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Abstract
Structural Desien af Telecommunication conter

Project Team
Han'a Mobhammed Al-Ayaydeh Rana Kamal Al-Ayavdeh

Tuga Ismail Al-Dawadeh

Palestine Polyrechnic University 2013-2014

Supervisor

Dr. MNasr Abbooshi

The main idea of this project is 1o do the struclural design and preparation of
comstruction plans lor elecommunication center. which consist of eight stories and
locared in Hebron city.

Thiy building way designed so that it complies with modern architectural styles
through puttine stairs and elevators to ease the movement between storics,

The main ohjective of the praject is to choose appropriate struetural systems fit with the
functional and architectural styles of the building so that it was able to resist vertical

loads trom dead and live load. and herizental load from wind and earthquake loads. The
project contains the structural design for each member and it was designed according to

the ACI-318-11 code.
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List of Abbreviations

* Ac = area of concrete section resisting shear transfer.

* As=aren of non-prestressed tension reinforcement.

* Ay = area ol non-prestressed compression reinforcement.

*  Ap= ovoss area of section.

* Ay =area of shear reinforcement within a distance (8 ).

*  At=arcaofone leg of a closed stirrup resisting lension within a (S},

e b =width of compreszion face of member

=  bw = web width, or diameter of cireular section,

* C,=compression resultant of concrete section.

o O, —compression resultant af compression steel,

¢ DL - dead loads.

* d=distance [rom extrenie compression fiber to centroid of wension
reinforcement,

e Ee¢—modulus of clusticity of concrete.

* . =compression strength of conerete

¢ Fy=specificd vield strength of non-prestressed reinforcement.

=  h = overall thickness of member.

* Ln~= length of clear span in long direction of two- way construelion,
measured face-to-face of supports in slabs without beams and face to face of
beam or uther supports in other cases.

= LL = live loads.

¢ Lw — length of wall.

* M = hending moment,

* Mu = factored moment at section.

s Mn -~ pominal moment.

=  Pn=nominal axial load.

* Pu= faclored axial load

* 3 = Spacing of shear or in direction parallel to longitudinal reinforcement.

*  Ve=nominal shear strength provided by concrete.

Xt




Vi = numinal shear stress.

Vs = nominal shear strength provided by shear reinfercement.
Vu = factored shear foree at section.

We = weight of conerste. {(Kgfm'),

W — widlh of beam or rib.

Wu — [actored load per unit arca,

@ = strength reduction [actor,

. = campression sirain of conerete = 0.003mm/mm.

€. = strain of tension steel,

& = strain ol compression steel,

p =ratio of steel area .

st
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Chapter Four

Structural Analysis and Design

4 — | Introduction.

4 — 2 Factored Loads.

4 - 3 Determination of thickness.
4 — 4 Load Calculation.

4 — S Design of Topping,

4 — 6 Design of rib (11) in the underground floor slab.
4-7 Degign of one way solid slab.
4 — 8 Design of Beam.

4-9 Design of column (CO5).
4-10 Design of isolated footing.
4-11 Design of Basement Wall.

4-12 Design of shear Wall.

4-13 Design of stairs.




AN Cia gl I Sl

At 8 paadivT

aad e e alind ) on s i N S8 s I Radad g7 g ) aBge ddiltie codia g gl T el
_lgﬁlll_l_':h.__!j,&.uj-uuuﬁ_._1.:.lﬂ&x?.lj'l#lﬂj@@tjﬂlgéjﬁj!él C_'_,:Jla_,}m'.tij.gﬂ.
,{H-m‘y@ﬂg‘..ﬂégf’ga

LB sl s (VYY) 5 e

Lgaladif o3 3 L gl gead g VT
AutoCAD (2007) for Drawings Structura! and Architectural

Microsait Office (2010) For Text Edition *
-Atirsale and Sap Software for Structural Calculations T




Chapter Four Structural Analysis and Design

4.1: Introduction

in This Praoject, the following tvpes of slabs are used : flute plates ,one —WaY
ribbed slab two - way ribbed slab and salid slabs . They would he analvesd and
designed by using linite clement programs such as Ream D.Safe Sap and other to
find the imternal forces. moment .and deflections for ribbed slabs, and then hand
caleulation would be made to find the required reinlorcement area for selecicd

membeys,

The design strength provided by a member, its connections to other members, arxl
IS eross-sections in terms of flexure, und load. shear, and torsion is taken as the

nominal strength calculated in accordance with the requirements of ( AC1 318) code |

4.2 : Factored Loads,

The factored loads on which the structural analvsis and desiyn is based lor structural

members. is determined as follows:

i, = 1L2DL + 1.6L.1 ACT—318- 11
Bl Dead Load
LL: Eive Load .



Chapter Four Structural Analysis and Design

4.3 Determination of Thickness of Slabs:

4.3.1 Determination of Thickness for One Way Rib Slub:
Ihe structire may be exposed to differeat loads such as dead and live loads. The
value of the load depends an the strucure tvpe and the intended use.

The overall depth must satisfy ACT Table (9.5.a):

The maximum span [or one —end continuous is L= 6.63 m

£ 6.63
= = 0.35m AC-318-11
18.5 18.5
The maximum span for one —both end continuous is L=3 46 m
L 5.46
==—=026m
21 21

Take h=235¢cm .

27 em blick + 8 ¢m lopping — 35 em

4.4:Load Calculation:

One - way rihbed slab,

For the one-way ribbed slabs, the total dead load to be used in the analvsis and

design is calculated as follows:

14
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P g g e bl Ermbargs E Terg= sboys Tt b

o - T

Fig. (4-1) Une way rib siah

Caleulation of the total dead load for ope way rib slab is shown in the following
table:

Table (4 — 1) Calenlation ol the total dead load for one way rib slab.

