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The idea of the project in the analysis and design of all structural
elements of the proposed hospital building, where they will be studying
each component separately and structural design work appropriate for him.

The project consists of six floors, plus basement, which contains inside

the store, a kitchen and rooms electricity, generators, laundry room, followed
by the ground floor which has a runway, a cafeteria, Outpatient

Department and chambers of the administration and the Department of
Emergency and Operations Division, and the first floor, which consists

of outpatient clinics and intensive care unit rooms and patients rooms, and
the floor is a repeated several floors of rooms for patients of all sections

of the hospital.

This building will be designed "structurally” the adoption of the Jordan
Code loads in the design of concrete as well, where the project contains

a structural analysis of the components of the building and design, and also
contains a "structural plans for the implementation of the building."
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List of Abbreviations

a = depth of equivalent rectangular stress block, cm.
a, = depth of equivalent rectangular stress block at balanced condition, cm.

a,. = depth of equivalent rectangular stress block at maximum ratio of

tension — reinforcement , cm
A, = areaof concrete section resisting shear transfer.

A, = Gross area of section.

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

A, = area of one leg of aclosed stirrup resisting tension within a (S).
A, = areaof tension reinforcement ,cm®

A = areaof reinforcement at compression side, cm®

b = width of beam in rectangular beam section , cm
= effective width of flange in T-section beam, cm.

b,
b, = width of web for T-section beam, cm.

C. = compression force in equivalent concrete block.
C,

compression force in compression reinforcement.

d = distance from extreme compression fiber to centroid of tension — side
reinforcement.

d' = distance from extreme compression fiber to centroid of compression-
side reinforcement.

E, = modulus of elasticity of reinforcement ,MPa

f'c = specified compressive strength of concrete.
f, = specified tensile strength of reinforcement.
M , = nomina bending moment.

M , = factored (ultimate) bending moment.

R, = coefficient of resistance.

t =dabthicknessin T-section beam, cm.
b, = factor as defined by ACI 10.2.7.3.

e's = strain in compression — side reinforcement.
e, = Yyield strain of reinforcement.

r = ratio of tension reinforcement.
r, = ratio of tension reinforcement at balanced condition.

XViil




r . = ratio of reinforcement equivalent to compression forcein slab of T-

section beam.
I mex = Maximum ratio of tension reinforcement permitted by ACI 10.3.3.

r ., = minimum ratio of tension reinforcement permitted by ACI 10.5.1.
I e = required ratio of tension reinforcement.

f = strength reduction factor.

DL = dead load.

h = overal thickness of member.

| =moment of inertia of section resisting externally applied factored |oads.
Ln = length of clear span in long direction of two- way construction ,
measured face — to — face of supportsin slabs without beams and face to face
of beam or other supportsin other cases.

LL = Live Load.

Ld = development length.

Lw = length of wall.

M = bending moment.

Pn = nominal axial load.

Pu = factored axial load.

S = Spacing of shear or in direction parallel to longitudinal reinforcement.
V. =nominal shear strength provided by concrete.

V,, = nominal shear stress.

Vg =nominal shear strength provided by shear reinforcement.
V, = factored shear force at section.

W, = weight of concrete .(Kg/m®)

W = width of beam of rip.

W, = factored load per unit area

d =flexural depth of the beam, cm.

L = beam clear span, from support face to other support face.

N = number of stirrups required within a given segment of the beam.

N1 = number of legs for each stirrup.

Vg =nominal shear strength provided by shear reinforcement at the section
where Vsisthe max permitted by ACI 11.12.1. Locating of this section is
needed to define which maximums provisions applies.

Veeqa = required nominal shear strength provided by shear reinforcement.
V,, = factor shear force at distance d from the face of the support.
V., eqa = factored shear force at the mid- span of the beam, will not be zero if

the beam is partialy loaded with superimposed |oads.

XiX



fV, ..« = reduced shear strength of the beam section located along the beam

span where minimum shear reinforcement is required in accordance with.
X, = the distance aong the beam at which V4 occurs. For any beam section

within the distance X, , V,, isbased on 11.5.4.3, otherwiseis based on

11.54.1,
X max = distance from the face of the support along the beam span after which

stirrups shall be placed with the maximum spacing per. 11.5.4.1 and 11.5.4.3
E. = modulus of elasticity of concrete ,MPa, see 8.5.1

El =flexura stiffness of compression number.
f, = calculated stress in reinforcement at service load, MPa.

I, =moment of inertia of gross concrete sectional about centroidal axis,

neglecting reinforcement , mm?*

I . = moment of inertia of reinforcement about centroidal axis of member
cross section ,mm*

k = effective length factor for compression member.

M, =smaller factor end moment on a compression member .positive if
member is bent in single curvature, negative if bent in double curvature mm-
n.

M, =larger factored end moment on compression member ,always positive
, mm-2

R, =nomina axial load strength at balanced strain condition. See 10.3.2, N.
P. =critical load, see Eq.(10-10),N.

P, =nomina axia load strength at given eccentricity, N.

P, =nomina axia load strength at zero eccentricity, N.

(o]

P, =factored axia load at given eccentricity, N £ fP, .

r =radius of gyration of cross section of acompression member ,mm

d.. = moment magnification factor for frames not braced against sides way,
to reflect of member curvature between ends of compression member.

RL: ribl.

B1: beanil

R .W:Retaining wall.

B.W: Basement wall.

n
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Chapter 4

Structural Analysis& Design

4-1 Introduction.

4-2 Determination of Slab Thickness.
4-3 Deter mination of Factored L oad
4-4 Design of topping.

4-5 Design of Rib.

4-6 Design of Beam.

4-7 Design of Two way ribbed slab.
4-8 Design of short column.

4-9 Design of long column.

4-10 Design of Isolated Footing.
4-11 Design of combined Footing.

4-12 Design of Beasment wall
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4-13 Design of shear wall.
4-14 Design of Stair.
4-15 Design of solid dab ( stair's dab).

4-16 Design of truss.
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4.1 Introduction

The project consists of several structural elements that should be designed according to the
ACI code, using the finite element method by means of computer software such as “ATIR” and

“STAAD pro” for analysis and design.

4.2 Deter mination of the Slab thickness:

Rib1

Figure (4-1): First Floor Slab.

According to ACI-Code-318-05, the minimum thickness of non-prestressed beams or one
way sl abs unless deflections are computed, given in table ( 9.5 -a), asfollows:

hmin for one-end continuous = L/18.5
=558/18.5=30.1cm.

hmin for both-end continuous = L/21
=280/21=13.3cm

Select Slab thickness h= 32 cm with 24cm block & 8cm Topping.
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4-3 Deter mination of Factored L oad

4.3.1 Determination of Dead & Liveload

Tiles - 0.03*23*0.52 =0.3588 KN/m
Mortar - 0.02*22*0.52 = 0.2288 KN/m
Sand Fill > 0.07*16*0.52 = 0.5824 KN/m
Topping =2 0.08*25*0.52 = 1.04 KN/m
Rib -0.24*25*0.12=0.72 KN/m
Block > 0.24* *0.4=0.96 KN/m
Plaster - 0.02*22*0.52 = 0.2288 KN/m

Nomina Total Dead Load =
0.3588+0.2288+0.5824+1.04+0.72+0.96+0.2288=4.119 KN/m

Tota liveload =5 kN/m?
Nomina Total liveload =5 * 0.52 = 2.6 kN/m of rib

4.3.2 Deter mination of factored dead & liveload
Factored dead load = 1.2*Dead load = 1.2¥4.119 = 4.943 KN/m.
Factored Liveload = 1.6*liveload = 1.6*2.6 = 4.16 KN/m.
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4.4 Design of Topping:-

Tiles - 0.03*23 =0.69 KN/m
Mortar - 0.02*22 = 0.44KN/m
Sand Fill > 0.07*16 = 1.12KN/m
Topping =2 0.08*25 = 2.0KN/m

Nomina Total Dead Load =
0.69+0.44+1.12+2=4.25 kKN/m

Total liveload =5 kN/m?
Nominal Totd liveload=5* 1 =5 kN/m

factored dead load = 1.2* Dead load = 1.2¥4.25 = 5.1 KN/m.
Factored Liveload = 1.6*liveload = 1.6*5 = 8 KN/m.
w,=51+8

=13.1 KN/m.

w, *1? _131*0.4°
12 12
=0.175KN.m

2
> Mn = 0.42 fc'*%

* 2
=0.42 /24 * % — 2. 2KN.m.

f *Mn=0.55*2.2=1.21KN.m.
f *Mn=1.21> Mu =0.22KN.m.

No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must
be provided.
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For the shrinkage and temperature reinforcement:

r =0.0018
As =r *b*h=0.0018* 1000* 80 = 144mm?.
Try bars ®8with As=50.27mm?

Bar numbersn=

144 _ 2.87
27

Use 198 at 30 cm in both directions.

Accordingto ACI-7.12.2.2. Limitations of spacing between bars:

Spacing <5t and Spacing<45cm.

Spacing =30cm < 5*8=40cmand < 45cm. OK.
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4.5 Design of Rib :-

The Effective Flange width (bg)According to ACI-8.10.2. be for T — section is the smallest of the
following :

L bE :L = @ =1.4m
4 4
e bg=b,+16t =0.12+16*0.08 = 1.4 m.

e b= Center to Center = 0.4+0.12=0.52 m - Control -.

5 2 3 4
| 2 3
L s ﬂ ]
| B T
A A A

R 5 R LY 7R A 5 AR e
i 626 ; | 4 5.8 ; | ; 525 I'

53. :

E.

32- L

i3,

&

Figure (4-2): Rib geometry.
52.

12.
A-A

Figure (4-3) : Rib Section
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load groap no. 1
Dealfna:r- Service Units N, meter

4.1 4.11 4.11
¥ 3 L 3
1 R 78 E R 7R ¥
Live load - 5ervize Load factors: 1.20,1.2001.60,0.00
2.50 21.60 2.50
P igh L N
&8 1 2.6 628

Figure (4-4) : loading of Rib 1

Momenis? spans Tio 3

Shear

275 243

43 : 2.5

Figure (4-6) : Shear Envelop of rib 1.
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4.5.1 Design of flexure:-
d = h - cover — ®;— ®/2 = 320-20-10-6= 284 mm.
Mu(+) = 325 kN.m
beff<=520 mm.  (control)
<=5.67*1000 \4 = 1417.5 mm.
<=16* 80 +120 = 1400mm.
—2>beff =520 mm.

f *Mnf =0.9*0.85* 24* 0.08* 0.52* (0.284—0.08\ 2) =186.36KN.m.
f *Mn>mu
186.36 > 32.5

- rectangular section.
4.5.1.1 Rib design of mid span

Mn=325/0.9=36.11kN.m

Mn _ 36.11*10°

Kn= == 5
b*d 0.52* (0.284)

=0.861 MPa

m = fy - = 420 =20.6
0.85* fc  0.85*24

2mKn
fy

\/1_ 2* 20.6* 0.861
420

)

:i(l_ 1-
m

= 0.002095

1
= — (1-
P 20.6(

As = 0.002095 *520* 284 = 309.4 mm?

