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Abstract

This work was done, with the praise and grace of God, by the students:

e Shadi Muneeb Aljubeh
e Abdullah Alaa_aldeen Ahmaro
e Abdalrahman Qaseem Salhab

Supervised by: Eng. Inas Shweiki

Structural design is one of the most important designs required for a building after architectural design. It
includes the distribution of columns, calculation of loads, and maintaining durability in the best economic
way and with the highest degrees of safety and security. The responsibility lies with the structural engineer
,The goal of the project can be summarized in making a structural design for all the structural elements
contained in the project, including nodes, bridges, columns, foundations, walls, and other structural
elements.

It is a hotel comprising of 8 above-ground floors and two underground floors, with a total area of 15,965
square meters.

The significance of the project lies in the diversity of structural elements in the building, such as bridges,
columns, and concrete slabs.

It's worth mentioning that the Jordanian code will be used to determine live loads, in addition to the UBC-
97 code for seismic loads. As for structural analysis and section design, the American code (ACI-318-14)
will be utilized.

The analysis and design will be carried out using structural design software such as (SAFE), (ETABS),
(Atir), (AutoCAD), and others like (Excel).

The derived results will lead to a comprehensive structural design meeting the standards of the (ACI-318)
code, as well as satisfying the owner's desires and ensuring complete safety, Architectural aesthetic
standards for the hotel will also be considered to ensure harmony and visual appeal.



LIST OF ABBREVIATIONS

. Ac = area of concrete section resisting shear transfer.

. As = area of non-prestressed tension reinforcement.

. As’= area of non-prestressed compression reinforcement.

. Ag = gross area of section.

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

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

. b = width of compression face of member.

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

. Cc = compression resultant of concrete section.

. Cs = compression resultant of compression steel.

. DL = dead loads.

. d = distance from extreme compression fiber to centroid of tension reinforcement.
. Ec = modulus of elasticity of concrete.

. fe' = compression strength of concrete.

. fy = specified yield strength of non-prestressed reinforcement.

. h = overall thickness of member.

. Ln = length of clear span in long direction of two- way construction measured face-to- face of

supports in slabs without beams and face to face of beam or other supports in other cases.

. LL = live loads.

. Lw = length of wall.

. M = bending moment.

. Mu = factored moment at section.
. Mn = nominal moment.

. Pn = nominal axial load.

. Pu = factored axial load

Xl



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

. V¢ = nominal shear strength provided by concrete.

. Vn = nominal shear stress.

. Vs = nominal shear strength provided by shear reinforcement.
. Vu = factored shear force at section.

. Wc = weight of concrete.

. W = width of beam or rib.

. Wau = factored load per unit area.

. @ = strength reduction factor.

. €c = compression strain of concrete = 0.003.
. gs = strain of tension steel.

. €s = strain of compression steel.

. p = ratio of steel area

Wl
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CHAPTER 4.
" STRUCTURAL ANALYSIS AND DESIGN "

4.1 INTRODUCTION.

4.2 DESIGN METHOD AND REQUIREMENTS.

4.3 FACTORED LOAD.

4.4 DETERMINATION OF SLABS THICKNESS.

4.5 DESIGN OF TOPPING.

4.6 DETERMINATION OF SLABS LOADS.

4.7 DESIGN OF SECOND FLOOR ONE-WAY RIBBED SLAB.
4.8 DESIGN OF BEAM.

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 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.

So, in this project, there are many types of slabs such that “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 Beam-D Software” to find the internal forces, deflections and moments
for ribbed slabs, and then handle calculation would be made to find the required steel for all
members.
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4.2 Design method and requirements:

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-318-14 code.

The design strength provided by a member is calculated in accordance with the requirements and
assumptions of ACI code (318 14).

Strength design method:

In ultimate strength design method, the service loads are increased by factors to obtain the load at
which failure is considered to be occurring.

This load called factored load or factored service load. The structure or structural element is
then proportioned such that the strength is reached when factored load is acting. The
computation of this strength considers the nonlinear stress-strain behavior of concrete.

The strength design method is expressed by the following,

Strength provided > Strength required to carry factored loads.

Material:
Reinforced Concrete: B300, fc' = 24 N/mm2 (MPa)

Reinforcement Rebars: fy =420 N/mm2(MPa)

» Strength reduction factors (9):

According to ACI a reduction factor for structural elements must be included in the
calculation of concrete sections, these factors are less than 1.0 for safety purposes, 0.9 for
tension controlled sections, 0.75 (Spiral) or 0.65 (Stirrups) for compression-controlled
sections, 0.75 in shear calculation and 0.6 for plain concrete sections. The strength factor ()
changes with net tensile strain of the cross section as illustrated in the following figure:
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¢ V’ = 0.75 + (& - 0.002)(50)

»
»

0.90 \

0.75 pm=mmm=- -

0.70 Other ¢ = 0.70 + (¢-0.002) (200/3)
Compression Tension
controlled i,\ .l Transiton | _controlled

& =0.002 & =0.005
c._ L
d 0.600 d 0.375

Figure 4-1: Variation of @ factor with net tensile strain (ACI 318)

4.3 Factored loads:

The factored loads used in the structural analysis and design according to ACI-318-11(9.2) eq.

, 1s determined as follows:
Wu=1.2DL+ 1. 6LL

Where:

Wu: Ultimate Load (kN)
DL: Dead Load (kN)
LL: Live Load (kN)



4.4 Determination of minimum thickness of structural members:

Minimum thickness of non-prestressed beams or one-way ribbed slabs unless deflections are
calculated. (ACI 318M-14)

Table 4-1 : Determination of minimum thickness of structural member.

Minimum Thickness (h)
Member Simply supported |One end Continuous [Both end
continuous
Cantilever
Solid one-way L/20 L/24 L/28 L/10
slabs
Beams or ribbed  [L/16 L/18.5 L/21 L/8
one-way slabs

For rib 10 First floor Slab:

L = 2% _ 29.5¢m ...For One end continuous. (for rib)

185 185

Select Slab thickness h = 32 cm but we run it on safe and Atir and the deflection was ok.

4.5 Design of one-way ribbed slab (R10):

One-way ribbed slab Design procedure is explained in the following steps:

4.5.1 Design of Topping:

Topping in One-way ribbed slab can be considered as a strip of 1-meter width and span of hollow
block length with both ends fixed in the ribs.



Loads on Topping
I— pping

|

5
a

ERARLENNAN

Ui

LR rErare i

=
2

8cm

24 cm

12¢m

a0 ¢cm

12 ¢m

Figure 4-2 : System of Topping

4.5.2 Calculation of Loads on Topping:

Dead loads that act on Topping can be calculated as shown in the following table:

— Dead Load For 1m strip:
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Table 4-2 : Dead Load Calculation For Topping.

Material Quality Density DL (KN/m)
KN/m3

Topping 25 0.08x25 x1=2
Coarse Sand 17 0.07x17x1=1.19
Mortar 22 0.03x22x1 =0.66
n Tile 23 0.03x23x1 =0.69
interior partition 2.3*1=2.3 KN/m
. Y= 6.84 KN/m

Live Load For Im strip = 4 X 1 =4 kN/m

Factored load (W,) =1.2 x DL+ 1.6 x LL
=1.2x6.84 + 1.6x4 = 14.6 kN/m. (Total Factored Load).

