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ABSTRACT

The development of technology and design procedures of modern tall building that
started in 1880s, now reached to an advanced level, particularly with the use of software
available for design and construction of tall buildings. The sophisticated structural
systems high accuracy is possible to obtain. Besides the main structural system,
selection of an appropriate floor framing system is essential to determine the overall
economy of the building. The efficiency of buildings using same material with the same

height is measured by the weight per unit floor area of it.

The focus of this project is to analyze the most optimum two-way concrete floor framing
system, supporting largely spaced columns for tall buildings, especially public gathering
buildings. Four types of floor framing systems were analyzed. Optimum in this context
refers to the optimum deflection satisfying the permissible deflection range. Besides,
cost effectiveness with minimum floor thickness fulfilling the head room specified is

also taken into consideration.

The grids of the slabs analyzed are 12m x 12m, 15m x 15m and 18m x 18m, while the
types of floor framing systems analyzed are conventional beam-slab system, flat plate,
waffle slabs and the post-tensioned flat slabs. The conventional beam-slab system acts
as the bench mark for comparison. Computer modeling using STAAD.Pro 2002 was
carrted out. Two life load conditions, which are the normal floor and mechanical floor,
with two life load patterns were modeled. The results were analyzed and the most
optimum floor framing system was determined. The controlling parameters in
determining the optimization of the floor framing system are the maximum deflection,
the slab thickness, the floor headroom, the cost and the construct ability of the structure.
With this analysis, the most optimum floor framing system can thus be applied for
design of tall buildings with slabs supported by largely space columns in the future.

Recommendations were given at the end of the report for further study of this project.

III



ACKNOWLEDGEMENT

First of all, the author would like to take this opportunity to express her sincere gratitude
to her supervisor, A. P. Dr. Nasir Shafiq for his constant supervision and guidance

besides sharing his knowledge and experience throughout the project.

The author also would like to thanks Mr. Lim Tock King, Design Manager of VSL
Engineering (M) SDN. BHD. for his help in carrying out the design of post-tensioned
flat slab of 12m span. As well, the author would like to express her gratitude to Mr.
James Ng from RAM International for his help in carrying out the post-tensioned flat
slab of 12m, 15m and 18m spans. The time and effort spend by both of them are greatly

appreciated.

Throughout the project, the author also gets help and assistant from the UTP Civil
Engineering Department technicians. The gratitude also goes to Ms. Hazlina Binti
Mohd. Hanif, Mr. Syariman, Mr, Johan Ariff B. Mohamed and Mr. M Zaini Isman @
Hashim for being kind and helpful in assisting the author to complete the project.

The last but not least, the author also would like to thank Dr. Shamsul Rahman Kutty,
the Civil Final Year Project Coordinators for giving the author and the rest of the final
year civil students advises and guidance on the academic issues relating the final year
project. Not forgetting those who had directly and indirectly aid the author in carrying

out and completing this project.

vV



TABLE OF CONTENTS

CERTIFICATION OF APPROVAL . . 1
CERTIFICATION OF ORIGINALITY. ......... . — | |
ABSTRACT . " JII
ACKNOWLEDGEMENT..... . v
TABLE OF CONTENTS....... " A%
LIST OF FIGURES ...coocsueeererineserirsssensas viI
LIST OF TABLES ..cuceeereeerenscrnnererssssnssnsns . A\2111
LIST OF APPENDICES.....ccoonurenn. S VIII
CHAPTER 1: INTRODUCTION.....oeosenune 1
1.1 BACKGROUND 1.ocvivvvitteiirivee it ittt e seseeesaneeaaerssaaeessanseesesansssseasnsssssssessssssssasesaseserssenses 1
1.2 PROBLEM STATEMENT ..viiiiiveesiisseetesssssessessenssseasesessasersaseasrsassssrssssasassssessessessssenssss 2
1.3 OBJIECTIVES AND SCOPE OF STUDY .eovicitiieiiieiisevcoreessasersessesesssssessssssessssorssesssseseses 2
1.3.1 OBJECHIVES ...ovvcveriiieerectrerer s et snen s s e bbb en e 2
1.3.2.560P€ O STUAY «..cov oottt 2
CHAPTER 2: LITERATURE REVIEW AND THEORY . wed
2.1 FLOOR FRAMING SYSTEM . uiiiiiirieiitreieiosreseessietriesoaeesesaeeesssesseesassssersssssssrasssseesesssnes 4
2.1.1 Two-way Reinforced Slabs Supported by Beams ...............cccveeeeveevrivvvevneennn. 5
2.1.2  Two-way Flat Plate FIOOF SYSIEM........ccoovvveveciiiciniiereir e enns 6
2.1.3 Waffle (Two Way) FIOOF SYSIEMI ...cccuveeeeriieeeieeeeisit ettt 7
2.1.4  Post Tensioning FIOOF SYSIEM........cccouurioreorivcessireeieinesiin e eses s 8

2.2 DESIGN CRITERIA ....oiieoieeees e e i eeeeeeetseseeectneseeeeseressseesesssssrsssssssessseressnsssssssssaes 9
22,1 DEfleCHion .....ouovciiiiiciiiiiiiicecceeee et e 9
CHAPTER 3: METHODOLOGY/ PROJECT WORK e 11
3.1 PROTECT MANAGEMENT .....vvvvveiissisiesseessssrresesisisneesssaseseseseesesssssnsssssrererrrssserees 11
3.2 DESIGN STANDARDS AND CODE OF PRACTICE «.uvvevviiieiseieeserseieerssssescennssesssssenns 11
3.3 PROJECT WORK c.ctteiiiiviritiiiisirrsssenmneeesesssassstseeassesesssssnnteessssssssssnsesessssssssssressmmnns 11
34 STRUCTURAL LOADING cevtiiisiristrrviresterseseeessssseeassnsssesesssssesnsssseesssssssssssrssssssssns 15
3.5 MATERIAL PROPERTIES .1vetiiiiiviirersresesssisiertessesessssnesnsesssesassnssesesessassssssessssroses 16
3.6 TOOLS et icetet et r e e seerceesasstee s e e sireeseaee bee e rnneesen sbneanesasnenssesnnessassessessreess i6
CHAPTER 4: RESULTS AND DISCUSSION..... . 17
4.1 SLAB THICKNESS AND DEFLECTION ..vvvueviersistreeseeeeeseeeeesereaseeseesssseserssessasenses 17
4.2 SLAB THICKNESS AND ACTUAL WEIGHT OF THE STRUCTURE .ovveeeeveeeeeesssseeeas 22
43 AREA AND EFFICIENCY OF THE FLOOR FRAMING SYSTEM «.veveviiiereeestreerseseeeess 23



A COST ettt s e ra s bbbt tss s b s e s ersnsasans 27

4.5 EFFECT OF LIVE LOAD PATTERNING ....corvvvuiriireerieriaemsseeesssersesssssessemeessssnencennas 3
4.4.1 Thickness and Deflection .............cccvmmorrniiicennniee e i erenas 31
4.4.2 Weight and EffiCiency..........c.coouemimnimrininseieceie st ssisses st ssese e 36

4.6 OTHERS ... cccereiciesrirtseninreststesresseessesssrerseseesessssesssasssessesessons eestessoneesssmseessoreses 41

CHAPTER 5: CONCLUSION AND RECOMMENDATION 42
S L CONCLUSION w1t ttvitiireeerirerseeisesseseneesessesssssaesssesssssenttsnnessssnsessessssssssnsessssssessssssensens 42
5.2 RECOMMENDATION .....uvitvirtireerressresseeesssesssersesssesesnessssesesssensessmssssssessssssassssssessens 43

REFERENCES...... . —

APPENDICES.......... . .45

Vi



Figure 2.1:
Figure 2.2:
Figure 2.3:
Figure 3.1:
Figure 3.2:
Figure 3.3;
Figure 4.1:
Figure 4.2:
Figure 4.3:
Figure 4.4
Figure 4.5:
Figure 4.6:
Figure 4.7:
Figure 4.8:
Figure 4.9

LIST OF FIGURES

Two-way Slabs Supported by Beams.

Flat Plate.

Arrangement of Waffle Slabs: (a) as a flat slab; (b) as a two-way slab.
Typical Arrangement of Columns in Two-way Spanning Slabs.

Live Load Pattern 1.

Live Load Pattern 2.

Slab Thickness vs. Slab Span for Case 1.

Slab Thickness vs. Slab Span for Case 2.

Efficiency of Floor Framing System vs. Slab Span for Case 1.

Efficiency of Floor Framing System vs. Slab Span for Case 2.

Cost per Square Meter of Floor Framing System vs. Slab Span for Case 1.
Cost per Square Meter of Floor Framing System vs. Slab Span for Case 2.
Effect of Live Load Patterning on Slab Thickness for Case 1.