43



ASmin= Omin-bw.d

S ev2a

Omin >0.25 =0.25——=0.002916
fy 420
>E = ﬂ =0.00333 -Control-
fy 420

AS.in=0.00333* 120* 284=113.48 mm?
As=309.4 mm?>> Asin=113.48 mm*> O.K
Try 914As=154 mm?

# of bars= As AS pa = 309.4/154 = 2.00 bars * Note Ap14 = 154 mm?2

e Check for strain:-

Tension = compression
As*f,=085*f *b*a

2*154* 420=0.85* 24*120* a
a=>52.84mm
X= a_ @ =62.17mm
b, 085
o _ 284-62.17
s 62.17
e, =0.0107 > 0.005

X0.003

OK
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4.5.1.2 Rib design for negative moment :

Mmax = 31.1 KN.m

_ Mn _ 311*10°
b*d? 0.12*(0.284)*

Kn = 3.213 MPa

m = fy - = 420 =20.6
0.85* fc  0.85* 24

2mKn
fy

\/1_ 2*20.6*3.213
420

o=t 1 2TKN,
m

0= L (- = 0.008372

20.6
As=0.008372 * 120* 284 = 285.34 mm?

yJfc 14
As,, =——(bw)d)==—(bw)d).......ceure...... ACl -10.5.1
o = 7y D)= (owi) ( )
V24 14
ASyin = X(420) (120)(284)> 220 (120)(284))
As,,,=100<1136............. thelarger iscontrol

285.34 mm? > As.. = 113.6mnt
# of bars = AY AS ny = 285.34/154 = 1.85 bars * Note Ap14 = 154 mm?
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e Check for strain:-

Tension = compression
As*fy,=085*f *b*a

2%154* 420 = 0.85* 24*120* a

a=52.84mm

a_528 o 17mm

b, 085

. _284-6217
ST 6217

e, =0.0107 > 0.005

X0.003

OK

4.5.1. 3 Design of shear of rib 1

b Ve= dJ*E bw * d

= 0.75* Jd2* .284*1000

m‘s‘
~
o))

=20.87 KN

Dependsto ACI 13-08 code
11*®dVe=11* 20.87 =22.96 kN

® Vsmin > 0.75 (%) *pw*d =0 .75*(%)*0.12*0.284*1000: 8.52KN. (control)

> 0.75 (% *bw*d =0.75* % *0.12* 0.284 * 1000 = 7.83 kn.

® vsmin =8.52 KN.
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Vu=275KN (From shear Envelope)

Check for items:-
1/ Vus o V2
275 < 1148 ( X )
2l ®Vcl2sVusd Ve
1148 <275 < 2296 ( X )
3/ dVcsVusdVc+dVsmin
22.96<27.5< 31.48 (V)
So categories (3) satisfy. Minim shear reinforcement is required

(ﬂ)minzl*b—W:1*5—20:4.126*10"‘mm2
S 3 Fyt 3 420

\/ fc' N
(ﬂ) min == X sy = L V24 6555 3701¢ 10 mm?
S 16 Fyt 16 420

(&) min = 4.126* 10~* mm~contral
s

TakeAv=2® 8=2* 50

* *10 6
(—2 S0710 ) =4.126*10""*
S

S=242 mm
S < d/2=143 mm
< 600 mm.

Use® 8 @ 12.5cm clc.
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4.6 Design of Beam :-

1 2 3 4
1 2 3
e E—— ——
R 1T
i A 4
06, 5.8 06 225 06 5.8 06
e 6.4 A - T 6.4 "
I T T 1
3.
100,
A-A

Figure (4-7) : Beam Geometry

load groupno. 1

Dead load - Senvice Units kN, meter
M3 M3 M3
S 1 -
[ 2.85 [

Live load - Service Load factors: 1.20,1. 200.60,0.00
HT 2.7 .7
6.4 285 1 64 [

Figure (4-8) : Load of beam
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Momenis. spans Tio 3

Shear

e 2295
4724 18418
4847 /ﬁ
[ ! L /‘ﬂ I L
1 1 1 1 T 1 I
1818 172.4

2283 973 3

Figure (4-10) : Shear Envelop for Beam
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4.6.1 Design of flexure:-
4.6.1.1 Design of Positive moment:-

b, =100cm,h =32cm
d =320-40-8-8=264mm

Mu
Mn= ——= % =342.78 KN .m
0} 0.9

fy _ 420

= - = =20.6
0.85* fc 0.85* 24

p =(0.4-. 06)6b
600

—0.85 1Cp 60
Po B(600+ Fy)

=0.85 24 B( 600 )=0.0243
420 " 600+420
p =0.55*.0243=0.013365
*m
2

Kn=np.

=0.013365* 420* (1- 0'013325 206

=4.84Mpa
b.P=Mao
Kn
342.78
4.84
b=1.06 m
takeb=1m

b* 264°= T2 2% 103

_ (342.78/0.9)*10°

Kn=
b* d 27 1%(0.264)?

=5.46 Mpa

2mKn
fy

o= L. \/ 2(20.6)(5.46) ) = 0.01547
20 6 420

p=—@- [1-2T0)
m
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As=p.bd
=0.01547* 1000* 264=4086.5 mm?

As,, = E(bw)(d) > %(bw)(d) .................... (ACI -10.5.1)

min 4( fy)
J24 14
As,, = ——=(1000)264)> ——(1000) 264
As,, =769.84<880............. the larger is control
As,;, =880mnt
4086.5mm?> As, . =880mn"

Use @ 20 >> # of bar = 4086.5 =13.00
314.16

e Check for strain
Tension = compression

As*fy=085*f.*b* a

13* 314.16* 420 = 0.85* 1000* 24* a
a=84.084mm
x=2 84084 _ o0 gomm
b, 085
o _264-98.92
*T 7 0892
e, = 0.0051> 0.005

X0.003
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4.6.1.2 Design of negative moment

Mu=211.7KN.m

® Mn > Mu
Mn = 2117 =235.22 Kn.m
0.9
= fy = 420 =20.6

© 0.85* fc  0.85*24

_ Mn _ (235.22)*10°°
b*d?  1*(0.264)

=3.375Mpa

B 2mKn
fy

1
p=—(1- )
m

o= 1 1. \/ 2(3.375)(20.6))=0.00884
20.6 420

As = 0.00884(1000) (264) = 2333.9 mm?

As, e (bw)(d)z%(bw)(d) .................... (ACI -10.5.)

" 4(ty)
As,,, =880 > 769
As,;, = 880mn?
2333.9mm?> As,, = 880mnT

Use @ 20 >> # of bar = 2333.9 =7.43
314.16
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. Chick for strain
Tension = compression
As*fy=0.85* b* a

8* 314* 420 = 0.85*1000* 24* a
a=51.717mm
c= 2 OLT_oh gamm
b, 085
. _264-6084
*~ 6084
e, =0.01> 0.005

X0.003

Ok

4.6.2 Design of shear

Vu=2723 KN

4/ fc'
dPVec=d* X—bhw*d

e

= 075% * = 17 02641000
= 161.67 KN

f 1
® Ve + (23) & * —V6° bw*d = 161.67 + 646.67 = 808.33 KN .

808.33>vu=349KN. - thedimensionishigenough .
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Check for items:-
1/ Vusd Vce/2 ( X )
2l ®Vcl2sVusd Ve ( X )

3 dVcsVusdVec+dVsmin ( X )

® Vsmin = o.75(%)* bw * d :O.75*(%)*1*O.264*1000: 66 KN. (control)

f 1
> 0.75 1—; *bw* d =0.75* %4 * 1% 0,264 * 1000 = 60.62 kn.

® Vsmin = 66 KN.

) 4/ fc'
4 dVec+dVsminsvVusg d Ve + CDT * bw* d

22767 < 272.3< 485 (V)

So item (4) satisfy

TakeAv=4® 8=4*50

Av/s= Vdify*d

4*50/ s = 147.5 /264* 420 - s=150.34mm

S < dl2=132 mm

< 600 mm.

Select S=12.5cm

Use ® 8 (4legs) @ 12.5cmc/c
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4.7 Design of Twoway ribbed dlab :-

4.7.1 Check Thickness of the slab:-

ok | 80 E.1= Boyg amorus W
5 o o
OO0O00O00000O000000 0 A0 0 a1 -1
mnnnEEEEREREEEERERERERE
e O O P
T T ([ R [ (=
A P
{5 [ o
R EEEEEEEEREEEREEE
Sy DOOO000000000 7000010 T
i 1NN O {0
0 /
. OO00000O0000010103000Cgg
ST IR s wa s R AT
uuuuuuuuuuuouuJuJuJu'K
0O00O000000000030303030
| o 9
L= o v s o e
‘B 100 i [ (e e e A B
— - by R A

Figure (4-11): Two way ribbed dab

** Check the thicknessfor slab :-

_ Ibesm
~ 1slabl

041
lip = /.041 = 10~

lb=—#08%(032)=22+10"*

_omlsw T 1132
|sl - =

- - +U.ﬁ) = B2.587»10°%
o, =0.27

_ dbeam
i slagd

a2
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lp = ﬁ » 08 = (0.32)% =22 = 10°%

. —% E
|52 - = EL £ 10 . (Tﬂ;la +0.8 ) — 751 =10-*

b5

&L

0o = P 0.3
Oz =0, =0.27
Ibeam
04 ==
{ sigh3d

lb=—*1%(032)* =2/=107*

= #Ud1%1078 (1“-15 +1 ] = 77.66=10"%

U.05 2

oy=————=
‘T e
EI+MEIHWI+0CE U222 4034035
i = = =0.30
4 4
ZA0
11.272 fﬂ.H+ — ]
. 140U _
n=" 5(11.33) i = 0.34m
Jb+ 10.15 #(0.3—1.2)

So select h=32cm
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4.7.2 Load Calculation :-

4.7.2.1 Deter mination of Dead load:-

No. Partsof lab  Calculation

1 Tiles 0.03*0.55%* 23 = 0.2087 KN/Rib .

2 Mortar 0.02*0.55%*22 = 0.133 KN/Rib

3 Plaster 0.02*0.55* 22 = 0.133 KN/Rib .

4 Sand 0.07*0.55% 16= 0.339 KN/Rib

5 Topping 0.08*0.55%* 25 = 0.605 K N/Rib

6 Block 0.4%*0.24*9 = 0.346 KN/Rib.

7 Rib (0.55+0.4)* 0.24* 25 0.15= 0.855 K N/Rib

2.62 KN/Rib

Calculation of two way dead |oad

Nominal Total Dead Load = 2.62 KN/Rib

2.62/(0.55%) = 8.66 KN/m?

Nominal Total live load = 5 KN/m?

4.7.2.2 Deter mination of factored dead & liveload

Factored dead load = 1.2* Dead load = 1.2*8.66 = 10.39 KN/nm?.

