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The Architectural and Structural Design of '"Training Center Units"

In Yatta City.

Working Team:

MAYMOON SALEH, MOHAMED AL-MAKHAMRIH, KHALED SALAMEH.

Supervisor:

DR. MOHAMMAD AL_SAYYED.

Project Abstract

The idea of this project revolves around the architectural and structural design of four
units, which selected after a study of many units of training center units.

These units are firstly, a main gate that consists of separated passageways and two control
rooms on the sides. Secondly, a training hall with some rooms to serve this purpose.
Thirdly, a multi-functional building which includes four floors, one is used as
administrative functions and the others used as accommodations. Fourthly, two large
groundwater water tanks.

The project provides an acceptable solution for both sides architectural and structural, so
that it is taking into account the functional and aesthetic purposes, provide comfort, ease
and speed of use, the project will include the well-known structural elements as RC and
solid slabs, prestressed or non- prestressed beams, columns, foundations ... etc.

The project is designed based on code ACI 318 - 11, several programs will be used for, such
as: AutoCAD, Office, ETABS, SAFE, BEAMD, SAP2000,eventually a structural details,

load analysis and elements design are offered for these units, added to the architect design,
references and several projects are referred.

Allah grants success.
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List of Abbreviation:

DL: dead load.

LL: live load.

Wu: factored total load.

Ln: clear length of member.
o: thickness of a layer.

v: unit weight of material.
Mn: nominal moment.

Mu: factored moment at section.

¥
fc’fcz Compression strength of concrete.

fy: specified yield strength of non-
prestressed reinforcement.

p: ratio of steel area.
es: strain of tension steel.

@: strength reduction factor.

XVII

Vn: nominal shear strength.
Vu: factored shear force at section.

Vc: nominal shear strength provided by
concrete.

Vs: nominal shear strength provided by
shear reinforcement.

As: area of steel.

Av: area of shear reinforcement.
b: width of compression face of member.
bw: web width.

d: distance from extreme compression fibers
to centroid of tension reinforcement.

h: over all thickness of member.



Pn: nominal axial load.
Pu: factored axial load.
S: spacing between bars.

fpe: compressive stress in concrete due to
effective pre-stress forces only.

!
fci' : compressive strength of concrete at

Initial time.

fti: tensile strength of concrete at initial
time.

XVIII

fci: temporary compressive stress before
losses due to creep and shrinkage.

fcs: compressive strength of concrete after
losses.

fts: tensile strength of concrete after losses.

fpy: specified tensile strength of pre-
stressing steel.

fpu: yield strength of pre-stressing steel.
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Chapter Four | Structural Design

(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 many type of slabs “one way ribbed slab, solid slabs”, They
would be analyzed and designed by using finite element method of design, with aid of computer
programs like "ATIR- Software and SAFE " to find the internal forces, deflections and moments,
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-318-11code.

NOTE: fc¢' =24 MPa For gate, hall walls, column and footing, and building.
fc' =45 MPa For hall slab and beams.
fc' =30 MPa For tank.
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Chapter Four | Structural Design

(4 -2) Design of One-Way Ribbed Slab at Building:

(4-2-1) Slabs Thickness Calculation:

[T .

i

Figure (4-1): Building Slab.

According to ACI-Code-318-11, the minimum thickness of non-Prestressed beams or one
way slabs unless deflections are computed as follow:

The maximum span length for one end continuous (for ribs):
hmin for one-end continuous = L/18 = 6.45/18 = 0.35m =35cm.
The maximum span length for both end continuous (for ribs):
hmin for both-end continuous = L/21 =5.1/21 = 0.243m =25cm.

Note: We solved this deflection by reinforcements.
Select Slab thickness h= 35 with block 27 cm & Topping 8cm

(4-2-2) Design Steps:
(4-2-2-1)Design of Topping:

Dead load of topping:

Topping 0.08 x 25 =2 KN/m?
Sand 0.07 x 16 = 1.12 KN/ m?
Mortar  0.02 x 22 = 0.44 KN/ m?
Tiles 0.03 x 23 = 0.69 KN/ m?

Partitions =2.3 KN/mZ.
Summation = 6.84 KN/ m?
Live Load =4 KN/m?.

Wu=1.6 LL+1.2DL = 1.6 x 4 + 1.2 x 6.84 = 14.61 KN/m?. (Total Factored Load)
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Chapter Four | Structural Design

M = Wy x> 14.61x0.47
utoo12 12
2
@M, = 0.55x% 0.42x V24 x 1000 x % = 1.207KN.m

PM, = 1.35KN.m > M, = 0.195KN.m
No structural reinforcement is needed. Therefore, shrinkage and temperature

= 0.195KN.m

reinforcement must be provided.

For the shrinkage and temperature reinforcement:
p=0.0018

A;= pxbxh=0.0018x1000x 80 = 144 mm?.

Number Of bars (¢8/20) = . 5—04 =2.5 — Spacing(S) = % =40 cm = 400 mm.
bar .
<380 (%) —2.5xCc<380 (%) , Cc: concrete cover.
=380 x (522 )~ 2.5x 20 <380 x (222)
3ty 3ty
280

2x 420
=330 mm. <400 mm.

<3 xh=3x 80 =240 mm —>controlled.
<450 mm.

Select®8 @ 20 cm in both directions.

=380 x ( )—2.5x20<380x (

280
4 0)

2
=X
3

(4-2-2-2) Design of Rib01:
(4-2-2-2-1) Load Calculations:

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

| Tile 3cm
Mortar 2cm
Sand 7cm

Topping 8cm

Block 27cm

Plaster 2cm

Figure (4-2): One-Way Ribbed Slab Components.

