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List of abbreviations:

As: Area of non-prestressed tension reinforcement

Av: Area of shear reinforcement within a distance

At: Area of one leg of a close stirrup resisting tension within a(s).

b: Width of compression face of member

bw: Web of width, or diameter of circular section

DL: Dead loads

LL: Live loads

d: Distance from extreme compression fiber to centroid of tension reinforcement
Fy: Specified yield strength of non-prestressed reinforcement

h: Overall thickness of member

I: Moment of inertia of section resisting externally applied factored loads
M: Bending moment

Mu: Factored moment at section

S:Spacing of shear in direction parallel to longitudinal reinforcement
\/c: Nominal shear strength provided by concrete

\/n: Nominal shear stress

\/s: Nominal shear strength provided by shear reinforcement

\/u: Factored shear force at section

\W:Width of beam or rib

@:Strength reduction factor

P: Ratio between area of concrete to area of steel
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0 h < 250
(h-250)/1000 500 > h > 250
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il usiall (ye paall g

() &) dsaall alasinly s Ay #L 5 58 a8 e (DIN 1055-5)
(b e
Height Above the surface Oto8 >80 20 >20 to 100 >100
Wind speed (m/sec) 28.3 35.8 42 45.6
Wind velocity pressure (KN/ni®) 0.50 0.80 1.1 1.30
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ALY avanatl] g Julasl

ALY st g Julasl

A8, Design of Topping 828l (e (s slall ¢ all araai 1-4
B0, i, Design of Rib 828l cuac araai 2-4
B2, Design of Beam _wall axai 3-4
B9 Design of Column pranaid -4
T2 i, Design of Shear Wall pranaib-4
Thiiiiieiiieeinn, Design of Isolated Footing prana’if-4
T i, Design of Basement Wall pranai 7-4

79, Design of Basement Footing4ulitu 3108 avea’ 8-4



Bl i, Design of Stairs praa’t 9-4

:Design of Topping 328l 5 slall ¢ a1l aanai -

G dgle 2815l Jaall Cluad aaly yie (a2 4y 5 3355 (Topping) 3aied) (e (5 slall ¢ jall araial xic
(Fixed Support) a_ =) 4 slial e day p3ll oda A Hla jldel o4y

12cm cuasll (e ol Sua 32cm (- ) dsal ek
.cm52



- Tiles
- Motz

- Hand
h
p— - Flaslix
o LS luaa a1y S Cuall Jaal) oligale 4
. Quality Density .
Material (kN/m®) Calculation Dead Load (kN/m)
Tiles 23 = 0.03x23x1 0.69
Mortar 22 = 0.03x22x1 0.66
Sand 17 =0.07x17x1 1.19
Topping 25 = 0.08x25x1 2
Partitions =2.3x1 2.3
= Dead Load for 1m strip of topping=6.84 Kn/m

(-)

- Live Load For 1m strip = 5.0x 1 = 5.0 kN/m

=Factored load (WL )=12xD.L+16xL.L=1.2*6.84+1.6*5.0=16.2Kn/m

e e L & en . WuB o L e e et e o
u:;é\.a:\s.“a.&.\ﬂ}}(u\gigf‘ﬁ\J)ﬂ\%kw%?jd@u\ﬁ‘ﬁ\me}l}w‘)ﬁ\u)&u\ﬂw

(Nominal Strength = @ Mn) g Ussll Aau¥) 4 gliall

I

_ WyxL _ 158604 v |3

a.dm * Vu

Vu=—> 5 = 3.24kN
z z - -
Mu = S5 = 20T = 0.216 kN.m il A
@ M= M, where @=0.55 (for plain concrete) 33adl (ya (s 5lal) w.;rsxs ;';n (o)
Mn=0.424,/ fc' S (4.4)8

WhereS, for rectangular section of the slab:



bhh®  1000x80°

Spy=—= =1066666.67mm>
(5]

fa

M, =0.424 fc' Spn=0.42 x 1 x V24 x 1066666.67 x 1077 = 2.19 kN.m
@ M, =0.55 x 2.19 = 1.207 KN.m>> M= 0.211466 kN.m

sl G ol sy Baall il cany ACT 10.5.4 2 et (S0 il o (g g Ul 1an callay Y 138 e oLy
Al AN A3 jall il g alédl) da gl (As min)

OsSiade s ACIT1221  (Dehrinkage) o=l e lial L = pansn el s 1 )
:AS,min e‘)m‘ J:\JAJ\ Aalie

A, = phh =0.0018 x 1000 x 80 = 144 mm*for 1mstrip

Try bars @8 with As = 50.27mm?

As - 144 =287.

As 08 50.27

Bar numbers n=

Take 3@8/m with As = 150.8mm?/m strip or @8@ 300mm in both directions.

Choosing (S) is the smallest of:

1. 3h =3 x 80 =240 mm>>> Controlled ACI (10.5.4)

2. 450mm.

3. S$=380 %" —25C, =380 % —~2.5.20 = 330mm ACI (10.6.4)
3

4. S <300 ﬁ =300 mm

5

So, Take @ 8 @ 200 mm in both direction, S =200 mm <Spax = 240 mm ... OK

Design of Ribbed 348l cuas azaal (2- )

G ad o Jganll Afir gl o cuanll Jlaals bl JIaa) s Cun o - ) JSaI 3 elay LS
e el gl dall daud g il A M) 5 (Bending Moments) (Shear Forces)

A 3 sl e sy apensil s 5 <ACI- Code-318M-11

Concrete B300 f,’=24N/mm?.
Reinforcement Steel f,=420 N/mm?.
Reinforcement Steel of shear f,; =420 N/mm?



