BY

Unsymmetrically Reinforced Concrete

Columns Under Small Eccentricity of Loading

Engineer Valentine Eziefule Ezetah
(B. Eng Civil, M. Eng Struct, MNSE, CE COREN)

A Dissertation Submitted to The Postgraduate School,
Ahmadu Bello University, In  Fulfillment For The

Requirements For The Degree of Ph.D (Structures)

Department of Civil Engineering
Faculty of Engineering

Ahmadu Bello University, Zaria

May, 1991



Dedicated To Genuine

Quest For Knowledge



CERTIFICATION

This thesis entitled “UNSYMMETRICALLY REINFORCED

CCNCRETE COLUMNS UNDER SMALL ECCENTRICITY OF LCADING"

by Engr. Valentine Eziefule Ezetah meets the regulations

governing the award of the Degree of Ph.D (Structures)

of Ahmadu Bello University, Zaria anc¢ is approved for

i<s contribution to knowledge and literéry presenta-

tion.

7
(ﬁﬂi—-ﬂ&_—/‘-ﬂ

Professor A, O. Abatan

Internal Examiner

[ - \u"’ .:\.\_ > '.U {;) wj*-\.

J

L

Frofessor O. Adeblsi
Internal Examiner

Dre S. P. e

Internal Examiner

Dre Ke Js OSinUbi
Internal Examiner

NIy

DE';'O¢ Me Sadi
Internal Examiher

(Y ee b,

Professor O. Adebisl
Head of Department

>""7“~:‘/

ngggraduate School

Date:

Date:

Date:

Date:

Date:

Date:

Date:

.:L:.ﬂ?.z(z!......-.

(0. 6). 9/

LR B B A L

) “\L AT - 1854

® B 8" BB P e ABEFE e

' O G 7 'f_j (

20 3 5

LU - LE R B N



DECLARATTION

I hereby declare that this thesis

has been written by me and that it

is a record of my own research work.

It has not been presented in any
previous application for higher degree,

All sources of information are
acknowledged by means of references.

4

f \L

VALENTINE EZIEFULE EZETAH



ACKNOWLEDGEMENT

It is usual in works of this nature to acknowledge
the goodwill of some of the many people who contributed
to the successful completion of the thesis. My first
thanks go to my Supervisors Professors A.0. Abatan and
Adebisi for their guidance. For sponsoring this work,
am grateful to Abubkar Tafawa Balewa University Bauchi.
I thank Professor Buba Bajoga imensely for his
encouragement and personal interest in the progress of
this project. I am grateful to all the acedemic staff
and graduate students of the department of Civil
Engineering A.B.U., Zaria, for without their various
criticisms during Seminars, I may not have been able to
improve on the work. I am ever grateful to Alhaji
Sonibare, Mr. Bello, Mr. Ismaila and all the staff of
the structures lab, for their assistance. I wish also
to thank Mr. Isaac Ogwuche and Mrs Alyejumo for the
production. I shall not end without mention of Professcr
Oleszkiewicz whose original idea on unified design
approach for concrete structures formed the basis of
this research. I am also very grateful to Professor
Andrez Florek who sent his comments from Poland. Anm
grateful to Mr. Bon Okeke who made it possible for me to

get in touch with some journal publications from Europe.



There are obviously people too numerous to list who have
in one way or the other contributed to this thesis, am

ever grateful to all.



ABSTRACT

Rei nf or ced concrete col umms under Smal |
Eccentricity of |loading have not been given adequate
attention as a class of colums which require its own
desi gn net hod. The present assunption is that current
theories on colums which regard eccentricity as a
purely flexural parameter, are adequate for the design
of this class of colums. The result is that colums
under small eccentricity are either designed as flexural
systenms or as axially |loaded systenms wth arbitrary
reduction of the assuned nmaterial strengths. Avai | abl e
design charts for wuniaxially and biaxially |oaded
colums have |limted parameters as well as assune
symmetrical arrangenment of reinforcements which make
their use for the design of this class of colums

uneconom cal

New nodels for design and capacity estimation of
uniaxially and biaxially |oaded colums have been
proposed. The models indicate |ower reinforcenent
requi rement and nore flelxible use of design paraneters,
over existing nethods. A total of seventy-two replica
nodel and prototype columms were crushed to failure as
well as a nodel frame, to test the assunptions of the
propoi sed design and capacity estimation nethods. The

recorded failure |oads wer e conpared to both the



proposed theoretical |oads and current theories of |oad
estimati on. The results show that the proposed | oad
capacity estimation nodel s nore realistic in
determining the load capacity of wunsymetrically
reinforced concrete short columms. Wth a hundred
percent agreenent between expected and recorded failure
| oads, the assunptions of the proposed design/l oad
capacity estimation nethods are fairly accurate. The
proposed nethods sinplify the design problens of
unsymmetrically reinforced concrete short columms under

smal | eccentricity of |oading.
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L 2 INTRODUCTION
The current prcposals by Abatan (1986) and Oleszkiewicz
(1985) on the Unified design approach for reinforced
concrete was the *Vitamin Shot” for this' researc;z. The
interest of the autheor in reinforced concrete columns
increased with the collapse of scme buildings 1in Lagos in
1985, one of which was situated at Iponri In Lagcs Nigeria.
The building at Ipcnr:i: collapsed as the fourth floor slab
was being c<ast, suggesting over-~loading c? the reinferced
goncrete columns (NSE 1985). Various reccrts released by
the Nigeri:an Soc.ety of Eng:ineers and the !igerian Institute
of Structural Encineers attributed the ce_larses mainly to
poor mater:als ar‘.: 1nadeguate desigsns. As the 2uilding had
collapsed, the cetermination of the lecad capacity of the
columns or the .2ad level at which they collapsed, wWas one
'_interest of this research, Part of the researcn therefore
was invest.gaticn of some collapses of reinforced ccncrete
’buildinqs hoping that these collapses would form part of the
real life resulzs, Unfortunately, structural collapses in
:kigeria have been treated with a lot of secrecy,; that
¢ .Nig‘erian engineers would hardly galn any experience from
them. All resuitstused in the analysis within the text,

, Anevitably, were limited to laboratory tests.

|
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1.1

Research Question

Reinforced concrete columns are supposed to
primarily be compression members. Due however to the
rigidity of Insitu concrete consz;uction, ~oments are
transierred to the columns from the beans.
Construction inacuracy may also result in eccentric
loading of the columns. Present design nethods for
reinforced concrete columns treat this noment purely as
a flexural »arameter. Thus making scme assumptions
which result in the design of reinforced concrete
columns in nigh rise tuildings (or other eccentrically-
loaded compression menpers) beina uneconomical,
Present ﬁes;;n methecds @ither assune sSuch colunn as

axially lcaced with arbitrary reduction of material

strengths ts take carz of what 1s retferred T2 as small

wn

sccentricisy, or neglect the tensile strength of
concrete anc design columns as flexural svstems with
unbalanced axial load condition. Thus there 1is no
#middle of the road” solution for columns in high rise
buildings <which <carry heavy loads but small
(relatively) moments. The arbitary reduction of
material strengths to take care of small mnoments is
!

uneéconomical for columns of high strength concrete,

which is good and effective in compressive stress



resistance. Available design charts assume symmetrical
arrangement of reinforcements in addition tc restricted
design parameters which are often approximated by
designers, to the detriment of cost. The present use
of the terms #“small eccentricity# and “moment
dominance” in determining when to design a coclumn as
axially loaded, symmetrically or unsymmetrically
reinforced, is not precise. The design of columns for
unsymmetrical reinforcement arrangement 1involves
rigorous 1iterative procedure in addition to the
classical ‘assunmptions of bending as it affects strain
distribution at failure, which may not represent strain
distribution at failure (Lafe 1936; Parrot 1974).
Presently there is no universally accepted simple
method of design of biaxially lecaded columns. All
these make it worthwhile to provide an alternative
simple and cheap method of design o¢f reinforced
concrete columns, based on the ultimate limit state of
collapse, for columns under small eccentricity of
loading. Most available literature on reinforced
concféte emphasize the design aspect, negleclting each
time, the importance of capacity estimation as a good

supervision tool as well as in cases o©of arbitration.



