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Abstract
E——

This paper presents an alternative to estimate the magnifier of first order moments to be applied on each storey of reinforced concrete structures,
from the values obtained for the y, and B, coefficients, used to evaluate second order effects in reinforced concrete structures and in steel struc-
tures, respectively. In order to develop the study, initially several reinforced concrete buildings of medium height are processed, in first order and
in second order, using the ANSYS software. Next, y,, B, and the increase in first order moments, when considering the second order effects along
the height of the buildings, are calculated. Finally, from the results obtained, the magnifier of the first order moments, differentiated for each storey
of the structure and calculated from both y, and B, coefficients, is estimated and the efficiency of the simplified method of obtaining final moments
using the magnifier proposed is evaluated.

Keywords: reinforced concrete, second order effects, v, coefficient, B, coefficient.

Resumo
E——

Neste trabalho apresenta-se uma alternativa para estimar o majorador dos momentos de primeira ordem que deve ser aplicado em cada pavi-
mento das estruturas de concreto armado, a partir dos valores obtidos para os coeficientes v, e Bz' utilizados para avaliar os efeitos de segunda
ordem em estruturas de concreto armado e de ago, respectivamente. Para conduzir o estudo, inicialmente diversos edificios de médio porte
de concreto armado séo processados em primeira e segunda ordem utilizando o programa ANSYS. Em seguida, sdo calculados os valores
dos coeficientes v, e B,, bem como dos acréscimos sofridos pelos momentos de primeira ordem, quando considerados os efeitos de segunda
ordem, ao longo da altura dos edificios. Finalmente, a partir dos resultados obtidos, estima-se o majorador dos momentos de primeira ordem,
diferenciado para cada pavimento das estruturas e calculado a partir de ambos os coeficientes v, e B,, e avalia-se a eficiéncia do método
simplificado de obtencdo dos momentos finais utilizando o majorador estimado.
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Evaluation of second order moments in reinforced concrete structures using the y, and B, coefficients

1. Introduction

EE

In recent decades, as in many other areas, engineering has undergone
great change, particularly in project engineering and civil construction.
Optimization techniques of weight and form, the development of ex-
perimental equipment, information technology and efficient numerical
models have all contributed to the creation of more economical and
streamlined constructions, and higher, more ambitious buildings.
Issues which once caused problems for engineers have now taken
on fundamental importance in structural projects. Among these is-
sues, two which stand out in particular are stability analysis and the
evaluation of second order effects.

When one studies structural balance, taking into account the de-
formed configuration, there occurs an interaction between exist-
ing forces and displacements, thereby producing additional efforts.
In these conditions, the so-called second order effects emerge.
These effects can be extremely important in some structures, while
in others they may not need to be taken into account.

If the second order effects are significant, a second order analysis
should be carried out. As this analysis is often incompatible with
practical demands such as time considerations, engineers have
sought to develop simplified processes capable of predicting the
behavior of structures in the second order.

The coefficients v, and B,, commonly employed in reinforced con-
crete and steel structures, may be used to evaluate second order
effects and provide an estimate of the final efforts of a structure —
as long as their values do not go beyond certain limits.

At this point, it is worth remarking on an important feature of the
coefficient y,: unlike the coefficient B,, it has just one value for the
whole structure, although, as various studies (Carmo [1], Lima &
Guarda [2] and Oliveira [3]) have shown, second order effects un-
dergo variations along the whole height of the building.

This study presents an alternative way of assessing the final efforts
of a structure, including second order effects, using both the coef-
ficients y, and B,. A range of medium-sized buildings made from
reinforced concrete are analyzed in first and second order using
the software ANSYS-9.0, and the simplified process of assessing
final effort is evaluated, taking into account the variation of second
order effects along the whole height of the structures.

2. Classification of structures in relation
to horizontal displacement
EE
As previously mentioned, second order effects emerge when the
study of a structure’s equilibrium is carried out considering the
deformed configuration, in other words, when displacements are
taken into account in the analysis. Existing forces interact with the
displacements, producing additional internal efforts. Second order
efforts induced by the horizontal displacements of the structural
joints, when subject to vertical and horizontal loads, are defined as
global second order effects.
In some, more stiff structures, the horizontal displacements of the
joints are small, and as such, global second order effects have a
negligible effect on total efforts. These structures are defined as
non-sway structures.
However, in more flexible structures, horizontal displacements are
significant. As a result, global second order effects represent a sig-
nificant proportion of final efforts and must be taken into account.
These structures are defined as sway structures, and, in such cas-

es, a second order analysis must be carried out.

