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1. INTRODUCTION

Wind induced loads are important parameters to be evaluated during
structural analysis of microwave antennas, equipment and supporting
towers. Theoretical prediction of the wind forces exerted on such
structures 1is practically impossible. Consequently, most of the
available data are based on an information obtained from wind-tunnel
tests.

The present state of knowledge on the wind forces on lattice tower
sections was summarized by Sachs (1, 2), and Ghiocel and Lungu (3).
Hoerner (4) collected data related to the drag on various bluff bodies.
Some of his data can be used to estimate the drag force of single horn
antennas.

The wind forces on lattice structures were more recently
investigated by Melling (5) who undertook a series of wind-tunnel tests
in a smooth flow. Sykes (6) investigated effects of turbulence for a
lattice structure. A comparative study, partially based on the data of
Melling (5) and Sykes (6), was published by Clow (7). The effects of
shielding for multiple frame structures were analyzed by Jacobs (8).
Whitbread (9) presented results of a similar study for an array of
lattice structures. Wind forces on horn antennas were measured in a
wind tunnel by Kamei et al. (10). Full-scale tests on a free-standing
latticed steel tower under strong winds were reported by Mackey et al.
(11).

The main objective of the wind-tunnel study presented herein was to
evaluate time averaged wind loads on various microwave horn antennas and
supporting tower sections proposed by American Telephone and Telegraph

Company (AT&T). The drag force was of particular interest. Tested were



pyramidal horn antennas and three conical horn antennas of different
geometries. The effects of several structural elements attached to the

horn antennas and to the tower sections were also examined.

2. RELATED CONSIDERATIONS AND DEFINITIONS

2.1 Similarity Requirements

Investigations of wind effects on structures are usually conducted
for strong wind conditions, where thermal stratification of the atmo-
sphere is destroyed by intense vertical mixing (12). Such flow condi-
tions were modeled for the wind tunnel study presented in this report.
The essential requirements for the physical modeling included geometric
similarity and preservation of the Reynolds numbers for model and
prototype structures.

Geometric similarity was achieved by an undistorted scaling of the

model geometry.

— = AL = constant (2.1)
L

p
where Lm and Lp are typical lengths, respectively, for a model and a

prototype.

Generally, dynamic similarity of the flow requires equality of the
Reynolds numbers for model and prototype fields. However, aerodynamic
coefficients for bluff and lattice structures become Reynolds number
independent for sufficiently high (higher than «critical) Reynolds
numbers (1,13). Since the critical Reynolds number is dependent on the
model geometry, the Reynolds number independency was examined in the
present wind-tunnel study. The following condition should be satisfied
in the wind-tunnel testing.

LU
(5) > Re_ (2.2)



where U is the wind speed, Vv is the kinematic viscosity of air, and ReC
is the critical Reynolds number, which is experimentally determined.

In addition, flow characteristics of the approach flow must be
properly modeled. Turbulence intensity could affect the mean wind loads
on a bluff body represented by a microwave horn antenna. On the other
hand, Sykes (6) reported no significant effects of turbulence intensity
(ranging from 3.5 to 13.5 percent) on the mean wind loads on a lattice
structure.

2.2 Definition of Wind Loads - Mean Forces and Moments

Time averaged wind loads on several horn antennas and supporting
tower sections were of interest in the present study. Wind tunnel tests
were conducted using small-scale rigid models mounted on a platform
which was also exposed to the wind. In order to evaluate mean wind
loads on the model, the load contribution due to the platform was sepa-
rately measured and it was subtracted from the measured total loads.
The net loads on the horn antenna and the tower section are herein
defined by

(the net wind loads on the model)

= (the wind loads on the model and the platform)

- (the wind loads on the platform with the model removed) (2.3)
The above formula is merely an approximation and no attempt was made to
account for the induced wind loads due to flow interaction between the
model and the platform.

