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The Structural Design of " College Of Arts"

Working team:
AYMAN ATAWNEH MOHAMMED ZAMMA’RA YOUSEF ABU-RAYYAN
SAHAR ABU MAYYALEH GHADA AIMOTOUR
Palestine Polytechnic University
Supervisor:
Dr: HAYTHAM AYYAD

Project Abstract

The idea of this project revolves around the architectural and Structural design of
college of arts, which was selected after a study set of different architectural projects.

The college consists of four floors. Ground floor includes drawing rooms, workshop,
management and staff rooms, and storage rooms in addition to theatre and classrooms.
The first floor also includes a drawing rooms, workshop, management and staff rooms in
addition to cafeteria for students. The second floor also includes drawing rooms, workshop,
management and teacher rooms in addition to classrooms. And the third floor includes
laboratories, classrooms and administration and teachers rooms.

The project will provide an acceptable solution for both sides architectural and
structural , so that it is taking into account the functional and aesthetic purposes, provide
comfort , easy and speed of use, the project will include the well-known structural elements
as slabs, beams, columns, foundations ... etc.

The project will be designed based on the Code ACI 381 - 11, several programs will be
used for, such as: AutoCAD 2010, Office 2007, ETABS 2013, SAFE 12, BEAMD, references
and several projects will be referred, eventually a structural details, load analysis and
elements design will be offered for these units, added to the architect design.

God grants success
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List of abbreviation:
D.: Dead load.

L.: live load.

W.: factored total load.

Lx: clear length of member.

d: thickness of a layer.

v: unit weight of material.

Mi: nominal moment.

My: factored moment at section.

f.: Compression strength of concrete.

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

€s: Strain of tension steel.

@: strength reduction factor.

Vn: nominal shear strength.

V: factored shear force at section.

V:: nominal shear strength provided by concrete.

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

A.: area of shear reinforcement.

b: width of compression face of member.

bw: web width.

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

Pn: nominal axial load.

Py: factored axial load.

S: spacing between bars.
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Chapter 4 - Structural Analysis & Design

4-1 Introduction.

4-2 Factored load.

4-3 Slabs Thickness Calculation.
4-4 load Calculations.

4-5 Design of Topping.

4-6 Design of Rib (R13).

4-7 Design of Beam (B4).

4-8 Design of Column (C28).
4-9 Design of Isolated Footing under column (28) (70*70).
4-10 Design of Stair case (1).

4-11 Design of Shear Wall (W26).
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(4.1) Introduction:-

Concrete is the only major building material that can be delivered to the job site in a
plastic state. This unique quality makes concrete desirable as a building material because it can
be molded to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete
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 one type of 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 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-318-08code.

NOTE: fc'=24N / mm?2 (MPa) For concrete slab.
fc'= 24N / mm? (MPa) For beams.
fc'= 24N /mm? (MPa) For column and footing.
fy = 420N /mm?(MPa) For flexural Reinforcement Steel.
fyt = 420N /mm? (MPa) For shear Reinforcement Steel.
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(4 .2) Factored Loads:
The factored loads on which the structural analysis and design is based for our project
members, is determined as follows:

qu=12D.L +16L.L

(4.3) Slabs Thickness Calculation:

Figure (4-1): Ground Floor Slab.

(4-3.1) Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-08, the minimum thickness of non prestressed beams or one
way slabs unless deflections are computed as follow:

The maximum span length for one end continuous (for ribs): [ = 5.875m, then

h = : = >875 = 317.56
min =185 185 U0
The maximum span length for both end continuous (for ribs): [ = 7.075m, then

_ 1 7075
hmin =57 = —>7~
The minimum ribbed slab thickness will be h,,,;;, = 336.9mm.
Take slab thickness h,,;, = 350mm > h,,;;, = 336.9mm.
h = 35cm (27c¢cm Hollow Block + 8cm Topping)

= 336.9mm.
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(4.4) Load Calculations:

(4.4.1) 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:

i s e Shrinkage & Temperatuer Bar's —\

= 3

= o
S — B
7
Hollow Block ( 28<m ) /

Fig. (4-2) One way rib slab
Calculation of the total dead load for one way rib slab is shown in the following table:

Table (4 — 1) Calculation of the total dead load for one way rib slab.

Dead load from dxyxb KN/m
Tiles 0.03 * 23 % 0.52 0.359
Mortar 0.03 * 22 x 0.52 0.343
Coarse Sand 0.07 * 17 x 0.52 0.619
Topping 0.08 * 25 * 0.52 1.04
RC Rib 0.27 * 25 % 0.12 0.81
Hollow Block 0.27 10 * 0.4 1.08
Plaster 0.03 x 22 x 0.52 0.343
Interior Partitions 1%0.52 0.52

Z 5.11

Total Dead load /rib = 5.11 KN/m.
Total live load /rib =5%0.52 = 2.6 KN/m.
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(4.5) Design of Topping:

Dead load Calculations:

Dead Load from: dxy=1 KN/m
Tiles 0.03 * 23 0.69
Mortar 0.03 x 22 0.66
Coarse Sand 0.07 = 17 1.69
Topping 0.08 * 25 2
Interior Partitions 1x1 1

z 6.04

Live load Calculations: 5 * 1 = 5 KN/m.

Total Factored load: w,, = 1.2 *6.04 + 1.6 * 5 = 15.24 KN /m

W, * 12 1524 % 0.42
12 12

dM,, = 0.55 % 0.42 * /24 1000 * 80%/6 = 1.21 KN.m

dM,, = 1.21 KN.m >> M, = 0.2033 KN.m

NO reinforcement is required by analysis. According to ACI 10.5, provided A ,,;,for slabs as

M, = = 0.2033 KN.m

shrinkage and temperature reinforcement.
According to ACI 7.12.2.1, psprinkage = 0.0018.

A, = p*bx*h=0.0018 % 1000 * 80 = 144 mm?/ strip.
Try bars @8 with A, = 50.27mm?

4 _ 1 _ 9587

Asgs  50.27

Bar number n =

Try 3¢8/m with A, = 150.8mm?/m strip or @8@300mm in both directions.
Step (S) is smallest of:

1. 3h =3 %80 = 240mm — control

2. 450mm

3. s =380 (z;i’) —2.5C, = 380<

N

280
2
5420

> —2.5%20 =330mm

280
) =300 5 = 300mm

280
s< 300(
3420

N

Take @8@200mm in both directions. s = 200mm < s,,4, = 240mm — ok
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(4.6) Design of Rib (Rib13)

Material:-
Concrete B300 f/ =24 N/mm?
Reinforcement Steel f, = 420 N/mm?
Reinforcement Steel of shear £, = 240 N/mm?
Section:-
b =12cm bf =52cm h =35cm Tf =8cm
Geometry Units:meter,cm
1 2 3 4
1 2 3
A - A e A
A ' ) ' A ::I
; 0.3 ; 4.62 3 0.3 i 3.8 ; 0.3 : 4.3 IO.S'
4 5.43 FE 46 By & 55 i
I 52' 1 T 1
35.
12.
A-A
Figure (4-3) : Rib Geometry
Loading :-
Loading
Toad group no. 1
Dead load - Service Units:kN,meter
511 511 511
543 46 55
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 2%0 2.60
543 46 55
Figure (4-4): loading of Rib (13)
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 3

287 -29.5

-33.2
-25.8 -26.2

16.3 18.5
23.8 25.9 26.3
33.7

Figure (4-5): Moment & Shear Envelope of rib (13)

(4.6.1) Design of flexure of rib (Rib13):

(4.6.1.1) Design of Positive moments of rib (Rib13).

be < Center to center spacing between adjacent beams = 520 mm
< Span/4 = 3800/4 = 950 mm.
< (16x tf) + bw = (16* 80) + 120 = 1400 mm.

be = 520 mm.

Assume bar diameter @ 14 for main positive reinforcement.

d = 350- 20- 8- §= 315 mm.
Mnf=0.85fc'*be*tf*( —%f)
= 0.85 * 24 * 520 * 80 (315 - ?) £107¢ = 233.37 KN.m

dMnf = 0.9 * 233.37 = 210.03KN.m
dMnf = 210.03 KN.m

... Controlled.
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1) Positive moment of first span Mu®=27.3 KN.m
oMnf =210.03 KN.m >»> Mu=273KN.m
=~ Design as rectangular section.
Mn = Mu /$ = 27.3/0.9 = 30.33KN.m
d = depth — cover - diameter of stirrups - (diameter of bar/ 2)
= 350-20- 8- — = 315mm.

_ fy _ 420

= - = = 20.6
0.85f!  0.85%24

M, 30.33%10°
R —_ n
m " pxd?2  520%3152

1 2%Rp*
pra(l- [1-2Emy

- L(l _ Jl - 2*0.587*20,6> 000142

20.6 420

= 0.587 MPa

As = p * b xd = 0.00142 * 520 * 315 = 232.6 mm?.

fe
ASpin = ij_y) * by, xd > ;;: xby,*xd ........... (ACI-10.5.1)
_ V24 1.4

= * 120 * 315 = — % 120 = 315
4420 420

= 110.22 mm? < 126 mm? ............. Larger value is control.

Asreq = 232.6 mm? > Asp, = 126 mm? .. OK
~ As =232.6 mm?
Use 2 @14 with A,y = 307.87 mm? > Ag o = 232.6 mm?. ... OK.
~ Use2 (P14
Check for strain: - (¢, = 0.005)

Tension = Compression

As x fy =085 f/ * b *a

307.87 x 420 = 0.85 * 24 x 520 * a

a = 12.19 mm.
c= ﬁi ==~ =1434mm. * Note: f/ = 24MPa< 28 MPa— 3, = 0.85
1 .

