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the integrity of the report as the committee views it. It is not intended to require strict compliance
where not necessitated by safety or operational needs.

FOREWORD
AISE Subcommittee No. 9 on Specifications for Design of Ladles consists of a balance of
representatives from large and small steel companies and ladle manufacturers. Outside consultants
were retained to perform theoretical and experimental studies which, together with studies by
Subcommittee members' organizations, form the basis for this comprehensive report.

The basic structure of the previous AISE Technical Report No. 9, Specifications for Design of
Ladles, published July 1, 1982 has been retained in this new version; however, extensive
modifications have been made. This new version:
• Enables designers to minimize underdesign as well as overdesign.
• Allows a broader range of material selection.
• Updates old design data and adds new design sections to cover various ladle components.

• Illustrates step-by-step design procedures for two expanded numerical examples.
• Updates specifications to reflect the impact of clean steel and continuous caster practices.
• Addresses new conditions imposed on ladles by the use of stronger working linings,

longer hot metal hold times, ladle preheating, and other operating environments; suggests
specific operating practices to minimize the detrimental effects of these conditions.

• Adds new sections on use of ladles which include ladle inspection, repair, alteration and
maintenance.
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PART 1: LADLE DESIGN — STEEL SHELL

1-1 SCOPE.

(-1.1 General. Part Iof this technical report shall cover
Lhe specifications for design of new ladles wiLh circular, oval
or obround cross-sections and with welded or riveted con¬
struction as are used for transporting and processing molten
metal i0. Insofar as applicable these specifications may
be used in the design of other types of ladles. The user shall
provide the ladle manufacturer with necessary information,
including that shown on the Owner's Information Sheet
(OIS),

1-1.2 Intended Coverage. Part Iof these specifications is
intended to cover a selection of materials and structural
design methods for primary ladle components. Supplemen¬
tary specifications covering special features may be added
by the purchaser. No change in the intended use of a ladle,
increase in its rated capacity, or modification of the ladle as
designed initially in accordance with the OIS, shall be made
without verifying that the criteria for strength, stability,
deflection and other design criteria mentioned in this report
have been met.

1-1.3 Specification Assumptions. These specifications
are based on the assumption that while the ladle is inservice,
adequate maintenance will be carried out and that frequent
periodic inspections shall be made for cracks, thermal dis¬
tortion, loss of section or other damage. Ladles designed to

these specifications shall be repaired, reinforced or retired
whenever necessary for continued conformity to this report.
Suggested practices are discussed in the Commentary.

1-2 WORKMANSHIP.

Workmanship shall be first class in every respect. The
workmanship shall be in accordance with the requirements
of the ASME Boiler and Pressure Vessel Code (hereafter
referred to as the ASME Code), Section VIII, Division 1.

1-3 MATERIALS.

[-3.1 General. This section lists materials that may be
used for construction of ladle components. The materials
covered by this report shall be in accordance with the latest
standards of the American Society for Testing and Materials
(ASTM) as outlined below.

In addition to recognizing the service temperature of the
components through the selection of appropriate materials,
a temperature derating factor shall be employed in the
design of ladle components. The application of temperature
derating factors is also discussed in the sections on design
assumptions and allowable stresses (Sections 1-5.4 and I-
5.5).

Welding materials such as welding rods, electrodes and
filler materials shall be in accordance with appropriate
specifications of the American Welding Society (AWS),
Filler Metal Specification.

1-3.2 Bottom Plate and Adjacent Shell Plate. Materials
Lhat may be used for the construction of the bottom plate and
adjacent lower shell plate operating under the maximum

service temperatures listed arc:

650°F or less: A 36 Structural Steel
• Use only for fiatbouom
ladles with suffener ribs
• May be used for stiffencr ribs

A 441 High Strength Low-Alloy
Structural Manganese
Vanadium Steel

700°F or less: A 285 Pressure Vessel Plates, Carbon
Steel, Low- and Intermediate-
Tensile Strength

• Grade C
• Use for thickness of 2 in. or less

A 516 Pressure Vessel Plates, Carbon
Steel, for Moderate- and Lower-
Temperature Service

• Grades 55, 60, 65 and 70

750°F or less: A 515 Pressure Vessel Plates, Carbon
Steel, for Intermediate- and
Higher-Temperature Service

• Grades 55, 60, 65 and 70

800°F or less: A204 Pressure Vessel Plates, Alloy Steel,
Molybdenum

• Grades A, B and C

A 387 Presssure Vessel Plates, Alloy
Steel, Chromium-Molybdenum

• Class 2, Grades 11, 12, 21 and 22

The maximum service temperature is considered to be the
maximum operating temperature in the bottom plate and
adjacent shell plate. In addition to selecting appropriate
grades of steel for the maximum service temperature, the
appropriate temperature derating factors discussed in Sec¬
tion 1-5.4, and summarized in Table I-l must be applied.

The design of other components subject to increased
temperature conditions such as stiffener ribs for bottom
plates are also discussed in Section 1-5.4.
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1-3,3 Stiffener Bands, Splash Plate and Upper Sidewall.

1-3.3,1 Carbon Stee!.

A 36 Structural Steel

A 283 Low and Intermediate Tensile Strength
Carbon Steel Plates, Shapes, and Bars

• Grade C

A 285 Pressure Vessel Plates, Carbon Steel,
Low- and Intermediate Tensile Strength
• Grade C

• This material shall be used if specified by the
purchaser on the 01S for thicknesses up to and
including 2 in. only

A 515 Pressure Vessel Plates, Carbon Steel, for inter-

mediate- and Higher-Temperature Service

• Grades 55, 60, 65 and 70

A 516 Pressure Vessel Plates, Carbon Steel, for

Moderate- and Lower-Temperature Service

* Grades 55, 60, 65 and 70

1-3.3.2 Low.Alloy Steel. The following material shall
be used for thicknesses over 2 m. if specified by the pur¬
chaser on the OIS,

A 204 Pressure Vessel Plates, Alloy Steel,
Molybdenum
» Grades A, B and C normalized

A 387 Pressure Vessel Plates, Alloy Steel, Chromium-
Molybdenum

• Class 1, Grades 2, 5, 11, 12, 21 and 22

• Class 2, Grades 11, 12, 21 and 22

A 441 High Strength Low-Alloy Structural Man¬
ganese Vanadium Steel

:1 Plates, Carbon Steel, for Temperature derating factors are shown in Table 1-1.

Table I-l— Temperature Derating Factor, Ft, for Ladle Components*

Materials (ASTM

Designations)
Maximum Design Temperature, °F

700 750 800

Group I
A 285, Gr C
A 284, Gr C, D
A 515, Gr 55, 60, 65, 70
A 516, Gr 55, 60, 65, 70

Group II
A 242
A 441
A 440

Group III
A 204, Gr A, B, C
A 387, Class 1, Gr 2, 5, 11

12, 21, 22

Group IV
A 387, Class 2, Gr 11, 12
A 36
A 283, Gr C

Group V
A 387, Class 2, Gr 21, 22

Group VI**
A 216, Gr WCA, WCB,

WCC
A 27, Gr 60-30

0.720 0.693

0.782 0.765

Materials listed in Table 1-1 that are not otherwise mentioned have been added as a guide to implement Section 1-3.

* Based on the ASME Code, Section VIII. Division 2 and Reference 17

# * This group is applicable to trunnion blocks only and not for trunnion pins or miscellaneousforgedfittings.
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[—3.4 Lip Ring. The material of construction of the lip
ring, if not specified by the purchaser on the OIS, shall be
selected from materials listed in Section 1-3.3. Alternate
materials of construction such as gray iron, ductile iron or
steel castings may be used if specified by the purchaser on
die OIS.

[-3.5 Trunnion Pin,

A 668 Steel Forgings, Carbon and Alloy, for General
Industrial Use
• Classes B, C and D normalized or annealed

• Classes G and H

In addition, carbon and alloy steel chemical compositions
should be specified to suit the requirements of the applica¬
tions.

Temperature derating factors for trunnion pins are shown
inTable 1-2.When ordering replacement pins, the purchaser
may specify a higher grade material to take advantage of
improved material properties; however, the minimum pin
size supplied shall be the same as the original pin.

1-3.6 Trunnion Block

1-3.6.1 Castings.

A 27 Mild-to Medium-Strength Carbon-Steel-
Castings for General Application

• Grades 60-30, 65-35

A 216 Carbon-Steel Castings Suitable for Fusion
Welding for High-Temperature Service

• Grades WCA, WCB and WCC

1-3.6.2. Plate

A 36 Structural Steel

A 283 Low and Intermediate Tensile Strength
Carbon Steel Plates, Shapes, and Bars

• Grade C

A 285 Pressure Vessel Plates, Carbon Steel,
Low- and Intermediate-Tensile Strength

* Grade C

A 515 Pressure Vessel Plates, Carbon Steel, for Inter¬
mediate- and Higher-Temperature Service

• Grades 55, 60, 65 and 70

A 3 16 Pressure Vessel Prates, Carbon Steel, t r
Moderate- and Lower-Temperakire Se oce

* Grades 55, 60, 65 and 70

[-3.7 Rivets.

A 3 1 Boiler Rivet Steel and Rivets
ÿ Grades A and B (Grade A is recommended

for attaching reinforcing plate to a
flat bottom ladle)

A 502 Steel Structural Rivets

• Grades 1 and 2

1-3.8 Miscellaneous Forged Fittings.

A 668 Steel Forging, Carbon and Alloy, for General
Industrial Use

• Class B normalized or annealed

1-3.9 Other Materials. Other materials may be used for
ladle components provided that the mechanical properties,
including impact properties, aging and work hardening
characteristics are the same or superior to the minimum
values of the materials listed in Sections 1-3.2 through 1-3.8
inclusive and are approved by the purchaser.

1-3.10 Material Testing Procedures. The chemical com¬
position and physical properties quoted in the materials
specifications shown in Sections 1-3.2 through 1-3.9 should
be determined in accordance with ASTM testing standards.

The purchaser may specify on the OIS additional inspec¬
tion procedures to confirm the suitability of the material for
the components covered in this report. Typical ASTM in¬
spection and testing standards may include, but are not

limited to, the following;

A 573 Structural Carbon-Steel Plates oflmproved
Toughness

• Proof testing for improved toughness

A 435 Straight Beam Ultrasonic Examination of Steel
Plates for Pressure Vessels

• Ultrasonic inspection of plate

A 388 Ultrasonic Examination of Heavy Steel
Forgings

• Ultrasonic inspection of forgings

Table 1-2 — Temperature Derating Factor, Ft, for Trunnion Pins and Miscellaneous Forged Fittings*

Materials (ASTM Designations) Maximum Design Temperature, °F

Group I
A 668, Class B, C, D, G, H

*Based on ASME Code, Section VIII, Division 2 and Reference 22.
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-4 GENERAL REQUIREMENTS

1-4.1 General Shape. Ladles may be circular or oval. If
oval, flat piate sidewall segments may be used in the simula¬
tion of oval ladles (called obround) if blended with a smooth
junction to the curved end sections.

1-4.2 Ladle Bottoms. One of the followinc designs1 '' I2'
i ?

ÿ

shall he used for ladle bottoms, excepting continuous
caster ladles and ladles used in a variety of clean steel or
imilar hot metal processing environments (Section 1-4.3):

( 1 1 Flat bottom wills flanged sides. The inside corner
radius (knuckle radius) between the sidewall and the
flat bottom shall be hot formed with a radius of not less
than three times the thickness.

(2) Flat bottom with stiffener ribs. Flat bottoms with
stiffener ribs welded to the shell and bottom may be
used as an alternate, in which case the bottom piate need
not be flanged.

(3) Flanged and dished bottoms with or without stif¬
fener ribs. The knuckle between the sidewall and the
dished bottom shall be hot-fonncd with an inside radius
of not less than three times the thickness.

(4) Torisphcrical and ellipsoidal heads. Torispherical
and ellipsoidal bottom heads designed in accordance
with the ASME Code, Section VIII, Divisions 1 and 2
are acceptable.
(5) Knuckle radius.The knuckle radius shall be not less
than 6% of the inside diameter of Lhe sidewalls at the
bottom for all types of bottom flanged heads for those
ladles subjected to high thermal stresses as a result of
special operating conditions.

4.3 Continuous Caster and Clean Steel Ladles. For
nntinuous caster ladles and ladles used in a variety of clean
cci metallurgy processing and other similar environments,
istaincd operating temperatures on the working lining
suit in high stcadv-statc lining and shell temperatures.

hese practices, combined with the use of high strength
orking linings, result in more severe structural environ-
cnts. For these conditions, the following practices for ladle
atoms arc recommended:

( 1 ) For all types of Hanged bottom ladles, the stress in
the knuckle may reach critical levels due to thermal
expansion of the bottom. The purchaser may elect to
increase the hot formed knuckle radius to four times the
plate thickness, or not less than 6% of the inside
ditunctcr of the sidewall at the bottom. Cold formed
knuckle radii arc not acceptable.

(21 If specified by die purchaser on the OIS, Ladles shall
be provided with heat protection shield's around the
teemine nozzle.

(3) Torisphcrical or ellipsoidal bottoms designed m
accordance with the ASME Code, Section VIII,
Divisions 1 and 2 are recommended where possible.

(4) Shrouds for teeming stream should be provided and
properly maintained.

(5) Designing both die ladle sidewall and bottom for
temperatures of 800°F or more and using creep resistant
steels (higher strength) should be considered due to the
nature of continuous caster and clean steel practices.

(6) For flat bottoms with ribs, special attention should
be paid to the nozzle area where ribs cannot be placed
in order to clear the slide gate. Either the bottom plate
is reinforced, or the surrounding ribs are upgraded, or
a combination of both is provided.
(7) In the case where the sidewall plate and dished-bot-
tom plate differ in thickness (Fig. I— 1), the connection

shall be a tapered transition having a length not less than
three times the offset between the adjacent surfaces of
abutting sections, as described in the ASME Code Sec¬
tion VIII, Divisions 1 and 2. The offset (y) can be made
on either the inside or outside of the ladle.

1-4.4 Reinforcement for Nozzle Opening. Nozzle rein¬
forcing plates and dicir welds shall be designed to meet die
mechanical and thermal loads imposed by the operating
conditions.

The openings in the wall or bottom shall preferably be
circular, elliptical or obround. Rectangular or square open¬
ings are not encouraged, however the ASME Code Section
VIII, Divisions 1 and 2 shall be used for guidance in the
design of these type openings.

1-4.4.1 Design of Nozzle Opening Reinforcing Plates.

The dimensions of reinforcing plates are not limited; how¬
ever, for calculation purposes, the dimensions shall- not

exceed twice the diameter of the opening. Variations of this.
configuration will be acceptable if the design is in conform¬
ity widi the latest edition of the ASME Code, Section VIII,
Division I. The inner edge of the reinforcement shall be
placed at edge of the nozzle hole.

The total cross-sectional area of reinforcement through
the center line shall not be less than the net cross-sectional
area of the metal removed. The plate thickness of the rein¬
forcing element or welded adapter shall not be less than the
original required thickness of die ladle bottom (Fig. I—2a).

This thickness would include the thickness of any reinforc¬
ing plate, Tr ,when used.

A reinforcing plate can be highly stressed where higli heat
flow or high transient temperatures exist. A considerable
temperature differentia! and corresponding stresses can
exist between the ladle bottom and the reinforcing plate.
Heal How is restricted because of the limited fastener or
weld area and by the insulating effect of:

( I ) Mill scale or surface rust
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(a) Sidewall plate to bottom plate connection transition. (b) Sidewall plate connection transition.

Fig. 1-1 — Transition Requirements in Sidewall Plate Connection and Sidewall Plate to Bottom Connection

BOTTOM PLATE

NOZZLE OPENING

ÿ min Dj4 =2dn'

ÿNOZZLE OPENING
REINFORCEMENT

•FOR CALCULATION PURPOSES ONLY, DA =2dn
h :

ÿÿ I =dn Tg=Area of reinforcement required

=DA Ta - dnJB> dn Tb

min TA = Total required
bottom thickness

ments, an alternate method of reinforcement for nozzle
openings is recommended. This alternate methodof reinfor¬
cement for nozzle openings which can be used for wall, flat
bottom and dished bottoms is to install a thick circular plate
with an opening in the plate center to replace the wall or
bottom plate nozzle region. The thickness of this plate shall
not be less than the minimum combined thickness of the
bottom plate and the doubler plate, as discussed in Section
1-4.4.1.The diameter of the plate shall not be less than twice
the diameter of the opening, as shown in Fig. I—2b. The
material selection for this plate shall be in accordance with
Section 1-3.2.

Fig. I-2a — Nozzle Opening Reinforcement
Plate Design

(2) Scale formed in service

(3) Limited surface contact due to normal plate ir¬
regularities
(4) Possible air gaps formed by warping of either plate
during construction or service.

Where high thermal stresses may be encountered, the alter¬
nate designs described in Section 1-4.4.2 should be con¬
sidered.

min Ta = 2x Total required
bottomthickness

dn —«|
-2dn (min) -

1—4.4.2 Alternate Design of Reinforcing Plate. For
continuous caster ladles and ladles used in a variety of clean
steei7molten metal processing and other similar environ-

Fig. I-2b — Nozzle Opening Reinforcement-
Alternate Design
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1-4.4.3 Design of Plates for Slide Valves or Gate
Valves. For ladles equipped with slide valves or gale val¬
ves. die mounting piate, adapter plate or leveling plate shall
not be thinner than lite bottom head plate thickness. Such
plates must be full-strength welded, riveted or bolted to the
bottom head plate. The riveting or bolting must be adequate
to limit the horizontal shearing stress in accordance with
Section 1-7,3.2 of this Report.

1-4.4.4 Nozzle Openings. The centers of nozzle open¬
ings in the bottom plate shall be located within a horizontal
angle of ±60 degrees from the ladle cross axis plane. The
opening shall be placed as close as possible to die ladle cross
axis plane.

1-4.5 Welded Ladles. Details of welded ladles or subas¬
semblies and welding symbols shown on drawings shall
conform with the latest recommended practice of the AWS
Structural Welding Code Dl.l. Welding procedures are
covered in Section 1-15 of this Report.

Intermittent fillet welds are not permitted for connecting
r stiffener plate or any appurtenance to die ladle shell, ladle
eouom, stiffener bands or any primary structural member.

Joints in die ladle shell, joints in the ladle bottom and
oints between the ladle shell and ladle bottom shall be either
hill penetration butt welds or lap riveted connections.

S —4.5.1 Lap Riveted Connections. Only circumfer¬
ential lap riveted joints shall be used in connecting the
udewall plates or in connecting the sidewall plate to the
adle bottom. The lap rivetedjoint shall be designed accord-
ng to die requirements of Section 1-13.

1-4.6.2 Postweld Heat Treatment of Field Welds.

Postweld heat treatment (thermal stress relief) of field welds
is to be performed in accordance with the ASME Code,
Section VIII, Division 1 .

( 1 ) Postweld heat treatment is not mandatory for carb¬
on steels (P-No. 1 materials) up to and including 1 lb in.
thick provided that material over lib in. thick is

N preheated to a minimum temperature of 200°F prior to
and during welding.
(2) For material over 1 1b in. thick and for material of
any thickness when the purchaser specifies postweld
heat treatment on the OIS, all welded connections and
attachments shall be postweld heat treated with ibe
following exceptions:

(a) Groove welds lb in. or less in size and fillet welds
with a throat lb in. or less which attach nozzle connec¬
tions having a finished inside diameter 2 in. or less,
provided the connections do not form ligaments requir¬
ing an increase in shell or head thickness and provided
that a minimum preheat temperature of 200°F is ap¬
plied.

(b) Fillet welds having a throat thickness of lb in. or
less which arc used for attaching nonpressure parts to
pressure parts, and provided that a minimum preheat pr
temperature of 200°F is applied when the thickness of
the pressure part exceeds 1 lA in.

(c) Studs welded to pressure parts provided that a
minimum preheat temperature of 200°F is applied when
the thickness of the pressure part exceeds 1 lA in.

Modification of the foregoing shall be made in accordance
with the latest issue of the ASME Code, Section V 111,
Division 1 .

-4.6 Stress Relieved Welds.

1—4.6.1 General. Welded ladles shall he stress relieved
y uniform heating in a furnace in accordance with lite
tSME Code, Section VIII, Division 1 except 1hat the fur-
ace temperature shall not exceed 5JJKVF at the lime the
/elded assembly is placed in the furnace.' """ÿ

Field welds on new ladles (except those conditions listed
i Section 1-4.6.2), shall be thermally stress relieved in
ccordancc witfg Lhc_ hcating,_ hpjding_and_.cjg<iling cycle
pccificd by thc[ASN4EÿCodc, Section VIII, Division ijThe
idle shall be properly braced and supported to avoid struc-

iral damage due to the effects of temperature when the
idle is stress relieved. Other stress relieving methods agrcc-
hic to die purchaser may be specified on the OIS.
Preheat and intcrpass temperatures for welding shall he in

.'cordance with ASME Code, Section VIII, Division 1 .

Welds shall he normalized for grain refinement when the
elding procedure used makes it necessary.

1-4.6.3 Peening. Peening of the field weld metal is
recommended for control of shrinkage stresses where ther¬
mal stress relief is not required. When this practice is imple¬
mented, a pneumatic chisel with a blunt, rounded edge
should be used. This is in accordance with the ASME Code,
Section IX. In such cases, lite first (root) pass and the last
(cover) pass shall not be peencd. Caution: excessive peening
may set up new residual stresses. C;irc should be taken to

prevent overlapping or cracking of die weld or base metal
(See AWS Dl.l).

1-4.7 Wear Sleeves for Trunnion Pins. If specified by
die purchaser on die OIS, trunnion pins for ladles shall be
provided with steel sleeves to avoid wear on the trunnion
pin.

1-4.8 Safety Flanges. Safety flanges shall be provided on
die end of the trunnion pm to facilitate the engagement of
the ladle hook.



1-4.9 Splash Plates. Ladles which may be exposed to

splashing shall be provided with a splash plate around the
circumference of the ladle to prevent metal and slag from
sticking to side plates of the ladle and building up on the
stiffener bands. The plate shall be arranged so as not to

prohibit removal for inspection of the ladle.

1-4.10 Vent Holes. Vent or weep holes shall be provided
in accordance with the request of the purchaser on the OIS.

Vent or weep holes if requested by the purchaser shall be
provided in the bottom and walls using established prac¬
tices. An example of good practice would be l/z in. holes on
9 in. centers.

[-4.11 Reinforcement of Lip Ring. Openings in the lip or
top stiffener ring shall be reinforced to meet operating
conditions.

1-4.12 Refractory Retainer. A refractory retaining plate
or angle shall be attached by welding, riveting or bolting to
the lip of the ladle wall. Stress risers at the top edge of the
ladle walls shall be avoided. The stiffness of the top of the
ladle wall edge, enhanced by the addition of the brick
retainer, shall be maintained as uniform as possible.

1-4.13 Capacity Identification. The manufacturer of
each new ladle shall provide visible information on the ladle
concerning its rated capacity in tons of molten metal.

1-5 DESIGN ASSUMPTIONS AND ALLOWABLE
STRESSES.

1-5.1 General. The design procedures used in this report
are based on a specified ladle capacity inshort tons (oneshort
ton = 2000 pounds), the type or composition of metal to be
transported, the ladlerefractory lining, the freeboard require¬
ments, the ladle lid requirements, the type of refractory in
the ladle lid, the weight of the ladle lid, and other load
environments imposed on the ladle.The refractory liningand
lid information shall include the types of material, thickness,
profile and densities. This information shall be specified by
the purchaser on the OIS, together with other necessary
design parameters.

The purchaser of the ladle shall specify on the OIS the ladle
rated operating capacity and the freeboard requirements.The
proliferation of the ladle refining stations and other clean
steel practices has led to the use of ladles with a large amount

of freeboard as compared to what has been traditionally held
as normal. Therefore, the following three-step method has
been developed for designing and/or checking the design of
large freeboard ladles.

(1) Locate the trunnion pins and check the stability of
the ladle using the procedures as set forth in this Tech¬
nical Report.

(2) Design or verify the design as specified in this Tech¬
nical Report but with the following factors considered;

(a) For the total weight (VIA), use the design hot
metal capacity plus the weight of the refractories plus
ladle.

(bi For the purpose of this initial set of calculations,
develop an artificial ladle height (h) such that the
freeboard above the hot metal is only 5% of die total
ladle height (tf). This artificial height is not to be used
to adjust the weight (W2) developed in step 2-a.
(3) After step 2 has yielded an acceptable design, verify
the design again but with the following factors con¬
sidered:

(a) Use the actual height of the ladle for H.

(b) For the total weight (W), increase the amount of
hot metal until the ladle is brimful.

(c) increase the allowable stresses by 30%.

This procedure should be followed only if the freeboard
exceeds 10% of the ladle height (H). Note that for step 3- b,
W is defined in Eq 1-1 using half of the total new refractory
lining thickness. Careful consideration of all operating con¬
ditions and potential emergency situations should be taken
into account by both the ladle user and the ladle supplier.

1-5.2 Ladle Volume and Metal Density. The total ladle
volume can be determined from the sum of the volume of
metal, refractory lining and the freeboard. The metal volumes
can be calculated using the density from Fig. 1—3 ' 4' Ij

for
plain carbon iron and steel or from data supplied by the
purchaser on the OIS for alloy steels. Different types or
compositions of metal are recognized in the design equations
by a molten metal term, q, kips/cu ft ( 1 kip = 1 000 lb).

g 0.440

ill
Q 0.410

0.50% C

0.75% C
1.0% C

ri-0% c

0.25% C

2.0% C

3.0% C

4.4% C 4.0% C

2200 2300 2400 2500 2600 2700 2800 2900 3000
TEMPERATURE, °F

Fig. 1-3 — Density of Plain Carbon Iron and Steel of
Various Carbon Content as a Function of Temperature
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1-5.3 Location of Trunnion Axis. The trunnion axis shall
he located a distance; above lite combined center of gravity
of the ladle, worn lining (defined as Lhe condition at which
half tlie total new wall refractor/ thickness bas eroded and
the full bottom thickness is intact), Lhe molten metal which
fills the ladle to the brim, and the ladle lid if applicable, as
calculated by Eq 1-1.

3.236 (10)"* l\rDwr{
Where:

K'rfmax)

= Minimum distance between the trunnion axis
and the center of gravity of the full untilted
ladle such as to provide static and dynamic
suability in all positions, ft (Fig. 1-4)

= Density of molten metal, kips/cu ft

= Total weight of a brimful ladle including
molten metal, worn lining (defined as Lhe
condition at which half the total new wall
refractory thickness has eroded and the full
bottom thickness is intact), ladle steelwork,
and ladle lid if applicable, kips

= Inside diameter of the wom lining at the top

of a ladle as defined by the diameter of the
mid-total thickness center line of a new ladle
lining of a circular ladle, or the length be¬
tween the mid-total thickness center lines of
die new ladle lining measured at die short
axis at the top of an oval or obround ladle,
in.

= Inside diameter of worn lining at top of an
oval or obround ladle as defined by the
length between the mid-total thickness cen¬
ter lines of its new refractory measured at the
long axis at the top of the ladle, in.

LONGITUDINAL
AXIS

(1OF LADLE) N

SPOUT-

TRUNNION
.AXIS

... 'MINIMUM VALUE
;N OF; IS GIVEN

BY EQ 1-1

/V ÿ

Charging ladles and teeming ladles, when pouring over die
top, shall be checked for stability in a sequence of rotational
positions which can occur, for example, during die pouring

operation, with worn lining and new lining, with skull and
without skull. The user shall specify on the OIS die maxi¬

mum weight and location of skull as well as die maximum

metal level in the pouring spout during pouring.
An additional unbalanced weight shall be introduced to

allow for Lhe effect of skulling. The value J (Fig. 1-4) shall
be made to become greater than j (calculated by Eq 1-1) at
a relatively small tilt angle (usually less than 10 degrees)
and thereafter shall remain greater than the calculated value
of j or all subsequent angles of tilt until the ladle is
emptied. The quantity j (minimum acceptable value as
defined) is the distance between the trunnion axis and die
center of gravity of the full ladle, so as to provide static and
dynamic stability in the vertical position. The value J is the
distance from the trunnion axis along a line parallel to Lhe
longitudinal axis through the trunnion pin of die ladle (ver¬

tical when untilted) to the point of intersection with the
vertical line through the center of gravity of Lhe tilted ladle
and its contents.

The ladle trunnions shall be located horizontally after
calculating the center of gravity of the empty, partially filled
and completely filled ladles. In teeming ladles with sloped
bottoms, the combined ladle center of gravity changes its
horizontal location (as well as its vertical location) while
the molten metal is being discharged from die ladle. The
designer shall specify the optimum location of the trunnion
pins; that is, the position which will minimize the possibility
of a sudden rotational shift of the ladle on the ladle hooks
during normal teeming operations.

1-5.4 Allowable Stresses in Ladle Components.

The following stresses in various categories shall not be
exceeded in the design as calculated by the methodof elastic
analysis of Lhe ladle components, except for trunnion pins
(see Section 1-5.5 for trunnion pins). These stresses are
based on the use of materials that meet the requirements of
tliis report.

The equations in the following sections define die allow¬
able stresses. For aa, ad, and <3dI, the allowable stresses are
calculated for the permitted materials in Tables 1-3, 1-4 and
1-5, respectively. However, the allowable stress values do
not include die effect of the fabrication derating factor Fj.

CG OF
UNTILTED FULL-
LADLE AND
CONTENTS

-CG OF LADLE AND
CONTENTS DURING
POURING

g. 1-4 —• Notations Used in Determining Location of
Trunnion Axis with Respect to Center of Gravity
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Table 1-3 — Allowable Normal Design Stress, o,,' for Ladle Components, ksi

Materials Maximum Design Temperature, i'

iASTM Designations) 70 600 650 700 750 800 850 900
Group I

A 285, Gr C 10.96 8.10 ÿ 7.99 7.89 7.60 7.50 7.13 6 95
A 284, Gr C 10.96 8.10 s 7.99 7.89 7.60 7 30 7,13 6 95

Gr D 1 2.06 8.91 8.79 8.68 8.36 8.03 7.84 7.65
A5 15, Gr 55 10.96 8.10 7.99 7 89 7.60 7.30 7.13 6.95

Gr 60 11.70 3.64 8.53 8.42 8.11 7.79 7.60 !. "A i.

Gr 65 12.79 9.45 9.33 9.21 8.87 8.52 8.31 3.1 1
Gr 70 13.89 10.26 10.13 10.00 9.63 9 25 9.03 8.8 1

A 5 16, Gr 55 10.96 8.10 7.99 7.89 7.60 7.30 7.13 6.95
Gr 60 11.70 8.64 8.53 8.42 8.11 7.79 7.60 7.42
Gr 65 12.79 9.45 9.33 9.21 8.87 8.52 8.31 8.1 1
Gr 70 13.89 10.26 10.13 10.00 9.63 9.25 9.03 8.81

Group II*
A 242, < V4 15.35 12.48 12.13 11.76 11.36 10.95 10.50 10.04

Vd to < 1Vi 14.69 11.95 11.61 11.25 10.87 10.48 10.05 9 61
1 l/i to < 4 13.82 11.23 10.91 10.58 10.22 9.85 9.45 9.04

A 44 1 , < 3/4 15.35 12.48 12.13 11.76 11.36 10.95 10.50 10.04
3/4 to < 1 06 14.69 11.95 11.61 11.25 10.87 10.48 10.05 9.61
1 Vi to < 4 13.82 11.23 10.91 10.58 10.22 9.85 9.45 9.04
4 to < 8 13.16 10.70 10.39 10.08 9.74 9.38 9.00 8.61

Group HI

A 204, Gr A 13.52 11.27 10.91 10.58 10.35 10.12 9.78 9.43
Gr B 14.62 12.18 11.80 1 1.43 11.18 10.94 10.57 10.19
Gr C 15.72 13.09 12.68 12.29 12.02 11.76 11.36 10.95

A 387, Gr 2, CI 12.06 10.05 9.73 9.43 9.22 9.02 8.72 8.41
Gr 5, CI 10.96 9.13 8.85 8.57 8.39 8.20 7.93 7,64
Gr U,CI 12.79 10.66 10.32 10.00 9.79 9.57 9.25 8.92
Gr 12, CI 12.06 10.05 9.73 9.43 9.22 9.02 8.72 8.41
Gr 21, CI 10.96 9.13 8.85 8.57 8.39 8.20 7.93 7.64
Gr22, CI 10.96 9.13 8.85 8.57 8.39 8.20 7.93 7.64

Group IV

A 387, Gr 11, C2 16.45 12.06 11.71 11.35 11.09 10.82 10.18 9.54
Gr 12, C2 14.25 10.45 10.15 9.84 9.61 9.38 8.82 8.27

A 36 12.72 9.32 9.06 8.78 8.57 8.37 7.87 7.38
A 283, Gr C 10.96 8.04 7.81 7.57 7.39 7.21 6.79 6.36
Group V

A 387, Gr 21, C2 16.45 12.76 12.73 12.68 12.57 12.43 12.12 1 1.88
A 387, Gr 22, C2 16.45 12.76 12.73 12.68 12.57 12.43 12.12 11.88
Group IV

A 216, Gr WCA 10.96 8.11 8.00 7.89 7.60 7.29 7.13 6.96
GrWCB 13.16 9.74 9,61 9.47 9.12 8.75 8.55 8.36
Gr WCC 14.62 10.82 10.67 10.53 10.13 9.72 9.50 9.28

A 27, Gr 60-30 10.96 8.11 8.00 7.89 7.60 7.29 7.13 6.96
This table is based on the ASME Code, Section VIII, Division 2, and Reference 17.

f Allowable design stress is based on a fabrication derating factor, Ff, of 1.0. Designer should adjust according to the actual factor.

* Range of thickness, m.
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Table 1-4 — Allowable Total Stress, ad' for Ladle Components, ksi

Maximum Design Temperature, *F
650 700 750 800

A 285, GrC 41.25 30.48 30.07 29.70 28.59 27.47 26.81 26.15
A 284, GrC 45.00 33.26 32.80 32.4 31.18 29.97 29.25 28.53

Gr D 45.00 33.26 32.80 32.4 31.18 29.97 29.25 28.53
A 515, Gr 55 41.25 30.48 30.07 29.70 28.59 27.47 26.81 26,15

Gr 60 45.00 33.26 32.81 " 32.40 31.18 29.97 29.25 28.53
Gr 65 48.75 36.03 35.54 35.10 33.78 32,47 31.69 30.91
Gr 70 52.50 38.80 38.27 37.80 36.38 34,96 34.12 33.28

A 5 i6, Gr 55 41.25 30.48 30.07 29.70 28.59 27.47 26.81 26.15
Gr 60 45.00 33.26 32.81 32.40 31.18 29.97 29,25 28.53
Gr 65 48.95 36.03 " 35.54 35.10 33.78 32.47 31.69 30.91
Gr 70 52.50 38.80 38.27 37.80 36.38 34,96 34.12 33.28

V4 to < 1Vi
1]/z to < 4

A 44 1, <44
Vi to < 1'/i
1 1/6 to < 4

4 to < 8

Gr B

GrC

Gr 2, CI
Gr 5, CI

Gr 11, CI

Gr 12, CI
Gr 21, CI

Gr 22, CI

Gr 11, C2
Gr 12, C2

A 387, Gr 21, C2 56,25

A 387, Gr 22, C2 56.25

roup VI

A 216, GrWCA 45.00

GrWCB 52.50
GrWCC 52.50

A 27, Gr 60-30 45.00

This table is based on the ASME Code

+ Allowable design stress is based on

ÿ* Range of thickness, in.

1

52.50 42.68 41.48 40.22 38.85 37.43 35.91 34.33
50.25 40.85 39.70 38.49 37.18 35.83 34.37 32.86
47.25 38.41 37.33 36.19 34.96 33.69 32.32 30.90
52.50 42.68 41.48 40.22 38.85 37.43 35.91 34.33
50.25 40.85 39.70 38.49 37.18 35.83 34.37 32.86
47.25 38.41 37.33 36.19 34.96 33.69 32.32 30.90
45.00 36.58 35.55 . 34.47 33.30 32.08 30.78 29.43

48.75 40.61 39.34 38.12 37.29 36,46 35.25 33.98_
52.50 43.73 42.37 41.06 40.16 39.27 37.96 36.59
56.25 46.86 45.39 43.99 43,03 42.08 40.67 39.21
41.25 34.36 33.29 32.26 31.56 30.86 29.82 28.75
45.00 37.48 36.32 35.19 34.42 33.66 32.54 31.36
45.00 37.48 36.32 35.19 34.42 33.66 32.54 31.36
41.25 34.36 t~" 33.29 32.26 31.56 30.86 29,82 28.75
45.00 37.48 36.32 35.19 34.42 33.66 32.54 31.36
45.00 37.48 36.32 35.19 34.42 33.66 32.54 31.36

56.25 41.23 40.05 38.81 37.91 37.01 34.82 32.62
48.75 35.73 34.71 33.64 32.86 32.08 30.18 28.28
43.50 31.89 30.97 30.02 29.32 28.62 26.93 25.23
41.25 30.24 29.37 28.46 27.80 27.14 25.53 23.92

56.25 43.65 43.54 43.37 42.98 42.52 41.46 40.61
56.25 43.65 43.54 43.37 42.98 42.52 41.46 40.61

45.00 33.30 32.85 32.40 31.18 29.92 29,25 28,58

52.50 38.85 38.32 37.80 36.38 34.91 34,12 33.34
52.50 38.85 38.32 37.80 36.38 34.91 34.12 33.34

, Section VIII, Division 2, and Reference 17.

a fabrication derating factor, Ff, of 1.0. Designer should adjust according to the actualfactor.
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Table I-j— Allowable Total Stress, g(!R for Ladle Components, ksi

Materials
(ASTM Designations)

Group I

A 285, GrC

A 284, Gr C

Gr D

A 515, Gr 55

Gr 60

Gr 65

Gr 70

A 5 1 6, Gr 55

Gr 60

Group II *
A 242, < V4

V4 to < 1 16

1 1/A to < 4

A 44 1 , < V4
V4 to < V/i
1 1/6 to < 4

4 to < 8

Group III

A 204, GrA

Gr B

Gr C

A 387, Gr2, CI

Gr 5, CI

Gr 1 1, CI

Gr 12, CI

Gr 21, CI

Gr 22, CI

Group FV

A 36

A 283, GrC

Group V

A 387, Gr 2 1, C2

A 387, Gr 22, C2

Group VI

Maximum Design Temperature, °F
70 600 650 700 750 800 850 900

30,00 22.17 21.87 21.60 20.79 19.98 i9.50 19.02
30,00 22.17 -• 21.87 21.60 20.79 19.98 19.50 19.02
33.00 24.39 24.06 23.76 22.87 2! .98 21.45 20.92
30.00 22.17 21.87 21.60 20.79 19.98 19.50 19.02
32.00 23.65 23.33 23.04 22.18 21.31 20.80 20.29
35.00 25.86 25.52 25.20 24.26 23.31 22.75 22.19
38.00 28.08 27.70 27.36 26.33 25.31 24.70 24.09
30.00 22.17 21.87 21.60 20.79 19.98 19.50 19.02
32.00 23.65 23.33 23.04 22.18 21.31 20.80 20.29
35.00 25.86 25.52 25.20 24.26 23.31 22.75 22. 1 9

38.00 28.08 27.70 27.36 26.33 25.31 24.70 24.09

50.00 40.65 39.50 38.30 37.00 35.65 34.20 32.70
46.00 37.40 36.34 35.24 34.04 32.80 31.46 30.08
42.00 34.15 33.18 32.17 31.08 29.95 28.73 27.47
50.00 40.65 39.50 38.30 37.00 35.65 34.20 32.70
46.00 37.40 36.34 35.24 34.04 32.80 31.46 30.08
42.00 34.15 33.18 32.17 31.08 29.95 28.73 27.47
40.00 32.52 31.60 30.64 29.60 28.52 27.36 26.16

37.00 30.82 29.86 28.93 28.31 27.68 26.75 25.79
40.00 33.32 32.28 31.28 30.60 29.92 28.92 27.88
43.00 35.82 34.70 33.63 32.90 32.16 31.09 29.97
33.00 27.49 26.63 25.81 25.24 24.68 23.86 23.00
30.00 24.99 24.21 23.46 22.95 22.44 21.69 20.91
35.00 29.16 28.24 27.37 26.78 26.18 25.31 24.40
33.00 27.49 26.63 25.81 25.24 24.68 23.86 23.00
30.00 24.99 24.21 23.46 22.95 22.44 21.69 20.91
30.00 24.99 24.21 23.46 22.95 22.44 21.69 20.91

Gr 1 1, C2 45.00 32.98 32.04 31.05 30.33 29.61 27.86 26.10
Gr 12, C2 40.00 29.32 28.48 27.60 26.96 26.32 24.76 23.20

36.00 26.39 25.63 24.84 24.26 23.69 22.28 20.88
GrC 30.00 21.99 21.36 20.70 20.22 19.74 18.57 17.40

Gr WCA 30.00 22.20 21.90 21.60 20.79 19.95 19.50 19.05
Gr WCB 36.00 26.64 26.28 25.92 24.95 23.94 23.40 22.86
Gr WCC 40.00 29.60 29.20 28.80 27.72 26.60 26.00 25.40
Gr 60-30 30.00 22.20 21.90 21.60 20.79 19.95 19.50 19.05

A 27, Gr 60-30 -ÿq qq

This table is based on the AS,VIE Code, .
t Allowable design stress is based on a

* Range of thickness, in.

Section VIII, Division 2, and Reference !7.

fabrication derating factor, Fr, of TO. Designer should adjust according to the actual factor.
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Talile 1-6 — Allowable Design Bending Stress, a© fksi) for Trunnion Pins Without Protective Bushings

Materials
(ASTM Designations)

A 668, Class B

Class C

Class D

Class G

Class H

Maximum Design Temperature, °F

This table is based on the AMSE Code, Section VII!, Division 2, and Reference 22.
Allowable design stress is based on afabrication deratingfactor, Ft, of 1.0 Designer should adjust according to the actualfactor.

