THE DESIGN OF A WELDED,
ALL ALUMINUM FRAME GREENHOUSE

Thesis fer the Degree of B. §.
FAICHIGAN STATE COLLEGE
Stuart H. Bogue
1949



THESIS



PLACE IN RETURN BOX to remove this checkout from your record.
TO AVOID FINES return on or before date due.
MAY BE RECALLED with earlier due date if requested.

DATE DUE DATE DUE DATE DUE

6/07 p:/CIRC/DateDue.indd-p.1




The Desizn of a Welded, All Aluminum
Prame Greenhouse
A Thesis Sulmitted %o

The Faoulty of
LICUIGAN STATE COLLXGE
of
AGRICULTURS AND APPLIED SCIBNCE

by

Stuart H, Bogue

et tiaseuil

Candidate for the Degree of

Bachelor of Selence

¥aroh 1949



| HESIS




216864

™

Lo



Iatrodnotion

Aluninnm alloys are produced in praotiocally all of the
forms in which metals are used: plate, sheet, dar, rod,
wiro; tubing, shapes, forginss; oastings, and 1ngot; as well
as rivets and sorew machine products, Shapes may be the
standard strustural shapes or they may be of special design
which oan be produced only by eoxtrusion, The wvarious foras
are fabriocated into finished shapes and structures by 4raw-
ing, stamping, spinning, bammering, smmchining, wclding; bras.
ing, riveting, and, for some purposes, soldering. Ease of
fabrioating and finishing the metal is one df the reasons for
the choloce of aluminum.

Comparison of eosta should de made on the finiashed
artiole as made from the different possible materials, not
on their relative prices per pound, Sinos the volume of
metal is ususlly substantially the same, the prioe per pound
of aluminum should de divided by the ratio of the speaifio
gravities (approximately three for most of the common metals)
when somparing the material costs. Ia addition, economios
freguently result from the greater ease with whioh aluminum
can be tnhricatoa; polished or otherwise tlniahod; and also
from the lower oost of distribution male possible by the
lightness of the metal,

rroqnontly; these ecanomics are more than sufficlent to
overcome an unfavorable cost gomparison from the standpoint
of metal value along, as, for example, with coomon grades
of steel., In such oanpar&-onn; the highor sorap wvalue of



eluminum, when the article is finally discorded, is always
an advantage %o be oohaidcrod.

The most generally recogniged characteristiocs of the
sluminun alloyse are thelr light weight, resistance to oor=
rosion (doth in seasosst end industrial areas,) end high
strength, These qualities are largely responsidle for the
stractural applioations of the aluminum elloys, partioularly
ia the trausportation fndustry and in arochiteoture, Some of
the vory highe-strength, heavy metal alloys offer similar
strength~weight ratios but the thinner seotions result in
less rigid and less ruggzed structures and present handling
prodlems during fabdbrication, 1In addition, most of those
alloys suffer in the o0ost oomparison with the light alloys.

The modulus of olnstloity; which is the ratioc of stress
to strein in the olastioe xangn; varies soaswhat, depending
oa the composition of the materialj in gensral, it inoreases
with inereasing amounts of alloying elements from about
10;000;000 to about 10,800,000 pounds per square inoh, Yor
nost practisal purposes, however, the modulus may be takea
as 10,300,000 pounds per square inoh,

Beocause of the lower value of 3his sonstant as coapared
with that of steel, ik is negessary to use deeper sections
in aluninum alloys in order %0 meintain the same deflection
oheracteristios when they are loaded as beamns. It 1s usually
possible to design a strueturs having the same deflection
under load and aotually higher ultimate strength than would
be obtained with structural stesel, and, at the sane time,



$0 realize a saving in weight of more than a pound for eaoh
pound of aluminum alloy used, The lower modulus of olasti-
elty is an asset when Lmpaot 1loads are to be resisted, sinoe,
other t.hing-' being equal, tht‘ _lmur the modulus, tho greater
the dbuity to absord energy without permanent set, The lower
modulus is also adwvantageous in reducing stresses produced
by misalignment, settlement of supports, or other fixed dee
flestions, acoldental or intentional,

