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The structural design of Palestine Museum for Arts and

Culture
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Obadah “Mohammad Eid” Al-Hashlamoun Mustafa Fayeq Maged Takrouri

Palestine Polytechnic University.
2014-2015
Supervisor:

Dr. Nafez Nasser Eddeen

Project abstract

The project aims to carry out structural design and construction for all the details
necessary for building Palestine Museum for Arts and Culture , the museum is a multi-
storeys, cultural and entertaining building, the building consists a four- storey with a
approximate total area 13,000 m’.

The building has all the facilities and the areas necessary to meet the needs and
requirements of the museum, it contains a number of galleries, halls for workshops,
offices, secretary rooms, service rooms, libraries, laboratories, waiting rooms and stairs
and stores.

The project includes many challenges of constructions that need special consideration,
such as structural elements in the form of metal domes and covers skylights, in addition a
theatre with long spans.

Jordanian code will be consider to estimate the live loads, and the design will be based on
the requirements of the U.S. Code (ACI Code 318 08), as well as the use of software
programs been particularly construction, including the completion of this project.
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List of abbreviation:

D1.: Dead load.

Li: live load.

W, factored total load.




L,: clear length of member.

d: thickness of a layer.

v: unit weight of material.

M,: nominal moment.

M,: factored moment at section.

f¢: Compression strength of concrete.

fy: specified yield strength of non-prestressed reinforcement.
p: ratio of steel area.

&g strain of tension steel.

@: strength reduction factor.
V,: nominal shear strength.
u: factored shear force at section.
- nominal shear strength provided by concrete.

- nominal shear strength provided by shear reinforcement.

5. area of steel.

> P < < <

v. area of shear reinforcement.

b: width of compression face of member.

bw: web width.

d: distance from extreme compression fibers to centroid of tension reinforcement.
h: over all thickness of member.

P.: nominal axial load.

P.: factored axial load.

S: spacing between bars.
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4.1 Introduction:

The project consists of several structural elements that will be designed according to the ACI
code and by using the finite element method using much computer software such as “ATIR,
SAFE, ETABS, SAB” to find the internal forces, deflections and moments for the all
structural element in order to design it.

Figure (4-1): Shows a position of intended rib.

The values that used in the calculations of the project as follows:
fy =420 MPa, f, = 24 MPa, f,,; = 420 MPa

Remember:

If the live load on the ribbed slab is less than 3 KN /m” and the span of ribs exceeds 5 m, a secondary
transverse rib (distribution rib) should be provided at midspan (its direction is perpendicular to the
direction of main ribs) and reinforced with the same amount of steel as the main ribs. Its top
reinforcement shall not be less than half of the main reinforcement in the tension zone. These
transverse ribs act as floor stiffeners. If the live load exceeds 3 KN /m3 and the span of ribs varies
between 4 and 7 m, one traverse rib must be provided, as indicated before. If the span exceeds 7 m, at
least two transverse ribs at one-third span must be provided with reinforcement, as explained before.
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4.2 Limitation of deflection:
L _ 600

One end continuous: h,,;;, = 5E = 55 3243 cm — control
. L 600
Two end continuous:h,,;;,, = P iairyal 28.57 cm

Select h =35 cm > hy, (8 cm topping and 27 cm block)

4.3 Design of topping:
Loads:

e Dead Loads:

Dead load from: O*y*b KN/m
Tiles 0.03*23*1 0.69
Mortar 0.02*22*1 0.44
Sand 0.07*16*1 1.12
Topping 0.08*25*1 2.00
Partitions 1*1 1.00
Summation of dead load (service) 5.25

Dead Load (service) =5.25 KN/m

e Live Load:
According a Jordanian code for the loads:
The live loads that applied on the library = 4 KN/m
Factored load q,, = 1.2Dead load + 1.6Live load
qQu =12%x525+1.6+4=12.7KN/m
Design:

qu * 12

M, = 0.1693 KN.m

*
o =—5—=254KN
Design of shear:
1 1
OV, = @=/fc * bh = 0.75 + = V24 + 1000 + 80 = 48.99 KN
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V, =254 KN < @V, = 48.99 KN
No shear reinforcement is required
Design of bending moment:

bh? 1000 * 802

(Z)Mn=®*0.42*\/E*T=0.55*0.42*\/ﬂ* =121KN.m

M, =0.17 KN.m < §M,, = 1.21 KN.m
No reinforcement is required.

Minimum reinforcement for shrinkage and temperature:

Asrequirea = 0.0018bh = 144 mm?

Select mesh @8 /20cm with Ay

= % * 82 % 5 =251.3mm? > Ag i

4.4 Design of rib (R03G):

Loads:

e Dead Loads:

Dead load from: d*y*b KN/m’/rib
Tiles 0.03*23*(.52 0.3588
Mortar 0.02*22*(0.52 0.2288
Sand 0.07*16*0.52 0.5824
Topping 0.08*25%*0.52 1.0400
Block 0.4*0.27*15 1.6200
Rib 0.12*0.27*25 0. 8100
Plaster 0.02*22*(0.52 0.2288
Partitions 1*0.52 0.5200
Summation of dead load (service) 5.3888

Dead Load (service) =5.3888 KN/m’/rib

e Live Load:

According a Jordanian code for the loads:

The live loads that applied on the library = 4 KN/m’

Live Load = 4*0.52 = 2.08 KN/m%/rib




Factored load q,, =
So that,

qup =1.2%5.3888 = 6.466 KN/m’/rib

quL =1.6%2.08 = 3.328 KN/m’/rib

qu =1.2%5.3888 +1.6*2.08 =9.794 KN/m’/rib
Analysis:

Moment envelope diagram:

Moments: spans 1to 5

1.2Dead load + 1.6Live load

-38.7 -38.7
-31.7 -31.7
-25.1 -25.1
-20. -20.
] 9I2.3 I I I1. 5 I I1 8 I I1. 9
4 AT /1.9=8 : /’f.6=5 : 2.3=6 : o
1.05!1 26 09 0.99 1.09
XK/'__' 9ol | ool 1.26 \)9/
17.1 o1 17.1
30. 30.
| 24 36 | 3 3 | 3 3 | 3 . 3 | 38 | 24 |
I ] I ] I ] I ] I ] 1
Shear envelope diagram:
Shear
-35.8
.28.8 -29.9 -31.2 -32.2
' -22.8 -24.1 -25.2 24.2
7.2
[N 1 1 1 1 1 1
1 1 1 1 1 1 1 L}
18.7
24.2 25.2 24.1 22.8 .
29.9 -
32.2 31.2 358

Design of shear:

Vu.max at the critical section (d from the face support) = 28.8 KN

dp 14
d=h—-—d;,—cover ——=350—8—-20——=315mm

2
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1 1
110V, = 110 *gﬁ * b,d = 1.1+ 0.75 *g\/ﬂ ¥ 120 % 315 = 25.46 KN < 28.8 KN

Reinforcement is required.

1 1
BV min = 0.75 *EE xbd = 0.75 * E\/ﬂ «120 % 315 = 8.68 KN

1 1
OVs min = 0.75 *§ * bd = 0.75 * §* 120 * 315 = 945 KN

OVs min = 9.45 KN — control

OV, + OVs min = 25.46 + 9.45 = 3491 KN > 28.8 KN
T
A, =2 Tt 82 = 100.53 mm?