I |

il . fd

(=)

(Determination of geometry) gUaill alay a5 (1

o=l & ACI- 318-11 (T-Sec. ) ¢ il o shall sie ppanail 3y slladll el
(- )OS guam s (Ll daa sall e V) mny e laie ] ASLandl
b, =10cm....selectb, =12 cm AClI (8.13.2)
h=<35b, =35x%x12 =42cm..select h =36 cm AClI (8.13.2)
t; = =50 mm....selectt, = 8cm ACI (8.13.6.1)
The effective flange width (be) is the smallest of: ACI (8.12.2)
1) be <& =222 — 884 mm
<3 <3

2) be < by +16hf=120+16*80 = 1400mm

3) be < center to center spacing between adjacent beam = ?+?+1ZO =

520mm

So, Take be=520 mm



Unit width = 520 mm

120mm

E‘

|[ i
E.
L
o
ko

.36CM (=)

ALIr gt G Jlea¥) Jiaal e Joadll 138 e @l andll 8 Jlea¥) s Jglas A (00
(- ) JSal b eda LS Bpaparaill Juad¥) 253, o Jgemall (- ) JSA 6 LS aalad elai il S

Material Qua(l:(t% /Ianesr;sny Calculation (Eﬁla}?nll‘lgﬁg
Tiles 23 =0.03%x23x0.52 0.3588
Mortar 22 =0.03%x22x0.52 0.3432
Sand 17 =0.07x17x0.52 0.6188
Topping 25 =0.08x25x0.52 1.040
Block 10 =0.4x10x0.28 1.12
Rib 25 =0.28 x25x0.12 0.84
Plaster 22 =0.03%22x0.52 0.3432
Partitions =2.3x0.52 1.196
& Dead Load =

5.86kN/m/Rib

(-)

=Live loads = 5% 0.52 = 2.6 KN/m/rib
= Factored Load (W[1)=1.2xD.L + 1. 6xL.L =11.192 kN/m/rib

WuD = 1.2x 5.315 = 7.032 kN/m/rib

WuL = 1.6*1.04 = 4.16 KN/m/rib



Geomalry Units:msbar,cm

1 2 Kt 4 a8
T--r e T R e 2l T A e Ll S
e A La L A Lal 'a1 Lgd #1 La I A Tad
El.vl.‘1I 4.7 05 a4 .G | IELG 465 IlIl.v[i 34 Iﬂ.ﬁ-
' 5.3 4.1 7.7 ' 5.25 ' 4, '
= f f f !
26— —&
12.
AR
LU Cuaall Baee VI cililuall s AlaYI( - )
Moment/Shear Envelocpe (Factored) Units:kM, meter
Moments: spans Tio0 5
-50.5
a7 a4 -0
-21.8
-14.
29
K ﬁjd 1 d H
86146 o 14 ,\ I _M
T ! 05— gl 1.2 75 -4
1286
17.3
301
40.
| 228 202 |18 225 | 288 | 3ss | =288 | 236 | 22 | 13 |
I T T T T T T T T T 1
Shear
A4 5
-37T.6
278 b bl a7
: 237 -20. -18.7
e
[ ' 'l ' ' i
L/ 1T 1T TTT T
19, iy 16.1 20.9
26. g 29.5 27.8
36.5 35.4
42.4
Reactions
Factored
(i ' I ' ' |
I T TTT T 1T T
DeadR 15.8% 32.86 43.91 49.77 21.58 11.28
LiveR 10,07 24.86 3012 31.18 23.23 B42
MaxR 25.56 ar.72 T4.03 B0.95 54.82 18.7
MinR 15.21 36.58 43.85 5989 37.06 853
Service
DeadR  12.24 27.38 26.59 4147 26.32 54
LiveR B.3 15.54 18.82 19.45 14.52 526
MaxR 15.54 4252 A5.41 &0.96 40.85 14.66
MinR q2.82 29.71 97 478 20.75 g2

(Design of Rib for Flexure) stady) 4a glal cuaal) arauai(2




) ( -) - pal gl ia 301 sl i Aalus o oy
Main ) 6.;.»,3.1)“ @Lﬂ\ KIREN CL..).;.J ).Laﬂ Ul ) PN cuﬁ..)).n\]‘ AN Valae s (QJL;M 0l
A ) stall dasll s o ) ) maall 06 112 (Reinforcement

Design of Rib for Positive Moments(Abwl) 313a ) cua gall ajad) Allaial aaal) avasal

(Mu ™ = +40KN.m) & (Spans) Jssd) maes Op (e a5 o je oaail
cpldadll e el o jally 4% e o jall Cluad e dad (il g dad (a4 &4 (R-Sec. Or T-Sec.)
(Ol e

d :h' cover - dstirrups"‘%‘l = 360 T 20 T 10 _"% - 324 mm

Mys =0.85. fi. b. hy. (d —3)

B

= M, =0.85 % 24 x 520 x 80 x 324 = % 107" = 251.056 KN.m

My &0

= Mp=251.056 KN.m ?=—— . KN.m.

na

Then a <hy (the section will be designed as rectangular section with be =520 mm.)

My 40=10" fr 4240

=t =———=08MPa m=—; = =206
B b D9 520324 0LE5f; DB5x24
= l . . 2Ry
P= & 1 420
9 p: 1 . 1 . 1 . EZJ(EEI:H){I.].H = 000194
2.6 F20
D Agreq=pb.d=0001 x520x = mm?

» Check for Ag min.

As min IS the maximum of:

L Asmin=0.25""b,.d ACI (10.5.1)
)

=> As min =0.25 X % % 120 % 324 = 115.71 mm*
2. As min= ][_:hw d

> A min =5 X 120 X 324 = 129.6 mm? (Controls)



9 AS, req = >AS, min = 129.6 miﬂz
USG 2 Ql Wlth AS, provided = . mm2> AS, required = mm2 d Ok

> Check for strain:

Asfy  _ 402.1x420

a T ;= Gasxszoxzd = 1592 mm
Note: f.’ = 24MPa < 28 MPa, then ‘E; = 0.85.
c= ‘Hi| = 1;;353 =18.73 mm
£, = 0.003 d—;—c =0.003 % =0.0488 = 0.005 ¢ =0.9 (0k)

gea B (Mu ) = +40knm) B aial) gl o) BB nse e Y ladl 3 padia
(sl A sl

Design of Rib for Negative Moments (st Lall) calbaad) a jal) dilaial yaal) avasal

oAl e el manaills mans «(Supports) ACI 8.9.2
(R-Sec.) sSs a8 shu 1 Gl akaiiall Je Sigall a jall O Larg 2 ganll 4a 5 2ie 3 gl
1ol agde 5 ((Mu ©= -40.1KN.m) s (Supports)

iy

d = h = cover = dstirrups"‘ _2"' - 360 T 20 T 10 "% = 324 mm.

My 41100 A 420

R=—= —— = 3.6 Mpa. m= ;= = 20.6
B 0.9x120x285% 085, (0.85x24
i ZmR 1 2x20.6%36

p=_ 1-— 120 _ 1 g g ZR0BER _ 0095
m 420 20.8 420

A, req = p.b.d = 0.0095x120x324 = 369.36mm?

