PART 11

Effect of Proheating
Procedure ' »

in #iew of the reéults obtained on full écale hatch corner

specimen number 15 by preheatinggit was evident that more badie informa

ation on the effect of éreheating would be desirable.- The metallurgy of
welds hes estaﬁlished the presence of a heat affected zone adjacent to the
weld metal, which contains large gfains and is hérder éhag eithér the weld
or parent metal. In an effort to obtaein some details regarding the effects
of preheeting on the heat affeoted zone and the weld metal the following
tests were conducted,

Two single pass weld beads, one ofA3/16" E~B010 electrode at - /Ejé,ZQ/%;

e

!l§§,gmps and the other of 3/16" E-6020 eleotrode at 200 amps, were deposited ‘-

Aree e £
on pieces of ship plate (Steel C) 18 in. x 18 in, x 3/4 4n., ag shom in -~ =
Fig. 29. ' The beads were deposited on one specimen with the .plate at a /. Lot
Y 4 /:c(/ S/

temperature of 70° F and on enother .after preheating the plate to 400° F‘7{ . L
. ,.»*"/ ey

A third plate was prepared upon which beads were deposited using E-8010 -7/, / ...
S o Aen,

and E-6020 eleoctrodes with the plate at a temperature of 70° F.  This

Vs 7
Foson hic o

similar to the treatment given hatch corner specimen 9. A fOurth:plate;&;g.;ﬁ

plate;ﬁith the deposited beads was then heated for 8 hours at 1000° F

upon which E-6010 and £--8020 beads werc deposited was used as 'a control for -

N

specimen number 3. This plate was not subjented to postheat and the beads
‘ ) c.%//u o /?’A.':.x Lo ¥
y

L /7 /:.ké
Specimena were viken from the center of each of the six weld Lrinhs ?11. ,

were deposited with the ylate at a temperature of 70° F.
beads. These specimens were polished, etohed and subjected o micro- -yg -
herdness (Knoop, with 500 gm, load) surveys as shown in Fig. 30. In = “:=o

<

the parent and weld metal the hardness impressions were spaced 0.25 mm,
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apart whereas in the heat affccted zone the.spacing was reduced to- 0,10 mm.
In addition %to the proviously mentioned tests two multiple pass
fillet welds were made as shown in Fig. 31. The first fillet was made
using E-6020 electrode and the second using E-6010 with the plate being
allowed to cool between each pass so-that all beads were deposited with
the speeimen at a temperature of ?Qo F. Spceimens werc then prgparcd
similar to the others and -microhardncss surveys of each pass as shown in

Fig. 30 were conducted.

Results and Discussion

In Fig. 32 £here is éreséﬁted éne of tﬁé Knoop ﬁérdness surveys
with hardness plotted as a function df disbtance from fhe weld edgé for fhe
preheated and non-preheated E-6010 weld béads.' The data in Table VI show
cléarly-the ihcrease in width and the decrease in hardness of the heat
affected zoné by preheating. The reduction in hardness of the weld metal,
although significant, ié not és much asg ih the hecat affeéted zone. The
ma.ximum hafdnessvof the heat affected zéné for the:preheated specimens is
practicaily the same for both the electrédes used., In spite of the fact
that the maximum hardﬁéss‘of the hoat afféc£éd zone for the E-8010 elec-
trode is greater than that for thé.E;GOZO cleotrode as deposited without
preheat, the hardness of the weld bead itself is not influenced by the
type of electrode. The results of specimens 3 and 4 show that heating
of the weld beads for 8 hours at 1000° F reducés maximum hardness of the
heat affected zone and the average hardness of the parent and weld metal.

The width of the heat affected zoneg, of course, we.s not changed as a result

of the heating.
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) An examination of the microstructures reveals the reasons for
some of the results prosented in Table VI. Referring to Figs. 33 and 34,
the effeots of the different cooling rates-which acoompany welding with or
without preheating, are apparent. The heat affected zone of the: preheated
specimen shows cvidence of the'intermédiate transformation products which
were able’ﬁo form during the slowet cqoling from the Austenitic phase.
At a lower magnifiocatibn (X500) sush as in Figsi 85, 36;n37; and 38 the
fpreéenoq of more frée ferrite in the preheated welds ik apparent. The
change: in width of tHe heat affectod zones as a result. of prehoating is
shown in Figs. 39, 40, 41, and 42, Figs. 43 to 50, inolusive, show the
offect of postheating on the miorostructureé of the weld metal and the .
hoat affected zones for the E-6010‘and E-6020 wold beads. The effect is
morc pronounced for the E-6010 heat affcoted zone than for the E-6020.
The effect of multiple pagses on the maximum hardness of the heat
affooted zone and the average hardness of the weld is shown in Table VII. -
The hardness generaily increases with each pass as tho heat from cach: "
succccding bead reduces the maximum hardness in the heat affoctod zone
of tho prooeding boead, The initial hardness of the heat affected zone
for the first fillet weld (E-6020) was reduced in the process of welding
the scoond fillet (E-6010) and in the same manner the average weld
hardness was probably reduced.