Factored Live load = 1.6*live load = 1.6*5 = 8 KN/n°.
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4.7.3: Design of two way ripped slab:

47.3.1: findVuonrib ;-

Vud = (5.075 - 0.278) x (10.39 + 8)x 0.55 = 48.52KN / rib
fVc = 0'—gSJﬂ x 0.15x 0.278* 1000 = 25.5KN

1.1f Vc = 28.1KN

fVsmin :f—bde zf—x fc' xbwxd
3 16

fVsmin = ;5 % 0.15x.278x1000 =10.425

0.75

> 5 x4/24 x 0.15x 0.278x1000 = 9.57

item: 4
fVvVc+fVsmin <Vu stc+f§x fc' xbwxd

25.5+10.425 < 48.52 < 25.5+51.07

255<48.52<76.57
A__Vs
s Fy*d

TakeAv=2® 8=2* 50

* * -6
(M) =2.628*10"*
S

s=380 mm
S < d/2=139 mm
< 600 mm.
Use® 8 @ 12.5cm c/c.
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4.7.3.2 : Design for positive moment :
d=320-20-8-14=278 mm

L4/Lp=10.15/11.32=0.9

Mart+ve=[Cadl.W.L&]

Matve=[0.045x10.39x10.15 2+0.045%8x10. 152] x0.55=46.9 KN.m
Matve=[0.029x10.39x11.32 2+O.029><8><11.f:’»22] x0.55=37.58 KN.m
Maximum moment is Matve=44.04 KN.m

fy 420

m = _ = =20.6
0.85* fc 0.85*24

Mn _ (46.9/.9)*10°

Kn= 5> = > =45Mpa
b*d 0.15* (0.279)
1 2mKn
p=—(1- 1~ )
m fy

20.6 420

As = 0.0122* 150* 278 = 510.74 mm?

As, Jfe (ow)d)> % ((S00(c | N— (ACI -10.5.2)

" 4(y)

As,, =139 >121
As. . =139mn?
510.74mm?> As . =111.2mn7
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Use¢20>>#ofbar:y =2

check strain
Tension = Compression
A x fy=0.85x f xbxa

628x 420=0.85x 24x150x a
a=_86.2mm

C= 86.2 =101.4
0.85

_ 278-1014

e x 0.003 = 0.0055 > 0.005...0k
101.4

4.7.3.3 : Design for negative moment :
1/3*As of positive moment

5—:10 =170mm?
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4.8 Design of Short Column(C98) :

4.8.1 Design of longitudinal Reinforcement :
The Column is an internal one.

Py, = 6200 KN

= P 6200 _ oo sgkN.

I:)n (max) — -
0.65 0.65

Assumer g = 0.02

P

n (max)

=0.8xAg{0.85 fc +r ,(f,—0.85f, )}
9538.46 = 0.8x Ag{ 0.85x 24 + 0.02(420 — 0.85x 24)}

Ag = 4200cm?
Select 80*60cm ......... with Ag = 4800 cm? > Agreq = 4200 cn?

4.8.2 Check Slenderness Effect :

(K_'Uj < (34—12(m) Sy ACI 10-12-2
. M 2

Lu: Actua unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).

I
R: radius of gyration=0.3 h = \/;

K=1
Lu=3.32m

r=0.3h=0.3x0.6=0.18
61



& =1.0

M2

1x3.0

<34-12x1<40............... ACl —(10.12.2)

16.6<22<40
. ShortColoumn

. Slenderness effect must not be considered

P

n (max)

=0.8xAg{0.85 fc' +r ,(f,—0.85f,)}
9538.46* 1000 = 0.8x 4800* 1000{ 0.85x 24+ r (420 0.85x 24)}
r,=0.0134

A s=0.0134* 600* 800

A s= 6432mm?
Check Asmin;

r min=1%

Asmin = 0.01* 800* 600 = 4800mm”®

2> As min < As req

Use 22020mm .............. with As = 6908mm? > Asygg = 6432 mn?

4.8.3 Design of the Tie Reinfor cement
For ® 8 mmties:

S <16 db (longitudonal bar diameter)....................... ACl -7.105.2
S < 48dt (tie bar diameter).
S < Least dimension.

62



S<16x2.0=32cm

S<48x0.8=38.4cm

S <60

4.8.4 Short column detail:-

THEZ0 cin
o Le=235 amm
1o B
i B - o T
3
- - - - - -
= SR ey =
I i i
- - - - - |

C11

Tk TR N
L—nﬁ_—-z om

LA --_____sa_f

55

TEESF O
Legz2 o

iTs] 10|

Figure (4-12) : short column detail
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4.9 Design of Long Column (c5) :

4.9.1 Design of Longitudinal Reinforcement :
Select column (C5) for design

Pu=2073.75 KN

Pn = 2073.75/(0.65) = 3190.38 KN
rg=2%
Pn=0.8* Ag{0.85* fc'+rg(fy —0.85fc")}

4307.7 = 0.8* Ag[0.85* 24 + 0.02* (420 — 0.85* 24)]
Ag =1404.6

Use 60* 30cm with Ag = 1800mm2 > Alreq = 1404.6 mm?

4.9.2 Check Slenderness Effect :

@ < 34—12m ............... ACl —(10.12.2)
r M2

Lu: Actua unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).

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

Lu=3.0m
M1l&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.
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KU gy oML ACI - (10.12.2)
r M2

13.0

0.3*0.3

. long Coloumn

=33.33 > 22

In 0.3 direction ....... long column

MU gy ML ACl — (10.12.2)
r M 2

1*3.0

0.3*0.6

.. short Coloumn

=16.67 < 22

In 0.6 direction short column

Slendernessis consider

=
El =04—2 ... [ACI 318 - 2002 (Eq. 10-15)]
1+ Db,

E, = 4750,/ fc' = 4750* \/24 = 23270.15Mpa
_12DL  1.2(875.25)

b, — 0.506
Pu 2073.75
* |3 * 3
| =2 067037 _ 6 ho35m
12
* * 6 %
El - 0.4* 23270.15* 10° * 0.00135 _ 8.3AMN M2
1+ 0.506
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................ ACI 318 — 2002(Eq. 10— 13)

T (KLu)?
2 %
31477834 o\
(1.0* 3)?
M1
Cm=06+ o.{mj ............ ACI 318 — 2002(Eq.10 - 16)
Cm=1 ... According to ACI 318 - 2002(10.10.6.4)
d._ = cm >1.0 e ACI 318 — 2002(Eq. 10-12)
1-(Pu/0.75P,

1

d, = —=143>1
1-(2073.75/0.75* 9.15* 10°)

e. =15+0.03* h =15+ 0.03* 300 = 24mm = 0.024m
e=e, xd_=0.027*1.43 = 0.0343

e 0.0350
h

min

= =0.11
0.3

From Interaction Diagram
fP,  2073.75, 145
A, 03*0.6 1000

r, =0.0166

=1670.52Psi

A< p * Ag = 0.0166* 600* 300 = 2988mm”

L

Used 18 == #of bar = = 11./6

Use 12 ® 18 with As = 3048mm? >Asygg = 2988mm?
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4.9.3 Design of the Tie Reinfor cement :

For ® 8 mmties:

S <16 db (longitudonal bar diameter)
S < 48dt (tie bar diameter).
S < Least dimension.

S<16x1.6=25.6cm
S<48x1.0=48cm
S<30

Use ®8@ 25cm ties

Detail of column :-

60 2

L= 1740 €81

oy

ACl -7.10.5.2

Figure (4-13) : long column detail
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4.10 Design of Isolated Footing (F4) :

4.10.1 Deter mination of Loads:

Total factored load = 2442.23 KN.

Total servicesload = 1984 KN

Column Dimensions = 60* 30 cm.

Sail density = 18 Kg/cms3.

Allowable soil Pressure = 450 KN/m2.
Assume footing to be about (65 cm) thick.
Footing weight = 25%0.65 = 16.25 KN/m2.
Soil weight above the footing = 0.65 *18 =11.7 KN/m2.
liveload =5 KN/m?

Catlow =450-5-16.25-11.7=417.05 KN/m?
4.10.2 Deter mination of Footing Area

determinate q, = 2442.23/5.76 = 424K N/m?
4.10.3 Deter mination the depth of footing based on shear strength:
Assumeh=65cm ..... d = 650-75-20 = 555 mm

*Check for oneway shear strength

Vu =424* (2;24 —0.3-.555)* 2.4=351.KN

f.\/c=f.(%*\/f_c'*bw*d)

f Vc=0.75* %* 24 * 2400* 555 =815.7KN

f Vc=815.7KN >Vu = 351KN
. Sofe
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4.10.4 Check for two way shear action (punching)
The punching shear strength is the smallest value of the following equations:

v =f. 142/t b
6" b,
FV =f. +2 /. b,
; (b /d ]
fvV =f .%w/ t'b.d

Where:

Column Length (a) 60
¢~ Column Width (b) 30

b, _ Perimeter of critical section taken at (d/2) from the loaded area

b, = 2(d + al) + 2(d + a2) = 2(0.6 + 0.555) + 2(0.3+ 0.555) = 4.02m

s =40 for interior column

fV, =f —( J‘/ bd—075 [ j J24* 4.02* 0.555 = 2732.5Kn

* d *
fV, =f —(a j\/ b.d = 212 (404%;355&)*\@* 4.02* 0,555 = 5138.8Kn

fV, =f —\[ bd—O;S* 24* 4.02* 0.555=2732.5Kn

f V. =2732.5Kn .... Control
Vu=424*{(2.4* 2.4) — (0.6 + 0.555) * (0.3 + 0.555)} = 2360.7kN
f Vc=2732.5Kn >Vu. =2360.7Kn........ satisfied

4.10.5 Design of Bending Moment:

Mul=424* 2.4*0.9° /| 2= 41213kN.m
Mu=412.13 KN.m
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d = 650— 75— 20 = 555 mm
Mn  412.13/0.9x10°

Kn= 2 2
b*d 2400x 555

= 0.619Mpa

M Fy 420
0.85fc' 0.85x24

1 2mKn
r =E(1_ /1— y )

co 1 (1_\/1_2x20.6><0.619
20.6 420

=20.6

) =1.498 x10°®

As ,, =1.498 x 10 x 2400 x 555 = 1995 mm?/m

As,. =0.0018* 2400* 650 = 2808mm?/m

As,, =2808mm*/m> As ., =1995mm’ /m
#of bar in on meter =@=19
154
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Check of strain
A * fy=0.85* fc'*b*a
2926* 420 =0.85* 24* 2400* a
a=25.1mm
x=-2 221 _ 99 53mm
b, 085
. _555-29.53
° 29.53
e. =0.053> 0.005— ok

*0.003=0.053

Mu2 = 424* 2.4*1,05” / 2=560.95kN.m
Mu =560.95 KN.m

d = 650- 75-14-10=551mm
Mn  560.95/0.9x10°

Kn= > = >— = 0.855Mpa
b*d 2400x 551

m=_Y___ 40 56
0.85fc'’ 0.85x24

' :i(l— 1- 2mKn)
m° fy

o1 (1_\/1_2x20.6xo.855):2_081X10_3
20.6 420

As ., = 2.081 x 10 x 2400 x 551 = 2752 .3mm?*/m

As.. =0.0018* 2400* 650 = 2608mm? /
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As;, = 2608mm* /m< As ., =2752.3mm* /m

#of bar in on meter = 2752.3 =18
154

Select 18®14

Check of strain

A* fy=0.85* fc'*b*a
2772* 420 = 0.85* 24* 2400* a

a=23.78mm
X = a_ 23.18 =27.97/mm
b, 0.85
e, = S0 2197,y 503 0.056
27.97

e, = 0.056 > 0.005—— ok

4.10.6 Development Length of main Reinforcement for M1 :
L daye= 0.24fy db= 0.24* 420
Jc V24
Ld@yreq = 0.044 xfy xdb =0.044 x420 x1.4 = 25.87cm
Ldyreq = 25.87cm < Ld(1)req=28.8cm=> control
Available Ld =(650 — 75— 2* 14) = 547 mm.
Available Ld = 54.7 cm > Ld1)res=32.9cm
Using hook >16*f

1.4=28.8cm.

