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Abstract

Structural Design of Al-Mostaqbal Elementary
School in Hebron City

Prepared By :

Alla’ Sweity Motaseb Jebreen
Zaid Baradeia Osama Abu Amriah

Hebron is a large city and is growing fast with its population, so schools are
needed to contain all of the new students that anticipate every year, and as we believe
building new educational facilities are urgent and essential priority, so we proposed
to structurally design “ Al-Mostagbal Elementary school “.

In this project many useful previous studies will be used as guidelines, to
guide us through the project, such as following instructions and being guided by our
supervisor Dr.Haitham Ayyad, studying old graduation projects, and studying books
which care of designing of school.

After pensive studying of the architectural plans, elevations and sections,
modifying what needed to. Our structural work started with the distribution of
columns, and beams through the whole project. We will try to determine the loads
affecting the building, and leads to choose the best construction system that fits all of
the structural elements, and finally get the structural plans out of this work.

The Jordanian Construction Code will be used in the process of designing this
project and in determining live loads, where ACI-318-05 code is used in structural
analysis, and design of some structural elements. Some of the software will be used
also in this project like Al-Atir, Office 2013, Staad-Pro 2007, Safe,Etabs,Beam-d,
and Autocad 2014.

Putting all of this work together, starting from studying of architectura plans
to the design of the last element of the building and get this building out to lifeis the
eventual goal of the project.

Thank you ©
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.
Ag = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

At = area of oneleg of aclosed stirrup resisting tension within a(S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

C. = compression resultant of concrete section.

Cs = compression resultant of compression steel.

DL = dead loads.

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

Ec = modulus of elasticity of concrete.

f. = compression strength of concrete .

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction,
measured face-to-face of supportsin slabs without beams and face to face of
beam or other supportsin other cases.

LL =liveloads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nomina axial load.



Pu = factored axial load

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

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

Woc = weight of concrete. (Kg/m3).

W = width of beam or rib.

Wu = factored |oad per unit area.

@ = strength reduction factor.

€. = compression strain of concrete = 0.003mm/mm.

& = strain of tension sted.
&€= strain of compression stedl.

p =ratio of stedl area.
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Chapter 4

Structural Analysis& Design

4

4.1 Introduction.

4.2 Deter mination of Slab Thickness.
4.3 Deter mination of Factored L oad.
4.4 Design of Topping.

4.5Design of one way Ribbed slab.

4.6 Design of Tow way Ribbed slab.
4.7Design of Tow way Solid slab for well.
4.8 Design of Beam(2, G).

4.9 Design of Beam (36, F1).

4.10 Design of Short Column.

4.11 Design of I solated Footing.
4.12Design of Strip Footing.

4.13 Design of Mat Foundation for Well.
4.14 Design of Well Wall.

4.15 Design of Stairs.

4.16Design of Shear wall (W26).



4.1 Introduction

Concrete isthe only major building materia that can be delivered to the job
sitein aplastic state. This unique quality makes concrete desirable as a building
material because it can be molded to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When
concrete structure members must resist extreme tensile stresses, steel suppliesthe
necessary strength. Steel is embedded in the concrete in the form of amesh, or
roughened or twisted bars. A bond forms between the steel and the concrete, and
stresses can be transferred between both components.

In this project, all of design calculation for all structural members would be
made upon the structural system which was chosen in the previous chapter.

S0, in this project, there are Two types of dabs. One way solid slab, one way
ribbed slab. They would be analyzed and designed by using finite element method of
design, with aid of a computer program called "ATIR- Soft ware " to find the internd
forces, deflections and moments for ribbed slabs and by using the previous program
and Etabs, Safe, and “STAAD pro” to find the internal forces, deflections and
moments for the all structural element in order to design it. And programs to find the
internal forces, deflections and moments for One way solid slab, and then handle
calculation would be made to find the required steel for al 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-318-08code.
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4.2 Determination of Slab Thickness
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Figure (4-1): Ground Floor Slab.
Determination of Thicknessfor One Way Ribbed Slab:

According to ACI-Code-318-08, the minimum thickness of nonprestressed beams
or one way slabs unless deflections are computed, given in table (9.5-a), as follows:

hnin for one-end continuous = L1/18.5 (eg.4.1)
=585/18.5 = 31.6 cm.

hnin for both-end continuous = L2/21 (eg.4.2)
=570/21=27.1cm

select h = 32cm with 24 cm block and 8cm topping For al one way ribbed slabs.
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Deter mination of Thicknessfor Two Way Rib Slab:

I Y
P | I S | IS, DA O e T
Y G | I T T Y 1]
L ]| iy | o e L]
R | T _II_:II___ = L
PR | | T | L
L Ll _Ii_ e ] [ 11

"JAEREEE - ERHRF
2 el fo= 7
e | Tl == 1
I i | P _ll__;,F__ 17

i (g | TH- -l =
| I | I O | miriuri | T | O | O I 1
| | I I | I Y | | N | |y o 1|
AT A I 1 rrir1i—1—ir

(EHRE SRR

&

_ * BA* * AT
Yrib:8 64* 4+14* 35 25'5:14.51cm

8* 64+14* 35

64x8% 14x35°
| o = 12 +

+8%*64*10.51° +14* 35*10.99°
| ., =168489.3cm* /b =16.849*10"*m?/rib
Ybeam=30cm

l,, = %* 0.8* (0.6)* =14.4* 10 °m*

36

(eg. 4.3)



 16.849x10*

x10.26 = 270.1x10*m*
0.64

sl

4
l,= %x 9.53=250.9x10"*m"*

-3
1446100
ly 270.1*10 (eq. 4.4)
o, o 144x10°
I 250.9%x10

a,+a, 0.53+057 _ 055

2 2 (eg. 4.5)
02<a <2=>0.2<055<2

afm:

According to ACI-code:

L, 1026
h, = M08+ y/1400) ¢y 318 02 (Eq 46)b = —2=———=1.077
36+5b@,, —0.2) L, 953
(eq. 4.7)
 _1026" (08+420/1400) o oon o4

" 36+5*1.077(0.55-0.2)

|, = 1—12 0.5* (0.6)° = 90* 10 *m"

~ 16.849x10™*

x5.13=135x10"*m"*
0.64

s3

4
I, = % x 4.765=125.45x10""m"
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-3
Yo o A0 66
l, 135%10
_ 9x107°

a p— _—
2 1, 125.45x10™

a,=
(eq. 4.9)
0.71

a,+a, 066+0.71
a, = = =0.69
fm 2 2 (eg. 4.5)
0.2<a <2=>02<069<?2

According to ACI-code:

o In(0.8+ fy/1400)
™ 36+5b(@,, —0.2)

ACI-318-02 ( Eq: 4.6)

L, 10.26
b=—2=""22_1077 47
L, 953 (eq-4.)

~10.26* (0.8+ 420/1400)

= =0.29M < 0.43m
36-+5*1.077(0.69-0.2)

hy

Select for two way rib slab in ground floor, The Thickness Rib Slab = 43 cm with
Bomus block 35cm & Topping 8cm.

4.3 Deter mination of factored L oad

The factored loads on which the structural analysis and design is based for
our project members, is determined as follows:

qu=12D.L+16L.L. (eg. 4.8)

4.3.1 Deter mination of Dead |oad

@ 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:
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e way ribslab —, Sl bikiayer & Tomrguabuz Bar’s —,
;

Fig. (4-3) One way ribbed dab

Effective Flange width ( b ) ACI-318-11 (8.10.2)

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

b =L/4=250/4=625cm
b =12+ 16t=12+ 16 (8) = 140 cm
b.=52cm  Control

be For T-section =52 cm.

Calculation of the total dead load for one way rib dab is shown in the following table:

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

Partsof Rib Calculation

1 Tiles 0.03*23*0.52 = 0.3588 KN/m
2 Morter 0.03*22*0.52 = 0.343 KN/m
3 Coar se Sand 0.07*17**0.52 = 0.619 KN/m
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4 Topping 0.08*25*0.52 = 1.04 KN/m

5 RC. Rib 0.24*25*0.12=0.72 KN/m

6 Hollow Block 0.24*10*0.4 = 0.96 KN/m

7 Partitions 2.3*0.52 = 1.196 KN/m

5.24 KN/m/rib

*R1,Gisaroof dabribi.e thereisnotilesand mortar.

Nominal Tota Dead Load:
D.L. ioa =0.3588 + 0.343 + 0.619 + 1.04 + 0.72 + 0.96 + 1.196 =5.24 KN/m of rib

Liveload=5%* 0.52 =2.6 KN/m of rib

4.3.2 Deter mination of factored dead & liveload
Factored dead load = 1.2*Dead load = 1.2¥5.383 = 6.46 KN/m of rib.

Factored Liveload = 1.6*liveload = 1.6*2.6 = 4.16 KN/m of rib.

4.4Design of Topping:
Used fy =420 MPa & fc'=24 MPa

Calculation of the total dead load for topping is shown in the following table:

Table (4 — 2) Caculation of the total dead load for topping.
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No. | Partsof Rib Calculation
1 Tiles 0.03*23*1 = 0.69 KN/m
2 Morter 0.03*22*1 = 0.66 KN/m
3 Coar se Sand 0.07*17*1=1.19KN/m
4 Topping 0.08*25*1=2.0KN/m
5 Partitions 251 =25KN/m
6.84 KN/ m

Live Load Calculation 5*1 =5 KN/m
Total Factored Loads;

W,y = (L2* 6.84) + (1.6 * 5) = 16.21 KN/m?

Assume slab fixed at supported points (ribs):

W, *|2
12

~olbom ok [ E7on] —

M= (eg. 4.9)

_16.21* 0.4°

My =0.216 KN.m/m of strip width

f.'=24(Mpa)
fr=0.42x,/fc'(MPa) ACI-318-02 (eg. 4.10) Fig. (4-4) Toping of slab

fr = 0.42x v/24(MPa) = 2.06 MPa
=2.06x107%x10° = 2060 KN / m?

