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Lab, Project 9300-1
Technical Memorandum #33

Administrative Information .

Ref: (a) NA'APLSCIENLAB Program Summary of 1 Nov, 1964, SR 007-02-01, Fabrication
of High Strength Structural Steel Alloys,

FIGURES

1 - Typical Tee Beam Cruss-Section
2 - Graphical Representation of Results

TABLES

1 - List of Materialsand Thermal Treatmeants
2 - Static Tensile Data
3 = Charpy V-notch Data at minus 120 °F

1. In conjunction with the ngh Strength Steel Program of the U,S., Naval Applied
Science Laboratory outlined ir reference (a), an investigation of the effects of
stress-relieving HY 100 hot rolled and extruded steel tee sections is being conducted.
This report deals with the apparent detrimental effects on the toughness character-
istics resulting from stress-relieving, as evaluated by Charpy Venotch properties,
Yield strength characteristics were also investigated,

Background

2, The overall program is concerned with the development of information necessary
for fabrication of high strength steel hulls for deep diving vehicles, In view

of the fact that some structural assemblies incorporating tee beams might be stress-
reiieved, it was considered reczessary to investigate the effecis of stress~ralieving,

Object

3. The object was to determine the effects of stress-relieving on the yield
strength and toughness characteristics of hot rolled and extruded tee sections of
HY 100 steel,

Material

4, Specimen material for the study was taken from the ends of ten.[10) beams availe
able at the Laboratory. These had been utilized in the investigation of structural
behavior of the beams which'will be rsported under separate technical memoranda, '
Table I 1lists the form and thermal ‘treatment associated with each beam, Beams
referred to as curved were cold formed to the respective curvature.after heat
treatment but befpre stress relieving,
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Specimen Preparation

Tas

S. Figure I shows a typical teesbeam crossesection indicating the positicns from
which the test material was obtained and the types of test specimens prepared. All
specimens were made with the long dimension parallel with the direction of extrusion
or rolling (longitudinal specimens)., Charpy specimens were notched perpendicular

to the beam surfaces, Laboratory stress-relieved specimens were machlned from blocks
which had been treated at the respectlve temperatures (1000 °F and 1050 °F), held
for 72 hours, furnace cooled below 500°F and then air cooled, The tee beams stresse
relieved at the Portsmouth Naval Shlpyard were treated at 1025°F, held for 2 hours
and furnace cooled,

Results
6. Tables 2 and 3 present data relative to the detailed ilts of tension and t
Charpy Venotch tests, Figure 2 is a graphical represeatation of the Charpy energy
absorption characteristics (toughness), as received, and after stress relieving,

+

Analysis |

7. General
a, Stress relieving markedly reduced the Charpy energy absorption properties
(toughness) of straight and curved,extruded, and curved, hot rolled HY 100 beams,

The stralght hot rolled beam was affected to a lesser extent, A short summary
table is presented below:

Average Charpy V-notch Energy (Ft, Lbs,) at «120°F

Extruded Hot Rolled
Straight Curved Straight Curved
Before SR - 133 135 . 130 110
After SR - 45 . 65 . 110 67

b., Beams stress relieved for.2 hours (indicated by Portsmouth) or for 72 hours
(processed at NASL), exhibited approximately-the same degree of deterioration,

c. Stress relieving did not apprec1ab1y affect the yield strength or tensile
properties of the flange,. In. view of the limited number of specimens tested from
the web , further investigation seems warranted in order to further delineate any
effects 1n this area of the beams resultzng from stress relieving,

d. The properties reported are indicative of characteristics in the principal

-direction of fabrication® (1<>ng1tud1nal)° It is expected that transverse properties
" might not be as good, .
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80 Extded Tees °

