Eng. & Technology, Vol.24. No.9, 2005

Interaction Diagrams for Reinforced Concrete T-Columns

Asmaa A. Ahmad’
Received on : 11/9/2004
Accepted on : 13/6/2005

Abstract

The present investigation gives a comprehensive theoretical study for the
analysis of reinforced concrete T-columns under the simultaneous action of
axial compressive load and uniaxial bending. A computer program is written
which enables calculating the compressive and tensile forces together with
their moments, and eventually gives the results in the form of design charts
which can be used directly for design or analysis.

In order to illustrate the use of the proposed design charts, four examples are
given, two of which are design examples while the other two are analytsis.

Keywords: Computer program; interaction diagram; reinforced concrete; T-
columns; uniaxial bending.
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Motation

by Mange width,

b, web width,
¢ depth of compression zone,
, caleulated force for compression region,
dy distance from the exireme compression fibre 1o the centroid of any

arbitrary reinforcing bar,

£ specified compressive strength concrete of cylinder,

5 specified vield strength of reinforcement,

g ratio of center-to-center distance between exterior layers of longitudinal
reinforcement to overall depth of section,

h overall thickness of the cross-section in plane of bending,
b overall thickness of flange,
h, overall thickness of web,
i 8
m = i
0.85 /.

M, nominal flexural strength about the axis of bending,
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ratio of the stress in the equivalent stress block to the specified

ratio of the depth of the equivalent stress block to neutral axis depth,
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NA neutral axis
P, nominal allowable load in uniaxial bending with eccentricity e,
R’ reinforced conerete,
a,
compressive strength of concrete =0.85 |
B,
&,  specified ultimate compressive strain of concrete =0.003, and
2, Ciross ratio of reinforcement.
Introduction

Arbitrarily shaped reinforced concrete
{RC) members subjected to uniaxial
or biaxial bending and axial
compression are frequently used in
multistory tall buildings and bridge
piers,

In recent vears some methods have
been presented for the ultimate
strength analysis of various concrele
sections, such as L-, and channel-
shaped, under symmetrical bending or
combined biaxial bending and axial
compression [1-4]. These methods
compute the ultimate flexural capacity
of section. For design purposes they
require trial and error procedures.

The present research also aims at
obtaining direct relationships between
the compression load and the uniaxial
bending capacities which can be used
as ready design charts for T-columns,

Research significance
This search deals with remforced
concrete T-columns which are used
for the external building edges
supposing that neighbouring spaces in
the buildings are balanced in loads.
These columns are subjected to axial
compressive  load  plus  uniaxial
bending. This uniaxial bending apply
tension on flange and compression on
web,

The principal aims of this work is to
furnish a method for analysing tied
columns under the combined action of
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axial compressive load and uniaxial
bending that is simple in concept and
can be beneficially used in providing
casy way to deal with charts for the
design of such columns.

Description of the procedure

For columns subjected to uniaxial
bending, the neutral axis (N.A)
always remains parallel to the axis
about which the moment is being
applied. Since the position of the
neutral axis depends on the value of
the eccentricity (e), therefore the
variation of the neutral axis position
may in general leads to the two
possible cases of compression zone
shown in Fig(1).

Estimating concrete compression
force

Depending on  an  equivalent
rectangular compression block for
concrete,” the compressive force of
the concrete is
C. =area of compression zone * (a,

I 1)
Where

a, = ratio of the stress in the
equivalent stress block to  the

specified compressive strength of
concrete, and

f. = specified cylinder compressive
strength of concrete,
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Estimating  strain  in  steel
reinforcement

Based on the chosen wvalue of
ultimate usable strain at  extreme

cancrele compression fibee (&, )
which is equal to 0.003" and the
linear strain distribution across the
depth of the cross section: (Fig. 2 ), a
correlation between the strain (£, )
in any arbitrary reinforcing bar and
the depth of the compression zone (¢)
can be obtained. Let ( 4,) denotes the
distance from the extreme
compression fibre to the centroid of
any arbitrary reinforcing bar,
Referring to Fig. (2), the strain in
any steel bar can therefore be obtained

