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Figure (4-4) : B4UT detail.
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Figure (4-17) :5talr section (2-2).
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List of Abbreviations

*  Ac=area of concrete section resisting shear transfer.

o Ag=area of non-prestressed tension reinforcement,

¢ Ay =aren of nen-presiressed eomprassion réinforcement.

» Ap=gross area of section,

*  Av=arenof shear reinforcement withm a distance (S).

* At=arca of one leg of a closed stirmup resisting tension
withina (§).

* b =width of compression face of member.

+  bw —web widih, or diameter of circular section.

s (.= compression resullant of concrete section,

* U= compression resullant of compression stegl.

» DL =dead lnads:

= d=distancs from extreme compression fiber 1o centruid of
tension reinforcement.

* [c=modulus of elasticily of concrete,

® ¢’ — compression strength of concrete |

s i = specified vield strenpth of non-prestressed
reinforcement.

&  h=overall thickness of mumber.

* Lo = leagth of cleur span in lang direction of two- way
construction, messured face-to-face of supports in slabs
without beams and face to Lace of beam or other supparts
in other cases.

o LL=live lnada.

¢ Lw=length of wall,

+ M = bending moment.

¢ Mu = factored moment at section,

¢ Mn = nominal momenl.

» Pn=nominal axial load

%1



Pu - factared axial load

5 = Spacing of shear or i direction paralle] to
longiludinal reinforcement.

Ve =nominal shear strength provided by conerele.

Vi — nominal shear stress.

V5 =nominal shear strength provided by shear
reinforcement.

Vu — factored shear force at section,

We = weight of conercic, (Ke').

W = width of heam or rib,

Wu = factored load per unit area.

O = strength reduction factor.

£, — compression strain of concrate = 0,003 mm/mm.

£. = strzin of tensivn sleel.

& — strain of compression stesl
g = ratio of steel area
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Chapter 4 structural analysis and design

Chapter Four

4.1 Introduoction.
4.2 Desipn method and requirements.
4.2.1 Factored lnads.
4.3 determination of thickness for one way ribhed slah.
4.4 Design of topping,
4.5 Load caleulntions for one way ribhed slab (H401).

4.6 Design of (R401) slab,

4.6.1 Desion of positive moment.

4.6.2 Design of negative moment.

4.6.3 Design of (R401) for shear, !
4.7 Design of beam (B418),

4.7.1 Dead lpad calculalion.

4.7.2 Design the beam for flexure.

4.7.3 Design the beam for shear,
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Chapter 4 structural analysis and design

4,1 Introduction:

Concrete is a construction material composed of cement {commonty Portland cement)
25 well as other cementitious malerials such as fly ash and slag cemenmi, aggregate
(uencrally @ coarse aggregate such as gravel, Hmestone, or granite, plus a finc appregate
such as eand), water, and chemical admixtures. The word concrete comes from the Latin
word “eancretus”, which means "hardened" or hsrd

Concrele solidifics and hardens after mixing with waler and placemeni due to a
chernical process known as hydration. The warer reacts will the cement, which bonds the
other compenents together, cvenmally creating a stone-like material. Conerete 15 used Lo
mike pavements, architectural SIMUCIUIES, foundations, and moler ways/roads,

bridgesfoverpasses, parking strueturss, brek/block walls  andl footings for gates.

Tn this project. there are three types of slabs: solid slabs. one-way ribbed and two-way
Fihbed slab. They would be analyzed and designed with aid of computer program callud
" ATIR-Software” to find the internal forces, dellections for ribbed slabs, and then haod
calonlation would be made to fird the required steel for some members.

The design strength provided by a member, il cornection 1o other members, and 18
cross-section it term of Rexure; lowd, shear and torsion 18 taken as the nominal wirength
caleulated in accordance with the reguirements and assumptions of ACI-code,

4.2 Desion method and requirements:

The desipn strength provided by a rnember is calewlated in aceordance with the
requirements and assumptions of ACT_code (318_0D8).

41.2.1 Enctored lomls:

The factored leads for members m our project are determined by:
W, =12 Dy + L6 | RCIHEﬂﬂE‘-SIEJ}H{E“J-] }-

E1-4




Chapter 4 structural analysis and desipgn

4.3 determination of thickness for one way ribbed slal:

For the introducrtion of graduation project we desipned (R401) slab, which is one way
ribhed aleh.

([T
|

Fig 4.1: ribled slab R401

The overall depth must be satisfving ACI table (9.5.a).
The mintmum required thickness is:

L 600D .
—_— —— =324 5 mm for one end contimaous,

115 185

Take the slab thickness = 33 om (24 o Hellow Block + 9 em Topning).

38




Cha P ter 4 structural analysis and design

4.4 Dresign of lopping:

Consider the topping as strp of {1 m) width, and span of hollow block length with hoth end
in the ribs.

wu

glmﬂ, lllﬂll%\
-’Aﬁ - 0.4m
Fig 4.2: topping load.
Dead load ealeulations:
Dead load from; R | EN/m
Tiles _ 0,03x23%1 R [ S—
Mortar 003221 | 1.0
Coarse sand 0.O7=<17%1 il 139
Topping B.09x23x%] 2.25
Interior partitions 2.3%] 2.3
| 9 = — 709

L =SKNm? — & 1; =5 KN/m® * lm=5KNm

Wy =12 x7.09+ 1.6%5=16.508 KNim.

Check the strength condition for plain concrete, oMy, . M, where o =(0.55.



Chapter 4 structural anzlvsis and design

M, =042 &/F7 S (AC122.5.1, cquation 22-2).

N s 11 1501
g =4% o e 1350000mm? .

b

oM, =555 | =24 = 1350000=105 =3.637 KNm
My ===

Mot :
5 = D22KN.m
ghls = My= 022 KN.m

No reindorvernent iy required by analysis: Avcording ACT 10.54, provide Ay, [or slabs
as shnmkzge and temperature reinforeament,
Plidikugpe — O.OULE ACI7.12.31
A, = pribahygp, ~0.0018 x1000=20 = 162 mm" .
Try bars §8 with A, =503 ma”
Sl

2o ds d2n

Take 498 /M with A, =201 .1 mmi-'rﬂm . i hoth directions.

