I8HT SELF-SUPPORTING TOWER

SPAULDING" AX Series for Cement Installation
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galvanized for long life.
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All riveted construction, no wells to rust.

Hex brace design gives greater strength, braces riveted in center as well as at ends.

The AX28 tower consist of sections AX2, AX3 and AX4. Total height 24 feet.

STRESS IN THE VERTICAL MEMBERS

Section Ht. Above Wind Column Allow, Margin
Ground Load Stress Stress Safety
(FT.) (PSF) (Psl) ()]
4 0. 25,0 21492.9 21506,3 0.00
3 8.00 25.0 11688.0 21150,9 0.81
2 15.67 25.0 42141 21024 .7 3.99
Overturning Moment at base of tower = 396,110 + 02 (IN-LBS)
Total Shear at the base of tower = 27,755 4 01 (LBS)
STRESS IN THE VERTICAL CONNECTIONS
Section Bolt Applied Allow. Load Margin Safety
Dia. Load Shear Bearing Shear Bearing
(ING) (LBS) (LBS) (LBS)
4 0.500 3108.4 7860,0 4021,9 1.53 0.29
3 0.250 1620.3 1965.0 2011.0 0.21 0.24
2 0.250 559.3 1965.0 2011.0 2,51 2,60
STRESS IN THE BRACING (AEMBERS
Section Applied ALLOWABLE Margin
Load Load Safety
(LBS) (LBS)
4 202.3 1058,5t 4,23
3 138.3 1096.93 6,93
2 73.7 1133.89 14,39



STRESS IN THE BRACING CONNECTIONS

Section Rivet Applied Allow. Load Margin Safety

E
= ie (RS 8

anNy (LBS) (LBS) (LBS)

W aatle

a Load Shear Bearing Shear Bearing

4 0.156 202.30 255.9 359.1 0.26 0.78
3 0,156 138.29 255.9 35%9.1 0.85 1,60
2 0.156 73,69 255.9 359.1 2,47 87

Extra siress from the top 27 foot of tubing is within the safety factor allowed.

An allowance of 20 pounds for tubing is covered under axial load stress figures.

TEST RESULTS

An initial loading was placed on the cantilever such that, in combination with the dead load,
a distributed loading of 10 pounds per square foot of effective projected area (effective area
equals 1.5 times the projected area of one face) was applied to each section. Subsequently,
additional load was applied to the entire specimen in increments corresponding to 1.25 pounds
per square foot of projected area until failure occurred. Failure resulted from a local crippling
of the compression leg immediately below the lowest X-brace. The loading condition at failure
is summarized in the following table.

Section AX-2 AX-3 AX-4

Dead Load
(lbs.) 17 20 27

Superimposed
Load at
Failure (Ibs.) 80 83 84

Total Load
at Failure

(lbs.) 97 103 11

Shear at
Base of

Section (Ibs.) 183 286 397

Moment at
Base of
Section

(Ib-ft.) 1377 3194 5841

This report by the Spaulding Products Company of Frankfort, Indiana was conducted by John E.
Goldberg, Ph. D., Registered Professional Engineer, Indiana, Illinois, April, 1959. The infor-
mation contained in this report is a summary from their test resulis.
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introduciion

The Spaulding AX-Type Anterna Towers are cpen, iz2tliced Wowers
of triangular section. 'The towers are manuf«ctured in sections spprox.-
mately eight feet long which are poited together witk lap splices to form
towers up o 61' 8" incminal 64-feety The sections are rumbered con-
secutively from AX-1 at the tep o AX-8 at the bottom of 2 d5-fort tower,
For shorter towers, the proper number of upper s=ctione zre wged, Tous
for exampie, a 32-foot wwer wiil conmist of secnors AX-1 0 AX-4. The

lateral dimensions of successive secnions Increase, thus providing

greater depth where 1ncreasing bending moments must te resisted.

equivalert.

The towers are intended to support televisicn receiving anternss
such as for home use. In normal zpplications. tke towers are f{ree-
standing. The critical loading condition is the wand lcad copdiiinr.
The wind loads sre taken i¢ be proportional to the expoged 7r rro-
jected area on one face, wkhich is assumed fol e norrel o the direct.
ion of the wind, multiplied by a~ appropriate tactoy 2 accoun® for the

wind lcad on the two remaining. obligue {Aces
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Cross Section of Typical Diageral Element
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The section propertieg at the bage f the various

listed in the table below.
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tower sections &

Typical Cross Secticn of Tower

Section Properties of Tower |

Tower Area d Wi of
Sect. in- in. .C
AX-1 . 396 9.0
AX-2 A0
AX-3 L4352 | 13.0 | 20
AX-4 C717T ) 14,9 | 27
AX-0 LT59 | 17.1 | 40
AX -6 L9600 | 18.3 | 45
AX-7 11.889 | 21.6 | 82
AX-8 [1.428 | 24.% | 68

re



Strengih of Blemer- g
The width-to-thicknezgs ratics {or the Thar avegn o 4 .