£
= B s
£y ==2|c—d,| @)
since steel can be idealized as elastic-
perfectly  plastic  material  with

maximum value of stress ( f ),
therefore the stress in any steel bar is
simply

ﬁ-l'z E.ﬂ'EEE_fP

where

Jfo = stress in reinforcement,
£, = modulus of elasticity of
reinforcement, and

Jv = specified yield strength of
reinforcement,

{3}

Equilibrium criteria
For a given eccentricity (e), the
value of the compressive load (P) can

be estimated  from  the  following
simple equilibrium equation

P= Cc +ZC:1! _ZI;: wi(4)
The associated uniaxial bending

moment (M) can also be estimated by
summing up the moment of the
resulting forces on the cross section
around the plastic centroid (PC) of the
section,

Interaction diagrams for reinforced
concrete T-columns

M=C. * i lever arm to the PC +
Z o " its fever arm to the PC +

z Ty * its lever arm fo the PC
wa(F)

where C, and 7, represent the
compressive and tensile force in the i
reinforcing bar respectively, see Fig.
{2). The subscript (i) refers to the
reinforcing steel layer position.

Program description

The computer program is developed
in Microsofi Quick-Basic Version 4.5.
It is capable of producing points that
describe the axial load versus moment
interaction diagram for any short T-
column under uniaxial bending.

Input data for program include: the
material and section properties, and
the area and coordinates of each
longitudinal bar. The output of the
program consists of a series of data
points ( P and M vales } that could be
used in drawing the interaction
diagram for the column.

The program assumed & linear
variation of strain over the depth of
the section. Strain hardening of steel,
tensile strength of concrete, and
slendemess effects are ignored. In
addition, the output does not include
the capacity reduction factor (@ ).

Design charts

In order to make direct use of the
present method in the design of RC T-
columns subjected to axial load and
untaxial bending moment, charts are
constructed in a manner analogous to
those given in text books for the case
of rectangular columns with uniaxial
bending. Charts 1 through 8 have
been prepared for the case of uniaxial
bending of T-columns. These charts
are designed to cover a wide range of
the cross sectional parameters.
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Fig. (3) shows a cross section of a
typical RC T-columns, For
convenience, these design charts are
presented in this study which cover
the following cases

=2 and 4
2=0.,6,0.7, 0.8 and 0.9
No, of bars = §
f. £ 30MPaand f, =414 MPa

b
For values of t-!;’—] and (g) other
than  those listed above, linear
interpolation between neighbouring
values can be used.

Examples
Example (1) - Desi roblem

A short RC T-columa subjected to
nominal compressive load of 2016 AV
acting at a position with eccentricity e
= 232 mm. Use f. = 28 MPa, f, = 414
MPa, No.of bars = 8, b, =525 mm, b,
= 175 mm, Iy =200 pre, hr, = 380 mm
and cover = 58 mm. It is required 1o
determine the steel ratio by using the
proposed chans.

Solution:-

m= "I_@ - = ik =}7.39:
0.853*f 085*28

b 525 _

b I75

h=hy,+h, = 200+380=580m
i

_580-2*58 _
7580 T

=4

0.8

kg
L

3

|

=|m
oy
=]
=

Pn_ 2006*10°
fibh 28%175%580

Interaciion diagrams for reinforced
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It

Enter chart 3 ( g 0.8 and

o

/
b,
.
f.bh
Enter chart 7 ( g = 0.8 and

= 2)with = 0.4 and

3
h

=0.71 read p,m = 0.85

I

LW 0.4 and

= 4 Ywith
™ h

[

P
f.bh

b
Interpolating ( g = 0.8 and b—‘r~ =3

L

=0.7].vead pm =0.34

pm=10.595:
p, = L 0.034
17.39

Example (2) — Design problem

A short RC T-column subjected to
nominal compressive load of 2650 &NV
acting at a position with eccentricity ¢
= 200 mm. Use f.= 25 MPa, f, = 414
MPa, No.of bars = 8, & =200 mm, h,
=380 mm, cover = 58 mm and steel
ratio ( o, = 0.0426 ). 1L is required 10

determine values of dimensions (b,
and 5, ) by using the proposed charts.
Solution -

m= 124 =1948;
0.85*25

pm=00426%19.48 =0.83;
fr = 200 + 380 = 580 mm;

