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One brizht soring mornineg severzl years ago, the author,
then employed by the Lichizan State Highway Terartwment, wes called
into the office of tre Eridge Engineer and given his first assign-
ment on field construction. The devartment had under contract at
the time an all steel bridge of the steel deck girder tyoe with
steel sheet piling abtutwents instead of the usuel concrete sub-
structure units. An attemotwas being mede to fabricate s»hecial
sections of cheet piling by weldinz togetner half sections of
piling and other structural members in nieces thirty feet lono and
things were not c¢oinz vell. The steel feabricator had celled tre
office and asked that some one te egent down to see wiat a H--- of
a tiwe he was having and, if possible, make succvestions a&s to whet
ne could ¢o to prevert tue sections from twistine ant warning out
of shane., Svuch was the authors first contact with weldine ant th
all steel tricdge. The final outconre of this first assignment was
the anohointwent of the autnor os welding inspector for the State
Eignhway Cejartment,

During his time in direct contact with welrers and weld-
ine, the cuthor became thorouchly convinced that electric arc
weldirng was the coumingz thing in the febrication and erection of
structural steel an” there were tremendous nossibilities for an
all steel, all welded bridge, Test snecimens with ultimate
strengtns of £85000 to 75000 lbs. per eq. in., were not unusuel and
welcders who could not produce welds having an ultiuete strength of
50000 1bs., per sqg., in. of weld metal were not allowed on the job.
Tne all steel tridre, even though it wcs still in the exrerimental
stage, was & success both frow an engineering and 2 finencial
stancépoint,

This thesis is an outgrowth of the exnerience the autnor
hed in tre building of this first all steel tricge, The first
portion of tie tihesis 1s given over to a detailed studv of the
process of arc welding anc tie eguinment involved, The strength
of welded joints is discussed anz cata ottained by testing welds
to failure included. Tne proner agglication of welding to struc-
turec in general ancd the choice of structural shanes most suited
to welding is exnlained and illustrated. Next comes a short dis-
cussion of the steel ceck girder tyre of bridge sunerstructure and
the many edvantages of this type over concrete beam and gircer or
steel plate girder or truss construction for short hishwesyv snans.,
The balance of the thesis covers in detail the a2ll steel sub-
structure unit nroposed. The acvanteces and Jdicsadvantages and the
limitations to be olaced upnon the choice of this type of sub-—-
stricture are cet forth., lLeny of the difficulties encountered in
this tyove of construction are mentioned and their solution des-
crived., And, finallv, the cost of the all steel, all welded brifge
is compared with the cost of other tyves usins actual coet as
tabulated in the Fourteenth Piennisl Report of the llichigan 3tzte
Highrey Comuissioner &s a bvasis for comparison.

These introductory varazrephs tell in & gereral way whet

is included in this *thesis and what the author attempts to establish
ag reasonable conclusions to be érawn from the data sutmitted.
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“elfire is cefined &g & locelized consolicdatiocon of
metels Ly weans of heat, ie., 1f two pieces of metel are heated
to the proper temmerature, and thenx united oy pressure, contoct,
or fusion, they are said to tc welced. There cre many cifferent
processes of welcing, tut they can all be inclucded in one of tvo
broad clescificzations wnich in some caseg over-lap, tut are never—
thelees essentially different., These two general processes are
known as tne plostic uwrocess and the {usion oroccess.

Ter

wel<ing by the vlastic orocess is accomolicshed by

heating the surfaces to be welced until they are in a soft or

plastic concdition and then Icorcing them together Ly external |
pressure, No adfiticnel metel is edced to the joint and the i
surfaces never reach the fluid stace, Under this heeding are |
clascsified forge welding of all tyses, electric resistance weld-

ing, anc tae thermit pressure process.,

"elding by the fusion vrocess is acconmlished ty
heatiny the surfaces to ve welded to a fluid state snd then
edding sufficient metal from an outside source to comolete thre
joint., Thie group includee the simple thermit vrocess, electric
arc weldinw, and gas torch welding which latter two processes
ere the moet adaptable to manual wellding.

Tne field of anplication of welding ty the verious

metnocs i3 teing steadily enlarged by research and expverirentaticn

nd new metnods and new eguivment are being oresented ezch year
bty the various manufecturers. aAutomatic wel:ing wmachines are now |
on the market that do their work with as little attention as an
automatic screw machine., Velded steel is replacing cast iron in

the manufacture of wachine parts of all shapes and sizes with a
consiceratle savirg in tine and expense. Cimple structural

shanes and olates can be conrined guickly and accurately by welcd-

irz, to take the slace of castings, thereby eliminating the costly
pattern shop end founcry. In more recent yeers, welding has Leen
applied to the fabrication an’ erecticn of etructural steel vith
considerable succesc and veldinz equinment is now considered
necesssry in arn up-to-date fatriceting shop., It is not likely

that welding will ever entirely sunplcrt riveting, but the aosnlice-
tion of welfing varticularly to angular and curved connections is
increasing steadily.

From such work is teirg cerived a steacily increasing
fund of knovwledese and erpericnce which is eliminating faneticiem in
the arplication of welding and it is now recognized thrat tre field
for weldine is not unlimited. Also it is beine learned that each
type of welding hes it's own field of &anclication in which it is
the most efficient and economical, Arc weldinc is rct nearly es
successful as gas welding for cast iron end at present, electric
welding, is not to be recomuended for joints in cast iron where
strength ic essential. lNeither 1s electric arc welding to Le recou-
rended in the cese of non-ferrcus metzals like conrer, treess, or
aluminum in wnich cxidation of the carent metal takes vplace at a
temperature foar telow that of the electric arc., Such welding is not
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impossitle, Yut it requires a hichly sxillec¢ ooverator, ancé the
gtrencth of the joints is not cepencdable, However, for the
wellire of structurel crede, ond the mcre common 2lloy steels,

no procecs ic suverior to electric arc welding in reliability

and ease of avvlicztion. The necessary equirmrent is inexpensive
and highly mobile, anc skilled ovnerators are rnow available in all
parte ¢f the country et reasoneble wage rates., lew tynee of
equinment are eliminating variations in the strength of weld, due
to the personal elerent, ancd any onerator who has received adequate
training and who has had a reasonable amount of experience can
mekxe welded joints which are uniformly demencdatle under alwmost
any conditions,

Since the purpose of this thesis is a study of the
epplication of the electric arc o»rocess, no further sttention will
be paid to any of the other methods of welding,

It is a well known fect that, civen the right typne of
current eunnly, an electric arc can be formed between two vieces
of metal - known as electrodes = and that, as long as the supnly
of electric current ie ample for the lerngth of arc held, tle arc
can bte maintained., The gap between the two electrodes is bridged
bty a stream of electrons which complete the electric circuit. The
resistance offered by the surfaces of the electrodes to the passage
of these electrons results in intense heat at the surface of the
electrode, and a crater of molten metal is formed. If we sub-
stitute a steel wire of proner size for one of the plates, we can
raice the temperature of the surface of the olate and of the end
of the wire to the stage of fluidity, an¢ the retal from the end
of the wire will flow on to and unite with the molten metal at the
surface of the plate. Ey proger wanigulation of the wire elec—
trode, 8 uniform gdecosit of new metal cen be rlaced ugon the
surface of the vlate in the form of a ridge, this deorosit being
knovn as a "teacd"., UNow, if we go a etep further and proceed to
draw the crc et the line of intersection of two plates, the surfaces
of both can be raised to the fluvid stage, and the tead of new
retel from the wire electrode vlaced at the intersection. The
metal from 2ll three sources is thus fused into one common mass
and in this way the two plates are joined torether and the joint
reinforced by the &adfition c¢f new metal from the wire,

The equirment required for arc welding ic not particulerly
complicated or expensive, &and usvally ccneiets of the following
viecces of agvaratusi— a welding cenerator with a suitakle prire
mover, which wmay be either an induction motor or a gas engine, to-
gether with the necess=2ry anpurtenances for the control and
measurerent of the flow of current to the arc, an electrode holder
suitable for use with the ordinary comuercial electrodes and +%he
necessery catle to establicsh connection with the generator, a
ground cleamp and ceble, suitable protective devices for the operator,
most important of which is the welding helmet with its srecially
made dark glass eyeriece, and a supyly of electrodes. All of this
equipment is macde by a nuuber of different concerns and no attempt
will be made to discuss the relative merits of the products of
these different companies. However, each of these pieces of equin-
ment will be descrived briefly with the idea of giving the reader
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¢f this thesis soac icdea of the characteristics of the eguipment,

and the concditionc which et Te met Ly the manufecturer.

A sieady, uniform flow of electric current to the arc
is one of the essentials for reliable and economical welding, &and
the menufacturers of weldine generators have given wuch attention
to the details of these mcchines an?! their controls. A good
welding generator must deliver current at the proper voltage and
amperece for tre work at hand, ruet not be overly sensitive to
variations in the resistance of the electric circuit which it
geudnlies, and must be able to withstand repeated short circuits,
This sounds lixe a rather large order for a generator, but the
modern welding generator will wmeet all these requirements with
ease and many others tesides.

The present day generator is either a two or four sole
compound wound machine of the "buckine field" tyoe. The term
"bucking field" zecans that by some means or other there is get
up within the wmeachine a field oonosite in direction to the mein
field, and it is this opnosing or "bucking" cffect that mokes
00ssible hirh current flow at low voltaces ard cermits adequate
control, There are meny varistions in the way in which this
tucking field is prouced and uced. One company uses & series of
intergzoles. A4nother uses a split pole viece with windings on each
leg, ©Still another uses a pcir of 1pteroole° with tawve* windinrcs,
The object of all these manufecturers is to obtain & series of
arperege rancges without changino the value of the main field
2poreciakly and without movinz the brushes from the neutral point
at which commtation is the best, In 211 cases, fine adjustment
of amperece procuced is obtained by very liaited variations in
field excitation. The finral result is & generator whose outsut of
electricity at low voltage ani high audoerage can e controlled by
the cowmbination of a multi-noint switch and a field rheostat,

Velding generators are roted by their nominal canacity
in amneres a2t full load and range from 100 aums which is the
smellest to 600 amms or more in steos of 100 awmds or theresabouts.
Generators rated at either 200 or 400 aims are the most coumon angd
will meet most requirements, The 200 amd machine will sunnly a
current range from 0 to 300 amrs cenendireo uson the voltage and
length of the arc. The 400 amo machine will supoly from 75 to Z00
amps and 1s of ample canacity for almost any tyne of weldinc using
either bare or coated rod. The smzller machine is hardly 1ar0e
enougn for steady use with cozated rods.,

