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theoretical basis of the global
eometric imperfection analysis
out-of-plumb columns)

Abstract

The concrete structures present several geometric deviations, some of them
considered indirectly in the safety factors of the design. However, the imperfections
of the element axes, especially columns, should be explicitly considered in the struc-
tural analysis because they have great influence over the building stability. The NBR
6118:2014, Brazilian standard code for the design of concrete structures, defines a
global geometric inclination to the columns, also called “out-of-plumb columns”, that
causes additional forces not presented in the “perfect” structure, which must be con-
sidered as a permanent action. The code also sets the design equations, as well as
the load combination criteria. Although the expressions for the out-of-plumb angle
calculation are used in the designs, they are not well understood by the technical com-
munity or even really explained in Brazilian publications. This paper discusses the
theoretical basis that supports such expressions and compares what is presented in
NBR 6118:2014 to other international codes. Structural analysis results are discussed,
considering buildings with different heights and loadings, to evaluate how the global
out-of-plumb effect seems to be relevant. The main objective is to contribute to a better
understanding of the concrete building design principles and, specifically, fill a gap in
national technical literature about this global imperfection.

Keywords: global imperfection, geometric imperfection, out-of-plumb columns,

1. Introduction

The limit state concept (serviceabil-
ity and ultimate limit states) associated to
partial safety factors (which reduce the
design strength of materials and increase
the design value of loads), based on a semi-
probabilistic approach, was introduced
in the 1970’ to produce more rational
structural design procedures. Despite this,
the structural calculation still follows es-
sentially a deterministic process.

However, there are several uncer-
tainties in the strength of materials, in
the loads and in engineering calculation
models, among other aspects. The resis-
tance and dimensions of a member, for
example, are not deterministic quantities,
but stochastic due to the scatter in the

out-of-plumbness.

materials used and in the construction
process itself. So, a great point of inter-
est is the deviations of actual properties
from nominal values, and the definition
of limiting values for these deviations,
named “tolerances”, in accordance with
the safety concept.

Zilch and Schiefs] (2010) express
that tolerances are criteria that indicate
whether an imperfectly executed struc-
ture complies with the requirements of
safety, durability and serviceability, and
their definitions are part of the design
concept as well as the definition of safety
factors. According to the authors, the
geometric deviations (and the corre-
sponding tolerances) may be subdivided
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into: (a) deviations in cross section di-
mensions; (b) deviations in the position
of reinforcement; (c) deviations in span;
(d) deviations from perfect shape (curva-
ture) and direction of members; and (e)
deviations in the location of members
(Figure 1 illustrates this).

All buildings, including precast
concrete structures built with the greatest
practical accuracy, will contain imperfec-
tions due to the construction methods,
errors or natural effects. Some of these are
unavoidable, for example over-turning
moments due to balconies, hanging facade
panels, etc. resulting in horizontal deflec-
tion and curvature in columns and walls
(Elliott, 2017).
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Figure 1 - Different types of deviations (adapted from Zilch and Schiefl, 2010).

Ibracon (2015) divides the devia-
tions into similar categories to the ones
set by Zilch and Schiefsl (2010), stating
that many of these imperfections may be
considered only by partial safety factors,
but not those regarding the members’ axial
direction. These should be investigated
directly due to important effects on a

(2)

building stability. Elliot (2017), in a similar
manner, points that “deviations in cross
section dimensions are taken into account
in material safety factors”.

Indeed, geometric imperfections on
the axes of elements should be contem-
plated in structural analysis, as they will
be subjected to additional loadings, pro-

@

portionally to the story’s displacements.
Figure 2 shows a “perfect” structure (a),
and the same building with axial devia-
tions (b). The different force equilibrium
configuration is noticeable, especially
due to the extra moment reaction in the
columns and foundation, generated by the
new loading eccentricities.

Figure 2 - Structure without (a) or with (b) global geometric imperfections.