5.4.1 Normal Stress. The average normal stress

rough ihc thickness in the sidewail and bottom plates shall
>t exceed the allowable stress as determined by Eq 1-2 or

16
I 1-3, whichever yields the lower value .

Pi (SF)U

FfF'ay
Pi (SF)y

(Eq 1-2)

(Eq 1-3)

Vhere:

y = Fabrication derating factor

7, = Temperature derating factor

?i = Impact factor

SF)U = Safety factor against ultimate strength

SF)y = Safety factor against yielding

a = Allowable normal stress; lower value of aau
or oay ksi

au - Allowable normal stress, based on minimum
ultimate strength, ksi

av = Allowable normal stress; based on minimum
yield strength, ksi

„ = Minimum ultimate strength at room tempera¬
ture, ksi

v = Minimum yield strength at room tempera¬
ture, ksi

\is report the following values shall be used:

npact factor Fi = 1.2

emperature derating factor, F, , is given in Table 1-1
; a function of design temperature and material
iccified.

lfety factor against ultimate strength (SF)U = 3.80

ifety factor against yielding (SF) = 2.28

ibrication derating factor,18' 19, 20
F}- - /i 72/3/4/5

= 1 .0 for welded construction
0.95 for riveted or bolted construction

fi =1.0 for cold forming
1.05 for hot forming
1 .0 if not applicable

/3 = 1.0 for thermally cut surface
1.10 for machined or plasma cut surface
0.90 for sheared surface
1.0 if not applicable

/4 =1.0 for straightening by cutting and
rewelding
1.05 for flame straightening
1.0 if not applicable

/5 = 1.0 for circular ladle
0.95 for noncircular ladle

1-5.4.2 Bending Stress.

1-5.4.2.1 General.

For members which are subjected primarily to bending
(except trunnion block members and tee sections of flat
bottoms which are covered in the subsections below), the
allowable bending stress shall be determined by Eq 1-4:

ab = 2cra (Eq 1-4)

Where:

aa = Allowable normal stress, ksi

ab - Allowable bending stress, ksi

1-5.4.2.2 Bending and Bearing Stresses inTrunnion Block.

For trunnion block members, the allowable bending stress

shall be determined by Eq I-5a:

1.38 ct„ (Eq I—5a)

The allowable bearing stress in trunnion block members
shall be determined by Eq I—5b:

1.36 ah (Eq I—5b)

Where:

Allowable average bearing stress in trunnion
block, ksi
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1-5.4.2.3 Bending Stress in iee Section of Ladle Bottoms.

For the tee section of the ladle bottom, Lhe allowable bending
stress in tension shall be determined by Eq 1-6 and the
allowable bending stress in compression shall be determined
by Eq 1-7:

abl = 2aa (Eq 1-6)

obc=l.25aa (Eq 1-7)

Where:

obt = Allowable bending stress in tension, ksi

abc = Allowable bending stress in compression, ksi

1-5.4.3 Combined Normal and Bending Stresses.
When axial force and bending moment occur simultaneously
in members other than the stiffener bands (Section 1-9) the
following interaction equation shall govern the design"1.

AtAs,.0
°a ab

Where:

fa = Actual normal stress, ksi

fb - Actual bending stress, ksi

For stiffener bands, the combined stresses are not to exceed
2 CTa.

1-5.4.4 Total Stress. The allowable total stress is used
when the total weight loads {Wz) are being considered in
combination with the thermal stresses, other secondary
stresses and stresses due to geometric discontinuities (ex¬

cluding notches such as holes). The thermal stresses are
defined here as thermal stresses developed by temperature
gradients in the various stiffener plates (bottom stiffener
plates) and do not include thermal stresses resulting from the
thermal expansion of the wall lining. The allowable total
stress, as defined, shall be determined by Eq I-9aor Eq I—9b,
whichever is less:

°du = 0.75 FfFt au (Eq I-9a)

ady=\MFfF,ay (Eq I-9b)

Where:

ad = Allowable total stress (lower value of either

<3du or <3dy) when working lining expansion
stresses are excluded, ksi

adu = Allowable total stress based on minimum ul¬
timate strength, ksi

ad = Allowable total stress based on minimum
yield strength, ksi

The allowable total stress used when (he thermal expansion
stresses include die thermal expansion of die wall hmnu.
other secondary stresses and stresses due to geometric dis¬
continuities (excluding notches such as holes') shail be
determined by Eq 1-10.

Gji = 1 .0 Ff F, c¥ ( Eq 1-1O'j

Where:

Gdl - Allowable total stress when the working
lining expansion forces are included, ksi

1-5.4.5 Shear Stress. The allowable shear stress m
the structural elements (excluding welds and rivets) shall
be determined by Eq 1 1:

as = 0.6 oa (Eq 1-11 )

Where:

as = Allowable shear stress (excluding welds and
rivets), ksi

1-5.4.6 Fatigue Stress. The fatigue stress provisions
of the AWS Structural Welding Code Dl.l shall be the
minimum weld requirements except that the allowable weld
stress in fillet or partial penetration butt welds shall not

exceed 1 .38 aa in tension or 1 .2 oa in shear for the type of
loadings (W2) considered. For full penetration butt welds,
the allowable weld stresses shall not exceed the correspond¬
ing stress limits in the base metal.

1-5.4.7 Stresses in Used Components. In used ladles
where corrosion, wear or other damage has occurred, the
calculated stresses in ladle components (other than trunnior.
pins) may exceed the original allowable stresses, but not by
more than 30%, for the type of loadings (Wz) considered.
The 30% increase in these stresses is to be based on actual
measured dimensions. Higher stresses than the foregoing
are reason for replacement or repair. In the case of the ladle
sidewall plate below the trunnions, the measured thickness
of the sidewall plate shall not be less than the original
required thickness (as defined by Table 1-7 or design for¬
mulae, whichever is maximum) divided by 1.3.

1-5.5 Allowable Stresses in Trunnion Pins. For design
of trunnion pins by the method of elastic analysts, die
following stresses in various categories shall not be ex¬
ceeded. These allowable stresses are based on the use of
materials conforming with this report.

The equations in the following sections define the allow¬
able stresses in trunnion pins. For ab (allowable trunnion

pin bending stress), the allowable stresses are calculated for
lhe permitted materials in Table 1-6. However, the allowable
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Table 1-7 — Minimum Sidewall Plate Thicknesses, in.

Ladle capacity,
short tons

Operating Temperatures
up to up to
750°F 800°F

Acceptable
ASTM Material
Specifications

stress values do not include the effect of the fabrication
derating factor Fy.

1-5.5.1 Bending Stresses.

1-5.5.1. ! Trunnion Pins Without Protective Bushings.

In trunnion pins which are subjected to wear without protec¬
tive bushings, the maximum bending stress, excluding
stress concentrations, shall be less than the allowable bend¬
ing stress determined by Eq 1-12 or Eq 1-13, whichever is
less:

Ff F, Cu
F, (SF)U

Ff F<
pi (sny

(Eq 1-12)

(Eq 1-13)

Where:

= Fabrication derating factor = 1.0
= Temperature derating factor as given in

Tabic 1-2

= Impact factor = 1.2
= Safety factor against ultimate strength =

9.12 (includes geometry stress riser < 2.0)

= Safety factor against yielding = 4.56 (in¬

cludes geometry stress riser < 2.0)

= Allowable bending stress; lower value of
either obu or <5by, ksi

= Allowable bending stress based on minimum
ultimate strength, ksi

= Allowable bending stress basedon minimum
Yield strength, ksi

o = Minimum yield strength at room tempera¬
ture, ksi

Gy = Minimum ultimate strength at room tempera¬
ture, ksi

1-5.5.1.2 Trunnion Pins with Protective Bushings.

For trunnion pins supplied with protective bushings, the
maximum bending stress, excluding stress concentrations,
shall be less than the allowable bending stress determined
by Eq 1-14:

(Eq 1-14)

Where:

ap = Allowable bending stress with protective
bushings, ksi

1-5.5.2 Shear Stress. The allowable shear stress shall
be determined by Eq 1-15:

= 0-533 ab (Eq 1-15)

Where:

= Allowable shear stress, ksi

1-5.5.3 Bearing Stress in Trunnion Pin. The allow¬
able bearing stress between the trunnion pin and trunnion
block at tire outside edge of the block (averaged across (lie

pin diameter as calculated by Eq 1-17), shall be determined
by Eq I— 16a:

abr = 3.33 ob (Eq 1-15a)

Where:
Allowable average bearing stress in trunnion
pin, ksi
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1-5.5.4 Stresses in Used Trunnion Pins. In used Ind¬
ies, Lhe trunnion pins without bushings should be replaced
when calculated stresses, based on actual measured dimen¬
sions of the pins, exceed the corresponding allowable stres¬
ses by 45% or more because of wear or other causes.
Trunnion pins with bushings should have the bushings
replaced prior to any wear on the trunnion pin. Replacement
should be made wtth the same material or material with
superior physical properties. Repair of the trunnion pin by
build-up welding is not permitted.

1-5.6 Allowable Shear Stresses in Rivets. The allow¬
able shear stresses in rivets are dependent on the nvet

materials used and are given as follows:
Rivet Material Allowable Shear Stress '

ASTM A 31 Grade A 12.3 ksi
ASTM A 31 Grade 8 15.5 ksi

ASTM A 502 Grade 1

ASTM A 502 Grade 2 20.0 ksi

t Based on ASME Code, Section 1 (1971 edition only) and
Reference 21

[-5.7 Allowable Shear Stress in Pins of Tilt Mechanisms.

The pins used in the tilt mechanism shall be designed basi¬
cally for shear rather than for bending and shear as in
trunnion pins.The allowable shear stress shall be determined
by Eq I-16b:

as = 0.4 ay (Eq 1-16b)

Where:

= Allowable shear stress, ksi

= Minimum yield strength at room tempera¬
ture, ksi

The average bearing stress between the trunnion pin end
trunnion block in the ladle shell shall be calculated bv Eq
1-17, and shall be less than the minimum value calculated
by Eqs I—5b and I-i 6a.

Where:

DB = Bearing diameter of trunnion pin, in.

- Distance from the centeriine of the ladle
hook to the centeriine of the trunnion block
on the trunnion axis. in.

/8 = Average bearing stress between the trunnion

pm and trunnion block, ksi

tT = Combined thickness of trunnion block and
sidewall, in.

W2 = Total weight of ladle (design weight of mol¬
ten metal, slag, ladle steelwork, refractory
lining and ladle lid), kips

(See Fig. I-5a for notations used.)

1-6.3 Bending Moment in Pins. In calculating the bend¬
ing moment in the trunnion ptns, the lifting force shall be
assumed to act at the centeriine of the ladle hook as posi¬
tioned for lifting, as far from the body of the ladle as
permitted by the geometry of the trunnion pin.

-TOP BAND

<£. PIN & HOOK

1-6 DESIGN OF TRUNNION BLOCK AND PIN

1-6.1 General. The trunnion pin is typically supported by
a solid plate trunnion block (see Figs. I-10c and I-10d) and
is of sufficient size to connect directly to the sidewail plate
and the stiffener bands. A small solid plate trunnion block
may require the use of ribs (see Fig. I-10b) to connect the
trunnion block to the stiffener bands and surrounding struc¬

ture.The allowable bendingstress (at,) in the trunnion block
and in the ribs shall be determined by Eq 1-5a.

[-6.2 Shear and Bearing Stresses. The average shear
and bearing stress may be used for comparison with the
allowable stresses. The average shear stress in the trunnion

pins shail be computed by dividing the total shear force by

the area of the pin (the maximum shear stress will be
approximately 33% greater than the average shear stress in
a solid circular section).

POSSIBLE LINE OF
•ACTION OF
HOOK LIFT

BOTTOM BAND

Fig. I-Sa — Notations Applicable to the Trunnion Pin
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I—G .4 Fillet Radius. The radius between the trunnion pin
and trunnion housing shall be iarge enough so that the stress

concentration factor is less than 2. Tne requirement will be
met if the fillet radius, r, is greater than 0.04 Dg (Fig. I—5a).

1—6.5 Fitting in Trunnion Block. The diameter of the
trunnion pin proper shall not be reduced to fit into the
des ired trunn ion block. Itcanbe increased if desired, as long
as the integrity of the block design is retained.

1—6.6 Sleeves. If sleeves are used they shall be nonro-
tating, to minimize wear between the sleeve and the trun¬

nion pin.

1—6.7 Stiffness in Trunnion Block. The trunnion block
shall have sufficient stiffness to resist the bending moment

resulting from the ladle hook loads.

I—6.8 Attaching Block to Ladle. The trunnion block
shall be adequately and rigidly attached to the ladle
sidewalls to transmit the vertical lifting loads. When
laminated plate construction is used for the pad design,
rivets or pins are recommended (in addition to peripheral
welds) to avoid plate separation (Fig. I-10d).

1-6.9 Installation of Pins, Unless the trunnion pins are
cast or forged as an integral part of the trunnion block, they
shall be press or shrink fitted into the block and shall be
installed after the ladle has been stress relieved. The trun¬

nion pin shall be installed and welded to the shell plate from
nside the ladle after stress relieving has been performed, as
thown in Fig. I-5a.There shall be no welding on the outside
if die trunnion block to the trunnion pin.

1-6.10 Bending Stresses in Trunnion Blocks. The maxi-
ituin bending stresses in trunnion blocks shall be calculated,
such as for Point A in Fig. I-I0b,Point B in Fig. I-10c, and
3oiut C in Fig. I-10d, and shall be less than the allowable
stresses defined earlier in Section 1-5.

Referring lo Fig. I-5a, the bending stress shall be com-
tuted by Eq 1— 17a:

W2e2g' (Eq 1-17a)
<>•' 2gS,

Where:

iv/T2 (Eq 1—1 7b)

Where:

g = Vertical distance between top band and bot¬
tom band ccnierlines, in. (Figs. 1—5a and
I-10)

g' = The greater of gT or gB , where:

gT = The distance from the centerline of the trun¬

nion pin to the centerline of the top band, in.
(Fig. I-10d)

gn = The distance from the centerline of the trun-
D

nion pin to the centerline of the bottom band,
in. (Fig. I-10d)

5] = Section modulus of the combined shell and
trunnion block at the point of interest such
as Point C in Fig. I-10d, in.3 (Eq. I-17b)

w = Net width of trunnion block at the point of
interest, in. (Fig. I-10)

1-6.11 Ribbed Trunnion Block Design. Trunnion
blocks in the form of slabs as described in the previous
sections arc usually provided and preferred in a ladle con¬
struction for all sizes of ladles. However, for small ladles
such as 100 tons or less in capacity, a ribbed type of trunnion
block may be permitted, in which the trunnion pins are
bearing directly on the shell which is stiffened by ribs
around the pins as shown in Fig. I-10b. Botii bending
stresses and bearing stresses of the ribbed blocks shall be
calculated for comparisons with their respective allowable
stresses as given in Sections I-5.4.2.2 and 1-5.5.3.

The bending stress shall be calculated as described in
Section 1-5.10.

Referring to Fig. 1—5b, the average bearing stress between
the trunnion pin and the ribbed block shall be calculated by
Eq I- 17c:

W2 W2 e2 (Eq 1-17c)
ÿ =

2 (k t + 2 tr m) +- 2 S2

Where:

k = Inner distance of two inner vertical ribs, in.

S2 = Section modulus of the combined shell and
ribs (shown as shaded area of Fig. I—5b), in."

tr = Thickness of ribs, in.
t = Thickness of sidewail plate, in.
m = Distance from inside shell surface to outside

of vertical ribs, in. (Fig. I—5b)
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RECOMMENDED
, BEARING AREA (A)

PIN AN0 HOOK

POSSIBLE LINE
OF ACTION
OF HOOK LIFT

A =kt+2trm

Fig. I-5b — Notations Applicable to the Ribbed
Trunnion Block (horizontal cross-section)

1-7 DESIGN OF BOTTOM PLATES OF FLAT
BOTTOM LADLES

[-7.1 General. The notation used in this section is shown
in Fig. 1-6. Thicknesses determined in this section are for
operating conditions and materials as specified in Section
1-3.2. Slightly dished ladle bottoms shall be considered as
fiat if the dishing radius, Rb (Fig. 1-7), is more than 10 times
the minimum bottom radius of the shell, Rs(mi«), at the
intersection with the bottom plate. For knuckle radius see
Sections 1—4.2 and 14.3

1-7.2 Thickness of Circular Flat Bottoms. Circular fiat
bottoms with no reinforcing plate shall have a thickness not

less than:

Omin Note: r?s taken to
rt . " centerline of

mm - shell plate

I— x---raoÿf'Sfmn)
t •]F>S(max)/f

I iu , * 4tr At junction of sidewal
x x j |/ir-ÿÿ-Cÿ|ÿandbottom

Reinforcing plate

BOTTOM SECTION XX'
OF OVAL LADLE

A BOTTOM
j SECTION 'XX'
// OF CIRCULAR LAOLE

VERTICAL SECTION
THROUGH

j TRUNNIONS

1— I a;-= t— MP
I « I « | | Jz— Sidewall

I ! /~7T Reinforcing plate
4- I ' I / J) —i

tr lrs \ x
'ÿ Bottom plate

Fig. 1-6 — Notations Applicable to Flat Bottomed
Ladles

Note: f?5 Is taken to
n centerline of
-1 shell plate
RS(min)

At junction of sidewall
and bottom

RS(max)/

(Eq 1—18a)
BOTTOM SECTION 'XX'
OF OVAL LADLE

Where:

D = Bottom plate diameter in circular ladle, in.
H = Vertical height of the ladle, in.

Tb = Thickness of bottom plate, in.

1-7.3 Reinforcing Plate. The procedure in this section
describes the riveting of a reinforcing plate to a circular

Fig. 1-7 — Notations
Applicable to

Dished Bottom Ladles

Top band

BOTTOM
SECTION 'XX'
OF CIRCULAR LADLE

VERTICAL SECTION
THROUGH
TRUNNIONS

Bottom band j
a. ' a? >1
~

' .<? "O j
L-O 2 cJ
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1-7.3.3 Postweld Heat Treatment. It is recom¬
mended, whenever possible, that all postwcld heat treatment
for the ladle be completed before riveting the bottom rein¬

forcing plate.

1-7.4 Thickness of Bottom Plate and Reinforcing Plate.

When a reinforcing piate is used, the combined thicknesses
of the reinforcing plate, 77?, and bottom plate, 7g, shall not
be less than:

T w r - ÿ (Eq 1-19)
7
*

ÿ tb -
114 V aa

The thickness of tbe bottom plate (as distinguished from
the reinforcing plate) shall be at least lAe in. more than
one-half of the combined thicknesses of the two piates.

1-7.5 Equivalent Diameter for Ovai Ladles. For oval
ladles having a maximum bottom piate diameter not more
than 1.4 times the minimum bottom piate diameter (Fig.
1-6), Eqs I—18a and 1-19 for bottom plate thicknesses may
be used by replacing the circular bottom plate diameter, D,
by an equivalent diameter for the oval ladle, DE, determined
by

Dmax + Dmm (Ecl
r3r —

ladle bottom. For other ladle bottom configurations, the
designer shall apply a similar method to insure adequacy of
die riveted connection between the bottom and reinforcing
plates.

3-7.3.1 Design of Reinforcing Plate. Reinforcing
plates, if used, shall be placed on the inside of the ladle
bottom and shall be riveted to the bottom plate in a row or
rows around the circumference, as well as throughout the
enure reinforcing plate area in order that the two plates act

as a unit in accordance with the ASME Code, Section 1
(1971 edition only). The diameter, d, of the reinforcing piate
shall not be less than 0.88 times the diameter, D, of the
bottom plate.

1-7.3.2 Rivets. Horizontal shear in rivets between the
reinforcing plate and bottom plate shall be calculated by Eq
I— 18b and shall not exceed the allowable shear stress

specified in Section 1-5.6.

X,T (Eq 1-18b)

Where:

t2 = Horizontal shear stress in rivet, ksi

t[ = Average horizontal shear stress in plate, ksi

_ 0.00105 q H Rm Tb Tn

{Tr+ TbJ
Ar = Area of driven rivet, sq in.

k dr 2

(Eq 1-18c) 1-7.6 Stiffener Ribs for Bottom Plates.Flat bottom ladles
may be designed with stiffener ribs as shown in Fig. 1-8.

dr = Diameter of hole for driven rivef in.

Nm = Number of rivets tn top row of annulus area

Rm - Radius to top row of rivets of annulus area,
in.

l = Radius to bottom row of rivets of annulus
area, in.

I), = Thickness of bottom reinforcing plate, in.

iic area supported by one rivet is

* [rm 2 - rm-i 2 )

The distance between any two rivets (in the same row or
ffcrcnt rows) should not be less than 4.5 times the rivet

ilc diameter.
The ladle designer has the obligation to add more rivets
;ir the center of the ladle bottom plates as necessary to

:am the integrity of die bottom plates and to retard thermal
uortion and buckling.

a' , a'

Fig. 1-8 — Cross-Section Through Flat Bottomed
Ladle with Stiffener Ribs

The portion of the ladle bottom plate which spans die stif¬
fener rib and has a width extending to one-half the distance
to adjacent ribs is considered as acting with the rib, forming
a T beam. Ribs shall have identical sections and be spaced
uniformly. The design shall be based on the tee section with
the greatest span. Distance from center to center of ribs shall
be not greater than one-fifth the maximum span, nor greater
than is given by EqI-21:

LL Tn
4 S

(Eq 1-21)

Where:

a' = Center to center distance of stiffener ribs, in.
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L = Maximum span of stiffener ribs in bottom
plate, in,

5 = The greater section modulus of the T beam
section of stiffener rib in the bottom plate,

1 r

in/
The thickness of the bottom plate shall not be less.than the

thickness of the sidewalk
The T beam section shall be designed as a simple beam,

uniformly loaded by the weight of maximum depth of mol¬
ten metal, the bottom liner and the weight of the T beam
section. The end reaction of the tee section shall be trans¬

ferred by a double-groove full penetration weld acung in
shear between the rib end and the ladle sidewalk

1—8.3 Thickness of Dished Oval Ladle Bottoms. Dov
oval ladle bottoms (Fig 1-7) having a maximum Uuuik
not more than 1.4 times the minimum Uiameier. Mai! la
a bottom plate thickness determined as die l.uger of the t
values given by Eqs I— 23a and I—23b.

To = R, Dma* 9 H RS(m,n) C°S 0

4664 Dma oa Rt

q H Rb
1819 cm

(Eq [-23b)

1-8 DESIGN OF BOTTOM PLATES OF DiSHED
BOTTOM LADLES.

1-5.1 General. The notations used in this section are
shown in Fig. 1-7. Thicknesses determined in this section
are for operating conditions and materials as specified in
Section 1-3.2. A ladle bottom may be considered as dished
providing the dishing radius, Rb, is less than 10 times the
minimum radius of the shell, Rs(min), at the intersection with
the bottom plate. The dishing must conform to the shape of
the spherical segment in circular ladles and in the end
sections of oval ladles. Only the center section of an oval
ladle may be dished to a cylindrical shape. For knuckle
radius see Sections 1-4.2 and 1-4.3. The transition require¬
ments for the connection between the sidewall plate and the
bottom plate is described in Fig. I— la.

1-8.2 Thickness of Dished Circular Ladle Bottoms.

The bottom plate thickness for dished circular bottoms shall
be determined as the larger of the two values given by Eqs
I-22a and I-22b.

TD = Rt
9 H RS(min) cos ft

[-8.4 Reinforcing Piates. Reinforcing plates, if used, are
not to be considered as adding effectively to the strength of
dished bottoms.

1—8.5 Stiffener Ribs for Dished Circular Bottom Plates.
As shown in Fig. 1-9, the dished circular bottom ladle may
be designed with stiffener ribs24. The portion of the bottom
plate which spans the stiffener rib and has a width extending
to one-half the distance to adjacent ribs is considered as
acting with the nb, forming a T beam. The ribs shall be
uniformly spaced. The design shall be based on the midspan
cross-section of the tee section with the greatest span. The
distance from the center to center of ribs shall be no greater
than one-fifth the maximum span.

The maximum membrane stress and bending stress in the
dished circular bottom plate, in the direction spanning the
ribs, shall satisfy the requirements of Eqs I-24a, I—24b and
I-24c:

fa_
=

q H rb
cm

"

1819 [To + T~a

3638 To

< 1.0

4664 oa Rb 1 +

(Eq t-24a)

(Eq I—24b)

(Eq 1-24c)

r _ q HRb
B 3638 cm

Where:

(Eq I-22a)

(Eq I—22b)
Where:

= Effective plate thickness of the dished cir¬
cular bottom plate in the direction of the ribs,

<j) = sin

ÿS(mia)
Dish radius in dished bottom, in.

Minimum radius to middle plane of sidewall
at bottom section, in.

= tb +ÿ

= Thickness of rib, in.

= Depth of rib at midspan cross-section (mini¬

mum depth for dished circular bottom plate
with ribs), in.
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c. SECTION B-B

Tangent point between
dished plate and knuckle

NA of T-beam

at midspan

b. SECTION A-A
a ELEVATION SECTION SHOWING

STIFFENER RIB AND SKIRT

Fig. 1-9 — Stiffener Ribs for Dished Bottom Ladle



The axial ami beading stresses at die tnicJ.sp.in cross-sec¬
tion of Live longest span T beam shall satisfy the require¬

ments of Eqs 1- 25a, I—25b and [—25c:

Where:

q H Ra
363Fr7ÿ

15525 ' ctov

< 1.0

4 RB eH - 1

(Eq f— 25b)

(Eq I—25c)

Vertical offset between the dished
plate/knuckie tangent point and the neutral
axis of the T beam at the midspan cross-
section (see Fig. 1—9b), in.

Horizontal component of the spherical
membrane force in the dished plate;
located at tangent of dished plate and
knuckle (see Fig. 1—9b)

The section modulus (maximum and mini¬
mum) of the mtdspan cross-section of the T
beam, in.3

1-9 DESIGN OF STIFFENED BANDS.

1—9-1 General. The tendency of the ladle to collapse
when suspended by the ladle hooks shall he resisted bv two

stitlcncr bands, one above and one below die trunnion
block, designated by the subscripts T and B, for tup ami
bottom, respectively. The lip reinforcement of die ladle is

not to be considered in calculating the stresses in the ladle
bands. The band stresses are to be calculated by the follow¬
ing procedure and must not exceed the allowable stresses as
determined in Section I-5.4. The size of the bottom hand m
to be equal to or greater than that required by stress calcula¬
tions at the cross axis and is to be made an integral part oi

the trunnion block. Cross axes tire defined as those axes
which are at right angles to the trunnion pin axis (Fig.
I-I0a). In addition to designing for strength, the equivalent
combined top and bottom stiffener band section must meet

a stiffness criterion given in Section 1-11 so as to avoid
excessive inward deflection of the trunnions. Minimum
depth stiffener bands are recommended to minimize thermal
gradient stresses. However, the minimum depth stiffener
bands shall still satisfy the allowable stresses of Section
1-5.4 and the stiffness criterion of Section I-1 1 .

Uniform depth stiffener bands with gradual transitions in

depth and width at the trunnion blocks (or other regions of
the stiffener bands) are recommended. The dimensional
changes in the stiffener band cross-section should occur
over a minimum distance of three times the maximum depth
of the stiffener band (Fig. I- 11).

1—8.6 Stiffener Ribs for Dished Oval Bottom Plates. In
the case of the dished oval ladle, having a maximum
diameter not more than 1.4 times minimum diameter, the

membrane stress and bending stress in the dished oval
bottom plate in the direction spanning the ribs shall satisfy
die requirements of Eqs I-26a, I-26b and I—26c:

q H Rb
909 (Tb +

< 1.0

h 3638 Tbl ab

ÿ
+

1ÿ < 1.0

< 1.0

(Eq 1-26a)

(Eq I-26b)

(Eq I—26c)

The maximum axial and bending stress at the midspan
cross section of the longest span T beam shall satisfy the
requirements of Eqs l-25a, I—25b and I~25c.

1-9.2 Effective Band. Each effective band shall consist
of the stiffener band together with a portion of die adjacent
ladle sidewall of effective width equal to be (Section 1-9.3),

provided that the band is welded or riveted to the ladle sides.
Welding is recommended and shall be continuous. If the
bands are not riveted or welded to the sides, no part of die
sidewall shall be included in calculating the properties of
the effective band.

1-9.3 Calculations of Effective Band Width. If the side-
wall thickness is the same both above and below a band, the
total width of the ladle shell to be used in calculating the
section properties of the effective band shall be taken as:

br + 1.4 (Eq 1-27)

Where:

= Sidewall effective width acting with band,
in.

= Width of band, in.

= Minimum radius to middle plane of sidewall
at a band, in.

= Thickness of sidewall (ladle shell only'), in.
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• ASSUMED INFLECTION

TRUNNION
AXIS

• NEUTRAL AXIS OF
EFFECTIVE BAND -

-CROSS AXIS

J * Rr is the minimum
/ effective bend radius

Rrjor Rrqof whichever
band is analyzed

Calculate stress here on basis of

c= w with maximum c not more than 9

- Calculate stress here' on basis

of c = * as shown on
2

unthickened sldewail

* Stress may be checked at other
possible cnticat values lor c
as Indicated using thinner section

0.7 Rfl '+ ( I 0.7 Rr* + (

c. TRUNNION BLOCK—PAD SUPPORT TYPE

a. ASSUMPTIONS FOR CALCULATING BAND MOMENTS

Calculate stress** at this section

I assuming c = w but with maximum c
| 4

| not more than 9
3

** Stress may be checked at other
possible critical values for c
as indicated using thinner section

i BOTTOM BAND

DOWEL PIN
OR RIVET

SECTION 8-8

b TRUNNION BLOCK—OPEN BOX TYPE

SECTION A-A

Calculate stress here

on basis of c= w with
4

maximum c not more than 9
3

SECTION THRU
LADLE AT TRUNNION

Calculate stress here* on basis

of cs w as shown on
2

unthickened sidewall

'Stress may be checked at other
possible critical values for c
as Indicated using thinner section

d. TRUNNION BLOCK—LAMINATED PLATE TYPE

22

Fig. 1-10 — Information for Calculating Stiffener Band Moments
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= C r r

B, > 3, Where:

Z 2 3Bi

Fig. 1-11 — Recommended Transition In
StUfaner Bands

If the sidewail thickness changes at a band the total width
of the effective band shall be taken as:

bt = br + bx + b2 (Eq I—23)

bx = 0A-iRs {tx + 2 ij) (Eq I-29)

b2 = 0.1ÿRS t2 (Eq 1-30)

Where:

bx = Effective width of the thicker portion of
sidewali acting with stiffener band, in.

b2 = Effective width of the thinner portion of
sidewail acting with stiffener band, in.

ix = Larger effective thickness of sidewail, in.

t2 = Smaller effective thickness of sidewail, in.

Effective sidewail thickness, tt and tj, is defined as the sum
of the sidewail thickness plus the thickness of any plates or
blocks that are fastened to both the sidewail and band so
that the sidewail and band act as an integral structure.

1-9.4 Properties of Bands. After determining the effec¬
tive band width by Eqs 1-27 through 1-30 inclusive, the
area, moment of inertia, section modulus and effective
radius of each band are to be calculated. Effective radius
should be interpreted as the radius of the neutral axis of the
effective band at the centerline of the stiffener. The applica¬
tion of these properties is illustrated in Appendix A.

1-9.5 Calculations of Compressive Forces in Bands.

The effective bands develop compressive forces with the
resultant force parallel to the trunnion pin axis. These com¬

pressive forces can be computed from Eqs 1-31, 1-32a, and
I—32b.

h2 hB rrt~
IT2 Rrb '

W2 (a - G Rsm)
8 (C hs + h~p)

(Eq 1-31)

(Eq I-32a)

= Distance between lifting hook

= A constant

= Force in top band, kips
= Force in bottom band, kips
= Load centroid distance ratio as given in Fig.

I-1 25
= Vertical distance between bottom band stif¬

fener centerline and juncture of ladle bottom
and sidewali, in.

= Vertical distance between top band center-
line and juncture of ladle bottom and
sidewail, in.

= Moment of inertia of effective bottom band
at cross axis, in.4

= Moment of inertia of effective top bund at
cross axis, in.4

= Minimum effective radius of bottom band,

= Minimum effective radius of top band, in.

= One-half of the minimum mid-height dis¬
tance between middle planes of opposite
sidewalls, in.

RS(max/RS(min) - 2-

G =1.27 for circular ladles (l/RSM=0)

c/Rsm
Fig. 1-12 — Load Centroid Distance Ratio, Eq I-32a

1-9.6 Portion of Trunnion Block Included in Effective
Band Section. The portion of the trunnion block included
in the effective band section at the trunnion axis need not be
reduced because of the incursion of the trunnion pin
provided that:

(1) The trunnion pin has a shrink fit in the trunnion
block and is continuously welded to the inner side of
the ladle

(2) No more than 40% of the effective band section
shall be provided by the trunnion pin material.
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1-9.7 Band Bending Moment. The band bending mo¬
ments arc calculated by assuming that Lite inflection point
of acre) moment in each effective band is located at a
Jistancc 0.3 Rrt or 0.3 Rrb measured inward from the band
neutral axis parallel with the cross axis of the ladle (Fig.
1— 1 0a) . Use plus and minus signs exactly as given in Eqs
1-33 through I—38b inclusive, which are based on the force
diagram shown in Fig, 1-13.

Where:

= Moment in lop band at trunnion axis, kip- in.
= One-half the distance between radius points

of end segments in oval ladle, in. (/ = 0 for
a circular ladle)

= Horizontal distance from vertical centcrline
through trunnion pin to the section of inter¬
est, in. (see Fig. I—10)

TRUNNION AXIS

CROSS AXIS

Fig. 1-13 — Effective Combined Trunnion Ring
(Used in Calculation of Deflection Index,

Eq 1-41, and Table 1-4)

The plus sign for the band bending moments indicates
compression on the outside of the band and tension on the
inside of the band. The minus sign for the band bending
moments indicates tension on the outside and compression
on the inside of the band. Minus signs for stresses indicate
omprcssion and plus signs for stresses indicate tension in

accordance with die usual practice.

9.8 Calculation of Band Bending Moments. Band
lending moments are to be calculated as follows:

1-9.8.1 lop Band Near Trunnion Axis. The weakest
ccnon of die top band above the trunnion is at the trunnion
xis in the case of open box framing (Fig. I-10a) or at the
Igc of die trunnion block (Fig. I-10c & 1-lOd) where the
unmon block is carried to the upper band and welded
icrcto. The ribs of the open box welded trunnion block shall
: welded to develop Uicir full strength. If there are other
iddcn changes in section, these also must be evaluated. The
aiding moment mav be calculated as follows:

Fr( 0.7 Rrt (Eq i—33)

1-9.8.2 Top Band at Cross Axis. The bending mo¬
ment in the top band at the cross axis 90 degrees from die
trunnion axis is:

Mj2 - - Fj{ 0.3 Rr-j-) (Eq 1-34)

1-9.8.3 Bottom Band at Cross Axis. The bending
moment in the bottomband at the cross axis 90 degrees from
the trunnton axis is:

Mr2 ~ 0-3 Rrr ) (Eq 1-35)

1-9.9 Combined Stresses in Bands. Combined stresses
are not to exceed the allowable stresses as determined by
Section 1-5.4.3, and are to be calculated at each of the
locations listed as follows:

1-9.9.1 Top Band Near Trunnion Axis:

outside fQ

inside/, = +

(Eq I-36a)

(Eq I—36b)

Where:

= Stress in the inside surface of band, ksi

= Stress in the outside of band, ksi

= Section modulus for the inside surface of the
top band, in.

= Section modulus for the outside of die top
band, in.3

1-9.9.2 Top Band at Cross Axis

outside fQ
(Eq I-37a)

insidef, = - —- + r
at a77

Where: AT = Effective area of top band, sq in.

NOTE: Sto and Sti may be dif¬
ferent at locations Iand 2 if
band varies in cross section.

(Eq 1—37b)
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1-9.9.3 Bottom Band at Cross Axis:

fb Ma2 !Eq !-38ai
outside !0 ÿ= —----—

ab -so

/* B MB2 (Eq [—38b)
inside/} = - — + ——

ab hBl
Where:

AB = Effective area of bottom band, sq in.

MB2 = Moment in bottom band at cross axis, kip-in.

Sgi = Section modulus for the inside surface of the
bottom band, in.3

3so = Section modulus for the outside surface of
the bottom band, in.3

Where:

CH = Constant to modify minimum plate thickncÿ

rollectmg the type of joint connecting the
bottom plate to lite sulcwal! plate

Cft = 1 .0 for full penetration butt weld joint

Cft = 1.18 for lap riveted connection (minimum

net area is 85% of full plate cross-section I

The average normal stress through the thickness in the
sidewall shall be calculated by the following formula:

W2 (Eq 1-4Cc)
Cw ~ V1d~i

Where:

aw = Average normal stress in sidewall, ksi

1-10.4 Upper Sidewall Plate Thickness. The side wall
plate thickness above the top stiffener band shall not be less
than 0.66 times the lower sidewall plate thickness.

1-10 DESIGN OF SIDEWALL PLATES.

[-10.1 Sidewall Plate Thickness. The sidewall plate
thickness below the trunnions shall not be less than that
given in Table 1-7 and Section 1-10.3. For intermediate
capacities, sidewall thicknesses may be interpolated to

nearest V\e in. In the case of flanged bottom plates (Section

1—4.2) the sidewall thickness may be less than the bottom
plate thickness but must not be less than 0.75 times the
required bottom plate thickness.

The thickness requirements for used ladles are discussed
in Section 1-5.4.7.

1-10.2 Sidewall Plate Joint. If the sidewall plate, below
the trunnions, is made of different plate thicknesses (Fig.
I-lb), the transition between these abutting plates shall be
in accordance with the taper requirements in the ASME
Code Section VIII, Divisions 1 and 2. The sidewall plate
joint (full penetration butt weld connection) shall be located
at a distance not less than:

eT = 0.75Vfry t (Eq 1-39)

from the edge of the stiffener band.

1-10.3 Supplementary Thickness. Supplementary to

Table 1-7 the sidewall thickness, tmin, below the trunnion
shall in no case be less than the greater of Eq I—40a or Eq
I-40b:

CR q H D (Eq I-40a)
fmin = "1819 oa

2 Cft W2 (Eq I—40b)
r,Tun =

it D oa

1-11 INWARD DEFLECTION STIFFNESS AT
TRUNNIONS.

The inward deflection of a ladle should be considered in the
design of stiffener bands in order to provide adequate
rigidity by minimizing the inward deflection at the trun¬

nions. This condition should be evaluated in addition to the
maximum stress conditions discussed in Section 1-9.

The deflection index should not exceed 0.0026 for cir¬

cular ladles-, or 0.0020 for oval or obround ladles, based on
shell radius as a reference dimension.

C P R
ÿ (Eq 1-41 )

ft

Where:

A = Deflection index for combined top and bot¬
tom stiffener bands

CD = Deflection coefficient (Table 1-8)

E = Modulus of elasticity (room temperature),
ksi

/| = Moment of inertia of the effective band at

trunnion axis (for deflection index calcula¬
tion), in.4 (Fig. 1-13, Eq 1-42)

l2 = Moment of inertia of the effective band at

cross axis (for deflection index calculation),

in.4 (Fig. [-13, Eq 1-43)

P = Effective radial force applied at trunnion pin,
kips (Eq 1-44)

Rrm = Average minimum effective radius of top and
bottom band, in. (Eq S—15)
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Table 1-8 — Deflection Coefficients, Co
ANGLE BETA, DEGREES *

iyR rm h/h 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

0.0 ** 0.30 0.0744 0.0632 0.0542 0.0473 0.0421 0.0384 0.0359 0.0344 0.0336
0.0 0.40 0.0744 0.0648 0.0573 0.0516 0.0474 0.0445 0.0426 0.0416 0.0411
0.0 0.50 0.0744 0.0665 0.0603 0.0557 s 0.0524 0.0502 0.0489 0.0482 0.0479
0.0 0.60 0.0744 0.0681 0.0633 0.0597 0.0572 0.0556 0.0547 0.0542 0.0541
0.0 0.70 0.0744 0.0697 0.0661 0.0636 0.0618 0.0607 0.0601 0.0598 0.0597
0.0 0.80 0.0744 0.0713 0.0690 0.0673 0.0662 0.0655 0.0652 0.0650 0.0650
0.0 0.90 0.0744 0.0728 0.0717 0.0709 0.0704 0.0701 0.0699 0.0699 0.0698
0.0 1.00 0.0744 0.0744 0.J744 0.0744 0.0744 0.0744 0.0744 0.0744 0.0744

0.10 0.30 0.0813 0.0706 0.0621 0.0556 0.0508 0.0475 0.0453 0.0441 0.0435
0.10 0.40 0.0836 0.0746 0.0676 0.0623 0.0585 0.0560 0.0545 0,0537 0.0534
0.10 0.50 0.0858 0.0785 0.0728 0.0687 0.0658 0.0640 0.0629 0.0624 0.0622
0.10 0.60 0.0880 0.0823 0.0779 0.0748 0.0727 0.0714 0.0707 0.0704 0.0703
0.10 0.70 0.0902 0.0860 0.0828 0.0806 0.0791 0.0783 0.0778 0.0777 0.0777
0.10 0.80 0.0924 0.0896 0.0876 0.0862 0.0853 0.0848 0.0845 0.0844 0.0844
0.10 0.90 0.0945 0.0931 0.0922 0.0915 0.0911 0.0908 0.0908 0.0907 0.0907
0.10 1.00 0.0966 0.0966 0.0966 0.0966 0.0966 0.0966 0.0966 0.0966 0.0966

0.20 0.30 0.0902 0.0800 0.0720 0.0659 0.0616 0.0586 0.0568 0.0558 0.0553
0.20 0.40 0.0952 0.0868 0.0803 0.0755 0.0722 0.0700 0.0688 0.0682 0.0680
0.20 0.50 0.1001 0.0933 0.0882 0.0845 0.0820 0.0805 0.0797 0.0794 0.0793
0.20 0.60 0.1048 0.0996 0.0957 0.0930 0.0913 0.0902 0.0897 0.0896 0.0896
0.20 0.70 0.1095 0.1057 0.1030 0.101 1 0.0999 0.0992 0.0990 0.0989 0.0989
0.20 0.80 0.1141 0.1116 0.1099 0.1087 0.1080 0.1076 0.1075 0.1075 0.1075
0.20 0.90 0.1185 0.1173 0.1165 0.1160 0.1156 0.1155 0.1154 0.1154 0.1154
0.20 1.00 0.1229 0.1229 0. 1229 0.1229 0.1229 0.1229 0.1229 0.1229 0.1229

0.30 0.30 0.101 1 0.0914 0.0840 0.0784 0.0744 0.0719 0.0703 0.0696 0.0693
0.30 0.40 0.1093 .0.1015 0.0956 0.0913 0.0884 0.0866 0.0857 0.0853 0.0852
0.30 0.50 0.1173 0.1 1 1 1 0.1066 0.1034 0.1013 0.1001 0.0995 0.0993 0.0993
0.30 0.60 0.1250 0.1203 0.1170 0.1146 0.1132 0.1124 0.1121 0.1 121 0.1120
0.30 0.70 0. 13.25 0.1292 0.1268 0.1252 0.1243 0.1239 0.1237 0.1237 0.1236
0.30 0.80 0.1397 0.1376 0.1361 0.1352 0.1347 0.1344 0.1344 0.1343 0.1343
0.30 0.90 0.1467 0.1457 0.1450 0.1446 0.1444 0.1443 0.1442 0.1442 0.1442
0.30 1 .00 0.1534 0.1534 0.1534 0.1534 0.1534 0.1534 0.1534 0.1534 0.1534

0.40 0.30 0.1142 0.1052 0.0982 0.0931 0,0896 0.0874 0.0862 0.0856 0.0855
0.40 0.40 0.1263 0.1191 0.1 137 0.1099 0.1075 0.1060 0.1053 0.1051 0.1051
0.40 0.50 0.1378 0.1322 0.1282 0.1254 0,1237 0.1228 0.1225 0.1224 0.1224

0.40 0.60 0.1488 0,1447 0.1418 0.1399 0.1387 0.1382 0.1380 0.1380 0.1380
0.40 0.70 0.1594 0.1565 0.1545 0.1533 0.1526 0.1523 0.1522 0.1522 0.1521
0.40 0.80 0.1696 0.1678 0.1666 0.1658 0.1655 0.1653 0.1653 0.1653 0.1652
0.40 0.90 0.1793 0.1784 0.1779 0.1776 0.1774 0.1774 0.1774 0.1774 0.1773

0.40 1.00 0.1886 0.1886 0.1886 0.1 886 0.1886 Q. 1 886 0.1886 0.1886 0.1886

Refer :n iMi/ /-/.? *. Circular when I/Rrm = 0
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f h» \ ( Eq [-42)

(£q 1-43}

/, = h

ll — IjT

Where:

hTR = Vertical distance between trunnion axis and
juncture of ladle bottom and sidewall, in.

