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Chapter Four

Structural analysis and design

4 -1 Introduction.
4 - 2 Determination of thickness.
4.2.1 Determination of Thickness for One Way Rib Slab:-
4.2.2 Determination of Thickness for Two Way Rib Slab:-
4 - 3 Design of Topping.
4 - 4 Design of ribs
4.4.1 flexural Design for (Rib 1)
4.4.2 Design of Shear for (Rib 1)
4 -5 Design of Beam (B 07)
4.5.1 flexural Design for Beam (B 07)
4.5.2 Design of Shear for Beam (B 07)
4.6 Design of Two Way Ribbed Slab
4.7 Design of One-way solid slab (stair slab)
4.8 Design of Flat Plate
4.9 Design Of Spherical Shell Dom
4.10 Design of ring beam
4.11 Design of circular spiral Short Column(C15) in Basement
4.12 Design of Rectangular tied Long Column (C126 in the Ground floor
4.13 Design of Isolated Footing (F8)
4.14 Design Of Wall Footing
4.15 Design of Stairs
4.16 Design of Basement wall
4.17 Design of Shear wall
4.18 Design of retaining wall
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Structural analysis and design

4.1 Introduction:

Concrete is a construction material composed of cement (commonly Portland cement) as
well as other cementitious materials such as fly ash and slag cement, aggregate (generally a
coarse aggregate such as gravel, limestone, or granite, plus a fine aggregate such as sand),
water, and chemical admixtures. The word concrete comes from the Latin word “concretus”,

which means "hardened" or "hard".

Concrete solidifies and hardens after mixing with water and placement due to a chemical
process known as hydration. The water reacts with the cement, which bonds the other
components together, eventually creating a stone-like material. Concrete is used to make
pavements, architectural structures, foundations, motorways/roads, bridges/overpasses, parking
structures, brick/block walls and footings for gates.

In This Project, there are many types of structural members like slabs , beams, columns
footing... etc . They would be analyzed and designed by using finite element method of design,
with aid of a computer Programs like " ATIR, ETABS, SAFE, STAADPRO Software" to find
the internal forces, deflections and moments for beams and ribbed slabs, and then hand

calculation would be made to find the required steel for some members.
The design strength provided by a member, its connections to other members, and its

cross-sections in terms of flexure, and load, shear, and torsion is taken as the nominal strength

calculated in accordance with the requirements and assumptions of ACI-code.
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4.2 Determination of Thickness of Ribbed Slab:

4.2.1 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 (R1) in basement floor slab , (from face of beam to face of beam):

hmin for one-end continuous = L _32_ 0.173m

18.5

For rib (R2) in basement floor slab , (from face of beam to face of beam):

hmin for both-end continuous = 2£1 _325_ 0.15m

21

For beam (BO7) in basement floor slab , (from face of col. to face of col.):

hmin for one-end continuous = ﬁ _ 42 _ 0.227m

185
. _ L 41

hmin for both-end continuous = — = = -0.195m
21 21

For beam (B15) in basement floor slab, (from face of col. to face of col.):

Nmin for simply supported beam = % = i;: =0.238m........... control

For Ground Floor slab :
For rib (R18) in Ground floor slab , (from face of beam to face of beam):

hmin for one-end continuous = ﬁ _38 _ 0.205m

18.5
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4.2.2 Determination of Thickness for Two Way Rib Slab:

0,52
- > AY ®
V= | 2
2 A -
=
¢ _ 04%0.08%0.04+0.12%0.25%0.125 _ | 01150 - o
2*0.2*0.08+0.12*0.25 02 012 002
_0.52x(0.081129)°  (0.52-0.12)x(0.001129)° .\ 0.12x(0.168871)°
rib 3 3 3
|, = 2.851876344x10*m*
2.851876344*10™* 7.2
o = x — =1.974376x10°m*
0.52 2
2.851876344*10" 6.7
L2 = x — =1.837x10"°m*
0.52 2
1 3 l 3 -3
lheam = —bh*® = —=*0.8*(0.25)° =1.042*10
73 e o
lpean  1.042x10 ] P 7=
= = - =0.5279 000000000070 0m
lsa  1.974x10 NO0O0000DooA000
g H0000000Dda0000 4
| 1.0417 x1073 mazDDDDDDFR G
o, = —ben — =0.5671 5 0 A 1 [ [
| qpa 1.837 %1078 N e
a 2 R o o o o
e, 0ST91086TL_, o [Emezemana e ana®
In=" %5 7 > s ! DrO00000000000 @
2 Y |
02<a<2==>0.2<0.54748<2 4 B59 coef] B59 [
According to ACI-code: Fig. (4-1) two way rib slab

o _In(0.8+ fy/1500)
" 36+58(c—02)

ACI-318-02 ( Eq: 9-1)

L, 7.2
=—2=—"=1.075
p L, 6.7

b
7.2(0.8 + 400/1500)

= = 0.2028m
36 +5*1.075(0.54748 — 0.2)

0.23

We select from one & two way rib slab, The Thickness Rib Slab = 25 cm

33



4.3 Design of Topping:
The factored loads on which the structural analysis and design is based for this project
members, is determined as follows:
qu=1.2DL + 1.6L ACI —-318-02 (9.2.1)
Live Load = 4 KN/m?,
Dead load of topping:

No. Parts Calculation KN/m?
1 Tile .03%*22 = .66
2 Mortar .02*23 = .46
3 Sand Fill 0.07*17 =1.19
4 Topping 0.08*%25 =2
5 Partition 2.38
6.69 KN/m?

Table (4-1) load calculation of topping
Total Factored Load:

qu=12DL+16LL
=1.2*6.69+ 1.6 * 4 = 14.428 KN/m?

*12
W, ¥

Mu =14.428*0.4% /12
> 12
=.192KN.m.
2
> Mn=0.42, fc' *%
* 2
=0.42 @*M =2.19KN.m

5 #*Mn=0.55*%2.19 =1.2KN.m.
#p*Mn=1.2>Mu=0.192KN.m.

No structural reinforcement is required .
Therefore, shrinkage and temperature reinforcement must be provided.
p =0.0018

As = p*b*h=0.0018*100*8 =1.44cm>.

Usel?8 @25cm in both dir

34




4.4 Design of ribs :

RIB 1 FINAL 4 5 6
1 2 3 4 5
A Al Al A A
, 08 3.05 08 3.2 08 3.2 , 038 3.2 ,08 3.05 08
I T T 1
\
T

3.85 J ‘ J a. . : a. : a. L . ! 3.85
52. '

25.

A-A

Fig.(4-2) geometry of rib (1).
4.4.1 Load Calculations:
Dead load of ribs:

No. | Parts of Rib | Calculation

1 |[Tile 0.03*0.52*22 =0.343 KN/m
2 | Mortar 0.02*0.52*23  =0.239 KN/m
3 | Sand Fill 0.07*0.52*17 =0.619 KN/m
4 | Topping 0.08*0.52*25 =104  KN/m
5 Block 0.17*0.4*9 = 0.612 KN/m
6 Rib 0.17*%0.12*25 =051 KN/m

7 Plaster 0.02*%0.52*23 =0.239 KN/m
8 | Partition 2.38*0.52 =123 KN/m

4.84 KN/m/rib

Table (4-2) dead load of ribs

D.L. ot = 0.3434+0.239+0.619+1.04+0.612+0.51+0.239+1.2376 = 4.84 KN/m of rib
Total dead load = 4.84/ 0.52 = 9.3 KN/m?
Live load =4 * 0.52 = 2.08 KN/m of rib
Factored dead Load = 1.2* 4.84 = 5.8 KN/m
Factored live Load = 1.6 *2.08 =3.328 KN/m
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4.4.2 Flexural Design of (Rib 1):

4.4.2 .1Flexural design of Positive Moment for (Rib 1-span 1):

Fig. (4-3)Moment diagram of rib (1)

Effective Flange width ( b_) ACI-318-02 (8.10.2)
bE For T- section is the smallest of the following:

b, <

L

= % — 0.9625 m
b, < 16%t;+ b, = 16*0.08 + 0.12= 1.4 m

b. < distance c/c between beams = 0.52................... control

» Use M, max positive for span = 11.5 KN.m

Mh required — 10L.5: 12.78 kN.m

9

» Determination whether the rib will act as a rectangular or T — section:
d = 250-20-8-6 = 216 mm

tr= 8cm

Mngiang= 0.85 fc’ . Dg . te(d- %f)

0.08

= 0.85*24*10°*0.52*0.08*(0.216 - T)

Mnfiang = 149.36 KN.m
® Mnfjang = 0.9%149.36 =134.42 > M, = 11.5 KN.m

Design as a rectangular with p_= 52 cm

.4 fc
As > (bw)(d ACI-318 (10.5.1
min 23 (W) (@) (105.1)
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As min > ﬂ(120)(216) =79.36mm?
4(400)
As min > ﬂ(bW)(d) - 14 2 trol
s =) = 4—00(120)(216)=90.72mm ............ contro
fy 400

0.85fc’  0.85(24)

* -3
_Mn _ 1278*10)° .-

Kn = = =
bd 2 (0.520)(0.216)?

kS kS
p:i(l— L 2mKnJ 1 (1_\/1_2 19.6*0.527

m T 196

fy
A, =0.001335(520) (216) = 149.94 mm?> As min = 90.72mm’

400

#ofbars=—=_=10_19 * Note Agio = 79 mm?
As bar 79

J =0.001335

Select bottom bars 2®10 , Total AS provide) =158 mm®

* Check strain:

Tension = Compression
A x fy =0.85x f.'xbxa
158x 400 = 0.85x24x520x a
a=>5.96mm

c= _a _ ﬁ =7.0mm
0.85 0.85

e =97C 00032167
(o

x0.003=0.0896 > 0.005.............oeeeee. ok

S
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4.4.2 .2Flexural Design of negative Moment for (Rib 1 —span 1):
Mu = 15.3 kN.m
Mn =15.3/0.9 = 17 kN.m

>~ -3
_Mn _ 144 (10) __3036 .
bd? (0.120)(0.216)

* *
p:i 1_ {_2mKn)_ 1 1_\/1_2 19.6*3.036 —0.0082584,
m fy 19.6 400

= 0.008258(120) (216) = 214.06mm’> A s min = 90.72mm’
2 ®12 =226 mm?>214 mm?

Kn

m=19.6

Select bar 2 @ 12, Total AS (provide) = 226 mm?