2 2
Sm= bg _1.00x(008%)_ 1.06x10°° m’ (eq. 4.11)
anfr* Sn (a:] 412)

M, = 2060* 1.06x107° = 2.184 KN.m
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®M,=0.55* 2.184=1.201 KN.m
Where® =055 ...... for plain concret .

® Mn=1201 KN.m>>Mu=0.216 KN.m

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 * 1000* 80 = 144 mm?/1m

Try bars ® 8 with As=50.27

Bar numbers n = AS 144 _ 2.87

AS8 5027
Take 3 ® 8 with As=150.8 mm2/m strip or ® 8 @ 300mm

In both direction step (S) isthe smallest of :-

1) 3h=3*80=240mm............controls
2) 450mm
3) s=38 (@J ~2.5Cc =380 =20 |_2.5x20 = 330 mm but
fs £ 420
3
s< 300(@j =300 5 280 | _ 300mm
fs 3 x 420

4) Take® 8 @200mm in both direction S= 200mm<Smax =240mm

4.5Design of oneway Rib ((R1-G) at groundslab):
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(eq. 4.14)

(eq. 4.15)

(eq. 4.16)



By using ATIR program we get the envel ope moment and shear diagram as the

follows:-
Rib [1.5] - 4
| z 4
al al .
r_l T 1 V_‘
i T 1 T 1
o Y
0.5 5.05 0.8 35 0.8 505 0.5
! I ! 57 ! ! 43 57 Il
B2,
B |
1z.
a-&
Fig. (4 - 5) spans diagram for rib (1, G)-(KN.m).
WMaoments: spans 710 o
0.6 0.6
AT ,ﬁrﬁ'\__z' : i ,-"'ﬁ‘&l A74
Fi .'\-,_‘__\_ ______.-' "'-.\.
A8 ——— T 1.6,

L = 1 1 J (i |
Y S 0.sd .02 T — T T A
¥ ; . Yo
'\\__ h i
| 2.67 WI-? 1.1z 216 3% 3.13 3-’-:-7 255 |
I T T 1

Fig. (4 - 6) Moment diagram for rib (1,G)-(KN.m).
Bhear
35,1
e 283 254
o ARZ T 198
..-""'-' - -~ ‘_._.-"J
| = = T T ::: T ~ |
o G - F o
" 18.8 L7102 __..a"'f
5.4 5.3 Y
281

Fig. (4 - 7) Shear diagram for rib (1,G )-(KN)
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TENE CTEOE s 1

Cead load - Service Umits: kN, meter
B.2d4 6. 24 B pa
W L' L4 L* ' 2 A" a k. ' o %]
] 6.7 A 4.3 6.7
Live load - Service Load factors: 1,20,1.20/1.60.0.00
2.E0 2.80 2.}0
i ¥ Y ' ] b y e 0 " | 4 ] ] i i i i
A 87 43 57

Fig. (4 - 8) Dead and Live loads diagram for rib (1,G )-(KN)

4.5.1 Design of Positive Moment for (Rib 1, G): (Mu=30.7 KN.m)

» Use My max positive for span =30.7 KN.m

Use @ 10:

d=h-cover-di2=320-20-8 (10/2) =287 mm

Check if a> hy

M= 0.85 fcb by (d — h/2) = 0.85* 24*520* 80(287 - 80/2)* 10°° (eq. 4.17)

Mps = 209.61 KN.m > M/ @ = 30.7/0.9=34.11 KN.m =>» a<h;

» This section will be designed as rectangular section with b = 520 mm

fy 420
m= - _ 2058 418
0.85fc  0.85(24) (eq-4.18)
Mu 30.7+10°

Rn - _ _ 0.796 MPa 419
fbd? 0.9* 520 * 287 2 (eq. 4.19)

* *
c_Afy f_2mRn | 1 1_\/1_2 20.58*0.796 | _ o 0119337
m fy 20.58 420

A s = 0.0019337*520* 287 = 288.58 mm2 (eq. 4.20)
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Check for Asmin

Asmin= */_ (bw)(d) ACI-318 (10.5.1) (eq. 4.21)

Asmin= V24 (120)(287) =100.42mm?
4(420)

.14
A =——(bw)(d .4.22
smin (fy)( w)(d) (eq )

Asmi n=% (120)(287) =114.8mm* controls

ASeq=288.58 mm? > ASyin= 114.8 mm? oK

#of bars= Ag/ Aspy = 288.5/153.94 = 1.87 * Note Agiq = 153.94 mm?

Select bottom bars 2914

* Check Strain:

Tension = Compression

A x fy=0.85x f_'xbxa (eq. 4.23)

307.9x420=0.85x24x520x a

a=12.19mm
X= a —— =14.34mm ,d=320-20-8-14/2 = 285 mm
0.85
e, = M x 0.003=0.0566
14.34

e, = 0.0566 > 0.005

For any moment lessthan (30.7 KN.m) Use bars 2014
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4.5.2 Design of Negative Moment for (Rib 1,G): (Mu="21.3 KN.m)
Mu =-21.3KN.m

Mn =21.3/0.9=23.67 kN.m

Use@10and d=287 mm

Design of T-section for negative moment as rectangular section with
(b=by,=120mm).

m = 20.58

_ Mn _ 21.3*(10)°
bd?  (120)(287)°

* *
r _ 1 1 2mRn ) 1 1_\/1_ 2* 20.58 * 2.394 _ 0.00608
m fy 20 .58 420

= 2.394 MPa (eg. 4.19)

A s = 0.00608* (120) (287) = 209.395 mm>> A smin = 114.8 mm”

Use @ 12 with As= 113 mm?

# Of bars = As/ Aspar = 209.395/113= 1.85 * Note Aprz = 113 mm?

Select bar 2 ¢ 12

Total AS (providg = 226Mm?> Aseq 209.5mm*  O.K

* Check strain:
Tension = Compression
A x fy=0.85x f 'xbxa (eg. 4.23)

226x420=0.85x24x120x a
a=38.77/mm

wo & 3817 oerm
0.85 0.85
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o _286-4561
*T 4561
e, =0.0158> 0.005

x 0.003=0.0158

Ok...

For any moment lessthan -21.3 Kn.m Use bars 2912

4.5.3 Design of Shear for (Rib 1,G) :

The maximum shear force at distance (d) from the face of support

Vu=28KN ............ from Shear diagram for rib (1,G)
Jic
dVc= ®* 6 *bw*d (eq. 4.24)
J24

=(0.75* 6 *120*287)*1.1¥10° = 23.199 KN

Vu =28 KN> ® Vc=23.199 KN

® Vsmin > 0.75(%)* bw * d :O.75*(%)*120*287*10'3: 8.61KN. (eqg. 4.25)

V24 V24

® Vsmin = 0.75 (T) *bw*d=0.75* ST * 120 * 287 *10°= 7.91 KN.
®dVsmin = 8.61 KN. (eg. 4.26)

(P Vc +® Vsmin) = 23.199 + 8.61 = 31.809KN >Vu = 28 KN
Minimum shear reinforcement is provided ( Ay min)
Use 2 leg ® 8 with A, = 50*2 = 100 mm?

Av 1 bw
2= >

Sy 3Ty

(eq. 4.27)
Av 1 fc’
27 >

> x bw
Sie 16 fy

47



s <% <600

2

-6
ﬂzib_\’": Sreq _ 3x2x50%x10™° x 420 _1.05m
S, 31y 0.12
fc’ -6

ﬂzi (o bW Sreq _ 2x50x10 x16><42021.14m
S, 16 fy V24 x.12
S SE <600= S, _ 287 =143.5mm

2 2

Then Select S=14cm <g=14.35 ............... ok

4-6 Design of Tow way ribbed dab:

4-6-1 Dead L oad Calculation for slab (R8-G):

Tiles 0.03*0.64* 0.54* 22 = 0.228 kN/0.64* 0.540f rib
Mortar 0.02*0.64* 0.54* 23 = 0.159 kN/0.64* 0.540f rib
Sand 0.07*0.64* 0.54* 17 = 0.411 KN/0.64* 0.540f rib
Topping 0.08*0.64* 0.54* 25 = 0.691 kN/0.64* 0.540f rib
Block 0.5+0.35*0.4*6 = 0.42 KN/0.64* 0.540f rib

Rib 0.35%0.14* (0.64+0.4)* 25 = 1.274 kN/0.64* 0.540f rib
Plaster 0.02%0.64* 0.54* 23 = 0.159 kN/0.64* 0.540f rib
partition (1.5) (0.64) *0.54 = 0.519 kN/0.64* 0.540f rib

Dead Load 3.861 kN/0.64* 0.540f rib

Dead Load per unit area= 3.891 / 0.64*0.54= 11.26 KN/m?

Live Load =5 KN/ m?
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0, =1.2 D =11.26%1.2=13.51kN/m?
q, = 1.6 L = 5*1.6=8 KN/m?
q, =21.51 KN/m?

bw =14cm, h = 43cm
d =430-20-8-16=386mm
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Figure (4-9): two way rib dab.
4.6.3 Design of shear:
Coefficient method:
La/ Lb =9.53/10.26 = 0.93
From Table (12-6) :
Case (4)
W,=0.38 by interpolation

W,=0.43 by interpolation

V.= q,* La*W, *(0.52/2)

ua

V,, = 21.51* 9.53*0.38 *(0.54/2) = 21.03 KN

V,, = 21.51* 10.26 *0.43 *(0.64/2) = 30.37 KNcontrol
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= % *140* 0.386 =44.12KN

® Vc= 0.75*44.12= 33.09KN

1.1dVe>Vu

Item 1 &2 is suitable (No shear reinforcement is required).

use2leg @ 8/30cm c/c montage.