Step (3] 15 Lhe smallest of

I. 3h—3=90=2T0mm. conlal ACTIDES4
2. A50mun.
280 200
9. S=apolZ= ) —250. = L0 A=
3.8 jsn[r’) 2.5€, = 380 h—“) 2.5.20 = 330mm but
IPRCSINY 7, N 28D | ;
S< 380 ( = ) =300 (g) = 300mm ACT 10.6.4
g =DM _ S Stmm < S, =270 mm ok,
A havs

4.5 Louad calculations for one way ribbed slab (R401);

The etfective flange width (b.), eccording to ACE8.12.2 i the smallest of

., «:_:% :@: 1400 mm L, is the span of the 1ib,

1




Chagter 4 structural analysis and design

s . =b, ~16hy = 120+16%90= 1560 numn.
» b, < center to cenler spacing between adjacent beams — 520mm. cominel

Dread load calculations:

Dread load from: oy, KN/ m
Tilcs 0.03°2350.52 03

Mortar 0.03x22=4().51 (.343
Coarse sand 0.07=17=0.52 0.619
Topping 0.09x25x0.52 1.17
Hellow block 0 4=10=0.24 0.96

Interior partitivns 2,3x0.51 1.196

RC rib

Live load /rib — 3 KN/m” » 0.52m = 2.6 KN/m.
D= 12=5527= 6.632 KN/m.

Li=1.6 2.6 =4.16 KN'm.

W= 10792 KN'm.

Using the structural analysis program (ATTR), we obtain the Fnvelop Moment and
Shear disgrums,

MeomentiSnser Envelcoe (Farored]  UmbtskMN.meer

Moments: =pane 1to 4
187 462,
s A2,
fN e N ’;"w\.
T fh G
L fiass R 4 1 el A §
= Faeo=1 oam S TN
R 7 0B20.73 - Ay PN 08N
s /’{ B e T A gl N
i 5
B e 74 15 e
12, 11.3
1.44 | 2.18 l 198 - 182 198 | 21 o

42
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_ Bhear
238
v s i 165 _\
-184 - 1 =
.-"‘{‘ === -1 .-v"ﬂf‘ '13'.L’/:] i B
"‘ - =t it
.f"/. l f'ﬂf ;-”-f ..-"J'-
R ali i == St e i ali 2 )
L T [ | T e i i -~ L 1 ¥ ,f’f- =]
Z ' -
B R L
! e = L
154 L~ 131 1;;” L,F‘%B
1.8 3.2
I .
Fig 4.3: Moment and Shear Envelop of (R301]
4.6 Desicn of (R401) slab.

4.6,1 Design of positive moment.

M, =12 KEN.m.

Assume bar diameter $12 for main positive reinforcement.
& =h ver - Gyjrup — o = 330 —20 —10= 2 = 294mm.
Check if a>hy 1o determine whether the section will act as rectangularor T_ section,
- i
M+ =085, . by (d — D)
- 0.85 % 24 x 520 % 90 (294 - %) % 107 = 237.725 KN.ma

M, My=12KNm, the section will be designed 25 rectangular section with =

23 nm,
ML 12019
B —= - = 0,247 Mpa.
N BRAL | DUXSI0XZIEE 0 i
=——er = L =
W= Desr  0iasx24 Hisg

1 -_-1:-11_3“ __]__.' L _x:-:;:ﬂ.r.x:-.zg? o y
F_(1_ e }..-‘-].DEIEIT,[I

A, =pbd=00007128 *5204204 = 108.8 mor
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e i —————— . ————

Clieak for A L.

14
Ty

Auein =025 b d = Xh,
:

2

Y3 150 % 294 = 102.B8mm?

A o= 325
flu_m_n ﬂ-uJ-E.El]

Aviin =2 120 x 294 = 117.6 mm’
T

A roquind = 108.8 mm® < A, iy ... so take As=117.6 mm?®
Ust 2010, A, provided =1 56.8 2™ > Ay eoging = 1178 mm”. Ok
Check tor strain:

Apf 15hANE2D
e = r21 mm
RER T DESEXRIONZE

el
= — =— =731 mm
T nAn

254=7.41

£, = 0.003 ’%) = 0.003 (Z222) = 0.118 > 0,005 0k

4.6.2 Desizn of nesative moment,

M,— 157 KN.m.

Assume har diameter $12 far main nemative ranforeement.
e 9%

d =h- cover ~ duypups = 330—20—10 =i 294 mun.

My 15.7x10®
T phd? Dew1R0xzodd

R =23 Mpa.

m= 20.6

N N PR RS T G B _zxzooxzd ) _ s
p—;{-(l -.,jl L0 )_zu.a(] Jl 820 j 0.0058

A, = pbd=0.0058 *120=294= 2055 mm” > Ay
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S e e T ——————————— ——

Use 2014, A, poriiast =307.8 M’ 2 AL oy =205 5 mm >4, 0. Ok

Cheek Tor strsin:

Asfy F07E=AR0 Bl
5= = e = B S
fESE fro NBSWiZ0EI4

a 52D
[ = o —

~gha = &2

= - cOVEr - dypyry — 2 = 330 — 20 — 10 — 5 = 295mm,

e, = 0003 (=) = 0.003 (22%) = 0,011 > 0005 0.

4.6.3 Design of (R401) for shear:

The maximum shear foree, Vi, = 151 KN, (2 distanee d from suppart).

Shkeer strenpth Vo, provided by conerete lor the joists may be taken 10%4 greater that for
beamss, This is mainly due 1o the interaction belween the slab and closely spaced ribs.,
(ACT, 8.13.8).

V. == A byd = V28 x 120 x 294 X 1072 = 31,686 KNV
a 'V, =0.75%3].686=23,765 KN.

0.5 0 Ve=0.5%0.75%31.686=11 .88 KN,

Viwa= ool byd =3 byd.

