reduction factors from Appendix A.

qu=10.61 KN/ m.
quall =10.61*1.2 + 5*1.6 =20.73 KN/ m?.

2
max Mfx = % =143KN .m /m

2
max Mfy :% —127.4KN m /m

QAx = QAy = % _126KN /m

Mux = 143x0.65=93KN .m
Muy = 127.4x0.65 =82.8KN .m
Fax = FAy = 126x0.65 =82KN



4.8.2 Design for positive moment for Rib in X-direction:

Mnx= M _ 3 _10333kN m
09 09
Effective Flange width ( 5,) ACI-318-02 (8.10.2)

b, For T- section is the smallest of the following:

b,= £2223.25;11

4 4
b, = bw +16xt =0.15+16x0.08=1.43m
Lc =be =0.65m ====m- Controls

Check if a <t for a T-section for the rib:
Leta=t,
C=0.85 fet b= 0.85x24x80x650=1060.8KN

d=h-cover-d/2=40-2-1 =37cm

M,=Tor C(d—-0.5a)=1060.8x {0 37—0708} 350KN .m

¢Mn =0.9x350=315KN .m >103.33KN .m
Soa<t:
Mn=103.33 KN.m

_ Mn  103.33x10°
bxd? 650x370?

_ 40
0.85/c'  0.85(24)

* *
s L[ [ 2mRn ) 1 1_\/1_2 205%1.16 ) _ 5 04103
m fy 20.5 420

As=2.84%10>*65*37=6.83 cm’

=1.16Mpa

A's min= \/(;)(b )(d)>f—(b Xd) ACI-318 (10.5.1)



V24 1.4
420 (15)(37)2 2 -(15)37)

Asmin=1.6cm2 2 1.85 cm2

As min=

Asmin=1.85cm’

Select 2 @ 25 with As prov. = 9.81 cm?.

* Check for yielding:
Tension = Compression
A x fy=0.85x f 'xbxa

9.81x420=0.85x24x65x%a

a=3.1cm

X =% —3.65m
0.85
:32_3'65x0.003

s

£ =0.027>0.005

Ok...

4.7.3 Design for positive moment for Rib in Y-direction

Mny = MW _828_ g pn m
0.9 0.9
Effective Flange width ( 5,) ACI-318-02 (8.10.2)

b, For T- section is the smallest of the following:

Check if a <t for a T-section for the rib:
Leta=t,

C=0.85 fet b, = 0.85x24x80x650=1060.8KN
d=h —cover - d/2 =40-2-1 =37cm




M, =T or C (d—0.5 a) = 1060.8 {0 37—0708} 350KN 1m

¢Mn =0.9x350=315KN .m >92KN .m
Soa<t:
Mn=92 KN.m

6
Rn= M1 _ 9210y 63014
bxd”~ 650x370

_ 40
0.85/c'  0.85(24)

* *
oo Lyl fo2mRa) 1 1_\/1_2 20.5%1.03 ) _ 5 o1, 10
m fy 20.5 420

As=2.51%107* 65 * 37 =6.05 cm_

A s min= \/_ f ACI-318 (10.5.1)
. 24 1.4
As min= a0 (15)37)2 - 15)67)

Asmin=1.6cm2 = 1.85 cm?2
Asmin=1.85cm’

Select 2 @ 25 with As prov. =9.81 cm?.

* Check for yielding:
Tension = Compression
A x fy=0.85x% f.xbxa

9.81x420=0.85x24x65%xa

a=3.lecm
X ——3 65¢cm
0.85
£ = 327365 6,003
‘ 3.65

g, =0.027>0.005

Ok...



4.7.4 Anchorage Reinforcement for Resistance against Rotation:

As = %xAsmain (req.) = %x 6.76 =2.25cm”

Select 2 @ 14 with As prov. =4.59 cm?.

4.7.5 Design shear for two-way Rib in both directions:
ove- 00 g

—(0.75* Y2 0.15% 0.37)*1000

6
=34 KN

D Vnin = (D % * by * d) = (0.75%*0.15*0.37)*1000 = 13.9 KN.

d % Jie ¥ bw*d= §x0.75x0.15x@x0.37x1000268KN
V, = 82kN
@V, + DV i) < Vo < DV, + O % Je*bw*d

34+ 13.9 <82 < (34+68)
47.9<82<102
Category (4) satisfied:

Vs :V—M—Vc
¢
Vs =22 3% 100334533 =64KN
0.75 0.75
g Av xfy xd
Vs
= (233023 A20>370 _ » 43 97,1 = 24.39em
64x10
S <d/2=37/2=18.5cm
Use S=15cm

Thenuse # 8 @ 15cm




4.8 Design of Beam (B23):

l;l.l

LT

T
il

Fig (4 — 12) Beam location (B23)

i, 24m & 6.3 m P8 275m i

Fig (4 — 13) Span Length

Fig (4 — 14) Beam moment values (KN.m)

-170.9
154.5

Fig (4 — 15) Beam shear Values (KN)



4.8.1 Design for positive moment (Field 1):
b =60 cm

h=35cm

d =35-(3+1) =32cm Two Layer

No positive moment is exist, so design at min. reinforcement.