* Check strain:

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

226x400=0.85x24x120xa

a=36.93mm
co 2 359 _ 43 44mm
085 085
_216-4344 ) 003-0.0119
43.44
¢, =0.0119 > 0.005............. ok

4.4.2 .3Flexural design of Positive Moment for (Rib 1-span 2):

Effective Flange width ( b_) ACI-318-02 (8.10.2)

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

4
=-=1m
4

Lol

b. <
b, < 16*t+ by, =16*0.08 +0.12= 1.4 m
b. < distance c/c between beams = 0.52.......... control

» Use M, max positive for span = 11.5 kN.m
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Mn required = o — = 12.89 kN.m

» Determine whether the rib will act as rectangular or T — section:
d = 250-20-8-6 = 216 mm

=8cm
Mnfiang= 0.85 fc’ .b. b - te*(d- %f)

0.08

= 0.85*24*10°*0.52*0.08*(0.216 - —)

Mnfiang = 149.36 KN.m
® Mnfiang= 0.9*149.36 > My =7.4 KN.m............. Design as a rectangular

.4 fc
As >~ (bw)(d ACI-318 (10.5.1
mln>4(fy)( w)(d) ( )

Ner

1a00) (120)(216) = 79.36mm

As min>

As min> —(bW)(d) % (120)(216) = 90.72mm?

(1Y)

Control .......... 90.72mm?

_fy 400
0.85fc'  0.85(24)

7.4 _3
Mn _ 0. 9*(10)

bd? (0.520)(0.216)2

* *
ooty fp_2mKn)_ 1 1_J _2*19.6%0.339 ) _ 5008546
m fy 19.6 400

A, = 0.0008546 (520) (216) = 96 mm? > A s min = 90.72mm?

Kn = 339

# of bars = —=— =22 =1 215 * Note Ao = 79 mm?

As bar 79 -

Select bottom bars 2d10 , Total As (provide) =158 mm?2

39




* Check strain:

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

158x 400 = 0.85x24x520x a

a=>5.96mm
c= _a _ —5'96 =7.0mm
0.85 0.85
& = d ;C x0.003 = 2167_ ’ x 0.003=0.0896 > 0.005.............. ok

4.4.2 AFlexural design of negative Moment for (Rib 1-span 2):
The maximum negative moment from spans with support is

Mu =13.3 kN.m

Mn =13.3/0.9 =14.8 kN.m

> -3
_Mn_ _148%(10) °  _, 6395, m=196
bd? ~ (0.120)(0.216)

* kS
sty fp_2mKn)_ 1 1_\/1_2 19.6*2.6395 | _ | 1570016
m fy 19.6 400

A, =0.0070916(120) (216) = 183.81mm*> A s min = 90.72mm°
2 ®12 =226 mm®>183.81 mm?

Kn

Select bar 2 @ 12, Total AS (provige) = 226 mm?

* Check strain:

Tension = Compression

A x fy=0.85x f,'xbxa
226x400=0.85x24x120x a
a=36.93mm

c—_2& 8698 _ a3 iamm
0.85 0.85
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. _216-4344
ST 4344
£, =0.0119 > 0.005........0k

x0.003=0.0119

4.4.2 5Flexural design of Positive Moment for (Rib 1-span 3):
Effective Flange width ( b_) ACI-318-02 (8.10.2)

bE For T- section is the smallest of the following:

4
=-=1m
4

>

be =
b, < 16%ts + by=16*0.08+0.12= 14 m
b. < distance c/c between beams = 0.52

Control .......... 0.52m
» Use M, max positive for span = 8.7 kN.m

M required = %z 10.235 kN.m

» Determine whether the rib will act as rectangular or T — section:
d = 250-20-8-6 = 216 mm

tr=8cm

Mnfiang = 0.85 fc’ .b. b, . t*(d- %f)

= 0.85*24*10°%0.52*0.08*(0.216 - =2)

® Mnfiang = 0.9*149.36 > My, = 8.7 KN.m.......... Design as a rectangular
.4 fc
As min > (bw)(d) ACI-318 (10.5.1)
T Aty)
As min > ﬂ(120)(216) =79.36mm?
4(400)
Acinz = ow)(d) = L% q20)216) = 90.72mn7 control
S - (fy) 400 = AT ceeeeeeaneae
m= fy = 400 =19.6
0.85fc'  0.85(24)
8.7 . . 3
——*(10)
KneMn __ 0.9

= 2 > =0.4
bd (0.520)(0.216)
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* *
s Lfy p_2mKn)_ 1 1_\/1_2 19.6*0.4
m fy 19.6 400

A, = 0.001 (520) (216) = 113 mm?> As min = 90.72mm?

# of bars = ASA;W = % =1.43 * Note Agig = 79 mm?

]: 0.001

Select bottom bars 2®10 Total As (provide) =158 mmz2

* Check strain:

Tension = Compression

A x fy=0.85x f.'xbxa
158x400 =0.85x24x520xa
a=>5.96mm

c= _a = 5—96 =7.0mm
0.85 0.85

£ :dgcxo.oosz 216-7

x0.003=0.0896 > 0.005.......... ok

S

4.4.3 Design of Shear for (Rib 1):

-6

19.9 19.5 18.8

1.6

fig. (4-4) Shear diagram of rib (1)

fc'
Vc= —— bw*d
6

24

= 5 0.12 * 0.216*1000

=21.16 KN
® Ve =0.75*21.16 =15.873 KN
1.1*15.873 =17.46 >16

No shear required Select ® 8 @ 15cm
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4.5 Design of Beam (B 07):-

beam T final 4 b
1 2 3 a4
L LTI LT
o . o B
ID.')‘I 2.8 ICIAI 4.1 ICIAI 2.6 Iﬂ.til 4.2 ID.4I
r T 3.15 T ) T 4.5 T T T T 4.6 T 1

25,

80.
ATA

Fig (4-5)Geometry of beam (B07)

2.76

Ky

15?.4 1.34

Fig (4-6)Moment diagram of beam (07)

Determining if the section is doubly or singly reinforced concrete section:

0.003
0.004+0.003

L =085........ fc' < 28MPa

max

= %* 190 = 81.43 mm

amax = 0.85 * Cpax = 0.85 % 81.43 = 69.22 mm
a
Mnp . = 0.85*fcr*b*a*(d—z)

0.06922
Mnpay = 0.85 * 24 % 0.8 * 0.06922 (0.19 - T)
=175.54 KN.m

3=0.65+(0.004-0.002)*22=0.817

OMn . = 0.817 * 175.54 = 143.46 KN.m > M, = 55.3KN.m <159.9 KN.m

—Singly Reinforced Section for spans 1, 2 and 3, But doubly for span 4.
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4.5.1 flexural Design for Beam (B 07)

4.5.1.1 flexural Design of Positive Moment (B 07 - span 1):
b =80 cm,

h =25 cm
d = 250-40-10-10 = 190 mm
Mu =55.3 KN.m
AS min > E(bW)(d) = V24 ———_(800)(190) = 465.4mm?

4(fy) 4(400)

1.4 .
AS min >m(bw)( ) :4—(800)(190) 532MM? weeeneennnnn. The larger is control

_ fy - 400 196
0.85x fc  0.85x24
55.3
=107

bd ? 0.8*0.192

* *
p:i(l_ 1_2mK”j= L (1_\/ _2719.6 2'13J=0.00564

m fy 19.6 400

AS(req) = 0.00564*800*190 = 856.72 mm’
AS(req) = 856.7 mm’ > ASMiN =532 mm’

* Check strain:
Tension = Compression
A x fy =0.85x f,'xbxa

6x154x400=0.85x24x0.8xa

a=22.65mm
A _249_ o6 amm
~ 085 085
d-C 190-26.4

&, =—*0.003=————x0.003=.0184
d 29.3
&, =0.0184 > 0.005......... ok
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4.5.1.2 Flexural Design of Negative Moment (BO7 — spanl):
b =80 cm,

h =25 cm

d =250 - 40 -10 -10 = 190 mm

Mu = 104.4 KN.m

AS min = L1 (bw)(d) = V24 (800)(190) = 465.4mm’

4(fy) 4(400)
AS min 2 14 (bw)(d) =14 (800)(190) =532mm? ............. The larger is control
(fy) 400
m=19.6
104.4
———*107°
kn=Mn __09 = 4.02

" bd?2  0.8*0.192

* *
pzi 1 {_2mKn)_ 1 1_\/1_2 19.6%4.02 ) _ 113
m fy 19.6 400

As (req) = 0.0113*800*190 = 1718mm°’

As (req) = 1718 mm® > AgMin = 532 mm’*

Select 6 @ 20 with As prov. = 1884 mm2.

* Check strain:

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

1884 <400 =0.85x24x0.8xa

a=46.18mm
__@ _4618 ./ 33mm
0.85 0.85
, _4-C 190 - 54.33

S

*0.003 =—————x0.003=0.0075
54.33
&, =0.0075>0.005......... ok

4.5.1.3 Flexural Design of Positive Moment (B 07 — span 2):

b =80 cm,
h =25 cm
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d = 250-40-10-10 = 190 mm
Mu = 101KN.m

AS min > Jfc (bw)(d) :ﬂ(sooxlgo) = 465.4mm?

4(fy) 4(400)
ASmin > ﬂ (bW)(d) _14 (800)(190) = 532mm? The larger is control
(fy) 200 —532Mm? ..eennnnn.
mo_ _ 400 56
0.85x fc  0.85x24
101
- *1073
Kn=1 _ 09 ~3.89

" bd?  0.8*0.192

kS kS
sy [p_2mKn) 1 1—\/1—2 19.6*3.89 | _ 0109
m fy 19.6 400

AS(req) =0.0109*800*190 = 1654.7mm"
AS(req) = 1654.7 mm’> AS Min = 532 mm°

* Check strain:

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

1884 x400=0.85x24x0.8xa

a=46.18mm
_.a _ 4618 ., a0
0.85 0.85
_d-cC 190 - 54.33

&g *0.003=—+——x0.003=0.0075
54.33

S

¢, =0.0075> 0.005........0k

4.5.1.4 Flexural Design of Negative Moment (B 07 — Field 2):
b =80 cm,

h =25 cm

d = 250-40-10-10 = 190 mm
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Mu = 78.6 KN.m

AS min > \/f_d(bw)(d) _

(800)(190) = 465.4mm*
4(fy) 4(400)

. 14
ASmin = =—(bw)(d) =214 gooy100)=532mm? ........