"In analyzing the results obtained there seems to be little doubt
that changes brought about in the structure and hardness were attributable
to the reduction in the severity of the quenching effect normally produced
by the metal surrounding the weld. Althcugh no quantitative date were

obtained with regards to the ocooling rates present in a non-preheated weld,




observations of the microstfupture in Fig. 33 showed that the quenching
effect must have been of the order 'of magnitude of a water quench.
‘Asistated-préviously,f;t'was not intended to make. & complete
investigation of the effects ef?:prgheat and postheat, but, to investigate
" some of the effectd. ' From'thefté;ts‘gpnduoted it is apperent that pro-
. héatiﬁg does produce marked changes in the hardness of the weld material
and the heat affected zone and;inbreases,the‘Width of the latter, It is
also evident that postheating at 1000° F for eight- hours is not as effec-
tive as prehehting at 400° F in reducing the hardness of the weld metal
snd the heat affected zone and.does not widen the heat affected zone.
Just how much these changes are résponsible for the improved performance
2:of'pfeheatéd and postheated specimens is not yet known., Undoubtedly
; 5£hér‘effébts; such as change in chemioal composition and impact properties,
4alsb result, = Further study of this entire subject, particularly the

effects of preheating, is needed.

t
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PART III

Model Studies

Procedurc

A series of asymmetrlcal and symmetrlcal models were constructed
and tested in an effort to obtaln one model of each type which approximated
the Bushnell and.Schuyler data as olosely as possible. Comparison of the
two was then mﬁdé. |

In the aéymmetrical model, various factors were altered after each
successive test to improve the stress distributions. The following fac-
tors were: investigated. - . P

8, ‘The location of the line of appliad_logd with respect to the

corner of the hatch,

b. - the-extent of attachment of end tgb to cogming,

c. effect of transverse restraint-anq\omigsion of tran§verse

restraining bars,

d. inocreased end tadb width.with corresponding fillet between

end tab and specimen edge,

e. Linoreased atiffnesg of end tabs with heavier»center plg#e.
From the rosults of these changes the model shown in Fig.51was constructed
and tested.

For the symmetrical design a celluloid model ﬁas first built and
Stresscoat (brittle coating) was applicd to obtain & preliminary indication
of the stress distribution. From these results it wag apparcnt that a
transverse slot would have to be out between the end tab and the hatch
opening in order to achieve the desired distrlbution of stress necar the

corner of the hatech. With this information as a.guiQQ severalrsymmetrical
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spccimons wore constructed and todtod. © The fadtors which were investi-
gated during the tests were R

a. 1éngth of transvorse slot;

b. fillet radius between end tabs énd specimen edge,
c. size and stiffnoss of end tabs.

The specimen design fééﬁlﬁing from these preliminary tests is shown in

Fig.52, and the resulting model was constructed and tested.

The strain distributions for both tusts on the final designs are
shown in Fig. 53 along the transverse section AB for the small loading of
6,000 psi nominal stress and for a higher load of 13,750 psi. Figure 54
shows the principal stresses and thqir directions for the two models
under the applied nominal stress of 6,000 psi for both.

An indicetion of the distortions as the models were loaded to
failure is given in Fig. 55. A%though phé‘defleotiqng'shown are not
exactly comparable meésu;ements for the_two‘specigengy‘thcy do give an

Al

indication that there is less movement in the symmetrical gpecimeﬁ than

4 -

LR '

in the asymmetrical one.
| The two sfecimens after failure are shown in Figs. 56 and 57.

For the asymmotrical one the maximum load was 192,800 lbs.bwhich gave o
nominél stress computed over the net load ocarrying section at the hatch
corner of 48,500 psi. For thgvsymmetrical specimen the maximua lozd was
424,000 lbs. which gave a nominallstrgss of 53,000 ps?.‘ ﬁowevqrg as, can
be scen from Figs., 56 and 67, the failure ocourred at the slot. - It wguld
be necessary to reinforce the ends of the slot for any subsequent tests of

this design.
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The transverse loading dev;ﬁ.‘ce.1 used on the first quarter scaie
asymmetrical ﬁodels did not introduce significant change in the stress
ratios near the corner., The subscquent tests wore conducted without
this bar. An additional reason for leaving off this bar was that the
rather heavy bars welded to the sides of the specimen against which the
transvorse membéer acted were found to have considerablc effect on the

stress disbribution in tho dock.

