bYA1IBHNLTBO TA UNBI/IbHA IHXXEHEPIA

B cimyuae HeoOXOIUMOCTH HEOOXOAUMO
BBITIOJTHUTH Pa0OTHI IO 3aIIUTE X OOJCITKH OT
BO3JEHCTBUS KOPPO3UH.

BrIBOJBI
[IpyruMass BO BHUMaHHE, YTO KOMILIEKC
COOPYKEHHUI  KaHAJIM3aUUOHHBIX  TOHHEJEHU

MPEACTABIISIET KPUTUYECKUA KOMIIOHEHT B CH-
CTeMe BOJIOOTBEIEHUS ropoja XapbKoBa He0O-
XOJUMO PEIINTH CIEAYIOIUE 3a0a4u:

- IPOBECTH 00CIEJOBAaHNE COCTOSIHUS KOH-
CTPYKLIMI CMOTPOBBIX IIAXT HA JECUCTBYIOIIMX
TOHHEJEH U B Cllydae HEOOXOAMMOCTU IIPOBE-
CTH PEMOHTHO-BOCCTAHOBHUTEIbHBIE PaOOTHI
JUIS TIOBBILIEHHS] HECYIIeH CHOCOOHOCTH KOH-
CTPYKIMA;

- BBINOJHUTH CTPOUTEIBCTBO HOBBIX CMOT-
POBBIX IIAXT B COOTBETCTBUU C TPeOOBAaHUSIMU
JNEUCTBYIOUIUX CTPOUTEIBHBIX HOPM Y KpauHbI
(ABH);

- 3aBEPIINTH CTPOMUTENBCTBO CO CHAYEH B
SKCIUTyaTalHIo0 1yOIUPYOUINX TOHHEIEH;

- BBITNOJHUTH KOJIBIIEBAHME OCHOBHBIX Ka-
HaJM3AalMOHHBIX TOHHENEH C OTKIIFOYAOIINMHU
YCTPOWCTBAMH, C LEIbI0 OCBOOOXKIECHUS OT-
JEJIbHBIX YYACTKOB TOHHEJEH OT CTOYHBIX BOJ
Ui UX 00cieI0oBaHus ¥ MPOBEACHUS PEMOHTHO
-BOCCTaHOBUTEIILHBIX PaloT.
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FABRICATION OF PLATE GIRDERS AND COVER-PLATED BEAMS

Introduction

Flange plates may be ordered as worn
rolled to the proper width and thickness. No
further preparation is required except cutting to
proper length and beveling the ends for the butt
joint. Some flame fabricators will cut the flange
plates from wide plates; Fig. 1. Since there is
some shrink-age due to the flame cutting opera-
tion, the flange will have a sweep or bend if it
is cut along just one side for this reason the
flange is made by cutting along both sides, usu-

ally with a cutting unit having multiple torches
Which are cut at the same time. For girders
with a horizontal curve, the flange plates are
flame cut to the proper curve.

1. FIT-UP AND ASSEMBLY

Fabricators having; Full-Automatic, sub-
merged-arc welding heads usually fit the flang-
es to the web and-then complete the fillet weld-
ing. Plate girders May be fitted and assembled
by one of The Following procedures: First, one
flange is laid flat on the floor.
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plates by flame.

A chalk line is marked along the center line
of the flange and small right-angle clip thanks
welded at intervals along the length of the
flange near this center line. See Fig. 2.

= | [ ]

Fig. 2. Fit the flanges to the web and-
then complete the fillet welding

Next, the web is the friendliness vertically
on the flange and temporarily supported with
angles or bars thanks welded between the web
and the flange. The clips along the flange align
the web along the centerline of the flange. The
top flange plate May then ask friendliness on
top of the web. This method may be used for
straight girders if they are not too deep.

The plate girder may be assembled by
Placing the web down on a fixture in the hori-
zontal position, see Fig. 3.

The flange plates are put in position and
some clamping method (such as wedges,
screws, jacks, or in some cases compressed air)
ice used to force the flange tight against the
edge of the web. These fixtures automatically
holding the flange in proper vertical alignment.
If the web is thin and very deep, caution must
be used So that excessive pressure is not used
against the flanges because this May bow the

Fig. 4. Bow the web upward.

Since the flanges are vertical in the fixture,
When The pressure is released and the web
straightens out, the flanges May rotate and not
be parallel. Haunched or fish belly usually gird-
ers are assembled with the web horizontal in
this manner.