~ (fy) 400

fy 400

0.85x fc  0.85x24

786, . 5
~_Mn 09 10

LI - =3.024
bd?  0.8*0.19

Kn

kS *
p:i[l— 1_2mKnJ 1 [1_\/1_2 19.6*3.024

m T 196

fy

(req) = 0.00822*800*190 = 1249mm’
A (req) = 1249mm° > A,MiN = 532 mm’

400

The larger is control

J —0.00822 AS

Select 4 @ 20 with As prov. = 1256mm?2,

* Check strain:

Tension = Compression

A x fy=0.85x f.'xbxa
1256 x400 =0.85x24x0.8xa
a =30.78mm

a_ _30.78 _ 5 omm

T 085 085

= 9=C 0031202362 0032 0.013
d 36.2

£, =0.013>0.005.............. ok

g

4.5.1.5 Flexural Design of positive Moment (B 07 — span 3):

b =80 cm,
h =25 cm
d = 250-40-10-10 = 190 mm
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Mu =4.9 KN.m

AS min » Y 1C (bw)(d) = V24 (800)(190) = 465.4mm’
A( fy) 4(400)
AS min >m(bw)(d) :—(800)(190) 532Mm? ..ovvne..
_ fy _ 400 196
0.85x fc  0.85x24
4.9
—=*107°
kn=Mn _ 0.9 =0.189
bd?  0.8%0.192
* *
oo Lfq fp_2mKn)_ 1 1_\/1_2 19.6*0.189
m fy 19.6 400

(req) =.000475*800*190 = 72.2mm"
A (req) = 72.2mm’° < A;MiN = 532 mm’®

The larger is control

J —0.000475 AS

Select 5 @ 12 with AS prov. =565 mmz2

* Check strain:

Tension = Compression

A x fy=0.85x f.xbxa
565%x400 =0.85x24x0.8xa
a =13.85mm

~13.85 1385 _ . 63mm
0.85

a
T 085

d C*0003—
d

g, =0.032 > 0.005

190-16.3

& x0.003=0.032

S

4.5.1.6 Flexural Design of negative Moment (B 07 — Field 3):

b =80 cm,
h =25 cm
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d = 250-40-10-10 = 190 mm
Mu =132.5 KN.m

AS min > Jic (bw)(d) = V24 (800)(190) = 465.4mm’

4(fy) 4(400)
AS min > m(bw)(d) = (800)(190) 532mm? ....oeeenenn The larger is control
_ fy _ 400 _19.6
0.85x fc  0.85x24
1325,
Mn 0.9 10

Kn = =5.1

bd?2  0.8*0.192

* *
p:i(l_ 1_2mKnJ: 1 [1_\/1_2 19.6 5.1)20_0149 A (60

m 19.6 400

fy

= 0.0149*800*190 = 2270.32mm
A (req) = 2270.32mm’° < A;MiN = 532 mm’*

* Check strain:

Tension = Compression
A x fy=0.85xf.'xbxa

2512x400=0.85%x24x0.8xa

a=616mm
__a _518 o amm
085 0.85
d C 190-72.4

& =—*0.003 = ————x0.003 =0.0049
72.4

S

£, =0.005 = 0.005.......... ok

4.5.1.7 lexural Design of doubly part of beam (B 07 — span 4):
d=190 mm

d' =60 mm

M,= 159.4 KN.m
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_0.008 ——*190=81.42

~0.007
a =/ *c=0.85*81.42 = 69.21mm

¢ =0.65+(.004 - .OOZ)*% =0.82

M 4 = 0.85* fc*b*a*(d ——)

M 4 =0.85%24*69. 21*800*(190—%) 175.52kN.m
M :
Mp =—4% = 1594 _ 194.30kNm
0.82

¢
194.39 >175.52 = doubly

Agq ™ fy 085* 24*800*69.21
085 fc'b Sl 400
=Mp -M ; =194.39-175.52 =18.87kN.m

— 2823.8mm?2

MnZ

Checking for yielding strain of compression steel :

g,'=0.003* ¢—d =0.003 w =0.00079 < 0.002
C 81.43

—compression steel is not yielded.

f.'=0.00079* 200000 =157.9MPa < 400MPa

* 6
As, As_ M., 18.87*10 =919.3mm?

f'(d - d ) 157.9(190 — 60)
A = A, + A, = 2823.8+919.32 = 3743.1mm?

Select 12 ® 20 with Area=3769.91 mm? >3743.1mm? (bottom bars)
And 3 ®20 with area = 942.48 mm?® >919.3mm? (top bars)

Check strain:
A x fy =0.85x f.'xbxa
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(As —A)f,  (3769.91-942.48)* 400

= =69.868mm
085* fc'b 0.85*24*800
c_ & 69868 o, .9
085 0.85
e, =0.003 M =0.004............... ok
82.19
4.5.2 Design of Shear for Beam (B 07):
135 1672 qazg 1743 o5 156.1 _132.3;165.7
H i T \ T i } |
66.7
935 1168 86.2
160.7
1914 198.8
232.2
Fig. (4-7)Shear diagram of beam (07)
45.2.1 Field 1

V, = 136.5 KN (Max. value of Vu in field 1)
ove- @+ L€ rpug

=(0.75* g* 0.8* .19)*10°

® Ve =93.08 KN.

D Vimin = (O % *bw *d) = (0.75 %*0.8*0.19) *10° = 38 KN.
V,=136.5 kN (From Shear Envelope)
® Ve + D Vgpin = 93.08 + 38=131.08 KN <V, =136.5 kN
® Ve + min @ Vs < Vu<1%*\/]?’*bw *d

131.08 < 136.5 < 279.24
Category (4) satisfied

51



Vs = ﬂ -Vc
0.75

VS_i“-124 58 KN

0.7
Av x fy xd

Vs
~200*400*0.190

58*1000
S=d/2=19/2=9.5cm
S <60 cm
Use S=10cm

S =

=0.26m = 26cm

Then use 4 legs ¢ 8 @ 10cm

4.5.2.2 Design of Shear for Beam (B 07 - Field 2):
V,=160.7 KN

d Ve = \/_ bw*d=0.75* \/6_ *800*190*10° =93 KN

D Vimin = (q> * bw * d) = (0.75 :1)’ *800*190) /1000 = 38KN.

CDVc+CD% *pw*d =131 KN

® Ve +min @ Vs < Vu<—*,/fc * by, * d

131<160.7 < 279.24

Category (4) satisfied

Vs = ﬂ -Vc
0.75

160.7

Vs =——-124 =90.3 KN
0.75

Av x fy xd

Vs
_200*400*0.190
~90.3*1000

S=d/2=19/2=95cm
S <60 cm
Use S=10cm

S =

=0.16m=16cm
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Then use 4 legs ¢ 8 @ 10cm

4.5.2.3 Design of Shear for Beam (B 07 - span 3 :):
Vy=125.5KN

*800*190*10°=93 KN

® Ve = cDVGfC bw * d = 075*‘/6_

® Vein= (@ S “bwrd)= (075 g *800*190) /1000 = 38KN.

@Vc+®% *pw*d=131KN

O Ve <Vu<® Vc+min ® Vs
93<125,5<131
Category (3) satisfied

Vs = ﬂ -Vc
0.75

VS—102—55-124 43.3 KN

Av x fy xd
Vs
~ 200*400*0.190

43.3*1000
S < d/2<19/2<9.5¢cm
S<60cm
UseS= 10cm

S =

=0.35m = 35cm

Then use 4 legs ¢ 8 @ 10cm

4.5.2.4 Design of Shear for Beam (B 07 - span 4):
V,=198.8 KN

dVe=p¥X — \/_ bw*d=0.75* \/6_ *800*190*10°=93 KN

@ Vmin = (P % *bw *d) = (0.75%*800*190) /1000 = 38KN.

<I)Vc+<l)% *pw *d =131 KN

Vu>® Ve + min ® Vs
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198.8 > 131
Go to category(4) :

(Dw/?f)C bw*d+® Ve>Vu>®d Ve + ® Vs min

(0.75g 800 * 190*10° + 93) =279 > 198.8 > 131
Vs = ﬂ—Vc

0.75
Vs =288 194 =141.1 KN

0.75

Using ®8 — 4 legs

_ Avx fyxd
Vs
~200%400*0.190

141.1*1000
S < d/2<19/2<9.5¢cm
S<60cm
Use S= 10cm

S

=0.11m =11cm

Then use 4 legs ¢ 8 @ 10cm

4.5.3Detailing of Beam(07):

| 2808-10,4L I 4108-10.41 I 2608-10.41 | 4208-10.4
| | o | |
143 Lol 5 139 | %
| 4o12 6020 4o12 4020 8620 ‘ 3220
| | | |
©oal ! " d | Dl
bold | 220 | Bele 220
! 20
@
25| 2s| 23
| ! ! ‘
80/25 80/25 80/25 80/25
B0 280 40 410 40 260 40 420
52
143 139

40

44

Fig. (4-8) detailing of beam (B07)
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4.6 Design of Two Way Ribbed Slab:

205 %%t %% Sttt B 6 O

N N [ [ ]
Lx=7.20m N00000000000A0
N0000000000A00
Ly =6.7m N000000000A000
g DO0000000a0000
L 79 000000/ ~A0000d.
o q07<2 5 L 1 o e
6.7 O [ 7 e [ M [
' # 0000000000000
N00z0000000000
NOpO0000000000
DZ000000000000
OO0ON00000A00

7 B59 cod ] B59 D

o B61 |

y

B61

Fig. (4-9) two way ribbed slab
4.6.1 Determination of Loads:

No. Parts of Rib Calculation
1 Tile 0.03*.52*0.52*22 = 0.1785
2 Mortar 0.02*0.52*0.52*23 =0.1244
3 Sand Fill 0.07*0.52*0.52*17 = 0.322
4 Topping 0.08*0.52*0.52*25 =0.541
5 Block 0.17*0.4*0.4*%9 =0.2448
6 Rib 0.17*(0.52+0.4)*0.12*25= 0.4692
7 Plaster 0.02*0. 52*0.52*23 =0.1244
8 Partition 2.38*.52*0.52 =0.644
2.65 KN/unit

Table (4-3) Calculation of the total dead load for two way rib slab.

e (0.52*0.52) units

2.65

Total Dead Load per m? = gz = 9TKN/ m?

Live load = 4 KN/m?,

Factored dead Load = 1.2* 9.79 = 11.75 KN/m?.
Factored live Load =1.6*4= 6.4 KN/m?.
Wu =11.75+6.4 =18.15 KN/m?

55



4.6.2 Design of Topping for Two-Way Ribbed Slab:

It is apparent that the topping slab in two-way action is even stronger than that for one-way
ribbed slabs. Therefore, only shrinkage and temperature reinforcement needs to be provided,
with the same design as before.

Use 1® 8/25 cm (3$8 / 1m), with A provided = 1.5 m2/1m both directions.

4.6.3 Determination of bg in X and Y-direction:

Effective Flange width ( b_) ACI-318-02 (8.10.2)

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

S

be <7 =22 =0.9625m
b, < 16%t + by = 16*0.08 + 0.12= 1.4 m

b, < distance c/c between beams = 0.52................... control
4.6.4 flexural Design for two way ribbed slab (R 17):

4.6.4.1 Flexural Design of positive Moment:
From Table 12.4:

L
= 8793
L, 7.2

X

Cyp.. =0.0208
Cxp, =0.0152
CyL.=0.0316
Cx. =0.0238
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My =[Cy,, x(1.2x D, )x Ly’ +Cy, | x (1.6x L )x Ly?]
My = 0.0208*11.75%6.72 + 0.0316*6.4*6.72
My = 20.05kN.m

Mx =[Cx,, x (L2x D) x Lx® +Cy, | x (L6x L, )x Lx]
Mx = 0.0152*11.75*7.2 +0.0238*6.4*7.2°
Mx =17.15kN.m

2 Determination whether the rib will act as a rectangular or T — section:
d=h-c-®/2
= 250-20 - 12/2
=216 mm.
tr= 8cm

b

Mnfiang= 0.85 T€" VE tf*(d- t;)

= 0.85*24*103*0.52*0.08*(0.216 — 0.08)
Mnfiang= 149.36 KN.m

= Design it as a rectangular with p_=52 cm

As min ZE(bW)(d) ACI-318 (10.5.1)
4(fy)
As min > V24 (120)(216) = 79.36mm?
4(400)

As min > ﬂ(bW)(d) - 14 2 trol

s =) = m(lZO)(ZlG) =90.72mm* ............ contro
4.6.4.1.1Design of +ve moment in Y direction :

My = 20.05 kN.m
m= fy = 400 =19.6
0.85fc’  0.85(24)
Kn=—5 =—>2 ~=0.918
bd (0.520)(0.216)
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* *
s g [p_2mKn)_ 1 1—\/1—2 19.6*%0.918 ) _ 1 053491
m fy 19.6 400

A, =0.0023491(520) (216) = 264 mm? > As min = 90.72mm’

Select in Y direction bottom bars: 2®14 , Total AS grovide) =308 mm?

