Lia 9! pi 9 Al 40g
T ol i g 50

& Jiﬂ‘ EJJ‘J"‘

Jalall dygae 8400 LYY apecal

Jasll (3 8

i;bu.ni
Ty Lo e Uy Gus0 o
R daadli oy 50 Sioa

;.g‘);‘._m:

al

A< Jida Ay

T Sy
“ula (& gpvee 70 0 O P

[GCCSMER el 3 daets
4 4

E Palestine Pulytech'.ﬁ-s
e {FPG}

o5

L'n;'vca'sity

F AR oo i) LA&/\ ..... .L-L-u.[lp.; |

’ e
C‘OSS. ...................................... —CM"/\._:

\g\--“‘\\‘ﬁm“w J




Cpdonald S oy daals
uglaul&-d:l.‘;ﬂ
L o1 33l Asaigll A€
A jlazall g dgadlf duaigli s il

el dipna L8 A0S LAY gl

Ll o lawd

L_u*)cdnr_ aaangJgﬁ J'JAQUJ u.uﬁ.)ﬁi;\.m.u‘

A8l ga5 & 9 pdiall lo pbloall i phall dagia g ol iy Lim 5] iS00 Funrigll A0S s e oLy
il el g &y jlamall y Fgiaall dussigh 5503 ) & 55l 130 a5 Ainiedl Sl ploe]
oball dudia Ganadi dunigh 8 G gy SIS Ay e

-------------------------------------

il Gt ol

11



e Y

&

L ACCRARC R NIV CARTORINN 1 [ RUBE
gl sl b 5T 2 e )
- Gl gl 0 1y o8 e S ol Gl Kl M 2. )
oAl @l ) S 5508, a3, )

. L“;\an\o- ...... Al (La.“ J‘?"’dl
dily gl e
ol i o
Jeoall 5

1ii



eilly Sl
Ly Vol allala plaey agvy 3 5k S50y o 2y Sl )
olaly SCall Jys poas
c eSSy daslon, 35500 binole )
e Sl o) 17
SV 5 gl lgBllan.. By )lally Aokl Ll 305 )
el§ e B ¥l Eondl lin o s all )

cplll ol b 541 3 AL e KT

el G

v



Q) Aan b A0S LASY aranadl

sdaall (34,8
Qe e %xwﬁi A e oyl gy uuﬁ.\ﬁi;\au‘

‘a" AN -(_’M Mx 5\.:.414
s il
Ll sdls, s

£ 9 all (adla

@l,m‘;uajgpajmcm|J@g|qu@@g@my1M|@@)M| a8 3 S il
A 50U ALY iyl A4S ppansi g il Jadhy Cupm iy el

by g g pdiall (g lenall ppanadll aay il all e dumiia Jidia g 3 sk o (g0 inall 555
5 4l ) Al ¢ Ayigla glf g dlaall Lol e Guliia JS&y Leay 5 515 e 1 ,all JiK 2aad e o gl sl
@u)sjtamm“_wJ,m_;n,z.w.m,”@‘&@As@@wwﬁudgﬂ@tﬂmmml

REPTP

gl pany Ulatall s (ACT _318) (S 5eY il yall 3 < hllie o leliy pyaraill

pladud il S, sl Gadla 25 Autocad2007, Office2007 > Etabs , Atirdie ALEsY! avansill

Ll 3y & g pdiall el y Al gAY a e (any Lo EALYI &5y Lall Jlaall SYREN R R PN |

aaliall SLESY) asanaill o3 (g dad giall dali3 S dmyl,@mylﬁwdijww@w
el LALEYH Cladad ol slae & sl daxia i 2y gl

Gl gl

v



The Structural Design of a CollageBuilding in Hebron

WORKING TEAM:
Asmaa Abu Dabus EffatGhrieb Rawan Murad ShireenTalahmah

Palestine Polytechnic University -2015

SUPERVISOR:
ENG. KHALEL KARAMAH

Project Abstract

The main aim of this project is to prepare detailed structuralplanesand shop drawings For

all structural elements. The project is a six stories collage in Hebron.

The building has a unique architectural design. Functional , Aesthetic , and Practical use

is considered in the building design.

Miscellaneous structural elements will be used accommodated with the architectural

functional purposes of the building.

Autocade ,Staad pro , Safe and Etabes software are used for the structural analysis and

design process.

The ACI_318 , UBC, and the Jordanians code are used For the structural design.
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Chapter 4 Structural Analysis & Design
W

Structural Analysis And Design

4.1 Introduction.

4.2 Design method and requirements.
4.3 Determination of Slab Thickness.
4.4 Design of topping.

4.5 Load calculations for one way Rib slab.
4.6 Design of one way Ribbed slab.
4.7 Design of two way Ribbed slab.
4.8 Design of two way Solid slab.

4.9 Design of Beam.

4.10 Design of Short Column,

4.12 Design of foundation

4.13 Design of Basement Wall,

4.14 Design of Shear Wall,

4.15 Design of Stairs.

4.16 Design of frame.
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4.1 Introduction:

-Many structures are built of reinforced concrete: bridges, buildings, retaining walls,
tunnels, and others.

-Concrete is a construction material composed of cement (commonly Portland cement) as
well as other cementations materials such as fly ash and slag cement, aggregate
(generally a coarse aggregate such as gravel, limestone, or granite, plus a fine aggregate

such as sand), water, and chemical admixtures.

-Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and
frequently admixtures.

-Structural concrete can be classified into:-

e Lightweight concrete with unit weight from about 1350 to 1850 kg/m’.
© Normal weight concrete with unit weight from about 1800 to 2400 kg/m’.
e Heavyweight concrete with unit weight from about 3200 to 5600 kg/m’.

In This Project, there are three types of slabs: solid slabs, one-way and two-way
ribbed slabs. They would be analyzed and designed by using programs such as Beam D,

Safe, Stead pro.to find the internal forces, deflections , and then hand calculation would
be made to find the required steel for some members.

In this Chapter, we will show the procedure for designing the several structural members

of our project, so we will discuss the steps that we followed to de

sign the Ribs, beams,
slabs.

So, this chapter will contain a sample calculation related to one of

contained in this project. All of these members will be desj
code).

the preceding members
gned according to (ACI —318-
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Chapter 4 Structural Analysis & Design

4.2 Design method and requirements:-

The design strength provided by a member is calculated in accordance with the
requirements and assumptions of ACI_ code (318_11).

4.2.1 Strength design method:

-In Strength design method which formally called ultimate strength design method, the
service loads are increased by factors to obtain the load at which failure is considered to
be occurring.

This load called factored load or factored service load. The structure or structu'ral element
is then proportioned such that the strength is reached when factored load is acting. The

computation of this strength takes into account the nonlinear stress-strain behavior of
concrete.

-The strength design method is expressed by the following,
Strength provided > strength required to carry factored loads.

NOTE:

The statically calculation and the key plans dependent on the architectural plans.

> Code UBC: ACI 2008.
» Material:-

Concrete: B300 ... /¢'=300 *0.8 = 24 N / mm *(MPa ) For rectangular
section.

> Reinforcement stee] :-
The specified yield strength of the reinforcement U = 420 N/mm? (MPa)

4.2.2 Factored loads:
The factored loads for members in our project are determined by:

Wu = 1.2DL + 1.611L ACI - code — 318 — 08(9.2.1).
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4.3 Determination of Slab Thickness:-
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Fig 4.1: Plan of Ribbed Slab.

4.3.1Determination of T}

— One Way Ribbed Slab :R5.
— Two Way Ribbed Slab :R4.

1¢ thickness of one way and two way ribbed slab:-



Structural Analysis & Design

° Statically system for (R 5) :-

Fig 4.2: Statically system for (R 1)

e Section in ribbed slab :-

O8@20 cm

- Sem

cm

27 em
35

12cm 40 cm _12em 40 cm

Fig 4.3: Section in ribbed slab

The overall depth must be satisfying ACI table (9.5.a) for nonprestressed beams or one
way slabs unless deflections are computed.
The minimum required thickness is:-

1-Maximum span length for one-end continuous : L=6.3 m =630 cm.
= Pmin for one-end continuous = 1./ 18.5.

Poun== L/18.5=630/18.5 = 34 (1 PSRRI (control)
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i = =690 cm.
2-Maximum span length for both —end continuous : L=6.9 m
~hmin for both-end continuous = L/21.

humin= L/21 = 690/21 = 32.85 cm.

- The controller slab thickness is 34 cm.
But by deflection checked it was controlled at 35 ¢cm thickness.

So Select Slab thickness h= 35em with 27 e¢m hollow block & 8cm Topping .

4.4 Design of topping:

Topping in One way ribbed slab can be considered as a strip' of -1 n'1eter width and a
span of hollow block length (h=40 cm) with both end fixed in the ribs.

o

Fig 4.4: topping load.

4.4.1 Determination of dead load:-

Coarse Sand £/l 7 cm
-~oarse Sand fill 7 crn

s =

| Concrete Block
| R Concrete Rip

| Plaster 3 cm

Typical Section In Ribbed Slab
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Fig 4.5: Typical Section In Ribbed Slab

Dead load calculations:

Dead load from: dxyx1 Roym =
Tiles 0.03x23 0.69
Mortar 0.02x22 0.44
Sand 0.07x16 1.12
Topping 0.08%x25 2
> 4.25

Table (4.1):Calculation of one way dead load.

Live load :

L =5KNm*> — _, I, =5 KN/m® x 1m= 5KN/m
4.4.2Determination of factored dead & live loads:
Wu =12 %425 +1.6x5=13.1KN/m.

*Check the strength condition for plain concrete, oM, > M,, where g =0.55.*
Mn = 042 4/f sm.. -.(ACI 22.5.1, equation 22- -2).

S (modulus of cross section of slab) = % = ICOCG& = 1066666.667 mm®

oMn = 055X 1 X 042X V24 X 1066666.67 x 10-6 — 1.247KN. m

W,L*  13.1= 042
i T

Mu =

= 0.171 KN.m

(negative moment).

oMn >> Mu = 0.171 KN.m

-No reinforcement is required by analysis. According ACI 10.5.4,provideA, minfOr slabs
as shrinkage and temperature reinforcement,

Pavrinkoge = 80018, ........ . ACI 7.12.2.1
As = p X b X htopping = 0.0018 x 1000 x 80 = 144 mm?/m strip.