The NBR 6118:2014 is the current
Brazilian standard code for the design of
concrete structures (ABNT, 2014), which
classifies the geometric imperfections into
two groups: local and global, establishing
that they should be considered in the ulti-
mate limit states, but not in the serviceabil-
ity ones. This procedure is consistent with
a vast majority of concrete codes. One of
the global geometric imperfections is the
out-of-plumb columns, situation where,
due to construction errors, the centroids
of the tops of the columns are not directly
over the centroids of the bottoms.

2. Code’s requirements

The ACI 318-19 Building Code
Requirements for Structural Concrete
(ACI, 2019) and the CSA A23.3-14
Code for Design of Concrete Struc-
tures (CSA, 2014) are silent regarding
the global effect due to out-of-plumb
columns. Another American code,
ASCE/SEI 7-16 (ASCE, 2016) defines
that each structure shall be analyzed
for static lateral forces applied inde-
pendently in each of two orthogonal
directions. In each direction, the forces
at all levels shall be applied simultane-

The calculation procedure and
its expressions were accepted by the
technical community without a detailed
discussion, and despite the elapsed time,
a doubt about them and about a clear
understanding of the subject still remains.
Because there is no paper in the Brazilian
literature that contains further explana-
tions about the topic (but only transcrip-
tions of the code expressions and simple
explanations), the objective of this study
is to clarify the theoretical basis that sup-
ports this analysis (the local geometric
imperfections are not the focus), answer-

ously, determined by the expression
F =0.01 W,, where W is the portion
of the total dead load of the structure
located or assigned to level “x”. So,
the ASCE/SEI 7-16 does not explicitly
consider this geometric global im-
perfection, although the force F may
consider it indirectly.

The inclusion of this topic in
NBR 6118 is inspired by European
codes, more specifically the Fib Model
Code 2010 (FIB, 2010) and Euro-
code 2 (CEN, 2004), which will be
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ing some questions and filling a gap in the
technical publications:

1) Why is it necessary to consider
a global geometric imperfection analysis
(out-of-plumbness)?

2) What is the origin of the NBR
6118 global out-of-plumb (lack-of-plumb)
columns expressions?

3) What does the parameter “n”
(number of columns) mean and how does
its influence take place?

4) In what kind of building (height
and load level) does the out-of-plumb
effect seem to be relevant?

presented next. For the discussion of
sections 2.1 to 2.3, Figure 3 should
be observed.

It is important to remark that
in structural analysis this global geo-
metric imperfection effect is usually
considered by fictitious notional hori-
zontal loads, which is different from
modeling the whole leaning structure.
This is a simplified procedure, but the
notional loads simulate in an adequate
manner the equivalent moment caused
by the eccentricity of vertical load.
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Figure 3 - Out-of-plumb columns in NBR 6118:2014 (a), Model Code 2010 (b)
and Eurocode 2 (c) (adapted from ABNT, 2014; FIB, 2010; and CEN, 2004).

2.1 ABNT NBR 6118:2014 (NBR 6118)

The requirements about this topic
did not exist in the old editions of
NBR 6118, they appeared for the first

“H” is the total height of the build-
ing (in meters), and “n” is the number of
columns considering a plane (2D) frame
model. In fact, about this parameter, the
original text in Portuguese is “nsimero de
prumadas de pilares no portico plano”,
which is a different definition when com-
pared to the MC 2010 and EC2 codes,

2.2 Fib Model Code 2010 (MC 2010)

MC 2010 indicates that the average
unintended inclination o, (Figure 3b) of
a group of vertical compression members
can be estimated from Equation (2), where
“m” denotes the number of compression
members which have to be included in

It is noticeable that o, and o  are
analogous to 6, and 8, from NBR 6118,
and that the limit values of the deviation
angle are the same. That is, both design

2.3 Eurocode 2 (EC2)

The EC2, Part 1-1, indicates
that the global imperfection may be
represented by an inclination 6, given
by Equation (3) and shown in Figure
3c. 6, is the basic value, which var-
ies depending on the country, but the

time in 2003 edition and were slightly
modified in the NBR 6118:2014. This
latter code defines a global inclina-

