4

LR ézj%}

ForR REFERENCE

e

pF

| SR

<

DEGleASSULED
AUTHORIZE

CANADA

DEPARTMENT OF MINES AND TECHNICAL SURVEYS

OTTAWA

NOT TO BE TAKEN FROM THIS ROOM

MINES BRANCH INVESTIGATION REPORT IR 63-42

EXAMINATION OF FAILED SECTION
FROM A BAILEY BRIDGE PANEL

by

W. P. CAMPBELL

PHYSICAL METALLURGY DIVISION

This document was produced
by scanning the original publication.

Ce document est le produit d'une
numeérisation par balayage
de la publication originale.

COPY NO.13 ' APRIL 19, 1963


eburgoyn
Black


_Declassiﬁed
Déclassifie

Mines Branch Investigation Report IR 63-42
BXAMINATION OF FAILED SECTION FROM A BAILREY BRIDGE PANBL
by
W. P. Cempbell

SUMMARY OF RIESULTS

The fractures in the two side channels
of the end piece from a Balley Bridge panel
.were brittle in nature and were initiated at
small heat—affected‘zone cracks, which resulted
from incorrect welding procedures. The steel
contained higher carbon and manganese levels
than are desirable for good weldability and
had inadequate notch-ductility under low-tem-

perature service conditionse

#Senior Scientific Officer, Welding Section, Physical Metallurgy
Division, Mines Branch, Department of ines and Technical
Surveys, Otlawa, Canada.
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INTRODUCTION
In a letter dated February L4, 1963, (Ref. 31-2-66), Mr.

B, ' Cummings, Acting Chief, Tésting Laboratories, Department

of Public Works, Ottawa, Ontario, regquested that an examination

be performed to determine the cause of failure of a male end

section of a panel from & Balley Bridge. A copy of a letter

from Mr. J. E. Kellett, District Engineer, Department of Public

Works, Y. T., was enclosed, together with a short report from

the Department of National Defence, entitled "Patigue in Bailey

Bridges", The following information was obtained from the

letter and report:

(1) The fractured male end section was from a pancl installed in

(2)
(3)

(4)

a Bailey Bridge over the Hyland River at Mile 65 Nahanni

Pioneer Road, Y. Te
The temperature at the time of fallure was —55°F.

There appeared to be a defect at the fracture location prior
to "collapse" and this was thought to be shown by a spot of

rust or paint on the Lfractured surface.

The Department of National Defence stated that there 1s a
possibility of fatigue failures particularly when Bailey
Bridges are used for non-military applications involving
heavy loads over a long time period. If fatigue conditions
are developing, cracks wlll first appear at the sway-brace

slots at positions of maximum stress in the tension chord.



These dracks spread very slole and'giva ample time‘for

detection by visusel examination, before becoming dangerous.

In View Qf,ﬁhe warniﬁg gbout possible Fatigue faillures,
and the observation of,an apparent prior defect. ab the location
where fatigue fractures éré known t0" have occurred in some other
panels, Miya Kelleﬁ PGQUemted that the examination detérmine ir

"fatigue or other defects coritributed to the collapse of thE'span".'

PROCIEDURE
(1) The assembly was examined visually and by magnetic particle
“inspection. Photographs were takon of the assembly and.

fractured surfaces.

(2) Chemical analyses of drillings and quantitative spectrographic
analyses of pieces were periormed on samples taken from the

top'flanﬁo of each bf the two channels.

(3) One tensile test was made on specimens machined from the

lower flange‘of each channel.‘

(4) Impact tests at several temperatures were made on 5 mm x 10 mm
~ bars cut longitudinally Cfrom the web of each channel. Bach
bar had a standard Charpy V-notch cut'perp@ndicular to the

surface of the web. Two bers were broken at cach temperature.
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(5) The following sections were removed from the assembly and
examined microscoplcally after suitable polishing and etching:
(a) longitudinal sections at the initiation points of each
of the four fractures

(b) longitudinal sections at the starting points of the two
welds joining the lower side of the sway brace slots to
the central connecting plate

(¢c) a transverse section &cross the welds joining the con-
necting plate to channel B (see Figure 2)

() longitudinal and transverse sections through the filletb
weld joining a small steel piece at right angles to the

upper flange surface of chennel B (see Figure 2).