According to the Brazilian standard NBR 6118:2007 [4], if global sec-
ond order effects are less than 10% of the corresponding first order ef-
forts, the structure can be classified as a non-sway structure. If not — if
the global second order effects are more than 10% of the correspond-
ing first order efforts — the structure is classified as a sway structure.
The NBR 6118:2007 [4] also states that the classification of struc-
tures can be achieved by means of the coefficient y,, as detailed in
the following section.

3. Coefficienty,
—

The NBR 6118:2007 [4] stipulates that the coefficient vy, valid for
reticulated structures of at least four storeys, can be determined
by means of a linear, first order analysis, reducing the stiffness of
the structural elements, in order to consider physical non-linearity
in an approximate manner.

For any possible load combination, the value of v,is calculated by
means of the following formula:

1

_AM,, ()
M],tot,d

Y. =

- M,  (first order moment) being the sum of all the horizontal
force moments (with design values) of the combination consid-
ered, in relation to the base of the structure. This can be ex-
pressed as the following:

M, 1o0a = Z (Fhig . i) )

F,,being the horizontal force applied to storey / (with design val-
ue) and h, the height of storey /.

- AM,,, ,(the increase in moments following the first order analysis):
the sum of the products of all the vertical forces acting on the struc-
ture (with design values), in the considered combination, by the

horizontal displacements of their respective points of application:

AMipra =Z (Pig . u;) (3)

P being the vertical force acting on storey / (with design value),
and u;the horizontal displacement of storey i.

If this condition y, < 1.1 is satisfied, the structure will be classified
as a non-sway structure.

The Brazilian standard NBR 6118:2007 [4] stipulates that total efforts
(first order + second order) can be assessed by additionally increas-
ing the horizontal forces of the combination of load to be considered
by 0.95y,, as long as g, is less than 1.3. Nonetheless, according to the
project of revision of the NBR 6118:2000 [5], the total efforts could be
obtained from the multiplication of the first order moments by 0.95y,,
also under the condition that y, < 1.3. It can be observed, therefore,
that vy, ceased to be the first order moments magnification coefficient,
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and became the horizontal loads magnification coefficient.
According to Franco & Vasconcelos [6], the use of y,as a first or-
der moments magnification coefficient provides a good estimate of
the results of the second order analysis; the method was applied
successfully to tall buildings with v,in the region of 1.2 or more.
Vasconcelos [7] adds that this process is valid even for values of
v, of less than 1.10, cases in which technical norms allow second
order effects to be disregarded.

4. Coefficient B,

EE

For the evaluation of second order effects in steel structures,
AISC/LRFD [8] adopts the approximate method of amplifying the
first order moments by the magnification factors B, e B,. The sec-
ond order bending moment, M, , must be determined by means of
the following formula:

Msq = B;. My, + By. M, (4)

M, being the design bending moment, assuming that there is no
lateral displacement in the structure, and M, the design bending
moment resulting from lateral displacement of the frame; both M,
and M, are obtained by first order analyses. The B, amplification
coefficient represents the effect P-J, related to the instability of the
bar, or to local second order effects; B, considers the effect P-A, re-
lated to the instability of the frame, or to global second order effects.
For each storey of the structure, the coefficient B,can be calcu-
lated as follows:

B, =

1
1— ﬂ 2 Nsa <5>
L Y H,,

XN, being the sum total of the design axial forces of compres-
sion on all the columns and other elements resistant to the sto-
rey’s vertical forces, A, the relative horizontal displacement, L the
length of the storey and ZH,, the sum total of all the design hori-
zontal forces on the storey that produce A ,.

