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Abstract

The idea of this project lies in the structural design of the proposed design
of the Hebron Municipality building .

The project consists of eight floors and garage for cars, with a total area of
1022.8 square meters .

The architectural design is characterized by the inclusion of a number of
fragmented blocks distributed in a consistent manner functional and aesthetic. It
was adopted in the distribution of these blocks to provide easy and quick access
to users.

We will use the Jordanian code to determine live loads, and determine the load
of earthquakes. As for structural analysis and section design, the US code
(ACI_318_14) will be used and we will rely on some computer programs such
as: AutoCAD (2018), Atir, Microsoft Office.

The project will include a detailed structural study of the identification and
analysis of the structural elements and the different expected loads, and then the
structural design of the elements and the preparation of the plans according to
the design of all the structural elements that form the skeleton of the building.
After the completion of the project, it is expected to be able to provide the
structural design for all structural elements with the permission of Allah.

God grants succes
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Design of bending moment: 2-12-4

Design of the horizontal reinforcement: 3-12-4
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.
As = area of non-pre-stressed tension reinforcement.
As: = area of non-pre-stressed compression reinforcement.
Ag = gross area of section.
Av = area of shear reinforcement within a distance (S).
At = area of one leg of a closed stirrup resisting tension within
a(S).
b = width of compression face of member.
bw = web width, or diameter of circular section.
Cc = compression resultant of concrete section.
s = compression resultant of compression steel.
DL = dead loads.
d = distance from extreme compression fiber to centroid of
tension of reinforcement.
Ec = modulus of elasticity of concrete.
fe: = compression strength of concrete .
fy = specified yield strength of non-pre-stressed 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.

Vc = nominal shear strength provided by concrete.

Vn = nominal shear stress.

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

Wc = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€c = compression strain of concrete = 0.003.

& = strain of tension steel.

€ = strain of compression steel.

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

4.1 Introduction

Concrete is the only major building material that can be delivered to the job site in a plastic
state. Thisuniquequalitymakesconcretedesirableasabuildingmaterialbecauseitcanbemolded to virtually any
form orshape.

Concrete used in most construction work is reinforced with steel. When concrete structure members must
resist extreme tensile stresses, steel supplies the necessary strength. Steel is embedded in the concrete in
the form of a mesh, or roughened ortwisted bars.

A bond forms between the steel and the concrete, and stresses can be transferred between both
components.In This Project, there are two types of slabs: solid slabs and one-way ribbed. They would be
analyzed and designed by using finite element method of design, with aid of a computer Program called "
ATTIR- Software" to find the internal forces, deflections and moments for ribbed slabs.

The design strength provided by a member, its connections to other members, and its cross- sections in
terms of flexure, and load, and shear is taken as the nominal strength calculated in accordance with the
requirements and assumptions of ACI-code.

NOTE:

*Concrete  B300, {fc'= 24 MPa for rectangularsection}.
*The specified yield strength of the reinforcement {fy = 420MPa}.

4.2 Factored Load

The structure may be exposed to different load such as dead and live load. Thevalueoftheload

depends on the structure type and the intended use. The factored loads on which the structural

analysis and design is based for our project members, is determined asfollows:

Qu=1.2DL+ 1.6L ACI —318 - 14(9.2.1)
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4.3 Slabs thickness calculation:

Minimum thickness , h
Simply One end Both end

< Cantilever
supported continuous continuous

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

Solid one way

e L/20 L/24 L/28 /10
Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8

Table (4.1): Check of minimum thickness of structural members

Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-08, the minimum thickness of no prestressed beams or one-way
slabs unless deflections are computed as follow:

The maximum span length for one end continuous (for ribs):
hmin for one-end continuous = L/18.5
=620/18.5 = 33.51cm
The maximum span length for both end continuous (for ribs):
hmin for both-end continuous = L/21
=607/21 = 28.9cm
Select Slab thickness h= 35cm with block 27 cm&Topping 8cm.

4.4 Load calculations:

4.4.1 One-way ribbed slab:

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

calculated as in the following table:
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Parts of Rib Density Calculation

RC. Rib 25 0.12*%0.27*%25= 0.81 KN/m
Top Slab 25 0.08*0.52%25 = 1.04 KN/m.
Plaster 22 0.02*%0.52*22 = 0.2288 KN/m.
Block 10 0.4*0.27*10= 1.08 KN/m
Sand Fill 17 0.07¥0.52*17= 0.6188KN/m
Tile 23 0.03*0.52*23 = 0.3588KN/m
Mortar 22 0.02*0.52%22 =0.2288 KN/m.
partition - 1.5%0.52 =0.78 KN/m

Table (4 — 2) Calculation of the total dead load for one-way rib slab.

Nominal Total Dead load = 5.145KN/m of rib

Nominal Total live load =5*0.52=2.6KN/m of rib

4.5 Design of Topping:

The calculation of the total dead load for the topping is shown below:

No. Material Calculation
1 Tile 0.03*23*1=0.69 KN/m
2 mortar 0.02*22*1=0.44 KN/m
3 Coarse sand 0.07*17*1=1.19 KN/m
4 topping 0.08*25*1 =2 .0 KN/m
5 Interior partitions 1.5%1 =1.5 KN/m

Sum

5.82 KN/m

Table (4 — 3) Calculation of the total dead load on topping
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‘n’ "U

- 40 cm -

Fig 4.1: Topping Load

Nominal total dead load=5.82 KN/m2

Nominal total live load in room and bathroom = 2KN/m2
Nominal total live load in corridor= 4KN/ m2

Nominal total live load in stage=5 KN/m2
W,=12DL+16LL

=1.2*5.82+ 1.6 *5=14.9KN/m?. (Total Factored Load)

W, *12 14984 * 0.42
M, = o= > = 0.199 KN.m

Mn=fr+xS Sm (ACI 22.5.1, equation 22-2)

1%0.082
6

* 103 = 2.194 KN.m

2
= 042/ » 2 = 04224 *
M, = 0.55 * 2.19 = 1.207 KN.m¢pM,, = 1.207 KN.m > M,, = 0.194 KN.m

~No structural reinforcement is needed

Shrinkage and temperature reinforcement must be provided.
For the shrinkage and temperature reinforcement: -
p =0.0018

As = p*b*h=0.0018 * 1000 * 80 = 144 mm?2.

