an 1 a1 4 avy
Ol ST 5, Anala
L o 5l duaigl) dls

i jlanall  Aginall Auigh 5 il

&

0

assdtt

a"
J]
M or

G

(O st @ AL £ g e

Mag) AU ALERY) Julatl) aladialy ALESY) asasall) 45 jl8a

sl al gl IS el ad) AN LAY Judal)

idaad) (3 2
daalas Jale Glay - Sl 3 e 2l -
Oalgal el 1 - pala ol g 5 -

Sl cpanl 69T -

1) )

daaf A ada dasa 3

Cuad - a3
2016 -2017




Ol ST g Al
s LI
Lo o360 Aueighl Al
4 larall g dgiaal) duaigh! 50

185 padl ad
Mag) AUS ALEY) Julatl) aladialy ALEN) asasail) 45 jl8a

sl al gl IS el a) AN LAY Jadal)

idaad) (38
daalas Jile Glay - Sl 2 e aaba -
Olgl axal 28 - pala alda &g i -

Jald) cpanl 69T -

;h'aciﬁé\y3&\9#\u&cJ&L.\AS\dM\M&Jd\ﬂjJ%jﬁﬂ\ghw\aﬁSe&ub sl
Ao o cllliiag o186t Gt g 4y jlarall g Ainal) ddigd) 3 13 ) £ g pdiall 138 agal a3 ddaciaal) 4iall




AR P

g ad il Jgow Lale Ay (ueatily Gy jha b (e ' 308 (54 (g Ale 4 La) dhaall ol 7 55 )
Sadad) ) Gy

03¢ 9 03038 5 all Uil a9 baga g Alhg L3B) (ha ) cplal¥) LAY LEEIE 5 BLal) ra dda o (JSE5 (e I
'"(‘.‘.JSS‘ (_g.ﬁb"

‘u.g_n;w\;hg.m;u&g\m coa Mgl glanad) £ a1 58 Jall) i g (B L gled S e )
18 5 dad) L;A\ " AL Glal) daala Rl

AR A gt La gy Liga g LEEE G )

S L g pad 5 U glh agibaccs Sl (ha () G35 € Al LigS L () ey s Labof palidile (ga )
MelBaai g ) Gl

" Oad gl U g™ Uil S S (e Uikl aallly ) ol e

11 Ll Alle )9 4RI B ) gd oS0 4 aalibal (e )

AoapalSY) cpalall Lok LB 5 seaia A6 g 580 015 La o) (acdh LS gy Aaala B aalSY) LS )
Alaali g

Jard) (3 8




s Sad)

Adla ddde LN g i) G aay

G W g Agma) slay Wbl g Ja¥) 83 U ) e (Al ¢ planadd eli<il o daala (8 dusaig) 4318 1)
£l Lt el dand

(Al a Ty Una (S o) AL pad ) AN g g Al A jlanall g Aiaall Aitigh) 5 a0 )
iagl!

o Ul aldl o) cagll g Canll (laa ISy Hana Jalld 585 ¢ san] Gud) A Lana pall) gl )
,@AS\JSZ}.U\@EUJ\cSJﬁS\J&M\Jg‘Y\LMQ&JcoaﬁjﬁégmuléijAAQH

Saadl 13a Slady Al gl 8IS L83 ) gudiall g Aapaal) L 238 g Ldelu Juald ) giSa JS I

Ade gadle I Ulgaay 8 S ) sal) agd (S Gl Alal) Aidia panads B addail] jalsl) )

Jasdl (33 8




Ma¥) AL ALY Jadail) aladiiady ALY asasail) 45 84

sl al Jf S gal dlat) AN LAY Julal)

idand) (38
daalaa Jule (lag - Sl e 2aba -

Olgl axal 28 - pala ol &g i -
Jali) el 69T -

2016-2017

= g%

daa L) dda dasa

:&JJM‘ Uaila
Juaalfl g baact) aijsid (o larall ananail) any Asall o) Clasaaill aaf ga ALLY) aresail)
(A avadd) @l o ady olal) cila o Aol sland) Jadly g Dlial) e Blial| g

O o 9l g ging (AN LAY palind) et ALGNY) araalil) b £ g piall Cith (Al (Say
sl aly O Ao i pdiall pa GUSYY a5 3B g (ALASY) jaalind) (e W S g O jaad) g bl g Baac g cltball
LETABS geali s aladiuly ¥ (AN 5 alal) A IS N o gl Eung £ g siall

Ay 0 gy JS Ao gall ¢y Al 3o (ha JalEil Alld g 4] dulal) dalall ) 35 £ g pdial) 138 JLEA a1
dga sl iy g ) gl B LS yall Al (e Jliil) g ABhaial) B 4 jlanall 3oliSH) ade ) 520 Laa Jgala
£ 5 piall JA1a @ jladl i) ga




DA g piall Allan) Aalisay Lyl @kl %a 615) il e aaf (e £ g pdiall ()5S0
Lal g ol jlanall i ga ¢ 3 e Laga Gl @) Gun ccillladl) (e ) o ilda JS (6 gy Gun (% 6700)
Sobia J8E U jlara A ) gal) clad] e g aclhall g ¢ Al g qailsall o g giat 48y

S daa g Joada Adpda (o Jual gl (Adpdall aladl £ LA to Joada ddida S e A B g pdiall ady
.(p 1400) Wialua 15 () dadad Jo (Alaial) oda b A g 38 g LY g cBla) gall ol il g

258l g Apinll g dsall g dpadl Jlaa¥) waait (1990) (ALY 258l aladie i 4] UL paal) o

35 aladic) alud adaliall apanaly (ALY Jdadll Al Wi (¥ Jlaal qilwal UBC (5o 4!
rie Qgalal) el plany Ao Alaie V)l 4d) ) B LAY (e 23 Y9 «(ACI_318M_14) (Ss Y)

AutoCAD 2007 and 2014, ETABS, office 2010.

dad gial) Adlidal) Jlaal) g Aulady) pualiall Jalalk g dand (pe bl Alad) 4l 3 £ g pdiall Cpanaiv g
Aas)g @il G jEa Jae g sl Sy A JSy ALLEN)  aliall AN asaaill A3 g
O riall ALY JSlgdl (eS8 Al ALEN) palind) arand sall araaill o ol 43450 cilahill)
O ARl g ALESY) pualinl) asand (ALY asaalll apali o 0 a8 0 9SS 0 £ g pdiall alal) ay a3 giall
AR g g ) 3L Lagia JuaB) ) Jua gill g aanat) S

Vi




vii

xii
Xiv

Table of Contents

)
Olgiad
Aoyl o) ginl) Aadia
EAT .5k ol Sl dadia
slaay) dada
el g Sl dadia
Ayl ARG (adlal) dsda

o)

List of Abbreviations

dohaadl g

LY (g
dardall JsY Juaidl)
dasia 1-1
£ 9 pally ale iy s 2-1
£ 9 al) LA Gl 3-1
£ 5 pdall Cilaa| 4-1
£ 9l AlSiia 5-1
g sdall (3ldai 6-1
g 9diall Sy giaa 7-1
£ 9 dally Jard) Ja) jal (a3l Jakadial) 8-1
s Jarall Cia ) S Juadl)
datia 1-2
g 94l (o dals daal 2-2
£ sl ad ga 3-2
& sal) dan 4-2
CLol s Guadd) 4 0 5-2
@ gall J 6-2
el e i Al edal) 7-2
g3l pualic a5 8-2
-2-45 gutll) (il 1-8-2
~1-4g guadl) (Gilla 2-8-2
s N (il 3-8-2
J¥ sl 4-8-2
A Gal) 5-8-2
Gl gadal) 6-8-2
& Gl 7-8-2
oAl L‘g,&kl\ 8-8-2
owleal) (gldal) 9-8-2
abd) (gial) 10-8-2
Crall) (gldal) 11-8-2

vii




21
21
22
23
23
24
25
26

27
28
28
28

29
30
30
31
31
32
33
33
34
43
35
36

Chapter Four
4-1
4-2
4-3
4-4
4-5
4-6
4-7
4-8
4-9

4-10
4-11

&JM%JL&AS\‘_,AUH\

A lanall jualinl)
il A4S Al
cilgal glf

48 Hal) dga) gl
Adladl) dgal gl
4 gial) dgal 5
A Al dgal gl

() a5l

Adadla

gal.ﬁu‘;" M\ Ty

Jlaaly
daual) Jlaall)
dal) Jlaall
agigd) Jlaaly

ALY ualiad)

LAKYA]

Flat Plate dadawall cifdial)

3aas Y

oalll O i
clalad)

z)

Aaliay) oyl

dasiiial) cugailad) zal

"Structural Analysis and Design"
Introduction

Factored loads

Construction Stiffness

Load Calculation

Determination of thickness of slab
Design of two way flat plate
Design of Columns

Design of Shear wall

Design of Basement wall

Design of Isolated Footing

Design of Stair

viii

9-2
1-9-2
2-9-2

10-2
1-10-2
2-10-2
3-10-2
4-10-2

G Jeadl
1-3

2-3

3-3
1-3-3
2-3-3
3-3-3
4-3
1-4-3
1-1-4-3
2-4-3
3-4-3
4-4-3
5-4-3
6-4-3
5-3

37
38

38
39
43
47
53
57
67
70

74




81

81
81
83
84
88
92
929
100
101

Gl gil) g gilidl)

Jaad) A 5 alay) D g AU Cpallaill (e A
a) Al aldas

Al ADE Al

gl

i) asad)

3aas Yl

oalll ¢l s

Gl

Slua gil)

el pally laall

ERECRPA
1-5
1-1-5
2-1-5
3-5
1-3-5
2-3-5
3-3-5
4-3-5
4-5
5-5




List of Abbreviations

¢ = area of concrete section resisting shear transfer.
A = area of non-prestressed tension reinforcement.
As = area of non-prestressed compression reinforcement.
Ay = gross area of section.
A, = area of shear reinforcement within a distance (S).
A = area of one leg of a closed stirrup resisting tension within a (S).
b = width of compression face of member.
by = web width, or diameter of circular section.
C. = compression resultant of concrete section.
Cs = compression resultant of compression steel.
D. = dead loads.
d = distance from extreme compression fiber to centroid of tension
reinforcement.
E. = modulus of elasticity of concrete.
f.& = compression strength of concrete.
fy = specified yield strength of non-prestressed reinforcement.
h = overall thickness of member.
L, = 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.
L. = live loads.
L. = length of wall.
M = bending moment.
M, = factored moment at section.
M, = nominal moment.
Pn = nominal axial load.
P, = factored axial load
S = Spacing of shear in direction parallel to longitudinal reinforcement.
V. = nominal shear strength provided by concrete.

