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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 is 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 
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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. 

L 
~ = A = constant 
L L 

(2.1) 

p 

where L and L are typical lengths, respectively, for a model and a m p 

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. 

L U 
(: ) > Rec (2.2) 
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where U is the wind speed, v is the kinematic viscosity of air, and Re 
c 

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. 
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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: 

FD = drag force (lbs), 

FL = lateral force (lbs), 

MR = rolling moment (ft-lbs), 

Mp = pitching moment (ft-lbs), 

and 

My= yawing moment (ft-lbs). 

Using a conventional notation, the wind loads at wind direction a 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 

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 a and tilt angles fL The measured 

forces were: 

FD =drag force (lbs), 

and 

F
1 

=lateral force (lbs). 

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

CL = FL I qA 

CMR = MR I qLA 

CMP = Mp I qLA 

and CMY = My I qLA (2.5) 

where q 1 u2 = ~ p (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 a. 

for the tower section 

A = the area occupied by the truss elements projected on 

a plane normal to the wind. The area evaluated at 
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the wind direction 0° was used for all the wind 

directions tested. Thus for the tower section 

A= tfJ A e 

where tfJ is the solidity ratio 

projection of the tower section. 

(2.6) 

and A is the enclosed area of the 
e 

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 
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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). 
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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 SHXlO, and 

GABRIEL UHRlO D) were tested. 

geometrical scale of 1:16. 

The antennas were modeled at a 

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. 
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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 sections 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 41a. 

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 Flow 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. 5%. 

3.5 Flow Visualization 

Flow visualization 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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constant 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° 

·kin 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 lateral 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 loads 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 41a, 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 41a and 41b). 

4.4 Flow 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 

UHRlO D. In 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 CHIO and 

ANDREW smn o) . 

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. 
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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 values 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. 

B. 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. 

C. 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. 



19 

REFERENCES 

1. Sachs, P., "Wind Forces in Engineering," (1978), 2nd Ed., Pergamon 
Press, pp. 78-81. 

2. 

3. 

Sachs, P., "Determination 
Structures," in " Mechanical 
tions," ( 1969), Richards, C. 
Company, London, pp. 123-203. 

of Wind Forces Acting on Antenna 
Engineering in Radar and Communica­
J. (Editor), Van Nostrand Reinhold 

Ghiocel, D. 
Structures 
215-224. 

and D. Lungu, "Wind, Snow and Temperature Effects on 
Based on Probability," (1975), Abacus Press, pp. 

4. Hoerner, S. F., "Fluid-Dynamic Drag," (1965) published by Hoerner, 
S. F., pp. 3.17-3.18. 

5. Melling, R. J., "Loads on Open Lattice Structures in Nominally 
Smooth Flow," (1978), Proc. of the 3rd Colloquium on Industrial 
Aerodynamics, Aachen, Pt. 1, pp. 107-127. 

6. Sykes, D. M., "Wind Loads on Lattice Structures in Turbulent 
Airflow," (1978), Proc. of the 3rd Colloquium on Industrial 
Aerodynamics, Aachen, Pt. 1, pp. 129-148. 

7. Clow, D. G., "Loads on Open Lattice Structures - A Comparative 
Study," (1978), Proc. of the 3rd Colloquium on Industrial 
Aerodynamics, Aachen, Pt. 1, pp. 165-177. 

8. Jacobs, B. E. A., "Determination of Shielding Factors for Multiple 
Frame Structures," ( 19 7 8) , Proc. of the 3rd Colloquium on 
Industrial Aerodynamics, Aachen, Pt. 1, pp. 149-164. 

9. Whitbread, R. E., "The Influence of Shielding on the Wind Forces 
Experienced by Arrays of Lattice Frames," (1979), Proc. of the 5th 
Int. Conf. on Wind Engineering, Fort Collins, Colorado, USA, pp. 
405-420. 

10. Kamei, I., E. Kimura and I. Matsushita, "Experimental Study of Wind 
Force Coefficient of SHF Antennas for Telecommunication Tower 
Design," (1971), Proc. of the 3rd Int. Conf. on Wind Effects on 
Buildings and Structures, Tokyo, Japan, pp. 357-364. 

11. Mackey, S., P. K. L. Ko and L. C. H. Lam, "Response of a 180-ft 
Latticed Tower to High Winds," (1974), Proc. of the 2nd U.S.A.­
Japan Research Seminar on Wind Effects on Structures, Kyoto, Japan, 
pp. 199-207. 

12. Cermak, J. E. , "Laboratory Simulation of the Atmospheric Boundary 
Layer," (1971), AIAA Journal, Vol. 9, No. 9, pp. 1749-1954. 

13. Cermak, J. E. , "Aerodynamics of Buildings," ( 1976), Annual Review 
of Fluid Mechanincs, Vol. 8, pp. 75-106. 



20 

14. Poreh, M. and J. E. Cermak, "Wind Forces and Moments on Microwave 
Antennas," (1976), Colorado State University, Report CER76-77MP­
JEC12, Fort Collins, Colorado. 

15. American National Standards Institute, "Minimum Design Loads for 
Buildings and Other Structures," (1982), ANSI Standard AS8.1 -
1982. 



21 

FIGURES 



22 

~a=O 

Platform !soo 

a=90 -------

15° 

t a= ISO 

Two Pyramidal Horn Antenna 

1,- Supporting Tower 
f Centerline 

Upper Surface 
of Platform 

a=270 9T , -- r -~ 

1- ; 18' 

fa=l80 

~0 

Conical Horn Antenna 

Figure 1. Definitions of Forces and Moments on Horn Antennas 



23 

\ct 
\ 

\ Tower Section 

Wind 

ELEVATION 

Tilted Bottom Plane 

PLAN 

Figure 2. Definition of Forces on Tower Section 



L5.5-

AIR TEMP. 93°- 4°C 
·- ·-· 

AIR FLOW (VEL. 0.6-36 m/s) 

CONTROL 
ROOM 

UPWIND ROUGHNESS ELEMENT ____. 

~0.-0-LE.~ OFLDOR BOUNDARY H~T SOURCE 
OR SINK, 0°- 149°C 

-----27 TEST SECTION 

PLAN 

,. -· 47.4 ---

I 

AUXILIARY 
I INTAKE 

POWER 
ROOM 

ROTATABLE 
VANES 

AUXILIARY 
-~HAUST. 

SUI LD lNG MODEL 
TURNTABLE 

! 

---~ 

_) -, 
1 DUCT ADJUSTABLE CEIUNG FOR f /LONGITUDI~LPRESSURE CONTROL 

I I 

5.5 

AUXILIARY 
EXHAUST Ll ~ ~ "·~ . ~·· J · .. ~,;;;,,,,,;;;:,,,~ ~Jl/,,,,J,,,,Jl,,,,;r~,,J,;;,J~,,,Jl;;,;Jl~J;;;;;I~ :: ;;;;; ;; 

ALL DIMENSIONS IN m 
ELEVATION 

Figure 3. Meteorological Wind Tunnel 

INERTIAL MOUNT AND 
SUI LDI NG MODEL 

N 
+:--



MEAN VELOC~TV PROF~LES TUR8ULENCE PROF~LES 
60 68 

cPU2 D fGRlD2 . 

sel D 58 a -
D c . 
a c 

z 48t z 48 -
H a H a 

a J 
. 

[J 

)- 38 a )- 38 [] -l: J: 

" [J (J [] J "' H H V1 

1aJ t] 111 D I: J: 28 28 -c c 
[] D . 
[] [] 

[J a 
101- a 18 D -a D 

D a . 
D a 

c a 
8 8 

8 18 28 38 48 58 68 8 5 18 16 

UMEAN - FPS LOCAL TURB ~NT - ~ 

Figure 4. Wind Profile - Horn Antenna Tests 



MEAN VELOC~TV PROF~LES TURBULENCE PROF~LES 
68 68 

c P538a1 c PS38ll .. 

sel c 58 c -
c c . 

z 48~ c z 48 c -
H H 

c I c . 
I 

1- 38 c 1- 38 c -l: I: I N 

B B "" 
H c H c . 
laJ 1&1 
I: 28 c I: 28 c -

D D . 
c 

18,.. 18 c -

\ cc 
. 

c 
8 8 

8 18 28 38 48 58 68 8 5 18 15 

UMEAN - FPS LOCAL TURB INT - X 

Figure 5. Wind Profile - Tower Section Tests 



27 

Figure 6. Two Pyramidal Horn Antenna Cluster 
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Figure 8. Pyramidal Horn Antenna Platform 



Figure 9. Bottom Edge Blinder 



Figure 10. Ice Protection Canopy 



Figure 11. Conical Horn Antenna - AFC CHlO 



Figure 12. Conical Horn Antenna - ANDREW SHXlO 



Figure 13. Conical Horn Antenna - GABRIEL UHRlO D 
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Figure 14. Conical Horn Antenna Cluster 
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Figure 35. Wind Loads on the Tower Section AA-DD at Tilt Angle of 10° 

68.8 

0'\ 
..s;:.. 



~ 
tJ 
t! 
l:i 
8 
~ 
f 

CD 8 a. - SECTION AA-DD AT Tn..T • 16 
1 I 1 I ; 

-s-a-s-s-s-e-s-a-a-e-a-s-a 

--- e-e--•--•---a-- .... e---
-1:1--._ a---e---e 

-1.8' I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

-18.8 .8 18.8 28.8 38.8 

\liND DIRECTmN 
48.8 

\liND LOADS ON TO\IER SECttoN 

58.8 

Figure 36. Wind Loads on the Tower Section AA-DD at Tilt Angle of 15° 

68.8 

"' ln 



~ 
:l .... 
1:: 
8 
(p) 

! 

GJ wrrHOUT HEEL ANSL.ES * \IZTH HEEL ANGLES - SECTJ:ON AA-DD 
4.81 I I I I I I I I I I 0 I 0 i I I 0 i 0 I I I I I I I I i i I I I I I I 

~. -~·-·-· ·-·--- -~- ·- * --a-•-- a-a-a-s-a-s- .-.-EJ-B_.,... El-a-B-B 

.e· 1 1 1 t p t p e I I p e e I I I t I I I I e I I I I I t I I I 1 I I I 

-18.8 .8 18.8 28.8 38.8 
\llH) l>l:RECTXON 

DRAS ON TOVER SECTJ:~ 

48.8 58.8 

Figure 37. Effects of Heel Angles on the Drag of the Tower Section AA-DD 

88.8 

0'\ 
Cl'\ 



.... 
i5 
t1 
~ w 
8 
(!) 
.c « 
0 

GJ \IITHOUT HEEL ANGLES * \liTH HEEL AN&LES - SECTJ:ON FF~ 
4.8~~~~~------~~--~--~~~~~------~~~~~~~~ 

~·-·--·~ __....-::*::::::=:e-e-e-!-* j~ .#~;....-EI --EI __ *_,._-a ~.~~ ~e~EI~ 

.8• I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I ' ' I I 

-18.8 .8 18.8 28.8 38.8 48.8 68.8 88.8 
WIND DIRECTZON 

DRA6 ON TOWER SECTION 
Figure 38. Effects of Heel Angles on the Drag of the Tower Section FF-JJ 

0\ 
-.....J 



t-

i5 
tj 

~ 
8 
~ e 
~ 
f5 ,... 
< 
..J 

r:1 WITHOUT HEEL ANGLES * \liTH HEEL ANGLES - SECTION AA-DD 
I .8 1 a u u a 1 a u u a 1 u u u a a u u u a 1 a a u a 1 u a a a 1 u a e a 1 

B---...._ 
EJ...,......-- El'--.._ 

/ a~ 
a' a 

/ '--.._EJ 

Er"'" ··-·~ 
*~ r--·-·---~ 

-1 .8& I I I I I I I I I I I I I I I I I I I I I I I I I I t I 1 p 1 1 p 1 p 

-18.8 .e 18.8 28.8 38.8 48.8 68.8 68.8 

\IDI> DJ:RECTmN 

LATERAL FORCE ON TOWER SECTION 
Figure 39. Effects of Heel Angles on the Lateral Force of the Tower Section AA-DD 

0\ 
(X) 



.... 
i5 .... 
u 

i 
~ « 
fl 

a ... 
-c 
.J 

til WITHOUT HEEL ANGLES * \aTH HEEL ANGLES - SECUON FF~ 
1.81 I a U I i I I I I i I I I I I U 0 I I I I I I I I I I I I I i i I I I 

e--a---~~ EI-B---
..:a El 

~ --*:::::....t~ .. 
,_ ....... 7"* ~ 

~~* a '* ---~.-.~ 

-1.8' I t I t I I I I I I I I I I I f I I I I I I I I I I I I I I I I I I I 

-18.8 .8 18.8 28.8 38.8 418.8 68.8 68.8 

\aND DIRECTJ:ON 

LATERAL FORCE ON TOWER SECTJ:ON 
Figure 40. Effects of Heel Angles on the Lateral Force of the Tower Section FF-JJ. 

