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SUMMARY

Initial experiments have been conducted on welded high strength steel plate
type specimens subjected to the corrosive effects of sea water under cyclical
and static loading, Butt welds in 1 inch thick HY«80 and HY~130/150 steel
plates and a mechanically peened tee fillet weld in 1-1/2 inch HY~100 steel
plate have shown high resistance to crack propagation under stress corrosion
conditions,
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AUMINISIRATIVE INFORMATION

Ref: (a) NAVAPLSCIENLAB Program Summary of 1 May 1965, SF 020-01-01,
Fabrication of High Strength Steel Alloys
(b) NAVAPLSCIENLAB Project 9300-1, Progress Report 1 of 15 Apr 1964
(c) NAVAPLSCIENLAB Project 9300-1, Technical Memorandum #31 of 14 Jun 1965
(d) NAVSHIPYDNYK Lab Project 6160-2, Progresas Report 3 of 17 Jul 1961
(e} NAVAPLSCIENLAB Project 9300-23, Progress Report 1 of 13 Sept. 1965

1, In connection with its high strength steel program, outlined in reference (a),
the U, S, Naval Applied Science Laboratory is investigating the erack growth
properties of high stength steels in a sea water envivonment., This memorandum
covers the results of initial studies on welded high strength steel plate type
specimens subjected to the corrosive effects of sea water under cyclical and
static loads. Altough the data obtained are of a preliminary nature, they are
being reported at this time because of the important significance of the results
obtained on wide plate type specimens which have otherwise been shown to give
dramatic results on metals susceptible to stress corrosion,

OBJECTIVE b

2, The object of this work was to determine the effect of sea water environment
on the crack growth properties of welded high strcngth steels under cyclic and
static loads.

DESCRIPTION

3, Three spacimens were used in this phase of the investigation:

a4, One 32x28x1-1/2 inch plate type specimen of HY-100 steel with a central
longitudinal tee-fillet weld that had been mechanically peened, The assembly
was fabricated with MIL-110-18 type electrodes in accordance with prevailing
Bureau instructions, Detalls of the joint design and welding and mechanical
peening procedures are similar to tnose used for HY-80 plates reported in
reference (b)., The mechanical properties and the chemical analysis of the
HY=100 tee-fillet plate identified as 59AP26 are given in Table 1 of reference
(c). The plate had been subjected to fatigue in an air environment in the
Plate Fatigue Machine, described in reference (d), at a nominal stress of
80,000 psi until the formation of fatigue cracks caused a 10 percent increase
in deflection to a total of 0,301 inch, The plate had surface cracks on both
sides of the stiffener,
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b, One 22x20xl inch 1lIY-80 plate type specimen with a central longitudinal
butt weld, Details of the joint design and welding procedure are shown on

Fiaonva 1
rigure Z.

c. One 22x20xl inch S percent Ni i{Y=130/150 plate type specimen with a
central longitudinal butt weld, Details of the joint design and welding pro-
cedure are shown on Figure 2. Visual examination of the 2 butt welded plates
prior to testing revealed no surface cracks at the toe of the weld,

METHQD

4, The plates were subjected to cyclic or static loading in sea water envi-
ronment as follows:

a. The'cracked mechanically peened HY-100 tee-fillet specimen was subjected
to static loading at a nominal stress of 80,000 psi at the toe of the weld in the
Plate Fatigue Machine for 1,000 consecutive hours. The plate was simply supported
along the 32-inch edges at a span of 28 inches, free along the two short edges
and uniformly loaded over the entire surface.

b, The HY-80 butt welded specimen was subjected to cyclical and static load-
ings in a smaller Plate Fatigue Machine., The plate was simply supported along
the 22-inch edges at a span of 20 inches, free along the two short edges and
uniformly loaded over the entire surface, The number of cycles, the number of
hours under static load, and the stress levels that the plate was subjected to
are indicated graphically on Figure 3,

¢. The {Y=130/150 butt welded specimen was subjected to a similar procedure
as the HY-80 butt welded specimen, The number of cycles, the number of hours
under static load, and the stress levels that the plate was subjected to are
indicated graphically on Figure 4,

5, The method of retaining the sea water around the critical section of the
butt welded specimens while under cyclical or static loading is illustrated in
Figure 5, A similar arrangement was used for the tee-fillet welded specimen,
The dam vwas formed from a sealing compound and the sea water was changed daily
in order to maintain the salt concentration as constant as practicable,

