DOI: 10.14256/]CE.1056.2014 Gradevinar 12/2014

Primljen / Received: 3.4.2014. P I H H d H H . f
Ispravljen / Corrected: 11.12.2014. re Imlnar\/ ImenS|0n|ng 0
Prihvagen / Accepted: 29.12.2014.

e maemeonaoe. FE@iNforced concrete sections

Authors:

Professional paper

Tomislav Kisicek, lvan Petric

Preliminary dimensioning of reinforced concrete sections

This paper describes a procedure for the development and use of tables for the preliminary
design of reinforced concrete elements exposed to bending action, in compliance with

Assit.Prof. Tomislav Kisicek, PhD. CE appropriate ultimate and serviceability limit state criteria. The use of tables for defining basic
University of Zagreb dimensions of cross-sectional elements enables designers to avoid the "trial and error”
Faculty of Civil Engineering approach, while also ensuring fast and simple preliminary dimensioning as a preparation for
kisha@grad.hr the subsequent more detailed design of structural elements.

Key words:

preliminary dimensioning, ultimate limit state, serviceability limit state, preliminary design tables

Strucni rad
Tomislav KiSicek, lvan Petric
Preliminarno dimenzioniranje armiranobetonskih presjeka
lvan Petric, MCE
TSB Ingenieurgesellschaft mbH U radu je opisan postupak izrade i koristenja tablica za preliminarno dimenzioniranje
Darmstadt, Germany armiranobetonskih elemenata, izlozenih savijanju, prema grani¢nim stanjima
i.petric@tsb-ing.de nosivosti i uporabljivosti. Koristenjem tablica, kod odredivanja osnovnih dimenzija

presjeka elemenata izbjegava se pristup "pokusaja i pogresaka" i omogucuje brzo
i jednostavno osnovno dimenzioniranje presjeka kao priprema za daljnji, detaljniji
proracun konstrukcijskih elemenata.

Klju€ne rijeci:
preliminarno dimenzioniranje, grani¢no stanje nosivosti, grani¢no stanje uporabljivosti, tablice za

preliminarni proracun

Fachbericht
Tomislav Kisicek, lvan Petric

Praliminierte Bemessung von Stahlbetonbauteilen

Indieser Arbeit wird ein Verfahren zur Erstellung und Anwendung von Tabellen fir die praliminierte
Bemessung von Stahlbetonbauteilen unter Biegebeanspruchung fiir die Grenzzustande
der Tragfahigkeit und Gebrauchstauglichkeit dargestellt. Durch die Anwendung von Tabellen
bei der Ermittlung von Querschnittsmal’en wird das Probierverfahren umgangen und eine
einfache grundgelegene Bemessung ermaglicht, die als \orbereitung flr weitere ausfihrlichere
Berechnung der Bauelemente dient.

Schliisselwarter:
Prdliminierte Bemessung, Grenzzustand der Tragfahigkeit, Grenzzustand der Gebrauchstauglichkeit,

Préliminierte Berechnungstabellen
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1. Introduction

Although a preliminary dimensioning of reinforced-concrete
elements is usually based on the ultimate limit state (ULS)
requirements and methods, the serviceability limit state (SLS) should
equally be taken into account in this respect. The dimensioning of
structural elements according to the ultimate limit state method
is based, in addition to the known dimensions of elements, on the
determination of the required reinforcement in the cross-section.
However, it is sometimes necessary to additionally change cross-
sectional dimensions. This is more often necessary in case of the
serviceability limit state. In fact, the factors mostly influencing the
deformation limiting requirements (i.e. requirements relating to
deflection, displacement, curvature) are cross sectional dimensions
of the elements, while these requirements are only to a lesser extent
influenced by the quantity of reinforcement and type of concrete.

In many cases, the indication that dimensions should be changed
is obtained only according to the final result of calculation for
the serviceability limit state. So it can happen that the necessary
requirement has not been met, or that the result greatly errs on
the side of safety. In both cases, the element dimensions must be
changed, either to meet serviceability requirements or to achieve
greater economy, i.e. to make material savings.

Thus, the calculation must be made from the very beginning. This
can be a time-consuming process if a big number of different
elements are present in the structure, because calculations for
structural elements based on the serviceability limit state can be
quite extensive.

In addition, it is often necessary to conduct preliminary dimensioning
of elements, especially in building construction, in cases when only
basic dimensions of the building are known.

It is only then that a more detailed elaboration of the design can be
made, making use of approximately final dimensions of structural
elements.

The need obviously exists to simplify the basic calculation, so that
preliminary (preparatory, basic) dimensions of elements for both
these limit states can be determined in a rapid and simple manner.
This paper describes the procedure for preparing and applying
tables for the preliminary dimensioning of reinforced-concrete
sections according to the ultimate and serviceability limit states, in
accordance with new standards from the series HRN EN 1990 [1],
HRN EN 1991-1-1[2],and HRN EN 1992-1-13].

The tables can be used, in case of a small number of input data,
for the rapid and simple determination of basic dimensions of
reinforced-concrete elements and reinforcement, as needed to
meet the ultimate and serviceability limit states. This procedure is
illustrated below by means of a calculation example.

2. Ultimate limit state

The ultimate limit state is a set of limit states that take into account
[1]: safety of people and/or safety of structures/buildings and, in
some cases, the safety of objects within such buildings. The failure
of reinforced-concrete elements subjected to bending load is
considered in the paper. The analysis of the reinforcement required

in the cross-section of such elements is conducted based on the
known procedure using calculation tables, i.e. as described in
papers [4, 5,13]. Tables for practical calculation are also presented
in these papers. The need for preparing such tables arose due to
occurrence of concrete classes with the strengths greater than
C50/60 in HRN EN 1992-1-1 [3], and due to different definition
of design strength of concrete according to these standards. The
design (o - ¢ diagrams for concrete classes greater than C50/60
differ from those for concrete classes C12/16 to C50/60, and so
the existing tables can not be used for dimensioning reinforced-
concrete elements made of such (higher) concrete classes. This is
why different dimensioning tables have been prepared in papers [,
5,131 for each of these concrete classes.

