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4. Structural Design
4.1 Design of Parking Sheds

As stated befare the structural system of the parking shed is frame system that carricd a
one way solid slab 14 cm thick. The design process includes the design of intermediatc

frame and the exterior and theirs footings.

For all of the element of the shed the concrete compression strength (f. ) is 28 Mpa and
the tensile strenuth of reinforcement rebar (£,) is 414 Mpa, and the density of concrete is

25 KN/

’ —— i —

=

u‘h &

-__,.-

Extarnal Wall 2.5 m haight

Figure (4-1): Plan and Sectiun for parking shed
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4.1.1 Design of Slab

Slab will be one-way solid slab.

Thickness of slab will be selected so Lhat No Shear Reinforcement is required. and

it’s caleulated according to provisions in ACI-31B-08 as follow:

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

Figure {4-2): System of slab of parking shed
{Ine end Continues: JACI-318-08 In table 9.53(a))
hein =L/ 24
=300 /24=12.5em
RBoth end Continues: AACT-318-08 In table 9.5(a))
hein = L./ 28
=300 /28 =107 cm

Select b = 14 cm.
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4.1.1.1 Calculation of loads

For 1 m strip

Dead load of slab (self-weight)
0.14 = 25% 1 = 3.5 KN/m

Live Load
[1 KN/m”] will be applied Lo the slab
I KN/t 1= 1 KN/m

Snow load

Because of the risk of Accumulation of the snow on the slab of the shed a depth of 1m of
ice will be considered:

|According to Jordanian code 2/%/3 page 62]

1% [40 KN/m'| = | = 10 KN/m

Wind load
according lo Jordanian code the wind load will be caleulated as fallows :
Basic wind speed V = 33 m/s [assumed]

Design speed:-

Ve=V =8 #8; =8, [Tordanian code 4/5/4 page 73]
S =1 [Jordanian code No. 13]

Sa=0:74 [Jordanian code No. 14]

S3=1 [lordanian code No. 13]

Vy=35%1 %074 x1=259mfs

Dynamic wind pressure:-
q=0.613 (Vz)" [Jordanian ey. 6]
q= 0,613 (25.97 = 411.2 Nfm"
Sa w 0.4 KN/m® will be.

(.4 KN/m™ = 1= 0.4 KN/m

Wind strike the shed from the right and by analyzing the wind force on the slab a
trivial value appears so we neglected.

Wind load on the slab = 0.4 % sin15 = 0.1 KN/m

This is very small value it will be neglected.
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4.1.1.2 Load combination at the Slab

According to Aci. the lellowing load combination is applied:-

Case 1:

U=12%35+1.6x1=58KNm

=2 D+ il +058

U=12%x35+16x1+05x10=10.8 KNm
Case 3

U=12D+1.68+05L

U=12=35116x10+05=1=20.7 KN/m
Case 4:
U=12D+165+(Lor0.83W)

U=12x35+16=10+1-21.2 KNim

Case 4; Gives the largest load and so the largest momenl and shear forces.
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4.1.1.3 Moment and Shear Envelop diagrams

B Pt
| 4, ,~LOKNm
L L) 9,=10KNm

[ PRV PR A VA | S )
| oy q1n=4.2m

Wl - ¥ i YL L N Nl
! o ' ' 7 b & k" |

|__ s £y .

5
’ - L%
i i T TAr T

I e e
e
e tk_r_—[_-_ |'" Sl | '25.59 1
| 08

___h—"——!___é

32

Figure (4-4): Slab Shear Envelop Diagram

- -
.I-hh_“"‘-.._'_ T —-——_-1,

e Sl N e = Ty

S|

Figure (4-5): Slab Moment Envelop Diagram
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4.1.1.4 Design of Shear

[z way (32051 v [

& E T = T - = T'_"-— : i
-‘ .}_"ﬂll \‘Ili -38.21 “Ii ‘3 =32.05

Figure (4-6): Shear force at the critieal seetion — Slab

v at a distance d from face the face ol supporl.
d=140-25-6= 109 mm

Vi al a distance = 250 + 109 = 359 mm from center of support.
Vg = Vg =25.59 = [0.359 % 21.2] = 17.98 KN

Vus= Vus = 38.21 - [0.359 = 21.2] = 30.60 kN

Vs = Vi = 32.05 - [0.359 = 21.2]= 24.44 KN

Check whether the thickness of the slab is adeguate for shear:

Vi max — 30460 KN.

y =l e _llp‘—‘ ‘f-3 — KM - o2
Ve l1.L,1'L.hu,,,,,.-:l =28 X 1000 x 1049 x 10 96 Seings  ACI (11-3)
@ Ve = 0.75296 = 72—

Imstrip

Vumax=30.60 KN<p Vc=72 KN

3o need 1o increase the slab thickness, its adequate enough,

3No shear reinforcement required.
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4.1.1.5 Design of Bending Moment

Figure (4-7): Moment at the face uf supports - Slab

Design for positive moment:

Design of span (1) and (3)
My = 1544 KN.m

My/@ _ 15.44 105/0.9

- = 144 M
K= D@ = 000+ (romr = 1+ Mpa
5 414
= - e— A

085y “osseas - VY
d= 140 — 25 — 6 = 109 mm

1 & K. 1 || 2+174+ 144 :
p=—(1— 1- < Pl (s = 0.0036

m \ ¥ 4 A 414

ASreq =pbd=00036 « 1000 « 109 = 392.4 mm?
ASpin = 0.0018bh = 0.0018 + 1000 = 140 = 252 mm? _ ACI-318.08 (7.12.2.1)

ASpgy = 3924 mm? > As. = 252 mm?
Select P10/Z0cm |, with As — (> 107/ 4) = 100/20 = 3927 mun?

5= 25 mm
=0 =10mm

5=3+h 25=2341435<42¢em
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< 45 cm
Sz = A2em > S =20 em > Sy = 2.5cm
Check: strain

T=0
Asf, =085 fiab

-4
i

02T w414 = D85+ 28 - a4 1000 X
a=6.83mm d
683
- 0.85
0003 - 0.003+ex €a -

X d

0003  0.003 + ¢,
8.04 109

e, = 0.038 = 0.005

X = B.04 mm

OK=>0=0Y

Design of span (2)
M, =522 KNum

M,/® 522=10°/09
hd* 1000 = (109)*

b
M= 085, 0.B5+28

r [
: 21742049 \
p=l(-1_ ’l_z'f‘ﬂ‘“ e [T T _ 0.0012

A 5 17.4| 414

Kn = = .49 Mpa

=174

ASeq=pbd=0.0012 « 1000 = 109 = 130.8 mm?
ASpin = 00018 b h = 0.0018 = 1000 « 140 = 252 mm?

ASeq = 1308 mm® < Asy,;, = 252 mm*
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ASpey = 252 mm?

Select 310/30cm . with As=(n * 10°/4) x 100/30 = 261.8 mm?

3

A IY

25 mm
@ =10mm

S<3+h 28<3+143S<42em
=45 cm

Smax =R em>8=30cm > Sipin =25 em
Check: strain

T =1
Asf,=085f.ab e
d =455 mm X

x=536mm d

0.003 _ 0.0034¢,
X d

0.003  0.0034 ¢, < LY
536 109

€, = 0.058 > 0.005
Ok=>p=00

Design for negative moment:

Design of support (1) and (2)
My =-12.01 KN.m

My /@ 12,01+ 105/0.9

= = = 1.122 Mu:
s 1000 = (109)  '-123 Mpa
; 414
"= 17.4

TOBSf T 085+28
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* r
1 ’ 2.K,.m 1 2+17.4%1123
p=—|1~ [1- - = [E= = 0.0028

m \ Iy 17.4 A 414

ASpeq = b d = 0.0028 = 1000 « 109 = 305.2 mm"”

ASim = 0.0018 bh = 0.0018 = 1000 « 140 = 252 mm*

ASpq = 305.2mm* > Aspy, = 252 mm*

Select $10/25¢m . with As =[x 10° £ 4) = 100/25 =314.16 mm"

S=25mm
=g =12mm

S=Z3eh FE=F+«1425=42cm
= 45 cm

Spex = 12 cm > 8§ = 25cm > Sy, = 2.5em

Check: strain

T =%
Asf, =085 f.ab

= -
3 =546mm { '|
x= 643 mm _
0.003 _ 0.003+€g d

X 3 |
x
0.003 0.003+¢,
643 109 1
0,003

e, = 0.018 > D.DOS
So> P - 09

In the secondary dircetion to cover the secondary moment, shrinkage and temperalure is
required:

Ay = 00018 bh = 0.0018 +« 1000 « 140 = 252 mm*

Select 010/20cm . with As = (xx 10°/4) = 100/30 = 261 .8 mm’
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4.1.2 Design of Intermediate Frame

4.1.2.1 Calculation of loads

Dead load of slab
D.l4 = 25 %3 =105 KN/m

Weigli of the drop part ol the beam
(06, = 0.06)/72) = 0.3 % 25=45 KN/m

Total dead load from slab =45+ 10.3=15 KN/m

Live Loud
[1 KN/m?] will be applied.
IKN/mex 3=3 KN/m

Snow load

Bevause of the risk of Accumulation of the snow on the frame beam of the shed a depth of
Tm ol ice will be considered:

| According to Jordanian code 2/8/3 page 62

1= [10 KN/m’| x 3 = 30 KN/m

Wind load

According to Jordanian code the wind load will be caleulated as follows:
Basic wind speed V = 35 m/s [assumed]

Design speed:-

V=Y =85, = §; %8, [Jordanian code 4/5/4 page 73|

5=1 |Jordanian code No. 13]
8:=10.74 [Jerdanian code No, 14]
Si=1 [Jordanizn code No. 15]

V=382 12 07d % 1 =259 m/s

Dynamic wind pressure:-
q=0.613 (V2 [Jordanian eq. 6]
q=0.613(259) = 4112 Nim*

q = 0.4 KN/m® will be applied,

0.4 KN/m*® = 3= 1.2 KN/m at the frame column,
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Wind strike the shed from the right and by analyzing the wind force on the frame
beam a trivial value appears so we neglected.

Wind load on the frame beam = 0.4 = sinl5=0.1 KN/m’
I'his is very small value it will be neglected.

Weight ot column = 0.8 > 0.3 = 25 = 3.3 = 35 KN (peinl load)

4.1.2.2 Load combination at the Frame

Load combination at the intermediate frame (Scetionl):-

According to Aci, the following load combination is applied:-

Case 1:

=332 B% 6L Smtmﬂ}

U=12=5+16x3=228 KN/m

Case 21

U=12D+1.6L+05S Section 2+
U=12x%15+ 16x3+0.5x%30=37.8 KN/m

Case 3¢

U=1Z2D+16S+0.5L

U=12=%15+16%301 0.5»3=37.5KNm

Case 4:
U=12D+ 168+ LorDE W)
U=12=%154+1.6>30+3 =69 KN/m

Case 4: Gives the largest laad and so the largest moment and shear forces.
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Load combination at the Intermediate frame {Sectionl]):-

According 1o Aci. the following load eombination is applied:-

Dead =120D=1.2+35=42 KN

Wind = L6 W=1.6 % 1.2=1982 KN/m

l

|

192ENm .

777777

= 460

Figure (4-8): System of Intermediate Frame

00
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3 Tﬁlmﬁ

4.1.2.3 Internal forces diagrams

[ e

o0l

Figure (4-9): Intermediate Frame Shear Force Diagram

—
o —
# "-—-‘\
[oeo: S
e,
2 Sy
N
= f T
i 'I—_ 1
-\.\_‘. ‘.-" E&Tﬂb""-\.
-1.--‘ L I'l 1 .-.!_
o ‘||' ";1,
¥ IR
=

Figure (4-10): Intermediate Frame Moment Diagram
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Figure (4-11): Intermediate Frame Normal Force diagram

el

Figure (4-12): Intermediate Frame Deformation diagram
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Check Deflection;
Allowahble dellection =L/ 125 =460/ 125=3.7 ¢cm

Max deflection = 3 em < 3.7 ¢m Ok
4.1.2.4 Design of Intermediate frame beam

4.1.2.4.1 Design of Bending Moment

| ’:Iigii'—ﬁ'---'- 4
| @25 | “
i il =
. Cover=25em 1 |

Figure (4-13): Beam section {A-A) for Intermediate Frame

My at the face = = 61945 KN.m
29 =
d = H00—25=10- (T] = 752.5 mm

M./@ 61945« 10°/0.9

Kn = =
"= TRE ~ S0« (7525)

= 2.43 Mpa

3 il 2Kem ) 1 [, !1 21740243 | _ o
P=m\ "~ 1"~ - 174 J 414 =
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AS,eq = pbd = D.O0GZ » 500 » 7525 = 2332.75 mm’

't 28
Asjin = 0.25 » "’?fi «h+d =025 ‘%1—4* 500 » 752.5 = 1202,25 mm?
¥

Mot less than

14 -

ASyin = L? ehsd=2%.500=7525 = 1272.34 mm® , ACI-318-08 (10.5.1}

214
ASpeq = 233275 mms = ASpi, = 1272.34 mm*
233275 _

7T 4,75
Selecl 5@25

n

Check: strain
T =

Asf, =085 f.ah
#4971+« 414 = 085+ 28 <a+ 500
a=8541 mm

B5.41
= = 10048 mm
0.85 X

0.003 _ 0.003+ec

X

0003 0003 1 &
100.48 7525

¢ = 0.019 > 0.005 e
So2>@0=09 ‘._x'_'_'H | 473
4.1.2.4.2 Design of Shear
Critical scotion at 752.5 from face af column ~f_

Vi = - 228.8 KN
Nu=- 06118 KN

d at the eritical section = 690 =47.5 = 6425 mm
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L3S Poticn Nlakormmmige s & -
ﬁ?:"'ﬂ_]*mf}'—?—lf:g)wmlhwtd ACI (11 -4

61.18 « 10° )‘ —

* 500 » 642.5 = 292 64 KN contol

V. =017+
¢ Dlh(l”"n*-s.amﬁnu e

Ve not greater than:

.29 = Nu
+__

- = 0.29 = [T + Higald v ACI(11—7)
\
e 0.29 « 61.18 « 103
V. = 0.29 = V28 + 500 « 6425 * '1+ : :
i i T 505.49 KN
chigﬂj
dalsle, umlo v

vui‘, ﬂv;.""? 1I|I'rsmiﬂ

L [T by d = 0.75 «—+ V28 » 500 = 642,5 = 79.68 KN

& Vemin ~ 0.75 .