_ fyedA, 420%315%100.53

S = 1055.56
Vomin 126 mm
d 315
SSEZT: 157.5 mm — control S <600mm

Select 108 /15 cm
Design of bending moment:

Design as T-section:

<b—600—150
e=gT g T T

b, <16t+b, =168+ 12 =140 cm

b, < clear span between ribs + b,, = 40 + 12 = 52 cm — control

Positive moment:

Span 1,5: M,} =30 KN.m (from envelope moment diagram)

OM,, =@ *0.85*f. xab =0.9%0.85 %24 x80 520 = 1879 KN.m > 30 KN.m

M,/® 30%10°/0.9
bd? = 520 % 3152

_f, 420
T 0.85%f  0.85*24

= 0.646

K, =

= 20.6

m
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1 1 1 <2 *m * Kn) 1 1 1 <2 *20.6 * 0.646) 1563  10-3
= — —_ — = —_ —_ = . *
P=m fy 206 420

As reguirea = pbd = 1.563 ¥ 1073 % 315 x 520 = 256 mm?

1.4 1.4 5

Agmin. = E * b,d = 120 x 120 * 315 = 126 mm* — control
1 f. 1 V24

As,min. = Z * {cy_c * bwd = Z * 420 x 120 * 315 = 110.23 mm?

As,min. =126 mm?* < As,required = 256 mm?
Select 2 @14 with A; = 307.9 mm? > As,required = 256 mm?

120—-20—-16 — (2 *x 14)
Smin. = 1 =56mm > 25mm — ok

Check on strain &g:
Asfy = 0.85 * f. xab

307.9%420 =0.85%24 xa *520

__3079+420 _
A= 08524520 oMM
_a_1219
x_ﬁ1_ oge = 14:34mm
— X
g, = 0.003 (T) = 0.0629 > 0.005 . ®=09

Span 3: M;f =21 KN.m (from envelope moment diagram)
OM,, =@ *0.85*f. xab =0.9%0.85*24 80520 =1879KN.m > 21 KN.m

M,/® 21%10°/0.9
bd? = 520 % 3152

_fy 420
T 0.85%f  0.85%*24

= 20.6

m
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1 1 1 <2 *m * Kn) 1 1 1 <2 *20.6 * 0.452) 1,089 % 10-3
= — —_ — = —_ —_ = . *
P=m fy 206 420

As requirea = pbd = 1.089 x 1073 * 315 * 520 = 178.4 mm?

1.4 1.4 5

Agmin. = E * b,d = 120 x 120 * 315 = 126 mm* — control
1 f. 1 V24

As,min. = Z * {cy_c * bwd = Z * 420 x 120 * 315 = 110.23 mm?

As,min. =126 mm?* < As,required = 178.4 mm?
Select 2 @12 with A, = 226.2 mm? > As,required = 178.4 mm?

120-20—-16 — (2% 12)
Smin. = 1 = 60mm > 25mm — ok

Check on strain &g:
Asfy = 0.85 * f. xab

226.2 %420 = 0.85* 24 xa x 520

_ 22624420 _
A= 08524520 o2
_a _8.95_ 10.54
x_ﬁ1_0.85_ 54 mm
— X
£, = 0.003 (T) — 0.0867 > 0.005 " @ =09

Span 2,4: M} = 17.1 KN.m (from envelope moment diagram)
OM,, =P *0.85*f. xab =09 0.85*24 x80 x 520 = 1879 KN.m > 17.1 KN.m

‘- M,/® 17.1%10°/0.9
" hd2  520% 3152

420
T 0.85%f  0.85%24

= 0.368

20.6

m
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1 1 1 <2 *m * Kn) 1 1 1 <2 *20.6 * 0.368) 8.848 * 10~
= — —_ — = —_ —_ = . *
P=m fy 206 420

As requirea = pbd = 8.848 x 107* % 315 * 520 = 144.93 mm?

14 1.4 ,
Ag min. = E x b, d = 120 * 120 * 315 = 126 mm?* — control
1 V24
As,min. =—* \{CE * bw = Z * 420 * 120 * 315 = 110.23 mm?
y

Agmin. = 126 mm? < Agrequirea = 144.93 mm?
Select 2 D12 with A = 226.2 mm? > Aj equireq = 144.93 mm?

120-20—-16 — (2% 12)
Smin. = 1 = 60mm > 25mm — ok

Check on strain &g:
Asfy = 0.85 * f. xab

226.2 %420 = 0.85* 24 xa x 520

_ 22624420 __
A= 08524520 o2
_a _8.95_ 10.54
x_ﬁ1_0-85_ 54 mm
— X
£, = 0.003 (T) = 0.0867 > 0.005 "¢ =09

Negative moment:
Support 2,5: M,;; = 26.6 KN.m (from envelope moment diagram)

M,/® 26.6%10°/0.9
bd? =~ 120 % 3152

_fy 420
T 0.85%f  0.85%*24

K, = = 2.482

= 20.6

m
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1 1 1 <2 *m * Kn) 1 1 1 <2 *20.6 * 2.482) €322 + 10-3
= — —_ — = —_ —_ = . *
P=m fy 206 420

Asrequired = pbd = 6.322 % 1073 + 315 * 120 = 238.96 mm?

14 1.4 ,
Ag min. = E x b, d = 120 * 120 * 315 = 126 mm?* — control
1 V24
As,min. =—* {CE * bw = Z * 420 * 120 * 315 = 110.23 mm?
y

Agmin. = 126 mm? < Agrequirea = 238.96 mm?

Select 3 ®12 with A; = 339.29 mm? > Agequirea = 238.96 mm?
Check on strain &g

Asfy = 0.85 * f. xab

339.29 %420 =0.85*24*a x 120

_33929+420 _
=085« 24120 >oct™m
_a_5821_
x_ﬁ1_ g — 6848mm
— X
g, = 0.003 (T) = 0.0108 > 0.005 £ ®=09

Support 3,4: M;; = 20.5 KN.m (from envelope moment diagram)

M,/® 20.5%10°/0.9
bd? =~ 120 % 3152

_f, 420
T 0.85%f  0.85%*24

K, = =1.913

= 20.6

m

1 1 1 <2 * M * Kn) 1 1 1 <2 * 20.6 * 1.913) 479 x 10-3
= — —_ — = —_ —_ = . *
P=m fy 206 420

As requirea = pbd = 4.79 x 1073 ¥ 315 * 120 = 181.11 mm?
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1.4 1.4 ,
Ag min. = E * b, d =—=x120 % 315 = 126 mm? — control

420
1 1 V24
As,min. = Z*{CE * bwd = Z* 420 x 120 * 315 = 110.23 mm?
y

Agmin. = 126 mm? < Agrequirea = 181.11 mm?
Select 2 D12 with A = 226.19 mm? > A equireq = 181.11 mm?

Check on strain &g:

12,08 —\l 208
Agf, = 0.85% f * ab : : i! ]
339.29 % 420 = 0.85 24 * a * 120

_ 226194420 _ .
=085 %24120 CoCrmm
&5 Qf\
x=i=ﬂ=45.66mm
81 085
14.0@

X
& = 0.003 <T) = 0.0177 > 0.005

~ =09
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Figure (4-2): Section of ribs.



4.5 Design of beam (B06G)

By using of rib’s result from Atir software;

Reactions

Figure (4-3): Shows a position of intended beam.

Factored

MaxR
MinR
Service
DeadR
LiveR
MaxR
MinR

DeadR
LiveR

Tt
43.9
2417
68.08
53.05

36.59

15.11

51.69
42.3

37.78
23.31
61.09
45.21

31.48
14.57
46.05
36.12

L L
43.9
2417
68.08
53.05

36.59
15.11
51.69
42.3

15.32
8.93
24.25
14.26

12.76
5.58
18.35
12.11
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Loads:

15.32
W DL fromrib1 = 0.52 =29.46

KN/m

The width of beam b = 80 cm

Then the weight of beam width can be calculated:

Dead load from: d*y*b KN/m
Tiles 0.03*23*(.8 0.552
Mortar 0.02*22*(.8 0.352
Sand 0.07*16*0.8 0.896
RC beam 0.25*25*0.8 5
Plaster 0.02*22*(.8 0.352
Partitions 1*0.8 0.8
Summation of dead load (service) 7.952

The total factored dead load: Wpr, =29.46 +1.2*7.952 = 39 KN/m

W LL fromrib1 = 105% =29.46 KN/m

Live load within the beam width (b = 0.8 m):

Live load = 4*0.8 = 3.2 KN/m

The total factored live load: Wi =3.2 +1.6%4 = 9.6 KN/m
Analysis:

Now insert the load on Atir:
Envelope moment diagram for beam:

Moments: spans 1to 3

-361.4
-315.8 -208.2
-144.8
103,85, 116-2 1.72
[ | |
[N 7=7 : : : |
T71.57 1.58
%\_/lo—% 16.7 | 279 5
166.4
335.1
| 27 3.3 | 24 3.6 5.4 , 3.6
I I I I I 1 1
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Envelope shear diagram for beam.

