








NOMINAL PROPERTIES -
AISI STAINLESS STEELS

Alloy Physical Properties ‘ Type 304 | Type 321 | Type 347 | Type 316 | Type 317
Physical Properties - AlSI Stainless Steels
Density Ib./cu.in. ........... 28 28 28 29 29
low carbon steel =1.00.... 1.01 1.01 1.01 1.02 1.02
Specific Electrical Resistance
at 68°F.
microhms/em.® .......... 70.00 71.00 71.00 72.30 72.30
microhms/in® ........... 27.60 28.00 28.00 28.50 28.50
low carbon steel = 1.00. ... 6.40 6.50 6.50 6.60 6.60
Melting Range °F............. 2550-2590 | 2550-2590 | 2550-2590 | 2550-2550 | 2550-2550
Structure .................. Austenitic | Austenitic | Austenitic | Austenitic | Austenitic
Magnetic Permeability
asannealed............. u=100 | u=100 | u=100 | u=100 | u=100
after 10% reduction ofarea | u=1.10 u=1.10 u=1.10 u=1.10 u=1.10
Specific Heat
cal./°C./gm. (0° to 100°C.) 12 12 12 12 12
B.t.u/°F/Ib. (32° to 212°F) 12 12 12 12 12
low carbon steel = 1.00
(0°to 100°C.) 1.10 1.10 1.10 1.10 1.10
Thermal conductivity
cal./cm¥/sec./°C./cm., at
100°C. ............... .03 .03 .03 .03 .03
B.t.u/sq. ft./nr/°F/in., at
212°F ... 113.00 112.00 112.00 108.00 108.00
Alloy Physical Properties Type 310 | Type 405 | Type 409 | Type 430 | Type 446
Physical Properties — AISI Stainless Steels
Density Ib./cu.in............ 28 27 28 27 27
low carbon steel = 1.00. ... 1.01 9 | . .96 95
Specific Electrical Resistance
at 68°F.
microhms/em.® .......... 79.00 61.00 61.0 59.00 67.00
microhms/in® ........... 31.00 2360 | ... 23.20 26.40
low carbon steel =1.00.... 7.20 550 | ... 5.40 6.10
Melting Range °F............ 2550-2650 | 2700-2790 | 2700-2790 | 2710-2750 | 2710-2750
Structure.................. Austenitic | Ferritic | ..... Ferritic Ferritic
Magnetic Permeability Ferro- Ferro- Ferro-
asannealed............. u=1.00 | magnetic magnetic | magnetic
after 10% reduction ofarea | ..... Ferro- Ferro- Ferro-
Specific Heat magnetic | ... magnetic | magnetic
cal./°C./gm. (0° to 100°C.) 12 1 1 1 12
B.t.u/°F/Ib. (32° to 212°F) 12 1 1 1 12
low carbon steel = 1.00
(0°to 100°C.) 1.10 100 | ... 1.00 1.10
Thermal conductivity
cal./em¥/sec./°C./cm., at
100°C. ............... 03 | .. .00 .05
B.t.u/sqg. ft./nr/°F/in., at
12°F ... 9300 | ... | ... 181.00 145.00
Cont'd
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NOMINAL PROPERTIES -
AISI STAINLESS STEELS

