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Project Abstract

The project is a public library in the city of Hebron is available where all the
requirements and activities needed by any reader, by providing spaces for references
and services, reading and electronic reading as well as a library for the children and
the old building that has been re-revived for a historical museum of the city and

references historic.

Will be design - God willing - based on code requirements for the American Concrete
(ACI _318) and will be drawing on some programs, design and construction drawing
programs such as Autocad2007, Office2007, Atir, etc. It is worth mentioning that the
use of code Jordanian to determine the loads of live and will be available on some
graduation projects the previous , and the project will study the construction of
detailed identification and analysis of the structural elements and different loads and
then the expected structural design of the elements and the preparation of shop
drawings based on design prepared for all the structural elements that are structural

frames of the building.
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Chapter Four : Structural Analysis and Design
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33 Table(4-2) Topping Dead Load Calculation .
44 Table (4-3) Support Reactions of Rib(2).

JSEY) (i gd
9 (-)
10 AN dakid Jga (lsal) c¥Lantin) 5 o8 gal) 481 2 gida (- )
11 ) dakdb o gl (A gl (- )
11 (-)
12 (-)
13 (-)
13 (-)
14 (-)
14 Adladd) Agalgh (- )
15 Ll dgaigl( - )
15 Al Al - )
15 L all il -)
21 Ansaal) il £ LS Y Eua (e (Al o gl il (- )
23 (-)
24 Ca LY ) cuanl) Bake (- )
24 (-)
25 (-)
25 (-)
26 (-)

Xl




27 (-)
31 Figure (4-1) :Span Location (Ground Floor).

32 Figure (4-2) : One Way Rib Slab.

33 Figure (4-3) : Topping Of Slab.

35 Figure (4-4) : Rib Location.

35 Figure (4-5) : Rib(2) Geometry.

36 Figure (4-6) : Loading Of Rib(1).

36 Figure (4-7): Moment Diagram For Rib(2).

36 Figure (4-8): Shear Diagram For Rib(2).

44 Figure (4-9): Beam Location.

45 Figure (4-10) : Spans length of Beam.

45 Figure (4-11) : Factored Load Of Beam.

45 Figure (4-12) :Moment Diagram For Beam.

46 Figure (4-13) : Shear Diagram For Beam.

46 Figure (4-14) : Beam Section.

55 Figure (4-15) :Column (63) Location

55 Figure (4-16) : Column (63)

59 Figure (4-17) : Stair(3) location

60 Figure (4-18) : Load diagram

60 Figure (4-19) :Shear & Moment envelope diagrams

63 Figure (4-20) : Foundation
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71 Figure (4-22) : Shear and Moment Diagram From Atir
73 Figure (4-23) : Moment and shear diagram from ETABS

List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.
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Ag = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

At = area of one leg of a closed stirrup resisting tension within a (S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

C. = compression resultant of concrete section.

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.

fc¢= 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

S = Spacing of shear or 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. (Kg/m3).

W = width of beam or rib.

Wu = factored load per unit area.

X1l



® = strength reduction factor.

€. = compression strain of concrete = 0.003mm/mm.
&€, = strain of tension steel.

&€ = strain of compression steel.

p =ratio of steel area .
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Chapter 4 Structural Analysis and Design

Chapter 4

Structural Analysis And Design

4.1 Introduction.

4.2 Design method and requirements.

4.3 Deter mination of oneway ribbed slab thickness.

4.4 Design of topping.

4.5 Design of oneway Rib sab(R1) .

4.6 Design of Beam (B2) .

4.7 Design of column (C63).

4.8 Design of stair (ST3) .

4.9 Design of isolated footing (Cb.F-4).

4.10 Design of Basement wall(BS.W.1).

4.11 Design of shear wall (SW8).
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Chapter 4 Structural Analysis and Design

4.1: Introduction

Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnels,
and others.

Reinforced concrete islogical union of two materials: plain concrete, which possesses high
compressive strength but little tensile strength, and steel bars embedded in the concrete,
which can provide the needed strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and
frequently admixtures.

Understanding of reinforced concrete behavior is still far from complete, building codes and
specifications that give design procedures are continually changing to reflect latest
knowledge.

Structural concrete can be classified into:

= Lightweight concrete with unit weight from about 1350 to 1850 kg/m°.
=  Normal weight concrete with unit weight from about 1800 to 2400 kg/m®.
» Heavyweight concrete with unit weight from about 3200 to 5600 kg/m®.

4.2 Design method and reguirements:

The design strength provided by a member is calculated in accordance with the requirements
and assumptions of ACI_code (318_08).

v Strength design method:

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

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

The strength design method is expressed by the following,

Strength provided = strength required to carry factored loads.

NOTE:

The statically calculation and the key plans dependent on the architectural plans.

Y Code: ACI 2008

uBC
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Chapter 4 Structural Analysis and Design

Y Materia :
Concrete B300... 1¢'=30N/mm?(MPa) For circular section

but for rectangular section ( fc'=30* 0.8 = 24MPa)
Reinforcement steel : The specified yield strength of the reinforcement {fy = 420 N/mm? (MPa)}
Mild steel :  A-36
Connection Type: Weld, Bolts

v' Factored loads.
The factored loads on which the structural analysis and design is based for our project

members, is determined as follows:

W,=12D, +16L, ACI-code-318-08(9.2.1).

4.3 Determination of one way sab thickness:
According to ACI-Code-318-05, the minimum thickness of non prestressed beams or one

way slabs unless deflections are computed, given in table (9.5-a), asfollows:

i | l‘EJ';L‘ - . 5-| vl
TR T o T
r:_Jl I FH PN Y RE FE1 -

__/_F_jJ-J 1L Ea:j.»J_ L _1 IH A
sl 1 L LR
=L | Rl _ J___
AN

Fig. (4-1) Spanslocation (Ground Floor)

hmin for one-end continuous = L1/18.5
=466.9/18.5 =25.22 cm.
hmin for both-end continuous = L2/21

=570.2/21=27.15¢cm

| sdectedh=28 |
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Chapter 4 Structural Analysis and Design

v" Load Calculation:

One - way ribbed dab.

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

Fides 3 e

AFcvrfedr T vkre

Coergrrse Sanad qifE T oo

HE wrerrverrarder Fespopaivegs Moo
Cerrrereote balerok

M 0 Cerrpcrraefar #oF

Frlepedarr 7 orend

Fig. (4-2) Oneway rib dlab

Effective Flange width ( b.) ACI-318-08 (8.12.2)
be For T- section isthe smallest of the following:

b =2360/ 4 =590 mm

b. =120+ 16t =120 + 16 (80) = 1400 mm

be — 520 mm .....coeeee. control

Dead load calculations:
Calculation of the total dead load for one way rib slab is shown in the following table:

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

Table (4-1) Dead L oad Calculation.