#0f O =22rea = 1 _» 86, Spacing(S) = — = 0.349m = 349 mm,
Apar  50.27 2.86
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<380 (Zfis") — 2.5 % Cc< 380 (2%)

=380 * (222) —2.5% 20 <380 * (222)
3y 3y

_ x( 280 \ " %, 280

380 (g*m) 2.5 %20 <380 (5*420)

=330 mm. <380mm.
<3 *h=3* 80 =240 mm,CONTROL!

<450 mm..

~Take g 8 @ 200 mm in both direction, S =200 mm < S = 240 mm OK

4.6Design of Rib (B6).

Requirements for Ribbed Slab Floor According to ACI- (318-08).
DW > TOCI. ... ACI (8.13.2)

R < 3. 3 OW . et ACI(8.13.2)
Select h=35¢cm<3.5*12= 42 cm
tf > Ln/12250Mm ..o, ACI(8.13.6.1)

Material: -

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

=B =520mm

=Bw= 120 mm

= h=350 mm

= t=80mm

= d=350-20-10-16/2= 314 mm
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1 2 3
[ . . —]
08 3.38 08 4.04 08 3.67 0.4
b 4.18 ] 4.84 ! 4.21 L
I 52. I I 1
35.
12.
A-A
Figure (4-2): Rib geometry.
oad group no.
Dead load - Service Units:kN,meter
5.14 5.14 5.14
418 4.84 4.27
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 2.60 2.60
418 4.84 4.27

Figure (4-3): loading of rib (6P)
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oments:  spans 1to
22.2 22.8
123 2.6 131 -12.6
. 1.37/1.6 | | 1.37 |
1 I I | : | : I 1|'55I I I |
' 0.730.85 " lo75 '
6 0.87 4
15.4 124 16.
| 161 2.51 | 2.42 , 2.42 | 2.56 N .
I 1 I T 1 T 1
Figure (4-3): Moment Envelop of rib (6P)
Shear
-26.9 -26.3
-19.6 -19. 18.2
12.9
f f f f f —
10.5
17.8 18.8 20.1
26.1 274
—

Figure (4-4): Shzear Envelop of rib (18)

4.6.1 Design of flexure: -
Effective Flange width (be), ACI-318-11

(be) For T- section is the smallest of the following:

_ 2410 _

> be< Z==2= 6025mm
» be< bw +16 hf =120+ 16 *80= 1400mm
» be < center to center spacing of beams =520mm (control)

Take be =520mm

Assume bar diameter @ 12 for main positive reinforcement.

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

=350-20-10 Lj: 314 mm.
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Check if a>hf to determine whether the section will act as rectangular or T- section.
— My =0.85fc'*bE*tf*(d—%f)

— 0.08 3

= 0.85 + 24 + 0.52  0.08 + (0.314 — =) + 103 = 232.53 KN.m

dMns = 0.9 * 232.53 = 230.2 KN.m
—$Mnr =230.2 KN.m >Mymax= 16 KN.m.

= Design as rectangular section with b = bE = 520 mm

4.6.1.2 Design of positive moment of Rib (B6).

1) Maximum positive moment Mu ) =16 KN.m

M, =Mu /b =16/ 0.9 = 17.77 KN.m

fy _ 420

; =20.58
0.85f, 0.85+24

_ M, _ 17.77%¥10% _
K, = bed? 520+ (3122 0.346 MPa

_1 , 2¥xRpxm (1 2%0.346%20.58 \ _
p—;(l— 1—7)—m<1—\/1—T>—000083

—As=p * b *d=0.00083* 520 * 314 = /35.52mm?,

fe
Asmin = 75 *bwrd 2 by xd (ACI-10.5.1)

=2 L 120%314 > 1t 4120+ 314

T 4420 =

=109.877 mm?<125.6 mm? ............. Larger value is control.
—Asmin = 125.6mm?<Asreq = 135.52mm?.
~ As =135.52 mm?,

N= As/As bar = 135.52/78.5= 1.7 so take N=2
as2 @ 10 =157mm?>Aseq152.18 mm?. OK. . Use 2 ®10
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— Check for strain:-(g; = 0.005)
Tension = Compression
As*fy=085*f *b*a
226.08*420=0.85*24* 120 *a
a=38.79 mm.

f- =24 MPa< 28 MPa— f3; = 0.85

c=2=387_ 45 63 mm.
B1 085

e, = £5%0.003
C

= _31:‘;53-63 *(0.003 = 0.0175> 0.005 = ¢ =0.9 ... OK!

4.6.1.3 Design of negative moment of Rib (B6).

Maximum negative moment Mu © = 13.1 KN.m

M, =Mu /§ =13.1/0.9 = 14.55 KN.m

m=-—Lr_=_420 _595g
0.85f, 0.85+24
_ M, _ 14.55%10% _
K, = bed? 5200 (3147 0.28 MPa

_1 _ __ 2*Rpxm — 1 _ _2*0.28*20.58 -
p=—(1 /1 ) 20.58(1 J1 T )0.00067

—As=p * b *d =0.00067* 120 *314=25.24 mm?,

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

V24
T 4420

%120 %314 > =2 4120+314
420
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=109.877 mm?<125.6 mm? ............. Larger value is control

— Asmin = 125.6mm?> Asreq =25.24 mm?,
. As =125.6 mm?,

2 ®10 =157 mm?>Asreq = 125.6mm?. OK.
=~ Use2 @10

4.6.2 Design of shear of rib R (B6).

1) Vu = 20.1KN (at distance d=283 mm from the face of support)
Ir
Vc = T * bw * d

V24
6

=11~ 0.12* 0.314 *10° =33.84 KN.

¢dVe =0.75 * 33.84 =25.38 KN.
—Check for Cases: -
PVe

1- Case 1: VugT .