Shear

-188.2 -
A57.7 180.6

231.2
258.9

Design of beam for shear:
Critical section at distance d =293 mm from the face of support.

Vymax = 231.2KN.

1
/A Jfe #byd = o V24 %800 * 0.293 = 191.38 KN.

= — %k
6
Check for section dimensions:

V—V” V—231'2 191.38 = 116.88 KN
ST @ ¢ 0.5 T ' '

2 2
Vi max = §Jﬁ b, d = §m * 800 * 0.293 = 765.55 KN

Ve =116.88 KN < Vipmax = 765.55 KN — the section os large enough.

Find the maximum stirrups spacing:

N 1
If V<V =5ﬁ*bwd then Sy, <

N |

or Spmax < 600 mm

1

Vi=3

1
Vic * byd = 3V24 % 800  0.293 = 382.77 KN

V. =116.88 KN <V, =382.77KN  then;

d 283

Smax < - = 141.5mm - control

ax—E_
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Smax < 600 mm
Check for Vg 1in:

1 b, S
Ay min = 16 * \/z * fL but not larger than
yt

Av,min -

1 b,S 1 800x1415
— % = — %
3" f,r 3 420

1 489 1
_ 2 _ — Z
= 89.84 mm control <16 * \/ fe 16 < 3)

1 1
Vomin = T¢ * Jfe #b,d = et V24 % 800 * 0.293 = 71.77 KN

1 1
Vs min = 3 * b,d = 3 * 800 x 0.293 = 78.13 KN — control

oV, <V, < O(V, + Vo min)
143.53 KN < V;, = 231.2KN + 0.75 * (191.38 + 78.13) = 202.13 KN
The stirrups spacing required to resisting the shear forces:

Use stirrups 2U- shape (4 legs stirrups) $8
T
A, =4 Tt 82 = 201.06 mm?

Ap*fyexd 20106 420 * 293

S = =
7 116.88 * 103

=211.69 mm

Take 2U-shape (4 legs stirrups) $8 @140 mm < Sp,4r = 141.5mm
Design of beam for flexure:

Assume bar diameter @18 for main positive reinforcement.
dy 18
d = h — cover — dgtirrup -5 = 350—40—8—7= 293 mm

Positive moment in the beam M; = 335.1 KN.m
Take $=0.9 for flexure as tension-controlled section
Assume p = 0.4p,

B1 = 0.85 (f. = 24 MPa)
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_ fy 420
~ 0.85f.  0.85%24

m = 20.6

600 24
pb=0.85*£*ﬁ1* — ] =0.85*
fy 600 + £, 420

p =0.4p, =0.4%0.02428 =9.714 x 1073

£ 0.85 ( ) = 0.02428

600 + 420

9.714 x 1073 % 20.6
2

m
R, =p*fy*(1—p7) =9.714*1o—3*420*<1—

) = 3.672

M, _ 3351x10°
OR,d2 0.9 x 3.672 x 2932

brequired -

= 118.1cm > byg.q = 80cm

Check whether the section will be act as singly or doubly reinforced section:

Maximum nominal moment strength from strain condition &= 0.004
=—d= —%293 = .
(o mm

a=pf;xc=0.85%125.6 =106.7mm

a 106.7
My max = 0.85 % f, * ab (d - E) = 0.85 * 24  106.7 * 800 (293 - — ) £107
= 4173 KN.m
$=0.82
M, =3351KN.m < ¢M, = 0.82 % 417.3 = 342,19 KN.m
Design the section as singly reinforced concrete section.
oo M _ 335.1%10° £ 491
" ¢bd? 0.9 %800%2932
S O O P, S Y 2%20.6 % 5.421 00153
P = m 5, |~ 206 420 -

As = pbd = 0.0153 * 800 * 293 = 3592.6mm?

* 800 * 293 = 683.5mm?

V24
As,min = 0.25 * {CE * b, d = 0.25 * 220
y

44



A 14 b, d 14 800 % 293 = 781.3mm? trol
L = — % = * * = omm — contro
smin ](,:'y w 420

Ag = 3592.6mm?* > Ag i = 781.3mm?* — ok
15 @ 18 in one layer with Ag = 3817.03 mm? > Ag i = 3592.6mm? — ok
Check for strain:

Asfy  3817.03 %420

@ = 085£b  08524%800  o23mm
_a_9823 .
c =5, =085 ~ 57mm
0.003 (22 = 0.003 (222 =157\ _ 4 606+ 103
— = = *
SS'<c)'<115.57)'

250 250
@ = 0.65+ (& — O.OOZ)T = 0.65 + (4.606 * 1073 — O.OOZ)T = 0.867

a 9
M, = Af, (d - E) = 3817.03 * 420 (293 - ) +1076 = 390.98 KN.m

M, = 3351 KN.m < @M, = 0.867 x 390.98 = 338.98 KN.m
Check for bar placement:

_800—40*2—8*2—15*18

p = 14 =31 mm > 25 mm

Negative moment in the beam M;, = 315.8 KN.m
Take ¢$=0.9 for flexure as tension-controlled section.

Design the section as singly reinforced concrete section.

po M _ 315.8 * 10° _cqq

" ¢bd? 0.9 %800%2932

1 L 2mR,\ 1 ) 2%20.6%5.11 — 0.0143
P = m 5, |~ 206 420 -

As = pbd = 0.0143 * 800 * 293 = 3342.2 mm?
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4
* 800 * 293 = 683.5 mm?

As,min = 0.25 * \/z * b, d = 0.25 * 220

fy

2 1.4 b d 1.4
, = — % =
smin fy w 420

* 800 * 293 = 781.3 mm? — control

Ag = 33422 mm? > Ag i = 7813 mm? — ok
14 @ 18 in one layer with Ay = 3562.56 mm? > Ag i = 3342.2mm?*  — ok

Check for strain:

Asf,  3562.56 * 420

@ =085fb  085:24+800 - Lo8mm
_a_o91es_ .
C—ﬁ1 =088 = .86 mm
0003 (176 _ 000s (293 -10786\
— — | = _ | = *
Ss'<c)'<107.86)'

250 250
@ = 0.65+ (& — O.OOZ)T =0.65+ (5.15% 1073 — O.OOZ)T =091>09

Take @ = 0.9

a 91.68 6
M, = Af, (d - E) = 3562.56 % 420 (293 - ) +1076 = 369.82 KN.m

M, = 3158 KN.m < @M, = 0.9 x 369.82 = 332.84 KN.m
Check for bar placement:

_800—40*2—8*2—14*18

Sy = 13 = 34.77 mm > 25 mm

OUOﬁOUOOOOOOOC
18.08

18.0¢
_DOOOODOOOG@/;OOC

Figure (4-4): Section for the beam.
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4.6 Design of column (C62):

Factored load:
P, = 3000 KN, f; = 24 MPa, f,420MPa

Slenderness parameters:

About x:
Mux ey Py
Ky=1, Ly = 3.65,
ry = 0.3%0.5=0.15
ky X 1,x  1X%X3.65
= = 24.33
Iy 0.15

> 22 Column is long about x.

