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List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

e As =area of non-prestressed tension or compression reinforcement.

e Ag = gross area of section.

e Av = area of shear reinforcement within a distance (S).

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

e b = width of compression face of member.

e bw =web width, or diameter of circular section.

e C.=compression resultant of concrete section.

e C, = compression resultant of compression steel.

e DL =dead loads.

e d =distance from extreme compression fiber to centroid of tension reinforcement.

e Ec = modulus of elasticity of concrete.

e f. = compression strength of concrete .

e Fy =specified yield strength of non-prestressed reinforcement.

e h =overall thickness of member.

e 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.

e LL =live loads.

e Lw = length of wall.

e M = bending moment.

e Mu = factored moment at section.

e Mn =nominal moment.

e Pn =nominal axial load.

e Pu = factored axial load

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

e V¢ =nominal shear strength provided by concrete.

e \Vn = nominal shear stress.

e Vs =nominal shear strength provided by shear reinforcement.

e Vu = factored shear force at section.

e \Wc = weight of concrete. (Kg/md).

e W =width of beam or rib.

e \Wu = factored load per unit area.

e @ = strength reduction factor.

€&: = compression strain of concrete = 0.003mm/mm.

& = strain of tension or compression steel.
p =ratio of steel area .
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Abstract

The idea of this project is the structural design of the cultural building of the
Polytechnic University of Hebron, a cultural center that includes all cultural
services and activities, including a 253-person theater with all the facilities of

the theater. It also includes music halls, classrooms, and Bedrooms.

The architectural design of the project is characterized by a multi-layered and
symmetrical design. The architectural design of the project is characterized by
the distribution of blocks by providing convenience, ease and speed of access to
users. The importance of the project lies in the diversity of structural elements
in the building such as Beams, columns, Drop Beams, concrete slabs, Stairs,

and others.

The design will be based on the requirements of the American Concrete Code
(ACI) and some structural design programs such as AutoCAD, Office, Safe,
Etabs, Atir and others will be used. It is worth mentioning that the American
code will be used to identify the loads. The references to the structural design
will be reviewed and studied. The project will include a detailed structural study
of the identification and analysis of the structural elements and the various
expected loads and then the structural design of the elements required in the
introduction of the project and the preparation of the structural plans of the

building.
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Gb.ﬂ\

Lgaladind Aty ¢capbiall dalidall iy siwall (g ol N JEBI 228005 4y Jlere yualic (e 3 e

gk ple ahia 2184

22.74 kN/m*

15.90 kN/m? % 7 15.90 kN/m?
anmrmmm?”f T ‘irllliiifIlil”!lilllfhmm/m < FACTORED LOADS
’5;,\\ —2.58 m— — < BENDING MOMENTS
\__\_\M————“—.}?——’/_’/f }L
M. = 69.30 kNm/m 1(«
A
(b) 100 @ 220c/lc * :'

S 100 @ 220 ¢c/c
' 8¢ @ 250 clc

<16 ¢ @ 220c/c
27 R
=109 @ 250 clc RS

=260

\_16 ¢ @ 220 c/c

(Expansions Joints) il Jual g8

N (c)
;}V;.
Table 1 Expansion joint spacing
Author Spacing
Lewerenz (1907) |75 ft (23 m) for walls.
80 ft (25 m) for walls and insulated roofs, 30 to 40 ft (9
Hunter (1953) to 12 m) for uninsulated roofs.
100 ft (30 m) maximum building length without joints.
Recommends joint placement at abrupt changes in plan
and at changes in building height to account for poten-
Billig (1960} tial stress concentrations.
Wood (1981) 100 to 120 ft (30 to 35 m) for walls.
Indian Standards |45 m (= 148 ft) maximum building length between
Institution {1964) | joints.

- PCA (T982) 200 ft (60 m) maximum building Tength without joints.
120 ft (36 m) in sanitary structures partially filled with
liquid (closer spacings required when no liquid

ACI 350R-83 present).

° ACI 224.3R-95
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CHAPTER 4: Structural Analysis & Design
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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 structure 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 calculation for all structural members would be

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

Therefore, in this project, there are two types of slabs: One-way solid slab, one
way ribbed slab. They would be analyzed and designed by using finite element
method of design, with aid of a computer program called "ATIR- Software " to
find the internal forces, deflections and moments for ribbed slabs and by using
the previous program and Etabs, Safe, And programs to find the internal forces,
deflections and moments for One way solid slab, and then handle calculation

would be made to find the required steel for all members.

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-318-14code and ACI-318-08code
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Factored loads

Table 2 Load Combanation

Primary
Load combination Equation load
U=14D (5.3.1a) D
U=12D+ 1.6L+0.5(L,or SorR) (5.3.1b) L
U=12D+1.6(L,orSorR)+(1.0Lor 0.5W) | (5.3.1c) | L,orSorR
U=12D+1.0W+1.0L+0.5(L,or SorR) (5.3.1d) w
U=12D+1.0E+1.0L+0.2S (5.3.1e) E
U=09D+ 1.0W (5.3.19) w
U=09D +1.0E (53.1g) E

Slabs thickness calculation

10

According to ACI-Code-318-08, the minimum thickness of nonprestressed

beams or one way slabs unless deflections are computed as follow:

Table 3 Minimum thickness of beams or one-way slabs

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

Minimum thickness, h

Simply
supported

One end
continuous

Both ends

continuous

Cantilever

Member

Members not supporting or attached to partitions or other

construction

likely to be damaged by large deflections

Solid one-
way slabs

£/20

e24

/28

¢10

Beams or
ribbed one-
way slabs

tHe

¢18.5

e21

s

Notes:

Values given shall be used directly for members with normalweight concrete
and Grade 420 reinforcement. For other conditions, the values shall be modified

as follows:

a) For lightweight concrete having equilibrium density, w,

not less than 1.09.
b) For f, other than 420 MPa, the values shall be multiplied by (0.4 + f,,/700).

, In the range of
1440 to 1840 kgym?, the values shall be multiplied by (1.65 — 0.0003w,,) but

11

19 ACI 318M-14 chapter 5-3 table 5.3.1
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The maximum span length for one end continuous (for ribs):

hpnin for one — end countinous = ﬁ = % = 39cm
The maximum span length for both end continuous (for ribs):
honin fOr both — end countinous = L = @ = 34cm
21 21

But we Select Slab thickness h= 35cm with block 28 cm & Topping 7cm

In addition, we check the deflection in safe program

(=]

]
.z

50 0}

[ N .
i

40.0}

;
!
f

300!
200
100
00
<100
200

., Tandon Obyeets
Siab Rebar Objects -30.0
- Design Swp Objects
Pont Obsets -40.0
“
r 500
[ -60.0)
. <700
-80.0)
R
Max = 1.990872mm ot [37.94286m, 0.2m). Min = -74,883536 mm at [50 54286 m, 093571 m] X15. Y147, 20 m) Stant Amation < || > GLOBAL v/ Unts

" ACI 318M-08 Table 9.5(a)
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Table 4 MAXIMUM COMPUTED DEFLECTIONS

TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to be considered

Deflection limitation

Flat roofs not supporting or attached to nonstructural elements

likely to be damaged by large deflections Immediate deflection due to live load L /180"
ﬂg‘ﬁ;%”géﬁfrﬁgggnfgg?gg%%?lé%t?;nnssmmmral elements Immediate deflection due to live load L £/360
R|00f or ﬂOIPkr TOHStLUCgOH SUPFéOl;TiTQ or a(}ta;lcheld to nonstructural | That part of the total deflection occurring after attachment ¢/a80f
elements likely to be damaged by large deflections of nonstructural elements (sum of the long-term

Roof or floor construction supporting or attached to nonstructural | deflection due to all sustained loads and the immediate 212408
elements not likely to be damaged by large deflections deflection due to any additional live load)

water. and considering long-term effects of all sustained loads, camber, construction tolerances, and reliability of provisions for drainage.

those being considered.
{Limit may be exceeded if adequate measures are taken to prevent damage to supported or attached elements.

does not exceed limit.