1.2

By the current methods, while it may be easy to specify

reinforcements for columns under small eccentéicity, it
may not be easy estimating the loéd capacity of such
columns. Major question which needs to be answered is
whether a column reinforced symmetrically with say Als
= 3JR12 and As = 3R12 will attain the same failure load
with another column reinforced unsymmetrically with As
= 4R12 and As = 2R12. The questionable nature of the
assumption that ties merely prevent the buckling of
reinforcements in a column; since it had been reported
that no matter the closeness of ties iq a colunmn, the
steel buékies at failure, calls for some research,
Taylor (1983) in his work on new type of conpeosite
columns, concluded that there was need to study the

performance of the columns with the variatioon of the

core as a concrete confinement parameter,

Scope of Work

This research, which is intended to be part of a
continous work on reinforced concrete with maximum
concrete contribution of unity, involved

'ti) The provision/preparation of scne design and

capacity estimation medels for uniaxially and



1.3

1.

4

piaxially 1o0aded columns with unsymmetrical

reinforcement arrangement, pased on & number

of assumptions.

(ii) Lahoratory resting of replica model and
prototype columns, and 2 model reinforced
concrete frame, to test the accuracy of the

assunptions of proposals.

Limitations
Apart from the limitatiens of test method reported
in Chapter 3, other limitations of the research include
{1) Inability to obtain full technical details of
'collapsed buildings

(1i) Inability to dgeal with repeated cyclic loading

condition ! |
(iiiy Tests are limited to the tropics.

(iv)y The capacity of the machine tor crushing the
prototype columns limited both the size and
strength of cancrete, This also nad the
effect Of reducing the eccentricities of
lcading.

General
| The research 1S pased on the ultimate limit state

L]
design methoed. Epphasis is therefore placed ©on the



British Code cf practice CP110 as the reference code.
The code of practice CP110 is also the mest popular
design code among Nigerians for reinforced concrete.

All equaticns given as analytical eguations of concrete

sections by CP110 are rather implied from the
respective suggested design equations, after due
application of safety factors. 1In writing this text,
some knowledge of reinforced concrete 1s assumed.
Therefore the reader is expected to be familiar with
such terms as cover, effective deprth, cube strength
etc. It is also expected that the reader will be able
to differentiaze between when a lcad nmeans applied load
and when'it means lcad capacity of the secticnh., In the
text, eccentricity of loading is often used in place of
moment to mean the same thing, however when the values
are given, they are in their right dimensions.
Notations are similar to those comnonly used in most
literature on reinfecrced concrete design. Where it 1is
necessary and /here a notation as used within a chapter
is different from list of notations provided,; the
notation is defined or explained. It should be noted
thqt the concrete cube strength (fcu) in the text
reférs not necessarily to the 28 day strength, but the

cube strength at the time of testing the specimens.



1.5

. ow g

All the strain values are given in micro-strains except
where specified. In plotting the various graphs
inveolving the strain values, the strains at locw' locads

are sometimes ignored because at low lcad levels, the

gauges may not have stabilized. The inevitable use oI
some words to near monotony 1s only an attempt at

clearity.

Oroganisaticn or Text

The review Of available and relevant literature on

reinforced concrete columns 1s presentsd in Chapter 2

under twelve sub-chapters. The literatura review 1s by
ne means exhaustive but rather highlichts the
directions of nost researchers or authors. Attempt is

again made within chapter 2 to enmphasize in greater
detail, some of the limitations of current design
methods. Chapter 3 describes the laborazory test set-
up and method of testing of the specinens and
materials. The proposed methed c¢i design for
uniaxially loaded columns 1is presented in Cnapter 4
along with the derivation of the design chart.
Chapters 5-9 preéent the results and analvysis of moedel,
prototype and frame tests. Biaxial load design method

and capacity estimation are presented in Chapter 10



while the review of the collapse of some buildings 1s
presented in Chapter 11. Chapter 12 is an attempTt tO
extend the design proposals® and principles to

cal New Type of conposite colunmns. The

[

unsymmetr
conclusions cf the researcnh are presented in Chapter

13 along with some recommendations that will

bt

mprove

the knowledge and designs of reinforced concrete

columns ot that the reinforcenents yamenly
referred tc 3s compresslon and tension reinforcenents
are referred to as the more conpressed stesl and the
less conmpressad steel respectlVel textT pressnts
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CHAPTER 2

Reinforced concrete Columns.

Reinforced concrete columns are usually vertical
structural members made of concrete-steel composite.
In some cases, columns may be inclined. The primary
function of columns is to resist axial cravity loads in
addition to some induced moments. Reinforced concrete
columns are classified into short and s.ender columns.
Short columns are columns with height least-breadth
ratio of 12 cr less. Any Column with a aigher ratio is
a slender cclumn (BSI 1972). The kzszic difference
between short and slender columns is ths inducement of
additional eccentricity by load, in s_.a2nder columns.
The choice of 12 does not absolutely diZZerentiate both
columns, but is a convenient ratio.r= While short
columns are governed by the strength cI the conposite
materials, slender columns are gcverned by its
propensity to buckle. In other words, & slender column
is likely tc fail before it’s constitutuent materials
attain their maximum stresses (0liva 1987; Davies
1962). Coluins are further classified intc braced and

unbraced. Braced columns have their lateral loads

*This ratio was taken as 15 by CP114.



resisted for them by such other elements as walls and
staircases while unbraced columns resist all imposed
lateral 1loads such as wind loads, by their flexural
action. Columns are similar to walls except that walls
are vertical compression members with the greatest
lateral dimension more than four times the least lateral

dimension. (Astill et al 1975; Aktan et al 1934).

» 2.2 Reinforced Concrete Column Current Design Methods

There are basically two methods of design of
reinforced concrete columns. These are tne elastic
design method and the 1limit state methcd. The third
method which 1s the load factor method is similar to
the limit state method with additional use c¢f capacity
reduction factor. This third methed is common in the
United States of America and is well explained by Parx
and Pauly (1275). The other two methods are used in
the British Ccdes as well as draft code for liigeria and
are therefore briefly reviewed. (Armer et al 1982;

Oladapo 1981; Winter et al 1986).

#2-.-2.1 The Elastic Design Method

This method of design is based on the basic
principles of bending theory of compcsite material.

Some of the assumptions are

10



{3) Plane sections remain plane before and after
bending. This implies linear distribution of
strain which is directly proportional to
distance from the neutral axis.

(ii) Both concrete and steel are elastic implying a
constant ratio of elastic mcdulus.

(iii) All tensile stresses are taken by
reinforcements.

(iv) There 1is perfect bond betiieen ccncrete and

The Etending theory has been the methcd commonly

used for 23ssessing the resistance of relnforced
concrete nemkers to bending. Althcugh this
conventional method of design 1s inadeguate and
irrational in explaining the behaviour of concrete
structures, it has survived because it precduced simple
and convenient design formulae and because structures
designed with it have proved safe by time. (Oladapo
1981). wWhile this method was noted to be Iinadequate,
(Oladapo 1931) states that it will continue to be an
asset for the prediction of the behaviour of concrete
structures at service load condition. Essentially the

elastic design method otherwise known as the

11



permissible stress method, strives to ensure that at

working load condition, the stresses in a member do not

exceed prescribed allowable limits. These limits are
the factored (reduced) strengths of the materials. The
basic principle being the *“Transformation” of the
section into equivalent section in either concrete or
steel units, on the basis of the elastic modulus ratio.
Design of Axially Loaded column
An unreinforced concrete column is capable of
resisting axial compression, but a minimum amount of
reinforcement is usually provided in these columns to
take care of the effects of shrinkage, thermal stresses
and incldental moments. Reinforcements may also be
provided to reduce the size of the section.
The pernmissible locad on a short column is given as
N = fcc AC #+ £SC ASC ceseeseese 2.2.1. Since the strain
in concrete is equal to the strain in steel at the same
point, N = fcc (AC + M ASC) .seessssances 2+2.2. Note
that this method prescribes the allowable or permissible
load and not the load capacity of the column.
Example
To design a short column to resist an axial load of
2500KN. The permissible concrete and steel stresses in

direct compression are 5.3N/mm2 and 125N/mm2

12



respectively.