Bressler’s equation:
Design as long about x, and short about y.

Pox = Py, then By = Py

Pn an Pny PO
11
Pn Pny

P,yin e, direction about x (M):
Column is long in ey, direction (about x)

: . M 0
Provided eccentricity e, = P“X =—=0

u Pu

minimum eccentricity e, — control
€y min. = 15+ 0.03 * 500 = 30mm.

Magnification factored 0,,:

Cm

Oy = R
1 =575 %P,

cn=06+04%2=]
M;

About y:
1v[uy €x an
Ky, =1, Ly = 3.65,
r, =03x0.6=0.18
k, x 1 1% 3.65
y ™ ‘uy
= = 20.28
ry 0.18

> 22 Columnis long about y.
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E. = 4700*%v24 = 23026MPa

3
[ = 2202 =625 m'
el = 220 — 57565 KN. m?
2
o= 2% — 42646 KN
(1%3.65)
1
Bnsy = 505 = 1104 > 1.0
~0.75 x 42646

Min e, =15+ 0.03 * 500 = 30 mm
€y = Ongy * min e,= 1.104 * 30 = 34mm

Section in y-direction .... ey .... About x (Interaction diagram)

& _ 3% _ 0.068

h 500

Y 500—2><40—2><1O—25_075

h™ 500 e

PxPn _ 3 % 145 _ 1.81 ksi From interaction between + = 0.75
Ag 0.6%0.4 ~ 1000 h

From interaction diagram p, = min p, = 0.01

Ageq=0.01 * 60 * 50 = 30 cm’

Select 12¢18, with A, = 30.48 cm®>30 cm’

Design of ties:

Use ties @10 with spacing of ties shall not exceed the smallest of :

1. 48 * ds =48 * 10 = 480mm
2. 16 *db=16 * 18 =288 mm - control

The least dimension of the column = 500 mm

Use ties 10 @ 200mm
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Check for code requirements:

500-2x40-2Xx10—4x18
4
0.02 < Py = 0.01 < 0.08-0K

Number of bars 12> 4 for rectangular section — OK
Minimum tie diameter ds = ¢10 for db = ¢ 18 bars — OK

SOTos

1T om

= 82mm > 40mm>1.5db - OK

Clear Spacing =

b=

I !
|

;;IDEA!E-

Fodeccm |

Eacficem,

fﬁu 1=

BoEEem .

LA [ 1 T

I I 7

o

b=

12418

_J0E1E

Foieo o |

VAV N/ R\
0.04

Baciiiccm.,

O
1
0.50

it 0.60

52

Figure (4-5): Elevation of C62. Figure (4-6): Cross section for C62.
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4.7 Design of Stair (1A):

Figure (4-7): Plan for stair (1A).

Determination of Thickness:

Height =4.2m

Rise =4.2 /24 =17.5 cm

Run =30 cm

Live Load on Stair (Landing & Flight) =5 KN /m* (Horizontal projection)
According Jordanian code.

Minimum slab thickness for deflection is (for simply supported one way solid slab)

1 4.6
1. hmin.:5: %=23cm
1 4.6
2. hmin. = E = E = 16.43 cm
Useh=25cm
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Rise
0= tan_1 <—) = tan

Run

Load Calculations:

-1 (17 5) = 30.26°
30/

Flight Dead Load
computations:
material thickness r?;;ahty RSl W KN/ m
tiles 0.03 23 1.208
mortar 0.02 22 0.697
stairs steps 1 25 2.188
reinforced concrete

1 2 2
solid slab > 7.236
plaster 0.03 22 0.764
Total Dead Load, KN/ m 12.091
Landing Dead Load
computations:

. Quality Density KN/ . y.h.1
material m thickness KN/ m
tiles 23 0.03 0.69
mortar 22 0.02 0.44
reinforced concrete

2 2 2
solid slab > 0.25 6.25
plaster 22 0.03 0.66
Total Dead Load 8.04

Live load: LL = 5 KN/m?
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Total factored load (w = 1.2D + 1.6L)
For flight w=1.2*12.091 + 1.6*5 = 22.52 KN/m
For landing w=1.2*%8.04 + 1.6*5 = 17.65 KN/m

Design for flight:

22.52KN/m

/I\4054KN

0.50 3.60 O.SO/I\

40.54KN

Figure (4-8): Structural system of flight.

Check for shear strength for flight:

Assume @14 for main reinforcement:
14
d=250—20—7=223mm
V, = 40.54 KN
1
@V. = 0.75 * 3 x1v24 %1000 * 223 = 136.56 KN

Vy = 40.54 KN < 0.5 * @V, = 68.28 KN
The thickness is adequate enough.
Calculate the maximum bending moment and steel reinforcement:

M, = 56.76 KN.m
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U
(o))

76
Mn = —9 = 63.07 KNm/m

0
M,  63.07 %106

R = - — 1.2682MP
nT BdZ T 1000 x 2232 a
_ a0
M= 085f. 085+24 “
1 2R, m 1 2 %1.268 % 20.6
p=—[1- [1- - 1— [1-
m £, 206 420
A, = pbd = 0.00312 * 1000 * 223 = 695.6 mm?
Agmin. = 0.0018bh = 0.0018 * 1000 * 250 = 450 mm?
Ag = 695.6 mm? > Ag i, = 450 mm?
_ A —695'6—452 s—l— 1 =0.2213
0T Ao 1539 4 T h 452 cem

Take 5@¢14/m with A; = 769.69 mm? or $14@20 cm
Step (S) is the Smallest of:

1. 3h =3 %250 =750 mm.
2. 450 mm

280

s

280
2y+420
)

3. s= 380( ) —25C, = 380( ) — 2.5 %20 = 330 mm — Control

s =221.3mm < Sy;x = 330 mm — OK
Temperature & Shrinkage reinforcement:

A, (Temperature & Shrinkage) = 0.0018bh = 0.0018 * 1000 * 250 = 450 mm?

Aq 450

1 1
= =2923, S=-=——=03421
As 14 1539 "

n_ 2923

n=

Take 3014/m with A; = 461.81 mm? or $14@30 cm
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Step (S) is the Smallest of:

1. 5h=5%250= 1250 mm.
2. 450 mm — control

s = 300mm < sp,,x = 450 mm — OK

Design for Landing:

40.54KN/m 40.54KN/m
VANV RN
17.65KN/m
VNN R
A o ~
1.30 1.35
AN AN
77.95KN 78.02KN

Figure (4-9): Structural system of landing.

Check for shear strength:

Assume @14 for main reinforcement:
14
d=250—20—7=223mm
V, = 78.02 KN
1
@V. = 0.75 * 3 x1v24 %1000 * 223 = 136.56 KN

0.5+ @V, = 68.28 KN <V, = 78.02 KN < @V, = 136.56 KN
The thickness is adequate enough.
Calculate the maximum bending moment and steel reinforcement:

M, = 52.3KN.m
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Ul

3

M,  58.11x106

Ry = 25 = =00 = 1.1685MPa
_ a0
M= 085f. 085+24 “
1, [, _2Rem)_ 1 [ 2011685206\ _ . o,
= — —_ — = —_ —_ = . *
P m £, 20.6 420

Ag = pbd = 0.002867 * 1000 * 223 = 639.34 mm?
Agmin. = 0.0018bh = 0.0018 * 1000 * 250 = 450 mm?
Ag

= 639.34 mm? > Ag iy, = 450 mm?

As —639'34—4154 S = t_ 1 = 0.2407
Asoa 1539 0% T 4154 T

n=

Take 5014/m with A; = 769.69 mm? or §14@20 cm
Step (S) is the Smallest of:

1. 3h=3%250=750mm.
2. 450 mm

3. 5=380(%%) - 25¢C, = 380< 280 )—z.s « 20 = 330 mm — Control

s (5)*420

s = 240.7 mm < Spay. = 330 mm — OK

Temperature & Shrinkage reinforcement:

A, (Temperature & Shrinkage) = 0.0018bh = 0.0018 * 1000 * 250 = 450 mm?

