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ABSTRACT

Structural Design is the second process after Architectural, it is the process

that transfers the project from papers to reality and produce a structure

capable of resisting all applied loads without failure during its intended life.

The Structural Design process is divided to 3 main phases, planning phase,

Design and Construction phases and are defined as the following:

1- Planning phase: during this phase, we study the building layout, from
its dimensions to the shape of it as all, prepare the basic structural

plans and drawings and plan the schedule of the construction.

2- Design phase: Study the stability, strength and rigidity of the
structure and ensure that the planned structure will be sufficiently

strong to carry its intended load.

3- Construction phase: it’s the stage that the planned project start

becoming real.
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Ag= gross area of section, mm2,
As= area of non-prestressed tension reinforcement, mmz,

>

>

» As'=area of compression reinforcement, mmz2,

» Av= area of shear reinforcement within a distance s, mmz.
>

b= width of compression face of member, effective compressive flange
width of a T beam, mm.
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bo = perimeter of critical section for two-way shear in slabs and footings,
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v

d= effective depth, mm.

Y

d'= distance from extreme-compression fiber to centroid of compression
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db= nominal diameter of a bar, mm.

DL= dead loads.

f'c= compressive strength of a concrete, MPa.
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>
>
>
>
>
>

jd= distance between the resultant of the internal compressive and tensile
forces on a cross section, mm.

Ln= clear span measured face to face of supports, mm.
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S= spacing of shear reinforcement, mm.

n=number of bars in a layer being spliced or developed at a critical section.
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t= thickness of wall in hollow section, mm.
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¥= ratio of the distance between the outer layers of reinforcement in a
column to the overall depth of the column.




€= strain.
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Chapter 1 : Introduction

1.1 General Information

Steel, Aggregate and Cement paste are the main ingredients of Concrete,

the main building material.

Concrete is strong in both compression and tension (Thanks to the steel bars
inside), durable and cost effective, that’s why it is considered number 1

when it comes to building materials.

Concrete strength varies because of the different mixes and ratios between
the materials used, and can be measured by using either cylindrical or cubic
specimen (Depends upon the code adapted by the country). The strength of
concrete should be much higher than the service loads applied to assure

safety of the building.

The Resident-Comm Building consists of 5 Floors divided as the

following:

The Ground floor, has a resident-commercial area of (520m2),
includes 7 shops, a studio, electricity controlling devices, pump room

and security housing areas.

First to third floor are symmetric, each has a residential area of

558.45m?, each consists of 6 small studios and 2 master rooms

Roof, includes 2 stores with total area of 275m?




The building was built in UAE

Flooring is designed on flat slab system

As overall, the design included the following structural components:
(Flat slabs, beams, stairs, shear walls and footings)

All structural elements will be designed based on the maximum
values of the ultimate loads resulted from load combinations
specified by the ACI code.

1.2 Objectives

The main idea of this project is to design all the structural elements of a

Residential-Commercial building located in the UAE.

Table 1.1: Different areas of the building
Ground Floor 452.58m?

First Floor 522m?

Second Floor 522m?

Third Floor 522m?

Roof 275m?

Staircases 25m?




1.3 Motivations and Importance

Flat Slab system is a unique designing system is an R.C slab built
monolithically with the supporting columns and reinforced in two or more

directions. the following are the main advantages of flat slab construction:

1.the floor system requires lesser depth and thus there will be a reduction in

storey height

2.there is a reduction in the dead load and foundation loads since the overall

weight and storey height are decreased.

3.flat slab construction has improved fire resistance as compared to other

types of floor systems
4. it is better able to withstand concentrated loads.

We think it will teach us useful experience and techniques.

1.4 Methodology and Implementation

e Analysis by the ETABS, SAFE and Prokon programs to obtain

design moments and shear and torsion on each element of the project

Implement the engineering techniques and approaches to determine
the required dimensions of the elements, as well as the reinforcement

needed.

Design was done considering the maximum moment along the

element.




1.5 Codes, books, and programs

. Building Code Requirements for Structural Concrete and
Commentary ((ACI 318M05)).

. The Jordanian’s Forces and Loads Code.

. Reinforced concrete Mechanics and Design-by JAMES
MACGREGOR.

. AUTOCAD.
. SAFE (design of slab and foundation).
. ETABS (Modeling & design of column and shear wall).

. Prokon (design of beams).




Chapter 2 : Structure Description and

Analysis

In this chapter we will discuss some elements of our project and how it
behaves when it loaded and in the end of chapter a modeling of our project
by ETABS program and will be added here.

2.1 Structural System Components

Each chapter will usually be broken down into major sections. Each section

should have its own header as shown here.

2.2 Structural Elements

All structural systems are composed of elements.

The following are considered to be the primary elements in a structure:

1- truss:

IS a structure that consists of two-force members only, where the
members are organized so that the assemblage as a whole behaves
as a single object. A "two-force member" is a structural component
where force is applied to only two points. Although this rigorous
definition allows to have any shape connected in any stable
configuration, trusses typically comprise five or more triangular
units constructed with straight members whose ends are connected
at joints referred to as nodes.




Fig.2.1: Truss

2- Beam:
those members that are primarily subjected to flexural forces. They
usually are thought of as being horizontal members that are
primarily subjected to gravity forces.

Column:

those members that are primarily subjected to axial compression
forces. A column may be subjected to flexural forces also. Columns
usually are thought of as being vertical members, but they may also
be inclined.

foundation:

Is the element of a structure which connects it to the ground, and
transfers loads from the structure to the ground .Foundations
provide the structure's stability from the ground:

To distribute the weight of the structure over a large area in order to
avoid overloading the underlying soil, to anchor the structure
against natural forces including earthquakes, floods, frost heaves,
tornadoes and wind. To provide a level surface for construction. To
anchor the structure deeply into the ground, increasing its stability
and preventing overloading.




- concrete slab:

It is an essential structural element in concrete buildings, consisting
of a flat, horizontal surface made of cast concrete. Steel-reinforced
slabs, typically between 100 and 500 mm thick, are most often used
to construct floors and ceilings.

Fiaure 2.2: Load Distribution

- shear wall:

is a vertical element of a seismic force resisting system that is
designed to resist in-plane lateral forces, typically wind and seismic
loads. in many countries, the Building Code and Residential Code
govern the design of shear Walls

Shear walls

il AWAW

il

\/

mvmvmnv:mmvmvmv
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\/

Figure 2.3: Shear Wall

stair:

Is a construction designed to bridge a large vertical distance by
dividing it into smaller vertical distances, called steps (used for
leading from one floor to another). Stairs may be straight, round, or
may consist of two or more straight pieces connected at angles.




Figure 2.4: Stair

2.3 Modeling

We Make modeling using ETABS program.

[ ] lll-l

Figure 2.5: ETABS 3D Modeling 1 Figure 2.6: ETABS 3D Modeling 2

Figure 2.7: SAFE Typical Slab Modeling Figure 2.8: SAFE Roof Slab Modeling




Chapter 3 : Slabs

In this chapter we will analyze and design the slab, finding needed area of
steel to resist the moment and load and needed steel to resist shear and we

will check the deflection and punching shear and solve any problem.

3.1 Slab type

Flat Slab: -

It is a type of slabs that is spread in building systems around the world,
usually in halls and large rooms. The most important advantage is that it
provides large distances between the columns to the next room and the

adjustment inside the building because there are no beams.
The flat slabs are slabs that rest directly on columns.

Architecturally, it is better because there are no beams, and it is preferable
to use it in the case of a large area, and it is also used in the case of large
loads. The wooden tension is easier to implement because it is horizontal
and there are no beams. The thickness of the tile is relatively large, due to
its resistance the(-ve) moment and punching shear. The amount of

reinforcement steel is relatively large in comparison with Solid slab.

Figure 3.1: Real flat slab with drop panels Figure 3.2: Flat Slab




STES S FINING SLAS EDGE FORMWORK WITH POCEET FORMES

Figure 3.3: construction of Flat Slab

In our project we used this type of slab for several things; -

1) The building contains civil defense services, and therefore it is
forbidden to have a drop beam in the center because it will affect the
services on the roof.

2) Having the beam will reduce the net floor height

3) There is central air conditioning inside the building which will also
reduce the floor height.

For example, if we assume that the height of the floor is 4 meters and the
beam is 60 cm, the central air conditioning system will be done under the
beam, and thus there will be only about 3 meters of net floor height
remaining.

4) The distribution of the columns is irregular and thus it is difficult to
use the beam between rooms.




3.2 Loading

Type of load in our project:
In the typical floor we have five type of load:
1 - Dead load 2- live load
3- super imposed dead load  4- wall load (partition allowance)
5- snow load
In the roof floor we have four loads
1 - Dead load 2- live load

3- super imposed dead 4- isolation system load

1. Dead load:

The dead load calculated by safe program internally.

2. Live load:

Suggestion live load

where taken from the

Jordanian code. | il | | eeeenint ) |bowe

30

figure 3.4: Live Load from Jordanian code




3. Wall load (partition allowance):

» Partitions allowance Calculations:
There are 200m of block (25cm) (IN THE TYPICAL FLOOR)
There are 205m of block (25cm) (Ground Floor)
Height of walls=3.5m

Total area of floor= 520m?

(3.5 *14%0.25)*200
520

Load (m?) = = 4.7 KN/m2 so use 5 kN/m2

Wall load = 5 kN/m?

As we see we have different value of loads, thus we divided

the slab according to the loads.

LEGAND DESCRCRIPTION S LA -

LIVE LOAD (KN/M?)

Bed Room , pantry,lobby

|_SERVICES & CEILING
PARTITION ALLOWANCE

FINISH THICK 100 mm

20

corridor

FINISH THICK 100 mm

SERVICES & CEILING .

30

Bath Room

FINISH THICK 220 mm

PARTITION ALLOWANCE
FINISH THICK 100 mm

20

Stair Case

SERVICES & CEILING

Roof Area

Figure 3.5: Load distribution table

30

PARTITION ALLOWANCE
FINISH THICK 100 mm

ISOLATION SYSTEM

20

Figure 3.6 Load distribution on

slab




Putting loads and dividing them on the slab using "Safe"

program:

1.All slab:

The wall load is similar for all slab is:

Wall load =5 kN/m?

Figure 3.7: Safe Load distribution in

all slab

2. Corridor:

In the below we

see the photo

assigned load on corridor.

Figure 3.8: Safe Load distribution in corridor

Live load =3 kN /m ? Super imposed =3 kN /m 2

Figure 3.9: Safe live Load in corridor Figure 3.10: Safe super imposed Dead
Load in corridor




3. Bedroom, pantry and lobby:

All the load on lobby, pantry and
bedroom shown in the photo.

Live load =2 kN /m ?

Figure 3.12: Safe Live load

in bed room

[ 51ab-Type Area Otject Information

Area Object Name 16

Augwans  Geomery  Lowit  Duign
Load Pattem LIVE
Unfom Losd
Load Drection Graviy (Global 2)
Load Vakue (Nom2) 0002
Load Patiem SUPER IMPOSED
Unfom Load
Load Drection Gravty (Global 2)
Load Vake (N/rm2) 0003

is

Figure 3.11: Safe Bed room load distribution

Super imposed =3 kN /m 2

Figure 3.13: Safe super imposed
Dead Load in bed room




4. Bath room:

All load on bathroom shown in

this photo.

Figure 3.14: Safe Bath room load distribution

Live load =2 kN /m 2 Super imposed =5 kN /m ?

Figure 3.15: Safe Live load and super imposed Dead Load in bath room

SDL (KN/MF)
LEGAND DESCRCRIPTION DESCRCRIPTION VALUE LIVE LOAD (KN/M?)

FINISH THICK 100 mm

Bed Room , pantry,lobby SERVICES & CEILING
PARTITION ALLOWANCE

2.0

FINISH THICK 100 mm
corridor SERVICES & CEILING
PARTITION ALLOWANCE

3.0

FINISH THICK 220 mm

PARTITION ALLOWANCE

FINISH THICK'I00 mm
Stair Case SERVICES & CEILING
PARTITION ALLOWANCE

3.0

FINISH THICK 100 mm
Roof Area SERVICES & CEILING
ISOLATION SYSTEM

2.0

5
5
0
5
5
0
5
5 ] 2.0
0
0
0
0
5
5
5

2
0
5
2
0
0
4
Bath Room SERVICES & CEILING g
3
0
0
2
0
2

Figure 3.16: Summary of all load on whole slab




3.3 Calculations and Part Selections:

Importance Note: we use "direct design method" but

actually this method is invalid because its didn’t fulfill the

requirements.( more than in Appendix B)

For manual calculation, we choose second floor slab to design it
The slab has exterior panel (edge beam).

We want to design column strip and middle strip between column K4 and
14 in W — E direction.

Some information about slab:
Thickness 250mm = 25 cm F'c=28 MPa
Fy=460 MPa Edge beam 20 X 60 cm

All column 60 X 30 cm

- T

Figure 3.17: Slab section Figure 3.18: slab section with

black corner




According to table 9.5 c in ACI code

we assume slabs do not have drop panels and only have edge beam.

Minimum thickness of two way slabs to control deflection

TABLE 9.5(c)—MINIMUM THICKNESS OF SLABS
WITHOUT INTERIOR BEAMS™

Without drop paneis¥ With drop panels¥
Interior Interior
Exterior paneils panels Exterior paneils panels
Without With Without With
edge edge edge edqer
Ty, MPat| beams | beams$ beams | beams?¥
280 ¢,/33 ¢,/36 ¢,/36 ¢,/36 £,/40 ¢,/40
420 £,/30 ¢,/33 ¢,/33 ¢,/33 £,/36 £,/36
520 ¢,/28 ¢,/31 ¢,/31 ¢,/31 ¢,/34 ¢,/34
"For two-way construction, ¢, is the length of clear span in the long direction
measured face-to-face of supports in slabs without beams and face-to-face of
beams or other supports in other cases
TFor 7, between the values given in the table, minimum thickness shall be
determined by linear interpolation.
*Drop panels as defined in 13.2.5
SSlabs with beams between columns along exterior edges. The value of agfor
the edge beam shall not be less than 0.8

Figure 3.19: Table 9.5 (c)

Rmin = = = 14.69 cm

Rmin = = = 10.152 cm

504
hmin = g =14 cm

Rmin = 2= 1111 cm

Rimin = = = 21.56 cm

180 _
hmin—g—Scm

h,,;, = 21.56 then we take it = 25 cm

S.D.L=8KN/m?, L.L=2KNM?, Veoncrere = 24 KN/m?
Wu =1.2(0.25 X 24 + 8) + 1.6 X 2 = 20 KN/m?
d (effective depth) = 250-20-12 = 218mm

Check #1: one-way shear

we make all shear test in column K4

4.83 . 1.15%3.35 1.15%5.04

0.3
Vu1=(2+ . ) X ( ” —20.218)x20

V1 =219.667 KN




OV =0.75 (¢ X V28 X (4.83 x >+ 1.15 X 3.35 x—=) X 0.218

®dVc =663.17 KN

®dVce > Vul = OK

Check #2: two-way shear

0.6+0.218 = 0.818
0.3+0.218 = 0.518

Vu = 20%((4.83+1.15*3.35*5.04/4)-(0.818*0.518))
=210.32 KN

0.5 d
Figure 3.20: column two
p=2%=2, b.=2(818+518) = 2672 mm way shear section

V.. is taken as the smallest of (a), (b) and (c) where

(a) v, >4 )J—b,,zl

Be

(b ) v (as(l ) '\/}(._bad

) Ve=3ribed
a) Vc=1148.7Kn
b) Vc=15115
c) Vc=1148.7Kn min (we use it)
®Vc=0.75*1148.7 = 861.5 KN

®Vc >Vu SAFE punching shear




**Static Moment

_ WylL, Ln?

M. = 20*(4.83/2 + 3.352) * 5.042/8

M. =259.73 KN

st

2. Full restroint

3. Slab with beams between
supports

5 No beams

Figure 3.21: moment distribution for beams

Num 4 edge beam only
Interior negative = 0.65 x 259.73 = 168.82 KN.m

Interior positive = 0.35 x 259.73 = 90.91 KN.m

Negative moment for column strip = 0.75 x 168.82 = 126.62 KN.m
Negative moment for middle strip = (1-0.75) x 168.82 = 42.205 KN.m

Positive moment for column strip = 0.6 x 90.91 = 54.55 KN.m




positive moment for middle strip = (1-0.6) x 90.91 = 36.36 KN.m

Percentage of Longitudinal Moment in Column Strips, Exterior Panels (ACI Code,
Section 13.6.4)

Aspect Ratio f,/1,
ardz/h 0.5 1.0

Negative moment at exterior support 100 100
75 7S

100 100

90 75

Positive moment near midspan ( 60 60
; 90 75

Negative moment at interior support 75 75

90 75

Figure 3.22: longitudinal moment in column strip ACI section 13.6.4
**Design for column strip

* positive moment 54.55 KN

_ Mux10% _ 54.55%10°
@ fyxj*d  0.9x0.95x460x218

As = 636.23 mm?*

a=636.23 x 460/ 0.85 x 28 x 840 = 14.64 mm

As =54.55x 106 /0.9 x 460 x (218-14.64/2) = 625.42 mm?
Asmin = 0.0018bh = 0.0018 x 840 x 250= 378 mm?

As > Asmin OK

From table steel we will choose 12 mm bar diameter

Number of bars 6 andAs,;opigeq = 679 mm?

®Mn = ®ASFy (d-a/2) = 0.9%679*460%(218-11.71/2)

= 59.64 KN.m > 54.55 OK

* negative moment 126.62 KN.m

As= 1476.8 mm? , a=27.2 , As= 1496.31 , As > As min

From table steel we will choose 12 mm bar diameter

Number of bars 14 andAs,; opigeq = 1583.363 mm?




**Design for middle strip

*positive moment 36.36 KN.m

As=424.1 mm? ,a=7.01mm , As=409.5 mm2

Asmin=420.75mm?

AsSmin > ASs not ok
We take As min = As = 420.75 mm?2
From table steel we will choose 12 mm bar diameter,

Number of bars 4 andAs,;opigeq = 452 mm?

*Negative moment

As =114.77 mm? , a=1.9 mm , As=469.68 mm?
AS > ASmin

From table steel we will choose 12 mm bar diameter,

Number of bars 4 and As,pigeq= 452 mm?




3.4 Slab analysis and Final Design

+ Design of slab:
Related to choose the flat slab system, we need to check
the deflection, Punching Shear then we will find the
suitable design for the Slab.