3

a, The pronounced deterioration in the toughness of extruded beams, resulting
from stress relieving (as evaluated by Charpy V-notch properties) is shown in
Figure 2, It will be noted that the sfralght beam (1E) shows a drop in average
energy to below 40 ft, 1bs, for 1000°F stress relief and below 60 ft, lbs, for
1050°F stress relief, Both of these values are below the specification require-
ment of 70 ft, lbs., minimum, The curved beams, with the exception of beam 5, show
a similar loss in toughness,

b, It is believed that beam 5 was not effectively stress relieved, In this
connection, it should be noted, that the structural behavior of heam 5 ( to be re-
ported in a future technical memorandum), was different from the other beams,

¢, The average loss in toughness for the straight beam was 66 percent and
for the curved beams 51 percent ( #5 beam excluded),

9., Hot Rolled Tees - referring to Figure 2, it will observed that the straight
beam (1R) showed a relatively small (average 20 ft, lbs,) loss in toughness as a
result of stress relieving and the curved beams, a substantial loss in toughness
(average 44 ft. 1bs.,), However, 811 averages were still above the specification
requirement of 50 ft, lbs, minimum, The average loss in toughness (stress relieved)
for the straight beam was 16 percent and for the curved beams 38 percent,

10, It should be noted that HY 80 and HY 100 steels are similar in composition and
metal lurgical characteristics, Accordingly, there is a good probability that some
HY80 beams can show degradation on stress relief similar to that shown for the HY100
beams, This fact could bnly be established on the basis of a survey study, ¢r a -
check of each lot df beams subjected ¢o stress relief,

: Conclusions
11, On the basis of the limited work reported herein, it is concluded that short

or long time stress rel:evxng of ettrnded and hot rolled HY 100 steel tee buams
(in the, range of 1000°F-1050°F) may significantly impair the toughness of the material.

Recommendations

12, It is recommended that, the stress relieving of HY80 and HY100 steel tee beams,
not be permitted, until a thermal treatment which does not cause toughness loss is
demonstrated, In the interim, should the use of stress relieved material be required
for a particular application, the toughness (Charpy V notch) of a sample
representative of the particular stress relieved member (in its final worked form),
should be determined. This procedure will selectlvely prevent the use of material

of excessively iovtoughness,
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Future Work

13. In view of the significant findings, a series of check tests on the subject
beams is presently being conducted. ' .Transverse properties (perpendicular to the
main direction of rolling or extrusion) will also be investigated, In addition,
a chemical analysjs will also be conducted in order to determine whether marked

differences in composition between the two types of beams (hot rolled and extruded)
could have effected the behavior pattern on stress relieving.
el : y

14, Analogous work in the hiéher strength steels (HY 130 to HY 180 range) will
be conducted when specimen material becomes available,
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‘Cross~-section-View of Typical HY 100 Tee Beam (not to scale)
Showing Locations from which Test Specimens Were Selected

Figure1~ . X
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Lab. Project 5300-1

Technical Memorandum No,
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HYI00 Steel Tee Beams - As Received

( nr-bers in boxes are Beam Codes) i
Hot Rolled Extruded
Straight Curved Straight Curved
ot NOT NOT “NOT
Stress {Stress Stress |Stress Stress Stress Stress Stress
Relieved |Relieved] Relieved |Relieved | Relieved { Relieved | Relieved }Relieved
None - 1R 2 7 None 1E P4 8
B . 3 10 : ‘5 9
Stress Relieving Treatments
PORTSMOUTH NASL NASL

1025°F « 2 hrs, FC

1000°F - 72 hrs, FC

10$0°F e 72 hrs, FC

1R,10,1E,9

1R, 10, IE,

9 .

HY 100 Steel Tee Beams - As Received an

as Indicated,

NOTE: Curved Beams - Web in Compression, Flange-in Tension.