As 450
Ag 14 1539

1 1
= ——=10.3421m

=2923, 5= 0= 9953

n=

Take 3014/m with A, = 461.81 mm? or 314@30 cm
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Step (S) is the Smallest of:

1. 5h=5%250= 1250 mm.
2. 450 mm — control

s =300mm < s;,4, = 450 mm — OK

(© U-Shape
810@30 L=141

60
I8 21
K]
R 60
o2eTele
[50]
ohetete
[0
£350)
o
KA
@ L=280
15[ 15
814@30 L=310 (D)
15 @ L=280 [rs

@ #14@20 L=310

Figure (4-11): Details section for Landing.
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4.8 Design of isolated footing (F1):

Design of Isolated footing (Under Col. 11):

Once the ultimate column or load is determined, the proper
footing can be designed. The following subsections

describe the analysis and design of footing. E ]
fe fy
24MPa 420MPa

Load Calculation:

From column (11): (DL &LL) Figure (4-12): Top view for isolated footing.

DL (KN) | LL (KN) Service Column AlL soil Soil Soil
Surcharge | dimensions | pressure density weight
(KN/m®) | (ecm*cm) | (KN/m?) | (KN/n?’) | (KN/m?)

441.18 294.12 5 30*30 400 20 10

Calculating the weight of footing, soil, and Surcharge:
Weight of footing (assume hgo¢ing= 40 cm)

hfooting = 0.4%25 =10 KN/m?

Total surcharge load foundation:

WT =10+ 10 + 5 =25 KN/m?

Net soil pressure qpe¢:

Gnos = 400 — 25 = 375 KN/n??

Required sizes of footing:

Pn _ 441.18+294.12
dnet 375

=1.96 m®

Arequired =

Try 1.6* 1.6, Area = 2.56 m’
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hfooting (crn) Wfooting (KN/mz) Wsoil(KN/mz) WT(KN/I‘I]Z) QHet(KN/mz) Arequired(mz)

40 10 10 25 375 1.96

Depth of footing and shear design:
P, =1.2DL + 1.6LL = 1.2*441.18 + 1.6*294.12 = 1000 KN
¢y =1000/(1.6*1.6)=390.625 KN/m’

Determine the Depth of Footing Based on Shear Strength:

- Check for One Way Shear Strength

v (l @ d) b (1'6 03 d) 390.625 * 1.6
=(=-—=— xq, xh=———— * ) x 1,
u=\2772 Tu 2 2

0.75
oV, = c * V24 % 1.6 xd =103
v, = 0V,
d=0253m

h=253 + 75 +20 = 348 mm
Try h =400 mm

d=400-75-20=305mm

) d (mm) h (mm) Try h (mm) Try d (mm)

0.75 253 348 400 305

- Check for Two Way shear Action (Punching).
The punching shear strength is the smallest value of the following equations:
=0V

U, = 390.625 * ((1.6 *1.6) — (0.3 4+ 0.305)(0.3 + 0.305)) = 857.02 KN

E)E*bo*d

oV, =0 ! 1
=0t (14

1 a, *d
(Z)VC:(Z)*—*<2+ s )W/fc/*bo*d
12 b,
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1
OV = 0 x % \/f by + d
Where:

_ Column Length (a) 300

€7 ColumnWidth (b) ~ 300 =1

b, = Perimeter of critical section taken at (d/2) from the loaded area
=2(0.3+0.305) +2(0.3+0.305) = 2.42 m

as= 40 (for interior column)

I @V, =075%=x (1 +§)\/ﬂ*z.4z % 0.305 * 103 = 1356 KN

40%0.305

2. @V, =0.75 % % *; (2 + T) V24 % 2.42 % 0.305 * 10° = 1591.3 KN
3. @V, =0.75 *i* V24 % 2.42 % 0.305 * 103 = 904 KN

@V. =904 KN > V, = 857.02KN — OK

Design for Bending Moment of both directions:

d =400-75-20 = 305 mm

M, =390.625*1.6*0.65*0.65/2 = 132.03 KN.m

D . Ty
M= 085+f 085%24
o My 13203107
"T9«bxd? 09+%16%03052 ¢
1, [ _2mers 1, 2:206+0986\ . . o,
= — —_ — = —_ —_ = . *
P =m 5, 20.6 420

Agmin. = 0.0018 * 1600 * 400 = 1152 mm?
Agreq. = 0.002407 1600 * 305 = 1174.3 mm? > Ag i, = 1152 mm? ... OK

Take 6@ 16, Aq. provided = 1206.37 mm? > Ag requirea = 1174.3 o

_ 1600-75+2—6%16
- 5

S =270.8 mm
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Step(S) is smallest of:

1. 3h=3*400= 1200 mm
2. 450 mm — control

S =270.8 mm < Spax = 450 mm — OK
Check strain:

Tension = Compression

As+f, =085%f, xbxa

1206.37*420 =0.85 * 24* 1600 *a

a=15.523 mm
_1ss23
cC = 085 = . mm
3051826 003 = 0.0471 > 0.005 — OK
= 2% = J—
& 18.26 . . > 0.

Development length of flexural reinforcement:

L4 for @16:
9 fy axBxy=xA 9 420 1%1x08=x1
Ly =— =— 16 = 395
T ﬂ* (Ktrd+0) =10 g 2.5 - mm
b

Available length = ((1600-300)\2) — 75=575

575mm > 395mm — OK

Load transfer at the column-foundation interface (Dowels design):

- In footing:

, A
PPy = P0B5fA) * |-

1

A;=03%0.3=0.09m’

Ary=16%1.6=2.56m’
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A, 2.56 £33 > 2 A, 5
— = — = DO. b —_— =
A, J0.09 A

¢P,, = 0.65 % 0.85 % 24 x 0.09 * 2 * 1000 = 2386.8 KN

¢PB, = 2386.8 KN > P, = 1000 KN — OK

The Dowels are not needed for footing

Asmin=0.005 * Ac = 0.005 * 300 * 300 =450 mm2

Use 3D 16, As, provided = 603.18 mm?* > As, required = 450 mm?
- Incolumn:

®Pnp = ¢(0.85fA;)

¢P,p = 0.65(0.85* 24 * 0.3 0.3+ 1000) = 1193.4 KN

¢P,p, =1193.4 KN > P, = 1000 KN

The Dowels are not needed for column

Anmin = 0.005* A, = 0.005*300%300 = 450 mm’

Use 3® 16, A provided = 603.18 mm* > Ay, =450 mm?

Development length for compression reinforcement:
= )
o 6916

- Development of dowels in footing:

_0.25%fyxdp _ 0.25%420%16 %
1. Lga)req. = = = 343 mm

1a \/;C 1%/24 |
2. Layreq. = 0.043 % f, x d), = 0.043 * 420 = PR \__\ P
16 = 289 mm R

Figure (4-13): Details for isolated footing.
La2)req. = 289 mm < Lg(1)req. = 343 mm — Control

Available Ly = 400 — 75 -2 %16 = 293 mm
Available Ly = 293 mm < Lgrequirea = 343 mm

Lap Splice of Dowels in column:

Ly = 0.071f, *dp = 0.071 %420 * 16 = 477.12 mm, Use 500 mm
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4.9 Design of combined footing (F23):

C124(30X60cm>

#~

0

DOOKN

C128(40X60cm)

="
Ru=2£3

:

OOKN

4.70

Footing dimensions:

Figure (4-14): Combined footing.