3. Serviceability limit state

The serviceability limit state is the state beyond which
serviceability criteria specified in the design are disturbed
or disrupted. The criteria are related to the functioning of a
structure or structural elements in normal use, comfort of
people, and appearance of building (due to deformation of
its structure or a part of the structure). Serviceability criteria
should be defined together with the client and set separately
for each project, depending on the intended use of the building/
structure. The limit state of serviceability comprises [3, 61: the
ultimate state of deformation, cracking, stress and fatigue.

3.1. Limit state of deformation — limit state of
deflection

The term deformation implies deflections, curvature, elongation
or shortening, twisting and change of inclination of structural
elements. Deflection is a significant parameter of the limit state
of deformation. In case of reinforced-concrete elements the
deflection occurs due to load (bending and shear). The deflection
due to bending is the most often calculated deflection because
deflections caused by transverse forces are much lower and are
almost always neglected.

Deflections depend on the type, size and duration of load, on
geometrical values of elements (span, width, height, shape), and on
mechanical properties of materials (concrete and reinforcement).
When calculating deflection, one also has to take into account
concrete properties that change with time (concrete creep and
shrinkage, and cracking).

According to HRN EN 1992-1-1 [3], the limit state of deflection is
considered met if the maximum deflection of a structural element
amounts to less than 1/250 of the design span of the element, L ,
i.e. if it is lower that the limit deflection values ,_given in HRN EN
1992-1-1.5s 7.4.1[3].

However, the deflection value need not always to be calculated.
One can define, as a basic condition, the limit values of the design
span to static height (slenderness) ratio, L ./d, for individual static
systems. If the slenderness of the studied element is lower than
the limit value, the deflection requirement is considered met. If this
is not the case, a detailed deflection calculation most be made [3].
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The following expressions are defined in HRN EN 1992-1-1 for
the determination of the limit span to effective depth of a cross-
section ratio:

%
L 2
d:l{nus fck%+3,2‘/fck(%—J } for p=<p, (1)

L p 1 p'

—=K|11+15,f, o+ = f /—

" { +1,5/f p_p.+12 ok P0:| for p>p, (2)
where:

- limit (design) span to static height ratio

d

K -factor that takes into account various static system
types

f, - characteristic compressive strength of concrete in N/mm?

A, - cross-sectional area of tensile reinforcement

A, - cross-sectional area of compressive reinforcement

d - effective depth of cross section

b -total section width

p, =107, - reference reinforcement ratio

A - S
P=pd - coefficient of tensile reinforcement
A .- . )
p'= b_sé - coefficient of compressive reinforcement

The elements with the reinforcement ratio of p < 0,5 % are
considered to be weakly stressed (slabs), while elements with
the reinforcement ratio of p = 1,5 % are considered to be strongly
stressed (beams)[6]. Values given in Table 1 are conservative, and
it can be proven by calculation that deflections can be met even
with greater values of the ratio L ./d (slenderness), compared to
the cited ones [3]. Intermediate values of the coefficient p can be
interpolated linearly [3, 6, 13] For all static systems given in Table
1, except for flat slabs, a shorter span is introduced into procedure
for the determination of [4, 5, 13].

Itis assumed in expressions (1), (2) and in Table 1 that the stress
in in reinforcement, for the frequent and quasi-permanent
combination of loads, on an cracked cross section, amounts to

o, =310 N/mm?, and that the steel grade is B500. In addition,
it is assumed in Table 1 that t the concrete class is C30/37 [3,
6, 13].

The slenderness L /d varies more greatly depending on the
concrete class, as shown by the relationship between the
reinforcement coefficient p and slenderness, L ./d, for concrete
classes from C12/15 to C90/105, for the static system of a free

beam (K = 1.0), according to expressions (1) and (2) [13] (Figure 1).

T

20 1

— (50/105
e 03
— IOV E5
— (E0/7S
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- C16/20
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L,/d

010 060 1,10 1,60 210 260 310 360
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Figure 1. Diagram of ratio [ ./d as related to coefficient p [%] for each
concrete class [13]

It should be noticed that the Expression (2), unlike Expression (1),
takes into account influence of the compressive reinforcement.
However, the diagram in Figure 1 is made under assumption
that p’= 0 for Expression (2), as the contribution of compressive
reinforcement is sufficiently small to be neglected during
calculation of single reinforcement of cross section, in span
and at support. In case of duble reinforced of cross section, the
compressive reinforcement can influence an increase in the
allowed slenderness, depending on the relationship between
cross-sectional areas of compressive and tensile reinforcement.
As the greatest possible slenderness, L ./d, amounts to 28 for
the minimum ratio of reinforcement of about p = 0,15 % and
for the simply supported beam static system (Table 1), this
slenderness value is taken as the maximum allowable value.

Tablica 1. Limit ratio L__/d when deflection calculation is not needed [3, 6, 13]

eff

Lightly stressed concrete (of the slab) Highly stressed
Static system K concrete (of the beam)
p=0,15% p=05% p=15%
Simply supported beam, one- or two-way spanning simply supported 10 78 20 14
slab

End span of continuous beam or one-way continuous slab or two-way

; ) . 1.3 36 26 18
spanning slab continuous over the long side
Interior span of beam or one-way or two-way spanning slab 1,5 32 30 20
Slab supported on columns without beams (flat slab) 1,2 34 24 17
Cantilever 0,4 10 8 6
GRADEVINAR 66 (2014) 12,1125-1143 1127
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Reference ratio of reinforcement p, =4, -10° are marked by
points for individual concrete classes in the diagram (Figure 1).
For assumptions in expressions and tables, and in case when
the real stress in reinforcement o, differs from 310 N/mm?,
or when another type of steel is used, the expressions (1) and
(2), and hence the values given in Table 1 and diagram (Figure
1), must be multiplied by the smaller of the following two
correction factors 3, 6, 131:

2310 500 A

f,= y il f,= f A (3)

where:

A, o, - Provided (selected) tensile reinforcement area in cross-
section

A, ., -required (calculated) tensile reinforcement area in the
studied cross-section for assuming the bending moment

fu - characteristic yield strength of reinforcement [N/mm?].