50|Page



Chapter Four | Structural Design

Calculation of the total dead load for the one-way rib slab is shown in the following table:

Table (4 — 1): Calculations of the Total Dead Load for One-Way Rib Slab.

Parts of Rib Calculation

Rib 0.12 x 25 x 0.27=0.81KN/m

Top Slab 0.08 x 25 x 0.52 =1.04KN/m.

Plaster 0.02 x 0.52 x 22 =0.2288KN/m.
Block 0.4 x 12.5 x 0.27=135KN/m

Sand Fill 0.07 x 16 x 0.52=10.5824 KN/m
Tile 0.03 x 23 x 0.52=0.3588 KN/m
Mortar 0.02 x 22 x 0.52=0.2288KN/m.
Partition 2.3 x 0.52=1.20 KN/m

6.31 KN/m

Nominal total dead load = 6.31 KN/m of rib.
Nominal total live load =4 x 0.52 = 2.1 KN/m of rib.

Material:
Concrete  B300 fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

Section:
b=12cm bf=52 cm h =35cm T{=8 cm
1 2 3 4 5 6
1 2 3 4 5
A A A A A
|0'3| 565 I0.8| 43 I0.8I 43 |0'3 | 41 |O.BI 555 P.GI
! . ' 6.45 ' . ' 5.1 ' . ' 5.1 ' . ' 49 ' . ' 6.25 o
I 52' T T T T 1
35. '

Figure (4-3): Rib Geometry.
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Moments:

44, 414

315 29,
284 -23.9 -23.2 BN 287
143 129 12.2 5 139
9 \—/\16
|‘(‘ A1
! 1.1111.47 "o, ' 'o. ! '1 fo7
10,8 103 088 oleat—1 9.3
193

| 258 3,9' 3.87 | 281 | 220 | 285 | 255 | 22

I T T T T T T t | t I

Shear:

A =5 2 24 5
A e A

Figure (4-4): Moment & Shear Envelope of Rib.

(4-2-2-2-2) Design of Positive Moment of Spans 1 & 5:

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=350-20-10 - =313 mm.

Mu =39 KN.m.
Mn=Mu /@ =39/0.9=42.33 KN.m
m=—L-—22 __10¢

0.85f. 0.85x24

M, 42.33x10°
= = = 0.85 MPa
0 pxd?2 520x3132

p——<1— 1_2xKnxm>

fy

:L<1_ 1_2X0.85X20.6):0.0021'

420

As=p xbexd=0.0021 x 520 x 313 =336.81 mm?.

fl
= be xd = %xwad

min 4 (f ) =

V24 120x313 > 14 x120x313
4- 420

=109.5mm?< 1252 mm? ............. Larger value is control.
ASmin = 125.2 mm? < Asreq = 336.81 mm?2.
- As=336.81 mm?.
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2 @ 16 =402 mm2>ASreq =336.81 mmz' OK.
Select2 @ 16.

Check for Strain:
Tension = Compression
Asxfy=0.85x fi xbxa. Note: i =24MPa< 28 MPa— 3; = 0.85
402 x 420=0.85x24xax 520> a=15.9.
15.9 0.003 0.003 + &
*=08s ~ 7 g7 T 313

gs=0.047 > 0.005, - @ =0.9 OK.

(4-2-2-2-3) Design of Positive Moment of Spans 2 & 3 & 4:

Mu =19.3 KN.m.

Mn =22.33 KN.m.

p =0.001

ASreq = 171.75 > Asmin= 125.2 mm?.
Select 2 @12, As =226 mm?.

Check for Strain:

€s=0.114>0.005, .. @ =0.9 OK.

(4-2-2-2-4) Design of Negative Moment of Supports 2 & 5:

Mu =31.5 KN.m.

Mn = 33.88 KN.m.

p = 0.0074

ASreq = 278.1 > ASmin= 125.2 mm?.
Select 2 @ 14, As = 308 mm?.
Check for strain:

€= 0.014>0.005, - @ =0.9 OK.

(4-2-2-2-5) Design of Negative Moment of Supports 3 & 4:
Mu = 14.3 KN.m.

Mn = 16.67 KN.m.

p =0.0035

Asreq = 131.1 > Asmin= 125.2 mm?>.

Select 2 @10, As = 158 mm?.

Check for Strain:

gs= 0.033 > 0.005, -~ @ =0.9 OK.
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(4-2-2-2-6) Design of Shear:

Vu=34.2 KN.
fe
PxVe=0x g xbwxd=0.75x g x 0.12x 0.313 x 10> =23 KN.
1.1xPxVc=1.1x23=253KN.
Check For region V:

BxVe+(2x @ xR x by x d)=253+(=x 075 xv24 x 0.12 x 0313x 109

=253+92=117.3 KN > Vu=34.2KN.
Take region III:

Viimit=0xVc+ @ xVs

@ X Vspin = 24 x0.12x0.313x 103 = 8.6 KN

16 *
0.75
> —= x0.12x0313x 10° = 9.4 KN

@ xVsin = 9.4 KN
Viimic=9.4+25. 334. 7KN
Vu < @xVc—>342KN<34.7KN

m nreinforcei mstequired

9.4
Vsmin = m = 12.5KN

Select 2 legs 310,Av = 2x0.785 = 1.57 cn?

Av  Vspip _ 157x420x 313

Cfyxd’ 7T 125x103
QZE: 15.65< 60cm
2 2 -

Select 10@15cm.

