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Abstract

This project aims at creating four service entities that are designed to meet the needs of the citizens.
These service entities are designed to be located in Hebron City in " the Zerzir Valley. The total land
area is 12,000 square meters. These service utilities are cultural center, mosque, medical clinic,
underground water reservoir, three-meter wall, and wall mounted pergola. The architectural plans were

drawn in details.

The cultural center is characterized by its large halls. The halls don't have columns in the middle. In
addition, it has a large celebration hall which is characterized by its distinctive design and by its dome.
The dome, which is characterize by its large diameter, is very beautiful. The land area of the cultural
center is about 5,800 square meters. Moreover, the mosque is characterized by the beauty of its design.
Its minaret is 32 meters in height. The mosque consists of two floors. The land area of the mosque is
about 1,000 square meters. Furthermore, the medical clinic consists of three floors. Its land area is 750
square meters. It includes patient rooms, elevator, and wall mounted pergola. Finally, the underground

water reservoir has a total storage capacity of 8,000 cubic meters.

It is worth mentioning that the utilities were designed by the Jordanian building code, the latest

version of the American design code, and the unified building code ,1997, (ACI 318M-14, UBC 1997).

In the introduction, the architectural plans for the utilities were drawn. In addition, the constructive
designs for the medical clinic and the wall mounted pergola were prepared. After the completion of the

project, the secure, economical, and detailed constructive designs for the other utilities will be prepared.

May Allah grant us success.
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List of Abbreviations

Ac

Area of concrete section resisting shear transfer.

As = Area of non — prestressed tension reinforcement.

As' = Area of non — prestressed compression reinf orcement.

Ag = Gross area of section.

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

At = area of oneleg of a closed stirrup resisting tension within a (S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

Cc = compression resultant of concrete section.

Cs = compression resultant of compression steel.

DL = dead loads.

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

Ec = modulus of elasticity of concrete.

fc¢' = compression strength of concrete.

fy = specified yield strength of non — prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two — way construction,

measured face — to — face of supports in slabs without beams and face to face of beam
or other supports in other cases.

L = length of clear span in long direction of two — way construction,

measured center — to — center of supports in slabs without beams and center to center of beam

or other supports in other cases.
LL = live loads.
Lw = length of wall.
M = bending moment.
Mu = factored moment at section.
Mn = nominal moment.
Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear or in direction parallel to longitudinal reinforcement.



Ve = nominal shear strength provided by concrete.
Vn = nominal shear stress.

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

Wc = weight of concrete.(Kg/m?).

W = width of beam or rib.

Wu = factored load per unit area.

¢ = strengthreduction factor.

Ec = compression strain of concrete

€_s = strain of tension steel.

€s = strain of compression steel.

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

4.1.
4.2.
4.3.
4.4.
4.5.
4.6.
4.7.
4.8.
4.9.

4.10.
4.11.
4.12.
4.13.
4.14.
4.15.
4.16.
4.17.
4.18.
4.19.
4.20.
4.21.
4.22.

Introduction.

Factored load.

Slabs thickness calculation.

Design of Topping.

Load Calculation.

Design of Rib (1).

Design of Rib (2).

Design of Rib (3).

Design of beam (B4).

Design of column (C4).

Design of isolated Footing (F4).

Design of Strip Footing.

Design of staircase.

Design of Cantilever

Design of Ground Water Tank

Analysis and Design of Dome

Analysis and Design of Ring Beam
Design the ring beam for Torsion
Analysis and Design of Post-Tension Beam
Analysis and Design of Mosque (Frames)
Check the thickness of two-way slab in the Mosque

Design of minaret
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> 4.1 Introduction.

Concrete is the only major building material that can be delivered to the job site in a plastic state.
This unique quality makes concrete desirable as a building material because it can be molded to virtually
any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete structure
members must resist extreme tensile stresses, steel supplies the necessary strength. Steel is embedded in
the concrete in the form of a mesh or roughened or twisted bars. A bond forms between the steel and the
concrete, and stresses can be transferred between both components.

In this project, all of design calculation for all structural members would be made upon the
structural system which was chosen in the previous chapter.

So, in this project, there are two types of slabs (one-way ribbed slab & solid slab). They would be
analyzed and designed by using finite element method of design, with aid of a computer program called
"ATIR- Software " to find the internal forces, deflections and moments for beams, and then handle
calculation would be made to find the required steel for all members.

The design strength provided by a member, its connections to other members, and its cross — sections in
terms of flexure, and load, shear, and torsion is taken as the nominal strength calculated in accordance
with the requirements and assumptions of ACI-318-14 code.

Note:

Compressive strength of concrete f.' = 24 Mpa

Yield strength of Steel f,, = 420 Mpa

> 4.2 Factored Loads.

The factored loads on which the structural analysis and design is based for our project members, is
determined as follows:

qu=12D.L+1.6L.L
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4.3 Slab Thickness Calculation.

For Health Clinic Center

» Minimum thickness (Deflection requirements)

e : : '
i 49 by 500 o Mo e

R3 : : :
.. 580 e 438 L 500

" v v v 440
Beuml&é;é” 483 ‘4}" 433 J”)’
Boume&ﬁé” 468 "4}"
BNM&‘S’é” 493 “‘4}” 463 “‘}"
Bean? 'é’ o ,uébu
e '4}’ 498 “Q" 300 “4}" 432 “4}"
Fer? "@” 4.30 ”’QN 980 Mﬁ" 498 "Q" 500 452

The maximum span length for Simply supported (for rib) [ = 4.20 m
b = [ 4200
™t T 16 16
The maximum span length for-one-end-continuous (for rib & beam) [ = 4.98 m
b = [l 4980
™ T 185 185
The maximum span length for both-end-continuous (for rib & beam) [ = 5.80m
b= [ 5800
mn T 1T 21

= 262.5mm
= 268.8 mm

= 276.2mm

The maximum span length for Simply supported (for beam) [ = 4.68 m

L4680
min = g T1g _ S7o N
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The minimum ribbed slab thickness will be h,,;, = 292.5 mm
Take slab thickness h = 320 mm > h,,;, = 292.5 mm
h =32cm (24 cm Hollow block + 8 cm Topping)

> 4.4 Topping Design.

Dead load calculation:

wy = 1.2D + 1.6L

Dead load from Axyxl KN/m’

Tiles 25x0.03 0.75 7]

mortar 22x0.03 0.66

Coarse Sand 17x0.07 1.19 20 om

Topping 25x0.08 2

Interior Partition 2.3 2.3 wi wi2
> = 6.9 13 e
Live load calculation: 2x1 = 2KN/m wi?

24
Total factored loads =1.2x69 + 1.6x2
= 1148 KN/m .

Wi? 1148« 0.4%

My = =3 12

= 0.1531 KN -m/m of strip width .

@M, = M, — strength condition, where @ = 0.55 for plain concrete.

2 2
M,=0427A%fdSm , S, = % = 2 = 1066666.667 mm?

where S, for rectangular section of the slab

M, = 0.42 x 1 x Y24 x 1066666.667 x 1076 = 2.19 KN - m
¢M, = 2.19x0.55 =120 KN -m >> Mu = 0.1531 KN -m

No Reinforcement is required by analysis, but in the ACI code 2014 provide As,,;, for slabs as
shrinkage and temperature reinforcement.

Agmin = pbt = 0.0018 x 1000 x 80 = 144 mm?/m strip

As 144
AS@8  50.274

Use @8 with As = 50.27 mm?, n (bar number ) = = 2.87 bar

Take 338 As = 150.8 mm?/ m strip or 8 @ 300 mm in both directions
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Step (s) is the smallest of:

1. 3h=3x 80 =240mm -control
2. 450 mm

3.5 =380 () -2.5 Ce= 380 (;i"m) ~25x20 = 349 mm

s
f X

ButS <300 (%7)=300 (EZBO ) = 315mm

fs 5 X 400

Take 38 @ 200 mm in both direction S = 200 < S,,4x = 240 mm (0Ok)

Unit width = 520 mm

| be I

L_gSO mm
320 mm

fﬁ‘a‘a‘lh«"‘ﬂ‘;ﬁ;-‘»{/a—'};—‘a‘ >
i = i

R )

\.\\‘%A

R

=

z

z

B -~
= Z
Z

T R

f
/

t A ¥l
= Z
Zrit 2% l/k L LALTA LT Vﬂz

l b,,, |: 120 mm

7.

From geometry of T section:
b, = 120 mm h =320 mm t = hy =80mm

» The Effective Flange width (b.) According to ACI code 2014

b, is the smallest of:

L is taken here as the smallest clear span of the rib, L=4200-600=3600 mm
I b <Z=222=900mm
2. b, <b, + 16h; =120+ 16 x 80 = 1400 mm

3. b, < center to center spacing between adjacent beam = 400 + 120 = 520 mm

take here be = 520 mm
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> 4.5 Load Calculation.

Live load calculation:

LL=2 x 0.52=1.04 KN/m

Dead Load /vib: DL = 5.85 KN/m
Live Load / vib: DL = 1.04 KN/m

> 4.6 Design of Rib (1).

Dead Load calculation:

Dead Load from OXyXb KN/m
Tiles 0.03 x25%0.52 0.39
mortar 0.03x22x0.52 0.34
Coarse Sand 0.07 X 17 X 0.52 0.62
Topping 0.08 X 25 X 0.52 1.04
RC Rib 0.24 X 25 x0.12 0.72
Hollow block 0.24x 12.5%x04 1.20
plaster 0.03 x 22 x0.52 0.34
Interior Partition 2.3%x0.52 1.20
> = 5.85

4.6.1 Design of Rib 1 for positive moment.

Assume bar diameter @12 for main positive reinforcement

d = h- cover - dgrups - 5 =320 - 20- 10~ = = 284 mm-

W, = 1.2x585 + 1.6x1.04 = 8.684 KN/m

wyl?  8.684 x 4.22
8

M, =

= 19.15KN'm
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Moment & Shear Diagram

Moments

24 19.1 2.1

Shear

-13.2

-18.2

13.2
18.2

The maximum positive moment in all spans of Rib1 M, = +19.15 KN.m

Check if a > h¢

M, = 0.85 f,'bhy (d — °L) = 0.85x24x520x80 (284 — 1) x10~° = 207.06 KN.m

Mys = 207.06 KN.m >> 2 1‘;f’_21278KNm > a<h

The section will be designed as rectangular section with b =520 mm

6
R, = X2 =2278X1% _ 507 Mpa m=—22_ = 2059
bd? 520 x 2842 0.85 x 24
RO AT 22050722059\ _ oo
- |~ 2059 420 -

Agmin = pbd = 0.001225 x 520 x 284 = 180.908 mm?
Check for As pin

1.4
b,d = —b,d

Aspin = 025 T byd = —
y

VI
fy
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As,o = 025 Y% d= 0.25x % x 120 x 284 = 99.38 mm?
, fy 420

1.4

As,min = E

b,d = % x 120 x 284 = 113.6 mm? — control

Ag = 180.908 mm? > Agpmin = 113.6 mm?
Use 2012 with A = 226 mm? > As ., = 180.908 mm*  — ok

Check for strain:

As f. 226 x 420 a 8.95
= > = =895mm , c=—= —
0.85f!b 0.85 x 24 x 520 B1 0.85

= 10.53 mm — where: B1 =0.85

g = 0.003(d—c) _ 0.003 x (283 - 10.53)
- c - 10.53

= 0.0776 > 0.005 (ok)

4.6.2 Design of Rib 1 for shear.

The maximum shear in the rib at distance d from the face of support V,=13.2 KN

1 — 1
Ve =112yf'byd = 11224120 284 =3061KN

BVe = 0.75X30.61 = 2296 KN, 2@V, < V, <@V, » 1148 < 132 < 22.96

Minimum shear reinforcement is required except for concrete joist construction. So, no shear
reinforcement is provided, but use @8/20cm for execution

) Y

! 2T10 I

I |
__/\i,_l_ _I—JI\,—_
L LT T LT T T] stshib [ [ [ [ [ [ [ [ U
B TR N 1 41

Ti2
1232
&0 250 80

a@PrT10 L=S2£0 T.B.
480

i

480 |
@z=Tle L=5S20 B.B.

Rikb 1

cl
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> 4.7 Design of Rib (2).
4.7.1 Design of Rib 2 for positive moment.

Moment & Shear Diagram

Moment/Shear Envelope (Factored) Units:kN meter

Moments:

-22.9
-19.1

-14.4
.17\ 112 104
I 11616 1 I a1 1
, t { , i

T
1.36)

139

| 1.99 X 2.99 | 2.5 \ 25 | 2.65 X
I } : 4 1 }

' |—i—1‘i‘s‘i1'1; D—Lil 8:‘ \/‘
1.03 4.3
8- 8.5

1.77 |
.

-26.2

203 21.6

-15.7

-10.5 ]

-15.5

116
175 171 17.6
23, 235

The maximum positive moment in all spans of Rib2 M, = +17.7 KN.m

Assume bar diameter 12 for main positive reinforcement
db 12
d = h- cover - dtirryps - - = 320- 20- 10 - -5 = 284 mm
Check if a > h¢

M, = 0.85 f,'bhy (d — %) = 0.85x24x520x80 (284 — ) 1076 = 207.06 KN.m

M, = 207.06 KN.m >> %z%z 19.67KN.m - a<Hh

The section will be designed as rectangular section with b =520 mm

6
R, = - = 297X1% _ (469 Mpa m=-—2_ <2059
bd 520 x 284 0.85 x 24
_1(, |, _2Rem)_ 1 [ 2x0469x2059\ ..
P = |~ 2059 420 e
Asmin = pbd = 0.00123 x 520 x 284 = 181.65 mm?
Check for As pin
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Jie

1.4
AS min = 0.25 Y —b,d > —b,,d

fy — f
Aso = 025 Y% d = 0.25x % x 120 x 284 = 99.38 mm?
, fy 420
1.4 1.4 2
AS pmin = Ebwd = 20 X 120 x 284 = 113.6 mm — control

Ag = 181.65mm? > Agpin = 113.6 mm?
Use 2012 with Ag = 226 mm? > As,.q = 181.65mm?* — ok

Check for strain:

As f. 226 x 420 a 8.95
= = =895mm , c=—= — = 10.53 mm — where: p1 =0.85
0.85f/b  0.85x 24 x 520 B 085

_0.003(d—c) __ 0.003 x (283 - 10.53)
- c - 10.53

= 0.0776 > 0.005 (ok)

4.7.2 Design of Rib 2 for negative moment.

Assume bar diameter 12 for main negative moment

d = h- cover - dgirups - 5 =320 - 20- 10~ = = 284 mm

The maximum negative moment in all spans of Rib2 M, = —14.4 KN.m

According to ACI code 2014 — for beams built integrally with supports, design on the basis of moments
at faces of support shall be permitted.

6
R, = —% = 222X19 _ 1488 Mpa m=—22_ = 2059
by, d? 120 x 2842 0.85 x 24

1 1 1 2Rpym) 1 1 2x1.488x2059)\ 0.003682
P = |~ 2059 420 e
Ag min = pbd = 0.003682 x 120 x 284 = 125.483 mm?
Check for As pin

Jfe 1.4
As,min: 0.25 f_b dZ fy b d
AS pin = 0.25 ‘/;?bwd = 0.25x E\/Z_g x 120 x 284 = 99.38 mm?
14 14 _ 2

AS pin = —b,d = — x 120 x 284 = 113.6 mm — control

' fy 420
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Ag = 125483 mm? > Agpin = 113.6 mm?
Use 2010 with A = 157.01 mm? > As,., = 125483 mm?* — ok

Check for strain:

As f. 157.1 x 420 a 26.95
a = = =2695mm,c=—= —— = 31.71 mm — where: B; =0.85
0.85f/b  0.85x 24x 120 B 085

_0.003(d-c) __ 0.003x(285-31.71)
c 31.71

Es

= 0.02396 > 0.005 (ok)

4.7.3 Design of Rib 2 for Shear.
The maximum shear in the rib at distance d from the face of support V,=20.3 KN

Shear strength V.. , provided by concrete for the ribs may be taken greater than 10% that for beams. This
is mainly due to the interaction between the slab and the closely spaced ribs (ACI Code 2014)

1 1
V. = 1.15 febyd = 1.1 €V24 -120- 284 = 30.61 KN

Ve = 0.75X30.61 = 2296 KN, -0V, < V, <@V, > 1148 < 203 < 22.96

Minimum shear reinforcement is required except for concrete joist construction. So, no shear
reinforcement is provided, but use @8/15cm for execution.

By atir Program: -

@ © @
| —— |
| l |
— —r J 4
e OO0 OO (e MO EOO ]
l T12 I T10 ; I
| sF} ¥ I
12/32 12/32 12/32
80 418 80 420 80 372 60
CeT10 =450 T.B. 2T12 TB. @2T10 =350 [T.B.
bY 430 & 300 330 o
| 580 550 480 i
@2Tie L=600 B.. S2Ti0 BE, ®aTi0 L=500 B.B.

rib 2
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> 4.8 Design of Rib (3).
4.8.1 Design of Rib 3 for positive moment.

Moment & Shear Diagram

Moment/Shear Envelope (Factored) Units:kN, meter

Moments:
224 232
» . o 206
146 /\ 438 436 /\-14.
P 421 \ 117
. 7
[ . . 3 " ‘?2 . i " |
" / 1.0711.04 ,\ /1 ,\ /. l0:86\ /. 1092\ 7
an_” ! '\\'/ oes ' " bast ' N\ M3 '\/‘(z
10.6 9.6 105
154 13.3
147, 273 | 29 |, 29 | 249 |, 249 | 25 |, 25 | 265 , 177 |
I 1 1 1 1 1 1 1 1 1 1
Shear
2556
st o 214 -23.
-17.9 . 155 171 152
-1%
Ly L
1 1 I ] 1 1 1 1 1 Ll
I7/s.s
158 175 158 17.9
19.8 e
257 234 238

Assume bar diameter @12 for main positive reinforcement

284 mm

d = h- cover - dyirups - 5 = 320- 20- 10- =

The maximum positive moment in all spans of Rib3 M, = +15.4 KN.m

Check if a > h¢

M, = 0.85 f,'bhy (d — °L) = 0.85x24x520x80 (284 — 1) x10~° = 207.06 KN.m
Mns = 207.06 KN.m >> % =2 =1711KN.m > a<k

The section will be designed as rectangular section with b =520 mm

Mn 17.11 x10° 420
=—=———=10.408 MPa m= = 20.59
bd? 520 x 2842 0.85 x 24
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= 0.00098

(| 2Ram) 1 [ 2 x 0.408 x 20.59
- £ |~ 2059 420

Ag min = pbd = 0.00098 x 520 x 284 = 131.44 mm?
Check for As pin

Nt

1.4
AS pin = 0.25 Fbwd = f_bwd
y
o

AS pmin = 0.25 ‘/;?bwd = 0.25x EZ;L x 120 x 284 = 99.38 mm?

AS min = %bwd = = x120 x 284 = 113.6 mm? — control

Ag = 131.44mm? < Agpin = 113.6 mm?
Use 2010 with A; = 158 mm? > As i, = 113.6 mm?  — ok

Check for strain:

As f, 158 x 420 a _ 626
a = > = =626 mm , c=— = — = 7.36 mm — where: 1 =0.85
0.85f/b  0.85x 24 x 520 g1 0.85

_0.003(d-c) __ 0.003x (287 -7.36)
c 7.36

Es

= 0.114 > 0.005 (ok)

4.8.2 Design of Rib 3 for negative moment.

Assume bar diameter @12 for main negative moment

d = h- cover - dgirups - 5 =320 - 20- 10- = = 284mm

The maximum negative moment in all spans of Rib2 M, = —14.6 KN.m

According to ACI code 2014 — for beams built integrally with supports, design on the basis of moments
at faces of support shall be permitted.

Mu _ 14.6 x 10° 420

Rn = byd?  120x2842 1.508 Mpa T 08sx24 20.59
1 " " 2Rym\ 1 1 2x1508x2059) 0.003734
P = |~ 2059 420 e

Agmin = pbd = 0.003734 x 120 x 284 = 127.255 mm?
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Check for As pin

JF7

1.4
As,min = 0.25 wad >—»>,d

As, o = 025 Y9p d= 025x Y22 x 120 x 284 = 99.38 mm?
’ fy 420
14 14 _ )
AS pin = Ebwd = 20 X 120 x 284 = 113.6 mm — control

Ag = 127.255mm? > Agpin = 113.6 mm?
Use 2010 with A; = 157.01 mm? > As,, = 127.255 mm? — ok

Check for strain:

As f. 157.01 x 420 a 26.95
a = = =2695mm,c=—= —— = 31.71 mm — where: B; =0.85
0.85f/b  0.85x 24x 120 B 085

_0.003(d—c) __ 0.003 x (285 -31.71)
- c - 31.71

Es

= 0.02396 > 0.005 (ok)

4.8.3 Design of Rib 3 for Shear.

The maximum shear in the rib at distance d from the face of support V,=19.8 KN
1 1

V. = 1'18 feby,d = 1.1 €V24 -120-284 = 30.61 KN

BVc = 0.75X30.61 = 2296 KN, -0V, < V, <@V, > 1148 < 198 < 22.96

Minimum shear reinforcement is required except for concrete joist construction. So, no shear

reinforcement is provided, but use @8/15c¢m for execution.
Rib 3 in Detailing will show you in structural drawing
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> 4.9 Design of Beam (B4).

4.9.1 Load Calculation.

Topping

Topping

/

The distributed Dead and Live loads acting upon the ( o f £
. \ \ o
Beam 4 can be defined from the support reactions of 'u‘ N
the rib 1 and rib 2.
Blocks Blocks
b
Reaction from Rib 2
Reactions
Factored
[l i i 1 i 1 1 i i ]
T LI L LI L 1
DeadR  13.84 39.32 35.78 12.15
LiveR 3.69 9.93 9.34 3.38
MaxR  17.53 49.25 45.13 15.53
MinR  13.43 43.24 39.57 11.65
DeadR  11.53 32.76 29.82 10.12
LiveR 2.31 6.21 5.84 2.11
MaxR  13.84 38.97 35.66 12.24
MinR  11.28 35.22 32.18 9.81
Reaction from Rib 3
Reactions
Factored
[ 1 1 1 1 1 ' |
I L L L L L LI
DeadR  10.35 39.58 38.66 33.55 37.28 11.86
LiveR 3.24 9.97 10.33 9.61 9.53 3.35
Max R 13.6 49.56 48.99 4317 46.81 15.21
Min R 9.56 43.22 42.05 36.64 41.19 11.32
DeadR  8.63 32.98 32.22 27.96 31.07 9.88
LiveR 2.03 6.23 6.46 6.01 5.96 2.1
MaxR  10.66 39.22 38.68 33.97 37.02 11.98
Min R 8.13 35.26 34.33 29.89 33.51 9.55
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Dead Load calculations:

The maximum support reaction (Service) from Dead Loads and live loads on the beam 4:

32.76 6.21
WDead load servie from rib2 — _0_52 = 63.00 KN/m ’ Wlive load servie from rib2 = 0.52 =
11.94 KN/m

27.96 6.01
Whead 10ad servie from rib = o5z 53.77KN/m , Wive 10ad servie from rib = 052
11.56 KN/m

Assume the width of the beam b = 1 m, then the own weight of the beam can be calculated:
Note

Total factored Dead load from rib 2 = 1.2(63.00+8) = 85.2 KN/m
Total factored Live load fromrib2 =1.6 (11.94) =19.104 KN/m
Total factored Dead load from rib 3 = 1.2(53.77+8) = 74.124 KN/m
Total factored Live load fromrib3 =1.6 (11.56) = 18.496 KN/m

Using the structural analysis and design programs, we obtain the Envelope Moment diagram for
Beam 4

Geometry Units:meter.cm
1 2 3
1 2
- - - 1
A A
0.35 451 , 05 42 0-35
—t T t t 263 s
L % '
32
80.
A—-A
Losading
load group no. 1
Dead/Live load - Service Load factors: 1.20,1.20/1.60,0.00
I53.8/11.6 62.0/11.9
1 1
Moment/Shear Envelope (Factored) Units: kN, meter
Reactions
Factored
L 3 e ' 3 e ]
= LI L L |

DeadR 133.11 463.42 145.02
LiveR 39.71 11234 38.87
Max R 17283 575.76 183.89
Min R 128.09 518.03 138.76
Service
DeadR 110.93 386.18 120.85
LiveR 24.82 70.21 24.29
Max R 135.75 4564 14514
Min R 107.79 420.31 116.94
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Moment/Shear Envelope (Factored) Units:kN . meter

Moments:

275.
-209. -204.1
) 13913 ,
[ } i
L " i 1 i ]
e ! i ' e
1645 165.
| 1.97 ! 2.96 | 278 ; 1.85 |
] T T T 1
Shear
279.4
-233.1
-183.9
-129.4
T T L] L]
1234
1728
2442
296.4

4.9.2 Check of the section as doubly.

Assume bar diameter @20 for main positive reinforcement.
dp 20
d = h — cover — dstirrup -5 = 320 — 40 — 10—7= 260 mm

The width of the Beam 4 can be defined from the maximum factored moment.
The maximum factored moment in Beam 4 M,, = 204.1 KN.m

Note that according to ACI code 2014 — for beams built integrally with supports, design on the basis of
moments at faces of support shall be permitted.

Take @ = 0.9 for flexure as tension — controlled section.