Similarly, the values from Table 1 and the values from the
Diagram in Figure 1 are multiplied with the following reduction
factors[%,5,13]: a) for T beams in which the ratio of participating
compressive width of the flange to web width is greater than
3b_./b,> 3, the factor amounts to 0.8; b) for all elements (except

for flat slabs) of more than 7.0 m in span that carry partition
walls, the factor amounts to 7,0/L ; c) for flat slabs of more that
8.5 m in span the reduction factor amounts to 8,5/L ;.

To be able to use values from the Diagram in Figure 1 for any
static system, every static system of span L can be reduced to
the system of simply supported beam of "normalised” span L,
during the preliminary dimensioning process, using the factor K
that takes into account various types of static systems (Table 1).
In this case, the following is valid:

Ln =

L
i (4)

3.2, Limit state of cracking

This serviceability limit state limits the crack width so as to prevent
deterioration of structure due to reinforcement corrosion. In addition
to loading, the cracking can be caused by: stress due to temperature
changes, creep and shrinkage of concrete, differential settlements
of supports, rotation of supports, or deformation of connection
elements [6]. Cracks are not a hindrance if their width does not
exceed limit values (Table 7.1N from [3]) that are specified for classes
of element exposure or external appearance of elements.

In the preparation of tables for preliminary dimensioning of

Table 2.Limit bar diameter values for checking characteristic crack widths for concrete classes C20/25 to C40/50

Concrete class
[N/r?;smz] o, / ka C20/25 C25/30 C30/37 C35/45 C40/50
Limit bar diameter values [mm]
160 0.32 43 51 57 63 68
170 0.34 38 45 50 55 60
180 0.36 33 40 4L 49 53
190 0.38 30 35 39 43 47
200 0.40 27 32 35 39 42
210 0.42 24 28 32 35 38
220 0.44 22 26 29 32 34
230 0.46 20 23 26 29 31
240 0.48 18 21 24 26 28
250 0.50 16 19 22 24 26
260 0.52 15 18 20 22 24
270 0.54 14 16 18 20 22
280 0.56 13 15 17 18 20
290 0.58 12 14 15 17 19
300 0.60 11 13 14 16 17
310 0.62 10 12 13 15 16
320 0.64 ] 11 12 14 15
340 0.68 8 10 11 12 13
360 0.72 7 8 9 10 11
380 0.76 6 7 8 9 10
400 0.80 6 7 7 8 9
450 0.90 4 5 6 6 7
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reinforced-concrete elements (without prestressing), and in order
to place dimensioning on the side of safety, the requirement w,_ =
0,3 mm, for the quasi-permanent combination of load, is taken into
account as a relevant requirement.

Special measures for limiting cracking width are not needed for
reinforced-concrete slabs in buildings, which are 20 cm in thickness
and stressed by bending, without a significant longitudinal axial
tension [6]. At that, the maximum spacing between main reinforcing
bars and secondary transverse bars (which do not account for less
than 20% of the main reinforcing bars) should not exceed the values
specified in section 9.2.1.1 of the standard HRN EN 1992-1-1[3] or
in section 5.5.1 from [4].

Assuming that the provided cross-sectional area of reinforcement,
for the ultimate limit state, meets the minimum reinforcement
requirement for limiting propagation of cracks, then this limitation
of crack propagation is achieved without direct calculation, for the
characteristic crack width of w, = 0,3 mm, by limiting the reinforcing
bar diameter and reinforcing bar spacing according to Table 2.6 from
[13]or Tables 7.2N and 7.3N [3].

Limit reinforcing bar diameter values depending on stress in
reinforcement, for crack propagation control and for several concrete
classes, are given below in Table 2. The procedure for determining
limit diameter values was conducted according to Section 7.3.3 of
Eurocode 2 — Commentary, European Concrete Platform ASBL,
Bruxelles, June 2008 [9], i.e. according to the following expression:

Wk E f::teff'kc'k h
= .J,3’4. . d . cr
¢ {(1—/“) o, C} o,-0,425-k, -k, 2,5-k"(h—-d) )

Considering the following assumptions based on [S]:

w, = 0,3 mm - characteristic crack width

E, =200000 N/mm? - steel bar elastic modulus
¢ =25 mm - concrete cover thickness

k =04;k =04; k=10

0425k, - k,=0,17

h,/(h-d)=5,0cm

k' =1,0

The Expression (5) can be written as follows:

¢:{1ooooo_85}‘4,714&% ©)

O O

Deviations obtained according to Expression (6) from values
given in Tables 7.2N and 7.3N (according to HRN EN 1992-1-1
[3]) are acceptably small.

If limit diameters given in Table 2 are considered, it can be seen
that limit diameter values, at the same stress in reinforcement,
increase with an increase in concrete class. Thus, in higher
concrete classes the limit stress is greater for the same bar
diameter.

In order to meet the limit cracking requirement in preliminary
calculation, e.g. for the concrete class C30/37, the stress in
reinforcement o, should not exceed 320 N/mm? for the quasi-
permanent combination of loads, in case the beam element is
reinforced with bars 12 mm in diameter.