_ Wu =12 146+ 0.47

Mu = 12 12 =0.195KN.m
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4.6 DESIGN OF TOPPING:

Consider the Topping as strip of (1m) width, and span of mold length with both ends fixed in the

ribs.

Check the strength condition for plain concrete:

@M, >M,, where @= 0.55

Mn = 0.42 A+/fc' Sm .....(ACI 22.5.1, equation 22 — 2) e

_ b.h® _ 1000.80

Sm = G G = 1066666.67 mm2

04m Vu

| Mu

@Mn = 0.55 % 0.42 * V24 * 1066666.67 * 107 = 2.19 KN.,

Wux*L? 14.6%0.42

Mu = o - 0.194 KN.m (negative moment)
*I2 £0.42
Mu = WlllzL = 14'6240'4 = 0.0973 KN.m (positive moment)

@Mp=2.19 KN. m > My= 0.194 KN. m

Figure 4-3 : Topping Load

No reinforcement is required by analysis. According to ACI 10.5.4, provide Asmin for slabs as

shrinkage and temperature reinforcement.

Pshrinkage™ 0.0018

As=p X b X htopping = 0.0018 x 1000 x 80 = 144 mm?*/m strip.
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Step (s) is the smallest of:

1. 3h=3x80=240mm ...... control
2. 450 mm.

280, - 280\ 55y =
3. 380(72) — 2.5C = 380(7~—) ~ 2.5*20 = 330 mm

G)

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

4.7 DESIGN OF ONE-WAY RIBBED SLAB (Rib 10) From Project:

|
I I [ P
] ] | | ,/
I I | |~
] ] | |7
] ] ;
3 ] ] ]
] ] 7
] ] /
] 7
] L/
_ ] A
) & T Z =)
o o o @
2 & H a fa I 3

e B-1(11)

B-1(39)

Figure 4-4 : Rib 010 From Project
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Loads:

Table 4-3: Dead Load Calculation fo Rib 10

Material Quality Density DL (KN/m)

' KN/m3

1 Topping 25 0.08%25 x0.52=1.04
Tile 23 0.03x23x0.52 =0.359
Mortar 22 0.03x22x0.52 =0.343
n CR Rib 25 0.24x25 x0.12= 0.72
H Coarse Sand 17 0.07%17%0.52 = 0.619
n Hollow Block 10 0.24x10 x0.4= 0.96
Plaster 22 0.03x22%0.52 =0.343

interior partion 2.3%0.52=1.196

. KN/m 9= 5.61 KN/Rib

Live load in basement floor 4 KN/m

So Live Load For 1 Ribbed = 4 x 0.52 = 2.08 kN/Rib



*** For demonstration purposes only ***

Rib: 19

Project: NEW 111111111111

Designed by:

Code: ACI318

Page: 47

Date: 5/29/24

Geometry

Units:meter,cm

1 2 3 4
A . A . A . A —
‘0 5 3.95 0.8 4.31 \ 0.8 ‘ 5.46 \ 0.8 3.24 \ 0.8 ‘
o 4.6 5.11 C 6.26 ’ 4.04 o
1 o 1 1 1 1
32.
12.
A-A
Loading
load group no. 1
Dead load - Service Units:kN,meter
5.61 5.61 5.61 5.61
4.6 5.11 6.26 4.04
Live load - Service Load factors: 1.20,1.40/1.60,0.00
2.08 2.08 2.08
4.6 5.1 6.26 4.04

Figure 4-5 : Load for Rib 002
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v" Material:

Fc' =24 N/mm?>
Fy = 420 N/mm?

concrete B300
Reinforcement Steel

v" Section:
b=12cm b= 52 cm
h =32cm Tr=8 cm

4.7.1 Design for Flexure:

Moment/Shear Envelope (Factored)

Units:kN,meter

snans 1to 4

_Moments:

-23.6
131 -14.1

Figure 4-6 : Moment Envelope diagram for Rib 002

V" Design for positive moment (M»=21.9 KN.m)

Assume bar diameter @16 for main reinforcement.

Assume bar diameter @10 for stirrups.

D=320—20—10—§=282mm
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Check if a > hy:
Mnyg=0.85f¢b he(d —h?f) =0.85 x 24 x 520 x 80 x (282 — %) x 107%=205.37 KN.m

Mnf > My .... a<hs

Mny=205.37 KN. m >»> My=21.9 KN.m

The section is as rectangular section.

Mu _ 21.9x10°

Rn = ObdZ  0.0X520X2822 0.59 Mpa
m=—_=_*20 _ 5058
0.85.f¢ 0.85X24
B 1 " " 2*xm*Rn B 1 " " 2 % 20.58 * 0.94 — 0.00229
P=m fy |~ 2058 420 -

As=p x b x d=0.00229% 520 x 282 = 336.13 mm?

N 1.4
xbwxd =2 — xbwxd

Asmin = 0.25 x
fy fy

Asmin = 0.25 24 120 x 282 > 14 120 x 282
smin = 0.25x 7=5 x x > 55 X x

Asmin = 98.67 mm? < 122.8mm? ......... Control

As(req) = 336.13 mm? > Asmin = 122.8 mm?
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Use 2016

Asprovia=402. 124 mm?2> Asreq=336.13 mm?

Check for strain (s> 0.005):

_ Asxfy 402124 x420 159
= 085xfcxb 085x24x520 o

_a 15.9 1873
€= 085 085 oromm

= 0.003 (d _ C) = 0.003 (282 _ 18'73) = 0.04 > 0.005 0K
es = 0. 7 )=0 583 = 0. )

Design for negative moment (Mv=-19.8 KN.m)

_ Mu _ 19.8%10°
Rn = @bd? ~ 0.9X120X2822 2.305 Mpa
m=—2_=_*20 _ 058

0.85.f¢  0.85X24

B 1 1 1 2*xm* Rn B 1 1 1 2 *20.58 * 2.305 — 0.005839

P= fy ~ 2058 420 -

As=p*xbxd=0.005839x% 120 x 282 =197.6 mm?
As=197.6 mm?>> Asmin= 112.8 mm?

Use 2012
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Asprovid= 226.2 mm?2> Asreq= 197.6 mm?2

Check for strain (s> 0.005):

_ Asxfy  2262x420 38.81
= 085xfcxb  085x24x120 oo™
__a _3881_
©= 085 085 emm
= 0003(d_c)— 0.00 (282_45'66)—0016 > 0.005 0K
€S = . c = 4-566 = V. .
4.7.2 Design For Shear
Shear
-32.1
-28.3 -27.8
21.3 -20.9 252
-14.4
-7.5
| T T T T i T T T |
13.6
19. 18.7 25 20.8
25.6 .
32, 27.8

Figure 4-6.:Shear Envelope diagram for Rib 10
(Vwa=25.2 KN)

d=320—20—10—176=282mm

o 2 = 1_1 _3:
oV, =022 JF. b, .d=075 211,424,120 .282.107 = 22.79
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1 _1 _
SOV, =-x 2279 =114
Check For Cases:

\%
Casel: Vu < %

319>114
=~ Case (1) is NOT satisfied.

Case2: % <Vu < @Vc

11.4<31.9> 22.79
=~ Case (2) is NOT satisfied.