* Check strain:

Tension = Compression
A x fy=0.85x f xbxa

308x400=0.85x24x520xa

a=11.61mm

c=_2 161 15 e6mm
085 0.85
d-C 216-13.66

S

£, =———*0.003="———222,0.003=0.044
d 13.66
g, =0.044>0.005.............. ok

4.6.4.1.2Design of +ve moment in X direction :
Mx = 17.15 KN.m

m=19.6
- 17.15, 1 gy
Kn=——1—_039 _=0.785
bd? ~ (0.520)(0.216)

* *
p:i 1_ |{_2mKn)_ 1 1_\/1_2 19.6*0.785 | _ 1 502
m fy 19.6 400

A, =0.002(520) (216) = 225 mm®> A s min = 90.72mm’

Select in X direction bottom bars: 2012 , Total AS (rovige) =226 mm?
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* Check strain:

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

226x400 =0.85x24x520x a

a=8.52mm
c=2 _85%_1603mm
085 0.85
_d-C 216-10.03

&

S

&, =0.06 > 0.005.......... ok

4.6.4.2 Flexural Design of negative Moment:

From table 12.3:
C¥neq.=0.052
CXneg.=0.0394

My =Cy, ., x W, (Ly)* x0.52
My = 0.052*18.15*6.7° x 0.52
My = 22.03kN.m

2
MX = CX, oy x W, (LX) x0.52

Mx = 0.0394*18.15*7.2% x 0.52
Mx =19.28kN.m

4.6.4.2.1Design of -ve moment in Y direction :
My=22.03kN.m

m=19.6
22.03,,
_Mn 09 (10)

=0 ~=1.0
bd®> (0.520)(0.216)

* *x
p:i(l— 1— me”J = [1—\/1—2 19.6 l'OJ=0.008773

Kn

m fy ) 19.6 400

A, =0.002(120) (216) = 227 mm?> As min = 90.72mm?
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Select in Y direction top bars: 2®14 , Total As (provide) =308 mm2

* Check strain:

Tension = Compression
A x fy=0.85x f xbxa

308x400=0.85x24x120xa

a=50.33mm
c=_ 2 9033 9 oimm
085 085
_d-cC 216-59.21

e, *0.003 = S —>°22,0,003 = 0.008
d 59.21
g, =0.008>0.005............. ok

4.6.4.2.2Design of -ve moment in X direction :

My=19.28 kN.m

m=19.6
o 1928, ;-
bd?  (0.520)(0.216)

* kS
sy |p_2mKn) 1 1_\/1_2 19.6*0.889 | _ 0002574
m fy 19.6 400

A, =0.0022574(120) (216) = 58.5119 mm? < As min = 90.72mm?

Select in X direction top bars: 2®10 , Total AS providey =157 mm®

* Check strain:

Tension = Compression
A x fy=0.85xf.'xbxa

157 x400 =0.85x24%x120x a

a=25.7mm
c—_ @ _257_a05omm
0.85 0.85
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~d-C 216 -30.2

&g *0.003 = —— x0.003 = 0.00185
30.2

S

¢, =0.0185 > 0.005.......... ok

4.6.5 Shear design of two way rib slab:

From table 12.6:
W, =0.57
W,=0.43

[w, x Lxx LyxW, x0.52] [18.15%7.2%6.7*0,57*0.52]
2% Lx - 2%7.2
[w, x Lxx LyxW, x0.52] [18.15*7.2%6.7*0.43*0.52]

_ _ =14.61KN.m
Vo) 2% Ly 2%6.7

V,), = =18.02kN.m

N, = 0.(:5 x /' xbwx d = 0'675 x /24 x0.12x0.216 x10° =15.87kN
1.1x gV, =1.1x15.87 =17.46kN

4.6.5.1 Shear in X direction:

1.1¢V, > (Vu),
17.14 >14.61

—No shear reinforcement is required ,

for practical purposes use: 2 legs ®8 @20 cm , Total AS provige) =100 mm?

4.6.5.2 Shear in Y direction:

1.1gV, < (Vu),
17.14 <18.02

#c =15.87kN

@ 0.75

PNSmin =5 xbWxd = % 0.12x 0.216 = 6.48

— gV + ¢Vs ;. =15.87 +6.48 = 22.35 > (Vu, =18.02) > (¢Vc =15.87)
—> catigory 3satisfied

dVs =Vu-dVce

dVs =18.02-15.87 = 2.87
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_ OxAvx fyxd 0.75x100x400x 216

Sieq 5 =22.6cm
' @Vsreq. 2.87x10
S< % = % =10.8cm.............. controls.

Select 2 legs ®8 @ 10.5 cm

4.7 Design of One-way solid slab (stair slab):

A . — &l
| ) |
Ip) | i
CL{ } |
o | ) i
|
| i —— e 5
| .00 ,

Fig. (4-10) one way solid slab

4.7.1 Check if its one way

H:%:3.58>2.0 ......... One way
Ly 2.25
4.7.2 Determination of thickness and load calculation:
= L = % =11.25cm
20 20

Select h=15cm

4.7.3Load Calculation

D.L=25*0.15=3.75KN /m”.
DLroy 1ank =10KN /m?,

DL =13.75KN /m?Z.

Snow.Load =1.6KN /m?

qu=1.2*13.75+1.6*1.6 =19KN / m?
_qu*L?  19*2.257

Mu = =12.1KN.m
8 8
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4.7.4 Design for positive moment:
d=150-20-10=120 mm.

o (2]
kn= 2: ! -—=0.934Mpa
bd (1)(0.120)

m = fy - = 400 =19.6
0.85*fc  0.85*24

* *
SoLfy_ fp_2mKn)_ L 1_\/1_2 10.6%0.934 | _ ) 100
m fy ) 19.6 400

(Ag),q =0.0024*1000*120 = 288mm’

0.25,/ fc' * *
_*b*d:o.zsﬂ 1000*120 0 o
A) sl Y 400
As,.. _14*bw*d _1.471000 120=420mm2/m .............. control
fy 400

Select 1410@18cm = As = 439 mm*/m.

Check for Strain :

Tension =Compression
A *fy=085*fc' *b*a
439*400 = 0.85*24*1000* a
a==8.61Imm
x=2 - 861 =10.13mm
S, 0.85
. 120-10.13
* 10.13
&, =0.032>0.005 ... ok

*0.003

4.7.5 Shrinkage & Temperature Reinforcement in top layer:

As =0.0018xbxh =0.0018*1000*150 = 270mm?* /m

Shrinkage
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Select 148@18cm = AS,,,i4eq = 278MmM° /M ....... OK

4.7.6 Development length of the bars:

f
Ly = —F=xaxfxyxd,
24 f ¢
Ly = 400 x1x1x1x1=4lcm. Use : L, =41 cm.

224

4.7.7 Detailing of solid slab:

fig (4-11) detailing of solid slab

2
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4.8 Design of Flat Plate

4.8.1 Determination of thickness:

According to ACI-2002-9.5(c) the minimum thickness of slabs without interior beams or drop

panels for interior panels:

= In_8 _0242m
33 33

= sellect h =25cm

4.8.2 Dead load calculation:

No. | Partsof Rib Calculation (KN/m?)
1 Tile 0.03*22 = 0.66
2 Mortar 0.02*23 = 0.46
3 Sand Fill 0.07*17 = 1.19
4 Plaster 0.02*23 = 0.46
5 Partition 2.38
5.15 KN/m?

Table (4-4) dead load calculation of flat plat

slab weight= 25*0.25= 6.25 KN/m?

*There will be a distributed force causes by the stair = 15 kN/m

*There will be a distributed force at some of edges causes by the wall = 15.25 kN/m

Live Load = 4 kN/m?

4.8.3 By Using SAFE Program to analyses and design of this flat plate::
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+ '

Fig.(4-12) geometry of flat plat fig. (4-13) dead load of flat plat

ia Global Beam Force Loads (DEAD) [kN, kN/m]

f19.(4-14) hve load of tlat plat f1g. (4-15) line load of flat plat
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Deflection in the slab :

4.8.4 Deflection In the Slab:

Fig. (4-16) deflection of flat plat

4.8.5 According to ACI, Table 9.5(b)

Maximum permissible immediate deflection due to live load= 1 = 8 =22mm.
360 360

Maximum permissible immediate deflection due to live load= 1 = 8 =17mm.
480 480
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From safe program, Maximum deflection from load combination (1.2 D + 1.6 L) = 7.45 mm

Which is smaller than maximum permissible deflection.

4.8.6 Reinforcement results:

4.8.6.1 Bottom Reinforcement in X direction:
By using safe program, When trying to use (¢12@18cm) as the basic mesh reinforcement in
both directions for top and bottom reinforcement, we get the following result of needed area of

steel over (412 @18cm) for bottom reinforcement in X direction:

- Bottom Rebar Intensity (Enveloping) [mm2/m] - Direction 1 - Additional to 12 @ 180 mm

E+3

1.95
1.80
1.65
1.50

1.35

1.20
1.05
0.90
0.76
0.60
0.45
0.30
0.15
0.00

Fig. (4-17) Bottom Reinforcement in X direction
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4.8.6.2 Bottom reinforcement in Y direction:
By using safe program, When trying to use (¢12 @18cm) as the basic mesh reinforcement in

both directions for top and bottom reinforcement, we get the following result of needed area of

steel over (#12@18cm) for_bottom reinforcement in Y direction:

- Bottom Rebar Intensity (Enveloping) [mm2/m] - Direction 2 - Additionalto 12 @ 180 mm

260.
240.
220.
200.
180.

160.

140.
120.
100.
80.
60.
40.
20.

