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Experimental study of the neighborhood effects on the mean wind load-
ing over two equivalent high-rise buildings

Abstract

This paper presents a series of results with respect to the mean values of
shear, base moment and torsion acting in a building obtained through an ex-
perimental wind tunnel study using the standard building proposed by the
Commonwealth Advisory Aeronautical Research Council (CAARC) as build-
ing reference. In the loading determination, the interference of a neighbor-
ing building with similar geometric characteristics to the CAARC was simu-
lated, considering variations of positioning and spacing in relation to the ref-
erence building. It was concluded that the presence of the neighboring build-
ing increased the mean loads in the reference building for a significant num-
ber of directions considered. In the case of the considered deviations and the
proposed provisions by this study, it was concluded that the vicinity factor
that would contemplate the majority of the results obtained in the tests
should increase the wind loads by at least 60% in relation to the values ob-
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1 INTRODUCTION

The construction of tall buildings is very common in large urban areas. Among the reasons for this practice,
the greater use of urban area is certainly one of the determining factors.

In the search for less valuable land, many enterprises are built farther away from the densely built metropoli-
tan areas. In many cases, such buildings are unique in their regions, but with the consequent local development,
more buildings of similar size begin to be erected. The result of this is a change the wind flow in the region and the
change from an isolated building situation to a set of buildings.

The interference of high-rise buildings interaction effects has been a subject of several researchers’ studies for
decades. It can be said that these studies began with the evaluation of the effects at the Empire State Building in
New York due to the construction of two nearby buildings by Harris (1934). From this study, many researches on
the interference of neighboring constructions have been made (Melbourne and Sharp, 1977; Blessmann, 1985,
1992, Thepmongkorn et al.,, 2002, Tang and Kwok, 2004, Lam et al., 2008 and 2011, Kim et al., 2015a, b). In addition
to experimental and measurement studies in real buildings, many researchers have developed numerical simula-
tions of these effects (Tutar and Oguz, 2002, Blocken et al,, 2007, Jana et al,, 2015). Kim et al (2015b) point out that
establishing a guideline to evaluate interfering wind loads, whether global or local, is an extremely complex prob-
lem because of the large number of variables involved. Thus, one of the great challenges of these researchers is to
work the effects of these interferences in a computational way and try to adequately represent the real situation.

Searching to meet the structural and normative conceptions, most studies seek to establish guidelines in order
to determine the effects of interference of neighboring buildings on the wind loadings and the responses produced
in the buildings to determine the structural parameters to be considered. In general, the parameters used in codes
and standards determine limiting conditions such as the direction of wind incidence and height of neighboring
buildings. As an example, the Eurocode 1: 2010 - Part 1-4: General Actions, Wind Actions, of Instituto Portugués da
Qualidade (2010), which recommends considering the influence of neighboring constructions in the determination
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of the average wind in order to verify the effect of the turbulence increase in the wake of these buildings. In its
Annex A.4, this code presents a conservative procedure to determine the wind speed based on the height of the
neighboring building, analyzing parameters such as the height of the building under study and its smaller cross-
sectional dimension.

In order to increase knowledge regarding the interference of neighboring buildings in the action of the wind
on another building, the present study investigated the effects of the interference of a neighboring building, with
identical geometric characteristics to the building under study, on the resulting mean forces in the directions of the
X and Y axes, base moment around the X and Y axes and torsion around the axis of the building under study. For the
data collection, the variation of the wind incidence was performed from 0°-345¢, with increments of 15°. In addition
to the wind direction, the distance from the neighboring building was varied considering four contours of distances
and three alignments between edification in study and neighboring building. The discussion of the results is pre-
sented through graphics that represent the aerodynamic coefficients for each one of the studied loading mecha-
nisms comparing the results of the building considered in isolation with the building subject to the interference of
a neighbor. For a possible comparison with results of other researchers, the geometry of the buildings followed the
same proposal standardized by the Commonwealth Advisory Aeronautical Research Council (CAARC).