Case3: @Vc <Vu < (@Vc + @Vsmin)

®V5m1n>—,/fc *bwx*d = 0—75*\/ * 120 * 282 % 1073 = 7.77 KN

—*bw*d— 03—75*120*282*1

@Vs min = 8.46 KN

@Vc + @Vsmin = 22.79 + 8.46 = 31.25 KN
@Ve <Vu < (@Vc + Vsmin)
22.79 <319 <31.25

+~ Case (3) 1s NOT satisfied.

Case 4: (Ve + OVsmin)< Vu < (Ve +@Vs')

073 = 8.46KN

Control
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0.75
dVs' = %N/fc’ *bwd = T\/Z * 120 * 282 * 1073 = 41.445 KN

Ve + GVs' = 22.79 + 41.445 = 64.23KN

31.25<31.9<64.23

_ Vs
T (fyted)

=~ Case (4) is satisfied — (‘i—v)

Vs = (E — Vc)
¢
0.75 0.75

Try2 @ 10=2*78.5=157.1 mm?.

Try @ 10 With 2 Legs with As =157.1 mm2
S=(Av*Fyt*d)/Vs

_ 157.1 % 420 % 282

12.146 103 1530.96 mm

Smax<(d/2) OR S max <600 mm
Smax <14l mm OR S max <600 mm
Smax <141 ........... Control

S max = 141 mm < 1530.96 mm

TAKE S= 100 mm
USE 0 10 With 2 Legs /100 mm



4.8 Design beam 002:

4.8.1 Section details and loads:

*** For demonstration purposes only ***

Beam: 01

Project: NEW 111111111111
Designed by:

Code: ACI318

Page: 57
Date: 6/ 2/24

Geometry  Units:meter,cm

1 2 3
E A . A e A :]
L 1L
A A A
0.25 7.16 0.25 415 0.25 5.77 0.25
“‘ 7.4 "‘ 4.4 "‘ 6.02 "‘
[ I I |
50
80.
A-A
Figure 4-8: Beam B002 Section Detail
Material:

concrete B300

Reinforcement Steel

Section:

B=80cm

Fc¢’ = 24 N/mm?

Fy = 420 N/mm?

h=50cm “choose h= 50cm, for deflection requirement’s L/240”

According to ACI-Code-318, the minimum thickness of no prestressed beams or one-way slabs unless deflections

are computed as follow:
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hmin for one end cont. = L/18.5

Select Total depth of beam h= 50cm.

Loads acts on beam B002:
- Reactions from (rib 007):

D.L=32.57/0.52 = 62.63 kN/m

L.L =13.41/0.52 =25.79 kN/m

=741 /18.5 =40.05 cm.
hmin for both end cont. = L/21
=440 /21 =20.95 cm.

Loading
load group no. 1
Dead load - Service Units:kN,meter
69.3 62.6 62.6 62.6
4.6 2.81 44 6.02

Live load - Service

Load factors: 1.20,1.40/1.60,0.00

]

izasl

lzs.sl

|

4.6

4.4

6.02

Reactions

Factored

[

IT
DeadR 251.88
LiveR 135.09
MaxR 386.97
MinR 292.44
Service
DeadR 210.94
LiveR 84.43
MaxR 295.37
MinR 208.36

L
537.51
326.57
864.08
681.06

456.31
2041
660.41

494.19

H
363.4
271.18
634.58
473.7

318.32

169.49

487.81
342.8

l
192.12
112.21
304.33
2221

161.6
70.13
231.73
157.89

Figure 4-9: Beam B002 Loads Detail
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CHAPTER 4 " STRUCTURAL ANALYSIS AND DESIGN "

4.8.2 Design for flexure:

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

Moments: spans 1to 3

|
[ I I I

|
I 1

-590.3
-525.7 -548.8
-329.4
-301.6_-279.6
131, 095
I | | |
[ i“ IIl |
1.2 79
an, — H\/
397.3
296 5934 4.45 \ 2.64 176 | 3.31 2.7 \
I

Figure 4-10: Beam B002 Momont Envelope diagram.

(MUmax = 593.4 kN.m)

Assume bar diameter @20 for main reinforcement.

Assume bar diameter @10 for stirrups.
d = depth - cover —diameter of stirrups — (diameter of
bar/ 2)

=500—40—10—22—° = 440 mm

3 3
C(max) = 7* d= 7 * 440 = 188.6 mm
a(max) = B1* Cmax = 0.85 * 188.6 = 160.31 mm
a
Mn(max) = 0.85* fc'*b*a* (d _E)

160.31

= 0.85 * 24 x 800 x 160.31 * (4-40 — ) * 107 = 941.447 KN.m

d—c 0.003 440 — 188.6 0.004
= 0. $ ———— = ().
188.6

es = 0.003 «
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CHAPTER 4 " STRUCTURAL ANALYSIS AND DESIGN "

250
® =0.65+

3 * (0.004 — 0.002) = 0.829

Mn(max) = 0.82*%941.447 = 800.229 KN.m

— Mu =290. KN.m < ¢ Mnmax=800.229 KN.m ~.Singly reinforced concrete section.

Maximum positive moment Mu )= 593.4 kN.m

m=20.6
Mn 593.4%10°

1 1 \/ 2 *x20.6 *4.26

= 0.0115

P= %06 420

As=p *b*d=0.0115 * 800 x 440 = 4048 mm?2

Ve 14
As(min) = 2 bx*d ny bx*d
V24

1.4
L — 440 > — 44
4*(420)*800* O_fy*800* 0

= 1026.45 mm? < 1173.33 mm?>........ As, min = 1173.33 mm?
As =4048 mm? > As,min = 1173.33 mm? Ok

Use 14 ¢20 .... As=4398.23 Mm? oo for bottom reinforcement

Asprovid = 4398.23 mm?2 > Asreq= 4048 mm?2

Check for strain (s> 0.005):

Asxfy 439823 #420

— = =113.2mm
0.85x fc'xb  0.85%24+800
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CHAPTER 4 " STRUCTURAL ANALYSIS AND DESIGN "

fc’ =24 MPa — B1-03s

e 1132
‘T B1” 085
= 133.18 mm

d=500—40—10-2—20=440mm

440-133.18
133.18

€s = % * 0.003 = * 0.003 = 0.0069 > 0.005 ~ ¢=0.9 ... OK

Maximum positive moment Mu ™ =397.3 kN.m

m = 20.6

Mn 397.3 ¥10°
Rn = = = 2.85 MPa
0.9xb*d? 0.9%800%(440)2

1 1 1 2% 20.6 x 2.85
420

= 0.007341

As=p *b*d=0.007341 * 800 * 440 = 2584.3 mm2

As=2584.3 mm?> As, min = 1173.33 mm?> OK
Use 9 $20 .... As=2827.44 mm?> ........... for bottom reinforcement

Asprovid = 2827.44 mm?2> Asreq= 2564.32 mm?2

Check for strain (es> 0.005):

_ As*f): _ 2827.44x420 _ 79 765 mm
0.85+fc’*b 0.85%24x800
fc =24 MPa <28 MPa— 1 =
0.85
a 72.765
c=—= = 85.6 mm

Bl 0.85
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CHAPTER 4 " STRUCTURAL ANALYSIS AND DESIGN "

d=500—40—10-"’2—° = 440 mm

440-85.6

es = T°%0.003 = % 0.003 = 0.012 > 0.005 -~ ¢ =0.9 ... OK

Maximum negative moment Mu ©) = 548.8 kN.m

m = 20.6

Mn 548.8 ¥10°
Rn = = = 3.94 MPa
0.9xb*d? 0.9%800%(440)2

p= L(l - J1- —2*20'6*3'94> =0.0105

20.6 420

As=p *b*d=0.0105 * 800 * 440 = 3696 mm2
As=3696 mm?>As, min=1173.33 mm? OK

Use 12 20 .... As=3769.9 MM ., for bottom reinforcement

Asprovia= 40000 mm?2 > Asreq= 3696 mm?
Check for strain (s> 0.005):
As * fy 4000 = 420