— Typical slab (From First Slab —Fourth Slab)

-Deflection
e Deflection checked on long term deflection
e From ACI CODE table 9.5 (b)

Allowable Deflections

« ACI Table 9.5(b) = max. permissible
computed deflection

TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to be considered Deflection imitation

Flat roofs not supporting or attached to nonstructural elemeants .
likety to be damaged by large deflactions Immediate deflection due to live load L ¢/180

Floors not supporting or attached to nonstructural elements I :

ikely 10 be by large deflections Immediate deflection due to live load L L1360
Roof or floor construction supporting or attached to nonstructural | That part of the total deflection occurring after attachment 11480*
elements likely to be damaged by large deflections of nonstructural elements (sum of the long-term

Roof or Boor construction supporting of attached to nonstructural | deflection due to all sustained loads and the immediate §
elements not likely 10 be damage-dngy large deflections deflection due to any additional kve load)’ ¢/240

Ui not Ftended o safeguard against ponding. Ponding should be checked by sultable calculatons of defaction. inclyding added defections dus o poncad
water, and considering long-term effects of al sustainad i0ads, camber, CONSYUCHION folerances, and rellabilty of provisions for drainaga.

L ong-term defiaction shal ba datermined In acoordanca with 9.5.2.5 or 8.5.4.3, but may ba recuced by amount of defiecion calcuated to occur bafore attachment
of nonstructural elements. This amount shall be determined on basis of accepted enginearing data relating % Ime-deflaction Characierisics of members simiar 1o
those being considered

#Limit may ba exceeded If adequate measuras are taken to prevent damage to SUPPOrad of atached elements.

S_imit shail not ba graater than tolerance provided for nonstructural elements. Limit may be exceeded If camber Is provided so that total deflection minus camber
does not excaed ImE.

Figure 3.23: ACI Table 9.5 (b)

e The longest Span From Project L=15.2 m

So to the case 3 from above table,

permissible deflection= L =152 -0032m
480 480




e From “SAFE” program the value of long-term deflection shown in
the picture.

E-3

long term deflection = 6 cm l i

=it -5.0

6 cm > 3.2 cm = so, it’s not safe " 40.0.

-25.0
-30.0
-35.0
-40.0
-45.0
-50.0
-55.0
-60.0

—1 1

Figure 3.24: SAFE longterm deflection

before add column

e So we can solve this problem by many ways but, finally we find
the best way by adding new Shear Wall (we checked to ensure
that’s identical with architectural drawing)

o (before)

Figure 3.25: section of slab before

add column




Figure 3.26: section of slab after
add shear wall

After that we checked the deflection again and we found that:
deflection = 1.74 cm = permissible deflection

B Deformed Shape

Load Case/Load Combination
O Load Case
@ Load Combination | LONG TERM

Scaing
@ Adtomatic

O User Defined

Contour Range
Maimum

Maamum

Figure 3.27: SAFE longterm deflection after add

shear wall




-Punching shear

e The results of Punching Shear are shown in the figure below, and we
notice that the columns which circled have the biggest value of
punching shear.

) |
L1oa@190

Figure 3.28: punching shear column

- To overcome of checking the punching shear is a failure problem,
there are many ways to increase the capacity of column to resist the
punching shear of concrete slabs:

Solution 1 increasing slab thickness: we refuge to this solution as a
last one because we have five slabs with large area, and increasing
the thick 1 cm will cost a lot.

Solution 2 Providing drop panel and/or column capital:

may it will be economical, but we can’t provide it because it would
be against the Architectural restrictions.

Solution 3 Using shear studs:

This system consists of double-headed studs welded or spliced to
flat rails, positioned around the head of column or the base. The
studs are welded to the rail at centers. its designed and determined
by using Safe program, its suitable for all column shapes and its
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installed by specialists sub-contractor, but this solution the most
suitable alternative with our situation, Due to that, shear stud will be
used.

Xl From 8 columns that have ACI 318-14 Punching Shear Check & Design
punching shear we take the most
_— - Geometric Properties
critical column, and we design N —

Point Label = 3487

shear stud related to this column, Column Shape = Rectangulr

Column Location = Interior
the remaining columns will be Globl Y-Codite 48 m
reinforced like selected column t0  column Puching check
ensure more safety. Ef Pnching Pormtr - 19862
gg\fcr _Can}r)mgtrenglh =28 Nimm2

Reinforcement Ratio = 0.0000
Section Inertia [22 = 5.081E+010 mm4

From the Fig, we have 7 legs every iz
H Gamma 2 = 0.43446
leg has 6 studs with 10 cm as ST

SpaCIng Rebar Yield Strength = 460 N/mm2

1 —_ Rebar Diameter = 10 mm
(stud diameter = 10 mm). Numisar of Robar Sete = 6
Number of Single Leg Stirrups per Set =7

Typical Rebar Spacing = 100 mm

Figure 3.29: SAFE shear stud

Column Punching Perimeter

Punching Reinforcement Design

But we will use 10 leg to get
most uniform distribution on
every edge.

The design of shear stud 0 E

O00000C0OO0O 0O 0000000 O O
0 0

Is shown in the Fig.

00000000

Figure 3.30: Design of Shear stud




- Steel Reinforcement
The value of moment at:
a) X- direction on all slab and every strip

QOO © GO 0]
I | | | A | Il

et

—~—

==

Figure 3.31: Value of moment in X axis Figure 3.32: moment diagram in X axis

b) Y — direction on all slab and every strip

I |

Figure 3.33: Value of moment in Y axis Figure 3.34: moment diagram in Y axis

—>Needed area of steel to resist the moment
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+ Positive moment and Negative moment (at mid span)
Use @12, A = 113 mm?

-Min area of steel (As,,,in )
Asin = 0.0018bh = 0.0018*250*1000
AS i = 450 mm?

- Number of steel bar = 230 _ 3.9
113

-Sowetry 4 12

M M.
s=———— = 045= =
0.9xFy=*]4 0.9¥460%0.95%0.25

M, = 40 KN.m
we use the safe program to introducing the Moment as shown:

X — direction
as we see in picture 4 ® 12 Not enough

52 | | #8 Slab Resultant M11 Diagram - (ULTIMATE) [kN-m/m]

Load Case/Load Combination Component Type
O Load Case ® Resuttant Forces O Stresses Top Face

(® Load Combination | ULTIMATE O Stresses Midsurface (O Stresses Bottom Face

Display Options Component
O Display Contours on Undeformed Shape O @ M o3

@ Display Contours on Deformed Shape OF2 O m22 ova

O Display Contours in Extruded Form O F12 QO M2 O VMax

Scaling O FMax O MMax
@® Automatic O FMi O MMin

O User Defined O Fm

Contour Averaging at Nodes
O None
® by Objects

O by Selected Groups

Contour Range
Minimum
Maximum

Figure 3.35: reinforcement Steel in X axis not enough




Y — direction
from picture 412 is not enough

52 || §lf slab Resultant M22 Diagram - (ULTIMATE) [kN-m/m]

Load Case/Load Combination Component Type
O Load Case @® Resutant Forces O Stresses Top Face
(@ Load Combination  ULTIMATE O Stresses Midsuface O Stresses Bottom Face

Display Options Component
O Display Contours on Undefomned Shape OFf owmn Owvis
@ Display Contours on Defomed Shape OF2 ® M2 ova
O Display Contours in Extruded Forn OF2 O m2 O VMax
Secalng O FMax O MMax
© Aomatic O FMn O MM
O User Defined O Fm

Contour Averaging at Nodes
O None
@ by Objects
O by Selected Groups

Contour Range
Minimum

Maximum

Figure 3.36: reainforcement Steel in Y axis not enough

The iterations for suitable area of steel:

2.try5® 12
A=5413, As= 565 mm?
0.565 = My

0.9¥460%0.95%0.25
M, = 50 KN.m.




X —direction
From picture 5 ®@ 12 not enough

[=] ‘.suhmmmmwugm-mmmm [kN-m/m]

Load Case/Load Combination
O Load Case

(O Stresses Top Face
@ Load Combination | ULTIMATE

O Stresses Bottom Face

Display Options
O Display Contours on Undeformed Shape
(® Display Contours on Deformed Shape
O Display Contours in Extruded Form

O vi3
Ova

O VMax
Scaling
@ Automatic

O User Defined

L
JRP———

i E

Contour Averaging at Nodes
O None

(@ by Objects
O by Selected Groups

e s s 1 5 <R

Contour Range

Minimum

Maximum

Figure 3.37: reainforcement Steel in X axis not enough around coloumn
Y —direction
From picture 5»12 not enough.

[ 52 | | 8 Stab Resultant M22 Diagram - (ULTIMATE) [kN-m/m]

Load Case/Load Combination
O Load Case

(O Stresses Top Face
@ Load Combination | ULTIMATE

(O Stresses Bottom Face
Display Options

O Display Contours on Undeformed Shape Qvi3

Ova
O VMax

(@ Display Contours on Deformed Shape
O Display Contours in Extruded Form
Scaling
@ Automatic
O User Defined
Contour Averaging at Nodes
O None
@ by Objects
O by Selected Groups

Contour Range

i E—
- C—

Figure 3.38: reainforcement Steel in Y axis not enough around coloumn




3.try 6 @12
A=6*113 = A = 678 mm?

0.678 = My

0.9x460%0.95%0.25
M, = 60 KN.m

X—direction

6ol2=enough

|52 | | 3 Slab Resultant M11 Diagram - (ULTIMATE) [kN-m/m]

Load Case/Load Combination Component Type
O Load Case @ Resuttant Forces O Stresses Top Face
@ Load Combination | ULTIMATE O Stresses Midsurface O Stresses Bottom Face

Display Options Component
O Display Contours on Undeformed Shape O @ M1 [OE!
@ Display Contours on Deformed Shape O 2 O m22 O va3
O Display Contours in Extruded Form O F12 O M2 O VMax
Scaling O FMax O MMax
@ Automatic O FMin O MMin
O User Defined Scale F O Fm
Contour Averaging at Nodes
O None
@© by Objects
O by Selected Groups

Contour Range

Miimum e0 kN
Maimum 0 | kNan/m

Figure 3.39: reainforcement Steel in X axis enough

Y—direction

6012 = enough in the all slab

|52 | | 43 Slab Resultant M22 Diagram - (ULTIMATE) [kN-m/m]

Load Case/Load Combination Component Type
O Load Case (® Resuttant Forces (O Stresses Top Face
® Load Combination | ULTIMATE O Stresses Midsurface O Stresses Bottom Face

Display Options Component
O Display Contours on Undeformed Shape Ofm O mn ovi3
@ Display Contours on Deformed Shape O 2 ® M2 O va3
O Display Contours in Extruded Form O F12 O m12 O WMax
Scaling O FMax O MMax
@ Automatic O FMin O MMin
O User Defined e Fa O Fwm
Contour Averaging at Nodes
O None
(@ by Objects
O by Selected Groups

Contour Range

Minimum

Maximum

Figure 3.40: reainforcement Steel in Y axis enough
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Around Columns (negative Moment):
Around the column we use ®14 to decrease the number of steel
bar in 1 m (strip).

Try 9914
A = 9*154 = 1380 mm?

M
1.380 = -
0.9%460+0.95%0.25

M, = 120 KN.m

X —direction
9d14 = enough

8l siab Forces/Stresses

Load Case/Load Combination Component Type
O Load Case @ Resultant Forces O Stresses Top Face

@® Load Combination ULTIMATE v () Stresses Midsurface () Stresses Bottom Face

Display Options Component
O Display Contours on Undeformed Shape O M @ M1
@ Display Contours on Deformed Shape O F22 O mM22
O Display Contours in Extruded Form O F12 O M2
O FMax - MMax
Scaling
@ Automatic O FMin O MMin

© User Defined O Fwm

Contour Averaging at Nodes
O None
@ by Objects

O by Selected Groups

Contour Range
Minimum

Maximum

Figure 3.41: reainforcement Steel in X axis enough around coloumn

Y —direction
9d14 = enough

M siab Forces/Stresses

Load Case/Load Combination Component Type
O Load Case (@) Resuttant Forces (O Stresses Top Face

@ Load Combination ULTIMATE O Stresses Midsurface (O Stresses Bottom Face

Display Options Component
O Display Contours on Undeformed Shape O M O m1
@ Display Contours on Deformed Shape O F22 @ M22
O Display Contours in Extruded Form O F12 O m12
O FMax O MMax
Scaling
@ Automatic O FMin D MMin

) User Defined O Fwm

Contour Averaging at Nodes
O None
(@) by Objects

O by Selected Groups

Contour Range
Minimum

Maximum

Figure 3.42: reainforcement Steel in Y axis enough around coloumn
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*Check S, 45

2h=2%250=500mm
500 mm

Simax = Smaller of{

actual spacing for 7 bar = 14 cm < S,,,4, (50 cm) OK
actual spacing for 6 bar = 17 cm < S,,,4, (50 cm) OK
actual spacing for 9 bar = 11 cm < S,,,4, (50 cm) OK

#Check S,,;,,

Bar diameter =14 mm
25 mm = 25mm
diameter of vibrat or (unknown)
1.33max C. A size (unknown)

Smin = Mmaxof

Actual spacing for 6 bars = 160mm > 25mm (OK)
Actual spacing for 7 bars = 140mm > 25mm (OK)
Actual spacing for 9 bars = 110mm > 25mm (OK)

# Check A4s,,,x

“c
Asmax = 0.319f f—y bd = 5317 mm

For6 ® 12

As =678 mm <5317 (OK)
For7® 12

As =791 mm <5317 (OK)
For9d 14

As =1385 mm <5317 (OK)




Displacements (LONG TERM) [mm)]

—Roof

1. Deflection -
Permissible deflection = 3.2 cm ol —
From “SAFE” program
actual deflection = 1.74 cm
1.74 < 3.2 = its OK

Figure 3.43: deflection roof

2. Punching Shear
all columns good & don’t have
punching shear.

Figure 3.44: punching shaer roof




3. Steel reinforcement

The value of moment:
X — direction: on all slab and on every strip

Figure 3.45: moment value in X axis roof Figure 3.46: moment diagram in X axis roof

Y —direction: on all slab and on every strip

= L
—F
I i

o [ - _Mlv.j gl

H—
I

'
i H

i

‘*'r-*F—~— Pe=its

=

Figure 3.47: moment value in Y axis roof Figure 3.48: moment diagram Y axis roof




—Needed area of steel to resist the moment
+ Positive moment + Negative moment (at mid span)

Try 4012
M, = 40KN.m

X —direction
4 @ 12 not enough

- Slab Forces/Stresses

Load Case/Load Combination Component Type
O Load Case @ Resultant Forces O Stresses Top Face

® Load Combination | ULTIMATE O Stresses Midsurface (O Stresses Bottom Face

Display Options Component
O Display Contours on Undeformed Shape O ® M1 Ovi3
@ Display Contours on Deformed Shape O 2 O mM22 Ova
O Display Contours in Extruded Form O F12 O m12 O VMax
Scaling O FMax O MMax
@ Automatic O FMin O MMin

O User Defined O Fwm
Contour Averaging at Nodes

O None

(® by Objects

O by Selected Groups

Contour Range
Minimum

Maximum

Y —direction Figure 3.49: reainforcement Steel in X axisl
4 ® 12 not enough

B8 siab Forces/Stresses

Load Case/Load Combination Component Type
O Load Case @ Resuitant Forces O Stresses Top Face

(@ Load Combination ULTIMATE O Stresses Midsurface (O Stresses Bottom Face

Display Options Component
O Display Contours on Undeformed Shape O O M1 Qvi3
@ Display Contours on Deformed Shape O F22 ® M2 O va3
O Display Contours in Extruded Form O F12 O m12 O VMax

5 O FMax O MMax

caling
@ Automatic O FMin O MMin

O User Defined O Fvm

Contour Averaging at Nodes
O None
(@ by Objects
O by Selected Groups
Contour Range
Minimum

Maximum

Figure 3.50: reainforcement Steel in Y axisl
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Try5®d12
M, = 50KN.m

X —direction
5 @ 12 not enough

P ' Slab Resultant M11 Diagram - (ULTIMATE) [kN-m/m]

Load Case/Load Combination Component Type

O Load Case @® Resultant Forces O Stresses Top Face
Load Combination | ULTIMATE O Stresses Midsurface O Stresses Bottom Face

Display Options Component
O Display Contours on Undeformed Shape OFm Ovi3
Oova

O Max

@ Display Contours on Deformed Shape

O Display Contours in Extruded Form
Scaling

@ Automatic

O User Defined

Contour Averaging at Nodes
O None
by Objects
O by Selected Groups

Contour Range
Minimum

Maximum

Figure 3.51: reainforcement Steel in X axis2

Y —direction
5 @ 12 not enough

P 3 Slab Resultant M22 Diagram - (ULTIMATE) [kN-m/m]

Load Case/Load Combination Component Type

O Load Case @ Resuttant Forces O Stresses Top Face

@ Load Combination ULTIMATE O Stresses Midsuface O Stresses Bottom Face

Display Options Component
O Display Contours on Undeformed Shape O O mMn
® mM22 Ova

ovi3

@ Display Contours on Deformed Shape O F2
O Display Contours in Extruded Fom O Fi2 O m12 O VMax

O FMax O MMax
Scaling

@ Automatic O FMin O MMin

O User Defined O Fvm
Contour Averaging at Nodes
O None
@ by Objects

O by Selected Groups

Contour Range
Minimum

Maximum

Figure 3.52: reainforcement Steel in Y axis2
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Try 6 @ 12
M, = 60KN.m

X —direction
6 @ 12 enough

Load Case/Load Combination Component Type
O Load Case (® Resultant Forces O Stresses Top Face

@ Load Combination | ULTIMATE () Stresses Midsuface () Stresses Bottom Face

Display Options Component
O Display Contours on Undeformed Shape OmMm ® M1 ovi
@ Display Contours on Deformed Shape O 2 O M2 Ova
O Display Contours in Extruded Form O Ff2 O m2 O VMax
Scaing O FMax O MMax
@ Automatic O FMin O MMin

O User Defined O Fm

Contour Averaging at Nodes
O None
@ by Objects
O by Selected Groups

Contour Range
Minimum

Maximum

Figure 3.53: reainforcement Steel in X axis3

Y —direction
6 ® 12 enough

i Slab Forces/Stresses

Load Case/Load Combination Component Type
O Load Case (@ Resuttant Forces (O Stresses Top Face

@ Load Combination ULTIMATE O Stresses Midsurface (O Stresses Bottom Face

Display Options Component
O Display Contours on Undeformed Shape [@Rail
@) Display Contours on Deformed Shape O F22
O Display Contours in Extruded Form O F12

S O FMax

@ Automatic QO FMin O MMin

O User Defined O FvM
Contour Averaging at Nodes

O None

@ by Objects

O by Selected Groups
Contour Range

Minimum

Maximum

Figure 3.54: reainforcement Steel in Y axis3




+ Under column (negative Moment)
as typical slabs we use 9d14 , it’s enough
A = 9*154 = 1380 mm?

My
.9%460%0.95%0.25

1.380 =
0

M, = 120 KN.m

X — direction
9d14 = enough

4l Siab Resultant M11 Diagram - (ULTIMATE) [kN-m/m]
9!