V, = nominal shear stress.




s = hominal shear strength provided by shear reinforcement.
V, = factored shear force at section.
W, = weight of concrete.
W = width of beam or rib.
W, = factored load per unit area.
® = strength reduction factor.
g = compression strain of concrete = 0.003.
& = strain of tension steel.
& = strain of compression steel.

p = ratio of steel area .
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4-1 Introduction:
Concrete is the only major building material that can be delivered to the job site in a
plastic state. This unique quality makes concrete desirable as a building material because it

can be molded to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete
structural members must resist extreme tensile stresses, steel supplies the necessary
strength. Steel is embedded in the concrete in the form of a mesh, or roughened or twisted
bars. A bond forms between the steel and the concrete, and stresses can be transferred

between both components.

In this project, all of design calculations for all structural members would be made

upon the structural system which was chosen in the previous chapter.

So, in this project, one types of slabs used, flat plate slab. They would be analyzed and
designed by using finite element method. with the aid of a software packages called
"ETABS" to find the internal forces, deflections and moments for flat slabs. and then hand

calculations would be made to find the required steel for some members for comparison.

The design strength provided by a member, its connections to other members, and its
cross-sections in terms of flexure, and load, shear, and torsion is taken as the nominal
strength calculated in accordance with the requirements and assumptions of ACI 318M-14
code.

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=1.2DL +1.6L ACI 318M-14
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4-3 Construction stiffness versus side loads:

4-3-1 Stiffness of shear wall at x direction:

Table(4-1): Stiffness of shear wall at x direction.

b x h3
No. shear wall b h I, = 12
(m) (m) (m*)
0.3 x 33
W(1) 0.3 3.0 12
=675x 1073
W(2.1) 0.5 0.3 1.25x 1073
W(2.2) 4.2 0.3 9.45x 1073
W(3) 0.8 0.3 1.8x 1073
W(4.1) 0.3 2 200x 1073
W(4.2) 0.3 1.2 43.2x 1073
W(4.3) 0.3 2.2 266.2x 1073
W(4.4) 0.3 0.5 3.125x 1073
W(5) 1.3 0.3 2.925x 1073
W(6) 1.3 0.3 2.925x 1073
W(7.1) 0.5 0.3 1.25x 1073
W(7.2) 2 0.3 45x 1073
W(7.3) 2.2 0.3 4.95x 1073
W(7.4) 1.1 0.3 2.475x 1073
W(8) 0.3 6 5400x 103
W(9) 4.7 0.3 10.575x 1073
W(10) 0.3 3 675x 1073
W(11) 4.8 0.3 10.8x 1073
W(12) 0.3 1.7 122.825x 1073
W(13.1) 0.3 1.2 43.2x 1073
W(13.2) 0.3 1.8 145.8x 1073
W(14) 0.3 2.6 439.4x 1073
W(15) 0.3 2.6 439.4x 1073
W(16) 3.6 0.3 8.1x 1073
W(17) 3.9 0.3 8.8x 1073
y=8.52295 m*
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4-3-2 Stiffness of column at x direction:

b x h3
I, =
12
Table(4-2): Stiffness of column at x direction.

Column No b h I,
c.l 7 0.6 0.6 75.6x 1073
c.2 8 0.6 0.3 10.8x 1073
c.3 10 0.3 0.6 54x 1073

¥=0.1404 m*

According to ACI 318M_14 ... 6-2-5

Stiffness of shear wall >12 X stiffness of column
8.52295 m* >1.6848 m* ...ok
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4-3-3 Stiffness of shear wall at y direction:

Table(4-3): Stiffness of shear wall at y direction.

b x h3
No. shear wall b H Iy=—3
(m) (m) (m*
3x 0.33
W(1) 3.0 0.3 12
=6.75x 1073
W(2.1) 0.3 0.5 3.125 x 1073
W(2.2) 0.3 4.2 1852.2x 1073
W(3) 0.3 0.8 12.8x 1073
W(4.1) 2 0.3 45x 1073
W(4.2) 1.2 0.3 2.7x 1073
W(4.3) 2.2 0.3 4.95x 1073
W(4.4) 0.5 0.3 1.125% 1073
W(5) 0.3 1.3 54.925x 1073
W(6) 0.3 1.3 54.925x 1073
W(7.1) 0.3 0.5 3.125x 1073
W(7.2) 0.3 2 200x 1073
W(7.3) 0.3 2.2 266.2x 1073
W(7.4) 0.3 1.1 33.275x 1073
W(8) 6 0.3 13.5x 1073
W(9) 0.3 4.7 2595.6x 1073
W(10) 3 0.3 6.75x 1073
W(11) 0.3 4.8 2764.8x 1073
W(12) 1.7 0.3 3.825x 1073
W(13.1) 1.2 0.3 2.7x 1073
W(13.2) 1.8 0.3 4.05x 1073
W(14) 2.6 0.3 5.85x 1073
W(15) 2.6 0.3 5.85x 1073
W(16) 0.3 3.6 1166.4x 1073
W(17) 0.3 3.9 1482.975x 1073
¥y=10.5529 m*
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4-3-4 Stiffness of column at x direction:

b x h3
I, =
Table(4-4): Stiffness of shear wall at y direction
Column No b h I,
c.l 7 0.6 0.6 75.6x 1073
c.2 8 0.3 0.6 43.2x 1073
c.3 10 0.6 0.3 13.5% 1073

¥=0.1323 m*

According to ACI 318_14 ... 6.2.5

Stiffness of shear wall >12 X stiffness of column
10.5529 m* >1.5876 m* ...ok
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4-4 Load Calculation:

Calculation of the Total dead load for flat slab is shown in the following Table (4-1):

Table(4-5): Dead loads for material.

S. Weight (Material) NO
(KN/m®) #
23 Tile 1
22 Mortar 2
17 Sand 3
25 Reinforced Concrete 4
22 Plaster 5
20 Backfill 6
78.5 Mild Steel 7
0.10 KN/m?2 Ceiling 8
0.20 KN/m?2 Installation 9
1.00 KN/m? Partition 10
» Dead Load :

o For floors: GF,1,2,3,45,6,7,8 :

o Weight of solid =0.25*25 = 6.25 KN/m?

° Weight of plastering =0.02*22 = 0.44 KN/m?

° Weight of sand =0.07*17 =1.19 KN/m?

° \Weight of mortar =0.02*22 = 0.44 KN/m?

° Weight of tiles =0.03*23 = 0.69 KN/m?

o Weight of partition =1 KN/m?

o Weight of ceiling =0.1 KN/m?

o Weight of installation =0.2 KN/m?
Total dead load =10. 31 KN/m?

o For basement floors :

o Weight of solid =0.25*25 =6.25 KN /m?

° Weight of plastering ~ =0.02*22 =0.44 KN /m?

o Weight of partition =1 KN /m?
Total dead load =7.69 KN /m?
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4-5 Determination of Thickness:
4-5-1 Determination of Thickness for flat plate Slab:
The structure may be exposed to different loads such as dead and live loads. The
value of the load depends on the structure type and the intended use.
The overall depth must satisfy ACI 318M-14:

Table(4-6): Min thickness of two-way slabs

Table 8.3.1.1—Minimum thickness of nonpre-
stressed two-way slabs without interior beams

(mm)t
Without drop panels!®! With drop panels®!
Interior Interior
Exterior panels panels Exterior panels panels
Without With Without With
s edge edge edge edge
MPal! | beams | beams!¥ beams | beams!¥

280 /33 /36 £x/36 /36 /40 £./40
420 £,/30 £,/33 £./33 £./33 /36 £,/36
520 £,/28 £,/31 /31 /31 /34 /34

Oz, is the clear span m the long direction, measured face-to-face of supports Gnm)

mForj_; between the values gwen 1n the table, minimum thickness shall be calculated
by linear interpolation

BCIDrop panelsas given m 8.2 4

Mslabs with beams between columns along exterior edges Exterior panels shall be
considered to be without edge beams 1f aris less than 0.8 The value of asfor the edge
beam shall be calculated in accordance with 81027

For the slab as shown in figure (4-1).

: |

| Bl ‘

1.2030

EA B 2
Figure (4-1):Max spans in slab.
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For flat plate with no edge beams, minimum slab thickness equal:
Deflection=L/360 =6650/360 =18.47 mm

According to ACI 318M-14 ....... h taken less than hmi,, But we want to use h=25, the

value of deflection remain at the range.

The deflection must be considered, and no punching shear occurred.
Using ETABS program for analysis, we take
d = h - Cover — diameter bar = 25-2-1.4=21.6 cm.

Assuming @14 mm reinforcing bars, with As=154 mm?

4-5-2 Check for the two way punching shear slab on (column C22 in Eight floor):
The punching shear strength is the smallest value of the following equations:

1 4
v =Lt{2+ 2] /Fbd
c 12( ﬂc]ﬁ 0
1(a.d !
vootfad o) g
C 12( bo + j\/T 0
V. =%w/ t' b, d

Where:

Column Length (a) 40

- =" =1.00
Pe Column Width (b) 40

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

=4* (b + d) = 4%(0.4+0.216) = 2.464 m

a, =40 for interior column
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V, = 12[2+—J\/—bd 0.5,/f, b,.d

1.00

1 (400216
V. = b,.d =0.459 1. b, d
; 12[ 2.464 ]F It
_ %\/ t'b,d =03333/, b,d....Control

Vu =20.37 * (33.22 - 0.38) = 668.95 KN

_ %‘\/ f, b,.d = 0333328 x 2.464x 0.216 x 10°

V, =937.816kN............. ®=0.75
DV, =0.75x937.816 = 703.45kN
VAV 0.K

No punching shear occurred on the column.
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4-6 Design of two way Flat Slab:

526
4,69

Fig(4-2): Middle & Column strip.

Calculation of moments in an interior panel of a Flat plate By (DDM)
1. Compute the factored loads.
wp =10.31 KN/m?
w,=1.2x10.31+1.6 x5 =20.37 KN/m?

2. Compute the moments in the y direction.
Iy =4.7m
l, =6.64m

2.1 Compute M, .
_ Wyl,Lj
0~ g
20.37X6.64X4.7%

M, = 3 =373.51 KN.m

2.2 Divide M into negative and positive moments.
M,_,. =—0.65x373.51 = —242.78 KN.m

M., = 0.35x373.51 = 103.73 KN.m

2.3 Divide M between the column and middle strips.

Negative moments:

Column-strip= 0.75x-242.78=-172.1 KN.m
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Middle-strip=0.25x-242.78=-60.7 KN.m
Positive moments:

Column-strip= 0.6x103.73= 62.24 KN.m
Middle-strip=0.4x103.73= 41.5 KN.m

3. Compute the moments in the x direction.
Iy =65m
[, =53m

3.1 Compute M, .
_ WyL,L}
0~ g
20.37X5.3X6.52

My = 3 =570.17 KN.m

3.2 Divide M into negative and positive moments.
M,_,, = —0.65x570.17 = —370.61 KN.m
M,y = 0.35x570.17 = 199.6 KN.m

3.3 Divide M between the column and middle strips.

Negative moments:

Column-strip= 0.75x-370.61=-277.96 KN.m

Middle-strip=0.25x-370.61=-92.65 KN.m

Positive moments:

Column-strip= 0.6x199.6= 119.76 KN.m

Middle-strip=0.4x199.6= 79.84 KN.m

4-6-1 Design of positive moment for column at x direction:
* M, =119.76 KN.m
d = h -Cover — diameter bar = 25-2-1.4=21.6 cm.