= 16511 cm
Sreq

Sreq <

2010 210@15

- of
QAN 31

01 monmem, 8
0.52

Figure (4-5): Section at Span 5 of Rib01.
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(4 -3) Design of Beam B013 at Building:

(4-3-1) Beam Thickness Calculation:

Material:

Concrete  B300 fc' = 24 N/mm?

Reinforcement Steel fy = 420 N/mm?

According to ACI-Code-318-11, the minimum thickness of non-Prestressed beams or one way
slabs unless deflections are computed as follow:

hmin for both-end continuous = L/21 = 5.25/21 = 0.25 cm.

hmin for one-end continuous = L/18 = 6.275/18 = 0.35 cm.

The controller beam total depth is 35 cm.
Select Total depth of beam (after many design trails) h=50cm.

(4-3-2) Design Steps:

Section:
B =80 cm.
h =50 cm.
1 2 3 4 5 6
1 2 3 4 5
a A - A - al . A
L AT5 025 3.45 0.3 4.95 0.3 6 025 175
U188 3.73 o 5.25 ot 6.28 T 188
I t t t t {
50,
30.
A-A

Figure (4-6): Beam Geometry.
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1.88 2.98

-698.6 -698.6
6371 -661.7 -658.6 -637.1
-400.9
1934 3393 -343.
172.8 0.640.9 ) ,
w/fﬁ f 1.621
5 H HH Hise th {
F"%\\ bet t 167

221,

2.62 | 2.82 . 3.45 | 188

Shear
-145.4

-500.4
-423.4
el
//
[ -64.9 :]

3

-492.4

I it ;
W
2779
357.4 358.3
4344

= L/

4234
500.4

Figure (4-7): Moment & Shear Envelope of Beam.

(4-3-2-1) Design of Positive Moment of Span 2 & 4:
b=80cm. ,h=50cm.
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=500—40—10—E=442mm
Cmax d—— X442— 189 43 mm.

BoneXCmax 0.85x189.43 =161 mm.
0.85x fi xbxax(d- )

—085x24x161x800x(244_ﬂ ) x

=950 KN.m.

¢=0. 65+Ex(0 004-0.002) = 0.816.

@ x Mnmax= 0.9 x 950 = 855 KN.m.
Mu-=115.8 <855 KN.m.
~Singly reinforced concrete section.

Amax =

Note: f

Mnmax =

Mu= 221 KN.m.
Mn=Mu /@ =221/0.9 =245.6 KN.m.
-y %20 _5¢
0.85f, 0.85x24
My _ 2456x1073
N hxd?2  08x (0.442)2 1.57 MPa.
2xKnxm

)

p——<1— 1-

fy

=24 MPa < 28 MPa—1 =
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20.6 420

_ L(l _ 1— 2X1.57X20.6): 0.004.

ASpeq=p xbxd=0.004 x 800 x 442 = 1378 mm2.

fe

ASmin = 75 Xbxd < Zxbyxd (ACI-10.5.1)
y y
= 2% 4 800x 442 < 2% x800x 442
=1031 mm?<1178.7mm? ............. Larger value is control.
Asmin = 1178.7 mm? < Asreq = 1378 mm2.
s~ As = 1378 mm?,
Number of bars = —r24 =278 _ 5
Apar 314

Select 5@ 20, As =5 x 314 =1570 mm2 >Asreq = 1378 mm?.

Check for Strain:

Tension = Compression

Asxfy=0.85x fi xbxa. Note: f; = 24MPa< 28 MPa— [3; = 0.85
1570 x 420 =0.85 x 24 x ax 800 > a=40.4 mm.

< 31.04 0.003 0.003 + ¢

=———+ =475, =
0.85 36.52 4472
€s=0.025>0.005, - @ =0.9 OK.

(4-3-2-2) Design of Positive Moment of Span 3:
Mu = 303.6 KN.m.

Mn =337.33 KN.m.

p =0.0054

ASreq = 1925 mm?> Asmin= 1178.7 mm?>.

Select 6 @25, As = 2453 mm>.

Check for Strain:

gs= 0.015>0.005, -~ @ =0.9 OK.

(4-3-2-3) Design of Negative Moment of Supports 2 & 5:
Mu =661.7 KN.m.

Mn = 735.22 KN.m.

p=20.013

ASreq = 4568 mm? > Asmin= 1178.7 mm?.

Select 15 320, As = 4710 mm?.

Check for Strain:

gs=0.006 > 0.005, -~ @ =0.9 OK.
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(4-3-2-4) Design of Negative Moment of Support 3:
Mu =661.7 KN.m.

Mn = 735.22 KN.m.

p=0.013

ASreq = 4568 mm? > Asmin= 1178.7 mm?.

Select 15 320, As = 4710 mm?.

Check for Strain:

gs=0.006 > 0.005, - @ =0.9 OK.

(4-3-2-5) Design of Negative Moment of Support 4:
Mu = 343 KN.m.

Mn = 381.1 KN.m.

p =0.0062.

ASreq = 2193 > Asmin= 1178.7 mm?.

Select 5 @25, As = 2453 mm>.

Check for Strain:

es= 0.015>0.005, -~ @ =0.9 OK.

(4-3-2-6) Design of Shear:
Vu=423.4 KN.

fe
OxVc=0x £ xbwxd

6

=0.75x \/%_4 x 0.8 x 0.442 x 10° =216.53 KN.