Try bars 08 with As= 50.24 mms




. nalysis & Design
Chapter 4 Structural A

As 144

Bar numbers n= = =28 take 3bars .
Step (s) is the smallest of
1-3h = 3x80 =240 mm. .... control ... ....... ACI 10.5.4

2- 450mm

-3

o T
s

280" 280 i3
3-8 =380(22) - 2.5¢, = 380 ( 40) —2.5.20 = 330mm
Is

8<300(%2) = 300 (_8—0‘1) =SB e ACI 10.6.4

Use ¢ 8 @200 mm in both direction, As provided =250 mm?/m , § = 200 mm <8, =
240 mm.

4.5 Load calculations for one way Rib slab

One Way RbShb Shrinkage & Temperature Bars

Fig 4.6: one way Rib slab,

-The effective flange width (be), according to ACT 8.12.2 is the smallest of:

L 2800
1.be < 2 a2~ 700mm L:is the min span of the rib.

+16X80 = 1400 mm.

4
2.be < bw +16hf = 120
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R e e e e s e S e e ey

3.be < center to center spacing between adjacent beams = 400 +

120 =520 mm
« ......Control

Requirements For Slab Floor According to  ACI- (318-08) . _
SRR o e . e ACHBAZD)

Select bw =12¢cm

RIS T B e i e i v s ACI(B.13.2)
Selecth =35cm<35%12=42 cm

Selecttf = 8¢:m.l

e Unit width (&7 ) = bw +3l block+2l block

by= 1242 404> 40 =52 ¢m

Select bf = 52cm

.

oy |

i =

v

~N m
o

v v

Typical Section In Ribbed Slab

Fig 4.7: Section in one way Rib slab.
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° Dead load calculations:

Dead load from: dxyxb, KN/m
Tiles 0.03%x23%0.52 0.359
Mortar 0.02x22x0.52 0.2288
Sand 0.07x16%0.52 0.582
Topping 0.08x25x%0.52 1.040
RC rib 0.27x25%0.12 0.81
Hollow Block 0.27x9x0.4 0.972
Plaster 0.02x22x0.52 0.2288
3 4.2206

Table (4.2):Calculation of one way dead load.

e live load calculations:
21V€ load calculations:

Liveload /rib = 5KN/m%x 052m = 2.6 KN/m.

° Factored load calculations:

Du = 1.2 X 4.2206 = 5.06 KN/m

Lu = 16 X2.6 = 4.16 KN/m.

-Wu = 506 +4.16 =922 KN/m

<




4.6 Design of One Way Rib slab:

% System one -way ribbed slab:

following:

By using BEAMD (ATIR) program we get the envelo

Geometry Units:metercm
3
1 - 2 : ]
A 3 i
L P e
L 4.4 s 2.87 08 243
| I I ’ 3.0
5.2 : 3.67 { 3
I
52,
35.
12.
A-A
Figure(4-8): Rib geometry.
< Loading

pe moment and shear diagram as the

Loading
load group no. 1
Dead load - Service |
4.22 4.22 4.22
/ i
5.2 3.67 3.08
LLive load - Service L oad factors: 1.20
2.60
gy FTT\ ! 2.60 / 2.60
1* 3.67 3.08

47

Figure(4-9): loag service of Rib,




Moment/Shear Env

elo pe (Factored):

Units:kN,meter

10): Moment/Shear EnvelopeofRib

48

Moment/Shear Envelope (Factored)
Moments: spans 1to 3
-23.7
-15.8
9.5
' 4. .913.5
I t ' T 4 1]
o.;b
4.7 0.5 i j.sl
7 ;
9.1
80 15 3.4 | 202 165 |  1.69
. : ; 2 | - ; | 139 |
_Shear
-28.5
22, -y
. ' o o129
L] T t 4 /
[ —"13.4 e % 7
19.9 22.1 - 17.3
Reactions
Factored
IL : : i : } ; t iy
DeadR 10.71 —
27.3
LiveR  9.23 23 3: 15.95 6.53
MaxR  19.95 50.64 16.9 6.4
MinR  10.28 2424 32.85 12.93
Service ; 20.12 5.49
DeadR 8.93
: 2 22.77
Live R 5.77 14.58 13.29 5.44
MaxR  14.7 37.34 10.56 4.
MinR  8.66 27.09 23.85 9.44
: 15.9 4.79
Figure(4-
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% 4.6.1 Design for positive Moment for Rib (R20p )

Mu (max.positive moment) = 21.5 KN.m.

Assume bar diameter ¢ 12 for main positive reinforcement.

d s
d =h— cover — dstirrups —-72’ =350—-20-10 e 314 mm.

A
-

» Check if a>h¢ to determine whether the section will act as rectangular or
T_ section,

‘wn i7

h;
= 0.85.£,.b,.h;.(d — =

M,;=0.85 X 24 X 520 X 80 x (314 - £) x 107 = 232,53 KN.m

Ma>25=21.5/.9=23 9KN.m,

-The section will be designed as rectangular sectionwith b = 520 mm.

M, 21.5 X 10° bt
= — = = = 0. @
"~ Obd’ 0.9 X520 x 3142 i
m=—2_ % _ ..
0.857.  0.85x24
B 4 czanr ) i ; }1 2 X 20.6 X 0.47
| 420 | 206 | 420 Pt
\ N
As = p.b.d =0.0011 X 520 X 314 = 179.6mm>
» Check for A, min-
v f’ 14
As,min =025—=p _.d = —b,..d
) S
A n = 0.25 \:’2—4 2 2
s,min =0.2 a 120X 314 = 109.87mm*
1.4
As,min = ﬁvo X 314 = 125.6mm? .... Control.

As, required =264.9 mm? > As,min = 125.6mm?*

49
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Use 2¢10 Bottom ,As, provided = 157.1
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=

Use 2912 ,Bottom ,As, provided = 226 mm? > As,required
= 179.6mm? Ok

» Check for strain:

A j 20
e sfy 4 1796 X 4 L e
0.85b /'  0.85 X 520 x 24
el G
(e e e o nun
B, 085
Lo 14— 837
c. = 0.003 ( C) = 0.003 (3——) 0 0.005 ... ok
C

> Design for positive moment Mwu = 9.1 KN.m

-Assume bar diameter ¢ 12 for main positive reinforcement

d 12
d =h— cover — dstirrups -—_;3 =350—20—-10—- - =314 mm.

M,. =23253KN.m = =

Mus >>'%‘-=9.1\.9=10.1 1KN.m, the section will be designed as rectangular section
with b =520 mm.

My it 9.1 x 108 it
" @bd? "~ 0.9 x520 x 3142 _ -7/ Mpa
s 220
— — —,
o 0.85f,  0.85x24 20.6

g na ;‘1_2.m.Rn R 0 j1_2 % 20.6 x 0.197
m J 420 | 206 \ 420 s 2900wy

As = p.b.d = 0.00047 x 520 x 314 = 76.7mm?*

> Check for A pin.
(min control) >As, required =76 7 mm?
As,min = 125.6 mm?*.
mm? > As, required
= 125.6mm?*..0k
> Check for strain :-
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a= A":"f" - = _157.1x420 = 6.22mm
0.85b f.  0.85x520x24
=862 _
c= & o 7.32 mm i
d~— ¢ 314 -17. .,) N ok
= = —— | = 0.126 > 0.005... ...
&, = 0.003 ( - ) o.oo3( e

Note: All spans with Positive moments less than 9.1 KN.m will be
Reinforcedwith 10 ,

% 4.6.2 Design for negative Moment for Rib (R20p )
> Mu = -23.7 KN.m.
maximum negative moment at the face of support —-ACI 8.9.3)

-Assume bar diameter 12 for main negative reinforcement.

d, 12
d =h— cover — dstirrups = 350—-20—-10 — - ¥y 314 mm.

< &

2 My 23.7 X 10° 5 r
" @bd® 09 x 120 x 3142 222! A
l |
1l ! 2.m.R, 1 2X206%X222
= =¥ e ol PIRURE ST s £ g0
e ,! 420 7 e 220 0.0059
N y N 3
As = p.b.d =0.0059 X 120 X 314 = 221.5mm?

As = 221.5 mm® > As,min = 125.6mm?® — o

Use 2¢14,Top ,As,provided = 307.88mm? > As,required = 2215mm? 0Ok

» Check for strain:
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_—— e

S Asfy PENS0RE8080 . 29 0 anim
0855 f;  0.85x120x24
—peL B
c= = e 62.1 mm
s 14 — 62.1)
&, = 0.003 (L C) =0.003 (———31 ) = 0.012 > 0.005 Ok
= c 62.1

> DesignforMu = —9.5Kn.m

Assume bar diameter $12 ;
d, 7 S
d =h — cover — dstirrups ——?‘3 =350—20—-10 — = 314 mm.
M, 9.5 x 106 3
= 5 = = = 0.89Mpa.
Bn=ova8 05 X120 < 31 G

G R T
p=i e u_anRn i 1 pashis X = 0.0022
m \ 420 20.6 \ 420

As = p.b.d =0.0022 x 120 x 314 = 82.89mm?2
» Check for As minimum:-
As = 82.89 < As,min = 125.6mm?>

Use 2¢10,Top , As,provided = 157.08mm?2 > As,min= 125.6mm?

> Check for strain:
Asfy  _ 157.08x420
0855 fI  0.85x120x24

= 26.95 mm

e _®eds
= s e 31.71 mm
A5 314 — 3171
£, =0.003 ( ) = 0.003 (?71) =0.0267 > 0.005 ... . 0k
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% 4.6.3 Design of Rib for shear

i 0 ter that fi
Shear strength V., provided by concrete for the joists may be taken 10% greater that for

beams. This is mainly due to the interaction between the slab and closely spaced ribs.
(ACI, 8.13.8) .

From shear envelope diagram: V, = 31.7 KN
Ve = %K»*'Tébwd = %1\@1 X 120 X 314 X 10~3 = 33.84KN

o Ve =0.75 X 33.84 = 2538 KN
gt T 24x 120 X 314 X 1073 = 11.54KN
":.m:’n S Ig\a'fc wi = Ig\ < <

1 i k
V= 3bwd = 3 X120 X314 X 107° = 12.56 KN — control

oVe<V, <o(Ve+V,,.,)

smin

0 Ve=2538<V,=28.5< o( Ve + V., )=34.8 —Case 3

minimum shear reinforcement is required o)

Use stirrups U — shape (2 leg stirrups ) $8Av = 2 X 50.26 = 100.53mm?".