Unless explicitly specified, the time averaged net wind loads

defined by Equation (2.3) shall be referred to as wind loads.



2.2.1 Horn Antenna Tests

Wind loads measured in the wind tunnel for pyramidal and various
conical horn antennas consisted of two components of forces and three

components of moments. They were:

]
1]

D drag force (1bs),

FL = lateral force (lbs),
MR = rolling moment (ft-1bs),
MP = pitching moment (ft-1bs),

and
MY = yawing moment (ft-1bs).
Using a conventional notation, the wind loads at wind direction o are
schematically defined in Figure 1.%
Eccentricity of the drag force measured from the upper surface of
the platform was then calculated using the following formula
Vp = MP / FD (ft) .
The wind direction for the horn antenna tests was varied from 0° to

350° at increments of 10° by rotating the wind tunnel turntable.

2.2.2 Tower Section Tests

Two components of wind forces were measured for the tower section
model at various wind directions o and tilt angles B. The measured

forces were:

F

D drag force (1lbs),

and

t
1

lateral force (1bs).

*This convention is slightly different than the convention used in (14),
p. 31.



The sketch of the wind loads on the tower section is shown in Figure 2.
Note that the wind loads are defined in the frame of reference
associated with the tilted tower section.

The wind direction for the tower section tests was varied from -10°
to 55° while the tilt angles considered were 0°, 5°, 10° and 15°.

2.3 Data Presentation

It is a common practice to present the wind loads (defined in the
preceding sections) in a normalized form. The normalizing formulas for

the mean forces and moments are

CD = FD / qA ,
CL = FL / qA ,
CMR = Mg / qLA
Cyp = ¥p / qLA ,
and Cyy = My / qlA , (2.5)

where q = % p U2 (psf) is the reference dynamic pressure, L (ft) is a
typical length scale, and A (ft2) is the reference area. The length L
was in this study arbitrarily chosen to be 10 ft for the prototype
conditions. The corresponding length for the 1:16 geometric scale horn
antenna models was 0.625 ft. The reference area A was defined as
follows:
for the horn antenna
A = the area of the antenna and its mountings projected
on a plane normal to the wind. The area was updated
for each wind direction .
for the tower section
A = the area occupied by the truss elements projected on

a plane normal to the wind. The area evaluated at



the wind direction 0° was used for all the wind

directions tested. Thus for the tower section

A=A (2.6)

where ¢ is the solidity ratio and Ae is the enclosed area of the

projection of the tower section. Note that the reference area used for

the horn antenna varies with the wind direction whereas the area for the

tower section remains constant. The areas for the horn antennas and

tower sections used in this study are given in Tables 1 to 8, and 10 to
14.

Among the aerodynamic coefficients defined above, the drag

coefficient CD was of particular interest. Therefore, most of the

discussions of the experimental results are devoted to the behavior of

the drag coefficient.

3.  EXPERIMENTAL APPARATUS

3.1 Wind Tunnel

The experiments described in this report were conducted in the
meteorological wind tunnel of the Fluid Dynamics and Diffusion Labora-
tory at Colorado State University. The wind tunnel is shown in
Figure 3. This closed-circuit wind tunnel is characterized by a long
(96 ft) slightly diverging test section. The test section is 6 ft 8 in.
wide and 6 ft high at the location of the turntable. The ceiling is
adjustable for the longitudinal pressure gradient corrections. The
facility is driven by a 400 HP variable pitch propeller with wind speed
varying continuously from 0.5 fps to 100 fps.

3.2 Flow Simulation

3.2.1 Horn Antenna Tests

Atmospheric conditions suggested by Cermak (12) were simulated in

the wind tunnel by means of a biplanar grid placed at inlet to the



wind-tunnel test section. The horn antenna models were placed 85 ft
downstream of the grid at the location of the wind-tunnel turntable.
Vertical profiles of the mean wind speed and the local turbulence in-
tensity are shown in Figure 4. The data show that flow characteristics
are quite uniform in the region where the horn antenna models were
immersed (25 in. up to 45 in. above the floor). The reference wind
speed was monitored in the uniform flow region at a height of 38 in.