= M =0.8:
580
LWy
fr 580

b
assume == = 2 and b, = 250 mm
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Enter chan 3 ( g = 0.8 and

b

Ei- = 2 )with % = 0.34 and

pme (83 read PH =0.76
f. b h

therefore

Pn=0.76*25*250*580* 10"
kN

Since this value agrees closely with
actual nominal load. therefore b, =500
mm and b, = 250 mm are acceptable

Exampl — Analysis problem
A short RC T-column subjected to
nominal compressive load of (Pn)
acting al a position with eccentricity e
= 195 mm. Use f, = 30 MPa, f, = 414
MPa, No.of bars = 8, b, =600 mm, b,
= 300 mm, hy=275 mm, h, =375 mm ;
cover = 65 mm and steel ratio

(p,=0.0308). It is reguired to
determine the allowable nominal
compressive load (P,) by using the
proposed charts.
Solution:=
414
m=———=]6235;
0.85* 30
pm=00308%16235=035,;
b, o0 _,
b, 300
h=275+375 = 650 mm;
Tk
- 650—-2*65 - 0.8
650
e_19 o3
h 650

b
Enter chart 3 ( g = 0.8 and b—*’=2}

Cl

with § =0J3and pm=035; read

interauction diagrams for reinforced
concrete T-columns

‘P"—--.-c.i?
F.b;

Pn = M-.mumwasa*m" = 4095 kN

therefore

Exsmple (4) -- Analysis problem
A short RC T-column subjected to
noininal ¢ompressive load of 1330 AN

2755%c.ing a. a position with eccentricity ¢
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. Use f, = 26 MPa, £, = 414 MPa, No.
of bhars = 8§_ b, =400 mn, b, = 200 mm,
b, =200 s, fr, = 380 mom ; cover = 58
mm anc steel ratio { p, = 0.0427 ). It

is required vo determine the allowable

nomnal moment by using the
propased chars.
Soluio, :-
m=-_~-i£--- =18.733;
155%* 25
prie=0.0427*18.733=.8;
b
b 48 _"E =3 £
b, .00
b =200+ 380 = 580 mn,
£
=2k a4
ifg

On _ IB30R107 L
f.bh 24 200 * 580

Enter chat 3 ( g = 08 and
ha Pn
-m = Dwith = =0.44 and
fj" L L

e

om=08, 1=ad Esﬂ,?j‘;
t herefore

¢ =0.73* 580 == 4224 mn,
Mallovable 1356 4224% 1 = 5631kN.m

Conclusions
The analysic and cesign  of
reinfarced cofiicrete T-se - tion:

subjected to adal compression and
uniaxial bendis p are very tediows ano
time censuming because
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I, inthe analysis, a trial and crror
procedure is required to find the
depth of the neutral axis satisfying
the equilibrium conditions.

2. in the design process, a trial
and error procedure is required to

find the steel ratic (2,)
satisfying the strength
requirements.

On the other head, the simplicity of
the present approach cnabled the
construction of new design charts
which can be used directly in design.
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Future research
The  following iterms
recommended for future studies
I.  Applying the new approach to
analyse high swrength RC T-
columns and to study the effect of
some important parameters on
their capacity such as the amount
of reinforcement ratio, vield
sirength of reinforcement and
ultimate comprassive strain value
of concrete.
2. Extending the new approach to
analyse irregular shapes such as

are
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L-. and channel shaped and
providing design charts.
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Fig. (3) Symbol details of RC T-calumn subjected to uniaxial bending.
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