> ChECk fOI’ As’ min.
AS, min = 1296 'm?ﬂz

D> A, req = 369.36mm? >A; min =129.6mm?
Use 2 @16 with As provided = 402.1 mm? > A required = 369.36mm?. - Ok

» Check for strain:



Asfy  _ 402.1x420
0.85hf,  085x120x24

= 68.98 mm

Note: f.” = 24MPa < 28 MPa, then ‘E; = 0.85.

=@ 889 _ 81.16 mm
By 0.85

d—rc 324 —81.16

ges I (MU O= -40.1KN.M) a1 o 32l (5 sy 5 J81 5200 W) die Callis oo 5V poaluail] 138 adiunnes

=0.00897 >0.005 * ¢p=0.9 (Ok)

(Design of Rib for Shear) ualll s § dalial cuanll asasai (
(VU=37.6N) & 2saall 4n s 5o d 22 Ao dasanad (a3 8 S
(0]

Where: ® =0.75

*Ve= @ X L1x: febwd> 0% V=@ X 11X-x V24X 120X 322X 107% =
34.7 KN.

Vu=37.6 KN>® V.= 26.02 kN.
shear reinforcement is required.
Check cases:
Vemin= 1.1 x —Vicbwd
=13.09KN
® *(Vemin+ Vo< Vi
=35.84KN < 37.8 KN
V/=1.1 % ix/ﬁbw d
=69.4 KN

® *(Vsmin + Vc)< Vu <0 *(V::"' Vc)



35.84 < 37.6< 78.08 KN
Case IV

Check for spacing:
S<d/2 ors<600 mm
322/2 =161 mm

select U shaped @10 @160 mm

: (DEFLECTION CHECK) 4

Alimit & lis ab Jsaall 138 5 Alimit e 25 Y s ol jaiY) dad

= 240
(ATIR) Linll e 1 (3o o suannall il il

Span Span Length —
No. (mm) (mm) (mm)
Span 1 4700 4700/240 =19.58 4700/417 =11.2
Span 2 3600 3600/240=15 3600/999=3.6 Acalculated
Span 3 4700 4700/240=19.58 4700/493=9.53 Alimit (OK)
DEFLECTION CHECK (-)

TWO WAY RIBBED:

1. Loads calculation:

Material Quality Density Calculation Dead Load




(kN/m°) (kN/m/Rib)

Tiles 23 = 0.03x23x0.52%0.52 0.186
Mortar 22 = 0.03x22x0.52%0.52 0.178
sand 17 = 0.07x17x0.52%0.52 0.321
Topping 25 0.08x25x(0.52+0.4) 0.540
Block 10 =0.4x10x0.28*0.4 0.772
Rib 25 = 0.28 x25x0.4%0.4 112
Plaster 22 = 0.03x22x0.52%0.52 0.178
Partitions =2.3x0.52%0.52 0.621
Dead Load =

3.92kN/m/Rib

Dead Load of slab:

Live Load of slab:

2. Moment’s calculations:
M, = C,wlz

and

M, = Cywi;

Note that all moments M and M, are for 1 m strip. For one rib (Moment x by)

Mg iy = Caw'tﬁbf
Mprin = Cowliby

Design Mu=-51.89 KN.m



Assume bar diameter 18.
d=360-20-10-9=321 mm

My _ =5189105 fr 420

n=—— = ———— = 4.66MPa m=——,;= =20.6
B hd DO9x120=321 0851 DES=24
~ l . . 2m.Ry
P= & 1 1 420
> p=— 1- 1-Z220%0 =001277
> Aq reg = p.0.d = 0.01277x120x 1 = 492.15mm?>.
As min 1S the maximum of:
3. Asmin=0.25""b,.d ACI (10.5.1)
iy

> A, min =0.25 X 2% x 120 x 321 = 112.31 mm?
4. AS, min— E hw d

D A, min =t X 120 % 321 = 128.4 mm? (Controls)
42

il
9 As’ req = 49215>A5’ min = 1296 m?ﬂz
Use 2 @18 with A provided = 508.93 mMm®> A required =492.15 mm?. - Ok

» Check for strain:

a= .q:.f_p . = Eﬂﬂ.g].x-'l-zlll = 8731 mm
ngsh J'-,,.- DBS=120=24
Note: f.” = 24MPa < 28 MPa, then B, = 0.85.
c=—= 8731 _ 102.72 mm
By 085
—0003 37¢ ooz 310272 006375 > 0.005 - b = 0.9 (Ok
fs =0 c 10272~ 005 ¢ =09 (0k)

POSITIVE MOMENT:
POS. live load:



Ca=0.035
Cb=0.029

=11.8 KN.m

Mb=10.82KN.m

Pos. dead load :

Ma= 21.97 KN.m

Mb=19.46 KN.m

Positive moment Ma total = 11.8+21.97
=33.77 KN.m

Positive moment Mb total = 10.82+19.46
=30.28 KN.m

Mua pos.= 33.77 KN.m

Design Mu= 33. 77KN.m

Assume bar diameter 14.
d=360-20-10-7=324 mm

My _ 37.52«10° Fr 420

Rn= hdZ T 1203242 =2.97MPa m= nasr - 0.85%24 =206
~ l . . 2Ry
P= & 1 t 420
> p= 1 . 1— 1-— zxzn.f-ixz.'-}? — 0.00767
20.6 420

> A req = p.0.d = 0.00767x120x 4 = 298.54mm’.
9 As’ req = 298.54>A3’ min = 129.6 m?ﬂz

Use 2 @14 with As provided = 307.87 mMm®> A required =298.54 mm?. — Ok



» Check for strain:

A-;r_,,. __ 307.87=420

a= §= —— = 52.82 mm
0.85bh J"{ DEL= 12024
Note: f.” = 24MPa < 28 MPa, then ‘B, = 0.85.
c=2 =28 _6214mm
B 085
d—c 324 —-62.14
£, =0.003( T] = 0.003 —6'2"I4_} =0.0126 >0.005 = ¢ =09 (Ok)

Design for shear:

The shear in the slab can be calculated using tributary
area for shear (as simply supported 1 m strip): 1
i 4
L"’u = |rJI (i == d)
o W Jr 7 1
rrlT ud = 25.39
=55.13 KN ;
Design the rib for shear assuming that the critical shear 4
intherib is Vud =55.13KN m
- N
*Vc—wxl.lechbwdé : 45 | 45

— 0.32

O* V.= b xl.lxr—l_x\/ﬂx120><324><10 3 = 34.9KN.