_ fy _ 420

T 0.85f,  0.85(28) =17.65

_ M, _ 119.76+(10)3

™ bd2 ~ (0.9)(2.65)(0.216)2 =1.076 MPa
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1 1 1 2ZmRr, 1 1 2%17.65+1.076 000262
P=m f, 17.65' 420 ) =0.
As = 0.00262*(2650)* (216) = 1499.7 mm? > Ag min =1192.5 mm?
As min= 0.0018 *2650*250 = 1192.5 mm?
# of bars = 1499.7/153.94~ 10
Select 1014 /2.65 m note: area of ®14=153.94 mm? Select ®14 /20 cm
4-6-2 Design of negative moment:

e My =-277.96 KN.m

_ fy 420 _
m= 0.85f.,  0.85(28) 17.65

_ M, 277.96x(10)73 _
Rn=pz = (0.9)(2.65)(0.216)2 2.498 MPa

_1 1 1 2mR, _ 1 1 1 2%x17.65+2.498 — 0.0063
P=m f, C17.65¢ 420 ) =0

A = 0.0063*(2650)* (216) =3606.12 mm? > Aq min =1192.5 mm?
Aq min = 0.0018 *2650*250 = 1192.5 mm?
# of bars =3606.12/254.5< 15

Select 11914 /2.65 m note: area of ®14=154 mm? P14 /20 cm
Additional 11d16 /2.65 m note: area of ®16=201 mm? P16 /20 cm

4-6-3 Design of positive moment for column at y direction:
* My =62.24 KN.m
d = h -Cover — diameter bar = 25-2-1.4= 21.6¢cm.

_ fy 420 _
0.85f,,  0.85(28)

17.65

_ M, _ 6224x(10)73
" bd?2 ~ (0.9)(2.65)(0.216)2

Rn = 0.559 MPa

1 | _zmR, _ 1 | 2e17.65-0.559
P=mt f, T 17.65' 420 ) =0.

A = 0.00135%(2650)* (216) = 772.74 mm? > As min =1192.5  mm?not ok
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Aq min = 0.0018 *2650*250 = 1192.5 mm?
# of bars =1192.5/154 = 11

Select 11®D14/2.65m note: area of ®14=154 mm? Select ®14 /20 cm

4-6-4 Design of negative moment:
* M, =-172.1 KN.m

- 91765

m= 0.85f,,  0.85(28)

_M, _ 1721x(10)73

™ bd2 ~ (0.9)(2.65)(0.216)2 1.54 MPa

_ L. | mRy 1 2¢17.65:154
P=m f, T 17.65¢ 20 =%

A = 0.0038*(2650)* (216) =2181.17 mm? > Aq min =1192.5 mm?
As min = 0.0018 *2650*250 = 1192.5 mm?
#of bars = 2181/154=14

Select 14P14 /2.65 m note: area of ®14=154 mm? P14 /20 cm

4-6-5 Design of positive moment for middle at x direction:
* Mu =79.84 KN.m
d = h -Cover — diameter bar = 25-2-1.2=21.8cm.

me_ 1Y __420 ;45
0.85fc’  0.85(28)
_ M, _ 79.84x(10)73

=0.704 MPa

Rn= bd2 ~ (0.9)(2.65)(0.218)2

1 |, _zmR, _ 1 | 2e17.65-0.704
P=mt f, 17.65' 420 ) =0.

A = 0.0017*(2650)* (218) = 982.1 mm? > A min =1192.5 mm? not ok

Aq min = 0.0018 *2650*250 = 1192.5 mm?
# of bars=1192.5/154 = 11

Select 11®P14 /2.65 m note: area of ®14=154 mm? d14 /20 cm
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4-6-6 Design of negative moment:
* Mu =-92.65 KN.m

me_ 1V __420 4768
0.85fc’  0.85(28)
_ M, _ 9265x(10)73

=0.817 MPa

™ bd2 ~ (0.9)(2.65)(0.218)2

Ll [ozmRe 1 | _2e1765-0817 o
P=m f, 17.65' 420 -

As = 0.00198*(2650)* (218) =1144 mm? > As min =1192.5 mm?not ok

Aq min = 0.0018 *2650*250 = 1192.5 mm?

# of bars =1192.5/153.94 = 11

Select 11®P14/2.65 m note: area of ®14=154 mm? ®d14 /20 cm

4-6-7 Design of positive moment for middle at y direction:
* Mu =415KN.m
d = h -Cover — diameter bar = 25-2-1.4= 21.6cm.

f 420
m=—9 __ ~17.65
0.85fc’ 0.85(28)
_ My 415%(10)73 _
"~ ba? ~ (0.9)(3.98)(0.218)2 0.244 MPa
1| _mRe 1 2¢17.65+ 0244 _
p=0 £ = 1765 ¢ 420 ) =0

A = 0.00058*(3980)* (218) = 503.23 mm? > As min =1791 mm?Znot ok
Asmin = 0.0018 *3980*250 = 1791 mm?

# of bars=1791/153.94= 12

Select 1214 /3.98 m note: area of ®14=153.94 mm° d14 /30 cm
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4-6-8 Design of negative moment:
* Mu =-60.7 KN.m

f 420
m=— ~17.65
0.85fc’  0.85(28)
_M,  607:10)73  _
N~ bdZ ~ (0.9)(3.98)(0.218)2 0.357 MPa
_1 . [ _2mR, _ 1 | 2+17.65:0357
P=m f, 17.65' 420 ) =0.

A = 0.00086*(3980)* (218) =746.2 mm? > As min =1791 mm?
As min = 0.0018 *3980%250 = 1791 mm?
# of bars = 1791/153.94= 12

Select 1214 /3.98 m note: area of ®14=153.94 mm? @d14 /30 cm
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4-7 Design of Column:

4-7-1 C001 in Basement 2:

Column
Rienforcment

1- Design of longitudinal Reinforcement:
D_.=1500 KN
LL:300 KN Column
Py =1.2x1500 + 1.6x300=2280 KN
Pn =2280/ (0.65) = 3507.7 KN

¢+ Determination of Agreq:

PI=2%
Pn0.8A.{0.85 ) *1-Pg + @y Pg}

3.5077 =0.8 *A, {(0.85%28)* (1 —0.02) + (0.02 *420}
A=0.138 m?

Select 30*60 cm with Ag =0.18m? >Ag

req

Check Slenderness Effect:

e In 60cm-Dirction.

klu M1

B<@Ee-12 (M—Z)) < 40

Lu: Actual unsupported (unbraced) length.

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

R: radius of gyration=0.3 h = \/'IA:

Lu=3.25m
M1/M2 =1

K=1, The effective length factor (k) shall be permitted to be taken as 1.0.

Ky 341 M1
r M 2

1*3.25

———=18.05< 22
0.3*0.6

Short column in 60 cm direction.
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.. Slenderness effect must not be considered.

e In 30cm-Dirction.
klu Mq
Fr<(34-12 (M—Z)) < 40
Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

R: radius of gyration =0.3 h = \/'IA:

Lu=3.25m
M1/M2 =1

K=1, The effective length factor (k) shall be permitted to be taken as 1.0.

& < 34—12—NIl

r M2

*
ﬂ =36.11> 22
0.3*%0.3

long column in 30 cm direction.

.. Slenderness effect must be considered:

5 _ cm
ns = —1 7.
0.75P,

ins

cm=0.6+0.4

1
cm=0.6+0.4I=1

€emin =15+ 0.03x300 = 24mm

Bd — 1.2pp B 1.2x1500 _ 0.789
"~ 1.2Pp+1.6P;, 1.2x1500 + 1.6x300
0.4EIg 0.4x4750v/28x0.6x0.3%/12
EI = = =7.59 MN.m?

" 1+Bd 1+0.789
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& Jadl

P = m?El  m?x7.59 103_41872 7 KN
““1+Bd~ 1+0.789 '

1
ons = T 2280 =1.078
0.75 X41872.7

e =epinxons = 24x1.078 = 25.88mm

e 2588 0.0863
h 300

Use @ 20

_300-40x2-10x2-20 _
r= 300 =

¢P, 2280x103 ]
bh = 200300 x0.145 = 1.84 ksi

g< 0.01”

P, =0.8 Ag{0.85 €)1 _Pg+dy* P g}

3.5077=0.8*0.18 {(0.85*28) (L — X g) + (420 * P g)}
P g= p min=0.01

AsmI =P g* Ag
AsreaI =0.01*0.18= 0.0018 m?

Note: As for @18 = 254.5 mm?

| Use 8®18

@10@320

Ei:j = _ N " ‘;1 #1090
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4-7-2 CO7 in GF:
D =2500 KN
L. =550 KN

Py =1.2x2500+1.6x550=3880 KN
P,=3880/ (0.75) = 5969.23 KN

« Determination of Agreq:

pg=2%

Pn =0.85 A,{0.85 ) x1 P g +dy* P g}
5.969 = 0.85 *A, {(0.85%28)* (1 — 0.02) + (0.02 *420}

A=0.221m?
2

0221—”D
' T4

Structural Analysis and Design

Select D=0.53 cm, take D=60 cm Ag =0.283 m2 >Ag req

Pn =0.85A,{0.85 €y *1_P g +(dy+* P g}
5.969= 0.85*0.283 {(0.85*28)( 1 — ¥ g)+ (420 * P g)}
P 4=0.0025

Asreq: P g* Ag
AsreGI =0.01*0.283=0.00283 m?

| Use 10®20 Note: As for ©20 = 314.2 mm?
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4-8 Design of shear wall:

4-8-1 System:
= ( Basement 1-floor and Basement 2-floor both are considered as Rigid Box ,due
to enough walls.)

system

M =1 :250

~<

Hy

» x

25+

204

154

104

Structural Analysis and Design

9 floor
Basement 1
Basement 2
Level of fundation
Figure (4-3): Rigid Box.
7
5 6 fF=r=—==—=—==y 1y
= -—‘,;— ‘
[ [t
I Ll
| : @ 9 " a
===t 1] (!
<l | IS 12 |
| ofp=tht———t]
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w
| . i)
w 2
= 17
H‘l; 1
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Figure (4-4): Shear Wall Plan.
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4-8-2 Calculate_load from Earthquake:

3860

Floor W.Slab(KN) W.Column(KN) W.Shear wall (KN) W.Stair (KN) W.external wall (KN)

Table (4-7): Weight of building.