3.2.2 Tower Section Tests

A uniform turbulent flow was modeled at the turntable by placing a
biplanar grid 30 ft upstream from the turntable. Vertical profiles of
the wind speed and the turbulence intensity are shown in Figure 5. A
boundary layer 5 in. thick developing over the smooth wind tunnel floor
is evident. To minimize the effects of the boundary layer on the wind
load measurements, the tower section model was supported 4.5 in. above
the turntable. As a result the tower section was located above the
boundary layer region.

3.3 Models

3.3.1 Pyramidal Horn Antennas

A 1:16 geometrical scale model of the upper portion of the
supporting tower, the platform, and two pyramidal horn antennas were
fabricated at the Engineering Research Center Machine Shop, Colorado
State University. All the significant geometric details of the proto-
type structure were preserved. Figure 6 shows the model, the force
balance and the supporting tower. The two pyramidal horn antennas were
made of lucite. Details of the pyramidal horn antenna models are shown
in Figure 7. Technical details for the prototype antennas are enclosed

in Appendix B (Fig. B.1).



The upper portion of the supporting tower was made of steel to
provide sufficient rigidity desired for accurate wind load measurements.

The platform shown in Figure 8 was made of aluminum. The top view
of the platform is a square with the full scale dimensions of 29 ft by
29 ft (see Figure B.2).

Two bottom edge blinders and ice protection canopies were also
constructed at a geometrical scale of 1:16. They were used to inves-
tigate flow interaction between them and the pyramidal horn antennas.
These additional attachments are shown, respectively, in Figures 9 and
10. Technical data for the prototype is presented in Figures B.3 and
B.4.

3.3.2 Conical Horn Antennas

Three different conical horn antennas (AFC CH10, ANDREW SHX10, and
GABRIEL UHR10 D) were tested. The antennas were modeled at a
geometrical scale of 1:16.

Shown in Figure 11 is the model of AFC CH10. This model was
supplied by the project sponsor. The models of ANDREW SHX10 and GABRIEL
UHR10 D, which were manufactured at Colorado State University, are
shown, respectively, in Figures 12 and 13.

A platform for the conical horn antennas was constructed of an
aluminum plate with the full scale dimensions of 0.69 ft by 9 ft by
18 ft.

The model of the supporting tower, which was described in the
previous section, was also used for the conical horn antenna tests.

Figure 14 is a typical view of the conical horn (GABRIEL UHR10 D)

antenna setup.



3.3.3 Tower Sections

Conceptual sketches of the tested antenna tower sections are shown
in Figure 15. Two representative sections were selected for the wind
tunnel tests. One section consisted of the level A-A through D-D. The
other one included the level F-F through J-J. Photographs of the
selected tower sections are shown in Figure 16.

The tower sectioms AA-DD and FF-JJ were modeled at the geometrical
scales of, respectively, 1:12 and 1:18. Both the sections were con-
structed of brass angle members. They were manufactured at the
Engineering Research Center Machine Shop, Colorado State University.

The tower section models were modified for a series of the wind-
tunnel tests. A heel angle was attached to each leg (see Figure 47), to
determine the effects of the increased leg size upon the resulting wind
load. The full scale dimensions of the heel angle were 3.5 in. by 3.5
in.

After a series of tests the tower section FF-JJ was cut at the H-H
level (see Figure 15b) to permit a wind-tunnel investigation of the
lower portion HH-JJ. During wind-tunnel testing, the upper portion was
supported in its proper location without contacting the lower portion
and served as a guard section, see Figure 4la.