d Subjected to Stress Relieving Treatments

N A

iRt

e TN

-




-

(0aAar1ey ssauis Jon *p,

P9 01 pur § swwog - HLON)

vepao«.v:m St poAetroy ssoxag ~de080T 3v poxoduo) pup Poyduond , N
vev?auxm puv PorTOY JOH = aeﬂuhono&m aﬂ«a:e.r - mﬁcom,oe&. [0019 00TXH ¢t
) AT L[ e e (D4 *S2Y 273, 080T 1SVID o !
9/ 4 144 901 L ve 114 $6 (Od_*s2y 24=g.0001 ~75vN) 6 Podotroy|
: LL 2T AR oY 9/ ' b2 SIT . POT  [(Dd*say N.m..mms...nﬁonw § | swens |5 g
eecavene w36, SLA— ) S AL N A R L SRR | M BN 2 daSE0T - 53x04) -y w8
Yy SE L TG e ek, T Petgeyey _ # la
_ 30N (@anar1ay ssmuts Jon) g 'Pso9y syly In
-‘Lnun,-xnun‘;inry'l.v.h»...-nfd..ﬂ!ﬂit:‘!-J\iﬁﬂ;.ﬂl !.gilxk\;ud.ut.ﬁﬁ.ﬁflp P L ¥ e e T TN g Lot e L |~—_'f.-...!<.)Ié—_..c..q.u.(;l.vcn.“..% A4t MY ."ﬁ.ﬂ'..":_..r!.‘si!!.s-.. T ..... ARELING N i bl K L X S ,).m
S¢ £z L1t 901 - - - - (4 "SEY ZL=do0S0T~1SYN) AT PoAotTOY (L (1 -
SL . bz LIt 901 9L ve 81 100)¢ Od °s2y 244,0001=15vN) 3T | ssoxag w X
- _ - . ] h:}
. SL 4 911 90T | L Lz eT1 2ot (QEATITRY SSTMULS LON) gt Pio0y sy M
Ch :W.NF\:.. ?.’G}HH ) U.Muo.h...l..l. .!........Iﬁ..ﬂg s .:-..!lln!.‘ & ~.iﬁ§.-.nlf.5.n n..-r-ﬁ"-nﬁﬂln.. ;ﬂmt%_mg. lww-ﬂxlﬁwuNuur. ”N'.Weo*wh«ww“_g.éw.‘- "y », . ﬂ‘.—
St b2 o7 86 fl 2z zz LTY 0ot (0d *say €l=d,0001~1SYN) 01 | posetroy gla
2L 0z 921 24 z. 2z orY 001 (0d*say Z-d,S201="53204) ¢ $sox3s (A |3
£L ST LI1 601 || 2y 44 oTY =20 A4 SIY z-4,5707~53204) 7 i
YZ 14 AN DOT™ v Y2 2T POULEIYg . 211
: , _30p (a3A81138 SSaULS ION) £ Py sy [
y
L 9z 148 001 - - - - (Ud *sxy z4-g,0501~15YN). y1 PaADTT Oy &
A sz 91T 201 gL X4 szt 301 (Od *sxy zz-4,0001-15VN) AT | ssox3g $
] . 0
LIy Y 10T [ 7 — 7. aa 241 O R T R ST TS ToT S TSR |
% D 1% - (52°) % D IS TS Y™ UOTITPUS) DU Py Teey
2OI YA Y38uexyg Ypcuoxyg || voaxy a2 Yyaluoxzg Yadusx3g .
. P 23uora _ orrswor  prory POM__cBuora orysuo; PLOTA . 4
(93Uer ) 9 HOT3¥S0q N (99M) Y UOTiTsoq . . ‘
. . T amavl : .
£2 ON umpusrouoy 182 TUYD O], : .
I-00£6 d0foxg °quy AYOLYHOSY'T HONIIDS QEITddV TvAvN *s*n




it ___._g_?._“..__:____._____g

3

HHIARHIRAY

po3naYPUL §B POADTIOY BEOXIS = 41,0807 3v poxeduo),
PUT POYBUONY = PAPRIIXG PUD POYIOY 30H = SWUR] 0L (003§ 00T AH
4,020 = an soyixodoxgd yojouwp Adreyn

