ﬁ&j\&a&j\ﬁﬂw
Ophaadd i€ ) daaly

Lo 3800 5 il A8

g jlanal) g Auinal) digl) 5 il

ol sins g AT .9 s

JoAN Lipra B L A jda el (LAY apanaill

s Jand) (3 8
o A ae jas Jana Y 9l Juls () akal) 2
s il )

Ss Al 2

Onlacald _ JuI8Y)

2015-2016




*}\C}A&j\ﬁﬂw
Cnlacald Sl oy daala

L ol 53S0 5 gl 4l
g jlanal) g Auinal) digl) 5 il

Olging @ A £ g pia

JalAY) ddpaa B A A jaa el ALETY) avenail)

s Jand) (3 8
S A ae jas daaa Y gl S ) akal) 2
2 ) )

Sas pla 2

Cnlacdd _ 3111

2015 -2016



Claald S 5, daals
s 81
Lo st iK1  Auasigh A
g jarall g Aiaal) Aouigll 5 il

: €9 al) amil
SalAl) ddpae B Addd Ao jie ual ALGY) anaall
s Jandl (3 8

33 A ae e daaa N i July A axal) ae

Lalll elinc 438 ga g g 5 piiall o piliall Ca piiall daslia s il ) 5 L o 5Sl1  Aunigll 408 GUas e 2Ly
&wﬁ);&\sﬂ\;\;‘)AﬂL\m;U)ﬂtﬂh}&)&&d\j@dﬂ\h)@\3‘)3\3‘_;‘\&‘3)@\ \JA(:A.\&S(JM\

(e Adin aiads duaig)

s plial PPy



s/

Lilo 38 ¢ fomai Gl L 5o 27 S (ll] g 5 LIy Cind ) 5 Casni g & pg (o ()

fﬂ/ﬁﬂj%&ﬂ/@hiw‘}, u@LnragSer:jﬁuALr[/

g Cpll S )

ezl /38 5%

el (3 5



il s

i e A el i o GEA yﬁM@Jwﬂjd/‘Jﬁj

ol i a5, a1 ol Lol s | Jo¥15 s Ui s Lgod | Lin sliST 5 s i Z3lS 1
NEJOEN

A Lials (23] Lidng g Lindio lg iy )f 4 4y jlaral] g duivell il 5 4l 4 5

deplially Lisle JSy aly | S 485 po Lilhe [ sl | 5 sac sale y5iS0ll 5 yhazo Lalls 4
Akl Lol g dasaill 5 5 sidiall 5

Jand) G



SalAd) Alpta A Add A jaa vl ALGY) asaiall)

s Jand) (3 8

5 A s jas daza Y gf Sl i) axal) e

22015 -2016
s il

s Al

€ 9l padla

Gl g0 am )Y Gl Jai ¢ ol sda )l (e A3 58 syl ALEY apenaill b Uic 5 piie 5 S8 (mals
ot gl it e g giat LS dudia o e e Lgia JS (g giag g0 Gl gidall g o SEN gidall «J Y
e il clbliall 8S 3] Aling Cranna (5 AT 381 a5 dana 3 ey 0 lda s 503

eﬁ%}‘(ACI-SlS)éﬁY\L@ﬁ‘Jﬁw&mmt‘jw\ \&QBW\M(’%MJ
Laa e o S Y o ),)3»1\ :&HJ@\ﬁij\ﬁﬁLﬂmY\

Cllaladall oL 50 5S) aa (38 5 Lay daganai s Jlaal) o 5 alila 5 Lilis) & 5 puliall Jalad s s
a0l Gl 5aY) 43S 5 il

S 4 oy jdll Uil () sSms5 2yl 5 g Ol pan e g bl 5 ) gusn g 3ee ] e g g i) (g gy
Jaa

Gl gl

Vi



The structural design of School
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2015-2016
Supervisor:

Dr. Maher Amer.

Project abstract

The idea of the project is structural design of a School That consists of four floors,

the ground floor, first floor, second floor, and third floor, each containing a classrooms
also contain laboratories and rooms for administration and stores and health facilities
and other facilities that carefully designed to meet all the requirements of all kinds.

The facility will be designed so that in this project depends mostly American Concrete
Code (ACI-318), and will be used design programs and drawing programs such as:
ATIR, and AutoCAD and others.

Where the project will be structurally analysis and the loads will be analysis and
calculated and designed in accordance with the code and we will create the structural
working drawings and what should be done.

The project will contain columns, beams, and foundation and shear walls and other
structural element with very little farms.
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List of abbreviation:

Dv: Dead load.

L.: live load.

W,: factored total load.

Ln: clear length of member.

0: thickness of a layer.

v: unit weight of material.

Mn: nominal moment.

My: factored moment at section.

f< - Compression strength of concrete.

fy: specified yield strength of non-prestressed reinforcement.
p: ratio of steel area.

&s: strain of tension steel.

@: strength reduction factor.

Vn: nominal shear strength.

V: factored shear force at section.

V¢: nominal shear strength provided by concrete.

Vs: nominal shear strength provided by shear reinforcement.
As: area of steel.

Av: area of shear reinforcement.

b: width of compression face of member.

bw: web width.

d: distance from extreme compression fibers to centroid of tension reinforcement.
h: over all thickness of member.

Pn: nominal axial load. Py: factored axial load S: spacing between bars.
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Chapter Four

Chapter Four

Structural Analysis and Design

Introduction.

Factored Loads.

Design of Topping.

Design of one way Rib Slab (R001) at Ground Floor Slab.
Design Beam ( 010) at the Ground Floor Slab.

Design of Long Column .

Design of stair.
Design of strip footing for shear wall .

Design of isolated footing.
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Chapter Four

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?.

e 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 two types of slabs: one-way and two-way ribbed slabs. They would
be analyzed and designed by using programs such as Beam D 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 design the Ribs, beams, slabs.