Fig. (4-18) Bottom reinforcement in Y direction
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4.8.6.3 Top reinforcement in x direction:

By using safe program, when trying to use (¢12@180m) as the basic mesh reinforcement in
both directions for top and bottom reinforcement, we get the following result of needed area of

steel over (#12@18cm) for top reinforcement in x direction:

- Top Rebar Intensity (Enveloping) [mm2/m] - Direction 1 - Additional to 12 @ 180 mm

E+3

5.20
4.80
4.40"

4.00

3.20
2.80

2.40
2.00,
1.60}
1.20
0.80
0.40
0.00

Fig. (4-19) Top reinforcement in x direction
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4.8.6.4 Top reinforcement in Y direction:

By using safe program, when trying to use (¢12@18cm) as the basic mesh reinforcement in
both directions for top and bottom reinforcement, we get the following results of needed area of

steel over (#12@18cm) for top reinforcement in Y direction:

- Top Rebar Intensity (Enveloping) [mm2/m] - Direction 2 - Additional to 12 @ 180 mm

E+3

1.30
1.20
1.10

1.00
0.90

0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Fig (4-20) Top reinforcement in Y direction
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4.8.8 Detailing Of Flat Plate:
See SAFE output

4.8.7 Design of punching shear:

By using safe program we get the following results for punching shear:

129 Punching Shear Capacity Ratios/Shear Reinforcement
# 4x8-12d@100 1 | 4x8-12d@100

0.7972 # 0.7967
0.885 0.8856

; N
0.377 / \ _* 0.3766

|
+o.4sse \ /_,-' - PABW

\\. /
‘*Lsxz-\mn& = _#6x2-12d@100

| #;_0.3392 +0.8393_ *EF

#0.4527_*_0.4521

0.6417 | 0.3879 | | = #—0'3881 0.6415

Fig (4-21) punching shear results from safe pro.
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Punching Reinforcement was detailed according to ACI :

2d =12"
/
P
74
I
| S
X > 4 di2=3"
N / £
\ A v
== 4
Section A-A
127 a
locate first line of stirrups @ d/2
from face of column
d/2 di2
' —-1—«— aH-—s <d/2 (typ.)
I 1 T I \ I
| Y | |
k 1 l_,_i,_ J /I
\ t- ) A / - /]
A N\, < d20p) s
A% °/ A di2
—~ bo/ w 7 T Vv bo e
N / il V4
dr2 < X a2t _ ‘/\ closed stirrups
JT; <2d closed stirrups <2d

- Edge Column

)

Corner Column

Fig (4-22) punching shear Reinforcement according to ACI
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4.9 Design Of Spherical Shell Dom:

4.9.1 Load Calculation: ‘may

Snow loads : |

According to Jordanians code :

h—400 _900-400
320 320

1.6*1.5=2.4kN/m?* =P

4.9.1.1 Snow load = =1.5kN/m” P
where:

h: high above sea level.
4.9.1.2 Self weight of Dom : \

Assuming thickness to be = 10 cm.

= 0.1*25=2.5kN/m? !
1.2*25=3kN/m?
4.9.1.3 weight of Finishing materials of Dom : Fig (4-23) geometry of the dom

assuming plaster thickness =2cm,

= 0.02*23 =0.5kN/m?
1.2*0.5=0.6kN/m?

4.9.2 Analyses of internal forces: /

for spherical shells : J
= =

___ 9a /
“ (cosa+1)
g
N,=al —gcosa+—— |
/ [ e (003a+1)j

Fig (4-24) internal forces in the dom
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For self weight of Dom:

when o =0° :>cosO=1:>{Na

when o =90° 300590:0:{

NO!
N, =ga=3*4=12kN/m.

-ga -3*4
Nﬂ = —=
2 2
=—-ga=-3*4=-12kN/m.

=—6kN/m.

N, =ga

Deac Loacd (Self Weight)

For snow load:

when o =0° :cosO:lz{Na =N

when ¢ =90° = cos90=0=>

N

N

Fig (4-25) dead load o the dom

_—Pa_-24%4

2 =—4.8KkN/m.
2
- —2Pa _Z24%4 L eN/m.
, _Pa_24%4 _  okN/m
2
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! -P
| V=g
| (=
I
N 4
I /
‘
2=
: | (+>
* 4& N _Pa
L s o
4 | 7
Live Load
Fig (4-26) live load of the dom
For Weight of finishing of dom:
_ _ *
when o =0° :>cosO:1:>{Na =N, = Zga: 0'62 4'05=—1.215kN/m.

N, =—ga=-0.6%4.05=-2.43kN/m.

when «o = COsS S{Nﬂ =ga=0.6%4.05=2.43kN/m.

Total factored internal forces:
when @ =0° = {N, =N, =6+ -4.8+-1.215= ~12.015kN /m.

N, =-12+4.8+-2.43=-19.23N/m.

when & =90° = c0s90=0
== 3{Nﬂ 12+ 4.8+243=19.23kN/m.

Note: Negative sign mean that the force is compression.

Positive sign mean that the force is tension.
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ye)

)

\\
\\
T

b
| ¢
7

KNI _-
&g

i Geometry of Dom

‘L Dead Looad (Self Weight>

Ne N,
|
| -L21S  -1.215
2.43
¢ Deoad Load (Finishing)
2.4 kN/me
Ne N
,40
i 1 ) -4.8
d é g
y2 )2
4 ‘ g
‘t Snow Lood
Ne N
‘ -12.015 12015
| o \
| (- \
i \
‘ =\
| \
| (+) \
! 1
Jh 4 ] 4 ], 19.23 -19.23
d é g
¢ ‘ .
‘tLoad Combination(self weight+finishing+snow)

Fig (4-27) internal forces results in the dom
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4.9.3 Hoop Tension reinforcement :

N
(A )., :( e = 19.23 =7.396*10°m? / m.=0.7396cm? = 74mm?.
“ g*fy  0.65*400*1000

(As),;, =0.0035*1000*100 = 350mm*

= Number of bars = 3i; =4.43 = use 5bars

18inch * 2.54 = 45.72cm
sellect spaces = 20cm < .
5*thickness =5*10 =50cm

Select ®10@20cm , with As prov. = 395 mm2/m.

4.9.4 Meridian Reinforcement:
0.1*0.85*24*10°=2040kN/m>19.23KN/m

(A)... =0.0035*1000 *100 = 350mm?
350
= Number of bars = — = 4.43 = use 5bars

18inch * 2.54 = 45.72cm
sellect spaces = 20cm < .
5*thickness =5*10 =50cm

Select ®10@20cm , with As prov. = 395 mm2/m.
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4.10 Design of ring beam :

4.10.1 Assuming beam diminutions to be (high=30cm, width=25cm).

Total factored loads on the beam

= Vertical loads from the Dom + Horizontal loads from the Dom +Self weight of beam.

= (N )max *sin90+(N g )max *cos 90+ self weight of beam.

=19.23*1+0+1.2(0.25*0.3*25) = 21.5kN / m.

4.10.2 By using staad pro software to analyze the beam:

| 215KNIm

21 5kN/m

Fig (4-28) 3D view of Loads on ring beam

= 131.887 kN
_,_,———"'__'_'__'_-——‘___—\__—‘—-—\_
i g = 131.887 kN
N

\\‘

= 131.887 kN }

i

= 131.887 kN /

\-\\'_ /// /
g 2

Fig.(4-30):3D view of reactions of ring beam
beam

max —ve moment = 71.7kN.m

max +ve moment = 37.5kN.m
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65 94 kN

— 65 94kN

Fig (4-29) 3D view of shear diagram of ring beam

(k.\/’m

71 7kNm
clh
|
4 II Il

71 7kNm /‘
37 5kNm

Fig. (4-31):3D view of moment diagram of ring

max shear force = 65.94 kN
Reaction force = 131.89 kN



4.11 Design of circular spiral Short Column(C15) in Basement:

4.11.1 Design of longitudinal Reinforcement :

The Column is a circular .
P,=2789 KN
¢ = 0.7 for spiral

p =P 2189 a8 3N
0.7

T
Assume p, =0.01
P =0.85x Agx{0.85 fc x A-p,)+f,xp,}
3984.3*10° = 0.85x Ag{0.85% 24 x (1-0.01) + 414x 0.0}
Ag=0.24525 m* = 2452.5 cm?

Select diameter =60 cm with Ag = 2827.43 cm? > Agreq = 2452.5 cm?

4.11.2 Check Slenderness Effect :

(K_Iu] <(34-12 (mj SA0uueiiiiecee e ACI 10-12-2
r M 2

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

I
R: radius of gyration=0.25D = \/;

K=1

Lu=3.05m

r=0.25*D =0.25*0.6 =0.15
M1_
M2
1*3.05

0.15
20.33<22<40

.. ShortColoumn

1.0

<34-12*1< 40, ACI —(10.12.2)

--. Slenderness effect must not be considered
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P, =0.85x Agx{0.85 fc x (L-p,) + f, x p,}
3984.3*10° = 0.85x0.12*{0.85x 24 x (L p,) + 414x p.}

p,=0.0085 < p; (min) =0.01
> use A s (miny = 0.01x2827.43 = 28.27 cm*

Use 15016 with As =3015 mm?> Asygq = 2827 mm?

4.11.3 Check Distances between bars :
600-2*40-2*10-16 =484 mm
Perimeter = 7* D = 7#*484 =1521mm

40mm
=85.4MM>< e ok.
1.5x16 =24mm

_ 1521-15*16
15

S

4.11.4 Spiral rienforcement

The ratio of spiral rienforcement shall be not less than the value given below

Ag fc’ a |-~ !

—045 28 1| & )

Ps (Ac )fy |

Dc? T:J
AC=r l I L .z;uch

p—| [T~ > | P
h? T
A0 =7— - h—— ————
g 4

2

h=60cm. = Ag=r~ Of =0.2827m?

0.522

Dc=60-2*4=52cm= Ac=7n =0.21237m’

p. =0.45% 24 (0.2827

414\ 0.21237
*Dc?*S
5= e )
usin gglOmm
s 79*107° *4*(0.52 — 0.01)
0.008644 * 0.522

- ] = 0.00864

spiral)

=0.07/m=7cm

Fig. (4-32) Column model
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159016

Fig. (4-33) Column detailing

4.12 Design of Rectangular tied Long Column (C126 in the Ground floor) :

4.12.1 Design of Longitudinal Reinforcement :

Pu = 1860 KN

- = 1860

P = 2861.5KN
65

Assuming ©9 =1.5%

Pn =0.8* Ag{0.85* fc'+pg(fy —0.85fc')}
2861.5=0.8* Ag[0.85* 24 +0.015* (414 — 0.85* 24)]
Ag =0.136m* =1360cm’

/1360 =36.9cm

Use 40*40 cm with Ag = 1600 cm? > Ageq = 1360 cm?

4.12.2 Check Slenderness Effect :

Kl 34—12% ............... ACI —(10.12.2)

r

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).
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R: radius of ration-03h—\/z=\/ bh3 :\/h2 =0.3*h
' Praton=L2n=\w “V12%b*h V12

Lu =3.65m
M1&M2 =1
K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be

permitted to be taken as 1.0.