Check for region V:
@ x Ve + ( g X @ x \Jfl x by x d)=216.53+( g x 0.75 x V24 x 0.8 x 0.442x 10°%)
=216.53 + 866.14 = 1082.67 KN > Vu = 423.4 KN,

Take region I'V:
@ (VSmin + Vo) <Vu < @ (Vc+ Vs")

0.75
0% Vsmin = - X V24 x 0.8 x442 = 812 KN

0.75
or@x Vs, = = x 0.8x442 = 88.4 KN
@ xVspmin = 88.4 KN

@ (Vspin + V) = 305KN < Vu = 423.4 KN

1
Vs'=§ xV24 x0.8 x442 =577.3 KN

@ xVs' = 433KN
Vu=4234KN < @ (Vc+Vs') =649KN
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Vs = Vu V _ 1234 288.7 = 275.33 KN

=075 T 075 L=l

Select 2 legs 10,Av = 2x0.785 = 1.57 cm?

Av  Vspip _ 157x420x442 106

Sreq f,xd - 79T T27533x108
d 44.2

SreqSE=T= 211 < 60cm

Select P10@10 cm.

712108104, 130108104, 180108204L _11010@1041121010AL 140100204, p— me}gftoé&%m”‘( 182108104
e N W .

™ o m

| |
| | a1 -

1.88 6.28 525 1.88
| |
15020 L=537 T5. ' 01278, 15020 L=672TB.

d % w - 0 B e
) 0
% | | | | £

855 0

2 ™ 555 @

satoL28, 5685, | 502588, | 088, 01010288,

210@10 210@10

Figure (4-8): Reinforcement of BO13.
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(4 -4) Design of Stairs at Building:

o
w] -
el
b
\‘_.
[ == |
k!
@I
040, 210 130
F
I o
X
—— g -—
S

Figure (4-9): System of Stairs at Building.

(4-3-1) Design of Flights 1:
(4-3-1-1) Determination of Thickness:
L=29m

Thickness (req.) = 2.9/20 = 14.5 cm.
Select thickness = 15 cm.

a= tan‘l(g) 2> a=29.5.
(4-4-1-2) Loads Calculations of flight:

Dead Load for Flight:
0.17

Ti le§v) = 23 (W) x0.03x1=0.4KN/m
0.33

Ti le§h) = 24 <W) x0.04x1=11KN/m
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0.17
Mort agv) = 22(W> x0.03x1=0.4KN/m

Mortagh) =22x0.03x1 =0.7KN/m
0.17
Stai$tips 25(T> x1=22KN/m

Slab= <25x0.15x1
ab= c0s29.5

) =43 KN/m

1) = 0.8 KN/m

Plast 22(
aster c0s29.5

Total Dead Load = 9.9 KN/m.

Live Load =3 x 1 = 3.5 KN/m.

Factored Load for Flight =1.2x9.9+ 1.6 x 3 =16.7 KN/m.
(4-4-1-3) Loads Calculations of landing:

Dead Load for Landing:

Tiles =23 x 0.03 =0.69 KN/m

Mortar =22 x 0.02 x 1 =0.4 KN/m
Slab=25x0.15 x 1=3.75 KN/m

Plaster =22 x 0.02 x 1= 0.4 KN/m

Sand =16 x 0.07 x 1= 1.1 KN/m

Flight Support =18.4 KN/m

Total dead load for landing = 24.8 KN/m.
Live Load = 3 KN/m.

Factored Load for landing = 1.2 x 24.8 + 1.6 x 3 =34.6 /1.2 = 28.82 KN/m.

16.7 KN/m 29 KN/m

WUy Wy Wy Wy Y WY WY WY N Y WYY WYY

21m 14m

Figure (4-10): Flight’s Load Analysis.

61|Page



Chapter Four | Structural Design

(4-4-1-4) Analysis:

Right support reaction=16.7x 2.1 x 2.1 x 0.5 +29 x 1.4 x 2.8 = 150.5 KN.m/3.5 =43 KN.

Left support reaction =16.7 x 2.1 +29 x 1.4 —43 =33 KN.
Max. Vu =43/ cos 29.5°=49.3 KN.

Max. Mu=43x(2.1x05+14)-167x2.1x052.1x05x05)-29x1.4x1.4x0.5x1.75

=46.4 KN.m

21m

Figure (4-11): Shear & Moment Envelope of Flight.

(4-4-1-5) Design of Shear:

fe
CDch=(1)x£xwad=O.75xgx 1000 x 125 = 85.6 KN > 49.3 KN.

Thickness = 20 cm is safe.

(4-4-1-6) Design of Moment:
Mn=Mu/p =46.4/0.9=51.6 KN.m

0.85f. 0.85x30

My 51.6x 1073
= = =3.3 MPa
N pxd2 1x (0.125)2

1 , 2x Ky
p=;(1— 1_XTXm)

-1 <1 - 1= M): 0.009.
16.5 420

As=pxbwxd=0.009 x 100 x 12.5=10.78 cm2/m.

Asin = pxbwxh=0.0018 x 100 x 20 = 3.6 cm2/m < 10.78 cm2/m.
As=10.78 cm2.

Select ®18@ 20 cm =12.7 cm2/m > Asreq = 10.78 cm2/m.
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Check for Strain:
Tension = Compression
Asxfy=0.85x fi xbxa. Note: f; =24MPa< 28 MPa— 3; = 0.85
632 x420=0.85x24xax 1000 > a=32.7 mm.
14.46 0.003 0.003 + &
X=0gs T o8emMmM, Tmm =g

gs=0.007 > 0.005, - @ =0.9 OK.