Alloy Physical Properties ‘ Type 304 | Type 321 | Type 347 | Type 316 | Type 317
Physical Properties - AlSI Stainless Steels
low carbon steel = 1.00 at
100°C.........oee 33 32 32 31 31
cal./cm.#/sec./°C./cm., at
500°C..........oeen .05 .05 .05 .05 .05
B.t.u./sq. ft./hr/°F/in., at
92k 150.00 153.00 153.00 145.00 145.00
Coefficient of Thermal
Expansion
per °F. x 10-° (32° to 212°F) 9.60 9.30 9.30 8.40 8.40
low carbon steel = 1.00
(32°t0 212°F) 1.45 1.40 1.40 1.27 1.27
per °F.x10-°(32°t0 932°F)|  10.20 10.30 10.30 9.60 9.60
Mechanical Properties
at Room Temperatures Annealed | Annealed | Annealed | Annealed | Annealed
Tensile Strength 10°
Ib/sg.in.........ooo. 75-100 75-100 75-100 75-100 75-100
Yield Strength 10°b./sq. in. 30-60 30-60 30-60 30-60 30-60
Modulus of Elasticity 10°
Ib/sq.in.......o.ooe 29 29 29 29 29
Elongationin2', % 35-60 35-60 35-60 35-60 35-60
Reduction of Area, % 60-80 60-80 60-80 60-80 60-80
Charpy Impact Strength,
ftelb 7 7 7 7 7
Alloy Physical Properties | Type 310 | Type 405 | Type 409 | Type 430 | Type 446
Physical Properties - AlSI Stainless Steels
low carbon steel = 1.00 at
100°C.......ooel 21 | o | 52 42
cal./cm.#/sec./°C./cm., at
500°C.........ooee L .06 .05
B.t.u./sq. ft./hr/°F/in., at
92k 12500 | ... | ..., 182.00 169.00
Coefficient of Thermal
Expansion
per °F. x 10-° (32° to 212°F) 8.00 6.00 6.0 5.80 5.90
low carbon steel = 1.00
(32°t0 212°F) 1.21 ) I .88 90
per °F. x 10-° (32° to 932°F) 9.20 6.70 | ... 6.30 6.30
Mechanical Properties
at Room Temperatures Annealed | Annealed | Annealed | Annealed | Annealed
Tensile Strength 10°
Ib/sg.in.........ooo.e 75-100 60-90 65-105 60-90 70-100
Yield Strength 10°b./sq. in. 30-70 30-60 35-65 35-65 40-70
Modulus of Elasticity 10°
Ib/sq.in.......ooe 29 28 29 29 29
Elongationin 2", % 30-55 20-40 20-35 20-30 18-25
Reduction of Area, % 60-80 50-70 | ... 35-60 25-50
Charpy Impact Strength,
ftelb 7 60 | ... | ]
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NOMINAL PROPERTIES -
AISI STAINLESS STEELS

Alloy Physical Properties | Type 304 | Type 321 | Type 347 | Type 316 | Type 317
Mechanical Properties
Izod Impact Strength, ft.-lb. 75-110 75-110 75-110 75-110 75-110
Endurance Limit (Fatigue),
10°Ib./sq.in............ 35 45 45 43 43
Brinell Hardness Number.... | 135-190 | 135-190 | 135-190 | 135-190 | 135-190
Rockwell Hardness Number B75-90 B75-90 B75-90 B75-90 B75-90
OlsenCupValug,in......... | ..... | ... | ... | |
Stress Causing 1% Elongation
(Creep) in 10,000 Hours
At1000°F, Ib./sq.in. ..... 17,000 17,000 17,000 25,000 25,000
At 1200°F, Ib./sq.in. ... .. 6,000 6,000 6,000 15,000 15,000
At1350°F, Ib./sq.in. ..... 3,000 3,000 3,000 7,000 7,000
At 1500 °F, Ib./sq.in. ... .. 1,000 1,000 1,000 3,000 3,000
Scaling Temperature, °F.
(approximate) ............ 1,650 1,650 1,650 1,650 1,650
Initial Forging Temperature,
F 2,200 2,200 2,200 2,200 2,200
Finishing Forging Not under | Notunder | Notunder | Notunder | Notunder
Temperature, °F.......... 1600-1700 | 1600-1700 | 1600-1700 | 1600-1700 | 1600-1700
Annealing Treatment ........ Heat to Heat to Heat to Heat to Heat to
1900-2000 | 1900-2000 | 1900-2000 | 1950-2050 | 1950-2050
°F. and °F. and °F. and °F. and °F. and
Quench. | Quench. | Quench. | Quench. | Quench.
Alloy Physical Properties | Type 310 | Type 405 | Type 409 | Type 430 | Type 446
Mechanical Properties
Izod Impact Strength, ft.-Ib. 75-110 60-100 | ..... 25-100 | ...
Endurance Limit (Fatigue),
10°0b/sg.in. ..o | | 35-50 35-55
Brinell Hardness Number.... | 150-210 | 150-207 | ..... 150-190 | 150-207
Rockwell Hardness Number B80-95 B80-95 70-85 B80-90 B80-95
OlsenCupValue,in......... | ..... | ... | ... | .|
Stress Causing 1% Elongation
(Creep) in 10,000 Hours
At1000°F, Ib./sq.in. ... .. 18,000 | ..... | ... 8,500 6,000
At1200°F, Ib./sq.in. ... .. 8000 | ..... | ... 2,000 1,500
At1350°F, Ib./sq.in. ... 3000 | ... | ... 1,200 600
At 1500 °F, Ib./sq.in. ... .. 90 | ... |
Scaling Temperature, °F.
(approximate) ............ 2,000 1,300 1,300 1,550 2,100
Initial Forging Temperature,
F 2,150 2,000 2,100 2,000 2,000
Finishing Forging Notunder | ..... Notover | Notover | Notover
Temperature, °F.......... 1600-1700 | ..... 1,400 1400 | 1400-1450
Annealing Treatment ........ Heat to Heat to Air-cool Air-cool | Rapid cool
2000-2100 | 1350-1500 from from from
°F and °Fand | 1350-1500 | 1400-1500 | 1550-1650
Quench. | Quench. °F. °F. °F.
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NOMINAL PROPERTIES -
AISI STAINLESS STEELS

