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Abstract

The conventional method of design of reinforced concrete structures commonly used in
Nigeria is the BS 8110 method. This project shows a comparative study of BS 8110 and
Eurocode 2 for the design of reinforced concrete elements of a building with the aim of
determining which of the two codes provides the most economic design is carried out
using manual calculations. A library complex of three storey building was selected and
designed taking into account dead and live loads and assuming all spans to be loaded
with 4KN/m? as the imposed load. The result of the analysis was used to design the
structural elements based on both codes using manual calculations. The percentage
difference between the areas of steel required by the two codes was calculated with the
BS 8110 code results as the control values and the total weight of steel required. 1t was

found that Eurocodes are more economical than the BS codes.
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CHAPTER ONE
INTRODUCTION

i.1 Background

Fhe primary requirement of all structural design s to achieve an acceptable
probability that a structure will perform satistactorily during it design hte. lhe
structural design of most structures is based on national or international codes of
practice. These codes serve as a guide to the structural engineer in the veneral
appraisal ol the overall structural scheme, detailed analysis and design (odes are
what professionals work with and are often the founding document for o profession. A
code is a document covering a system of laws. Codes of practice are basically
documents which serve as guides drawn up by experienced engincers and a team of
professionals. and they provide a general arrangement tor addressing ssues of satety
and serviceability in structural engincering design. Building code is a document
containing standardized requirements which specify the mimimum acceptable It of
safety for structures, These codes are based on the oxperience of engineers.
experimental work and specific conditions and behaviear. Codes protect buildings
against various risks like firc. structural coliapse and amenity issues such as
ventilation. lighting. sanitation. sound insulation and dampness Morcover. codes are
significant tools for achicving society’s goals such as sustamability and cnergy
efficiency. addressing all the aspects of construction such as: sale exits. electrical.
plumbing. scismic design. structural integrity and correct use of the construction
materials. Building codes classify structures by applying and using various standards.
as an example, schools and office buildings are in separate occupancy calegorivs w ith

various performance requirements (Building Code | 2013)
1.1.1 History of Building Codes

First code was written by King Hammurabi (3000 BC) durine carly v ilization n

Babel.(Al- Ausari. Al-Taic. & Knutsson. 2014)

I'he Code of Hammurabi is a well-preserved ancient law code. created about 1760 BC
in ancient Babylon. It was enacted by the sixth Babylonian kg, Hammurabi. Only
one example of the Code survives today, inscribed on a basalt ~tone stele. Onginally.

several stelae would have been displayed in temples around the empire. The text has



been broken down by translators into 282 laws. but this division is arbitrary. since the
original tent

contains no divisional markers

It a builder build a house for a man and complete it (that man) shatl give him
~wo shekels of silver per SAR of house as his wage.
by I a builder build a house for a man and do not make its construction firm. and
the house which he has built collapse and cause the death of the owner ot the house.
that builder shall be put to death.
3. 17 causes the death of a son of the osner of the house. they shall put to death
a son of thar builder.
4. 11 1 causes the death of a slave of the owner of the house. he shali give to the
owner of the house a slave of equal value.
3. [ it destrovs property. he shall restore w hatever it destroved, and because he
did not make the house which he built fiom and it collapsed. hie shall rebuild the house
which collapsad at hus owan expense.
6. 1 a basldor avitd @ house for aoman and do aot mahke its construction mect the
requiremers annd ovall taliu i wlder snall strengthen that wall at s own

expense.

Manmy of the rostrictions cncountered in buitding desien are imposed by feeal
regulations. The moest important ones for structural cngineers are building codes.

which represent a set of regulations regardimg:

I principies of stractural desian

2. guidanee in evaluation ol Joads on structures

3. specific design - provisions for different type  of  siractures  (steel
structures, reintorced concerete structures. foundations. etel) and

building components (clectrical system. HVAC. plumbing. ete

In general. building code requirements are the minimam necded for public protection.
Often. hovever. architects and engineers must design more consenvatively. o mect
the client’s needs. produce a more efficient building system or take mto account

conditions not covered fully by code provisions.



Emperor Nero developed master plan for idealized Roman city atier burning in 64
ADs. because the constructions of Roma public buildings were of bad construction
quality. In addition, the distances between buildings were cramped and they had poor
sanitation. After burning. the constructions were done according to the master plan of
Nero: principles regarding fire resistance and sanitation (Yeager. 2013). bFues broke
out near the Tower of London’s city in 1666 ADs. because the eity was crowded with
tightly speced buildings and raw sewage flowing through open drains. Parliament
started writing what is known as London Building Act for two years alter that fire.
The documents established the reeulations tor the buildings of London™ ¢ty only

(Yeager. 2013).

Chicago city faced huge tire for two days during 1871 ADs More than a quarter of
the city buildings were destroyed. For that reason. most ¢l the insurance compantes
threatened o leave unless developments should be done o the regulations ol
buildings. In 1873, rules for regulations of buildings and tire prevention were enacted
On April 18. 1906, an carthquake hit San Irancisco city and feft it ruins. Some
parts of the city were destroyed by the fires that broke out after the earthquake. The
scientitic community was gathered to observe what had happened and they formed the
building code organizations that still exist today. Organizations since then had been
studied various structures atter cach carthquake to check their ability to withstand the
ovents (Yeager. 2012) In view of these disasters the regulations of constructions were

mproved and collected incode

1

Post-war national codes. such as P T greinforecd conereray and o P bts

(prestressed concreted are based on permissible stress method watn cs Ty b
“actors of salety T used m the dosien o stractural clespent g cos o bosianens 1 bl
wense of sectring, Penmissible stress mothod oo swdens bond oo e i Do
ed to the formation. at an iatermat ol meching i Ceale e Tooet e
Foderation International de o Precentiamt oF 1Py The <Tvs 00 w0 0 Beton
(CEB) was formed with the ohjective of internationat teehnscat oo o aabe i (935,
The first CEB FIP mode! code for the design o oo o B b 3Ty g e
published in 15 kingoages in 1964 with a second caii o SR O S A I TRy

e torme s e PIvE aad s eronn Blreaie coUh s cade

nrodueed it Swte priaples tyhe cnuineonins ©oon ‘ i S NRCTNTIE



that *the chance of cach limit state betos reached o substanuall constant for all
Mebers o stractuie. s appropriatc for cach Lt e and it cons quenthy there
s oan adeqguate devree of safety agamst the sirwture bong uniie tor use The two
tvpes of Tt srates are defined which inshude nltimate it wmate and ~en reeabiin
Himit states. The ultimate limit states are concerned with the cothapse or ether forms of
structural faiture which might endanger people’s safety while sonn eabilite it
states are concerned with states bovond swhich speiiicd service requirzinetio: e no
longar nicl it state vodes can tahe account ol th difter me vanetions of sarons
materials ed toade wd abko e conseatenees oF fachare, D taeonctand wim o
A stare process i thar working load and aftimats portermense van by coied
the e vl the heoncs o profabihn
Unfortunately . structural Taifure results more otten trom human crror than
from the interseetion of the extreme ends of the Teguency disraburions for o
and  streneth, Attempts at deriving fally prosabibisie mathiods et strecauial

desion all utimetely ey apon calibragon. comparing the ocrenical conclusions wath

existine Josivn methods and practice. Ciavior & Burgoyne. J0UR)
Y pioa Ssamndards are W oitten

Fasentially they are written by experts. in the past catiteiy volunarihy . bt

increasingiy now standards are written By experts supporied by combiatioan ot
mdusry ond puelic Bagnee, Britsh Stead ks e publisioe e Britsd Stoodae s
Detilibe. (oS taet v enerable mstcor vwatl et T s e el b &
i B P

Although BS 8110 has superseded ity immediate predecesser CF 0 the change ol
designation from a Code of Practive to a British Stndurd does net ndicate any
change of status) which had been in current use for I3 vears it oon aovaient ~tlh
CP 114, is still valid BS 8110 does ot in ossence, WLt oy om CP 1O
Perhaps the most ubvious change is the overall arangement =t tl A hereas CF
110 incorporated the entire text in Part T.owith the reinforced coreets Josign charts
more usually required (ic. slabs. beams and rectaneula cotun.ns tormne Part 2 and
the others Part 3, the arrangement in BS 8110 is that Part | ~mbodies the ‘code of
practice for design and construction’. Part 2 covers speciai Citvtnstanees” and Pare 3

incorporates similar charts to those forming Part 2 of CP 1100 Phere are. as yeto no
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cquivalents 1o the charts torming Part 3 of CP 110, The material included in Part 2
provides information on rigorous serviceability calculations for cracking and
deflection. more comprehensive treatment of fire resistance. and ~o on. 1t could be
areued that mute logical arrangements of 1his material would be cither to keep all that
relating to reinforced conerete design and construction gether in Part T with that
relating to prestressed and composite construction forming Part 2. or to separate the
material relating 1o design and detailing from that dealing with specifications and

workmanship. (Reynolds & Steedman. 1999)