Vime =221 X 120 X 294 X 1073 = 108 KN.

vm.,..,:% X 120 % 294 x 107% = 11.76 KN. contral

e (Vo + Vimn) = 32585 KN.

pmte =Bl =
¥, ===V, =—— 31686 = 11.6KN.

a5




Chapter 4 structural analysis and design

1 —_— d
I.['p;-‘:l‘;r=‘:x\iff'x1}w:":d.thmsmtﬁ; or 8 mis < 600 mm.
s B
1 -
=g x V24 % 120 % 294 % 107 - 576 KN,

DVe <Vuz & (Ve+ Vsmin)

23765 KN < 38.9 KN > 12 585 KN, Not Case3
@ (Ve ' Vsmin) =Vuz9(Ve+ Vs)

32585 KN <389 KN <6696 KN Case 4

Stirrups are required

Case (1) lor shear design, minimum shear reinforcement must be provided.

Fry &,
e Aplyrd _ I=503%420x208 1056.3mm.
Fasmin 11.78% 107
i : & e
Smar = 7 = 600 mm vz = 5= Wlmm  control.
Uze /(1] shapey@ 125 mum.
. BRBO@Z5
2¢14 i e o
| :
o d L . =
“ U:II_
< ] | £
- "2
&
‘ 2810

! = ¥ 1

Fig 4.4: B401 detnil.
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Chapter 4 structural analysis apd design
Emem eSS ———————— = — = __]

8
E@125L.=84

Fig 4.5: stirrup deeail

4.7 Dresign of bemm (B418):

_'!_-!
|
|
=

iHE i

T T
! | L ¢||-i|m|

Ay
Amgalia
(L

s

| | = |
| LT A =
—i—- r ey T ) 47 wared § =5 [l = qi=l i

| |

Fig 4.6: location ol B415
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4.7.1 Dead Ioad ealenlation:

Beam dead load caleualation:

Dead Inad lorm b ENm
Tiles  0.25:23%0.03 0.173
Mortur 0.25:22%0.03 0.165 =]
Coarse sand 0.25=17%0.07 U298
RC heam M.5x25x0. 53 413
Flaster ' 0.25x22x1).03 0.165

Total deud lead on bezm inchuding self weight for beam = 7.43 KN/,

L]
The dastribuled Dead and Live loads acting upon (he Beam (218) can be defined fom
the suppert reactions of the b (401).

The maximum support reaction (factored) &t the (zce of the support from Dead Loads
3,42 ¢
lor rib (R401) upon beam (B415) equal T 1023 KN/m.

The maximum support reaction (factored) at the face of the support from Live Loads
1122
for rib upon beam equal s =21.6 KNfm.

The total factored Dead Load: Wi— 1023 + (1.227.43) = 1915 KNim

The Live Load within the heam width can be calculated: 3#1.0 =5 KN/m.

The rotal factored Live Load: Wip =216+ (1.6%3) — 29.6 KN/m.

Lising the structural analysis program (ATIR), we ublain the Fnvelop Moment and
Shear disgrams.

a8
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Geomelry Unitsmmetsriom

| 1 z 3
1 . 3 . 3
# p— : A
0.5 5g 0.5 5.5 0.5 55
L g.
53
100,
A-A
-5
Fig 4.7: Geomietry of the beam.
MomeniiShesr Envelopa [Fasnrad) UritekMN meter
Momenis: spans 110 3
' -167.8 1576
-120.4 . -146. A6, . <1209
T -"'f\'\
| {.' . v \
&, b LS
. 143288 o LN
L ! = = T T £
*'-J.r\ T 10449 34 S o = I1'.|M . ;
287 SN e e 130 N 247
S 5.4 = IR -
1288 1282

| 24 _ 16 3, 3. | 36 24 |
i : I =—=.

Moment!Shesr Envelope (Fastarnd]  UnitskN, maer

Shear ==
AS1E 2ok
AHT iy
e 4012 ";:q
o e, 738
o - e
o ST o
i = " | =
& s = = r =
e T f..-*"
el e
102.8 -~ 101.2 —_—
1313 49 res 157

L] . \

Pl Claud LSl Bacly )

%ﬁ' 4y Palesiine Pofytechnio Universily
L tHRU}

= e The Lirary Al see

[\[;'jﬂ:l. A e PR L L STty _;'.__L-R_L;_'l)

¢
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Chapter 4 structural analysis and design

Reactions
“Factored -

fieadR 7284 200,31 200.94 72,84
LiveR .05 BZB HiE 3105
Max R 103.83 28311 28311 103.83
Win R ¢8.32 231.26 231.36 £E.32

Fip 4.8: Momenl aod Shear Envelop the benm.

From ATIR we find that the muximun positive mmorment 15 (1288 KN m), and the
maxamm negative moment is (126 KN.m).
-

4.7.2 Design Beam (418) for flexure:
My = 128.8 KN m.
Take &= 0.2 for flexure as tension-controlled section.

Assume bar diameter & 18 [or main positive reinforcement.

d=330-40-§ - Z=273 mm
Check whether the section will be aut as singly or doobly ranforeed section:

Maximmum nominal moment strengih from stram conditon (z5 = (1.004)

~1| W

u':;d'— # 373 = 117 mm

a=PB.c=085=x117=9 45 mm

99,45
—=3 1%
=

a
Mugun=085xfc'=axb=(d- E} = (.85 = 24 > 59,45 «1000 (273 -
=226 488 KI.m

® =0.82. & Mnmax=18572 KN.m>Mu= 128.8 KN:m.
Disign the section as singly reinforcement section.
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Design for Mu = -126 KN.m:

(126 % [(10)%)
e = 47MFPa,
Ry = o= 1m00x (Z7dE e

m=20.59
1 z ZRZ05wAT
P "m (1- Jl— T:I = (L33

As —bxdx p= 1000 x 273 x 0.013=1774.5mm>.
Avn =025 x % X1000% 273 = 395.04 mm®

S :‘: x 1000 =373 455mm?=. Conlrol,

As req > As min

Take 6 © 18 wilh As=1781.53 mm® > As reg.
S00-2x40—-2x0—6=18 :
b= : : - - =d4a3mm>Snmady=18mm ok,

1ize @ D 18 in vne laver.