A square aluminum platform with size of 32 in. by 32 in. was
attached to the lower part of the tower section to provide rigidity at
the bottom end of the tower legs where force balances were mounted. The
platform was attached to the wind-tunnel turntable in such a way that
testing of the tower section at the tilting angle of 0°, 5°, 10° and 15°

was possible.
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3.4 Data Acquisition

3.4.1 TFlow Measurement

The mean wind velocity and the local turbulence intensity profiles
presented in Section 3.2 were measured using a single hot film probe in
conjunction with a constant temperature anemometer (TSI Inc. Model
1050). The hot film probe consisted of a 0.001 in. diameter platinum
sensing element of 0.02 in. in length. The probe was carried by a
vertical traverse to measure the local wind speed and turbulence inten-
sity at different heights above the wind tunnel floor. The data were
sampled for 32 seconds at a rate of 260 samples per second. The output
from the hot wire anemometer was fed to a data acquisition system con-
sisting of a Hewlett-Packard System 1000 minicomputer. The data were
analyzed and stored using appropriate software.

3.4.2 Wind Load Measurement

Mean wind loads on the horn antennas and the tower sections defined
in Section 2.2 were measured using strain gage force balances. The data
were acquired at a rate of 260 samples per second for 16 seconds, and
processed with the data reduction system described above. For each
measurement the reference velocity in the approach wind was simultan-
eously monitored by a pitot-static tube.

A five component force balance manufactured by Inca Engineering
Corporation was used for the measurements of wind loads on the horn
antennas (see Figure 45). The same force balance was used in the re-
lated preceding study (14). Possible experimental error in the system
examined in detail by Poreh and Cermak (14) was found to be 3% for the

force measurement and *5% for the moment measurement.
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Four force balances with two-directional sensors were designed and
used for the measurements of the loads on the tower sections. One force
balance was mounted at each corner of the platform (see Figure 46). The
outputs from the force balances were added in the data acquisition
system to obtain the resultant forces in two perpendicular directions.
Calibration of the force balance system indicated that the possible
experimental errors in measurements of the resulting forces should not
exceed *1.59%.

3.5 Flow Visualization

Flow wvisualization experiments for several typical antenna
configurations were conducted in a 3 x 3 ft cross section wind tunnel
located at the Fluid Dynamics and Diffusion Laboratory, Colorado State
University.

A schematic diagram of the smoke generating system is shown in
Figure 17. Compressed air was ducted through a jar containing a mixture
of titanium tetrachloride and carbon tetrachloride. A dense white smoke
of titanium dioxide was produced as a result of a chemical reaction due
to the presence of moisture in the air. The smoke was supplied through
flexible Tygon tubing to a brass rake located at the entrance of the
wind tunnel. A honeycomb was placed downstream close to the rake to
attenuate disturbances present in the streaklines of the generated

smoke.

4. RESULTS AND DISCUSSION

4.1 Effects of Wind Speed - Reynolds Number Independence

Figure 18 shows the effects of the wind speed on the total drag
coefficient for a conical horn antenna ANDREW SHX10 and the platform,

evaluated at several wind directions. The drag coefficient remained
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caonstant when the wind speed exceeded 40 fps. Note that the drag
coefficient remained constant even when the horn antenna was on the
downstream side of the supporting tower (the wind direction a = 240°).

Similarly, the effects of the wind speed on the total drag
coefficient (the drag force on the platform included) for the tower
section AA-DD are shown in Figure 19. It is clear that the drag
coefficient is independent of the wind speeds higher than 30 fps.

Based on the above data, the experimental reference wind speeds
were determined to be 50 fps for the horn antenna tests and 40 fps for
the tower section tests.

4.2 Horn Antenna Tests

4.2.1 Pyramidal Horn Antennas

Figure 20 compares the total drag (drag on the platform included)
on a two pyramidal horn cluster measured during the present study (1982)
with the data from the preceding study (1976).* Reasonable agreement is
seen for the wind direction from 0° to 180°. For the remaining wind
directions, where the pyramidal horn antennas were located downstream of
the platform, a notable difference is observed. This discrepancy is
attributed to the different platform configurations used in the compared
studies; a covered platform in the present study and an uncovered plat-
form in the preceding study. This implies that the platform geometry
can affect the wind loads on horn antennas when the platform is located
upstream of the cluster.