£ = 0.003 + (=9)

_ 315-14.34) o
=0.003 + (22222) = 0.0629 > 0.005 - ¢ =09 (T.C.S).... OK.
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2) Positive moment of second span Mu®=7 KN.m
oMnf =210.03KN.m > Mu=7KN.m
=~ Design as rectangular section.
Mn = Mu /) =7/09 = 7.8KN.m
d = depth — cover - diameter of stirrups - (diameter of bar/ 2)
= 350-20- 8- —= 315mm,.

fy _ _420

= = 20.6
0.85f!  0.85%24
M, _ 7.8+10°
Rn = m ~ 52043152 = 0.1511 MPa
1 2*Rp*m
prmpd= 1=-==)

(1 _ \/1 _ M) = 0.000361
206 420

As = p * b xd = 0.000361 * 520 * 315 = 59.177 mm?.

fe
Asmin = 753 *bwrd 2 % xbyxd ..., (ACI-10.5.1)
_ V24 1.4

* 120 * 315 > 20 120 * 315

e *420

= 110.22 mm? < 126 mm? ............. Larger value is control.
Asreq = 59.177 mm? < Asp;, = 126 mm? ... NOT OK
o As =126 mm?
Use 2 @10 with Ag,ro = 157.08 mm? > Ag,q = 126 mm? . ... OK.
~ Use2 (910
Check for strain:- (¢, > 0.005)
d =35 -2-8- 2= 317mm
Tension = Compression
As x fy =085 f/ * b *a
157.08 * 420 = 0.85 * 24 * 520 * a

= 6.22 mm.
c=4= =2 =732mm  *Note: f/ = 24MPa< 28 MPa— f3; = 0.85
1

£ = 0.003 + (=9)

317-7.32

=0.003 * ( )=0.126 >0.005 - ¢ =09 (.C.5)... OK
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3) Positive moment of third span Mu® =28 KN.m
oMnf = 210.03 KN.m » Mu=28KN.m
=~ Design as rectangular section.
Mn = Mu/$ =28/09 = 31.11KN.m
d = depth — cover - diameter of stirrups - (diameter of bar/ 2)
= 350-20- 8- —= 315mm,.

fy _ _420

= = 206

0.85f!  0.85%24
%106

R, = =321 — 0,603 MPa
bxd 520%315
1 2¥Rp*m

=—(1-— — n
p=—( n )

(1 - J1 - M) — 0.001457
206 420

As = p * b xd = 0.001457 * 520 * 315 = 238.74 mm?.

fe
Asmin = 753 *bwrd 2 % xbyxd ..., (ACI-10.5.1)
_ 24 1.4

* 120 * 315 > 20 120 * 315

e *420

= 110.22 mm? < 126 mm? ............. Larger value is control.

Asreq = 238.74 mm? > Asp;, = 126 mm? ... OK
o As = 238.74 mm?
Use 2 @14 with A,y = 307.87 mm? > Ag,eq = 238.74 mm? ... OK.
~ Use2 014
Check for strain: - (¢, = 0.005)

Tension = Compression

As x fy =085 f/ * b *a

307.87 x 420 = 0.85 * 24 * 520 * a

= 12.19 mm.
c= ﬁi ==~ =1434mm. * Note: f/ = 24MPa< 28 MPa— 3, = 0.85
1

£ = 0.003 * (=9

_ 315-14.34 _ o
= 0.003 (W) =0.0629 > 0.005 =~ = 0.9 (T.C.S)... OK
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(4.6.1.2) Design of Negative moment of rib (Rib13):
1) Negative moment at support (2) Mu©=19.2 KN.m.

Mn = Mu/$ = 19.2/0.9 = 21.33KN.m

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

— 350 - 20- 8- 5 = 315mm.

=D =2~ 206
0.85f]  0.85%24
%106
R, =—n = 21339 _ 1791 MPa

b*d2  120%3152

1 2%Rp*
prn— [1-=77)

(1 - \/1 — M) = 0.00447
206 420

As = p = bw xd = 0.00447 x 120 =315 = 169.035 mm?.

1l
ASpmin = r‘/;) x b, *d = % xby*d ... (ACI-10.5.1)

=2 1204315 > 24 120 %315
4420 42

= 110.22 mm? < 126 mm? . Larger value is control.
Asreq = 169.035 mm? > Asp;, = 126 mm?.... OK

~ As = 169.035 mm?.

Use 2 12 with As ,, = 226.2 mm? > As req = 169.035 mm? . ... OK

~ Use2 912

Check for strain:- (¢, = 0.005)
d = 350- 20- 8———316mm

Tension = Compression
As * fy = 085 f) * b x a
226.2* 420 = 0.85 * 24 * 120 * a

a = 38.8 mm.

c= ﬁi = % = 45.65 mm. * Note: f! = 24MPa< 28 MPa— f, = 0.85
s

£ = 0.003 * (=9

=0.003 (=== 0.0177 > 0.005 ¢ =09 (T.C.S).... 0K
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2) Negative moment at support (3) Mu® =19.9 KN.m.
Mn = Mu /¢ = 19.9/09 = 22.11KN.m

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

— 350 - 20- 8- 12—4 = 315mm.

f; 420
m= —y, =—=20.6
0.85f, 0.85%24
M, 22.11%10°
R, = = = 1.856 MPa
b*d? 120%3152

1 2%Rp*
p=—1- /1—Tm)

:L<1 _ Jl _ 2*1.856*20.6) — 0.00464
20.6 420

As = p * bw xd = 0.00464 = 120 =315 = 175.514 mm?2.

4
fC 1.4

Asmin = iy *bwxd = xbyxd (ACI-10.5.1)
_ 2 1.4

= * 120 * 315 = — % 120 = 315
4420 420

= 110.22 mm? < 126 mm? ............. Larger value is control.

Asreq = 175514 mm? > Asp;, = 126 mm?. ... OK
.~ As = 175.514 mm?.
Use 2 @12 with As ,,, = 226.2 mm? > As ;. = 175.514 mm?. ... OK
~ Use2 (P12
Check for strain:- (¢ = 0.005)

d = 350-20- 8- == 316mm.

Tension = Compression

As x fy =085 f/ x b *xa
226.2 % 420 = 0.85 * 24 * 120 * a

a = 38.8 mm.

== =2 = 45.65 mm. * Note: f; = 24MPa< 28 MPa— f3; = 0.85
1 .

& = 0.003 + (=9)

=0.003 + (== = 0.0177 > 0.005 ¢ = 0.9 (T.C.S).... OK.
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(4.6.2) Design of shear of rib (13):

1) Design of shear at support (1) & (4) :

Critical section at distance d = 315 mm from the face of support
fye = 420 MPa

Vumax(between two value) = 17.7 KN .

V=1.1*‘/f:’

¢ 6

b,,d
=11« Y2

* 120 * 315 =10 ~3 = 33.95 KN.
¢ V. = 0.75%33.95 = 25.46 KN

¢ *V, = 0.5%2546 = 12.73 KN
2

$*V, = 2546 KN >V, =17.7KN > - *V, = 12.73 KN

NO shear reinforcement is provided at support (1)& (4).

2) Design of shear at support (2) & (3) :

Critical section at distance d = 315 mm from the face of support
fye = 420 MPa

Viumax(between two value) =26.3 KN.

fe
oxV, =1.1 *gbwd

= 11 * ¥ 4 120« 315 «10 ~3 = 33.95 KN,

& * V. = 0.75 % 33.95 = 25.46 KN

Vu=26.3 > ¢o+xVc =25.46
Check for section dimensions:

Vi=Vu/$d — Vc = 26.3/0.75- 33.95 = 1.11 KN.
2
Vs,max = 3 fc, b, d

= %* V24.120.315.1073 = 123.45 KN

Vs = 1.11 KN < Vi max = 123.45 KN - the section is large enough.

46|:\A§m

shear reinforcement is required .




Chapter Four 2015

Check forV jin:

Vomin = = f'byd = 24+ 120 + 315+ 107 = 115 KN.
Vomin = 3bwd = %120 %315 x107° = 12.6 KN - control

Vomin = 12.6 KN > Vg = 1.11 KN — NOT OK
~ UseVy = 12.6 KN

Find the maximum stirrup spacing

~ Vg < Vsmin — Case 3

Smax = 600 mm , Smax < % = 157.5 mm — control

Use stirrups 1U — shape (2 legs stirrups)@8 with A, = 2 = 50.27 = 100.54 mm?

¢ _Av*fyexd 10054+ 420315
Vs 12.6 * 103

S = 1055.67 mm > Spar = 157.5mm — NOT OK

Use 1U — shape (2 legs stirrups)@8 @ 150 mm < S,,4, = 157.5 mm

for support (2)&(3)

= 1055.67 mm
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(4.7) Design of Beam (B4):

Material:-
concrete B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section:-
B =80cm.
h =50cm.

According to ACI-Code-318-08, the minimum thickness of non prestressed beams or one way
slabs unless deflections are computed as follow:

The maximum span length for one end continuous (for beam): [ = 7.98 m, then

l 7980

hmin = m = m = 431.35mm.

The maximum span length for both end continuous (for beam): [ = 8.79 m, then

[ 8790

hmin = ﬁ T = 418.57 mm.

The controller beam total depth is 43.1 cm.
— Select Total depth of beam h = 50cm. ( drop beam).

