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Abstract

Objective of the project can be summarized in the structural design of all
structural elements contained in the project, slabs, beams, columns and
foundations, walls and other structural elements.

It is worth mentioning the code has been used to determine the Jordanian live
loads, seismic loads and to determine the use of( UBC-97), Asfor the structural
analysis and design of sections has been the use of the U.S. Code

(ACI_318-08), It must be pointed out that he was relying on some computer
programs such as. Autocad2010, Office2010, Atirl2.

We hope after the completion of the project to be able to provide structural
design for al structural elements of the building is complete.

After designing this project and the work of what has been said is expected to
conclude a number of results and projectionsisto link the information that has
been studied in the courses different, and the analysis and design of all structural
elements and the statement of the impact of each of the elements on the other, and
then the work of structural plans of the Executive are Full and detailed for each.
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A = 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.

f. = 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 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.
X



Vu = factored shear force at section.

W(c = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.

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

€ = strain of compression steel.

p = ratio of steel area..
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(Duct) 4ik L) ik L gk | ((m*m) (Duct)
Ventilation First Basement 1.40*1.40 1 Magenta
Ventilation First Basement 0.5*1.00 2
Ventilation First Basement 0.5*1.00 3
Ventilation First Basement 0.5*1.00 4
Ventilation First Basement 0.5*1.00 5
Drainage First Basement 1.00*1.00 6
Ventilation First Basement 0.5*1.00 7
Drainage First Basement 1.00*1.00 8
Ventilation First Basement 0.5*1.00 9
Ventilation First Basement 0.5*1.00 10
Ventilation First Basement 0.5*1.00 11
Ventilation First Basement 0.5*1.00 12
Drainage First Basement 1.00*1.00 13
Ventilation First Basement 0.5*1.00 14
Drainage First Basement 1.00*1.00 15
Ventilation First Basement 0.5*1.00 16
Ventilation First Basement 0.5*1.00 17
Ventilation First Basement 0.5*1.00 18
Drainage First Basement 1.00*1.00 19
Drainage First Basement 1.00*1.00 20
Ventilation First Basement 0.5*1.00 21
Ventilation First Basement 1.40%1.40 22
Ventilation First Basement 1.00*0.50 23
Ventilation First Basement 1.00*0.50 24
Ventilation First Basement 1.00*0.50 25
Ventilation First Basement 1.05*0.15 26
Ventilation First Basement 1.05*0.15 27
Ventilation First Basement 1.00*0.50 28
Ventilation First Basement 1.00*0.50 29
Ventilation First Basement 1.40%1.40 30
Ventilation First Basement 0.5*1.00 31
Ventilation First Basement 0.5*1.00 32
Ventilation First Basement 0.5*1.00 33
Ventilation First Basement 0.5*1.00 34
Ventilation First Basement 0.5*1.00 35
Ventilation First Basement 0.15*1.05 36
Ventilation First Basement 0.15*1.05 37
Ventilation First Basement 0.5*1.00 38

32




(Duct) 4ik Ll @i LIy g | ((m*m) (Duct)
Ventilation First Basement 0.5*1.00 39 Magenta
Ventilation First Basement 0.15*1.05 40
Ventilation First Basement 0.15*1.05 41
Ventilation First Basement 0.5*1.00 42
Ventilation First Basement 0.5*1.00 43
Ventilation First Basement 0.5*1.00 43
Ventilation First Basement 0.5*1.00 45
Ventilation First Basement 0.5*1.00 46
Ventilation First Basement 1.40*1.40 47
Ventilation First Basement 1.00*0.50 48
Ventilation First Basement 1.05*0.15 49
Ventilation First Basement 1.05*0.15 50
Ventilation First Basement 1.00*0.50 51
Ventilation First Basement 1.00*0.50 52
Ventilation First Basement 1.00*0.50 53
Ventilation First Basement 1.00*0.50 54
Ventilation First Basement 1.00*0.50 55
Ventilation First Basement 1.00*0.50 56
Drainage Terrace 1 Basement 1.00*1.00 57 Red
Drainage Terrace 1 Basement 1.00*1.00 58
Drainage Terrace 1 Basement 1.00*1.40 59
Ventilation Terrace 1 Basement 1.00*3.00 60
HVAC water Terrace 1 Basement 1.00*1.40 61
Ventilation Terrace 1 Basement 1.00%1.40 62
Ventilation Terrace 1 Basement 1.00*0.50 63
HVAC fresh air Terrace 1 Basement 1.00*1.40 64
fresh air Terrace 1 Basement 0.95*3.55 65
MEP shaft Terrace 1 Basement 1.00*1.00 66
MEP shaft Terrace 1 Basement 1.00%1.00 67
Drainage Terrace 1 Basement 1.05*1.00 68
Drainage Terrace 1 Basement 1.05*1.00 69
HVAC fresh air Terrace 1 Basement 3.55*0.95 70
Drainage Terrace 1 Basement 1.40*1.00 71
Ventilation Terrace 1 Basement 3.05*1.00 72
Drainage Terrace 1 Basement 1.40*1.00 73
Ventilation Terrace 1 Basement 2.15*1.00 74
Ventilation Terrace 1 Basement 0.50*1.00 75
gas pipes Terrace 1 Basement 1.40*1.00 76
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(Duct) 4k Ll ik Ll @ | (m*m) (Duct)
HVAC fresh air Terrace 1 Basement 3.55*0.95 77 Red
Drainage Terrace 1 Basement 1.05*1.00 78
Drainage Terrace 1 Basement 1.05*1.00 79
Ventilation Terrace 1 Basement 1.00*1.00 80
Ventilation Terrace 1 Basement 1.00*1.00 81
kitchen fresher Terrace 1 Basement 0.95*3.55 82
kitchen exhaust Terrace 1 Basement 1.00%1.40 83
Ventilation Terrace 1 Basement 1.00*0.50 84
Ventilation Terrace 1 Basement 1.00*1.00 85
chilled water Terrace 1 Basement 1.00%1.40 86
Ventilation Terrace 1 Basement 1.00*3.00 87
Drainage Terrace 1 Basement 1.00*1.40 88
Ventilation Second Ground 0.60*1.00 89 Blue
Ventilation First Ground 1.80*1.00 90
Ventilation First Ground 1.80*1.00 91
Ventilation Second Ground 0.60*1.00 92
Ventilation 1st First 1.00*0.50 93 Green
Ventilation First First 1.00%0.50 94
Ventilation First First 1.00%0.50 95
Ventilation First First 1.00*0.50 96
Ventilation Second Second 0.60*1.00 97
Ventilation Second Second 0.60*1.00 98
Ventilation Terrace 1 Second 1.65*1.00
Ventilation Terrace 1 Second 1.65*1.00
Drainage Terrace 1 Second 1.65*1.00
Ventilation Terrace 1 Second 2.20*1.00
Ventilation Terrace 1 Second 2.20*1.00
Drainage Terrace 1 Second 1.65*1.00
Ventilation Terrace 1 Second 0.60*1.00
Ventilation Terrace 1 Second 0.80*1.00
Ventilation Terrace 1 Second 0.80*1.00
Ventilation Terrace 1 Second 0.60*1.00
Drainage Terrace 1 Second 1.65*1.00
Ventilation Terrace 1 Second 2.20*1.00
Ventilation Terrace 1 Second 2.20*1.00
Drainage Terrace 1 Second 1.65*1.00
laboratory fresh air Terrace 1 Second 2.25*1.00
Drainage Terrace 1 Second 1.65*1.00
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(Duct) 4k Ll ik Ll gl | (m*m) (Duct)

Drainage Terrace 1 Second 1.65*1.00
laboratory fresh air Terrace 1 Second 2.25*1.00
Ventilation Terrace 1 Second 1.75*1.00
Ventilation Terrace 1 Second 1.75*1.00
Ventilation Terrace 1 Second 1.75*1.00
Ventilation Terrace 1 Second 1.75*1.00
fresh air extract Terrace 2 Second 0.95*4.25
fresh air extract Terrace 2 Second 0.95*4.25

AutoCAD (2010) for Drawings Structural and Architectural .
.Microsoft Office (2010) For Text Edition .
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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 Comparison Between the thickness of one way Rib slab and Two Rib slab
4.4 Design of topping.

4.5 Pos (R 1): Design of oneway Rib dab.

4.6 Pos. (R 9): Design of two way Rib slab.

4.7 Pos. (S6): Design of oneway soild slab.

4.8 Pos. (B 3): Design of Beam.

4.9Pos. Design of long column (C63) in third Flour.

4.10 Pos. Design of Punching (Two-way shear at an Interior Column in Flat plat).
4.11 Pos.(ST1A) Design of stair

4.12 Pos. Design of Basement wall.

4.13 Pos. (F5) Design of isolated footing.

4.14 Pos. Design of shear wall.

4.15 Pos.(SG): Design of Steel Beam in first floor .
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Chapter 4 structural analysis and design

4.1 I ntroduction:
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 requir ements:

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
failureis considered to be occurring.
Thisload called factored load or factored service load. The structure or structural element isthen
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

v Materid :

Concrete B300... 16'= 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/mn? (MPa)}
Mild steel :  A-36

Connection Type: Weld, Bolts

v" Factored loads:

The factored loads for membersin our project are determined by:
W,=12D_+16L, ACI-code-318-08(9.2.1).

4.3 Comparison between the thickness of oneway rib slab and two way rib slab :

*Check Thickness of oneway rib slab

sy
5.BZ9
 e— -
L

i
[

. .
Y lc.esy Rl ceu il
\\‘_ EII:II:II:II:II:II:II:II:II:II:II:II:IE_,/

1 i
DOO0000og-

Fig4.1: OneWay Rib dab (R 1)
v’ Statically system for (R 1) :

et N L AL -v.-u-\i.f N L] N S AN
|

I — A m‘
L 4.00 m J
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structural analysis and design

for simply supported.