Where: ® =0.75
Vu=55.13 KN>® V.= 26.1kN.

shear reinforcement is required.

Check cases:



=13.09KN
® *(Vsmin + Vc)< Vu

=35.84KN <37.8 KN

Vi=11 x iVFbW d
=69.8 KN
® *(Vsmin + Vc)< Vu <o *(V.L:‘l' Vc)

35.84 <55.13< 78.08 KN

Case IV

Check for spacing:
S<d/2 ors<600 mm
322/2 =161 mm

select U shaped @10 @160 mm.

:Design of Beam _all araai3-



Design of moment for Beam (B12):

WMements: Spans, ite 3@

42z
a2 A05.65
o .
TEF S o -
I{j, - // H‘-ES.S
ord T T IE_sa
- "j i i i i e i
I S hT1de T " lngr o
-
d4.3 / s TE8 %, g ‘_EI:I{
" __./" f.-{ -~
. g _,.-"'-l i Tl el
1107

| 212 1278 Z.FH | 1.2 . 1E | 2.50 . .11
I I I I I I

Moment of Envelope of Beam ( - )

v’ Design of Positive Moment in span (1) Mu = 127.8 KN.m

Assume bar diameter g for main positivereinforcement

P d= -40- - /2= mm.
_ Mwg _1278:10%09
KN= S5 = co0aoi® 2.6 Mpa

m = Fy/ (0.85* f€) = 420 * (0.85*24) = 20.6

_1 _ _ ZeKmany 1 . _ 242560208} _

p=(1- [1-=PR) = o1 J1-250) = 0.00654
As(req)=p*b*d= . * * =  mm

Check pmax

24

3 S
Pmax = 0.85 X g * 0.85 x 57 0.0177

p = 0.00654 [] pmax= 0.0177

Check As(min):



As(mln)—;#b sd =22 « 600+ 304 = 608 mm2. « Control

420

Or

As(min)= 025#‘/—':#11 d=025= ﬂaﬁnu 304 = 531 9mm>

So, as = mm?. [ As (min) =531.9 mm?2.
Asg = . mm?
AS,., 1192

Nreo = AszBARS ~zo00.1 > OPOSTS
Select g AS= . mm?
Check Strain:
T=C
As*Fy=0.85*Fc’*a*b

*420=0.85*24%a* d

a=" . mm.
Since f¢ = 24 MPa < 28 MPa — 3 =0.85
So,
X=a/p= . /085= . mm

From Strain Diagram:
0.003 0.003+&s

48.67 304
£= . >0.005
So,
F=09 - (OK)
v’ Design of Positive Moment in sapn (111) Mu = . KN.m

Assume bar diameter g 20 for main positivereinforcement

M@ _110.7:10%09
bed? ~ 600-3042

Kn=

=2 22 Mpa

m = Fy / (0.85* f¢) = 420 * (0.85*24) = 20.6

1 ZeKmnam 1 222242006

As(req)=p*b*d= . * * = mm?,

Check As(min):



As (min):;;: *b=d ==+ 600+304 = 608 mm’. « Control

420

Or
As (min)=0.25 = \;—f#bssd =0.25+ 2. 600 + 304 = 531 9mm
So, As = mm? > As (min) =  mm?
Asg = . mm?
N, = ASreq _ 1023 = 5. 11basrs
"4 AS# BARS 200.1 '
Select g AS= .__mm?
Check Strain:
T=C
As*Fy=0.85*Fc’ *a*b
1205.76*420=0.85*24*a*
a= . mm.
Since f¢ = 24 MPa < 28 MPa — B =0.85
So,
X=a/pf= . /085= . mm - :

From Strain Diagram:
0.003 0.003+&s
48.67 304
g=0.0  >0.005
So,
@=09 - (OK)




v Design of Positive Moment in sapn (1) Mu= . KN.m

Assume bar diameter g 20 for main positivereinforcement

M D _10.5-108%-0.
Bed? — m00-3042

Kn= ® = 0.21Mpa

m = Fy / (0.85* f¢) = 420 * (0.85*24) = 20.6

p:l 1 . 1 . ZeKmnam =1 L 1 . 1 . ZaEI.Z-Ia?_ﬂ.E = ﬂ I]'[H]'S
m fv 206 420
As(req)=p*b*d= . * * =  mm2

Check As(min):
As (min):E «b=d =_=+600=304 = 608mm>. « Control

Or
As (min)=0.25 = \;—f#bs:d =0.25+ 22600 + 304 = 531 9mm>.
So, As = 92mm? <As (min) = 608 mm?
As (min) = 608 mm?
As @12 =113.04 mm?
AS,., 608

= 5.4basrs

Nveo = IS#BARS ~ 113.04

Select 69 12 AS = 678.24 mm?

Check Strain:
T=C

As*Fy=085*Fc'*a*b
678.24*420=0.85*24*3a*600
a=23.3 mm.
Since f¢ = 24 MPa < 28 MPa — B =0.85
X=a/p=23.3/0.85=27.4mm



From Strain Diagram:

0.003 0.003+&s i o

27.4 306 \

£,=0.03>0.005 i

So, d
@=09 - (OK)

v Design of Negative Moment in support (B) Mu = - KN.m

Negative Moment in support (B) = Mu=-  KN.m
Assume bar diameter g 16 for main positivereinforcement

b d=304mm.

M _92-108-0,
Bed? ~ 60043042

Kn = ? —~1.84 MPa

m = Fy/ (0.85* f¢) = 420 * (0.85*24) = 20.6

p:l 1 . 1 . ZeKmnam =4 L 1 . 1 . 2:1.84+20.6

m fv 206 420

=0.0046

As(req)=p*b*d= . * * = . mmZ.

Check Pmax
24 3 _
Pmax =0.85 % Frria 0.85 5= 0.0177

p = 0.0046 pmax= 0.0177

Check As(min):
As (min):;;: *b=d ==+ 600+304 = 608mm’. « Control

Or

As (min)=0.25 = V—'}f#bxd =0.25 = 2} + 600 = 304 = 531 9mm>

f 420

So, As = . mm? [] As (min) =608mm?.

Asg = mm?



ASI’EE’

8405

Nveo = 25z BARS
Select6 g 4 AS = 923 mm?