@ V. dsin=10.75 % Bod = 0.75 i +500+ 6425 =B0.31KN Contrals
BV, = 0.75 » 29764 — 219.48 KN

V, = 2288 < 219.48 + 8031

Hinin;um shear reinlorcement is required

Lise twolegs with Av=2 % (n = 107 1 4) = 157 mm°

g_AVEf2d 157 4145 6425

Ve min %[1%1 ath = 390 mm
3= 6_4;5 = 32125 mm
S=d/2
S < 600 mm
Select B10/30 cm

4.1.2.5 Design of Intermediate frame column
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4.1.2.5 Design of lntermediate frame column

\

Section B | B

T
Column sectien (B-B) for lntermediate Frame
Stability index:
A-= Larerl deflection for ulnmte case

Pux A 3628 x 0.009
a'mx;,' 48 % 3.5
= Unbraced column

Slendemess:
L

= 0.194 > 0.05

System about x-axis

KL 2% 280
“;iﬂ*ml!?.!hzz Long Columsn

System about y-axis

E 1:am: —+
- 5ﬂ-m = 23.3 > 22 - Loung Column

Bresler equation:
. 98 R
R P

B = B
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System sbout y-axis (in x - direction)

mu  F4HAG3
e -——pu— = m =206 m
=] I 2.06 _ 358
h o8 “
r_Eﬂ{]—SD—Eﬂ—EE_
h 800 =0
PXpy Py 362.79/1000

= s e LA = A R
4, 4, (05x08) ;

@ x m, m,, 748.63 /1000

—— = = 34 i _' 11
Agxh Ay xh (050808  ~otmpa=034ksi

Simulate these values on the inferaction diagram:

For E:—{J.?E-a g, = 0.0138

=G0, 7Y
4 iF T T
S l i A
b | L
T — ¥ LE = e
— . 1 Jle= T4
JE: s ok . B gl - lJ
} e = - -
- ] sulbed
— =5 =T
[y el B & 1 |
4an fl L Al 2|
-} u -] o |
= “T1 T
il L) |
Lirr e PR - ¥ »
e 008 | I TASE i o B O "“ [
Tt { ] | § T i - 'ﬂ‘._ } : I " 1
— L j ik r 9 | = i
P'|. e : 5= [, h_“‘_ . Fih o 03 i T -4
A LN L ANEE: :
r'.._ 20 r.' .I(|{\1I ™ s i ,L .; = : e
.alt 1T ¥ . N L 1oF Aok B = 5
. = ™ Y o | = 5
; k. k, o P sNEEnPRNS
15 | LTS e 1 K nn 1.:||
. L - LB \.J-ﬂ. .
L BN AN L
- ' ol ol =
Bi I ] | == N p i[l i
i Coiif Cainl . | L =1
o - G i G . <4 A EEr oy
¥il ¥, *'_, s B ® i
] - Fa = Tl b
L= L1 b ] Tone ; b o -; 4
i ‘ “1 ol 1 it 1 b e o iy
o5 ot - bﬁ;..-_______, P =By \\ =
= == - -y s
. e : e A i W "
v 1l |- = = [ | F =t |
Ta -
o 1 [ [T i
o h1 nE 028N gy L 06 07 ] 0 Lf
.A!!I
{ ]
]

Figure (4-15): Interaction Diagram (R - 4 - 60 - 0.75)

For E= 0.90 = p, = (0.012
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. Ad-80-00
9y 8 EF.EE W ] CPATTT Triea
1 [ ¥ ~ENE| i Lo
= v r T 3 0 ks | " |
= ¥ : Faus ofe
as e o, HHH o2 3l
W i ! ] 17 = s el
[y = OB ; 1 A | ..
at=hl I i - = : |
o Bl 1 - & T E : " L _J
— T - e g
asfre P TTTCE D : s
X I CF = i LF
* B i &0 0 0F BT r
Fl'n 0be i g AL T4 B =
3 e B % 0 u 4 I I 8 -
SRR 1. | Y T gy AW q " o - Ta Lot i
"'3_]}_ v ; v . . F F T e "= F
F '\-.. -‘L".l- = o T -
i I " | by N = \‘\_.:..r}ll ':E. -1 |
157 d =051 - L LF AEEE W E e
i ; - r Ll N L 3 5
i LLfA: - AN r LB BT
= B LT T LS = . [ 5 H s = | -
L—nrrp.r:lmif l;nllf o = 1 =
I ! | k=1 1 & 1 . F
Ly W 11 1 = =5 0
i AT T = = > £ ] T
1 = Tere- Cant, Limgt™ Es 3 3 et ot
I S '._;I- o L B 5 = s == o
2 |'i... 5 i af ':' L b=t '...d = g 4 1 I"lIl : “_i +
e L L wamE
=15 | o =
4 = ) AT .
(8 1 oz aa 04 o3 03 oA L] LE | 1.4

Figure (4-10): Interaction Dingram (R - 4 - 60 - 0.90)

By interpolation p, at %: 0.88 — p, = E}.‘il'lEE

ASpeq = Py X Ay = 0.0122 x 500 % 800 = 4880 mm?

4880
=01 T

Select 10925

We try to design the column as flexural member and the result was 8025 which iz |ess
than 10@25.
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Design of stirrups:

Construction rules from ACI for tied reinforced section:

For diameter of ties:

For E’Vﬂ'l‘f ical ars — 25 mm -> Select mﬁ[arrups = 10 mm

Spacing of ties:

S 5 1'5 o m\wr{'{cmhm‘s = 16 X 25 = 4[}{.} mim
5 < 48 X Beipyps = 18 %10 = 4B0 mm
5 = minimum dimenstion if celummnp = 500 mm

S =400 mm — control.

4.1.3 Design of Exterior Frame

4.1.3.1 Calculation of loads

Dead lond of slab
D14 =285 = | =525 EN/m

Weight of the drop part ol the beam
(060 + G.06) / 2) x 0.5 » 25 =4.5 KN/m

Total dead load from slab = 4.5 - 5.25=9.75 KN/m

Live Load
[1 KN/m7] will be applied.
[KN/m*> 1.5 = 1.5 KN/m

Snow load
Hecause of the risk of Accumulation aof the snow an the frame beam of the shed a depth of
Im of ice will be considered:

[According to Jordanian code 278/3 puge 62]
1% [10 KN/m'] < 1.5 = 15 KN/m
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Wind lead

According to Jordanian code the wind load will be calculated as follows:
Basic wind speed ¥V = 33 m/s [assumed]

Design speed:-

V=V = 8 x 85 =5; [Jordanian code 4/5/4 page 73]

5= 1 |Jordanian code No. 13]
52 = 0.74 [Jordanian code No. 14]
S:— 1 [Jordanian code No. 15]

W, =35% | x0.74% 1 =259 mfs
Dyvnamic wind pressure:-
gy=0.6131(Vz) ¥ [Jordanian ¢qg. 6]
g =0.613(25.9) *=411.2 N/m*
q= 0.4 KN/m" will be applied.

0.4 KN/m® = 1.5 =0.6 KN/m at the [rame column.
Wind load on the frame beam = 0.4 * sinl3 = 0.1 KON e

Wind strike the shed from the right and by analyzing the wind force on the frame
beam a trivial value appears so we neglected.

This is very small value it will be neglected.

Weight of column = 0.8 = 0.5 = 25 » 3.5 = 35 KN (point load)
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4.1.3.2 Load combination at the Frame

Load combination at the Exterior frame {Sectionl):-

According 10 Aci, the following load combination is applied:-

Casc 1:
U=12D+16L ﬂm&ﬁf
=12%9.75=1.6x1.5=14.1 KN/m

Cuse 2!

=12D+16Lv0.58

Section 2 T
U=12%975+1.6%x15+0.5x13 =216 KN/m
Case 3;
TTrr
U=12D+165+D3L

U=12%975+1.6% 15403 1.5=364 KN/m

Case 4:
U=12D+1.6S+(Lor08W)
U=12%x975+16% 15+ 1.5= 37,2 KN/m

Case 4: Gives the largest load and so the largest moment and shear forces.

Load combination at the Exterior frame {Section):-

According to Aci, the following load combination is applied:-

Dead=12D=1.2 x33 =42 KN

Wind = 1.6 W= 1.6 = 0,6=0.96 KN/m

e LR H



-, T

# l:L.]

Figure (4-17): System of Exterior Frame

5 Gwn 58
=096 ENm
.L‘"\‘
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4.1.3.3 Internal forces diagrams

S "“-“-:n.t

T s
=

Figure (4-18): Exterior Frame Shear Force Diagram

T
=“\H‘“‘==-r=-

(900 | =

Figure (4-19): Exterior Frame Moment Diagram
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21825 |
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Figure (4-21): Exterior Frame Deformation diagram
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eclion:
Allowable deflection =1L/ 125 =460/ 125 = 3.7 cm

Max deflection = 1.6 em < 3.7 ¢m Ok
4.1.3.4 Design of Exterior frame beam

4.1.3.4.1 Design of Bending Moment

Section
. 4
025 | A
= |iN_910 4
' Cower=25cm 1 1
mewm
3. —_ N
- G070 T

Figure (4-22); Beam section (A-A) for Exterior Frame
M, 41 the Face = - 332.01 KN.m
25 :
d =800~ 25— 10 —(E_j = 7525 mm

M,/@ 332.01-10%/0.9
bd? 500 = (752.5)2

ol RN
- 0.B5f 0B5:28

1 e 1 20174 %1,
paadig= i ST8T o T s s R
m{ " f, 174 414

ASreq = pbd = 0.003Z » 500 » 7525 = 1204 mm®

En =

= 130 Mpa

m

=174
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A Va8

ASmin = WE3 AE, hed = 0.25 x—— = 500 » 752.5 = 1202.25 mm*
Iy 414

Not less than

As 5o bed= S 500 » 752.5 = 1272.34 mm*®

H3min = f; R L ;

ASpeg = 1204 mm?® < ASgin = 127224 mm?®
ASpaq = 1272.34 mm?

1272.34
B =1

254
Select 5018

Cheek: strain
T

Asf,=085fab
5 « 254 = 414 = 0.85 + 28+ 2 2 500 €

a=4418mm

44,18
0.85

0,003 _ 0.003+¢,
X ol x

0.003 0.003 + ¢,
5198 7525

xX= = 51.98 mm

e, = 0.04 > 0.005 =
So»@=09 P
ey o
.,.-'-I | gy
4.1.3.4.2 Design of Shear A
Critical section at 752.5 [rom face of column H“"'“--,{m_
Vu=-125.33 KN ; .
Nu=-335KN 2 bl E
E _._ -‘__ - .‘ * . — — \\_..I ';_\\.LL.\-. : -‘-.-._. F
!‘hl . SO
T W Page 4#.
» 2%29e |

R 7
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d at the critical seetion = 690 —47.5 = 642.5 mm

Nu —
Vr=ﬂ.1?*(1"l'j]4—ﬁg)=\;{:*hw+d ALl 11 —4)

335+10%
14 = 500 = 690

V.= 017+ (1 | ) « /2B + 500 » 642.5 = 290,98 KN contol

Ve nol greater than:
bl gl B

- { 0.20 = Nu
‘.f,:zﬂ.z‘?h,n"ﬂ#bwﬁdn\[l-?—ﬁg— ACI(11=7)

® e e
g Sl " 18 yocigeum

V. = 0.29 =28 + 500 » 6425 # 500 ~ 690

-
kil ingl
@ V.=0.75+% 29098 = 218.24 KN

V, =125.33 < 218.24

Minimum shear reinforcement is required

Vi min = oz VIt by = 3= = V28 + 500 + 6425 = 106.24 KN

Wirn =3 by d=3+5006425 = 107.08 KN  Controls

2 . 3
Tse two legs with Av=2 = (g = 107/ 4) = 157 mm

Avs f,%d 157 + 414 » 642.5

= — - - =73
s S ToTagr I oo

-
g @f"*- = 491,25 mm

S<d/?
S <600 mm

Select §10/30 cm
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4.1.3.5 Design of Exterior frame column

Cotump section {B-B) for Exierior Frame
A= Later| deflection for ultimate case
Q*%‘%- zm:f:::ﬁ:nmu > 005
P Unbraced column
Lsn

E—";u-%-unu =+ Long Column

r

System aboul y-axis

KL X 280 J
*;iiiwhﬁ-z:i.ahll Long Column
Bresler equation.

Fuch

B Fa

eRUS




®Xp, P 2152571000
Ay A, (05x08)
O%m, m, 403.88/1000

= (.538 mpa = 0.08 ksi

Ay xh Ay X h~ (05x0.8 xﬂ:ﬂ)ﬂi'zﬁmpa = 018 ksi

Simulate these values on the interaction diagram:

For ;-r= 0.90 = Py = Py mem = 001

By interpolation p, at £ = 0.88 — p, = 0.01

ffreq =g % AR= 0.01 x 500 x 800 = 4000 mm?

4000

=Use ot

Select 16018

We try to design the column as lexural member and the result was 6818 .which is less
than 160G 18,
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Al Calamigiion # ion

Construction rules from ACI for lied reinforced section:
| LA g i

or di . H

= § =

For @ vestical burs = 18 mm = Select Ostirrups = Bmm
h‘!.."‘_l - 'i-q & :ﬂ.‘t;. waf 5
Spacing of tles:

LR T

S = 16:% @ rticat name =16 x 18 = 288 mm

i .I\_M‘flt li-"ri-u] :.. gl

S= miln'hmumdimenstinn if colummn = 500 mm
s = .. '

5= 250 mm — controls

e : o P
4,1.4 Design of Tie Beam
Thetie heam will tie the footing with the adjacent footing. and in the same time carries

the plain concrere wall ahove it,
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Seportmus o ot heamios . Sen o Iruming omr L
[————Addd Caloulation of loads

Weight of wall over the nie beam
Qa=02x%x25%x25=125¥N/m

Self-weight of beam.
Ga=02x03x25= J.Sé';ﬂ!m
Qa =125+ 15 = HIKN/m

T PR e—

Qaw = 1.4 X 14 = 19.6 KN/m

Imomamm Nearews o owb By @

—_— - a e e Sy g {—
I - S s o ey 1N

;““ Va0 s & DS the b Ve
_.j MU o8 33 pw




#x ¥ -ni.,;r_ -

lﬁl.-“tiaim“h e
_Mgaj;ﬂ..-l.u

T T T T T |
| ' .. thesritical seotion ~ Tie beam- - - _
Vi at @ distance d from face the fuce of support
ol | e
Va6 =22.05 - [0M9% - 196] = 1233 KN i
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i — 4 W
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Vu max = 27 03 KN

1
ll\'¢=iuguﬁx by xd
1
in\\‘,-ﬂ.’lixzxﬂﬂxznﬂxl-m::izm KN

V, =2703 < @xV,=3154

Migimum shear remforsement iz 1equired

Vemin = 55 e bud = 7=+ V28 + 200 » 246 = 16.27 KN
v._.-i h,d:i-lﬂn-ﬂ-ﬁ: 164 KN  Controls

Use two Jegs with Av = 2 « (7 - & /4) = 100.5 tam’

Aysf,+d 1005+ 414 + 246

§= = = 164100 = 624.1 nun
E:-Etis 123 mm
2
§<d/2
§ = 600 mm
Select §8/10 cm

4.1.44 Design of Bending Moment

—— e ————

Moment #t the face of supports — Tie beam

S — hp“
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e

Design for positive moment:

Design of span (1) and (3)
My—=12.4 KN.m

G My/@ 124 x 105708
~ hd® 200 % (246)°

= 1.14 Mpa

oy M
C DB5/,.  085-28

f
1 I z.xﬁ.m)= 1 (I_Jl_zmmxl.n

m =174

174

e 212 ) = (0.00282

ASreq = pX bx d = 0.00282 « 200 * 246 = 138.89 mm’

yi'E - 'H'EE_S 4 "
Asmin = 0,25+ +bad = 025 X o= X 200 X 246 = 157.21 mm?
¥
Not less than:
1.4 1.4 .
Agnuu = T}I' 4 b o d - m x 2{]“ e 2"1“5 = 16&.351 mm

Asmu = 13889 mm* < As,;, = 166.38 mm<

Asy, = 16638 mm®

o
Select 612 mn . With As = 124}‘“ ~113.04 mm?
ek 147 = 2012h
I ee——— =
n 11304 s ] Ars
Fﬂg__n 87
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Check: strain
T=L
Asf,=0B5f ab a0 : -
2><113.l}4:-c4?4=u.55x2ﬂxax2{]u X
4= 1966 mm 4 ¥
 19.66 = 2313
“=g85 — %813mm
1
0.003 — 0.003+4¢, (N
X d
0.003  0.003 4 ¢,
2313~ 246
€. = 0.0289 = 0.005
Sn=2@0=09 “0.F
Design of span [#4]
My, =7.35 KN.m
M./@ 7.35 % 105/0.9
Kn = - = = 0L.675 Mp:
T B " 200 % igyr = 0675 Mps
£ 414
= - = = 1%
T T085E “Ogseza = U4
Ay 2w\ 1 1 |'||1— 2x174x0a7s )
F= J £ T e 4 414 _— e
ASreqg = px bx d = 0,00165 x 200 x 246 = 81.36 mm?
& o
- -..FEB "
ASnicn = 025 Y f *hid =025 % — x 200 x 246 = 157.21 mm?
1, 414

Not less than:

.-. d 2 X200 x 246 = 166.38 mm?*
= h ¥ e i
3 m

ASreq = 8136 mm? < As,, = 166.38 mm?*
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ﬂﬁni_q = 166.38 mm*

IIIKI o
Select 312 mm with As = —— =113.04 mm"

_ 166.38
T 113.04
Checl: strain
T=C(
Asf,=085fab

n =147 = 2012 bars

2% 113.04 % 414 = 0,85 x 28 x a x 200 x
a = 19.66 mm d

19.66
0.85
0.003 _ 0.003+cg
X d
0.003 _ 0.003 + ¢,
23.13 246
¢, = 0.0289 > 0,005

Su=2@=09 = 0K

K= =23.13 mm

Design [ yve mpo :
Design of support (1) and (2)
M. = -19.04 KN.m

M./ _ 19.04 % 10°/0.9
bd2 200 x (246)%

f 414
T OBSf. 08528

1 2.K,.m 1 ’ 2 % 17.4 % 1.75
A L By et = 0.0044
P m(1 I ) 17.4(1 : 414 ) w2

Apeq = pX bx d=0.0044 x 200 x 246 = 216,48 mm*

En=

= 1.75 Mpa

m

=174

l’ageﬁ?
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i 'r_zﬂ
ABiiy = 025 *E <hsd=025%—x200 % 246 = 157.21 mm*
i 414
Mot less than:
1.4 1.4 =
ASmin = Ty*h*ﬂ =mx 200 ¥ 246 = 166.38 mm*

Aseoq = 21648 mm® > Aspin = 166,38 mm*

z
Select 312 mm. with As = LA =113.04 mm*

4
21648
Ty i 1.92 = 2012 bars
‘heck: strain
T=r

Asfy = 085 f ab
2% 113.04 x 414 = 0,85 % 28 x a % 200

a= 1966 mm
12.66
- 085
0.003 - 0.003 + €,
2313 246
0.003 0003+
2313 248
e, = 0.0289 > 000G

So=>0=09 = 0K

X = 23.13 mm

As compression member

According to IBC 2012 the tied beam will be designed us a compression member or
tension member by applying the maximum reaction on footing multiplies by 10 % . as
axial foree;

Pu=4289*0.1=4289 KN

P, =@x P, = D.65x 0.B0 x A (085 x f(1=p,) + 1, x p)
4289 = 0,65 x 0,80 % 50000(0.85 % 26(1 — pg ) + 1114 X pg)

Fage 6l
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pgp = —0.05818 < 0.01 is less than the minimum reinforcement ratio
ASpeq = 7.5 cm?

As Tension member

N 42.89x1000

] = - = = 1.036 em?*
-hﬁ requiriil Ef 414

e
Select 012 mm with Alﬂz'i_‘z*xn =1.13 &m?

n=-2=g68x BR@12 bars

1.13%

Pape 61
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4.1.5 Design of footing
Subsurface condition

According to the soil report of the site (enclosed in the appendix) , the site surface c.cul is
Sand-Silt Mixlure with Grave! and the hearing capacity al the design depth s 1. ﬁ =

156.95 —:md the specific weight of soil is 17.5 Kh

Footing design

The toundation required to support the frame is a cantilever footing with dimension L x B
where:

L: is the length of the footing that resists the moment,

B:is the width of the fouting.

A
A ‘————i.
(I ‘

——
- 0.8 a'

=2 & 5

=
=i

Figure (4-30): equilibrium system of footing
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4.1.5.1 Design of Intermediate frame footing

The footing caries the frame column reaction in addition to the tie beam reaction (service
load):

R = Qaead + Qrive t@snow + Qwind T tie baam
) = 30596 KN

Moment on the frame column:

Mapvice = 521.28 KN. m
1hese loads will appears as a reaction somewhere an the footing base (as shown)

Summation of vertical Foree = zero
R=Q 7 E e
By taking moment aboul paint O:

Ox04+Ms=RxX i
305.96 X 0.4 + 521,28 = 30596 XX — X = 2.104n

And the eccentricity; 5,.»_ £
5 X ’ ) 5
g= 3 :

Let’s assume a value for L =2.3 m then:
e= ‘{1 —2.104 = —0.764 m

I he negative sign of e indicate thut it exceeds the conter of gravity ol the footing base to
the other side as shown in Figure (4-31).
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ar™

4—

|
| S e -

Figure (4-31): Eceentricity from center of footing - Intermediate frame footing

Tnet-allowable = Gallowabls — f‘?saif—w:igm * Qsuil pressure )

Gnet-alowate = 156.95 ~ (25 X 06 sseumeny) + (1 = 0.6) X 17.5)

KN
Inet-allowanle = 134,95 —
Computi width B
¢ ¢ R 305.96
WA TERE e IR Qaliswante 136,45 X 2.5
fh%%“ 0.897 ~ 1.2m
Contact pressure

Sincee=(.764 > %‘ = E—: = 0.417m then G nimugm Will be negative so the following
equation for computing gy, is valid:

B 4x0
Tmet = R BG—2 %)

4 4 % 305.96
s S X 1225 -2 %0768

= 34975 KN

KN ’
qmu =344.75 > qu&t—alluiiahl-': = 134.95 "t_-l- = Fail
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Since this trail fails let's ry somc values for L

Fable (4-1): Trials for designing Intermediate frame footing dimensions

oty .'_- i L '1.I _._11'_ % .'- _-:_ .15-:@{'-'. I_ E s i = e ) \ E
3 | (.604 0.5 22765 negative 227.65 > 134.95 — Fail
3.5 1.3 0,354 | 0.583 l 108.05 26.44 108.05 < 134.95 — pass
When ¢ = 0.354 -c:% = 1—h'i — 0.58m then Quax 804 Uminimum 87€ given hy the
Following equation:
- (1 Jo6, 8o ( E'K—ﬂ'ﬁ) _ 10805 =
Ame =gl L)_I.BHH.E ol
W (1 be 305.96 (1 G x 0354y A KN
Gminimum = Foef\ 1.] T 1.Z%35 35 )' T e

thus the required dimension of the footing is 3.5 % 1.3(m)

Design of footing thickness and structural reinforcement:

Factored load:

Q = 428.9KN

m, = 748.6 KN.m

Then the pressure under looting is
G = 1515 02

KN

Qminimum = 97 2
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¢

250

T

=7

o=

Figure (4-32): Contact Pressure dingrum due to londing (factored) - Intermediate

frame footing

Design of fuoting thickness: the thickness ol looling will be selected so that punching
shear failure does nol oeeur. Assume @, main reintoreement is 235 mm and cover of
30 mm.

d = 600—50 - 25 =525mm

The footing will be design against one way shear and against punching shear.

Punching shear (Tow wav shear):

Critical perimeter ( bs ) will be at a distance d/2 from the face of the column
h«= L0625 X 24 1.025=3.150m

: S KN
Contact pressure m /2 from the face of column (10625 m)is 71.76 =5 . and the net

factored shear 10 be transferred across the critical perimeter is:
Varnan = 4289 — 71.76 % (1.0625 % 1.025) = 350.75 1 KN

The shear strength of concrete according to ACL is given by equation (11-31 o 11-33) as

foollows:

Vo=017(142)/fob.d (11-31)
V= o083 (204 2) Tbd  (11-32)
V. = 0.33,/F: b:d (11-32)
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The minimum value of the previous equations controls.

.20
[3_—.- 1.6 o, = 30 (edge column)

The third cquation controls:
Ve = 0.33 X V28 x 3510 x 525 = 3217.0KN

@xV, =0.75x32178 = 241335 KN > 359.81 0.K
Ihe foating thickness is adequate against (wo way shear.

m 3 shear: The eritical section for checking onc-way shear strength that isat a
dﬂ!ﬁ:&ﬁ from the face is shown in Fig. ( ). the pressure at d [rom the face (1.325 m) is

8035 & o andat the very lar end of the footing is 131 5-—-531’[1[[1'-}1’“

Figure (4-33); eritical sectivn for checking one-way - Intermediate frame footing

v, = () 5 2.475 % 1.3 = 327.8KN
@ x Ve = 0xzxyTo Khyxd=075 %> % Z8 % 1300 x 525 = 45143 KN

@ % V. = 451.43 >V, = 327.8 — No shear reinforcement

Thickness of footing is adequate against one way shear
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Design of footing against bending moment:

Theeritical section for bending moment that is at the face as shows in Fig. ( ). the

pressure @t the tace (0.8 m) is 63.2 % and at the very end of the footing is 151.5 % 50
that Mu :
| i

! 270 — —
e s A
A __.-'f ’ .5 ff'r P
Ol A
¥ 4 = il
-_LJ?J- fj i /'I )'}-r A’ o
L ._,."" i F g !_,_r : ot
—" 680 ¥ Y S s
i e J ?.-"H __,J'. o o
CATI " A P
i A
| E2.F ‘LLLII l ‘
71

Figure (£.34): eritical section for design Moment - Intermediate frame foating
M, = (63.2x 1.3 x 2.7 x =)+ (883 x13x27x 1 x 18) = 578.4 KN.m

M, /@ 57B.4 x 10%/0,9

=3 g ¥ M .
D@ T 00wy LT Mes
3 414
T 085f T 0mse28 o
[ e oo : [
clfgeufy2Kem N [ 2x174x179 -
Prequired = 7~ J 0 T 174 J 414 e

A requires = P acired bxd=0.0045 x 1300 % 525 = 3071.1 mm*

z
Select 825 mm. With As = 22 = =490.6 mm*
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To cover the sccondary moment, shrmkage sad tempemture Is reguired
ASpin = 00018 > 1300 x 525 = 12285 mm2
Select @12 mm

.-%h 10.8 = 11 bars

Use @12 25 cm
Feoting stabitiny:
The factor of safety pgamst <liding i expressed s follows.

+Ssliding sumation of horizontal driving foces

¥ _ﬂ:u-(-ﬁn}flc-,ﬁ)*pp
*‘dm- R‘_,I,leﬁ

1-~aln@  1--sinid

1+iin@ Lapiz i)
1—minC L=gimad

P.-'%"‘h n{{,ul}‘-ﬁlxﬂixﬂxj-ﬂp
ppﬂ%l 175 x 158 x0.4° +2x 1177 % 04 x v1.58 = 14.05

II.-%HHHK.H“= %:1?.5:0.&33!1=5.5+

€V = weight of soll above footing + welght of footing + Q.
W=27x125%13%04+35x25x13x06+4269=52172KN

521,72 x tan(® x 13) + 3.5 % 1077 % —{i’f' 14.05
fotaing 7 = AT 55 X cas0

=117 >15=+0.K

—_— Mﬂ — =
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Figure (4-35): Forces for check against sliding failure - Intermediate frame footing

(heck apainst overturning failure:

The moment will be taken about point O as shown

Resisiting moment
gverturning moment

F. Spverturning =

1 3 )ﬁ J:

) 270
Pl T
= XA Gl
: ,J-ﬂ‘., . : - .
e N
Ios. =

N,

[ —y

Figure (4-36): Forces for Check against overturning failure - Intermediate frame

[ooting

68.25 x 1.75 4+ 24,57 x 1.35 + 4289 x 1.1

.S averwurning = TAB.6

=198 =15 =+ 0. K
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4.1.5.2 Design of Exterior frame fooling

I he footing carics the frame column reaction in addition to the tic beam reaction (service
load):

Q = Q-.If.-ad + Ql.rive'!'QSnnw + Qw:'nd &5 Qri&hum
Q = 20482 KN

Moment on the frame column:

M, rvice = 28528 KN.m
These Toads will appears as a reaction somewhere on the footing base {as shown)

Summation of vertical Force — zern
R=Q m
By tuking moment aboul point O:

OxU04+Ms=RxX
IOAB2 X 04+ 2B5 28 =20482 x X » X = 1L.79m

And the eccentrieity: i

L2 " ®
S

Let's assume a value for L=2.5 m then:

e=22_179=—0543m

2

The negative sign of e indicate that it exceeds the center of gravity of the footing base to
the other side as shown in fig ()
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o L_&. il

¥ —a

Figure (4-37): Eceentricity from center of footing - Exterior frame footing
pet—allowahle = Tallowahis — f‘?.-:n]f—wﬂg_ht + Geall pressure )
Gner-aliowatle = 15695 — (25 X U.q-[gssumgdﬂ +{(1—-04) = 17.5)
Guer-sltowabte = 136,45 oo )

Computing the width B

.. e o L B 20482

Qallowalile = LxB - Lx Fallowable i L Hallowable b 136.45 x 2.5
20482 CREET
e T Al

“on ressure

Since ¢ = 0.543 > 2 =27 = 0.417m 1hen Guuinienum Will be negative so the follawing

equalion tor computing gy,., = valid:

i 4 %
l?Illia.."l. _-{xn({‘_zxp}

) 4 % 204,85
Imas = 3 1.0(2.5 — 2 = 0.543)

= 193.16 KN

’ KN :
Gmax = 19316 > Guerallowabte = 13645 i i Fail
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Since this trail fails let's lry some values for L:

When e = 0.29 {IT; = % = (.58 m then Qmax 404 Qpiinimum are given by the

following equation:

.8 6o\ 208827 6x029) KM

q‘m_BxL(1+L)_ 1:-:3(“ 3 j_m?.srmi
R G\  20482¢ 6x020y . KN

Quinimum _Bxl.(l'T)_ 1%3 (1 3 )_"‘3'64F

thus the required dimension of the fouting is 3.0 x 1.0(m)

n of foolin esy und rul reinforcement;
Factored load:
Q = 281.4 KN

m, = 403.89 KN.m

Then the pressure under fooling is

EN

Quniniemum = 394 55
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|
|
|

TTTTIT

574

T

HE 2

Figure (4-38): Contact Pressure disgram due to loading (factored) - Exterior frume
fuoting

Design of footing thickness: the thickness of footing will be selected so that punching

shear failure does not oeeur. Assume Q... main reinforcement is 25 mm and cover of

40 mm.
d = 400 —40 — 25 = 335 mm
The footing will be design against one way shear and against punching shear.

