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The Structural Design of

" Al Manar Hotel “ that proposed to be established in Bethlehem city

Palestine Polytechnic University

Working team:
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Supervisor:

Dr. Belal Almasri

Project Abstract

The aim of the project is the structural design of all the concrete elements of the building
(the hotel) of slabs, beams, columns, foundations and other structural elements.

Whereas, the structural design is important and produces all the outputs related to the
stability of all constructional elements, where the structural safety of these elements is
evaluated after processes of determining the loads, analysis and structural design, and the
selection of sections is based on provider of the structural safety factor as well as on the
economic cost.

The project consists of six floors, with an area of 7400 square meters, a large area that
contains a large area of spaces and its own sections from the settlement, which is a car park
with several stores, to the ground floor that contains a general meeting room, conference
center and the complex reception places the rest of the floors Much sections are

.architecturally well distributed

It is worth noting that the Jordanian code was used to define live loads. To determine
earthquake loads, structural analysis and section design, the American code (ACI_318 08)
and (ASCE7-11) will be used, and it is necessary to refer to some computer dependence
programs, such as: -

(ETABS, SAFE, ATIR, SP Column, Microsoft office and AutoCAD)
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List of abbreviation:

D. Dead load.

L. live load.

W,: factored total load.

Ln: clear length of member.

&: thickness of a layer.

y: unit weight of material.

Ms: nominal bending moment strength of the section.

M.: ultimate factored bending moment strength of the section.

,ﬁ;: compression strength of concrete.

fy: specified yield strength of non-prestressed reinforcement.
p: ratio of steel area.
€s. strain of tension steel.

t: strength reduction factor.

Vn: nominal shear strength.

V.. factored shaer force of the section.

V.: nominal shear strength provided by concrete.

Vs: nominal shear strength provided by shear reinforcement.
As: area of steel.

Ay: 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.
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Sd = Wi So

Mi=0.8 .... a°=0°(flat roof)

h = 650 m (reduce level) ... 1500 > h > 500

So = (h—400) / 320 = (650-400) / 320 = 0.781 KN /m?

Sd=0.8 *0.781 = 0.625 KN /m?
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:ialadl) o3gl Tadg clldg (UBC 1997) alaiiasd iy Cises Jlea¥) oda aaaily gAY Cilpiriall (e aall 5 (média
P=Ce*Cqg*qs*lw
Ce: Combined height.

Cq: Pressure coefficient of structure.
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Iw: Importance factor.

P: Design wind pressure.

—: I Jlaal (3

A A sass b de g daaily ) Jleal oo plie g Gl e i A Al JlaY) aal e
o=l Ghasa éjﬁﬁ 68 o=l (58 (a5 iy saill Ly ‘L:j“ ey Y] ahen ddg yaall 0g3all Jie Laaal) e e
Gy 3B dakaiall o3 o @lld ¢ (aad ) psabe Cay dakia B laeY) Cpe Jlea¥) o2 3555 Lind) 8 8agasal

(UBC 1997) sasiesall 35S0 ) Tegays Tolaie) il (5585 J3W3 Jleal auans 35 . 5V

Seismic Zone Factor,Z
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According to ACI-Code-318M-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 = 18.5'

The maximum span length for both end continuous (for ribs):

l
hmin = ﬁ

h = 32cm (24cm Hollow Block + 8cm Topping)
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CH4: Structural Analysis and Design

4.1 Introduction.

4.2 Design method and requirements.
4.3 calculation of Slab Thickness.
4.4 Topping Design.

4.5 Load calculations for one-way Ribbed slab.

4.6 Sample Design of one-way Ribbed slab.

4.7 Sample Design of a Beam.

4.8 Sample Design of a Torsional Beam.

4.9 Sample Design of a Two-Way Ribbed slab.

4.10 Sample Design of a Solid Slab.

4.11 Sample Design of a Steel member in The Opening.
4.12 Sample Design of a Column.

4.13 Sample Design of a Basement Wall.

4.14 Sample Design of a Shera Wall.

4.15 Sample Design of a Stairs.

4.16 Sample Design of a Mat Foundation.
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4.1 Introduction: -

v Reinforced concrete (RC) is a composite material in which concrete's relatively low tensile
strength and ductility are counteracted by the inclusion of reinforcement having higher tensile
strength and/or ductility. There are several examples of RC structures such as: bridges,
buildings, retaining walls, tunnels, and many others.

v’ Concrete is a construction material composed of cement (commonly Portland cement) as well
as other cementations materials such as fly ash and slag cement, aggregate (generally a coarse
aggregate such as gravel, limestone, or granite, plus a fine aggregate such as sand), water, and
chemical admixtures.

v Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and
frequently admixtures.

v" Structural concrete can be classified into: -

e Lightweight concrete with unit weight from about 1350 to 1850 kg/m?.
e Normal weight concrete with unit weight from about 1800 to 2400 kg/m?®.

e Heavyweight concrete with unit weight from about 3200 to 5600 kg/m?.

In This Project, there are two types of slabs: ribbed slabs and flat solid slabs. They would be
analyzed and designed using engineering software such as Beam D in order to calculate the internal
forces, deflections, and then hand calculation would be made to find the required steel for some

members.

In this Chapter, we will show the design procedure for several structural members of our project,

so we will discuss the steps that we followed to design the Ribs, beams, slabs.

This chapter presents a sample calculation related to one of the preceding members contained in
this project. All of structural members will be designed according to the design code (ACI —b318-

code).
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4.2 Design method and requirements: -

The design strength provided by a member is calculated in accordance with the requirements and
assumptions of ACI_Code (318_11).

4.2.1 Strength design method:

¢ In Strength design method which formally called ultimate strength design method, the service

loads are increased by factors to obtain the load at which failure is considered to be occurring.

This load called factored load or factored service load. The structure or structural element is
then proportioned such that the strength is reached when factored load is acting. The computation
of this strength takes into account the nonlinear stress-strain behavior of concrete.

% The strength design method is expressed by the following,

Strength provided > strength required to carry factored loads.
The statically calculation and the key plans dependent on the architectural plans that we
will to use it from Code UBC: ACI 2011.

> Materials: -

fc'=300*0.8 = 24N / mm?(MPa
L Concrete: B300 ........ (MP2) For rectangular

section.

B350 fc'=350 *0.8 = 28N /mm?*(MPa) For column section.

2. Reinforcement steel: -
The specified yield strength of the reinforcement {fy = 420 N/mm? (MPa)}

4.2.2 Factored loads:

The factored loads for members in our project are determined by:
Wu = 1.2DL + 1.6 LL ACI — code — 318 — 08(9.2.1).
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4.3 Determination of Slab Thickness:

Table4-1: - Minimum Thickness of Non-prestressed Beam or One-Way Slabs Unless Deflection
calculated. (ACI 318M-11).

impl Both
Member Simply One ?nd ot .end Cantilever
supported Continuous continuous
solid one wa
¥ L/20 L/24 L/28 L/10
slabs
Beams or
ribbed one way L/16 L/18.5 L/21 L/8
slabs

Table (4.1): Minimum Thickness of Structural Member

0,

% The minimum required thickness is: -

-Maximum span length for one-end continuous:- L=5.9 m =590 cm.
- hmin for one-end continuous = L/18.5.

Rmin==L/18.5=590/18.5 = 31.8 cm.

-Maximum span length for both —end continuous: - L=5.9 m =590 cm.
-hmin for both-end continuous = L/21.

hmin = L/21 = 590/21 = 28 cm.

So, select h=32cm (24cm block + 8cm topping)
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4.4 Design of Topping:

Statically System for Topping: -

Consider the topping as strip of (1m) width, and span of mold length with both ends fixed in the

ribs.

".I"l.."EJ

- - 40 cm -

Fig 4.1: Topping Load.

4.4.1 Determination of loads: -

«» Dead load:

Dead loads consist of the following weights: “for 1m strip”

Dead load from Y *xd X Im KN/m
Topping 0.08x25x1 2
Sand 0.08x17x1 1.36
Mortar 0.02x22x1 0.44
Tiles 0.03x23x1 0.69
Partitions 1.5x1 1.5
Sum 6.0 KN/m

Table 4-2: Calculation of the total dead load for Topping
% Live load:
LL=4KN/M?> — 5 LL=4KN/m?x1m=4KN/m

++ Factored load:
Wyu=12x6+16x4=13.6 KN/m.

» Check the strength condition for plain concrete, @Vn >V,

» OVn=0.6*0.11*VFc' *bxh=0.6*0.11*v24 %1000 * 80 =25.9 KN

13.6%0.4
Vu =

=2.72 kN
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@Vn>>Vu =272 KN
No reinforcement shear is required by analysis.

» Check the strength condition for plain concrete, @Mn> My, where @ =0.6.
Mn = 042 £/f, Sm ... ...... ... ..(ACI 22.5.1).

b.h? _ 1000802

Sm(modulus of cross section of slab) = — = 1066666.67 mm3.

oMn = 0.6 X 0.42 X V24 x 1066666.67 x 1076 = 1.32 KN.m

Wyl?  13.6%0.4%
12

-Mu = = 0.181 kN.m

@Mn >> Mu = 0.181 KN.m

-No reinforcement is required by analysis. According ACI 10.5.4, provide Asmin for slabs as

shrinkage and temperature reinforcement.
Pshrinkage = 0.0018.......... ACl7.12.2.1
As = p X b X htopping = 0.0018 x 1000 x 80 = 144 mm?/m strip.

Try bars @8 with As = 50.27 mm?2.

A 1
S = 087 take 3 bars.
As@gg)  50.27

Bar numbers n =

» Step (s) is the smallest of:
1. 3h = 3x80 =240 mm. .... control ............... ACI10.5.4
2. 450mm.

280 280

3. S :380(—) —25C, =380 [ 22 ) - 2.5 %20 = 330mm
f 3420

N

S< 300 (@) =300 (22 ) = 300mmo............. ACI 10.6.4
fs 3420

Use @8 @ 200 mm in both direction, As provided =250 mm?2/m, S = 200 mm <Spmax = 240 mm.
So, Select Mesh @8/20cm in both directions
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4.5 Load calculations for one-way Rib slab

Statically System for the rib

-The effective flange width (be), according to ACI 8.12.2 is the smallest of:

" be < == 6300_4400_400 = 55400 = 1375mm  L:is the span of the rib.

* be < bw +16hf = 120+ 16 x 80 = 1400 mm.

" be < Lzﬂ +% +bw = 400 + 120 = 520 mm. ...... Control

IS
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% Requirements for Slab Floor According to ACI- (318-08).
© DWW = 10CM et cev vt et et et et et et et et e e ene e e ACT(8.13.2)

Select bw=12cm

o h < 35%bW i e e L ACT(8.13.2)
Selecth = 32cm < 3.5%12 =42 cm

o tf > =22 3333mm > 50MM e e e e e e e e e ACI(8.13.6.1)

12 12

Select tf = 8cm.

e Unitwidth (b) = bw +- block+— block

by= 12 +- 40+ 40 =52 cm
2 2

Select bf = 52cm

| Ziles 3 cmn

| Mortart 3 cm

| Coarse Sand fill 7 cm

|R Concrete Topping 8 cm
| Concrete Block

| R Concrete Rib

|Plaster ».m

Typical Section In Ribbed Slab
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+» Dead load calculations:

Dead load from: 0% yx be KN/m
Tiles 0.03x23x0.52 0.3588
Mortar 0.03x22x0.52 0.3432
Sand 0.07x17x0.52 0.619
Topping 0.08x25%0.52 1.040
web rib 0.24x25%0.12 0.720
Hollow Block 0.24x9x0.4 0.864
Plaster 0.03%22x0.52 0.343
Partition 1.5x0.52 0.78
Y 5.9KN/m
Table 4-3: Calculation of the total dead load for one-way rib slab
% live load:
Live load /rib = 4 KN/m? x 0.52m = 2.08 KN/m.