Solution Oladapo (1981)

Assume one percent reinforcement; minimum required

by code.* Using

column the column

equation 2.2.1 and assuming a square

size is approximately 620mm x 620mm.

Desian of Eccentrically Loaded Columns (Cowan 1982; Park
et al 1975; Sengupta 1983)
Two cases exist which are
(1) For an unreinforced rectangular section, for
tension stress toc be zero
N - Ne O isiinvansassvameses
Ac
Where 2 1is elastic section nodulus.
N ( 6e)
. e - (1 = ==) wa e mreie e sasmis e
bh h)
i ° B8 & oees SERG & § b o DadaS

For

equations as 2.2.32

tha2

percentage reinforcement.

more complex formula

secticn

a reinforced concrete secticn similar

- 2.2.5 apply except that

mcdulus will now depend on

This results in a

especially for non-

However

symmetrically reinforced sections.

for simplicity, Adepegba (1989) suggests there

13



will be no tensile streess or cracus for
1% reinforcement if e h/S
4% reinforcement if e h/4

8% reinforcement if e h/3

Adepregba suggests that generally for medium
reinforced concrete column sections, there
will be ne crack for e less than or equal to
between 0.2h=-0.2E8h. The total stress at

extreme fibres is given as

H,

= } N*e*h
Ae 2la
WWhers Ae and Ie are the transiormed area and

moment of inertia respectively. Oladapo 1%81;

Rashedil et al 1988; Wan 1988.

(1i) Tension Developed
The concrete in this case cracks, there
therefore cannot be superposition of stress.
Fronm equillibrium of forces

l n-d -
Ns—ébnfc«:-(m-lmc( = C}fc - mAc (d ”}fc. Y-

f " "
Ne = = bn f (—"5--%) + (m-i) Ag (P——"—‘Z) fe (“ dc)

+ mAg (-‘i:n—“-) te (_’2‘_- dc) . -2.2.8

Where n is depth or uvasmpro--:on

14



.2'-2-2

dc = Total cover to reinforcement

m = modular ratio

Ultima Stren Design Method

The ultimate strength design method is the
alternative design method to the elastic method.
This method applies partial factors of safety to both
materials and 1loads. (Ferguson 1984; Park et al
1975). The ultimate strength design nethed which is
essentially the linit state method was developed
because of some reasons:

(i) Peinforced concrete section behave
inelastically at high loads, hence the
elastic method cannot give reliable
predicticn of the ultimate strength of a
section.

(ii) Ultimate strength design allows a more
rational selection of the load factor. A
low factor may be used for guantities that
can be determined with higher precision.

(iii) Since the stress-strain curve for concrete
is non-linear and is time dependent, the
constant value of medular ratio is a crude

approximation.
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{iv) The ultimate strength method indicates the
elastic method to be conservative.

(v} The ultimate strength method lends itself

easily to design for earthquake-resistant

structures where the performance beyond

Rlastic range is very necessary.
The ultimate strength methed which 1is design for
collapse vary according to the country and the
specified partial factors of safety.

2.2.2.1 Partial Factors of Safety

The limit state method applies parctial factors
of safety to both materials and loads. The following
load factors are specified by the American concrete
Institute (Park =2t al 1975).

(a) Dead 1load and live 1lcad only 1.4 and 1.7
respectively.

(b) Dead, live and wind loads 1.05, 1.275 and 1.275
respectively.

(c) Where live load having its full value or zero
should be checked and actions resulting from the
dead load and wind load are of opposite sign,
0.9 for dead load and 1.3 for wind load.

For the same conditions a, b, c¢ above CP110

16
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recommends
(a) 1.4 for dead load and 1.6 for live load.
(b) 1.2 for dead load, live load and wind load
(¢) 0.9 for dead load and 1.4 for wina load.
The American concrete Institute recomaends 1in

addition, capacity reduction factors, as follows BSI

1972; Park et al 1975; Maruyama et al 1984,

(a) BeamMsS ....ocesesss 5 MR ACRTETR SIS & & # G wonon s 0.20
(b) Columns with spiral ties .cicsasenvasse 0;:75
(¢) Columns with rectangular ties ......... 0:70
(@) Sheal INd LOFBION ..umseennassasmines o 0.35

CP110 has =no such capacity reducticsn factors but
partial factors for material strengths given as
follows
(a) For utimate limit state, 1.5 for concrete and
1.15 fcr steel.
(b) Servicibility limit state, 1.0 fcr both concrete
and ste2l when checking for deflection.
(c) Servicibility limit state, 1.0 fcor steel ané 1.3
for concrete when checking for cracks.
xial Loaded columns
The load capacity of an axially loaded concrete

column is estimated in a similar manner as in the

17



elastic method; the summation of the load capacities
of the concrete and steel. Thus N = Acfcc + Asc fsc
teeesarsesecasen. 2.2.9. It was said that up te the
value of N spiral and tied columns behave identically
and the transverse steel adds very little to the
strength of the column. (Chiwuzie 1975; Priestly
1983). While a tied column with ties not closely
spaced will fail at a load value of N, accompanied by
the crushing of concrete and buckling of kars, this
may result only in the loss of the shell of concrete
outside the spirals of a circular colunmn. The
enhancement of concrete strength due to cenfinement
is discussed in chaps 2.6 and 8. The fallure stress
of concrete in a column section is about siixty-seven
percent of the cube strength). Applying the partial
factor of safety and allowing for buckling for the
bars in equation 2.2.9
N = 0.45fcu Ac + 0.72fy ASC ...ccev. 2.2.10
To allow for ”:small” eccentricity this equation is
modified as
N = 0.4fcu Ac + 0.67fy ASC i.enmecss 2.2:11

For short columns supporting an approximately

symmetrical arrangement of beams equation 2.2.11 is

18



@ 2:2.2.3

further modified as

N = 0.35fcu AC + 0.6fy ASC cecvevens

In example 2.2.1 assuming the dead lcad is

the live load is 820kN, neglecting the we

2

el el
1670kN and

ight of the

colunn, the same problem could be sclved in two ways.

fcu=21, fy=250. Percentage reinforcsment - one.
1. CP2110 Mexrhed
Design lcad = 1.4%1670 + 1.6%82I0 = 3&:iakMN
... 3666x103=0.45x2130.99Ac+0.?EXCECKG.31&:
If the coalumn is a sguar=s, b=n = 272 =o.
2. ACT Method
Desigy load = 1.421670 ~ L.7%3I2 = ZT=ZRl
Applying a capacity reduction Zactor =% 0.7;
The design load kecomes ZZ56Rll.
. . 5356x10° = 0.99%0.67x21ac + 0.J13CXIZ
Assumrming a squares colunmn then
b = h = 5371nn.
For this problen, the ACI arngd CPL.0 methods
apprcximate to the same value, with the design
by elastic method regquiring zbout eighteen

percent more concrete.
ccentrically Locaded Short Columns

The most popular and convenient nethcod

19
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of eccentrically loaded columns is by the use of
charts. The charts in CP110 part 2 are produced
based on the principles of rectangular-parabolic
stress distribution as explained in 2.3. Appllied
force will be resisted by forces developed within the
section.