Required length of hook > 16*f >16*1.4 = 22.4 cm
Use Hooksel. = 25 cm > Hookreq = 22.4cm
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Figure (4-14) : Footing’s Detail
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4.11 Design of combined footing :-

Footing for the column C88 & C89 (F15) :
C88:80*30

D.L =1190.1 KN.

L.L =1304.48 KN ..

C89:80*30

D.L =1190.1 KN.

L.L =1304.48 KN

P =1190.1+1304.48+1190.1+1304.48 = 4989.16 KN .

4.11.1 Deter mination of footing Dimension:
Net allowable soil pressure = 450 KN/m2
A =P/qgall .
Ag=4989.16/450 = 11.08 m2 .
AssumeB =20m. ....... L=11.08/2 =5.6 m.

Distance between the two columnsis 2.85 m center to center
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4.11.2 Deter mination of footing depth:
Selecth=60cm ....d=70.5cm.
Factored load :
Pu88=12D.L+1.6 L.L=35153KN.

Pu89=12D.L+16L.L =3515.3KN.

Rigs+Rugo

Q,=—
A
q = 35153+35153 _ 627 73Kn/ 17
2*5.6

e Check for oneway shear strength for C88:

Vu = 3515.3-627.73(0.975+ 0.8+ 0.705)2 = 401.76KN

f.\/c=f.(%*4/fc'*bw*d)

f Vc=0.75* %* 24*1000* 2* 0.705 = 863.45Kn

f Vc =863.45Kn > Vu = 401.76Kn
. Safe
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e Check for oneway shear strength for C89:

Vu = 3515.3-627.73(0.975+ 0.8+ 0.705)2 = 401.76KN

f.\/c:f.(%*\/f_c'*bw*d)

f Vc=0.75* %* 24*1000* 2* 0.705 = 863.45Kn

f Vc =863.45Kn > Vu = 401.76Kn
. Safe

e Check for two way shear action (punching)

The punching shear strength is the smallest value of the following equations:

v, =f 112 |/ 0d
6" b,
1 a ’
fv, =f.=| -2 12/t bd
¢ 12(bo/d ] ©
fv, =f %\/ t'b.d

Whre:

_ Column Length (a)
€ Column Width (b)

b, _ Perimeter of critical section taken at (d/2) from the loaded area
a,=30 ... for exterior column
a,=40 ... for interior column
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fV, =f %(ubi}/ f'b,d =E*£1+ 2 ] /24 5.26* 0.705* 1000 = 3974Kn

6 (80/30)
o 75, 40
f V. =f +2 W F, b d= * \[24* 5.26* 0.705* 1000 = 6087.29Kn
¢ (b /d J [5.26/0.705]

fV, =f —ﬂ bd—O;S* 24*0.705* 5.26* 1000 = 4541.72Kn

f V. =3974Kn ..... Control
VU.g, = Pu-FR,

FR, =s,, *area of critical section
0705

VU, =3515.3— {627.73* (0.975+0.8+ )* (0.3+0. 705)} 2173.13KN

f Vc=3974Kn>Vu, =2173.13Kn........ satisfied

4.11.3 Design for Bending M oment:
Mu = 627.73* ((L.375)%/2)* 2.0=1186.8Knm
Mu @ zeroshear : —

3515.3-(627.73*2*x) = 0.0

X=28m.

Mu@,_,, = 627.73* ((2.8)*/ 2) * 2— 3515.3* 1.425 = 87.9KN.m

For negative moment : Mu=-87.9kn.m.

Mn  87.9/09

“bd?  2x(0.705)2 *10 =0.098Mpa
X .
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. fy 420
0.85* fc  0.85* 24

, :l 1- l_2xmxkn
m fy

Lo 1 1_\/1_2x20.6><1.58 _0.000234
20.6 420

ASRw =r *b*d = 0.000234* 2000* 705 = 330.64mm?
ASShrinkage =0.0018* b* h = 0.0018* 2000* 800 = 2880mm?*
. As = 2880mm?

20.6

Use15@ 16 MM .oooooeeieiiiiieennnn... with Aprovided = 3015 mn?

Check for Strain:

Tension = Compression

As* fy = 0.85* fc'*b* a
3015* 420 = 0.85* 24* 2000* a
a=31.04mm
_ 2 3104 o simm
b, 085
o _ 705-36.51
° 36.51

e,=0055>0.005 ... OK

*0.003

For positive moment Mu = 1186.8 Kn.m

_ Mn_ 1186.8/0.9

n=—0-= %107 =1.326Mpa
bd?>  2x(0.705)

fy 420

0.85* fc  0.85*24

78



, :l 1- l_2xmxkn
m fy

I \/1_ 2x 20.588x1.326
20.588 420

ASge, =T *b*d =0.00327* 2000* 705= 4608.6mm’
ASqyinkage = 0-0018* b* h=0.0018* 2000* 800 = 2880mm°

r

] =0.00327

. As = 4608.6mm?
Usel5 @20
Check for Strain:

Tension = Compression

As* fy = 0.85* fc*b* a
4710* 420 = 0.85* 24* 2000* a
a=48.48mm
x=2 848 _ o oamm
b, 085
o _ 705-57.04
*~ 57.04

e,=0034>0.005 ... OK

*0.003

Use the column barsasa dowels
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4.11.4 Combined Footing Details:

F15

] (R
| e #h
Bal H
3 #
2l s
o2 o
2 B0x30 £|R
| Az g
. . zw . ;
i . n o e [ J._! T ——— o
= o
B L2dE L 8%
[ w45 &
1 E.3 18520 _mEidem 4
545 FE 1o
n 1 - Lh g Ao im o
©or L
=
.
FBRZ0em 0.0
_""\-'1-_.,_ é I —
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#1201 Bem _=23E
— .
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'\-._\_:r
12w/1E L= |”
15470 —Rat
_1__1,“.__ n - a — 5 n =" - a a n n - n a n a
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0 n 0 o ] -x 1}
-

Figure (4-15) : Combined Footing Details
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4.12 Design of Basement Wall :

5
R | = ' l
L | r w .'- ¢,

L _“1[,/3'._"2_, —

B L

id & "

it - !

5 4°000 [

pasalve i - L

T " =i -

_. :

Z_-__ L
rehx K, r=KE,

Figure (4-16) : Basement wall-Diagram

= Loading:

e Self weight of earth :
G =g><h>< K0

Assume that :

Oy =18Kn/m?

q=30°

K=05

0, =18x4.2x0.5=37.8 KN/m’

e Load from liveload:
g, = P x Ko

q, =5x 0.5=25KN/m?
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e passiveloud:

g, =9gx h
Assume that :

g =18Kn/m®
gpass =18x1.5* .5=13.5KN/m?

Whin= 2.51= 2.5 kN/m
Wiax= 2.5%1 + 37.8-13.5= 26.8 kKN/m
Wmin(factored) =1.6*2.5= 4 kN/m

W maxfactoree) = 1.6* 26.8= 42.88 KN/m

e T T TITTr

Munernbs. sperps. 1 oas 1

\
f 1
— T _’_____.-*
T— —
= 2
— _—
P — e
2.52 i 1 RE
I T 1
Shear
72.
BiE T
F'__F,_,__,_ﬂ--f”_'—d_—
—
e
—
| e o |
o
e
—— —
a6 £

Figure (4-17) : moment & shear envelop
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= Design :

Thickness Calculation :

Assume p =0.01
Mu =58.1 kN.m

Mn=58.1/0.9 =64.56 KN.m

m=_ Y __ 40 546
085fc  0.85x24

K. =r x fyx(1—0.5mr ) =0.01x 420 x (1 0.5x 20.6x 0.01) = 3.77Mpa

6
K, = Mr; =d :Jﬂzlmmm
bd 1000 3.77

h=134+20+7 =161 mm

salect h=250mm

4.12.1 Design of the Vertical reinforcement:

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

Mn  64.56x10°

Kn=——~= ~=1.298Mpa
b*d?  1000x 223

me_ Y __ 40 .56

- 0.85fc’ 0.85x24

r:i(l— 1_2mKn)
m" fy

1 2x20.6x1.298
r = a-.1-
20.588 420

)=3.196 x10°®

As,, =3.196 x10° x1000 x 223 = 712.7mm*/m
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As, . =0.0012*1000* 250 = 300mm? /m
As,;, =300mm’/m< As,, = 712.7mm’ / m

#of bar inonmeter=£=5

154

2/3* 712.7 = 475.13 mm?

Usef 10

No.=475.13/79=6 ,Use6 Bars

Usef 10at 15cmc/c

4.12.2 Design of theHorizontal reinforcement:

AS, ;e = 0.002% 1000* 250 =500mm? /m

#of bar in on meter :ﬂzg.gs

50.24
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4.12.3 Design of Basement Footing:-

Total factored load = 82.5 KN

Sail density = 18 Kg/cms3.

Allowable soil Pressure = 450 KN/m2.

Assume footing to be about (40 cm) thick.

Footing weight = 1.2%(25%0.4) = 12 KN/m2.

Soil weight above the footing = 1.6%(4.2) x 18 = 120.96 KN/m2.
liveload =5 KN/m?

Oatow =450-5-12-120.96=312.04 KN/m?
Assumeb=1.2m,h=40cm

d=400-75-14=311mm, gy = 825/12*1= 68.75 KN/m?

