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EVALUATION OF NOTCH SENSITIVITY
OF
MILD STEEL SHIP PLATE
BY
DIRECT EXPLOSION TEST

INTRODUCTION .

Tt will be remembered that the Board to Investigate the Design and
Construction of Welded Steel Merchant Vessels placed a major share of blame
for the brittle fractures which occurred in service in a number of ships on
the excessive notch sensitivity of the steel plate used.l This conclusion
emphasizes the importance of the phencmenon of notch sensitivity and suggests
a need for a thorough evaluation of the notch sensitivity of structural
materials. It has, indeed, stimulated an extensive program of research in
this field and considerable light,has been shed on the notch sensitivity of
steel plate as a function of its chemistry, heat treatment, and service
temperature. Unfortunately, much less information is available on the notch
sensitivity of welded joints.

.It is generally conceded that nptch sensitivity is essentially poor
ductility under triaxial tensile stress such as is usually present at polnts
of severe stress concentration and severe stress gpggigqts,'oféwhigh a noteh
is a typical, but not necessarily the only, example. iilhile it is comparatively
simple to determine the notch sensitivity of a homogeneous_material by,usiqg
notched specimens, .in. non~homogeneous materials the task is considerably compli~
cated by the difficulty of predicting the proper location and origptation of
a notch to impose thg.triaxial stress system on the most vu%nerab;e component .
In the case of a welded joint the problem is further aggravated by the geo-

metrical complexity of the dissimilar regions and by the faqpvthat the difference
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in their mechanical properties, particularly yield strength, produces a strain
gradient of its own which is destroyed or modified by the introduction of a
notch. While a systematic study of the weld regiou with notech location and
orientation covering every conceivable region and plane of weakness within

a welded Joint is possible, the volume of work required makes such a study
impractical as a means of determining probable reiative performance of specifie
welded structures and welding procedures. Furthermore, there is no assurance
that the integrated performace_of all the regions-uould te-the same as that

of the weakest region tested. Yet adequate knowledge ofitﬁe notch sensitivity'

of the welded joint is of even greater 1mportanca than the knowledge of ‘the

notch sensitivity of the plate itself, 51nce weldlnv is usually present at all

. !
' - d

structural peints where multiaxial stresses can be expected to occur,
It is significant that although in welded Shlps the path of fractive
does not usuaily follow the line of weldlng but runs through prime plate, ‘the -

origin of fracture in virtually every observed 1nstarce is in or at a weld,
A i

Though this in itself does not necessarlly constltute a proof that the weld’

A

has a greater notch sensitivity than the prume prate, it does p01nt out that’
since welds are invariably present at structural points Where trlaxlal tension
occurs, the maximum .load carrylng cap301ty of a structure is a dlrect fuhetion
of the notch sensitivity .of its welded JOlntS. It may be argued “of course,
that refinement of .design can ellmlnate or at least reduce to a vanrshlng -
point, both the number and severlty'of 1nstances of trlax1al ten51on.* This -
argument, although plausible ln theoryf is hardly tenable in practlce since
even if a super-design did succeed in reconC111ng on paper the two opposites

M ll. i

of perfect stress streamlining and functlonal requlrements flaws 1n and

[ A Y P
LA IRRN

limitations of, fabrication technlques.are almost sure to reintroduce points

pdmo v,
ST AL i
. i
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of~stbes§_poﬁpentfaﬁioh;_and nénce of triaxial %énsioh, into the finished
structure, -

The direct explosion test has been QevelOped to perﬁit the-évaluation
of notch: sensitivity of materials without the use of geometrical notches or
other geometrical stress raisers, Sufficient cérrelatioq between behavior
of prime steel plate. under the explos;vgvtest and tests emnloying notches
and other stress raisers exists to warrant the assumption that the performance
of weld joints under the explosion test is closely indicative of their notch
sensitivity. This assumption is further substantiated by a good correlation
between performance of welded joints under the explosive test and performance
of similar joints in prototypes of ship components, such as hatch corners, |
subjected to static loading to dest:uction.3:435:7’8

The method of conducting a direct gxplosion.test has been described
a number.of times and it is believed that only a b;ief review of the testing
procedure is wérranted02’6’7’8 It will bé rememberéd that the test consists
of subjecting a number of identical specimens to a blow produced bj an
explosion of a cylindrical charge of an explosive powder packed to a desired
. density. The magnitude of each charge is’progressively increaéed until an

engrgy value is reached which just fractures a Speéiéenu‘ The extent of
deformation of the specimen sudjected to tﬁe explosion of a c¢harge just
,below the minimum charge to fracture, is noted and provides an indicaﬁion

of the maximum deformation the material tested can sustaip under the test,
Specimen failure is, said to have occurred whén the.lengfh of ffac£ure exceeds
9 inches., | -