SD (KN)  0.25XL.L (KN)Total Weight (KN

2520.72 11251.72

3886.25 606.8 2220 45 1170.00 2518.29 777.25 11178.59
3886.25 574 i 2100 45 1170.00 2518.29 777.25 11025.79
3886.25 574 2100 45 1170.00 2518.29 777.25 11025.79
3886.25 497 2100 45 1170.00 2518.29 777.25 10948.79
3886.25 497 2100 45 1170.00 2518.29 777.25 10948.79
3886.25 497 2100 45 1170.00 2518.29 777.25 10948.79
3886.25 434 2100 45 1170.00 2518.29 777.25 10885.79
3886.25 434 2100 45 1170.00 2518.29 777.25 10885.79
163.125 0 300 0 60 0 0 523.13
99622.965
Base shear :

= UBC 1997 code

= Zone '2B"' (Hebron)

= From Table 16 -J
o I7
o  soil profile type =Sc

= From Table 16 -1 = Z=0.15 (Seismic Zone Factor )

= From Table 16 -K  1=1.0 (Importance Factor)

= From Table 16 -N R=5.5 (Over Strength Factor (Type of bracing system)

= From Table 16 -Q Ca=0.24 (depended on soil profile and Zone)

= From Table 16 -R Cv=0.32 (depended on soil profile and Zone)

= Ct=0.0488 from 1630.2.2 of UBC

Cv.l W
R.T

Ca.l W
R

<25

>0.11xCa.lW

T = Ct(hx) ™
T —0.0488(35.5) % =0.71

(30-4)
(30-5)
(30-6)

(30-8)
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v=932xL 01w control
5.5%071
<25924%L 6 082w

>0.11x0.24 x1xW =0.026W

V =0.082x99623=8169.1KN

Ft =0.07TV
(30-14)
=0.07x0.71x8169.1 = 406 KN
Ex — v - Ft)-.\N)-(.hX
> wi.hi (30-15)

Table (4-8): Base shear calculation.

“E?;I‘C::’J};t W WHH (KN.m) Fx (KN) YFx  (KN)
stair 35.5 523.13 18570.9375 487 487
3 32.5 10885.79  353788.175 1501 1988
7 28 10885.79 304802.12 1293 3281
5} 25.5 10948.79 279194.145 1185 4466
5 22 10948.79 240873.38 1022 5488
4 18.5 10948.79  202552.615 859 6347
3 15 11025.79 165386.85 702 7049
2 11.5 11025.79  126796.585 538 7587
1 8 11178.59 89428.72 379 7966
GF 4.3 11251.72 48382.396 205 8171
3 1829776 8171 8171
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Table (4-9): Relative rigidity of walls. P=10°

wall Height (m) Length(m) Ec*106 Thickness (m) A (m) 1/4 (R)
1 3.5 3.3 1.06 24.87 0.3 1.07 0.94
2 3.5 6.3 0.56 24.87 0.3 0.32 3.17
3 3.5 1.3 2.69 24.87 0.3 11.55 0.09
4 3.5 9.5 0.37 24.87 0.3 0.17 5.72
5 3.5 1.3 2.69 24.87 0.3 11.55 0.09
6 3.5 1.3 2.69 24.87 0.3 11.55 0.09
7 3.5 9.8 0.36 24.87 0.3 0.17 5.95
8 3.5 6.3 0.56 24.87 0.35 0.27 3.70
a2 3.5 4.7 0.74 24.87 0.35 0.45 2.24
10 3.5 3 1.17 24.87 0.35 1.13 0.88
11 3.5 5.1 0.69 24.87 0.35 0.39 2.60
12 3.5 1.8 1.94 24.87 0.35 4,05 0.25
13 3.5 4.7 0.74 24.87 0.35 0.45 2.24
14 3.5 2.9 1.21 24.87 0.4 1.07 0.93
15 3.5 2.9 1.21 24.87 0.4 1.07 0.93
16 3.5 3.6 0.97 24.87 0.4 0.66 1.51
17 3.5 3.6 0.97 24.87 0.4 0.66 1.51

Table (4-10): center of rigidity calculation.

wall direction

1 Y 6.19 0.94 5.81

2 X 6.05 3.17 19.19

3 Y 0.15 0.09 0.01

4 Y 0.15 5.72 0.86

5 X 23.45 0.09 2.03

6 X 23.45 0.09 2.03

7 X 24.15 5.95 143.73

8 Y 9.7 3.70 35.89

9 X 20.85 2.24 46.70

10 Y 14.79 0.88 13.07

11 X 19.45 2.60 50.51

12 Y 16.44 0.25 4.06

13 Y 19.5 2.24 43.68

14 Y 10.71 0.93 10.00

15 Y 17.5 0.93 16.34

16 X 3.75 1.51 5.66

17 X 9.16 1.51 13.82
17.15 15.68 129,72 283.68
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Determine the rigid center of the building:

x,*,y; *: Distance between the rigid center for every wall and the origin.

®,

«+ Determine the Center of mass:

Table (4-11): Center of mass calculation.

m m*x m¥*y
1 86.6 536.2 0.0
2 165.4 0.0 1000.5
3 34.1 5.1 0.0
4 249.4 37.4 0.0
5 34.1 0.0 800.2
6 34.1 0.0 800.2
7 257.3 0.0 6212.6
8 165.4 1604.1 0.0
9 123.4 0.0 2572.4
78.8 1164.7 0.0
133.9 0.0 2603.9
47.3 776.8 0.0
123.4 2405.8 0.0
76.1 815.3 0.0
76.1 1332.2 0.0
94.5 0.0 354.4
94.5 0.0 865.6
1874.3 8677.7 15209.8

X=9.26
Y=16.23
ex=8.27-9.26 =-0.99

ey =16.5-16.23= 0.27
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TX = Vx*ey = 8169.1*-0.99 = 8087.4 KN
Ty = Vy*ex = 8169.1*0.27 =2205.6 KN

MTo(x) = FX.(CENTER OF RIGIDy - CENTER OF MASS y) =-0.99* FX
MTo(y) = FY.(CENTER OF RIGID x - CENTER OF MASS x) = 0.27*FY

Table (4-12): walls shear in (X & Y)-directions (Floor level GF ,VV=8169.1 KN)

Fv
0.94 -2.84 2.7 7.6 488.9 13.7 488.9 0.0 -4.3 -4.3
3.17 -9.81 ~ -31.1 ~ 305.2 0.0 159.6 ~ 159.6 1511.0 -50.1  1460.9
0.09 -8.88 -0.8 6.8 45.1 3.9 45.1 0.0 -1.2 1.2
5.72 -8.88 -50.8  450.7 2979.0 -81.7 28973 0.0  -98.1 -98.1
0.09 7.59 0.7 5.0 0.0 3.4 3.4 413 1.1 42.3
0.09 7.59 0.7 5.0 0.0 3.4 3.4 413 1.1 42.3
5.95 8.29 49.3 409.0 0.0 -253,1 -253,1 28355 79.4  2914.9
3.70 0.67 " 25 7 17 1928.4  -12.7 19157 0.0 40 | 4.0
2.24 4,99 11.2 55.8 0.0 -57.3 -57.3 '1067.2 18.0  1085.2
0.88 5.76 " 51 | 293 460.5 -26.1 4344 0.0 82 8.2
2.60 3.59 9.3 33.5 0.0 -47.8 -47.8 '1237.3 15.0 1252.3
0.25 7.41 1.8 13.6 128.7 9.4 119.3 0.0 2.9 2.9
2.24  10.47 23.5 245.6 1167.4 -120.3 1047.1 0.0 37.7 37.7
0.93 1.68 1.6 2.6 486.7 -8.0 478.7 0.0 2.5 2.5
0.93 8.47 7.9 67.0 618.9 -40.6 5783 0.0 12.7 12.7
1.51 -12.11 -18.3  221.3 0.0 93.7 93.7 718.9 -29.4  689.5
1.51 67 -10.1 67.7 0.0 51.9 51.9 718.9 -16.3  702.7
17.15 15.68 1927.3
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Table(4-13):Lateral load for each wall in X-direction.

stair

wo1l -0.3 -1.1 -1.7 -2.4 -2.9 -3.3 -3.7 -4.0 -4.2 -4.3
wo2 97.7 363.8 591.7 8035 984.7 1136.6 1262.3 1357.2 1424.4 1461.4
wo3 -0.1 -0.3 -0.5 -0.7 -0.8 -1.0 -1.1 -1.1 -1.2 -1.2
wo4 -6.6 -24.4 -39.7 -53.9 -66.1 -76.3 -84.7 -91.1 -95.6 -98.1
Wo5s 2.8 10.5 17.1 23.3 28.5 32.9 36.6 39.3 41.3 42.3
woe 2.8 10.5 17.1 23.3 28.5 32.9 36.6 39.3 41.3 42.3
wo7 195.0 725.8 11820.5 1603.2 1964.6 2267.8 2518.5 2707.9 2842.0 ' 2915.7
wos 0.3 1.0 1.6 2.2 2.7 3.1 3.4 3.7 3.9 4.0
WwWo9 72.6 270.2 4395 5969 731.4 844.3 937.6 1008.2 1058.1  1085.5
w10 0.5 2.0 3.3 4.5 5.5 6.4 7.1 7.6 8.0 8.2
W11l 83.8 311.8 507.2 688.8 844.1 974.3 1082.0 1163.4 1221.0 1252.3
w12 0.2 0.7 1.2 1.6 2.0 2.3 2.5 2.7 2.9 2.9
W13 2.5 9.4 15.3 20.8 25.4 29.4 32.6 35.1 36.8 37.7
wi4 0.2 0.6 1.0 1.4 1.7 2.0 2.2 2.3 2.5 2.5
W15 0.9 3.2 5.2 7.0 8.6 9.9 11.0 11.8 12.4 12.7

W16 46.1 171.7 279.3 379.2 464.7 536.5 595.8 640.6 672.3 689.5
W17 47.0 175.0 284.6 386.5 473.6 546.7 607.1 652.8 685.1 702.7

Table(4-14):Lateral load for each wall in Y-direction.

wallf/floor stair
Wwo1l 32.7 121.2 198.0 268.9 329.0 380.3 422.4 452.2 476.6 488.9

woz2 10.7 35.6 64.6 87.8 107.4 124.2 137.9 147.6 155.6 159.6

Wo3 3.0 11.2 18.3 24.8 30.4 35.1 39.0 41.8 44.0 45.1
Wwo4 193.8 718.5 1173.4 1593.5 1949.9 2254.1 2503.3 2680.0 2824.9 2897.3
W05 -0.2 -0.8 -1.4 -1.9 -2.3 -2.6 -2.9 -3.1 -3.3 -3.4
Wo6 -0.2 -0.8 -1.4 -1.9 -2.3 -2.6 -2.9 -3.1 -3.3 -3.4

Wo7 -16.9 -62.8 -102.5 -139.2 -170.3 -196.9 -218.7 -234.1 -246.8 -253.1
Wos 128.2 475.1 775.8 1053.6 1289.2 1490.4 1655.1 1772.0 1867.8 1915.7

Wos -3.8 -14.2  -23.2 -31.5 -38.6 -44.6 -49.5 -53.0 -55.9 -57.3
W10 29.1 107.7 175.9 238.9 292.3 337.9 375.3 401.8 423.5 434.4
Wil -3.2 -11.9 -194 -26.3 -32.2 -37.2 -41.3 -44.2 -46.6 -47.8

