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The search for new and additional sources of energy--
from sun, wind, waves, and ocean currents--is necessitating
the development of structures in the open environment of the
oceans as well as on land. The advantages of round or
tubular members for use in such structures are shown; and
to avold the uncertainties of welded joints, two bolted
connections are proposed and thelr feaslbility explored.

A model was designed and made to resolve the problems
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CHAPTER IV
FATIGUE AND STRESS CORROSION

Literature past and present cites many cases of
fallure that can be attributed to stress corrosion, the
notch effect, fretting corrosion, etec,, and various com-
bihatlons thereof (11,12,13,14), Under consideration here
i1s the service life of a structure and the fatigue charac-
teristics of the component members, The sea environment
and weather conditions such as wave impact and cycllc
loading, which can influence the fatigue properties of the
materials employed, need proper attention,

"The first rule of deslign in fatigue situations is
to keep stress raisers to a practicable minimum," says
McGuire (9, p. 1071). This fundamental rule is at times
overlooked in the design of machinery and equipment that
goes to sea, such as cranes, cargo handling equipment, deck
machinery, stabillizers, etc. Research points to the areas
that are causative, and glves certaln criterla considered
to be important in these sltuations. A useful guideline
proposed for the deslign of structures intended for un-
attended failure~free service 1s to reduce or eliminate the
slde effects produced by corrosion, questionable welds,

fretting, and lack of proper quality control, Ample
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support for this is furnished in the paper entitled "Sub-

critical Crack Growth and Ship Structural Design® (8).

The two proposed designs, Figure 1 and Figure 6, show
several features that tend to minimize the factors that
have caused failure or malfunctioning of both machinery and
structures.

First, the stress ralsers, in this case the bolt
threads, are placed out of reach of the elements; that 1s,
the assembled bolt and nut are concealed on the inside of
the tubular members, On the outside, sealing actlion is
provided by placing a thin copper-nickel washer under the
bolt head at the washer face.

Second, minor irregularities and any mismatch between
the surfaces of the outside radius of the tube and the in-
side radius of the T-bracket flange can be made moisture-
proof. These surfaces are painted at assembly with a
liquid sealing compound, of which several are on the
market., The materlal familiar to the author has a ure-
thane base, 1s seawater resistant, and gives satisfactory
service up to about 450° F. A useful manual describing the
application and general characteristics of this sealing
compound is provided in reference (15)., The sealing of
flat unmachined surfaces 1s considered satisfactory in
marine practice; curved surfaces should be treated in the
same manner,

A third method for moistureproofing a threaded bolt
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1s to use a nut with a nylon ingert at the top side of the
nut. This device, which 1s intended to provide the nut
with locking means, will also serve as a very effective
barrier against moisture. Experlience has shown that
bolted connections made up with this type of nut (with
insert) which were opened up after years of service gave
no indication that water had found its way past the insert
into the threaded connection by way of the bolt,

The T-bracket 1s shown as a weldment, If the weld
1s accomplished under controlled condlitions, that 1s, with
satisfactory preparation of the Jjoint and proper joint
materials (electrodes), by qualified welders, and with
weldment stresses selected to be below the endurance
strength for the joint employed, then a satisfactory serv-
ice life can be expected (8). In regard to these weld-
ments, fleld welding 1s eliminated. The welds can be
fabricated in agreement with the requirements of AISC or
AWS codes.

The bolted connections here presented can be analyzed
by current structural procedures and are in agreement with
general specifications as provided by the structural codes

and the AISC,



CHAPTER V

SUPPORT STRUCTURE FOR EQUIPMENT

What types of equipment will require support struc-

tures 1n the accelerating search for new energy sources?

Advances in technology involve new methods and new solu-

tions to old problems.

The modern drilling platform at sea is familiar to

all, It contains supporting structures for equipment such

as mooring systems, outriggers
radar units, blowout preventer
new developments is constantly
creased demand for oil and gas
so0 readily avallable, Current

far north and into much deeper

for platform positioning,
stacks, etc, The list of
expanding, based on the in-
from additional sources not
exploration is being pushed

water, As a consequence,

new procedures and equlipment must be developed.

The same applies to vessels engaged in ocean mining

operations; to floating platforms proposed for nuclear

power plants; and to oll storage and refining installa-

tions, Articles in the publication Marine Technology

support the view that the future will demand advanced

methods of construction (16,17,

18).

The type of structure will, as always, depend upon

the service it i1s intended for.

The adequacy of the
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structure 1s a primary requirement, especlally for heavy
equipment on a nonstable platform subjected to motion
stresses and to wind and extreme weather conditions. Sev-
eral possible structural forms are suggested in Figure 11,
Current methods of structural analysls, both approximate
"and exact, are provided in references (5,19,20),

If the energy source sought 1s wind power, air flow
will be a primary consideration., Here a tubular structure
without cross-bracing (such as Vierendeel) might offer the
least wind resistance., Groups of wind mills are being
planned for certain areas, and one built under contract for
ERDA is now in operation in Ohio.

In locations where severe weather, such as ice and
snow, prevalls the round hollow section would provide a
protective channel for power lines and heating elements,

Results from dynamic analysis are considered of
greater relliability 1f structures are symmetrical and pre-
sent simple constructional forms.

The prefabricated bolted connection described in

this paper would apply to all of these structures.
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Figure 11. Types of trusses and frames used for

the support of wind power equipment and solar
concentration units, (A) "X" bracing. (B) "K"

bracing. (C) Vierendeel truss, (D) Warren truss.
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CHAPTER VI
CONCLUSIONS

Structures iIntended for the support of machinery and
equipment needed for the collection and transformation of
energy avalilable from the sun, wind, and waves have been
considered. It was shown that round tubular sections em-
ployed in these structures, whether for land or sea in-
stallations, would offer a number of advantages,

Detall design considerations that influence analysis
have been pointed out, such as wave and alr motion and the
corroslive action of the sea.