Effect of Live Load Patterning on Slab Thickness for Case 2.

Effect of Live Load Patterning on Efficiency of Floor Framing System for

Case 1,

Figure 4.10: Effect of Live Load Patterning on Efficiency of Floor Framing System for
Case 2.

VII



LIST OF TABLES

Table 4.1: Short Term and Long Term Deflection of Slabs (to BS 8110).

Table 4.2: Thickness and Deflection of Floor Framing Systems for Case 1.

Table 4.3: Thickness and Deflection of Floor Framing System for Case 2.

Table 4.4: Thickness and Weight of Floor Framing System for Case 1.

Table 4.5: Thickness and Weight of Floor Framing System for Case 2.

Table 4.6: Area and Efficiency of Floor Framing System for Case 1.

Table 4.7: Area and Efficiency of Floor Framing System for Case 2.

Table 4.8: Cost of Floor Framing System for Case 1.

Table 4.9: Cost of Floor Framing System for Case 2.

Table 4.10: Effect of Live Load Patterning on Thickness and Deflection of Slab (Pattern
1).

Table 4.11: Effect of Live Load Patterning on Thickness and Deflection of Slab (Pattern
2). |

Table 4.12: Effect of Live Load Patterning on Thickness and Deflection of Slab (Pattern
1).

Table 4.13: Effect of Live Load Patterning on Thickness and Deflection of Slab (Pattern
2).

Table 4.14: Effect of Live Load Patterning on Weight and Efficiency of Slab (Pattern 1).

Table 4.15: Effect of Live Load Patterning on Weight and Efficiency of Slab (Pattern 2).

Table 4.16: Effect of Live Load Patterning on Weight and Efficiency of Slab (Pattern 1).

Table 4.17: Effect of Live Load Patterning on Weight and Efficiency of Slab (Pattern 2).

LIST OF APPENDICES

Appendix A: Sample Input of 12m x 12m Flat Plate System (STAAD.Pro2002)
Appendix B: Sample Design of 12m x 12m Post-tensioned Flat Slab

VIII



CHAPTER 1: INTRODUCTION

1.1 Background

In conjunction with the growth of modern tall buildings which was started in the 1880s,
more advanced technologies and software are now available for design and construction
of buildings with complex structural system. Besides the main structural system,
selection of an appropriate floor framing system is necessary to determine the overall
economy of the building. The efficiency of buildings constructed of same material
having same height is measured by the weight per unit floor area. The main factor that
affects the selection of the floor system is the architecture input. Besides, the structural
performance of the floor system, such as whether it is to participate in the lateral load-
resisting system is also an important parameter to be considered in selection of floor
framing system. Construct ability and requirement for construction speed play an

equally important role in determining the selection of the buildings’ floor system.

Scarcity of land, especially in rapidly growing cities such as Singapore and Kuala
Lumpur, urges the construction of tall buildings for variety of uses. Currently major
public gathering buildings are in high demand, as compared to few decades ago. Modern
office buildings call for large open floor spaces that offer high flexibility in column
layout and can be subdivided with lightweight partitioning to suit the individual tenant’s
needs. Public gathering buildings, such as the lobby for hotels, airports, gathering halls,
car parks, library and concourse also requires large open floor to accommodate its
intended use. In order to achieve this, the columns supporting the beams and floors are

required to be largely spaced.

Formally, the reinforced concrete slabs supported by beams, the optimum columns are

thus spaced at 6m to 8m grid. Providing beams between columns in certain cases does



give advantageous of stiffening the slab. Such beams will decrease slab deflections and
so permit longer spans with thinner slab sections [1]. The use of beams greatly reduces
the problems of shear and moment transfer between columns and slabs. However, the
large span of slabs with columns layout arranged at 12m, 15m or 18m grid, the beams
require great height, which kills most of the head room and eventually increase the cost
of the structure due to the self-weight imposed by the large sized beams. Thus,
feasibility of other beamless floor systems is extensively studied in order to achieve

overall cost effectiveness for the buildings.

1.2 Problem Statement

¢ Building floors supported by largely spaced columns, such as, airport concourse
halls, hotel lobbies, etc consist of conventional beam-slab system is not very cost
effective.

* An economically efficient and cost effective floor framing system supported by

largely spaced columns is required to be investigated.

1.3 Objectives and Scope of Study

1.3.1 Objectives

The main objectives of this analytical study are:
* To determine the optimum floor framing system for widely spaced columns
e To determine the optimum column spacing

¢ To determine the effect of live load on the slab thickness and effectiveness of

floor framing systems

* To determine the effect of live load patterning towards the slab thickness

1.3.2 Scope of Study

A great variety of floor framing systems with the construction technology are available
in the market. However, the scope of study of this project is narrowed to four common

floor framing systems, which are the two-way beam-slab system, two-way flat plate



system, waffle slabs and post tensioning slabs system. The column spacing to be studied

is 12Zm x 12m, 15m x 15m and 18m x 18m.



CHAPTER 2: LITERATURE REVIEW AND THEORY

2.1 Floor Framing System

In general, slabs are classified by the way they are supported. One-way slabs are those
slabs supported such that they can bend essentially in one direction only. This means
that the loads are carried effectively in one direction only. Two-way slabs are those
deflect in two directions, and are usually supported by columns arranged more or less in
regular rows. Slabs that carry load by two-way action but without the use of beams are

one of the most efficient structural systems [1].

While floor systems are categorized by the material, which are the reinforced concrete,
steel and hybrid floor framing systems. For reinforced concrete floor systems, there are
one-way slabs on beams or walls, one-way pan joists and beams, one-way slabs on
beams and girders, two-way flat plate, two-way flat slab, waffle flat slabs, two-way slab
and beam, etc., whilst steel floor system inclusive of one-way beam system, two-way
beam system and three-way beam system. However, concrete is arguably the most
important building material. Its virtue is its versatility, durability, as well as high fire

resistant [4].



2.1.1 Two-way Reinforced Slabs Supported by Beams

Figure 2.1: Two-way Slabs Supported by Beams.

Figure 2 Shows a two-way slab supported on beams on all sides of the slab. This system
is a development from beam-and-girder systems. In a beam and girder system, it was
quite easy to visualize the path from load point to column as being from slab to beam to
girder to column, and from this visualization then to compute realistic moments and
shears for the design of all members [6]. This system is still used with heavy timber and
steel frame construction, especially when the column spacing becomes large. Removal

of the beams, except those on the columns lines, results in the two-way slab structure

[6].

The slab spans two ways between orthogonal sets of beams that transfer the load to the
columns or walls. The two-way system allows a thinner slab and is cconomical in
concrete and reinforcement. It is also compatible with a lateral load-resisting rigid-frame
structure. The maximum length-to-width ratio for a slab to be effective in two directions

is approximately 2,



2.1.2 Two-way Flat Plate Floor System

Without drop With drop
panels panels/ flat
slab

Figure 2.2: Flat Plate.

It is a uniformly thick, two-way reinforced slab, The load of this slab is transferred
directly to the supporting columns or individual short walls without the aid of beams or
capitals or drop panels. In the ordinary reinforced form, it can span up to 8m. With drop
panel, the slab span can extend to 8.5m to 10m [1]. For post tensioned flat plate, its span

can extend up to 11m [2].

_Its simplicity makes it the most economical floor system in terms of formwork and
reinforcement, as well as time of construction. Its uniform thickness provides great
flexibility in the arrangement of the supporting columns and partitions or walls and, with
the possibility of using the clear soffit as a ceiling eliminates the costly hung ceiling [2].
This is especially beneficial for high-rise apartment and hotel. All of these results in
minimum story height for specified clear head room [1]. This type of floor system also
gives little obstruction to light and have high fire resistance because there are few sharp
corners where spalling of the concrete might occur. However, flat plates has problem in
transferring the shear at the perimeter of the columns, which means punching at the
columns might happen. This is usually overcome by increasing the column sizes or slab

thickness or use shearheads. The choice between the use of flat slabs (with drop panels)



and flat plates is largely a matter of the magnitude of the design loading and of the span
{61.

2.1.3 Walffle (Two way) Floor System

Figure 2.3: Arrangement of Waffle Slabs: (a) as a flat slab; (b) as a two-way slab.

The waffle slabs may be visualized as a set of crossing joists set at small spacings
relative to the span, which support a thin top slab [6]. This type of floor system is
constructed with ribs in both directions of span. It is formed using temporary or
bermanent shuttering systems while the hollow block floor is generally constructed with
blocks made of fiberglass, metal, clay tile or with concrete containing light-weight

aggregate, tapered at all sides.