Assume p = 0.4 p, , Take f; = 0.85 (f. =24 Mpa)

085 L 000 )\ _ g5yt 085( 600 )—00243
P =085 FilGoor 7, ) = 0% ¥ 220 * 0% G0+ 420) =
p=04p, = 0.4x0.0243 = 0.009714

pm 0.009714 x 20.59
Ro=pfy (1- 2—) = 0.009714 x 420 x (1 - - ) = 3.67 Mpa

M, 204.1 204.1 x 1000000
bd? = - = =bx260? - b=

= = = = 914.09 mm
®R,  0.9x3.67 0.9 X 3.67 x 2602
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Usually in construction the maximum width of the beams is 120 cm. Here, take b = 80 cm and no need
to recalculate the loads acting on the beam.

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

Maximum nominal moment strength from strain condition &, = 0.004
3 3
C= 7d=7-260= 111.43 mm B1 = 0.85
a=Cp, =11143x0.85 =94.71 mm

, a 94.71
My max = 0.85fc'ab (d — E) = 0.85 x 24 x 94.71 x 800 x (260 - T) = 328.68 KN -m

é = 0.82
M, = 204.1 < ¢pMy pmar = 328.68 x 0.82 = 269.52 KN.m

Mu 204.1 x10° Fy 420

Ry = @bd? ~ 09x800x260% 4.19 Mpa m = 0.85 F,. ~ 085x24 20.59

Y P TRV U B 2x419x2059\ _
P = |~ 2059 420 e
Agin = pbd = 0.01129 x 800 x 260 = 2348.32 mm?
Check for As pin

Jfc 1.4
As pin = 0.25 Fbwd = Ebwd
AS min = 0.25 %bd = 0.25x Y2* ¥ 800 x 260 = 606.54 mm®
14 14 _ )

AS pin = —b,d = — x 800 x 260 = 693.33 mm — control

' fy 420
A = 234832 mm? > Asn = 693.33 mm? — ok
Use 8020 with A = 2513.27 mm? > As,.q = 234832 mm?* — ok
Check for strain:
a = oiigb = 02;3;;221);‘:320(; =6438mm , c = == 238 = 7574 mm — where: B1 =0.85

B1 0.85

_0.003(d—c) _ 0.003x (260 - 75.74)

s = 0.0072984 > 0.005 ok
c 75.74
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Check for bar placement:

. b — 2(cover) — dstirrups — No. (D) _ 800 — 2x40 — 2(10) — 8(20)

s No.—1 7 =77.14 > 25> 20 ok

4.9.3 Design the maximum positive moment.

Maximum positive moment M,, = 165 KN.m =

Mu 165 x10° Fy, 420

@bdZ ~ 0.9 x 800 x 2602 =3.39 Mpa m = 0.85F, - 0.85 x 24 = 20.59

R, =

1 2R,m 1 2 x 3.39 x 20.59
p=—(1—- [1— 1- — = 0.00878

m £ | 2059 420

Asmin = pbd = 0.00878 x 800 x 260 = 1826.24 mm?
Check for As pin

JFe

1.4
As pin = 0.25 Fbwd = f_bwd
y

AS min = 0.25 @bd = 0.25x V24 x 800 x 260 = 606.54 mm?
’ fy 420

Y p,d = -2 x800x 260 = 693.33 mm? — control

AS min = —
,min fy 420

Ag = 1826.24 mm? > Asm = 693.33 mm? — ok

Use 6020 with A; = 1884 mm? > As,., = 1826.24 mm* — ok

Check for strain:

As f, 1884 x 420 a _ 4849
a = = =4849mm , c = —= —— = 57.05 mm — where: p; =0.85
0.85f/b  0.85x 24 x 800 B4 0.85

_0.003(d—c) __ 0.003 x (260 - 57.05)
- c - 57.05

= 0.01067 > 0.005 ok

S
Check for bar placement:

b — 2(cover) — dstirrups — No.(®) 800 — 2x40 — 2(10) — 6(20)

ds = No.—1 5

=116 > 25 > 20 ok

58



4.9.5 Design of Beam for Shear.

Critical section at distance d=260 mm from the face from support. V,, ;0 = 243.7 KN

1 1
Vo= cf:bud = g\/24 x 800 x 260 = 169.83 KN

Check the section dimensions:

V—V“ V—244'2 169.83 = 155.77 KN
ST ¢ ¢ 075 R

Vimax = =/f¢'byd = V2% x 800 x 260 = 679.33 KN
Vs max = 679.33 > Vs = 155.77 KN — the section is large enough

Cases: -

Case (I): I, <

N |-

¢V, = No shear reinforcement is requried .

Case (ID): %d)VC <V, < ¢V, - Minimum shear reinforcement is required ( A, min ) €xcept (in
ACI).

Case (III): ¢V, < V,, < ¢(Ve + Vs min) - Minimum shear reinforcement is required ( Ay min )

_ Av,mind fy

1
Vs,min -

. . 1
— then Vs i is the maximum of Vgpin = P fc'byd and Vs i = gbwd.

d
Then Spux < 600mm  or Spax SE

Case (IV): ¢ (Ve + Vomin) <V, < (V. + Vg ) — stirrups are required

Vsmin < Vs < Vg » Vo=——=V, » Vg ==/fc'b,d & V; =

Then Spax <600mm  or Spe <

Case (V): (V. +Vy) <V, <oV + Vsmax ) — Stirrups are required
Vy 11— 2 Apd f.
VS’SVSSVs,max_)Vszg_VC_)Vs’ZE bewd&Vs,mang fc'by,d & Vs ==

d
Then Spax <300mm  or Spa < Z

1 1
Vsmin, = 16 fc'by,d = EV24 x 800 x 260 = 63.69 KN
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1 1
Vs,min = §bwd = § x 800 x 260
= 69.33 KN — control 8720

®

T8e10

T8e10

L=180 @ _ L=180

1 1
Vg = 3 fc'b,d = §V24x 800 x 260 = 339.66 KN o

™
o

33

6720

g
o)

2 2
Vimax = 5/f¢'bwd = 5 V242800 x 260 a-a
= 679.33 KN

—]
(e

Find the maximum stirrups spacing for 243.7 KN:
1
< §¢Vc — 243.7 < 63.69 Not ok

(]5 V, < pV, - 63.69 < 243.7 < 127.37 not ok

oV <V, < (Vo +Vgmin) — 12737 < 243.7 < 179.37 not ok

OV + Vsmin) <Vy <oV +Vy) - 19737 < 243.7 < 382.118 ok use case IV

d 260
Smax < 600mm or Smax < 5= 5 = 130 mm — control

Use stirrups @8 with 4 leag Av = 4-50.27 = 201.08 mm?

_ Aydfy _201.08x 260 x 420

_ = 14157
v, 1551 mm

Compute the stirrups spacing required to resist the shear forces:
Take 2U-shape 4 leg stirrups @ 8 at s = 100 mm < sS4, = 130 mm
For 100 cm and then use 20 8

support Vu Vs case S AV s take

suportl 1334 8.037 | case Il 130 208 125
suport? left 233.1 140.97 | case IV 142 408 100
suport2 right | 244.2 155.77 | case IV 142 408 100

suport3 139.4 16.04 | case III 130 208 125
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> 4.10 Design of Column (C4).

The length in the both direction is L =3.83 m
1. Check for Slenderness:

%334—12(%)340

2

(%) = 1.0 Braced frame with M,,;,,

2

k = 1.0 — for columns in nonsway frames .

ki
— <34-12(1.0) = 22 < 40

ki, 1.0x3.83 , )
= = 25.53 > 22, Long column for bending about x — axis

. 03x050
klu_1.0x3.83_2837>22 . l o . |
7, T 03x045 T ,Long column for bending about y — axis

2. Calculate the minimum eccentricity e,,;, and the minimum moment M,,;,, :
eminy.axis = (15 + 0.03h) = 15 + 0.03x450 = 28.5 mm
eminx.axis = (15 +0.03h) = 15 + 0.03x500 = 30 mm
P, =1.2dl+ 1.6ll =1.2x1240 + 1.6x208 = 1820.8 KN
Mpiny-axis = €min,y.axisX*Py = 1820.8 x 0.0285 = 51.893 KN.m
Mminx-a = €minx.axis¥P, = 1820.8 x 0.03 = 54.624 KN.m

In the Y -axis
3. Compute EI :

Bl _ - _ _ bh® _ 500x450% _ 9 4
El = T i’ E.= 4700\/E = 4700xV28 = 24870 Mpa, I, = T 3.797 x 10° mm
ﬁdns _ 1.2 DL (sustained ) _ 1.2x1240 — 0817, El = Ecly _ 24870 x 3.797 — 51971.05 KN. m2

1.2 DL+ .6LL 1.2x1240+1.6x208 1+Bans 1+0.817

4. Determine the Euler buckling load, P. :

2 2
Pc n“El _ m“x51971.05 — 34967 43 KN

T k)? | (1x3.83)2

5. Calculate the moment magnifier factor J,,, :
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M,
Cn =06+0.4 (ﬁ) = 0.6 + 0.4x1 = 1.0

2

5. .= Cm  _ 1.0 =1.075> 1.0
R A 18208 V7>~ L

—_—u__ —
0.75P. 1~ 0.75x 3496743

Normally, if §,,5 exceeds 1.4, a larger cross section should be selected.
The magnified eccentricity and moment:
e = eminXOns = 28.5x1.075=30.64 mm
M, = §psMpin = 1.075x51.893 = 55.78 KN.m
The magnified moments are less than 1.4 times the first-order moments, as required by ACI Code 2014
e Compute the ratio e/h :
e/h = 30.64/450 = 0.068

?® My
bh?

) . P .
To construct % the line, take value 0.068 on axis and value 1.0 on % axis.

e Compute the ratio y:

y - the ratio of the distance between the centers of the outside layers of bars to the overall depth of the
column. Assume @25 for bars.

d—d _ 450 — 2x40 — 2x10 — 25

V=" 450
Using the interaction diagram trying p, = 0.01 :
Diagram A-9b ( fory =0.75) - 74 = 2.08
g
Diagram A-9a ( for y =0.6) —» =% = 2.03
g

User interpolation to compute the value for y = 0.72

Py 207 — P 2.07 x 500 x 450 3212.07 KN

_— . - = = .

Ay wx 1000 x 0.145
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In the X -axis

3.. Compute ET :

Bl _ - _ _ bh® _ 450x500% _
El = 55 B = 4700,/f! = 4700xv28 = 24870 Mpa, I, = ==
4.6875 x 10° mm*
Bone = 1.2 DL (sustained ) _ 1.2x1240 = 0.817, El = Ecly _ 24870x4.6875 _ 64159.67 KN. m>

1.2 DL+ .6LL 1.2x1240+1.6x208 1+Bans 1+0.817
4.. Determine the Euler buckling load, P, :
2 2
mPEL _ m?x 6415967 _ aic0 oy ponr

T kiy? T (1x3.83)2

5.. Calculate the moment magnifier factor &, :

M
Cp = 0.6+ 0.4 (—1) = 0.6+ 0.4x1 = 1.0
M,
C,, 1.0
8, = = g = 106> 1.0
1-575E 1-075x4316822

Normally, if 8,5 exceeds 1.4, a larger cross section should be selected.
The magnified eccentricity and moment:
e = epminX0ns = 30.0x1.06=31.8 mm
M, = 8,sMpin, = 1.06x54.624 = 57.901 KN.m
The magnified moments are less than 1.4 times the first-order moments, as required by ACI Code 2014
e Compute the ratio e/h :

e/h = 31.8/500 = 0.0636

. Mp . Pn .
To construct % the line, take value 0.0636 on ih: axis and value 1.0 on % axis.

e Compute the ratio y:

y - the ratio of the distance between the centers of the outside layers of bars to the overall depth of the
column. Assume @25 for bars.

d—d 500 —2x40 — 2x10 — 25 _

y = - 200 = 0.75

Using the interaction diagram trying p, = 0.01 :

Puv _ 5 oa L p 208x500x450 _ . o
—_— . - = = .
Ay w1000 x 0.145
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Determine P, , for the selected dimensions: h = 500 mm, b =450 mm and p, = 0.01

Po = Q)Ag[O'SS fcl(l - pg) + png] =
0.65x500x450[0.85x28(1 — 0.01) + 0.01x414] x1073 = 4051.4175 KN

Substituting P, 5, P, x, B, in Bresler equation :

1 1 1 1 1 1 1

0P, Py | Pux Puo  3227.06 ' 3212.07 40514175
2671.096 KN > Pu = 1820.8 KN ok
e Select the reinforcement:
Age = pg x Ay = 0.010x500x450=2250 mm?

Use 12@16 with 2412.74 > 2250 ok

Use interaction diagrams

R-4-60-0.6
- T 117 TL=aksi -
A f, = 60 ksi r—‘]
e/h = 0.1 y =06 b o
= ..
35 b| |s .
/ - -
) - o % o0
e =]
pg= 0.05 .._.‘
1111 H
301411 N~ elh =« = |
pPo= 004 4
i1 "
11 N -
L pg™ 0.03
251" iy N o A
111 7 y L
po= 0.02 e = 03
k] P11 N\ -1
N 20 - ) - ) i g \ \ \ ol
a“ “pg= 0.01 N N N P =
-als D > N N NLA e/h = O 1
. |
fo =0 Lk - | 1
N N\ X T =
1.5 N — e'h - 0.;7.
1, = 0.5, B\ - —
.= Wty - LA 4T | —1
‘/ Y e/h = 0.7
1.0 - t —1 11
Comp. Cont. Limit ] —H .
Y ! —1—1
N —1 __—Q,Ih - 1=
= | - \ —1
0.5 > - "‘~ —1 \
= Tens. Cont. LimitT A1 ~
1 — —1 A N\
1 P
o 0.1 0.2 03 0.4 0.5 0.6 0.7 08 0.9 1.0
M ksi
bh?
Fig. A-9a
Nondi ) ion diagram for rectangular tied col with bars in four faces: /. = 4000 psi and ¥y = 0.60.
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R-4-60-0.75

0 fe = 4 ksi h
f, = 60 ksi r"_"-l
¥y =075 jo———y
IR XE]
3s fh = 0.1 bl |3 | 3
R
1 _e4P
| pg= 0.05 ) " |
| A ~ !
:p,= 0.04 N =02 Jy
T 11 ~ ~ e/h =0.2
' = —+
[ pg= 0. y z. »
25 f 1] > b5 < : 4
[og= 002 n = PN oih = ¢ 1
B L 111 hNHEAA S AN A
-‘. —— 1 N AN " -
<ls 20[pg=0.01 A X 5 P
< =0 K N — o/h = 0.4 "
/] ‘\ N - ] =]
N \ = ‘ "q- ] //,
. - § e — e/h =05
- f = AN =N NL T |
o= 05 .= N .~ 1 -
\ h N 'k = =1
/. = N )‘< Lk
1.0 Comp. Cont. Limit > < < = ~ PTYXE = =
- iy
P X N T ]
- Tens. Cont. Limit AR &S N N
0.5 - a ~ N\ N
. 1= - - 7 -y A
» - — - /, 4, ~ - ]
1 — 1 o A =
1 = sl o y ~
Y /
o 0.1 0.2 0.3 0.4 0S5 0.6 0.7 0.8 0.9 1.0
M,
—2 , ksi
bh?
Fig. A9 .

for tied column with bars in four faces: f/. = 4000 psi and y = 0.75.
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> 4.11 Design of Isolated footing.

This report includes the results of the laboratory tests results and recommendations to choose the type
and depth of foundations.

“For shallow foundation, the bearing capacity calculations from shear test results using conservative
values are 3.2 and 2.9 kg/cm? for isolated and strip footings respectively at a minimum depth of -2.0
meters from current ground level. “allowable bearing capacity of the soil for isolated footing is 314

KN/m? for minimum depth of 2 meter below the ground level.

4.11.1 Determine the base area and overall thickness.

Determine the base area and overall thickness for a square spread footing with the following design
conditions:

Service Dead load DL = 1230.3 KN and service Live load LL = 210.6 KN.

Assume Service surcharge 5 KN/m?, , Permissible (allowable)soil pressure q, = 314 KN/m?

Soil density Yoy = 16 KN/m3

Calculating the weight of footing, soil, and the surcharge floor load:

Assume Rooring = 60 cm, Weooring = 0.6x25 = 15 KN/m? W, = 1x16 = 16 KN/m?
Net soil pressure qgper = 314 — 15— 16 — 5 = 278 KN/m?

4.11.2 Required sizes of footing.

Pn _1230.3+210.6
Qanet 278

A= =518m?2,A=1%> 5 L=vVA=+515=228m ,takeL=23m

4.11.3 Depth of footing and shear design.

P, =1.2dl + 1.6ll = 1.2x1230.3 + 1.6x210.6 = 1813.32 KN

1813.32

? = 342.78 KN/mZ

qu =

4.11.3.1 One-way shear (Beam Shear).

=aqub(;—5—d) =34278x23 (%

0.45

2 —d), LetV, = 9V, (9 = 0.75)

1 1
=< fc‘bwdzg\/ﬁxmoo:cd
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1
=—-vV24x2300xd —-d=0.332m

342.78x2.3<2.3 0.45 d)
6

075 \2 B

Assume cover 75 mm, and steel bars of 20

Generally, the thickness of spread footing is governed by two-way shear. The shear will be checked on
the critical perimeter at d /2 from the face of the column and, if necessary, the thickness will be
increased or decreased. Because there is reinforcement in both directions, the average d will be used:

h=332+75+20=427mm

take h = 500 mm ,then d =500—75—20=405mm
4.11.3.2 Two-way shear (Punching Shear).

LetV,, = @V, (@ = 0.75)
V, = qu(bl — (h.column + d)(b. column + d)) =

V, = 342.78(2.3x2.3 — (0.45 + 0.405)(0.5 + 0.405)) = 1548.07 KN

500
L= 750 = 1.11 ,B = Ratio of long side to short side of the rectangular column

d
b, is perimeter of the critical section taken atE from the loaded area .

by = 2(h.column + d) + 2(b.column + d) = 2(0.45 + 0.405) + 2(0.5 + 0.405) = 3.52m

a, is assumed to be :

e ;=40 for interior columns — control
o o, =30 foredge columns
e o, = 20 for corner columns

the ACI code , section — allows a shear strength,V. in footings without shear reinforcement

for two way shear action , the smallest of

o Vo=z(142) 0fibod - Vo= (1415) 9Jfibed =
0.467 8\/f/bod KN
o Ve=5(%+2) 0fibed - Ve = S (FHET+2) 0YfIbod = 0.5502 9\/fIbod KN

12 3.52
o V.=20\flbod > V, =0\/fibod = 0333 9,[fIbyd  Control

1 1
V= 56\/Eb0d =3 x1.0xV24 x3520 x405 = 2327.995 KN

@V, = 0.75X2327.995 = 1745.996 > V,, = 1548.07 KN its OK
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The thickness of 50 cm is adequate enough

Check again for One-way shear and the result is @V, = 570.42 KN > V, = 409.96 KN it OK
4.11.4 Depth for flexure in long direction. I/
Critical section
Take steel bar of 20 for moment ™~
20
b=2.3m,h=500mm,d=500—75—7=415mm .
f¢ =24 Mpa, f, =420 Mpa
wl? 0.925

M, = — =342.78x2.3x0.925x = 337.285KN.m Tributary area

2 2 for moment

Mu 337.285 x 10°

Ry = @bd?2 ~ 0.9x2300x415%2 0.946 Mpa

F 420
m=—2—= = 20.59
0.85F,  0.85x24

1 2R,m\ 1 ) 2 x20.59 x 0.946
m fm | 20.59 420

NN

= 0.002307

As = pbd = 0.002307 x 2300 x 415 = 2202.205 mm?

Ag min = 0.0018bh = 0.0018 x 2300 x 500 = 2070 mm?

Ag =2202.205mm? > AS i, = 2070 mm?  — ok

Use 12016 with A = 2412 mm? > As,.q = 2202.205 mm?* — ok

Using bars of @16 instead of @20 as assumed before makes the effective depth d larger. So, no need to
check for M,,:

¢ = 2300 — 75x2 — 12x16

11 =178 mm

Step (s) is the smallest of:

1. 3h =3x500=1500mm
2. 450 mm

3 s=380 (@) —25C, = 380 <;i> —25:75=1925mm  control

s (3)420

S=178mm < Spqr = 192.5 mm ok
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4.11.5 Depth for flexure in Short direction.

Take steel bar of @16
h =500 mm,d =500—-75—-16 —16/2 = 401 mm

Tributary area
for moment

ritical section
“4for moment

f¢ =24 Mpa, f, =420 Mpa

wi? 0.90
M, = —=342.78x2.3x0.9 xT =3193KN.m

2
Mu 319.3 x 10°
Ry = @¢bd2 ~ 0.9x2300x4012 0.959 Mpa
N . T
085F,  0.85x 24
Y P TRV U O 2x2059x0959\ _ .
P = |~ 2059 420 e

As = pbd = 0.0023397 x 2300 x 401 = 2157.91 mm?

Ag min = 0.0018bh = 0.0018 x 2300 x 500 = 2070 mm?

Ag = 2157.91mm? > Asn = 2070 mm?  — ok

Use 12016 with A = 2412 mm? > As,.q = 215791 mm?* — ok

Using bars of @16 instead of @20 as assumed before makes the effective depth d larger. So, no need to
check for M,,:

S = 2300 — 75x2 — 12x16

11 =178 mm

Step (s) is the smallest of:

1. 3h=3x500=1500mm
2. 450 mm

280 280

3 s =380 (T) —2.5C, = 380 (z—> —25-75=1925mm  control

s (2)a20

S =178 mm < Sp,4 = 192.5mm — ok
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> 4.12 Design of Strip footing:

Estimate the size of the footing by consider 1 m strip of footing and wall, allowable soil pressure is
2.9 Kg/cm? =285 KN /m? , Soil density ys,; = 16 KN/m3 .

Because the thickness of the footing is not known at these stages, it is necessary to guess the
thickness for first trial, S try a 30 cm thick footing.

4.12.1 Loads on strip footing.

Service Dead load DL from Rib 1 = 12.28x3/0.52 = 35.28 KN/m
service Live load LL form Rib1 = 2.18x3/0.52 = 1258 KN/m
Self —weight of wall = 3x3.83x0.2x25 = 5745KN/m
Total Dead Load Service = 35.28 + 57.45 = 9273 KN/m

Total Live Load service = 12.58 KN/m
Calculating the weight of footing, soil, and the surcharge floor load:

Assume Rpoor; = 30 cm, Wyppring = 0.3x25 = 7.5 KN/m? Ws,;; = 0.7x16 = 11.2 KN/m?
Net soil pressure qg e = 285 — 7.5 —11.2 = 266.3 KN/m?

4.12.2 Required sizes of footing.

Py _ 92.73+12.58
danet 266.3

A= =0.3955m?,A=1xb - b =39.55cmSotake b =100 cm

4.12.3 Depth of footing and Shear Design.

P, = 1.2dl + 1.6l = 1.2x92.73 + 1.6x12.58 = 131.5 KN

1315
W= 151

= 131.5 KN/m?

One-way shear (Beam shear).
Shear usually governs the thickness of footings. only one-way shear is significant in a wall footing . V;, at
a distance d from the face of column (wall).

Vu=qub(5=5-d) =1315x1x (5= ~d), Let % = 0V, (9 =0.75)
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1 1
=2 fc‘bwdzg\/ﬁxmoom

1 0.2 1
131.5x 1x<§—7— d) = 0.75xgx\/ﬁx 1000xd —->d=0.0707m

Assume cover 75 mm, and steel bars of 20
h=707+4+75+20=165.7mm

take h = 250 mm,then d =250—-75-20/2=165mm
4.12.4 Design for flexure.

d =250 —75-20/2=165mm, f/ = 24 Mpa, f, = 420 Mpa

wl? 0.4
M, = T =1315x% 1x0.4x7 = 1052 KN.m
Mu 10.52 x 10°
Ry = @¢bd2 ~ 0.9x1000x1652 0.429 Mpa
B 420
m = Gss F,  0.85x24 20.59
(| 2Rem) 1 [ 2x0429x2059\ _
- |~ 2059 420 -

As = pbd = 0.001032 x 1000 x 165 = 170.58 mm?
Ag min = 0.0018bh = 0.0018 x 1000 x 250 = 450 mm?
Ag = 170.58 mm? > As i = 450 mm?*  — Not ok

Take AS pin = 450 mm?
Use 6@%01’ 010/15 cm with A; = 474 mm?® > As,.q, = 450 mm?>  — ok

Using bars of @10 instead of @20 as assumed before makes the effective depth d larger. So, no need to
check for M,,:
1000
S =

T = 166.67 mm

Step (s) is the smallest of:

1. 3h=3x250=750mm
2. 450 mm

280 280

3 s =380 (T) —2.5C, = 380 (@ﬂ) —25-75=1925mm  control
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S =150mm < S,,4x = 192.5mm — ok

4.12.6 Temperature reinforcement.

Select the minimum (temperature) reinforcement By ACI code, we require the following
reinforcement along the length of the footing.

Ag min = 0.0018bh = 0.0018 x 1000 x 250 = 450 mm?

Use 6010 with A; = 474 mm?® > As ., = 450 mm?*  — ok, for shrinkage reinforcement.