*Limit not intended to safeguard against ponding. Ponding should be checked by suitable calculations of deflection, including added deflections due to ponded

fLong-term deflection shall be determined in accordance with 9.5.2.5 or 9.5.4.3, but may be reduced by amount of deflection calculated to occur before attachment
of nonstructural elements. This amount shall be determined on basis of accepted engineering data relating to time-deflection characteristics of members similar to

SLimit shall not be greater than tolerance provided for nonstructural elements. Limit may be exceeded if camber is provided so that total deflection minus camber

12

e The maximum deflection (long term deflection) = 74mm in beam with

span = 20.80m

e The maximum permissible computed deflection
86.7mm so the deflection is OK

e The maximum deflection (long term deflection)
=7.20m

e The maximum permissible computed deflection
30mm so the deflection is OK

12 ACI 318M-08 Table 9.5(b)
41| Page

L/240 = 20800/240 =
30mm in Rib with span

L/240 = 7200/240 =



Load Calculations

e One way ribbed slab:

For the one-way ribbed slabs, the total dead load to be used in the analysis
and design is calculated as follows:

J<all 22 One-way Ribbed Slab
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Calculation of the total dead load for one-way rib slab as shown in the following table:

Table 5 Calculation of the total dead load for one-way rib slab. KN/m/rib

Dead Load from ° ' S b KN/m
m KN/m m

Tiles 0.03 23.00 | 0.55 | 0.380

Mortar 0.03 22.00 | 0.55 | 0.363

Coarse Sand 0.10 17.00 | 055 | 0.935

Topping 0.07 25.00 | 0.55 | 0.963

RC Rib 0.28 25.00 | o.15 | 1.050

Hollow Block 0.28 9.80 040 | 1.098

Plaster 0.03 22.00 | 0.55 | 0.363

Interior Partitions 2.38 0.55 1.309

Sum 6.460

Live Load Distributei load b KN/m

KN/m
LL 4.00 0.55 | 2.200

43 |Page



Design of Topping

e Dead load calculation

Table 6 Dead load calculation (Topping)

Dead Load form ° Y KN/m?
m KN/m?

Tiles 0.03 23 0.69
Mortar 0.03 22 0.66
Sand 0.10 17 1.70
RC 0.07 25 1.75
Partitions 2.38 KN/m® 2.38
SUM 7.18

e Live load = 4.00 KN/m?

e W,=12DL+1.6LL=12xX%x7.18+ 1.6 X4.00 = 15.02 KN/m2
wy, = 1.2D + 1.6L

- 40 cm -
2

ﬂ wl?

12 12
wl?
24

wyl?  15.02X0.402
o M, =" = = 0.20 KN.m?

12 12
2 1+0.072

o M, =frxS, = 0.42&*%= 0.42 v/24 x
e OM, = 0.55x M, = 0.55 x 1.68 = 0.924 KN.m?

x 10% = 1.68 KN. m?

B smis the corresponding elastic section modulus. Elastic section modulus.
The elastic section modulus is defined as S =1/ y, where | is the second moment of area (or moment of inertia)
and y is the distance from the neutral axis to any given fiber.
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®M,, = 0.924 > M, = 0.20 KN.m?
No structural reinforcement needed. Therefore, shrinkage and temperature

reinforcement must be provided.

e For the shrinkage and temperature reinforcement:
p = 0.0018
A; = pXxXbxh=0.0018x 1000 x 80 = 144 mm?.

#0f @8 =270 = 2 — 9 g8 —, Spacing(S) = —— = 0.347m = 347 mm.

bar

280 280

<380(2)-25 Co < 380 ()

280 280

= 380 X <2—> —2.50 x 20 < 380 x <2_>
3Fy 3y

= 380 X (;800) — 2,50 x 20 < 380 X <328°0>

X42 X42
3 3

=377.5 mm. <380mm.
<3Xh=3x%x70=210mm — Controlled

<450 mm.

~use ®8@20 cmf in both directions
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Design of Rib (CSA3)

,..
i
Geometric Properties Material Properties
Combination = Overall Envelope Concrete Comp. Strength = 24 N/mm2
Strip Label = CSA3 Concrete Modulus = 24870 N/mm2
Length=214m Longitudinal Rebar Yield = 420 N/mm2
¥\ VAN FAN A
.L yi i 1
7m 7.2m im
Moment Diagram (kN-m)
-55.83 -
o= : :
44 [ 1
Moment (-)  -1.724 0 -531716 -531716 14133 -36.7243 -36.7243 0 14728
Moment (+)  28.7525 36.8584 276470 191423 22441 8032 41.346 29.4606
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Design for maximum Positive Moment = 41.35 KN.m

Design of Rib (CSA3)

dp
d = h — Cover — dstrirrups - o b
+ . +
h cover dst. db =] | |
350 20 10 16
d 312
Max. + or - moment = 41.35 KN.m +’—+
fy 420 |MPa
Check if a > hf fc' 24 |MPa
b 550 |mm
hf 70 |mm
hf 0.9
Mnf = 0.85.fc’.b.hf | d -5 [0) .
bw 150 mm
Mnf 217.556 KN.m
M Mnf > Mn ---- a < hf, design as rec.
u
Mn = 5 Mn 45.944 KN.m
Rn =M Rn 0.85814589
bd?
__fy
T 085 fc' m 20.58823529
_ 1 1 2XRnXxm
p m fy 0.002088088

As =pXbxd 358.316 mm

156.000 mm

Jfc 1.4 .
ASpin = 0.25 % fcxwadz—xwad As min. 136.47 mm
fy fy
156 mm
Area of Steel 358.3159 Bare diameter |6 2 (1)} 16

As (provided) 402.1239

Check Strain

= Aserov- /Y 12 55193

%= 0.85 fc'. bw
a
c= E B=0.85 c=64.933

es = 0.003 x <d _ C> 00114147 OK >0.005
c
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Design for maximum Negative Moment = 53.17 KN.m

Design of Rib (CSA3)

dp
d =h — Cover — dstrirrups T~ b
+ : +
h cover dst. db =] | |
350 20 10 18 B
d 311
Max. + or - moment = 53.17 KN.m i
fy 420 |MPa
Check if a > hf fc' 24  |MPa
b 550 |mm
hf 70 |mm
hf 0.9
Mnf = 0.85.fc'.b.hf | d -5 ? .
bw 150 mm
Mnf 216.770 KN.m
M Mnf > Mn ---- a < hf, design as rec.
u
Mn = 5 Mn 59.078 KN.m
Rn =M Rn 1.110556564
bd?
__fy
™ =0.85 fc' m 20.58823529
1 1 2XRnXxm
P=n fy 0.002720363

As =pXbxd 465.318 mm

Jfc 1.4 .
L= - A . 136.03
ASpin = 0.25 % Fy X bw X d > y X bw X d S min mm 155.500 mm
155.5 mm
Area of Steel 465.318 Bare diameter |8 2 (1) 18 |As (provided) 508.938
Check Strain

_M a= 69854

%= 0.85 fc'. bw
a
c= ,[_? B=0.85 c=82.181

s = 0.003 x (d - C) 0.0083529 OK > 0.005
C
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Design for maximum Shear = 41.15 KN

Shear Diagram (kN)

y
VY

Shear 0 7.565 3291341147 2005 31.73631.736 21601 15143

432

Transverse Reinforcement (mm2/m)

131.25 -
Asvisreqd 0 0 125125 0 125125 ] 0
Comho Ultimat Load Uttimat Load Uttimat Load Ultimat LoadUltimat LoadUtimat Load
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Design RIB CSA3
The maximum shear force at the distance d from the face of support

Shear strength,Vc , provided by concrete for the ribs may be taken greater than 10% that for

Vu = 41.15 KN

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

Vu
Vn == | Vn = 54.867 KN | fy 420 | Mpa
fc' 24 MPa
b 150 mm
Ve = (1.10)%x/1>< fc'xbwxd | Vc = 39.339 KN
0] 0.75
A ‘ @ Vc = 29.504 KN Vu > 1/2 BVC and Vu >BVC ---- Go to Case Il bw 150 mm
CASE Ill @(VC+Vsmin) d 292 mm
1 — 1 A |
Vs min. = 16 fc'bwd and Vs, = gbwd b st 0 —
13.411 14.6 B(Vsmin+Vc)= 40.45 h 350 mm
db bar 16 mm
@ Vsmin @ Vs,min = 10.950 KN Vu >@ ( Vc+Vs,min)------Go to case IV

| CASE IV @(VC+Vs')

Vs'=§ fc'bwd | Vs'= 71.525 KN | @ vs‘=| @Vs' = 53.644 KN
(Vc+Vs,min) Vu @ (VctVs')
40.454104 Vu= 41.15KN 83.147929
vs= Avfytd o _ Avfytd 1240.625 mm VS = 15.53
< Vs
Smax. Sg or Smax < 600mm
Smax. 146 600
146 Control
Control 146 Use | 2 o 10 @ 15 cm
Vu = 41.15 KN
Vc = 39.339 KN
@ Vc = 29.504 KN @(VC+Vsmin) 40.45
D Vc/2 = 14.75 KN
@ Vs,min = 10.950 KN @(VC+Vs') 83.15
DVs'= 53.644 KN
DVsmax = 107.288 KN @(VC+Vsmax) 136.79
Vs =Vn - Vc 15.53

Vsmax = 143.05 KN
CHECK IF Vs > Vsmax.
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Design of Beam Label (7) (Beam 2)

2

" 703185

78550

23N0BT
-305/054
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Geometric Properties

Combination = Overall Envelope
Beam Label = 45

Section Property = BEAM 50*140
Length =20.8 m

Section Width = 500 mm

Section Depth = 1400 mm

Material Properties

Concrete Comp. Strength = 24 N/mm2
Concrete Modulus = 24870 N/mm2
Longitudinal Rebar Yield = 420 N/mm2
Shear Rebar Yield = 420 N/mm2