Punching shear (Tow wuy sheur):

Critical perimeter ( b. ) will be at a distance d /2 from the face of the calumn
h-=0960 X2+ 0B35=2771m

Contaet pressure al d/2  from the face of column (0.968 m) is 74.37 % , and the net

factored shear to he transferred across the crilical perimeler is:
Vaget) = 2814 — 74,37 % (0.968 x 0.835) = 221.29 KN

The shear strengrh of concrete according o ACT is given by equation (11-31 1o 11-33) as
follows:

V. =017(1 +§]\r'f_fmd (11:31)
V, = 0,083 [‘;i" + 1) JEbd  (11-32)

V. = 0.33,/T; b-d (11-32)
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The minimum value of the previous equations controls.

80
B =T 1.6 ag = 30 (edge column)

The third equation controls:
V. =033 x V2B x 2771 x 335 = 162097 KN

O x Vo =0.75% 162097 = 121572 KN > 221.290.K
The footing thickness is adequate against two way shear.

One way shear: The critical seetion for checking onc-way shear strength that is at 4
distance d fiom the face is shown in Fig. (), the pressure at d from (he face (1.135 m})is

; W K
80,44 % and at the very lar end of the lvoting 15 Idﬂ.EHT]: so that =2 Vi, :

——gr——
J“_,f" f.." ,.-'"'II ; A /

Ak d _J’}

[ o / 5 f.-*"j
"-:!: r . r 2 r'-';r //. Y
Y—iw—" //,
AN AW AN

A e

AT R R N i 8

Vo [ | u
50 L L,I\l ]
4a.Z2

Figure (4-39): eritical section for checKing one-way - Exterior frame fooling

Vo = (5] % 187 x 1= 21378 KN
BxV,=px%E scby, X d =075 %= xVZ8 x 1000 x 335 = 221.56 KN
V, = 213.78 KN < 221.58 = 305.33 KN - No Shear reinforcemet is required
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ainst bending moment:

The critical section for bending mument that is at the face as shown in Fig. (), the
’F\Qﬁnme at the face (0.8 m) is 68.27 ﬁ and at the very end of the footing is 148.2 EEG
that Mu :

&0 ¥
1 2 s I :
" ;': . .
£ o= :l‘.- h I,-‘r.:_.e'-f
T i A
I__-"' ,-"- ) P y
B TR T
m = 2 .I
H.a:?“"‘IJJ__L_U ‘
145.2

Figure (4-40): critical section for design Moment - Exterior frame footing

M, = (68.27 % 2.2 % 1.0 X £4) 4 (109 % 10 % 2.2 Lx 147) =3415KN.m

M /8 _ 3415 % 10°/09
= - 3.8
St TT S O R SR

n= ——

o B MA g el
M=3@sf, 085+28

i Tem | _ 1 [, | 2x174x338 ), e
Prequired ™ A ) 414 =

A itk = pL.g, M4 % 6 3=10,00884 X 1000 x 335 = 2963.03 mm?

Select @18 mm, With As= —254.34 mm®

= 296308 _ 411,65 = 120118 bars

TE434
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To cover the secondary moiment, shrinkage and wempermiure 13 required
AS i = 00018 x 1000 x 335 = 603 neimd
Select 010 mm
7246
n=—= 7.7 = B bars

Eguting stabilits:
Check againsi shiding lailues
The factor of safety agams: shding i expressed as follows

F _ sumation of horizontal e SISRINE T
'% sumation of harizontel driving foces

oV = tan(30) + BC; ()4 pp

F'w > Ry 4 pyrosf

i~sin@ _ A-nifid a5
Ky = FroT i T 0.633

Trpinw 1+pin L3
= = = 1 5H
“’P 1-sn@  1=%intd L5

1 :
p.#-i!fzilipxﬂ'f-i-.'-:'!'.l‘.‘.glh‘lqlhp

i : —_—
-ex175% 158 x 062 +2 x 1L77T x 06 x V158 = 22.73
™3

%x 175 x 0633 %1 =554

| ==

1
p,:ix?txld.xﬂ=

£V = welght of soll above lootng + weight of footing + Q,
V=22x175x10x06+ 3.0 % 25 x1.0x04+ 2814

eV =231+30+ 2814 = 3345 KN

3345 x uﬁx 13)+30x 1177 x {i} + 2273
¥ Steg = 74 + 5,54 x cosd

=122>15= GK
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Figure (4-41): Forces for check against sliding failure - Fxterior frame footing

lure:

Check apainsl overturnin

The moment will be taken aboul point O as shown

F.s __ Resisitingmoment
STOVETLUITING  gyerturning moment

Figure (4-42); Forces for Check against overturning failure - Exterior frame fuoting

Wx154231 %11+ 2814 X 2.6

F.8 yyerturmning = T =198 > 15 = 0K
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4.2 Design of Administration Building

For the administration building the concrete compression strengih (f. ) is 24 Mpa and the

tensile strength of reinforcement rebar (f,) 1s 420 Mpa, and the densily of concrete 18 25

EN/m3,
4.2.1 Design of rib siab

4.2.1.1 Limitation of deflection

According 10 ACI the caleulation of deflection can be neglected if the thickness of slab

greater than hay..

s l [
K5

f \

i)

i 205 5.08 ‘~r

o ; \ )
/ e I W ._pl':
i L] \

In' | |t 2 \ |
‘ 1 K;.-"’I | ’
- - Ik

Figure (4-43): Maximum rib spans {Tor one end confinnes)
Max span for one end continues span = 5.0m

Max span for simply supported = 5.0m
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2.05

425

510

515

T ]
2.05

Figure (4-44): Maximum rib spans (for both end continues)
Max span for both end continues span = 3.15m

For cantilevers = 2.5 m
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According to ACKCode-318-0% 1able 9.5(a), the minimum thickness:

- Ome end contimuons: by, =1/ 18B53=300/185=27.03 cm

- Both end continuous by, =L /21 = 515721 = 2452 em

= ':llﬂnpj}r Suppﬂﬂﬂd h-mm = L i “5' - qﬂﬂ ."I lﬁ = :"I [ -2; cm

= Cantilevers hyn =

I3 =2305/8=23.63 cm

Select Block 24 cm with hyw =32 em = hp = 31.25 em

hagp=32cm= 3.5 = widthofrib=3.5 = 12 =42 cm

Thickness of topping = 8 cm

4.2.1.2 Design of topping

Dead loads
liles
Mortur
Sand
Topping

Partition

‘ _-!.:_"II"I Tiles

_ 200 Meorter
l?-‘.:.m Sand

SR SRR,
Opplng | .00
:_r L H 4 |
i K 7 |
2 o

Figure (4-45): Typical section in topping

23%0,03= 0,69 KN/m’
22% .02 = (.44 KN/m*
16%0.07=1.12 KN/m"
25%0.08 = 2.0 KN/m’

2.5 KN/m®

Total Dead Load = 0.69 + 0.44 4+ 1.12+ 2.5+ 2.5 = 6.75 KN/m"
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For one meter sirip:

Dead load = 6.75 » 1 = 6,75 KN/m
Live load=2.5 % 1 = 2.5 KN/'m

(o= 1.2 = dead load + 1.6 = live load

= 12.1 KN/in
/J Qu=121 KN\m
T =1
A y il 4 \ o/ \,
/
I

- —— 40cm

Figure (4-46): System of topping

M= (qu * L7/ 12) = 12.1 » 047/ 12 = 0,161 KN.m
Vu=12.1%02=242KN
4.2.1.2.1 Design of Shear strength

Vumax =242 KN.

Ve == £ffbh = 224 % 1000 % 80 X 10~% = 65.32 KN
@ Ve=0.75%6532=4899 KN

Vu s = 2.42 KN =< & Ve = 48 89

3No shear reinforcement is required.

4.2.1.2.2 Design of Bending Moment

Mu=0.161 KN.m

Plain concrete section with b/ h = L0080 em

Page 82



Department of Civil Engineering , Design of Training Center Unit

_ bh®
@Mn = 0.55 % 042 + [ f +—
S -

1000 + 80°
@BMn = 055 + 0.42 » Vi s — — 1207KN. M
6

& Mn = 1.207 KN.m = Mu = 0.161 KN.m
No reinforcement is required

Minimum reinforcement for shrinkage and temperature
ASpyi, = 0.0018 b h = 0.0018 = 1000 % 100 = 180 mim?2 ACE318-08 (7 12.2.1)

Seleet mesh @8/20cm with As = (= 8%/ 4) % 100/20 = 251.33mm’
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g

4.2.1.3 Design of rib (5)

| 300 Ties
= 101 Merter
L L 200 Sand
T_' & i )
‘ f:._]_'['l
-\\-\.\._ - I-“_, -
-"ﬁ-\.___\_ --I.-’_,r
e 24,07
S =
r‘--__."' . e e
..-f-f--. H-h-“-.
s g AT YR VT T Z 00 Merter
—1E A0.0 ——12 I—

Figure (4-47): Typieal section in Rib

Dead loads

Tiles 23%0.03%0.52- 0.36 KN/m
Mortar 32x0.0270.52= 023 KN/m
Sund 16%0.07%0.52 = 0.58 KN/m
Topping 25#0,08%0.52= 1L.04 KN/m
Bluock 15%0.24% 0.4 = 1.44 KN/m
Rih 25%0,12x0.24 =0.72 KN/m
Plaster 2270.02%0.52 =023 KN/m
Partition 25 % 052=13KNm

Total Dead Load =036 1 025058+ 1.04 +1.44 - 072 + 0.23 + 1.3 =39 KN/m
Live load =2.5 % 0,52 = 1.3 KN/m
g, = 1.2 #dead load + 1.6 * live load

=816 KN/m

Puue B4




4; =208 KN\m
- 4y =208 KN\m )
1=2.08 KNim I : -
q; =208 KN\m R T _;_¢ | )
=208 (T
omp q4=7.08 KN\m

TS S T T T

Frerrr Fhiar PA s
il 1o} o 4,26 — - 510— e ——— e r 205

Figure (4-48): System of rib

4.2.1.3.1 Design of Shear

| —

m e

Figure (4-49): Shear force at the critical seetion — Rib

Max Vu al the critical section = 19.01 KN
1 .

1.18Ve= 112075 ;*ﬁhwd

d=320-20-8.6=286 mm

11@ve=1.1 *n.?hi-s V24 120286 = 23.12Z KN

Vu=19.0]<23,12KN

= No shear reinforcement is required.

Select @8/25cm Montage
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4.2.1.3.1 Design of bending moment

\
N
‘H'-%-'.
LE

N L N
o
4:'?}

Figure (4-50); Moment at the face of supports — Rib

Design of positive moment

From the geometry of  I'-Section:
bw = 120 mm h= 520 nun hf=1=80 mm,

The effective width (br) according to ACT 8.12.2 bg is the smallest of:

L 450
hE E-E =T= 112.5cm

bg <by+ 16hp=12+4 16+ 8= 140 cm

Ly 4+ Lz _12+4ﬂ+4u

- = = HZ ¢
hE_.._hw'l' "I-E 2 % | ('Tl’fl

Controls .......... 582 em
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Requirements for Slab Floor According to ACK- (318-08) :

by = 10em

b= 12 em = 10cm

h=35=bw=35=12=42cm

h=32¢m=< 42cm

b; <80 ¢m

bi=40 cim= 80 ¢m

—
AT

>b/12=40/12=33cm
> Scm

t=8em>=5ctm

bl

ACI(E.13.2)

ACHSE.13.2)

ACIE.13.6.1)
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Design of span (2)
My max = 13.61 KN.m

Check rectangular scelion or T-section (a<t):

a=1

. t
B M, = 0.9%0.85%{ xh,xt,x (d- ~)
: 2

o
A M, = 0.9%0.85%24x520 ®80x (EBE = ;) =]87.89 KN.m
B M, =187.89 > 654
=2 a<1 for all spans.

The Rib will act as (Reclangular Section),

Design as a rectangular section b = by

M,/ @ 13.61~10%/0.9

= = = ﬂ r'E
K= P& = 570 @86y~ o0 Mpa
PR -
"= OnsF ~0msyog - 206
: "
<k { fl 2. K.m . e il 2%20.6+ 144 . 0.00085
T m | £ 206 J 420 S

ASreq = pbd = 0.00085 = 520 » 286 = 126.41 mm?®

JE VE .
Aspin =025 4 *bBad=025——#+ 120+ 286 = 100.08 mm*
n oy 420

Not less than

14 1.4 :
lalSmIn = J_F'— had= m +120 - 286 = 1144 mm*

¥

ASeeq = 126,41 mm? > ASmin = 1144 mm*

12641
R=Ees L

Select 2010 with As = 157.08
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‘heck: strain

T=C
Asfy, =085f.ahb -
157.08 =420 = 085 + 24 =a + 520 X
a=62d mm
6,22
0.85

0.003 _ 0.003+es €, N
b d

0.003  0.003 + &

7.32 286

¢s = 0.114 > 0.005

So=2>0=09

= 7.32 mm

® =

Design of span (3]
M, max= 13,13 KN.m
Design as a rectangular seclion b — by
M, /0  13.13 +10°/0.9
bd® — 520 = (286)%

fy 420
- 085f, 08524

1 2. Kp.m 1 2+ 0.6+ 0343
—_—— = — —_—— e == = i
p 1 jl 7 ) T (1 / s ) 0.00082

Asy = pbd = 0.00082 + 520 + 286 = 121.95 mm?®

= 0.342 Mpa

m = 206

ASpeq = 12195 mm® > Aspy, = 1144 mm?*
12195 e
n= 78.54 = L.Ja

Select 2010 with As= 15708
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Check: strain
A=

Asf =085 fab

T
15708+ 420 =085+ 24 ~a+* 20 }:
a=0.22 mm

L DEE o 32
xX= {Jﬂ_j - i mim
0.003 _ 0.003+€5 g,

b4 d

0.003 _ 0.003 + &
732 286

e, = 0.114 > 0.005

So> =09

Design of span (1}
M, max — 6.64 KN.m

Design as a rectangular section b= b

M /P 6.64+10°/09 :

— = =0173M
N=0d% 520+ (286)° o)
%0
~0.85/,  0.85+«24

= 2016

mnl

i Koige 1 r Zs 206 = 0.17:
p:l 1- 1—2H"m = gl =Bt D e = 0.00041
m q T 20.6 . 420

As.q =pbd = 0.00041 # 520 # 286 = 60.98 mm*
A§ ., = 6098 mm? < Aspy = 1144 mm?
ASpeq = 114.4 mm?