0'\ 
\.0 



t-

~ .... 
(,) 
H .... 
I&. w 
8 
CD 

~ 
0 

Gl H+-~~ e FF~-..1 A FF-HH - ALPHA • 8 
4.Br-~--~--~--r--,--~--~--~~---r--~--~~--~~ 

EJ 
3.8 I e 

A 

Wind Tunnel Ceiling 

2.8 

+--Wind 

Wind Tunnel Floor 

.8~~~~--~--~--~--~--~--~------~--~--~--~--~--~ 
11.8 12.8 13.8 !4.8 

SOLIDITY CX) 

ORAS ON V ARIOOS TOWER SECUONS 

Figure 4la. Effects of Solidity Ratio on the Drag of the Tower Sections 

-....J 
0 



~ 
z ..., 
H 
(.) 
H .... 
I&. w 
0 
(J 

(!) 

< a: 
0 

EJ Hi-'-''-' 9 FF-'-'..J 
4.er-~--~--~--r--,--~--~--~~--~--~--~~-------

.t. FF-Htt - ALPHA • 8 

3.8 
B e A 

Wind Tunnel Ceiling 
-111/(/ll//(((/{{((((({{((((///llll(//. 

2.8 

H ,---__, 
.---Wind 

1 .8 

Wind Tunnel Floor 

12.8 13.8 24.8 
SOLIDITY <X) 

DRAG ON V ARIClJS TOWER SECTDlNS 

Figure 4lb. Effects of Solidity Ratio on the Drag of the Tower Sections 

'-J 
...... 



72 

Figure 42a. 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 



Figure 44a. Flow Around the Conical Horn Antenna - GABRIEL UHRlO D 
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Figure 44b. Flow Around the Conical Horn Antenna - GABRIEL UHRlO D 
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Figure 45. Force Balance Setup for Horn Antenna Tests 
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Figure 46. Force Balance Setup for Tower Section Tests 
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Figure 47. Tower Section Without and With Heel Angles 
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Table 1. Wind Loads on the Two Pyramidal Horn Antennas 
--

••• HOR"AliZED FORCES AND MOMENTS ON THE AT'T "ICROWAYE HORH AHTEHHA *** 
TWC PYRAMIDAL HORN ANTENNAS 

"I !If> CD Cl CI1R CMP CMY AREA(SQ_FT) VD<FT) 
O.<e .~51 . 2 31 -. 24 4 - E. 78 -.? 9 3 l 70 6 ... 1 

( • l 

1(<. (I .801 . 11? - ., ., c:; - 5 25 - r:. t't ,:. 2 0£. 1 6.5 . ~.., ~ . ~-.~ ., ...... 

2¢.¢ . 821 -.C:lO - . 321 . 4 38 -.524 2 45. f . 5.3 
3(« . t) .7,7 - . t 70 - . 34 5 . 369 -. 4 0 3 253.4 4. f, 
-4(:.(1 .873 -. 1 58 -. 32 4 . 3 7~ -.49f: 2 42. 1 4 . 3 
5t«. (t .832 - - !) 39 -.312 .32:2 - 555 2 €.3 5 3- -~ 
E.¢.¢ . 83~ -.C)22 - . 2C<3 . 1 72 - 382 ., 7 C\ !:. 1 .:,. f._,. r.: -
7(} . (t .845 -.048 -.0?3 . "71 -.224 2 ?'3. 7 .B 
e~.o .8~4 . 0 E·l . 031 . OE-3 - . t 1 e . 275.5 .7 
~-(' . 0 .888 . C•50 -117 .041 .005 263.2 .5 

t o.c; <".: .8<38 - . (.: 13 . 2(.: t• - 0~4 .1~7 24s.e 1 . (,: 
ll~.Q .8~1 .073 . 25 C• 1 .. ,., 1 ~ ::• 2 46. 1 1 . 1 .... _ ... ·-' -· 
12C.~ .818 .vv? . 393 .212 . 2 34 2 57. 7 2. t• 
13~ . (t _,34 -.076 .524 . 429 .355 2 60 . '3 4 •. .o 
1 .. ¢.0 . ,40 -. o 1 e . 497 . 5 73 . 4 8~ 2 82- ~ f . 1 
1!50.0 _,16 - . Q 10 . 41 t) . 5'3'3 . 5 '3 5 2 8?. 3 6.5 CX> 

t~.o _ c,. . "7 E· . (: 32 . 34 B . t· 27 . B c~ 5 2 ~·4 8 ~ .. 4 N 

l?r.c.O .~38 -.1)11 .257' . 552 . g ·~ 3 2 06. 2 ;:- v. ·-· .. · 
ltlQ.¢ .,i4 -.2~7 . 15 0 . 3 8E- . 9 4 1 l?O.E· 4 ~ .... 
1 '0. 0 .938 -. t 43 . t 2 9 . 4£2 . 6 4 E. 208. 1 4.9 
2<-v.v . ~4 (; - - 1 21 .¢72 . 428 . 4 4 t· 24~. ~. 4. E· 
210.(1 .~51 . () 4 (• -. ~·! 9 . 4 ~1 . 4 ?8 253.4 5.2 
220.¢ 1 . ¢2 ~ .154 ~ 1 () ~· - 5<Jf5 .G3i 2 42. 1 5.B 
23¢.0 .9?6 _ zse - . 18 1 .612 . 7 0 C• 263.5 6.3 
2~0.0 . 962 . 225 -.191 . 636 . 585 2 75. € . t·. E. 
25(t . (• .999 . 09? - . 11 4 .645 . 35~: 279.? 6.5 
2£¢.(: 

. ~'" - . C! f..9 . 0<) 2 . seu::l . () 8 <;: -") --::'~ >:: 5.8 ' f ..... ·-· 

27Ct.o 1.008 -.200 . 15 7 . 5 51 - . i '3 :;. 263.2 5.5 
280. (t 1 . 05 1 - .23~ . 1 7 2 .€-15 - - 3 8 1 2 48. t:: 5.8 
2 9~. (1 1. 04~ -. 130 .o6? .b25 -.3'J4 2 4b. 1 6. (• 
300. (r . 959 -.007 -- Q85 . 536 - 35¢ 257.7 5. E. 
31Ct.t' .922 .1?9 - . 14 6 .51~ -.38? 260.~ 5.6 
32~. (t .835 240 - . 1 7 3 . 4 e.e -.3<J8 282 ~ s. €· 
330. t' . 783 341 - . 18 1 . 4 31 - . 4 3 3 28?.3 5.5 
340.¢ 712 337 -. 20 4 . 4 32 -.ste 254.8 E .. 1 
3~«.-o .773 .233 -. 159 .542 -.?0£ 206.2 7.0 



Table 1. (Continued) 

*** FULL SCAL£ WIN~ LOAOS ON TH£ AT&T "lCROwAVE HORN AHTEHHA *** 
TWO PYRAMIDAL HORN ANTENNAS 

WIND 
0.0 

1 ,, . 0 
20.0 
30. (• 
40.0 
5o. c· 
60.0 
?0. (r 
eo. o 
~0. 0 

100. 0 
110 . ~' 
120. (,r 
130.¢ 
140.0 
15(c. 0 
160.0 
1 ?Cc. (• 
18C:.(t 
19Cc. 0 
200.0 
210.0 
220. C• 
230. (I 
240.0 
250. (t 
2 €.(; . <;: 
270.0 
280.¢ 
:290.¢ 
300.0 
31 Cc. 0 
32(),,, 
330. ~I 
340.¢ 
350.¢ 

FO<LBS;c 
423.2 
428.6 
~ 31 '3 
54G.3 
554.4 
586.7 
ft25.5 
6 32. 1 
607.2 
616.6 
6 (:2. 5 
580.4 
558. t• 
64G.4 
7 v6. 4 
693.2 
655.8 
514.2 
415.£. 
5 ';•7 .. ;. 

._.,J . ._ 

t: '"' " c;; r.J c::v .• 
650.3 
t: --: q 
r.J ( v . J 

7 <,11 . 6 
715. 7 
?45.8 
746.9 
7 14 . 1 
703.8 
6-97.4 
6 t·8. 4 
639.7 
6 28. 1 
5~4.8 
4 78 7 
420' 1 

FL(LBS:-
102.8 

62.'5 
- E·. 2 

-116.3 
-100.1 
-2?.7 
-16. t 
-35.7 
43.2 
34.8 
-e.5 
"'.., 4 "t t . , 

5. Cr 
-52.9 
-1 3. '1 
-7.8 
21.2 
-5.8 

-134.8 
-79.? 
- e c·. 2 
27.4 

1 () 1 1 
i e s. 3 
1 .. - ... 
~t.(.~ 

7 .... ;::: 
~ .::.. . ..,., 

-51. 7 
-141.? 
-lbv v 

-e r;. 1 
-5 () 

124.4 
180.7 
258.9 
22 t•. 1 
12 6. ? 

f1R(FT-LBS·· 
-1084.'? 
-1:255 .. 3 
-2(J?~ 7 
-2362.8 
-2(.!57 7 
-2205.5 
-1516.3 
-544.~ 

2 21 v 
8 11 ' 4 

1385. 1 
1 .. .,~ '7 

1:) ., 1 ,j 

2E· 80 7 
3624.Si 
37 32 . 1 
31 02 . 7 
2341 . .3 
14 (.'1? 3 

6-8().3 
7 1 e. 3 
4 78. 5 

- i 32 1 
-·~ 94 4 

- i 3 04 2 
-1424 8 

-849.6 
16 . 4 

1 i 11 4 
1154.4 

442 4 
-5139 8 

-1t)15.c> 
-1299.7 
-1378 5 
-1372.1 

-s £4 . s 

MPtFT-LBS) 
3 (· 1 € .. ~:;; 

2 8 t~· 5. £. 
2832 4 
25 2? . 0 '. •\- -... ~ '·.' ( { 

2:268 ? 
1285. v 
527 5 
4 4 5. ~. 
2 8 2. ~ 
~· 3 2' .::: 
6b2.3 

1 4 4 f .. 2 
2~65.2 
4 3 0 t· s 
4535.:2 
421 1~1 ~ 
3~)2? 6 
1751.9 
2576 <> 
28 3 1 t· 
33 5:: .. -
3B94 . .2 
4403.4 
4729.8 
4!317.S1 
4339 5 
3902.6 
4114.1 
4153.1 
3 7 3 t. ,, 
35 ·;. ·?-. 
35 2 <;: 
3 2? t. 
2900 
:29 4 5. 

MY(FT-LBS) 
·<.?:52 8. 1 
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- 3 1 ;~. 1 . 1 
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-1£?5.5 

- 82 ( . .;:: 
.,_ ~ 7 
•J ...... ·~ 

L '~) 5 ~: . :; 
121~, 7 
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2 t- 7 4. (~. 
4 5 (. ? ~. 
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4278.2 
3£~)4 2 
2?4:. 7 
327~i.~ 
41.34.{ 
5 03 6. 1 
4 3S 4. 3 
2£,1 2. \.' 

,_:, r:) c~ . 3 
- i 34 4 5 
-2 54 7. 8 
-2616.4 
-2439 '1 
-26l)4 8 
-2.,9Ct.8 
- 3 2 8 t; ·~ 
-3478.2 
-3836.1 

AREA( SQ FT > 
1 ((!. 6 
2 C•8. 1 
245. e. 
253.4 
2 42. J. 