Vo=V, -V.=V./ &-V,=285/0.75-33.84 =4.16 KN

Then
e
S S S < 600 mm
d 314
Smaxr =5 = - =157mm - control

»> Check forV, . : —

'Vs min =12 56KN
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'srequ;'rsd = mmlmum Of

34pfye _ 3x100.53 x420
B 120

=51 05556 MmMm=. i e rese control

164,f,. _16x100.53%x 420
bV24 120 x+/24
Take S=140 mm

= 1149.15mm

Use stirrups U- shape (2 leg stirrups )¢ 8/14cm c/c
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4.7 Design of two Way Ribbed slab:

4.7.1 Design of two way Ribbed Slab:-
4-7.1.1 Load Calculation

> Determination of Dead load

Dead load from: W=y xV KN/m
Tiles 0.03x23%0.52x0.52 0.186
Mortar 0.02x22x0.52x0.52 0.119
Sand 0.07x16%0.52x0.52 0.303
Topping 0.08x25%0.52x0.52 0.54
RC rib 0.27x25%0.12%(0.4+0.52) 0.745
Hollow Block 0.27%x9%0.2x0.2x4 0.39
Plaster 0.02%22x0.52x0.52 0.119
o 2.402

2.402
DL

Factored dead load

T 0.52x0.52

Factored Live load = 1.6 X live load =

Table (4.3) : Calculation of two way dead load.
Total Dead Load = 2.402 KN

= 8.9 KN/m? Total live load = 5 KN/m?

> Determination of factored dead & live load

= 1.2 X Dead ioad = 12 x 89 = 10.68 KN/m?=,

- 1.6 X 5 — 8[(1\;’/"1:

>

Wu= 10.68+ g= 18.68 KN/m2
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> 4.7.1.2 Design for Positive and Negative Moment:-

Discontinuous Edge

28pY snonuyuodsI(|
A5p7] snonunuodsI(y

Discontinuous Edge

> Moments calculations

Ma = Cawla’bf and Mb = Cb wib?bf

la £ 7.88 Lo
Ib 892

e Negative moments:
Canego=0.9) =0

Ma.neg = 0

la
Chi (E = 0.9) =0
Mb.neg =0.0

e Positive Moments:-




la

Ca.d‘v (E = 0-9) = 0.045

M, p0sq1 = 0.045%10.68= 7.88% =« 0.52 = 15.52KN.m
la 2 4d)
Can (12 =09) = 0.045

Mgoos =0.045%8+7.88%+<0.52 = 11.62KN.m

o M,,,.=15.52+11.62 =27.14 KN.m/[rib

]
G (i = 09) = 0.029

My osa1 = 0.029=10.86~8.922=0.52 = 12.81 KN.m /rib

la
€ (E = 0.9) = 0.029

My post = 0.029=8+8.922+0.52 = 9.6 KN.m /rib.

o My, =12.81+9.6 =22.41 KN.m/rib

> Negative moments at Discontinuous edge (i positive moment):

M

W =

*27.14 =9.05 KN.m/rib

aneg.edge

Mb.neg edges —

QW[

=22.41 =17.47 KN.m/rib

e Short Direction:

> Design for positive moment (Mid Span)ay =
> bf=520mm

27.14 KN.m

Assume bar diameter 12 for main positive reinforcement

d
d — h — cover — dstl' e _l — — 12
rrups > 350-20—-8 — o 316mm.

57
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At 27.14 X 10°

—_—= - = 0.581 Mpa.
" @bd® 0.9 x520 X 316°

fy 420
m =

—_—— - = 206
0.85 f¢' 0.85=24

Ll e G ;'l_w)= 0.0014
P~ \ 420 206 \ \ 42
As = p.b.d =0.0014 X 520 X 316 = 230.05mm*

e Check for As,min _

As,min = 0.25

A 1.4
A fcb“..d =—b..d
£y Iy

a5
-

3 h"
e As,min =0.25
20

<2

X 120X 316 = 110.6mm*

e As,min = 17; X 120 X 316 = 126.4mm* .. Control.

As,required = 230.05mm> > As,min 126.4mm?> OK

Use 2914 with As= 307.9mm? > 4s, required = 230.05mm® . QK

Use 2¢14,Bottom As,= 307.9mm? > As,required = 230.05mm?. 0Ok

> Check for strain:

Aty 307.5%22

S.J 3079 Xx220

= ;= —

0855 f{  Ossxszoxzs . 12-19 mm

— 2 _ 8% Y
c= . P 143mm
CY 316 - 143
= 0.003 (\) 2
) 143 . 0.063 > 0.005 0k
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» Check spacing :

g= 120-20%2-8x2-(2X14) _ 3¢ pum > 25 OK
1

Design for discontinuous edge

1 . 2. Ac min = 4 2
A= %As.;’os =5 307.9mm?® = 102.63mm? < As,min= 126.4mm

min As = 126.4 mm?* (control)

Use2 $10,with As = 158mm?.

e Long Direction
> (Design for positive moment (mid span )) , Mu=22.41 KN.m .

Assume bar diameter $14 for main positive reinforcement.

L : dy 14
@ =i — cover — dstirrups e v 350 -20-8- 55 315 mm.

i M,  224x108 5 :
" 0bd> 0.9 X520 x 3152 . 082 Mpa.

=i . =206

0.83 fe! 0.85x24

1 | TR 4 (
ARE L | gt o T S ; | 2X20.6x0.282
P m(l | )—‘(1—\;1-\x )=o.oo1z

As = p.b.d =0.0012 x 520 x 315 = 196.56mm?

o Check for As,min
As,min= 126mm?®

o As,required = 196.56mm? >As,min = 126mm? OK
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Use 2012 with As= 226.2mm* .

- —— 2'
Use 2012, Bottom As,= 226.2mm? > As,required =126mm Ok

» Check for strain:

Asfy 226.2x420

= =895m
0835 f}  085x520x24
= =2 10.5 mm
B, 085
d— ¢ 315 — 10.5' ",
= —_ = ——} =0.087 > 0.005 0k
e o.oo3( - ) 0.003 ( — )
> Check spacing :
g o= e oG P 40mm > 25mm  OK

1

Design for Discontinuous edge

s = 34sp0s =226.2mm"~ = 75.4mm? < As,min = 126mm?*

W =

min As = 126 mm® (control).

Use2 $10,with As = 158mm?,

4.7.1.3 Design of Two way Rib for shear

coefficients value of max shear force Vu(Long and short directj

W, (Za =09) =06
a Zb_ - ; = .

on):
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la

Wb (—l—g = 0.9) =04

Wa [0.52
Reaction force at support Aua = Wu =la = b = il ( Lb
' 0.6 0.52
= 18.68 = 7.88 = 8.92 = > ¥ (8_‘5_.??)
= 22.96KN

Vud = 22,96 - 18.68 x0.52 x 0.316 = 19.89KN

1. — 1.1 — <3 ,
Ve = %Aq‘ﬁb,(,.d = —6—\"24 X 120 X 316 X 1073 = 34.06 KN
@ Ve = 0.75 X 55.9 = 25.54KN.
38Ve<V, <gVe

12.77 < Vud=19.89 < 25.54 —Case 2

NO need for reinforcement is required (exception for joist construction)

The shear in the slab can be calculated by using a simply supported

Vud = w, bf(%-d)=18.68*0.52*(3.94-0.316)=35.2KN
o Ve = 25.54KN.

1
;o Ve < Vud << gVe

Vud =35.2> 25.54 —Case 3

V. 54

.

T M
mi 16\“)‘; bu-d —E\' 24X 120 x 316 X 1072 = 11.62 KN
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pVe<V, <o(Ve+V,,.,)

s.min

0 Ve =25.54< Vud =352> o( Ve + V, ) =35.02— Case 4
1 =
o(Ve+V, ) <V, <oVc+o 3V bed
= v -3 _
6 3VFbd =075 xVZE X 120 X 316 X 107° = 46.44KN
35.02 < Vud = 35.2 < 71.9

Vs =(Vud = 0 Vc) = =(35.2-25.54) — =12.88KN

0.75

shear reinforcement is required (4,)

Use stirrups U — shape (2 leg stirrups ) d8Av = 2 X 5026 = 100.53mm?>

A, Vs
— = —— =10359mm
s fy«d
d
S 5 < 600 mm
d 316
Smax = 5T 5 = 138mm — control

Take S=160 mm

Use stirrups U- shape (2 leg stirrups )¢ 8/16cm ¢/c
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oVe<V, <g(Ve+V,

s mm)

o Ve =25.54< Vud =35.2> 0( Ve + Ism in ) =35.02— a3
1 —
o( Ve + Vimin) <V, <o Vc+o ‘3'\;'fc b,.d

6 3\Fb,d =0.75%; xv24 X 120 X 316 X 107° = 46.44KN
35.02 < Vud = 352 < 71.9

Vs =(Vud — o Vc) = =(35.2-25. 54) — =12.88KN

0.75

shear reinforcement is required (4,)

Use stirrups U — shape (2 leg stirrups ) 8 Av = 2 X 50.26 = 100.53mm°

A Vs
— = ——— = 10359mm
S fy=
d
S s 5 = 600 mm

d 316
= = 158 mm — control

Take S=160 mm

Use stirrups U- shape (2 Ieg stirrups ) 8/16¢m ¢/

62
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4.8 Design of Two Way Solid Slab:

= q 1°2 5
I o o = g e
h o Y o o i
o @ o
P - o
= 94
F -1 2 nn &
3 o e o

Fig. (4-11): Place of Two way solid slab.
NOTE:

> Code UBC: ACI 2008.
» Material:-

Concrete: B300

........ Je'=300 *0.8 = 24 N / e *(MPa ) For rectangular
section.

> Reinforcement stee] -

The specified yield strength of the reinforcement fy = 420N /mm? (MPa)
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Live load(KN/m2)
LL =5 KN/m2 f¢= 24 Mpa

» Factored Loads :-

bers in our project are determined by:
T e - w2,

g
0 =

- v Salic ol j
4.8.1 Determination of The thickness of two way Solid sial

The minimum required thickness according to ACI is :

g clear preimeter & 6.84%2+6.65%2 =14.99 ¢cm
i 180 180
select slab thickness =20 ¢m .

But by deflection checked it was controlled at 25¢m thickness.

So Select Slab thickness h= 20cm.