> 4.13 Design of Staircase:
>

4.13.1 Minimum slab thickness. —

Minimum slab thickness for deflection is (for simply supported

one-way solid slab):

L 478
h,, =—=—=239cm
min - 3p 20

Minimum slab thickness for deflection is (for the slab end are cast
with supporting beam):

L 4,78
hmin = ﬁ = W =19.92cm

Take the Thickness equal 25 cm

4.13.2 Load Calculation.

Load: the applied live loads are based on the plan area (horizontal) projection, while the dead load is
based on the sloped length to transfer the dead load into horizontal projection

_. (Triser . 70.17
6 = tan 1( )=tan 1(—>=29.54
run 0.3
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Flight Dead load computation:

. Quality Density
Material KN/ W KN/m
Tiles 25 25x[(0.17 4+ 0.35)/0.3)]x0.03x1 = 1.3
Mortar 22 22x[(0.17 + 0.30)/0.3)]x0.03x1 = 1.034
Stair steps 25 25x[(0.17x0.30)/(2x0.3)]x1 = 2.125
RC solid slab 25 (25x0.25x1)/ cos(29.54) =7.184
plaster 22 (22x0.03x1)/ cos(29.54) = 0.7586
Total dead load 12.4 KN/m
Landing dead load computation
Material Quality Density KN/m? y-h1
Tiles 25 25x0.03x1=0.75
Mortar 22 22x0.03x1=0.66
Reinforcement concrete 25 25 % 0.25 X 1=6.25
Plaster 22 22x%0.03x1=0.66
Total dead load 8.32
Assume Live load LL= 5 KN/m?
Total factored load w = 1.2D1 + 1.6ll 22 88 KN/m
' 8.991 KN/m
For fllght W = 1'2x12'4 + 1'6x5 NN\ AN FAVANZENZEN ZEN FAN AN FANVEN AN 2N EEN AN PAN PANVEN AN 2N EAN VN4
= 22.88KN/m
For landing W = 1.2x8.32 = 1.6x5 = 17.984
Because the load on landing is carried into two 7N
directions, 17.982/2 = 8.991 KN/m on the landing S
Rb=38.727KN
= 3.30m = 133m —
Ra=48.735 KN

3.3 1.33
Mgy, =0 - +22.88x3.30x (7 + 1.33) + 8.991x1.33 (T) —R4(015+33+133)=0

R, = 48735 KN ,Rg = 75.504 + 11.958 — 48.735 = 38.727 KN
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—Vinax — 22.88x(X —1.33) —11.958 +38.727 =0 > X =
2.5 m maximum moment at 2.5 from Ry

1.33 1.17
—M,g, + 38.727(2.5) — 11.958 <T + 1.17) — 26.7696 (T) =0 - My, =59.214KN.m

4.13.3 Check for shear strength.

Assume initial bar diameter @14 for main reinforccment ,® = 0.75 for shear

dp 14
d=h—cover—7=250—20—7=223mm

1 1
oV, = g\/ﬁbwd =075xx V24x1000x223x1073 = 136.56 KN /m strip

V, = 38.727 — 8.991(0.125 + 0.223) = 35.598 KN

ov. >V, So, the thickness of the slab is adequate enough.

4.13.4 Design steel reinforcement for the flight.

Assume @14 for main reinforccment

Mu 59.214 x 10°
Ry = @¢bd2 ~ 0.9x1000x2232 1.323 Mpa
m=—2_ =20 _ 9059
085F,  0.85x24
(| 2Ram\ 1 [ 2x2059x1323\ _
- |~ 2059 420 -
As = pbd = 0.00326 x 1000 x 223 = 726.84 mm?
Ag min = 0.0018bh = 0.0018 x 1000 x 250 = 450 mm?
Ag = 726.84 mm?* > As i = 450 mm?*  — ok
_As 7684 _ _1_1_,
n—AS®14—153.9— ) = 5 bars s=—=g=02m

take @14 At 200 mm , or 5¢014/m ,200 < 300 mm ok
Steps is smallest of: -

1. 3h=3x250=750mm
2. 450 mm
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3. s =300 <fi> =330 mm
(3)420
280 280
s = 380( 7 ) — 2.5C, = 380 5 —2.5x20 =300mm Control
s B

4.13.5 Design steel reinforcement for the Landing. 8.991 KN/m
Assume @14 for main reinforccment

d=h—cover—7b=250—20—14——=209mm NV AV RV AN
M, = L5 = SPEET _ 8193 KN.m e 5

Mu 8.193 x 10°

Ry = Pbd2 ~ 0.9x1000x2092 0.208 Mpa - 2.70 m —

m=—2_ — %0 _ 5559 Ra=12.14 KN Rb=12.14 KN

0.85F,  0.85x24

A, _2Ram)_ 1 [ 2220590208\ _ o
P = |~ 2059 420 e
As = pbd = 0.000498 x 1000 x 209 = 104.04 mm?
Asmin = 0.0018bh = 0.0018 x 1000 x 250 = 450 mm?
Ag = 104.04 mm? < AS i = 450 mm?  — take A min

—AS —450 =2922=3b —1—1—0333 <03 take s = 300
n—AS®14—153.9— . = ars S_TL_B_ . m om ake s = mm

take 14 At 300 mm , or 3014/m
Steps is smallest of: -

1. 3h=3x250 =750mm

2. 450 mm e
3. s= 300( 220 ) = 330 mm
(5)420 @) 914830cm
@ p14020cm
280 280 —7
S=380<f>—2.5CC=380 —2.5x20
s

(3)

§ 420 / ¢ (© 014@30cm
=300 mm Control () 914@30cm/
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4.13.6 Design Temperature and shrinkage reinforcement.

As min = 0.0018bh = 0.0018 x 1000 x 250 = 450 mm?

As 450
Agpra  153.9

1 1
n= = 2.922 =3 bars s=;=§=0.333m<0.3m take s = 300 mm

take @14 At 300 mm , or 39014 /m
Steps is smallest of: -

1. 5h=3x250=1250mm
2. 450 mm Control
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4.14 Structural Design for Cantilever:

Plan and 3D shape:

Q
450
o || <« LN _
dD 1S € € o
OB ] L] «©
< N
)
e B B : :\M SeCecececesececocecec:
] e e e ]
500 500 | Lﬁfﬁ*ﬁ*ﬁ*ﬁmﬁmﬁmﬁmﬁmﬁ
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Design slab as one way: -

Thickness of slab

The minimum thickness of slab as 7.3.1 ACI code: -

l _ 5

h = o2 for one end continuous = i = 208.33 mm
l 5000

h = o8 for both end continuous = g = 178.57 mm

Take h = 210 mm > 208.33 mm

Load Calculation
Dead load = Self weight + plaster = 0.21x25x1 + 0.02x23x1 = 5.71KN /m

The calculation of Snow load depending on Jordanian load code: -

For h= 900 m over sea level - = h;:(())o , when 1500 > h > 500
5—900_400—142KN 5
=350 LA2KN/m
S=1.42 %
D=5.71 $
5.00 5.00

Service load on slab

The possible Load Combination that can be used: -

1. U=14D =14x571=8KN/m
2. U=12D+055=12x571+0.5x1.42=7.562 KN/m
3. U=12D+165=12x571+16x142 =9.124 KN/m

So, the ultimate load combination is W,, = 9.124 KN /m
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Structural Analysis

We are use Simplified method for non-prestressed continuous beams and one-way slab as ACI code
2014

And we check for condition for this method 6.5.1 ACI code: -

a. Members are prismatic.
b. Load are uniformly.
c. L<3D.
d. There are at least two spans.
e. The longer of two adjacent spans does not exceed the shorter by more than 20 percent.
The moment equation is M, = C,,,(W,[?)
. . W‘U. ln
The shear equation is 1}, = C, ( > )
NOOO000000000000000000000000:0:0000000000000000000000000:::000000000000%
oplaa -1/24 11 1P o 1110522 111 11 1112 11
Qv 1.0 1.15 10 1.0 1.0
-16.8KN.m -16.8KN.m
-7.8KN.m

X

16.8KN.m 16.8KN.m

Check if the thickness is adequate for shear: -

Assume $10 , d = 210 — 20 —12—" — 185 mm

Wyln _ 9.124 x 4.5

Vimax = 1.15 X =52 = 1,15 x 22522 = 2361 KN /m
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1 1
Ve = 0.752/fbd = 0.75 x g\/ﬁx 1000 x 185 = 113.288 KN /m

1
W, < EVC - 23.61 KN/m < 66.64 KN/m SO, the thickness is adequate enough

Design Slab for negative moment: -

6
Rn=— — __185X10° __ 601 MPa m=—22_ 2059
¢ébd%2  0.9x 1000 x 1852 0.85 x 24
A, | 2R\ _ 1 [ 2x0601x2059) _
- |~ 2059 420 -

As = pbd = 0.001453 x 1000 x 185 = 268.81 mm?
Check for Ag in

Ag min = Pmin - bh = 0.0018 x 210 x 1000 = 378 mm?
Agmin = 378mm?* > Ag oq = 268.81 mm*  — ok

Use $10 @ 20 cm, A; = 392mm?/m > 378 mm?/m

Steps is smallest of: -

1. 3h=3x210=630mm

2. 450 mm
280
3. s=300 <2—> = 300 mm Control
(2)a20
280 280
s=380( )—Z.SCC=380 > —2.5x20 =330mm
’ (3)420
Check for strain:
a = Asff = 32X _g807mm , c=2= 22 =949 mm - where: B1=0.85
0.85f/b  0.85x 24 x 1000 B, 085

__0.003(d—c) __ 0.003x (180 -9.96)
c 9.96

€s = 0.0538 > 0.005 — ok
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Shrinkage and temperature:
Ag min = Pmin X bh = 0.0018 x 210 x 1000 = 378 mm? |

Use $10 @ 20 cm, A; = 392mm?/m > 378 mm?/m

()24 ¢10/20 ————— - (224 910/20 ————— -
E
(®2410/20 ———f > HF§7—7@24¢10/20
Bottom reinforcement
(5)24$10/20 ————— - (924010 /20 ————— - (924 010/20 ————— -
'y w w
(31061020 ————f——1—=
E
3)18 6 10/20 —+ o ke 3 o——
Top reinforcement
(5)24 10 /20 (4)24 910 /20
Ll L] L]
(1)24 61020 (2)24 ¢ 10 /20
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Calculation the Reaction on beam:
WL, 5.71 x 4.5

Shear from service Dead load (DL) - V =1 X > = le = 1285 KN/m
Wyl 5.71x 4.5
V=115x% =1.15x — = 14.77 KN/m

Total dead load factored: V =1.2x(12.85+ 14.77) = 33.14 KN/m

12.84
12.84
12.84
14.77
) W, L, 1.41x 4.5
Shear from service Snow load : V =1 X > = 1x B 32KN/m
W, L, 1.41x 4.5
V=115x% > = 1.15 X——— = 3.6 KN/m

Total snow load factored : V = 1.6 X (3.2+4+ 3.6) = 10.88 KN/m

‘ 32 ‘ 32
- T T $
36 32
D=9
R
Thickness of beam:
The minimum thickness of beam as 9.3.1 ACI code: $=10.88
l 4.3
h = 3 for Cantilever = o 537.5mm > D=33.14
Takeh = 600 mm > 537.5 mm
4.0000
The loads on the beam as shown on the figure: - 6 2001
/
W
206.1 KN
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Check whether the section will be act as singly or doubly reinforced section:

Assume bar diameter @25 .
dp 25
d = h — cover — dgtirryp — - = 600 —40 — 10 — - = 537.5mm
Maximum nominal moment strength from strain condition &, = 0.004
3 3
C= ;d =X 537.5 = 230.36 mm B = 0.85

a=Cp, =23036x0.85 =195.81mm

a 195.81
My max = 0.85fc'ab (d — E) = 0.85 x 24 x 195.81 x 500 x (537.5 - ) =877.97 KN -m
¢ = 0.82
My, = 408.2 < My max = 877.97 x 0.82 = 719.94 KN.m
Design the negative moment on support = —408.2 KN -m
_ Mu _ 4082x10° K 420
Ry = @bd2 ~ 0.9x500x537.52 3.14 Mpa M =S85k ossxza 20.59
_A( | _2Rem) _ 1 [ 2x314x2089\ _
P = |~ 2059 420 e
Agin = pbd = 0.00816 x 500 x 537.5 = 2193 mm?
Check for As pin
Jfe 1.4
Asin = 025 *2 = bud = —=byd
ASpin = 0.25 Wbd = 025x 2 x500x537.5 = 783.69 mm?
14 14 _ )
AS pmin = f—bwd = 20 X 500 x 537.50 = 895.833 mm — control
y
Ag = 2193 mm?* > As,, = 895.833 mm? — ok

Use 8020 in two layer with A; = 2513.3 mm? > As,.q = 2193 mm?* — ok

Check for strain:

A . .
= ATy _ 213340 _ 46349 mm , ¢ =L = 2229 _ 121.75 mm — where: B =0.85
0.85f/b  0.85x 24 x 500 B 0.85
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_0.003(d-c) __ 0.003x(537.5-121.75)

= 0.010 > 0.005 ok
c 121.75

N

Check for bar placement:

_ b —2(cover) — dsirrups — No.(®) _ 500 — 2x40 — 2(10) — 4(20)

d
s No.—1 3

=107 > 25 > 18 ok

110mm

8920 !

Design of Beam for Shear.

Critical section at distance d = 537.5 mm from the face from support. V,, 5 = 178.4 KN

1 — 1
Vo= cfebwd = g\/24x 500 x 537.5 = 219.43 KN

Check the section dimensions:

V—V“ V—178'4 219.43 = 18.43 KN
ST ¢ ¢ 075 T

Vimax = =/f¢'byd = =V2% x 500 x 537.5 = 877.73 KN
Vs max = 877.73 > Vs = 18.43 KN — the section is large enough
Cases: -

Case (I): V, £ =@V, - No shear reinforcement is requried .

N |-

Case (1I): %chc <V, £ ¢V, - Minimum shear reinforcement is required ( A, min ) €xcept (in
ACI).

Case (III): ¢V, < V,; < ¢(V; + Vs min) - Minimum shear reinforcement is required ( Ay min )

_ Av,mind fy

1
Vs,min -

. . 1
— then Vs i is the maximum of Vgpin = P fc'byd and Vs pin = gbwd.

d
Then S <600mm  or  S,ux SE
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Case (IV): ¢ (V. + Vs min) < Vi < ¢(V. + Vg ) — stirrups are required

Vu 1 Ay d f
Vs,minSVsSVs’ - VSZE_VC - Vsl :§ fC'de & VS:T

N

Then Spge <600mm  or S, <

Case (V): ¢V, + V) <Vy <PV + Vsmax ) — Stirrups are required

Vu 1 7 _ 2 7
Vo < Vs < Vimax — Vs:;_Vc - VS,:E fc'byd &Vs,max_g fc'byd & Vs

A

Then Spax <300mm  or Spex <

1 1
Vs min, = 16 fc'by,d = R\/24 x 500 x 537.5 = 82.29 KN

1

1
Vs min = §bwd =3 x 500 x 537.5 = 89.58 KN — control

1 1
Vo =3fc'byd = 5\/ﬁx 500 x 537.5 = 438.87 KN

Find the maximum stirrups spacing for 178.4 KN:

1
Vi < 59V > 1784 <8229 Notok

~pV, <V, < ¢V, - 8229 <1784 < 164.58 not ok

OV <V, < ¢(V. + Vsmin) — 164.58 < 178.4 < 231.76 ok Case 3
d 5375

Smax < 600mm or Smax < S5 < 268.75 mm — control

Use stirrups @8 with 2 leag Av = 2 x 50.27 = 100.54 mm?

A,dfy  100.54 x 537.5 x 420
S = =

= 253.37
Vomin 89.58 mm

Compute the stirrups spacing required to resist the shear forces:

_Mvdfy

Take U-shape 2 leg stirrups @ 8 at s = 250 mm < 253.37 mm < Sp,4, = 268.75 mm
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Wind calculation:

As Jordanian code the velocity of wind =126 Km/h in location that haven’t Data about wind
velocity =126 Km/h.

As UBC 97 the Hebron is exposure B

P = C.Cypqsly,
The pressure
qs = 0.00256V2
qs = 0.00256 x (%)2 = 15.67Psf = 0.751 KN /m?
C, = 0.62 exposure B ,Ca=13 I, =1

p=0.751x0.62x13x1=0.61 KN/m?
As one Way Slab the Wind Will transfer

. . Wuln
The shear equationis V, = C,,( > )
0.61 x 4.5
V, for Frame = 1.15x — = 1.6 KN/m
v, =1x 2224 = 1 4KN/m
The loads on the frame =16+ 1.4 +0.61x0.5=3.3KN/m
The loads on the frame from the wall
D=9
T —— D=6
472
$=10.88
D=33.14
=472
il
—74.00004—‘ e——————4.0000 4—‘
g
485 Real
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Design of the column:

1. 0.1fc'A;=0.1x 24 x (600 x 500) = 720 KN > B, = 222 KN Section design as beam.
2. By using STAAD Pro software, M,, due to vertical load and wind load equal =

485 KN.m

Mak: lnf M kNm

e
L 48,124 mm

471.514 kNm

B.ENm

474.685 kNm

)
L
Max: 484.199 kNm gZMlax: 0 kNm

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

Assume bar diameter @25 .

dp 25
d = h — cover — dstjrryp ——= = 600 —40— 10 — - = 537.5mm

Maximum nominal moment strength from strain condition &, = 0.004

3 3
C= -d =>x5375 = 23036 mm B, = 0.85

~7
a=Cp, =23036x0.85 =195.81mm

, a 195.81
My max = 0.85fc'ab (d — E) = 0.85 x 24 x 195.81 x 500 x (537.5 -— ) =877.97 KN -m

¢ = 0.82
M, = 408.2 < My mar = 877.97 x 0.82 = 719.94 KN.m

Design the negative moment on the center of the support = —485KN-m
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Mu 485 x10° Fy, 420

Ry = 0bdZ _ 0.9x500x537.52 3.73 Mpa m = Jss F.  085x24 20.59
1 1 1 2Rpym) 1 1 2x3.73 x 20.59 _ 001
- |~ 2059 420 -
Ag min = pbd = 0.01 x 500 x 537.5 = 2687.5 mm?
Check for As pin
Jfc 1.4
As,min = 0.25 Fbwd = wad
AS pmin = 0.25 ‘/]fy?bd = 0.25x % x 500 x 537.5 = 783.69 mm?
1.4 1.4 2
AS pmin = f—bwd = 0 X 500 x 537.50 = 895.833 mm — control
y
Ag = 2687.5 mm? > As i = 895.833 mm? — ok

Use 8022 with A; = 3041.1 mm?® > As,,, = 2687.5mm* — ok

Check for strain:

Asfy  3041.1x420

4 = a _ 12522
0.85 /b 0.85 x 24 x 500

=12522mm , c=—=
B1 0.85

= 147.3 mm — where: p1 =0.85

_0.003(d=c) _ 0.00 x(537.5-147.3)
s c - 147.3

= 0.00790 > 0.005 ok

Check for bar placement:

_ b —2(cover) — dsirrups — No.(®) _ 500 — 2x40 — 2(10) — 4(22)

No.—1 3 =104 > 25 > 22 ok

ds

Ground Beam Design

Weight of Wall = 25 x 0.25 x 3.3 = 20.625 KN/m
Self Weight of beam = 0.3 x 0.25x 25 =1.875 KN/m
W, =14x225=315KN/m
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»,::,000000000000000000000000”,0‘00000000000000000000000000340‘0‘0000000000000&
Cm K24 _q/24 1/11 -1/9 or -1/1052= -1/11 1/11 -1 111
Cv 1.0 1.15 1.0 1.0 1.0

Positive moment = % x (31.5) x 45> =58 KN.m

1
Negative moment = ~10 x (31.5) x 4.5 = 63.7 KN.m

58KN.m 58KN.m

Shear Value

4.5
V,=1x315 xT = 70.875 KN

4.5
V,=115x315x - = 81.5KN

70.875
70.875

70.875

89



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

Assume bar diameter @25 .
dp 16
d = h — cover — dgtjrryp -5 = 300—40—10—7= 242 mm
Maximum nominal moment strength from strain condition &, = 0.004
3 3
C= ;d=7x242= 103.7 mm B, = 0.85
a=Cp, =103.7x0.85 =88.16 mm

a 88.16
My max = 0.85fc'ab (d — =) = 0.85 x 24 x 250 x 242 x (242 - —) = 24427 KN -m

2 2
¢ =0.82
M, = 63.7 < ¢My max = 244.27 x 0.82 = 200.3 KN.m -Design as singly
Design the negative moment on the support = —63.7KN-m
_ Mu __ 53.7x10% B 420
Ry = @bd2 ~ 0.9x250x2422 4.83 Mpa m = Sss F,  085x24 20.59
B 1 1 2Rpym) 1 1 2x483x2059) 0.01338
P = |~ 2059 420 e
Ag min = pbd = 0.01338 x 250 x 242 = 809.485 mm?
Check for As pin
Jfc 1.4
AS in = 0.25 —— f b,d > fy —b,d
AS pmin = 0.25 ‘/ﬁbd = 025x «/_ x250x242 = 176.4 mm?
14 14 _ 2
AS pin = —b,d = — x 250 x 242 = 201.67 mm — control
' fy 420
Ag = 809.485 mm? > AS i = 201.667 mm? — ok

Use 8012 in the two layers with A; = 904.7 mm? > As,, = 809.485 mm? — ok

Check for strain:

As f. 904.7 x 420 a 74.51
= = = 7451 mm , c = —= —— = 87.65 mm — where: p; =0.85
0.85f/b  0.85x 24 x 250 Bi 085
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_0.003(d—c) __ 0.003 x (243 - 87.65)
- c - 87.65

= 0.0053 > 0.005 ok

S
Check for bar placement:

b — 2(cover) — dstirrups — No.(®) 250 — 2x40 — 2(10) — 4(12)

d. =
s No.—1 3

=34 > 25> 12 ok

Design the positive moment on the support = 58 KN-m

Mu _ 58x10° Fy 420

Ry = 0bdZ _ 09x250x 2422 4.4 Mpa m = Gss F,  085x24 20.59
A, | 2R\ _ 1 [ 2x44x2059\
- |~ 2059 420 -
Ag i = pbd = 0.012 x 250 x 242 = 722.98 mm?
Check for As pin
Jfc 1.4
As pin = 0.25 Fbwd = Ebwd
ASpin = 0.25 %bd = 025x 2 x250x 242 = 176.4 mm?
1.4 1.4 2
AS min = —by,d = — x 250 x 242 = 201.67 mm — control
: fy 420
Ag = 72298 mm? > AS pin = 201.667 mm? — ok

Use 7012 in the two layers with A; = 791.68 mm? > As ., = 722.98 mm* — ok

Check for strain:

As f, 791.68 x 420 a _ 6519
a = > = = 65.19mm , c = —= —— = 76.7 mm — where: i =0.85
0.85f/b  0.85x 24 x 250 B4 0.85

_0.003(d—c) __ 0.003x (244 -76.7)
c 76.7

= 0.006543 > 0.005 ok

S
Check for bar placement:

b — 2(cover) — dstirrups — No.(®) 250 — 2x40 — 2(10) — 4(12)
No.—1 B 3

d, = =34 > 25> 12 ok

Shear Design: -

Critical section at distance d = 244 mm from the face from support. V,, q, = 81.5 KN
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1 1
Vo= cf:bud = g\/24x 250 x 244 = 49.80 KN

Check the section dimensions:

|4 _ v _ 81> 49.80 = 58.860 KN
ST ¢ ¢ 075 R
Vimax = =/f¢'byd = V2% x 250 x 244 = 199.22 KN

Vs max = 199.22 > Vs = 58.860 KN — the section is large enough

1 1
Vsmin, = 16 fc'by,d = EV24 x 250x 244 = 18.67 KN

1 1
Vs min = §bwd =3 x 250 x 244 = 20.166 KN — control

1 1
Vg = 3 fc'b,d = §V24x 250 x 244 = 99.6125 KN
Find the maximum stirrups spacing for 81.5 KN:

1
I < Ed)VC — 81.5 < 18.69 Notok

~pV, <V, < ¢V, -18.69 <815 <37.36 not ok
PV <
SV + Vsmin) <V <oV, +Vy) - 5247 < 81.5 <112.06 ok use case IV

d 244
Smax < 600mm or Smax = 2= < 122 mm — control

V, < ¢(Ve + Vomin) = 37.36 < 815 <5247 not ok

Use stirrups @10 with 2 leag Av = 2 x 79 = 157.08 mm?

A,dfy 157.08 x 244 x 420
S = =

v, 886 = 273.49 mm

Compute the stirrups spacing required to resist the shear forces:

Take U-shape 2 leg stirrups @ 10 at s = 120 mm < S;,4, = 122 mm

support Vu Vs case S AV s take
suportl 70.87 | 44.68704 | caselv | 357.0941222 2010 120
suport2 left 81.5 | 5886038 | caselv | 271.1073441 20310 120

suport2 right | 70.875 | 44.69371 | caselv | 357.0408568 20310 120

suport3 right | 70.875 | 44.69371 | caselv | 357.0408568 20310 120
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The Reaction from ground beam: -
The reaction on foundation =81.5 + 70.875 = 152.375 KN/m factored
=157.375/14 =112.41 KN/m services
The values on the figure are service loads

Analysis and design foundation

MD=309.129
Ms=62.894
Mw=15.587

s

PD=171.85
PD=112.41 | ps=29.240

0.8606 ?