Figure (4-18): Footing geometry
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4.12.3.1 Check of One Way Shear :-

VU = 1#(0.475-0.311)* 68.75 = 11.275 KN
fV, = f_es"/ f b*d= %* 24*0.311%1.2 = 2285Kn

Ve = Vu.....Noshear K.F is required
4.12.3.2 Design of Bending Moment:-
Mu = 82.5*0.475%/2 = 9.3 KN/m

Mn=£ =10.34KN.m
0.9

Mn 10.34
Kn= 5 = 5
bd 1*0.311

= 0.107Mpa

fy 420

m= - = =20.6
0.85* fc  0.85*24

. 1 . \/1_ 2x20.6x0.107 | _ 0.000255
20.6 420

ASge, =T *b*d =0.000255* 311* 1000 = 80mm?
ASgrinege = 0-0018* b* h = 0.0018* 400* 1000 = 720mm?
ASpeq =80 < ASqyiryage = 720Mm?

Use As=720 mm?

Usef 16

No.=720/201 =358 ,Use4bars
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Using hook >16*f
Required length of hook >16*f >16*1.6 = 25.6 cm

Use Hooksel. = 30 cm > Hookreq = 25.6cm

In the other Direction:-
Agnin=0.0018* b* h

Agmin = 0.0018 * 1000* 400 = 720 mm?
Usef 16

No. = 720/154=4.67 ,Use5bars

Use5f 14 @20cm

L :3* Fy *yeysyt*d
@710 1 ff, Kot
db

9, 420 ,1*1*.8

*

Ly =— *16 = 395.05mm
Y10 1%424 25

Ld availabie =475-75=400mm

Ld avaitabie= 400 mm > L =395.05mm

dreq

87



4 -13 Design of shear wall :-

193.8
581.44
1230.94 410.3
1881.43 A3
2538.26 845.41
3215.12 1071.7
4848 A0

Fig (4-13-1)shear and moment digram

Fc=24 MPa

Fy = 420 MPa

t=25 cm .shear wall thickness
Lw = 6.875 m .shear wall width

Hw for one wall = 3 m story height

4.13.1: Design of the Horizontal reinforcement:

D Fx=Vu=1615.99KN
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4.13.2: Design of shear
The critical Section isthe smaller of :

M: 6.875 =3.4375 m... ... control

hﬂzézlo_sm
2 2

d=0.8xIlw=0.8x6.875 =5.5m

4 fc'

V01: 6 XbXd
24

V, = 5 x0.25x5.5*10° = 1122 .68 KN (control )

B fC'><b><d+Nu><d
- 4 4x L
Assume N, = 4548 .7KN

* 3
v, - V24 x0.25x5.5%10°  4858.7x55 _ o p o1

4 4x6.875

2x N

I,/ fc" + u
fc' l,xh hxd
X

+
2 M, I, 10
vV, 2

<|\/|u |W>_ 572.85 6.875

Vc2

w

Vc3 =

=-299>0

V. 2/ 1309.32 2
= V. =Will not apply

Vea :{ “54 + 6'875(5“724 +)}< 0'251; 2-5,10° = 4304 .91KN

89



Vs =Vn -Vcl
~= (1309 .32 /0.75) — 1122 .68 = 623 .08
Avh Vs 0.62308
( S2 j: Fy d 420 *55
2*113 *10 ~°

( S2

= .000269

J = .000269

(ASVZ )min =0.0025 *h=0.0025 * 0.25 = 0.000625
S2 < LT"V: 6875 /5 = 1375 mm
S2<3*h=3*250 = 750 mm .
(A"h j: 0.000625
S2
select — — 2f 10 in both sde — —> As =158 mm 2
* -6
%z 0.000625 = S2=0.253m
Slect — > S2=25cm < Smin = 75c¢cm

Use® 10 @ 25 cm c/c

4.13.3: Design for Vertical reinforcement:-

A, = {0.0025+ o.s(zs-ﬂ} (i—o.omj}* s*h
I, ) | S,*h

*
A, = 0.0025+O.5(2.5— 21 j*( 2' 79 —0.0025) *s*h
6.875) | 250* 250

A,, =0.00249* s* h

* *10-5
(&J =.0006225
S

S=0.254m
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S < L,/3=6875/3=2291mm
< 450mm
< 3* h=3*250= 750 mm

Use® 10 @ 25 cm c/c

4.13.4: Design of bending moment:

C>( Lw j=6'875=1.637m

0.007* 600 4.2

length of boundary element=C-0.1xL,
length of boundary element=1.637-0.1x6.875=0.95m

C,=—=2%"_og185
20 20

Select Theboundary element =1.0m

Avs= As, =L_S‘1V>< As, —> =%x158: 4345mm’

y 1
Lw 2+085*b* fc* Lw* h/(As* Fy)
y 1

i — = 0.0545
Lw 2+0.85x0.85x 24x6.875x 0.25/(4345x107° x 420)

Mu =0.9x Fyx0.5x Asx Lwx (1—(£D
Lw

=Mu = 0.9* 420* 0.5* 4345x10°° x 6.875* (1— 0.0545) = 5338.1KN.m

MUpegq, = 4345—-5338.1=-993.1KN.m

So we don’t need the boundary element
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4-14 Design of Stair :

The overall depth of solid slab of stair must satisfy the limitation of deflection

required in ACI for one way solid slab :

Min h =( L /20)

2.7

1.5

Figure(4-20) : Stair
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L=plan length of stairs + 0.5 length of landing (or 90 cm whichever is less )
l=3.45m
Min h =( 3.45 /20) =0.1725 m

Select h=20 cm.

4-14.1 L oad Determination .

Dead load calculation of q; :

a=tan™(1.75/30) = 33

concrete = (25*%0.2)*(1/cos30) =5.77 KN/m
plastering = (0.02*22)*(1/cos30) = 0.50 KN/m
stair = (0.5*0.3*%0.15*25)/0.3 = 0.1875 KN/m
morter = ((0.15+0.3)*0.02*22)/0.3 =0.60 KN/m
tiles = ((0.12+0.33)*0.03*24)/0.3 = 1.08 KN/m

sand = ((0.15+0.30)*0.05*16)/0.3 = 1.2 KN/m

Nominal Total Dead Load =9.34 KN/m
Factored Total Dead Load =1.2*¥9.34=11.2 KN/m
Live load =5 KN/m .

Factored live load =5*1.6 =8 KN/m

0;=11.2+8=19.2 KN/m
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Dead load calculation of g, : (for landing)
Concrete = (25*0.2) =5 KN/m
Plastering = (0.02*22) = 0.66 KN/m?
Morter =0.02*22 = 0.44 KN/m

Tiles = 0.03*24 = 0.72 KN/m?

sand = 0.05*16 = 0.8 KN/m?

Nominal Total Dead Load =7.62 KN/m
Factored Total Dead Load =1.2*7.62 =9.15 KN/m
Live load = 5 KN/m? .

Factored live load =5.0%1.6 = 8 KN/m?

0,=9.15+8=17.15 KN/m?
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4-14.2 Stair reinforcement Design of one meter strip :

5

IH' %

\'(Iax='4_ll4|{n m
NP

h

Figure(4-21) : Moment for Stair .

4.14.3. Design of Bending:-

Calculate the magnitude of the maximum moment by using the shear diagram.
d =200-20 -7 = 173 mm..

Mu =40.4 KN.m/m

Mn
" b.d’
* -3
R, - 40 .4* 10 /20.9 15
1* 0.173
m = fy =

_ 40 =206
0.85 * fc' 0.85* 24

95



_1 2mRn
=< (1- _
p m( 1 )

p= 1 (1-\/1_M):0_0036
20.6 420

A'S =1 bd = 0.0036* 1000*173 = 623 mm?/m
Use AS rq = 623 mm?.
Use ® 12 @ 20cm for main reinforcement
A s min = 0.0018* 1000* 200=360 mm?
Use ® 10 @ 20cm for transverse reinfor cement

4.14.4. Design of shear:-

Vu=38 KN.

B

0.75*/24*1*0.173
6

fvc =106KN

Vu=38 KN < @Vc=106 KN.

No shear Reinforcement isrequired.
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4.14.5. Design of Bending:-
Calculate the magnitude of the maximum moment by using the shear diagram.
d =200-20 -7 = 170 mm..

Mu = 50.5kN.m/m

~ Mn
" pb.d?
* -3
R, - 50 .5* 10 2/0.9:1_94
1* 0.17
m = fy =_40 =206
0.85 * fc' 0.85* 24
-1 2mRn
p==@1- 1- )
m fy

p= 1 a- Jl_w) =0.004862
420

A'S (& =1 bd =0.004862* 1000*170 =826.54mm?/m
Use AS 1 = 826.54mm?.
Use ® 14 @ 17.5cm for main reinfor cement
A's min = 0.0018* 1000* 200=360 mm?
Use ® 10 @ 20 cm for transverse
4.9.1.6. Design of shear:-

Vu=475 KN.

0.75*4/24*1*0.173
6

fVc =106KN

Vu=76.7 KN <@.Vc=106 KN .

No shear isrequired.
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4-15 Design of solid dab ( stair's dab).

o N 1 4 BN 3{

4-15-1 Determination of Loads: c\ *-“
Plaster = 0.02* 23 = 0.46 kN/m? % 5
Slab =0.15* 25 =3.75 kN/m? = %
Z A p

D.L = 4.21kN / m? < i x’
From TANK L.L =10kN /m? % >
AT, X T e e e T Al

%o =12 DL =1.2¢4.21= 5 KN/m?
Qi=16L.L=1610=16 KN/m?

qu = 21KN / m?
For Im Srip in X & Y direction qu =21 KN/m

Lb=6.3m
La=5.85m
Lb 6.3

—=—"—=108<20
La 5.85

. Two way

select h = 150 mm

b =100cm, h =15cm
d =150-20-6=124mm
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4-15-2 Designs of moment

— Design of positive moment:
La/ Lb=5.85/6.3=0.93

From table (12-4)

Case (1)

C.q. =0.048

C,q =0.032

Moo = Coq * o * (LB)°

Myg = Cpa * Qup * (LD)°

From table (12-5)

C,..=0.043

C, . =0.032

Mo = Corl * Gy * (LD

My = Coil * G * (Lb)?

Mapos™ (Mg + My ) =

{(0.043*5* (5.85) %) +(0.043* 16* (5.85) %)} = 30.9 KN.m
Mppos= (Mpg + My, ) =

{(0.032*5%(6.3) ?) +(0.032*16* (6.3) )} = 26.67 KN.m

M, = 30.9 KN.m

apos™
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M
aps - 309 _opaain m
10)) 0.9

Mn =

A s min = 0.0018* 1000* 200=360 mm?

As, =360<413............. the larger is control
As... =413mm’
Kn= ﬂ

b*d?