500 mm

1400 mm

208m

Moment Diagram (kN-m)

2549
Moment (-) O
Moment (+) 1465.8944

0
2427 042

Longitudinal Reinforcement (mm?2)

0
1947 5867

1431CI W

v,

5796
As (top) 1362.018
Comho
As (bot) 4435878
Combo  UDCONLA
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Design for maximum Positive Moment = 2427 KN.m

Design of Beam Label (7) (Beam 2)

d

d = h— Cover — derrirrups — %om’b Mumber of layers 2
h cover d st. db
1400 40 10 25 h
d 1325
Max. + or - moment = 2427 KM
fy | 420 [mps
Check if a = hf fc' 24 |MPa
b 500 |mm
A hf 350 |mm
Mnf = 0.85. fc". b.hf(d ——fj @ | 09
2 bw | 500 |mm
Mnf 4105.500 KMN.m
M Mnf = Mn ——— a < hf, design as rec.
Mn = 3 Mn 2696.667 KM.m
_ Mn Rn 3.07
"= ha
__fy
m= 0.85 Jﬂ,_-f m 20.59
1 2xBnxm
p=—[1- 22— 0.00797
m [ N
\
As=pxbxd 5278.738 mm
e
vfe L 14 Asmin. 19319
ASpen = 025 % Kbwxdz—xbwxd rn. -7 mm
min fy y 22083 mm 2208.333 mm
Area of Steel 5278.7378 Barediameter 25| || @ 25 |As (provided) 5399.612
Checl Strain
o= serev 1Y aZgy9337
0.85 fc'. bw
C=% f= 085 c=261.573

Ss:g_mh(“‘f) 001219653  OK > 0.005
c
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Design for maximum Shear = 565 KN

Shear Diagram (kN)

594
[~
|7
|7
- |/

0

Shear 232.689 22202 564.957
Transverse Reinforcement (mm2/m)

862
5 %
Asvisreqd 416667 416667 82078
Combo  UDCONLN UDCONLUA1 UDCONU1
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Design of Beam Label (7) (Beam 2)

The maximum shear force at the distance d from the face of support Vu = 565.00 KN

Shear strength,Vc , provided by concrete for the ribs may be taken greater than 10% that for

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

Vu
Vn =3 Vn = 753.333 KN fy 420 | Mpa
fc' 24 MPa
b 500 mm
1
Vc=g></1x\/fc’xbw><d Vc = 546.032 KN
@ 0.75
@ Ve @ Vc = 409.524 KN Vu > 1/2 @VC and Vu >BVC ---- Go to Case Il bw 500 mm
CASE |1l 9(VC+Vsmin) d 1337.5 mm
1 — 1 A |
Vs min. = 16 fc'bwd  and Vs, = gbwd T 0 —
204.762 222.92 B(Vsmin+Vc)= 576.71 h 1400 | mm
db bar 25 mm
@ Vs,min @ Vsmin = 167.188 KN OK use Av. min.
Av min.
Av Av
S =— 5= ——0
1 o bw 1bw
16 fy 3fy
No of Legs 2 & 10 Av = 157.080
S 430.94 OR 395.8
S 395.84
Smax. = 2 or Smax = 600mm
Smax. 568.75 600 600 Control
Control 395 Use 2 a10 @ 40 cm
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Vu = 565.00 KN

Vc = 546.032 KN

@D Vc = 409.524 KN

D Vc/2 = 204.76 KN

D Vs,min = 167.188 KN
OVs'= 819.048 KN
DVsmax = 1638.096 KN
Vs =Vn - Vc

@(VC+Vsmin)

@(VC+Vs')

@(VC+Vsmax)

576.71

1228.57

2047.62

207.30

Vsmax = 2184.13 KN
CHECK IF Vs > Vsmax.

Section is OK

@ Eos Q 710 @ B0 @
! D ! P ! i !
i ’—@ms Letnss | A | r@mum = +|
i I - B i
- - i - -
2 1 I I Il I ‘ 1
i I t l t ‘ i
i | IPS—— i ) [P i
! & !
| I @BoaztoeoLs70 I |
| |
) } 208 H )
! i T !
| | | Eopote L1155 |
| @mﬁb",ﬁﬁ | T 1130 18
Al ! 130 ! i i
%4312 L=T 60
! @8 x 4212 17 80 @ m @)z x 4012 1760 !
T TED TED T
I 20925 L=12.00 L3 I
3| @2925 L=6.75 L3 @ @2225 L=675L3 |3
1200
&30 @ E30
BE25 L=12.00 L2
2| (@)po2s =675 12 — @@pozs 57512 |
. (@525 L=12.00 L1 o
5 (@)po2s L-6.75L1 T @po2sL=675L1 |=
&30 E30
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—
A@ima =118

A ,L

{@l)o4210-80 L=370

@ee12-750

piis
%Hﬂﬁ L=12.00

SECTION A-A

SCALE:Z0

@034@10-80 L=3.70
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Columns Design

JE/23 Etabs Model (V1)

-

P

7 LV
)

7
]

JLLI24 Etabs Model (V2)
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ETABS 2016 Concrete Frame Design

ACI 318-14 Column Section Design

* . . -
2
- L3
3
- -
. » . *

Column Element Details (Summary)

Level Element = Unique Name  SectionID = Combo ID = Station Loc = Length(mm) LLRF Type
BASEMENT C39 95 C700X700 DCon41 3310 3810 1 Sway Intermediate
Section Properties
b (mm) h (mm) dc (mm) Cover (Torsion) (mm)
700 700 60 273
Material Properties
E: (MPa) f'c (MPa) Lt.Wt Factor (Unitless) fy (MPa) fys (MPa)
26587.21 32 1 420 420
Design Code Parameters
(I)T (I)CTied q)CSpiraI q’Vns q’Vs (vaoint
0.9 0.65 0.75 0.75 0.6 0.85
Axial Force and Biaxial Moment Design For Py, My, , Mys

Design Py Design M. Design My Minimum M2 Minimum M3 Rebar Area Rebar %

kN kN-m kN-m kN-m kN-m mm? %
3805.2439 -19.5242 -137.902 137.902 137.902 4900 1

Axial Force and Biaxial Moment Factors
Cnm Factor &5 Factor & Factor K Factor Effective Length
Unitless Unitless Unitless Unitless mm
Major Bend(M3) 0.333998 1 1 3310
Minor Bend(M2) 0.674822 1 1 3310
Shear Design for Vi, , Vs
Shear V, Shear ®V, Shear ®V; Shear ®V,, Rebar A, /s
kN kN kN kN mmz/m
Major, V2 5.3919 491.7641 0 208.0409 0
Minor, V3 5.2212 493.4129 0 0 0
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Design of Footings

Table 7 Material and Soil Properties

Material Properties

Fc' 32 MPa Footing's Concrete Compressive strength
Fc' 32 MPa Column's Concrete Compressive strength
Fy 420 MPa Reinforcement yield strength

%) 0.90 Flexures strength reduction factor

%) 0.75 Shear strength reduction factor

%) 0.65 Bearing strength reduction factor

Soil Parameters

Qe 400.00 KN/m2 | Soil maximum allowable bearing pressure
Vsoil 18.00 KN/m3 | Soil density (above footing)
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Design of Isolated Footing 5

Material Properties

Fe' 32 MPa
Fe' 32 MPa
Fy 420 MPa
¥con. 25 EN/m3
6] 0.90

6] 0.75

6] 0.65
Soil Parameters

q(all) 400.00 EN/m2
¥soil 18 EN/m3
Ds 1000 mm
Footing Geometers
Cx 700 mm
Cy 700 mm
C 70 mm
H 1000 mm
6] 18 mm
g 40
Loading Data

Pd 5184 EN
Pl 1027 KN
g(sur) 5.00 EN/m2
Solution:

Foofing’s Concrete Compressive strength
Column's Concrete Compressive strength
Reinforcement yield strength

Reinforced Concrete Unite weight
Flexures strength reduction factor

Shear strength reduction factor

Bearing strength reduction factor

Soil maxinum allowable bearing pressure
Soil density (above footing)
Soil depth (above footing)

Column length along X-Dir
Column length along Y-Dir
Cover to center of steel bars
Assume footing thickness
Bars Dia.