(Figs. 1-6, 1-7)

l3i = Moment of inertia of effective bottom band
at trunnion axis, in.4

!Ti = Moment of inertia of effective top band at

trunnion axis, in.4
P = 2 ( Ft + Fs )

rrt + rrb

(Eq 1-44)

(Eq 1-45)

The deflection coefficient, CD, shown in Table 1-8 can, as
an alternative, be calculated from the equation shown in
Appendix B.

1-12 DESIGN OF TILT MECHANISM.

1-12.1 General. The tilt mechanism is designed for use
24on charging and bottom pouring steelmaking ladles . h is

used for tilting the ladle during desiagging operations and
for dumping slag after caster or ingot teeming and shall be
designed to include emergency pouring of an aborted heat.
The configuration shown in this section is one of several
available. The loads and stresses must be calculated based
on the particular configuration.

1-12.2 Primary Functional Requirements. The tilt
mechanism shall be designed to rotate the ladle to an
inverted position and return the ladle to a vertical
upright position. Rotating motion of the ladle is to be
effected solely by use of the crane auxiliary hook.

The tilt mechanism shall be designed with a latching
mechanism to allow safe attachment to the ladle while
the tilt mechanism is not in use.

Design must permit the crane operator to be able to

engage the tilt mechanism without assistance.

1-12.3 Loading Conditions. The tilt mechanism
shall be designed for ladle loadings, as follows:

(1) Desiagging. Use a design service molten
metal weight with tilt angle limited to minimum
required for desiagging.

(2) Dumping slag and debris. Use a skull weight
equal to 10% of the design service molten metal

weight during huJIc (dung. It is assumed dun the skull
is attached to die ladle bottom lining. This accounts t\>r
ihe extreme condition of an aborted heal which resulis
in an amount of frozen metal in the bottom.
(3) Loads imposed during positioning at maintenance

and ladle heating stations. Use empty ladle weight
(includes structural and lining weight) during ladle
tilting for positioning the ladle.
(4) Loads imposed during disposition of aborted heats.
Use a design service molten metal weight with a com¬
plete tilt.

[-12.4 Tilt Mechanism Description. The iadle tilt
mechanism can vary in design from manufacturer to

manufacturer. The primary structural components are
described in Fig. I-14.

The primary structural components are defined as:

(a) Bottom Pivot Plates. The horizontal tilt link is at¬

tached to the pivot plates by a pivot pin.The pivot plates
connect the tilt mechanism to the ladle bottom. The ptn
can be shrunk fit as an option and the installation can .•

be made with or without a wear sleeve.
(b) Horizontal Tilt Link. This pin-connected member
has a pivot on each end and connects the bottom pivot
plates and the vertical tilt link.

(c) Vertical Tilt Link. This pin-connected member con¬
nects the horizontal tilt link to the pick-up pin located
on the upper end of the vertical tilt link.
(d) Latch Plates. Latch plates support the tilt
mechanism when it is not in use. They may also serve
as a seat for the tilt linkage during the early stages of
the ladle tilting.

VERTICAL TILT LINK PICK-UP PIN

LATCH PLATE-

HORIZONTAL TILT LINK
BOTTOM PIVOT PLATE

Fig. i-14 — Tilt Mechanism Components
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1-12.5 Design Conditions. For Liic design conditions, Lite
maximum forces imposed on lite tilt mechanism shall be
determined by evaluating tilt mechanism forces during
various surges of ladle tilting. The load conditions used to
design die tilt mechanism include the structural weight of
the ladle, the maximum (full thickness) weight of the refrac¬
tory lining, the design service molten metal weight and a
skull weight equal to 10% of the design service molten metal
weight. The tilting forces for the slag skimming condition
arc shown in Fig. 1-15.

The force in the tilt mechanism developed by the lifting
hook is calculated as:

As shown in Fig. 1-16, the ladle tilting stages and forces can
be categorized into three stages. Tire following functions are
intended as a guide in designing the tikmccbanism and may
not be typical for all tilt mechanisms.

AT UA (E.q 1-46)

= Maximum hook load on tilt mechanism
during deslagging, kips

= Molten metal design weight, kips

= The structural weight of the ladle steelwork
and full lining, kips

= Moment arm for Wd load, in.

= Moment arm for WD load, in.

= Moment arm for Fs load, in.

(1) Stage 1 Tilling. During stage 1 lilting, die vertical
link is providing the primary lifting force to the ladle.
In some cases the vertical link has a pin which is
temporarily engaged in the latch plates. In other cases
the horizontal link is cantilevered out beyond a bearing
piatc. In the latter case, the vertical link, horizontal link
and pivot plates act to tilt the ladle. The range of liic
ladle tilt angle is from zero degrees to less than 90
degrees.

(2) Stage 2 Tilting. During stage 2 tilting, typically
both the vertical and horizontal links are in pure tension
and the load is transferred into the pivot plates. The
range of the ladle tilt angle is from less than 90 degrees
to about 1 80 degrees.

(3) Stage 3 Tilting. During stage 3 tilting, the ladle is
in a full inverted position. The vertical link, horizontal
link and pivot plates are in a complete tensile stress

state and support the ladle design loads for slag dump¬
ing,

The tilting forces for the slag dumping operation can be
calculated as:

Ws wd + Wd wa (Eq 1-47)

= Maximum hook load on the tilt mechanism
during slag dumping (no molten metal in¬
cluded), kips

= Skull load attached to ladle bottom equal to
10% of the molten metal design weight, kips

= Moment arm for load, in.

Where:

Where:

Fig. 1-15 — Ladle Tilling Forces For Deslagging

1-12.6 Maximum Loads and Service Temperatures for
the Tilt Mechanism Components. The design procedure
is intended to provide the minimum necessary considera¬
tions in the design of tilt mechanism components. The
maximum loadings imposed on the tilt mechanism com¬
ponents shall be determined using the design loads and
design conditions as defined in Section I— 12.3 and Section
I— 12.5. The maximum loadings shall be evaluated using the
full range of ladle tilting for the various stages of the Lilt
angles. Any portion of the tilt mechanism which is con¬
nected directly to the ladle shell, such as die bottom pivot
plates, shall be designed with an identical service tempera¬
ture as die ladle shell. Design of die tilt mechanism com¬
ponents not connected directly to the ladle bottom or
sidcwnll shall be designed at die maximum Indie shell
service temperature.



the allowable limit of combined normal and lÿndme
stresses shall be governed by Eq 1—1.

The allowable shear stress in the tilt mechanism com¬
ponents (excluding the pins and pin connections) ©all be
determined by Eq I- 1 1 . The effective area in resisting shear
may be taken as the effective cross-sectional area m the
plane of the shear force.

The allowable limit of combined normal, bending and
shear stresses shall be governed by the following interaction
equations:

< l.O
(Eq I-48a)

Eq !-4fib)

STAGE 2

STAGE 3

Fig. 1-16 — Ladle Tilting Stages and Forces
During Dumping

1-12.6.1 Design Stresses. Except for the pin-con¬
nected members, the average normal stress through the
various sections of the tilt mechanism shall not exceed the
allowable normal stress (aa) as determined by Eq 1-2 or Eq
1-3 and defined in Table 1-3.

The bending stress in the various members of the tilt
mechanism shall not exceed the allowable bending stress

defined in Eq 1-4.

< 1.0

fa fb fs tn
{Eq i-4ad)— + — + — < 1.0

Ti

Where:

fs = Actual shear stress, kst

In the case of emergency tilting, such as for an aborted heat,
the allowable stresses shall be the yield strength of the
material.

[-12.7 Design of Pin-Connected Members. A pin-con¬
nected member used in the tilt mechanism is classified as an
eyebar or a pin-connected plate link. The design of the
eyebar has been developed by accepted practices in regard
to relative proportions and distribution of material in die
eyebar head. Typically the pin-connected plate link is made
by boring the holes for the pins near the ends of a plate link.
Appropriate codes21 shall be used in the design of these
members.

The allowable tension stress on the effective net area of a
pin-connection member shall be determined by Eq 1-49:

a' = 0.75 op, (Eq 1-49)

Where:

a'a = Allowable normal tension stress on the effec¬
tive net area of the pin-connection member,
ksi

1-12.7.1 Eyebar Design. The eyebar shall be of
uniform thickness without reinforcement at the pin holes.
The eyebar shall have a 'circular' head in which the
periphery of the head, beyond the pin hole, is concentric
with the pin hole.
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The IraiisiLion radius between die circular head and the
body of the eyebar shall be equal to, or greater than, the
diameter of Lhe'hcad, as shown in Fig. I-17.

The width of the eyebar body shall not exceed 8 times the
eyebar thickness and the thickness shall not be less than
i/2 in.

The net area of the head through the pin hole, transverse
to die ax is of the eyebar, shall not be less than 1.33 nor more
than 1.50 times the cross-sectional area of the body of the
eyebar.

The diameter of the pin shall not be less than 1/% of the
width of the body of the eyebar. The diameter of the pin hole
shall not be more than Vi2 in. greater than the diameter of
die pm. For steels having a yield stress greater than 70 ksi,
die diameter of the pin hole shall notexceed 5 times the plate
thickness.

Thickness limitations on eyebars shall not be waived
whenever external nuts are provided for tightening pm
plates and filler plates into snug contact.

H Dp Dph Dp

= Transition radius in eyebar, in.
= Outer diameter of eyebar, in.
= Width of bar portion of plate link or eyebar, in.
= Thickness of plate link or eyebar, in.
= Pin diameter, in.

= Pin hole diameter in plate link or eyebar, in.

FOR ALL STEELS
R, > nh
lc > 0.5 in.

Dph - 0P < V32 in.
1 .33 H', /, < (Dh - Dph) it < 1.50 Wc te

Wt <8 0
Dp > Vi We

FOR STEELS WITH or GREATER THAN 70 KSI
Dph < 5 ie

Fig. 1-17 — Eyebar Geometry Requirements

1-12.7.2 Fin-Connected I'late [finks. In pin-con¬

nected plates links, the tensile stress on the net area,

transverse to the axis of the member, shall not exceed die
allowable tensile stress defined by Eq 1—49, and die bearing
stress on die projected area 'of the pin shall not exceed the
allowable average bearing stress determined by:

= 1.5 a„ Iq 1-50)

- The minimum net area beyond the pin hole, parallel to die
axis of the member (Fig. 1-18 cross-secuon B-3), shall not

be less than V) of the net area across the pin hole as described
in Fig,1-18, cross-section A- A.

If stiffeners are used on a pin-connected plate link, their
height shall not exceed 4 times the thickness at the pin hole.
The diameter of the pin hole shall not be less than 1.25 times
the smaller of the distances from the edge of the pin hole to
the edge of the pin-connected plate link or separated element
of a built up member at the pin hole.

In pin-connected plate links, the pin hole diameter shall
not be more than V32 in. greater than the pin diameter.

The corners beyond the pin hole may be cut at 45 degrees
to the axis of the member, provided that the net area beyond
the pin hole, on a plane perpendicular to the cut, is not less
than that required beyond the pin hole parallel to the axis of
the member.

Thickness limitations on the pin-connected plate link shall
not be waived whenever external nuts are provided so as to
tighten pin plates and filler plates into snug contact.

Dt - WIDTH OF PLATE EXTENSION ON PLATE LINK, IN.
D,<4te Dph > 1.25 D:
lc > 0.5 in. Ddie>V, {Wc - Dph) le
Dph < Dp +ÿ lAi in.

Fig. 1-18 — Pin-Connected Plate Link
Geometry Requirements
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1-12.8 Design of Latch Plates and Tilt Bearing Devices.

The latch plate is shown m Fig. 1-14. If a latch plate or other
tilt bearing device is to provide a compressive support for
the linkage system, as shown in Fig. 1-14, then it shall he
designed by appropriate methods against all applicable
modes of failure. Design stresses used shall be those defined
in either Eq 1-2 and Eq 1-3 or Eq 1-4.

If a reinforcing plate is used to attach the latch plate to the
sidewall, then the thickness of the reinforcing plate shall
equal the sidewall plate thickness. The reinforcing plate
shall be connected to the sidewall plate by a continuous full
thickness Fillet weld. The reinforcing plate shall have a vent

hole located away from the welds and latch plate attachment.

1—12.9 Design of Other Style Tilt Mechanisms. The use
of tilt mechanisms made of chain links and cables is not

encouraged. If chain links or cables are used, the
manufacturer's breaking strength data at design service
temperatures should be used to select the appropriate size of
the member. The design load for the member shall be deter¬
mined by applying appropriate factors of safety to the
manufacturer's breaking strength data.

In the case where complicated forged or machined con¬
figurations of pin-connection members are used, detailed
analytical procedures, such as finite element methods, shall
be used to evaluate the design stresses. The design stresses

shall satisfy the allowable stress limits for normal and bend¬
ing stresses specified in Eqs 1-2, 1-3 and 1-4, respectively.

1-12.10 Non-Structural Appurtenances. If the design in¬
cludes non-structural appurtenances such as those used to

permit unassisted coupling and uncoupling to the crane hook
by the crane operator, the total design, including the appur¬
tenances, shall not permit a decrease in the structural

strength of the tilt mechanism. The appurtenance mav >ers c
only to satisfy the Junctional requirements or the tilt
mechanism.

Optional latch guard bars may be provided on the ladle to

prevent or minimize accidental disengagement of the tilt
mechanism while die ladle is set down on uneven surfaces.
In some cases, bottom ribs and other primary structural
members may serve as guard bars. If guard bars are included
tn the design, die guard bars shall be designed as load
supporting members if ihe design assumes that operating
loads are imposed on the guard bars during typical ladle
operation.

If the design includes a guard plate attached to the outside
of the ladle sidewall to protect the sidewall against impact
damage imposed by the auxiliary hook, the design should
specify that die guard plate be attached in such a manner as
to minimize thermal expansion stresses developed in die
ladle sidewall.

1-13 RIVETED SIDEWALL CIRCUMFERENTIAL
CONNECTION JOINTS

1-13.1 General. The use of riveted sidewall connection
design procedures may be required when it is necessary for
the field assembly of a new ladle. In the case of an existing
ladle that is revised to a caster and/or clean steel processing
ladle, the existing riveted connection shall be upgraded
according to the following design requirements'4.

A riveted sidewall circumferential connection joint is

typically a sidewall plate connection below the bottom
stiffener band and/or a sidewall plate to bottom plate con¬
nection.

In an existing ladle, if the rivet connection can not be
revised to satisfy the following design requirements, the
sidewall connection shall be revised to a welded connection.

-BUTTSTRAP
, ,9ai

-(jÿ-

-SPLICE IN SIDEWALL
PLATE

Fig, [-19 — Rivet Connection

[-13.2 Design of the Riveted Sidewall Connection, The
riveted connection shall be a lap joint made of a single
buttstrap.The buttstrap plate strength shall be at least equal
to the sidewall plate strength.

The number of required rivets on each side of a single
buttstrap type connection or a single riveted lap type con¬
nection shall be determined by Eq 1-51:

Nt > 0.70
(Eq [-51]

Where:

Aw = Cross-section of the ladle sidewall measured
adjacent to the bottom plate,
sq in.

Nt = Number of required rivets on one side of the
connection

xr = Allowable shear stress for rivet, ksi
(Section 1-5.6)
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[-13.3 Minimum Rivet Spacing and Edge Distance. For
a typical staggered rivet pattern, as shown in Fig. I-19, the
minimum spacing between the centers of rivet holes,

measured in (die circumferential direction, shall not be less
than three times Uie nvet hole diameter (3 dr). The minimum

distance between adjacent circumferential rows of rivets
shall be l-Va dr.

The spacing between rivets may be less than the minimum
values defined above provided the stress in the ligaments,
between rivets in the circumferential direction and those in
the diagonal direction, does not exceed the allowable nor¬
mal stress defined by Eq 1-52.

The minimum edge distance from the center of the rivet
hole to Uie edge of the plate, except for rivet hole's in the
ends of the buttstraps, shall not be less than 1 1/4 dr nor more
Uian IV-t dr.

In addition to nvet spacing and edge distance, the distance
from the bottom edge of Uie bottom stiffener band to the first
row of rivets shall not be less than Uie distance defined by
Eq 1-39.

1-13.4 Allowable Stresses in Rivets. The maximum al¬
lowable shear stress in a rivet is defined in Section 1-5.6.
The allowable shear stress is used in Eq 1-51 to provide an
initial estimate of Uie number of required rivets. The maxi¬

mum allowable bearing stress in a rivet shall be twice that
permitted for shear stress. In the case of a countersunk rivet,
one-half Uie depth of the countersink shall be deducted in

Uie calculation of the total bearing area of the rivet.

1-13.5 Allowable Stress in Sidewall Plate. The allow¬
able sidewall plate stress defined in Eq 1-52 is for the
minimum net effective area of the sidewall plate in the
vicinity of the riveted connection.

The calculation of stress in the sidewall plate, remote from
the riveted connection, is not required for the riveted con¬
nection design since the sidewall plate Uiickness is defined
in Section 1-10.

The average normal tensile stress in the minimum net

effective area of Uie sidewall plate and buttstrap at Uie rivet

connection shall be defined by Eq 1-52:

W, (Eq 1-52)
a'nh = 7ÿ - 1 -4 a«

Where:

An = Minimum net effective cross-scctional area
in the sidewall plate and buttstrap plate shall
be equal to Uie plate thickness times the
minimum net width, in. The minimum net
width is calculated by subtracting Uie sum of
Uie hole diameters in any given chain of
holes from Uie total circumference, and ad¬

ding for each diagonal gage space, die quan-

.
2

titv: -—
' 4Sa

ga - Transverse spacing (gage) of two holes, in.

c'ah = Average normal tensile stress in Uie minimum

net effective area of the rivet connection

plate, ksi

Sp = Longitudinal spacing (pitch) of any two suc¬
cessive holes, in.

The allowable bearing stress imposed on the sidewall plate
and Uie buttstrap plate by the rivets shall be defined by Eq
1-53.

abh = !-6 oa (e9 i-53)

Where:

abh = Allowable bearing stress imposed by Uie
rivets on the sidewall plate, ksi

For countersunk rivets, one-half lite countersink shall be
deducted in calculating the total bearing area of Uie rivet.

In addition, Uie minimum net effective cross-scctional area
(An) in the sidewall plate and buttstrap plate at the riveted
connection shall be equal to or greater than 70% of Uie
cross-sectional area of the sidewall plate measured at Uie
bottom plate attachment.

1-13.6 Postweld Heat Treatment. It is recommended
that whenever possible, that all heat treatment required for
Uie ladle be completed before riveting Uie sidewall.

1-13.7 Preparation of Plate Edges. The edges of the
sidewall plate, buttstraps, and bottom plate shall be cham¬
fered to a depth of not less than one-fourth of the thickness
of the material, but in no case more than in.

1-13.8 Buttstrap End Connection. The ends of a butt¬
strap shall be connected by a full penetration weld.

1-14 DESIGN OF SUPPORT LEGS FOR DISHED
BOTTOM LADLES.

1-14.1 General. A dished bottom ladle may be designed
?4wiUi support legs at Uie periphery of the dished bottom . If

support legs are chosen as a method of ladle support, then
only three legs shall be used to provide stability to Uie ladle
on an uneven resting surface.

1-14.2 Loading Conditions. Design of Uie legs shall be
based on the following: during a ladle set down, assume that
only two of Uie legs will be used to support the total design
operating weight of the ladle. Also, the design shall include
a simultaneous horizontal shear load equal to one half of Uie
vertical leg load applied to each of Uie two load bearing legs.
At rest, the ladle will be supported equally by Uie three legs.
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1-14.3 Description of Support Legs. Each support leg
shall be attached to the knuckle region of Lhc dished bottom,
as shown in Fig. 1-20. The support leg shall be constructed
of pipe or similar cylindrical stock. The support leg wall

thickness shall not be less than the thickness of the sidcwall
plate below die trunnions. The bottom of the support leg
shall be capped with a plate equal in thickness to the support
leg wall thickness. A vent hole Vd in. in diameter shall be
drilled through the bottom cap plate. The top of the support

leg shall be capped with a plate to prevent debris from
collecting inside the support leg.

1-14.4 Design of the Support Leg. The cross-sectional
size of the support leg shall have sufficient strength to
satisfy Eqs l-54a, I-54b and I—54c:

< 1.0

2 SL ab

At CTa

< 1.0

Fy La
2 $L °b

(Eq I-54a)

(Eq I—54b)

'(Eq I—54c)

Where:

Al = Cross-sectional area of support leg, in.2
SL = Section modulus of support leg, in.3
Fv = Vertical load on support leg equal to one-half

the total design service loadof the ladle, kips

La = Maximum support leg length necessary to

provide appropriate clearance under ladle,
in,

The length of support leg (Lc) connected to the sidewall
plate shall be determined by Eqs I-55a, I—55b, I-55c and
!-55d:

/(vnVivr (Eq,-55a)

Where:

Where:

2.35 Tl as

Fy La
4-70 rm Tt as__

1 AJFv la
1.24 V tl as

(Eq I-55b)

(Eq I—55c)

(Eq I—55d)

Length of support leg actually connected to

sidcwall plate, in.

Fig. 1-20 — Support Leg Geometry and Loads

= Component leg length required for vertical
force, Fv, in.

." = Component leg length required for horizon¬
tal force in the plane of support leg and
sidewall plate, in.

. "' = Component leg length required for horizon¬
tal force normal to sidewall plate, in.

= Thickness of support leg wail, in.

, = Mid-thickness radius of support leg, in.
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The support leg attachment length is described in Fig.
1-2 1 . The length Lu (Fig. 1-20) is a function of flic shape of
the dished head.

The support leg shall be attached to the bottom plate and
idcwall plate with a continuous full penetration weld.

o aw- !!

lc=lc'+Slc">+lc""

SUPPORT LEG

0.85FHLA

ig. 1-21 —ÿ Attachment Length (Lc) of Support Leg

15 ASSEMBLING AND WELDING LADLES IN
THE SHOP AND FIELD

5.1 Fitting. Fitting of plates for butt welding shall be
iccordance with Lhe ASME Code, Section VII, Division
vVedgmg, clamping or heating is permitted to achieve
per alignment.

5.2 Cleaning. All joints must be free of scale, rust and
other ndhcrcnces. All paint or protective coatings must

omplctcly removed before any welding begins.

1-15.3 Welding. Welders, operators and wcldine proce¬
dures shall be qualified in accordance with die ASME Code,
Section VIII, Division I. The requirements of Sections
1-4.5 and 1—4.6 shall be met.

1-15.4 Weld Defects. Visual weld quality shall be in ac¬
cordance with the ASME Code, Section VIII, Division 1.
Undercutting, lack of fusion, lack of penetration, overlap or
bead cracking shall not be permitted. All repairs must be
made prior to depositing subsequent beads or layers of
welds. Defective areas mustbe removed by chipping, grind¬
ing or air-arc gouging. No flame gouging shall be permitted.

1-15,5 Inspection and Nondestructive Tests of Welds.

When visual inspection only is to be used, it shall be stated
by the purchaser on the OlS. When nondestructive tests are
required they shall be made and evaluated in accordance
with the ASME Code, Section V, Nondestructive Examina¬
tions.

1-15.5.1 Recommended Nondestructive Tests. The
following nondestructive tests are recommended as a min¬

imum requirement:

(1) Dimensional check of plate thicknesses

(2) Visual inspection of weld preparation and
workmanship

(3) Verification that the welded surfaces are clean and
free from moisture, hydrocarbonous residues and
oxidation

(4) Verification that the proper qualified welding pro¬
cedure and filler metal have been employed
(5) Visual inspection of the finished weld

(6) Verification of repair of any defect in the weld
before postweld heat treatment.

1-15.5.2 Optional Nondestructive Tests. The pur¬
chaser may request additional testing and inspection proce¬
dures such as:

(1) Dye penetrant

(2) Magnetic particle
(3) Ultrasonic (in accordance with die ASME Code,
Section V)

(4) Radiographic (in accordance with the ASME Code,
Section V)
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PART II: LADLE DESIGN — REFRACTORY LINING

11-1 SCOPE.

Part II of this Technical Report addresses the use of high
strength refractories in ladles to assist the user in obtaining
optimal ladle life and in minimizing ladle repair. s

11-2 LADLE LINING.

11-2.1 General. The specifications on ladle refractories
include recommendations on the lining design and provide
suggestions on the manner in which various operating con¬
ditions, such as preheating and other clean steel practices.
are imposed on the ladle. The recommendations are not
intended to restrict the use of the ladle, but rather to provide
insight into improving ladle life and reducing adverse ladle
environments.

11-2.2 Lining Insulating Capacity. The difference in in¬
sulating capacity between the bottom lining and the wall
lining should be minimized in order to reduce the tempera¬

ture difference between the bottom plate and the sidewail
plate. The temperature difference becomes more
pronounced during sustained ladle preheat and hot metal
hold time.

II—2.3 Estimating Wall Working Lining Thermal Expan¬
sion Stress. During initial ladle preheat, resin-bonded
dolomittc, high-alumtna and direct-bonded mag-chrome
refractory working linings develop considerable expansion
forces if compressible expansion allowance material is not

included in the ladle .wail lining system. Circular ladle
sidewail stress (circumferential stress) shall be determined
by Eqs II—Ia, II— 1b and II—lc.

5 = awl A0W/ Rwl - as &QS Rj(ave) (Eq II-la)

RsUye) (Eq II—1c)
fex = P —J—

Where:

Es = Modulus of elasticity of ladle sidewail plate,
ksi

Ewt = Average modulus of elasticity of wall work¬
ing lining refractory, ksi

fex = Circumferential stress in ladle sidewail plate
resulting from thermal expansion of the wall
working lining refractory, ksi

p = Effective radiai pressure applied to the ladle
sidewail plate caused by the differential ther¬

mal expansion between the working lining
and the sidewail, ksi

Riiavc) = Average radius of sidewail plate, in.

Rvw = Mid-thickness radius of wall working lining,
in.

t = Thickness of ladle sidewail piate, in.

©; = Thickness of wall working lining refractory,
in.

cis = Linear coefficient of thermal expansion of
the ladle sidewail piate, m./in. °F

awi = Linear coefficient of thermal expansion of
the wall working lining, m./in. °F

A0S = Increase in ladle sidewail plate temperature
from ambient temperature, °F

AQwi = Increase in wall working lining mid-thick¬
ness temperature from ambient temperature,
°F

5 = Interference applied to the ladle sidewail
resulting from differential expansion of wall
working lining and ladle sidewail, in.

Obround or oval ladle sidewail stress shall be determined
by Eqs II— 1a, II-lb and II— 1c and using the modification
defined in Eq II—2a and Eq II—2b,

R's(ave) R'wi are calculated from:

„ , _ ÿmax (ave) ÿmin (ave) (ÿ9 II-2a)
ÿ s(ave) ~

2

n , (ave)
ÿ ÿivimn(ave) ÿ 2b)

R wt- 2

Where:
R 's(ave) = Effective average radius of sidewail plate

of obround or oval ladle, in.
R 'wl = Effective mid-thickness radius of wall

working lining of obround or oval ladle,
in.

ÿmax (ave) = Maximum average radius of sidewal 1
plate of oval or obround ladle, in.

ÿmin(ave) = Minimum average radius of sidewail
plate of oval or obround ladle, in.

ÿwmax (ave) ~ Maximum average mid-thickness radius
of working lining of oval or obround
ladle, in.

Aÿnin (ave) = Minimum average mid-thickness radius
of working lining of oval or obround
ladle, in.
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11-2.4 Wall Working Lining Expansion Allowance. The
purpose of wall lining expansion allowance is to reduce the
thermal expansion forces of the working lining to

reasonable values so the ladle shell is not exposed to un¬
desirable levels of thermal expansion stresses1' . The recom¬
mended provisions for expansion allowance material for
wall working linings are in addition to the expansion al¬
lowance provided by lite brick mortar joints.

The recommendations for expansion allowance apply
only for expansion allowance use in the wall working lining
and not in the bottom lining. Regardless of the type of
working lining, plug type or other similar bottom lining
designs do not require expansion allowance.

Fireclay brick, if used as a wall working lining, is a low
strength refractory and therefore does not require expansion
allowance consideration. Similarly, other low strength wall
working lining materials, such as pitch-bonded refractories,
Jo not require expansion allowance consideration.

The expansion allowance recommendations apply to the
user Uiat employs resin-bonded dolomitic, 70% alumina and
direct-bonded mag-chrome working linings in combination
with ladles exposed to standard or ramp preheat and hot
metal hold times consistent with clean steel processes and
continuous caster environments.

11—2.4.1 Wall Working Lining Radial Expansion Al¬
lowance. Tabic II-l describes die range of recommended
radial expansion allowance for the wall working lining. The
ihrec types of working lining refractories considered arc
resin-bonded dolomitic, 70% alumina and direct-bonded
mag-chrome. In order to accommodate the recommended
expansion allowance, the expansion allowance material is
expected to be compressible and placed on the cold face side
(Fig. II-l) of the working lining.

It is recommended the user thoroughly review Section
IV-1 before using expansion allowance in die lining design.

Supplementary to Table II-l, the recommended amount
>f radial expansion allowance for die wall working lining

m

WORKING

LINING

BACK-UP

LINING

SIOEWALL

ÿ jj Radialexpansion

Allowance material
thickness=Tb

Fig. 11-1 — Expansion Allowance Material tor Radial
Growth of Wall Working Lining

can be calculated using Eq II—3a and II—3b. Inno case shall
the calculated expansion allowance exceed the amount

defined in Table II-!.
For 70T alumina or rcsin-bonded dolomitic brick work¬

ing lining'

ZR = 0.003 Rhf (Eq II-3a)

For direct-bonded mag-chrome working lining:

ZR = 0.006 Rhf (Eq II—3b)

Where:

= Hot face radius of wall working lining, in.

= Amount of radial expansion allowance on the
cold face side of the wall working lining, in.

Table 11-1 — Recommended Amount of Radial Expansion Allowance, Zr, for the Wall Working Lining

Type of Working Lining Recommended Amount of Radial Expansion! Allowance, Zr, in.

Size of Ladle, tons

70Of Alumina

Resin-Bonded Dolomitic

Direct-Bonded Mag-Chrome

t Amount of comprccriiuhfy of ihe expansion allowance maScrial.
iho conipror.r i hi 1 1( y of [he monar minor ha.r been (aken into conridcrapon.



it' slag zones (or other complete circumferential types of
zoning) are used, the amount of radial expansion allowance
is calculated using he applicable equation for the refractory
used in die slag zone. For zones which occupy a partial
circumferential distance, the radial expansion allowance is

calculated using Lhe summed portions of die refractory
materials of the working lining.

If ramp preheat ( 100 to 2Q0°F per hour) is used for a cold
ladle with a 70% alumina working lining, expansion al¬
lowance is not required. In Lhe case of standard preheating
of a 70% alumina working lining, expansion allowance is
required. However, for direct-bonded mag-chrome or resin-
bonded dolomitic working linings, expansion allowance is
recommended regardless of Lhe preheating rate.

For wall working lining refractories, other than those
described in Table II-1, investigations shall be undertaken
by the ladle user to determine the appropriate need for
expansion allowance.

Circular ladle sidewall stress (circumferential stress) with
expansion allowance shall be determined by Eqs II—3c,
II— Ib and II— Ic. Obround or oval ladle sidewall stress with
expansion allowance shall be determined by Eqs II—3c,
II— 1b and II— 1c and using the modification defined in Eqs
II—2a and I'I-2b.

iowance is calculated using the predominant reiiacnuv
make-up ol the wail working iininz,

Compressible refractory materials are recommended oz
die axial expansion of the wall lining. These materials arc-
used under the hp ring, as shown schematically in Fm. II—2.
Typically, 2 to 3 in. (TEM) of this type material is required
to provide Lhe appropriate amount of expansion allowance
iZA). These materials are recommended providing die
manufacturer can supply data on the percent of compres¬
sibility of lite material when subjected to loads of 200 to 300
psi.

11—2.5 Compressible Expansion Allowance Materials.
Compressible refractory materials are recommended for the
expansion allowance material. These materials include

Axial expansion
allowance material
thickness=7EM

WORKING BACK-UP SIDEWALL

LINING LINING

Fig. 11-2 — Expansion Allowance for Axial Growth of
Wall Working Lining

11-2.4.2 Wall Working Lining Axial Expansion Al¬
lowance. Expansion allowance for axial growth of the wall
working lining is recommended. The expansion allowance
material shall be placed between the top of the wall lining
and lip ring, as shown in Fig, II—2. The amount of axial
thermal growth in the wall working lining is calculated as
follows:

For 70% alumina brick or resin-bonded dolomitic work¬
ing lining:

ZA = 0.0033 LqÿD (Eq II-4a)

For direct-bonded mag-chrome working lining:

ZA = 0.0069 Lmc (Eq II—4b)

Where:

L70rD = Axial length of 70% alumina or resin-bonded
dolomitic wall working lining, in.

Lmc = Axial length of direct-bonded mag-chrome
wall working lining, in.

ZA = Amount of axial expansion allowance for
wall lining, in.

If slag zones (or other complete circumferential types of
zoning) are used, the axial expansion is calculated by sum¬
ming the separate contributions of the various axial lengths
of the 70% alumma brick and direct-bonded mag-chrome
brick. For wall working lining zones which occupy a small
part of a circumferential region, the axial expansion al¬
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Ladle lining expansion
load approx. 300 to 800 psi

\ - °/o Compressed=10Q-1.5 x tg
Y\ (approx.)

PB = Percent of compressibility of expansion al¬
lowance materiaJ

qg = Density of expansion allowance material.
lb/ft3

The expansion allowance material thickness is calculated

rb = — x 100
' a

(Eq II—6)

10 20 30 40 50 60 70 80 90 100

Percent compressed

Fig. II-3 — Compressibility of Blanket Material

alumina or mineral fiber blanket and granular refractory
backing materials. Based on experience and lining prac¬
tices, the most appropriate working lining expansion al¬
lowance material shall be selected by the user.

For a typical range of working lining thermal expansion
force, the percent of board and blanket compressibility is
descnbed inFig. II—3.The percent of board and blanket type
material compressibility is calculated as:

= 100 - 1.5 (Eq II 5)

Where:

Tb = Thickness of expansion allowance material
behind working lining, in.

The manufacturer's temperature rating should be con¬
sidered in selecting the appropriate expansion allowance
material.

The compressible expansion allowance material is placed
on the cold face side of the working lining, thus allowing
replacement of the expansion allowance material with each
new working lining.

[1-2.6 Lining Stabilization. When expansion allowance
materials are employed in the ladle wall working lining,
ladle tilting and resulting lining shift must be avoided. For
an initial time period, vertical (upright position) ladle
preheating is recommended in order to stabilize the lining.
Table II—2 provides a range of recommended initial mini¬
mum preheat times for either a normal preheat or ramp
preheat, using commercially available preheaters. The ini¬
tial minimum preheat times assume a new working lining
thickness of about 5 in. starting at ambient temperature, and
do not include the effects of drying lances or other initial
temperature effects.

If the preheating rates used are other than those shown in
Table 11-2, appropriate allowance should be made for the
initial preheat time before ladle Lilting.

Table II—2 — Recommended Initial Preheat Time Prior to Tilting Cold Ladle

Minimum Vertical Preheat Time before Ladle Tilting, hr

Thickness of Radial Expansion
Allowance Material, in.

Standard Preheatf Ramp Preheat
(100 to 200°F/hr)

t Standard preheat increases the working lining hot face temperature to

approximately 1500°to 2000°F within thefirst hour of preheat.
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PART III: LADLE INSPECTION. REPAIR, ALTERATION
AND MAINTENANCE

If dimensional requirements of the ladle structural com¬
ponents are not satisfied, the ladle user shall have die struc¬
tural integrity of the ladle evaluated by a ladle manufacturer
or qualified agent.

In addition to inspection for dimensional changes, ladle
components should be inspected for cracks and other types
of structural deterioration. In the case of bent or severely
distorted structural components, the component shall he
replaced.

The recommended areas for inspection do not rule out die
need for inspecting other structural details which may be
unique to the users ladle design.

Ladle repair of the various structural components shall be
made according to the details described in Section 111-4.

111-1 LADLE INSPECTION.

Detail I Detail II Detail II!

Detail IV

TOP OR .
BOTTOM BANDDetail V

Detail Vli

LADLE
BOTTOM

i

Detail VI

Fig. III-1— Recommended Ladle Details for
Inspection

III-2 LADLES WITH RIVETED LAP JOINTS.

1H-1.1 General. At a minimum, inspection of attractive
ladle is recommended once per year. Practices may dictate
more frequent inspection, inspection procedures similar to

those described in Section 1-15.5.1 and 1-15.5.2 may be
used.

IiI-1.2 Ladle Details for Inspection. -Described in Fig.
Ill-1 are details of the structural components recommended
for inspection on active ladles. The components may not be
representative of ail ladles but are intended to provide
guidance in identifying the more critical regions for inspec¬
tion.

Detail I— The regions surrounding the circumferential
welds of the stiffener bands. These regions include both the
inside sidewall surface and the outside sidewall surface.

Detail II and III— Both the inside and outside surface
of the full penetration butt welds in the ladle sidewall plate,
especially the weld within a distance of 2iRs t from each
side of the stiffener bands.

Detail IV — The offset regions of the stiffener bands.
Typically, the offsets occur at the edges of the trunnion
block. Particular attention should be given to the radius
region of the offset.

Detail V — The full penetrationbutt welds of the stiffener
bands, especially in the region of the bands at the cross axis
(section 90 degrees to trunnion axis of ladle) and in the
region of the trunnions.

Detail VI — The full penetration butt weld (circumferen¬
tial) connecting the bottom plate to the sidewall plate. The
bottom plate can be dished or flat.

Detail VII — The trunnion pin, especially on the bottom
side of the pin, in the region of the trunnion block and
trunnion plates. Inspection in the trunnion region should
include welds and pins connecting the trunnion block struc¬

ture to the ladle sidewall and stiffener bands.
Detail VIII— (Not shown in Fig. Ill—1) The bottom ribs,

in the region of welds connecting the stiffeners to the skirt,

and the region of the welds connecting the ribs to the bottom
plate. Also, the tilt mechanism shouldbe routinely inspected
for structural defects in the linkage, linkage pins and other
parts of the mechanism.

For ladles in which corrosion, wear or other damage has
resulted in a reduction in dimensions, the stresses are to be
recalculated using actual measured dimensions. The criteria
set forth in Sections 1-5.4.7 and 1-5.5.4 of this technical
report are then to be utilized to determine the necessity for
replacement or repair. Section 1-5.4.7 covers stresses in
used components other than trunnion pins and Section I-
5.5.4 covers stresses in used trunnion pins.

The strength of riveted lap joints shall be evaluated in

existing ladles that are used in continuous caster or clean
steel environments in combination with high strength
refractory working linings. The existing riveted lap joint
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shall have strength greater than 70% of a riveted joint
design, as defined in Section 1-13, The strength of the
existing nvctcd connection shall be based on actual
measured dimensions and the allowable stresses of the ladle
components. If the strength of the riveted connection does
not satisfy die 70% strength criteria, due to loss of material
from corrosion and wear, or due to insufficient strength in
die connection design, then lite existing riveted connection
shall be replaced by either a revised riveted connection
design or a full penetration weld connection satisfying die
requirements in Part Iof these specifications.

1!1-3 LADLE REPAIR AND ALTERATION "

PROCEDURES.

Ill—3.1 General. During ladle life, repair and alteration
by die user may be required to maintain serviceable condi¬
tions and to maintain the structural integrity of the ladle. It
is important to distinguish between a ladle repair and a ladle
alteration.

A repair constitutes a rework of the ladle in order to

maintain the structural integrity of the various ladle com¬
ponents. A repair is defined as a rework of die ladle without
deviation from die original ladle design.

An alteration can be either a form of rework in which a
structural component of the ladle is changed from the
original specified geometry, or a change in the ladle operat¬
ing conditions, such as changing from ingot teeming to

continuous casting.

II1-3.2 Procedure lor Ladle Repair. A ladle repair may
be made in the field by die ladle user or his agent. To make
a satisfactory repair Lbe following procedure is recom¬
mended: *

( 1 ) The ladle user shall prepare a list of problem areas
and operating restrictions.

(2) The ladle manufacturer or qualified agent shall
submit a rework plan to the ladle user for review and
comment.

(3) If die ladle manufacturer or qualified agent agrees
the user has adopted an appropriate repair procedure,
then die user can proceed with the proposed repair.
(4) An inspection of Lhc complete repair shall be made
by the user or a qualified agent selected by the user. If
the repair was made by a party selected by die user, the
complete repair inspection results shall be made avail¬
able lo the repair party.

II—3.3 Procedure for Ladle Alteration. A ladle allcra-
ion may be made in the field by the ladle user or his agent.
To make a ladle alteration die following procedure is rccom-
nended:

il) The ladle user shall prepare an outline of the
proposed alteration.

(2) The ladle manufacturer or qualified agent shall
perform a structural analysis of die alteration consistent
widi die requirements of diesc specifications. Complete
structural details and requirements shall be determined
by the analysis and made available to the user.

(3) Following the analysis, the ladle manufacturer or
qualified agent shall prepare a proposal which includes
details of the alteration and follow the procedures
recommended for ladle repair.

in the case where the alteration is a change in the operating

condition and not a structural alteration, the ladle user shall
review die change in the operating conditions widi a ladle
manufacturer or qualified agent to determine the impact of
he operating conditions on he structural integrity of he
ladle. If necessary he recommended alteration procedure
shall be followed.

II.I—4 REPAIR AND MAINTENANCE DETAILS OF
STRUCTURAL COMPONENTS.