This code covers the tields of CP 110 and encompasses the structural use of
reinforeed and pre-stressed concrete both cast in situ and precast. Although there
are no major changes in principle from the previous edition. the test has larpely
been rewritien with alterations in the order and arrangemient of topies. The
redrafting and alterations have been made in the light of experience or the practical
convenience in using CP 110 they have also been made 1o meet the eriticism ol
engineers preferring the form of CP L4 i this respect sections thwo o five have
been rewritten with shorter clauses. avoiding as much as possible lengthy
paragrapis dealing with matters that could be broken down into separate sub
clauses. to make specitic references casicr to identifv. Consideration had been
given to including the load factor method which had been introduced into CPTI4 in
1957. The basic approach to design for safety in all codes is the following. A ley el
of loading is assessed that leads to the worst conditions in the structure which can
reasonabhy be expected to oceur in practice. This is commaonly referred 1o s
“workine” or Tservies” load stresses. A substantial margin of strength 1s required
between this working condition and the strengily of structure which the designer

aims 1o provides This marein s necessay 1o tahe account of niveriantios 1o the

loading. the strength of the materials, the construction provess wid i, ho current
state of knowledge of structural behaviour Ttis m the way wiwhich o marain s
provided that the clastic. ultimate load and Hmit state methods o dooes At The
elastic (or permissible stressy approachh aims at 2nsurmg Piat U rhing siresses
do not excezd aset of detined permissi='e stressos which aic cbrames Py raducing

the material strengths by a safety 1actor and it aims o crsure tiat the strangth of
the structure. calculated using the expecied actual materials tenzti . bosuficient

to support this ultimate loading. It might appear that these two approaches are. in




effect, identical but, in fact. this is only sirictly so for materials that are fully clastic
up to failure. Nevertheless. by appropruate choice of” coctlicients in the various
design equations. the two methods can be made to give very similar results for
most common types of structure. In drafting CP 114: 1957 it was felt that if the two
methods were 1o be expressly permitted m one document then the SN
interpretation ot load factor theory would have to be modificd in order to ay oid the
confusion of having different design loads and stresses specified for the clastic
method with the difference that the plastic stress strain relations were to be
assumed in place of Hooke™s law. This has led ever sinee to a confusion n the
minds of designers as to what their calculations were actually predicting. The hmit
state method of designs introduced in CP 110 in 1972, develops the logic ol load
factor desien rather further. instead of atlowance for all the uncertainties bemg
compiled together into a single., global. safety factor. a set of partial satety tactors
are defined one for each material and type of load. The relative values of these
refloct an assessinent of the relative uncerainty associated with the varous oads
and materials strengths. As well as treating uncertainty more fogieally. the partial
safoty factor approach when used for structures subjected simiultancous!y o
different types of loading (for cxample. vertical load and wind foad)y where a
critical design condition arises when one foading is at its maximum value and the
other at it~ minimum value. The global factor approach automaticaily increases
both the maximum and the minimum load giving a less criticai conditon than it
only the maximum load is increased. BS 8110 covers all the principles of design n
CP 110 but some modifications have been made. BS 8110 has been reviewed twice
since its inception. Recently the Furo codes were introduced and fay > been usod mn
Furepe as well as i UK. The standard seas developed o bring retnloreed conerete

desiun up o dute (s 01D

Fhe com entional method of design o ¢onerete structares i Nrw s s bised on
BS codes. Furo codes have been used o other countries sopecraliy i Lurope.
Nowadavs. civil engineers take initiative to introduce the desien ot vonerete

structures using Furo codes.

In several countries the British standard has been emphoned ahmost exclusively
with the exception of variation of nationally determined parameters. hiy the last
three decades however. an alternative set of codes to replace the British and othes

6




Furopean national standards has been developed termed the Eurocodes (ECs). The
Furocodes are a new set of European structural desien codes tor building and civil
engineering works. The Lurocudes have been introduced as part ot the wider
uropean harmonization process and not just simply to directly replace any
national codes. In the design of conerete structures. the relevant parts of the codes
are ECO: Basis of structural design. EC1: Actions on structures and FC2: Design of

conerete structures.

The aims of these Lurocodes are collectively to provide common design criteria and
methods to fulfil the specified requirenments tor mechanical resistance. stabiliny and
resistance to fire. including aspects of durability and cconomy - burthermore they
provide a common understanding regarding the design of structures between owners.
operators and users. designers, contractors and manufacturers of construction
materials. Nowadays. Furocodes are being introduced and applicd for design of
concrete structures but still not yet widely used in Nigena. The buro codes are
intended 10 be mandatory for Furopean pudlic works and Likehv 1o become the
standard tor the private sectors both in Lurope and the world at farge. Prior to the
emergence ol the Luro codes. the British saandard codes of practice has been muse
10 serve the same purpose the Luro codes were intended and it begs & lot ol questions
as to what the differences are in construction infrastructure. (Nwolor. Sule, & bme.

2015)

1.2 Problem Statement

Fhe civil engineering field is a profession with ever evolving technology  and
transitions Irom one practice to another Kind o practice. so therefore for a envil
engineer to stay relevant he must Keep abreast of the changes and tansitions m the
ficld. With the recent enactment of the Turo code of structural dosien. there is a need
for the envineers. especially in Nigeria. to become familiar w ith these advancements
50 as 1o be able to compete with their colicagues in the internaiional market and cven
stay up-to-date. By comparing structural design using the Luro code and the BS codes
(which is what this research is about will enable us to have a beties understanding of
the new features of the Furo code. similarities and the ditferences between the two

codes and these have a subscequent effect on our ability to comprehend and w ork with

v




the Furo code and even do better with the BS codes. This rescarch study has
recognised a problem, which is the lack of an in-depth knowledge into the Luro code
and it is proposed to solve it by the comparative analysis of the structural desien of a

library complex using the BS codes and Furo code.

1.3 Adm and Objectives

1.3.1 Amm

The aim of this project is to compare the analysis of BS S110 and Luro code 2 as

methods of design using a library complex
1.3.2 Objectives

a) o anabyse and identify the fundamental ditference between BS 8110 and

Lurocode 2

b) To analyse and design the structural elements o BS 8110 and burocode 2
¢) Production of arrangement and detail drawings
d) To make comparative cost anahisis of the results obtained by using the

coms cntional BS code method and Furocode method

¢) To nake recommendations based on the vutcome ot thie analysis

1.4 Scope of Study

The scope of this work is to analyse mid desien g library cciploy based o BS 8110
and Euro code 20 nudhe comparative analysis on the results ebtamed and exposttuon o
the various similaritios and differences between the two codes mowineh stiuctural

engincers may choose 1o adopt based on coonvmic and sarety conswderations,

1.5 Limitation of Study

The scope of this project will be hmuted 10 manual design only No seftware will be

used for the analysis




CHAPTER TWO
LITERATURE REVIEW
2.1 Code Of Practice
Purpose of Building Codes

The purpose of a building code is to establish mintmum requirements neeessary o
protect public health. satety and weliare inthe built enviromuent. Maodel building
codes provide protection from tragedy caused by fire. structural collapse and
ocneral deterioration. The primary appheation ot a building code s to regulate new
construction. Building codes usually only apply 10 an existing building it the
building undergoes reconstruction. rehabilitation or .ilteration. or it the occupancs
of the existing building changes 10 a new cecupaney as detined by the building code
(Council. 2005). Saie buildings  are actiaved  throueh proper design and
construction practices along with 1 code admnistration prograni that cnsures
compliance. Model codes keep construction costs down by establishing unitormity
in the construction industry. This umtormity nermuts building and  materials
manufacturers 1o do business on a larger scale Lo state-wide, revionally. nationally
or internationally. T arger scale allows cost savings wo be passad anto the consumer.
Codes also hielp pratect real ostate Lavesments by previcing o mmimum level ol

construction quality and sarety (Counctl. 2002,

Structural design is a major activity of the profession of structurad engineering.
Structural design is an art wherein the design engineer participates in the creation of
a structure. such as a building. a bridge. a tunnet. an antenna. cle I'he contribution
of the stractural engineer 1 recognized und appreciated by the weneral public to
various dearces. depending on the visibility of the skeleton or the shell ot the editice

(Galambos)

The structural desien engineers have many paints and brusiics i teir paleties
mathematics. solid and fluid mechanics. physies. chemistey, cte. e, the hard
sciences taught in their engineering educanion: experienae judgzment conearn for
the common good of the society: consideration for the ey ironanent and mans more
attributes 1zquired 10 professional practice. There are some severe restrictions

including cconomics. the needs of all the other members of the design team and the



1.

demands posed by the requirements of the structural design standards called codes

(Galambuos).

Structural desion codes exist to insure unitormity ot design criteria across structural
tvpes and across a region. and to permit control of structural designs by authorities

whose duty is to ensure public safety (Galambos).

Structural design codes are mainly dirceted towards the design of safe new
structures in their final occupied state. There s still a lack of comprehensive design
standards for a number of desien assigniaents that structural engimeers face with
mereasing frequency. Such challenges as are posed by the following activities have
requirements that are difierent trom lose that govern the new  structures,
Conventional practice is to apply the standards for new structures for these altered
desien conditions. The statistics and the reliability requirements for these situations
are different when much is known about the past history of the sites the load
histery. the structwe. oo Such challenges requiring  codification based on

available ¢xperience and rescarch are.

Returbishment of structures tor new uses or oceupancics

Repair and strengthening of structures atter damage duc 1o calastrophic
events

Redesign or re-evaluation due to changed circumstances N occupaney. use
or loading. This could be. for imrtance. increases of demand from highar
tralfic loads. new msights vained about the nature of a type of demand. o
ditferent wind loadine on a structure after newer adjacent buildings change
the wind chmate. ¢tc.