So, this chapter will contain a sample calculation related to one of the preceding members
contained in this project. All of these members will be designed according to (ACI —b318-code).
* The design strength provided by a member is calculated in accordance with the requirements
and assumptions of ACI_code (318 11).
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Chapter Four

4.1.1 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 structural 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.

e Code UBC: ACI 2008.
e Material:-

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

B350 fc'=350*0.8 = 28N /mm?(MPa) For column section.

e Reinforcement steel :-
The specified yield strength of the reinforcement {fy = 420 N/mm?* (MPa)

4 .2 Factored Loads:

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

qu =1.2DI +1.6LL ACI - 318 - 11

DL: Dead Load .
LL: Live Load .
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Chapter Four

4.3 Design of Topping:

4.3.1 Determine the minimum thickness of topping:

H min for one end continues (for beam ) =1/ 18.5

= 6800/18.5 = 367.56 mm — control

H min for both end continues (rib) =1/21

=4000/21 = 190.47 mm

H min simple supported (rib) = 1/16

= 4000/16 = 250 mm

Take slab thickness = 25 cm use drop beam for deflection
Take h = 25 and hollow block = 17 cm and topping = 8 cm

4.3.2 Load calculation of topping:
Strip 1 m width and both end fixed

Dead load of topping:

Tiles 23%0.03x1.0= 0.69 kN/m .
Mortar 22>%0.03x1.0 = 0.66 kN/m .
Coarse Sand Fill 17%0.07%1.0= 1.19 kN/m .
Topping 25%0.08%1.0 = 2 kKN/m.
Partition 2.5%1.0= 2.5 KN/m.

Total Dead Load =0.69 +0.66 + 1.19+ 2 + 25
= 7.04 KN/m.

Live Load =5%x1 =5 KN/m

Wu=12DL+16LL
=12*7.04 +1.6*5=16.488 KN/m. (Total Factored Load)

4.3.3 Flexure design for topping:

_WuxI?  16..488x(0.5)
12 12

2
Mn =0_42\/1? xﬁ
6

Mu =0.219kN.m

* 2
— 042 V24 x % — 2.194kN.m .

dMn = 0.55x2.19=1.207kN.m.
Mn =1.207kN.m > Mu = 0.219kN.m.

2

b . .
Where Sp = X .is the section modulus.

and @ = 0.55 for plain concrete.
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Chapter Four

No structural reinforcement is required by analysis.
Therefore, shrinkage and temperature reinforcement must be provided (ACI 10.5.4)

p =0.0018)¢|.318-08 (7.12.2.1)

As = p*b*h=0.0018*1000*80 = 144mm? /1m.

As (¢ 8) =50.27mm?

So number of bars =144/50.27 = 2.86 = 3 bars/ m strip

Spacing= 1000/ (number of bars) =1000/3=333.3 mm.

4.3.4 Check for max. Spacing between bars of topping:

S=3h=3x80=240mm......... (Control)
S=450mm.

S=380(280/fs)-2.5C. =380(280/.667*420)-2.5*20=330mm.
S=300(280/fs) =300(280/0.667*420) =300mm

Use 1d08/20 cm (4®8/1m), with As =200 mm?/1m in both directions.

As =2.0cm®/m> As_. =1.44cm? Ok

4.4 Design of one way Rib Slab (R001) at Ground Floor Slab:

4.4.1 Determination of Slab Thickness:

According to ACI-Code-318-08 table 9.5(a), the minimum thickness of non-prestressed
beams or one way slabs unless deflections are computed for simply supported one way rib given

as follow :

H min for one -end continues (for beam ) =1/18.5
=6800/18.5 = 367.56 mm — control

h =25 cm will be used ,with concert block 17cm & Topping 8cm.
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[~ -
[ — ]
T

[ IT]

Fig (4-1): location of RO01 at the ground floor slab

4.4.2 Design effective width for rib( 001):

From the geometry of T-Section :
bw = 120 mm h=250 mm t=hf =80 mm.

By using ATIR program we get the envelope moment and shear diagram as the follows:-

1 2 3
A Al A
— — — —
N, T T 1
A Al A
L 04 22 , 06 21 , 06 2.2 |
I T T T T T T
| 2.7 | 2.7 ‘ 27
I 52, 1 T
25.
12.
A"A

Fig. (4 - 2) Spans length and section of rib (R004).

The effective width (be) according to ACI 8.12.2 be is the smallest of :
be=Ln/4=2.7/4=675m

be =bw+ 16 tf =12+ 16 (8) = 1.40 m
b. = c/c spacing between beams =.4 +.12 =52 m
Control .......... 52cm
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Chapter Four

4.4.3 Load calculations for rib( 001):

Tiles 3 cin
Ndortar 3 an

Coarse Sand {7 7 crr

R concrefe Topping 8 o

Concrete Hiock

R Concrete 11b

Plaster 3 crnz

TYFPICAL SECTTON N RIBBED S5LAB

Fig (4-3): Typical Section at Ribbed Slab.

Tiles 0.03x0.52%x23 =0.359kN/m /rib
Mortar 0.03%x0.52%22 =0.343kN/m/rib
Coarse Sand Fill 0.07x0.52x17 =0.619kN/m/rib
Topping 0.08x0.52%25 =1.04 KN/m./rib
Block 0.04x0.17x10 =0.68kN/m/rib
Plaster 0.03%x0.52%x22 =0.343kN/m/ rib
Concrete Rib 0.12%x0.17%25=0.51kN/m / rib
Partitions 2.50%0.52 = 1.3kN/m/ rib

Nominal Total Dead Load =

0.359+ 0. 343+ 0.619+ 1.04+ 0.68 + 0.343+ .51+ 1.3

= 5.194kN/m of rib

Nominal Total live load =5 * 0.52= 2.6kN/m of rib.

Factored dead load = 1.2*Dead load = 1.2*5.194= 6.2328 KN/mof rib.
Factored Live load = 1.6*live load = 1.6*2.6 = 4.16 KN/mof rib.

Total Factored Load = 6.2328+ 4.16= 10.3928 KN/m of rib.
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Chapter Four

Loading
load group no. 1
Dead load - Service Units:kN,meter
5.19 5.19 5.19
2.7 27 27
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 2.60 2.60
2.7 2.7 27

Figure (4-4) : loadings of Rib (001).