According to Silva [9], if all in all storeys the coefficient B, is less than
1.1, the structure can be considered largely resistant to horizontal
displacements, and as such, global second order effects need not
be taken into account. When the greatest B, is between 1.1 and 1.4,
the approximate method B,-B, may be used to calculate the bending
moment, the other forces (axial force and shear force) being ob-
tained directly in the first order analysis. Finally, a rigorous elasto-
plastic second order analysis is recommended in the event that B, >
1.40. Silva [9] adds that if 1.1 < B, < 1.2, the bending moments can
also be calculated by means of a first order analysis performed with
the horizontal efforts magnified by the greatest B,

In short, as in the case of the coefficient y,, the coefficient B, con-
stitutes an indicator of the importance of global second order effects
in a structure. Oliveira [10] developed a formula capable of relating
these parameters, which will be analyzed in the following section.

5. Relation between the coefficients

) and B,

Figure [1] represents a structure composed of three storeys of

equal length (L). The figure also shows the vertical (P,) and hori-
zontal (F,,) design forces acting on each storey /, together with
their respective horizontal displacements (u).

To calculate the y,, equation (1), it is necessary to determine the
values of M and AM,,, .. Equations (2) and (3) provide the fol-

lowing, respggﬁvely:
M o0 = (Fpia L+ Fuoq 2L + Fpzq 3L) = )
Fh]d' L+ 2Fh2d' L+ 3Fh3d'L
AMora = Pig u; + Pyg uy + Psg u3 (7

Coefficient B,, provided by equation (5), has a different value for
each storey of the structure. Thus, referring to coefficient B, of
storey i as B,, and the parts (L - ZH ) and (A, - Ny ) as M, and
AM,, respectively, the following formulas are obtained:

— 1% storey

M; =L (Fpia+ Fpza+ Fuzg) = (8)
Fpig L+ Fyqg L+ Fyzq L

AM; = (u;—0) - (P1g+ Py + P3g) = (9)
Prgup + Pogup + Psgouy

Figure 1 - Structure of three storeys
subject to vertical and horizontal forces
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| _ )M
BZ,I - _% = BZ,I - ]M1 _ AM] = (Ml AM])_ Bz’l (]0)
Ml Ml

— 2" storey:

My =L (Fpzat+ Fisd) = Fpoa L+ Fpsqr L

(1)

AM, = (uy—uy) - (Pyg+ Ps3g) =
Pog uy + Psguy— Pog up— Psg uy

(12)

1 1 M
B),= B, = M,-AM,)=—~
22 _AM2:> 22 MZ—AM2:>( 2 2) BH (]3)
Mz Mz
— 3¢ storey:

M; =L (F39) = Fp3q L

(14)

A comparison of equations (17) and (18) with (6) and (7) can be
expressed as follows:

M ora = Mi + Mo + M3

(19)

AMOt,d: AM] + AMZ + AM3

(20)

Substituting equations (19) and (20) in equation (1), the coefficient
v, is defined as follows:

1
| M, +AM, +AM, -
M, +M,+M,
]
(M, +M,+M,)-(AM, +AM, +AM ;)
M, +M,+ M,

V.=

(21)

. M+ M, +M,
(M, —AM,)+ (M, ~AM, )+ (M, ~AM,)

V-

Inverting equation (21) provides the following:

AM; = (us —uy) - (P3g) = Psq u3— Psg u;

(19)

| I M

B, = B, - M, -AM, ==L

23 ]_A%: 23 MJ—AM3 :>< 3 3) B“ (16)
Mi M3

Adding M,, M, and M,, equations (8), (11) and (14), and AM,, AM,
and AM,, equations (9), (12) and (15), results in the following:

M, + M, ‘|‘M3 :Fhld'L +2Fh2d'L +3Fh3d'L

(17)

AM; + AMy + AM; = Pg up + Pog uy + Psg us (]8)

L (M, —AM)+ (M, -AM,)+(M, - AM,)
Yz M+M2+M3

(22)

Substituting equations (10), (13), (16) and (19) in equation (22)
provides the following:

M1 + Mz + M3
1 _ Bz,1 Bz,z Bz,3 N i _
’YZ Ml,tot,d YZ (23)
M, 1 + M 2 M 3
M 1 zoz,d'Bz,l M 1 zoz,d'Bz,z M 1,zoz,d’Bz,3

Finally, equation (23) may be expressed as follows:

¢ C,
=l 2 g
Y. B, B,

(24)
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With the constants c,, ¢, and c,being provided by the following:

— M, — Fg LAFy Lt Fy L —
1
Ml,tot,d Fhld ‘L+2E12d ‘L+3E13d L

Fh]d +F;12d+Fh3d
Fh]d +2Fh2d+3Fh3d

(25)

Mz _ thd'L'l'Fhsd'L _
M[,tot,d Eud ‘L+2Fh2d ‘L+3Fh3d L

C,=

(26)

FiatFisa
Foa +2F, +3F,5,
o= M; — Fisa - L —
Ml,tot,d Fhld 'L+2F;12d 'L+3F;:3d L <27)
Fysq
Fyiq +2F,,+3F;,

Therefore, in a structure consisting of n storeys, the coefficient vy,
may be calculated with reference to the B, coefficient in the fol-
lowing manner:

1 2@
Y. _Z‘Bz,-

(28)

and

n
2F,
=i

C, =—m"—""

== (29)
Zj’thd

6. Numerical applications
——

In conducting the study, ten medium-sized buildings made from
reinforced concrete (the storey types of which are dealt with in
Oliveira [10]) were processed in first and second order. Table [1]
lists the main characteristics of the structures analyzed.

The buildings were processed for vertical actions (consisting of
permanent loads and accidental load), acting simultaneously with
horizontal loads (corresponding to the action of the wind, in the
directions parallel to the axes X and Y, and calculated according
to the requirements of Brazilian standard NBR 6123:1988 [11]).
The coefficients applied to the actions, defined by means of the
ultimate normal combination that considers the wind as the main
variable action, were determined according to the requirements of
Brazilian standard NBR 6118:2007 [4].

The structures were analyzed using three-dimensional models in
the software ANSYS-9.0. The bar element “beam 4” was used to
represent the columns and beams. It provides six degrees of free-
dom in each node: three translations and three rotations, in the
directions X, Y and Z.

It is worth reiterating that the buildings were processed in second
order by means of a non-linear geometric analysis, reducing the
stiffness of the structural elements in order to consider physical
non-linearity in a simplified manner (the values adopted were
equal to 0.8 /_for the columns and 0.4 /_for the beams, /_being the
moment of inertia of gross concrete section).

6.1 Results obtained

Initially, with the results of the first order analysis, the coefficients
v, and B, were calculated for all the buildings, in the directions X

Building Number Ceiling height
of storeys (m)
| 16 2.90
Il 18 255
I 20 2.75
1% 30 2.85
Vv 22 2.75
Y 15 2.90
i 18 2.88
VI 18 2.70
IX 20 256
X 20 290

Table 1 - Main characteristics of the buildings analysed

Number Number Number fck

of slabs of beams of columns (MPa)
8 8 15 20
1 21 16 30
9 10 15 45
4 6 9 20
N 20 22 65
9 8 16 25
10 1 16 25
17 31 28 25
12 27 14 30
6 9 12 25
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and Y. Tables [2] and [3] present the values obtained, along with
classifications of the structures, in both directions. However, in the
case of coefficient B,, only the mean (B,,) and maximum (B, )
values of the storeys are presented. Again, it is noteworthy that for
Silva [9], a structure can be considered largely resistant to hori-
zontal displacement if, in all its storeys, the coefficient B, does not
exceed the value of 1.1. If B, exceeds this value in one storey or
more, the structure will be considered highly sensitive to horizontal
displacement. Thus, the classification of buildings is carried out by
analyzing the value of B, . which is obtained.

In tables [2] and [3] it can be observed that in all cases, the coef-
ficients v, e B, provide the same classification for the structures.
Moreover, the values of y, and B, are extremely close, with the
greatest difference, corresponding to direction X'in building I, being
around 3.4%. Itis also remarkable that in nearly 17% of cases, Bz,m
was superior to v,.

6.1.1 Assessment of y, as magnification coefficient of first
order efforts (bending moments, axial and shear forces), in
obtaining final efforts

The relation between the efforts obtained by the second and first
order analyses, in directions X and Y, was calculated for all storeys
of each building.

The only efforts taken into account in the analysis are those which

are relevant in terms of structural dimensioning. In other words,
the bending moments and axial forces were considered for the
columns; and the bending moments and shear forces in the case
of the beams.