1 Sce Bibliography
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CONCLUSIONS

Steel C when used in the hatoh corner specimen has a transition

from cleavage to shear at slightly belew 120° F.

Using ‘preheat ut . 400° F is the ‘most effective propedure yet tried
both as to strength and energy absorption, being more effective than
stress relief at 1000° F for 8 hours or the use of 25-20 electrode.
It results in about 30 per cent inorease in maximum strength and

superlor performance of the welds a8 compared with specimens welded

v ..

in the usual manner. Preheatlng does not appear to 1nfluenoe the

type of fraoture.

Riveting as used in this partioular design gave inferior resulte in

so far as strength is concerned,

Preheating at 400° F reduces the hardness and inoreases the width of
the heat affected zone and produces o somewhat different micro-

structure of both the weld and heat affected zones.

Post heat treatment at 1000° F for 8 hours results in a deoreased

hardness in both the heat affeoted zone and the weld metal and o change

1n the miorostrueturs. This troatment does not result in any change

in the width of the heat affected zone,

The greater stress conoentration and the somewhat less distortion for
the symmetrioal quarter soale model as compared with the asymmetriocal

one is an indication of a more severe stress ocondition in the former,
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In view of this conclu31on. it follows that the full soale asymmetri-

cal model uded fOr the main ﬁests mby not ropresent a condition as

severe as would exist for a" full soale symmetrical spocimen or for

the ship 1tse1f.

Duc to.the size of the symmetrical quarter soalc model resulting from

this investigation it is apparent that tho spaco’limitationsof'thé

available testing equipmcnt prohibit the test1ng of a full scalo

symmotrical specimen. In view of this and.thgmlack of time, it was

deocided that no furthor work would be done on models by this project.

. -
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TABLE I

Welding Sequencec - Hatch Corner Specimeng

Units

A. Placc, tack and weld 8 %o 2¢ and 7 to 8
Jig Horizontal, Bottom Side Up ’
B, Plaec, tack and weld ond tab# to dedk plate 1
Jig Horizontal, Top Side Up
C. Plecc, tack and weld end tabs to deck plate 1
Jig Horizontal, Bottom Side Up
D. Ploco, tack and weld 4A and 4F to 1
E. 1] n " " 6 tO l
F. Placc and tack 5 to 1 and 6
G. Weld 5 to 1
H, Wecld 4F to 8
I. Weld 5 to 6 -
J. Place unit 8 and 2 to 1 and 6 tack 2 to 6.
, (outboard) and 2 to 1,(outboard) ’
K. Weld 2 to 6 (outboard)
L. Weld 2 to 1 (aft & fwd; 2 sidos simultaneously)
M. Tock and weld 2 to 1 (1nbourd)
Jig Vertical
. "Place and tack unit 7 and 3 to 1 and 2
0. Weld 6 to 2 and 3 to 2; simultancously
P, Weld 6 to 8 (inboard then outboard)

Q. Complete welding 4F and 5 to 6

Re Tock 9 to 6

Jig Horizontal, Bottom Side Up
S. Weld 9 to 8 (bottom)

T. Weld 3 to 2 (outboard)

U. Weld 3 to 1

V. Weld 4A to 3

W, Weld 7 to 2

Jig Vertiocal Position

X. Tack and weld 3 to 3A (inboard)

Jdig Horizontal Position, Bottom Side Up

Y. Backechip and weld 3 to 3A (deck to bottom)
Jig Horizontal Position, Top Side Up

Z. Weld 9 to 8 (top side)

Remove Specimen From Jig

AA. Backchip ~nd weld 3 to 3A (deck to top)
BB, Wcld one pass 3 to 2

CC. Fill dock corner void with weld

DD. Woeld 5 passcs 3 to 2

EE. Weld 2 to 1 and 3 to 1; simultaneously
FF. Placo and tack 10 to 1, 2, 3, and wocld 1 pass
GG- Complete weld 10 to 1

HH., Complete weld 10 to 2, 3

II. Weld 9 to 8

Jd. Weld restraining bars to 1

19 L]
Position Eloctrode
Horizontal L-6020
Flat n
it i
Horizontal n

i
"
1]

Vortloal & Hornzontal
1 )

‘Horizontal & Vertical

Vortical

Horizontal
1]

Horizontal & Vertical
‘ Horizontal
Horizon@al & Overhecad

Overhcad, Horizontal

Horizontal

1

Vertical
Horizontal
Vortical & Horizontal

Horizontal &Ovcrhead

Flat

1

Vortiocal
1"
Flat
Vertical

Horizontal
1t

E-8020
"

E-6010

E-6020

E-8010

E-8020

E~-6010

E-6020
n

L\

E~8010
E-8020
E-8010
E-6020
E~8010
E~8020

E~6010
E~6010
E-6020
E=-6010
E~6020
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- TABLE II

Analysis of Steols

Stecl % C % Mn. % P % 8 7 8i.