The forms, which are of sizes up to 76cm square and up to 50cm deep, provide a
geometrically interesting soffit, which is often left without further finish as the ceiling.

The intervals between the pans form the beam webs, which provide large moment arms



for the reinforcing bars. Removing part of the concrete below the neutral axis of waffle
floor system gives the advantage of reduction in weight without significantly changing
the moment resistance of the floor system [4]). Waffle slabs are generally used in

situations demanding spans larger than perhaps about 10m [6].

2.1.4 Post Tensioning Floor System

Post-Tensioning is a method of reinforcing concrete, masonry, and other structural
elements. The main different of post tensioning with prestressed slabs is that, instead of
stressing the reinforcing inside of large steel buttresses at a manufacturing plant, the
reinforcing is simply installed on the job site after the contractor forms up the structural
member. The reinforcing steel is housed in sheathing or duct that prevents the steel from

bonding to the concrete so that it can be stressed after the concrete cures.

Post-tensioning method of prestressing has the following benefits over the others:

o Allows for a much larger single monolithic pour, eliminates the need for
expansion joints

¢ Allows longer clear spans between supports, thinner slabs, fewer beams and
more slender, dramatic elements

o Slabs are of crack-free, or nearly so, at full service load

o Reduces reflective and surface cracking that can allow the passage of moisture
and termites

e Construction of the member on the job site is possible

e The formwork is simple

e Labor and time saving

e Beneficial for watertight structure as it is crack-free

An example of completed project employing the post tensioning concrete slab is the

Penang Airport in Malaysia, which was designed for three jumbo jets



2.2 Design Criteria

Today the structural design profession is concerned with a limit states philosophy. The
term limit state is used to describe a condition at which a structure or some part of a
structure ceases to perform its intended function. There are two categories of limit states,

strength and serviceability [4].

Strength limit states are based on the safety or load-carrying capacity of structures and
include buckling, fracture, fatigue, overturning, and so on. While serviceability limit
states refer to the performance of structures under normal service loads and are
concerned with the uses and/ or occupancy of structures. Serviceability is measured by
considering the magnitudes of deflections, ¢racks, and vibrations of structures as well as
by considering the amounts of surface deterioration of the concrete and corrosion of the

reinforcing [4].

2.2.1 Deflection

The check for deflection is a very important consideration in slab design and usually
controls the slab depth. Excessive deflections of slabs may cause sagging floors,
ponding on flat roofs, excessive vibrations, ill-fitting doors and windows, and even
interference with the proper operation of supported machinery. Such deflections may
damage partitions and cause poor fitting of doors and windows. The most common type
of deflection damage in reinforced concrete structures is the damage to light masonry
partitions. They are particularly subject to injury due to concrete’s long term creep.
When the floors above and below deflect, the relatively rigid masonry partitions do not
bend easily and are often severely damaged. In addition, deflection may create

discomfort to occupants [4].

The deflection of slabs is discussed in BS 8110: Part 1, section 3.5.7. In normal cases a
strip of slab 1 m wide is checked against span-to-effective depth ratios including the
modification for tension reinforcement set out in section 3.4.6, Table 3.10 and modified

by Table 3.11 of the code. Only the conditions at the center of the span in the width of



slab under consideration should be considered to influence deflection. The ratio for a

two-way spanning slab should be based on the shorter span.
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CHAPTER 3: METHODOLOGY/ PROJECT WORK

3.1 Project Management

The final year project was carried out in two phases, each phase last for one semester. In
phase 1, literature review is the main emphasis. Thorough understanding of the floor
framing systems enables the author to appreciate the project work done. Study of the
software was carried out in the first phase as well, by going though the tutorial exercises

provided in the software.

The planning of the project work is done using Gantt chart. This aids the author to carry
out the project in a more systematic manner. Moreover, the time frame set in the

planning will guide the author in time management while carry out the project.

3.2 Design Standards and Code of Practice

In the design of structure, the following Codes of Practice provide the guide:

BS 8110: Part 1: 1997 — Structural Use of Concrete (Code of Practice for Design and
Construction)

3.3 Project Work

This study was mainly based on computer analysis to determine the efficiency of 4
different floor framing systems using STAAD.Pro 2002 and RAM Concept™. The
above mentioned floor framing systems are the conventional beam-slab system, flat
plate, waffle slab and post tensioned floor framing system. The main loading applied in
the analysis is the gravity load. Uniformly distributed dead load, which is the self-weight
of the structural members and imposed loads of 3.0 kN/ m” (normal floors) and 7.5 kN/
m” (mechanical floors), were applied. The normal floor with imposed load of 3.0 kN/ m?
and mechanical floor with imposed load of 7.5 kN/m? is referred as Case 1 and Case 2

respectively herein after. The floor systems with fixed supports, regular square grids of

11



12m, 15m and 18m spans were developed using the structural software application. The
models were developed by defining the finite elements and dimensions of it. The
material properties and type of supports are defined as well. These models were then
analyzed by finite element analysis. Besides, two live load patterns were also modeled
and analyzed for beam-slab and flat plate systems in order to determine the effect of live

load patterning in the floor framing systems.

The controlling parameters are the maximum deflection, thickness, cost, and story
height of the slab. The controlling head room for each storey is 2.6m. Cost effective in
this context refers to saving in material as well as saving in construction, which includes

the formwork. The design criteria can be summarized as followed:

e The long term deflection of the floor should be controlled at L/ 500 or 25mm.

¢ The optimum floor framing system should be cost effective.

¢ The controlling height of each floor is 2.6m.

e The floor framing system must be functional for its intended purposes and build
able.

e The floor framing system should fulfill the aesthetic requirement of the

architectural input.

Figure 4 shows the typical column arrangement for a 9 square grid floor. The slabs are
basically categorized into 3 types, which is the Type 1, the corner slabs with 2 edges
restrained, Type 2 with 3 edges restrained and Type 3, restrained in all four edges. The
analysis will be carried out for slabs of 12m, 15m and 18m spans (L). For live load
patterning, first pattern was by loading slabs Type 1 and 3 with full live load and leave
slabs Type 2 unloaded; second pattern is by loading slabs Type 2 with full live load and

.the rest leave unloaded (refer to Figure 5 and Figure 6).

12



Type 1 Type 2 Type 1 -
Type 2 Type 3 Type 2 -

-
Type 1 : Type 2 Type 1

Figure 3.1: Typical Arrangement of Columns in Two-way Spanning Slabs.
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No Live Load No Live Load

No Live Load

No Live Load No Live Load

Figure 3.3: Live Load Pattern 2.

Before carrying out the analysis and design work, instruction manual were gone through
thoroughly and tutorial exercises were carried out. The information and knowledge
regarding the existing floor framing system as well as the research papers was found
from Internet and information resource center. This enables the analysis work carried

out with great appreciation.

3.4 Structural Loading

The main structural loading taken into consideration in this project is the gravity load,
which are the dead load and imposed load. The main source of dead load is mainly the
self-weight of the structural members. Imposed load mainly comes from the mechanical

equipment and the buildings’ occupants.

15



The load combination applied in analyzing the models are:
¢ Load Combination 1: 1.0 Dead Load + 1.0 Live Load
e Load Combination 2: 1.4 Dead Load + 1.6 Live Load

(Referring to BS 8110: Part 1, Table 2.1 Load Combinations and values of 4 for the

ultimate limit state)

3.5 Material Properties

Concrete
Young’s Modulus ~ 27.33 kN/ mm® (Grade 35)

Poisson ratio 0.17

Density 23.5616 KN/ m®
Alpha 55x10°
Damping ration 0.05
Reinforcement

High Tensile Deformed Type 2 460N/mm”

3.6 Tools

The above analysis will be done using the available structural software application in the
CBT lab, which is the STAAD.Pro 2002. Finite element analysis is applied in the

modeling and analysis of the floor systems,

16



CHAPTER 4: RESULTS AND DISCUSSION

The controlling short term and long term deflection of the slabs given by BS 8110 is
expressed in the following equations and summarized in Table 4.1.

Ashort term =1./250

Along term =1/500

12

15

18

The data shown below are based on the results of computational models analyzed from
STAAD.Pro 2002 and RAM Concept'™. The following are the discussions of the results
based on the main parameters of the analysis, which includes the slab thickness and
deflection, efficiency, cost, and effects of live load patterning (on the slab thickness and
deflection as well as the efficiency of the floor framing systems) on the floor framing

systems.

4.1 Slab Thickness and Deflection

Table 4.2: Thickness and Deflection of Floor Framing Systems for Case 1.
Jat

17



Table 4.3: Thickness and Deflection of Floor Framing System for Case 2.
Seam- Flat!