OBJECTTIVE

During preceding investigationss, of the notch sensitivity of alioy
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steels in both prime and ae—welded condition, it was noted that considerable
J.mprovement in performence'was effected by the substibubion” 5f Low’ hydrogei ™
weldlng electrodes of E-10015 elass in place of E~7016 electrodes, even °
though the manner and path of fracture appeared identical ln Lotk cases,
the fracture belng confined almost entlrely to the prime plate.8 Thls in

turn suggested the possibility that 1mprovement could be effectad in the - - o

performance of welded mild carbon steel, through the use of more noteh tough o

electrodes. Indeed it appeared possible that ‘the notch sen51t1v1ty of the

welded Jolnt may be as much a function of the weldlng proceddre uséd as of

AR L - -

the notch sen51t1v1ty of the prlme plate.

e

Accorolngl a brlef 1nvest1gat10n was carrled out to determlne

whether varlatlon in weldlng,procedure, prlmarlly'weldlng electrooeu; had an -
apprec1able effect on the notch sen51t1vltJ of the finished’ joint and whether
this effect was compareble to that produced by a dlfference in the quality of

the prime plate.

METEOD OF INVESTIGﬁTION

Two types of snlo Elate were Selected ABS Class B and ABb Class C.
"The Class C Steel was rolled to l" plate eSpeclallw lor thls prOJect 1cstead of
to its normal over-1" thlckness hecause the majerity of the data thus far ob—
tained with the direct e£p10510n test has been on 1" plats, It wlll be seen
from their respective compositions and:mechenical prope“tiee,Qgiven in Table l,
that the two types are closely 51m11ar except for the fact theé Class B is a
seml-kllled steel whlle Class C is 51llcon—kllled ‘with alumlhdhwedded for flne o
grain, Two types of manual electrodes were used, Class E—6GlO and an alloy S
electrede containing approximately 1.75%Mi and .50%Mo, shielded with lime -

type, low hydrogen coating and falling within AWS Class E-1C01é. 1In additioh;'”‘

R .
oot r - v :
s
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a submerged arc process using a standard 2% electrode was used. The joint

preparation was as follows:

TABLE 1

Composition-and mechanical properties of the 1" thick ship plate used,

Ladle Analysis _ ABS Class B¥*

c 16%
Mn S 71
si .05
P .010
s .030

Average Mechanical Froperties

Y.P., psi- S 35,200

T,5., psi 60,900

El., % in'@v - 27.6
% Lukens

*¥% Bethlehem Steel Co.

‘ABS Class. C¥t

L16%

12

40,200

69,800

24.0
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1. Manual weld 60° double V, 5/32" root opening, O root face, root
pess made with 5/321 dia. eiectfode;Jehippedleut to sound metal and
welded with three passes on each side, using l}hﬁ aié; eleefrodeZ

A total of seven passes.

2, Submerged;arc weld: - 909 double V,.5/16" root face, O root ppening

Welded w‘th three passes of 1/8" dia. electrode from each side for

I

a total of six passes. e e " .

3. Submerged arc weld ~ Front - 51ng¢e U 11/16" deep, 7/16" radius,

1/8n root face, O root opening, submerged arc weided with ten
passes of 1/8" electrode, Back —-5716" radius, U groove welded
w1th “two passes of 1/4" Class E—éOlO electrode.

No preheat was used and the interpass temperature was held at approximatel,
200°F. All welds were radiographed and with three exceptions, were radio- '
graphically sound, though a few cases of considerable-porosity were nqtcheq,_~
The exceptions consisted of three submerged arc welded specimens, joint No. 2,
which exhibited incomplete penetration for about 4" in the center of the joint.
The submerged arc joints were welded four at a time and flame cut to final
dimension.

_Joint No. 3 of the submerged arc welded joints was tested with”t_hei
face of the submerged arc weld in tension and the explosive charge in contact
with the back of the weld., A total of eight sets of specimens was prepared,
three using fully-killed steel and five using semi~killed steel. Submerged
arc welded specimens were made on semi~killed steel only.