3.3. Limit state of stress

This limit state curbs down stresses at design load so as to
prevent excessive plastic deformation and cracking of reinforced-
concrete structures. Such occurrences might endanger durability
and serviceability of structures. The stress is limited in concrete
and steel reinforcement as follows. In order to avoid occurrence
of longitudinal cracks in concrete (propagation of splitting forces),
and hence the loss of durability of reinforced-concrete elements
due to influence of ambient conditions, the concrete stress
requirements for stress in concrete o, must be fulfilled:

a) for characteristic combination of loads:

0.<06-f, (7)
b) or quasi-permanent combination of loads:

0.<045-f, (8)

To limit an excessive deformation of reinforcement, and hence
the propagation of cracks, the requirements for stress in steel
o, must be fulfilled

a) For characteristic combination of loads:
008" ka (9)

b) for quasi-permanent combination of loads (from requirements
of limit state of cracking, Table 2) the alowed stress is limited
separately for each class of concrete and reinforcement, e.g.:

0.<064- ka for concrete C30/37 and bars 12 mm in diameter (10)

4. Tables for preliminary dimensioning of
reinforced-concrete elements

4.1. Limit state of deflection

The dimensioning of reinforced-concrete elements according
to the ultimate limit state is based on the equilibrium of forces
within the cross-section of elements, i.e. on the equilibrium
between the bending moment due to load and the carrying
capacity moment of the cross-section. Tables [4, 5, 13] were
prepared for the dimensioning of rectangular cross-sections
with regard to bending action. Based on the assumed pairs
of strain of the steel reinforcement subjected to tension and
concrete subjected to compression, and assuming that the
equilibrium of internal force in cross-section has been achieved
(Figure 2), the following values needed for obtaining the area of
tensile reinforcement are calculated: & - coefficient of position
of neutral axis, ¢ - coefficient of the lever arm of internal forces,
g, - dimensionless bending moment for cross-section, @ -
mechanical coefficient of reinforcement, «, - coefficient of fill of
concrete design diagram, and k - coefficient of position of the

GRADEVINAR 66 (2014) 12, 1125-1143
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Parameters given in Figure 2 are:

b - width of cross-section

h - height of cross-section

d - effective depth of cross-section

d, -distance between centre of tensile reinforcement and tensile
edge of cross-section

A_ - area of tensile reinforcement

s1
X - height of compressive area of cross-section

fa

e =\

N
fa x = ol

neutral J
axis *
M, N
>
- A S —_— N
1‘S‘

g - strain of compressive edge of cross-section
&, - strain of tensile reinforcement

&, - strain of concrete when compressive strength is attained

M_, - design value of bending moment
f, - design compressive strength of concrete
F_ - compressive stress resultant for concrete

C

F., - tensile stress resultant for reinforcement

z -lever arm of internal forces

Figure 2. Cross section in span subjected to bending without longitudinal force, with stress and strain distribution, and with position of resulting

compressive and tensile stresses, [5]

compressive stress resultant for concrete. A detailed procedure
for preparation of such tables is presented in papers [4, 5, 13].

The relationship between the ultimate limit state and serviceability
limit state (deflection) is the tensile reinforcement ratio, which
influences the limit slenderness, L/d, through which the limit
state of deflection of a reinforced-concrete element is met. The
tensile reinforcement ratio is defined by the following expression:

A,
P (11)

-
b

Assuming that the steel B500 is used, it can be seen that the
tensile reinforcement ratio depends of the concrete class,
i.e. on the design strength and the mechanical coefficient of
reinforcement o, which is unambiguously defined for each pair
of deformations ¢_and ¢, through dimensioning tables (from
[4,5,13]).

Therefore, according to ultimate limit state, the existing
dimensioning tables (from [4, 5, 13]) can be extended by
reinforcement ratio for individual concrete classes, which
determine the part of tensile reinforcement that is needed to
meet the ultimate limit state requirement.

At that, care should be taken about the minimum and maximum
reinforcement. The following requirements for minimum
reinforcement (according to HRN EN 1992-1-1, Section 9.3.1.1.)
should be met [3]:

A n=0,0013-b-d (12)

Aﬂmm:o'zabd'[f?ﬂ] (13)

Yk

here the greater value is relevant, i.e. using the expression (11),
the greater reinforcement ratio from the following values:

Prin =0,0013 (14)
f

. =
yk

In addition, the following requirements for maximum

reinforcement must be met: according to the draft national
annex HRN [10]

A, . =0222-A (16)

s1,max

where A = bh=b1,1d

f .

At max = Oy b0+ [;"J according to [3] (17)
yd

where the relevant value is the lower value, i.e. the lower of the

following reinforcement ratios:

Proe =0,022.1,1=0,0242 (18)

fcd
Prmax = O * P (19)

yd

After analysis of integral preliminary dimensioning tables
given in Appendix 1, it can be noticed that the minimum
reinforcement requirement (14) is relevant for concrete classes
C12/15,C16/20 and C20/25, while the minimum reinforcement
requirement (15) is relevant for other classes of concrete.

In order to restrict tables in the zone of single reinforcement,
the requirement (19) for maximum reinforcement is relevant
for concrete classes from C12/15 to C40/50 and for concrete
classes from C55/67 to (C70/85, while the maximum
reinforcement requirement (18) is relevant for other classes of
concrete. The above maximum reinforcement amounts must

1130

GRADEVINAR 66 (2014) 12,1125-1143



Preliminary dimensioning of reinforced concrete sections

% %
Compressive
A area
= e vy Tensile
area
'qs1
N e ® o ®
N > 5“51
o
b
7 7

Parameters used in Figure 3 (other than those defined for Figure 2):
x, - height of compressive area of elastic cross-section
o. - stress at compressive edge of cross-section

GC
N S
: 2 2
=%
=" / Fc
neutral
; o
axis
MEd N
<
=
. e P
I:'TS‘| , Ge FST

o, - stress of tensile reinforcement
a, - ratio of elastic moduli for steel and concrete

Figure 3. Elastic model of a singly reinforced cross-section in span under influence of bending, with stress and strain distribution, and with

position of compressive and tensile stress resultants, [11]

not be exceeded for single reinforcement. Maximum amounts
are marked in colour in tables (in the appendix).

An appropriate slenderness limit, L /d, which must not be
exceeded by the studied element, can be defined for every
defined class of concrete and reinforcement ratio p, based on
the procedure described in Section 3.1 and using expressions (1)
and (2). Thus the requirement for the limit state of deflection is
met without additional calculation.

