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Abstract

Structural Design For " Industrial School*"

The idea of this project can be summarized by preparing

Industrial School. which consist of all facilities that should
be available in any Industrial School.

The project consist of spatial cluster seven floors, and the
total area of the building is 14750 square meter. The design
of the project is based on the multiplicity that distributed
consistently to achieve aesthetically and functional
elements.

We used (ACI_318_08) code and structural designing
programs such as ATIR and AutoCAD (2014), and we also
studied some old graduation. The project will include
detailed structural study and analysis of identified
construction elements subjected to various loads followed
by the structural design of these elements and the
preparation of all design drawings according on the
prepared design.
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As = area of non-prestressed tension reinforcement.

.ﬁlg = area of non-prestressed compression reinforcement.

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.

C,= 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.

f. = compression strength of concrete .

fy = 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.

Lw = length of wall.
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M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load.

S = Spacing of shear in direction parallel to longitudinal reinforcement.
Vc = 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.

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€. = compression strain of concrete = 0.003.
€, = strain of tension steel.
€ = strain of compression steel.

P = ratio of steel area.
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Chapter 4

Structural Analysis And Design

4.1 Introduction.

4.2 Design method and requirements.

4.3 Check of Minimum Thickness of Structural Member.
4.4 Design of topping.

4.5 Design of One Way-ribbed Slab (R36).
4.6 Design of Beam(B16).

4.7 Design of two way solid ( SS4).

4.8 Design of Stair

4.9 Design of column

4,10 Design of basement wall

411  Design of Footing (F2)
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4.1 Introduction:

Many structures are built of reinforced concrete: bridges, buildings, retaining walls,
tunnels, and others. Reinforced concrete is logical union of two materials: plain concrete,
which possesses high compressive strength but little tensile strength, and steel bars
embedded in the concrete, which can provide the needed strength in tension. Plain
concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and
frequently admixtures. Understanding of reinforced concrete behavior is still far from
complete, building codes and specifications that give design procedures are continually
changing to reflect latest knowledge.

Structural concrete can be classified into:

= 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®.
= Heavyweight concrete with unit weight from about 3200 to 5600 kg/m°.

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 _08).

v’ Strength design method:
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In 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.

v Code: ACI 2008 UBC

v Material:

Concrete: B300... Fcu =30 N /mm?(MPa ) For circular section

but for rectangular section ( fc’=30*0.8 = 24MPa ) .

Reinforcement steel: The specified yield strength of the reinforcement{fy =420
N/mm2 (MPa)}

v Factored loads:
The factored loads for members in our project are determined by:
Wy =12D +1.6 L, ACl-code-318-08(9.2.1).
4.3 Check of Minimum Thickness of Structural Member:

Table (4. 1) MINIMUM THICKNESS OF NONPRESTRESSED BEAMSOR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED. (ACI 318M-11)

Minimum thickness ( h)

Simply One end Both end

member Supported continuous  [continuous  |Cantilever
solid one way

slabs L/20 L/24 L/28 L/10
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eams or ribbed one

way slabs L/16 L/18.5 L/21 L/8
For Rib :
hminfor (one end continuous)=L/18.5=  /18.5= cm
hminfor (both end continuous)=L/21= /21=29.19cm
ForBeam :
hminfor(one end continuous)=L/18.5=  /18.5= cm
hmin for(both end continuous)=L/21=6 /21=30. cm

The minimum thickness will be hyin=35cm

select 35cm for rib slab with hidden beam

h=35cm (27 cm Hollow Block+8 cm Topping)

4.4 Design of topping:

v Statically system for topping :

Consider the topping as strip of (1m) width, and span of mold length with both end

fixed in the ribs.

Wu

40 cm

Figure 4. 1 topping load.

v Load calculations:

Dead load calculations:
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Table (4. 2) Dead load calculation Topping

Dead load from: oxyx1 KN/m
Tiles 0.0 x23x1 0.69
Mortar 0.02x22x1 0.44
Coarse sand 0.07x17x1 1.19
Topping 0.08x25x1 2
Interior partitions 1.5x1 15
> 5.82KN/m
Live Load :

L.= KN/m?
L. = KN/m?x m= KN/m

Factored Load :
Wy=12x582+16x = . KN/m

Check the strength condition for plain concrete, 8M, > My, where g = 0.55

M, =0.42 X /f] Sm (ACI 22.5.1, equation 22-2)

__b.h* _1000.80°

4l = 1066666.6/ mm®
6 6

@M, =0.55x0.42x1x+/24 x 10666666/ X105 =1.21KN.m

My = "%~ = 0.1358 KN.m (negative moment)

M, = 2= = Q.067/Y KN.m (positive moment)

s

s

gMp>> M= 0.1358 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provide Ag minfor
slabs as shrinkage and temperature reinforcement.