_ = 102.94
0.85+fc' b 0.85 24 * 800 mm

fc =24 MPa < 28 MPa— f; =

0.85

_a  102.94
“TB1” o085

=121.1mm

d=500—40—10-§ = 440 mm

440-121.1

es = T°%0.003 = Z2240.003 = 0.0079 > 0.005 = g =0.9 ... OK
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CHAPTER 4 " STRUCTURAL ANALYSIS AND DESIGN "

4.8.3 Design for Shear:

Shear
-524.7
-459.1
-304.3
-229.5 -238.8
-164.
H L H |
273.9
316.
387. 339.4 4051 339.5
Figure 4-11: Beam B002 Shear Envelope diagram.
(Vaa=459.1 KN)
Jfe! 4
dVe = ¢ * ]; *bx*xd=0.75x * 800 * 440 * 1073 = 215.556 KN
Check For
Cases:- Casel:
ave

Vu <

dVc 215556

— = = 107.778 KN
2 2

459.1 >107.778

=~ Case (1) is NOT satisfied.

Case2: % <

Vu < ¢Vc
107.778 <459.1 > 215.556

=~ Case (2) 1s NOT satisfied.
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CHAPTER 4 " STRUCTURAL ANALYSIS AND DESIGN "

Case 3: pVe< Vy < (dVe+ GVSmin )

O Vsmin 224 [F7 «bw + d = 2% V24 + 800 + 440 + 10~° = 80.83 KN

0.75

>=xpwxd = T*800*440* 1073 =88KN ........... Control

w &

VS min = 88 KN,

GVe+ Vs min=215.556 + 88 =303.556
KN.

¢dVe< Vu < (pVe + dpVs min)
215.556 <459.1 <303.556

=~ Case (3) 1s NOT satisfied

M ((ch + (bVS min ) < Vu S (Vc + (1)VS' )

0.75
* V24 % 800 * 440 « 1073 = 431.11 KN

oVs' = %*w/fc’*bw*dz

¢Ve+ Vs '=215.556 +431.11 =
646.66 KN
303.556 <459.1 <646.66

= Case (4) is satisfied — (A—v) = (=)

s fytxd
%4 Vu vV
Ss= ——VcC
¢
Vs = 459.1 _ 215.556 = 32473 KN
0.75 0.75

Try2 ® 10=2*78.5=157 mm*
Try © 10 With 4 Legs whith As =314.159 mm?2
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S=(Av* fyt*d)/Vs

= (314.159 * 420 *440 )/ (324.73 *10"3 ) = 178.78 mm
Smax<(d/2) OR S max <600 mm

Smax <220 mm  OR S max <600 mm

Smax <220 ........... Control

S max = 220 mm > 178.78 mm

TAKE S= 150 mm
USE 0 10 With 4
Legs/ 150 mm
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CHAPTER 4 " STRUCTURAL ANALYSIS AND DESIGN "

4.8 Design of Stair

v" Material :-
= concrete B300 Fc' =24 N/mm?

=  Reinforcement Steel Fy = 420 N/mm?

4.8.1 Design of Flight

hmin =1/20
hmin =4.14/20 = 20.7 cm
Take h=20 cm

The Stair Slope by 8 = tan™ (165 /300) =28.8

Dead Load For Flight For 1m Strip:
No. Material | Quality DL (KN/m)

Density

KN/m3
1 Tile 23

23*0.03*1*((0.35+0.165)/0.3 ) = 1.1845KN/m

2 Mortar 22 22*0.03*1*((0.3+0.165)/0.3 ) = 1.023KN/m
3 CR 25 25*0.25*1 / cos 28.8= 5.7KN/m
4 Plaster 22 22*0.03*1 / cos 28.8=0.744KN/m
5 Stair 25 (25\0.3)*((0.165*0.3)\2) = 2.0625KN/m

| ¥= 10714 KN/m

Table 0-1:Dead Load Calculation of Flight.



CHAPTER 4 " STRUCTURAL ANALYSIS AND DESIGN "

Dead Load For Landing For 1m Strip

No. Material Quiality Density DL (KN/m)
KN/m3
1 Tile 23 23*0.03*1= 0.7KN/m
2 Mortar 22 22*0.03*1= 0.66KN/m
3 CR 25 25*0.2*1= 5KN/m
4 Plaster 22 22*0.02*1= 0.44KN/m
Y= 6.8 ~ KN/m

Table 4 5:Dead Load Calculation of strip.

Factored Load for Flight:-
Wy=1.2x10.71+ 1.6x4 =18.83 KN/m

Factored Load for Landing: -
Wy =1.2 6.8+ 1.6x4 = 16.048 KN/m



CHAPTER 4 " STRUCTURAL ANALYSIS AND DESIGN "

d
1 2
1
v I A A
4- & A—y—;
. 1.35 N 3.21 ., 05
I ) T 4'14 T I L}
r 1
20,
100.
ATA
Loading
load group no. 1
Dead load - Service Units:kN, meter
1.7 +
269 I 145
Live load - Service Load factors: 1.60,0.00/0.00,0.00

L Lo | |

llll;ﬁlllll

1. 145
Moment/Shear Envelope (Factored) UNIts:KN,meter
_Moments: spans 1to 1
| : —
0.
! 2.07 3‘?-“ 2.07 |
_Shear
303
274 _
} }
0,
241
34.4

Figure 0-1 : Load & Moment & Shear Envelope deagram for stair flight
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CHAPTER 4 " STRUCTURAL ANALYSIS AND DESIGN "

v' design of Shear: (Vu=27.1kn)

Assume bar diameter ¢ 14 for main reinforcement.
d =h- cover—% =200 — 20 —% =173 mm
Ve =% fc'b,d== %\/24 x 1000 * 173 = 141.254 KN

®O* V.-0.75* 141.254 = 105.9 Kn > Vu =27.1kn

dxVc

=52.95>Vu=27.1kn ...... No shear reinforcement is required.

v Design of Bending Moment: (Mu= 34.4KN.m)

fy 420

m= 0.85f¢ - 0.85%24 = 206

d = depth - cover — (diameter of bar/ 2)

=200—20—12—4: 173 mm

~ Mp 344 %10°
Rp

T 0.9+b*d?  0.9%+1000% (173)2 =1.277 MPa

p=-r <1 S L >: 0.00314217
20.6 420

As=p *b *d=0.00314217*1000*%173 = 543.6 mm2 /m
As,min = 0.0018*1000*200= 360 mm2
As,req=543.6 mm2 > As,min =360 mm2

As,req=543.6 mm2  ......... is control

__Asrreq
As,12

=48

Check for Spacing:
Smax = 3h = 3*200 =600 mm

280
24420
3

Smax = 380%(

) —2.5%20 = 330

280
§*420

Smax < 300*(——) — 2.5%20 =300 ....... cont

Smax =450 mm

Smax =300mm ......... is control
S=200 mm < 300 .... OK

Use ¢p12/20cm .... Or 5 p12
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CHAPTER 4 " STRUCTURAL ANALYSIS AND DESIGN "

A = 565487 mm2 /m > Asreq = 543.6 mm2 /m

Sprovid

v" Shrinkage and Temperature

Asmin 360
= = =4.6

As,10  As10
100
S = T =20

Check for Spacing:
S =5h=5*200 = 1000 mm

S=450mm ......... is control

Smax =45 ¢cm > S= 20 cm ---- OK
Use $10/20cm .... Or 5 ¢10
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HER ERAM 037

T

(&) ¢12 @ 20cmL =202

T 12
N

B
T 3) ¢12@ 20cmL=271
@ e12@ o1
2.01 )
? T

B

(®)6 2 @20cmL=22

) T
Do 12@ 20mL=4.18

0.7

B

@ ¢12@20cmL=217

1.47

»y
05

,—

— 1

B (20 12@ 20cmL=2.36 > xi/
o @r.ﬂ¢1-a@2:)cm|_=1.13
1.56 .