Check for strain:
= Asxfy

0,25 wfe i

15268420

= —— = (2 RT mm
OG5 %74 %1000

c=2 - E%.a_‘;‘ =7753.96 mm.
A UB5
273=7396
-1 ——— 1=0.00807 > 0.005ck
£s — 0,003 | gy )

Design for Mo = 1288 KN.m:

(1288 % (10)°)

= e = 3.8 MPa.
Ra 08 %1000 % (2732

m= 2{.55
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Chapter 4 structural analysis and design

o 2,  IXEOSIAIEL _ :
e (1- JJ‘[— T] = .0101

As=bxdx p= 1000 %273 % 0.0101 = 1270.7 mm*.

Agrey > As min

Take 6 & 18 with As= 12725 mm* > As req.
5 _Eﬂﬂ-3x4D—EH.E—EH13

== = =983 mm=25mm=dy= [dmm ok,
Lise 6 @ I8 in one layer,
Cheek lor strain:
: AsETy
0.85 xfc xb 3
. __Bodzwaza . -
085 K24 xa000 0 o
33,114
ot e i = AW {
& ; TRE L6 mm.
£6=0.003 (o258 1 _ 0 0151 > 0,005 ck
AN Sa0e Pl ikl
Diesign for Mu = 584 KN.m:
(584 [100%)
== : = 174 MPo.
" T 08 x1000% (273)° "
m= 255
1 2 2u2059%1.74
P—ﬁ [1- Jl— T:I = 0.00434

As=bxdx p= 1000 x 273 x 0.00434 =592 mm>.
Asreq > Asmin

Take 5 @ 18 with Az = 1018 mm? > Asreq.
i S00—2x40—-2=0—5x16

4
Use 5 @ 18 in one layer.

=1idmmea2Smmade=16mm ok.
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Chapter 4 structural analysis and design

('heck for strain:
. Asxry
DB K

B04Zx420

g=———————— =13 | |4 mm
BE 24 w1000

a 33114 :
= - = i I!.:l .
3 |4 0.835 S
273=3886
s =0.003 [———— )=0.018] >0.005 0k
E._’i cis 3806 ’

4.73 Design the beam for shear:

d=330 40§ (3) = 273 !

(riticel section gt distance d = 272 mrn from the feee of support. V, pa = 121.7 KN
Ve X V4 % 1000 % 273 = 111452 KN,

Check for secrion dimensions;

Vae 1217
=— oY= = A52 = 70,548 KN.
¥ o St 111.45
Vimine = f % V24 % 1000 x 273 = 445 B0T KN,

Ve = Vemgx , the section 13 large enough.

Find the maximum slirnips spacing:

il
Tfigcﬁ»;_'m;;x.,@x bo % d then §ma £= or S m <600 mm.

W' =é‘- s 278 % 1000 x 274 - 2229 KN,
. d 273 _
V=¥ 508 max EE =?= 136510 .ouve o Comtrol.

or 8 max = 600 mn,

Check for Wi

Vizn— oo % V2A X 1000 273 =41.79 KN.
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V,muzix 1000 272 =455 KN Control

D (Ve+ Vi = 0.75 (31402 + 128.2) = 331 665 KN,

OVe <Vu< @ (Ve Vsniin)

SHS9EN<I12T.7EN=1170.7 KN Mot Ulaze 3
P (Ve = Vsmin) <Vu=d(Ve+ Vs

HN7TEN<121.7KEN <250.76 KN (Case 4

Stirrups are required

592
Smax < 6l Smax E% = =136.5 control

Use (U shape ) © 8 with Av=100.5 mm®,

Avxfy =d 1005420 w273

= : = 253.26 mm
e min 455
Usz2 D8 (i S= 115 mm == Sinx OK
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Chapter 4

4.8 Desien of long column (C 33) :

4.8.1 Lond Calcolation:
DL=19550 KN LI=-582.8 KN

p. =12*%19556+1.6*82 8= A67.T82KN

]r

a0

Bip-f3-Meolumn section
4.8.2 Check Siendcrness Effect:

» Iu0.5 m-Dirccticn{about x axis)

1
L IO . L R 40T —(10.12.2)
' J'I-lrﬂ

Lu: Avtual unsaprporied (unbraced) length.

K+ effective length factor (K= 1 for braced frame)
R radius of gyration =,‘1||:T =0.3Hh .........o.o e For rectangular section
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Lu=37m

Mi/M2=]

K=1, According to ACI 318-2002 (10.10.8.3) The ffective lenpth factor, &, shall be
pemmmited to'be taken as 1.0,
ki M

SR e ACT =TT
r AL

%35
0.3x0.5
Sdeng Calwnn v 0.5m divection

= r’iﬂ_ﬁ? — EE

s In 0.3 m-Direction (abouf v axis)

k—m{ 34—12 ﬂ Sl ACT = (10:1212)
r M2

Lz Actual unsupporiad (unbraced) length.