Pshrinkage= 0.0018 ACIl 7.12.2.1

As=p X b X hygpping =0.0018 x1000%80 = 144 mm?/m
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Step (s) is the smallest of:

1. 3h = 3x80 =240 mm control by ACI 10.5.4
2. 450mm.
3. S
:380f53-9j —2.5C, = 380 | = |— 2.5 .20 = 330mmACI 10.6.4 OR
i, € 3420
$ £300(%%%}=300 mm

Take g 8 @ 200 mm in both direction , S = 200 mm <Syjax =240 mm ... OK

4.5 Design of One-Way Ribbed Slab(R ) :

Requirements For Ribbed Slab Floor Accordingto  ACI- (318-08) .
DW= 10CM.....iie e e ACI(8.13.2)

Select bw=12cm

h<35%DW ovovveeecieeeeeeeeneeeen . ACI(8.13.2)
Select h=35cm<3.5*12=42 cm

tF > Ln/12>50mm ..........ccoe i1 ACIH(8U13.6.1)

Select tf=8cm

v Statically system and Dimensions
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Figure 4. 2 One Way Rib slab (RS01, RS03, RS03)

Load calculations :

Dead load:

Table (4. 3) Dead load calculation Topping of ribS

Dead load from: hxyxb KN/m
Tiles 0.0 x2 x0.52
Mortar 0.0 x22x0.52 0.
Coarse sand 0.07x17%0.52 0.619
Topping 0.08x25x0.52 1.04
R.Crib 0.27%x25x0.12 0.81
Hollow block 0.27x1 x0.4 1.
Plaster 0.0 x22x0.52 0.
Interior partitions . x0.52
> KN/m

Dead load /rib = 5.79KN/m

Live load =3KN/M?

Live load /rib = 3KN/m? x 0.52m = 1.56 KN/m.
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The effective flange (be) :

L SANLRL -
1) be <= =—— = 1250 mm

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

3) be< center to center spacing between adjacent beam = ﬂ i h‘—d + 120 = S20mm

Take be=520 mm

ARnmRtry LEr rHe
1 i B : 4
i 3
! i i
- —_— —_— <
[ | |
N 5 T ﬁ T 5 -
0 43 bE 43 LE E A
1 5 I 1 T I 1 5 1
8 £ L &
6
12
A=
Laedi-y
g gEoap a4
Dl ol - Bemwice UnisziReek
] 1k 1
i ] Y ] '] i ] s
4 41 [ 2
Lhvelza: Eanke Lzad faeocre: 120120050000

e L] TP Ta[]

& ) it ) af

el




(i) avaail) g Jaladl)

MomanfuSaes- Znvelope (Fadlced) Lk <Y msts
Momenls,  egenz Tto )
-0,
[d
325 ?/' k‘\ XA
= 13'_‘_\ -142 /
1 - 142"
: I—'— T I—'T .
M T OMAN: | e TR i
g:Ep-.H _’_,./" T4 I¥E, B Jf'
T ot o
T o
M5 =] e
36,7
| =z 75 23 8 i , i3
] T T T T
har
T4 - 258
L HT - - -
- o .-F"-f =
- -~ -
= - 7
| - i‘f I -“__Jf I
|7-/-_f.f P _,f"" j_"_.-"
4.1 Ty ol
1.9 e il
[~
N
Reacfinns
FArTaran
[ I Il I
DeadR 12.00 9.0 .27 1.4
| WER Tk mnzE .45 iR
Mzx B 19.87 10.B5 4.7 256
Wi R AT 3803 4747 1533
Sence
Deodh 10,06 T4 13.56 1320
LiveR EEi e 15.28 S03
Mz=x B 1,04 i 13.4 12,32
¥ R 55 2064 .18 1294
Shear & Moment Envelope Diagram (R )
Design of positive moment:
My =35.7 KN.m.

Assume bar diameter g 12 for main positive reinforcement.

d =h- cover - degrrups— -2 = 350 — 20 — 10 —— = 314 mem

=

Check if a>hs to determine whether the section will act as rectangular or
T- section.
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My =0.85. £ .b, . hy. (d — L)

=0.85 X 24 X 520X 80 K(31¢}—-—jxlﬂ_£’ =235 KN.m

M,2 ‘;—4 "'l_“"' ’=39.67 KN.m , the section will be designed as rectangular
section

withbe =520 mm.

78 Fh.rx10®
Ri=—2 = =/ Mpa
" OB d* UyKoEU X 3148 P

m=—22_=_*Y — s

ussg!  uesxzs

p=1(1— [1-imfa) _ 3 (4 |3 W) _ 40547
rk Y 420 Z0.& N %20

Asreq = p.b.d = 0.001878%520x314 = 306.7 mm?

Check for As min:-

Asmin= \/_(b w)(d) (ACI-318 (10.5.1)

Nen

A's min=———(120)(314) =110mnY
4(420)
.14
A s min=——(bw)(d)
(fy)
.14 )
As mmzm(120)(314) =125.6mnm’ controls

As1eq=306.7 mm* >Aspip= 125.6 mm*  OK

Use 22 14 A provided=_307.8 MM*>As required= 306.7_ mm? .... Ok
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Check for strain:-

A U7 H¥ETU
=_"®ly .= ﬂ_]' 'E?{'LL_ = 128/ momn
Uibob [ LA W HEU XIS
c=% =2 — 34 34mm
By IR L]
pd—c¢ (314 —14.34 _
¢, =0.003 (—J =0.003 (—-—-—] = 0.062
: c 1434 |
> 0.005 Ok
v Design of negative moment:
M,=28.4 KN.m.

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dimups— = = 350 — 20— 10 —= = 314 mom

=

oMy Zdswin®

Rn=—4 .
ob d* UyK1Zu X 3148

= A467Mpa

Asreq = p.b.d = 0.00684x120%314 = 257.68 mm?

Check for As min:-

Asmin= \/_(b w)(d) (ACI-318 (10.5.1)
Asmin= 24 (120)(314) =110mn7

4(420)

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmin= %(120)(314) =125.6mn7 controls



(i) avaail) g Jaladl)

Asreq =257.68 OK
USG 4 ﬂ12 !AS.DYOVided:452'39 mm2>A5‘required: 25768 mm2 Ok

Check for strain:-

_ Axfy anzayxady

= =———— = {/.bd mun
Uidob f. Lo X1IU 2%
L Lt .