2 ~-3 5 
2 7'5 . 6 
2 7~.? 
?"'" .::: ... l ... t • ~-· 

2 r:. :~ ' 
248.8 
246.1 
257.7 
2 f.t~ . '1 
2 82 . •3 
2 87 . 3 
:254 .B 
206.2 
17(J.~ 
2 08 1 
~ .t5. 6 
253.4 
2 42. 1 
263.5 
2 75.6 
2 79.? 
275.5 
2£,3 2 
248.8 
246.1 
2 .57 . i 
2 b''. ·~ 
282.9 
287.3 
254.8 
2¢6.2 

9.R£F'( PSF > 
2. t• 1 
2.57 
2. €· 3 
2.70 
.:.. -.,: . .:: 
~· ~ 0. 

2.72 
? :; 7 
..... ':;.1. 

2.58 
2.~4 
2. 7 y 
., r; C' 
-.::J..J 

2. E.5 
:2.65 
2. b £, 
2.63 
2.64 
2.66 
2 . e. t. 
2.6B 
2. (, 9 
2. ? () 
2. 71 
2.?3 
2. 7 C1 
2.67 
2. 7 1 
2.69 
2.69 
2. 7 (.1 
2. 7 0 
2.66 
2. E.E· 
2.64 
2. f.. 4 
2. b 4 

00 
\..;.) 



Table 2. Wind Loads on the Two Pyramidal Horn Antennas with Bottom Edge Blinders 

*~* NOR"ALIZED FORCES AND MOMENTS ON THE AT&T MICROWAVE HORN AHTFNNA *** 

W!ND 
0.0 

10 . ~~ 
20.¢ 
3:;(. C' 
40 0 
5~) . t.:• 
€.(; 0 
7Ct. <:• 
eo . (; 
9::) . C• 

100. 0 
11 c' . ~· 
120.0 
1 3C~ . :.;. 
140. ¢ 
1 50 . :) 
tE.(:.O 
1 7(.~ . ;;. 
18¢. 0 
1 ~0. ¢ 
2(•0. 0 
21~).t) 

22<).<> 
2 3t) . ,, 
240.0 
2 sc~. ~· 
2 E·O r,.. 
2 7C'. C· 
280. (.: 
2 9~) . <:· 
300.(1 
3 1 t< . (r 
3 2t). <~ 
3 3(~ ,, 
340.0 
35(;;. (,; 

TYO PY9AMIDAL ~ORH ANTFNNAS WITH BOTTOM EDGE BliNDERS 

CD 
'3B4 
8:2 s -o..,. 
( "' .... 
7~ 4 
B~ S 
B~> 1 
82~ 
875 
873 
913 
c;12 
930 
85 z 
96 C• 
~4 7 
92;; 
'3ee. 
'351 
CJ6 0 

1 .¢1? 
1 <) 1 7 
4 t't:" .., .t .... ( 

1 . 1 0 6 
1 . <:•5 4 
l () 3 Q 
1 ~·4 f, 
1 . ¢53 
1 . C• 7? 
1 . 14 3 
1 . 12 7 

'3 B c;: 
95 ·~ 
85 9 
7~ <) -.,-(...: ( 

795 

CL 
222 
1 2:2 

-.ooe 
-.135 
- 1 <;• () 

:.;. 2·~ 
016 

- t't 1 ! 
v $!.4 
040 

- 0 OE. 
::•4£ 

- <} 36 
-. Cr 84 
-.01<) 
- oi~ 

() 26 
-.OlS 
-.220 
- . 1 29 
- 1 1 0 

t'\ ., {·, ........ 
1 46 
2 39 
2 E·1 . -, 
• .:.a : 

- () 41 
- 21b 
-. t ~e 
- 0 31 

0 i.9 
212 
319 
'7 •• 7 
.;;~ ... 
...,c;:a 
'- ·.• •' 

2 73 

CM ~· 
- . Zt· t· 
-.213 
-. 28 z 
- .15 r:. 
- ::;54 
-. 34 s 
-. 21 e 
- 071 

(.t4 1 
12 5 
Z2 5 
:2?3 
39? 
50€. 
482 
1 ., ., 
.,. ... ·J 

368 
2?3 
16 s 
(l9 4 
<> 3 7 

- c'l• 7 . .• 1 ·-

- . Ct9 9 
- t c; 3 
-- . 1 7 1 
- ~:· 9 2 

(i4 ij 
174 
185 
::•9 ~· 

- . <>9 8 
- :r;·1 
-·.2!~~ 

- 21 1 
- 21 8 

: 9, 

C fr!P 
5 i-5 
389 
343 
.,~. 

...... .._( ' 
:::85 
3 ;:q 

1 E·l 
C•50 
() 4 5 
C• 1 ·~ 
¢73 
1 04 
217 
4 r',:'t 
"'··.: Q ""'Ja:.. -·· 
:=i53 
5 r· z 
482 
3 59 
4 7~ -·~ 
.-l ~ 'f 
1' !. L 
~ "") ., 

"-t ~ ! 

5 ~ i 
as~~ 1 
'~· 1 l 
613 
::.: / ;.. 

5 f..3 
614 
624 
5 l 7 
4 :=: ., ,_._ 
'f l t~. 
3 ?4 
3 25 
413 

C M '-{ 
-.i'BC: 
-.549 
- 43'?-
- 33::~ 

- 5 <;d~. 
·- 5 €i:: 
-.413 
- . 231 
- 1 1 ~ 

.::• t) 4 
155 
165 
206 
7?7' 
.J- • 

4 ~.:. e 
5? f. 
,- c c 
~ ·-l ._; 
966 
~64 
68 
"c ... ... ·.· .· 

52~' 
t· b Eo 
7 4 1 

.: 
~! 

8 
-. 1 9 5 
-.383 
- 392 
- .3-!~i 
- .~ 6 3 

7 Q ' 
- . ~·.!! ~. 
- liif! ,_, 

->:~51 
- ;; 9 (' 

A ~r £A~· S (! 
1 i :.; . ;::. 
:2:)8.1 
245 f 
:? 53 4 
2 ·~ 2 1 
263 :) 
275.6 
2 ?·~. 7 
~ '?'C:: c:: 
..:.. ....... ·-· 
2b3.2 
24B.t: 
2 46. 1 
257.7 
2 ~.:) . ·;;, 
·.<j ~·":"o .:.; . .:.. ·-·..:.. . .·· 
2 8 7 .:.• 
2 54 . tz 
206 2 
1 70 . E. 
~ t't~ i 
...... ~ L 

: ·4 5 ~:-
253.4 
2 42. 1 
263.5 
2 7 5 . ~; . 
t: 7S-t . '? 
2 7 ;:t ~~ 

263.2 
248.8 
246. 1 
2 57 7 
2 6((' •3 
.:; B2 L~ 
..... ~.., .... 
.!. ::;} : . ..;,} 

254 B 
:2 .:\ ~~ 

FT ":'Crr:f'T) 
5.7 
4.7 
4. 4 
~ 4 
4. 5 
4 . 1 
1 . <; 

6 
5 
z 
8 

1 . 1 
2.6 
4. 2 
5 . ~:. 
;!_, (~! 
c:; .:. .._ .. ,_. 
5. t 
3.7 
4.3 
4 1', 

" , "t. ( 

4.~ 
5.3 
5.~ 
:::- ..• 
.... r, • 

5. ·4 
5.2 
5.4 
5 5 
5.3 
:, . c' 
4.8 
4.7 
4.4 5 .-, 

00 
.p.. 



Table 2. (Continued) 

*** FULL SCALE WINO LOAOS OH THE AT~T "ICROWAYE HORN ANTENNA *** 
TWO PYRAMIDAL HORN ANTENNAS ~ITH BOTTOM EDGE BLINDERS 

WI Nl) Ftc< L.SS ~· FL<LBS> MR(FT-LBS) MP<FT-LBS) MrtFT-LBf;> AR£R(S:i.FT> 

0.¢ 447.7 1¢ 1 . 1 -121C~.9 2~ 7 1 1 -3'54~ t;. 1 ?<":. G 

1 ~) . (• 449.£ 6£.5 - 11 58 . 9 2114.~· - 2 ~· 8 :2 . ~> 2 :)8. 1 

20.¢ 5 11 . 1 -4.9 -1e2o.2 2248.7 -2831.5 2 45 ~· 
30. (r 525.8 -89.2 -2358 5 2327 . -2515.6 

.-, C" • ..., A 

L .:.. ...;..:-. "1" 

4Ct.O 544.5 -63. 8 -2253. t· 24 5 v 5 -3223.0 242.1 
so. o 549.7 1'3.8 -23!36.8 2256. <:· -3~iJ?.9 2£3.5 
6¢.0 58~.5 1 1 . 1 -1549-.f.· l 1 4 t• . (· -2933.8 2 75 G 
?0. (1 635.5 -?.S -519.1 3 62. C1 -if.?8.1 2 ?'~.? 
80. (• £22.6 4E..O 2 9·~~ r 3 1 8. 1 -85 !;, t:· 2 75 5 
9C1 • (• 628.9 2?.4 a ~,2. ·~ 1 3 3. ·~ 2:;. ;) 2 ~'?.. 2 

1 00 . 0 5')9.0 -3.8 1 4 7 6 . 1 4 81. 2 1014.4 248.8 
110.0 b02. 1 31 . 4 17 64 . 7 €.75.2 1 Ctb 9 . 2 2 46. 1 
120.0 5€.7.6 -2 4. 1 26 45 . 4 1448.9 1 3B 9. 3 257.7 
1 30. (t 6 59 5 -57 5 34 75 ,; 2746.? 2245.? 2 f..t) . ·~ 

"" 
140.¢ 706.E. -7.7 ':"~Q~ I::" 3'? 4 ~ . ::: 3494.5 282.'3 

.... •J ••· "'-' . -· 

150. ¢ 703.7 -12.5 3216.6 42 <-'4. 1 4 38 1 . 0 287.3 
160.¢ 663.2 1 7. 7 24 72 ;.. :~e s 2 (:· s 28 ~!. s 254.6 
1 70. (t 519.9 -9.7 14 94 7 ... , ,· ... C" ., 5Z?·;. ~ 2 Ct6 . 2 .:..e;) _,. ; 

180. (: 437.7 -l(d).3 7 52 3 1€.33., 4 :::~ 4. 7 1 7(:: . 6 
1 9Cc . 0 5£G.8 -7 2. 1 5 26. 3 243S1.? 3 83 2 4 2 C•8 . 1 
200. (t 6 73. €· -72.8 242.7' 272\.'.t_t: 32.3€ .. " 245.6 
210.0 688.4 13.9 -91 . 4 325-;•.1 3594.2 253.4 
220.0 723.4 C)5.2 -6 4CJ . ~ 3538.3 4 36 € .. t;. 2 42. 1 
230.0 748.5 169.6 - 11 54 . 9 3985.7 5 ~-·..... .-, 2~3.5 ~~~ . .:.. 