Wiz 8.0 29.6 48.3 65.6 80.3 92.8 103.1 110.4 116.4 119.3
W13 70.1 259.7 424.1 5759 704.7 814.7 904.7 968.6 1021.0 1047.1
Wwi4 32.0 118.7 1939 263.3 322.1 372.4 413.6 442.8 466.7 478.7
W15 38.7 1434 234.2 318.1 389.2 449.9 499.7 534.9 563.9 578.3
W16 6.3 23.2 38.0 51.6 63.1 72.9 81.0 86.7 91.4 93.7

A 3.5 12.9 21.0 28.5 34.9 40.4 44.8 48.0 50.6 51.9
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4-8-3 Design of Shear wall:

109.5
1756.8
2428
2971
3435
3814
405 4
4304

4415
Fig(4-5): Moment and shear diagram '

Fc' =28MPa

fy = 420 MPa

Shear wall Thickness T =40cm
Shear wall width Lw=2.9m

Story Height:

Hw; for one wall = 3.7 m >>> GF, 1%,

Hw, for one wall = 3.5 m >>> 2" 3rd gt gth gth 7th gth

4-8-3-1 Design of shear
> Fx=Vu =4415KN

4-8-3-2 Design of the Horizontal reinforcement:

The critical Section is the smaller of:
w_29_ 1.45m
2 2
hw _ 325
=
storyheigh(Hw) = 3.5m...... control

d=08xIlw=0.8%x2.9=2.32m

=16.25m
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5 !
(Z)Vnmax = (Z)EVfc hd
=0.75%0.83 * /28 * 400 * 2320 x 103 = 3056.8KN > V,,

V. is the smallest of :

1 1
1-V,.= g\/fc'hd = EVZS * 400 * 2320 1073 = 818.4 KN ...cont

N,d 5183.34 * 2.32
2-V,=0.27\/f./hd + === 0.27/28 x 400 + 2320 + 1073 +
41, 4%2.9
= 2362.5KN
L (0.1/77 +0.27%)
w |\ Y c ““1,h
3— V.=[0.05/f. + T hd
—_u__w
V. 2
2.9(0.1v28 + 0.23198%)
= [0.05v28 + R 400 * 2320 1073 = 1114.4 KN
M, 1, 1592.48 2.9
¥ ~Z2=216
V. 2 4415 2

Vu = 441.5KN<0.75*818.4 = 613.8 KN

- Minimum shear reinforcement is required:
Take P =0.0025

Select $12@20cm... Horizontal bars

- Maximum spacing is the least of :

3*h = 3*400 = 1200mm
450 mm ....... Control

Try ¢$12 (As = 113.1 mm?2) for two layers
*
o - Avh _ 2*113.1 — 0.0025
h*S2  400*S2
S2=226.2mm , ¢12@200 mm

—usep12@200 mm in tow layer
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4-8-3-3 Design for Vertical reinforcement:

h—W = E =11.21

L, 29

tw 2900 _ 966 67mm
3 3

450 mm ....... Control

3*h =3*400 = 1200mm
An=0.0025*S*h

Try @ 12 (As =113.1 mm2)
113.1*2=0.0025*S*400

S=226.2

Select @ 12 @200mm In tow layer.

4-8-3-4 Design of bending moment ( uniformly distribution flexural reinforcement):

2900 2
Ast=(300)*2*154=2977.3mm
_<Ast)fy_< 2977.3 )420
~\L,h/f. \2900 %400/ 28

P, 5183.34

_ = 0.0002
= 1hf. 2900 +400 =28
C w+a 0.043 + 0.002

l, 2w+0.858, 2+0.043+0.85+0.85

P, c
@Mn = @ [O SAStfylw(l + m)(l - El

0 9[0 5%2977.3 %420 % 2900(1 + >183.34
=0. .5 % .3 * * —_—
( 2977.3

=0.043

= 0.0462

)(1—-0. 0462)] =4266.22KN.m
> Mu

Select @ 14 @300mm for vertical reinforcement .
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4-9 Design of Basement Wall:

4-9-1 System:
12KN/M
+ 4+ + 4+ 4+ 4o
3.00
6.6
3.6 !
"6 KN/M
59.5KN/M
Fig(4-6): Basement wall Diagram.
4-9-2 Position:

Basement Wall (BW).

4-9-3 Material:
Concrete B350 Fc' = 0.8*35= 28 N/mm?= 28Mpa
Reinforcement Steel, fy = 420 N/mm? =420 Mpa

4-9-4 Loading:
a) Load calculation

¢ =30°
K, =1-sin30=0.5
y =18KN /m?®
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4-9-5 Design:
Moment / Shear Envelope (Factored) Units: KN.m
Moments: spans 1to 2
-81.9
345 4 38
0.8 ; ; mn'\ ;
7 g, 098 | s 21
38.9
| 1.98 ; 1.62 | 1.95 ; 1.05 |
Self weight of earth [D.L]
g, =y*h*K,=18*0*05=0
e, =y*h*K,=18*3.00*0.5=27KN /m
e, =y*h*K, =18*6.6*0.5=59.5KN/m
Load from live load [L.L=5 KN/m?]
e, =P*K,=12*0.5=6KN /m
eah(F*)=59.5*0.5*%6.6 +6*6.6 = 236 KN /m
Normal force N is ignored.
Mu =38.9 KN.m
Mn =38.9/0.9 =43.2 KN.m
d =300-40-12 =248 mm
6
Kn = Mnx2 _ 43.2x10 _—0.7Mpa
b*d® 1000x 248
f
m=—7~—= 420 =17.6
0.85f,  0.85(28)
1 2mKn
p=—- [1-0)
m fy
pzi(l_\/l_2><17.6><O.7)=0.0017
17.6 420
As ., =0.0017 x1000 x 248 = 421.6mm* /m
.25,/ fc' :
A = 0.25,/fc bad O 25,/28 x1000x 248 _ e lmm? /m

fy

420
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But not less than

L4xbwxd?  1.4*1000*248
fy 420

As =827mm?/m

AS, = 781mm? /m < As . =868mm*/m

#of bar in on meter = @ =5
154

so select ®14@20cm c/c

AS min = 0.0012><b xh
=(0.0012 x1000 x300
=360 mm?% m

As__ > As

req min = e

4-9-5-1 Design of Secondary Reinforcement:

AS, 1o = 0.002%1000* 300 = 600mm? /m

#of bar in on meter = @ =5

So select ®12@20cm c/c

4-9-5-2 Check for Shear:

Shear

Structural Analysis and Design

-15.8 -17.1

134.1

56.8

¢pxVc=>Vn
o= [fexbxd = 27 /28 x1000x 248
6 6
#VC =164 >Vu =134.1kN

No Shear Reinforcement Required.
So select S-Hook  4d12@m
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4-10 Design of Isolated Footing:

Once the ultimate column or load is determined, the proper footing can be designed. The
following subsections describe the analysis and design of footing (F24) .

4-10-1 Load Calculation:

Factored load Pu = 6530KN (Load from column C24)
Soil weight = 18 KN/m?

Column geometry D=70cm

Allowable soil pressure = 591.85 KN/m?

4-10-2 Design of Footing Area:
Allowable soil pressure = 5.9185 kg/cm?

Area (A) = Total Weight / Soil Pressure
= 6530KN /591.85 KN/m?

=11.03m’
Try 3.4*3.4 Area = 11.56m?
Select Foot Geometry 3.4*3.4
For the design of the renforce concerte membre factored load
must be use :
Pu=6530 KN
Pret (factored) = Pu/ Area = 6530 /11.56 =564.9 KN/m?
4-10-3 Determine the depth of footing based on shear strength:

Assume h=75cm ..... d = 750-75-20 = 655 mm

e Check For One Way Shear Strength

Vu = [3'4 ; 0.7 _ 0.655) x564.9*3.4 =1334.9KN
Vu =1334.9KN

ANC = %\/ﬁ x3.4%0.655x10° = 1473

Nc>Vu OK
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e Check For Two Way Shear Action (Punching).

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

1(, 2)\[.7
V, =g 1+ || f.'b,d
¢ C ¢ 6( +ﬂCJ Cc o
1( «a ’
PV, _¢'E(b0/d +2}/ f'b,d
SV, =¢.%«/ f.'b,d

Where:
Column Length (a) 70

Column Width (o) 70

C:

b, = Perimeter of critical section taken at (d/2) from the loaded area
=x (D+ d) = 4(70+70.5) = 562 cm.
a, =40 for interior column

PN =p.— [1+—}/ bd_TS( oj 28*5.62*0.655*10° = 7304.4KN

1( a, 0.75, ( 40*0.655
V. = \ f. b d= +2 |*4/28*5.62*0.655*10° = 6152.3KN
e =915 [b /d J 12 ( 8.58 j

PVe =¢-%\/ fc,bod =%*\/28*5.62*0.655*lo3 =5869.6KN .... Control
Vu =|(3.4*3.4)— (0.7 +0.655 )¢ |*564.9 = 5493 .1KN

¢V, =5869.6KN >Vu =5493.1KN OK

4-10-4 Design For Bending Moment.

Mu =564.9*3.4*1.35*1.35/2 = 1750.2KN
_ fy _ 420
0.85* fc  0.85*28
* -3
RN = I\/IU/(Zb: 1750.2*10 /(2).9: 1.33/mm?
b*d 3.4 (0.655)

2mRn
)

=17.65

m
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1 . \/1_ 2(17.65)(1.33)): 0.00327

P 765" 420
ASreq = 0.00327 (3400) (655) = 7279 mm?
ASreq =7279mm? control

P =0.0018
A, min = 0.0018 (3400) (655) = 4008.6mm

# of bars = As/ AS par = 7279/314 = 22.2
= Note Apzo = 314 mm?

Use23® 20  As provided = 7222 mm?  (in both direction)

4-10-5 Check for yielding:
Tension = Compression
As* fy=0.85* fc*b*a
7222*107°*420=0.85*28*3.4*a

a =0.036m
_ 2 _36 _4535mm
5, 0.85
g, = 92574235, 503 - 0.057
42.35
£, =0.057>0.005 ... OK
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X
74 o |
/
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&
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32|
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10 135 720 . 135 10
10 340 10
360

Fig:(4-7): Isolated Footing Detailing.
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4-11 Stair Design:

(-1

(1-8)

Fig(4-8): Stair A

4-11-1 Determination of Slab Thickness:

v’ L=12*30 = 3.60 m.

v’ 9 =tan(15/30) = 26.56°.

Cos 6 =0.89.

v' Ls =3.60/cos 26.56 = 4.0 m.

v Lu=4.0+0.4*2=4.80

v’ h > 4.80/ 20 = 0.24 m =24cm.
= Use h=25 cm and limitation of deflection will considered.

4-11-2 Load calculation:

% Dead Load:
= Horizontal Tiles = 0.03*24*(0.33/0.30) = 0.79 KN/m?.
= Vertical Tiles = 0.03*24*(0.15/0.30) = 0.36 KN/ m?.
= Horizontal mortar = 0.03*22 = 0.66 KN/ m?.