2 EXPERIMENTAL PROGRAM

2.1 Simulation of the natural wind

The experimental program was developed at the Laboratério de Aerodinamica das Construgdes (Building Aer-
odynamics Laboratory) of the Universidade Federal do Rio Grande do Sul (Federal University of Rio Grande do Sul),
herein identified by LAC-UFRGS, located in the city of Porto Alegre, Brazil. The tests were performed at Prof.
Joaquim Blessmann boundary layer wind tunnel. This tunnel has two test sections with dimensions 1.30m x 0.90m
x9.32m and 2.50m x 2.10m x 12.00m, being suitable for the correct simulation of the atmospheric layer where the
buildings are tested (Blessmann, 1990). A 1:406 scale model was built and a boundary layer wind flow was simu-
lated with the characteristics indicated in Figure 1.

2.2 Details of model and instrumentation

Two buildings were considered. The instrumented model was named the main building and the other neigh-
boring building was named the mute model, both with identical transversal section and height in scale to the model
proposed by CAARC. Considering the scale factor, the reduced models used in the test had a cross section with
75mm x 112mm and a height of 450mm. The main building had a total of 280 pressure taps spread over ten vertical
levels. At each level seven pressure taps were arranged per face of the building, as can be observed in Figure 2.
Figure 3 shows the different positions of the mute model, as well as the deviations considered in this study. Three
alignments have been determined, with alignment V1 coinciding with the Y direction of the main building, align-
ment V2 is parallel to the diagonal of the main building but displaced so that its projection in this direction does not
overlap the main building. Finally, the alignment V3 has the same direction as the diagonal of the main building and
itis aligned to it. In addition to these alignments spacings were established directly related to the height of the main
building. Each spacing corresponded to the distance between the center of the study building and the boundary of
the outline of a circle whose diameter was calculated by reference to the height H of the main building. In total, four
contours with diameters of 1.0H, 1.5H, 2.0H and 2.5H, denominated by D1, D2, D3 and D4 respectively. The neigh-
boring building was positioned, for each alignment, in a location immediately outside each contour, totaling twelve
distinct vicinities, three for each contour. For each vicinity, twenty-four wind incidences were considered, starting
with the 0° direction and varying 15° from there until completing a turn at 345¢, resulting in a total of 288 case
studies.
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Figure 1: Characteristics of the simulated boundary layer wind, with velocity profile power law exponent p = 0.23
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Figure 2: Equivalent full-scale distribution of the pressure taps in the CAARC building (unit: m)
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Figure 3: Indication of the positioning of the neighboring building in the coordinate system of the experiment

2.3 Definition of the Force, Base Moments and Torsion Coefficients

A MANOAIR 500 Schiltknecht electronic manometer, with resolution of 0.1 Pa and accuracy of 0.2 Pa was used
to measure temperature and pressure inside the test chamber at the time of the experiment. In order to obtain the
instantaneous pressures a Scanivalve Type ZOC33-Dantec simultaneous type floating acquisition equipment at an
acquisition rate of 20 kHz and imprecision of 0.12% was adopted. For each wind direction and for each tap over the
surface of the model, 8192 pressure readings, in mmH20, were performed in a range of 16s. Some pictures of the
equipment are shown in Figure 4. From these pressure time series, only the mean values are presented in this work.
The average values were divided by the average dynamic pressure in the period of the readings, thus obtaining the
dimensionless pressure coefficients.
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Figure 4: Data reading equipment: (a) Manoair and hoses connecting to the feetometric rings,; (b) Scanivalve with 64
channels of pressure measurement per module.

The resulting force coefficients in the direction of the main axes was calculated according to forces acting on
the area of influence of each pressure take, by the product of the dynamic pressure by the total area of the wind
face, According to expressions 1 and 2:

CF = FX (1
* quH
Fy
CFy = 4B.H 2)
At where:

« Fx, Fy: global force in the direction of the X and Y axes;

 Crx, Cry: coefficient of force in the direction of the X and Y axes;

« ¢: dynamic wind pressure;

« Bx, By: nominal dimensions of the transversal section of the building;
« H: height of the building.