}I:K':},‘:4—£ Al —f‘__A_ cesussenae 5 5 13

- c =]
SC =} IS ]

taking moments about the mid section

When the neutral axis depth X is more than h Klbx is
adjusted to 0.4S5fcubh and the concrete has no
contribution to moment resistance. For symmetrical
reinforcement, egquation 2.2.13 may be written as

N = K, xp+ £ As .
on n gi‘ *bh n
and eguation 2.2.14 may be written as

{ A .: - ) + 4 . - & ‘._g

For a given depth of neutral axis, the steel strains
and hence stress are determined from the elasto-

plastic stress-strain model. Thus for a given

20



reinforcement percentage, eguatieons 2.2.15 and 2.2.16
combined produce a chart for symmetrical
reinforcement arrangement. (Bennet 1973). The
notable assunptions of the chart are the linear
strain distribution in a cross secticn under bending
and axial lcad, and the perfect bond assumption at
high loads. It must also be noted that CP110 charts
apply to ceolumns with as little eccentricity as 0.02h
(N/bh = 23 and M/bh® = 0.5) as =ell as high
eccentricities of about 2.4h (N/bh = 3 and H/bh: =

12). Simple approximate equations for the design of

rectangular znd circular columns have Ieen D2roposed
based on a study of dimensionless lcad-moment
interaction chart. (Meyer et al 1982).

Sometimes it 1is more convenient tc use the
eccentricity of load from the plastic centroid. The
plastic centrcid is the centroid of resistance of the
secticn if all the concrete is compressed to the

)

(6]

maxinmun stress of 0.67fcu (Ferguson 1938+:; Park 197
In other wecrds, the plastic centroid is the point of
application cf locad (No) to produce an axially loaded
condition at failure. Taking moments cf the internal
forces about the centroid of the mnore compressed

steel and equating this to the moment of the

21



resultant forces gives
Nod” = 0.85fsybh(d-0.5h) + A’sfy(d-al)
= (0.85fcubh + (A’s + As)fy)d~”
. . @&~ = 0.85fcybh(d=-0.5h) + A’sfy(d-d}
0.85fcybh + (A’s+As)fy
Where d” is the distance from the plastic centroid to
the less compressed steel. For symmetrically
reinforced members, the plastic centroid corresponds
to the centre of the cross section. Taking moments
about the plastic centroid gives

).35fcybx (d-d”=0.5x) +A’sfy (d-dl-d») +Asfsd”

N,e=

........... 2w 18
where fcy 1is concrete cylinder strength, =« is the
depth of equivalent rectangular stress block. A

balanced failure occurs when the less compressed
steel yields, just as the concrete at the extreme
fibre reaches ultimate strain value of 0.003. When
charts are not used, especially when moment is said to
dominate, 1t becomes uneconomical to design the
column as symmetrically reinforced. The rigorous
iterative procedure for unsymmetrical arrangement
involves

(i) The choice of a trial neutral axis depth.

(ii) Determination of the strains and hence the

22



stresses of the reinforcements.
(iii) Determination of the areas of reinforcements
from the equations 2.2.13 and 2.2.14.

(iv) Repeating the procedure in an iterative
manner until a given depth of neutral axis
produces minimum total area of
reinforcements.

There 1is no precise load combination situation
where the designer is required to design either as
symmetrically reinforced or otherwise. The choice of
which way to go appears to depend on the convenience

of the designer (Park et al 1975; Moseley etx al

1976). There is also the current tendency to assume
that once a column is subjected to axial leocad and
bending, the so called tensile reinforcements must e
in tension (Adepegba 1989). Apart from costs, in the
present design method it is not clear whether a
column with say A'’s = 400mm2 and As = 200mm= and
reinforced svmmetrically with A’s = 300mm® and A’s =
300mm? is safe or attains the same reliability level.
Clement (1977) attempts to solve the problem of

heavily loaded columns with small eccentricity. He

suggests that such columns will be entirely under

23



compression and to take care of the moments,

additional load is imposed on one line of steel

while the other is reduced by the same amounE;5,
ample

To design a column with the following parameters

N = 300KN, M = 100KNM, b = 300mm, h = 600mm
a = 540mm; dl=d,=60mm; fcu = 30; fy = 410
Solution by Clement (1977)
Lever arm = 600 - 2 X 60 = 480mm
) Force to resist moment of 100KNM
= 100 x 10°/480 = 208 KN
Force in reinforcements = 3000 - (0.45x30x300x063x103}

= 560KN

Force on each reinforcement if there were to be no

moment = 560/2 = 280KN.

. . Force on reinforcement considering the moment

= 280 + 208 i.e 488BKN or 72KN.

Provide symmetrical arrangement of reinforcement

A’s = A’s = 488 x 10°/(0.74 X 410)=1610mm?
Note that the capacity of the less compressed steel
is 488KN but the force on it is 72KN. Note also that

if the moment 1is increased tc 134KNM, while the force

24



in the less compressed steal will be zero,
reinforcement capacity of 560KN will be installed.
If however the reinforcement stress is increased by
reducing the area of the less compressed steel, the
static equillibrium will not be satisfied. o0Oladapo
(1981) contends that in considering the ultimats
strength of a concrete framed structure, the concept
of eccentircity is not of much use. In estimating
the strength of a concrete column which will fail bv
crushing the concrete in compression on one facs
while 7just about developing tension on the other
face. Oladapo (1981) uses the elastic analysis c=Z

the section as shown in fig 2.2. The area of eacnh

)

S

o

2 . 2 .
of the eight bars 1s 645mm“. Using str

di . . ;
istribution (Parakolic function) for eo
ncrete ans

- I -
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/ —————— B O S—p—— ————————— —
Position € _ fc . o

5 0.002 50 =

4 0.00265 | 49.32 410

3 0.0015 300

2 0.00035 10.99 70

Taking into consideration concrete displaced by stzel

(l

Ns2 645 (70-10.29) x 3 = 114/2kN

Ns3 = 645 (200-37.3) x 2 = 338.6KkKN
Ns4 = 645 (=10—-<2.2Z2) X 3 = 6%7.9kN

Nec = 2/3 x 300 x Z0 :x 300 = 300 kN
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Recorded Failure Patterns

To deternine the design load combination N and M of
the above problem by CP110 specifications, partial
factors of safety are applied to stresses. Therefore
maximum concrete stress becomes 0.45x50 = 22.5N/mm2.

The follcwing table is obtained.

Position fc £s
..-._.-._..._._.—..-..]L._.._...._-._..._._—___...—...-..--....-
2 4.95 60,9
3 16.875 260.9
4 22.19 32,5

Taking into consideraticon displaced concrsza.

M = 332 + Ns2 + Mss + No = 242084

-

taking =cments akout 1 gives M = 37E%.3:xinm. Using

these lczd combinaticn to estimate the required

reinrforzc=2nents by C€P110 method will result in

reinforcement requirement of about 10% as against

ies chat using

5.73% or:iginally provided. This imp

elastic aralysis method at the ultimate lcad will be
decietful

Design of 3iaxially Loaded Columns

The locad estimation and applicaticn of safety

factors for design of biaxially-locaded reinforced

concrete ceclumns are similar to uniaxially loaded
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columns. Due to the complex behaviour of concrete under
load, biaxial 1load design 1is complex (Furlong 1961;
Harik et al 1988). Current design methods are
summerized under the various attempts to accurately
predict the behavicur of concrete columns under biaxial

loading. Hsu et al 1973; Linder et al 1984; Park et al
1975; Taylor 1985.

.3.1 Method of Superposition

In this procedure, the biaxial problen is

simplified as superposition of two uniaxial

solutions. The same procedure for uniaxial lecading
is used while superposing the resultant
reinforcements. This is the method used 1in the code
of Venezuela. (Park et al 1975). It was observed

that although the results lie on the safe side, the
reinforcement requirement may be excessively
conservative. Th another method the biaxial load is
replaced by two statically equivalent forces and
taking the concrete strength each time as equivalent
to that in ratio of the force with the applied load.
That 1is, when considering Nx acting at an
eccentricity of ex, the strength of the

concrete is assumed equal to:
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2.2.3.2

2.2.3.3

It was suggested that the procedure does not

—-have any thecretical support although it produced

satisfactory solutions.

