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Materials Properties

e Change with Temperature
o Strength, ductility

> Dimensions: expansion, contraction

* Some properties change with Time

= People who design structures (cars,
airplanes, bridges, ships, turbines, oil
infrastructures, etc.) need reliable materials
data to pick the right material for the
application.

= Always want the best performance and
lowest cost




Structural Alloys Handbook (SAH)

* Provides current, dynamic tools for
selection process

 Originally prepared as companion

reference to the Aerospace Structural
Metals Handbook (ASMH

.....




Contents of SAH

e 80 % of the materials in the SAH are
NOT in the ASMD

* -Wrought and cast steel,

* -Wrought and cast aluminum,

» -Cast iron, wrought stainless steel
» -Copper, bronze, brass,

e -Titanium and magnesium



Characteristics of SAH

» Offers characterization
> In-depth and up to date, common metals and alloys
> Construction, machine tool, heavy equipment

> Infrastructure, chemical and food processing

> Automotive and general manufacturing




Each alloy chapter

» Data representing property-influencing
variables
> Hostile environments
o Elevated temperatures
> Surface coatings and finishes
> Test procedures
> Specimen configurations

° Process practices



Organization of Database

» 2500 pages
* Preliminary Selector Charts

> Tables assist in selecting alloy from broad
family
e Specific alloy chapters

o Detailed characterization data to assist in
selection

> Well-defined data

> Reduce in-house testing
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Selection of Structural Steels—0Overview

Table 2. Impact Testing Temperature Zones (ASTM A 709)

Zone Minimum Service Temperature, °F (°C)
1 018
2 bolow 0 to <30 (<18 to <34)
3 bulow 30 10 « 60 (<18 40 <51)

Table 3. Non-Fracture Critical Impact Test Requirements (ASTM A 709)

Grade Thickness, In, (mm) and Joining Method Minimum Average Enargy, ft-Ibf (J)
Zone 1 Zone 2 Zone 3
0T to 4 (102) inel, mvchanically fustened or welded 15 (20) at 70°F (215C) | 15 (20) at 40°F (4°C) 15 (20) a¢ 10°F (412°C)
SOT*, SOWT¥ 10 2 (51) Incl, mechanically fastened or webded 15 20) at 70°F (2170 | 15200 at 40°F (4"C) | 15(20) L 10°F (12°C)
over 2 10 4.(51 to 102) Incl, mechanically fastened 15 (20) at 70°1 %) | 15 QO at 40°F (1°C) | 15(20) ot 10"F (12°C)
over 2 to 4 (81 to 102) inel, welded 200(27) wt Z0°F 215C) | 20 0200 at 40P (4°C) | 20 (27) at 1087 (12%C)
20WTee 10 2'/3(64) incl, mechanically fastened or welded | 20 (27) at 50°F (10°C) | 20 (27) at 20°F (7°C) | 20 (27) wt <10°F (-23°C)
over 217510 4 (64 1o 102) incl, mechanically fastenad | 20 (27) al 30°F (10°C) | 20@7at 20°F ( 7°C) | 20 (27) uL -10°F (:23°C)
over 2/, 10 4 (6 to 102) Incl, welded 2RCMD At SO O0MC) | 2SO At 20N G7C) |20 () at 100K (23°0)
10017, T00WA [ha 21/ (04) inel, mechanically fastened or wilded | 25 (34) nt 30°F (1°C) 1 25 (34) wt OFF (<IRYC) | 25 (34) mt <50°F (34°C)

over 21/ 0 4 (64 10 102) b, mednicully festeied
over 2'/; 104 (64 10 102) Inel, welded

25 (24) wt 30°F (1°C)
A3 (48) At 30°F (1%

25 (34) ut O'F (-18°C)
A5 (49) AL 0°F (18°Q)

25 (34) ut -30°F (:34°C)
A5 (48) a1 J0"F( 34°C)

Ihe CVN-impact teating shall be “11" heat trequency testing i aceordance with Spectcation A 671/ A 671M.

1t the yield point of thi muterial excmin 65 o (450 MPa), the tust

v for the

AV WOy recquired whall be

reducnd by 159F (BC) for wuch incnanent of 10 kad (70 MPO) wbove 63 hal (450 MPa), The yidd point i twe value given on e curtified “Mill

Tust Repurt.”

“The CYN-Lmpact testing shall be "I"™ place fraquency testirg tn accardancs with Spacthicanion A 6733/ A 679M
91 the ylelkd strength of ths matarial sxcesds 55 ke (385 V), the taxting bemnipwrataure for the minimum sverape snargy raqieed shall be
recinced by 137 (°C) for warh inerumunt of 10 ked wbove 85 bl (855 MPu). Tha vikld stecogeth v the value gaven on th certified “Mill Tust Report.”