No.|  Parts of Rib Calculation
| 1 Rib 0.1250.27%25 = (.81 KN/
T Top Slab 0.08+0.52%25 = 1.04 KN/m
e Plaster 4.03*0.52+22 = 0343 KN/m |
3 Black (.2740.4%10 = 1.08 KN/m
4. <  Sand Fil 0,070, 525164 = | 0.597 KN/m
e Tile 0.03%0.52422= | 0.343 KNfm
v | Mortar  0.03*0,52%22 = (.343 KN/m
A parfitians , 250, 52 = 14 KN/m |
Sum=5.96
KN/m

Nominad Total Dead Liogd!

DL, =081 + 1.04 +0.343 - 1.08 +0,597 - 0.343+0.343 1 1.4 = 5.96KN/m of
rih
L-.L. Lkl = ..;' - ﬂ.::::'_ 25 K-NI'LIT] I.'-frih
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4.5 Design of Topping:
Table (4 — 2) Calculation of the total dead load for Topping:.

Nﬁ: Parts of Topping tﬁknﬁﬁhn
b Top Slab 0.08%1#2§ = 2 KN/m
Y Sand Fill D.0751%16.4 = 1.148 KN/m
B X Tile 0.03*1%22 = 0.6 KN/m
¢ Martar 0.0351%22 = 0.66 KN/m
= partitions 2*]1 = 2 KN/m
Sum = 6.468
KN/m

Design of Topping for Ribbed Slab as a Pluin Conerete Scetion :-

Wu=(1.2*6468) | {1.6% 5)
= 1576 KN/m

— For g one meter strip Wu — 13.76 KN/m

Assume slab fixed at supported points (ribs);  ™ET
Wu *1°
Mu = 12
_‘u1u=i-”:i“—'42= 0211 KN.m/m
fr=042%JfC (MPa)  ACE3I8:05 Fig. (4-2) '['ﬂpiné ofslab

fr =042 % 24(MPa) = 2.057 MPa
=2.057 *1000=2057.57 AN !'m’

Mn=fr*s ‘
= hg' L. 'f*"'”‘{l“'“g' ) 106107 m’

Mn=205757* 1.06%107° =2.181 KN.m

@ Mn=0355*2|81—1.19956 KN.m
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P Mn— 119956 KNm > Mu—-0.135 KN.m

The strength of plain conerele section > loaded section
The plain concrete section is safe Jlowever, minimum reinforeement for shrinkage

and temperature to eontral the cracks should be used .

p —0.0018 ACT-318-11
As=p*b*h=00018* 1000 * 80 = |44 mm’

U @8 @0 em
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4.0 Design of Rib (11):

Fig. (4 - 3) Rib location in underground tloor slab.

By usinpg ATIR program we gei the envelope moment and shear force diagram as the

follows:-
1 'l 3
1 2
A a
A A
08 12 0.8 423 08
1.9 493
52,
&
27,
12,
AA

Fig. (4 - 4) Geomelry ol rib (1),

i
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Mement
262
181
43.9
23 a7
a1 1.5800.21
E3
3T
0.19 1.71 2.95 1.97
Fig, (4 - 5) Moment Envelop for rib (11-(KN.m).
Shear
-24.5 227
7.6 16,9
6.7
17
26.3
1832
Fig. (4 - 6) Shear Privelop for rib (11)-(KN).
Dead load - Service - —
5.86 ‘ 5.95 ‘ ‘ ‘
z 1.5 i i T 5 ¥ ) L & i i ¢r93 "3 i i
| P !
Live {oad - Sarvice
R U O |
i} 18 395
B | E

Fig. (4 - 7) Loading of rib (11 )-(KN/m).

.t
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* Check Strain for the magnitude of under strength factor @

Tension = Compression
A x i=0.85x ] xbxa

226 2% A420=085x 242520 a
a=R%956mm
il 8.956

3
C=aER T AT 10.54 mm

 0.314-0.01054
001054

& =0.0864 > 0.005

OK.vroos

#=0.0031=0.0864

4.6.2 Design of Negative Moment for (Rib):

The maximum negative moment {rom spans with support is
Mu = -18.1 kN.m
~ Assume bar diameter @12 for main positive reinforcement.

=350 21— 100—=6=3134mm

= 20,59
f W fr
iy et L N - Mpa
hhd > (0.9)120 %314 )
' [~ o r. i [ oo g0 * q_h'
S a5 | Jl— Zmkn |- 3 | I 2% 3055 *1 690 V1 000431
m | A o, 220391 VN 420
A s =0.00421(120) (314) =15524 mm’ > As min = 1256 mm’
afbars = A, | Ay = 1552411131 =172 “ Note Agpz— 1131 mm?
Selectbar2 @12 -

Total AS pemde = 226,19 mm’ >155.24 mm’
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¥ Cheek strain for the magnitude of under sirength factor @

Tension = Compression
A, x fir=085x% 7 bxa

220.19%420=083224%120x g
o =388 lmm

T e
CETRS D e
0.314-0.0457
0
6 = 0003 =018
g, =0.018 > 0.005

4.6.2 Design of shear for rib (1 1):

ACT =318 — Calepories for shear design!

= 203 KX

Ve=1.1 #é“u'rﬁhw d

V=33 84N,

OV=0.75*3384=2538KN
1 o

Vsamin = E\f felh, d

Ysmin = ib"" el {contral)
1

Ve miin = 37 120 - 314

Ve otfn = 1256 KN

O(r.) <w = O(u. + Ve o)

0.75=33.84 <263 = Q(3384+ 12.56)

2538 <263 < 343.

So, Case 1T minimum Shear reinforcement required |

Use® 8.2 lep
A, =10053 mm".

Structural Analysis and Design

L
T — r"4-|_"~r

| ..‘e_\”_f_’wah

]-' 2 !ﬂ ‘I E
s Palenting poy xiers
{#PE;

"

i Ln "”“‘“’T

*i-h-'n-.!