240.0 753.~ 1~1.0 -1250 ,::: 44 71 " 4554.!3 2 75.6 -· 
250. (t 775.0 1~1.7 -6 81 4 45 4 1 . 7 2815.4 2 ?9. 7 
260.0 768.7 -2 ~. e 2 ~ 1 . 9 41€·7 v 60 7 . 3 2 75.5 
270.0 752.3 -i50.6 1214.9 3'329.2 -1362.~) 263.2 
280.0 7 52. 1 -130 ¢ 1217'.6 4(:?.3 '=· -2522.C! 248.8 
290. ~· ?33. (• -2 C• 1 5 20. 1 4tl57. 1 -2545.6 24G 1 
3Ct0.0 E- to. e 4E·. 2 -·E-60 E· 34 8 5 ~. -2344 8 257 7 
310.0 648.3 14 3. 1 -1141.3 32 6 1 . 0 -2454.3 260., 
320.0 6 32. 7 234 8 -lE-13 1 3063 t. -2CJ2€·. 5 282.9 
330. C• 589.5 27 (•. 7 -157'C~.2 2782 8 -3338.4 ., )':• 7 .,_ 

._ Q \ . ..;; 

340.0 4 8-:5 e. 17¢. ~ -1435 ~ 2142.4 - :: t· 2 ~ . s 2 54 8 4 

350. C• 423.9 14~.3 -103Cc.4 •""!""" .... -. - ~ r.., i.. r 20f6..2 .::. :!.. •..,' .j . . :.. - .:;,. (.o ( J!l ·~I 

QR£F::: PSF ;r 
2. €.? 
2 . ~~. i 
2. t. 2 
:2.61 
2. E·3 
2.60 
2.58 
2 . f. t" 
2.59 
2.b2 
2.64 
2.63 
2.5Si 
? .- ., .... ~ _, 
2.64 
2.65 00 

2. e. 4 \J1 

2 65 
2.67 
2.68 
2.7¢ 
2.70 
2.7C: 
2. b ~1 
2. t• '~· 
2.65 
2. E·5 
2.65 
2.64 
2- 6 4 
2.62 
2.5~ 
2.60 
2. 5 ·~ 
·-:: c; <:::; 
.:. . -.. • "''" 
2.59 



Table 3. Wind Loads on the Two Pyramidal Horn Antennas with Ice Protection Canopies 

*** NORMALIZEv FORCES AND ~OMENTS ON THE AT&T ~ICROWA¥£ HORN ANT£NHA *** 

WIND 
0.0 

1 Cc . (• 
20. (.: 
J:.). C• 
40 0 
50. (• 
E·O. r" 
?0.0 
8(; . (: 

90.0 
100. Q 
1 10 . (t 
1 20. C: 
13C•. <:• 
140. <;: 
150.0 
1 60 0 
1 ?Cc . (,• 
1 8t) . <> 
190.¢ 
20(t. 0 
210.0 
22t). (! 
23(~·. c-
2 4 () ~· 
25f.·. (• 
260. v 
276.¢ 
28(;,(.: 
2 9f~. t;J 
3 (t(; . \· 
31 t<. ,, 
3 ZC: . <:· 
33Cc. (• 
3 4 () ~· 
3 so.~~ 

TWO PYRAMI~Al HO~N ANTENNAS hliTH ICE PROTECT!OH CANOPIES 

CD 
1. OE· 3 

843 
et7 
0" .... 
0~ .j 

~41 
90? 
,14 
939 
'35 2 
968 
'~z 
9~8 
~1~ 

1. 021 
1. 00 2 

971 
94 6 
936 
ee ~ 
922 

1. 03 9 
1 063 
1 . 0~ to 
1. 05? 
1 . (;2 8 
1. 04 5 
1 . 05 1 
1.091 
1.170 
1 . 1 b 6 
1. 04 (;t 

1 . oO 8 
~02 
84 9 
771 
890 

t:L 
1 77 

. ~:c ~ 1 

. 0 05 
- . 1 53 
-. 1 f.5 
-.0?? 
-.036 
-.02G 

. 0~3 

. ~'t 42 

. 081 
112 

. 0 21 
-.046 
-.034 
-.007 
- .01~ 
-. t« 31 
-. 23.3 
-.169 
-.072 

. C) 72 

. 2¢7 

. 284 

. z 72 
1 .31 

-.045 
-.250 
-.339 
-.226 
- . () 32 

124 
~., c:: 

. ' ........ 

.353 

.3'57 

. 2 B3 

C,R 
- . 1 ~ 7 
- . 1? 4 
- . 17 4 
- . 1 s 4 
-. 15 8 
-. 132 
- 07 E. 
- 01 3 

¢2 3 
- ~~o £ 

001 
084 
zc; €. 
456 
43 (, 
33£ 
252 
21? 
1 3 1 
10 2 
027 

-.073 
- . 1 e 3 
- . 2~ 1 
- . 2~· 7 
- 1 (1 3 

00~ 
226 
294 
209 
039 

-.082 
- . 13 4 
- 16 9 
- . 1? ¢ 
- 1 J 3 

l:.MP 
1. (;€.3 

?74 
55€· 
5 (•ii 
4 ~ 1 

.415 
334 
289 
-"')C.-, 
.:. "-., 
252 
284 
288 
4 27 
6 77 
7 f.2 
7££ 
743 
613 
51 .j 
5 £.6 
5 76 
601 
65~ 
612 
i£. c>5 
6 <•5 
558 
556 
t• ?4 
?5? 
1!.98 
634 
543 
4 84 
s t:.5 
B f.9 

CPIY 
- 994 
-.6Z~5 
- 3 (l.=. 
-.4;;;:: 
-.55¢ 
-.547 
-.408 
-.2~3 
- 1 4 !;~ 
- . ~' ::_:, E! 

127 
. 208 
284 

. 4 55 

. 60.3 
722 

. a eo 
1 . ~·54 

Ql:;-:" 
. ;' .... f 

. b? 4 

. 538 

. 556 

. E. €. ~ 
7 ~ • 
' l ~ 

. 5 i 5 

.342 

. 058 
-.237 
- 474 
·- 5 ::;. ? 
- . 4 3 4 
-.439 
- . 4 41 
- 483 
·- . 6 2 5 
- . 8 ';! b 

AR A(SQ.fT;t 
((! . €· 
t;;S 1 
4 5 ;:, 
5.3. 4 

2 42. 1 
263.5 
2 75 €. 
2 79 .... 
2 75. 5 
263 ..... 
24e e 

46 
-=::-... ~ . .. ~·· 
~-.... 

282. ~ 
28?.3 
254. g 
2 06 . 2 
1 7 c~ . ~. 
2 <:ll3. 1 
2 45. t· 
253.4 
242 1 
263 5 
2 75 f 
27·~. 7 
2 75. 5 
•"'\ ,-, .-. 
~te..::r • .:.. 

2 48. 8 
246 1 ... c:- -, 
.::. '•' I • ( 

2£(1.~ 
282.'? 
287.3 
254.R 
:2 Ob . 2 

YD<FT) 
1 (t . <> 

'-1.2 
t. 8 , .-, 
0 . .1.. 

5.2 
4.6 
3.7 
3. 1 
3.0 
~ , 
~.0 

3.0 
3.0 
4.6 
~ ~ 

~.~ 

7. f.. 
7.4!' 
7.8 
6 ;; 
5.8 
-· ~ 2!::• ... 

5.5 
5.? 
E·. (.' 
5 g 
5.?­
s.e 
5.3 
5. 1 
5.8 
# .. ;::-

~ .. J 

t .. 7 
6.3 
f .. 0 
5. 7 
7.3 
~f. £ 

00 
Q'\ 



Table 3. (Continued) 

*** FULL SCALE WIND LOADS On iHE AT~T MICROwAvE HORH ANTENNA *** 
TWO PYRAMivAL HO~N ANTENNAS ~ITH ICE FF.OTECTION CANOPIES 

WI NCr FO<LBS;: FL<LBS) MF.<F'T-LBf.) M P < ~ T -· L 8 ~ :- MY( FT-LP.~) APEAfSf:l FT; 

00¢ 432.8 7109 -80:207 4 7 ·:· 7 i) - 4 (14 7 =i ~ 7 ~:, ~. 
J .... t • -· 

1000 422°4 4507 -8 70. 8 38 7 7 ! -3~3(.:.Z 2 08 0 l 
2000 48505 3 0 t) -li.'t34.B 33 v 4 0 i -341~03 245ob 
30 0 0 5¢308 -93.6 -112605 30 9 9 3 -28ft 7. 1 25304 
40 0 (• 5480¢ -9604 -91'3.2 •"'tl"'' ~ .-. -32t)4.'3 242 4 

.::.o v .1 • .::. 1 

50.(: 573.8 -4'Jo¢ -e 34. 7 2t-2t. '3 -34~·2 3 2 t·3. 5 
60 0 (• £0405 -23.? -5 (• 1 ~ 22 ,, '1. 6 -2696 0 C• 2 75 0 6 
7000 6 2~ 0 1 -17 3 -8~.4 1?3409 -175'3.1 2 79. 7 
84:) 0 (• 6 30 0 1 3 50 1 1 5~~ . 2 186~.~· -92505 2 75 0 5 
'0 0¢ 61207 2E·. 9 -39. 1 15'34.5 -51. 3 26302 

100.¢ 5 71. 7 4S.4 70B .. ., ""'I C' t::' ?60.2 248 g 
1 l • ... -· . .J 

110. ¢ 57405 t• t• 0 5 4 99 0 8 17tv.2 1231.7 2 .t €. 1 

12C• 0 C• 565.5 1 3. 1 1822. 1 o"\ .- ·).., ;:. 174 7 0? 2 5'. 7 .::.o ... : :;; 

13000 635 2 -28 4 2638 B 4:214.3 2 83 1 0 5 26¢.9 
140.0 679.5 -23.3 29 15 0 1 5165.? 4087.0 282.9 
150.0 6t·5. 9 -406 23¢4.0 52 5 (,. s ::1 '?-51 3 287.3 
16C1 • (• 57608 -11.3 1533.£. 4525 . .8 5362.2 2 54.8 
1 70 . ¢ 46C). t• -15.3 1¢ t·9 2 3()4(:. 1 5183.? L <.: ,_:, ,;._ 

18(«. (• 366-05 -9£.0 54009 2114.7 39460;) 11'• . b 
190.0 46508 -85.6 516. 1 285(.2 34¢€ .. ,, 208.1 
200.¢ 622 0 C• -4301 1 5 '3 . C· 3447.2 3 22 (•. 5 245.6 
210.¢ 65<.107 4405 -4 51 0 372~. C• 3451.1 ':\C:::i' A ::.. ._. ·-· . -r 

220 0 t:• 64809 122.5 -108403 3·~q)Z.5 3 \~57.·:; 2 42 0 ~ 
230. ¢ 680o(j 183.2 -1€-78.8 3 9 4 ~~ 3 4!5B3.4 2 €·3 5 
240.¢ 6 93. 2 i e 3. 1 -13~3.5 4 (( 8. :~, . 3 3874 0 1 275.6 
250 0 (! 71000 89.0 -t,98. 5 410802 2 32 7. 1 279.7 
260 0 (1 ?03.2 -3(• 0 0 s·· ':1 3735.5 71"1 ·.1 ..., 275.5 

~. " ·-'0 " . ( 

2700¢ 706.5 -1E·201 1465. 1 3t.t)3 2 - 1 :53 7 ~~ 2 ~~ 3 . 2 
28¢. (r 7 13. t;l -2t.)607 1793 B 41 ~; 6. z -.zt;~t.!:.:; 2 48 0 a 
29C}.¢ 703.7 -136 4 12E..3.S 45 7 1 . 3 - 3 06 2 . E. 2 4ti . 1 
300.0 645.8 -·1 ~. 7 2 4r::. 5 433E.. t -2€.97 9 25707 
310.0 633 0 7 78.2 -s 12 . c:; '3?83 7 -2758.9 2€.(:. 9 
320 0 (• 613.4 15~.7 -0~ ~·9 

. .., 36 8 ·;. ~i - ?. r,. t~ '~' 5 2 !32 0 ·~ .:.. 
330.0 577.5 24.¢ 5 -1147 1 03294.? -3ZE~~s.~: 2 87 . . '3 

" 340. C• 4 73. 1 21 9 0 1 -104:.).7' 34!!.4 8 ... ···~ ·~ -{ ,· 254. a -~o.;,..,..~ 

3 5(; 0 y 4 41 . 3 14 (t 3 -6 56 1 4304.2 -4442.7 206.2 

9PEF< PSF ;, 
) "7 .:'1 

-... ..... t J 

2041 
2042 
2042 
2041 
204¢ 
2 0 4 C• 
203<7 
204¢ 
2°41 
2. 4 1 
2. 4 1 
·:• 7 \it 
.... .;; <I 

2.38 
2. 4¢ 
2.39 
2.3') 
2. 3 '3 
2.42 
2. 4 3 
2.44 
2.45 
.-, A A 
~.'T'T 

2.45 
2.45 
2.43 
2.43 
2. 4 t· 
2.45 
2045 
2.41 
2 0 4 1 
2. 4 (• 
,.. .... -
". ·=· ( 2.41 
2.40 

00 
........ 



Table 4. Wind Loads on the Conical Horn Antenna - AFC CHlO 

*** NORMALIZED FORCES AND MO"EHTS ON THE AT&T MICROWAVE HORN ANTENNA **• 
AFC CH!O 

W!NI> CD Cl C"R Cf1P C"Y AREA(SQ.FT) YDCFT) 
0.0 =..,c:: 

. ,. ·-· ·-· .043 . 13 !5 .51~ -.812 133. <;: 5. t• 
1 c~ . c· 8'' t't . - .. 1 80 . C•2 8 517 - ?91 1 3?. 5 £.3 
20.0 .815 . 255 . (: 1 1 . 5 11 -.775 14,!. 4 t•. 3 
30.0 . ?40 .2£3 -.035 . ~08 -.694 1 41 . 8 £.ill 
40.¢ .771 . 2~5 - ¢1 t· .o4<J!5 - 575 1 4 () -: E .. 4 .•. 
5(c. (t . 738 . 2 30 - • ( 1 4 2 .473 -.43? t 35. e ~ •. 4 

E.(.s . '' .722 084 - • (,z~ 2 . 371 -. 287 1213 . t· 5. 1 
?(.c. 0 . 647 . 266 -.073 . 431 -.217 11~.2 £.7 
80.0 .511 . 394 -.159 . 520 -.219 107.£ • 10.2 
90. (• .435 . 158 - . 14 (• .3?9 . 002 102.9 8.? 