6. During the course of the test a chart record of deflection at the center

of the plate was obtained for cyclical and sustained loading. Corresponding
deflection data were also obtained by means of 2 dial indicators. Visual obser-
vations were made to determine when cracks first appeared and how they progressed
to various lengths along the critical section of the welds,

5
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measurements were made to determine residual stresses adjacent to the wcld
using a hole drilling technique, In each case the hole was drilled in the
section of the plate which was to be removed. The location of the hole rela-
tive to the weld and edge of piate is shown in Figures 6 and 7, Procedures
for determining residual stresses were similar to those reported in reference
(e). Briefly, a 7/16 inch hole was drilled 7/16 deep at the center of a
strain gage rosette consisting of eight equally spaced radial strain gages

on a 5/8 inch diameter circle, As shown in Figures 6 and 7, it was necessary
to drill the holes near the edges of the original weldments, in material to
be subsequently removed, thereby providing suitable undamaged plate type
specimens. Run-off tabs were removed from the HY=130/150 plate prior to
drilling, but not removed from the iY-80 plate,

RESULTS AND DISCUSSION

8. The mechanically peened HY-100 tee-fillet welded specimen which had been

cracked under cyclical loading in air showed no stress corrosion effects when
the plate was held for 1,000 hours at a nominal stress of 80,000 psi under

a salt water environment. Detailed data are given in Table 1, The indicated
crack length represents the average of cracks on both sides of the stiffener,

9, Stress corrosion data obtained on the HY-80 butt welded plate type specimen
under ;. sea water environment arc listed in Table 1 and shown graphically on
Figure ¥ rie specimen did not show any marked increase in deflection as a

result of cracking until after 15,000 cycles of zero to 80,000 psi stress and

120 hours under a static stress of 80,000 psi. At 19,384 cycles the deflection
exceeded a 100 percent increuse over the initial deflection and during a continu-
ation of the test under static loading the deflection showed a negligible increase
up to 580 hours and no increase from 580 to 788 hours at which time the test was
stopped.

10, Stress corrosion data obtained on the HY-130/150 butt-welded plate type
specimen in a sea water environment are also listed in Table 1 and shown graph-
ically on Figure 4, Since only one specimen was available the data shown
plotted on Figure 4 are the result of a combination of e¢yclical and static load-
ings in order to obtain maximum data from the specimen, It will be noted that
all cycling was conducted at 100,000 psi and that the static load was increased
S0 as to raise the stress level from 100,000 psi to 130,000 psi and cause more
rapid crack propagation, This occurred oniy after the increaso in deflection
over the initial deflection was 100 peicent which is usually considered ultimate
fallure in the cyclical test. It will be observed from Figure 4 that
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after the surface crack length reached 22 inches (the total length of the weld),
the specimen sustained 1420 cycles of stress at 100,000 psi and 127.5 hours
under 8 nominal static stress of 130,000 psi before ultimate failure occurred.
Figure 8 15 a photo of the Ciacked plaic afior tiw siress corrosion test,

11. Relaxation strains shown on Figure 6 for the HY-80 butt weld indicate
compressive residual stresses in the plate away from the butt weld which rise
to relatively high tensile stresses at the toe of the weld, Based on a linearly
xarying residual stress distribution, and following the procedures of reference
(e), residual stresses at the toe of the weld were calculdted ta be 140,000 psi
tension parallel to the weld and 47,000 psi tension transverse to the weld,
Since the yield strength of the steel is approximately 80,000 psi the high
value of 140,000 is not considered truly representative but the indications

are that the true vesidual stress is at least equal to the yield strength,

It should also be noted from Figure 6 that the hole was drilled 2~1/2 inches
from the edge of the plate to which a run-off tab was attached. Thus, while
the residual stresses measured do not represent precise determinations, they

do indicate that the butt weld subjected to stress corrosion studies did con~
tain high residual stresses at the weld.

12, Figure 7 shows g fairly irregular pattern of residual strain distribution
for the HY-130/150 butt welded plate, Following the procedures of reference

(e) the residual stresses at the toe of the weld were calculated to be 24,800
psl compression transverse to the weld and 11,800 psi tension parallel to the
weld. These apparont irregular results have been noted in other measurements

on butt welds and indicate that further study is required on residual stresses
in butt welds and the effect of welding sequence and procedures on the magnitude
and distribution of these stresses. The residual stress measurements on the
HY=-130/150 specimen indicate that the butt weld subjected te stress corrosion
tests contained relatively low surface residual stresses.