Sl g ]

3

- |
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Vs="%— v === _33.84 = 1.227 KN

e

Aufyed _ 100.53+ 420 =314

v, 227+1000  Llavomm

=

b | F

Smnw = B Smay = 600 mm

i 34
S 157 mm (contral)

Usc OF . @ 15 em  (2Legs).
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4.7 Design One Way Solid Slab :-

¢ For continuous

cier B e i
jur Eﬂﬂg
v i b
= & -
. o
‘»S? e
ﬂ ClP A = s P ETFP

Fig. (4 - 8) Solid Slab
NOTE:
® +p30n  fO=30N Jmm* (MPa) For circular section
but for rectangular section ( fe'=30%0.8 = 24MPg ) .

L The specificd yvield strength of the reinforcement {fy = 420 Nimm® (MPa})}
SR T =S
fy = 420 Mpa ]
* Factored Loads :-
q.=1.2DL + 1.6L ACT-318-08 (9.2 1)

* Slabs Thickness caleulation:-
The averall depth must satisfy ACI Table (2.5.a):
= from  ACI-IIN-08 puble 9 3a)

Min k ( deflection requirement ) = :

- Roth end continous ¢
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A
~—=02Ram

2428

For One way solid slab will use thickness ol slab 25 em b min = 28 ¢m.

h=25c¢cm

* Load Calculation:-
For the one-way solid slabs, the total dead load 1o be used in the analyvsis and
design is caleulated as follows:

#% Determination of Dead Load :

Solid Slab Load Calculations/ strip 1m wide

2 ]
a2 1 1
el {02 1 0.44
16 .07 1 112
25 0.25 1 f.25
1
- i ) . 3 4 =
| a ‘ a n
(23 12 oe TA 0g 1A g
T e 8 T ] a7
L ! [] k]
3. 'J
0
2-%
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Structural Analysis and Design

e | PREEL
! ‘ S =) I | 1 L_ i
| | - |
F Lrve fond - Serviea LI!l.lIEI LS ST 1-”,1'-?‘5’_"?.5“..”5’
"4 ls::l i &4 1] 15:01 L Sy If‘;_j" l T:f

Fig.(4-4): Spuns Lenpth of One way solid slab (56) .

* Moment and Shear Diagrams:-

'he Development Mument diagrams for beam has width =lm , and the thickness is 35

cm as following ;

LA AEEE
A963-155.6 ABI .74
/’\ N
03398 | Py D |
1 |_,-"J_ T ~ T A b, 4
" T y )
a, SR B ’,,.f‘l._1._1_rl1_, \ /(3
% e "'._\\.
R &/3 ot s =
r 1218
e 4 | % : < 42 i 308 |
T T T 1
Irear
1143
L any DM -
-~ .,-""H 0 1t
.-/ o "’/".‘
o i
1 s = -"f.ﬂ i
- = o
= 1 ___,_,-r-"rﬂ ,.-*"'..
I _.,r""‘ ..u-"""-
m TR - o
iy 4 e T

“Feachions
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* Design of slab:-
For shear:

check whether thickness is adequate for shear:

Fopee =109 KN/ 1m strip

Vo= {13 *Q# ,J'IT* T

= IE* 0.75%+/24 1000 % 0.225= 119.32 KN / | m strip

1 119.32

> DVe = 5 = 59.66KN/Tm sirip
- a
PVe = 11932 1, =109 KN/ Im strip>_ @Ve - 59.66

The thickness of

the slab is adequate enough,
R T - e
=) e

ol SR ST =] A
W - W T : ik T 3 _—:.u: __l.

108 KN

For negative Moment:

Assume bar diameter P10 for main reintoreement

d=h-20 dv=230-20—-(10/2)=225 mm

— e - e — e =
Y cp-w Lo il - B dni e M b=,
230 mum | 10 mm 225 mm

Mu=-1556 KN.m
OB5*% fc (85 * 24
RII = J‘#!ﬂ / ﬁ
b*d’
Rp— 155 6%10°* /0.9

Y =34 N (M
1.0*(0.225)° )

] TR
== L= T LN
g - ( ‘|| : )
1 [ 2(20-39)3.4) . |
= St S Y= R S = a

As=p* b* d=0009% 1000 * 225- 2005 4 mm?

ok
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T et "'l‘_'-',l e
_ =nll Lo _.‘LJ.'_-u=[-"==F

3, o 0.009

Check Minimum Reinforcement Ay min. (ACI- 318M-08 — (10.5.1) )

As min=p, #h*h  =0.0018#1000%250 = 450mm*  (conirel)

— Use @16/ 10 cm . Asprov = 2009.6 mm’/cm

step ( s) is the smallest of :-

ftaﬂf@} 25* 0,
=380 * (220 25520 =380 % [ m ) —2.5% 20— 33Dmm
;‘l},' —--i-.i'..l
= mn{—‘i‘-u 300 13‘“??1— 500 * (a—‘"'ii—i]—f:umnm (contral)
3 ¥
= P HEQh=73% 350 = T50m
< 450 mm.

- Checek for strain:
lension — Compression

"i. H.r.-l_. = nﬂj}!.‘ﬂ:‘ Eh®
2009.6%420 =0.85%24 7000 *a

a=d1 4m
(4 414
= —— = 48 T
g, 083
225—48.7
- i DR
48.7

£, =0.0011 = 0005 —>snk

( Temperature and Shrinkage ) :

—p= 0.0018
Asmm=p._*b*h =0.0018*=1000*250 = 450" (contral)

Use @8 @ 200 mm
step ( s) is the smallest of :-
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<450 mm. . {control)
¢ For Positive Moment :
Assume har diameser @10 [ur main reinforcemeant

d=h-20-do=250-20— {ID u.j—Z"‘*'r mi

53 5mm S mmm

Mu=+126 Kh.m

0.85% fi 085424
| /
En= M
b= d-
_ 126 %10 -‘“-‘f‘ =1'?ﬁNa'mm: (Mpa)
IR 2Rs )
et ‘Jl = )
i
[ 2¢20,59)(2.76
o= (i f1- 220926 g 00m
2059\ 420

eIy = e

= ;".-‘._—'—7-::
TIY75 2139

Check Minimum Reinforcement Ay min.(ACT- 318M-08 — (10.5.1) )