Geometry Units:meter,cm
2 3 4 5 6
1 2 3 4 5
A . A s b g A :[
11 LI L1
A A A A A
7.6 03 325 03 8.49 03 336 03 7.7 0,25
7.87 N 8.79 366 7.98 i
1

Figure (4-6): Beam Geometry.
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Loading
load group no. 1
Dead load - Service Units:kN.meter
545 54.5 545 54.5 545
ann a0 adn 40 Adn
1 \73 §% i 16

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

31.0

31.0 3.0 31.0 31.0

187

8.79 7.98

ki)

Figure (4-7): Loading of Beam (B4)

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

Moments: spans 1to 5
-683.7 674.4 666.7 703.5
-597.1 -637.8-629.2 -590.3 -683. -621.7 -655.9 -615.6
u U
6 5
3:45. 9952 4> | 177  1.77 | 439 439 | 183 183 ]| 479 7144 349
1 1 1 1 1 1 I 1 1
Shear
-586.9 -568.1
o o 326.8 3545 208
- 2518 /4‘
L W /j. nn /j. "
T |L/ UL |V U L]
240.6 2347
349.3 315.6 309.7
21 495.1
570.1 595.1

Figure (4-8): Moment & Shear Envelope for Beam (B4)
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(4.7.1) Design of flexure:

(4.7.1.1) Design of Positive moment:

B =80cm. , h=50cm. , @4 =10mm.

Assume bar diameter @25 for main positive reinforcement.

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

500 - 40 - 10 - 22—5 — 437.5 mm.

Check whether the section will be act as single or doubly reinforced section:

Maximum nominal moment strength from strain condition e, = 0.004

C max = % * d = % *437.5 = 187.5mm.

Amax = B1* C oy = 0.85 * 187.5 = 159.375 mm.
* Note: f, = 24 MPa < 28 MPa —» 81 = 0.85
Mymax = 085 % fl x b xax(d—?3)

= 0.85 * 24 x 159.375 * 800 * (437_5 _ 1592375
¢ = 0.65 + 250 * (&, — 0.002).
3

¢ = 0.65 + 250 x (0.004 — 0.002) = 0.816.
3

1) Positive moment of firstspan: M, = 695.9 KN.m
M, =6959KN.m < ® M, = 0.816 *930.673 = 759.5 KN.m

~ Design the section as single reif orced concrete section.

Mn = Mu /b= 695.9/0.9 = 773.22 KN.m.
d= 500-40-10- 22—5= 437.5 mm.

_ fy _ 420 _
T 085f 08524 20.6
_ My _ 773.22%10%
Ry = bxd2  800x (437.5)2 5.049 MPa

Ll _ [ _ZRem
p=—1 1 . )

:L<1 _ \/1 _M) = 0.014
20.6 420

) « 107° = 930.673 KN.m
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Agreq = pbd = 0.014 % 800 * 437.5 = 4900 mm?

fC’ 1.4
Asmin = 4{; *bxd Z—=xbyxd ... (ACI-10.5.1)

y

V24

*
4%420

800 % 437.5 < % 800 * 437.5

= 1020.62 mm? < 1166.7 mm? ...... Larger value is control.
Agmin = 1166.7 mm? < Agpeq = 4900 mm? .... OK
~ Ag = 4900 mm?

Take 10925 in one layer with Ay, = 4908.7 mm? > Ag,eq = 4900 mm? ...,

Check for bar placement:
_ 800—40%2—10%2—10%25

p = 3 =50 > 25mm ....o0k

Check for strain: (g5 = 0.005)

Tension = Compression

As x fy = 085 * f/ *+ b * a
4908.7 * 420 = 0.85 * 24 *800 * a
a = 126.32 mm.

o= & 12632
~ B1 085

= 148.62 mm * Note: f, =24MPa< 28 MPa— f; = 0.85

£ = 0.003 * (=9

437.5—-148.62
148.62

= 0.003 ( ) =0.00583 >0.005 .~ ¢ =0.9(T.C.S5)... OK.

OK
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2) Positive reinforcement of second span :

Asreq = Asmin = 1166.7 mm?

Take 4920 in one layer with Ag o = 1256.63 mm? > Ag,.q = 1166.7 mm? ....

Check for bar placement:
800 —40x2—-10*x2—4x*20
b p—
3

= 206.7 > 25mm .... ok

Check for strain: (g, = 0.005)

d = 500-40-10- 22 = 440 mm.
Tension = Compression
As x fy =085 f/ * b *xa

1256.63 « 420 = 0.85 * 24 800 * a

a = 32.34 mm.
c= ﬁi = % =38.04mm  *Note: f/ = 24MPa< 28 MPa— f, = 0.85
s

£ = 0.003 * (=9

_ 440-38.04) _ o
= 0.003 (W) =0.0316 > 0.005 & =0.9(T.C.S)... OK.

OK
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3) Positive moment of third span: M,, = 625.1 KN.m
d=500-40-10- 2= 437.5mm.
M, =625.1KN.m < ® M, = 0.816 *930.673 = 759.5 KN.m

=~ Design the section as single reiforced concrete section.

Mn = Mu /$ = 625.1/0.9 = 694.55 KN.m.

fy _ 420

0.85f,  0.85+24

= 20.6

_ M, _ 694.55%10°
bxd?  800% (437.5)2

1 2%Rp*
p=ta- [1- )

:L(l_ 1_M> =0.0123

20.6 420

R, = 4.53 MPa

Asreq = pbd = 0.0123 * 800 * 437.5 = 4305 mm?

fc’ 1.4
smin = 4‘{; wbrd Z2wbyrd (ACI-10.5.1)
V24

= 800 % 437.5 < % + 800 * 437.5

*
4x420

= 1020.62 mm? < 1166.7 mm? ...... Larger value is control.
Agmin = 1166.7 mm? < Ag,eq = 4305 mm? ... OK
o Ag = 4305 mm?

Take 9925 in one layer with Agro = 4417.9 mm? > Ag,.q = 4305 mm?.

Check for bar placement:
800 —40%2—-10%2—-9%25
Sb =
8
Check for strain: (g5 = 0.005)

=59.3 > 25mm....ok

Tension = Compression
As x fy =085 f/ * b *a
44179 * 420 = 0.85 * 24 =800 * a

a = 113.7 mm.
c= Bi = 101—2;57 = 133.75 mm * Note: f. = 24MPa< 28 MPa— f3; = 0.85
1 .

£ = 0.003 + (=9)

437.5—-133.75

=0.003 « ( 133.75

) =0.005681 >0.005 ¢ =09 (T.C.5).... OK.

..0K
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4) Positive reinforcement of fourth span :

Asreq = Asmin = 1166.7 mm?

Take 4920 in one layer with Ag o = 1256.63 mm? > Ag,.q = 1166.7 mm? ....

Check for bar placement:
800 —-40%2—10%x2—4+%20
b =
3
Check for strain: (g, = 0.005)

= 206.7 > 25mm .... ok

d = 500-40-10- 22 = 440 mm.
Tension = Compression
As * fy = 085 * f/ *+ b * a
1256.63 * 420 = 0.85 * 24 x800 * a

a = 32.34 mm.
c= Bi =222 =38.04mm  *Note: f/ = 24MPa< 28 MPa— f3; = 0.85
1 .

& = 0.003 + (=9)

_ 440-38.04) _ L
=0.003 + (*222%) = 0.0316 > 0.005 -~ ¢ =09 (T.C.S).... OK.

OK
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5) Positive moment of fifth span: M,, = 714.4 KN.m
d=500-40-10- 2= 437.5mm.
M, =7144KN.m < ® M, = 0.816 *930.673 = 759.5 KN.m

=~ Design the section as single reiforced concrete section.

Mn = Mu /$ = 714.4/0.9 = 793.78KN.m.

fy _ 420

0.85f,  0.85+24

= 20.6

_ M, _ 793.78%10°
bxd?  800% (437.5)2

1 2%Rp*
p=ta- [1- )

:L<1 -1 —M> — 0.01451.

20.6 420

R, = 5.18 MPa

Asreq = pbd = 0.01451 + 800 * 437.5 = 5079.05 mm?

fc’ 1.4
smin = 4‘{; wbrd Z2wbyrd (ACI-10.5.1)
V24

= 800 % 437.5 < % + 800 * 437.5

*
4x420

= 1020.62 mm? < 1166.7 mm? ...... Larger value is control.
Agmin = 1166.7 mm? < Ag,oq = 5079.05 mm?.... OK
~ Ag = 5079.05 mm?

Take 11925 in one layer with A; = 5399.61 mm?* > Ag,., = 5079.05mm?

Check for bar placement:
Sb=800_40*2_10*2_11*25
10
Check for strain: (g5 = 0.005)
Tension = Compression
As x fy =085 f/ * b *a
5399.61 x 420 = 0.85 * 24 *800 * a
a = 138.96 mm.

o= @ _ 1389
B1 085

=42.5>25mm ....ok

=16348mm  * Note: f/ = 24MPa< 28 MPa— f, = 0.85

£ = 0.003 + (=9)

437.5—-163.48
163.48

=0.003 * ( ) =0.005028 > 0.005 = ¢ = 0.9 (T.C.S). ... OK.

...0OK
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(4.7.1.2) Design of negative moment:

1) Negative momenton at support (2) M, = —637.8 KN.m

M, = —637.8 KN.m < ® M ,x = 0.816 ¥ 930.673 = 759.5 KN.m
=~ Design the section as single reiforced concrete section.

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

500 - 40 - 10 - 22—5 — 437.5 mm.

Mn = Mu/$ = 637.8/0.9 = 708.7 KN.m.

fy 420

=— = 20.6
0.85f!  0.85%24

m

_ M, _ 708.7x10°
bxd%?  800x (437.5)2

1 2%Rp*
p=ta- [1- )

— L(l N 2*4.62*20.6) — 0.0126.

~ 206 420

R, = 4.62 MPa

Agreq = pbd = 0.0126 * 800 * 437.5 = 4410 mm?

\/f_cl 1.4
= «bxd 2Zsxby,xd (ACI-10.5.1)

As,min 4( fy) 3

= 20,800« 437.5 <% 4800 «437.5
4%420 420
= 1020.62 mm? < 1166.7 mm? ...... Larger value is control.