The bending moment coefficients around the X and Y axes were determined according expressions 3 and 4:

M

X

- x 3
" qB,B,H S

M

Cy == 4)
M

' gB,B,H

At where:

* Mx, My: Moment of flexion around the main axes X and Y;

* Cwmx, Cmy: Coefficient of flexion around the principal axes X and Y;

Torsion of the coefficient around vertical main building axis is indicated in expression 5:

C =

P a—— )
qB,B,H

At where:
¢ Mrt: Torque moment around the torsion axis;
¢ Cr: Coefficient of torsion;

2.4 Vicinity Factor

A way to quantify the interference of a building on its neighbor was through the Vicinity Factor (FV). With the
values of the pressure coefficients calculated according to the expressions of the previous item, the FV is calculated
as the ratio between the coefficient found considering the presence of the neighboring building and the coefficient
considering the isolated building, as shown in expression 6:
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C

FV = with neighborhood

C (6)

isolated

At where:
« C: Aerodynamic coefficient under study;
« FV: Vicinity Factor

3 RESULTS AND DISCUSSIONS

In order to have a parameter to compare with the results obtained in this research, the limits established by
the Brazilian Code NBR 6123:1988, of Associagdo Brasileira de Normas Técnicas (1988), were adopted - since this
establishes a criterion to consider the effects of neighboring buildings. In Annex G of the code, NB-6123 establishes
that indicate as presented by expression 7 must be applied. It is worth noting that, due to the complexity of deter-
mining wind effects in oblique directions to the building axes, the code predicts wind incidence only in directions
at 02 and 90¢.

ds*slo ..................... FV =13

s (7)
3.0 FV =1.0

d

Where

« s: Distance between the confronting faces of neighboring buildings;
« d*: The smaller side dimension of the building under study, or half the diagonal of the building under study. Whichever is smaller.

Figures 5, 6 and 7 present the values loads of the load coefficients for all the studied confirmations. It is ob-
served that in all situations the neighboring building interferes in all due to the action of the wind in the main
building, sometimes increasing them and at other times exerting a protective effect reducing them.

From figure 5 we can see that the protective effects are more significant when the neighboring building is
closer and positioned frontally to the study building as it can be seen in the direction of wind incident of 90¢, figure
5 (b) and (c). However, it can be observed that when the neighbor with the same distance is positioned to the
leeward, in the wake of the main building the tendency of protection is inverted and there is a significant increase
of the previously reduced efforts. Even at the windward it is possible to observe that the neighbor has the effect of
elevating the forces as can be observed in the incidences of 60° and 120¢, figure 5 (b) and (c) for the neighbor
positioned in the limit of the contour D3 and D4. In the case of torsion, it was found that, the proximity between the
neighbors promoted the increase of this twist as can be observed in figure 5 (e) for the 75°, 105° and 120° direc-
tions.

For the V2 alignment situation, it is observed that, as for the alignment V1, the neighboring building promotes
situations of protective effect that is more efficient when it is to the windward, in a frontal direction and with
smaller deviations as can be seen in the figure 6 (a) and (d) for the directions in the range of 30° to 60°. It is observed
that, except for the mentioned directions, a great part of the results, with the neighbor positioned to the windward,
or to the leeward, the results are presented larger than the values considering the isolated main building demon-
strating the influence of the neighboring building on the main loading.

For V3 alignment the protection effect is observed at larger intervals as shown in Figure 7 (b) and (c) between
the 15° and 75° directions. It is also observed that for directions immediately afterwards there is a significant in-
crease of the loads modally dual the Venturi effect caused by the two buildings raising the wind velocity and gen-
erating the increase of the pressures in the main building. In the case of torsion there is a reversal of direction in
relation to what occurs with the building considered separately, focusing on the range of directions between 30°
and 75°.

Tables 1, 2 and 3 present an analysis of the results collected in the tests for the determination of the force
coefficients for the X and Y directions. The amount of data collected is provided for each effort, the number of results
discarded, the number of results that were within the limits of Vicinity Factor established by the Brazilian wind
code, the number of results that were above these limits, and the intensity of vicinity factors that were above the
code limits. These same criteria were used in the elaboration of tables 4 to 6 for the moments in the base around
the axes X and Y, and for the tables 7 to 9 for the calculation of the torsion. The discarded results are results of
values of Vicinity Factors that were very high values in some specific directions, however, without in fact making a

Latin American Journal of Solids and Structures, 2018, 15(3), e21 5/15



Gregorio Sandro Vieira et al.
Experimental study of the neighborhood effects on the mean wind loading over two equivalent high-rise buildings

great effort in such directions. Because it is a ratio between two values, what happened in these situations was a
division by a number very close to zero, which could lead to a misleading analysis of the other results.