6.=6, /%‘ where 6 =1/(100VH)

causing doubt. This specific subject will
be detailed in the section 4.1 of this paper.
NBR 6118 code also sets the extreme values
for the angle 6,: 6, . =1/300 (0.33%) for
framed structures (braced or unbraced),
and 6, = 1/200 (0.5%). For buildings
with flat slabs, with or without drop panels

or column heads, 6, = 6, (this is equivalent

determining this effect and ¢ denotes
the height (in meters) of the compres-
sion member or compression members
standing on top of one another. For the
stabilizing structure, MC 2010 explicitly
indicates that “m” is the number of vertical

o, =00.5(1+1/m) where a.=0.01/v2

codes are equivalent, with exception to the
definition of number of columns to be con-
sidered. NBR 6118 mentions a 2D frame
model, while MC 2010 defines this param-

recommended value is 1/200. o, is the
reduction factor for length or height,
with the limits 2/3 < o, < 1; a_is the re-
duction factor for number of members;
lis the length or height (in meters); and

“m” is the number of vertical members

tion angle 6_(Figure 3a), expressed by
Equation (1).

M

to consider n = 1), and for any other struc-
ture O = 6,, depending on the value of “n”.
Lastly, it should be noticed that the
out-of-plumb effect may be ignored (or
neglected, maybe a better expression) de-
pending on the intensity of the wind load.
The criteria for this and its numerical ap-
plication will be discussed in section 4.2.

structural members that contribute to the
horizontal force on the stabilizing struc-
ture, and £ is the height of the building.
a. is the unintended inclination of vertical
compression members, whose extremes
valuesarea,  =1/300and o, =1/200.

()

eter as the number of vertical members that
contribute to causing the horizontal force,
independently from considerations to the
structural model used.

contributing to the total effect. For the
effect on stabilizing structure, EC2
explicitly indicates that £ is the height
of the building, and “m” is the number
of vertical members contributing to the
horizontal force on the bracing system.

6i= Goaham where o, = 2/\/6_ and O_=+/0.5(1+1/m) (3)

The product of the first two terms
of 0 (6, a,) results as analogous to the
term 6, from NBR 6118, if 6 is consid-
ered as the recommended value 1/200.
This last value, in turn, multiplied to
the limits of o, (2/3 < o, < 1), results

in the extreme values 6, . =1/300 and
0, .. =1/200 from NBR 6118. At last,
the product of the three terms of 6, is
analogous to 6, from NBR 6118. In
conclusion, the expression from EC2

is similar to that of NBR 6118, exclud-
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ing the definition of the term “m?”, the
number of columns to be considered.
Eurocode 2, as well as MC 2010, does
not mention a 2D frame model, but
only the number of members that cause
the effect.

167



168

Clarifying the theoretical basis of the global geometric imperfection analysis (out-of-plumb columns)

3. Origin of the out-of-plumb columns analysis expressions

Equations (1) to (3) indicate, general-
ly, that the global geometric imperfection
effect in a building is a function of total
height and number of columns. In fact,
the angle is inversely proportional to the
square root of the height and to the term
associated with the number of columns. It
is possible to conclude: (a) taller buildings
are related to smaller out-of-plumb angles;
and (b) a great number of columns justifies
an angle reduction because it is less prob-
able that all members present an equal
inclination in the same direction.

Two important papers for the his-
torical review are MacGregor (1979) and
Beaulieu and Adams (1977). The first
author affirms that the CEB Model Code,
1978 edition, for the design of “frames
with displaceable nodes” employed an
“unintentional lean” of A /¢ = 1/150
(= 0.7%) for single-story frames or frames
loaded mainly at the top, and a value of
1/200 (0.5%) for other types of frames,
considering A, as displacement of the
story and £ is the height of the frame. In
addition, the equivalent lateral loads must

In the same year, and also based on
pre-cast structures measurements, Stoffregen

Zilch and Schief8l (2010) report
important information about the term
associated to the number of columns.
They comment that for single columns,

be amplified in some cases to account for
creep deflections.