The net drag coefficient defined in Sections 2.2 and 2.3 is shown
in Figure 21 for the two pyramidal horn antenna cluster. Comparison of

the drag force for the wind directions from 60° to 150°, and from 210°

*In the preceding study, this configuration was referred to as the
Condition 3C.
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to 300° shows that the drag is lower for the wind direction from 60° to
150°. In these two configurations, the supporting tower is, respective-
ly, downstream and upstream of the horn cluster. It appears that the
wind blockage due to the presence of the tower was insignificant. The
solidity of the tower was relatively low and the platform size was much
larger than the tower width. In addition only the small portion of the
pyramidal horn antennas projected below the platform.

Effects of the blinders attached to the pyramidal horn antennas are
shown in Figure 22. It is evident that the blinders increase the net
drag force approximately by 10% when the wind directly approaches the
blinders (wind direction from 180° to 300°).

Figure 23 indicates that the ice protection canopies can also
increase the drag force by 10% at most wind directions.

Figures 24 through 26, and Tables 1 through 3 summarize the wind
loads for various pyramidal horn antenna configurations. Notice that at
each wind direction, the normalized wind loads were obtained by the use
of the projected area common for all the configurations.

The data show that for each tested configuration the magnitude of
the lateral force is smaller than that of the drag force. There exists,
however, a variation of the mean lateral force with the wind direction,
especially for the wind direction larger than 180°. The moment coeffi-
cients are also found to be sensitive to the wind direction. These
variations seem to be due to the complex nature of the wake and bluff
body interaction.

4.2.2 Conical Horn Antennas

Figure 27 compares the drag measured on the models of the three

single conical horn antennas. Variation of the drag coefficient with
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the wind direction is similar for the three antennas. The largest drag
coefficient at every wind direction corresponds to the GABRIEL UHR10 D
antenna. In addition, the drag for GABRIEL UHR10 D deviates remarkably
from the drag for the other models for wind direction between 120° and
240°. The deviation suggests a different aerodynamic behavior of the
GABRIEL UHR 10 D antenna. Furthermore, the secondary drag induced by
the flow interaction in the vicinity of the joint of the antenna and the
supporting platform may not be negligible. Attempts to reduce the drag
for the GABRIEL UHR10 D antenna are described in Appendix A.

The wind loads on each conical horn antenna are presented in
Figures 28 through 30, and Tables 4 through 6.

4.3 Tower Section Tests

4.3.1 Original Geometry

Figures 31 and 32, and Tables 7 and 8 show the drag and lateral
forces on the tower sections AA-DD and FF-JJ. Similarity between the
two results is evident. The drag at the wind directions of 0° and 45°
is compared in Table 9 with the values suggested by the ANSI Standard
(15). The suggested values are somewhat higher than the experimental
results. It should be noted that the slope of the lateral force curve
at the wind direction of 0° is positive for both tower sections.

The drag and lateral forces on the tower section AA-DD for various
tilt angles are shown in Figures 33 through 36, and Tables 10 through
12. No significant effect of the tilting is found.

4.3.2 Modified Geometry - Heel Angles Attached

Figures 37 and 38 show effects of the heel angles on the drag
coefficient of the tower sections. Addition of the heel angles resulted
in an increase of the drag on the tower sections for the range of wind

directions tested.
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The 1lateral force shown in Figures 39 and 40 was significantly
affected by the presence of the heel angles. The force changed sign for
most of the tested wind directions. This unexpected sign reversal
should be further investigated.

The wind 1loads on the tower sections with heel angles are
summarized in Tables 13 and 14.