K: effective lenpth feclor (K= 1 for braced ffame).
R radiis s gvretion = ui;;;' =03 h

La=Z7 m
M1/M2 =]

K=1. According to ACT 38-02 (10.10.6.3) The effective longth tactor, k shall be
permitted to hetaken as 1.0
(dm M

— 3412
F M2

[ = 3.?
0303
Aong Colimn in 0.3midirection

o ACT = (10.12.2)

—=41.11»~ 22
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Bde | [ACIN =065 (Bg 10=15)1
I+ 5.
E. = 4700,/ /" = 4700 « 28 = 23025 2Apa

12DL _ 1.2%(1%.36)

El=44a

= = =0.639 <1
b= 367.152 '}
u + T %
§ R FRORND igse g in
27 12 12
£y < BB 2RV | qapy 2440kNm®
14 0,639
g
OB Z
o e ACT318-05(Eg. 10-13)
T KRy
? L
, B x5311.3449__45515?hﬁ,_
: (1.0%3.7)
o ﬂe‘ﬂ =y . .
O —ﬂ.ﬁ+{}.4{—- J e ACT 318 —05( Eg. 10— 18)
AT2
Crr =1 ... Aceording to ACI318-05(10.10.6.4)
| [p— ACI318—05(Fy. 10-12)
"y H
el
0.75
1
S — e ————— = N ]
e T A

T 0.75%a557.57

€y =134 0,03 B=15+0.032300=2d4mm=0.024dm
e=¢, nd,, =0024=1.12=0.02688m
¢ 0.02683

— = =(.0896 =0.09
h 03

#%% 15 Select the column reinforeement — the interaction diagrams with hars in four
faces will he used .

e 002688 1e06~0.09
h
From interaction diagram
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gP, _367.152
4, 06703

2, =001

«0,145 = 0355 Ksi

A, = px 4, =001x500x 300 = 1500 mr

~use 0P 16 = A, =2010.3 mm*

As provided > ASrequ..oireeemmreanero KL
4.8.3 Design of the Stirrups:
The sprcing of ties shall not cxeeed the smallest of:-

$ =16 db (lonpitudonal bar diameter).. e AT T10.52
5 < 484d1 (tie bar diameter).
5« Least dimenzion.

spacing <16%d, =16%1 8= 28.8 cm
spacing < 48xd, = 48x1.0 =48 cm
spucing = least dim . =30 cm

Fiae2g 10 EL 25 om

r_ w ] fi;"h“ﬁ-ff_\]
poe} !
a2 10T16 i ’n
| el 20108250
s _3_0_4 E=1718

Fig.(4-10 }culumn reinforcement.
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4.9 Design of two way shear tor columns in solid slab (studs) :

4,9.1 Check for two way shear action (punching)

Vu=816.8 KN , 4= 250.20-16/2=222 mm
b, =T]* (0.6 + 0.222)=2 54m

ve(h=2(1+2)=2(1+%) =05

1 fegd. Y 1 reosnzes B
vu{z}_ﬁ(_ + z)—ﬁ( B 4 2) =045

Ra

Ve(3)=3=03333 . control,

I .
pY = r»"-%?-*.l'f: bd= ﬂ,?ﬁ*%*l*uﬁd*ijﬂ*ﬂ.!l? =701.4%

TI48 <BIER @K < Vo ...notOK

S0, studs were necded.

'+ The maximum value of @ Vn omst not be taken greater than:

s=d2alf bd
e

$Vn =075 *% * J24%2.58%0222=1402.9 >Vu ... 0K

£'7 by error process try B stud rails cach with seven 012 mm diameter with

.= 100mm  ( less than d/2)
2 ¢ &l the first perimeter fyt = 350
Ve=8*113.1*350M03 =31567 KN

gVs=2375




Chapter 4
Yu=0Vs + @Ve
GVs=Vu-0Ve = 3768 -T01L48 = 17532 KN

@Vs— 257.5 > @Vs required= 175.32

Take a constant spacing of % = 100mm

The ourer most studs are at 7*100= 700

The apter mast section at = 700+ d/2= 7001222737 =§]lmm

b =17 * 811 % 2=5095.66 mm
@V al the ceitical scetion &

vem=4(1+3) =3 (1+3)-03

Y i, oo 1 FApwEER il | -
Ve(2) (T"' E)mﬁ et .E)—ELELJ..H..

Ve (3)=1-03333

4¥. =0.75* 0312424 ¥5.09566*0.222=1296.8 > Vu=87048 ......OK.

structural analysis and design

eoninol.

mﬂl 210.0 I"l-l-I
ARV i
SBE mm
— ¥ - e y
—— . = >
3
083 mm e 1100 mm

Fig(4-11)siuls seclion
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4.10 Design of Stair (1) :
4.1(01 Derermination of Slab Thickoess;

.= 3800 mm

bse = L/ 20

Bse =3800 /20 = 190 mm  (for simple SUPPOrt 0Ne Way) ............ take h=20 ¢m.
= Useh=20cm.

6 =tan'(sise / run) = tan” (18 / 207 =31°

(lns H=[.837 =

-

Figure (4-11) : Stair plan

4,102 Load Calculations:

4.10.2.1 Load far Flight:

Dead Load:
0.18 +0.35 :
Tiles = 27 (——-[:_3—-) +0.032 1=1431 KN/m

b1




Chapter4 structural anzlysis and design

0. i3
Mortar = 22 (%] #0.02+1 = 0704 KN/m

2 A8« 0,30
stair stips = U—i(“#] #1 =225 KN /m

. b_(ES-{].E*l‘ _ 5833 KN
stab = =T J— i Jm
D03 +1

ros 31

I’Irzster:ll‘.( )={L?'F KNfm

Total dead lvad =11 KN m,

Live load;
Live load for staizs=5 KN/m’.
Factored load
Wu=12%11+1.6*5=21.2 KN/u.

Far eme maeter Strip, e =21.2 KN/m.

4.10.2.2 Load on landing :
Tread Load:
Tiles =27*0.03*1 =081 KN/’
Martar = 22%0.02%] — 044 KN/m’
Slab =25%0,25*%1 =35 KN/m~
Plaster = 22%0.03"1 = 0.66 KN/m?,
Toral dead load = 6.91 KN/m.
Fuor one meter Strip —6.91 KN/m
Live load:
Live load for stairs =35 KN/ m’.
Factored load
Wi =12%6.011 1.6 45 =163 KN/ nr'.
For une meter Strip, e = 16,3 KN/m.