The Swedish concrete code from
that time, apud MacGregor (1979), set
the value 0.7% (~ 1/143) for one bay struc-
tures (a relatively severe lean) and the value
0.35% (=~ 1/286) for multi-bay structures
(half of the first value), recognizing a ran-
dom nature of the column out-of-plumbs.
MacGregor (1979) also reported that the
1971 West German code presented an
expression to calculate the lean equals to
A,/t=1/(100 \/E), where h_is the total
height of the building (in meters). The
use of the square root, specifically, is
an attempt to recognize the random
nature of the column leans by reducing
its magnitude.

Notice that the expression consid-
ered in the West German code remains
directly within NBR 6118 and MC 2010
requirements. In addition, the cited limits
for the inclination are similar with the
current ones. However, no relationships
indicated above consider a term related
to the number of columns. Beaulieu and

A,/t=0.0001+0.0077/ 22VN
A,/t=0.00015+0.015/ VN

and Konig (1979) proposed the Equation (6)
for calculation of the inclination angle (¢,)

@,=1/1000+7/(1000 vk ¢)

the imperfection must be assumed to have
the most unfavorable shape and direc-
tion, but for frames and columns acting
in parallel systems, this is conservative

Ny Ny Ny

a1v o 1 oc3I/

Adams (1977) exposed two important
conclusions: (1) a statistical analysis is
required to correctly represent the actual
problem; and (2) only consistently planned
field measurements should serve as the ba-
sis for the derivation of design equations.

MacGregor (1979) investigated
several studies reporting measurements
of out-of-plumb columns taken in pre-
cast and cast-in-place structures. Based
on the mean and standard deviation of
the measurements, the author proposed
Equation (4), where the parameter “N” is
the number of columns involved, and the
relation A, /¢ is the mean lean. Equation
(5) derives from (4) taking into account
the creep deflections and rewritten in
terms of a square-root. Obviously, for
this fact, its results are higher than that
obtained by Equation (4). The increment
depends on the parameter “N” and it is
lower (in percentage terms) as the number
of columns increases. In other words, the
difference between the results, by Equa-
tions (4) and (5), decreases when the value
of “N” increases.

(4)
()

taking into account the number of columns
involved (k) and the number of stories (£).

(6)

from a probabilistic point of view. The
destabilizing force F, of a column inclined
with an angle o, illustrated in Figure 4, is
F. =N, tan o, = No.

Figure 4 - Inclinations in a frame system (adapted from Zilch and Schief3l, 2010).

If the inclination is a random variable
with zero mean and N, is deterministic, the
standard deviation of F. may be expressed
by 6.= N, 0, where o is the standard de-
viation of the angle a.. There are two pos-
sibilities for the standard deviation of total
horizontal force o__. In both situations, it

F,tot K N
is assumed that there is an equality of all

vertical forces N..

a) If the columns inclinations have
a full correlation (called systematic):
Opoe= N N, 0, “n” is the number of
columns and it should be highlighted
that the assumption is very conservative,
since it considers all columns related to
the design value of the inclination;
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b) If the imperfections are mu-
tually independent (called random):
GF,m:\/ Y(No, )= \Vn N, o,.

The authors also indicate that because
this last expression assumes a complete lack
of correlation, as well as the equality of all
vertical forces, it is on the unsafe side when
there is a systematic error (i.e. some degree



of correlation) in the unintentional inclina-
tion. In this case, the total variation may be

split into a systematic part o and a random
part .. The combination of the two parts

GF,tot= \/( OF,tots)z + (OF,totr)z =\/( n '\li(j(>c,s)2 + (\/ﬁ Ni Ga,r)z - Nin\/oioz,s2 + l O ?