The orime mover for welding generators may te either
an induction motor or a gas encine, Where adequate AC current
is available, an induction motor is ty far the ktest drivinz unit
an’ the most econouicel. A motor rated at 20 H.,P, with a con-
tinuous lo23 termerature rise of 40 C, will drive a 400 samn gen-
erator and a motor of half that size will drive the 300 em gen-
erator, For field welding, the gos engine ¢riven unit is by far
the best and in meny cacses is the only tyne that may bve used.
A 400 arp generator will regquire a 50 H.P., eix cvlincder encine of
the heavy duty tyne rTunninc at 1500 rom., or more under full load,
A 200 amn generator will require a 20 H,P, enrine, also cdesirmned
for full load at 1500 ropm, or more, which may be cf four cylinders,

Either engine will recnire a reliable governor to protect the encine
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fron over runninz when the load is suddenly removed as it is
whenever tne arc is btroken &n? elso to brirs the generator us to
speed guickly after the arc is struck agein,

Ls hag been said tefore, the controls for the ordinary
weldins generator consist of a multi-coins switeh of sore tyne
to vary the welding current in stens of frow 50 to 100 amneres
eand a field rheostat for finer adjustment. This arrangement
rerinits close ard acdequate control of the arc and also allows sore
variation in the relation of current to voltege, this being im-
portant wnen extremely long leads are required to reach the work.
modern day sets also have & reactance in gerieg with the welding
leads to stabilize the arc and to nrevent the surce that always
tends to occur wnen an electric circuit is shorted. An ammeter
and a voltreter are stancard equipnment on all welders and are
necessary for the procer setting of the controls for any pnarticular
piece of work. An experienced welder will cxneriment on scran
material until he has the e&xperege and voltage at the arc exactly
as he wants it for the work at hand, and, once set, exvects-the
machine to be stable enougn to maintain that setting without
further adjustuent cor attention,

Normally the cdetails of the structure will, to 2 large

extent, determine the arrengeument of the parts and the location

of joints. The scwe care is necessary for welding as for riveting
to avoid inaccessible joints and the detailer should te farilier
enouth with the vpossikilities of welding to know rhen and how to
cnly welding, There is never an excu:se for an inaccessible joint,
In reneral, workx should be arrange” in such a manner that short
leads are possible and a minimum woverent of the welding machine
necessary.,

One of the leads from the welding wachine is connected
to the work bty means of a "ground" clamm which can te securely
festened at some point where it will not te in the wey of future
work. So lonz as there is a continuous metallic circuit offered
ty the work, the ground clamp egeldomn, if ever, has to te moveld,
and is often fastened in place by a short tack weld,

It is necessary for the welder to protect himself care-
fully against the pecesibility of arc burn caused by the larce
proportion of ultra-violet rays in the flame of the arc. All
exvosed surfaces of the body zust be covered. Ordinery heavy
clothes are sufficient for the main portions of the body ang
canvas gloves will protect the hands. Tne eyes anc face are
usually protected by a hood or helmet with eyeoieces of snecially
prezarei darx glass which filters out most of the dangerous reays.
The effect of arc burn is the same as sunburn, but is more in-
tense and dangerous. Eurned eves are Jjust about the most painful
things that & hunan being has to experience, ant there is little
or no relief to be ziven the patient. He is temnorarily blind
and a mild local anaesthetic is &ll that can te anplied to the
eves, MNatural healing processes will heal the burn in 48 hours
if it is not too severe, but medicel attencance is alwdvs necessary
at first. UNo person shovl? watch the »play of an electric arc at a
dictance of less than fifty feet without so:e eye nrotection and,



if it is at any ti.e necesserv to work close to a welrfer, 3suiteble
protective glasses shoulc be worn at all tices.

™e wire electroce, wnich nes been mentioned froan time
to tiwe, is in mosct cases, & straiznt pniece of wire or rod 14"
long, either btare cr conted with a s-ecial oaste or flux. Stan-
dar” sizes are exnressed in ter.s of the nominesl diameter of the
metallic portion of the electroﬂe and are 3/32, 1/8, 5/32, 3/16,
1/4 and 3/d inches, A heavy coatins of flux may doutle the
actual diaumeter of the finished electroce, but the cesignation of
size is always tne dicmeter 2f tihe mete2l core. Tre met=1l in this
core is a low carbton steel of vetter than average gracde &n~ of
sucn an2lvsis trat the mct=2l Zeposited kv the zre is practically
tae szme in comnosition as the sorent wetal, The American Veld ing
society hes standardized the analvsis of the r0d to he used for
various types of welding anc tneir Znecificrtinn E-1-2 for rods
to be used on structural grade steel is as follows:

Carbon A2 to 187
Lancanese .40 to .30%
Phosshoras less tnen 047
Sulnnur less than .047%
tilicon trace

This steel shouls” have an uvltim2te tensile strength of
from 55,000 to ©6C,000 1lbs., per sg. in., with an elongation of 10
to 12 per cent. 'nen vced by the averare welder, the mefal de-
posited will heve an ultimate tensile otrenctq of sonmewnat :ore
than 40,000 lbs., per sq. in., and reslly fine welders will raise
tais fl;urp 10, 000 1bs It is very seldom however, that env
welcder using bare wire Will make a joint stroncer t'un the pnarent
wetal and this must be -taken into consideration vhen swecifying
the tyoe of rod to be usec for eny niece of work.

Lost menufacturers of weldine rods also ueke wnat 1is
¥nown as a flux cozted rod. Tre purnocse of this flux coating is
to wroduce a relucinz atmosphere, usually carbon monoxice, wnich
will enveloo the arc flaue end prevent the foruation of oxides
and nitrides by reaction with tie oxygen an’ nitrogen of the
atwoscnere, Tne molten metal in the arc crater hes an affinity
Ior oxygen and nitrogzen, &anld if the arc is maintained in en atrmos—
nhere comnosed chiefly of *hese two eleuwents xices and n*tri;es
are formed within the cdeposzited metal and SGIlOUalV impair its
svrength, teld wetal cdeposited with a coateq roa is noruullf
nuch flner in texture tnan netel ceposited with bare wire and
normally has t.e fine silky acoearance vhich is tyvicel of
structural stieel.

Cne foreign wanufacturer nskes a rod that is coated with
snirally wounc esbestos yarn which is 1mpregnate with chnemicals
ard serves the sane curpose as the coatine of cdouwestic rods. Laid

arellel to the ccre and within the coating is a fire aluminuas wir
which serves as & cleansing agent for the weld metel and has a
tendency to flocet the oxices and nitrides to the tov of the weld
where they are absorted by *he slag. This rod will cderosit welcd
metal which coucares very feavorakly in strength with that ceposited
by the better graces of cowestic rods

The steel core usecd in these coated rTocs ig exactly the
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spae anclyclis as vare wire cr%
tics so the increace i the stren
cdue to tne effcct of tre COuth‘ .ore :%;‘r ce is us cﬂ with

cated electrodes tren with Lare clcctrnf oo 6, as & result, a
larzer, wore cowerful velcdire wuchire 1s requirel, also e ¢ost
of coeted electroces is rearly couktle tnat o‘ Lare rods, but if
ticre ic any need ror devendarle strength, the coaued rods are tre
thirg, Thic increase in cost is offset to some extert by the fect
that an experienced welder can work much Iester with tne coatel
rods. Another thing wortry cf note in discussing ccated electrolcs,
is that couc bc:**ng is a non-concucter of electricity and thus
elimirates whct is krnovn as side arc, ie., tie forwmetion cf the

nee tne sene nhysicecl charecterie-
sth of the weld aetol is evidently

erc from any sert of the Tod excest the tir. This is cf very grect
1poo tance to vrne wellcr wien rorlking in close quarters vhere it is

st larnoceirle to avoif toucnirs other sarts of the strmeture in
an attempt-to rezch the joint with the end of the rod. It is
posecitle with a coated ro¢ to ley the rod on 2 groundel stiecel vlicte,
start the arc at tne exzosed enc, aud then walch Uac arc cenosit
a sexblonce of a bead on the surface of the viate without fu rther
attention., This 1s & very pretty tricxz to wateh and might hav
so:xe poseibilities,

Co wmuch for the eguipment and theorv,

Alter the work is &ll ec¢t up anc all the neccessary
equirment co“rectly arrangec and &djusted, there is nothing left
to cobyt strike the arc and go to work; atv least tiat is the im-
rression sone vencors of vcléing equipment seexn to leave with thei
custorers, Thercfore, let it e s&id now, thet ggogd wellirng is an
art in itself, Ztrikinc an¢ holcing the arc is a knack that re-
guires much practice. After tlhe arc is establicshed, it wust te
held to the oroper length and nmanipulated in the p“ﬂ"e* way to
cttain the desired results. Ecwever, skill in arc welcing is not
beyond carvebilities of any conecienticus workman,

As hes been saic before, strikinc the arc surely and
quickly is a trick that recquires mmucn vrectice and experience.
The end of the rol is toucred to the worx with a slighily stroking
rotion of the e and then grovn buck atout an 1/2 inch., If the
rod is not drewn away quickly enouch, it "freezes" to the work
an¢ has to be trokxen evay by main strength. If drawn away too
guickly and too far, the arc is proken and the whole onrocess has
to be started egain, Jkilled workman develoo the arility ©o
strike an arc b] direct touch without the stroking motion and tris
is oftcn necessary when workinz in cromned querters.

After the arc is once started, it is necescory thet the
lergth of arc be maintained uniform in length and as short s is
reasonably possivle., An eighth cof an inch or thereavouts is the
proper lencth, and any great variation from this length will effect
the strength of the wcld, usually in an adverse ranner, Holding
an arc of correct length is also complicated by the necessity of
"feeding" the rod irto the arc as the end of the rod nelts off and
is ceposited. Fortunately, holdine an arc of correct length Lecones
hatitual after a reacsonatle amourt of experience and prectice, just
as swinging a golf clut or a taseball tat correctly becomes a natter
of habit ratihen than of conscious effort for the exrcerienced nlayer,

This is indeed fortunete for the wclcer cennot sce tre en? of the rog
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efter he has zulled his helmet down over his eyes, and therefore
hes to depend entirely on a sort of "sixth sense" to determine
whether he is holding a short arc., To the bystander, the crackle
of an arc of correct lergth is very distinctive, and, once heesrd,
easlly recognizable afterwards, If the arc is too long, small
explosione occur within the arc at roughly unifcrm intervals and
the popping sound of these explosions is en imnediate indication
to & trained inspector that a long arc is being ueed.