Check Strain:

T=C

As*Fy=085*Fc’*a*b
923*420=0.85*24*a*

a= 31.7mm.

Since f¢ = 24 MPa < 28 MPa — 3 =0.85
So,

X=a/pB=31.7/0.85=37.3mm

From Strain Diagram:
0.003 0.003 +s=s
37.3 305

£=0.021>0.005
So,
@=09 - (OK)

T 2001

=4 2basrs




Design of shear for Beam:

Shear
=134.6
= =-112.6 o
76.9 S o 72
T 802 - i -55.
< : 331
L a"' el "H g "/’ il 0 # Ly f‘—.|
I N T o 1T _,z'. T ,.-"z TT e 3 |
S T _,,
»?"'12 50.8 551 R ¥
- : < BE.2 B2.2
o 104.3 1082
129.7
Shear Envelope of Beam (_ - )
1. Regionl: -

For shear force V, = 104.3KN.

d= mm
@ * Ve =o.75*§ = V€ *b*d

1
— &
&

So, we need minimum shear reinforcement.

=0.75*= = 24 *600*304=111.7KN > Vu =104.3 KN

select U shaped @10 @160 mm



4.4. Design of Column (C )

4.4.1. Calculation of Loads act on Column (C )

Loads acting on columns are obtained from support reaction when analyzing the supported
beams.
Loads acting on column (C ) are as follows:

Dead Load = Service Dead reaction from B5
= (294*4) =1176

Live Load =Service Live reaction from B5)
=209*4
=836 KN

Factored loads (Pu) =1.4 DL =1.4x 1176 = 1646.4 kN.
ORPu=12DL+16LL=1.2x1176+ 1.6 x 836 =2748 kN<< Cont.

4.4.2. Calculation of Required Dimension of Column (C14)
We Will use Total load Pu =3000 KN
Pn = 3000 /(0.65) = 4615.38 KN
Assume pg =2.0%
Pn = 0.8 =Ag 0.85 =fc' + pg(fy — 0.85fc")
4615.38 * 10 = 0.8 * Ag 0.85 =24 + 0.02 = (420 — 0.85 * 24)
Ag =0.2m?

~Select * cmwith Ag= cma.

Check Slenderness Effect:

For braced systemifd = 34 — 12%; = 40, then column is classified as short

column and slenderness effect shall not be considered.

_ Klu
Ty

A

Where:
Lu: Actual unsupported (unbraced) length=3. m
K: effective length factor (K= 1 for braced frame).

0.3h

=1

R: radius of gyration — for rectangular section =



System about X System about Y

_1=324 1=324
= —0.3_‘;0.55—19.63 - 1= —0.3#0.5521963
A =34-121 =22 =40 A=34-121 =22 =40

A=1963 <22 = ShortaboutX. 31 =1963 < 22 = Short about
Y.

= Column is Short, So Slenderness effect will not be considered.

4.4.3. Calculation of Required Reinforcement Ratio
Since Column is short and slenderness effect will not be considered, then Design
Strength of column can be calculated using the following equation:
¢Pn = 0.65 = 0.8 * Ag 0.85 =fc' + pg(fy —0.85fc")
Where, Pu =3000 KN
3000 =10* =0.65 = 0.8 =550 =550 0.85 =24 4 pg 420 — 0.85 =24
= p, =0.0031 <gpn = 0.01 &<fpy = 0.08
As req = 0.01 *550 *550 =3025 mm?

=9.62

_ 3
Use ® 20 == #of bar = 31415

~Use 10 2 with As = . MM2>AS yeq = mm?




- Check spacing between the bars:

_ 350=2+40=2+10=4+20

S S = 123.33mm
S= mm > ‘—:M.A S

> 40mm

>15db= mm

4.4.4. Determination of Stirrups Spacing

According to ACI:
5 =16 db (longitudonal bar diameter)

S = 48dt (tie bar diameter).

S = Least dimension.

Spacing = 16 x dy,(Longitudinal. bar. diameter) = 16 x 2 = 30cm.
Spacing = 48 x d,(tie. bar.diameter) = 48 x 1.0 = 48cm.

Spacing = Least.dim e nsion = 55 cm

~Select @ 10/20cm

Column (C ) Section is shown in figure (4-11) where bars arrangmenet and
stirrups detailing appear:

€ g
1.1 11
- : 5 4:.? Irf
S 47
/ v "
47
i
@10/ 20cm 14| v / 11
[i=210

—

Figure (4- ): C Reinforcement Detail



4.5.  Design of Shear Wall

Analysis and design were done using ETABS program in which the seismic loads were
taken into account. The following is a sample calculation for one of the walls, S.\W
The following data that used in design:

- Shear Wall thickness = h =20 cm

- Shear Wall length Lw = 3.4 m

- Building height Hw= . m

- Critical section shear: Lw<hw — d =0.8*Lw =2.72 m

4.5.1. Design of Horizontal Reinforcement:

Calculation of Shear Strength Provided by concrete Vc:

- Shear Strength of Concrete is the smallest of:
1- Ve :é fc'xbxd

= =v24 x 200 X 2720 = 444.17 kN « Controlled

9. e = ﬂ?"xhxd+.~xuxd

e SLw

_ V24x200x2720
4

+ 0 = 666.26 kN

—5 . ZNu

— f_i_" Lw fc Il'..1-'|'.f.! hxid
3- ¥E= 2 1o . Lo “ 140
[T} z
Where:

- Mul=415.9 kN.m

~ Ve = 44417 kN = ©OVc < Vumax! =670.52 kN —Horizontal Reinforcement is
Required.

— Vs = ' =Ve = "% —444.17 = 449.86 kN
% 4+49.86¢107
- A_‘u‘h = .'n.-f. = 4.}.FHI1H1:| — 0394
5 fyed 4202720

Avh
but e min = 0.0025 = h = 0.0025 %200 = 0. 5 << Controlled.

— Avh: For 2 layers of Horizontal Reinforcement

! For shear and moment diagrams see appendix C



Select @10 :

Avh =2 *79 = 158 mm?

Avh 05 & 158 316

— = U. =+ HTe) = —— = T
g q 05

Smax= Lw/5 = 3400/5 = 680 mm
= 3h = 3*200 =600mm
= 45cm << Controlled.
@Select @10 @ 2 0 mm at each side.