Use of recyeled structural elements in new constructions

Prescrvation of heritage buildings (Galambos)

72 British Standard (BS 8110)

BS 8110 Part 1:1997 was been published on the orders o Civil covineering and
Building Structures Committee Standards. Code of practice i~ provided with BS

§110:Part2: 1985 1o replace the CP 1100 Part 1:1972. Other than B35 KIT0. there are
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other BS codes that have been published i connection with the consiruction industry

(Ajis. 2012),

i BS 1192 Construction Drawing Practice
H. 3S 1363 Mains Power Plugs and Sockets
i, BS 1832 Resistor Value Coding

v, BS 3750 Quality Management

V. BS 6930 Site Investigations

Vi. 3S 3950 Steel Structure

vil. 13S 6879 British Geocodes

In BS8110: Part 1. there consists 8 parts that are divided mie several structural

clements. Fach part is as shown in lable 204




Table 2.1: Parts of BS 8110 (Ajis. 2012)

T part T Caiteral mattens relaiine 16 e desi - eedntireed conierele |
arts jeneral matters relating o the desten of rantorced conerete
design scope. detinitions and related symbols.

_______ — —_— — 4
i

Part | Design objectives and recommendations on arcas such as

basic

; . , \
design. structural design. anabysis. loadmg and material
i

propertics. l
Part 2 Design objectives and gu[@IQZCG\BK}EME\ T
7 Partd | -l)Csirgn'delailrmg Eyr reintoreed conerete
T Paid Dosign and detail for prostressed conerete
T T Pats | Structural d&lgn and details ot precast and  composite ‘
construction
Part 6 Materials, specilications. concrete and construction.
a CPart7 | Spuli‘lutlon for the reinforcement
Part 8 | Specifications anc \\'orkl;a;nship for _plC:liliwn;j[;d\:xri o
Lo oo _




BS 8§110-1:1997 mentioned that British Standard has been provided to several
sub-communitics such as Association of Consulting Engineer. British Cement
Association and several another communitios under Civil Fogineering and

Building Structures Standard Committee (\Jis. 2012

Ihere are several elements that have been contained in BS 8110:1997

Part 1: Code of Practice for Design and Construction

Part 2: Code of Practice for Special Circumstances

Part 3: Design Chart for single reinforeed beam. doupls remterced beam and

reciangatar column (Ajis. 2012)

BS §110: Part 13 19835 has been provided under Onvil bnginecring and
Building Structures Standard Committee. It produced together with BSSH(:
dart 2:1985 1o replaced CP 110 Part 119720 Theno 3S 81100 Part 11997

combined all the amendment issucd 1o BS8TTOPart © "98R8 us stated betore

a) Amendment No. 1 (AMD 3917) published « 1o May 1989,

b) Amendment No. 2 (AMD 6276) published on 22 December 198Y
C) Amendment No. 3 (AMD 7383) published on 13 March 1993,
d)

mendment No. 4 (AMD 7973) published on 15 September 1993,

3 turocode 2

tJ

tJ

3.1 Buckeround of Lurocode 2

Furopean Code, or better known as buro code wos mitiated by the

Commission of European Communities s a ~tandard stiactird deaen vuide.

It was intended to smooth the trading activities anong thoe Bar ot countiies,

Furo code is separated by the use of ditferent consirecnon materals. buro

code 1 covers loading situations. Luro code 2 covers concrste construction.
-

Farocode 3 covers steel construction white baro code = covers composite

construction (Yusottf. 2015).

Furocode underpins all structural design irrespactive of the matenial

construction. | establishes principle and requiroments tor satety. serviceability

13




and durability of structures. The Furo code uses a statistical approach 1o
determine realistic values for actions that occur in combination with cach

other (Ajis. 2012).

From 2002 1o 2007, there wre =8 parts of the 10 iuro code have been
published. CEN expected in year 2003t 2010, most ot the Furopean national
codes will be replaced by all the pablished Furo codes. Furo code will be used
for construction work in Furope and is designed to help make the construction
industry in Furope more competitive and improve the safety of the structure.
In addition. Furo code has become the niea reference matertal and guidanee

o the recent development and provides training 1o all users (Ajis. 2012).

2.3.2 Objectives of Lurovade

lhe aims of these ECs are collectively 1o provide comion design criteria
and methods to tultil the specified requi-emeais for mechanical resistance

~tability and resistanee o fires inclading aspects on durabihty and ceononn

Furthernore they provide a common understanding regarding the design of
structures between owners. operators and users. designers, contractors and
manuiacturers of construction products. They also facilitate the exchange of
construction services between member states of the European comimunity as
well as serve as a common basis for research and development in the
construction sector. In addition they improve the tunctionitie of the single
market by removing obstacles arising irom nationathy coditied practices.
Ihev also amprove the compettiveness of the Lutopean construction

industry (The aims of the Eurocodes, 2008)

B

303 Stages of Developments and Layout o Taroood

Fach structural uro code s establishea v cnen s P L o T
roree of  applications. These documents are oo ca s Sages ol
dovlopments Fuontaath
Eure eodes will have the same legal standine 1 s cabond caquivalent
desizn standards or codes of practice Initiahy. Fuorecnfos ave published as

preliminary standards . BNV (Prenorme Broropespae s cgunalent o BSTS
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Dt tor Developrent. BNV are opucnal. and have a dite of three yeas.
with 1 possible eviension of twe vears They will then be revised and
reissucd  as Luropean Standards. 12N (Norme Furopeatey whichare
mandatory  in the  sense  that  conflicting  national standards

must be withdravw i, A Furo cotes are punlished o cospunction wnd

Nattonal  Apphicanon Doctrie @0 (NAD L contaming supplemestan
pthomat or occilTo teocach mombor stiee The N tehes procadenes o
corres ponding prov sions in the fure cade (199110 0094 A this staue
severat Parocodes iave been conipieted and majorits of tham e sull veaed
as PNV Speciticallv, the main problems faced by the drafting pancis fo
Farocodes included agreemy w a commen trermimology aceentable tealt e
prember staes, resolvine diftering opintons on techined ssnes ki e
acoount natienal differences aomaterals and doaon and consitiction
practices. and regional diflerzne s i comaic cordions, Fae torieion
drod b ihe Lo code s cehici ]\ s e dhd olvaeh hod i
cquinatent UK documents with scme mnor diftercnos cor o plos s
arc now called actions while dead and vaposed foads e neo o
permanent and varable actions. respectively Sunifarhe besdine o
and anial loads are now calice internal memants nd biernal borees
rospocinvelv s anticipated that these changes are unihely ©r prosent aony
Neace oroblems, eopeciatly o tose tamibarsed woth Brnsh Standards

5

Shodan Ennae Mononmad, & Magchrar, 20010

A Jovinet Teature of the buro codte s that 1 s convese i vot U desenibes

e overall aims of desion and arovides specite e coan huey o
eI FUURUINE ) FNRNURVE FICT 1) NS | FCIUR TP B L LG R TTRE oy gl W
[ < ~ vadedl dp [N A [l Mg | . i
SO P RN A | TR ET
meothods, oo tor ool e witor e e rome st e a b akes
are otfset o the right of the paze and goreralh are v oo s ades wbidh

folfow the principles and satisfy thoir requinsracnis booals e

ruie provides one suggested mcthod lor satistvin e corresponding

priwinie Ferocodes are quite e Ve e tse ol

aiternive desien eules provided that it can e shiowi e atis s the vedevaint
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srincinles. and not necating other aspeces tor example. sersceabihity and
s < 3 & "

durability of the structure (Shatis mar. Mohannad. & Mk hrar, 20015,

Furo code 2 will be the one desizn cade tor all concrete structures i the
UK and Europe. EN 1992-1-1 was published in December 2004 and the
National Annex was published v Decenabor 20050 making it possible to
use in the UKL The standard was deveioped o bring weintoreed concerete
desion up 1o date U benets o over H0vears of knowledge and
expetience since the forerunners ¢ the UK alumate mit state codes (BS
8110, BS 8007y wore firss our o pother. burocode 2 may appear hard
comprehend and nore compien at it sghtt than UK codes but s

~

undoubtediy mere comprebensn e Ajs 200D

Farocode 2has oo parts

N opN Teelo o Comen norudes tor buildinegs and cvil engineering
PR T

NN el I Noructurad tire desien

BS N D992 Bridees

BS UN TUdIoA [ iguid retaming struciues

Foovomat Fas o National Annex (NA)Y which gives national values for certam
paro Cactors or Nationally Determined Parameters. NDP's). Besides safety.
2 N A neht dabo include matiers of national custom and practice. Ihese
N A~ are backed by PDG6687 which gives the background to UKk choices.
PDAGST covers BS EN 199211 and BS EN 1992-1-20 During 2008 1t s
annepated that PD6687 will be extended 1o cover BS BN 19973 and
FDOCY™-2 conering the NDP's 1o BS EN 1992-20 in the UK Turocode 2wl
repeace BS 3100 for buildings. BS 3400 for bridees. BS 8007 1or water-

retatamy structures and BS 60349 for mantime structure
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[able 2.2: Parts of Furocode (Ajis. 2012)

Part

TN

D T ) ) : {
‘ L Subject that involved }
| {
e B - . = - ——
I'N 1990 Furo code L Basts of structural design \
R FE———EEPEE M- L R L TR
| EN 1991 Furo code 1 Actions on structures i
| EN 1692, Furo code 2 Desien of conerete structures i
I 1 ‘ » ‘
N 1993 furo code 3 Desien of steel structures J
P e o s - US|
; N 1994 Luro code 4 Desion  of composite  steel and|
| ¢ | |
| i ‘ conerate structures f
S B I

EN 1993 Euro code 3 Desien of timber structures

l-\ [Y96 luro codé 6

LN 1097

il
‘ Furo code 7

EN 1998 I'uro code 8

“Euro code 9

CEN19990

Design of masonry structures

|

Geotechnical design ‘
: : . i
Desien of structures tor carthquaky;

|
resistance },
- |
|

Design ot aluminiunm structures




2.3.4 Scope of Lurocode 2

EC2 is a guide for the construction of buildings and civil engineering works which
are occur in reinforced concrete works and prestressed concerete. The standard Code
of practice also complies with the principles and requirements of satety and
serviceability as the fundamentals of structural design and verilication found in EN
1990: Fundamentals of Structural Design. EC2 cmphasizes the need tor resistance.
serviceability. durability and resistance 1o fire for concrete structures In FC2L there
are some clauses which are divided according to the behaviour of a structural
member.