111-4.1 General. The ladle shall be maintained such hat
he structural components can function as intended in he
original design. The refractory linings shall be maintained
such hat he design temperatures for die ladle are not
exceeded during typical ladle operations.

Hardships and difficulties in making field repairs may
require alternate methods, techniques and procedures from
hose normally used in ideal fabrication shop environments.

Routine ladle inspections should be made as recom¬
mended in Section III—1. Ladle repairs shall be made ac¬
cording to the procedure defined in Section 111—3 .

Nondestructive testing and inspection of he repair is recom¬
mended. Ladle repairs shall be made according to he fol¬
lowing details.

II1-4.2 Sidewall or Bottom Patch. The sidewall or bot¬
tom patch shall be made to replace severely distorted or
buckled sections of he sidewall or bottom plate, as well as
any portion of he sidewall or bottom plate in which he
thickness is less than 70% of he original design thickness.

In he case of a molten metal break-out, he opening shall
be enlarged to a distance of three times he plate thickness
beyond he edge of he break-out. The patch and matching
cut-out portion of he sidewall or bottom plate shall have
rounded corners with a radius equal to or greater than 3
times he plate thickness. The patch plate shall be welded
with a butt joint attained by double welding or other means
which will result in he same quality of deposited weld on
he inside and outside weld surface.

The patch plate material shall have a material specifica¬
tion number and grade equal to he original plate material.

Temporary or permanent patching through Lite use of
overlapping patch plates attached with Fillet welds is not

recommended.

0



III—4.3 Closure of Vent Holes. The closure of existing

vent holes is necessary where ladles will he exposed to

vacuum in metallurgical stations.

Vent holes are typically IT in. diameter on 9 in. centers.

In order to provide adequate fill welds, the holes shall be
enlarged to a minimum diameter equal to the plate thickness
plus 1/4 in.

Ill—4.4 Repair of Welds. The repair of welds is necessary
when the weld strength has deteriorated due to wear, cor¬
rosion or other causes resulting in loss of weld dimension
or due to weld cracks and other signs of weld strength loss.

The existing weld should be removed, preferably by
grinding, and replaced with a weld defined by the ladle
design.

Preheat temperatures and post weld heat treatment shall
be imposed based on the cnticality of the weld, the thickness
of material being welded, and other factors of the repair.

Ill—4.5 Crack Repair. Temporary crack repair shall be
made by drilling holes at the ends of crack tips. The diameter
of the drilled holes shall be equal to the thickness of the plate
or the thickness of the material measured parallel to the
crack tip.

The hole drilling technique is a temporary repair usedonly
to curtail the crack growth. When the holes are drilled,
immediate plans should be made to make permanent repair
of the crack.

Permanent crack repair shall be made by either removing
the cracked section and replacing with patch plates, or by
complete gouging and grinding of the cracked section and
replacement of the removed material with weld deposits.

111-5 ALTERATIONS TO LADLES.

111-5.1 General. Existing ladles may need to he altered ;e

accommodate changed operating requirements. Alterations
require the evaluation of the structural integrity of the ladle
and shall be made according to the procedure defined in
Section III—3 . Nondestructive testing and inspection of the
alteration is recommended. The following details are
defined for each alteration.

Ill—5.2 Additional Freeboard. Additional freeboard re¬
quires the vertical extension of the sidewalk either above
the upper stiffener band or below the bottom stiffener band.
The freeboard plate shall have a material specification equal
to the existing sidewall plate, and may be attached to the
upper sidewall by a riveted or bolted lap connection joint or
by a full penetration butt weld joint.

Ill—5.3 Slide Gates. The addition of slide gates to the
ladle bottom typically involves modification of the ladle
bottom. For the ribbed ladle bottom, ribs may be relocated
requiring a complete evaluation of the strength of the
modified ribs. For reinforcement of the opening in the ladle
bottom, see Section 1—1.4.

Ill—5.4 Sidewall and Bottom Plate Openings. The addi¬
tion of openings in the sidewall or bottom plate may be
required for the use of gas injection systems or other clean
steel equipment. Square or rectangular openings with sharp
corners are not recommended.

The major axis of elliptical or obround openings shall not

exceed 1Vi times the minor axis of the opening.
For reinforcement provided around the opening, see Sec¬

tion 1-4.4. Reinforcement is not required for openings
which are equal to or smaller than a 2 in. pipe size.

The inside edge of the opening shall be ground smooth to

remove all rough edges, burrs, sharp notches and irregular
surfaces.
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PART IV: USE OF LADLES

IV-1 RECOMMENDED OPERATING PRACTICES
FOR MINIMIZATION OF SHELL FLEXING.

In ladle metallurgy systems, the ladle is exposed to long
molten metal hold times and continuous high ladle tempera¬
tures. The ladle is actually a vessel of which the shell is a
composite structure composed of refractory material and
steel. Failure in any portion of the composite shell can result
m a 'break-out' of the molten metal. The following recom¬
mendations are made to assist in the reduction of ladle
flex ing and, therefore, reduction of probability of premature
failure of the composite shell structure.

( I) Minimization of the number of ladle lifts and set-

downs for a ladle full of molten metal. In ladle metal¬
lurgy, a considerable number of ladle lift and setdown
requirements are imposed on the ladle while full of
molten metal, resulting in increased ladle flexing. It is
recommended that the amount of flexing be reduced for
a full ladle by minimizing the number of ladle lifts and
sctdowns.

(2) Use of a ladle stand. A ladle full of molten metal
should be set down on a ladle stand (set on trunnion
blocks) and not on the ladle bottom supports. Setting a
ladle full of moltenmetal on a ladle stand will minimize
ladle flexing and resulting mechanical deterioration of
the wall refractory lining.

(3) Check stiffness of existing ladles. Upgrade, if
necessary, the size of the upper and lower stiffener
bands to satisfy the deflection index criteria in Section
I-11 of this specification. This will reduce ladle flex¬

ing.

(4) Use an adequate lining insulation. Shell tempera¬
tures must be low enough to develop sufficient thermal
expansion restraint on the hot face of the working
lining. The thermal restraint on the working lining hot
face provides a mechanical seal against molten metal
breakout.

(5) Apply proper design practice to temporary lining.
If the design of an existing ladle does not satisfy deflec¬
tion index requirements it may be necessary to mini¬
mize the sidewall plate temperature by increasing the
insulating capacity of the sidewall refractory lining
design and eliminating the use of expansion allowance
material. This results in a higher thermal restraint im¬

posed on the refractory lining by the sidewall plate and
additional mechanical sea! to resist molten metal
breakout.

This lining design practice should be considered tem¬
porary until the ladle stiffness is upgraded to the re¬
quirements in (Section 1-10 and Section 1-11) of this

s report, as it may result in undesirable deformation in
the sidewall plate, resulting in lining installation dif¬
ficulty as well as deterioration of the sidewall plate. If
the temporary lining practice is used, it is important to
use gradual heat-up rates as defined in Section II—2 of
this specification.

(6) Maintain a hot ladle lining. Maintenance of work¬
ing lining hot face temperature is recommended
through the use of ladle heaters and ladle lids.

s defined in recommanGations (4) and (5), the mechanical
sal at the working lining hot face resists the molten metal

.rom penetrating the wail lining. If the hot face is allowed
to cool significantly prior to tapping into the ladle, the hot
face joints will open allowing molten metal to penetrate the
joints. By repeating this undesirable practice, the joints will
rapidly deteriorate leading to loss of the mechanical seal
and molten metal breakout.

IV—2 BRIMFUL LADLE.

In this specification, the loading of a ladle to 'brimful' (ladle

filled to the top with molten metal) is considered to be an
infrequent occurrence and to be used only in an emergency
situation. It is recommended that steelmaking practices be
developed to minimize or avoid the brimful condition.
When the brimful condition does arise, the ladle should be
emptied immediately using safe established procedures.

IV—3 LIP POURING CONSIDERATIONS.

Pouring the contents of a ladle over the lip of the ladle wall*
is considered an emergency operation. When necessary to
practice, die operator shall insure that the contents of the
ladle, both steel and slag, are in the liquid phase. Frozen
crusts and floating solid masses impede the free fluid flow
over the lip and could cause dangerous splashes.**

If the User recognizes that lip pouring must be a normal
part of the operation, modifications shall be required to the
ladle design to protect the ladle structure and insure its
stability.

* after the metal has been held for a considerable duration

** This is particularly true for teeming ladles due to the
unconstrained nature of the pouring stream.

42 © AISE 3/9 i



SYMBOLS — Part I

Effective area of bottom band, in."
(Eqs I-38a, I—38b)

Cross-sectional area of support leg, in."
(Eqs I-54a, I-34c)

Minimum net effective cross-sectionaTarea in
sidewall plate and buttstrap plate shall be
equal to the plate thickness times the mini¬

mum net width, inh (Eq 1-52)
")

Area of driven rivet, in."
(Eqs I-18b, 1-51)

Effective area of top band, sq in.
(Eqs I-37a, I-37b)

Cross-section of ladle sidewall measured ad¬
jacent to the bottom plate, in." (Eq 1-51)

Distance between lifting hook centerlines, in.
(Figs. [-6, 1-7, Eq [—32a); also area, in.2
(Example Ai and A2)

Center to center distance of stiffener ribs for
bottom plates, in. (Figs. 1-8, I-9a,
Eqs 1-21, I-24b, I-25b, I-26b)

Width of thicker portion of suffener band, in.
(Fig. I-ll)

Width of thinner portion of suffener band, in.
(Fig. I-ll)

Effective width of the thicker portion of
sidewall acting with stiffener band, in.
(Eqs 1-28,- 1-29)

Effective width of the thinner portion of
sidewall acting with stiffener band, in.
(Eqs. 1-28, 1-30)

Sidewall effective width acting with band, in.
(Eqs 1-27, 1-28)

Width of band, in. (Eqs 1-27, 1-28)

A constant (Eqs 1-31, 1-32a, I—32b)

Deflection coefficient (Table 1-8, Eq 1-41)

Constant to modify minimum plate thickness
reflecting the type of joint connecting the bot¬
tom plate to the sidewall plate
(Eqs I-40a, I-40b)

: Horizontal distance from vertical centerline
through trunnion pin to the section of inter¬
est, in. (Fig. I— 10, Eq 1-33)

: Bottom plate diameter in circular ladle, in.
(Fig. 1-6, Eqs I—18a, 1-19, I-40a, I-40b,
T-40c)

: Diameter of nozzle opening reinforcing plate,
in. (Fig. I-2a)

}fi = Bearing diameter of trunnion pin, in.
i Fig. I—5a, Eq 1-17)

e = An equivalent diameter for oval ladle bottom
plate, in. (Eq 1—20)

H = Diameter of trunnion pin, in. (Figs. l-5;\,
I—5b)

d - Extension of link pin beyond pin hole, in.
(Fig. 1-18)

h = Outer diameter of eyebar, in. (Fig. 1-17)

I = Depth of rib at midspan cross-section (mini¬

mum depth for dished circular bottom plate
with ribs), in. (Eqs I-24a, I—25a)

max = Maximum diameter of bottom piate, oval
ladle, in. (Figs. 1-6, 1-7, Eqs 1-20, I—23a)

ran = Minimum diameter of bottom plate, oval
ladle, in. (Figs. 1-6, 1-7, Eqs 1-20, I—23a)

ph - Pin hole diameter in plate link or eyebar, in.
(Figs. 1-17, 1-18)

p = Pin diameter, in. (Figs. 1-17, 1-18)

, - Width of plate extension on plate link, in.
(Fig. 1-18)

)wr<max) ~ Inside diameter of worn lining at top of an
oval or obround ladle as defined by the
length between the mid-total thickness center

lines of its new refractory measured at the
long axis at the top of the ladle, in. (Eq 1-1)

lÿmin) = Inside diameter of the worn lining at the top
of a ladle as defined by the diameter of the
mid-total thickness center line of a new ladle
lining of a circular ladle, or the length be¬
tween the mid-total thickness center lines of
the new ladle lining measured at the short
axis at the top of an oval or obround ladle, in.
(Eq 1-1).

I = Reinforcing plate diameter in circular ladle,
in. (Fig. 1-6)

'max = Maximum diameter of reinforcing bottom
plate for oval ladle, in. (Fig. 1-6)

(min = Minimum diameter of reinforcing bottom
plate for oval ladle, in. (Fig. 1-6)

in = Diameter of nozzle opening, in.
(Figs. I-2a, I—2b)

Ir - Diameter of hole for driven rivet, in.
(Eq I-18b and Section 1-13.3)

3 = Modulus of elasticity, ksi (Eq I—11)
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Distance from the centerline of Llic ladle hook
(positioned for lifting as far from tire body of
the ladle as permitted by the geometry of the
trunnion pin) to the ccnterline of trunnion
block on trunnion axis, in. (Figs. I—5a, I—5b,
Eqs 1-17, 1— 17a, 1—17c)

Offset distance between centcrline of
sidewall plate and centerline of bottom plate,
in. (Fig. I-la)

Vertical offset between the dished
plate/knuckle tangent point and the neutral
axis of the T beam at the midspan cross-sec¬
tion, in. (Fig. I—9b, Eq I—25b)

Distance of sidewall plate full penetration
weld from edge of stiffener band, in.
(Eq 1-39)

Force in bottom band, kips (Eqs 1—32b, 1-35,
I-3Sa, I—38b, 1-44)

Maximum hook load on tilt mechanism
during slag dumping, kips
(Fig. 1-16, Eq 1-47)

Horizontal component of loading on support
leg, kips (Figs. 1-20, 1-21)

Horizontal component of the spherical
membrane force in the dished plate; located
at tangent of dished plate and knuckle
(Eig. I—9b)

Maximum hook load on tilt mechanism
during deslagging, kips Eig- 1-15, Eq I—16)

Force in top band, kips (Eqs 1-32a, I—32b,
1-33, 1-34, I-37a, I-37b, 1-44)

Vertical load on support leg equal to one-half
the total design service load of ladle, kips
(Figs, 1-20, 1-21, Eqs l-54a l-54b, l-54c,
I—55b, I-55c, I—55d)

Fabrication derating factor (Tables 1-3, 1—4,
1-5, 1-6, Eqs 1-2, 1-3, l-9a, I-9b, 1-10,
1-12, 1-13)

Impact factor (Eqs 1-2, 1-3, 1-12, 1-13)

Temperature derating factor (Tables 1-1, 1-2,
and Eqs 1-2, 1-3, I-9a, !-9b, 1-10, 1-12, 1-13)

Components of
fabrication
derating factor
as defined in
Section 1-5

Actual normal sLress, ksi (Eqs 1-8, l-24a,
1—24c, I—25a, I-25c, l-26a, l-26c, l-4Sa,
I—18d)

= Average bearing stress between the trunnion
pin and trunnion block, ksi (Eqs 1-17, l-]7cs

= Actual bending stress, ksi (Eqs 1-8, 1-17a,
I—24b, l-24c, T—25b, I-25c, l-26b, I-26c,
1—48b, I—48d)

= Stress in the inside surface of band, ksi
(Eqs I—36b, I-37b, I-38b)

= Stress in the outside surface of band, ksi
Eqs I-36a, 1-37a, I-38a)

= Actual shear stress, ksi (Eqs I-48c, I—48d)

= Load centroid distance ratio Eig- 1-12,
Eq I—32a)

= Vertical distance between top band and bot¬
tom band centerlines, in. (Figs. I-5a, 1-10,
Eq I—17a)

= The greater of gT or gB Eq 1-17a)

= The distance from the centerline of the trun¬
nion pin to the centerline of the top band, in.
Eigs. I-10b, I-10d)

= The distance from the centerline of the trun¬
nion pin to the centerline of the bottom band,
in. (Figs. 1-10b, 1-1Od)

= Transverse spacing (gage) of the same two
holes, in. (Fig. 1-19, Section 1-13.5)

= Vertical height of the ladle, in. (Figs. 1-6,

1-7, Eqs I-18a I— 18c, 1-19, I-22a", l-22b,
. I-23a, I—23b, I-24a, I-24b, I-25a, I-25b,

l-26a, I-26b, EtOa)

= Artficial ladle height, in. (Section 1-5.1)

= Vertical distance between bottom stiffener
band centerline and juncture of ladle bottom
and sidewall, iii. (Figs. 1-6, 1-7, Eqs 1-31,.
1-32a, 1-42,1-43)

= Vertical distance between top band centerline
and juncture of ladle bottom and sidewall, in.
(Figs. 1-6, 1-7, Eqs 1-31, 1-32a, 1-42, 1-43)

= Vertical distance between trunnion axis and
juncture of ladle bottom and sidewall, in.
(Figs. 1-6, 1-7, Eqs 1-42, 1-43)

= Moment of inertia of effective bottom band,
- 4
in.

= Moment of inertia of effective bottom band at

trunnion axis, in.4 (Eq 1-42)

= Moment of inertia of effective bottom band at

the cross axis, in.4 Eqs 1-31, 1-43)

= Moment of inertia of effective top band, in.4
= Moment of inertia of effective top band at

trunnion axis, in.4 Eq 1-42)



Moment of inertia of effective top hand at (he

cross axis, in.4 (Eqs [-31, 1-43)

Moment of inertia of the effective band at

trunnion axis (for deflection index calcula¬
tion), in.4 (Table [-4, Fig. 1-13, Eq 1-42)

Moment of inertia of the effective band at

cross axis (for deflection index calculation),

in.4 (Table 1-4, Fig. 1-13, Eqs [-41, 1-43)

Distance from the trunnion axis along the lon¬
gitudinal axis of the ladle (vertical when un-
ti Ited) to the pome of intersection with the
vertical line through the center of gravity of
the tilted ladle and its contents, ft (Fig. 1-4)

Minimum distance between the trunnion axis
and center of gravity of the full untilted ladle
such as to provide static and dynamic
stability in all positions, ft (Pig. 1-4, Eq 1-1)

Inner distance of two inner vertical ribs, in.

(Fig. I-5b, Eq f— 17c)

The maximum span of stiffener ribs in bottom
plate, in. (Eqs 1-21, I—25b)

Maximum support leg length necessary to pro¬
vide appropriate clearance under ladle, in.

(Figs. 1-20, 1-21, Eqs I-54b, I-54c,
I—55c, 1-55(1)

Required support leg length to transition
a-ound the knuckle region of the bottom
plate, in. (Fig. 1-20)

Length of support leg actually connected to

sidewall plate, in. (Figs. 1-20, 1-21, Eq I—55a)

Component leg length required for vertical
force Fv, in. (Fig. 1-21, Eqs I-55a, I—55b)

Component leg length required for horizontal
force in the plane of support leg and sidewall
plate, in. (Fig. 1-21, Eqs I-55a, 1—55c)

Component leg length required for horizontal
force normal to sidewall plate, in.
(Fig. 1-21, Eqs 1-55a, I-55d)

One half the distance between radius points
of end segments in an oval ladle, in.
(Table 1-4,Figs. 1-6, 1-7, 1-10a, 1-12,
Eq 1-33)

Moment in bottom band at cross axis, kip-in.
(Eqs 1-35, 1-38a, I-38b)

Moment in top band at trunnion axis, kip-in.
(Eqs 1-33, I-36a, I-36b)

Moment in top band at cross axis, kip-in.
(Eqs 1-34, 1-37a, I-37b)

Distance from inside shell surface to outside
of vertical ribs, in. (Fig. I—5b, Eq I-17c)

- Dumber \>t rivets in top row e! animim urea
i Eq I- |Xb)

= Number ot required rivets on une side m the
connection (Eq 1-5 1 )

= Effective radial force applied at trunnion pin,
kips ( Fig. 1-13, Eqs 1-4 1 , 1—14)

= Density of molten metal, kips/ft3 (Eqs (-1,

I- 1 8a, I-18c, 1-19, I-22a, [-22b, l-23a,
1—23b, i-24n, I-24b, l-25a, !-25b, t-26n,
I—26b, I-40a)

= Dish radius in dished bottom, in. (Fig. 1-7,
Eqs l-22a, [-22b, l-23a, 1-23H, l-24a,
1—25a, I—25b, l-26a)

= Radius to top row of rivets of annulus area
(Eqs I-18b, 1— 1 8c)

= Radius to bottom row of rivets of annulus
area i.Eq 1-18 b)

= Minimum effective band radius Rrt or Rrb of
whichever band is analyzed (Fig. I-10a)

= Minimum effective radius of bottom band, in.
(Fig. 1- 10a, Eqs 1-31, 1-35, 1-45)

= Average minimum effective radius of top and
bottom band, in. (Table 1-4, Fig. 1-13,
Eqs 1-41, 1-45)

= Minimum effective radius of top band, in.
(Fig. I-10a, Eqs 1-31, 1-33, 1-34, 1-45)

= Minimum radius to middle plane of sidewall
at a band, in. (Eqs 1-27, 1-29, 1-30, 1-39)

= One-half of the minimum mid-height distance
between middle planes of opposite sidewalls,
in. (Figs. 1-12, 1-13, Eq l-32a)

= Maximum radius to middle plane of sidewall
at bottom section in. (Figs. 1-6, 1-7, 1-12)

= Minimum radius to middle plane of sidewall
at bottom section, in. (Figs. 1-6, 1-7, I-1 2,
Eqs I-22a, I-23a)

= Transition radius in eyebar, in. (Fig. 1-17)

= Fillet radius, in. (Fig. l-5a)

= Mid-thickness radius of support leg wall, in.

(Fig. 1-21, Eq I—55c)

= The greater section modulus of the T betun
section of stiffener ribs in the bottom plate,
in.3 (Eq 1-21)

= The section modulus (maximum and mini¬
mum) of the midspan cross-section of the
T beam, in.3 (Eq I—25b)

= Section modulus of the combined shell and
trunnion block at the point of interest such as
Point C in Fig. I-l0d, m.3 (Fig. I— 1Od,
Eqs I-1 7a, I— 17b)
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= Sccuon modulus of Lhc combined shell and
ribs (shown as shaded area in Fig. I—5b) in. 3

(Fig. I—5b, Eq I— 17c)

= Section modulus for the inside surface of the
bottom band, in.3 (Eq I—3 8b)

= Section modulus for the outside surface of the
bottom band, in/ (Eq I—38a)

= Section modulus of support leg, in.
(Eqs I—54b, I-54c)

= Longitudinal spacing (pitch) of any two suc¬
cessive holes, in. (Fig. 1-19, Section 1-13.5)

= Section modulus for the inside surface of the
top band, in.3 (Eqs 1—36b, I—37b)

= Section modulus for the outside surface of the
top band, in. (Eqs. I-36a, 1-37a)

= Safety factor against ultimate strength
(Eqs'l-2, 1-12)

= Safety factor against yielding (Eqs 1-3, 1-13)

= Thickness of nozzle opening reinforcing
plate, in. (Fig. I-2a,)

= Thickness of nozzle opening reinforcing
plate, in. (Fig. I-2b)

= Thickness of bottom plate, in. (Figs. I-la,
I-2a, I—2b, 1-6, 1-7, 1-8, Eqs I-18a, I-18c,
1-19, 1-21, I-22a, I-22b, 1-23a, 1-23b,
1-24a, I-24b, I-26a, I-26b)

= Effective piate thickness of the dished cir¬
cular bottom plate in the direction of the ribs,
in. (Eqs I-24a, I-25a, I—26a)

= Thickness of rib, in. (Eqs I-24a, I-25a)

= Thickness of support leg wall, in.
(Figs. 1-20, 1-21, Eqs I-55b, I-55c, I-55d)

= Thickness of bottom reinforcing plate, in.
(Fig. 1-6, Eqs I-18c, 1-19)

= Thickness of sidewall plate, in. (Figs. I— 1 a,
I—5b, 1-6, 1-7, Table 1-3, Eqs 1-17c, 1-27,
1-39, I-40c)

= Larger effective thickness of sidewall in.
(Eq"1-29)

= Smaller effective thickness of sidewall, in.
(Eqs 1-29, 1-30)

= Thickness of plate link or eyebar, in.
(Figs. 1-17, 1-18)

= Minimum supplementary sidewall thickness,
in. (Eqs I-40a, 1—40b)

= Effective thickness of ribbed block as calcu-
laicd by Eq I-17c, in. (Fig. I— 5b, Eq I-17c)

= Combined thickness of trunnion block and
sidewall, in. (Fig. I-5a, Eqs 1-17, 1-17b)

= Total weight of a brimful ladle including mol¬
ten metal, worn lining (defined as the condi¬
tion at which half the total new wall
refractory thickness has eroded and the full
bottom thickness is intact), ladle steelwork,
and ladle lid if applicable, kips (Eq 1-1)

= Total weight of ladle (design weight of mol¬
ten metal, slag, ladle steelwork, refractory
lining and ladle lid), kips (Eqs 1-17, I— J 7a,
I-17c, I-32a, 1-40b, I-40c, 1-52)

= Molten metal design weight, kips (Fig. 1-15,
Eq 1-46)

= The structural weight of the ladle steelwork
and full lining, kips (Figs. 1-15, 1-16,
Eqs 146, 1-47)

= Width of bar portion of plate link or eyebar,
in. (Figs. 1-17, 1-18)

= Skull load attached to ladle bottom equal to
10% of the molten metal design weight, kips
(Fig. 1-16, Eq 1-47)

= Net width of trunnion block at the point of
interest, in. (Fig. I-10, Eq I—17b)

= Moment arm for Wd load, in. (Fig. 1-15,
Eqs 1-46, 1-47)

= Moment arm for WD load, in. (Fig. 1-15,
Eq 1-46)

= Moment arm for Fs load, in. (Fig. 1-15,
Eqs 1-46, 1-47)

= Moment arm for Ws load, in. (Eq I—47)

= Offset distance between sidewall plate and
bottom plate, in. (Fig. 1-1)

= Transition length between thicker and thinner
portions of stiffener band, in. (Fig. 1-11)

= Transition length for offset y between
sidewall plate and bottom plate, in. (Fig. 1-1)

= Angle at which effective band moment of in¬
ertia changes from /] to I2, degrees
(Fig. 1-13)

= Deflection index for combined top and
bottom stiffener bands (Eq 1-41)

= Allowable normal stress, ksi (Table 1-3,
Eqs. 1-4, I-5a, 1-6, 3-7, 1-8, 1-11, I-18a,
1-19, I-22a, I-22b, l-23a, I-23b, I-24a,
I-24c, I-25a, I-25c, I-26a, I-26c, I-40a,
1—40b, I-48a, Iÿ18d, 1-49, 1-50, 1-51, 1-52.
1-53, l-54a, I-54c)



Allowable normal tension stress on the effec¬
tive net area of the pin-connection member,
ksi, (Eq 1-49)

Average normal tensile stress in the minimum
net effective area of the rivet connection

plate, ksi (Eq 1-52)

Allowable normal stress based on minimum
ultimate strength, ksi (Eq 1-2)

Allowable normal stress based on minimum

yield strength, ksi (Eq 1-3)

Allowable bending stress, ksi (Table 1-6,
Eqs 1-4, I-5a, I-5b, 1-8, 1-14, 1-15, I-16a,
I-24b, I-24c, I—25b, I-25c, I-26b, I-26c,
I-48b, I-48d, I-54b, I-54c)

Allowable bending stress in compression, ksi
(Eq 1-7)

Allowable bearing stress imposed by the
rivets on the sidewall plate, ksi (Eq 1-53)

Allowable average bearing stress, ksi
(Eqs I—5b, I-16a, 1-50)

Allowable bending stress in tension, ksi
(Eq 1-6)

Allowable bending stress based on minimum
uitimate strength, ksi (Eq 1-12)

Allowable bending stress based on minimum

yield strength, ksi (Eq 1-13)

Allowable total stress, ksi (Table 1-4)

- Allowable total stress based on minimum ul¬
timate strength, ksi (Eq I—9a;

= Allowable total stress based on minimum

yield strength, ksi (Eq 1—9b)

= Allowable total stress when the working
lining expansion forces are included, ksi
(Table 1-5, Eq 1-10)

= Allowable bending stress in trunnion pin with
protective bushings, ksi (Eq 1-14)

= Allowable shear stress, (excluding welds and
rivets), ksi (Eqs 1-U, 1-15, I-i6'o, [-48c,
I—48d, I—55b, I—55c, I—55d)

= Minimum ultimate strength at room tempera¬
ture, ksi (Eqs 1-2, I-9a, 1-12)

= Average normal stress in sidewall, ksi
(Eq I—40c)

= Minimum yield strength at room temperature,
ksi (Eqs 1-3, I—9b, I-10, 1-13, I— 16b)

= sin'1 i ÿ
(Eqs I-22a, I-23a)

r\o

= Maximum unit shear stress in plate, ksi
(Eqs I-18b, 1-18c)

= Shear stress in rivet, ksi (Eq I-18b)

= Allowable shear stress for rivet, ksi, denned
in Section 1-5,6 (Eq 1-5 1)

SYMBOLS — Part II

Modulus of elasticity of ladle sidewall plate,
ksi (Eq II—1b)

Average modulus of elasticity of wall work¬
ing lining refractory, ksi (Eq II—lb)

Circumferential stress in ladle sidewall plate
resulting from thermal expansion of the wall
working lining refractory, ksi (Eq II—lc)

Axial length of 70% alumina or resin-bonded
dolomiric wall working lining, in. (Eq II—4a)

Axial length of direct-bonded mag-chrome
wall working lining, in. (Eq II—4b)

Percent of compressibility of expansion al¬
lowance material (Eqs II—5, II—6)

Effective radial pressure applied to the ladle
sidewall plate caused by the differential ther¬

mal expansion between the working lining
and the sidewall, ksi (Eqs II— 1b, II— lc)

q8 = Density of expansion allowance material,
lb/ft3 (Fig. 1-3, Eq 11-5)

RHp = Hot face radius of wall working lining, in.
(Fig. II-l,Eqs II-3a, II-3b)

ÿmax(ave) = Maximum average radius of sidewall plate of
oval or obround ladle, in. (Eq 11—2a)

/?min(ave) = Minimum average radius of sidewall plate of
oval or obround ladle, in. (Eq II—2a)

Rj(ave) = Average radius of sidewall plate, in.
(Eqs II— 1a, II-lb, II-lc)

Rÿve) ~ Effective average radius of sidewall plate of
obround or oval ladle, in. (Eq II—2a)

Rw( = Mid-thickness radius of wall working lining,
in. (Eqs II-la, Il-lb)
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N'»,mjn(.ave)

= Effective mid-thickness radius of wall work¬
ing lining, ofobround or oval ladle, in.
(Eq II—2b)

,= Maximum average mid-thickness radius of
working lining of oval or obround ladle, in.
(Eq II—2b)

Minimum average mid-Lhickness radius of
working lining of oval or obround ladle, in.

(Eq 11—2b)

= Thickness of expansion allowance material
behind working lining, in.
(Fig. II-l,Eq 11-6)

= Thickness of expansion allowance material
beneath lip ring, in. (Fig. 11-2)

= Thickness of ladle sidewail plate, in.
(Eqs II-lb, II-1c)

= Thickness of wall working lining refractory,
in. (Eq II— 1b)

= Amount of axial expansion allowance for
wall lining, in. (Eqs II—4a, 11—4b)

= Amount of radial expansion allowance on
the cold face side of the wall working lining,
in. (Table II—i, Eqs II—3 a, II—3b,
II—6)

= Linear coefficient of thermal expansion of
the ladle sidewail plate, in./in. °F (Eq II— 1a)

= Linear coefficient of thermal expansion of
the wall working lining, in./in. °F (Eq II-la)

= Increase in ladle sidewail plate temperature
from ambient temperature, °F (Eq II-la)

= Increase in wall working lining mid-thick¬
ness temperature from ambient temperature,
°F (Eq II-la)

= Interference applied to the ladie sidewail
resulting from differential expansion of wall
working lining and ladle sidewail, in.
(Eqs. II-la, II-lb)
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COMMENTARY

Tiie following commentary on AISE Technical Report No.9,
Specifications for Design arid Use of Ladles, is referenced
to the various sections of the report. The comments herein
are not part of the specifications but are added as sup¬
plementary information to expand upon certain sections.
Numerals in parentheses refer to the section number in the
text. The formulae presented in Part IIare the best available
at the time of publication. Revisions will be issued as
additional information becomes available.

General (1-1.1). Part Iof these specifications is primarily
concerned with ladle design and has been updated to reflect
the impact of the new operating environments10 resulting
from clean steel and continuous caster practices. Suffer,
stronger wall working lining refractories and longer
processing and hot metal hold time in the ladle have brought
about an increased concern over the structural integrity of
the ladle. As a result of this concern and the central role the
ladle plays in iron and steelmaking, Part Ihas been updated
in the areas of design detail, connection requirements, al¬
lowable stresses and various other related structural items.

Specific Assumptions (1-1.3). Ladles designed to these
specifications should be repaired, reinforced or retired
whenever necessary for continued conformity to this report.

Materials (1-3). Materials specified for the construction of
ladles have been updated for various temperature ranges,
including operating temperatures exceeding 650°F.

Ladle Bottoms (1-4.2). Case history studies have indicated
that the juncture between the ladle bottom and sidewall is
exposed to high stress conditions inducing undesirable ef¬
fects such as yielding and cracking. Suffer working linings
and sustained processing temperatures, typically used with
clean steel and continuous caster practices, are some of the
primary contributing factors to the high stress conditions.
For these high stress conditions, Section 1-4.3 is recom¬
mended for ladle bottom design.

Continuous Caster and Clean Steel Ladles (1-4.3).
In most dished bottom ladles the bottom plate is typically
thicker than the sidewall plate. The use of a taper between
connecting plates is required due to the higher expansion
stresses resulting from the use of a stronger working lining.
A three to one taper is consistent with the ASME Code,
Section VIII, Divisions 1 and 2, and greatly reduces stress

concentration effects at this connection.

Reinforcement for Nozzle Openings (1-4.4). Previous
recommendations are contained in this section which in¬
clude alternate designs for reinforced openings in the bot¬
tom plate. These designs are based partially on finite
element thermal analysis on the nozzle opening areas.

Where nozzle openings are pros :ded, use bottom pl.uc
immediately surrounding die opening should be re;'uu>aeil

by a douhler plate or equivalent metal replacement. An
adapter plate can he considered for reinforcement pros ided
it is attached properly, is of sufficient section to replace the
metal removed, and the method of such calculations con¬
forms with the procedures defined in Section 1-4.4.

Since the bottom piate segments near the trunnion axis

plane are stressed higher than those 90 degrees away from
the trunnion axis, it is suggested that the location of nozzle
openings be within 60 degrees from the ladle cross axis, and
preferably be placed as near as possible to the 90 degree
plane from the trunnion axis.

As a result of the higher expansion forces resulting from
the use of stronger working iinings, square or rectangular
openings with sharp comers are not recommended. Circular,
elliptical or obround openings are recommended since they
typically have less stress concentration effects in the ladle
shell piate.

Lap Riveted Connections (1-4.5.1). It is recognized that
rivet connections are no longer as popular as welded con¬
nections. However, if riveted connections are selected by

the user it is important that the connection strength equals
the plate strength. This avoids the working lining expansion
displacements from being concentrated at the more flexible
(weaker) riveted connection. With a nveted connection
strength equivalent to the plate strength, the working lining
expansion displacements are equally distributed throughout
the riveted connection and plate.

The distances between rivet holes and the edge distance
are defined by structural codes (such as AISC Specification)
which typically do not consider temperatures that tire sig¬
nificantly above ambient. Therefore the reduced strength of
the ladle structural steel at higher operating temperatures is
factored into the rivet spacing and edge distance.

Stress Relieved Welds (1-4.6). The requirements for
preheat and interpass temperatures, as weli as stress reliev¬
ing, have been specified to comply with the ASME Code,
Section VIII, Division 1.

Vent Holes (1-4.10). Vent or weep holes are to be provided
according to the user's request on the OIS. If the user needs
to maintain a vacuum on the ladle during clean metal
processing, then vent holes may not be required. However,
without vent holes longer curing time is required for a newly
relined ladle.

Design Assumptions and Allowable Stresses (1-5). The
design weights included in the ladle design have been up¬
dated to include additional freeboard, ladle lid and other
load environments which may impose additional weight on
the ladie beyond the typical weight considerations of Sadie
shell, refractory and hot metal. The user of lire ladie is

required to define all load environments to the ladle
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manufacturer sue!) lhat Lite ladle will he designed for the
complete operating conditions.

The allowable tout! stress which includes weight stresses,

thermal stresses, other secondary stresses and discontinuity
stresses is reduced if the thermal expansion stresses include
the wall working lining expansion stresses (described by Eq

ÿ10). However, the ladle user is responsible for the lining
csign, the preheating rate and other factors relating to ladle
iell stresses Lhat result from the expansion of the working
ning. Therefore, Eq I— 10 is provided for Lhe convenience
" the ladle user in designing the refractory lining.
Eq I—9a and Eq I—9b are used only if the thermal stresses
the ladle structure are not a result of the wall working

ning thermal expansion, where the allowable total stress

can exceed the yield stress of the ladle structural'materiaJ.
However, with the higher allowable total stress, shakedown
will occur within the first few loadings and plastic distortion
will not continue in subsequent loadings. If the working

ning is allowed to develop significant thermal stress in the
die sidewall plate, beyond the allowable specified stress
f Eq 1-10, then shakedown will notoccur. That is, each new
orking lining will continue to yield the sidewall plate

esu 1 ting in a continued plastic distortion of the ladle
dcwall plate. The allowable total stress defined by Eq 1-10
'ill not allow continued distortion with each new load
sedition and each new rclinmg.

adie Volume and Metal Density (1-5.2). Typical den-
ties of molten metal shown in Fig. 1-3 have been expanded
i cover a broader range of carbon content and temperatures.
he design equations include an actual density term, q. The
:tual density should be specified on the OlS by the pur-

ocation of the Trunnion Axis (1-5.3). The equation,
used on various analytical derivations, for locating the
entcrline of the trunnions specifies the minimum vertical
istancc for lite trunnion axis to be located above the center

f gravity of the ladle, including the refractory lining and
ontents, to prevent instability when the ladle is slightly
pped. This is a minimal recommendation and wherever
rncticable it is desirable to use a greater distance than that
occificd. The factor of safety (or ratio of restoring moment

ivided by overturning moment) depends on the refractory
ning thickness, and is approximately equal to the fourth
owcr of the ratio of the minimum diameter of the uniincd
idle at the lop divided by Lhe minimum diameter of Uic
mcr surface of tire ladle lining at the top.

Jlowable Stresses in Ladle Components (1-5.4). The
cccsstty for establishing the allowable stress based on both
ic yield strength and ultimate tensile strength arises from
e fact that the yield strength of some materials, particular -

the high strength steels, is closer to the ultimate strength
an for others. Except for trunnion pins, the safely factors

recommended in this report are based on (he ultimate/yield
strength ratio of 1 .667. For materials with tins ratio (such as
A 36, A 387 Class 1 Gr 2 and 12, A 387 Class 2 Gr 11,21
and 22) Lhe allowable stresses against both yield and ul¬
timate strengths are identical. For a material whose ul¬
timate/yield ratio exceeds 1.667 (such as A 285 Gr C, A 5 1 5,
and A 516), the allowable stress is governed by the yield
strength, while for materials with an ultimate/yield ratio
below 1.667 (such as A 242, A 441, and A 387 Class 2 Gr
12), the allowable stress is governed by the ultimate
strength,

The introduction of derating factors for fabrication and
temperature in the determination of allowable stresses is an
attempt to quantify the effect of various fabrication methods
and operating temperature ranges on the ladle design, in the
case of fabrication methods, different design requirements
can arise between hot forming and cold forming, between
flame straightening and other straightening procedures
(such as removing distortion by cutting and rewelding),
between welded, riveted and bolted construction, between
circular and noncircular ladles, or between different plate
surfaces (such as thermally cut, machined, plasma cut and
sheared surfaces). The values recommended in this report
are based on experimental investigations and engineering
judgment. In the case of temperature, reliable quantitative
information is available on the effect of temperature on yield
strength and ultimate strength. The temperature derating
factor (unity at room temperature) is approximately the ratio
of the yield or ultimate strength at a particular elevated
temperature to that at room temperature. Thus a designer
needs to know only the room temperature properties of the
materials, and the temperature derating factor will establish
the temperature effect on the ladle design characteristics.

Similarly, the introduction of an impact factor in the
allowable stress formulas would eliminate the need for
calculating the dynamic stresses in the design of ladle com¬
ponents. The recommended magnitude of 20% impact is
consistent with other AISE technical reports on the lifting
devices which are used for handling ladles.

The calculated total stresses are considered to include the
general membrane, local membrane and bending, and
secondary membrane plus bending stresses. The allowable
total stress specified in Section 1-5.4.4 is three limes the
general allowable stress which is either five-eighths of die
yield strength or one-fourth of the ultimate strength,
whichever is less, modified by the appropriate temperature,
impact and fabrication derating factors.

Fatigue Stress (1—5.4.6). The design considerations of Part
Iand the ladle lining recommendations of Part II of these
specifications have been incorporated as a result of the
severe environments imposed on Lhe ladle by the clean steel
ladle metallurgy practice, continuous caster practice and Uic
user's desire for increased lining life with maximized



If the ladle design and ladle operating conditions result in

a need for fatigue analysis, the criteria of ASME Section
V'UI, Division 2 shall apply. However, the new design
details have been incorporated in an attempt to reduce
fatigue usage and to eliminate the need for fatigue analysis
when ladles are exposed to the severe operating environ¬
ments.

Allowable Stresses in Trunnion Pins (1-5.5). The safety
factors for trunnion pins are based on the ultimate/yield
strength ratio of 2.

Allowable Shear Stresses in Rivets (1-5.6). This section
specifies the allowable shear stress for various rivet

materials. The allowable levels are selected based on suc¬
cessful rivet design practice.

Allowable Shear Stress in Pins Of Tilt Mechanism (1-5.7).
The specified allowable level is that specified in AISC
Specifications and comparable to the ASME Code.

Design of Trunnion Block and Pin (I—6). Trunnion pins

should be checked and measured for wear at least every six
months.

The calculation of the section modulus of a worn trunnion
pin should be based on a circle whose diameter is equal to

the actual minimum diameter of the worn trunnion. Trun¬
nion diameters should be measured at 45 degree intervals
around the circumference, for comparison with a predeter¬
mined minimum dimension.

Trunnion pins should be inspected for cracks and abnor¬
mal defects at least annually by magnetic particle,
ultrasonic, radiographic or dye penetrant test methods. The
trunnion sleeve and its interface with the trunnion pin should
also be checked for wear.

In redesigning existing trunnions to take sleeves, the
trunnion pin diameter may be reduced to accommodate the
sleeve provided that the maximum bending stress does not

exceed the allowable stress specified in Section 1-5.5.
New formulae have been added for calculating bending

stresses in trunnion blocks (1-6.10) and bearing stresses in
ribbed trunnion blocks (1-6.11).