7 1.4
A S min= X5 (bw)(d) = E(bW)(d) ACI-318 (10 - 5.1)

\ 24 14

0 ———(60)(32) > ——(60)(32

A S min = 4(420)( )(32) 420( )(32)
Asmin=559cm2 = 6.4 cm2

. 2
Asmmn = 6.4cm

Select 3 @ 18 in Bottom with As prov. = 7.62 cm?.

* Check for yielding in bottom:
Tension = Compression
A x fy=0.85xf 'xbxa

(3%x2.54)x420=0.85x24x60xa

a=2.6lcm
x =4 _—307
0.85
32-3.07

x0.003

s

&, =0.0282>0.005




4.8.2 Design for Negative moment (support 1):
b =60 cm

h =35 cm

d=35-3+1)=32cm

Mu = 126.7 KN.m

. Ny 1.4
ASs min= bw)(d)>— (bw)(d ACI-318 (10-5.1
4(f'.y)(W)( ) fy(W)( ) ( )

Nen

4(420)

14
A S min= (60)(32) > 20 (60)(32)
Asmin=3559 cm2 = 6.4 cm2

: 2
Asmin .= 6.4cm

Mn (req) =126.7/0.9 =140.77 KN.m
m=20.5

% 6
Ra=Mn/ (by. d) = 2277710 5 5oprpa
600*320

* *
oLy [ 2mRe)_ 1 1_\/1_2 205%229 ) _ (o 1o
m fy 20.5 420

As(req) = 5.79%107 (60) (32) = 11.13 cm”

Select 5 @ 18 with As prov. = 12.7 cm?.




* Check for yielding:
Tension = Compression

A x fy=0.85x f.'xbxa
(5%x2.54)x420=0.85x24x60xa
a=4.35m

x =2 —-512
0.85

32-5.12
g =
’ 5.12
g, =0.015>0.005

Ok...

x0.003

4.8.3 Design shear of Beam (Field 1):

=(0.75 * @* 600* 320)/1000

=117.57 KN.
0.5® Vec=117.57/2=58.78 KN

V,=67.7KN (From Shear Envelope)

%CDVC =58.78KN <V =677 < ®Vc =117.57KN

So .. Reigon(2)Satisfy :

Minimum Reinforcement is required:-

Then use 2 legs ¢ 10 @ 15cm




4.8.4 Design for positive moment (Field 2):
b =60 cm,

h =35 cm

d=35-3+1)=32cm

Mu = 127.8 KN.m

. Ny 1.4
AS min= bw)(d)>— (bw)(d ACI-318 (10-5.1
4(f'.y)(W)( ) fy(W)( ) ( )

Nen

4(420)

14
A S min= (60)(32) > 20 (60)(32)
Asmin=559 cm2 = 6.4 cm2

. 2
Asmin .= 6.4cm

Mn (req) =127.8/0.9 =142 KN.m
m=20.5

* 6
Ro=Mn/ (bw. d?) = ~2°19 5 31pmpy
600*320

* *
oLy [ 2mRn)_ 1 1_\/1_2 205%231 ) _ < oc 105
m fy 20.5 420

As(req) = 5.85%107 (60) (32) = 11.23 cm”

Select 5 @ 18 with As prov. = 12.7 cm?.




* Check for yielding:
Tension = Compression

A x fy=0.85x f.'xbxa
(5%x2.54)x420=0.85x24x60xa
a=4.35m

x =2 —-512
0.85

32-5.12
g =
’ 5.12
g, =0.015>0.005

Ok...

x0.003

4.8.5 Design shear of Beam (Field 2):

=(0.75 * @* 600* 320)/1000

=117.57 KN.

D Vpiy = (@ % * by * d) = (0.75%*60*32) /1000 = 48KN.