No. | Partsof Rib Calculation
1 Rib 0.12x0.20x25 = 0.6 KN/m
2 Top Slab 0.08x052x25 = 1.04 KN/m
3 Plaster 0.02x0.52x22 = 0229 KN/m
4 Sand Fill 0.07x0.52%x16 = 0.582KN/m
5 Tile 0.03x0.52% 23 =0.3589 KN/m
6 Mortar 0.02x0.52%x22 =0.229 KN/m
7 Partition 1.5%x0.52 =0.78 KN/m
8 Block 04x0.2x10 = 08 KN/m
4.62 KN/m
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Chapter 4 Structural Analysis and Design

Live load calculations;

For library the live load is 5 KN/m?
Liveload = 5% 0.52 = 2.60 KN/m of rib

4.4 . Design of Topping:
Design of Topping for Ribbed Slab:

Material :

fc' = 24 MPA fy=420 MPA

bw=12cm

Block=40cm
Fig. (4-3) Toping of dab

4.4.1: Dead load calculations:

Table (4-2) Topping Dead L oad Calculation

Dead load from Lx7T %1 KN/m?
Tiles 0.03x23x1 0.69
Mortar 0.02x22x1 0.44
Coarse Sand 0.07x16x 1 1.12
Topping 0.08x 25 x 1 2.00
Interior Partitions 1.50 1.50
> 575

4.4.2: Liveload calculations:
Live Load = 5x1 = 5KN/m.
4.4.3: Total Factored L oad:

Wu = (1.2 x5.75) + (1.6 x 5)
= 14.90 KN/m

-> For aone meter strip Wu = 14.90 KN/m
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Chapter 4 Structural Analysis and Design

Assume dlab fixed at supported points (ribs):

2
Mu = Wu x|
12
2
Mu :M: 00.1987 KN.m
12
fr =0.42x ./ fc' ACI-318-08 (22.5.1)

fr = 0.42x /24 = 2.0576 MPa

= 2.0576x1000 = 2057.6 KN / m?
Mn=frxs
bh?  1.00x 0.08

6
Mn = 2057.6x1.067 x10~° = 2.195 KN.m

® Mn=0.55x 2.195= 1.21 KN.m

S= =1.067x10°m?

® Mn =121 KN.m>Mu =0.1987 KN.m

No structural reinforcement is needed. Therefore, shrinkage and temperature
reinforcement must be provided.
For the shrinkage and temperature reinforcement:
p =0.0018 ACI-318-08 (7.12.2.1)

As=p x bx h=0.0018 x 1000 x 80 = 144 mm?/m strip

Try bars ® 8 with As = 50.27 mm?

Bar numbers n = ﬁ _ 144 2.87

Asf8 5027

Step (S) isthe smallest of :-
1) 3h=3*80=240mm............control ACI-318-08 (10.5.4)
2) 450mm

3 S= 38({@j —2.5Cc=38 280 \_ 2.5%x20=330mm

fs §><420 but
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Chapter 4 Structural Analysis and Design

280 280
s< 300(—) =30 = 300mm
fs gx 420 ACI-318-08 (10.6.4)

4) Take ® 8 @200mm in both direction S= 200mm<Smax =240mm.....ok

| UseMesh ® 8-20 cm

4.5 : Design of Rib :

Design Rib 1:
Material :
fc' =24 MPA fy =420 MPA
Forp Merg B1 = o ChE
AL DAL L
Acsc |@_;-_(,a. - III.-'.I |-f:"| =1 iéé [
_ L Al |
= | R $2|1 R2
LT LA

rEe I & s B

3T

Eores

Fig. (4-4) Rib location

BY using "Atir" software for the following values of the envelope moment and shear diagram:

1 x 3 *
1 2 &
. e Al : a
[l ; .
| |
i f S i o | 1 i . | A1 i (s X1} i e i nr i
Az n.r 4.0
(2> ]
S
TE.
12
A

Fig (4-5): Rib(1) Geometry.
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uuuuuuuuu

Weinlw:hM v ler

RN RN

AN T

| v ol Sl | wranrl Factorms 4 i A0S0

EEENEEEETE RS T

= LR T

Fig (4-6) : Loading of Rib(1)

FCments: sopans Tio 3

205
224
s ATE 5 ATE
B T LS
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Fig. (4 -7) Moment Diagram for Rib(1) -(KN.m).
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Fig. (4 -8) Shear Diagram for Rib(1) -(KN).

4.5.1:Design of Positive Moment for Ribl:
My max positivefor span(2) = 17.70 kN.m
Assume bar diameter @ 12 for main positive reinforcement :-

d=h-cover —dgy, _d_2b: 280—20—10—%: 244mm

v Determine whether the rib will act as rectangular or T — section:
For hf =0.08 m

b, =3.7/4=925cm

b =12+16t=12+ 16 (8) = 140 cm
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be =52cm ... control
o hf
fMn=0.9x0.85x fic'x bx hf x(d—?)

fMn =0.9x0.85x 24 x 0.52 x 0.08 x (0.244—0'—28) =186.301KN.m

® Mn =186.301 KN.m> M, =17.70 KN.m

Design as arectangular with b, =52 cm

A'smin :4—\'fc(bw)(d) ACI-318-08 (10.5.1)
Asmin = V24 (120)(244) = 85.38mm’

4(420)

14
A's min =—— (bw)(d
S min (fy)(W)()

A's min :%(120)(324) =129.6mm’ .....control

0.85fc  0.85 x 24

= 20.59

Mn  (17.70 /0.9) x (10) "3

- - = 0.635 MPA
bd * (0.52)(0.244 )

kn

Ay f_2mkn |_ 1 1_\/1_2><o.6:>,5><20.59 _ 0.001536
fy 20 .59 420

A 's = 0.001536 (520) (244) = 195.0 mm?*> A s min = 97.60 mm?
#of bars= Ag/ Agpa = 197/113=1.73 * Note Agiz = 113 mm?

Select bottom bars 2912

* Check Strain:

Tension = Compression
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A x fy=0.85x f_ 'xbxa

226x420=0.85x24x120x a
a=38.77/mm

a
C=—
b,
c= @ = 45.6mm
0.85

o _ 244456
° 456
e, = 0.0130> 0.005

% 0.003=0.0130

Design of Positive Moment for Ribl :
M, max positivefor span(1) = 6.70 kN.m
® Mn =186.30 KN.m > M, = 6.70 KN.m

Design as arectangular with b =52 cm

A'smin —L(b w)(d) ACI-318-08 (10.5.1)

2

4(420)

Asmin = (120)(244) = 85.38mn?’

. _ 14
A =——(bw)(d
S min (fy)( w)(d)

Asmin = %(120)(244) = 97.60mm? .....control

fy 420

= - - 20.59
0.85fc  0.85 x 24

Mn  (6.70/0.9)x (10)°
bd2  (0.52)(0.244 )2

c_A(y fp_2man |__ 1 l_\/_2><o.241><2o.59
m fy 20 .59 420

r = 0.000577
A's = 0.000577 (520) (244) = 73.21 mm?*<A's min = 97.60 mm?
# of bars = A/ Aspar = 97.60/79 = 1.24 * Note Ap1g= 79 mm?

kn = = 0.241 MPA
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Select bottom bars 2910

* Check Strain:
Tension = Compression

A x fy=0.85x f 'xbxa
158x 420 = 0.85x 24x 520 a
a=6.25mm

T 085

o _244-735
> 735
e, = 0.097 > 0.005

x 0.003=0.097

4.5.2:Design of Negative Moment for Rib :
According to ACI 8.9.3 — for beams built integrally with supports, design on the basis of
moments at faces of support shall be permitted.