25.38

20.1 < ——=15.69KN.
~ Case (1) is NOT satisfied

2- Case 2:%<vu <dpVe

15.69<20.1 <25.38
) ,
Ly > — _ 1 <24 _ -5
S min 2t e =1 * 1o "0-12=8.75%10
> 1,bw 1,012 4%10°

3 Jye 3 420 Ll Control

Try @8 (2 Legs):

100.5%420%314
S

= 9.5%10° — S = /395mm.
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~Use 20 8 @ 10 Cm

4.7 Design of Beam (Th.F Beam12):

Geometry Units:meter,cm
1 2 3
J:: Al T A T A
1L 14T
A 4 A
Il].slI 6.15 Iﬂ.-ll 2,53 In.cll 5.67 IZH
b 6.55 P 2.93 b 5.97 H
f I f |
35.
80.
A-A
Figure (4.6): Geometry of beam.(B1-f3)
Loadinag
Toad group no. 1
Dead load - Service Units:kN,meter
18.3 18.3 14.3
' ¢
6.72 6.2 y G642
6.55 293 597
Live load - Service Load factors: 1.20,1.20/1.60,0.00
10.5 10.5 I 10.5
6.55 293 597

Figure (4.7): loads of beam(B1-f3)
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Moment/iShear Envelope (Factored) Units: kM meter

Moments: spans Tfo 3

-A77.A4

2.62 175.3 3.93 | 161 132 | 3.28 2.69

Shear

-30.2 B
-5?.2
- . . ,
f | t fl
L'/ ?'9.3
105.3 102.7
128.3 1401

163.1
Reactions
Factored
H 1 - i

DeadR 877 167.74 138.55 75.81
LiveR 45.48 115.37 104.68 43.28
MaxR 128.25 283.11 243.23 119.09
MinR 81.04 171.44 137.01 74.94
Service

DeadR 63.14 139.78 115.46 B3.47
LiveR 29.05 7211 6542 27.05
MaxR 97.19 211.89 180.59 90.22
MinR 67.69 142.1 114.49 62,63

Figure (4.8): Moment & shear envelopes of beam(B1-3)

4.7.1 Design of flexure:

4.7.1.1 Design of positive moments for Th.F Beam12

Assume bar diameter @18 for main positive reinforcement.
d=h - cover- d stirrups -dz—b =350-40-8 1—28 =296 mm
(Mu max = +175.3 KN.m)
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C=

N w

d= ; *206= 126.8 mm
a= B *c=0.85* 126.8 = 107.8 mm
Mn, max = 0.85 fc a b (d -7) = 0.85* 24*107.8*800*(296 -

@ =0.82
Mu=175.3 KN.m < @Mn = 0.82* 425.93 = 349.26 KN

Design the section as singly reinforced concrete section.

Mu _ 107.8x10% _ 1.7 Mpa

Kn= = =
@bd? 0.9%x800%2962

[y - 229 __205

T 0.85fc  0.85+24

_i _ _ZRTLm 1 _2*17*205
p=—(-[1 )= —(I- /1 ) =0.0042

As = p bd = 0.0042* 800*296 = 1018.24mm?

Check for As, min:
As, mln-025rbwd> de

As, min = 0. 25+ 800*296 690 52mm?
As, min = 5800*296— 789.33mm? (control)

~As=1018.24 mm?
Use ®18.... As=254.46mm?
#of bars= (1018.24/254.46) = 5

~ Use 5 ®18...As=1272.35>1018.24 mm?

Check for strain:
_ Asfy _ 1272.35%420

T 085fch  0.85%24+%800

=32.7mm, B =0.85

c=2=327_38 5mm
B~ 085

es = 0.003 (=%) =0.003 (2=

2967385 = 0.02> 0.005 (oK)

54
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4.7.1.2 Design of negative moment for Th.F Beam12

Assume bar diameter @18 for main positive reinforcement.
d=h - cover- d stirrups -dz—b =350-40-8 1—; =296 mm
((Mu max =-157.5 KN.m))

C=

N w

d= ; *206= 126.8 mm
a= g *c=0.85* 126.8 = 107.8 mm

107.8

Mn, max = 0.85 fc a b (d -2) = 0.85* 24*107.8*800%(296 — ~—= ) *10~6= 425.93 KN.m
2 2

¢ =0.82
Mu= 157.5 KN.m < @Mn = 0.82* 425.93 = 349.26 KN

Design the section as singly reinforced concrete section.

Mu 157.5% 10°
Rn= =

" @bd? 0.9+800%2962 2.5Mpa

=JY - 0 25
0.85 fc  0.85%24

_i _ _Zan — L . _2*2.5*20.5 —
p=r(-1-""= - /1 = 222) =0.0064

As = p bd = 0.0064* 800*296 1515.52mm?

Check for As, min:
As, min:0.25@bwd Zﬁbwd
fy fy
As, min =0.25 % 800*296 = 690.52 mm?
As, min = —800*296= 789.33mm? (control)
~As= 1515.52 mm?
Use ®@18.... As=254.46mm?
#of bars= (1515.52/254.46) = 6

~ Use 6 ®18...As=1527.6>1515.52 mm?
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Check for strain:

A 1527.6%420
a=—20Y - 20 _39.3mm, 8 = 0.85
0.85 fcb 0.85%24%800
39.3_
c= 2 =2z 46.2mm
B 085

296—46.2

es = 0.003 (=5) =0.003 (%) = 0.016> 0.005 (ok)

4.7.1.3 Design of shear for Th.F Beam12
1) Vu =163.1 KN .

q)Vc—(b*JF*b *d

\/_

= (.75 * == * 800* 296 * 10-3 = 145 KN.

— Check For dimensions: -

PVe+(2* g *Jf *bu*d)=145+( Z*0.75*V24 *0.8*0.296 * 10
=725.1KN > Vu = 163.1 KN.

-~ Dimension is big enough.

— Check For Cases:-

1- Casel: V, < %.

145 _

561.6 < - 77 .... Not ok

2- Case 2 : ‘bVC<VU <pVc

77<163.1 <145 .... Not ok.

3- Case 3 :(1)Vc< Vy < Cch + (I)VS min

b Vsmin > —/fe *bw*d= 075\/ﬁ*08*0296*103—725KN
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* by *d= 222 %0.8*0.296 * 10° = 79 KN.... CONTROL.