4.2, Limit state of stress

According to[3, 5], the linear analysis of elements based on elastic
theory is used for the limit state of stress, unlike the simplified
plastic analysis (model) that is used for preparing the table for
dimensioning cross-sections with regard to ultimate limit state.
A reduced stiffness, corresponding to cracked cross-sections
and neglecting tensile stiffening while including creep effects,
can be assumed for long-term actions. The elastic modulus
ratio o, is defined according to [3, 6, 131:

o, _E for short-term load, i.e. for t=0 (20)
E, _
% =g for long-term load, i.e. fort t=o (21)

c,eff

The elastic modulus ratio ¢, defined in expression (21), is
used in further calculations. The effective elastic modulus for
concrete, used in expression (21), can be defined from the
secant elastic modulus by means of the following expression:

Ecm
(22)

Ec,eff = W

This takes into account the effect of creep in case of long-term
load. An accurate calculation of the final creep coefficient, p(x, t,), is
quite complex due to a great number of factors it is dependent on.
When a high accuracy is not requested, the final creep coefficient
value can be defined from diagram in Figure 3.1, based on HRN
EN 1992-1-1[3], but provided that the concrete is not exposed to

compressive stress in excess of 0,45 - f,(t), at the concrete age
during the loading time [3]. In addition, due to lack of accurate
analyses, the use of the final creep factor value of ¢lx, t)) = 2,0,
according to [12], is proposed. When defining in [13] the coefficient
of height of elastic compressive area &, the authors show the
influence of creep factor ranging from ¢lw, t)) = 1,0 to ¢», t) =
4,0 on its value. It can be seen that deviations are not great. As
efforts are made to simplify as much as possible the preliminary
calculation, and as a great accuracy is not required, the value of
@lw, t ) = 2,0 is adopted in this paper as well as in the paper [12].
In case of a detailed calculation of the serviceability limit state,
the concrete shrinkage must be taken into account, in addition to
creep, with regard to long-term actions. Shrinkage deformations
are taken into account only for a detailed calculation of deflection,
in case when the basic requirement regarding limit ratios L/d
is not fulfilled. As preliminary dimensioning tables are based on
the fulfilment of the basic requirement regarding limit ratios, the
influence of shrinkage is neglected in this case.

4.2.1. Coefficient of height of compressive area for
serviceability limit state

According to Figure 3, based on equilibrium requirement
regarding typical moments:

M. =M, (23)

Ek Rk

and using the expression for equilibrium of bending moments
during calculation according to the ultimate limit state, we can
derive the expression for the ratio of stress in concrete to typical
design strength, o /f :

,uk'b'dz'fckch'Z (24)

1 1
b d?f, ==0, X, b|ld—=x
:uk ck 260 e ( 3 ej (25)

and we obtain:

GRADEVINAR 66 (2014) 12, 1125-1143
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o Hy

f é.[1,gj (26)
2 3

Similarly, the expression for the ratio of stress in steel
reinforcement to characteristic yield strength o, /f, can also be
derived:

w-b-d*-f,=F, -z (27)

1
/Jk'b'dz'fck:As1'Gs1'(d_§Xej (28)

and we obtain:

Os1_ Hy

b 18)
f 3

The coefficient of height of elatic compressive area & can be
expressed as:

(29)

Ce=— (30)

Using expressions (26) and (29), it can be written as follows:

b 31
¢ ”k ’fyk 'fck é 1 + ée ( )
P 'fyk 1+ 2 2ae f
" 2u o %P
°L

and expressed in relation to the reinforcement ratio p and
elastic modulus ratio a.:

§e=ae‘p-[ 1+a2.p 1) (32)

Using the expression (32), the coefficient &, canunequivocally
be defined for each concrete class and reinforcement ratio, p.
Itisimportant to take into account the difference between the
coefficients of height of compressive area &, as defined by the
table for dimensioning cross-section to bending action, and
coefficients of height of elastic compressive area &.. In fact
one coefficient &, exists for each pair of strains for concrete
classes from C12/15 to C50/60, but one coefficient &, exists
for each class separately, because of the elastic modulus
ratio, o, which is different for each class of concrete. Each
class has its own coefficients & and &, for concrete classes
k > (C50/60.

Coefficients k__and k__link the simplified plastic model of cross
section for the ultimate limit state (Figure 2) and the elastic
model of cracked cross-section for the serviceability limit
state (Figure 3). This establishes a direct relationship between
the stress ratios ¢/f, and o,,/f, and the characteristic and

design bending moment ratio, M, /M_, as shown below.

4.2.2. Stress ratio Gc/fck

Using Figure 2 and according to the cross-sectional equilibrium,
the following is valid for the design bending moment:

My =fy-a,-b-x-(d=k,-x) (33)

Using Figure 3 and according to the cross-sectional equilibrium,
the following is valid for the characteristic bending moment:

O-C ) Xe Xe
Me, = 2 'b'(d_?J (34)
According to expression (33), the following is valid for the design
compressive strength of concrete:

M,
f = Ed
“ g, -b-x-(d—k, -x) (35)

With the partial safety factor for concrete of y = 1,5 the
characteristic compressive strength of concrete is:

15M,
= b x(d—k, ) (36)

The following can then be derived from expressions (34) and (36):

_ 2, X Ik X Mg

e x.
,;:k 1’5 ' Xe d — é MEd

(37)

If the coefficients & = x/di &, = x /d, are inserted, the expression
(37) can be written as follows:

6, 20 & 1-k & M

foo 15 o & 1,54 Me, ( )
3

If the coefficient is defined:

2,0 & 1-Kk, &

k =2".q, 2. "

oC 1’5 aV ée 1_576 (39)
3

then the following equality is valid:

o, M,

Tk (40)

fck MEd

4.2.3. Stress ratio o,/

Using Figure 2 and according to the cross-sectional equilibrium,
the following is valid for the design bending moment:

Mgy = Ay, fy(d =k, X) (41)

Using Figure 3 and according to the cross-sectional equilibrium,
the following is valid for the characteristic bending moment:

Mg, =0 - A ‘(d - %] (42)
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ie.:

M,
. = Ek

s1 = 7 N
Asw-(dféj
3

According to expression (41) the following is valid for the design
yield strength of reinforcement:

(43)

M,

- Ed

o = A,-(d—k,-x) (44)
With the partial safety factor for steel of y = 1,15, the
characteristic yield strength of reinforcement is:
; 115- Mg,

YA (d—k, - x)

(45)

Then the following can be derived from expressions (43) and (45):

_ d-k,-x _MEK

1,15.[d—£j Me,
3

If the coefficients {and ¢, are inserted, the expression (46) can
be written as follows:

(46)

0—51
i

Os1 1 1"%'5] Mg,
T ViR 47
fi 1,15(1—.;/3 M, (47)
If the coefficient is defined:

1-k,-&
k65=0,87[1_§e/3j (48)
then the following equality is valid:
Os1 M,
Tl e 49
fyk MEd ( )

As the coefficients k _and k__ are defined by parameters from
the dimensioning table (from [4, 5, 13]) and, additionally, by
the coefficient of height of elastic compressive area &, (defined
for each pair of strains & and 551), then the corresponding
coefficients k_and k__ can similarly be defined for each class of
concrete and for deformation pairs i ¢_,.

4.2.4. Bending moment ratios M, / M_,

Stress ratios in concrete and reinforcement can directly
be related with ratio of characteristic and design bending

moments by means of expressions (40) and (49). In the phase
of preliminary analysis, the design bending moment value
M, and characteristic bending moments values M, . and
MEk,CA can easily be estimated for the quasi-permanent (QP) or
characteristic (CA) combination of loads. Using assumptions
from [12], their correlations can also be defined:

all actions are of the same type, i.e. they have an equal effect
on the cross-section of the element under study,

stress values for the ultimate limit state and serviceability
limit state are proportional to actions,

a greater number of variable loads, if present, can be replaced
with a single, "equivalent" variable load,

all permanent loads are defined by means of the total
permanent load, G.

Then the following expression is valid:

Q

My Giva __Gwa g (50)
Mg, 76:G+74°Q 135:G+15:Q 435,459
AR

where:

7. - partial safety factor for an unfavourable permanent load
(GSN)

¥, - partial safety factor for an unfavourable serviceability load
(GSN)

w - combination factor: = y, - foraquasi-permanent combination
(QP), v = 1,0 — for a characteristic combination (CA).

The values of the combination factor v, specified in HRN EN
1990 [1] can be used to determine M, /M., ratios presented
in Table 3. The value of the ratio is also dependent on the
serviceability and ultimate load ratio, Q/G,. Here it should be
noted that the ratios Q,/G, < 1,0 are typical for structures made
of "heavy materials" (concrete and masonry), while the ratios
Q/G, > 1,0 are typical for structures made of "lightweight
materials" (wood and steel) [12]. It can be seen from Table 3
that the ratios M,, ../ M, have a great dispersion of values that

Ek,QP
is dependent on the ratio Q,/G,, while this is not the case for the

ratio M, .,/ M, Furthermore, the greatest theoretically possible
value of the ratio M, ../ M, amounts to 0,74 for Q, = 0, and the

same is true for the ratio M, .,/ M, In addition, correlations
between characteristic bending moment values can be defined

for the quasi-permanent and characteristic load (Table 4).

Table 3. Bending moment ratios M,/ M, dependent on ratio Q,/G, and combination factor v, [12]

s /6,
EE " 005 | 01 | 02 | 033 | o4 | os |ars | 1 | s | 2 | & | 10 |
§ M/ M,
0 074 | 070 | 067 | 061 | 054 | 051 | 048 | 040 | 035 | 028 | 023 | 014 | 006
02 076 | 071 | 068 | 063 | 058 | 055 | 052 | 046 | 042 | 036 | 032 | 024 | 018
QP 03 076 | 071 | 069 | 064 | 060 | 057 | 055 | 049 | 046 | 040 | 037 | 030 | 024
06 076 | 072 | 071 | 068 | 065 | 064 | 062 | 059 | 056 | 053 | 051 | 046 | 043
08 076 | 073 | 072 | 070 | 069 | 068 | 067 | 065 | 063 | 061 | 060 | 057 | 055
A 1 074 | 074 | 073 | 073 | 072 | 072 | 071 | 071 | 070 | 069 | 069 | 068 | 067
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Table 4. Bending moment ratios/\V,, ../ M, .,

dependent on ratio 0,/ G, and combination factor v, [12]

'.E.. Q/6G,
E',E vy 005 | 01 02 | 033 | 04 | 05 075 | 1 | 15 2 | 4 | 10 |
8 MEk.QP/ MEk.CA

QP

CA

0.71 ‘ 0.67 0.57 0.50 0.40 0.33 0.20 0.09

| 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 & 100 | 1.00 | 100

0.73 0.66 0.60 0.52 0.47 0.36 0.27

0.70

| 100 | 100

Finally, expressions (40) and (49) and stress limitation
requirements from expressions (7) to (10) can be used to
associate the bending moment ratio M,/ M, with each
coefficient k_and k_, depending on the load combination under

study. Then the following is valid for the limitation of stress in
concrete for the quasi-permanent combination (QP):

%k e 045 (5)

ie.:

MEk.QF' _ 0145 (52)
MEd kc-c

In this way, the pair of strains ¢ and ¢, and all previously
defined parameters that are related to them, are associated
to each bending moment ratio M,/ M_, regarded as an input
parameter.

dr

4.3, Final form of preliminary dimensioning tables

Tables for preliminary dimensioning of reinforced-concrete
elements according to the ultimate limit state and serviceability
limit state are presented in Appendix 1 for concrete classes
up to C50/60. An extensive analysis of the use of preliminary
dimensioning tables was conducted in[13], and it was concluded
that the usability of these tables decreases with an increase in
concrete class. That is why these tables are not presented in
this paper. The presented tables show that the top limit given
in the table for each concrete class is determined with the
theoretically greatest possible bending moment ratio, M, ./
M, = 0.74. However, due to procedure for using the tables (as
described in Section 5), the tables start, in their final form, with
the minimum value of the dimensionless bending moment ..
The bottom limit of the table is determined by the boundary
condition: M =< 1.5x Mg, .