Check h= 25 cm according to ACI for the limitation to deflection , h min is based on't
he stifiness ratio between beams and slab .

stiffness of beams :

For Interior Beam :-
section of beam :

beff < 8*tf +bw = 8%20 +30 =190 cm
<2 *hw+bw = 2%65 + 50 =110 cm (control ) .

o A Y
= i

ve = {20+110 % 10)} + (20 « 40 * 40)
(20 % 110) + (20« 40) = 18cm

Yc

o 110*203 403
o 30*E)+(110*20*82)+(40*30 * 422)
= 2490933.3cmng
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> stiffness of slabs :
For Interior Beam
o = 684cm.
-In Long direction (B) ......... L 1ope=684cm L 1p,= 68

203 4
St ot Ocm
I, = 684 * s 45600

2490933.33

= = 5.46
M 56000

Ofm =01=5.46 —  » 05=5.46>2

where og,>2

_In,[ong o 6.84—_1 0
In,short 6.84
420

6.84 (0.8+ —

36+9(1.0)

in—

= 160mm>h,,;,,=80 mm

hassumea=20 mm > 160 mm — OK

4.8.2 Determination of Th

)

e Loads of two way Solid slab:

Dead load from: W = yxy KN
Tiles 0.03x23 0.69
Mortar 0.02x22 0.44
Ceoarse sand—_ 0.07x16 1.12

slab : 0.2x25 5
\_ Interior partitions : 1.5 1.5
Plaster 0.02x22 0.44

/ z v

RS e

Table (4-4): Calculation of two way deaqd load
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Total Dead Load = 9.19 KN

Total live load = 5 KN/m?

> Determination of factored dead & live load 2
Factored dead load = 1.2 X Dead load = 1.2 X 9.19 = 11.028KN /m?.

s 2
Factored Live load = 1.6 X live load = 1.6 X5 =8 KN/m

> Wu= 11.028 + 8 = 19.028 KN/m2

4.8.3.Design of two way Solid slab against shear:

Assume one way shear in short direction:
d =h— cover — dstirrups =200 — 20— 10 = 170 mm.

Vu =19.028*(6.65\2) - 19.028*0.72 =49.6 KN .

1 1
Vic = gmbd = gm X 1000 X 170 x 1073 = 139 KN

gVec =075 x 139 = 104,1KN.

gVe >V,
No shear Reinforcement is required .

4.8.4.Design of two way Solid slab against bending moment-

> For bending moment :

Ma = Cawla® and Mmp = Cb wib2

la i 6.05
6 6on

Negative moments:

Caneg (o = 0.97) =0.069
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2
Mgneg = 0.069 * 19.028 + 6.05° = 48.1 kN.m

!
Giihes (g = 0.97) = 0,069
M peg = 0.069 * 19.028 * 6.24°2 = 51.1 KN.m

° Positive Moments:-

!
Gt (% = 0.97) = 0.029

Mg posar = 0.029 = 11,028 * 6.05% = 11. 7KN.m
Can (2= 0.97) =0.034
Mg posu = 0.034 % 8 + 6.052 = 9.96 KN.m
® Mypos=11.7+9.96 = 21.66 KN.m/rib
la

Cb,dl (l—l; = 0.97) = 0.032

Mpposar = 0.032 +11.028 * 6.24% = 13.7 KN.m
la
Cpu (E = 0.97) = 0.0335

Mpposn = 0.0335 * 8 + 6,242 = 10, 4 KN.m.

® Mppos=13.7+10.4=24.1KN.m

> Design for positive moment

As = p.b.d =0.0018 x 20 x 100 = 3.6cm? /m

Select $12\20 em with As = 5.65 cm? /m,
SMn>- M,

Tension = compression
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565 *420 = .85 * 24 *3 * 1000

a=11.63mm.

OM, = 0.9 *565 * 420 * ( 170- (11.63/2))
—45.1 KN.m

$12\20 is enough .

> Design for positive moment
As = p.b.d =0.0018 x 20 x 100 = 3.6cm?/m

Select $12\20 cm with As = 5.65 cm? /m

SMy>= M,

Tension = compression

565 *420 = .85 *24 *a * 1000

a=11.63mm.

M, = 0.9 565 *420 * ( 170- (11.63/2))
=451 KN.m

$12\20 is enough .

> Design for ngative moment

As = p.b.d =0.0018 x 20 x 100 = 3.6cm? /m
Select 14\20 cm with As = 7.7 ¢m2 /m

( Temperature and Shrinkage ) 2

—p =0.0018
ASmin=pmin ¥ R

Use ®10 @ 200 m

=0.0018 *1000 * 200 360 mm 2

(control)

68



As=39+477=11.6
&M,-45.99kN.m
SMr>= My,

Tension = compression

770 *420 =0.85 * 24 *a * 1000

a=23.9mm.
dM,, = 0.9 *1160* 420 *(170-(23.9/2))
=69.3 KN.m > 45.99 KN.m

$12\20 is enough .
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Structural Analysis &

4.9 Design of Beam ( B,35P)

4.9.1 Load calculations

> The support reaction ( service ) from Dead loads of Rib (R23 ) upon beam (. B35P)
i5(21.6 KN). The distributed Dead load from Rib ( R23 ) on Beam ( B35P):

DL=21.6\0.52=41.6 :
> The support reaction (service ) from Live loads of Rib (R23) upon beam ( B35P)

is(15.44 KN) . The distributed Live load from Rib ( R23 ) on Beam ( B35P):
LL=15.44\0.52=29.7

» The support reaction ( service ) from Dead loads of Rib (R22 ) upon beam ( B35P)
is(18.14 KN). The distributed Dead load from Rib ( R22 ) on Beam (B35P):
DL=18.14\0.52=34.9 »

> The support reaction (service ) from Live loads of Rib (R22) upon beam ( B35P)
is(11.4 KN) . The distributed Live load from Rib (R22) on Beam ( B35P):
LL=11.4\0.52=21.9

% beam system

Geometry Units:meter,cm

1 2 3
1 . 2 3
F A $ pq S N § g LT N
A i A o A
0.25 5.35 0.25 6.45 0.25 8.15 ;
5.6 6.7 8' 4
80. :
5.
60.
50.
A-A

Figure(4-12): Beam geometry.
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Loading

load group no. 1

Dead load - Service

5.04

e
34,
4.6 439
\/ ' - .
T i /g 79\, %{’H :
g T 2 Y/ 6.7
5.6
Load factors:
Live load - Service
29.7 l 129-7 23.9 f
A \/ Vo
5.6 6.7 8.4
Figure(4-13): Loading Beam.
< Moment/Shear Envelope (Factored):
Moment/Shear Envelope (Factored)  Units:kN,meter
Moments: spans 1fo 3
-647.8
gy -595.9 -592.3
-361.3 -363.6 / \
#‘l; l;. (i
‘%\_/ 0.781.07 ’\-ll"iﬂ
1.53
317. 223.2
gt L
536.7
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Fan
Uy

Reactions
Factored

H Ht
DeadR 137.52 388.45
LiveR 125.87 350.59
MaxR  263.39 739.03
Min R 116.04 510.27
Service
DeadR 114.6 323.7
LiveR 78.67 219.12
MaxR 193.27 542.82
Min R 101.18 399.85

502.08
370.27
872.35
649.06

418.4
231.42
649.82
510.26

Mu=536.KN.m

Cmax =

-

4=

N w
N|w

a=3B,C=085=

{V!ﬁm::.x = 0.85 = 24

Design for maximum positive moment,

Assume bar diameter $20

542 =2323 mm .

2323 = 197.5mm

-"’[.‘:max = 085/‘:‘2 bf' (d ¥ g)

* 197 5 % 300( S4>_ 187.5

-_
-

72

d 2
d =h— cover — dstirrups —72’ =600—-40—-8 _..,_O

-

Maximum nominal moment strength from strain condition «._

)~10-¢

Figure(4-14): Moment/Shear Envelo pe for Beam.

4.9.2 Design of positive and negative moments:

—

Check whether the section will be act as singly or doubly reinforced section:-

= 0.004

= 1428.68 KN.m

= 542mm



= 0.82 * 14288 = 1171.6 KN.m

(e (U R e A DM ymax

4 ......design as singly
M, < OM, = 536.7 KN.m < 117TLEKN I crvcve e ven ceeeee -

M, 536.7 x 10°
R,

—_ = — = 2.54 )"Ipa-
" @bd? 0.9 x 800 x 542°

0 420 =20.6m
0.85f¢/ 0.85«24

1( ] _Z.m.Rn) 1 (1_ 'l1_2x20.6x2.54)=.0065

=E‘1_\j§1 220 !=20.6 ] 420

As = p.b.d = 0.0065 x 800 x 542 = 2818.4 mm?

» Check for As,min _

V24
220
o As,min = =X 500X 542 = 903.33 mm? ....... Control.

e As,min = 0.25 X 500 X 542 = 790.3 mm*

e As,required = 28184 mm= > As,min = 903.33 mm?

Use $18 with As=254.34mm>

As 28184
Asd18 25434

12
we selected 12¢18.

Use 12618 with 4s,= 3052 mm?2 > As,required = 2818.4 mm?. Ok

e Check for strain

o Asfy _ 3032x420 e
0855 £ 0ssxsooxa: — /0-944mm
a 78544
S = rar = 24mm
By 085 3

d—c 542 — 924
s = o.oos( ) = 0,003( 2 924y
g e T) = 001455 0,005 i

used = 0.9
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= 0.82 14288 = 1171.6 KN.m

(0 O ey AR o DM ymax

.. ....design as singly
M, < @M, = 536.7 KN.m < 1171L6KN.M ccc oo vee ven e vee e

M, 536.7 x 108

R. = — — = 2.54 Mpa.
"7 0bd? T 0.9 x 800 x 542°

s fy — <20 =20.67n

To.e5fcr 0.85:24

s o, i '1_ ’i:_zxzo.sxz.sa;):.ooes
i 1—@11— 70| 206\ 20

As = p.b.d = 0.0065 x 800 x 542 = 2818.4 mm?

» Check for As,min _

° As,min =0.25 f; X 500 X 542 = 790.3 mm-~

o As,min = =X 500X 542 = 903.33 mm? ....... Control.

- As,required = 28184mm= > As,min = 903.33 mm?

Use $18 with As=254.34mm>

As 28184
Asd18 25434

12
we selected 12¢18.

Use 12618 with 4s,= 3052 mm?2 > As,required = 2818.4 mm?. Ok

e Check for strain

& Asfy _ 3052x420 7
0855 £ Ossxsooxas — /S-044mm
Q 78.544

) G55 (542 =924,
| ?) = 0.0145 - 0.005 ok
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a 5 92'4) . 10-6 = 635.56 KN.m
Mn = Asf, (d—;) =3osz~420(54- =

o

N oK
dMn = 0.9 = 635.56 = 571.98 KN.m > Mu = 536.7 KN.m

e Check for spacing:

—4 o layers
E=dez-12¢e18 ok so we use tw
° s=s°° 0¢ n' =17 mm < 25 .not

> Design for positive moment, Mu = 317 KN.m.