For secondary reinforcement, select ®10@ 20 cm.
(4-4-2) Design of Flights 2:

16.7 KN/m

A YA Y Y Y P Y A O O

13m 1.8m 13m

Figure (4-12): Flight’s Load Analysis.
Flight:

For primary reinforcement, select ®10@ 20 cm.
For secondary reinforcement, select ®10@ 20 cm.

63|Page



Chapter Four | Structural Design

(4-4-3) Design of Flights 2:

16.7 KN/m 29 KN/m

1T TR I I PO PR PR PR Y Y AR IR P PR PR PR PR Y PR PR I FA R PR PR PR

2.1m " 14m

Figure (4-13): Flight’s Load Analysis.

Flight:

For primary reinforcement, select ®18@ 20 cm.
For secondary reinforcement, select ®10@ 20 cm.
Landing:

For primary reinforcement, select ®14@ 20 cm.
For secondary reinforcement, select ®@10@ 20 cm.

(4 -5) Design of Column C7 at Gate:

Pu=155.23 KN.

Assume p = 0.015 , @=0.75.

CalculateAg,cq:

@ xPn=0.85x0xAg{0.85x f(1— pg) + f yx pg}.

155.23 x 103=0.85x 0.75 x Ag{0.85x 24(1 — 0.015) + 420x 0.015 }.
Agreq=9225.5mm 2.

AZ el ect o= 125600mm 2 .
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Calculatepgreq:

155.23 x 10°=0.85%0.75*125600 {0.85*24 (1-p, ) +420%p,}.
g g

pg = —0.046 . Take p= 0.01.

As=10.01 x 125600 = 1256nmm 2.

1256
Number of bars = —— =

314
4 bar

Minimum bar in circular
column = 6 bar.

Select 6@018.

Figure (4-14): Column Section.

(4 -6) Design of Footing F2 at Gate:
Pu=15523 KN.... f.=24Mpa

Oallow— 490@

(4-6-1) Design of Bearing Pressure:

Assume h =30 cm.

Oall ounet) = Oallow— 25 Xxh =490 - 25 x 0.3 = 482.5 KN/m?.
Pu 155.23

Areq =14x Ojllow ™ A4 = m =0.23m.
... Select a=90 cm.

Pu _ 155.23 _ 191.6ﬁ
Areq  0.92 m?
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(4-6-2) Design of One-Way Shear:

d=300-75-10=215mm
Vu=0.035x191.6 x 0.9 =6.0354 KN.
Check thickness

@®xVc = Vu

BxVe=075x z x\/fxbwxd =22 xv24x900x 215 = 1185 KN.

118.5>6.0354... OK .. safe
(4-6-3) Design Two-Way Shear:
bo=(d+40)x4=(21.5+40)x4 =246 cm.

Vu=Pu - Frs

Fre=191.6 x 0.615 x 0.615 = 72.47 KN.
Vu=15523-72.47=82.76 KN.

@ x Vc(puns hi ng=> Vu

PxVc=Vu

4\ 24
@ xVc = 0.75 (z +I> X —— X2460x 215 = 97165 KN

@xVc=0.75 (40X215 ) V24 2460x 215 = 890KN
xVc=0.75% 203 X5 X X =

V24
@xVc=0.75x4x 17 x2460x 215 = 647.8 KN
@xVc=6478KN >Vu= 8276 ... - safe

(4-6-4) Design of Bending Moment:

Mu=191.6 x 0.25 x 0.9 x 0'725: 539 KN.m
m=—Y_ =% __56
085f., 0.85x24
-3
K, =—n___6X10° _ 144 MPa.

N hxd2  09x (0.215)2

_1 _ _ 2xKpxm

p—m<1 1 —fy )

:L<1_ \/1_2x0.144x20.6>:0‘00034
20.6 420

s=p xbwxd=0.00034 x 900 x 215 = 65.79 mm?.
Aspin = 0.0018x300x900 = 486mm 2 > As = 65.79mm 2.
Select 810 with As = 632 mm?.

Check Strain:
632x420=0.85x24xax900 > a=14.46.
1446 0.003  0.003 + £

X=%85 =Y - 17 T 21

€s =0.035>0.005 ....0=090K.
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Figure (4-15): Footing Details.

(4 -7) Design of Prestressed Beam B2 at Hall:

References: Prestressed concrete, a fundamental approach, 5th Ed, nawy. ACI 318-11, Chapter

18

Span = 40m, fc’ = 45 MPa, variable eccentricity case, time dependent losses, class T, fpe = 1066

MPa

D+L =40 KN/m

fis = = fc’ = 6.71 Mpa

R=1-0.15=0.85, Losses = 15%
Fci’ =0.75 fc' =33.75 Mpa

fi == fc’ = 1.45 Mpa

fci=0.6 fci' =20.25 Mpa

fcs = 0.6 fc' =27 Mpa

(4-7-1) Selection of Section:
Try Wo =30 KN/m

Mo =30 (‘*ZL 6000 KN.m

(40)?
MD+ML =40 - 8000 KN.m

6000 x 0.15+8000
Sl= ———————=315mm’
0.85 x 1.45+27

_6000x0.15+8000
0.85x6.71+20.25

S2 =343 mm3
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Select a rectangular section with B = 800 mm, H = 2000 mm
A =160 x 104 mm?

S=533x 106 mm* S>S2

I=533 X 109 mm*

r’=1/A =333 x 103 mm?