PWE10.23 1.5000

l 20 N
T < ]
0.3338J 0.6000 — } 2 5000 { L—72.50004—‘

The soil capacity calculation service load

Pu =171.85+ 29.240 + 112.41 = 313.49 KN
M, =309.1+63+ 156+ 10.23x0.33 —112.4x1—171.85x0.86 — 29.24 x 0.86

= 106.13 KN-m
10613 0.338m < B 25 0416
©T31349 MM ST T
P 6M 31349 6x106.13
Q=—+ = +
BlTBI>? 25x157 25%2x15
Qmax = 151.52KN/m ,Qmin = 15.67KN/m ,0max < Qall = 313.92

1568 151.49

93



Analysis and Design

P, =12x(171.85) +29.240 x 1.6 = 253 KN
P, =12x112.41 = 134.892 KN
M, =12x309.2+1.6x629+ 0.8x 15587 =485 KN.m
The value of moment At the Center

M,. =485 —-253x0.86—-134.892x1+ 0.8x10.23 x0.33 = 135.23 KN.m

_M_13523 . B _25_
©=P 38789 6 6

P 6M 38789 6x135.23

= t— = +
BL Bl? 25x157 252x15

Q

KN
Qmax = 18998? Qmin = 16.8901 KN/m

1.92 1 2
M, = 58.458 xTx 1.5+ > x (190 — 58.458) x 1.9 x 3 x19x15=3957KN.m

58.458

Design the positive moment on support = 58 KN -m

16
davg = 500 = 75 — — = 417 mm

Mu 395.7x10° 420
Rn = 0.9bd2 = 0.9x1500x4172 1.68 Mpa M = Cesx2d 20.59
Y P 2Rpym) 1 ) 2x1.68x2059) 000419
P T fm | 20.59 420 -

As = pbd = 0.00419 x 525x 1500 = 2623.659 mm?
Check for As, min .
Ag min = 0.0018bh = 0.0018 x 500 x 1500 = 1350 mm?
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Ag = 2623.66 mm? > Asu, = 1350 mm?  — ok

take 14916 for one layer ,§ = 22=75 ;2_14“6 = 86.61 mm

Steps is smallest of: -

1. 3h=3x500=1500mm
2. 450 mm Control

Check for one-way shear: -

The critical section for checking one-way shear strength is shown, to simplify this Check, it is
conservative to assume that the maximum factored soil pressure of 189.98 KN/m? acts on the entire
shaded region.

2.50

Dgyg = 600 — 75 — 20 = 505 mm A

the factored shear force to resisted at the critical section is:

V, at a distance (d ) from the face of support .

50
0.50

V, =qub(l—a—d)=189.98x1.5x (2.5—-0.6 —0.505) = 397.53 KN ” 505 //

LetV, = oV, (¢ =0.75),
BV, = <\/fo bwd = 0.75x - x VZ4 x 1500 x 505 x 107 = 463.87 KN
@V. >V, SO, the footing is ok for one-way shear

Check footing thickness for Two-way shear (Punching shear):

The critical shear perimeter is located d/2 away from each column face, as Shown. Assume the average

effective depth for the footings is Dgyg = 600 — 75 — 20 = 505 mm
By using the average factored shear stress inside the critical perimeter 250
Z . /
Gavg = =" = 103.435 KN/m?

v, = qu(bl — (h.column + d)(b. column + d)) =

50

V, = 103.435(1.5x2.5 — (0.6 + 0.505/2)(0.5 + 0.505)) = 325.12 KN  «
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600

ﬂ:%:

1.2 ,B = Ratio of long side to short side of the rectangular column

d
b, is perimeter of the critical section taken atE from the loaded area .

by = (h.column + d) + 2(b.column + d) = 2(0.6 + 0.505/2) + (0.5 + 0.505) = 2.71 m
a, is assumed to be :

e o, =40 for interior columns
o o, =30 foredge columns — control
e o, = 20 for corner columns

the ACI code ,section — allows a shear strength ,V, in footings without shear reinforcement

for two way shear action ,the smallest of

(D) o =1 8) T
0.444 8\/f/bod KN
o V=5 (50 +2) 0fibed » Ve = 5 (352 +2) 0/flbod = 0.6325 8\/fIbod KN

2.71

o V.=10flbyd > V, =0\/flbod = 0333 \[fIbyd  Control

1 1
v, = 56\/ﬁb0d =3 x1.0xV24 x2710 x505x 1073 = 2234.8 KN

LetV, = @V, (@ = 0.75)
PV, = 0.75X2234.8 = 1676.12 > V, = 325.12 KN its OK

The thickness of 60 cm is adequate enough

Check for factor of safety for Sliding:

The force resisting sliding, F = uR
1
F = 5(15.68 + 151.49) = 1187.68

u = 0.5 betwen concrete and soil
F =1187.68 x 0.5 = 593.84KN
593.84

: ... F
The factor of safety against sliding is 7 ,F.s = 1023 = 58.04 > 4 ok
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Design as two-way solid slab: -

Take the thickness of slab cheek take the thickness is =15 cm

4.2500

Beam1
Beam1

Beam1

Beam2 Beam2

5.00

Take the edge plat for the check of thinness
Exterior Beam
h,=35cm <4h =6 x15 =60

15-(50+35)-(35+175)+50-35-%
Ye =

15- (35 + 50) + 35 - 50

(50 +35) - (15 + 6.97)3  35-6.973
b= 3 E

= 28.03cm

50 - 28.033

3 =313474.18 cm*

Interior Beam:

b, + 2h,, =50+2-35=120
b, +8h=50+8-16 =178
b, + 2h,, = 120 < 178 ok

15 (35 + 50 + 35) -(35+175)+50-35-%
Ye =

15- (50 + 35+ 35)+50-35

=30.17cm

15.00

35.00

I = (50 +35-2)(15+4.83)> 2-35-4.833 4 50-30.173

b 3 3
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50.00

35.00

15.00

28.03 6.97
35.00

35.00 50.00

35.00

30.174.83

|

= 766973.42 cm*




Slab section whit exterior beam

50.00

112

15.00

28.03 6.97
f—
35.00

Long directionl = 4.5m

(12 50) 15 4
Iy = 1 = 77343.75 cm
Shortdirectionl = 4
(‘Lzﬂ + 50) . 153
I, = B = 70312.5cm*
Slab section for interior beam
112 50.00 112
Long direction [ = 4.5
|- (450 + 50) - 153 — 140625
s 12 B
I, 0
=2 =__=0
LT
of 1
B I B 313474.18 445
2 =7 T 7703125 ¢
I, 313474.18 = | of3 —
U3 =1 = 73a375 - 700 42500 % 40000 o4 %
m m
B I B 766973.42 _ 4t
e =TT T140625
a 0+ 4.45+ 4.05+5.45
A = 2%m _ 4500
4 4 af2
98 Bean?
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Arm = 3.49 > 2 The minimum slap thickness will be

h=1”<

fy
0'8"'1400

) _ 4.5(0.8+2%)

1400

36+9p

3649422
4

=10.7cm < 15cm ,

The thickness is adequate

Calculate the moment on the slab

Total load on slab

D =0.15x25 = 3.75 KN/m2

Snow load = 1.43 KN/m2

W, =1.2D + 1.6S = 1.2x3.75 + 1.6 x 1.43 = 6.8 KN/m?

My end 0.1b 0.2b 0.3b 0.4b 0.5
0.9b 0.8b 0.7b 0.6b

top -13.395 | -7.087 | -0.609 3.938 6.615 7.482
0.9a -15.145 | -6.615 | -0.472 3.741 6.281 7.147
0.8a -14.355 | -6.357 | -0.411 3.741 6.083 6.890
0.7a -13.779 | -6.100 | -0.274 3.604 5.886 6.632
0.6a -13.264 | -5.705 | -0.214 3.483 5.628 6.374
0.5a -12.474 | -5.173 | -0.077 3.286 5.233 5.842
0.4a -11.349 | -4.580 0.121 3.088 4.778 5.249
0.3a -9.753 | -3.576 0.258 2.693 3.971 4.383
0.2a -7.487 | -2.573 0.335 2.024 2.968 3.242
0.1a -4.322 | -1.218 0.335 1.218 1.629 1.827
bot 0.000 0.000 0.000 0.000 0.000 0.000

MY

-20.000
-15.000 @ -15.145 ® -15.145

-10.000

-6.615 -6.615
-5.000 Q ©

0 0.2 0.4 0.6 0.8 1 1.2
0.000 — T ————————— 2 7 —

©.3.741 @ 3.741

© 6.281 +4%5 6.281

5.000

10.000
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Check the shear

Vu=Csxqxa

Vu=0.668x68x5=23KN/m

10
d=150—20—7=125mm

1 — 1
¢Ve = b /fe bud = 0.756\/ﬁx 1000 x 125 x 1073 = 76.54 KN

Mx end 0.1b 0.2b 0.3b 0.4b 0.5
0.9b 0.8b 0.7b 0.6b

top -2.737 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000

0.9a -3.072 | -1.141 | -0.137 | 0.395 | 0.730 | 0.806

0.8a -2.874 | -1.338 | 0.077 | 0.730 | 1.201 | 1.399

0.7a -2.737 | -1.201 | 0.060 | 1.064 | 1.596 | 1.794

0.6a -2.677 | -1.081 | 0.258 1.322 | 1.991 | 2.189

0.5a -2.479 | -0.883 | 0.592 1.657 | 2.326 | 2.523

0.4a -2.282 | -0.609 | 0.790 | 1.931 | 2.600 | 2.798

0.3a -1.947 | -0.411 | 1.004 | 2.068 | 2.677 | 2.874

0.2a -1.552 | -0.137 | 1.064 | 1.947 | 2.479 | 2.616

0.1a -0.883 | 0.137 | 0.943 | 1.415 | 1.750 | 1.827

bot 0 0 0 0 0 0

1
Vu < §¢Vc The thickness is adequate enough
Design of Y maximum negative moment on y direction M = —15.145 KN - m
Mu 15.145 x 10° 420
Rn = Spa? = 0910001252 _ 1 MPa m=G5e852a - 209
1 2R, m 1 2-1.1-20.59

p—E 1— [1- 3 = 5089 1-— 1_T = 0.00277

As = pbd = 0.00277 x 1000 x 125 = 346.59 mm?
Check for As,min
Asmin = Pmin *bh = 0.0018 x 1000 x 150 = 270 mm?

Agreq = 346.6 mm? < Agpin = 270 mm?
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Take $p10 @ 20 cm Ay = 392 mm?/m > 346.6 mm?/m
Cheek of steep: Step should be the smallest of
1. 3h=3x150 =450mm

2. 450 mm
3. S =380 (@) — 2.5Cc = 380 <2 280 ) — 25 %20 = 330 mm
fs 3 (420)
280 280
But s < 300 (—) = 300 > | = 300 Control
fs %420
S =200mm < 300mm
Check Strain
_ _bAs 392420 | oas
¢ = 085fb_ 085-24-1000 oMM AL =0.
_a_807_ .
c 5" 085 mm
0.003(d —¢)  0.003(180 — 9.96)
€= - - Soc = 0.036 > 0.005 — ok

Design of Y maximum positive moment on y direction M = 7.482KN -m

o Mu _ 7482x10° __ 40 o
"= %bd? T 09-1000-1252 @ Mm=085-24
A, | 2Ram) 1 [ 2:053:2059) _

P=m |~ 2089 420 -

As = pbd = 0.0013 x 1000 x 125 = 168.6 mm?
Check for As,min

Ag min = Pmin - bh = 0.0018 - 1000 - 150 = 270 mm?
Agmin = 270 mm? > Ag,oq = 168.6 mm?

Take $10 @ 20 cm Ag = 392 mm?/m > 270 mm? /m
Cheek of steep: Step should be the smallest of

1. 3h =3 %150 = 450mm
2. 450 mm
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3. S =380 (@) —2.5Cc =380 (222 — 2.5.20 = 330mm
fs 3420

28 280
But s < 300 (f_s) = 300 > = 300 Control

§4200

S=200mm < 300mm

Check Stain
_ s 392x420 o
¢ = 085fb  085x24x1000 oM AL =0.
_a_807__
C—ﬁ1—0.85— 49 mm

0.003(d —c)  0.003(180 — 9.96)
€= - = 59 =0.036 > 0.005 — ok

Beam1
Beam1
Beam1

2.2500

Beam2 Beam2

Service Dead load from slab = 3.75x 2.25 =843 KN/m
Service snow from the slab = 1.43 x 2.25 = 3.21 KN/m

The load on beam 2

Wu=12x843+ 0.6 x3.21 =15.252 KN/m

Design Beam 2:

o ] 5000
The minimum thickness as ACI 9.3.1.1 = 185~ 185 270 mm
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Geometry Units:meter,cm

1 2 3 4 5
1 2 3 4
A A A A
A - A - A - A
0.5 4.5 0.5 4.5 0.5 4.5 0.5 4.5 0.5
— +—4 5 +— 5 } 5 +—
L L L L J
I 1 1 1 1
27.
50.
AA
Loading
load group no. 1
Dead load - Service Units:kN,meter

AT A AT

3.47 3.47 3.37
295 . 25 235 . 295 235 . 25
| 1 1
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2 2 2 2
25 25 25 25 25 25 25 25

-
-
-
-
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Moment/Shear anelnnmmmm

315 315
284 -84 274 294 , 284
204,204
09&'1 17 \_/I P \/I ' P I /
2.4 2.4
225, 215 | 25 . 25 | 25 o, 25 | 215, 225
| 1 | 1 1 | | | 1
Shear
6.7
258 8BS w2 28
204 7
ll ¢ L L L | n ﬂ
28 =
o % %5 %
: %.7
Reactions
Factored
H i H H H
DeadR  17.21 52.95 41.84 52.95 17.21
LiveR 5.5 16.42 15.13 16.42 5.56
MaxR 2277 69.97 56.97 69.97 21
MinR 1635 58.8 45.96 58.8 16.35
Service
DeadR  14.24 412 24.86 412 144
LiveR  3.48 10.26 9.48 10.26 3.48
MaxR  17.82 54.39 432 54.39 17.82
MinR  13.81 478 .44 478 12.81
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Design beam on the maximum positive moment M,, = 29.4 KN - m

16
d=270—40—10—7=212mm

R _ Mu 29 x 10° 1434 M
T bdz T 09x500x2122 pa
1 1 1 2Rym) 1 1 2-4.75-20.89 — 0.00354
P = |~ 2089 420 -
As = pbd = 0.00355-500-212 = 375.8mm2
Check for As,min
as,min =025V %y 4514y 4
s,min = 0.25—— > —
fy " f"
V24
As,min = 0.25—=500-212 = 309.1mm?2
420
1.4
As,min = ——500-212 = 353.3mm?2 — control
400
As = 375.8mm2 > As,min = 353.3 mm2 — 0K
Take 4912 in one layer As = 452.4mm2 > Asreq = 375.8
12
d= 270—40—10—7= 214 mm
Check Strain
_ fyAS, _ 3694.5400 _ 18.62 mm B1 =0.85
0.85f/b ~  0.85-24-500
c=2 =22 - 21913mm
B1 0.85
5_0.003(d—c) _ 0.003(21 913) — 0.026 > 0.005 — ok
c 21.913
sp = 2R= 271027124 _ 11733 mm > d, = 12 mm > 25 mm -OK

3

So, take4¢12 in all spans
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42

16.86

310
-346.5

106



4.14 Ground Water Tank Design:

The dimension of Ground Water Tank:

pa 40.00

/

\

a-9

e
3 3
»
| e R sl
o A
5
e
o
'-u | |oued
p E -9 -
-
el o
ol o
© @
o
) Y
» ®
5 H
e ol
o @
D pm——— e |
e e
® ®
p3 ) 3>
ot oo€El 7°05€700"
-~ ~
| T——————
| 1ued

0001

A-A

The Load Cases:

First case of load the tank is empty and the load is come just from the soil pressure:
The ¢ of soil = 34 and ¢ = 0 and the y = 18KN/m3

1-sing 1-sin34

= =0.28
1+sing 1+sin34

The active pressure coef ficient K, =

The pressure soil is equal = K;hy = 0.28 x 10 x 18 = 50.4 KN /m?

50.40KN/m2
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We use the program to analysis the water tank and we use the robot structural analysis to
make all analysis and we will use the manual calculation to determine the good section

Tahble 3.1 Approximaie minimum thickness b (mm) of R, C. Cantilever wall subjected 10 water

pressire.
Height of wall (m) Minivmum wall thickness i (mum)
8 800
6 700
4 450
2 250

¢ minimum thickness
R

uniform taper

H
Lde.'?.i-g ned thickness h

Figure 3.1 Tapical section through a wall.

Firstly, we assume that the thickness of wall outer is equal = 600 at top and 1000 mm
The increment of thickness come from Haunch 400 mm x 400 mm

Panel 1
Check for Shear

Y shear X shear
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16
d=1000—75—7=917mm

1 1
PV, = g,/fc' bd = 0.75 x g\/ﬁx 1000 x 917 = 561.54 KN

V, < ¢V but we must but the minimum share reinforcement

The thinness is adequate enough for all panel in this case

Design of panel:

Y direction Xdirection
In y direction

Design the positive moment iny direction = 504.24 KN.m

16
d=600—75—16—7=501mm

Mu _ 504.24x10° 420

Rn = 0.9bd2 ~ 0.9x 1000 x 5012 = 2.23 Mpa o M= 0.85 x 24 =20.59
i RRem)_ 1 (L 2222322059\ _ o,
P m fm | 2059 420 -

As = pbd = 0.0064 x 1000 x 501 = 2826.8 mm?
Check for As,min :

, Jfc 1.4
As,min = 0.25——b,,d = —b,d
fy fy

V24
As,min = O.ZSM 1000 x 501 = 1460.9 mm?
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1.4
As, min = 1720 1000 x 501 = 1670 mm? — control

As = 2826.8 mm?/m > As,min = 1670 mm?/m ok
Take $20 @ 11cm As = 2856 mm? /m

280 280
S =380 (—) —25Cc =380 =——|—25x75=192.5mm Control

fs 2
2420
280 280
But s < 300 (—) =300( 5 =300
fs % (420)
Check strain :
_ _hAs __28268x420 _ oss
¢ = 085fb  085x24x1000 “oc™m AL =0.
_a 58.2 685
C—ﬁ1—0'85— .5mm
0.003(d—c)  0.003(499 — 68.5)
€= - = — = 0.01886 > 0.005 — ok

Design the negative moment in y direction = 219.4 KN.m

16
d=600—20—7=572mm

6
Rn = —= = 240" _ g 745 Mpa ,m=—22 =2059
0.9bd? 0.9x 1000 x 5722 0.85-24
_A 2R 1 [ 2-0.745-2059\ _ o
P = |~ 2059 420 e

As = pbd = 0.00180 x 1000 x 572 = 1033.69 mm?
Check for As,min :

asmin = 025 a = Xy 4
s,min = 0. > —
fy w Y w
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V24

As,min = 0.25—— 1000 x 572 = 1668 mm?

420
1.4
As, min = 220 1000 x 572 = 1906.7 mm? — control
mm? _ mm? o
As = 1033.69 < As,min = 1906.7 not ok , Take the minimum

Take $16 @ 10cm As = 2010.61 mm? /m

280 2
S =380 <—) — 2.5Cc = 380 > |~ 2.5.20 =330 mm

fs <
3420
28 280
But s < 300 (—) = 300 5| = 300 Control
fs 2420
3
Check strain :
_ _fAs _ 201061x420 _ | oss
¢ = 085fb  085x24x1000 T AL =0.
_a_Ma_ oo
c = 5.~ 085 '8 mm
0.003(d —c¢)  0.003(572 — 48.39)
= = 2839 = 0.3032 > 0.005 — ok

c

In x direction

Design the negative moment iny direction = 202.34 KN.m
16
d= 600—75—7= 517 mm

6
Rn = —2 = _2023%10° _ _ 841 Mpa m=—22_ = 2059
0.9bd?2 0.9x1000x 5172 0.8524
([ Rem\_ 1 [ | 2-0841-2059)
- |~ 2059 420 -

As = pbd = 0.00204 x 1000 x 517 = 1057.652 mm?

Check for As, min:
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JFe

1.4
As,min = 0.25——b,,d = —b,d

fy v
V24
As,min = 0.25-——— 1000-517 = 1507.6 mm?
420
1.4
As, min = mlOOO +517 = 1723.3 mm? — control
As = 1057.652 mm?/m < As,min = 1723.33 mm?/m take the minimum

Take 16 @ 12.5 cm As = 1748.36 mm?/m
Check strain :

fyAs  1608.5-420

- - = 36 1 =085
¢ = 085fb 085241000 mm A
=22 a4
c = %= o5 Y mm
0.003(d—c)  0.003(517 — 42.4)
€= - = 0.033 > 0.005 — ok

c 42.4
Design the positive moment in X direction = 73.1KN.m

16
d=600—20—16—7=556‘mm

o Mu _ 20234x10° __ 420
"= 090bd? _ 09-1000-5562 pa Mm=085-24_ °
A, | 2Rem) 1 [ 2:0262:2059) _

P=m |~ 2059 420 e

As = pbd = 0.00063 x 1000 x 526 = 350.08 mm?
Check for As, min:

as,min = 0259 p 4 > By 4
s,min = 0.25—— > —
fy 7 fy "
V24
As,min = O.ZSE 1000 x 526 = 1621.4 mm?
1.4
As, min = 220 1000 x 556 = 1853.3 mm? — control
mm? _ mm? .
As = 350.08 < As,min = 1853.3 not ok, takethe minimum
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Take 16 @ 10.5 cm As = 1914.875 mm?/m

Check strain :
fyAs _ 1914.875 x 420

- - — 39.42 1 =085
@ = 085fb 0.85x24x 1000 mm A

=2 3% 4
C—ﬁ1—0.85— 4 mm

0.003(d —c)  0.003(526 — 46.4)
€= : = e =0.033 > 0.005 — ok

Panel 2:

Moment:

Y direction X Direction

In Y direction
1. Mu = 31.13 KN.m, need the minimum Take ¢16 @ 12.5cm As = 1748.36 mm?/m
2. Mu = 11.08 KN.m, need the minimum Take ¢$16 @ 10cm As = 2010.61 mm?/m
In x direction
Mu = 194.07 KN.m, need the minimum Take ¢16 @ 12.5cm As = 1748.36 mm?/m
4. Mu = 32.81 KN.m, need the minimum Take ¢16 @ 10.5m As = 1914.875 mm?/m

w
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Panel 3:

P = |

In y direction
1. Mu = 98.69 KN.m, need the minimum Take ¢16 @ 12.5cm As = 1748.36 mm?/m
2. Mu = 29.47 KN.m, need the minimum Take ¢16 @ 10cm As = 2010.61 mm?/m
In x direction
Mu = 95.55 KN.m, need the minimum Take ¢16 @ 12.5cm As = 1748.36 mm?/m

4. Mu = 45.16 KN.m, need the Take $p16 @ 10.5m As = 224875 mm”

Case 2 the tank is will be fill

T00KN/m

100KN/m T00KN/m

B-B
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The load is come from the Water is :
P=yh=10x10 = 100 KN /m?
Check of the shear:

16
d=1000—75—7=917mm

1 1
Ve = 2\/fc bd =075 g\/24 x 1000 x 917 = 561.54 KN

V, < ¢V c but we must but the minimum share reinforcement case 2

1 b,s 1b,s

A = [fr WS Z W7

vmn 16 f.C fyt — 3 fyt
take 4 legs ¢ 10 = 314.15mm? , S = 430 mm or s = 395.829 mm

Take 4 legs on 30 cm so the shear reinforcement for tank = 1047.166 mm? /m?
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Moment design

Panel 1

In y direction

Design the negative moment iny direction = —981.47 KN.m

Check if the section as doubly

Assume initial bar @25
25
d= 600—20—7= 567.5mm
Maxima nominal moment a strength from strain condition € = 0.004
C=2d =2-567.5 = 243.21 mm By = 0.85

a=Cp; =243.21-0.85 = 206.73 mm
206.73

a
M, = 0.85fc'ab (d — E) = 0.85 - 24 x 206.73 x 1000 x (567.5 - ) = 1957.39KN - m

$ =082 ,M,= 257>¢M, =195739x0.82 = 1605.06 KN

The section design as singly

Mu 981.47x10° 420
Rn = 0.9bd2 ~ 0.9x1000x567.52 3.4 Mpa m = es2s 20.59
_ 1 { { 2R,m _ 1 1 2+:3.4-20.59 — 0.00887
- £ ]~ 2059 420 -
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As = pbd = 0.00887 x 1000 x 567.5 = 5035 mm?
Check for As,min :

o Jfc 1.4

As,minoi = 0.25——»b,d = —b,d
fy Y
V24
As, min = O.ZSM 1000 x 565.5 = 1654 mm?
1.4

As, min = 120 1000 x 567.5 = 1891.6 mm? — control
As = 5035 mm?/m > As,min = 1891.6 mm?/m ok

Need ¢28 @ 12cm As = 5131.26 mm?/m
fyAs _ 1608.5 x 420

= = = 105.64 1 =0.85
¢ = 085fb  0.85x24x 1000 mm g

-2 36 = 124.286
c = 5.~ 085 . mm
o 0003(d—c) _ 0.003(566—124.286) .o oo

- c - 124.286 - ' 0
Design the positive moment in y direction = —427.04 KN.m

16
d=600—75—16—7=501mm
Rn= MU _ __#27310° 4 qgam m=—2_ _ 059
0.9b 2 0.9x 1000 x 5012 0.85-24

I D P D B 2:19-2059\ _
- |~ 2059 420 -
As = pbd = 0.0047 x 1000 x 501 = 2370.4 mm?
Check for As, min :

_ Vic' 1.4
As, min = O.ZSFde > ?bwd
V24
As, min = O.ZSE 1000 x 501 = 1460.94 mm?
1.4
As, min = —1000 x501 = 1670 mm? — control

420
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As = 2289.51 mm?/m > As,min = 1670 mm?/m ok
Take $20 @ 13cm As = 2416.6 mm?/m

_ _fAS _ 24166x420 _ o
4 = 085fb  085x24x1000 /> mm p1 =0.
_a_ 4975
C_B1_ oge — >8:53mm
0.003(d—c)  0.003(501 — 58.53)
€= - = 0.022 > 0.005 — ok
C 58.53

In X direction

Design the negative moment in x direction = 392.86 KN.m

16
d=600—-20—-16 —— =556 mm

2
oo Mu__ 39286x10° __40
M= 09bdZ  09x1000x5562 - pPd M=0585-24

i, _Rem)_ 1 [ 2-141-2059\ _
P = £ |~ 2059 420 -

As = pbd = 0.0032x1000x 556 = 1938.9 mm?