&2




Chapter 4

4.10.3 Design of Shear for Qight(1) :
v Ascume (3 |4 for main reinforeement:-
Sod =200-20-142 =213 mm—=21.3 ¢

structural analysis and design

Daad load - Service

Units: kN, meter

—

T,

Live load - Scrvice

t oe 3 028
Shear B — i
azs 344
I e
| i = - I |
=

Fizure (4-13) : Shear Envelope for Thght (1),

Ye=34422 KN,
(frap =g
e =—¢1'F'f"' "
6
A w A gy AsE
Fﬁ,czu.?ﬁ*\?za*mﬂﬂ 2l { T

3

Vu= 34422 KN < 12 ¢Ve—13043 KN,
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Chapter 4  structural analysis and design

555N shear Reinforecement is required. So the depth of the stair is OK.

Momeants

Figare (4-14) : Mament Envelope for Flight (1)

4.10.4 Design of Bending Moment for Hight(1})

The Following figure shows the Mament Envelope acting on (he stalr

Mu=3761Nm
M —Mu /08 =30.6/00=41L777 KN
d=212%¢m,
_ Mn
B
, 41777210
"o *213
=-—_J_'.i.
0.85%= f!

420
T 0.85x24

K

= 920RMPz .

biid

=20.5%8

]
.fﬂ _—

L]
b

\

fl_’ll—mﬁiu

I

|

1
14

T 20,588

-

3530588 D208 |

ll —,Jl-

As, = 2244*10°410007213 = 478 mm’

J: 3,244 %107
4]

As_ =0.0018%H* A=0.0018*1000* 200 = 360mnr"

b4




Chapter 4 struclural analysis and ﬂesign

dAs, =478 mny » A5, = 360 mm’

Used 14 n=4781519=131
S=1Mm= 1000/2.1 =222nun

Use 1D 14 & 23em ..o with As=(1004 / 250)*153.5 = 615.6 mm?,
As provided > Asrequ.....ocoo DK

Check for spacing :

(5 max)

§ = 3k = 3*200 = 600 mm

£ = 450 mm

—33{}( 8 ) 9.6 4 20 = 330m
S S e wazh] el

s BU{]( = ) = Aimm

NEGT+E0

Use 1 14@ 25 em

Check Tor strain:
Tensivn = Compression

A% v =D85* &' "h*a
615.67420=0,85*24~1000%a

a=12.67nm
= i =£5_T e R
B3 085
£ = 223 —14.9 , 0.003
14.9

g =0.041> 0,005 —= ok

B5
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4.10.5 Design of Shear for Might(2) :
»  Assume @ 14 for mam reinforeement:-
So.é = 200-20 -14/2 = 213 mm = 21.3 om

Dead Inad - Sarvice e Unils:kN.matar
L= o { |
l 151
| T Jesal 4 4 | e l I_[— &9t | _{
1.56 ] 15 13
' _ |
Helua:l—*.hwlm
I
, '|l | E# ¥ _-L l
L 3 ¥ Jseab 1 ¥ L ¢+ « s T ¥ 4 3 aho & s
T 1.55 15 \ 1.2
Shear
-T1.6
.5.33_____,__.---
e =98
Figure (4-15) : Shear Envelope for Flight (2).
Yu al the faze of support
Vid=71.6-(16.2422.45)* (0.1 10.213) =582 KN.
’_;tj, v 4
E*P'cr—ﬂf'ﬂ' il e
&
% A+ SEL 5
¢F£|=ﬁ.?5 + 24 11% Z13*10 130,43 KN

GE
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Vu=582 KN = 172 dFe—=130.43 KN.

#>>>Nu shear Reinforcement is required. So the depth of the stuir is OK,

Momants:
e =
54 T~ S B8
1""‘*—-\_,_ ___,_,..f'"
259 8.3 186
I

Figure (4-16) : Moment Envelope for Flight (2],

4.10.6 Design ol Bending Moment for Might(2) :

The Following figure shows the Moment Exvelope acting on the stair

Mu=3583 kNm
My =Mu/0.9— 583/ 0.9=64.778 KN.m.
d=21.%¢m,
Mn
R=s e
L
L LT
(000 *213
g
0.85 % fe'
420 )
- =205
{85 24 A
= R T T T g
F“i = Fl_i”.iﬂ,ﬂ_ =__1_. - 2%2).588*1.427 | =3 528410
= R A T T 420

As, = 3528*107*1000*213 = 751 .4 mm"™
H.Em =00015*k *:JZ— AT F]{H]D *’25{}: 3—&',]];1513
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Ao =751Ammt s As,,= 360 mim

ey
Ugeth 1& n=7514/1535=4.38
S=1lin— 1000AEE=204mm < Smax ....... OK

Use 1D 14 @ 20em ............. with As ={1000 / 200)¥153.9 = 769, mm?,

As provided > ASrequ i e OKL

Use I 1408 20 an

4.10,7 Temperature ani Shrinkage reinforcements
As

0,008 % Bxh = 0.0018 % 1000 % 200 = 360mm

St b

Use @12 @ 25 6 ....ooooerenr. With A= (1000 ¢ 250)*113 = 452 min®.

Check for spacing:
S=5n=3"200=1000mm
S—450mun

Use 12 @ 25 em

Figure (d-17) ; Stalr Section {Z===2)

&3
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= ——— PSSR e

Figure (4-18) : Stair Scetion (1—1)
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4.11 Design of Basement Wall :

I ¢ 4l =
TR R RERE =i
g i
B {t o ,
. /C | & |
3 =
= —= A
. L]
1 [ )
|- HI —.1 :
. ] ; L
surcharg |- |- S

Figure (4-19) : Load on Bazement Wall

4.11.1 Loading :

Self weizht of earth :
g =r=h=K,
Assume thar :

=18 Knlnr

g 35°

K=0271

g, =18x6%0.271 =20.27 KNim®

0
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Loem = e o o e S e LS e = e me— —————

Load from live load:
g. ==K,
e = 5x0.271=136 KNAn®

We used peFﬁ’sm‘reﬂ pipe, 200 mny in diameter laid along the base of the

will end surrounded by gravel, We negleciod waler pressure
Woinatome iy = 1:6%1.36%1=2.176kN/m
wxi':‘[ﬁ:-.-.q.-t:m = 1.6%29 27%| = 46,8335 N/m