100. (t cc::~ ........ _,' . 1 E·2 -. 154 .298 .012 1 07 . t• 5.3 
110 . C1 .514 . 0?6 - . t;191 . 1 79 . 1 7 5 11 9 . 2 3.5 
1 20 . <i .E-CJl .018 .¢12 . 038 .347 1 2B. t· c::: ... _ . 
130.0 .716 . 147 .075 .040 .435 135.8 .6 
140.0 . E·33 . 1 '1 .051 .OE-6 . 480 140.3 1 . 0 
1~0.0 .£f,6 174 .0£4 . 042 . ~37 141 8 .. 

.~ 00 
1 E·O. 0 .702 . 209 173 . 03E· I;Q":' 1 4(:. .£ c:: 00 v,' ..... 
170.0 .£40 . 1 t 9 227 0?0 . 58~1 13?. 5 1 . 1 
180.0 . 764 - 021 .285 . os~ . ~ f, 0 133. 0 .5 
190.0 .600 -.001 . 308 . 093 . 466 137.5 1.6 
20C:.. ,, .~eo .0~3 . 38 e. . 1 a:~ . 4 2 Ct 140 4 "';' ..., ·-· . .:.. 
2lt"~.O .526 -.07~ .332 . 225 . 303 1 41 g 4 .:: 
2 2<) . 0 .684 -.0¢4 .23~ . 2€.3 249 1 4 l$ ·-· 3 t· 
23(.l. (1 . 658 - 026 175 24? 1b4 135. g 3.8 
240 0 . 734 -. 1 Q7 . 11' . 181 . 100 128. E· 2.5 
2~<).~1 .498 -.266 1?0 . () 82 -.098 l 19. z 1. 6 
260.0 .429 - 3 (J2 1 7 (J -' 0 51 -.17'2 1 0 7 . t• -1 . 2 
27t1 . ~· .422 -.344 . 1 5 1 -.204 -.259 1'):2.'3 -4.B 
280.0 . 58 t• -. 314 .021 .vt-9 - .., c:: .;., ..., ......... ! C: 7 ~~. 

1 ·;. 
4 ..... 

29C•. (• .642 -.27? 1 .& .,., 
. 10:. . C• 91 - . 4 31 .. "' .·. .~ 

L L :· • .:. 1 . -t 
300.0 . 750 -.22¢ 1£5 1 4 7 - 445 1 28. t• 2. C• 
310 :;1 . 78 9 - 1 75 1?4 .1~3 - 524 1 35 ::.· 2 4 
3 2€). (,t . 790 -.JE-8 <.) €. e 2 5~, - fE. 7 z. ; 4 (' .. :. 
330. <;t 792 -.286 ~·b 3 315 - 7 :) 4- .. # •• .-.. -t {; t ., ~ (, 

340 0 .845 -. 2 3'' . l 0 1 . 377 -.729 140.4 4.5 
350. C• . 856 -.100 .171 . 465 -.768 137.5 5.4 



Table 4. (Continued) 

*•* FULL SCALE WIND LOADS ON THE AT'T MICRO~AVE HORH ANTENHA •*• 
AF C C H 1 c• 

faiiHCr FCt<LSS) FL<LSS> M R < F T- L BS ;. MPC FT-LBS) t1V(FT-LBS) AREA<SQ.FT> QREFtPSF;• 

0.0 322.8 15.0 4 t·S 7 1794.2 -280€ .. 3 133.0 2.E.O 
10. (t 2~1.¢ 63.9 ')9. g 1834.1 - 2 8¢7. 2 1 3?. s 2.58 
2¢.¢ 295.£. 92.6 40. t• 1851.8 -281·~'.2 14(:. 4 2.58 
30. (t 269.3 95.9 -129.2 185¢.~ -252?. 0 1 41 . s 2.57 

40.¢ 2E·2. 3 e 7. 1 -54.8 tE.s€. e -1'358.7 f J! !'"'. 7 2.43 ! . .......... • 

50.0 239.5 74.b -134.7 1534.9 -1418.8 135.8 2.39 
£0.0 225.3 2f,.2 -193.5 1157.1 -895.7 128.6 2.43 
7o. o 188.9 7 8. 1 -212.0 12 56 b -b33.b 119 . 2 2.45 
8¢.0 134.5 103.6 -418.0 13t.t:.3 -57 5 9 107 6 2.44 
9Ct. (• 1 (t9 . 9 39.8 -354.9 958.6 4. 1 1 (•2. •;l 2.4£ 

100.0 150. 7 43.9 -417.1 BOt·. 4 ., 7 ·~ 1 0?. 6 2.51 ··' ·-· .. _, 

tto.o 154.4 23.0 -2 72. 1 53S.S 524.5 119.2 2.52 
120. 0 223.0 s.e 37.3 1 2 1 . 1 1119.C• t 28. b 2.51 
13Cc. ¢ 257.6 52.9 2 71 . 5 1 4 4. 4 1 56 3. 5 135.9 2.65 
14¢.¢ 235. 1 7 1 . 1 189.5 245 2 1 78 3. 6 1 4C1 • 3 2.65 
1 50 . 0 24~.9 65.:2 2 4t' . ~ 158.6 2('t12.6 141 . s 2.fi4 00 

1£¢.¢ 238. 1 71. 0 585.5 1 ·") 7 ~ 2C24.6 140.4 2.42 1.0 
L .:.. • .. • • i 

1 ?0. (t 20~. 1 38.9 ?40.3 229.3 1894.7 13?.5 2.38 

180.¢ 243.9 -£.~ 909. 3 123.2 1 78 ~ .. 2 133.0 2.4¢ 
190.0 206.4 -.4 1(•60.0 3 2C•. 3 1£.t:3.t; 137.5 2. 5 C• 
20<S.O 2(•5. 4 1 e. 7 13€·7.4 64,.8 148C:.3 140.4 2.52 
210.0 18~.7 -28.3 11 ~s . 2 so9 r; 10,2.4 t41 . a 2.54 
220.0 2 :::c; . 1 -1. 4 e 22. 1 ~1~.~ St.~.~ 140.3 2.4c; 
230.¢ 214.4 -8.6 5?0. 8 805.3 536.1 135.8 2.40 
240.0 224.3 -32.8 3 t·3 . 1 554 5 3(.: 7- (:· 1 26.6 2.38 
250. (• 142. 8 -76.3 4 as. 1 235.4 -281 7 11'3.:2 2.41 

2£¢.¢ 1 OCJ . ~ -7'7 5 437.3 -131 5 -440." 107.6 2.38 
270.0 102.5 -83.b 367.5 -4~5 3 -62~.2 102.'3 2. Jf, 

280.0 161.0 -66.4 57 4 188 ~ -<JeE •. E· 1¢7.6 2.55 
290.0 19~.2 -86. 1 347.2 283 5 -1336.8 11 ~. 2 2. 6C• 
3 00 . 0 2~2.4 -74.0 420.0 4~3.5 -14~5 ~ 128 .f.. 2. €.2 

310.0 276.2 -61. 2 '1 0. 3 ;;?4 8 -1834.b 1.35.8 2.58 
320.0 2 85. 1 -132.9 246.4 CJ(:4 (J -2426.1 140.3 2.57 
33Cc. 0 284.6 -104.0 230 3 !14?.5 -2 56 2. ? t4t . a 2.57 
340.0 303.<; -62., 3€·4. 7 1357.5 -2€·23. 1 14<).4 2. 5E· 
350.¢ 2~7.9 -35.0 5~4.9 1617 2 -:2~.74.e 1 3?. 5 2.53 



Table 5. Wind Loads on the Conical Horn Antenna - ANDREW SHXlO 

*** NOR~ALIZED FORCES AHD "O"EHTS ON THE AT&T "ICROWAYE HORN ANTENNA *** 

WI HI> 
(f . (t 

10. (t 
20.0 
30.0 
40 0 
50.0 
60.¢ 
? {c :'t 

v ... 

8() . (• 
9(;r. 0 

100.0 
tto.o 
120.0 
1 30 . 0 
140. 0 
150. 0 
1 E-0 . ¢ 
1 7(l. 0 
180.0 
19(.l. 0 
200.0 
210.0 
220. (t 
23fi.O 
2 4<) . 0 
250.0 
260.¢ 
270.0 
280.¢ 
296.0 
3 CtO . 0 
310.0 
320.0 
33Q.O 
340.0 
3SO.Ct 

AHt•REW SHX 1 (l 

CD 
. 900 
.793 
.770 
.?43 
.85€­
. 790 
.777 
.?4~ 
.589 
.495 
.470 
.559 
.E-29 
. ?o 2 
.702 
.?12 
.718 
.743 
. 731 
.b38 
. i29 
.£18 
.73~ 
.?05 
. 763 
.£54 

. '' 1 . 5£9 

. E.ss 

. £9~ 

. 8¢6 

.825 

.837 

.St,S 

. s6e 

.880 

Cl 
. toe 
. 1 75 
.210 
. 28ft 
.JE.E. 
. 355 
. 276 
.413 
. 4 06 
. 1 St• 

-.oee 
-.0£3 
-. 0 32 

.057 

. 128 

. 051 

. 0 74 

. 058 

.046 
-.017 
- 043 
- . 112 
-.036 
-.009 
-.I 85 
-.208 
-. 1 '1 
-.213 
-.286 
-.320 
-. 3 71 
-.33' 
-.332 
-.3(15 
- 215 -:oss 

C"R 
. v7 e . 

- . ~·1 7 
- . 12 1 
-.16') 
-. 1 '8 
-. lb 7 
- . 21 v 
-. 206 
-.228 
- . 111 
-. 052 

.005 
12 t• 
2lb 

.248 

.283 

. 362 
415 

. 52 1 

. 444 

.425 

.372 

.257 

. 1 7.; 

.082 

.098 
137 
131 
1 Q .-, 

. "' .271 

.2ec. 

. 2,5 

. 232 

. 20 6 

. 15 0 

. 13 8 

CPIP 
. €.54 
. 655 
.583 
. 5?4 
.569 
.64¢ 
. 625 
.64i 
.589 
.470 
. 398 
253 
1 ·~ ... 
l .::. .:. 

. 0~3 

. 0 'f, 

. 120 
1 50 

. 2 3i 

. 2~4 
3 .•, .. . ,:. '· 

. 381 

.448 

. 4 87 

.442 

. 3€·2 

. 2 71 

.127 
-.029 

. 0 E·1 

.146 
1 99 

.328 

.397 

.45? 
50( 

. 593 

CP'IY 
-.928 
- . 7 ·3 C' 
-. 7 4 8 
-.?55 
-.767 
-.655 
-. S 4 E· 
-.432 
-.2?-3 
-. Cc4& 

. 1 2 (t 
242 
.:: ~ 4 

. 4 3 8 

. 507 

.5,4 

.617 
641 

. ~-'53 

. 55S 

. 492 

. 400 
302 
2 4 E:~ 

. 1 4 1 

. o2<:• 
-.068 
- . 1 9 1 - -:~~ . ·-· .. ' .,_ . 
- 487 
-.581 
-.,27 
-.658 
- . 713 
- . ? 1 t• 
-.??2 

AREA<SQ.FT) 
13~.6 
14ft 8 
1 5(.~• B 
1 s~~ . 3 
145 9 
140 0 
133." 
1 ., 7 :'t .._.;,;."' 
11 (• . 7 
i 11 . 3 
11 (1 7 
123.0 
1 3.3 . (: 
1 4\.1 . 6 
145.' 
150.3 
1 sc· . e 
1 46 8 
1 :3~ . ( . 
146.8 
150.8 
1 5(,l 3 
l 45 ., 
140.? 
133.¢ 
123.0 
110 . 7 
1 1 1 . 3 
1 1 (l 7 
1 2 3 . (1 
133. y 
140.£ 
t 45. ~ 
1 5r.:~ . 3 
1 5(' . ~; 
i46.8 

YD<FT> - -( . .:, . 
8.4 
7. f.. 
?.7 
6.7 
8 1 
8.0 
g. f. 