V,=157KN (From Shear Envelope)
OVe =11757TKN <V, 6 =157< ®Vc+minlVs =165.5TKN
So .. Reigon(3)Satisfy :

Minimum Reinforcement is required

Reg. min@’s =48KN

¢Vs—¢XAVXFde
S




0.75x2x78.5x420%x320

48x10° =
Sreq.
=329.7mm =32.97cm
(S)Sd—=£:16 cm
2 2

Use S = 15 cm.
Then use 2 legs ¢ 10 @ 15cm

4.8.6 Beam Detail:-

R ¢ it ¢

| | 3 | |
| [T ! IO - TITTTTTT !
| I A | |

190 L] 0 T % |
I

Stirrups Spuclnl _ ges I
|| 60/35 60/35 60/35 |
40 190 570 60 230

[

Fig (4 — 16) Beam Detail (B23)



4.9 Design of Column:
4.9.1 Design of Short Column(C12):

Column
Rienforcment

4.9.1.1 Design of longitudinal Reinforcement:
Select column (C12) for design:

Pu=2790 KN

Pn req =2790/(0.65) = 4292.3 KN

Use p =pg=35%

Pn=0.8 Ag {0.85 &' + pg(fy—0.85( "))}
4292.3 *10° = 0.8 Ag [0.85%24+0.035(420-0.85%*24)] N
Ag = 1524 cm? B i
Use 60cm x30 cm => Ag = 1800 cm? Fig. (4-17)Column Model
4292.3 *10° =0.8(1800) [(0.85)*24+ p 8req(420-0.85%*24)]

Column

pg2=0.0214 > pmin =0.01
Ast ., = (0.0214) (1800) = 38.63 cm?

Use 1420 A ; provide = 43.96 cm?

r

Klu M1
—|<£(B4-12| —
(( ] ( (MZ))
<40 e ACI 10-12-2

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

R: radius of gyration=0.3 h= ./ %



ﬁ<3»4—12M1
r M,

K=1,lu=322m

r=03*0.6=0.18 ,—=1

*
1#3.22 =17.88 <34-12*]

17.88 <22
SShort....Column.

4.9.1.2 Design of the Tie Reinforcement:
Spacing < 16*d, (Longitudinal bar diameter) =16*2.0=32cm
< 48%*d, (tie bar diameter) = 48*1.0=48cm.

< Least dimension=60cm

Use O 10 ties @ 25cm spacing.

The design column is shown in Fig. (4-18).

28610@25
14920
%o |
10 2
3 24
210025 L=94
24

#10@25 L=176
Fig. (4-18).Detail Of Column



4.10 Design of Stairs:

Fig. (4-19): Stair Location

4.10.1 Dead load:

:L:ﬁzl%cm ~Takeit as 20cm
20 20
16.5

f=tan' (—>)=28.8°
( 20 )

0.2x25
c0s28.8

=5.7KN /m*

(DL) Concret plat=

(DL) Steps = 0.165x25x%:2.06KN /m?

(DL) Plaster :% =0.75KN /m”*
COS .
(DL) V.Mortar = 293X22X16:5 _ 3eapn /m?

30

(DL) H.Mortar =0.03x22=0.7KN /m”
0.03x22x16.5

(DL) V.Plate = 20 =0.363KN /m”*
(DL) H. Plate =%=0.968KN /m?®

Total dead load = 10.9 KN/m?
Wu=12D+ 1.6 L=12(10.9)+ 1.6(5) = 21.08 KN/m”

For 1 m of the stair slab

Wu =21.08 KN/m



4.10.2 Design for positive moment:

Calculate the magnitude of support reaction in stair:

11 33 0.75
T

Fig. (4-20): Distribution Load of Stair .

Moments Diagram:

2.58 59 2.58

Fig. (4-21): Moment Diagram of Stair.

Shear Diagram:

331

Fig. (4-22): Shear Diagram of Stair

d=20-2-1=17 cm.
Shear design:
e =%\/fc'><b xd

e = (O'—675\/ﬁ><1000x170)/1000 =104.1KN

104.1KN >36.5KN >OK ..



Moment by using the diagram:
Mu =59 KN.m
Mn = 59/0.9 = 65.55 KN.m

Mn 65.55*%10°

n=An_ _-2.15 MPa
bd2  (1000)(170)
fy 420
m: —_—
0.85* f.,  0.85%24
m=20.5

1 J 2%20.5%2.15
p=—oI\1- [1-Z = =2
20.5 420

£=0.0056
A =pbd

As = 0.0056*(100)*(17) = 9.52 cm>

. _ S 1.4

As min ) (bw)(d) ZTy(bw)(d) ACI-318 (10.5.1)
24 1.4

As min= a20) (100)(17) > ~(100)(17)

Asmin=4.95cm2 = 5.67 cm2

As min=5.67 cm”

ASshgremp. = 0.0018%(100)*(20) = 3.06 cm”
9.52cm’ > 3.06 cm’

Use ®16 @20 cm.  As provided. = 10 cm®




Check for yielding:

Tension = Compression
A xfy =0.85xf, 'xbxa

A, xfy =10.0%420=42.0*10"°
(42)x107° =0.85%24x1.00xa
a=2.05cm

a 205

== =2.41cm
0.85 0.85

= M x0.003

N

g, =0.018>0.005

Ok....