Figure 0-13: Stair flight detailing

0.13
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4.8.2 Design of Middle Landing:

Take h=20 cm
No. Material Quality Density DL (KN/m)
KN/m3

1 23*0.03*1= 0.7KN/m
2 Mortar 22 22*0.03*1= 0.66KN/m
3 CR 25 25*0.2*1= 5KN/m

4 Plaster 22 22*0.02*1= 0.44KN/m

y = 6.8 KN/m

Table 0-2: Dead Load Calculation for Landing for 1m Strip of Middle Landing

Factored Load for Landing: -
Wu=1.2x6.8+ 1.6x4 =16.048 KN/m

_Reactions

Factored

1 I Il |

I ! 1 1
DeadR  34.38 30.29
LiveR 0 0.
MaxR 34.38 30.29
MinR 0 0.
Service
DeadR  21.49 18.93
LiveR 8.28 8.28
MaxR 29.77 2r.21
MinR 21.49 18.93

Figure 0-2: Reactions of Middle Landing
21.49
R= =16 kN/m

1.35
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1 2
1
[ : 1
A
L 025 | 2.66 , 025
T T L 1
I 2'9 |
I 1
20
100.
AA
Loading
load group no. 1
load - Service Units:kN,meter
16.0
16.0
29
Live load - Service Load factors: 1.20,1.20/1.60,1.60
i 29 1
[ |
Moment/Shear Envelope (Factored) Units:kN,meter
_Moments: spans 1to 1
L L I 1
T T
‘ 145 404 145 .
*** For damonstration purposes only ***
Slab: 12 Code: ACI318
Project: : 18
by: Date: 13/01/24
Moment/Shear Envelope (Factored) Units:kN,meter
_Shear
50,0 55.7
L 1
T T 1
50.9
65.7

Figure 0-3:Load & Moment Envelope & Shear Envelope diagram for Middle Landing
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CHAPTER 4 " STRUCTURAL ANALYSIS AND DESIGN "
v" design of Shear:- (Vu=50.9 kn)

Assume bar diameter ¢ 14 for main reinforcement
d =h- cover—% =200 — 20 —% =173 mm
Ve =% fc'b,d== %\/24 x 1000 * 173 = 141.254 KN

®O* V.-0.75* 141.254 = 105.9 Kn > Vu = 50.9 kn

dxVc

=52.95>Vu=509kn ...... No shear reinforcement are required

v Design of Bending Moment:- (Mu= 40.4 KN.m)

fy 420
- 0.85f, o085x24 20.6

m
d = depth - cover — (diameter of bar/ 2)
=200-20 - == 173 mm

My 404 =10°
Rp

T 0.9+b+d? _ 0.9+1000% (173) 1.5 MPa

p=—— (1 - |1- M>= 0.0031714
20.6 420

As=p *b *d =0.00314217*1000*173 = 642.43 m*? /m

Asmin = 0.0018*1000%200= 360 mm?
As,req: 642.43 mm?> > As,min =360 mm?

As,req =642.43 mm2 ......... is control

_ As,req

As,14
100

S—T=20

=41
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Check for :-

Smax = 3h = 3*200 =600 mm

280
Smax = 380*(——) — 2.5%20 = 330
280 %
Smax < 300%(3 420) —2.5%20=300....... cont
3
Smax = 450 mm
Smax = 300mm ......... is control

S=200 mm < 300 .... OK

Use $14/20cm .... Or 5 ¢pl14

A =769.7 mm2 /m > Asreq = 642.43mm2 /m

Sprovid
v" Shrinkage and Temperature

_ Asmin _ 360

= =4.6
As,10 As,10

_100 _
§=— =20

Check for Spacing :-
S =5h =5*200 = 1000 mm

S=450 mm ......... is control

Smax =45 cm > S=20 cm OK
Use $10/20cm .... Or 5 910
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v \

? 7

a ,é

/ 5

/ (3) ¢ 12 @ 20cm 2

“ %

9 )

¥ %

7 /

/ , /

7 7

g (@) ¢ 12 @ 20cm /

5 7

11 v

7 ¢

7 7z

1 ]

# %

/ 7

% Y

/ |

,’f/l/ \l\ %

(8)$ 10@20cm L = 1.66
(7)6 14 @ 20cm L =166
0.5 0.5

S— ,—
™ 0.5 0.5 ™
-~ ’— p—
o o
AOM¢ 10 @20 cm L=1.13 AOM$10@20cmL=113

Figure 0-4:Middle Landing detailing
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4.9 Design of Column C4

v Material :-

= concrete B350 Fc¢' =28 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

v" Load Calculation:-

Service Load:-

Dead Load =1805.54 KN
Live Load =971.12 KN

Factored Load:-
Pyu=1.2x1805.54 + 1.6x971.12 =3720.44 KN

v" Check Slenderness Parameter:-

ﬁ<34—12&s40
r M 2

Lu: Actual unsupported (Unbraced) length.
K: effective length factor. According to ACI 318-2002 (10.10.6.3) The effective length factor k, shall

be permitted to be taken as 1.0.
|

R: radius of gyration = A 203h.i, For rectangular section
Lu=2.7-0.6=2.1m

M1/M2 =1

K=1 for braced frame.

about X-axis (h=0.40 m)

klu<34 12M1 <40
r M?2

rx=03h=0.3*0.40 =0.12

1x2.1

012 =17.5<22

Column Is Short About X-axis
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CHAPTER 4 " STRUCTURAL ANALYSIS AND DESIGN "

about Y-axis (b= 0.75m)

klu<34 12M1 <40
r M2

ry=0.3b=0.3 *0.75=0.225

1 x 2.85

Column Is Short About Y-axis

v" Dimensions of Column:-

Pu 3720.44
Po=-==
0.52 0.52

£=0.0167

Po
0.85fc (1—f)+fxfy

= 7154.7

Ag=

7154.7 « 10—3

Ag = 5g58 (1-0.0167)+0.0167 +420

=235223.9933
Select 400 * 750
Ag =750 * 400 = 300000 > 235223.9933 ..... OK

_ Po-0.85 fcAg
Ast= fy— 0.85fc
_ (7154.7  10-3 ) — 0.85+28+300000
Ast= 420— 0.85 %28
= 4983.762
Use 16 @20

Ast 16 ¢20=15026.548246

Ast _ 5026.548246

f= = =0.0167 > 0.1...... OK
Ag 300000
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v Check For Spacing Between Bars: -

X-axis ..