Tables 1 to 5 show that most of the results considered valid are above the limits established in the code, reach-
ing 84.7%, 82.4% and 78.3% for alignments V1, V2 and V3 respectively. Also a large distribution can be seen from
these results along the four-lane intensities proposed for all studied spacings.
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Figure 5: Load coefficients for the alignment V1: (a) Resultant force in the direction of the X axis; (B) Resultant force in
the direction of the Y axis; (C) Base moment around axis X; (D) Moment at the base about the Y axis; (E) Around the
CAARC vertical central axis.
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Figure 6: Load coefficients for the alignment V2: (a) Resultant force in the direction of the X axis; (B) Resultant force in
the direction of the Y axis; (C) Base moment around axis X; (D) Moment at the base about the Y axis; (E) Around the
CAARC vertical central axis.

Latin American Journal of Solids and Structures, 2018, 15(3), e21 7/15



Gregorio Sandro Vieira et al.
Experimental study of the neighborhood effects on the mean wind loading over two equivalent high-rise buildings

o CFX-|solated e CFx-D1 e CFy-|solated e CFy-D1
e CFx-D2 e CFx-D3 e CFy-D2 e CFy-D3

20 CFx-D4

Fx
o
o
e
7
A\

N
—
—

i 24
4 -
™
CI-:_V

-2.0 -2.0
5 5 & 5 B v o © 2 & & & 5 & o b & o
(] w [22] o~ w [se) - <t I~ (] o) o) w [+2] o™ L w - <t M~ o o)
— — - o (o] (o] ) ) — — - o o (o] «©) [ap]
Wind direction Wind direction
(a) (b)
e C V| X-|50late 0 em—CMx-D1 —C \y-Isolated emm——CMy-D1
e C M x-D2 e CMx-D3 e C \My-D2 e CMy-D3
CMx-D4 CMy-D4
6.0 || ] “ 6.0
5.0 i 5.0
4.0 \——— 40
3.0 = 3.0
2.0 l ‘g— 20
. 1.0 1.0 N
= 00 HHHHHHY AR S 0.0 HHH HHHHHH
s f Ny
-1.0 -+ -1.0 3
-2.0 -2.0
-3.0 7 -3.0 N
-4.0 S -4.0
50 Dt ¢
6.0 6.0
2 2 & © L L B B B B o 2 5 & & & & & & & & & o
(] w [+}] o wn [+ — < P~ o (2] (3] «© [s2] o~ 0 [+s] — < P~ o (2]
-~ - - o~ (o] o~ o) ) -~ - - o™ o~ o™ o« )
Wind direction Wind direction
(c) (d)
e CT-|solated e CT-D1
o—CT-D2 e CT-D3
03 CT-D4 |
0.2 y
o
01 _z | | I [\ / \‘__
: AL
G 00 4 ~ T l;ﬁ ' ’F-ﬁl \H
01 ‘EV
-0.3

=) o o o
o o o o
n o o

120°
150°
180°
210°
240°
270°
300°
330°

Wind direction
(e)
Figure 7: Load coefficients for the alignment V3: (a) Resultant force in the direction of the X axis; (B) Resultant force in
the direction of the Y axis; (C) Base moment around axis X; (D) Moment at the base about the Y axis; (E) Around the
CAARC vertical central axis.
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Table 1: Results of vicinity factors for the resulting force in the X and Y directions for the alignment V1

Dis- FV within FV above FV intensity above code limits
Vicinity Results cardedre- thelimits ofthe the codelim-
sults code its FV<12 1.2<FV<14 14 <FV<1.6 FV>16
FV-FX-V1D1 1 1 22 0 8 7 7
FV-FY-V1D1 1 9 14 1 4 5 4
FV-FX-V1D2 1 1 22 1 6 10 5
FV-FY-V1D2 3 3 18 5 9 3 1
FV-FX-V1D3 24 1 1 22 0 10 8 4
FV-FY-V1D3 1 4 19 0 13 3 3
FV-FX-V1D4 1 3 20 0 6 11 3
FV-FY-V1D4 2 3 19 2 14 2 1

Table 2: Results of vicinity factors for the resulting force in the X and Y directions for the alignment V2