Alloy Physical Properties | Type 304 | Type 321 | Type 347 | Type 316 | Type 317

Abrasion Resistance Good Good Good Good Good
Cold Forming

(Drawing - Stamping) ... ... Good Good Good Good Good
Machinability (Bessemer

Screw stock 100%) ....... about 45% | about 45% | about45% | about45% | about 45%
Welding (Arc, Gas, Resistance,

Atomic Hydrogen) ........ Very good; | Very good; | Very good; | Very good; | Very good:;

anneal not not anneal for | anneal for

heavier than| necessary | necessary | maximum | maximum
%'-%" for | toanneal. | toanneal. | corrosion | corrosion

maximum resistance. | resistance.
corrosion
resistance.

Precautions (See Notes) Q) D) D) A (A

Alloy Physical Properties | Type 318 | Type 405 | Type 409 | Type 430 | Type 446
Abrasion Resistance Good Far | ... Fair Fair
Cold Forming

(Drawing - Stamping) ........ Good Fair Fair Good Poor

Machinability (Bessemer
Screw stock 100%) ....... about45% | about54% | ..... about 54% | about 40%
Welding (Arc, Gas, Resistance,

Atomic Hydrogen) ........ Very good; | Good; Good Fair; welds | Fair; welds
anneal for | welding are brittle | are brittle
maximum | does not when cold. | when cold.
corrosion | harden Slight Slight
resistance. | appreciably. response to | response to

anneal. anneal
Precautions (See Notes) (A) (8) (C) (C)

(A) Preheat slowly to 1600°F,, then heat rapidly to the forging temperature. Exposure
to temperatures between 800° to 1600°F. produces marked susceptibility to
intergranular corrosion. If the metal is unattacked, this can be cured by repeat-
ing the annealing treatment.

(B) Preheat slowly to 1450°F,, then heat rapidly to 2100°F. for forging. Maximum
corrosion resistance of Type 410 is developed only in the heat-treated condition.
(Temper below 850°F. or above 1100°F.)

(C) Inforging, preheat slowly to 1450°F. Excessive grain growth takes place above
2000°F. Expert welding is required to avoid excessive grain growth. Prolonged
exposure at 850-950°F. produces cold brittleness. To prevent this, heat to
1550-1650°F. and quench.

(D) For maximum corrosion resistance in high temperature service, heat to 1550°F,
hold 2 hours and air-cool.
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STAINLESS STEEL SHEET TOLERANCES
PER ASTM A-480

STRETCHER LEVELLED STANDARD OF FLATNESS

(Exclusive of Hard Tempers of 300 Series)

Tolerance
Thickness Length Inches maximum deviation from
Inches Inches a horizontal flat surface
Up to 48 incl. t0 96 incl. VA
Over 96 Vi
Over 48 t0 96 incl. Vi
Over 96 Vi
THICKNESS TOLERANCE
Cold Rolled
Thickness Tolerance
Inches Inches plus or minus
Under .1875-.146 .014
145 - 131 .012
130 -.115 .010
114 -.099 .009
.098 -.084 .008
.083 -.073 .007
.072 -.059 .006
.058 -.041 .005
.040 -.027 .004
.026 -.017 .003
.016 -.008 .002
.007 -.006 .0015
.005 .001
NOTE: Thickness measurements are taken at least % inches from the

edge of the sheet.
Contd
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STAINLESS STEEL SHEET TOLERANCES