Wu ~10.3928

RA=RB = TX L x4.65=27.36KN

_ Wul?  11.96%4.65

Mu = = = 31.8KN.m.
8 8
_Moments: spans 110 3
=81 51
-34 = | ~d
LA ?zl ) - AN
— ——t —— e —
S batloss - 043 ™
~ - o5 . ’
108, 1,62 I 1.35 ) 135 , 1.62 — 1,08

Figure (4-5) : Moment Diagram For Simply Supported Rib.

4.4.4 Design Rib( 001) For Flexure :
4.4.4.1 Design for positive moment span (1):
Assume ®12

Mu=6.7KN .m

d = h - cover-dsirmp -2 = 250 — 20 — 10 — - = 214mm
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Check rectangular section or T-section:

Select diameter of bar = 12mm.
Mn, = 0.85% fexbf xtf (d — %)
_ 0.08 3_
Mn, = 0.85% 24 x 0.52x 0.08 (0.214 — %) * 10* = 147.667 KN .m

® Mn,=0.9*147.667 = 132.839 KN .m >>Mu,,,

The Rib will act as (Rectangular Section).

Mu 6.7 7.4 KN
Mn= —= — = /. .m
"o 09

* -3
Rn = 74710 = 0.312Mpa

0.52*(0.214)>

o Ty 420
0.85* fc ~ 0.85*24

=20.59

2mRn

fy)

lah
P m

1
N \/1_ 2(20.59)(0.312) ) 20.75 x 10°
20.59 420

A reqg=pxb x d=0.75x 103x520% 214 = 83.47mm?

e 1.4
AS i = A1) (ow)d)> F(bw)(ol) .................... (ACI —-10.5.1)

24 14
As .. =—-120)214)> ——(120)214
o = 7 o 1201204)2 1% 020214

)

As i, =7488<856............. the larger is control
83.47cm?<As . =85.6mm’

2
Take ASmin =85.6mm

Use 2 @ 10 with As = 157mm? > As req = 85.6mm?

Check for strain:
Tension = compression

As xfy=0.85 x f,x b x a
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157%420 = 0.85* 24*520*a
a==6.219mm
c-2_8219 -om
5. 085
o - (Z4-T3L 0 00s
731
¢, = 0.0848> 0.005 —>—>—> ok

4.4.4.2 Design for positive moment span (2):
Assume ®12

Mu=3.4 KN .m
d = h - cover-dyimp -2 = 250 — 20 — 10 — 2 = 214mm

Mu
Mn= —= ﬁ =3.78 KN.m
) 0.9

* -3
Rn = 3.78710 = 0.158Mpa

0.52*%(0.214)>

fy 420

m = _ = =20.59
0.85* fc 0.85*24

2mRn

fy)

“la-h
P m

1 L- \/1_ 2(20.59)(0.158) ) =0.379 x 10°

P 2059 420

A eq=p*b x d=0.379x 103x520%214 = 42.19mm?2

| fc’ 1.4
As... = bw)d)>=—(bw)d )....cccce cerruneen. (ACI -10.5.1)
(i) 090)= 2 wo)
V24 1.4
As .. =——-120)214)> —(120)214
S = 230 1201214 > 3020)214)
As .. =7488<856............. the larger is control

42.19cm?<As_. =85.6mm?

2
Take ASmin =85.6mm
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Use 2 @ 10 with As = 157mm? > As req = 85.6mm?

Check for strain:

Tension = compression
As xfy=0.85 x f,x b x a

157*420=0.85*24*520*a

a==6.219mm
o= 20219 _Zaim
p, 085
214-7.31

& =(——=—=——)*0.003
7.31
g, =0.0848>0.005>—— 0k

4.4.5 Design of shear for Rib (R001):

d=214mm.
Vy =13.9 atdistanced
Shear
d 118 -11.8
T A7 -
—_ o s i . ~ . : " .
L - T 1 - T 1 —— 1
- 8.7 __-' -~ " )
1.8 L-""11.8 ="135
15. -
_Raaglions
Faclored
L L 1 i L i ]
| - I | I ¥ ] 1 1
DeadR 6.73 18.51 18.51 B.T3
LiveR 5.05 13.48 13.48 5.05
Max R 11.79 31.98 31.89 11.79
Min R B.17 23.57 23.57 BT
Service
DeadR 5.61 15.43 15.43 .81
LiveR 3.18 a.42 B.42 316
Max R B.7T 23.85 23.85 87T
Min R 5.26 18.53 18.59 5.26

Figure (4-6) : Shear Diagram for rib

According to (ACI cod, sec 8.13.8 ),shear strength V. provided by concrete for ribs may be
taken 10% greater than that for beams.

Ve=2[fbyd = V24 X 120 X 214 X 107% = 23.064KN
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@ V.=0.75x%x23.064 = 17.298 KN
0.5 gV. = 8.649 KN.
0.58Vc.<Vu<gV, case Il.

Min shear reinforcement is required except for concrete joist construction.
Use 2 leg @ 8@ 200mm for practical use.

__________

40 em

2110

Fig (4-7) : Reinforcement of Rib (004).

4.4.6 Design for Negative moment for rib (001):
Assume @12

Mu=4.1 KN.m

d = h - cover-dsirmp -2 = 250 — 20 — 10 — = = 214mm

Mu _ 4l 456 KN
Mn= —= — =4, .m
"o 09
* -3
Rn = 456710 > = 0.828Mpa
0.12*(0.214)
42
m=_ - 420 _ .55
0.85* fc 0.85*24
1 2mRn
p=—@1- 1- )
m fy

1 L- \/1_2(20.59)(0.828))=2.01x 10°

P 2059 420

A reqg=pxb x d=201x 10°x120%214 = 51.75mm?

42
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NA( 14

As, ., = bw)d)=—(bw)d)......... cco.ccee. (ACI —10.5.1)
(1) 0= ow)
V24 1.4

As,., = ——=(120)214)> —(120)214

As, =7488<856............. the larger is control

51.75cm?<As_; = 85.6mm?