12 400 25 400 25 28
15 575 26 575 26 400 41
T 800 27 800 27 ) _

For slab span of normal range (6m to 8m), checking of deflection usually deem not
necessary. This is because deflection is a function of moment. As long as the maximum
moment is designed for deflection, the deflection will normally falls within the
permissible range. However, as the designed floor span increases, control and checking

of deflection is essential.

Excessive deflections of slabs may cause sagging floors, ponding on flat roofs, and even
damage the partitions as well as cause poor fitting of the doors and windows. In
addition, deflections may damage the structure appearance and frighten the occupants of
the building. Clause 3.4.6 in BS 8110: Part 1: 1997 gives the guideline for checking of

deflections.

Table 4.2 shows the thickness and deflection of 4 different types of floor framing
systems, which are the conventional beam-slab system, flat plate, waffle slab and post-
tensioned flat slab system with imposed load at Case 1. While Table 4.3 shows the
thickness and deflection of 3 different types of floor framing systems, which are the
conventional beam-slab system, flat plate and waffle slab system with imposed load at
Case 2. The guideline for long term deflection is controlled at span/ 500. However, due
to the large span, the deflections of conventional beam-slab system and flat plate are

controlled at 25mm (£ 3mm).
It is shown that both conventional beam-slab and flat plate systems having same

magnitude of deflection with the same thickness for both cases. As the span of the slabs

increases, the thickness acquired to control the deflection within the prescribed range

18




increases as well. The above results are expressed in Figure 4.1 and Figure 2 below.
The polynomial lines for conventional beam-slab system and flat plate coincide for both
cases. The relationship of the slab thickness and span is then expressed by the following

equation:

Case 1: y =2.7778x* -16.667x +125

Case 2: y =2.7778x* —16.667x + 200

Extrapolation can be done to determine the thickness of floor with larger span using this
relationship. The relationship of thickness and slab span for post-tensioned flat slab
system for Case 1 is expressed by a linear relationship of y = 20x. In another word, the
thickness of the slab increases linearly with the slab span. Same goes for waffle slab
systermn. The relationship of slab thickness and slab span is related linearly. Extrapolation
was done to obtain the thickness for 18m span slab and it is estimated to be 275mm for

case 1 and 575mm for case 2.

The controlling head room of each floor is set to be at 2.6m with 3.0m height for each
floor. This in another word means that the optimum floor span should not exceed 12m
for conventional beam-slab and flat plate system in both cases. While for both post-
tensioned flat slab and waffle slab system, slab thickness does not impose any setback
for span up to 18m for Case 1. The optimum slab span of waffle slab system for Case 2
(mechanical floor) is limited to 15m. Considering the thickness of the slab as the only
parameter, the performance of waffle slab in Case 1 is way more excellent than other
three systems. However, the depth of the pans required to control the deflection within
the permissible range take up most of the head room and impose great self-weight to the
structure. This leads to non optimum of this floor framing system. Thus, post-tensioned

flat slab system is recommended for slab span up to 18m.
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4.2

Table 4.4: Thickness and Weight of Floor Framing System for Case 1.

Slab Thickness and Actual Weight of the Structure

12 325 11,145.58 325 9,924.14
15 500 25,764.64 500 23,856.15
18 725 53,475.80 725 49,811.52

2 175 2266481 | 240 | 842239
I5 225 44,093.16 300 16,498.53
18 : : 360 28,503.84

| Span, m | Thi eight,

o mme o kN ‘mm - o K o omm o RN
12 400 13,435.76 400 12,214.33 225 24.267.12
15 575 29,215.85 575 27,434.59 400 59,926.43
18 800 59,036.07 800 54,964.60 -

Table 4.4 and Table 4.5 show the data of slab thickness and actual weight for the floor
framing systems. The span and thickness are linearly related with the weight of the
structure. As the slab span increases, the thickness and thus the weight of the structure

increases linearly.

In the previous section, it is shown that the performance of waffle slab is excellent in
thickness wise. However, data above prove that the great depth of the pans in waffle
slabs impose great self-weight to the structure, which eventually lead to non optimum of
the system. From Table 4.4, it can be summarized that the weight of the post-tensioned
flat slab outperforms the other three systems in Case 1. From the previous section, the
performance of conventional beam-slab system and flat plate system is undetermined. A
clearer picture can be seen from the above data that the performance of flat plate is more

excellent than conventional beam-slab system owing to lighter self-weight of flat plate.
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4.3  Area and Efficiency of the Floor Framing System

Table 4.6: Area and Efﬁclency of Floor Framlng System for Case 1.

12 1296 8.60 7.66 1749 6.50
15 2025 12.72 11.78 21.77 8.15
18 2916 18.34 17.08 - 9.77
Table 4.7: Area and Efﬂc1ency of Floor Frammg System for Case 2.

Spunm e T Bealil;Sl’,, T FlatPlate | WatfleSiab
12 1296 10.37 9.42 18.72
15 2025 14.43 13.55 29.59
18 2916 20.25 18.85 -

As mentioned in the Introduction, the efficiency of a floor framing system is measured

by the weight per unit floor area of it. The lower the weight per unit floor area, the more

efficient the floor framing system is. Table 4.6 and Table 4.7 show the area and

efficiency of the floor framing systems. The graphs of weight per unit floor area versus

slab span for Case 1 and Case 2 are plotted and shown in Figure 4.3 and Figure 4.4

respectively.

This parameter concern, post-tensioned flat slab is the most efficient floor framing

system for Case 1. The weight per unit floor area is directly related to the slab span by

the linear equation y = 0.546x -0.0502. It is noticed that the trend of the linear line

shown in Figure 4.3 is very flat. That means the efficiency of this floor framing system

does not drop tremendously with increase of slab span.

As the slab span increases, the weight per unit floor area increases as well. Whereas the

relationship of weight per unit floor arca versus slab span for flat plate system, which

ranked second among the four framing systems, is shown by the following equations:
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Case 1: ¥ =0.0654x" ~0.3926x +2.9447

Case 2 y = 0.0654x* — 0.3928x + 2.9447

It is noticed that the first and third constant of both equations are the same. The beam-
slab system posses the same trend of graph with flat plate system. The efficiency of
beam-slab system is slightly less than the flat plate system. This is because of the beams
which add load to the self-weight of the structure does not function to reduce the
deflection. The beams behave like spring as the floor span increases. The stiffness that

the beams offer is compensated by the self-weight that it imposed.

Waffle slab posses a linear relationship for weight per unit floor area with slab span.
Even though it should give benefits by saving concrete, the large pan dimension
forfeited this benefit of waffle slab. Furthermore, the head room is killed as the
dimensions of the pans increase. This causes the waffle slab to be the least efficient floor

framing system,

24



$¢C

‘1 3se)) J10j uedg qe|s§ "sA mWRISAG Sunmel J00[ ] Jo AOUddLYFY €'§ 2andiyg

(pauoisusyisod) Jesu] = -~ - {q2IS 2ep) ‘Alod » e (81eld 1214) Alod = == {(ge15-weag) Aog o= we=
pouoisuslisod e QEIS SIEM ¥ f1814 1814 geig-weag @
{w) uvedg
6l 81 Ll 9l sl ¥l ) z L
1 1 1 ] 1 | I 1 Do.v
.. -0gge

{20500 - xop50 = £ gzt 994 :

= 4, - 008
. .—..i....... - .... e = e - g e - ibmbi&.
116 &= - .n - e i..a, e T
e L L o
|vvez + xoz6e°0 - pp000 = A 2z e coey
| e
R ,_Mmmog X8£98°0 - X6280°0 = A 008t
LB0LL T ‘m o B L
vEBL® S T
- \ -
e 0002
-
JFRT
- - o

3 - B

— 0042
- leeveo + xsgzvL = 4

- 008z

0°¢ = 11) Ueds ejg "SA Wo)sSAS DUler] J100]] JOo ASUSIoga

(;w IN¥) B2y J00fd Hun AYBIM




9¢

*Z ¥se)) J0J uedg qelS 'SA WISAS Bummea J 100[ ] JO ADUIIYT 'y 2InSL]

13

| (GBIS OWBM) ‘AIOd = —me (GRIS-WEDE) MO = == (O1BId JEI) AO] - ~w QEISOWEM Vv oRIdIEl] ®  qelgwesg o |
(1) ueds
8l b al Gl 7 €l zL n
_ _ _ _ , , , : 00°s
R s 11 000}
Nevew + xoze70 - x¥590°0 = 4 e T e T

S 00°S1

688l = %‘\.. I L L . cL 8L )
TRV A LY +XL28TL - X960 0= A e T 000z

- - i
e 00°'SZ
- \ -
65627 00°0€
- - -
\ -
- 00°se
- - : :
" s -xezege =4

. 000
- 00'SY

§'7 = ) UBdS (E[S SA WI9}SAG BUIWEL] J00[4 JO ADUSIIIg

W /NY) eady Jo0pd Hun Aubiop

ha

(




4.4 Cost

Table 4.8: Cost of Floor ¥Framing System for Case 1.