The maximum negative moment at the face of support (2) is Mu =17.80 kN.m

A'smin —£(b w)(d) ACI-318-08 (10.5.1)

24 120)(244) = 85.38mm?
4(420)

. _ 14
A =——(bw)(d
S min (fy)( w)(d)

AsSsmin=

fy 420

= =——=20.59
0.85fc  0.85x 24

Mn  (17.80/0.9)x (10)®

kn = — = —=2.77
bd (0.12)(0.244)

(. 2mkn ) 1 1_\/ _2x277x20.59 | _ 4 40710
m fy 20 .59 420
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A's = 0.00712 (120) (244) = 208.5 mm?> A s min = 97.60 mm?
# of bars = As/ Aspar = 208.5/113=1.85 * Note Aoz = 113mm?

Select top bars 2912

* Check Strain:

Tension = Compression
A x fy=0.85x f./'xbxa
226x 420=0.85%x 24x120x a
a=38.7/mm
C [ —
bl
c= 877 =45.6mm
0.85
o - 244 — 45,6
° 45.6
e, =0.0131> 0.005

x0.003=0.0131

The maximum negative moment at the face of support(1) isMu =14.80 KN.m

Asmin = */_(b w)(d) ACI-318-08 (10.5.1)

/7

220 (120)(244) = 85.38mm

AsSsmin=

. _ 14
A =——(bw)(d
S min (fy)( w)(d)

_fy 40
0.85fc  0.85 x 24

= 20.59

Mn _ (14.80/0.9)x (10)°°

kn = — = — = 2.30
bd (0.12)(0.244)

(g f_2mkn ) 1 1_\/ 2x2.30x20.59 | _ o ooq
m fy 20 .59 420

A s = 0.00583 (120) (244) = 170.70 mm?*>A s min = 97.60 mm?

#of bars= As/ Aspy = 170.70/113 = 1.51 * Note Aoz = 113 mm?

Select top bars 2912 Total AS (provide) =226 mm?
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Check Strain:
Tension = Compression

A x fy=0.85x f_'xbxa
226x 420=0.85x 24x120x a
a=38.77mm
c=2
b,
3877

C=——=45.61mm
0.85

o _ 244-4561
4561
e, =0.013> 0.005

x0.003=0.013

4.5.3:Design of shear for rib :

The maximum shear force at the distance d from the face of support Vu =23.20kN
Shear strength, V¢, provided by concrete for the ribs may be taken 10% greater than that for
beams. Thisis mainly due to the interaction between the slab and the closely spaced ribs (ACI

Code, Section 8.13.8).

v' For middle spans VU gitica = 23.20 kN
Use ®8 with two legs
A, =2 x 50.24 =100.48 mm?

| fc
LAXP Ve= O 5 x b, xd

1.1xD Ve =0 75 x \/2_4 x0.12x0.244x1000 =17.93

. VuSl.lx%x dVe

4 fc'
1.1X%XCDVC=%X1.1X(D 5 xb, xd

1 J24
6

1.1><1>< dVc=11x=—x0.75x
2 2

x0.12x0.244x1000 =9.86 kN

Vu> 1.1><%>< ®dVc ..... not control
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o 1.1><%CDVC <Vu<1l1ix®dVc

®Vc=0.75x% \/:_4 x0.12x0.244x1000=17.93
1.1x ® x\VVc=19.72< Vu=23.2 ........ not control

o 11xdVc<Vu<d(1l.1xVc+Vs,min)

Vs, min is the maximum of :

——xb, xd= ——x0.12x0.244 x 1000 = 8.965
16 16

. %x b, xd =%x 0.12x0.244x1000 = 9.76 KN.....control

Vsymin: 976 KN
®x1.1xVc<Vu<®x(1.1xVc+Vs,min)

19.72<23.20 < 0.75(1.1 x17.93+9.76) ...... not control

* (L1x®VC +DVSy < VU < 1.1xDVe+ q)x%,/fc' xbwxd

f 1
(OF 30 xbwxd =0.75x gx 0.12x 0.244 x1000 = 35.89KN

1.1xdVe+ D x %,/ fc' xbwx d =1.1x17.93+ 35.89 = 55.61KN > Vu = 23.20KN

....... case 4 control
Shear Reinforcement isrequired :

N

Ve = 5 x 120 x 244 x 1073 = 23.91KN

Vs=Vn-Vc

23.20

0.75
Av o=yt = d

Vs

2% 50.24 x244x420x100-3
S=

7.03

Shax < d/ 2 or Smax £ 600 mm
Smax = 244/2 =122 mm ..... control or Smax= 600 mm

S=1464.75 mm > S5 =122mm

Vs= -23.9=7.03KN
S=

= 1464.75mm
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Take S=125mm

| Use2-Leg ®8-12.5cm

v For end spans VU gitica = 12.0 kN
Use ®8 with two legs
A, =2 x 50.24 =100.48 mm?
J24
6

® Vc=0.75x % 0.12x 0.244 x1000 =17.93

1 1
LIxoX®VC=11x7x17.93=9.86 KN < VU=I20KN < ®*1.1*Ve= 1972 ... Case 2

o X17.93=0.60 KN < VE =2 RN = 2 2 VEm 1972

control

Minimum shear reinforcement is required except for concrete joist construction. So, No

shear reinforcement isprovided.

Use $8-20cm
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4.6 : Design of Beam (B2):

NE |:-l.|3. n
i I
: e §
i i
o8 R Lol i ||
1reu 1“ o __ IH i
s NI I
s &G
Fig. (4-9) Beam location
Material :
fc' =24 MPA fy =420 MPA

4.6.1:L oad calculations for Beam 2:

The distributed Dead and Live loads acting upon the Beam (2) can be defined from the
support reactions of therib (2).