A—15

The minimum required thicknessis:

250 mm

16

Chapter 4
4000
==

1

*Check Thickness of two way rib slab:
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AT BTO0O00-000=000= 3 =k
= T T -
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O0= Z000-000-000- |DDJ
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AR RREEE

Fig4.2: Twoway Rib slab (R 9)
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Chapter 4 structural analysis and design

v’ Statically system for (R 9) :

I

al
=
=

7am

L
-

e e e e e e

i

4 1D.ES .,
Ribslab (R 9) :
=5
) ]»
1 ——
_0.5540.0840.0440.1500.2440.2 _
Yo = ocwos+ oaszs - LL2CM
- 0.08° " 5 54 - 4 4
15055 + 22 405554008+ 0072 + 0.15+ 222 40154024 + 0,088 = 7.082* 10° cm

T Beam (B,G28/ B,G31):

il

an &
A—3—

_32«H0+16+2H400446

Ye= 8032 + 2650 =26.61cm

l, =80 n%+80 +32 +10.61% + 50 % +50 # 28 + 19.39% = 112.447 *10* cm’
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Chapter 4 structural analysis and design

Rectangular Beam (B,G49) :

A—E0—

‘\

l, = 30%60% 12 = 54*10* cm*

T Beam (B,G43) :

il

L0
—

.

T
—l
_32«H0+16+2H400446

Ye= 8032 + 2Hs50 =26.61cm

l, =80 +3]—22J+80 +32 +10.61% + 50 EI—E: +50 + 28+ 19.39¢ = 112.447*10* cm®

External:

Long direction L = 700 cm

125

1045 480 3 .
Is= 2€q #7.032 + 10" =757538.1818 cm

Internal :

In short direction L =7 cm

1925 712648

+——+810

ls=———i——#7.032 10* = 1213122.284 cm®

Inlong direction L =10.25 cm

Al |+{:I+‘t.|2 =

ls= —zgq—' +7.032 + 10* = 939730.9091 cm*

Al hdh

BO
ls=2—t—+7.032 » 10* = 962105.4545 cm*
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Chapter 4 structural analysis and design

_ saant
01= 7575381818 0.713
1124474104 _
27 9397309091 1.1966
1124474104 _
3T 1713120384 0.9269
_ 112447104 _
04= Gez1054545 11688
1+ o2+ 34004 1025
Qg = 3 =1.0013< 2 B=—5—=1464
: 420
1025 (0.8+ ,o0)

h= : = 269.264 > hyn =125
T 36+5+1.464+(1.002-0.2) min

4.4 Design of topping:
v’ Statically system for topping:

Consider the topping as strip of (1m) width, and span of mold length with both end fixed in theribs.
Wu

- 40 cm

Fig 4.3: topping load.
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Chapter 4 structural analysis and design

v" Load calculations:
Dead load calculations:

Dead load from: Oxyx1 KN/m

Tiles 0.03x23x1 0.69
Mortar 0.03x22x1 0.66
Coarse sand 0.07x16x1 112

Topping 0.08x25x1 2
Interior partitions 1.5x1 15
S 5.97

Liveload :

L. =5KN/m* — L =5 KN/m* x 1m=5KN/m
Factored load :
Wy = 1.2 x5.97 + 1.6x5 =15.164 KN/m.
Check the strength condition for plain concrete, oM, > M, where g = 0.55.

Mn=0.42A Ff Sy (ACI 22.5.1, equation 22-2)

_ bh® 1000xB0

Sm=—F = = 1066666.67 mm®* .

& -

oM, =0.55x1xv/24 x1066666.67 x10~ 7 =1.232 KN.m

Wy

Z
M= ]—; =0.202 KN.m (negative moment).

2
My= % =0.101 KN.m (positive moment).

oM, >> M= 0.202 KN.m

No reinforcement is required by analysis. According ACI 10.5.4, provide Asminfor slabs as shrinkage and
temperature reinforcement.

Pshrinkage = 0.0018 ACl 7.12.21

As= pxbXhigping =0.0018 x1000x80 = 144 mm?/m.
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Chapter 4 structural analysis and design

Step (s) isthe smallest of:

1. 3h=3x80=240mm.  control ACI 10.5.4
2. 450mm.
3. $=380 ? —25C, =380 % —25.20 = 330mm but
. 3
S< 300 Zri“ =300 ;_,i”—;:] = 300mm ACI 10.6.4
: 3
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Chapter 4 structural analysis and design

4.5 Po. (R 1): Design of oneway Rib slab .
+ Requirements For Ribbed Slab Floor Accordingto  ACI- (318-08) .

BW = 1OCM...... e, ACI(8.13.2)
Select bw=15cm
NS 35 W e ACI(8.13.2)

Select h=32cm<3.5* 15=52.5cm
= LN/12250MM oo ACI(8.13.6.1)

Select tf=8cm

s Theeffective flange width (be), according to ACI 8.12.2 isthe smallest of:

L 4000=800

" bes.=—1—=800mm L, isthe clear span of therib.
* b < Dby +16h = 150+16x80 = 1430 mm.
» Dbe < center to center spacing between adjacent beams = 550 mm. Control

v’ Statically system and Dimensions.

Dire woy' b aleb —. Sheivpaape o Toirpmr oty Hai's —,
"

FHoowr Mok [ 28 um §—

Fig4.4: Oneway Ribslab (R 1).

. URRRNRRRRARR RN AR AR
4.00 m J

-

45



Chapter 4 structural analysis and design

. iT
e

tta

15— 4 15—

v" Load calculations:
Dead |load calculations;

Dead load from: Oxyxbe KN/m
Tiles 0.03x23x0.55 0.3795
Mortar 0.03x22x0.55 0.363
Coarse sand 0.07x16x0.55 0.616
Topping 0.08x25%0.55 11
Interior partitions 1.5x0.55 0.825
RCrib 0.24x25%0.15 0.9
Hollow Block 0.24x10x0.4 0.96
Plaster 0.03%x22x0.55 0.363
)3 5.5065
Liveload :

Liveload /rib = 5 KN/m? x 0.55m = 2.75 KN/m.
Factored load :

Dy =1.2 x5.5065 = 6.61 KN/m.
Ly=16x2.75=4.4KN/m. m

W, =11.01 KN/m.
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Chapter 4 structural analysis and design

v Flexural Design for (R 1):

Moment for R1:

,
M, =245 — 2202 KN.m
| | | _ . _ Iu.-uumt-
N e sy
| | | _ Dl= 6.61 M\m
e —_
L 4.00 m J
|
|
M I
|
|
= ___]____ -
|22.02 KN.m

Fig 4.5: loads of rib (R 1)
Design of positive moment.
My=22.02 KN.m.
Assume bar diameter @ 12 for main positive reinforcement.
d =h- cover - dsimps— = = 320 — 20 — 10 — = = 284 mm.
Check if a>h; to determine whether the section will act as rectangular or T- section,

Mt =0.85. £ b,. hy. (d — =L

2

BQ

=0.85 % 24 x 550 % 80 % 284—? % 107" = 219.014 KN.m

M
Mt —qf: 24.47 KN.m, the section will be designed as rectangular section with be = b =550 mm.

My 22.02x108
Ry= - = -
Qa2 0.9x550=2842

= 0.552 Mpa.
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Chapter 4 structural analysis and design

fy 420

m=——; = = 20.6
0BSf]  0BSx24
1 2m.R 1 2% 20.6%0.552

p=— 1- 1-——F =— 1-— 1——7—F =0.00133
m 420 20.6 420

Asreq = p.b.d = 0.00133 x550x284 = 207.97 mm*
*CheCk fOI’ Asymin .
Asminis the maximum of :-

1.4

As’min 2025 }III: f}W d E . f}W d
fy fy
1. Agmin=0.257" 150 x 284 = 124.22 mun?
2. Asmin =4‘?’:] 150 % 284 = 142 mm? Control

As’requiraj = 20797 mm2

__________________________________________________________________________________________________________________

1 S0=40=20={2x10)

S= ; =70mm=>d,=10>=25 mm OK
Check for strain:
_ Asfy 235.5%420
= — = = 8.82mm
0850 [ DBSx550x24
== =22 _-1037mm
Hy 0.5
£, =0003 = =0003 = =0079 >0.005 0k
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v Shear Design for (R 1):

L= 4.40KN\m
Dl=C.C1 FNYm
BG? . Sl - Y e T et \ i b I e po‘
L 4.00 m =|1
22.02 EN \\-\_19.46 EN
2.2 KN
"‘J sER B ]
2.2 KN I\
22.02 KN
Fig 4.6: loads of rib (shear R 1)
Wyp = 1.2 x5.5065 = 6.61 KN/m. Wy = 1.6 x2.75 = 4.4 KN/m
V, at the face of support = %ﬂ =10 2202 KN
V, a midspan = 2145 = 222 = 22 KN

V. a d =284 mm from the face of support.

2202-22 ¥y
22 2.2- 0284

y=17.26 KN

Vy=¥+22=1946 KN

Shear strength V., provided by concrete for the joists may be taken 10% greater that for beams. Thisis
mainly due to the interaction between the slab and closely spaced ribs. (ACI, 8.13.8).

vc:%ﬂ £ b,d :%\/ﬂ % 150 % 284 x 10~ = 38.26 KN
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Chapter 4 structural analysis and design

2V =0.75%38.26 =28.69 KN.

0.592V,:=0.5%0.75%38.26 =14.35 KN

050V . <V, <@V,

Case (2) for shear design, minimum shear reinforcement is required (4, ;). €xception for Ribbed slab ,
No shear Reinforcement .

Use stirrups U-shape as montage (2 leg stirrups) 8 @ 250 mm , A, = 2 x 50.24 = 100.48 mm?.

2+50.3
.25

A, = = 401.92 mm*/Mgsip
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Chapter 4 structural analysis and design

4.6 Pos. (R 9): Design of two way Rib slab .

Fig. (4.7): Two way ribbed slab (R 9)

v Statically system and Dimensions.

I

7.0m

N e e e e e e

“ ///////f////////////ﬁ’x

L0.ES
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Chapter 4 structural analysis and design

v" Load calculations:
Dead |load calculations:

—_

=

b ] —— g | ——

Dead load from: W = yxV KN

Tiles 0.03x23%0.55° 0.2087
Mortar 0.03x22x0.55° 0.1997
Coarse sand 0.07x16x0.55 0.3388

Topping 0.08x25%0.55° 0.605

Interior partitions 1.5x0.55 0.454

RC rib 0.24%25x%0.15%(0.55+0.4) 0.855

Hollow Block 0.24x10x0.4%x0.4 0.384
Plaster 0.03x22x0.55° 0.19965

s 3.245

Table (4.2) Calculation of two way dead load (R 9)

Nominal Total Dead Load = 3.245 KN/Rib
DL= 3.245/(0.55%) = 10.73 KN/m?