12 215.00 191.44 437.21 217.44
15 318.08 204.52 544.36 263.84
18 45847 427.05 - 32054

Table 4.9: Cost of Floor Framing System for Case 2.

12 259.18 235.62
15 360.69 338.70
18 506.14 471.23 ;

Table 4.8 and Table 4.9 show the cost of the floor framing systems for Case 1 and Case
2 respectively. The trend of the cost per unit floor area versus the slab span is expressed
graphically in Figure 4.5 and Figure 4.6. The cost calculated based on the cost of

material (concrete, reinforcement bars, and formwork) as well as the labor cost.

From Figure 4.5, it is noticed that the waffle slab system has the greatest cost for each
square meter of floor. The cost increases linearly as the span increases. This is mainly
due to the great amount of material and great labor cost of this floor framing system.
Whereas conventional beam-slab system and flat plate system, the cost increases as a
function of second degree polynomial. However, the cost of flat plate system is lower
than the conventional beam-slab system due to lower cost of material. This shows

consistency with the two parameters discussed previously.

For slab span of 13m and below, flat plate has the lowest cost for Case 1. This in another
word means that flat plate is the most optimum floor framing system for slab span 13m
and below. With span increases above 13m, post-tensioned flat slab system is

economically more efficient. The intersection point of the post-tensioned flat slab and

27



flat plate system occurs at 13.8m. At 12m span, the cost of conventional beam-slab
system and flat platc is less than post-tensioned flat slab system. This is because
handling of post-tensioned slab system requires skilled personnel as well as consultation
from professionals. Besides, cost of post-tensioning and construction is higher as well.

This leads to uneconomical of the slab when the span is low.

For Case 2, the data for post-tensioned flat slab is not available. According to the
available data, flat plate outperform the other two systems and is proven to be more
efficient as compared to the conventional beam-slab system and waffle slab system in

economic sense.
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4.5  Effect of Live Load Patterning

For most instances, the floor will not be fully loaded by the imposed load. In order to
ensure that the structure is not over designed, the effects of live load patterning were
studied. Two live load patterns (refer to Figure 3.2 and Figure 3.3) were randomly

selected and analyzed for conventional beam-slab system and flat plate system.
4.4.1 Thickness and Deflection
Case 1: Imposed Load = 3.0 kN/ m’

Table 4.10: Effect of Live Load Patterning on Thickness and Deflection of Slab
(Pattern 1).

Table 4.11: Effect of Live Load Patterning on Thickness and Deflection of Slab
(Pattern 2).

Case 2: Imposed Load = 7.5 kN/ m’

Table 4.12: Effect of Live Load Patterning on Thickness and Deflection of Slab
(Pattern 1).

12 375 28 | 375 28
15 550 27 575 26
18 800 27 800 27
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Table 4.13: Effect of Live Load Patterning on Thickness and Deflection of Slab

(Pattern 2).

12 375 24 375 24
15 525 27 525 27
18 725 28 725 28

From Table 4.10 and Table 4.11, it is noticed that in order to control the slab deflection
within prescribed range, the live load Pattern 1 does not gives any effect to the slab
thickness, except that the magnitude of deflection is reduce by 1 or 2mm. Table 4.12
and Table 4.13 show the slab thickness and deflection of floor framing system under
live load Patiern 2 for Case 1 and Case 2 respectively. The slab thickness required to
control the deflection within the prescribed range varies from those with fully loaded
and those with live load Pattern 1. Figure 4.5 and Figure 4.6 show the trend and effect
of live load patterning on the thickness of the slabs for Case 1 and Case 2 respectively.

For Case 1, the polynomial lines for conventional beam-slab system and flat plate with
full live load, as well as live load Pattern 1 coincide. This means that the live load
Pattern 1 impose the same effect as when the slab is fully loaded. While the polynomial
lines for conventional beam-slab system and flat plate floor system with live load
Pattern 2 coincide. Therefore, it is shown that the live load patterning has an effect on
the thickness, thus overall economic of the slab system. From Figure 4.5 as well, it is
shown that the live load patterns do not affect the thickness of the slabs at 12m span.
However, as the span increases, the gap between the polynomial lines increases. This
means that the live load patterning is important at span greater than 12m. The maximum
variation occurs at span 18m, which is 50mm between live load Pattern 1 and live load
Pattern 2. Proper study of the live load pattern with real life data input for simulation is

necessary in order to determine the actual pattern of imposed load for design.

For imposed load Case 2, the polynomial lines of conventional beam-slab system and

flat plate system with full live load coincide. The polynomial lines of conventional
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beam-slab system and flat plate system with live load Pattern 2 coincide as well. Both of
the systems having the same magnitude of slab thickness and the trend shows an
increase of thickness with slab span for both live load patterns. This shows consistency
of the analysis with the parameters discussed previously. However, the polynomial lines
of both floor framing systems loaded with live load Pattern 1 is deviated and show a
different trend as those of Case 1. At slab with 12m span, the thickness required to
control the deflection within the prescribed range for both live load patterns are the
same. However, as the span increases, the polynomial lines of both systems for live load
Pattern 1 deviated. The flat plate requires greater thickness at span 15m as compared to
conventional beam-slab system. However, the thickness required to control the
deflection within the prescribed range at 18m span is the same for both floor framing

system, and meet the polynomial lines of the floor with full live load.
The trend of the slab thickness versus slab span shows differences for different live load

patterns. This indicates that the live load patterns impose an effect on the slab thickness

and eventually may affect the selection of the floor framing system.

33



143

*1 3SB)) J0J SSOWIIY ] (U[S U0 Furmied prory 9AIT Jo 199 L' 2andiyg

| (T1Ind siBid 181d) ‘Alod « == (T ANd_qeiS-ureag) Aod -~
(Ld qeis-weag) ‘Aod - — (ed geis-weag) Aod = -

(2d ®B|d 18ld) "Aod » wmw

Trnd sieid el @

{1d 2®.ld 181) Add » « -

T Hndge|S-wesy

e

Zd Old el x ldeleidiey m Zd qeig-wesg v ld qeis-uiesg  +
{w) uedg
6L 8l L ol sl ¥l €l zl L
H 1 I3 1 1 1 Oom
czom
oce
00
o 0s¥
Sigm” -
—~008 008
L e
e
e 0gs
o |seeexse - prsnT =Rl
_ = e
prg — 009
= — —= 059
GO % \.\\ _
P 00,
SzLw
L g5

0'¢ = 717) UBGg qBJg "SA SS8LNDIYL QelS UO buluisjed peoT 8Ar JO 183

{ww) ssauwyoiy)




*7 3S8)) J0] SSOWMIIY ], B[S U0 SWUId)RJ Pro AT JO 3995

133

8'f aan3Ly

i

(N nd_=1eid 1814} ‘Alod - - -~ (11ng_qeis-weaq) Aod - —
{Ld qeig-uesg) Ao - —

{ld elgid 1e1d) Alod - = -

(Zd 9eIS-Wwesg) A0d = ——

TTIM_SiEjd leld e T1ihd_gejs-weag

(zd @RIg Bl Alod -~

,to

1 Zd qels-wesg ¥ Zd sleld |ld IdoeldEs m L4 ge|S-wesg
{w) vedg
61 8l 24 ol ] vl €l ! x
| E— ] 1 | | . , ; Oom
Sipm
=7 00
b
“\h.&\ -
e
e b LAt
el
T 00S
_ sgow - e
rpmEryyyepy s i
- 28LLLT=h ~ Py 7t
o 009
L e
- -
|2y + xi91 v - xu001 v = Al 21 -xzaveT + xe08EL = 4
\a‘ “‘ m‘ —— - OON
szLx” s
Y 25
ooz + xe991 - x@LL22 = A 008
- 006

6 ="T1) uedS qE|S "SA SSIWDIY] (e[S U0 BUlUISIEg Peo] oAl JO 198115

(ww) ssauyoiy




4.4.2 Weight and Efficiency

Case 1: Imposed load = 3.0 kN/ m*

Table 4.14: Effect of Live Load Patterning on Weight and Efficiency of Slab

(Pattern 1).

12

1296

7.66

11,145.58 8.60 9,924.14
15 2025 25,637.40 12.66 23,856.15 11.78
18 2916 53,475.80 18.34 49,811.52 17.08

Table 4.15: Effect of Live Load Patterning on Weight and Efficiency of Slab
(Pattern 2).

ab-

9,924.14
22,663.34
46,376.30

11,145.58 8.60
24.571.84
51,465.60

12 1296
15 2025
18 2916

Case 2: Imposed load = 7.5 kN/ m’

Table 4.16: Effect of Live Load Patterning on Weight and Efficiency of Slab
(Pattern 1).