_ass
N =oang

Select 2010 with As = 157.08
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Check: sirain

T="L

Asf,=085f.ab

15708 =420 = Q.85+ 24 » a# 520

a= 6.2Zmm

622

T 085

0.003 _ D.003+€,
X h d

0003  0.003 + &,

7.32 286

e, = 0.114 > 0.005

So2@=09

= 7.32 mm

X

Design of negative moment
Design of support (1)

M, max = -15.56 KN.m
Design as a rectangular section by — by
My/®  15.56 « 10°/0.9
b 120 + (286)*

fr . 420
T DBSE 0.85+24

Kn = = 1.761 Mpa

m = 20.6

1 ( ‘ 2oKm 1 | 2=206=-1761
N

= 1 1
£ 20.6 \ 420

AS.,, =pbd=0.0044 ¢ 120 « 286 = 151 mm’

JE

¥

Aot =025 % * 120 = 286 = 100.08 mm?

d =025 L
*eag=0da® s

Not less than

= 0.0044
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A s 14 120 + 286 = 114.4 mm?

< =—gtl=—TT% L] = mm

i A 420 s

ASpey = 151 mm* > Asqy, = 1144 mm*

151

= atg ok

n

Select 2010 with As = 157.08
Check: strain

T==C
Asf, =0B5f.ab

-

157.08 = 420 = O.B5 = 24 » a = 120 T
A = ZA95mm

_26595 . o _ d
EaDIHE— ¢ mim

(003 ¥ 0.003 + &, %
x d i)

0.003  0.003+¢, 0.003
3171 286

e. = 0,024 > 0.005
So=>0 =09

Design of support (2)
M, max =-10.26 KN.m
Design as a rectangular section by = ba
M, /0  10.26= 105/0.9
bd® 120+ (286)°

. e
0.85f, 085+24

l{n:

= 1.161 Mpa

20,6
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ootfyo _2Kem ) 1 [ 24206v1761 _
m J f, 206\ 420 S

Asiuy =pbd=0.0029 - 120 - 286 = 99.53 mm?
ASpy = 9953 mm® < As,;, = 1144 mm*

ks EW
= gns .

Select 2010 with As = 157.08

T=C

Asf, =085/ ab
€
157.08 =420 = 0.85 = 24 *a + 120 t

a= 2695 mm '\

26,95 \ "
=TEe ~ 31.71 mm

0.003 0003 + ¢ "

X d ,
0.003  0.003 + ¢, 0.003
5391 296

e, = 0.024 > 0.005

b1

So=>0=09

Design of cupport (3)
My max = - 14.02 KNum

Design as o recrangular section by = by,

Mu.”ﬁ - 14.02 » 1ﬂﬁfﬂ.‘]
bd? 120 +(286)°

En=

= 1.587 Mpa
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420
0.85f. 085+2Z4
S I_ =
i 1 1 ZKgm Y 1 : : 2206+ 1587 | St
P=m —F | Z0s J 420 e

ASpeq = pbd=0.0039 « 120 + 286 = 133.85 mm®
ASreq = 133,85 mm? > Asyp = 11445 mm”
13385 _

74.54
Select 2¢10 with As= 157.08

= 1.7

Cheek: strain

T==L
Asf,=0B5f ab
: ] “ €s
157.08 420 =085+ 24 < a + 120 ‘\—— T
a= 26.95mm k\
2695 bt 4

X Sat 31.71 mm ‘|' \
(.003 4 0.003 + Eq X

% d W oi
0.003  0.003 + & 0.003
3171 286

e, = 0,024 > 0.005
So=>0=09

Design of support (4)
M, max — - 15.1 KNom
Design as o rectangular section be: = b

Mo/@  15.1=10°/0.9

Kn= 4% ~ 120+ (286)

= 1.709 Mpu
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oM 420
085f 085+24

1 2.K,.m 1 | 2% 20.6 % 1.709
p=—[1- [1— = 1< |11= = 0.0043
206 \

m 5 420

FARN

ASpeq =pbd =0.0043 » 120 + 286 = 147.58 mm?
ASeeq = WU7.58mm? > As.;, = 1144 mm?

_147.58

- =14
TR.54 g
Select 210 with As = L57.08

Check: strain

=%

Asf, = 085f. ab

15708 =420 = DBS +24 e a» 120
a=26.95 mm

26.95
= 085 = 31.71 mm :
0.003  0.003+¢, I I\
: X i d Il \\
0.003 0,003 + ¢,
T 0.003

€, = 0.024 = 0.005
So=2>@0=09

X

Puge 95
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4.2.2 Design of mat foundation (1)

When the bearing capacily of soil is low isoluied footing and strip footing under shear
wall arc released hy a rall foundation. In such case a solid reinforced concrete rigid slab
constructed under the entire building. Structurally Jqaft foundations resisting dircctly on
soil act as flat slab or flat plate, upside down. loaded upward by bearing pressurc and
downward by the concentrated column reaction and distributed shear wall regelion, the
advantage of raft foundation is that help in reducing different settlement of individual
calumns relative to each other. which might be caused by local variations in the quality ol

subsail, or other causcs.
The design of rufl foundations may be carricd out by one of twa methods:

e The conventional rigid method and;

s The finite element method utilizing computer programs.
The conventional method is casy to apply and the computations can be earried out using
hand caleulation. However .the application of conventional method is limited to rafs with
regular arrangement of columns only,
In contrast, the finite element method can be used for analysis of rafl regardless of the
column arrangement, loading conditions. and existence of cores and shear walls,
commercially available computer programs can be used, The user should .however, have

sufficient background and experience.

4.2.2.1 Rigidity of foundation

The rigidity of mat foundation calculated as the following |

Rigidity of rafl foundation (B=65m*[.=7.Tm):

Ix =% o s 655777 _ 2473 m* - Control
y="2 | y=2222 - 1763m!
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I xEc 4
k==

I : moment inertin of rafl fundation pmsenal

Bo: modules elastisity of concrete 4700 x Ve

B width of mal foundation

Es - modules elasticity of suil

Eo=4700 x +/Z8=23025. 20 MN/m>

Es (soft rock) = 1000 MN/mZ from “ble (6121 principie of fowndation

BTINIOIRL _ 1o gm
K ST - 12075005 Righd

As the vitlue of K 0.5 it shouli be design s nigid mat foundation, but there no salbwaic
design mal as rigid ;more over its difficult 10 design i by hand manual 50 we conmder
as flexible and this method grves result lose Lo dhe resilt of rigad method

4.2.2.2 Structural analysis of mat

Apahsis roult:

Safe is the software used to anulyze the mun as whole | the program use the sinp vhemen
method m fuding the itermal forces for the mat

The program consider the mat as 2 0w Wi shib 50 1hat we got ntermal forces m boih
vertical and hotizontal direcoons A soroen caplure log ine moidel 15 shown mal strps in
both direction
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T F 4 b I
4= - E i ! IE_ — l - - I__ N
| I e e T L » 4
I *
o =1 1
VA e {1 o s il

N
3 |
FRESES— =1

e s -

S aee———y

o

|
|

e e e R

- =38

=

bk |
|
1

|
-

~— =
[E27n]

Figure (4-51): Mat strips

e

The maximum soil reaction on the mat due to service load is 220 r:KHr'm:) is less than
the allowable bearing capacity of the correspanding faver 235 (KN/m?),
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Figure (4-33): Bending moment in x direction

which is used to determine the vertical reinforcement steel
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Figure (4-34): Bending moment in y dircetian

Myy @ which is used to delermine the horizontal reinforcement steel

== o S T s

Figure (4-35): Shear force in x direetion

Page
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Vxx :Shear force in the vertical direction

Figure (4-56): Shear force in v direction

Vyy :Shear torce in the vertical direction

Table (4-2): Envelope Results Tuble (mat1) : Maximum internal forees

Maxx Myv Vix Vyy

182 KN.m 192 KN.m 4I0KEN 306 KN

Page
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| e

4.2,2.3 Design of shear force

Vil e = 410 KN/m

For | meter strip :-

Thickness 1 =750 cm, d=750-50-16 =684 mm.
@ % Vo= 1/6 X 075 X T % by, xd
PXVe=1/6x075%xv2F % 1000 x 684 —418.862 KN'm > 410 KNim , 0.K

@ % Ve > Vu Thikness is safe & no shear rainforcement is required

4.2.2.4 Design of bending moment

Design of bottom reinforcement in x direction:

Mxx=182 KN.m
M ]
o sl ‘13_:]‘3 0.4322 M
Kn = = : =L}
P = Dd® ~ 1000 % (6842 pa
3 420
v !r = =
M= OGRS 08sxzA 00
i | ’ 2.K..m
Prequired = — '1-\“1— t'“ }
¥

1 ([, _2s0432-206\__ .
Prequired = m i e 420 Sl

Page
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PPU2015

AS 1= Prag X b X d

AS ey = 0.0010x 1000x684-684 mm’/m

ASmis =Puiig X P X A, (eg—7.122.1 ACI 318 — 08)
AL e — D001 Ex 1000=T30-1330 e > As, — conlrol

Select G16@14cm with As = 1436 mm/m

check maximum spacing :

280 280 _
szssu[ : )—E.Erccrszﬁaﬂ(z—m-})— 2.5% 50 = 255 > 18.cm ok

Degign of bottom reinforcement in v direction:

Myy=192 KN.m

M &
2 19 x%
= - = r — = 5 E.FM
Kn = £ = 1000 % (6Ba)2 - +°6Mpa
f 420
= — 20.6

= DAast.  085% 24

J'ils_‘m = F]H'_'I.I X h x d

#

1
Prequiradg = ;"[-'l(l 2 1d|]-

1 ' 2=0456- 2008
Preguired = T0E 3 .\.I i 230 = (0.0011

Asieg = 0L0011*1000*684=753 mm*/m

Z Kg.m

fy

.4.5m|r|_ = pmin. 3 h x h

As=0.0018*10002750=1350 mm"/m > As..q — control

Page

103




Department of Civil Engincering , Design of Training Center Unit

Select @16@14cm with 4s = 1436mm~/m

check maximum spacing :

s = 380 (}ﬁ) —25¢, = s = 380 (22) - 25 x 50 = 255 > 18.cm ok
Design of top reinforcement in both dircetion:
MY s = 56 KN.M < 192 KN.M
ASrec = A = 0.0018% 1000*750=1350 mm*/m
Seleet @18@18cm with As = 1411 mm’/m

check maximum spaciny :

sy (380 —— . o .
s = 380 (") — 250, =5 =380 () - 25 % 50 =255 > 18 cm ok

4.2.3 Design of shear wall (SW1)

4,2.3.1 Structural Analysis of shear wall




Department of Civil Engineering , Design of Training Center Unit

Iw=5475m hw=17.85m b =250 gm
Lw=hw . d=0.8Lw
d=0.8%5. 475 . d=438m

Critical section for conerete is the smallest of:
Lw /2=547572=2,135m
hw/2=17.95/2=8973m

Story height=2.1 m

Mu, at critical section = 6774 KN.m

| T

Ficure (4-37): Bending moment about strong axis

M, : the which is resisted hy the uniform vertical and boundary steel.

Page
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BT 2361

sEQ20DT71 A

Figore (4-58): Shear force about strong axis

Vs : the shear about strong axis which is resisted by the uniform horizontal steel.

Page
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s BE TS

ST

Figure (4-59): Axial force in shear wall

Pu : the axial force which is resisted by the uniform vertical sreel.

Table (4-3): Envelope Results Table (SW1) : Muximum internal forees

I o W Pu
7899 KN.m 006 KN.m 1436 KN
Page
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4.2.3.2 Design of horizontal reinforcement
Ve is the smallest of ;

Ve2x fTix h xd , €q.11.2.1.1 AC! — 318 — 08
Ve ——;_ % 24 % 250 x 13080 = 895 KN

Ve =025 % ffIx h xd+2  £q.11.9.6 ACI 318 08

1436243280

Ve =0.25 X V24 % 300 % 4380 + e — =1342 KN
(nix ,ji +0:2 xh—_-lil—}
Ve =0.05 x [ + e —— hxd eg.11.9.6 ACI 318 — 08
Yo %
[ 5475 [ n1 % 2T+ 02
Vo = (0,05 x v37 4 22751 Sl =MHL}J 250 % 4380 = 889.3 KN
L Sl:lﬁ &

Ve = 1065.821 . controls

@ x Ve = 0.75 x 1065821 = BOO KN
@ x Ve<Vu shear reinforcement required

Vs— Vi — Ve= T —Ne —E— 889.3=1172 KN.

Ape A 1422 x 103 mm?
b = hs = S 000EE —
s bnd 420 x 4380 mm

-*'*—F min =0.0025 % h

J'!.'IE'I"I2
-"‘T"* min=0,0025%250=0.625 == take @10 with As=1358 mm2

Pel-Anh S Sy |
8= Dhm 251.2 mm
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PPU 2015

setect @10 @a200 mm in each layer < §,,,,
§5=3*h=3*250=750 mm

5=430 mm control

: _!.:f _i:ﬁ = 1095 mm

4.2.3.3 Design of uniform vertical reinforcement

2 hw 5x347+21

= — 5
™ T AT 3.55m.
o2 (0.0025 4 0.5 (2.5 - E2=) (20,0025 % h< 25 ,eq 1130 ACI 318
e = .0025+ 0.5 (25 — 222) ¢ 00,0025 ) % 250~ 0625 T
s T e mm

take @10 with As=15% mm2

S L
k= =200 mm
o625

Select @10 @200 mm in each laver < Smax
& = J*h=3*250-750 mm

8 =430 mm control

bw _ 5475

3 £

L=

1825 mm

4.2.3.4 Design of bending moment

— 08

Check moment strength based on required uniform vertical reinforcement for shear,

A —% x 2 % 7TB.5 = 4298 mm?