The modulus of rigldity is adous 3.900;000 mnd- por
square inch for aluminum and its ocommerelal nl.'l.oya‘, corres-
ponding to a value of one-third for Poisson's Ratio,



Design Criteria

The new all-aluminum frame greenhouse wae designsd for
durability. A full wind loed of twenty-six pounds per
square foot and ono-half maximua spow load of thirteen
pounds per square foot were used to resist bad weather oofie
ditions, Sinoce doudble strength zlass i8 used for the wine
dows & weight of two and thirty-two hundredths pounds per
1ineal foot was nscessary for the eomputations, Since the
design was chosen to eliminate all intorior snpor’atruoture
a truss in the form of & gadble bent was seleoted, The
various members of the gable bent are to be weldad together
in order to do;elop the full strength of esach piese, In a
rivetsd struoture the members are weakened to a certain ex~
tent by the rivet holes, The ends of the truss are welded
to s bdearing plate that is bdolted %o a conorete foundation,
Sinos the ends of each truss are bolted down the truss is
statioally indeteraminate, rharotore; to soapute the moments
and reactions due to the loading, Castigliano’s theoream was
used, It states that "when & struoture is aoted upon by an
equilibrated foree system which produces a total internal
strain energy U, the dorivative of U with respect to any foree
gives the displaocement in the direetion of that foree."

The loading on tho gable bent was broken into three
parts for the sake of gomputations, The loads were broken
down a8 follows: the vertical side of the gresnhouse was
considered to resist only a wind load of four hundred and
eighty pounds per foots the horizontal component of the wind



and snow load which is two thousand ons hundred and eighty
pounds per footj and the vertiocal somponent of thirty-twe
hundred pounds per foot wers considered to act on one~half
of the roef. It was deoided that if the struoture was de-
signed $0 resist the maximum loeding on one side it would
be sturdy enocugh.

The first member to be desizned was the tee seotlon
glaging bar, It was eonsidersd to be a gcontinuous beam with
five supports and a uniform load oa it of four and one-half
pounds per foot, The maximum mnegative moment was found to
be larger than the maximum positive monta; thororoxq', the
negative wt governed the design. The seotion modulus
required was 0,144, The tee sestion chosen was a two inah
by one and oae-helf inoh section with & sestion modulus of
0,195 The section was ohecksd for shear and found to be
satisfactory,

The purlin was the next member to de designed, It was
designed as a Bimply supported beam with ooncentrated loads
at & little less than two foot intervals, The loading eone
sidered was the snow and wind load; the weight of the shu;
the weight of the tee seotiens; and an assuned weilght for the
purlin itself, The total loeding designed for was two
hundred thirty pounds at less than two foot intervels, The
meximun moment was used %o oompute & seotion modulus of A.93.
A six inoh channel seotion with a meotion modulus of 5,00 was
chosen, The channel was checked for ahear on both the X»X
axis and the Y=Y axis and found to be satisfactory.



The truss was the last membar to be deasigned, The
aocments and reactions determined by Castigliano's theoren
were used to selest a seetion modulus of 14,99 An Hebean,
with a section modulus of 15.06 was seleoted to make up the

gable bent,
The ocaloulations are all sontained in the appendix,



lerits of This Desiga

This alumigum frane greenhouse haa many advantages over
the iron pipe and wooden frame houses, The most outstanding
advantage of this design 18 the great decrease in mainten~
ancey The alumlnum structure will need no painting. Palnt=
ing & wooden greenhouse serves more purposes then for just
looks, V¥ood must be kept covered 8o it won't dry out and
rot and be a ¢ollscting place for d4lrt. A big problem in
the flower business 1s disease eontrol, These 4isease organ-
isms thrive in dirty places and are harder o eliminate by
funigation if they have a place to hide, Yor these reasons
e wooden greenhouse must be well maintained at & large ocoast,
The aluminum framework will eliminate the yearly maintainance
and mske the oleaning comparatively simple, Woodsn houses
must have metai Joints and due to the high humidity required
for flowers these Jjoints will rust guiokly, The aluminum
frame house will not rust either in seacoastal areas or
inland areas,