2
Take ASmin =85.6mm

Use 2 @ 10 with As = 157mm? > As req = 85.6mm?2

Check for strain:

Tension = compression
As xfy=0.85 x f x b < a
157*420=0.85*24*520*a
a=6.219mm
2 6219
S, 0.85

£, = (214;7'31) *0.003
7.31

=7.31mm

g, =0.0848>0.005—»>—>— 0k

4.5 Design Beam ( 010) at the Ground Floor Slab :

4.5.1 Design for positive moment for beam(003):
Assume @ 20
Mu= 350.3KN .m

d = h - cover-dsirmp -2 = 550 — 40 — 10 — 22 = 490mm
Check rectangular section or T-section:

From the geometry of T-Section :

bw = 300 mm h= 550 mm t =hf =250 mm.
1 2
1 2
Al Al
}0.3‘ 2.4 | 0.5 | 6.3

2.8 ‘ 6.8
T

55.

Fig. (4 - 8) Spans length and section of rib (R001).
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Loading
load group no. 1
Dead load - Service Units:kN,meter
37.4 35.5
2.8 6.8
Live load - Service Load factors: 1.20,1.20/1.60,0.00
26.3 25.9
2.8 6.8

Figure (4-9) : loadings of Rib (001).

Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spang 119 2

-+
L

L il
1 T
05, o | 1.7511.24

0.56 2.24 | 4,08 2.72

Figure (4-10) : Moment Diagram For Simply Supported Rib.

The effective width (be) according to ACI 8.12.2 be is the smallest of :
be = <bw*4=300 * 4 =1200 mm
t =>bw *.5=300 *.5= 150 mm

take .......... 600cm

Select diameter of bar = 20mm.
Mn, = 0.85% fcx bf xtf(d — )
250

Mn, = 0.85% 24 x600x250% (490 — Z%) * 10°=1116.9 KN .m

® Mn,=0.9*1116.9 =1005.21 KN..m >>Mu,,,

The beam will act as (Rectangular Section).
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Mu
Mn= —= @ =389.222 KN .m
) 0.9
* -3
n= —350'3 10 > =2.7Mpa
600* (490)
m=__¥ - 420 _,459
0.85* fc 0.85*24
1 2mRn
p=—(1- 1- )
m fy

1
p=——(1- Jl_w ) =6.92 x 103
20.59 420

A eg=pxb x d=6.92x 10°x600% 490 = 2034.8 mm?

e 1.4
As . = i) (ow)d)=> f—y(bw)(d) .................... (ACI —10.5.1)

V24 1.4
S = 4(4—20)(300)(490) > m(soo)(wo)

As .. =42866<490............. the larger is control

2034.8mm? > As_. = 490mm’
2
Take As =2034.8mm

Use 6@ 22 with As =2280mm? > As req = 2034.8mm?

Check for strain:

Tension = compression
As xfy=0.85 x f,x b x a

2280*420=0.85*24*600*a

a=78.23mm
c=2 1823 _ g5 04mm
S, 0.85
dt=d+s/2+db/2=490+25/2+22/2
dt =513.5mm
s = (513.5—92.04)*0.003
92.04

&, =0.0137>0.005>—>— 0k
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4.5.2 Design for Negative moment for beam(010):
Assume @ 20
Mu=-366.5 KN .m

d = h — cover-dsimp -2 = 550 — 40 — 10 — 2 = 490mm
_ Mu _ 3665

Mn = T =407.2222 KN.m
@ 0.9
Rn= 20722 _ g a53Mpa
300* (490?)
m=_ ¥ 420 _ 55
0.85* fc'  0.85*24
1 2mRn
p=—(1- 1- )
m fy
1 59)(5.
o - \/1_2(2059)(5 653));0161
20.59 420

Areg=p>b * d=.0161%300%490 = 2366.7 mm?

NA( 1.4
As,., = bw)d)>=—(bw)d )....cccce cerrunee. (ACI —10.5.1)
(i) 0= owko)
N 24 14
As,..., = ——=(300)490) > ——(300)(490
5o = 230 CO0N490) > 180040
As ., =42866<490............. the larger is control

2366.7 mm? > As_. = 490mm?
2
Take AS =2366.7mm

Use 8® 20 with As =2512 mm? > As req = 2366.7mm?

4.5.3 Design the beam for shear for beam (010):
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Shear

-250.9 ._:2”'4

558

-225.9’?52

=t ¥ ¥ —
a9q 353 L —
368.5

_Reactions
Factioned
i i L i i 1
T 1 ! LI |
DeadR -5.27 35118 138.65
LiveR 47 291.68 116.04
Max R 49.432 E42.28 252,69
Min R -65.91 416.26 134.88
Service
DeadR -4.38 292.85 113.88
LiveR 3418 182.31 72.52
Max R 9.8 474,56 1856.4
Min R 4229 333,33 277

Figure (4-11) : Shear Diagram in beam

Vumax = 345.7 KN.

dp 18
d=h — cover — dgtirrup — - = 550 — 40 — 10 — 5= 491 mm.
Ve=2/flb.d = V24 x 300 x 491 X 10~% = 120.269KN
Check for section dimensions:

Vi 345.7

Vs= ——V. = o 120.269 = 340.664 KN

Vimax = 2+/f2b.d = 224 x 300 x 491 X 1073 = 481.079 KN

Vs < Vsmax SO the section is large enough.

Check for the case of shear:
Vs min = 1—16\/Eb. d OR = % b.d which is larger.

Vs,min = 1—16\/24 x 300 x 491 x 1073 = 45.1 KN -control
Vs min :§ x 300 x 491 x 10~3 = 49.1 cont.

D(Vsmin +Ve ) = 0.75(45.1 +120.269) =124.02675 KN.

Vu > B(Vsmin +Ve ) NOT case( II).
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V, =2V, = 2 X 120.025 = 240.05 KN
Vs =340.664 >V, = 240.05KN NOT case (IV) for shear design
Vi <VS >Vimax

d(Ve+Vy ) <V >h(Ve + Vsmax) case V for shear design

Smax < % - 442 —=122.75mm OR Smax < 600mm

Smax =122.75 mm  cont.