Table (4-3) support reactions of the Rib(2)

recter=d

[ | | | | I I
Wemad 142 T . 2l 1405
LI¥eR 404 1364 334 2254 233
Mz B £13 SRR R A% Al.OR 1187
Min K au e awar EREH 10
HETE I
Dezgf. @Ed 15.5% 574 @ 10T
Eiwsl 207 11.85 1498 Bt 10
Plas H L7 FERTS s sl i
Min B 95460 54 26.52 itd

4.6.1.1:Dead L oad calculations:

The maximum support reaction (factored) from Dead Loads for rib(2) upon beam( 2) is
22.93 KN . Thedistributed Dead Load from the Rib( 2) on Beam (2):

—%: 44.10KN /m

DL fromriby (9 52

The load from self weight( T-section )
DL=0.28 % 25 % 0.8 + 0.5 ¥ 0.32 % 25 = 9.60 KN/m
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4.6.1.2:Liveload calculations:
The maximum support reaction (factored) from Live Loads for rib2 upon beam 2 is 14.09

KN . Thedistributed Live Load from the Rib 2 on Beam 2:

1409 _ 27.10KN/m

LL fromribl - O 52

By using ATIR program we get the envelope moment and shear diagram as the follows:-

Senamriny Aty meter em
1 a 3 A
1 » 5 =
5 & Iy e P :J
Jlli"J iaa ﬂ.-ﬂi r3 llj.dl- 4 LIIJI"'_I
| e i At
A
28,
&0
BC.
A A

Fig. (4 -10) Spanslength of Beam

Faad groww o, 1
Unilszk M oanwlw

Drpaa fgan  Saevicwe
ol a4 a4
i w W o'l ')
7] s ) i ooy ) L
et £a £.30

I and feerara: 420 1. 20" 60,0700

I Baan - Servien

SRE R e

4.4 £ 356

Pl

Fig. (4 -11) Factored L oad of Beam-(KN.m).

Morneniz: spens 1 to J
-RAAF -G53 3
ATN.F -AS0LR L T . )
.-"'|I ' .-"{ll‘l
A > < aob
1 o Ll
. 0N S
i . L T T 1 5A i
b AL e ol 121 % A
{\ . “z 1.40 b /*f
- - = bl -
= . e wad - =
57 4 5241
| g 454 358 3,85 A4 208 |
I T T 1

Fig. (4 - 12) Moment diagram for Beam -(KN.m).
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Ehear
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Fig. (4 -13) Shear diagram for Beam -(KN)

Assume bar diameter ® 18 for main reinforcement.

25cm

be isthe minimum of :

e be < 4x50=200cm

e be=80cm ...control
b,=50 cm
be=80 cm
h=60cm
d=60-4-0.8-1.8/2=54.30 cm

| b —£0cm

}7 h=Glkcm —

b -

Fig. (4 -14) Beam Section

4.6.2:Design of negative moment for Beam 2 :

Take MUma =580.80 kN.m ...

vevvn.... from Atir program.

v Determine whether the beam will act asrectangular or T — section:

fMn = 0.9 0.85x ' bx hf x (d _%)

fMn=0.9x0.85x 24 x0..50x 0.28x (0.543—

0.28
2

) x1000 =1035.87KN.m

® Mn =1035.87 KN.m> M, =580.80 KN.m

Design as arectangular with b =80 cm
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v Check whether the section will be act as singly or doubly reinforced section:
Maximum nominal moment strength from strain condition € s =0.004

C= g d= g x543=232.71 mm .

a=pB xc=0.85x%232.71=197.80 mm .
Mn max = 0.85x fc' x ax b x (d- a/2)

=0.85 % 24 x 0.1978 x 0.5% (0.543 - 0.1978/2) x1000 = 896.0 KN .m
® Mn =0.82%x896.0 =734.72kN .m
® Mn=734.72 KN.m > Mu=580.8KN.m

** Design of beam as singly reinforcement concrete

-3

K= an _ 580.8/0.9><1o2 - 438 Mpa
bxd?  0.50x(0.543)

fy 420

T 0.85fc’  0.85x 24
fc' 14
As,, =m(bw)(d) W(bw)( )——(ACI —10.5.2)

V24
ASin = " 4(420)

As,, =79171<902——Thel argestiscontrol ~ =902mn2

=20.59 mm?.

——"(500)(543) < 420 (500)(543)

As . =902mnT
1- \/ 2(20.59)(4.38) ) = 0,019
20 59 420
As=0.0119(500) (543) = 3230.85mm? >As min =902mm?

ASe 323085
As, 25434

# Of bars = =127 Note A¢15=254.34 mm?

Select Top bars 13918 Total ASprovide) =3306.42 MM’
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Check for yielding:
Tension = Compression
A x fy=0.85x f 'xbxa

3419.46x 420 = 0.85x 24 x 500 a
a=140.8mm
C=—
b,
140.8
C=———
0.85

_ 543-165.65

e =
s 165.65
e, = 0.00683> 0.005

=165.65mm

x 0.003 = 0.00683

Check for bar placement :

B 800-2x40-2x8-13x18
12

S =39.20mm> 25mm....ok

4.6.3:Design of positive moment :

MU=53710 KN «--vevene-- from Atir program

v Determine whether the rib will act asrectangular or T — section:

fMn = 0.9 0.85x ' bx hf x (d _%)

0.28
2

® Mn =1077.31 KN.m > M, =537.10 KN.m

fMn=0.9x0.85x24x0.52x 0.28x (0.543 - ) %1000 =1077.31KN.m

Design as arectangular with b =80 cm

v Check whether the section will be act as singly or doubly reinforced section:
Maximum nominal moment strength from strain condition € s =0.004

C= g d= g x543=232.71 mm.

a=[fxc=0.85x% 23271 =197.80 mm.
Mn max = 0.85% fc' x ax b x (d- a/2)

=0.85x 24 x 0.1978 x 0.8x (0.543 — 0.1978/2) x1000 = 1433.60 KN .m

® Mn =0.82 x1433.60 = 1175.55 kKN .m
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® Mn=1175.55 KN.m > Mu=537.1KN.m

** Design of beam as singly reinforcement concrete

-3
= Mn__ 537.1/0.9><102 253 Mpa
bxd?  0.8x(0.543)
fy 420

T 0.85fc  0.85x24

=20.59

fc’ 14
As,. :Tfy)(bw)(d) F(bw)( )——(ACI —10.5.2)

J24
ASin = " 4(420)

As,,, =79171<902——Thel argestiscontrol ~ =902mn?2
As . =902mnT

0= 1- \/ 2(20.59)(2.53)
20.59 420
As =0.00645(800) (543) = 2801.88 mm? >As min =902mm?Z.
As. 280188
As, 314

——"(500)(543) < 420 (500)(543)

) = 0.00645

# Of bars =

=892 Note Apzo = 314 mm?