Wo = (25 KN/m?) x A =40 KN

2
Mo = 40(42) — 8000KN.m

(4-7-2) Design of Strands:

fecie fti g x (ft+ fci= 145 0.5 (1.45 - 20.25) = -9.4 MPa

Pi=fcckAc=9.4x 1600 = 15040 KN

Material Specification: fpy = 1676 MPa, fpu= 1860 MPa
Controlled value of design is the smallest of:

0.82 x fpy = 1374 MPa

0.74 x fpu =1376.4 MPa

3
Aps =20 X8O _ 10946 mm?
1374

No. of strands = 112 Bonded strands = 16 Tendons
(4-7-2-1) Location of Strands:
At Mid

_ . .S | M_ 533 x (10)° 8000 x (10)° _
e=(fti fcoix =t o (1.45+9.4) 5020 x (10)° T 13020 x (10)° 916 mm <1000 —
40mm
At End

533 x (10)°

CFthfedix S— S
e=(fti fcoix - (1.45 +9.4) 15040 x (10)3

=385 m.

(4-7-2-2) Check Allowable Stresses:
a. Stage Pi alone (e end = 385 mm):

—Pi exC
= P (1-229

Ac r?
¢ 15040 ( 385x1000> e
= T1600 * 333x103 )
fo= —Pi <1+exC)
T Ac X r?
[, 15040 ( 385x1000>_ 203
~ 71600 333x103 ) °

—-0.7xfci= —0.7x33.75 = -23.6 > -203

6

' 6
EX fci= Exv33.75 =29 >147
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b. Stage Pi + M, at Beam Centre (¢ mid = 916 mm):

1 —Pi ) exC\ M,
= A—CX< - 12 )_ S
¢y ~15040 ( 916x1000> 8000 _ .
= T1600 *\' " 333x10°) 533 O o
. —Pi <1+exC>+Mo
= Ac X 12 S
_ —15040 ( +916x1000)+8000_ 3525+ 15= —20.25
= 71600 \" " 333%10° ) B33 T -

—0.6xfd = —0.6x33.75 = —20.25 = —20.25

3 . 3
12 xVfci= 12 XxV33.75=1.45=1.45

c. Stage Pi + Mtot at Beam centre (¢ mid = 916 mm):

f1— _Pl ( EXC) R Mo MtOt
~ A ™ 2 ) ¥ T T s
—15040 916 x 1000 8000 8000
f1= —x( ——)x 85— —
1600 333x 10° 533 533
f1= 14—15—15= —16
f2—_Pi (1 exC) R+M°+Mt0t
Y R A S
_ —15040 ( | 916x 1000) o5 , 8000 8000
= T1600 * 333x10% ) © 533 ' 533

f2= -30+15+15= 0.0

045xf¢ = —0.45x45=-20.25 > —16

12 12
EX f(f—EXV‘l- =6.7 >0.0
7.5 12
EX f(f—EXV‘l- =42 >0.0

(4-7-2-3) Check Strain:
Fpe = 1066 MPa> 0.5 fpu = 0.5 x 1860 = 930 MPa

— Aps _ 112x987 _ 0.007, dp = 1000 + € mid =916 + 1000 = 1916 mm

]

fps= f [1 vb (
ps= fpux |1- g7 x (ppx
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0.28x 1860 x 0.007
0.73x45

) =0.73

Fps = 1860 (1 — ) = 1656.5 MPa

45-28

7

0.003xd
—————=718.5 mm
0.003+0.005

T=C=>112 x 98.7 x 1656.5=0.85 x 45 x 800 x a
a=598.4 mm
Mn=T (d-0.5a)=112x98.7 x 1656.5 x (1916 — 598.4 x 0.5) = 29606KN.m

B =0.85-0.05 (

Select bottom reinforcement = 12= 25

T=CI12 x 491 x 420=0.85 x 45 x 800 x a
a=81 mm

a strands = 598.4 — 81 = 5.174 mm

=317* _ 709 mm <718.5 mm
0.73

20 =0.90
(4-7-3) Design of Shear Reinforcement:

For shear design, take the critical section at h/2 from the face of support (ACI 11.1.3.2).

h 2000
E=T=1000mn fronfacefsupport
h supportwi dth
X =§+—2 =1000+—2 =1250mm fronctentenfsupport
KN
w=40—
m

Vug=R—(wx x) =800— (40x1.25) = 750KN

x? 1.252
MudZRXX—WX7:(800X1.25)— 40x > =969 KN.m

0.4xfpu=0.4x1860= 74 MPa < fpe= 1066 MPa — Use ACI altenateet hod

eend—enid 916 — 385
—5— x0.7=385+—77—x0.7 =404 mm

40
2 2

eq = eend+

dp=C+e4 =1000+404 =1404mm > 0.8xh=0.8x2000= 1600mm

Usedp = 1600mm atthecriti cadcti an
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min.V == x Vi xbxdp = = x V45 x 800x 1600 = 1431KN.

5 5
mx.V. = — X\/@Xbxdp=ﬁ xV45x800x 1600 = 3578 KN

12
Yuxdp 03 750x 1600 1073 = 1.24 > 1.0 > Takei t= 1.0
= — =1. 0- =1
o X 969 X akei
1 Vyxd
Vc:[%foc’+5x - up] x by, xd,

1
Vc = [ﬁ X\/E+5X1.0] x800x 1600 = 6829KN > max.Vc = 3578KN

TakeVc = 3578KN

@ xVc = 0.75x 3578KN = 2684KN

1 1
E@XVC =3 X 2684 = 1342KN

1
Vu <E(Z)XVC

750 < 1342
Item II = min. shear reinforcement is required.