Methed of Equivalent Uniaxial Eccentricity j

A number of approximate analytical expressions

have keen propocsed to enable the deternination of

an equivalent uniaxial eccentricity, the equivalent

uniaxial eccentricity is

2y = &y * Key where k 1s a constant which
depends on the 1level o©of axial 1load and the
percentage reinforcement. Park et a. 1975; Hsu

1285.

Aprroximation of Interaction Surface

Various suggestions on the methed of design
approximating the Interaction Surface have been

made and incoporated in some codes. Bresler (1960}

SUYYesTSs
1 1 1 1
[ ] —— I _—_—— = ——— = l ........ 2-2 21
Hu Nux Nuy No where

Nu is the ultimate biaxial load capacity.

Nux, Nuy are load capaclties at eccentricities

ex and ey respectively and each acting at a

time alone.
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No is the wultimate 1load wher there 1is no

eccentricity.

While the use of trignometric ecuation had been
suggested. Bresler (1960) suggests interaction

equation in the fcrm

2
4

. il
(Mx ) (My )
—— B R e i _1 " % & & 8 ®F s =2 B = 8 & 2 = e B A -
HMux Muy
CP110 (1972) amended Breslers, 1960) eguation

specifving that 9= [ and that the wvalue varies

from 1 for lightly” loacded <¢2lumnz t2 I heavily

- - - iy o~ v B e s =~
loaded coiunmns. The eguation givan By 7110 for
.
1<
as

I - - .

¢ = 1,00 !

- - ~ o ey
wwws = 0n B s s e e e e
L -
Juz

Weber (1963 precduced des_.gn cnarts for
diagenally lcaded columns. The principle zeing the

enversion of the biaxial probler Inte a uniaxial
soluticn assuning that the raxinmusm diviation of a

cocnsTant load conrntsur cesurs £for =znding 3zpout the

w2

1Y

column diagonal. Sixteen charcts wers2 produced
using the suggestions by Meek (1963), for four
symmetrical reinforcement arrangement and only one

set of material strengths. Park and Pauly (1975)
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modified the assumptions of Weber and produced a

design chart.

2.2.4 Summary

There are two methods cof design of reinforced
concrete columns. The elastic method was developed
as an extension of the theories of bending in the
early practice of reinforced concrete, The
justification for the continued use of this method
is the safety of structures designed kv it. The
major assumption of the elastic methecd is that
reinforced concrete structures are elastic under
service lcad cendition. The other methcd of design
is the ultimate strength method which designs a
structure beycnd the elastic range. The American
concrete Institute (ACI) specifies locad safety
factors similar to those specified by CP110 under the
ultimate 1limit state method, but in addition
specifies capacity reduction factors. CP110 1in
addition to load partial factor of safety, specifies
material factors of safety. The design charts of
CP110 under the same assumptions provide
reinforcements for columns of eccentricities as small

as 0.02h and for eccentricities as big as 2.4h. The
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42.3

design charts have many limitations for their
practical use. In the design of biaxially loaded

columns current methods either simplify the biaxial

solutions or provide equations for approximating the
biaxial failure stress surface. The methcds dc not
lend themselves easily to capacity estimation. The
only justification for their continued use is the
observed safety of structures built with such
designs. Tre current design methods are nct flexible
with design parameters as well as reliapilizty levels.
The charts assume symnetrical reincorcemnent

arrangement.

Limit State Theorv

As was stated in the previous chapter, the two
methods of design differ from each other nainly from
the applicaticn of safety factors. 1In the linit state
method, partial factors of safety are applied to both
materials and lcads. There are two main types of limit
state, servicibility limilt state and the ultizate limit
state. There are other limit states such as
durability, excessive vibration, fatigue etc which do
not affect nost designs of reinforced concrete

structures but sometimes may be checked. Dekbernardi et
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al 1989, The philoscphy behind the limit state theory
is the achievement of safety by limiting both the load
and stresses on materials for design. Bennett 1973;

Mosely et al 1976; Reynolds 19568.

Servicibilty TLimit State

The servicibility limit state may be said tolbe a
method of design of structures within limit state
conditions so that the structure must remain unaffected
during it’s service life. The development ¢I cracks in
the reinforced concrete structure and the derflection of
flexural elements are 1indeed the wmost important
consideration for serwvicibility limit state. When
structures are designed for the ultimate limit state

however, thevy are checied against servicibilicy.

Deflection

Beams and slabs which typify flexural systems are
normally designed s¢ as to resist safely an expected
maximum lcad over a safety margin althcecugh large
deflecticns may occur, these must not affect adversely
the appearance or efficiency of such structure. For
instance no matter how safe a building may be,
occupants will panic at the sight of beams or slabs

with large deflections. Therefore the deflection of

KASHIM IBRAH1M LIBKARY
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structural elements is limited by various
specifications under service load.

The servicibility 1limit state relies on elastic
behaviour of the materials at service loading. At one-

third of the strength of concrete, it behaves in a

manner that could be approximated elastic. Therefore
at this stress level or lcad level, the deflection of
the member 1is expected to be proportional to the load,
although creep and shrinkage do not allow for perfect
elasticity of the concrete (Neville 1963; Nandivaram et
al 1987). The strain distribution across the sections
cf both plain and reinforced concrete members may be
assumed linear provided that the depth of the section
is small relative to the span. The deflected shape of

a beam is related to the curvature by the egquation

1 d2y
r{X) dx?
1
where -~- is the Curvature of a beam at point x.
R
From simple bending thecory where y 1is deflection,
1 M
Curvature === = ===
R EX
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Double integration of moment at a point will give
the deflection at that point. Another method is the
application of the moment-area theorem. Various
expressions may be derived for deflection of a beam or

slab depending on the support and load conditions. 1In

reinforced concrete, the second moment of Inertia I is
arfected by the cracking of the concrete and
reinforcement ratio. As a simplification, the value Ic
which represents the moment for cracked section should

be used at regions of maximum bending meoments.

wm

Oleshiewilcz 198

To avoid excessive sagging of floors, beams Jjamming
of doors and windows, cracking and buckling of
partitions etc various codes specify the linit of
deflection. Deflection requirements are translated
into span/depth ratios for ease of designs but in some
complex problems, the exact deflection values nay be

calculated.

g;ag}g CO!]t;fOl

Crack control in a reinforced concrete member is

necessary because reinforcements are optimally utilized
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when strains in the tensile 2zone are high, the
crack width should not be too high to allow for
either the loss of stored (expensive) liquid in
liquid-retaining structures, or hasten the corrosion
and hence the weakening of the reinforcements.
Assusming the crack width in a member under flexure
is w at a regular spacing of s, therefors

w==¢C€g§g,

i . 3 : -

i is the average strain at xi level. One of the
simplest expressions for average crack spacing wWhich
takes account of caoncrete cover and size of

reinforcements is that proposed by welc:. (Park et al

where ¢ is the cover to reinforcement -~easured tc the
bar centre, ard 0 is the bar diameter. This leads to

an expression Zor maximum crack width in the form

w = 1.5(1.2¢c + 30) (fc n = .x
== = 0.0001) [======)
Es i - x

CEB (1982) also suggested that

w = (4.5 - 0.4) fs
-—=) d —_—
e K,
where K% is 328KN/mm2 for deformed bars. Kaar and

Mattock (1984) later modified this to a simpler form.
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From investigations on the modified formulae, results
obtained showed a difference of + 40 percent therefore
the equation was further modified to read

h2 .

Wmax = 2.921(4 A)fs(--- x 10 °mm

(h1 )
where h2 and hl are the distances of the extreme
tension fibre and steel respectively to the neutral

axis. A is the area of concrete surrcunding each bar.

CP110 (1972) recommends the maximum surface width of

cracks be given as

where a is the distance from the point considered to
the surzface of the nearest leongitudinal bar. C is the
minimum concrete cover to the tension steel.