The followingis comprised in preliminary dimensioning tables for
each bending moment ratio M,, ../ M, 1) meeting the ultimate
limit state requirement through selection of an appropriate
tensile reinforcement ratio p, 2) meeting the serviceability
limit state (ultimate state of deflection) requirement through

selection of the corresponding maximum allowable slenderness

L./ d, limit state of cracking, by making sure that the greatest
steel bar diameter does not exceed the value given in table and
the ultimate limit state. For the quasi-permanent combination
of actions, the stress limitation in reinforcement is ensured
through the maximum allowable bar diameter for the cracking
limit state, while the stress limitation in concrete is ensured
through a relation according to expression (52). For the
characteristic combination of actions, the stress limitation in
concrete according to expression (9) is ensured by the fact that,
for the maximum theoretically possible moment ratio, M,/
M., = 0,74, and the greatest coefficient k _ = 0,96, and the class
(C90/105, the stress ratio in reinforcement and steel yield limit
ratio amount to:

oy /f, =0,96-0,74=0,71<0,80 (53)

which makes the verification of stress in reinforcement for
characteristic combination quite unnecessary [12]. In addition,
as the stress in reinforcement rarely exceeds the value of 310 N/
mm?, it is not necessary to reduce the limit slenderness values
from the table, based on expression (3). Consequently, the limit
slenderness values are on the side of safety for all stresses in
the reinforcement.

For the typical combination of actions, the limitation of stress in
concrete is ensured in the following way:

Preliminary dimensioning tables are based on the limitation
of stress in concrete based on the quasi-permanent (QP)
combination, according to expression (8), which amounts to
75% of the stress allowed according to the characteristic (CA)
combination of actions:

—_
q
o
-
—
2
—
o
o
o

045 75
0,60 (54)

According to Table 4, typical bending moment ratios, M, ../ M.

EkQP Ek,CA
are generally greater than 0.75 (marked in blue colour) for sgructures
made of "heavy" materials (concrete, walls). However, if M, ./
M, ., < 0,75 then the characteristic combination (CA) is relevant for
calculation. To ensure limitation of stress according to expression (7),

the preliminary dimensioning can start with the following ratio:
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MEk,QP _ 0,75 . MEk,CA (55)
MEd MEd

which is greater than the real ratio MEk,QP/ M, but which ensures

that all registered values are on the side of safety [12].
5. Use of preliminary dimensioning tables
5.1. Beams

This Section presents the procedure for using preliminary
dimensioning tables on a real-life design assignment, and the
comparison of the results obtained with those obtained by
detailed calculation of the beam according to the serviceability
limit state.

5.1.1. Task

It is necessary to determine the smallest required effective
depth of the simply supported continuously loaded reinforced-
concrete T-beam, and the quantity of steel reinforcement
required to meet the ultimate limit state and serviceability limit
state requirements. The beam is made of concrete C30/37. The
beam span is L = 400 cm, the flange thickness is h.= 15 cm, the
effective flange width is b, = 120 cm, and the web width is b
= 25 cm. The maximum bending moments in the span of the

beam are M = 100 kNm, M, = 55 kNm while y, =0,3.

The beam calculation procedure using dimensioning tables
must be conducted as follows:

1) determine permanent load G, and variable load @, for the
element under study based on the corresponding area from
which the element assumes the load (the self-weight of the
slab above the beam must also be taken into account). In this
particular case, the slab weight is included in the bending
moment from permanent load M, but the beam (web) self-
weight is not taken into account in the first determination of
moment ratios, because the beam height is not known. After
determination of the beam height, the entire calculation
can be repeated with a more accurate self-weight, but this
procedure converges quite rapidly, especially in case of
higher loads where the part of the beam web weight in the
total load is small.

2) determine bending moments, My, o1 Mg, for the "normalised"

span L independent of the type of static system

.2 .
MG=98L“; YR

In this concrete case, bending moment values are set as an
input data, and so we have:

Mgcar = Mg+, -Mg =100+0,3-55 =116,5 kNm

Mgy =1,35-Mq +1,5-M, =1,35-100+1,5-55 = 217,5 kNm

3) use in the dimensioning table the M,
concrete class as the only input data

Meor _ 1165
Meq 217,5

k'Qp/ M_, ratio and the

~ 0,54

4)read out the corresponding allowed slenderness and the
maximum allowed cross-section of the reinforcement and
determine, based on the slenderness data, the smallest
required effective depth d_ . The paper presents part of the
table marked with Table A.

Table A C30/37

& e H ® M, /M, p L. /d Fmax
(%] | [%e] R e %] eff [mm]
-35 | 65 | 0.242 | 0.283 0.57 1.30 14.5 16
-35 | 6.0 | 0.253 | 0.298 0.56 1.37 14.3 18
-35 5.5 0.264 | 0.3¢>-| 0.54 =455 14.1 19
-35 50 | 0.276 | 0.333 0.52 1.53 13.9 21
-35 4.5 0.290 | 0.354 0.51 1.63 13.8 23

The table A shows that L /d = 14,1, and hence we have:

don = L, = 400 =355cm — d=36cm
s~(Leﬁ/d) 0,8-14,1

where "s" is the slenderness reduction factor according to
Section 3.1 for T-beams where we have b.>3x b, justlike
in the case under study.

5) determine the smallest required width of the beam
compression area based on the registered dimensionless
bending moment value x,, and compare it with the one from
the input data.