12 1296 12,672.39 9.78 11,450.95 8.84
15 2025 28,023.08 13.84 27,434.59 13.55
18 2916 58,628.92 20.11 54,964.60 18.85
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Table 4.17: Effect of Live Load Patterning on Weight and Efficiency of Slab
(Pattern 2),

:thsé
8.84

12 1296 12,672.39 9.78 11,450.95
15 2025 | 27,084.58 1338 25,048.87 12.37
18 2916 | 53,475.80 18.34 49.811.52 17.08

Weight and efficiency of the floor framing system is inversely proportional, The higher
the weight, the less efficient the floor framing system is. Table 4.14 and Table 4.15
show the actual weight of the structure and the weight per unit floor area (efficiency) of
the conventional beam-slab system and the flat plate system with live load Pattern 1 and
live load Pattern 2, for Case 1 while Table 4.16 and Table 4.17 show the data for Case
2. Figure 4.9 and Figure 4.10 show the trend of weight per unit floor area of the floor
framing system versus the slab span for the fully loaded slabs as well as the slabs with

live load Pattern I and live load Pattern 2 of Case 1 and Case 2 respectively.

For imposed load Case 1 (normal floors), the polynomial lines for fully loaded slabs
coincide with the polynomial lines of slabs loaded with live load Pattern 1 for both floor
framing systems. Whereas for slabs loaded with live load Pattern 2, the polynomial lines
deviated from the initial one with weight per unit floor area of it reduce from the initial
value of 18.34 to 17.65 for conventional beam-slab system and 17.08 to 15.90 for flat
plate system at 18m span. The efficiency of flat plate is higher than the conventional
beam-slab system for all three loading condition. This result is consistent with the

results discussed earlier.

For imposed load Case 2 (mechanical floors), the trend of the polynomial lines are
almost similar for both floor framing systems. Which means for all three loading
conditions, the trend of the weight per unit floor arca versus slab span graph are similar.
However, the graph for fully loaded slabs does not coincide with the polynomial lines of
slabs with live load Pattern 1. This shows a different result as compared to those with

imposed load Case 1. This is simply because when the imposed load to be carried by the
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slab increases, live load patterning tends to have greater influence to the slab thickness

as well as the overall performance of the slab system.

From the results gained, analysis suggests that the patterning of the imposed load
implies great effect on performance of the floor framing systems. The effects become
more apparent as the imposed load to be undertaken increases. Proper study and
simulation of the live load patterning can increase the efficiency of the floor framing

system by a great percentage.
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4.6 Others

Besides the above-mentioned parameters, the build ability, the speed of construction and
the aesthetic value, as well as the non-structural benefits of the floor system shall be

taken into consideration as well.

For conventional beam-slab system, the performance in all these parameters is of
moderate, The simplicity of flat plate makes it highly build able. The uniform thickness
and the elimination of the beams enable this floor system to be cost effective in
formwork as well as the reinforcement. Besides, this floor system gives great flexibility

for the arrangement of the columns.

The benefit of post-tensioned flat slab is that the slab thickness is greatly reduced while
maintaining the load carrying capacity of it. However, the handling and construction of
this system requires skilled personnel, which might impose additional problem in
construction industry. Besides, professional consultation is required for the design and
supply of material, especially the prestressing strands and the stressing anchorage. The

drop panels at the column head reduce the flexibility of the partitioning arrangement.

Whereas the waffle slab system imposes great problem in construct ability. The casting
of ribs and pans requires skilled worker and it also requires great amount of formwork.
Due to these reasons, the time of construction might require double the time for
construction of the flat plate system. However, waffle slab gives other non-structural
benefits such as concentrating the lighting. This is especially useful for buildings where
lighting plays a very important role, such as the library. Besides, the waffle of the floor
system acts as the absorber of the echo. The trouble and cost might be compensated by
these benefits, especially when the echo is an issue to be countered. The example of
buildings that could utilize this add on point of waffle slab is the gathering hall and the

musical arena.
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CHAPTER 5: CONCLUSION AND RECOMMENDATION

5.1 Conclusion

1.

The R* value for all graphs is 1. This shows a great accuracy of the equation derived

from the graphs.

The most optimum floor framing system is the post-tensioned flat slab system based

on the analysis of the four main floor framing systems analyzed.

Post-tensioned flat slab outperform the other three floor framing systems in;

¢  Thickness

e  Weight

o  efficiency

®  cost per unit floor area

e  The thickness as well as the efficiency of this floor framing system shows a
linear relationship with the slab span

For slabs span 12m and below, flat plate system is highly recommended as

e Shows better cost efficiency compared to post-tensioned flat slab system.

*  Handling and simplicity of construction add to the plus to this floor framing
system.

Waffle slabs give other non-structural benefits such as concentrating the lighting and

acts as the absorber of the echo.

As imposed load increases, the thickness increases linearly while the efficiency

drops correspondingly.

Live load patterning affects the designed output of the floor framing systems

¢  This effect becomes more apparent when the structure designed is to carry
heavy imposed load

Live load pattern is to be analyzed for real life condition for more optimum design,
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5.2 Recommendation

This project can be extended by further the study on the performance of the other floor
framing systems. This includes the hybrid systems and the steel floor framing system.
Besides, the efficiency of the overall building can be studied to assure that the floor

framing system analyzed is the most optimum one.
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Appendix A: Sample Input of 12m x 12m Flat Plate System (STAAD.Pro2002)



STAAD SPACE
START JOB INFORMATION

ENGINEER DATE 29-Nov-04

END JOB INFORMATION

INPUT WIDTH 79

UNIT METER KN

JOINT COORDINATES
136036;2000;3300;4600;5900;61200;71500;81800;
92100;102400;112700;123000;133300;143600;15003;
16303;17603;18903;191203;201503;211803;2221 03;
232403;242703;253003;263303;273603;28006;29306;
30606;31906;321206;33 1506;34 1806;352106;362406;
372706;383006;393306;403606;41009;42309;436009;
44909;451209;461509;47 1809;482109;492409;502709;
513009;523309;533609;540012;553012;566012;579012;
5812012:5915012;60180 12; 6121 012; 6224 012; 63270 12;
6430012;6533012;6636012;670015,683015;696015,7090 15;
7112015;7215015;73 180 15; 74 21 015,75 24 0 15,76 27 0 15;
7730015;7833015;7936015,800018;813018;8260 18,8390 18;
8412018;8515018;86 180 18; 8721 0 18; 88 24 0 18; 89270 18;

90300 18;9133018;9236018;930021;943021;956021;969021;
9712021;98 15021;99 180 21; 10021 021; 101 24 0 21; 102 27 0 21;
103300 21; 104 33 0 21; 105 36 021; 106 0 0 24; 107 3 024; 108 6 0 24;
1099024; 110120 24; 111 15024; 112 180 24; 113 21 024; 11424 0 24;
11527024; 11630 024; 11733 024; 11836 024; 1190 0 27; 1203 0 27;
1216027;1229027; 123 12 027; 124 150 27; 125 18 027; 126 21 0 27;
12724 027; 128 27 0.27; 129 30 027; 13033 027; 131 36 0 27; 132 6 0 30;
13330 30; 134 6 0 30; 135 9 0 30; 136 12 030, 137 15 0 30; 138 18 0 30;
13921 0 30; 140 24 0 30; 141 27 0 30; 142 30 0 30; 143 33 0 30; 144 36 0 30;
1450 033; 146 3 0 33; 147 6 0 33; 1489 0 33; 149 12 0 33; 150 15 0 33;

151 18 0:33; 152 21 033; 153 24 033; 154 27 0 33; 155 30 0 33; 156 33 033;
15736 0 33; 158 0 0 36; 159 3 0 36; 160 6 0 36; 161 9 0 36; 162 12 0 36;

163 15 0 36; 164 18 0 36; 165 21 0 36; 166 24 0 36; 167 27 0 36; 168 30 0 36;
169 33 0 36;