= Vertical mortar = 0.02*22*(0.15/0.30) = 0.22 KN/ m?.

= Plaster = (0.03*22)/ (Cos 26.56) = 0.74 KN/ m?.
= Steps = ((0.5*b*h)*25=(0.5*0.3*0.15*25)\0.3= 1.88 KN/ m®.
= Slab = 0.25 *25/ Cos 26.56 =7.022 KN/ m?.
Total dead load =0.79 + 0.36+ 0.66+ 0.22+ 0.74+ 1.88+7.02
= 11.67 KN/ m?.

+»+ Live load:
Live load for stairs =5 KN/ m?.
+» Factored load
qu =1.2*11.67+ 1.6*5 = 22 KN/ m?.

For one meter Strip, qu =22 KN/ m.
Assume @ 12 for main reinforcement:
So,d =25-2-0.6 =22.4 cm..

Take d=22 cm
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Moments

12 K8 12 K8

2 63.4 24 |

Shear

47 3-57 ]

RQR47.’%

Figure(4-5) : Envelope Shear and moment Diagram of Stair( A).
4-11-3 Design of Bending:
Calculate the magnitude of the maximum moment by using the shear diagram.

Mu = 63.4kN.m/m
Mn r¢q = Mu/0.9=63.4/0.9 =70.44 KN.m.

Mn
R = —
" p-d?
> 6
"= w =1.455N /mm?.
1000* 220
m=__fy =_420 =1765
0.85* fc 0.85*28
p=1(l- - 2mRn)
m fy
p= 1o \/1_2(17.65)(1.455) ) = 0.0036
17.65 420

A req = pbd = 0.0036 * 100*22 = 7.92 cm?*/m
As min = 0.0018*25*100=4.5 cm?
Asmin=45 < 7.92
Use AS req = 7.92 cm?.

Use ® 12 @ 10 cm. ....... with As Provided =(140/10)*1.13 = 15.82 cm?.
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4-11-4 Check for yielding:

Tension = Compression
A * fy=0.85* fc' *b*a
7.92*420=0.85*28*100*a

a=1.40cm
X :i:w =1.64cm
B 085
g, = 22710400 003
1.64

&, =0.037 > 0.005—> ok

4-11-5 Development length of the bars:

fy
24 fc

Ly, = xax fBxyxd,

L, = 420 x1x1x1x1.2 =47.62cm.

¢ 228

4.9.1.6. Design of shear:-

Vu =528 KN.
NEREI T
¢\/C:¢ [ w
6
* * *
¢vC=O'75 \@61000 220 _ 1 4c ek

Vu=528 KN < @.Vc=1455 KN.
>>>>No shear Reinforcement is required. So the depth of the stair is

4-11-6 Secondary reinforcement:

As =1xAs :%x7.92 =1.59cm? /m

5 req
AS grimage = 0.0018xbx h = 0.0018x100x 25 = 4.5cm? /m

Use @10 @ 15 €M «.veeene..... With As = (100 / 15)*0.79 = 5.3 cm?2.
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4-11-7 Design of landing:
Design as one way solid slab.

4.9.2.1 Load calculations:-

= Tiles =0.03*24 =0.72 KN/m2,

» Mortar =0.03*22 = 0.66 KN/m2,

= Slab =0.25*25=6.25 KN/m2.

» Plaster = 0.03*22 = 0.66 KN/m2,

Total dead load = 0.72+ 0.66 +6.25 + 0.66
=8.29 KN/m2,

= Width of landing = 1.70 m.

= Dead load =8.29 * 1.7 = 14.1KN /m.

Live load on the landing =5 KN /m2,
Live load on landing=5*1.7=85KN/m.

= Reaction of the stair on the landing = 52.8 KN/ m.

Factored Total load /m. =1.2 (D.L) + 1.6 (L.L) + Reaction of the satire
=(1.2*14.1) + (1.6*8.5) + 52.8 = 83.32 KN / m.

Design of Bending:

_quxl? 83.32x3.30°
8 8

Mn:w:%:l%KN.m

¢
Assume & 12 for main reinforcement:-

d =25-2-1 =22 cm.

Mu =113.4KN.m

Taked =22 cm.
R, =N
b-d
* 6
R =26710° 56 mpa

" 1000* 2202

, :i(l— [ 2mR, J
m f,

1 1_\/1_2*17.65*2.6 — 0.0066
Prea= 1765 420 '

As ., =0.0066x100x 22 = 14.46¢cm?
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@
AS iy = A(f )(b )(d)——(bW)(d)

/58
S 100)(22 >— 100)(22
min 4(420)( )(22) ( )(22)

As ., =6.93>27.3

— As_ . =7.3cm’.......... Control

AS . =14.46cm > As,, =7.33cm’

Use 1014 @ 10cm, with As = (140 / 10)*1.54 = 21.56 cm? > AS ¢q = 14.46 cm?
4.9.2.3. Secondary reinforcement:-

s =1y AS ., = %x14.46 =2.89cm?

5
AS grincage = 0:0018x bx h = 0.0018x 100 25 = 4.5¢m?

Use 1010 @ 15 cm, with As = (100 / 15)*0.79 = 5.2 cm? > AS 1¢q = 4.5 cm?

Design of shear:

quxL 83.32x3.30

Vu = > —137.48KN
f *p *d
pic= T b
6
* * *
¢vC:0'75 J28*1000 220 _ 45 sk

6
¢Vc =145.5KN >Vu =137.48KN

No shear Reinforcement is required.
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216:15
IE

?12:10em. T.B(L=210) i

] i
r D12 20y
012:20cm 212 10cm
M
014, 10 &
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W\
\)‘--: \ w0 .‘»\*‘“
\ o
/ e
oV \¢ o
= SECTION [A-A) TN STATRS
T4
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= I8

Scale (1220)

Fig:(4-9): Stair Detailing.
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Juaal 38l a2 dans s (Flat plate) £.55 0a (5 £ ssiall (b iliall ampanall) g Jlal) P& (1
O Jaa Juida cpallall) o 38 o 0 (Live load=5KN, Super dead load=4.05, Snow load=2KN)
Adlad) ¢Sy IS Jand) (838 U ¢ u A A AL 138 S Ll g Baa ) (38 paa) LiSSS b

elld g g8 Al ) gl g

- e - — - - - - - - .- - -— — — _ — —

[(41Plan View - GF - Z=43(m) Resultant MMAX Diagram  (s1) (kN-m/m] |

e
fiisszoc ook
>< I 22" 2SN
|—>x ﬂ lﬂ __s : ToE

T 0 s 65 0 65

Ala) AU AU max moment g st :(2-5)8 s
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el Joadl Sl il il

31 Plan View - of - Z= 4.3 (m)__Resultant MMAX Diagram._ (ss) [kN-m/m)]

180

Al A AU max moment gea s 1(3-5)bus<
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el Joadl)

Sl sill 5 il

[ ¥: Plan View - GF - Z = 4.3 (m)  Resultant MMIN D

A AU AL min moment s g :(4-5)5 54
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e} Jaal Sl il il

Aad) A AU min moment gass 1(5-5)8 g2
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el Joadl s 5l 5 il

sy 2-2-5

Juaall) e Aadlil) Lgale 2l LA (Reactions) Jud¥) a8 o (38 dllia (i (G 388 0as S0 dpuuilly
(Corner, Edge, Internal) 2sead) gdsa Ao (sl Sy (80 duad aalind g (ppallill) (B Lgale dablgl)
(%91 08 o 01983 O gl Ban g daltian) o 0l jand) (1985 ) dg Jaad (A @) paad) IS g a3 g Aadia daluia g
s AY 13 g g5 ANl ghaadl g

Stair (B)

H=25cm

(Ge,08) 1O weog

C26 c2s5

—
|-

h i

328 a8 5o grida g5 1(6-5)5 U9
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el Joadl s 5l 5 il

(Corner Columns) Ll g3l saes¥ Jud¥) 393, A cpallail) o (38N gedaga 1(1-5) Joa

Reaction 2D Reaction 3D
Column Floor Dead Live sD Snow Sum Dead Live SD Snow Sum
type of colum
# KN KN KN KN KN KN KN KN KN KN %
c2 comer col. Base 108.8 40.5 103.7 5.6 262.6 112.5 42.1 130.8 9.4 2048 10.9
c3 corner col. Base 294.7 150 313.5 1.6 759.8 311.2 170.9 342.8 1.8 826.7 8.1
c4 comer col. Base 845.6 646.5 595.9 27.7 2515.7 098.6 640.3 1146.2 279 2813 10.6
c5 corner col. Base £01.3 521 744.2 189 2085.4 871.2 544.5 708 19.5 2239.2 6.9
c8 corner col. Base 375.4 157.3 157,595 3.4 768.05 419.6 217.9 227.4 -2.5 862.4 10.9
co corner col. Base 313.5 137.6 218.2 5 674.3 3704 179.1 247 -1.4 7951 15.2
€10 corner col. Base 263 128.2 228.6 4 623.8 296.4 152.6 293.8 4.2 747 16.5
C11 comer col. Base 260.2 56.3 241.3 5.1 566.9 179.1 784 272.2 0.4 5391 -5.2
C15 corner col. Base 357.6 114.5 213.2 6.6 691.9 243.4 99.5 207.3 6.8 557 -24.2
C16 corner col. Base 333.8 127.8 109.2 2 572.9 207.1 81.6 90.1 -0.1  468.7 -22.2

(Edge Columns) 4 k) saas3U Juad¥) 393, B Cuallalll (38 gl ga 2(2-5) Jo>

Reaction 2D Reaction 3D
Column Floor Dead Live sD Snow Sum Dead Live SD Snow Sum
type of colum
# KN KN KN KN KN KN KN KN KN KN %
c1 edg col. Base 334.4 172.5 350 18.27 875.17 321.7 164.6 351.9 18.6 856.8 -2.1
6 edg col. Base 1003.8 582.7 1778.4 23.6 3388.5 922.1 554.5 1756.3 23.9 3256.8 -4.0
c7 edg col. Base 982.6 542.7 1735.7 24.6 3289.6 911.3 544.4 1681 24.3 3161 -4.1
c1z2 edg col. Base 775.2 473.5 1070.3 18.9 2341.9 707.5 432.3 1000.5 19.5 2159.8 -8.4
Cci3 edg col. Base 956.1 685.6 1323.2 21.5 2086.4 880.1 557.5 1205.8 22,5 2764.9 -8.0
ci14 edgq col. Base 761.3 467.4 S987.2 15.7 2235.6 716.9 435.8 973.8 20.6 2147.1 -4.1
ci17 edg col. Base 761.2 485.1 782.9 18.7 2051.9 752.9 436.4 742.1 20.9 1952.3 -5.1