>
- 3

w e

-'-(bVS min = 79 KN.
dVe+ OVsmin = 145 + 79 =224 KN.
dVe<Vu < dVc+ dVSmin

145<163.1< 224 ok

Vs
(fyexd) -~

~Case (3) is satisfied — (’;—") =
Vs = ( o Vc)

?
Ve = 225 = 170.6KN

0.75

= (232 170.6) = 46.9 KN.

0.75
Try 2010=2 * 78.5 = 157 mm?,

2%78.5% _ 46.9 x 1073
S (420 %296)

s=416.17mm

d _ 296
s< =
- 2

=== 148 mm.... CONTROL

<600 mm.

- Use ®10 @ 20Cm

4.8 Design of coloumn:

4-8-1 Load Calculation:- (Group C)

Service Load:-

Dead Load =1600 KN
Live Load =1000 KN

Factored Load:-
Pu=1.2 x1600+ 1.6x1000=3520 KN
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4-8-2 Dimensions of Column:-

Assumenna = 0.01

#*Pn=0.65x0.8x Aa{0.85 fc (1— pa) + o0 * Fv}

3520 x 1073=0.65 x 0.8 x Ag{0.85*24(1-0.01)+0.01*420}
Ag= 280071 mm2

Assume Rectangular Section

b= 650mm

select h = 450 mm

Ag 1ew=292500 mm?2

Check Slenderness Parameter:-

m<34—12ﬂs40
r M2

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

permitted to be taken as 1.0.

/ |
R: radius of gyration = K =0.3 h ...................For rectangular section

Lu=4-0.3=3.70m
M1/M2 =1
K=1 for braced frame.

About y-axis (b= 0.650 m) :

Kl o 34-M1 < 40

r M2
137 18.9< 722
0.3%x0.65

Column Is Short About Y-axis

About X-axis (h= 0.450m):

KU _g4_gpML ACI —(10.12.2)

r M2
Klu

—<34-2 <40
Tr M2
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1%3.7

—= 27.4> 22
0.3%0.45

Column Is Long About X-axis

Magnification Factor:-

Cm=0.6+ O.4(ﬁ) >0.4
M2

~ N~ . N A A~ N 2

_ 72El
(KLN?
E_T,
Ef =04
1_181

Ec =4700./f, =4700x v/24=23025.2 Mpa

1.2xDl 1.2x1600
Bd = = =0.54 <1
Pu 3520

bx k' 0.65x 045

. = 0.0049 m*
# 12 12
.
- 0.4x 23025% 0.0049 28 SALN e
1+ 0,59
2
> = 7 *283 04 MmN
(1*3.7 )*
S = 1 =1.29 =1.0and =1.4
S 3520 - ' ‘
0.75%20402
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Minimum Eccentricitiy:-

e
miney=15+0.03<xh=15+0.03=x300=28.5mm
ey = 00285 m

Interaction Diagram:-

ev=e¢,, *d =00285x1.29 =0.0367m

ey 0.0367

= = 0.08
h 0.45

y _450-2%40-2*18-16 _ .
h 450 ’

From theinteraction diagram chart

for %:ﬂ,ﬂ — pg =0.015
]

Selectremforc ement
Ast= pgx Ag = 0.015%450%650= 4388 mm™:
Select18 @18 with As = 45T78mm” > Ast =4388mm” .

Design Of Stirrups:-

The spacing of ties shall not exceed the smallest of ;-

spacing = loxd, =16x 1.8=28.8 cm
spacing = 48xd_ =48=x1.0=48 cm

spacing = 45 cm

Liweg e 20 cm

@10
@10 m 57
@10 20
L L LJ 11
EE] h
p— . 11
45 L d 47 a7 37 37 57
=7 70
65
1818 @10 L=1.7 @10 L=1.36 @10 L=0.79

Figure (4-9): Column Reinforcement Details
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4-9 Design of Isolated Footing(F1):
4-9-1 Materials and Loads:

Isolated footing that we consider to design with materials of

fe =24 Mpa,f, =420 Mpa.

Dead Load (service) = 1600kN.

Live Load (service) = 1200 kN.

Total services load = 1600 + 1200 = 2800 kN.

Total Factored load = 1.2(1600) + 1.6(1200) = 3840 kN.
Column dimension( a X b) = 70cm X 50cm.

Soil density = 19(;;”—92 :
Allowable bearing capacity q,; = 400 (%)

=M 0l Som

\ 11
20E1 5
0.45 o
2.2
// & 02 0cm I
2.1
a1 = FAR! = N
i
1
| i
| |
1
0.7 |
i
|
| 1.4
] i &
23E14, L=320m
07 AQHAL L=3.20m
| /|// 0.85
S SR
o 075
i £

0.75 v 0.7 0.75

2.8

2.9

Figure (4-10) :Footing Section.
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Chapter 4. Structural Analysis and Design

Assume h = 70cm.

kN
Qati-nec = 400 — (25 x 0.7) = (19 X 0.7) = 370 (-—)

Area of footing:
pe 2800

all-net 370
Assume rect. Footing

SelectB = 2.8m
SelectL = 2.8m

Bearing pressure:
3840

= = 489.8 kN
T 28%x28 ' (mz)

Qu

4-9-2 Design of one-way shear strength:

Critical Section at DistancedFrom The Face of Column Assume = 50 cm .
Bar diameter @14for main reinforcement and 7.5 cm Cover.

d =700 —75—14 = 611mm
B-a 2.8—-0.5
V, =qu x( —d) X L = 489.8 X (T_ 0.611) X 2.8 = 739.2 kN
~—
IIIII 11

=

Inclined crack

Critical section for
one-way shear

33
it
§0

—o{d

Column \[I

One-way shoar

Figure (4-11): one-way shear calculation.