WIDTH TOLERANCE
Cold Rolled Not Resquared

Thickness Width Tolerance
Inches Inches Inches plus only
Under .1875 Over 18 to under 48 Vi
48 and over VA

Hot Rolled and Cold Rolled Resquared

Stretcher levelled standard of flatness.

Thickness Width Tolerance
Inches Inches Inches plus only
.131 and over 60 and under Y
.030 and under 48 and over VA
Under 48 Y6
LENGTH TOLERANCE

Cold Rolled — Not Resquared

Length Tolerance
Inches Inches plus only
120 and under VA
Over 120 to 240 VA

Hot Rolled and Cold Rolled — Resquared
Stretcher standard of flatness.

Thickness Length Tolerance
Inches Inches Inches plus only
131 and over Up to 240 Vi
.030 and under Upto 120 Y6
120 and over VA
CAMBER TOLERANCE

Cold Rolled Sheets — Not Resquared

Tolerance
Width Inches per unit length of any
Inches 8 feet
Over 18 to 36 Y
Over 36 Y
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STAINLESS STEEL SHEET TOLERANCES
PER ASTM A-480

FLATNESS TOLERANCE
Hot and Cold Rolled and Polished Finished Sheets

Sheets not specified to stretcher levelled standard of flatness (exclusive of
dead soft and deep drawing sheets).

Tolerance
Thickness Width Inches maximum deviation from
Inches Inches a horizontal flat surface
.062 and over To 60 incl. Vs
Under .062 To 36 incl. Vs
Over 36 to 60 incl. %

Hot and Cold Rolled Sheets

Sheets specified to stretcher levelled standard of flatness (exclusive of dead
soft and deep drawing sheets.

Tolerance
Width Thickness Length Inches maximum deviation from
Inches inches Inches a horizontal flat surface
To 48 incl. Under %e To 96 incl. VA
Under ¥%e Over 96 Vi
Over 48 Under %e To 96 incl. Vi
Under ¥%e Over 96 Vi
Cold Rolled Sheets
Y and s Hard Tempers — 300 Series Only
Tolerance
Width Length Inches maximum deviation from
Inches Inches a horizontal flat surface
> HARD Y« HARD
Over 18 to under 36 .016 and under Y %
.017 t0.030 % V3
Over .030 % %
36 to 48 incl. .016 and under % 1
.01710.030 % 1%
Over .030 1 1%

Weight Tolerances
The actual weight of any one item of an order thickness and size in any
finish is limited to overweight by the following tolerances:

1. Any item of five sheets or less, or any item estimated to weigh 200
pounds or less, may actually weigh as much as 10% over the theoreti-
cal weight.

2. Any item of more than five sheets and estimated to weigh more than
200 pounds may actually weigh as much as 7'2% over the theoretical
weight.

There is no under-tolerance in weight for stainless steel sheets, under-

tolerance being restricted by the permissible thickness variations.

For determining estimated weight the following factors are to be used:

Stainless and Heat Resisting Steel Sheets —
Chromium Nickel ........... 42.0 Ibs. per sq. ft. per in. thickness.
Straight Chromium........... 41.2 Ibs. per sq. ft. per in. thickness.
Contd
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STAINLESS STEEL BAR TOLERANCES

SIZE TOLERANCES
Rounds and Squares

Max. out of
Size tolerance Round or square

Size Inches plus or minus Tolerance
Inches *Inches plus only Inches
Vi t0 Y .005 .008
Over %sto % .006 .009
Over 7sto % .007 .010
Over % to % .008 .012
Over % to1 .009 .013
Over1 to1% .010 .015
Over 1% to 1% .011 .016
Over 1% to 1% .012 .018
Over 1% to 1% .014 .021
Over 1% to 2 Yea .023
Over2 to2% *Vaa .023
Over 2% to 3% *Yea .035

Rounds Only

3% to 3% *Yea .035
Over 3% to 4% *Yie .046
Over 4% to 5% *Yea .058
Over 5% to 6% T .070
Over 6% to 8 *a .085

QOut-of-round is the difference between maximum and minimum diameter
of the bar at same cross section.