Assume bar diameter 20 .

d 20 5
d = h— cover — dstirrups — —52’— =600—40—-8— T 542 mm

<
<

- M, 317 X 16°
"7 @Obd® 0.9 X 800 x 5422

= 1.5Mpa.

Sy a0
To.esfcr 0.85-24

=20.6m

—_— ; L WG
=1f1- [{_Zm&)_ 1 1— | 2x206x15) _ 005
p_ »m \f 22 - 206 \, T —

As = p.b.d =0.0037 X 800 X 542 = 1604.32 mn?

» Check for As, min _

fF 1
As,min =0.25YL¢ Fe b,.d > —4b,,,.. d
z %
TR MR "
® As,min = O.ZSE 500 x542 = 790.25 mm?
. ORIy
e As,min = 370 X500 x 542 = 903.125mm?> __

--..Control.
... OKAS, TeqQuUiTed = 1604.32 mun? - As,min = 903,125 mm2

Use 18 with As= 254 34mm®
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— As _ 160432 _,418
Asd18 254.34

ire
Use 7618 with As,= 1780.38 mm? > As,Tequir

o Check for strain
Asfy  _ 1780.38x420

= = = 45.82mm
0.855 e 0.85 X800 x24

=2 =22 _ 5587 mm
B, 085

(542 —55.87

) =0.026 > 0005 ok
55.87

used = 0.9

Mn = Asf, (d ~£) = 1780.38 < 420 (542 - £2) « 10~¢ ~388 15 KN.m

~
=

dMn = 0.9 =388.15 = 349.33 KN.m > Mu= 317 KN.m.............OK

o Check for spacing:

_500-40=2-8%2-7=x18

s ; =4633mm> 25 ... ... ol

> Design for positive moment, Mu = 223.2 KN.

Assume bar diameter $20 .

d
d = h— cover — dstirr i 20
rr Llps 2 600 2= 40 5T 8 = T = 542 mm

<

e 223.2 X 105
" Bbd® 0.9x800 x 543 = 1-05Mpa.

75
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=—LY__ 320 _y0em
o,g;fcl 0.85=24

o = [, _ 2x206x105 ) = 025
= L = 11_"”"&‘ =——‘ d= (1 4220
p= m \f 320 ‘ 20.6 N 3 y

As = p.b.d = 0.0025 x 800 X 542 = 1084 mm”~

» Check for As,min

Al f' d> ﬁbw-d |

T

As,min = 0.25

e As,min =0. 75" 500 X 542 = 790.25 mm*

220

o As,min = f— X 500 X 542 = 903.125mm? .......Control.

L 24

As,required = 1084 mm® > As,min = 903.125mm> ... OK

Use ©18 with As=254.34mm*> |

As 1084
n=——= —— =5¢18.
Asp18  254.33

Use 5618 with As,= 1271.7 mm? > 4s, required = 1084 mm?. Ok

o Check for strain

As £, 1271.7x420

8 08sb 7  oeswsooxzs - 32-73mm
= i — ._3“ 73 —
G 3, 085 38.5 mm
s. = 0.003 (d _c) = 0.003 (542 =385
5 ; W} = 0.039 > 0.005 ok
used = 0.9

\
-~

Mn = Asfy ( )— 1271.7 = 470(5 %= 3) *10~C =278.99 KN
] 42 o : N.m
dMn=0.9= 77899—7511A’V M > My=

23.2 KN. M v s et OK
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o Check for spacing:

& 500—40%2—-8%2-5%18 78.5 mm >> D5 osivnenn DK
4

Design for maximum negative moment, Mu = —595.9 KN.m

Assume bar diameter $20 . y i
== —_——_— = 2
d = h — cover — dstirrups — Tb =600—40—38 = 542mm

-
-l

Check whether the section will be act as singly or doubly reinforced section:-

Maximum nominal moment strength from strain condition £, = 0.004

d=—=54

N w
Nl w
(N
Il
8]
w
N
w
3
-~
=

Cmax =
a=B,C=0.85=2323=197.5mm
M —_ ' Qa
M — 085.f7.0.b,. (d o 5)

=892.93 KN.m
Mrmax = 0.85=24+197.5=500( 542 — L”) ~10-€

..................... OM,imax = 0.82 =892.93 = 732.2 KN.m
< OM, = 595.9 KN.m < 732.2KN.m . ..design as singly
B Ma  5959%10°

" Obd®  0.9x500x542: ~ +5 Mpa.

Iy

os;,’cr_o s: 2z —20.6m

r\ ;
— b . :J?"..Rn 1 r\
p= (l \‘.l—\)=ﬁ(1_ 'll_lxzo.sx.;.s
20.6 : \ ?‘ =0.0122

As = p.b.d =001

22
X 500 % 542 = 3306.2 mm-

77




Structural Analysis & Design
_ 1

» Check for As,min

s 1.4
As,min =0.25Y fe b,..d= 'f_'bw' d
f ¥

—

“23 500 x 542 = 790.25mm”
420

14 ; Z Control.
3 2 M Seininea
e As min = — X 500 X 542 =903.33m

e 420

2% As,min = 903.33 mm®
oxAs, required 3306.2 mm~ > As, min

o As min = 0.25

Use 18 with As=254.34mm* .

As 3306.2
= = =13d18.
1 Asd18 254.34 o

Use 14918 with As,= 3560.76 mm? > As,required = 3306.2 mm?2. 0Ok

e Check for strain

Az f 3560.76x 420
L = = 146.62mm

70852 £ 0.85x500x24

_ @ _ 146.64 _

c= 3—. S 1725 mm

SEe (d—(‘) o 0003(542— 1725

& 4 B il W) = 0.0064 = 0.005 ok
used = 0.9

= / ) 16.62 =
Mn = Asf, (d :) 3560.76 = 420 (542 —1%) *107° — 700 93KN.m

Mn = 0.9 = 93 = ¢
dMn 700.93 = 630.3xN. m > Mu = 5959 KN ol OK

e Check for spacing:

800—-40%2—-8x2 14,
S =
13

=3476 mm > ES . s de oF
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(= —363.6 KN.m

i Mt
Design for maximum negative moment,

Assume bar diameter $20 . L 4 20 8
Z — - T &
d =h— cover — dstirrups === 600 — 40 >
6
R

"~ Obd? 09 x 500 X 542°

fy - =20 =20-67n

_o,gsfcl 0.85x24

1y fp_zmea)_ 1 [y 220t _ 407
Vo O e e ‘
m \ 2 :

20.6 N 420

As = p.b.d =0.007 X 500 X 542 = 1913.9 mm*

» Check for As,min _

I 1.4
as,min = 0253L $b,.d = + byd

» »

° As,min =025 500 x 542 = 790.25mm?

420

- — 1’- -~
o As,min = P 500 X 542 = 903.33 mm? veen.. Control.

............... okAs, required 1913.9 mm® = As,min = 903.33 mm?

Use $18 with As= 254 341mm? .

As 1513 .5
n= = —_— =
As18 254.31 8018.

Use 8018 with 4s,= 2034.72mm? > 4 reéquired = 1913.9 mm?. Ok
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o Check for strain

_ fsfy _ 203472x420 _ g3 g8.m
085b £, 0.85X500x24

d—c 542 — 98.57) = 0.0134 > 0.005 ok
£ = 0'003( ) T 0’003( 98.57

used = 0.9

g3.78y _ =6 = "N
Mn = Asf, (d—2) = 203472+ 420(542 - £2) = 107 =4274KN.m

dMn = 0.9 = 427.4 = 384.65KN.m > Mu = 363.6 KN.m ... ........OK

o Check for spacing:

800—-40+«2—-8%2—-8=18

g = = =80mm=>25...........0k

4.9.3 Design of shear :

Vumax = 39¢.7 KN
d =542 mm

—

_l
_g VEb,

4—§

24 X500 X 542 x 10-3 =

O\lv-'-

27 KN

glic — 075 X 22127 = 165.95 kN

V=H-v _ 3907
e ¢ 075 T 22127 =2996¢xyN

Check for section dimensiop-.
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|

-3 = 885KN
o Vimax ==+F7b,d= gxe'sz 500 X 542 X 10
smax 3 ¢ “w
V. <V the section is large enough.
S SMQEX Ut e e e
Find the max stirrups spacing:-
; i = £ or Smax < 600 mm
P s .. Vel = %v’f;’b“_a' thenS,... =
5

AN W 2 X 1073 = 442.5KN
o Vs = ;\-"f;. b.d= T 24 X 500 X 54

V. =299.66 KN < Vs' = 4425KN OK

54

2

N

= 271mm .....control
Ser < 600 mm Or Smax =5 S

| R,

Check for section dimension:-

o Vimin =—=+F'b.d= —V22 X 500 X 542 X 1073 = 82.97KN
® Vinin =3b,d= =X 500 X 542 X 103 = 90.33KN — control

o(Ve+V, nn) = 0.75( 22127 + 90.33) = 233.7 KN

Vu> o(Ve+v,,,..)
o( Ve+ fs)y= 0.75(221.27 4 4425) = 497.83KN
o(Ve+ W itn ) < Vit < G ) E e - Case 4 stirrups are required

Smax = 271mm

Use stirrups U

~shape Clag SUrTups )10 4v = 3 x 78.5 = 157mm?’

5= Afed _ 157420454
& \ = 1° ’ .
V. 299.66+ 1000 — 119-266mm

Use stirrups v — shape (2leg Stirrups )®10 @9g NS
max
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4.10 Design of colummn:

Structural Analysis & Desjgp
_

L

Figure (4-15) : Place of column (C44)

C44:
Dl=414KN
LI=268 KN

Pu=9256KN

° InO.Sm-Direction(about X-axis)

M

! T ACI - (10,129

82

Column | Column e i
Dimensions
Col. 44 50cm*25¢m 24 Mpa
420Mpa




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

£ ! »
; Lo O3 R s o v s wins FOF TECEORGILOY Secliay
R: radius of gyration = 3

Lu=3.8-0.35=3.45m

II\(/EI/M?A:ording fo ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be

permitted to be taken as 1.0.