C=—=—"=91.13 mm

Hy Ao

d— ¢ 314 — 9113

g, = 0003 (—J = 0.0035 (—————J =0.007 33

C 91.13
> 0.005 Ok

v" Shear Design for (R-36):
V, at distance d from support = 30 KN

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).

Ve :% ST, d =""+24 X 120X 314 X 103 = 4317/ KN

@V, =0.75%43.17 =32.38KN
0.5 9 V¢=05+3235=16.19KN

< Vy < @V., minimum shear reinforcement is required
059V,

Assume stirrups (810-2legs)

SIU .o
S= = - =71.4cm
UL = 24 =120 =312
Pyear
UL wy fofeburd

gz _Jyrav _smwerss
Udbelwd Uadbslil

=78.5cm

-S=d/2=314/2=15.7cm
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-S=60 cm
Use 810/15¢cm

4. Design of Beam (B16) :

v’ Material :-

P concrete B300 Fc' = 24 N/mm?
P Reinforcement Steel fy = 420 N/mm?

v’ Section :-

P B=80cm
P h=35cm
P d=350-40-8-16/2= 294 mm
Dead Load Calculations for Beam(B-16):-

The distributed Dead and Live loads acting upon B16 can be defined from
the support R6 and R8
From Rib6

The maximum support reaction from Dead Loads for R6 upon B16
i575.48KN, The distributed Dead Load from the R6 on B16
DL =(5.48/ 0.52)=10.5 KN/ m

From Rib8
The distributed Dead Load from the R8 on B16

DL =(3.79/ 0.52)= 7.3KN / m

Self weight of beam =7 KN/ m
Total DL =10.5+7+7.3=24.8 KN/ m
Live Load Calculations for Beam(B-16):-

The maximum support reaction from Live Loads for R6 upon B 16 is
3.43KN The distributed Live Load from the Rib6 on B16

LL =3.43/0.52= 6.6KN/m.
The distributed Dead Load from the R8 on B16
LL =1.61/0.52= 3.1KN/m



(i) avaail) g Jaladl)

Total LL =6.6+3.1=9.7 KN/ m

v Flexural Design for (B-16) :

The maximum factored moment in beam Mu =116 KN.m

Determine of Mp max :

d =350 - 40 -8 — 16\2 = 294 mm

3 3
o= ;d = ;.294 = 126 man

a=H.c=126=0.85 = 107/.1 Trorni

Mnpa= 0.85= fé *a *b(d - _E. ) = 0.85*%24*107.1*800*(294-107.1/2)
*10°

= 420.28KN.m

@ Mnmax = 0.82* 420.28 = 344.6 KN.m >116 KN.m .

Design as singly reinforcement

R M, 116 X 10% L6
n= - = - =1,
Oba® 05 X BUU X 2947 e

Iy Fzu ;
m= ;= = 20.b
UBSF.  UbnXiz

p=%(1_ [1_2 '*:ﬂ:) =L(1_1J[1_ M) = 0.00465

Z0.& %20

A = p.b.d = 0.00602x800%294 = 1094 mm?

Check for As min:-

Jice
Asmin = Y% (owi)(d) = V24, 00w 204 = 685.86 mm?

4(Ty) 4% 420
Asmin = 2 (ow)(d) = =4 *800* 204 = 784 mmControls
(fy) 420

A=1094 mm? = Asmin = 784 mm?
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Use 5¢ 18 Bottom, As provided= 1272 MM*>As required= 1094 mm?... Ok

Check spacing :-

_ BUU-30ri-16—{5%18]
5

S =1535mm >d, =18> 25mm UK

Check for strain:-

o R wE T
=2y - = 1?' = K“'", = 3274 rman
Unb ) LHsE0 K22
u 32,72 - .
C=— =——=3852 rmn
_-'f: Ao
fd—c¢ 294 — 38.52
5. = U003 (—J = .03 (—J =0.0199
: C 3852

= 0.005 0k

Flexural Design of Positive Moment for(B16):

(Mu=91.5KN.m)

My _ Ylhxig®

T pmdY | uyKEUUKIGEY 1.47Mpa.

n

m=—2_=_= —.pge

; | i 47
pzi(l— (1278 _ 1 (4 [q 2xd06xi -)= 0.00363
| | 4

2.k | 220

A = p.b.d = 0.00363x800x294 = 855.23 mm®,

Check for Asmin:-

Jfce J
Asmin = Y (w)(d) = 2% _*g00*294 =685.86 mm’
A(1y) 4%420
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ASpin = ﬂ(bw)(d) = 14 wg00%204= 784 mm*Controls

(fy) 420
A= 855.23 mm?= ASpin= 784 mm?

Use 5216Bottom, As provided=_1005 MM*>As required= 784 mm? ... Ok

Check spacing :-

_ BUU=30:l=18={5:18]
5

S =156mm >d, = 16> 20mm 0K

Check for strain:-

Arfy s w4 }
==y - = 1?"” x '"_ = 2586 remn
UBSE f;  UHS KB K23
X=— = 2% — 5042 mem
By LLEs
qd—c¢ (294 — 30.42 _
. =0.003 (—-J = 0003 (——J = 0.0259
: C 3042
> 0.005 Ok

Flexural Design of Negative Moment for(B16 ):

-(Mu=-147.7KN.m)

& M, 147/.7 % 10°
n= - = -
@bd? UY xXBUU X 294¢

= 237 Mpa

[ - ; [ e o .
p=2(1— [1-2mfa) -2 (g [q_ 220627 _ 440602
vrL 8 420 2.k | 420

A = p.b.d = 0.00602 x800x294 = 1415 mm?