.(Internal Columns) 4:ia1al saas3U Jud¥) 393, B Gaallaill (AN gdass 2(3-5) Jo>

Reaction 2D Reaction 3D
Column Floar Dead Live SD Snow Sum Dead Live SD Snow Sum
type of colum
# KN KN KN KN KN KN KN KN KN KN %
€19 intarnal Base 544.2 315.3 368.6 40.8 1272.9 608.8 308.8 190.8 46.8 1155.2 -10.2
C20 intarnal Base 1377.5 552.4 757.8 38 3125.7 1431.2 908.3 771.3 38.4 31557 0.9
c21 intarnal Base 2134.8 1480 1060.1 54.1 4729 2165.1 1483.4 1066.4 53.6 4708.5 0.8
c22 intarnal Base 1750.7 1180.6 538.8 64.5 3934.6 1798.7 1182.7 876.4 63.3 3921.1 -0.3
c23 intarnal Base 2155 1455.9 1069.8 54.4 4775.1 2113.3 1487.1 1138.6 54.7 47937 0.4
€24 intarnal Base 2433.6 1354.6 1229.4 61.9 5079.5 2311.5 1502.2 1135.1 63.1 5101.9 0.4
25 intarnal Base 2267.2 1612.7 1181.9 58 5119.8 2291 1640.8 1253 58.3 5243.1 2.4
26 intarnal Base 2111.4 1421.2 1016.7 54 4603.3 2001.6 1392.8 1066.7 53.8 4514.9 -2.0
27 intarnal Base 1508.7 1017.8 772.1 44.5 3343.1 1564.3 1022.8 724.3 45.2 3356.6 0.4

10U g ga 9 LaS Jasesy JA) £ g pdia (e e Jee a3 i) (e (gl
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el Joadl)

Sl sill 5 il

| ]
3 4 5 6
108 ol sl 7
15 16
i K L 17 g™
- = ® ;|
20 1
24 23 22 21
L m m2 m 2 2 3

A B9 (e dde il (T7_S)busa

slda) (s La i) il

.(Corner Columns) Ws3! saesy Jad¥) 2935 (b Cpallalll (o (§AY eda gy :(4-5) s

col
1
[

31

36 corner

8
SHE

L Snow sum dead% live% snow% sum%

1557.7 15689 286.8 19.7 1875.5 15.7

1322 221 14.7 1557.7 1567 286.8 19.7 1873.5 15.6 22.9 -8400.7

(Edge Columns) & k) saas3U Juad¥) 393 B Cpallalll (38N gdaga 2(5-5) Jo>

DL L snow sum DL L Snow sum dead% live% snow% sum%

col type

2 edge 14598.45 306 204 1824.85 1523.1 265.8 17.8 1806.7 16 =15l -14.6
2 edge 1028 342 22.8 1392.8 1047.2 351.5 23.6 1422.3 1.8 2.7 3.4

4 edge 1018 337 22.5 1377.5 1052.3 353.8 24 1430.1 3.3 4.7 6.3

5 edge 591 324 216 1336.6 1001.2 329.4 22.2 1352.8 1 1.6 2.7

7 edge 1557 334 22.2 1513.2 1607.8 305.4 20.4 1933.6 3.2 -5.4 -8.8
12 edge 1498 306 20.4 1824.4 1523.1 265.8 17.8 1806.7 16 -15.1 -14.6
13 edge 1028 342 22.8 1392.8 1047.2 351.5 23.6 1422.3 1.8 2.7 3.4

18 edge 1025 341 22.7 1388.7 1045.9 350.9 23.6 1420.4 2 2.8 3.8

19 edge 1028 342 22.8 1392.8 1048.5 352.1 23.7 1424.3 2 2.5 3.8

24 edge 1018 337 22.5 1377.5 1052.3 353.8 24 1430.1 3.3 4.7 6.3

25 edge 591 324 216 1336.6 1001.2 329.4 22.1 1352.7 1 1.6 2.3

30 edge 1513 312 20.5 1846.9 1508.3 258.7 17.2 1754.2 -0.3 -21 -21.5
32 edge 1513.2 312 20.5 1847.1 1508.3 258.7 17.2 1754.2 -0.3 -21 -21.5
33 edge 1028 342 22.8 1392.8 1048.5 352.1 23.7 1424.3 2 2.5 3.8

34 edge 1025 341 22.7 1388.7 1045.5 350.9 23.6 1420.4 2 2.8 3.8

35 edge 1557 334 22.2 1513.2 1607.8 305.4 20.4 1933.6 3.2 -5.4 -8.8
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el Joadl s 5l 5 il

(Internal Columns) 4:ta)all 30as 3 Juad) 293, A Gaallaill Cp §AN g ga 2(6-5) Js>

2D 3D
col type DL L snow sum DL L Snow sum dead% live% snow% sum%
8 mid 2001 809 54 2864 1501.3 761.6 49.8 2712.7 -5.2 -6.2 -8.4 -5.6
9 mid 1960 789 52.6 2801.6 1882.7 752.7 49,2 2684.6 -4.1 -4.8 -6.9 -4.4
10 mid 1964 792 52.8 2808.8 1881.7 752.2 49,1 2683 -4.4 -5.3 -7.5 -4.7
11 mid 1956 787 52.5 2795.5 1838.6 731.6 47.6 2617.8 -6.4 -7.6 -10.3 -6.8
14 mid 1964 792 52.8 2808.8 1881.7 752.2 49,1 2683 -4.4 -5.3 -7.5 -4.7
17 mid 1958 789 52.6 2799.6 1878.3 750.6 49 2677.9 -4.2 -5.1 -7.3 -4.5
20 mid 1964 792 52.5 2808.5 1884.2 753.4 49,2 2686.8 -4.2 -5.1 -6.7 -4.5
21 mid 2938 734 48.9 3720.9 3329.4 816.6 56.2 42022 11.8 10.1 13 11.5
22 mid 2955 742 49.5 3746.5 3290.1 797.7 54.7 41425 10.2 7 9.5 2.6
23 mid 1960 789 52.6 2801.6 1882.7 752.7 49,2 2684.6 -4.1 -4.8 -6.9 -4.4
26 mid 2001 809 54 2864 1501.3 761.6 49.8 2712.7 -5.2 -6.2 -8.4 -5.6
27 mid 1958 788 52.6 2798.6 1878.3 750.6 49 2677.9 -4.2 -5 -7.3 -4.5
28 mid 1964 792 52.8 2808.8 1884.2 753.4 49,2 2686.8 -4.2 -5.1 -7.3 -4.5
29 mid 1958 788 52.5 2798.5 1837.5 731.1 47.5 2616.1 -6.6 -7.8 -10.5 -7.0
+ GUaaSla
1
s Andl) adindi g %25 %15 O b sl 32 dUa o8 (Corner Columns) 4ug) 3 Baes¥) 2
dua (gl s o 08t o) g Baa) g daliiud Jo ) jaad) ¢ 9S8 ) pdilia JS 3 gaally Jaad AN () jaad)
la) A Uil mllial (g8l 138 S B g g 81 2 3) 3gant) Jea O sl dae a3 Le JS A)
2
3 gardly Jasasi g;'d! ol uk‘ Asdl) dalad g %(10 %) ALal e (Internal Columns) Aaddalall sy ot
Glodad) dae ala ) La JS Ad) Cua (Al S e (ST ) o) Baad g daliiad o o) jaad) ¢ eS8 o)) peilia JSE
LA 233) agand) e

s dadl) 2l %10 %5 (A () duas lax B Lyl (3,80 & (Edge columns) 4kt saas¥) 3
S (g 0 e 5585 ¢ 31 Banly Al 1o o) 5988 o) ibkae IS 3 paaly st 1) () poa
a1 AL AU adlal (3 A0 (S5 AN 20331 2 gand) Ja o paad) dae 8330 La JS 4
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Ll Juadl il 53 5 ekl
:(Shear Walls) u=dll &) jaa 3-2-5
Aal Lgle a5 A (Reactions) Jad¥) aga) A (38 dUa of ¢ 488 all) o) jaad duudlly

Edge, ) Sl gisa o ol JSiy (38l Apaad 2dind g Gpallill) (2 Lgole dad) ol Jaa¥) 0
1 AN 13 guda g3 06N Jglaadl g (Internal

n
1j|

|
I
1
ez C02E;

co1
c2 co4 ]
cos
\ I
\
b Meah &t Bottom
% 148 20 em wi5)
\J ca
c14 c1a Ci2 c14

Al Ol i 18l 5a gua 53 1(8-5)5 s
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el Joadl e il il

.(Shear Wall) ool ¢l saad Judd) 358, A Cpallalll cp (38 gl g3 2(7-5) Jooa

Reaction 2D Reaction 3D
wall AL L.L s.D Snow sum S.W LL s.D Snow sum .
KN/m KN/m KN/m KN/m KN/m KN/m KN/m KN/m KN/m KN/m %

edge 544 183.7 128.5 6.5 862.7 515.2 144.5 107.5 5.7 772.9 -11.6

edge 495.8 171.6 73.6 3.5 744.5 431.3 124.3 89.3 5 649.9 -14.6
edge 374.8 84,5 52.5 2.4 514.2 361 80.1 43.7 5.4 490.2 -4.9
edge 590 265.7 184.1 9.8 1049.6 578.3 234.5 169 8.7 990.5 -6.0

edge 461.5 137.2 99.1 5.2 703.0 438.2 103.1 68.3 3.6 613.2 -14.6
internal 1087.6 623.4 450.6 23 2184.6 1115.1 620.4 447.1 23.8 2206.4 1.0
internal 1205.2 717.4 301.4 26.6 2250.6 1248.7 725.6 253.3 28.3 2255.9 0.2
internal with col 935.7 501.6 364.2 18.8 1820.3 891.5 443 318.1 16.4 1669 -9.1
internal with col 1052 594.4 428.7 30.3 2105.4 1001 523.6 381.7 19.6 1925.9 -9.3

1 AUl gadl) o cuils o) jaad) o dadl gl Judy) 3935 B CmalAT s @A ¢ dad laad) Jgaad) JNA e

oY) Aa Al jlaal) aBga o Al oda adliaty % (15- 5-) @A QS (Edge) bkl o)yl & v
Dl e dg Biaasiagay oy

13 AN 13 205 el (Y05 O JB1) SL A Y 1o LB (380 ¢S 388 (Internal) &I ¢l b v
(%10-) N AN Lo cluag a8 jlaad) (e Ay B Baes] lia S

488 (o g8l s A JiaTi 3N g (Base Shear) cilia a9 el O jaay (3l s A) 4 ja Jas g
Ll sl AU AUl 3 (Static Equivalent Method) 4k J 338 Lgda s ie o)) jaad) Lgea gl il
3581 Aaie Ly g J3Y N Jlaal ciy ol 3y (ETABS) geebie (ro ciliboal) 34 o3 288 slagy) A aURIH dpuilly
1 IS gl <l (UBC 97) JN 3 (SaY)

93




elall Jiaall Glua sl GJ\:\AS\
:Base Shear <blua o

il e (Static Equivalent Method) 48k (Base Shear) s ad sl AUl alail) b
:gilﬂ\

D.L=4.05 KN/m? L.L =5 KN/m?