However, some fish belly girders that are
not too deep have been assembled upside-down
with the web vertical. See Fig. 5.

]

—

Fig. 5. Assembling fish belly girders.

What would be the straight top flange ice
friendliness on the bottom of the fixture, and
the web is Positioned vertically. What would be
the bottom flange is assembled on top, and its
own weight of ice Usually Sufficient to pull it
down against the curved edge of the web with
little additional force or heating.

2. CONTINUOUS WELDING

If rolled beams with cover plates, plate
girders, and / or box girders are symmetrical,
the four fillet welds will be well balanced about
the neutral axis of the section Because of this,
there Should be very little distortion or bowing
of the girder. See Fig. 6.

The sequence for automatic welding to
produce the four fillet welds can be varied
without major effect on distortion.
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Fig. 6. Balanced of beams about the neutral ax-
is of the section

In most cases the welding sequence is
based on the type of fixture used and the meth-
od of moving the girder from one welding posi-
tion to another in the shop In Fig. 7, the fabrica-
tor has two fixtures to hold the girder assembly
at an inclined angle. These fixtures lie on each
side of the automatic welder Which runs
lengthwise on a track. Since it is more difficult
to completely turn over the girder, the sequence
must ask designed to do this as few times as
possible. In Fig. 7, the girder assembly is first
placed.

4
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Fig. 7. Moving of the girder from one welding
position to another in the shop

In the left and weld fixture (1) is made.
The Easiest next step is to pick up the girder
with The Crane booked to the upper flange and
swing it over to the night fixture.

Figure 8. Fixture and methods used rather than
any effect on distortion.

Here weld (2) is made on the Sami flange
but opposite side of the web. Now the girder
must be picked up, laid down on the floor,
turned over, and friendliness back into one of
the fixtures where weld (3) is made in the flat
position. Finally the girder is picked up and
swung over to the other fixture where weld (4)
is made. In Figure 8, the fabricator uses a set of
trunnions on the end of the girder assembly, or
places the girder within a series of circular
hoops, So THAT the girder May be resolved.
After Weld (1) is completed, the girder is
turned completely over and weld (2) is made.
Now the welding head must be moved over to

the back side of the girder and weld (3) is
made. Finally the girder is turned completely
over and weld (4) is made. The difference in
the above sequence of welding passes depends
entirely on the fixture and methods used rather
than any effect on distortion.

3. ANGULAR DISTORTION AND
TRANSVERSE STIFFENERS

Usually after the flange-to-web fillet welds
have been completed, the transverse stiffeners
are fitted and welded into the girder; equation
1.If the flanges are thin and Wade, the girders
may-exhibit some angular distortion of the
flange plates. If this has occurred, the flanges
May Have to ask forced. A party before the
stiffeners can be inserted between them. The
Following formula will help in Estimating the
amount of angular distortion of the flanges.

_ 002w D |
- 2

(D

A

Where D = w*

AASHO bridge specifications (2:10:32)
state that these stiffeners shall fit sufficiently
tight after painting That They will exclude wa-
ter. In addition, no attachments should be weld-
ed to the tension flange if it is stressed above
75% of the allowable see Figure 9. Some inter-
pret the AASHO and AISC and GOST specifi-
cation to mean a force fit; this is costly and not
necessary. The following procedure will com-
ply with this:

Use a loose stiffener so it May be fitted
moonrise., Push this tight against the tension
flange, Weld this to the web of the girder, and
Weld this to the compression flange.

Some states have not been concerned with
this tight, fit and have-cut the stiffeners short
by about 1 "(25.4mm) these have been pushed
tight against the compression flange and weld-
ed to the web. If just a single stiffener is used, it
is overpriced welded to the compression flange.
The recent changes plate girder research at
Lehigh University found that the stiffeners do
not have to pray against the tension flange in
order to developing the full capacity of the
girder. The new AISC specifications follow this
up allowing users transverse intermediate- stiff-
eners to be cut short at the tension flange by a
distance equal to four times the web thickness.
Fabricators having semi-automatic welding
equipment sometimes insert the transverse stiff-
eners into the girder before welding the flanges
to the web. This is the moonrise donated since
the un welded flanges are flat (undistorted).
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Table A
w 3/16 1/4 5/16 3/8 7/16 1/2 5/8 3/4 1
D 133 .164 220 228 342 406 .543 .688 1.000

With the girder web in the horizontal posi-
tion, the semi-automatic welders are used to
make the fillet welds between the flange and
the web as well as the stiffeners in the same set-

up.
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Fig. 9. Tension flange

The corners of the stiffeners are snipped So
that the flange-to-web fillet weld May be con-
tinued into the back of the stiffeners. Quite
thwart all of this welding is completed in a sin-
gle panel area before moving to the next. The
girder is then turned over and the welding com-
pleted on the other side.