4.10.3 Development length of the bars:

Ld =

/y
2\/f7da.ﬁ.7/.db

For @16 bars:
Id — 420

= o
Ld =71.4cm
Use :

Ld =100cm

Ix1x1x1.6

4.10.4 Design of Secondary Reinforcement:

As = 0.0018(100) (20) = 3.06 cm

Use ®12 @ 20 ecm.  Ag provided, = 3.95 cm®




4.10.5 Detail of Stair:

Fig. (4.-23): Detail of Stair

4.11 Design of Shear wall:

4.11.1 Calculation of loads:
Wfor floor — Dl*Area
o oontiony = 10-03*1100]+932.75
=11965.75 KN .

for onefloor

4.11.2 Calculation of shear force on "shear walls”:
From Uniform Building Code 1997(UBC):

7=0.3 zone"3"

R=5.5

I=1

Ca=0.24

Cv=0.24

hn=24m

Ct=0.0488




Where:

Z = seismic zone factor as given in Table 16-1.

R = numerical coefficient representative of the inherent over strength and global
ductility capacity of lateral force resisting systems, as set forth in Table 16-N or

16-P.

I = importance factor given in Table 16-K.

Ca = seismic coefficient, as set forth in Table 16-Q.
Ct = numerical coefficient given in Section 1630.2.2.
Cv = seismic coefficient, as set forth in Table 16-R.

hi, hn, hx = height in feet (m) above the base to Level i, n or x, respectively.
Eq...30-8 (UBO)T=C.(4.)"

T =0.0488(24)"" =0.52

V- Cvl_,  024xl
" RT 5,5x0.52
v = 2.5Cal W 2.5%x0.24x1
R 55

W =0.083W control

W=0.109W

V,=0.11CalW =0.11x0.24xI1x W = 0.0264 W

22>V =0.083W =0.083x71794.5=5958.94 control

Ft=0.07xTxV =0.07x0.52x5958.94 =216.9

o~ W KN) [V H (m) | Ft (V-Ft) | (W*h) |Fx
(KN) (KN)
Floor(4) | 11965.75 | 5958.9 | 24 | 2169 | 5742 | 287178 | 1539.2+Ft
Floor(3) | 11965.75 | 5958.9 | 20.36 | 216.9 | 5742 | 243622 | 1305.8
Floor(2) | 11965.75 | 5958.9 | 16.72 | 2169 | 5742 | 200067 | 1072.3
Floor(1) | 11965.75 | 5958.9 | 13.08 | 216.9 | 5742 | 156512 | 838.9
Floor(0) | 11965.75 | 5958.9 | 9.44 | 216.9 | 5742 | 112956 | 605.4
Floor(B) | 11965.75 | 5958.9 | 5.8 | 2169 | 5742 | 69401 371.9
71794.5 1069736

Table (4 — 3) Calculation of the total Fx.

Fx = (V _Ft)thx/Zj:IWihi

F. =[5742x287178]/1069736
=1539.2




24,0m
20.36m
16.72m
13.08m
9.44m
5.8m
0.0m

'I'I
X
Il

i

o
o

1758.4
3064.2
4136.5

975.4

5580.8
5952.7

Fig. (4-24): Fx-Diagram

By using the software (Staad pro.) to Analysis the shear wall it was
get result as the following:
"It was effect 100 KN to building from the side"

NO. plate Sxy KN/m2 dimension
2701 37 1.6%0.3
2702 45 0.8%0.3
2703 28 1.2%0.3
2704 16 1.2%0.3
2705 7.3 2.0%0.3
2706 11 0.4%0.3

Table (4 — 4) Calculation "Sxy" from STAAD Program.

> (Sxy xdim)=50%
Vu=Fx*50%
Vu4=1758.4*50%=879.2

Vu3=3064.2%50%=1532.1

Vu2=4136.5%50%=2068.25
Vul=4975.4*50%=2487.7
Vu0=5580.8*50%=2790.4
VuB=5952.7*50%=2976.3

3.64m7
3.64m
3.64m
3.64m

3.64m

5.80m

Mu=

3200.3KN.m

8777.2KN.m

16305.6KN.m

25360.8KN.m

35517 9KN.m

52780 .7KN.m

Fig. (4-25): Moment & Shear-Diagram for Shear Wall.