Pu =1.2+% 0-6Pn(service) + 1.6 * 0-4’Pn(service)

P, ,KN Pr(servicey » KN Pnp, KN Pny, KN
Cl124 2000 1470.6 882.36 588.24
C128 2500 1839 1103 735.5
Summation | 4500 3309.6

SM,y; 104 = (1103 4+ 735.5) x 2.2 — 3309 x x = 0

x=122m

A=

Pn,total — 3309

qa,net

A=bl-> b=26m-l=

400

= 8.3 m?

_83_..
“26 ™M

Sl

Select l=4.7m&b=26m
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Depth of the footing and shear design:

:Pu,total — 4500
W=y T T26%47

= 368.25 KN/m?

- One way shear:
,, at distance d from the face of support:
Assume h = 60 cm and steel bars of 020

dayg = 600 — 75 — 20 = 505 mm

1 — 1
OV, = O\ febyd = 0.75 *g*\/ﬂ* 2600 * 505 = 804.05 KN

At column 124 P;,,,, = 2000 KN:
V, = 2000 — 368.25 * 2.6(1.25 + 0.15 + 0.505) = 176.06 KN
At column 128 P;,g,, = 2500 KN:
V, = 2500 — 368.25 * 2.6(1.25 + 0.2 + 0.505) = 628.18 KN
OV, = 804.05 KN > V, 1nq = 628.18 KN
Thickness h =60 cm is adequate enough.
- Two way shear (Punching shear):
At column 124, P54, = 2000KN:

d _0.505

Check for two options of punching action
as edge perimeter b, = 2(0.2525 + 0.3 + 0.2525) + 2(0.6 + 0.505) = 3.82 m

V;, = 2000 — 368.25 * (0.2525 + 0.3 + 0.2525) = (0.6 + 0.505) = 1910.17 KN

_ 000 _ 2 = 40 — interi 1
B= 300 = 2 g = interior column
1 2 7 1 2
1. V= g(1 + E) Jfbod where g(1 + E) =0.3333
1 (asd G 1 (40+0.505 .
2.V, = E(K + z) JFbod where E(W + z) = 0.6073
3. .= g\/zbod where g = 0.3333 — control
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1 1
A ®§Jﬁb0d = 0.75% 5 * V24 % 3820 * 505 * 103 = 2362.65 KN

@V, = 2362.65 KN > V;, = 1910.17 KN
The thickness h = 60 cm is adequate enough.
At COlun’ln 128, P128'Ll. = ZSOOKN:

d _0.505

Check for two options of punching action
as edge perimeter b, = 2(0.2525 + 0.4 + 0.2525) + 2(0.5 + 0.505) =3.82m

V;, = 2500 — 368.25 * (0.2525 + 0.4 + 0.2525) = (0.5 + 0.505) = 2165.07 KN

500
=—=1. , as = — lnterior column
B =7g5= 125 40 — interior col

1 2 7 1 2

L V=5 (142)VEbod where 2 (1+5;) = 04333
1 (asd ; 1 (40%0.505 _

2. Vo= 55 (55+2) Vibod where 3 (*5% +2) = 06073

3. V.= gw/fc/bod where §= 0.3333 — control

1 1
oV, = ®§Jﬁb0d = 0.75% 5 * V24 + 3820 % 505 * 1073 = 2362.65 KN

@V, = 2362.65 KN >V, = 2165.07 KN

The thickness h = 60 cm is adequate enough.

Design the flexural reinforcement in the longitudinal direction:
My, max. = —410.66 KN.m

Take steel bar of 20
20
b=26m, h=600mm |, d=600—75—20—7=495mm,

fo =24MPa,  f, =420 MPa.
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410.66
Mn = =39

= 456.28 KN.m

M, _ 456.28x10°

R — _ = 0.7162 MP
nT pdZ . 2600 * 4952 @
f, 420
- = =206

M= 0.85f ~ 0.85 « 24

1 2R, m 1 2 %0.7162 % 20.6
p=—[1- [1- - 1— |1-

m , 206 420

As = pbd = 0.001736 * 2600 * 495 = 2234.72 mm?
Agmin. = 0.0018bh = 0.0018 * 2600 * 600 = 2808 mm?

Ag = 223472 mm? < Agpin. = 2808 mm?

4s —2808—8938 5—1— L =0.11118
Asozo | 314 0700 ~n 8938 m

n=

Take 10020/m with A; = 3141.59 mm? or 020@10 cm

2600 —75%x2 —10 %20
s = 9 =250 mm

Step (S) is the Smallest of:

1. 3h=3%x600= 1800 mm.
2. 450 mm

s =250mm < s;4,. = 450 mm — OK

Design the flexural reinforcement in the transverse direction:

The factored load on column 124 is P;,,4,, = 2000 KN.

For column 124 =2 =769.23 KN/m

The maximum moment in this transverse beam at the face of column 124 is:
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769.23 26 0.6 2 — 38461 KN
> (2 2) = . .m

20
d=600—75—7=515mm

The band width under column 124 is (¢ + d) = (0.3 + 0.515) = 0.815 m

Take the band width 1 m:

_ 38461 42734 KN
oo My _ 42734w10°
nT pdZ_ 10005152 @
f, 420
- - =206
M= 0.85f ~ 0.85 « 24
1 [,_2Rm 1 [, 201611206\ _, =,
= — —_ — = —_ —_ = U *
P=m f, 20.6 420
A, = pbd = 0.004 * 1000 * 515 = 2060.28 mm?
Ag min. = 0.0018bh = 0.0018 * 1000 * 600 = 1080 mm?

Ag = 206028 mm?2 > Ag i, = 1080 mm?

_ A _ 206028 o1 1 _
" A g0 314 O “n o655 e

Take 7020/m with A, = 2199.11 mm? or §20@15 cm

1000 —-75—7%* 20
s = G = 130.83 mm < 450 mm — OK

The factored load on column 128 is P;,5,, = 2500 KN.

For column 128: 22 = 964.54 KN /m

26

The maximum moment in this transverse beam at the face of column 124 is

96454 26 0.5 2 _ 5317 KN
> (2 2) = . .m
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20
d=600—75—7=515mm

The band width under column 128 is (¢ + d) = (0.4 + 0.515) = 0.915 m
Take the band width 1 m:

531.7
Mn = —9 = 590.78 KN.m

0
M, 42734106

R, = - = 2.227 MP
"~ bh.dZ~ 1000 #5152 ¢
_ by 420
M= 085, 085+24 “
1 _ [, 2Rm 1 [, 2+1611%206\ oo
= — —_ — = —_ —_ = . *
P = m 5, 20.6 420
A, = pbd = 0.00563 * 1000 * 515 = 2899.42 mm?
Ag min. = 0.0018bh = 0.0018 * 1000 * 600 = 1080 mm?

Ag = 2899.42 mm? > Ag i, = 1080 mm?

_ A _ 29942 11 _ o
" A g0 314 Y T n 923 Ueem

Take 10020/m with A; = 3141.59 mm? or 020@10 cm

1000 —-75—10+%20
s = 9 = 80.55 mm < 450 mm — OK

‘ ‘ 816015

920815 820@10 $20010

Figure (4-15): Details for combined footing (F23).
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4.10 Design of Dome D1 (Steel Element):

By using SAP2000 software:
Loads:

- Snow Load:
height of building h = 1000 m

According Jordanian code for snow load:

Snow Load = 2400 e c00m <
now Load = 200 ,1 m
< 1500 m
s L d_(1000—400)_15KN 5
now Load = 200 = 1. /m
- Wind Load:

Wind that subjected in two directions (X, Y)

Cp = —0.5 (Windward)
Cp = 0.3 (Leeward)
Area Type = B

Speed of wind = 80 km/h
Determination of radius of dome:
R? =172+ (R—-1)?

R?=1724+R?-1-2R

R=0945m
Number of parts = %d =72 _534 ~6 parts
0 =tan™! (—) = 60.93°

M \1Toas—1

68

Figure (4-16): Dome (D1) in SAP2000 .