Variations in the length of arc have a very direct
bearing on the strength of weld. The length of the actual flane
of the arc is some where near uniform for any combination of rod
size and axperage that is likely to be used. Therefore, if the
end of the rod is held close to the surface of the parent metal,
the flame penetratee deeply, a crater of molten metal is formed,
and deep and thorough fusion takes place. If too long an arc is
held, the arc flame plays on the surfsce of the parent metal, dbut
does not raise the surface to the melting point, and, as a result,
no fusion takes place, for the presence of a crater of molten metal
is essential for fusion. This word "penetration" is ever present
in a discussion of welding and welding methods for the success of
a weld dépends entirely on the amount of pernetration secured,

When welding two plates together, it is absolutely essential that
the intersection of the plates be firmly fused together and it is
for evidence of the existence or non-existence of this fusion that
the inspectcr seeks first, One characteristic of almost all poor
welds that the author has scen btroken was lack of bond at the line
of intersection of tlie connected rarts. lost gocd weldere use
what is known as a "strirpger beed" pleced at the intersection

line to insure proper fusion., This etringer bead is nothirg but

a erall bead carefully rleced at tre intersection to insure progrer
tord tetween pleces,

The finished weld is built up of a nunbter of separate
teads, each firmly bonded to the others, and the adjacent parent
netal., The nuuter of beads used varies with the size of the weld
to make, the size of rod used, and, to sone extent, the personsl
likee &and dislikes of the welder, Where a very large weld is to
be made, it is customary to place the etringer beads with a emell
rod and finish with a lsrge rod which will deposit metal more
rapidly. The suthor has met one welder who had the ability to
place a small bead with a 1/4" rod and preferred to do all his
work with thie size. Normally a 3/8" triangular fillet weld which
ie a comron size is rade by first placing a small stringer tead
with say an 1/8" rod and then finishing with a 3/18" or 1/4" rod
using a totel of two or tkree beads or, as they are more commonly
called, "passes.," A butt and bond weld of two 3/8" thick plates
to the top of an I-beam with a gap of 1/3" between plates will
require three passes - a stringer bead at each bottom corner of the
gap and one large bead to fill the gap to the surface of the plsates,

The weld metel in large beads is placed by a sort of
weaving motion of the rod which causes the end of the rod to
move in the form of a series of over-lappirg triangles or ovalg,
depending on the size of the bead to be placed, It ie the arility
to, in thie way, place the weld metsl in a emooth and even ridge

with thorough fusion between subeequent besds that rekee the
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finished welder, 1If ore of the pieces connected is thicker than
the otrer, it is necessary to play the flame of the arc longer on
the thicker piece so that both pieces are raised to the temperature
of fusion., If this is not done, there will be no bond to the
thicker piece,

The author's observation of welders and their work
had lead him to believe that the knack of welding is a thing
that soxe workmen can never acguire, Steady handes and nerves
are essential, and, lacking these, the workman will never be
able to hold a ehort, steady arc for hours at & time., A good
welder wust be conscientious about his work, patient, and
ambitious, for welding can not be lesrned in a day and many are
the trials and tritulations of an epprentice welder, He muet
also be watchful of his work to avoid the formeztion of bad
habite and the adoption of faulty methods which in later years
will have a bad effect on his work. This latter is of per-
ticular importance for good welding is laergely a matter of habit,

The fact that good welding is a habit is the one thirg
that is now and will continue to tuild up confidence in welding
as a method of erection. VNany engineers feel that beczuse the
pereonal element is unavoidable in welding, and because there is
no non-destructive teet of a finished weld, welding and welders
can never be relied on as we rely on properly inspected riveted
construction. Their position was perhaps well taken during the
early stages of welding when all work of this kind was more or
less experimental, btut that day is past. One particular welder
worked almoet continually for two weeks on a research problem
supervised by the author, and his welds averaged better than
40,000 1bs,. per sq. in., ultimate tensile strength, This was
with bare wire, The author was also responsible for the
qualification of welders for the kichigan State Highway Depart-
ment for two years, and the average of the strengths of the test
samples evbmitted by some twelve or fifteen welders was better
then 55,00C lbs. per eq. in., ultinate tensile strength, This
latter group of welds were made with cosated rods of one kind or
another., To the author, this is not only an overwhelming argu-
ment for the use of coated rods, but also for the reliability of
such welding. These averages represent a safety factor of 4 and 5
respectively on the basis of the design strengths now in common
use. This superiority of coated rod welding over bare wire weld-
ing became so obvious to this department that they wrote into
their gpecifications for welding the requirement that gll welding
chall be done with a coated rod of some approved type.

Any method of setting up work that is satisfactory for
riveted construction will be suitable for welding and in many
cases simpler methods may be used, If the parts to be handled
are small and light in weight steel C-clamps can be used toh
advantage. Heav%er pieces wila require erection bolts but these
can be limited to the number necessary to carry the dead load
of tre part at a high unit stress in the bolts, Perch angles
cen be teck welded in place either in tre shop or in the field
and members supported in that way until the finished welds are
made, at which time the perch angles can be knocked off w1t2ha
sledge. It 1s often possible to hold the piece in place wi
the erection derrick and a few C-clamps until sufficient welds
are made to carry the deed load, Thie ie the most economicel and
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satisfactory way and 2 skillful detailer can so design the parts
as to make this poseible in the majority of cases, :

The difficulties encountered in welding are none of
them serious and none of them in any way unsurmountsble, First,
in order of importance, is the vosition of tre welder in relaticn
to the work. No man can work well when in a cramped or otherwise
uncomfortatle position when his work requiree steediness of hard,
For this rescson it is always advissble to provide the welder with
a platform, staging, or whatever else is required for his comfort,
built in such a way that he can both reach and see his work essily.
If such rlatforx or staging can be built in such a way as to
allow him the unrestricted use of both hands, so much tlLe better,

Overhead welding is not very nice work for an inex-
perienced welder, and some inspectors will tell you that one sure
way of checking up on a new welder is to try him on overheed
work. If he finishes the assignment without burning himself le
rust be a fair workman. The main difficulty with overhead work
is the shower of sperks and molten slag that fall from the arc
end this snower of hot sparks is much worse if the welder can
not hold a short and steady arc, Some welders will also make
the statement that it is imposeible to do overhead welding with
& heavily coated rod tut a little observation of the work of a
ekilled welder will soon prove the falsehood of euch a statement,
Powever, it is alweys wiser to eliminate overheed work if
possible, and a competent detaller can usually find the way out
cf such cases as are encountered,

Joints inscceesitle to tre welder are a direct indict-
ment of the detailer who made the working drawings. No drafte-
man assizned to such work should be igncrant of the procese of
welding and the equipment used and certainly go ore is to blame
tut himself if the erection crew reports an inacceegible weld,
This latter statement holds true for both riveting and welding.
However, it might agsin be wise to call to attention the fact
that the insulation on 8 coated rod makes it possible to work in
places that could not te welded with tere rcd,

Difficulties due to the fit of the parts to re welded
are essily avoidable by correct detailing snd carefnl inspection,
When two surfaces are to be welded together, they should neet
emoothly, and, if neceeeary, be clamped or bolted together uptil
sufficient welding is done to hold the pieces in rlace, If the
rieces meet at an angle there should be contact along the entire
length of the line of intersection, If the pieces 1lap or lie in
the same plane, the adjcining surfecee should be parallel and
fit tightly together,

Sometimes when making butt and btond or come types of
fillet welds, ineufficient clearance is allowed between sur-
faces, r2king it imposeible for the arc to reach the line of
intersection end tond the lower corrner properly. This difficulty
can be eliminated by careful detailing and inspection. Exper-
ience and some research work by the author indicates that the
minimum gap between plates of a tutt and 2ond weld should be the
thicknees of the thickest plate plus 1/8" and that little or no
tond to the suprorting structure can be exgected if this allowance
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is rnot cade, It is possitle of course to allow a much wider gsp,
but there is no economy in so doing, for the time and materisl
required increase ruch wmore repidly than the strength of the weld,

Undercut or rcunded edgee on the plates will csuse a
tendency towards weak welde and should be avoided if poesidvle,
Even the elightly rounded edge of a univereal mill plate will
make bonding the lower corners of the weld difficult, particularly
if bere rod is used. Sore of this difficulty cen te eliminated
by the use of coated rod in which the added heat and penetration
, makee proper fusion poesitle. The only real cure for this troutle
is tre beveling of the edges of the pieces to te connected in such
a way es to leave e wide oren Vee into which the weld retal can te
placed.

A 80 or 90 degree Vee with a gap of 1/18" or slightly
more between tlLe bottom edges of the plates is the beet poseitle
preparstion for welding, zut this is not always obtairnable for
economic reasons. XNo quick, sccurate and economical method of
beveling thin platez has yet been developed and at present, tevel
cutting with ean oxy-acetylene torch is the vest method, Thkis is
elow at test and leaves a filx of oxide on the plate which is very
hard to rewove and which has a detrimentel effect on the weld,
Beveling with a milling machine is out of the guestion on all
fabricstion jobs because of the time and expernse involved., Eow-
ever, it has been proved conclusively that welds as strong or
stronger than the plates connected can be made withont teveling
the plates, so this particuler difficulty is more a matter of
theory than of practice,

One other difficulty encountered, particularly in
fillet welding, is lack of support for the tead. The welder is,
after all, dealing with a liquid metel which obeys all the lews
of gravity and, if not supported, will flow over the edge of the
plate, No welder can place a 3/8" fillet weld on a projection
of only 1/4" and make it look right, The remedy for thie diffi-
culty is obvious,

Difficulties due to expansion and coatraction of pearts
are the most troublesome and by far the hardest to deal with,
Careful design of the component parts of the structure trezeed on
a prectical knowledge of welding practice is the best remedy,
Long continuous beads gre glways a ceuse of warping and should be
evoided wherever possible, The allowable unit streeees fir welils
now recoxwended by the American Welding Society are very conser-
vative, and any good welder can deliver welds with a fector of
eafety of 4 or £ vased on these allowatle stresses. Therefore,
the writer believes that it is both logical and safe to cdesizn
welded joints in the same way riveted joints are designed, ie.,
divide the stress to be carried thru the joint by the strength of
each unit of joint material, Stitch welding by which is meant
welding short beads with unwelded portions tetween adjacent beads
her been proved to be practical by actual teets of full size joints
and a weld three inch-skip three inch joint will develop an
azazing strength in longitudinal shear or pure tenslon,
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In this way it is possible in most cases to avoid calling for a
long continuous bvead,

If it is necessery to wmexe a long continuous welded
joint, some of the expansion can be overcome by what is known to
welders ae "back stepping.® This consiste of making the joint
in a series of short welds by putting in say 6" of weld and then
moving ahead a foot and putting in another 6" and finally going
back the full length of the joint ard filling in the unwelded
porticns to coaplete tre joint, This way no one portion cf the
connected parts Las a chance to become greatly hotter than the
coolest portion, end the Lested portions have a chance to cool
between raceses,

When welding a joint between two fairly long membere
there is always a tendency for the far ends to crowd together,
thus spoiling the elionment of parts aud, in the case of butt
and bond welde, closing the gap betmeen the ueubers, This can
te controlled vy mesns of snall wedges or by tack welding. Tack
welding s8killfully applied is one of the most -1seful kinds in
welding., Ehort tits of weld can bte used instead of erection
bolts, thus eliminating the punching of holes in the shop. Light
parts can be held together by C—clamps while tack welds are made
and the clamps then removed for use elsewhere, It 18 even pos-—
sible in sowe cases for a helper to hold the parts together while
the welder puts in tacks. By means of tack welds, entire struc-
tures cen ve set up and tre fit of joints checked and adjusted
vrefore any final welding is done, Expansion and contraction can
be checked or controlled by tack welds., In short, the oppor-
tunities for simplification of erection by properly applied tack
welding is almost limitless,