Select bottom bars 9 20 mm. Total ASprovide=2826 MM’ > g02mm3. .. ... ok

Check for yielding:
Tension = Compression
A x fy=0.85x f 'xbxa

2826x 420 =0.85x 24x800x a
a="72.73mm
C=—

b,

72.73

= ——=385.56mm
0.85

_ 543-8556

e =
* 8556
e, =0.016 > 0.005....0k

x0.003=0.016
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Check for bar placement :
_ 500-2x40-2x8-9x20

S 3 = 28.0mm> 25mm....ok

v" For span 2:
MU= 20964 KN «veeeevee- from Atir program

-3
Kn = an _ 296.4/0.9><1C; — 1.4 Mpa
bxd 0.8x(0.543)
1 2mKn
=—@1- -
p=—( y )
fy 420

=20.59

m= =
0.85fc’ 0.85x24

0= 1 1- \/1— 2(20'59)(1'40))20.00346
20.59 420

As = 0.00346 (800) (543) = 1503.024 mm?>.

ns. = LT (bwxd)= 2 (owld)—>(ACI ~1051)

min 4( fy) fy
24 1.4
As .., =——=(500)543) > ——(500)543
S = 230 004> 138001549
As,,, =79171<902——Thel argestiscontrol ~ =902mn?2
As . =902mnT
1 24
# Of bars = A _ 1503024 _ 5.91 Note Ap1g = 254.5 mm?
As,, 2545

Sedlect bottom bars 6018

TOtaI As(pro\/ide) =1527 mm2
Check for yielding:

Tension = Compression
A x fy=0.85x f_ 'xbxa
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1527x 420 = 0.85x 24x 800x a
a=39.3mm
C=—
b,
393

c=——=46.24mm
0.85

o _543-4624
T 4624
e, =0.0322> 0.005...... ok

x0.003=0.0322

Check for bar placement :

~ 500-2x40-2x8-6x18
5

S =59.2mm> 25mm....ok

4.6.4:Design of shear for Beam?2:

ACI - 318 — Categories for shear design:
v For middle support :
VU gitica = 414.5 KN
Use ®10 with two legs
A, = 2x79 =158 mm’ As10= 79 mm?

1- Vu S%x dVe

f\Ve 1 /24

— =0.75x =x ~—-x500x 543x10~% = 83.13KN
2 2 6
1
Vu>EcD Vc............not control

2- %cDVc <Vu<dVe

fVc=0.75 \/2_4 x 500 x 543x107° = 166.3KN

Vu> ®Vec.....not control
3- dVecsVu<sodVe+ dVsmin
Vs, min is the maximum of :
. —“fcx b
16

xd= 1£64 x 0.5x 0.543x1000 = 83.13KN

w

52



Chapter 4 Structural Analysis and Design

o %x b, xd =%>< 0.50x 0.543x1000= 90.5 KN.....control

Vsymin: 905 KN
@ xVc <Vu < d(Vec+Vs,min)

166.3< 414.5 < 0.75(166.3+90.5) ...... not control

4- DOVC+DVS, .- SVUSCI)VC+CI)X§1/fC'xbde

V ;C “/2_4 « 0.50% 0.543% 1000 = 332.5KN

)] xbwxd =0.75x

dVe+ P x% fc xbwxd =166.3+332.5= 498.8KN >Vu = 414.5KN

....... case 4 control

Shear Reinforcement isrequired :

Ve = */2_4 500 x 543x 1072 = 221.73KN
Vs=Vn-Vc
4145
Vs= —— -221.73=330.94 KN
0.75
S: Av ::-c;-::i o
2w7 4 4
_2X O x543x420 — 108.88 mm
330.94%1000
Shax< d/ 2 or Smax £ 600 mm

Shax =543/2=271.5mm ..... control or Simax= 600 mm
S$=108.88 mm < Spax =271.5mm
Take S=100 mm

| Use2-Leg ®10-10cm

v" For end spans VU gitica = 268.5kN
Use ®10with two legs
A, =2 x 79 =158 mm?

1- Vu s%x dVe
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fve _ 0.75x lx V4 x 500 x 543x 102 = 83.13KN
2 2 6
1
Vu> ECD Vc............not control
1
2- E@Vc <Vu<dVe
fVc=0.75" 24 x 500 x 543x 107 = 166.3KN

Vu> ®Vec.....not control

3 dVcsVusod Ve + dVsmin

Vs, min is the maximum of :

\/f_Cbe \/ﬂ

——xb, xd= ——x0.5x0.543x1000 = 83.13KN
16 16

. %x b, xd =%>< 0.50x 0.543x1000=90.5 KN.....control
Vsymin: 905 KN
® xVec <Vu < d(Ve+Vs,min)

166.3< 268.5 < 0.75(166.3+90.5) ...... not control

Vs, min is the maximum of :

_Vl': x b, xd= _*/1? x 0.5x 0.543x 1000 = 83.13KN

. %x b, xd I%x 0.50x 0.543x 1000= 90.5 KN.....control

Vs‘miﬂ= 90.5 KN
@ xVc <Vu < d(Vc+Vs,min)

166.3< 268.5 < 0.75(166.3+90.5) ...... not control

dVc+dVs,. <Vu SCDVC+®><%,/ fc xbwxd

/2
3

4-

oV ;C «bwx d = 0.75x Y57 % 0.50 x 0.543x 1000 = 332.5KN

dVe+ P x% fc' xbwxd =166.3+332.5= 498.8KN > Vu = 268.5KN

....... case 4 control
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Shear Reinforcement isrequired :

Ve = 24 x500x 543x 1072 = 221.73KN
Vs=Vn-Vc
Vs= 2285 _ 991 73=136.27KN

0.75
S= Ay ::-c;-::t =

2 X 79 X543X420
136.27x1000 264.43mm
Shax < d/ 2 or

Shax = 543/2=271.5mm ..... control
S=264.43 mm < Spa =271.5mm
Take S=250 mm

Shax £ 600 mm

or

Smac= 600 mm

| Use2-Leg ®10-25cm
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Chapter 4

4.7 : Design of Column (63):

B81  w Bsy ‘ A

Fig. (4 -15) Column (63) L ocation

Column

Column Dimensions

fc

420Mpa

Col . 63

70*35 cm

24 Mpa

800 KN

DL
350 KN

LL
1520 KN

&
I

.........

.........

.........

.........

............

...........

Fig. (4 -16) Column (63)

In 0.70 m-Direction (about x axis)

[ ]
Ku o4 oML
r M2

Lu: Actua unsupported (un braced) length.

ACI —(10.12.2)
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K: effective length factor (K = 1 for braced frame).
R: radius of gyration:\/; =03 h...................For rectangular section

Lu=4.6-0.6=3.8m
M1M2 =1

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.

klu M1

ez ACI —(10.12.2)
r M 2

_1x3.8 _ 18.1< 22

0.3x0.70

o short Column about X — axis

e |n 0.35m-Direction (about y axis)

KU gp oML ACl - (10.12.2)
r M 2

Lu: Actua unsupported (un braced) length.
K: effective length factor (K = 1 for braced frame).

R: radius of gyration:\/; =03 h...................For rectangular section
Lu=4.6-0.6=3.8m
M1UM2 =1

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.