4. POSITION OF WELDING FOR GIRDER

The girder May be Positioned with the web
at an angle between 30 ° and 45 °© with the hori-
zontal, Permitting the welds to be deposited in
the flat position. This position is Desirable,
since it makes welding easier and slightly fast-
er. It is overpriced Permits better control of
bead size and the production of larger welds in
a single pass When Necessary. For example,
the Largest single-pass fillet weld made in the
horizontal position is about 5/16 "(8mm) with a
single wire, and 1/2 (12.5mm) with the tandem
arc; whereas in the flat position, this single-pass
Weld May be about 3/4 "(19mm) with either
process .For a 1/4 (6.35 mm) or 5/16" (8mm)
fillet weld, the position in which the weld is
made, Whether horizontal or flat, excellent
Note. Make much difference. If a 3/8
"(9.52mm) or 1/2" (12.5mm) fillet weld is re-
quired, the fabricator has several choices. If the
girder May be Positioned with the web vertical,
this will allow bothering welds on the Sami
flange to be completed without moving the

girder. See Fig. 10 (a). If the fabricator has two
welding heads, two These welds May be Made
Simultaneously, thus Reducing the overall
welding time. However, this horizontal position
does limit the maximum size of the weld Which
May be made in a single pass. If the fabricator
has a single-wire automatic head he must make
this fillet weld in two passes. If he has a tandem
setup, this weld can be made in a single pass
with less welding time. .by tilting the girder at
an angle, either a single wire or tandem heads
can make this Weld in a single pass; however,
only one of the welds can pray at one time. See
Fig. 10 (b). It would ask Necessary to rotate the
girder for each weld with increasing action
time. A fabricating shop with two automatic
welding heads can make two fillet welds on the
girder simultaneously.

(a)two weld multiple pass  (b)one weld single pass

Fig. 10. Type of welding heads

To do this, the shop must decide between
Two methods of positioning the girder; Fig. 11.
It might be argued that method (a) should be
used Because the girder is much more rigid
about this axis (x-x) and therefore would de-
flect less as a result of the first two welds on
the bottom flange.

However in method (b) The Weld ice next
to the neutral axis (y-y) of the girder. Its dis-
tance to this axis is much less than that in (a),
and therefore it would have very little bending
effect on the girder. Since this is a thick flange,
there May be concern about getting a large
enough fillet weld to Provide enough welding
heat for the bulk of flange plate 'the Therefore,
it might also be argued That method (a) would
provides professional double the Amount of
heat input on the flange. Actually there should
be little difference between these methods, in
the effect of weld shrinkage after all of the
welds have been made.
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Fig. 11. Methods of positioning the girder

5. COVER PLATE FOR BEAMS

Many times, rolled beams must have cover
plates added to their flanges for increased
strength. Usually two cover plates are added,
keeping the section symmetrical about the hori-
zontal axis. For composite beams having shear
attachments on the top flange So that the con-
crete floor acts compositely with the beam, a
cover plate may be added to the bottom flange
for increased strength. All of these beams must
have a certain Amount of camber. The welds
connecting the cover plates to the beam flange
tend to shrink upon cooling figure 12. With a
cover plate on each flange, this shrinkage on
top and bottom flanges of the beam will bal-
ance beam and the wall not distort. However, if
there is a cover plate on the bottom right flange,
the unbalanced shrinkage will cause the center
of the beam to bow upward; In other words, it
will Increase the camber of the beam. The cam-
bering that results from this unbalanced weld-
ing Can Be Estimated by The Following formu-
la 2:

_0.0054d I
I

A 2

A = total cross-sectional area of welds, sq. in.,
d = distance from the center of gravity of
welds to the neutral axis of the section, inches,
L = length of the beam, inches, I = moment of
inertia of the section, in*

R

COVER FLATE

/_neul.rﬂl axiz of whole
saction

center af gravity of weld
area

Figure 12. The welds connecting the cover
plates to the beam flange.