Area Wind Pressure Coefficients

Wind Load Caze Mame
+[[winp

Preszure Coefficient

s

(* “Windward [press varies over ht)

Options
Cp
f* FReplace Existing Loads

™ Delete Existing Load
™ Other [press congtant over ht) e

[ ok ]

Cancel |

Figure (4-17): Coefficients for wind loads.
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o

Figure (4-19): Section for Dome (D1).
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4.11 Design of shear wall (SW3):

0%F|

Juior uorsuedxip

SW3

y

ISSSS /4

05

Figure (4-20): Position of shear wall (SW3).

370 KN 5 370 KN

3.650

4
ra
=
z

9

=
iy |
]
=
=

I

3.500 | 3.600

1759 KN

3.650

2.500 , 3.600

1350.5KN.m

4885.7 KN.m

11042.2KN.m

Figure (4-21): Moment and Shear diagram for shear wall (SW3)

f.’= 24 MPa

f, =420 MPa

Shear wall thickness, b = 20cm
Shear wall width, Ly,=12.10m
Shear wall height, h,, = 10.75m

N, = 3485KN
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Design of shear wall: 8
™
hW<LW

. h @
Controlled section for My; = TW from the base, =
bw — 1975 _ 5375m o
2 2 0
™

My =370 * (3.65+1.725) + 612 * 1.725

=3044.45 KN.m 12.10

Figure (4-22): Elevation in shear wall (SW3).

Rectangular section:
hW<LW
d=0.8 *hy

=0.8*10.75=8.6m

Design of horizontal reinforcement:

V= Vimax = 1759 KN

1 x . [fer xbxd 1 x /24 Xx200x8600
1. V.= °6 = . = 1404.4 KN
1x.,/forxbxd | Nyxd 1 x+/24 x200x8600 , 3485x8600
2. V.= < = = 2107.2 KN
4 4XLy 4 4x12100
2N 3
L JfT o JZE 423485 x10%
_ | Vfe! w( € Lw xb bxd _ |v24 12100 X (V2445750 x 200 200 X 8600
3. Ve= > + Mu1_ Lw X 0 1> + 304445 12.1 X 10
Vu 2 1759 2

= neglect because the answer is negative
V. =1404.4 KN < 1759 KN
Horizontal reinforcement is required.
O*V.+ d*V,=V,
O*Vy=V, - P*V,
Vu 1759

o V.= —— 1404.4 = 940.93 KN

0.75

V5=
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~ 94093 X 103

= Z20x 8600 2201

A
(Lh) = 0.0025 xb = 0.0025 X 200 = 0.5
S min

(AL}‘) ~ = 0.5 control
min

S

I Smax = 2= % =2420mm
2. Spmax. =3 *b =3%200= 600 mm

3. Spax. = 450 mm

An: A, for two layers of horizontal reinforcement (horizontal reinforcement with two legs)

Select @10:
Ay = # legs * area of bar
=2 X mx107 _ 157mm?
B~ 05, 2= 05
S S

Sieq = —2= 314 mm
05
Select, S=300 mm < S;¢q = 314 mm < 450 mm

Design of uniform distribution vertical reinforcement

Vertical reinforcement to resist N, and to resist apart of M,

AVh
X b

h,,
A, = [0.0025 405 <2.5 - —) X (S

— 0.0025)] Xb Xs
Ly

Ao = 00025+ 05 (25— 2872 157 0.0025)| x 200
W_[' ( 12.1)x<300x200 ' )]x XS

A
% =0.519

Select @12 for vertical reinforcement

B 2 X T X 122

Ay = ———— = 226mm
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Auy 226

226

Sreq. = m = 435.5 mm

Lw 12100

1. Smaxl = ? = T = 4033.33 mm.

2. Spmax. =3*b=3%200=600 mm.
3. Spax. = 450 mm.

Select, S=250 mm <S;¢q = 435.5 mm < 450 mm
Design of bending moment:

M, =11042.4 KN.m

M. = Myy + My boundary

M,y: part of moment M, that resist through the uniform distributed vertical steel A.y.

M, boundary: part of moment M, that resist through the uniform distributed vertical steel A,.

Part of moment that resisted through A..:

Lw
Ag, = layer X area of bar X e

12100
Ay, =2 X 113.1 %

e - 10948.1 mm

zZ 1 1

L, 2+ 0.85%x By xf./ XLy, XDb (2 + 0.85x 0.85 x 24 x 12100 X 200)
Ag, X £y 10948.1 x 420

Z

0.089
Myv = 0.9 [0.5 x 10948.1 x 420 x 12100 X <1 — T)]

=23923.1 KN.m

My =23923.1 > M, = 11042.2 KN.m
Therefore NO boundary reinforcement is required.
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4.12 Design of Basement wall (BW1):

Load calculation:
fc=24 MPa , fy=420 Mpa , Y's=18KN/m’, qall=400KN/m’, ¢=35, surcharge =5KN/m’

5 KN/m2
|
c _1—sin<p_1—sin35_0271 —T
2" 1+4sing 1+sin35
P,=C,*h*xy=0271%65%18
= 31.7 KN/m?

W, 5
hy =3 =15 =0278m

P,=Ca*hg*y=0.271%0.278%18 = 2| 8
1.36 KN/m?
L
i L il
Figure (4-23): Section of basement wall (BW1).
P
e Pa=3171

Ps=136
Figure (4-24): Loads on Basement wall (BW1).
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From Atir we have moment and shear envelope:

Shear

-61.8 -62.

117. M7

Moments: spans 1to 1

2.92 14?-4 3.58
| I |

Figure (4-25): Envelope diagram of Basement Wall.

Design of Bending Moment:

M, = +45.2 KN.m/m

18
d = 300- 40 -5 = 251 mm

R, - Mn
b-d’
* 6
R = 1484710 =2.62MPa .

" 0.9*1000%150°

£, 420

= = = 20.6
0.85xf, 0.85%*24

m
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1 2m
p__(l_ /1__&J= o [ EERE AR
m /, 20.6 420

AS req= 0.0067%1000*251= 1681.8 4mm*/m........... control
_ 1696mm?
Use @18 @15cm, with Ag provided = —Q > Agreq = 1681.84 mm?/m
Mu(KN.m) m Rn p Asreq(mmz)
148 20.6 2.62Mpa | 0.0067 1681.84

As,min. .
- For vertical bars:

0.0015*b *h = 0.0015 * 1000 * 300 = 450 mm?/m

* 1000 * 251 = 732 mm?/m

V24
0.25 %

420
% 1000 * 251 = 863.67 mm?/m ...Control

769.7 mm?

Use ®14 @20cm, with Ag provided = m

> Agreq. = 863.67mm?/m

- For horizontal bars:
0.002bh = 0.002 * 300 * 1000 = 600 mm?/m.

615.7 mm?

- > Agreq. = 600mm?/m

Use ®14 @25cm, with Ag provided =

Check for shear:

0.75
¢Vc=%*\/f_c’*b*d= - +1/24 % 1000 * 0.251 = 153.7 KN

0.5¢pV. = 0.5%153.7=76.85KN <V, = 111.7 KN < ¢V, = 153.7 KN — OK
The thickness is enough.

Note: the structural system for this basement wall assumes as pin and roller supports, so must
be connected with slab before put a backfill.
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4.13 Design of one way solid slab (S2F):

Figure (4-26): Position of solid slab (S2F).