4-6-2 Designs of moment:

— Design of positive moment:
La/ Lb =9.53/10.26 = 0.93

From table (12-4)

Assume Case (4)

C,, =0.0318

Cya =0.0228

Moo = Cau * G * (LB)?
Mpa = Coq * Gy * (LD)?
From table (12-5)

C,.. =0.0374

C,.. =0.0272

My =Col " O * (La)2
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(eq. 4.24)

(eg. 4.29)

(eq. 4.30)

(eq. 4.31)



Mpo =Gl * Oy * (Lb) (eg. 4.32)

= (M, + M, ) *0.64 (eq. 4.33)

a,pos

={(0.031*13.51* (9.53) ?) +(0.0374*8* (9.53) )} *0.64= 41.73 KN.m/rib

=(Myy + My, )*0.64 (eq. 4.34)

b ,pos

={(0.0228* 13.50* (10.26) %) +(0.0272*8* (10.26) %)} *0.64 = 35.41 KN.m/ rib

M, = 41.73KN.m

apos

Mn, =0.85 = fc = bf =tf= d -7 (eq. 4.35)

.08

Mn, =0.85* 24* 0.64* 0.08* 0.386 —— * 10°=361.4KN.m

® Mn,=09* 361.4=325.26 KN.m>>M

a,p0s
rectangular section

Design as arectangular with b = 64 cm

M 41.73

Mn= —28 = = 46.37 KN .m
(0] 0.9
= (£ )= %(bw)(d) ..................................................... (ACI -10.5.1)
V24 1.4
, 14)38.6)> ——(14)(38.6 . 4.36
B = 1o 04(386)> 2L 04300 (0. 430
As . =157cn? <1.8cnT............. the larger is control
As,. =1.8cn?
Kn= ﬂ
b*d?
* -3
= 430" _ 4 4863 Mpa
0.64* (0.386)
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fy 420

m = - = = 20.588
0.85* fc'  0.85* 24
1 2mKn
p=—(@1- [1- ) (eq. 4.20)
m fy
0= 1 1- \/1_ 2(20.588)(0.4863) )=1.172* 10°
20.588 420
Areq=p*b*d=1172* 103 * 52* 31.5=2.9 cm? (eq. 4.13)

2.9cm?> As,,, =1.8cn?

Use ® 16>> # of bar = 22—(;91 =144 * Note Agp1s = 2.01cm?

Then select (2) bars ® 16 A provided = 2* 2.01= 4.02cm’

e Check for yielding

Tension = compression
As* fy=085* f.*b* a

402* 420 = 0.85* 24* 640* a
a=12.93mm
x= 2 1298 15 o1mm
b, 085
o — 386-15.21
s 15.21
e, =0.073>0.005

X0.003

= Ok
Use 2®16 mm , As =402 mm? iny direction

Use 2 16 mm , As =402 mm? inx direction

— Design of negative moment:
Maneg= (Coneg ™ A * %2 *0.64) (eg. 4.37)
=0.058*21.51*9.53%¢0.64= 72.52 KN.m/ rib
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My neg= (Coneg ™ & * L * 0.64) (eq. 4.38)
=0.042*21.51*10.26* 0.64= 60.86 KN.m / rib

Select 2 ® 18 mm in long direction Asd 18=254.47mm”
T=C

508.94* 420=0.85* 24* a* 140 ..o a=74.84mm

® Mn=0.9*508.94* 420* (386-74.84/2)=67.05 KN.m> 60.86KN.m ok

Select 2 ® 20 mm in short direction AS® 20=314mm_

T=C

628*420=0.85*24*a* 140 .. 8=92.35mm

® Mn=0.9*628* 420* (386-92.35/2)=80.67 KN.m=> 72.52KN.m ok

4-7 Design of Tow way Solid slab for well:

4-7-1 Deter mination of L oads:

Plaster = 0.02* 23 = 0.46 kN/m?
Slab =0.2* 25 =5KkN/m?
Sand+mortar-+tiles=2.32K N/m?

D.L = 7.78kN /m?
L.L=5kN/m?

%o =12 DL =1.2+7.78= 9.34 kKN/m?
Q=161 .L=165=8KN/mM?

qu =17.34KN /m?
For Im Strip in X & Y direction qu=17.34 KN/m
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Lb=10m
La=6m

L_b:E:1_67< 2.0
La 6

.. Tow way

Sdect h =200 mm > hyin= 125 mm

b =100cm, h = 20cm
d=200-20-10=170mm

{96

4-7-2 Designs of moment

— Design of positive moment:
La/ Lb=6/10=0.6

From table (12-4)
Case (1)

C,q =0.081
C,q =0.01
Mag = Coa * Qo * (La)2

Mpa = Coa * Ao * (Lb)2
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Figure (4-10): two way solid slab for well.

b e |

(eq. 4.29)

(eq. 4.30)



From table (12-5)

C,,, =0.081
C,,, =0.01
My =Col * Q. * (La)2

Mb,LL bLL B T (l—b)2

= (Mo + Myy,)

M pos
={(0.081*9.34*(6) %) + (0.081*8* (6) %)} =50.56 KN.m/rib
Mppos= (Mg + My 1)
={(0.01*9.34*(10) ?) +(0.01*8* (10) %)} = 17.34 KN.m/rib

M, = 50.56 KN .m

apos

M
Mn= —2%% = 50.56 =56.18 KN .m
) 0.9
N 1.4
As. =Y = (b)d)===(b)d )i (ACl —10.5.1)
4(fy)( Xd)= = (b)d)
V24 1.4
in = —— (100)17)> ——(100)17
Ao = a3 100K17)> 4 000)27)
As., =496<567............. the larger is control
As,., =5.67cnt
Kn= ﬂ
b* d?
* -3
kn= 218107 _ 1 944 Mpa
1* (0.17)
fy _ 420 _ 20,6

T 085* fc  0.85*24
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2mKn
fy

p= i a-.1- ) (eg. 4.20)
m

0= 1 1- \/1_ 2(20.6)(1.944)): 4873 10°
20.6 420

Asreq=p*b*d=4.873* 10%* 100* 17 = 8.284 cm? (eq. 4.13)

8.284cm?> As,, = 5.67cnT

Use ® 16>>>8.284/2.01 = 4.12 * Note Agi6 = 2.01cm?
Useld 16 @20cmclc .............. with As=(100/ 20)*2.01 = 10.05 cm?.
Asprovided = 10.05> Asreg..........cveeneenn.....OK.

e Check for strain

Tension = compression
As* fy=085* f.*b* a

1005* 420 = 0.85* 24* 1000* a
a=20.7mm

x= & _207_5pa5mm
b, 085

170—-24.35

g =
24.35

e, =0.018 > 0.005

X0.003

= Ok
Useldle@20cmc/C ..coven....... in X direction
Useld 10 @20cmclc .............. in y direction

— Design of negative moment:

ASgirvage = 0.0018x bx h = 0.0018x100x 15 = 2.7cm?

Useld 14 @20cmc/C .oovennnn. ... in X direction

Useld 12 @20cmclc .............. iny direction
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4.7.3 Design of shear:
La/ Lb=6/10=0.6
From Table (12-6) :
Case (1)

W, = 0.89
W,=0.15
V= 0,* La*W,

V,=17.34* 6*0.89 = 92.6 KN control

V,,=17.34* 10*0.15=19.07 KN

Vc= @ b*d

_ 2
6

*1000 * 0.17 =138.8 KN

® Vc= 0.75*138.8= 104.1KN

dVe >Vu

.. No Shear Reiforcement Required.

4.8 Design of Beam (B2, G):

4.8.1 Load calculation for (B2, G):

* Thedead load calculations:- (from Rib 1,G)

(eq. 4.28)

(eq. 4.24)

The max support reaction (Service) from dead loads for rib upon beam is (28.7KN)

Wp, from Rib =28.7/0.52 =55.19 KN/ m
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The width of the beam is (0.8m), the weight of the beam and the weight of the floor

layersis:

Table (4 - 3) Caculation of the total dead load for beam B2, G:
No. | Partsof Beam Calculation
1 Tiles 0.03*23*0.8 = 0.552
2 Morter 0.03*22*0.8 = 0.528
3 Coar se Sand 0.07*17*0.8 = 0.952
4 RC. Beam 0.5*25*0.8=10
5 Plaster 0.03*22*0.8 = 0.528
6 Partitions 23*0.8=184

14.4 KN/m

The total service deal load Wy = 55.19 + 14.4 = 69.6 KN.