Several photomacrographs and photomierographs were taken

to illustraete the observations made on the various sections.

RESULTS AND DISCUSSION

As shown in Pigures 1 and 2, the failure of the end
piece occurred as a result of two fractures forming in each chan-
nel; one fracture being above the slot and the other below. The
fractures are near the ends of the straight portions of the
sway—brace slots. It is evident in these two figurés, and also
in Figures L and 6, that the two lower fractures in each channel.
are at or very close to the ends of the fillet welds joining the
channels to the central connecting plate. Closer views of the

four fractures, illustrated in Figurcs %-6 inclusive, indicate
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that they are of the cleavage type wiﬁh‘iittle evideﬁce of shear.
Thus the fractures are typical of=ﬁ5£al which has failed in a

brittle fashione

‘The fractured surfaces exhibit chevron’markings which
tend to point towards the intersectlion of the fracﬁures with the
slots. This is a defiﬁite indic ation that the fractures initiated
at these locetions. At the lower fracture in channel B, a derk
spot, differing in colour and texture from the major. portion of
the fracture, is evident in Figure L at the fracture initiation
point. A Qimilar spoﬁ is seen in figure % on the upper Frachture
in the Sém¢ channel, although‘therc’is no eﬁidenCe of weld metal,
this having been retained with the portion of the end piece not
submittéd. No similar spots.were noted at corresponding locations
-in channel A, although a small hole.was noted at the upper
fracture (See Pigure 5), A very small amount of weld deposit

was seen near this defect.

Figures 7 and 8 illustrate the site of fracture initiation
in a section taken through’the dafk spot shown in Figure 4. It ‘
1s apporent that the brittle fallure was initiated by cracks -
close to the toe of the weld crater. The dserk spot corregponds
to the extreme left hand edge bf the'section, and to a small
portion of_the main fracture which is just below the right hand
prack, with reference to Iigures 7 and 8. A close examination

of the fracture (See Figure. l;) will show that this derk asrea at



the initiation of the Ffracture ‘really consists of two spots, at
slightly different elevaetions on the fractured surface. A third
crack, scecn in Figure 7, between the extreme left edge anﬁ the
right hand crack, did not extend to any appreciable extent. An
examination at higher magnification, of the location on this
specimen corresponding to the dark areas 1in IMgure l, r@vealed
the presence of oxide scale, as seen in Figure 9. Fligure 10
illustrates the crack which is in line with the main portion

of the fracture, and this crack is also oxidized. Another crack,
running parallel to the one Just mentioned, was found further
away Ffrom the fracture- This crack, shown in ¥Figure 119, is intler-
granulér ih nature, and so tightly closed that 1t was not evident
in the macro-examination of the section, e.ge., 1t is not apparent
in Figure 7. This type of crack probably initiated first as a
hot crack al the austenite boundaries in the heat-affected zone
at the weld fusion line and then extended as a cold crack when
the heat-affected zone became martensitic. Other heat-afflected
zone cracks, which are transgranular and run more ncarly parallel
to the weld fusion line, were found a short distance away fLfrom

the fracture, and are illustrated in Pigure 12.

The upper fractwe in chamel B apparently occurred in
a similar fashion. igure 413 shows that the inltiation of the
fracture was in a weld hest-afiected zon.. Although no cracking
was seen below the Lfractured surface, 1t was evident that a crack
had occurred during welding cad had been subscguently oxidiged.

The surfsce of the Lrocture immediately adjacent to its inter-~



section with the slot, L.ca, through the dark spot evident in

Figure 3, was similar to'that illustrated in Iigure 9.