Table 4. Fraclure Crilical* Impact Tesl Reguirements (ASTM A 709)

Grade Thicknesgs, in, (mm) and Joining Mathod Minimum Average EM’Q‘, f-Ibf (J)
Zune 1 Zone 2 Zone 3’
W) 1011/, (40 tael, muchanienlly tastened or weldud | 25 () at 70°F (215C) 25 (34) ut 40°F (4°C) | 25 (34) at 1O°F (-12°C)
over 1/ b0 4 (40t 102) ine, medunically 0) al 70°F 21°C) 2530wt 4O'F (47C) | 28 (34) wt - 10°F (L23°0)
fustenvd or welded
30", OWF 101/, (40) Inel, mechanically tastenad or welded DHOM) AR ZO (2150 | 28 CM) At A0 Y] | 28 CH) ar 10T (2%C)
over 1/, 107 (40 1o 51) tnel, mechanienlly fastened | 25 (54) at 7OF (21°C) | 25 () at 40°F (4°C) | 25 (34) at «101°F (23°C)
or welded
over 280 4 (5] W 102) ined, mechanically fastened | 25 (34) ac 70°F Q1°0) | 25 04) at dO°F (4°C) | 25 (M) at 10°F (23°0)
over 240 4 (31 10 102) Inel, welded 30 C1) At 70°F (214C) | 3001 A A0"F (4%C) | 20 (17) at <10 (-23%C)
TOWF" 0 1'7,00) incl, mechanieally rastened or welded O AR 2000 (7%C) | 300000 a0 2008 (<75C) | A0 (A1) ab 1 0FF (23C0)
over 1 '/, t0 2/, (40 to 4) incl, mechanicully 0@ W 20°F (29C) | 30041 at 20°F (-7°C) | 30 (41) at -30°F (-34°C)
fantenad or walded
over 2173 10 4 (64 10 102) inel, mechasically fastened [ 30 (41) ot 20°F (7°C) | 30 (41) at 20°F (+7*C) | 30 (41) at =30"F (-34°C)
over 21/, 10 4 (64 10 102) inel, welded D5 (08) At 201 (7C) | 38 L40 ot 200K (+7VC) | 38 (AK) ar 30" (3M*C)
100F, 10OWF  [to 2/, (04} incl, mechanically fastened or welded | 35 (48) at O'F (-168°C) | 35 (48) st O°F (-1R%C) | 35 (48) at -30°F (-34°C)

over 2 /5 o 4 (64 to 102) inel, mechanically Zastuned
over 21/ to 4 (64 to 102) incl, welded

35 (48) ut O°F (-18°C)
A5 (61) ol O"F (18°C)

35 (48) t O'F (-18°C)
45 (61) at 0°F (+18°C)

35 (48) at -30°F (-34°0)
Not Pennitied
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Key sections in the SAH

e Composition tables
* Tensile,yield, % E, RA, hardness, impact

e Cold working effects on mechanical
properties

* Temperature effects

e Stress strain curves

» Cold work effects on impact properties
» Fatigue comparison cast versus wrought
e Fatigue crack propagation

* Summary

» References
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MEDIUM
CARBON
STEELS

floatton
2-78,Gr. 86

ASTM AT -64
BAN 1081
BAE 1021
BAE 1022
BAE 1028
AlSI 1081
AlSL 1022
ABTM AS10-71, 1028
ASTM AGAG-T1,Gr. 1023
ASTM AG4B-T1, 1022
ASTM AS4N-GN, 1022M
ASTM A376-64
ASTM ALZS 48, Gr.A
ASITM ASA4T2 Gr, 1008
ASTM A285-72,Gr.B

SAE 1083
AlS1 1023
ASTM AG10-86, 1028
ANTM A41471 . Gr. Y
SAE J4264, Gr.2
BAE 1024
AINI 1084
ASTM AGLO-TL, 1024
ASTM A442-72,Gr. 68
ASTM A442-78,Gr, 60
8AE 1624
ABTM ALl -69
ASTM Al08-68,Gr 1085
ASTM A24b-84,Cr A B,
¥
SAL 1020
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ASTM ABIR-G6,Gr, 1028
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ASTM ANNG =708

ASTM A826+71a
ANTM AJ1-72,Gr. B
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Plate, 1 in or under
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Steel produots
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Steal products
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Iod & wire
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Wire
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Shoet & strip
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L
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040
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.00
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.42
L
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008
035

20§
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.23
.20
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120 | .80 .040
.26
L
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L040 |,