4.3.3 Wind Loads on Tower Half Section - Section HH-JJ

The drag on the tower section HH-JJ (the lower half of the section
FF-JJ) at the wind direction of 0° is given in Figure 41. In addition,
data for the sections FF-JJ and FF-HH are presented. The tower sections
have similar geometry. There seems to be, see Figure 4la, a linear
relation between the drag and the solidity ratio. The two quantities
appear to be inversely proportional. Empirical formulas describing this
relation could be stated if the data were available for a wider range of
the solidity ratio. It should be noted that the presence of the guard
section FF-HH affects the results of measurements of the drag force on
the section HH-JJ (compare Figures 4la and 41b).

4.4 TFlow Visualization

Figures 42 to 43 show visualized streamlines around pyramidal horn
antenna cluster at different configurations. It is observed that the
ice protection canopies cause a larger and more unsteady wake--the
source of the increased drag. The elevation views (Figures 42a and 43a)
show that the flow is deflected as it approaches the horn antennas, and
the platform creates a wake underneath. The implication of this is that
the effects of the platform vary with the wind direction and as a result
the net drag on the horn antenna investigated in this study is only an

estimate.
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Figure 44 shows a flow around the conical horn antenna, GABRIEL
UHR10 D. 1In Figure 44b, the position of the flow stagnation point can
be clearly distinguished. At the wind direction of 0°, shown in this
figure, a large portion of the approach flow is diverted toward the
joint of the horn antenna and the platform. Hence, considerations of
aerodynamically efficient geometry for the mounting of the antenna are

desirable.

5. CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

A. Reasonable agreement between the results of the present and
preceding (14) studies was obtained for the drag on the two
pyramidal horn antenna cluster.

B. The bottom edge blinders and ice protection canopies increased
the drag force of the pyramidal horn antenna cluster. The
increase reached maximum value of approximately 10% for some
wind directions.

C. The conical horn antenna, GABRIEL UHR10 D, exhibited larger
drag than the other conical antennas tested (AFC CH10 and
ANDREW SHX10).

D. The effects of the platform on the forces on the horn antennas
may not be negligible. Further investigation of this inter-
action is desirable.

E. The data for the tower sections AA-DD and FF-JJ exhibited
similarity.

F. The heel angles increased the drag of the tower sections. In

addition, they significantly modified the lateral forces.
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G. The effects of tilting of the tower sections upon the mean
drag and the lateral forces were negligible.

H. Small modifications of the geometry of the horn antenna
mounting significantly changed the aerodynamic behavior of the

antenna. Dynamic wind-tunnel study of such changes is

desirable.

5.2 Recommendations

5.2.1 Reliability of Test Results

The estimated error in drag force measurements for these tests is
less than *10%. Therefore, the results presented herein are more repre-
sentative of wind loads to be experienced by towers having the geometry
tested than can be obtained from reference to standards such as Ref. 15
in which nominal drag coefficients are given without consideration of
geometrical details for specifir towers. Based upon these considera-
tions, the recommended wind loads for design of tower geometries tested
in this study are those presented in this report.

5.2.2 Future Investigations

It is recommended that additional wind-tunnel tests be performed to
address problems which were not fully investigated in the present study.

The future investigation of the microwave antennas and equipment
should include evaluation of:

A. Interaction between horn antennas and the supporting platform.

B. The effects of different antenna mountings upon the static and

dynamic wind forces on the antennas.
C. Dynamic response and aerodynamic stability of the antennas

which exhibit highly unsteady wind forces.



18

The present study provided the preliminary data on wind loads on

typical sections of towers used to support the microwave antennas and

equipment. The future related study should:

A.

Provide data on the static wind loads on tower sections for
different wvalues of the solidity ratio. The present study
resulted in two data points on the drag force-solidity ratio
curve. More data are needed to define the relation between
the drag force and the solidity ratio. The new relation (based
on the experimental data) could then be used in the design of
towers, replacing presently used more conservative formulas
suggested by the ANSI Standard (15). Substantial financial
savings might result from such modification.