Du
Lu

L)

«» Factored load calculations:

= 1.2 X 5.9 =7.08 KN/m.
= 1.6 x 2.08 = 3.328 KN/m.

qu = 7.08 +3.328 = 10.41 KN/m
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4.6 Design of One-Way Rib slab:

Material: -
concrete B300 Fc' = 24 N/mmz2
Reinforcement Steel fy = 420 N/mm:2

Section: -
B =520 mm

bw =120 mm

h =320 mm

t=80 mm

d = 320-20-8-12/2= 256 m

By using ATIR Program we get the envelope moment and shear force diagram as the follows: -

Geometry

Units:meter,cm

1 2 3
T TV A T—T —
| 4, 1, C Aj 1, € 1.
05 3.4 06 2.96 0.6 3.15 0.6
‘ ‘ ‘ 3.95 ‘ ‘ ‘ 3.56 ‘ ‘ 3.75
I T T
4 5 6
Al Al Al
—T TV TV T TV
—0Fr AJ 1, C AJ 1, € Aj 1, |
0.6 3.15 0.6 3.03 0.6 3.27 05
‘ ‘ 3.75 ‘ ‘ 3.63 ‘ 3.82 ‘
f = f f !
32.TT
12.
A-A
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Moment/Shear

Envelope (Factored) Units:kN,meter
Moments: spans 1to 6
-16.7 -
-14.3 121 16.1
07 /\-10.8 -11.8 84 A 85 e -102 A\ g3
-6.7 6 3 ’ ' -6.6 /\ -6.9
59, Coe T ool
[ ' 4i1| ' /f.OiQI y '9i4| '
6'8 0'85 '0.3 06 l0'6
0.59 .66 0.54
5.8
8.5 8.3 6.4
13.9
158 | 237 196 | 16 | 188 188 | 188 188 | 163
I T T T T T T T T T
Shear
248 21.3 21.1
-18.7 -18.4 150 : -20. 15 o -16.4
49 -13.9 T4
-12.3 -10.9
— } } } } } } } } } } }
T T T T T T T T T T T 1
s 15. 138 15.1 12.9
17. ’ 18.1
21.1 19.9 21.2 18.9
24.1
Loading
load group no. 1
Dead load - Service Units:kN,meter
5.90 5.90 5.90
3.95 3.56 3.75
5.90 5.90 5.90
3.75 3.63 3.82
Live load - Service

Load factors: 1.20,1.20/1.60,0.00

VoL odeoe) )} L) eee) || ) ] ] Jeos) | ]

3.95 3.56

3.75

AN A A A A A A 1 N A

3.75 3.63

3.82

51




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

Reactions
Factored
II III III III III III II

DeadR 11.21 30.49 24.2 27.55 24.74 30.06 10.76
LiveR 5.81 15.33 14.06 14.92 14.15 15.11 5.66
MaxR 17.02 45.83 38.25 42.47 38.89 45.17 16.42
MinR 10.67 35.77 28.54 33.02 29.22 35.53 10.16
Service

DeadR 9.34 25.41 20.16 22.96 20.62 25.05 8.97
LiveR 3.63 9.58 8.79 9.32 8.84 9.45 3.53
MaxR 12.98 35. 28.95 32.28 29.46 345 12.5
MinR 9. 28.71 22.88 26.38 23.41 28.47 8.59

(4.6.1) Design of flexure of rib (Ribl):
(4.6.1.1) Design of Positive moments of rib (Rib1l).

Assume bar diameter @ 12 for main positive reinforcement.

d = 320- 20- 8—12—2 = 286 mm. ...

. t 80
M, =085f *b,*tr* d——f = 0.85 * 24 * 520 * 80 * ( 286 — — ) * 107% = 208.76 KN.m
f c f 2 2

. OMnf = 0.9 *208.76 = 187.88 KN.m

1) Positive moment of first span (maximum moment) Mu ) =13.9 KN.m
dMnf =187.88 KN.m > Mu =139 KN.m

-~ Design as rectangular section.

Mn = Mu /¢ =13.9/0.9 = 15.44KN.m

f 420
=—2_= = 20.6
0.85f, 0.85+24
M, 15.44x10°
R,=—5= > = 0.363 MPa
bxd 520286

1 2%Rp*m
=—(1-— 1-=—
p=—( / 7, )
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=L<1 _ 1= M) — 0.000872 < pmax = 0.852= B (3) = 0.01769
20.6 420 ) 1\7

* Note: f_ = 24MPa< 28 MPa-> §, = 0.85

As = p » b xd = 0.000872 % 520 * 286 = 129.7 mm?>.

fe 1.4
ASpin = F\/_y) *b,*d = f_y *bhy*d (ACI-10.5.1)
ASpin * 120 * 286 = 100.08 mm?

= 4+420

ASp = —= %120 * 286 = 114.4mm? = controlled
420

Agreq = 129.7 mm® > Asy, = 1144mm* — —> 0K

~ As = 129.7 mm?

Use 2 10 with As o = 157 mm? > As g = 129.7 mm?.... 0K

~ Use2 010

Check for strain: - (¢, = 0.005)

d= 320- 20- 8—12—0= 287 mm.
Tension = Compression
As * fy =085 f) x b xa
157 * 420 = 0.85 * 24 * 520 * a

a = 6.21 mm.

_a _621_ * - _
T 7.31 mm. Note: f = 24MPa< 28 MPa-> #, =0.85
d—c 287 —7.31
& = 0.003 = ( ) = 0.003 = (T) = 0.114 > 0.005.... ¢ =09.. 0K
c :
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(4.6.1.2) Design of Negative moment of rib (Rib1):

Assume bar diameter @ 12 for main negative reinforcement.

1) Negative moment at support Mu ©=16.7 KN.m
Mn = Mu /¢ = 16.7/0.9 = 18.55KN.m

d = depth — cover - diameter of stirrups — (diameter of bar/ 2)
12
= 330 - 20- 8—7 = 286 mm.

f 420
m=—2-= = 20.6
0.85f, 0.85x24

_ M, _1855+10°
T brd® T 120+2862

1 2*%R,*m
=—(1- [1-=2
p=—( / 7, )

:L<1 - | —M> — 0.00473 < pmax = 0.852p (3) = 0.01769
20.6 420 ) 1\7

R, = 1.89 MPa

As = p * bw xd = 0.00473 * 120 = 286 = 162.35 mm?2.

ASpin = 0y * 7, D (ACI-10.5.1)
V24 5
ASpin = * 120 * 286 = 100.08 mm

4 %420
ASmin = oo 120 + 286 = 1144 mm? > controlled
Agreq = 16235 mm?* > Asy, = 1144mm?*. .. OK

. As = 162.35 mm?.

Use 2 12 with As ,,, = 226.08 mm? > As ,.q = 162.35 mm?.... OK

~ Use2 012
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Check for strain:-(g;, = 0.005)
Tension = Compression
As * fy =085 f/ b x a

226.08 * 420 = 0.85 * 24 * 120 * a

a = 38.78 mm.
=238 _4563mm *Note'f,=24MPa<28MPaéﬁ =0.85
= 085 . . :f. . =0.

g, = 0.003 (?)

=0.0158 > 0.005

=0.003 (w)

~$ =09...OK.

(4.6.2) Design of shear of rib (1):
1) Design of shear at support (2) :

Critical section at distance d = 286 mm from the face of support.

Vimar =18.7 KN.

JE

6

bV, =11 = b, d

4
= 1.1 = * 120 %286 10 3 = 30.82 KN.

b*V, =0.75%30.82=23.11 KN

Vu=18.7< ¢*Vec =23.11 ..... No shear reinforcement is required according to ACI .

But, For Fixation of longitudinal rebars stirrups is required

So, Select @8/25cm (Montage)

55




4.7 Design of Beam (BG3):

Material: -
concrete B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section: -
B =80cm.
h =52cm.

According to ACI-Code-318-08, the minimum thickness of no prestressed beams or one-way
slabs unless deflections are computed as follow:

The maximum span length for one end continuous (for beam):l = 7.6 m, then

[ 760
18.5 185

hpin = =41cm.

— Select Total depth of beam h = 52cm.

Loads on beam: (SERVICE)

load from ribl + self-weight =

((25.41/0.52) D + (9.58/0.52) L + 7.45) KN/m

= ((48.86+7.45) D +(18.42) L) KN/m

56




+ Statically System for the beam

asae.s

R

R
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Geometry Units:meter,cm

1 2 3
1 2
A o A
L L
A A
q.2§ 7.35 ng. 7.2 q2§
“‘ 7.6 "‘ 7.45 "‘
I I 1
52.
80.
A-A
Loading
load group no. 1
Dead load - Service Units:kN,meter
48.8 48.8
104 14
6 7.45
Live load - Service Load factors: 1.20,1.20/1.60,0.00

AN A N A A A A A

7.45

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

Moments: spans 1to 2

-712.2
-653.5 -654.2

| 2.24231 |
f I 1

[ rhy Ll

1.6/1.62
36. 1 i 1 5.9
452.8 428.
| 3.04 456 4.47 2.98 \
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Shear

-475.9
-414.1
-293.5
-231.6
; R ;
240.
301.8
408.4
470.3
Reactions
Factored
[ [ |
I 1T |

DeadR 203.98 668.95 197.31
LiveR 97.85 277.24 96.2
MaxR 301.83 946.19 293.51
MinR 190.66 805.64 182.89
Service
DeadR 169.98 557.46 164.42
LiveR 61.16 173.28 60.12
MaxR 231.14 730.74 224.55
MinR 161.66 642.89 155.41

(4.7.1) Design of flexure for (BG3):

(4.7.1.1) Design of Positive moment:
B =80cm. ,h =52cm. 0 =10mm.
Assume bar diameter @25 for main positive reinforcement.

bar
d = depth — cover - diameter of stirrups - (diameter of T)

25
=520-40-10- - = 457.5 mm.
Check whether the section will be act as single or doubly reinforced section:

Maximum nominal moment strength from strain condition &, = 0.004
3
Cmax = 7 x d = 7 *457.5 = 196.07 mm.

Amax = BL* Comax = 0.85 % 196.07 = 166.66 mm.
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* Note: f, = 24 MPa < 28 MPa - 1 = 0.85
a
Mn,max:0-85*fcl*b*a*(d_z)

166.66

= 0.85 * 24 x 800 * 166.66 * (457.5 - ) * 107 = 1017.70 KN.m

250
$ =065+ 3 x(g—0.002).

250
$ =065+ 3 = (0.004—0.002) = 0.816.

1) Positive moment of firstspan: M, = 452.8 KN.m
M, = 452.8KN.m < ® M, = 0.816 x 1017.7 = 830.44 KN.m

~ Design the section as single reif orced concrete section.

Mn = Mu /$ = 452.8/0.9 = 503.11 KN.m.
25
d = 520~ 40-10~ —- = 457.5 mm.

f 420
m=—2-= = 20.6
0.85 f/  0.85+24

_ M, _ 503.11%10°
bxd? 800+ (457.5)2

1 2%Rp*
pra(l- [1-Eiem)

R, = 3.0 MPa

_ 1 (4 _ 2x3.0%20.6 | _ _ e 3\ _
=-L <1 1- 22 ) = 000776 < pmax = 0855 p; (7) = 0.01769
Agreq = pbd = 0.00776 + 800 * 457.5 = 2841.50 mm?
\/f:' 1.4
Agpin= Y sbxd >up, sd ... (ACI-10.5.1)
! 4 (fy) y
= V2%, 800 457.5 <L+ 800  457.5
4%420 420
= 1067.27 mm? < 1220 mm? ...... Larger value is control.

Agmin = 1220 mm? < Agroq = 2841.50 mm? ... OK
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~ Ag = 2841.50 mm?
Take 6025 in one layer with Ag o = 2943.75 mm? > Ag,eq = 2841.50 mm? ....OK

=~ Select 6025 (Bottom reinforcement)

Check for bar placement:
_800—40%2—-10%2—6x25

S, = : =110 > 25mm ....ok

Check for strain: (g, = 0.005)

d= 520- 40 -10 - 2 =457.5mm
Tension = Compression
As x fy =085 f/ *b *xa
2943.75 * 420 = 0.85 * 24 *800 * a

a = 75.75 mm.
c= ﬁi =22 = 89.12mm * Note: f = 24MPa< 28 MPa— 3, = 0.85
1 B
—C
g, = 0.003 * ( )
=0.003 * (M) = 0.0124 > 0.005
89.12

~$ =09...0K.
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(4.7.1.2) Design of negative moment:
1) Negative momenton at support2 M, = —-712.2 KN.m

M, =7122KN.m < ® M, = 0.816 x 1017.7 = 830.44 KN.m

~ Design the section as single reif orced concrete section.
) ) . bar
d = depth — cover - diameter of stirrups - (dlameter of T)

d = 520- 40-10- 25%* 0.5 = 457.5mm.

Mu
Mn = —=17122/09 =791.33 KN.m.

f 420
m=—2-= = 20.6
0.85 ff  0.85%24
My _ 791.33x10°

R, = 4.72 MPa

" bxd2  800% (457.5)2

1 2%Rp*
p=—(1- |1 —Tm)

-1 (4 _ _ 2%4.72%20.6 | _ _ £/ 3\ _
= 206 <1 1 0 ) = 0.01299 < p max = 0.85 ) B1 (7) = 0.01769

Agreq = pbd = 0.0123 * 800 * 457.5 = 4754.45 mm?

fé 14
= > -10.5.
Agmin = 3 ) xbxd > 5 xby, *d............ (ACI-10.5.1)
=22 4,800 * 457.5 < —= * 800 * 457.5
4x420 420
= 1067.27 mm? < 1220 mm? ...... Larger value is control.