*Theliveload calculations:- (fromrib 1,G)

- The max support reaction (Service) from live load for rib upon beam is (16.26 KN)
W from rib =16.26/0.52= 31.27 KN/ m

The live load within beam width: LL =5*0.8=4 KN /m

Thetotal serviceliveload (W =31.27+4=35.27 KN/ m)

58



=
i
I
L
b
W

1 - A L 4
[ A 5 A = Al i
| i T 14 i 1,7 i W '!'J 1,
175 205 05 37 0.25 1.95 .25 575 0.25
' IEETT 104 ik B, : B.
I I I I
5 F T ] q
5 A T B
1 EJ v jl "1 A-I =1 A ‘I"'J
u:ui-:- 3.5 0.5 174 nl.zls 15 I“I T ul_zﬁ
3.0 442 3.0 A0
| | | |
50,
0,
A A
Fig. (4 - 11)Beam Geometry (B2, G) (m)
Momonrs:  spans 1o R
o 1A
530D
584.1 557.7 i ":. f"“’ s
A\ R LR .
129.9 ki ,f ‘&, 6 3] 227 2073 5.5
Mﬁﬁ /,-" L. E?ﬁ_"\.‘?ﬁ'&n:-uﬁ. i VTP e 1T4T t
I' Ii] : -Tsii : \m “EHHL ;;--._._,_.f-i}i o f;ﬂil;'_‘-_ a-:"i ,““-.‘_ "I
N Aoor— I q A LR - S R H_f'b—f e
R T IR T P ~—" 026 M7 vg. U5 ho4 ol -
e L AT : 204.
5175
[1.59,  |153, 2.44 . & | 33 a7 |19 194|206 o6 | 1B 134 245 153
I I'l.ﬁf'l I 1 1 1 1 1 1 1 1 T 1
Fig. (4 - 12) Beam Moments envel ope factored values (B2, G)(KN.m)
Shear
577.3
498,
- 337 o 3013 WA 300
ATO, /’f , PAETY <053 e 02
= ;" ” £ /l—|
s t N ,f
330.5 rd 57 ” 2185 oM
= Br=Ri ' 3457
; 7 Ama
e 503,

Fig. (4 — 13) Beam Shear envelope factored values(B2, G) (KN)

59




load groug no-. 1
Naad load  Sarvica

Linirs:kH mwetar

Y ) s x L'l 3 ; LS A ‘¥ W R
318 a0 S ! [
|
516 5.6 gl.6 6.6
W ¥ ' W "4 o . Y
3.0 FE -] " EX T A0 "

1w Lol - Rewpwise

1 iead faehoerss 1201 2001 ED, iU

348 07 0
¥z 152 3% ) .2

¥ J i 17 N ¢ L") 172 &

Tas 412 138 ANR i

Fig. (4 - 14) Dead and Live loads diagram for Beam (B2, G)KN/m)
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4.8.1.1Design of positive moment for (B2, G), (Mu =517.9 KN.m)

Check singly section or doublysection:

Mn, = 085=fc=b=a=(d—a/2) (eq. 4.39)
x=3/7 *d = (3/7) *440= 188.57mm

a=188.57*0.85 = 160.28mm

¢'-_|Iil

@ =065=""% 0004 —0002 =0.82Mn_,
=0.85* 24* 600* 160.28(440-160.28/2)* 10°=941.3 KN .m
® Mn,,, =0.82* 941.3= 771.866 KN .m>Mu,, = 517.9 KN .m

The section must be designed as singly section.
b=80 cm h=50 cm

use ®20 withd =440 mm

ASnin = yie (b )(d) = V24 . g00* 440 = 1026.45 mm? (eq. 4.36)
A( fy) 4* 420
1.4
ASnin = (fy) (b )(d) = 0*800* 440=1173.3mm? Controls.

* 6
M, _ 5179410° o

“fbd?  0.9*800* 4407

M=—420 =20.58
0.85(24)

. =i1— l_2mRn _ 1 1_\/1_2 20.58 * 3.72 _ 0.009856
m fy 20 .58 420

Ase= 1 bd =0.009856 * 800* 440 = 3469.31 mm*> ASyin= 1173.3 mm?

Use @ 20 with area As = 314 mm?



# of bars= As/ Aspa= 3469.31/314 = 11.048

* Check strain:
Tension = Compression

3769.9x 420=0.85x24x 800 x a

a=97.02mm
xe 2 902 14 14mm
085 085
e, - 2011414 4 003-0.00856
114.14

0.00856>0.005 ............OK

*Check for spacing between bars:

o 800-40*2-2*10-11% 20 _
10

48mm

S=48mMmm>25mm ... OK

S>dp=20mm ... OK

For the Positive moment 517.9 KN.m Use bars 11920

4.8.1.2Design of Positive Moment (B2,G) , (M, = 253.7 KN.m)
b =80cm

h=50cm with d = 440 mm

Use ® 20 with areaAs= 314 mm?,
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Mu = 253.7 KN.m

420

m=——o =2058
0.85(24)

M, 2537*10°
fbd?  800* 4407

* *
c_Afy Jp_2mRn ) 1 1_\/1_2 20.58 *1.82 | _ 4 qous
m fy 20 .58 420

ASgey = 0.0045*800*440 = 1512.03 mm" >Asyin = 1173.3 mm?

=182

Use @ 20 with area As=314 mm°

# of bars= As/ Aspa= 1512.03 /314=4.82 bars

* Check strain:
Tension = Compression
A x fy=0.85x f_xbxa

1570x 420 = 0.85x 24x800x a

a=40.4mm
x= 2 _404 o s3m
085 085
e, = 40=47-33, ( 003=0.0047
4753

0.0247>0.005 ............OK

*Check for spacing between bars :

o 800-40*2-2*10-5*20
4

=150mm

S=150mm>25mm ... OK
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S>dp=20mMm ...

For the Positivemoment 253.7 KN.m Use bars 5420

4.8.1.3Design of Positive Moment (B2,G) , (M = 204 KN.m)

b =80cm

h=50cm with d = 440 mm
Use ® 20 with area As= 314 mm?,
Mu = 204 KN.m

m=—220__ 5058
0.85(24)

* 6
n= Mo _ 208107 4 jeyipa
fbd? 800" 44C2

m

N LA P 1—\/1
fy 20 .58

2% 20.58*1.46

420

ASgey = 0.0036*800*440 = 1267.2 mm’ >Aspin = 1173.3 mm?

Use @ 20 with area As=314 mm”

#of bars= As/ Aspa= 1267.2 /314=4.03 bars

]: 0.0036

Select 5 @ 18 with AS(provide) = 1272 mm? >A S(req) =

1267.2 mm".

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

1272x 420 = 0.85x 24x800x a

a=32.744mm
x= 8 3274 agcomm
085 085
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4403852

e, %x0.003=0.0313
38.52

0.0313>0.005 ............OK

*Check for spacing between bars:

o 800-40*2—-2*10-5*18
4

S=1525mm>25mm = ..........

S>dp=20mm

=152.5mm

For the Positive moment 204 KN.m Use bars 5418

4.8.1.4Design of Positive Moment (B2,G) , (M = 159 KN.m)

b =80cm
h=50cm with d =440 mm

Use ® 20 with area As= 314 mm?,

Mu= 159 KN.m

420

m=——o  =2058
0.85(24)

M,  159*10°

u

= = =1.14MPA
fbd®> 800* 4407

1

r:i£1— 1_2man
m fy

~ 20 .58

o

2*20.58*1.14

420

ASgey = 0.00279*800*440 = 982 mm " <Asyin = 1173.3 mm?

A S(req) =ASmin = 1173.3 mm?

Use @ 20 with area As=314 mm°

# of bars= As/ Aspa= 1173.3 /314=3.74 bars
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Select 4 ® 20 With Asprovide = 1256 MM? >A Sgeg = 1173.3 mm”.

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

1256 x 420 = 0.85x 24x 800x a

a=32.32mm
_ @ 38232 o0 0om
085 085
e = 203802 4 603- 00317
38.02
0.0317>0.005 ............ OK

*Check for spacing between bars:

o 800-40* 2—2*10—4* 20
3

=207mm

S=20/mm>25mm ... OK

S>dp=20mm .. OK

For the Positive moment 159 KN.m Use bars 4920

4.8.1.5Design of Negative Moment forBeam (B2, G): (Mu = -642.7 KN.m)
b =80cm h=50cm

Use ® 20

d =500-40-10-20/2 = 440 mm
x=(3/7) * d = (3/7)* 440 = 188.57 mm
a= 0.85* 188.57 = 160.28 mm
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Mnima= 0.85 * 24 * 800 * 140.28 * (440 — 160.28/2) * 10° = 941.31 KN.m

® =0.65* 250/3 * (.004 - .002) = 0.82

®*Mnma = 0.82* 941.31 = 771.87 KN.m > MUma= 642.7 KN.m
The section must be designed as singly section.

Mu = 642.7 KN.m

m = _420 = 20.58
0.85(24)
% 6
M, _ 642°10 =4.61IMPA

NnN= =
fbd®> 800* 44¢°

* *
c_Af jp_2mRn ) 1 1—\/1—2 20.58 * 4.61 | _ 016
fy 20 .58 420

m
ASgey = 0.0126*800*440 = 4435.2 mm" >Asyin = 1173.3 mm?

Use @ 20 with area As=314 mm”

# of bars = As/ Aspa= 4435.2 /314=14.12 bars

Select 150 20 with Agyoy, = 4712.38 MM2 > A Sqeq = 4435.2 mm”

* Check strain:
Tension = Compression
A x fy=0.85x f_xbxa

4712.38x 420 = 0.85x 24 x 600 x a

a=121.27mm
xe 2 12127 145 6om
085 0.85

e, = 440-142.67 x0.003=0.00625
142.67

0.00625>0.005 ............ OK
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*Check for spacing between bars:

_AN* 9 _ 9% 10 _15*
5:600 40 212 10-15 20:28.57

S=2857mMm>25mm .......... OK

S>db=20mm ... OK
For the Negativemoment -642.7 KN.mUse bars 15020

4.8.1.6 Design of Negative Moment (B2, G), (M, = -584.1 KN.m)

b =80cm h=50cm with d = 440 mm

Use ®20 with area As= 314 mm?,

Mu = 584.1 KN.m

m=—220__ 5058
0.85(24)

* 6
n= M S8ATI0"_ 4 onpa
fbd®> 800* 4407

* *
1(1_ | 2mRnJ 1 [1_\/1_2 20 .58 4.19}20_0113

f = — =
m fy 20 .58 420

ASgey = 0.0113*800*440 = 3977.6 mm’ >Aspin = 1173.3 mm?