Nominal Total live load = 5 KN/m?

Deter mination of factored dead & liveload
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Chapter 4 structural analysis and design

Factored dead load = 1.2* Dead load = 1.2¥10.73 = 12.87 KN/m?.
Factored Live load = 1.6*live load = 1.6*5 = 8 KN/m>.

W = 12.87 + 8 = 20.87 KN/nm?

v Flexural Design for (R9) :

Moments calculations :-
Ma=Cawls by and My = Cyp Wly” byip
LJLp=7/1025=0.683........... Case 9
The moment calculation will be done for the slab middle strip.
*Negative moments at continuous edge :
Caneg (I/1,=0.70) = 0.081 Caneg (14/1,=0.65) = 0.083

Caneg (I/1,=0.683) = 0.08168

Coeg (1/15=0.70) = 0.011 Chneg (1/1,=0.65) = 0.008

Coneg (1/1,=0.683) = 0.00998

*Positive moments ;
Cap (I41,=0.70) = 0.033 Cap (1/1,=0.65) = 0.034

Cap (14/1,=0.683) = 0.03334

Car(1/1,=0.70) = 0.05 Cav (14/1,=0.65) = 0.054

Cav (14/1,=0.683) = 0.05136
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Chapter 4 structural analysis and design

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

Copo (14/1,=0.70) = 0.006 Cop (14/1,=0.65) = 0.005
Copo (1/1,=0.683) = 0.00566
Cy.(14/1,=0.70) = 0.011 Gy, (141,=0.65) = 0.009

Cy. (14/1,=0.683) = 0.01032

*Negative moments at Discontinuous edge (1/3 * positive moments):

8.98

M = T: 2.99 KN.m/Rib

b,neg

NI R

4555 - ]
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Chapter 4 structural analysis and design

Design for Negative and Positive moment:

* Short direction
d=320-20-8- 124 = 285 mm

Positive Moment:
Midspan: (Mu = +22.634 KN.m/Rib)

My _ 22.634x10°

Rn= ObdE | 09x150-28F 2.064 Mpa.
m= ¥ - 20 _ 506
08sf ~ 085x24

p:ﬁ 1— 1-— 2.:;-:?;; - gnl,ﬁ 1— 1- zxznfzr,:]z.ur,n — 0.00519
As = p.b.d = 0.00519 x150%285 = 221.97 mm>. Control.
CheCk fOI’ Asymin .
Asmin=025-2"% b,.d =25, .d

' fy fy
Asmin =O.25§ 150 x 285 = 124.66 mm*

Asmin == 150 X 285 = 142.5 mm?

Asrequired = 221.97 mn?,

Check spacing :

1 50=40=20={2x12)
1

S=

=66mm=>d,=12>25 0K

Check for strain:

_ Msfy 22a08x420
Tossh ! 0DBSx150x24

= 31.03 mm
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Chapter 4 structural analysis and design

d—t 285-36.5
Ok

£, =0.003 = 0.003 T 0.0204 = 0.005

Negative Moment:
Continuous edge : (Mu = - 45.95 KN.m/Rib)

My 4595x10°

N= Dbd? | D9x150%2852 4.19 Mpa.
N - 20 _ 506
085 085x24
wi = _zmRy _ 1 g Zx206x419  _
PR 1 1 420 20.6 1 1 420 0.0113
As = p.b.d = 0.0113 x150x285 = 482.66 mm?. Control.

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

Check spacing :
s= B —5Amm>d, =18 >25 0K
Check for strain:
A T
— b..f_'|.r .= S0868=420 - 6982 mm
0850 [ LB 15024
c=2 =22 _ 82 14mm
By .85
£, =0003 = =0003 - =00074 > 0.005 Ok

* Long direction

d=320—20—8—124 = 285 mm

Positive M oment:
Midspan: (Mu = +8.98 KN.m/Rib )

M, gog=10%
Ri=—== - = 0.819 Mpa.
phd?  09x150x285%
f 420
= = = 20.6

m=——, =
0851 0B5=24
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p= _l 1— 1— 2m.Ry - 1 1— 1— 2x20.6x0.819 —0.00199

m 420 206 420

As = p.b.d = 0.00199 x150x285 = 85.1 mm?>.

CheCk fOf Asmin .

As’min 2025

e L4
e pod=222h,.d
fy fy

Asrin=0.25"2" 150 x 285 = 124.66 mm?
Asmin =ﬁ 150 % 285 = 142.5 mm?* Control.

As’rmuirm = 142.5 mmz.

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

Check spacing :
S= B —70mm >d, =10>25 0K
Check for strain:
_ Ay L57=420
=— = =2155mm
0.85b f 0BES=150=24
c= i =213 _ 2535 mm
By 0BS5S
£, =0003 = =0003 = =00307 >0.005 Ok

Negative Moment :
Continuous edge : (Mu =- 12.04 KN.m/Rib)

My 12.04%108
R=—= - =12 Mpa.
"™ gbd?  09x150%285¢ P
I 420
m= = H: ;= = 20.6
8B5S 0B5x24
1 2R 1 2x20.6% 1.2
p=— 1- 1—-——=% =— 1— 1——""—= =0.00269
" 420 0.6 420

As = p.b.d = 0.00269 x150%285 = 114.94 mm>.
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CheCk fOf As’min .

Asmin 2025ﬂ bw-. d E L1.bw-. d
' I I

Asrin=0.25"2" 150 x 285 = 124.66 mm?

Asmin =~ 150 X 285 = 142.5 mm? Control.
! 420

Aslrmuirm = 142.5 mmz.

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

Check spacing :

1 S0=40=20={2x10)

S= ; =70mm=>d,=10>25 0K
Check for strain:
A for 1 57x420
= — = = 2155 mm

0850 [ DB 15024
c= i =213 _ 2535 mm

By 085
£, =0003 ££ =0003 225 — 00307 >0.005

v Shear Design for (R 9):
W, (1/1,=0.70) = 0.89 W, (1/1,=0.65) = 0.92

W, (14/1,=0.683) = 0.9002

structural analysis and design

Ok

e Thetota load on the pand being ( 7x10.25%20.87 = 1497.423 KN)
e Theload per rib at face of the long beam is (0.9002x1497.423x0.55/(2x10.25)=36.165 KN)

V¢ = 36.165 — 20.87x0.55x0.285 = 32.89 KN

L1 =5

Ve== [ b,d ==v24 x 150 x 285 % 103 =384 KN

(=]

2V =0.75%38.4 =28.8 KN.

0.59V,=0.5%0.75x38.4 =14.4 KN

smin=; 150 X 285X 10" =1425 KN Control
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Vsmin =—V24 % 150 % 285 x 10~% = 13.09 KN
16

2 Ve<Vy<@(Vc+ Vsmin)
Case (3) for shear Design : Minimum shear reinforcement

Use stirrups U-shape (2 leg stirrups ) @10 A, = 2 x 78.5 = 157 mm>.

d d 284
Sar =7 =600 mm —=——=142mm Control.
2 2 2
Sgn = o fyt _ 15TA203 _ 13188 mm > S,y takeS =S, = 142 mm

B 150

164, f,y 157 x 420 x 16
by 150 V24

=143573mm > §,,,,, take § = 8§,,,, = 142 mm

Use2-Leg 210 @ 140 mm , and 2-Leg @ 10 @ 200 mm in the middle space.
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4.7 Pos. (S6) :Design One Way Solid Slab :-

e For continuous
Solid :_Slab\_ '

Fig. (4.8): one way soild slab (S6)

NOTE:

v +g300.. [C'=30N/ mm?(MPa) For circular section
but for rectangular section ( fc'=30* 0.8 = 24MPa) .

v The specified yield strength of the reinforcement {fy = 420 N/mm? (MPa)}

v Live Load (LL) = 1.3 KN/m?, (Snow Load )
Live load(KN/m?2) fc' fy
LL = 1.3 KN/m2 fc'= 24 Mpa fy = 420 Mpa
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* Factored Loads :-

q.=1.2DL +1.6L ACI—318-08(9.2.1)

* Slabs Thickness calculation:-

The overall depth must satisfy ACI Table (9.5.a):
= from  ACI-318-08 table (9.5a)

Min h ( deflection requirement ) > :

- One end continous :

L = 81 =0.3375m
24 24

For One way solid slab ,will use thickness of slab30 cm h min =33 cm.

h=30cm 33cm

* Load Calculation:-

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

** Determination of Dead Load :
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Solid Slab Load Calculations/ strip 1m wide

Reaction Support from (S4)
DL=9.84 KN\m ;LL=1.56 KN\m
For One way solid slab , as shown in fig.
Senrrelry Crsils el oz
1 2 3
1 7
. : ; : |
5 A
0z 6.3 0.2 T8 0.2
LI T u.1 II
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Loag ng
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Lreod lood - Seraco unitsiaM, moter
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Fig.(4.9): Spans Length of One way solid slab (S6) .

* Moment and Shear Diagrams:-

The Development Moment diagrams for beam has width =1m, and the thickness is 35 cm as following :

Memeal!Zhear Cnvzlope (Faclored’ Utk neer

Mopents: spens Tlo 2

-TadLE
‘Mi:"' Rt
- \.“'.1
| e 446140
I —— 1 " 1

m e M ™ y
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2 253 | | el f,fﬂ J
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Thesnios e
a4 a9 | 4.5 1481 334 |
I 1 1 1
ra—
Shitzan
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H —_— 1t —— H
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Reactions
Ferzioned

ft tH H
Deadh. 10604 154,92 7247
Liwsll 544 22,75 16.05
Mox 23,28 kT 3.5
Min B 13,87 1BRTT i |
Ecrvico
Deadrt 1404 1284 6,38
Lyeat 10z Al.A8 A
MaxH 1.0k bl ¥
Min R 1334 T3LE3 5993

Fig (4.10): Solid (S6) envelope

* Design of slab:-

v" For shear:

check whether thickness is adequate for shear:

Vi ma =114.7 KN/ 1m strip
1 ;
®Ve= E* ®*/fc"*bw*d

- %* 0.75* /24 *1000* 0.275 = 168.4 KN/ 1 m strip

_ 168.4

1
E OVc = 84.2 KN/1m strip

1
®OVc=168.4>V, ., =114.7 KN/ 1m strip >§ OVc=284.2

The thickness of the slab is adequate enough.