<3 5

= e
1x3.45
0.3x0.5
- long Column in 0.5m:direction

=23>2).

e In 0.25m-Direction (about y axis)

Flu M1

12— ACI-(10.,12.2)
M?2

7

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

R: radius of gyration = \/% ~0.3h

Lu=3.8-0.35=3.45m

MI1/M2 =1

K=1, According to ACI 318-02 (10.10.6.3 The effecti

e itohe Gl 1 G ) ective length factor, k, shall be

kilu M1

: <34—12AT2 ............... ACT ~(10.12.2)
1x3.45

03x0.25 -~ 16>22

< long Coloumn

in 02m :direction
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E I 4cI 318 - 05 (Eg .10 ~15)]
Bl =.0.4 = ﬂg ................ [
d
= a
E. = 4700 Jfe" = 4700 « <24 = 23025 .2Mp
L\ P e
ge= 5, 925 .6
T L 0.5x0.25° _ 4 00065 m*
R 12
gy o 0:4x 23025 2x 0.00065 _ 5 o m?
i 1+ 0.54
L ACI318—05(Eq. 10~13)
R
2
o 3.14 ><3.92 —39MN.
(1.0x3.45)
Gt 0640 ﬂ) ............ ACI 318 — 05(Eq.10 —16)
M2
G =1 ... According  to ACI 318 — 05(10.10.6.4)
0= Cm >
m—l_T_l.o ............... ACI 318 — 05(Eq .10 —12)
0.75P
1
5 = =
ns P 925 6 1.63 >1
0.75 x 3200

Cmin =15+0.03x 2 =15+0.03x250 = 22.5mm = 0.0225m

e=e.. X0, =0,0225%1.63 — 0.037m
e 0.037
5 025 =0.1467

0 =500-40x 2 -10x 2 — 25=375
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HARE 0 ks

g

From the interaction diagram in chart:

LD @xpn 4 07Ksi =001
Hor = =0.75 "

Select the longitudinal bars:
2
As =p xAy =0.01 x500 * 250=1250 mm

~use 8014 = A, = 12315 mm?

4.10.1 Design of the Stirrups:
The spacing of ties shall not exceed the smallest of:-

spacing <16xd, =16x1.4=22.4 cm
spacing <48 xd_=48x1.0 =48 cm
spacing <least.dim .= 25 cm

Use $10 @ 20 cm

210@20
L=138
0| - g S5 58
| (‘
8214 fTJO
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4.11 Design of foundation :
d footing (Under Col. 58):

> Design of Isolate

S

T 420 Mmro
oL

» Load Calculation:-
- From column (50): (DL &LL)

* Service dead load (DL) = 1214 KN

* Service live load (LL) =317 KN

* Column dimensions =35cm*55 cm

* Allowable soil pressure = 400 KN/ m?

> Calculating the weight of footing:
> - Weight of footing ( assume "so = 70cm)
W, =0.7%25 =17.5 KN/m?

- Required sizes of footing:

A required = £ = L;
Gu  400-5-(07%25 " 40

Try 3* 3Area =9 m?2

> Depth of footing ang

shear design;
b= 1O = erT.

= 1.2%oas 1.6*317 =1964 KN

T
g = oy

D
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Check for One Way Shear Strength JI[]:

Inciined crack

3 07 % 2*3
! SR 218,
Vu=(——§—d)*qu*b—(2 - )

Ve =_O'_g§«/24 *3% %10’ fﬁiﬁ‘i’a,"imi for \’

Let,pVc =Vu W
d=0.350m "i b
h=350+75+20= 445mm Column \D ?

Try h =600 mm ..... d =600 — 75 — 20= 505 mm

One-way shear,
> For Two Way shear Action (Punching).

- The punching shear strength is the smallest value of the following

equations:

gy, 2 |1
¢.Vc-¢.6(1+ﬂ] f.bd

1 o ’
) — e ff e L
PV, ¢12(bo/d+2)‘/fc b,d
¢.Vc =¢.%~ﬂfc,bod

Where:

Column Length,
Column Width () ~ 350

= 2*(0.35+_50 %
44 SIH2%( 55+ 505) =

=(3*3)~ 035+ 0.505)+
= 1910 kN

x=40

87




An

Design

(1 + %) /24 #3.82*0.505 *10% &

\ aﬂc . 0-75*(i9i°,-5_95+2)* 24 *3.8240.505410° g
— 42 WS, 0,4 =" 3.82
V. ¢ ( +J G 12
205, /d

/ o) 3 =2363kN
¢-I’c ¢.3 fe bod 3

Vu <®Ve
(Two Way Shear is OK)

> Design for Bending Moment of both directions.

h (mm) d (mm) b(m)
600 505 3

d=600-75-20 = 505 mm

Mu =218.2*3%1.25%1.25/2 =511.4 KN.m

D= 2y
0.85* fc'  0.85*24

Rn= Mu/é_ 511.4*102/0.9

m

b*d? 3%(0.505)2 =7 ee
p=-1(1- 1—2'23")
= - ‘/1—2(2#)3074))=0.0018
AS in =0.0018*b%h — 0,0015 (3000 (600) = 3240 mn2 . control
AS 0 =0.0018 (3000) (505) = 2727, .. AS i = 3240,

Take 22® 1 :
4; AS, Provided = 33.84 cm? > A& — " -
§=3000 —75%2 5y 4y, > tequired = 32.40 cm
=l By
21 121 mm
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- Step(S) is smallest of:

1. 30 =3*600 = 1800 mm

2. 450 mm - control
S=121 mm<S,max=450mm—OK

- Check strain

Tension = Compression

A x fy=0.85x f,'xbxa

3384 x 420 = 0.85 x 24 x 3000 x a
a=23.22mm

_23.22 ~ 273

0.85

505-27.3
& =——"

5 x0.003 =0.052 > 0.005...0k
273

> Development length of flexural reinforcement:

S N ENCRT e 9 420
L, = —X——=—=x e 1X1X0_8x1
10 (M] i T oy
dab
Available length = ((3000-350)\2) - 75—
1250mm > Sdsmm ) ) 751250

> Load transfer at the column

-foundatiop j :
- In footing: nterface (Dowels design ):

OPnb = Dd(0.85 Jc'4, x 1/i)
4,

A1=055%035= ;
A2=3* 3=9m2 -192511’1
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Apte structural Analysis & Desjop,
Chapter 4 ‘

% 14;2— =6.9
\/’ \f01925 \ 4

®Pnb=0.65%(0.85x24x0. 1925¢6.9)x1006=1 761KN
OPr=17613Pu=1964.......0k

The Dowels are not needed for footing

As,min = 0.005 * Ac = 0.005 * 550%350 = 963 mm2

Use 6022 , As, provided = 2280 mm? > As, required = 963 mm?>

7 o] Col(55,59)
A
Wiaaa 8L : g
266 o‘
= =08 .23

Figure (4-17) : Geometry Of Isolated Footing (5‘8)



e ‘ tructural nalysis & Desijpp,
shapter 4 Str y
Chapter 4 A

e ——

Wsu=2.5KN/m Ws=36 KN/m

Figure (4-18) , Geometry Of Basement Wajj (BW1)

Fc’=24 MPa, Fy = 499 MPa Ys = 1 8KN/m3, qal I= 400 KN/m?, ¢ =30°,
Surcharge = 5 KN/m?

Wall Thicknegg ~ 25 cm

Consider at Iest pressure

c =1 —sing =1 —sin30 = 0.50
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= 'N/m”
W, =Canh»y=0.50n4~18—36iu #
3

W, =C,*P=050%5 2.50 KN/m~
Su

From Atir we have moment and shear envelop :

Geometry

___Shapler structural Analysis & Desjop
Chapter 4

Units:meter,cm

1 4

A
——

A e —
—_

3.67
! 0.35 i
[ l 4.
it

25,

100.
A-A

Figure (4-19) : Geometry Of Basement Wall (BW1)

load group no. 1
Dead load - Service

//|

|
|

Live load - Service

92

2.2

| \ / V ;
MR e VR S A
Uz,u

Load factors:
.\___—//

Moment/g
oments: spans 115 hear Enve lope (Factored)  Units:kN,meter




structural Analysis & Den

Reactions

Factored

—
DeadR  43.2
LiveR 8.
Max R 51.2
Min R 51.2
Service
DeadR 36.
LiveR 5.
Max R 41.
Min R 41.

Figure (4-20) ; Loading ang Envelope of Basement Wall (BW1)

4.12.1 ; Design Of Shear .
Check for wall thicknegg

d=250-50-20/2 = 19 mm
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St

— N
Ly 0.75 /== . 1000 = 190 = 10~° = 116 B
pUs- N/t hed S

Vu (At face of support ) = 62.2 KN aad
OV Vu at face of support , SO OV, will be greater than VU

The thickness of Wall is Adequate Enough
4.12.2 : Design for Flexure :

Mu = 66.4KN.m
Mn =74 KN.m
o Mn
Kb d”
74%10°

=k LR
R =000 1907 &

el
0.85x% f¢!

L
0.85x 24

1 2
pz;[l‘\/;TR’ ol i I8 D500 sp %5
% ) R § oy | VY

Asreq=0 00502*1000%190 = 953.8 mm%*/m

=20.58

........... control
As min ( for bars < 16 = 0.0012*1000%250 =300 mm?2/
m
A Smin= 1 (bw)(d) 0 (100
“( ) 420 0)190) = 554 mm? / m

AS min ~\(bw)(d) =l
() 420 (1000)(190) = 633 32 1 (control)
As=953.8 mm */m
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T
 chapterd

the min. in each side

For horizontal bars use the half of %
0~5*A5hmin=0.5*0.002*250*1000 =250 mm

Use ¢ =8

Use for horizontal bare 8@20 cm in each side
Use ¢ 10@20 cm for vertical in outer side to hold the horizontal bares
Check for strain:

Tension = Compression

A *f=085*%fc'*b*a
1130 *420 = 0.85 * 24 *1000 *a

a=2326mm
ge s O
B, 085
(i 1903;#*0.003 = 0.015)0.005 ok ...

g, = 0.01108 .005 —s ok

Check for step
Smax =450 mm , 3*h = 3*250 = 750mm

note : all steps are less than Smax , So its OK
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Struc
Mﬂ/’/v_\g\

S
oAl
g zamméaﬁ 4 H /"
5'_};00!(__,\ ; J
486,/ 1=
5
i
[ -}
{
=
§ el
i
i
J : J L__= Mosh: 510Q20cm
IE
-} § SI2TIT0C
[ xeu S Ty
i [ e RPN = "‘,?";

Figure (4-21) : Reinforcement Detail of Basement Wall (BW1)
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p structural Analysis & Degjg,
Chapter 4