Use @ 20 with area As=314 mm°

#of bars= As/ Aspa= 3977.6 /314=12.6 bars

Select 13 ® 20 With Asprovide = 4082 MM2 >A S = 3977.6 mm”.
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* Check strain:
Tension = Compression
A x fy=0.85x f_xbxa

4082 x 420 = 0.85x 24x 800 x a

a =105.05mm
__a 10505 50580
085 085
e, = M0~12358 4 503-0.00768
12358
0.00768>0.005 ............ OK

*Check for spacing between bars:

o 800-40* 2—-2*10-13* 20

=36.7mm
12
S=20/mm>25mm ... OK
S>dpb=20mm .. OK

For the Negative moment -584.1 KN.m Use bars 13$20

4.8.1.7Design of Negative Moment (B2,G) , (M =-287.9 KN.m)
b =80cm h=50cm with d =440 mm

Use ©20 with area As= 314 mn?,

Mu = 287.9 KN.m

420

m=——o =2058
0.85(24)
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* 6
oo M, 2879710,
fbd®> 800* 4407

* *
1(1_ L 2man 1 (1_\/1_2 20 .58 2}20_00502

f = — =
m fy 20 .58 420
ASgey = 0.00502*800*440 = 1767.04 MM >Asnin = 1173.3 mm?

Use @ 20 with area As=314 mm”

#of bars= As/ Aspa= 1767.04 /314=5.62 bars

Select 6 P 20 With Aggprovice = 1884 MM? >A Seq) = 1767.04 mm”.

* Check strain:
Tension = Compression
A x fy=0.85x f_xbxa

1884 x 420 = 0.85x 24x 800x a
a=48.48mm

_a _BB_ o oamm

085 0.85

e, = 440=57104  503—0.0201
57.04

0.0201>0.005 ............OK
*Check for spacing between bars:

_40*2_2%10—6*
5:800 40* 2 52 10-6 20:116mm

S=20/mm>25mm  ..........

S>dp,=20mm .
For the Negativemoment -278.9 KN.mUse bars 6620
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4.8.1.8Design of Negative Moment (B2,G) , (M =-174.7 KN.m)
b =80cm h=50cm with d =440 mm

Use ® 20 with area As= 314 mm?,

Mu= 174.7 KN.m

m=—220__ 5058
0.85(24)

M, 1747*10°

u

“fbd? 800 4407

* *
c_Lf; f_2mRn ) 1 1_\/1_2 20.58*1.25 | _ o (oo
m fy 20 .58 420

ASgey = 0.00307+800*440 = 1080.64 MM~ <Asmin = 1173.3 mm?

=1.25MPA

ASeq = ASyin= 1173.3 mm®
Use @ 20 with area As=314 mm°

# of bars= As/ Aspa= 1173.3 /314=3.74 bars

Select 4 ® 20 With Asprovide = 1256 MM? >A Sgeg = 1173.3 mm”.

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

1256 x 420 = 0.85x 24 x800x a

a=32.32mm
x= 8 3232 ag03mm
085 085

_ 440-38.03

e, x0.003=0.0317
38.03
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0.0317>0.005 ............OK

*Check for spacing between bars:

o 800—-40*2-2*10-4*20
3

=206.7mm

S=206.7mm>25mm = .......... OK

S>dp=20mm OK

For any Negative moment less than -174.7 KN.mUse bars 4920

4.8.2Design of shear for (B2, G),

*For V,=498.3KN ; (Max. vaueof V)

J24

f 1
® *Vc = * % bw * d = 0.75 * == * 800*440" 10°=21555 KN (eq. 4.24)

® Vsmin = 0.75 (%) * pw * d =0.75* (%)* 800* 440 * 10" =88KN.Ctrl.(eq. 4.40)

: fc'
® Vsmin = 0.75 (1£60)* bw*d = 0.75*(1£64) * 800 * 440*10°=80.83KN (eq. 4.41)
® Vsmin =88 KN
Vu=498.3KN (From shear Envelope)
@ Ve<sVu < ® Ve + @ Vsmin (eg. 4.42)

214 < 498.3< ® ( 215.55+88)

214 <498.3< 227.66...... not satisfied.
Cases 1 &2&3isnot suitable.

Case 4:

(®Vc+®Vsmin) < Vu < (®Ve+d V) (eq. 4.43)
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o Vs :dn*@bw* d

(eg. 4.44)
®Vs =0.75* @*800*440* 10°=431.11 KN.
227.66 < 498.3 < 646.66 Case 4 issuitable
Vs= vu, Vc= 4983 287.4=377 KN (eq. 4.45)
) 0.75
Try4legs® 10 , As®10=78.5 mm?
Av Vs
oY - . 4.46
5= T d (eq. 4.46)

4*785*10° _ 377*10°
S 420* 440

S=153.92 mm
S< Shax =d/2 < 600 mm

S < Snax < 440/2 = 220 mm < 600 mm ... Ok

UseS=15cm
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4.9Design of Beam (B36, F1)

Fig. (4 - 15)Beam Geometry(B36, F1)(m)

Fig. (4 - 17) Beam Shear envel ope factored values(B36, F1)(KN)

74



Fig. (4 - 18) Dead and Live loads diagram for Beam (B36, F1)-(KN/m)
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Design of positive moment for (B36, F1), (Mu = 926.8K N.m)
W,=1.2D+1.6L=1.2*90+1.6* 12.2=128KN/m

Check singly section or doublysection:

Mn, = 085=fc+b=a=(d—a/2) (eq. 4.39)
d=620-40-10-25/2=557.5mm

x=3/7 *d = (3/7) *575.5= 238.93mm (eq. 4.47)

a=238.93*0.85 = 203.09mm
250
@ =0.65 1o 0.004 —0.002 =0.82

Mn, . =0.85*24*203.09* 900* (557.5-203.09/2)* 10°=1700.13KN .m

max

® Mn_, =0.82* 1700.13= 1394.1 KN .m>Mu,__ = 926.8 KN .m

max

The section must be designed as singly section.
4.9.1 Design of Positive Moment

4.9.1.1 Design of Span 1

Mu = 926.8KN .m

M
Mn= M- 9268 _ 009 8KN m
o 09

As,, :%(bw)(d)z%(bw)(d) .................... (ACI ~105.1)

K

1.4
ASun = 120) (90)(55.75) > 4—20(90)(55.75) (eg. 4.36)

—_~
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Chapter 4 Structural Analysis & Design

As,, =14.6%nT? <16.7kNT............. the larger is control
As,. =16.73cn?
Kn= %

_1029.8*10° - 3.68 Mpa

n = - @
0.9* (0.5575)°

iy 420

m = = = 20.588
0.85* fc  0.85* 24

2mKn
fy

p=—@- p- TN,
m

0= 1 - \/1_ 2(20.588)(3.68) ) =074 10°

20.588 420
Areq=p*b*d=974* 10> * 90 * 55.75 = 48.87cn?
48.87cm?> As. =16.73cn?

Use @ 25>> # of bar = @ =995
491

Then select 100 25 A provided =10* 4.91= 49.1cm’

e Check for yielding

Tension = compression

As*fy=085*f.*b* a

77
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4910* 420=0.85* 24* 800* a
a=126.36mm
a _ 126.36

x=-2 =220 _ 148 66mm
b, 085
o, 5575-14866 oo
148.66

e, =0.00825> 0.005 ..ok

e Check for spacing between the bar

_ 800-2*40-2*10-10*25 _

S
9
S=50mm = 25mm
> db =25mm
4.9.1.2 Design of Span 2 and 3:
Mu = 175.3KN.m
Mu
Mn= ——= 1753 =194.8 KN.m
d 0.9
Kn= an
b*d
* —3
n= Lloz =0.7 Mpa
0.9* (0.5575)
= fy 420 = 20.588

m = =
0.85* fc 0.85* 24

2mKn
fy

p=—@- p- TN,
m

50 mm
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p=

_ 1 1- \/1_ 2(20.588)(0.7)):1.7* 10°
20.588

420
Areq=p*b*d=17*10%* 90* 55.75 = 8,51 cm?
8.51cm?< As,;,, =16.73cnT is control

Use @ 22>> # of bar = @ =44
3.80

o Check for yielding
Tension = compression

As*fy=085*f.*b* a

1900* 420 = 0.85* 24* 900* a

a = 43.46mm

a_B% 5 13mm

b, 085

. _557.5-5113
s 51.13

e, = 0.0297 > 0.005

X0.003

e Check for spacing between the bar
S>50 =25mm
> db=22mm
4.9.2 Design of Negative moment
4.9.2.1 Design of support (2)

Mu = 945.1KN .m

79



Chapter 4 Structural Analysis & Design

® Mn

max

Mu
Mn = F= 9451 =1050.11 KN .m

0.9
As,. =16.73cn?

Kn= M_nz
b*d

_1050.11*10°°
0.9* (0.5575)°

Kn =3.754 Mpa

fy 420

- = = 20.588
0.85* fc 0.85* 24

2mKn
fy

p=—@- p- TN,
m

0= 1 - \/1_ 2(20.588)(3.754) ) =096+ 10°

20.588 420
Areq=p*b*d=9.96* 10°* 90* 55.75 = 49.97 cm?
49.97cm?> As,, =16.73cn?