Asmin = 1220 mm? < Agreq = 475445 mm? ... OK
o Ag = 4754.45 mm?

Take 10025 in one layer with As pr, = 4906.25 mm?® > Ag o, = 4754.45 mm? ....0K

=~ Select 10025 (Top reinforcement)
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Check for bar placement:

800—-40%2—10%2—10=* 25
b:
9

=50> 25mm....0K

Check for strain: (g, = 0.005)

Tension = Compression

As * fy = 085 % f/ *+ b * a
4906.25 * 420 = 0.85 * 24 800 * a
a = 126.26 mm.

a _ 12626
c=—=
B1 085

= 148.54mm * Note: f! = 24MPa< 28 MPa— f; = 0.85

d—c
e =0.003 = (T)

457.5—-148.54
148.54

=0.003 * = 0.00624 > 0.005
( )

~$ =09 .. 0K

Shear Design for (BG 3): -

1. Case3: -
Use stirrups (4 leg stirrups) @ 8, Ay = 4 x50.24 = 200.96 mm?.

Vu =414.2KN.

1 1
Ve=2x fc' xb, xd= e V24 x 1000 X 457.5 = 373.54 kN
@ x Vc = 0.75 x 373.54 = 280.16 kN
1 1
B X Vsmin = 0.75 X 7= X \/fc" X by x d = 0.75><E><\/2_4>< 1000 x 457.5 = 105 kN
Or

1 1
@ X Vspin = 0.75 X 3 X bwxd=0.75X 3 X 1000 x 457.5 = 114.375 kN——- Controlled
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OXVe<Vu<@XVc+ @ XVspin = 280.16 < 414.2 < 394.53 ..... Case 3 not sufficient

O XVs=0XVsym = 114.37 kN

Av T X 82
@XVSz@XTXfyxd , Av=4X = 200.96 mm?
G Av X fyxd x@ 200.96 x 420 x 457.5x 0.75 25399 - d 4575 228,75
T oxvs 11437 x 10° T A0S LL MM S 5 = T T acs/omm
~ SelectS =220 mm
2> Use4legs P8 @220 mm
2. Case4: -

1 1
Vs' =Q)xgxw/fc’xwad=0.75><§><\/ﬁ><1000><457.5=560.32kN

1
(Dch+(D><Vsml-n<VuS(DXVc+(Z)><§>< fc' X bwxd

394.53 < 414.2 < 280.16 + 560.32 = 840.48 kN .....Case 4 suf ficient

Vu—09 xVc
OxXVs=Vu—-0xVc , VS:T
Lo _4142-28016
5= 0.75 - e
o Av o _Avxfyxd 20096 x 420X 4575
s=5xfy PO T T ys T T 17872x 103 oo
d 4575
§=216mm < —=—==228mm

Or < 600mm
-~ Select S = 200 mm

2> Use4legs 8 @200 mm
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4.8 Design of Torsional Beam

Design of beams (19-22)

Material: -

concrete B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

b=50cm , h=52cm , @ =16mm

. ‘{/////h |

Figure 4.8.1 Beam Shape

Arc Length=5m

To get the highest value of moment and torsion affecting on the beam, we put the resultant of the
force that effects on it as a point load so that it is at the maximum possible distance.

Maximum distance will be at a middle of the beam (2.5 m)

4.8.1 Loads on beam (Service load)

Dead load - 5.19 KN/m (from the ribs) + 5.0 KN /m?
liveload — 3.63 KN/m (from the ribs)

Factored load (qu) = 1.2 X 10.19 + 1.6 X 3.63 = 18.0 KN/m
Pu=25%x18 =45KN
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Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 1

-112.7
|
[ |
Shear
|
0
45.1 45.1
Reactions
Factored

DeadR 30.57
LiveR 14.52
MaxR 45.09
MinR 30.57
Service

DeadR 25.47
LiveR 9.07
MaxR 34.55
MinR 25.47
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Since that the torsion is equale the moment in this case
Tu=Mu=1125KN.m
Vu =45KN

4.8.2 Cross sectional dimension and Design of flexure

According to ACI-Code-318-08, the minimum thickness of no prestressed beams or one-way
slabs unless deflections are computed as follow: (Cantilever L=2.5m)

[ 250
hmin = g = T = 31.25 cm.

So,h=52cmis (0.K)

Assume @ = 16 mm ,0;, = 10 mm
16
d=52—4—1—7=46.2cm

~ Design the section as single reif orced concrete section.
Mu =1125KN.m
Mn = Mu /d= 1125/09 =125KN.m.

_ fy _ 420

T 0857 08524 20.6

_ M, _ 112.5%10°
bxd? 500+ (462)2

_1 .. _ 2*Rpxm
p=—(1 /1 5, )
3

= L(1 - 1- L‘”“) =0.002578 < pmax = 0.852=p, () = 0.01769

20.6 420 (fy) 7

R, = 1.05 MPa

Agreq = pbd = 0.002578 * 500 * 462 = 595.6 mm?

e 14
Asmin = 4‘{; xbhxd > % by, *d ... (ACI-10.5.1)
Ny

£500 * 462 < <2 4500 462
4%x420 420
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= 673.6 mm? <770 mm? ... Larger value is control.

Agmin = 770 mm?* > Ag g = 595.6 mm?*.... OK
o Ay = 770 mm?
Take 4316 in one layer with A ., = 804.4 mm?® > Ag,.q = 770 mm? .... 0K

=~ Select 4916 (Top reinforcement)

Check for bar placement:

500—40%2—10*%2—4x16
= 3 =112mm > 25mm .... ok

Check for strain: (g, = 0.005)

Tension = Compression
As * fy = 085 f) * b xa

804.4 * 420 = 0.85 * 24 x500 * a
a = 33.12 mm.

c= ﬁi =22 = 38.96 mm * Note: f! = 24MPa< 28 MPa— S, = 0.85
1 .

d—c
g = 0.003 = (T)

= 0.003 * (w) = 0.032 > 0.005
38.96

~$ =09... OK.

— Bottom Reinforcement
Asreq = Asmin = 770 mm?
Take 4316 in one layer with Ag ., = 804 mm?® > Ag i = 770 mm? ....OK

~ Select 4916 (Bottom reinforcement)
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4.8.3 Design for both Shear and Torsion

Acp = by, X h =500 x 520 = 260000 mm?

P, = 2by, + 2h =2 X 500 + 2 X 520 = 2040 mm
Assume cover to center of stirrups = 40 +5 = 45mm
X, =500 —2x%x45=410mm

Y, =520 — 2 X 45 = 430 mm

Aon = X, X Y, =410 x 430 = 176300 mm?

A, = 0.85 A4,, = 0.85 x 176300 = 149855 mm?
Pp=2x(X,+Y,) =1680 mm

4.8.4 Check if Torsion may be neglected

Ach _0.27 x0.75 x V24 X (2600002)

— 32.87 KN.m < 112.5 KN.
Pep 2040 " m

Tu<¢0272,/fc’

So, Torsion must be consider

4.8.5 Check for probability of brittle failure of concrete

The dimensions of the cross section are adequate to ensure a ductile mode of failure if this
condition is satisfied.

(V‘LL)2+( TuPh )2 <¢(VC+O66 ,>
b, d 17xaz,,) = P\pgtoeevse

45x 103 \* [/112.5 x 106 x 1680\>
i < 0.75(0.53v24 + 0.66v24
J(soo x 462) + ( 1.7 x 1763002 ) = ( + )

3.58 <4.37

So,Beam size is 0. K
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4.8.6 Determine the required area of stirrup reinforcement for Shear

Ve =0.53VFc b, d

ps =24 _y
s=—-—Vc
0)
Ve =053 x V24 X 500 X 462 = 600 KN
Vs = 600 = —540 KN
=075 -

Av
This mean that No Shear Reinforced is required and <= 0.0

4.8.7 Determine the required area of stirrup reinforcement for Torsion

A
The torsional stirrup reinforcement per unit length?t ,is given as

Ay Tu _ 112.5 x 10° _ 13 )

S~ 20f,A,cot(45°) 2 x0.75 x 149855 x 420 x 1 " /mim
Smax 1S the smaller of (py,/8) or 30 cm

pn 1680 .

8- 8 21cm - 50,54, IS N0t to exceed 20 cm

4.8.8 Determine the combined area of stirrup reinforcement for Shear and Torsion

(Av+t

) =0.0 +2 x (1.3) = 2.6 mm?/mm
S total

Check minimum stirrups (larger of):

0.35b,, 0.350 x 500

= 0.416 mm?
fy 420 mm
0.062 X \/fc' x b, 0.062 X V24 x 500
/ Y= = 0.361 mm?
fy 420
Apit

5 = 2.6 > 0.416 mm?/mm

Assume 10 » As = 79 mm

2X79
S =

X =60.77mm - Smax =185mm

=~ Select 10/60 mm
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4.8.9 Design of longitudinal reinforcement for Torsion

A, ,
A= () Pa=13x1680 = 2184 mm

Check minimum steel area for longitudinal reinforcement

133\fc'Aep (A fye  1.33 x /24 x 260000
Imin —— ..~ \"¢ Ph — =
’ fy

1.3 x 1680 X ~22 — 1849.5 mm?
— 15X X—= .
s) " Fy 420 420 mm

Al > Al,min

e Distance between center lines of tension and compression reinforcement exceeds 30 cm, so a
middle later of longitudinal is needed.

A, 2184

3 3

Minimum bar diameter is 0.042 S or 10 mm

=728 mm? = 7.28 cm?

0.042 X 60 = 2.52 mm — Select 10 mm
So;
Area of Top reinforcement = 8.04 cm?(Flexture) + 7.28 cm? (Torsion) = 15.32 cm?
- Select 8016 ,As = 16.08 cm?
Area of Middle reinforcement = 7.28 cm? (Torsion)
- Select 4916 ,As = 8.04 cm?
Area of Bottom reinforcement = 8.04 cm?(Flexture) + 7.28 cm? (Torsion) = 15.32 cm?

- Select 8016 ,As = 16.08 cm?

Check for bar placement:

500—40%2—10%2—8%16
— = 38.8mm > 25mm. ....ok

b 7
,r’ "\ \\
$210/6¢cm,2leg 77 s ;
1 d .\
2@16«;\‘ N . 52 cm
h ® ol 2@16
816 10 & 6 6 66 6.0
50 cm

71




4.9 Design of two-way ribbed slab

Take:

fc' =24 MPa

@ =14mm , @s=8mm

fy =420 MPa , C =20mm ,

Figure 4.9.1 Two-Way Slab

- Densities:

Yconcrete = 25 kN/m3

Vsnad = 16 kN/m3
Ymortar = 22 kN/m3
Ytiles = 23 kN/m3

Yplaster = 22 kN/m3

Ybiock =9 I(N/TT'I3
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743
8,03

0,50 Two-Way Ribbed Slab

11,10

11,60

4.9.1 Limitation of Deflection

- Approximate value of minimum (h) for slab according to (ACI):
Maximum span perimeter

180
. 2+(11.1)+2%(7.43
minimum (h) > % =20cm

minimum (h) >

> Select (h =32cm) > minimum (h) ; 8cm Topping + 24cm Block

Select (h = 32cm) > minimum (h) ; “Resulted value (h) > h (min) must be accurate checked
according to (ACI)”.

- Limitation of Deflection according to ACI:

h minimum is based on the stiffness ratio = | (Beams)/ | (Slabs)
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e Moment of inertia of slab:

Moment of inertia of one rib:

_8x52><4+12><24><20
B 8 X 52+ 8x24

!