Interior Column

Column dead load - (Working)
Column live load - (Working)
Surcharge Load

Calculating the weight of footing, soil, and the surcharge floor load:
Weight of footing ( assume h footing = 100 cm)

T‘rﬁm =

Weight of Soil:
Wear =

Total surcharge load on foundation

W=

Net soil pressure, q, p.
Qanet =

Required size of footing:

,4=P"=

ql!I.ﬂBf
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1000 mm X 25 EN/m3 = 25 KN/m2
1000 mm X 18 KN/m3 = 18 KIN/m2
25 KN/m? + 18 EN/m2 = 43 KN/m2
400 KN/m?2 - 43 EN/m?2 = 357 KN/m2
* gquare Footing
6211 EN
———————— 173971420 m? . I=4171m
357 KN/m2



Take L= 4.50m

Depth of footing and shear design:

P, = 12DL + 1.6LL = 7863.648 KN
7863.6 KN _
u 2025 = 388.33 KN/m2
Critical Section for One Way Shear
X - Durection Y Direction

e 4&\’-_‘-’.’0’<‘::::5:;:¥:'

—

+—d

*
Rical Sect One- st Critical Section for One-Way Shear
:k-: uu:-;‘.'c.u-::{d) from (Beam Action) at distance (d) from
face of cohumn. face of column.

Critical Section for Two Way Shear (Punching Action)

v
Critical Section lor Two-Way Shear
(Punching Action) at distance (d/2)
from lace of column.
Bo =2(Cx +Cy) +4xd

One Way Shear (Beam Shear)
V, at distance d from the face of support:

LetV, =@V, . (@=0.75)
R R | I R | (oAl LD
s =Aalla=y e

V= \/-f?bwd=%-\/ﬁ-4500-d

| =

388.33-4.50 /45 0.7 1
—————|————d | =-:V32-4500-d - d =0.67m
0.75 2 2 6
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d= 0.673544 m

Cover 70 mm ] 18 mm
I = 76154 mm 0.80 m
- a= 712 mm

Two Way Shear (Punching Action)

LetV, =@V, . (@=0.75)

Vu=qu(4.5x4.5—2(0.70 + 0.712))

Vi 676701 KV
T
B 700 mm _ 1.00
700 mm
as = 40 Interior Column bo=
1 2 )
V. =E(1 +E) JF bod 0.5
1 rasd —
V.= E(% + 2)  febod 0.59
1
Ve =3v fe bod 0.33
i 0.33 Control
VI bod 2274833701
Ve= 7582.78 KN
@Ve 5687.08 KN Not OK @ Ve = Vu increase depth
= Q12 mm bo= 6,448 m

Trv b= 1000 mm
vV, =388.33(4.5Xx4.5—-2(0.70 + 0.912))

Fu 6611.68 KN
1;;;’}_:0(;{ 33265561.34
Ve= 11088.52 KN
@Ve 8316.39 KN The Depth is OK
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Design for flexure in long direction

Take steel bars of @

18 mm
b= 4.350m h=
fe'= 32 MPa Fy=

Critical Section for Bending Moment:
Bendwng in X-Dwection

W,
‘el 250

+
,_Q:.
. =
Critical section for bending
moment at face of Column.

Mu= 38833 KN/m2 X

Mu= 315420EKNm

2
0.85f/

2mR,,
1= [l
Jy

As = pbd

1544

P
p—m

9218.50 mm?2

A, pin = 0.0018bh 8100.00 mm?

36

3782 mm
§ 35
Step (S) 1s the smallest of:
1 3h
450 mm

2
3 S=

108.06 mm

3000 mm

108 mm

[}

= Smax OK

1000.00 m
420 MPa

450m

MH

" pbd?

0.00222

d= 921.00 mm
I= 190m

Bending i ¥-Dwection

+

°

Critical section for bending
moment at face of Column.

361m
)

0.92 MPa

OK use AS

18 mm

450mm Control

Footing Type

One-way

— o

Two-way

a1
—

Note: Masimum bar spacing (s), must not exceed 45cm.
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Design for Earth Quick

International Journal of Latest Research in Engineering and Technology (IJLRET)
ISSN: 2454-5031
www.ijlret.coml Volume 2 Issue 3| March 2016 | PP 01-08

SEISMIC HAZARD MAP FOR BUILDING CODES IN THE LEVANT
e e s P

Seismic Zone Factor,Z

JE2/34 Seismic Zone in Palestine

® So Hebron is located at Zone 2A and Z =0.15
Table 8 Table (A-2): Seismic zone factor Z

Table 9 Table (A-3):Occupancy Importance Factors

Occupancy Category Seismic Importance Factor, |
1.25
1.25
1.00
1.00
1.00
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Table 10 Table (A-4): Structural Systems

Lateral- force . o
Height limit

Zones 3&4. (meters)

resisting system

description
Concrete shear walls
Building Frame Concrete shear walls
Moment-Resisting SMRF 85 N.L
Frame IMRF T I
OMRF 35

Dual Shear wall + SMRF 8.5 N.L
- Shear wall + IMRF 6.5 48
O EVEEeRehl [T Cantilevered column
elements 22 10

Shear-wall Frame
5.5 48

Interaction

Table 11 Soil Profiles

Soil Profile Soil Profile Average Soil Properties For Top 30 m Of Soil
Type Name/Generi | Profile

¢ Description Shear Wave Standard Undrained
Velocity, vs Penetration Shear

m/s Test, N Strength, Su
(blows/foot) kPa

SA Hard Rock >1,500 — —
SB Rock 760to 1,500
Sc Very Dense 360 to 760 >50 >100

Soil and Soft

Rock
SD Stiff Soil Profile 180 to 360 15to 50 50 to 100
SE Soft Soil Profile <180 <15 <50
SF Soil Requiring Site-specific Evaluation
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Table 12 Table (A-6): Seismic coefficient Ca

Seismic Zone Factor, Z

Soil Profile Type

Z =0.075 Z=0.15 Z=0.2 Z=03
0.06 0.12 0.16 0.24
0.08 0.15 0.20 0.30
0.09 0.18 0.24 0.33
0.12 0.22 0.28 0.36
0.19 0.30 0.34 0.36
Site-specific geotechnical investigation and dynamic response analysis

shall be performed to determine seismic coefficients for soil Profile Type

Table 13 Table (A-7): Seismic coefficient Cv

Seismic Zone Factor, Z
Z =0.075 Z=0.15 Z=02 Z=0.3

0.06 0.12 0.16 0.24
0.08 0.15 0.20 0.30
0.13 0.25 0.33 0.45
0.18 0.32 0.40 0.54
0.26 0.50 0.64 0.84

- Site-specific geotechnical investigation and dynamic response analysis
shall be performed to determine seismic coefficients for soil Profile Type

Soil Profile Type
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Table 14 Auto Seismic - UBC 97 (Part 1 of 2)

_— Program GROUND

EQX1 Seismic X+ Ecc. Y 5 No Calculated 0.02 ROOF BEAMS 55 SC 0.15
Program GROUND
EQX2 Seismic X -Ecc. Y Calculated 0.0: ROOF BEAMS

Table 15 Table 16 Auto Seismic - UBC 97 (Part 2 of 2)

0.766 170908.4361 10135.3699  543.7996

0.766 170908.4361 10135.3699  543.7996
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UBC 97 Auto Seismic Load Calculation

This calculation presents the automatically generated lateral seismic loads for load pattern EQX1

according to UBC 97, as calculated by ETABS.
Direction and Eccentricity

Direction = X + Eccentricity Y

Eccentricity Ratio = 5% for all diaphragms
Structural Period

Period Calculation Method = Program Calculated

Coefficient, C, [UBC 1630.2.2]

Structure Height Above Base, h,
Approximate Fundamental Period, T,
[UBC 1630.2.2 Eq. 30-8]

Program Calculated Period, T [UBC
1630.2.2.2]

Ta = G (hn

T < 14T,

Factors and Coefficients

Response Modification Factor, R [UBC Table 16-N]
Importance Factor, | [UBC Table 16-K]

Seismic Zone Factor, Z [UBC Table 16-I]

Soil Profile [UBC Table 16-J] = SC

Site Coefficient, C, [UBC Table 16-Q]

Site Coefficient, C, [UBC Table 16-R]

Equivalent Lateral Forces
Base Shear Coefficient [UBC 1630.2.1, Eq. 30-4]

maximum [UBC 1630.2.1, Eq. 30-5]
minimum [UBC 1630.2.1, Eq. 30-6]

Calculated Base Shear

C, = 0.02ft
h, = 94.39 ft

T, = 0.606 sec

R=5.5
[ =
Z =0.15

C, =0.18
C, = 0.25

2.5C,1
=~ = 0081818

= 0.11C,I = 0.0198

min < Vigeer < max

Period

Direction Used Vcoeft w
(kN)
(sec)
X+ Ecc. Y 0.766 0

170908.4361 10135.3699

\% Ft
(kN) (kN)

543.7996

Applied Story Forces
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Lateral Load to Stories -

STAIR -
1557 5954kN

ROOF —&

2420.3416kM

"l
4TH &

2040.3226KN

3RD —%

1631.2019kN

2ND ~———————

1225 6697KN

15T ~e———

B02.207T4kN

GROUND ~&——

BASEMENT ﬂm AN

GROUND BEAMS -

Base 4 I | I | 1
0.00 0.50 1.00 1.50 2.00 250 E+3
Force, kN
Story Elevation
m
STAIR 33.28
ROOF 30.77
4TH 26.87
3RD 22.71
2ND 18.55
1ST 14.39
GROUND 10.23
BASEME
NT 5.81
GROUND 2
BEAMS
Base 0