4.11.3 Shear Wall Design Parameters:
Fc =24 MPa

fvFy =420 MPa.

h=25 cm. Shear wall thickness.

L,=7.2 m. shear wall width

Hw=24 m. Story height.

4.11.4 Design of the Horizontal Reinforcement:
Vu=2790.4 KN
Vn=2790.4/0.75=3720.5KN

d=0.8*Lw=0.8*7.2=5.76 m.

\/?xhxd

Nen

|4 o= T>< 220mm x5760mm =1034.6 kN

VCI -

Vs :Vn - Vcl
=3720.5-1175.7=2685.8 KN.

An_ Vs _ 2544 8k ~0.000105 m. =0.111 cm.
S5 fy*d 420N /mm~*5760mm
A,

“=2=0.0025*h=0.0025*25cm=0.000625 m =0.0625 cm.
S-

Sz =Lw/5=7.2m/5=1440 mm.
S2 =3*h=3*25cm=750 mm.
S2 =500 mm controls.

Use 2 ®10=1.57 cm>.

S, =1.57/0.0625=25< 50 cm
Use S2=25 cm
Ay _1.57x107

s, 025
0.0628 > 0.0625

=0.0628

Use 2010 @ 25cm C/C for the reinforcement in two layers.




4.11.5 Design of the Vertical reinforcement:

_ _h_W AVh _ %
A, =[0.0025+0.52.5 LW)(—S 2= 0002518, *h

2

hL:ﬁ:&?ﬁ >2.5
L, 72

w

>> 4, =0.0025 S, h.
S1 =7.2m /3=2400 mm.
S1 =3*(0.20 m=750 mm.

S : =450 mm. controls

-6

s> An _ g 9025%0.25 o> 2XTXN0 7 6 6025%0.25
S S

S1=25cm

Use 2010 @ 25cm C/C for the reinforcement in two layers.

4.11.6 Design of moment:

At Mu=35517.9 KN.m

As= ( Ly /S1)*2*113
As=(7.2m/0.4m)*2*113=0.004068 m®.

z 1
% % %
Lw 2+0'85ﬂ1 S FLw*h
As* fy
1
= . =0.0559
5, 0-85*0.85%24N /mm**7.2m *0.25m

0.004068m > * 420N / mm>
Mn= ® (0.5*As*fy*Lw (1- i))
Lw

Mn=0.9*0.5*0.004068 m**420N/mm>*7.3m (1-0.0493)=5.2988 MN.m.
Mu=35517.9-6697.3=28820.6 kN.m.

ne  Mul® 28.8206/0.9 122 en.

 A(Lw—Cw) 420N /mm>(7.2m —0.7Tm)

Use 24®25.




Moment after the second floor: At Mu=16305.6KN.m
Mu=16305.6-5263.8=11042.8 KN.m

Mu/® 11.042/0.9
Ast= =

= = =44.94 cm’
f(Lw—Cw) 420N /mm*(7.2m —0.6m)

Use 10D25.

4.11.7 Shear wall Detail:

;m{}xl.

2
|

W
o/ 7

"<

15¢m S.0.6.
Polyethylene Sheets 300 Micron Thick

tJM\ [ 20cm Compacied Base Course
_ﬂ_&K‘ Compacted Selected Fill

T /7

#120201=190 J 5
6612 '
ARV N

)

#12@20 L=190

Section (A-A)

Fig. (4-26): Detail of shear wall




4.12 Design of Basement wall:

5 KN/m

=7 70 72,77 A4

12.37 KN/m

T T T

7.50

JSO/
3.75

157.5 KN/m

Fig. (4-27): Basement wall-Diagram
4.12.1 Load Calculation:

e, =y*h*K,
6 =30°
_I-sinf 1-sin30
I+sinfd 1+sin30
€, = 17%7.5%0.33=42 KN/m
e,=P*K,
=5*%0.33=1.65