52 x 8% 12 x 243

20cm 12fm 20cm

=10.661 cm Y

Ionerib = 12 + 12

® For Beam:

+ 8% 52 % (10.66 — 4)2 + 12 X 24 X (20 — 10.66)2

=5.9611x 107* m*

50 x 603 4 4
Igeamy = —12 ==90x10™" m

60 X 603 4 4
IBeamX:T:: 108 X 107" m

® For Slab:
Divide the slab for 4 regions:

1(51) = I(52) =

1(S3) = I(54) =

o Stiffness ratio (ai)

(ai) =2
Isi
_ _Ipy _ 90x107*
(a1) = (a2) = Is;  42.6X10~%
_ _ Ipx _ 108x10”*
(a3) = (at) = Is;  63.6x10~%

555 X 5.9611 x 10~* = 63.6 X 10~* m*
—_— . = .0 X
0.52 m

> X 59611 x 107* = 42.6 x 10~* m*
0.52 ' '

211

=1.7
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o Mean value of stiffness ratio (o fm):
eai  211+211+17+17

= 1.
afm 2 9
Categories of (o fm) values according to (ACI):
0.2 <(a fm) < 2.0 — minimum (h) according to:
clear long span(Ln) x (0.8 + %) 10.6 x (0.8 + %)
minh = = = 23cm
36 +5 %X B X (am—0.2) 36 + 5+ 1.55(1.9 - 0.2)
B = Clear long span/clear short span
So, h=32cm — (OK)

4.9.2 Loads

Loads ‘ KN

Tiles 0.52%0.52x0.03x23

Mortar 0.52x0.52%0.02%22

Sand 0.52x0.52%0.08%16

Topping 0.52%0.52x0.08x25

Plaster 0.52x0.52%0.02%22

Rib (0.4+0.52)x0.12x0.24x25

Block 4x0.2%0.2%x0.24%9

Partitions 0.52x0.52x1

SUM 2.581 kN

Table 4.9.1: Total Dead Loads for Two-Way Slab

Dead load of slab = 2.581/0.52x0.52= 9.5 kN/m?2

Dead Loads of Slab = 9.5 kN/m?
Live Loads of Slab = 3 kN/m?
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Factored Loads:

qu =1.2 x Dead Loads + 1.6 x Live Loads
=12x95+16x3
=11.4 KN/m? + 4.8 KN/m?

4.9.3 Design of Shear Force

Approximate value of maximum shear force (Vu):
Assume One-way rib slab over the short direction.
d=320-20-8-12=280mm

qu = (11.4+4.8) x 0.52 = 8.42 kKN/m

qu=8.42 KN/m

I l l l

31.3KN T 743 m T 31.3 KN

31.3 KN
26.41 KN

X =0.58m

X

—
x=03+d

0.3+0.280-=0.58 m 26.41 KN—__|

31.3 KN

Vu at the critical section
31.3 —8.42%(0.3+0.280) = 26.41 kN

1.1x@xVe = 1.1x0.75xVex V24x120%280 = 22.63 kN < Vu = 26.41 kN

So, shear reinforcement is required
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Category No (3):

1 1
@XVS(min)=®X§wa><d=0.75><§>< 120 x 280 = 8.4 KN

Jfer V24
@ X Vs(min) = @ X 1f6c xwad=O.75xEx120x280=7.7KN

@ X Vs(min) = 8.4 KN ... is control
Vu=12712<11Xx@XVc+ @ X Vs(min) =22.63 + 8.4 = 31.03KN
Minimum shear reinforcement is required — Vs (min) = 8.4/0.75 = 11.2 KN

— Select 8 mm two legs

2 X mx0.8%
with Av = — = 100.5 mm?
Av Vs s 100.5 x 420 x 280 105.5 Select (S = 140 ) < d
_— = - = = . - = -
s fyxd 11200 cm = setec S5

4.9.4 Design of flexure

Design of Bending Moments (Ma) & (Mb)

Ma : Moment along the short way.
Mb : Moment along the long way.

Moments should be determined from the tables of coefficients of two-way slabs.
Calculation of ratio:

(Short span / Long span = La/LDb).

- Forslab : La/Lb =7.43/11.1 = 0.67

Select La/Lb= 0.65
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The tables of coefficients of two-way slabs:

Figure 4.9.2 Two-Way Coefficient Table 2
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Table 2 - Coefficients for Dead Load Positive Moments in Slabs
Mapi” = C“"m“'“f“: where w;, = uniform factored Dead Load (DL)
Mpp™ = Cpocwolp
Ratio Case 1 Case 2 Case 3 Case 4 Case 5 Case b Case7 Case 8 Case 9
m = :; [ | R R R } it

100 Cap 0.036 0.018 D.018 0.027 0.027 0.033 0.027 0.020 0.023
Cenc 0.036 0.018 0.027 0.027 0.018 0.027 0.033 0.023 0.020

085 Canu 0.040 0.020 0.021 0.030 0.028 0.036 0.031 0.022 0.024
Cen 0.033 0.016 0.025 0.024 0.015 0.024 0.031 0.021 0.017

P, Cone 0.045 0.022 0.025 0.033 0.029 0.039 0.035 0.025 0.026
Coow 0.029 0.014 0.024 0.022 0.013 0.021 0.028 0.019 0.015

085 Care 0.050 0.024 0.029 0.036 0.031 0.042 0.040 0.029 0.028
CeoL 0.026 0.012 0.022 0.019 0.011 0.017 0.025 0.017 0.013

080 Cam 0.056 0.026 0.024 0.039 0.032 0.045 0.045 0.032 0.029
Gt 0.023 0.011 0.020 0.016 0.009 0.015 0.022 0.015 0.010

075 Comw 0.061 0.028 0.040 0.043 0.033 0.048 0.051 0036 0.031
Coou 0.019 0.009 0.018 0.013 0.007 0.012 0.020 0.013 0.007

0.70 Core 0.068 0.030 0.046 0.046 0.035 0.051 0.058 0.040 0.033
CopL 0.016 0.007 0.016 0.011 0.005 0.009 0.017 0.011 0.006

0.65 Core 0.074 0.032 0.054 0.050 0.036 0.054 0.065 0.044 0.034
CopL 0.013 0.006 0.014 0.009 0.004 0.007 0.014 0.009 0.005

0.60 Comw 0.081 0.034 0.062 0.053 0.037 0.056 0.073 0.048 0.036
Cenu 0.010 0.004 0.011 0.007 0.003 0.006 0.012 0.007 0.004

055 Coon 0.088 0.035 0.071 0.056 0.038 0.058 0.081 0.052 0.037
Cenc 0.008 0.003 0.005 0.005 0.002 0.004 0.009 0.005 0.003

050 Canw 0.095 0.037 0.080 0.059 0.039 0.061 0.089 0.056 0.038
CopL 0.006 0.002 0.007 0.004 0.001 0.003 0.007 0.004 0.002




Table 3 - Coefficients for Live Load Positive Moments in Slabs
Mar:™ = Carewirla® where wy, = uniform factored Live Load (LL)
Myt = Copawirly®

Ratio Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9
m = :f | IpE__3 |1 il JIL ) § dlE.]
100 Conw 0.036 0.027 0.027 0.032 0.032 0.035 0.032 0.028 0.030
Cow 0.036 0.027 0.032 0.032 0.027 0.032 0.035 0.030 0.028

0.95 Guis 0.040 0.030 0.031 0.035 0.034 0.038 0.036 0.031 0.032
Cow 0.033 0.025 0.029 0.029 0.024 0.029 0.032 0.027 0.025

0.80 Cou 0.045 0.034 0.035 0.039 0.037 0.042 0.040 0.035 0.036
Con 0.029 0.022 0.027 0.026 0.021 0.025 0.029 0.024 0.022

0.85 Gu 0.050 0.037 0.040 0.043 0.041 0.046 0.045 0.040 0.035
Con 0.026 0.019 0.024 0.023 0.012 0.022 0.026 0022 0.020

0.80 Can 0.056 0.041 0.045 0.048 0.044 0.051 0.051 0.044 0.042
Cow 0.023 0.017 0.022 0.020 0.016 0.015 0.023 0.019 0.017

0.75 Cane 0.061 0.045 0.051 0.052 0.047 0.055 0.056 0.049 0.046
Con 0.019 0.014 0.012 0.016 0.013 0.016 0.020 0.016 0.013

070 Cann 0.068 0049 0.057 0.057 0.051 0.060 0.063 0.054 0.050
Cowe 0.016 0.012 0.016 0.0143 0011 0.013 0.017 0014 0.011

0.65 Con 0.074 0.053 0.064 0.062 0.055 0.064 0.070 0.059 0.054
Cb& 0.013 0.010 0.014 0.011 0.009 0.010 0.014 0011 0.009

0.60 Con 0.081 0.058 0.071 0.067 0.059 0.068 0.077 0.065 0.059
Cewe 0.010 0.007 0.011 0.009 0.007 0.008 0.011 0.009 0.007

0.55 G 0.088 0.062 0.080 0.072 0.063 0.073 0.085 0.070 0.063
Con 0.008 0.006 0.009 0.007 0.005 0.006 0.009 0.007 0.006

0.50 L= 0.095 0.066 0.088 0.077 0.067 0.078 0.092 0.0786 0.067
Cone 0.006 0.004 0.007 0.005 0.004 0.005 0.007 0.005 0.004

Figure 4.9.3 Two-Way Coefficient Table3
From tabels:

Case 1 .....No negative moment
Ca (dead load)=0.074
Ca (live load)=0.013
Cb (dead load)=0.074
Cb (live load)=0.013
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Calculation of positive moments:

Positive moment in short way

Mu(a)* = (CaDL x quDL X La* + CaLL X quLL x La*) = 0.52
= (0.074 X 11.4 X 6.8% + 0.074 x 4.8 X 6.8%) % 0.52

= 28.8kN.m

Positive moment in long way
Mu(b)* = (CbDL X quDL X Lb* + CbLL X quLL X Lb*) = 0.52

= (0.013 X 11.4 x 10.6*> + 0.013 X 4.8 x 10.6%) = 0.52
= 123 kN.m

Design of Bending Moment

Calculation of (@xMn) for minimum reinforcement:
d =280mm , bw = 120mm

Minimum reinforcement (T-Section):

. Jfe Vi ]
As (minimum) = 0.25 X y Xbw X d = 025}(?0“20 X 280 = 100 mm
OR

As (minimum) = 1.4/fy Xbw x d = 1.4/420 X 120 X 280 = 112 mm?*

As (minimum) = 1.12cm?

— Select 2010 with As = 157mm?2
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Design of Positive Moments: b(eff) = 52cm

For 2910 with As = 157mm? : tf=8em |

T=C — 157%x420 = 0.85%24xax120

24cm
So,a=6.2 mm < tf =80mm

@XxXMn = 09 %157 x 420 x (280- 6.2/2) = 1643 kN.m
—

12cm

— All of positive moments (Mua*) & (Mub*) with values < 16.43 kN.m are safe by the
reinforcement of @10.

But;
In short way direction @10 is not sufficient.

— Select 2014 with As = 307.8mm?:

T =C — 307.8x420 = 0.85x24%xax520

So,a=12.18 mm < tf = 80mm

@xMn = 0.9 x307.8x 420 x (280- 12.18/2) = 31.86 kN.m

» For negative moment use min reinforcement for shrinkage and temperature
So; Select 10

Check Strain:

T=C

As x Fy =0.85 x F¢’ x a x bE
307.8 x 420 = 0.85 x 24x a x 520 0.003
a=12.18 mm.

Since Fc¢’ =24 MPa <28 MPa — =0.85
So,x=a/p=12.18/0.85=14.3 mm

2003 _ 200385 _ ¢, =0.055 > 0.005 ... @ =0.9 (OK)

14.3 280
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4.10 Design of One-Way Solid slab:

Material: -
Concrete B300 Fc' = 24 N/mm2
Reinforcement Steel fy = 420 N/mm2
Cover = 20 mm Yeon = 25 kN /m3
1
/
“'m" 0.25
™
/
f/
7.30

Figure 4.10.1 One-Way slab

- Classification of slab one way or two-way solid slab

Ly 730 518> 2.0 = So (One Way)
—=—=2 0 -
Lx 335 o\Yneway

4.10.1 Limitation of deflection:

(h) must be selected > (h) minimum according to ACI

“The calculation of deflection of a solid slab can be neglected if h > h min selected”

Table 4.1:
L 3.35

Simply Supported » — = ——=0.167m

20 20
s~ Selecth =17cm

82




4.10.2 Determination of load

» Dead load
For 1m strip:

Weight of slab -y X h =25%x0.17 =4.25kN/m
Snow Load = 0.625 kN /m — was calculated in CH3

> Factored load
Pu = 1.2 x (4.25 + 0.625) = 5.85 kN/m

Geometry Units:meter,cm

._ov_r A—‘ .'_/v_.
‘ 0.25 ‘ 3.35 \ 0.25 ‘
[ I 36 I |
| |
Loading
load group no. 1
Dead load - Service Units:kN,meter
4.87
3.6
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Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 1
L 1 1
I I
1.8 95 18
I I 1
Shear
-10.5
-9.
f f
9.
10.5
Reactions
Factored
L 1 ]
[ I |
DeadR 10.53 10.53
LiveR 0. 0.
MaxR 10.53 10.53
MinR 10.53 10.53
Service
DeadR 8.78 8.78
LiveR 0. 0.
MaxR 8.78 8.78
MinR 8.78 8.78
Vu =10.5 kN

Mut =95kN.m
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Design of solid slab
Design of Solid Slab as rectangular section withb =1.00 mand h=0.17 m

Assume @ steel=12 mm

12
d=170—20—7=144mm

4.10.3 Design of Shear Force

Maximum Vu at the critical section = 9 kN

But,
1
@ x Ve = O.75><€><\/fc’><bw><d
1
@ X Ve = 0.75><g><\/24><1000><144=88.2kN

@ x Vc= 882kN > Vu 9 kN
So, No Shear Reinforcement is required according to ACI

So, Thickness of solid slab (h) is sufficient for Shear Force

4.10.4 Design of Bending Moment

Design of maximum absolute value of moment to check the carrying capacity of section
Maximum |[Mu| = 9.5 kN.m

Design of Positive Moment at Span(1), Maximum Mu* = 9.5 KN.m

“Design as a rectangular section with (b = 1.0 m)”

Vo 9.5 x 106
u — 09 _
Kn = - =051 M
n= T dr T 1000 x 1422 - 0> Mpa
__ Py e
M= 085 xFc'  085+24
1 1-2xKnx* 1 2%x0.51%20.58
P=—><<1— ’””): ><<1—\/1——>=0.00123
m fy 20.58 420
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As (req) = P x b x d = 0.00123 x 1000 X 144 = 177.17 mm?