1.2 bth(al-y)

m
1000 As (h-x)fy

where

Li is the strain at the level considered,
calculated as for cracked section and the concrete
modulus of elasticity as bt is the width of the section
at the centroid of the tension reinforcement. al is

the distance from the compression fibre to the point at
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which the crack width is being calculated.

h and x are the total depth, and depth of
compression respectively.

The British Code requires in general that the
surface, crack widths at service load do not exceed
0.3mm and this may be easily interpreted in terms of
the minimum clear distances between bars. The
recommendations of CEB-FIP require that the surface

width at service load not exceed 0.1lmm in agressive

environment, 0.2mm in an unprotected environment and
0.3mm in prctected environment. The mnaxinum crack
widths are calculated using the equation by Borges

(Part et al 1975; Morrell 1977).

1 i) 107
W= -~ (2.5¢c + 0.066 ==~) (fs = === (in)
Es ew ew

where Es - medulus of elasticity of steel in psi

C - concrete cover thickness

® - diameter of bar

ew - As/bud

bw - width of web (inches)
All proposals and specifications on the calculation of
the crack width appear to be effort to simplify the

complex behaviour of concrete at service load. It is

38



not clear how the expected service load is related to
elasticity of concrete even though concrete is
approximately elastic at about one-third of its strength.
Not much attention is given to cracking of concrete
columns; perhaps no need for it. (92, 107).

92.3.2 Ultimate Limit State
Some assumptions of the elastic theory are stated under
the servicibility limit state-major among the assumptions
is that at service load the reinforced concrete element
is elastic. At higher loads and just before failure,
reinforced concrete is plastic and exhibits a non-~linear
nature, Thus the safety assessment of concrete
structures in current design practice is based on the
ultimate limit state. The ultimate 1limit state design
allows therefore the cracking of concrete since the
reinforcement is best utilized at high strains and
stresses. Partial factors of safety are applied to both
the expected load and the material strength. Numerous
test results have shown that the creep and shrinkage
effects are released during the plastic deformation of a
member at failure, the concrete strength is not affected
by the previous service loading. Thus the ultimate
strength of reinforced members is practically independent
on the load history and when compared with the maximum
possible loading, allows for a satisfactory estimation of
the structure safety (Polyokov 1985). The ultimate limit
state have similar assumptions as stated under the
servicibility limit state.
Ultimate Flexural Strength
Reinforced concrete members under flexure collapse in two
ways, either by concrete crushing or by steel yielding.
The mode of failure depends on the reinforcement. While
a section with low reinforcement (under reinforced) will
fail by steel yielding, an over reinforced section fails
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by concrete crushing. Optimal design requires the
failure of both materials at maximum loading. The steel
yields while the section is able to carry the applied
load until the concrete compressive strain reaches it's
ultimate crushing value, taken as 0.0035. The stress
distribution of concrete across its surface at failure is
too complicated and needs to be idealized for practical
application. A number of proposals have been made to
represent the stress distribution of concrete but these
are generalised as a shape with an area of (Kqfcu bx).

Sometimes the stress distribution is assumed parabolic.
(Oleszkiewicz 1985; Oliva 1980). The stress distribution
said to approach reality is the rectangular-parabolic
stress distribution K1 is the average stress and K2X the
depth of the stress-block centroid. Because of the
comlexity of equations involving the rectangular-
parabolic stress block in design calculations, the
equivalent rectangular stress distributicon is often
adopted which gives results quite close to the
rectangular-parabolic stress state yet simplifying the
equations (Ferguson 1984; Meek 1990). The equivalent
(uniform) stress is assumed to be about ten percent less
than the maximum stress of rectangular-parabolic stress
block. This results in the design strength of concrete
under the ultimate limit state as forty-percent of the
recorded cube strength. Oladapo (1981) states that the
new limit state design approach is a logical and raticnal
restatement of the basic concepts which have been used in
design practice for several years. Account is taken of
all factors which determine structural behaviour and
structural safety. The inherent variation in material
strengths and the uncertainties of loading justify a
statistical probabilistic approach. It is not the
intention however, that every design process should
involve rigorous statistical analysis. The main use of
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statistics will be in aiding those responsible for
framing the codes of practice to specify suitable factors
for use in design. In other words, the choice of risk is
left to the designer. In laying down value of the safety
factors, the codes of practice are infact specifying the
levels of risks. It is important to note here that this
level of risk chosen by the code depends on the
structural element and the method of 1loading as is

explained later.

In a singly reinforced section for instance, condition cf
equillibrium requires that; Asfy = 0.75fcubx

assuming the uniform concrete stress over a rectangular
area to be seventy-five percent of the cube strength as
suggested the ultimate moment of resistance Mu is then

given as: Asfy))
Mu = Asfy(d-2/3(=—==>-—

In an over reinforced section, the steel stress is nct
known, but it has been found experimentally that the
quantity of reinforcement in an over-reinforced secticn
has very little effect on the ultimate bending noment
given by Park et all (1975) as

Mu = 0.3fcu bdZ,
This is eguivalent to a depth of ccmpression of 0.537&.
CP110 (1972) specifies a maximum depth of compression cf
0.5d and an equivalent rectangular stress distribution cf
0.4fcu, resulting in ultimate moment of

Mu = 0.15fcu bd?,

2.3.3 Assessing The Global Safety Factor Under The Ultinmate
Limit State

To assess the global safety factor of the ultimate limit
state, assume a simply supported beam, span 4n; b =
200mm; h = 400mm; d = 375mm; fcu = 30; fy = 250n/mm2;
d1 = d2 = 25.
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Characteristic imposed load = 10 kN/m.

Characteristic dead load including self weight of beam =
15kN/m.

Total design lecad (ULS) = 1.4 x 15 + 1.6 x 10 = 37kN/m
M(max) = 37 x 4%/8 = 74 kNm.

Mu = 0.15fcu bd = 126.56¢ M applied.
Therefore from CP110 (1972) reinforcement is about
930mm/cbm.

Flexural capacity of the beam (minimum)
= 990 x 250 ¥ (lever arm)
but lever 375 - 1/2 (990 x 250)
---------- 340.795
(0.603x30%200)
% Flexural capacity of beam = 84.35 kNm
* Mimimum lcad capacity of beam w
o W= 84.35 x 8/42 = 42.175kN.
Imposed load capacity = 42.175 - 15 = 27.175kN

Global safety against overload = 27,175

Now if the beam span 1is changed to 5m; the new
reinforcement reguirement will be 1821mm2, This will
give an imposed lecad capacity (calculated as previously)
as 30.44kN resulting in a global safety factor against
over load of 3.044. This indicates that for a given set
of design parameters, under the ultimate limit state, the
applied safety factor increases with increase in span
although the same partial factors of safety were

employed.
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for a given set of design parameters, under the
ultimate 1limit state, the applied safety factor
increases with increase in span although the same
partial factors of safety were employed.
2.3.4 Summary
The 1limit state method <consists of the
servicibility limit state, ultimate limit-state and
other linit states such as durability etc. The
servicibility limit state is used in the design of
liquid retaining structures and such others where the
appearance or aestetic function of the structure is
the limiting design criteria. The ultimate limit
state is used in the design of reinforced concrete
for perfcrmance beycond the service load ccndition and
indeed up te the point of failure. The classical
assumpticns of bending theory are nade in the design
of reinforced concrete structures. The calculation
of crack width in concrete section are rather
simplification of complex equations, and the results
are not always uniform, Considering mcre precise
analyses and instrumentation, and also the fact that
crack widths will be limited to small values further
simplification of this aspect of limit state design
may be necessary. The assumption of equivalent

rectangular stress distribution is suitable. However
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there is the need to determine with precision, the
relation between the failure stress of concrete in an
element and the cube strength of same concrete;
sixty-seven percent is currently specified by CP110
(1972) while some researchers have recommended
between 60 and 75 percent (Okuboyeioc 19838). This
discrepancy is quite enormous for nigh strength
concrete sections. The global factor of safety
against over loading under the limit state condition
for flexural members as currently specified, depend
on the loading and structural element. Qkuboyeijo
1988; Virdi et al 1932; Umaru 1989.