DISCUSSION OF RESULTS

Results of the tests are given in Table IT in tabular form and are

summarized graphically in Figure 1, Fig. 2 shows the relation between applied
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energy and deformation produced at room temperature. These results confirm
similar relations developed previously.8 Typical fractures obtained during
direct explosion testing are shown in Figures 3, L, and 5.

Referring to Table II, all fractures observed were of the cleavage
type. However, unwelded plates of fully-killed steel C. exhibited a range
of partial fracture - that is, a range of energies wherein fracture did not
extend from edge to edge of the specimen — nor in some cases through the
entire thickness of the plate, At room temperature this range was quite wide
(nearly 200 gms., or roughly 25% of total energy to fracture.) Therefore,
insofar as resistance to fracture propagation is concerned, steel C ranks by
far the best performer of the straight carbon manganese steel plate tested to
date, at least at above zero temperature. At lower temperatures, however, there
appears to be little difference between steel C and steel B, or between steel
C and any other carbon manganese steel tested to date, as the energy to
fracture of all drops to nearly zero at —-80°F, while at ~4OCF the performance
of B and C steel is guite similar. Some inconsistency appeared at —90°F‘in
performance of steel B, since partial fracture occurred in one specimen at
90 gms,, while no fracture took place in two specimens at 110 and 130 gms.
This inconsistency may be due to the fact that the fractured specimen was
kept at —~90CF considerably longer after it apparently reached this temperature
than were the tWo specimens exhibiting apparently greater strength. As a
result, the original procedure of maintaining a specimen at the desired
temperature for at least four hours after it has apparently reached the
surrounding temperature, was followed in all subseguent tests,

In examining the performance of steels B and C when welded with E-6010

electrode, one is immediately impressed with the startling reduction in the
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plate deformatlon priar to, fracture - and hence a reductlon 1n energy to

o

fracture — which takes place even at _room teeperature as +he TBSUlu of weldlng;z
Furthermore, th15h¥n92335?‘}51F°?Ch;59n51thl@Y is roughly the same for Doeh
steels, .(from 3.69" depth of cup and 700 gmsr energy to fracture, to 1,52¢
and 2h0_g@s.-fpr s@eel;B;and'from 3=2hﬂ andy?thgme? to 80" and 180 gms.
for steel C), suggesting that the use of fully-killed steel does littie to
improve the load carrying cepaeity of structures as long'ee conventional
welding procedure is used. _ |
It is.also interesting to note that plates welded with E-6010
electrgdee becomg nearly completelyjbrittle, fracturing with virtually no;_
plastic deformation at temperatures as hlgh as #32CF, as compared to between ‘
=709 andn—SQOE”ln cases of unweldeq plate, A typlcal fracture of a plaue o
welded with, EwéOlO electrodes and tested at 32CF is Shown in Flg. 5. |
By, comparlson w1th the relatlvery'poor performance of plqteslwelded
with E-6010 electrodes, the performance of the same plates welded w1th E-10016
electrodes -is very much superlor as shown 1n Flg l, Furthermore the use of
this alloy weldlng electrode brlngs out a dlfference between.the two steels
particularly at low pempera?ures. Thus at rgom}temperature allioy electrodes
raised the performance of steel B joints from 1.52" depth of cup and 240 gms.
to fracture, to 2.36" and 420 gms, reepeg}iye}y5 an improvement of nearly lOO%;
while steel C joints‘wererégproved frog.O.SO" and 180 gms; to g.54ﬁlend 540gms.,
a QOdglimprovemenp, :The difference between the two steels becomes even more
pronounced at‘;OoF where in the case of semi-killed steel the improvement
produced byvthe }ow hydregen low.alley electrodes is ;eep; whereas performance
of JOlnts of fully~kllled flne graln steel shows comparatlvely llttle aeterro- ﬁM;

ration. As a result the energy'absorptlon at lOOF of fully—kllled steel JOlﬂtS

TN
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welded with low hydrogen low alloy electrodes is four times that of the semi-

killad joints, while the difference in plate deformation\is even greater (2.03u

deep cup as compared to 13" deep cup). It will be remembered that the per-

formance of these stegls is indistinguishable when welded with E-6010 electrodes,
As mentioned above, in semi-killed steel improvamént in performance

w

produced by_tpe use of EleOlé eleqtrodes decreasgs rapidly with lowering_'
temperatures and is completely lost by the time 109F is reached. It is,
therefore, particularly gratifying to observe that in this same spgel‘the
improvement produced by the submerged arc process is not only greater at room
temperature but extends down to as low as -4O°F. In fact, at —10CF the per-
formange of submerged arc ﬁglds is, in general, comparable.tq\that of E-56010
welds at 70°F, and at -40°F is superior to the performance of fully-killed

fine grain stée} welded with E-10016 electrodes. It is important to note

that the benefit‘pf the submerged arc weld was largely_losf when.it was made
from one side only and the root_of_the_joint sealed with two passes of B~601C
electrode, even though in testing the rocot of the weld was éredominantly in
compression. FExamination of the fractures in this type of joint reveals that
the fracture started in all cases in or at the two root passes made with E~-6C10
weld metal.