Check for As, min :

o vfc' 1.4
As, min oi = 0.25——b,,d = —Db,,d
fy £y

V24
As, min = O.ZSE 1000 x 556 = 1621.4 mm?

1.4
As, min = 220 1000 x 556 = 1853.33 mm? — control

2 2

mm
As = 1938.9 > As,min = 1853.33

not ok, Take the minimum

Need $p16 @ 10cm As = 2010.61 mm?/m

_ _fAs _ 201061x420 _ o
4 = 085f’b  085x24x1000 MW BL =0.
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a 41.4

= — = —— =487
€= B8, T 085 mm
0.003(d —¢) 0.003(556 — 48.7)
€= = = 0.0106 > 0.005 —ok
C 48.7
Design the positive moment in y direction = 141 KN.m

16
d=600—75—16—7=501mm

e Mu o a1xiec __ 40
"= 09bdz ~ 0910005172 - PA M=085-24
i Ram)_ 1 [ 2:062:2059\ _

P~ m £ |~ 2059 420 e

As = pbd = 0.00151x1000x501 = 756.29 mm?

Check for As, min :

_ Vic’ 1.4
As, min = O.ZSFde > ?bwd
V24
As,min = O.ZSM 1000 x 501 = 1460.9 mm?
1.4

As, min = 1720 1000 x 472 = 1670 mm? — control

As = 756.29 mm?/m < As,min = 1670 mm?/m ok
_ _fAs _ 24166x420 _ o ose

4= 085fb  085x24x1000 /> mm p1 =0.

_a 4975 5553
C—Bl— ogE — o8:53mm
0.003(d — ¢) 0.003(515 — 58.53)
€= = = 0.026 > 0.005 — ok

C 58.53
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Panel2

In y direction

1. Take the minimum for bending Mu = 21.56 KN.m ,As = 1891.6 mm?/m

2. Take the minimum for bending Mu = 60.59 KN.m ,As = 1670 mm?/m
In x direction

1. Take As = 1898.7 mm? for bending Mu = 385.16 KN.m,
2. Take the minimum for bending Mu = 63.42 KN.m, As = 1670 mm?/m

Panel 3:

In y direction

3. Take the minimum for bending Mu = 32.08 KN.m, As = 1891.6 mm?/m

4. Take the minimum for bending Mu = 97.50 KN.m, As = 1670 mm?/m
In x direction

3. Take the minimum for bending Mu = 127.17 KN.m,
4. Take the minimum for bending Mu = 63.42 KN.m, As = 1670 mm?/m
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Slab Design

Geometry  Units:meter,cm
1 2 3 4 5 6
1 2 3 4 5
I: A A A A A
LI LI LI LI
A A A A A
q § 4.7 9 :": 4.7 9§ 4.7 0 :": 4.7 9§ 4.7 0.3
1 5' 1 5 1 5 1 5' I | I [
I I
6 7 8 9
6 7 8
. A A A ]
. LI LI
A A A
0.3 4.7 0.3 4.7 0.3 4.7 0.3
H H H 5 H
I I ‘
21,
100.
A-A
Loading
load group no. 1
Dead load - Service Units:kN,meter
5.25 5.25 5.25 5.25 5.25
5. 5. 5. 5. 5.
5.%5 5.25 5.25
5. 5. 5
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Live load - Service Load factors: 1.20,1.20/1.60,0.00

Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 8

-40.4 -40.4
‘ -34. -36.1 -35.2 -36.1 -34.
/ 1\ J A \ ; / /
1.73 ;o 173
}—;{ / N 7 o / \ ) ’ H

. - N
— |

T WG LWL

- ) e B /
32. 32.
2. 3 25 25 Jﬁ 25 25 Jﬁ 25 25 Jﬁ 25 25 Jﬁ 25 25 Jﬁ 25 25 3. 2.4
2, 8 |25, —+ + + + 28|
Shear
-43.8
. . -39.7 -39. -39.3 .38. -40.4
39.5 /a5 78 354 7 347 0 a5 7 3;8 T e T
o / / / /
) ,/" /x /
/ Y / g K4 /
f—= i y i : i i i - i i
1 )
/ / W Y
/
/ / :
w03 2 | | / / B
: 2 34.4 35. : 34.7 4 33.5 u
a4 81 387 39.3 39. 397 4 318 39.5
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Minimum thicknesses:

One end continuous = L = 50& = 208.33 mm
24 24
Both end continuous = L = 50& = 178.57 mm
28 28
Take the thicknesses = 21cm

Check of shear:
12
d =210 - 20 ~ — = 184 mm
¢V = 0.75~ \[f/bd .0.75 x =v24x 1000 x 184 = 112.67 KN
v, < oV,

Thickness is adequate enough

The flexures design for moment:

Design the positive moment in y direction = 23..8 KN.m

12
d=210—20—7= 184 mm

oo Mu _ 238x10° __40
"= 09bdZ  09x1000x 1842 = pa Mm=085-24 °
i, _2Rem)_ 1 [ 2-0781-2059\ _
P=m |~ 2059 420 e

As = pbd = 0.00189 x 1000 x 184 = 349.1 mm?

As,min= .0018bh=0.0018-1000-210=378 mm?

Take the minimum
Take $10 @ 20 As = 395 MmM?

280 280
S =380 <—) —2.5Cc =380 5—— | —2.5.20 =330mm

fs 2
2420
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280 280
But s < 300 (—) = 300 > | = 300 Control
fs 2420
3
B fyAs B 395 x 420 _ 813 1 =085
¢ = 085fb  085x24x1000 oMM AL =0.
_a_813_
c = 5= 085 mm
0.003(d —c)  0.003(185 — 9.6)
£ = - = 0.055 > 0.005 — ok

c 9.6

Design the negative moment iny direction = 40.6 KN.m

12
d=210—20—7= 184 mm

o My _ 40.6 X 10° s __A20
"= 009bd?  09-1000-1842 2 MPe Mm=085-24
Y P TRV U O 2:133:2059\ _ .

P = |~ 2059 420 -

As = pbd = 0.0034 x 1000 x 184 = 604.32 Mmm?

As,min=0.0018bh=0.0018 x 1000 x 210=378 mm?

Take $10 @ 12 As = 395 mm?

280 280
S =380 (—) —2.5Cc =380 5— | - 2.5.20 = 330 mm
fs 2420
3
280 280
But s < 300 (—) = 300 > | = 300 Control
fs 2420
3
_ _hAs __6583x420 | oss
¢ = 085fb  085x24x1000 0T AL =0.
_a 13.55_ 159
C—ﬁl— ogs = 15:9mm
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e 0.003(d —¢) _ 0.003(185 —15.9)
N c N 15.9

= 0.031 > 0.005 — ok

Bearing Wall (internal Wall)

Maximum load on bearing D = 29.8KN/m and L = 30.28KN/m  service
We will take the Slices 1000 mm meter of wall width

P; =29.8-1=29.8KN P, =30.28-1 = 30.28KN

P, =12-29.8+30.28-1.6 = 84.208KN

After using Sp column to design baring wall

AS;eq = 3216 mm?

ASpin = 0.0012 - 1000 - 300 = 360 mm?

Take ¢16 At 10 cm in two layer

Mat Foundation:
Mat foundation we use Stad pro program
The reinforcement requires
FY: 422 MPAFC: 24.000 Mpa COVER: 19.050 MM TH: 600.000 MM
TOP: Longitudinal direction — Only minimum steel required.
BOTT: Longitudinal direction — Only minimum steel required.
TOP: 1.064 77.60/ 4 2180 44459/ 4
BOTT: 1.064 9697/ 10 2.699 54497/ 10
Take ¢ 16 @ 10 cm top and botom bar
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Axial force effect on the join of Wall:

Shear at join in x Axis

Left right

The axial for on join = 192.55 + 192.55 = 385.1 KN

p _ 3851x10°
0.9fy  0.9x420

As for tension = = 1018.8 mm?

we develop $16 @ 10 cm which is greater than require OK
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4.16 Analysis and Design of Dome: -

# Geometry and structural system

The Dome is 40 m diameter and the height of the dome is 8 m depending on the equation D/5 to 8
where the D is the diameter of the dome, So D/5 = 40/5 =8m.

We used the Membrane Theory of Shells of Revolution to analysis the Dome roof, the membrane
theory assumes that equilibrium in the shell is achieved by having the in-plane membrane forces resist
all applied loads without any bending moments. The theory gives accurate results as long as the
applied loads are distributed over a large area of the shell such as pressure and wind loads. The
membrane forces by themselves cannot resist local concentrated loads. Bending moments are needed
to resist loads,

The basic assumptions made in deriving the membrane theory (Gibson 1965) are

The shell is homogeneous and isotropic

The thickness of the shell is small compared to its radius of curvature

The bending strains are negligible and only strains in the middle surface are considered
The deflection of the shell due to applied loads is small

HwnN PR

(@)
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The hoop stresses in the upper portion of a dome are compressive, but in the lower portion of the
dome they become tensile, where they are sometimes called peripheral thrust. The reason why can be
seen by examining the deformation of the dome under loading.

DEFORMATION IN UPPER PORTION

# Material Properties:

Use B300 ( F¢’ = 24 Mpa ) for concrete and 420 Mpa for Steel reinforcement.

# Thickness of the Dome:

The thickness of a thin shell shall be propertied for the required strength, concrete cover over
reinforcement, durability and serviceability.

The Mini hell thick hall be 1 ing to ACI -
e Minimum shell thickness shall be 10 cm according to 350-06 Thickness (cm) P

code. Cover (cm) 2

Take the thickness equal to 12 cm, Take the cover equal to 2 cm

# Calculation of Loads:

The loads subjected to a dome will be in Force per unit area (KN/m?)

Self-weight (SW) = Thickness of shell x unit weight of concrete = 0.12 m x 25 KN/m?3=3 KN/m?
Assume the weight of cladding = 0.5 KN/m?

Snow Load (SL) By Jordanians Code for Loads and forces.

SL depending on the height from the sea level (H) and equal to 900 m

1500 > H > 500 So=(H—-400) /320
H=900m =1.5625 KN/m?
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Reduction factor p = 0.8 for spherical shape, SL=1.5625 KN/m?x 0.8 = 1.25 KN/m?

The Load combination is ULS 1.4DL = 1.4(3+0.5) = 4.9 KN/m?

1.2DL + 1.6LL = 1.2(3+0.5) + 1.6(1.25) = 6.2 KN/m?2 (Control)

# The analysis of the Dome: -

a’ = (a — 8)? + 202 om0 sem
a’? = a® + 64 + 16a + 400
a-8 a
16a =464 - a=29m a
. i1 (20 _ o 44
The angleis @ = sin (29) = 43.60
-Ny ( Circumferential force ) = =W a cos(®) + 1+Z:(®)
. g _ Wa
-N, (meridional force) = Treos®)
(-) sign refer to Compression
0] Ny N,
0 -89.9 -89.9
15 -82.22 -91.46
25 -68.64 -94.32
43.6 -25.92 -104.28

The meridional force is Compressive along the meridian of the dome, increasing from the apex to the
to the bottom of the dome, the circumferential compressive force near the crown, decreases gradually

with the increase of @ and changes sign, because @ < 51.82° the circumferential force is compressive
while the ring beam is tensile (T) for all.

i i : 89.9
# The diagram of the internal forces is: - 89.9
104 28 25 92
Meridianl Circumferential
force force
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# Calculation the Bending moment:

- X =06+vat=06 v29x0.12=1.12m

M T W, X2  62x1.122
Negative Moment - M = ”2 =———""—=389KN.m
R o Negative M  3.89
Positive Moment > M = 7T = 7T =0.52KN.m

By Robot Structural Analysis: -

# Design the reinforcement for Dome.
In the direction of meridional.
d=120-20-10/2 =95mm, f = 24 Mpa, f, = 420 Mpa

Mu _ 3.89x10° Fy 420

Ry = @bdz ~ 0.9x1000x9 2 = 0.479 Mpa ym = 0.85 F,. - 0.85 x 24 = 20.59
1, | _2Rwm) _ 1 [, 2x0479x2059\ .,
P=m 7| T 2059 420 = LixAx

As = pbd = 1.154x 1073 x 1000 x 95 = 109.65 mm?
Ag min = 0.0018bh = 0.0018 x 1000 x 120 = 216 mm?
Ag = 109.65 mm? > AS i = 216 mm*  — Not ok
Take AS min = 216 mm?

Use 3¢ 10 /m or 10/30 cm with Ag = 235.62 mm? > As ., = 216 mm*  — ok

130



Step (s) is the smallest of:

1. 3h=3x120 =360 mm

2. 450 mm

280 280
3. s =380 (f—) —2.5C, = 380 (%> —2.5-20 = 330 mm
4. s =300 (Zfﬂ) =300 (&) =300mm control

S =300mm < Sja = 300 mm — ok
In the direction of circumferential (minimum)
Ag min = 0.0018bh = 0.0018 x 1000 x 120 = 216 mm?
Use 30 10 /m or $10/30 cm

4.17 Analysis and design of ring beam.

# Transfer loads on ring beam
Horizontal Force on ring beam - W = N, Cos(®) = 104.29 x Cos(43.6) = 75.52 KN /m
T=Wr=7552x20=1510.5KN

3
Ag = —— = 222210 — 3996 mm? , use 16018 with A; = 4071.5 0mm? > AS oq = 3996 mm?
0.9 fy 0.9x 420 ’

With beam 100 x 25 cm
Vertical Force on ring beam » W = N, Sin(@) = 104.29 x Sin(43.6) = 71.92 KN/m

Another Method to find vertical load P =2maHWu=2xmx29x8x 6.2 =9038 KN

9038

Load per unit meteronringbeam=P/2nr = =7192K N/m
2xmx20

71.92
tan(43.6)

Another method to find horizontal load = Vertical load per unitarea/tan @ = = 75.52 KN/m
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Analysis ring beam by manual method

Table 21.1 Force Coefficients of Circular Beams

Number of Supports,n 0= % K, K, K, a® for T, (max)
4 90 0.215 0.110 0.0330 19.25
5 72 0.136 0.068 0.0176 15.25
6 60 0.093 0.047 0.0094 12.75
8 45 0.052 0.026 0.0040 9.50
9 40 0.042 0.021 0.0029 8.50
10 36 0.034 0.017 0.0019 7.50
12 30 0.024 0.012 0.0012 6.25
Negative moment at any support = K, w,r’ (21.7)
Positive moment at midspan = K,w,r* (21.8)
Maximum torsional moment = K;w“r2 (21.9)
Number of supports = 12 supports ~ 100 cm 7
Assume the dimension of ring beam \
]| 25em
L-Section 1x0.25+0.55x0.5=0.525 m?
The self-weight of ring beam is 0.525x25 =13.125 KN/m 80 cm —1
The factored self-weight = 13.125x1.2 =15.75 KN/m
W, = 15.75+71.92 = 87.67 KN/m D —stam —y

Negative Moment at any support = K;W,r? = 0.024 x 87.67 x 202 = 841.632 KN.m

Positive Moment at midspan = K, W, r? = 0.012 x 87.67 x 20%> = 420.816 KN.m

Maximum torsional Moment = K;W,r2 = 0.0012 x 87.67 x 20%> = 42.0816 KN.m

.B,(Loads on each Column ) = W,r (27”) =87.67x20x (i—’;) = 918.078 KN

. P, 918.078
V,(Maximum Shear force ) = 7“ =
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# Analysis Ring beam by Robot Structural Analysis.

Moment (-Ve 812.55, +Ve 390.06 KN.m) Shear (458.46 KN)

Torsion (44.61 kN.m)
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# Analysis Ring beam by Atir Beamd.

L span

2nr

2xmx 20

~ (No of supports) -

12

=1047m

BEAMD

Reinforced Concrete Beam Design

Moment/Shesar

Envelope (Factored)

Units:kN, meter

Moments: spans 1to 1
-800.9 -800.9
2.22 ' L
' ! 2.22
4004
524 L 523
I T 1
Shear
-459.
!
1
459.
Reactions
Factored t i
DeadR 45895 458.95
LiveR 0. 0.
MaxR 458.95 458.95
MinR 458.95 458.95

Used the values by manual analysis
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# Check if the depth of the compression block within the thickness of the flange.

Let a = hy, then compute M, ; the total moment capacity of the flange.

Myy = 0.85 f/bhy (d — L) =085 x 24 x 1000 x 250 (740 — %) = 31365 KN.m

_ 841632
0.9

M,; = 3136.5 KN.m >> % =93516KN.m - a<h

The section will be designed as rectangular section with b = 1000 mm

# Check of the section as doubly.

Assume bar diameter @20 for main positive reinforcement.
dp 20
d = h — cover — dgtirrup -5 = 800 — 40 — 10—7= 740 mm

The width of the ring Beam can be defined from the maximum factored moment.
The maximum factored moment in ring beam M,, = 841.632 KN.m
Take @ = 0.9 for flexure as tension — controlled section.

Assume p = 0.4 p, , Take f; = 0.85(f. = 24 Mpa)

_ 085 L 000 )\ _pgsx it 085< 600 )—00243
Po =085 % P\ Goo v 7, ) = 08 120 * 0% (o0 + 420/ =%
p=04p,=04x0.0243 = 0.009714
pm 0.009714 x 20.59
Ro=pfy (1- 2—) = 0.009714 x 420 x (1 - - ) = 3.67 Mpa
2 M, _ 841632 _ 2 841,632 x 1000000
ba® = OR,  09x3.67 bx740° - b= 0.9 x3.67 x 7402 465.32 mm

Usually in construction the maximum width of the beams is 120 cm. Here, take b = 50 cm and no need
to recalculate the loads acting on the beam.

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

Maximum nominal moment strength from strain condition &, = 0.004

3 3
C= 7d =7 x 740 = 317.14 mm B = 0.85

a=Cpy =317.14x0.85 = 269.57 mm
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269.57

a
My max = 0.85fc'ab (d = 5) = 0.85 x 24.x 269.57 x 500 x (740 - ) — 166411 KN - m

¢ = 0.82
M, = 841.632 KN.m < ¢My pmar = 1664.11 x 0.82 = 1364.568 KN.m

_ Mu _ 841632 x105 K 420

Ry = @bd2 ~ 0.9x500x 7402 3.42 Mpa m = Jss F,  0.85x24 20.59

RO A N 2x342x2059\ oo
- |~ 2059 420 -
Agmin = pbd = 0.00897 x 500 x 740 = 3651.9 mm?
Check for As jin

Jfc 1.4
As pin = 0.25 Fbwd = Ebwd
AS pin = 0.25 ‘/;?bd = 025x 2 x500x 740 = 1078.94 mm?
14 14 _ 2

AS pin = —b,d = — x 500 x 740 = 1233.33 mm — control

' fy 420
Ag = 3651.9 mm? > As i = 1233.33 mm? — ok

Use 15¢18 with Ag = 3817.04 mm? > As o = 3651.9 mm? — ok

Check for strain:

f
a= As Y — S81704 %420 — 157.17 mm , C= 2 = 77 184.91 mm — where: B1=0.85
0.85fLb  0.85x24x500 B1 0.85
g = 0.003(d—c) _ 0.003 x (740 - 184.91) — 0.009 > 0.005 ok

c 184.91

Design the maximum positive moment.

Maximum positive moment M,, = 420.816 KN.m =

_ Mu _ 420816 x10° _ _ B 420 _
Rn = @bd2 ~ 0.9x500x 7402 1.71 Mpa M = U85 Ussxzi 20.59
i RRem)_ 1 (L 2217122059\ _ o
P m fm | 2059 420 -

Agmin = pbd = 0.00426 x 500 x 740 = 1575.5 mm?
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Check for As in

Jie

1.4
As,min: 025f—b dZ f b d
y

AS min = 0.25 ‘/f_cbd = 0.25 X r 5 X 500 x 740 = 1078.94 mm?
1.4 1.4 2
AS pin = —b,d = — x 500 x 740 = 1233.33 mm — control
: fy 420
Ag = 1575.5 mm? > As i = 1233.33 mm? — ok

Use 8916 with Ag = 1608.5 mm?® > As .o, = 1511.89 mm? — ok

Check for strain:

_ Asfy _ 1608.5x 420 a _ 6623

— = =66.23mm , c=—= —=77.92 mm — where: B1 =0.85
0.85 /b 0.85x 24 x 500 B1 0.85

_0.003(d—c) __ 0.003 x (740 - 77.92)
s c - 77.92

= 0.0255 > 0.005 ok

Check for bar placement:

b — 2(cover) — dg; — No. (0 500 — 2x40 — 2(10) — 8(16
dy = ( )Nosi‘;””’s ® _ 7( ) =806 _ 3586 > 25> 16 ok

# Design of Beam for Shear.

The maximum torsional moment is T, = 42.0816 KN.m and it occurs at an angle a = 6.25° from the
support, Shear at the point of Maximum torsional moment is equal to the shear at the support minus
W,, ra and the Maximum shear at the Support is 459.039 KN

6.25
V, = 459.039 - 87.67 x 20> = 267.77 KN
¢V = ¢=\fe byd = 0.75-V2% x 500 x 740 = 22658 KN , ¢V, = 113.3 KN

1 , . . .
§¢Vc < ¢V, <V, — Shear Reinforcement is required minimum

Check the section dimensions:

v, 267.77
VS = —_— — c =

o 0.75
Vimax = =y/f¢'byd = =V2% x 500 x 740 = 1208.4 KN

—302.11 = 5492 KN

Vs max = 1208.4 > Vs = 54.92 KN — the section is large enough
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Cases for shear: -

Case (I): V, <

N |-

¢V, = No shear reinforcement is requried .

Case (II): %d)VC <V, £V, - Minimum shear reinforcement is required ( A, nin ) except (in
AC).

Case (I): @V, < V, < (V. + Vg min) - Minimum shear reinforcement is required ( Ay min )

Apmind f; . . 1 1
Vsmin = ———2% — then Vg i, is the maximum of V,in = =V f¢'byd and Vsmin = S by,d.

d
Then Spu < 600mm  or S SE

Case (IV): ¢V, + Vsmin) <V < @V + Vg ) — stirrups are required

V., 1 - Ay df,
Vsmin S Vs < Vg = VSZE_]/C - Vs’:§ bewd&Vs:?

d
Then Spax < 600mm  or Spax SE

Case (V): ¢(V. + Vg ) <V, < (V. + Voimax ) — Stirrups are required

Vu 1 7 _ 2 7
Vo < Vs < Vimax — Vs:;_Vc - VS,:E fc'byd &Vs,max_g fc'byd & Vs

_Avdfy

A

Then Spax <300mm or Spex <

1 - 1
Vs min, =Te fc'b,d =E\/24x500x740 = 113.29 KN
1 1
Vs min = §bwd =3 x 500 x 740 = 123.33 KN — control
1 - 1
Vg = 3 fc'b,d = §V24x 500 x 740 = 604.21 KN

2 2
Vomaz = 5/fc'bwd = §\/24 x 500 x 740 = 1208.41 KN

Find the maximum stirrups spacing for 257.84 KN:

1
Vi < 50V > 267.77 <1133 Notok
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~pV, <V, < ¢V, - 113.3 < 267.77 < 22658 not ok

OV, <V, < ¢V + Vs min) = 226.58 < 267.77 < 319.08 ok use case IlII,, Minimum shear
reinforcement is required.

Compute the stirrups spacing required to resist the shear forces:

Use stirrups @8 with 4 leag Av = 4-50.27 = 201.08 mm?

. Ay mind fy LS = Apmind fy _ 201.08 x 740 x 420

Ve . = = = 506.74
s/min 3 Vomin 123.33 x 1000 mm
d 740
Then Spax <600mm  or Spex < 2= < 370 mm control

Take 2U-shape 4 leg stirrups @ 8 at s = 300 mm < S;,4, = 370 mm

. Ay mi 201.08
For one stirrup every S = =2t = =—— = (0.1676 mm?/mm
4 S 4 x 300

4.18 Design the Ring Beam for torsion: -

# Torsional reinforcement is required when: -

The procedure for calculate of the shear and torsional moment for T,, = 42.0816 KN.m and V,, =
267.77 KN is

A 2
T, > T, = 0.083 ¢,/fc’ ( PC” )

cp

It shall be permitted to neglect torsion effects when the factored torsional moment is less than T,

Where A, = Area enclosed by out side perimeter of concrete cross section (mm?)
P, = Out side perimeter of the concrete cross section (mm)

Take ef fective width for flange Hw =< 4hf ,4hf = 0.55m

Acp for L—section = Web area (Bwh) + area of effective flange = (0.5x0.8 + 0.55x0.25) x10° = 537500
mm?