Concrete in Hot Climate

A brief review of the performance of concrete in
hot c¢limate as was mentioned earlier, 1is necessary
because the research was carried out 1n Nigeria which
is in the trcpics noted for its high tenperature.

Concrete is a conglomeration made from cement,
water, sand and graded stone or ccarse aggregacte. The
cement and water react chemcially to bind the
aggregates. The main function of fine aggregate is the
reduction of voids within the concrete. {Neville
1963). Concrete has remained one of the best

structural materials in construction. Although it is
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more than a hundred years old as a material the complex
nature and behaviour has made continued research on it
worthwhile. Some research have been made on various
aspects of concrete and ccncrete behaviour in the
tropics or hot climates (Oladapo 1981; Osha 1970).
There is not much data on the effect of high
temperature on the behaviour of actual concrete
structures, although some results o©of a research show
that changes in temperature will generally have two
effects on concrete structures exposed directly to the
sun. Increases in the concrete temperature will cause
a linear expansion. Schodek 1980. In addition,
structures in which one part is exposed te the sun and
other parts are 1in the shade will experience a
rotational movement caused by temperature differential
between the exposed and the shaded parts. In the type
of climatic conditions obtainable in most parts of the
southern states of Nigeria temperature effects are not
likely to present a serious problem to the designer,
but in the nerthern states, adequate provision should
be made to ensure that temperature stresses are
accomodated in any part of the structure The

positive effects of temperature 1is the Increase in
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strength at early age as against the strength

attainable for the same period (within 28 days) in the
temperate regions. Although ©ladapo (1981) contends
that published results of research into the strength-
age relationship for concrete of the tropics do not
lead to identical conclusions, it was stated else#here
Ezetah (1988; Osha 1970) that although concrete not
properly cured in the tropics* produce higher ratio of
3 and 7 days strength against 28 days strength than
concrete that is properly cured, the overall 28 days
strength of improperly cured concrete remains lower.
It was alsoc concluded that for a typical mix, the
strength in 3 days in the tropics is about the expected
7 days strength of same concrete in the temperaﬁe
climate. Another effect of high temperature on
concrete 1is the reduction of the water content and
workability during mixing. This does not allow for
effective compaction of the concrete around the
structural meuwber or element. Suggestions have been
made for concrete mix design method for the tropics.
Osha (1970). Apart from the craking of concrete due to
high differential temperature, it is not clear from the

available literature the effect of temperature on the
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behaviour of concrete under stress. The suggested

methods for mix design for the tropics are interested

mainly in countering the effect of rapid dehydration
during mixing. It was concluded that any concrete
designed by road Note 4 method in Nigeria will under
estimate the strength of the concrete. Oleszkiewicz
(1985); Osha (1970).
Summary

From available data, high temperature has two
major effects on concrete. Firstly, it results in
rapid dehydration of the concrete thus reducing the
effective workability of the concrete. Secondly the
high early maturity increases the early strength of
concrete made in the tropics, but producing an overail
lower 28 day strength. There is presently no clear
effect of temperature on the behaviour of
concrete except that high differential temperature will
cause cracking of the concrete. It was also concluded
in a research paper that high evapouration rates in the
gulf region have led to a substantial build-up of salts
in the ground and this makes it difficult to keep the
surface of fresh or immature concrete moist to provide

effective curing.
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Reinforced Concrete Short Columns by Oleszkiewicz

A brief review of the subject of concrete columns
by Oleszkiewicz (1985) became necessary because a

substantial basis for this research, and comparisons

made within the text, originate from Oleszkiewicz’s
ideas.
Oleszkiewicz (1985) and Abatan (1986) are evolving
a unified approach to reinforced concrete designs. The
basis of which is the assumption of the rectangular-
parabolic stress distribution in a flexural system. If
K, is the average stress over the stress block, from
equillibrium of forces (between concrete and
reinforcements)
K fcu bx + flsAls - fs As = 0,
NN S e R A B MR oo ny el
the ultimate flexural (moment) strength of the section
may be obtained by taking moments any convenient level

(for instance about the middle of the effective depth).

d
Mu = Klbxfcu(--~ ~ K, X) + flshls
2
d 1 d
(-.__-d) +fSAS I I I R i ] 2-502
2 2

where kl, kzr x are as defined under chapter 2.3.

Equations 2.5.1 and 2.5.2 may be written in
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dimensionless terms by dividing 2.5.1 by Kibdfcu and

2.5.2 by Klkbdzfcu. Thus equation 2.51 becomes

vy
[}

x + (f!
a

’
or O‘c + s - S 2 0 i cecemmmacioe v e sl 2.5.,4

and equation 2,52 becomes

hence ! l
I [
'“C(E —k2KC)+ Ks(— )*215
Thus
X
= - = (¢ is the ratio of compression zone depth to
d

the effective depth.
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"8 represents the axial effect of compression
reinforcements.

% represents the axial effect of tension

reinforcement.

ﬁc is the flexural effect of the compression zone.

(ﬂs is the flexural effect of the compression
reinforcement.
f}s is the flexural effect of the tensile
reinforcement.

An assumed Xc value is defined at the & -axis the
correspcndinquc measured parallel to the 3B3-axis defines
a point representing the contribution of the
compression zone to flexural resistance of the section.
Assigning different values to x/d the cocmplete tIc-ﬁ:
curve may be constructed as shewn, in fig. 2.0
for singly reinforced sections Oc = (s and 's
is zero.

A .

From the observation of the ultinate strength
diagram, it is noticed that the contripbution of the
concrete (compression zone) to the ultimate strength of
the section increases with the increasing neutral axis
depth to reach it’s maximum at Qg = 0.5. and
thereafter decreases to reach zero at Yc = 1. The

stress in reinforcement however, increases with the
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decreasing x/d to reach it's design yielding stress at
x/d equal to Ecu/Ecut + Esd),

Generally the graph of -B relation is a second
degree parabola. Fig 2.0. indicates the various
reinforcement requirements of a concrete section under
various combinations of axial load and bending
structural members under axial load or combined axial
load and bending are known as columns. These are
normally vertical members supporting floors or beams,
but horizontal or inclined members like structs may be
considered as columns if the loading combinations are
as stated above. When the ratio of the cross sectional
dimensions of a vertical load-bearing member is more
than four, the member although known as a wall can be
designed as a narrow column. It is recommended that a
minimum eccentricity of 0.05 times the minimum depth of
section be applied to any cross section of concrete.
Note that this recommendation does not consider the
amount (or heaviness) of the axial locad. The strength
of a column i3 dependent on its effective length which
is related to the critical buckling load given as

1EI/lze where EI is the flexural rigidity. For short

columns the deflection is negligible.