=0.33



4.12.2 Thickness Calculation:
Assume p=0.011

= fy 420
0.85xfc' 0.85x24

Rn = pxfy (1-0.5m p)
Rn =0.011x420(1-0.5%x20.5x0.011) =4.1

Mu 260.1x10°
n=———=41l= .
0.9xb xd 0.9x1000xd
d =265.5mm

H =265.5+30+10=305.5mm
Select....H =35cm

4.12.3 Wall Design:
Mu=260.1 KN.m

Mu 260.1x10°

Rn = 2 2
0.9xb xd 0.9x1000x310

p:i - 1_2><Rn><m _ 1 - /1_2><2O.5><3 7 76x10°
m fy 20.5 420

As =7.76x107° x100x31=24.05¢cm*

Select ®18@10cm

AS 1in =0.0012* b * h
=0.0012 * 100 * 35
=42 cm’

As =24.05>As ,;,;=4.2 cm’

4.12.4 Design of Secondary Reinforcement:
Select the grater of:
1- As = (1/5)*As main. = (1/5)*24.05 = 4.8 cm” ---- controls

2- As for shrinkage and temperature= 4.2 cm’

Select ®12@20cm at main reinforcement layer
Select ®12@?25cm horizontal and vertical at the other layer




4.12.5 Check for Shear:

Vu =177.9KN .

24

~———x1000x(350-30-10)

~0.75
we 1000

& =189.8KN >Vu =177.9KN .

No shear reinforcement is required.

4.12.6 Basement Wall Detail:

J i 15cm S.0.G.
Polyethylene Sheets 300 Micron Thick
20cm Compacted Base Course

)
7

N, J Compacted Selected Fill
1 I

e . A 2 ] s \

[ [ \

! | \_28@15

#120201=120

4912 —] \—\I
- g

A

e L] L TR
e o SNy S y Bl DR e T 5
bdlal) ot o PR SRR

Plain_Concrete /

10 50 10

E
1{
r—st

| 150 |8
$12€@20 L=120

20

Section (B-B)

Fig.(4-28) Basement Wall Detail.



4.13 Design of Strip Footing:
4.13.1 Load Calculation

Weight of wall (D.L.) = (height) Thickness * 1m wide * vy,
=7.5 * 0.3 ¥ 25=56.25 KN/m

From beam D = 2584KN

L =1568.9KN
Wu= (2584+1568.9)/13.32=311.7 KN/m
Total W=311.7+56.25 =368 KN/m
4.13.2 Determine the Footing Width:
Allowable soil pressure = 500 KN/m?
Assume footing thickness is 0.3 m.

Wtotal 368
]/all.net 500

Footingwidth = =0.736 m

The main reinforcement needs an enough
Distance to anchorage development length due
to the following Equation:
_0.24xfy ,_0.24x420

\fe! ’ V24
L=24.6 from each side, we have L=30

L x1.2=24.6cm

So select 90 cm width of strip footing.
Determined of the contact pressure:
Factored loads:

qu=1.2*Dw+1.6*L
qQu=1.2%2584+1.6*1586.9= 5639.84KN
qu/lw= 5639.84/13.32=423. 4KN/m

Quw= 56.25%1.2=67.5KN/m

_ P :423.4+67.5
Area 1x0.9

V.=V, =é 7ib.d

=545.4 kN /m’*

net

Fig.(4-29) Basement Wall Model



V.=V,

075XéJ31x6m0b«d):§f§4(1?33_dj
(d)=0.149 m
(d)=15cm

Total thicness =15+8+1.6=24.6cm

So select strip at min. thickness as 30 cm due to ACI code

4.13.3 Determine Reinforcement for Moment Strength:

footing width —wall width )% ( footing width—wall width )
2 4

= 545.4%0.3 * (0.15)
Mu= 2454 KNm.

Mu = (Pnet) (

: M, *10°
Required Rn =—*——
O*h*d
d=30-8-1.6=20.4cm
6
Required Rn = 24.54x10 ~=0.73
0.9%x900x204
m=—L = 420 __y
0.85* fc 0.85*24
1 2mRn
= 1 - 1_
p=—( o
p==—l—(1—,JL—HQOjXO73))==L77*108
20.5 420

As = 1.77%10 * 100%20.4= 3.6cm>

AS Tin= 0.25%\24 *100*20.4% - > 1.4%100%20.4%
420 420

5.9 cm’ < 6.8 cm’
As min= 1.3*As req.= 4.68 cm’
Ayeq=Pp XbXh=0.0018 X 100 X 30 =5.4 cm? ----- controls

Use ®12 @ 20 cm A, = 5.65 cm’




Secondary reinforcement:

As for shrinkage and temperature= 0.0018*100*30= 5.4 cm’

Use @12 @ 20 cm A, = 5.65 cm’

4.13.4 Development length of main reinforcement:

Ld 1277, B.y.d

=—2a.B.y.