P, = (2x0.5 + 0.8 + 3x0.55 + 0.25)x1000 = 3700 mm

5375002
3700

T, > T, = 0.083 x0.75 V24 ( )xlO‘6 = 23.81 KN.m - There is a torsion
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# Design for a torsion: -

# Check the adequacy of the size of the section.

the cross-section dimensions shall be for solid section equal to.

4 TuPh v % _ ;
(G, 2"+ G 21 < 805 5= 066Vfc)

Choose 4 stirrups and concrete cover 4 cm.

Calculate A,y , Py

A,n =(500—80-8) x (800 — 80 —8) =412 x 712 = 293344 mm?

Pp, = 412x2 + 712x2 = 2248 mm

A,p > area of closed by centerline of the outer most closed transverse torsional reinforcement

Py, > Perimeter of centerline of outer most closed transverse torsional reinforcement.

Where shall be determined by analysis except that it shall be permitted to take A, equal to 0.854,;,

And it shall be to take @ equal to 45 for non-prestressed.

Y )2+< (I )2]0_5 _ (28777 1000, (42.0816 x1000 x 2248
) 105 =

2
05 = 0.7237
G, d 1.74,, 500 x 740 1.7(293344)2 ) ]

302.11x 1000
500 x 740

v,
¢ ( 54 0.66 fc’) = 0.75 ( + 0.66x/ﬂ) =3.037
w

The Right side is larger than the left side, so the dimension is adequate

# Determine the required closed stirrups dueto T, .

_240Acfy

T, 5 ot(@).

Where A; > area of one leg of a closed stirrups resisting torsion within a distance S (mm?)
fyv > yield strength of closed stirrups (Mpa)

A, = 0.854,, = 0.85 x 293344 = 249342.4 mm?

42.0816
x1 ©

A T
£ = z = 0.75 = 0.2679 mm?2/mm
s 2 fyp Ao cOt(®) 2 x 420 x 249342.2 cOt(45)
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the combined area of stirrup reinforcement for shear and torsion
=(4, + 24,) = (0.1676 + 2x0.2679) = 0.7034 mm?/mm

Where torsional moment reinforcement is required, the minimum area of transverse closed stirrups
b 5
shall be computed by (4, + 24,) < 0. 062\/f_c wS . 035 wS

= fyw

Where A, — area of shear reinforcement within a distance S or area of shear reinforcement
perpendicular to flexural torsion reinforcement within a distance S for deep flexural member (mm?)

A, — area of one leg of a closed stirrups resisting torsion within a distance S (mm?)

0.35x500
420

0.7034 mm?/mm > 0.417 mm? /mm ok

500
< 0.062\/24m = 0.362 mm?/mm < = 0.417 mm?/mm

For No. 4 of stirrups 4 ¢$8 = 201.06 mm?

The spacing of closed spacingis S = 201.06/0.7034 = 285.84 mm

The spacing of transverse spacing of stirrups not exceed the smallest of % = 281 or 300 mm

Use 4¢8/25 cm

# The additional longitudinal reinforcement bars required for torsion not less than

fyv

Al Atph( )COt@Z

A . . . A
?t take from shear reinforcement in torsion ?t = 0.2679 mm?/mm for one leg

A =%p, (?) cot@? = 0.2679x2248x (1= ) xCot(45)? = 602.2392 mm’
yl
Minimum Torsional reinforcement

A minimum area of torsion reinforcement shall be provided in all regions where the factored torsional

e > Acp®
moment T,, exceed the values specified T, = 0.083 ¢./fc (i)

When the torsional reinforcement is required, the minimum total area of longitudinal torsional
reinforcement shall be computed as

0.42/fc'Acp At (fyv) At 0.175by,
Apin = 22— (2) p Where (%) < &>
Lmin fyi S h Fyi S fyv

0.175x500

2 <
0.2679 mm*/mm < 220

= 0.208 mm?/mm
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0.42+24 537500
L,min = 420

420
—(0.2679)x2248x (E) = 2030.96 mm?

The minimum longitudinal reinforcement is not less than the value of 602.2392 mm?

Use A reugirea = 2030.96 mm?with one-third at the top, one-third at middle, and one-third at the
bottom

at the top = 2030.96/3 + 3651.9 =4328.89 mm?
at the bottom = 2030.96/3 +1575.5 = 2252.5 mm?

at middle = 2030.96/3 =676.99 mm?

Locations Area of steel (mm?) Steel Required area (mm?)
Top 4328.89 - In Detailing
Middle 676.99 In Detailing
Bottom 22525 In Detailing

Notes:

% the longitudinal reinforcement required for torsion shall be distributed around the perimeter of the
closed stirrups with a maximum spacing of 300 mm.

+* there shall be at least one longitudinal bar in each corner of the stirrups.
+* bars shall have a diameter at least 1/24 of the stirrup spacing, but not less than @10
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# Analysis and design of ring beam at the middle of column.

Analysis ring beam by manual method

Table 21.1 Force Coefficients of Circular Beams

Number of Supports,n  6=2% K, K, K, a® for T, (max)

4 90 0.215 0.110 0.0330 19.25
5 72 0.136 0.068 0.0176 15:25
6 60 0.093 0.047 0.0094 12.75
8 45 0.052 0.026 0.0040 9.50
9 40 0.042 0.021 0.0029 8.50
10 36 0.034 0.017 0.0019 7.50
12 30 0.024 0.012 0.0012 6.25

Negative moment at any support = K, w,r* (21.7)

Positive moment at midspan = K,w,r? (21.8)

Maximum torsional moment = K_;u'ur2 (21.9)

Number of supports = 12 supports

Assume the dimension of ring beam, Section 0.5x0.5=0.25 m?
The self-weight of ring beam is 0.25x25 =6.25 KN/m

The factored self-weight = 6.25x1.4 =8.75 KN/m

W, =8.75 KN/m

Negative Moment at any support = K;W,r? = 0.024 x 8.75 x 20> = 84 KN.m
Positive Moment at midspan = K,W,r? = 0.012 x 8.75x 202 = 42 KN.m
Maximum torsional Moment = K;W,r? = 0.0012 x 8.75 x 202 = 4.2 KN.m

.B,(Loads on each Column ) = W,r (27”) =8.75x20x (i—;r) = 91.63 KN

Py, _ 91.63

V,(Maximum Shear force ) = - =— = 45.815KN
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# Analysis Ring beam by Robot Structural Analysis.

Moment (-Ve 81.10, +Ve 38.93 KN.m) Shear (45.76 KN)

Torsion (4.45 kN.m)
I o ———
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# Analysis Ring beam by Atir Beamd.

2nr

2xmx 20

L span =

~ (No of supports) -

12

=1047m

BEAMD

Reinforced Concrete Beam Design

Moment/Shesar

Envelope (Factored)

Units:kN meter

Moments:

spans 1to 1

-79.9

2.22

-79.9

2.22

5.24

40.

523

Shear

-45.8

458

Reactions

Factored

DeadR
LiveR
MaxR
MinR

45.81
0.
45.81
45.81

45.81

45.81
45.81

Used the values by manual analysis
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# Check of the section as doubly.

Assume bar diameter @20 for main positive reinforcement.

dp 20
d = h — cover — dgtirryp -5 = 500 — 40 — 10—7= 440 mm

The width of the ring Beam can be defined from the maximum factored moment.
The maximum factored moment in ring beam M,, = 84 KN.m
Take @ = 0.9 for flexure as tension — controlled section.

Assume p = 0.4 p, , Take f; = 0.85( f, = 24 Mpa )

_ 085 L S 085( 090 )—00243
Po =085 % P\ Goo v 7, ) = 08 120 * 0% (o0 + 220/ =%

p=0.4p, =04x0.0243 = 0.009714

pm 0.009714 x 20.59
Ro=pf (1- 2—) = 0.009714 x 420 x (1 - - ) = 3.67 Mpa
ba? = = 2 _py4402 5 p = 22100000 _ 9371 86mm

O Ry 09 x 3.67 0.9 x 3.67 x 4002

Usually in construction the maximum width of the beams is 120 cm. Here, take b = 50 cm and no need
to recalculate the loads acting on the beam.

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

Maximum nominal moment strength from strain condition &, = 0.004
3 3
C= 7d=7x440= 188.57 mm p1 = 0.85

a=Cp, =18857x0.85 = 160.29 mm
160.29

a
My max = 0.85fc'ab (d — E) = 0.85 x 24 x 160.29 x 500 x (440 - ) = 588.35 KN -m

é = 0.82
M, = 84 KN.m < ¢pM, mar = 588.35 x 0.82 = 482.45 KN.m

_ Mu _ 84 x10° _ B 420 _
Ry = @bd2 ~ 0.9x500x 4402 0.964 Mpa m = Gss F,  085x24 20.59
_ 1- |1 2Rym\ 1 1 2x0.964x20.59) 0.00235
P m fm | 2059 420 -
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Ag min = pbd = 0.00235 x 500 x 440 = 517.5 mm?

Check for As in

Jfc 1.4
As pin = 0.25 Fbwd = f_bwd
y

AS min = 0.25 @bd = 0.25x V24 x 500 x 440 = 641.53 mm?
’ fy 420

2p,d = == x 500 x 440 = 733.3 mm? — control
fy 420

AS min =
Ag =517.5mm?* > AS i = 733.3 mm? — not ok

Take AS i = 733.3 mm?

Use 10912 with Ag = 1130.97 mm? > As o, = 733.3 mm? — ok

Check for strain:

As f, 1130.97 x 420 a 46.57
a = Y — =46.57mm , c = — = —— = 54.8 mm — where: B1 =0.85
085.b  0.85x24x500 B, 085

_0.003(d—c) __ 0.003x (440 -54.8)
c 54.8

= 0.0211 > 0.005 ok

N
Check for bar placement:

b —2(cover) — dsiirrups — No.(®) 500 — 2x40 — 2(10) — 10(12)

No.-1 9
> 12 ok

d, = =31.11 > 25

Design the maximum positive moment.
Maximum positive moment M,, = 42 KN.m
the AS min = 733.3 mm? is the control

Use 10912 with Ag = 1130.97 mm? > As o = 733.3 mm? — ok

# Design of Beam for Shear.

The maximum torsional moment is T, = 4.2 KN.m and it occurs at an angle a = 6.25° from the
support, Shear at the point of Maximum torsional moment is equal to the shear at the support minus
W, ra and the Maximum shear at the Support is 45.815 KN
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6.25
V, = 45.815 - 8.75x ZOEH = 26.73 KN

¢V, = ¢=\/fe byd = 0.75-V2% x 500 x 440 = 134.72KN , ¢V, = 67.36 KN

oV, > d)%VC >V, = no Shear Reinforcement is required ,use the minimum

1 1
Vs min, = 16 fc'by,d = R\/ZL} x 500 x 440 = 67.36 KN

1 1
Vs min = §bwd =3 x 500 x 440 = 73.33 KN — control

Compute the stirrups spacing required to resist the shear forces:
Use stirrups @8 with 4 leag Av = 2 -50.27 = 100.54 mm?

y_Aumindfy o Avmind fy _ 10054 x 440 x 420
S,min S Ve min 73.33x 1000

= 253.37 mm

d 440

Then Spax <600mm  or Spe < 5= 5 = 220 mm control

Take closed stirrups -shape 2 leg stirrups @ 8 at s = 200 mm < S, = 220 mm

Apmin __ 100.54

= = 0.25135 mm?/mm
25 2x200

For one stirrup every S =

# Torsional reinforcement is required when: -

The procedure for calculate of the shear and torsional moment for T,, = 4.2 KN.mand V,, =
45.815 KN is

A 2
T, > T, = 0.083 ¢/fc’ ( PC” )

cp

It shall be permitted to neglect torsion effects when the factored torsional moment is less than T,
A, for L—section = 0.5x0.5x10° = 250000 mm?

P, = (4x0.5)x1000 = 2000 mm

2500002
2000

T, > T, = 0.083 x0.75 V24 ( )xlO‘6 = 9.53 KN.m - There is a torsion
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# Design for a torsion: -

# Check the adequacy of the size of the section.

the cross-section dimensions shall be for solid section equal to.

4 TuPh v % _ ;
(G, 2"+ G 21 < 805 5= 066Vfc)

Choose 4 stirrups and concrete cover 4 cm.

Calculate A,y , Py

A,n =(500—80-8) x (500 — 80 —8) =412 x 412 = 169744 mm?

P, = 412x4 = 1648 mm

Where shall be determined by analysis except that it shall be permitted to take A, equal to 0.854,;,

And it shall be to take @ equal to 45 for non-prestressed.

(Jyzy (TP *os _ 2673 x 1000, (4.2 x1000 x 1648
b, d 1.74,,> 500 x 440 1.7(169744)2

179.630 x 1000
500 x 440

2
) 195 = 01215

qb( Ve +0.66 fc') = 0.75 ( + 0.66m) = 4.05

b, d

The Right side is larger than the left side, so the dimension is adequate

# Determine the required closed stirrups dueto T, .
24, At fyw

ne S

A, = 0.854,, = 0.85 x 169744 = 144282.4 mm?

cot(Q).

6
At Tn o75* 1

S 2fyy 4o cot(®)  2x 420 x 144282.4 cot(45)

= 0.0462 mm?2/mm

the combined area of stirrup reinforcement for shear and torsion

=(A, + 24,) = (0.25125 + 2x0.0462) = 0.34365 mm?2/mm

Where torsional moment reinforcement is required, the minimum area of transverse closed stirrups

shall be computed by (4, + 24,) < 0.062\/ﬁbfw_5 < 0.3;, wS
yv yv
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500 0.35x500
< V24— = 2 —_—
0.062 420 = 0.362 mm*/mm < 220

0.34365 mm?/mm < 0.417 mm?/mm  not ok

= 0.417 mm?/mm

For No. 2 of stirrups 2 ¢$8 = 100.53 mm?
The spacing of closed spacingis S = 100.53/0.417 = 241.079 mm

The spacing of transverse spacing of stirrups not exceed the smallest of % = 206 or 300 mm

Use 2¢08/20 cm

# The additional longitudinal reinforcement bars required for torsion not less than

fyv

4, =2 Py )cotq)Z

A . . . A
?t take from shear reinforcement in torsion ?t = 0.0462 mm?/mm for one leg

fyv

A
Al n Ph (fyl

)cot(Z)Z = 0.0462x1648x ( )xCot(45)2 = 76.1376 mm?

Minimum Torsional reinforcement

the minimum total area of longitudinal torsional reinforcement shall be computed as

Apmin = 24207 Aep _ (ﬂ) Py (fyv) Where ('Zt) < 2170w

fyt S fyi Fw
0.175x500
0.0462 mm? /mm < 0 - 0.208 mm?/mm
0.42 24 250000

420
.= — — 2
Lmin 220 (0.0462)x1648x (42()) 1148.62 mm

The minimum longitudinal reinforcement is not less than the value of 76.1376 mm?

Use A reugirea = 1148.62 mm?with one-third at the top, one-third at middle, and one-third at the
bottom

at the top = 1148.62/3 + 733.3 =1116.17 mm?
at the bottom = 1148.62/3 +733.3 = 1116.17 mm?

at middle = 1148.62/3 =382.87 mm?
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Locations Area of steel (mm?) Steel Required area (mm?)
Top 1116.17 10012 1130.97
Middle 382.87 4012 452.39
Bottom 1116.17 10012 1130.97

Design of Column

The length in the X direction is L = 4.65 m, And the length in Y direction is L=2.48 m

The factored Load from L-section Ring Beam is 919 KN and the Factored load form Square ring beam is
92 KN, and the Factored self-weight of Column is

nr?xHeight x Density = mx 0.25 x 0.25 x 4.65x 25x 1.2 = 28 KN
Total Factored Load = 919 + 92 + 28 = 1039 KN

6. Check for Slenderness:

%s34—12(%)s40

2

(%) = 1.0 Braced frame with M,;,
2
k = 1.0 — for columns in nonsway frames .

kL,

—<34-12(1.0) = 22 < 40

klye  1.0x5.65
r.  0.25x0.50

kly — 1.0x248
r,  0.25x0.50

=45.2 > 22 ,Long column for bending about x — axis

= 19.84 > 22 ,Short column for bending about y — axis

7. Calculate the minimum eccentricity e,,;, and the minimum moment M,,;, :
emin.axis = (15 + 0.03h) = 15 4+ 0.03x500 = 30 mm
P, =1.2dl + 1.6ll = 1.2x649.375 + 1.6x162.344 = 1039 KN
Min —axi = €minaxis¥P, = 1039 x 0.03 =31.17 KN.m

3.. Compute ET :

E. Ig
1+ﬁdns

4 4
, E. = 4700/f7 = 4700xv/28 = 24870 Mpa, I, = o = X220 = 3,068 x 10° mm*

El = L
64 64
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1.2 DL (sustained ) 1.2x649.375 Ecl 24870 x 3.068
= = 0.75,EI = g = =

Bans = 12DL+1.6 LL  1.2x649.375+1.6x162.344 1+Bans 1+0.75
43600.67 KN.m?

4.. Determine the Euler buckling load, P, :

_ m2El _ m?x43600.67
T (k)% (1x5.65)2

P. = 13480.19 KN

5.. Calculate the moment magnifier factor g, :

M
Cp=06+04 (—1) = 0.6+ 0.4x1 = 1.0
M,
Cn 1.0
8 = = R =1.115> 1.0
—_—u —
1-575e 1-075x13480.19

Normally, if §,,; exceeds 1.4, a larger cross section should be selected.
The magnified eccentricity and moment:
€ = eminXOns = 30.0x1.115=33.45 mm
M, = 8,sMpin = 1.115x31.17 = 34.74 KN.m
The magnified moments are less than 1.4 times the first-order moments, as required by ACI Code 2014
e Compute theratioe/h:

e/h = 33.45/500 = 0.0669

O My,
bh2

. . P .
To construct % the line, take value 0.0669 on axis and value 1.0 on % axis.

e Compute the ratio y:

y - the ratio of the distance between the centers of the outside layers of bars to the overall depth of
the column. Assume @25 for bars.
_d—d’_500—2x40—2x10—25_

y = A 00 = 0.75

Using the interaction diagram trying p, = 0.023 :

0.89 x T x 250 x 250

Pux _ 89 P,y = = 1205.2 KN
Ag : 1000 x 0.145

dimensions: D = 500 mm, and p, = 0.023
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Use interaction diagrams

1.C

o C-4-60-0.75
' fo=4ksi h
f, = 60 ksi Yh
b y=075 |1
35
P
| ‘
3.0 K I
b elh ]
/ N\ - P 4
y k &
25 > -
\ A
A /T N\ 0
2 20 NP — =
oé‘le = =l 01.4 =
- |
s =05 X o/h = 0.5
A - C
—A N efh = 0.77
Comp. Cont. X
1.0 bt
e/h =
05 - Cont =5 \
= \
1 ] ~
] " -
0 05 0.8
oM,

Select the reinforcement:

Age = pgx Ay = 0.023 x  x 250 x 250=4516 mm?

Use 15@20 with 4712.4 > 4516 ok

Design of spiral reinforcement: -

Use Spiral 10 With a;, = 78.54 mm?2.

nD? _mx 5002

D., = D — 2Cover = 500 — 2x50 = 400 mm
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= nDep” T x 4002
ch — 4 - 4

_ 045<Ag )fc’ _ 045 <196349.5408 1) 28
Ps = %\, fye  \125663.7061 420

 (4ay(Dep — )\ (4x78.54(400 ~10)
Ps = D2 = S(400)2

= 125663.7061 mm?

= 0.016875

) = 0.016875 - S =45.379 mm

Take S = 50 mm
Check for code requirements
1. Clear Spacing between longitudinal bars.

Diameter of centroidal circle of bars = 500 — 2x50 — 2x10 — 20 = 360 mm

T x 360—15x2

e = 554 mm > 40mm > 1.5d;, = 1.5x20 = 30mm ok

Clear spacing =
2. Gross Reinforcement ratio
0.01 < p;, =0.023< 0.08 ok
3. Number of Bars
15 > 6 for circle members enclosed by spirals ok

4. Minimum Spiral diameter @10 ok
5. Clear Spacing for one loop Clear spacing =S —dy, =50 — 10 = 40 mm

25mm <40 mm < 75 mm ok

Design of Isolated footing.

This report includes the results of the laboratory tests results and recommendations to choose the
type and depth of foundations.

“For shallow foundation, the bearing capacity calculations from shear test results using conservative
values are 3.2 and 2.9 kg/cm? for isolated and strip footings respectively at a minimum depth of -2.0

I “"

meters from current ground level. “allowable bearing capacity of the soil for isolated footing is 314

KN/m? for minimum depth of 2 meter below the ground level.
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Determine the base area and overall thickness.

Determine the base area and overall thickness for a square spread footing with the following design
conditions:

Service Dead load DL = 649.375 KN and service Live load LL = 162.344 KN.

Assume Service surcharge 5 KN/m?, , Permissible (allowable)soil pressure q, = 314 KN/m?

Soil density Yoy = 16 KN/m3
Calculating the weight of footing, soil, and the surcharge floor load:

Assume Rsooring = 60 cm, Wyporing = 0.6x25 = 15 KN/m? W, = 1x16 = 16 KN/m?
Net soil pressure qgper = 314 — 15— 16 — 5 = 278 KN/m?

Required sizes of footing.

Pn _ 162.344+649.375
Qanet 278

A= =292m?2,A=1%> 5L =vVA=+292=1708m ,takeL=1.8m

Depth of footing and shear design.

P, =1.2dl + 1.6ll = 1.2x649.375 + 1.6x162.344 = 1039 KN

1039 ,
Gu = T gz = 320.68KN/m

One-way shear (Beam Shear).

V= qub(;—5—d) =32068x18 (=~ =~ d), Let , = 9V, (8 = 0.75)

2

1 1
=< fc‘bwdzg\/ﬁxwoo:cd

1
=-v24x1800xd —-d=0223m

320.68x1.8<1.8 0.5 d)
6

075 \2 2

Assume cover 75 mm, and steel bars of @20

Generally, the thickness of spread footing is governed by two-way shear. The shear will be checked on
the critical perimeter at d /2 from the face of the column and, if necessary, the thickness will be
increased or decreased. Because there is reinforcement in both directions, the average d will be used:

h=223+75+20=318mm
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take h = 350 mm ,then d =350—75—20=255mm

Two-way shear (Punching Shear).

Let V, = @V, (@ = 0.75)
v, = qu(bl — (h.column + d)(b. column + d)) =

V, = 320.68(1.8x1.8 — (0.5 + 0.255)(0.5 + 0.255) ) = 856.2 KN
500

ﬂ:%:

1.0 ,B = Ratio of long side to short side of the rectangular column

d
b, is perimeter of the critical section taken at— from the loaded area .
by = 2(h.column + d) + 2(b.column + d) = 2(0.5 + 0.255) + 2(0.5 + 0.255) = 3.02m
a, is assumed to be :

e o, =40 for interior columns — control

o o, =30 foredge columns
e o, = 20 for corner columns

the ACI code ,section — allows a shear strength ,V, in footings without shear reinforcement

for two way shear action ,the smallest of

o Vo=:(1+2) 0 fbod - Ve=1(142) 9Jfibod = 0.5 0\/Flbod KN
o V=5 (+2) 0Jfibod > Ve = (B552+2) 9fibod = 0.448 8\/Flbod KN

3.02
o V.=10flbyd > V, =0\/flbod = 0333 \[fIbyd  Control

1 1
v, = §aJﬁbod =3 x1.0xv/24 x3020 x255 = 1257.56 KN

@V, = 0.75X1257.56 = 943.18 > V, = 856.2 KN its OK

The thickness of 35 cm is adequate
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Depth for flexure in long direction.

Critical section I/
Take steel bar of @20 for moment ™~
20
b= 18m,h=350mm,d = 350—75—7= 265 mm
f¢ =24 Mpa,f, =420 Mpa
wl? 0.65
M, = — =320.68x1.8x0.65x——=121.94KN.m Tributary area
2 2 for moment
Mu 121.94 x 10°
Ry = ¢bd2 ~ 0.9x1800x2652 1.072 Mpa

N\

_ Fy _ 420 =20 59
0.85 F,. 0.85 x 24 )
_1(, |, _2Rem)_ 1 [ 222059x1.072\
P = |~ 2059 420 e

As = pbd = 0.00262 x 1800 x 265 = 1249.74 mm?

Ag min = 0.0018bh = 0.0018 x 1800 x 350 = 1134 mm?

Ag = 1249.74 mm? > Asn = 1134 mm?  — ok

Use 12012 with A = 1357.18 mm? > As,.q = 1249.74 mm?*  — ok

Using bars of @12 instead of @20 as assumed before makes the effective depth d larger. So, no need
to check for M,,:

_ 1800 — 75x2 — 12x12

11 = 136.91 mm

Step (s) is the smallest of:

4. 3h =3x350 =1050mm
5 450 mm

280 280

6 s=380 (T) —2.5C, = 380 (z—> —25-75=1925mm  control

s (2)a20

S =13691mm < S,,,, = 192.5 mm ok
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Depth for flexure in Short direction.

Take steel bar of 12
h=400mm,d =350—-75—-12—-12/2 =257 mm

Tributary area
for moment

f¢ =24 Mpa,f, =420 Mpa

wl? 0.65
M, = —=320.68x1.8x0.65x——= 12194 KN.m

2 2
Mu 121.94 x 10°
Ry = ¢bd2 ~ 0.9x1800x25 2 1.14 Mpa
m=—2_=_*0 _7059
0.85F,  0.85x24
i, _2Rem\_ 1 [ 2x2059x 114\ _ o
- |~ 2059 420 -

As = pbd = 0.002795 x 1800 x 257 = 1292.82 mm?