X-Dir
kN
0
1557.5954
2420.3416
2040.3226
1631.2019
1225.6697
802.2074

458.0312

0
0

Y-Dir
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UBC 97 Auto Seismic Load Calculation

This calculation presents the automatically generated lateral seismic loads for load pattern EQY1

according to UBC 97, as calculated by ETABS.
Direction and Eccentricity

Direction = Y + Eccentricity X

Eccentricity Ratio = 5% for all diaphragms
Structural Period

Period Calculation Method = Program Calculated

Coefficient, C, [UBC 1630.2.2]

Structure Height Above Base, h,
Approximate Fundamental Period, T,
[UBC 1630.2.2 Eq. 30-8]

Program Calculated Period, T [UBC
1630.2.2.2]

Ta = G (hn

T < 14T,

Factors and Coefficients

Response Modification Factor, R [UBC Table 16-N]
Importance Factor, | [UBC Table 16-K]

Seismic Zone Factor, Z [UBC Table 16-I]

Soil Profile [UBC Table 16-J] = SC

Site Coefficient, C, [UBC Table 16-Q]

Site Coefficient, C, [UBC Table 16-R]

Equivalent Lateral Forces
Base Shear Coefficient [UBC 1630.2.1, Eq. 30-4]

maximum [UBC 1630.2.1, Eq. 30-5]
minimum [UBC 1630.2.1, Eq. 30-6]

Calculated Base Shear

C, = 0.02ft
h, = 94.39 ft

T, = 0.606 sec

R=5.5
[ =
Z =0.15

C, =0.18
C, = 0.25

2.5C,1
=~ = 0081818

= 0.11C,I = 0.0198

min < Vigeer < max

Period

Direction Used V coeff w
(kN)
(sec)
Y + Ecc. X 0.848 0 170908.4361

\% Ft
(kN) (kN)
9161.9752  543.7996

Applied Story Forces
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Lateral Load to Stories -

STAIR -

ROOF ~€——rzzz7 100k
4TH ‘%ﬂ"?ﬁ 4TKN
R0 T ze 17
2ND ~€——rzzm 604N
15T o834k
GROUND ~€rrrisgin

BASEMENT rerusonn

GROUND BEAMS -

Base T 1 I 1 I 1
0.00 0.50 1.00 1.50 2.00 2.50 E+3
Force, kN

Story

STAIR
ROOF
4TH
3RD
2ND
1sT
GROUND
BASEME
NT
GROUND
BEAMS
Base

Elevation

m
33.28
30.77
26.87
22.71
18.55
14.39
10.23

5.81

X-Dir
kN

0
0
0
0
0
0
0
0

o

Y-Dir
kN
0
1454.7109
2174.7147
1833.2617
1465.6604
1101.2834
720.7959

411.5482

0
0
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UBC 97 Auto Seismic Load Calculation

This calculation presents the automatically generated lateral seismic loads for load pattern EQX2

according to UBC 97, as calculated by ETABS.
Direction and Eccentricity

Direction = X - Eccentricity Y

Eccentricity Ratio = 5% for all diaphragms
Structural Period

Period Calculation Method = Program Calculated

Coefficient, C, [UBC 1630.2.2]

Structure Height Above Base, h,
Approximate Fundamental Period, T,
[UBC 1630.2.2 Eq. 30-8]

Program Calculated Period, T [UBC
1630.2.2.2]

Ta = G (hn

T < 14T,

Factors and Coefficients

Response Modification Factor, R [UBC Table 16-N]
Importance Factor, | [UBC Table 16-K]

Seismic Zone Factor, Z [UBC Table 16-I]

Soil Profile [UBC Table 16-J] = SC

Site Coefficient, C, [UBC Table 16-Q]

Site Coefficient, C, [UBC Table 16-R]

Equivalent Lateral Forces
Base Shear Coefficient [UBC 1630.2.1, Eq. 30-4]

maximum [UBC 1630.2.1, Eq. 30-5]
minimum [UBC 1630.2.1, Eq. 30-6]

Calculated Base Shear

C, = 0.02ft
h, = 94.39 ft

T, = 0.606 sec

R=5.5
[ =
Z =0.15

C, =0.18
C, = 0.25

2.5C,1
=~ = 0081818

= 0.11C,I = 0.0198

min < Vigeer < max

Period

Direction Used Vcoeft w
(kN)
(sec)
X-Ecc. Y 0.766 0

170908.4361 10135.3699

\% Ft
(kN) (kN)

543.7996

Applied Story Forces
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Lateral Load to Stories -

STAIR -
1557 5954kN

ROOF —&

2420.3416kM

"l
4TH &

2040.3226KN

3RD —%

1631.2019kN

2ND ~———————

1225 6697KN

15T ~e———

B02.207T4kN

GROUND ~&——

BASEMENT ﬂm AN

GROUND BEAMS -

Base 4 I | I | 1
0.00 0.50 1.00 1.50 2.00 250 E+3
Force, kN
Story Elevation
m
STAIR 33.28
ROOF 30.77
4TH 26.87
3RD 22.71
2ND 18.55
1ST 14.39
GROUND 10.23
BASEME
NT 5.81
GROUND 2
BEAMS
Base 0

X-Dir
kN
0
1557.5954
2420.3416
2040.3226
1631.2019
1225.6697
802.2074

458.0312

0
0

Y-Dir
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UBC 97 Auto Seismic Load Calculation

This calculation presents the automatically generated lateral seismic loads for load pattern EQY?2

according to UBC 97, as calculated by ETABS.
Direction and Eccentricity

Direction =Y - Eccentricity X

Eccentricity Ratio = 5% for all diaphragms
Structural Period

Period Calculation Method = Program Calculated

Coefficient, C, [UBC 1630.2.2]

Structure Height Above Base, h,
Approximate Fundamental Period, T,
[UBC 1630.2.2 Eq. 30-8]

Program Calculated Period, T [UBC
1630.2.2.2]

Ta = G (hn

T < 14T,

Factors and Coefficients

Response Modification Factor, R [UBC Table 16-N]
Importance Factor, | [UBC Table 16-K]

Seismic Zone Factor, Z [UBC Table 16-I]

Soil Profile [UBC Table 16-J] = SC

Site Coefficient, C, [UBC Table 16-Q]

Site Coefficient, C, [UBC Table 16-R]

Equivalent Lateral Forces
Base Shear Coefficient [UBC 1630.2.1, Eq. 30-4]

maximum [UBC 1630.2.1, Eq. 30-5]
minimum [UBC 1630.2.1, Eq. 30-6]

Calculated Base Shear

C, = 0.02ft
h, = 94.39 ft

T, = 0.606 sec

R=5.5
[ =
Z =0.15

C, =0.18
C, = 0.25

2.5C,1
=~ = 0081818

= 0.11C,I = 0.0198

min < Vigeer < max

Period

Direction Used V coeff w
(kN)
(sec)
Y - Ecc. X 0.848 0 170908.4361

\% Ft
(kN) (kN)
9161.9752  543.7996

Applied Story Forces
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Lateral Load to Stories -

STAIR -

ROOF ~€——rzzz7 100k
4TH ‘%ﬂ"?ﬁ 4TKN
R0 T ze 17
2ND ~€——rzzm 604N
15T o834k
GROUND ~€rrrisgin

BASEMENT rerusonn

GROUND BEAMS -

Base T 1 I 1 I 1
0.00 0.50 1.00 1.50 2.00 2.50 E+3
Force, kN

Story

STAIR
ROOF
4TH
3RD
2ND
1sT
GROUND
BASEME
NT
GROUND
BEAMS
Base

Elevation

m
33.28
30.77
26.87
22.71
18.55
14.39
10.23

5.81

X-Dir
kN

0
0
0
0
0
0
0
0

o

Y-Dir
kN
0
1454.7109
2174.7147
1833.2617
1465.6604
1101.2834
720.7959

411.5482

0
0
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Wind Load Calculation

UBC 97 Auto Wind Load Calculation

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

Exposure Parameters

Exposure From = Diaphragms
Exposure Type = Exposure B
Wind Direction = 0 degrees

Basic Wind Speed, V [UBC 1616] V = 60 mph
Windward Coefficient, Cqwing [UBC Table 16-H] Cqwina = 0.8
Leeward Coefficient, Cq e [UBC Table 16-H] Cqlee = 0.5

Top Story = STAIR
Bottom Story = BASEMENT
Include Parapet = No

Factors and Coefficients

Importance Factor, |y [UBC Table 16-K] Iw=1

Lateral Loading

Wind Stagnation Pressure, s [UBC Table
16-F]

Design Wind Pressure, P [UBC 1620 Eqg.
20_1]9 [ a P = (Ce,windcq,wind + Ce,leecq,lee)QSIw

qs = 0.00256V? > 10psf qs = 9.216

Applied Story Forces
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Lateral Load to Stories -

STAIR 5.2457kN
ROOF E EERERS LAY
96.646kN
4TH {
95 9669KM
IRD &
92 5499kN
2MD {
84 B43kN
18T {
B0O.22TTRM
GROUMND {
32.1093kN
BASEMEMT -%
GROUND BEAMS -
Base 1 i i i |
0 20 40 &0 80 100
Force, kN
Story Elevation
m
STAIR 33.28
ROOF 30.77
4TH 26.87
3RD 22.71
2ND 18.55
1ST 14.39
GROUND 10.23
BASEMENT 5.81
GROUND 2
BEAMS
Base 0

X-Dir
kN
25.2457
63.0831
96.646
95.9669
92.5499
84.843
80.2277
32.1093

0
0

Y-Dir

=
Z

O O O O O o o o o o
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UBC 97 Auto Wind Load Calculation

This calculation presents the automatically generated lateral wind loads for load pattern Wind Load?2
according to UBC 97, as calculated by ETABS.