Undertake wind-tunnel studies of the dynamic response of towers
due to wind loading. More conservative design of towers
requires refined analysis of the tower dynamics. Evaluation
of the response to the wind forces is an important part of
such an analysis.

Evaluate gust load factor for typical towers based on wind-
tunnel data. Recent developments of the wind-tunnel instrumen-
tation allow precise measurement of integrated dynamic and
static wind loads on various structures, including latticed
towers. The experimentally obtained gust load factors could
be very useful in assessing validity of the present techniques
used to account for the dynamic response of towers to wind

loading.
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Figure 8. Pyramidal Horn Antenna
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Figure 14. Conical Horn Antenna Cluster
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Flow Around the Two Pyramidal Horn Antennas
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Figure 42b. Flow Around the Two Pyramidal Horn Antennas
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Figure 43a. Flow Around the Two Pyramidal Horn Antennas with
Ice Protection Canopies
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Figure 43b. Flow Around the Two Pyramidal Horn Antennas with
Ice Protection Canopies
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Figure 44a. Flow Around the Conical Horn Antenna - GABRIEL UHR10 D
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Figure 44b. Flow Around the Conical Horn Antenna - GABRIEL UHR10 D
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Figure 45. Force Balance Setup for Horn Antenna Tests



Figure 46. Force Balance Setup for Tower Section Tests
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Wind Loads on the Two Pyramidal Horn Antennas
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Wind Loads on the Two Pyramidal Horn Antennas with Bottom Edge Blinders
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Wind Loads on the Two Pyramidal Horn Antennas with Ice Protection Canopies
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Wind Loads on the Conical Horn Antenna - AFC CH10
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Wind Loads on the Conical Horn Antenna - ANDREW SHX10
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(Continued)
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Wind Loads on the Conical Horn Antenna - GABRIEL UHR10 D
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Wind Loads on the Tower Section AA-DD
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««% YIND LOADS ON THE AT&T MICROWAVE ANTENNA TOUER SECTION #x=

TOWER SECTION RA-DD

94

~

.
LIV I M D WA OV EIN N
AN HNNNWOVDNNID

..............

3]
- 3
(4

-~

Wi MO O CI v v MO OV
L T S
wd N NV = P O+ OV DO PN v
wiI M I =M OO [y
o R | |
'S

~

IR = NN M OO
L S S S
wd O I OV Y DI ID I OO
S ') o CNDS Foe G 0 vt et (N vt € et vt
QNN O WD &I DD
.

* C0 QY Q0 G0 00 0 0D 02 00 0> ) 9 O B

AV~ DM IO D
LDNOCwINWONOFTINIC MO
NADOSAMNIMMON~OIOOD

QI v g e, OO O vt
LT NOEMNOTNNIN Do
DEMMINWONANOONN

..............

OIOON NN NI O

QOO O0OVOIVOOOOOO

ﬁ ..............

HOPONORONONONOW

W) e eNINMM ST IND
i

¢. ¢

22.8¢ TILTY

=

SCLIDITY(%



Wind Loads on the Tower Section FF-JJ

Table 8.

*s% WIND LOADS ON THE AT&T BICROVAVE ANTEMNR TOUER SECTION *»»
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Table 9. Comparison of the Drag on the Tower Sections
with Suggested Value in ANSI Standards
Present Study ANSI Standards
Tower Section 2.351 a = 0; 2.944% 0
AA-DD
¥ = 0.2289 2.666 o = 45; 3. 449%% 45
Tower Section 2.960 a = 0; 3.477 0
FF-JJ
¥ = 0.1261 3.287 a = 45; 3.806 45
“CD =4.13 - 5.18 ¥
*FC. = (4.13 - 5.18 ¥)(1 + 0.75 ¥)



Wind Loads on the Tower Section AA-DD at

Tilt Angle of 5°
*xx WIND LOADS ON THE AT&T NICROWAVE ANTEHNNR TOWER SECTION %«

Table 10.