Ag min = 0.0018bh = 0.0018 x 1800 x 350 = 1134 mm?

Ag =1292.82 mm? > AS i = 1134 mm?  — ok

Use 12012 with A; = 1357.18 mm? > As,.q = 1292.82 mm?* — ok

Using bars of @12 instead of @20 as assumed before makes the effective depth d larger. So, no need
to check for M,,:

§= 1800 — 75x2 — 12x12

11 = 13691 mm
Step (s) is the smallest of:
1. 3h=3x350=1050mm
2. 450 mm
3 s=380 (@) —25C, =380 22 )| -25-75=1925mm  control
fs (3)420

S =13691mm < Spa = 192.5 mm ok
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4.19 Analysis and Design of Post-Tension Beam: -

[l ] ] ]
N
N
N
1 [1 [1 [1
Slab design

To design the Solid slab, we need to follow these steps: -

1. Check the thickness of the slab

I _ 5000

The one end continues spanis 5 m hyi, = 2 on 208 mm

I _ 5000

Both end continuous span also ish,;, = %= o8 = 178 mm

We take the h = 210 mm
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2. Load onslab

5.25 KN

DL= 25x0.21%x 1=

Live load=1.5 KN/m?
Snow load =1.42KN /m?

Take the live and dead

Geometry Units:meter,mm

1 2 3 4 5
1 2 3 4
\ \
T A 'l_'&l' A T A T T—
1 4 [ 14 [ 1 4 [ 1
A % A A
0.8 4.2 0.8 4.2 0.8 4.2 0.8 4.2 0.8
— 5 — — —
| : | | |
I I I I
5 6 7 8
5 6 7
— A —— A s A ::[
A A A
0.8 4.2 0.8 4.2 0.8 4.2 0.8
— 5 — 5 F— 5 —
| : | : | : |
I I I 1
210
1000
A-A
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Loading

load group no. 1
Dead load - Service

Units:kN,meter

5.25 5.25 5.25 5.25
5. 5 5. 5
5.25 5.25 5.25
/ /
5. 5 5

Live load - Service

Load factors: 1.40,1.40/1.70,0.00

| | s, | |

L %:oi

%:oi L L %:oi |

5.
Loading
She
-30.1
24.4 -24.7 -26.2 -25.8 -25.5 -27.
-18.9 -20.5 -20.1 -19.8 -21.2 .20.2
4.5
[ 1 1 1 1 1 1 1 1 1 1 1 1 1
I I I I I I I I I I I I I LI}
145
20.2 21.2 19.8 20.1 20.5 18.9
27 25,5 25.8 26.2 247 244
30.1
Moments: spans 1to 7
-27.
21.2 -22.7 -22.7 21.2
. A7. -17. /0 .
157 121 /\11.8  -131 /132 -13.2/} 131 11.8 /\ -12.1 157
I1 2 A | I1 7 | I1 2 I1 39\ | I1' 4\
| | I [ | | | I | |
[ 9.|. |9I' 32:. )/37“ “ /1.752“ H
. 1.13 0.3 0.9 o.sh\ 0.8*7\ 0.9
, / o7l '\ oss N e N o8 12 ,
- 1.2 13.5 12.7 135 1.2 _
20.6 20.6
2 3. | 25 25 | 25 25 | 25 25 | 25 25 | 25 25 3 2. |
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Design of post tension beam:

Stressing Anchorage

Grout tube Local Reinforcement

Multistrand Post-Tensioning System scheme
We chose the property of material

for =35MPaand f.;r = 2800 y. =25KN Fy =420
Dead load from Slab =35.72KN/m

Live load=48.45 KN/m

Section profile of beam :-

The beam flange width is determining as ACI 318-14 section 9.2.4.4

Dead-end Anchorage

(spiral)

b, + (clear transverse span)/2 |

by, + 2 x (clear transverse span) /2 = total trans. span |

by=1{ b,+ 6 h I bg={ but+2(8h) I
b, + €12 I €4 |
| | 2 | | :
[ ™ by | [ = |
QW f r AR \\\\\\\\\\\\\\\\\\\\I ™
|
| \ I
N | & !
. b, , (clear tranv. span)/2 v (clear tranv. span)/2 | by (clear tranv. span)/2 '
" e T f 1
Midspan Midspan
Transverse span Transverse span
¢ = length of beam span (longitudinal span)
44
Reactions
Factored
H +H +HH +HH HH HH HH H
DeadR 14.49 41.67 35.46 37.01 37.01 35.46 41.67 14.49
LiveR 5.7 15.44 14.73 15.03 15.03 14.73 15.44 5.7
MaxR 20.19 57.11 50.18 52.04 52.04 50.18 57.11 20.19
MinR 13.82 47.55 40.16 42.32 42.32 40.16 47.55 13.82
Service
DeadR 10.35 29.76 25.33 26.43 26.43 25.33 29.76 10.35
LiveR 3.35 9.08 8.66 8.84 8.84 8.66 9.08 3.35
MaxR 13.71 38.85 33.99 35.27 35.27 33.99 38.85 13.71
MinR 9.96 33.22 28.09 29.56 29.56 28.09 33.22 9.96
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Interior Beam

245000

b,, = 800mm h, = 800 g
0 3
by, + 2cealrg,q, = 800 + 2 X = 5800mm
b, + 8hy =800 4+ 8 X 210 = 2480 0
[ 20000 5000 R
4= g _oomm
We take be=2450 mm A
T section property
A = 11545 cm?
Igross = 1.1 x 10 mm*
v = 384.95 mm Yp =625.05mm
Flexure Design External moment and stress
Load Type Load (KN/m) wi?/8 Top stress(mpa) | Bottom stress
Dead load slab 29.77KN/m 1488.5 -5.209 8.2
Live load Slab 9.09KN/m 454.5 -1.59 2.58
Weight of beam | 28.86 KN/m 1443 -5.04 8.2
Total 3386 11.839 18.98

The value of excentrecte

e = yb — cover = 625.05 — 40 = 585.05

Design beam as class U design as uncrack section

3.667 X 103 = —

fi = 0.62/f] = 0.62V35 = 3.667

f :_E_P'E Yo Miyp
t A i i

P P -585.05 - 625.05%x 107® 3386 x 625.05 x 1073
11545 x 10—4 1.1 x 1011 x 1012 1.1 x 1011 x 1012

The number of tendon

P = 3716KN
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e P E, % Elongation
Prestressing Steel ksi (MPa) ksi (MPa) ksi (MPa) ||Gauge Length] Relaxation
Low-Relaxation 270 28.500 15 I!S“o @ T0% ?\=1th”
7-Wire Strand Grade 270 0.90 fp” _ ) or
per ASTM A416/416M (1860) (196,500) |24 in. (610mm)] [3.5% @ 80% MUTS]

F, =1860 MPa
ps

Dt = 12 mm At = 113.09 mm?

Assume initial effective force =1860 X .8 = 1488 Mpa

Assume the losses in pre-stress will be 5% Fe=

4 P 3716
PS T E, 1413 x 103
2630

©113.09

1488-75=1413Mpa

2.63 X 1073m? = 2630 mm?

23.25 = 24 tendo

Check allowable mid span stresses at critical load stage

Prestress internal stress at initial

ft:_Aps*fei_l_Aps'fei'e'yt
A I
_ 24x113.09 x1488 24 x 113.09 X 1488 X 585.05 x 384.95
11545 x 104 1.1 x 1011 x 10-°
= 4.77MPA
A *fei As'fei'e':)/t
p = _Ps _p
f A I
_ 24x113.09 x1488 24 x 113.09 X 1488 X 625.05 x 585.05
11545 x 104 1.1 x 1011 x 10-12
= —16.92MPA
Initial load
Load Top stress (Mpa) bottom stress(Mpa)
Dead load -5.209 8.2
Beam weight -5.04 8.2
Prestress load 4.77 -16.92
Total -5.479 -0.52
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Under permanent load

The losses will take

ft:_Aps*fef+Aps'fef'e'Yt
I
_ 24 x113.09 x 1413 24 x 113.09 X 1413 x 585.05 X 384.95
11545 x 104 1.1 x 1011 x 10-¢©
= 4.53MPA
fb _ _Aps *fef _Aps 'fef e Yt
A I
_ 24 x113.09 x 1413 24 x 113.09 x 1488 x 625.05 x 585.05
11545 x 104 1.1 x 1011 x 10712
= —16.07MPA
Load Top stress (Mpa) Bottom stress(Mpa)
Dead load -5.209 8.2
Beam weight -5.04 8.2
Prestress load 4.53 -16.07
total -5.479 0.33

Under Permanent loads

load

Top stress (Mpa)

Bottom stress(Mpa)

Total from previse

-5.479

0.33

Live load

-1.59

2.58

total

-7.1

2.91

Cheek Flexural strength

Factor moment

M, = 1.2Mp + 1.6M; = 1.2 x (1488.5 + 1443) + 1.6 X 454.5 = 4245 KN.m

fi = 0.62./f/ = 0.62V35 = 3.667 > 2.91 0K

Compute nominal moment, ¢ M,,, assuming rectangular

Section behavior. In order to compute¢ MO, the stress in the bonded posttensioning tendons al

nominal strength, fps,
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Table 20.3.2.3.1—Values of y, for use in Eq.

(20.3.2.3.1)
Joyfou Yo
>0.80 0.55
> (.85 0.40
=>0.90 0.28
foy _ 0.9y, =.028
fpu

B, = 0.85 — 0.007(f, — 28) = 0.85 —.007(35 — 28) = 0.801

Asp, 24 x113.09
Pr = "hd T 2450 = 960

= 0.0012

0.28 1860
fos = 1860(1 — W{0.0012 X ﬁ} = 1818.48MPa

2714.16 X 1818.48

@ =585 x35x 2450 _ 0/ 69mm

207.38
¢M,, = 0.9 X 2714.16 » 1818.48 * (960 - T) = 4571 < 4245 KN-m

Check reinforcement limits

Check Strain

L_a_20738
B 08 7
_ 0.003(960 —259.2250) _ o
& = 259.225 - '

Minimum reinforcement
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Check minimum reinforcing:

In order for the amount of prestressed and non-prestressed reinforcement to be adequate. 1he
section must develop a foclored load of al leas! 1.2 M,,;

M F( 4 I ) +fr1
= e — —
- YA Yp
for =0.62\/fc’ = 0.62V35 = 3.667
A = 11545 cm?

I

gross = 1.1 x 101 mm*

Vb, =625.05

1.1 x 10!
625.05 *x 1154500

1154500
625.05

M. =24 x113.09 x 1488 <585.05 + ) + 3.667 *
= 3623.797KM -m
1.2Mcr = 4348.55 < 4571KN - m OK
Shear Design

W, =12(29.84+299)+ 1.6 x9.1 =85

20
V, =85 (7 — .92) =771.8

V. < (0.05\/f! + 4.8)b, d = 3913.55 KN
Vudy
. )bwd

Vud _d(L—2X) _ _ 960(20000 - 2 * 960)

M, X(L-n) " 960(20000 — 960)

V.= (0.05 fl+48

= 0.94

V. = (0.05 V35 + 4.8 * 0.94)800 x 960 = 3692.3 KN

Vo max = 0.42+/f!b,,d = 0.42V35 800 * 960 = 1908.29KN  control

< 771.8KN OK
A 1908.29
o= 075« ——— = 715.608 < 771.8
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We must but the minimum shear reinforcement

Take 2¢8 As = 100mm?

A, 0.062,/f/b,, 0.062x+v35 x800 1
< _ = =—=5=143.13mm
s fy 420 = 100 s
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4.20 Analysis and Design of Mosque (Frame):-

This figure illustrates the structure system that was used

g ‘%%%

Frame 1

drip1
ip3 sip3
2 A n
S £ A
B f - — T =
S
B BT I @ B ] 1@ I I @%

strip 1

Jﬁ3.10 m%&OO m%&OO mﬂ4.50 mLS.SO mj
trip 2
R SUPROEE S

strip 3

E3.1o m%/
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CODE

Table 7.3.1.1—Minimum thickness of solid nonpre-
stressed one-way slabs

Support condition Minimum /™
Simply supported £/20
Omne end continuous £/24
Both ends continuous £/28
Cantilever £/10

MExpression applicable for normalweight concrete and f, = 420 MPa. For other
cases. minimum & shall be modified in accordance with 7.3.1.1.1 through 7.3.1.1.3,
as appropriate.

Check the Slab thicknesses:

] l 3100
Simply supported = 0= 20 - 155 mm
] ] l 5800
one end contionois = o2 = i = 241.66 mm control
] l 4500
both end continous = >3 = ETR =160 mm

We will take the thickness equal to 16 cm and check the deflection requirement as ACI-318-14
code 7.3.2

4.21 Check the thickness of Two-Way solid slab in the mosque: -

Minimum thickness (deflection requirements)

For the Slab of this type the first trial thickness is often taken equal to

__ Panel Perimeter _ 2(6.7)+2(5.93) _ 25.26

ho .
min 180 180 180

=0.14m - hy, =16cm
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Check for the minimum thickness of the Slab:

6.43

Exterior beam: =
h,=34cm <4h=4X16 =64 ok
B 16x(50+34)x(34+12—6)+50x34x32—4 B
Ye = 16 x (50434 )+34 x 50 =28.04cm
I, = (50 +34)x (16 +596)% 34 x5.96° n 50 x 5.963 _ e + o
3 3 3
297649.83 cm* Corner
Panel
Slab section with the exterior beam: o
o (2 +50 x163
Long directionl = 6.7m - I, = ZT =
131413.33 cm*
o (22+50) x 163 .
Short directionl =593 m - [ =~2————=118272cm
_ Iy 297649.83 2265
%= 4 T T 13141333~
_ Iy 297649.83 2517
%2 =9 T T 11272 ©
Y apm  2(2.265) + 2(2.517)
= = = 2.391
Gm ="y 4
arm = 2.391 > 2 The minimum slap thickness will be
fy 420
In(0.8+—=~ 670 x (0.84+——
= ( 1400) = d ;_‘;"") = 15.96 < 16 cm ,The thickness is adequate
36+98 36 +9x s
Take the Slab Thickness equal to h,,;, = 16 cm
Load Calculation:
Dead load from A*y*1 KN /m?
Tiles 23x0.03x1 0.69
mortar 22 x0.03x1 0.66
Coarse Sand 17x0.07x1 1.19
slab 25x0.16x1 4
Plaster 25x0.03x1 0.75
S =7.3 KN /m?

And the Live load from Jordanian code = 3 KN /m?
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Geometry Units:meter

1 2 3 4 5
A . A . A . A . A
A A A A A
0.5 2.6 0.5 2.5 0.5 2.5 0.5 4 0.5 5.3 0.5
| | | | | | | | | | | |
tl 3.1 Cl 3. b 3. b 45 b 5.8 Cl
1 1 1 1 | 1
0.16
1.
A-A
Loading

load group no. 1

Dead load - Service Units:kN,meter

7.30 7.30 7.30 7.30 7.30
M M A/ A A/ \/ ) M A/ i
31 3. 3. 4.5 5.8
Live load - Service Load factors: 1.40,1.40/1.70,0.00
3.00 3.00 3.00 3.00 3.00
N A\ / Vi N A A/ \/ A\ \/ Vi
3.1 3 3 4.5 5.8

Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 5

-50.8
-40.4 33

-16. -12.9 7.7 /
(822199, 75 04 . M5 0496 L N
\ \ I \ 1 \ \ \
k= /1/{!\ /k‘i‘l' t 2.3|2| } f
e J T —— 4 049~ 11.04 !
4. 0/41 01 0.33 1.27

4
12.6 : ' 13.1 : 86

[ I |

124 18 | 165 135 | 15 15 | 203 2471 | 3.48 232 |
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Moment/Shear Envelope (Factored)

Units:kN,meter

Shear
395 433 326 365
-28.9 ~ =os.
-25.1 o 234 208 267
L 1 1 1 1 - 1 1 1 1 1
T T T P T T T T T T LI |
15.8 L/ ‘
197 258 219 253 214 304 263
53.2 49.4
Reactions
Factored
1 Pl 1 1 1 1 [ |
I UL L T T |
DeadR 12.54 35.62 28.87 33.43 63.96 23.84
LiveR 712 19.04 19.82 23.34 32.51 12.63
MaxR 19.66 54.66 48.69 56.77 96.47 36.48
MinR 11.68 42.11 32.37 34.72 74.9 23.11
Service
DeadR 8.96 25.45 20.62 23.88 45.69 17.03
LiveR 4.19 11.2 11.66 13.73 19.12 7.43
MaxR 13.15 36.64 32.28 37.61 64.81 24.46
MinR 8.45 29.26 22.68 24.64 52.12 16.6
Reinforcement (mm2)
Concrete: b300 Main reinforcement fy = 420
Moment redistribution: No
Support moment at: Face
Top Cover 30 I 30 I 30 I 30 I 30
As top = 275* 205* 317 885
*=minimum
As bot= [104 349* 197* 251* 362* 955 286
Bot Cover 30 I 30 I 30 I 30 I 30
ald 0% 4% 3% 2% 2% 3% 4% 4% 14% 15% 0%
As/bd 0.00% 0.27% 0.21% 0.15% 0.16% 0.19% 0.24% 0.28% 0.68% 0.73% 0.00%
Deflections (mm) (Standard)
(ai+at),t2-t1 L/ 2769 L/ 7333 L/ 4844 -L/ 2911
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Geometry Units:meter

1 2
A . A
: A ' A :
0.5 4, 0.5 5.3 0.5
| | | | | |
I I 4.5 I I 5 8 I |
1 1 1
0.16|
1.
A-A
Moment/Shear Envelope(Factored) Units:kN,meter
Moments: spans 1to 2
-49.2
-38.9 37.2
| 1.8611.32 |
f | 1
I t i I } t I
| 1.3111.11 |
5.2 I I ! 7.9
18.1
38.9
1.58 | 2.92 3.48 | 2.32
I I I I 1
Shear
39.3 -42.8 332
-29.7 :
L 1 1 1 1
T T T ]
226 19.1
49.5 46.
Factored

DeadR 13.01

LiveR 9.62
MaxR 22.63
MinR 14.44
Service

DeadR 11.53
LiveR 6.01
MaxR

MinR
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Selecting reinforcement in the structural Drawing (Frame 1 analysis)

Wind calculation:

As Jordanian code the velocity of wind =126 Km/h in location that haven’t Data about wind
velocity =126 Km/h.

As UBC 97 the Hebron is exposure B

P = CeCQCIst
The pressure qs = 0.00256V2
126\°
qs = 0.00256 x (ﬁ) = 15.67 Psf = 0.751 KN /m?
C. = 0.76 exposure B ,Cq =13 I, =1

p=0.751x0.76 x 1.3 x 1 = 0.74 KN /m?
As one Way Slab the Wind Will transfer

. . Wuln
The shear equationis V, = C, ( > )

0.75x 4.5
V, for Frame = 1.15x — = 1.6 KN/m

V,=1x 2222 = 1.7KN/m

The Total loads on the frame = 1.6+ 1.7 +0.61x0.5=3.7KN/m

0 Mg S3fdaklim | [ Max: 0 khim e
-<l / Jax: 189,126 ;T\
i + ax: 0 KN ;‘w.\| J
I p— / | M
o J Max: (336.094 kNm | S ‘
< .y J % ax: -189.274
N e Bl
—_— e
: o I
5 - / | e
[ i ™~
o r ‘: Jax: (189.274 kN[~
| 3 . H 8
< pra Miax: Wli84.075 khim 3 H BV
i H
— f
Max: [349.769 kNin —
I Shear Y
p - o 40488 kN
a4
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Beam 2 analysis Code: ACI318(Ap.C)
Project: Page: 176
Designed by: Date: 18/07/21

Geometry Units:meter

1 2
1
A
— —A—
0.5 5.5 0.5
I I 6. I I
1 1
0.6
0.5
A-A
Loading
load group no. 1
Dead load - Service Units:kN,meter
197.
7.20
3 3
I
Live load - Service Load factors: 1.20,1.40/1.60,0.00

Jes.s

Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 1

48.9 48.9

3. 550.4.76 3.




Beam 2 analysis

Code: ACI318(Ap.C)

Project: Page: 177
Designed by: Date: 18/07/21
Shear
_1 89.2 '1 96-5
-170.6
t t
170.6
196.5 189.2
Reactions
Factored
L 1 1 |
[ T T |
DeadR 144.12 144.12
LiveR 52.4 52.4
MaxR 196.52 196.52
MinR 168.14 168.14
Service
DeadR 1201 1201
LiveR 32.75 32.75
MaxR 152.85 152.85
MinR 1201 1201
Reinforcement (mm2)
Concrete: 5000 Main reinforcement fy = 420
Moment redistribution: No
Support moment at: Face
Top Cover 6
As top =
*=minimum
As bot= [785 2617 785
Bot Cover 6
ald 0% 13% 0%
As/bd  0.00% 0.88% 0.00%
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Analysis and design of Frame 2

Majx: 2. 3 kNm

Max: 2.68e+003 kNm

="
=

lax: 2.21e+003 kNm

oL=120.1

\LLL:Jz 75

OL=120.1

LL=3275
DL=235
L=94

Nm

L=t12 =112
e
DLe25. DL=25.
VNN N
- A
oL=73 DL=73
w21 L2t
Let12 =112
DL=25. =) DL=2s.
(Al o=118 NS
Ouet4 Ormtd Oumt4

WL=37

ax: -393.653 kN
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Design the upper beam on flexure
Design positive moment M,, = 1950 KN - m

Assume bar diameter 928 .
28
d = 1000 — 40 — 10—7= 936 mm
Maximum nominal moment strength from strain condition &, = 0.004
3 3
C= 7d=7x936=401mm B =0.85
a=Cf; =401.12x0.85 =341 mm

a 341
My max = 0.85fc'ab (d — =) = 0.85 x 24 x 341 x 600 x (936 - —) =3194KN -m

2 2
¢ = 0.82
M, = 1995 < ¢M; pax = 3194x 0.82 = 2619 KN.m -Design as singly on positive design
doubly on negative
Design the positive moment on the support = — 1950 KN -m
_ Mu _ 1950x10% Ky 420

Ry = ¢bd?2 ~ 09x600x9362 4.12 Mpa m = Gss F, 085x24 20.59

1 1 1 2Rym\ 1 1 2x412x2059 )\ 0.011071
P=m £ ] 72059 420 -
Ag min = pbd = 0.011071x 600 x 936 = 6220mm?
Check for As ;i

N i 1.4
As,min = 0.25 wad = Ebwd
AS min = 0.25 %bd = 0.25x % x 600 x936 = 1637.mm?
1.4 1.4 2
AS pin = —b,,d = — x 936 x600 = 1872 mm — control
' fy 420

As = 6620 mm? > Asuin = 1872 mm? — ok

Use 8032 in the two layers with A; = 6433.9 mm? > As,., = 809.485 mm? — ok

Check for strain:

_ Asfy 6434 420 a _ 220

= — = =220mm , c=— = — = 260 mm — where: B1 =0.85
0.85f/b  0.85x 24 x 250 B 085
g, = o.oo3c(d—c) _ o.oou;zzs-zao) — 000778 > 0.005 ok
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Check for bar placement:

_ b —2(cover) = dirups — No. (@) 600 — 2x40 — 2(10) — 8(32)

ds T Z =34 > 25 > 320k
Design the negative moment on the support = — 2680 KN -m

M, 2680
M, = — 3194 =7429KN -m

XM =—
o T 082
d' =40 +10 + 32 = 82

M, = Cs(d —d") = As'(fs' — 0.85£)(d — d") Al

MTLS
(f{-0.85 {)(d—a")

c—d 260 — 82
fs =600 — )= 600 (W) =410.77 Mpa < f, = 420 Mpa

Compression steel does not yield.
My 74.29 x 108

r_ _ _ 2
As = (f!-085 )(d—d') ~ (410.77-0.85x2 )(936— ) 22284mm
T=C.+ C;, =085f/ab + AL(f{ — 0.85f/) =
[0.85x 24 x 220 x 600 + 222.84 (410.77 — 0.85x24)] x 1073 = 2779.8 KN
A, = L = 27798x10° _ (618 55 mm?

fy 420
Design column in frame:
Maximum lateral Deformation equal =20 mm

1. The frame is unbraced against sides way the stability index

LR A,
Q= <0.05
VuSlC
_ 10512020 _ 155 g.05
=" ~° '

The frame is unbraced as given
2. Cheek slenderness column

ﬂSZZ
T

r=03h=03%x1=0.3 lu =3.75
l/) — Z ECIc/lc
YEuIL /L

Because is the same for Column and beam E,. = E),

bk 0.6 x 1
I, =07l,=07===07

— 4
v VR 0.035m

The beam moment of inertia
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bh3 6x1

I, = 0.35], = 0.35 — = 0.35——— = 0.0175
b 9 12 12
0.035 % 2
_ 375 _
Y= 0.0175 21.32
20
At bottom =) = oo Wa
K=7.1 2
e
kl 0
— =88.75 > 22 007
r 100 —
20 7
The column is long and the slenderness must be considered 7.0
50 —
_ 04Ecl 40
Compute EI = T ha il
Bas = 0 sinse wind load act short time 20 —
E = 4700,/f/ = 4700v24 = 23025.2 MPA 1.0 -
| _bh3_600><10003_50><109 ﬂ_:
9T 12 - 12 i _
EI = 0.4 x 23025 X 50 = 460500 KN - m? ShaErraE

3. Determine Euler buckling

m?El  m? X 460500

= KL)Z - (7ix37s)z oAil4

Fe

M, s = 780.403 KN -m end top moment due to gravity loads only (no sway condition).