NOTE:

3 KN/m2 24 MPa 420 MPa

Factored Loads:

qu=1.2DL + 1.6L ACI - 318 - 08 (9.2.1)
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Slabs thickness calculation:

The overall depth must satisfy ACI Table (9.5 a):
For One way solid slab , as shown in fig. :

1 2 3 4 5 6
1 2 3 4 5
|: A - A - A - A . A ::I
LI LI LI LI
A A A A A
(‘)5‘ 5.25 ('.‘0‘3 5.7 C‘O:"; 5.7 ('.‘0‘3 5.7 0“3 5.2 ‘0.8‘
\‘\ 565 \‘\ 6 \‘\ 6 \‘\ 6 \‘\ 575 I | 1
I I I I I 1
25.
100.
A-A
Load group no. 1
Dead load - Service Units:kN,meter
6.25 6.25 6.25 6.25 6.25
5.65 6 6 6. 5.75
Live load - Service Load factors: 1.20,1.20/1.60,0.00
3.00 3.00 3.00 3.00 3.00
5.65 6 6. 6. 5.75

Figure (4-27): Spans length of one way solid slab (S2F).

From ACI-318-08 table (9.5a)

hp,in (deflection requirement):
L 575

One end continous : o = 2

= 0.2396m — control

L 6
Both end continuous: — = — = 0.2143m

28 28

For One way solid slab, will use thickness of slab 25 cm>h min = 24.8 cm.
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Loads Calculation:

Live load =3 KN/m?, Dead load from beamD self weight only.

Moment and shear Diagrams:

The Development Moment diagram for beam has width = 1m and the thickness is 25 cm as

following:

Moments: spans 1to 5

-45.5 -46.4
. - -40.9 -40.6 -40.5 -40.1
39.2 -39.6 -35.3 -35.1 -34.9 -35.1
| 1 8\2' 1 | | \1' 2 | | \2' 1 | | \1' 8 |
I I 1 I 09! 1 I 81 1 I 2.39 1
i 'Iliil 14 iil 8 iii)g iilbg t
6 m—?\/ .88 1.16 10,
23.2 26.6 23.1
33.6 34.9
226 339 | 3 3. | 3 3 | 3 3 | 34 23
[ [ [ [ [ [ [ [ [ |
Shear
-42.8
-38.4 -38.3 -39.4 _ -40.3
-33.9 -35. 35.8 203
-21.8
[ [l [ fin 1 1
1 m LU m LI L]
23.1
28.8
35.6 35. 33.7
38.2 39.
40. 39.5 43.4
Reactions
Factored
H ft ff ft ft H
DeadR 16.53 49.09 44.28 44.08 49.62 16.89
LiveR 12.24 33.74 33.49 33.47 34.07 12.42
Max R 28.78 82.83 77.77 77.55 83.69 29.31
Min R 14.87 62.44 55.45 55.13 62.94 15.27
Service
DeadR 13.78 40.91 36.9 36.73 41.35 14.07
LiveR 7.65 21.09 20.93 20.92 21.29 7.76
Max R 21.43 62. 57.83 57.65 62.65 21.84
Min R 12.74 49.25 43.88 43.64 49.68 13.06

Figure (4-28): Solid (S2F) envelope moment diagram.
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Design:
- For Shear:
Check whether thickness is adequate for shear:

Vimax, = 48.6KN per 1m strip.

1 1
<I)VC=€*<I)*\/f_g*bw*d=€*0.75*\/ﬂ*1000*0.225= 137.8 KN per 1m strip

1 137.8
Vimax, = 48.6KN per 1m strip < ECI)VC = — = 68.9 KN per 1m strip

The thickness of the slab is adequate enough.

43.4 KN 137.8 KN

- For negative Moment:
Assume bar diameter @10 for main reinforcement

d=h-20—-db=250-20—(10/2) =225 mm

250 mm 10 mm 225 mm

M, = —46.4 KN.m

_fy, 420 206
M= 085f. 085+24 “
M 46.4%1073/0.9
K, = w/@ /09 _ 1.01838MPa

b.d2 =~ 1%0.2252

_ 1 1 1 (2 * M * Kn) _ 1 L L (2 * 20.6 * 1.01838) — 0.002488
p= fy =206 420 -

=0.0018 — OK

>p

min.

Ag = pbd = 0.002038 % 1000 * 225 = 559.9 mm?.
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559.9 20.59 1.01838 0.002488 -46.4 KN.m

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

Asmin = Py, bh = 0.0018 % 1000 * 250 = 450 mm>.

As > As,min.
Ag min, = 450 mm? < Agreq. = 559.9 mm? — OK
Use ®14
A 559.9
#of P14 = 2% = = 3.64

Ay, 153.94

1
Spacing (S) = Tga = 0.275m = 275 mm

Take 14@200 mm
Steps (s)is the smallest of :

280

s

1. 3380( )—2.5CC=380<280 )—2.5*20=330mm

2*420

2. <300 (@) =300 <228° ) = 300 mm — Control

3. <3xh=3%250=750mm
4. <450 mm

450 mm?2 200 mm

Use ®14@20 cm in main directions.
Temperature and shrinkage :

Agmin. = 0.0018bh = 0.0018 * 1000 * 250 = 450 mm? — control
use ®10

Asreq. 450
Ay, 7854

#of 014 = =5.73

1
Spacing (S) = T3 = 0.175m = 175 mm
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10
or ®10@150 mm

Take

Step (s) is the smallest of :

1. <5h=5%250=1250 mm
2. <450 mm — control

- for positive moment:
assume bar diameter @10 for main reinforcement

10
d=h—20—db=250—20—7=225mm

250 mm 10 mm 225 mm

M, = +34.9KN.m
£, 420

= - = =2
0.85f. 0.85x*24 0.6

m

M,/¢  34.9%1073/0.9

bz = 1x02252 0766 MPa

K, =

_1 1 1 <Z*m*Kn) _ 1 L L (2*20.6*0.766) — 0.00186
P~ fy ~ 206 420 -

As = pbd = 0.00186 * 1000 * 225 = 418.4 mm?.

418.4 20.59 0.766 0.00186 34.9 KN.m

Check minimum reinforcement

Ag min. = Py, Ph = 0.0018 x 1000 * 250 = 450 mm? — control
As > As,min.

Agmin, = 450 mm? < Ag,eq = 418.4 mm? — OK

Use ®10

As,req. N 418.44

#of D10 = =
of P10 = "="755

=5.33

1
Spacing (S) = T33 = 0.188 m = 188 mm

take ®10@150 mm
Step (s)is the smallest of :
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1. <380 (@) — 2.5C. = 380 <228° ) —2.5%20 =330 mm
fs 3*420

2. <300(%%) =300 (fs" ) = 300 mm — Control
fs 3*420

3. <3xh=3%250=750mm

4. <450 mm

300 mm?2 150 mm

Use ®10@15 cm in main directions.
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4.14 Design of shear connections in composite beam:

- The section of composite steel is (W 30x132)

- Use fc' =3.5Ksi, Fy =50 ksi

- Use (3/4") studs, gives Asc = 3.14*(3/4)* / 4 = 0.4418 in’.

Ec = (145)'" * /3.5 =3266.53 Ksi.

Qn=0.5 *Asc * VEc * fc’ =0.5 *¥0.4418 */3266.53 = 3.5 =23.6 kips

AsxF
n: —y
Qn

From table (1.1) (American Institute of steel Construction, INC)

We find As for (W30x132), As =38.9 in’.
n=38.9 *50/23.6 = 82.42
Select 48 studs.
Try two studs at each location.
- Determine of spacing between studs :
P=L*12/n (ateachside)
P=59.1*12/48 =14.775" .... Select P = 14"
Max. P =8 * ts = 8§*8 = 64"
Min .P = 6 * diameter of stud = 6*3/4=4.5"
Min P <P (Provided) < Max. P (Ok)
Where :
Asc : cross sectional area of stud shear connectors.
Ec : modulus of elasticity of concrete .
Qn : the nominal strength of one stud shear connector imbedded in solid concrete .
n: number of stud at each location.
P : spacing between studs.
Note :
For (w 21*48) we calculate n = 30 but we take n for both section (w21*48) and
(w21*50 ) n= 32 for each location.
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