) mmm1

i Mo kN.meter
s 0 0 0 6 1 T Y e e
s —z a8 h
MamantiSkaar Envalaps Fasend]  LerskNmesr :
Q. T,
s _F__.___._,-'J":’i
\ o
-HH“‘“---..____‘_________& _-__-_'_F_d__;_______...--
|l 27 '1T!"-5 33 |

Figure (4-200 = Louds & Shear™Muoment envelispe for basement wall

4.11.2 Desivn ;

Design using BEAMD:
Miu =117.5kNm

Design for Hexure:

Tl
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structural analysis and design

4.11.2.1 Tresipn of e Vertical reinforcement:

M =]17.5 /0.9 =130.36kMNm
ad=300-75-20/2=215mm
Mn  130.56x10°

{ — = — =2 R2Mpe
b¥d®  1000%x215°
1 | ZmEn
=Lde N )
i m{’ \ i
I [ 2x20588x2.82
4 T =727 102
2= 30588 320 ’ eL

As, =T27%x107 x1000x215 = 1562.86mm" / m

As . = 0.0015* 1000 * 300 = 450ma® /m
Minimum vertical As according to ACL code:

As, . =A450mnt” < As, =1562.86mm” /m

1562 85

#of bur in v meler =—
20101

Sclect DB 25mm eic

4.11.2.7 Design of the Horizontal reinforcenient:
Select the greater of:
A8 er= D020 #1000* 300 = 600mm” /

, aBO0
Yarbar inon meter = ——— =388

Select IAERS0mm /e

T2
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ﬁﬁsﬂ

4.12 Design of Isolated Footing (F23) :

4.12.1 Load Calculation :

Total factorad lnad = 2150 KN,

Tatal services load = 2250KIN.

Column Dimeasions = 40%50 em.

Soil density = 18 Kg/em3.

Allowable soil Pressure = 400 KN/m2.
Assume footing o be abeut (70 cm) thick,

live load =5 RN/m2.

§ai =300 -5 - 0A%IR - 0.7%25 = 370.3kNIm’
4.12.2 Determination of Footing Avea ©

A= Ll 6.08m"
- Sale iy

= =256 m

structural analysis and design

Try 2.7 * 2.7m with arcs = 7.20m = A g = 6.08m°

Determinate gy = 3150/7.29 = 432.1KN i’
Check for one way shear strength:
3= h-cover-har szt

[=700-75-20=605mm



Chapter 4 structural analysis and design
= — —— ——— ———————— ———V—————V— V0 = ——— ——— ]

g a
Crmeal Section ai < Eo

0.4

Zid ==+ 0605 = 0.805m
F ) o
Vi = 432.1* (- —0.805) ¥ 2.7 = 635,835 kN

o ] :
Pl =g 0 )
e =11 75% Jﬁ* Jﬁ" 27000605 = 10003180

9o =100031KN »>Fu =635 835KN
o

4.12.3 Cheek for bwvo way shear action (punching)

The punching shear sirength is the smallest value of the following eonstions:

7. =\ Vo |V 0
. 1 e SR
e, =a— — 42 I o

g 5 I = A

2
IVJ"V.- _llﬂ'-.;‘d-'fr 'IL".'ﬂr

Wheee:

Colimm Lenpth (&) %
A s el L SR L
Coalhunn Widry () 40

&

» = Perimeter of crtical section laken at (42) rom the loaded azea

b, =2d +a) = 2(d +B) = 20,605 + &) + 2(0.605 + 5) = 4.22m

o - -
=40 for inlenor colums

74




Chapter 4 structural analysis and design

L =¢‘-l|:1+—2—~ (F s dfﬂ*f1+-3—1*dﬁ+4ﬂﬂ*ﬁ 605 = 4061.85KN
€ ﬁlk ﬁ%: ‘Ili-- =y E \ -I.EJ, o

= 75, (4070605 Y, ox i
:#rn-rpl Lh ot u'lui,,d—ﬂlj* —m42£—"+zJ*J24*432&*'0.:3(15_5041.11;:3.'
4 =4 L v’f_ i;,s_* J29 #4200 %0605 = 3126 9KN

@ =3269KN ... Canirol
=[432.1%(2.7%2.7—{0.5 + D.0,605) *{0.4 + 0.0.605)] = 2670.15KN
$¥e=31269KN = Fit, = 2670.15KN o, sstisfied

4.12.4 Diesign for Bending Moment:

14918
14618 | -
il e =y
T E_ . @s 031 2
A THEF 1’&
iy T ] &3 T
od ]";-;_.-.; i
" EE
=
«Jh 2.7 :‘E\

Figure (4-21): Isolated Footing
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Chapter 4 structural analysis and design

w

L

Mu=432,1%32.7* T71.46KN.m

[=J

Mu =771.46 KN.m for both sides.
Using Reinfarced Concrete.

77146
Mn=—ryn— 8572KNm
0.8

Wn  B572x107
= —= - NEIG6MPpu
hd?  2.7x0.605°

pe L B
085* &  0.85%24

p;(l_ﬂii_ E_B*i]

ml 7

=20).588

b

~ 20583 420
ASpey, = PFE*d =2.0345%107 2700 * 603 = 3323 dmm®
AS gy e e = 00018+ 5% o = 0.0018 %2700% 700 = 3402mim”
ASqey, = 33234 < AS s = 3402Zmnt’

Selecr 14918....45, o = 3556mm’ > 2402mar ..ok

f 558 0), -
1 [_wl_hzﬂasssﬂ&355]22__{}345_%“,

76
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Check of strain:

As*fy=085*F*b*a

402 %420 = 0 5524+ 2700%

i1 = 25 Smm

B = =30 Fmm
B 0I5

& _ 085305 o1 003
L O

£ —00563>0.005

i

= 0%

structural analysis and design

4.12.5 Load transfer at the eolumn-foundation interfave (Dewels design 1

P.=3150 KN

ch = D{0RF i’ = fA—:}
VA,

A —04%05=02m

A

S i B S
VA *.'I 30
s

7=

Y A

DPb =065 (0852 =02 =Z)x 1000 = 330480
PP=5304 = P =3130. ... ik

Inealumn:

D P, b = PO 854D

dlin, b= 0065(0,85 = 24 0.20 % 1000) = 265ZKN
epny = 2652 KN < p, =3IS0KN

dowals are neaded:

"



Chapter 4 structural analysis and design

and the mirimius reinforeemant of dowes:

= Y. [3150- f654) o
Jﬁlﬁzﬂ apnl{ & '_'I.IE&.ITI‘
| Fyt 443

Ust & 0 22 with Az = 15204 mm? > Asreq = 1186 mm?®.