Use @ 25>> # of bar = @ =10.17
491

Then select 11® 25 A provided =11* 4.91 = 54cm?

e Check for yielding
Tension = compression

As*fy=085*f.*b* a
80

=0.82* 1700.13= 1394.1 KN .m>Mu,_, = 945.1 KN .m

(eq. 4.20)
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5400* 420 = 0.85* 24* 800* a
a=138.97mm
X= a_ @ =163.49mm
b, 085
o _ 557.5-163.49
s 163.49
e, =0.00723> 0.005

X0.003

e Check for spacing between the bar

_ 800-2*40-2*10-11*25
10

S =42.5mm

S=425mm =25mm

>db =25mm
4.9.2.2 Design of support (3)
Mu =92 KN.m

Mu 92
Mn= ——= == =102.22KN.m
0} 0.9

As,. =16.73cn?
Kn= M_nz
b*d
* -3
n= 102.22*10 =037 Mpa
0.9* (0.5575)
= fy 420 =20.588

m = =
0.85* fc 0.85* 24
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1 2mKn

p=—(1- [1- ) (eg. 4.20)
fy
0= 1 - \/1_ 2(20.588)(0.37) ) =080+ 10°
20.588 420
Areq=p*b*d=089* 10°* 90 * 55.75 = 4.47 cm? (eq. 4.13)

4.47cm?< As,;, =16.73cn'

As . =16.73cnt is control

Use @ 22>> # of bar = % =44

Then select 5¢ 22 A provided = 5* 3.8=19cm’

e Check for yielding
Tension = compression

As*fy=085*f.*b* a

1900* 420 = 0.85* 24* 900* a
a=43.46mm
X= a._ % =51.13mm
b, 085
o 557.5-51.13
s 51.13
e, = 0.0297 > 0.005

X0.003

e Check for spacing between the bar
S>50 =25mm

>db=22mm
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4.9.3 Design of shear

4.9.3.1 Design of Span 1

Ve = @ bw * d (eq. 4.24)

= @ *900* 0.5575

6
=409.7 KN

® Vc =0.75*409.7 = 307.26KN

® Vsmin = 0.75(§)* bw* d=0 .75*(%)*900* 557.5¢10° = 125.43K N.control (eq. 4.40)

r

>075(\/f_) * pw * d =0.75 (X51 ) * 900 * 557.5%10°=115.22KN. (eq. 4.41)

® Vsmin = 125.43 KN.
Vu=492.2KN (From shear Envelope)

ltem 1,2& 3 is not suitable.
f
® V=0.75 ( \/_) * bw * d (eqg. 4.44)

N

® V5=0.75 (=) * 900 * 557.5* 10°=614.5KN

[tem 4
® Ve+d Vsmin<Vus d Ve + o Vs’

432.7KN<492.2KN< (307.26+614.5)=921.77KN
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So Item (4) satisfy.
Minimum shear reinforcement required, so;
Ve VUu/ ®© -V ¢ =492.2/0.75-409.7=246.6KN

Av bw

——_min > =0.714 control .4.48
s 3¢ 1y (eq )
>V ICOW _ 4 656 (eq. 4.49)
16* fy
Try4leg @ 10 @ 10 = 78.5 mm?
Av V
2o Vs . 4.50
s~ Tg (eq )

Av _ 246.6*10°
S 420*557.5

= 1.053mm =78.5*4/S
S =298 mm
< 600 mm
<d/2=5575/2=27875mm control
UseS=20cm

Usedleg® 10a 20 cmc/c

4.9.3.2 Design of Span 2
Jie
ve= S bwd (eg. 4.24)

*900 * 0.5575=409.7 KN

_ 2
6
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® Vc= 0.75*409.7 = 307.26KN

® Vsmin > 0.75(%)* bw* d=0 .75*(%)*900* 557.5¢10°°=125.43KN control (eq. 4.40)

r

fc
>075(\/_) * pw* d=0.75 (X5 ) * 900 * 557.5%10° = 115.22KN. (eq. 4.41)

® Vsmin = 125.43 KN.
Vu=349.6 KN (From shear Envelope)

ltem 1 &2 isnot suitable .

ltem 3

dVc<Vusd Ve + dVsmin (eg. 4.51)
307.26<349.6 < (307.26+125.43) =432.7

So Item (3) satisfy.

Minimum shear reinforcement required, so;

ﬂ2 bw =0.714 control

S 3*fy

1/ fc'bw — 0,656
16* fy
Try4leg @ 10 @® 8=78.5mm?
*

AV _4"785 _ 4 714mm

S S

S=439 mm < 600 mm

<d/2=5575/2=27875mm control
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UseS=20cm

4.10 Design of Short Column (C20):

4.10.1 Design of Longitudinal Reinfor cement:

Select column (C20) for design

Pu = 3500KN

Pn = 3500/(0.65) = 5385 KN

Assume r g = 2%

Pn=0.8* Ag{0.85* fc'+r g(fy-0.85fc")}

5385*10° = 0.8* Ag[0.85* 24+ 0.02* (420 — 0.85* 24)]
Ag = 0.24n7’

X =4/0.24=0.49m

Pn=0.8* Ag{0.85* fc'+r g(fy—0.85fc")}

5385*10° = 0.8* 0.2[0.85* 24 + r g * (420 — 0.85* 24)]
rg=0.0332

A, =0.0332* 0.2 = 0.00664 m? = 66.4cm’

(eg. 4.52)

4.10.2 Check Slender ness Effect:

Ku 34—12% ............... ACI - (10.12.2) (eq. 4.53)
r

Lu: Actua unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).
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R: radius of gyration=0.3 h = \/% (eg. 4.54)

Lu=3.0m

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.

K_Iu] < (M—lz(mj A0, ACI 10-12-2
r M 2

& =20< 22

0.3*0.50

. short Column

: 66.4
Use ® 22 >> #ofbar = ——— = 1747

Use 18® 22 with As = 68.4cm? >As = 66.4 cm?

e Check for spacing between the bar

_ 500-2*40-2*10-6* 22
5

S

S=53.6mm =40mm
> 1.5db=33mm

4.10.3 Design of the Tie Reinfor cement:

S <16 db (longitudonal bar diameter)....................... ACI -7.105.2
S < 48dt (tie bar diameter).
S < Least dimension.

Spacing < 16x d, (Longitudinal .bar.diameter) =16x 2.2 = 35.2cm
Sacing < 48x d, (tiebar.diameter) = 48x1.0 = 48cm

Soacing < Least.dimension = 55cm

s Use IF 10@25cm
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4.10.4Detail of column C20:

Lo 160922
.. T
i ._____@L{ é’
108, 16175
~Jo ’ 10
o 0 I ) 10 10
(A} L] (4] 42 .
42 17.5 ., S g1
™ =, .‘."\. shfa
————— @19 g —— 210

Section A-A

Figure (4-19):Short Column Detail C20

4.11 Design of I solated Footing (F20):
4.11.1 L oad Calculation:

Total factored load = 3500 KN.

Total servicesload = 2690 KN.

Column Dimensions = 50*40 cm.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (70 cm) thick.

liveload =5 KN/m2.

Q1o =400 - 5 - 0.5*18 - 0.7% 25 = 368.5 KN/m?
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4.11.2 Deter mination of Footing Area:

L2690
“3885 oM

S 1=275m
Try 2.75* 2.75 m with area= 7.56m*> A = 7.30m°
Determinate gy = 3500/7.56 = 463 KN/m?

4.11.3 Deter mine the depth of footing based on shear strength:

Assumeh=70cm ..... d = 700-75-20 = 605 mm

e Check for oneway shear strength

Critical Section at %+d

2,d=2", 0605-0.855m
2 2
2.75
Vu = 463* (=2 - 0.856)* 2.75 = 662 1KN

f Vc=f .(%*\/E*bw*d) (eg. 4.24)

f Vc=0.75* %* 24* 2750* 0.605 =1018.8KN

f Vc =1018.8KN >Vu = 693.9KN
. Safe

e Check for two way shear action (punching)

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

FV, =f %(u bij‘/ t'b,d (eq. 4.55)
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fV_f—(b/d ]rbd
fV_f—rbd

Where:

(eg. 4.56)

(eqg. 4.57)

_ Column Length (a) 50
€ Column Width (b) ~ 40

=125 (eq. 4.58)

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

b, = 2(60.5+ 50) + 2(60.5+ 40) = 422cm

s =40 for interior column

fV, =f %(u bij‘/ £ bd = 0g5* (1+ : §5j 24* 4220* 0.605 = 4065KN

fVe=f. (b g ]\/7bd_075 (40422)05+2j*@*4220*0.605=6046.3KN

f\, =f %\/? b,d =%* 24* 4220* 0,605 = 3126.9KN

f V. =3126.94KN ..... Control
VU, = Pu-FR,

FR,=s,, *area of critical section
VU, = 3500 - [463* (0.50+ 0.605) * (0.4 + 0.605)] = 2985.83KN

f Vc=3126.94KN >Vu. = 2985.83KN........ satisfied
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4.11.4 Design for Bending M oment:

o g G =]
(P ‘ I
s
S K S e
L
- |
— ‘ |
= —
10 2T 10
205

Figure (4-20): Isolated Footing F20

1.125°

Mu = 463* 2.75* =805.7KN.m

Mu =805.7 KN.m

Using Reinforced Concrete.

Mn = % =895.2KN.m
0.9

_ Mn _ 8952x10°
bd®> 2.75x0.605°

Kn =0.89Mpa

. fy 420
0.85* fc  0.85* 24

= 20.588
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1 2xmx Rn
r=—|1- 1-———— .4.20
i, ) e

1 (1_\/1_2><20.588x0.89

" = 20588 420
ASge, =T *b*d =216%10"°*275* 60.5 = 35.94 cm?
ASqyinege = 0.0018 * b* h =0.0018 * 275 * 70 = 34.65cm?
ASpeq = 35.94 > ASgiae = 34.65cm?