Iy .23 .47 0.011 0,042 - 0,02

B* 0.15  0.76  .010  0.030 ;04
T o4 o048’ 0,015 0,085

D . - 0.19 0.52 0.01  0.02 0.24

B . 0.3 0.39 . 0.019 0,082 . 0.008

Supplier's analysis
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TABLE TIII

Tonsile and Hhdnoss Propertios

Stecls for Hapoh Cornur Specimens

Plate No, Direcc. Tensile Data (.505 Burs) Hardness
~ Yield UltimaGe Broak  Elongntion Reduction {Rockwell
(P31) (PsI) (PSI) (% in 2") 4in Arca (%) “B")
A-57%  Long. 35,500 61,200 47,400 39.5 59.6
Trens. 38,100 60,400 48,800 36,2 56.%
B-1 Long. 35,060 56,900 38,600 40.9 67.6 62
As rolled Trans. 34,000 57,000 47,500 - 39,6 58.6
B-6 Long. 36.900 59,500 43,400 39.3 64.0 64
Normalized Trans. 36,500 57,200 43,500 38.5 63.0 :
c-1 Long. 35,230 68,700 55,300 36.0 59.6 71
Trans 35,750 68,000 57,050 3% .6 52.5
D-2 Long. 37,800 63,700 46,900 37.2 62.8 68
Trans. 40,600 63,600 48,600 36.6 59.6
E-2 Long. 35,000 58,900 45,300 37.2 59.6
Trans., 35,300 58,200 46,200 35.6 58.0

Tensile Dota (Full Thicknoss)

A-57 Long. 35,100 61,400 47,900 49.2 58.7
Trons. 34,800 59,800 49,000 46.1 56.3

B-1 Long. 31,000 56,500 43,700 - 53,2 66.6
As rolled Trans. 31,400 56,400 45,600 48,7 58.4
B-~6 Long. 32,200 56,900 41,100 52.0 64.0
Normnlized Trans. 32,000 56,500 43,400  51.6 60.5
c-1 Long. 37,500 66,600 53,600 45,5 56.5
Trans. 34,100 66,200 56,600 32.5 50.4

D-2 Long. 35,900 61,300 45,800 47.1 62.3
Trans. 36,100 60,500 47,600 46.4 59.2

E-2 Long. 31,400 57,200 44,500 49,1 59.1
Trans. 31,000 56,600 45,600 45.5 58.0

* Lettor in plate number refers to type of steel.
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EX4