In gxamining the path of fracture in welded joints it wiil be seen
that unlike alloy steel joints, the miid steel jointvappegrs at the first
glance to be stronger than the parent plate, since with the excgption of one,
or occasiqng}ly'two, transverse fractures across the weld, the entire path of
fracture is confined to metal unaffected by walding as showh in Figs. 4 and 5.
This isvtérd to reconcile with the apparenp influence of we}d_procedure on

performance reported above. Furthermore, it is difficult to understand why, .
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if one of the weld components falls flrst the failure does not follow the

gone of its orlgin, but prOpagates 1nto what appearc to be a tougher eglon

of parent metal. Indeed, there are plenty of ‘instances of the former benavior
in alloy steel-joints, where fracture starts in either the weld metal or in
the heat affected zone, and then propagates-throughsone or both of these
regions, - | |

Whatever the enplanation,-the fracture in mild steel specimens almost
invariably takes p;ace transversely across the axis of the weld and then travels’
egither at 90°lor h56 to the axis of the weld, bf course, if it could be
demonstrated that the weld possesses some-directional property which makes
weld metal fracture transversely at a lower stress than longitudinally,‘this
behavior would be more readlly understandable, Or, if the‘fracture were not
preceded by appre01able plastlc deformatlon, it could be’ argued that the
locked up re51dual stresses were reSpons1b e for the predomlnance of transverse
fractures, However, s1nce in the magorlty'of fractures appreclable plastic
flow does take place; and slnce the transverse fractures oceur only where the
weld metal joins notch sensitive material, the correct understanding of the
mechanism of fracture must-anait procurement of more data,

It may be 1nterest1ng to speculate on the relative amportance of the "
factors responslble for the dlfference 1n.performance observed between we ldlng
procedures 1nvest1gaced. The major dlfferences between the two steels used
were in silicon and oxygen content, and probably in grain size, while the
major dlfferences between the processes were in the amcunts of anrogen present
in the arc atmosphere and in the alloylng elements in the weld metal -in

general, it could be expected that the lower the gas and the higher the arloy

content of the weld, the better would be 1ts performance, and the results

3
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obtained appear .to be consistent with these expectations. The relative -
impc ~tance of . the different factors is not, however, clear. It is probably
true that the improved performance of E-10016 joints.is caused both by the
reduction of hydrogen content and the introduction of..mpickel and molybdenum.
into the weld. It also seems probable that.with these two factors.present,
reduction of oxygen content produces further benefits, It appears, however,
that the lower oxygen content of fully-killed steel 1s not sufficient:to
compensate for. the high hydrogen gontent of E~6010 electrodes. -On the other -
hand, the reduction;of . hydrogen to nearly zero by the use of fritted flux in
the submerged -arc process, appears to be more effective than .either the..
reduction of the oxygen content of the parent plate or the addition of
alloying elements. These conclusicns; however, must remain tentative, at
least until additional data is obtained, such as performance of. fully-killed
steel welded with the submerged arc process, and the performance.of both killed
and semi-killed steels when welded with the submerged.are process using
electrode wire of alloy content equivalent to E—lOOlélelectrodés.; S BN
coNCLUSIONS . . L e
On the basis of the data obtained during this investigaticn the
following tentative concluslons appear to. be pertinent: -
1. Performance of prime plate of both.killed:fine grain, and semi~killed.
steels Lested appears to be closely comparable to other carbon-. - -
manganese steels tested in the past. . . Lo e e
- 2. Performance of prime plate of the kilded fine grain steel.-appears
to be slightly but not significantly better than that of:semi-killed
: steel.
3. Performance of both killed fine grain and-semi-killed'steelss when

welded with E-6010 electrodes is approximately 30% that of the



-13 -

uhwe¢ded D;ate at room temnerature.

All fractures were of the cleavage type

.Both the killed fine grain and semi-killed steels, when welded with

E;6010 electrodes, fail esSentially in a brittle manner with virtually
no plastic flow at temperatures as high as 10°F as compared to -20°F
for brittle failures of unwelded plafe.