1 1
(DVC:(Z)xgx\/f_crxbxdzO.75xg><\/24x2800><489.8=839.8kN

@Vc = 839.8kN >V, = 739.2 kN -Safe
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4-9-3 Design of Tow-way shear strength:
Vu = DPu— FRb

FRy, = qu X area of critical section
V, =489.8 x [(2.8x2.8) — (0.7 + 0.611)(0.5+ 0.611)] = 3126.6 kN
The punching shear strength is the smallest value of the following equations:
* @VC=®X%(1+%)><\/f_Crxboxd
T OV =@ x—(5+2) x\[fo xboxd
d

° Q)VC:@X%X‘/fC’XbOXd
Where:

_ column Length (a) 70

¢ = colummwidth (b) 50 -4

.bo = Perimeter of critical section taken at (d/2) from the loaded area
=2x%(05+0.611)+2 % (0.7 + 0.611) = 4.844 mm

as; = 40 for interior coulmn

Substitutingvalues in equations:

1 2
@Ve = 0.75 X g(l + ﬁ) X V24 x 4844 x 611 = 4401.6kN

1 (40 *0.611

1
@V, = 0.75 % 3 X V24 X 4844 x 611 = 3642.86 kN — CONTROL

+ 2) X V24 X 4844 x 611 = 6384.65 kN

-Safe@V, = 3642.86 kN >V, = 3126.6 kN

4-9-4 Design Bending moment for long dirction:

Critical Section at the Face of Column
select P14
d = 700-75-14 =611mm

1.15
M, =489.8x2.8x 1.15x — = 906.8 kN.m

M, 9068 x10°
T @bd? ~ 0.9 x 2800 X 6112

R, = 0.96 MPa
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420
M= 0.85x 24

p =l(1_ 1_m> =L<1_\/1—M> = 0.0023
m 420 20.58 420

Asreq = p X b x d = 0.0023 x 2800 X 611 = 3934.8 mm?

= 20.58

Agmin = 0.0018 x 2800 x 700 = 35828 mm?
Asreq = 3934.8 mm? > Agpin = 3528 mm? - 0K

Check maximum step (S) is the smallest of:

1. 3h=3x550=1650mm

2. 450 mm — control

Use 26014 with A pyo, = 4004 mm? > Ag,pq = 3934.8 mm?
S =2800-75*2-26*14 /25 =91.4 mm
S=91.4<Smax =450 mm, select S=100mm

Check for strain:

_ Asp _4004x420 o,

@ = 085bf  085x2800x24 < rmm
_a_2944

€T3 ~ogs CrPemm

d—c 604 — 34.63
& = 0.003( . ) = 0.003 (W) = 0.049 > 0.005 ...... 0k

4-9-5 Design Bending moment for short dirction:
d=700-75 - 14 -14/2 = 604 mm

1.15
M, = 489.8 x 2.8 X 1.05 X — = 756 kN.m

R, = M, = 756 X 10° = 0.803MPa
" @bd? 0.9 x 2800 X 6042 '
420
m=085x24 2058
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Chapter 4. Structural Analysis and Design

= 0.0019

1 2.m.R, L, j 2 x 20.58 x 0.803

= (1= [1- -
P = 420 20.58 420

Asreq = p X bxd =0.0019 x 2800 x 611 = 3250 mm?
Asmin = 0.0018 x 2800 x 700 = 3528 mm?
Asmin = 3528 mm? > Agrpq = 3250 mm?
Check maximum step (S) is the smallest of:
1. 3h =3 x 700 =2100mm
2. 450 mm — control

Use 23014 with Ag o, = 3542 mm? > Agpiy = 3528 mm?

S = (2800-75*2-26*14) / 25 = 91.44 mm
S=91.44 <Smax =450 mm, select S=100mm

Check for strain:

_ Ay 3542x420
@ = 085hf  085x2800x24 oM
_a_2604_
€TB T ogs _Comm
= 0.003 (d _ C) = 0.003 (611 _ 30'6) =.0056 > 0.005 ......0k
g = 0. —)= e =. .005 ...

4-9-6 Design of Dowels:

Load Transfer In Footing :-

® Pn.b =0.65*0.85*24*0.7*0.5*10"3 = 4641 Kn > pu = 3840Kn ..... Ok
No Need For Dowels

As,min =0.005 * Ac = 0.005 * 700 *500 = 1750 mm2

Use the coloumn bar as dowels 20918
with As =5087 mm2 > As,min= 1750 mm?2

Development Length In Footing :-

Tension Development Length In Footing :-
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Chapter 4. Structural Analysis and Design

Lgr for @14

* *
fy W e = g ~ 200 mm

reqLdE:E*Amt (Cb""Ktr) =d, =
dp

420 1+=1+0.8

9
req L, =—* *
4710 1+422 (25

* 14 = 345.7 mm > 300mm — OK

available Ldt = (28002&) — 75 =975 mm

available Ldt =975 mm > req Ldt=345.7....0k

Compression Development Length In Footing :-

0.24 f,
A2

req Ly = = dy

_ 0.24+420

= 18 = 370.4 mm
1=+24

= min Lge = 0.043 + f;, + d, = 0.043 + 420 +18 = 325.08 mm

available embedment =700 — 75— 2+ 14 =589 mm =req Ly, = 370.4mm — OK

Lap splice of column

L; =0071=f, »dp =0.071 = 420 = 18 = 536.8mm — usel; = 550 mm

— P
N
> >

270

b
o
(]
[ax]
]
h

A
5
.
.
B 23014 15

.
208 12/

| 23 Bz26@14 , L=3.20 23
270

25

Figure (4-12) : Detailing of footing
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Chapter 4. Structural Analysis and Design

4-10 Design of Stair:

44

Gl T A1
18 1.6
0.3 o2
Fig (4-13): Stair Plan.
< Material :-
= concrete B300 Fc' = 25 N/mm?