Vu’max dVce
114.7 KN 168.4 KN
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v For negative Moment:

Assume bar diameter ®10 for main reinforcement

d=h-20-db=300-20-(10/2) =275 mm

300 mm 10 mm 275 mm
Mu =-143 KN.m
m = fy - = 420 =20.59
0.85* fc 0.85* 24

Rn = Mu /f

b*d?

* -3

Rn = 1431077709 = 2.1 N/mm?* (Mpa)

1.0* (0.275 )2

p=(1- h-2m R
m fy

o- 1 _(1- \/1—2(20':—2%(2'1) )=0.00529 >r . =0.0018 ok

" 2059

As=p*b*d=0.00529* 1000 * 275= 1454.9 mm?

0.00529 -143 KN.m

1454.9 20.59 2.1

Check Minimum Reinforcement A s min...(ACI- 318M-08 — (10.5.1) )

ASmin=r . *b*h =0.0018*1000* 300 = 540mm®  (control)

A S> ASmin
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=  Asmin=540 mm?< Asreq =1454.9 mm? .OK .
= Use®14/10cm , Asprov = 1538.6 mm?cm

step ( s) is the smallest of :-

220

- £ 3
<380 () -25%C.
280 280
<380 % (7°)~2.5%20 =380 * (5, o)~ 2.5 * 20 = 330mm
ih 5
<300 (22Y) =300 * (222) = 300 * (1= ) =300 mm (control)
Is 3ih 3+ 420

<3*h=3*300=900m

<450 mm.

- Check for strain:
Tension = Compression

A * fy =0.85* fc' *b* a
1538.6* 420 = 0.85* 24* 1000* a

a=31.68m
c= 2 388
b, 085
e, = 205-37.27, 5 503
37.27

e, =0.019 > 0.005——> ok
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( Temperature and Shrinkage ) :

> p=00018

ASmin=r  *b*h =0.0018*1000* 300 = 540mm> (control)

Use @8 @ 200 mm
step ( s) is the smallest of :-

<5*h=5%300=1500 mm

<450 mm. ..., (control)

For Positive Moment :

Assume bar diameter ®10 for main reinforcement

d=h-20-db=300-20-(10/2) =275 mm

300 mm 10 mm 275 mm

Mu = +149.1 KN.m

me__ 1Y _ = 420 _ 5559
0.85* fc 0.85* 24
R = Mu /f
b*d?
-3
Rp = 149 .1*10°°/0.9 - 2.19 N/mm? (Mpa)

1.0* (0.275 )2

p = 1- h-2m” PR
m fy

1 ‘- \/1_ 2(20.59)(2.19)
20.59 420

p ) = 0.00553
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As=p * b *d=0.00553 * 1000 * 275= 1520.9 mm?

1520.9 20.59 2.19 0.00553 149.1 KN.m

Check Minimum Reinforcement A s min...(ACI- 318M-08 - (10.5.1) )

ASmin=r . *b*h =0.0018*1000* 300 = 540mm’ (control)
AS > ASmin

=  Asmin=540 mm? < Asreq =1520.9 mm® .OK .
Use @14@100 mm
step ( s) is the smallest of :-

s380(2!i5”)—2.5*cc

280 280

<380 *(5—)—2.5%20 =380 * (s——)—2.5*20=330mm
280 280 280

e = * = * =
5300(”) 300 (gf_'y) 300 (m) 300 mm (control)

<450 mm.
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- Check for strain:

Tension = Compression

A * fy =0.85* fc'*b*a
1538.6* 420 = 0.85* 24*1000* a
a=31.68m
c= a._ @ =37.27mm

b, 0.85
_ 275-37.27
- 3727

e, = 0.019 > 0.005—— ok

*0.003

S

Positive Moment :

Mu = +22.6 KN.m

me_ .40 555
0.85* fc  0.85*24

Rp= Mu /f
b*d?

R 22.6%107°/0.9

1.0 (0.275)?

=0.332 N/mm? (Mpa)

Pt fo2miR
m fy

p

1 ‘- \/1_ 2(20.59)(0.332)):0_0008

" 2059 420

As=p*b*d=0.0008 * 1000 * 275=219.2 mm?

219.2 20.59 0.332 0.0008 22.6 KN.m
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Check Minimum Reinforcement A s min...(ACI- 318M-08 — (10.5.1) )

ASmin=r . *b*h =0.0018*1000* 300 = 540mm?’

AS < ASmin

=  Asmin=540 mm? > Asreq =219.2 mm?
Use @8 @ 200 mm
step ( s) is the smallest of :-

220

<380 ( TS

)—25*C,

220 280

3y

structural analysis and design

S380*(g‘r—)—2.5*20 =380*(m)—2.5*20=330mm
3

280 230 280
< 300 (
34¥
<450 mm.

- Check for strain:
Tension = Compression

A * fy=0.85* fc'*b*a
251.2* 420 = 0.85* 24*1000* a

a=517m
c=i=£=6.08mm
b, 0.85
- 275-6.08, 0.003
6.08

e, = 0.133> 0.005—— ok

70
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( Temperature and Shrinkage ) :

> p = 00018

ASmin=r . *b*h =0.0018*1000* 300 = 540mm?> (control)

Use $8 @ 200 mm
step ( s) is the smallest of :-

<5*h=5%300=1500 mm

<450 mm. . (control)
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4.8 Pos. (B 3): Design of Beam .
v" Load calculations:
Dead |load calculations:

Dead load from: Oxyxbe KN/m

Tiles 0.03%x23x0.8 0.552

Mortar 0.03x22x0.8 0.528

Coarse sand 0.07x16x0.8 0.986
Interior partitions 1.5x0.8 1.2
Beam 3 ((0.32x0.8)+(0.5%0.28))x25 9.9

Plaster 0.03x22x1.36 0.8976

>3 14.06

Nominal Tota liveload =5* 0.8 =4 KN/m
Dead |oad from two way = 10.73 KN/m?

Live Load = 5 KN/m?

> load calculationsfor (R6) :

SR 11

(DL =10.73x 2.95= 31.65KN/m , LL =5x2.95=14.8 KN/m)
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> load calculationsfor (R7).:

2,300

ERTLTIRDN

(DL =10.73x 3.4 = 36.48 KN/m , LL =5x3.4=17 KN/m)

> load calculationsfor (R1):
(DL =5.5 x2.75/ (2x0.55)= 13.75 KN/m , LL =5x2.75/ 2 = 6.875 KN/m)

> load calculationsfor (Paralle R1) :
(DL =55 x1/0.55= 10 KN/m , LL =5x1 =5KN/m)

v Statically system and Dimensions.

Geometiry Uniia:meter.cm
1 ? 3 4
1 2 3
Y ﬂ 1= 'EI [ E 1
i I') 2593 1|‘J.al‘|- nAn I{l 5| 5% flbl?
|I .25 b 8.65 ' | ' 6.9 H
30,
2.
6. T
a0,
A
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J.qg;iqmu no. 1

Nead loml - Seovioe [ ik Wometar
= P H_P____,-r"'”"'-a._,hq_
- . K 36, ——— — T -
s T T e T L P e
.7 20T 2.7
i ¥ W v ; r W
W 3.8 , T 3.8 345 | 345
T T T

Load fectors: 1.20.1.20/1.60,0.00

k|
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Chapter 4 structural analysis and design

Heactions
Fartored

Il | | ] I
DesnlR ALAGR 4075 49917 12784
LiveR 3641 20182 LA 18 b 12
MaxR 15.67 Al 23 T#1.35 189.97
Minlt 044 4M.0% 508.0% 107,
Service
DeadR  A7.45 .55 415.97 102,37
Lival LN 126.14 138,86 A1.9%
MuzR 1A AR5T3 nnd B3 14432
MinH A8.30 24808 LYFN ] UL 4

Fig (4.11): Beam(B3) envelope

v Flexural Design for (B 3) :
Determine of Mnmax :
d=600-40-10-18\2= 1mm
a= hf= 320 mm
Mn,max= 0.85 * fc * h¢ * b *(d-hs/2) = 0.85* 24 * 350 * 00* ( 1-320/2)*10-6=2176.27 KN.m
@Mn max= 0.9* 2176.27= 1958.645 KN.m

Design for positive moment :

1yMu = 4167 KN.m < 1958.645 KN.m (Design as rectangular)

oo Mi _ #167x10°
"= Bbd?Z  09x800x541Z pa.
m=—r, =2 =206
L:I.H.'-'ljl_- NEG=24
p:_l 1— Q_2mRy 1 g 20697 na496
m 420 2.6 420

As = p.b.d = 0.00496 x800x541 = 2147.42 mm>.

CheCk fOf As’min .

Asmin 2025ﬂ bw-. d E ﬂbw-. d
' I I

Asrin=0.25"2" 500 x 541 = 788.79 mm?
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Chapter 4 structural analysis and design

Agmin =17 500 x 541 = 901.667 mm? Control.
420

Asmin= 901.667 mm? < A¢ = 2147.42 mm?

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

,,,,,,,,,,,

Check spacing :
s= T —4333mm >d, =18 >25 0K
Check for strain;
A a4 -
_ Mty = 2198 %420 _ g g oy
[LESH Jc DES=BO0=24
c=2 =257 _ 66,55 mm
Hy .65
£, = 0.003 ‘ = 0.003 % = 0.0214 > 0.005 Ok

2) My= 294.1 KN.m < 1958.645 KN.m  (Design as rectangular)

My 264, 1x10°
= - = - =1.396 Mpa.
"™ pbd?  09xBOOXSH1E p
I 420
m=——; = =20.6
085/ 0BSx24
1 2R 1 23 20.6% 1.396
p=— 1- 1-——— =— 1—- 1—-——""——" =0.00345
m az0 20.6 az0

As = p.b.d = 0.00345 x800%541 = 1491.49 mn’.

CheCk fOI’ Asymin .

Asmin =0.252% b . d =k, . d
Iy fy

VIt
420

Asmin =0.25 500 x 541 = 788.79 mm?

Asmin =21500 x 541 = 901.667 mm? Control.
420

Asmin= 901.667 mm? < As = 1491.49 mm?