- For Shrinkage & Temperature:
As(min) = 0.0018 X b X h = 0.0018 x 1000 x 170 = 306 mm?
As(req) = 177.17 mm? < As(min) = 306 mm?
— Select P10/25 cm

with As = 316 mm? > As(req) = 306 mm?

Check Strain:
T=C - As xFy =085XFc Xxaxb
316 X 420 = 0.85 X 24 X a x 1000
- a = 65mm
x=a/p =65/085 = 7.65mm
0.003 x d 0.003 x 144
g=—" - 0.003 = s 0.003 = 0.053 > 0.005
?=0.9 (ok)

910/25cm > minS =25 +1.0=35cm

< maxS = 3 * 17 = 51cm

Or =45cm

~S=25cmis 0.k

Select Mesh $10/25cm in both direction
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4.11 Design of Steel Member in The Opening

4.11.1 Design of Beam

For Beams designed manually, simply supported is assumed:

W, =13 + 6.265 = 19.265 Ib/ft?
w,’ = 19.265 x 12.3 = 0.237 kips/ft
M, = % X 0.237 X (26.248)? = 20.41 kips. ft

0.237 X 26.248
u = 2

= 3.11 kips

Design Using Charts
Assume Compact , and Lb < Lp (fy = 50 ksi)

1) Lb=26.248 ft ,Cb® =1.14
2) X-Lb
y = Mu/ Cb =20.41//1.14 = 17.9 k.ft

- TryW8 x 28

From chart @Mn =84.2 k.ft

Cb* @ Mn =1.14 * 84.21 =96 k.ft
@Mp = 102 k. ft - from table Z,
%~ @ Mn =96 k.ft <@ Mp

~ @ Mn=96 k.ft > Mu=20.41kft.... ()

1 AISC Steel Construction Manual 14th Edition, Design of Flexure, Table3-1.
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3) Check own weight :

23%26.248
WU e = 1.2 (
new 1000

+0.028 ) = 0.758 Kip/ft

1
Mynew = 5 % 0.758 X (26.248)" = 65.28 kips. ft

_ 0.758x26.248

IV, new = 9.948 kips < @ Vn = 68.9 kips
ZXXreq NEW = 6!5()'29i;2 = 17.4 < Zxx,section = 27.2 in3 .....
4) Deflection
A < —
Max= 740
5  wL*
Amax = E (EIXX)

_ 5 (0.23 (26.248%12)*
384 2900098

) =0.998 in

12%26.248
240

=1.31in>Amax = 0.99 in

.. L
Alimit = — =
240

5) Classification of section :
No notation () Compact section ....(Ok)

~ Select W 8 x28

Design Using Etabs:

Wa8x28
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AISC Steel Construction Manual 14th Edition, Design of Flexure, Table3-2

Figure 4.11.1 Steel Design of flexure (Table 3-2)
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7 Mau/S 2o SoMor | Mee/Cls GoMey | BFAYy| GpBF i | x P Ve /Ly | bybix
Shape * | kip-ft | kip-ft | kip-ft | kip-ft | kips | Kips * | «ips | Kips
in? | ASD | LAFD | ASD | LRFD | ASD | LRFD | ft ft | in* | ASD | LRFD
Wi8-<35 | 665 (166 [249 [101 | 151 | 814 | 123 | 431 | 123 [ 510 |106 | 159
Wi2x45 | 642 | 160 |21 [101 |51 | 380 | 580|689 | 224 | 348 | 811122
Wi16x35 640 | 160 | 240 937 | 148 624 | 936 | 537 | 152 | 448 938 | 14
Widx38 | 615 | 158 | 231 | 954|143 | 537 | 820 547 | 162 | 385 | 874 | 13
WIOx49 | 604 |15 | 227 | 954|143 | 248 | 371|897 | 316 |272 | 680 102
Wax58 | 508 149 | 224 | 908|137 | 170 | 255| 742 | 416 | 228 | 893 1{ 134
Wi2x40 | 570 | 142 | 214 | 899|135 | 366 | 554 685 | 211 | 307 | 702|105
WiDx45 | 549 | 137 |z06 | 858|129 | 289 | 283|710 | 269 | 248 | 707 | 108
Wi4-34 | 546 |13 |205 | 849 (128 | 501 | 755 540 | 1586 | 340 | 798 | 120
Wi6<31 | 540 |135 [203 | 824|124 | 686 | 103 | 413 | 118 | 375 | 875 |13
Wi2x3s | 512 |128 [192 | 708|120 | 434 | 645] 544 | 166 | 285 | 750|113
wexa8 | 490 [122 |184 | 754 | 113 | 167 | 255 735 (352 | 184 | 68.0 | 102
Wis:30 | 473 |18 |177 | 734|110 | 463 | 605 | 526 | 149 | 201 | 745 | 112
w39 | 468 | 117 |17 | 7351111 [ 253 | 378| 699 | 242 | 209 | 625 | a7
Wi6<26' | 442 | 110 [166 | 671 |101 | 583 | 898 | 396 |11.2 | 301 | 705 | 106
Wi2>x30 | 431 |108 |162 | 674|101 | 397 | 596 | 537 156 | 238 | 640 | 959
Wis26 | 402 100 |151 | 617 | 927 | 533 | &11| 381 | 110 | 245 | 709 | 106
WBx<40 | 398 | 9931149 | 620 32| 164 | 248|721 | 299 |146 | 594 | 891
Wiox33 | 388 | 981146 | 611 | 919|230 | 362| 685 | 218 | 171 | 564 | 847
Wi226 | 372 | 928 140 | 583 | 87.7 | 361 | 546 | 533 | 149 | 204 | 561 842
W10x30 66 | N3 157 5661 051 308 | 461 | 484 | 161 | 170 630! 945
Wex35 | 347 | 866] 150 | 545| 810 162 | 243|747 |270 |127 | SD3 | 755
Wia22 | 332 | 828125 | 506 | 761|478 | 727|367 |104 (199 | 630 945
Wi0x26 | 313 | 781|117 | 487 | 732 | 291 | 434| 480 (149 | 144 | 536 | &03
W8x31" | 304 | 758|114 | 480 | 722 | 158 237 | 718 | 248 | 110 | 456 | 684
Wi2x22 | 293 | 731|110 | 444 | 667 | 468 | 706 | 300 | 913 156 | 640 | 959
wex<28 | 272 | 6791 w2 | 424 | &38| 167 | 250|572 |210 | 980) 459 | 649
Wi10>x22 | 260 | 649 | 975| 405 | 609 | 288 | 402 | 470 138 | 118 | 490 | 734
539 | B81.0| 328 | 494 18 $.76 | 3.08 ! ¥ 1.0 b,
Wax21 204 po| /65| 28| 478|185 | 277 | 445 | 148 | 753| 414 621
ASD LRFD | " Seape exceads compact hmit for fleaure with £, « 50 ksi.
¥ Shage do2s not eet the ht, it for shear In AISC Speaification Secton 62, 1) with £, ~ 50 ksi;




4.11.2 Design of column

Design Criteria:

- Type of steel A992.

- W-shape.

- Length of column = 9.843 ft.

- Pinned — Pinned connection = (K =1)
- Pu=3.74 kips + weight of column

Design Method : Area method — Trial And Error

[ Assume ¢ = 0.9, Fer = §Fy= 5(50) = 33.34 ksi ]

_Pu 374 5
B Adreq = @Fcr  09x33.34 0.124 in
Bl Try W6x8 -

1- Ag=252in? > 0.124in? .... (v)

KxL  _ 1%9.843%12

2- =120.51< 200 ....()

I'min 0.
3- By [Using table 4-22]:
¢Fcr = 15.7 ksi
dPn = 157%3.83 =60k > Pu... (V)
4- Check Local Buckling :
No notation © ....(V)

[ - Select WGXS% ]
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AISC Steel Construction Manual 14th Edition, Design of Compression Member, Table4-22

Figure 4.11.2 Design of compression member (Table 4-22)
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F, = 35 ksl £y — 36 ksi Fy - 42 ksi F, = 46 ksl £y = 50 ksi
a Forlile | OcFer AL Forltle| &cFer = Ferfe| $eFar XL Forlflo | #cFor Xt Focllle| ocFer
T L s ksi - | ksi ksi T ksl kg\__ - | ksi ksi 7 | ksl ksl
ASD | LRFD ASD | LRFD ASD  LRFD ASD | LRFD ASD | LRFD
81 J1s0 225 |81 |53 |229 |81 [ 168 | 253 |81 |77 | 266 |81 [ B85 | 2709
82 1149 | 223 |82 j151 | 227 | &2 [ 166 | 250 | 82 |17Z5 | 263 |82 | 183 | 275
83 | 147 (221 |83 |150 |225 |&3 | 165 | 248 | 83 | 173 | 260 | &3 | 181 | 272
84 1146 | 220 |84 |149 |222 | 8¢ | 163 | 245 |84 | 171 | 258 | 8¢ | W8 | 269
85 | 145 |zv2 |85 | 147 |22y |85 [ 161 | 243 | 85 | 169 | 255 | 85 | W7 | 265
86 ! 744 | 216 | B6 {148 |2z0 |85 | 160 | 240 | 86 | 167 | 252 | 86 | 174 | 262
87 | 142 | 214 |87 | 145 |2v8 | &7 [ 158 | 237 | 87 [166 | 249 | & | 172 | 259
88 | 141 | 212 |88 |143 | 276 |88 | 156 | 235 | 88 | 764 | 246 |88 | 170 | 255
89 | 140 |210 |89 |142 (274 |8 | 155 | 232 |89 | 162 |243 | 89 | 168 | 252
90 /338 |202 |90 141 {212 |90 (153 |230 |90 | 160 | 240 |90 | 166 | 249
9t | 137 {206 |91 {339 |20 |91 [161 |227 |91 [958 | 237 |91 | V&3 | 2486
92 {136 {204 |92 | 138 |208 |92 | 150 | 225 | 92 | 186 | 234 |92 [ 167 | 242
93 | 135 |202 |93 | 137 |205 |93 | 148 | 222 |93 | 154 | 231 |93 159 | 23§
94 1933 | 200 |94 |125 | 202 |94 [ 146 | 220 |94 [ 1852 | 228 |94 | 157 | 236
95 | 132 | 199 |95 [134 |20 |95 | 144 1217 |95 [ 150 (226 |95 | 155 | 233
96 | 9137 | 197 |98 | 133 |99 |95 [ 143 | 215 | 96 [ 148 | 223 |95 | 163 | 2219
97 | 130 |195 |97 | 131 |7 Jor | 143 212 |97 | 146 | 220 |97 | 150 | 226
g8 1128 |192 |98 |130 |95 |98 {139 210 |98 | 144 | 217 |98 | 148 | 223
9 1327|191 |99 {129 |93 |99 [ 138 |207 |99 1142 (214 |93 | 146 | 220
1005126 |3 |100}127 |19y |100[ 136 | 205 100|743 | 211 J100) 144 | 217
100 | 3124 |27 101 {326 |29 |101| 134 |202 |101 {139 | 208 J101| 142 | 213
102 ] 123 |35 102325 |87 1@} 133 | 200 |02 | 137 206 |02} 140 | 210
108 122 | 133 103} %23 | 185 |03} 131 | 197 103 135 203 103|138 | 207
1] 121 [w71 J103|$22 |82 104129 195 [104 | 133 1200 |104) 136 | 204
106§ 119 |72 105|127 | 127 |05 128 | 192 |105} %33 {197 105|134 | 201
106|118 |v7 |106] 139 | 172 106|126 | 190 J106 | 129 {194 J106| 132 | 198
07 {117 | 175 107 [958 | 177 |07 [ 124 |67 |107 {128 {192 |107 | 13.0 | 195
115
Q=167 |0, =080




4.12. Design of Column (C 85)

Material: -

= concrete B350 Fc' =28 N/mm?