TILTED TOWER SECTION RA-DD
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Wind Loads on the Tower Section AA-DD at

Tilt Angle of 10°

Table 11.

k%% WGIND LOADS OGN THE AT&T KICROWAYE ANTENNA TOGWER SECTION *%x

TILTED TOWER SECTION AR-DD
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Wind Loads on the Tower Section AA-DD at

Tilt Angle of 15°

Table 12.

*x* WIND LORDS ON THE AT&T MICROVAVE ANTENNAR TOWER SECTION wex

RR-DD

TILTED TOWER SECTION
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Wind Loads on the Tower Section AA-DD with Heel Angles

Table 13.

ex% WIND LUADS ON THE ATAT MICROVAVE ANTENNA TOUER SECTION *=x

TOWER SECTION AA-DD ¥ITH HEEL ANGLES
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Wind Loads on the Tower Section FF-JJ with Heel Angles

Table 14.

s+ WIND LOADS ON THE AT&T NMICROVUAYE ANTENNR TOWER SECTION ==

TOWER SECTION FF~-JdJ WITH HEEL ANGLES
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APPENDIX A

Supplementary Wind-Tunnel Tests of Conical Horn Antenna
GABRIEL UHR 10 D
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Among three conical horn antennas tested, GABRIEL UHR10 D indicated
the largest drag (Section 4.2.2). Attempts were made to reduce this
drag. Details of the geometry of the antenna were modified and addi-
tional wind-tunnel tests were conducted. The geometry modifications
included removal of the horizontal ribs (located on the back of the horn
antenna) and changes of the antenna attachment (removal of one base
ring).

A.1 Experimental Configuration

Figure A.1 is a definition sketch of the experimental configuration
employed for the supplementary wind-tunnel tests. The experimental
configuration differs from the one shown in Figure 1. Note that in the
new configuration, the platform remains fixed with respect to the ap-
proach wind while the horn antenna is rotated to accomodate changes in
the wind direction.

A.2 Effects of the Back Ribs

Variation of the drag force for the horn antenna with and without
the back ribs is compared in Figure A.2. A small reduction in the drag,
especially for wind directions less than 90°, is seen for the antenna
without the back ribs. The measured wind loads are collected in Tables
A.1 and A.2.

A.3 Modification of the Base

As shown in Figure 13, GABRIEL UHR10 D antenna is attached to the
platform by means of two identical base rings. One of the rings was
removed. As a result the clearance between the antenna and the platform
was reduced. During wind-tunnel tests of this configuration, large
oscillations of the antenna were observed at wind speeds exceeding 40
fps. The dominant component of the oscillations was about the lateral

axis; that is, in the direction of the pitching moment.
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Figure A.3 shows time series records of the pitching moment for the
antenna at 0° wind direction with two base rings and with a single base
ring. The data was recorded 65 seconds after the wind was turned on.
It is clearly seen that removal of one base ring doubled the amplitude
of the pitching moment fluctuations. Although neither the full scale
stiffness nor damping were simulated for the wind-tunnel model, the data
showed that a slight change in the geometry of the antenna mounting
(removal of one base ring) resulted in signifcantly different dynamic
loading. This high sensitivity to the geometrical details of the

antenna and the supporting structure needs further investigation.
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Figure A.1. Configuration for Supplementary Wind Tunnel Tests
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Wind Loads on GABRIEL UHR10 D with Back Ribs

Table A.1la.
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Wind Loads on GABRIEL UHR10 D with Back Ribs

Table A.1b.
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Wind Loads on GABRIEL UHR10 D without Back Ribs

Table A.2a.
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Wind Loads on GABRIEL UHR10 D without Back Ribs

Table A.2b.
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APPENDIX B

Technical Details of Tested Antennas and Equipment
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Figure B.1.

Dimensions of the Pyramidal Horn
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Plan at A-A Level Antenna Platform
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