1 y . <> 
9.5 
8.5 
4.5 
2.<;: 
1 . 2 
1. 4 
1.? 
2. 1 
3. 1 
4. C: 
5.0 
6 . 1 
7.3 
t•. t• 
6 3 
4. t! 
4. i 
2.0 
-·. 5 

Q , . 
2. 1 
2.5 
4.0 
4.7 
5.3 
5. :3 
b.8 

\0 
0 



Table 5. (Continued) 

*** FULL SCAL£ WINO LOA&S OH THE AT&T ~ICROWAVE HORN ANTENNA *** 
AHDREid SHX10 

WIHO FD<LBS:C FL<LSS> f'IR< FT- LSS) "PCFT-LBS> I'IY<FT-f..SS> AREA<SQ.FT> QR'EF< PSF :• 
0.0 313.3 '7- ~ 

.., ( • It!.· 265.2 22 7 €-. 2 -2582.6 139.6 2.4CJ 
10.0 285.¢ o3.7 -61 . 7 2383.3 -28?5.? 14b.S 2.48 
20.0 268.3 78.7 -452.4 2184.€. -280(•. 1 150.8 2.48 
30.0 2?5. ~ 106.2 -626 4 2132.1 -28t\~.b 15~) .3 2.47 
4¢.¢ 310. 1 132.7 -6 1 () 2 2()t·2.4 - 2 7 7 8 (:~ 1 45 . g 2.4e 
so. c. 282.:2 126.7 -59?.7 22 e ~. ? -:2339.1 1-4-0.b 2.54 
f,Q.¢ 2E·3. 5 93.6 -711.1 211~.1 -1851.5 133. Ct 2.55 
70. () 221.£ 12 2. t _, 11 . 1 1897.2 -12?8.5 123.0 2.41 
80.0 156.2 107.7 -603.8 1St·~•.4 -77 t .. 2 t 10 7 2.39 
9() . (• i32.5 48.3 -296 1 i2a:5"' 4 -1:23.? 1 11 . 3 2.41 

100.0 125.5 -23.4 -137.8 10€·3.2 32 ,, . 3 l 1 Q. 7 2.41 
tto.o 169. £ -19.3 15 ~9 768.4 732.9 123.0 2.47 
1 20 . 0 207.4 -10.7 415.¢ 404.7 129 8. 1 133.0 2.48 
130. (• 2£4.? 2(•. 0 752.2 322.4 152:2.6 140.6 2.47 
1 40 . 0 252.8 46. t e CJ2 . 2 344.~ 1 82 7. {' 145 .<J 2. 4 7 
150. 0 265.7 19.2 105£.5 447 4 :21t)4 4 150.3 2. 48 \0 

1 f.Q . ¢ 254.4 26.3 1283.8 532 3 2 1 e ~. E- tso. e 2.35 
,_.. 

170 0 252. 1 1~.7 14 0~ s 782.3 2176.'3 146.8 2.31 
1 80 . 0 236.4 14.9 1682.9 '~ 1. l 2109.6 13,.6 2.32 
190.0 220.0 -5.9 15 32 . 7 110(..3 1 92 4. 7 146.8 2.35 
200.0 220.5 -15.0 1489.€· 13'3€·. 3 1 72 3. Ct 15<;,. e 2.32 
210.0 216.5 -39.3 13 03. C• 1571.? 1400.7 150.3 2.33 
2 20 . 0 2E·6. 4 -1 J. 1 ~27.2 t7e£ .. 4 1 (!8'. 7 145., 2. 4 7 
230.0 244. 3 -3.0 620. 6 1533.3 852.5 140 ' 2.47 
240.0 250.4 -60.9 268. 7 1190 0 46 3 (t 133.0 2.47 
2~0. 0 206.3 -65.7 308.0 S5 ~. 1 63 3 123 0 2.56 
260.0 184.CJ -45.8 388. 8 3 {. 1 . 1 -l<l2.3 110 . 7 2.57 
270.0 1£2.0 -6C•. 6 371 . s -81.8 -543.8 111 . 3 2.5£ 
2 8() . 0 1 81 . 1 -79. 1 5 30 . 4 1 t• 9. 7 -lv<J3.v 110.7 2.50 
290. (• 203.9 -~3.5 7 91 1 426.2 -1420.5 123.0 2.37 
300.0 258.2 -118.9 897.2 635.5 -tsto.t 133.0 2.41 
310.0 288.7 -11?.6 927 4 1147 t -21~3 6 140.6 2.4, 
320.¢ 306. (• -121.3 e 4e. 1 144~ 9 -2404.9 145.CJ 2.51 
330. (• 327 8 -115.2 776. 1 1724.6 -2691.2 1 50 . 3 2.51 
340.0 316.9 -85.7 546.8 1848.5 -2f..12.0 150.8 2.42 
350.0 311 . ? -19.5 489. 5 21 1 7 1 -2?32 9 1<4-b.S 2.41 



Table 6. Wind Loads on the Conical Horn Antenna - GABRIEL UHRlO D 

*** HORMALIZEO FORCES AHO "OHEHTS OH THE AT'T "ICROWAYE HORN AHTEHHA *** 
GABRIEl LIHRlO D 

WI t41) CD Cl ern;~ (: ,,. CPIY AF.EA(SQ.FTi Y&t<FT) 
0.0 1.052 -.001 . C•S i .64~ -.8?6 139.4 6 .,. 

10.0 .C)43 . 1 E.O -.<i(j' . €· 32 -.842 14?. 3 E·. 7 
20.0 . 92? .235 - 106 54~ -.a 14 151 . 8 5.~ 
30.0 . e~o . 2 91 - 134 521 -.782 1 ~4 1 5.9 
40. (t .858 .216 -. l 0 3 . 557 -.725 152.8 •• «:' 

1:::• • ..) 

5Ct.O .8,4 . 223 -.12£. .514 - . 61 7 14~. 4 E-.0 
£0.0 .810 . 124 -.130 . 534 -.4££ 142.8 6.£ 
70.0 .7,1 . 1 ~' -.070 . 4 E.3 -.231 133. 3 5.8 
80.0 .659 . 141 -. 02 ~ .383 •.. ~) 4 ~ • 1 -~ 1 ·;, .... . . ... 5.8 
C)(). 0 . 671 . 149 - . 12 4 549 - () 3 t . 1 0~. 5 8.2 

1 00 . (t .600 -.081 -. 068 . Jf,\) . :) 3? 12 i . 2 0. "" 110.0 .E-28 -.oeo . ¢41 .210 . 2 0 (: 133.3 .:, . . ·=· 
120.0 .?12 -. 196 .1?8 . 132 . 455 142 8 1.' 
130.0 .814 -. 156 .271 . (.t'2 . 5 e E- 1 4'~ 4 1 . 1 
140.0 .838 -. 072 . 305 . 1 C•8 . 62 4 1 5.2 . 8 1 7 • ;.J 

150.0 .852 .013 . 323 . 1 13 . 6 39 1 ~4 . 1 1. 3 \0 

1 £Cc. (t .85£ .019 .364 . 173 . 703 151 . s 2.0 N 

170. 0 .8~7 -. 070 .488 .243 . 752 14 7. 3 2.8 
t 80 . (t .933 -.010 .49£ .313 . 7 8 () 139.4 3.3 
1 CJ(; . ~· .e7~ . 0 20 .441 . 3E-3 . 6~5 147 ·-· 4 1 
2C.t•.<> .841 . 072 .456 .418 .619 151 . 8 S.Ct 
210.0 . 785 . 077 . 368 . 4 73 .5€-2 1 54 . 1 e .. o 
220.0 .882 .038 .294 .523 .457 152. 8 5.9 
23~.0 .847 . 082 . 1' 0 . 520 . 3 E. 4 149.4 £ •. t 
240.0 .828 -.05? .C.?S . 42C• .254 142.8 5. 1 
2 5() . 0 .E.SS -. 142 . ,,, 8 . 336 . 0 9 6 133 3 5. 1 
260.0 .634 - . 1 71 . 1 (14 . 175 -.008 121 . 2 2.8 
270.<:: .5?4 -.243 . 1 () 4 -. ¢ 3'? - 182 t 06 5 -.6 
28tc.(t .73& -. (•33 -. C1 5 i . 1 3b -.18:2 121 . 2 1 . '!t 
290. v .705 -.080 .v22 .223 - .2?t, 133 3 3.2 
30<.~. 0 .794 -.227 . oS 8 . 2 51 -.46~ 14~.0 '? ·;· 

oJ. -

31(:.0 .CJ19 -.207 .213 3v4 -.577 149.4 7 7 ., ...... 
3 2<.•. (• .<)61 -.2?8 . 19 0 .373 -.&t,S 152. s 3.9 
3 30 . " .954 -. 339 . 19 4 . 4 4 t -.728 154. t 4.6 
340.0 .902 - . 315 . 12 b .502 -.?£8 1 51 . 8 5.6 
35v.v . 91 t• -.20~ . 13 3 .5~3 -.eo4 1 4 7. 3 t•. 5 



Table 6. (Continued) 

*** FULL SCAL£ WIN~ LOADS ON THE QT.T MICROWAvE HORN ANTENNA *** 
GABRIEl UHR10 0 

WI HI> FO<LBS) fl(LBS> 11RCFT-LBS> 11P<FT-LBS> "YCFT-LBS> AREA ( SQ . F T > QREF(PSF:• 
0.0 377.7 -.2 292.4 2330.2 -3145.0 13~.4 2.58 

10.0 357.2 b0.5 -33.9 2394.5 -3188.4 14?. 3 2. 5? 
20.0 35,.6 ~ 1. 4 -411 . 1 212~. 1 -3158.3 151 . e 2. 5E· 
30.0 347.2 113.4 -5 23 . 1 20 3 1 . 2 -3051.1 154. 1 2.53 
40. 0 3 20 . (t 80.5 -383.3 20 7 e. s -2702.4 152.8 2.44 
50. 0 309.~ 81. 0 -4 55 . ~' tB63 5 -223?.9 149.4 2.43 
60.0 283.3 43.3 -455.¢ 1865.7 - 1 t·3 0. ~ 142.8 2.45 
70.0 251.2 50.4 -222.8 14'-8.7 -732.Ct 133.3 2.38 
80.0 188.9 40.3 -83.3 1097.v -132.2 121 . 2 2. 3£. 
90 . 0 175. 5 3~. 1 -323.2 1434.4 -94.? 10,.5 2.4£ 

100. 0 1 71 . 0 -23.2 -193.3 1(:27. 0 104.3 1 21 . 2 2.35 
110.0 20?.8 -2£.3 13,.2 b '3 4. C• ~b3.3 133.3 2.48 
120. 0 24 7. 1 -68. 1 618.7 45'3. 4 1 58 1 . 3 142 . e 2.43 
130.0 317.5 -&C..9 10 5'. 3 360 7 2 2B 4. '3 14'3. 4 2.£1 
140.0 335.8 -28.8 1224.0 432.7 2 50 3. 1 152.8 2. 62 
150.0 344.2 5.3 13 03 . 3 458.3 2581. 4 t 54. t 2.62 1.0 

160. 0 326.3 7.4 1386.€. 6 E·l . 0 2€.?6. 7 t 51 . e 2.51 
w 

1 70 . (t 30~.9 -24.7 1?23.6 856.~ 2653.4 147.3 2.40 
180.0 311 . 2 -3.2 16 52 . 3 1042. ~ 25CJc;.5 13<:.. 4 2.3c; 
tCJCt.O 339.2 7.£ 1702.4 1398.8 2£78.9 147.3 2.62 
200.0 335. a 2e.e 1821.8 166~.3 2472.7 t5t . e 2. t·3 
210.0 317.9 31.1 1492.3 1914.5 22?6.5 154. 1 2. 63 
220.0 337.3 14.7 11 24 - 1 1~~8.5 1748.3 152. e 2.50 
230.0 316.3 30.6 710.8 1~40.3 13£1.1 1 49. 4 2.50 
240.0 2~8.3 -2 (•. e. 2 70. 0 1514.0 ~14.5 142.6 2.52 
25C•. 0 223.3 -48.5 233. 3 1145.0 328.3 133.3 2.56 
260.0 1,:5.5 -52.7 320.4 538 ~ -2 E .. 1 121 . 2 2.54 
270.0 155.4 -65.7 282. 1 -100.r) -493.7 106.5 2.54 
280.0 214.2 -~.7 -·1 5¢ . 8 3~9.5 -534.2 1 21 . 2 2.42 
290.0 224.7 -25.6 ?0. 1 7 1 C•. ~· -85 ·;. 5 1 33 .. 3 ., 7. c, .... ..;} " 