= Reinforcement Steel Fy =420 N/mm?
= @ steel = 20mm @ stirrup = 10 mm

= Cover = 40 mm

Load Calculation: - (From Column Group CG. L)

e Service Load: -
Dead Load = 2016 KN
Live Load = 975 KN

e Factored Load: -
Pu = 1.2 x2016+ 1.6x975 = 3979.2 KN

Dimensions of Column: -
Assume Concentrically loaded short column

Assumepg = 0.01

¢ * Pn = 0.65x0.8xAg {0.85 fc'(1- pg) + pg * Fy}

3979.2 x10%= 0.65x0.8xAg {0.85*28 (1-0.01)+0.01*414}
Ag=290785.366 mm?

Assume Rectangular Section

h = 500mm
b =313670.56 /500 = 581.57 mm ‘ 5 © © o© o© o
Select 2 b =650 mm °
o
9} o
o
(o]
' (o) (o] O (o] O (o]

0.65

-

Figure 4.12.1 Column C85 Section

92




4.12.1. Classification of column section:

Check Slenderness Parameter: -

M1
<34-12.-<40 ACI — (10.12.2)

Lu: Actual unsupported (Unbraced) length.

K: effective length factor. According to ACI 318-2002 (10.10.6.3) The effective length factor k,

shall be permitted to be taken as 1.0.

R: radius of gyration :\E ~03h .. For rectangular section.

Lu=4.10m
M1/M2 =1
K=1 for columns in braced frame.

e System about X-Axis
KxLx 1.0 X 4.10

Rx  0.3x05

= 27.33
System is braced,

0
2733 <34—-12 (6) <40........27.33 > 22

~ System s long about X

e System about Y-Axis

Kyly _10x410 __

Ry ~ 03x0.65
System is braced,

0
21.02<34—-12 (6) <40........21.02 < 22 < 40

~ System is Short aboutY

4.12.2. Bressler equation:
1 1 1 1

— = +—+
Pn  Pn, Pn, Po

Pn, = Pn for short column without any eccentricity = Po
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1 1 1 1 1

Pn Po + Pny Po Pny

Nominal axial strength column Pn = Pn,, in e,, direction (long)

4.12.3. Minimum Eccentricity (min e):
mine = 15+ 0.03 h
hin the direction of e, = 500 mm

mine = 15+ 0.03 X 500 = 30 mm

4.12.4. Factored Load:
Column wieght = 4.1 X 0.5 X 0.65 X 25 = 33.31 KN
Pu =1.2x (2016 + 33.31) + 1.6 X 975 = 4019.17 KN
Mu, = mine X Pu = 0.03 X 4019.17 = 120.57 KN.m

4.12.5. Magnification Factor (8,,4):

Crm
Ons = > 1.0 and < 1.4
Pu
1-G7Exe)
0.6+ 0.4 (Ml) > 0.4
= U A x| — .
cm v2) =
0
cm = 0.6 + 0.4 * (6) ~ 1.0
m? X (Ex )
Pcr = —mM8M8M8M—
(k x Lu)?
_ 0.4xEcxlg _ 1.2xPp _ E _ -
Bd — 1.2%X2049.31 — 061
4019.17
0.4%4750xvZ8x650%2%> ,
Exl= 12 = 4228 MN/m
1+0.61
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1.0

201917
1 - (G75%x 247985

=127 =10and <14

4.12.6. Design of moment Mny:
Mny = 8ps X Mu = 1.27 X 120.57 = 153.12 KN.m

e, = 6ps X mine = 1.27 x 0.03 = 0.038 m

Interaction Diagram:

e, =0.038m , h=05m

ey_0.038_0076
h 05

d—d 500—2x(4o+10+§)

y=— 00 =0.76
From Charts: -
e Form Diagram A-9b (y = 0.75)
®xXPn Pu 4.019 145 ]
= — = 1.79 Ksi

= , X
Ag Ag 0.5x0.65 1000
pg = minpg, = 0.01

e Form Diagram A-9c (y =0.9)
pg = minpg, = 0.01
So, pg = minp, = 0.01
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=>» Select the reinforcement

ASpeq = p X Ag = 0.01 X 65 x 50 = 32.5 cm?
=~ Select 12020
With Asyye, = 37.68 cm?

o ¢ o
X 12020 ° 8
® ¢ O©O
® o o o

Figure 4.12.2 Column Reinforcement
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4.13. Design of the Basement Wall

Material: -
concrete B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Veoir = 25 KN/m3? |, @gpy = 35.0°
Cover =3cm , Wall Hight = 4.10m

4.13.1. System and loads
k,=1—sin® =1 —sin35 = 0.426
e, = ko Xy X h =0.426 x 25 X 4.25 = 45.3 KN /m?

h 4.25
Ey = € X 5 =453 X —= = 96.27 KN/m

30em| oo .

30cm

L= 425m

41m

Zr 96.3 KN/m

eq= 45.3 KN/m?
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For (1m) strip

Factored loads (qu) = 1.6 X E = 1.6 X (45.3) = 7248 KN/m

| 725KNm
qu(1) ]

FR=154 KN

51.34 KN

| | 102.66 KN
|
|

Vu

102.66 KN

Mu

ZMRA=O

(quxLx2xL) By _, +(72'5X4'25x2><425> e ags = 0
— - = - — X -= . — 25 =
2 73 L 2 3 v/

By =102.66.25 KN — Ay =51.34KN
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4.13.2. Design of Shear Force

Assume (h) of the wall =30 cm — assume 920 Steel

Effective d: —
d =300—30—20 = 250mm

Maximum shear value (Vu) at distance d from the face of support

Vimay = By — (d X qu) = 102.66 — (0.25 X 72.5) = 84.53 kN

1
® xVc=0.75 xgx\/ﬁx 1000 x 250 = 153.09 kN > Vu = 84.53 kN
~h=30cm; is Ok

4.13.3. Design of Bending Moment

Mu,g, at Vu =20

X

Vu=20 —>Ay—qu(1)><2=0
72.5

Qu(1)=m><x

51.34 725 Xx2=0

BT o425 0% T

8.53x%2—-51.34=0

> x=2.45m

72.5
T = 335

X 2.45 = 41.8 KN/m

— Section at (x) = 2.45m

72.5 KN/m

| VFR=154 KN

5 | N

5134 KN | I 102.66 KN
| |
|

1
MUy, = 51.34 X 2.45 —41.8 X 2.45 X 0.5 X 3 X 2.45 =83.97 KN.m
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4.13.4. Design of Flexure

__ Ry w0
M= 085 xFyr  085x24
o Mu_ 8397
Mn  93.3x10°
Kn = 1.49 MPa

“bxd? 1000 x 2502

_ i _ _ 2XKnxm _ 1 _ _ 2%X1.49%20.58 _ -3
preq—mx<1 ( 1-= ))-20.58x<1 <J1 e )) =3.7x10

ASroq = Preq X b x d = 0.0037 x 100 X 25 = 9.23 cm?

—Check for As min:
ASpin = 0.0012 X b X h = 0.0012 X 100 X 30 = 3.6 cm?
ASpeq = 9.23 cm? > Aspyy = 3.6 cm?
- Select 5016/m ,with As = 10.05 cm? - (tension face)
- (016/20cm

— Desgin of compression face :

As = ASp, = 0.0012 X b X h = 0.0012 X 100 x 30 = 3.6 cm?
- Select 5010/m ,with As = 3.95 cm? — (Compression face)
- 010/20 cm

— Desgin of Horizontal Reinforcement :
As = Aspin
According to ACI:  Asp,in for two layers = 0.002 X b X h
For one layer; Asy;, = 0.001 x 100 X 30 = 3 cm?/m
~ Select $10/25 cm
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@10/25 cm

0 lo7 /
a/e"’
O g

@16/20cm| i 9

Tension Face

> Y| &10/20cm
Compression Face

o] le
o) q

Figure 4.13.1 Basement Wall Reinforcement

Figure 4.13.2 Etabs Modeling
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4.14. Design of Shear Wall (W12)

Material and Section: -
concrete B350 Fc' = 28 N/mm?
Reinforcement Steel fy = 420 N/mm?
Wall thickness = 30cm , Cover = 3 cm

Lw=75m , hw =23.3m
4.14.1. Analysis

Pu=0 —>Nu=O;ZFx=O - Vu =2780 KN

Z Moment (Mu) = 37854 KN.m

120 KN —>
=
e
o
o™
190 KN —> 360 KN.m
=z
¥
o
®
480 KN —> 1290 KN.m
=
X
o
[
I~
690 KN —> 3660 KN.m
=z
¥
o
@
pu
780 KN —> 8100 KN.m
=
X
o
©
I
o~
660 KN —> 14880 KN.m
=
¥
o
o™
(=2}
o™
140 KN —> 26560 KN.m
=
¥
o
©
M~
o~
37854 KN.m
Shear Force Diagram Bending Moment Diagram

Figure 4.14.1 Shear Wall Forces
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- Determination of (Mul):
Where, Lw < hw

Lw
Controlled section for (Mu = 7) from the base of shear wall.

Lw/2 = 752 = 3.75m
» Mul = 37854 — 3.75 x 2780 = 27430 KN.m

4.14.2. Design
Design as rectangular section with;

Since Lw<hw -» d= 08«Lw = 0875 =6.0m

2.1. Design of Horizontal Reinforcement for Story (1):
Horizontal reinforcement to resist factored shear force Vu.

Vu = Vilygy = 2920 KN

Vc = The smollest of :

1 1
Ve = ‘ X+ fc'xXbxd= 3 X V28 x 300 X 6000 = 1587.45 KN ....Control

1 Nuxd 1
VC—ZX,/fC><b><d+4xLW—ZX\/28><300><600+0—2381.18KN
- 2 X Nu
LWX( fc+(wah)> hxd

Ve=1] 05X ! X
T I T
Vu 2
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7.5x (V28 +0) | 300 x 6000
(&30 (75 710
2920 2

~@PxVe=0.75%x 1587.45 = 1190.6 KN < Vu = 2920 KN

=|05x%xVv28+ = 174195 KN

— Horizontal reinforcement is required

OX Ve + @xVs = Vu

Vs = Vu Ve = 2920 1587.45 = 2305.88 KN

S = @ c = 0.75 . = .

(will be carried for horizontal reinforcement)

Avh Vs

s fyx*d
Avh  2305.88 x 1000 0915

s 420%6000

Avh
(T) min = 0.0025 xh = 0.0025 * 300 = 0.75

Avh Avh Avh ]
<_) > <—) - —— = 0.915 ...is control
S req S /min S

- According to (ACI) - step (s) must not be greater than:

Lw 7500

Smax = ?: T = 1500 mm

Smax = 3*h = 3300 =900 mm

Smax = 450 mm ... Control

Assume P12 steel

2

Avh = 2legs x = 226 mm?

Sreq = Avh/0.915 = 226/0.915 = 247 mm

select S = 200 mm < Smax = 450 mm ok

Select P12@200mm at each side
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2.2. Design of uniform distributed vertical reinforcement for Story (1):

Vertical reinforcement to resist Nu and apart of Mu.

Avv = [0.0025 + 0.5 (2.5 - hw/Lw) X ( —0.0025)| X h X Syerticar

Shorlzontal*h

233\  2x113
)x(

Avv [00025+05 x(zs
75 ) *\ 200 x 300

- 0.0025)] x 300 = 0.94

Wh (25 23 3><25
ﬁ — —
ere 7T

Select @12- 2 layers
Avv = 2*%113 =226 mm?

2°= 094, Sreq = 240.4mm

- SelectS = 200 mm

- According to (ACI) - step (s) must not be greater than:

Lw 7500

Smax = ? T 2500 mm

Smax = 3*h = 3%x300 = 900 mm

Smax = 450 mm ... Control

S =200mm < 450 mm ...0k
Select P12@200mm at each side

Check for Boundary reinforcement

- Part of moment that resisted through (Avv):

Asv = 2 X113 X 7500 = 8475 2
sv = 500 mm

z 1 1
w 085 B fc' *Lw *h) 0.85 * 0.8 * 28 » 7500 = 300
2+( Asv * fy ) 2+ ( 8475 420 )
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Z
Muv = 0.9*<0_5*Asv*fy*Lw*(1— Z*LW)>

0.071
= 09 x [0.5 * 8475 x 420 = 7500 * (1 — T)] = 11586.8 KN.m

Muv = 11586.8 KN.m < Mu = 37854 KN.m

Boundary steel is required

Mug = Mu- Muv = 37854 — 11586.8 = 26267.16 kN.m

Lw
X > ———— = 7500/(600 = 0.009) = 1388.88 mm

600 * (ﬁ_vlé)

X: Length of compression zone

LB > X/2 = 1388.88 /2 = 694.44 mm ....control
> x—0.1xLw = 1388.88 — 0.1 7500 = 638.88 mm
But; Select LB =100 cm
Mug /@ 26267.16 X 10°
u . 09
Asp = i 09 __ _ 10690.74 mm?