4.12.7 Pevelopment length of Oexural reinforcement:

Ld for @ 14
' a y wyxd Tt
Ly= —% 'ﬁ"_ Hx‘ﬂ‘y%l'x.ﬁh—e—gx4Exlh'xﬂ_ﬂh'xLE=441.anrax
10 J& "’R.a,+::] 107 24 2.5
| b

Availahle length — ((2700-5000\2)-75-1025

| = | (125mrm > 444 5 mm ......cooie . 0K

4.12.8 Dovelopment length of columa reinforcement:

Ld for @ 22 .
- i -'-1:-2"
Ly = _-ﬂ__tﬂ_, = ——« 22 =4T2mn

[, =0.043xalbs f=0.043%22%420 =398 mun
|.I- L‘r =‘14.'-|'I‘-:|- TILITT
Available cinbedment =700 — 75 - (2 x18) = 589 mm > 472 mm

s

3




(Chapter 4 siructural analysis and design

4,12.9 Lap splice of column:

Ls=0071 fy . db = 0071 % 420% 22 =656 mm, e 660 mm .

0.0

S, 4

) = e i = 11

Fignre (4-21): Tuplated Footing detail




Chapter 4 structural analysis and design

4,13 Design of Shear Wall:

Jitnm =

e

e b

AIATSEAR

Ml

B
I
AN

o W T
P e (Y e}

L]

14

MU,
{01111}

- . .

TH

Figure (4-2%) : Location of $WiH

ATRELAAPANGR L.

e

8 &K = | —"
im
|
11t 2En = %
I
50
|
S SF THn L J‘
il
hMoment Shear
Diagram force
diegram

Flgure (4-24) « Mugent and Skear Diagram for SW01.

20



structural analysis and design

Fo=24 MPa

Py =420 MPa
=30 ¢ shear wall thickness
Lw =t = .shear wall width

Hw for onie wall = 3.00 m (story height)

4.13.1: Desion of {he Horizontal reinforvement:
Y Fr=Fu=207TKN

Design of shear

The eritical Scetion is the smaller of :

Lo =E= Im

2L
ﬂ = E =3m....control

2 2
d=0.8xhi=08x6=48m

CQ|

15!

V{.‘] - -\ ﬁ Kl!l )Hf

i, = % %0.3%4.8710° = 1 | 75.75KN (control )
e Je' xbxd N, xd

. 4 4xL,

Assume N, = OKN

Ver = M*‘“fﬁf“*ﬁ*m +0=1763.6KN

Bl




Chapter 4 _ - structural analysis and desipi

Fu < .5Vel =587.87
use min,ryel2

[ ifsg?J —0.0025*A — 0.0025 *300 = 0.75mm

S2= i;— = /000 S = 1200 mm
£2=3%h=3%300=900mm
A50... ... control

select — @12in  bath  side—— 4s =226.6mm2

226.2

=t

=TS = S 2 =30cih

Solect ——3 82 = 25em < 5 max — 45om

use— 2@ 25em(c fe)in'both  side

4.13.2: Design for Vertical reinforcement:

Determine required vertieal reinforcement:

he 23
E—""=%=11';r1.

Lewr

; = F Eha .
urmn > 00025 + 0.5(2.5 — £ (p—0.0025) 0.0025,
take po=10.00235.
max spacing is the least of,
bw _ €

3 = 2m

3 =1.6m,
- 450mm ..........control.

Use ¢! 2G@250mm.

4 .13. 3 Design of bending moment:

Check morent stremgth based on required vertical seinforcement fior shenr

gl




Chapter 4 - structural analysis and design

The uniformly distributed vertical reinforcement 2 012 [ 25cm

_RININ

W x 2% 113.1 = 54288 mm*
w=(22)5 = (222 ose7

\and 7~ \eovoxave) 25
: PU

[ 7 h=ﬂ'.ﬂ_

e wia  _ QU3ZTHOD

= = - - = .063
Ly  Za+DB5SH; ZRO0B2THUES®0ES

)(z-2)]

=0.9 [0.5 % 54288 x 420 x 6000(1 — 0.063)] x 107¢ 37684 KN.m

e=a [&Sﬂﬂfy-ﬂw (1 + :_';:ﬂ

eMn> Myu126

no need for more reinforcemanl.
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APPENDIX (A)

ARCHITECTURAL DRAWINGS

Thiz 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
supporfed | continuous | continuous Canlilever

o Members not supporting of attached to partilions or
other conslruction likely 1o be dam aged by large

Membar | deflections.
I

Solid one-
way slabs £/20 £/24 £/28 £10
Beams or
ribbed one-
way slabs EMb £A8s5 | (AFs £18
MNotes:

for memmbars with nermalweight concrete

Valuas given shall be used direcily

(density w, = 2320 kg:’ms} and Grade 420 reinforcement. For otmer gondl-
fionz, tha values shall be modified as foliows:
a) For structural lightweight conerete having unit density, w,, in ine ranga
1440-1920 kg/m®, the valuas shall be muitiphad by (1,65 - u.ﬁ-ﬂswt} bast not
less than 1.08.

v} For £, ofner than 420 MPa. fhe values shall ba reultiplied by (0.4 + T, /700

——

KNESS OF NONPRESTRESSED BEAMS OR

Table (MINIMUM THIC
S UNLESS DEFLECTIONS ARE CALCULATED

ONE-WAY SLAB
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