MU gy oML ACI - (10.12.2)
r M2

_1x38 519> 2

0.3x 0.35

~.long Column about y-axis
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e |n 0.70 m-Direction (about x axis)

E I
El =04—9% o, [ ACI 318 — 05 (Eq. 10 —15)]
1+b,

E, = 4700/ fc' = 4700 x +/24 = 23025 Mpa
_1.2DL _ 1.2*(800)

b, =0.632 <1
Pu 1520
0.75
3 3
|, =X _ 7003507 _ 5 501 % 10° mm®
12
g _ 04x23025 x 2501 410 0 i oo
1+ 0.632
2
p=PE . ACI 318 — 05(Eq. 10 —13)
(KLu)
2
_ 3147 x14114.1 _ 0
(1.0x 3.8)?
M1
Cm=06+ 0.4( - 2) ............ ACI318- 05(Eq.10—16)
Cm=1..... Accordingto ACI318-05(10.10.6.4)
d, = CrF‘ju 510 ACI318- 05(Eq, 10-12)
 075P,
1
dnsz_wzl.ﬂ >1 and <14
0.75x 9637.1
e. =15+ 0.03xh =15+ 0.03 x 350 = 25.5mm = 0.0255 m
e=e_. xd,_ =.025 x1.27 = 0.0324 m
e _0.034 _ o6
h 0.70

d = 700-40-10-(25/2) = 637.5 mm
40 + 10 + (25/2) = 62.5 mm=d'

_d-dr _ 637.5-625 - 0.80
P= "5 = 700 R
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®Pn _ Pu _1520+1000

= — = * =
bh bh 700+350 0.145 0.9

Fc'=24MPa =348Ks ,and Fy =420 MPa=60Ks
From the interaction diagram in chart by interpolation : p=0.01
Select thelongitudinal bars:

As=p xAg=0.01 x700 * 350= 2450 mm?

use 8 @20 = A, = 2512mm* ,ineachdirectionof L-section column.

Design of the Stirrups:
The spacing of ties shall not exceed the smallest of -

spacing<16xd, =16x2.5=40cm
spacing < 48xd, =48x1.0=48cm
gpacing <least.dim.=35cm

Usef 10 @25 cm
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4.8 : Design of Stair (3):

h=(4.6)/20=023 .....

h=25cm | fc' =24 MPa | fy =420 MPa

Rise=17cm | Run=30cm Height=4.4m

q=tan™ A% _ tan 170 = 2954
run 300

4.8.1: Flight Dead L oad computation :-

The structural system & Dead load calculation :-

i

Fig. (4-17) Stair(3) location

No. Materia Quality Density W
(KN/m?) (KN/m)
1 | Tiles 21 035+017 ) 03 x 27 = 1.404
03
035+ 017
2 | Mortar 22 2994027 502 %22 = 0,689
03
- 03%017
3 | Stair steps 25 * o5 — 2195
03 x2
4 | R.Csoliddab 25 025 x5 __ .
c0s2954
5 | Plaster 22 002 %22 _
c0s 29.54 = 0.506
Total Dead Load (KN/m) 11.904 (KN/m)

LiveLoad = 5 KN/m

4.8.2: Landing Dead L oad computation :-

No. Material uality Densit
(EN/mg) ’ L
1 Tiles 23 23x0.03x 1 =0.69
2 Mortar 22 22x0.02x1 =0.44
3 R.C solid slab 25 25x0.25x1 = 6.25
4 Plaster 22 22x0.02 x1=0.44
Total Dead Load (KN/m) 7.82

Liveload=5 KN/m
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Total Factored Load :

W=12DL +16L.L

For flight w=1.2x11.904 +1.6 x 5=22.28 KN/m
For landing w =1.2x 7.82 + 1.6x5=17.38 KN/m

By using atir program :-

fead group no. 1
Totalloads Units:kN, meter

113
133 113

1.3 , 36 . 156

Figure (4-18): Load diagram

Moment/Shear Envelope (Faclored) Units kN meter

~ Womens: spans 110 1

| 126 1123 326 |

Figure (4-19): Shear & Moment envelope diagrams

4.8.3 : Design of Shear strength :
Assume @ 14 for main reinforcement:-

Vu=589KN.

d= 250-20-(14/2) = 223 mm

fVc=f f.'*b,*d

_ 0.75* /24 *1000* 223
6*°1000

Vu=58.9 KN < fVc=136.56 KN .

f\Vc

=136.56KN

>>>>No shear Reinforcement isrequired. So the depth of the stair isOK.
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4.8.4: Design for flexure:-

Mu=112.9 KN.m

Mn _ 112.9/0.9x10°

n= = 2.52Mpa
P bxd? 1x (0.223)? P
me_ Y40 _,5ggg
0.85fc’ 0.85x 24
1 2mKn
=—(1- |1-
p=— ( y )
0= 1 1- \/1_ 2(20.588)(2.52) ) = 0.006425
20.588 420

As = 0.006425x1000x 223 = 1432.76 mm2

ASmin = 0.0018%x1000%250 =450 mm2 < As .... OK

n= As =1432.76/153.9=9.3 , S.=l =1/9.3=0.104 m
Asp14 n

use @14 -10 cm

step (S) isthe smallest of :-
1) 3h=3x250=750 mm

2) 450mm

280

s =380 £— |- 2.5Cc = 380
9 s %)

s<30 @ =300 280
fs 2

—x 420
3

S =100 < Smax =300

Check for strain :

Tension = Compression

ACI-318-08 (10.5.4)

280

Ex 420
3

= 300mm
... control
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A * fy=085* fc' *b*a

1385.1* 420 = 0.85* 24* 1000* a

a=28.52m
c= a = & = 33.55mm
b, 085
o 223-28.52
s 28.52

e, = 0.0205 > 0.005—— ok

*0.003

**Temperature and shrinkage reinforcement :-

As(Temperature and shrinkage) = 0.0018x1000%250 = 450 mm2 /m

Usell 10 @ 15cmclc

step (S - for Temperature and shrinkage reinforcement ) isthe smallest of :-

1- 5h=5x 250 = 1250 mm .

2- 450mm - control .

S =150 mm< Smax =450 mm — OK

Use @10-15cm
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4.9 Design of Foundation :

v' Design of Isolated Footing (Under Col. 125):

£/ fy

C

24 Mpa 420 Mpa

49.1: Load Calculation:-
- From column (125): (DL &LL)

* Service dead load ( DL) =1300 KN
* Serviceliveload (LL) = 900KN
* Column dimensions =60 cm* 25 cm

P
Y
L) T & |
: |
|

faam

Akergs BN

Fig . (4-20) Foundation
* Allowable soil pressure =400 KN/ nm?

* Servicesurcharge =5 KN/ m?

DL(KN) | LL(KN) | Column all. soil pressure
dimensions

1300 | 900 (60%x25) cm| 400N/ m?

4.9.2 Calculating the weight of footing:

- Weight of footing ( assume h

=0.7%25=17.5 KN/nmv?