~ Fy+(Lw—LB) _ 420 x (7500 — 1000)

Boundary reinforcement is too much — So increase vertical steel spacing
Select P14@150mm at each side — Vertical reinforcement
Asv = 15400 mm?
Muv = 20792.6 kN.-m = Mug = 17061 kN.m

17061 x 10°
Mug /9 0.9

A = =
B = F s (Iw—LB) 420 x (7500 — 1000)

= 6944 mm?

Select 23@20 with As =7222mm?

106




4.15. Design of stairs

Material: - = concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
= @ steel =20 mm Cover =20 mm
= Live load = 4 kN/m?
0,25 0,25
./ ) 2.25 - 3.30 . 1.50 ./ ) -
g
o
A-A R N 8
= ‘__ 8
_ o
R BH—=
[T 1] _
lo-
v —
Y
o
[ | ul

Figure 4.15.1 Stairs Plan

- Densities: -
v plaster = 22 kN/m3, y tiles = 23 kN/m? , y mortar = 22 kN/m?
y concrete = 25 kN/m? , y sand = 16 kN/m?®

SECTION (B-B)

4cm Tiles
|:7 3cm Mortar

SECTION (A-A) T
1

— 7cm Snad — 2cm Mortar |7 4cm Tiles

\
b L

L 26 cm

3cm Plaster
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4.15.1. Design of Flight & Landing (Frame)

Structural system of flight is shown in the following figure with (L = 6.0 m)

Limitation of deflection

o (h)_L_6.O_03
minimum = 50 = 20 =uUom
~ Selecth = 30 cm
AN
. |
- To determine Angle (a): \ Ppv— -
. B 0.18 _ 0.60
an o = 03 = V.
o = 31°
Loads of Flight
- Dead Loads:
Dead Loads Y *Xdx1m kN/m
Plaster 22 x 0.03 x 1m x— 0.79
cos 319
Flight 25 x 0.3 x 1m x— 8.96
cos 31°
Triangle 25x0.5%0.18 x Im 2.25
Horizontal Mortar 22 x0.03x1m 0.66
Vertical Mortar 22x0.03 x1m X% 0.4
Horizontal Tiles 23 x 0.04 x 1m x% 1.01
Vertical Tiles 018 0.42

23 x0.03 x Im x—
0.3

Dead Loads (SUM)

14.5

Table 4.15.1: Dead Loads for Flight
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- Live loads:

From tables of Jordanian code — Live loads = 4.0 kN/m? x 1m (strip) = 4.0 kN/m

— Factored Load (Wul):

Wul =1.2 x Dead Load + 1.6 x Live Load
=12x145+16x%x40

=23.8 KN/m

Loads of Landing

- Dead Loads:
Dead Loads Y %96 x1m kN/m
Plaster 22 x0.03 x Im 0.66
Landing 25x 0.3 x1m 7.5
Sand 16 x 0.07 x 1m 1.12
Mortar 22 x0.02 x Im 0.44
Tiles 23 x0.04 x Im 0.92
Dead Loads (SUM) 10.6

Table 4.15.2: Dead Loads for Landing
— Factored Load (Wu2):

Wu2 =1.2 x Dead Load + 1.6 x Live Load
=1.2x106+16x%x4.0
=19.12 kN/m
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Internal Forces

Wu2=19.2 kN/m

Wul=23.8 kN/m

To find support reactions 1

R

L

RN ENEEN

NoLoad

(Ay) &(BY):
> Moment (A) = Zero
— By =60.95 kN

yaN

Ay=63.19 kN {

— Ay =63.19kN

T By=60.95 kN

(1) Shear Force Diagram:
Shear force diagram is shown in the given figure
Distance (d) = 30 — (2 + 0.5x2.0) = 27cm

+63.19 kN

Vu (max) at distance d from the
face

=63.19 — (19.2x0.395) o
=55.6 kN

| 455601

AL /
AT

S

/
/ A,
AT

LIS i
LT
LN

2.375m

77
LSS, 7
1AL II LIl

T
IS T
I T
AT

/Y PSS T
IS T
ISy
2SS e
LI a
L

s
S
7Y
7S

39.5em

(2) Bending Moment Diagram:
Distance (x) = 0.8 m.

In horizontal direction

X =0.8 x cos(31) =0.68 m

— Maximum Moment will be:

2.622
2

Mu = 60.95x3.02—23.8x

=102.38 kN.m

110

+95.92 kKN.m

3.30m

TT1
40 cm

-60.95 kN

HIGKN

+24.38 kN.m

J/ +24.38 IN.m

‘\ Max Mu+ = 102.38 kN.m




Design of Shear Force

1
3 x Ve = 0.75xg>< fc' xbwxd

1
= 0.75 X 3 X V24 x 1000 x 270 = 156.34 kN > Vu = 55.6 kN

So, Thickness of Flight & Landing (h = 30cm) is correct

Design of Bending Moment
Mu+ =102.38 kN.m & d =27 cm

_ Fy 420 20,58
M 085xF 085x24
Mn = Mu 10238 _ 113.755 KN
n= e 09 ' -
Mn 113.755 x 10°
Kn = 1.56 MPa

“bxdZ 1000 x 2702

Preq = — X (1 —( 1 —ZXK"X"’)) =L x (1 - (Jl—w» =3.87 x 1073
m Fy 20.58 420

ASreq = Preq X b x d = 0.00387 x 100 x 27 = 10.44 cm?

—Check for As min:
ASpin = 0.0018 X b X h = 0.0018 X 100 X 30 = 5.4 cm?
ASyeq = 10.44 cm? > Asyyiy = 5.4 cm?
- Select 914/12.5 cm ,with As = 12.32 cm?
Main Reinforcement for Flight & Landing (Frame)

And
®12/20 cm ,with As = 5.65 cm?

Secondary Reinforcement for the frame (Flight & Landing)
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Check Strain:

T=C->As X fy=085X%Xfc xXxaxhb

1232 x 420 = 0.85 X 24 X a x 1000 - a = 2536 mm
- [ =085 - x =a/f = 2536/0.85 = 29.84 mm

0.003 x d
So; &5 = ————0.003

_0.003x270

ogs 0003 =0.024 > 0.005...8 = 0.9 (0k)

4.15.2. Design of Landing

- Load transformation should be done from the flight to the landing over the short way, only the
first meter of landing should be carrying the loads from flight.

Structural system of landing is shown in the following figure with (L = 3.35m).

Limitation of deflection

L 335 A A

minimum (h) = 0= 20 - 0.167 m
=~ Selecth = 20 cm L L
1 3.35m 1
Loads of Landing
- Dead Loads:
Dead Loads Y*xd&x1m kN/m
Plaster 22 x0.03 x 1m 0.66
Landing 25%x0.2%1m 5
Sand 16 x 0.07 x Im 1.12
Mortar 22 x0.02 x Im 0.44
Tiles 23 x0.04 x 1m 0.92
Dead Loads (SUM) 8.14

Table 4.15.3: Dead Loads For Landing
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— Factored Load (Wu):

Wu = 1.2 x Dead Load + 1.6 x Live Load
=12x814+16x40

=16.17 KN/m

Design of slab (Landing):

- Internal forces for landing: qu =Wu + Ay = 77.12 kN/m

qu = Wu + By = 16.17 + 60.95 = 77.12 kKN/m TR EEEEEN

Shear force diagram & Bending moment diagram A A

are shown. 129.18 kN [ I 129.18 kN
1 335m 1

- From shear force diagram

Maximum (Vu) at distance (d) from face of support, 1064 1Y 2.5 em
which is: 7
é%////////////f/l/ﬂm_ Shear Force

— Maximum (Vu) = 106.4 kN

-...#W////////////% Diagram
Vu=106.4 k\'l ~

.

29.5 cm

- From bending moment diagram 1.675m

|
|
|
|
|
Maximum moment is in the middle of system :

ding M

which is at (1.675m) as shown. W////////////////A//////////////// B e

Wu x L* 7712 x 3.35 |
8 8 '
=108.18 KN.m

Max Mu+=108.2 kN.m
- Mu =

Design of Shear Force

1
@ x Ve = O.75x€><,/fc’xwad

1
= 0.75x 3 X V24 x 1000 x 170 = 104.1 kN > Vu = 106.4 kN

So, Thickness of Landing must be increased

Selecth=25cm
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- Dead Loads:

Dead Loads y x4 x1m kN/m
Plaster 22 x 0.03 x 1m 0.66
Landing 25 % 0.25 x 1m 6.25
Sand 16 x 0.07 x 1m 1.12
Mortar 22 x0.02 x Im 0.44
Tiles 23 x0.04 x 1m 0.92
Dead Loads (SUM) 9.39

Table 4.15.4: Dead Loads For Landing

— Factored Load (Wu):

Wu = 1.2 x Dead Load + 1.6 x Live Load

=12x939+16x%x40
=17.67 KN/m

Design of slab (Landing):
d=25-2-20/2=22cm

- Internal forces for landing:

qu = Wu + By = 17.67 + 60.95 = 78.62 kN/m

Shear force diagram & Bending moment diagram are

shown.

- From shear force diagram

Maximum (Vu) at distance (d) from face of support, which

IS:

— Maximum (Vu) = 104.56 kN

- From bending moment diagram

Maximum moment is in the middle of system

which is at (1.675m) as shown.

- Mu=

Wu x L? _77.12X 3.352

8
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qu=Wu + Ay = 78.62 kN/m

HEEEENEEEE
I\ VAN

131681(.1@[ 1131-631\1\1
\ |
|
| Vu=104.56 kN

|
|

3.35m

Y

Shear Force
Diagram

.

2

V10456 kKN |
|

1675 m

" e g

:Mnx Mu+ = 110.29 kN.m

=110.29 kN.m




Design of Shear Force

1
@ x Ve = 0.75><g><,/fc’><bw><d

1
= 0.75x 3 X V24 x 1000 x 220 = 134.7 kN > Vu = 104.56 kN

So, Thickness of Flight (h = 25 cm) is correct

Design of Bending Moment
Mu+ =110.29 kN.m & d = 22 cm

B Fy 420 20,58
M= 085 xFy  085x24
Y — Mu 11029 12250 KN
n= Q) = 0.9 = . .m
Mn 122.54 x 10°
Kn = 2.53 MPa

“bxd® 1000 x 2202

Preq = 1 <1 B ( 1— 2><Knxm>> _ 1y <1 B (\/1 _ 2><2.53x20.58>> — 6.45 x 10-3
m Fy 20.58 420

ASpeq = Preq X b x d = 0.00645 x 100 X 22 = 14.2 cm?

—Check for As min:
ASpmin = 0.0018 X b X h = 0.0018 X 100 X 25 = 4.5 cm?
ASpeq = 14.2 cm? > Aspyy = 4.5 cm?
- Select 14/10 cm ,with As = 15.4 cm?
Main Reinforcement for slab (Landing)

And
®12/25cm ,with As = 4.52 cm?

Secondary Reinforcement for the slab (Landing)
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4.16. Design of Mat Foundation

Materials: -
= concrete B300 Fc' =24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
= @ steel =20 mm Cover =50 mm

= Op—anowabte = 400 kN /m?

Design the strips (1) and (2) of mat slab shown;

W e R s s e i,

[l [ ooL[] CNT

.......... T B= = H al
o 0 ﬁ . caL[kor T 0 C"ﬁ%
; 0 (e re a O e (e B B 0

] 2 8 8
|

Figure 4.16.1 Mat Foundation Plan
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4.16.1 Design of Bearing Pressure
Wall Reaction — q,; = 168.75kN/m? , qy, = 147.74 kN /m?