Agmin = 1166.7 mm? < Ag,oq = 4410 mm? ... OK
o Ag = 4410 mm?

Take 9925 in one layer with Ag,r, = 4417.8 mm?* > Ag,pq = 4410 mm?.

Check for bar placement:
_800—40*2—10*2—9*25

= 3 = 59.37 > 25mm ....ok

...OK
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Check for strain: (g5 = 0.005)

Tension = Compression

As x fy =085 f/ * b *xa
4417.8 % 420 = 0.85 * 24 x800 * a
a = 113.69 mm.

o= & - 11369
"~ By 085

=133.75mm  * Note: f/ = 24MPa< 28 MPa— f, = 0.85

£ = 0.003 * (=9

437.5—-133.75
133.75

=0.003 * ( ) =0.00681 > 0005 ¢ =0.9(T.C.5)... OK.

2) Negative momenton at support (3) M, = —629.2 KN.m

M, = —629.2KN.m < ® M .« = 0.816 ¥ 930.673 = 759.5 KN.m

~ Design the section as single reif orced concrete section.

d = depth — cover - diameter of stirrups - (diameter of bar/2) =
500 - 40-10- = = 437.5mm.

Mn = Mu/$ = 629.2/0.9 = 699.11 KN.m.

fy 420

0.85f!  0.85%24

= 20.6

_ M, _ 699.11x10°
bxd% 800+ (437.5)2

1 2%Rp*
p=ta- f1- )

— L(l _ 1= 2*4.56*20.6) — 0.0124.

R, = 4.56 MPa

~ 206 420

Agreq = pbd = 0.0124 * 800 * 437.5 = 4340 mm?

JZ *bx*xd Zﬁ*bw*d

As,min = (fy) 3

............ (ACI-10.5.1)

_ V7

T 4420

+ 800 * 437.5 < — 800 * 437.5

= 1020.62 mm? < 1166.7 mm? ...... Larger value is control.
Asmin = 1166.7 mm? < Ag,eq = 4340 mm? ... OK
o A = 4340 mm?

Take 9925 in one layer with A, ,,, = 4417.8 mm? > Agreq = 4340 mm? .

...OK
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Check for bar placement:
800 —40 %2 —10%2—9 %25
b =
8
Check for strain: (g, = 0.005)

= 59.37 > 25mm .... ok

Tension = Compression

As x fy = 085 % f/ *+ b * a
4417.8* 420 = 0.85 * 24 800 * a
a = 113.69 mm.

o= & _ 11369
B 085

= 133.75mm * Note: f, =24MPa< 28 MPa— f3; = 0.85

£ = 0.003 * (=9

437.5-133.75
133.75

=0.003 * ( ) = 0.00681 > 0.005 .~ ¢ =09 (T.C.S)... OK.

3) Negative momenton at support (4) M,, = —621.7 KN.m

M, = —621.7 KN.m < ® M . = 0.816 ¥ 930.673 = 759.5 KN.m

~ Design the section as single reif orced concrete section.

d = depth — cover - diameter of stirrups - (diameter of bar/2) =
500 - 40-10- == 437.5mm.

Mn = Mu /d = 621.7/09 = 690.8 KN.m.

fy _ 420

0.85f!  0.85%24 =206

_ M, _ 690.8x10°
bxd? 800 (437.5)2

1 2%Rp*
p=—(1- /1—Tm)

:L(l -1 _M> = 0.0124.

20.6 420

R, = 4.51 MPa

Agreq = pbd = 0.0124 * 800 * 437.5 = 4340 mm?

fcl 1.4
smin = 45) *bxd = 7 *by,xd ... (ACI-10.5.1)
V24

= « 800 * 437.5 <~ « 800 * 437.5
4%x420 420

= 1020.62 mm? < 1166.7 mm? ...... Larger value is control.
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Agmin = 1166.7 mm? < Ag,pq = 4340 mm? .... OK
o Ag = 4340 mm?
Take 9925 in one layer with Ag o = 4417.8 mm? > Ag,eq = 4340 mm? ....OK

Check for bar placement:

800 —40+%2—10%2— 925

Yy = 3 = 59.37 > 25mm .... ok

Check for strain: (g, = 0.005)

Tension = Compression

As * fy = 085 * f/ *+ b * a
4417.8* 420 = 0.85 * 24 800 * a
a = 113.69 mm.

o= 8 11369
" By 085

=133.75mm  * Note: f/ = 24MPa< 28 MPa— f, = 0.85

£ = 0.003 * (=9

437.5—-133.75
133.75

=0.003 * ( ) = 0.00681 > 0.005 ¢ =09 (T.C.S)... OK.

4) Negative momenton at support (5) M, = —655.9 KN.m

M, = —655.9KN.m < ® M, . = 0.816 * 930.673 = 759.5 KN.m

~ Design the section as single reif orced concrete section.

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

500 - 40 - 10 - 22—5 — 437.5mm.

Mn = Mu /$ = 655.9/0.9 = 728.78KN.m.

f; 420
=X = = 20.6
0.85f!  0.85%24

m

_ M, _ 72878+10°
bxd% 800+ (437.5)2

R, = 4.76 MPa
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1 2%Rp*
p=—1- /1—Tm)

— L(l _ 1= 2*4.76*20.6) — 0.0131.

" 206 420

Agreq = pbd = 0.0131 * 800 * 437.5 = 4585 mm?

fe 1.4
smin = 20 xbxd = % xb,xd ............ (ACI-10.5.1)
= 2% 800 +437.5 <L 4800+ 437.5
45420 420
= 1020.62 mm? < 1166.7 mm? ... ... Larger value is control.

Asmin = 1166.7 mm? < Ag,eq = 4585 mm? ... OK
=~ Ag = 4585 mm?

Take 10025 in one layer with A, = 4908.73 mm? > Ag,., = 4585 mm?

Check for bar placement:

800 — 40 2 — 10 * 2 — 10 * 25
b= 10

=45 > 25mm ....ok

Check for strain: (g5 = 0.005)

Tension = Compression

As * fy = 085 * f/ + b * a
4908.73 * 420 = 0.85 * 24 x800 * a
a = 126.32 mm.

¢ = & - 12632
“ By 085

=148.6mm  * Note: f/ = 24MPa< 28 MPa— 3, = 0.85
& = 0.003 + (=9)

= 0.003 + (222222 = 0,00583 > 0.005 + ¢ = 0.9 (T.C.S). ... OK.
148.6

...0OK
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5) Negative reinforcement at support (1)&(6) :

A) Negative reinforcement at support (1)

1

Asreq =3 Aspos = 3 * 4900 = 1633.33 mm?

Agreq = 163333 > Agpin = 1166.7 mm? ... OK
Take 4925 in one layer with Ag o = 1963.5mm? > Ag,eq = 1225 mm? ....0K

Check for bar placement:
_ 800—40%2—-10%2—4=x25

p = 3 = 200 > 25mm .... o0k

> 1.5d, = 1.5 20 = 30mm
Check for strain: (g, = 0.005)

d = 500-40-10- 2= 437.5mm.
Tension = Compression
As * fy = 085 * f/ *+ b * a
1963.5 % 420 = 0.85 * 24 *800 * a

a = 50.53 mm.
c= ﬁi = % =5944mm  * Note: f/ = 24MPa< 28 MPa— 3, = 0.85
iy

£ = 0.003 * (=9

_ 437.5-59.44) _ o
= 0.003 (W) =0.019 > 0.005 ¢ =0.9(T.C.S)... OK.
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B) Negative reinforcement at support (6)

Asreq =3 Asposreq = 3*5079 = 1693 mm?

Agreq = 1693 > Agpin = 1166.7 mm? ...OK
Take 4925 in one layer with Ag o = 1963.5mm? > Ag,eq = 1693 mm? ....OK

Check for bar placement:

800 —40%2—10%2—4+25

p = 3 = 200 > 25mm ....ok

> 1.5d, = 1.5 20 = 30mm
Check for strain: (g, = 0.005)

d = 500-40-10- = = 437.5mm.
Tension = Compression
As * fy = 085 * f/ b * a
1963.5 x 420 = 0.85 * 24 *800 * a

a = 50.53 mm.
c= ﬁi = % =59.44mm  * Note: f/ = 24MPa< 28 MPa— 3, = 0.85
iy

£ = 0.003 * (=9

437.5-59.44

= 0.003 * ( —

) =0.019 >0.005 ¢ =09 (T.C.5)... OK.
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(4.7.2) Design of Beam (4) for shear

1) Design of shear at support (1):
fyt = 420 MPa

Critical section at distance d = 437.5 mm from the face of support. V,, ;4 = 349.3 KN

=‘/f:,bwd

e ="
= 2% . 800 « 437.5 + 107 = 285.773 KN.
¢ * V. = 0.75 x 285.773 = 214.33 KN
V,=3493 > ¢ +xV. = 21433 KN ..... shear reinforcement is required .

Check for section dimensions:

V,=Vu/d — Vc = 349.3/0.75 - 285.773 = 179.96 KN.
2 !
Vs,max = 3 fc bwd
= g* V2% * 800 * 437.5 * 10~3 = 1143.09 KN

Ve < Vimax —the section is large enough.

Find the maximum stirrup spacing

or Spax = 600mm.

If V<V =32%/fcbyd then Spex <5

V' =2+ \[fc'byd = - +V2& %800 x437.5+ 107 = 571.54 KN.

V. =179.96 KN < VS' = 571.54 KN then
Smax = 600mm  , S, < 432—7'5 = 218.75 mm — control
Check forV jin:

Vomin = —=/fC'bwd = —V24& 800 * 437.5 x 10° = 107.165 KN.