ELEMENT INCIDENCES SHELL
1231615,2341716;3451817;4561918;5672019;67 821 20;
7892221;89102322;910112423; 1011 1225 24; 11 12 13 26 25;
1213142726; 13 1516 29 28; 14 16 17 30 29; 15 17 18 31 30; 16 18 1932 31;
17 1920 3332; 18 20 21 34 33; 19 21 22 35 34; 20 22 23 36 35; 21 23 24 37 36;
22 24 25 38 37; 23 25 26 39 38; 24 26 27 40 39; 25 28 29 42 41 26 29 30 43 42;
27 30 31 44 43; 28 31 32 45 44; 29 32 33 46 45; 30 33 34 47 46: 31 34 35 48 47;
32353649 48; 3336 37 50:49; 34 373851 50,3538 395251, 36394053 52,
37 41 42 55 54; 38 42 43 56 55; 39 43 44 57 56, 40 44 45 58 57; 41 45 46 59 58,
42 46 47 60 59; 43 47 48 61 60; 44 48 49 62 61; 45 49 50 63 62; 46 50 51 64 63,
47 51 52 65 64; 48 52 53 66 65; 49 54 55 68 67; 50 55 56 69 68; 51 56 57 70 69;
52 5758 71 70; 53 58 59 72 71; 54 59 60 73 72; 55 60 61 74 73; 56 61 62 75 74
57 62 63 76 75; 58 63 64 77 76; 59 64 65 78 77; 60 65 66 79 78; 61 67 68 81 80;
62 68 69 82 81; 63 69 70 83 82; 64 70 71 84 83; 65 71 72 85 84; 66 72 73 86 85;
67 73 74 87 86; 68 74 75 88 87; 69 75 76 89 88; 70 76 77 90 89; 71 77 78 91 90;
727879 92 91; 73 80 81 94 93; 74 81 82 95 94; 75 82 83 96 95; 76 83 84 97 96;
77 84 85 98 97; 78 85 86 99 98; 79 86 87 100 99; 80 87 88 101 100;

81 88 89 102 101; 82 89 90 103 102; 83 90 91 104 103; 84 91 92 105 104;

85 93 94 107 106; 86 94 95 108 107; 87 95 96 109 108; 88 96 97 110 109;
899798 111 110;909899 112 111;91 99 100 113 112; 92 100 101 114 113;
93 101 102 115 114; 94 102 103 116 115; 95 103 104 117 116; 96 104 105 118 117;
97 106 107 120 119; 98 107 108 121 120; 99 108 109 122 121;



100109 110 123 122; 101 110111 124 123;102 111 112 125 124;
103112113126 125; 104 113 114 127 126, 105 114 115 128 127,
106 115116 129 128; 107 116 117 130 125; 108 117 118 131 130;
109 119120 133 132; 110 120 121 134 133; 111 121 122 135 134;
112122123 136 135; 113 123 124 137 136, 114 124 125 138 137,
115125126 139 138; 116 126 127 1401 139; 117 127 128 141 140;
118128 125142 141; 119 129 130 143 142; 120 130 131 144 143;
121 132133 146 145; 122 133 134 147 146; 123 134 135 148 147,
124 135136 149 148; 125136 137 150 149; 126 137 138 151 154;
127 138 139 152 151; 128 139 140 153 152; 129 140 141 154 153;
130 141 142 155 154; 131 142 143 156 155; 132 143 144 157 156;
133 145146 159 158; 134 146 147 160 159; 135 147 148 161 160;
136 148 149 162 161; 137 149 150 163 162; 138 150 151 164 163;
139 151 152 165 164; 140 152 153 166 165; 141 153 154 167 166;
142 154 155 168 167; 143 155 156 169 168; 144 156 157 1 169;
DEFINE MATERIAL START

ISOTROPIC CONCRETE

E 2.733e+007

POISSON 0.17

DENSITY 23.5616

ALPHA 5.5e-006

DAMP 0.05

END DEFINE MATERIAL

CONSTANTS

MATERIAL CONCRETE MEMB [ TO 144

ELEMENT PROPERTY

1 TO 144 THICKNESS 0.325

SUPPORTS

126101454 586266106110114 118 158 162 166 FIXED
LOAD 1 DEAD LOAD

SELFWEIGHT Y -1

LOAD 2 LIVE LOAD

ELEMENT LOAD

1 TO 144 PR GY -3

LOAD COMB 3 1.0DL + 1.0LL

11.021.0

LOAD COMB 4 1.4DL + 1.6LL

114216

PERFORM ANALYSIS

START CONCRETE DESIGN

CODE BSg110

DESIGN ELEMENT 1 TO 144

FYMAIN 460000 MEMB 1 TO 144

FC 35000 MEMB 1 TO 144

END CONCRETE DESIGN

PDELTA ANALYSIS PRINT LOAD DATA

FINISH



Appendix B: Sample Design of 12m x 12m Post-tensioned Flat Slab

{(by James Ng of RAM International)



RAM Structural Engineering Solutions
Prestressed Drop Panel Flat Slab - 12m x 12m
LL=3.0

Unfitled
3/31/2006
for NG SOK MOOQI

RAM Concept ® 2004 Structural Concreta Softwars, Inc.
RAM Concept™ is a trademark of RAM Intemational, L.L.C.

121



nits

ametry Units

1 Dimensions: meters

les: degrees

iding and Reaction Units

it Force: kN

Report As Zero; O kN
t Moment: kN-m
Jeport As Zero: 0 kN

ing and Stiffness Units

it Force Spring: kNfmm
it Moment Spring: kN-m/rad

b Analysis Units

e kN

ieport As Zero: O kN

& Per Width: kN/m
Report As Zero: 0 kN/m

-erials Units

srete Volume: cu. m
ar Weight: tonnes
Veight: kg

cellaneous Units

r Area: sq. m
lon Angles (for friction): radians

Slab Thickness: mrm

Elevations: mm

Line Force: kN/m

- Report As Zero: 0 kNim
Line Moment: kN

- Report As Zero: 0 kN-m

Line Force Spring: kN/mm?

Line Moment Spring: kN/rad

Moment: kN-m

- Report As Zero: 0 kN-m
Moment Per Width: kN

- Report As Zero: 0 kN

Reinforcing Area: sq. mm
Tendon Profile: mm

Cover: mm

Density: kg/m?®

Support Dimensions: mm
Support Height: meters

Area Force: kN/m?

- Report As Zero: 0 kN/m?
Area Moment: kN/m

- Report As Zero: 0 kN/m

Area Force Spring: N'mm?

Area Moment Spring: kN/m-rad

Concrete Stress: N/mm?

- Report As Zero: 0 Nfmm?
Deflection: mm

- Report As Zero: 0 mm

PT Force: kN

Reinforcing Stress: N/'mm?

Elongations: mm

RAM Structural Engineering Solutions - Untitled - 3/31/2005
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aterials
1crete Mix
Densily fei fe feul feu Poissons LUser Ecf  UserEc

=l (I(g/m-v (N/mm?) (Nmm?) - (N‘mm3) (Nfmm?}  Ratio Ec Cale (Nmm?) (N/mm?)
25 2400 15 20 20 25 0.2 BS fig. 2.1 20000 22500
30 2400 20 25 25 30 0.2 BS fig. 2.1 22500 25000
35 2400 20 28 25 35 0.2 BS fig. 2.1 22500 26500
37 2400 20 30 25 37 0.2 BS fig. 2.1 22500 27500
'40 2400 20 32 25 40 02 BS fig. 2.1 22500 28500
45 2400 20 35 25 45 0.2 BS fig. 2.1 22500 30000
'50 2400 20 40 25 50 0.2 BS fig. 2.1 22500 32000
55 2400 20 45 25 55 0.2 BS fig. 2.1 22500 33500
‘60 2400 20 50 25 60 0.2 BS fig. 2.1 22500 35000
'67 2400 20 55 25 67 0.2 BS fig. 2.1 22500 37000
75 2400 20 60 25 75 0.2 BS fig. 2.1 22500 39000
85 2400 20 70 25 85 0.2 BS fig. 2.1 22500 41500
Systems
em Aps Eps fse oy ou Duct Width Stands  Min Radius
18 Type (sq.mm) (Nimm3  (Nmm3)  (Nlmm?®)  (Nfmm3)  (mm) PerDuct  (meters)
mm Unbonded unbonded 100 195000 1200 1580 1860 13 1 2
mm Bonded bonded 100 195000 1100 1580 1860 100 4 2
1im Unbonded unbonded 150 195000 1200 1500 1770 16 1 25
Tim Bonded bonded 150 185000 1100 1500 1770 100 4 25
Stressing Parameters
em Jacking Stress  Seating Loss Anchor Wobble Friction =~ Angular Friction  Long-Term Losses
e (N/‘mm?) {mm) Friction {V/meters) {Vradians) (N‘mm?)
nm Unbonded 1395 6 0 (.003 0.06 100
nm Bonded 1385 6 0.02 0.0017 0.2 100
nm Unbonded 1328 6 0 0.003 0.06 100
nm Bonded 1328 & 0.02 0.0017 0.2 100
forcing Bars

As ES Fy
@ (Nmm3) (Nvnm?) {Nrmm?)