According to the authors, due to
the lack of data, the choice of the ratio

Finally, it would be advisable to
consider in Equation (8) a parameter as-
sociated to the horizontal force transfer-
ence between columns and the horizontal

It is important to highlight two
hypotheses to obtain Equation (9): first,
the systematic standard deviation o
was considered equal to the random
standard deviation o ; and second, all
the vertical forces N, were admitted as

o,/ o is rather arbitrary, and the for-
mula given in MC 2010 is based on the
0. .. =Nno V(1+1/n)

tot i o
elements. So, for that, and also taking into
account an averaging effect, a reduction

factor equal to 0.5 is applied in Equation
(8) (Zilch and Schief3l, 2010), resulting

O o = N, no, v0.5(1+1/n)
equal. For this last hypothesis, the term
N, could be put outside of the radicand
and of the reduction factor.

In conclusion, the average unintended
inclination (6 ) of NBR 6118 Code is the
union of the expression 1/(100 YH ) with

4. Assessment of the out-of-plumb columns expressions

4.1 Evaluation of the parameter “n” (number of columns)

In out-of-plumb analysis, the engi-
neer faces a difficulty in interpreting the
NBR 6118 with respect to the parameter
“n”. While this code assigns the particu-
larity of the “plane frame model” in the
definition, MC 2010 and EC2 define
it as the number of vertical members
associated to the global imperfection
or that contributing to the horizontal
force on the structure, independently
whether the frame model is plane (2D)
or tridimensional (3D). It seems that this
last definition is more correct and the
decision if a column is part or not of the
bracing system should be delegated to
the engineer. Elliot (2017), for example,

Vi

presents examples of precast concrete
structures based on EC2 code, where
the number “n” is defined considering
all the columns, just as done by Covas
and Bandiera (2015) for cast-in-place
structures. So, it is important to use a
precise definition of the number “n”,
because it will influence the radicand
of Equation (1) ( v(0.5 (1+1/n) ) and,
directly, the final result of the angle 6_.

A simple but didactic example is
shown in Figure 5: a five-story building
(four floors and roof) composed of 3
frames (5 columns each), in horizontal
x-direction, and 5 frames (3 columns
each), in vertical y-direction. For

EF

o

P1 P2 P3 P4 P5
L1 L2 L3 L4
V2
B
P6 p7 P8 P9 P10
LS L6 L7 L8
g
w
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[E 15 15t i8¢
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gives a total standard deviation of the acting
horizontal force.

)

n a, r

assumption that o, = o_ . Equation
(7) becomes:

(8)

in Equation (9). Evident is the similarity
between the radicand of this equation and
those given by NBR 6118, MC 2010 and
EC2, Equations (1), (2) and (3).

)

the square root existent in Equation (9).
The first term is the unintended inclination
of the columns (6,), or the basic value mul-
tiplied by the reduction factor for length or
height, and the second term is the reduction
factor for the number of elements.

Figure 5, consider “L” for slab, “P” for
column and “V” for beam. The length in
x-direction is twice the y-direction and
as the story height is 3m, the total height
results in 15m. The intended occupancy
of the live load specification is by offices.
The CAD/TQS version 21 software
package, which is a program widely
known in Brazil, was used to perform
the structural analyses. The objective
is to evaluate how the parameter “n”
influences the results, comparing the
total moment reaction value in founda-
tion caused by the out-of-plumb effect
(named as M,,, moment due to global
geometric imperfection).

Figure 5 - Five-story building floor with 15 columns (building 1).

The unintended inclination is 0
0, = 1/(100 vH ) = 1/387, not considering

\ ... = 1/300. The reason for this hy-
pothesis (the non-consideration of the

0, ) will be justified in the next section.
The most conservative option, although

169
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inconsistent, would be to model the effect
of all the column leans as only one (n = 1),
as if the building inclination had the same
behavior of only one column. In this case,
the reduction factor would be calculated
as V0.5 (1+1/1) = 1.00 and 6, = 6,. If the 2D
frame model is considered, the effect from
global imperfection should be separately
calculated in both horizontal and vertical
directions. For the horizontal direction,

Table 1 - Total moment reaction in foundation for building 1, not considering 6, . .