Vomin = zbwd = 800 % 437.5 x 1073 = 126.26 KN - control
Vymin = 12626 KN < Vs = 179.96 KN < V,' = 571.54 KN — Case 4

Use stirrups 2U — shape (4 legs stirrups)®10 with A, = 4 * 78.54 = 314.16 mm?

_Avrfyrd 31416+420+4375
ST v, 17996+108 oo

Take S = 200 mm < Sj,4 = 218.5mm — OK
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Use 4U — shape (4 legs stirrups)@10 @ 200 mm < S,,4, = 218.5 mm

2) Design of shear at support (2):
fye = 420 MPa

Critical section at distance d = 437.5 mm from the face of support. V, ;44 = 512 KN

=‘/f:,bwd

e ="
= 2% . 800 « 437.5 » 107 = 285.773 KN.
¢ * V. =0.75 x 285.773 = 214.33 KN
V, =512 > ¢+ V. =214.33KN ..... shear reinforcement is required .

Check for section dimensions:

V.=Vu/d — Vc = 512/0.75- 285.773 = 396.9 KN.
2 !
Vs,max = 3 fc bwd
= g* V2% 800 * 437.5 * 10~3 = 1143.09 KN

Vs < Vsmax —the section is large enough.

Find the maximum stirrup spacing

ItV <V =2+ /fc'byd then Spay <

g or Spax = 600mm.

V' =2+ \[fc'byd = +V2& %800 x437.5 5 107° = 571.54 KN.

V, =3969 < V,' = 571.54 KN then
Check for V pin:

Vomin = —=/fC’bwd = —V24& 800 * 437.5 x 10° = 107.165 KN.

Vomin = zbwd = 800 x 437.5 x 1073 = 126.26 KN - control
Vmin = 12626 KN < Vs = 3969 KN <V, = 571.54 KN — Case 4

Use stirrups 2U — shape (4 legs stirrups)®10 with A, = 4 * 78.54 = 314.16 mm?

o_Avtfurd 3141642044375
T v, T 3969x1038 _ ooommm

Take S = 140 mm < Sj,4 = 218.5mm — OK
Use 4U — shape (4 legs stirrups)@10 @ 140 mm < S,,4, = 218.5 mm
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3) Design of shear at support (3):
fyt = 420 MPa

Critical section at distance d = 437.5 mm from the face of support. V,, ;4 = 495.1 KN

=‘/f:,bwd

6

~

_ %_4 + 800 * 437.5 *10~3 = 285.773 KN.

¢ * V. =0.75 x 285.773 = 214.33 KN
V,=4951 > ¢o*V, =21433KN ..... shear reinforcement is required .

Check for section dimensions:

V,=Vu/d — Vc = 495.1/0.75 - 285.773 = 374.36 KN.
2
Vs,max = Embw d
= g* V2% * 800 * 437.5 * 10~3 = 1143.09 KN

Vs < Vs max —the section is large enough.

Find the maximum stirrup spacing

If V<V =+ /fc'byd then Spa, <5

or Spax = 600 mm.

V' =2+ \[fc'byd = - +V2& %800 x437.5+ 107° = 571.54 KN.

V, = 37436 < V,' = 571.54 KN then
Smax = 600mm  , S, < 432—7'5 = 218.75 mm — control
Check for V pin:

Vomin = —=/fC'bwd = —V24& 800 * 437.5 x 10° = 107.165 KN.

Vomin = zbwd = 7+ 800 x 437.5 x 1073 = 126.26 KN - control
Vomin = 12626 KN < Vs = 37436 KN <V, = 571.54 KN — Case 4

Use stirrups 2U — shape (4 legs stirrups)®10 with A, = 4 * 78.54 = 314.16 mm?

oo fye*d 31416 x 420 x 4375 (549
B v, =T 37436+108 e

Take S = 150 mm < S,,4 = 218.5mm — OK
Use 4U — shape (4 legs stirrups)@10 @ 150 mm < S,,4, = 218.5 mm
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4) Design of shear at support (4):
fye = 420 MPa

Critical section at distance d = 437.5 mm from the face of support . V}, ,q, = 493.1 KN

=‘/f:,bwd

6

~

_ %_4 + 800 * 437.5 *10~3 = 285.773 KN.

¢ * V. =0.75 x 285.773 = 214.33 KN
V,=493.1 > ¢*V. =21433KN ..... shear reinforcement is required .

Check for section dimensions:

V,=Vu/d — Vc = 493.1/0.75 - 285.773 = 371.7 KN.
2 !
Vs,max = Eﬁbw d
= g* V2% * 800 * 437.5 * 10~3 = 1143.09 KN

Vs < Vs max —the section is large enough.

Find the maximum stirrup spacing

If V<V =+ /fc'byd then Spa, <5

or Spax = 600 mm.

V' =2+ \[fc'byd = - +V2& %800 x437.5+ 107° = 571.54 KN.

V, =371.7 < V' = 571.54 KN then
Smax = 600mm  , S, < 432—7'5 = 218.75 mm — control
Check for V pin:

Vomin = —=/fC'bwd = —V24& 800 * 437.5 x 10° = 107.165 KN.

Vomin = zbwd = 7+ 800 x 437.5 x 1073 = 126.26 KN - control
Vsmin = 12626 KN < Vs = 37L.7KN <V, =57154KN — Case 4

Use stirrups 2U — shape (4 legs stirrups)®10 with A, = 4 * 78.54 = 314.16 mm?

oo fye*d 31416 x 420 x 4375 e
B v, - 371.7 103 = A2omm

Take S = 150 mm < S,,4 = 218.5mm — OK
Use 4U — shape (4 legs stirrups)@10 @ 150 mm < S,,4, = 218.5 mm
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5) Design of shear at support (5):
fyt = 420 MPa

Critical section at distance d = 437.5 mm from the face of support. V,, ;4 = 520.1 KN

=‘/f:,bwd

6

~

_ %_4 + 800 * 437.5 *10~3 = 285.773 KN.

¢ * V. =0.75 x 285.773 = 214.33 KN
V,=5201> ¢V, =21433KN ..... shear reinforcement is required .

Check for section dimensions:

V,=Vu/d — Vc = 520.1/0.75 - 285.773 = 407.7 KN.
2
Vs,max = Embw d
= g* V2% * 800 * 437.5 * 10~3 = 1143.09 KN

Vs < Vs max —the section is large enough.

Find the maximum stirrup spacing

If V<V =+ /fc'byd then Spa, <5

or Spax = 600 mm.

V' =2+ \[fc'byd = - +V2& %800 x437.5+ 107° = 571.54 KN.

V, = 407.7 < V' = 571.54 KN then
Smax = 600mm  , S, < 432—7'5 = 218.75 mm — control
Check for V pin:

Vomin = —=/fC'bwd = —V24& 800 * 437.5 x 10° = 107.165 KN.

Vomin = zbwd = 7+ 800 x 437.5 x 1073 = 126.26 KN - control
Vomin = 12626 KN < Vs = 407.7KN <V, = 57154 KN — Case 4

Use stirrups 2U — shape (4 legs stirrups)®10 with A, = 4 * 78.54 = 314.16 mm?

oo fyerd _31416+420+4375 ;
B v, - 407.7 103 - Lrlomm

Take S = 140 mm < Sj,4 = 218.5mm — OK
Use 4U — shape (4 legs stirrups)@10 @ 140 mm < S,,4, = 218.5 mm
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6) Design of shear at support (6):
fyt = 420 MPa

Critical section at distance d = 437.5 mm from the face of support. V,, ;4 = 354.8 KN

=‘/f:,bwd

6

~

_ %_4 + 800 * 437.5 *10~3 = 285.773 KN.

¢ * V. =0.75 x 285.773 = 214.33 KN
V, =3548> ¢ xV, =21433KN ..... shear reinforcement is required .

Check for section dimensions:

V,=Vu/d — Vc = 354.8/0.75 - 285.773 = 187.3 KN.
2
Vs,max = Embw d
= g* V2% * 800 * 437.5 * 10~3 = 1143.09 KN

Vs < Vs max —the section is large enough.

Find the maximum stirrup spacing

If V<V =+ /fc'byd then Spa, <5

or Spax = 600 mm.

V' =2+ \[fc'byd = - +V2& %800 x437.5+ 107° = 571.54 KN.

V, = 1873 < V' = 571.54 KN then
Smax = 600mm  , S, < 432—7'5 = 218.75 mm — control
Check forV jin:

Vomin = —=/fC'bwd = —V24& 800 * 437.5 x 10° = 107.165 KN.

Vomin = zbwd = 7+ 800 x 437.5 x 1073 = 126.26 KN - control
Vsmin = 12626 KN < Vs = 187.3 <V;' =571.54KN — Case 4

Use stirrups 2U — shape (4 legs stirrups)®10 with A, = 4 * 78.54 = 314.16 mm?

. Ay * fyrxd  314.16 * 420 % 437.5
h 2 B 187.3 * 103

Take S = 200 mm < Sj,4 = 218.5mm — OK
Use 4U — shape (4 legs stirrups)@10 @ 200 mm < S,,4, = 218.5 mm

= 308.21 mm

68 | iaia




Chapter Four 2015

(4.8) Design of Column (C28):

Material:-
concrete B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

Section:- \%
B =700cm.

h =700 cm.

(4.8.1) Load Calculation:

P, = 3825KN and P, = 1418KN

P,=12xP,+1.6%P

P, = 1.2 %3825+ 1.6 x 1418 = 6858.8KN

(4.8.2) Check for Slenderness:

Kby <34-12 My < 40
r = (MZ) =

A
Y

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

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

M
(ﬁl) = 1.0 — braced frame with M,,;,,
2
Lu ==435m

K=1, According to ACI 318-2002 (10.10.6.3) the effective length factor, k, shall be permitted to
be taken as 1.0.