If undue distortion does take place it can usuelly be
remedied by cold working or the epplication of heat and quenching
at the proper points. This latter method is very tricky, for
there is glways the danger of releasing some internal stress, re-
tained within the wmetal after rolling, which will make the defor-
mation worse instead of better. For this resson, if no other, it
is always wise to evoid long continuous welds, It aleo should
not be forgotten that there are many instances in which welding is
not the practical wey to mske the joint, The writer witnessed one
attempt to uese welding in the fabricetion of special sectione of
steel sheet piling that convinced him thoroughly that using beads
20 to 3C feet long to connect comparatively light members weas
neither practical or economic:zl,

Inspection of welds is etill much a matter of routine,
For the fatricetion and erection of structures there has not yet
been discovered a non-destructive method of testing that_can be
epplied out on the job. X ray or gamma ray pictures will show in
detail the inmner structure of the deposited metal, but no one would
think of taking the necessary apparata out to a bridge site and
attempting to take pictures of every joint in the bridge. There has
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been some experimental work done in the etudy of welded jcints in
much the same way in which riveted joints are tested., The in-
vestigators believed that it would te possible to listen to the
sound transmitted thru a joint by means of an ordinary physicians
stethescope and in this way spot gas pockets, oxide inclusions and
other thinge that tend towards weakness in a welded joint. A

croup of fairly capable welding inenectors were given some instruc-
tion in this method and then asked to paes judgement on a meries of
specirens., Comparison of their judgerents with actual strength
tests on the same specimens showed that the results of this type

of inspection were errstic and unrelisble and that, without the

8id of apraratus of any kind, this group of inspectors could do
better work than with the stethescope, This does not mesn for

one mocent that this methnd nay not be developed into something
very exact =2nd usuable. Nothing would be more acceptakle to both
the inspectors and the welders themselves, The aversge welder
gseems to take great interest in his ability to make good joints

and obviously wants to prove that he is as gcod a workran as any
other welder on the job,

For closed vessels, soep bubble or oil tests have beconre
standard and the results ottsined checx very closely with treak
down tests on the sewe vessel, Xany of the old time steel erectors
who are still hostile to welding, occasionally try the good old
"gledge hamrer test" and rmany are the surprises that occur. On
one job a riveter was caught trying to knock off some welded perch
angles with a 30 1lb. neul, As punishment for thie offense, he was
instructed to keep a2t it uatil he broke off one or two of the
angles which he had damaged. He wes a ccnvert to the use of
welding before his job was finished &nd was also unable to 1lift
the eledge the next day. The writer aleo sew some welded special
sheet pile sections which had »een pounded down to refuaesgl with
a 2000 1b, gravity hammer ot a 123 ft. drop in which the body metzl
had failed without damsging the welded jointe in any way.

The use of welding as a means of fabrication and erection
does have a very definite effect on the choice of sections to te
used. Juct as in riveted construction, the ehape of and methcd
of making the necessary joints is often the controlling factor,
but this is lese true in welded structures than in riveted struc-
tures, as a great part of the eccnory possitle thru welding is due
to the elimination of parts which, in riveted constructicn, are
used only as & means of connectlon. A typical case is that of the
stiffener angles in plate girder construction,

From a stress standpoint, thre outetanding leg of a
gstiffener angle is the portion designed to carry the lcad, and the
other leg serves only as a means of attachirg the angle to the web
of the girder, 4leo if a stiffener angle is to te effective in
trsnsmitting strece from the dottom flznge to the web, it wust te
milled end ground to an exact fit ageiret the flange. Telded con-
gtruction elimirates entirely the use of an angle section and eub-
gtitutes a plate of the proper size and thickness, thus reducing
the weight of material required one half. Instead of grinding the
plate to &n exact fit agairnst the wottom flenge, it 1e cut o trifle
short and any variations in fit taken up by the welding. And the
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tearing area is zlways 1CO per cent of the sections,

Another typicsl case is the splicing of tre top anAd
bottom chord section of trueses, Riveted construction requires
the use of additional splice members and incressing the number of
rivets at the jcint to develop the entire section., Welded con-
etruction requires only thst tre joint te fully welded with, in
case the stress ot the joint is hesvy, & ewall patch plate welded
along its entire rerimeter,

In general, the choice of section for welded construction
is vased first upon its adequacy to carry the strees iwposed and
secondarily upon the way in which tre joint mey be made the erimglect,
All elements not necessary for the transmissal of streee are elizin-
ated wherever possible. There must be, rowever, enough perimeter
to allcw the erount of welding reguired to trensfer the stress
across the joint, The ide=l condition is attained when there are
large areas in contact, thus providirg trhe maximum perimeter for
welding., Next rest is for thre two sections to butt sgainst each
other so that eplice plates may be used., Lesst deeirsble is a
joint which requires a gueset plate. The economies obtained by
the use of welding are not in the cost of making the joint, but
in the reduction of tre amount of materisl reguired, and the elimina-
tion, in so far as it is poseible, of all punching and machining,
Yodernization of cutting methods and the general adoption of the
oxy-acetylene torch as a method of cutting and shaping parts hes
added greatly to the ease with which rembere can be fitted for
welding.

Plate girders have heretofore consisted of a web plate,
two or more cover plates, top and bottom angles with or without
eide plates, stiffener angles, and splice angles and plates if
needed, Of these perte, only tre web plate, the outstanding legs
of tre top and bottom sngles and the outstanding legs of the
etiffener angles are used in welded conetruction, A welded plate
girder consists of a web plate with two heavy plates welded to the
edges and stiffener plates welded to both the web and tre top and
bottom plates, In tiis way the required flance area is concen-
trated as far es poseible from the neutral axis and attains & rax-
imum of effectiveness, Side plates are not used and, if one plate
will not suffice for the flange cover plates are added. ' As hss
been said before, the connecting leg of the stiffener angles 1is
eliminated entirely, The girder is designed exsctly as for rivet-
ing and the amount of welding proportioned in the same manner as
rivet epacing, Flange eprlicing consists of butt welding she plates
together and perhaps adding a short srlice plate and web splicing
is done in the same manner.,

That such a girder is strong and most efficient is borre
out by tests made by the Westinghouse Electric Compeny on three
similar bteams. Beam 1 wae the ususl riveted type and weighed
798 1lte., When tested to failure by center loading failure took
place by buckling of the top flange, the yield point being 355000
lbs,, and the ultimate load 68900 1lts, The section modulus was
61.1., Beam 2 was identicel with Beem 1 except that the pearts
were welded together ard the section modulus 60.2, This keam

feiled by crimping of the top flange, the yleld point belng 65000
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lbe.,, and tle ultimate losd 77<CO 1lbs. The bending moment was
27000 ft. 1lts., and tre maximum fibre strees 53800 lte. per eq.
in, Besm 3 was desigrned strictly to take advantage of all the
roselbilities of welding and weighed only 85€ 1lts, Under test,
the beem failed by buckling cf the top flange, the yield point
teing CECCO 1lbe, and the ultimate load 78000 lts. Although

the weight was lcss, the section modulus of thie beam was €2,2
and the raximum fibre strese sttained wes 52700 lbs. per sq. in,
Thus 1t is shown that althouzh thre welded beam weighed 1€ per
cent lers than the riveted beaw, it was considerably stronger,
And failure was not due to weakneee at the welds,

The irdividuel welds vsed to connect the component
parts of a weclded structure normally fall within one or another
of the following classifications which are in common use among
welders and desigrers:

Triangular or Fillet

Butt

Butt and Bond

Plug or Rivet Telds

Combination Plug and Eutt and Bond Welds

FIOQW»

Triargulsr or fillet welds ere, as the name indicates,
roughly triangular in form snd are used principally where the
parts to be connected either overlar or meet at right angles.
The stress to be trarexitted is ususlly shear, a2lthoungh in scome
cacee this type of weld is used in tension. €mall fillet welds
can be made with but one psse, but this method should be limited
to not cover ¢ inch depth of throat. For larcer welde between
thick plates two or more pasces should be used arranged ss
shown on Plate I.

Butt welds are used to connect plates which heve their
edges "butted together" and the strees to be transmitted is
usually tension. Actually the pieces should not come in contact
with each cther as eome allowance Las to te made for the addition
nf weld nmetal, Good practice includes the bveveling of the cbut-
ting edges, but this is an expenesive process and is eeldom used
except for pipe welding or the connection of emall sections., The
number and sequence of pacees for the weldine of plates of varioue
thickrnesees is shown on Flate I.

Butt and bond welde ere, zs the neme indicetes, used to
connect two pieces and at the same time, bond toth to a tkird, and
ijg the weld used in the so-called "tattle-deck construction." A
gap is left between the top plates and the weld made by filling
this gap with weld metal. Thic is aleo a means of avolding the
teveling of pletee menticned in the pasrsgraph above for, if the
rep left is of preoper width, it is possibls tgdma¥e a ggod jgint

3 ced tes, This joint shcv alrays be made
Eiggeggosgraégrgdfagsg%aas the stre%gth of tre weld éepends lergely
on tte stringer bead pleced at the intersection angles. The
nurber and sequence of pasees to te used is shown on Piste I end

is the ssme as for simple butt welds,
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METHOD OF WELDING  JOINTS
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Flig welds ere the counterparts of rivets and are
vged in a similar mwaaner. One of the pleces to e conrected is
punched and then welded to the other by filling tle open hcle
with weld rmetal, taking particuler cere to tond ttre pieces at
their line of contact. 2o far es tle =ctual welding is coacerned
vlug welds sre a variety of butt and bond weld end the number and
segquence of passes snown on Flate I for tutt end bond welds will
apply. Tests heave shown that nluc welds less tran 13/12 inch in
diameter are not successful ard that 13/10 inch diameter is a
tetter size. The add2d welding in a 17/18 iach dianeter plue dces
not increase tlLe strength in proportion and therefore the larger
plag welds are unecoaorical,

It is poeesible to combire plur and butt azd tond welds
arnd this type of weld was studied in detsil by the Hizhway Dept.
The plates are precared for welding ty first punching a eeries of
holes of say 15/13 inch diameter in a straight line and then
cutting the plate e2long a line throucl. the centere of these ogen
holes., The resualt therefore is to increase the length of weld
possible for & plate of aany given width by wmaking the edge of the
plate scrrated 2s ies the perforcted ed-e of a postage stamp, This
however is an expensive process and tests indicate that the etrength
of sich a weld will actually be less than strength of & properly
rade tutt and rond weld, v