_ 400—(40+2)—(2+10)—(3%20)

S > =120 mm < 150 mm use S hook ..
Y-axis
§ = 130-(40-2)-210)~(7:20) _ g5 1mm < 150 mm use Straps ..

6

v' Spacing Between Straps:-

Select smallest ..
S=48ds=48 * 10 =480 mm
S=16db=16*20= 320 mm

s=557"=200mm ... Cont

Select S =200 mm
Use Two Straps and One S hook @ 200 mm
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.
I

32

= ‘52 T {
1010 n-| 10 . I"'Hllo
! /E)‘ 10 26 .-I
67 67 32 lg7
910 — L = 1.32m I
10]!
32 "

@10 — L = 2.18m 210 — L = 0.87m

Figure 0-5 : Column C4 Detailing
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4.10 Design of Basement wall

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

Moments: spans 1to 1

017
1.23 |
1
{ |
11.09 | /"'
I 1
484
2.95 , 1.97 |
I 1 1
Shear
-38.7 -40.2
L I
1
1178

Figure 0-6: Moment & Shear Envelope deagram for Basement Wall

v Maximum Negative moment Mu ©=101.7 kN.m

fy 420
m= 0.85f, 085x28 17.6

d = depth - cover — (diameter of bar/ 2)

=300 — 70 —§: 222 mm

R. = Mp _ 1017 x10°
' 0.9+bxd2  0.9¥1000* (222)2

p=—- (1 - \/ 1 2176229 >= 0.00575
17.6 420

As=p *b *d =0.00575*%1000%222 = 1276.5 mm? /m

JF

=2.293 MPa

1.4
sbhbxd > —xbxd

ASpin = =
min 4’(_fy) fy
V28 1.4
= 1 222 > 1 222
4 a0 " 1000+ = g0 * 1000+
=699.23 mm? /m < 740 mm? /m .... As, min= 740 mm? /m

As=1276.5 mm?> As, min = 740 mm? OK
Use $16/10cm ... As= 2010.62 mm? /m for Negative reinforcement
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A = 2010.62 mm2 /m > Asreq = 1479.2 mm2 /m

Sprovid

v/ Maximum positive moment Mu )= 48.4 kN.m

M 48.4 *10°
Rn — n —

T 0owbrdZ | 0971000 (222)Z 1.091 MPa

p=— <1 R >= 0.00266
17.6 420

As=p *b *d=0.00266*1000*222 = 590.52 mm?2 /m

As =590.52 mm2 <As, min = 740 mm?2

= As, min= 740 mm2 .... control

Use $16/25¢m ... As= 803.84 mm? /m for Positive reinforcement

A =803.84 mm2/m > A = 740 mm2 /m

Sprovid Sreq
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v" Design for Shear

v (Vuq=117.9 KN)

dVe=¢ *g*b*d=0.75 *g*IOOO* 222 *10-* = 146 KN.
Vi< Ve
117.9 <146
Thickness is ok .....
+0.45 |
R I N
AN
B IS SN
v/ //\\/‘/\ //\\/
L QUK
LD
/\\/\\/\\/% o
SN
R N
s | S ESIN
AR
'345 . '/\\//\\//\\//\\/
HAKEKK
//‘///‘///‘///‘//‘ ,o-l-lOOKiOG.-Wm// ’
S
525 DX TR ey,
WO braednnasd YOO

L

/\/\‘ T ST //\ %
MAOUANAN 150 OANCAN

NN NN NN NN

Figure 0-7 : Basement Wall detailing
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4.11 Design of Footing (F6)

v Material :-

= Concrete B350 Fc' =28 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

v" Load Calculations

Dead Load =3080.94 KN, Live Load = 1544.51 KN

Total services load = 3080.94 + 1544.51 = 4625.45 KN

Total Factored load = 1.2*3080.94 + 1.6*1544.51 = 6168.344 KN
Column Dimensions (a*b) =70*45 cm

Soil density = 17 Kg/cm3

Allowable Bearing Capacity = 450 Kn/m2

0.80

045

R
I N e
e R

0.45

1.80

¢ d selected fill to 98%
lied on 2Z0cm in each layers

0.80

AN {u}s

ASNER

0.10

Rock

compacted selected fill to 98%

[
|
dpplied on 20cm in edch layers "‘ O'IO 3-40 O-IO

Section (B-B) in F6 ( 340X340X80) cm

Figure 0-8: Footing F6 Section detailing
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Assume h = 80 cm

Onet_atiow = 450 — ( 17%0.6 — 25%0.80 — 5 ) = 464.8
v’ Area of Footing :-

Pn 462545

— 2
1648 9.9515m

A=

qnet—allow

Assume Square Footing
B required =3.4 m
Select B=3.4 m

v' Bearing Pressure :-

qu = 6168.344/3.5%3.5 = 533.59377 Kn/m?

v" Design of Footing:

Design of One-Way Shear Strength:

Critical Section at Distance (d ) From The Face of Column
Assume h = 80 cm, bar diameter ¢ 18 for main reinforcement  and 7.5 cm Cover
d=800-75-=2=716 mm

B-a

Vu=qu*( 5 —d)*L

3.4-0.7

Vu = 533.59377 ( _ 0.716) ¥3.4=1150.215 kn

1
(p.Vc=<p.g*\/fc'*bW*d

1
@.Vc =0.75 % g V28 3400 * 716 = 1610.2043 Kn

@.Vc =1610.2043 KN > Vu = 1150.215 Kn
~ Safe

Design of Two Way Shear Strength (punching shear):

Vu=Pu-FR,
FRy= qu+area of critical section
Vu=533.59377 *(3.4*3.4-((1+0.716) *(0.7+0.716)) = 4871.78796 Kn

The punching shear strength is the smallest value of the following equations:
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1(, 2\ [,
¢.\/C :¢E(1+ﬂ—0]\/fbod
AV, =¢.%( % +2j\/f7bod

b, /d
AV, = p 21 b,d
Where:

__ Column Length (a) _ 10 _
Be = Column Width (b) 7 1.42857

b

o = Perimeter of critical section taken at (d/2) from the loaded area
b, =2%(1+0.716) + 2* (0.7 + 0.716) = 6.264 m

s — 40 for interior column

V 1<1+2) ! (1+ - ) 0.4
. = — — ) = — % — | = 0.
PVe=s\""8) 7% 1.42857

1 jag+d 1 /40%716
G5+ 2)=2 o

0-Ve =155, 12"\ " 6264

+ 2) = 0.5477

Q. Ve = § = 0.333 .... control

1 0.75 ~
o-Ve=9.3 f'byd = 3 V28 * 6264 * 716 * 1073 = 5933.129 Kn

®Vc =5933.129 Kn > Vu=4871.78796 kn
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Design for Flexure

Critical Section at the Face of Column

Mu = 533.59377 *3.4*%1.9*1.9/2 = 3274.665 Kn.m

M, _ 3274.665x10%
Ry= @bd2 ~ 0.9x3400X7162 2.0375 Mpa
= B 420 _ 4765

T 0.85f! ~ 0.85x28

o= 1(1 -1 _M> - ;<1 _ \/1 _M) = 0.0050788
m 420 17.65 420

Asreq = p.b.d =0.0050788x3400x716 = 12363.83072 mm?>

Agmin = 0.0018%3400*800= 4896 mm?*
Asreq= 12363.83072 mm? > A, min =4896 mm?
As,req =12363.83072 mm2  ......... is control

12363.83072
n=——""—""—"=48.587
AS 18

Use 24918 in Both Direction

Check for Spacing:

_ 3400—(75%2)—(24+18)

s 23

=122.522

S =3h=3*80 =240 cm

S=45cm ......... is control

Smax =45 cm > S=12.25 cm = OK
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Design of Dowels:

Load Transfer in Footing:

®Pnb = ®(0.85fc'A, x \/%)

A=1%0.7=0.7m?
A>=3.4%3.4=11.56 m?