By using ¢ 12 double legs stirrups, Ay = 226.19 mm?

s = Avfyt ;  266.19x420X491

= =99.6 mm
Vs 340.664X1000

Use 2 leg $12 @100mm

For all spans 2 leg $12 @100mm will be used for stirrups.

4 6 Design of Column(C2-3):

Column: C2-3....... (within group C3) L A Y 50
PD= 455.6KN
Wc=4*3.4*0.3*0.5*25=51 KN
PL =290.98 KN

Use Fc’ = 28Mpa

Use Fy= 420Mpa <

Figure (4-12) : column section

»
>

P, =1.2DL + 1.6LL = 1.2 X 506.6 + 1.6 X 290.98 = 1073.488KN

P, 1073.488 .
P, = b =0 - 1651.52 KN = ¢ = 0.65 — for tied column

Assume rectangular section with:

- Usep = 25%

B, =08xA4,(085x% f! + p,[f, —0.85x f/])
— Use 0.8 for tied column
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1651.52 % 103 = 0.8 X A,(0.85 x 28 * (1 — 0.025) + [420 * 0.025])
Ay = 61249.07 mm?
— Use 0.5 x 0.3 m? with A; = 150000 mm? > A yequirea = 61249.07 mm?

4.6.1 Check for slenderness:

K X1, M;
< 34—12(—) < 40
r M,
M, .
(ﬁ) =1— for braced frame with M,;,.
2

l,: Actual unsupported (unbraced) length.
r:radius of gyration of its cross section = 0.3 h
[, =3.4m

K = 1.0 — for columns in nonsway frame.

a) In 30 cm - Dirction:

K x1,
——<34-12x1.0=22<40

leu_1x3.4_3777>22
r, 03x03 "

~ long Column for bending about X — axis.

b) In 500 cm - Dirction:

K x1,
—<34-12x1.0=22<40

K><lu_1x3.4_22667>22
r, 03x05 7

= long Column for bending about Y — axis.

4.6.2 Calculate the minimum eccentricity emin and the minimum moment Mmin:
About x- axis

emin = 15 + 0.03xh = 15 + 0.03 X 300 = 24 mm
P, =1073.488 KN
Mpin = P, X emin = 1073.488 X 24 = 25.76KN.m
4.6.3 Calculate El:
Bl =04t

1+ Bans
E. = 4750 x \/f! = 4750 x V28 = 25134.64 MPa
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1.2 xDL 1.2 x506.6

= = = 0.566
Bans P, 1073.488
I—th3—SOOX3OO3—1125x109 A
912 T 12 & mm
£l — o4 25134.64 x 1.125 O —
= 0.4 X = . .
1+ 0566 m

4.6.4 Determine the Euler buckling load Pc:

p _ TXEL _mX72226
T xL)E T (Ax342

4.6.5 Calculate the moment magnifier factor:

M,y
Cn=06+04x—=06+04x1=1.0

M,
Co 1
Ops = ~ P, . 1073488 1.3>1
0.75% P, 0.75X6166.45
<1l4...... OK

— The magnifid eccentricity and moment:
ey = emin X Ops = 24 x 1.3 =31.2mm

M, = 8,5 X M, = 1.3 X 25.76 = 33.488 KN.m
= where M, = M,,;,, = 33.488KN.m

The magnifid moment are less than ( 1.4 X 25.76 = 36.06), are required
by — ACI — Code Section 10.10.2.1.

4.6.6 Calculate the minimum eccentricity emin and the minimum moment Mmin:
About y- axis

emin = 15 + 0.03x h = 15 + 0.03 X 500 = 30 mm
P, = 1073.488 KN
Mypin = P, X €min = 1073.488 x 30 = 32.2 KN.m

4.6.7 Calculate El:

E- x1
El =04—S""9
1+,8dns

E. = 4750 x \/f) = 4750 x V28 = 25134.64 MPa
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1.2 xDL 1.2 x506.6

= = = 0.566
Bans P, 1073.488
I—th3—3OOXSOO3—3125x109 .
9712 T 12— * mm
25134.64 X 3.125
El = 0.4 x = 20062.77 KN.m?

1+ 0.566

4.6.8 Determine the Euler buckling load Pc:

2 X EI 1% x20062.77

P, = = = 17129 KN
T K X 1,)2 (1 x 3.4)2

4.6.9 Calculate the moment magnifier factor:

M
Cm=0.6+0.4><ﬁ1:0.6+0.4><1=1.O
2

C, 1

Ons = — P, . 1073488 11>1
0.75%Pe 0.75x17129

<1l4...... OK

— The magnifid eccentricity and moment:

ex = eymin X 0ps =30 %X 1.1 =33 mm

M, =65 XM, =1.1%x32.2=3542KN.m

= where M, = M,,;;;, = 35.42KN.m

The magnifid moment are less than ( 1.4 X 32.2 = 45.08KN.m), are required
by — ACI — Code Section 10.10.2.1.

Select the column reinforcement from Interaction Diagram :

About x — axis

a) Compute the ratio e/h:
ey 31.2
h 300

b) Compute the ratio y:

d—d 300—2x40-2x10-18
Assume @18 for bars=y = = 300 = 0.61
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¢) Use interaction diagram A — 9a
selected dimention: h = 300 mm ,b = 500 mm.
assum p = 0.025

@P,
aty = 0.6 ..o .. —= = 2.49 Ksi
AQ

300

* 500+ 5%

= 3.963 MN

b 2 4, 1000
= . *
ny 145

About y — axis

a) Compute the ratio e/h:

ex 33 — 0.066
h 500

b) Compute the ratio y:
d—d 500-2x40-2x10—-18

A 00 =0.76

Assume @18 for bars=y =

¢) Use interaction diagram A — 9b
selected dimention: h = 500 mm ,b = 300 mm.