= Reinforcement Steel Fy = 420 N/mm?
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4-10-1 Design of Flight :

Run =300 mm
Rise =160 mm

The Stair Slope by 6 = tan™(16/ 30) = 28.07 °

Determination of Thickness:-
h min = L/20 =6.47/20 = 0.333 m

h min = L/20 =6.47/28 = 0.231 m
Take h = 35cm

Load Calculation:

Dead Load for Flight for 1m Strip:-

No. | Parts of Flight Calculation
1 Tiles 27%0.03*1*((0.30+0.16)/0.3 ) = 1.377Kn/m
2 | Mortar 22*0.02*1*((0.3+0.16)/0.3 ) = 0.674Kn/m
3 Stair (25/0.3)*((0.16*0.3)/2)*1 = 2 Kn/m
4 R.C 25%0.25*%1 / c0s28.07 ° = 7.08 Kn/m
5 Plaster 22*0.03*1 / c0s28.07° = 0.748Kn/m

Sum 11.879Kn/m

Table ( 4-4): Dead Load Calculation of Flight

Live Load For Landing For 1m Strip = 5*1 =5 Kn/m

Factored Load For Flight :-Wy = 1.2 x11.879 + 1.6x5 = 22.25 Kn/m
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The calculation of landing Dead load computation :-

No. | Parts of Landing Calculation
1 Tiles 23*0.03*1= 0.69Kn/m
2 Mortar 22*0.02*1= 0.44Kn/m
4 R.C 25%0.25*1= 6.25Kn/m
5 Plaster 22*0.03*1= 0.66Kn/m
Sum 8.04Kn/m

Table ( 4-5 ): Dead Load Calculation of Landing.

Total Dead load = 8.02 Kn/m
Live Load =5 Kn/m

Factored Load for landing : Wu = 1.2*8.04+1.6*5=17.648 Kn/m

4-10-2 Design of flexure of stair :-

Because the load om landing is carried into two direction, only half of the load will be considered in each
direction 17.648/2 =8.824 Kn/m.

q1=22. 25 Knfm

e, R

>

EEB=c? 7 En T

S

E A=877 FEn T

e i i
=t =T -t =t

7.5

Fig( 4.14): Statically System and Loads Distribution of Flight.
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R A= (8.824*2)*2+(22.25*%4.5)=67.7 Kn
RB =RA=67.7 Kn

4-10-3 Design of Shear for Flight :- (Vu=62.98 Kn)

Assume bar diameter ¢ 14 for main reinforcement

d= h-cover—%: 4000 — 20 — = = 373 mm
Vu=67.7 - 8.824*%(0.15+0.373) =62.98 Kn

1

V. =% fc'by, d = g‘/24 %1000 * 373 * 10 — 3 = 304.55 Kn

@ V.-0.75* 304.55 = 228.41KN> Vu = 62.98 Kn

0.50 V.-114.2 Kn > Vu =62.98 Kn

The thickness of slab is adequate enough
No shear reinforcement are required

4-10-4 Design of Bending Moment for Flight :- (Mu=139.8Kn.m)

Maimum Mus= 6.67*(7.5/2)- 8.824*2*((2+4.2)/2)-22.25%2.1*1.05=139.8 Kn.m

Mn=Mu/®
= 139.8/0.75 =155.3 Kn.m

M 155.3x10°
Ri= —% = =1.11 Mpa
" @bd2 ~ 1000%x3732 p
)i 420
=—2_= = 20.6
0.85f]  0.85x24

p= %(1 - J1- ﬂ) = 0.00271

420

Asreq = p-b.d =0.00217 x1000x373 = 1014.1 mm?
A min=0.0018*1000*400 = 720 mm?

ASreq = 1014.1 MM2>Ag min=7200mm?...... OK
Use @ 14:
n=1014.1/154= 7914

$=1/6.12 =0.152

Select 7¢14@150 with As =1078 mm?
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Chapter 4. Structural Analysis and Design

Check for Spacing :

S =3h =3*400 = 12000mm

280
24420
3

S <300*(280/Fs)= 300*( ) =300 m

S=300mMm ... is control
S= 150 < 300 Ok
Use 7 914 @ 150 mm ,A,= 1078 mm?

Tempreture and shrinkage reinforcement:

As(temp and shrink) =0.0018*b*h= 0.0018*1000*400=720 mm?
N =720/154 =4.67

S$=1/4.67=0.21

Select 5¢14@200 with As =770 mm?/m

Check for Spacing :-

S =5h =5*400 = 2000mm

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

S=200 < 450 Ok

Use5 ¢14 @ 250 mm LA, = 770 mm?
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4-10-5 Design of Landing:-

q1=17. &48 Kn/m

q2=8 824K n/m qa=£ 224K n'm

v

E A=1%41 I'-Jl/r

20 45 16

*

*

7.5

e

&

Fig( 4.15): Statically System and Loads Distribution of Landing.

d= 400 —20 —14 — 14/2 = 359 mm
RA=RB = (8.824 * 2)*2 — (17.648 * 0.2) = 19.41Kn

Mu = 42.702-15.8832 — 0.26472 = 26.55 Kn.m

Mn = 26.55/0.75 =29.5 Kn.m

M, _ 29.5x10°

R.= =
" @bdZ ~ 1000x3952

= 0.22 Mpa

p= i<1 - |1- ﬁ) = 0.000526
m 420

As=p *b*d=0.000526*1000*359=188.33 mm?

Take As min = 720 mm?

Use 5@ 14 / 200 cm

Check for Spacing :-
S =3h =3*400 = 12000mm
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S <300*(280/Fs)= 300*(:2>) =300 mm
3

S =300mm ......... is control
S=200 < 300 Ok
Use 5914 @ 200 mm A= 720 mm?

030 2 4.50 1.00 9.30
010 oyoer4820
o / ‘-ﬁ_dpuors
h = 40cm 18 y
o L3

eel4@15

@p14015

(€)o14@15 L=~260

14815 L-310D
240

200 a
@o140715 L=270

Fig (4-16): Stair Reinforcement Details (1)

o=zo A 3.80 0.30

@ 280747150 D el L@20

e

%
G268 dmASO
o1 LD

i

N1 AT 0
= |S . k= %

U-Hook

Fig (4-17): Stair Reinforcement Details (2)
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4.11 Design Of Solid Slab Of The Stair (1) :

255

R

e

R aRteseas

s

Figure (4-18) : Solid Slab1 Plane

Material :-

=> concrete B300 Fc' =24 N/mm?

=> Reinforcement Steel Fy =420 N/mm?

Determination of Thickness:-

hmin = L/20 =3800/20 = 19 cm.

Take h=20cm

Assume Bar diameter @ 12 for main reinforcement.

D= h —20-db/2=200-20-12/2= 174 mm.