FC2 describes the use in general tor all buildines structures. reinforced and
prestressed concrete. Both conerete of normal weight conerete and light weight are
included in this section. Fach part explains the difference m EN 1992-1-1 basic
phenomenon (e flexure. shear. deflection and bending) more than the types of

mombers (¢ o, beams, slabs. columns) (Ajis. 2012).
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Table 2.3: Relationship between Furocode and British Standard (Ajis. 2012)

— J— |

= Furocode Title British Standard
BS EN 1990 [Basic of structural dcsirgil 'BS’ $110:Pan | - seetion 2 |

|
BS EN 1991-1-1 [Densities. selt- \\ewht and lmpo»ud"BS 6399 Part |

BS EN 1‘(“ 122 Fire resistance wmuh S\lllL[llIL\

loads
BS EN 1991-1-4 IWind actions ' BS 6399 part 3
l—gfglﬁ)():lAAlvq‘a:l}u 1 IUlL\ of hmldmi:s;r Hi\i‘ﬁi 71"() Part 1.2 and 3 :
\

lcmd BS  gllo-Part 2.

section 4
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24 Difterences Between BS 8110 And 122

-
1) Terminology and symbols
i) The contents and clauses
iiiy  Material characteristics
1v)  Durability design
vy Partial safety factor of materials
vi)  Stress and strain distribution of the section
Terminology and symbol
ferminoloey and svibols used in Eurocode is somewhat similar to that found with a
BS in 810 However, there are several ditferent between the two codes o this
practice. Table 2.4 and Table 2.5 show the ditference:
-




lable 2.4: Terminology differences between BS 8110 and BC2 (A]is. 201 R3]

(BS 8110 o N FY S5 S I
L S S e e e o e o e e P
[.oads Actions

Dead load ‘xPermancin_I‘;ai5;7_ I
Imposed load Variable action 7

Bending moment Internal moment

Axial forees Tnternal forces

L

Table 2.5: Symbollic differences between BS 8110 and 1C2 (Ajis. 2012)

BSs110 e -

Characieristic dead load. G, (ilull—‘l’vaIACl‘il;{iiL‘fp;‘l]{lk;l-nvclﬁ action. (:,

Cliaracteritic imposed load. @x  [Characteristic variable acton @,

Charactorintic wirenath of concrete (cubo)/Characteristic—— strength o1

fiu reinforcement. f

Characteristic strength of reinforcement. f,, Characteristic 7st|C1{gAtlﬂw o
reinforcement. /.,

Partial mli‘cl‘\‘ factor for load. r- Partial safetv factor for  permancent

action. ¢,

Partial safety factor for variable action.
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Contents and chronology of clause
In 1:C2. organization structure is based on behaviour such as shear tlexure.
shear. deflection and bending while for BS8110. the clause arrangement is by tvpe of

structurat elements such as »labs. beams. columns and so o

Material characteristics
In EC2. the formula is based on the desien of cvlindrical concrete strength 28 days.
fon while BS 8110 using 28 days conciete cube strength. fo,. By estimation. the

strength of the ¢vlinder is 80% of the cube strength (Ajis. 201.2)

Durability design

BS 8110 and EC2 have identitied the durability of concrete structure is closely related
to environmental conditions. reinforcement cover. concrete quality and maxnnum
width of the crack. To select the cover m EC2. environmental condition has been
considerad with classitied the envirenr.ent inte 9 sections (£C 2 - Secuon
Durabilinn and Cover o Romtorcement) and BS 81100 does not specily the
circn msteeees but exposed onhy o classiy the sitwation as mild. moderate. severe.
and very severe (8BS 8100 Table 3 Nommal Cover To AN Remforcement Lo Mot

Durabilitnn Requirement) (Ajis. 2012},

Partial saters factor of materials
Same as BS 8110, EC 2 also use the factor of safety for conerete material y,o s 13
Fhen. the Tactor of safety for steel in BS 8110 has been reduced from 113 10 105 T

cxisting vield strength, BS 8110 has taken 160 N/mme while FEC2 takine 300N mm-

2.5 Comparison Between Structural Eurocodes And British Standards

Phe idea to develop a sct of harmonised and commnon structuval e 2ncdes tor
Furopean countries started in 1974, originated in 1957 at the reaty of Keme through
the European Economic Community (F1C). The presence o the commion codes
amongst European member states has been seen advantageous particuiary m lowermg
trade barricrs between them and enables engincers. contractors and consultants from

the member states to practice within all European countries (EC1 and o compete
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fairly for works within Europe. The use of a commen code is also expected to fead 1o

a pooling of resources and sharing of expertise. thereby lowering the production costs.

In the seventies. the international technical and scientific organisations in burope
agrecd to prepare works in coordinating the design principles. tormulating rules and
establishing the state-ot=the-wrt techmeal reports. Thereafier. the Commission ol
Furopean Communities (CHC) took the mariative to elaborate these preparatory works
by establishing five working expert groups. including one on "Stability of Structures”
which listed the main desien codes. later became known as Structural Furocodes
However. at that time there was no legal oblivations in using the codes for the codes
are only 1o tacihtate commercial exchan es between LEC countries and promoting
the use of @ smale Furopean standard for construction methods. materials. types ol
buildings and civil engineering works. The tormation of the Smgle Buropean Act in
1986 was the one which provides impetus to tackle the legal ssues s the process of
harmenisation. This Act provides directives i which no legislation can stop the
exchange of Furopean construction products. Fach Furocode s been dratted by a
small group of experts from various member states. These 2roups were fotimerh
under contract 1o the 1:C Commission but are now under the direct control ef CEN

(Committee Furopean de Normalisation). the Luropean Standards Organisation

A liaison engineer from cach member state has been involved i evaluating the tinal
document and discussing with the drafting group on the acceptability of the Furocode

in relation to the national standard from the country which they present

[he Commiission of the European Comintttee (CLC) imttated the work of astablistimg
a set of harmonised technical rules for the design of botldings wd o cncincecrine
works which would initially serve as an aliernative to the different raie soforce i the
various member states. These technical rules then became knowe as chie Stactural
Lurocodes which serve as the European standards for structural desroe o 50900 alter
consulting with the respective member staies, the CEC transrenad the work of funthed
development. issue and updating the Structural Furocodes o O and BFTA
secretariat agreed to support the CEN work. CEN Technical Committee CENCTC2N0
s responsible for all Structural Eurocodes. The proposed urocodes currently under
preparation are as follows:
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1. EN 1991 - EEC 11 Basis of Desion and Actions on Structures

. 1N 1992 - 15C 2: Design of Concrete Structures

fii. EN 1993 - EC 30 Design of Steel Structures

v, EN 1994 - EC 4: Design of Composite Steel and Concrete Structures
v. EN 1995 - EC 5: Design of Timber Structures

vi. N 1996 - 12C 6: Design of Masonry Stractures

Vil EN 1997 - 12:C 7: Geotechnical Design

Vit BN 1998 - 1O 8 Desien of Stractares for Farthquake Resistance
IX. 1IN 1999 - B0 9: Design of Aluminum Alloy Structures.
The steps brought about by the devclopments of Lurocodes have signtficant
impacts on British Standard users as considerations must be made in keeping
abreast with developments and technologies in current practices. This article aims
1o provide some fundamental backeround ot the Baropean Structural Codes
(Furocodes). and some introductory aspects particatarhy on design principies
and the ditferences brought about by the harnonized codes
Lurocode 2. 1:C2 s the Furopean proposed standard for the structural desien o
concrete structures. The British Standards Institution (BS1) has planined to pubiish v
separate documents related to conerete design under EC20 The publications. knuvwis

as European Prestandards (ENV) are listed below:

i DD ENV 1992-1-1: 1992 General rules for buaitdings

1. DD INY 1992-1-2: 1996 Structural fire design

il DD LNV 1992-1-3: 1996 Precast concrete elements and structure

" DD ENV 1992-1-4: 1996 Lightweight aggregate concrcte

\ DD BNV 1992-1-5: 1996 Structures with unbonded and prestressing
tendons

i DD ENV 1992-1-6: 1996 Plain concrete stractures

Vil NV 199222 1996 Concrete bridecs
viii 1NV 1992-3 1 1998 Conerete foundations
ix PNV 1992-4 0 1998 Liquid retaining and contain mers ~iciores v\ s,

2012)
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Publications with DD notation have been adopted in the UK and accompanied by its
corresponding  National — Application  Document  (NAD) The NAD - provides
operational guidance for cach country. There are other documents under EC20 apart
from those listed. yvet to be published. Generally. EC20 Part s broadiy comparable to
the existing British Standard. BS 8110 Part T and 2. Whilst BS 8110 1s basically
applicable to buildings. EC2 comprised of various parts and covers on the ditferent
types of structures. Building is generally covered by LC2: Part |