_
t
|
o
L
. m
1 .
|
|
|

1~005£6 Ivofoxd *quq

- " PRI ORI S—— -
(zv) z¢ “1v 1y "sv (29) .9 %69 ‘19 (go1) eot'cor'srr'vor| (u “ d4,080T w ) 6 |
(08) 4% 'sz 'vs ‘sz (vs) 22 %¢s ‘sy ‘ov (sr1) ‘ort'oot'zer| (D4 *say zi~d,00011SVN) 6 al
:(0ot) 06 'vor'vorfsor | (zzu) sor’zzy'ssriezy | CLrv)torr'srrtezrtirrl (. " e ) S| peaeyrey [ g
(12) 19 *¢6 *¢L "85 (g) L %oy ‘s '9% (2e)?26 "985 ‘14 ‘69 | (D4 *wxy z=i, mao”;..naogv b 880238 | A
- . ———— "GaA T S5aULS JONI § PRI al m
. % ¢ ‘oo [ nl’
tzzr) srrlrsr'szrient hevﬂv CE AT 025 813 SN I C12 PR {74 8 £ & 44 S 14 sy 4) d
PO D MO, Al v THLMEON) L1 ke LOTICL U RTAL T PR AT Y SV OSPIDAR ol Y M J.. w3 I "l [ —
(op) vs%0s ‘28 ‘¢v (0g) ov vz gz ‘62 (88) 28 "68 "s8 'S¢ (0d .ag: 2L=d,080T*1SVN) At peaeyroy &} ¥
(92) zg ‘sz ‘2z ‘82 (22) 0z ‘62 ‘1z "81 (65) 65 °tv "v4 ‘18 | (Dd "SIY Z.=d,000T~ISYN) Y| 880AIS a % .
ot i A v Mt D00 00 IO RO O B AT e oM R AN O AT 1 1oAY G N S OO N M40 ke i s o ks 101 M. oot e » —
Aw”qu Lztogrfseriaey | (g£U) ovriszr’yverieztr | (sSr)rzifasr?Isy ‘zst ﬂew>&ﬁqmz SSMILE JON) a1 POy m it
A9 P R R R i Tl AT R o —— IO FORRU..) A Y
Y [ k5 b i e e dbbions’ Ky LT PR RRIN HOTRIN G TS ) FrA UTEAL IR N ) Whihfehan P, (L1 iy, 1o, R s!!::.::!:; a!::ﬁ ol Lt ol pIUETS L T WO Ay m}
™ ﬁauq;ﬁw;ga@.cmwziuu [CTAI VAL | I T M €1 I 7 A C Ik 71| v :g :&Q@@ ) S
(v8) 98 ¢4 06 8L 99) ov ‘59 ‘o8 ‘08 (4) 14 88 4L %9 | (u "6y Nb;;,oooﬁ.am<zv 01} POAOYIOY | A -
(0s) s5 ‘15 ‘sv ‘or (19) 25 ‘08 ‘ve ‘89 L0L) €4 °°82 °09 ‘04 | " " w ) S| ssexig |Al G
(65) 9 *19 ‘59 ‘Lb (89) 94 *zs "vi 1L (22) 84 's2 9L '8 1(Dd *say 2i=d,5201~*83x04) 2 | m |
_ n
A T SIS IO T T ™ p 3% o | "
_fozv) erv'ezrtarttzer | (z01) gorisor'corteor | (901) 901°H0T 0L S0T sy m
. i L
RIS S P20 4 £ A6 A 844 601 ST VBT SE 1L SEA R Fmadq;aadqwﬁae Y U R L= DA TSVRY AT P OATYION T 1
(s11) szr'vrr’sor’zrr | Coor) wor'vor’srr'vor ' | (Gor) TIT cﬂﬂaocﬁ ot (D4 *sxy 24-4,0001~1SYN) yI| ssoxas |H |. w
1
- drer o VL I O
(Lse) ovr'ser’evrszy | (Lzv) zsr'vzr'sertezt | (Lezr) zritssrtozripe (anAaITEY SSAULS JON) YUY AV B
_ £
oS WY D UOTIEeod (o) 4 usTIteod TAOAT "V UCTITE0d N L R e
S5 YON UMPUMLOUON TUD FUYDDY, £ HluvlL

AYOLVUDEVT HONHIDS AX1ddY IVAYN "S°n

ﬁ.,!..