M, 21750
" ey -d?-f,  0,264-36%-2,0

b =32cm

by =120 cm > b =32 cm - effective width meets the
calculation requirement.

If the above requirement is not met, then we have to either
increase the static height of cross-section in order to meet
that requirement, or increase the quantity of reinforcement
(even use double reinforcement if needed), in which case a
detailed calculation must be conducted.

6) determine the smallest required quantity of reinforcement
based on the selected effective depth dand beam width from
input data b,

Mg, 21750
by -d?-f, 120.362-2,0

Ling ~0,069

GRADEVINAR 66 (2014) 12, 1125-1143
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Register the part of tensile reinforcement p ( %) for the first
value equal to or greater than u,, The paper presents part of
the table marked with Table B.

From the Table B was registered:
p=0,34%=0,0034:

Table B C30/37
& e U ® m, ./ M, P L./d Fmax
[%o] [%0] Rd eeapt e [%] eff [mm]
-2.1 | 200 | 0.063 | 0.065 030 | 280
-2.2 | 20.0 K 0.066 | 0.069 032 | 280
-2.3 20.0 | 0.070 @ 0.073 — 0.34 28.0
-2.4 | 20.0 | 0.074 | 0.077 036 | 280
-25 | 200 | 0.078 | 0.081 037 | 280

A, =pb, d=00034-120"36= 14,69 cm’

In case the first equal to or greater than dimensionless bending
moment x, is situated in the double reinforcement zone, i.e. if
the relation g4, > 1o, . is valid, then the cross-section requires
double reinforcement, and the calculation of elements can not
be conducted based on preliminary dimensioning tables.

The following values were obtained through preliminary
calculation: effective depth of the beam: d = 36 ¢m, tensile
reinforcement area: A, = 14,69 cm? while the following
reinforcement diameter was selected: $16. According to the
selected element dimensions, and the type and quality of
reinforcement, the beam meats the ultimate limit state as well
as the serviceability limit state requirements.

5.1.2. Verification of results

Preliminary calculation results from the preceding section were
verified using a detailed procedure for calculating beams with
regard to serviceability limit state, conducted according to the
following lecture notes [6]. Only the final results are given as the
procedure is quite extensive.

Ultimate limit state
- required quantity of reinforcement

A =14,48cm?< Am,pm: 14,69 cm? — satisfactory

s1.req

Serviceability limit state
- crack width for short-term action:

W, =017 mm<w_ =03 mm — satisfactory
- crack width for long-term action

w,

i = 0,13 MM < w__ = 0,3 mm — satisfactory

- total deflection from short-term action:
Vigtroo = 087 cm < v, = L/ 250 = 400 /250 =16 cm —
satisfactory

- total deflection from long-term action
Vgt = 105 cm <y = L/ 250 =400/ 250 =16 cm —
satisfactory

A more detailed analysis of preliminary calculation results is
presented in [13]. A number of reinforced-concrete beams
with the corresponding input data was set, just like in the
task described in Section 5.1.1. It was established by detailed
calculation that all results comply with ultimate limit state and
serviceability limit state requirements. In addition, a minimum
required effective depth and the corresponding reinforcement
was defined for the same input data through detailed calculation.
The comparison shows that deviation does exist, just like in the
preceding example, but the differences are significantly smaller
in case of rectangular section beams and T-beams where b, <
3 b, is valid. This is due to the reduction factor that is not taken
into account in such cases.

In case of T-beams where b . < 3 - b, is valid, the sections with
effective depths that are about 30% higher than the minimum
ones are obtained by means of tables. However, this also implies
the need for much lower quantity of reinforcement (25 % on an
average). When using tables for such cross-sections, care should
be taken about deviations, so that an excessive total weight of
structure is not obtained during preliminary calculations. Later
on, during the conduct of detailed calculations, economic and
aesthetic parameters have to be taken into account for selection
of final dimensions and reinforcement of elements.

In case of T-beams where b, =3 b, is valid, and in case of
the rectangular cross-section, the sections with lower or
no deviation from the required minimums is realized, with a
possibly somewhat higher quantity of reinforcement compared
to the minimum reinforcement needed to meet the ultimate
limit state requirements.

5.1. Slabs

As mentioned in Section 3.2, special measures are not needed
for limiting crack width of reinforced-concrete slabs up to 20
cm in thickness, which are subjected to bending stress without
a significant longitudinal axial tension. At that, the greatest
spacing between the main reinforcing bars and distribution bars
(amounting to no less than 20 % of the main reinforcement)
should not exceed values specified in Section 9.2.1.1 of HRN EN
1992-1-1[3] or Section 5.5.1 from [5].

Therefore, when a slab is dimensioned with regard to
serviceability limit state requirements, its height must be
defined exclusively on the basis of deformation (deflection)
control/check, except in case of slender slabs (slabs on point
supports) where the control of the punching shear [11] may
be more relevant for dimensioning. In addition, long-term
impacts on concrete should also be taken into account.
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Accordingly, the use of tables for the preliminary dimensioning
of slabs, to take into account stress control for meeting
the cracking limit state requirements, provides results that
are significantly on the side of safety, which results in slab
heights that are not economical. Thus, tables for preliminary
dimensioning, as described in this paper, are not applicable for
the dimensioning of reinforced-concrete slabs.

6. Conclusion

During the design of reinforced-concrete structures in the early
phases of projects, it is often necessary to make the preliminary
dimensioning of structural elements. This is particularly
important in case of complex structures in order to determine
preliminary basic dimensions of elements that can be used
during subsequent detailed calculations.

This paper describes the procedure for preparing tables, and the
use of such tables in the dimensioning of reinforced-concrete
beams of various cross-sections, according to the ultimate
limit state and serviceability limit state requirements, as per
HRN EN 1990 [1] and HRN EN 1992-1-1 [3]. The tables for
concrete classes of up to C50/60 are presented. An extensive
analysis of the use of tables for preliminary dimensioning
is conducted in the paper [13] and it was established that
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