4.5.2. Design of Vertical Reinforcement:

hw Avh

— Avv = [00025 +0.5 (25_Ej |:'_-'1.I-|n|'-h

—0.0025)] = h = Sver

hw 1535
w~ 34
= [0.0025 +0.5 (0)(

=45 =250
2479
2504200

Avy

—0.0025]] =200

—
Sver

Avy

=0.
Sver
Smax = Lw/ = /[ = mm
=3h=3* 00= 00mm
= 450 mm << Controlled.
Select @16 :
Aw=2*113= . mm?
Avv 402.12
— =05 = Sreq = 05 = 804.24 mm

S
@ASelect 11 @ mm at each side.

4.5.3. Design of Bending Moment

Moment diagram were obtained from ETABS [See Appendix — Page]
Max Mu =1975.7 KN.m
Part of Moment that resisted through Avv:

L

Muv =0.9 [ 0.5*Asv*fy*Lw (1-——)]

Where:
3400
- Asv=2*113 *—— = 3842 mm’
Z i 1
T Iw o o oEspLflweh -y DB 5= 24-3400-200 = 0.107
A Ty s 3842420

0107

& Muv = 0.9 [ 0.5*3842*420*3400 (l-T]] =2336.78 kN.m



Muv = 2336.78 kN.m > Mu =1975.7 kN.m

So, Boundary Element is not required. #

4.6. Design of Isolated Footing (F5):

Loads that act on footing F5 are:
- PD= kN, PL = KN—Pu=12%* + 1.6* = kN
- We will use Pu=3000 KN

The following parameters are used in design:
- ¥concrete = 25 kN/m?®

- Y osoil = 18 kN/m3

- Tallow = kN/m2

- clear cover =5cm

4.6.1.Determination of footing dimension (a)

Footing dimension can be determined by designing the soil against bearing

pressure.
—  Assumeh= cm
—  Thallowynet = -25%0. =3 kN/m?
- Thu (allow. net) = 1.4 = kN/m?
— Tpu = Pu!ﬁ'—l?’iz‘f; = @y (allow. net)

3000/a2— °Y4— a= . m - Selecta= . m
—  BearingPressurechu = PU / B Eirg'—-rz]—h—- kN/m*><  kN/m? .... (SAFE)

4.6.2.Determination of footing depth (h)

To determine depth of footing both of one and two way shear must be designed.

AL

4.6.2.1. Design of one-way shear & Ix ;i
— d=h-cover— = -50-16= mm _
—  Vuat distance d from the face of column: ]
Vu=FRB=gbux0. xb | T
= x 0. X . = . kN , _':1 |1l_t".5;;1n

— Q*VC:0.75*£*\/FC!*b*d #—:u-'i.fim—f

=075+ xv2ax o+ = kv [TITTTITTTT7]

| T i G b= 2l kN m*

~h= cmiscorrect v

Figure (4- ): Critical Sectionof Shear Force

1
FRE



4.6.2.2. Design of Punching (two-way shear)

N Li — mm —_ =35 M -
— bl =4x1 = mm
— Bc=1 _ _ A 600 3
— oS =40 (interior column)
| 22077 «
Vu = —( *1.384*1.384) = . kN | 27 il
1384 | | E[Tﬂ i
@xVc is the smallest of mm | I | HEe
| , .
1. VC———[2+—]K—xand l i
VZ4
{2+ 1:«:—x4336x534 R
= 5671.6 kN
2. c-n{a‘-"’{"-&z]x”_“qxbnxd \J\
_{4quq4+21xﬂ % 4336 % 534 Pu{5531 2 kN
4336
— 65471 kN ) diZ 392 l di2 = 392
T ; | I
3. Vc= \/_‘_ | e : | h = 85cm
" I | |
=4 x E % 4336 % 534= . kN. — 1384mm ——
<cont.
T bu =508 kN/m?*
Figure (4- ): Punching Shear Critical Section
— @xVc =0.75 x . = . kKN>Vu =
kN

~h= cmiscorrect v




4.6.3.Design of Reinforcement Ry

4-—].\_13—.

Mu =508 *1. * . *(1. 12) = . kN.m 1 b 1 17
1
1 - h - HGon
- m= Fy = 420 — 206 j| l“-.:-
(85+Fe (85424 A R
|
— Mn=693.83/0.9= 0.92kN.m T i T T " T
] : Gbu Al ke
n 77 «10%
—~ Rn= M /13 - .n.t}z 1{|. - 1.04 MPa T ‘
hed?® 26005345
iy o B F“”'
- P:;* - 1==5")
w104 #3006 Figure (4- : Critical Section
- (- 1 20104206y _g 0069 gure (4- )
20.6 420

— Asreq=p=b=d = 0.00262 = 2600 *534 = 3636.32 mm?
— As (min) = 0.0018*b*h = 0.0018*2600 * 600 = 2808 mm?
— Asreg> As (min)

~Select for both directions:24@14 with As = 3694.51 mm? >Asreq ... (ok)




4.7. Design of Basement Wall

4.7.1. System and Loads

The wall spans vertically and it is considered to be pinned at both ends as shown in figure
(4-12) which also illustrate loads that act on the wall.

LY = LY 2
hd =T .7 : =
h .
i \_.z.
\.\ -
S g
\ ;
Y 4
. I". /
<N g
369 3000 389 e
- -_' -
<'\-\. I"._‘ .
o~ ~|" -
Em—— e
e % :{.—’
5 R
B =] b cz b :
2331 R m? I3 ETd

Figure (4- ): Basement Wall system and loads
The different lateral pressures on a 1m length of the wall are calculated as follows:
k,=1-sin30=0.5

Due to soil pressure at rest: qul = k,.y.h=05%18* . = . kN/m?
Due to surcharge: qu2 = 5*0.5 =2.5 kN/m?

The following are shear and moment diagrams that obtained from Atir Software.

Momasnt/Snear Envel oo (Femorsd Unhs ki, Metar

e Y-
2.03 il 1%
}

Alwenn

=1 A

Fromra (4- 14) Weameot s Hhear Fomelope of Hassnaesd aosd]



4.7.2. Design of Shear Force
Max value shear force is obtained from figure (4-13), Vu= 34.5 kN
d=30- -2=2 cm
@ * Ve =0.75* - * v24 * 1000 * 260 = 159 kN > Vu
Eh=30cm is correct.