Thickness of Circular Flat Bottoms (1-7.2). In this sec¬
tion, Eq I-lSa is given for the thickness of fiat bottom plates
and has been derived from the bending theory of circular
plates, considering the restraint of the sidewalis as having
fully fixed edges. Eq I— 1Sa has factored into the constant,

139, 95% of the ladle height H as the magnitude of the
ferro-static pressure applied to the bottom of the ladle.

Reinforcing Plate (1-7.3). Formulas have been included to

facilitate design calculations for the riveted reinforcing
plate in a circular ladle. Similar methods can be used for an
oval or obround ladle.

Eq 1-19 has been derived from die circular fiat plate
bending theory considering the edge restraint of ap¬
proximately 75% of full fixity, Eqs l-|Se sod Mb h»;\c
factored 95% of the ladle height H as the magnitude of the
ferro-static pressure applied to the bottom of the ladle. Eq
I- 1 He has been revised to include the average shear stress
through die plate thickness.

Equivalent Diameter for Oval Ladles (1-7,5). A study of
the bending of elliptical plates, together with the recognition

that the fiat portions of the ladle sidewalis offer much less
bending restraint than the circular sections, showed that an
equivalent diameter, equal to the average of tire maximum

and minimum diameters, could be used in Eqs I-iSa and
1-19.

Design of Bottom Plates of Dished Bottom Ladles (1—8).
The equations for calculating the thickness of dished bottom
ladles given in Section 1-8 were obtained by a theoretical
analysis of the local bending stresses at the juncture between
the ladle bottom and sidewalk Eq I-22a and [—23a insure
that the bending stress at the juncture is less than 3c,j. Eqs
I—22b and I—23b insure that the normal stress in the dish is

less than aa.

Stiffener Ribs for Dished Bottom Ladles (1-8.5 and 1-8.S).
The design procedure for the dished bottom ladle with ribs
is similar to the design procedure for the fiat bottom ladle
with nbs. In the case of the dished bottom with a very large
head radius, the behavior of the dished bottom with nbs and
the fiat bottom with ribs is very similar.

The shear plates are a vital part of the dished bottom widi
ribs. Shear plates cause working lining vertical expansion

loads to be evenly distributed into the sidewall plate.

Design of Stiffener Bands (1-9). The notation used in the
design of stiffener bands is given in Figs. 1-6, 1-7, I— It),

I— 1 1, 1-12 and 1-13. The design procedure is illustrated in
Appendix A for ladle types shown in Figs. A1 and A 17.

In Section 1-9.8 a computation is not required for the
bottom band at the trunnion because the results of an A1SE

i 2ladle study ' showed that these stresses were less than at
other locations. In addition, the bottom band is sometimes
strengthened at this position in order that the ladle can be
set in a ladle stand seat.

In this report the ladle lip ring is not considered as a
structural member which provides additional strength to the
ladle because, in practice, the lip ring frequently contains
discontinuities such as pouring spouts and can be exposed
to metal and slag splash.

Parameter G, the load centroid distance ratio, is used in
Eq l-32a to facilitate the design of oval ladles with fiat walls
(obround ladles). A curvilinear relationship for determining
the value of G is given in Fig. 1-12.

Case history studies have shown that stiffener bands with
offsets in the region of the trunnion blocks cause undesirable
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stress concentrations and arc more susceptible to cracking
titan stiffencr bands with gentle transitions. The recom¬
mended transition detail for stiffencr bands is intended to

ninatc die undesirable stress concentrations.

sign of Sidewail Plates (1-10). This section includes
ckness requirements of materials used at various
pcraturc levels (Table 1-7). Also, the range of plate

ckncsses is given to include ladle capacities up to 480
rt tons.

iinimum sidewail thicknesses have been established for
ous ladle capacities and operating temperatures in addi-
to die requirement that sidewail thicknesses should not

ess than 0.75 times the required bottom plate thickness.
latter requirement is established to provide adequate

ramt or fixity to the edge of the bottom plate, whenever
minimum allowed thickness is used.
he supplementary sidewail plate thickness equations

s 1—40a and 1—40b) are updated to reflect the influence
iveted connections on the minimum plate thickness. If
ted connections are used, the minimum plate thickness
icreased through the parameter CR to reflect the plate
crinl lost in the rivet holes. WiLh full penetration bud
J connections no plate material is lost.
he sidewail plate transition between plates of different
kncsscs is made with a taper as specified by the ASMS
le, Section VIII, Division 1 and 2 (Fig. I-lb). The full
etrntion butt welds are to be located at a distance not less
i die distance defined by Eq 1-39. This removes the full
etradon weld away from the region of high bending
ss imposed on the sidewail plate by the restraint of the
"ener band.

ard Deflection Stiffness at Trunnions (1-11). The
nose of this section is to provide a method for determin-
whetber a ladle is sufficiently rigid to avoid excessive
ard deflection at the trunnions. Experience has shown
some cases) dial cracks developed or a reduced lining
was encountered when the ladles were too flexible. The
ard deflection of die ladle should be considered in the
ign of die stiffencr bands, in addition to the stress condi-
s discussed in Section 1-9. In general, the design of
"encr bands which meet die allowable stress require-
its will also result in a design having satisfactory rigidity
ie trunnions. In some cases, however, a redesign may be
uircc) even though die calculated stresses are widiin die
cificd limits.
he recommended deflection index equation, Eq 1-41,
been checked against actual ladle designs using a wide

gc of clean steel practices by a number of stcclmaking
ÿps. Revised empirical limits have been specified for die
;ular, oval and obround ladle. These limits are based on
mples which have been proved satisfactory in actual
/icc and bv analytical studies.

The deflection limits have been upgraded reflecting die
need for stiffer ladles due to die more .severe operating
environments imposed on die refractory working linings bv
clean steel and continuous caster practices.

The deflection index equation has been revised and is
expressed in terms of the radius of the deflecting section
rather than in terms of the height of the deflecting section

above the bottom plate.
The deflection coefficient in Table 1-8 is based on die

""bending deflection of a circular or obround stiffener band
with equal and opposite concentrated loads. The deflection
coefficient for an oval stiffener band was also calculated and
found to closely approximate the values shown. Thus, Table
1-8 is applicable to bodi obround and oval bands, as well as
circular stiffener bands. The equations used for calculating
values for CD (given in Table 1-8) are summarized in Ap¬
pendix B and may be used to calculate specific values of CD
instead of interpolated values.

Design of Tilt Mechanism (1-12). This section has been
included to provide guidance in the design of a tilt
mechanism for a steel ladle.

The tilt mechanism design uses well established design
rules for pin-connccted members. Other forms of structural
members are acceptable; however, detailed stress analysis
is required to make certain that allowable stress limits are
satisfied. Chains and cables arc not encouraged since they
can become twisted, deformed and worn without visible
evidence of loss in structural integrity.

The load conditions imposed on the tilt mechanism arc
compatible with clean steel and ladle metallurgy practices.

The bottom pivot plates are a critical part of the tilt
mechanism. When adding a tilt mechanism to a ladle, a
considerably thicker bottom plate or additional doubler
plate may be required to attach the pivot plates to the ladle
bottom plate without stiffener ribs. The use of stiffener ribs '

in the ladle bottom plate provides a compatible means of
attaching the tilt mechanism.

Riveted Sidewail Circumferential Connection Joints
20(1-13). Previous field studies have been made of existing

ladles regarding strength in Lhe riveted sidewail circum¬
ferential joints. The strength of the riveted connection
should be equal to or greater than the sidewail plate strength.

It is recognized that riveted connections are used very
infrequently in current ladle design; however, it is necessary
to establish a design procedure in order to evaluate the
adequacy of existing riveted connections, especially for
ladles designated for clean stcc! and continuous caster prnc-

Design of Support Legs for Dished Bottom Ladles
(1-14). As a result of the use of slide gates and other
necessary equipment on the dished bottom ladle, the use of
three support legs has become a popular method of provid¬
ing ladle bottom support.
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The recommended iocauon for the three support legs is at

the periphery of 'die dished bottom. The location of a support
leg in the spherical portion of the bottom piate is not recom¬
mended due to the resulting high shell stresses and shell
displacements.

Each of the legs is effectively designed with a total verti¬
cal load of one half the total design weight of the ladle and
a simultaneously applied horizontal load of one half the
vertical load. In addition, an impact factor of 1.2 is inherent
in the allowable stress. These considerations are primarily
for the initial setdown condition of the ladle.

Assembling and Welding Ladies in the Shop and Field
(1-15). This section is based on the consensus of experience
of ladle users and manufacturers represented on AISE Sub¬
committee No. 9. Essential features are covered pertaining
to good practice in construction and inspection of ladles.

Scope (II-1). Part II of this technical report is primarily
concerned with the user's influence on the structural in¬
tegrity of the ladle. Studies10'26 have shown that the com¬
bination of strong working linings (70% alumina,
resin-bonded dolomitic and direct-bonded mag-chrome)
and sustained temperature environments have a significant
influence on stress levels imposed on the ladle shell and
stiffener bands. In most cases, older ladles have been ex¬
posed to mild environments consisting of fireclay (bloating
fireclay) working linings and short mold teeming hot metal
hold times. Thus with proper maintenance the structural
integrity of these ladles has not diminished significantly, but
it is recognized that the new more severe operating environ¬
ments may be imposed on these older ladles.

One of the main purposes of Part IIof this report is to

inform the user of the more severe operating environments,
new ladle lining practices and to recommend ladle use
which will assist in maintaining the structural integrity of
the ladle.

Ladle Lining (II—2). Field investigations of ladle lining
practices have shown that the bottom lining is typically
thicker than the wall lining. This lining practice, coupled
with rapid preheating, creates significant bending stresses

in the connection region of the sidewall plate and the bottom
plate. The bottom plate remains colder (due to the greater
insulation) than the sidewall plate thereby restricting the
radial growth of the bottom region of the sidewall plate and
resulting in high bending stresses. This coupled with the
differential expansion between the hot high strength refrac¬
tory working lining and the cold shell can result in high
circumferential and axial sidewall plate stresses, especially
during rapid preheat of a cold ladle.

Tne use ot a resin-bomJed dolomitic or a direct-bo<uk\l
mug-chrome working lining without expansion allowance
uJso results in high axial and circumferential sidewall piaie
stresses, even when gradual ramp preheating is employed.

Estimating Wall Working Lining Thermal Expansion
Stress (11-2.3). The recommended expansion allowance
reduces the thermal expansion stresses imposed by the stiff
refractory working lining on the ladle sidewall plate.
Through the use of appropriate expansion allowance, struc¬
tural integrity of the shell and primary structural com¬
ponents are maintained. An additional benefit of the use of
an expansion allowance may result in longer lining life;
however, this benefit is not the intent of these recommenda¬
tions.

Studies have shown that maximum sidewail plate thermal
expansion stresses resulting from the thermal growth of the
working lining are reached after a few hours of standard
(rapid) preheat. Standard preheat is the condition when die
working lining hot face is brought from ambient to tempera¬
tures approaching 2000°F within approximately the first
half hour of preheating; a specified ramp preheat is not used.
For ramp preheating, longer times would be required to

reach the maximum sidewail plate stresses.

Example Al, of Appendix A (particularly Section A 1.8),

provides sample calculations in estimating the amount of
expansion allowance required for a resin-bonded dolomitic,
a 70% alumina or a direct-bonded mag-chrome working
lining. For refractory linings which have stiffness and
strength values similar to or greater than these refractories,
appropriate investigations should be conducted by the user
to determine the need for expansion allowance. The softer
working linings of fireclay do not require expansion al¬
lowance.

Wall Working Lining Expansion Allowance (11—2.4). The
expansion allowance material should be placed on the cold
face side of the working lining so replacement can be made
with each new working lining. If placed against the shell,
the expansion allowance material can not be replaced with
each new working lining since the back-up lining is typical¬
ly replaced with each third or fourth working lining replace¬
ment. The expansion allowance material may remain
permanently compressed after the initial loading.Therefore,
if expansion allowance material is used against the shell,
subsequent working lining and replacements after the initial
complete relining would not have expansion allowance.

The heat transfer calculations should reflect the compres¬
sibility and resulting alteration of the insulating properties

of the expansion allowancematerial. Since the material may
be compressed to a small fraction of the initial installed
thickness, the insulating properties may be lost due to die
compiete mechanical restructuring of the material. As
shown in Example Al, Appendix A, several hundred psi
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loading is applied 10 die expansion allowance .material as a
resuil of (Jic working lining expansion force.

Expansion allowance between the top of the wall working
lining and lip ring is also recommended. Analytical studies
and field investigations have shown that excessive lip ring

distortions are apparently a result of wall working lining
expansion as well as lip ring abuse during lining clean out.

Compressible Expansion Allowance Materials (II—2.5).
The expansion allowance materials shown are blanket and
board type insulating materials since compressibility tests
have been conducted on these type materials.

The user should choose expansion allowance material
which is compatible for the temperature environment and
for which the compressibility is known.

Both light weight and dense materials may be used for
expansion allowance. In either case die resulting change in
die insulating capacity of the material should be known due
to the loss in thickness resulting from the compressive
expansion forces of the working lining. In addition, the
temperature rating of the expansion allowance material
should be determined as well as other environmental factors
which relate to the deteriorating effects imposed on the
material.

Lining Stabilization (II—2.6). When expansion allowance
material is used behind the working lining, special attention
is given to the handling of the cold ladle to avoid liningshift.
Ideally, the cold ladle should be preheated in the vertical
(upright) position for a sufficient time period to stabilize the
lining in the expanded position. Once the ladle is hot and in
use in typical clean steel process cycles, tilting can be done
without causing lining shift. If ladles with lining expansion
allowance materials are allowed to cool then the ladle reheat
should be redone with the ladle in the vertical position.

It should be noted that ladle linings, with lite appropriate
expansion allowance, will exert expansion forces (during
the hot condition) similar to the magnitudes developed by
l lie softer bloating fireclay working linings. Since the bloat¬
ing fireclay linings are assumed to remain stable during the
hot condition, it is assumed the stiffer working linings with

appropriate expansion allowance will also remain stable
during hot conditions.

Ladle Inspection (II1—1). At a minimum, inspection of an
active ladle is recommended once per year. The details
described for inspection do not rule out other structural
details unique to the user's ladle which have regions of high
stress concentration. It should be noted that some existing
ladles may have been exposed to mild environments, such
as the use of bloating fireclay working linings in combina¬
tion with short mold teeming hot metal hold times, while
others may have been exposed to more severe environments
in which high strength refractory working linings without
the use of expansion allowance were coupled with inter¬
mediate hot metal hold times. This implies that some exist¬

ing ladles may have significant more faugue life than others.

Existing Ladles with Riveted Lap Joints (III—2).11 is rec¬
ognized that riveted connections are no longer used in the
majority of new ladle designs. However, investigative field
studies have shown that existing ladles with riveted con¬
nections are still used in a large number of iron and steel-
making shops. Detailed calculations on these riveted
connections show the rivetedconnection strength in relation
to die plate strength. If the ladles are lined with high
strength refractory (resin-bonded doloinitic, 70% alumina
or direct-bonded mag-chrome), if the riveted connection is
weaker or more flexible than the plate, it will experience the
predominant portion of the wail working lining expansion
displacement. Ideally the plate and riveted connection
should share equally the total expansion displacement of Lhe
wall working lining. If high strength working linings are to

be used in ladles with riveted connections that are not

equivalent to the sidewall plate or bottom plate strength,
then the appropriate measures described in these specifica¬
tions should be taken.

Maintenance of Structural Components (III-3).The pri¬
mary concern is the maintenance of the various structural
components. The primary items which should be addressed
are the loss of component strength, loss of component
material and cracks and distortions of components.
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CODES, SPECIFICATIONS AND STANDARDS CITED
This section provides a summary of ihe principal codes,
specifications and standards cited in this report and the
addresses of the issuing organizations or societies.

These following editions of codes, specifications and
standards are cited in this edition of this A1SE Technical
Report No. 9. The latest editions should be used in contracts

for ladle design and construction unless otherwise agreed to
by the purchaser and manufacturer.

The American Society of Mechanical Engineers, United Engineer¬
ing Center, 345 East 47th Street, New York, NY 10017

ASME Boiler and Pressure Vessel Code, 1987 edition: Sec¬
tions I, TV, VIII (Divisions 1 and 2) and IX (Note: Section I
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APPENDIX A — DESIGN EXAMPLES

The (wo examples in (Jus Appendix illusirate (he use of this Technical Report in the design of ladles. Only die general features
of die ladles are considered. Numbered equations from Lite text are noted.

A 1 Example 1 — 280-Ton Circular Ladle.

The general dimensions are determined by Lhe 280-ton capacity ladle shown in Fig. Al. The molten metal density, q, is
assumed to be (J.42 kips/cu ft for this example only. The operating temperatures of the bottom, sidewalls and trunnion block
do not exceed 650°F, while the operating temperature of the trunnion pin does not exceed 500°F. Note: This example is to be
referred to for calculation purposes only. It does not necessarily represent a practical design.

<{. TO HOOKS 17'0"

WALL LINING
TOP BAND

1 BOTTOM BANDI

Note: Fiat bottom piate with
reinforcing piate is not shown.
Only the ribbed bottom design is
shown in this figure.
CG is for the brimful condition

Fig. A1 — Dimensions Used in Example 1 Calculation for a 280-Ton Circular Ladle

A1.1 Ladle Weight. The OIS specified a rated operating capacity of 280 ions and a freeboard height of 13 in. These
specifications result in a vertical ladle height, //, of 166 in. (13 ft 10 in.) as described in Fig. Al. The design procedure of
Section 1-5.1 is used only if the freeboard exceeds 10% of H. For Lhe 280-ton ladle, the freeboard percentage of ladle height
is:

~ x 100 = 7.83%
1 66

Therefore the design procedure of Section 1-5.1 is not required.
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The design capacity molten metal weight is calculated as 2S0 tons. The normal design load, lor die ladles is estimated
as:

Design molten metal weight = 560 kips

Ladle steelwork weight = 125 kips

Ladle lid weight = 25 kips

Ladle lining weight = 90 kips

Wh = 800 kjps
Note that if the ladle steelwork weight is unknown at the beginning of die design state, an approximate normal design load
can be estimated as follows:

Design molten metal weight . 560
= 746.7 kips

Adding the lid weight, the first trial for W-, would be 746.7 + 25 = 771.7 kips.

After evaluating ladle dimensions, the actual weight shall be established and the design process may be repeated.

A1.2 Bottom Plate

Al.2.1 Flat Bottom. The required thickness for a flat bottom circular ladle is:

D „ la H
7,3 139 Y a,

ÿq 1-1Sa)

Use ASTM A285, Grade C material (Section 1-3.2).The minimum room temperature tensile properties are given in the ASTM
A2S 5 specification as ay = 30 ksi (yield strength) and au = 55 ksi (ultimate strength). The allowable normal stress (Section

1-5.4.1) is:

oa = mm j oay ; aauj

y . FfFtau
' FiiSFiJ

(Eqs 1-2 and 1-3)

Ff = /i/2/3/4/s = L0(1.0)(1.0)(1.0)(1.0) = 1.0

Ft - 0.729 (Table I-1, temperature = 650°F)

F, = 1.2,{SF)y = 2.28, (SF)U = 3.80

1.2(2.28)

= min { 7.99 ; 8.79 }

= 7.99 ksi

1.0(0.729)(55)
1.2(3.8)

ÿTables [-5, 1-6, 1-7) (Tables 1-1, 1-2, 1-3)

D = 153 in., q = 0.42 kips/cu ft, H = 166 in.

T = i53 0.42(16
B 139N 7.99

(Eq 1-13a)

This is greater than 2 in. and thus too thick for the material specified (Section 1-3.2). Use a flanged bottom with reinforcing
plate:

Tr + Tb
_ ill- '0.42 (166)

114 V o
~

114 V 7.99
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Use a 2ÿ-in. bottom plate and l7/8-m. reinforcing plate. Total thickness of two plates equals 4 in. The reinforcing plate
diameter, in accordance with Section 1-7.3.1 , must be greater than 0.88D = 0.88(153) = 134.64 in. Use a 135 -in. diameter
reinforcing plate.

A 1.2.2 Bottom Plate Rivet Design Calculation. Use a 135-in. diameter reinforcing plate with I'/g-in. ASTM A3!.
Grade A rivets and l5/io-in. holes arranged in a circular pattern. The allowable rivet shear stress (Section 1-5.6) is 12.3 ksi.
Driven rivet area is:

rt( 1.3 125V"
4

1.353 sq inOrivet

The shear stress m the plate is:

0.00105 q H Rm Tb Tr Eq 1-18c)

I Ta + 7UY

fhe rivet shear stress is:

a (Rm 2 - Rm_{ 2 ) (Eq 1-18b)

Locate outermost row of rivets at a distance of three rivet diameters = 3(1.3125) = 3.94 in. inward from outer edge of plate.
Maintain a rivet spacing greater than or equal to 4.5(1.3 125) = 5.91 in. between rivet centers in the circumferential direction
of die rivet row. The 5.91-in. spacing shall also be maintained in the radial direction between rivet rows if the rivet rows are
not staggered. The rivet radius pattern is shown in Fig. A2 using a staggered pattern for the two outside rivet rows.

RADIUS, in.

Fig. A2 — Ladle Bottom Rivet Spacing

Substituting the known parameters into the plate shear stress equation:

0.00 305(0.42)( 1 66) RM{2. 125)( 1.875)
0.004558 Rm

(2.125 + 1.875)-

Substitutmg the value for x, into the rivet shear stress equation:

004558 Ru 7t (R ") R\i r- = 0.010583 -f{RM-
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If rivet stress in the outside rows is too great using a 4.5 dr annuius. rotate the rivets of the inner row to a staggered pattern
which allows the radius of the inner row to be larger while maintaining the pitch at 4.5 dr The number of rivets must he -be
same in each staggered row. The following calculation shows die derivation of the maximum inner row radius f/?w . ) for two
staggered rows and , .
From Fig. A2:

Radius outside row = 67.5 - 3(1.3125) = 63.56 in.

Circumference c = 2 Tt Rsi

Rivet spacing

Angle between rivets in same row

Angle between rivets in different rows = a =

.r = Ru sin a

v = cos a

Pitch = p = 4.5 dr
2 2

Z = V p - X

= y - z

Substitute back:

R.m-i = R\{ cos a - - x'

= Rm cos a - A(4.5 dr) 2 - RM2 sin 2 a

0 c
2 Nm2 Rm Nm 2 Rm Nm

2 71 rm k 180 degrees
-—- ÿ -ÿ = —- radians =---

2 k Rm_x
a/ =

_sL_L

4.5 dr

O
_

d ros (MKM-1 - C0S ,y
',4.5 ty - V a.' ffO

Ru cos
180(4.5) d,
2 7t Rm~\

, , o I 180(4.5) dr'(4.5 dr)2 - Rm~sin' 77b-~

- 71 KM-l

Rearranging; to satisfy the minimum rivet spacing requirement of 4.5 dr the rivet row spacing for the staggered rivet rows

Rm and Rm_ , is:

1
Rm cos "

128.92 d,

<-M~ 1 I
V /

2 Rsi
(128,92 d?

(4.5 d.) * - Ru * sin " '
,f 123.92 d.)

© AiSE 8/9! 59



Solving Tor Lhc inside rivet row radius Rtf.\.

2 Rm_{ Rm cos
i28 .92 dr

- (4.5 dr) * + /?,

The above equation for Ru-\ assumes that the circumferential rivet spacing is 4.5 dr. However, when the actual number of
ivets is chosen, the actual circumferential spacing will most likely be greater than 4.5 dr. Using the actual number of rivets,

Nnu the above equation [otRm-1 with staggered rivet rows, becomes:

(4.5 dr)2 + RMZ = 0

1 1 should be noted that the above equation for Rm- i is valid if the two rivet rows in question have the same number of rivets.
if die number of rivets differ in die two rows of interest, then the pattern assumed in Fig. A2 for the two outer rows would
not apply and the above equation for Rm-i could not be used. For consecutive rivet rows, each with a different number of
rivets, the radial spacing between rows is 4.5 dr.
For Row No. 1 and Row No. 2:

n the following example, the outer two rows are to have the same number of rivets and are to be staggered.

2 k R,
= 67 rivets, maximum number to satisfy the minimum spacing requirement. Try 40 rivets.

.010583 = 12.22 ksi < 12.3 ksi; OK

Typically, less rivets are required to sausfy the rivet shear stress requirement than are required based on satisfying spacing
ules. This implies that the following equation for the row radius can be calculated to satisfy the rivet shear stress requirement.
owever, the previous equation on row spacing to satisfy the rivet spacing requirement of 4.5 dr should also be checked.

x2 2 x Rm
4© dr (0.010583)Rÿ (131.93)

or the case in which the rivet spacing within the rivet row is greater than 4.5 dr, the next interior rivet row radius can be
btamed by rearranging the previous equation to satisfy both the rivet shear stress, 12, and solving for the unknown radius:

Nm ©

0.010583 RM
94.49 /Vm x9

he minimum radial spacing between rows 1 and 2 is 3.37 in. to satisfy the diagonal minimum spacing of 4.5 dr (5.91 in.)

itwccn rivets. A radial spacing of 6 in. is selected between rows 1 and 2.

or Row No. 3 through Row No. 9:

ivct design requirements for row 3 through row 9 each have a
ffcrcnt number of rivets. Therefore the rivet spacing in the
rcumfcrciuial and radial direction is based 011 the 4.5 dr
itcna. Thai is, the staggered row criteria cannot be used here.
s shown in the following radial spacing of the rivet rows, the
dial and circumferential spacing exceeds 4.5 dr and can be
bitrary as long as the shear stress limit is satisfied for the
unber of rivets used. In rows 3 through 9, the radial row
acing is set at 6.0 in.
The results are shown in the summary tabic which indicates
rivet shear stresses, T2, are within the allowable value of 12.3

SUMMARY OF RIVET SPACING

Rm, in.

63.56

Rmi, in.

57.56
T2, ksi

12.22

9.97

Additional rivets should be added near the center of the ladle
itom to retard thermal distortion and buckling.
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A 1.2.3 Flat Bottom with Stiffener Ribs. As an alternative, consider a Hat bottom wttii stiffener rtb< and tn

specification ASTM A516 Gr55. The bottom plate must be at least as thick as the sidewaii (Section (-7.6), so use I
plate with 23/S x 12 in ribs, spaced at a' = 15.3 in. (Fig. A3).

Die properties of the T beam are:
a' =15.30"

Area = 15.3(1.25) + 12(2.375) = 47.63 sq m.

15.2(1.250(6 +- 0.625) „ .
a —----_—ÿ — 7 r\t\ In

3.375(12) J
. 15.3(1.25)

19.125(3.965) " + 28.5(2.66)- = 847 in.

= TTo = !84-5 in"

\j MID HEIGHT c|
CI OF RIB 3:

c 347 Q . 3ÿ 'US'9'* 2.375"

5 = max 15, ; 5-4 = 184.5 in.
Fig. A3 — Effective T Beam

Checking the requirements of Section 1-7.6,

L 153
5

~

5
30.60 in.

tb
=

(153) 2(1.25)
4 5 4(184.5)

= 49.56 in.

The rib spacing of 15.3 in. is less than both 30.60 in. and 49.56 in., as required.

Assume the load on the tee section is:

p - a'
Weight of Molten Metal _

ÿ
560(4)

' Area of Bottom ' K(153)2

= 0.4660 kips/in.

ft L 0.4660(153)
1364kip-in.

and the tensile and compressive bending stresses are:

1364 j ÿ .
Cften = 97ÿ = 1195 kS1

c.en < abt = 2a = 2(7.99) = 15.98 ksi; OK

Womp - 1..T = 7-39 ksi

Ocomp < Cbc = 1-25 aa = 1.25(7.99) = 9.99 ksi; OK
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The maximum shear stress is T„

V - 0.4660 j i = 35.65 kips
i ;

Q = 8.66(2.375)!

/ = 847 in.

b = 2.375 in.

006 in.
3

=
35.65(89.06

lb 847(2.375)

1.58 ksi < 0.6oa = 0.6(7.99) = 4.79 ksi; OK (Eq 1-11)

For the connection between the rib and sidewali, use a double groove full penetration weld as required by Section 1-7.6.

The equivalent thickness of the ribbed bottom equals:

2.375612)
= 3.11 in.

This is less than the 4 in. thickness needed for an unribbed flat bottom.

A1.3 Sidewali. The minimum sidewali plate thickness below the top band (Section I—10) is 1V* in. for ASTM A285 Grade
C material for temperatures up to 650°F (Table 1-7).

The supplementary thickness requirement below the top band is met, since:

CR q H D 1(0.42)(166)(153)
m,n 1819 o„ 1819(7.99) = 0.7340 in.

2 CR wi
=

2(1)(800)
kDo

~
;n(153)(7.99)

= 0.417 in.

1.25 in. > 0.7340 in.; OK

The minimum required thickness above the top band (Section 1-10.4) = 0.66(1.25) = 0.825 in. Use 7/& in.

The average normal stress in the sidewali is:

(Eq I-40a)

(Eq I—40b)

7i D t 7t (153) (1.25)
= 1.33 ksi < o = 7.99 ksi, OK

(Eq l-40c)

4n increase of more than 30% in the sidewali stress due to thinning of the sidewali from wear, corrosion or other means,
1 25hou 1el be cause for replacement or repair (Section 1-5.4.7). The minimum permissible worn thickness is - = 0.9b in.
1.j0

0 825
iclow the lop band and = 0-64 in. above the top band.
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The allowable pin bending stress (Section 1-5.5.1) is:

\Fr F, oy Ff F, au
°b =

\ F, (SF)y
:

(Eq 1-12 and 1-13)

1(0.808)(33) . 1(0.808)(66
1.2(4.56) ' 1.2(9.12)

= mm (4,873 ; 4.873)

= 4.873 ksi

fhc allowable shear stress (Section 1-5.5.2) is:

0.533 ob = 0.533(4.873) = 2.60 ksi (Eq 1-11

The bending stress at the base of the pin (Fig. A4, Point A) is:

800(6.75)
2(609.1)

4.433 ksi < 4.873 ksi; OK

("he average shear stress in the pin is:

avg opft.
1.5 1 ksi < 2.60 ksi; OK

"he pin must be replaced waen the calculated stresses are greater than the allowable stresses by 45% (SectionI-5.5 .4). Because
lending stresses are proportional to the cube of the diameter, the minimum permissible worn pin diameter is, therefore:

,0„J 4.433 f
(_ 1.45(4.873)

= 15.73 in.

A 1.4.2 Bearing Stress on Pin. Since the pin length is 12 in., the hook width is 10.5 in. according to A1SE Technical
:eport No. 7. The minimum inside radius of the shell at the trunnion pin centerline elevation (Fig. A4) is

6 99 A
76.5 + ~ (89 - 76.5) = 83.95 in.

166

nd die radius to the trunnion block mid-thickness is

9 25
83.95 + = 88.58 in.

he horizontal distance from the pin mid-length to the trunnion block mid-thickness is therefore

102 - 88.58 = 13.42 in.

he moment arm from the hook centerline to the centerline of the trunnion block is:

e2 = 13.42 + 0.75 = 14.17 in.

he bearing stress at Point B (Fig. A4) is:

6(14.17) i
(30X9.25;

= 14.7 ksi
(Eq 1-17)
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lowabie bcanng stress is the lesser of Eq I—5b and [-K

<3f,r = 1.36(1.38 o„) = 1.36(1.38X8) = 15.01 ksi

ahr = 3.33a,
nin = 3.33(4.8ÿ3 ) = 16.23

Use Gbr = 1 5.0 1 ksi

= 14.7 < 15.01 ksi; OK

A 1.4.3 Trunnion Block Bending Stresses, ibe trunnion block is connected to the shell by longit
which transmit the vertical load to the shell (Fig. A4). The moment arm on the trunnion block is e, = 14

Using an 3 x 54 in. block and neglecting conservatively the curvature of the block, and assuming that
acts as an integral part with the shell plate, the section modulus at the centeriine of the trunnion is:

fillet welds

the trunnion block

5 =
(54 - 30X9.25):

= 342 , (Eq 1-17b)

Use ASTM A27, Grade 60-30 material for the block. The allowable normal stress (Section 1-5.4.1)

a., = nun ;a

{ Ff F, ay
!© (SF)v fa3F)J

-2 and 1-3)

ay = 30 ksi; gu = 60 ksi

Ff = A h/s/t/s = 1.0(1.0)(1.0)(1.0X1.0) = 1.0

Ft 0.730 (Table 1-1, temperature = 650°F)

F, = 1.2ASF) = 2.28, (SF)U = 3.80

c., = mm
1.0(Q.730)(30)

1.2(2.28)
1.0(0.730)(60)

1,2(3.8)

= mm ( 8.00 ; 9.61 )

= 8.00 ksi

Allowable bending stress in block (Section 1-5.4.2.2) is:

cb = 1.38aa = 1.38(8) = 11.0 ksi (Eq I—5a)

The maximum trunnion block bending stress is located at the centeriine of the trunnion and is:

2 (65)(342.3)
10.44 ksi < 11.0 ksi; OK

(Eq 1-17a

Al.4.4 Weld Stresses. The throat area of the vertical welds connecting the trunnion block to the stdewall is

2(0.707)(1.0)(60) = 84.84 sq in.

and the average shear stress in the welds is

800
2(84.8c
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The weld musl meet the fatigue stress provisions of the AWS Structural Welding Code (Section 1-5.4.6). Designing for an
infinite number of cycles, the AWS allowable stress is 8.0 ksi (AWS Code, 1980 Ed., Category F, Fig. 9.4B), and the weld
stress of 4.7 1 ksi is OK.

The radial force on each of the welds at the top and bottom of the trunnion block (welds connecting block to the band) is:

800(14.17)
= 87.20 kips

One shear stress in the weld is:

87.20
_

, ,

A"°p:
0.7S(0.707)(54) = 1MkS'

87 ?0
A'b0tl0m; 775(0.707X54) = '-52ks'

hese stresses will be combined with the circumferential shear stresses following the band design calculations.

A 1.4.5 Location of Trunnion Axis. The minimum distance of the trunnion axis above the center of gravity of a brimful
idle, including refractory lining and contents (Section 1-5.3) is:

j = 3.236 x 10-6 (168) (168)3 (Eq 1-1)

= 1.18 ft = 14.16 m. < 15.3 in. (actual; distance); OK

y'hcrc the brimful weight, W7, of the ladle is estimated as:

Brimful molten metal weight = 708 kips (worn lining)

Ladle steelwork weight = 125 kips

Ladle lid weight = 25 kips

Ladle lining weight = 60 kips (worn lining)

W =918 kips

1.5 Stiffener Bands. The effective band properties are deter¬
mined first followed by band forces, band weld stresses and deflection
idex.
AT.5.1 Effective Band Properties.

op band:

10 25 1 25
Rs = 76.5"+ ~~~~ (89 - 76.5) + -y- = 86.4 in.

he location of the sidewall plate joint above the top band is:

eT = 0.75 086.4(125)" = 7.79 in. (Eq 1-39)

-iai size: 5 in. wide x 9 in. deep all around.

"opcrties at trunnion axis (Fig. A5):

b, = 0.4 0804(9.25 + 2.50) = 12.7 in. (Eq 1-29)

6, = 0.7 086.4(1.25) = 7.3 tn.

(Eq 1-29)

(Eq 1-30) 4.57"! 5.68"

6=5+ 12.7 + 7.3 = 25 in.

(9.25) - 5(10.25) + 7.3(1.25) = 177.8 sum.

(Eq 1-23)

Fig. A5 — Top Band at Trunnion Axis
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Locate neutral axis:

12.7(9.251 4 - 5(10.25) " - 7.3(1 25> 2

* = 2(1771)-

= 4.57 in.

_ '2.7(9.25 3
. 5(10.25) 3 7.3(1.25) 3 N

12
T

12 + 12

+ 12.7(9.25)(0.06)" + 5O0.25X0.56)2

+ 7.3(1.25)(3.94)2

= 1446 in.4
Section modulus:

1446 aoutside Sn - . = 254.6 m.u o.oS

„ 1446 -i . ÿ j ÿ 3inside S, = , = J 16.4 in.
4.J /

Properties at cross axis (Fig. A6):

be - 5 + 1.4 V86.4( 1.25) = 19.55 in. (Eq 1-27)

Area = 14.6(1.25) + 5(10.25) = 69.5 sq in.

Locate neutral axis:

=
14.6(1.25) 2 + 5(10.25) 2

~
2(69.5)

= 3.94 in.

_ 14.6(1.25) 3 5(10.25) 3

12 + 12

+ 14.6(1.25)(3.32)2 + 5(10.25)(1.18)2

= 724 in.4
Section modulus:

. . „ 724 . 3
outside Sq - y~yy - 114.7 m.

774 3
inside S, = ——7 = 183.8 in.

' 3.94

Bottom band:

4 83'3 1 7S
R.. = 76.5 + (39 - 76.5) + =81.5 in

IJ.Sjj ' L Fig. AS — Top Band at Cross Axis
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SUMMARY OF EFFECTIVE BAND PROPERTIES

Property Top Band

At Trunnion At Cross Axis

Bottom Band

At Trunnion At Cross Axis

Area, in.
r t

A 1.5.2 Band Forces.

rrt = 36.4 + 3.94 - 0.625 = 89.72 in.

Rrb = 81.5 = 5.83 - 0.625 = 86.71 in.

18061581(89.72)

724(123)(86.71)'
= 1.303

76 n +• 89
ÿRsm = - 0.625 = 83.38 in.

G =1.27 (Fie. 1-12, — = 0)
%.v

F
_MMcimii_ 4942 k!psT ~ 8 (1.303(58) + 123] P

Fa = 1.303(49.42) = 64.39 kips

M-j-, (at trunnion axis) = 49.42 [0.7(89.72) - 13.5]

= 2437 kip-in.

Mn (adjacent to trunnion block) = 49.42 [0.7(89.72) - 27]

= 1769 kip-in.

Mj2 (at cross axis) = -49,42(0.3)(89.72)

= -1330 kio-in.

Mm (at cross axis) = -64.39(0.3X86.71)

-1675 kip-in. ICn T—t
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A1.S.3 Band Stresses.

Top band at trunnion axis;

= -9,57 ksi

+7.70 ksi (Eq I-36b)

Top band adjacent to trunnion block:

= — 15.4-2 ksi (Eq I-36a)

= +9.62 ksi Eq 1-36b)

Top band at cross axis:

49.42 1330
69.5 + 114.7 = +10.88 ksi

49.42 _ 1330
69.5 183.8

= -7.95 ksi (Eq I—37b)

Bottom band at cross axis:

= +7.09 ksi
Eq I-38a)

/, = - = —6.13 ksi (Eq I-38b)

Jse ASTM A516, Grade 55 material for the bands. This material has the same tensile and yield strength as A285, Grade C
natcnal used for the sidewalls and aa = 7.99 ksi at 650°F. The allowable combined stress is the same at all band locations
md is 2(7.99) = 1 5.98 ksi (Section 1-9.9). The band stresses determined above are satisfactory at all locations.

A 1.5.4 Band Weld Stresses. The fillet welds connecting the band to the trunnion block and the band to the shell transmit
shear force given by:

= Area beyond vertical shear plane (and fillet welds) of interest in trunnion block region, sq in.

= Shear force over the vertical shear plane of interest, kips/in.

= Moment of inertia of trunnion block/band cross-sectional region (see Summary of Effective Band Properties,
Section A1 .5.1), in.4

= Radial force on band in region of trunnion block, kips

= Distance from neutral axis (neutral axis determined in evaluation of band properties) of trunnion block/band
cross-sectional region to ccntroid of area, a, in.



Evaluation of shear stress in the two circumferential Va-in. fillet welds (Fig. A 5 ) connecting the top band to the
sidewal! plate,

V = Fj = 49.42 kips

From the top band trunnion axis property calculations (Section A 1.5.1, Fig. A5):

e - 4.57 in. (location of neutral axis)

/ = 1 446 in.4
The area beyond the vertical shear plane of interest (area beyond the two 3/d-in. fillet welds, see Fig. A5) is the 1 Vd-in. sidewal!
plate:

a = (12.7 + 5 + 7.3)(1.25) ='31.25 in.2
The centroid location of area, a, from the neutral axis is:

' , 1-25 „n<.y = e - — = 4.0/ - = o.94m.

49.42(3 1.25)(3.94) „ . ,.
f ÿ =-__-= 4ÿ1 jups/m.

The shear stress in the two Td-in. fillet welds (through the throat of the welds) is:

f's 4.21
t ~ —— ~-~ Q7 ksi

b 2(0.75)(0.707)

This is less than the allowable limit (Section 1-5.4.6) of 1.2 X 7.99 = 9.59 ksi, and also less than the AWS endurance limit
of 8.0 ksi.

Evaluation of shear stress in the single circumferential Ad- in. fillet weld connecting the trunnion block to the outer
edge of the top band.

From the top band trunnion axis property calculations (Section Al.5.1, Fig. A5):

e = 5.68 in.

/ = 1446 in.4
The area beyond the vertical shear plane of interest is the one inch projection of the top band beyond the trunnion block.
Therefore:

a = 5(1) = 5 in 2

y = 5.68 - 0.5 = 5.18 in.

49.42(5X5.18) noori.s r =- -= °-885 kaps/ifi.

The shear stress in the single Ad-in. fillet weld is:

0.S85 , .
'

0.75(0.707)
Lo7xS1

This weld must also carry the radial force considered previously (Section A 1.4.4).
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The equivalent shear stress is:

r = A/i.67' - 3.04" = 3.47 ksi < 8.0 ksi; OK
- -i

For ihc bottom band-lo-sidewall welds (two circumferential 3/4-in. fillet welds, Fig. A7);

a = 1.25(24.5) = 30.63 sq in.

/ = 2510 in.4
v = Fg = 64.39 kips

y = 5.36 - 0.625 = 4.74 in.

64.39(30.63)(4.74)
J ,=- -= o.7a ksps/m.

2(0.75)(0.707)
3.51 ksi < 8.0 ksi; OK

For the bottom band to block weld (single circumferential 1 lb-in. fillet weld. Fig. A7):

a = 5(5) = 25 sq in.

v = 8.89* - 2.5 = 6.39 in.

64.39(25)(6.39)
= 4.10 kips/in.

1.5(0.707)
= 3.87 ksi

A3.87z + 1.52* = 4.16 ksi < 8.0 ksi; OK

Since the shear force is zero at the cross axis, the weld stresses at the cross axis will be negligible.

A 1.5.5 Deflection Index.

The deflection index (Section 1-11) is:

CD P R KM '

Determine CD by interpolation from Table 1-8, using [3, -and
Rrm !\

From Fig. Al, the inside, radius at the average band height is:_
. (58 + 123)(89 - 76.5) .

= 76.0 =-—-= 83.31 in.

1 80(27)
a (83.31)

1 8.57 degrees

0 (circular iadlc)
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!, = 724

/, = 1446 i • 3094 in.'

h _ 1737
/,

~

3094

Cn = 0.0560

rrt ~ rrs 89.96 + 86,71

E = 29,500 ksi

0.0561X227.62)(88.34)"
29500(1737)

= 0.00194 < 0.0026: OK

A1.6 Riveted Sidewall Connection.