Load Case/Load Combination Component Type
O Load Case @® Resutant Forces O Stresses Top Face

(® Load Combination ULTIMATE O Stresses Midsurface (O Stresses Bottom Face

Display Options Component
O Display Contours on Undeformed Shape O ® owvi3
(@ Display Contours on Deformed Shape O 2 ( O va3
O Display Contours in Extruded Fom O F12

kn O FMax

@® Automatic

User Defined

Contour Averaging at Nodes
O None
by Objects

by Selected Groups

Contour Range
Minimum

Figure 3.55: reainforcement Steel at X axis

Y —direction
9d14 = enough

8 Sisb Resultant M22 Diagram - (ULTIMATE) [kN-m/m]

Load Case/Load Combination Component Type
) Load Case (® Resutant Forces O Stresses Top Face

@ Load Combination ULTIMATE (O Stresses Midsurface () Stresses Bottom Face

Display Options Component
(O Display Contours on Undeformed Shape OmMm O vi3
@ Display Contours on Deformed Shape O 2
O Display Contours in Extruded Fom O F12

Scaling O FMax
@ Automatic Q M

O User Defined O M

Contour Averaging at Nodes
O None
(®) by Objects

O by Selected Groups

Contour Range
Minimum | kN

Maximum | KN-m/m

Figure 3.56: reaingorcement Steel at Y axis




*Check S, 4y

2h=2%250=500mm
500 mm

Simax = Smaller of{

actual spacing for 5 bar =20 cm < S,,,4, (50 cm) OK
actual spacing for 6 bar = 16 cm < S,,,4, (50 cm) OK
actual spacing for 9 bar = 11 cm < S,,,4, (50 cm) OK

#Check S,,;,,

Bar diameter = 14 mm
25 mm = 25mm
diameter of vibrat or (unknown)
1.33max C.A size (unknown)

Simin = maxof

Actual spacing for 5 bars = 200mm > 25mm (OK)
Actual spacing for 6bars = 160mm > 25mm (OK)
Actual spacing for 9 bars = 110mm > 25mm (OK)

# Check As,,x

“c
Asmax = 0.319p f—y bd = 5317 mm

For5® 12

As =565 mm <5317 (OK)
For6 ® 12

As =678 mm <5317 (OK)
For9d 14

As =1385 mm <5317 (OK)




Summary of reinforcement:

Table 3-1: Summary of rainforcment

X-direction Y -direction

Positive
steel

Negative
steel

Positive
steel

Negative
steel

Typical

slab

612

6D12

6D12

6D 12

Columns

6D 12

90 14

6D 12

90 14

slab

50D 12

5D 12

5D 12

5012

Roof

Columns

5O 12

90 14

5012

90 14

[XI Around opening we add (5 @ 20) for every edge, it will

be shown in structural plans on "AutoCAD".
(Detailed Drawing in appendix A)

Try 5 20

Mu
0.9%¥460%0.95%0.25

1.575 =

M, = 140 KN.m




TYPICAL X - AXIS 5 @ 20 enough

Load Case/Load Combination Component Type
D) Load Case ® Resutant Forces O Stresses Top Face

®) Load Combination ULTIMATE ) Stresses Midsurface (O Stresses Bottom Face

Display Options Component
7) Display Contours on Undeformed Shape olall ® M1 D vi3
@ Display Contours on Deformed Shape D F2 O M2 Ova
) Display Contours in Extruded Form ) F12 M2
Scaing )M
© Aonsc o ol

) User Defined
Contour Averagng at Nodes
D) None
©) by Objects
) by Selected Groups
Contour Range
Mrwmum

Figure 3.57: reainforcement Steel in typical x — axis around oppening

TYPICALY — AXIS 5 @ 20 enough

ULTIMATE

s on Undeformed Shape
@® Display Contours on Deformed Shape
Display Contours in Extruded Fom

Scaing

Figure 3.58: reainforcement Steel in typical y — axis around oppening

X —AXIS 5 o 20 enough




Slab Resultant M11 Diagram - (ULTIMATE) [kN-m/m]
k]

Load Case/Load Combination Component Type
O Load Case @ Resutant Forces O Stresses Top Face

@® Load Combination | ULTIMATE O Stresses Midsuface O Stresses Bottom Face

Display Options Component
O Display Contours on Undeformed Shape O ® M1 O via
@ Display Contours on Deformed Shape O F2 O m22 O v
O Display Contours in Extruded Fom Q F12 O M2 O WMax

Scaling O FMax O MMax
@® Automatic O FMin O MMin
O User Defined O FvM

Contour Averaging at Nodes
O None
@® by Objects
O by Selected Groups

Contour Range
Minimum

Maximum

Figure 3.59: reainforcement Steel in roof X — axis around oppening

ROOF Y — AXIS 5 ® 20 enough

Bl siab Forces/Stresses

Load Case/Load Combination Component Type | o
O Load Case @® Resukant Forces © Stresses Top Face P

@ Load Combination | ULTIMATE v O Stresses Midsurface O Stresses Bottom Face

Display Options Component
O Display Contours on Undeformed Shape oM O M
@ Display Contours on Deformed Shape O F22 ® M2
© Display Contours in Extruded Fom O F12 O M2

Scaling O FMax O MMax

@ Automatic O FMn O MM
© User Defined O Fvm
Contour Averaging at Nodes
) None
(@ by Objects

© by Selected Groups

Contour Range
Miskmum : | ki

Maximum . ] kNan/m

Figure 3.60: reainforcement Steel in roof y — axis around oppening




Chapter 4 : Beams

4.1 Beams Distribution

4.1.1 Load calculations

f'c=28MPa, fy =420MPa, p=0.85, j;=0.9, cover=40mm, stirrups ®10

| 1
b=200mm
Figure 4.2: beam section

Figure 4.1: beam selection in manual calculation
L.L from slab = 2x1.96 = 3.92 KN/m
Load from S.D.L = 8x1.96 =15.68 KN/m

Load from S.W slab =yxThicknessxT.A=24x0.25x1.96 =11.76 KN/m

Load from S.W beam = yxhxb = 24x0.6x0.2 = 2.88 KN/m
wall Load=Y,,.;; X Thic.wallxhight.wall =14x0.25x3.5 =12.25 KN/m
Total D.L = 15.68+11.76+2.88+12.25 = 42.57 KN/m

Total L.L=3.92 KN/m
Wu=1.2D.L+1.6 L.L=1.2x42.57+1.6x3.92 = 57.4 KN/m




4.1.2 Calculations and Part selection

wy L?

Mu= .
Mu=186.6 KN.m
h.,ir, fTrom table 9.5(a)

TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE COMPUTED

Mmlmum thickness, h

: T»vsiirnply sﬁb— One end | Both ends
ported continuous | continuous Cantilever

- | Members not supporting or attached to partitions or

| other construction likely to be damaged

Member | deflections.

Solid one-
way slarbsi_ ]

| £/28

by large

£/10

Beams or
ribbed one-

way slabs £/8

£/18.5 l £/21

‘\hnes given shall be used directly for members with normalweight concrete
-UGftde 60 reinforcement. For other conditions, the values shall be modified

Wt concrete having equilibrium de: in the range of S0
fh II‘S the values shall begrrwNiplied by (1. 85 o%oswc) but not less
b) rzouumneoooow Unvahnsmalbenujﬁpledby(o4o!,noo.000)

Figure 4.3: Table 9.5 (a)

= 3100 _ 318,75 mm

16

hpin = 318.75mm < h=600mm OK
assume two Layer:
d= h-90 = 600-90 = d=510mm

AS— f ,0=0.9

As—1075.5mm2
-iteration:

L
h, . =——
min~ ¢

Asfy My

085f.b %

a=94.9mm
a=94.2mm

- oSy (d-0.5a)
As=1067.7 mm?
As=1066 mm?

then As,equireq =1066 mm?

-From steel table
USE 6 bars ®16 mm

ASprovided =1206 mmz




check As,,in

A __ £0:25\/f'cbd =321
Smin = S1.4bd —340
fy

ASpim = 340mm? < As=1206 mm? OK

Bar diameter
25 mm
diameter of vibrator (no data)
1.33max C.A size (no data)

Smin(H) = maxof

l16mm

Smin(H) = maxof 25mm

S min(H) =25mm

b,,in= 2%xcover+2xsirrups diameter + n (NO. Of bars) xdiameter of bar
+ (n-1) xSH(min. )+2(2ds-0.5db)

b in=2%x40+2x10+4%x16+3%x25+2(2x10-0.5%16)
b,,in=272mm
b,in > b then assumption OK (two layer)




Smin v === 25mm
larger of — 1,33 max course aggregate size

Figure 4.4: Smin

use Spin (V) =25mm

Smin(H) =200-2x40-2%19-2x10-2(2x10-0.5%19)
Smin(H) =41mm

= check As,, 4

ASpay = 0.3193;—;bd
ASpax = 1843mm? > As=1206 mm?

analysis:

T=Cc

As xfy=0.85f. ab
1140%420=0.85x28x%ax200
a=100.6mm

a
=—=118.
C 3 8.3mm

25=0.003(—5)=0.0099

25=0.0099>0.005 ok tension control

in tension control ®=0.9

OMn=OxTx(d-2 ) = 0.9x1140x420(510-—>-)
®dMn= 198 MPa

dMn>Mu OK




= shear in beam:

292.74kn

a 06 ‘ll{}{l( wu=57.4kn/m

146.37

Figure 4.5: shear in beam

14637 _  vued
255  (2.55-0.51)

Iz

6

= Vu@d=117.1 KN

V28

6

x200x510 =89.96 KN

bd = v, =

V. =

V= SOVC = 5%0.75%89.96 = 337.3 KN
Vi, >Vu@d OK

OVc=0.75%89.96 = 67.47 KN

DVe2 = € = 33.735 KN

> =



mailto:Vu@d=117.1

Figure 4.6: shear cases

146.37 _ 67.47 _ 33.735

2.59 X1 X2

x,=1.175m  x, =0.5877m

— case 1:
dVce

Vu< T
no need to shear reinforcement

—> case 2:

% < Vu< ®Ve

required stirrup spacing




600 mm

d/2 255mm

A,f,
i3 999.6mm

164, f,

— 997.43 mm

bAlf

=§(10)2 = 78.5

A,=2A,,=157.08
Snax= 255mm

= case3: (Vu>dVc) and (Vs< 4Vc)
required stirrup spacing

600 mm or 4 iV, <2V, 600m L
g 255mm

300 mm or 2 iV, >20,
4
LA,
0336, 999.6mm

164, f,

oAl 997.4mm

Af.d

! 508486mm

_1,@d
)
117.1

Vs=——-89.96 =66.17 KN
0.75

Vs -\VcC

Vs<2Vc

Smax = 295mm




4.2 Design

Design of beams:
v" We use "Prokon" program in the analysis and design.

Strip 1

+ Typical Floor: = *—‘j%{-

h
AL

" 3strip (side view) will be R T
analyzed and designed. = Qj .%
x| |

L] il

| o

1L
j

x|

B >
Strip 3 PROKON Typical
Floor Slabs 20x60

. . Figure 4.7: Design of beam stri
v’ Strip 1: o & P

v’ Deflection:
e Using ACI-Code, Table 9.5 mm) (b) Case 4.
e Impressible deflection = 8.1/240
=3.375cm
Actual deflection = 2.652 cm < 3.375 (Okay)

. 'ﬁ%’%owv«m « B o S e
mn'n‘(owtb@ NN G)Frw-w—‘—\—\—rrw—w—\—\—rw—w—w—

Figure 4.8: Prokon deflection typical slab
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v Load value:

Parameters Sectons  Spans  Supports | Loads | Wind

Case Span Wit | Wnght | a b 3 2 N ] Load
DL (aym) | (ym) | (m) (m) () (m (m) | (m) Descrpton

D 15 15
6 6
8 8
2 2

5 5

1
6
3
3

15

SPAN 2 SPAN 3

Figure 4.9: Prokon load valuel

v Moment +Shear value:

SHEAR: X-X Vmax =-176.0kN @ 7.21m

.8
000000 E0000000000000000000
NTODRON OSNTORONTORONTORON )0 15 00 0 o < S < 105 L6 L6 16 165 5 6 6
ANNNGOOOOTES T FOWIBIO0 GO GO G NN e ot

e

Vb=95.20kN Vt=122.9kN

MOMENTS: X-X M max =-191.7kNm @ 7.21m

7 ™
oouv(oeoom<rcowomwuged}a_/c\4

2 .m.OOOOO‘—\—‘—\—‘—NNW POOETT T TIOOIOIO OO G GO O NNNNND

=) v S e e e e e e e e e e

et R

N SN
e s TR
L

N

Figure 4.10: Prokon moment shear 1




v’ Section of Strip:

7210 <;i) 2300 QC‘:‘)
F:-A I;::~e F>c =
910 | 3Y16-F

2Y12-A 2Y16-E

2Y16-B

2Y16-C

1Y12-D

e b > > =6

15-SA-400 ’ 5‘—SA-20‘0 2] SIA-Z?SO} 4-SA-400 ; 9-SA-400 12-SA-400

HE' EH H H HI IH

| e

b=
»

G G GJG

SECTION A-A SECTION B-B SECTION C-C SECTION D-D SECTION E-E SECTION F-F SECTION G-G

Figure 4.13: Section of Stripl

v’ Strip 2:
v’ Deflection:

Using ACI-Code, Table 9.5 (b) =) Case 4.
Permissible deflection = 7.85/240

=3.2cm
Actual deflection =1.085 cm < 3.2 (okay)

o0 Elastic Deflections (Alternate spans loaded) Def max = 2.097mm @ 22.7m
; |

-.200

| S1 15 [ 5 S [ P e
FEEERE sy CEEEEREES:
1—'1—7_070 o ™ w © O~ ~ 0

©

1.80‘
ZAOO‘

X=0.000m DEmin=0.000mm DEmax=0.000mm

Long-term Deflections (All spans loaded - using entered reinforcement Def max = 10.85mm @ 22.9m

188 88 88 &
e ! N o o

| T

|
e

235

S ] LA
15.5
16.0

SOOI TETRS
)
\?%
mmr
205
~~-Larp

g R = =

Vo o A

D S B

i i L

{
{

Figure 4.14: Prokon deflection2
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V max = 144.8kN @ 19.7m
M max = -146.8kNm @ 19.7m

Figure 4.15: Prokon load value2
Figure 4.16: Prokon moment shear 2

v Moment & Shear value

v Load value

16900 0 0 T2 O S

SHEAR: X-X
MOMENTS: X-X

Dead+
ownW {3788




v’ Section of Strip:
D (c) (o)

l‘;sa Pac - JF:» D PsE \“)F:a F

2y12-C 1Y12-E 900 1Y16-1

2v12-8 2Y12-G 1200 | 2Y16-H

1Y12-P
1Y16-Q

A » =C » E = G = =

9-5A-400 13-5A-400 10-5A-400 14-SA-400 - - 12-SA-400
i | e

ADA FK KF

SECTION A-A° SECTION B-B SECTION C-C SECTION D-D SECTION E-E SECTION F-F SECTION G-G SECTION H-H SECTION I-I

Fig.4.19: Section of Strip2

v’ Strip 3:

v Deflection:
Using ACI-Code, Table 9.5 =) (b) Case 4.
Permissible deflection = 8/240
=3.333cm
Actual deflection = 2.1 cm < 3.333 (okay)

Elastic Deflections (Alternate spans loaded) Def max = 4.241mm @ 9.55m

BALWORWNNNIN- 050508 GOy
NOWOBNORDANODHRNOOOO00O
ooooooooooooooooooooooo

3888823 38353333885988 000880650 oooo8000000OoooooooovamoNv&movamoN#
338 8RIBBERIBIERLBIERLB T OOPOUTOOONTODONT mmovamooooo‘_‘_‘_F‘_NNNNNdmv

m.-‘—f—‘—v—NNNNNmmmmmvvvvvmmmmm

DEmin=.0320mm DEmax=.0388mm

'Loné terrEDeﬁeciiﬁn;(Ali span; Ioatrievrdi us'i'nig entered rein}orc;emeni; Def max = 17. 69mfr;@ 9. §5m
ooooocooooooo 3 sggooc [=Y=1=] NSO mynﬁ CDOQN T G 0O Eﬂ%omvowow«r_@w‘om
P 4 > PR IN 0 00 o

|

I

)

I

|

QRIS D
owwwmlnﬁlﬁvxl V‘TV’JW ﬁﬁgtg;qgg‘lft&ﬂy\eo
\ H i

| ‘ |
|

: ‘\‘\ I

| / N

N =K

|
|
1
I
|
|
|
L

W

AL LA OONONRWN S

NoanbhWN2Osn0000000
ooooooooooooooooo

Figure 4.20: Prokon deflection3
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v’ Load value

3188

Dead+
Own W

Figure 4.21: Prokon load value3

(D)
=
o
>
| S
©
(D)
-
[7p)
o
=
c
(¢B)
=
O
=
>

Vmax = 144.8kN @ 19.7m

SHEAR: X-X

M max = -146.8kNm @ 19.7m

MOMENTS: X-X

Figure 4.22: Prokon moment shear 3




v’ Section of Strip:
&)

PA PB

3Y16-E

2Y16-D
980

2Y12-F
2Y16-H
1900
1Y12-
2900

[>a e b>c

13-SA-400 7-SA-200

2yY12-L

1300

1Y16-N

o e

13-SA-400 4-SA-208-SA-300
el | b

12-SA-400

G G

J KKK J

BC CB

FHHF E 1 LNL
SECTION A-A SECTION B-B SECTION C-C

SECTION D-D SECTION E-E

Fig.4.25: Section of Strip3

% Strip 1 (first span) will be checked as sample of calculation:
v’ Check As, iy :

0.25{f¢c bd =325

4 bd
14 = 340 control
Fy

As=1260 mm > 340 (OK)
v’ Check As,, g

ASmin =

fe
ASmax = 03198 — bd

= 2169.2 mm
Fy

As=1260 mm < 2169.2 (OK)
v Check S, 4




600 mm = 600mm
300 mm = 300mm

Avky = 1000
0.33bw = mm

16 Av Fy

bw \/ﬁ

Av Fyd
\ Vs
Actual Spacing = 40 mm < 300 (OK)

1000mm

= 650mm

v Check S,,in,

Bar dia = 16 mm
25mm = 25mm
Smin —

dia.of vibrator (unkown)

1.33 c.a size (unkown)

Actual Spacing = 40 mm > 25 (OK)

"All spans in every strip checked and its OK '




+ Roof Floor:

= 6 strip (side view) will be analyzed
and designed.