®Pn.b = 0.65 X (0.85 X fc X A1x_|2)
1
®Pn.b = 0.65 x (0.85 X 28 x 700 X 2) = 21658 Kn

0.65 x (0.85 x fc x A1)
= 0.65 x (0.85 x 28 x 700) = 10829
®Pn = 21658 > Pu = 10829........... ok

As,min = 0.005*A1
=0.005 * 700*1000

= 3500 m>
n=>% _ 1375
AS 18
Use 14 ¢ 18

As=3562.566 mm? > As,min = 3500 m?

Select Dowels reinforcement 20 ¢ 18 Same # of Bars in columns.
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4.12 Seismic Design

b g C\zuﬂ Qs>
74 N Aty 2 W agle S
g:aléll jshall
SEISMIC HAZARD MAP FOR BUILDING CODES IN THE LEVANT
32°E 34°E 36'E 38°E
= e p— R i
j \\< .\/yf"”‘/(’ ' < ) l
36'N ks s 36'N

WP s by
"9.;,,‘\1\ é!}!}h &J“"“ 59y5¢

|
34'N 34'N
mascus
{
Tel-Aviv,
32N /z .Amman oo
.yerusalem
L Turayf
Heb °
30N 30N
N 28N
10% Probability of Exceedance in 50 years
\ (Boore etal,, 1997)
\ PGA (q)
‘ 000) 005 010 015 020 025 030 035
| R
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coperation Program, U.S Agency for under No. PCE-G-00-99-00038-00

Figure 0-9 : Seismic Hazard Map For Building Codes in Palestine
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So based on in these map Hebron in zone 2A and we selected Z=0.15

Ss=25*7=25%0.15=0.375
S1=125*Z=125%*0.15=0.186
The Value On Etabs
Ss=0.375*1.5=0.56

S1=0.186 * 1.5=0.28

v" Select Site Class

Table 20.3-1 Site Classification

Site Class Vs Nor N, 5,

A. Hard rock >5,000 ft/s NA NA

B. Rock 2,500 to 5,000 ft/s NA NA

C. Very dense soil and soft rock 1,200 to 2,500 ft/s >50 blows /ft >2,000 1b/fi

D. Stiff soil 600 to 1,200 ft/s 15 to 50 blows /ft 1,000 to 2,000 b /ft?
E. Soft clay soil <600 ft/s <15 blows/ft <1,000 Ib/ft?

Any profile with more than 10 ft of soil that has the following characteristics:

— Plasticity index PI > 20,

— Moisture content w > 40%,

— Undrained shear strength 5, < 500 1b /ft2
F. Soils requiring site response analysis See Section 20.3.1
in accordance with Section 21.1

Note: For SI: 1 ft=0.3048 m; 1 ft /s=0.3048 m/s; 1 b /ft> =0.0479 kN /m>.

Table 0-3 : Site Classification (Table 20.3-1 from ASCE 7-16)

The Rook in Hebron is a Lame stone.
So the Velocity of Waves = 3000 m/s = 9800 ft/s
So Site Class A. Hard rock.
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v" Select Ct and X form Table

Table 12.8-2 Values of Approximate Period Parameters C; and x

Structure Type C;

Moment-resisting frame systems in which the
frames resist 100% of the required seismic
force and are not enclosed or adjoined by
components that are more rigid and will
prevent the frames from deflecting where
subjected to seismic forces:
Steel moment-resisting frames 0.028 (0.0724)"
Concrete moment-resisting frames 0.016 (0.0466)"
Steel eccentrically braced frames in 0.03 (0.0731)
accordance with Table 12.2-1 lines
B1 or D1

0.8
0.9
0.75

0.75

Steel buckling-restrained braced frames 0.03 (0.0731)"
I All other structural systems 0.02 (0.0488)"

0.75

“Metric equivalents are shown in parentheses.

Table 0-4 : Values of Approximate Period Parameters C; & X (Table 12.8-2 from ASCE 7-16)

So, 2> C=0.02
> X=0.75
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v" Select Fa in Table 11.4 — 1

Table 11.4-1 Short-Period Site Coefficient, F,

Mapped Risk-Targeted Maximum Considered Earthquake (MCEg) Spectral

Response Acceleration Parameter at Short Period

Site

Class S: <025 S5:=05 S5:=075 S:=10 S:=125 Sc:>15

B 0.9 0.9 0.9 0.9 0.9 0.9
C 1.3 1.3 1.2 1.2 1.2 1.2
D 1.6 1.4 1.2 1.1 1.0 1.0
E 2.4 1.7 1.3 See See See
Section  Section  Section
11.4.8 11.4.8 11.4.8
F See See See See See See
Section Section Section Section Section  Section
11.4.8 11.4.8 11.4.8 11.4.8 11.4.8 11.4.8

Note: Use straight-line interpolation for intermediate values of §,.

Table 0-5: Short-Period Site Coefficient F, (Table 11.4-1 from ASCE 7-16)

In Ss=0.56, > Fa=0.8
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v’ Select Fv in Table 11.4-2
Table 11.4-2 Long-Period Site Coefficient, F,

Mapped Risk-Targeted Maximum Considered Earthquake (MCEg) Spectral
Response Acceleration Parameter at 1-s Period

Site
Class S, <01 §,-02 S§-03 S,-04 §,-05 S,>06
| A 0.8 0.8 0.8 0.8 0.8 0.8
B 0.8 0.8 0.8 0.8 0.8 0.8
C 1.5 1.5 1.5 1.5 1.5 1.4
D 2.4 2.2¢ 2.0¢ 1.9¢ 1.8 1.7¢
E 4.2 See See See See See
Section  Section Section  Section Section
11.4.8 11.4.8 11.4.8 11.4.8 11.4.8
F See See See See See See

Section Section Section Section Section Section
11.4.8 11.4.8 11.4.8 11.4.8 11.4.8 11.4.8

Note: Use straight-line interpolation for intermediate values of S.
“Also, see requirements for site-specific ground motions in Section 11.4.8.

Table 0-6. Long-Period Site Coefficient Fv (Table 11.4-2 from ASCE 7-16)

In S;=0.28, > Fa=0.8

Calculate SDS , SD1

SDS =Fa Ss=0.8 * 0.56 = 0.448
SD1=Fv S;-0.8 *0.28=0.224
In Etabs.

SDS = 2; * (.448 = 0.298

SD1 :2; *(0.224 = 0.149
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v" Select Risk Category.