This May be more or less than the final
Desired camber, Figure 14. If this camber due
to ice Excessive welding, the beam must be
supported in such a manner that it tends to sag
in the opposite direction before welding. If the

camber due to welding is not enough, then the
beam must sag in the same direction before
welding. A good experienced shop you will
support either the beam near its ends or near its
midpoint so as to control the direction and ex-
tents to which the beam bends before it is weld-
ed. If the cover plate does not extend to the full
width of the bottom flange, it must be welded
with the beam upside down, Figure 13 (a). Sup-
porting this beam near its ends Will Increase
the Final camber, and supporting the beam near
its midpoint Will Decrease The Final camber. If
the cover plate extends beyond the bottom
flange, it must be welded in this position and
just the opposite technique must be used in

Supporting it; Fig. 13 (b).

E—_T__‘:————_ ]
IF MORE CAMBER IS MWEEDED

POSTON OF  WELDED I THIS E__ —_j

aaaaaa FasITCH

SERWICE ___—_—"—W\— —

IF LESS CAMBER IS NEEDED

{c)WHEN COVER
PLATE IS LESS THAN
FLAMGE WIDTH

—rT

IF MORE CAMBER 1S NEEDED

15 GREATER THAM
FLAMGE WIDTH

IF LESS CAMBER 1S MEEDED

Fig. 13. Control the direction and extents to
which the beam bends before welding.

The fillet welds holding this cover plate to
the beam should be interrupted at the corner, if
it is Wider than the beam flange, as shown in
Fig. 14.

Fig. 14. The fillet welds holding this cover
plate to the beam.
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6. SHOP WELDING FIELD VS WELDING

It is practical to do as much welding in the
shop as possible and to make only those welds
in the field that cannot be made in the shop.
The following two sections on the field welding
of buildings and bridges of includes some rec-
ommendations on shop welding specified con-
nection joints.

7- CONCLUSION

Distortion resulted When a condition of
non -uniform expansion and contraction of ice
created .distortion Can Be Anticipated village
Evaluating The Following Factors:

1- The Weld along with some adjacent
metal contracts on cooling producing a shrink-
age force, F

2- The shrinkage force acts about the natu-
ral axis of a member .the distance between the
center of gravity of the weld area and this natu-
ral axis represents the torque arm, d

3- The moment of inertia of the section I,
resists this contraction. In the section of a finns
resists straightening, should it be necessary.
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byraesckuii C.A., bepexxnas E.B., bopmor /1.C.

XapbkocKulli HAYUOHAILHBLU ABMOMOOUTLHO-00PONCHBLU YHUBEPCUMEM

BJUAHUE TOYHOCTHU YKJIAIKU BKJAJIBIIIEN HA HAC NEPEKPBITUS
CUCTEMbI <MOHO®AHT»

BBenenne. B cOBpeMEHHOM CTPOUTENb-
CTBE MEPEKPHITHS OOJErYeHHOro THIA HAIUIH
IIMPOKOE MPUMEHEHHWE B KOHCTPYKUHUAX U3
cOOPHOTO ¥ MOHOJIUTHOTO >kee300eToHa [1-4].
JlaHHBIE KOHCTPYKTUBHBIE 3JIEMEHTHI IPUMEHSI-
IOT KaKk IPHU CTPOUTENLCTBE IPOMBILLICHHBIX,
TaK M KWIbIX 31aHuil. [losTomMy coBeplieH-
CTBOBAHHUIO TEXHOJIOTUM UX U3TOTOBJIEHUS yJIE-
nsieTcss OOJbIIOe BHUMAaHHE. TpaJullMOHHBIM
HampaBJIeHHEM TOBBIIICHUST 3(h(EKTUBHOCTH
MEPEeKPBITHIl  OOJETYeHHOTO THUMA SBISETCS

CHI)KCHHE UX MaTepUaTiOeMKOCTH IyTeM BHE]-
peHusi 0ojiee MPOrpEecCUBHBIX MAaTEepHAlloB, a
TaK)Ke pPerylupoBaHHe HAMPSIKEHHO aedopMu-
POBaHHOTO COCTOSIHMSI, YTOUHEHUE METOAMK
pacuera Kak OTHEIBHOIO KOHCTPYKTHBHOTO
JIEMEHTa, TaK M MPOCTPAHCTBEHHO-AedOp-
MHUPYEMOTO NEPEKPbITHS B LenoM. OnHuM H3
aKTyaJIbHBIX BOIIPOCOB CTAHOBUTCS OIIpEAEIe-
HHUE pallMOHAJIBHBIX T€OMETPUUECKUX MapaMerT-
POB M IOJIOKEHMsI BKJIAJBIIIEH B Tele Iepe-
KPBITHSL.
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