BC 2: Part 1 can be distineuished easily from BS 8,10 in the was the chapters are
described  The torier contained chapter. deahmg with beans o stabs columnse cte
whereas. FC2 Part | ohas chapters on vending. shear. tor-ion, buchling et The
arrangemient ol chapters in FC2 is basically based on phenomena whiht By 8070 uses

clement types,

Typical of any Furocodes. the Principles stated in EC2 does notatlow tor altematives
and a'l designs should comply with them. Application Rules aflew ror alternate
methads provided that it can be demonstrated that they compiv awith the primeiples s
stated ender some ol the terms uscd in burocodes are ditterent hom Briash
Standards. in that it tries 1o cover a wide variety of situations. In EC2 the termiael ey
for loading' has been replaced by ‘actions’. Changes are made on the dead loads
definition in EC2. EC2 draws a distinction between loads with small and laree
variations. 117 the variations between lower and upper loads is less than 20% ot he
mean valae. then the mean value is used as the characteristic value. It the vanation
cxevceds 20%. then both the lower and upper doads should be considered as
characteristic values. BS 8110 does not make such an explicit distinction in the
definition of the characteristic value of dead loads. Such considerations are relevant
when dealing for example, with the weight of a slab and a wall cast against carth
Other modifications with regard to loads are made to the load combmations and the
values of corresponding partial safety factors both at serviceability and ultimate limit
states, The partial safety factor for reintoreement does not change. For concrete. HC2
adopt a stngle value of 1.5 throughout. as oppose to BS 8110 which is using ditferent
values for bending. shear and bond. With regard to durability considerations. 12

does not permit the 'trade-ott between cover and conerete quahity as BS 31 10 doces.
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in general. 'C2 provides only the basic information required. whercas BS 8110 gives
considerably more detailed information. With BS 8110 one can usc the coefticients
given for various load effects such as bending moments and shear coefticients for
continuous beams and slabs. EC2 expects the designer to obtain these from textbooks
or manuals. In FC2. design tormulac are gencrally refated to the ey linder strength.
[his is one of important changes that must be noted. As an approximation the cylinder
strength can be taken as 80% of the cube strength Another ditference between BC2
and BS 8110 is the load arrangements for buildings Both 1'C2 and BS 8110 permit
redistribution of bending moments in continuous beams. The difference hes i the
rules given to cover the ductility and detailing requirements m the two documents. For
BC2. 30% redistribution is permitted for high ductilits steel and 1370 tor normal
ductility. C?2 does not permit any redistribution i sway trames. wiercas up to H0%o
redistribution is allowed by BS 8110.

Flexural desien of sections using EC2 1s rather complicated as compared to BS 8110
FC2 permits the use of stress-strain curve for the reinforcement which s identical to
that in BS 8110. EC2 also allows the use of a relationship with a sloping upper
hranch, which takes strain hardening into account. bor stress-strain curve of concrete.
FC2 uses the same basic diagram as BS 8110, but slightly simpler to use, EC2 allows
the use of simplificd stress block. 1 permits the use ol botli a rectancular and «
bitincar diagram. The expression of shear strength of conerete i FC2 contains all the

parameters as in BS 8110, There are some differences with recard 1o limitations

BS&110 still continues to enjoy a larve degree of prominence on the Atrican continent
especitalin in Niceria: The need to make a major shift towards tult embrace of the FCZ2
design phulosophy as well as provisions is imperauve as this wili have some impact on
the design of all tyoes of structures on the Alrican contmens Comequent]y 1t iy
essential to publish the results of research and other data thar nanrew and tocus the
scope of the new design methods on specitic clements that practein s are directh
involved with. Hence a design aided myvestigation and comparatin o study Is Aucessany
10 highlight points of convergence and difterence between o 7 and BSS1T0 This is
proposed to be achieved i the present study based on e analvsis and design ot a
library stracture, Similar studios have boen carried o oy the United Kingdom
(Narayanan & Webster. 199-h) and these were instrumental in die development of the
present investigation,
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Different researchers have worked on comparison ot structural members to difterent
codes.

a) Liew (2009) "British standard (BS 8110) and Furocode 2 (1:C2) tor reinforeed
concrete column desien” The study carried out in Malaysia tricd o address the
perception designers over there have that design using EC2 is very difficult and that 1t
is not very different from BS 8110. The study conducted a review of the design steps
for column design using kurocode Z.Several types of columns were designed
according to the two codes and resulting area of steel reinforcements were compared
Results showed that although the design process of EC2 was more technical. they
were still casy o understand and tolfow and design using EC2 was much more
ceonomical.

b) (Alnuaimi & Patel. 2013) presented a comparative caleulation study ot the
deflection. bar anchorave. lap leneths and control of crack width of remnforced
concrete beams using the BS 8110 and ACI3I® codes  The deflections were
calculated using the BS code were smaller than those predicted by the ACT code.
short-term deflection decreases with the incrcase in the dead-to-live load ratio
whoreas the long-term deflection increases for both codes. Phe study also showed the
1BS code maintains a constant bar spacing regardless of the conerete cover. but for the
ACI code. it reduces with the increase in concrete cover. With increase in conerete
strength. the tension anchorage length decreases for both codes. The BS code requires
a greater anchorage length in compression than the ACH code does, The compression
iap length requirement in the BS is more than that in ACH code for the concrete of
compressive strength less than 37 MPa and the former stipulates longer fap lengths for

hicher concrete strengths.

Usually in Nigeria. the design of structures is usually guided by the use ol British
Standard. (135 8110) m Nigeria (Nwotor, Sule. & Eme. 2015) BS 8110 15 a Briush
Standard for the design and construction of reinforced and prostressed conerete
structures. 3S §110 s based on limit state design principles. Anthougl osed tor most
civil engincering and building structures, bridges and water-retaimng structures are
covered by separate standards (BS 3400 and BS 8007 respectively v iNwotor Sules &

I'me. 201 3).
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Structural design is a process of selecting the material type and conducting in-depth
calculation of a structure o fulfil its construction requirements (Yusott. 2013 Design
may also be described as a process throuzh which the envineer determines the v pe.
size and materials used through a meticulous catculation untib detaded drawing s
produced (O'Brien & Dixon, 1995). The main purpose of ~tructural design is 1o
produce a safe. economic and functional building. Structural desian should also be an
integration of art and science. It is a process of converting an architectural perspective
into a practical and reasonable entity at a construction ~ite In the siructural design of
concrete structures. reference to standard code is exsential N standard code serves as
a reterence document with important puidance. The contents of the standard code
oenerally cover comprehensive details o' a design. Fhese details include the basis and
the concept of design. specifications to be followed. design methods. safety factors,
ioading values and cte. [n present dayvs. many countries have published thewr own
standard codes. These codes were a product ol constant rescarch and devetlopment.
and past experiences of experts in respective ficlds. Meanwhile, countiies or nations
that do not publish thew own standard codes will adopt a st of readily available code
a~ the natonal rererence. Several factors govern the type of code to be adopred
namely suitability of application of the code set in a country with respect oty
culture. chimate and national preferences as well as the trading volume and diplomatic

ties between these countries (Yusoff, 2013).
2o Reirforeed Conerete Structures

[he tash o the srtctaral engineer is to design a structure syhich satisfics the neads of
e client and the usar Specifically the structure should be sate. cconomical o build

and mainain, and acsthetically pleasing (Arva, 2009)

Desizn is a word that means different things to diiterent people Architects miay
define design as being the production of drawings and models 1o shovw what a new
building will actualiy look like. To e¢ivil and structural enoineers however. design is
tahen to mean the enire planning process for a new building structure. brdge. tunnel.
road. cte.. trom outline coneepts and  feasibility studies through  mathematical
calculations to working drawings which could show cvery last nut and bolt i the
project. Together with the drawings there will be bills of quantities. a specification

and a contract. which will form the necessary fepal and oreanizational framework
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within which a contractor. under the supervision of cngineers and architects. can

construct the scheme. The aims of desten melude

1. Fo achicve an acceptable probability  that the  structure  will perform
satislactorily durine its intended hife

i, With an appropriate degree of sateay. the structure shoutd sustain all the foads
ang detormations of normal construction and use. have adequate durability,
and resistance to the effects o misuse and fire

iii.  Calculations alone do not produce safe. serviceable and durable structures.
Equally important are the suitabilitn of the materials. quality control and
supery ision of workmanship during construction

. 1o produce a structure which is economical to construct. maimntaim and service

throasheut its design life (Arnva. 2609)

Fhere  are mamy  inputs  into the  cnwineermy desion provess meiuding:
client brief. experience. imagination. a site imvestization. medel and Liboratony tests.

economic factors and environmental factors (Arya. 2009).