50.3 200000 460

78.5 200000 460

113 200000 460

201 200000 460

314 200000 460

491 200000 450

804 200000 450

1260 200000 460

Materlals - 4
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yadings

ding Name Type On-Fsttern Factor Off-Patterm Factor
-Dead Loading Self-Weight 1 0.7143

ince Loading Balance 1 1

arstatic Loading Hyperstatic 1 1

parary Construction (At Stressing) Loading Standard 1 ¢

o Dead Loading Standard 1 0.7143

Loading Standard 1 ¢

Loadings -5
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yad Combinations

Dead LC

re Design Criteria:  <none>

ing Standard Factor Alt_ Envelope Factor
‘Dead Loading 1 1

nce Loading [ 0

arstatic Loading 1] 0

porary Construction (At Stressing) Loading 0 0

:r Dead Loading 1 1

Loading 0 0

id + Balance LC
e Design Criteria: <none>

dng Standard Factor ARt Envelope Factor
Dead Loading 1 1

nce Loading 1 1

astatic Loading 0 0

porary Construction {At Slressing) Loading 0 0

ir Dead Loading 1 1

Loading 0 ¢

al Service LC

e Design Criteria: Initial Service Design

ting Standard Factor Alt. Envelope Factor
Dead Loading 1 1

nce Loading 1.1 1.15

wstatic Loading 0 0

parary Construction (At Stressing) Loading 1 1

r Dead Loading 0 0

Loading 0 0

vice LC

‘¢ Design Criteria: Service Design

fing Standard Factor AR Envelope Factor
Dead Loading 1 1

nce Loading 1 1

srstatic Loading 0 0

porary Construction (At Stressing) Loading 0 ¢

r Dead Loading 1 1

Loading 1 1

Load Combinations - §
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yad Combinations (2)

mate LC

re Design Criteria: Strength Design, Ductility Design

fing Standard Factor Alt. Envelope Factor
Dead Loading 14 1

nce Loading 0 0

srstatic Loading 1 1

porary Construction (At Stressing) Loading 0 0

' Dead Loading 14 1

Leading 16 0

g-Term Deflection LC

‘e Design Criteria: <none>

ting Standard Factor AMl. Envelope Factor
Dead Loading 3.35 3.35

nce Loading 3.35 3.35

:rstatic Loading 0 g

porary Construction (At Stressing) Loading 0 0

r Dead Loading 339 3.35

Loading 1.58 1.59

Load Combinations - 7



3sign Rules
al Service Design
| Service Design

vice Design
ice Design
de detailed section analysis

mgth Design
1gth Design
thing Shear Design

tility Design
ility Design

RAM Structural Engineering Solutions - Untitled - 3/31/2005
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stimate
1crete Costs

rrials: 131.2 percu.m
i 524.7 percu.m

3545 cum
3545 cum

RAM Structural Engineering Solutions - Untitled - 3/31/2005

46510
186000

l: 655.9 percu. m

t-Tensioning Costs

3545 cu.m

4362 kg
4362 kg

232500

9617
4808

rials: 2.205 perkg

i 1.102 per kg

I: 3.307 perkg
nwork Costs

rials: 10.79 persgq.m
i 10.79 persq.m

4362 kg

1354 sqg.m
1354 sq.m

14430

14610
14610

3 21.57 persq.m

| Steel Reinforcing Costs
rials: 1102 pertonnes
T 551.2 pertonnes

1354 sq. m

3.389 tonnes
3.389 tonnes

29210

3736
1868

1653 per tonnes

il Costs
rials: 54.9% persg.m
r 153.1 persq. m

3.385 tonnes

1354 sq.m
1354 sq.m

5604

74480
207300

208.1 persq.m

1354 sq. m

281800

Estimate - 9
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ement: Standard Plan

User Lines; User Notex; User Dimsnsinns; Wall Elamams Balcw; Wa Elaments Above; Cofumn Elemants Below; Cofumn Elemants Above; Siab Elemants; Point Springs; Palnt Spring Icans; Lina Springs: Lina Spring loans: Araa Springs; Area Spring leons; Point Supports; Painl Sup
mpor: Usar tinss; Lsar Noles; Usar INmensions;
250

AR
AP Jf v
N )’\__: “I\'}—;

£

Element; Standard Plan - 10
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ement: Slab Summary Plan

Wit Elemants Roke; Wall Elsients Absve; Calumn Elomants Belaw; Golumn Elemanta Abova; Peinl Springs; Peint Spring loons; Line Springe; Line Spring lcons; Slab Elemenls; Slab Elament Edgen; Slel: Etement Thicknaseas: Siab Elament Elgvatons; Stab Elamant Concnats Mo
Import: Usar Linss; User Noles; User Dimansions;
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ement: Supports Below Slab Summary Plan

Wall Ebamania Baiow; Wall Elsmant Thicknasass, Wall Elament Heignts, Wall Elemiant Fixity, Wall Eternent Sheer Fixity; Wall Elamen! Congiute Modets; Calumn Elements Below, Column Element Cimengions; Column Elament Helgtis; Column Eismen Fixity; Column Elsment Cong

mport: Ligar Lines: Usar Nolax; User Dimensions:

1250
b=g00
d=800
ih=y

gd Fix,Fls, Rigic

H C28/35

be800
d=800
T2
gid FixFlx,Rigid
i cr8i95
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i
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ement: Structure Summary Perspective

{| Elements Below; Wall Elements Above; Column Elements Below; Column Elements Abow
er Lines; User Notes: User Cimensions:

Element: Structure Summary Perspective - 13



inded Tendon: Standard Plan

endon: User Lines; User Nates, User Dimensions: Tandons: Num Strands: Profile Paints; Proffe Values; Jacks;
mpart. User Lines; User Nolea; User Dimensions;

Wal\ Elnmants Balow; Wall Elaments Abave; Calumn Elerents Below. Column Elements Above; Slab Elements; Slab Eleman! Edges;

RAM Structural Engineering Solutions - Untitled - 3/31/2005

§ 8 2% N ] g
oy i
2 8 % 8 % g 32 238 & t
|
8 @ 8§ % 8 8 & &8 # 8
8 4 ® & & 8 8 &4 @ 8
i
i 1
§F &8 & & & &8 8§ B8 g &
# % A 4
8 4 & g & g & ag g g
2 @ 8 g 8 3 &
8 84 & 8 8 & @@ E 8
2 E; . 3
§ & & & & &8 B BER 8 &
€ 8 9 w 8 B € @8 t E
|
|
% &% & ® & ® % B8 a 2
i
g % % & 2 2 4 za % 9
i
|
E ¥ ¥ % T ® § EF g g

140

35 LB B/ A0 L .as 200 3s

0.

140

5 8
8 8
M. .
28
s B
a
a2 8
o o
22
5 &
2 &
2 3
a ®
8 %
o o
g8
5 8
2 4
8 &

38

arn

38

120

35 120

30 .

3|

o
8
&

P

3

s

e}

20

-

140

38

120

120

33

200

ol
G

140

as

20

200

5

s

3

Ed

38

140

140:

s

i
S

38

120

s 120

200

as

130

140

38,

=4
&

. .38

200

38

as

140

8 g
8 =
g
i
2 g |
R @
gj
§ a
.
g g
2 &
2 g
a e
g §

Banded Tendon: Standard Plan - 14



RAM Structural Engineering Solutions - Untitled - 3/31/2005

stributed Tendon: Standard Plan

d Tandon: User Linex; Lsar Natax; Lisar Dimengions; Tendons; Num Standa; Profie Paints; Profle Values; Jacke;
mport: Usar Lines: Uner Hotes; User Gimensions;
Wall Elaments Beiow; Wall Elemenls Above; Column Elements Below; Column Elements Above; Slab Elements; Stab Element Edgos:
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stributed Tendon: Standard Perspective

dons; Jacks;
5 Elements; Slab Elements Soffit Only,

dons;

Distributed Tendon; Standard Perspective - 16



RAM Structural Engineering Solutions - Untitled - 3/31/2005

/e Loading: All Loads Plan

D User Utnas; Usar Natea; Usar Dimensions; Point Laads: Polrt Loud loons; Peint Load Values:; Line Loads; Line Load icons: Line Load Vaiues; Area Loads; Arse Loed cons: Area Lond Velues:
nport: User Lines; User Natas; User Dimenskins;

Nall Elements Balow; Wall Elements Above; Column Elsmets Below: Column Elsments Above; Slab Elements; Slab Eismanl Edgas;
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3sign Strip: Banded Design Strips Plan

ip: User Nates; Uger Lines; User Dimenslons; Bandad DSSs; DAS intemal Sactiony; Banded DSs;
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