Kl,
—*<34-12%1.0 =22 <40

Kl, 1.0+*4.35
r,  0.3%0.7

= 20.7 < 22 — short column for bending about x — axis

Klu_1.0*4.35_207<22 hort col o bt ‘

(4.8.3)Design the column as concentrically loaded short column.

Pumax = 0.8[0.85f.(A; — Age) + Asefy]
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@ = 0.65 — for tied column
6858.8 x 10% = 0.65 * 0.8[0.85 * 24(700 * 700 — A,,) + A, 420]

Ast req = 7992.7mm?

Use 20025 with Ag, = 9817.5mm? > Agy req = 7992.7mm? ... 0k
Ay 98175

Po =4, ~ 290000 _

2%

(4.8.4)Design of Ties:

Use ties @10 with spacing of tie shall not exceed the smallest of:
1. 48 times the tie diameter ,48d, = 48 * 10 = 480 mm,
2. 16 times the longitudinal bar diameter,16d, = 16 * 25 = 400 mm, —control
3. The least dimension of the column = 700mm.

use tie p10@200mm.
e Check for code requirements:
1. Clear spacing between longitudinal bars:

700—40%2—-10%x2—25%6
Clear space = = 92mm > 40mm, and

5
> 1.5d, = 1.5 %25 = 37.5mm — ok

2. Gross reinforcement ratio:
0.01 < p, =0.02<0.08 —ok

3. Number of bars: 20 > 4 — for square section — ok
4. Minimum tie diameter:@10 for @25 bars — ok

5. Spacing of this : s = 200mm — ok
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(4.9) Design of isolated Footing under column (28) (70*70):

e Service dead load D, = 3825 KN
e Service live load L, = 1418 KN
® Qanet = 400 KN/m?

(4.9.1)> Required size of footing:

y P, 3825 + 1418 13.107 m2
= = = . m
Qanet 400

A=12>51=+VA=+13107=3.62m

Take [ = 3.65m.

— Depth of footing and shear design:
P, =12%3825+ 1.6 x1418 = 6858.8 KN
6858.8

T = 365365
Assume the depth of footing is h = 90cm

Assume cover 75 mm , and steel bars of @16

= 514.82 KN /m?

dgpg = 900 — 75 — 16 = 809 mm

(4.9.2)One way shear:

V,at distance d from the face of support:

[l a 3.62 0.7
V., = qu b(E_E_d>_51482*362<T___0809>:1214'15KN

2
Ve = J_

= E 3620 « 809 =103 =2391.17 KN.

$* V. = 0.75 % 2391.17 = 1793.38 KN
¢ *V, = 1793.38 KN <V, = 1214.15KN > ~¢ + V, = 896.7 KN

..... The thickness of the slab is enough .
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(4.9.3)Two way shear (Punching shear):

700

f = 700 = 1, by =4(0.7 + 0.809) = 6.036m?, a, =40 — interior colum
V, = 514.82(3.65 * 3.65 — (0.7 + 0.809)%) = 5686.4 KN

1 2 z 1 2 1 2
I/C—g(1+E)\/Zb0d , where g(1+E)—g(1+I)—05

1 (asd 2 1 (asd _ 1 (40%0.809 .
ve=—( 2t 2) \/Zbod . where —( t 2) == (55224 2) = 0.613
V. = g\/gbod ,  Where § = 0.33333 — control
Take

v, = gﬁbod =V, = 3v24 % 6036 * 809 103 = 7974.18KN

& =V, = 0.75 * 7974.18 = 5980.635KN

¢ *V, = 5980.635 KN <V, = 5686.4KN > ~¢ * V, = 2990.31 KN
..... The thickness of the slab is enough .

(4.9.4)- Design for fluxure in both direction :
Take steel bar of 16 ,b = 3.65m,h = 900mm

Fc' = 24 N/mm?, fy = 420 N/mm?

5
= 2044.1 KN.m

M, = 514.82 * 3.65 x 1.475 *

Mu 2044.1
Mn = ——=

P 09 - 2271.22KN.m

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

= 900 - 75 - §= 817 mm.

f; 420
m=—% -=——= 20.6
0.85f! 0.85+24
M. 2271.22%10°
R, = = = 0.932 MPa
b*d? 3650%8172

1 2%Rp*
p=—01- fl—Tm)

_ L(l _ \/1 B 2*0.932*20.6) — 0.00227

T 206 420
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As = p x b xd = 0.0022 x 3650 * 817 = 6560.51 mm?2.
Agmin = p* b *h=0.0018 * 3650 * 900 = 5913 mm?
Agreq = 6560.51 mm? > Ag i = 5913 mm?

use @16 then

As  6560.51
Asgrs  201.06

take 33016 with As py, = 6635mm? > Ag,eq = 6560.51 mm?

= 32.62

n =

Step (S) is smallest of:
1. 3h=3%x900 =2700 mm

2. 450mm — control

3650 —75%x2—33 %16
s= 32 =92.8mm

s=90mm < S;qr = 450 mm — OK

0.7m

33 @16/%m

0.9m
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(4.10) Design of Stair case(1):

lo

o
l =] [0 (2 | e =] [y ) e e (e [55 [ ) (B
| Bs B
w
=l
—
=
© @ 8
Iyl = *
o))
9
Az & A
F o 0000609000 EBDE
C;j TeTeTeTeTa e SO, TOTATOO
S
..0’65-.. 1 _0,6__ 472 - 2,1C_f_],2_

8,1

Figure (4-9): geometry of stair (1)

(4.10.1) Minimum slab thickness for deflection (for simply supported one way solid slab)
L _ 555

hmin: % = E = 27.75cm

Take h,,;, = 300 mm.

=
i EERRRERT =y A
LT Y
g L (}i\) |
S TTTTITTTI I TTT) e
=IRRERRR RPN = AN
ST LS | \
|||||1.r»'r’|\ﬂ/|||i \
S N I e e -
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(4.10.2)Loads Calculation of stair case (1):

Flight Dead Load computations:
O=t 1 rise =t 115 = 26.56
= tan (run) = tan (30) = 26.

Table 4.2: Dead load calculation for flight of stair (1)

material Quality Density W kN/m
KN/m?

Tiles 23 23(>=22)4 003+ 1 = 115
Mortar 22 20%(*="2)% 0.03 % 1 = 0.99
Stair steps 25 %*(0-15;0-3) +1=1875
R.C solid slab 25 izs(z’:‘;; — 8384
Plaster 22 iiszgi; -0.738
Total Dead Load > 13.13KN
Landing Dead load computation:

Table 4.3: Dead load calculation for landing of stair (1)

Material Quality Density W KN/m
KN/m?3

Tiles 23 23%x0.03x1 =0.69
Mortar 22 22%0.03+1=0.66
R.C solid slab 25 25%0.3%1=7.5
Plaster 22 22%0.03*x1 =0.66
Total Dead load > 9.51
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* live load = LL = 5KN /m?
o Total factored load: w = 1.2D + 1.6L
for flight w=12%13.13+1.6*5x1=23.756 KN/m
for landing w=12%x951+1.6*5%1=19.412KN/m

(4.10.3) Design of flight (Slab S1 is supported at the centerline of beam and
L1).

23.75KM fm
S S N P P M S A
N
RB=43.15KN
4
RA=56.63KN
0.3000 — I— 4.2000 ~| 1.0500 ~—
- 55500 -
The reaction at point B:
(23756 4.2« (%2 + 0.3)]
Rp = Eec = 43.15KN
The reaction at point A:
[23.756 + 4.2 (22 + 1.05)|
R, = 2 = 56.63KN

5.55

e Check for shear strength:

Assume bar diameter @14 for main reinforcement.

76 | inda




Chapter Four

dy 14
d=h=20-~"=300-20-—-=273mm

Take the maximum shear as the support reaction I, = 56.63KN

= \/%_4 * 1000 * 273 * 1073 = 222.9 KN.

& * V. = 0.75 % 222.9 = 167.177 KN /1m strip

Vimax = 56.63 < % ¢ xV. =83.588KN ..... The thickness of the slab is enough .

e Calculate the maximum bending moment and steel reinforcement:

M, = 56.63 * 2.775 — 23.756 * 2.475 x @ = 84.4 KN.m

Mn = Mu/d = 84.4/0.9 = 93.78KN.m

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

4

= 300- 20 - 17= 273 mm.
m=-L_=_*0__ 796
0.85f/  0.85+24
_ My _ 93.78x10° _
Rn = b*d2 10002732 1.258 MPa

1 2%Rp*
p=—(1- |1 —Tm)

- L(l _ \/1 B 2*1.258*20,6) _ 0.00309

20.6 420

As = p x b xd = 0.00309 * 1000 = 273 = 843.57 mm?2.
Agmin = p*bxh =0.0018 x 1000 * 300 = 540 mm?
Ag = 843.57 mm? > A pin = 540 mm?

use @14 then
_ A 88357 IR SR
" Ag. 15393 70 ST ToagT e

Step (S) is smallest of:

3. 3h=3%300 =900mm — control
4, 450mm
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280 280

5. s =380 (f—) —2.5C, = 380 <§420> — 2.5 %20 = 330mm

N

280
) =300 3 = 300mm — control
5420

< 300 (280
s <
f;

N

s =150 mm < s;4, = 300 mm — OK
e Temperature and shrinkage reinforcement.

Ag(Temperature and shrinkage) = 0.0018 * 1000 * 300 = 540mm?