Clarifying the theoretical basis of the global geometric imperfection analysis (out-of-plumb columns)

n=5and /0.5 (1+1/5) = 0.774; for the verti-
cal direction, n=3and 0.5 (1+1/3) = 0.816.
Finally, for the 3D frame structure and
for all columns that contribute to the ef-
fect, /0.5 (1+1/15) = 0.730, which is lower
than before.

Hence, the result for the 3D frame
will be reduced in 6% for the inclination
angle when compared with the horizontal
2D frame model, and 11% when com-

pared with the vertical direction 2D frame
model. Table 1 summarizes the total mo-
ment reaction (M , not considering 61 i
It should be empflasued that M, is the
sum of the moment reaction in each col-
umn foundation and its value is unique for
both directions (x or y) because, obviously,
the number of columns, the inclination
angle and the vertical loading is the same
considering x-direction or y-direction.

in

Model “n” 0 M_(kN.m) Note
a ggi
“Unique column” 1 1/387 161.0 Inconsistent
Plane x-dir. frame 5 1/500 124.0
Plane y-dir. frame 3 1/475 131.0
3D frame 15 1/530 117.0 Reduction of 6% (x-dir.) and 11% (y-dir.)

However, although there is no doubt
that a more correct procedure would con-

sider 6, =1/300, it is important to notice
that there is a relatively low limit of the

4.2 Evaluation of the influence of building height and load level

In the structural design, there
should be considered all the loads ap-
plied to the building, including the dead,
live and wind loads. In NBR 6118 code,
the global geometric imperfection (out-
of-plumbness) is a permanent action
and the wind load is a variable action.
However, the NBR 6118 allows one of
these actions to be disregarded depend-
ing on its magnitude relationship. The
code stipulates that this decision should
be made comparing both total reaction
moments on the building foundation, in
each direction of the wind load.

Consider, to understand the code
requirements, that F_ and M

wind wind

the load and the total reaction mo-

ment in foundation related to the
wind, respectively; F e and M, are the
load and the total reaction moment in
the foundation related to the global
geometric imperfection, respectively.
It should be highlighted that the out-
of-plumb analysis is performed with
the deviation 6_not considering 6,  in
M, assessment. That is the explanatlon
because 0, ., was not considered in the
previous sectlon

The code expresses three possibili-
ties: (1) when 0.3 M, > M, consider
only F_: (2) when 0.3 M i~ Mg
consider only Foo (now respectmg the
parameter 6, min 111 the real analysis); (3)
in the other situations, the two loads

height H related to 6, . . Above H =9 m,

the analysis will always get 6

1min®

(F,.,and Fog) should be combined, al-
lowing to 1gnore 0, . again.

The analyzed building is similar
with that of Figure 5, but with modifica-
tion in height and live load. The results
from M  and M, were compared for
a 3-story, 4- story, 6 -story and 8-story
building, considering three scenarios:
as residential, as office and as store use.
The wind speed is 30 m/s with usual
associated parameters. The number of
columns used was that of the 3D model,
that is, n = 15. Tables 2 and 3 sum-
marize the results for x-direction and
y-direction, respectively. Figures 6a and
6b illustrate the tendency curve for x-
direction and y-direction, respectively.

Table 2 - Total moment reaction in x-direction considering n = 15.

Building Use Mg (KN.m) M, (kN.m) M /M, Mandatory
residential 117 52 0.444 F +F
wind ggi
3-story office 117 55 0.470 Foing * Foo
store 117 64 0.547 Foina TP
WIN ggl
residential 222 80 0.360 Fe* Foo
WIN ggl
4-story office 222 85 0.383 Foia Fo
store 222 95 0.428 Foig T
residential 567 146 0.257 F g
6-story office 567 155 0.273 ind
store 567 180 0.317 Fring T
win g
residential 1113 223 0.200 Foind
8-story office 1113 238 0.214 Foind
store 1113 276 0.248 F oo

REM, Int. Eng. J., Ouro Preto, 74(2), 165-172, apr. jun. | 2021



The x-axis is the number of the stories of
the building, and the y-axis is the relation-
shipM_ /M .. Thestraight line cyan color
. 28l win . .

is a reference where the point above the line
implies that the consideration of M , , plus

M, is mandatory, and the point below the

line allows the non-consideration of M__.