300.¢ 2E·8. 8 -7E...e 2~7.3 84';.1 - 1 sat.. e 142.8 2.37 
310.0 336.7 -75.9 778.8 1113.6 -2115.7 14~.4 2.45 
320.0 360. E· -104.4 712. 3 139~.3 -2497.3 t52. e Z. 4 E· 
3 30 . 0 357.4 - 12 7. 1 72.7.3 1651.2 -2?27.7 154. 1 2.43 
340.0 342.0 -119.3 478.5 1~¢4.5 -2C31?!.2 1st . e 2.50 
350.0 323.4 -73.8 468.7 2e·~3.? -2838.5 14? . 3 2.40 



Table 7. Wind Loads on the Tower Section AA-DD 

*** WIND LOADS OH THE AT&T "ICROWAYE ANTENNA TOWER SECTION *** 
TOWER SECTIOH AA-DD 

WIND Cli Cl AREA<SQ.FT> FO<LBS> FL<LBS> QREF< PSF) 
-10.0 2.545 -.255 143.8 5£9.8 -57. t 1.56 _,. 0 2.440 -. 100 143.8 542.5 -22.2 1. 55 

0.0 2.351 -.017 143.8 52£.4 -3.8 1.5£ 
:s.o 2.387 . 0~1 143.8 ~3,.1 11.4 1.~7 

10.0 2.544 . 1£8 143.8 573.? 3?.8 1. 57 
1,.0 2.631 . 302 143.8 5~4.? 68.2 1. 57 \0 

20.¢ 2.68? .3£3 143.8 £02.3 s 1. 4 1. 5£ 
.p.. 

25.0 2.740 . 3 09 14 3. 8 613.7 
''. 1 

1. 5£ 
30.¢ 2. 728 . 240 143.8 £1 '. 1 54.2 1. 57 
35.0 2.734 . 157 143.8 625.0 35.9 1.54) 
40.0 2.,94 . 090 143.8 £17.3 20.7 1. 5 ~ 
45.0 2.666 .016 143.8 605.9 3.7 1.58 
50.0 2.711 -. 031 143.8 £10.4 -7.0 1.57 
55. 0 2. 744 -. 0,5 143.8 618.7 -21. 3 t. 57 

SOLIDITY<%>= 22.8' TILT = 0.0 



Table 8. Wind Loads on the Tower Section FF-JJ 

*** WIND LOADS OH THE AT'T "ICROYRYE ANTENNA TOYER SECTION *** 
TOWER SECTION FF-JJ 

WIH!> CD CL AREtc(SQ.FT> FD<LSS> FL<LSS> QREF<PSF~ 

-10.0 3.328 -.201 355.2 1844.3 -111.5 1. 56 
-5.0 3. 125 -.0?2 355.2 1 73 9. 4 -·40. 0 1.57 
0.0 2.''" .023 3~~.2 16~2.0 12.7 1.~7 

5.0 3.048 .069 355.2 1'9£.8 38.£ 1. 57 
10.0 3. 263 "18¢ 355.2 1 80 E·. 3 9,.5 1. 5€· 
15.0 3.3,4 .255 355.2 1876.2 142.0 1. 5? 1..0 

20.¢ 3.~08 . 238 355.2 1 ~4 2. 9 131.6 1. 5 f, V1 

25.0 3.593 . 194 35~.2 1998.0 107.8 1. 57 
30.0 3.636 . 1 8CJ 355.2 2C.15.2 1(14.9 1. 5£ 
35. (t 3. 548 . 150 355.2 198 2. 1 83.? 1. 57 
40.0 3.442 .061 355.2 1 90 1 . 2 44.8 1. 55 
45.0 3. 287 .009 355.2 1811.8 5.0 1.55 
'0. (t 3.3CJ7 -.023 355.2 185,.4 -12.4 1.54 
55.0 3.~81 -.097 3~5.2 1 94 5. t -52.9 1.53 

SOLIDITY(~)= 12.61 TILT = 0.0 
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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 C{ = O· 2. 944-;'~ C{ = 0 , 
AA-DD 

'V = 0.2289 2.666 C{ = 45; 3. 449-ldr CJ = 45 

Tower Section 2.960 C{ = O· , 3.477 C{ = 0 
FF-JJ 

\II = 0.1261 3.287 C{ = 45; 3.806 C{ = 45 

= 4.13 - 5. 18 \II D 

= (4.13 - 5.18 '1')(1 + 0.75 \II) 
D 



Table 10. Wind Loads on the Tower Section AA-DD at 
Tilt Angle of 5° 

*** WIND LOADS ON THE AT&T ftiCROWAYE AKTEHNR TOW£R SECTIOH *** 
TILTED TOWER SECTION AA-DO 

WIND CD CL AREA(S9..FT> FD<LBS> FL< LIS> QREF( PSF > 
-10.0 2.617 -.2S' 143.8 564. 1 _,7.0 t.S5 
-5.0 2. 493 -.094 143.8 5£0. b -21. 2 1.,£ 
0.0 2.433 .016 143.8 544.7 3.6 1. 5 E· 
5.0 2. 483 . 0£7 143.8 558.8 15. 1 1. 57 

10. 0 2.604 . 157 143.8 583.5 35.2 1.5ft 
15.0 2.,84 . 292 143.8 £0,.0 £5.8 1. 57 \0 
20.0 2.75~ . 3~6 143.8 623.8 80.6 1.57 -....! 

25.0 2.775 .3c>4 143.8 £34.3 '' ' 1.59 
30. 0 2.792 .247 143.8 E·34. 4 5€-.¢ 1.58 
35.0 2.809 . 163 143.8 £2 7. 1 3£.5 1. 55 
40.0 2.771 .081 143.8 62(•. 7 18.0 1.5& 
45.0 2.703 .010 143.8 608.9 2.2 1.57 
50.0 2.766 -.041 143.8 612.8 -9.0 1. 54 
55.0 2.808 -. 128 143.8 622.5 -28.4 1. 54 

SOLIDITY<~>= 22.8~ TILT = 5.0 



Table 11. Wind Loads on the Tower Section AA-DD at 
Tilt Angle of 10° 

*** WIND LOADS OH THE AT'T "ICROW~YE ANTENNA TOWER SECTIOH *** 
TILTED TOWER SECTION AA-DD 

WI HI> co CL AREA< SQ.. FT) FI>(L8S> Fl(LBS> Qf.EF< PSF) 
-10.0 2.6~9 -.228 143.8 595.2 -50.9 1.5i 
-5.0 Z.S94 -.087 143.8 S8S.6 -1,.6 1. 57 
0.0 2.557 .003 143.8 577.9 .? 1. 57 
5.0 2.571 .047 143.6 580.0 10. 7 1. 57 

10.0 2.672 . t 24 143.8 £Cc0.6 27.~ 1.56 
15.0 2.739 .241 143.8 it'. 1 54.2 1. 5£ \0 

20.0 2.791 .316 143.8 £34.9 71.8 1.:58 
ex> 

25.0 2.807 . 261 143.8 £40.3 59.6 1.59 
30.0 2.795 . 1 8'9 143.8 £42.5 43.5 1.£0 
35.0 2.822 . 123 143.8 632.4 27.5 1.~£ 
40.0 2.820 . 039 143.8 £30.5 8.7 1.55 
45.0 2.768 -.043 143.8 £23.4 -9.8 1. 57 
50. 0 2.838 -.1 0' 143.8 £34.2 -23.? 1.55 
s:s.o 2. 843 -. 204 143.8 641. 7 -4 t:. 0 1.57 

SOLIOITY<~> = 22.89 TILT= 10.0 



Table 12. Wind Loads on the Tower Section AA-DD at 
Tilt Angle of 15° 

*** wiHu LOADS OH THE AT~T "ICROWAYE ANTENNA TOWER SE,TIOH ••• 
TILTED TOWER SECTION AA-DD 

WIND CD CL AREA<SG!.FT> Fr><LBS> FL<LIS> QREF< PSF) 
-10.0 2.6~1 -. t 86 1-43.8 589.2 -41. 4 1.55 _,. ¢ 2.'8' -.061 143.8 S72.9 -13.5 1.54 

0.0 2.527 .008 143.8 5£0.2 1 . 'i' 1.54 
5.0 2.~8~ . 023 143.8 S6S.3 ~.0 1.!52 

10.0 2.,38 . 101 143.8 584., 2:2.3 1.54 \.0 15. 0 2.701 .211 143.8 54J5.4 4t.t 1. 53 \.0 
20.0 2. 727 .243 143.8 589.9 52:.b 1. 50 
25.0 2.772 . 18~ 143.8 E·21. 9 41. 5 1.5£ 
30.0 2.79£ . t 40 143.8 £2£.8 31. 3 1. 5' 
35.0 2.813 .0,4 143.8 615.7 11 . 9 1.52 
40.0 2.815 -.024 143.8 £19.3 -5.3 1.53 
45.¢ 2. 787 -.127 143.8 619.6 -28. 1 1. 55 
50.0 2.87? -.212 143.8 642.4 -4?.3 1.55 
~,.0 2.8,4 -. 298 143.8 647.2 -66.7 1.56 

SOLIDITY<~>= 22.8' TILT a 15.0 



Table 13. Wind Loads on the Tower Section AA-DD with Heel Angles 

*** WIH~ lOADS OH THE AT'T "ICROUAYE ANTENNA TOV£R SECTION *** 
TOWER SECTION AA-DD WITH HEEL AHCLES 

WIHtr Cli Cl AR£fi(SQ.FT) FIHLBS> FL( L8S) QREF< PSF ;r 
-to.~ 2.788 . 144 150.1 £45.2 33.4 1. 54 _,. 0 2.663 . 122 1S0.1 £19.6 28.5 1.55 

0.0 2. ~'J . 038 150. 1 594.7 8.~ 1.55 
5.0 2.616 -.08' 150. 1 598.4 -20.4 1.52 

10.0 2.7,4 - .173 150.1 £2 (t. s -38.9 1.5Ct 
15.0 2.883 -. 1 '' 150.1 €.48. 5 -38.0 1.5¢ ...... 
20.0 2.924 -. 12, 150. 1 £82.2 -29.4 1.55 0 
25. (I 2. 983 -.059 150.1 696.3 -13.9 1.55 0 

30. 0 3.(tt9 -.011 15(1.1 ?05. b -2.£ t.S£ 
35.0 3.028 .030 15¢. 1 ,,7.4 6.9 1.53 
40.0 2.960 . 036 150. 1 £84.0 8.3 1.54 
45.0 2.866 .02' 150.1 '' 7. 5 fr.e 1.55 
~0.0 2.921 . 026 150.1 £87.0 6.0 1. 57 
55.0 2.984 . 058 1 ~¢. 1 f., 7. 4 13.5 1.56 

SOLIOITY<~> = 23.,6 TILT = 0.0 



Table 14. Wind Loads on the Tower Section FF-JJ with Heel Angles 

*** WIHD LOADS OH THE AT'T ftiCROWAVE ANTENNA TOW£R SECTION *** 
TOWER SECTION FF-JJ WITH HEEL AHCLES 

WIND CD CL AREA<SQ.F'T> F'IHLSS> FL<LBS> QREF'< PSF > 
-10.0 3.439 . 1£3 375.3 2c-2£.9 9£.2 1.57 _,. (J 3.217 . 144 37S.3 1874.6 84.0 1.5S 

0.0 2.982 .023 375.3 1731.? 13.3 1.55 
,,0 3.075 -. 134 375.3 1 75 7. 0 -76.7 1.52 

10.0 3.335 -.197 375.3 1894. 1 -111.8 1.51 
15.0 3.480 -.205 37:5.3 1980. J -11,.5 1. 52 
20.0 3.£27 - .120 37:5.3 2093.3 _,9.2 1.54 ......... 