£ adall ()58l clibua (s 1(8-5) Jgda

Floor W.Slab(KN) W.Column(KN) W.Shear wall (KN) W.Stair (KN) W.external wall (KN) SD (KN) 0.25XL.L (KN)Total Weight (KN

3860 703 2220 153.55 1170.00 2520.72 778 11251.72
3886.25 606.8 2220 45 1170.00 2518.29 777.25 11178.59
3886.25 574 " 2100 45 1170.00 2518.29 777.25 11025.79
3886.25 574 2100 45 1170.00 2518.29 777.25 11025.79
3886.25 497 2100 45 1170.00 2518.29 777.25 10948.79
3886.25 497 2100 45 1170.00 2518.29 777.25 10948.79
3886.25 497 2100 45 1170.00 2518.29 777.25 10948.79
3886.25 434 2100 45 1170.00 2518.29 777.25 10885.79
3886.25 434 2100 45 1170.00 2518.29 777.25 10885.79
163.125 1] 300 1] 60 0 1] r 523.13

99622.965
Base shear :
UBC code

Zone '2B" (Hebron)
From Table 16 -J
o  soil profile type =Sc.
From Table 16 -1  Z=0.15 (Seismic Zone Factor ).
From Table 16 -K  1=1.0 (Importance Factor).
From Table 16 -N  R=5.5 (Over Strength Factor (Type of bracing system).
From Table 16 -Q Ca=0.24 (Depended on soil profile and Zone).
From Table 16 -R  Cv=0.32 (Depended on soil profile and Zone).
Ct=0.0488 from 1630.2.2 of UBC.

Uud

VR R AR

_ (;V-.rl W — (30-4)

<25 Ca.l W - (30'5)

R = (30-6)
>0.11xCa.lW —

T =Ct(hx) ™ (30-8)

T —0.0488(35.5) % =0.71
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el Joadl)

V = MW = 0.082wW control
55x0.71

< 2.5%“;1w — 0.109W

=2 0.11x0.24 x1xW = 0.026W

V =0.082x99623=8169.1KN

Ft =0.07TV

=0.07 x0.71%x8169.1 = 406 KN

_ (V — Ft).wx.hx

> wi hi

Fx

(30-14)

(30-15)

.(Base Shear) cbiluwa (i 1(9-5) Jos>

Weight W

Sl sill 5 il

(KN) W*H (KN.m) Fx (KN) YFx  (KN)
stair 35.5 523.13 18570.9375 487 487
8 32.5 10885.79 353788.175 1501 1988
7 28 10885.79 304802.12 1293 3281
6 25.5 10948.79 279194.145 1185 4466
5 22 10948.79 240873.38 1022 5488
4 18.5 10948.79 202552.615 859 6347
3 15 11025.79 165386.85 702 7049
2 11.5 11025.79 126796.585 538 7587
1 8 11178.59 89428.72 379 7966
GF 4.3 11251.72 48382.396 205 8171
¥ 1829776 8171 8171
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A0 il J gua o) a3 288 (ETABS) gabie aladiiaidy g s A0 AUl Ay W

4.1 Load Patterns

Table 4.1 - Load Patterns
Self Weight

Name Type Multiplier Auto Load
Live Live 0
sd Superimposed Dead 0
sw Dead 1
eqgx Seismic 0 UBC 97
eqy Seismic 0 UBC 97
snow Snow 0
external  Superimposed Dead 0

4.2 Auto Seismic Loading

UBC 97 Auto Seismic Load Calculation

This calculation presents the automatically generated lateral seismic loads for load
pattern egx according to UBC 97, as calculated by ETABS.

Direction and Eccentricity

Direction = Multiple

Eccentricity Ratio = 5% for all diaphragms
Structural Period

Period Calculation Method = User Specified

User Period T=0.71sec

Factors and Coefficients

Response Modification Factor, R [UBC Table 16-N] R =5.5

Importance Factor, | [UBC Table 16-K] I=1
Site Coefficient, C, [UBC Table 16-Q] C,=0.24
Site Coefficient, C, [UBC Table 16-R] C, =0.32
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Equivalent Lateral Forces

. I
Base Shear Coefficient [UBC 1630.2.1, Eq. 30-4] = ;LT
. 2.5C,I
maximum [UBC 1630.2.1, Eqg. 30-5] =—x = 0.109091
minimum [UBC 1630.2.1, Eq. 30-6] =0.11C,I = 0.0264

min < Vi geer < max

Calculated Base Shear

Direction Period Used Vet W \V Ft
(sec) (kN) (kN) (kN)
X 0.71 0 99530.5649 8156.1538 405.3608
X + Ecc.
v 0.71 0 99530.5649 8156.1538 405.3608
X-Ecc. Y 0.71 0 99530.5649 8156.1538 405.3608

Applied Story Forces

Lateral Load to Stories - X

489.59kN

stair E——

8th 1429.0799kM

M

1356.7212kN

1192.1329kN

M A

fith

1027 .5304kM

5th —%

B60.079kMN

4th —%

T02.026kN

3th —H

540.9338KN

2nd -4\;

71.0673kM
1st

132334!1N

basment-1 -

basment-2 -

Base -

1 | 1 | 1 | 1 1
0.000.25 0.500.75 1.00 1.25 1.50 1.75 E+3

Force, kN
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el Joadl s 5l 5 il

10lid) Jgaad) B paaga gh LaS (5l (S g Al Zill) ) Sean gl o 288 (ppaldailly Biled) ) DA (e

.(Base Shear) clua & 3,8 g 53:(10-5) Jo

floor H 2D 3D %
m Fx (KN)  Fx(KN)
stair 35.5 487 429.6 0.5
8 325 1501 1429.1 -5.0
7 29 1293 1356.7 4.7
6 25.5 1185 1192.1 0.6
5 22 1022 1027.5 0.5
4 18.5 859 860.1 0.1
3 15 702 702.0 0.0
2 11.5 538 540.9 0.5
1 8 379 371.1 -2.1
GF 4.3 205 187.0 -9.6
0.6 8171 8156 -0.2

Jan Sl ala¥) A9 AL cpallailly (Base Shear) clibwa 8 Gal of odei Jgaadl DA ¢ra 22adl
Ak e GBI iy el NS B ¢l il ¢ 28U g cctibal) B G A0 Gun AN 13 08 Lyl
(Lo Ladilicual) 3) gall g Sla¥)) ity ¥ Lidal) 59 Y Aandional) Jalasl)
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:cbuduy) 4-2-5
O8I0 AN 13 5 bl asaai g Julad & sad) G g dad) AU Cpalail) cp (38 3509 e Y
panl (b (5 A1) i g5 Adlall Jghaadl g Uil gl Jua gl a3 Al (Reactions) Jud¥) aga o il g dl qad
eledl yaat Al i)

.(Isolated Footing) 32 iiall ciluludl paludl) yas A& (38 gl g 1(11-5) Jo>

2D 3D

footing L B H Long direction Short direction L B H Long direction Short direction
F4 2.4 2.4 0.6 12620 9420 2.5 2.4 0.6 1320 11420
F5 2.2 2.2 0.55 10420 720 2.3 2.2 0.55 11420 8420
F&6 2.8 2.8 0.6 15420 15420 2.8 2.8 0.6 15620 15420
F7 2.8 2.8 0.6 15420 15420 2.8 2.8 0.6 15420 15420
F17 2.2 2.2 0.5 16416 11416 2.1 2.1 0.5 15416 10416
F20 2.7 2.7 0.6 14420 14420 2.7 2.7 0.6 15420 15420
F21 3.3 3.3 0.7 23420 23420 3.3 3.3 0.7 23620 23420
F22 3 3 0.65 18420 18420 3 3 0.65 17620 17420
F23 3.3 3.3 0.7 23420 23420 3.3 3.3 0.7 23420 23420
F24 3.4 3.4 0.75 23420 23420 3.4 3.4 0.75 24420 24420
F25 3.4 3.4 0.75 24420 2420 3.4 3.4 0.75 25620 25620
F26 3.2 3.2 0.7 21420 21420 3.2 3.2 0.7 21420 21420
F27 2.8 2.8 0.6 16420 1620 2.8 2.8 0.6 1620 16420

O Ml le g Julb S adedil) yaa g ) B (58 dlia i odlef Jgaad) JOA e Badi v
L) sasY¥ (Isolated Footing) 8 il clubad) & jaa¥) ¢y sl L) Jldial) ciluabia)
JladY) 3935 (o Callall G (38 dpaad ST JS5 L) 53 Baas] (168 <(Corner)

Internal ) i) saasy dali cilubud gd pad¥) ¢ sl L) jliial) cilubudl dpadly L) v/
(e Glally gl il B34 5 Lal) paledil) mas B SLBB 3,40 (\S 188 (Columins

.(Strip Footing) 3 siwal) cluludl galudll yas & (380 iy 1(12-5) Jg

2D 3D

2 4.5 0.5 20 15 12 20 2 4.5 0.5 20 15 12 20

2 7.5 0.5 20 15 12 20 2 7.5 0.5 20 20 12 20
1.4 1.9 0.4 16 15 12 20 1.2 1.7 0.4 16 20 12 20
2.6 11.3 0.65 18 15 12 20 2.6 11.3 0.7 18 15 12 20
1.6 2.1 0.4 18 15 12 20 1.6 2.1 0.4 18 15 12 10
4.4 4.7 0.85 25 20 12 20 4.4 4.7 0.85 25 20 12 20
4.4 4.7 0.9 25 20 12 20 4.4 4.7 0.9 25 20 12 20
3.6 5.75 0.9 25 20 12 20 3.6 5.75 0.9 25 20 12 20
4.8 5.75 0.9 25 20 12 20 4.8 5.75 0.9 25 20 12 20
7.5 13.5 0.45 18 15 12 15 7.5 13.5 0.45 18 15 12 15

2aaY) G slll Ll JLiall clulad) A (34l ¢S 388 (Strip Footing) 8 saibeall el daailly L
LaS Cppallaill dpadlly Lo (38 D8 clualea) (AL Ll grabeil) as A Lgad (3800 (S Al (o)) paad Gl (4
o) s
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AdSan @yt Bl £ g pially 488 jal) cllabidiall qua £ g il JdE pa gy (2

Juad) 2 lasal o g yiill g clabadially  5aL (g 3AEY o i N i e (udiga 250 52 el (3
£ 9l

Alding cdaad (gf JLASY 140N 35 pudlsal) Juf £ g diall (SilSiall g (Al S pravalll) Jlasind iy (4
ALy Laldl) (e 4nle
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21990 (Y coles (Sa Y Al s U Gudaa <5 58l g Jlaall) 38 (A3 Y Al sl agS 1
i pdal) Ml alaada 2
ACI 318-14: Building Code Requirements for ACI Committee 318 (2014), .3
Structural Concrete and Commentary, American Concrete Institute, ISBN 0-87031-
264-2.
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