Select 15f 18....AS,, 4y = 38.17cm? > 35.94cm?.....0k

]: 2.16*10°°

Check of strain:
As*fy=085* f.*b* a

3817* 420 = 0.85* 24* 2750* a
a=28.58mm
x= 2 _ 2858 _ 3 60mm
b, 085
. _555-33.62
ST 3362
e, = 0.0465 > 0.005

X0.003

= OK

4.11.5 Development Length of main Reinfor cement for Mul:

o] F;
ldiog =5 455+ ‘i:‘r:‘f:‘;f = db(eq. 4.59)

Ktr =0 Nostripes ch =75+ 18 = 93crm

ktr+r:b_0+93
db 18

=517>25 (eq.4.60)
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ketr + ch
db

25

9 420 1+1+08

ldyeq = 0" Lvvoa Y 18 = 4444 mm

Ld avaitable = 1125-75= 1050mm

Ld avilanie= 1050 mm >ld .., = 444.4min

e not required hook

4.11.6 Design of dowels:

P,= 3500 KN

f.Pn=f.(0.85fc'Ag)
f .Pn=0.65*[0.85* 24* (500* 400)] /1000 = 2652KN (eq. 4.61)
But Pu=3500>f .Pn=2652KN

Dowels are required for load transfer.
As1=(3500/0.65-2652/0.65)/420=3106mm?
As .. =0.005* Ag = 0.005* 50* 40 = 10cnv’

Asreq =31. 06CmM*> AS in =10 cm’

Select 10f 20 as dowels.

L. = 024fy 024420
e e J24

4.62)

1.8=37cm. (eg.

Lde@yeq = 0.043 xfy xdb =0.043 x420 x 1.8 = 32.5cm>Ld; in=200mm  (eg. 4.63)
Lde2yreq = 32.5¢m < Ld(1yreq=37Ccm=>control
Ls=0.071xfy xdb =0.071x420 x1.6 = 47.7 cm >37cm (eg. 4.64)
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Ls=47.7cm

Available Ld=75-7.5-2*1.8=63.9 cm.
Available Ld =63.9 cm > Ls = 47.7cm

Using hook >16* f

Required length of hook >16*f >16*1.6 = 25.6cm
Use Hooks= 30cm > 25.6cm

4.11.7 | solated Footing Detail:

19 4410 . 55 . 110 10
| 10 275 10
| 295

Figure (4-21): Isolated Footing Detail F20
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4. 12 Design of strip Footing:

i i ]
I e e o e B
Sl Sl 11 e
i 7 T © 2 E - HA
¥ l.. I
II = I‘-E i I::
£ 2o R ~ l F ) :,j :
u—:l - I —— - i n [ } v ——— ..o--\.l'\.o-i ;
s [ e S 3
i e i E— le“
i ek
i tec31 K

Figure (4-22): location of strip footing

4.12.1 Deter mination of load:

Total factored load =450 KN/m.

Soil density = 18 Kg/cms3.

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (50 cm) thick.
Live load =5kN/m?

Qailow =400 - 5- 0.3* 25 = 386.25 kN/m®

= For one meter strip

B =1.25m, h=50cm
d= 400 - 75 - 20 = 305 mm
Ouit = 450/ 1.25 *1 = 360 kN/m?.

4.12.2 Check of One Way Shear:
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Vu = 1*(0.75-0.305)* 360 = 160.2 kN
0 —
BVe = 5 fc=d=h

075 —
@Ve = T\/24 *0.305=1=1705kN

@Ve > Vu
4.12.3 Designof Bending M oment:

In longitudinal direction

Mu = 360%0.305%2= 16.7 kN.m
167

Mn="—"-=18.6KN.m
0.9
* -3
Kn= Mr21 = 18.6 102 =0.2Mpa
bd 1* 0.305
fy 420

m= - = = 20.588
0.85* fc  0.85* 24

. :i 1- 1_2><me|’1
m fy

1 [1_ \/1_ 2x 20.588x 0.2

" = 20588 420
ASpe, = *b*d =0.00049* 405* 1000 =193.8 mm?
ASqyinkage = 0-0018* b* h = 0.0018* 400* 1000 = 720mm?
Aviniage = 720mm* > As,  =194mm?

J =0.49*10°

Usef 12
No.=720/113=6.37 ,Use7 bars

f 12@15cmcl/c

Check of strain:
As*fy=085* f.*b* a
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753* 420 = 0.85* 24* 1000* a
a=155mm
x= 3 _155_1954mm
b, 085
305-18.24
g =
18.24
e. = 0.047 > 0.005

X0.003

= OK

In transverse direction :
Agﬂnin = 00018 * b * h
Agmin = 0.0018 * 1250* 400 = 900 mm?

Usef 12
No.=900/113=7.96 , Use8bars

Use8f 12

4.12.4 Development Length of main Reinfor cement

9 K b,

= — =% &
e i ktr+ch
10 1 ¢, :
th

= db

9 420 1+1=+08

iy == % — = =12 = 296.
e =10 12v2d 55 96.3 mm

Id

Ld available = D00 - 75= 425mm
Ld avitanie= 425 mm >ld,., = 296.3mm

Hook not needed
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25
| 15cm
£ LR 2G0T Sarn
<"
. e R R [
e ;
-_ AL = = L ST HA
T Sh et s

Figure (4-23) Strip Footing Detall

4.13Design of Mat Foundation for Well:
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Fig.(4.24) Mat footing for well
4.12.1Design of shear:
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Fig.(4.26) shear in Y -direction for well

99



Chapter 4 Structural Analysis & Design

d=50-75-1.2=41.3cm
f Ve = 0.75*%* fc'*bw*d

1

.4.24
fVc = 0.75*6*\/24*1000 *413*10°° = 252 .9KN (&g )

Pu., =138 KN /m =138 x1 =138 KN
f Vc =252 9KN > Pu =138 KN .......... .OK

4.12.1Design of bending moment
By using the StaadPro.v8i.Software to analyze the foundation, the moment result isasin

the following chart:
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Fig.(4.27) Moment in X-direction for well
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Chapter 4 Structural Analysis & Design

Fig.(4.28) Moment in Y -direction for well

Design In X-directions:

h =50cm

d =50-75-1.4=41.1cm.
Fy =420 Mpa.

Fc'=24 Mpa

Design of Negative Moment

—ve Mu, =15.4KN.m

Mn = MU _154 7 19 kNm
f 09
* 6
R - an _17.11*10 _0.1Mpa
b.d? 1000 * 411
N o058
0.85 fc'
* *
_A1( fj_2mKn)_ 1 1_\/1_ 2*20.588* 0.1 _, 40,154
m fy 20.588 420

As, =r*b*d= 2.38*10**100* 41.1=1 cm?®
Svrinkage & temperatur e = 0.0018 * b* h = 0.0018 * 100 * 50 = 9cm?

As . =9cm-......... Control

* 2
Slect f 14 @15cm = As = 220 « [&

=10.26cm? > As .. = 9cm?
15 4
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Chapter 4 Structural Analysis & Design

Design of Positive moment

100,

* 2
Selectf 14@150m=> A= (p 14

) =10.26cn” > As_. . =9cm?

Design In Y-directions:

Design of negative moment

100,

* 2
Selectf 14@150m=> A= (p 14

) =10.26cn” > As_. . =9cm’

Design of positive moment

* 2
Sdlectf 14@15cm = As:%*(p 14

J =10.26cm” > As,;,, = 9cn’

4.14 Design of Well Wall:

=

?xﬁxKn PKKD

Figure (4-29) : Load on Well Wall.
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Chapter 4 Structural Analysis & Design

= Loading:

e Self weight of earth :
g, =g xhxK,

Assume that :

Oy =18Kn/m? (eq. 4.65)
q=30°
K=05
0, =18x 3.88x 0.5=34.92 KN/m?
e Load from liveload(from students):
g, =PxK,
d, =5x0.5=25KN/m?

e Normal Load :
Isvery small , it will be neglected ( safe side) .
e water loud :

0, =gxh

Assume that :

(eq.. 4.66)

(eq. 4.67)
Juaer =10 KN/ m®

gqwater =10x 3.5=35KN/m?
Whin= 2.51= 2.5 kN/m
Wax= 2.5%1 + 34.92* 1= 37.42 KN/m
Wmin(factored) =1.6*2.5= 4 kN/m
W ax(factored) = 1.6* 37.42= 59.87 KN/m
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Figure (4-30): Loads & Shear/Moment envelope for well wall from soil direction.

= Design :
Design of the Vertical reinfor cement:

d=250-20-7=223mm

Mu =61.2 kN.m

Mn =61.2/0.9 =68 kN.m

M Fy _ 420
0.85fc' 0.85x24

= 20.588

_ Mn_ 68+10°

Kn= =
: bd®> 1*0.223

=1.367Mpa
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1 2xmx Kn
I =— 1— 1—— . 4.24
m[ \/ fy ] (e )

R S \/1_ 2x20.588x1.367 | _ 5 0010
20.588 420
ASpeq =T *b* d =0.00337 * 22.3* 100 = 7.52c’ (eq. 4.13)

ASgyinkege = 0.0018* b* h = 0.0018* 25* 100 = 4.5cm’
ASgeq = 7.52CM* > ASqiiage = 4.50M°

#of bar inonmeter=£2:5

154

Design of the Horizontal reinforcement:

Select the greater of:

AS, o = 0.002% 1000* 250 =500mm? / m

For two layers.
#of bar inonmeter=5—m=9.95 Y
50.24
Check for Shear :

Vu= 80— (59'87—;545) x (0.15 + 0.223) = 58.67KN.m

f xVc>Vu

075

f xVc fc'xbxd =O'—(:5@ x1000% 223 (eq. 4.24)

f Vc=136.56 >>Vu =58.67kN

.. No Shear Reiforcement Required
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4.15Design of Stairs:
4.15.1 Deter mination of Slab Thickness:

L =0.4+3.3 +0.6=4.3m.

hreg =L/ 20

hreg=430/20=21.5cm ............. take h= 25 cm.
= Useh =25cm.