Check spacing :
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Chapter 4 structural analysis and design

__ 2=40e2=20=(5x20 )

S i =75mm=>d,=18>25 0K
Check for strain:
A T
— b..f_'|.r .= 1570 =420 - 4041 mm
0850 [ DESxB00x24
c== =22 = 4753 mm
By .85
£, =0003 = =0003 = =00311 > 0005 Ok
Design for Negative moment :
1) My=- 421 KN.m
e M,  421x10° — 1.998 i
"= Bbd? T 09x800x5412 pa
m=—. =" _206
0851 [LBES=24
p:_l 1— 1 _E.Tr-l.ﬁ';.! _ 3 -1 _Exiﬂ.t?xl.fil"jﬂ — 0.005
m 420 20.6 420

As = p.b.d = 0.005 x800x541 = 2170.85 mm?,

Check for Agmin -
Asmin =o.25% b, d= ffaw. d
Asnin =0.25722 500 x 541 = 788.79 mm?
Agmin :ﬁ500 % 541 = 901.667 mm* Control.

Asmin= 901.667 mm’ < As = 2170.85 mm®

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

,,,,,,,,,,,

Check spacing :

_ 500=40«Z2=20=(7x20)
=1

S

=4333mm>d, =18>25 0K

Check for strain:
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Chapter 4 structural analysis and design

A T -
_ Mty = 2198 %420 _ £ po ooy
0850 [ DESxB00x24
c=2 =22 _ 6655 mm
By .85
£, =0003 ££ =0003 %% — (0214 >0.005 Ok
2) My= - 498.1 KN.m
My 4egaxie®
N pbd? T powBoOxS41E 2.36 Mpa.
iy 420
m=—L. = =206
0851 [LBES=24
p=_l 1— 1-— E.Tr-l.ﬁ';.! _ 3 11— Exiﬂ.l..'ixzﬂﬁ — 0.005998
m 420 20.6 420

As = p.b.d = 0.005998 x800x541 = 2596.12 mmZ.

Check for Agmin -
Asmin =0.25 : b,,.d zfﬂw. d
Asnin =0.25721 500 x 541 = 788.79 mm?
Agmin :ﬁ500 % 541 = 901.667 mm* Control.

Asmin= 901.667 mm? < A¢ = 2596.12 mm?

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

Check spacing :
S= Y = 3429 mm > d, =20 > 25 0K
Check for strain:
A =
_ Mty = 2512 X420 _ o1 o
0.85b f ES=B00=24
c= i =2 — 76.055 mm
By 0BS5S
£, =0003 = =0003 = =00183 > 0.005 ok
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Chapter 4 structural analysis and design

v Shear Design for (B 3):
1. V,=337.9KN

Ve== fc'b,d == 1v24+500 =541 = 220.86 KN
(=] (=]

® V= 0.75*220.86 =165.65 KN

1 —
i“'.u',:lm"ri = E Jh* bw d

1

Vomin = zhy, d == £ 500 = 541 = 90.167 KN control
ve == fc'h, d=-Vv24+ 500 =541 =441.72KN

O(ve + Vominy) <V = 0(v, + vy) case4
0.75(220.86 + 90.167) < 337.9 < 0.75(220.86 + 441.72)
shear reinforcement arerequired .

Use2leg ® 10.

As =157 mm?.

Vo=V, - V.= 222 _220.86 = 229.67 KN

.75

_ Ayfyed 157 %420+541

s v,  229.67 =1000

= 155.3 mm (control)

d 541
S > = - = 2705 mm OF Spue = 600 mm

Use2leg® 10 @ 150 mm.

2. Vy=201.4KN

Ve=: fc'b,d== -v24+500+541 = 220.86 KN

B

® V= 0.75*220.86 =165.65 KN
1
i“'.'\.',:lm'ﬂ = 1_6 J’:L bw d
Vgmin = 2b, d == 1 500 = 541 = 90.167 KN control
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Chapter 4 structural analysis and design

Ej'l-'-',_- < v, = Ejl:'l:',_- + v_\:,min) case 3

0.75* 220.86 < 201.4 < 0.75(220.86 + 90.167)

shear reinforcement arerequired .

Use2leg® 10.
As=157 mm?.
d 541
Sns X 2T 5 T 270.5 mm (control) 07 50 = 600 mMm
3A, fyy 157 %420 %3
Sieq = 5 = 80 =247275mm > 5, takeS =5,,,,, = 2705 mm

164, f, 157 x420x 16
" b, 80 v24

=2691.99mm > §,,,, take§ = 5,,,,, = 2705 mm

Use2leg® 10 @ 250 mm.
3. V,=158KN
Ve=- fc'h,d == -v24+500 =541 = 220.86 KN
® V= 0.75+220.86 =165.65 KN
0.5 8V, =0.5x165.65 =82.825 KN
050V . <V, <@V,

Case (2) for shear design, minimum shear reinforcement is required (4, ,,in,), €xception for Ribbed slab ,
No shear Reinforcement .

Use stirrups U-shape as montage (2 leg stirrups) 210 @ 250 mm, A, = 2 x 78.5 = 157 mm?
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Chapter 4 structural analysis and design

4.9 Pos. (C, TH63): Design of column.

IR
B34
AL HL
|HﬂﬂH_
117
10110
I
e,
&
Tl 1|
177
10330
11—

£

=0

L

L

S imnainin

il | L
G4

Ic.TH-u EEC.TH45
| =it S I Wt o ] e P S ) 155 Ay Wy B e et el SR it B S Pt IS Pt I il 1y

Fig (4.12) Place of column (C,TH63)

Coal. 63 120cm* 30cm 28 Mpa 420Mpa

¥ .
................. [,
L - &8 a :
;i H
..".}.Il ................. I.‘_\. ........... _._
ce e N
pEG G N
A B S rreee SE

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

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

C63:
DI = 623
LI=157.1

Pu =998.93
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Chapter 4 structural analysis and design

e |In1.2m-Direction(about x axis)

MU _gp ML ACI —(10.12.2)
r M2

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

R: radius of gyration = \/% =0.3h ..o For rectangular section

Lu=5.2-0.6=4.6 m
M1/M2=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.

T e3-120 ACI —(10.12.2)

1x4.6
0.3x1.2
o short Column in 1.2m:direction

=12.8< 22

e In 0.3 m-Direction (about y axis)

MU gq ML ACI —(10.12.2)
r M2

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

R: radius of gyration = \/% =0.3h

Lu=5.2-0.6=4.6 m
M1/M2 =1

K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be permitted to be taken
as1.0.

MU gy oML AC —(10.12.2)
r M2
1x 4.6
03x0.3

~.long Coloumn in 0.3m:direction

=51.1> 22
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El
El =04— o, [ ACI 318 — 05 (Eg. 10 —15)]
1+ Db,

E, = 4700,/ fc' = 4700 x /28 = 25135 Mpa
_12DL _ 1.2* (1421.459)

structural analysis and design

b, =0.7<1
Pu 2290.76
3 3
| o bxht 1.2x03° 5 gop7 me
D) 12
g _ 04x 25135 x0.0027 _, .
1+0.7
p - PE ACI318- 05(Eq, 10—13)
R .
3.14% x16
) = 227 X0 _75MN.
(LOx 4.6)
M 1
cm :o.6+o.4(mj ............ ACl 318 - 05(Eq.10 - 16)
Cm =1 ... According to ACI 318 - 05(10.10.6.4)
dnsszuzl.O ............... ACI 318 — 05(Eq.10 — 12)
~ 0.75P,
1
dnszl_ 998 93 =1.2>1
0.75 x 7500

e, =15+0.03xh=15+0.03x300 = 24mm = 0.024 m

e=e,, xd _=0.024x1.4=0.0288 m
e _ 00288 _ 0.024

h 1.2

¥y =0.9

From the interaction diagram in chart: p=0.035
Select thelongitudinal bars:

As=p xAq4=0.035 x1200 * 300=12600 mm?

Luse26@25 = A, = 12757 mm?
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Chapter 4 structural analysis and design

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

spacing <16xd, =16x2.5=40cm
gpacing <48xd, =48x1.0=48cm
gpacing <least.dim.=30cm

Usef 10 @30 cm
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Chapter 4 structural analysis and design

4.10Pos. Design of Punching (Two-way shear at an interior Column in Flat plate,
simplification : Design as Edge column):

Fig (4.13) Place of punchingin column (C148)

Fy =420 MPa , fc=28 MPa, Fyt =412 MPa
C148 in Second Floor

Dimension 45*45 cm

Services|oad on column from safe:-
Pp=886.314 KN P =235.93KN

Pu=1.2* 886.314+1.6* 235.93=1441.06 KN

Flat Plate

Slab thickness =35cm

d = 350-clear cover-d,=350-20-10=320 mm
Wp=11.88 KN/m* W, =3.3KN/m?

W,=1.2*11.88+1.6*3.3=1 9.54K N/m?
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Chapter 4 structural analysis and design

Vu=1441.06 -[19.5%0.77*0.61] = 1432.051 KN

bo= 2(0.61) +2(0.77) = 2.76m

= 30 (edg column) « s
= 450/450=1
fL
=15 (B)(d) v €qL
1 ad —
V. :E{T&? +2)E (B)(d) .. ... ... eq2
1 2. —
8 =E{ 1 +§}th (bo)d .............eq3
The minimum valueis the control (eq 3):
V. = ‘j’ft (bo)(d) ... ....control
V28

Vc= 1558KN
P=0.75
PV c=1168.5KN < vu= 1432.051 ........ caselll

Case lll:

¥, < Wy = o[V + Vi)

% Tood Ve inin = % )f;.;:d

4] " . _
i T'E'.'.Z"!!i'l (“v.m:n

The maximum design strength alowed by the Aci codeis:
i, = "* (bo)(d)=2337 KN > Vu = 1432.051 KN

OVe= 0.75 2 (by)(d) =584.2KN

First, try ®12
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Chapter 4 structural analysis and design

Since d must be > 16 times the stirrup diameter

d=320 mm = 16*12 =192 mm ..... ok

Av=3*2* 113 (stirrup ®12 arranged along threeintegral beams)
=678

_ OAVf,,d  0.75=678 x412 =320
TU_ove 1432051 - 5842

=79.01mm

320

The spacing (79.01) <5 = “ =160 , uses=50 mm
The required perimeter of the second critical section, isfound from the controlling equation :

OVe=075-2 b, d
3

1432.051=0.75-2% b, d

3

b= 3384 ( the minimum perimeter )

1 2 —
== 1+ f.' by d

6 B
= 2336.7 KN

v = 1 asd
€712 b,

+2 f'b, d

= 21335 KN

b, = 3(c+av2)

a=372mm

= 372- 160 = 212 mm

a= 160 + 70 + 3*70 + 160 = 600mm
b= 3(320 + 600 V2 )

=3505.6 >3384
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Chapter 4 structural analysis and design

Where, ¢ = the width of column

a= calculated from the face of the column
a=70+3*70 + 160 = 440
o= 3(450 + 600 V2 )

=3895.5>3384 ..... 0ok

e A
.,
x o = 35
e S— PA— F— . . PR _| ‘\\
Lo A5~ .\ - =
2420 | | | — 276 M
= . | \\|
| |
| | Arllmm
' |
|
| i
/f — =) iy e—
z.-"’
IS et G e s
—l-llﬁlllmr*-— E80m il

Fig (4.14) stirrupsdistribution around column (C148)
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Chapter 4 structural analysis and design

4-11 Pos.(ST1A): Design of Stairs

0.
L2
| 15E: 393 e 1635 -
Fig (4.15) Stair position (ST1A)
NOTE: (Material)
1 2
v *B300.... f¢'=30N/mm*(MPa) ko circular section
but for rectangular section ( /¢’ =30* 0.8=24MPa
v Determination of Thickness:
height =5.20 m
Rise=5.2/30=17.3cm
Height Rise run LL fc' fy
5.2m 17.3cm 30cm 5 KN/m2 24 Mpa 420 Mpa

- Minimum slab thickness for deflection is (for simply supported one way solid slab)
h,min =1L/ 20
hmin=5.6/20=280cm ............. take h=25 cm.