* -3
n= &102 =2.23 Mpa
1* (0.124)
_ fy 420

m = _ = =20.6
0.85* fc 0.85* 24

2mKn
fy

p=—@- p- TN,
m

1 1- \/1_ 2(20.6)(2.23)

) = 0.0005644
20.588 420

p =
Asreq=p* b* d=0.0005644 * 1000 * 124 = 699.8 mn»

699.8 mm®> As, ;. = 413mnY’

* Note Agp14 = 1.54cm?
Usel1d 14 @ 20cmc/c

e Check for strain

Tension = compression
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As*fy=085* f.*b* a

770* 420 = 0.85* 24* 1000* a
a=15.85mm
c=2 D8 _1565m
b, 085
. _124-1865
=7 1865
e, =0.016 > 0.005

X0.003

— Ok
Mppes= 26.67 KN.m
M
Mn= —2P%= = 26,67 =29.63 KN .m
@ 0.9
Jfc 1.4
As, = b)d)==—(b)d)...ceccrrurunee. (ACI -10.5.7)
i) Pl0)= T 0Xa)
As,., = ﬂ(1000)(124) > £(1000X124)
4(420) 420
As, =361<413............. the larger is control
As... =413mm’
Kn= ﬂ
b*d?
* -3
n= m =1.927 Mpa
1* (0.124)
fy 420

m = - = =20.6
0.85* fc 0.85* 24

101



2mKn
fy

0= L (1- Jl_w) = 0.000483
20.6 420

=1 f1-2mKn,
m

Asreqg=p* b* d=0.000483 * 1000 * 124 = 598.8 mn»?
598.8 mm?> As, .= = 413mn7

* Note Agp14 = 1.54 cm?
Useld 14 @ 20 cmc/c

e Check for strain

Tension = compression
As*fy=085* f.*b* a

770* 420 = 0.85* 24*1000* a
a=15.85mm
c= 2 1585 1665mm
b, 085
. _118-1865
s~ 1865
e. =0.016 > 0.005

X0.003

4.15.3 Design of shear:

La/ Lb=5.85/6.3=0.93
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From Table (12-6) :
Case (1)

W, = 0.58

W, =0.43

V,=0,* La*W,

V,,=21*5.85*0.58 = 71.253 KN control

V,, = 21* 6.3*0.43 = 56.89 KN

Vc= @ b*d

_ 2
6

*1000 * 0.124 =101.24 KN

® Vc= 0.75* 101.24= 75.93 KN

dVe >Vu

.. No Shear Reiforcemant Required
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4.16 Design of truss:

E

o

e
My

Figure (4-22) : Frame Geometry
Space between truss and anther = 6 m
L =28.16m
B =1.76m
Hl=16m H2=14

4.16.1 Load Calculations:

1. Deadload:
dead load of corrugate sheets = 0.2 KN/m?¢1.76 = 0.352 KN/m
dead load of purlins = 0.2 KN/m.
dead load of installation = 0.1 KN/m?*1.76 = 0.176 KN/m
dead load of floor ciling= 0.5%1.76=0.88
dead load of truss = 1.0 KN/m.
D.L =0.352+0.2+0.176+0.88=1.61 KN/m
D.L = 1.61*0.06852 * 10° =110.18 Ib/ft.

2. Windload:
W.LL=Ce*Cq* gs* lw
winward
W.L =0.81.6*1.4*4.7 = 8.42 KN/m
Leeward
W.L=0.5%1.64.71.2 = 4.5 KN/m
3. Snow load :
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SL =1.0KN/m?*1.76 = 1.76 KN/m.
U=12D.L+16S
U=12*161+1.6*1.76 =4.75
U=09D.L+1.6W
U=0.9* 1.61 +1.6*-0.88 =-0.04

4.16.2 Analysis:

D =266 KN

V =-200.35 KN

T=-838.3KN

B=817.64 KN

4.16.3 Design:

The Diagonal and vertical member the same section .

The top and bottom member the same section .

Use Azs Stedl.

4.16.3.1 Design of Diagonal member :
e D;=266 KN =59.382Kip

Yielding limit state :

@Tn>Tu

0*Fy*Ag>Tu

0.9* 36* Ag>59.382
Agie;=1.833in°
Stiffens limit state :

L <300 L =2.3786m =7.8ft

r
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7.8%12
r

<300

r >0.312in

From Agre,=1.833in” and r=0.312in

Select tube 2.5x2.5x%

Ag=2.09in’ r=0.899in
4.16.3.2 Design of Vertical member:
V1=-200.35 KN =44.68 Kip
Effective length :

For buckling about x-x & y-y

Kx =Ky =1
Lx=Ly=1.6*3.281*12=62.99 in
Critical stress Fe

Kx* Lx
rX

Assume a middle value of =100

From curve of A36 steel F¢ = 22Ksi
Required Ag

@c* Pcr> Pu

oc* Fer* Ag=Pu

0.85* 22* Ag> 44.68

Agreq=2.39 i’

Select tube 35x35x;

Ag=3.09in’ r=1.31in

Effective lengthratio :
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Kx*LX _ Ky* Ly _62.99
rx ry 1.76

=35.79

From curve of A36 steel F¢ = 45Ksi
Design strength:

@c* Pcr > Pu

@c* Fer* Ag>Pu

0.85* 45* 3.09> 44.68

118.1925> 44.68

= Ok

Selecttube  3.5x35x for the vertical member.

4.16.3.3 Design of Top member:
T5=-838.3 KN =187.15 Kip
Effective length :

For buckling about x-x & y-y

Kx =Ky =1
Lx=Ly=1.76*3.281*12 =69.29 in
Critical stress F¢

Kx* Lx
rx

Assume amiddle value of =100

From curve of A36 steel F = 22Ksi
Required Ag

@c* Pcr> Pu

@c* Fer* Ag>Pu

0.85* 22* Ag>187.15

Agieq=10.01in°
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Select tube 6x6x%
Ag=104in’ r=221in
Effective lengthratio :

Kx*LX _ Ky* Ly _69.29
rx ry 1.87

=221

From curve of A36 steel F = 35Ksi
Design strength:

@c* Pcr > Pu

@c* Fer* Ag>Pu

0.85* 35* 6.88>82.15
204.68>1181

Effective lengthratio :

Kx*Lx _ Ky* Ly _ 41.34
rx ry 141

=29.32

From curve of A36 steel Fg = 34.8Ksi
Design strength:

@c* Pcr> Pu

oc* Fer* Ag=Pu
0.85*34.8*6.02>118.1
1781>1181

= Ok
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4.16.3.4 Design of bottom member:
o B;=817.64 KN =182.84Kip

Yielding limit state :

oTn>Tu

0*Fy*Ag>Tu
0.9*36* Ag>182.84
AQieg=4.57 in?

Stiffens limit state :

L <300 L =1.76m =5.77ft

r

5.77*12
r

<300

r >0.231in

From Ag.q=3.51in" and r=0.138in

Select tube 4x4x§

Ag=5.08in’ r=145in
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4.16.4 Design of fillet welled :
Use (SMAW) ........ Fu= 60 Ks

Tu =266 KN =59.8Kip

Anin =% fromtable 5.11.1

3|| I t _3"
amax= E ......... selec a—E
_3.. < 3" {= _3"
a—l— s 3 SO e—a—E

Shear fracture of base metd :

oR,, >Ru

nw —

0.75*t*0.6* Fu> Ru

0.75* % *0.6*58 =4.894 Kip/in .............. Control

Shear fracture of weld metal :

¢R., >Ru

nw —

0.75*t,*0.6* F,, > Ru
* 3 * * — 1 H
0.75* 15 *0.6*60 = 5.06 Kip/in

Lw req = T—U :ﬁ =12.22in
OR 4894

LW min=4*a=0.75in

UseL =7*2=14in>12.22in

4.16.5 Design of purlins:

Qu =4.75-0.04 =471 KN/m .

MUmax =13.01 KN.m = 9.596Kip. Ft = 115.16 Kip.in
VUnmax = 11.07KN = 2.488 Kip

Design of bending moment :

110



®*Mn=Mu
0.9* Fy* ZXo, 2 Mu

115.16
Xr =
' 0.9*36

=3..55in°
Select tube 4x4x1—36
Zx =391in°> ZX

= Ok

Design of shear force:

0.V, 2V,

0.9* Fy*t,*d*0.6>V,
0.9*36* 0.1875*4*0.6>V,

14.58> 2.488

= Ok
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APPENDIX (A)

ARCHITECTURAL DRAWINGS

This appendix is an attachment with this project
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APPENDIX (B)

STRUCTURAL DRAWINGS

This appendix is an attachment with this project
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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 £124 (/28 £Mo

Beams or

ribbed one-
way slabs £N6 tM18.5 er21 L8

Notes:
Values given shall be usgd directly for members with normalweight concrete

{dansilz W, = 2320 kg/m”) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural lightweight concrete having unit density, w,, in the range
1440-1920 kg/m?, the values shall be multiplied by (1.65 — 0.003w,) but not

less than 1.09.
b) For fr other than 420 MPa, the values shall be multiplied by (0.4 + f}, f700}

(MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR

ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED)
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TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member

Deafiection to be considared

Flat roats nod stpporting o attached b non-

tructural elements tobe
ke s o b e

Immiediate deflection dus 1o ve: load L

Floots not supporting or attached to nonsirue-
tarill elemants kedy o be damaged by karge
deflections

Immiediate deflecSion due 1o [ve load L

£/360

Reat ar floor construction supporting or
attached to nonstructural elements lively ta be
damaged by lame deflections

That part of the total deflection coouring afle
aftachment of nonstroctural elements (sum of
thie kang-tism deflection due b & sustained

Roat ar fioor construction supporing of
aftached Yo nonstructural elements nol fikely to
Mdmnmwhrgam

mmwm:m?muemmuumw
addsional live lad)

{480

£/ 240°

* Limif nict infanded i saaguand

T

ummmmwmwm

should be checked by suitabis calcufations of defkection, includi
cambsr, consrucion iolesances, and relabiity of provisons for

wifed deflections dus b ponded
inage

mLﬁNmMMNWnWMEHE«MﬂihﬂmmmwmdMMNMWMbﬂme

wmanis, This amount shall be ditsrmined on basss of acospled

it 1o thos baing consdlned

anginesning clata retafing 10 time-deflection charachnstes of members m-

 Limit may be earweded i adequats measures ar taken ko proven! damage \o spporied of alached elementts
¥ Limit shall ot be greater han iokerance provided for nansiructual elements. Limt may be excaeded i camber is provided 30 thal ol deflection minus camber

does rod eacacd i

(MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS)
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Table of coordinat