25*\/; v.d,

For @12 bars db=1.2 cm:

Ld = 420 IxIx1x1.2 >30cm
2x\/ﬁ

Ld =51.43cm  >30cm
Availble Ld =30—-5=25cm < Requiered Ld =51.43 cm

1

Jre!

So a standard hook of (20 cm) must be used to provide Ld

0.24%fy *1.2%0.7* =17cm

4.13.5 Design of Dowel Bars:
As min, =0.0012 * 100 * 20.4 =2.448 cm >

Use ® 10 @ 25 cm... A,y = 3.14 cm2

Ly= 0.044*db*fy = 0.044*1*%420= 18.5 cm

Not less than:
_ 24%gb*fy  24%1%420
Ly= = =20.6 cm.
‘ Vfe' V24

L4 available =20 cm

4.13.6 Design of Secondary Reinforcement:
As min...; = 0.0018 * 90 * 30 =4.86 cm >
Use 5 @ 12 with As=5.65 cm’

Use ® 12 @ 20 cm... A, = 5.65 cm2




4.14 Design of Isolated Footing:

Once the ultimate column or load is determined, the proper footing can
be designed. The following subsections describe the analysis and design

of footing (F2).

4.14.1 Load Calculation:

Factored load =3500 KN
Soil weight = 17 KN/m*
Column geometry 60 * 30 cm . -

P, = 3500 KN X

The allowable soil pressure = 700 KN/m?
Fig.(4-30) Isolated Footing

4.14.2 Design of footing:

P..=1.4%* O 4 yowapie = 1.4 * 500 = 700 KN/m®.

Ag = DL+LL 3500 _
e Pnet 700

Try 2.4 X 2.10 Area=5.04 m’.

5.0m*>

Select Foot Geometry 2.40 * 2.10




4.14.3 Determine Depth Based on Shear Strength:

Using critical section for one-way shear action and letting Vn=Vc¢

Je e
6

Vu <@c =0.75><T><b xd =0.75x

x 2400 xdreq .

h min = 40cm
dmin=40-7-1=32cm
Vu = (])Ilel

Vu =500x0.58%x1.10 = 609KN
Vu<@/c

)(one.way .shear..area)

0.75xéxx/ﬁx2400xdreq.2580><103

_ 580x10°

dreq =39.48cm

hreq =39.48+7+1=47.48cm
let..h =70.0cm

Select Height of foot = 70.0 cm

Check this depth for two-way shear action (punching), using critical
section with d = 62cm.
b, =2(atb/2)+1*(b+2*d/2) =428 cm
Where:
p.=a/b=60/30=2
b, = Perimeter of critical section taken at (d/2) from the loaded area

a, =40 for interior column




0.90 0.60  0.90

&
N
M
3
0.90 0.30 0.90

Fig.(4-31) Critical Section Of bunching

The Punching shear strength is the smallest of:

- K,=1(1+i] r'bd
i Ly

c

v, = é(l %}/ﬁ *4280* 620 = 4422.6TKN

2y = % ol b
12\ 5, /d

v L4024 4280620 = 8618KN
12 42807620

3- 7 :%\/Zbod

v, = %@ *4280*620 = 4422.6TKN

The smallest value of Vc controls
Vc=4422.67KN

VuR = Pu — Pnet*b*a*(area of critical section)
VuR=3500-694.44*(0.92*%1.22) = 2720.5 KN
oV, =4429.67*0.75=3317KN

®y,=3317> VuR =2720.5 OK



4.14.4 Check Transfer of Load at Base of Column:
®Pn =0(0.85fc’Ag + Asreq.xfy ) > Pu

®Pn =0.65[(0.85)(24)(60x 30) + A sreq.x 420] > 3500 x 10’
Asreq. =40.77 cm’

Use 9 ® 25 dowels with 4, =44.1 cm”

4.14.5 Development Length (L, ):

Ld for @ 20:
Sy
a = =xXda,
4,/ fc
420 420
L, =—xd, = x2.5 =53.6cm>0.044 (dy) (fy) =46.2
d 4@ b 4@ (dv) (fy)

Available embedment =70 -8 —2 =60 cm > 53.6 cm

. OK.

4.14.6 Design for Bending Moment in long direction:

=62cm = 0.58

Fig.(4-32) Critical Section For Bending Moment.