= Useh =25cm.

6 = tan"(17.3/ 30) = 30°
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structural analysis and design

h,min (cm) §)

25 30°

v" Load Calculations

Dead L oad calculations of Flight :

0.03 % 22
Plaster = —— = 0.762 KN/m
cos 30
0.25 % 25
concrete = —— = 7.217 KN/m
cos 30
0.3+0.173
maortar = o3 0.02 %22 =0.694 KN/m
) 0.3+0.173
stalr = —— 25 =2.1625 KN/m
03 x2
, 0.354+0.173
Tile = o3 003 %27 =1421 KN/m

Total load (DL) = 12.25 KN/m

Liveload (LL) =5 KN/m

Dead L oad calculations of Landing

Material Gama h(m) b(m) KN/m
Tiles 22 0.03 1 0.66
Mortar 22 0.02 1 0.44
RC 25 0.25 1 6.25
Plaster 22 0.03 1 0.66

Total load (DL)

Liveload (LL) =5KN/m2

90
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Total Factored load,,,, (W = 1.2DL + 1.6LL)

For Wign , W=1.2¥1225+1.6*5=21.2 KN/m

For Wianang , W=1.2*8.01+ 1.6*5=16.112 KN/m

21.2 16.112

- Structural System Of Flight (FL1) :

2 ZEHN

RE NGRS

i
.
T
s
L
-
oo
[

Check for shear strength For Flight:

Assume @ 14 for main reinforcement:-
d=h-20-db/2=250-20- 14/2 = 223 mm
Vu =35.27KN

* * *
fVc= 0.7 m61000 223 =136.56KN /m

Vu=3527 KN < 05* VC=6828 KN.

Thicknessis adequate enough
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structural analysis and design

db (mm) h(mm) d (mm)

@14 250 223

35.27 136.56

v Design of Flexure:

Koments: spans 1o 1

Shear

Mt

A

(4-16): Envelope diagram Flight (ST1A)

- Design for Flight:

Mu=57.2KN.m

Mn =Mu/0.9=57.2/0.9=63.56 KN.m/m

d=h-20-db/2=250-20-14/2 =223 mm

Mn

" b-d?

_ 63.56%10°

= 20— -1278MPa .
1000* 223

Rn
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m=_
0.85x fc'

0.85x 24

1 2m| * *
potl p AR 1 \/1_2 20671278 | _ 0,003
m f, 20.6 420

ASreq = 0.003* 1000% 223 = 701.29 mm?/m > ASwin = 450mm*/m  OK

AS.in =0.0018* b* h = 0.0018* 1000 * 250 = 450mm? /m,

Use @ 12 then,

57.2 20.6 1.278Mpa 0.003 701.29 450 200

Use® 12 @ 15cm c/c , As=753.6 mm2/m strip

- Step ( s) isthesmallest of :-
1. 3*h=3* 250 =750 mm

2. 450 mm

280

<380(°7)-25* Co

280 280

<380* (229) 25 20 =380 * (522 )~ 2.5+ 20= 330mm
E"-:F 51-42!]

280 280 280

< 300(—) =300* (—)=300* (z——) =300 mm ... (control)
_rh E'F.-F 51-42!]
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- Check for strain:
Tension = Compression

A * fy=0.85* fc' *b*a
753.6* 420 = 0.85* 24*1000* a
a=15.52m

_a._ @ =18.25mm

b, 085
_ 223-18.25
~ 1825

e, = 0.0336 > 0.005—— ok

*0.003

S

v' Temperature & Shrinkagereinforcement:

ASqyinege = 0-0018x bx h = 0.0018x 1000 250 = 450mm’

Use ® 10 @ 15 cm c/c, Asprov = 523.33 mm2/m strip

- Step ( s) isthesmallest of :-
1. 5*h =5* 250 = 1250 mm

2. 450 mm - control

structural analysis and design

ASShrinkage ( mm2 )

S(mm)

dp (mm)

450

150

® 10
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Chapter 4 structural analysis and design

WRA =3527KN/m |, WRB = 34.69 KN/m From Atir

Load For Landing = =2 = 227 — 22 32 KN/m

L L.58

- Design for landing (L 1A):

L SER N LA SERN N T

1011 2R RS

-
.-'/-’
- _ 50 5 —=
Lo Ear
Structural System Of Landing (L1A)
Moments:  spana Tw 1
[~ 1 |
1“.i‘=n__hﬂ e
1.5h L""l-i 1.96
Shear
0,
= 842
| —o—'—"__'--'-f-r |
T —— T
=4

(4.17): Envelope diagram Of Landing (L 1A)
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Vu=64.2 KN/m
- Check for shear strength (L1A):
Assume @ 12 for main reinforcement:-

d=h-20-db/2=250-20-14/2 =223 mm

_ 0.75* \/24*1000* 223
6

fVc

=136.56KN /m

Vu=64.2 KN /m< 05+ fVC=6828 KN/m.

- Thicknessis adequate enough

- Calculate the maximum bending moment:

Mu =64.2 kN.m/m

MN =Mu/09=64.2/0.9=71.33 KN.m/m
d=h-20-db/2=250-20- 14/2 = 223 mm

Mn
b-d?

R =
 71.33*10°
1000* 223°

__ by
0.85x fc'

R, =1.43MPa .

420
m=———
0.85x 24

1 2m| * *
ST L N 1_\/1_M — 0.00354
m f, 20.6 420

=20.6

ASen = 0,00354* 1000* 223 = 790.48 mm?/m> ASmn = 450mm? /.

ASqin =0.0018* b* h = 0.0018* 1000 * 250 = 450mm? /iy,

96
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Use® 12@ 15cm c/c

structural analysis and design

Mu(KN.m) M

Rn

Asreq( mmz)

2
ASnmin( mm )

S(mm)

64.2 20.6 | 1.43Mpa

0.003%4

790.48

450

150

- Step ( s) isthesmallest of :-
1.3*h=3* 250 = 750 mm

2. 450 mm

280

<380 (77)-25* C.

280

<380* gT)—2.5* 20 =380* (
3y

280 280

< 300(7) =300* (7°) = 300* (

- Check for strain:
Tension = Compression

A * fy=0.85* fc'*b*a
753.6* 420 = 0.85* 24*1000* a
a=15.52m

a 1552

cC=—="7=18.25mm
b, 0.85
e, - 223-18.25, 0.003
18.25

e, = 0.0336 > 0.005—— ok

280

¢ JeT
3 420

280

F I
3 420

)—2.5* 20 = 330mm

) =300 mm (control)

v' Temperature & Shrinkagereinforcement:

ASqyinege = 0-0018x bx h = 0.0018x 1000 250 = 450mm’

Use ® 10 @ 15 cm c/c, Asprov = 523.33 mm2/m strip
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- Step () isthesmallest of :-
1. 5*h =5* 250 = 1250 mm

2. 450 mm - control

450 150 ® 10
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4-12 Pos. (W) :Basement wall
4-15.1:- load calculation
Fc’=28 MPa, Fy=420 Mpa, ys=18KN/m?>, gal|=400K N/m?, ¢=30,

surcharge =5KN/m? , wall thickness =20 cm

01
489

e

N |

Fig.(4.18) basement wall

K=1—sing=1-sin30=05
W.=K=h=y=05=504+18 = 4536 KN/m?

W, =K=P=05%5=25KN/m?

B WE = 25036 g e

99
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From Atir we have moment and shear envelop :

Mmuamis: spaEns T 1

Shasr

Fiq.(4.19) shear and moment diagram

4-15.2:-Design of Bending M oment
D=200 - 40 - 10=150 mm

R = Mn
b-d?
*
R = 81541¢ =4.02MPa.
0.9* 1000 150°
m :—fy
0.85x fc
m :£=17.65
0.85x 28

1 2mR, * *
r==|1- P~ | 1 1_\/1_2 17.65*4.02 ) _ | 0105
m f, 17.65 420
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Asreq = 0.0105* 1000* 150= 1585.24 mm?/m........... control
£ =0.0105 = pmin =0.0015 ... ... . OK
Check for spacing
3h=3*300=900mm
S=450
Use ® 14@ 10 cm , As prov = 1538.6 mm?m
For horizontal bars use the half of the min. in each side
0.5* Ashyin=0.5* 0.0025* 200* 1000=250 mm?/m
Use ¢ =8
Usefor horizonta bare ¢ 8@20 cm in each side
Use ¢p10@20 cm for vertical in outer side to hold the horizontal bares
Check for strain:
Tension = Compression

A * fy=0.85* fc'*b*a
1538 .6* 420 = 0.85* 28 * 1000 * a

a=27.15mm
c= 2 _2015 51 94mm
b, 085
e, - 90 =319, h03 — 0.01108
31.94

e, = 0.01108 > 0.005 —— ok

4-15.3:-Check for shear

— 5 ,
V.= f'*b=d=— V281000150 x10~* = 99.2KN

o &

0.5¢V.=0.5%99.2 = 49.6KN
¢V, = Vu = 0.5¢Vc
99.2>75.4>49.6

The thicknessis enough
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4.13 Pos. (F5): Design of foundation :
v' Design of Isolated footing (Under Col. 48):

i fy

C

28 Mpa 420 Mpa

v' Load Calculation:-
- From column (48): (DL &LL)

* Service dead load ( DL) = 2544.233 KN
* Serviceliveload (LL) = 847.184 KN

* Column dimensions =45 cm*45 cm

* Allowable soil pressure =400 KN/ n?