Asmn=p_ *h*h =0.0018*1000%250 = 450mm” (eomtral)

Use @160 100 mm
slep ( s) is the smallest of :-

.’lBG{ } 2.5t

< mu*(:i”"n 2.5%20 =380 % (22— ) 2.5 20 = 330mm
_JI} g + 420
< mntﬂ} suu*(ﬂ_ )= 300 %(; J"‘"Z y= 300 mm (control)
iy

=450 mum.
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4.8 : Design Of beam(B2 ,UG) for flexure :-

4.8.1 Design of flexure of beam 2,1

Fig.(4-11) Beam location in underground Toor slab

Table (4 - 3) Caleulation of the total dead load [or Beam.

No.  Parts of Rib Calculation
\ Plaster 0.03%1%22 = | 066 KN/m
¥ Re¢ Beam 0.50#1%25 = 12.5 KN/m
| L2 Sand Fill 0.07%1%16.4 = 115 KN/m
< Tile 0.O371#22 = 0. 66 KN/m
. Muortar 00371722 = .66 KN/m
% partitions | 241 = 2 KN/m
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17.63KN/m

Load ealenlations for Beam:

Ihe distributed Dead and 1 ive loads acting upon the Beam 1 can be defined (rom the

supporl reactions of the rib (11).

_Reactions

Factorad
—t i i f —]

DeadR  -1.83 36.51 14.27
LiveR J.68 21.24 3.4
Max R 1.74 B7.TH 22.67
Min R £.73 40.85 14.16
Service
DeadR  -1.61 30435 11.8%
LiveR 2.3 13.27 825
Max R 068 437 17.14
Min R -4.81 5314 11.82

Fig.(4-12)supnort reactions of the rib (KN)

» The support reaction ( service ) from Dead loads of Rib (R11 ) upon beam
(BYUG) is (30.43KN), The distributed Dead load from Rib (R11 ) on
Beam({B2UG):

DL from hit=5y = 58.52 KN/m

% The support reaction (service ) from Live loads of Itib (RYY ) upon beam {(RZUG)

is(13.27 KN) . he distributed Live load [rom Rib ( R11 ) on Beam ( B2UG):

13.27

¥

The support reaction ( service ) from Dead loads of Rib (R15 ) upon beam
(RYLICH) is (26.98 KN). The distributed Dead load [rom Rib ( R15 ) on
Beam(B2ZL):

2628
DL ,”.,,,m,,ﬁ = 51.88 KN/m

# The support reaction (service ) from Live loads of Rib (R'5 ) upon beam (B2UG)

ig(13.11 KN) . The distributed Live load from Rib { R15 ) on Beam ( B2UG):

1311
Lf‘frmu RiB—"5as = 25.21 KN/m
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By using ATIR program we get the envelope moment and shear disgram as the

Structural Analysis and Design

follows:-
1 2 3 4 5 B
1 20 3 . 5
Al Al 2 A . A = Al ]
[A : A Lt I g A =] A
niF?u.+ 4.37 0.4 4.59 ﬂ.-lll 4.96 04 B.04 0.4
: 1 477 4149 5.36 ; B.44
BO.
35,
T0.
50
A=
IFig. (4 - 13)Geomeny of Beam
Dead load - Senvice
==! 537 53.7 | 537 ‘ E9.ED
%4 - | |
" 2 o .il’ :\IL i I 0 L 'Iuln e 1 y M Jn 4 I ._:
i T f 158 858 ~ ) 3
Live load - Sarvice
foggh b 2;L:"' (234 ) 35-5?‘
N 477 T 4,99 £.38 A .44 1

Fig. (4 —14)Leading ofBeam-(KN.m).
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Moments: spans 160 §

H4E7
186.7 2923 1B6.2
0.85 13 | 148
I.-’-I;-l --lmnu...'- n'!e:-;-‘l‘ax‘_ = B il 1l
T iggy— - Ui E r-""‘?.is'- . LLETTIE L
1307 0.5 TRl L B4 218
: 206.7 § 4
7438
1 2,58 23 | 274 2.25 1.88 3.48 I 5.06 3.38 _|
Fig. (4 - 15) Moment envelop for Beam (KN ml.
Shear
A =446 -427.6
-302.1 278 ; 1 S5
=205.9 -708.3 = ;
I_f__ﬂﬁ. s ~ 1823 - - 2
Il Ll -':'J- ol - . il "f- iLi i [
¥ Ill Py |’| = T o Y e |
T 4728 g™ LT 1408 e
L 238 2582 e
264.8 494 4 | A
511.8

Fig. (4 - 16) Shear cnvelop for Beam -(KN)

Assume bar diameter @ 18 for main remforcement.
weleeted kidden beam
b =3SUcnifi=T0cm

d=700=40-10 1:5— = B} 1mrm

o

4,7.1 : Design of Beam of negative moment :

Tuke Mu=S8157 &Nmi al support (6).

Mn _ 815.7/09x107

Bn- = -
0.5=(0.641)

~Ea

= 4.41Mpa

_— 420
1= -
D85 fc' 0.83x24

=20:59




Chapter Four Structural Analysis and Design

L 1.4

Asy, = Y (bwid)2 —(pw)d)——>(ACT=105.1)
Ap) N
24

e 1.4
de o = 2 (500)641) = ——(500)641)
e 4(41:}}{ Keal) 42u[ X

As_ . =934.6(1068.3— > Thefarg esris contrad,  =1068.3

As, =10683mm

| 2(20.59)(4.41)
TN o s
2059\ 420

As=p* brd—0.012(300) (641) = 3846mum* >As min =1068.3 mm’®

p= )=0.012

A‘griq i 3846

As 2845

Ear

7t OFf hars =

=15.T1 Nole Apgz— 254.5 mm?