¢<34—12ﬂ ............. ACI —(10.12.2)

M2
1*3.65 _
Saeg g =38:34>22

..long Coloumn

E
El=0.4 +C 9 . [ACI318—2002 (Eq. 10-15)]

E¢ = 4750,/ fc =4750*/24 = 23270.15Mpa
_12DL _12(1298.6) _ g37g

Py Pu 1860
3 3
_b*h® _0.4%0.4° 4
lg = R =0.0021333m
6
~0.4*%23270.15*10~ *0.0021333 _ 2
El = 1208378 =10.805MN.m
72El
Per = G s ACI318-2002(Eq. 10-13)
(KLu)
2 %
Py = 3.14 10.8g5 _8.0MN.
(1.0*3.65)
M1
Cm=0.6+0.4 M2 e ACI318-2002(Eg.10-16)
Cm=1......... According to ACI1318-2002(10.10.6.4)
Cm
= > — —
ons 1= (Pu/0.75P0) >1.0 ... ACI318—-2002(Eq.10-12)

1-(1860/0.75*8.0*10°)
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n =15+0.03*h =15+0.03*400 = 27mm = 0.027m
€min xOng =0.027*1.0 =0.027

_0.027
h~ 04

From Interaction Diagram

#Pn _ 1860 , 145
Ag 0.4%0.4 1000

emi
e —
€ —0.06753

=1685.625ksi

As = pg * Ag =0.01*40*40 =1600mm?

Use 8016 with As = 1608 mm? >Asrgq = 1600 mm?

4.12.3 Design of the Tie Reinforcement :
According to (ACI-7.10.5.2)

16 x db (Longitudinal bar.diameter) =16 x16 = 256mm.

Spacing <{48x dt (tiebar.diameter) = 48x1.0 = 480mm.
Least.dim ension =300mm

~.Use 10 @ 25cm

©10@25
L=148

Fig. (4-34) Column detailing
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4.13 Design of Isolated Footing (F8) :
4.13.1 Load Calculation : oo

Total service dead load P,.,q =1083KN.

Total service live load Py, = 350.4kN.

Column Dimensions ( a=40cm , b=40 cm).

Soil density = 17 KN/m?.

Allowable soil Pressure = (Qaitowanie)400 KN/m?.
Assume footing to be about (55 cm) thick.

Soil Hight above the footing = 60 cm.

(q ) :400—0.6*17—0.55*25:376.05kN/m2.
allowable net

4.13.2 Determination of Footing Area
Picad + P _ 1083+350.4

ve

(qallowable)net 37605

Area . = =3.81m°.

Try 2.0 * 2.0 m with area = 4.0 m2 > Argqy. = 3.81 m2

4.13.3 Determine thickness of footing based on shear strength:
Assume h =55 cm — d = 550-75-14 = 461 mm?

* * * *
:1.2 Piead T1.6* P :1.2 1083+1.6 350'4=465kN/m2.
Area footing 2 * 2

u

*Check for one way shear strength:

b

Vu = a, *[@ - E - d)j* BFoundation

Vu = 465*(3—'8 - 0'74 —0.461)*2 =315.27KN

#Ve=g.( 6"+, *d)

pVC = 0.75*%*\@*103*2.0*0.461: 564.6KN

= ¢Vc =564.6KN >Vu =315.27KN
.. Safe.
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*Check for two way shear action (punching)

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

1 2 !
¢'\/c —¢E(l+ﬁ—CJ\/?bod
.= oozt g
oV, =921,

Where:

Column Length (a) 40
ﬂc = . =1.0
Column Width (b) T 40

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

b, =2(b+d)+2(a+d)
b, = 2(40+46.1) + 2(40 + 46.1) = 344.4cm

a .
s =40 for interior column

@V Should be the minimum of :

(2+—}/ b,d —E ( o oj* 24*3.444*0.461*10° = 2916.76 KN
1 0.75, ( 40*0.461
V. < ANER b d= +2 |*+/24%3.444*0.461*10"° = 3575.1KN
We <1915 (b /d J 12 ( 3.444 j
¢.%w/ f b,d =%* 24 *3.444*0.461*%10° =1944.5KN.......... control

VU, = 465*[2*2 - ((0.4+0.461) * (0.4 + 0.461)) | =1515.285KN
= ¢NVc =1944.5Kn >Vu, =1515.28Kn........ satisfied

4.13.4 Design for Bending Moment :
qu (l)2

M, = (B)

2
Mu = 465*%*2 = 297.6kN.m

86



297.6

wn g9 1
k= N _ 0. —0.778MPa
" bd? T 2x0467

fy 40 _196

m = - = =
0.85*fc  0.85*24

p_i[l— /1_2xmenJ
m f,

p:L 1_\/1_2><19.6><0.778 — 0.0019836
19.6 400

ASe., = p*b*d =0.0019836* 200*46.1=18.29 cm’
AS 1 inmage = 0.0018*b* h = 0,0018* 200 * 55 = 19.8cm”
ASpeq =18.29 < ASq invage = 19.8cm?

Select in both directions 14¢14....AS,, ;e = 2155mm?* >1980mm?.

Check of strain:
A *fy=0.85* fc' *b*a
2155*400 = 0.85*24*2000*a

a=21.13mm
x=i=@=24.9mm
p, 085
&, :%*0.003=0.0525>0.005 ............ ok

4.13.5 Check development length for the footing reinforcement:

(Ld )required = ng l//t . l//e - WS X fy X db
AxAffc (ktr+cb]
d

bar

Where:

{ 1.3 for top and bottom reinforcement d < 300 mm
t

1 for top and bottom reinforcement d > 300 mm } > ¥ =10

W, {(1.2 — 1.4) coated

¥, =1.0
1 uncoated }_) €
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v, {1 if d, =20 mm

0.8 if dy <20 mm} - ¥ =08

{1 for normal weight concrete} 1=10
1.3 for light weight concrete o
ktr =0.0 for footings (no stirrups).
C, =75+14 =89mm
[ktr+CbJS 25
bar

(0+89j _636> 25 use |G |55

14 bar
:>(Ld) 1.0x1.0x0.8 400)(14:329me

- =0.9x X
required 10)(@ 25

Check available length:

B a
(Ld )available = E - E —concrete cover

(Ly)asmianie = % - % ~75=725mm > (L, )

4.13.6 Check transfer of load at the base of column:

¢.Pn = ¢.(0.85fc'Ag)
¢.Pn = 0.65*[0.85* 24 * (400 * 400)] /1000 = 2121.6Kn
But Pu =1860 < ¢.Pn =2121.6Kn

.. Dowels are not required for load transfer.
But use the minimum reinforcement of dowels:
As . =0.005* Ag = 0.005*40* 40 = 8cm®

Use the column bars as a dowels
Select 8d16

AS,, isq =16.08cm* > As.. =8cm’

Req.
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4.13.7 Isolated Footing Detail:

Footing No. (14)
( F14)

Fig. (4-34) Column footing no.(14)
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4.14 Design Of Wall Footing:

4.14.1 Load Calculation :

Weight of wall (D.L.) = (height) *Thickness * 1m wide * vy,
= 24.3%0.2*25=121.5 KN/m

D, =101KN /m.

L, =49KN/m.

= Total dead load =121.5+101=222.5kN /m.

= Total live load =49 kN/m

Loads from one way rib slab = {

4.14.2 Determine the Footing dimensions :
Allowable soil pressure = 400 KN/m?

W total _2225+49
allowable soil pressure 400

Select width = 0.8 m.

Footing width = =0.68m

Assume h footing= 30 cm .
— d = 300-75-12=213mm.

4.14.3 Bearing pressure:
qu= 1.2*Dw+1.6*L
Qu= 1.2%222.5+1.6*49= 345.4 KN/m

0 Py _345.4
Net ~ Area  1*0.8

— 431.75KN \ m?

4.14.4 Design of shear :
Vu =1%(0.3-0.213)*431.75 = 37.5KN.

o =%ﬁ*b*d :0'775* 24%1%0.213=130.4

= (@Vc =130.4) > (V, =37.5) = thickness is enough = 30cm.
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4.14.5 Flexural design

( footing width —wall width jz
)*

2
Mu= (P, 22 = 431.75*% =19.43kN.m
, (12.33} 10
kn = bd*; = oo = 0476Mpa
fy 400 _ 196

m= - = =
0.85*fc 0.85*24

pzi[l— /1_2xmxkn]
m fy

1 [1_\/1_ 2x19.6x0.476

yo,

=— =0.001204
19.6 400

As__ = p*b*d =0.001204*1000* 213 = 256.4 mm?

req
0.25, fc' N 24 * *
D20 ey = 0.25+24 *1000* 213 _652.2mm? /m
Rz 1.4*bw*d 14*;1(;)(;)0*213
As, == == = 746mm’ /m.............. control
fy 400

S < As, = Use As . =746mm’.

* Check of strain:
Tension = Compression
As* fy =0.85* fc*b*a
753*400 = 0.85*24*1000* a

a=14.77/mm
x=2 1477 17 4mm
Bl 0.85
g, = M*O.OO3 =0.0338
17.4
&, =0.0338 > 0.005.............. oK
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4.14.6 Development length of main reinforcement:

X X
ngV/t Ve V/sx fy

L . =0.
( d)reqmred Ax,[fc! {ktr+CbJ

dbar

x db

Where:

{ 1.3 for top and bottom reinforcement d < 300 mm
t

1 for top and bottom reinforcement d > 300 mm } > ¥ =10

(1.2 — 1.4) coated

We{ 1 uncoated }_) te=10

1 if d, =20 mm _
¥s {0.8 if d, < 20 mm} - ¥ =08

{1 for normal weight concrete
1.3 for light weight concrete

} -1=1.0
ktr =0.0 for footings (no stirrups).
C, =cover =d, =75+12 =87mm

ktr +C, <95
dbar o

(O+87j:6.2> 2.5 = use th”cbj:z.s

14

bar

x12 = 282.2mm

(L) g = 09 10x10x0.8_ 400
1.0x+24 25

Check available length:

(Ld )available =300-75=225mm
(Ld )available = 225 < (Ld )required = 2822mm
= S0 a standard hook of (20 cm ) must be used toprovideLd ., .
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4.14.7 Design of Secondary Bottom Reinforcement
Asnin for shrinkage & temperature

ASpin=0.0018 * b * h

Aspin= 0.0018 * 800*300=432mm?”

Select 412 with As proy. = 452 mm2,

Design of dowels bars:

A, =0.0012x1000 x 213 = 255.6mm?’
Use longitudinal shear wall bars

Use ¢ 12@30 cm

Ld = a.pyd,

ZJ_

For ¢12 bars

Ld =200 1x1x1%12
2424

Ld =49cm

Available Ld =30-7.5=22.5cm <49cm

0.24* fy*1.4*0.7* — 1 =19.2cm

NG

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

4.14.8 wall Footing Detail: |

15¢m S.0.G.
Po\veihvlene Sheets 500 micron Thick
15¢cm Compacted Bese coarse

Compacted Selected Fill

#8@15

212@15
1 4812

o

20
65 20

$12@15,L.=105

Fig. (4-35) wall footing detailing
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4.15 Design of Stairs :

“ il

N

~ ~
YD (DD (D) (D)D)
O A PANA AN Y AN UG NSU SN,

GOE@WEH@ER@@EEE
B> B> B>
fiE ]
\
Fig. (4-36) design of stairs
4.15.1 Determination of Stair Thickness:
-L=1.15+3.3+0.5=4.95m.
- hreq = L/ 20.
-Nyeq=495/20=2475cm ............. take h=25 cm.
= Use h = 25cm.
-9 = tan™ (195 / 330) = 30.6°
-Cos 6=10.86
4.15.2 Load Calculations
Live load:
Live load for stairs =4 KN/ m?.
Dead Load:
No. Parts of Rib Calculation
1 Horizontal Tiles 0.03*22*(0.33/0.30) = 0.726 KN/m?.
2 Vertical Tiles 0.03*22*(0.1625/0.30) = 0.3575 KN/ m”.
3 Horizontal mortar 0.03*23 = 0.69 KN/ m?.
4 Vertical mortar 0.03*23*(0.1625/30) = 0.374 KN/ m*.
5 Plaster (0.02*23)/ (Cos 30.6) = 0.802 KN/ m?.
6 Steps (0.1625/2) * 25=2.03 KN/ m*.
7 Slab 0.25 *25/ Cos 30.6 =7.26 KN/ m®.
12.24 KN/m?