0 
25.0 3.744 -.066 37:5.3 2144.3 -37.6 1.53 ......... 

30. (t 3.7o2 . 032 375.3 2163.2 18.3 1. 53 
35.0 3.713 . 0,0 375.3 20,2.4 50.8 1.50 
40.0 3.62:5 . 102 375.3 202 4. 5 :5£.9 1.49 
45.0 3.!501 . 034 375.3 1 ' ' 4. 6 19.0 1.4, 
50.0 3. :54 3 -.044 375.3 2Cl13.b -24.9 1.51 
5~. 0 3. E· 7 0 -.02CJ 375.3 2077.4 -16.5 1. 51 

SOLIDITY<~) = 13.2Z TILT = 0.0 



102 

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 UHRlO 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.l Experimental Configuration 

Figure A.l 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.l and A.2. 

A.3 Modification of the Base 

As shown in Figure 13, GABRIEL UHRlO 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.l. Configuration for Supplementary Wind Tunnel Tests 
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Two Base Rings 

One Base Ring 

Figure A.3. Effects of Base Rings on the Pitching Moment of 
GABRIEL UHRlO D 



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

*** HOR"ALIZED FORCES AND "O"ENTS OH THE AT&T "ICROWAV£ HORH AHTEHHA *** 
GABRIEL UHI?.l<:• Ct - APPENDIX 

WIND CD CL CMF CMP CP1Y AREA(SQ. FT) YD<FT) 
0.0 1 . <:•7 €. . () 30 .oeo . e B!) . i.) ! ~~ . 133. 4 B ... •• a!. 

10 . (t 1. 04 7 .1'3? -. o3fi, . 8 ;) : ·- .. ., .-, 1 4?. 3 7. 7 '·.J ~ 

2~.0 . 8~7 .223 - 12' . 741 - 2()7 1 51 e 8.3 
30.0 . 905 .233 - . 15 ,. .665 -.2()5 t 54 1 7.4 
40. 0 .eee .278 - . 14 7 . 722 -.177 1 c:; •'\ .-. ;:; 1 . ·-·.:. ·-· 
5,( . (t . 819 . 2£2 - . 1:2 B .b44 - . 1 2 f . 1 4'~. 4 ? . ·:t 
e.o. o .eoo 1 41 - . <:-~ 3 .544 -. 0 4 7 142. 8 e .. e 
70.0 .77? .057 -.013 . 437 . oso 133. 3 5.6 
eo. o . E·'' .01~ rr::e . 4 St . 128 121 . 2 e .. s 
''~ 0 

.£65 .148 - . 068 c: ~-· - . ::-?. 1 1 ~·b ~ ~.4 .w~~ 

100. 0 .70~ . <) 21 .¢14 . 409 - . t;· f";? 1 2 t 2 c:; 0 ·-· ,_. 
110.(• . 74 ~) .103 . :::•52 25(;, - c, 1 c• 1 3 3 .!;. 

..... 
• .:. . '"i' -

12c~.o . 7~2 .021 04 ~. . 1 3 7 035 142.8 1 . 13 0 

13Cc. <:• . 828 029 . (1#3 5 C• 91 O?S 1 4~. 4 1 . 1 
00 

140. ¢ .~14 - 012 . 10 v (.'22 . (f 9 1 1 c:; •·•. £ 
. ., 

·-· ~ . .:. 

1 5(t . f) Sf, 5 -. \)(•1 . t)? 3 -. ·;. C•5 . t) 6 4 i 54 1 -· . 1 
16(1 • 0 . 835 - . (s 7B . <>5 t• -· . r:~ '5 '5 . 0 lC• ~~ 1 :. : 8 -. ( . 
1 7 ('f . (• .926 -. 0 ?7 . (•58 -. L 45 . (~ 5 (• 14 7. 3 -1. 5 
18¢.Cr . 92 4 -.035 . 02 7 -. 130 - 018 13~. 4 - 1 4 



Table A.lb. Wind Loads on GABRIEL UHRlO D with Back Ribs 

**• fU~L SCRLE WIND LO~DS ON THE ~T•T MICROWA~£ ~OR~ ANT£N~~ *~* 

GABRt Et UHP.l C• 0 - APPEHI>!X 

WIN!> Ftc<t.BS) FL(LSS;• MRC FT-LBS > f1P(FT-t.BS) P'IY<FT-t.BS) AREA(SQ.FT> 
0.¢ 35.3. 5 9.6 2 €.4. 2 2e 9 <:t. 3 s 1. e 1 39 . 4 

10. 0 3£3.7 68.5 -·125. ~ 2?83 1 ~ 45 ;:: ~. 147.2. 
20.0 326.8 e1 -: -4 7(~ .., 

2S:~-;8 7 ··753 ,.: 1 51 . B ..: I 

3C•. t• 32S. e 84.7 -5 4b . 3 2417 3 - ?4 5 ~ i 54 1 
4¢.0 317. 7 9~. t• -524.8 25S1.t· - f.J 3. 4 152.8 
5(•. ¢ 290. ¢ 92.8 -4 54 . 2 2:2£2.? -445.5 149.4 
i¢. 0 2E.e. <;! 47.4 -3 12 . t· 1 B 2 2 1 -15€. 7 1 42. g 
70.0 24?.6 18.2 -39. '3 1392 2 25 ~. 1 133.3 
80.¢ 2 01 . ~ c: • 1 () ·:; . 4 13(:i~.1 3€· 8. 5 1 2! .., 

·-·. t· ,;. 

90 0 165. 0 36.8 -16'3.7 i552.';t -a 1. 5 t0o.5 
100 ¢ 205. 1 f .. 2 40 7 1183 2 -20.2 1 21 . 2 
110. 0 234. (• 32.6 1£4. ~ ?9<).3 -30 3 133.3 
120.0 254.4 7.C: 156. 4 "' ,.. ... .. 11"·'> 142. e -;- IC• 0::: ( 

1 3tc t~t 2 91 . 9 1 t;t. 3 29S. 7 3 2). 4 273.5 14~.4 

1 40 . (t 32~. 1 -4.4 3 t.O t• 77 c:; 32€-.~ 1s2. e 
• ! . ·-· 

150 0 313. 1 -.5 264. 1 -17.7 231. 3 154. 1 
1 f,Q . 0 324. 1 -28.4 203.'3 -2 (,1 ~· (! 234 ~ 151 e 
170. :.:· 34~. s -27 4 2C•5.? -514. 1 17 8. 3 14?.3 
18¢. 0 305. 2 -12.4 8~. €. -4 2?. s -58.3 13~.4 

QREF( PSF) ........ 
.£.- .:.. t• .-. ., ,. 
~. -· t-
2.4¢ 
2. 3t. 
2.34 
2.37 
? -: c: --. ...... ·-· 
2.3~ 
2.38 
2.33 
2.3'J 
2.3? 
2.37 
:2.3£ 
2. 3E· 
2.35 
2.39 
:2.41 
2.37 

,....... 
0 
1..0 



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

*~* hOR~~LiZE~ fO~CES AND MOMENTS ON THE ~T'T MiGROW~VE HORN ANTENNA *** 
GABRIEL UHRlO 0 WITHOUT BACK RIBS - APPENDIX 

WIH~ CD Cl CMR CftP CMY AF.EA(SQ.FT) YD<FT~ 
o.O 1.'033 .003 .:;•43 .852 .01C• 139 4 g 2 

10.0 .~4E. .11o -.<>75 .752 - 124 t4?::: e.o 
2 t.) • 0 . s 9 8 . i 5 4 - . 1 b ;;. . ? C) 8 - . :2 :;. l 1 5 l g ? . ·~ 
30.0 .852 .1~' -.lt..t .E·E-7 -.2a:::5 154.1 7.8 
4 o . <· . s t' 1 1 9 3 - . t 7 8 . ;:. 7 3 - . t e ? 1 5 :2 . s e 4 
!i¢.0 .8.34 tE.<;: - 174. E·3~ -144 1:::5.t: '":'? 
£0.0 .737 099 -.lOB .525 - 045 142.8 7 1 
70.0 .702 -.071 - 040 438 087 Jl3 ~ ~ 2 = 
8 (t . (t . 6 7 6 - 1 ,, ,, - ~> 1 1 4 1 4 1 2 ~. l 2 l . 2 ~ . t 0 

,0.0 .624 .0~5 -.132 .t~l -.054 106.5 10.6 
1 OCt . 0 . £7 1 . 0 16 - . <•1 1 . 3 8£ - . o 2 9 1 21 . 2 5. 8 
110.0 .717 - OE·4 0.;.,-- .204 02S 1?.3?. 2.8 
120.0 .706 -.002 043 .080 .022 142 g 1 1 
130.0 7';8 -022 .C!€'4 <)46 .C!72 14'?- -t .t· 
140.(• .962 -.()46 .\;•84 -.018 .083 152.8 -.2 
1 so . (! . e 7 1 - o 2 4 (Je 2 - . o 25 . o 7 2 t 54 . t -. 3 
160.0 .926 - 104 .0~4 - 084 ~82 1S1 8 - 9 
170.0 _,38 - 130 04~ - 105 Ot3 147 3 -1.1 
18t".t:" .989 - (l2l3 '.l•:H) -·.ll5 .\.•(,laf. 1.3'~.4 -1.4 



Table A.2b. Wind Loads on GABRIEL UHRIO D without Back Ribs 

~•~ FULL SC~LE WiND LOADS 0~ THE ~T'T MICRD~AVE HORN ANTENNA *~* 

GABRIEL UH~tO 0 WITHOUT B~CK PIBS APPEHvlX 

WIHii FO<LBS> FL< LSS i MF.< FT-LSS > MP<FT-Lf.S".: tttY<FT-LBS) AF.EA<SQ.FT> QREF< PSF; 
0.0 338.4 1 . ,, 1 4:~· :.,. ~7 ~ 1 z 3 1 . b tl·~. 4 2.35 

10.¢ 324. E· 37.~ -2 58. 2 25Sl.E· -424.3 147.3 2.33 
20 . (t 323.8 55.6 -5 ?8. 1 255 2 g - ?2 4. 2 tst . a 2.38 
30 0 305.£. 71. 4 -5 ee. 7 2.~90. 7 .. 73 s. 7 1 54. 1 2.33 
40. (t 27~. 5 ft? 5 _, 21 . g 2347.5 -~5Z t .. c:'o"\ :') ·:;. ·;· Y. 

1 -•.:.. . -· -- • -- :.1 

50. 0 2 E·~. 1 51. 6 -5 t•(J . 5 2(,t€.1.2 -4t·4 C) 135 e 2.38 
60.0 248. (• 3 3. 1 -3f,2.2. 176£.4 -150.5 142. g 2.36 
7C~. 0 212., -21. 5 -·119.8 1327 1 2E- 3 e 133.3 2.27 
8() (t 19? 1 -2~.2 -31."3 12:)7. ~ 368.8 1 21 2 2.41 
90.ti 152.5 2 3. 1 -322.0 ltr15. <;: - 13 1 1 1 (: &~ . s 2.29 ......... 

1 (•0 . C• 188.9 4.5 -30 6 1087.9 -8 2 .. 1 21 . 2 2.32 ......... 

110 0 2 2<! 5 -1i3'.t· 114.3 627.5 64.8 133.3 2.31 ......... 

120. 0 241. 0 -7 148. 2 2 73. 1 75.2 142.8 2.3, 
13(•.0 278.3 -7.5 2'3.0 1E·1.2 25(=. e 14~. 4 2.34 
14=) 0 315. ! -16.:2 234 2 r; • . ... 29 :,) -4 1!;2.8 2.29 - ~~tr.:. 

15C: <;: 311 . 7 -e.t. 2 ~4 f.. -e~.3 
... I:: Q .,. 154. 1 2.32 .! -..! , • ._. 

1 '"' 
C• 326. s -3£ g ';'?~ q -2 9 s. 1 .,~ p ,. 1 51 . g 2.33 

.. - <rtJ • ~ _..,':;I. ':;I 

1 70 . (: 3 23. 1 -4 5. () 1 48 7 -36¢.3 21 E·. 3 147.3 2.34 
1 80. ~· 31'. 7 -9.2 1 28 . 2 -4 3 E· 

.., 1 4 3 139.4 2.32 
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APPENDIX B 

Technical Details of Tested Antennas and Equipment 
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