Occ. Pt. 1 N 76.8124 St
E 146. 3842 :
Back Pt. 2 N 12.0186 Bs
E 36. 4560 .
Point Angle Distance N E Description
2 00-00-00 110. 03 12.0186 36. 4560 Bs
3 345-48-46 109. 80 45. 2905 41.2110 cl
4 344-48-06 104. 28 45. 1155 47.0360 c2
5 344-03-48 100. 24 45. 1155 91. 2860 c3
6 343-08-24 95. 63 45. 1155 96. 1593 cd
7 342-43-07 93. 61 45.1362 98. 2957 c234
8 343-47-53 111.03 41.2155 41.211 Cc5
9 342-47-03 105. 53 41.2155 47.0360 cb
10 341-58-31 101. 54 41.2155 51. 2860 c/
11 340-57-58 96. 99 96. 99 96. 99 c8
12 339-39-47 92.04 41.0956 61. 5584 c9
13 342-17-41 112.07 61. 5584 38. 1147 c10
14 341-31-38 108. 13 38. 1155 45.4160 cl1
15 341-01-08 105. 69 38. 1155 48.0360 cl12
16 340-21-17 102. 67 38. 1155 51. 2860 cl13
17 339-39-02 99.67 38. 1155 94. 5360 cl4
18 338-21-14 94. 39 38. 2039 60. 2477 cl15
19 337-10-15 90. 52 60. 2477 38. 0904 cl16
20 339-54-14 113.92 33.0478 41.2110 cl/
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21 339-05-56 110. 21 33.0478 45.2410 c18
22 338-30-29 107. 65 45.2410 33.0478 C19
23 335-36-34 96. 58 33.1362 60. 2477 c20
24 335-36-34 96. 58 33.1362 60. 2477 c21
25 336-53-03 112.16 28. 3250 45.2410 c22
26 336-15-10 109. 65 28. 3250 48. 0360 c23
27 335-56-33 117.58 24. 2500 41.2110 c24
28 335-02-13 113.99 24. 2500 45.2410 c25
29 334-22-29 111.51 24. 2500 48.0360 c26
30 336-56-47 116. 77 26. 4500 41.0360 c2]
31 334-45-08 89. 25 35. 2620 67. 3921 c28
32 334-35-12 89.17 35.0711 67.5830 c29
33 333-40-41 | 95.00 31.0167 63. 1467 c30
34 333-31-18 94.93 30. 8258 63. 3377 C31
35 332-44-33 100. 68 26. 8445 58. 9745 c32
36 332-35-39 100. 61 26. 6535 99. 1654 ¢33
37 331-54-19 106. 40 22. 6646 94. 7946 c34
38 331-45-52 106. 33 22. 41731 94. 9856 ¢35
39 331-26-50 109. 82 20. 1697 92. 2997 c36
40 331-18-15 109. 80 19. 9434 92. 4553 c3]/
41 332-57-41 114.90 20. 1750 46. 4162 c38
42 332-37-40 114.97 19. 5550 46. 6862 c39
43 338-00-51 121.53 26. 4500 35. 7860 c40
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44 339-12-05 127. 35 26. 4500 29. 4192 c41
45 339-56-06 131.26 26. 4500 25.1692 c42
46 340-37-34 135. 20 26. 4500 20. 9192 c43
47 341-16-41 139.15 26. 4500 16. 6692 cd4
48 342-12-44 145.27 26. 4500 10. 1250 c45
49 335-22-48 124. 26 20. 1750 35. 7860 C46
50 335-49-06 126. 14 20. 1750 33. 6692 cdl]
51 336-39-34 129. 96 20. 1750 29. 4192 c48
52 337-27-10 133. 79 20. 1750 25.1692 c49
53 338-12-06 137. 66 20. 1750 20. 9192 ¢90
54 340-44-09 146. 90 22. 3500 9. 9500 co1
55 340-22-02 151. 04 19. 9131 6.4672 c52
56 339-22-06 162.27 17.0022 6. 3546 ch3
57 337-54-54 150. 03 14. 4000 9. 9500 c54
58 338-07-42 145. 56 16. 7546 13. 7947 cb5
59 334-14-01 119. 61 20. 1750 41.0360 c56
60 337-35-15 143. 02 16.5750 16. 6692 co]/
61 336-51-03 139.18 16.5750 20. 9192 cd58
62 336-04-19 135. 36 16.5750 25.1692 cd9
63 335-14-54 131.57 16.5750 29. 4192 c60
64 334-22-33 127.80 16.5750 33. 6692 c61
65 333-27-03 124.07 16. 5750 37.9192 c62
66 332-28-07 120. 37 16. 5750 42.1692 c63
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67 331-25-31 116. 71 16.5750 46. 4162 c64
68 331-21-24 116. 48 16. 5750 46. 6862 c65
69 336-28-43 151. 63 10. 3000 10. 1250 c66
70 335-21-00 145. 77 10. 3000 16. 6692 c67/
71 334-34-04 142.00 10. 3000 20. 9192 c68
72 333-44-34 138. 26 10. 3000 25.1692 c69
73 332-52-20 134.55 10. 3000 29. 4192 c/0
74 331-57-09 130. 88 10. 3000 33. 6692 c/1
75 330-58-47 127.23 10. 3000 37.9192 cl2
76 329-57-00 123. 63 10. 3000 42.1692 c/3
77 328-51-35 120. 07 10. 3000 46. 4162 c/4
78 328-47-18 119. 85 10. 3000 46. 6862 c/5
79 329-29-26 112.97 15.2738 51. 6465 c/6
80 329-55-07 109. 13 18. 0483 94. 4210 cll
81 330-27-43 104. 63 21.3108 57.6835 c/8
82 331-04-58 99.94 24. 7231 61.0958 c/9
83 331-55-33 94. 21 28. 8954 65. 2681 ¢80
84 327-10-19 103. 44 17.0032 61. 9911 c81
85 326-36-37 109. 75 12. 4771 97. 4656 c82
86 324-10-00 102. 66 13. 1424 65. 8519 c83
87 323-46-33 109. 02 8.6169 61. 3264 c84
88 323-36-59 111.85 6.6017 99. 3111 c85
89 323-17-08 118. 22 2.0762 94. 1857 c86
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90 320-59-49 117. 84 -1.2684 58. 1303 c8]/
91 321-11-52 111.45 3.2511 62. 6558 c88
92 321-17-14 108. 60 5.2723 64.6710 c89
93 321-31-56 102. 22 9.7978 69. 1965 c90
94 319-17-21 102. 02 6. 9694 12. 0249 c91
95 319-11-06 108. 41 2. 4439 67.4994 c92
96 319-08-30 111.26 0. 4286 65. 4842 C93
97 319-03-08 117. 66 -4.0968 60. 9587 c94
98 317-02-38 101.97 4.1410 14. 8534 c95
99 317-04-14 108. 37 -0. 3845 10. 3279 c96
100 317-04-53 111.22 -2.3998 68. 3126 c97/
102 314-34-51 97.92 4.1410 80. 7571 G100
103 314-08-16 106. 32 -2. 6459 15. 7366 ¢101
104 312-25-39 103. 62 -2. 6459 19. 8745 G102
105 314-19-58 112. 30 -6. 8596 11. 4181 C103
106 309-08-46 104. 29 -6. 8596 84.1323 C104
107 313-35-19 115. 01 -9. 8684 10. 7903 G105
108 311-31-25 117.31 -14. 3688 12.41768 G106
109 309-39-05 117.13 -16. 5416 15. 6417 G107
110 307-55-34 114.57 -16. 5416 19. 9694 G108
111 307-14-42 110.97 -14. 3688 83. 1342 G109
112 307-52-50 106. 32 -9. 8684 84. 8208 ¢110
114 309-13-01 98. 82 -2.3998 87.2984 C113
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115 310-51-30 98. 45 -0. 3845 85. 2832 G114
116 314-27-24 93.92 6. 9694 83. 5861 C115
117 310-34-41 94. 48 2. 4439 88.1116 G116
118 308-52-08 94. 86 0. 4286 90. 1269 C117
119 305-05-28 96. 03 -4.0968 94. 6523 G118
120 304-33-24 92.13 -1.2684 97. 4808 C119
121 308-29-27 90. 91 3.2571 92. 9553 ¢120
122 310-16-23 90. 51 5.2123 90. 9400 G121
123 314-19-17 89.93 9.7978 86. 4145 G122
124 314-10-26 85.94 12. 6262 89. 2430 G123
125 309-56-24 86. 54 8.1008 93. 7685 G124
126 308-04-42 86. 96 6. 0855 95. 7837 G125
127 303-58-30 88.24 1. 5600 100. 3092 G126
128 313-54-58 19.76 17.0032 93.6199 G127
129 309-21-36 80. 41 12. 4771 98. 1454 G128
130 310-03-36 14.13 18. 0483 101. 1900 G129
131 307-04-34 14. 74 15.2738 103. 9645 C130
132 303-29-19 15.76 11. 8654 107. 3730 G131
133 301-53-05 16. 34 10. 3000 108. 9249 G132
134 301-42-29 16. 20 10. 3000 109. 1949 G133
135 309-44-13 11.43 19. 9434 103. 1558 G134
136 309-44-51 11.16 20. 1697 103. 3113 G135
137 312-34-45 10. 717 22. 6646 100. 8164 C112
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138 312-35-52 11.04 22. 41731 100. 6255 G136
139 313-37-12 13.68 21.3108 97.9275 G137
140 317-22-32 13. 51 24. 7231 94. 5152 G138
141 317-22-15 10.78 26. 6535 96. 4456 G139
142 317-22-13 10. 51 26. 8445 96. 6365 G140
143 321-57-56 13.173 28. 8954 90. 3430 G141
144 322-08-13 11.01 30. 8258 92.2734 G142
145 322-09-17 10. 74 31.0167 92. 4643 G143
146 326-39-45 15. 51 32.6033 85. 1645 G144
147 327-44-50 11.56 32.6033 82. 6564 G145
148 331-26-41 85. 11 32.6033 12.9541 G146
149 332-17-24 81.817 32.6033 10. 4466 C147
150 304-22-22 70. 93 16. 5750 108. 9249 G148
151 304-11-14 70.79 16. 5750 109. 1949 G149
152 305-41-27 68. 42 19. 5550 108. 9249 G150
153 305-47-12 67.76 20. 1750 109. 1949 G151
154 308-56-13 65. 34 24. 2500 107. 5751 G152
155 306-54-53 63. 72 24. 2500 110. 3701 G153
156 303-49-03 61.53 24. 2500 114. 4001 C154
157 304-46-25 99. 57 26. 4500 114.5750 G155
158 305-54-26 58. 09 28. 3250 114. 4001 G156
159 309-06-01 60. 40 28. 3250 110. 3701 G157
160 311-10-14 62. 11 28. 3250 107. 5751 G158
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161 314-03-45 98. 49 33.0478 107. 5751 G159
162 308-39-26 94. 21 33.0478 114. 4001 G160
163 312-04-16 50. 20 38. 1147 114. 4001 G161
164 315-34-44 52.98 38. 1155 110. 1951 G162
165 317-34-48 94. 81 38. 1155 107. 5751 G163
166 319-52-52 97.15 38. 1155 104. 3251 C164
167 321-59-51 99. 58 38. 1155 101. 0751 G165
168 325-22-53 63. 98 38. 2039 95. 3633 G166
169 327-30-52 67.54 38.0904 91.0474 G167
170 326-57-25 11.48 35. 2620 88. 2190 G168
171 326-55-17 11.75 35. 0711 88. 0280 G169