The etrength of welded joints has been the subject of
many investigations, and many papers have been written on the
subject. Taerefore, the diecuseion in this thesie will te liwited
to & report of the findings of an investigation made by the author
for the lUichizzan State Highwey Department, Thle investigetion
dealt mainly with the butt snd bond weld and the poscitle =ffect
of position ¢f the weld upon ite strength. It muet be torne in
mind in stadyirnz these findings that wll welding was done with tare
wire and that the strencths obteined are therefore low. Subee—
quent testing of welds zade with coated electrodes proved reyond
doutt that a etrength of 58000 1lts, per sg. in., in tension, is
easlily obtainable and that good welders will normally make welids
stronger than the parent metal. The Highway Department required
that all weldere be pre-gualified 2nd test earrles tregkine at
70000 1lbs. gper en, in. were not urusual., In fact it becere necee-
eary to reduce the net width across the weld to prevent failure
of the test epecimen through the parent metal which efter all
proved only that the weld was stronger than the parent metal. Tne
following plstes and the explanations thereon are from the originsl
report,

One problem which ie easily sclved by welding but very

difficult in_riveted constroction is that_of jointe in a skewed
structure. Normpllv sll jointe in = steel stficture =are at

right angles fcr the accurate bending of an odd shaped connection
plate to a predeterwined angle of skew is entirely too costly for

generel practice, Also there is a limit to the ability of steel
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BUTT & BOND WELDS PLATE A
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GAP BETWEEN PLATES

This plate shows the effect of the gap between the plates
upon the strength of a sicple butt and bond weld stressed in
teneion parallel to the plates, With the exception of the welds

with & 5/8" gap the strengths are remarkably uniform due perhape
to the fact that the weld failed in all cases. Wuy the 5/8" gap
velds were 80 weak ie hard to explain, One possibility ie that
tnere ie,for each combination of plate thicknesssges,one particular
gap in which the concentration of heat in the weld metal reeaches
g maximus and results in an undue amount of oxidation. Welde in
e naerrow gap are quickly mede and the metal does not absord a
great azount of heat, Welds in a wide gap ere made slowly and,
altho & great amount of heat is absorbed,there ie ample cpportune
lt; for dissipation of this heat, Betweern these two extrermes
there may be & point at which large amounts of heat ere absorbed
WﬁtLUJt adequate oppettunity for d;leipation and,ae a result,
extrepe oxidation takes place .

One thing not shown by this plate ie that there was 1littl
or no bond between the platee and the beam flange where the gap
vas only 1/4". The veam fell off during handling but the strength
of the weld compared favorably with the other especinens
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Thie plate showe the effect of the gap between plates
spon the streugth of s simple butt and bond weld stresamed i
tension perpensicular to the platees, The specimens nade with -
ouly a 1/4" gap between platee failed in handling as did aleo
soze made with & 3/8" gap. It ie cbvioue that to0 nerrow @ gup
resulte in a joint wigh 11ittle or uo gtrength under tnis kind
of streme. It would seem that a gap 1/6" wider than the thicke
nees of the thicker plate is the most efficient and economicii.
The etrength of joints made with a 5/8" gap fell off ium the
same way as for welds streesed by temsion parallel to the plates,



5K,

30000

PER

LBS.

L

A

STRENGTH

M

10000 J

ULTIMATE
J L

X

ZERD

a
the addition of a plup weld within e outt and bond.ueld which is
to be streseed in temsion parallel to the plates. Shere the
stress is to be tenelon perpendicular to the plates thc,aéditiou
of & plug weld increasee the stremgth of the joint greaily. How=
ever preparation of plates for thie type of weld is too expenw
sive for ordinary usage .
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It {s obvious that there is nothing to De gaired by



PLUG WELDS PLATE D
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The etrength of plug welds 1ie purprisingly nlgh
shen on gonsidere the emall amount of weld metal 1o be placead
Where the stress is applied as a compreesive forae :stlng in the
plane of the plates it is evident that even a 13/16" plug weld
can be assigned e far greater ablowable gtress than is etende
erd for a 3/4" rivet in eingle shear, Where the syress is
epplied ae & tensile strees in the plane of the plgtea the', = -
etrength of the weld is wuch lower and this type Ol joint ehould
be avéided, ;



STRENGTH OF FILLET WELDS FLATE L
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The dasta above ie for 3/68" fillet welds connecting
weterial of the same thickness, Thie ftype of weld is very
strong and dependable regardlese of how the streee ieg applied
and should be used in preference to any cther type of weld,

The safety factore ehown are baced on allowable
stresese of 3000 1be./lin.inch in longitudinal ehear and 2300
lbe./lin.inch in tranesveree shear., It would appear that a
aniform allowable gtrees of 2500 1be./per lin.inch would be
entirely safe for welds of this size,



to stend the strain of bending to a very acute angle. Ia welded
structures, &8s has been said vefore, all thst is neceesary for

the naking of a joint is for the menbers to overlep or interesect
at an engle, greferutly of more than 45 degrees, and no connection
plate is rneeded., The only rezson for nreferring en angle of
intersection greater than 45 degrees ig that it is difficult for a
welder to reach into deep and narrow V-shaged opening between
meubers,

Flates II and III show in cetail how certain of the
joints in a plzte girder or truss structure may be msde. The
arrangexent of aewbere chown is typicsl, but by no means the
only way in which the joints may be made., Eech structure will
present it's own peculiar protlems to be solved by the detailer
and he will heve to te guided by his owr experience and ingenuity
in their solution.

It will be noted that the joint between stringers and
floor besis lends itself very easily to continuity, Under ord-
inary conditions, butt welding the top flanges at their inter-
section will euffice, tut any doubt ae to the efficecy of such
construction can bte relievad by the addition of a splice plate
as shown, Alego note thet a fairly heavy seat angle is used both
to carry shear and aleo to aid in erection.

The connection of floor teaxs to plate girders is a
simple problem ard the solntion is self-evideat, Note thet
the knee brace shorn consists of only two plates and that one
plate serves both as a part of the brace &nd as a stiffener
plate for the web of the girder., The connection of floor teams
to a truse is more difficult because of the lack of perimeter
in contact. However, the choice of truss menbers with wide
flanges and their arrangement in such a way as to provide flat
planes will increase the amount of welding possible and in nost
cases there is ample opportunity to more then exceed the amount
necessary according to the shear et the joint, There will te
cases in which & gusset plate mey be advisable and, while gusset
plates are not contemxplated in welded structures, there is cer—
teinly no reason why they should be considered as "out entirely,”

For heavy truss construction the wide flanged besm
sections with the flengee square instead of tapered are the
most suitable, There eare many sections of the sare depth, Tut
differing in weight and it is possible to choose these in euch
a way s to make a very neat and ettractive structure and at
the same time maintain a meaximum of strength., The joints are
made by coping both flanges of one member so that 1t will fit
within the flanges of the other, thus eliminating as far as
rossible, eecondary stress due to eccentric joints end cross
bending. Plate II showe a typical joint of a hesvy truss in
which the top and bottom chorde are made of 8 by 8 inch column
sections and the web members of lighter 8 inch team secticns,
If additional chord section is required a plate welded to the
upper edges of the beam flanges will provide added etrength

without adding greatly to the cost,.

(17)
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Lighter truesee may have chord sections cowpoeed of
two chennels bteck to back with either bar lacing or bastien
plates, and web wexbers composed of light beams or tee sections
or angles, The required distance back to bzck of the chord
chanrcls is governed grimarily by the redius of gyration required
for the compression chord tut there should te no difficulty in
adjusting this dimension to fit the depth of beam sections avail-
able, 1In this tyce of construction, joints would te made by
inserting the web weaberes tetween the channels,

In toth ceases, gusset plates would te almost ccoirrletely
eliminated. Splicee in chord sections would be made by butt
welding with or without splice plates. For trusses with in-
clined end posts, the haunch joint would be treated in the sane
way es & chord eplice, The joint between the top and bottom
chords at the ends of the truss is usually made by runninz the
bottom chord through and fitting the top cherd into it. The
two menkters are welded together at all points of contact and
splice plates welded to the outside of the mexbers to further
etiffen the joint. The beering plate is welded to the bottonm
chord using stiffener plates if necessary.

Cantilever brackets are made in wmuch the sare way as
are knee braces using a plate cut to the proper ghepe as a
basis. Attachaent of such brackets is a very sirmple matter
for there are rno reasons for avoiding welds in tension. If the
tension at the upper edge is high, it is usually possible to
add a teasion meuwber in such a way es to place the welds in
ghear,

So far this theris has teen essentially a discussion
of the application of welding to bridge structures in genersal.
The theory of welding and the eprarata neceseary hes been dis—
cussed in detsil., The actual making of a weld has teen dis-
cussed and the difficulties encountered explained with the
reredy for each such difficulty descrived, The strength cof
welds of different tyres has veen touched upon 1lightly. The
choice of mewbers most suitable for welding has been outlined
and typical conetruction illustrated, All of thris inforamation
has been given to the end that the resder might have a clearer
underetanding of the problems involved in the design and erec-
tion of the all steel, &all welded structure to be described in
the tslance of this pager.

dodern hizhway practice hes estatlished beyond reason-
able doudt that the steel deck girder type of supereitructure
is the simplest and most adactable for highway spans up to
perhaps €0 feet in length and in relatively level surroundinge,
This tyre consists cf steel girders resting on abutments and/or
plere supporting some kirnd of floor slab. Diaphregme trans-
verse to the center line of the roadway at about fifteen foot
spacing are used to provide proper stiffening for the compression

flange and to aid in distributing the loads, The slab may be

(18)
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eitner concrete or pre-febricated eteel, If concrete is used,

it 1s customory to place omne girder under the outeide edge of

the walk, but where steel is used, the sidewalks may be brzcketed
out from the outside rosdway girler., It is guite customary to
maxe the sidewalke egeily remdovstle so that the roadway may te
videned without replacemrent of the originsl slab, For both con-
crete elat or prefatriceted steel slabt conetruction it lias been
found thet a glrder spscing of approxinately five feet is tre most
eccromical and essiest to erect.

The edventa;e of tLis type of supcerstructure over con-
crete girder or arch construction and steel truss structure ere
eacily reccgnizable, For highwasy lcadings the dead weight of a
truss and floor bersm structure is entirely too greet in relation
to the live lcads to ve carried. Concrete structires require
corpliceted fsleework acrcss the entire sran and, of course,
form work.