The starting-point for the designer is normally a conceptual brict from the client. who
may be a private developer or perhaps a government body - he conceptual bricf may
simply consist of some shetehes prepared by the client or perhaps a detailed set of
architeet's drawines. Fxperience is crucially important. and a client will abways
demand that the firm he is employing o do the design has previous experience
designing similar structures. Although imagination is thought by some to be entirely
the domain of the architect, this is not so. For cngineers an imagination ol how
clements of structure interrelate in three dimensions is essential. as is an appreciation
of the loadings to which structures might he subject in certam civumstances In
addition. imaginative solutions o engineering problems are orien requirad 1o osave
money. time. or to improve safety or quality. A site anvestivatios s casential o
determine the strength and other characteristics ol the ground on which the structure
will be founded. If the structure is unusual in anmy way. or subect to abnormal
loadings. model or laboratory tests may also be used 1o help determine how the
structure will behave. In today's ceconomic chimate a structural desiener must be
constanthy aware of the cost implications of his design. On the vne hand design should

aim 10 achieve cconomy of materials in the structure. but over-refinement can lead to
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an excessive number of different sizes and components in the structure. and labour
costs will rise. In addition the actual cost of the designer’s time should not be
excessive. or this will undermine the employer’s competitiveness. The idea 1s to
produce a workable design achieving reasoaable cconomy of materials. while Keeping
manufacturing and construction costs down. and avoiding unnecessary desien and
research expenditure. Attention to detailing and buildability of structures cannot be

overemphasized in design.

Most failures are as a result of poor detailing rather than incorrect analysis.
Designers must also understand how the structure witl fit into the environment for
which it is designed. Today many proposals for enginecrimg structures stand or fall on
this basis. so it is part of the designer’s job to tryv to anticipate and reconcile the
environmental priorities of the public and government. 'he enzieermg design

process can often be divided into two stages:

(1) a feasibility study involving a comparison of the alternative forms of structure and

selection of the most suitable type and

(2) a detailed design of the chosen structure, The suceess ol stage 1. the conceptual
design. rchies 10 a large extent on engineering judgement and instinct. both of which

are the outcome of many years™ expericnce of designing structures.

Stage 2. the detailed design. also requires these attributes but is usually more
dependent upen a thorough understanding of the codes of practice for structural
design. ¢.o. BS 8110 and BS $950. These documents arc based on the amassed

experience of many generations of engineers. and the results ot rescarch They help to

ensure safety and economy of construction. and that mistakes are not repeated
2.7 Methods Of Design

The degrec of overlap between the two curves can be mimninzec By s ohe of thiee

distinct design philosophies. namely:

1. permissible stress design

2

. load factor method

3. limit state design.
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2.7.1 Permissible Stress Design

In permissible stress design. sometimes referred 1o as modular ratio or clastic design.
the stresses in the structure at working loads are not allowed 1o exceed
4 certain proportion of the yvield stress of the construction material, oo the stress
levels are limited to the elastic range. By assuming that the stress—strain relationship
over this range is lincar. it is possible to calculate the actual stresses in the matenal
concerned. Such an approach formed the basis of the design methods used i CP L
(the forcrunner of BS 8110) and BS 449 (the forerunner oft BS  3930).
However. aithough it modelled real building performance under actual conditions. this
philosophy had two major drawbacks. Firstly. permissible design methods sometimes
tended to overcomplicate the design process and also led to conservative solutions
Secondly. as the quality of materials increased and the safety margins decreased. the
assumption that stress and strain are dircctly proportional became unjustitiable tor
materials such as concrete. making it impossible to estimate the true factors of safety

CArve. 2009).

Y 7

7.2 Load Factor Design

L oad factor or plastic design was developed to take account ot the behay iour of the
structure once the vield point of the construction material had been rcached. This
approach involved caleulating the collapse load ol the structure. The workimg load
was derived by dividing the collapse fead by a load factor. This approach simplitied
methods o analssis and aliow ed actual factors of satews 1o be valenfated TUwas fact
permitted v CP 114 and BS 449 but was slow gt aceeptanee and was

eventually superseded by the more comprehensive Bt state anpoae Anva, 2009
2.7.3 Limit State Design

This was originally formulated in the former Soviet Uinon i the 19505 and developed
in Curope in the 1960s. regarded as fairiy sates The risk ot death or anjury due to
structural failure is extremely tow. but as we spend most of our fife in buldings this s
perhaps just as well. As far as the design ol structures for satety is concerned. 1t is
seen as the process of ensuring that stresses due 1o loading at all critical pomnts in a

structure have a very low chance of exceeding the strength of materials used at these
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critical points. In design there exist within the structure a number of critical points
(e.e. beam mid-spans) where the design process is concentrated Most modern
structural codes of practice arc now based on the limit states approach. BS 8110 for
concrete. BS 3950 for structural steelwork. BS 3400 for bridges and BS 3628 for
masonry are all limit state codes. The principal exceptions are the code of practice for
design in timber. BS 3268, and the old (but still current) structural steclwork code. BS
149_ both o1 which are permissible stress codes 1t should be noted. howewver. that the
Luro code for timber (EC3). which is expected to replace BS 3268 around 20100 1s
based on limit state principles. As limit state philosophy torms the basis of the design
methods in most modern codes of practice for structural design. it is essential that the
design methodology is fully understood. This then is the purpose of the following

subscections (Arva. 2009).
Cltimate And Scrviceability Limit States

The aim of limit state design is to achieve acceptable probabilities that a structure will
not become unfit for its intended use during its design fite. that is. the structure will
not reach a limit state. There are many wayvs in which a structure could become
unfit for use. including excessive conditions ot bending. shear. comprossion.
deflection and cracking. Lach of these mnechanisms is a limiit state whose effect on the
structure must be individually assessed. Some o1 the above himit states. ¢.g deflection
and craching. principally affect the appearance of the structure. Others. e.o. bending.
shear and compression, may lead to partial o1 complete cotlapse of the structure.
Those limit states which can cause failurc of the structure are termed ultimate fimnt
states. The others are categorized as serviceabiling fimit states. Phe ultimate Timit
states enable the desiener to caleulate the ~trengthy of the struciure Sernviceability it
states model the behay jour of the structure at working loads. I addiion. there may be
other limit states which may adversely aftect the performance of the structure. e.g.
durability and fire resistance. and which must theretore also be consadered m desian,
It is a matter of experience to be able to judge which limit states should be considered
in the design of particular structures. Nevertheless. once this has been done. 1t I
normal practice to basc the design on the most critical Tt State and then cheek for
the remainiag limit states. For example, for reinforced concrers beanis the ultimate
limit states of bending and shear arc used to size the beam. The desien is then checked

jor the remaining limit states, ¢.g. deflection and cracking. On the other hand. the
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serviceability limit state ol deflection is normally critical in the design ol conercte
slabs. Again. once the designer has determined a suitable depth of stab. he/she must
then make sure that the design satistics the limit states of bending. shear and cracking.
In assessing the effect of a particular Timit state on the structure. the designer will
need to assume certain values for the loading on the structure and the strength of the

materials composing the structure (Arya. 2009).
Characteristic and design values

As stated at the outsel. when cheching whett o @ particular member s sates the
designer cannot be certain about either :he strength of the materal composing the
member or. indeed. the load which the member must caury - Lhe material strength may

be less than intended
(a) because of its variable composition, and

(h) becaus of the variabitity of manufacturing conaditions drivie oo stiactions

other effects such as corrosion.

Similarly the load in  the member may  be  grewer than anticmied
because of the variability of the occupaney or environmental Loading. and because ot
unforeseen circumstances which may lead to an merease 1 the weacral fevel of
loading. errovs in the analysis. errors during constrection. vte Boac vaseiteni ) i
allowed for by asiy a characteristic value, The character ste stz v vadie
below which the strength lies in only o small numbor o7 Coses Sudarhy the
characteristic load is the value above which the foad Ties sl o smand percentage of
cases. In the case of strength the characteristic vaiue s determined from test results
using statistical principles. and is normally defined s the valae belew which notmore
than 5% of the test results fall, However, at this <stage thers are ansufficient data
available 1o appiy statistical principles o ioads. Thereiore tic wharacteristic foads are
normalhy taken to be the design foads trom other codes o praciice ¢ i3S 048 and
BS 6399 [he overall effect of items under (b is allowed 101 usime o partial satety

factor: y,, for strength (Arya. 2009
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2.8 Loads

- Dead and lmposed Loads
Dead loads
The dead loads are taken as the scli-weight of the structure and are gotten by
multiplving the cross sectional area of the beam by the unit weight of conerete for
both codes. The unit weight of concrete as per BS8110 is given as 2HKN/m . while
that for Eurocode 2 is 25 KN /m?3. The differences in these principles might result in
differences in the amount of load a common member dinension could carry . be it at
service or the ultimate limit state. Consequently. the amount ot reinforcement
required miioht alse be affected.
Dead loads mclude
a)y Weight ol conerete
Some typical weights of plain and reinforeed conerete. solid concrete slabs.
hollow clay-block slabs. concrete products. finishes. lightweight concretes and
heavy concrete
by Other structure materials and finishes
Dead loads include such permanent weights as those of the finishes and linines
on walls. Noors. stairs. ceilings and  roots. asphalt and other apphed
waterprooting layers: partitions: . windows. roof lights and pavement hghts:
4 superstrueture of steehwork. masonry. brickwork or timber: conerete basces 1or
machinery and tanks: fillings of carth. sand. puddled clay. plain concrete or
hardeore: cork and other insulating materials: vail wacks and ballasting:
reticetony Lindngs: and road surfacing.
¢) Panitions
The weights of partitions should be included in the dead loads of tloors and
it is convenient to consider such weights equivalent umitornidy distributed
louds. The material of which the partition s constructed and the stoiey
height will determine the weight of the partition. and v the design of floors
the actual weight and position of a partition. when knewno should be
¢

allowed for when calculating shearing and bending moments on the slab and
beams.

Imposcd loads
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Imposed loads on structures include die weights of stored solid materials and Liquids

o< and the loads imposed by vehicles and moving ecquipments.