64
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- Required sizes of footing:

A required = Pr =

1300 + 900

=5.38 m?
.« 400-5-(0.7* 25)
Try 2.5 25 Area=6.25m
hfooti ng Wfooti ng qnet A U ra:]Ui raj
70cm 25 KN/m2 | 400 KN/m2 | 5.38 m2

4.9.3 Depth of footing and shear design:
Pu =1.2DL +1.6LL =1.21300 + 1.6*900 = 3000 KN

3000

—— =480 KN/nv
6.25

Try area PuU qu
2.5m* 2.5 m 3000 KN 480 KN/m2
v" Determine the Depth of Footing Based on Shear Strength:-
Check for One Way Shear Strength
25 025 ™1 | st

Vu:[l——g—dJ*qu*b:(
2 2 2

fVc:%\/ﬂ*z.S*d*lo3

Let,f Vc=Vu
d =0.494m

h=494+ 75+ 20 = 589mm

dj* 480* 2.5

Try h =600 mm .....d =600 — 75 — 20= 505 mm

=

-

Inclimed crack

Critical section
ont-way shear

l

far
— Trébulary area for

ong-way shaar

Column

g
1

N
)

a

P

i

v

Cne-way shaar

d (mm)

h (mm)

Try h(mm)

Try d (mm)

0.75 473

568

600

505

65



Chapter 4 Structural Analysis and Design

v for Two Way shear Action (Punching).

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

fV_f—[ jrbd
fV_fl—[b erd
fv, =f.24f. b,d

Where:

@ |

B Column Length (a) 600
~ Column Width (b) 250
b, = Perimeter of critical section taken at (d/2) from the loaded area

= 2* (0.6+0.505) + 2(0.25+0.505) =3.72m.
Vu = ((2.5* 2.5) - ((0.6+0.505) * (0.25+ 0.505)) * 480 = 2599,55kN

=24

a,=40...... For interior column
fV, =f %{u 3}/ f.'b,d = E* (1+ %)* V24 * 3.72* 0.505* 10% = 2109KN ++- ... Control
1 075, (40*0505
fV, =f. 2 lf bd="P *\[24* 3.72* 0.505% 10° = 4274kN
E (b /d J 12 ( 3.72 ) V24

fV,=f —\l b d_O;S* 24* 4.42* 0.505* 10° = 2300.8kN

VUu=2599.55 KN> ®Vc =2109 KN..................NOT OK
be b, (m) a, f V. (KN)
24 3.72 40 2109

Try h=700mm. d=700-75-20 = 605 mm

b, =2* (0.6+0.605) +2* (0.25+.605) =4.12m
Vu=((2.5* 2.5)— ((0.25+ 0.609* (0.6-+0.605)* 480= 25055kN

f Ve =f %[u bi}/ fclbod = 0'—g5* [1+ 2—24} V24 % 4.12* 0.605* 10° = 2798.4kN - ... Control

Vu=25055KN < ®Ve = 2798.4KN (Two Way Shear is OK)
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h (mm) d (mm) b, (M) Vu (KN) | fV. (KN)
700 605 412 2505.5 2798.4
4.9.4: Design for Bending Moment in long direction (in X-direction):
h (mm) d (mm) b(m)
700 605 2.5
d =700-75-20 = 605 mm
Mu =480*2.5*1.125* 1.125/2 = 759.375 KN.m
=_f - 40 _555g9
0.85* fc 0.85* 24
* -3
RN = Mu/f2 — 759.375* 10 /20.9: 0.922 Mpa
b*d 2.5* (0.605)
= 1. jp_2mRn
p= (L [1-507)
o= 1 (1- \/1_ 2(20.588)(0.922) ) = 0.00225
20.588 420
ASeq = 0.00225 (2500) (605) = 3399mnt > ASyin = 3150mnt ..... OK

ASnin =0.0018* b*h == 0.0018 (2500) (700) = 3150mn?

Take 149 18 , As,provided = 35.56 cm? > As,required = 33.99 cm?

S:2500—75 2-14*18 _
13

161.4 mm

- Step(S) issmallest of:

1. 3h = 3*700 = 2100 mm
2. 450 mm - control
S=161.4 mm < S max = 450 mm - OK

Mu(KN.m)

m

Rn

p

ASreq(MNT)

ASmin( mmz)

S(mm)

759.375

20.588

0.922 Mpa

0.00225

33.99

31.50

161.4
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- Check strain

Tension = Compression

A x fy=0.85x f xbx a

3556 x 420 = 0.85x 24 x 2500x a

a=29.2mm
c= & =34.4mm
0.85
e, = M x 0.003=0.04976 > 0.005...0k
344
Asmnt) a (mm) ¢ (mm) e,
3556 29.2 34.4 0.04976

4.9.5: Design for Bending Moment in short direction (in Y-direction).

h (mm) d (mm) b(m)
700 605 2.5

Take steel barsof ¢ 18
d =700-75-18-18/2 = 598 mm

Mu =480*2.5*0.95*0.95/2 = 541.5 KN.m

m=_¥ - 40 _555g8
0.85* fc 0.85* 24

_ Mu/f _ 5415*10°/0.9

Rn = == -—=0.673 Mpa
b*d 2.5* (0.598)
= L. 2Ry
m fy
o= 1 (1- \/1_ 2(20.588)(0.673) ) = 0.00163
20.588 420

ASeq = 0.00163 (2500) (598) = 2436.85mnt < ASyin = 3150mnt....NOT OK

ASnin =0.0018* b* h == 0.0018 (2500) (700) = 3150mn?

\ Take 13® 18 , Asprovided = 33.02cm? > Asrequired = 31.5 cm?
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o= 2500 - 751*22 —13*18 _ 176.33 mm

- Step(S) issmallest of:

1. 3h =3*700 = 2100 mm
2. 450 mm - control
S=176.33 mm < S max = 450 mm - OK

Mu(KN.m) m Rn P ASeqMT) | Asyin(mn) S(mm)
541.5 20.588 | 0.673 Mpa 0.00163 2436.85 31.50 167.33
- Check strain
Tension = Compression
A x fy=0.85x f.'xbx a
3302x 420 = 0.85x 24 x 2500x a
a=27.2mm
c= 272 =32mm
0.85
e, = S98-32  0.003= 0.053> 0.005...0k
As ) a (mm) ¢ (mm) e,
3302 27.2 32 0.053
4.9.6: Development length of flexural reinfor cement:
Ldfor ® 18:
Ldz%x fy axbxgxl 9 420 1X1>;05'8X1><18:444.4mm

db

Available length = ((2500-600)\2) - 75=875mm
875mm > 444.4mm ............... ok

X x db=—"x X
fc' (ktr +C] 10 \/ﬂ
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Load transfer at the column-foundation interface (Dowels design ):

- In footing :

®Pn.b = ®(0.85 fc'A, x \/%)

A;=060* 0.25=0.15m?
A, =25 25=6.25m’

i:1/%=6.455>2 ................ A s
A Vois A

®Pn.b =0.65x (0.85x 24 x 0.15 x 2) x 1000 = 3978 KN
®Pn =3978 KN > Pu = 3000 KN .......... ok

The Dowels are not needed for footing

-In column :
®Pnb = ©(0.85fc'A)

®Pnb=0.65x0.85 x 24 x 0.15 x 1000 = 1989 KN
®Pn =1989KN < Pu = 3000KN.......... NOT —OK

Dowels are needed

As,dowels = ( Pu-¢ Pnb) / (¢ fy) =0.005Ag

As,dowels =( 3000-0.65* 1989 ) / ( 0.65*420* 1000) = 6253.3 mm’