Avmin 1 bw _1 800 _
s =3%fy 3%a0" "

> ! fc bw = ! 15 800=080-C 1
— =— X — =0.80 -
_16X fyXW 16X420X onro

Apsx fpu dp 110544x1860 1600
>———— X |[— = X = 0.54
80xfyxdp bw 80x420x1600 800

By usi ngd10 wi t hAs = 2x78.5 = 157 nm 2
Av, 157
%”‘:Tzo.soeszzomnn

Use@P10@0 cmassheamreinforcemt.
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Figure (4-16): Cross Section at Mid of the Span.

Figure (4-17): Cross Section at End of the Span.

72|Page



Chapter Four | Structural Design

(4 -8) Design of Shear Wall W2 at Hall:

Fc¢’ =30 MPa
Thickness =20 cm
Fy =420 MPa
A=0.Imm

Height =8.7 m

]

8.7000

R N A N R N NG,
S S e

M-Dlo.gran V=Dlagram NG L Lt o 2 L .
N AN AN A NN A AN AN

9122 KNm 1073 KN A R R R R R R R R R

RN R RN

Figure (4-18): Shear Wall Analysis.

Lw < Hw, moment section at Lw/2 from base of wall
Lw/2=4.5/2=2.25m

Mu; = 9122%(8.7-2.25)/8.7 = 6762.86 KN.m
Vu=1073 KN

d=0.8Lw =0.8*4.5=3.6 m.

(4-8-1) Design of Horizontal Reinforcement:
To determine V¢ for wall using the following equation:

1- Ve =@b. d =@ x200x 3600=657.267 kN

2-VC=@b.d +2d_ V30700 %3600 + 22 2%

4 4x4500

=985.9 kN

M Lw 6726.86 4.5 0
1073 2

- o
3-Ve= @+w]h.%:[@+“(— JI30c+0) |5 ) % 635.06 kN
Vu 2

Ve =635.06 kN controlled

O Ve +0 Vs =Vu
Vs =Vu/e—Vc=1073*10%/0.75 - 635.06 = 795.6 KN
this force will carried by steel bars in horizontal direction.

73|Page



Av

n__ Vs _ 795.6x10°
S

= = =0.526
fyd 420x3600

Chapter Four | Structural Design

check minimum ratio : AVT" = 0.0025h=0.0025*%200 = 0.5 < 0.526

mn

therefore , take ratio = 0.526

select P10 two legs with As = 157.1 mm?

S =271 = 298,66 mm < Lw/5 = 4500/5 = 900 mm

0.526
< 3.h=3*200 =600 mm
select S=250

(4-8-2) Design of Vertical Reinforcement:

S.h 250x200

pl = 0.0025+ 0.5(2.5- Hw/Lw )( pt -0.0025)

pl =0.0025+ 0.5(2.5- 8.7/4.5)( 0.00314 -0.0025) = 0.00268

=My
 Sh
select @10 two legs with As = 157.1 mm?
S= ——="1 ___593.1 mm < Lw/3 =4500/3 =1500 mm

0.00268 x 200

< 3.h=3*200 = 600 mm

select S =250 mm

(4-8-3) Design of Bending Moment:

Mu (of boundary) = Mu max — Mu (by uniform vertical bars)

Av.v=4500*157.1/250 = 2827.8 mm?
z 1 1

Iw . 085/Cbhf  ,, 0B5X30X4500 X200X085 0.054
S ' 420 x 2827.8

Mu = 0.9(0.5Av.fy. Lw (1 - ) = 0.9(0.5%2827.8*420%4500%(1-0.054/2)) = 2340.1 kN.m

M, =9122 - 2340.1 = 6781.9 KN.m

C= compression zone
Lw

- Au
GOO.W

Au 01 00115
Hv 87

=% _6575mm
600x0.0115

Lb>c¢/2=652.5/2=362.25 mm
>C-0.1x Lw =652.5- 0.1 x 4500 = 205.5 mm

select Lb = 650 mm
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M 6781.9 x 10°
lo__ 05 — 4660 mun

b ™ fyaw-1b)  420(4500-650)

Select @25 with As = 490.625 mm?
N =4660/491 = 9.5 = 10 bars

Select 10025 in each boundary side, and @25 for each stirrup corner.

(4 -9) Design of Underground Tank:

The Soil of location has an allowable bearing capacity = 500 KN/m?, a specific weight = 22
KN/m?, and a coefficient of active earth pressure = 0.3.
The dimensions of the tanks have been suggested as following:

The internal height = 5 m, and the total height of concrete tank = 5.75m + 0.2m (Unreinforced

Concrete).
5480
] w4 (W[N] L
o ? [u} o o u} a a a a a W 1
[T 9) W5 0
§ —] W3 [u] [u} Z u} o a o a a W3 W2
Wl £ [u] [u} u] [u] a o 20,00 a a m 6.15 leQ
g g ] W4

Fig (4-19): Tank System.

(4-9-1) Design of Bearing Capacity:

> Loads on Soil = Weight of Slab + Weight of Walls + Weight of Mat + Weight of Water +
Weight of Soil (Edge)

=(0.25%25x20.9x53.8+0.3x5x25x%202.3+0.5x25x21.9x54.8+2000x2x 10 +22x5.22x0.5x75.7 = 74
MN.

Stress on Soil = 74

———— =62 KN/m? < 500 KN/m?.
21.9x54.8

(4-9-2) Design of Thickness of Walls:
Vu =16 KN (using SAP2000)

V30

fe
OxVe=¢ x £ xbwxd=0.75x — X 0.3x238=49 KN>16 KN. Thickness = 30 cm is safe.
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(4-9-3) Design of Mat:
(4-9-3-1) Design of One-Way Shear:
Vu =120 KN (using SAP2000)

fe
CDch=cbx£waxd=O.75x@
Thickness = 50 cm is safe.