Tre steel deck girder span reguires no false work end
very little form work, in fect none at all if a steel floor is
used., If & concrete slab is used whatever forme are necessary
ndy be supported from the bottom flanges of tke girdere., Since
the steel coxranies have adopted the wide flange section, and
particularly eince the addition of tre 33 and 35 irnch girders,
it 1s poseible to t2ild up to €0 foot span length witkout going
to plate girder fabrication and for the lcnger spans plete
glrdere are less costly then truss construction. A single girder
will not weigh over 1C tons and can te easily handled with thre
very cowmon geasoline engine powered erection cranes,

During this period of repidly increasing hig¢hwdy traffic
the eaee with which a steel deck girder superstructure may bé
widened is & prinary coneideration. Widening a trues epan reguiree
the moving of at least one of the trusses and an entirely new floor
structure, Widening s concrete arch or girder span requires the
erection of faleework to carry forms, and in many caeee there is
no way of bonding thre ¢ld work to the new. Widening a steel deck
girder superstructure requires only the eddition of one or more new
girdere and the exteneion of the floor construction, provided of
courcee tlat the ebutments end piers are adequate in width. Such
widening mey be accomplished without interrupting tte flow of
traffic which is most importsnt on heavily traveled trunk highwaye,

Another advantage which is of evident importance is the
adeptability of this type of superstructure to skew construction.,
Skew trusses and monclithic concrete structures present major
problems in design and erection. Skew conetruction for steel
deck girder spans requiree only thst tre ends of the girders be
offeet along tre top of tre supportine etructivres and the necesesry
chenges in the floor slab. If it is desired to tske sdvantage of
the economies possible by the use of centinuous beam deeign, butt
welding the ends of the girders and the addition of a plate welded
scrose the top flanges at the piers will amply provide for any
negative moment developed.

(19)



Another important economicsl conesideration is the ex-
tremely low deed weight. This factor is reflected not orly in
reduced cost of the superstructure, tut also reduction in the
cost of the substructure units., For e 80 foot span, the weight
of a steel deck girder superstructure designed to carry R-15
hichway loading is approximstely 1EC 1lbe. per sq. ft. of floor
surface, A concrete T-beam floor for tre same spar snd load
will weigh more nearly 200 1lts. per sq. ft. of floor surface.
For the deck girder span it is possibtle to cut tre abtutment
cross section down to the ainimum necessary for stability againet
over-turning without creating exceesive soil pressures. This
means less excsevation.

In conparing steel deck structures with short trusses
it is neceseary to take into account the addition of e pier which
might nct be necessary if truss construction were adopted., How-
ever, the cost of two €0 foot steel deck girder spans with a
central pier is lese tran tlre cost of one 120 foot low truss due
not cnly to tre lower cost of fabricetion and erection, tut also
to the reduction of the eize cf the abutmente, It must be noted
also tret whereas the truss structure cannot te widened without
rerlacing the entire floor structure and closing the bridge to
traffic durirg such widerning, the deck girder structure can be
widened Ly the addition of girdere ernd floor slab withcut inter-
fering with the flow of trseffic,

The all steel substructure units rhichk the suthor would
propoee to use with the steel deck girder superstructure des-
crited ebove coneist eesentiazlly of a row of deep arch web of
steel sheet piling with a suitatle cep etructure. The piling
forms a wall approximately 1C" out to out to restrain tre fill
which, if properly desigred &snd driven into stable soils, will
aleo be adegiate to carry the verticsl loads impcsed by tlre
superstructure. Wingwvsll corners and any special sections re-
quired for sxew construction may bve febriceted from part sections
of esteel piles and such other structural shapes as may te suitatle.
It should be noted that welding does not worx out satisfectorily
for the fatrication of these snecial sections becaure of the ex-
treme length of weld required, The effect of the heat =btsorted
is to rele=se any internel streeses which are left in the metal
by the rclling process and it becomes virtuelly impossible to
produce a straight piece of piling without bend cr twist,

For the abutment section, the cap structure would con-
sist of a chennel, a Z var, and two plates, arranged ee showvn on
Plate IV. The channel and plate on the stream side of the pniling
provides a certain amount of tesm action at the top of the piles
and tie trhe top of the piles together., Also these nmexters form a
coping which breaks the monotony of the row of riles and gives a
sence of s0lidity to an otherwise light appearing structure. Tre
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Z2 var at the tack of the piling providee stiffness at the top
of tre pilings and also forws a recees into which tre backmall
plate of tre superstructure fites thus forming a cut -off for
the eerth fill behind the gbutwment, The cap plate iec welded
to theece ctlier uesbers and forms a s0lid top for the abutment
to which the bYeesm tesring plates wmay be melded, Hote that the
tor fl=rgze of tre chernel and the top surface of the Z bzar are
get an inch atove the cut-off line of the piling to provide
oprortunity to weld all contszcting faces of the pziling to the
cap structure and thus further stiffen the entire unit,

The pier section is wore complicated particularly
where the etreanm ternks ore steep and proper grade on tre road-
wey reguires a niigh pier. Again, the foundetion of the pier

coneistes of & sincle row of deep arch web eteel sheet piling.
In this case, however, it serves as a surport for a colwumn and
girder construction of such heleht 2as is necessary to place

the beem bearing plstes at the proper elevation. The tops of
the piles are nade rigid by an angle and plate construction
both plug 2nd fillet welded to the piling, This rigidity of
connection is acsolutely necessary fcr the plate forne one side
of trhe coclumn aachorare, The end of the cclumn is inserted in
the opering between piles and »lug welded to the plate on one
side and to the face of thre riling on the other, using as many
welds as are neceesary to cerry the coluwn T?;CtiO“ and filler
plates where nececeary, A cover plate is then edd i to prevent
devris from collecting within the pilizng wall, The plate on
ti.e outside of the piler should be quite deep both to stiffen
the piling and elso tu prevent streaa Lorn debris frow catchin
on toe faces of the pilee,

e g
ct+

ti.e top of tlie colunmns a beaxr section consisting
of auglee and plaztes is uscd to support the Learing plates fur
the suaperstructure girders, The deep side plates are plug
welded to thre column flan 1ges end serve as the web plates of &
three sided bvor girder., The angles, which wmay te shop welded
to the platee, 2dd to the girder secticn and also serve to
widen the support for the cap plate. After these peortiouns of
the pier structire have teen assexbled and welded, the cap and
bearing plates are added and the pier is couplete,

Architecturslly, the appearance of these substructure
unite is not smnnleesizg to the eye, he outer surfaces excepnt
for the avutwent »ilinz, are ewooth and unbroken, If it is
deeiffed &n apron plate nay be plug welded to the face of th
abutament piling velow the chennel to hide the piling. Verying
the wmethsd of placing the fill will create entirely diiferent
appearences, It would te gposcible to add the apron slate ren-
tioned and carry the fill up alzost to the Trctitom of the channel
and therehy hide the piling entirely with 3 eodded elope. Thie
treztment would be perticulerly pleasing for Lridger located
within a mwunicipzality where the btenks of the ctreamn gre land-
ecapeds The eppearence of the pier covuld be altered by addiag
chanrels under the top platec at both levels to formn copirngs,
FProtably the most iwportant dets=il in regards to the appearance
of the pier is that e face plates on the piling should be
of such depth thet low water will not expose the piling,

(21)



Trhe clvantages of the steel substracture unit over
its counter pert of azasonry zre namercus gnd all tend towards
lcwer ccet of construction, Let ue consider them in the crler
in wvhich the rii.e contractor rorsies Lis work., TFirst, coures
the leyins out ~f the job. For nasonry construction, the out-
line of tre siv-footing or cofferdam must be stakxed out in its
1elation to the center line of roeidvey asnd the stationing there-
cf. This is a relatively simple operstion if the angle of
crossing is 9C°, bLut for ekew tridges is often a2 difficult and
tedious jot. After excavetion has teen couwpleted and the sub-
footing poured it is zgain neceesary to cet out the transit
end lay out the outline of the footirnz., Laying ouat pier ccocffer-
dans and foctings is an ever creater task 1f the strean is deep
or swift wmoving,

In contrast to this, the layout for an ell steel suu-
structure unit reguires only the estetlishuwent of a single line
for the center cf tue piling., The iastrurent wan sets up at
the proger station and turne off the angle of skew. TwO measure-
ments alorng this line eststliish trhe location of the siutuent
cerners, and tre jor is done, The ends of the piler piling can
be estsilished by sccurately lining up the pile driver leads
acd following the driving of the first pieces of sheet piling
to essure that they rexzain pluup,

Next coues €xcavation., For masoary constraction, a
large volune of earth must be removed from the cofferdans to
obtein proper depth of footing and assure thzt the footings
rest on a stable s0il, 3heet piling cofferdams are usually
necessary for pier excavatione and very often for esbutment
excavations. Excevation is further couglicated by the neces-
sity for bracir: the cofferdem walle and runping out the water
that lesks into the hole, 1Ia rciny weather corditicons wittin

he cofferdex eare often &n bad thet thie work has to be held up
until the rain ceases, If the high flood water elevstion is
wisjadged, pier cofferdews may collapse due to excessive out-
side preesure or btc flooded., Extensive excavation during
freezing weather is difficult aad, normally, construction is
postponed until reasonatly warm weather arrives,

The excavation for a steel zbutment tazkes one of two
forus dependinz upon the topogprapuy of the eite, If the grond
is level a trench four feet wile and deep enough to perait the
top of the piling to Le driven to correct elevation will s.uffice,
If the banks of the strecan are steep, a sinelf cut into the tark
st the proper elevation is required., If the roadway erprn=zh-
es are va a fill eection, it way not bte necess:cry to wmaxe any
excavetion, The excavstion for a pier consists only ¢f re-
moviag logs, woulders, and cther debris from the site of the
pler,

The construction of a masonry fourdation unit is, of
course, essentially a ficld problen and very little work can be
done except 2t the eite, Lerce amounte of lw.ber, eggregates,
cewent, and other materials muet te transported to the site and

stored until needed and in aynuxber of cuges stcrage of aggregates
aread
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is o major protlem to be solved., Erection eguiprent ususlly
coneiste of a derrick, a concrete mixer, wheel barrows or
trucks for the Landlina of azgregetes and mixed concrete or
pernaps a tower and chute s,sten and perhane a power shovel,

if tre job is lerge. Concrete forms have to te built and
properly traced and reinforcing steel wired into place. 4after
concrete is poured there is a delay of one to three days before
the foruws may be stripped for possible uee on another sirilar
unit .

In contrgst to this, the only field eguiprent neces-
sary for the cornstruction of a steel unit ie a derricx with
pile driving lesds and a welding r.achine, The raw materisl
to be used is steel which ie not sutject to dancge by rein or
high water. BSpeciel piling sections are fatricated in the ehop
and arrive at the site ready to drive. Other parts are made up
eccording to the plens znd are ready, when delivered at the site,
to take their place in the finiehed structure. Ae ®20n as the
riling for a unit is driven, the welders start the attachuent
of the cap stricture and tric, and in & few days the pier or
goutment ie complete and ready for the superstructure,

Another great advantage is the ease with which this
type of structure can be salvaged in case cf need, Once in
plaue a mesonry foundetinn unkt with the possitle exception of
orne constructed of rubtle masonry, ie there to stay and there
is no way of salvaging any of the materials therein for use
elsewhere, The eegme is true of saperstructure of masonry,

The steel deck girder snperstrlcture with pre-fab-
ricated steel floor ies almost 100% salvageable, Railing and
sidewalk are easily reroveable in sections. Also the floor.