CheCk fOf Aslmin:'

NI J
Asmin = Y (ow)(d) = Y22 _*800* 294 = 658.4 mm’
4(ty) 4% 420
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1.4 1.4 2
ASmin = —— (bw)(d) = —*800*294 =784 mm
= 1y W) = 55

A =1415mm? = ASpin =784 mm?

Use 52 20, As provided= 1570 MM*>As required= 1415 mm?... Ok

Check spacing :-

BUL=S0s = 18={ 520 ]
S= o

=151 mm>d, =20> 25 mun UK

Check for strain:-

Ag it 57U WAz

qo—2fy _ 1IUREN o a0mm
Ugs8 II."'I_- L Hs XU K23

X== = _.}T'} = 4&47.53 rmun
_-'f: LE. ]

pd — ¢ 4294 — 4753
. = 0.003 (—J = 0.003 (—J — 0.0155
: c 4753

> 0.005 0k

v" Shear Design for (B 16):-

for shear design, minimum shear reinforcement is required (4, ......),

Reinforcement.

A, = 2*50.24 = 100.5 mm? xUse stirrups (2 leg stirrups ) g 8/ 150 mm
V,=117.2 KN

V, = é;ﬁgw == éy‘ﬁx BOD * 294 = 192 KN

® V=0.75*192 =144 KN

05dVesVusd Ve
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72<117.2< 144

minimum shear reinforcement is required (A4, ....),

| 1 fc
ﬂ > ()" bW/ (3*,) = (%) * bwif,,

femin — 63%147=85.73 mm?

&

294
X = —= = = 14/ mmon controi

max

LS I~

ur 5 = 600 rroan

max

Use 2 leg®8 @150mm

4.7 Design of Two way solid slab (S54) :

hmin =15 cm

v Dead load calculations:

Table(4.4) calculation of the two way solid Dead load

Dead load oxy KN/m
from:

Tiles 0.03x22x1 0.66
Mortar 0.02x22x1 0.44
Coarse 0.07x16x1 1.12
sand

Slab 0.15x25x1 3.75
Plaster 0.02x22x1 0.44
Partitions 2*1 2
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sum

8.41

Dead load =8.41 KN/m?,

Live load = 5 KN/m?.

WuD =

WuL =

1.2*Dead load = 1.2*8.41= 10.1 KN/m?.

1.6*live load = 1.6*5 = 8 KN/m?.

Wu = 10.1+8 = 18.1 KN/m?

e

AN
P

A g

|
il
T E‘R LF"' 4

M

Figure 4. 7 Plan of two way solid (SS4)

hear Design :
l/l,=4.4/6.35=0.70

W,=0.09

Wa=0.91

he total load on the panel being ( 4.4*6.35*18.1) = 514.09 KN
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he load at face of the long beam is (0.91x514.09/(2*6.35))=36.84
KN

he load at face of the short beam is (0.09%x514.09/(2*4.4))=5.26
KN

Assume the & 12

d=150-20-12\2=124mm

¢ =(V24 *1000%124*107-3)\6 =101.24 KN

OVe 075 < 101.24= 75.93 KN

0.5 8V =0.5*75.93=37.97 KN

b 2ED uz

Vug= Wu(S == — d)=18.1( = —0.124) = SL67KN

The thickness of the slab is adequate enough

lexural Design:
(1a/1,=0.70)

Positive moments at discontinuous edge :
CaD=0.051

Cla=.06

CbD=.009

Clb=.013

Masve oi=Ca*W* L% =0.051*10.1*4.4 2= 9.97KN.m\m

Masve Li=Ca*W* L2 =.06*8*4.4 %= 9.29 KN.m\m
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Masve = Matve L + Matvep =19.26 KN.m\m

Mpsve 5=Co*W* Lp? =0.009*10.1*6.35%= 3.66 KN.m\m

Mp+ve = Mb+veL + Mp+vep = 7.85 KN.m/m

egative at discontinuous moment edge
M,.e = %*19.26=6.42 KN.m/m

Mp.ve = _3*7.85=2.62 KN.m/m

Positive Moment:
*Mua = 19.26 KN.m/m

Assume the dggr =12 mm
d =h- cover - (dgs\2) =150-20-6=124mm

_ Mn _19.26*10°/0.9
" bhxd? 1000*1242

=1.39MPa .

m = fy 420
0.85" fc' 0.85 24

o1z R o. 1 2 \/1- 272059%1.399_ ) 0034
mg { = 2059 120 5

2

=20.59

ASea - 0.00343 *1000*124 =425.41mm2/m

ASwin =0.0018 *b* h = 0.0018 *1000 *150 = 270mm2/m

As = 425mm23 A= 260 mm2/m

Use 4® 12\ 25cm with As=452mm?/m

=
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*Mub = 7.85 KN.m/m

Assume the dgar =12 mm

d =h- cover —dp- (dgar\2) =150-20-12-6=112mm

* 6
M :7.85 10°/0.9 — 0.69MPa

=——  1000*112?
R b>d

2

_ v 420
0.85" fc' = 0.85 24

& 0 ae * *
_12 2mR1. 1 \/ 2 2059 0.699_ ) 00167
mg f, 5 2059 5

ASea - 0.00167 *1000*112 =187.04mm2/m

=20.59

ASyin =0.0018*b*h = 0.0018 *1000 *150 = 270mm2/m
control

Use 3@ 12 \ 25cm with As=339mm?/m

v Negative Moment:

Asz%* Aspos=§ # 425 = 1416/ mm?< ASrin =270 mm?
Not OK

Use 3@ 12\ 25cm with As=339 mm?%/m

4.8 Design of Stair:
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TT T T gh 1T
iy LN ,
H Pl

JE Y Y A O :'[ﬁ"n
T 7 I = ? T S’ T

100

A, 70 P

Fig 4.8: Stair Plan.
v'Material :-

b  concrete B300 Fc' = 24 N/mm?

P Reinforcement Steel Fy = 420 N/mm?

1- Design of Flight :-
v Determination of Thickness:-

hmin = L/20
hmin =L/20 = 5.7/20 =28.5cm(For simply supported one way solid slab)

hmin =L/28 =5.7/28 =20.4cm(assuma the slab ends are cast with the

supporting beams and additional negative rainforcment is provided)
Take h=25cm

The Stair Slope by 8 = tan™(17.5/30)=30.26
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Dead Load For Flight For 1m Strip:-

Table (4.5): Dead Load Calculation of Flight.

Parts Of Flight Calculation

Tiles 23*0.03*1*((0.3+0.2)/0.3 ) =
1.15KN/m

Mortar 22*0.03*1*((0.3+0.2)/0.3) =
1.1KN/m

stair 25*%0.5*0.2*1 = 2.5KN/m

R.C 25*0.25*1 / c0s26.5 0 = 5.59KN/m

Plaster 22*0.02*1 / c0526.50 = 0.49KN/m
Sum= 10.83KN/m

Live Load For Landing For 1m Strip =5*1 =5 KN/m

v" System of Flight:-

Factored Load For Flight :-

Wy = 1.2 x10.83 + 1.6x5 =21KN/m

v Design of Shear for Flight :- (Vu=31.3
KN)

Assume bar diameter g 14 for main reinforcement

d =h- cover — 'Z—" = 250 — 20— % = 223 rum
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V. = é,;ﬁaw d== =424+ 1000* 223 = 182.1 Kn

T

KN >Vu = 31.3KN...... No shear . ©OV.-0.75*182.1 =
reinforcement are required

v Design of Bending Moment for Flight
- (Mu=35.9 KN.m)

.o Fh.yxiu®
Ri=—2 = =.0 Mpag
" O = ) DTN e Eah P
j U N
m=_—L{ = = J0.6

=401.4 mm3/m  Agyeq = p.b.d = 0.0018 x1000x

mm?/m = Asmin=0.0018*1000*2
mmZ/m ASreq = 401.4mm2<As’min=
mm*m  Take As=

Check for Spacing :-

Omm = S=3h=3*
JHU

S = 380%( o0 ~ 2:5%20 =330

z
=
S =450 mm

S=330mm ......... is control

mm2>As‘required= 450mm2... Ok . O mm ,As‘providedz USG ﬂlz @ 1

Check for strain:-

a= Asfy 1nduxan

= ; = — — = A3.26 Tmom
UEbE fp WA NIOUUXZIZE



w _ 2335

C=—_
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— = A/ .36 e
uAas

_ (1?3 — 27.36

)= 0.016
2736

Lateral or Secondary Reinforcement

For Flight :-

mm® 0= Asreq= Asmin =0.0018*1000*2

mm2 Ok mm2>A5|required: . @ 200 mm ,As’provided: USG ﬂl

2- Design of Middle Landing :-

v" Determination of Thickness:-

hmin = L/20

hmin = 4/20 = 20 cm

Take h=25cm

v" Load Calculation:-

Dead Lo

Table (4.6

ad For (LA1) Landing For 1m Strip:-

): Dead Load Calculation of Middle Landing.

Parts Of Landing

Calculation

Tiles 23*0.03*1= 0.69KN/m
Mortar 22*0.03*1= 0.66KN/m
R.C

25*%0.25*1= 6.25KN/m
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Plaster 22*0.02*1= 0.44KN/m

Sum = 8.04KN/m

Live Load For Landing =5*1 =5 KN/m

Factored Load For Landing :-
Wy = 1.2 x8.04 + 1.6%5 = 17.65KN/m

Factored Load From Flight :-

Wial = WELL_ ET 471 KEN/m

! T

v" System of Landing:-

Moments: spans 1to 1

1.15 374 1.15
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Moment/Shear Envelope (Factored) Units:kN,meter

Shear

-46.1

-65.

46.1
65.

Fig 4.10: Shear and Moment Envelope Diagram of Middle Landing

v Design of Shear:- (Vu=46.1KN)

Assume bar diameter g 12 for main reinforcement

d =h- cover — & = 450 — 20— = = 224 7ram

2 2

Ve=2Jfch, d== ZvZ4» 1000+ 224 = 162.9KN

|-

®* V.-0.75* 182.9 = 137.9Kn> Vu = 46.1KN
reinforcement are required

...... No shear

v Design of Bending Moment :-
(Mu=37.4KN.m)

Assume bar diameter g 12 for main reinforcement

d =h- cover — i—” =250— 20— % = 224 rrum

.o 7. 4010
R=—% = — = B4 M
"TebdE T USNILUUNTIAE P
s 22U -
m=—-= = A6

ussg!  uvuaxzs
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FAI R | #20

EETTE [, 2x208x84

Asreq = p.b.d = 0.00204x1000x224 = 456.96 mm?