are such that local crippling ic rot & consideratiorn., Moracyer,
each element is essentially a charrel and 18 cross secvion 1 gym
about its minor axis, the mode of prasibie comprogs e fa
element may be taken as symmetrical. Accordingly the alowar

ive stress for the wario; i is

17,000 - 488

J/f

The allowahble stresses are increa

case, in accordance with sardard codes
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The wind load of ore fac
15 psf acting on the projected ares on b oy Sfo s 2 by e o d I
pst on the poriicn above the AG-foe Jeus, A0 tne yopmer v vur Ty

normal lies at 807 1o the directorn of the wird uro b reire v mrg o

¢

component ¢n such Tmoe b ope-bn o that oy the fpos et e e b e o

pressure varies g8 the aquare of ‘he welority the foed orencd of 1
oblique faces is one-fourth of "hat o fhe: Jrortal Tao s e

be taken as 1.0 times the losd on the trortal fice. Ar 2rtapra hayng
jected area of 2 square feet srd aemumed ot o nwiog b foer At e

.

is also included,

Projected areas are computed in *he [olounmg i e
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The wind loadings, shear and Pendirg momesr: Vooramme re o oo

following figure,

In computing the applicabie axi=i loade s igeg ontly v the se v v 0 X

an allowance on 20 pounds ig i for the weigrs o the oy o e a e
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(2) Wind Load Intensities :
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{c} Shear Diagram (lbs.)

17,860
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(d) Moment Diagrzam ({i-1bs.}




Vertical Members

The average longituding! stress in the verion’ mermb. v 200005 18
critical magnitudes wher. the wird 1 rm:l b the wirdward fzoe af v e

and a single membter iz in the position of the compressior chord  or "hg ceas

the single compression vertcal is the critical memb: v

]

The average longitudina! stress wn the iy

be laken as

Where A - cross sectinnal ares of 1 ouertios,
d « rormsal distance betwesy cernrioc

M = terding momert

These siresges are computed for the base of eact ower soc oy o
ing table. The axizi !oads, P, are the welght of = secoovs gho
section in questior, nc..airg an 2ilowance of LU oy tor vs w0 e

arntenna and acceazories,
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The stresses in the diagonals are due to the shear force on tower.
The shear in each of the oblique faces of the tower may be taken as

S H = . O77H

=1
2 Cos 30°

Where H is the total shear on the tower at the section under consideration.



Since the X-braces are spaced vertically
at 18. 75 inches, the vertical component
of the force carried by a pair of diagonals
is

V=-18.755=10.8 H
D D

and the axial load in each diagonal is

Q=VL
13.9

.. 80HL
D
and the axial stress in the diagonal is given by f = Q/A.

The axial loads and stresses in the diagonals at the lower ends of the res-

pective sections are computed in the following table

Stresses in Diagonals

Sect. L D A H @ [Q/A | Allow.
in. in. Isg, in.| lbs.| lbs{ psi | I psi
AX-1 |12.4 |10.4 | .0b46 | 89 | 85 | 1660 | 21, 100
AX-2 |14.5 [12.8 |.0b46 | 143 | 130 |2380 | 20, 500
AX-3 [16.4 | 15.0 |.0546 | 200 | 1756 [3210 | 19, 200
AX-4 118.5 [17.2 |.08684 | 263 (227 |3320 | 19, 100
AX-5 120.9 |19.8 |.1125 | 338 [286 [2540 | 21,200
AX-6 |23.4 122.4 |.1126 | 422 |351 {3120 | 20, 700
AX-T7 125.9 [256.0 |.11256 | 519 [ 430 {3820 | 20, 300
AX-8 |28.8 [28.0 1.1125 | 626 | 516 {4590 | 18,900




- oregoing calculations, it is seen that the actual average
- e verticals and im the web members due o gravity and

1ied intensity of wind load are less than the allowable stresses.

" alg are spliced by 1035 steel bolts of the sizes and numbers
e shear and bearing strength are based upon basic allowable
~1 14,000 psi and 3.5 times the allowable compressive stress for
21 {see AISI Code) respectively, multiplied by 1. 33 for wind load

The thickness of the member is denoted by t in the following

Loads ét Vertical Splices

ioect Bolts t Allow.Iload lbs. |[Appl. Load
i ) Shear | Bearing

;'»-"', £-112-1/4 | .048 1960 2020 935
BX-d | 2-1/4 ] 048 1960 2020 1740
(nX-3 | 2-1/72 | .048 7840 4040 2695
ii.afxa:i 2-1/2 | .075 7840 6300 3804
AKX | 2-1/2 ] L0758 7840 63060 4867
X -a | 2-1/2 | 090 7840 7550 6212
AX-7 | 3-1/2 | L 105 [11760 | 18200 7583
a5 1 8-1/2 10105 11760 113200 8956




The diagonals are attached to the verticais by A17ST aluminum 2117y
rivets, having basic allowable shear and bearing stresses of 10, 00C and
and 36, 000 psi respectively. These ailowable siresses are increaged by
one-third for the wind load condition. The allowable loads and applied
loads on the attachments of the diagenals are computed in the fcliowing
table.