Table [4] contains the average results of the storeys, along with
the values for coefficient v, for each building, in the directions X
and Y. One may thus compare the increases in the first order ef-
forts, when second order effects are considered, and the increases
predicted by coefficient v,

In table [4] it can be observed that, for all buildings and in both di-
rections, the average increases obtained in the case of axial force
in the columns and of shear force in the beams are very small
(between 1% and 4%) — in general, far smaller than the increases
predicted by v,. Therefore, in practical terms, the magnification of
these forces by the coefficient v,is not necessary, even when the
value it represents may be high (as in the case of building Il, in
direction X).

In table [4], it can also be observed that the average increases
display close proximity in relation to vy, for the bending moment
in the columns and beams. In the case of the bending moment
of the columns, the greatest difference between the average
increases and those predicted by vy, is close to 6% (building III,
direction Y) in favor of safety. For the bending moment of the
beams, the greatest difference (building I, direction X) is 6.7%,
also in favor of safety. Nonetheless, considering only those cases

Building Direction Coefficient
Y.
X BQ,m
BZ,mcx
Y
Y BQ,m
BQ,max
Y.
X BQ,m
BZ,max
Il Y,
Y BQ,m
BQ,max
Y.
X BQ,m
BZ,max
Ml Y,
Y BQ,m
BQ,max
Y
\% X=Y Bom
BZ,max
Y
X BQ,m
BQ,mcx
v Y
Y BQ,m
BQ,max

Table 2 - Values of the coefficients y, and B,, and classification of the structures
(buildings I, 11, 1, IV and V)

Classification
1.19 Sway structure
1.15 Structure highly sensitive
1.28 to horizontal displacement
1.14 Sway structure
1.13 Structure highly sensitive
1.20 to horizontal displacement
1.32 Sway structure
1.29 Structure highly sensitive
1.47 to horizontal displacement
1.16 Sway structure
1.17 Structure highly sensitive
1.22 to horizontal displacement
1.06 Non-sway structure
1.05 Structure largely resistant
1.07 to horizontal displacement
1.32 Sway structure
1.29 Structure highly sensitive
1.44 to horizontal displacement
1.30 Sway structure
1.26 Structure highly sensitive
1.45 to horizontal displacement
1.17 Sway structure
1.15 Structure highly sensitive
1.23 to horizontal displacement
1.28 Sway structure
1.28 Structure highly sensitive
1.35 to horizontal displacement
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Table 3 - Values of the coefficients y, and B,, and classification of the structures
((buildings VI, VII, VI, IX and X)

Building Direction Coefficient Classification
Y, 1.21 Sway structure
X=Y B, 1.18 Structure highly sensitive
i B, mox 1.31 to horizontal displacement
Y, 1.27 Sway structure
X B, 1.25 Structure highly sensitive
B, mox 1.40 o horizontal displacement
Y, 1.14 Sway structure
Y B, 1.14 Structure highly sensitive
B, rox 1.18 o horizontal displacement
Vi Y, 1.30 Sway structure
X B.m 1.28 Structure highly sensitive
B, max 1.44 o horizontal displacement
Y, 1.22 Sway structure
Y B.m 1.20 Structure highly sensitive
B, e 1.30 o horizontal displacement
Vil Y 1.31 Sway structure
X B.m 1.34 Structure highly sensitive
Bamox 1.47 fo horizontal displacement
Y, 1.29 Sway structure
IX Y B, 1.30 Structure highly sensitive
S 1.38 o horizontal displacement
Y, 1.30 Sway structure
X B, 1.30 Structure highly sensitive
X B 1.44 to horizontal displacement
Y. 1.22 Sway structure
Y B, 1.18 Structure highly sensitive
B, o 1.34 fo horizontal displacement

Table 4 - Coefficient y, and average values of relation
(second order effort/first order effort)