No. | Material Calculation (quality density )
1 | Tiles 23*0.03 = 0.69 Kn/m?
2 Mortar 22*0.02 = 0.44 Kn/ m"2
3 Sand 17 *0.07 = 1.19Kn/ m"2
4 R.C 25%0.25 = 6.25 Kn/ m~2
5 Plaster 22*0.02 = 0.44 Kn/ m"2
Sum 9.01 Kn/m?

Table(4-6):Calculation of total dead load for solid slab stair (1)
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Live load = 5 KN/m?
Dead load = 9.01 KN / m?
Dead load for 1 m strip of slab D.L = 9.01 * 1 = 9.01 KN/m?
Live load for 1 m strip of slab L.L = 5*1 =5 KN/m?
Design Reinforcement of solid slab stair (1) :
Wu= (1.2%9.01)+(1.6*5) = 18.812 KN/M.
Mu= (qu*L? /8.
Mu= (18.812*(3.82))/8 =33.9

M, __ 33.9x10°

Obd? 0.9x1000Xx1742 a

Rn

fy __ 420 _ 906

m= d =
0.85f, 0.85x24

p= l 1— [1-— 2.Mm.Rp — L 1— [1— 2X20.6X1.2 — 0.00294
m

420 20.6 420

Asreq = p.b.d = 0.00294x1000x174 = 511.56 mm?
Asmin = 0.0018*1000*200 = 360 mm?

Asreq =511.56 mm >Asmin = 360 mm?

Asreq IS control .

Use 912

n=AS/ g12

n=511.56/113 =4.5 ..... take n=35.
S=1/n=1/45=0.22

Select 5 @12/200 mm with As provide = 565mm?> As req = 511.56 mm?
Check for Spacing:

S =3h =3*200 = 600mm

280
§*420

S = 300%(

) =300 mm ... control.

S =450 mm.

Check for Strain ( Tension Controlled Section).
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Asfy _ 565x420

= . = =11.63 mm
0.85b fC 0.85X1000%x24
a 11.63
c=—=——=13.68mm
By 0.85

d = 200- 20 -12/2 = 174 mm.
e, = 0.003 (=5) = 0.003 (o=

13.68

) = 0.035 > 0.005 0k

Shrinkage & Temperature Reinforcement For One Meter Strip:
Asmin = 0.0018*1000*200 = 360 mm?

Use 912

n=AS/ 912

n=360/113=3.18 ..... take n=4.

S=1/n=1/3.18=0.314

Select 4 812/300 mm with As provide = 452mm?> As req = 360 mm?
Take 4 912 /300 both direction .

Design For Shear .

VU max = (qu*L)/2 = (18.812*3.8) /2 = 35.7 KN.

0.75*% 1

ch = o

Jfe'by,d=0.75%0.16 x V24 * 1000 * 174 = 106.6 Kn

Vumax =35.74<0.5*eVc=53.3 ....0k

No shear reinforcement is Required (Thickness of slab is adequate enough ).
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@ —
| D 41e12-20m
//@ 1481 2= 30cm
.50
4 Z* 3P0
(Bottorn /Topl |

D] ® 2*3910

{Bottom /Top)
e 12881 0—20cm

Figure (4-19) : Solid Slab1 Details
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4-12 Design Basement Wall

10 Kn
< A
X=169m
Mc=25Kn.m
Bakfill=18
= 35
S L 1]

2.15Kn  8.39Kn Mc =54 38 Kn.m

Figure (4-20): Basement wall Details.

Co=1-sin35=0.425.
hs = (5/18) = 0.28.
Po=18*0.426 * 3.9 =29.48 Kn/m .

Ho=0.57*29.48*3.9=57.49Kn.
Ps=18 *0.426 * 0.28 = 2.15 Kn/m .

Po=2.15*3.9=8.39 Kn.
Mu =(1.6 *57.49 *3.9)/7.5 + (1.6 *8.39 * 3.9)/8 =54.38 Kn/m

Rb = 1.6 * ((57.49/3) + (8.39/2)) — (54.38/3.9)
Rb = 23.43 KN

Ra=16* (57.49 + 8.39) — 23.43 = 81.98 KN
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4-12-1 Design of the shear force:

Assume h =350 mm, d=350-75-7=268 mm

Vmax = 81.98 KN

Ve==\/fc'b, d = =VZ& 1000 * 268 = 218.8 Kn

® V=0.75* 218.8 = 164.1KN > Vu = 81.98 Kn
No shear Reinforcement is required.

4-12-2 Design of bending moment:

Vu Max = zero ...... Max Moment
Vu=2343-1.6*05*7.56*x*x-1.6*2.15*x=0
X=169m

Mc= 23.43* 1.69 — (6.05*(1.69)"3)/3 — (3.44 * (1.69)"2/2)
Mc =25 Kn.m

Assume @ 14

d=350-75-7=268mm

Mu =54.38 Kn /m

Kn = (54.38/0.9) / 1000 * 268 ~2 = 0.84 Mpa

m=420/(0.8*24) =205
p=%<1— 1—%) = 0.002

ASreq=p*b*d=536mm A2
Asmin=0.0012 * b * h =0.0012 * 1000 * 350 = 420 mm "2 /m
ASreq =536 mm2 /m > As,min: 420 mm2 /m...... OK

SELECT ¢ 14 @ 200

79



Chapter 4. Structural Analysis and Design

- Vertical reinforcement at compression face:
As req = Asmin= 420 mm "2 /m

SELECT ¢ 10 @ 150

4.12.3 Design of the horizontal reinforcement:

Asmin =0.002 * b * h =0.002 * 1000 * 350 = 700 mm2 /m
As for One side =350 mm2 /m

Selectp12@25cm/m, in two layer.

265610,/20

@T18012/25

@26910,/20

| @®35614/15

®35014/15

| &18014/30

Figure (4-21): Section in Basement wall
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4-13 Design of Shear Wall (SW14):

v Material and Sections:-
= concrete B300 Fc' =24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
= Shear Wall Thickness h=30cm
= Shear Wall Width Lw=3.9m

=  Shear Wall Height Hw = 33.55m

4-13-1 Design of Horizontal Reinforcement:

Y Fy=Vu=2852.

d=0.8* Lw =0.8 *6 = 4.8 cm =4800mm.
The maximum shear strength
@Vn=0.75%0.83*V(f ¢' *h*d

=0.75 * 0.83 * 24 * 300* 4800*10"-3.
=4391> Vu = 2852.