Strip 6

Strip &

1' Strlp 1: Figure 4.26: Design of roof srip
v' Deflection:
e Using ACI-Code, Table 9.5 (b) =) Case 4.
e Permissible deflection = 4.8/240
=2cm
Actual deflection = 0.6945 cm < 2 (okay

Deflections | Momentsand Shear  Steed  Qutputfie Crack He
§§E|astic Deflections (Alternate spans loaded) Def max = 1.037mm @ 4.70m
-100

.10Q
200
300
400
500
600
700
800
900
1.00

X=0.000m DEmin=0.000mm DEmax=0.000mm

Long-term Deflections (All spans loaded - using entered reinforcement)

Figure 4.27: Prokon Defletion roof value
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v’ Load value:

(19

D)

5.00

Tnmnm

LT

Figure 4.28: Prokon load value 1

v Moment & Shear value:

Deflections | Moments and Shear | Steel Qutputfie  Crack Fe
SHEAR: X-X

il

V max = 101.1kN @ 2.20m

Vb=8.910kN Vt=12.43kN

MOMENTS: X-X

M max = 66.98kNm @ 4.95m

Figure 4.29: Prokon roof moment and shear 1




v" Section of Strip:
)

PA PB

2yY12-C

= b>c

5-SA-400 11-SA-400

A A

B B B B B DB

SECTION A-A SECTION B-B SECTION C-C

Fig.4.32: Section of Stripl

2- Strip 2:
v’ Deflection:

Using ACI-Code, Table 9.5 (b) Case 4. —
Permissible deflection = 4.5/240

1.875cm
Actual deflection = 0.03956 cm < 1.875 (okay

Elastic Deflections (Alternate spans loaded) Def max = .0959mm @ 1.25m

0000000000000000000 0O
CORDNNOONDERONN-S0 O
OUNOUONOUCHONONCNON (1O

o
3

DEmin=0.000mm DEmax=0.000mm

Long-term Deflections (All spans loaded - using entered reinforcement) Def max = .3956mm @ 1.00m

BRGEINNMINSSS40000 00
ORABNONOSNONDANODOEN A
©000C0000000000000C0 00

Figure 4.33: Prokon Defletion2
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V max = -56.45kN @ 2.50m
M max = -20.94kNm @ 2.50m

Figure 4.34: Prokon load value 2

v Moment & Shear value
Figure 4.35: Prokon roof moment and shear 2

v Load value

39.69kN

35.69kN Vit

00L"

SHEAR: X-X
MOMENTS: X-X

000000000 00000000000

S0000000000
2 9 NOOOTNCOCC
e EEOONNIT O IO IGO0 NG

[X=0.000m Vb




v" Section of Strip:

@)

|>A

|>B

SECTION A-A

3- Strip 3:
v’ Deflection:
Using ACI-Code, Table 9.5 (b) ==m) Case 4.
Permissible deflection = 6.2/240
=2.6cm
Actual deflection =1.431 cm < 2.6 (okay)

Deflections | Moments and Shear ~ Steel Qutputfle Crack He

ke

11-SA-400

SECTION B-B

Fig.4.38: Section of Strip2

B DB

SECTION C-C

Elastic Deflections (Alternate spans loaded)

S 89383838383 2 g

mg\°§$sses

600
800
100
120
1i40|
160
1i80
200/
2120
240
2160
2i80|

X=0.006m DEmin=0.000mm DEmax=0.000mm

Long-term Deflections (AII spans loaded - using entered reinforcement)

2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.0
11.0
12.0
13.0
14.0|

558538
1.00 EKQ{ S

%OU

\

)

Figure 4.39: Prokon Defletion3
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-97.10kN @ 5.05m

V max

Figure 4.41: Prokon roof moment and shear 3

™
8]
=
<
>
=]
<
L=
[
S
=
o
S
a
S
<
<
(<5
S
=]
2
i

v Load value:

88.45kN Vt

Moment & Shear value

Moments and Shear  Steel Qutputfle Crack Fle
96.48kN

$HEAR: X-X

0000000000 O00000O00
CODRODTONT —NOTOONDD

X=.0161m Vb

Defiectons
X=
|




v’ Section of Strip:

SECTION A-A

Figure 4.44: Section of Strip3

4- Strip 4.
v’ Load value:

NIRNERINNERINENRENRIRENED NERNNREARENNENR

Figure 4.45: Prokon load value 4




v’ Deflection

<
57
o
O
—~
o]
=
L
(o)}
2
o
©
=
o)
o
o
Q
@)
<
(@]
=
[%2]
>

=4.25/240

1on

ble deflecti

issi

Perm

Actual deflection =1.021 cm <1.77 (okay)

Qutputfle  Crack Fle

Elastic Deflections (Alternate spans loaded)

Steel

Moments and Shear

Deflections

Def max = 1.785mm @ 4.74m

0.000mm

10.21mm @ 11.3m

Def max

0.000m DEmin=0.000mm DEmax

Long-term Deflections (All spans loaded - using entered reinforcement)

Figure 4.46: Prokon Defletion 4

v Moment & Shear value

Steel  Qutputfie Crack Fie

Moments and Shear

Deflections

Vmax = 128.9kN @ 8.01m

M max = -128.7kNm @ 8.01m

22.81kN Vt=-15.39kN

MOMENTS: X-X

0.000m Vb:

X=

Prokon roof moment and shear 4

Figure 4.47




v’ Section of Strip:

@ 1740 @
|>A

740 2Y12-C

2Y12-B

2Y12-G

1Y16-D

s

4-SA-400 16-SA-400

1Y16-1

o

14-SA-400

AC CA A A

B B BDB G G

SECTION A-A SECTION B-B SECTION C-C

Figure 4.50: Section of Strip4

5- Strip 5:
v Load value:

(=)

A

Figure 4.51: Prokon load value 5

LT T T L T T T A L T T T

G 1 G

SECTION D-D




2.119mm @ 8.71m

V max = 134.0kN @ 5.60m
M max = -138.4kNm @ 5.60m

Def max = 11.64mm @ 8.96m

Def max

mm) Case 4.

=5.15/240

1on

Figure 4.52: Prokon Defletion 5

v Moment & Shear value

ble deflect

Figure 4.53: Prokon roof moment and shear 5

ISSI

Actual deflection = 1.164cm < 2.14 (okay)

Perm

)
N—r
Lo
o
2L
s
©
T
<)
S
S
Q
O
<
o
c
‘»
D

v' Deflection

Outputfie CrackFie
82.96kN

Steel

008"

009"

ooy’

902
OO000000O00OO0O0OOOOOOOO

OO0 0000 OO0 NMILNWONONO
FAOTIRON OO e e N

0.000mm DEmax=0.000mm

Long-term Deflections (All spans loaded - using entered reinforcement)

Elastic Deflections (Alternate spans loaded)

74.00kN Vt:

Moments and Shear

MOMENTS: X-X

0.000m DEmin

Deflections
IX=0.
0.000m Vb




v’ Section of Strip:

[>a

14-SA-400

e

14-SA-400

BCB

SECTION A-A

6- Strip 6:

FF

SECTION B-B

Figure 4.56: Section of Strip5

v’ Load value;

SPAN 2

FH HF

SECTION C-C

Figure 4.57: Prokon load value 6




v’ Deflection:
Using ACI-Code, Table 9.5 (b) ===) Case 4.
Permissible deflection = 7.75/240
=3.22cm
Actual deflection = 0.716 cm < 3.22 (okay)

Deflections | Momentsand Shear  Steel - Qutputfle ~ Crack Fie

- Elastic Deflections (Alternate spans loaded) Defmax = 1.079mm @ 15.7m

-.100
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200
.300
400
.500

.700
.800
.900
1.00

X=0.000m DEmin=0.000mm DEmax=0.000mm

Long-term Deflections (All spans loaded - using entered reinforcement) Def max = 7.160mm @ 15.7m
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Figure 4.58: Prokon Defletion 6

v Moment & Shear value:

Deflections | Moments and Shear | Steel Qutputfle  Crack Fie

SHEAR: X-X V max = 104.7kN @ 13.2m

[eloYelolololololo oot o) [ (000 O NS (000 O N0 0 O NN (00O NS ©
TOOONTOOONTO

UONBWRS  SNWANDNDO -

SSSS600 ©O00000000
cooo000 oo

©d
OO0
oo

(=‘0.000m Vb=43.60kN Vt=59.29kN

MOMENTS: X-X M max = -75.53kNm @ 13.2m
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Figure 4.59: Prokon roof moment and shear 6




v’ Section of Strip:
() ()

S Vo =

a (S e e e o

10-SA-400 12-SA-400 11-SA-400 11-SA-400

B B E

A A D D D D

SECTION A-A SECTION B-B SECTION C-C SECTION D-D SECTION E-E SECTION F-F SECTION G-G

Figure 4.62: Section of Strip 6




s Summary of Reinforcement:

Table 4-1: Summary of reinforcement by prokon for typical slab

Floor

Strip 1

v Main Reinforcement:

Figure 4.11: Prokon typical reinforcement moment 1

v" Shear Reinforcement:

Figure 4.12: Prokon typical reinforcement shear 1




Strip 2

v" Reinforcement (Moment):

Figure 4.17: Prokon typical reainforcment moment 2

v Reinforcement (Shear):

SPAN1 - 3900 SPAN? - 5250 SPANS - 4250 SPANY - 6270

954400 B < 1354400 s e 10-5A-400 | " 14-8A400 5 ?Sggl'l

2—:&4:«;

Figure 4.18: Prokon typical reinforcement shear 2




Strip 3

v’ Reinforcement (Moment):

Figure 4.23: Prokon typical reainforcment moment 3

Reinforcement (shear):

Figure 4.24: Prokon typical reainforcment shear 3




Table 4-2: Summary of rainforcment by prokon for roof slab

Strip 1

v" Reinforcement (Moment):

Figure 4.30: Prokon roof reainforcment moment1

Reinforcement (Shear):

Figure 4.31: Prokon roof reainforcment shearl

Strip 2

v" Reinforcement (Moment):

Figure 4.36: Prokon roof reinforcement moment 2




Reinforcement (Shear):

Figure 4.37: Prokon roof reinforcement shear 2

Strip 3
v’ Reinforcement (Moment):

510

Figure 4.42: Prokon roof reinforcement moment 3

v’ Reinforcement (Shear):

SPANT - 5050

13-5A-400

Figure 4.43: Prokon roof reinforcement shear 3




Strip 4

v’ Reinforcement (Moment):

Figure 4.48: Prokon roof reainforcment moment 4

v’ Reinforcement (Shear):

SPAN1 - 1740 SPAN2 - 6270

_,  4SA400

Figure 4.49: Prokon roof reinforcement shear 4

Strip 5
v’ Reinforcement (Moment):

Figure 4.54: Prokon roof reinforcement moment 5




v’ Reinforcement (Shear):

Figure 4.55: Prokon roof reinforcement shear 5




v’ Reinforcement (Moment):

Figure 4.60: Prokon roof reainforcment moment 6

v Reinforcement (Shear):

Figure 4.61: Prokon roof reainforcment shear 6




Roof checks:

o Strip 2 (first span) will be checked as sample of
calculation:
v’ Check As, iy :

0.25\fc bd =325

AS, . =
mn 1.4bd = 340 control

Fy
As=2310mm > 340 (Ok)

v’ Check As,, g

fe
ASmax = 0.319f — bd = 2169.2mm
Fy
As=2310 mm < 2169.2 (OK)

v Check S, 4

( 600mm = 600mm
300 mm = 300mm

Av Fy — 1000
0.33bw - mm

16 Av Fy

bw ./f'c
Av Fyd B
\ e = 650mm

Actual Spacing =25 mm < 300 (OK)
v Check S,,in

Bar dia = 16 mm

= 1000mm

25mm = 25mm
Smin -

dia.of vibrator (unkown)
1.33 c.a size (unkown)

Actual Spacing = 25 mm = 25 (OK)

" All spans in every strip checked and its OK '




+ Tie beams: R S AR S AR R Ry )

o Tie beams establish in the
ground floor under every wall.

o 6 strip (side view) will be
analyzed and designed.

o As asample of calculation
Strip 1 will be shown.

Figure 4.63: Tie beams strip

s Strip 1.
v’ Load value:

Wieft | Wright | a b P a M
Wm) @) | ) )0 @) | ()

15
15 .
15 L
15 L
15 .
15 .
I I I

P9 e = 9

|
|
!

!
i
TITTTTTTT]

i
HENRRRRRINRERER
18.00 [

. | | |
— 2 % 4

Figure 4.64: Prokon TB load 1




78.76kN @ 21.0m

Def max = .5457mm @ 23.5m
V max

Def max = 2.886mm @ 23.5m
M max = -60.23kNm @ 21.0m

mm) Case 4.

=4.7/240

10N

Figure 4.66: Prokon TB moment and shear 1

Figure 4.65: Prokon TB deflection 1

v Moment & Shear value

ble deflect

issi

Actual deflection = 0.2886 cm < 1.95 (okay)

Elastic Deﬂecl@ns (Alternate spans loaded)

=
0
o
2
e}
G
T
(<)
o)
o,
Q
O
<
>
c
‘»
)

Perm
=.4712mm
=51.00kN

v' Deflection

31.95kN Vit

4712mm DEmax
MOMENTS: X-X

Long-term Deflections (All spans loaded - using entered reinforcement)

0.000m Vb:

2.053m DEmin:
X=i

X=:




v" Reinforcement (Moment):

2012

Figure 4.67: Prokon TB reainforcment moment 1

v Reinforcement (Shear):

SPANT - 4200

1754100

Figure 4.68: Prokon TB reainforcment shear 1




= As our studying for all strip we found these results:

Table 4-3: Summary of rainforcment by prokon for

Floor Strip 1

2012

7012

(Ground)
Tie
Beams




Ground floor (Tie beams) checks:
s»Strip 3 (first span) will be checked as sample of calculation:

v’ Check As i, :
0.25\/fc bd =325

ASpin = 1.4 bd
min Ty = 340 control

As=630 mm > 340 (Ok)
v’ Check As,, 4,
fe

ASmax = 03198 — bd = 2169.2mm
Fy

As=630 mm < 2169.2 (OK)

v Check S, 4
( 600mm = 600mm

300 mm = 300mm

Avky = 1000
0.33bw = mm

164vFy 1000mm

bw ./f'c
Av Fyd
\ Vs

Actual Spacing =66 mm < 300 (OK)

= 650mm

v Check S,,in,

Bar dia = 16 mm
25mm = 25mm
Smin —

dia.of vibrator (unkown)
1.33 c.a size (unkown)

Actual Spacing = 66 mm > 25 (OK)

" All spans in every strip checked and its OK '




Chapter 5: columns

Columns are defined as vertical structural members subjected not only to
compression force but also to bending moment about one or both axes of
the section, and with a height at least three times its least lateral dimension.
They collect loads from the different floors and then transfer it to the soil

through the foundation.
5.1 Type of columns

Columns may be classified based on the following different categories:
1. Based on the position of the load on the cross section:

a. Axially loaded columns.

b. Eccentrically loaded columns.

c. Biaxial loaded columns.

2.Based on the length of the column in relation to its lateral dimensions:
a. Short columns.

b. Slender columns.

3. Based on shape and its arrangement of the reinforcement:
a. Tied columns.
b. Spiral column.

c. Composite column




5.2 Design

In this project, columns are subjected only to axial load (neglected effect of

bending moment min eccentricity).

Design of Tied Reinforced Concrete Columns i.e. Axial force read from
ETABS for col.(3).

Figure 5.1: column selection in manual calculation




) Diagram for Column C3 at Story Story1 (C400*600

i
'
Load Case/Load Combination

Load Case ®) Load Combnation

ULT1.2+18

) Scroll for Values

-1954 2249 W

8t 0.0000 m

Figure 5.2: PU on the column (#3) from ETABS program

Using ETABS program, PU on the Column is 1954.22Kn

Rectangular column

A00mm
i

Figure 5.3: column section

Ag=600x400

Ag =240000 mm?

_ h—-2x
v h

Where x = cover + ds + db/2

Assume Bar Diameter =16mm

X= 40 +10+ % = 58mm




_ 600-2#58
600

v = 0.806

Also from ETABS

Mu=12Kn.m

e Reinforcement Ratio (p,)
e Minimum = 1% of the column gross area
e Maximum = 8% of the column gross area
e In practice, limit p, .., to 4% of gross area
e For architectural reasons p, = 0.5% is allowed

e Clear distance between bars > 1.5d, or 40mm

16d,
S . = the smallest of {48d,
b




‘apx

'1*71
4j

!

-
_l' o/h ot_r_[,j"

' ;F J lComP Com Lumu B ':‘/_
ot #
_1, % ens Com Limi

_ _,fr:’l >:"] F ! L |— =
0.1 0.2

X

0.5¢
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c c.Limn>\,7
9 T

- St A

Figure 5.4: non dimensional interaction diagram for rectangular tied column




® Pn _ 1954%103

= = 8.15MPa = 1.18Ksi
bh 240000

dMn _ 12.16x10°
bh?  400%6002

= 0.025Ksi

The value of ((p=0.01))
Value of reinforcement required:
As=0.01*Ag =0.01*400*600=2400mm?

Try 12¢16 = 2400mm?

- Check on:

1. As(max)= 0.04*Ag= 0.04*400*600=9600mm? >As(use) ~Ok

1.5db =15%16 = 24}
40mm

2. Spacing between bar = largest of {

Then S=40mm (min)

16db = 256mm
3.Ties spacing = smallest of {48dt = 48 x 10 = 480mm
b = 400mm

S of ties = 256=~250 mm ((min)).

4.9Pn = 0.8(0.85*f c*(Ac-As)+(fy*As))
dPn =0.8{0.85*28*(400*600-2400)+(460*2400)}

dPn =5627.91KN > Pu=1954.22KN ~ Ok




Figure (5.5): Cross section for column ((#3))

- Assumptions:

1. The section is symmetrically reinforced.
2. The specified design axial loads include the self-weight of the column.

3. The design axial loads are taken constant over the height of the column.




Design of Column-Footing Joint (Dowels)

12.3 — Dovalopment of deformed bars
and deformed wire in compression

12.3.1 — Development length for defomed bars and
deformed wire in comprassion, &ge, shal be datarmined
from 12.3.2 and applicable modificaion kactors of
12.3.3. but i shall not be less than 200 mm.

12,32 — For deformed bare and doformod wire, &

shall be taken as the larger of (0.244,/2 /#"}dp and

(0.043fy)dp, with 4 @s given in 12.2.4(d) and the Bl |
constant 0.0003 carmies the unit of mm*/N

12.3.3 — Length £y in 12,32 shall be permitted to be
muliplied by the applicable factors for:

dowels

Foo(ing\

(24fw A, _ R,
4y =—————d, = largerof |
Jf | XUmm

v

12.16.1 — Compression lap splice length shall be
0.07T1f,dp for £ of 420 MPa or less, or (0.13F, —
24)dy, for f, greater than 420 IPa, but not less than
300 mm. For £ less than 21 MPa, length of lap shall
be increased by ono-third.