DL(KN) | LL(KN) | Column all. soil pressure
dimensions
2544.233 | 847.184 | (45*45) cm | 400 KN/ n?

v’ Calculating the weight of footing:
h

- Weight of footing (assume s = 90cm)
Wigng = 0.9%25 = 22.5 KN/m?

- Required sizes of footing:
A required = Po = 2544.233+847.184 _ g 17 o

Qo 400-5-(0.9* 25)

Try 3* 3Area=9m2

hfooting Wfooting qnet A,r eq U| I‘ed
90 cm 25 KN/m? | 400 KN/m? | 8.48nv?

v Depth of footing and shear design:
Pu =1.2DL + 1.6LL = 1.2*2544.233 + 1.6*847.184 = 4408.574 KN
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= 2408574 _ 48985 KN/N®
Try area Pu qu
3m* 3m 4408.574 KN 489.85 KN/m?

v Determine the Depth of Footing Based on Shear Strength: -

Check for One Way Shear Strength

| a 3 045 g T
Vus=|—-S—d|*qurb=|S-=2_d |*489.85* 3
R R N ) 101
T e
fVc= %@* 3*d* 103 Inclined crack
Let’f VC ZVU Critical section lor J
d = 0.542m ono-way shear "| ;:‘:’l":j:: ::';:l_"“"
v /%
h=542+ 75+ 20=637mm v
Try h=650mm ..... d =650 — 75 — 20= 555 mm C\D %
7%
'
vV
Cne-way shear
0] d (mm) h (mm) Try h(mm) Try d (mm)
0.75 542 637 650 555

v’ for Two Way shear Action (Punching).

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

fv, =f %(n bi}/ f.'b,d

fv, =f 2| Bs |
12\ b, /d

fV, =f.%\/?bod

2}/? b,d
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Where:

_ Column Length (a) 450 _q
€~ ColumnWidth (b) 450
b, = Perimeter of critical section taken at (d/2) from the loaded area
=4 * (0.45+0.555) = 4.02m.Vu = ((3* 3) - ((0.45+ 0.555) * (0.45+ 0.555)) * 489.85=3913.89kN

a.=40....... for interior column

fV, =f %[u bi}l f.b,d = o._gs* (1+ 9 J28 * 4.02* 0.555* 10° = 4427 2kN

’ *
+ ZJ\/T b,d = 075, (40 0555, 2)* \28* 4.02* 0.555* 10° = 5550.52kN

fv, =f L
12 402

a'S
12( b, /d

fV, =f %\/T b,d = %’ *\[28* 4,02* 0.555* 10° = 295147kN

Vu=3913.89 KN > ®Vc =2951.47 KN.................. Not OK
be b, (m) a, f Ve (KN)
1.167 5.62 40 2951.47
Try h=900 mm. d = 900-75-20 = 805 mm

b, = 4(0.45+0.805) = 5.02 m
Vu = ((3* 3) - ((0.45+ 0.805) * (0.45+ 0.805)) * 489.85 = 3637.12kN

fV, =f % \/T b,d :%75* J28+%5.02* 0.805* 10° = 534587kN ... Control
VUu=3637.12 KN < ®Vc =5345.87 KN
(Two Way Shear is OK)

h (mm) d (mm) b, (M) Vu (KN)  fV. (KN)
900 805 5.02 3637.12 5345.87
v Design for Bending Moment of both direction.
h (mm) d (mm) b(m)
900 805 3

d = 900-75-20 = 805 mm
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Mu =489.85*3*1.275*1.275/2 = 1194.47 KN.m

-y = 420 4947
0.85* fc 0.85* 28

Mu/f _ 1194.47*10°2/0.9

Rn = > = ——=0.68 Mpa
b*d 3* (0.805)

=L pho2mRn

p—a(l 1 y )
=1 (1- \/ _20740(068) y _ 5 001643
17.47 420

ASe = 0.001643 (3000) (805) = 3967.8mm? < ASyin = 4860 mm?

ASnin =0.0018*b* h == 0.0018 (3000) (900) = 4860mm? ... control

Take 10d 25 , Asprovided =49cm? > Asrequired = 48.6 cm?

S_3000 75*2-10 25—288mm

9

- Step(S) issmallest of:

1. 3h = 3*900 = 2700 mm
2. 450 mm - control
S =288 mm < S max =450 mm - OK

Mu(KN.m) | m Rn P ASreq(mM?) | ASpin(mm?*)| S(mm)

1194.47 | 17.47| 0.68 Mpa | 0.001643 3967.8 4860 288

- Check strain
Tension = Compression
A x fy=0.85x f./'xbx a

4900x 420=0.85x 28x 3000x a
a=28.82mm

2882_3391

0.85
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e, = 805-3391 4,003 = 0.068 > 0.005...0k
3391
As mm?) a (mm) ¢ (mm) EN
4900 28.82 33.91 0.068

v Development length of flexural reinforcement:

LdfordJZO'
L, = fy axbxgxl 9 420 1><1><08><1

b=
10 o ( jx 10 J28° 25
db

Available length = ((3000-450)\2) - 75=1275
1275mm > 458mm ............... ok

x 20 = 458mm

v' Load transfer at the column-foundation interface (Dowelsdesign ):

- In footing :

®Pnb = ®(0.85fc'A x \/%)

A; =0.45* 0.45 = 0.2025 m?
A,=3*3=9m?

\/Ez 9 =6.6>2................\/E=6.6
A V02025 A,

®Pn.b =0.65x (0.85 x 28 x 0.2025 x 6.6) x 1000 = 20675 .7KN
®Pn = 20675 .7 > Pu = 4408 .574........... .ok
The Dowels are not needed for footing

Asmin=0.005* Ac= 0.005* 450 * 450 = 1012.5 mm2

Use 109 25 , As,provided =4906.25 mm?2 > As, required = 1012.5 mm?2
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4 -14 Pos. Design of shear wall

\ 5p12.4

| 21876

A 4784

Fig.(4.20) shear wall photo from Etabs

Fig. (4-21) M oment and shear diagram

107
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Fc=28MPa

Fy =420 MPa

t=40cm .shear wall thickness
Lw = 7.9 m .shear wall width

Hw for one wall = 5.2 m story height

4-18 - 1: Design of shear

D Fx=Vu=307KN

4-18-1-1: Design of the Horizontal reinfor cement:

Thecritical Section isthe smaller of:

M = E =3.95m...... control
2 2

hw _31.2 icom
2 2

storyheigh (Hw) = 5.2m
d=08xIlw=0.8x7.9=6.32m

5 —
E:JI"J::lrrm:l: e Ejg Jfr_' hd

=0.75*0.83 # V28 = 400 * 6320 = 10~ % = 8327.13KN > ¥,

V. isthe smallest of :

1
1—- ¥ =2

— 1 — 5
5 f.'hd = 6\/28 =400 #6320 = 10™* = 2229.5KN

Y Nrad ~e
2—V. =027 f'hd+ 2l =0.27V28 =400 = 6320 + 0 = 3612KN
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T3 N
Ly 01 fP4+0277 __ 7901v28+0
3— V.= 005 f+ T hd = 0.05v28 + =8
V., 2

= 2044.85KN ... cont

4784 —3187.6 M, —3187.6
5.2 ~ 52-395

M, I, 357135 7.9_768
¥, 2 307 2

= M, = 3571.35KN.m

1
Vu =307 KN< 2*0.75*2044.85 = 766.82 KN No need reinforcement

- Minimum shear reinforcement isrequired:

Take ' =0.0025

- Maximum spacing istheleast of :

Lw 7900
S = 5 =1580mm

3*h = 3400 = 1200mm
450 mm ....... Control
Try $12 (As=113.1 mm2) for two layers

Avh  2*1131
' = h*S2 = 400* S2 = 0.0025

S2=2262mm , ¢$12@200 mm

- used12@200 mm in tow layer

109
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4 -18-1-2: Design for Vertical reinforcement:-

M _312_34
L 7.9

w

h

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

hw
For thiswall with W =3.9 >25 . T M -g0015

Select ® 10 @250mm. Intwo layer

- Maximum spacing istheleast of :

Lw 7900
3 = 3 =2633mm

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

Select ® 10 @250mm In tow layer

4 -18-2: Design of bending moment (uniformly distribution flexural reinfor cement)

A, = 299 5,785 = 4961.2mm?

= 250 > = AvbL.emm

_ ATy 49612 420

W= Lh ) 7900400 28 =

. P” 0
=Nt
cC  wta 0.02355 40 00306
l, 2w+085f, 2=0.02355+085+0.85
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Es
Aty

=09 05%4961.2 *420 = 7900(1 + 0)(1 —0.0306) = 7180KN.m = Mu

C

OM, =0 054, f,1.,(1+ )1 =3

L

Select ® 14 @250mm for vertical reinforcement .
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4-15 Pos.(SG): Design of Steel Beam in first floor :

Bat

Ly
N
!
ol

O N TP

Fig (4.22) : Steel Beam (Bst)

v' Material : Steel A36

v’ Statical System (1) :

v" Load Calculations

Dead Load :
Self Weight of the beam = 1 KN\m

Glass (External glass — plate 2x10=20 m )

(Internal glass — plate 2x7.5=15m)
Glass =25 x 0.035 x 1 = 0.875 KN\m

Dead Load = 1+ 0.875 = 1.875 KN\m

Factor Dead Load =1.4 xDL=1.4 x 1.875 =2.625 KN/m = 0.1792 Kip\ft
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v Design :

=Design of Moment :-

2 %
M, = 18702 505 fkip
Mp = Mu
Mu =[] bz x Fy
3.12x12=0.9 xZx X 36 Zx=1.155 in®

Try W 8x10  Zx=8.9in’
D=7.89in ,t,=0.17in, bf=3.94in, t;= 0.205 in

by 3.94

2t 2x0205 >°

h
o F 40.5 from table .