The critical Section is the smaller of :
=3.9/2=2.6 m—

= 33.55/2=16.78 m—"

Story Highet(Hw) =4.2 m....... control

Calculate shear strength provide Vc
V¢ is the smallest of :

1 1
1 -V, = 2/fhd = 24+ 300 » 4800 10~ = 1175.75KN ........ CONTROL

N,d
2=V, = 0.27,/f;hd + 75— = 0.27V2Z4 + 300 » 4800 10~ + 0 = 1904.723KN

w
Ly (01/F +02%)
3— V. =0.05/F + | hd
Ve 2
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8.58(0.1V24 + 0)

3— V. =[0.05V24 + 300 * 4800 * 1073 = neglected

Calculate the Horizontal Reinforcement
0.50 Vc<Vu<@ Ve
0.50Vc=0.5*0.75*1175.75 = 440.9
@Vc=0.75*1175.75=881.8

Vu = 2852> 0.5@ Vc=440.9
Vu>0V..... Need Reinforcement

@ * vc + Ovs = vu
=VU-Q * vc@ * vs
Vs=vu/® — vc

V/s=2852/0.75 — 1175.75= 2626.9kn need reinforcement
Avh —

v; 26269
S2 f,d 420 x 4800

Take p =0.0025 m2/m

= 0.0013 m2/m

- Maximum spacing is the least of :
L—5W = 6000/5= 1200 mm

3*h = 3*300 = 900mm

450 mm ....... Control

A, 2%79

Pe = 5un = 37300 0.0025 ...........52 = 210mm

.Select Sh=250mm < Smax= 450 mm
Select 10 /250 mm , two layers For Horizontal Reinforcement.

4-13-2 Design of Vertical Reinforcement:-

Apy _ _hw —
0.0025% = 0.0025 + 0.5 (2.5 - 1) (p, — 0.0025) >
hy _3355 _
w 6 7

P =0.0021<0.0025 .

Select p, = 0.0025
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- Maximum spacing is the least of :

Lw
? = 6000/3 = 2000 mm
3*h =3*300 = 900mm

450 mm ....... Control
_ A 2154 = 0.0025 S2 =410
pt—Sz_*h_SZ*SOO_ . e S2 = mm

Sh=410mm < Smax= 450 mm.
Use $14/150 mm for two layers

Design of flexure :-

Mu = 10227.4
- _fy

0.85%fc’
M=20.5

_ Mux10°
Rn = Db

10227.4%10°

Rn =

0.9%300%48002

Rn=1.6

1 2.M.Ry,
P=;<1— 1—2—())

1 2X20.5%X1.6
p=— (1 - [1-Z220
20.5 420

p =0.0031
Try ¢16
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4-13-3Design of Bending Moment:-

6000
Astz( )>|<2>|<154=9240mm2

200
A 9240 \ 420
W=( St)f—y=< ) = 0.089
L,h/) f." \6000 % 300/ 24
P,
a = =0
Lwhfe'
C_ wta 0.089 +0 — 0.09
l, 2w+0.858, 2%0.089+0.85%0.85
P, c
OM, = 00.545f, L (1 +—)(1 ——
Astfy lw

= 0.9[0.5 * 840 * 420 * 6000(1 + 0)(1 — 0.09)] = 9535.12KN > 32457KN.m ....

Mub = Mu-@Mn = 10227 — 9535.12= 987 KN.m

Lw  _ 6000
600%0.015  600%0.015

X > =953.33

Lb >

N | 3

= 666.66

Since Smallest value of Lb&Mub not require Boundary
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Appendix (A)

Architectural Drawings

This appendix is an attachment with this project

Appendix (B)

Structural Drawings

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

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

UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply Oneend | Bothends
supported | continuous | continuous | Cantilever

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

Member | deflections.

Solid one-

way slabs £/20 £/24 (/28 £no
Beams or

ribbed one-

way slabs LH6 (185 L L8

Notes:

Values given shall be usgd directly for members with normalweight concrete
(density w, = 2320 kg/m®) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

w,, in the range

a) For structural lightweight concrete having unit density,
1440-1920 kg/m?, the values shall be multiplied by (1.65 - 0.803w,) but not

lass than 1,09,
b) For f, other than 420 MPa, the values shall be multiplied by (0.4 + f,[700}

MINIMUM THICKNESS OF NONPRESTRESSED BEA'S OR ONE
WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED)
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TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to be considered | Defiection limiation

Flat roafs not supporting or attached to non- | Immediate deflecson due to five load L
struchural elements liely 1o be damaged by ‘
large deflections

Floors not supporting or atlached to nonstruc- | Immediate deflection due 1o five load L ‘

(A%

tural elements ikely to be damaged by large /360

deflections
Roof or fioor construction supporting or That part of the total defiection oocurring afier |

attached fo norstructural elements fikely to be | attachment of nonstructural elements (sum of | 1 480°
damaged by large deflections the long-term deflection due 1o al sustained |

Roolr oo constuctimspprigr | oo e e ek ity
atfached o nonstructural elements not Fiely o

be camaged by large deflections :

* Limit ot intevded to safequard againgt ponding. Poncing should be checkad by sutable cakeulatioes of deflecton, indluding added deficions due to ponded

wake. and eonsidering loeg-tem effects of al susnnedm crtber, consiruction tolerances, and rekabity dprwmmhrg'mge

4t rm defloction shall be determined n accordance wih 8.5.2.5 o §.5.4.3, but may be reduced by amount of deection calexdated 12 cocur before aftach.

mert of noestrucral elements. This amount shail be determined o basis of acospled erginaering data relating bo time-deflection charackenstios of members sim-

far o these being considersd,

‘Umlmv;bomﬁdi!adeqummunsmla&nbmld&mge&oswhdmthchoddamﬁ

&nlmlbegwmanlﬁaaocepmiedfummmnumlesemsLnuuybwneededlmberispmdedsothxml&ﬂecwnmnusmr
ot mil.

LM

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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