The 280-ton circular ladle may be fabricated with a welded or riveted circumferential sidewall connection. The user of this
ladle has requested the ladle manufacturer to calculate the requirements of a riveted connection in order to make a decision
on the feasibility of a riveted field connection.

A 1.6.1 Design of the Riveted Sidewall Connection. The required number of rivets on each side of the single buttstrap
connection is:

N, >0.10
(Eq 1-511

From the previous design conditions:

aa = 7.99 ksi (Eq 1-2 and 1-3)

For the rivets, ASTM A3 1, Grade B, is selected:

15.5 ksi

The cross-sectional area of the sidewall plate remote from the riveted connection (at the ladle bottom) is:

Aw = 7t(153) (1.25) = 600.83 in.2
Using 1'/4 in. diameter rivets, the cross-sectional area of the nvet is:

A, = ri
1.25 2

Tne required number of rivets is:

.(0.70X600.831(7.99) o, ÿ .V. > -
5
-= '76.26; use 178 rivets.
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A 1.6.2 Rivet Spacing and Edge Distances. The minimum spacing between rivets for the bullstrap and sidewall plate
is:

3 dr= 3(1.25) = 3.75 in.

The minimum spacing (Section 1-13.3) between the circumferential rows of rivets is:

W4 dr = 1.75(1.25) = 2.1875 m.

The minimum edge distance from the center of the rivets to the pfate edge is:

1 V4 dr= 1.25(1.25) = 1.5625 in.

The maximum edge distance from the center of the rivets to the plate edge is:

P/4 dr= 1.75(1.25) = 2.1875 in.

he circumferential sidewall splice between the riveted connection is located two ft below the bottom stiffener band. The
naximum number of rivets per circumferential row is (using average inside shell radius at the connection splice):

ince the total number of rivets required on each side of the connection is 178, at least two rows of rivets, at 89 rivets per
iw, are required. Since 89 rivets are used per row, the minimum spacing between rivets is satisfied. That is, the spacing
ctween rivets is:

2 re (79.06)
= 5.58 in.

A 1.6.3 Maximum Bearing Stress in Rivets.

tic maximum allowable bearing stress in the rivets is twice the allowable shear stress.

Iierefore, the allowable bearing stress is:

= 2(15.5) = 31.0 ksi

ne inside portion of the rivet is countersunk to reduce the interference with the
fractory lining, as shown in Fig. A9. The depth of the countersink is l/i in. The total
fective length of the rivet is therefore 1.0 in. (sidewall plate thickness, less one half
c countersink depth). The estimated load on the riveted connection, W2', is 800 kips

ss the ladle steelwork weight above the riveted connection 30 kips. Then:

= 800 - 30 = 770 kips

ic total bearing area is:

= 1.0(1.253(178) = 222.5 in.2
ic bearing stress on the rivets is:

Fig. A9 — Rivet Countersink

= 3.46 ksi < 31.0 ksi; OK

Al.6.4 Stresses in Sidewall Plate. The maximum normal tensile stress in Lbe sidewall plate as defined by Eq 1-52 is:

1.4 o0 = 1.4(7.99) = 1 1.19 ksi

c maximum normal stress is:

< ! .4 o .
(Eq 1-52)



The weight v'/h 15 defined as 800 kips. The minimum effccth

Trial Section 1:

(5.58 - dA(N:](i) = (5.58 )(89)(!.25)

481.71 in."

Trial Section 2:

S
ÿ58 - 2 dr -r 2 I j | 0Vr) (j)

5.58 - 2(1.25) + {calliI(59,<L25i

= [5.58 - 2.50 + S.276](89)(1.25)

= [4.3561(89X1.25)

484.61 in/

Therefore:

484.61
1.65 ksi < 1.4 (7.99) = 11.19 ksi: OK ita f— 52 1

The previously calculated bearing stress in the rivets was 3.46 ksi. The bearing stress limit for the sidewall plate is defined
as:

abh = 1.6(7.99) = 12.78 ksi (Eq 1-53)

Therefore:

3.46 < 12.78 ksi: OK

The minimum distance from the first row of rivets to the bottom side of the bottom suffener band is defined by Eq 1-39 and
calculated as:

eT = 0.75 V(79.06)(l.25) = 7.46 in. (Eq I—39)

Therefore, with two circumferential rows of rivets at a spacing of 2.1875 in. (say 2lA in.) and an edge distance of 1 .5625 in.
( 0/16 in.), the minimum distance from the splice to the bottom side of the bottom suffener band is:

= 7.46 + 2.25 + 1.5625 = 11.2725 in.

A check of the minimum effective area of the sidewall plate at the riveted connection shows that it is greater than 70% of the
cross-sectional area of the bottom sidewall plate:

484.61
7i53Y = 0.81

A1.7 Design of Tilt Mechanism.

A tilt mechanism is designed which is similar to the mechanism defined in Section 1-12. The pin-connected members are
designed as pin-connected plate links. The tilt mechanism is to be fabricated from ASTM A516 Grade 70 material. The
allowable norma] design stress for the design temperature of 60C°F (see Table 1-3) is:

o„ = 10.26 ksi
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Al.7.1 FiIt Loads Imposed on Iilt Mechanism. For adesign service molten metal weight, MD, of 280 tons, the moment
arm during desiaggmg is:

wb = 3 in.

The moment arm of the ladle structure, ladle lid and lining weight is:

wa = 5 in.

Therefore (with wc = 128 in.) the auxiliary hook load is:

560(3) a- 240(5)
.50 kips (Eq 1-46)

3 check on the tilt loads at the same tilt angle (approximately 11 degrees) with only a skull load (10% of 280 tons) attached
o Lhc ladle bottom:

Wj - i / in.

Tic auxiliary hook load is:

56(17) + 240(5)
16.8 1 kips (Eq 1-47

"hcrcfore the dcslagging loads govern at the lilt angle for dcslagging.

ÿ'or a tilt angle of 45 degrees, the moment arms are:

wa = 10 in.

wy = 150 in.

wd = 60 in.

he auxiliary hook load is:

56(60) + 240(10)
38.40 kips

(Eq 1-47)

or a tilt angle of 90 degrees, The moment arms are:

w = 14 in.

w, = 1 00 in.

wd = 85 in.

he auxiliary hook load is:

56(85) + 240(14)
8 1.20 kips

(Eq 1-47)

or die complete inverted ladle position (tilt angle of approximately 180 degrees), the auxiliary hook load is equal to the
ructural plus lining weight of the ladle and the 56 kip skull:

Fn = 56 + 240 = 296 kips

ar an emergency aborted heat, at a tilt angle of 19 degrees, the molten metal moment arm is:

ho = 6 in,

nc moment arm for die ladle structural and lining weight is:



Therefore I'wiih w.- - 139 in.) the auxiiiarv hook

560(6) - 240(5)
Fs =-—-= j_.8i k;ps

For an emergency aborted heat, at a tilt angle of about 35 degrees, the molten metal moment rum is:

we = / m.

Pae moment arm for the ladle structural ami lining weight is:

Therefore (with w, = 149 in.) the auxiliary hook load is (molten metal weight at 200 tons):

400(7) - 240(9)
Fs = -—ÿ49-= JJ-29 laps

For an emergency aborted heat, at a ult angle of about 49 degrees, the molten metal moment arm is:

wb = 2 in.

The moment arm for the ladle structural and lining weight is:

w , = 1 1 in.

Therefore (with w: = 149 in.) the auxiliary hook load is (molten metal weight at 150 tons):

300(2) 4- 240(11)
= 21.74 kips (Eq 1-46)

Therefore the peak auxiliary hook load during emergency aborted heat is at the early sages of tilting.

A 1.7.2 Design of Tilt Mechanism Components. The vertical tilt link is subjected to a maximum auxiliary hook load of
296 kips. The allowable tensile stress is (using ASTM A516 Grade 70 at 600°F with a F;- - 1 ,0):

a'a = 0.75(10.26) = 7.70 ksi (Eq 1-49)

The minimum area at section A-A (Fig. A12) is:

296 oo < a ÿ

A = yyy = 38.44 sq in.

Using two 31/a-in. thick, te, plates (two parallel plates), the width, \Ve - D h, (Fig. A 10) of the two plates making up die
vertical link is:

38 44
W'~Dÿ' 2ÿ25)

= 531 'm-

The diameter of the pin, D , is evaluated by considering double shear. The selected pin material is ASTM A668 Grade B.
The allowable pin shear is calculated using Eq I-16b of Section 1-5.7.The yield strength of A668 Grade B is 30.0 ksi.

Therefore:

a. = 0.40(30.0) = 12.0 ksi (Eq 1-16b)

The required pin area is:

496
A = 12.33so.a.
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Fig. A10 — Hook Pin End of Vertical Pin-Connected Plate Link

1 he required pin diameter is:

12.33; D. = 3.96 in.
P

Use Dp - 4 in.

Note: The designer has the option to increase this diameter by a nominal wear and tear allowance.
The total depth, We, (Fig.l-18) of the vertical tilt link is:

We = 5.91 + 4.00 + 0.03125 = 9.94 in.

Use a trial cross-section of 10 in. x 3lA in. for each of the two plate members of the vertical tilt link and a pin diameter of
4 in. for the auxiliary crane hook. Checking on the requirements of the design parameters of the tilt link (see Fig. 1-18):

Dnh = 4 + 0.03125 = 4.0312 in.

10 - 4.0312
2.984 in.

4 t= 4(3.25) = 13 in.

D, < 4 te\ OK

1.25 Dt = 1.25(2.984) = 3.73 in,

Dph >1.25 Dp OK

te > 0.5 in.; OK

Dd te > m(We - Dph) te

Dd = (47) (!0 - 4.03125) = 3.98 in.; use 4 in.

Since all parameters are satisfied, the vertical pm-connectcd plate links tire two 10 in. x 31/4-in. plates (see Fig. A10). The
auxiliarv crane hook ran is 4 in. in diameter.
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Since the horizontal pin-connected plate link is exposed to die same maximum i,n.i .....mmmam ...i ,u'hi - , , , : < aima . u as Jie x e roc ii i n in - oi ,f i : a-
Plate link, it can he designed in a similar manner. However, three plates wall he used tor die hen/omul link m order m nr,.©
appropriate rctlunoancy in the structural strength. Each of the ihrce ohae thicknesses i ic

273 259
ie = ~ = 2.167; use 2 Vis in. plates

Use three 10 in. x 2 Vt6 in. plates. Checking on the requirements of the design parameters:

D, = 2,984 in.

4 te = 472.1875) = 8.75 in.

D, < 4 n; OK

Dph = 4.03125 in.

1.25 D, = 1 .25(2.984) = 3m 3 in.

Dph > 1,25 Dp OK

0 > 0.5 in.; OK

Dd = (47) (10 - 4.03125) = 3.98 in.; use 4 in.

lne pin hole diameter, is made vsd in. larger than Lhe pin to allow rotation between the vertical and horizontal links and
to satisfy the design parameter requirements of Fig. 1-18.

The pivot pin connecting the vertical link to the horizontal link has a minimum area (four shear areas, see F'm. A1 i):

Fig. A11 — Pivot Pin Details
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4(12.0)
6.167 sq in.

The required pin diameter is:

= 6.167

Dp = 2.80 in.

Use 0, = 27ÿ in. ; Dph = 2.875 + 0.03125 = 2.906 in.

Checking on the reauirements of the design oarameters:

10 - 2.906 „ _ .
D, =-q-= 3.54/ in.

4 ts - 4(2.1875) = 8.75 m. (using minimum thickness of horizontal links)

D, <4 ie: OK

D„h = 2.906 in.

1.25 D, = 1.25(3.547) = 4.43 in.

D h < 1.25 Dt\ unsatisfactory

Use larger pin diameter. Try Dph = 3 Vi in.

Recheckmg the design parameters:

10 - 3.531
= 3.23 in.

4 te = 4(2.1875) = 8.75 in.

D, < 4 !e ; OK

Dnl, = 3.531 in.

1.25 D, = 1.25(3.23) = 4.04 in.

Dph < 1.25 £>, ; Unsatisfactory

!sc pivot pin diameter same as auxiliary crane hook pin diameter.

becking on bearing stress in the link plates; the allowable bearing stress is defined by Eq 1-50:

abr = 1.5(10.26) = 15.39 ksi

he allowable bearing stress in the pin material is greater than the allowable bearing stress in the plate links.

or the two 1 0 in. x 3'/4 in. plates at the auxiliary crane hook pin the bearing stress, fbr , developed by the pin is:

(Eq 1-50)

2(3.25){4.0)
11.38 ksi < 15.39 ksi; OK

/r the three 10 m. x 2Ui6 in. plates at the pivot pin Lbe bearing stress,fbr ,developed by the pin is:

3(2. 1875)(4.0)
11.28 ksi < 15.39 ksi; OK

ie bottom pivot plates are incorporated into the flat bottom plate suffener ribs. As shown in Fig. A12, the bottom ribs are
iSiuoned such that the four center ribs will support die tilt mechanism. The rib depth must be increased to 18 in. to support
:weight of die ladle in the inverted position.





The section moduli are defined using the four center ribs:

4( 18)(2.375)(10.25) + 61 .2(1 ,25)(0.625)

4(2.375)(li
12

6 1.2(1.25)J

12
4( 18)(2.375)(2.97) + 61.2(1,25)(6.655)2

/ = 9523 in.

=ff§ = 795-6in'3

1308 in.

"he tensile and compressive stresses m the inverted ladle position are:

8.48 ksi

rt-on,P < °bc = 1 -25 aa 1.25(7.99) = 9.99 ksi; OK

13.95 ksi

< abt = 2 a. = 2(7.99) 15.98 ksi; OK

Die maximum shear stress at ends of the four center ribs is:

296
Y = = !48 kips

Q = 4(2.375)

/'= 9523 in.

4r-i = 384.75 m3

(4)(2.375) = 9.5 in.

_ '48(384.75)
9523(9.5)

= 0.63 ksi < 0.6 aa = 0.6(7.99) = 4.79 ksi; OK

(Eq 1-6)

(Eq 1-11)

or the connection between the rib and sidewall, use a double groove full penetration weld as required by Section 1-7.6.

,s shown in Fig. A 12, the shear plates are connected to the four ribs which support the ladle in the inverted position. The
uckness of die shear plates are equal to the rib thickness and are attached to the ribs by full penetration welds.
The maximum latch plate loading occurs during emergency abort. The maximum load imposed on both latch plates is

2.8 1cos 19° = 31 kips. As shown in Fig. A 1 3, the latch plate is nearly square in configuration. The minimum ratio of width
i thickness (using ASTM A285 Grade C at 650°F,aa = 7.99 ksi) for stability against buckling is:

= 32.9

AiSc 3/0 :



Assumed working
portion of latch
plate

ll IA '-I i V

Fig. A13 — Latch Plate

For a width, b, of 10 in., the minimum required thickness for buckling consideration is:

b 10 A ÿ

' 32 9 37 9
0-30ÿ sn-

27The design thickness for eccentric loading (using two parallel latch plates and two triangular working portions as described
in Fig. A 13) is:

obc b cos a

2(1.25)(7.99)(10)

t = 1.31 in.

Therefore the required thickness for eccentric loading governs. For latch plates use two 13/fe- in. thick plates.

The stresses imposed on the sidewall by each plate are:

kip-m.
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i he section modulus is:

b dl (1.375)(29V 3— — =--= 192.7 in.
6 0

The maximum bending stress is:

Ten Tomp 192 7

<7comp < abc = 1.25(7.99) = 9.99 ksi; OK (Eq 1-7)

The maximum shear stress ts:

15.5 kips

b = 1.375 in.

Q = 1.375 144.55 in.

ÿ = (L37fÿ(29)3 = 2794.6 in.4

15.5(144.55)
2794.6(1.375)

0.58 ksi

Tmax < 0.6(7.99) = 4.79 ksi; OK (Ea 1-11)

herefore the latch plate does not impose significant stresses on the ladle sidewall during tilting. As shown-in Fig. A 13,
racing plates are used on each latch plate to provide additional stiffness to the latch plates.

hese computations, based on the ladle weight (A 1.1), are considered as preliminary. After evaluating ladle dimensions, the
stual weights shall be established. The resulting stresses, using the actual weights, shall not exceed the allowable stresses.
" die allowable stresses are exceeded, change in component sizes shall be required, new weights established and stresses
/imputed such that those stresses are equal to or less than the allowable ones.

1.8 Estimating Wail Working Lining Expansion Allowance. The sidewall plate stresses caused by the expansion
' the wall working lining are evaluated'0, 26 . The ladle wall temperatures during preheating are defined in Fig. A 14. The
•'aiuations arc made for a 70% alumina brick working lining, a direct-bond mag-chrome working lining and a resin-bond
liomite working lining. These evaluations are a part of the lining design and the primary responsibility of the ladle user.

A 1.8.1 Estimated Thermal Expansion Forces. The thermal expansion allowance and thermal expansion forces are
timatcd for 70% alumina brick, direct-bond mag-chrome and resin-bond dolomite linings. Each lining is assumed to be 6
. thick.
For the 70% alumina and the direct-bond mag-chrome linings, the expansion allowance and expansion forces are calculated
r die standard preheat condition. In the case of the resin-bond dolomite brick lining, the expansion allowance is determined
r the steady state temperature condition at the end of a ramped preheat.
The following equations are used for evaluating the expansion forces:

a,w A B T ÿ
!avel (Eq 11-1a)
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Mag-chrome d
working lining
standard preh*

i- (ave)

The temperature distributions during transient pretw

The temperature-dependent elastic modulus of eact
The elastic modulus is derived from tire stress/strai
modulus of elasticity since mortar joint "J compres

The thermal expansion coefficient for each materia
are shown in Fig. A 16.
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70% ALUMINA) BRICK

Temperature,

COLD FACE

MAG-CHROME

Temperature,





The radial pressure of 0. 136 ksi is imposed on die insulating brick. The insulating brick is exposed to potential crushing loads
and should have the .strength to resist these loads.

The resulting circumferential tensile stress in the ladle sidewail plate is:

= = 9 Q3 ks, (Eqll-lc)

The thermal expansion of the 70% alumina working lining at steady state preheat condition develops sidewail stress of 9.03
ksi. Tie ferrostatic pressure also introduces a hoop stress of 2.34 ksi (see Section A1 .8.3). The combined stress is 1 1 .37 ksi.
The allowable total stress is:

o(il = 1.0 FfF,cy = 1.0(1.0X0.729X30.0) = 21.87 ksi (Eq 1-10)

Since 1 1 .37 ksi < 21.87 ksi, the lining design is satisfactory.

Section 11-2.4.1 should be reviewed regarding the evaluation of the wall working lining expansion allowance.

A 1.8.2.1 Estimated Thermal Expansion Force for Steady State Preheat Conditions: The maximum temperature at
which die 70% alumina brick maintains significant strength (See Fig. A15) is approximately 1800°F. The maximum radial
thermal expansion of the working lining (ARw/) is:

OR = /?Hr a„, (AL,)

= 73(3.3 x 10 )( 1800 - 70) = 0.417 in.

Where:

R//f = Radius of working lining hot face, in.

A7)w = Increase in hot face temperature from ambient up to 1800°F

The maximum radial expansion of the sidcwal! plate, ARS is:

AR. = Rt aJAT )

83(6,5 x 10 )(650 - 70) = 0.313 in.

Where:

Rs(ave) = Average radius of sidewail shell, in.

A Ts = Increase in sidewail shell temperature from ambient to maximum steady state condition, °F

The resulting interference between the wall working lining and sidewail plate is:

ARlW - ARÿ 0.417 - 0.313 = 0.104 in.

Therefore the lining expands 0. 104 in. greater than the shell expansion. For steady state preheat conditions the radial pressure:

0.252 ksi
(Eq 11— 1b)

4.13 x 10

md die resulting shell stress is:

0.252(83)
1.25

16.7 ksi

This stress plus the ferrostatic hoop stress of 2.34 ksi (see Section A 1 .8.3) would be 19.04 ksi. This is within die allowable
total stress of 2 1.87 ksi (see Section A 1.8.2).

The above calculations arc for ramp (slow heat-up) preheating. This implies that if ramp preheating is used the shell stresses
Jo not exceed die allowable total stress and expansion allowance would not be required for ramp preheating a 70% alumina
working lining.

38



The amount of expansion allowance required it' standard ( rapid heat up! preheat is used a

ZR = 0.003 Ru

= 0.003(73) = 0.22 in.

Since Table (IT governs the amount ol expansion allowance, tin expansion allowance no greater than '</& m. should be use
for Lh is ladle.

The compressibility of the expansion allowance material (using 30 lb/ft3 blanket material) is determined as:

PB= 100 - t'Hs '-a h-i

PB = 100 - 1.5(30)

a _ rrsr
' 3 ~ '°

The desired thickness of the blanket material is:

0 1 25 1Tu - —rr~ x 100 = 0.23 in.; use Vi m. 30 lb/ft blanket material :q ;l-o)

As previously noted, if a ramped preheat of about 100 to 200°F per hour is used instead of die standard preheat, then no
expansion allowance is required.

The amount of expansion allowance between the lip ring and well lining is calculated as:

Z4 = 0.0033 (Eq [ [—da)

= 0.0033( i66)

= 0.55 in.

Assuming chat an expansion allowance material has a compressibility of about 66%, the thickness of the expansion allowance
material, TEM, between the lip ring and the cop of the wall lining (using the procedure of Eq 11-6) is:

0 55
TEM ~ yg x = >n4 use approximately a 1-in. layer of material.

Al.8,3 Sidewal! Plate Thermal Expansion Force DuringStandard Preheat With Expansion Allowance Material for
the 70% Alumina Working Lining. The following example is provided to demonstrate the use of expansion allowance
material when rapid heat up is employed.

It is assumed the user has determined (he working lining and shell temperatures during rapid preheat and conducted the
calculations as previously described in this Section 1.8. The results:

fex = 28 ksi > acU = 21.87 ksi; unsatisfactory

In order fotfex = 28 ksi, the temperature of the working iining at the mid-thickness would have to be 1690°F.

9m= 1690° - 70° = !620°

Zs = 0.125

5 = 3.3 x 10"5 (1620)(76) - (6.5 x 1 Oÿ5) (4303(83) - 0.125 (Eq II—3c)

S = 0.406 - 0.232 - 0.125 = 0.049

0.119 ksi
4.13 x 10'

0.119 181
7.90 ksi
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Fiic sidcwall plate circumferential stress, during hot metal transport, near the bottom of trie wall resulting from ferrostatic
pressure is calculated from die pressure vessel stress equation:

Where:

Pr = Ferrostatic pressure applied to bottom region of sidewall, ksi

„ 0.95(0,42X16(5)
= 0,95 q H = - - 0,0383 ksi

R = Radius at bottom of sidewall plate, in.

= Thickness of sidewall plate, in,

Substituting die appropriate values:

0.0383(76,5)
- = 2,34 ksi

he sidewall plate axial stress is calculated using a similar form of the previous equation. During hot metal transport, the
sidewall plate axial stress near the bottom of the wall resulting from the ferrostatic load is;

pr R 0,0383(76.5)
= 1.17 kst

The allowable stress (plate at 650°F) for the total maximum sidewall plate stress (Section 1-5.4.4, Eq 1-10) is:

ad, = 1 ,0( 1.0)(0.729)(30) = 21.87 ksi

he maximum total stress is calculated as:

(Eq I-10)

fwaictr = 7-90 + 2-34 = 10.24 <21.87 ksi; OK

ased on strain gage tests, the lining expansion stress in the axial direction can be assumed to be equal to the hoop lining
cpansion stress.

Acta! ax = 7-90 + 1 • 17 = 9.07 < 21.87 ksii'OK

ote that the rapid heat up required the use of expansion allowance material. However this practice may result in an
idesirable loose lining at the steady state heated conditions (end of preheat and during molten metal hold) of the lining.

Al.8.4 Estimated Thermal Expansion Force for a Direct-Bond Mag-Chrome Wall Working Lining for Transient
eheat Conditions:

alW =5.5 x 10-6 in./in. °F

A0tW = 1220° - 70° = 1 150°F (See Fig. A 14)

A\w = 76. in. (See Fig. A16)

a, = 6.5 x 1 in./in. °F

AO, = 500° - 70° = 430°F

RlUvc) = 83 in. (Sec Fig. A !6)

8 = (5.5 x 10"*)(1150X76) - (6.5 x I0"6X430X83) (Eq U-1a)

0.4X1 ~ 0.232 = 0.249 in.
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En, = 3.75 x if)' ksi (See Fig. AI5)

| 76'
ÿ
_ 63' _

[(6) (3.75 x 10Jj (i,25)(30 x 10'

(.57 x 10 ' = 1.34 x 10 1 4.41 x 10"
0.565 ksi

0.56575
37.52 ksi > ct,/; = 21.87 ksi; unsatisfactory

The thermal expansion of the direct-bond mag-chrome working lining develops a sidewail stress that is beyond the aiiowaN
stress of the sidewail plate. Therefore expansion allowance material is required.

The maximum temperature at which the direct-bond mag-chrome exhibits significant strength is 2200°F. The max nr.urn radi;

thermal expansion of the working lining (A/?w<) is:

&Rwi = Rhf a»(

= 73(5.5 x lir6)(2200 - 70) = 0.855 in.

The maximum radial expansion of the sidewail plate ARS, using the maximum steady state sidewail plate temperature, is:

Ai?s — 7TyaVe) ÿ(A/j)

= 83(6.5 x 10ÿ(650 - 70) = 0.313 in.

The resulting interference between the wall working lining and sidewail plate for steady state temperature condition is:

A/?w/ - A/?, = 0.855 - 0.313 = 0.542 in. (Eq II-1 b

t .a i x 10

1.229 (83)
8 1.61ksi > adl = 21.87 ksi; unsatisfactory

(Eq H-1

The thermal expansion of the direct-bond mag-chrome working lining at steady state heated conditions develops a sidewail
stress that is beyond the allowable stress of the sidewail plate. Therefore expansion allowance is required.

The amount of expansion allowance is estimated as:

ZR = 0.006 Rhf (Eq II— 3b(

= 0.006(73) = 0.44

By interpolating Table II-1, an expansion allowance no greater than 0.47 in. should be used in the wall lining; however, th
interference of the wall lining with the sidewail plate without expansion allowance is only 0.249 in,; therefore:

ZR = 0.249

The compressibility of the expansion allowance material (using 25 lb/ft" blanket material) is determined as:

Po— 100 - 1.5(25) = 62.5%
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desired thickness of blanket material is:

x 100 = 0.398 in.

Use Vi in. of 25 lb/ft' blanket material.

it should be noted that even with ramp (slow heat up) preheating expansion allowance is recommended for the direct-bond
mag-chrome working lining.

The amount of axial expansion allowance between the lip ring and wall lining is calculated as:

ZA - 0.0069 Lmc (Eq IT—4b)

0.0069( 166)

1.15 in.

Assuming the expansion allowance material has a compressibility of about 66%, the thickness of the expansion allowance
.material, TEM, between the lip ring and the top of the wail lining (using the procedure of Eq II-6) is:

x 100 in; use 1-/4 in. of compressible refractory material

A 1.8.5 Sidewail Plate Thermal Expansion Force With Expansion Allowance Material for a Direct-Bond Mag-
Chrome Working Lining. The sidewai! stress resulting from the expansion of the direct-bond mag-chrome working lining
witii in. expansion allowance material is:

0.375(62.5)
z* = 100

ÿ 0j34,n'

5 = (5.5 x 10 ) ( II50K76) - (6.5 X 10ÿX430X83) - 0.234 (Eq II—3c)

5 = 0.481 - 0.232 - 0.234 = 0.015 in.

4.41 x 10"
0.034 ksi

0.034 (83)
= 2.26 ksi

(Eq II— 1c)

The expansion stress in the ladle sidewall satisfies the allowable stress defined in Eq 1-10.Since the maximum stress condition
is being determined, the sidewall stress resulting from ferrostatic pressure must also be included.

The sidewall circumferential and axial plate stresses, during hot metal transport, were previously calculated in Section A 1.8.3.

flic sidewall stresses (See A 1.8.3) resulting from the ferrostatic pressure are:

/,,r= 2.34 ksi

/at= 1.17 ksi

The allowable stress for the total maximum sidewall plate stress (Section 1-5.4.4, Eq 1-10) is:

a,„ = 21.87 ksi (Eq 1—10)

The maximum total stress is calculated as;

cir= 2.26 + 2.34 = 4.60 ksi < 21.87 ksi; OK

5.43 ksi < 21 .87 ksi; OK



In Jus example problem the expansion stresses ;uc quite low. ; has brums tniu question the adequacy j| me 'iiech rii
between bricks. A reduced expansion allowance .mould be considered which would resell in .in acceptable sural situs
adequate mechanical seal. As a general rule, the expansion stresses should be considerably histher than die stresses ruo
irom terrostatic pressure, while maintaining an upper limn not exceeding the maximum allowable sidewall nlate sires

A 1.8.6 Estimated Thermal Expansion Force for the Resin-Bond Dolomite Wall Working Lining.
Based on preheating conditions the midthickness" lining temperature was found to be 16755Fand the sidewall
temperature to be 550°F (See Fig. A 14).

awi = 6-4 x I0-6 in./in. °F

A0W; = 1675° - 70°= 1605°F(See Fig. A 14)

Rwl = 76. in. (See Fig. A 1 6)

cm = 6.5 x 10-6 indin. °r

A0„ = 550° - 70° = 480°F

83 in. (See Fig. A 16)

5 = (6.4 x 10 )( 1605)(76) - (6.5 x 10"*) (480XS3) = 0.522 in. ( Eq II-'a)

Ewj = 1.5 x 10' lest (See Fig. A15)

L(6) (1.5 x I03) '

(1.25)(30 x 103)j

6.42 x SO ' -r 1.84 x 10"

8.26 x 10"
0.632 ksi

'he resulting circumferential tensile stress in the sidewall plate ts:

0.632(83)
= 41.96 ksi

(Eq Il-1c)

The amount of radial expansion allowance is estimated as:

ZR = 0.003 Rhf = 0.003(73) = 0.22 in.

By interpolating Table II-1, an expansion allowance no greater than 0.225 in. should be used for this iadie.

(Eq II—3a)

Using a compressible material that compresses to about 50% of the original installed thickness, the required thickness of the

expansion allowance material is:

0 2ÿ5 (Eq ll-oi
T, = x 100 = 0.45 in. 1 '

0 oO

Therefore, i/z in. of 'Te expansion allowance material is required behind the working lining. Typically, granular material is
placed behind the working lining which acts as an effective expansion allowance material.
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ic amount of expansion allowance material between the lip ring and wall lining is calculated as:

Z„ = 0.0033 U0D

0.0033(166)

Using an expansion allowance material that compresses to about 50% of the original installed thickness, the thickness of the
expansion allowance material, TEM, under the lip ring (using the procedure of Eq 11-6) is:

Tem = x 100 = 1-10 in-

A 1.8.7 Sidewall Plate Thermal Expansion Force with Expansion Allowance Material in a Resin Bond Doiomite
Working Lining. The sidewall stress resulting from the expansion of the resin bond dolomite working lining with Vd-m.
expansion allowance material is:

ZR = 0.225

5 =(6.4 x 10"*) (1605X76) - (6.5 x 10"*) (480X83) - 0.225 (cq II—3c)

5 = 0.781 - 0.259 - 0.225 = 0.297 in.

= 0.360 ksi
3.26 x 10"

0.360 (83) ÿ

fcx = -TTs— = 2ÿ.90 ksi > adt - 21.87 ksi; unsatisfactory
(Eq 11-1c)

Even with expansion allowance the stresses in the side wall plate are beyond the allowable stress. A next logical step would
be to evaluate the actual expansion allowance provided by an alternate material.

A2 Example 2 — 380-Ton Dished Ladle.

The general dimensions are determined by the 380-ton capacity ladle shown in Fig. A17. An obround shape with straight
sides is used. The molten metal density, q, is 0.44kips/cu ft. The operating temperatures of the bottom, sidewalls and trunnion
block do not exceed 650°F, while the operating temperature of the trunnion pin does not exceed 500CF. Note: This example
is to be referred to for calculation purposes only. It does not necessarily represent a practical design.

<2.1 Ladle Weight. The OlS specified a rated operating capacity of 380 tons and a freeboard height of 22 in. These
pccificauons result in a vertical ladle height, H, of 198 in. (16 ft 6 in.) as described in Fig. A17. Since the freeboard of 22
n. represents 1 1 % of the ladle height, die design procedure of Section 1-5.1 is required.

~he design capacity molten metal weight is calculated as 380 tons. The normal design load. W2, for the ladles is estimated

Design inoiten metal weight = 760 kips

Ladle steelwork weight = 161 kips
Ladle lid weight = 25 kips

Ladle lining weight = 122 kips

Wi = 1068 kips
ig. A 1 7 describes the ladle dimensions using the design procedure of Section 1-5.1. According to Step 2b of Section 1-5.1,
i artificial height, /;, is developed with a freeboard height of 5% of the total ladle height, H.

Ladle lining weight
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Fig. A17 — Dimensions Used in Example 2 Calculation {or a 380-Ton Obround Ladle

The 5% freeboard = 0.05H = 0.05(198) = 9.9 in. Use 10 in.

The height measured from the ladle bottom plate to the meniscus of the molten metal is 14 ft 8 in. (176 in.)

The artificial ladle height, h, = 176 + 10 = 186 in.

The following design procedure is conducted with die artificial height incorporated where appropriate into the design
procedure.

Since the allowable stress limits for the brimful design load is 130% of the allowable stress limits for the normal design load,
the design of the ladle based on normal design requirements will satisfy the brimful design load requirements (Section A2.8).

A2.2 Bottom Plate. The required thickness for a dished bottom, obround ladle (Section 1-8.3) is:

tb = rb
7 H RS min C0S <+>

4664 D(mja) aa RB j t -

(bq I—23a)
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Use ASTM A285, Grade C material (Section 1-3.2).The minimum room temperature tensile properties are given in the A3TM
A285 specification as av = 30 ksi (yield strength) and a„ - 55 ksi (ultimate strength). The allowable normal stress (Section
1-5.4.1) is:

g„ = mm \ c ; a

\FfF,Cy FfFÿu
r ' f, (ff)u

(Eqs 1-2 and 1-3)

= /1/2/3/4/5 = 1-0(1.0)(1.0)(1.0)(0.95) = 0.95

O5 = 0.95 for nonctrcuiar ladle)

= 0.729 (Table I-1, temperature = 650°F)

= 1.2, (SF)V = 2.28, (SF).. = 3.SO

! 0.95(0.729X30) 0.95(0.729)(55)
mm <-'-——ÿ ; ---->] 1.2(2.28) 1.2(3.8) j

min ( 7.59 ; 8.35

= 7.59 ksi

Let/?,, = 300 in. (dish radius)

= ]S5 in., Omn = 153 in.

RS(min) = 76-5 + °-75 = 1125 in-

P = sin = 14.92 degrees, cos

H = h - 186 in., q = 0.44 kips/cu ft

Tn = 300
185(0.44)(186)(77.25)(0.966) ÿ

4664(153)(7.59)(300)| 1 + /TT25ÿ
V 300L V yj

Supplementary check (Section 1-8.3):

0.44(186)(300)
1819(7.59)

1.78 in.

Use 7b = 2.0 in.

The minimum permissible worn thickness is:

1.78 1.
min. worn j j 3Q 1 (1J0)Uf

max ( 1 .37 ; 1 .50) = 1 .50 in.

96 G -use s/s





An increase of more than 30% in the sidewall stress due to thinning of the sidewall from wear, corrosion or other sources,
should be cause for replacement or repair (Section 1-5.4,7). The minimum permissible worn thickness is '-A'i.bo = 1.03 in.

below die top band and O-SVs.30 = 0.68 in, above the top band.

A2.4.1 Trunnion Pin. Try a 21-in. diameter pin of ASTM A668, Class C material without protective bushings.

Area = 346.4 sq in.

Area (Radius) ,,,,(10.50) „ . 3
0 =---= 346.4---= 909.0 in.

4 4

The room temperature tensile properties given in the ASTM specification for A668, Class C material are:

a.. = 33 ksi; a,. = 66 ksi.
7 a

or a maximum operating temperature at the pin of 500°F, the temperature derating factor is:

F, = 0.808 (Table 1-2, temperature = 500°F. Also see Table 1-6 for calculated allowable ab values).

A = 1 .0

The allowable pin bending stress (Section 1-5.5.1) is:

[ Fr F, ov Ff F, oJ (1
~ ÿ IF{ (SF) ' Fi (SF)u

(Eq 1-12 and 1-13)

1(0.808)(33) . 1(0.808X66)1
1.2(4.56) ' 1.2(9.12) |

(4.873 ; 4.873)

= 4.873 ksi

Che allowable shear stress (Section 1-5.5.2) is:

0.533 Cb = 0.533(4.873) = 2.60 ksi (Eq 1-15)

Fne bending stress at the base of the pin (Fig. A18, Point A) is:

1068(6.75)
2(909.3)

3.964 ksi < 4.873 ksi; OK

"he average shear stress in the pin is:

v« 2(346.4)
1.542 ksi < 2.60 ksi; OK

ic minimum permissible worn pin diameter is:

D„. = 21-
itrtn)

3.964
1.45(4.873)

= 17.32 m.

A2.4.2 Bearing Stress on Pin. Since the pin length is 12 in, the hook width is 10.5 in. according to AISE Technical
eport No. 7. The minimum internal distance between the sidewalls at the trunnion pin centerline elevation is

( !80J
78 - 1 53) = 168.69 in.
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and the horizontal distance from trunnion block mid-thickness to die trunnion pin inid-lcnut

16.'? 69 — 10 "

12.41 in. (Fig. A IX)

Hie moment arm from the hook centerline to die centerline of die trunnion block is:

e2 = 12.41 +ÿ 0.75 = 13.16 in.

Hie bearing stress at Point B (Fig. A 18) is:

2(3 1)(l0.5)
6(13.16)

10.5
13.98 ksi

The allowable bearing stress is the lesser of Eq I—5b and 1-16:

abr = 1.36(1.38 a,) = 1.36(1.38X7.59) = 14.26 ksi

abr = 3.33a,, = 3.3314.873) = 16.23 ks.

Jse Gu = 14.26 ksi

fR = 13.98 < 14.26 ksi; OK

A2.4.3 Trunnion Block Bending Stresses. The trunnion block is connected to the shell by longitudinal fillet welds
which transmit the vertical load to the shell (Fig. A 18). The moment arm on the trunnion block is e2 = 13.16 in.

Using a 9 x 52 in. block and assuming that the trunnion block acts as an integral part with the shell plate, the section modulus
at the centerline of the trunnion is:

5, = = 385.9 in.3
(EqM7b'

0

Use ASTM A27, Grade 60-30 material for the block. The allowable normal stress (Section 1-5.4.1) is:

cm = min \oav ; a,J

QQav . QQ CTd
0(5F)y ' 0(5Oj

(Eqs 1-2 and 1-3}

oy = 30 ksi, au = 60 ksi

Fr = 1.0(1.0)(1.0)(1.0)(0.95) = 0.95

f/5 = 0.95 for noncircular ladle)

F, = 0.730 (Table 1-1, assume maximum temperature = 650°F)

F: = 1.2,'(SF) = 2.28, (SF)U = 3.80

cm = mm <1
0.95(0.730X30) , 0.95(0.730)(60)

1.2 (2.28) 1.2(3.80)

= min ( 7.60 ; 9.13 )

= 7.60 ksi

Allowable bending stress in block (Section 1-5.4.2.2) is:

a, = 1.38aa = 1.38(7.60) = 10.5 ksi
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maximum trunnion block bending .stress is located at the ccnlerlinc of die trunnion (Fie. A IS) and is:

1068(13.16) (34)

2 (58)(385.9)
10.7 ksi > 10.5 ksi; unsatisfactory

The designer should optimize the pin diameter and size the trunnion block in
order to satisfy bearing and bending stress requirements.

A2.4.4 Weld Stresses. Use a combination bevel and fillet weld to con¬
nect die trunnion block to die sidewail so that the minimum Uiroatls 1 . 125 in.
f Fig. A 1 9 ) .

For the two vertical welds on each side of the trunnion block:

Area = 2(1.125X50) = 1 12.5 sq in.

Average shear stress = —— = 4.75 ksi
2(112.0)

"ins is less than the limit in Section 1-5.4.6 of 1 ,2aa = 9. 12 ksi and also less
than the AWS endurance limit of 8.0 ksi.

Fig. A 1 3 — Sidewail to Trunnion
Block Welded Connection

Use a 1-in. continuous fillet weld to connect the trunnion block to the top band, and use a 1Vs-in. continuous fillet weld to
onnect the trunnion block to the bottom band.

Fhe radial force on each of the welds at the top arid bottom of the trunnion block (welds connecting block to the band) is:

V!/2 f 1068(13.16)
= 121.16 kios

flic shear stress in die weld is:

121.16 , , .
Al Iop: wwFF " lj0ksi

Al bomm: enmwnm * 193 kS!

Tese stresses will be combined with the circumferential shear stresses following the band design calculations.

A2.4.5 Location of Trunnion Axis. The minimum distance of die trunnion axis above die center of gravity of a brimful
idle, including refractory lining and contents (Section 1-5.3) is:

; — iaaf, x lOÿ6 -t- T D 1 Tn 7 3 1 ÿ
j X lu Uwr (min) 'ÿwrimax) I7k I L 'r min)j j Uium)

D«ÿmin)= 166

Flir(mAX)= 166+ 32 = 198 in.

e 0 4-4- 1
j = 3.236 x 10 i3qY (166) (198)"

= 1.41 ft = 16.9 in. < i9.7 in. (actual j distance); OK

'here die brimful weight, W, of die ladle is estimated as (use actual ladle height Hand not artificial ladle height /; for weight

' calculations):

Brimful molten metal weight = 1033 kips

Ladle steelwork weight = 161 kips

Ladle lid weight = 25 kips

idle lining weight 82 kins
w.' _

i if01 kins

30



A2.5 Stifferser Bands. The effective hand properties tire

end deflection index.

A2.5.1 Effective Band Properties.

Top band:

1141-7 15
Rs = 76.5 - -p-r- (89 - 76.5) + = 86.8 in.

The location of the sidewail plate joint above the top band is:

tT = 0.75 086.8 (1.5) = 8.56 in.

Trial size: 1 1 in. wide x 10 in. deep all around.

Properties at trunnion axis (Fig. A20):

b{ = 0.4 -ÿ/86.8fl0.5 + 3)~ = 13.7 in.

= 0.7 986.8(1.5) = 8.0 in.

b= 11 + 13.7 - 8 = 32.7 in.

.Area = 8(1.5) - 11(11.5) + 13.7(10.5) = 282.4 inT

Locate neutral axis:

8(1.5) 2 - 1161.5) 2 + 13.7(10.5) 2

= 5.28 in.