As min =0.0018*1000*250 = 450mm?

Asreq = 456.96 mm?......... is control

Check for Spacing:-

S =3h =3*250 =750 mm
240

= *( = —_ * =
S =380 (.‘—j o0 ~ 2:5%20 =330
S =450 mm
S=330mm ......... is control

USG ﬂ12@150 mm ,As‘provided: 753 mm2>Ag’required: 45696mm2 s
Ok

Check for strain:-

Aty U ez
a=— Iy — — = 15.85 rrm
Uidos [, Lo 1biuxis
15.5:
c=— = Z = 18.64 mumn
H, 13485

ad— 223 — 14.64
¢ = D.003 (—J — 0.003 (———-——J = 0.033 > 0.005 .....0k
. 7 18.64

Lateral or Secondary Reinforcement For Landing:-

As reg= Asmin =0.0018*1000*250 = 450 mm?

Use 88 @ 100 mm ,As provided= 502.4 MM*>As required= 450 mm?... Ok

3- Design of Beam:-

Design of beam(BW2)
«»Material :-
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P concrete B300 Fc' = 24 N/mm?
P Reinforcement Steel fy = 420 N/mm?

«+Section :-

P B=30cm

P h=35cm

P d=350-40-8-16/2= 294 mm
p

v Dimensions:-

Feometry Jrits:meter,cm

1 2
1
A
S— iy
R TR | -AJ | R
0.25 158 0.2%
I | I 7 I I
|
15,
0.
A4
Loading
load groug no. 1
Dezd load - Senvice Units:kN mater
W ¥ i b TR0 o ¥ i
Aty
LY ) ') h's ¥ L ¥ L'}
| §34 ’

Fig 4.11: Geometry and lading for Beam
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Shear

-82.4

-38.2 ///

; / :
e

6.4

Manen /Shea Envelope Fadoed) Hrsils, khbinslsy

Wiomentis; epane 1fo 1

142 3B 142

Fig 4.12: Shear and Moment Envelope Diagram of beam

v" Moment Design for (B16):-

Flexural Design of Positive Moment for(B16):(Mu=35KN.m)
Determine of My max
d =350 - 40 -8 — 16\2 = 294 mm
3 3
c=—gd =—.2494 = 1.6 mur
7 7
a="H.c =126+ 0.85 = 107/.1 ron
Mnmax= 0.85= £, =a *b(d - % ) = 0.85*%24*107.1*300*(294-107.1/2 )
*10°

= 157.6KN.m



(i) avaail) g Jaladl)

@ Mnmax = 0.82* 420.28 = 344.6 KN.m >35KN.m .

Design as singly reinforcement

R M, 35 x 10° ca

n = - = - =, a
Obd’! 09 x BOD X 2942 P

m=—2_=_%Y — s

uesy!  uvuaxzs

. - u. | m— .
pzi 1 — ill_"m'j:-- =__:l 1 — fl—M = D.00204
1] Y #20 Z0.& Y 420

= p.b.d = 0.00204x300x294 =179.9 mm?

CheCk fOf Ag’min:'

ASin = */_(b w)(d) = V24 VT _x300*294 = 257.2 mm’
4(fy) 4*420

ASmin = (fy) (b )(d) = *300*294 294 mm?Controls

A=1094 mm?=Asmi, = 784 mm?

Use 4g 12 Bottom, As provided= 452 MM>>As required=.294mm?>... Ok

Check spacing :-

FULU—% Z—1k—i5xiZ ] - I 3
S = il : S — 8.5 > d, =18 > 25mon UK

Check for strain:-

Agfe _ abe xE
UBnb fy UMD XE0U X238

=311 mm

L 1.1
C=— =— = 36.5 mun
B, WLBS

d— r] o 3(294 - 36.5) P

c 36.5

£, = 0.003 (
> 0.005 Ok
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Shear Design for (B 16):-

for shear design, minimum shear reinforcement is required (A, ...x),
Reinforcement.

A, = 2*50.24 = 100.5 mm? xUse stirrups (2 leg stirrups ) g 8/ 150 mm
V,=38.2 KN

Ve=2Jfch, d== ZyZ24% 300294 = /201 KN

|-

® V=0.75*72.01=54.01 KN

P VesVu<sd Ve 0.5
54.01>38.2>27.003

No shear reinforcement is required

_[]_

- B O
N -
b Tl

Fig 4.13 : section(A-A)
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4.9 Design of Column (C37) :

, 60

Fig 4.14 : Column section

v" Design for column(C37) :

Load Calculation for Column

C37

35cm*60cm 24Mpa 420Mpa

v" Load Calculation:

Pu=1232.79KN
User =rg=1.40%

Pu=0.65*0.8*{0.85* fc'(Ag- Ast)+ Ast( fy)}

1232.79*10° = 0.65*0.8*[0.85* 24 * (Ag - 0.014Ag) +0.014Ag*420]
Ag =166593.46mn’

Ag =350*a

166593.46/350 = a

a=475.98mm
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Use 600~ 350mm with Ag =210000mm?2

1232.79 210000 mm?

v’ Selecting longitudinal bars:

Pu =0.65*0.8%{0.85* fc'(Ag - Ast)+ Ast ( fy)}
1232 .79 *10° = 0.65 *0.8*[0.85 * 24 * (210000 - Ast)+ Ast *420 |
Ast = 2926 .74mm ?