Glass maintainance is also enother large itea in the
greenhouse business, In addition t9o the regular replece=
ments due to broken panes a greenhouse must be reglaized about
svery ten years, In the wooden frame house this repreaents
a big projeot. It eonsists of removing the old glass, pulling
out all the glazing nails, removing the old putty eand then
$he whole prooedurs musat be repeated in reverse to replace
the glass, Approximately forty per osnt of the reglazing
tine mey be saved with this new aluminun design, Renmoving



the 014 putty, which was escumetimes hard as rook, meant lots
of soraping and even shavings were removed from the wooden
glazing dbers trying to remove the pugty. S8eraping and nalle
ing are eliminated by the new aluminum glasa olip which 1is
spot welded to the sluminum glazing bar. To remove glass
sinmply push the olip in against the glazing bar and pick the
glass outj to replace the glass push the elip in, insert the
glnto‘nna let the olip spring back into place against the
glans. ‘

The aluminum desizn will allow no sagging of the roof
after many years as the present houses 40 unless they are
rigidly maintained, A sagging roof ¢an be & largs sxpense
due to heat loms even though it may not be notiaeabdle at
the time, Glass has a tendenoy to 8lip when the roof sags
and this is an added worry during the bad wesathoer months,

The perfeat greenhouse would be one that had a roof
entirely of glass so there would be no shadows inside whate
sosver, B8ince this is impoasible, the next best thing is a
house that will allow a maximum amount of sunlight through.
This sluminun design fulfills this qualifioation, It is
designed to hold glass that is twenty inohes square rather
than the standard sixteen by eighteen inch glass. The elimie
nation of the 1n§er1or super strueture will also reduce
shalow area. 8inoe shade lines are kept to a ninimhn the
sun will penetrate the frost gquicker and the wianter sun is
able to shine through longer,

Inside she greenhouse space is very important, this
means that the dench arrangement must de sueh that a aaxiaun



nomber may bs used, In the woodon houses bench arrange-
ment was rather limited deoause of the interior supports
that were necessary, These supports are oliminatéd in the
new design and will allow any bonch arrangerent which would
be the most profitable,

A pleesant appearing greenhouse is almost a prerequisite
to be suococessful in the flower business, The eluminum frane
greenhouse would fulfill this requirement to every extent,
The gable bent eliminates the need for any unsightly supere
structure, the aluminum will never rust or require painting;
and most important of all; it will look Jjust as good after
ten years of service as it 4id on the first day,



el4in;

Ausinns alloys wre desipoated by nuacders rether thea
by anses by Aleca, An slloy of & gives eorposition is glven
& mbor and, in cass 1t 1s & wrought alloy, the swder is
followsd by the letter 5, The tanpor dseignation follaws
she allay nuxber, separeted frox 1% by & bDyphes,

' The importast conneressl meSLeds of welding aluainum

ares (1) fusion weldinz, whieh ineludus the use of gow,
: um are, automstio and manual oarvon sre, and atonls hydroe
gen, ond (2) slsctrio resistsnce weldlag, which fnolulss
#pot) seang and dutd flash welding nethods,

The sost weldable slumisun materiel is Alooa 28 or
gocmeroially puare sluwsisuse I8 another group of alloys, thw
strensth dapands on hest $resting but this will oot be teken
fnte coastderstion here, Y“hare it is desiradle %o we s
zaterial vish higher tensile strength and sultadle for atructe
um. Alooa 520 is suznectsd, Vhea funion welding this elloy,

" more 8iffioulty is axperienced faom eraciking in the weld mone,
and for guood results &% §» Lxportast $o s Hutt or edgs welds
and o eliztnete Zep or £illet wolds,

| ohe metal ane woldlng prooess has the udvantege that the
Jighly eososatrated haat sons odialasd prevents exesssive
sxpansion of the papse deing walded asd lsasens the aistartion,
In #041t105, the preparation of tha Jointa for walding is
sizyle asd the rals of welding §s faoter,