Dis- FV within FV above FV intensity above code limits
Vicinity Results cardedre- thelimitsofthe the codelim-
sults code its FVv<12 1.2<FV<14 14 <FV<1.6 FV>1.6
FV-FX-V2D1 1 5 18 2 9 4 3
FV-FY-V2D1 1 4 19 2 7 7 3
FV-FX-V2D2 1 5 18 3 9 4 2
FV-FY-V2D2 1 4 19 0 8 9 2
FV-FX-V2D3 24 1 4 19 3 10 4 2
FV-FY-V2D3 1 3 20 1 10 8 1
FV-FX-V2D4 1 5 18 1 11 4 2
FV-FY-V2D4 2 3 19 1 7 9 2

Table 3: Results of vicinity factors for the resulting force in the X and Y directions for the alignment V3

Dis- FV FV FV intensity above code limits
_ within the above the
Vicinity Results carded limits of li
results imits o code lim- Fv<1.2 1.2<FV<14 14<FV<16 FV>1.6

the code its
FV-FX-V3D1 0 5 19 4 8 3 4
FV-FY-V3D1 1 6 17 2 6 4 5
FV-FX-V3D2 1 4 19 3 7 6 3
FV-FY-V3D2 o 1 6 17 0 10 4 3
FV-FX-V3D3 1 5 18 2 9 5 2
FV-FY-V3D3 1 4 19 2 9 5 3
FV-FX-V3D4 1 4 19 4 9 4 2
FV-FY-V3D4 1 5 18 0 9 6 3

Tables 4 to 6 present the results in relation to the moments around the axes of the base. Also for this effort it
is clear that the great majority of the results collected are above the limits proposed by the Brazilian code. In this
case, 88.1%, 84.5% and 80.4% of the results found for alignments V1, V2 and V3 respectively were above these
limits. Even with the variation of distance between the main building and the neighboring building, the results
found in this alignment, which exceeded the codeative limit, also present themselves in a well distributed way
among the intensity ranges proposed in this study.
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Table 4: Results of vicinity factors for momentum in the base around the X and Y directions for the alignment V1

FV FV FV intensity above code limits
Dis- within above
Vicinity Results carded thelim- the code
results  its of the e c Fv<1.2 1.2 <FV< 14 1.4 <FV<1.6 FV>1.6
limits
code

FV-MX-V1D1 2 8 14 1 4 5 4
FV-MY-V1D1 1 1 22 0 9 6 7
FV-MX-V1D2 2 4 18 7 7 3 1
FV-MY-V1D2 2 1 1 22 1 7 9 5
FV-MX-V1D3 2 3 19 3 11 3 2
FV-MY-V1D3 1 1 22 1 12 6 3
FV-MX-V1D4 1 3 20 2 14 3 1
FV-MY-V1D4 1 3 20 0 8 9 3

Table 5: Results of vicinity factors for momentum in the base around the X and Y directions for the alignment V2

Fv FV FV intensity above code limits
Dis- within above
Vicinity Results carded thelim- the code
results  its of the e c FVv<12 1.2 <FV< 14 1.4<FV<16 FV>1.6
limits
code

FV-MX-V2D1 1 3 20 2 6 8 4
FV-MY-V2D1 2 5 17 1 11 3 2
FV-MX-V2D2 2 2 20 0 8 9 3
FV-MY-V2D2 2 2 4 18 3 10 3 2
FV-MX-V2D3 1 3 20 1 10 8 1
FV-MY-V2D3 1 4 19 2 12 3 2
FV-MX-V2D4 1 2 21 2 7 9 3
FV-MY-V2D4 1 5 18 2 10 4 2

Table 6: Results of vicinity factors for momentum in the base around the X and Y directions for the alignment V3

FV FV FV intensity above code limits
Dis- within above
Vicinity Results carded thelim- the code
results its of the e C Fv<12 1.2<FV<14 14<FV<16 FV>1.6
limits
code

FV-MX-V3D1 1 6 17 2 2 6
FV-MY-V3D1 0 5 19 3 5 2
FV-MX-V3D2 2 5 17 0 10 4 3
FV-MY-V3D2 2 1 3 20 4 9 5 2
FV-MX-V3D3 1 4 19 2 6 2
FV-MY-V3D3 1 5 18 2 11 3 2
FV-MX-V3D4 1 5 18 0 10 5 3
FV-MY-V3D4 1 3 20 5 10 3 2