Footing reinforcement

5 i

(a) Column-footing joint.

Figure (5.6): development length from ACI code Figure (5.7):cross section of dowels details

As Dowels = 0.005A1 = 0.005*600*400

=1200m2 = 6016

12161 — Compression lap solice length shall be
0.071fpdp. for fy of 420 MPa or less. or (0.136, —
24)dy, for iy, greatar than 420 MPa, bt not less than
300 mme For £2 less then 21 MPa, length of lap shall
ba inereased by ana-third.

-- Compression lap splice length = 0.071fydp= 478mm

~ Extend dowels 500m in column

_024fy,A

] =¥ e
o ff(' 150mm

b

d, > larger of

Ldh=305 mm < 500mm (footing height) No need for hooks




5.3Final results

All Columns are Tied Rectangular Columns

Summary for all columns

Table 5.1: Summary for all columns

Section Col. No

C400*600 c2

C400*600 C3

C400*600 c4

C400*600 C5

C400*600 c6

C400*600

C400*600

C400*600

C400*600

C400*600

C400*600

C400*600

C300*800

C300*800

C300*800

C300*800

C300*800

C300*800

C250*600

C250*600

C250*600

C400*600
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mailto:8@16
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Chapter 6: Shear Walls

6.1 Introduction

Shear walls are vertical elements designed to resist axial load, lateral load, or both, with a
horizontal length — to thickness ratio greater than 3 , used to enclose or separate spaces.-Two
frequent characteristics of walls are their slenderness, height to thickness ratio, which is
generally higher than for columns, and the reinforcement ratios, generally about a fifth to a tenth
of those in columns.

-Major factors that affect the design of structural walls include the following:
(a) The structural function of the wall.

a. Bearing wall.

b. Non-Bearing wall.

(b) The types of loads the wall resists.
a. Ordinary wall for resist wind load.
b. Special wall for resist earthquakes load.

(c) The location and amount of reinforcement

6.2 Types of Walls

Structural walls can be classified as:

(a) Bearing walls—walls that are laterally supported and braced by the rest of the structure that
resist primarily in-plane vertical loads acting downward on the top of the wall . The vertical load

may act eccentrically with respect to the wall thickness, causing weak-axis bending

Figure 6.1: Bearing wall
b) Shear walls—walls that primarily resist lateral loads due to wind or earthquakes acting on the
building are called shear walls or structural walls. These walls often provide lateral bracing for

the rest of the structure. They resist gravity loads transferred to the wall by the parts of the




structure tributary to the wall, plus, lateral-loads (lateral shears) and moments about the strong

axis of the wall.

=T

T =Nz

Figure 6.2: Shear wall

(c) Nonbearing walls—walls that do not support gravity in-plane loads other than their own
weight. These walls may resist shears and moments due to pressures or loads acting on one or
both sides of the wall. Examples are basement walls and retaining walls used to resist lateral soil

pressures.

Figure 6.3: Cantilever retaining wall

(d) Tilt-up walls—are very slender walls that are cast in a horizontal position adjacent to the

structure. They are then tilted into their intended vertical position and fastened to the foundation,
to the roof or floor diaphragm, and to the adjacent panels .They are designed to resist vertical

and lateral loads.

L |

VU |
I ey e

Figure 6.4: Compression panel in a bridge deck




6.3 Design Response Spectra

for determining the design response spectra, we must define the soil type of site that our
building will be constructed on.

Table 6.1: Site Class Definitions from ASCE 7-02 and ASCE 7-05

Table 1 — Sive Class Definiriorns fFomw ASCE 7-02 and ASCE 7-05

Site Profile Name

Hard rock
Rock

Soil Shear Wavwe
Velocity, v, (ft/sec)

v, = 5,000

Standard
Penetration
Resistamce, N or
MNch

INLA

Undrained Shear
Swrength, S (psf)

Wery dense soil

2,500 = V. = 5,000

NLA

and sofr rock

1.200 < v, < 2,500

A

NA

Sriff soil

GO0 = v, = 1,200

= S0

= 2,000 psf

V.= GO0

15 to 20

1,000 co 2,000
psf

<15

Soft clay soil

Soil requires site

responsc analvsis

following characreristics:

=1,000psf
Any profile wirth more than 10 fr of soil having the

= Plasrticity index PI = 20
= Moisture conent zor = 0%, and
* Undrained shear strengrh S, < 500 psf

Liquefiable soils, pear, high plasricity clay

We will consider site class D (stiff soil).

Now we should know zone factor from map zone:

Dr. Hazim Dwairi

1. Seismic Site Category

SAUDI
ARABIA

GULF OF AQABA

SAUDI
ARABIA

The most Dangerous Category in Jordan is zone 3

Intro. To EQ Eng

Zone
7 4

0.075

1 2A
0.15

2B
0.2




So Z=0.3
Now we will determine Ca and Cv

Table 6.2: Seismic coefficient Ca

SEISMIC ZOME FACTOR, 2
SOIL PROFILE TYPE Z=02

Sy 0.16

58 : 0.20

Se 0.24

D 0.28

Se 034
Sg See Footnote 1

Table 6.3: Seismic coefficient Cv

SEISMIC ZONE FACTOR, Z
SOIL PROFILE TYPE Z=0.45 Z=02

S4 0.12 0.16
0.15 0.20
0.25 032
0.32 040
0.50 0.64

See Footnote 1

From tables we found
Ca=0.36
Cv=0.54

i 43 Response Spectrum Function Definition - UBC 97

Function Damping Ratio
Function Name [Funcz
Parameters Defined Function
Seismic Cosfficiert, Ca Period Acceleration
Setamic Costriciert. 0

0.36

o

|
1 S

e e =l=] (=]l
wmbh w0
poDoooQ
G Sk
Won o s s
s
LR

Convert to User Defined

Fumciion Graph Plot Options
(®) Linear X - Linear ¥
() Linear X - Log Y
) Log X - Linear ¥
) Log ¥ -Log ¥

Cancel

Figure 6.5: Response spectrum for our building

Ts =Cv/2.5Ca
=0.54/2.5%0.36 =0.6 sec
T0=0.2 Ts
=0.12 sec
Peak ground acceleration =Ca=0.36




6.4 Design

Shear wall Design in ETABS
First: Define

1) the diaphragms for each story

Diaphragms are a roof, floor or other system transferring lateral forces
applied to a building to the vertical elements, such as the shear walls.

*There is two type of Diaphragms Rigid and Flexible,

We used rigid type.

Figure 6.6: Rigid diaphragms
2) Mass Source: specitied load pattern
for our building we multiply dead load by 1 because it is a residential
building.




|43 Mass Source Data

Mass Muttipliers for Load Patterns

Wass Source Name Load Pattern Huttiplier

v 2
ass soure T (R

[] Element Self Mass Modify

[] Addtional Mass Delete

Specified Load Patterns
D Adjust Diaphragm Lateral Mass to Move Mass Centroid by: Mass Options
Incluge Lateral Mass
[] Include Vertical Mass

Lump Lateral Mass at Story Levels

Cancel

Figure 6.7: mass source

3) lateral Load Patterns
Seismic loads: EX1, EX2, EY1, EY2

EX1:

pd% Seismic Load Pattern - UBC 97

Direction and Eccentricity Seismic Coefficients

[ x Dir 1 Dir (®) Per Code ) User Defined
¥ Dir + Eccentricity [ r Dir + Eccentricity
[]  Dir - Eccentricity [ *r Dir - Eccentricity Soil Profile Type 5D
Seismic Zone Factor 0.3
Ecc. Ratio (Al Diaph.) 0.05

Owerwrite Eccentricities Overwrite...

Time Period
) Method A
(@) Program Calc
) User Defined

Story Range
Top Story

Bottom Story

Factors Other Factors

Owverstrength Factor, R . Importance Factor |

Cancel

Figure 6.8: Seismic load For EX1




Wind Load:
Design wind speed in Jordan=120Km/h

143 Wind Load Pattern - UBC 97

Exposure and Pressure Coefficients Wind Coefficients
(@) Exposure from Extents of Diaphragms Wind Speed imph)
() Exposure from Shell Objects Exposure Type

Wind Exposure Parameters ETEEE R

Wind Directions and Exposure Widths Madify/Show ... Exposure Height

Windward Coefficient, Cqg Top Story
QK

Leeward Coefficient, Cq .5 Bottom Story

Include Parapet
Parapet Height

Figure 6.9: wind load

4) lateral Load Combinations
Load Combinations:

Based on section 1612 of UBC, structures are to resist the most
critical effects from the following combinations of factored loads:
1.4D+1.7 L (A-9)

07514 D+ 1.7 L+1.7W) (A-10)
09D+1.3W (A-ll)

132D +1.1 f{L+11E (A-12)
099D +1.1E (A-13)

Where

/t = 1.0 for floors in public assembly, live loads in excess of 500
kg/m” and for garage live loads

/i =0.5 for other live loads
E=pE,+E, (A-14)
E;, = the earthquake load due to the base shear, V

E, = the load effects resulting from the vertical component of the
earthquake ground motion and is equal to the addition of
0.50C, I D to the dead load effects D

o = redundancy factor, to increase the effects of earthquake loads
on structures with few lateral force resisting elements, given by

6.10 (A-16)

Major seismic combinations:
U=1.518+0.55+-1.1Eh

1. 1.518DL+0.55LL+1.1EX1




1.518DL+0.55LL+1.1EX2
1.518DL+0.55LL+1.1EY1
1.518DL+0.55LL+1.1EY2
1.518DL+0.55LL-1.1EX1
1.518DL+0.55LL-1.1EX2
1.518DL+0.55LL-1.1EY1
1.518DL+0.55LL-1.1EY2

Secondary seismic combinations:
U=0.792+-1.1Eh

9. 0.792DL+1.1EX1
10. 0.792DL+1.1EX2
11. 0.792DL+1.1EY1
12. 0.792DL+1.1EY2
13. 0.792DL-1.1EX1
14. 0.792DL-1.1EX2
15. 0.792DL-1.1EY1
16. 0.792DL-1.1EY2

Wind combinations:

17. 1.2DL+0.5LL+1.3Wind
18. 1.2DL+0.5LL-1.3Wind
19. 0.9DL+1.3Wind
20. 0.9DL-1.3Wind

Second: Assign Stiffness Modifiers

« Stiffness modifiers are the factors to increase or decrease some properties of the
cross section like area, inertia, torsional constant etc. Generally, they are used to reduce
stiffness of concrete sections to model cracked behavior of concrete. They are only
applied to concrete members because it cracks under loading.

* Cracking reduces area of the cross section and reduces stiffness of the structure which
effects the deflection and forces. So we need to assign stiffness modifier to use reduced
stiffness which defines structural members as cracked sections. By considering cracked
sections in analysis we can ensure safer/larger (than regular sections having 100%
stiffness) structural sections to keep the structure safe in terms of serviceability under
cracking condition.

Table 6.4: Stiffness factor

Moment of Cross-sectional
Member and condition Inertia area
Columns 0.704,
Uncracked 0.704,
Walls I T
Cracked 0.35/,
Beams 0.357,

Flat plates and flat slabs 0.2571,




For shear Wall:
Shell Assignment - Stiffness Modifiers

Property.Stiffness Modifiers for Analysis

~d

Membrane f11 Direction

-l

— — — — =] P=] — — =] =)
-l

Membrane f22 Direction
Membrane f12 Direction

Bending m11 Direction

~d

Bending m22 Direction
Bending m12 Direction
Shear v13 Direction
Shear v23 Direction
Mass

Weight

Figure 6.10: Stiffness modifiers for shear wall

Third: Check for irregularities

Horizontal Irregularity:

Torsional Irregularity:
Horizontal Structural Irregularities

1a) and 1b) Torsional Irregularity

S < 1.28,,, No irregularity

max

1.25, = Opax = 1.45,,, Irregularity

avg —

J,

max > 1.45,,, Extreme irregularity

-116 -




After we checked displacement in ETABS for all stories we found the

ratio was less than 1.2 Then there is Torsional Irregularity doesn’t exist.

Corner irregularity:

e The building is a rectangular plane shaped building so
the corner irregularity doesn’t exist.

Diaphragm Irreqularity Discontinuity:

Horizontal Structural Irregularities

3) Diaphragm Discontinuity Irregularity

Irregularity exists if open area > 0.5 times floor area
OR if effective diaphragm stiffness varies by more than
50% from one story to the next.

e Total Area=520m"2
Opening Area= 45m”"2<0.5 Total Area
s0, Diaphragm Irregularity Discontinuity doesn’t exist.

Out of plane offsets

7z

Out of plane offsets doesn’t exist.

Non-parallel system irregularity

7

e Non-parallel system irregularity doesn’t exist.
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Vertical Irregularity:

e Shear walls and columns are continuous from bottom of the building to
the top, so stiffness irregularity doesn’t exist.

o The masses are equally distributed along the stories so the vertical mass

irregularity of the stories doesn’t exist.

Additional check

Overturning:

Overturning moment should be less than resisting moment.

Overturning moment from Etabs:

Basze Reactions

1 ofd | b ] | Reload Apply

Base Reactions

Load Case/Combo FX
kM

-3621.7867 [u]
-3621.7867 i)
0 -3595.8414
0 -3595.8414

[u]
i)
a
a

Mx MY MZ
kM-m kM-m kiN-m

02000

Figure 6.11: Base reaction
Resisting Moment=258460 KN-m > all overturning moment OK

Finally: Design shear Wall

Wall#4 in story 2

01 | Design this Pier?

02 |LL Reduction Factar

03 |Design is Seismic?

(4 | Pier Section Type

05 |End/Comer Bar Name

0& |Edge Bar Mame

07 |Edge Bar Spacing

08 |Clear Cover

09 |Material

10 |Chechk/Design Reinfarcing
11 | Check Compression Block Depth for BZ?

Figure 6.12: Detail (1) of wall#4 in story2
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fes
0.744081
Yes
Uniform Reinforcing
16
16
150
40
Concrete 2BMPA
Check
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Story 1D

ETABS Shear Wall Design

ACI 31814 Pier Design

Fier Details

Pier ID | Centroid X (mm) | Centroid ¥ {(mm) | Length (mm)

Thickness (mm)

Story2

P4 13848 150 2000

Ehili]

5t

Location

Material Properties

E.{MPa} | f.(MPa) | LtWt Factor [Unitless)

f, (MPa)

f,. (MPa)

30181.58 i8 1 480

460

Design Code Parameters

L

085

P,
075

& (Seismic)
0.8

IF s
0.04

Pier Leg Location, Length and Thickness

ation Left X,

mm

Left ¥,
mm

Right X,
mm

Right ¥.
mim

IF i
0.002%

Py

08

Length | Thickness
mm mm

Top

-14845 150 -12848 150

2000 300

Bottlom

-14845 150 -12848 150

2000 300

Flexural Design for P, M, and M.

Station | OIC Flexural P, M
kN

kM-m

M
kM-m

Top 0255 | ULT1.2+1.6 | 2081.8657 | 5B.4473

1322061

Bottorn | 0.934 SXIN 434573 | -B.4887 |-21

0e.3119

Shear Design

Station
Location

Rebar
mmim

Shear Combao P

u M
kN

4 vl
kM -m

By,
kN

DV,
KN

Taop

740 EX2M B33.8321| -B25.6503

4189003 | 385 EOG4

7282133

Baottarm

740 EX2M 0342881 -2108 5488

425 3073| 28714773

#23.7842

Boundary Element Check [ACI 21963, 21.9.6.4

I

Station
Location

Top-Left

F

kN
841.08M

Stress Co
MFPa

i9

Edge
Length {mm}

Governing
Combo

EX1N

M "
kM-m

Not Reguired -43E.5124

Stress Limit
MFPa

58

mp

198.4
2028
2118

EX1N
EX1N
EX1N

08,8718
0387241
1005.8058

54538532
-2005.3024
2114 EBOE

474
11.50
12.25

58
58
58

Top—Right
Botlom-Left
Boittom—Right

Figure 6.12: Detail (2) of wall#4 in story2

Flexural Design for P, M and M

Station
Location

P u
kN
482.9745
434.578

Current Flexural
Reinf Ratio | Combao

Required
Rebar Area (mm?)

Required
Reinf Ratio

M.z
kH-m

18.5887
-B.4887

M ui
kN-m

-13.3184
-2109.3118

Pier A
mm?*

1500
g1

0.0028
00102

a.om
a0

Tap SWIND-MN

SHZN

800000
anoona

Figure 6.13: Detail (3) of wall#4 in story2
(DIC)=0.934<1 OK
Reinforcement Ratio= 0.0101>0.0025 OK
So,
VERTICAL STEEL For Wall# 4 in story 2 is 16@15cm c/c.
HORIZONTAL STEEL is §12@15cm c/c.
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6.5 Final results

Table 6.5: Final results

SCHEDULE OF SHEAR WALL

UP TO ISTFLOOR 2ND & 3RD RLOOR 4th & TOP ROOF ALOCR

THICKNESS 30Cm 30CM 0CM

HORIZONTAL STEEL @I0@15cm c/c @10@15m c/c 210B20cm c/c

VERTICAL STEEL @20®15cm c/c D6@15cm c/c G14@15m c/c

THICKNESS 30CM 30Cm 0CM

HORIZONTAL STEEL 2i2@15cmc/c @12@15m c/c 212@20cm c/c

VERTICAL STEEL 2208 Bem c/c 2168 5em cfc GM@15cm c/c

THICKNESS 30CM 30CM 30CM

HORIZONTAL STEEL P12@15cm c/c 212@15m c/c @12@20cm c/c

VERTICAL STEEL @208 Sem c/c 216@15cm c/c D16@15cm c/c

THICKNESS 30CM 30CM 30CM

HORIZONTAL STEEL @12@15cm c/c @12@15m c/c @12&20cm c/c

VERTICAL STEEL @208 Sem c/c PL6@15cm c/c I6@15cm c/c

THICKNESS 30CM 30Cm 0CM

HORIZONTAL STEEL Q1R2@15cmc/c P12@15m c/c @12@20cm c/c

VERTICAL STEEL @20® Sem cfc @IB@15cm c/c D14@15cm c/c

THICKNESS 30CM 30CMm 30CM

HORIZONTAL STEEL @12@15cm c/c @12@15m c/c @12&20cm c/c

VERTICAL STEEL P16@15cm c/c 2I6@15cm c/c @A@15cm c/c

THICKNESS 30Cm 30Cm 30CM

HORIZONTAL STEEL @1R2@&15cmc/c @12@15m c/c @12@20cm c/c

VERTICAL STEEL @208 Scm c/c @I1B@15cm c/c IA@15cm c/c

>

_ ﬁﬂ .

I

|

]

Figure 6.14:

L

3

Figure 6.15: cross section of lift reinforcement

b o o s

-120 -




Chapter 7: Foundation

7.1Foundation Types

+* In this project we use Raft foundation for many reasons; is often
used when the soil is weak (Bearing capacity= 1700 Kn/m? ) and
when we have a high building.