"Scleet Top biirs 16018 in tow layer

TLT‘Eﬂ .ﬂL.ﬁ (preyided =‘4[}?2 Hil’i‘n";

# Check strain lor ©:
‘lension = Compression

A % fr=085% [ xbxa
40725420 =0.85% 24500 a

a=167Tmm

=l
i,
— L =197 3mm
(.85
541 —=197.3 e
5 =2 o pos = 00067

1973
&, =0.0067 > 0.005......co0r 0k

'll »
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#=Chee¢k for bar distance:

500-—-2 -2 o
g = atals > bl =36.3Tmm = 25mm....o0k

4.7.2 : Design of positive moment ;

*Take Mu= 7438 INm ............ at span (5),

Ma 438709107
brd®  0.5%(0.641)°

£ 420
0.85fc R5x24

En=

—4.02Mpa

Hl=

= 2059

| B
_ yJ& o 14 - =
As o= "0 Abwld )z —{pw)d )—— 1 ACT =10.5.1)
K _”,( )

24
Asy = (500641} = ——(500)641)
LL'HF 4{421-1} H } .I':'UI I

AS o =9340 <1008.3—— Thelargest isconoaf. =1068.3
As_, =1068.3mm’

] 2(20,59)(4.02) :

2 = 011
2059 \ \I' 420 ]

As— 0.0111500) (641) — 53525 5mm* =As min —1068.3mm-.
As.. 35255

33253
# Of bars = i — 1_
As;,. 2545

=139 Mote :"1:]1-13 =254 3 mimy?

Seleet botlom burs. 1401 8mm in tow layer

Total As=3563 mm®>3829.98............0k
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*Check strain ford:
Tension — Compression

A 3 Ar=085x% [ ‘=hxa
3563% 420 D.B5x 24x 500 u
a=146.7mm

e
o=

4
i = 1‘:;6'? = 172.6mm
(.85
e
e
172.6
£ =0.0085 0.005..c0ecrenen- ok

“Check for har distanee:

500-2x%40-2%10~7x18
i é

=43 Tmm = 25mmi....ok

£

4.7.3 1 Design of shear for Beam :

AC]—318 - Categories for shear design:
VU ciics = STT.E KN

Ve=zyfc'b, d

Vo= V24 + 500 « 641

Ve 261.69KN.

OV =0.75%*261.69=196.3KN

U e
Vemin = 16 yic'h, d
Vemin — Eb‘w d

1
Vmin = 5 500 % 641

Vemm = 10683 KN

P = %Jﬁbw d

1t
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vy = 28 % 500 x 641 = 5234KN
So , Casc (4)
Bl¥e + Veminy < v =< B+ vy)

0.75(261.69-106.83) =51 1.8= 0.73(261.69+523.4)

S0, shear reinforcoment are required .
Used legdi 10,
As=314.16 mum’ .

- y 5118
1|""::-_ 'g”_ N

L e

-261.69=420.71 KN

_ Aufurd 314164420~ 641

— 20104
v 420,71~ 1000 o

by

d .
Smay = Fl OF Spyar = 600 mm

! d 641
Smax = T 320.% mm(control)

Select 4 leg 010, 200 mm (4 Legs)

18
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4.9 Design of column(C08).

Seleet (C0S) for desion;
% Loading ;-

Try 40#60 cm with Ag = 2400 em”
Pu={1.2%242 .8+ 6%57.6)—383.52 KN,

*(Checle slenderness Limit:

............... 40! = (10.12.2)

M1&M2Z 1.0 - (braced fram with Mmin).

k=1.0 - (for columns in nonsway frames),
Bdl
P 234 -12%10=22<40
E
Lu=3.3m.

rx=0.3 h=D.3*0.4=0.12.
y=03%p11.3%0.6-0.18

{ . ; ! ‘
At 33.33322.0  Slerder column for bending about x_axis.
s

klu . 2

—=22.22 = 22.0 Slender column for bending aboul y_axis,

¥y

El
El =0l &—

I+ 4,
E, = 4700 & = 4700 # 24 = 23025 20Mpa
_L2PL  12(242.8)

I = = .74
P Pa 38352

K 06702 )
-Z—h,, = =32%107"m"’

0.4%23025.20*3

5
ET = 2167456 MN . m”

1+0.76
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_ a
¥ (KLi )’
3147 * 16745 6 . "
Pa—s IR panig iy
(1.0%47)

T =064 :}.4[ ol
M2

=1

= Cm 0
® o 1—(Pur0.I5P)

e e L L
Y —(382.85/0.75%10319.1)

Coin =L +0.03* R =15 +0.03%400 = 27 0mm =0.027 m

e=e.. x4, =27.0%1.052 = 28404 mm = 00284 w;.
e 0.0284

h 0.4

= D.4709

Because e'h=<0.1 we well design as concentrically loaded calupn:

Py = 08% A2 {085 /2 1 p (F, —0857))
SA.03=0.8x2410.85x24 4 2, (420—0.85 = 24)}
£, =0.020> pmin=1% ok

As=0020 =600 * 400 A s— A800mm*

Nefect 12022 5 As, o = 4561 .6mm”

*Design of the Tie Reinforcement:-

Spacing =16 = d (Longitudinal bar.diameter) =16 <322 = 352mm.
Spacing =48« d (fiehar diometer) = 48 =10 = 480
Spacing £ Leasi dimension = 400mm

Use gl 250mm
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4. '+ Design of isolated footing of C(23,36):

4. 1.1 Load Calculation :
Total factored load = 2900 K.
Total services load = 2150 KN.
Column Dimensions = 60560 cm.
Soil density = 18 KN/m".
Allowable soil Pressure — 400 KN/m2.
Assume fooling Lo be aboul (60 ¢m) thick.
ive load =5 KN/m2.
=400 - 5- 0.4%18 - 0.6%25 =3T3 8kN/m" 4.,
4.10.2 Determination of Footing Area :
_ 2150
373.8
% [=2.42m
Try 2.5 % 2.5 m with aren =8.25m" > A g — 5.8m"
Determinate q, = 2900/6.23 = 464 KN/m"