Building Direction LTI ST
Axial force Bending moment Shear force Bending moment

| X 1.19 1.01 1.17 1.01 1.1
Y 1.14 1.01 1.16 1.01 1.07

I X 1.32 1.01 1.35 1.02 127
Y 1.16 1.02 1.14 1.03 120

I X 1.06 1.02 1.1 1.03 1.03
Y 1.32 1.02 124 1.04 127

1% X=Y 1.30 1.03 1.23 1.03 1.23
N X 1.17 1.02 1.16 1.03 1.15
Y 1.28 1.03 1.28 1.01 1.28

\ X=Y 1.21 1.02 1.17 1.03 1.20
VIl X 127 1.02 1.24 1.04 124
Y 1.14 1.03 1.12 1.04 1.15

VI X 1.30 1.02 1.28 1.03 1.32
Y 122 1.02 123 1.03 120

IX X 1.31 1.01 1.35 1.02 1.29
Y 129 1.01 127 1.02 123

X X 1.30 1.02 1.28 1.03 1.26
Y 1.22 1.02 1.15 1.03 1.18
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Figure 2 - Variation of the v/v,, ratio along the
whole height of the buildings, in
both directions, for the columns

6.1.2 Study of the variation of second order effects with the
height of the storeys in the buildings

With the results of the first order analysis, the estimated magnifier
of the first order moments was calculated by means of the follow-
ing formula:

yh

® Building | - Direction ¥
4 Building il - Direction X

# Building | - Direction X

+ Building Il - Direction ¥

* Building IV - Direction X = Y
= Building VI - Direction X =
0 Building VIll - Direction X

* Building X - Direction

# Building I - Direction X
« Building Il - Direction ¥
+ Building \/ - Direction '
@ Building VIl - Direction
* Building IX - Direction X
B Building X - Direction

2 Building V - Direction X

- Building VIl - Direction X
& Building VIll - Direction Y
- Building X - Direction X

in which the magnification by v,is against security, the maximum
differences are less than 5% for the bending moment of the col-
umns (building Ill, direction X) and 4% for the same moment in
the beams (building Il, direction Y).

Therefore, it can be affirmed that the calculation of the final mo-
ments (first order + second order), by means of the magnification
of the first order moments by v, is satisfactory. However, the pres-
ent study is concerned only with structures which provide maxi-
mum values for v, in the region of 1.3; in other words, structures
for which the simplified process of evaluation of final efforts using
the coefficient v, is still valid, according to the Brazilian standard
NBR 6118:2007 [4]. Moreover, the average increases of the
structures were considered as a whole, without taking into ac-
count the variation of second order effects along the whole height
of the buildings, as reported in various studies (Carmo [1], Lima
& Guarda [2] and Oliveira [3]). This means that if only the coef-
ficient v, is used as a magnifier of first order moments, the final
moments may be underestimated for some storeys, and overes-
timated for others.

Therefore, a better estimate for the final moments can be ob-
tained using also the coefficient B,, which is calculated for each
storey of the structure, and the average value of which is close
to v,. The magnifier of the first order moments would thus be
different for each storey i of the structure, and provided by (B, /
B, ) v, This method thus takes into account both the ability of
coefficient v,to obtain the final average moments of the storeys,
as well as the ability of coefficient B,to take into account the
variation of second order effects along the whole height of a
building. The efficacy of this method, when applied to buildings
of reinforced concrete, will be evaluated in the next section.

1.30 -
125
120 1 — = Bz i
1.15 _,ﬁ Al P LY F s Yest = B "Yz <30)
110 Jmp = <4 A 2.m
- +oh X P o Y.
< - oo™, S
&y 105 5 T e
e “%a & a KWtk & 7 . . .
?.; 100 ] —=2r% = o024 &f e :‘; o— As mentioned above, the relation between the moments obtained
8 A5 % LxpfTe o cmy xomckF FRxxy )
095 A = 4 ‘f_"ﬁ?.' et by the second and first order analyses was also calculated for col-
0.90 ceRXIE ",f‘ﬁ g i - umns and beams, along the whole height of the buildings, and in
%X g+ & directions X and .
085 i — irections X and Y.
0.80 OO - This relation between the moments (second order moment/ first
075 . order moment) can be defined as the magnifier of the first order
0.70 2 - moments, “y”, since it represents the value by which the first order
00 01 02 03 04 05 06 07 08 09 10 11 moments should be multiplied in order to obtain the final moments,

which include the second order effects. In an ideal situation, in
which the magnification of the first order moments by v, provides
the final moments with 100% accuracy, the values of y and v,
would coincide for all the storeys of the buildings. In other words,
Y /v, = 1 would be true along the whole height of the structure.