8(1.5) " , 11(11.5) 3 13.7(10.5)

(Eq 1-29)

(Eq 1-30)

(Eq 1-2S)

5.28" j 6.22"

Fig. A20 — Top Band at Trunnion Axis

+ 8(1.5)(4.53r + 11(11.5X0.47)"

+ 13.7(10.5X0.03)2

2992 in.

Section modulus:

2990 -i

outside Sq = ÿoqy = 48 1.0 in.

2992 a
inside S{ = -qrqr— = 566.7 in.

J .Zo

Properties at cross axis (Fig. A21):

be = 11 + 1.4 9ÿ68(1.5) = 26.98 in.

Area = 16.0(1.5) + 11(11.5) = 150.5 in.2
Locate neutral axis:

(Eq 1-27)

\NS\WS

16.0(1.5) 2 + 11(11.5) 2 4.35" I 5.55"

= 4.95 in. Fig. A21 — Top Band at Cross Axis
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16(1.5X4.2) + 1Kll.5X0.8)-

= 1903 in.

Section modulus:

outside S0 = = 290.5 in.3u 6.o5

. . . „ 1903 ,0<1 . 3inside o, = —— = 384.4 in.
4.95

Bottom band:

Rs = 76.5 + (89 - 76.5) + — = 82.7 in.

Trial size: 5 in. wide x 13 in. deep all around.

Properties at trunnion axis (Fig. A22):

5, = 0.4 982.7(10.5 + 3)" = 13.4 in.

b2 = 0.7 982.7(1.5) = 7,80 in.

be = 5 + 13.4 + 7.8 = 26.2 in.

(Eq 1-29)

Eq I—30)

Eq 1-28)

.5" -Ho

5.68" 8.84"

Area = 13.4(10.5) + 5(14,5) - 7.80(1.5) = 224.9 in2
Locate neutral axis:

13.4(10.5) 2 + 5(14.5) 2 + 7.8(1.5) 2

2(224.9)

5.66 in.

Fig. A 22 — Bottom Band at Trunnion Axis

(10.5) 3 5(14.5) 3

12 + 12

+ 13,4(10,5)(0.41)2 + 5(14.5)(1.59)2

+ 7.8(1.5)(4.91)2

= 3054 in.

Section modulus:

. . „ 3054 „._c. 3outside SQ = -= o45.5 in.
o.o4

. r 3054 3inside S, = —— = 539.6 in.
' 5.o6

Properties at cross axis (Fig. A23):

5+1.4 982.7( 1 .5) = 20.6 in. (Eq 1-27)

5.86" 8.84"

Fig. A23 — Bottom Band at Cross Axis
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Locale neutral axis

i 5.6(1.5) ~ - Sf ' 4,5) "

* ~
2(95.9)

= 5.66 in.

15.6(1,5) J 5H4.5) '

12
T

12

+- 15.6( !.5)(4.9 l)2 r 5(14.5X1.59)'

= 2022 in.4
Section modulus:

2022 3outside 0o = "ttttt = 228.7 in.J 8.84

.. „ 2022 . 3inside 0/ = m—r = 3o7.2 in.

' 5.00

SUMMARY OF EFFECTIVE BAND PROPERTIES

Property Top Sand

At Trunnion At Cross Axis

Bottom Sand

At Trunnion At Cross Axis

Area, in.

Sn , in.

A2.5.2 Band Forces.

Rrt = 86.8 + 4.95 - 0.75 = 91.00 in.

Rrb = 82.7 + 5.66 - 0.75 = 87.61 in.

2022(79)(91.0) J

1903(137)(37.61) :

89 + 76.5
+ 0.75 = 83.50 in.

oo (obround ladle)

J,

___
16_

ÿSM <ÿ3.5 = 0.19

35 ("Fig. I-12)



1068 [204 - j.35(83.5)1
8 [0.69(79) - 137!

63.63 kips

Fg = 0.687(63.63) = 43.71 kips

MTl (at trunnion axis) = 63.63 j 0.7(91.0) + 16

4244 kip-in.

A7n (adjacent trunnion block) = 63.63 ! 0.7(91.0) + 16

= 3417 lcip-in.

Mn (at cross axis) = -63.63(0.3)(91.0)

= -1737 kip-in.

Mb2 (at cross axis) = —43.7 1(0.3)(S7.61)

= -1149 kip-in.

A 2.5.3 Band Stresses.

lop band at trunnion axis:

-8.82 ksi

-7.47 ksi

Top band adjacent to trunnion block:

-1 1.76 ksi

+8.89 ksi

Top band at cross axis:

63.63 1737 ,

150.5 +
290.5

~ +5'5°kSI

63.63 _ 1737
150.5 384.4

-4.94 ksi

Bottom band at cross axis:

43.71
ÿ

1 149
95.9 + 228.7

+4.56 ksi

43.71 1 149
95.9

~

357.2

104



jsc ASTM A 5 i6 , Grade 55 material for the bands. This material has the auric tensile and v

naterial used for die stdewalis and o3 = 7,59 ksi at 650'- F. The allowable combined stress r
and is 2(7.59) = ! 5. ! 8 ksi (Section I- 9 . 9 ) . The band stresses determined above arc saust'act

la a osa a .i :

si'v iw\

A2.5.4 Band Weld Stresses. The circumferential shear force m the welds connecting the band to the shell is unen hv

a = Area beyond vertical shear plane (and Fillet welds) of interest in trunnion block region, m."

f's = Shear force over the vertical shear plane of interest, kips/in.

/ = Moment of inertia of trunnion block/band cross-secuonal region (see Summary of Effective Band Properties,
Section A2.5. 1), m.4

V - Radial force on band in region of trunnion block, kips

y = Distance from neutral axis (neutral axis determined in evaluation of band properties) of trunnion block/band
cross-sectional region to centroid of area, a, in.

Evaluation of shear stress in the two circumferential A4- in. fillet welds (Tig. A20) connecting the top band to the
sidewail plate,

V - Fr = 63.63 kips

From the top band trunnion axis property calculations (Section A2.5.1, Fig. A20):

e - 5.28 in. (location of neutral axis)

/ = 2992 in.4
The area beyond the vertical shear plane of interest (area beyond the two Vi in. fillet wolds, Fig. A20) is Lite i l-h-m. sidewall
plate:

a = (13.7 + 11 + 8)( 1.5) = 49.05 m.2
The centroid location of area, a from the neutral axis is:

v = e - x = 5.28 - = 4.53 in.

63.63(49.05)(4.53) _
, . ,.

j ÿ =- -= 4.73 kips/in.

The shear stress in the two V4-in. fillet welds (through the throat of the welds) is;

ÿfx 4. / O
x = T ~

2(0/75)(0.707)
~ ÿ' '<S1

This is less than the allowable limit (Section 1-5.4.6) of 1.2 x 7.59 = 9.11 ksi, and also less than the AWS endurance limit

o t 8.0 ksi.

Evaluation of shear stress in the single circumferential 1-irs. filiet weld connecting the trunnion block to the outer

edge of the top band (Fig. A20).

From the top band trunnion axis property calculations (Section A2.5.1, Fig. A20);

6.22 in.

/ = 2992 in.

© A|SE 8.91



The area beyond tie vertical shear plane of interest is the 1 in. projection of the top band beyond the trunnion
Therefore:

a = 11(1) = 11 in.'

y = 6.22 - 0.5 = 5.72 in.

63.63(11X5.72)
/ *

=-0092
-- = kips/m.

The shear stress in the single 1- in. fillet weld is:

*
1.0(0.707)

L89ksi

This weld must also carry the radial force considered previously (Section A2.4.4)

The equivalent shear stress is:

xeq = V 1.892 + 3.302 = 3.80 ksi < 8.0 ksi; OK

For the bottom band to sidewall welds (two circumferential 3/4-tn. fillet welds (rig. A22):

a = 1.5(26.2) = 39.30 sq in.

1 = 3054 in.4
V = Fb = 43.71 kips

>< = 5.66 - 0.75 = 4.91 in.

/•, =
ÿ"> - 2.76 kips/in.

T = 2(0.75)iG.707) = 2.60 ksi < 8.0 ksi; OK

For the bottom band to trunnion block weld (single circumferential 1Vfc-in. fillet weld, Fig. A22)

a = 4(5) = 20 in 2

v = 8.84 - 1= 6.84 in.

43.71(20X6.84) , . ,
J <•-3054

- '-'"'P™.

1 Ofi
x = -—--= 2.46 ksi

1.125(0.707)

x = 02.462 + 2.932 = 3.83 ksi < 8.0 ksi; OK

Since the shear force is zero at the cross axis, the weld stresses at the cross axis will be negligible.

A2.5.S Deflection Index.

The deflection index (Section I- 11) is:

CD P Rrm "

by interpolation from table !-S. using [3,



m Fie. A 1 7, the inside radius at the average band height is:

84.00 in.

r _ 180 (26 - 16) _
P K (34 oo)

6.8. dear,

t = it) in.

rrt ~ rR3 91.0 + 87.6!
89.3 i in.

/
=

Ji6_
Rr„

~
89.31

= 0.1792

/, = 1903 ÿ

/ 79 p j2022]~I' = 3785 in.4

/, = 2992 !2 = 5891 in.4

h _ 3785
/,

~~

5891
= 0.643

CD = 0.0967

P = 2(Fj + Fb) = 2(63.63 + 43.71) = 214.68 kips [— 44s

E = 29,500 ksi

0.0967(214.68)(89.3 1)2
29500(3785)

A2.6 Support Legs. Tbe obround ladle is to be supported by three support legs. Each leg extends 22 In. down from the
knuckle region of the dished bottom plate for the necessary clearance beneath tire ladle.

A2.6.1 Calculating Required Leg Size. The design service load (Section 1-14) for each leg is:

1068
Fv = —~— = 534 kips

The maximum required leg length below the dished bottom plate is:

La = 22 in.

It is assumed that the legs are made of ASTM A106 Grade A material (a = 30 ksi, F, - 0.729 for 650°F, Ft = 1 .2 and
F,- = 1.0). Therefore:

cm = 7.67 ksi (Eqs 1-2 and 1-31

Gh = 1.25(7.67) = 9.59 ksi

a„ = 0.6 a., = 4.60 ksi



The leg thickness must be equal to or greater than the sidcwali ( 1 vi in.) thickness. Selecting a trial size of 26 in. OD and a
wall thickness 72 of 2Vi in., the cross sectional properties are;

At - 184.6 in/

SL = 991.2 in.3
Substituting the appropnate parameters into Eqs I-54a, I—54b and I—54c:

1 84.6(7.67)
0.38 <1.0; OK (Eq I—54a)

539(22)
2(991.2)(9.59)

= 0.62 < 1.0; OK (Eq I—54b)

539 , 539(22)

184.6 (7.67)
ÿ

2(991.2) (9.59)
.995 < 1.0; OK Eq 1—54c)

The length Lc of the portion of the leg which is connected to the sidewall is calculated by Eqs I~55a, I—55b, I—55c and I-35d:

L = = 19.76 in.
c 2.35(2.5)0+.60,1

(Eq I—55b)

Lc 4.70(11.75)(2.5)(4.60)
18'50 in-

(Eq I—55c)

1 „ I 539 (22)
.24ÿ/ (2.5) (4.60)

ir"

E = 18.50 + VlS.502 + 25.782 = 51.49 in. (Eq I-55a)

the bottom and top of the leg is capped with a 2Vi-in. thick plate. A 3/4-in. hole is drilled in the bottom plate. Each leg is
connected to the bottom plate and sidewall with a full penetration weld.

A2.7 Dished Obround Bottom With Stiffener Ribs. The obround ladle is evaluated for an alternative bottom sup¬
port using ribs. Hie ribs are parallel to the cross axis of the obround ladle. The basic dimensions of the center T beam tire

described in Fig. A.24,

The properties of the T beam are:

L = 185 in.

Area = 15(2.375) + 15.3(1.5) = 35.625 + 22.95 = 58.575 in.2
(15.3) (1.5) [8.25]

58.575
3.23 in.

Where e = Eccentricity from neutral axis of T beam to mid-height of web.

2 376 (IT3 15 3 (5 5)3
? s

= + -f" ÿ ' + 15 .3( 1.5)(5 .02) + (!5)(2.375)(3.23)2

= 668.0 + 4.3 + 578.3 + 371.7 = 1622.3 m.4
1622.3 .

5, = —rmcr = ~8l.z in.
o . / /
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MIDPOINT
OF RIB —

2.375"

Maximum nb spacing check:

L _ _l_Sf
5

_
5

Fiq. A24 ÿ— T Beam Cross-Section

= 37 in. > 15.3 in.; OK

Checking on plate stress requirements:

, - (2.375)05) „ „„ .r a = I.: + -——0—- = 3.83 in.
15.j

Substituting into Eqs I-26a, 1—26b and I-26c, (Note: use artificial height, h):

IJL

___
(0.44) (186) (300)

CTa
"

(909)(1.5 + 3.83) (7.59)
0.67 < 1.0; OK

lL =
(0.44) (186) (15.3)-

°b (3638) (1.5)2 (1.25) (7.59)
0.25 < 1.0; OK

f f
— + — = 0.67 + 0.25 = 0.92 < 1.0: OK
CO

Checking die T beam stresses. The axial stress requirement is:

l±. _ 10-44) (186) 1300)

a" ~
(3638) (3.833 (7.53)

= 0.23 < 1.0; OK
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The top fiber bending stress requirement is:

Ll =
(0.44) (136) (15.3) |

ob
~

(14552) (281.2) (1.25) (7.59) I 185' - 4 (300) (11.48) I = 0.66 <1.0; OK
(hq I—25b)

fhe total top fiber bending stress requirement is:

f f
J a Jr.

= i 0.23 + (-0.66)1 = 0.43 < 1.0: OK
(Eq I—25c)

The bottom fiber bending stress requirement is:

oh 1145528 05 L2) (2)059) l185" ~ 4 (300) (11.48)] = 0.77 <1.0: OK
(Eq I—25b )

The total bottom liber bending stress requirement is:

fa fb
- 0.23 + 0.77 = 1.00 < 1.0: Satisfactory

Eq I—25c)

A2.8 Comment on Brimful Condition. When the freeboard exceeds 10% of the ladle height, H, the design procedure
defined in Section 1-5.1 is required. In addition, the design of the ladle should be verified for the brimful condition with
allowable stresses increased by 30%. The brimful weight is greater than the design weight by the following percentage:

1321 - 1068
x 100 = 24%

The ladle design procedures are linear functions of the ladle weight. .The allowable increase in stresses for the brimful
condition is 30%, therefore, the brimful design condition in Example 2 satisfies the requirements of Section 1-5.1.

These computations, based on the ladle weight (A2.1), are considered preliminary. After evaluating the ladle dimensions,
the actual weights are to be established. The resulting stresses, using the actual weight, are not to exceed the allowable stresses.
If the allowable stresses are exceeded, change in component sizes will be required, new weights established and stresses

computed such that those stresses are equal to or less than the allowable ones.

A2.9 Estimating Wall Working Lining Expansion Allowance. The calculations for determining expansion al¬
lowance for the obround and oval ladle are similar to those described for the circular ladle in Example 1, A 1.8. The effective
adius of the obround and oval ladle is determined by Icq II-2a and Eq II—2b:

98.75 + 82.75
2

90.75 in.
(Eq II—2a)

X ' / = R \ 8 in. = 82.75 in. (Eq II—2b)

'he remainder of the calculations for estimating the wall working lining expansion allowance for the obround and oval ladle
re similar to those described previously for the circular ladle in Example 1, A 1.8.
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APPENDIX B — METHOD Of DETERMINING LADLE DEFLECTION COEFFICIENT

The deflection coefficient, CD, is used in determining the toward defection index, X of a ladle (Section I- ! ! , £o 1-4 T Tms

coefficient was computer-calculated for a range of values of—— , — and p, and die results are listed in Table 1-8.
"t!M ÿ i

The values for Co may be calculated independently from Eq B4 for ovai ladles and from Eq B6 for ooround ladles. For
circular ladles, Co can be calculated from either Eq B4 or B6 by letting / » 0, which leads to 7 = 0. The radial defection
ot shell, 5, the defection index, A, and the corresponding circumferential bending moment on shell, \f0, can be calculated
from Eqs B I, B2 and B3, respectively.

, co P Zrm3 «-311

Ma = —ÿ :K, or K2)
1 ÿ

ÿ V j

Where:

E = Modulus of elasticity (room temperature), ksi

l2 = Moment of inertia of the effective band at cross axis (for deflection index calculation), in.4 (Fig. 1-13, Eq 1-4-3)

Aft = A geometric factor for oval ladles (Eq B5)

K'i = A geometric factor for obround ladles (Eq B7)

Ma = Circumferential bending moment on shell, kip-in, (Eq 33, Fig. B2)

P - Effective force, kips (Eq I—44)

Rm = Average minimum effective radius of top and bottom band, in. (Eq 1—45, Figs. 1-13, B 1 , B2)

8 = Radial deflection of shell, in. (Eq B 1)

X, = Deflection index (Eqs 1-41, B2)

There are two cases for calculating CD:

Case 1— Oval ladles.

_ f 3 (w sin 2\jr "3 f 2 ~ V sin 2u/ ÿ

CD = Vi pJ a - - —j— + a - y \j/ + 27cosy--y + ——
i V /V J

K ( 2 , , 3 , , . ( 2 O „ n P Sin 2 (3 A
+ y (7 + V?j+(i-a) -7 (3 + 2 7 cos (3 - (p + —ÿ

Kl p' a ( 1 - cos y ) + a ( - 7 y + cos y ) + 7 -y + ( 1 - a ) ( cos {3 - 7 B ) j

Where:

p2 a ( 1 - cos ij/) + 7 a(P - f ) - a ( cos (3 - cos y ) + 7 ~ P + c0

(ca b4)

(Eq 85)

pay + a(P-y) + dp - P

j3 = Angle at which effective band moment of inertia changes from 2 to A, radians in formulas but
dearess in Table l-d (Figs. 1-13, 31, B2)



/ V )
(Fig. Bl, B2)

/] = Moment of inertia of Lhe effective band at the trunnion axis, in. (Eq 1-42)

Re = Radius at minor axis. in. (Figs. B 1 , B2)

One half lhe distance between radius points of end segments in an oval ladle, in. (Figs 1-13, B 1, B2)

Fig. 81 —
Oval Ring

Geometry for
Deflection
Analysis

Case 2 — Obround ladles:

! \ I /

Fig. B2 —
Ring Forces

-D 9 2
a y + ÿ (y" + Vi j + ( I - a)J-YiP + 2ycosp--ÿ- +

ÿ |
a , y ÿ 2 4 j

-— ~r CI — J-
?

u '

7
+ ( 1 - a ) ( cos P - y P )

Where:

(Eq.86)

ÿ
+ y « P - a ( cos [5 - 1 ) + yf q- - P ] + cos P

f n K nay+ap + m- p

(Eq B7)

IL should be noted that the values for the deflection coefficient, Cc, shown in Table 1-8, represent conditions for an obround

Rf
'

Re
ladle where = «> (i.e., infinity). Additional calculations were made for oval ladles where ---* «=. A comparison of

Krm "RM

results showed that lite deflection coefficients were slightly higher for oval ladles than for obround ladles because of the
larger arc length with an oval ladle. The differences were, however, negligible. For example, the maximum difference was
spprox innately

I T for 7-ÿ = 2. approximately 0.3% for = 3. and 0. 1 % for —
!<rm Rrm

12



spacing, in.

Fift mechanism:

Bottom plate (Section 1-3.3) ASTM_

Bottom plate stiffener ribs (Section [-3.3) ASTMN_

Shell plate:

Upper (Section 1-3.3) ASTM _

Lower (Section 1-3.2) ASTM _

Stiffener bands (Section [-3.3) ASTM_

Splash plate (Section 1-3.3) ASTM _

Lip ring:

Fabricated (Section 1-3.4) ASTM_

Casting (Section 1-3.4) _

Gunmen pin (Section 1-3.5) ASTM _

Trunnion block (Section 1-3.6) ASTM _

Additional testing procedures (Section 1-3.10)_

Refractory' lining (Section II—2): (please attach lining drawing)

REFRACTORY WALL LINING

Thickness IDensity

Working Lining

Safety Lining

Insulating Lining

I otai refractory weight in ladle, lbs

Thermal stress relieving (Section 1-4.6):

Field welds are to be stress relieved in accordance with the
ASME Code, Section VIII, Division 1

14 © AISE 5 ''9

Yes No

Grade

Grade

Grade

Grade

Grade

Grade

Grade

Grade

Grade

BOTTOM LINING

Thickness ]~

Yes No



OWNER'S INFORMATION SHEET (CIS)
Information sheet to be completed and submitted to die fabrication contractor

Design Parameters

Intended primary use of ladle _
Lade rated capacity, short tons_

Metai density (Section {—5.2}, kips/ft3

Metal cornoosition

Maximum height

Metal tc be transported

Metal temperature range,

Freeboard to be 5% of height (Section 1-5.1;

If freeboard is not 5% of height

Geometric configuration:

Shell (round, oval or obround)_

Maximum service temperature, 5F:

Trunnion block

rok on trunnion:

Ecttcm (fiat or dished)

Bottom (fiat or dished)

s runnion pin

: htexness, in,

fenteriine to centerline of ladle hooks

Weight, kips

Diameter at trunnion seat, in.

.ocation

Maximum level of molten metal in the spout during pouring (Section 1-5.#), in..

Ladle lid to be used

Weight of ladle lid—with refractory, lbs

Center of gravity of lid—with refractory
(please attach drawing):

a. vertical

___
ft,

b. horizontal

___
ft,

Continuous Caster Ladles (Section 1-4.3):

Specify if knuckle radius/plate thickness ratio of 4 is required:

Specify if heat protection shield is required:

Trunnion wear sleeve tc be provided (Section 1-4.7):

Scecify if vent holes are required (Section 1-4,10):

Ladle bottom:

spacing, in.

© AiSE 8/9



Marking and Reports
UCS-115 General

Pressure Relief Devices

Nonmandatory Appendix CS

UCS-150 General

UCS-151 Creep-Rupture Properties of Carbon Steels

UCS-160 Vessels Operating at Temperatures Colder Than the MDMT Stamped on the

Namepiate

Impact Test Exemption Curves [See UCS-66(a)]

Reduction in Minimum Design Metal Temperature Without Impact Testing
Diagram of UCS-66 Rules for Determining Lowest Minimum Design Metal

Temperature (MDMT) Without Impact Testing
Some Typical Vessel Details Showing the Governing Thicknesses as

Defined in UCS-66

Postweid Heat Treatment Requirements for Carbon and Low Alloy
Steels

Alternative Postweid Heat Treatment Requirements for Carbon and Low

Alloy Steels
Thickness Above "Which Full Radiographic Examination of Butt Welded

Joints Is Mandatory

Tabular Values for Fig. UCS-66

176
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LCS-9 DIVISION

UCS-10 BOLT MATERIALS

la) Approved specifications for bolt materials of car¬

bon steel and low alloy steel are given in Table UCS-
23. A tabulation of allowable stress values at different
temperatures (see UG-12) are given in Table 3 of
Section II. Part D.

(b) Nonferrous and high alloy steel bolts, studs, and
nuts may be used provided ttsey are suitable for the
apoiication. They shall conform to the requirements of
Part UNF or UHA, as applicable.

UC8-11 NUTS AND 'WASHERS

(a) Except as otherwise provided in (b)(4) below,
materials for nuts shall conform to SA-194, SA-563,

or to the requirements for nuts in the specification for
the bolting material with which they are to be used.
Nuts or special design, such as wing nuts, may be
made of any suitable wrought material listed in Table
IdCS-23 or Table UHA-23 and shall be either: hot or

cold forged; or machined from hot-forged, hot-rolled.
or cold-drawn bars. Washers may be made from any
suitable material listed in Table LCS-23 and Table
UHA-23.

(h) Materials for nuts and washers shall be selected
as follows.

i'l) Carbon steel nuts and carbon steel washers
may be used with carbon steel bolts or studs.

(2) Carbon or alloy steel nuts and carbon or alloy
steel washers of approximately the same hardness as
the nuts may be used with alloy steel bolts or studs
for metal temperatures not exceeding 900'T- (4S2°C).

(J) Alloy steel nuts shall be used with alloy steel
studs or bolts for metal temperatures exceeding 900°F
(482°C). Washers, if used, shall be of alloy steel
equivalent to the nut material.

(4) Nonferrous nuts and washers may be used
with lerrous oolts and studs provmed they are suitable
for the application. Consideration shall be given to the
differences in thermal expansion and possible corrosion
resulting from the combination of dissimilar metals.
Nonferrous nuts and washers shall conform to the
requirements of UNF- 13.

fa Nuts shall be semifinished, chamfered, and
trimmed. Nuts shall be threaded to Class 2B or finer

ces according to ASME B i . 1 . For use with
; conforming to the standards listed in UG-44,

nuts shall conform at least to the dimensions given in
ASME/ ANSI 318.2.2 for Heavy Series Nuts. For use
with connections designed in accordance with the rules
in Appendix 2, nuts may be of the ANSI Heavy Series,
or they may be of other dimensions as permitted in
(d) below,

(d) Nuts of special design or of dimensions other
than ANST Heavy Series may be used provided their
strength ts equal to that of the bolting, giving due
consideration to bolt hole clearance, bearing area, thread
form and class of fit. thread shear, and radial thrust
from threads [see U-2tg)jj.

UCS-12 BARS AND SHAPES

laj Approved specifications for bar and shape materi¬
als of carbon steel are given in Table UCS-23. A

tabulation of allowable stress values at different temper¬
atures are given in Table IA of Section II, Part D.

(hi Bolt materials as described in UCS-10 may be
used as bar materials.

(c) Parts made from bars, on which welding is done,
shall be of material for which a P-Number for procedure
qualification is given in Section IX. QW-422 /see
UW-5).

DESIGN

UCS-14 GENERAL

The rules in the following paragraphs apply spe¬
cifically to the design of pressure vessels and vessel
parts that are constructed of carbon and low alloy steel
and shall be used in conjunction with the general
requirements for Design in Subsection A and with the
specific requirements for Design in Subsection B that
pertain to the method of fabrication used.

UCS-19 WELDED JOINTS

When radiographic examination is required for butt
welded joints by UCS-57. joints of Categories A and
B (see UW-3) shall be of Type No. (I) or No. 1 2) of
Table UW-12.

UCS-23 MAXIMUM ALLOWABLE STRESS
VALUES

Tables 3 (for bolting) and 1A (other materials; in
Section II, Part D give the maximum allowable stress

values at the temperature indicated for materials con-



GENERAL

LCS-1 SCOPE

The ruies in Part UCS are applicable to pressure
vessels ana vessel parts that are constructed or carbon
and low alloy steels and shall be used in conjunction
with the general requirements in Subsection A, and

with the specific requirements in Subsection B that
pertain to the method or fabrication used.

MATERIALS

UCS-5 GENERAL

(a) All carbon and low alloy steel material subject
to stress due to pressure shall conform to one of the
Specifications given in Section II and shall be limited
to those listed in Table UCS-23 except as otherwise
provided in CG-10 and LtG-1 1.

(b) Carbon or low alloy steel having a carbon content

of more than 0.35% by heat analysis shall not be used

in welded construction or be shaped by oxygen cutting
(except as provided elsewhere in this Division).

(c) Small pans used under the provisions of UG-
11(a)(2) in welded construction shall be of good weld-
able quality,

UCS-6 STEEL FLAILS

(a) Approved specifications for carbon and low alloy

of adowaoie stress vanes at dinerent temperatures are
given in Tabic 1A of Section (I. Part D (see UG-5;.

!b1 Steel mates conforming to SA-36. SA/CSA-
G40.21 38W. and SA-2S3 Grades A, B. C. ana D may

be used for pressure parts in pressure vessels provided
all of the following requirements are met.

(I) The vessels are not used to contain lethal
substances, either liquid or gaseous.

(2) The material is not used in the construction

of unbred steam boilers [see U-l(g)].
(3) With the exception of flanges, flat bolted cov¬

ers, and stiffening rings, the thickness of plates on
which strength welding is applied does not exceed "/%
in. (16 mm).

UCS-7 STEEL FORCINGS

Approved specifications for forgings of carbon and
low alloy steel are given in Table UCS-23. A tabulation
of allowable stress values at different temperatures arc
given in Table 1A of Section II, Part D (see UG-6).

UCS-8 STEEL CASTINGS

Approved specifications for castings of carbon and
low alloy steel are given in Table UCS-23. A tabulation
of allowable stress values at different temperatures are

given in Table IA of Section 11, Part D. These stress

values arc to be multiplied by die casting quality factors

of UG-24. Castings that are to be welded shall be of
weldable grade.

UCS-9 STEEL PIPE AND TUBES

Approved specifications for pipe and tubes of carbon
and low alloy steel are given in Tabic ECS-23. A

tabulation of allowable stress vaiues of the materials
from which the pipe or tubes are manufactured are

given in Table IA of Section II, Part D. Net allowable



SECTION vril — DIVISION I UCS-56

POSiWELD HfcA ! TREATS';

Norma! Holding

°F DC), Ivlini-

TABLE UCS-56
REQUIREMENTS FOR CARBON AND LOW ALLOY STEELS

Minimum Holding i ime at Normal iemoerature
for Nominal Thickness [See UW-40(fil

Over 2 in. to 5 in.
(51 mm to 127 mm)

Up to 2

2 hr pius

mm; eve" 2 in.

siwe'G near ireaz ai my out the pcst.'.'vem heat
ower temceracure;

mem is not mancatcry oncer

Woen .z is impracticai to pcsiwe'a neat treat at *-•>? - mcprature soec.necj =n this :ao!e, it :s permissioie to carry out the postvveic heat
treatment at ower temperatures tor longer cercc in accordance with Tab;e UCS-56.1.
Poscweic heat treatment m mandatory under the *01 c/v"~g conditions:
(a) ;or weicied joints over 1% in. (38 mm) nominal thicxness;
(b) for vveiced ioints over lap in. (32 mm) nominal thickness through ivy in. (38 mm; nominal thickness unless preheat is applies; at a

minimum temperature of 20CCF (93°C) duwng welding;
(c) for weided joints or aii thicknesses if required by UW-2, except pestweia heat treatment is nor. mancatcry under the conditions

specified oeiow;

(1) "or .groove welds not over % in. (13 mm) size arid fillet welcis with a throat not over Vh in. (13 mm) that attach nozzle connections
that have a finished inside cuameter not greater than 2 in. (51 mm), provided the connections do not form ligaments that require
an Increase in shell or heac thickness, and preheat to a minimum temperature of 200°- (93°C; is applied;

ÿ(2) for groove welcs not over V- in. (13 mm) ;n size or fiilet wems with a throat thickness of V2 in. (13 mm) or less that attach tuxes
to a tuoesheet when the tube diameter does not exceed 2 In. (51 mm). A preheat of 200% (93°C) minimum must be applied when

the carbon content of the tubesheet exceeds 0.22%.

nonpressure parts to pressure parts provided preheat to a minimum temperature of 200% (?3°C) is applied when the trnckness
of the oressure cam exceeds Idl In. (32 mm);

(4) for stuas weidea to pressure oar-c crcvided preheat to a minimum temperature of 200°F (93°C) is appued when the thickness of
j- hp i'pjf; ; pg ;'t p x ne edf' 1 ÿ' ! ' ; 1 3 •" mm)'

preneai no a minimum fe of 200°F (93°C) is maintained during application of the first layer when the thickness of the
oressure part exceeds I1/,, in. us mm}.

ligaments mat reaum

. be aoohed when

apnea wnen the tnicKness

a during application or the nrst layer wn

at temperature as specified in Table UCS-56 need not

be continuous. It may be an accumulation of time of

multiple postweld heat treatment cycles.
(c) When pressure parts of two different P-Number

groups are joined by welding, the postweld heat treat¬

ment shall be that specified in either of Tables UCS-
56 or UHA-32, with applicable notes, for the materia!
requiring the higher postweld temperature. When non-

pressure parts are welded to pressure parts, the postweld
heat treatment temperature of the pressure part shall
control.

(d) The operation of postweld heat treatment shall
be carried out by one of the procedures given in UW-
40 in accordance with the following requirements.

(1) The temperature of the furnace shall not exceed
SOOT (427°C) at the time the vessel or oart is oiaced

"n;ics Still] : not OX

(21 Above SOOT (427W1), the rate' of heating
shall be not more than 400W/hr (222'C/hr) divided
by the maximum metal thickness of the shell or head
plate in inches, but m no case more than 400T/hr
(222°C/hr). During the heating period there shall not

be a greater variation in temperature throughout the
portion of the vessel being heated than 250W (139®Q
within any 15 ft (4.6 m) interval of length.

13) The vessel or vessel pail shall be held at or
above the temperature specified in Table UCS-56 or
Table UCS-56.1 for the period of time specified in the
j. abtes. Dunn

:ie rates or fie ana

holding period, there shall not be

)Oiifi2 neea not r>e less man 101
However, m an coses consiaeranon or Csosea znarncers unci complex

ouucinres may indicate reduced, rates of heatimz una cooiins :o avoid

ISO



UCS-23 PART UCS —

forming to the specifications listed therein." Values may
be interpolated for intermediate temperatures. (See UG-
23.) For vessels designed to operate at a temperature
below -20°F (-29°C), the allowable stress values to

be used in design shall not exceed those given in Table
3 or 1A in Section II, Part D for 100CF (38°C).

liCS-27 SHELLS MADE FROM PIPE

(a) Shells of pressure vessels may be made from
seamless pipe or tubing listed in Table iA of Section
IT, Part D provided the material of the pipe is manufac¬
tured by the open-hearth, basic oxygen, or electric-
furnace process.

(b) Shells of pressure vessels may be made from
electric resistance welded pipe or tubing listed in Table
J A of Section II. Pan D in nominal diameters up to

30 in. (762 mm) provided the material is manufactured
by the open-hearth, basic oxygen, or electric-furnace
process [see UG-16(d)].

UCS-28 THICKNESS OF SHELLS UNDER
EXTERNAL PRESSURE

(a) Cylindrical and spherical shells under external
pressure shall be designed by the rules in LG-28, using
the applicable figures in Subpart 3 oi Section J I, Part
D and the temperature limits of UG-20(c).

((b) Examples illustrating the use of the charts in the
figures for the design of vessels under external pressure
are given in Appendix L.

(c) Corrugated shells subject to external pressure
may be used in pressure vessels in accordance with
PFT-19 of Section 1.

LCS-29 STIFFENING RINGS FOR SHELLS
UNDER EXTERNAL PRESSURE

Rules covering the design of stiffening rings are

given in UG-29. An example illustrating the use of
these rules is given in Appendix L.

UCS-30 ATTACHMENT OF STIFFENING
RINGS TO SHELL

siven in LG-30.

UCS-56

UCS-33 FORMED HEADS. PRESSURE ON
CONVEX SIDE

Ellipsoidal, tonspherical. hemispherical, and corneal
heads having pressure on the convex side (minus heads)
shall be designed by the rules of UG-33. using Fig.
CS-1 or Fig. CS-2 of Subpart 3 of Section IF Part D.
Examples illustrating the application of this paragraph
are given in Appendix L.

UCS-56 REQUIREMENTS FOR POSTWELD
HEAT TREATMENT

(a) Before applying the detailed requirements and
exemptions in these paragraphs, satisfactory weld proce¬
dure qualifications of the procedures to be used shall
be performed in accordance with all the essential vari¬
ables of Section IX including conditions of postweld
heat treatment or lack of postweld heat treatment and
including other restrictions listed below.

Except as otherwise specifically provided in the notes

to Table UCS-56 and Table UCS-56.1, all welds in
pressure vessels or pressure vessel parts shall be given
a postweld heat treatment at a temperature not less than
specified in those Tables when the nominal thickness, as
defined in UW-40(f), including corrosion allowance.
exceeds the limits in those Tables. The exemptions
provided in Table UCS-56 or Table UCS-56.1 are not

permitted when postweld heat treatment is a service.
requirement as set forth in UCS-68, when welding
ferritic materials greater than '/g in. (3.2 mm) thick with
the electron beam welding process, or when welding P-
No. 3, P-No. 4, P-Nos. 5A, 5B, and 5C, and P-No.
10 materials of any thickness using the inertia and
continuous drive friction welding processes. Electroslag
welds in ferritic materials over iA in. (38 mm) thickness
at the ioint shall be given a gram refining tausteniuzing)

heat treatment. Electrogas welds in ferritic materials
with any single pass greater than 1 '/) in. (38 mm) shall
be given a grain refining (austemti/ing) here treatment.

For P-No. i materials only, the. heating and cooling
rate restrictions of (d)(2) and (d)(5) below do not apply
when the heat treatment following welding is in the
austenitizing range.

The materials in Table UCS-56 are listed in accor¬
dance with Section IX ?-Number material groupings

of QW-422 and also listed in Table UCS-33.

(bj Except where prohibited in Table UC5-5o. hold¬
ing ternTjeratures and; or hoiGtng times m excels ot me

minimum values given m Table UCS-Do may be used.

Intermediate postweld heat treatments need not conform
to the requirements of Table UCS-56. The holding time

CARBON AND LOW ALLOY STEEL VESSELS

"~0
ÿ' J



SECTION VIII — DIVISION

TABLE UCS-56
POSTWELD HEAT TREATMENT REQUIREMENTS FOR CARSON AND LOW ALLOY STEELS (CONT'D;

Normai Hoicin
Minimum Holding Time at Normal Temperature

for Nomina! Thickness [See UVV-40Y)]

Up to 2 in.
(51 mm)

Over 4 in. to o In.
(51 mm to 127 mm)

\'i in. (25 mm) 1 hr/in. (25

(1; except :or exemptions in Note (2), pesr.-veid heat creatment is mandatory urder the Allowing conaiticns:

in equal or greater :hic<ness than the production weid.
(b) on material of mi thicknesses if required by UW-2

(a) for cirounferencia nice or tube cf P- M o. ÿ materais where the oipe or tubes comply with ail of the following conditions:
(1; a max inurn r cnameter of 11 In. (ON 100);

(2) a maximum r ss or ~A in. (16 mm);
(3) a maximum : i content of not more than 0.15m (SA. material specification carbon content, except when mrtner

limited by .... m a vaiue within the specification limits);
(4) a minimum! preheat of 250°- m ?.MC).

(h) for P-No. 4 pipe or tube materials nesting the requirements of (2)(a)(l). (2)(a)(2), and (2)(a)'3) above, having nonpressuim attachments
fillet welded to fnern provided:ÿ

(c) for P-No. 4 pipe or tube materfalc meeting the retirements of (2)(a)(l). (2)(a)(2), and (2)(a)(3) above, having studs we'ried to them,
a minimum preheat temperature of 250JF (12TC) is applied.

f2j The total repair depth shall not exceed V/2 in.
(38 mm) for P-No. 1 Group Nos. 1, 2, and 3 materials
and % in. (16 mm) tor P-No. 3 Group Nos. I, 2, and
3 materials. The total depth of a weld repair shall be
taken as die sum of the depths for repairs made from
both sides of a weld at a given location.

(3) After removal of the defect, the groove shall
be examined, using either the magnetic particle or the
liquid penetrant examination methods, in accordance
with Appendix 6 for MT and Appendix 8 for PT.

(A1 in addition to the requirements of Section IX
for qualification of Welding Procedure Specifications
for groove welds, the following requirements shall

apply.
(a) The weld metal shall be deposited by the

manual shielded metal arc process using low hydrogen
electrodes. The electrodes shall be properly conditioned
in accordance with Section IL Part C, SFA-5.5, Appen¬
dix A5.6. The maximum bead width shall be four times

me electrode core diameter.

('u) For P-No. 1 Group Nos. 1, 2. and 3 materials,

the repair area shall be preheated and maintained at a

minimum temperature of 200°F (93'C.) during welding.
(c) For P-No. 3 Group Nos. 1, 2, and 3 materials,

the repair weld method shall be limited to the half
bead weld repair and weld temper bead reinforcement
technique. The repair area shall be preheated and main¬
tained at a minimum temperature of 350°F (177°C)

during welding. The maximum interpass temperature
shall be 450°F (232DC). The initial layer of weld metal
shall be deposited over the entire area using 4 in.
(3.2 nun) maximum diameter electrodes. Approximately
one-half the thickness of this layer shall be removed
by grinding before depositing subsequent layers. The
subsequent weid layers shall be deposited using %z in.
(4 mm) maximum diameter electrodes in such a manner
as to assure tempering of the prior weld beads and
their heat affected zones. A final temper bead weld
shall be applied to a level above the surface being
repaired without contacting the base material but close
enough to the edge of the underlying weld bead to

132



•art ucs —- carbon and lc;av allot steel vessels

TABLE UCS-56
•A/ ELD HEAT TREATMENT REQUIREMENTS FOR CARBON AND LOW ALLOY STEELS (CONT'D)

Normal Holding
Temperai-ire,

°F AC),
Minimum

Up to 2 in.
(51 mm)

lirrmrn Molding iime at Norma! Tempera!
for Nominal Thickness [See UW-40(f)]

Over 2 ir?. to 5 in.
(51 mm to 127 mm)

Over 5 in.
(127 mm)

each aooiiicnai men
acdit'cnai men

'hen it :s imoracJcai :c ccstwem heat fresi at the eemperaiures voecAea in Oh is Tabie. it is permissible to carry out the postweid hea:
eatmem. at lower temceraiures Ar Anger' seweds of time in accordance with Table UCS-56.I.
ostweA neat treatment 's mandatory on M-Mo. 3 Gr. No. 3 materia! in aii thicknesses.
xcent for the exemptions in Mote ;JV postweici heat treatment is mandatory oncer the fciAwmg conditions:

ÿ'or aciacning to pressure parts that have d maximum carbon content of net mere char 0.25% (SA materia! specification
carbon cement, extent when further oj purchaser to a value within the soccifAat An limits) cr nonpressure parts 'with groove

;p maximum cm ' on m- tent of not more than 0.25% (SA material specification carbon content, except when further limited

we'aeci tc pressure parts that nave a specified maximum carbon content of net more than C.25% (SA materia! specification

intent, exccot wnc-n further .incited by the purchaser to a value within the specification limits) provided preheat to a minimum

a specmed max;

oy the purchaser
uon cc- 1 i v

(A for corrosion resis'anf we1a metal ov>
tc pressure parts which have a specif

t we'd metal ov> r for welds attaching ccrrocion resistant aopi ie
:h nave a specif arbon content of not more than 0.25 % (SA mt

DL-34) when weidec

mm temperature o

a greater difference than J50°F (83°C) between the
highest and lowest temperature throughout the portion
of the vessel being heated, except where lite range is
further limited in Table UCS-56.

(4) During the heating and holding periods, the
furnace atmosphere shah be so controlled as to avoid
excessive oxidation of the surface of the vessel. The
furnace shall be of such design as to prevent direct
impingement o( the flame on the vessel.