080
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050
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. 080
050
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N
(043
046
080
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060
060
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040
N
080
060
080
050
. 060
L0n0
050
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. 050)
.060
080
050
060
060
040
040
010
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080
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.18
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CHEMICAL COMPOSITION OF VARIOUS MEDIUM CARBON STEEL SPECIFICATIONS  68)
T Ma [ PR TR Mo
Max [Min Iax [Min [Max|Other

e

Five pages of
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Cu-0,20~
0.30

Cu-0.20

Cu-0.20
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Portion of tables on

Cold-working effects TENSILE MEDIUM
COLD WORK EFFECTS CARBON
STEELS

TYPICAL LONGITUDINAL PROPERTIES OF COLD WORKED 1040 STEEL DARS (39)

V-Notoh Impnot | Fatigue
Endurance
Enar ransition | Limit

-40F | Temp, |At10% Cycles

(qt-bay (F) (k)
7T 190 %
7 170 6l
17 G 190 53
" 8 200 o4
. 13 [ 190 bb
410 C 23 112 120 12 98 1% a8 185 o
|80 c2s | 126 | a0 | 8 | 28 1l 6 | 180 60
AS COLD DRAWN AND HTILKES KLIEVED 8 HR, A'l' 900F
B N R g w SR [ S { > e ¥ ™0
b " 7 108 20 49 19 H 180 3]
10 -] 80 111 10 1" 15 7 188 5
20 08 04 N 10 “ 18 T 160 4]
40 e o 140 1 42 16 H 176 61
40 C 22 106 126 16 12 21 N 140 (N
80 C 26 118 188 18 a8 81 ] 70 86

2 ch digmelers Larw sorwalized 1 bour at 1860F, specimens from 1/2 rodive
Npsoimans 0,505 moh dixmetur, £ meh gy langth
Trangition temperatare for 100% tihrous fraoturs




MEDIUM TENSILE
CARBON STRESS -~ STRAIN

STEELS

S —— —
16 GAGE SHEKT, C-0.23, Mn-0.80, P-0,000,
80,024, 8-0,08, Cr-0,0%, Ni=0,01, Mo~

0,01
AS ROLLED
80 . ' ]
LONGITUDINAL
60 ¢ +
i ¥
C-0.44, Ma+0.76, P-0.014, 8-0.021, 81-0.21 40
3/4 IN DIA HOT ROLLED BAR /
® O WQ AND DRAWN AT 1210¥ 20 .
/ Stress-Strain Curves
g,
0,30 .
b-—!— B/ ] 80— T 1
L‘ 4 3/4 THANSY ERBE
#0 -t —
PrY -
140 i - 20 e it — N PSS
USE LOWKIL KCALK | 0
o 1 0.000 0.004 0.008 0.012 0,016 0,020 0.024
ETRAIN - IN/IN
— TENSILE STRESS-STRAIN CURVES OF ATSI
1023 BHRET RTERT, (40)
Pt i
USE UPPER S8CALE f
3 1
! ANNEALED TUBE, 1 IN DIA
aniow o f— =), 23, Mn=0. 47, P=0, 0106, N=0, 084, 8 -0, 13
10 (==
Lo
20
l 60—
0 A 5
0 L0001  .002 L0083 004 ,005 ,006
0 040 080 .120 .180 .200 .240 | 40
STHAIN = IN/IN g /
i 30
TENSILE 8TRESS-STRAIN CURVES FOR SAE
1045 STEEL (43) _l
o - - —
L000 ,004 008 012 016  ,020
STRAIN - IN/IN




MEDIUM FATIGUE

CARBON CRACK PROPAGATION
STEELS
TESTS ¥ - 680 =
fSTRESS FREQUENCY
u -
; 33T T2 opm + 10 MIN HOLD TIME] AN
344 13 cpm
0| 34.4 | 0.60pm . :‘%o'; zo—} [—o.m
o 28.8 12 epm -
o] 28.8 0.6 cpm ! T 1 1
4 el L Fatigue crack propagation
@ | 265 | 10 pm
THROUGH THICKNESS CRACK GROWTH
SPECIMEN
| ﬁ‘;« WIDE PLATE . R
. N .10 opm
= AXIAL LOAD
1000 }= .
- SO0F - G50 -
" 6 IN WIDE PLATES
W R0
3 w [
B | 5
E F E
Y ) a
-1 | @
) r R« 0, AXIAL LOAD 2
E ‘:‘ 100 |
o = n
: A
100 P
[ g -
20 |
. g |
4] -
" 5}
= ‘m
10 f=
10 L dock 4L o 1 1 [T A T W
10 20 40 60 80 100
10 20 40 60 80 100
RANGE OF STRESS INTENSITY FACTOR RANGE OF STIESS INTENSITY FACTOR,

Al o WHla



MEDIUM
CARBON
STEELS

TENSILE

The effects of grain xize on tha strength properties of
1045 stasl were detarmined nt U, 8, Steel Corporation.
It was shown that the yield strenyth inoreased from
about 60 kxi o more thun 100 ksi as the austenite grain
sire was reduced from 3.0 to 13.56. These ultra fine
Rraing were produced ln thin sbeat material with four
rupstitive oyoles involving n rapid quench (within 20
soconds) from the austenitizing tempersture of 1500
(8.