Take 6® 25As,provided =2946 mm* >As,req = 2926.74

mm?

Ast

rg . Ag . 296 _,614
210000

0.65 | 2926.74 0.0141

2

mm

v" Design of Ties:
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- Use ties @10 with spacing of ties shall not exceed the smallest
of

1.48 * ds =48 * 10 = 480mm

2.16 *db =16 * 25 = 400 mm - control

3. the least dimension of the column =450 mm

Use ties @10 @ 200mm

®10 ®25 200
810020
. B #10820
rd Fd 107~ - =317

2 S
”ED“L_J

Fig 4.15: Column Reinforcement Details.

v’ Check for code requirements:

_ *9 _ *9_ 2%
1. Clear Spacing :600 4072 210 2-3 25:212.5mm >

40mm>1.5db=1.5*25=37.5mm - OK
2.0.01<rg =0.014<0.08 - OK

3. Number of bars 6>4 for rectangular section — OK
4. Minimum tie diameter ds =®10 for db = ®25 bars — OK
5. Arrangement of ties 212.5 mm<150mm - OK
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212.5

mm

6 0.0141 @10 P25

v" Check Slenderness Effect:

MU gy ML ACI - (10.12.2)

r M 2
Lu: Actual unsupported (un braced) length.

K: effective length factor (K= 1 for braced frame).

I
R: radius of gyration = 0.3 h = \/;
Lu=3.35m
M1/M2 =1 (Braced frame with M,min)
K=1, According to ACI 318-02 The effective length factor, kK,
shall be permitted to be taken as 1.0.

MU gp oML oo cao ACI - (10.12.2)
r M 2
Ku _ 1*3.74

=20.78 <22 <40.....

r  0.3*0.600

Short column ...

v" Short column in both direction

3.7 1. 1. 20.7
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4.10 Design of Basement wall

v'Load Calculation:-
¥ = swuildensity = 18KN/m?.
@ = angleofinternalfriction = 30"
LL=5 KN/m?
Thickness = cm, cover = 4cm .
The design will be for 1m width .
Neglect the axial load, since its low value
gl = swilpressure = Ko+*y * h.
g2 = surchargepressure = Ko = LL
Ko = swvilpressurecoef ficientatrest = I—sin@.

So,
Ko=1—sin@®=0.5.

o . KN
gl=0.5=18= 3474 =33.66

g2=05%5= 25—,

Factored Load :-
glu = 33.66 % 1.6 = 53856 KN /m®

q2u =25 16 =4 KN /m?
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Moment!/Shesfr Envelope |Factored) dréds kM, meder
Memanta: AnAna 1 ¥
- 1
"'\-\._‘_“_‘ - -
‘_,__\_‘_\‘_ _‘-_‘-_'__.___
1.68 e 206
Shaar
AET 521
| i
T — — T
_.-F-""__F_
_--—"_F_
p—
=
0.5

Reaztinne

Figure 4. 16 Moment /Shear Envelope OF basement wall

v" Design of bending moment of wall :-

Design for positive moment Mu =68. KN.m .
16
d = 250—40 - = 202 mm.

Mu 63.0
= = = /R4t KN
04 0.9

_ Mnx*10° _ 7/6.44=10°
© bhsd?  1000= 2027
Fy 420
0.85=fc' 0.85=U5

Mn

=187 Mpa

m = = 19./&

T _|: 2 Rn»m
Fy

1 |  2+187+19.76
[——JE—— 1T— | SEE

149./6 \ 420

=4.67%1077

Asreq = peb=d =46/ =107% = 1000+ 202
=943.34mm? /m. ...control.




(i) avaail) g Jaladl)

Asminey = 00012 = b=h =0.0012 =« 1000 * 374
= 748 mm? /m.

Asminforflexture =025 # -\.-"ffc # bw # d
¥

\."E

=0.25 % 5 = 1000 = 202 = 601.2 mm® /m,

1. 1.4

Asminforflexture =—=bw>d =—— > 1000 = 202
fy 220
=673.3mm? /m ....control.

For inside wall Select
P12@10cm = 11309 mm* = 9Y43.34mm°.

For outside wall Select
P12@10cm = 11309mm® = 67/3.3mm>,

v’ Design of shear force :-
g = 200 — 40 —d = 20Zdmm
@ve = n.?ﬂvgw‘ﬁwm
=0.75 x% *\/25= 1000 = 202 = 1077
= 12625 KN.
(Ve = 126.25) = (Vu = 67.7).
No shear Reinforcement is required and thickness of wall is
adequate enough.
But horizontal Reinforcement due to Cracking:
Asregh = 0002 = b= h =0.00Z * 1000 = 3/4 = 748mm* /m.
For one side As = 374mm’ /m.

Select for one side horizontal reinforcement
Q10@20cm = 392.7 mm?® > 3/4 mm?
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4.11 Design of Footing (F2)

v Material ;-

P concrete B350 Fc' = 24 N/mm?
P Reinforcement Steel Fy = 420 N/mm?

v'Load Calculations :- (From Column C1)

Total services load =997.662Kn

Total Factored load = 1238.117
Column Dimensions (a*b) =60*35 cm
Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 400KN/m2

Mazh #10E820cm

102174 L=1.94 ) ; E
10814 L=1.04 . NI onsy DPM

10 55 . 60 . 5 10
10 170 10

190

4@7?

k5
=)
=
|

<t 3
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Fig 4.17 :Footing Section.