Exposure Parameters

Exposure From = Diaphragms
Exposure Type = Exposure B
Wind Direction = 90 degrees

Basic Wind Speed, V [UBC 1616] V = 60 mph
Windward Coefficient, Cqwing [UBC Table 16-H] Cqwina = 0.8
Leeward Coefficient, Cq e [UBC Table 16-H] Cqlee = 0.5

Top Story = ROOF
Bottom Story = BASEMENT
Include Parapet = No

Factors and Coefficients

Importance Factor, | [UBC Table 16-K] Iw=1

Lateral Loading

Wind Stagnation Pressure, s [UBC Table
16-F]

Design Wind Pressure, P [UBC 1620 Eqg.
20_1:? [ q P = (Ce,windcq,wind + Ce,leecq,lee)QSIw

qs = 0.00256V? > 10psf qs = 9.216
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Applied Story Forces

Lateral Load to Storios -
STAIR -
ROOF ~=me7in
4TH & TH T172kN
3RD -& TI3.4728KN
ZND & ToT T203kN
15T & TT5.0013kN
GROUND & T35 2378kN

BASEMENT
€T

GROUND BEAMS -

Baﬂﬂj 1 I ! ! !
0 30 &0 90 120 150

Force, kN

Story

STAIR
ROOF
4TH
3RD
2ND
1ST
GROUND

BASEMENT
GROUND
BEAMS
Base

Elevation

m
33.28
30.77
26.87
22.71
18.55
14.39
10.23

5.81

X-Dir

=
Z

© o oo oo oooo

Y-Dir
KN
0
29.1057
134.4172
133.4728
128.7203
118.0013
135.2378
68.0357

0
0
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Shear wall Design

Bis

835

J&2/35 Shear wall at axis 3
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ETABS 2016 Shear Wall Design

ACI 318-14 Pier Design

Pier Details
Story ID Pier ID Centroid X (mm) Centroid Y (mm) Length (mm)  Thickness (mm) LLRF
GROUND PW6 21400 7350 7200 300 1
Material Properties
E: (MPa) f'c (MPa) Lt.Wt Factor (Unitless) fy (MPa) fys (MPa)
26587.21 32 1 420 420
Design Code Parameters
(023 Oc (0} @, (Seismic) 1Pmax IPmin Pwmax
0.9 0.65 0.75 0.6 0.04 0.0025 0.8
Pier Leg Location, Length and Thickness
Statign D Left X1 Left Y1 Right X; Right Y» Length  Thickness
Location mm mm mm mm mm mm
Top Leg1 17800 7350 25000 7350 7200 300
Bottom Leg 1 17800 7350 25000 7350 7200 300
Flexural Design for Py, My and Mys
Station Required Required Current Flexural Py Muz Mus Pier Aq
Location = Rebar Area(mm?  Reinf Ratio = Reinf Ratio = Combo kN kN-m kN-m mm?
Top 7498 0.0035 0.0031 DWal40 -1609.1704  -8.0668 | 2437.5919 = 2160000
Bottom 9801 0.0045 0.0031 DWwal40 -2144.6686 9.1967 3291.5647 2160000
Shear Design
ocaton  © e Stecomoo gu G S8 W
Top Leg 1 1589.52 DWal31 5145.084 -6055.2375 4710.2718  1826.2522 4710.2718
Bottom Leg 1 1591.35 DWal31 6459.9298  -17025.2871  4713.5913 = 1826.2522 4713.5913
Boundary Element Check
Static_m D Edge Governing Py Mu Stress Comp | Stress Limit C Depth C Limit
Location Length (mm) Combo kN kN-m MPa MPa mm mm
Top-Left Leg1 1128.8 DWal33 10117.0838 @ -379.7396 4.83 6.4 1848.8 1600
Top-Right Leg 1 0 Dwal33 5746.6395 8696.3608 6.02 6.4 1179.6 1600
Bottom-Left Leg 1 1501 DWal33  12548.1595 -3352.8867 7.1 6.4 2221 1600
Botttom-Right  Leg 1 0 DWal33 6858.3343 | 16995.1255 9.73 6.4 1349.8 1600
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ETABS 2016 Shear Wall Design

ACI 318-14 Pier Design

Pier Details
Story ID Pier ID Centroid X (mm) Centroid Y (mm) Length (mm)  Thickness (mm) LLRF
1ST PW6 21400 7350 7200 300 1
Material Properties
E: (MPa) f'c (MPa) Lt.Wt Factor (Unitless) fy (MPa) fys (MPa)
26587.21 32 1 420 420
Design Code Parameters
(023 Oc (0} @, (Seismic) 1Pmax IPmin Pwmax
0.9 0.65 0.75 0.6 0.04 0.0025 0.8
Pier Leg Location, Length and Thickness
Statign D Left X1 Left Y1 Right X; Right Y» Length  Thickness
Location mm mm mm mm mm mm
Top Leg1 17800 7350 25000 7350 7200 300
Bottom Leg 1 17800 7350 25000 7350 7200 300
Flexural Design for Py, My and Mys
Station Required Required Current Flexural Py Muz2 Mus Pier Aq
Location = Rebar Area (mm?) Reinf Ratio @ Reinf Ratio = Combo kN kN-m kN-m mm?
Top 5400 0.0025 0.0031 Dwal41 5736.3003 2.0377 -170.5957 2160000
Bottom 5978 0.0028 0.0031 DWal40 -1340.9236 12.7581 2225.9478 2160000
Shear Design
Cocaton ®mmam SherCombo guo Qb8 R W
Top Leg 1 1488.33 Dwal31 4059.1532 -2033.9896 4526.6715 1826.2522 4526.6715
Bottom Leg 1 1425.82 Dwal31 5264.5782 -9517.224 4413.2606 1826.2522 4413.2606
Boundary Element Check
Station Edge Governing Py Mu Stress Comp Stress Limit.  C Depth C Limit
Location Length (mm) Combo kN kN-m MPa MPa mm mm
Top-Left Leg 1 0 DWal29 | 7343.7831 -5.9099 3.4 6.4 Not Required | Not Required
Top-Right Leg 1 0 DWal29 7627.3784  93.8305 3.57 6.4 Not Required Not Required
Bottom-Left Leg 1 1099.6 Dwal33 9926.5001 -2259.8068 5.47 6.4 1819.6 1600
Botttom-Right Leg 1 0 DWal33 5726.4088 9463.3374 6.3 6.4 1176.5 1600
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ETABS 2016 Shear Wall Design

ACI 318-14 Pier Design

Pier Details
Story ID Pier ID Centroid X (mm) Centroid Y (mm) Length (mm)  Thickness (mm) LLRF
2ND PW6 21400 7350 7200 300 1
Material Properties
E: (MPa) f'c (MPa) Lt.Wt Factor (Unitless) fy (MPa) fys (MPa)
26587.21 32 1 420 420
Design Code Parameters
(023 Oc (0} @, (Seismic) 1Pmax IPmin Pwmax
0.9 0.65 0.75 0.6 0.04 0.0025 0.8
Pier Leg Location, Length and Thickness
Statign D Left X1 Left Y1 Right X; Right Y» Length  Thickness
Location mm mm mm mm mm mm
Top Leg1 17800 7350 25000 7350 7200 300
Bottom Leg 1 17800 7350 25000 7350 7200 300
Flexural Design for Py, My and Mys
Station Required Required Current Flexural Py Muz Mus Pier Aq
Location = Rebar Area(mm?  Reinf Ratio = Reinf Ratio = Combo kN kN-m kN-m mm?
Top 5400 0.0025 0.0031 Dwal41 3963.3852 2.6911 682.8991 2160000
Bottom 5400 0.0025 0.0031 Dwal41 5578.6326 -7.2848 -1253.2769 2160000
Shear Design
Cocaton ®mmam SherCombo guo Qb8 R W
Top Leg 1 1239.81 DWal31 3150.7394 997.7117 4075.7629 1826.2522 4075.7629
Bottom Leg 1 1235.17 Dwal31 4315.7853 -4904.3661 4067.3392 1826.2522 4067.3392
Boundary Element Check
Station Edge Governing Py My Stress Comp Stress Limit  C Depth C Limit
Location Length (mm) Combo kN kN-m MPa MPa mm mm
Top-Left Leg 1 0 Dwall 0 0 0 0 Not Needed | Not Needed
Top-Right Leg 1 0 DWall 5422.9079 1121.8147 2.94 6.4 Not Required Not Required
Bottom-Left Leg 1 0 Dwal33 7535.6537 -1380.7566 4.02 6.4 Not Required Not Required
Botttom-Right Leg 1 0 DWal33  4644.5074 4266.3618 3.8 6.4 Not Required | Not Required
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ETABS 2016 Shear Wall Design