Performance of both kllled and semi-killed steels when weided with

the low hydrogen low alloy‘electrode of the L'l‘---lOOZLé the is greatly

superior to the performance of these steels when welded with E~56010

electrode. However, performance of fully-killed fine grain steel
in this case is considerably betiter than that of semi-kiiled steel,
particﬁlarly at lower temperatures. Performance at room tempera-—
ture of semi-killed and killed steels are approximately 60% and 75%
of the prime-plate réspectivaly (1QO% impfovement over E-6C10
eledtrodéj, and at 10°F, 15% aﬁd 65% réspeétivel&‘(éooﬁ iﬁprovement
over E-6010 electrode for the fully-killed fine grain steel and none
for the semi-killed steel).

Performance of semi~-killed steel welded with six passes of

standard 2% manganese electrode with submerged arc process is

generally comparable to that of fully-killed steel welded with

low hydrogen low alloy electrodes, and is greatly superior to

the performance of semi-killed steel welded with either E-6010

or E~10016 electrodes.

The presence of two back passes of l/h" E-6010 electrode on a ten-
pass submerged arc welded joint greatly reduced the performance of
the joint even though the E-6010 electrodes were on the compression

side of the specimen during testing.
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m.mu - Steel

=9 Semi-killad
]

pwnE ewebl

g-1-2 "

o EF o N

% Transverse to held

PERFORMANCE OF 1t

APPERD IK

THICK SHIP PLATE

Temp. Charge Depth of
Electroge Op Grams Dish, Ins.
None 70 520 3.07
u 70 600 3.56
" 69 680 3.64
(] 69 700 -
" .NO .NPO -
" 43 400 2.38
" Iuw 123 go -
v -40 460 -
i} l.b‘M b.mG "
fn -83 60 «00
" -91 70 13
" =88 80 -
" -90 80 -
AWS 6010 70 160 1.13
woow 70 200 1.52
oo 70 240 -
moow 69 320 -
noow 63 400 -
W 32 80 31
oo 33 90 2
n " w“_.. HOO —
noo 32 100 -
" 1l WD PPO -
n i# iC 50 MR
1" n 10 6D w18
" " 10 a0 50
n 1" 10 120 -
woon pRe; 200 -
AWS 1001 70 340 2e2h
" " 6% 380 2.28
[ L] QO _POO N-m&
w 1 70 L20 -
1] 1] 68 mOO -
" " 31 160 1.06
" H 33 160 1.02
Y " 34 170 «90
v 33 63 =

Extent of Fracture

None
Incomp.3® Fr., 6" B,

lone
QSMU- - N ‘“Uﬂ“- - 8-0
Compe — 2 pcs. = Cl.
Nope
None

Ogut' - F _Unmv OQNZ QP-
Comp. - 12 pes., 104" Cl.
Compe - 13 pes., 112" Cl.

Y¥one

Incomp. -L4"Fr., 37" Bk.
Comp. ~ 4 pes., 39" Cl.
Comps = 3 pcs., 32" Cl.

Naone

None

Incompl. 24" Cl.

Comp. 6 pes., 58" tot. Cl,
Comp. 2 pcs., 40" tot.Cl.

Hone

1/2n T - Back

Incompl. 17" Fr., 24" Bk.
Incompl. 10" Fr,, 19" Bk.
Compl., 4 pes. — 46" CLe

B crack,back only

H-.N: n i 1

H..w: u u n

Campl.,~ 4 pes., 46" tot.C.
Compl. 6 pcs, 64" tot. Cl.

None
]

it
Compl. - 4 pcs., 46% Cl.
Compl. - 3 pes, 52" Cl.

Hone
H1

Cemp: = 3 g8k 4h El:



No.