A rummary of soms twenty <fve teohnical reports on
cold working plain carbon and vory low alloy steals wix
compiled by the Case Institute of ‘I'wohnology. The data
wurs obtsined from a tast program at Coage from 1942
to 1008 designed to find the oxtent to which wore fully
cold worked wtouls might raplucw the mors strataglo
hest treatad alloy steals, Part of the reason for this
teot progrom was atated au follows: "The interdepen -
dent factors of un ordinurtly good supply of hast treatsd
alloy staslz, and the limited demand for heavily cold
worked steels, bave created a gituation of yeneral iy~
norance of the extunt to which pevwraly cold worksd
stanls may ba utilized'", It was shown that, fn general,
initial small amounts of cold work caused larke neranues
in e tensile wnd yiald xtrungths with modursin losges
in ductility, Intermadiate amounts of cold work pro-
duced Little or no added change i cither strength or
ductility, bowever, large wmounts of cold work povm
largs sdditional gafne fn stremgth with only moderate
logaes In ductllity., The mmximum wmounts of cold drew -
ing reduction without faflurs vartad from shout 30% for
1040 to about 10% for 1060, An inorease in the carbon
content or ko the low alloy addition rxixud the maximum
slrungthening and hurdaning effaots of oold working by
ralsing the hardness and etrongth of the base line wat-
wrial o the oormalized condition, 1t was also shown
that high amounts of work hardening produced a slight
roduction o the fatigxue endurance limil Lanyile stewngth
ratio but that this effect wan completuly removed by &
thermal stress relisf, Other benefits of cold worked
atecls were close tolerancen of finikhed parts, super
{or muchinability und surfuns finigh, xnd a high ratio of
yiold to tensflo strength. Also, the cold working cosat
was wore thay offset by the wliminstion of lloying wle-
ments, quenching, tempering and surface cleaning oper~
ations. The cold worked xleoly gave no wvidence of
notoh sengitivity or direotionality of properties with a

REPORT SUMMARIES
AND CONCLUSIONS

The affocts of various types snd severity of intarnal de-
fwots on the tensile properties of annenled onst Clase B
steol plate (C-0.26%) were determined at the U.8. Naval
Applied Bolunce Laborstory, The defects were quali-
tatiyely measured with radiographio teohniques on speci~
mena that measured 3 inches by 2 inches In crows nee-
ton. Tt wis shown that most types of defeots hnd 1ittle
offeot on the yield strength, however, the ultimate
strength and elongation values were deastically reduowd

in gormu onseg (21).

The affecty of gtratn rates on the tensfle properties of

soveral stesls were summarized in a study conduoted by

Summary and conclusions

Materialy Technology Corporation. It was shown that
both the upper and lowar yisld point of 1045 stesl were
inoronsed by 2.20 kal for a 10-fold inecrease in the sirain
el in the eange of 0,1 to 10 par minuts (53),

HEAT TREATMENT

Tenaile, hardoeus aod impact ngile tuets wars conduo -
tud st Columbix Unfysreity on saversl syparimental
madium onrbon steels that were Loothermally tranwlowrm
od to produce bainite. For ullimate stranpgth lnvele
prusiar than shout 210 ks, 1t was ghown that 1062 wat-
orial with o balitic wierostructure ud yreatur ductility
and @ lowae Lesnxition temparaturs than did tampered
martanaitio material (46).

Tunbx wurs conductad on 1060 gteel at Columbix Univer -
sity to doterzaine If this wateriol was aubjuct Lo U S50F
cmbrittlument. 1L wus whown that tha duotility of 1060
sxhibited » gradual rige with an oreage ln tewporing
tomporaturo and thus was not wubjucl o thix typs of tum -
per ambrittlument, It was algo shown that commeroial
1040 ptenl was subject to the GG0F embrittlemeont whore -
g laboratory vacuuin welted 1540 material wax nol (47).

The effeota of various quench rates on the {mpaot pro-
pertios of 1040 and meversl other stesls wore determined

ut tha Witertown Argenal. It was shown that in all onses,

for a given stoel and bhardacss leval, the fully quenohad
and tempered siructurs produced suporior impact pro-
pertion than did the slack-quenched and tempered struo-
ture (18),

The effect of oold work on the tempering response of as~
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