Il :-
4 .14 Design of shear wall -=

and this diagram from ET Aby
oftware,

g (

manual example of shear waj) design :
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structural Analysis & Degjp,
c_hgp_tM/—L\L e

B
\\
‘ru .' ), P
; - \
Thod Floor pk \ \
2 Nee
Second Floor : \\
|7 \\
Fosg Floor : ;“"
= E ————eSS \
Ground Floor : \\K: .
j \
Barkpe; Floo = e
L Qg S
Figure (4-23): Shear and Moment Diagrams of Shearwall
HW(m)
Fe¢ (MPa) Fy (MPa) t (cm) LW(m) i
24 420 25 55 3

4.14.1: Design of shear

D Fx=Vu=8812KN

4.14.2: Design of the Horizontal reinforcement:

The critical Section is the smaller of:

—2'- = 2. 0Sme control
20.92
T = 1046
2
Storyheigh ¢ — 3.52
d=0.28x lw =
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structural Analysis & Deg; :
gh_agt_e_r_ll//_L\i e

5
—Jf'nd
(Z)Vrzmax=¢6 fe'h

0-3 = 3354.57KN > Y,

. . 3 2

ont
% -3 — 898.1KN ....C

0-3 + 0 = 1455KN
- N,d o 0.27m* 250 * 4400 * il
v, = 0.27\/f,'hd + T

KN.m
4850-3998 M, —3998 _ . _ 418437
352 . 352-2.05

My L, 418437 55 .o
M 7 888 - 2

— Ny
_ L(otfEix02 l—;) L
V.= 0.05\,"/‘;.'5' N
=10 05ﬁ+ 5.5 (0-1\/"_22+ O)J 250 =4400 - 1073 = 1845.9KN
B Ay 1.88
i =1~
881.2

= e——

276.83
S - 2
As*d  420x2400 = 0.1497mm /mm

—A4s _ 01497
5= 50 = 00006 < 0,005

Use 012 As=113.04 mm?

99



2+113.04 _ 0025 =5 = 361.73mm
85 memor)
o Max. Spacing is the Jeast of:-
by _ 5599 _ 4100 mm
5 5

3h =3 %250 =75 mm

A50mm... . ... cont.

Use 012@250mm in tow layer

4.14.3 : Design for Vertical reinforcement :-

Use D12@250mm_1'n tow layer

4.14.4 c Desigﬂ

Ast = (5500
250 ) "2x113.04 < 4973 7 mm2

of bending moment :

100



4973.7 )E_Q_—_ 0.0633
(g’sm)”’*'zﬁ 24

(# w+a 0.0633+0 _ 0.074
T = 7w+ 0854 2+0.0633+085+0.85

w

P, c ]
L N ——
oM, = Q)[O.SAstfylw(l S )( lw)
% =6
= 0.9[0.5 * 4973.7 * 420 * 5500(1 + 0)(1 — 0.072)] = 107° = 4787 5¢;

@M, = 4787.56KN.m < Mu = 4850KN.m Not Ok

Try ¢ 14@200 mm

5500
= (250 ) *2 % 153.86 = 6776mm2

w= (ﬁ)fy_ % ( 6776 )420

Lyh/ f,' ~ \5500  250) 22 = 0-086

Pu
a= - - 0
lwhf.
l£=w\+“= 0.086 + 0
w 2w+ 0.858, m = 0.096

Ok
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Chapter 4

4.15 Design of Stairs:
4.15 Design 0% >2=—==

Figure (4-24): Plan of Stairs

NOTE: (Materiay

>
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_

ickness:
Determination of Thickn

height =4.5 m
Rise =4.5/28=16 cm A - :
. & 24 Mpa 420 Mpa
2
height 16rIS; T 35 KN/m
c
4.5m
. d :
hickness for deflection is (for simply supported one way soli
- Minimum slab thic
slab)
h,min = L/ 20
..take h= 25 cm.
h,min =(0.25+3.9+0.4)/20=23 cm ...........

= Use h =25¢cm.
0= tan'l(16 /30)=128.1°

h,min (¢cm) 6

25 2811

Load Calculations

Dead Load calculations of Flight
0.03 x 22
Plastey =" Y %% = 0.75 KN/m
cos283.1

0.25 x 25

concrete = = N /-
m 7.08 KN /m

Horizontq] mortar = 0,03 x 22x1= 0.66 KN/m

veticql mortqr = 0.03 x 22 %16

/30= 035> KN /m

Horizontq} Tiles = 0.03 x 23 X 33/30

= 0.76 KN/m
vetical Tiels —

0.03 x 23 X16/30 = 0.3681(4\'/771

103



920 25 = 2.00 KN/m

Triangle =~ X

Total load (DL) = 11.97 KN/m
Live load (LL) = 3.5KN/m

anding

Dead Load calculations of L

structural Analysis & Deg; :
_

b(m) [
Material gama h(m) 1 \KN/m
; 0.03 0.69
Tiles 23 1
Mok 2 0.03 0.66
e 20 0.25 1 5
B 2 0.03 1 0.66
Total load (DL) 7
Live load (LL) = 3.5 KN/m2
Total Factored load,,,, (W = 1.2DL + 1.6LL)
For Wy, , W=12*11.97+ 1.6*3.5=19.96 KN/m
For Wipime » W=12%7+1.6*3.5 =14 KN/m
W ight N/
b (K m) Wlandmg (KN/H])
19.96
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rural Analysis & Des;

Struc 4
M

isht (FL1) :
_ Structural System Of F light (

19.96

.......

Figure (4-25): System Of Flight.

Check for shear strength For Flight:

Assume @ 14 for main reinforcement: -

d=h—20—db/2=250~20-14/2=223mm

Vu=39¢ KN/m At distance ¢ :

#ve = 275*V24 %1000 % 94
* =136.56kN /1,

105



Design of Flexure By Hand Calculations:

- Design for Flight:

Mu = -44.85 *2.135 +19.69%2.135%/2=48 KN.m
Mn =Mu/09=48/09=533 KN.m/m
d=h-20—db/2 =250 —20 — 14/2 =223 mm

i an
b-d

Rn=53.3%¥10%/1000%223%=1.07

m = ﬁ/
0.85x fe'
S an
085 %4

As . =0,
i 0018*b*h=0.0018*1000*250=450mm2/m
Use @ 14 @ 20 cm ¢/c 5 As

- Step ( S) is the Smallest of .

1- 3*h=3*

106

min 450mm2 /m.--

. OK



2. 450 mm

<380(’—') 2.5*Ce
5*20::330mm

___. 2
<380*(__) 2 5% 20 _380*( )i

: 280 00 mm ... (control)
280 —-300*(;_8—2)= 300*(— 420 ) 3
= U fy

- Check for strain:

Tension = Compression

A *f=085%fc' *b*a
769.6*420 = 0.85*24*1000 * a
a=15.84m
Ml L
"B 085
. _223-18.64
864

£,=0.033>0.005—— ok

*0.003

> Temperature & Shrinkage reinforcement:

ASShrinsage = 0.0018xbx h = 0.0018x 1000x 250 = 450mm? iy

Use @ 12@ 20 cm c/c, As proy = 565.5 mm2/m strip

- Step (s) is the smallest of .
1. 5*h=5+% 550 = 1250 mm

2.450 mm — contro]

S(mm) g, (mm)

450
300 D 14

107
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Reaction on landing = 37KN/m.

- Design for landing (S1):
qu=35.3+14= 50.8 KN/m
vu =50.8 * 3.3/2- 50.8*.223 = 72.5

- Check for shear strength (S1):

Assume @ 12 for main reinforcement:-

d=h—20—db/2=200—20—12/2=174mm

_075%24*1000* 174 _ o c o pn i
% 6

pVe

Vu=725 KN/m < ¢Vc=106.56 KN/m .

- Thickness is adequate enough

- Calculate the maximum bending moment:

Mu = 69.2 kKN.m/m

Mn =Mu/09=692/09=7684 KN.m/m

d=h—20—db/2=200—20—14/2=173mm

B Mn
b-d*
p= 18 IgE

1000% 1732 = - 26

Jy

W ==l
0.85)( fc'
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. structural Analysis & Design
Chapter 4

55 4420
T 0.85x24

,o=l 1- I—M—’ =0.0067
m fy |

= 450mm* /m.... OK

=20.6

m

2.
AS8.5= 0.0067%1000%173 = 1160 mm /m> AS pin

/m

2
As 0.0018*b*11=0.0018*1000*200=360mm

min

Use @ 14@ 15 cm ¢c/c

- Step ( s) is the smallest of :-

1. 3%h = 3* 250 = 750 mm

2. 450 mm

280

'3
/

<380 (25 wE

5

28

0
220 ) —2:5*20=330mm

5380*(% )—2.5%20 =380 * (

-

< 300022 ) =300+ (2 - 280
(5 ) =300 (§fy )= 300*(5420 )=300 mm (control)

109



Check for strain:

Tension = Compression

A* /=085% £\ *b*a
1026*420=0.85*24*1000*3
a=41.37mm

pas i) o SRR

p, 085
285486, 50

s

&

g, =0.01>0.005—> 0k

> Temperature & Shrinkage reinforcement:

— 0.0018x bx 4= 0.0018x1000 x 200 = 360 mm"

A‘S Shrinkage

Use @ 10 @ 20 cm c/c, As prov =393.5 mm2/m strip

- Step ( s) is the smallest of :-

1. 5%h=5* 250 = 1250 mm

2. 450 mm - control

110
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f

i

4.16 Design of frame:

4.16.4 Geomelry of frame and loads:
D=62 KN/m

R
e v L=2338 KN/m

Weight of Beam = 16.25 KN/m

8. Weight of Column = 50 KN

Fc=25MPa

A Fy=420MPa

Result of Analysis:
121.4KN.m
121.4KN.

S
1214 \L S Tk p
- \I LLJ J /] e

| gl P

2290KN.m

M .
Figure [4~26}0menfa/m\gmm¢acﬁmﬁfm il

AR
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structural Analysis & peg |

800KN.m

-800KN.m

Shear aﬁ’ajmm%cfare/muﬁr fiqure(4~27]

4.16.2 %ﬁ;qn Column of frame:

s e Service load on column:
Self weight =50KN

Dead load=473KN
Total Dead load=523KN

Live load=144KN

A

7Gere4-25) cliomnof

112
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|

i d on frame.
This frame is braced(non sway); 10 wind loa

of column:

ck of slenderness
Che ffect of slenderness must be consider, by :

ee
According to ACI code for praced long colum® where th

magnificent of moment:

Slenderness limit :
KLu M1 < 40
__—-<34-—12 *—-‘MZ =

Determine the effective length of column (K) accor ding the magnitude of restrain factor  at each eyg

column at bottom and end.