A section is shown in Pigure 1l from the upper frecture
in channel A 111us trat ed in Figure 5. E£ome lack of fusion and
entrapped slag were proqent in Lhe small portion of weld metal
remaining. No cracking was found in the heat-affected zone, nor
was there any evidence of oxidation along the fracture path
through this zone. However, it 1s possible that the Lracture

was initiasted at some weld defect such as shown in this section.

A sectlon through the weld crater and 1ntersoct1ng the
1ower fracturc in channel A (see blgufe 6), showed thut the weld
crater was very shallow and thal no cracks were present in the

heat-affected zone..

Sections were also exemined at the starting point of the
two lower welds where no fracture had been initiated in the

channels. The heat-affeéted zonesbelow the start of the welds

were quite shellow, thus indicating rapid cooling rates. However,

no cracking was found in these zones. The welding arc had melted
a small shellow zone in chennel A a short distance in advance of

the stert of weld deposition, as is shown in Figure 15. A& very’

small crack, perpendicular to the édge of the chennel, was Lfound

in the upper portion of this zone. Such a crack is favourably

locabed to initiate a brittle iaalurc.

Hesl~afi'ected zone cracking such as illus teated in

Pigures 4141 and 12 can resull in certain steels il the cooling




rate in the heat-affected zone is sufficiently rapid to produce

a predominantly martensitic microstructure and if the welding

arc atmosphere is sufficlently high in hydrogen. It is évident
that the welding procedure was inadequate, at least when some of
the welds were made. The microstructure adjacent to most of the
weld deposits was predominantly tempered martensiﬁea As these
welds were all single pass deposits, it is evident that the assembly
must have been subjected to some post-weld heating, probably with-
the intention of stress~reliéving the assembly and of tempéring

hardened heat-affected zones.

The oxidation found at the initiating points of two of
the fractures, and in nesrby cracks, as well as on the surface
of the welds, supports the view that a post-weld heat treatment
had been applied. It is quite possible that some of the heat-
affected zone cracks may have been extended due to thermal

stressing, as well as being oxidlized by this heat treatment.

It is of interest to note that the brittle fracturecs
have been initiated atl the same locations from which fatigue
fractures have propagated in some other panels. Information on
fatigue behaviour 1s given in the DND report "Fatigue in Balley
Bridges" and in the paper(1) by Whitman and Alder, which is
referred to in the DIND report. There would seem to be a pos-
sibility that at least some of the fatigue failures may have been
initiated at heat-affected zone cracks at the ends of the welds.
The paper by Whitman and Alder does not indicate that any

exemination was made to determine if such cracks were present.



However, it is quite pbsﬁible that there would be sufiicient
notch efrect at the ends of the welds to initiate fatigue Lractures .
even in the absonce of he&t*affectéd zone cracks fLrom weidir@a
This may elso be true in the case of brittle fractures, but
certainly pre-existing craclks willzincrease the likelihood of
bhrittle failures at low tenperatures or of fatigue Lractures

under vprolonged service at normal temperatures.

FPrior to removing the various sections from the welds,
the assenbly was examined visualiy and by the magnetic particle
PIOCESS W 'The fillet welds between the lower edges df the slots
and th@ connecting plate were of satisfactory appeurance. The
small fillets around the ends of the connecting plate, i.e»,‘
across the thickness of this plate, wer¢ irregular and some were
cracked. The ertical fillet welds Dbetween the inner surface
of each channel web and the 5/8 in. vlates, just back of the

connecting plates (see Figure 2), sppeared to be of poor quality.