4.7.3. Design of Wall Reinforcement

1. Design of Vertical Reinforcement at Tension Side:

Max value Moment is obtained from figure (4-13) , Mu = 39.8kN.m
S m= G20 = 206

T nEGed

— Mn =39.8/0.9=44.22 KN.m

Mn _ 44224109
bed® 1000« 2602

=0.65 MPa

— kn=

2e065420.6

*(1- 1 —=""2"00)=0.00157
G210

1

— P 5s

— Asreq=p=b=d =0.00157= 1000 = 260 = 409 mm?*/1m
— As (min) = 0.0012*b*h = 0.0012*1000* 300 = 360 mm?/1m <Asreq

~Select @12/20cm with As = 565.48 mm?/m > As min

2. Design of Vertical Reinforcement Compression Side:
— As = As (min) = 360 mm?

~Select @10/ cm with As = 392.7 mm?/m
3. Design of Horizontal Reinforcement:

— As = As (min) = 0.001 *1000*300 = 300 mm?’m for one layer
~Select @10/20cm



4.8. Design of Basement Footing

Loads that act on Wall footing is obtained from ETABS where:
- gD=65.56 kN/m &qL=5.15 kKN.m

- Total Service Loads: gtot =65.56+5.15 = 70. 71 KN/m
- Total Factored Loads: qu =1.4 *65.56 = 91.78 KN/m

4.8.1. Check if footing width is correct

_ gtot

Tp ll{girgq = 0y (allow. net)

= P07 64 1,07 70.71 < 0b tow. ney = 400 kN/m?
~a=1.0m is correct# ek

4.8.2. Design of one-way shear -
— Assume h =30cm Al2e deodi |
— 0d=300-50-20 = 230 mm ; o i
— Vu=91.78*0.12*1m = 11 Kn 7 L
— Q*Vc:O.YS*E—li*\/ﬂ*1000*2302140.8kN>Vu R U ;2
~h =30 cm (SAFE) . f TITTTTII'TT

O bu=91.78 kN/m*

4.8.3. Design of Bending Moment

Figure (4- ): Critical Section of Shear force

» Main Steel: 0.30
Mu =91.78*0.35*1*(0.35/2) = 5.62 KN.m T\J\;_
— Mn =5.62/70.9=6.94 KN.m M08 !
_ Mn 694108 ! ¢
— kn Thed® T 1000+2308 0.13 MPa h = 30cm
w1 13420.6 l
— p= ﬁ* @ [1- 2 n.;_;ﬂhn.h) =0.000314 o em
— Asregq= 0.000314 =1000 =230 =72 mm?/m ‘I '[ T T I ] ‘[ ‘|‘ ‘[ ‘|‘ ‘|‘ ‘|‘
. 2 A a .hu =G91,78 kh-'m-'.
— As (min) =0.0018*1000 * 300 = 540 mm“/m |
= Select @12/20cm with As = 565 mm? >Asmin ~ FRB N _ _
Figure (4- ): Critical Section of Bending
Moment

» Secondary Steel:

— As (min) = 0.0018*b*h = 0.0018*1000 * 300 = 540 mm>

~Select @12/20cm 5@12/1m with As = 565 mm? >Asmin



The Following figure shows details of a section taken in a basement wall and its footing.

@12/20cm L Jl @I10/25¢m
o

1 @10/200m
E'?SJ"ZEF cm - -

-,":_E-Um
%- * & - - o - - -2.—'1-5'_[]]
8@12 b
= @14/15cm
512 -2 95m .
o [ 3 :wgm Figure (4- ):

Basement wall
g, | A at e 10 Reinforcement

1T : ' ¥ Details
RES LMD 48






4.9. Design of Stairs:

The structural system of the flight is shown in figure (4-22) and the

following steps explain the design procedure of the flight:

1. Determination of flight thickness:
Limitation of deflection: h > minimum h
h (min) = L/20 =390/20 = .5cm
~ Selecth= cm, but shear and deflection must be checked

Angle (o): tan(a) =16/30 — o =28°

2. Loads calculation:

Figure (4- ) shows a section in the flight in which the layers carried by the flight
appear.

Table ( - ): Calculation of Dead Loads that act on Flight :

fight
m kn/m3 w kn/m
tiles 0.03 23 1.265
mortar 0.03 22 1.4
stair steps 0.3 25 2.5
rc soild 015 25| 5.662514
plaster 0.03 22| 0.747452
total dead 11.27497|
LL =5 KN/M2
=5 KN/M

DEAD LOAD FROM FLIGHT =11.27 KN/M




LANDING DEAD LOAD:

m kn/m3 w kn/m
tiles 0.03 23 0.69
mortar 0.03 22 0.66
0
rc soild 0.15 25 3.5
plaster 0.03 22 0.66
total dead 5.76

DEAD LOAD FROM LANDING =5.76
TOTAL FACTORED LOAD: W=1.2DL+1.6LL
FOR FIGHT = 1.2*9.5+1.6*5

=21.52kn /M

FOR LANDING = 15 KN/M

1. Analysis: The following figures show shear and moment Diagrams resulted from
analysis of the flight

Fig. (4-17): section in the flight




1. Design:

Assume 012
- Design of Shear Force:

d=200-20-(16/2) = 172 mm
1T
@xVc=075%5 YFC *pw*d
1+72
=0.75%5 o4 x 1000 % 172
=140.4 kn
Vu max at support = 31.52 kn
=75.9 kn >31.52

No shear reinforcement required

- Design of Bending Moment:
- Mu=48.15kn.m

M Mu

n=—
@

Mn=53. 5kn.m
M 53.5x10% y 42

Ry=Mn — 5354107 _ 4 g\pa m=—_ =_*1_ _9506
= 1000 =17 2= l].F!.'%,lL 0B5=24

p=2(1- [1-22k)

420
p =0.00449
Asreq=p *b=d =0.00449 = 1000 = 172 = 772.9 mm?