0.005*250*600 = 750 mnY’
As,dowels = 6253.3 mm? >0.005Ag = 750 mm>............. OK

Use 16@25 with As(16@25) = 16*491 = 7856 mm?> 750 mm* OK

(Lap-splice staggered).
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4.10 : Design Of Basement wall (BS.w.1) :

4.10.1:- Load Calculation

Fc’=24 MPa Fy=420Mpa | y=18KN/m® 0all=400KN/m* | =30
Surcharge =5KN/m?, Sall Thickness=30cm .
, oy T

!_?"-.;: [ =

% 8 2 o

SRiE

oS

s

S

e d

| R
. T Sy
o2
Fig.(4-21) Basement Wall
K=1-=singg=1-sin30=0.5
W.=K=h=y=05#%415=%18 = 37.35 KN/m*
W =K=P=05%+5=25KN/m*
Lo
-
o 37. 3k ]thm

2. 6 KN/m i
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4.10.2:-Design of Bending M oment

Moments: spans 110 1

| 2.28 T4.6 187

Shear

Fig.(4-22) Shear and Moment Diagram From Atir

D=300 - 75 -10=215 mm

R - Mn
b-d?
*
R - 4610 )75 vpa.
0.9*1000* 215
m-—_
0.85x fc
m :i=20.59
0.85x24

1 2m * *
R P 1L Y I 1_\/1_2 20597 1.79 | _ 4 50447
m fy 20.59 420

As req = 0.00447x1000x215=961.05 mm?/m
pmin =0.0015, Asmin=0.0015x1000x300=450 mm?/m

Asmin ( for erxure):O.25><f—ff xbwxdz= ;—: x bw x d

0.25 x ﬁ % 1000 % 215 = 627 mm2/m
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14 %1000 % 215 = 717 mm¥m ......... Control

420
n=717/113.1 = 6.34 bar
1000/6.34 = 157.74 mm

| Usebar ¢ 14/ 15cm , Asprov = 1027 mm?m > As, req=961.05 mm?/m ......ok

v" Check for maximum spacing :
3h=3*300=900mm
S=450 - control
150 mm{ maximum spacing = 450 mm ..... ok
For horizontal barsusethe half of the min. in each side:
0.5* Ashiyin=0.5* 0.0025* 300* 1000=375 mm?/m
Useg =10
Use for horizontal bare ¢¢ 10@20 cm in each side

\ Use ¢ 10@20 cm for vertical in outer side to hold the horizontal bares .

Check for strain:
Tension = Compression
A* fy=0.85* fc'*b* a
754 * 420 = 0.85* 24*1000 * a
a =15.523mm
a 15.523

b, 0.85

215 -18.263
° 18.263

e, =0.0323 > 0.005 ——> ok

4.10.3:-Check for shear :

¢
fﬁ’u—g

0.5¢ V.=0.5131.66 = 65.83 KN

Vu=91.3 KN from shear diagram

GV > Vu > 0.54\c

131.66 > 91.3> 65.83 The thicknessis enough

=18.263 mm

*0.003 = 0.0323

— 075 — ,
f'*h=d =T\/24$1000$215a10 3 =131.66 KN
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4.11 : Design Of Shear Wall (SW8) :

BZ4.8
Thrd Flno- I

PF7 403.9

Serond Dnor

PPI4,65 2102 TIrst 11007

43822 ‘[

Bending Moment ShearForces

548

Fig. (4-23) Moment and shear diagram from ETABS
Fc = 28MPa
Fy =420 MPa
t=25cm .shear wall thickness
Lw = 5.48 m .shear wall width
Hw for onewall = 4.4 m story height

4.11.1: Design of shear :
> Fx=Vu=5103KN

The critical Section isthe smaller of:

M — 5_48 =2.74m...... control

h—Wz%:G.Gm
2 2

storyheiglfHw) = 4.4m
d =0.8xlw=0.8x5.48=4.38m

5
I"I?jl['llrruri:a:r — Ejg \f{ﬁrhd
=0.75#0.83 = V24 = 250 = 4380 = 10~3 = 3355.8KN >V,
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V. isthesmallest of :

1 — 1 ,
1=V =5 f.'td =€\/24#250#4384#10 4 =894.06KN ... control

— . N _ ,
2—=V. =027 f'td+ 2 =0.27V24 #250 #4380 = 10™* + 0 = 1449.71KN

!w

1, 01 f{’+o.2f“—*r*,%1
3— V= 005 f+ I td =
V, 2
__ 548 01v24+0 '
0.05v24 + 250 «4384 + 1073 = 1160.1 KN

4.87

43822 —2294.65 M, —2294.65
4.4 T 44-274

M, I, 308223 548

% =

= M, =3082.23 KN.m

2 T 5103 2
1
VU =510.3 KN >2+0.75¢894.06 = 335.3 KN  Needs Reinfor cement .

Vus@Vn=@ (Vc+Vs)
_Vu _ 5103

Vs=—-Vc =——-849.06 = -168.7
@ 0.75

- Minimum shear reinforcement isrequired:

Take ' =0.0025

- Maximum spacingistheleast of :

Lw
5 _ 5480

T = 1096 mm
3*h=3*250 =750 mm
450 mm ....... Control

Try ¢ 12 (As=113.1 mm2) for two layers

Avh
*
r_hrsp - 2*1131

250* S2

=0.0025

S2=361.92mm , ¢ 12@350 mm
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Or
Try ¢ 10 (As=78.5 mm?2) for two layers
Avh
*
r—h*s2- 27785 _ 46005
250* S2
S2=251.2mm , ¢ 10@250mm
Avh
*
= h*s2 = 27785 _ 46095195 0.0025
250* 250

usep 10@250 mm in two layers

4.11.2: Design for vertical reinforcement:-

N _132_,m
L, 548

w

hlV
Pumin >00025+05 25—~ p,—00025 >0.0025

Pomin = 0.0025 4+ 05 25 —241 0.002512 —0.0025 = 0.002501 > 0.002512

hw
For thiswall with W =241 <25 T MiN = 002501

- Maximum spacing istheleast of :
Lw

3 = MTSO = 1826.7mm

3*h=3*250 = 750 mm
450 mm ....... Control

Select @ 12 @200 mm In tow layer

4.11.3: Design of bending moment ( uniformly distribution flexural reinforcement)

5480 B .
Ay = S5 #2113 =61924 mm
A, f, 61924 420
W= LR F "~ 5a80=250 22 0091
F,
a= =0

!whj’t F
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C_ W a - 0.0791+0 = 0.0898
l, 2w+085f8, 2=%0.0791+0.85+085
OM, =6 05A. ol (1+—"y(1 -~
n ' 5 .If_v wl: J'q_-f.! f_u:ll: Iw
=0.9 05=6192.4 =420 =5480(1 + 0)(1 — 0.0898) = 5837.65 KN.m > Mu
=4382.2

Select @ 12 @200mm for vertical reinforcement .
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