NOW: What is Raft foundation?

++ Raft foundations (sometimes referred to as raft footing or mat
foundations) are formed by reinforced concrete slab of uniform
thickness that cover a wide area, often the entire footprint of
a building. They spread the load imposed by
several columns or walls over the area of foundation and can be
considered to ‘float’ on the ground
as a raft floats on water, The Fig
show simple vision about raft
foundation.

Figure 7.1: Raft foundation

+** The reinforcement of raft footing is two mesh; top and bottom
mesh (positive and negative moment), the picture shows the cross
section of raft foundation. Tar '

L] L] a L] I"‘_:I L] L] L] L

. o e e e @& e 8 e 8 e

Figure 7.2: Typical section for raft foundation
Figure 7.3: Typical Raft Section




+¢ Under columns there is extra reinforcement to meet the high value

of positive moment.
(Red color in the shown Fig).

Figure 7.4: reinforcement in raft foundation

under columns

¢ At the end of foundation (edge) the steel should be bent as the Fig
shown.

Figure 7.5: bent the steel at the end of

foundation

+¢ Always the main Reinforcement in raft foundation on the top face
of footing depending on the profile of moment.




7.2 Loading and Size Selection

The Safe program will be used in the design of Raft foundation.

The base floor of whole building model exported from Etabs to
Safe with the reaction centers and all loads (load cases).

The combinations load of lateral loads (Earth quick and wind
load) entered manually in safe.

The £, =420 Mpa, f; = 30 Mpa

The thickness of footing is assumed depending on the this

formula:
Thick = # of store * 10 cm = 10 cm

=5*10+£10 = (40 cm —50cm)
Foundation thick =50 cm = more conservative

On Safe program the spring support type is Elastic support.

Depending in our searching on
suitable value of bearing capacity, B
we found a site investigation e
paper with value of bearing
capacity = 1.7 Kg/em? s i

10ika g1l y Claliinay)

spmsnlil] ae g Sl £ s.1

* 02,5 % p2) A JL.m..;.\..;‘;um\,sds..:.ngi__m'a_.;‘_.‘L_l,_,_lgcs,Alujrﬁu Ll Jeas o3
24 (2) o G e k) Aidall 2y 0 Ja)3 da ylie S s (pain Sl Gy oG 50,5
Al e e

apally Bl i 3 A el Cind e (2) G i Gandl 138 0080 Y 3l

. g gaenall Jasili 548 2
@ s ghs co3ted Qg Slae 1 e Ao guin y ) ST Tl et 5 6
P
74,

(7
gaadl e 58l 1 W am i Yy A paall Gl e usl’ Gl

Figure 7.6: bearing capacity of soil




+ Soil subgrade property data:

. Soil Subgrade Property Data

Value of Subgrade modulus (K) Genera Duta

Property Name |soiL1

Display Color _ Change...

Bearing capacity (%) Property Notes Modify/Show Notes...

Impressible deflction (m) Property
Subgrade Modulus (Compression Only) ieﬁgﬁE:(}:ﬁ

Nonlinear Option (Nonlinear Cases Only)

B.C = 1700 KN/mZ O None (Linear)
The permissible Def = 2.5 cm O St ol

(® Compression Only

(O Hasto-Plastic

1700
7 0.025

=K = 68000 Kn/m?3

Figure 7.7: soil subgrade property date

*%* The combination load here added manually; and we add many
types of combination load:

1. Working combination
Working = 1.2 DL + 1.6 LL

2. Earth quick Combination load
Major seismic Comb

EX1P=1.518DL+0.55LL+1.1EX1 |EX1IN=1.518DL+0.55LL-1.1EX1
EX2P=1.518DL+0.55LL+1.1EX2 |EX2N=1.518DL+0.55LL-1.1EX2
EY1P=1518DL+0.55LL+1.1EY1 | EY1IN=1.518DL+0.55LL-1.1EY1

EY2P=1.518DL+0.55LL+1.1EY2 |EY2N=1.518DL+0.55LL-1.1EY
Secondary seismic combinations:
SX1P=0.792DL+1.1EX1 SXIN=0.792DL-1.1EX1
SX2P=0.792DL+1.1EX2 SX2N=0.792DL-1.1EX2
SY1P=0.792DL+1.1EY1 SYIN=0.792DL-1.1EY1
SY2P=0.792DL+1.1EY?2 SY2N=0.792DL-1.1EY?2
3. Wind combinations:
WIND-P=1.2DL+0.5LL+1.3Wind | S WIND-P=0.9DL+1.3Wind

WIND-N=1.2DL+0.5LL-1.3Wind| S WIND-N=0.9DL-1.3Wind




IMPORTANCE:

**\We have now large number of combination load, but we need to
do our design one Comb (the large one), but here with this large
number of Comb it is impossible. So, we need combination load
give me the highest term from every comb; for that we define new
comb (Max-Max).

3 All the previous combination load used for lateral load formed the
terms in this Max-Max combination load.

X Every term in this combination given Factor = 1.

g Load Combination Data

/ . .
%* As the following Fig shown, all the
. - - General Data
previous combination load (lateral S T
load combination) multiply with Combnation Type B

Notes Modify/Show Notes..

FaCtor = l . Auto Combination No

Define Combination of Load Case/Combo Results

Load Name Scale Factor
EX1P 1.0000
EX2P 1.0000
EY1P 1.0000
EY2P 1.0000
EX1IN 1.0000
EX2N 1.0000
EUIN 1.0000
EY2N 1.0000
SX2P 1.0000

M EI RS EI ES ES EY BN K

Figure 7.8: Factor of Max-Max combination

So:

Max-Max=1 Workimg+1 EX1P +1 EX2P +1 EYIP .....+1 S WIND-N

NOTE: All our design mainly depends on this load
combination.




7.3 Design Procedure

**Design of footing:

» Related to choose the Raft foundation system, we need to
check the deflection, Punching Shear and stress under footing
then we will find the suitable design for the footing.

1. Deflection

> Deflection checked on Max-Max combination load on Min
case.

> The permissible deflection that allowed to happen in all type
of footing is 2.5 cm.

» Using Safe program, the actual deflection in footing
depending on the load transfer from all stores to the
foundation shown in this picture.

| Bl Deformed Shape ? q m

Load Case/Load Combination

O Load Case
(® Load Combination | MAX-MAX
(O Modal Load Case

Scaling
@® Automatic

O User Defined

Contour Range

Figure 7.9: actual deflection in footing

> From picture as we see the max value of actual deflection =
0.35cm
0.35cm < 2.5 cm = OK




2. Punching shear

» The results of Punching Shear are shown in the figure
below, and we notice all the columns is OK so No Need of
shear reinforcement.

> AS nOtlced 0.3739 02881 0.2468

All factor < 1

0.4023 0.3385
0.3231

02497

Figure 7.10: Punching Shear

3. Soil pressure (stress)

» All value of stress under the footing must be less than the
value of bearing capacity (1700Kn/m?)

Stress value < B.C (1700)

» The value of stress and soil pressure under footing In the
attached Excel sheet file

All stress value < 1700 = OK

3

SOIL PRESSURE .xIsx

> If the stress value more than the value of bearing capacity;
in this case you should do one of:
= Increasing the foundation thickness.

= Replacing the soil with another one that have grater
B.C value.

—> Using Pile foundation.
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4. Steel Reinforcement

> The value of moment:
A) Positive moment:

X-direction:

Figure 7.11: Value of moment (positive) in X axis Figure 7.12: positive moment diagram in X axis

Y-direction:

. 0 kN-h

Figure 7.13: Value of moment (positive) in Y axis
Figure 7.14: positive moment diagram in Y axis




B) Negative Moment:

X-direction:

:

10 1 AR

AR ARRRRUARRRARAAR

Figure 7.15: Value of moment (Negative) in X axis ~ Figure 7.16: Negative moment diagram in X axis

Y -direction:

| -200
|

20 |

Bl ER R

Figure 7.17: Value of moment (Negative) in Y axis Figure 7.18: Negative moment diagram in Y axis
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—>Needed area of steel to resist the moment.

Design of negative moment (top reinforcement)
» The cover of foundation is 7cm so the effective depth=43cm

> Start from Min area of steel:

AS,i = 0.0018bh

=0.0018*1000*500
= 900 mm?
v Try 50 16:

AS16 - 199
900

So, Number needed steel bar = o5 = 4.5

So, use 5#16 = A=995 mm?

M M
= —*——=0.995= v
0.9xFy=] 4 0.9%¥420%0.9%0.43

M, =145 Kn.m

X-direction:

From the picture 5@16 is enough

Load Case/Load Combination Component Type
O Load Case (® Resutant Forces (O Stresses Top Face
(®) Load Combination ~ MAX-MAX v/ |Mn v (O Stresses Midsuface (O Stresses Bottom Face

Display Options Component
(O Display Contours on Undefomed Shape OF ® M1 o
(® Display Contours on Defomed Shape Om O m2 ova
(O Display Contours in Extruded Fom OF O m2

Scding O FMax O MMax
® Adtomatc O FMin O MMin

() User Defned O Fm

Contour Averaging at Nodes
O None
(®) by Objects
(O by Selected Groups

Contour Range
Minimum

Maximum

Figure 7.19: reinforcement Steel in X axis at the Negative moment
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Y -direction

From the picture 5¢16 enough

[ dlab rorces/stresses

Load Case/Load Combination Component Type
O Load Case (® Resuttant Forces O Stresses Top Face
(® Load Combination | MAX-MAX O Stresses Midsuface (O Stresses Bottom Face

Display Options Component
O Display Contours on Undeformed Shape Om Om o3

(® Display Contours on Deformed Shape Om ® M2 ova

(O Display Contours in Extruded Fom OF2 O m2 O VMax
Scaling O FMax O MMax

©® Adomatic O FMin O MMin

O User Defined O M

Contour Averaging at Nodes
O None
(®) by Objects
O by Selected Groups

Contour Range

Minimum -145 kN-m/m

Maximum 1] kN-m/m

Figure 7.20: reinforcement Steel in Y axis at the Negative moment

= So, the top reinforcement is:
5016 = @16 at 200 mm
In X & Y direction (like a mesh).

Design of positive moment (Bottom
reinforcement)
» Let’s start with 5 @16 as the reinforcement of top

v Try5 ¢ 16:

ASl6 == 199
M M
s=—% —0.995= v
0.9xFy*]4 0.9%420%0.9%0.43

M, = 145 Kn.m




X-direction:

From the picture 5@16 is enough

Load Case/Load Combination Component Type
O Load Case (@ Resukant Forces (O Stresses Top Face
(@ Load Combination MAX-MAX O Stresses Midsurface (O Stresses Bottom Face

Display Options Component
O Display Contours on Undeformed Shape Om @ M1 ovi3

(@ Display Contours on Deformed Shape O Ff2 O M2 Qv

O Display Contours in Extruded Form OF2 QO M2 O VMax
Scaling O FMax O MMax

@ Adtomatic O FMin O MMin

O User Defined QO FvM

Contour Averaging at Nodes
O None
® by Objects
O by Selected Groups

Contour Range

Minimum

Maximum
Figure 7.21: reinforcement Steel in X axis at the Positive moment

Y-direction

From the picture 5@16 enough

B 1AL FUILes/duEsses

Load Case/Load Combination Component Type
O Load Case (® Resultant Forces O Stresses Top Face
® Load Combination | MAX-MAX (O Stresses Midsurface (O Stresses Bottom Face

Display Options Component
O Display Contours on Undeformed Shape OmMm O M Qv
(® Display Contours on Deformed Shape O 2 ® M2 Ova
O Display Contours in Extruded Form OF12 O M2 O VMax
Scaling O FMax O MMax
® Automatic O FMin O MMin
O User Defined O Fvm

Contour Averaging at Nodes
O None
® by Objects
O by Selected Groups

Contour Range
Minimum

Maximum

Figure 7.22: reinforcement Steel in Y axis at the Positive moment

— So, the bottom reinforcement is:
5016 = @16 at 200 mm
In X & Y direction (like a mesh).




[XI Design of positive moment (Under columns)

» There is a high value of positive moment under columns so
we need to increase the number of steel bars or use another
one with a larger diameter.

> After many iteration lets try 5 22
As
v Try 50 22:
As,, = 387
So, use 50 22 = A, = 1935 mm?

M M
As = —*— = 1935= v
0.9xFy=] 4 0.9%¥420%0.9+0.43

M, = 280 Kn.m

X-direction:

From the picture 5@22 is enough

Slab Forces/Stresses

Load Case/Load Combination Component Type
O Load Case (® Resutant Forces (O Stresses Top Face
(® Load Combination | MAX-MAX O Stresses Midsuface () Stresses Bottom Face

Display Options Component
O Display Contours on Undefomed Shape Om ® M1 o

(® Display Contours on Deformed Shape O O m2 ova

O Display Contours in Extruded Fomn QF12 O m2 O VMax
Scaling O FMax O MMax

© Automatic O FMin O MMin

(O User Defined O M

Contour Averaging at Nodes
O None
(®) by Objects
O by Selected Groups

Contour Range
Minimum

Maximum

Figure 7.23: reinforcement Steel in X axis at the Positive moment (Under columns)




Y -direction

From the picture 5¢22 enough

Slab rorces/stresses

Load Case/Load Combination Component Type
O Load Case (® Resultant Forces O Stresses Top Face
(® Load Combination ~  MAX-MAX X O Stresses Midsurface (O Stresses Bottom Face

Display Options Component
O Display Contours on Undeformed Shape O 2}l O M1 Ovi3
(®) Display Contours on Deformed Shape O F2 ® M2 Qva
O Display Contours in Extruded Form O F12 O m12 O VMax
Scaing O FMax O MMax
® Automatic O FMin O MMin
O User Defined O Fvm
Contour Averaging at Nodes
O None
(® by Objects
O by Selected Groups

Contour Range
Minimum “7 \ kN-m/m

Maximum | 28¢ kN-m/m

Figure 7.24: reinforcement Steel in Y axis at the Positive moment (Under columns)

= S0, the reinforcement under columns is:
5022 = @22 at 200 mm
In X & Y direction (like a mesh).




—=Check S, 4

2h=2+500=1000mm
500mm Control

Smax = Smaller of {

actual spacing for 5 bar = 20 cm < 50 cm (OK)

—=Check S,,in,

Bar diameter =16 mm,22 mm
25 mm =25mm  Control
diameter of vibrat or (unknown)
1.33max C.A size (unknown)

Smin = maxof

Actual spacing for 5 bars = 200mm > 25mm (OK)

—=Check As,, 4

‘c
ASpar = 0.3190 f— bd = 5317 mm?
Fy
For5 ® 16
A,=565 mm? <5317mm? (OK)

For5 @ 22
A, = 1935 mm? <5317mm? (OK)




> Therefore, and because all the checks are now OK and as we
said previously that there ‘
IS a bended
Cover = 7cm (top & bottom)
Length of bend:
50 — 2*7 = 36 cm

)

VG 1 A

T

LY
L

Figure 7.25: Length of bend steel in the foundation

Summary of reinforcement (Positive & negative)

Table 7.1: Summary of reinforcement (Positive & negative)

X-direction Y -direction
Design Positive| Negative| Positive| Negative
steel steel steel steel

Foundation 5®d16 5®d 16 5® 16 5® 16
Columns 5®d 22 5d12 5® 22 5012

#16 @ 20 cm

-

0

- -

. & & s = » - . o - - o
= #16 @ 20 cm

#22 @ 20 cm ﬁ
¢ ¢ &« &0 ® . , . ®* @& & o @

» +» & & =

#16 @ 20 cm

Figure 7.26: Summary of reinforcement (Positive & negative)
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Chapter 8: Staircase

Stairs are constructed to provide access to different floor
levels within buildings. They consist of several steps arranged
in series. Most of stairs are designed as simply supported one-
way solid slab.

The definition of some technical terms which are used in
connection with the planning and design of stairs are shown in
Figure
1. Waist (h): The thickness of the stair slab.
2. Go (G): The horizontal distance of the step.
3. Rise (R): The vertical distance between two consecutive
horizontal steps.
. Landing: The horizontal platform which is usually
provided at the beginning and the end of the series of
steps.
. Flight: The vertical distance between two consecutive landing.

Length of landing
Width of landing

g

]

dH

5203 Jo noyewmns

i

EFFELTIVE SPAN space Width of flight

Figure8.1: some technical terms which are used in connection with the planning and design of stairs
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8.1 Stair Design Procedure

The Stairway is designed by dividing it into 3 parts:(Flight and two
Landings).
The Flight is simply supported while the Landings are Simply supported on
beam.
Design of Flight and landing:

= Calculating (Wu) then (Mu) then get (Rn) and (p).

= Check if (pmin <p <pmax)

» Find (As = p*b*d)

» For other direction, use (Temperature and Shrinkage Steel

Reinforcement, As= 0.0018*b*h).

The following details will be used in the design:
= Goes length must be (27-30 cm), we take goes in all structure
floors = 30cm.
= Rise height must be (15-17 cm), we take rises in all structure
floors = 15cm.
= In our project we have three different high typical stair 3.4m, roof
stair 4m, and base floor stair 5.35m
In this section, we will show detailed calculation for roof floor stair

1. Dimension:

» From architectural drawing, we got the stair
component:
Height of the floor = 4m.
Take Rise = 15 cm.
Take Go =30 cm.
length of the landing = 2.7 m
Number of rises = — =27 = 14 < 14 OK, 13 < 14 OK,

015
So use two flights, first flight has 14 rises and the second

one has 13 rises.

Number of Go’s = Number of rises -1 = 14- 1 =13.
Horizontal Projection of each flight (H.P) = 13x0.3=3.9
m.

Space between two flight =0.1m.

Length of the step = 2'7;0'1 =13 m

Width of the landing = at least length of one step = 1.3
m.




A'....‘..'.'..Q’...'A"'......‘....’..A.A'..‘..’."’A’.’.""’A’.’"""A’.’.""’A

F-lp‘!‘.t‘-ﬂi?.'?T’t"-,T-"{

3.9

Figure 8.2:roof stair section
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>'G = Horizontal projection b ( width of flight)

Figure 8.3: detalled stair section 1 Figure 8.4: detailed stair section 2

= Length of flight =v3.92 + 2.12 = 4.43m

» Thickness of stair:
For control the deflection (h). Using ACI Code Deflection Conditions.