Out-of-square is the difference in the two dimensions of the same cross
section of a square bar, each dimension being the distance between

opposite faces.

Hot rolled rounds in coils in sizes from %" to 2%" take size tolerances of plus
or minus " on the diameter and .024" max. out-of-round.

Hexagons and Octagons

Max. Difference
in Measurement
across the
Flats at same

Size Size Tolerance Cross Section
Inches Inches Inches
VA .007 .011
Over % to1 .010 .015
Over1 to1% +.021 -.013 .025
Over 1% to 2 +V Y Vi

*Hexagons only.

Larger sizes supplied forged only.
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STAINLESS STEEL BAR TOLERANCES

Flats

Thickness Tolerance
Inches plus or minus

Width Tolerance
inches plus or minus

Width 1/8t03/16 Over3/16 Over1to
inches inches to1inches 2inches
To1 .008 .010 - Vo
Over1to 2 .012 .010 Vao Vao
Over2to 3 .015 .015 Vao +Vi6 -V
Over3to 4 - .020 +%6a -Veu +Y6 Ve
Over4to 6 - - +You Ve +% Ve
Over6to 8 - - +%6a Ve +/5 Vs
Over8to 10 - - +%6a ~Veu Y Y
COLD FINISHED BAR AND WIRE
SIZE TOLERANCES
Rounds
Size Cold Drawn
Inches Smooth Turned & Cent. Grd.
100 to .3125 - +.001 -.001
Over .3125t0 .686 - +.0015  -.0015
Over .686 to .999 +.002 -.002 +.000 -.002
Over .999 to1.499 +.0025 -.0025 +.000 -.0025
Over 1.499 t03.499 +.003 -.003 +.000 -.003
Over 3.499 +.004 -.004 +.000 -.003
Squares - Hexagons
Size Cold Drawn
Inches & Cent. Grd.
125 to 3125 +.000 -.002
Over .3125t0 .500 +.000 -.003
Over .500 to1.000 +.000 -.004
Over 1.000 to2.000 +.000 -.006
Over 2.000 to 3.000 +.000 -.008
Over 3.000 to4.000 +.000 -.010
Flats
Width or Width Tolerance Thickness Tolerance
Thickness Inches plus or minus Inches plus or minus
Inches 1/4 & under Over1/4
Yst0 1 .004 .002 .002
Over1 102 .006 .003 .003
Over2 to3 .008 .004 .004

NOTE: When it is necessary to heat treat or heat treat and pickle after COLD
FINISHING because of special hardness or mechanical property require-
ments, TOLERANCES ARE DOUBLE those shown above.

Contd
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STAINLESS STEEL BAR TOLERANCES

LENGTH TOLERANCES
Hot Rolled and Cold Finished Bars
Machine Cut After Machine Straightening

Sizes of Rounds, Squares Tolerance
Hexa%?&h%ﬁl:f’;:s and Length to 12 Ft. incl. Length Over 12 Ft.
Inches Inches Over Inches Under Inches Over Inches Under
To3 Yie Y6 Y Y6
Over 3to 6 Y Vi %6 Vi
Over 6to10 Y6 Ve Ya Ve
Over10to 15 Ya Y6 Y6 Y6
Over 15 Y6 Ve % Ve

Variations may be specified all over or all under the ordered length, in
which case the sum of the two variations shall apply. When the finished
length is specified on the order, the sum of the two variations shall apply
as a plus tolerance unless otherwise specified.

STRAIGHTNESS TOLERANCES

Machine straightened hot rolled bars: — 4" in any 5 ft. length.
Machine straightened cold finished bars: — " in any 5 ft. length.

STAINLESS STEEL BAR TOLERANCES

PLATE TOLERANCES

THICKNESS TOLERANCE inches plus or minus

Thickness
Inches Tolerance
%sto under % +.046
-.010
% tounder % +.054
-.010
% to under 1 +.060
-.010

WIDTH AND LENGTH TOLERANCE inches plus only
Tolerances are in inches over specified width and length for a given width,

length and thickness. The tolerance under specified width and length is
Yiinch.