assum p = 0.025

@P,
aty = 0.75 ..o e e..—= = 2.51 Ksi
Ag
j2 2.51 1000 500 300 3.995 MN
= 2. * * * —— = 3.
nx 145 0.65
Calculate Pn:

Pn° =Ag * (0.85 fc'* (1 —p) +p*fy)
Pn® = 300 = 500 * (0.85 * 28 = (1 — 0.025) + 0.025  420) = 5.056MN
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4.6.10 Bressler Equation:
1 1 1 1
Pn_ Pnx * Pny ~ Pn°
1 1 1 1
Pn 3963 ' 3.995 5056

=3280.17 KN Pn = 3.2801 MN
@ x Pn = 0.65 x 3280.17 = 2132.11 KN > 1073.488KN

d) Select the reinforcement:

A = pg X Ay = 0.025 X 500 x 300 = 3750 mm? ...... Use 12 ¢ 18

= Design of the Tie Reinforcement :
S <16d,(longitudonal bar diameter) - 16 X 18 = 288 mm
S < 48d,; (tie bar diameter) - 48 X 10 = 480 mm

S < Least dimension.— Least dim.= 400 mm

Use 310 @ 25 cm.

Check for code requirements:

Clear spacing between longitudinal bars:

500—40%2—-10%x2—18%5
Clear space = 2 = 87.5mm > 40mm, and

> 1.5d, = 1.5%18 = 27mm — ok

Gross reinforcement ratio:
0.01 < Py = 0.025 < 0.08 — ok

Number of bars: 12 > 4 — for square section — ok

Minimum tie diameter:@10 for @18 bars — ok

Spacing of this : s = 250mm — ok
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4.7 Design of stair:

? nLriab

35

- —args t

~

/
" main slab o s [:-
3.0 - -

/

Fig(4- 13) :stair plan

A

1.8

4.7.1 Determination of Slab Thickness:

For Flight:
L=(0.8+3+0.4)=4.2 m.
hreq = L/ 20.

hreq =4.2 / 20 = 021 m

In the case presented here, where the slab end is cast with the supporting beams and additional
negative reinforcement is provided, minimum thickness can be assumed to be:

hreq: L/28 .
hreq = (42/28 ) = 015 m
Take h =25 cm.

For Landing:

L=3.15m.

hreq = L/ 20

hreq = 3.15/ 20 = 15.75 cm.
Use h=25 cm.

4.7.2 Load Calculations:

The stair slope by 0 = tan™! (iﬁ) = 28.81.

300
For Flight :
Dead Load for flight:
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material Quality density | W KN/m
Tiles 27 27 *[ 0.165+ 0.35 ’] 0.03*1=1.391
i 0.3
Mortar 22 22 *[ 0.165+ 0.3 *]|0.02 * 1 =0.682
| 03 |
Stair steps 25 25 *[ 0.165* 0.3 *|1 =2.063
03 | 2 i
Reinforced Concrete | 25 25*0.25*1 =7.097
Solid slab Cos 28.82°
plaster 22 22 *0.03*1 =0.753
Cos 28.82°
Total Dead load KN/m 11.986

Table(1-4)Dead Load for flight

Live Load =5% 1 =5 KN/m.

Total Dead Load For Flight =1.2x12 + 1.6x5 = 22.4 KN/m.

For Landing :
Dead Load For Landing:
i i ‘h-1
Material Quality Der315|ty y-n
KN/ m KN/ m
Tiles 22 22 %X 0.03x 1 =0.66
mortar 22 22x0.02x1=0.44
Reinforced Concrete solid slab 25 25 x 0.25 X1 = 6.25
Plaster 22 22X 0.03x1=0.66
Total Dead Load 8.01

Table(2-4) Dead load for landing

Live Load =5*x1=5KN/m .
Total Dead Load For landing = 1.2x8.01 + 1.6x5 = 17.61 KN/m.
Because load in landing in tow direction only half the load will be considered on each

direction .

c 41TKNAM

o.81KN/M

VLIV s

—
]

49.2KN

3.00

—l
-

|

Fig(4- 14) :flight load
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4.7.3 Design of Shear for flight:

= Assume @ 14 for main reinforcement:

So, d =250 — 20 — (14/2) =223 mm.
= Vu=49.2-22.41*(0.15+0.223 ) = 40.84 KN

= WC:@

_ 0.75*+/24*1000* 223*10°
B 6

= gVC =136.6KN

* Vu=4084 KN< @.Vc=136.6 KN..

Depth of flight is ok. So, there is no shear Reinforcement required .

4.7.4 Design of Bending Moment for Flight:
Zero shear:

49.2-2241*X=0

X=2195m

Mu = 22.41 * (2.195)%/2 = 54 KN.m
Mnreq=Mu/0.9=54/0.9=60 KN.m.

Assume bar diameter 14 for main reinforcement.
d=250-20—(14/2) =223 mm.
Mn
R, =——
b-d?
3 60*10°
" 1000* (223)2
By
0.85x fc'
420
© 0.85x 24

=1.206MPa .

=20.588

1 ZmRn * *
p==|1- f1- _ 1 1_\/1_2 20.588*1.206
m f, 20.588 420

j =0.002963

As req = 0.00387 > 1000 % 223= 660.76 mm*-........... control

Asmin=0.0018 x 1000 x 250= 450 mm?
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$=153.9/660.76 =0.233 m.
Use @14 @ 20 cm with As = 769.5 mm? .

e Check for spacing:

3h=3*250 =750 mm.

S=450.

280
s = 380(
0.667%420

...... control. Ok s =300 (

) — 2.5 %20 = 330mm

280
) = 300mm
0.667%420

e Secondary Reinforcement:

For shrinkage & Temperature As provide equal :
As min =0.0018 x B x h=0.0018x1000% 250 = 450 mm?
Use ® 14@ 30 cm with As = 513 mm?.

4.7.5 Design of landing(S2):

same thickness =25 cm.
Total Dead Load For landing = 1.2x8.01 + 1.6x5 = 17.61 KN/m.