ACI 318-14 Pier Design

Pier Details
Story ID Pier ID Centroid X (mm) Centroid Y (mm) Length (mm)  Thickness (mm) LLRF
3RD PW6 21400 7350 7200 300 1
Material Properties
E: (MPa) f'c (MPa) Lt.Wt Factor (Unitless) fy (MPa) fys (MPa)
26587.21 32 1 420 420
Design Code Parameters
(023 Oc (0} @, (Seismic) 1Pmax IPmin Pwmax
0.9 0.65 0.75 0.6 0.04 0.0025 0.8
Pier Leg Location, Length and Thickness
Statign D Left X1 Left Y1 Right X; Right Y» Length  Thickness
Location mm mm mm mm mm mm
Top Leg1 17800 7350 25000 7350 7200 300
Bottom Leg 1 17800 7350 25000 7350 7200 300
Flexural Design for Py, My and Mys
Station Required Required Current Flexural Py Muz2 Mus Pier Aq
Location = Rebar Area (mm?) Reinf Ratio @ Reinf Ratio = Combo kN kN-m kN-m mm?
Top 5400 0.0025 0.0031 Dwal41 2445.3179 3.3735 811.7769 2160000
Bottom 5400 0.0025 0.0031 DWwal41 3839.1904 -6.3599 -242.5815 2160000
Shear Design
Location mmm | ShearComboGu QbR W
Top Leg1 750 DWal31 2249.9556 2326.0965 3150.3783 2346.3708 3707.1708
Bottom Leg 1 750 Dwal31 3401.9566 -1540.428 3140.4821 2519.1709 3879.9709
Boundary Element Check
Station Edge Governing Py Mu Stress Comp Stress Limit C Depth C Limit
Location Length (mm) Combo kN kN-m MPa MPa mm mm
Top-Left Leg 1 0 DWal30 | 2537.7221 -466.7366 1.35 6.4 Not Required | Not Required
Top-Right Leg 1l 0 DWal30 3489.3897 1228.5088 2.09 6.4 Not Required Not Required
Bottom-Left Leg 1 0 Dwal33 5366.3148 -223.6484 2.57 6.4 Not Required Not Required
Botttom-Right | Leg 1 0 DWal33 3589.738 | 1613.6103 2.28 6.4 Not Required | Not Required
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ETABS 2016 Shear Wall Design

ACI 318-14 Pier Design

Pier Details
Story ID Pier ID Centroid X (mm) Centroid Y (mm) Length (mm)  Thickness (mm) LLRF
4TH PW6 21400 7350 7200 300 1
Material Properties
E: (MPa) f'c (MPa) Lt.Wt Factor (Unitless) fy (MPa) fys (MPa)
26587.21 32 1 420 420
Design Code Parameters
(023 Oc (0} @, (Seismic) 1Pmax IPmin Pwmax
0.9 0.65 0.75 0.6 0.04 0.0025 0.8
Pier Leg Location, Length and Thickness
Statign D Left X1 Left Y1 Right X; Right Y» Length  Thickness
Location mm mm mm mm mm mm
Top Leg1 17800 7350 25000 7350 7200 300
Bottom Leg 1 17800 7350 25000 7350 7200 300
Flexural Design for Py, My and Mys
Station Required Required Current Flexural Pu Muz Mus Pier Aq
Location  Rebar Area(mm? Reinf Ratio Reinf Ratio @ Combo kN kN-m kN-m mm?
Top 5400 0.0025 0.0031 Dwal41 1196.4524 3.8627 1004.3933 2160000
Bottom 5400 0.0025 0.0031 DWwal41 2362.7131 -5.2316 111.6534 2160000
Shear Design
locaton ' mmam  ShearCombo gL B8 R W
Top Leg1 750 Dwal31 1263.369  3173.9495 2484.3876 2198.3828 3559.1828
Bottom Leg 1 750 Dwal31 2476.215 321.5422 2503.5819 2380.3097 3741.1097
Boundary Element Check
Station Edge Governing Py Mu Stress Comp Stress Limit C Depth C Limit
Location Length (mm) Combo kN kN-m MPa MPa mm mm
Top-Left Leg 1 0 DWwal38 877.0021 -377.3613 0.55 6.4 Not Required | Not Required
Top-Right Leg 1l 0 DWal38 1798.4696 2003.21 1.61 6.4 Not Required Not Required
Bottom-Left Leg 1 0 Dwal30 2593.0523 -363.7252 1.34 6.4 Not Required Not Required
Botttom-Right | Leg 1 0 DWal30 | 3469.4224 111.4178 1.65 6.4 Not Required | Not Required
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ETABS 2016 Shear Wall Design

ACI 318-14 Pier Design

Pier Details
Story ID Pier ID Centroid X (mm) Centroid Y (mm) Length (mm)  Thickness (mm) LLRF
ROOF PW6 21400 7350 7200 300 1
Material Properties
E: (MPa) f'c (MPa) Lt.Wt Factor (Unitless) fy (MPa) fys (MPa)
26587.21 32 1 420 420
Design Code Parameters
(023 Oc (0} @, (Seismic) 1Pmax IPmin Pwmax
0.9 0.65 0.75 0.6 0.04 0.0025 0.8
Pier Leg Location, Length and Thickness
Statign D Left X1 Left Y1 Right X; Right Y» Length  Thickness
Location mm mm mm mm mm mm
Top Leg1 17800 7350 25000 7350 7200 300
Bottom Leg 1 17800 7350 25000 7350 7200 300
Flexural Design for Py, My and Mys
Station Required Required Current Flexural Py Mu2 Mus Pier Aq
Location = Rebar Area (mm?) Reinf Ratio = Reinf Ratio Combo kN kN-m kN-m mm?
Top 5400 0.0025 0.0031 DWwal41 373.282 3.266 556.9372 2160000
Bottom 5400 0.0025 0.0031 Dwal41 1158.9868 -2.662 498.4674 2160000
Shear Design
Location mmm | ShearCombo go e W
Top Leg 1 750 Dwal31 405.9855 1973.775 1253.9062 2069.7753 3430.5753
Bottom Leg 1 750 Dwal31 1483.5 1689.8232 1340.4939 2231.4024 3592.2024
Boundary Element Check
Station Edge Governing Py Mu Stress Comp Stress Limit C Depth C Limit
Location Length (mm) Combo kN kN-m MPa MPa mm mm
Top-Left Leg 1 0 DWwal38 365.9647 | -171.2343 0.24 6.4 Not Required | Not Required
Top-Right Leg 1l 0 DWal38 590.6753 1056.2783 0.68 6.4 Not Required Not Required
Bottom-Left Leg 1 0 Dwal34 882.3168 -204.9319 0.49 6.4 Not Required Not Required
Botttom-Right | Leg 1 0 DWwal34 | 1831.3254 1016.7367 1.24 6.4 Not Required | Not Required
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ETABS 2016 Shear Wall Design

ACI 318-14 Pier Design

Pier Details
Story ID Pier ID Centroid X (mm) Centroid Y (mm) Length (mm)  Thickness (mm) LLRF
STAIR PW6 21400 7350 7200 300 1
Material Properties
E: (MPa) f'c (MPa) Lt.Wt Factor (Unitless) fy (MPa) fys (MPa)
26587.21 32 1 420 420
Design Code Parameters
(023 Oc (0} @, (Seismic) 1Pmax IPmin Pwmax
0.9 0.65 0.75 0.6 0.04 0.0025 0.8
Pier Leg Location, Length and Thickness
Statign D Left X1 Left Y1 Right X; Right Y» Length  Thickness
Location mm mm mm mm mm mm
Top Leg1 17800 7350 25000 7350 7200 300
Bottom Leg 1 17800 7350 25000 7350 7200 300
Flexural Design for Py, My and Mys
Station Required Required Current Flexural Py Muz Mus Pier Ag
Location Rebar Area (mm?)  Reinf Ratio = Reinf Ratio Combo kN kN-m kN-m mm?
Top 5400 0.0025 0.0031 Dwal41 63.623 12.8283 205.1534 2160000
Bottom 5400 0.0025 0.0031 DWwal41 369.8489 -0.9399 171.8652 2160000
Shear Design
locaton ' mmam SterCombo gu S W
Top Leg1 750 DWal31 100.7023  491.9303 593.7344 2023.9828 3384.7828
Bottom Leg 1 750 Dwal31 531.7332  967.9203 570.713 2088.6374 3449.4374
Boundary Element Check
Station Edge Governing Py Mu Stress Comp | Stress Limit  C Depth C Limit
Location Length (mm) Combo kN kN-m MPa MPa mm mm
Top-Left Leg 1 0 Dwall 0 0 0 0 Not Needed = Not Needed
Top-Right Leg 1 0 DWall 112.966 383.0694 0.2 6.4 Not Required Not Required
Bottom-Left Leg 1 0 DWal38  326.4783 -153.2509 0.21 6.4 Not Required Not Required
Botttom-Right Leg 1 0 DWal38 | 607.8648 | 473.0796 0.46 6.4 Not Required Not Required
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Stair design

1. Structural System: When no intermediate supports are
Used, the flight of stairs will be supported at the ends of the upper and lower

Landings.