The fillet welds joining‘the small steel tabs: to the top surface
of" the. channel appeasred to be adeqﬁate. Magnetic particle
examination, after removal of paint with’a liguid paint remover,
did nbt provide any additional ixformaﬁion about weld quality.
It is significant that this inspection did not revesl any of the
cracks shown in Figures 7, 8, 10, 11 or 12. This is not sur~

prising'as these cracks arc actually guite small, and such cracks
usually do not extend to the swface being examined. However,
in view of the subsequent finding of toe cracks at the ends of

the welds, grester emphesis on magnetic particle inspection at




these locations still seems to be warranted.

Some additional sections were examined during the inves-—
tigation. A transverse sectiamAat the centre of the flillet weld
joining the comnnecting plate to channel B, was uncracked. There
was a considerable differcnce in the microstructure of the heat-
affected zones in the channel adjacent to the top and bottom
welds. A higher cooling ruate in the top weld produced a mar-—
tensitic heat-affected zone, but a slower cooling rate in the
bottom weld produced a microstructure consisting of fine pearlite
with ferrite. This illustrates that slight variations in weldirg
energy. inmut can result in significant differences in the heat-
affeccted zone microstructure and properties, as the 1atper aone would
not be susceptible to cracking. Similarly, the microstructure
in chammel B, adjacent to the fillet welds on the top surface of
the flange, indicated that the welds had been made with suf-
ficlently high energy input conditions to avoid the production

ol martensite.

Figure 106 shows the microstructure typicel of chennel B,
unaffected by welding heat. The microstructure consists of fine
vearlite and ferrite. There was some banding in the steel,

although this is not evident in the picture.

The results of the cheanical analyses of drillings from
each chammel arce given in Table 41 and compared with the require-

ments of two British Standards Institution specificationse.
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TABLE 1

Chemical Compdsition

- lilement, Per GCent™.

C Mo - 8i 8 P Cr 14,
Channel A 0.25  1.67 0.1t 0.029 0.029 = ~
Chennel B 0.25  1.67 0413 0.030 0.030 - .-
BS 968~ 0.25 1.8  0.35  0.06  0.06 1.0 05
1 9)..{.‘1 RS max max max max max max max
BS968- 0.20  1.50 0.35  0.05  0.05  0.50 -

1962wkt max max mnax max max mnax

%  Internal Report MS-AC-63-56 (Mineral Sciences Division).

w8 War Bmergency British Standard Specification for High Tensile
(Fusion Welding Quality) Structural Steel for Bridges, etcas
and General Building Construction, June 1941.

swaSpecification for High Yielad Stress (Welding Quqlity)
Structursl Steel, Aprll 1962

The results of guantitative spectrographic analyses are

givén in Table 2.

TABLE 2

Quantitative Spectrographic Analvses of Channels

Blement, Per Cent

Co . Cu i Ti VA Cr 8n
Channel A 0.03  0.06 0.41  0.001 0.004  NDwk D
Chennmel B 0.02 0.05 0.42 WD  0.002 ID D

2 Internal Report SL 63-050 (Mineral Sciences Division).
wxot detected.




Both channels meect the chemical comyosition requirements of
B.8.968-1941 except for having carbon velues which are 0.02% in
excess of the specified maximum. The spectrographic analyses
do-not indicate the presence of harmful amounts of residual
elements. It should be noted that the 1962 issue of The British
Standard spocifies lower carbon‘and manganese levels than in the
earlier edition, and that the two channels would definitely fail
to meet these requirements. In the foreword to the 41962 speci-
fication, it is acknowledged that the earlier composition limits
could be too high for satisfoctory welding performance and that
significant improvement in weldability should be obtained with a
steel meeting the 1962 reguirements. In this connection, it is
relevant to mention that the failure of main girders of The
Kings Bridge(z) in Melbourne, Australia on July 10, 1962 was
related to brittle failure of steel to the B.8.968:1941 speci-
fication, at alr temperatures of 35 to MOOF. Apparently, fractures
were initiated at hard zdﬁes and cracks in highly stressed
locations where fillet welds joined the teruwinating points of

cover plates to the lower tension flanges.