S 8IKN/M RNV o SN /M
[ A A A A A A A N A A A Y A A A A Y A A A A A

1.63

16,3KMN 0.20 16,3KMN

Fig(4- 15) :landing load
4.7.6 Design of bending moment for landing:

Mu = 16.297 * (ﬁ) _8.81*1.65* (1652&) —17.61*0.1*0.2/4 = 14.96 KN.m.

2

Mn req = 14.96 /0.9 = 16.625 KN.m.
d=250 — 20— 14 — (14/2) = 209 mm.

R, = Mn
b-d?
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o 16.625*10°
1000* (209)*
_ by
~ 0.85x fc'

420
0.85x 24

1 2mR, * *
p=—{1- - __ 1 1_\/1—2 20.588%0.38 | _ ) 5009146
m f, |~ 20588 420

As req = 0.0009146 x 1000x 209= 191.1 mm? ... control

=0.38MPa .

=20.588

AS min=0.0018*1000x 250 =450 mm?
Use ® 14@ 30 cm with As = 513 mm?.

e Check for spacing:
3h=3*250=750 mm
S=450

280
s = 380(
0.667%420

...... control .s = 300(

) _2.5%20 = 330mm

280
) = 300mm
0.667x420

Use 10 14@ 30 cm.

4.8 Design of Strip Footing for Shear Wall (W5):
Allowable Bearing Pressure = 500 KN/m2

Dead Load= 922.1/5.7 =161.78 KN/m

Live Load = 397.19/5.7 = 69.7 KN/m

Surcharge ¥ = 17 KN /m3

Ds=1.025m

Assume h=30cm

4.8.1 Select foundation Area:

. KN
q footing = 0.3 %25 =17.5 —

KN
q soil = 1.025 %17 = 17.425 —
m

dnet = dall — qfooting — q soil
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KN
énet = 500 — 7.5 —17.425 = 475.1W

P 161.78 + 69.7

_ _ _ 2
A= Snet 475.1 0.487 m

Select b =90 cm

KN
Pu=161.78*1.2+ 1.6 *69.7 = 305.66W

6_Pu_305.66_339 62 Kn
A 09x1 T m2

4.8.2 Design of shear :
d=300—-75—-14=211mm

Vu = 339.62 % (0.30 — 0.211) * 1 = 30.3 KN

0.75 0.75
@Ve = G x\/fc'*bwxd = 6 * V24 %1000 * 211 = 129.2 KN

@vc129.2 KN > Vu = 30.3 KN , ok

4.8.3 Design of Moment :

0.32 KN
Mu = 339.62  — = 15.3 —
m
M Mu 10° 153 10 =17« 10° N
= —— % = * = * .
=09 0.9 mm
knoMn_ _17x10° oo iem
"= Pdz T 1000 %2112 pa
fy 420
M= 085 fc - 085%2a 20-°88
1 1 1 2Kn *m 1 1 1 2 %0.298 * 20.58
= — % —_ —_ ] * —_ I
P=m fy 20.58 420
—0.1782 + 10~*

Asreq = 9.1782 x 10™* * 100 * 21.1 = 1.94 cm?

Asmin = 0.0018 * 100 * 30 = 5.4 cm? is controlled
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Chapter Four

with As =6.16 cm?. select @14@25 cm

for shrinkage and tempreature select P14@25cm
- Step ('s) is the smallest of :-

1) 3*h = 3* 300 = 900 mm

2) 450 mm .... Control

S =250 mm < S,max =450 mm .... OK

250 < 450 < 5* 300 = 1500 mm ....OK

4.8.4 Check Lap splice and anchorage:

db 14
cb<0.5*a<c+7, cb < 0.5 %250 = 125mm <75+7=82mm,

cb =82 mm

cb+Ktr 82+0
= =586 <25, select 2.5

db 14
9 fy oteeps 9 420 1x1%0.8
Ldt = 10 * = e =10 * NG * S E * 14 = 345.67 mm

dab

ldt avilable = 300 — 75 = 225 < 345.67 mm
use hook

fy 42
Ldht = 0.24 * xpe xdb x 0.7 = 0.24 *

fc

0
4*1*14*0.7 = 201.6 mm

!

ldt ava.= 225 > Ldht 201.6 mm — ok
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4.9 Design of Isolated Footing (F4):

Fig (4 -16 ):detail for the footing

Pp = 506.6KN (service).

PL=290.98 KN (service).

Pu =1073.488 KN ( factored).
Column Dimensions = a* b = 30 *50

Allowable bearing capacity gai=500 KN/m?.

4.9.1 Area of Footing:

Soil Density = 17 KN/ m 3
assume h= 50cm.
g al.net =500 —0.5%25-1.025%17 = 470.075 KN/m 2

_ PD+PL _ 506.6+290.98 17

Area A =
gallnet 469.275
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Use B,L(min) =1.303m, take B=L=1.5m,

4.9.2 Depth of footing:

Assume h =50cm.

e Check one-way shear:

P, - 1073488_ 477 11 KN/ m
2.25

d =500 -75-20=405 mm

DV, =®%\/Tc'bwd =

0.7+ J24*1.5%0.405%1000= 372.01KN

s[5

15-03

Vud = 477.11x(

A =225m?

1]

N

Fig (4-60):0ne way shear.

p—

Tributary area for

e N . '
Critical section for
l one-way shear

one-way shear

Column

One-way shear.

- 0.405j x1.5=139.55KN

oV:.=372.01 KN > V4 =139.55 KN -»->->- 0k

e Check two-way shear:
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Tributary area for
two-way shear

Critical section
for iwo-way shear ™

Two-wav shear.

Fig (4-61 ):two way shear.
2-25 = 202.5mm.
2 2

To calculate Vy at the critical section which take rectangular shape with dimension equal
(0.3 +0.405 )and( 0.5 +0.405 ) , which equals (0.705 and 0.905)

Inner area =0.905 * 0.705 =0.638m?

Outer area = area of the footing = 2.25 m?