Tre girdere may eleo be removed as soon &s the diaphregrs ere
cut looce., True, it is necescsary to burn out the welds, but

a good men with a cutting torch will cut the joints quickly and
neatly with & minimon of darage to the parent metel.

The upper part of the pier and atutment units is
similarly removed. Ferhkaps it may be necessary to scrap the
whole of the abutment cap construction and cut the piling off,
Nevertheless, the piling ie only eshortened slightly end wmay
either be used in another bridgze or sold for use in cofferdans,
Research by steel producers indicates that copper bearing e=teel
hae a life expectancy of forty years so the first usage is not
necessarily the last.

Lost naturelly there are sore very definite limitations
to be placed upon the use of the steel substracture unit. This
type of suvstructure is not adsptable to use with heavy super-
structures or for live loads in excess of highway loadings.

After all, the load btearing capscity of steel piling is due al-
most entirely to skin friction with the £0il and direct bearing
on the end of the pile is c¢f secondary importance. Therefore
it is necescary that the imposed vertical loads be light end
that the soil conditions be favoratle to the development of
skin friction to the greatest extent possible,.
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ccirplete and carefil stuldy of £0il conditions st

the site shculd elways Le wade, Test borings should te made and
geuplee c¢f the various etrata ottained e5 trzt the leg of boringe
will present & cowrzlete and accurate picture of the suils through
which the £iling will pascs, It 1is convernient t5 plot this in-
fornation s & vertical section showing the elevations at which
the varions types of e0il ere encountered and their nature, From
such a chart it is easy for the desizuner to deterumine Low deep the
giling should extend &nd whether safficient laterel,etability be
develogped, will

A
ol

This wmatter of lateral statility is of utmost iuportance
for the loxud on tue piling iteelf is largely due to earth pressure,
and therefore gbility to withetand direct vertical loads is only
one of the reguirements for =2 ctable structure, The top of the
plling wall acts aes a cantilever besn and ie s> designed, The
length of the lcaded eection of the veem derends uzon the depth of

e eo>ft soils encountered, Trether the bean %ill carry its load
depends on the beanm itself aad &21¢9% on the awount of restraint st
the fixed end, Therefore it is necesezry that the end of th
pilirz penetrate well into a statle s0il and fer &l practical
purpcsece tle lenzgth of the pilirg so restreired should exceed tlie
length in unstzble ecil, It is probstle that an upper stratum cf
coarse naterial euch e& gravel znd a lower stratunm of cley preesents
tre ideal conditicn for both later=l etgbility and lcad teerirg
cepacity. Howcver, gravel slcne neskec a s'iitatle fcundstion and
tre stiffer cley lcens are also suaitgkle, Clay of course will
develop a great awcunt of lateral stzvility, but drivirg piling
into stiff cley is a difficult grocces, The Luportent point is
triat siuply driving thre piling down to a hard stratua is not
sufficient,

Tie tacke ¢of ore xind cr srothrer ere alweys ueeble aund
ir. wany csees ere nececeary, One of tle sirplest typee consiets
of a few sections cdriven on a line st rizht englee to the riling
wall and attached thereto Ly a T sectinn cf piling. Severel of
these way Le used in a long wall., Another %tyre conegiests of
gections of piling driven down scre dietance back ¢f the main
wall and connected Ly rods jacked tkrough the intervenirg s5il &9
as to not disturb it., A well constructced "dead-iman" will also
serve, If sucli means will uct develcp edequate lateral stebility,
it will be best to avandon the ides of usirg the eteel sucvstructure
and turn to a wasonry structure,

The use of the steel substracture 1s also limited vretty
much to the shorter spans bhecsice of the lianitations of the steel
deck girder superstructare, Such an abutment will not carry the
Leavy corcentrstions of a truss structure or of a long glate girder
epsn. With girders sgpsced et about five foot cerntere, ile reaction
are small and there is amrle opoortunity for their dietribution
through out the wall. The cep structure shomn will act as a Lear
of considersble strenzth and distribute the lcads to the glle

sections beet stle to carry them and prevent lccalized settlement
from distcrting the entire structure,
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The aifficulties encountered in the erection of the
eteel substructure unit are not nany and their solutiors sixgple,
Provably the matters of length snd elignment are the roet common
end troublesone, If tlLe lengths of tle meubers in the cap
structire are tzsed on plan dixencsions it is necessary tlrat the
length of the driven wsll vzry but little from the dimension en
the plans if excescive field alteratione ere to te avoided,
Froper and edequsate welding of the cap members to tle piling
also requires thst the alisnment of the wall bte rezesonably cloee,
“here piling is used for wing walls, it is neceesery that all re-
turne from the euperstructure fit as planned. Rackwall clearancecs
at tre expansion end of the superstructure also depend on accu-
rate e2lignment. Ard last, but far from leszet, tre alighuent of
sbutrente and piere in mnltiple span bridges muet ke such trat
girders cut to length in the ehop will fit,

Lt first glance thre solution cf the probvlems of length
end elignment would seem tc be tc set up 31l the piling in its
proper location before auny of the pieces are driven., However,
if the piling sections are Z0 to 40 feet long, ce is often the
case, tracing such a wsll Lecomee a very difficult end expensive
procees, Thre next thought is to drive the corner sections,
teking all due precautions to locate them accurately and keep
them plunmb, and then fit the intermediate sections between, The
difficulty encountered in this nxethod is that of fitting the
last section., If the wall is driven frcm both ends towards the
center, it is very prcbsble thet the closinz section woi1ld not
fit and it would te ixpossitle to make any edjustments in the
line of driven piling. It has been the writers experience that
the beet solution of this prctlem is eternal vigilance on the
part of thre fcremen esnd the inspector., Drive the center piece
of piling first, keeping it in alignment aad plumd,., Then as
esch succeeding piece is driven, check the overall length of
the well,

If there is a tendency fcr the sections to crowd to-
gether, thue shortering the wall, put short pieces of § inch
tare weldinz rcd into the interlocks as the pile is driven, end
thus keep the joint as open as pessible, If the wall tends to
lencthen, use a claump cocmpcsed of a piece of 13" cold rooled
round ber tent intoc 3 U shape with the ends thresded and a
piece of 1 x 3 inch flst drilled to fit over tle oren ends of
tre tar., The rvar can te put through the handling hole in tlre
adjoining piece of piling or throuech a sinilar hole barned in
the web of the pilirg snd the position of the flat adjusted to
keep a conetant pressure cn the piece being driven., By th
use of siach a device, it is gossible to crowd the interlocks
tight togetlier and thue shorten the length of wall. Conetant
checkinz of the length nf wall will essily deterxine whether
the sections are going down according to the plans and as much
as " variation can be obtained in the fit of each pair of
interlocks,

Froper elicnment of tre face of the wzll is purely s
natter of bracing and welere, In all caees, the piling shownld
be driven between one pair of walers and two pairs atcut five
feet apart verticelly is bvetter practice. Treee walers must
be thoroughly braced and should be compcsed of at least 10 x 10
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tixkters, Holes turned through the webs of the pile sections
will perait bolting the tirters tocetlier and to the driven sece—
tions. Then, if @a lnstrument is set up and the plucbness of
the driving leesds constantly crecked, it is relatively eszsy to
drive the piling to a true line, Lining up trc ;iling refore

rivirng hes proved impracticerle, for the eame reegsons nentioned
herct fore.

After all piling has bteen drivern, there is etill ttle
proklex of tihe fit of the cap mezbers. In general, this problem
is best sclved ty workinz from both ends towardls the center, and
fitting the center secticns in the field, Thieg, of courese, neces-
sitates that the center sectione te ordercd at least 3 inches
longer then plan diameneions would indicate. A poocd torch cperstor
csn burn off any excess negtly snd the sazll gzy left cen te filled
with well metal and then grourd eamdoth,

The alignrment of the sidewelks or safety wulks cen also
crezte a protlex if too wmuch faith is placed upon the eccurscy
vith wrich the girder esections are constructed, There is no gocod
reason for the web plate of a plate glrder teing Qff center, but
the wep of rﬂlled sections ney be off as much as g" and SuiLL ce
within the allsowable tolerauces of rolling practice. Trerefore
in linoing up the superstructure ;ir ers, it 1is bert to use the
web as the centrolling peoint. Vasriast iurs in flahbys can b
nullified vy pro*ar ellomweances in the fit of wenters, Th
explarsticn is rzde teceuse tre fittirg 2nd elignient of tn
curts end sidevalke cepends rormally on the eccurccy with which
the eidevalk Yrackxets are located

If the diaptrezws are accuretely built, the girder
webs will Te perellel and symretrical abtout the center of thre
roadwcy., Thre sidewalx breckets are attacted to the cirder
web and will also te in good alignment. ny variatisns in thre
relation of the curb line tc tire center of the ton fl=nge of the
ovteside gzirder will trern te unimportant, The zuthor was called
ugon in one caee where there had veen careless workamanehip in

he febrication of thre disphregrs and the inspector had gllowed
this fact to be overlocked., An overwide disphragzm had Leen
placed near tre center of the spaa and the discressncy overcoune
by deforaing the ;sirders to fit., As a result, the ogateide
girder wes uec1dealy rainvow staped, snd the ei&e""k brackets
correcepondingly cut ¢f lire, Toc gmoant of cutting and patching
necessary to overcore this errcr toox nearly twxo uays to accon~
rilish on & two egpan kridge and the final re~ilte were ot viously
tie eapy wey oit of a serious diffi iculty.