At bottom ¢=o.

(ZEI/L)column 1

Stjon s (CEl/L)beam

1 beam=0.35 I gbeam

I column=0.7 I, g column

] 4
gbeam=0.036 m

4
Ig column=5.2* 10-3 m

/ column=8.1m

/ beam=12.1 m
by sub suite on equation 1 we obtain p=0.432

so that K=,
79 (from Table of braced effective length)

the slenderness limi=1if & <344y M

K ——

=<
vz = 40 then the column is short
the slenderpess Hmﬁm =4
03+05 — 432> (34 - 12 x0) = 34 < 40th
< en the column is long
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j nt : .

Magnificent the mome=== -

ted by moment at joint, Mu=121.4KN.m i
C

This column affe
eccentricity(e) its value = Mu/Pu

Pu=1.2(D1)+1.6(LL)=1.2(523)+1.6(144)=858KN

So e=121.4/858=141.5mm
= <eu
but the min eccentricity(e)=15+0.03(500) 30mm<e

!
Magnificent factor Sns=—spu
~o.755Pcr

Pu=1.2(523.4)+1.6(144)=858 KN

Elmn? 2

Per for one column T e

_ 0.4%4750xIgx/Fc

= 1+Bd

1.2PD_ 1.2(523.4) _
P o L

EI=28.6

Bd=

by sub suite on equation 2 we obtain Pcr=6900 KN
2.Pu=Pu for all column in the story of frame = 2(860)

2.Per=Per for all column in the story of frame=2(9600)
Then Ss=1.14

Design Moment:
eu=141.5mm

Magnification of eu=§
=dns*ey=1 14*141 5
; 9=161.31mm

Magnification of Moment=Magniﬁcati
on

CU*Pu=0.16*858=138 4KN.m
114
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Chapter 4
; jon diagram:
. from interaction .
We obtain rein oreement ratio I- 161,31 Qe b=500mm,its equal=( 3,

3
2-138.4/1000*(0.5) (1000/145)= ;,
25)/500=0.75,and Mu/bl 13 (0.5)°(

in ,-atio=0. 001.

: zama/b=(500-2(400)-2(1 0)

j e take m
The ratio we obtain is less than nun SO W
The ratio we 0Dt 13 o2 =====

2
Require As=0.001*b*h=0.001 £50*50=25cm

2
Select 14@16, with As=28.14cm

2.16,30esiqn of Beam of frame t:

Desiqn of positive and negative moments,

446,50 Design for meyimum_positive moment

Mu = 2290 KN.m
Assume bar diameter 120

d
d = h — cover — dstirrups ——-2-b-= 950 — 40 — 8——2—= 892mm

Check whether the section will be act as singly or doubly reinforced section:-
Maximum nominal moment strength from strain condition & = 0.004

Cmax =>d =2+892 = 382.3 mm .

@ =B,C = 0.85*382.3 = 325mm

Mpmax = 0.85. fC'. a, bf. (d = %)

Myumex = 0.85 24 % 325 x 1000 ( 542 — %) *107° = 2938.7KN.m
: = 7KN.
Oi=l0igp e
PMrmayx = 0.82 29387 — 2410 KN.m
M, < oM,

= 2290 KN.m < 2410k ) ST, design as singly
R Muz — 2290 x 106
=120 i
Pbd 0.9 % 1000 x gagz = 319 Mpa.

1S




gructural Analysis g p

2 eSin
Chopter [y . &a0ct
™M =ggsfc’ 0.85+24 =20.6
1 szn .
=—|1- 1"W
P=m

s =p.bd= 0.0083 x 1000 X 89

2 = 7408.8mm?

A

» Check for As,min..

2
V22 = 1301mm
o As,min = 0.25;—;5 x 500 X 892
_...Control.

2
b = % 892 = 1487mm* ...
e As,min = 420>< 500

. 2
As,required = 7408.8mm? > As,min = 1487mm

Use 025 with As 491mm? .

As 74087
As025 490

we selected 15025.

15

Use 15025 with 4s, = 7408mm? = As, required = 7408mm?. 0k

e Check for strain

Asg, 7408 x 420
0.85b f,  0.85 x 1000 x 24 _ L°2->mm
c=m =222 _ 40 4m
B; 085 i

dzic 892 —
LB 0.003( ) i 179.4
S C 0-003 (W) = 0_0119 = 0-005 Ok

usel] = 0.9

Check for spacin g:

® We use three lay S
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_

ji 18 MOMENTE:
416,32 Desiqn for maxiniuni ngalwe

/‘

Assume bar diameter (20

20
d —8——=892mm

d = h— cover — dstirrup

M, 121.4 x 10°

= = 0.34 Mpa.
Rn = 3paz = 0.9 x 500 x 8922

RS b ()
m 0.85fc’ 0.85%24 206

1 2mRp ) __ 1 i __ 2X20.6x0.34 pe
p=;(1— L >_20_6(1 f —— ) 0.000814

As = p.b.d =0.000814 x 500 x 892 = 363mm?

» Check for As, min..

As,min = 0.25 ‘/f—f—_cbw. d> %bw.d

Y y

N Ner
e As,min = 0.255 500 X 892 = 1300.5mm?2

S
e As,min = 220 X 500 x 892 = 1486.7mm?2 v Control.

Use 025 with As= 491z " C0UTed < As,min = 1486.7mm? .. ox

—_4s 1486.7
D= 22067
As025 41 025,

= 4s,required = 1486.7mm? Ok

117



a in

Asfy _ _1486.7x420

o Check for strain
a % —— T ———— S
085b fo  0.85x500x24 — 012,

Cc= 2 _612
B, .85"725n

- 892 — 72.5
E = 0.003 (El—E-E) = 0.003 (———-7—2—5—’_) = 0034‘ > 0.005 ok

usel = 0.9
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Chapter 4 : Structural Design & Analysis
4.1 Introduction

4.2 Design method and requirements

4.2.1 Strength design method

4.2.2 Factored loads

¢ YDetermination of Slab Thickness

4.3.1Determination of The thickness of one wayand two way
ribbed slab

4.4 Design of topping
4.4 1Determination of dead load

4.4.2 Determination of factored dead & live loads
¢.°Load calculations for one way Rib slab

4.6 Design of One Way Rib slab

4.6.1 Design of positive moment of rib R20p

4.6.2 Design of negative moment of rib R20p
4.6.3 Design of Rib for shear

¢ YDesign of two Way Ribbed slab

4.7.1 Design of two way Ribbed Slab
4-7.1.1 Load Calculation

4.7.1.2 Design for Positive and Negative Moment
4.7.1.3 Design of Two way Rib for shear
4.8 Design of Two Way Solid Slab
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4.8.4.Design of two way Solid slab against bending moment
4.9 Design of Beam ( B,51,F)
4.9.1 Load calculations
4.9.2 Design of positive and negative moments
4.9.3 Design of shear
4.10 Design of column
4.10.1 Design of the Stirrups
4.11 Design of foundation
4.12 Design of Basement Wall (BW1 )
4.12.3 Design of shear
4.12.2 : Design for Flexure

4 .14 Design of shear wall
4.14.1 Design of shear
4.14.2 Design of the Horizontal reinforcement
4.14.3 Design for Vertical reinforcement
4.15 Design of Stairs
4.16 design of frame
4.16.1Geometry of frame and load.
4.16.2 Design of column of frame.
4.16.3 Design of beam of frame.
4.16.3.1 Design of maximum positive moment.
4.16.3.2 Design of maximum negative moment.

4.8.1 Determination of The thickness of two way Solid slab
4.8.2 Determination of The Loads of two way Solid slab
4.8.3 Design of two way Solid slab against shear
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Table (4.1):Calculation of one way dead load.

Table (4.1):Calculation of one way dead load.

Table (4.3) : Calculation of two way dead load
Table (4-4): Calculation of two way dead load.
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F@gure 4.1:Plan of Ribbed Slab
Figure 4.2; Statically system for R1).
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Figure 4.3: Section in ribbed slab

Figure 4 4: topping load '
Figure 4.5: Typical Section In Ribbed Slab

Figure 4.6: one way Rib slab

Figure 4.7: Section in one way Rib slab
Figure 4.8: Rib geometry

Figure 4.9 : load service of Rib
Moment/Shear Envelope of RibFigure 4.10
Figure 4.11: Place of Two way solid slab.
Figure 4.12 : Beam geometry

Figure 4.13: Loading Beam
Figure 4.14: Moment/Shear Envelope of Beam

Figure 4.15: Place of column C4
Figure (4-16) : Details Of Column ( C44)

Figure (4-17) : Geometry Of Isolated Footing (58)

Figure (4-18) : Geometry Of Basement Wall ( BW1)

Figure (4-19) : Geometry Of Basement Wall (BWI)

Figure (4-20) : Loading and Envelope of Basement Wall (BW1)
Figure (4-21) : Reinforcement Detail of Basement Wall (BW1)

Figure (4-22): Diagram From ETABS
Figure (4-23): Shear and Moment Diagrams of Shear wall

Figure (4-24): Plan of Stairs

Figure (4-25): System Of Flight

Figure (4-26): Moment diagram Factored results.
Figure (4-27): shear diagram Factored results.
Figure (4-28): column of frame.

List of Abbreviations

Ac = area of concrete section resisting shear transfer

As = area of non-prestressed tension reinforcement

As = area of non-prestressed compression reinforcement
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Ag = gross area of section.
Av = area of shear reinforcement within a distance (S).

At = area of one leg of a closed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

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.

J¢' = compression strength of concrete .
Jy = 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 supports in slabs without beams and face to face of beam or other
supports in other cases.

LL = live loads.

e Lw = length of wall.

(]

M = bending moment.

Mu = factored moment at section,

e Mn = nominal moment.

° Pn = nominal axial load.

Pu = factored axial load

® §= Spacing of shear or in direction parallel to longitudinal reinforcement

¢ V¢ =nominal shear strength provided by concrete.

® Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement

Vu = factored shear force at section.

° Wc = weight of concrete. (Kg/m?).

W = width of beam or rib.
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®  Wu=factored load per unit area.

® @ = strength reduction factor.

® & = compression strain of concrete = 0.003mm/mm.
o & = strain of tension steel.

o £~ strain of compression steel. p =ratio of steel area
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