—As min = 0.0018 *1000*200= 360mm?
Asreg>Asmin

Select @16/25 with As = 804.24 mm? [ As req .... For Main Reinforcement

—Check Spacing:

25cm >S min=2.5+1.0=3.5cmor 2*(1.0)=2.0cm ... ok
25cm <Smax =3*15=45cm... ok



» Check for strain:

4= Asfy = Hﬂ-i-.:.’_-l-}cli'.!lll — 16,55 mm
n.85bh J"{ DEL = 100024
Note: f.’ =24MPa < 28 MPa, then ‘B4 = 0.85.
c=2 =% _194mm
By 0.85
d—c 172 =194
£, =0.003 — = 0.003 oz 0.0235 == 0.005 ¢ =0.9 (Ok)

TEMPRETURE AND SHRINKAGE:

Asmin = 360mm?2
Select 5 @10/m with AS= 395mm2
Fig. (4-18): The structural system of the landing

Or@10/ 0 “¥q o
S is smallest of: g:::’""“—f" =t
1. 5*%h =750 mm 1 R L i
2. 450 mm z g vﬂ?""‘ﬁ;,;:f"'-'h I T
S<450 ...0k T~ e o
L THiE T - ?‘ : R
> Design of Landing (S2): s,
.::_%‘L‘.? ﬂ.

The structural system of the landing is shown in figure (4-18) and the
following steps explain the design procedure of it:

» Determination of Landing thickness: Limitation of deflection:

h > minimum h
h (min) = L/20 = 290/20 = 15.5 cm Figure (4- 20): Structural system of

landing



Select h = 16 cm, but shear and
deflection must be checked.

« Loads calculation:

Figure (4- ) shows a section in the landing in which the layers carried by the
landing appear.

D.I=5.6
Factored load = 15kn/m

The landing carries (dead load & live load of landing + support reaction
resulted from the flight)

gqu =10.82 + Support reaction of flight = 15 + 28 = 43 KN/m

Analysis:
— Shear Force Design:
— d=150-20-(12/2) = 124mm

— Vumax= 55.35kN
43.292
=45.2kN.m

— Mu max =

d=124mm & Vu max=55.35 kN
@xVc = 0.75 * V24 * 1000 * 124=75.9kN > Vu max = 42 kN
~No Shear Reinforcement is Required#

— Bending Moment Design:(Mu max™45.2 kN.m):

- m =206
- Rn=B210700 - 326 MPa
1000124
1 243264206 _
- pEir(e 1-EE0 1008

20,8
- Asreq= 0.008 = 1000 =124 = 992 mm?

- As min = 0.0018 *1000*150 = 270 mm?

me 14 100

~Select @14 /15cm with As = T = 1026 mm? [J As req .... For Main

Reinforcement




- Check Spacing:

15cm >S min = 2.5+ 1.0 = 3.5cm or 2*(1.0) =2.0 cm ... ok
15cm <Smax =3 *15=45cm... ok

- Check Strain:
C=T
0.85*fc’*a*b = As*fy
0.85*24*a*1000 = 1026 *420
a=20.11mm— X=a/p=20.11/0.85 = 23.66 mm

£.=0.003 =~ 12372360 —0,0125 > 0.005 = ¢ =

e 0.003 23.66
0.9 (0k)
~ £=0.012 > 0.005 .... @ = 0.9 (OK)

2. Design:

Assume @14

Design of Landing (S3):

The structural system of the landing is shown in figure (4- ) and the
following steps explain the design procedure of it:

* Determination of Landing thickness:Limitation of deflection:
h > minimum h
h (min) = L/20 = [20= cm

Select h = cm, but shear anddeflection must be checked.



« Loads calculation:

Figure (4- ) shows a section in the landing in which the layers carried by the
landing appear.

D.I=5.6
Factored load = 15kn/m

The landing carries (dead load & live load of landing + support reaction
resulted from the flight)
gu = 10.82 + Support reaction of flight = 15 + 28 = 43 kN/m

Analysis:
— Shear Force Design:
— d=210-20-(14/2) = 183mm

— Vumax= 72.6KN
— Mu max =77.1 kN.m

d=183mm & Vu max=72.6 kN
@x\Ve =0.75 * ﬁ*\/ﬂ * 1000 * 183=112kN > Vu max = 72.6 Kn

~No Shear Reinforcement is Required#

— Bending Moment Design:(Mu max “77.1 kN.m)

- m =206
- Rn=2212070% 5 55 MPa
1000183

- Asreq = 0.0065 = 1000 = 183 = 1190.9 mm?

- As min =0.0018 *1000*183 = 329.4 mm?’

mel6® 100
4 15

~Select @16 /15cm with As = = 1340 mm? [ As req .... For Main

Reinforcement




- Check Spacing:

15cm >S min = 2.5+ 1.0 = 3.5cm or 2*(1.0) =2.0 cm ... ok
15cm <S max =3 * 21 =63 cm... ok

- Check Strain:
C=T
0.85*fc’*a*h = As*fy
0.85*24*a*1000 = 1340 *420

a=2758mm— X=a/p=27.58/0.85=32.45mm

£,=0.003 “° =0003 “222 =00139 >0005 ¢ =

0.9 (Ok)

» £=0.0139 > 0.005 .... @ = 0.9 (OK)



RESULTS AND
RECOMENDATION
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5.1 INTRODUCTION

After completing the project and dealing with problems that had been faced during the
work on it, it is necessary to summarize the results that were reached and to give some
recommendations that will be helpful for students who will work on such projects.

One of the most prominent of these problems is the deflection of the beams, which was
solved by using hanging beams and also by changing the structural system by changing
the bearing direction of the ribs and beams using a two-way knot. After dealing with this
issue, a complete design of all structural elements was made and the design results were
presented in the form of drawings in Appendix B.

5.2 RESULTS

The following are results that had been reached during the work on this project:

1. The most important step before starting a design is to study the architectural
plans carefully to distribute the columns correctly.

2. The theoretical background is important but not enough, experience that
reached by practicing the design is more important.it helps the engineer to be
able to solve any problem that may appear in a project.

3. Gaining experience in using structural programs cannot be reached without
an understanding of basic concepts of the structural design.

5.3 RECOMMENDATIONS

This project has an important role in expanding the understanding of construction projects.
So, after completing this project, some recommendations should be mentioned that may
help students who will work on such projects after us.

First of all, the architectural drawings had to be prepared and studied carefully to choose
the most appropriate structural system. Collecting data about the project is an important
step as the study of the site and the type of soil are important in choosing the construction
materials to be used. Before starting the design of the building,a good structural planning
must be done to determine the location of columns, beams, and shear walls to fit with
architectural plans.

Before implementation, the electrical and mechanical plans of the project must be
completed to introduce any possible modifications to the structural or architectural plans. It
is recommended that a supervising engineer is present during the implementation of the
project, and he admitted to the plans and conditions to complete the project in the best way.