Table 8.1: minimum thickness of solid one way slab, beams and ribbed slab

Minimum Thickness h

Member Simply ' One End Both Ends
Supported | Continuous Continuous Cantilover

Members Not Supporting or Attached to Partitions or Other
_ Construction Likely to Be Damaged by Large Deflections

Solid onc-way slabs 1120 l 124 l 128 /10
21

Beams or ribbed onc-way slabs /16 [ 1/18.5 8

Linin=3= = 20 = 18458 mm. ... Use Ly = 0.185m = thickness = 0.185m =

185mm

Thickness of landing = thickness of stair = 185mm




8.2 Loads

% Load calculation:
# Load on the stair slab:

- own weight of steps =
- Finishing:

30mm

Tiles= . *20*14* —O 84 KN/m?
Cement mortar 0. 03*21*1 0.63 KN/m?
Plaster== 2""”"*21*14* - =0.588 KN/m?

2 DL=9.618 KN/m
¥ LL= 3 KN/m? (Jordanian code)
- Design load:
W,=1.2DL + 1.6 LL = 16.342 KN/m?
% Load on stair landing:
-own weight of landing=0.19*24=4.56 kN/m?

36.2

- Additional load from flight= = S yrte = 8.172kN/m?

- Finishing:

Tiles= 0.84 KN/m?

Cement mortar= 0.63 kN/m?
Plaster= 0.588 KN/m?

¥ DL=14.79 KN/m?
>LL=3KN/m?(Jordanian
code)

- Design load:

w,= 12DL + 16 LL =
22.55 kKN/m?

0.15%0.3%24*x14

=7.56KN/m?

Table 8.2: Live Load from Jordanian code

(= =Y) Jsast




8.3Analysis and Reinforcements Design

% Stair Flight Analysis and Design:

Wy *L?  16.342% 4.432
My =—"—= - =40.10 kN.m
WyxL 16342 4.43

2

v, = = 36.20 kN

# Design for main reinforcement
M, = 40.10 kN.m
b=1m = 1000mm
d = h — cover = 185 — 30 = 155mm

R = M, _  40.10%10°
n— 2 2
Dxbx*d 0.9¥1000%155

=185

Percentage of required tension reinforcement:

p=0.85 « LL5(1- |1 — 20
y c

2.36%1.85

)=0.0009

_ V28
p=0.85 E(l'\/l

0254f%e o 14 _ () 0031550.0033 = p,,=0.0033

min — fy f

0.003

D =0.85%F*ex =0 85%0 85+ 22x_220 __(1g

fy £+0.005 420 0.003+0.005

P <Pmin<Pmax = 0.0009<0.0033<0.018 = use p=0.0033
As= p*b*d = 0.0033*1000*155=511.5 mm?

ASpmin = 0.0018*b*h = 0.0018 x 1000 x 185 = 333 mm?

As > As,,;, = OK

Use ((¢16@150mm))

Smax=3h= 555mm > S=150 mm ((OK))




# Check Shear:
dVe= ¢*%C* b *d = 0.75*%*1000*155=54.25kN
dVe > Vu = 54.25 > 36.2 ((OK))

% Landing Analysis and Design:
_ Wy*L*  22.55%2.72

voq2 12

Wy*L 22.55% 2.72
+M,, = = = 6.85 kN.m
24 24

Wy*L 22.55% 2.7
Vu = 5 =

=13.7 KN.m

= 30.44 kN

% Design for main reinforcement

* Negative moment:
M, =13.7kN.m

b=1m = 1000mm
d = h — cover = 185 — 30 = 155mm

_ My, _  13.7#10°

= = =0.634
N 4xbxd?2  0.9¥1000%1552

Percentage of required tension reinforcement:

p=0.85 @(1- 1- =2
y c

p=0.85 * Y28(1. \/ 1 — 236:063%_4 553099
420 28

pmm:"'zs}’jfﬁ > 2= 0.00315<0.0033 = pyn=0.0033

— sl lex__ 6 _ * %28 g 0003
Pmax=0-85"p fy g+0.005_0'85 0.85 420 0.003+0.005_0'018

P <Pmin<Pmax = 0.00029<0.0033<0.018 = use p=0.0033
As= p*b*d = 0.0033*1000%155=511.5 mm?
ASpin = 0.0018*b*h = 0.0018 X 1000 x 185 = 333 mm?

As > As,in = OK




Use ((¢16@150mm))
Smax=3h=555mm > S=150 mm ((OK))

» Positive moment:
M, = 6.85kN.m

b=1m = 1000mm
d =h — cover = 185 — 30 = 155mm

_ My _  6.85x10°

= = =0.318
N oxb*d2  0.941000%1552

Percentage of required tension reinforcement:

p=0.85 * @(1- /1 - 23;—”‘)
y c

p=0.85 + Y251 Jl _ 23610318 ) 15014
420 28

pmmzo'zsf*jf_’c > 2= 0.00315<0.0033 = pyni=0.0033

— spxlTex__ & * %284 0003
Pmax=0.85"p fy g+0.005_0'85 0.85 420 0.003+0.005 0.018

P <Pmin<Pmax = 0.00014<0.0033<0.018 =use p=0.0033

As= p*b*d = 0.0033*1000*155=511.5 mm?
ASpin = 0.0018*b*h = 0.0018 x 1000 x 185 = 333 mm?
As > Aspin = OK
Use ((¢16@150mm))
Smax=3h=555mm > S=150 mm ((OK))




% Additional reinforcement for Stair:

» Provide steel for shrinkage and temperature:
As = 0.0018*b*h = 0.0018 x 1000 x 185 = 333 mm?
Use ((¢10@200mm))
Smax=3=555mm > S=150 mm ((OK))
Provide steel for step reinforcement (anti crack):
Use ((¢8@150mm)) in both direction
Smax=3h=555mm > S=150 mm ((OK))
And Use ((¢8@ each step))

3% Beam with stair Design:
We use Prokon to design this beam

v Deflection:

Using ACI-Code, Table 9.5 (b) === Case 4.

Permissible deflection = % =0.96 cm

Actual deflection = 0.069 cm < 0.96 (okay)

Deflections | Momentsand Shear Steel Qutputfle Crack Fie

.010
.020
.030
.040
.050
.060
.070
.080
.090
.100
110
120
1130
140
150

Elastic Deﬂeckions (Alternate spans loaded)

Def max = .1563mm @ 1.15m

Long-term Deflections (All spans loaded - using entered reinforcement)

Def max = .6915mm @ 1.15m

\'3\'8 8—8 8[ Q9 Q 9O Q Q Q Q Q Q Q Q
S 2 N A8 ES
S |

X |
I
R

Figure 8.5: Prokon Defletion in stair beam




v Load value:

2 300

Figure 8.6: Prokon load value in stair beam

Moment & Shear value

Deflections | Moments and Shear | Steel Qutputfie  Crack Fe
SHEAR: X-X V max = -54.74kN @ 2.30m

PO I i

COTOUIOUDUI0E QCYIOUNICNONIC

COCOD000000 OO0
i

Figure 8.7: Prokon moment and shear in stair beam

v" Reinforcement (Moment):

SPAN1 - 2.300

2Y16-A

Figure 8.8: Prokon reinforcement moment in stair beam




v Reinforcement (Shear):

Figure 8.9: Prokon reinforcement Shear in stair beam

v’ Section of Stair Beam:

Figure 8.10: Section of Stair beam
First floor detailed

The height of the first floor is 6m, Height of the stair = 5.35m.

5.35—(0.185+0.2+0.2+0.2)

=31 = 16 > 14 not OK.
0.15

Number of rises =

so, we use three flights, first flight has 3 rises, the second one has

14 rises and the third one has 14 rises.

Y

W3/1211109 87,65 4

!.
I

L

Figure 8.11: entrance stairs
Figure 8.12: autocad Clarification for first

flight in first floor stairs




Table 8.3: Summary of reinforcement

Floor
Name

No of
rises
in first
flight

No of
rises in
Second
flight

No of
rises in
third
flight

Main
reinforcement

Landing
negative
moment
reinforcement

Landing
positive
moment
reinforcement

Additional
reinforcement

First
Floor

3

14

14

$16@150mm

$16@150mm

$16@150mm

$10@200mm
$8@150mm
d8@step

Typical

$16@150mm

$16@150mm

$16@150mm

$10@200mm
$8@150mm
o8@step

Roof

$16@150mm

$16@150mm

$16@150mm

$10@200mm
68@150mm
d8@step

Entrance

$16@150mm

$16@150mm

$16@150mm

$10@200mm
$8@150mm
d8@step

3% Roof cross section for Stairs:

N

d
e
N

Figure 8.13: Roof cross section for Stairs




Chapter 9: QUANTITY SURVEY AND
COST ESTIMATE

Quantity survey is essential to estimate before the construction starts the probable cost
of construction for the complete work. The estimate is required in inviting tenders for
the works and to arrange contract for a complete project.

Quantity survey is required to estimate the quantities of the various materials required
and the labor involved for satisfactory completion of a construction project.

We use (Unit weight of standard reinforcing steel bars) table to determine weight of
rebar in ton.

Table 9.1: Unit weight of standard reinforcing steel bars

Diameter Cross Sectional Area Mass Per Meter Mass Per 12 Meter
(mm) (m2) (kg/m) (kg/12m)
6 28.3 0.222 2.664
9 63.6 0.499 5.988
10 78.5 0.616 7.392
12 113.1 0.888 10.656
13 132.7 1.042 12.504
14 153.9 1.208 14.496
16 201.1 1.579 18.948
18 254.5 1.998 23.976
20 314.2 2.466 29.592
22 380.1 2.984 35.808
25 450.9 3.854 46.248
28 615.8 4.834 53.008
32 804.2 6.313 75.755
35 962.1 7.553 90.636
38 1134.1 8.903 106.836




Prices applied are given by local suppliers

A CONCRETE ) i
Table 9.2: Offer prices of Concrete by local suppliers

F'c, Supplier

Kingdom Concrete

Nuqul Concrete

ARMCOO

28 MPa

52 JOD/m3

54 JOD/m?

53 JOD/m?

30 MPa

53 JOD/m?

56 JOD/m?

57 JOD/m?

Based on the prices provided for the project, we choose Kingdom Concrete
As a Ready Mixed Concrete Supplier.
A REBAR

Table 9.3: Offer prices of Rebar by local suppliers

@, Supplier Eamar Jordan for Ali abu Shamaa steel | Emirates Jordanian

steel

and cement Est

Company for steel

d8

630 JOD/ton

690 JOD/ton

610 JOD/ton

®10

620 JOD/ton

640 JOD/ton

618 JOD/ton

®12

600 JOD/ton

620 JOD/ton

590 JOD/ton

14

600 JOD/ton

620 JOD/ton

590 JOD/ton

d16

600 JOD/ton

620 JOD/ton

590 JOD/ton

D18

600 JOD/ton

620 JOD/ton

590 JOD/ton

@20

600 JOD/ton

620 JOD/ton

590 JOD/ton

®22

600 JOD/ton

620 JOD/ton

590 JOD/ton

D25

600 JOD/ton

620 JOD/ton

600 JOD/ton

Based on the prices provided for the project, we choose Emirates Jordanian

Company for steel as a Rebar Supplier.




9.1 Quantities and Costs of Beams

In this section, we will calculate the Quantities and Cost of Concrete and Rebar, that

used in Beams.

N

T

|
[
i

I
IT.

|

o e ey e ey ——— e
PROKON Typical

Strip 3
Floor Slabs 20x60

Figure 9.3: Detailed of typical
beams

Figure 9.2: Detailed of
roof beams

Figure 9.1: Detailed of ground
tie beams

all beams in the project have same dimension and have same section of Stirrups

8cm

15cm
i ,
ZE—10'd =10°8 =

80mm = 8cm

15 cm
Figure 4: beams dimension and section of

stirrups in beams




% Quantity and cost of Rebar and Stirrups:

Table 9.4: Quantity and cost of Rebar for beams

Location

d(mm)

Number

Wt/m(kg/m)

Length (m)

Total weight (kg)

TYPICAL

Strip 1

12

0.888

Strip 1

16

1.579

Strip 1

16

1.579

Strip 1

12

0.888

Strip 1

16

1.579

Strip 1

16

1.579

Strip 1

12

0.888

Strip 1

12

0.888

Strip 1

12

0.888

Strip 1

16

1.579

NUMBER OF

STIRRUPS =47

Strip 2

12

Strip 2

12

Strip 2

12

Strip 2

12

Strip 2

12

Strip 2

12

Strip 2

16

Strip 2

16

Strip 2

12

Strip 2

16

Strip 2

12

Strip 2

12

Strip 2

16

NUMBER OF

STIRRUPS =62

Strip 3

12

Strip 3

12




Strip 3

12

Strip 3

16

Strip 3

16

Strip 3

12

Strip 3

16

Strip 3

12

Strip 3

16

Strip 3

16

NUMBER OF

STIRRUPS =52

Strip 1

12

Strip 1

12

Strip 1

12

NUMBER OF

STIRRUPS =16

Strip 2

12

NUMBER OF

STIRRUPS =10

Strip 3

12

Strip 3

16

NUMBER OF

STIRRUPS =13

Strip 4

12

Strip 4

12

Strip 4

12

Strip 4

16

Strip 4

16

Strip 4

16

Strip 4

12

Strip 4

12

Strip 4

16

NUMBER OF

STIRRUPS =34

Strip 5

12

Strip 5

12

Strip 5

16




Strip 5

16

Strip 5

16

Strip 5

12

NUMBER OF

STIRRUPS =28

Strip 6

12

Strip 6

12

Strip 6

12

Strip 6

12

NUMBER OF

STIRRUPS =44

STAIRS BEAMS

Strip 1

16

1.579

NUMBER OF

STIRRUPS =6

Strip 2

12

Strip 2

16

Strip 2

12

Strip 2

16

NUMBER OF STIRRUPS =13

Strip 3

16

NUMBER OF

STIRRUPS =6

Strip 4

12

Strip 4

16

Strip 4

12

Strip 4

16

NUMBER OF

STIRRUPS =13

GROUND TIE BEAMS

Strip 1

2

0.888

Strip 1

2

0.888

Strip 1

0.888

Strip 1

0.888

Strip 1

0.888

Strip 1

1.579

Strip 1

1.579




Strip 1

16

NUMBER OF

STIRRUPS =70

Strip 2

16

Strip 2

16

Strip 2

16

Strip 2

12

Strip 2

12

Strip 2

12

Strip 2

12

Strip 2

12

NUMBER OF

STIRRUPS = 54

Strip 3

16

Strip 3

16

Strip 3

16

Strip 3

12

Strip 3

12

Strip 3

12

Strip 3

12

Strip 3

16

NUMBER OF

STIRRUPS =44

Strip 4

16

Strip 4

16

Strip 4

16

Strip 4

12

Strip 4

12

Strip 4

12

Strip 4

12

NUMBER OF

STIRRUPS = 32

Strip 5

16

Strip 5

12

NUMBER OF

STIRRUPS = 24




Strip 6 12

Strip 6 16

NUMBER OF STIRRUPS =8

TOTAL WEIGHT OF & 12 WITHOUT TIE GROUND BEAM (ONE STORY TYPICAL)
=403.01 kg

TOTAL WEIGHT OF @ 16 WITHOUT TIE GROUND BEAM (ONE STORY TYPICAL)
=193.43kg

TOTAL WEIGHT OF @ 12 FOR ROOF =281.48 kg

TOTAL WEIGHT OF @ 16 FOR ROOF =86.85 kg

TOTAL WEIGHT OF @ 12 TIE GROUND BEAMS =245.43 kg

TOTAL WEIGHT OF @ 16 (KG) TIE GROUND BEAM=336.02KG

TOTAL NUMBER OF STIRRUPS ® 8 WITHOUT TIE GROUND BEAM (ONE STORY
TYPICAL) =211

TOTAL NUMBER OF STIRRUPS ® 8 ROOFS =183

TOTAL NUMBER OF STIRRUPS @ 8 TIE GROUND BEAMS=232

TOTAL WEIGHT OF @ 12 (KG) WITHOUT TIE GROUND BEAM (TYPICAL ALL
BUILDING WITH STAIRS) =1612.04 kg = 1.61 ton

TOTAL WEIGHT OF @ 16 (KG) WITHOUT TIE GROUND BEAM (TYPICAL ALL
BUILDING WITH STAIRS) =773.72 kg

TOTAL NUMBER OF STIRRUPS ® 8 WITHOUT TIE GROUND BEAM (TYPICAL ALL
BUILDING WITH STAIRS) =844

TOTAL WEIGHT OF @ 16 FOR ALL BUILDING BEAMS=1109.74 kg = 1.11 ton

TOTAL WEIGHT OF @ 12 FOR ALL BUILDING BEAMS=1857.47 kg = 1.86 ton

TOTAL NUMBER OF STIRRUPS @ 8 FOR ALL BUILDING BEAMS=1076

Length of the Stirrups (®8) = 15+55+15+55+8+8= 156 cm = 1.56 m

Wit/m (kg/m) for (®8) = 0.395 kg/m, 0.395*1.56= 0.6162 kg, 0.6162*1076 = 663.04 kg

TOTAL WEIGHT OF @ 8 FOR ALL BUILDING BEAMS=663.04 kg

COST OF @ 16 FOR BEAMS = 1.1 *590 = 649 JOD

COST OF @ 12 FOR BEAMS =1.86*590 = 1097.4 JOD

COST OF @ 8 FOR BEAMS =0.66304*610 = 404.45 JOD




3% Quantity and Cost of Concrete:
Table 9.5: Quantity and Cost of Concrete for beams

Strip B,,(m) D(m) Length (m) | Volume of Concrete (m3)

TYPICAL

Strip 1 . 0.6

Strip 2 . 0.6

Strip 3 . 0.6

Strip 1 . 0.6

Strip 2 . 0.6

Strip 3 . 0.6

Strip 4 . 0.6

Strip 5 . 0.6

Strip 6 . 0.6
STAIRS B

Strip 1 . 0.6 2.3

Strip 2 . 0.6 5.2

Strip 3 . 0.6 2.3

Strip 4 . 0.6 5.2

GROUND TIE BEAMS

Strip 1 0.2 0.6 25.6 3.07

Strip 2 0.2 0.6 25.6 3.07

Strip 3 0.2 0.6 19 2.28

Strip 4 0.2 0.6 19 2.28

Strip 5 0.2 0.6 6 0.72

Strip 6 0.2 0.6 2 0.24

VOLUME OF CONCRETE FOR ALL TYPICAL AND STAIRS BEAMS = 29.28 m?3

VOLUME OF CONCRETE FOR ROOF BEAMS = 8.83 m3

VOLUME OF CONCRETE FOR ALL GROUND TIE BEAMS = 21.4 m?3

VOLUME OF CONCRETE FOR ALL BUILDING BEAMS =59.51 m?3

COST OF CONCRETE FOR BEAMS = 59.51*52=3094.52 JOD




9.2 Quantities and Costs of Slabs

In this section, we will calculate the quantities and cost of concrete and Rebar, that
used in Slabs.