Page
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7 1
E.F“Hﬂ.ﬁs:-:ﬁ;xaxl,wxh
Asy x [y
Z 1
E“E +_n.as X 24 % .85 x 5475 % 250
4298 x 420
M-av—'ﬂ-’;'b-:[ﬂ.‘jHhﬂxf}-wax{I-z:zw}:l

M= 0.9 % (0.5 x 4298 x 420 x 5475 % (1 - 0.5 % 0.056 N=4323 KN.m

My =4323 <M= 7899 KN.m . .« boundary steel is required

Mig=My—Muyv . Miyg~7899 -4323 =131576 KN m

N , Sec 21.9.6.2 ACT 318 — 08
R Hﬂﬁ

(== Js 0.007 . Sec 21.9.6.2 ACI 318 — 08

i, —-ﬁ%ﬂﬂtﬂmm

Roundary length LB =

X
2

Lu=% = 652 mmn

B> X—0.1xL,

B = 1304-0.1%5275= 757 mm

Select LB =B00 mm > 757 mm

Page
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fyx(Lw—Li)

Asy

FETERIAS f

Lt R
A req 420%(5475-800) 202k mme

Select 14 @14 with As=2155 mm- > 2024 mm?2

uge
1
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4.2.4 Design of stair (ST01)

e 2
- g
o0
2
e
Figure (4-60): Flight F1 system
Design of flight (1)
- Limitation of deflection:
h- _I::.. h.-'ﬁll'l
RN
=20 zo_ om

Select h=20 cm = hyyy
Inclination angle = 29.54°

Loads

1
Slab = 0.2 X 25 % m&_‘——- 574 Kﬂf’m

1
Vertical Morter = 0.03 x 0.17 x 22 X e (.374 Kn/m

Page
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Plaster = .03 % 22 m

=(.758
cos 29.54 ? Kn/m

|
Vertical Tiles = 0.03 x 0.17 X123 % 03 = 0.391 Kn/m

33
Horizontal Tiles = 0.04 % 1 x 23 x T 1012 Kn/m

Horizontal Morter = 003x1x22=068 Kn/m

25
Triangles = 0,17 % 7 X 1=2.125 Kn/m

Total Dead load = 11,04 Knfm

Live Load = 4 En/m

QU=T12%1106 1.6 x4 — 19.672 Kn/m
Anulysis

Design of Shear Strength

Figure (4-61): Flight Shear Foree Diagram

Vu=2085 KN

Page __
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v:%v’ﬁhwd =§u@¥ x 1000 x 174 x 1072 = 142.07 KN , ACI (11-3)

A Ve=0.75142.07 = 106.55 KN = 18.04 KN
No Shear Reinforcement is required.

Desipn of Bendin oI

[sde]
Sl
T
/"( ,a’."
‘__,-"{:,.’ }vf;’
" ".I )r""
'-_ i
>l N =
e N

Figure (4-62): Flight Moment Diagram
Mu Max = 23.65 KN.M
d=200—-60=174 mm

M,/@ 23.65=10%/09
bd? ~ 1000« (174)2

Kn = = (1L.868 Mpa

£, 420
e — |
M= 085F 085424 ”
_1f, '1 2Kem \_ 1 [ | 2x0868x2059 S
) f, | 2059 20 P

ASpeq =pbd = 0002 + 1000 = 174 = 348 mm?

ASpmn = 0.0018 b h = 0.0018 » 1000+ 200 = 360 mm? , ACT-318-08 (7.12.2.1)
Aspeq = S, = 360 mm?

Select B10/20cm . with As = (7 = 107/ 4) = 100/20 = 392.5 mm®

Fage
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Check: strain

T=C
Asf, =085 flab T
992.5 » 420 = 0.85 + 24 + a = 1000 X

a=830Bmm x=——=95mm

0.003 _ 0.003 + e,
X d

0.003 _ 0,003 + ¢, €5
9.5 174

e, = 0.052 > 0.005

Ok 2> @ =09

Kecondary Reinforcement

ASpay = NSpin = 360 mm*
Select 010/20¢m
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4.3 Design of Swimming Pool
4.3.1 Background theory

Due 1o the internal pressure of the liquid stored in such structures, the walls and Hoors
are mainly subject w0 tensile lorees, bending moments and eceentric tension which
cause in most cases critical tensile strexses on  the surface of the ditterent elements
facing the liquid. If such elements are desigmed according to the general principles
adopted in ordinary reinforced concrete, cracks will be developed and the liguid
contained in the tank has "the possibility to penetrate under its hydros-tatic pressure
through the cracks and cause rusting of the steel reinforcement.
Therefore, special provisions must he taken to  prevent the formation of such cracks.
Such provisions pencrally lesd 1o an increased thickness of the walls lowards their
foot and at their other corners, 1fthe effect of this increase is not considered, it may

lead o serious defects so that a thorough investigation is absolutely essential.

Sections of liguid containers must be so designed that no cracks in concrate are allowed
in the fibers facing the liquid, because i such cracks are allowed, the liquid in the
container will penetrate through these eracks and cavse rusting of the steel reinforcement

which must be prevented by all possible means,

In erder to satisfy this requirement, the concrere dimensions must be chasen so that the
tensile stresses in conercte- if they ke place on the liquid side are smaller than its
lensile strength. Bul as the tensile strength of conerete cannot be puaranteed | the tension
steel rein-forcement must be designed to carry all the tensile stresses i the conerele in

lension is neglected.

Page
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Desiaon consideration:

the safe design of water retaining structure must have @
a) Adequate resistance against cracking and

b) Adeguate strength.

Control of eracking

crack width must be minimize in swimming pool wall to prevent leakage and corrosion of
reinforcement . A criterion for flexural crack width is provided in ACI31B-11

(sectionl.6.4) .

Flexural tension reinfaorcement shall he well distributed within maximum flexural tension

zones of a member cross section as required by 10.6.4.

10.6.4— 'The spacing ol reinfloreement closest Lo the Lension face, &, shall not exceed that

given by equation (10-4)

280
Js

s=3&ﬂ( )-2.5cf

bul nel greater than 300(280/fs), wheee ¢, is the least distance from surface of
reinforcement or prestressing steel to the tension face. [f there is only one bar or wire
nearest to the extreme tension face, 8, used in Fq. (10-4) is the width of the extreme

tension face.

Calculated stress s in reinforcement closest to the tension face at service load shall be

computed based on the un factored moment. [t shall be permitted to take fs as 2/3fy .

Page
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4.3.2 Leading conditions

The swimming pool must he designed to withstand the loads that it will be subjected to
during many vears of use. But il is equally important to consider loads during

construetions Jthese conditions are:

case 1: the swimming pool is full of water during leakage test period and prior to backlill.

case 2: backlill the swimming pool and no water is in the pool.

According to ACI 350, the proper design of tank will include the full effect of the s0il
loads and water pressure withoul taking into account loads acting in directions that

minimize the effects of each other.

Overlond Factors

according to ACI 318-08 the lnad factor to be used for latera] liquid pressura(F) is 1.2

and for the lateral soil pressure (H) is 1.6 ,given in equation (9-2) :

LU= 1.2(D +F) = 1.6(L+ H)

Ihicknesses of Walls and Base Sections

The minimum thickness for walls that are greater than or equal to (3 m) in height is (300
mm) (ACI 350-01, Section 14.6,2). For lower walls, (250 mm) is the practical minimum
thickness for walls with reinforeement in each face. Greater thicknesses are desirable
where water-stops are used, due to the limited space available for both reinforcement and
water-slop placement with adequate concrete cover. For walls greater than (3 m) in
height, & reasonable rule of thumb is to use a minimum wall thickness equal to 1712 the
wall height for cantilever walls and 1/16 the height for propped cantilever walls. The
minimum thickness of foolings and mat foundations should generally be (300 mm).
Depending on the previous provision we select the thickness for wall with 6 m in height

to he 50 em and for the 3m in height to be 30 ¢m and For the hase slab also to be 30 cmi.
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4.3.3 Caleulation of loads
4.3.3.1 Loads on Walls:

Case 1 : the paol is filled with water and no backfill behind the walls

The hydrostatic pressure on the walls equals to the density of water (9.81 KN/m*“3})
multipli=d by the height of water (H)

—4N R H

/

S Tﬁ%ﬂwim . 9
i - -
Shorl Wall leading Long Wall loading

Figure (4-63): Loads on wall due to water pressure

Case 2: Backfill is behind the walls and the Pool is empty,

The loads on the wall come from soil action and surcharge onto the upper ground surface
that is taken as (5 KN/m™2).

For the simplicity sake and because the second layer is 6 m thick . the soil pressure will
be caleulated from the second layer only producing a linear triangle load:

a) loads on long walls:

1-sing
1+sin@

The active earth pressure is caloulated as -k =

Then (K) multiplied by the height and the density of soil q = kyH for the pressure.

I'he surcharge is caleulated as: w = kP

Page
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surcharge
=
BERE
PAPI— P R = - -] =
= strang brown sandy with = 1
u‘; o graved /
—| |ewits ce=naay=185 | o
T ————————— [
Pale yebowish Browr: Saft  p— L 2
Rack IIl."
p=did =il y=1B5 | =
S A—
= Il.I
i ) e -
- ] |
w=bP =k YH '

Figure (4-64): Loads on long walls

I} loads on short walls:

swrcharge P

e L L] L

strong brown sandy with | |
,F;J. soavie (ravel
#=165 C=0.44 =185

fFale verlowish Brown SOt —t
fock

e=dl 3 C=0.10 =105

o w=k@P

r__a

e e N\ gek¥00eR)

Fipure (4-65): Loads on short walls
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4.3.3.2 Loads on Base Slahs

Case 1: only case one iy applied when the pool is filled with water.

The hvdrostatic pressure on the Base slabs equals to the density of water (9.81 KN/m™3)
multiplied by the height of water (11).

Nue to variety of levels of the pool different subgrades modulus (Kz) appears under the
base slabs. The following table shows that values according to the soil report (the

recommended value by the report is nsed).

Table (4-4): Subgrude modulus of the base slabs

Sablevel ()| aallowable (cgem® | q llowable GNm2) | K k)
-1.5 24 [ 23544 | ZBI50 R
-3 24 23544 2RIS2R
£ LY . = 18h.39 223R6.%

The subgrade modulus is caleulated for 25 mm allowable settlement and safety factor of

3a5;

1
Kz = fm) X Qaliowable

3

Kz = 120 x Qallowalile

Fage
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4.3.4 Structural Analysis of the pool walls

Since the exact analysis of rectangular swimming pool ic very much complicated . An

approximate approach for the design of rectangular tanks is introduced herein .

However, the analysis of the Pool walls and base will be carried out using the computer
software . since there are many cases and loading conditions to be considered and the

accuracy that the program gives .

Approximute Mcthod for Rectangular Tanks

For a rectangular tanks with length (L) and breadth (B),

Iy if the ratio of the length to breadth is more than 2 then the long wall is designed as
cantilever and the short walls as slabs supporied on long walls . Botiom portion of the
short wall (/) or | m whichever is more is designed as eantilever. (reinforced concrete
structure LC Sval A K Goel pa.335),

2) For Tanks such as swimming pool , where L and B are both large . they should be
designed independently as cantilever. fadvanced reinforced concrete desion P (.
VARGHESE pa. 457),

Fage
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PPU201S

Wall geometry

Figure (4-66): Wall geometry

Depending upon the previous rules walls number 1.2.4 and § will be designed as

cantilever wall while 3 and 6 will be designed as <lab supported on the lang walls,

The lollowing lgures show the walls segments due to its geometry vanation:
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Analvsis Resull:

Autodesk Robot Structural Analysis Professional is The software used to analyze the

pool a5 whole . the program use the (inite element method in finding the internal forces

for the walls and buse slab he program consider the walls as a tow way slab so that we

pet internal forces in hath vertical und horizontal directions . A sersen capture for the

model is showmn,

Figure (4-67): Analysis model of swimming poal

Page
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The micsh used in the model is 30 ¢m by 30cm to ensure the accuracy ol the caleulation,

I-) Case 1 resulis :

Deformed shape : the maximum deflection due to the service load in wall (2-¢) is 1.4 em

which less the permissible deflection given in ACL318 Tahle 8.5(b)

Lo 600
ﬁ_mu‘aﬂm

Hpis 0 1em
Mak=14

Figure (4-68): Deformed shape due to case 1

Suil Reaction: The maximum soil reaction on the hase slabs due to service load is 157.0
(KN/m*2) is less than the allowahle bearing eapacity of the corresponding layer 186.4
(KN/mM™2). (the base jg displayed in an isolated view)
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14.00
0.0

ph¥orm,  (HAT2)
Cascs: 1{0L1)

Figure (4-69): Sail reaction due to cuasc |

Walls Internal Forces: Wall 3 is showed in detailed as an example and the results for
the other walls will be abulated after in .the wall result is shown in an isolated view with

a cul in the middle in vertical and horizontal direction

A- AT - (MXX) Aotormtic drechion (KNl

y . o= Ward lieed]
1786 9, 506 (ToeRvigs T i i il R

MICL (RNmim)
Aitamnatic diradbion
Cases: F(Cate)

Figure (4-70); Wall 3 Bending moment MXX due to casc |

Maxx : which is used to determine the vertical reinforcement steel
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A=~ A2 - (NYYD Automalic direcbion (KNmim)
Integral valys = =166 (FMNmdm)Im)

MV, (i)

fudmamatic direcHion

131.66
a0 00
L5 ()
oo
A5 00
5 o500

135,00
ABO00
22500
270,00
E 31500
: Ss0nNa
: 385 HO

Coses, 3 [Casm1)

Figure (4-71); Wall 3 Rending moment MYY due to case 1

Myw 1 which is used to determine the horizontal reinforcement steel .

160,34

£ - At - (X0 Automiatic dracien (UMY
Integral valtie = <67 T kR im)

Q0L (kNhm)

Sfapimalic :irﬂﬁmt

127 .74
5 120 00
a0y

i on
Jo00

Cusen: 3o Cas=y)

Figure (4-72): Wall 3 Shear foree QXX due to cose 1

Qxx Shear foree in the vertical direction .
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QY i)
Futorriatc dirarchion

A= A2 - LOEYY) Aulematie didection [Kdn)
Integral vakse =22 17 (MUm)Ym)

#1261
B o0
B 000
24000
Y AB0LG0
80.00
oo
8000
- __1% u{r
- A0
=il [H)
400,00
43438

Conee 3 {Gana i)

Figure (4-73): Wall 3 Shear foree QY'Y due to case |

Qyy :Shear force in the horizontal direction .