Table (4-5) dead load calculation of stair
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Factored load

qu =1.2*12.24+ 1.6%4 = 21.1 KN/ m®,

For one meter Strip, qu =21.1 KN/ m.

Load on landing :-

Dead Load:
No. Parts of Rib Calculation
1 Tiles 0.03 * 22 = 0.66 KN/m?
2 mortar 0.02 * 23 = 0.46 KN/ m*.
3 Sand 0.07 * 17 = 1.19 KN/ m?,
4 Slab 0.25 * 25 = 6.25 KN/m2,
5 Plaster 0.02*23 = 0.46 KN/mz.
9.02 KN/m?
Table (4-6) dead load calculation of landing
Total dead load = 0.66 + 0.46 + 1.19 + 6.25 + 0.46 = 9.02 KN/mz2,
Live load:
Live load for stairs = 4 KN/ m%
Factored load
qu =1.2%9.02+ 1.6*4 = 17.224 KN/ m?.
For one meter Strip, qu = 17.22 KN/ m.
4.15.3 Design for Shear :
g 45.1

-25.3

485

40.3

Fig.(4-37) shear diagram of the stair
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= Assume @ 14 for main reinforcement:-
So, d = 250-20 -7 = 223 cm.

Vu=485 KN.
f'*b, *d
n WC:NTTW

_0.75*/24 *1000* 223 %10

Ve 5 =136.6KN
= Vu=485 KN < @.Vc=136.6 KN.
So the depth of the stair is OK.
4.15.4 Design of Bending Moment :
F=—t
8.3
2675 55.7 1.525
Fig.(4-38) moment diagram of the stair
Mu = 55.7 KN.m.
K = an
b-d
557 x107
L=-03 ___12445MPa .
1000* 223
m oo
0.85x fc'
= L =19.6
0.85x0.24
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* *
p:l L 2R, |_ 1 1_\/1_2 19.6*1.2445 | _ ) 103015
m f, 19.6 400

As req = 0.003212*1000*223 = 717 mm*

I o) - 24
(%) 4(400)
14
f

0.0018* 250*1000 = 450mm?

(1000)(223) = 683mm?

AS min > (bw)(d) = i'—(;:)(1000)(223) =781Imm°.................. control

Use As = 781 mm?.

Use 10 14 @ 15 cm. with As =(1000 / 150)*154 = 1027 mm?2,

Check for strain:

Tension = Compression
A * fy =0.85* fc' *b*a
1027*400=0.85*24*100*a
a=20.13mm
c=2 2018 o3 7mm
S, 085

223-23.7

&, =—————
23.7

&, =0.0252 > 0.005—— 0ok

*0.003

4.15.5 Development length of the bars:

f
L, = y' xaxfxyxd,
2+ F ¢

L, = 400 x1x1x1x1.2 =48.99cm.

224 Ly available > Lg req= 48.99

4.15.6 Secondary reinforcement:

As =0.0018xbxh =0.0018x100x 25 = 4.5cm°

Shrinkage

Use ®10 @ 15 cm ..oveennen...... With As = (100 / 15)*0.79 = 5.3 cm
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4.15.7 Detailing of reinforcement:

V‘

Y EeReREEeEEEHE
- DPEEEEEEEBEE

= W

50 330 115 20

014@15

=457,
o s P
e 130 ==
50165 7, / /
Sa,

5 L=80

914@15 L=160

014@15 L=220

I"L=165
914015 L=615 |15

SECTION (4—4)

Fig.(4-39) Detailing of reinforcement of the stair
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4.16 Design of Basement wall:

| +1.65
a
@ a P
a
3

400

—1.65

36KN/m2 2.5kN/m2

400

12.p

305

70

15

Fig.(4-40) geometry and loads of basement wall

Assuming that
6=130°, y=18 kN/m?

Load from live load (cars , people ) = 5KN/m*
4.16.1 Load Calculation:
K, =1-sinf=1-sin30° =1-05=0.5

e, = 7.hK, =18*4%05 =36kN/m?.
e, = P.K, =5%0.5=25kN/m?,

4.16.2 Design for Shear:
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-65.6
-50.

36.8 34.6

Fig.(4-41) shear diagram of basement wall

Vu=65.6 KN.
Assuming thickness= 25 cm.
—d=250-20-14/2=223 mm.

ANC = %*0.75*ﬁ*b*d = %*0.75*@*1000*223 =136.6kN

¢Vc =136.6KN >>Vu = 65.6kN
= Thickness is enough = 25cm.

4.16.3 Flexural Design:

Fig.(4-42) moment diagram of basement wall

Mu =52.1 kN.m
me_—Y __ 400 .96
0.85fc' 0.85*24

52.1

(]*103
kn=MD _109) _ _;46
bd 1%0.223

p:i(l— 1_2mKnj_ 1 (1_\/1_M]:o_003

m fy | 19.6 400
(As ),eq = 0.003*1000* 223 = 669mm?
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0.25,/fc' 0.25+/24 *1000* 223

Y *ph*d = 200 = 683mm? /m
* * * *
(A =9 ASun _14*bwrd _14+1000*223 =780MM? /M.
fy 400

Asmin =0.0012*b*h = 0.0012*1000 * 250 = 300mm? / m

= use (A;) . =780mm*/m

control

Select ®14@20cm

4.16.4 Design of Horizontal Reinforcement:

A > {ASq, iage = 0.00181000 * 250 = 450mm? /m.

Select ®10@16 cm with As = 494 mm?/m

4.16.5 Detailing of basement wall:

15cm S.0.G.

Polyethylene Sheets 500 micron Thick

15cm Compacted Bese coarse $8@25

Compacted Selected Fill
-

& = 7\7 S
: | CAC WA
b
Basement Floor
9 814@20
$12@20,L=435
212020 | | o
210©16
15em S.0.G.
Polyethylene Sheets 500 micron Thick
15cm Compacled Bese coarse
Compacted Selected Fill
& S
35
$14@20 L=75
—ol0,12, 23 15 0, o B
section ( B—B

410

25

)

410

25

#14@20,L=435

Fig.(4-43) Detailing of basement wall
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4.17 Design of Shear wall:

4.17.1 Calculation of loads:
W ri0or = Total dead loads of the floor .

W Ground Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns &walls +
Weight of lower columns & walls) = 4203 KN

W First Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns &walls +
Weight of lower columns & walls) = 4158 KN

W second Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns &walls +
Weight of lower columns & walls) = 4158 KN

W hird Fioor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns & walls +
Weight of lower columns & walls) = 4158 KN

W Fourth Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns & walls +
Weight of lower columns & walls) = 3755 KN

W Roof Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns & walls +
Weight of lower columns & walls) = 1500 KN

WTotaI =W Basement T W Ground T W First T W Second T w Third T W Fourtht w Roof

4.17.2 Calculation of shear force on *'shear walls”:
From Uniform Building Code 1997(UBC), the total design base shear in a given direction shall

be determine from the following formula :

vew (Eq.30-4)

R.T

The total design base shear need not exceed the following:

102



The total design base shear shall not be less than the following:

V =0.11CalW............... (Eq.30—5)

hn=Haguiding =30.2m
Z=30

R=55

=10

Ca=0.24

Ct=0.0488
Cv=0.24

Where:

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

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.

| = 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 (m) above the base to Level i, n or x, respectively.

Eq...30-8 (UBC)T =C,(h.J"

T =0.0488*(24.65)°'* =0.54
_Cv*l,, _024*10

R*T 5.5*0.54
Not Exceed

* * * *
:2.5 Ca IW:2.5 0.24*1

v, *21932 =1772.3kN

V, *21932 = 2393kN
And Not Less than
V,=0.11*Ca* 1 *W =0.11*0.24*1* 21932 = 579kN
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>V =1772.3 kN ---- Control
Ft =0.07xTxV =0.07x0.54 x1772.3 =67 kN

Table (4-7) calculation of total Fx

282.5 kN F'x Diagram
+20.40 5
- 734.6 kN
+17.10—,
1380 1138.6 kN
® 1446 kN
+10.50 2
- 1656.82 kN
+7.20 1
390 — 1772.3 kN
= @
+0.00
+2040 35.9 kN Vu Diagram 35.9 kN,
5
+17.10 160.7 kN 124.8 kN |
+13.80 298.7 kN 138 kN |
+7.20 — 467.8 kN . 62-3%,
- 508.3 kN 40.5 kN
+3.90 ~o J.o KN
+0.00
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118.5 kN.m

+20.40 ¢ Mu Diagram
S 648.8 kN.m
% 1608.1 kN.m
3 2910 kN.m
2 4427.3 kN.m
1
6102.6 kN.m
G

Tables (4-8) Fx ,Mu and Vu diagram for shear walls

4.17.3 Shear Wall Design Parameters:
Fc =24 MPa
fy = 400MPa. Fy
h=20 cm. Shear wall thickness.
w= 4.55 m. shear wall width
Hx=20.4 m. Story height.

4.17.4 Design of the Horizontal Reinforcement:

VU = 508.3 KN
v, =983 _ 677 73kn
0.75

d=0.8*Lw = 0.8%4.55 = 3.64 m.

= @ =2.275M..ccccee. control.
Critical section at distance < 2
204
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N JZ4

VCl:Txbxd =T*O.2*3.64*103 =561.75KN...coerrrrerrrenn. Control.
fc'xbxd N V24 %103 *0.2*3. *3,
chzw/ xbxd N,xd _24*10°*0.2%364 3110*3.64 _ .o
4 4xL, 4 4*4.55
N, = 3110KN (From ETABS).
[ Jier+ 2N
A/ fc’ |W x h hxd
V= + X
2 M, |, 10
] vV, 2
B *
, 4.55 /24*10° , 27310
_| J24*10° 455*0.2) |,0.2*3.64 _ . \
- 2 6102.6 4.55 10
i 508.3 2

Vs =V, =V, =677.73-561.75=116.03KN

An_ Vs _0.11603*1000
5, fy*d 400 * 3.64

= 0.08mm.