CONCLUSIONS

13, The rasulta of this work show that the following welded high strength
steels which have been pre-cracked in fatigue show high resistance to stress
corrosion cracking: *

a. Mechanically peened tee-fillet welds in 1-1/2 inch HY-100 plate

b, Butt welds in HY-80 l~inch plate

c. Butt welds in 5 percent Ni HY-130/150 1-inch plate,

7
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* welds do not appear to have any significant e¢ffect on the stress corrosion
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14. On tha haris af limitad racilite initial high vatidual atres

e in HY-80 hyr?

resistance of the weldment., A sim..ar conclusion cannot be drawn for the
HY«130/150 butt weld because the measured residual stresses were low,

FUTURE WORK

15. Tests similar to those conducted on the 5 percent Ni HY-130/150 alloy,
currently being conducted on a 9 percent Ni 4 percent Co(180,000 psi yield
strength) alloy, will be reported in approximately 3 montha.
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Specimen No.: 85B1

Base Metal: HY-80

Elect;pde: MIL~11018, 5/32" dia,
Preheat: 200°F

Interpass Temperature: 200-300°F

Current § Polarity: Direct current, reversed polarity

Position; Flat

Heat Input: 45,006 joules/inch

Remarks: Block technique used on first
two layers,

Root ground before depositing
third layer,

FIGURE 1 - Dutails of Joint Design and Welding Procedure nf 22x20xl1 in, HY-8U
Butt Welded Plate Type Specimen
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Side | N\

N

| —

Side 2

Specimen No.: 83B1

Base Metal; 5% Ni HY-130/150, U,5,5, Heat No.
X53588, Plate No, 090339

Weld Metal: Code A, 1/16" dia,

Process; Metal Inert Gas - Spray Transfer

Shielding Gas: 99% Argon, 1% Oxygen at 50 CFH

Preheat § Interpass Temp: 250 - 300°F

Current & Polarity: Direct Current, Reversed Polarity
320 - 350 Amps, 30 Volts

Position: Flat

Heat Input: 45,000 joules/inch

Remarks: Grind root before depositing

third layer,

FIGURE 2 - Details of Joint Design and Welding Procedure of 22x20x1 in 5 percent
Ni HY-130/150 Butt Welded Plate Type Specimen




ey

Fd
|
L
/|
$3710A9 | v88')
v s
SHNOH 02 | 15d 000%8
& §310A0 [00§'2 == = ==
SHNOH 02 184 00008
e 531949 008'2 e S
// SHNOH 02 | 154 000'08
B
ggg—"* - 31000 004'2 == ==
(5]
a SHNOH 02 18d 000'08
A
- L ————————
SHNOH 02 54 000'08
§319A9 00§'2 i
|
g g SHMNOH 02 1Sd 000'08
g'_ $3710A0 006'2
§<§-
|
@ m <
[=] Q [«

SIHONI ‘NOILDF4A0

TOTAL TIME UNDER STATIC LOAD — 788 HOURS

FIGURE 3 ~STRESS CORROSION OF HY-80 STEEL — BUTT WELDED

[

{SALT WATER ENVIRONMENT)

US. NAVAL APPLIED SCIENCE LABORATORY




FUMIV3 l}
SHNOH Gl 18d 000'0€} .
.o
, [}
: 33-13}\0 Lgb i e e e ettt eI A 2
[ S I SYNOH $2 | isd 000'0%l ég
r
! \ -
S3TIAD £69 #—M 5:
wl
SHNOH $2 1S4 000081 g Es :
| . 3 2|
$310A0 09ZT— z 9 |
-
.—-
)
SUNOH G'H9 | 1S4 00O'OE! ‘? {
e e e LR ——— e — — - - — e = ——— = et e e — bt e o e 2 v J "
]
- 8- 531000 ¥ — .
g ”
E SHNOH ¥2 | 18d 00C'0R! o
? o @
3 rd 3
[ [1s] e -
: N3k .
! SHNOH v2 | 184 0000z T ;
e: 3% g
' 9Tk
: / o3k
SHNOH +2 1Sd 0000l = z
bRk ;
- x ©§ !
8 u - :
25y |
y o U-' -
? ) = 5
g2 = SMNOH 00! Isd ooo'ooi | E ©
3 ¢ 28
5k 8 ' 5 §
4 g o)
& 2 o
- I R »
N $319AD 00§ == : ﬂ
SYNOH 9 ISd 000'00I 'l_r_ E
®.- 0 §
[
p ) o g
e w
/ % W
2
§5E——Q-l o Ll
gz \ SIDA0 000'23 T 8
; 33 > g
g \ §31049 000 3
L‘ g
:N-—- —J
g
SI19AD 000'0) seceetmns g
)]
- 5
; g 3 3 3 5 °
SIHONI'NOILDIN43Q
ik ‘
?




mmiasmow‘w!._(u!:umh
I-00€5 13310¥d 8V >¢0F<¢0md|_wuzm_omOm“.r_ad.qdzz.m.:

1S3L NOISOHHOD SS3IS ONRMNG SAUVId G30T3M LING NO H3LVM VIS ONINIVLIY 30 GOHL3IW -5 JuNcSH

[=-1G661-1 0L0Hd




26 IN »

“ 22 N, , —

]

I

{

|

!