2.5.1 Axially Loaded Short Columns
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Fig 4.3 shows idealised case of a short column
under pure axial conmpressive load. The column is
reinforced longitudinally with four bars linked by
lateral ties to prevent their outward buckling. Due to
the axial loading and bond between cencrete and steel,
the 1longitudinal strains of concretz and steel are

uniform across the crcss section and ars egual.

j€ian

From static equillibrium conditlon,
1 = fc Ac - fs Asc

under service loading stresses in the concrete and in
the sceel are sufficiently low tc assune linear
defornation of both =materials. Wiz chat range of
loading then the elastic theory applies and it follows
that

fc = N/Ac + cAsc) where ¢ here means the
modular ratio which is noted to incresase with time of
loading, due to creep and shrinkage of the concrete.
This causes gradual redistribution oI 1internal forces.
The transfer of forzes from concreta to steel nay
continue for years untill the effective modular ratio
settles toc an approximately constant value which 1is
very difficult to determine with precision. When the

column is subjected to several load applications and
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removals, the residual stresses constitute further
complications in elastic analysis of reinforced
concrete columns. In fact it is almost impossible to
determine actual stresses in the concrete and steel
accurately therefore the elastic analysis does not
provide satisfactory bkasis for design calculation,
2¢5.:2 ad Carrving Capacit:
Ultimate strength of a concrete column is

practically independent of the locad history. Thus

the load carrying capacity of a column may Dbe
expressed as N = 0.67fcu ACc - fYASCT ....... .e:s2.5.8a.
Scmetimes fy in eqguation 2.3.3a is reduced by 0.67fcu

to take care of concrete displacea by reinforcements.
When the eccentricity is small and the ultimate load
N is acting between the lecngitidunal rerfinforcement
(1.6 & _ hj2 = dl), part of the column section may
be considered as axially locaded. It is in this case
assumed that the resultant of stresses occuring in
the part of section behind the eccentricity is
balanced by the resultant of stresses occuring on the

remaining part of the section which may be expressed

by

- T ) 1
'0'6"cub(§ +e) +fy As.‘..E.S.?
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assuming that both sides of the eguation 2.5.7 are
equal an approximate value of the ultimate resistance

of a rectangular column is given by

= 2 [(0:67F. b (B @) *EIAY) ossicmninsy ; VAR O
cu = y's

provided the reinforcement at the less compressed

side is not less than

which follows from edquation 2.5.9 that for small
eccentricities symmetrical reinforcement is then
required.

Design for Ultimate Limit State

In design, the 1load carrying capacity is
modified by the partial factors of safety as
recommended by CP110. Thus for axially loaded
column.

N = 0.45fcu Ac + 0.72fYyASC .c.ciaeeass 2.5.11
Due to construction tolerances of eccentricity of
loading equation 2.5.11 is modified to be

N = 0,4fcu As + 0.67 fYASC ... ceceacaass 2.5.12.
for columns where the eccentricity does not eceed the

value of (h/2 - d,) and the ultimate load does not
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exceed

N = 0.4fcu (h-2e) only nominal reinforcement is
provided which is not taken into account in the
resistance calculations. Thus equation 2.5.9 may be
modified as
N = 0.4fcub(h~-22) + 1.34fy AS ceviisnnees 2.5.13.
provided As - A's - (fcu/fy)be
For short columns supporting approximately
symmetrical arrangement of beans under uniformly
distributed lcad equation 2.5.12 is further modified

to give

N = 0.35fCUACc + 0.60fy ASC .cswwnwsussreces 2

Tests have shown that above formulae are not
applicable to columns with a very low reinforcement.
Therefore CP110 recommends that the minimum cross
secticnal area of longitudinal reinforcement should
not be less than one percent of the concrete cross-
sectional area. For lightly loaded members, it 1is
sufficient to provide a mininmum area of Asc
0.15N/fy.

Eccentrically Loaded Short Columns

When the eccentricity exceeds a certain value
still small, the distribution of strain and stress in

the section are rather similar to those in a beam

aoAbans LIBKAR
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'2.5.5

section and the columns undergo the same types of
failure that occurs in beams. Therefore the analysis
of a reinforced concrete column resisting both a
moment and an axial load is based on the same
assumptions as those used in bending strength theory.
In particular it is assumed that the column is at
failure when the concrete strain reaches a value of
0.0035.

Load Carrving Capacity of Eccentricallv-Loaded Short

Columns

Using the general dimensionless equations 2.5.4

and 2.5.7 but replacing 4 with h. Fer various assumed

values of compression depth, the strains of the

reinforcements and thus thelir stresses are

calculated. Therefore for given values of X ¢ and
reinforcement ratios, the curve of X - ﬁ relation 1s
drawn which is known as interaction diagram.

In the design of eccentrically loaded section

the principal equations are those of the section

under flexure but with an unbalanced axial load. The

principal design equations are:

s % -~ n-‘: TE 12
A'S — :\I (e+ hfa - g ) = Ua._-_uui- '\OcIE a )

\0.T2fy}(h-dz—d')
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and As = 0.2fcubh + 0,72fyAs - N

Oleszkiewicz (1985) stated that when A;s is negative
it means concrete compression zone is not fully
utilized.
Summary

The assumptions of the unified general
dimensionless load capacity of a reinforced concrete
section under axial load and bending with the
resulting (X -fg relation curves as shown in “ig 2.0.

are sinilar to that by CEB and quite unique in

the analysis of reinforced concrete columns. The use
of the word “small eccentricity” as has been noted by
most designers 1is not clear since there 1is no
definition of how small an eccentricity will e to be
regarded small. The only attempt to define small
eccentricity is in the specification for ainimum
construction tolerance of five percent of depth of
section, and the provision of nominal reinforcement
when eccentricity is less than half the concrete core

e £ h/2, The load capacity of a reinforced
concrete column with small eccentricity is given as

2(0.67fcub (h/2-e)) provided As 2 A;s - 2be
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(0.67£y/£ty). Nothing is said of the case when As
A;s ~ 2be(0.67fcu/fy) nor what determines when As
becomes more or less than 2be (0.67fcu)/fy. When N(e
+h/2 - d,) is less than the value of 0.2fcubh, (0.75
- d2/h), full use of the compression zone is not
made. It must be noted that in the formular for
estimating the load capacity of columns with #“small#
eccentricity, the position of the reinforcement (in

terms of the effect of concrete cover) does not

matter.

2.6 Concrete Confinement In Reinforced Concrete Columns

At low stress levels the transverse
reinforcement referred to as hoops or ties remain
relatively un-stressed in concrete sections. At high
stresses, approaching the uniaxial strength of the
concrete, the transverse steel provides some
confinement to the concrete when under stress. The
most common cause of collapse of a building in an
earthquake is said to be insufficient ductility of the
bearing walls and columns. (Barr et al 1982; Fischer
1984; Harris et al 1982). Most of the research into
concrete confinement was as a result of effort to

improve on the performance of concrete structures under
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earthquake. Concrete confinement provides ductility to
the structure which is a very essential requirement of
earthquake resisting structure (Graig 1982; Basu 1983).
The two commen forms of transverse reinforcements are
the rectangular ties and the circular spirals. For
obvious constructional reasons each is associated with
the rectangular and circular columns respectively. The
initial intention of the provision of ties was as a
guide to the main reinforcements. With increasing
knowledge it became obvious that the spacing of the
ties affected the strength of the concrete sections.
It is generally agreed by most researchers that the

circular spirals are more effective in concrete

confinement than the rectangular ties. (Chiwazie 1975;
Maruyama et al 1984; Oliva et al 1980; Sheikh 1982).
The reason for the difference in effectiveness is said

to be, because of the shape of circular spirals, they

are in axial hoop tension and provide a continuous

confining pressure around the circumference of the
column. Rectangular ties on their own will apply
confining pressure near the corners of the ties, since
lateral pressure from the concrete will cause laternal

bowing of the tie sides. A ratio in effectiveness
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between the spirals and the rectangular ties has been
suggested to be about 2. for the same volume of steel
(Ahmad et al 1982). While most researchers agree to
the difference in effectiveness between rectangular
ties and spirals. There is a division in opinion on
both the magnitude of this increased ductility and in
the contribution of ties to strength enhancement of
confined concrete. It had been observed that tied
columns do not have much ductility espcially in tall
buildings where eccentricity ratio may be small (Fintel
1974). Sheik (1980) studied the effect of ties to
strength enhancement in short concrete columns. Twenty
four columns with height-breadth ratio of about 1six

were tested to failure. The spacing of the ties, which

were multiple tie sets in various arrangements, range
between 100mm to 30mm, thus producing spacing-depth
ratio (Sv/h) of between 0.33 and 0.10. These of course
were very high tie steel contents. It was observed
that the concrete core and the cover behave differently
at longitudinal strain values of 0.0015 - 0.002. Most
of the columns attained about ninety percent of their
failure loads at strain values of 0.002. The following

conclusions among others were made by Sheikh (1980).
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