10§71

A, = A1 - (MO0 Atnrmatie direstticd (k)

Intagral vaiue = -28T .64 (khtm) {m)
147 ud B J_“’&—i%m

i G

v

R, (K0

’ el "

Cawas 3 (Can ]

Figure (4-74): Wall 3 Tensile force NXX due to case ]

Nxx: tensile [oree in vertical direction

Page

129



Department of Civil Engineering , Design of Training Center Unit

A- A2 - {MYY) Autormabie dirertion (k)
Inteqgral value = 2443 01 (KWm)*(m)

2242

.
gy

WYY, (KR
Sutorralic divaction
Casex. ITCau0T)

Figure (4-75): Wall 3 Tensile force NYY due to case 1

Nyy: tensile foree in horizontal direction

Table (4-5): Analysis resule of walls due to case |

Wall Wall M Miyy* Oax Qvyy Nix Ny
name sﬂgment ;
a 20 278 303 483 B2 | 1007
Wall 1 b 32.4 18 57 343 42 6 359 | 1739
L ¢ 437 871 474 105 471 84
a 52 106.6 134 4 128 74 208
Wall 2 b 1918 113.04 120.1 138 238 560
¢ 68 313 1218 108 124 | 382
Wall 3 - 1191 | 3368 | 904 | 1683 | 1504 | 2628
a 89.5 270 8 130 1507 | 1344 | 216.44
s b 105 120 209.2 232 18095 | 4318
A 866 | 1046 186.7 815 | 1382 | 418
Dk b 16.7 278 16.8 509 | 352 @ 173
Wall 6 : 6 27 4 178 | 482 | 815 | 1024
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Sign of moment does not matter because the maximum value even positive or negative

will be used in the design for bath inside and outside lavers.

It should be noted thal the shear Toree (and so the carresponding tensile force ) is taken at
the critical section that is a distance "d" apart from the fuce of the support (hase &

adjacent walls).

2.) Case 2 results @

Deformed shape : the maximum deflection due to the service load in wall (2-c)i5 0.8 cm

which less the permissible deflection given in AC1-318 Table 9,5(h)

L i

0 1m0 M

Figure (4-76): Deformed shape due to cuse 2
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Sail Reaction : The maximum soil reaction on the buse slabs due tw service load is 38 83
(EN/m”2) is less than the allowable beating capacity of the corresponding laver |86.4

(KN/m"2). (the base 1s displayed in an igolated view )

1046 78
611 6 I ""__

-

. 119 Tﬂ i

Figure (+-77): Soil reaction due to case 2

Walls Internal Forces : Wall 3 is showed in detailed as an example and the results for
the other walls will be rtabulated after in .the wall result is shown in an isolated view with

a cut in the middle in vertical and horizontal direction .
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A-A1 —{Hﬂim drection (KNm/m)
Integral vehie = -24 47 (kNmim)*(m)

Figure (4-78): Wall 3 Bending moment MXX due to cusel

Myxx - which is used to determine the vertical reinforcement stecl .

A- A2 - (MVY) Autematic ditection (KNmim)
Integral valss = .52 {dNmimj*{im)

14455
= 136 00
= 11600
. 0200
85 00

Gassi: & Uste)

Figure (4-79): Wall 3 Bending moment MYY due to cased

Myy : which is used to determine the horizontal reinforcement steel
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A- AT - [(D0X) Aulomat direction (khim)
inbegral value = 120,83 (kim)*(m)

g
PP
B e g
4784
3760
2726
1692
£.58

ATB

1440
24 44

Unsem 5 (Lifinvste)

Figure (4-80); Wall 3 Shear forece QXX due to case 2

(xx 1Shear (oree in the vertical direction .

A A2 - (OYY Automatic direstion (KNm)

OYY, (WhN/m)
Fatormatic direction

\tte gral vale = -2 37 [(KNIm)*(m)

H0.00
.

L= | i P

Cases. 5 {Ulimate)

Figure (4-81): Wall 3 Shear force QYY due to case 2

Qvy :Shear [oree in the horizontal direction

Pagy
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I_ A - A1 - (MDY Automatic direction (KNA)
integral valus = -227 .45 (i hm) "{m)

1853
1133

203
SGT

RO (M)
Auvimatie drection

Figure (4-82): Wall 3 Tensile foree NXX due to case 2

xx tensile foree in vertical direction

A= A2 - (NYY) Automalc directan (khim)
integral value = - 757 58 (m)*(m)
Sr.34
52 60
A5 00
17 .50
no
__ 1750
SN 3500
Bl ;.0
=700
= 87 50
10500
-
- 128 51
Aatomistic deection
Cases. 5 (Utimals)

Figure (4-83): Wall 3 Tensile foree NYY due to case 2

MNyy: tensile force in horizontal direction
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Table (4-6): Analysis result of walls due (o case 2

f Wall | Wall

iR segiment Mxx Myy Qxux Qvy Nxx Nyy
a 15 7 29.21 19.1 395 | 78.1
Wall 1 h 18.5 6 24,1 21.7 32 55.1
c 22 20.3 32 42.3 33.6 48.9
a 1158 106 107 166.9 | 1408 | 167
wallz | b 100.1 422 75.4 1362 | 831 | 182 |
¢ 112.3 1109 | 109.8 190.8 | 1094 | 194
Wall 3 - 89.7 136.7 OR.7 1202 80.5 128.3
Wl a log.2 | 130 101.5 110 1252 | 168
b 7775 | 947 1057 | 1212 | 1309 | 2013
s L | BT 84.4 108 659 | 201 163
b 13 8.7 25 393 160.3 | 140.6
 Wallg | - 6 17.3 13.3 30,8 17.6 | 785
Table (4-7): Analysis result of walls due to Envelop case
Wall Wall el
name segmen i il Myy o Qyy i i Ny
' @ 20 27.6 30.3 48.5 105 109.7
Wall 1 b 324 1857 34.3 42.6 159 | 1739
¢ 43.7 87.1 474 105 47.1 S|
a 115.8 106.6 134.4 1669 | 1408 | 309
Wall 2 b 131.9 113.04 120.1 136.2 238 560
¢ 1123 313 121.8 190.8 124 362
Wall 3 : 119.1 336.8 98.7 1683 | 1504 | 262.8
. " 108.2 270.6 130 1507 | 1344 | 21644
i b 105 130 | 2092 | 232 | 180.95 | 4319
a 66.6 104.6 166.7 81.5 201 418
ikl ¢ 167 | 278 25 | 509 [ 1603 | 17
- Wall 6 2 @ 274 17.8 48.2 31.5 | 102.4
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4.3.5 Design of the pool walls

The desien will be carried oul according to the ultimate design method .the design steps
will be shown in detailed for wall 3 as an example .

#d s0 that ne shear reinforcement Is required.

a) shear force in vertical dircction Qxx=98.7 KN/m and the corresponding tensile force
Nax=150.4 KN/m.

For 1 meter strip :-

Thickness t =50 e, d=500-50-16 =434 mm.
Ve [or member subjected to significant axial lension iy given by 11.2.2.3 ACI-318-08

0.29 = N
@xVe=075x U.l'?'(il + Tﬂ) ® 'ﬂ? ® by ¥ d
8

where Nu is negative far tension and Nu fAg shall be expressed (n MPa

0.29 x —150400
500 x 1000

l:a:{vc=u.?5xu.1:r(1+ )xmxmnqxe}a«!

@ x Vo= 24744 KN > Qxx = 98.7 — thickness = 50 cm is sale.

by shear force in horizontal dircction Qyy=168.3 KN/m and the comresponding tensile
force Nyy=262_8 KMN/m .

0.29 % —262B00
500 % 1000

mxn-wn.?sm.w(n )m’ﬁ x 1000 x 434

@ x Ve = 2298KN > Qvy = 16B.3 — thickness s safe.
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2- Design for Vertical Bendine Moment (Vertical Steel) :

Mxx=119.1 KN.m/m

KEn =

&
%‘i 1191 a{-]L.]D—

T 1000 x (434)2

oy 420
T O#sT  OEEwga - 20b

-~ : A 2.Kpm | 1 3 ’_ 23 0.7 % 20,6
Praquives = o A - 2081 ° ,‘f 420
= 0.0017

As ruired = Prequirea X b X d = 0.0017 % 100 x 434 = 7.4 2

e
A sinimem = 00012 %100 x50 =6 ? ; eq.14.3.2 4CI1 318 — OB

Select @14 mm with As = 1"‘1’” =1.54 cm®
n= % = 4.8 = 5014 bars for 1 meter width

+ use @14@20cm for bath inside and outside layers

check maximum spacing :

280 280
- — 28 = . = i . I
$ mﬂ(f,-) S B g 33:1(259) 25%50 = 25,5 cm > 20cm — 0.K
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3.Design lor Horizontal Bending Moment (horizontal steel ):

Myy=2368 KN.m/m

3]
%ﬂ 3368 x :—]% ca
Ko= @ ~To00x(a3dE = P
' 420
= = 20.6

Frequired — 0.6

~0.85f! 0B85%24

1

420

( ' 2 % 1.99 x 20.6
1-41—

) = (0.005

A, required = Broquired X b X d = 0.0049 X 100 x 434 = 21.64 cm® fm

A 4 minlmtm

Selecl @16 man with As=2.01 em”

2154
a0

5

cm
=D.Uﬂlx1l]{:->¢5:}=5—-m— :

= 11416 bars for 1 meter length

. use P1E6@9cm for both inside and outside layers

eq.14.3.3 ACI 318 — 08

For the other walls an excel sheet is made in order to simplify the calculation .

Table (4-8): Walls Reinforcement Results

139

Wall Wall Thickness cm Vertical steel Horizontal steel
name segment
a 30 @10@20cm #10@20cm
Walll | b 30 @10@20cm P10@20cm
¢ 30 @10@15cm @1e@15em
e S0 M1Z2@15cm P1Z@15em
Wall 2 h 30 @14@15cm p14@20cm
€ 50 @14@20em P16@i0cm
Wall 3 - 50 @14@20cm @16@%em
Wall 4 fa 50 E.ll@lﬁr_'m @16@10cm
. b 50 @12@15cm @16@15cm
Wall 5 2 30 @12@15cm @12@15cm
: h 30 @12@15cm P12@20ecm
Wall 6 3 30 @12@15¢cm @12@20cm
FPoge
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4.3.6 Structural Analysis of the base slabs

Analysis result:

Base Slabs Internal Forees: Slab at level "—6.0 m "is showed in detailed as an example
and the results for the other base slabs will be tabulated after in .the slab result is shown

in an isolated view with a cut in the middle in longitudinzl and lateral directions .

1-) Case 1 results

A - A1 - (M) Automatic direction {kNmim)
Integral value = 25345 (KNmim)*(m)

_g37  Bg4 4207

0o
16.00

.ty
% 3500
B o, 00

| B

NEOC (KNmim)
Autamatic direchon

Casas 3 (Caze=1)

Figure (4-84): Base( -6 m) bending moment MXX due o case 1

Mxx : in X-dircetion according to the panel local axis .







£ mnﬂrﬁlﬂqiu}hhml
. ' r r
Base slab Max(-) Maxt+)  Myx(-) Myyi+) Onx Qyy
-7 9 - 21 420 316
l 441 20.1 -13 435 Hs 1608
-20 1409 42 a7 170 1104
| -85 1483 573 422 ws: 58
8.1 1274 =731 413 1289 202 1
“‘:'
A botom reinforcement tﬁpﬂumiﬂw_ WMMiﬂpmiﬂm o

1 ol s ot that the shar foree (and 30 (< costespanding tgusie force |1 taken &
s gl et b i ipie e S 0 10 of e suppgn (base &

:.-."*-- * Hﬁq ." oy ‘#I}'l & Aol
4 " 3




Basel -6 m) bending moment MXX due to case 2

Mxx i X-dircotion pecording to the panel local axis

3 _;M“ﬂﬂ_" !.._f’t

| 1 ‘l
11 43
11,18 | *}
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A - A1 - (GXX) Autornatic direction (KN/m)
Integral value = 2 14 {IINm)%(m)

-
=3
130.00
B 1000
=8 7500
52.00
2600
0.0
26.00
5200
78.00
-104.00
428 83

QXX (kMm)
Aartownabic draction

Cases 5§ (Urnate)

Figure (4-90): Base( -6 m) Shear force QXX due to case 2

Qxx @ in X-direetion aceording to the panel local axis .

24 A - A2 - (YY) Automatic direciion (KNfm)
Imegral value = 74 54 (MN/m)*(m)

e —e
Bb.3a

-

11
m - "
L) £85.25
QYY, (ifm)
Automatc direchon

Caces: 5 (Ultimats)

Figure (4-91): Base( -6 m) Shear force QYY due to case 2

Qyy 1 in Y-direction according to the panel local axis .
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Table (4-10): Analysis result of Buse ( -6 m) due to case 2

Base slah | Mxx(-) Mxx(+) | Myy() Myy(+) Qxx Qvy
Level -1.5 -13.3 37 |-179 3.4 17.7 30.7
_Level -1.5/inclined | -15.2 312 ~402 44.63 30 38 |
Level -3 -142.9 198 -30.6 23 130 1295
Level -3/inclined -139.3 38.3 6.6 24.3 193 123.3
| Level -6 -1434 98 -88.9 23 203 1024

Table (4-11): Analysis result of Rase (-6 m) due 1o Envelop ease

Buse slab Mxx(-) Mxx(+) | Myy(-) Myy(+) | Qxx : |
Level -1.5 -133 9 -17.9 231 42.1 37.6
Level -1.5/inclined 44, 1 20.1 40,2 14.63 115 Iﬁni‘
Level -3 -1429 140.9 -42 43,7 170 129.5
Level -3inclined -139.3 1483 57.3 422 | 2053 1233
Level -6 1434 | 1274 -88.y 41.3 203 202.1

4.3.7 Design of the pool base slahs

Ihe design will

will be shown in detailed for 14k at

I- Design for Shear Foree:

be carried out according 1o the ultimate desj

a) shear force in X- direction Qxx = 203 KN/m

For 1 meter sStrip :-

thickness { =30 ¢m | d=300-50-16 -234mm.

Ve for member subjected

PxVe=0.75x .17 % F xb, xd

Page
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it is designed so that no shear reinforcement is required,

en method the desipn sleps
Mlevel -6" m as an example .

to significant axial tension is given by (11.2.1.1 ACI-318-08)
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O x Ve = 0.75 x 0.17 X V24 x 1000 x 234
@ x Ve = 1462 KN < Qxx = 203 — thickness must be increased.
Take =40 cm : d=400-30-16=324mm

0 % Ve =075%0.17 x ¥Z4 x 1000 x 334
@ x Ve = 204.5 KN > Qxx = 203 — thickness is safe.

b} shear force in Y- direction Qyy=202.1 KN/m

0 X Ve = 0.75 x D17 x V24 x 1000 x 334

@ % Ve= 2045 KN > Qyy = 2021 — thickness is sufe

2- Design for X-Direction negative Bending Moment {Rottom reinforcement)

Mxx=- 143.4 KN.m/m

i
MT!! 143.4 :s-:-ln% -
=] -— = o= | 1.4 &
Kn= $& = 1000 % (334)% -
420
m fy 20.6

~ 085/’ 085x%24

1 2.K,m 1 2x143x 2086 _
Mrequived = E I pl= f;‘ =306 k== \[;— 220 ) = 0.0035

A = Prequired X b ¥ d =0.0035 X 100 X 334 =118 em*/m

r regutred T

1
Cin
= 00018 % 100 x 40 = 7.2 — eq — 7.12.2.1 ACT 318 — 08

As iR
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I =~
Select @16 nm with As= ""4’”‘ =2 em”

n= ‘—12—“ = 5.9 = 6016 bars far 1 meter width

L use @16@15 vm

check maximum spacing :
ZR0
fe

280
)— 25 =5= aaﬂ(ﬁ)—z.s X850 = 255 em > 15cm - 0.K

s =380 (
3- Design for X-Direction Positive Bending Moment (Tup reinforcement) :

Mxx = 127.4 KN.m/m

&
7y M—aé 127.4 x%
= bd® 1000 x (334) =7 Mpa

5 420

M =085y T O0Bsxzd 8

T L - 2.K,.m | 1 i : 2%127 %206 5.5t
Irad = = e = == =
Ry m 2 206 | 420 ;

Ay roquired = Preguirea ¥ b X 'd = 0.0031 x 100 X 33.4 = 10.43 em?/in

cm? .
A_, b = 0.001H % 100 x 4'] =7 ? i B — ?.1221 ACI 318 - 08

1.8%kn

oy
=l em”

Select @16 mim with As =

(4
n= 1'—;—5 = 5.2 = (@16 bars for 1 meter width

s use B16@15 cm

check maximum spacing -
280
f;

) : ZH0
5= &EB( ) — 2.5¢. =5 = 380 (_ﬁ) —25%x50=255 em > 15em — 0.K

Page
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........