“elding slaninua oas % perforned in any position, however,
the euse of application and the quality of ths completaed Joints



are consideradly better when the welding is performed in the
flat position. Welding in the overhead position is very
airfioult and should be entirely avoided if possibtle, Metale
arc welds ocan be made with standard D, C. motar-generator sets
used for wolaing other msteriels, ZProper po).arity may be
doteminod by trial on the jJoints to be mado, Approximate
current settinga and elutrodo sizes for wplding various
thicknesses are as follows: for one ei’hth inch thickness,

a one eighth inch rod may be used with apm:;uuuly elighty
azperes; & one quarter inch weld would require a three sixteen-
ths or one quarter inoh rodat twe handrsd amps; and the same
rods may be used for a one half inch weld using a current of
about three hundred smpsres,

Commerocial electrodes with a heavy flux eccating are
always used, The flux eoating has two purposes: %0 remove
the surface oxide from She filler metal and from the parent
metal end to stabilize and eonfine the are to the end of the
alectrode. Eleotrodes may be obtained made from scanereislly
pure alumisua or froa an alley sontalning ninety-five per cent
aluminum and f£ive per cent silieon, The silicon allcy elect-
rodes are gensrelly und, hwmr; as they result in greater
fresfon from orasking diffigalties, The pure sluminum eleote
rodes would bs used only where severe corrosive servige oondi-
tions are expected or to odialn a better color matoh with some
of the aluminizm alloys. ‘

The preparation of butt joints for metal-are welding is
conparatively simple, Because of the ease with which penme~
tration can de obtunod; no edge preparation is required on



material up to one quarter inok in thickness, Heavier materials
should be partially beveled to within one quarter of an indh

of the bottom of the seotion, This preperation can sometimes
be dispensed with if the material is between cne quarter and

one half fneh in thickness if & weld deposit oan be laid down
from both zides of the seetion,

Striking the ere for this welding is very simller to
lighting e match, The eleotrode metal melts very reridly in
the &roc and; limilatly; solidifies quite rspidly when the are
is extinguished, In view of this fact, it will be found that
an attempt to draw the arc by touching the rod to the work
will, almost invariadbly, result in burning fast or freezing
the rod to the work, After striking the aro near the point
where welding is to start; ‘the are is brought to the starding
point and welding is degun, During the rfirst few aeconds of
welding the arc may be somewhat unstable due to the lower
tezperature of the parent metal end during this time an are
slightly longsr than normal should de held to aselat im bring-
ing the parent metal up to temperature. The ara should be
kopﬁ as short as possible to iaxprove ita stability. An are
length of one eighth to three sixteenths of an inoh is most
satisfagtory snd it should never exceed one quarter of an ineh,
The are voltage is from twenty-two to twantiy-five volts. Cone
siderable molten metal is thrown about in the form of splatter
if a long aro length is held, An erc too short will be ex~
tinguishsd freguently by short eirouiting of the electrode
and the weld pool.

The rate of bura~off of aluminum electrodes is from two



to three times the rate obtalned on the same sizs of stesl
eleotrodes; rutbomro; a eonsiderably shorter are is held
when welding sluminum, In view of this faot an operator who
is familiar with arc welding of steel will rscuire some praote
joe in order to produce good weld in aluninum, Weaving of the
eleotrods is not necessary as in welding steel, In welding
thiok plate the elestrode ean de moved forward end backward

or moved slowly from side to side to dulld up the desired
height in the weld,

The low melting point of aluminum, as well as the high
rate of &lffusion of heat away from the Joint, recuires speo~
fal oonsideration in choosing the exact ourrent setting to
be used, Snall parts or material whioh has been pre~heated
require considerably lower values of welding ourrent than
would be used in making a eimiler weld on parts of large sise
or on 60ld material. If too high a value of current is used,
the operator may find it impoasible to keep from burning holes
sompletely through the work, ©On the other hand, if too low a
value of welding ourrent is uaed; incomplete penetration and
a high and narrow bead will be obteained, A good ground connes~
tion to the material being weslded is very important., A poor
ground eonneation will be indisceted by difficwlty in sterting
end mainteining the are, When the are is extinguished an ine
sulating fuse flux oocating 1s formed over the tip of the elect-
rode sharply on the work, After this coating has oracked off,
the arc mey be restruok; using the fnatch striking™ methods,

In meking multi-pass welds 4t is important that the
#olidiried flux be removed from each welded bead before pro~



ceeding with suocessive beads, Tallure to remove this flux
will result in welding 4diffioculties and with entrapped flux
in the welds,