10

]
8

12
3

a-3-14

2
13
10

s RVo R o

2a

Temp., Charge Depth of
Stael Elactrode °p Grams Dish, Ins. Extent of Fracture
Semiekilled AW 10016 10 aU 13 None
1 i ft M 10 100 &3 17" crack, back only
u " n " 10 140 - Comp., - 3 pcs. 28" Cl,
1 " " " 10 220 - Comp. ~ 4 pca. 36" Cl.
" gl " n 9 300 - Gomp. - 6 pes. 68" Cl.
" Subm.arc, 6 passes 69 300 1.95 None
" 1 70 380 2.40 "
" 1 70 1460 274 [
1t " 70 5}_’0 2_95 n
" n 70 620 - Illcomp. - 1-0-8“ Cl.
" " 10 80 oli2 None
1 i 9 160 ]_.O’?' o
1 L] 9 %Q l.bh "
n " 10 320 - Comp. - & pes. 72" total Cl.
1 i =12 140 o177 None
" " 38 140 - Comp. — 7 pcs., 78" Tl,
" " -39 160 - Compe ~ 9 pes., 85" Cl.
n n =40 180 - Compe - 8 pes., 90" Cl.
n " —42 220 - Camp. =11 pes., 90" Cl.
1 " 10 passes 68 LOO 2e51 Hone
u nabQLO, 2 pusses 70 L0 2.68 "
I n i L4O 2.68 "
" " 1 4L60 - Comp. ~ 2 pes, 511 total Cl.
" " 68 480 - Coup. = 5 pcs. 62" total Cl.
" " 10 120 69 lione
" " 10 120 - Compe = 5 pcg, 53" Cle
" " i 140 - Incomp. 3 pes. 58"Fr.,46Bk,
" " 9 160 - Incomps. 15" Cl.
" " 9 200 - Incomp. 34" Fr., 28" Bk
a n 10 pusses ¢
2 - H0LO pasves =40 40 o1z None
n " -39 50 kb Incompl.-2" Fr., 20" Bk,
" » =39 &80 .58 Incompl.-8" Fr.,10" Bi.
" R ~L0 o0 - Comp. = 4 pcs., 39" Cl.
" " ~4,0 80 - Comp. - 6 pcs., 75" Cl.
(11lsd,
Prime Hone 70 500 2.66 None
" 1 70 51‘.‘,0 2.91 H
n " 70 580 3,05 Tncomp. —R3" Bk. only
" n 70 640 3 .24 Incomp. —-55" Bk. only
" " 70 7}_’0 - Incmp_ _30"
! " LG 380 2.0 Kone
1 " =40 420 2420 "
i [ "'I-S»O MO 2'33 n
] n -0 1.;60 2_1‘5 1
" " =39 L6 - Comp. = 2 pcs., L4" Cl,
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Teup., Charge Dapth of
Yo, Steel Elactrode °r (rams Dlsh, ins. fxtent of Fracture
7  Killed,Prime None ~-92 80 - Incompl. 8" Fr., 4LO" Bk,
6 i " ~89 90 12 None
15 " " ~90 110 b "
2 " n ~90 130 «59 "
3 o n ~91 370 1.05 Incomp. ~ 14" Fr., 47" dk,
P-1~5 " A¥S 6010 70 120 R:1 None
15 n n 68 180 - Incompl.~ 20" Cl.
11 " " 68 2600 - Incompl .~26% Cl.
2 o n 70 340 ~ Compe = 2 pCB., 156" C1.
12 " " 70 420 ~ Compe = 2 po8., 5 " Cl,
10 " n 10 60 +05 None
8 " " 10 100 sl g" T - back only
9 " " 10 100 49 12+ erack, back only
L ] - [ - AN -
% " n ig iﬁg - Sg‘:‘g:" }43 }?‘fua-.:, L%Ja ' dil-.
3 u " =39 L0 <00 None
A " L -ﬂhl 50 .]J-b IIlCDmpl - 20" Bk,
1, " " -38 60 .22 Incomp. ~ 4" Fr., 29 Bk,
13 n " ~4,0 &0 -9 Incompe - 17 Bk
3 n n =40 10 - Compe = 5 pos., 61" Cl,
P=2-8 ARS o016 &9 520 2.55 None
1 " " 69 540 - Compe - 2 pes., 259" Cl,
7 n n 70 560 - Incompae ~ 137" Cl.
15 " " 70 580 - Comp. =~ 5 pes., 64" Cl.
i # " 70 600 - Comp. = 2 pes. 487 (1,
P-2-2 £illed n 10 320 1,79 None
1n n n 1C 360 1,81 "
12 " " 10 380 1.91 "
5 n n 10 39(_‘, 2.02 "
3 " i 10 kw - Comp. - 5 PeBa, 46” Cl.
) " " -39 80 .26 None
13 " " ~39 160 w34 "
10 " n "'1#2 1-10 - C‘Qmpo - 2-]. pcsl’ 1&51: Clo
L " “ -39 120 - GComp. =~ L pes., 45" Cl.
9 n n ~41 160 - Comp. ~ 5 pes., 50" (1.

*Transverse to Weld