(4-9-3-2) Design of Two-Way Shear:
For Columns having Pu =240 KN
F=62x0.809 x 0.809 =40.6 KN

Vu =240 -40.6 =199.4 KN

0.2045 , 0400

Chapter Four | Structural Design

x 0.5 x409 =560 KN > 120 KN.

0.2045

0.2045 LOOL 0.2045

Figure (4-20): Column Punishing Area.

/35

fe
OxVe = ngboxd=0.75 x %% 3236 x 409 = 1812 KN > 199.4 KN

3
Thickness = 50 cm is safe.
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(4-9-3-3) Design of Bending Moment:

(4-9-3-3-1) System and Loading:

Case I:

Tank full of water and no earth pressure, System and Loads: Water loading on walls and mat.

Mmmp

\ Water Pressure

~ =

2K s

Figure (4-21): Case I Loading.
Case II:

Earth pressure without water, System and Loads: Earth Pressure loading on walls and mat.

s e

2D

Figure (4-22): Case II Loading.
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(4-9-3-4) Analysis (Confirmed by SAP2000):

Take max. Values of Mu between two cases:

Table (4-2): Tank Elements Analysis.

Wall Mu (KN) |
W4

In 132
Out 214
w2

Water Side 0.0
Air Side 42
W1

In 132
Out 214
W3

Water-Air Side 42
Water Side 42
W5

Both Sides 42
Mat

Bottom 270
Top 180

(4-9-3-5) Bending Moment Reinforcement:

(4-9-3-5-1) Design of Positive Moment:

Mu = 270 KN.
Mn =Mu /¢ =270/ 0.9 =300 KN.m
—_fy 420 _ 16.5

0.85f. 0.85x30

Mp 300x1073
= = =1.79 MPa
N pxd2 1x (0.409)2 7

p:i(l_ ’1_2xl(f;xm)
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:L<1_ \/1_2X16.5x1.79>:0‘0044‘
16.5 420

As=p x bw xd =0.0044 x 100 x 40.9 = 18 cm2/m.

Asin = pxbwxh=0.0018 x 100 x 50 =9 cm2/m < 18 cm2/m.
As =18 cm2.

Select ®20@ 15 cm =20.9 cm2/m > Asreq = 18 cm2/m.

Check for Strain:
Tension = Compression
Asxfy=0.85x f, xbxa. Note: f; =30 MPa > 28 MPa— 3; = 0.835
1884 x 420 =0.85x30xax 1000 > a=31 mm.
31 0.003  0.003 + &
X= 0835~ S/3MM, 3o =T 00

gs=0.030>0.005, -~ @ =0.9 OK.

(4-9-3-5-2) Design of Negative Moment:

Mu = 180 KN.
Mn =Mu /¢ =180/ 0.9 =200 KN.m
= 40 65
0.85f. 0.85x30
K. = Mp _ 200x1073 —1.19 MP
0 pxd2 1x (0.409)32 ’ a
_l _ _ZXKnxm
—m(l 1 —fy )

-1 (1 _ \/1 _ w>: 0.0029.
16.5 420

As =p x bw xd =0.0044 x 100 x 40.9 = 12 cm2/m.

ASpin = pxbwxh=0.0018 x 100 x 50 =9 cm2/m < 12 cm2/m.
As =12 cm2.

Select ®16@ 15 cm =13.3 cm2/m > Asreq = 12 cm2/m.

Check for Strain:
Tension = Compression
Asxfy=0.85x fi xbxa. Note: fi =30 MPa > 28 MPa— 3; = 0.835
1206 x 420 = 0.85x 30 x ax 1000 > a=19.9 mm.
199 0.003 0.003 + &
X=0835 MM 939 T 409

gs=0.048 > 0.005, - ® =0.9 OK.

Table (4-3): Mat Reinforcements.

Mat Asx Asy
Bottom 2015 20@15
Top l6@ls 16@l5
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(4-9-4) Design of Walls:
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Table (4-4): Walls Reinforcements.

Wall Hor Ver

W4

In 10@20 16@10

Out 10@20 20@10
w2

Water Side 10@20 12@20

Air Side 10@20 12@20
Wi

In 10@20 16@10

Out 10@20 20@10
w3

Water-Air Side  10@20 12@20

Water Side 10@20 12@20
W5

Both Sides 10@20 12@20
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end | Both ends
supported | continuous | continuous | Cantilever

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

Member deflections.

Solid one-
way slabs £/20

Beams or

ribbed one-
way slabs £Nne £/18.5 er21 £/8

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

(density w, = 2320 kg/m®) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

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

less than 1.09.
b) For £, other than 420 MPa, the values shall be multiplied by (0.4 + ,,/700).

€124 £/28 £M0

Jraaill aalgl) slad¥) e Gluas¥) clsie s Aiaaal) clSll Ly 7 sace ASLaw B

S aA e Uy dgaY) Al b gl
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end | Both ends
supported | continuous | continuous | Cantilever

Members not supporting or attached to partitions or
other construction likely to be damaged by large
Member | deflections.

Solid one-
way slabs £/20 £/24 £/28 £Mo

Beams or

ribbed one-
way slabs (Al £/18.5 er21 £/8

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

(density w, = 2320 kg/m®) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural Iightweight concrete having unit density, w,, in the range
1440-1920 kg/m?, the values shall be multiplied by (1.65 = 0.603wc) but not

less than 1.09.
b) For £, other than 420 MPa, the values shall be multiplied by (0.4 + f,,/700).
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