TABLE 1604.5 RISK CATEGORY OF BUILDINGS AND OTHER STRUCTURES

RISK _ TPANCY
CATEGORY NATURE OF OCCUPANCY
Buildings and other structures that represent a low hazard to human *ife in the event of
failure, including but not limzited to:
I « Agricultural facilities.
» Certain temporary facilities.
* Minor storage facilities.
II Buildings and other structures except those listed in Risk Categories I, III and IV

I 111

Buildings and other structures that represent a substantial hazard to human life 1 the

- . . : T : to.
* Buildings and other structures whose primary occupancy 1s public assembly with an
occupant load greater than 300.
* Buildings and other structures containing elementary school, secondary school or day
care facilities with an occupa load greater than 250.
* Buildings and other structures containing adult education facilities, such as colleges
and universities, with an occupant load greater than 500
* Group I-2 occupancies with an occupant load of 30 or more resident care recipients
but not having surgery or emergency treatment facilities.
* Group I-3 occupancies.
» Any other occupancy with an occupant load greater than 3.000%
» Power-generating stations, water treatment facilities for potable water, waste water
treatment facilities and other public utility facilities not included in Risk Category IV.
* Buildings and other structures not included 1n Risk Category [V containing quantities
of toxic or explosive materials that:
Exceed maximum allowable quantities per control area as given in Table 307.1(1) or
307.1(2) or per outdoor control area in accordance with the [nternarional Fire Code;
and
Are sufficient to pose a threat to the public 1f released”.

Buildings and other structures designated as essential facilities, meluding but not limited
to:

» Group [-2 occupancies having surgery or emergency treatment facilities.

« Fire, rescue, ambulance and police stations and emergency vehicle garages.

* Designated earthquake, hurricane or other emergency shelters.

* Designated emergency preparedness, communications and operations centers and
other facilities required for emergency response.

» Power-generating stations and other public utility facilities required as emergency
backup facilities for Risk Category IV structures.

* Buildings and other structures containing quantities of highly toxic materials that:
Exceed maximum allowable quantities per control area as given in Table

307.1(2) or per outdoor control area in accordance with the [nternarional Fire Code;

Table 0-7: Risk Category (Table 1604.5 from ASCE 7-16)
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v' Select Seismic Design Category.

TABLE 11.6-1 Seismic Design Category Based on Short-Period
Response Acceleration Parameter

Risk Category

Value of Sps lorllorill v

Sps < 0.167 A A
[0.167 < 5,5 <033 Eﬂ C
0.33 < 3p5 < 0.50 C D
0.50 < Sps D D

Table 0-8 : Seismic Design Category Based on Sort-Period (Table 11.6-5 from ASCE 7-16)

In SDS = 0.3 - Risk Category: B

TABLE 11.6-2 Seismic Design Category Based on 1-s Period
Response Acceleration Parameter

Risk Category
Value of Sp; lorll orlll v
Sp < 0.067 A A
0.067 <8, <0.133 B C
0.133 <855, <0.20 C D
0.20 < Sp, D D

Table 0-9 : Seismic Design Category Based on 1-s Period (Table 11.6-5 from ASCE 7-16)

In SD1 =0.15 - Risk Category: C

Select Seismic Design Category worst case C
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v" Select Seismic Importance Factor.

Table 1.5-2 Importance Factors by Risk Category of Buildings and
Other Structures for Snow, Ice, and Earthquake Loads

Risk Snow Ice Importance Ice Importance Seismic
Category from Importance Factor— Factor—Wind, Importance
Table 1.5-1 Factor, /g Thickness, /; 1y Factor, I,
I 0.80 0.80 1.00 1.00

11 1.00 1.00 1.00 1.00
11l 1.10 I.15 1.00
IV 1.20 1.25 1.00 1.50

Note: The component importance factor, /,, applicable to earthquake loads, is
not included in this table because it depends on the importance of the
individual component rather than that of the building as a whole, or its
occupancy. Refer to Section 13.1.3.

Table 0-10 : Seismic Importance Factor (Table 1.5-2 from ASCE 7-16)

InR=3 > [.=1.25
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v" Select Seismic Force-Resisting System

Structural System Limitations
Including Structural Height, h,, (ft) Limits®

ASCE 7 Section o 3
Where Detailing Response Deflection Seismic Design Category
Requirements ificati o L

Seismic Force-Resisting System Are Specified Coefficient, R® Factor, ©,° Factor, C,° B c D® E® Fr

B. BUILDING FRAME SYSTEMS

1. Steel eccentrically braced frames 14.1 8 2 4 NL NL 160 160 100

2. Steel special concentrically braced frames 14.1 6 2 5 NL NL 160 160 100

3. Steel ordinary concentrically braced frames 14.1 3 2 Ma NL NL 35 3y NP

A Soecial pinforcd o alls =" 142 4 2L 5 Nl Nl 150 160 100

5. Ordinary reinforced ear walls* 14.2 5 W a4 NI NI NP NP gj
b~ Detalled peun concrele sncar wals T2 and ) p47) Z p by NP T

Table 0-11 : Design coefficients & Factors for Seismic Force-Resisting System (Table 12.2-1 from ASCE 7-16)
Design coefficients & Factors for Seismic Force-Resisting System
In Our Region Ordinary reinforced concrete shear Wall, Because in Hebron Not Active in Earthquake.

R=5 Q=25 C(C445

v' Select Permitted Analytical Procedures :

Table 12.6-1 Permitted Analytical Procedures

Modal Response Spectrum

Seismic Equivalent Lateral Analysis, Section 12.9.1, or Nonlinear Response
Design Force Procedure, Linear Response History History Procedures,
Category Structural Characteristics Section 12.87 Analysis, Section 12.8.27 Chapter 167
I B, C All structures Q) P P I
D, EF Risk Category 1 or II buildings not exceeding two stories P P P
above the base
Structures of light-frame construction P P P
Structures with no structural irregularities and not exceeding P P P
160 ft (48.8 m) in structural height
Structures exceeding 160 ft (48.8 m) in structural height with P P P
no structural irregularities and with 7' < 3.57
Structures not exceeding 160 ft (48.8 m) in structural height P P P

and having only horizontal irregularities of Type 2, 3, 4, or
5 in Table 12.3-1 or vertical irregularities of Type 4, 5a, or
5b in Table 12.3-2
All other structures NP P P

“P: Permitied; NP: Not Permitted; 7, =Sp, /Sps.

Table 0-12 : Permitted Analytical Procedures (Table 12.6-1 from ASCE 7-16)

In Seismic Design Category ( C ) Equivalent Lateral Force Procedure.
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v Add The Value on Etabs ...

[3 ASCE 7-16 Seismic Loading X
Direction and Eccentricty Seismic Coefficients
@ XDir O YDir 0.2 Sec Spectral Accel, Ss 056
[0) X Dir + Eccentricty () Y Dir + Eccentricty 1 Sec Spectral Accel, S1 028
(J X Dr - Eccentricty (Y Dir - Ecoentricty Long-Period Transiion Period 4
Ecc. Ratio (All Diaph | Site Class A =
Overwrite Eccentricties Overwrite Ste Coefficient, Fa ,087
Time Period Site Coefficient, Fv o8
O Approximate apx- [ Cakdatad Cosliic
© Program Calculated Qf).x= 002075 v A omE
(O User Defined T= sec SD1=(/3)"Fv*S1 0.1493
Story Range
Top Story for Seismic Loads STORY 2 v s
Boltom Skary for Seiamic Loads GR v T Mo 1 .
' System Overstrength, Omega 25
Deflection Amplfication, Cd 45
oK Cancel Occupancy Importance, | 1.25

s~ G ~ SO ~ S —, - A" " GG e | S S
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