(5) Above 800°F (427'C). cooling shall be done
in a closed furnace or cooling chamber at a rateTiot
greater than 500°F/hr divided by the maximum metal
thickness of the shell or head plate in inches, but in
no case more than 500'"F/hr (278°C), From S0CFF
;427'C2 the vessel may be cooiec In still air.

(so Except as permitted in M below, vessels or oarrs

of vessels that have been postweid heat treated m
aecc with the .requirements of this paragraph
shal ic postweid heat treated after welded repairs
have .

ÿ , , mace.

(f) Weld repairs to P-No. 1 Group Nos. 1. 2, and

3 materials and to P-No. 3 Group Nos. 1. 2, and 3

materials and to the weld metals used to join these

materials may be made after the final PWHT but prior
to the final hydrostatic test, without additional PWHT,
provided, that PWHT is not required as a service
requirement in accordance with UW-2(a), except for

the exemptions hi Tabie UCS-56, or as a service

requirement in accordance with UCS-68. The welded

repairs shall meet the requirements of (I) through (6)

below. These requirements do not apply when the
welded repairs are minor restorations ot the material
surface, such as those required alder removal of construc¬

tion fixtures, and provided that the surface is not

exposed to the vessel contents.

b' The Manufacturer shall give prior notification

and snail not proceed untti acceptance has been obtained.
Such repairs shall be recorded on the Data Report.
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TA3LE UCS-56
POSTWELD HEAT TREATMENT REQUIREMENTS FOR CARBON AND LOW ALLOY STEELS (CONT'D)

Normai Molding

Minimum
Minimum Holding iime at Normal Temperature

for Nominal Thickness [See UW-40(fC

mm/ in. ;2c mrri; ror

thickness over 1 in. (25 mm)

(1) When X is ;mcracr.icai to postweid heat treat at the temperature specified in this Table, :t is permissible to carry out the oostwem heat
treatment at lower temperatures ClOOO°F (533°C) minimum] for longer perioas of time in accordance with Table UCS-56.1.

(2) Except for exemptions in Note (3), postweid heat treatment is mandatory under the following conditions:
(a) on material over 54 in. (16 mm) nominal thickness. 6or material up to and including t/g m. (16 mm) nominal thickness, postweid heat

than the production weld.
(b) on material of all thicknesses if required by UW-2.

(3) Postweid heat treatment is not mandatory under conditions specified below:
(a) for circumferential butt weias In pipe or tubes where the pipe or tubes comply with a!! the following conditions:

(1) a maximum ncminai outside diameter of 4 in. (ON 100);
(2) a maximum thncxness of VI In. (15 mm);
(5) a maximum specified carbon concent of not more -man 0.15% (SA material specification carbon content, except when further

limited by the purchaser to a value within the specification limits);
(4) a minimum preheat of 250'% (121°C).

(b) for pipe or tube materials meeting the requirements of (3)(a)(i), (3)(a)(2), and (3)(a)(3) above, having attachments fillet welded to

them, provided:
(1) the fillet welds have a throat thickness or v> in. (13 mm) or less;
(2) the materia! is preheated to 250CF (121°C) minimum. A lower preheating temperature may be used provided specifically controlled

procedures necessary to produce sound welded joints are used. Such procedures shah mclucic- but shall not be limited to the following:
(a) The throat thickness of fillet welds shall be Y? In. (13 mm) or less.
(b) The maximum continuous length o? fillet welds shah be not over 4 in. (102 rnrn).

(c) The thickness of the test plate used in making the welding procedure qualification of Section IX shall not be less than that
of the materia! to be welded.

(c) for attaching noneressuro parts to pressure parts with groove welds not over % in. (13 rnrn) in size elds that have a throat
thickness of 1A> in. (13 rnrn) or less, provided preheat to a minimum temperature o: 200°F (93°C) i

(J) for studs wokiod to pressure parts provided I a minimum temperature of 20C°F (93UC) is c
(e) for corrosion resistant weld metal overlay c for welds attaching corrosion resistant applied lining (see UCL-3-U provided

preheat to a minimum temperature c-f 200° s maintained during application of ihe first layer.
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i ABLE UCS-56
POSTWELD HEAT TREATMENT REQUIREMENTS FOR CARBON AND LOW ALLOY STEELS (CONT'D)

Ncrma! Holding
Temperature,

°F (°C),
Minimum

Up to 2 "n.

Minimum Holding Time at Normal « emperatu
for Nominal Thickness [See UW-40(f)J

Over 2 in. to 5 In.
(51 mm to 127 mm)

Over 5 in.
(127 mm)

P-Nos. 5A, SB Gr. No. 1,

arid 5 C Gr. No. 1 run rmnimum

hr oius ).o> rmi

(a) for circumferential butt welds lube where the pipe or tubes comply with all of the following conditions:
(I) a maximum specified chr ite.nl of .3.00%;
(2i a maximum nominal culsrne cnameier of 4 in. (DM 100);
(3) a maximum nominal thickness of % in. (1.6 mm);
(4) a maximum specified carbon content of not mere than 0.15% (SA material spec! heat ion carbon content, except when furthe

limited by the purchaser to a value within the specification limits);
(5) a minimum preheat of 300,JF (149°C) is applied.

(b) for pipe or tube materials meeting the requirements of (2)(a)(Ii, (2)(a)(2), ( 2 ) ( a) (3 ) , and (25(a)(4) having nonpressare attachment

(2)

(c) for
prcvi:

is applied.

nominal thickness, i
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TABLE UCS-56
'M E MT REQUIREMENTS FOR CARBON AMD LCW ALLOY STEELS (CONT'D)

Normal Holding

Temperature,
°F OCT Minimum Holding Time at Normal Temper:
Minimum for Nominal Thickness [See UA'-40(f;]

lidding time Is
tnrouahcui she

y; where sne manufacturer can provide evidence '

15 mln/ln. (25 mm) holding time C no: required

Norma! Holding
Temperature,

°F CO,
Minimum

Minimum Holding Time at Normal Temperature
for Nominal Thickness [See UW-40(f>]

P-No. 10C
Gr, No. 1 thickness over 1 in. (25 mm)

treatment at lower or longer periods of time In accordance with 7ao;e UCS-56.1.
(2) Except for exempt I, posrwekl heat treatment is mandatory untiei- sne following contusions;

(a) for material o mm; nominal slackness. Postweld heat treatment, is mandatory on materials over 1m (32 mm) nominal
thickness througn ;.sa in. .-,3 mum; nominal thickness unless preheat is applied at a minimum temperature or 200°r (93°C! during

issioie so carry out sne possweid near

(3! Postweld heat treatmen
(a) for groove welds m

'Quired by UW-
Linoei- sne conditions spec i ned ceiow:

113 mm) in sice and fillet '.veins

Increase in shell or e and preheat to a minimum ten 1 applied;
(b) for groove welds ra I .. 13 mm) in size or fillet welds o. (13 mm) or less used for attaching

nonpressure parts to pressure parts ana preheat to a minimum ' 53AC) is applied when the thickness of the
pressure part exceeds 1st, in. (32 mm);

(c) for' studs weic sure parrs provided preheat to a minimum temperature or 200 = r (93JC) Is applied when the thickness of the

applied when the thickness of

throughout the this

Normal HoitiUi-
Temperature,

°F TO,
Minimum

Inimimi Holding Time at Normal Temperaiur
ror Nomina; Thickness [See UW-40(f)3

18(1
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TAB Lb. UCS-56
POSTVVELD HEAT TREATMENT REQUIREMENTS FOR CARBON AND LOW ALLOY STEELS (CONT'D)

Normal Holding
Temoerature,

°F ACT Minimum Hoiding i Ime at Normal i emperature
for Nominal Thickness [See UW-4C(f}]

1hr minimum. ÿ mm/m. U: mn

th :c.<ness over 1 m. '25 mm;

mien;, ai ewer temperatures I periods of ome in accoraanco wish ;acie CCS-oCA.

;ry ur.cer one rol lowing conanions:

;scribea in UCS-56(a) has been mace In equal or

sses iT required oy u vv-

;o°e (95°C; :s aoch

"an 5 00 h (28'"C//br be:weai
Additionally.. wrere the ma

our'no application of the first layer.
C; ana the holding temperature. tne acsci iticnai 15 min/'n. <25 mm)

Norrriai Holding
Temperature.

Minimum Hoiding ; 'me ai Normal i emperature

for Nominal Thickness [See UVV -40(f)J

1 hr minimum, cms 15 min/in. (25 men) for

\\ ic p eat treat at the temperature specified in this Table, it is permissible to carry out the postweld heat
s-rrper longer periods or erre in accordance w:th Tabic UCS-56.1.
i be g ossloN embrlttiemenr of materials containing up to 0.15% vanadium, when costweid heat treating

perafure and ai lower temperature for longer hoiding times,

Note (3), pcstweld neat treatment Is mandatory uncer the following conditions;

SA-487 Class I! Q material;
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defined in H), (2). or (3) below, and the minimum
design metai temperature.

The following thickness limitations apply when
using Fig. UCS-66.

('/.) Excluding castings, the governing thickness r,

of a welded part is as follows:
(a) for butt joints except those in flat heads and

tubesheets, the nominal thickness of the thickest welded
joint [see Fig. UCS-66.3 sketch (a)];

(b) for comer, fillet, or lap welded joints, includ¬
ing attachments as defined above, the thinner of the
two parts joined;

(c) for flat heads or tubesheets, the larger of
fb) above or the flat component thickness divided by 4;

(J) for welded assemblies comprised of more

than two components (e.g., nozzle-to-shell joint with
reinforcing pad), the governing thickness and permissi¬
ble minimum design metal temperature of each of
the individual welded joints of the assembly shall be
determined, and the warmest of the minimum design
metal temperatures shall be used as the permissible
minimum design metai temperature of the welded as¬
sembly. [See Fig. UCS-66.3 sketch (b), L-9.3.1, and
L-9.5.2.]

If the governing thickness at any welded joint exceeds
4 in. and the minimum design metal temperature is
colder than 12CUF (49°C), impact tested material shall
be used.

(2) The governing thickness of a casting shall be
its largest nominal thickness.

(3) The governing thickness of flat nonwelded
parts, such as bolted flanges, tubesheets, and flat heads,
is the flat component thickness divided by 4.

(4) The governing thickness of a nonwelded dished
head [see Fig. 1-6 sketch (c)] is the greater of the flat
flange thickness divided by 4 or the minimum thickness
of the dished portion.

(5) If the governing thickness of the nonwelded
part exceeds 6 in. (152 mm) and the minimum design
metal temperature is colder than 120°F (49°C), impact
tested material shall he used.

Examples of the governing thickness for some typical
vessel details are shown in Fig. UCS-66.3.

NOTE: The use or provisions in UCS-66 which waive the require¬

ments for impact testing does not provide assurance that all test results
for these materials would satisfy the impact energy requirements of
UG-84 if zested.

(b) When the coincident ratio denned in Fig. UCS-
66.1 is less than one, Fig. UCS-66.1 provides a basis
for the use of components made of Pan UCS materials

-ÿ DIVISION 1 UCS-66

to have a colder MDMT than that derived from (a)
above without impact testing.

(l)(a) For such components, and for a MDMT of A02
-55°F (-48°C) and warmer, the MDMT without impact
testing determined in (a) above for the given material and
thickness may be reduced as determined from Fig. UCS-
66.2. Ifthe resultingtemperature is colder than the required
MDMT, impact testing of the material is not required.

(b) Figure UCS-66.1may also be used for com- A02

portents not stressed in general primary membrane
tensile stress, such as fiat heads, covers, tubesheets,
and flanges (including bolts and nuts). The MDMT of
these components without impact testing as determined
in UCS-66(a) or (c) may be reduced as determined
from Fig. UCS-66.2. The ratio used in Step 3 of Fig.
UCS-66.2 shall be the ratio of maximum design pressure
at the MDMT to the maximum allowable pressure
(MAP) of the component at the MDMT. If the resulting
temperature is colder than the required MDMT, impact
testing of the material is not required, provided the
MDMT is not colder than -55°F (-48°C).

(c) In lieu of using (b)(1)(b) above, the MDMT
determined in UCS-66(a) or (c) may be reduced for a
flange attached by welding, by the same reduction as
determined in (b)(1)(a) above for the neck or shell
which the flange is attached.

NOTE: The bolt-up condition need not be considered when determin¬
ing the temperature reduction for flanges.

(2) For minimum design temperatures colder than
-55'F (-48°C), impact testing is required for all materi¬
als, except as allowed in (b)(3) below and in UCS-68(c).

(3) When the minimum design metal temperature
is colder than -55°F (-48°C) and no colder than
-155°F (~104°C), and the coincident ratio defined in
Fig. UCS-66.1 is less than or equal to 0.35, impact
testing is not required.

(c) No impact testing is required for the following
flanges when used at minimum design metal tempera¬
tures no colder than -20°F (~29DC):

(1) ASME B16.5 flanges of ferritic steel;

(2) ASME B16.47 flanges of ferritic steel;

(3) split ioose flanges of SA-216 G.R WCB when
the outside diameter and bolting dimensions are either
ASME B16.5 Class 150 or Class 300, and the flange
thicknesses are not greater than that of either ASME
B16.5 Class 150 or Class 300, respectively.

(4) Carbon and Low Alloy Steel Long Weld Neck A02

Flanges. Long weki neck flanges are defined as forged
nozzles that meet the dimensional requirements of a

flanged fitting given in ASME B16.5 but having a
straight hub/neck. The neck inside diameter shall not
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TABLE UCS-56.1
ALTERNATIVE POSTWELD HEAT TREATMENT

REQUIREMENTS FOR CARBON
AND LOW ALLOY STEELS

Applicable Only When Permitted in Table UCS-56

Decrease in
Temperature

Below Minimum Minimum Holding
Specified Time [Note (1)1

Temperature, at Decreased
°F (°C) Temperature, fir Notes

50 (28) 2 ...
100 C5c) 4

150 (83) 10 (2)

200 (111) 20 (2)

NOTES:
(1) Minimum holding rime for 1in. (25 mm) thickness or less. Add

15 minutes per Inch (25 mm ) of thickness for thicknesses greater
than 1 in. (25 mm).

(2) These iower pcstweld heat treatment temperatures permitted only
for p-No. 1Sr. Nos. 1and 2 materials.

assure tempering of the base material heat affected
zone. After completing all welding, the repair area shall
be maintained at a temperature of 400°F-500°F (204°C-
260°C) for a minimum period of 4 hr. The final temper
bead reinforcement layer shall be removed substantially

flush with the surface of the base material.
(5) After the finished repair weld has reached

ambient temperature, it shall be inspected using the
same nondestructive examination that was used in (f)(3)
above, except that for P-No. 3, Group No. 3 materials,
the examination shall be made after the material has
been at ambient temperature lor a minimum period of
48 hr to determine the presence of possible delayed
cracking of the weld. If the examination is by the
magnetic particle method, only the alternating current
yoke type is acceptable. In addition, welded repairs
greater than 3/g in. (10 nun) deep in materials and in
welds that are required to be radiographed by the rules
of this Division, shall be radiographicallv examined to

the requirements of UW-51.
(6) The vessel shall be hydrostatically tested after

making the welded repair.

UCS-57 RADIOGRAPHIC EXAMINATION1

In addition to the requirements of UW-il. complete
radiographic examination is required for each butt
welded joint at which the thinner of the plate or
vessel wail thicknesses at the welded joint exceeds the

UCS-66

TABLE UCS-57
THICKNESS ABOVE WHICH FULL RADIOGRAPHIC

EXAMINATION OF BUTT WELDED JOINTS IS
MANDATORY

P-No. & Gr. No. Nominal Thickness Above Which
Classification of Butt Welded Joints Shall Be

Material Fully Radiographed, in. (mm)

IGr. 1, 2, 3 log (32)

3 Gr. 1, 2, 3 A (19)

4 Gr. 1, 2 % (16)

5A, 58 Gr. 1 0 (0;

9A Gr. 1 % (16)

9 8 Gr. 1 vq (16)

1CA Gr. 1 A (19)

ICS Gr. 2 As (16)

r \j7 9, r. 1 /[ A 6,
10F Gr. 6 73 (19)

thickness limit above which full radiography is required
in Table UCS-57.

LOW TEMPERATURE OPERATION

TJCS-65 SCOPE

The following paragraphs contain requirements for
vessels and vessel parts constructed of carbon and low
alloy steels with respect to minimum design metal
temperatures.

UCS-66 MATERIALS

(a) Figure UCS-66 shall be used to establish impact
testing exemptions for steels listed in Part UCS. Unless
otherwise exempted by the rules of this Division, impact
testing is required for a combination of minimum design
metal temperature (see UG-20) and thickness (as defined
below) which is below the curve assigned to the subject
material. If a minimum design metal temperature and
thickness combination is on or above the curve, impact
testing is not required by the rules of this Division.
except as required by (j) below and UCS-67(a)(2) for
weld metal.

Components, such as shells, heads, nozzles, raanways.
reinforcing pads, flanges, tubesheets, flat cover plates,
backing strips which remain in place, and attachments
which are essential to the structural integrity of the
vessel when welded to pressure retaining components,
shall be treated as separate components. Each component

shall be evaluated for impact test requirements based
on its individual material classification, thickness as

PART UCS — CARBON AND LOW ALLOY STEEL VESSELS
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A02 FIG. UCS-66 (CONT'D)

A03 GENERAL NOTES ON ASSIGNMENT OF MATERIALS TO CORVES:
(a) Curve A applies to:

(1} ail carbon arid all low alloy steel plates, structural snapes, and bars not listed In Curves B, C, and D below;
(2t SA-216 Grades VVCB and WCC if normalized ana temoered or water-quenched and tempered; SA-2I7 Grade WCo if normalized

and tempered or water-quencned and tempered.
(b) Curve B aopiies to:

(1! SA-216 Grade VGA if normalized ana tempered or wster-quenched and tempe-ec

SA-216 Grades VVCB and VVCC for thicknesses not exceeding 2 in. 151 mm), If produced so fine grain practice and water-quenchea

and temoered
SA-217 Grade WC9 if normalized and tempered

SA-285 Grades A and B
SA-414 Grade A -

5A-515 Grade 60
SA-516 Grades 65 and 70 if not normalized
SA-612 if not normalized
SA-662 Grade B if not normalized
SA/EN 10028-2. P295GH as-rolled;

(2) except for cast steels, all material's of Curve A if produced to fine grain practice and normalized which are not iisted In. Curves
C and D below;

(3) ail pipe., fittings, forcings and tubing not listed for Curves C ana 0 below;
(4) parts permitted under UG-il shad be included In Curve 3 even wrier, fabricated from plate that otherwise would oe assigned to

a different curve.
(c ) Curve C

(1) SA-182 Grades 21 and 22 if normalized and tempered
SAO02 Grades C and D
SA-336 F21 and c22 if normalized and tempered

SA-387 Grades 21 and 22 if normalized and tempered
SA-516 Grades 55 and 60 if' not normalized
SA-533 Grades B and C
SA-662 Grace A;

(2) a!! material of Curve B If produced to fine grain practice and normalized and not listed for Curve D below.
(dJ Curve D

SA-203
SA-508 Grade 1.
SA-516 if normalized
SA-524 Classes 1 and 2
SA-537 Classes 1, 2, and 3
SA-612 if normalized
SA-662 if normalized
SA-738 Grade A
SA-738 Grade A with Cb and V deliberately added in accordance with the provisions of the material specification, not colder than
-20°F (—29°C)

SA-738 Grade B not colder than -20°F (-29°C)

SA/AS 1548 Grades 7-430, 7-460, and 7-490 if normalized
SA/EN 10028-2 P295GN if normalized [see Note (g)(3)!
SA/EN 10028-3 P275NH

Genera/ Notes and Notes continue on next page

be less than the nominal size of the flange and the
outside diameter of the neck, and any nozzle reinforce¬
ment shall not exceed the diameter of the hub as

specified in ASME B16.5.
(d) No impact testing is required for UCS materials

0.10 in. (2.5 mm) in thickness and thinner, but such
exempted UCS materials shall not be used at design
metal temperatures colder than -55°F (~48°C). For
vessels or components made from MPS 4 (DN 100)
or smaller tubes or pipe of P-No. 1 materials, the
following exemptions from .impact testing are also
permitted as a function of the material specified mini¬
mum yield strength (SMYS) for metal temperatures of
-155'F (-1Q4°C) and warmer:

I.\ I :3, ksi (MPa) Thickness, in. (mm)

20 to 35 (138 to 241) 0.237 (6.0)

36 to 45 (248 to 310) 0.125 (3.2)
45 (317) and higher 0.10 (2.5)

(e) The material manufacturer's identification mark¬
ing required by the material specification shall not be
stamped on plate material less than V) in. (6 mm) in
thickness unless the following requirements are met.

(J) The materials shall be limited to P-No. 1 Gr.
Nos. 1 and 2.

(2) The minimum nominal plate thickness shall
be 0.1875 in. (4.8 mm), or die minimum nominal pipe
wall thickness shall be 0.154 in. (3.9 mm).

190
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(3) The minimum design metal temperature shall
be no colder than -20°F (-29°C).

(f) Unless specifically exempted in Fig. UCS-66,
materials having a specified minimum yield strength
greater than 65 ksi (448 MPa) must be impact tested.

(g) Materials produced and impact tested in accord¬
ance with the requirements of the specifications listed
in Fig. UG-84.1, General Note (c), are exempt from
impact testing by the rules of this Division at minimum
design metal temperatures not more than 5°F (3°C)
colder than the test temperature required by the specifi¬
cation.

(h) No impact testing is required for metal backing
strips which remain in place made of materials assigned
to Curve A of Fig, UCS-66 in thicknesses not exceeding
lAi in. when the minimum design metal temperature is
-20°F (-29°C) or warmer.

(i) For components made of Part UCS materials that
are impact tested. Fig. UCS-66.1 provides a basis for
the use of these components at MDMT colder than
the impact test temperature, provided the coincident
ratio defined in Fig. UCS-66.1 is less than one, and
die MDMT is not colder than -155°F (-104°C).

UCS-66

(J) For such components, the MDMT shall not

be coider than the impact test temperature less the
allowable temperature reduction as determined from
Fig. UCS-66.2.

(2) Figure UCS-66.1may also be used for compo¬
nents not stressed in general primary membrane tensile
stress, such as flat heads, covers, tubesheets, and flanges
(including bolts and nuts). The MDMT shall not be
colder than the impact test temperature less the allowable
temperature reduction as determined from Fig. UCS-
66.2. The ratio used in Step 3 of Fig. UCS-66.2 shall
be the ratio of maximum design pressure at the MDMT
to the maximum allowable pressure (MAP) of the

component at the MDMT.

(3) In lieu of using (i)(2) above, the MDMT for
a flange attached by welding shall not be colder than die
impact test temperature less the allowable temperature
reduction as determined in (i)(l) above for the neck
or shell to which the flange is attached.

(j) When the base metal is exempt from impact
testing by (g) above or by Fig. UCS-66 Curves C or
D, -20°F is the coldest MDMT to be assigned for

2001 SECTION VIII — DIVISION 1
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PART UCS — CARBON AND LOW ALL,OY STEEL VESSELS Fig. L'CS-66

A 02 FIG. UCS-66 (CONT'D)

GENERAL NO"FES 0M ASSIGNMENT OF MATERIALS TO CURVES (CONE D 3 -

(e) For bolting and nuts, the following impact test exemption temperature snail app'y:

Bolting

Impact Test Exemption
Spec. No. Grade Diameter, in. (mm) Temperature, °F (°C)

SA-193 B5 Up to 4 (107 mm), irtcl. -20 (-29)
37 Up to 2/5 in. (64 mm), incl. -55 (-48)

Over 2 (64 mm) to 7 (178 mm), incl. —40 (-40)

BOM Up to 2'/; (64 mm), incl. -5.5 (-48)

B16 Up to 7 (178 mm), incl. -20 (-29)

SA-307 B All -20 (-29)

SA-320 L7, L7A, Up to 2LA (64 mm), incl. See General Note (c) of Fig. UG-84.1
L7M, Up to 216 (64 mm), incl. See General Note (c) of Fig. UG-84.1
L43 Up to 1 (25 mm), incl. See General Note (c) of Fig UG-84.1

SA-325 1 \A (13 mm) to 1 t (38 mm) -20 (—29)

SA-354 BC Up to 4 (102 mm), incl. 0 (-18)

SA-354 BD Up to 4 (102 mm), incl. +20 f-7)

SA-437 B4B, B4C All diameters See General Note (c) of Fig. UG-84.1

SA-449 ... Up to 3 (76 mm), incl. -20 (-29)

SA-540 B21 CI. Alt All Impact test required
SA-540 B22 CI. 3 Up to 4 (102 mm), incJ. Impact test required
SA-540 B23 CI. 1, 2 Ail Impact test required

SA-540 B23 CI. 3, 4 Up to 6 (152 mm), incl. See General Note (c) of Fig. UG-84.1

SA-540 B23 CI. 3, 4 Over 6 (152 mm) to 9/5 (241 mm), incl. Impact test required
SA-540 B23 CI. 5 Up to S (203 mm), incl. See General Note (c) of Fig. UG-84.1

SA-540 B24 CI. 5 Over 8 (203 mm) to 9/5 (241 mm), incl. Impact test required
SA-540 B24 CI. 1 Up to 6 (152 mm), incl. See General Note (c) of Fig. UG-84.1

SA-540 B24 CI. 1 Over 6 (152 mm) to 8 (203 mm), incl. Impact test required
SA-540 B24 CI. 2. Up to 7 (178 mm), incl. See General Note (c) of Fig. UG-84.1

SA-540 B24 CI. 2 Over 7 (178 mm) to 9/5 (241 mm), incl. Impact test required
SA-540 B24 CI. 3, 4 Up to 8 (203 mm), incl. See General Note (c) of Fig. UG-84.1

SA-540 B24 CI. 3, 4 Over 8 (203 mm) to 9/5 (241 mm), incl. Impact test required
SA-540 B24 CI. 5 Up to 9'/, (241 mm), incl. See General Note (c) of Fig. UG-84.1

SA-540 B24V CL 3 All See General Note (c) of Fig. UG-84.1

Nuts

(jrade Impact Test Exemption

Spec. No. Temperature, °F (3C)

SA-194 2, 2H, 2HM, 3, 4, 2, 7M, and 16 -55 (-48)

SA-540 B2 1/B22/B23/ B24;B24V -55 (-48)

(f) When no chiss or grade is shown, all classes or grades are included.
(g) The fo! lowing shall apply to all material assignment notes,

(I) Cooling rates faster than those obtained by cooling in air, followed by tempe:ring, as permitted by the material specification, are considered

to be equivalent to normalizing or normalizing and tempering heat treatment:s.

(2) Fine grain oractice is defined as the procedure necessary to obtain a fine austerriiic grain size as described in SA-2C.

(3) Normalized rolling condition is not considered as being equivalent to normalizing.

MOTES:
(I) Tabular values far this Figure are proviced In ; a& ie UCS-ofc.
(2) Castings act ilsteo In General Motes t a) and (b) above snail be impact tested.
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COO i--1--i---:---i 1----f! | ] ! I j |
Q 35 A'"-''*' -y-, -yy yyÿy.yyyivyy.yyy. ;yyyyy,y.yyy,yyyy.yy.yyy..-

// See UCS-66(b)(3) when ratios are 0 Cc .-t-i smalle

/// A A A A A /

.Y///(///\ /'/'
X A' /'AAA ''V
k//A'ÿ ///A //
' /w /AAA/ A //
' / A ,y/AA-//
7/9.
A / /

//aaa,
ÿ'' //////X,ÿ'VA 1 A / / IA A / A / / A

60 80

°F (°C) [See UCS-66(bi]

WAAln

rlattire {Note reference to General Notes of Fig.UCS-66-2.)
tr = required thickness of the component under consideration In

condition for all applicable loadings [General Note (2)1, base
applicable joint efficiency E [General Note (3)1, in. (mmj
nominal thickness of the component under consideration be
allowance is deducted, in. (mm)
corrosion allowance, in. (mm)
as defined in General Note (3).

S*Ef divided by tire product of the maximum allowable stre
from Table UCS-23 times E, where S* is the applied genera!
primary membrane tensile stress and E and E* are as define
Note (35.

trie corr
d on the

I REDUCTION IN MINIMUM DESIGN METAL TEMPERATURE WITHOUT IMPA<



Table UCS-66 2001 SUCTION VHJ — DIVISION 1

TABLE UCS-66 A02
TABULAR VALUES FOR FIG. UCS-66

Thick.,. Curve A, Curve 8, Curve C, Curve D, [ Thick., Curve A, Curve £,, Curve C, Curve
in. °F GF 3F °F in. °r °F " F

0.25 18 -20 -55 -55 7 1978 112 80 44 13
0.5125 8 _c g -55 -55 3.25 112 30 £4 14

0.375 13 -20 -55 -55 3.3125 113 81 45 15
0.4375 25 -13 -40 -55 3.575 113 82 46 15
0.5 37 — 7 -32 -55 3.4375 114 85 46 16

3 4 114 63 47 17

0.5625 37 -1 -26 -31

0.625 £3 5 -22 -4g 3.5625 114 84 48 17
C.6875 48 10 — "8 -45 3.625 115 35 49 18
p 7 c; e. p 15 -15 -42 3.6875 115 £5 49 19
0.8125 "7 19 -12 — 38 3.75 116 86 50 20
0.875 61 23 —9 -36 j 3.8125 116 S~7 51 21
0.9375 65 27 —0 —2 3 i 3.875 116 88 51 21
i be 31 -3 —3 0 3.9375 117 38 52 22

£ 117 89 p3 23
1.0625 72 34 -1 -28

1.125 73 37 2 -26 4 .C 625 117 90 53 a! D

1.18/5 T"7 40 4 —23 4.125 -118 90 54 24

1.25 3fj 43 6 —21 1 4.1375 118 91 54 25

1.312.5 32 45 ,q -19 ; 4.25 118 91 55 25

1.375 84 47 10 —13 ÿ 4.3125 113 O p 55 26

1.4375 86 49 12 -16 4 375 119 O 3 56 27

1.5 83 51 14 -14 4.4375 ] 19 6 8 56 27

4.5 119 94 57 28

1.5625 90 53 1c —13 1
1

l.c25 92 55 17 -11 4.5625 119 94 57 2Q

1.6375 93 57 10 -10 4.625 119 95 58 29

1.75 94 58 "> p -8 4.6875 119 C 58 30
1.8125 96 59 22 _7 4.75 119 96 59 30
1.375 97 61 23 —6 4,8125 119 96 S 31

1.9375 93 62 24 —5 4.875 119 97 6 0 1

2 99 63 26 -4 4.9375 119 9- 60 32
5 119 97 60 32

2.0625 100 64 27 -3
2.125 101 65 28 -2. 5.0625 119 98 6 1. 33
2.1875 102 66 29 -1 5.125 119 98 61 33

2.25 102 67 30 0 5.1875 119 98 62 54

2.3125 103 68 31 1 5.25 119 GO 62 34

2.375 104 6 9 32 9 5.3125 119 99 62 .35

2.4375 105 7 0 33 3 5.375 119 100 63 35

2.5 1C5 71 34 4 5.4375 119. 100 63 36
5.5 119 100 63 36

2.5625 1C 6 71 35 5

2.625 107 73 36 5.5625 "119 101 64 36

2.6375 107 7 3 37 7 5 .62 5 11. 9 101 64 37

2.75 1c z> 74 38 8 5.6875 ] 19 102 64 4 /

2.3125 108 75 39 8 5.75 "120 102 65 38

2.875 109 7c 4Q 9 5.3125 C p 103 65 38

2.9375 iC9 77 40 10 5.875 120 103 66 38
3 1'J 0 77 41 11 5.9375 ] 20 104 66 38

6 120 1Q4 66 39

111 78 46 12

GCJERAu.



UCS-66 PART UCS — CARBON ANN LOW ALLOY STEEL VESSELS
UCS-67

FIG. UCS-66.2 (CONT'D)

GENERAL NOTES:
(1) For pipe where a mill undertclerance is allowed by the material specification., the thickness after mill undertolerance has been deducted

shah be taken as the noncorroded nominal thickness t„ for determination of the MDMT to be stamped on the narnepiats. Likewise, for
formed heads, the minimum specified thickness after forming snail be used as i„.

(2; Loadings, including those listed in UG-22, wnich result in general primary membrane tensile stress at the coincident MDMT.
15) E is the joint efficiency (Tabie LiVV-125 used in the calculation of tr; E* has a value equal to E except that £- shall not be less than 0.80.

For castings, use quality factor or joint efficiency Ewhichever governs design.
14) The construction of Fig. UCS-66 is sucn that the MDMT so selected is considered to occur coincioentally with an applied general crfmary

membrane tensile stress at the maximum allowable stress value in tension from Table IA of Section II Part D, Tabular values for Fig.

UCS-66 are shown in Tabie UCS-66.
(5) See UCS-66(a)(l), (2), and (.3) for definitions of governing thickness.
(6) it the basis for calculated test pressure is greater than the design pressure iUG-99(c) test], a Ratio cased on die A determined from the

oasis for calculated test pressure and associated appropriate value of tn - c shall be used to determine the recommended coldest metal
temperature during hydrostatic test and the coldest metal temperature permitted during the pneumatic test. See UG-99(h) and UG-lOO(c).

5 Alternatively, a Ratio of S* £* divided oy the product of the maximum allowable stress value In tension from Tabie IA of Section II Part
0 times E may be used, where 5" is the applied general' primary membrane tensile stress and Eand E'' are as defined in General Note (3).

'8) For UCS-66(b';(l)(b) and 0)C2), a ratio of the maximum design pressure at the MDMT to the maximum allowable pressure (YAP: at
the iVICMT shall be used. The MAP Is defined as the highest permissible pressure as determined by the design formulas for a component
using the nominal thickness less corrosion allowance and the maximum allowable stress vaiue from the Tabie IA of Section II, Part D at

the M DMT. For ferritic steel flanges defined in D CS-66(c), the flange rating at tne warmer of the MDMT or 100°F may be used as the MAP.
(99 For reductions in MDMT up to and including 40°F. the 'eduction can be determined by: reduction in MDMT = (I - Ratio) lOCLF.

(10) A colder MDMT may be obtained by selective use of impact tested materials as appropriate.to the need (see UG-84). See also UCS-68(c).

welded components that do not meet the requirements UCS-67(a)(3) when joining base metals exempt
of UCS-67(a)(2). from impact testing by UCS-66(g) when the minimum

design metal temperature is colder than -55°F (-48°C).
UCS-67(b) Welds in UCS materials made without

the use of filler metal shall be impact tested when the.
AOS UCS-67 IMPACT TESTS OF WELDING thickness at the weld exceeds V2 in. (13 mm) for

PROCEDURES ah minimum design metal temperatures or when the
thickness at the weld exceeds %6 in. (8 mm) and the

Except as exempted in UG-20(f), the Welding Proce- minimum desian melal temperature is colder than 50°F
re Qualification shall include impact tests of welds (10cQ Thjs reqmremcnl cloos not apply t0 welds niade

and heat .affected zones (HAZ) made m accordance as part of {he matcria, spccification/
with UG-84 when required by the following provisions. IJCS-67(c) Weld heat affected zones produced with
ihe MDMT usea below shall be the MDMT stamped or without the addition of filler metal shall be impact
on the nameplate or die exemption temperature of the tested whenever any of the following apply:.
welded component oefore applying the temperature UCS-67(c)(J) when the base metal is required to
ledueuon pemiiited by LCS-06(b) ot UCS-68(c). be impact tested by ihe rules of this Division; or

LiCS-67(a) Welus made with lillei metal shall be UCS-67(c)(2) when the welds have any individual
impact tested in accordance with UG-84 when any of weld pass exceeding % in. (13 mm) in thickness, and
tne following apply: . the minimum design metal temperature is colder than

UCS-67(a)(1) when either base metal is required 70°F (21°C)' or
to be impact tested by the rules of this Division: or UCS-67(c)(3) when joining base metals exempt

bCS-6/iai(2i when joining base metais exempt from impact testing by UCS-66(g) when the minimum
from impact testing by LCS-66(g) or Fig. UCS-66 Curve design metal temperature is coider than -55°F (-48JC).
C or D and the minimum design metal temperamre is UCS-67(d) Vessel (production) impact tests in accord-
coiaer than -20°F (-29<JC) but not comer than -do°F ance with UG-SAi) may be- waived for any of the
(-48°C), unless welding consumables which have been following:

classified by impact tests at a temperature not warmer UCS-67(d)(1) weid metals joining steels exempted
man the MDMT by the applicable SFA specification from impact testing by UCS-66 for minimum design

used: or metal temperatures of -20°F (-29°C) and warmer; or
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Fig. L:€5-66.2

Establish nominal thickness [General Note ( 1)] of welded parts, rtonwelded pans., and attachments
under consideration both before and after corrosion allowance is deducted \tn and tr - c, respectively;, and
other pertinent data applicable to the nominal thickness such as:

Ail applicable loadings [General Note (2)] and coincident minimum design metal
temperature {MDMT)

Materials of construction
E = joint efficiency [Generai Note (3)]

tn = nominal noncorroded thickness [Generai Note Un, in. (mm)

rr = required thickness in corroded condition for all apolicable loadings [Generai Note (2)[,
based on the applicable joint efficiency [General Mete {3)1, in. Immj

Applicable curve(s) of Fig. UCS-66
c = corrosion allowance, in. (mm)

Step 2

Step 3

Step 4

Step 5

Repeat for all governing thickness [General Note (5)] and
take warmest value as the lowest allowable MDIVIT to be
marked on nameplate for the zone under consideration
[General Note (10)]. See UG-116.

See UG-99jh) for coldest recommended metal temperatur

during hydrostatic test [Generai Note (6)J .
See UG-100(c) for coldest metal temperature permitted
during pneumatic test [General Note \S)h

Step 1

Select MDMT from fig. UCS-66 [General Note (4)] for each
nominal noncorroded. governing thickness [Generai Note (5)1.

Determine Ratio: r-ÿ~—

[General Notes [35, (6), (7), and (8)]

Using Ratio from Step 3 to enter ordinate
of Fig. UCS-66.1 . determine reduction in Step
2 MDMT [Generai Note (9)1.

Determine adjusted MDMT for governing
thickness under consideration.

quirement General Notes follow on next page

FIG. UCS-66.2 DIAGRAM OF UCS-66 RULES FOR DETERMINING LOWEST MINIMUM DESIGN MtiAL
TEMPERATURE (MDMT) WITHOUT IMPACT TESTING
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DIVISION

Section x-x

tg2 = f.4 (seamless) or f3 (welded; \H

(a) Butt Welded Components

tg] = the thinner tp? = the thinner = the thinner

oftAortc of lB or tc of or t3

NOTk: Using tgj, tg2, and to3, determine the warmest MDMT and use that as the permissible MDMT for the welded
assembly.

(b) Welded Connection with Reinforcement Plato Added

FIG. UCS-66.3 SOME TYPICAL VESSEL DETAILS SHOWING THE GOVERNING THICKNESSES AS DEFINED IN
UCS-66

196



UCS-68 PART UCS ~ CARBON AND LOW ALLOY STEEL VESSELS UC5-79

diographed. Category A and B joints attaching sections
of unequal thickness shall have a transition with a

slope not exceeding 3:1;
(2) fillet welds having leg dimensions not ex¬

ceeding Eg in. attaching lightly loaded attachments.
provided the attachment material and the attachment
weld meet requirements of UCS-66 and UCS-67:
"Lightly loaded attachment," for this application, is
defined as an attachment for which the stress in the
attachment weld does not exceed 25% of the allowable
stress. All such welds shall be examined by magnetic

particle or liquid penetrant examination in accordance
with Appendix 6 or Appendix 8.

UCS-68(c) If postweld heat treating is performed
;n it is not otherwise a requirement of this Division,

a 30°F (17°C) reduction in impact testing exemption
temperature may be given to the minimum permissible
temperature from Fig. UCS-66 for P-No. 1 materials.
The resulting exemption temperature may be colder
than -55°F <-48°C).

UCS-68(d) The allowable stress values to be used
in design at the minimum design metal temperature
shall not exceed those given in Section II, Pan D,
Tables 3 for bolting and 1A for other materials for
temperatures of !G0°F (38°C).

FABRICATION

UCS-75 GENERAL

The rules in the following paragraphs apply spe¬
cifically to the fabrication of pressure vessels arid vessel
parts that are constructed of carbon and low alloy steel
and shall be used in conjunction with the general
requirements for Fabrication in Subsection A, and with
the specific requirements for Fabrication in Subsection
B that pertain to the method of fabrication used.

UCS-79 FORMING SHELL SEÿÿS AND ÿ

HEADS

(a) The following provisions shall apply m addition
to the general rules for forming given in UG-79.

(b) Carbon and low alloy steel plates shall not be
formed cold by blows.

'(c) Carbon and low alloy steel plates may be formed
by blows at a forging temperature provided the blows do
not objectionably deform the plate and it is subsequently
postweld heat treated.

(d) Vessel shell sections, heads, and other pressure
boundary parts of carbon and low alloy steel- plates



UCS-67 2001 SECTION VEI — DIVISION 1 UCS-68

tgi = thinner if or tg

(f) Welded Attachments as Defined in, UCS-66(aj

fD) 2

fgi = thinner if tA or Iq

(g) Integrally Reinforced Welded Connection

MOTS: tg = governing thickness of the welded joint as denned in UCS-66.

FIG. UCS-66.3 SOME TYPICAL VESSEL DETAILS SHOWING THE GOVERNING THICKNESSES
AS DEFINED IN UCS-66 (CONT'D)

\JCS-67(d)(2) weld metals defined in (a)(2)
above; or

UCS-67(d)(3) heat affected zones (HAZ) In steels
exempted front impact testing by UCS-66, except when
(c)(3) above applies.

A02 UCS-68 DESIGN

UCS-68(a) Welded joints shall comply with UW-
2(b) when the minimum design metal temperature is
colder than -55°F (-48°C), unless the coincident ratio

defined m Fig. UCS-66.1 is less than 0.35.

" N'o provisions of "his paragraph waive other requirements of this
Division, such as UW-2(gi), L'vV-2(d), UW-10, and UCS-56.

UCS-68(b) Welded joints shall be postweld heat
treated in accordance with the requirements of UW-
40 when required by other rules of this Division. When
the minimum design metal temperature is colder than

-55°F (-4S°C), and the coincident ratio defined in Fig.
UCS-66.! is 0.35 or greater, postweld heat treatment

is required, except that this requirement does not apply
to the following welded joints, in vessels or vessel
parts fabricated of P-No. 1 materials that are impact
tested at the MDMT or colder in accordance with UG-
84. The minimum average energy requirement for base
metals and wefdinents shall be 25 ft-ib (33 J) instead
of the values shown in Fig. UG-84.1:

(I) Type 1 Category A and. B joints, not including
ccne-to-cvlinder junctions, which have been 100% ra-
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