Tables 7 to 9 present the results found for the torsional moment around the axis of the main building. It can be
observed that the amount of discarded results is significantly higher than in the case of other efforts. This is due to
the behavior of the building in relation to this effort in which there are many inversions of the torsion direction
with the variation of the direction of wind incidence, as can be observed in Figures 5 (e), 6 (e) and 7 (e). Also for
this effort, most of the results were above the code ative limits, reaching 63.0%, 47.8% and 54.7% for alignments
V1, V2 and V3 respectively. In the case of torsion, a greater distribution of results with a Vicinity Factor intensity is
observed above 1.6, especially when the neighbor is positioned frontally to the main building.
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Table 7: Results of torsion around the CAARC for V1 alignment

FV FV intensity above code limits
: - FV
Dis- within above the
Vicinity Results carded the limits code lim-
results of the s Fv<12 1.2<FV<14 1.4 <FV<1.6 FV>1.6
code
FV-CT-V1D1 6 7 11 0 4 3 4
FV-CT-V1D2 2 5 3 16 3 6 2 5
FV-CT-V1D3 2 2 20 3 5 4 8
FV-CT-V1D4 2 3 19 3 8 4 4
Table 8: Results of the torsion around the CAARC for the alignment V2
FV BV FV intensity above code limits
Dis- within above the
Vicinity Results carded the limits code lim-
results of the o Fv<12 1.2<FV<14 1.4<FV<1.6 FV>16
code
FV-CT-V2D1 7 9 8 2 4 2 0
FV-CT-V2D2 o 7 10 7 1 5 1 0
FV-CT-V2D3 6 10 5 3 2 0
FV-CT-V2D4 4 7 13 4 6 3 0
Table 9: Results of torsion around CAARC for V3 alignment
FV FV intensity above code limits
: - FV
Dis- within above the
Vicinity Results carded the limits code lim-
results of the s Fv<12 1.2<FV<14 1.4 <FV<1.6 FV>1.6
code
_FVCT-v3D1 8 9 7 2 3 0 2
FV-CT-V3D2 o 10 7 7 2 3 2 0
FV-CT-V3D3 5 7 12 4 5 3 0
FV-CT-V3D4 7 13 4 5 4 0

Tables 10 to 13 present the data of the efforts for vicinity proposals V1, V2 and V3 positioned at the boundary
of the contours of D1 to D4 respectively. Sums of all results obtained in all assays are given. The limits of NBR-6123
have been taken as reference, where contours with spacings between 0.17H and 1.0H are considered, where H
represents the height of the building. The number of results that were within the limits proposed by the code were
highlighted, as well as the values that exceeded these limits, including indicating the percentage of these in relation
to the results considered valid. As in the tables presented above, the results of VF that exceeded the code limits are
divided into four intervals where, in addition to the amount of results in each interval, the respective percentage of
these results is presented in relation to the total of readings out of code, besides the accumulated percentage of
results compared with the total of readings considered, in order to verify from which index the results would be
contemplated by the confidence interval (CI).

Many researchers performed work within this range proposed by code. More than half of the vicinity positions
proposed by Thepmongkorn et al (2002) were in this range. For a single wind direction, similar to the 902 direction
of this study, they found interference indexes of up to 2.6 for the moment around the X axis, index of 3.4 for the
moment around the Y axis and index of 1.9 for torsion. Tang and Kwok (2004) used settings very similar to those
of Thepmongkorn and in their evaluations for a wind direction equivalent to 909, verified that the presence of a
neighboring building produced displacements with interference index of up to 1.6 in the same wind direction, 1.8
in the case of transverse displacements, and in determining the torsion angle they found the index of 1.9. Oliveira
(2009) worked with spacings between 0.25H to 0.6H. Studying the dynamic effects of the wind acting frontally to
the building, equivalent to the direction 902 of the present study, where it found indices of increment of the trans-
versal, longitudinal and torsion in the building superior to 2.0, and in some cases this index reached much higher
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levels. Fontoura (2014) worked with spacings of 0.25H and 0.63H, including the presence of other buildings with
different heights and different positions. The efforts studied by it reached elevation rates of 1.6 for the resulting
force, 2.0 for base flexion and 2.2 for the torsion moment.