0 = tan(1.87/ 3.3) = 29.54°

Cos6 =0.87
[
o
- R e ﬂ-ﬁﬂ’:ﬁ“ﬁr@@?ﬁrﬁ g
. B ‘ 5 1h
B
. : I W -
Mg |- Wi e
SRR S AR A s A

Figure (4-31): Stairs plan

4.15.2 L oad Calculations at section (A-A):

4.15.2.1 Load on Stringer:

Dead L oad:
Tiles = 0.03*22*((0.33+0.16)/0.30) = 1.078 KN/m.
mortar = 0.02*23 *((0.16+0.33)/0.3) = 0.751 KN/ m.

Plaster = (0.03*23)/ (Cos 28.1) = 0.782 KN/ m.

Steps =0.16*0.5*25*1 =2KN/m.

Slab = 0.25 *25/ Cos 29.54 =7.184 KN/ m.
Total dead load =11.9KN/ m.
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Chapter 4 Structural Analysis & Design

Liveload:

Live load for stairs =5 KN/ m?.
Factored load

qu=1.2¥11.9 + 1.6*5= 22.3 KN/ m?.
For one meter Strip, qu =22.3 KN/ m.

4.15.2.2 L oad on landing:

Dead L oad:
Tiles=0.03*22 =0.66 kN/m’
Mortar =0.02*23 = 0.46 kN/m’
Slab =0.25*25 =6.25 KN/m2
Plaster = 0.03*23 = 0.66 KN/m2.
Total dead load =8.03 KN/m2.

Liveload:

Live load for stairs= 5 KN/ m?,
Factored load

qu =1.2*8.03+ 1.6 *5 = 17.64KN/ m’.

For one meter Strip, qu = 17.64 KN/ m.

Figure (4-32): Loads on stairs
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4.15.3 Design of Shear:
= Assume @ 12 for main reinforcement:-
So, d =250-20-12 =218 mm =21.8cm

Figure (4-33): Shear Envelope

Vu=35 KN .
fJf.*b,*d
fvo=—-r = (eq. 4.24)

_ 0.75* /24*1000* 218
- 6

Vu=35 KN <fVc=1335 KN.

fVc =133.5KN

>>>>No shear Reinforcement isrequired. So the depth of the stair isOK.

4.15.4 Design of Bending Moment:

The Following figure shows the Moment Envel ope acting on the stair

Figure (4-34):Moment Envelope
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Mu =48.6 kN.m
Mn =Mu/0.9=48.6/0.9=54 KN.m.
d=21.8cm.
_ Mn
" b-d?
B 54*10°
" 1000* 218°

Ly
0.85x fc'

420
m=———
0.85x 24

2mK * *
cot O R T P \/1_2 20588*1.136 | _ , ooy q
m f, 20.588 420

As, = 2.83* 10°*100*21.8 = 6.16 cm*

=1.136MPa .

= 20.588

As,,, =0.0018* b* h = 0.0018*100* 25 = 4.5cm?
AS,, = 4.5 cmP< As,, = 6.16 cm’

Use ® 12 >>> 616/113 = 5.45
Useld 12@17.5cmclc.............. with As=(100/ 17.5)*1.13 = 6.46 cm?.

Asprovided=6.46 > ASIeQ........ccevvvnvenennnn. OK.
Check for strain:

Tension = Compression
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A * fy=0.85* fc' *b*a
646* 420 = 0.85* 24*1000* a

a=13.3mm
x:i:£:15.6mm
b, 0.85
e, - 218-156, 5 903
15.6

e, = 0.0389 > 0.005—— ok

4.15.5 Secondary reinforcement:

ASgiage = 0.0018x bx h = 0.0018x100x 25 = 4.5cm? (eg. 4.13)
Use®12@20CM ....ovevvnennens With As=(100/ 20)*1.13 = 5.65 cn?.

4.15.6 Stairat section (A-A) Detalils:

7 o L~ B2 2m [
% ¥~ g e12 1semn=3.15m
- - i
M =l
- e
T4 Ol et @@ﬁ-",’&
W21 SomiL =2 T5m T
e
_,-'"-Fd__..-ﬂ'"
“am B g g I
(BEH2-1 SomiL=3.05m
e L I_,_\_I — \‘I
P0G e el L. ] 1 /\\_|/‘
B oz e i - T

Figure (4-35): Stair Section

- Design for landing (L 1):
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Fig. (4-36): Structural System of Landing (L1)

- Calculate the maximum bending moment:
MUnmax = 78.3NK. m
Mn =Mu/0.9=78.3/0.9=87 KN.m/m

d=h-20-db/2 =250 - 20 - 14—14/2 = 209 mm

87*10°

=— _———=2MPa.
" 1000* 209?

__ Ty
0.85x fc'

420
m=———
0.85x 24

1 2 * *
po Xl g 2RI [ 27206872 0
m f, | 206 420

=20.6

AS,¢; = 0.005* 1000% 209 = 1045 mm*/m> As,;, = 450mm*/m....

111

OK



Chapter 4 Structural Analysis & Design

As_ =0.0018* b* h = 0.0018* 1000 * 250 = 450mm?/m
Use ® 14@ 13cm c/c inland loaded flight

And Use ® 12@ 20cm c/c in land unloaded flight
- Check for strain:
Tension = Compression

A* fy=0.85* fc'*b* a
1045* 420 = 0.85* 24* 1000* a
a=2151
c=2 25l opaim
b, 085
o _209-2531
ST 2531

e, =0.022 > 0.005—— ok

*0.003

4.16Design of Shear wall (W26):

To design shear wallswe use (CSI ETABS) Software, and thisis a manual example of shear wall
design:
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i

Figure (4-37): Moment & Shear-Diagram for Shear Wall (W26).

Shear Wall Design Parameters:
fc' =24 MPa

fy =420 M Pa.

h=25 cm. Shear wall thickness.
L= 4.30m. shear wall width
Hw=10.5 m. Stories height.

Design of the Horizontal reinfor cement:

I nternal forces & moments:
> Fx=Vu=230KN
Critical Section

tw_43_ 2.15m(Control )
2 2

%"" _ %‘5 — 5.25M—> Mu = 940.5KN
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Design it by using Reinforced concrete:
Vu=230 KN
Vn=Vu/0.75=306.67KN

Design of shear
d=0.8*Lw=0.8*43=3.44m

Ve, = %* Jfc*h*d = %«/24 * 250 * 3440 * 10° = 702.2KN (Control ).......... vevveeee.. .(e0.4.69)
"% * * / * * *
Ve, = fe*h*d N,*d_ ( 2470257344 | 1 3'44)*103 =1253.3KN........... (eq.4.70)
4 4% 4 4* 4.3
= IW( fC'+? *NH‘] he g
— C w *
Ve, = > + M, T, O T s s s s (eq.4.71)
vV, 2
2*1
4324 + = —
| /24 . ( T a3 0.25J L 025%344 05 100 7KN
|2 940.5 43 10 - '
230 2
RV ST o TV o (eq.4.72)
Vs = 306.67 — 702.2 = —395.53KN — > not but use min( A;’h)
(A;’hj =0.0025 * h = 0.0025 * 0.25 = 0.625 * 10 °M(CONtrol ) .....cccoe corvrerers vrvrennee. (eq.4.72)
Lw
S = = - 4300 /5 = 860 MM ....oovvs woeeerees ceveeees erveeeses seeeseees eevsiesean eeesssnes soseesans en (eq.4.73)

Spex =3 h=3*250 = 750mm
sdlect —— 2f 10— As =1.58cm?2

A 0.625mm

Seq

155_8 = 0.625 - S, = 252.8mm(Control )
req

Sect .....S=20cm < Seq. = 25.28cm
S selected = 20cm < 75¢cm < 86¢cm
use....2f 10@ 20cm(c/c)in2 layer

Select 2010/20cm. In tow layer
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Design of the Vertical reinfor cement:
hw, , Avh

Ay =(0.0025+ 0525~ )" "~ 0.0025) S (eq.4.74)

Av _ (0.0025+ 0.5(2.5 - 2.44)(——20
S 200* 250

h,_105_ 244<25

L, 43
Av 063

S - % L, = % x 4300 = 1433.33mm

S =3xh=3x250=750mm

Select 2f 10Witharea As = 158mnm?

158 _ 0.63
S1

- S = 250.79mm(Control )
Select S = 20cm < 25.08cm
S=20cm

—> Select 2f 10/ 20cmc/c

Select 2010/20cm. In tow layer

Design of bending moment:

Mu = 1435 KN.m

A=W, a5, ——> =23 158 3307mn7
s1 20

z 1
Lw  2+(0.85* b * fc*Lw* h)/(Asv* Fy)
z 1

Lw 2+ (0.85x 0.85x 24x 4.3x 0.25) /(3397 x 10°° x 420)

Muv = 0.9x Fy x 0.5x Asv x LWx[l—(Li/ZD
W

115
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Chapter 4 Structural Analysis & Design

MUV=0.9% 420 % 0.5* 3397 x 102 x 4.3* (1— 0'0264) — 2669 kN.m
Muv> Mu
Boundary steel is not required.

The end.
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APPENDIX (A)

ARCHITECTURAL DRAWINGS

This appendix is an attachment with this project
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STRUCTURAL DRAWINGS

This appendix is an attachment with this project
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, b

Simply Oneend | Bothends
supported | continuous | continuous | Cantilever

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

Member deflections.

Solid one-

way slabs £120 £/124 £/28 £M0
Beams or

ribbed one-

way slabs £/16 t18.5 £/21 L8

Notes:
Values given shall be used directly for members with normalweight concrete

(density w, = 2320 kg/m°) and Grade 420 reinforcement. For other condi-

tions, the values shall be modified as follows:
a) For structural lightweight concrete having unit density, w_, in the range

1440-1920 kg/m*, the values shall be multiplied by (1.65 - 0.003w, ) but not
less than 1.09.

b} For £, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700)

Table (MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED
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