The tensile test results of steel from the two chammels
are given in Tcble 3, together with reguirements of B.S.968:1 911

specificatlon.
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CTABLR 3

Tenslle Test.Resuitém

UTsS Y A,
kpsi kpsi T s
Chamel A 9. 59.2 . 25.0
Channel B 96.0  68.4 22,0
B.5.968=  78.%- L7.0 A

1901 ; 91.8 . min A min

i Prom Intcrnal Report PM=-T-1113 (Phy81cal
Metallurgy DLVlSlOM)
wHThe yield strength of sLeel from the channels
was determined at 0.2% offset; BeSe968-1901
requirements are hased on the drop-of-the-beam
‘ or divider method. . ' :
wasfor the two chamnmels, the per cent elongation
' was determined in.a 2 in. gauge length; .
B.S.968-1901. vequlremento are for an 8 ine
gauge hn@th. /

- The ultimate tensile étfength of  channel A is élightly
below and that of channel B is abput_u kpsi above the maximum
given in the British Standard. ‘A_difedt’compariSOn of the yield
Strength apd»elongation vaiﬁes Sbtained for the channels cannot
be made with the spécificatioﬁirequireménts, but it is sulf-
ficient to observe that the vaiues dbtained ihdicate adequate

tensile properties.

The results of impact testing of 5 mm x 10 mm Charpy
V-notch bars, cut from the chamnel webs arc swamarized in Table

lta




-
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TABLE 4

Results® of Charpy V-Notch Impact Tests

Temggrature Channel A Channel B
7 £t=1b £t~1b
212 - L2
140 W7 30
100 40 19
82 27 17
32 25 5
0 18 5
. =55 5 -

#Internal Reports FPM-T-1114 and PM-T-1151 (Physical

Metallwegy Division).
Chamnel B has lower notch ductility than channel A. For example,
at 32OF chammel B gave only 5 £t-1b compared with 25 f£t-1b for
channel A. However, at the failure temperature of ~55OF, even
channel A gave only 5 £t~1b and thus also had little ability to
resist brittle fracture. It is apparent that both channels have
inadeguate notch ductility for a structure exposed to low tem—

perature combined with shock loading.
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CONGLUSIONS

Pailure of the end piece was due to brittle failure of the

two channels by fractures that were initiated at cracks, and

"possibly other wold defects, at the ends of the £illet welds

along the edges of the sway-brace slots.

Incorrect welding procedures had been used in making these
welds, with the result that heat—-aflected zone cracking
occurred. Cracks at the ends of the welds may have been

extended as a rcsult of thermal stressing during e posit-weld

heat treatment.

These cracks would be dif ficult or impossible to detect by

any nondestructive testing method. They counld act as

originating points for fatigue cracks sand, iIf extended by

service over a period of time, might become appsrent by visual

exemination. MHowever, exposure to lower temperature service
conditions could rusult in sudden brittle failures long before
the small heat-af'fected zone cracks were extended by Ffatigue

cracking to a point where they could be detected.

The steel composition snd tehsile properties indicate that
the chamnels were intended to conform to the B.S.968-191 or
5imilar specilication. This specification has béen super—

seded by specificatinas for more weldable stecls.,




He

Impact testing showed that the steel in the channels had low
not ch~ductility at the failure temperature. Channel B had
poor notch-ductility at témperaturus at least as high as

32°R,

There is no assurance that similar failures will not occur
in other Balley Bridge members in service at lower than nor-

mal temper atures.
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Figure 15

25
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Cross section &t start of weld on lower

part of channel A, showing a small arc
strike Jjust above the start of the weld
deposit which is at lower lefte. The

dark zone in the arc strike is a remelted
spot on the channel and contains a very fine
crack perpendicular to the edge of the
channel slot, extending about 2/3 the

gepth of the rcmelted zone. The presence

of this crack was established by examination
at higher magnification.

Etched 2/ Nital. X12.