In view of these considerations, the graphs in figures [2] and [3]
were produced. They represent the variation of the y A ratio
along the whole height of all the buildings, in both directions, for
columns and beams, respectively. In these graphs, the axis of
the abscissas corresponds to the relation y/h, where y represents

Figure 3 - Variation of the /7., ratio along
the whole height of the buildings,
in both directions, for the beams
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Figure 4 - Histogram for the variable v/v..,
in reference to the columns
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Figure 5 - Histogram for the variable
Y/Y.» in reference to the beams

304

254

075 080 085 09 095 100 105 110 115 120 125 130
7/%5:

the height of the storey to be considered and h the total height of
the structure.

In figures [2] and [3], it is clear that most of the values for y /.,
are situated between, approximately, 0.85 and 1.10, both in the
case of the columns and the beams. It is also clear that it is not
possible to evaluate with great accuracy the variation and the dis-
tribution of the variable y /y,, by means of a simple observation of
figures [2] and [3]. For a more precise assessment of the results
obtained, a statistical analysis was carried out, using the software
MINITAB-14.

Measurements of central tendency (the mean and the median)
and variability (standard deviation, coefficient of variation, mini-
mum and maximum) were calculated for the variable used in the
study, the relation vy /y, . The results are presented in table [5]. For
a graphic representation of the distribution of the variable vy /.,
see the histograms presented in figures [4] and [5], which corre-
spond to columns and beams, respectively.

In table [5], it can be observed that the relation v /y_ varies
from 0.71 to 1.29, with the mean being less than 1.0 in both the
columns and the beams. Approximately 50% of the values for
YAy, are less than 0.992 in the case of the columns and 0.973 in
the case of the beams. In addition, the variability of y /y, can be
considered small, since the coefficients of variation obtained are
between 8% and 9%. The coefficient of variation is a measure-
ment which expresses variability in relative terms, comparing the
standard deviation with the mean, and can be considered small
as long as it remains below 30%.

Observing the histograms in figures [4] and [5], it can be seen that
the y Ay, ratio is less than 1.05 in approximately 77% of instances
when considering the columns, and 83% when considering the
beams. This means, that in most cases, the magnification of first
order moments by vy, would produce a maximum error, opposing
to safety, of less than 5%. In the case of the columns, the frequen-
cies are greater for values of y /4, between 0.90 and 1.05. For the
beams, the frequency is greatest in the range 0.95 <y /A, < 1.00.

7. Final considerations

EE——

This study has presented an alternative method of estimating the
magnification coefficient of first order moments to be applied to
each storey in reinforced concrete structures, by means of the val-
ues obtained by the coefficients y, and B,, used to evaluate the
second order effects in structures made from reinforced concrete
and steel, respectively. Several medium-sized, reinforced concrete
buildings were analyzed in both first and second orders using the
computer program ANSYS-9.0, and the simplified process of obtain-
ing the final moments was assessed, taking into account the varia-
tion of second order effects along the whole height of the structures.
The y A, relation was defined, with “y ” being the magnifier of
first order moments (the relation between the moments obtained
by second and first order analysis, for both columns and beams,
along the whole height of the buildings), and vy, the estimated
magnifier of first order moments, differentiated for each storey i of
the structure, calculated by (B,,/B, )V,

Variable Sample size ()  Mean  Standard
deviation
Y/Yes COlUMNS 349 0.991 0.084
Y/Y.soeams 349 0978 0.085

Table 5 - Basic descriptive measures for the variable y/y.,

Coe_fflf:lentof Minimum Median Maximum
variation (%)
8.442 0.709 0.992 1.222
8.677 0.782 0.973 1.290
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It was observed that the y /,, relation varied from 0.71 to 1.29,
with the mean and median values obtained being less than 1.0,
both for the columns and the beams. In addition, in approximately
77% of cases for the columns and 83% of cases for the beams,
the y A, ratio was less than 1.05. Therefore, for most of the situ-
ations analyzed, the magnification of first order moments by the
estimated magnifier v, would produce a maximum error opposing
to safety of less than 5%.

Future research in the same area should analyse a greater number
of buildings and structures, including larger structures or structures
with geometrical irregularities, such as sudden changes of inertia
and in the heights between storeys.
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