Thickness
Inches

Length Width Under 3/8 3/8101/2 incl. Over1/2

Inches Inches angih Width Length Width Length Width
144 and 48 and under Ye VA Vs Ye % Y6

under Over 48 to 60 incl. Vs Yo e Vs Ve %
Over 144 48 and under % Y6 Y VA % Y6

to 240 Over 48 to 60 incl. e Vs %% Y6 YA %

10 Page 38



STAINLESS STEEL TOLERANCES

FLATNESS TOLERANCE inches

Inches maximum deviation from a horizontal flat surface

Over
48 48to 60to 72to 84to 96to 108to 120to 144
Thickness and under under under under under under under and
Inches under 60 72 84 96 108 120 144  under

Yeto v

excl. % 1 1% 1% 1% 1%
Vi t0%

excl. e % Yo 1% 1% 1% 1% 1%
% 10 2

excl. Y Yo e % e 1% 1% 1% 1%
Y 10%

excl. Y %6 % % e 1% 1% 1% 1%
% 101

excl. VA Y6 % %% YA Y6 %6 1 1%

If the longer dimension is under 36 inches, the tolerance is not greater
than % inch.

The shorter dimension specified is considered the width and the flatness
tolerance across the width does not exceed the tabular amount for that
dimension.

The maximum deviation from a flat surface does not exceed the tabular tol-
erance for the longer dimensions specified.

Tolerances apply to annealed plates only.

Length of plate in feet
CAMBER TOLERANCES inches engtholplateintee! 18
5

STAINLESS STEEL PLATE TOLERANCES

WEIGHT TOLERANCE percent

RECTANGULAR SHEARED MILL PLATES

Excess in average weight of lots* for widths given in inches, expressed in
percentage of nominal weight.

Thickness
Inches
3/16 1/4 5/16 3/8 7/16 12 5/8 3/4
to to to to to to to to
Width under under under under under under under under
Inches 1/4 5/16 3/8 7/16 12 5/8 3/4 1

48 and under  10.5 90 75 7.0 6.0 55 45 4.0
Over 48 to
under 60 120 105 90 75 70 6.0 55 45

The tolerance in weight for individual plates is 1% times the amount given
in the above table.

The overweight for circular and sketch plates is 25 percent greater than the
amounts given in the table.

*The term lot means all the plates of each tabular width and thickness group
represented in each shipment.

ALL OUR PRODUCTS ARE STORED UNDER COVER
in heated warehouses which ensures that materials
shipped are IN GOOD CLEAN CONDITION.
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STAINLESS TUBING - DIMENSIONAL
TOLERANCES - COLD DRAWN -
ROUND - ANNEALED

Ovality
Group 0.D. size range 0.D. tolerances | Wall tolerances ———
No. Inches See notes Double 0.D.
(a) and (b) Tolerances
when wall is
1 | %einchto Plus 0.005 | Plus 15%
but not including “2inch. ... | Minus 0.005 | Minus 15%
2 | %inchto Plus 0.005 | Plus 10% | Lighter than
but not including 1% inch. .. | Minus 0.005 | Minus 10% 0.065"
3 | 1%inchto Plus 0.010 | Plus 10% | Lighter than
but notincluding 3% inch. .. | Minus 0.010 | Minus 10% 0.095"
4 | 3%inchto Plus 0.015 | Plus 10% | Lighter than
but not including 5% inch. .. | Minus 0.015 | Minus 10% 0.150"
5 |5%inchto Plus 0.030 | Plus 10%
but not including 8 inch. . ... Minus 0.030 | Minus 10%

(a) Tubes with wall thicknesses more than 25% of their O.D. or with wall
thicknesses greater than 1/ inches or weighing more than 90 pounds

per foot, may vary in wall thickness plus and minus 127:%.

(b) For tubes with I.D. less than ¥z inch (or less than ¥s inch when the wall
thickness is more than 20% of the O.D.), which cannot successfully be
drawn over a mandrel, the wall thickness may vary 15% over or under
that specified and the I.D. will be governed by the O.D. and wall
thickness variations.
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