W

E 29000
Apw = 3.76 The 376 = = 106.72 = A, = 40.5 Compact Web

E 29000
Api =038 =038 —

=108 = 4= 9.6 Compact Flange

®Mn=0 x Zx x Fy=0.9 x 8.9 x 36 = 24.03 ft.Kip > Mu = 3.12 ft.Kip........ OK

=Design of Shear :-

*
Vv 211.8 0.1792

u

=1.057kip

Vp=Vu

Vp=® A, x0.6 Fy= 1x7.89 x 0.17 x 0.6 x 36=28.97 Kip

Vp=28.97 Kip>Vu=1.057Kip........ OK
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Check h/tw < 2.24 [_—LP

E 29000
E. §

224 e 224 % = 63.58 = h/tw = 405 OK

3

114



Chapter 4 structural analysis and design

Table 1-1 (continued)
W Shapes
Dimensions
Web Flange Distance
Thickness, | g, | Width, | Thickness, k 'ﬁ',"‘
e F3 hf s Kowr | Koer k r Eé‘
in. in. in. in. im, | in__im | in | im.
WiE7 19.7 | 900 9 |OS70) %he| ¥e | B2A| 8% | 0.935] '%e|1.33 1% | Whe| 5Ya | 52
x68 | 171 | 878 evlosiol v | v | B22[eve |0810] sl 120 1w | T
=48 141 | 850 BY2|0.400f 3w | 3w | BAT|BYe | 0.685) '"“ia|1.08 |13 B
w4 11.7 | 825 BY4|0.360| fa Y | BOT|BYes |D.560] %Yo | 0.954(1Ve T

=35 103 | 812 BYa|0.310] %he | e | B.02| B U:iﬁ& W2 |0BES|1Y:6 | e
=31 912) BOD| B |0.285) e | Yhe | B.OO| B 0.435) The |0.829]1Ye | Y

W28 8.24] 806l 8 |0.285 e | Y | 6.54|6Y: |0.465) Te (0B59] YW Vs |GV | 4
24 708] 783 702450 Ya | Ve | B.50|6%: |0400] Ve |0.794] T | %m |6Ys| 4

WBx21 6.16{ 828 BYs|0.2500 Ya | Yo | 5.27|5% 0400 Ya | 0700 e | Yhe | €Y | 2%
=18 5.26( 814) BYa|0.2300 Y& | Y& | 5.25[5% |0.330] e |0.630] e e | 6 | 23

W15 MH’ B11| BVelO.245 Ve | Ve | 4.02]4 0.5 e (0.B15] el Fhe | BV | 2V
®13 384) 799 B |0.2300 Y4 Ve | 4.00|4 0.255] Ve |0.855] Yo | Fa + +
#10%' | 296 789 a0 70L Yhe | e | 3.04|4 0.205] e | 0.505 ”-"u] Wa

W25 7.34] 638 B6%|0.3200 %he | Y | B.08) 6% |0.455] Yis |0.705] 'She Bhe |4V | 3
=20 587 6. £14]0.260( Ve Wi B.02 0,365 ¥ |0.615] T LT * +
=15 443 5 6 (02308 e | Vs | 5.00 0.260] Vs |0.510] Y | %e

Wh= 16 AT4| 628 EVa|0.2800 Ya g 4:E3 0.408] Ye [0.658] e | e | 4V | 2V
=12 355 603 6 |0.2300 Y | Y6 | 4.00 0.280{ Y |0.530] *h | %he
=g’ 268 590 5%al00700 e | Yo | 3.04 0.215] ¥4s | 0.485 1‘-"13 Y2

=85 252 583 5700700 %he | Ve | 3.84 0.195| e | 0448 Wie e

Wa=13 5.56| 515 &' G.Z?U% Ya | Yo | 5.03
=16 471 50| 5 |0.2400 Ya | Ve | 500

Wid=13 3.83| 416 4'0|0.280 Y | Ve | 4.06

0430 s |0.730] e The | Az | 230
0.380 Ye [0B60| Fs | The | 3| 2900

0.345| e |0.505] 3 | Yo |24 | 2

£ Mo S s B s OO

¢ Shape is slender for compression with £ = 50 ksl

! Shape meceeds compact imt for fexure with F = 50 ksl

¥The actual size, comhinstion, and oriertation nf fastener componants should be compared with the geomatry of the cross-section
10 angura compatility.

Table (4-7.a) W shape
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Table 1-1 (continued)
W Shapes
Properties
WE - W4
Compact | Tersional
m Auis X-X Axis Y-Y .| Properties
& | n ! 5 r z / 5 r z o b i
in® | in? lin | n? | in' [in? | 0 | 02| m | W | It nt |

44311 | 272 | 604 | 272 701 | 685 | 214 (212 | 327 | 243 | 407 5.5 1440
s0i24 | 228 | 520 | 365 598 | 751 | 183|210 | 270 |239 | 784 333 1180
5820159 | 184 | 432 | 361| 490 | 600 (150 (208 | 229 | 235 | 7.82| 1.96 a3
7211176 | 146 | 355 | A53] 398 | 490 122 (204 | 185 |23 | 76| 142 726
B.10|20.5 127 12 | 351 347 | 4256 | 106 (203 | 161 | 228 | 763 0763 619
11| 919j22.3 10 275 | 347 304 | 373 927 202 [ 141 | 226 | 75T 0338 530

28| 703123 9800 243 | 345 272 N7 | AA3 162 | 101 | 184 | TEO| 03537 312
24| BA2|259 27| 209 | 3421 231 | 1B3| 563 1.6 8.57(1.82 | 7.53| 0.340 239

21| 6.59(27.5 753 182 | 349 204 a7y A7 126 569|146 | 700 0282 152
18| 7.05/29.9 619) 152 | 343] 170 a7 304 1.23 406 1,43 | 781 QT2 122

15| 6.37|28.1 480| 11.8 | 329 138 341 1.70{0.876) 257|106 | 7BD| 0137 518
13| 7.64/299 396 991 321] 14 273 13708430 215(1.03 | 7.74| 0081 40.8
10| 9.61/40.5 308 7.81) 322 8487 2090 1.06 0841) 156|101 | TEY| D.0426 Jo.4

25| 6.68{165 534 167 | 270) ‘B | 171 | 561[ 152 8.56) 1.74 | 93| 0.461 150
20) 825181 | 414 134 | 266 49| 133 | 441 1.50 6720170 | 284} 0240 113
15|15 |21.6 291 9.72) 256 108 932 3N[145 | 475|166 | 5T DM 785

16| 458191 321 102 | 280 117 443 220/ 09A7| 339113 | RRA| N223 2
12| 7.4/ 218 21 7.3 2498| B30, 299 1.50 0.018| 232\ 1.08 | 575 0.0003 24.7
9| 9.16{29.2 164 556 24T G623 2200 1070805 1.2 1.06 | 569 00405 1.r
£5 (104 j29.1 148) 510 243 573 199 1010890 1.56)1.05 | 564 0.0333 15.8

18| 5851137 | 263 102 | 247 116 943 383|178 HA3[1.45 | 472 0316 014
16| 6341154 214| 855 213 083 751 300/1.26 | 458 1.43 | 485| 0192 406

13| 5.8 106 11.3] 546 1.72| 628 3.86( 1.90/1.00 | 232/ 196 | 382 0I5 14.0

cs55a% 585
'

Table (4-7.b) W shape
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sl e Dbl 5 Al

3kl JMA (e dabiaal) AaLEY) jualial) (o oy 1) A8 ¢ ALESY) aranaill il ghad aal e 3

24T pn cppanaill A58 48 jaa g 3 pdie JSG Lgapanai] pualinll o2 45303 o (ha 5 ¢ isall 4 sl

DoY) (i Giaally dapadll (i gyl

A00KN/M? (o i i) Jani 5 50 aldll A 4

Laphl ke clasall e 53 (Two-Way Ribbed Slab) 5
e ddma el 3al . (One-Way Ribbed Slab)

pre Cu ) o) yal g & (Flat Slab) el cilagall aUas aladiul a3 LS (Gl shal)

338l Jlea) e lia s Jand b a1 Ciltie e dulels ST Lga oS Tl eyl
.6

(ot 3 & s el 138 Lgadiind o5 Cosula el g bae llia

ABLEY) paliall Aladall e g )l Jead Sy 50 AUTOCAD 2013/2007 (a

AALY) jualiall ALY Jiladll el ATIR (b

LS Jie g s il (e Adlida ol Jal 8 4alasinl &3 :(Microsoft Office XP) (c
pranaill 4381 jall Jglaadl dlac )y g g piall ) AN 5 Gl

. (mat foundation ) preai s 4iecad) Cliiall areail zali ) 138 pladinl &5 : Safe (d

Lol Ol s asenai] zai yd) 13 Hladiuly U ; Etabs (e

118



Silua gl g zalidl)

Oe S g g il 138 8 daadiivu) Aall Jleay) 7
1 slaty LA (e a sty ) il Gual) ddia caanaall gy ciualy o ey Al claall e 8

oM aie JSSs g 5 il (B A

(bagill -
(e L Lo Sy 4] a jliiall daadal Liagh (Baaniy a5 (8 S 50 & 5 il 3] OIS
Ol s cilpa sl (g0 Ao sama pai () - A el 038 JMA (e L 353 Cam analiay Jllat 5 Jaalis
b i g i LAY Jadady (el praaill 5 B0 3 g
3aa3 ga el 3 ga LR o Cung el jlanall Cillaladall 43S ugad s Gaai o o ng gl i
Lt deaisglyahy yig adsall e Alald Claslen 5 e Aa el o2 325
saec Y5 Aleall Gl jaadl a8l g a3y Gld aay dilaiall @lliy ald g 58 M e cadsall
Jseandl dls jall o2a (8 ALY Gaaigall Jslans s berall uigd) @ 5l e ) (Grasiill 5 (381 53y
& platie 4k Sl aliiie JS3 de H e (S Cumy ddalial) Labu al Gl (e (See 38 ST e
Y 6l e la e s IOV U Jleal Ao glie 8 2ey Las Lgaladiiasd i ¢ aall elaif 43S

119



	التمهيد.pdf
	ف - 1.pdf
	ف- 2.pdf
	ف - 3.pdf
	Chapter 4.pdf
	النتائج والتوصيات.pdf