RESULTS, FULL SCALE HATCH CORNER TESTS

I \NOMINAL| LONGITUDINAL STRESS| STRAIN CONCENTRATIONS >FOR| TOTAL |STRAIN RATIOS 49N |STRAINS AT OR| THICKNESS
KIND | & 7RANS.
E| OF ,|§ |STRESS|CONCENTRATION BASED 200000 LB. LOAD AENERgE)B 200000 LB. LOAD | MEAR FAILURE| REDUCTION
< | s7eet| Tr| AT _.lon 200000 L8, LoAD /200000 LB. LOAD PBSOR/N ORBED) 1200000 LB. LOAD | MICRO ININ_|AT FRACTURE REMARKS
M liseuceo| G g{%’*g GAGES - GAGES INLB GAGES GAGES | . T°
L] I, 5
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5 C |68]24000 lielzoliz 2|25 Liges I S[2Y 2 22 GaB oG8 T S22 e o2 [8/R4zr26e0 1104 7721207122 el e e K el e e v L
g ft it "7 34l20/20| 11 |20(29]29 99323 S 45 24 % ralmdlaslioa-171 — [ed1alasp 00 (000 — (B00— o elor[0 | | B0GAS ALONG FRECTURE.
10| ,,C_ 32| 23600 isl20|17]2512.1 /16 -1ol25P2/3 10| 82210 22127102138 1 TFsl27| 5 6647 4| — | 7213148113 |~ olasoolsool L 310004 O | O | B LU ShaL L CRASK
MUREX ! i D7 el i K b Py - el T 1-—19.20013800/4400 5 ‘
HIS. 4322254452140 o] - |5 22 688725 I W 7 7 el e R 20//3/05/04) O | £85. A SING DIRECTLY THROUGH
T I A P PR T £ B W T e ~ sl o1 LTl losoelo e yASE FgE P e
s 29400 || 26/6|20]15|36(20129(7/| 2 [22]/3 [ 18122142 73[35|36] 12|15 |63 apod 2 [~ [ 34|19 /2|a7]o4|o2|4¥o DOUBLER FaiLED ARIOR TO
3.2 ?é gg ;g 22 g; MAIN FAILURE.
71(/6|20]17|23(122|75| — | 1 (55287 5./ |-37-29//041-7.2| 1. |-7.7|-521-10) 79105/03|0.1| 0 | 0 |PULLING TAB FAILED AT /595000 LB.
/3| 2 _Ezo 32|27.700 |17|20/18|27\24 |16 -17]27] ] ’ 15|~ 110|28105(23 20113 2 72 2T 9400/8300/6.200 — [ A0 REAIRED 4his SECMEN RELoAD
ELECTR. 71£9122|/5(33|24 722 43l62 07 37 5.0\,', 000(232 000-4-11-4.1-28|60 241117 1-04] 34|/5/08lc/l 0|0 AT HATCH CORNER.
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IorRmAL iZEl ’ e |~ [18]24]1.1[34]2a[%5]eal02|36/42)-14 34 - Laslaz(z 2]aotazdaalsol - 13 24|25/07l0sl04]a 3
D 172 B R0 T e
WorwaLIZED
12| D |72mMasTRED), o ol olog) - |13lial3 54|15 6|16 122 - 39116(28133|42 /213643 5713114875, ~ [09(35129011 |, oo leroolanaolorool SHEAR FALURE | SHEAR PALURE AT CORNER.
VoRMALIZED 27.800 “136(/8|2117]37] - |2§117198/42(817+2414 77228514000 19600034 29 40|94| — | 18[-18123 46| (AT (MAX.Load)  |SEE PAOTDGRAPKS
5 2\70l06[05/47t05
6| £ 132] 23100 |15)17)14l2120 4l |18594] 17|45 +9]2038125]95[23] /e T43[20[58 - Fe9s4[sol23 - |- [s81¢] is000| 5009400202 0 1@ [0 | 0 CLEAVAGE FAILURE.
’ 07|20[2./|15|3.1|25|23)20fg 433 §143]r0[6S asisela4fe/ ' ' olo

NOTES
1 BASED ON LOAD CARRYING SECTION OF DECK, DOUBLER, : ‘
LONGITUDINAL COAMING BELOW DECK. S
2. BASED ON AVERAGE OF LONGITUDINAL STRESSES
FOR GAGES 1-2-3-4 TOP AND BOTTOM.

3 BASED ON AVERAGE OF LONGITUDINAL STRAINS LOAD CARRYING
FOR GAGES /-2-3-4 TOP AND 8OTTOM, SECTION
4. E-60/0 & E-6020 ELECTRODE USED UNLESS MOTED. A-/

5. READINGS QUESTIONABLE. GAGE #/| VERY CLOSE TO DOUBLER WELD.
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TABLE VI

Single Pass Specimens

§

Plate Tox.Hordnoss Avs Wold Av. Width of Av. Porent
Zlectrode Spec. Temp. Heot Affected Hardness Hent Affected Metal Hard-

o. °F Zone - Knoop Khoop Zone - MM  ness - Knoop

ek *3 *%
E-6010 1 70 435 239 2.08 178
B-6010 2 400 290 215 3,82 199
E~6020 1 70 368 237 2.97 206
E-6020 2 400 292 208 4.15 175
£-6010" 3 70 284 225 1.80 158
E-6010 4 70 484 256 1.73 184
E-~3020" 3 70 232 - 194 2.92 153
E-6020 4 70 298 213 2,85 185

Plate specimen with deposited beads onnealed at lOOO F for 8 hours.

Qovoral hardness traverses wore made in each case. 'Max. Hardness' is the
maximum value found. "Av. Hardness" is the average of all the values mea-
sured in the area spocified ( from 20 to 80 readings ).

TABLE VIT

Multiple Pass Speccimen

Max. Hardness Average Weld
Order of Heat Affected Hardness
Electrode Pngses Zone -~ Knoop Knoop
E-8020 1 258 215
E-6020 2 298 217
E-6020 3 328 214
E-8010 4 271 213
E-6010 5 508 238

E-6010 & 452 235
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