= 58 m*

4.10.2 Determine the depth of footing based on shear strensth:
Assime h=60cm ... {d =600-75-20 = 303 mm

= Check for one way shear strength

2 s - i
Critical Seeticn  al :;J

9 v d =22 +0.505=0.805m
2 2
25
Vi = 464 ¥(22 ~0.805)* 2.5 = 5162KN

i)

dive= .;:-.{% v J7 b, *d)

g = IJ.?E*%*-\-'E *2500*0.505=773.12KN

BV = TTINZEN > Vie=SI6.2EN
. Sufe
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»  Check for two way shear action (punching)
The punching shear strength is the smallest value of the Kllowmg equations:

Y —

av. <o 12 2\ ba
LN Iﬁ\‘ ﬁ‘.;-‘u.i =
1{ & N EE

G R Tt [ O b.d
A s J|w. ;

Where:
3 Column Length (a) o Y
T (60

= Perimeter of eritical scetion taken at (d/2) from the loaded area b,

b, =d{d +a)=4(604+50,5)=442cm

=30 tor edge column %y

: L : B e
P =a:fi-lﬁ[l+'{ji v ﬁ.,ci=n';5*: l+ﬁ /24 +4420%0.505 = 4100.6KN
Vi i Fins A —
P —#—%[;*d 21y h.,d=u]'E*’ %u F\24 #4420 % 0,505 = 6083.68KN
! ' 2 L
LRe i 4
@ =g i J bl =12 345 442070.505 = 273375 KN

@il = 2733 TSKN. <= Connol

FR, =0, *wrea of crifical section
Fit, =2900 -[464* (0.6 +0.0.505) *(0.6 + 0.0.305)] = 1R74.56 KN
@ Ve =2733 T5KN >V =187456KN . safisfied

4.10.4 Design for Bending Moment:

0.95"

Mu=464% 2 5% =573 45KN m

Mu=323.45 KN .m Tor both side
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[sing Reinforced Concrete,

o
M= RS S81LEKENm
A S&1, '
. _Iﬂ_=__31 6x10 ~ _4 912 Mpa
bd’  2.5x0.505
=— : 32D = 20588
E *ﬁ 0.85%24
=1
i | ‘J f J
I T 2
A ! 1- -2 2% 20.588x 0912 | o4y
20.588| a0

sy, = prh*d =22#107 250750 5= 28.06 cm’
Ao = 0.0018% B A= N.0018%250*60="2Tcm’®

A8 ey = 2H.06 > A5 e = = Yemr™

hefﬁ:r I:agﬁrllfj 1'—"1::1 . 3D.1f—'§{'rr." - 2806t . 0k

Ill:!Ch cnf' sIrain;

As*fy=083"7 il s Sl
I014%5420= ﬂ.ﬁﬂ*'j:jr*:bﬂf.]’ el

i = 2482 mm

- X
= e 1' L. =20 2mm
i, 0, H“-

' 25.2

g, = 0,048 = 0,003
- OK

4.10.5 Development Length of main Reinforcement for Mul :

g E I
R = 1'! s et b B
1w 3 ff fft‘i” -+ I:J'!

N —ay
Ktr =0 (No stripes) ch=75+16=91lcm
ktr+ch _0+91

dh

ketr + ch

=5.68>25

=i

db
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o 9 420 1-1+08

o = —u %
i 10 1= v’ﬁ 2.5
]’ad 5u=_‘!ah'|e-_ r"ﬂr"?j: 5251[!.‘[[1

Lid svaitaie= 525 mmi == Idrﬁ.q‘ = 305.1mm

18 = 3951 mm

s pot required book

4.1006 Design ol dowels =

Pu= 2900 KN

¢.Prn=g(0,.83 fo'dy)

¢.Pn=1a5*|0.85% 24 * (600 * 600)]/ 1000 = 4773.6 KN
Bt Pu=2900<¢.Pn=3313KN

Dowels are not required for load transfer.
But use thic minimum reinforcement of dowels:

4.10.7 Isolated Footing Deta

I hioihd
I o 1K %
A — A
.] /f "L h
3 2 WL J
.y
| 1 £S5 =
il

L'
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¥,
(ll
270 ,1_ ﬂmu:q {0
o
o
i R !
L=3
an
=l S = E:!'l{‘ilﬂum
4 3 & b @ & & & _§F &
: =370} f\__”._ TR LRI I T T 7 .'_‘."'1"_"-" TR
250
BT

Figure (4-17): Isolated Footing Detail

vy
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£ .\ ' Design of basement wall
N
P
NI
= ] TR —
I ) L
N woil ‘ !
Am ' 4.1‘?m T ' ™ i
8 F
| - e
. b h= ¥
e B I

yrhr Ky Px K,

Figure (4-18) : Load on Basement Wall

— Loading :

o Sclf weight of earth :

g =y xhx K,
Aszume that

¥oa=18Kninr
G=30"
K =5
g, =18%4.25:0.5=38.25 KN/m’
s Load from live load:
gy =%k,
g, =5%x03=25KNm"
e Normal Load :
Is very small . it will be neglected ( sale side ) .

W= 2.5%1= 2.5 kN/m
5

W= 2.5%1 + 38.25%1-40.75 kKN/m
"Ihllll'fiﬂ|||1_1|1[-'_'d| =1 .ﬁ“:“..ﬁ_ "1' kN'r"].