Y

)

s S

2
TOTAL AREA = 523.9% m? TOTAL AREA - 206.38 m

Figure 9.5: top view of slab in typical and roof

% Quantity and Cost of Concrete:

Table 9.6: Quantity and Cost of Concrete for slabs

NUMBER OF TOTAL AREA THICKNESS Volume of
SLAB (m?) Concrete (m3)

TYPICAL SLABS

4 | 523.94 | 0.25 | 523.94

ROOF SLAB

1 | 206.38 | 0.25 | 51.595

VOLUME OF CONCRETE FOR ALL BUILDING SLABS =575.535 m3

COST OF CONCRETE FOR ALL BUILDING SLABS =575.535*52=29927.82 JOD




% Quantity and Cost of Rebar:

Table 9.7: Quantity and Cost of Rebar for slabs

TOTAL
AREA (m?)

NO OF Bar/m

NUMBER

Wit/m(kg/m)

Total Weight
(ka)

Top (-ve) Rein

forcement

TYPICAL

523.94

6012

4

22332.419

ROOF

206.38

5012

1

1832.655

Bottom (+ve) Re

inforcement

TYPICAL

6012

4

22332.419

ROOF

5012

1

1832.655

Around Columns, Top (-ve)

9014

37

2514.15

Around opening

LENGTH
(m)

RINFORCMENT

NUMBER

Wt/m(kg/m)

Total Weight
(kg)

3

40920

4

2.466

1183.68

3

25020

5

2.466

924.75

5.3

10920

5

2.466

653.49

CHAIR REBAR

SLAB

LENGTH
(m)

RINFORCMENT

NUMBER

Wt/m(kg/m)

Total Weight
(kg)

TYPICAL

0.75

524012

4

0.888

1395.936

ROOF

0.75

207012

1

0.888

137.862

TOTAL WEIGHT OF @ 12 FOR ALL SLABS=49863.946 kg=49.87 ton

TOTAL WEIGHT OF @ 14 FOR ALL SLABS =2514.15kg=2.52 ton

TOTAL WEIGHT OF @ 20 FOR ALL SLABS =2762.92kg=2.77ton

TOTAL COST OF ® 12 FOR ALL SLABS=49.87*590 = 29423.3 JOD

TOTAL COST OF @ 14 FOR ALL SLABS=2.52*590= 1486.8 JOD

TOTAL COST OF ® 20 FOR ALL SLABS = 2.77*590= 1634.3 JOD

Length of chair rebar= 40cm + 2h

h= thickness of slab - 4d — cover -curve = 25-4*1.2-2-1 = 17.2 cm

Length of chair rebar= 40 + (2*17.2) = 74.4cm = 75 cm

Length of chair rebar=75cm =0.75m




9.3 Quantities and Costs of Columns & Shear wall

In this section, we will calculate the Quantities and Cost of Concrete and Rebar, that
used in Columns and shear wall.

i

Figure 9.7: Structure columns and shear

B s B s

Figure 9.6: Structure columns and shear

walls in typical walls in roof

3% Quantity and Cost of Concrete, Rebar & Stirrups:

= There are two types of column Ties:
e 6 legged Ties

| |
[ l

10*d = 10*10 =  ¢——
100mm = 10cm ®
72*17 cm <

1722 cm <

7 72*22 cm

30 cm

) ) ® [
|_<
clear cover 40mm

Figure 9.8: column Ties (6 legged Ties)

Standard Ties

Figure 9.9: column Ties (Standard Ties)
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Table 9.8: Quantities and Cost of Concrete and Rebar for columns and shear walls

CONCRETE

COLUNMS

STORY NAME: FIRST STORY

COLUNM DIMENTION (cmXcm)

LENGTH
(M)

NUMBER

CONCRETE VOLUM

80X30

6

6

60X40

6

12

60X25

6

4

STORY NAME: TYPICAL

STORYES

80X30

3.5

18

60X40

3.5

36

60X25

3.5

12

6.3

STORY NAME: FINAL STORY (ROOF)

80X30

4

4

3.84

60X20

4

4

1.92

40X20

4

2

0.64

60X40

4

2

1.92

TOTAL CONCRETE VOLUM (m3) FOR ALL BILDUING COLUMNS = 89.5 m?

TOTAL COST OF CONCRETE FOR COLUMNS = 89.5*52 = 4654 JOD

SHEAR WALL

STORY NAME: FIRST STORY

SHEAR WALL DIMENTION
(cmXcm)

LENGTH
(M)

NUMBER

CONCRETE VOLUM
(m®)

240X30

6

2

8.64

200X30

6

6

21.6

150X30

6

4

10.8

STORY NAME: TYPICAL

STORYES

240X30

3.5

6

15.12

200X30

3.5

36

75.6

150X30

3.5

16

25.2

STORY NAME: FINAL STORY (ROOF)

200X30

4

5

12

150X30

4

1

1.8

LIFT

890X30

\ 20.5

54.735

TOTAL CONCRETE VOLUM (m3) FOR ALL BILDUING SHEAR WALL = 225.495 m?

TOTAL COST OF CONCRETE FOR SHEAR WALL = 225.495*52=11725.74 JOD

REBAR

COLUNMS

REAINFORCMENT

REAINFORCMENT FOR EACH
COLOUMN

LENGTH(M)

NUMBER

Total
Weight
(kg)

Wt/m(kg/m)

12016

20.5

45

1.579

17479.5

816

20.5

15

1.579

3884.34

12016

16.5

40

1.579

12505.68

TOTAL WEIGHT OF @ 16 FOR ALL BUILDING COLUNMS=33869.52kg=33.87ton

TOTAL COST OF @ 16 FOR ALL BUILDING COLUNMS =33.87*590=19983.3 JOD
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TIES
TIES DIMENTION (cmXcm) LENGTH(M) | NUMBER | Wt/m(kg/m) |  Total

OF TIES (@10) Weight
(kg)

6 LEGGED TIES
STORY NAME: 15t STORY
72X22 2.08 180 231
52X32 1.88 360 4175856
52X17 1.58 120 116.9832
STORY NAME: TYPICAL STORYES
72X22 2.08 324 415.8086
52X32 1.88 648 751.65
52X17 1.58 216 134.852
STORY NAME: FINAL STORY (ROOF)
72X22 2.08 80 102.67
52X12 1.48 80 73.053
32X12 1.08 40 26.65
52X32 1.88 40 26.65
STORY NAME: 18t STORY
72X17 1.78 180 197.687
52X17 1.38 360 306.526
STORY NAME: TYPICAL STORYES
72X17 1.78 324 355.84
52X17 1.38 648 551.77
STORY NAME: FINAL STORY (ROOF)
72X17 1.78 80 87.86
52X17 1.38 40 34.06
STORY NAME: 1t STORY
22X17 0.78 180 86.627
32X17 0.98 360 217.678
STORY NAME: TYPICAL STORYES
22X17 0.78 324 155.931
32X17 0.98 648 391.82
STORY NAME: FINAL STORY (ROOF)
22X17 0.78 80 38.50
32X17 0.98 40 24.187
STANDARD TIES
STORY NAME: 1 STORY
52X17 | 1.38 | 120 | 0617 | 10218
STORY NAME: TYPICAL STORYES
52X17 \ 1.38 | 216 | 0617 | 183.92
TOTAL WEIGHT OF & 10 FOR ALL BUILDING TIES FOR COLUMNS =5031.48 kg=5.04 ton
COST OF ® 10 FOR COLUMNS = 5.04*618 = 3109.46 JOD
SHEAR WALL
HORIZONTAL STEEL
STORY NAME: 15t STORY
NAME OF | REAINFORCMENT | LENGTH(M) | NUMBER | Wt/m(kg/m) | Total
SHEAR FOR EACH SHEAR Weight
WALL WALL (kg)
Swi 8010 . 118.464




SW2 8012 2.4 0.888 170.496
SW3 8012 1.5 0.888 213.12
SW4 8012 2 0.888 426.24
SW5 8012 2 0.888 284.16
SW6 8012 2 1 0.888 142.08
STORY NAME: 2" & 3" STORYES
SWi1 47010 2.4 1 0.617 69.598
SW2 47012 2.4 0.888 100.167
SW3 47012 1.5 0.888 125.208
SW4 47012 2 0.888 250.416
SW5 47012 2 0.888 166.944
SW6 47012 2 0.888 83.472
Y NAME: 4" STORY
SwWi1 35010 2.4 0.617 51.828
SW2 35012 2.4 0.888 74.592
SW3 35012 1.5 0.888 93.24
SW4 35012 2 0.888 186.48
SW5 35012 2 0.888 124.32
SW6 35012 2 0.888 62.16
ROOF STORY
SW3 40012 1.5 0.888 53.28
SW4 40012 2 0.888 142.08
SW5 40012 2 0.888 142.08
SW6 40012 2 0.888 71.04
LIFT
SW7 144018 8.9 1 1.998 2560.64
TOTAL WEIGHT OF @ 10 FOR SHEAR WALL HORIZONTAL STEEL =239.89 kg
TOTAL WEIGHT OF @ 12 FOR SHEAR WALL HORIZONTAL STEEL =2911.548 kg
TOTAL WEIGHT OF @ 18 FOR SHEAR WALL HORIZONTAL STEEL =2560.64 kg
TOTAL COST OF @ 10 FOR SHEAR WALL HORIZONTAL STEEL=148.252 JOD
TOTAL COST OF @ 12 FOR SHEAR WALL HORIZONTAL STEEL =1717.814 JOD

TOTAL COST OF @ 18 FOR SHEAR WALL HORIZONTAL STEEL =1510.778 JOD
VERTICAL STEEL

STORY NAME: 1tSTORY

SwWi1 473.472
SW2 473.472
SW3 591.84

SW4 1242.864
SW5 828.576
SW6 414.288
SW7 (LIFT) 462.48

SW7 (LIFT) 6 1 1035.72
STORY NAME:2"d & 3" STORYES
SW1 3.5 2 353.696
SW2 3.5 2 353.696
SW3 3.5 4 442.12
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SW4 28018 3.5 1.998 1762.236
SW5 28020 3.5 2.466 966.672
SW6 289018 3.5 1.998 391.608
SW7 (LIFT) | 2025 3.5 3.854 539.56
SW7 (LIFT) | 70018 3.5 1.998 979.02
Y NAME
SW1 32014 3.5

SW2 32116 3.5

SW3 2016 3.5

SwW4 28114 3.5

SW5 28014 3.5

SW6 28d14 35

SW7 (LIFT) | 20d25 3.5

SW7 (LIFT) | 70d014 3.5
ROOF STORY
SW3 20016 1.579 126.32
Sw4 28d14 1.208 270.592
SW5 28014 1.208 270.592
SW6 28914 1.208 135.296
SW7 (LIFT) | 20025 3.854 308.32
SW7 (LIFT) | 70014 4 1 1.208 338.24
TOTAL WEIGHT OF ® 14 FOR SHEAR WALL VERTICAL STEEL =2156.27 kg

TOTAL WEIGHT OF ® 16 FOR SHEAR WALL VERTICAL STEEL =1673.74 kg

1.208 135.296
1.579 176.848
1.579 221.06
1.208 355.152
1.208 236.768
1.208 118.384
3.854 269.78
1.208 295.96

RIRRINWIN| Rk

TOTAL WEIGHT OF @ 20 FOR SHEAR WALL VERTICAL STEEL =6026.904 kg
TOTAL WEIGHT OF @ 25 FOR SHEAR WALL VERTICAL STEEL =1580.14 kg
TOTAL COST OF @ 14 FOR SHEAR WALL VERTICAL STEEL =1272.20 JOD

TOTAL COST OF @ 16 FOR SHEAR WALL VERTICAL STEEL =987.51 JOD
TOTAL COST OF @ 20 FOR SHEAR WALL VERTICAL STEEL =3555.88 JOD
TOTAL COST OF @ 25 FOR SHEAR WALL VERTICAL STEEL =948.24 JOD




9.4 Quantities and Costs of Foundation

In this section, we will calculate the Quantities and Cost of Concrete and Rebar, that
used in Foundation.

% Quantity and Cost of Concrete:

Table 9.9: Quantity and Cost of Concrete for foundation

TOTAL AREA THICKNESS Volume of Concrete (m3)
(m?)
633.589 0.5 316.80
VOLUME OF CONCRETE FOR FOUNDATION = 316.80 m?3
COST OF CONCRETE FOR FOUNDATION = 316.8*53 = 16790.4 JOD

% Quantity and Cost of Rebar:
Table 9.10: Quantity and Cost of Rebar for foundation

(X1Y) Length Reinforcement | Wt/m(kg/m) | Total
Direction weight

(kg)

Top (-ve) Reinforcement
133016 1.579 5019.17
120016 1.579 5023.12

Bottom (+ve) Reinforcement

133016 1.579 5019.17

12016 1.579 5023.12
UNDER THE COLOUMN

15022

15022
BEND

LENGTH | RINFORCMENT | Wt/m(kg/m) Total weight (kg)
(m)
0.72 948016 1579 1077.77

TOTAL WEIGHT OF @ 16 FOR FOUNDATION =21163kg=21.163ton

TOTAL WEIGHT OF @ 22 FOR FOUNDATION =895.2 kg

TOTAL COST OF @ 16 FOR FOUNDATION =21.163*590=12487 JOD

TOTAL COST OF @ 22 FOR FOUNDATION =0.8952*590=528.2 JOD




9.5 Quantities and Costs of Stairs

Figure 9.10: staircase modeling using ETABS 1 Figure 9.11: staircase modeling using ETABS 2

In this section, we will calculate the Quantities and Cost of Concrete and Rebar, that
used in Stairs.

% Quantity and Cost of Concrete:

mmzf IR IR IR I I I I I I I I I I I TIIS
AR S Y =7 AL

Figure 9.12: roof stair section

Sample of Calculation:
we will take a roof as a sample of calculation

Waist Length = v3.92 + 2.12 = 4.43m

Thickness of Waist (we showed detailed of how to find thickness in stair section) =
0.185m

Volume of concrete for Roof Waist = b*L*h = 0.185*4.43*1.2 = 0.98 m3

Volume of concrete for Typical Waist = b*L*h = 0.185*3.11*1.2 = 0.69 m3

Volume of concrete for first story, first flight Waist =b*L*h=0.185*0.45*1.2= 0.1 m3
Volume of concrete for First story Waist = b*L*h = 0.185*3.04*1.2 = 0.67 m3
Volume of concrete for entrance Waist = b*L*h = 0.185*0.45*2.5 = 0.21 m3
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= Volume of concrete for 1 step = % *0.30*0.15*1.2= 0.027m3

= volume of concrete for each flight = 11*0.027 = 0.297 m3
= volume of concrete for each landing = 0.96*1.2*0.185 = 0.213 m3

Table 9.11: Quantity and Cost of concrete for staircases

NUMBER IN ALL PROJECT | VOLUME OF ONE ELEMNT | TOTAL VOLUME
(m?)
LANDING
0.475
WAIST
ROOF 4 0.98
Typical 1 0.69
first flight 2 0.1
First story 4 0.67
Entrance 1 0.21
STEPS
ROOF 54 0.027
Typical 132 0.027 3.564
First flight 6 0.027 0.162
First story 56 0.027 1.512
Entrance 3 0.08 0.24
TOTAL VOLUME OF CONCRETE FOR STAIRS = 26.912 m3
TOTAL COST OF CONCRETE FOR STAIRS = 26.912*52= 1399.424 JOD

% Quantity and Cost of Rebar
Table 9.12: Quantity and Cost of Rebar for staircases

REAINFORCMENT | LENGTH(m) | NUMBER Wt/m(kg/m) | Total Weight

(kg)
LANDING
18d16 2.7 22 1.579 1688.27

7016 0.96 22 1.579 233.44

WAIST & STEPS
DISTRIBUTION REAINFORCMENT
ROOF 22010 1.2 4 0.617 65.16

Typical 16010 1.2 12 0.617 142.16
First flight | 3d10 1.2 2 0.617 4.44
Firststory | 15010 1.2 4 0.617 44.42
Entrance 3d10 2.5 1 0.617 4.63
ADDITIONAL REAINFORCMENT

®8 FOR EACH STEP 1.2 251 0.395 118.97
®d8 FOR EACH STEP 0.9 251*8= 2008 0.395 713.844

MAIN REAINFORCMENT
ROOF 8016 443 4 1.579 223.839

Typical 8d16 3.11 12 1.579 471.426
First flight | 816 0.45 1.579 11.369
First story 8d16 3.04 1.579 153.605
Entrance 8d16 0.45 1.579 5.685




TOTAL WEIGHT OF @ 16 FOR ALL STAIRCASE = 566.92 kg

TOTAL COST OF @ 16 FOR ALL STAIRCASE = 0.56692*590 = 334.483 JOD

TOTAL WEIGHT OF @ 10 FOR ALL STAIRCASE =514.59 kg

TOTAL COST OF @ 10 FOR ALL STAIRCASE = 0.51459*618= 318.02 JOD

TOTAL WEIGHT OF @ 8 FOR ALL STAIRCASE =654.35 kg

TOTAL COST OF ® 8 FOR ALL STAIRCASE = 0.65435*610 = 399.154 JOD

9.6 Final Cost and Quantities Estimating

Table 9.13: Final Cost and Quantities

Rebar (@)

Total Weight (ton)

TOTAL COST (JOD)

d8

1.32

805.2

@10

6.02

3719.94

D12

58.68

34640.29

14

3.99

2354.758

d16

57.19

33732.173

®18

4.77

2814.552

®20

4.76

2812.23

®22

0.9

528.2

D25

1.58

948.084

TOTAL

139.21

82355.427

Concrete (F'c)

Total Volume (m3)

TOTAL COST (JOD)

28

976.952

50801.504

30

316.8

16790.4

TOTAL

1293.752

67591.904

Total Estimate Cost of the Rebar & Concrete of the Project = 149947.331 JOD
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Appendix A : Detailed drawings

Structural Plan

Figure A.2: Structure Plans 2




Figure A.3: Structure Plans 3
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Figure A.5: Structure Plans roof

DCAal

Figure A.6: Structure Plans tie beam




Appendix B : Design Aids

The Direct Design method is proposed by concrete institute for the analysis
of design of one-way slab as well as two-way slabs. This technique uses
various coefficients to determine the positive and negative moment acting
on the slab. This method is analogous to the method that is used for the

design of beams under loading.

% The conditions that must be fulfilled before applying direct design
method are as follows:

* The shape of the panels must be rectangular,
» The dead load must be at least two times greater than the live load,

* The length of the consecutive span should be not vary more than the
one third of the longest span amount, and The loading must be of

uniformly distributed nature.

The direct design method has following limitations:
* It is necessary to have minimum three continuous spans. In case of

dissatisfaction of the conditions, the interior moment will tend to zero.

* Panels used must be rectangular in shape. The value of longer span

divided by shorter span should not be more than 2.

* Successive span lengths should not reduce or increase, more than the

value given by one third of the longest span.
 Column offset must not be more than 10% of the span.

* The direct design method is only implemented, when the gravity loads

case are acting on the slab.