The maximum or resultant load on a rivet is, as shown grevicusly,

V=10.8H
D

These values are listed as the applied loads in the following table.

Loads at Diagonal Corrections

Sect. t RivellAllow. Loads, lbs] Appiied |
Shear|Bearing Loads
1bs.

.048 | 5/32 | 256 270 93
,048 | 5/32 | 256 270 120
.048 | 5/32 | 256 270 144
.060 | 3/16 | 3868 405 165
.07 | 3/16 | 368 505 185
.075 | 3/16 | 368 505 203
.Q75 1/4 | €55 875 224
075 1/4 | 655 875 242

REEEGRRE
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SUMMARY

- T

Transverse loading tests, simulating wind joading, were made on a 3pavic-
ing AX-68, ¢4-foot free-standing antenna mast or tower. These Lecils Indi-
cate that the ultimate strength of the tower correcsponds to the loading due

to a wind veloeity of approximately 92 miles per hour.




Dule of Tesly Wodnooday, Acreil L, 4l

Locution of Tests Spaniding Products Co,, Ine, Pland, rrankiort, Ludinn:

Observers: Messres, oL, Beard, Sr., and B, W, Lambert ¢

Products Ce,, Inc,

Mp, Joon E. Geblhorg, Rogistored Professionzl Dnglucor,

Dircetor of Teot,

The test article consisted of noctanderd 81-Tool open Lrigngais
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The mect arlicle was taken feors ciock, and the thickn

cenaions of s 2lemenls correorpond wilh thooe of the AX-ac

being vroducod by the Spauiding Products Company.
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[1I, PROJINCTED AR/ CALCULATIONS

1 accordance with the usual specifications and codes for the design of open,
triangular antenna towers, the wind Joad is 2:sumed Lo act upon an area which
i3 equal to 1, b times the projected area of one face. The relevant areas are
caleulated In the following lable for each of the eight seclions of Lhe tower,

vection AX-lis the top seclion of the lower; Scciion AX-8 is the lowest seclion.

References to sizes of legs and cross braces are made Lo the drawing of one i

of one seclion of tower on opposile page,

A B c

Width| Cross~Brace Area (5q, -FT,)
BeC, ni  |'Nidth| "lear Two |'Ten one Section
Leg LY engt] Tegs | Rraces | Pace
‘in.) tin.) Lin.

AX-1 L 29 | .U 116,00 L& 10,53 221 138,32
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s I B RS 16,70 1, =Y a7 2o g2
AX-A LT L LT0 {1875 voa6 | GUT6 L2 (4.2

AX-0 11,80 11,05 | 1e, 00 S.00 113 2,10 o, 10

W6 L72 1 LOD (90,60 | 2,26 | 1Lb0 [R76 | L6

AX=8 [2.20 [1,05 19: 99 9 a8 1. 94




W, TiesoT RisSULTS

i

with the dead load, a dislributed loading of 10 pounds p

~ffective projected area (cffective area cquals 1. b timios

arca of one face) wus applied Lo ench geclion. Subsegn

Loud way applied Lo the enlire cpecimer in increments

An injtial loading was placed on the cantllever such that,

in cornbination
er square [cct of
e projoecled

cniby, additional

correspoading Lo

1.2 poundss per square foot of projecled arca unlil failare cceourrod,

Fullure resulled from a local ervipyling of the corrpross

velow the lowest X-brace, The loading condition al fai

i the following table.

sion 1oy incnoediaisly

e io sumnmarized

Hection AX-L | AX-B] AX-3 ] X4 | AXeh L AX-6) XY LLX-8

,,vad Load .2 o 20 a7 GG g o
Thyun
\ PRI )
Cuperimposed
Load at 6 20 Sk a4 04 ! L1l i

Failure (1bs,)

folal Load
at railure a6 oYy L0 111
(1t:))

—

54

saear al

Base of 86 123 206G 397 b 62 &8 L 038
section (1os.)

soment at

Buage of Y| AT vt lhodl BERY LALGL 20T 4784
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ent Af 1.2 1he dyurnamic nroaos
ent of 1.2, the dynamic press
to the loading of 28. 25 psf which existed at failure ig

26. 25
o= 1.2 = 21,88 psi.

3

[}

The relation between dynamic pressure and wind velocity, V, in miles por

hour is given by the well known formula

N = 00256V 2

-]

Thus, corresponding to a aistribuled load . ng of 26, 2o nd an assumed

o]
&)
Hh
\v}

drag coefficient of 1.2, the wind velocily is

-4
00266

21. 86
.N0256

= 92. 4 mph.
Hence, the ultimale wind veloeity which the tower Ilsclf may boe expected

to withstand is 92. 4 mph.