M,, = 63.758 KN -m  End top moment due to lateral wind loads only (sway condition).

1 1
0 = Sru 556 — = 1.45
0.75%p¢ 0.75+64114

the magnified moment at top

M, = M,ns + §;M,; = 780.403 + 63.758 * 1.45 = 872.29
M; < Mz min

emin =15+ 0.03 X 1000 = 45 mm

My 1min = 1506 X 0.045 = 67.77 KN - m

8. Check to verify that the maximum moment does not occur between ends of column:

l_u> 35

r Pu
féAg
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b _ 375 =10.33 < 35 =108.22
r  03x1000 \/ 1506 x 105

24 x 1000 = 600
then, maximum moment envelops at top of column.

Design column M, = M, = 872.29 and Pu = 1505 KN

M 87229 0.58
=P 1505 7™
e Compute the ratio e/h :
e 580 0.58
h 1000 '

. My . P )
To construct % the line, take value 0.58 on 2Mn xis and value 1.0 on Q)b—h” axis.

bh?
e Compute the ratio y:

y - the ratio of the distance between the centers of the outside layers of bars to the overall depth of
the column. Assume @25 for bars.

_d—d 1000 — 2x40 — 2x10 — 25

y = P 1000 = 0.875
Using the interaction diagram trying p, = 0.0104 :
Diagram A-9b (fory = 0.75) - =% = 0.76
g
Diagram A-9a (for y =0.9) —» Z—” = 0.85
g

User interpolation to compute the value for y = 0.875

P, x 0.835 = P 0.835x 1000 x 600 3455 17 KN

— = (. - = = .

Ay ux 1000 x 0.145

e Select the reinforcement:

Ag = pg x Ay = 0.0104x1000x600=6240 mm?

Use 20@20 with 6286 > 6240 ok

Use interaction diagrams
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R—-4-60-0.75

40

1.0

f. = 4 ksi P
f, = 60 ksi
a1l O T
Teies
35 efh = 0.1 ol | ¢
R
| e P
:p = 0. i 1 #
Y o S !
py— 0.04 [ L =
L] 3 ) it
Lo >
[ pg= 0.03 )
25F a
{ loloel ’)s ~C (
[ Pg= O. N NC elh =
3 | TT11 71T N
o 20F— o001 < R SN
< Pg= S ]
<ls L5201 N o/h = 04 —
Vi N N 1
N N N P = ] L
1.5 - N P =1 e/h =05
.= 05\ Sunh N NP 1
% i ,i N — \ N \\ 1 —1
7 -
mmm \ - 2 2/h = 0.77
C Cont. Limit
1.0 e o B ‘ e/h = 14—
/ =
L NG N e
- Tens. Cont. Limit A= =S NS N
05 < = = 7 STr<i= i
- - -— x P 7 - —~ - \
1 = pd =
e —— 7 7 4 ~
~= 7 -
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
DMy i
bh? ’
Fig. A-9b
Nonadi i diag gular for tied col with bars in four faces: . = 4000 psi and ¥ = 0.75.
R-4-60-0.9
4.0 7 = 4 Kksi
' = 4 ksi h
f, = 60 ksi Yh
¥y=09 ' f <
35 elh = 0.1 blls .
.o ‘ .
J o .
pg = 0.05 4 I |
3.0 ]
pg = 0.04 N o/h = 02 i
Ll - 4
m—— 7 N N
[ pg = 0.03 y, P
25 |'| [ el N Pe
T+ < e/h = 0.3 =
_ .p9=0.0¢ y \
2 LLILL] . 4 N A
i, 2.0fp, = 0.01—+, = 0 ™ > N elh=04 =
Q.IS i N - T -
N N =
N NS elh = 0 a2
) N
15 = 0.5, : =]
1A \ = e/h =
AT 1 1A -
R e :
= o/h =1
1.0 NP ZEN N -~ a
T T i1 ] = —
> Tens. Cont. Limit - -
- Iy ~
p = -
0.5 — - — = - — = —
- - /
- - o
- o ”
Z y. -
o 0.1 0.2 03 04 05 06 0.7 0.8 0.9 1.0 1.1
&M,
. ksi
bh?
Fig. A-9¢
Nondi ional i ion di for rectangular tied column with bars in four faces: fI = 4000 psi and y = 0.90.

-y
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4.22 Design of minaret:

Geometry:

The figure below shows the longitudinal section in the minaret and the cross section will be shown
when start calculate the self-weight of each section.

+_26.9 +26.9

wzm
4 4
s 4
+19.4 +19.4
A
[ce]
-
(42) 3 3
3 3
+12.8 +12.8 wllell=sl=m]l=l
ol 3
gz Va=) =] 1) (i)
% B

4.00

Section 3

-

Longitudinal section in minaret
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Analysis and Design:

We should calculate the base shear from the wind and the earthquake load respectively And decide
about the load combination which will be used in analysis and design procedure.

Calculation of the base shear from the wind load:

1- Calculate design wind pressure According to UBC97 Code. As following:

As Jordanian code the velocity of wind =126 Km /h in location that haven’t Data about wind velocity
=126 Km/h.

As UBC 97 the Hebron is exposure B
P = C.Cqqsly
The pressure:

qs = 0.00256V?

126\*
qs = 0.00256 x (—) = 15.67Psf = 0.751 KN/m?

1.61
- For chimneysand solid towers: C,= 0.8 for any direction ,  exposureB I,h=1
Hi;fgzzfoﬁz;’:ga;ir:fj(ﬁ‘)’el Cfor EXPOSUREB | P (KN/m?)
0.0 0.62 0.372
1.0 0.62 0.372
2.0 0.62 0.372
3.0 0.62 0.372
4.0 0.62 0.372
4.57 0.62 0.372
6.09 0.67 0.403
7.62 0.72 0.433
9.14 0.76 0.457
12.19 0.84 0.505
18.29 0.95 0.571
24.38 1.04 0.625
30.48 1.13 0.679
36.58 1.2 0.721

Design wind pressure for exposure B
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2- Distribute the wind pressure for range of height as following:

Height Outer Pressure Distribution force
Range(m) Diameter(m) (KN/m?) (KN/m')

0-21 33 0.372 1.23
2.1-12.8 2.9 0.571 1.66
12.8-19.4 2.3 0.625 1.44
19.4-26.9 1.8 0.679 1.22
26.9-28.4 1.3 0.679 0.88

Design wind pressure distribution over the range of height
3- Calculation of the Base shear:
V=1.23x(2.1-0)+1.66x(12.8-2.1)+1.44 x(19.4—-12.8) +1.22 x (

+0.88 x (28.4 - 26.9)
= 40.32 KN

26.9-19.4)

After calculating the earthquake base we should decide about the load combination which will be

used in analysis and design procedure, because according to UBC97 cri

greatest of wind or earthquake load.

Calculation of the base shear from earthquake load:

1- Calculate the weight of the structure:

The minaret will be will be divided to more than one section according to
area at each elevation as follow:

Assume the footing is at elevation -2 below the ground level.

Section No.1
Elevation from -2mto 2.1m
From the architectural drawing thickness of the stone facing =5 cm.

W1 = Weoncrete + Wstone = (%) X [Dgut - Dizn]COHUEfe X Yconcrete T (%) X [Dgut
=G) x [3.22 — 2.8%] x 25 + (%) x [3.32 —3.2%2]x 23

=58.84 KN/m

| = 6_’: x (D&, — D} )= ﬁ x(3.24-2.84)=2.13 m*
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Section 1

Section No.2

Elevation from 2.1m to 12.8m

From the architectural drawing thickness of the stone facing =5 cm.

W1-W +W —(E)X[DZ — D& ] X +(E)><[D2 — D2, ]stone x

1= concrete stone = 2 out in |concrete Yconcrete 2 out in |stone X Vstone

=(Z 2 _ 942 T 2_9Qq2
_(4) X [2.8% — 2.42] x 25 + (4) x [2.9% — 2.82] x 23
=51.1KN/m

| = 6—’2 x (DX, — D)= ﬁ X(2.84-2.4%)=1.39 m*

Section 2

Section No.3
Elevation from 12.8 mto 19.4 m
From the architectural drawing thickness of the stone facing =5 cm.

T

T
W1 =Woeoncrete + Wstone = (Z) X [Dgut — Dizn ]concrete X Yconcrete (Z) X [Dgut — Dl-zn ]stone X ¥stone

187



=(§) x [2.22 — 1.82] x 25 + (g) x [2.32 — 2.22] x 23 = 39.52 KN/m

| == x (D3ye — D)= x(2.2°-1.8*) = 0.63 m*

Section 3
Section No.4
Elevation from 19.4 m to 26.9 m
From the architectural drawing thickness of the stone facing =5 cm.
Wi-W +W -(E) D2 . — D2 m 2 _p2
1= Weconcrete stone = {5 X [ out in ]concrete X Yconcrete T 2 X [Dout D, ]stone X Vstone
(T 2 T 2 2
‘(Z) x [1.72 — 1.4] % 25 + (Z) x [1.82 — 1.72] x 23
=24.57 KN/m

|=6—’Z>< (D&, —D;)=§x(1.74-1.44)= 0.22 m*

Section 4
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Section No.5
Elevation from 26.9 mto 31.8 m
From the architectural drawing thickness of the stone facing =5 cm.

fud fud
W1 = Weoncrete + Wstone = (Z) X [Dgut - Dizn ]concrete X Yconcrete T (Z) X [Dgut

=(§) x [1.22 — 0.962] x 25 + (%) x [1.32 — 1.2%] x 23

=14.69 KN/m

[ =6_’Z x (D&, — D)= ﬁ x(1.24-0.96%) = 0.06 m?

Section 5

Total gravity loads:

W, 0= 58.84 x (2.1 - (- 2)) +51.1 x (12.8 —2.1) +39.52x (19.4— 12.8)
+24.57 x (26.9— 19.4) + 14.69 x (31.8-26.9)

=1305.1 KN

2- Quake force parameters:

2
- Din ]stone X ¥stone

a) From Palestine seismic map, Hebron is on the 3 zone and for this zone get Seismic zone

factorZ=0.3.

b) There is no enough information about the soil, so use SA soil profile type .

¢) The important factor 1 = 1.

d) Response modification factor R: for Building frame system shear wall concrete continuous

to the foundations R=5.5.
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e) Seismic coefficient Ca and C,: based on the soil profile type and the seismic zone factor C, =
0.24and C,=0.24.

f) Fundamental period T: for the non-building structure (self-supporting structure)like

chimney, silo, minaret, we should use method 1 as an initial fundamental period. The
initial fundamental period:

T=Ct(hn)¥*=0.0488 x (31.8)3/* = 0.653 sec

3- Quake force initial base shear:

Based on the initial fundamental period T = 0.75second

V—(C”I)xw—( 0.24x 1 >x13051—8721KN
" \RT ~\5.5 x 0.653 o

Vipin = (0.11C,1) x W = (0.11 X 0.24 x 1) x 1305.1 = 34.45 KN

2.5C,] 2.5%0.24 %1
Vinax = ( - ) X W = (T) x 1305.1 = 142.34 KN

The Extra load F; at the top may be considered as zero where T < 0.7 sec.

This base initial base shear (V) will be initially distributed over the height as shown in figure below :

. . . = F-‘ ) Wy "!i'.\'
according to the following equation:  f» = ———————

"
ik w, b,
it}

Lateral force distributed
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Mass |Weight | Wi(KN) [Accumulativ| I(m?) |Elevation [Hi (m)| Wi*Hi |Fx (KN)|Accumulati|Mome|Accumulativ
No. [(KN/m') e (m) ve nt e
Wi(KN) Fx (KN) |(KN.m)| Moment
(KN.m)
0 0.0 0.0 1246.79 |2.13 -2 0.0 0.00 0 87.3 0 1697.02
1 | 58.84 |117.68| 1246.79 |2.13 0 2.0 | 23536 | 1.2 87.3 2.4 1694.62
2 |58.84 |117.68| 1129.11 |2.13 2 4.0 | 470.72 | 2.4 86.1 9.6 1685.02
3 51.1 | 102.2 1011.43 | 1.39 4 6.0 613.2 3.1 83.7 18.6 1666.42
4 51.1 | 102.2 909.23 1.39 6 8.0 | 817.6 | 4.12 80.6 3296 | 1633.46
5 51.1 | 102.2 807.03 1.39 8 10.0 1022 5.15 76.5 515 1581.96
6 51.1 | 102.2 704.83 1.39 10 12.0| 1226.4 | 6.18 71.31 74.16 1507.8
7 51.1 51.1 602.63 1.39 11 13.0| 664.3 3.35 65.13 43.55| 1464.25
8 39.52 | 39.52 551.53 0.63 12 14.0 | 553.28 2.8 61.78 39.2 1425.05
9 39.52 | 79.04 512.01 0.63 14 16.0 | 1264.64 | 6.37 59 101.92| 1323.13
10 | 39.52 | 79.04 432,97 | 0.63 16 18.0 | 1422.72 | 7.17 52.61 [129.06| 1194.07
11 | 39.52 | 79.04 353.93 | 0.63 18 20.0 | 1580.8 8 45.44 160 1034.07
12 | 24.57 | 49.14 274.89 0.22 20 22.0| 1081.08 | 5.44 37.44 |119.68] 914.39
13 | 24.57 | 49.14 225.75 | 0.22 22 24.0|1179.36 | 5.94 32 142.56| 771.83
14 | 24.57 | 49.14 176.61 | 0.22 24 26.0 | 1277.64 | 6.43 26.06 |167.18| 604.65
15 | 24.57 | 24.57 127.47 0.22 25 27.0| 663.39 | 3.34 19.63 90.18 514.47
16 14.7 14.7 102.9 0.06 26 28.0| 411.6 2.07 16.3 57.96 456.51
17 14.7 29.4 88.2 0.06 28 30.0 882 4.44 14.22 133.2 323.31
18 14.7 29.4 58.8 0.06 30 32.0| 940.8 4.74 9.78 151.68, 171.63
19 | 147 | 29.4 29.4 0.06 32 34.0| 999.6 | 5.04 5.04 |171.63 0
Sum | 17306.5

From the table in previous page the accumulative Fx = 87.3 KN
Compare to the wind load base shear = 40.32 KN the quake force will be used in analysis and design

procedure.

Compute the safety factor against overturning:

*Qver turning moment =1697.02 KN.m

—>Restoring moment = restoring force x half the base width

*Self-weight of the minaret (total gravity load) = 1305.1 KN

» Assume footing dimension =5 m x 5m x 0.5m

Weight of the soil surround by the minaret:

w
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Self-Weight of column = (0.3%2 x1t) / 4 x 25 x 28.67 = 50.64 KN
Total restoring weight =1305.1+ 5x 5x 0.5 x 25 + 60.3 + 50.64 = 1728.54 KN

Restoring moment =1728.54 x 2.5 =4321.35 KN.m

Re storing moment 4321.35
g = = 25 > 15 ok

Factor of safety against overturning = - =
overturning moment 1697.02

» Design of minaret sections:
From the table we got the moment at each elevation and we will check the stresses and
calculate the reinforcement required for each section as follow:

Note:
Allowable tensile strength of concrete = 0.5,/fc’ = 0.5V28 = 2.64 MPa

Allowable compressive strength of concrete = 0.45 xfc' = 0.5x 28 = 14 MPa

Allowableshear strength of concrete (V) B20.09,/fc¢' = 0.09v28 = 0.48 MPa

Elevation from -2m to 2.1m:

Vertical reinforcement:
Maximum Moment (M) = 1697.02 KN.m. at elevation -2 below the ground.
Weight above elevation -2 (W) = 1305.1KN.

Eccentricity (e) =M /W =1697.02 / 1305.1=1.3 m

w - Mxc 1305.1 - 1697.02x1.6
A I 188 2.13
Omax = 196896 = 1.97 MPa < 14MPa — ok

= 694.2 ¥ 1274.76

o=

Omin = —580.56 = —0.580 MPa "Tension stress"

There is a Tension stress and it is less than the allowable tensile strength of concrete So minimum
reinforcement will be provided.

Ag = 0.00154, = 0.0015x(1000x250) = 375 mm?
The steel will be arranged into one layer.

A, for one layer = 375 mm? ....... Choose @14

Spacing = % x1000 = 410 mm » Take @14@ 250mm
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Horizontal reinforcement:

Applied shear stress = V=33 _ 4644 XL = 0.05 MPa
A 188 m?2

This is smaller than the shear strength of concrete, so minimum horizontal reinforcement will be
provided:

Ag = 0.0024, = 0.002x(1000x250) = 500 mm?

A, will be arranged into one layer.

A, for one layer = 500 mm? ........ Choose @14

Spacing = % x1000 = 308 mm » Take @14@ 200mm

P Elevation from 2.1m to 12.8 m:

Vertical reinforcement:
Maximum Moment (M) = 1685.02 KN.m. at elevation -2 below the ground.
Weight above elevation -2 (W) =1129.11 KN.

Eccentricity (e) =M /W =1685.02 /1129.11=1.5m

W_Mxc 1129.11 _1685.02x1.4

A+ = 1e3 + 139 = 692.7 + 1697.14

o=

Omax = 2389.84 = 2.4 MPa < 14MPa - ok

Omin = —1004.44 = —1 MPa "Tension stress"

There is a Tension stress and it is less than the allowable tensile strength of concrete So minimum
reinforcement will be provided.

Ag = 0.00154, = 0.0015x(1000x250) = 375 mm?
The steel will be arranged into one layer.

A for one layer = 375 mm? ... Choose @14
Spacing = % x1000 = 410 mm » Take @14@ 250mm
Horizontal reinforcement:

_ 861

Applied shear stress = Y=8%1_1578 K—AZI = 0.053 MPa
A 1.63 m
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This is smaller than the shear strength of concrete, so minimum horizontal reinforcement will be
provided:

Ag = 0.0024, = 0.002x(1000x250) = 500 mm?
A, will be arranged into one layer.

A, for one layer = 500 mm? ........ Choose @14

Spacing = % x1000 = 308 mm » Take @14@ 200mm

» Elevation from 12.8 m to 19.4m:

Vertical reinforcement:
Maximum Moment (M) = 1464.25 KN.m. at elevation -2 below the ground.
Weight above elevation -2 (W) =602.63 KN.

Eccentricity (e) =M /W =1464.25/ 602.63 = 2.43 m

w - Mxc  602.63 - 1464.25x1.1
A I 13 0.63
Omax = 3020.16 = 3.02 MPa < 14MPa — ok

= 463.56 + 2556.6

o=

Omin = —2093.04 = —2.1 MPa "Tension stress"

There is a Tension stress and it is less than the allowable tensile strength of concrete So minimum
reinforcement will be provided.

Ag = 0.00154, = 0.0015x(1000x250) = 375 mm?
The steel will be arranged into one layer.

A, for one layer = 375 mm? ....... Choose @12
Spacing = % x1000 = 302mm » Take @12@ 250mm

Horizontal reinforcement:

Applied shear stress = Y98 _ 501 K—AZI = 0.05 MPa
A 1.3 m

This is smaller than the shear strength of concrete, so minimum horizontal reinforcement will be
provided:

A =0.0024, = 0.002x(1000x250) = 500 mm?
A, will be arranged into one layer.
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A, for one layer = 500 mm? ........ Choose @12

Spacing = % x1000 = 226 mm » Take @12@ 200mm
Note:

Use these horizontal Reinforcements for all other sections.

P Elevation from 19.4 mto 26.9 m :

Vertical reinforcement:
Maximum Moment (M) =914.39 KN.m. at elevation -2 below the ground.
Weight above elevation -2 (W) =274.89 KN.

Eccentricity (e) =M /W =914.39/274.89 = 3.33m

_ W Mxc_27489 91439x085 . c¥353287
C=ATTT T o073 022 '

Omax = 3909.43 = 3.91 MPa < 14MPa — ok

Omin = —3156.31 = —3.1 MPa "Tension stress"

The tensile stress is slightly greater than the allowable tensile strength of concrete And the
minimum reinforcement will be ok.

= 0.00154, = 0.0015x(1000x200) = 300 mm?
The steel will be arranged into one layer.

A, for one layer = 300 mm? ........ Choose @12

Spacing = % x1000 = 370 mm » Take @12@ 250mm

Reinforcement Details:

Dimension
Section _ . . Horizontal
Outer inner Vertical Reinforcement )
No. . . Reinforcement
Diameter (m) | Diameter (m)
1 3.2 2.8 llayer 314@250mm llayer 314@200mm
2 2.8 2.4 llayer 314@250mm llayer 314@200mm
3 2.2 1.8 llayer @12@250mm llayer @12@200mm
4 1.7 1.4 llayer 312@250mm llayer 312@200mm
5 1.2 0.96 llayer §12@250mm llayer $12@200mm
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sample of the Reinforcement of the section (section No.2) :

5 cm stone

@14 @ 25cm

@14 @ 20cm

Section No.2

Reinforcement of section No.2

Design of footing for minaret:

The footing maybe subjected to moment from all direction, so the footing will be designed to
resist this moment by choosing square footing.

P We assumed the footing dimension to be 5m x 5m x 0.5m

Loads:
Pp=1728.54 KN PB,=1.4x1728.54 = 2420 KN
Mg=1697.02 KN. m M,=1x
1697.02 =1697.02 KN. m
Check Stress:- 0.85
M 1697.02 0.7
¢ =P~ 2420 "
L 0.83 N 7 S 7S 7S 7S 7S AN AN VS
—=—=—=0.6om 15.3 KNimZ
66 : |
Because e < L/6, So no tension stress will be | :
d il
occurre i =
m2 178.3 KNwrZ

196



_P_MC_ 2420 _16972x25 ..
°TaAT T T 25 5208 '

Omax = 178.3 KN /m?

Omin = 15.33 KN/m?

KN
Omax < Oall = 314?

» Design the moment at critical section q = 150.6 KN /m?*:-

085 1 2
M, = 150.6 x0.85x5xT + 5 x (178.3 — 150.6) x 0.85 x 3 x0.85x5=305.6 KN.m

16
dayg = 500 — 75 — — = 417 mm

2
Mu 305.6x10° 420
Rn = 0.9bd2 ~ 0.9x5000x4172 0.4 Mpa M = Cesx2s 17.64
_ 1 1 2Rym\ 1 1 2x04x17.64\ 0.001
P=m £ | T 17.64 420 -

As = pbd = 0.001 x 5000x 417 = 2085 mm?
Check for As, min .
As min = 0.0018bh = 0.0018 x 500 x 5000 = 4500 mm?

Ag = 2085 mm? < Asuin = 4500 mm? - take AS i

__5000-75x2-23x 16

> = 203.7 mm ..Take®16/20 all direction

S

Steps is smallest of: -

1. 3h=3x500=1500mm
2. 450 mm ...... Control

Note: By SAFE program (analysis footing) .... At the top Take $12/10 all direction.

Check for one-way shear: -

The critical section for checking one-way shear strength is shown, to simplify this Check, it is
conservative to assume that the maximum factored soil pressure of 178.3 KN/m? acts on the entire
shaded region. Dgyg = 500 — 75 — 20 = 405 mm

the factored shear force to resisted at the critical section is:
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V, at a distance (d ) from the face of support.

5 3.3
V,=qub(l—a—d)=1783x5x (E -5 0.405) =396.71 KN
LetV, = @V, (@ = 0.75)

B V. = </ bwd = 0.75x = x VZ8 x 5000 x 405 x 103 = 1339.4 KN

@V. >V, SO, the footing is ok for one-way shear

5.00

5.00

Check footing thickness for Two-way shear (Punching shear):

The critical shear perimeter is located d/2 away from each column face, as Shown. Assume the
average effective depth for the footingsis Dg,g = 500 — 75 — 20 = 405 mm

By using the average factored shear stress inside the critical perimeter

Gavg = 15.3+2178.3 — 96.8 KN/m?

v, = qu(bl—%(D +d)?) =

T
V, = 96.8 (5x5 -7 33+ 0.405)2) = 1377 KN

3300

~3300 0 , B = Ratio of long side to short side of the rectangular column

d
b, is perimeter of the critical section taken atE from the loaded area .

by =n(D+d) =n(3.34+0.405) =11.6 m
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a, is assumed to be :

e a, =40 for interior columns  — control
e a, =30 foredge columns
o o, = 20 for corner columns

the ACI code , section
— allows a shear strength ,V, in footings without shear reinforcement

for two way shear action , the smallest of

§(1 + %) 0\/f/bod = 0.5 0\/f/byd KN
%(40)(0.405 + 2) d\/f!bod = 0.28 3\/f!bod KN ... Control

11.6

=0y fZbod = 0.333 8\/fI bod

>VC=§(1+§) oJfibed - V.
> Vc=%(%+ 2) 0/fibod - V.
>I/C=§ajﬁb0d SV

1 /a.d
v, = E( lj + 2) 0/f!bod = 0.28x1.0xV28 x11633.7 x405x 10~3 = 6980.87 KN
0

Let V, = @V, (¢ = 0.75)
@V, = 0.75X6980.87 = 5235.65 > V, = 1377 KN its OK

The thickness of 50 cm is adequate enough.

5.00

d/2=0.203

5.00
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Check for factor of safety for Sliding:

The force resisting sliding, F = uR
u = 0.5 betwen concrete and soil

F =0.5x(1728.54) = 864.27KN
The factor of safety against sliding is%

864.27
= ~10>4.... ok

F.s
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