The design has taken into consideration such fea-
tures as ease and economy of fabrication, using the tools
and labor available to the average fabricator; satisfac-
tory performance; and ease of malntenance of both the
structure itself and the machinery it supports.

Two bolted connections have been proposed and shown
to be suitable for tubular construction,

A full-size model was fabricated and assembled in
conformity with standard specifications (AISC),

A typlcal computation 1s included in the Appendix
to illustrate the application of current design methods to

the connections proposed.
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The designs proposed have been proportioned so that
adequate strength can be provided in a given application
to meet the requirements of rigildity for the structural
members coming into the connections,

These mutual requirements are and will be the subject
of a great deal of research and development now and in the
future. \

Based on the investigations and information presented
above, the two bolted connections are considered feasible

for the structures under consideration.
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APPENDIX

CALCULATION OF SHEAR AND TENSION FORCES
APPLIED TO TUBULAR CONNECTIONS

These computations are intended to demonstrate that
the proposed connections can be analyzed according to
structural principles and also will conform to the current
requirements of regulatory bodies such as the AISC,.

Figure 12 shows a tension member connected to a ver-
tical tubular leg of a structural frame, The rotation
diagram (Figure 13) shows the relationship of the load on
the tension member to the bolted connection, Due to sym-
metry, only half the flange will be considered. In connec-
tions that bolt to flat surfaces, for instance the vertical
flange of an H-column, the X component would produce ten-
sion in the bolts and the Y component would be resisted by
the bolt shear., For the tubular connection under consider-
ation, the X component is resisted by the bolts in the
plane A-B., This load produces tension in the bolts and 1is
shown as R in the load rotation diagram, Figure 13,

To 1llustrate: R 1s obtalned from the angle of
rotation Phi (g), the angular amount the flange bolts are
rotated from the plane of the tension member, This angle

is indicated in both Figure 12 and Figure 13,
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Figure 12. Tenaion member with T-bracket,
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PLAN
ELEV.

SIDE
ELEV,

Figure 13. Load rotation diagram. ULoads due
to thrust and moment in plane A-A are rotated
into plane A-B as indicated above,
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In both figures the applied tension is specified as
22 kips and
T = Member tension, kips
= Normal tension, kips
= Shear component, kips

= Bracket balanced component, kips

owON <P

= In-plane bolt tenslon, kips

Half flange load = T/2 = 22,0/2 = 11.0 kips
X =T/2 cosX = 11,0 x 0.86664 = 9.53 kips
Y=7T/2 sino = 11.0 x 0,500 = 5,50 kips

X .23
Sos B = 05335 = 10.30 kips

In the calculation to follow the tubular connection

R

wlll be investigated both as a bearing-type connection and
also as a friction-type connection. Light frame construc-
tion 1s assumed., The tension member and the T-bracket are
connected to the tubular column with six 1/2 inch A325
high-strength bolts. AISC specifications will govern,
Can the design provided resist the applied load under the

above code?

The T-Bracket as a Bearing-Type Connection

The shearing stress 1s glven as fys, and Ay 1s the

nominal bolt area of the fastener,

Y 0 _ 0 _
fv = T37 T = (37 (5-19807 = 5.588 = 975 ke

£ 22 xsi
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The AISC Manual (10) on p. 5-193, Table 2, gives as
the allowable working stress for a bearlng-type connection,
threads excluded, 22,000 psi. On p. 5-23 of the Manual,
Section 1.6.3 Shear and Tension, the following statement 1is
mades
Rivets and bolts subject to comblined shear and
tension shall be so proportioned that the tension
stress, in kips per square inch, produced by
forces applied to the connected parts, shall not
exceed the following:

For A325 and A449 bolts
in bearing-type Joints Ft = 50,0 - 1‘6fv QLP0.0

Allowable, Fi = 50.0 - 1.6(9.35) = 50.0 - 14.94 = 35.05 ksi
<40 ksi
Table 2, p. 5-193, of the Manual glives as the allow-

able applied tension for ASTM A325 bolts 40,000 psi max-

imum,

R 10,30 0,30
Aotual, fy = T3) (&) = (37 (6-15807 = 0,388 = 17.60 ks

& 35.05 ksl

This 1s considered satisfactory.

The T-Bracket as a Friction-Type Connection

The computed tensile stress is givenas f

t.

__ B _ __10,30 _ 10,30 _
£y = T3V UADY ~ T37 (519687 = 6388 = 17.60 ket
< 40 ksi

In regard to the friction-type joint the AISC Man-
ual has the followling statement on p. 5-24:
For bolts used in friction-type joints, the

shear stress allowed in Sect, 1.5.2 shall be
reduced so that:
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Por A325 and A4lL9 bolts Fvs 15.0 (1,0 - f‘tAb/Tb)
where f,_ is8 the average tensile stress due to a
direct load applied to all of the bolts in a con-

nection and T, is the specified pretension load
of the bolt.

In the calculation here presented:

f, = 17.60 ksi

Tb = 12,000 1lbs, = 12,0 kips

A, = 0.1964 ln.2

. 12,6 x 0,196k
Allowable, F, = 15.(1.0 120 )

15.(1,0 - 0,287)

F, = 15. x 0.713 = 10.70 ksi

Actual, f, = 65?83 = 9.36 ksi
<10.70 ksi

The design i1s therefore considered satisfactory as a
friction-type connection,

Other examples could be presented, but the above
figures wlll show the application of structural codes and

methods of computation,
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