Chapter Four Structural Analysis and Design
W i Factarsdi — 1L6%40.75=652 kN/m
Inard

l’rﬂﬂ__IT N
ﬂm t ‘
T 4.5 [
Muxrrerd s
P fq'
S =
_"'--\____\_-_ _,_.-:-""'-__F.
e _ e —
| 2.25 _ 389 175 ! |
Shveat
121.9
.-'—'-F-.-F
=
_._o—-—""-r-_'_.-_-_
— —-—'_-‘_'_-_.-_..-_
73

Figure (4-19) : Loads & Shear/Moment envelope for hasemnent wall

= Design :

: Thickness Calculation
01 .0 =Assumc p

m. 98,9k =Mu
m.68 kN =9 0'Mn =98.%
Fy 420

= 2().588

M 085 0.85x24
K. = p fyx(1-0.5mp) = 0.01x420x (1~ 0.5% 20 588 % 0.01) = 3.77Mpa
|
| &
9x10
K. = -Jif;rd'-— i
" bl 0.9%1000%3.77

h=170+20+7 =197 mm

= 170 nm

select h=250mm
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4.11.1 Desien of the Vertical reinforcement:

Jd=250 -20-14/2=223 mm
Mn 2 98910

Kri= =22Mpa
BrdE 0.9x1000x223° »
I men
p=—=fl=_{l
m ‘1." il
1 7% 20588 x2.2 |
o | = =555 w0
A= 420 HE

As,, =5.55x107 x1000 x 223 =13238 .6mm im
As. ~ 0.0012%1000% 250 = 300mm* / m

As.. = 300mn® [ < As, =123 & Gmm /1

£ . 12386
#af bar inon merer =2

154

+ Seleet the greater of

As, . =0.00251000% 250 = $00mm” [ m

500

Il af bar i on meter =—— —=9.95
: 3024

: Check for Shear

=i g ) 254 (0.1540.223) =108.99 KN P

;u-:l"r =Vu

=l —GT,; e wbwd= L

J24 %1000 223
q&j’-";_' =1 Eﬁjﬁ == Fu= T8 QN

- No Shear Reiforcement Required
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4.12 Design of Shear wall:

: VY A Calenlation of shear force on shear walls:
From Unilorm Building Code 1997 (UBC):

/-03 zonz"3"

H=aa

=28h,

Ct = 00488

Where:

Z=Scismic zone factor as given in table 16-1.

R= numerical coefficient representative of the inherent over strength and global
duetility capacity of lateral [orce resisting systems, as sct in Table 16-N or 16-P.
I- imporlanee factor given in table 16-K.

Ca — scismic coefficient. as set forth in Table To-4).

Cf— numerical cocfficient given in soction 1630,2.2.

€ 'v = seismic coefficient. as sct forth in Tuble 16-K.

Wi, fen, ix = height in feet (m) above the base to level 7. » or x. respectively.

r-C(p)y* Fa--308(UBC)

By using the software (ETABS.) to Anulysis the shear wall it was get result as the
following:
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MU diagram VU diagram
¢ < w0
\ W |
\ i
|\ T8 1881 | 34g8
A\
\ LY ‘
L '\:1:,- 32 | 423
\
\ 440
\ IR I} Py
\ |
.'~,,~ T
___L__‘I-,\ BT 8ol . |'E:'._'
\ o
\ Ba0e4 el 7 B3
) s 4_.&\ g |
4,00
\_‘gl ragra 383 EL
‘1\ J
Y 400
\
! \ iamEed

Figure (4-20) : Moment & Shear-Diagram for Shear Wall.

£ 5.Y Shear Wall Design Parameters:
=24 MPa &

=420 MPa. #

h=20cm. Shear wall thickness.
L.~ 5.04 Shear wall width

Hw—28 m Storv height.

4.12.3 Desion of the Horizontal reinforcement:

Internmal forces & moments:
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Z Vie=T784KN

Critical Section

w208 _» sam(conirol)
2 2

h%: 2‘_!3 =Tl4m

Mu = 1332948408

4.12.4 Design by using Reinforced concrete:

Vi = 778 AKN
Vi =T {075 = 1037 9KN

01,2 Design of shear

d — 08> Ly =08 5.4 = 4032y

Ve, = rlT* JE'*hed = L—_-JH* 0.2%4 032 = 658 4 KN (Contral )
| Jr——
ot E v g Dok o L s B BT i * 4 037
P = AR, WA NI PINEES LTAER e e
: 4 4%, F 44504
f X y ! "
prm— 2 — i
— ¥R+ o ﬁ.u;t N34 - = ] I
O B | L "0 ) || BT ! S047*0.325 ) | 0294032
| T 10 2 133248 504 10
v, = | h 7754 2 J

Fs =Fn kel

T,

Fzg = 1037 86384 = 379 5LV

[ml" [P O - R B S
| %2 ) mytd 420 *4.052
‘ AVpm. l_ 0.0025 % = 0.0025 *0.2 =0.5%10 “mlCaniral )
52
[T _ -
§2=—— 35040 [ 5 = 10GE nim
5

2 =3"fr=3%200 =500 mm

sefpit ——— 20100 —— A5 = | 58w d
Aw I
= 0. xmm
&2
L38

o = 0.5 - 52 =316 mm (Corrrod )

Sifact .o NZ2= Slewm < Sreg .= 3 .6em
5 Zzziocted = 30em

e o 2g il g_% S0 em (e e)yin 2lanver
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n

‘ £.17.% Design of the Vertical reinforcement:

g fiwe L Avh
= {00025+ 05(25———
PTI"II" II‘ ( E’L,Jr .{3_ j.T

' ]

_0,0025))8,h

28

‘ e = RS0 25
L, 50
Avir = 00025% 8, = hy
s =%LH_ . 1a5ma=1asnm-m
S, =3xh=3%200=600mm

Select 28101ith area As =158mm’
158 = 0,0025% §, %200

L8 = 31 Gamm(Control )

Select 8, = 30em < 31.6em

S =3lem

— Select 210/ 30eme ¢

€00V Design of bending moment:

Mu= 132864 KN.m
Ly

60D + (55/ A

Assume Sn'hw = 0.007

(=

. 5.04
iz =
~ 600 - 0.007

C, =C-D1xL,

C,=1.2-0:1x 5.04 = .09%6m

=-1-.£= {6mC, *—C

2.0 2.0

Kefect The boundary element = T0cm > 69.6cm

—}=Ex]53=3135.23'mm1 As, -—-ﬂx Ax,
0.25 e

V4
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4 1
Lw ™ 24 (0.85% 8% jo* Lw*h) (s, = I'Y)
3 1
Tl PP - - - - — = {).064
Lw 24 (085=085=24x5.04=0.21/(31R5.28=10 " =420

i i z ".I"'
=My =09x% Fyx DS5xds, x Dwx| 1= —i2

X e A

(1066

0.9*420 ¢ 05318528 210 = 5.04 %(1 ﬂ—} = 3934 04 kN un

Mus,,, =15286.4-2934.04=12352364N m

Mul 352 365 10° /0. :
Mie/ ¢ _ 12352.36%107/0.9 = 7329 34mm"

Akt =

T frxCbw—Cw) 4205 {5040 = TO0)
As = 08* 200 %700 = | [200mm"
L Use g2l —— Seleet 19928 — As = 116992 mm™
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4.13 Design of stairs:

L=3501m

Bg=1/20

beeg— 301 /20 = 25.03¢m ...........ake b= 25 cm.
= Usch=25¢m.

6= tan" (150 / 300) = 26.36°

Cos 8= 089

B

. B>

= Lk ¢ L) { N L o - !
AT SRR A "J-.’E:H":#AJ-'-,-:j._{-;f:};ﬁ;‘fﬂ".(ﬁr-ﬂ-_sg.hfg,f_a.'-mg 0

e,
Lot

Figure (4-21) : Staiss plan

AN
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4.13.1 Lead Calculations at section (A-A):
4.13.1.1 Load on flight:

Dead Load:

Tiles = 0.03*27*((0.35 0.153Y0.30) = L35 KN/m.
mortur = 002422 ¥((0.153+0.3)/0.3) = 0,66 KN/ m.

Plaster = (0.03%22)/ {Cias 26.560) = (LT3R KN/ m,
Steps = (0.15-03)2) * 2503 =1.375 kN /m.
Slah =028 *25/ (s 26_56 =783 KN/m.
Tutal dead load =12.45 KN/ m.

Live load:

Live load for stairs =5 KN/ m™.

Factored load

~1.2%12:45 + 1.6*5 = 22.94 KN/ m”. qu

For one meter Strip. gn — 22.94 KN/ m.

4.13,1.2 Luoad on landing :

Dead T.oad:
Tiles = 0.03*22  —0.66 kN/m”
Maortar =0.02%22 — (.44 kN/m*
Slab - 0.28%*25 =7 KN/m®.
Plaster = 0.03%22 = (.66 KN/m*.
Total dead load =876 KN/’

Live lnad:
Live load for stairs = 5 KN/ m".
Factored load

=1.2%8.76+ 1.6 *5 = 18 5KN/ m’. g

For one meter Sirip, gu — 183 KN/ m.
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Dead load - Service

24 ]
nrs
: e 4 ]
245 ?.‘ll
Live loald - Service |
W ‘l .-mL !, | | | 500
| T pe 248

Figure (4-22) : Loads on stairs

4.13.2 Design of Shear ;
o Asgume @ 14 for main reinfireement;-
So.d=250-20-7=223 mm =223 cm

Ehaat

Figure (4-23) : Shear Eovelope of stair

Vu=3548 KN.

{ g
kX
ﬁl‘jl}; = ¢1"|l'jl' : i
5]
meg (g s *
die= D753 24 =1000* 223 — 136.6KN

6
=136.6 KN, ¢le<Vu=3348 KN

>>>>No shear Reinforcement is required. So the depth of the stair is OK.
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4.13.3 Design of Bending Moment ;
The Following figure shows the Moment Envelope acting on the stair

L - |
I Ll
s an 508
| i L]
Figure (4-24) : Momenl Envelope of stair |
Mu—44.81 EN.m !
|
=Mu/l09=4481/0.9=4979 KN.m. Mn
d—22.3 cm
. Mn
" pad?
43 79 10"
i Y 10y on2apa
© 1000 * 2237
H
" 2

C0.85% fe!

420
o=—— =204
(1.83x 24
b IrI X i
f [ awange1 0013 | . | | 2mk,
[y fj_2*206%10012 _aade0% g 1o i 2mE,
20588 N 1210} J mi N i

= 244 %107 210007223 = 344.7mm” s,
=000IE*F*Jr=0.0018*1000% 250 = 450mm™ A5 .
=45( imm:'-: As, — 544 7mm’ As,

Use b [4555544 7/153.0— 3.5

Use4® 4@ 25 emeie .............. wilh As =615.8mmn:®,

Asprovided = 615.8> Asret......c.iviiiemnennnn  OKL
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Check for strain:
Tensinn = Compression

A* fr=083* o' *h*p
ﬁllf-ﬂ"‘&izu = I"LLﬂj?“:._‘.'-" I.UUU;L“.-

o =12.608mm

268
_T:.ﬂ_z I =14.92mam
i U85

90% — 2
PO ST
' 14.92

£ =0.042 = 0.008 rok

4.13.4 Sceondary reinforcement:

AS i = L0018 x5 x A= 0.001 8 1000 % 250 = 450mm”
Use D4 0 30 em vl With As=461.8 cm®.

4.13.5 Stairx at section (A-A) Details:

S48 218

Bip
3

cL=48 ?‘_.:" qE'D
A RAE Eevak f 'f_jﬂﬁf , Vo
0 .:'.l‘ :‘_.

i L=37
,H/
PIES [=Fha 4

I15|F L=8Y

.

SECTION (A—4)

Figure (4-25) : Stair Section

A2
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