In the beam design. commonly used parameters sucl. as imposed loads and concrete
grade were made uniform for both BS8110 and burocode 2. Varied parameters were
mainly those based on theories of the codes such as the equations governing flexure at
the ultimate limit state and shear.

Fable 2.6 below shows the basic span etfective depth ratios of a rectangular beam tor

both codes.

Table 2.6: BS 8110 and Furocodel basic spansetfective depth ratios for rectangular

beams
4 Support conditions BSSLIg-1997(3) Forocode 2112
Cotlile e g -
Nty Sy ST :'i‘ ‘\
O < 7 o 2 7 hal
} s 2 { i i N
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Ultimate Design Load

In addition to the varied parameters mentioned above. the ultimate design load
formulac in both codes are of great importance m the rate ot loading on the structure.
Consequently. the moments and shear forces acting on the structure niay be aftected
as a result of these variations in loading. At the ultimate limit state. the maximum
design load can be cstimated by using equations (1) and (2) for BS8110 and

Furocode2 respectively.

W - lly;\ E l.()qk (l)
n- L33, 0 13q, (2
Where:

gx and g, are dead loads (including self-weight) and imposed toads respectively. 14
1.6 and 1.35. 1.5 is all partial safety factors fur foads tor BS8T10 and Lurocode?
respectively.

Characterisuic and design values

As stated at the outsel. when checking whethier a particular member is safe. the
designer cannot be certain about either the strength of the material composing the
member or. indeed. the load which the member must carry. The material strength may
be less than intended

(a) because of its variable composition. and

(b) because of the variability of manufacturing conditions during construction. and
other effects such ax corrosion. Similarly the Toad in the member may be greater than
anticipated (a) because of the variability of the oceupancy or environmental loading.
and

(b) because ol unforeseen circumstances which may lead to an increase in the eoneral
fevel of loading. errors in the analysis. errors during construction. ¢te

In each vcase. item () is allowed for by using a charactensuc vatue  The characterisii
strength is the value below which the strength lies in only a small number of vases
Similarly the characteristic load is the value above which the foad lies inonly a small
percentage ol cases. In the case of strength the characteristic value is Jetermined trom
test results using statistical principles. and is normally detined as the value below
which not more than 5% of the test results fall. However at this stage there are

insufficient data available to apply statistical principles to feads. theretere the
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characteristic loads are normally taken to be the design loads from other codes of

« practice. e.¢. BS 648 and BS 6399.
4
‘_
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Table 2.7: Summary of the differences between BS 8110 and Lurocode 2

SN | Parameters TBSSIT0 ) Lurocode 2(CEN 1992) _
l. Concrete strength T(‘uhc strength. i Cvlinder strcngth.“]}.k
' Jor = 0.8z,
fo > f4/08
20 ] Partial ;a,“‘; factor. ym‘ © T har conerete in | For conerete:
bending = 1.5 | bundamental - 1.5
Forsteel == Accidental 13
1.15 : For steel:
Fundamental 15
!, Accidental 1.0
5, “Y»;icl(fAst}e_lviélhkui'high \I_le_sfulA 7 fv =160 MPa for = 460 MPa
fol Vo fonl v = 400 MPa
- = M0 MPa
4. Yicld strength of hing mild steel ‘irAf_';:égOi MPa | /;A: 250 MPa
. Sk ¥ = 217 MPa
j\ =217 MPa
3. Ultiinate strain of concrete. Eeu T(L()(RS for | 0,002 for avial load 4
tlexure (1003 for flexure
6. | Maximum allowable neutral axis 0.5d (no 0.43d tor fo < 35 MPa
depth. x redistributiony | 0.33d tor f > 35 MPa
0.35d for plastic analysts
7. Concrete compression 7one depth 09x | 08+
(stimplified rectangular stress block)
37 [ Ultimate moment of resistance. My, #f, | Ferfo 235 MPa M,
\ = 0.156 /. bd’ 01671 . bd?
‘ CTan £ > 35 MPa M,
| 0128/ bid”
o TShear T T v = vbd | Viar = T.bpd
wll T} - % Longitudinal spacing

|

|

Links | Longitudinal
| |

\

'
L
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sbz&(‘ing &
0.75d or
300mm

[ ransverse

spacing < d
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Vea, | Lesserof

0.20-0.67

‘ 0.67--1.0 | 0.3d or 200mm

'

[ransyerse spacing

' WPisgra Plesser of

0-0 2 Cdoor 300mm
0.6d or 300mm
0.67-1.0

0-0.2 0.8d o1 200mm

0 .6d o 300mm

0.3d or 200mm .




CHAPTER THREE
METHODOLOGY

3.1 Introduction

The proposed building is a three storey (10 8m heighth. library complex with a ground
foor area of 1487.61m%, first floor arca o 148701 and second floor arca of

1051.56m?. The architectural plan was prepared using Revit Architecture.

Plate 3.1 shows the ground floor plan, The cround 1Toer consists of garage on one side

and archive arca on the other side.
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The first tloor is the proposed Undergraduate library and consists of reading arca and

the bookshelf arca. Plate 3.2 shows the first floor plan.




i
}
'
'
‘

Plate 3.2: First floor plan

A




Plate 3.3 shows the second floor plan. The second floor is the proposed Posteraduate

library and consists of reading area and bookshelf arca.

44




S & U U N O

ot e e e i e = G e

’

- v
e T = T =

a5 Fhoma B e

Plate 3.3: Sccond floor plan




Plate 3.4 shows the roof plan while Plates 3.5. 3.6. 3.7. 3.8 and 3.9 are showing the 3-

< dimensional views of the proposcd library.
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Plate 3.5
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Plate 3.6: Right side view

Plate 3.7: Rear view




Plate 3.8: Left side view

Plate 3.9: 3D view
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Plates 3.10 and 3.11 are showing the sectional views of the proposed library




Plate 3.10: Longitudinal section

Plate 3.11: Transverse section

51

]
I
|
- i
i




3.2 Structural Design

The proposed structure was designed using manual calculations. The dimensions of
structural elements were estimated first by preliminary coneeptual design. Then the
vertical and horizontal loads were defined according to the provisions of BS 8110 and
rurocode 2 separately. The design and geometric parameters of the proposed structure
were identical for both codes. The type ol concrete used was C20/25 (characteristic
evlinderscubic compressive strength after 28 days). The types of stech used were the

same for cach code.

Design procedure:

I Idealization of the structure into load-bearing lrames and clements for analysis and
design

2. Estimation of loads

3. Analysis to determine the maximum moments. thrusts and shears for design

4, Design of sections and reinforcement arrangements for slabs. beams. columns and
walls using the results from 3

5. Production of arrangement and detail drawings and bar schedules

3.3 Structural Elements And Frames

The complete building structure can be broken down into the followmg elements:
Beams horizontal members carrying lateral loads

Stabs horizonal plate clements carrying lateral loads

Columns vertical members carrving primarily axial load but gencrally subjected to
axial load and moment

Falls vertical plate clements resisting vertical. lateral or in-planc foads

Bases and foundations pads or strips supported directly on the ground that spread the
loads from columns or walls so that they can be supported by the ground without
Before commencement of structural analvsis and design. the archaectural drawings
need 10 be effectively studied and the salient teatures noted and catered for while
modeling. After which, the drawings are schemed. that is. the lavont of the ground
Hoor plan was prepared by properly positioning colummns. beanis. staircase and slab

that may be deemed fit




3.4 TFactors Governing The Design Of A Structure

The eriteria which govern the design of a structure for a particular purpose may be
summarized as follows:

a) Fitness tor purpose

b) Safeny and rehability

<) Darabidity

dr Good value for money

¢} Iaternal appearance

£ Lser comtort
Finess tor saorpone is generally covered by the overall geometry of the structure and
its components. It should be possible to have unrestricted and unhindered use of the
structure tor the purpose for which it’s built,
Sarenv an rediahiln are assured by following the codes ot practice tor loading.
materials desien. construction and fire resistance.
Good value tor money is perhaps the most important critenion The designer should
take inte account not only the cost of materials but alse the buildabthinn . the time
requircd to build. the cost of temporary structures, the cost of mamtenance over a
period of time. and in some cases the cost ot demolition deconinissioning.
Fxternal appearavce of o structure changes over a perwod o time The desiena
should be aware of the effects of cracking. leaking. spalline. flakine et ot the
materials i ouse. he designer should make appropriate atlavanse o aveid the
degradation of appearance.
User comforts are influenced by vibration of the structure duc “ewids road rail or
vibrating machinery. Large deflection under foad alse canse aunm to the users The
desivner should pay adequate attention 1o the alleviaten ot these anticipated
discomforts.
Rehustness comes with the chosen structural form and is deternmned mv the additional
inherent strength ot the structure as @ whole o withstand accidental loadings.
Collapse of one ey member in the structure niust not mitate global collapse The
designer must foresee the “domino effect” in the structure and averd it by careful

planiing
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3.5 General Arrangement

Ihe General Arrangement (GA) or Layout drawing serve as a guide to loading.
analyses. preliminary design/member sizing. and design proper of the structural
clements as positioned on the layout. This drawing forms the basis for all drawings
generated for the proposed project. The proposed library complex contains all the
common types of structural elements: slabs (solid slab and {lat slab). horizontal beams
and vertical columns. staircase and foundation that are required to sustain all the
horizontal and vertical loads on the structure.

The proposed library complex was first desiened according 10 BS 8170 and then
designed according to Furocode 2. A derailed comparison 1or both codes s then

carried out.
3.6 Design Mcthodology

Step 1 Dead load caiculations

This includes the selt-weieht of the slabs, partition and tishes Fiishes was taken as
12N me. while partition is taken as LORN m~.