A _ 540 BN S
Asgra 15393 7 °7 — et m

"= n_ 35

Step (S — for Temperature and shrinkage reinforcement) is the smallest of:
1. 5h=5%300= 1500 mm
2. 450mm - control

s =250mm < Spur = 450 mm — OK

(4.10.4) Design of slab L1 (landing):
Slab L1 is supported on the shear wall in both side. The reaction of the slab S1 and S2 is applied
at the centerline of the slab L1. Since the width of L1 is2.45m , the reaction will be

distributed along this width. Thus the load per meter wy  equals

_ Rsl(per meter) 43.15

WR = B =245

=17.61 KN/m

R=43.15 KN( per strip meter of
slab S1)

Intersection
area

=4315 _47 51 KN/m
2.45

(17.61 KN/m?)

B=2.45m W,

The reaction at each end

A TSI AT B 1R

S S S N S S N A A S e S S B Sy

| 19,41 KINFm |

N S S O S S S S I S S Sy S

2,45 0,2 2,45
R=92 64KN ™ "5 1 -

R=92_64KN
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[19.41 * 5.1]

R = > +17.61 * 2.45 = 92.64KN

e Check for shear strength:
Assume bar diameter @14 for main reinforcement.

dy 14
d = h =20~ =300 - 20 — — = 273mm

Take the maximum shear as the support reaction V;, = 92.64 KN

- ? « 1000 * 273 *10~3 = 222.9 KN.

b *V.=0.75%2229 =167.177 KN /1m strip
¢ *V, =167.177KN >V, pax = 92.64 >% ¢ * V. =83.588KN
..... The thickness of the slab is enough .

useh =30cm

e Calculate the maximum bending moment and steel reinforcement:

M, = 92.64 % 2.55 — 19.41 + 2= — 17.61 245 « (22 4 0.1) = 115.95 KN.m

Mn = Mu /$d = 115.95/09 = 128.84 KN.m
d = depth — cover - diameter of stirrups - (diameter of bar/ 2)
= 300-20- == 237 mm.

_ fy _ 420
0.85f! 0.85%24

= 20.6

M, 128.84%10°
R —_— n
M pxd?2  1000%2732

1 2%Rp*
pra(l- [1-Emy

- L(l _ \/1 _ 2*1.728*20_6> — 0.0043
20.6 420

As = p x b xd = 0.0043 x 1000 * 273 = 1175.86 mm?2.
Agmin = p*b*h=0.0018 x 1000 * 300 = 540 mm?*

= 1.728 MPa

Ag = 1175.86 mm? > Ag pin = 540 mm?
use P14 then
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A 1175.86 1 1
n= = =763, s=—-==-—>-=0.1309m

Asgra  153.93 n  7.63

Step (S) is smallest of:
1. 3h=3%300 =900mm — control
2. 450mm

3. s =380 (2;40) —2.5C, = 380<

N

280

> —25%20 =330mm

2
§420

280
fs

280
) =300| 3 20 = 300mm — control

SSSOO(

s =120mm < spq = 300 mm — OK

e Temperature and shrinkage reinforcement.

Ag(Temperature and shrinkage) = 0.0018 * 1000 * 300 = 540mm?

A _ 540 IR S
Agis 15393 2 °7 = oo m

n= n=3.5

Step (S — for Temperature and shrinkage reinforcement) is the smallest of:
3. 5h=5%300=1500mm
4. 450mm — control

s =250mm < 5,4, = 450 mm — OK
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(4.11) Design of Shear wall (W 26):

A tow stories buildingh =4.5m.
* Dead load = DL = 9.61KN /m?

« Wall thickness h = 20 cm

Neglect the weight of walls and columns.
Assume seismic zone 2A.

C,l 2.5C,1
VegiW=s—Fx W
> 0.11C,IW

(4.11.1) Calculation of seismic Load:

Area of the floor = 274 m2.

W =274%9.61+2=5266.3 KN

From UBC Table 16-1, from seismic zone 2A Z = 0.15

From UBC Table 16-J, assume soil profile type S,(Hard Rock)

I —importance factor I = 1.0 for standard occupancy

C, — acceleration-based seismic coefficient, from Table 16-Q C, = 0.12

C, — velocity-based seismic coefficient, from Table 16-R C, = 0.12

R — numerical coefficient represensive of the inherent overstrength and global ductility capacity

of the lateral force-resisting systems, from Table 16-N R = 5.5

3
Ty = Cp(hy)3/* = 0.0488 * (2 % 4.5)z = 0.253

C; = 0.0488, h,, = the height of the building in meters.
- Gl ~ 012x1.0 W = 0.08EW
T RT " T 55%0253
2.5%0.12% 1.0
< 3 W = 0.0545W — control

V=011C,IW = 0.11 % 0.12 * 1.0 = 0.0132W

_ 25%0.12x1.0

3 W = 0.0545 * 5266.3 = 287.01 KN

T <0.7sec—Take the F, =0.
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@
@
@ oo
@
Figure (4-10): Distribution of shear wall's in plane
_ V(wehy)
* =g Wihy

Wy, = 274 % 9.61 = 2633.14 KN
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Base shear Calculation

Floor level Height Story weight w, * h, E, Z E
h,,m Wy, KN x
2 9 2633.14 23698.26 191.34 191.34
1 4.5 2633.14 11849.13 95.67 287.01

2
Zwihi — 35547.39

=1

4P(3)° 3P()
A= +

Et Et
Relative Rigidity of walls.P = 10°KN
Wall No. | Height, Length, h/L E. x 10° t,m A l(R)
m m KPa m A
1 4.5 3.11 1.446 23.025 0.2 3.568 0.280
2 4.5 3.0 1.50 23.025 0.2 3.907 0.255
3 4.5 3.85 1.168 23.025 0.2 2.145 0.466
4 4.5 1.92 2.343 23.025 0.2 12.70 0.0787
E, = 4700,/f; = 4700 - V24 = 23.025 x 10° KPa
Wall No. | Direction X y R, R, x'R, Yy R,
1 Y 0.1 0.280 0.028
2 Y 15.87 0.255 4.046
3 X 19.17 0.466 8.933
4 X 0.1 0.0787 0.0078
Z 0.5447 0.535 4.074 8.940
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xR, 4.074
Xr="%R, ~ 0535
Yy-R, 8940
b =R, T 05447

er =X, — Xy =7.614—8=—-0386m

=7.614m

=16412m

e, =Y, — Y, = 16412 — 9.65 = 6.762m

T, = Vye, = 287.01 % 6.762 = 1940.76 KN.m
T, = V,e, = 287.01 x 0.386 = 110.78 KN.m

Wall shear in x-direction (Floor level 1,V, = 287.01 KN)

Wall No. R, R, d, d, Rxd | Rxd? | E,KN | F,KN
1 0.280 -7.492 -2.0972 | 15.716 0 -70.69
2 0.255 |8.261 2.1955 | 17.40 0 74.00
3 0.466 2.763 1.287 3.557 24554 | 43.38
4 0.0787 -16.287 | -1.28 20.87 41.468 | -43.148
0.5447 | 0.535 57.573
. R; v . R;d;
v = ZRj VX T — ZRdej v, X
R; R;d;
Fiota = FE,+Fr= ZRj VX + WT}’JC
Wall shear in y-direction (Floor level 1,V;, = 287.01 KN)
Wall No. R, R, d, d, Rxd | Rxd? | E,KN | F,KN
1 0.280 -7.492 -2.0972 | 15.716 150.21 -4.035
2 0.255 |8.261 2.1955 | 17.40 136.8 4.224
3 0.466 2.763 1.287 3.557 0 2.476
4 0.0787 -16.287 | -1.28 20.87 0 -2.462
0.5447 | 0.535 57.573
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T, = Ve, =191.34 % 6.762 = 1293.84 KN.m
= Ve, =191.34 % 0.386 = 73.85 KN.m

Ty

Wall shear in x-direction (Floor leve2 1,V, = 191.34 KN)

Wall No. R, R, d, d, Rxd | Rxd? | E,KN | F,KN
1 0.280 | -7.492 -2.0972 | 15716 |0 -47.13
2 0.255 | 8.261 2.1955 | 17.40 0 49.339
3 0.466 2.763 1.287 3.557 163.7 28.92
4 0.0787 -16.287 | -1.28 20.87 27.64 -28.76
0.5447 | 0.535 57.573
. R; v . R;d;
v = Z Rj VX T Z Rj dzj V,X
F, B+ Fp = b Jidi g
total = T = g o g2 ly
ota v ZR] y,.xX ZRdeJ ¥y, X
Wall shear in y-direction (Floor leve2 1,;, = 191.34 KN)
Wall No. R, R, d, d, Rxd | Rxd? | E,KN | F,KN
1 0.280 |-7.492 -2.0972 | 15.716 |100.14 |-2.69
2 0.255 | 8.261 2.1955 | 17.40 91.2 2.816
3 0.466 2.763 1.287 3.557 0 1.65
4 0.0787 -16.287 | -1.28 20.87 0 -1.641
0.5447 | 0.535 57.573
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(4.11.2)Design of shear wall for shear & flexure No#3 (W 26):

182,62 KN
19262 KN

4.5000

288.92 KN

866.79 KN 481.54 KN

4.5000

303372 KN

Bending Moment Shear Forces

38500

Figure (4-11): Shear force & moment on the shear wall
Fc' = 24 N/mm?
fy = 420 N/mm?
1. Check maximum strength permitted:
OV, = QA (@A fe + pefy) = 0.75 x 770000(0.17 X 1 X V24 + 0.0025 X 420)
= 1087.33 KN
where @ = 0.75 d = 0.8[,, = 0.8 x3.85 = 3.08 m = 3080 mm
@V, = 1087.33 KN > V, max = 481.54 KN
2. Calculate shear strength provided by concrete V.