! .
lu.____._.__ PLATE TYPE SPECIMEN BSBI ———————ry
|

I

I

]

-,
L TR AR

BUTT-WE| z
. 7t . | 8
| it |
. : |
| |
‘-—-2&-—-—4' I |
|
| .
| i
I
| |
I |
] |
1l | \
HOLE DIA, 716 IN. )

HOLE DEPTH 7'é IN.
GAGE GIRCLE DIA 8/8 IN.

~IXIMBOA STRAIN GAGES
3.3050 55t SIRET WELD .
LLLLLIL LU

MEASURED RADIAL
RELAXATION STRAINS
IN MICROINGHES

-

+1370

FIGURE 6-HOLE LAYOUT FOR RESIDUAL STRESS MEASUREMENTS IN

BUTT-WELDED | IN. HY 80 PLATE

3

U.S. NAVAL APPLIED SCIENCE LABORATORY LAB. PROJECT 9300~
: TECHNICAL MEMORANOUN X




R 0N >

22 IN. —

e P ATE TYPE SPEGIMEN 8381 —————)

Ty

UTT =W z 2
' o . I
I | N &
I | - ¢
| | -
I | 62 > }
| I
| |
/| | &
| : 4
! ;
| ' {
| ! ‘:
! | .
HOLE DIA. 7/16 N
HOLE DEPTH 7/16 IN.
GAGE GIRGLE DIA. 5/8 IN.
CE~IXIMSDA STRAIN GAGES
0.050 GAGE LENGTH , WELD
+[545 MEASURED RADIAL

RELAXATION STRAINS
IN MICROINCHES

—~1190

FIGURE 7-HOLE LAYOUT FOR RESIDUAL STRESS MEASUREMENTS IN {I
BUTT—WELDED | IN. HY 130/150 PLATE

US. NAVAL APPLIED SCIENCE LABORATORY ’ LAB. PROJEGT 9300-I
TECHNICAL MEMORANDUN 39

i o




6 NNONVHOW3N TIVOINHOIL
1-00€6 133r0Nd 8V ANOLVNO8YT IDONIIDS AINDdV TVAYN'S N

1S3L NOISOMH0D SSIHLS .
Y314V NIMOIAS 3dAL 3LVid OGI/OSI-AH G30TIM LING -8 3HNOIS

2-iS661 -1 0L0Hd




U. S. Naval Applied Science Labc "atory

!

TABLE 1

STRESE CORROSICN RO

Lab, Project 9300-1
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BUTT WELDS
5% Ni HY-130/150 HY«80
| Specimen No, 8381 8581
Average Thickness, (in) 1,008 1,000
Nominal Stress, (psi) 100,000 80,000
Initial Defllection, (in) 0.274 0,230
Final Deflection, (in) 0,600 0,554
No. of Cycles to 10% Increase in 18,500 17,250
Deflection ]
No. of Cycles to 100% Increase in 20,574 19,384
Deflection
No. of Hours in Sea Water 326 788
At 10% Increase in
Length of Deflection 19-1/2 20
Crack At 100% Increase in
Deflection 22 22

WIGUE CRACKED MBCHANICALLY PEENED HY.100 TEE~FILLET WELD
ey

Specimen No.

Average Thickness (in)
Nominal Stress (psi)

No, of Hours Under Sea Water
Initial Deflection (in)
Final Deflection (in)
Initial Crack Length (in)
Final Crack Length (in)

59AP26
1,507

80,000
1,000
0,301
0.301
26
26
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13 ABSTRACT

H

on the erack growth properties of welded high strength steels under cyclic and
static loads.

Initial experiments-have been conducted on welded high strength steel plate
type specimens subjected to the corrosive effects of sea water under cyclical
dnd static loading,

Butt welds in 1 inch thick HY-80 and HY-130 steel plates and a mechanically

to crack propagation under stress corrosion conditions.

The objective of this work was to determine the effect of sea water environment

peencd tee fillet weld in 11/2 inch HY-100 steel plate have shown high resistance
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