Vu =qu (outer area — inner area) = 477.11 x(2.25 - 0.638) =769.1 KN

According to ACI, Vc shall be the smallest of :

V, =%(1+ﬁ£]\/f7bod = 0.358\/1‘7b0d
v, :%(“sd +2j\/?bod - 04811, b,d

bO

V, :%\/ fclbod .....Control
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Where:

,BC =a/b=506.6/290.98 = 1.741

b0 = Perimeter of critical section taken at (d/2) from the loaded area
=2x%(0.905 + 0.705)= 3.22 m

a, =30 for edge column.

@V, =0.75x0.33V24 x3.22x0.405x1000=158122KN

@Vc =1581.22 KN > Vu = 805.44KN
SO h=50cm Is OK.

4.9.3 Design of flexural reinforcement both directions :

Mu = (qult X Lx(C;\ZD

=(477.11x1.5x0.6x0.6)+ 2 = 128.82 KN.m

Mn =128.82 /0.9 = 143.133 KN.m.

Mn
Rn = 5
b*d
143.133*10°
Rn=——————— =0.852 Mpa
1500* (405)
fy 420

=20.59

m = - =
0.85*fc  0.85*24

1
b 1. - 2mRn
m fy

)
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=2.0726* 10°

- 1 ‘- \/1 2(20.59)(0. 852)

20.59 420
Areq=pX b X d=2.0726% 103 X 1500% 405=1259.12mm?
As min = 0.0018 X 1500 > 500 = 1350 mm?..... control

So, Use 6 ® 18 with As = 1526.8 mm? > As req = 1350 mm?... for each direction x and y.. for
both directions use 12 ® 18 with As = 5086.8 mm? (6 ® 18 @27 cm in each side)

S < 3h =3*500 =1500mm

<450mm ---- ok
4.9.4 Development length of foot reinforcement:

Ld for @ 18:

L, = fy axﬂxyx/lx b:gx 420X1><1><0.8><1
10 fc’ (k +c] 10 /24 25
db

x18 =4445mm

Available length = ((1500-500)\2)-75=425

=425mm <4445 mm ...... use 90° hook 30cm long

Lan=0.24* Fy*dy, = 0.24 * 420 * 18 = 370.4 < 425 ---0ok
VFc* V24

4.9.5 Development length of column reinforcement:

Ld for @ 18:

L, = fy axﬂx;/x}tx bzgx 420X1><1><O.8><1
10 Jfc' (k“cj 10 /24 2.5
db

x18 = 444.5mm

L, =.885*514.4 = 455.2mm
L;=0.043x dbx fy=0.043%25%420 = 451.5 mm

" Ld =474.3 mm

Available embedment =600 — 75 — (2 x18) = 489 mm > 455.2 mm
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. OK.

4.9.6 Load transfer at the column-foundation interface (Dowels design ):

®Pnb = ®(0.85fc'A, x \/%)

A;=.5x.3= 0.15 m?
A;=15%X 15=225m?

Ao _ 225 387357
A, 15

Ay
A

®OPn.b =0.65x(0.85x24x0.15x 2) x1000= 3978KN
®dPn =3978> Pu =1073488......... ok

In column:

®Pn,b = ®(0.85fc’Al)
®Pn,b =0.65(0.85% 24x 0.15x1000) = 3978KN

@pnp = 3978 KN > py = 1073.488KN
and the minimum reinforcement of dowels:

As =0.005 % 300 * 500= 750 mm?

4.9.7 Lap splice of column:

Ls=0.071fy.db =0.071 X 420% 18 =536.76 mm. Use 550 mm .
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3. ACI Committee 318 (2014),ACI 318- 14: Building Code Requirements for Structural
Concrete and Commentary, American Concrete Institute, ISBN 0-87031-264-2.

4. D. Fanella, I. Alsamsam, “The Design of Concrete Floor Systems”, PCA
ProfessionalDevelopment Series, 2005.
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Attachments

Appendix (A)

Architectural Drawings

This appendix is an attachment with this project

Appendix (B)

Structural Drawings

This appendix is an attachment with this project
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Appendix (C)

TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply Oneend | Bothends
supported | continuous | continuous | Cantilever

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

Member | deflections.

Solid one-

way slabs £120 £/24 £/28 £MH0
Beams or

ribbed one-

way slabs £M16 LM18.5 £/21 L8

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

(density w, = 2320 k% } and Grade 420 reinforcement. For other condi-
tions, the values shall be madified as follows:

a) For structural Ilghh.'.rmght concrete having unit density, w,, in the range

440 920 kg/m?, the values shall be multiplied by (1.65 - 0.603w ) but not

less than 1.09.
b) For f, other than 420 MPa, the values shall be multiplied by (0.4 + fyf?m}

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED)-ONE
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TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Daflection to be considered Deflection limitation
Flat roofs not supporting or attached to non- | Immediate deflection due to live load L .
structural elements likely to be damaged by £/180°
large deflections
Floars not supporting or attached to nonstruc- | Immediate deflection due to live load L
fural elements likely to be damaged by large (/360
deflections
Roof or floor construction supporting or That part of the total deflaction occurring after ‘
attached to nonstructural elements likely to be | attachment of nonstructural elements (sum of £/480¢
damaged by large deflections the long-term deflection due to all sustained
Roof o floor construction supporting or ‘m&?ﬁj m‘z 'FQQ;?F'% deflectiondue o any _
attached o nonstructural elements not likely to {240}
be damaged by large deflections

* Limit not intended to safequard against ponding. Ponding should be checked by suitable calculztions of daflection, including added deflections due to ponded
water, and considering long-erm effacts of all sustained loads, camber, construction tolerances, and reliability of provisians for drainage.

f Lon?-term defection shall ba determined in accordance with 9.5.2.5 or 6.5.4.3, but may be reduced by amount of deflection calculated to oceur before aftach-
ment of nonstructural elements, This amount shal be datermined on basis of aceepted engineering data relating to time-deflaction characteristics of members sim-
lar to those being considered.

FLimit may be exceaded if adequate maasures are taken to prevent damage to supported or attached elements.

S it shallpot be greater than tolerance provided for nonsiructural elements. Limit may be exceeded if camber i provided so that total deflection minus camber
oas not excasd lim.

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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