As in the work of these researchers, it can be verified for all situations with the neighboring buildings posi-
tioned at the border of the D1 contour, both in situations where they were to the windward, and in the situations
in which they were positioned to the leeward, that a great part of the results exceeded the limits proposed by the
Brazilian codes in relation to all the efforts analyzed. On the studied efforts, the least that contain results outside
the code limits is the torsion with 51.0% is shown in table 10. All other efforts had at least 72.0% of the results
above the limits indicated by the code. Using a confidence interval in which at least 95% of the population of the
results should be contemplated, in the case of neighbors with boundary distance D1, all efforts would require a VF
with an index above 1.6, as observed in previous mentioned researchers’ studies.

Studies with neighboring buildings positioned at distances above 1.0H are more unusual. Thepmongkorn et al
(2002) in their study, also considered the presence of neighboring buildings for spacings between 1.0H and 1.5H.
In these cases, they found vicinity interference indexes of up to 1.7 for the moment around the X axis, from 2.3 for
momentum around the Y axis and 1.5 for torsion, values lower than the situations with the nearest vicinity, but still
above the limits proposed by the Brazilian Code. Tang and Kwok (2004) reached indexes of the order of 1.7 for the
displacement towards the wind, 1.4 for transverse displacements and 1.8 for the torsion angle of their study, values
close to those found for nearest positioned neighbors.

In situations where the neighbors were positioned at the boundary of the D2 contour, the twisting was also
the effort that least presented results outside the code limits with 45.2% of the valid values, as presented in table
11. For the other efforts calculated for this contour an even more critical situation is observed where at least 78.0%
of the results were above the code limits. Using the same confidence interval principle for this case, torsion would
be the only effort met with the use of a VF with an index of 1.6. This index is very close to the indexes found by
Thepmongkorn et al (2002) and Tang and Kwok (2004) in their researches.

Thepmongkorn et al (2002) proposed few situations where the neighbor was in the range between 1.5H to
2.0H of displacement. In these cases, they found vicinity interference rates of up to 1.4 for the moment around the
X axis, 1.5 for momentum around the Y axis and 1.3 for torsion. For this region, Tang and Kwok (2004) found inter-
ference indexes of the order of 1.4 for displacements in the wind direction, 1.5 in the transverse direction and 1.6
in the torsion angle. It is observed a proximity between the interference rates in both researches.

For the situation in which the neighbors were positioned at the boundary of the D3 contour, the torsion con-
tinues being the effort, among those studies, one of that presents less results outside the code limits. Even so, a
significant increase in the amount of results above these limits could be observed for all efforts where the torsion
presented 71.2% of the above results and the other efforts were all above 84.0% according to the data presented
in Table 12. Also in this case, the VF, to meet the confidence interval, should be greater than 1.6.

Finally, the vicinity proposals positioned at the boundary of the D4 contour, even though they were further
apart, presented a large amount of results outside the code limits where the torsion had more than 72.6% of the
results above these limits and the other efforts above 82.0%), as can be observed in table 13. As in the other contours,
in this case, the VF would also need to be greater than 1.6.

Table 10: Result for contour D1

FV above Intensity of FV out of code
the code lim-
its FV<12 1.2 <FV<1.4 14 <FV< 16 FV>1.6
Dis withi

Load Re- carde nthe umﬁc umﬁc um?xc

s sults dre- limits - . )
4 sults ! 0; Re (% Re (% lated Re (% lated Re (% lated Re %

code sults ) sults ) re- sults ) re- sults ) re- sults )

sults sults sults

(%) (%) (%)
FX-D1 2 11 59 843 6 102 243 25 424 600 14 237 800 14 237
FY-D1 3 19 50 72.5 5 10.0 34.8 17 340 594 16 32.0 826 12 24.0
T-D1 72 21 25 26 51.0 4 15.4 569 11 42.3 78.4 5 19.2 88.2 6 23.1
MX-D1 4 17 51 75.0 5 9.8 32.4 17 33.3 574 15 294 794 14 27.5
MY-D1 3 11 58 84.1 4 6.9 21.7 29 50.0 63.8 14 24.1 84.1 11 19.0
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Table 11: Result for contour D2