-Design in plain concerte :

At the face of the column:-



Mu at section 1-1 :

Mu= 694.44%0.9%0.45*2.10 = 590.62 KN.m
ot < fct

Fct=0.24* 24

O*Mn > Mu  ®=0.55

®* Mn=0.55*0.42* /24 *Sm >Mu

. 2400*700° S

®* Mn=0.55%0.42*/24 Mu

226.4 <590.62 KN.m

Design in plain concerte not satisfied

--Design of reinforcement :
Mn =Mu/0.9 = 656.24 KN.m

656.24*10°

Rnreq. = Mn/b.d* = 22— _0.711
2400*620
me—tY = A0 55
0.85*fc'  0.85%24
2mR *20.5%0.
o=L(1. [ 2mRny_ 1 (1_\/1_2 205*071L) ) 204
m fy 20.5 420

Req. 4. =0.0017 (2400) (620) =25.64 cm>

Check for min. reinforcement:

As min. = =0.25*+/fc'*b *d ”‘fi:43.39cm2
Y

Not less than As min= =1.4%p *d *fi =49.6cm*
y

So As=1.3*As req. = 33.33 cm’

-Shrinkage and Temperature Reinforcement:
As =0.0018 * b *h=0.0018*2400*700= 30.24 cm’
--- Asreq=33.33 > 30.24

Use 7 ® 25 with 4, =343 c¢m’




4.14.7 Development Length (L, ):

Category (A), item 2 applies,

Ld for ® 25:
420
L, = 25%xaxﬂx/1xdb :mxlxlxleS =107.2cm

Available embedment = ((240-60)/2) — 5 = 85cm > 107.2 cm
Use standard hook of (25 cm) must be use to provide Ld

Check for yielding:
Tension = Compression
A x fy=0.85x f 'xbxa

343x420=0.85x24x240xa

a=2942mm
X =—2 =346
0.85

620-34.6

s

£ =0.05>0.005

x0.003

Ok...

4.14.8 Design for Bending Moment in short direction:
-Design in plain concerte :

At the face of the column:-

Mu at section 1-1 :

Mu= 694.44*0.9*0.45%2.40 = 674.99 KN.m

ot < fet

Fet=0.24* 24

®* Mn > Mu  ®=0.55



®* Mn=0.55%0.42* 24 *Sm >Mu

. 2400*700° 5

®* Mn=0.55%0.42*/24 Mu

226.4 <675 KN.m

Design in plain concerte not satisfied

--Design of Reinforcement :

Mn = Mu/0.9 =750 KN.m

*1(0°
Rn req. = Mn/b.d* = LOZ =0.93
2100*620
) . Y
0.85*fc' 0.85*24

* *
o=L(1. [ 2mRny_ 1 (1_\/1_2 2054093, 26upg
m fr 7 205 420

Req. 4. =0.00226 (2100) (620) =29.51 cm?

Check for min. reinforcement:

As min. = =0.25*fc"'*b *d *fi =40.32cm’
Y

Not less than As min= =1.4%p *d *fi =45.83cm?
y

So As=1.3*As req. = 38.36 cm’

-Reduction of Reinforcement for Rectangular Footing in Short

Direction:
y = 2
(B
B= Long D%rect%on _ 2.4m 114
Short Direction 2.1m
v, = 2 =0.933
o (1.14+))
As =y, xds,,

A=0.93 * 38.36 =35.67 cm”

-Shrinkage and Temperature Reinforcement:



As =0.0018 * b *h=0.0018*2100*700= 26.46 cm’
--- Asreq=35.67 > 26.46

Use 8 ® 25 with 4, =39.2cm”

4.14.9 Development Length (L, ):

Category (A), item 2 applies,

Ld for @ 25:
420
L, = 25%xaxﬂx/1xdb :mxlxlxleS =107.2cm

Available embedment = ((210-60)/2) — 5 = 70cm > 107.2 cm
Use standard hook of (25 cm) must be use to provide Ld

Check for yielding:
Tension = Compression
A x fy=085xf.'xbxa

490x420=0.85x24x210xa

a=48mm

x =2 —5651
0.85

_620-56.5 0.003

S

g, =0.029>0.005
Ok...




4.14.10 Isolated Footing Detail:

®
®

wnle
RS
=]
|
)|
o~
:(1 B7¢25 L=280
230
25
15em S.0.6.
Polyethylene Sheets 300 Micron Thick
20cm Compacted Base Course
Compacted Selected Fill
28@15
‘/\ /; ]
. =1
___ COLUMN STIRRUPS
)0
B7425 B8#25
e iorir T L
10 240 IC

Plain_Concrete

Section (2-2)

Fig (4-33): Footing (F2) Detail.
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4. American Concrete Institute (A.C.1.), Building Code
Requirement for structural concrete (ACI - 318M — 02).
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6. A. M. Neville, Properties of concrete, Third edition, Longman
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