4- Design for Y-Direction negative Bending Moment (Bettom reinforcement)

Mxx-—=-88.5% K~N.m/m

1 B

% ssexqy ;
Kn= $a% = 1000 x (33432 D00 e

i 420

—= = = b
M= Oas 08B waa
__ 1 1 1 2. K.m 1 3 f_l 2 % 0.88 x 20.6 53

Pregutred _m ‘J _T = 0.6 J 120 = A 1

Az required = Prequired * hxd=00021x% 100 x 334 = 7.16 em®/m

cm?
Asmintmoum = 0.0018 X 100 X 40 =72 — , &g —7.12.21 ACl 318 - 08
3 |
Select @14 mm with As= LA )54 em?

-

n= ﬁ = 4.9 = 5@ 14 bars for 1 metar width

L used4@20cem

check maximum spacing :

280 280y
5 = 380 (—) —&.5¢, = 5=3H0 (—) ~25%x50=255cm > 20em — 0.K
f; 280

5- Design for Y-Direction Positive Bending Moment (Top reinforcement)

Mxx =415 EKN.m'm

M : ne
_é'u 41.3 x %g a4l o
N 1000 x (334) P8
Page
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T
C085f T 0.85 x 24

m = 2016

& 1 |l 2K,m | 1 3 ‘r1_2x0.41x2{].ﬁ . 0,001
Freguired = = _\' 1 =206 ' 320 ="}

Agrequired = Prequired X DX d = 0.001 X 100 x 33.4 = 3.3 cm?/m

I.'rI'l'Iﬂ
A, minimum = 0.0018 X 100 x 40 = 7.2 e cantrols
Select @16 mm with A.=;=m%=1,54 em”
i= il_f; = 4.7 = 5814 bars for 1 meter width
= use @14@20 em
check maximum spacing :
280 280\ _
g = — S ¥ R g | e | = g Cm fﬂ'i =2 .
EEﬂ(f) St EEU(ZBH) 2.5 5) =255 =21 0.5
£

Table (4-12): Buse Slabs Reinforcement Results

Base slab Thickness | “BOM™ | xrop steel _| Y'g;‘:f'“ Y-Top steel
Level-1.5 | d0cm 814@20cm | ¢14@20cm| 014@20em | 014@20cm
Level -1S/inclined | 40cm | 014@20cm | ¢14@20cm| 014@20cm | 614@20cm
Level -3 Wem | P16@15em | B16@15cm| 014@20cm | 014@20cm
lLevel -3/inclined MWem | P16@15cm | B16@15em| O14@20cm 014@20cm
Level -6 dem | Q16@15cm | P16@15cm| $14@20cm | 014@20cm
Page
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4.4 Design of Cafeteria's Shell

Shells us a Struciural Form

Thin shells are an example of strength through forpis az opposed 1o strength through maese
. The effort in design is to make the shell as thin as practical requirement will permit so
that the dead weight i= reduced and the structure function as a membrane free from large
bending stress . by this means , a minimum of material is used to the maximum structural

advantage.

A shell structure is a thin curved membrane or slab usually of reinforced concrete that
functiong Both as structure and covering . The term “shell” is used to describe the
strictures which possess strength and rigidity due to its thin, Natural and curved form

such as shell of epg, a mur, human skull. and shell of tonoise.

The Shell Shape

The shell used 1o cover the cafeteria building is double curvature shell that is formed hy
the translation of tow unequal concave down curves placed at right angle to each other .

our shell can be classified under surfuce of transtation | synclastic . non-developed shell:

Surfaces of translation : are generated by sliding a plane curve along another plane

curve, while keeping the arientation of the sliding curve constant,

Synelastic shell: these shells are doubly curved and have a similar curvalure in each

dirgction,

Developable surface : is a surface that can be unrolled onto a [fat plane without wearing
or stretching it

Page
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4.4.1 Code provisions
the following provisions are taken from "Conerete Shell Structures Practice and

Commentary” ACI 334, |R-92 (Reapproved 2002) in combination with ACI 318-08
(chapter 19 - SHELLS AND FOLDED PLATE MEMBERS)

1- Shell Analysis

« the shell could be analvzed using various method such as classical shell theory,
simplificd mathematical or analyvtical models. or numerical solulions using finite element,
finite differences, or numerical integration technigues. In our case . due to the uni-
symmetry and complexity it is not possible to derive a mathematical equation to find the
internal forces Instead , we will usc the Finite Flement Methad .

* Elastic behavior is the commonly accepted basis for determining stresses.
displacements, and stability of thin shells.

2- Shell thirkness

« Shell thickness is not atways dictated by strength requirements but ofien by deformation
of edge members, stability, and cover over reinlorcing steel.

= Stress concentralions due te abrupt changes in scction shall be considered and, where
necessary, the thin  shell shall be gradually thickened.

3- Shell Reinforcement

+ Shell reinforcement shall be provided to resist tensile stresses from internal membrane
farces, to resist Llension from bending and twisting moments, to limit shrinkage and
temperature crack width and spacing, and as reinforcement at shell boundaries, load

arachments, and shell openings .




+ Reinforcement for shear and bending moments about axes in the plane of the shell slab

shall be calculated in accordance with Chapters 10, 11, and 12 in ACI 318M-08.

4- Minimum amovunis of steel

- in tensile zones, a minimum area of 0.35% in each two directions longitudinally and

transversely for crack contral.

= in compression zone, a minimuin steel that is usually provided in slabs, .18 % percent
ol steel.

Figure (4-92): Support System of the shell

The support svstem consists of conerete curved beam directly under the shell supported

be concrete colummns .




442 Structural Analysis of the shell
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Membrane foree in X-direction Ny, (nogative sign indicate the compression force while
the positive sign indicate the tension forve )

Figure (4-96); Membrane force in X-direction Nyv
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Figure (4-97): Bending moment in x-direction Mxx
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Figure (4-98): Bending moment in v-direction Myy
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Figure (4-99): Shear Force in x-direction Qxx
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Figure (4-100); Shear Force in x-direction Qyy
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Itis noted from the above results that the Bending momentand shear forces values are
so small so that it can be neglected except above the supports'.

4.4.3 Structural design of the shell
of sion I

The maximum compression force is N=494.44 KRN/m . the section will be designed as a

compression rectangular section with height of 15 emand | m width -

Fo=0x B =065 X 0.80 x A;(0.85 % f (1 - py) + £, X p)
494.44 = D.65 x 0.80 x 150000(0.85 x 24(1 — p, ) + 420 % p,)

fg = —0.031 < 0.0018 is less than the minimum reinforcement ratio

'Ah minimum — 00018 = 100 % 15 = 2.?Bm"",."rn

Select @10 mm with As - @ ~0.785 ¢m?

R
~n.78s

s use $10@25 om for both Directions in the .

= 344 = 4@ 10bars for 1 meter width

The maximum tensile force in the shell (not above the support jis N=358.45 KN/m _ the
whaole force will be carried be the reinforcement steel only -

N  35B.45x1000 5
ﬁsrtqujn_-:l — E;‘ = _—GEG =853 fﬂlﬂfm

Mot less than ¢
A peintinus = 0.0035x100x15 = 5.25 cm®/m

ﬂ!“qmﬂd = 5153 L'mg,.r'l'l'l Eﬂnirnis
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1255w

=] 13 cm’

Select @12 ymm with As =

_ B53
113

~use @12@25 em for both Directions wp and botlom .

= 7.54 = 8@12 bars for 1 meter width 4 bars in top and 4 in bottom

Design the shell above the supports:

Design of shear forees :

The maximum shear force in the shell above the support s @=64.6 KN/m , the force is
designed so that no shear reinforcement is required :
d=150-20-10=120 mm

Bx Ve =0x2xff x by xd=075 X2 x V28 % 1000 x 120 = 735 KN

@xV.=T735KN > @y = 644 KN

Design of Bending Moment :
The bending moment direction that appears above the supporting beams is perpendicular

ta them.

the maximum Bending moment is M=64.6 KN/m

.E'l'l f
—GA fd.fH x 10
0= P~ 00 x (izop . - Tpa
; 4720
i b =206

T 0.85) 085x24

4

s O '1_2_;.;“_,,,1 Ll o figzxw?xzub =y
requir =5 _J £ 206 .j

420

A required = Prequired xbxd=00138%x 100 % 12 = 16.55 l:_:l'j‘lzfrrl
As minimum = 0.0035x100x15 = 5.25 cm*/m

AR wm

Select @12 mm with As= =|.54 cm”

158



Department of Civil Engineering , Design of Training Center Unit

~ use B14@E9 em with As=17.11 em®/m in longitudinal Directions perpendicular Lo

the supporting beams .

Design of Tension forees ;

To indicate precisely where is the tensile loree acting and where its direction , we used

the crogses presentation from the soffware -

--'—'T‘—_'\-‘
IiX
i
(s e
¥
'.:- >
o l'i i 'I
i; Fekld
o i !
H Crillll 3ot i
] 4
i & = 4
1 . !
W 5 ) T
\ L, 4 CE
" 3 ST :
* Y b LT
! ! 3
._‘ o L . : .-__'-‘T'.'
et A

the blue crosses represent the lensile [pree that acts in parallel direction to the beams

which we need a ransvers reinforcement bars in the shell to resist the tensile foree |

Design of wensile forces ;

the maximum tensile force in the shell above the support is N=709 KN/m |, the whole

force will be carried be the reinforcement steel only :

N 709x1000

As required = f_]‘ = 220 = 16.88 cm",!'m

Mot less than ;
A prinimeen = 0.0035%100x15 = 5.25 em* /m

As requirad = 16.88cm? /m Cantrols
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1.4 s
Select 012 may with As = "If"—l 13 em®

M=o = 149 % 15012 bars for 1 meter width

4 use @12@5 cm for the transvers Directions |

Reinforcement Detailing

The reinforcement steel that resists the tension and compression stresses in the middle of
the shell (not above the support ) is placed in the boattom and top layers of the shell.
However, the steel that resist the bending moment is place in the top layer perpendicular

1o the steel resisting the wensile foree that acts along the beams.

BF12@25 om

—3¥ 14@9 cm

4.4.4 Design of Arc-Beams supporting the shell

The beams supporting the shell are subjected to bending moment and large tensile axial
foree , so the beam dimensions is 40 cm in width with 50 em in height | The design is
varried out for all the beams span by span but we will show Arc-beam 3 {particularly the

middle span) as an example ;

Page
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Analvsis Results ol Arc-Beam 3

l l l

101): Shear forces diagram of Are-beam 3

Figure (4=

| | |

gram of Arc-hbeam 3

Figure (4-102): Tensile forces Dia
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Figure (4-103): Bending Moment Disgram of Arc-beam 3

Design ol Shear Forees:

the shear force at distance (d) from the face is V,=267.57 KN and the tensile force
N, = 649.77 KN

Ve for member subjected to significant axial tension is given by 11.2.2.3  ACI-318-08

0.29 x N,

mxvczn.ﬁxn.n(u - X )x,,;’fc__:xhwxd
B

where Nu is negative for tension and Nu /Ag shall be expressed in MPa
d=500—-40—-10—8 = 44 mm.

0.29 x — 649770
400 » 500

G x Vo= 638 KN the concrele shear strength is very small , shear force is carried by the

ﬁﬁxvc=u.?5xﬂ.1?(1+ )x-.r'ﬂ X 400 x 442

steg] :

Vu 267.57

= — = — 553 = 23EKEN

V=4V, = = — 653 = 350.23 KN

Av V. _ 35023 1000
: =

Foxd 420 x442

=189, Av=2%113 = 226 mm*

0L 119.6 mm
RS 189 = Lom
Salect @10 mm stirrup @10 cm spacing
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Design _of Tensile furces:

the magnilude of tensile force is N, = 649.77 KN » the whole force will be carried be

the reinforcement steel only :
N _ 649.77x1000

Agre g == =——————= 1547 cm®
S f, 420

Selecl @16 mom with As =E-'iﬂ =2 om”

no=2287 7.73 = 8016 barg

2
4 bars in the wp and the other 4 bars in the hottom,

Design of Bendiog Moment:

the magnitude of negative Bending Moment at the face is M, = 148.6 KN

My, g w2
Kn = EI .—M; E.IIMpa
bd? 400 x (442)2
Iy 420
n = ﬂ.EEE = —_U.EEX Tk 20.a
=—[1- 1 Bl g [E 0 S 8 ill 2x 211 % 20,6
Pfﬁquired = n J ,ff = T0.06 ‘J — 220 = 0.00573

Ay ruiguived = Prequired X b d = 0.0053 x 40 X $4.2 = 9.4 cn?

i V24
AS i = 0.25 % v Xbxd=025¢—# 400+ 442 = 51556 mm?

fy 420
Not less than
As = b d g 400 « 442 = 589.23 mm”
i L] T — - - %
min f:!, 120 . mim

Aspy = 940mm® > Asg,, = 589.33 mm?
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the Positive Bending Moment in the middle span s M, = 92.2 KN

M &
"7 baf T W00 % (a4z)F oL Mpa
LA 420
= = = Zﬂ.
M= 08sf T 085%24 2
. o 1_2.1{".m o= i E_le.ﬂhu:ﬁﬂ.ﬁ
Progiitred = = f_.,. =506 -J T = (.0032
N
. :
|_ A vequired = Prequired X B X d = 0.0032 x 40 x 44.2 = 5.71 cm?
L‘ I V24
} Asmin = 0.25 x Vi =xbxd=025+ # 400 » 442 = 515.56 mm°®
£ 420
Mot less than
As =S bed = 400 = 442 = 589,33 mm?
_—— . T e— F3 =
g 420 i

ASeeq = 571mm? < As,. = 589.33 mm?
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