Assume h = 45cm
Ot atiow = 400 —=18*0.25 — 25*0. 45=384.25kn/m2
v' Area of Footing :-

Pt YYY.66%

= Jb6m*

g.r:em.i.'.:-u
Assume Square Footing
B required = 1.7 m

v/ Bearing Pressure :-

qu = 1238.117/1.7*1.7 = 428.4Kn/m?

v" Design of Footing :-

v Design of One Way Shear Strength

Critical Section at Distance (d) From The Face of Column

Assume h = 45cm , bar diameter g14 for main reinforcement and 7.5
cm Cover

d=450-75-14 =361 mm
Vosq (52 d) ot

1L7—086

Vu=428.4. (“°F —0.361) = 1./=137.6Kn

=
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BVe=0.75% 2 x [ fc' * by *d
V=075 2 xZ3* 1700 * 361=375.8KN> Vu  ....... Safe

v Design of Two Way Shear Strength

Vu=Pu- FR

FR, =q, *area of critical section

Vu =1238.117 - 428.4[(0.6 +0.361) * (0.35 +0.361)| = 945.4Kn

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

fv. =f —§+_—\/T% d

+2\/7¢bd
fv, =f —\/7¢bd

Where:-

fo

_ Column Length (a) 60 _17
© " Column Width (b) 35

b, - Perimeter of critical section taken at (d/2) from the loaded area

b, = 2*(36.1+ 35) + 2*(36.1+ 60) = 334.4cm

&5 =20 forcorner column
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. =f —a?+_ \/7% _E*EB 24 *3344* 361 =1608.9Kn

. iy
f Ve f +2 w/ ¢bd _075 ﬁo 361 | 20« /24 %3344 %361 = 1537Kn
e 3344 17
. =f —\/ ¢b d —% 24 *3344*361=1478.5Kn
Vu=1003.8Kn>®Vc =1478.5Kn
v Design of Bending Moment :-

Critical Section at the Face of Column

FR = g« (7) » L = 428.4% (") <1.7=400.6Kn

= 153.8Kn.m/2Mu = 428.4*1.7*0.65*0.65

Ay _ 1sdaxio”

PhaY | UyKI Ul xISTE

=0.77Mpa

Rn:

. 254U R
m=—1_ — _ — 206
uBss! ubaxis

Asreq = p.b.d = 0.0019x1700x361=1166.03 mm?

As min = 0.0018*1700*450= 1377 mm?
As,req>As,min

As,min=1377mm>......... is control

Check for Spacing :-

S = 3h = 3*45=135cm
2dU

S= 380*(£ —-2.5*75=192.5cm

S=45cm ......... is control
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USG 10ﬂl4in BOth DII"ECtIOH, As,provided=1593-4 mm2>As required1539

mm?... Ok

Check for strain:-

a= Agpy _ Lsvyxam

= F = — — = 1b./mm
Utsl f,  Udbxliuuxzs

16.7
c== == =196mm
By IR L]

36l — 196

a —
¢ = D.003 (—] = u.uu&(
: £ \ 19.6

Design of Dowels :-

Load Transfer In Footing :-

FPnb=F(0.85fc® \/%)

A; =60 *35=0.21 m?
A, = 170*170 =2.9 m?

\/E=,/£=3.7>2 ................ \/Ezz
A 0.21 A

FPnb=0.65" (0.85" 24" 210 " 2) =5569.2Kn
FPn =5569.2 > Pu =1238.117.......... .ok

No Need For Dowels

Load Transfer In Column :-

FPnb=0.65" (0.85" 24  210) = 2784 .6Kn
FPn =2784.6 > Pu =1238.117Kn.......... ok

No Need For Dowels
As,min = 0.005* Ac = 0.005 * 600 *350 = 1050 mm2

Use 6225, As provided= 2945.2 mMM*>As required= 1050mm?>... Ok

) — 0.052 > 0.005 .....

Uk
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v Development Length In Footing :-

Tension Development Length In Footing :-

o Fy -".-.:l r-= s -
Ly, =555 i *db > 300.mm
di

Ktr = 0 (Naostripes)
25 154.4
ch =?5-i-?= gemm Ur r:h=T='H T
kir +cb4 0O+ 7/

=55
db 14
=25

ktr +cb
—— =345
elh

) 21U 1x1=l.d
- w T~

Led,, .. =—
Prey gy 1eqfoa 2k

# 14 = 345,/ yrore = 300 rum

1rul—s0u

LdT avaitable = - -15=475 mm

Lt availaole = 475 MM >1d,, . = 343.7 man........ OK

Compression Development Length In Footing :-

200mms> 0.043*Fy*dB >Ldggeq= S22i2es

~I2
200mm> 0.043*420*14 = 252.8>Ldcreq= ~— o, — = 288.1
LdCreqz 288.1 mm
LdCreqz 347 mm > LdCa\/ai|ab|e= 450 - 75 - 14_ 14 = 347mm ........ Ok

Lap Splice of Dowels In Column :-
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Lsc =0.071" fy" db=0.071" 420 ~ 25 =745.5 mm > 200 mm

elect Lsc =800 mm

| J z
—
—
-, |
=il o I ¥ 5 3 A1
=
[ )
o |“ 10%1 4 L=1.84m E|
© 154
20 3]
=]
" 10 55 _ 60 _ 65 10
10, 170 10,
' 190 '

Fig 4-18 :Footing Reinforcement Details.
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