It is important to highlight some
points: (a) M . is independent on the
occupancy (on the respective vertical live
load) but depends only on the horizontal
force (wind) and on the facade area of the

Petrus Gorgonio Bulhdes da Nobrega et al.

building (length and height); (b) M, _ in

y-direction will always be greater than the

x-direction one because the facade area

along the x-direction is twice the other;

(c) M__is dependent on the occupancy (on
g8l . . .

the magnitude of the vertical live load).

Table 3 - Total moment reaction in y-direction considering n = 15.

Building Use M ., (kKN.m) M, (kN.m) M/ M, Mandatory
residential 309 52 0.168 ind
3-story office 309 55 0.178 ind
store 309 64 0.207 Foind
residential 595 80 0.134 Foing
4-story office 595 85 0.143 Foing
store 595 95 0.160 Foind
residential 1525 146 0.096 Foin
6-story office 1525 155 0.102 Foing
store 1525 180 0.118 F .
residential 2977 223 0.075 Foina
8-story office 2977 238 0.080 Foing
store 2977 276 0.093 Foind
0.6 0.6
Q) § ——Reference (b) .§ ——Reference
= bie —e— Residential = ot —e—Residential
E : Xdi —e— Office E, : . —e— Office
é" UL —e—Stores én Y-dir. —e—Stores
0.4 0.4

03 ] 0.3
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Figure 6 - Relation M_,/ M. , for x-direction (a) and y-direction (b) considering different occupancies and stories.

It should be noticed that the out-of-
plumb columns effect is more important
than wind action in short buildings or
those with greater gravity loads values.
As the building becomes taller, or the
vertical load magnitude becomes smaller,
the effects of the wind load become
dominant, which allows to ignore the
out-of-plumb effect according to the
NBR 6118 requirements. Also, a remark
is done at this point: the process of ignor-
ing any of the effects does not exist in the

5. Conclusions

This paper reviews the subject of
global geometric imperfections (out-
of-plumbness) in concrete buildings.
Considering the NBR 6118 code, an
explanation was given about the origin
of the expressions and its parameters,

European codes, and the global geometric
imperfection is always considered. On
the other hand, as the building becomes
taller, indeed the importance of geomet-
ric imperfection becomes smaller when
compared with wind.

Beaulieu and Adams (1980) stud-
ied two buildings and compared the
effects from out-of-plumbness with
the corresponding results from wind
and earthquake loads. They observed
that some effects were very significant,

and a comparison was made among the
Brazilian prescriptions and those from
other standards codes. A discussion like
this cannot be found in technical Brazilian
publications, and it is one of the motiva-
tions of this study.
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but others were negligible, and that
localized effects involving few columns
tended to be very large as compared
to the corresponding wind effects. On
the other hand, effects involving the
structure as a whole, such as forces in
the core, were in general comparatively
small and negligible. At last, the authors
concluded that the stability of a struc-
ture is ensured only when all the major
destabilizing forces in the structure are
properly resisted.

The expression presented by NBR
6118 is similar with those existing in
European codes Model Code 2010 and
Eurocode 2, but completely different
from the American code. Basically, the
calculation expression consists of two
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terms, based on probabilistic and statis-
tical techniques relied on the results of
out-of-plumb measurements: the first is a
reduction factor for length or height, and
the second is a reduction factor for the
number of elements. The definition of the
“n” parameter (number of columns) was
debated, which frequently raises questions
because the Brazilian code uses a different
definition from those of other codes. In
fact, this is an opportune time to correct
this NBR 6118 specification, as it is under
a revision process.

The influence of the building
height and the vertical load magnitude
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