A | _0,0025%1-0.0025200-0.5mm
S L T T e, control
2 Jmin
ﬂ = ﬁ =0.91m =860mm.
S,<<5 5
3*h=3*200=600mMmm......cc.......... control.

Using 2 @10 with As = 158mm?.
158

—=0.5mm=S§, =316mm.
S,

Select S, =30 cm

Use 2010 @ 30cm C/C for the horizontal reinforcement in two layers.
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4.17.5 Design of the Vertical reinforcement:

_ A *
A, =[0.0025+0.5(2. 5—L—)(S i ~0.0025)]§ ,*h

(2 5—h—Wj 05 204 _ o4 e
Lw 43

— A, =0.0025 S, h.
L, 455

= =1.52m =1520mm.
S, <43 3
3*h=3*200=600mMmm................... control.

Using 2 @10 with As = 158 mm?.
158=0.0025* S1 * 200

—§,=316mm =31.6cm

use §,=30cm< S =3L16cm

Use 2010 @ 30cm C/C for the vertical reinforcement in two layers.

4.17.6 Design of Boundary Element:

O 0,007 =5, =0.1428m
20.4

=

w

ool Le __ 455

~ 600(0.007)
600(?] (0.007)

w

Boundary Element Length (S) =C -0.1*L, =1.083-0.1*4.55=0.63m > [ 5

= Boundary Element Length = 65cm
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Current vertical reinforcement (A, ) = %*2*79 = 2396.3mm>.

(,/SI\/In:O.Q*{O.S*Aﬂ.fy* Lw{l—%ﬂ

W

Where :
Z_ 1 _ L ~0.054
L, |, 085% A c*L, *h ||, 085%0.85%24%455%02

_l_
ATy 2396.3* 400

AMn =0.90.5% 2396.3*10°° *400* 4.55* (1 — 0.054)| = 1.86MN.m

Mu = 6102.6 —1860 = 4242.6kN.m

Mu 4242.6 *103
_ /¢ _ ( 49) — 3022mm?
400(L,, —(S)) 400(4.55-0.65)

Ast

(Ag ) = 3022 +4*79 = 3338mm?

Use 12020 with A =3768mm?
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4.18 Design of retaining wall :-

4.18.1 Retaining Wall Design Parameters:

¢ =30°

y =18kN/m?

Ka— (1-s!n¢) _ 1-5|_n30 _0.33
(1+Sing) 1+5sin30°

KD — (1+sing) _ 1+5in30° _3
(1-Sing)  1-sin30°

Eph

@ :angel of frection eph

ea=Ka*y*H KN /m?

Ea=ea*ﬂ

eap=Ka*p KN /m?
Eap=eap*H

ep=Kp*y*H' KN/m?

H
Ep=ep*—
P=ep"=

4.18.2 Load Calculation:

ea=0.33*18*2.3 =13.7

Ea=0.5*13.7*2.3=15.8 kN/m = 15.8 kN ( for one meter strip)
eap=0.33*5 = 1.65

Eap = 1.65*%2.3= 3.8 kN/m = 3.8 kN( for one meter strip)

ep = 3*18*0.5=27

Ep = 0.5*27*0.5=6.75kN /m = 6.75 kN ( for one meter strip)

4.18.3 Estimation of depth footing:

H=0.1h

H=2.6

hp=01*26=026m................... Take hp = 0.3m
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4.18.4 Estimation of thickness of wall:

4.18.4.1 Internal forces calculation:
M =3.8*%1.15+15.8*0.77 = 16.6 KN.m
Mu = 1.6*16.6= 26.6 KN.m

Mn = @ =29.6KN.m
0.9

p=0.5p max
p=05*.02=.01

fy 400

0.85*fc 0.85*24

Kn = .01 (400 (1-.5* .01*19.6)) = 3.6

Mn 29.6x10°
n= =
bd? 1000xd?

= 3.6Mpa

d=91mm

hreq = 91+ 75 +2= 174 mm
select h=25cm

d =250-75-> = 167mm

4.18.5 Design of wall reinforcement :
Mu = 26.6

Mn = 26 =29.6KN.m

0.9

6
ao M _ 206x10° oo
bd?  1000x167

m = fy = 400 =19.6
0.85*fc  0.85*24

o (1_\/1_2><19.6><1.06J:O_0027

T196 400
ASge, = p*b*d =0.0027*100*16.7 = 4.5cm* /m
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1.4 1.4

= =5.65cm?/m............ control
fy (b)(d) 400 (100)(16.7)

As,. > E(b)(d): V24 (100)(16.7) =5.11cm? /m
4(fy) 4(400)

A (for shrinkage and temperature) = 0.0018*100* 26 = 4.68cm” /m

Select ®12@20 cm

4.18.6 Design against overturning:

_ Standing moment -
overturning moment
Ms : S tan ding moment

Mo : overturning moment

* Design overturning
We select the ideal shape and we design the overturning for one meter

strip:

ea = 0.33*18*2.6 =15.5
Ea =0.5*15.5*2.6 = 20.2 Kn ( for one meter strip)

eap=0.33*5= 1.65
Eap = 1.65*%2.6 = 4.3kn/m = 4.3 kn ( for one meter strip)

ep = 3*18*0.8 =43.2
Ep = 43.2*%0.8*0.5 =17.3kn/m = 17.3 kn ( for one meter strip)

Ww = 0.25%2.3*1*25 = 14.8 kn
WF = 0.3*L*1*25 = 7.5L
Wel = 18*2.3(2 L-.25) = 27.6L — 10.35

We2 = 18*0.5*§L =3[
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Moment about point B

*Qverturning moment :

4.3 %13 +20.2%0.866 = 23 kn.m Mo ﬁ ‘M
_ S
*Standing moment:

Ms =ww (5 L + 0.125) + Wf(0.5L) + Wel (3L +0.25 + (L — 0.25) + 0.5) =

=21.95L2+8.45L-2.05

_ Standing moment -
overturning moment
Ms : S tan ding moment

Mo : overturning moment

Ms
23

46 = 21.95L.%+8.45L-2.05
L=129m ....ccoviiiei. .. Take L=1.3m

Mo =23 Kn.m =2 Ms =46Kn.m

4.18.7 Design against sliding :

Re ac_tlon 515
Action
Ep+F:

Ea+ Eap

Fr=2v *tan®

>15

2v = wf +ww+wel

2v=50Kn

F:=28.9 Kn
Ff+Ep=28.9+17.3=46.2Kn
Eap + Ea=20.2+4.3=245 Kn

% =1.9>1.5............Safe against sliding

4.18.8 Design of bearing pressure :
Xmo =23Kn.m
ms= 21.95L?+8.45L-2.05
=21.95 % 1.32 + 8.45 x 1.3 + 2.05
= 50.13 Kn.m
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Yv =50Kn

_ B EIMR-IMo
e=-—

2 v

_ 13 50.13-23
2 50

= 0.10m

_Ev 1_I_6e

amin=2(1-%)

_50 . 6+.10
qmax = 73( 13

= 56.2Kn/m*
50 1 6 *.10
gmin = 73 13

= 20.7 Kn/m”

)

<400 Kn/m® i, ok

4.18.9 Design of footing :
Pu=1.2D+16L

Pu=12 ( Ww+Wf) + 1.6 (Wel)
Pu=1.2(14.8+9.75) + 1.6(25.53) = 70.3 Kn

MRuc =20.2 *% *1.6+43%13%1.6—2553%0.332+1.6+14.8%x0.092*1.2 =

25kN.m
741/,7
Eccentricity
== 2 — 035m urc
v 70.3 |
70.3 6 * .35 ,
gmax = (1 + ) = 141.5kn/m
1.3 1.3 C
_ _70.3(1 6*.35)_ 33 ken/m?
mmn =13 13 )~ n/m
<400 Kn/m2 ......................................... ok

Since gmin is negative value , the flextural formula is not applicable , then we use
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4Q

gmax =

31(B-2e)
4%70.3

M = 3 s —2+35) 07

Iv=20

1
S @@O -~ (puw) =0

%(156.3)((1)(1) — (703)=0

d=0.9m

4.18.10 Design of shear:

d=300—75-12—4=218mm but (q)atd =

jH IH
Eg _ IG

0215  IH
09 1563

VU =0.215 *1*119 + =+ 0.215 * 1% 37.3 = 30 Kn
N, :%\/ﬁ *ph*d =%* 24*1*0.218*1000 =131.6Kn

= (¢vVc =131.6)> (V, =30) = thickness is enough = 30cm.

— IH =373 but 1563 —37.3 = 119 Kn/m®

O &
0,62
P 043 P
P!
i !
| -
O i

In otherdir Vu = (0.616 — 0.218) * 1% 2.3 %18 = 14 Kn it is safe for shear .

4.18.11 Design of bottom reinforcement at section 1-1:

0.433 x

_ _ 2
09 — 1563 - x =752 Kn/m

Mus1 = (81.1 *(0.433 * 1

h=30cm d=0.218m

Mn = 12.3 =13.6KN.m
0.9

fy 400

0.85*fc 0.85*24

but qS1 = 156.3 — 75.2 = 81.1 Kn/m?
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6
n= Mr21 _ 136x10 _ = 286Mpa
bd? 1000 218

Lo [1_\/1_2x19.6x0.286j=0l00072

T 106 400
ASge, = p*b*d =0.00072%100*21.8 =1.57cm? /m
) fc'
As min=Y""_(b)(d)
4(fy)

As min :ﬂ(looxw =7.34
4(400)

14 ~
As min _M(looxm =8.4

1.3%x1.57 = 2cm2/m
AS (for shrinkage and temperature) = (0.0018) (100) (30) = 5.4 cm2/m

Select ®12@20 cm

4.18.12 Design of top reinforcement at section 2-2:

6
Mus2 = *0.616 *x 1 * 2.3 18 = 7.85Kn.m

From previous section (1-1),the value of moment will be greater than moment in these section

SO

Select ®12@20 cm

4.18.13 Development length of main reinforcement:

(g —0ox Ve s, W g
required Ax./ fc' {ktr+CbJ
dbar

ktr =0.0 for footings (no stirrups).
C, =cover +d, =75+12=87mm

ktr +C, <95
dbar o

(01287j = 7.25> 2.5 = use (ktr G J _25

bar
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1.0x1.0x0.8 400
= L : —09X X
( d)reqwed 1.0x~/24 2.5

(Ld )available =433 -75=358mm
(Ld )available =358 > (Ld )required = 282.2mm.
= So No standard hook is requar

x12 =282.2mm
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List of Abbreviations

As = area of non-prestressed tension reinforcement.

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.

DL = dead loads.

LL = live loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

Fy = specified yield strength of non-prestressed reinforcement.
h = overall thickness of member.

I = moment of inertia of section resisting externally applied factored

loads.

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.

M = bending moment.
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Mu = factored moment at section.

Mn = nominal moment.

S = Spacing of shear in direction parallel to longitudinal reinforcement.
V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

W = width of beam or rib.

@ = strength reduction factor.

p = ratio between area of concrete to area of steel .
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