Weld Design

Before the amount ot weld needed at each Jolint can be
determined 1t is necessary to know which loed conditions
will produoce s maximum momeat. This was decided by a trial:
and error method. A loesding was placed on the struoture
and the moments were somputed., It was found that the load
due to wind caused the greatest stress. The moment due to
the dead loed was added to that caused by the wind load and
the maximum moment was fifty-two thousand foot pounds in
Joints "b* and "4", the Joints where the roof joins the ver-
tical member of the truss, By this same methed the maximuam
moment at the peak joint was found to be sixty-one thousand
foot pounds,

The wald at joint "b" was the first to be considered,

A ocomplete butt weld between the designed aanber and the
vertical was made and the rest of the strength was provided
by a cover plate on doth the $op and the bottom of the flange.
The butt weld would resist a moment of twenty-two thousand
foot pounds; therefore, this left thirty thousand to bs taken
by the eover plates. A width of five inches was arbdbitrarily
selected and after finding the moment of inertia of the plau;
a thiockness of one~half inch was found to bs satisfactory.
The value per inch of a half ineh weld is two thousand four
hundred and seventy pounds, With a plate stress of sixty
thousand pounds, twenty-four inohes of weld are nseded to
prevent failure. Hmver; twenty-oight inches was provided
for a margin of safety, Nine inches 0f plate with a three
inch "V* notoh was used on each side of the Joint. This will



provide a rigid conncotion for each of the lowsr joints and
yet 1t 1s not too conservative.

Sinoe the Joint at the pesk has a larger maximum moment
i1t will require a thicker plate and more weld area. The butt
weld between the two Hessctions will taks twenty-two thousard
foot pounds as before, leaving almost forty thousand‘to be
taken by the plate, By the same method of calsoulation a five
eighths inoh plate was found to be necessary. A five eighths
inch weld with a value of thres thousand pounds per inoh of
weld was used. With a plate tension of seventy=eight thousand
pounds it 18 shown that about twenty-five inches of wold were
necessary. As before, twenty-eight inches was provided., A
five eighths inch plate, nine inches long, with a four inch
*Y" slot a8 used.

A welded oonnection was also used for the column anchor-
ege., The maximum moment that a aix inch W-section oan resist
was chosen as the design limit for this connestion. This
moment was found to be two hundred and sleven thousan& ineh
poumds.. The 3ize of bolt nescessary was first determined by
£inding the bolt stress caused by this moment, The aize bolt
necgessary was a onarand one-half inch stsel bolt., The bolts
will de anchored in the conorets at the time of pouring,
allowing about twelve inches to protrude above the surface of
the conbrets. FNext tha size weld desired must be chosen., A
thres eighths inch weld was chosen with & values of less thaa
ninteen hundred pounds per inch of weld., V/ith this value and
the maximum bolt streas of ninteen hundred pounds, a little

over five inchea of weld were required, This value must bs



checked for shear from direct pull and shear from flexure
and also the resultant shear on the throat of the weld, I%
was not found to be suffiolent therefore a length of ten
inches was chossn and found to stay within the limiting stress.
A four by four by three-eichths inch angle was chosen to
complete the oconnection. It wes checked and found to be
sufficient to take the stress. The angles must be ten inches
hiszh in order to provide the necessary weld area,
Computations and sketohes are sontained in the appendix.
An estimate wss made on the electrods consumption for
the construction of this greemhouse. There wers about fifty-
four pounds of three eighths inch electrodes neocessary for
the eighteen butt welds. Thers are about forty feet of three
eighths inch fillst weld in the column anchorage, This will
require about forty-two pounds of eleotrodes. In the cover
plate welds at joints "bd" and ™4™ there are about one hunired
and twelve foot of one-half inch weld but thres passes are
negessary, therefore, the requirement here is about one hund-
red sevanteen pounds, The top cover plate needs four passes
to £111 the five eighths inoch fillet weld and since there arse
fifty-six feet of weld it will take almost ninety pounds of
eleotrodes, These figures will give the prospective builder
a rough estimate of the amount of each size eleotrode neosssary
for the construction of this greenhouse,
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