Fri = Guy X 41.25 = 168.75 x 41.25 = 6960.93 kN
Frp = 474.75 x 3 = 1424.26 kN

Frs = 457.87 x 3.3 = 1511 kN

Fro = quy X 61.35 = 147.74 X 61.35 = 9063.85 kN

z Pu =2 X (6960.93 + 9063.85) + 1424.26 + 1511 + 484.65 + 421 + 662.31 + 433

+ 2371 + 2563 + 3028 + 2710.6 + 2386.8 + 486 + 639 + 581 + 394.7
= 52145.06 kN = F

Mgym = Z Moment(yy = (Frp4Frs) X (3) + (Pu cloum ) X 15

= (1424.26 + 1511) x 3 + (484.65 + 421 + 662.31 + 433 + 2371 + 2563 + 3028 +
2710.6 + 2386.8 + 486 + 639 + 581 + 394.7) x 15 = 7725.78 + 257415.9

= 265141.68 kN.m

Mgy = 3, Moment ), =(484.65 + 421 + 662.31 + 433) x 11.3 +(2371 x 7.33) +( 2563 X

3.77) — (2710.6 x 3.72) — (2386.8 X 7.35) —(486 + 639 + 581 + 394.7) x 11.3 —
(4 X 1424.26) = —7408.6 kN.m

- Design of Bearing Stress:

Pu MxXxCy MyXCx
Obu-max = 7"’ +

Ix Iy
Where:
Pu =52145.06 kN , Mx =7408.6 kNNm , My=265141.68kN.m , A
= 1831.4 m?
61.35 x 28.113
Cy =30.67m, ,Cx =19.52m Ix, = = 113557.5 m*

12
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20.1x5.53

Ix, = =278.67m* | Ix(total) = 113557.5 + 278.67 = 113836.17 m*
28.11 X 61.353 . 5.5 x 20.13 .
Iy, = = =624202m* Iy, = ————=3721.942m

Iy(total) = 624202 + 3721.942 = 627923.94m*

at point (1):

52145.06 7408.6X30.67 265141.68x19.52

_ _ _ 2
Op-max = Tg3114 T 113836.17 T 627923.94 2847 +2+824 =3871 kN/m

Op(z) = 28.47 — 2+ 8.24 = 34.71 kN /m?
Op(z) = 28.47 — 2 — 8.24 = 26.47 kN /m?

Op(ay = 28.47 + 2 — 8.24 = 2847 kN/m?

Opumax = 38.71 < 1.3 X 0p_giiow = 1.3 X 400 = 520 kN /m? Ok #

4.16.2 Design of Strip (1) of Walls & Columns

-l h=00cm }=—

- Determination of Effective width:

besr = b+ h =90cm + 95cm = 185cm

_]

e — e —— ——————— — et ) = 95cm

b = 1.85m

_~
15,1
o
51

. . . . | ive b = 90+95 = 185 —
1. Determination of Ultimate Bearing Pressure: Fective b= 20t o

Y. Pu = (168.75 x 1.85) + 581 + 394 + 539 + 2386 + 2710 + 3027 + 2563 +
2370 + 433 + 421 + 484 = 16076.75 kN

Mgy, = ZMm

= (312.18 x 12.36) + (581 x 10.6) + (394 x 10.2) + (539 x 10.) + (2386 x 6.35) +
(2710 x 2.71) — (3027 x 1) — (2563 x 4.79) — (2370 x 8.34) — (433 x 12.15) —
(421 x 12.20) — (484 x 12.3) = —11259.37kN.m
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e = ZM/ZP =07< % =4.66 — linear earth pressure

Y. Pu (1+6xe> 16076.75 ( 6 x0.7

_ == __x = X = 91kN/m? <13 x4
Opu-max =~ a 28 x 1.85 28 ) 356.91kN/m” < 1.3 x 400
— 520 kN /m?
> Pu

1 6 X e) 16076.75 ( 6 x 0.7

Obu-min =~ X ( - ) = 263.8 kN /m?

= 28x 185 28

147.74 kN/m 1514 kN 2386 kN 2710 kN 3027 kN 2563 kN 2370 kN 1338 kN 168.75 kN/m

R I

1 LT

Obu-min

263.8 kN/m?

Ghumax
356.9
kN/m?

Figure 4.16.2 Strip 1-1

2. Design of One-Way Shear:

h=95cm -» d=95-5-2=88cm
1 1
Q)chzO.75><g><w/fc’><bxd=O.75x€x\/24><1850><880=996.15kN>Vu
= 898.2 kN

~h =95cm; Ok for one way shear #

3. Design of Two-Way Shear:

- Parameters for punching shear:

d=88cm , Pu= 3027 kN
bo =4x(90+88) = 712cm = 7120mm

as = 45 ; Internal column
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_ long side _ 90 _
pe = /shortside_ /30_3

Vu = 1519.66 kN

Vc; is the smallest of:

Ve = (1+Bi)x@xboxd= (1+§)x€x7120x880=8188.41kN<— Controll
Ve = (“szd+2)xJ1f—27xboxd=(%+2)x%_4x7120x880= 19342.47 kN

V24
X boxd = TX 7120 x 880 = 10231.68 kN

PxVec=0.75x%x8188.41 = 6141.31kN > Vu = 1519.66 kN

~h =95cm ; Ok for two way shear #

4. Design of Bending Moment:

maximum Mut = 1599 kN.m & maximum Mu~ = 281 kN.m

(4.1) Design of Top Reinforcement (Negative Moment):
Mu~ =281kN.m — b =1850mm & d = 880mm

Mn  312.22 x 10
Mn /o fo.9=31222kN.m > Kn=r——p =" = 0217MPa

B fy 420
M= 085x% fc' _ 0.85 x 24

1 2XKnxm 1 2%0.217%x20.588
Preq == X (1 - /1 - ) = ——x <1 —\/1 _T> = 0.000519

o ASreq = Preq X b x d = 0.000519 x 185 x 88 = 8.449 cm?

= 20.588

- Check minimum required (As):
ASpin = 0.0018 x b X h = 0.0018 x 185 X 88 = 29.3 cm?
ASpoq < ASpin  —  Select 10020 with As = 31.4cm? > As,y;, = 29.3 cm? #
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(4.1) Design of Bottom Reinforcement (Positive Moment):
Mu*t =1599kN.m — b= 1850mm & d = 880mm

Mn  1776.66 X 106
bxd2 1850 x 8802

Mn= M/, = 1599/ § = 177666 kN.m - Kn=

= 1.24MPa
fy 420
M= 085X fc 085 x24 20081
(| zxsnxm) 1 [ | 2x124x2088\
Prea =1y fy = 2058 420 e

o ASpeq = Preq X b x d = 0.003 x 185 x 88 = 49.62 cm? > Asp, = 29.3 cm?

~ Select 16020 with As = 50.24 cm? > As,., = 49.62 cm?

4.16.3 Design of Strip (2) “Strip of Walls & Columns”

b =100cm

- Determination of Effective width: S J——

befr = b+ h =100cm + 120cm = 220cm

b =220m _I-

I —— — —t = 120cm

f—effective b = 100+120 = 220CM  wm—umi
1. Determination of Ultimate Bearing Pressure:

Y. Pu = (93 x 2.20) + 294 + 1726.27 + 1927.25 + 3054.32 + 3077.7 + 1681.5 +
1252.4 + 758.28 + 1869 + 2370.9 + 186.9 + (115.3 x 2.20) = 18583.875 kN

Mgy = ZMm

= (186 X 28.78) + (294 x 24.8) + (1726.27 x 13.8) + (1927.25 x 9.47)
+ (3054.32 X 6.16) + (3077.7 x 1.34) — (1681.5 X 5.11) — (1252.4 X 8.34)
— (758.28 X 8.82) — (1869 X 16.26) — (2370.9 x 23.84) — (2336.36 X 32.1)
= -109978.27 kN.m

121




ne= XM/ _109978.27 _ 4 6135/ _
) T /18583.875 = 591m < %/g =012°/¢ = 10.22m

B > Pu o (1 N 6 X e) _18583.875 y ( 6 X591
Tbu-max = 74 ~9135x22 61.35

< 1.3 x 400 = 520 kN/m?

B > Pu y (1 6 X e) _18583.875 y ( 6 X 5.91
Tbu-min =~ ~9135x22 61.35

- ) = 217.7 kN /m?

" ) = 34.34 kN /m?

Opu-max = 217.7 KN/m?* & Opy_min = 34.34 kKN/m?

93kN/m  294kN 1927kN 3054 kN 2386 kN 3077 kN 1681 kN 1252kN  758kN 1869 kN 2370kN  153kN/m

b

B i e AR .7

Obu-min

34.34 kN/m”

Obu-max
217.7
kN/m?

Figure 4.16.3 Strip 2-2

2. Design of One-Way Shear:
h=120cm - d=113cm

1 1
@xVc= O.75><g><w/fc’xbxd = 0.75xgx\/24x2200x 1130 = 1522.35kN > Vu
= 1688.66 kN

~h =120cm ; Ok for one way shear #

3. Design of Two-Way Shear:

- Parameters for punching shear:

d=113cm , Pu=3077.7 kN
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bo = 4 x (100 + 113) = 852cm = 8520mm
as; = 50 ; Internal column

long side 100 _
pe = /short side ~ /30 =3.33

Vc; is the smallest of:

= (1 n ) s boxd = (1 n %) X g x 8520 x 1130 = 12582.16kN «— Controll
(“ sxd ) W boxd = (50“130 + 2) x Y22 8520 x 1130 = 115531.2 kN
bo 8520 12
A fc \24
Vc=%xb X d =TXS520 x 1130 = 15721.8 kN

®XVec=0.75x%x12582.16 = 9436.62 kN > Vu = 1979 kN

~h =120cm; Ok for two way shear #

4. Design of Bending Moment:

maximum Mu™ = 2017 kN.m & maximum Mu~ =367 kN.m

(4.1) Design of Top Reinforcement (Negative Moment):
Mu~ =367kN.m — b =2200mm & d =1130mm

Mn 407.77 x 10°
Mn = Muy 367/~ — 4777 kN. Kn = = — 0.145MP
n /o fo.9 =477TkN.m > Kn= =5 =000 T30z = 0-145MPa

Sy 420 ohss
M= 085 % fc  085%x24

o | _zxanxm) 1 f | 2x0145x2088)
Prea = 1 fy ~ 258 420 -

+ ASreq = Preq X b X d =0.00034 x 220 X 113 = 8.61 cm?

- Check minimum required (As):

ASpmin = 0.0018 X b X h = 0.0018 X 220 X 120 = 47.52cm?

ASpeq > ASpin  —  Select 16020 with As = 50.24 cm? > Aspyin = 47.52 cm? #
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(4.1) Design of Bottom Reinforcement (Positive Moment):
Mu* =2017kN.m — b =2200mm & d = 1130mm

Mn 224111 x10°
bxd2 2200 x 11302

Mn = Muj = 20017/ g = 224111 kN.m - Kn=

= 0.797 MPa
fy 4200
M= 085 xfc 085 xza 208
oy | _zxnxm) 1 | 2x0797x2088\
Prea = fy ~ 2085 420 -

“ ASreq = Preq X b X d =0.00193 x 220 X 113 = 48.18 cm? > Asyy = 47.52 cm?

= Select 17320 with As = 53.38 cm? > As,., = 48.18 cm* #

& Pian view

i

i i 1

il

i %}

! J ——p "

p( | =====H | o ] EF

+
i ¥

Figure 4.16.4 Safe Modeling
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Appendix (A)
Architectural Drawings

This appendix is an attachment with this project

Appendix (B)

Structural Drawings

This appendix is an attachment with this project
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Appendix (C)

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 £no
Beams or
ribbed one-
way slabs £ENMe £M18.5 er L8
Notes:

Values given shall be used directly for members with normalweight concrete
(density w, = 2320 k% ) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural I| htweight concrete having unit density, w,
1440-1920 kg/m?, the values shall be multiplied by (1.65 - 0.603
less than 1.09.

b} For £, other than 420 MPa. the values shall be multiplied by (0.4 + fyf?uo)

|n the range
) but not

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED.

TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deilection o be considered Deflection limitation
Flat roofs not supporting or attached tonon- | Immediate deflection due to live load L _
structural elements likely to be damaged by L
[arge deflections
Floors not supporting or attached to nonstruc- | Immediate deflection due to live load L
fural elements likely to be damaged by large £/360
deflections
Roof or floar construction supporting or That part of the total deflection occurring after ‘
attached to nonstructural elements likely to be | aftachment of nonstructural elements (sum of £ A80°
damaged by large deflections the long-term deflection due to all sustained

. ‘ loads and the immegliate deflection due to any

Roof or floar construction supporting or A Q _
attached to nonstructural elements not likely to adtonal e load) £/240°
be damaged by large deflections

* Limit not intended osafeguadagams ponding. Pondmg should be checked by suitable calculations of deflection, including added deflections due to ponded
water, and considering lang-term effects of all sustained loads, camber, construction tolerances, and reliability of provisions for drainage.

f Lon]g -term deflection shall be determined in accordance with 9.5.2.5 or 9.5.4.3, but may be reduced by amount of deflection calculated to oceur befor atfach-
ment o nonstructural elements. This amount shall be determined on basis of accepted enginesring data relating to time-defiection characteristics of members sim-
llar to those being considered.

tLimi may be exceaded if adequate measures are taken to prevent damage to supported or atiached elements.

§ Limitshall not be greater than tolerance provided for nonstructural elements. Limit may be exceeded if camber is provided so that total deflection minus camber
does not exceed limit.
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MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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