172 321-55-55 67.16 33.1362 95. 3633 G170
173 314-26-13 47.86 41.2155 114. 4001 c1n
174 319-13-23 51.93 41.2155 108. 5751 G172
175 322-15-14 55.10 41.2155 104. 3251 G173
176 325-19-04 58. 90 41.2155 99. 4518 G174
177 328-10-59 63. 36 41.0956 94. 0526 G175
178 328-217-41 96. 63 45. 1155 99. 4518 G176
179 325-29-40 92.67 45. 1155 104. 3251 C1717
180 322-31-21 49.34 45. 1155 108. 5751 G178
181 317-54-50 4491 45. 2905 114. 4001 G179
182 300-18-08 56. 94 26. 4500 119. 8251 ¢180
183 294-20-41 94. 26 26. 4500 126. 1919 G181
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184 290-03-44 92.83 26. 4500 130. 4419 G182
185 285-34-03 51.70 26. 4500 134. 6919 G183
186 280-54-11 50. 91 26. 4500 138. 9419 G184
187 213-31-07 50. 37 26. 4500 145. 4860 G185
188 277-00-08 57.117 19. 8183 141. 8933 G186
189 279-58-59 57.12 20. 1750 138. 9419 G187
190 284-09-41 57.83 20. 1750 134. 6919 G188
191 288-13-04 58. 84 20. 1750 130. 4419 G189
192 292-07-09 60.13 20. 1750 126. 1919 G190
193 295-50-24 61.69 20. 1750 121. 9419 G191
194 297-37-13 62. 56 20. 1750 119. 8251 G192
195 301-49-00 64. 96 20. 1750 114.5751 G193
196 301-10-12 68. 66 16. 5750 113. 4419 G194
197 297-57-59 66. 72 16. 5750 117.6919 G195
198 294-34-58 65. 01 16. 5750 121. 9419 G196
199 291-01-44 63. 53 16. 5750 126. 1919 G197
200 283-28-54 61. 36 16.5750 134. 6919 G199
201 279-32-25 60. 70 16.5750 138. 9419 ¢200
202 276-47-10 60. 05 16. 9317 141. 8933 G201
203 273-16-14 66. 52 10. 3000 145. 4860 G202
204 2178-52-53 66. 93 10. 3000 138. 9419 G203
205 282-28-02 67.53 10. 3000 134. 6919 €204
206 218-46-21 13. 517 3.6808 138. 3419 G205
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207 289-23-05 69. 51 10. 3000 126. 1919 G206
208 292-40-29 10. 86 10. 3000 121. 9419 G207
209 295-49-53 12. 44 10. 3000 117.6919 G208
210 298-50-43 14.22 10. 3000 113. 4419 G209
211 290-54-26 11.08 3.6808 122. 0419 €210
212 288-04-28 16. 02 3. 5808 125. 9687 G211
213 281-46-46 14. 20 3. 5808 134. 4150 6212
214 329-00-10 117.69 11. 8654 48. 2381 G198
215 338-54-34 141. 54 20. 1750 16. 6692 6213
216 339-18-04 144.25 19. 9954 13. 7947 G214
217 273-19-29 62.17 14. 6519 145. 4860 G215
218 313-42-31 115.27 -9.9024 10. 4403 G216
219 314-43-10 111.18 -5.5203 11.6704 G217
220 309-40-29 103. 33 -5.5203 83. 9407 €218
221 307-42-51 106. 14 -9.9024 85.1708 €219
222 334-35-07 105. 08 21. 6246 93. 5307 €220
223 330-38-46 103.12 22. 3961 98. 7938 G221
224 314-49-37 13. 61 22. 3961 96.8173 6222
225 329-33-26 98. 46 45. 0241 97.3214 6223
226 333-36-33 99. 51 48. 0644 94. 2811 6224
227 337-51-20 60. 98 51.3878 90. 9577 6225
228 342-05-19 62.87 54. 8880 87.4515 G226
229 345-32-56 64.78 57.9285 84. 4170 6227
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230 348-45-49 66. 88 60. 9337 81.4118 G228
231 352-24-06 69. 71 64. 5930 11.71525 6229
232 329-46-52 11. 62 34. 8607 81.0774 C230
233 311-56-53 96. 68 33.0478 110. 3701 G231
234 326-50-55 15.17 33. 0020 85. 2993 6232
235 213-26-15 94.72 22.0981 145. 4860 6233
236 313-51-37 66. 20 21.62 102. 08 G234
237 342-05-09 143. 55 26. 7500 11. 8500 S1
238 341-23-49 144.20 24. 9000 11. 8500 S2
239 341-37-25 145.70 24. 9000 10. 2500 S3
240 340-44-49 146.57 22. 5000 10. 2500 S4
241 337-48-55 149. 82 14. 2500 10. 2500 S5
242 336-59-12 150. 84 11. 8500 10. 2500 S6
243 336-43-21 149. 40 11. 8500 11. 8500 ST
244 336-05-13 150. 21 10. 0000 11. 8500 S8
245 326-28-02 112.29 10. 7630 95. 5741 S20
246 325-04-34 111.89 8.8184 97.5187 319
247 324-37-52 118. 84 3.8687 92. 5689 518
248 325-56-33 119. 21 5.8132 90. 6244 S17
249 317-09-54 117.67 -6. 8722 63. 6634 S25
250 317-10-18 120. 06 -8. 5637 61.9719 526
251 316-12-04 120. 09 -10. 0023 63. 4105 S21
252 304-27-59 102. 34 10. 0024 92. 2004 S28
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253 304-12-16 100. 35 -8. 5637 93. 6392 S29
254 305-32-27 99. 83 -6. 8722 91. 9471 330
255 307-33-16 80. 69 10. 7630 100. 0369 S33
256 307-52-51 83. 40 8.8184 98. 0924 S34
257 303-12-54 84.85 3. 8687 103. 0421 S31
258 302-44-32 82.19 5.8132 104. 9867 S32
259 310-25-19 80. 34 13. 4402 97. 0061 S35
260 314-08-11 19. 86 17.1269 93.3194 S36
261 313-50-48 13.53 21.6113 97.8038 S37
262 309-49-03 14.05 17. 9246 101. 4905 S38
263 301-40-48 16.53 10. 0000 109. 0699 S39
264 304-24-05 10. 60 16. 8750 109. 0699 S41
265 304-13-44 10. 47 16. 8750 109. 3199 S42
266 301-30-59 16. 40 10. 0000 109. 3199 540
267 214-31-52 66. 85 10. 0000 144.0110 S57
268 214-34-52 65. 26 11. 6000 144.0110 556
269 273-10-34 65. 22 11. 6000 145.6110 355
274 273-18-45 94. 32 22. 4981 145.6110 S50
275 270-28-10 99. 87 20. 9731 148. 3610 552
276 270-38-31 61.07 15. 7769 148. 3610 553
277 213-13-22 61.04 15. 7769 145.6110 S54
279 213-17-25 95. 84 20. 9731 145.6110 S51
280 213-21-16 51.67 25. 1500 145.6110 S49
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281 215-07-37 91.72 25. 1500 144.0110 S48
282 275-12-39 90. 12 26. 7500 144.0110 S417
283 300-33-19 96. 73 26. 7500 119. 7001 S45
284 300-26-13 96. 95 26. 5000 119. 7000 S46
285 304-41-51 99. 46 26. 5000 114.7000 S43
286 304-49-35 99.25 26. 7500 114.7001 S44
287 325-05-13 11. 31 29. 8455 84.9765 558
288 323-30-10 19.01 217.0955 84.9765 S99
289 325-15-30 82.16 217.0955 80.9765 560
290 324-17-51 83.23 25. 3455 80.9765 S61
291 326-50-41 88. 30 25. 3455 14. 6346 562
292 327-46-41 87.29 217.0955 14. 6346 S63
293 329-13-08 90. 61 217.0955 10. 6346 S64
294 330-41-49 89.13 29. 8455 10. 6346 565
295 327-07-53 103.12 17.1269 62.2916 S22
296 330-33-57 104. 37 21.6113 57.8072 S23
297 329-56-55 109. 45 17. 9246 94.1205 S24
299 326-40-11 108. 26 13. 4402 98. 6049 S21
301 331-34-59 116.67 16. 8750 46.2912 312
302 331-31-12 116. 45 16. 8750 46. 5412 S11
303 328-42-21 120. 14 10. 0000 46. 5412 310
304 328-46-25 120. 34 10. 0000 46.2912 S9
305 337-06-21 116.75 26. 7500 40.9110 315
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306 336-59-42 116. 86 26. 5000 40.9110 516
307 338-07-07 121.29 26. 7500 35.9110 S13
308 338-00-40 121. 39 26. 5000 35.9110 S14
309 340-49-32 149. 23 21.7033 1.71002 W1
310 339-53-53 1562. 07 18. 3750 5.9898 W2
311 338-29-25 151. 82 15. 0467 1.7003 W3
312 336-23-51 151.87 10. 0000 10. 0000 W4
313 328-44-06 120. 22 10. 0000 46. 4376 W5
314 317-09-57 117.92 -1.0490 63. 4866 Wé
315 317-10-18 120. 06 -8. 5637 61.9719 W7
316 316-12-04 120. 09 -10. 0023 63. 4105 W8
317 313-35-07 115.19 -10. 0024 70. 6816 W9
318 312-13-01 117.12 -13.2708 11. 5426 W10
319 308-29-10 115.92 -16.9785 18. 2680 W11
320 307-09-23 109. 95 -13. 6288 83. 8546 W12
321 307-47-24 106. 36 -10. 0024 84.9316 W13
322 304-27-59 102. 34 -10. 0024 92. 2004 W14
323 304-12-16 100. 35 -8. 5637 93. 6392 W15
324 305-24-02 99. 88 -1.0490 92.1244 W16
325 301-36-44 16. 48 10. 0000 109. 1734 W17
326 273-09-36 66. 82 10. 0000 145.6110 W18
327 213-10-54 62. 61 14.2037 145. 6360 W19
328 270-34-55 61.36 15. 4902 148. 4346 W20
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329 269-20-11 98. 53 18. 3750 149. 6110 W21
330 270-13-40 95. 11 21.0893 148. 5922 W22
331 273-18-48 94.21 22. 5465 145.6110 W23
332 213-22-54 50. 07 26. 7500 145.6110 W24
333 304-49-35 99. 25 26. 7500 114.7001 W25
334 317-45-28 44. 61 45. 4155 114.7001 W26
335 329-32-42 57.172 45. 4155 97.9482 W27
336 326-41-48 15. 36 32. 17283 85. 2609 W28
337 332-23-31 87.89 32. 17283 710. 3501 W29
338 343-00-33 94. 11 45. 4155 97.6628 W30
339 345-55-12 110. 05 45. 4155 40.9110 W31
340 337-06-21 116.75 26. 7500 40.9110 W32
341 342-20-25 145.28 26. 71500 10. 0000 W33
342 340-46-59 146. 80 22. 5000 10. 0000 W34
343 339-18-04 148. 38 18. 3629 9.9929 Cn1
344 310-49-45 110. 5731 9. 8845 11.717957 Cn2
345 213-22-39 98. 4443 18. 3679 145. 4790 Cn3
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