Critical section for shear:

l 3.85
= > = 1.925 m — control

w

2

h, 9

7 = E =45m
story height = 4.5m

1 1
V.= 3 fehd = 3 X V24 % 200 x 3080 x 1073 = 502.96 KN — control

N
V. = 0.27\/f:hd + ﬁ =0.27 x V24 x 200 x 3080 x 1073 + 0 = 814.8 KN
w
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or,
Ny,
Ly (01472 + 02:%)
V. = |0.05/F; + | hd
Ve 2

M, = 866.79 + 481.54 x (4.5 — 1.9525) = 2106.66 KN

w_ by _210666 38 .

v, 2 48154 2 ° (+ve value)

3.85(0.1V24 +0)
2.45

V. =10.05v24 + 200 x 3080 x 103 = 705.173 KN

3. Determine required horizontal shear reinforcement

1 1
Vi = 48154 KN > -0V, = 5 x 0.75 x 502.96 = 188.61 KN

Shear reinforcement must be provided in accordance with 11.9.9.

V, <0V, =0(V.+ V)

V, = b V.= 481.54 502.96 = 139.1 KN
ST 9 ¢ 075 e
A Vi 139.1
== = 0.0001 m?
S, f,d 420x3.08x 103 m=/m
_Aon 00008 000537 < 0.0025
Pe=hs, ” 02 '
Take p, = 0.0025
_ o l, 3850
Maximum spacing is the least of = T=5 = 770 mm

3h =3 X200 =600 mm
450 mm — control

Try 10 (Ag = 78.5 mm?) for two layers

_Awn _2X785 — 0.0025 S, =314 ?10@250
Pt = s, T200x s, oo 2 = 24 mit mm
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4. Determine vertical shear reinforcement

=

_ =233
l, 385

h
p; = 0.0025 + 0.5(2.5 — l—w)(Pt —0.0025) = 0.0025
w
For this wall with i;—‘” > 2.5, p; = 0.0025.

. L l, 3850
Maximum spacing is the least of = 3-"3 = 1283.33 mm

3h =3 %200 =600 mm
450 mm — control

Use 10@250 mm.
5. Design for flexure.
Confined boundary elements.
l 3850
c= ed

~ 600 (2) ~ 600 x 0.007

=916.67 mm

Sy Ou
where — > 0.007 ,assume — = 0.007
h'W w

Boundary element length = ¢ — 0.1, = 916.67 — 0.1 * 3850 = 531.67 mm
c 916.67
= 458.335 mm

2 2

The boundary element length =550 mm.

AM,,

VA

and C =

B>
=
SIS

p _ 3850
St ™ 250

~ <Ast)fy __ 24178 420
@=\1,n)F: T 3850 x 200 " 24

c w+a _ 0.05495 + 0
I, 2w+0.858; 2 x0.05495 + 0.85 x 0.85

oM. = olosa.fr (142 (1—i) -
n = . stfyw Astfy lW =

= 0.9[0.5 X 2417.8 x 420 x 3850 x (1 — 0.066)] x 1073 = 1643.2 KN.m
AM,, = 3033.72 — 1643.2 = 1640.16 KN.m

X 2 X 78.5 = 2417.8 mm?

= 0.05495

= 0.066

88 | isia



Chapter Four 2015

T AM,, 1640.16 x 10°

A = = =
T 0f, ©f,z 0.9 x420 x (3850 — 550)

= 1314.86 mm?

Agror = As + Ag(4010) with Boundary zone = 1314.86 + 4 x 78.5 = 1628.86 mm?
Use 8018 with A; = 2035.75 mm? at each end.

®10@25cm

20/icm

4418 ®10@25cm 4418

Figure (4-12): Shear Wall Reinforcement
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Attachments

Appendix (A)
Architectural Drawings
This appendix is an attachment with this project
Appendix (B)
Structural Drawings

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

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

UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply Oneend | Bothends
supported | continuous | continuous | Cantilever

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

Member | deflections.

Solid one-

way slabs £/20 £/24 £/28 £M0
Beams or

ribbed one-

way slabs £/16 LH8.5 ¢121 £/8

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

(density w, = 2320 kg/m®) and Grade 420 reinforcement. For other condi-

tions, the values shall be mod|f|ed as follows:
a) For structural Ilghh.'.rmght concrete having unit density, w,, in the range
44':} 1920 kg/m?, the values shall be multiplied by (1.65 = 0.6oaw ) but not

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

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

Type of member Deflection o be considered Deflection limitation
Flat roofs not supporting or attached to non- | Immediate deflection due to live load L ‘
structural elements likely to be damaged by £/180°
large deflections
Floars not supporting or attached to nonstruc- | Immediate deflection due to live load L
ural elements likely to be damaged by large £/360
deflections
Roof or floor construction supporting or That part of the total deflection occurring after .
attached to nonstructural elements likely to be | attachment of nonstructural elements (sum of {/480¢
damaged by large deflections the longrterm deflection due to all sustained
Roof o floor construction supporting or ?ﬂ?ﬂiiom mi 'Q;”d‘fﬁ'am deflection e o any
attached o nonstructural elements not likely to {240
be damaged by large deflections

* Limit not intended to safequard against ponding. Pondmg should be checked by sutable calculations of deflection, including added deflections due to ponded
water, and considering long-term effacts of all sustained loacls, camber, construction tolerancas, and reliabilty of provisions for drainage.

f Lon?-term defection shall be determined in accordance with 9.5.2.5 or 9.5.4.3, but may be reduced by amount of deflection calculatadt to ocur before attach-
ment of nonstructural elements. This amount shall be datermined on basis of aceepted enginaering data relating to time-deflection characteristics of members sim-
lar to those being considered.

FLimt may be exceaded if adequate maasuras are taken to prevent damage to supported or atiached elaments.

S it shall ot be creater than tolerance provided for nonsiructural elements. Limit may be exceeded if camber is provided so that fotal deflection minus camber
doas not exceed limf.

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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Seismic Coefficients

Z — seismic zone factor, as set forth in next Table (UBC Table 16-1). Note that £ does not
directly appear in the base shear formula. It does, however, affect the seismic coefficients Cg
and €.

Fone I 24 B A 4
£ 0075 015 0.2 0.3 .4
(From Table 16-I. UBC 1997.)

Seismic Coefficient C,

Seismic zone factor, £

Soil profile
type 2= 01075 Z=10.15 Z=102 £=03 £=04
3 0.0 0.1z 016 0.2 0.2,
Sg 0.08 0.5 0.20 0.30 0,408,
S 0.0 .18 (.24 (.33 0400,
S 0.1z 022 028 036 N.44N,
S 0.19 0.30 .34 0.36 .36,
S Site-specific geotechnical investigation and dynamic site response analvsis

shall be performed for soil profile Se.

(From UBC 1997, Table 16-0).)
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Cy — a numerical coefficient dependent on the soil conditions at the site and the seismicity
of the region, as set forth in next Table (UBC Table 16-R),

Seismic Coefficient C,

Seismic zone factor, Z

Soil profile

type Z=0.075 Z=0.15 Z2=02 Z=03 Z=04
Sy 0.06 0.12 0.16 0.24 0.32N,
Sg 0.08 0.15 0.20 0.30 0.40N,
Se 0.13 0.25 0.32 0.45 0.56N,
Sp 0.18 0.32 0.40 0.54 0.64N,
Sg 0.26 0.50 0.64 0.84 0.96N,
S Site-specific geotechnical investigation and dynamic site response analysis

shall be performed for soil type Sp.

(From UBC 1997, Table 16-R.)

R — a factor that accounts for the ductility and overstrength of the structural system, as set
forth in next Table (UBC Table 16-N)

Structural Systems?

Height limit for

Basic structural Lateral-force-resisting system selsmic zones
system” description I LR 3and 4
I. Bearing wall l. Shear walls
syslem a. Concretle 45 18 160
b. Masonry 45 238 160

2. Braced frames where bracing
carries gravity load
a. Steel 44 22 160
b. Concretes 28 22 M.P
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Structural Systems® (Continued)

Height limit for

Basic structural Lateral-force-resisting system seismic zones
system® description R Q, 3and 4
2. Building frame 1. Steel eccentrically braced 70 28 240
system frame (EBF)
2. Shear walls
a. Concrete 55: 28 240
b. Masonry 55 28 160
3. Ordinary braced frames
a. Steel 56 22 160
b. Concrete* 56 22 N.P.

4. Special concentrically
braced frames

a. Steel 64 22 240
3. Moment-resisting 1. Special moment-resisting
frame system frame (SMRF)

a. Steel 85 28 N.L.
b. Concrete? 85 28 N.L.

2. Masonry moment-resisting wall 65 28 160
frame (MMRWE)

3. Concrete intermediate 55 28 N.P,

moment-resisting frame (IMRF)*
4. Ordinary moment-resisting
frame (OMRF)

a. Steel' 45 28 160
b. Concrete” 35 28 N.P.
5. Special truss moment frames 65 28 240
of steel (STMF)
4. Dual systems 1. Shear walls
(frame resists at a. Concrete with SMRF 85 28 N.L.
least 25% of b. Concrete with steel OMRF 42 28 160
seismic shear) ¢. Congcrete with concrete IMRF* 65 28 160
d. Masonry with SMRF 55 28 160
e. Masonry with steel OMRF 42 28 160
f. Masonry with concrete IMRF 42 28 N.P.
g. Masonry with masonry MMRWF 60 28 160
2. Steel EBF
a. With steel SMRF 85 28 N.L.
b. With steel OMRF 42 28 160
3. Ordinary braced frames
a. Steel with steel SMRF 65 28 N.L.
b. Steel with steel OMRF 42 28 160
¢. Concrete with concrete SMRF 65 28 N.P.
d. Concrete with concrete IMRF 42 28 N.P.
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