Culled trom Reinforeed Conerete Designers” Handbook by Reynold and Steedman.
Step 2- Live Load calendations

The live load might not be given in calculations. Use the necessary code of practice
(BS

6399). In this case we used a live Toad of 4. 0kNM-

Step 3 Ultimnaie desian doa s

Fhe ultimate desien load was caleulated from:

At ULS.n - 1.4 Dead load - 1.6 Live load

Step 4. Design daia

Before proceeding with caleulations of moments. all known desion data: strength ot
concrete (fy). streneth of steel (fi 1 used. assumed diameter ot mam steel. and cover
were listed. iiective depth was caleulated.

Step 3: Bending moment at mid-span

[he bending moment at mid-span was calculated using formalac or using coellicients
in BS 8110.

Step 6 Calculation of reinforcing steel al mid-span

Once Moment is caleulated. then the following parameters were caleulated:
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K.z = 0.95d (maximum). Ag,eq and Ag .

For BS 8110

oo M
YT
l,= 05+ 10.25- —
\ 0.9
7= 1,d
For BEC2
P = M
T Jbd’
—e
! k
[, =05+ 1025~ ——
| 1.134
N
7=1,d

Step 7 Bending moment at support if hean is continuous

The bendine moment at mid-span was calculated using formulac or using coclficients
in

BS 8110 and EC 2 respectively.

Step 8. Calculation of reinforcing steel at mid-spun (Design as rectangular section
Once M is calculated. then the following parameters need to be calculated:

K.z~ 0.93d (maximum). Ag ., and Ag .

Step 9 Deticerion check Atmid-span. Service stiess 18 needs to be caleulated M bdZ2.
Modification ratio. Basic Ld

shall be known. Permissible I/d caleulated and Actual 11d caleutatcd

For deflection criteria (o e satistied. the permissibic {d rari siils o e than
the actual | d raiio

Step 10 Shear Check

NMasimuni shear from the support center-line shall be determimed and the shear stress
calculated using:Shiear stress = Vi(bd) < 3Mpa or formula 8v f4,

Step L1 Topping reinforcenent

Minimum steel shall be provided in the topping — 0.13%bh
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CHAPTER FOUR
RESULTS AND DISCUSSION

4.1 Results

The results of the design and analysis for the structural elements according to BS 8110-1997 and
Lurocode? as determined manually are as presented. To create a neutral base for comparison as
revards bending moments and shear forces. Table 4.1 shows the input data used in generating total

load on slab.
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Table 4.1 Input data tor both codes

Parameter | BS8110 JEUROCODE2
Conerete unit weight 24KN /m? 24KN/m?
“Overalldepth. b 175mm ‘ ~175mm
Width,b N 1000mm - 1000mm J
“Imposed load  4KN/m‘ © 4KN/m‘
Table 4.2: Percentage difference in area of steel required for slab
i . CALrequired(mm?) % :
BSSII0 LEC 2 difference %
Short span mid spaﬁ ------ 313 1 - 7 L_ﬂ) 1oy 1385 J
' Short span continuous edge 42101 4018 3.87 1
Long span mid span 330 T 50693 1396 ‘Ai
Long span continuﬁz;ﬁrsﬂc‘c‘lgrév 4359 - 42333 289 !
“Nerge
% 3.64 |
fable 4.3 Span moment of beam
Span Length (m) | Span Moment -
BS  TEC2
8110 ‘
B 613152630174
BC 6 8745 18338
CD 6 87.45 | 83.38
DE 6 315.26 | 301.74
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<

AB&DE

Length i

31506 3174131976

cuitiorence inarca of Steel required for maximum span support

T T o TToTT oo o TToa o -7 S - P T
Maximum  Span @ As required | % ditference

\oment imm?)
‘BS 2 oBs Trex
¢ i
8110 S0

138267 1 429

Table 4.5: Percentage difference in area of Steel required for maximum support moment

| Support Maximum Support Moment | As rc[]uxrcd 9y difference
(mm?)
BS 8110 LC2 | BS FC2
| 8110 |
B&D 382.96 i 36649 118175 181297 (451
S SR RN PR IR ,

Tobie 460 Percentage difference in total weight of steel required for slab

Tvpe tmm)

P Unitweight

Total length ‘ Total weight L 9% difference

C(kgm) (m) : (kg) |
BS8I10 [LC2 BS [E&
g11o-
Y12 0.8878 10400.13 ' 9338 61 Eom_u 125

10541.35
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Table 4.7: Percentage difference in total weight of steel required for column
= o

Type (mm) | Unit weight l Total length Total weight Y% difference
(kg/m) | (m) (kg) i
BS [BC2IBS8IO0 [ECZ
810 | }
Y16 15785 151930 307 o
V20T 124662 124088 0 30354d 0 0
Nas a8 30326 298375 1168382 11497.58 | 188 |
‘ CAverage
i | 188
lable 4.8: Percentage difference in total weight of steel reguired tor beam
l ir"l_\pe (mm) Unit weight Total fength ) IJ\ITT%T © oL ditference |
(kg/m) {m) NS
BS T2 BSsI0 OO
| EIT.
Y10 06185 SI893.5 SANU3 S 3305163 AR0S1AY a0 B
Y16 15783 10547 105470 166463 16646y 0o
Y20 [ 24062 1 1240.88 124088 06026 6026 o]

Y25 3.8534 180480 184063 1819.63 0
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4.2 Discussion of Results

The percentage difference for area of reinforcement between the two codes was calculated with
the BS8110 values as controls. For the combination of dead and imposed loads considered. the
average percentage difference for the span moments of the BS8110 exceeds that ot the Furocode

2 by 4.29%. while the average support moments for the BS8110 exceeds those of the Furocode?

by 4.319,

[n the case of slab. the average percentage difference between the arcas of steel required for the
BS8110 exceeds that of the Lurocode by 3.64% for both short and long span.
The average percentage ditterence in total weight of steel required for the BS8110 exceeds that of

the Eurocode by 1.23% for slabs.

I'he average percentage difterence in total weight ot steel required for the BS8110 exceeds that of

the Eurocode by 1.88% for columns.
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CHAPTER FIVE

CONCLUSION

Fhe results of the comparative study led to the following conclusions:

1.

[§%]

(OS]

The BS8110 moments exceeds that of the Eurocode2 by an average of about 4.29% at
spans and 4.31% at supports for beams.

The average percentage difference in total weight of steel required for the BS81 10
exceeds that of the Eurocode by 1.25% for slab.

The average percentage difference in total w eight of steel required for the exceeds that of
the Lurocode by 1.88% for column.

The Eurocode2 is more conservative in terms of the partial factors ofsalely for loadings.
Based on the results obtained. it can be concluded that buildings designed by the

provisions of the Eurocodes are more economical w ith the required margin ol safery

157




REFERENCLES

1991-1. E. (1994). Basis of Design and Actions on Structures. Part 1.

Ajis. No AL (2012). Studdy on the Improvement of Code of Practices in Structural Design and

Muaterial Specification. Malaysia.

Al- Ansari. N.. Al- Taic. E. and Knutsson. S. (2014). The Need to Develop a Building Code tor

Irag. Scientific Research, 610-632.

Alnuaimi. A. S, and Patel. 1. Y. (2013). Serviceabilits limit state. bar aanchorage and lap lengths

in ACI1318:08 and 3S8110:97: A Comparative Study. The indicun Concrete Journal

Arya. C. (2009). Design of Structural Elements New York, LS A Taylor and Francis.

Building Code. (2013). Retricved June 6. 2010 from

hitp: 'www.co.czaukee.wius/DocumentCenterHome view 313

Council. L. C. (2005). Setring the Standard for Building Safety. hiternational Code Council.

Galambos. T. V. (n.d.). Structural Design Codes: The Bridge benveon Reseorcli and Practice

Naravanan. R. S, and Webster. R. (1994). Concrete Structures Furocode FC2 and BSNTTHI

+ nared. Tst Tdition. Harlow: Londman Scientific and Technical.

Nwofor . T.C. Sule. S. and Eme. D.B. (2015). A Comparative Study of BS81 10 and b urocode 2

Standards for Design of a Continuous Reinforced Concrete Beam. Jowrnal Impai Fact o 76-84

O Bricn. E. 1. and Dixon. A.S. (1995).  Reinforced and Preswessed Concrere Desian - The

Complete Process. United Kingdom: Longman Scientitic and Techmical.

Revnolds. C. E. and Steedman. ). C. (1999). Reinforeed Concrete Designer s Hendbook, Tenth

Edition. London: Taylor and Francis Group.

158




Shafui. F.. Onwr. W, Mohammad. S. and Makhtar. A. M. (2001). Standardisation of Structural

Design: A Shift From British Standards to Eurocodes. Jurnal Teknologi. 34(B): 21-30.

Taylor. . P.and Burgoyne, C. J. (2008). Structural design and the Furocodes- a historical review.

IStructl-.

The aims  of  the [lurocodes. (2008)  Retrieved  September 10, 2008  from

http: “www. curocodeZ info/main.asp

Yeager, M. (2013). History of Building Codes. Retrieved June 5. 2016, from Buyer's Choice tHome

Inspection: http://www.buyerschoiceinspections.com/history-of-building-codes

Yusoff, T.5.12015). Advantage using Lurocode 3 for design of tactor trame. Jowrnal of basic and

applied scientific researcle, S(1L1H1T-16.

159