2. Minimum slab thickness for deflection is (for a simply supported one-way solid slab)

h —L—5'7—0285 =285
min—ZO—ZO—- m= ocm

In the case presented here, where the slab ends are cast with the supporting beams and
Additional negative reinforcement is provided, minimum thickness can be assumed to be

h —L—5'7—0204 =20.4
min—20—28—- m = 4cm

Take hy,i = 25cm

3. Loads: The applied live loads are based on the plan area (horizontal projection), while
The dead load is based on the sloped length. To transform the dead load into
Horizontal projection the figure below explains how.

e Flight Dead Load computation:

_11733

6 = tan_l%: tan = =30.0140

g KN/m

-— 300 mm —

i Ed 250 mm

4

173.3mm
| e
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Material Quiality Density KN/m? W KN/m

Tiles 27 27X(FE222)X0.03X1 = 1.413
mortar 22 22X(>2220)X0.02X1 =0.694
Stair steps 25 ZX(EE)X0.03X1 =2.17
Eoelligf;g:;d Concrete o5 % —7 218

Plaster 22 20,7622

Total Dead Load, KN/m 12.257

e Landing Dead Load Computation

Material Quiality Density KN/m? y.h.1 KN/m
Tiles 22 22X0.03X1= 0.66
mortar 22 22X0.02X1= 0.44
Reinforced Concrete 25 25X0.25X1= 6.25
Plaster 22 22X0.03X1= 0.66
Total Dead Load, KN/m 8.01

e Live Load : L.L=4.79Kn/m?
e Total Factored Load : w=1.2D+1.6L

For Flight w=1.2*12.257+1.6*4.79=22.373 KN/m
For landing w=1.2*8.01+1.6*4.79=17.276 KN/m

Because the load on the landing is carried into two directions, only half the load will be
Considered in each direction 17.276/2=8.638 KN.

, 8:638KN/m 2276k 22373KN/m g e kN/m

A v b
s 2 O O R IR I O e 2 W
|

& Ry =439, 56.07 KN/m

Ry="60.62 KN/m
/ 15m~ 070 27m 420 Je— q45m 1.15

!: 57m >|
4. Check for shear strength:
Assume bar diameter @16 for main reinforcement.
d 16
d=h—20—7b=250—20—7=222mm
Assume beam width 35cm
Vu = 60.62 — 8.638.(0.175+0.222) =57.19 KN
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1 1
Ve = g,/fc’.bw. d= g\/ﬁ 1000.222.1073 = 165.5 for 1m strip

@ = 0.75 For shear.

@Vc = 0.75 * 165.5 = 124.1 KN for 1m strip

1 124.1
Vumax = 57.19 < EQWC =—= 62.05 KN

The thickness of the slab is adequate.

5. Calculate the maximum bending moment and steel reinforcement:

5.7 115 + 2.1 42 42
Mu = 60.62. (7) — 8.638 * 1.15 * (—) ~22.373 % — x—= = 107.29 KN.m
M 10725 o
"Tg T 09 m/m

Assume bar diameter @16 for main reinforcement d=222mm
_ Mn _ 119.21 = 10°

Rn = =
"= pd? T 1000 % 2222

_ fy 420
~ 0.85fc’  0.85.24

= 2.42 MPa

m = 20.59

p=1/m(1l—v1- 2’;’;"1) =4,12X10°

As = pbd = 0.00412.1000.222 = 914.64mm?
Asmin = 0.0018bh = 0.0018.1000.250 = 450mm?
As > Asmin OK

Use @16 then
As _ 914.64 _

"= As16  201.06

1o 0207
ST T 283z M

Take 5@16/m with as=1005.3 mm?/m strip Or @16@200mm.
Step s is the smallest of:

1. 3h=3X250=750 mm
2. 450 mm
3. S=380(280/f s)-2.5Cc=380(280/0.666*420)-
2.5*%24=320.38mm
S < or =300. (280/f s)=300mm  control
S=200 mm < s max=300mm OK

95| Page



6. Temperature and shrinkage reinforcement.

Asmin = 0.0018bh = 0.0018.1000.250 = 450mm?

As 450 1 1
= 2.92 s==—=——==0.34m

"= Aspl4 1539 n 292

Use 3 @14/m with as=461.7mm?%m strip
Step for Temperature and shrinkage reinforcement is the smallest of:
1. 5h=5X250 = 1250 mm

2. 450mm ----- control
S =300mm < s max = 450mm ---- OK

o If the slab will be cast monolithically with its supporting beams, additional
reinforcement must be provided at the top of the upper and lower landings.

7. Design of landings: Considering a 1-m length of the landing, the load on the landing is

shown in the next figure.
The middle 60cm will carry a full load, whereas the twol.5-m lengths on each side will carry

half the ultimate load
17.276 KN/m
8.638 KN/m o 8.638 KN/m

L Y ¥ ¥V ¥ ¥ ¥ VY VY VYVYY Y YV YV |
| 1.9m —>}«—0.6 Mm—»fe——— 1.9m i R=21.595 KN

j 44 m |

PER:

R=21.595 KN

Loads on landing.

4.4 19+ 0.6 0.6 0.6
Mu = 21.595 (7) —8.638 * 1.9 % (T) —17.276 * - * 7= 30.1 KN.m

M —Mu—30'1—33451<N
n_®_0.9_ . .m/m
A
AT A
Up

» o

i
y

Bz BI ér :
B > b 1

' o

T B —

07 *f——— 220 —*F 115

(a)

)

Assume bar diameter @16 for main reinforcement. Because the bars in the landing will be
Placed on top of the main stair reinforcement.
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d, 16
d =h=20-=>= 25020 -~ = 222mm
Mn _ 33.45 x 10°

R = = s = 0.679MPa
fy 420
= = = 20.59
M= 085fc’ ~ 0.85.24
p=1/m(1 —v1— 222 =1,645X10°

fy

As = pbd = 0.001645.1000.222 = 365.08mm?
Asmin = 0.0018bh = 0.0018.1000.250 = 450mm?
As < Asmin then Provide As min =450mm?

Use @14 then

__As 450 IR S
"= Aspla 1539 ST R T 2092 M

Use 3 @14/m with as=461.7mm?/m strip
Step is the smallest of:
1. 3h=3X250=750 mm
2. 450 mm
3. S=380(280/f s)-2.5Cc=380(280/0.666*420)-2.5*24=320.38mm
S < or =300. (280/f s)=300mm  control
3. S$=300 mm = s max=300mm OK
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Stair solid slab design

Minimum thickness (deflection requirements). For One-End continues one-way solid
Slab:

hmin = : —4'6—0192
mln—ﬁ—ﬁ— . m

use 0.2m thickness

Assume bar diameter @14 for main reinforcement
db 14
d=h—20—7=200—20—7=173mm

Load calculation:
WDl =y.h.b = 25.0.2.1 = 5KN/m
w=12D+16L=12*54+1.6+*3 =108KN/m

wil?  10.8 * 4.42 m
Mu=—=———=26.136KN.—
8 8 m
MU _26136
n—®— 0o - 29 .m/m
o M _ 29.04 + 106 0.97MP _fy w0
"= pdz 10001732 T M= 085fc’  085+24
1 2Rnm
p= —(1 —V1- —) = 2.367X1073
m fy
As = pbd = 2.367X1073 % 1000 * 173 = 409.53mm?
Asmin = 0.0018.100.200 = 360mm?
As = 409.53 > Asmin = 360 provide As = 409.53 mm?
Use @14 then
As 409.53
n = 2.66

T Aspl4 15394

Take 3014/m ... we use ¥14/20cm on the both Direction (covering the Temperature and Shrinkage
Reinforcement)

Step is the smallest of:
1. 3h=3X200=600 mm
2. 450 mm
3. S=380(280/f s)-2.5Cc=380(280/0.666*420)-2.5*24=320.38mm
S <or =300. (280/f s)=300mm control
S=200 mm <s max=300mm OK
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