FV above Intensity of FV out of code
the code lim-
D i its FV<12 1.2<FV<14 14 <FV< 16 FV>16
is withi
Load Re- carde nthe Ac Ac Ac
s sults dre- limits umu- umu- umu-
e o e v late e o late e o late e ()
sults  of R (% R (% lated Ry (% lated R (% lated R (%
code Sults ) sults ) re- sults ) re- sults ) re- sults )
sults sults sults
(%) (%) (%)
FX-D2 2 9 37 804 6 162 326 16 432 674 10 270 891 5 135
FY-D2 2 10 36 78.3 0 0.0 21.7 18 50.0 60.9 13 36.1 89.1 5 13.9
T-D2 72 17 17 14 45.2 3 21.4  64.5 8 571 90.3 3 21.4 100.0 0 0.0
MX-D2 4 7 37 84.1 0 0.0 15.9 18 48.6 56.8 13 35.1 86.4 6 16.2
MY-D2 3 7 38 84.4 7 18.4 31.1 19 50.0 73.3 8 21.1 91.1 4 10.5
Table 12: Result for contour D3
FV above Intensity of FV out of code
the code lim-
0 its FV<1.2 12<FV<14 14 <FV< 16 FV>16
Dis withi
Load Re- carde nthe Ac Ac Ac
s sults dre- limits umu- umu- umu-
sults of Re % Re (% lated Re (% lated Re (% lated Re %
code sults ) sults ) re- sults ) re- sults ) re- sults )
sults sults sults
(%) (%) (%)
FX-D3 3 10 59 855 5 85 217 29 492 638 17 288 884 8 136
FY-D3 3 11 58 84.1 3 5.2 20.3 32 55.2 66.7 16 27.6 89.9 7 12.1
T-D3 72 13 17 42 71.2 12 28.6  49.2 13 31.0 71.2 9 214 86.4 8 19.0
MX-D3 4 10 58 85.3 6 10.3 23.5 30 51.7 67.6 17 29.3 92.6 5 8.6
MY-D3 3 10 59 85.5 5 8.5 21.7 35 59.3 725 12 20.3 899 7 11.9
Table 13: Result for contour D4
FV above Intensity of FV out of code
the code lim-
th its FV<12 1.2 <FV< 14 1.4 <FV< 1.6 FV>16
Dis withi
Load Re- carde nthe Ac Ac Ac
s sults dre- limits umu- umu- umu-
sults of Re (% Re (% lated Re (% lated Re (% lated Re %
code sults ) sults ) re- sults ) re- sults ) re- sults )
sults sults sults
(%) (%) (%)
FX-D4 3 12 57 82.6 5 8.8 24.6 26 45.6 62.3 19 33.3 899 7 12.3
FY-D4 5 11 56 83.6 3 5.4 20.9 30 53.6 65.7 17 304 91.0 6 10.7
T-D4 72 10 17 45 72.6 11 244 45.2 19 42.2 75.8 11 244 935 4 8.9
MX-D4 3 10 59 85.5 4 6.8 20.3 31 52.5 65.2 17 28.8 89.9 7 11.9
MY-D4 3 11 58 84.1 7 121 261 28 48.3 66.7 16 27.6 89.9 7 12.1
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4 CONCLUSIONS

The purpose of the vicinity factor is to take in account the wind effects caused in a certain building due the
presence of other buildings in the proximity of this one. In general, the criterion for predicting the use of this factor
is the distance between buildings.

The final considerations made from the analysis of the results presented previously considered the position of
the neighboring building as well as its distance to the instrumented building.

In all the situations analyzed in this study it was demonstrated that the presence of a building alters the wind
loads in a building next to this one. It is evident that the changes of major interest for the structural analyzes are
those that promote the increase of the load values to be considered. For this it is of great importance to know if
such increase occur, what would be the situations in which they occur and what the intensity of the increases.

With the results found, it could be concluded that if the neighbor is positioned in the windward or leeward of
the building, this will generally promote an increase in the loads which will be determined by the wind direction.

Even considering four different boundary limits in this study, for the determination of the Vicinity Factor, only
in some cases the statistical criterion of confidence interval, in which at least 95% of the results are to be consid-
ered, was met.

Another point that could be observed is that the intensity of effort required to contemplate the elevations of
efforts occurred in the situations proposed in this study would be at least 60% of the values of efforts found for a
building considered as acting alone, situation adopted by NBR 6123.

Finally, it is clear the need to further research in order to clarify the protection effects promoted by the pres-
ence of a vicinity building and, mainly, the question of the necessity of the majoring efforts. Considering the pres-
ence of more than one building as well as the effects of soil-structure and fluid-structure interactions are parame-
ters that can contribute significantly in this field of research.
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