As will e ncted on the drawing on Plate IV the bsck-
well ¢f this type of structure consiste of a plate welded to
cornnection pletes which are in turn welded to the eands of the

cirder vels, Lue totton edge of this Lecokw21l plzte fits into
¥rie slot formed t t; the cap plate ead the Z-bar 5f the ebutzen
ard it is of couree irxportant twnt there sbhonld te no failure
of the expansion grovision due to vinding of parts., <Cince the
aliznment of the piling will be imocrLec* and since also it
will be obviously ixzp: ~sitle to ucke env =ljuctazent of the piling
gny veriations in elig nuent have to te corvected in the adjustzent
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of the vackwall plete, It is wise tlherefure to use @ serics
of short plztes etout tea feet long end place them in their
proger goeition vefore any of the cuanection plaies are welded,
either to tre backwazall plates or the girders., After the rtack—
wall is in place, the expancion elot eliodld Lz filled with e
flexicle mwastic which will prevent any dirt or stones frow
getting into the joint,

Tle method euwployed to attach the eiderzlk brackets will
degend to a2 creat extent upon the poesivility of future widenirng
0f the structure, 1If *the roalrey and sidewalks as plaaned ere
li¥ely to be aacgiate for many yesre, it is best to weld the
trecxetsd in place and taxe advantsesge of the strength of weld metsl
in teneicn., If there is likely to e a need for widealng, it ie
tetter 10 tolt the trackets and sou design the location of holes
trhat the,; can be used in the fastening of future disphragus. Ia
cese the sltachment of diaphragmwe reguires wore holes than eare
used in the attachwent of the sidewalk brsckeis, the extra holes
way te teunporarily filied and the gppearance of the structure
improved by tue use of bolte eizilar to those used to attach the
bracket, This will avold the burning of any holes necesszary but
not punched when the girders were fabriceted, It is not recom—
mended that rivets be uesed for they are difficult to remove and
rot satisfactory for the transwriseion of the tension at the top
of the brecket,

There 1s also a likelihood that the railings wmay not
lire up well eltuough careful febricstion should reduce this
difficulty to & winiuwum, The attactwent of the reiling posts
to the brackets sliould Te by bolts to facilitate their rewoval
in cese of widening or accidental damaze, Likewise, tlhe panels
of reiling should ve bolted into place., Any varistions in fit
cen Le earily cvercoume by slotting the holes used for attachment,

8o much for the details of the fatrication and erection
of the gll steel, all welded Lridge., The drawings which follow
imredietely are included to indicate definitely tte types of
structures with which the coet of the &ll steel bridze will be
corrared and represent in gereral the type of structures being
built bty the Xichizan State Highway Departuent in the yeers
1928 to 1°2Z1, The couparison ies Tased on the cost per square
foct of roadway which seews tihie best unit to use., In &g wuch
as trere agare few of the all esteel trideces in exietence, it is
imposcible to obtain accurate figures on their coet vased on a
large number of jobs. The structures selected, heowever, rep—
resent typical construction, one an ordinary stream crossing
anrd the other a highway overpasc et a two track grade separation.
The tridge was erected over tae Looking Glass River three miles
rortl: of the Lansing City Airport and is of two 55 font spans
vith 83 foot clear roadway and @ foot © inch safety welks. The
grade separation is at the intereection cf State Trunk Line /-114
and the Grand Trunk Western Railway 2% wiles east of Crand Rapids
and consists of two spans of 23'-10g" and nne of 48'-8%" with
42 foot clear rocadway and & foot S inch safety walks, The author
was placed in supervisory cherze of tle erection of the bridrce
end is tuherefore feswiliar with the protlems to te eolved in this
type of construction and this job ia particular,
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Tre total cost of the tridge as regorted in thre Four-
teenth Biennial Report of the mlChl&an State Highway Deyartmedt
was $10473.45 for 4230 eguare feet of bridge floor or ¥3.3C per
square foot., The cost per sguere foot of ten other structures
of the steel deck girder type erected on wesorry substructare

units during the sauze year and representing nearly 33000 square
feet of floor area averaged $3.50 or wcre than double the cost
cf the all-steel jou. A low steel truss with a flocr area of
2233 square feet cost %$3.80 per sguare foot. A reinforced con-
crete T-bveam structure with a floor area c¢f 4520 sguare feet cost
210,77 per square foot, These figures indicate very forcibly
the great decresse in cost of construction poscsitle by the use of
tris type.

The total cost of thie all steel grade separation &s re-
ported in the sase volume was 303000 for 4284 square feet of
bridze floor or qo 14 per square foot., Two other grade separations
of the eteel decx cirder type on @eeunry foundations, a total flnor
area of 2370 quarb feet, coet §$12.00 ger square foot Two grade
cseparatious of the half t .Tough steel plate girder tyce on L LBE0NTY
foundatione, a tctsl floor erea of 5220 equere feet, cost §19,82
per square foot, It is intereestinz to note thrat, siuce the cost
of a steel deckx girder superstructure would not vary greatly from
cne job to ancther, tle difference ian cost tetween the various
typee of structure reprecents tre saving possible ty the uee cf th
stecl esubstructure construction.

Anocther wetrhod of couwparison., The total cost of the
22C00 square feet of fioor erea of the Fué&l deck cirder sk-ﬂs on
nasonry substructures wes §211,E71.62, Using tle unit price
figure cowputed avove for the saue type of siperstructure on egteel
substructure uuits, this total cost would ke reduced to §122,7CC.CC,
a sdv1né of §182 871.68. nere is no doubt that sowe of the
structures invluded in thie group were not of such nature as to
nake the use of steel sbetructure unit advisatle, Ievertheless,

a saviug of even a half of the §182,€71.E8 would be a anejor item
ard would repreceent at least two structures of the aversze type.

The one preat and ell importent guesticn which hus
ericen in regards the type of structure progosed in thic thesis
is trat of usalle life. Since the siperstructure would te
escentially the sawe regardless cf what tyoe of sutstructure
units were used, it seexe fair to disrezard that prase of the
protlem. Te dre &ll ueed to thinning of @aBCNTy &€ a pI actically
peraanent type of construction, and that steel is sutject to
ox;d .tion to the extent that a life of perhore <0 yesre is &ll
thiat cen te ressonatly expected without wajor re;lacement~ How-

ever, modern i rorerents in tre netsllurgy of stegel wre changing
this concezt Tepidly. The use of emell afdunts of conrer et &n

ife
- -

ou
alloy has practicelly doutled the exrected 1 of steol exnoeed
to the weatl.er,

Alternate wetting and drying is ncow coneidered
rost harmful ty*e of exgoseure &Ad this PXPOSAIP*lSPlREVIt o
a steel pler unit. e wust not, Lowever, forget tre ueny 1
cf perhers a different application of the sane material whi
prove trat with resronatle maintenance the llfe cf a stee}L
structure under these conditions is amuch over 20 yeare., TLe
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Erooklywn Eridze in Yew Yorkx City wee built over fifty years ago
ar.d, wnile it is row very iradeguate to meet the Fezands placed
upon it, tre origiuel steel cactles are still in use., The Luge
tridges beihe built in the £a2n Fraacieco erea are certeirly wot
ex\ectei to have g ueable life of ouly 20 years for the prouabllity
iz treat they way not be peid for by tiat tiwe, Tre Carunegie
Steel Cumpmany ia their Larndbook oan the use of steel piling uwake
an extensive report on the condition of piling removed at
FPitteburg which had been ia place for twenty yesrs, Tile “iling
wats a 12 inch, 235 1lb,. sectic n,knuwu et tre tixe ss u-101 of
ord;tary Carvuﬁ steel with a carton content of only .C1 percent
and was drlven ten feet into hLarld wmuld arnd grevel with the tops
rtending 18 inches above norasl water level, Oectlions were cut
at tle tig of the pile, at the water line, at the xidile of
the pile, and at tre botton of tre pile an d tre loss of uetzl dae
to corrceion and other cavses carefully deteruined. At the wsater
lize there was a lose of 14,5 percert cr leegs than one Bercent
annuﬁlly over the tine the pile wae in place, EBecaucse of ailnirng
activitier in the Fittsburgz region, the water of tle Yonongalicla
River contzins wore or less free eulghuric acid which during the
low water months runs es Ligh as 100 perts pET willion. This,
trerefcre, was a severe test of tle plliu; and proves de*L.itely
ttet even plain carton steel has a usable life of mcre than
tweﬂ+y yeare, Coprer tearing stecl csn therefore be exgected
to wave a life of at leacst forty yeers or more and psst exper-
ience witl mascnry hae shown that in the length of tine my“tio*c,,
the Lest of coucrete structures will need very major repaire,

Trere ie no questioning thre fsct tret zaintenence
charges on the gll cteel bridge will bve higher tlan for wmgeonry.
Not trat trere will be major itexs for the replacement of struc-
tural measteres, but that a s+eel structure rhas to te painted quite
frequently if it ie to endure, The cost of paintmb tlle averege
steel deckx girder brid ge on concrete gbutuents is sliown by the
report of tne wichigan Stete Highway Depsrtment for the year
1923.t0 be apgroximately $250,00, Supnose for purposes of dis-
cussion we doutle this flgxre to take into account the additionel
gurfacee to be painted, in the case of tle all eteel bridge,
making the cnsrge for paintinz #500. CO Tek ing the specific
cace of tre vridge over the Looking Glass River north of tie
Leneing City Airgort it has been shown that the saving in firet
coet of this etructure over an orﬂiﬂcry steel deck girder Lridge
on masonry etutments would e aprreximstely £3C,000, Certeinlj
this smount would represent a large nuwber of paintings £0 many
that it is cafe to esesume trat the increased coet of wain ai*xint
the 2ll steel structure will never become 2 mgjor item 1n th
choice of bridge type for a site where the all steel bridge can
te used,

SUIARY

It hes been the purpose of this thesie to eet forth in
some detail, the possibility of fabricsting and erecting an ell
steel brldse by the procese of arc welding, end to prove thrat
the type of bridge prcposed is practical from btoth an engineering
and a financisl standpoint, To this end, thre process of electric
arc welding was discuseed in con51der9ble detail in order thst

tte reader should have a clear understanding of the methods to bte
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used and tlLe resulte that could te ressonabtly expected, Tk

data included in regards the strength of welds made with the

uee of bare wire electrocdes shows trat such welds will permit

& factor of safety of four which is common for steel construction
It nist aleo be torre in winl, in this connection, thet the use
of bare wire electrodes hss veen alvinst 4¢econ+inued in favor os
tle heavily ccated, shielded arc electrode which will practically
guarantee an incre"se of twenty-five percent in the strength of
he weld over similar welds rmade with tare wiré,

The type of structure proposed was tren described in
great detail with drawings zdded to show typical details of con-
etruction, Tke advzantages and disadvantages of the new ty
were discussed and coumpered with mascnry construction. &&ﬁ] of
t-e dctails of febrication and erection difficulties were set
fcrth and the appropriate sol-ition explained., The liwmitations
to be placed ugon the uee of the new tyre were set forth. And,
finslly, the ccet of building and maintainines this new type of
tridge structure was compared with similar costs for masonry or
riveted steel structures,

Tre author telieves that the following conclueiorns may
te arrived at and that there is ample justification for eo doing

A, That arc welding es a wmesns of fabricsting and
erecting steel structures is a2 dependstle process and thet its
use will permit neny economies in deeign and erection.

E. That & bridge cdesign baced on tle use of steel
sheet piling for supporting abutments and piers is eound fronm
en engineering etandpoint,

C. Trket tre limitztions which have %o te placed upon
the use of such 2 etructure and the difficulties to Le expected
in fabrication and erection do not preclude the general sﬂoffion
of the progoced methode,

D. That the etructure proposed can te built at e
rnsiderabtle egaving of tcth time =nd acney.

- E. Thet te life of euch a structure will compare
favorably witt tre 1life of bridgee conetructed on masonry abtut-
mente and pilers,
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