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DISCLAIMER

This report has been prepared by a committee of steel company representatives and the Association
of Iron and Steel Engineers, and others, who considered the technoiogy available at the time of
preparation. This report does not represent either minimum acceptable standards or mandatory
specifications. In addition, this report is subject to compatibility with all governmental
requirements.

The Association of Iron and Stee! Engineers in no way mandates or is responsible for use of this
report, whether voluntary or pursuant to a mandate of others. The Association of Iron and Steel
Engineers and the committee assume and strongly recommend that parties who intend to use this

report will examine it thoroughly and will utilize appropriate professional guidance in adapting
this report to each particular project.

The use of language in this report that might be construed as mandatory is intended only to preserve
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. Qutside 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.

< ]llustrates 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 prebeating, 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.

COPYRIGHT 1991
Association of Iron and Steel Engineers
Pittsburgh, Pennsvlvania 15222

Printed in United States of America
All rights reserved. This book, or any part thereof,
may not be reproduced in any form

without permission of the publisher.
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PART I: LADLE DESIGN — STEEL SHELL

I-1 SCOPE.

[-1.1 General. Part [ of this technical report shail cover
the specifications for design of new ladles with circular, oval
or obround cross-sections and with welded or riveted con-
struction as are used for transporting and processing molten
metal 710 lasofar as applicable these specifications may
be used in the design of other types of Jadles. The user shall
provide the ladle manufacturer with necessary information,
including that shown on the Owner's [nformation Sheet
(OIS).

[-1.2 Intended Coverage. Partlofthese specificationsis
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 in service,
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.

-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 I.

1I-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 [-3.4 and I~
5.5).

Welding materials such as welding rods, electrodes and
liller matenals shall be in accordance with appropriace
specifications of the American Welding Society (AWS),
Filler Metal Spectfication.

[-3.2 Bottom Plate and Adjacent Shell Plate. Materiuls
that may be used for the conswuction of the bouom plate and
adjacent lower shell plate operating under the inaximum
service temperatures listed are:

630°F or fess: A 36 Structural Stee!

+ Use only fur flathottiom
ladles with stiffener ribs

+ May be uscd for stiffencr ribs

A d41 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 1. or less

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

» Grades 55, 60, 63 and 70
750°F or less: A 515 Pressure Vesscl Plates, Carbon
Steel, for Intermediate- and
Higher-Temperature Service
» Grades 55, 60, 65 and 70
300°F or less: A204 Pressure Vessel Plates, Alloy Steel,
Molybdenum

e Grades A, Band 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 he 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 [-5.4, and summarized in Table [-1 must be applied.

The design of other components subject to increased
temperature conditions such as stiffener ribs lor botom
plates are also discussed in Section [-3.4.



|-3.3 Stitfener Bands, Splash Plate and Upper Sidewall.

1-3.3.1 Carbon Steel.

A 36 Suucwral 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 Suwength
+ Grade C

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

A 515 Pressure Vessel Plates, Carboun 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 {ollowing material shall
be used for thicknesses over 2 in. 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 I, Grades 2,5, 11, 12,21 and 22
» Class 2, Grades 11, 12, 21 and 22

A 441 High Surength Low-Alloy Structural Man-
ganese Vanadium Steel

Temperature derating factors are shown in Table 1-1.

Table -1 — Temperature Derating Factor, Fi, for Ladle Components#*

Materials (ASTM
Designations) 600 650

Maximum Design Temperature, °F

700 750 800 850 900

Group 1 0.739
A 285, Gr C

A284 GrCD

A 515, Gr 85, 60, 65, 70

A 516, Gr 55, 60, 65, 70

Group I
A 242
A 441
A 440

Group 111

A 204, GrAB,C

A 387, Class 1, Gr 2, 5, 11
12, 21, 22

Group 1V

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

0.813 0.790

0.833 0.807

0.733 0712

0.776 0.774

0.740 0.730

0.729 -

0.720 0.693 0.666 0.650 0.634

0.766 - 0.740 0.713 0.684 0.654

0.782 0.765 0.748 0.723 0.697

0.690 0.674 0.658 0.619 0.5680

0.771 0.764 0.758 0.737 0.7122

0.720 0.693 0.665 0.650 0.635

Maierials listed in Table 1.1 that are not otherwise mentioned have been added as a guide to implemens Section [-3.
%  Buased on the ASME Code, Section VIl Division 2 and Reference 17

* % This group is applicable 1o trunnion blocks only and not for trunnion pins or miscellaneous forged fittings.
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{-3.4 Lip Ring. The matenal of construction of the lip
ring, f not specified by the purchaser on the OIS, shall be
selected from materials listed in Secuon 1-3.3. Alternate

7 materials of construction such as gray iron, ductile iron or
steel castings may be used if specified by the purchaser on
the 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 Gand H

[n 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
in Table [-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.

[-3.6 Trunnion Block

I-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 316 Pressure Vessel Praes, Carbon Steel, 1 ¢
Moderate- and Lower-Temperawmre Sooviee

+ Grades 53, 60, 65 and 70

[~-3.7 Rivets.
A 31 Boiler Rivet Steel and Rivets

+ Grades A and B (Grade A is recommoended
for attaching reinforcing plate o a
flat bottom ladle)

A 502 Steel Structural Rivets
» Grades | and 2

[-3.8 Miscellaneous Forged Fittings.

A 668 Steel Forging, Carbon and Alloy, for General
[ndustrial Use

+ Class B normalized or annealed

[-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 (0 the minimum
values of the materials listed in Sections [-3.2 through [-3.8
inclusive and are approved by the purchaser.

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

The purchaser may specify on the OIS additional inspec-
tion procedures tc confirm the suitability of the matenal 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 Suructural Carbon-Steel Plates of Improved
Toughness

* Proof testing for improved toughness

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

» Ultrasonic inspection of plate

A 388 Uluasonic Examination of Heavy Steel
Forgings

« Ultrasonic inspection of forgings

Table 1.2 — Temperature Derating Factor, £y, for Trunnion Pins and Miscellaneous Forped Fittings%

Materials (ASTM Designations)

Maximum Design Temperature, °F
300 400 300

Group I
A 668,ClassB,C, D, G, H

o *Based on ASME Code, Section VI, Division 2 and Reference 22.

0.885 0.857 0.808

© AISE 8/91 3



-4 GENERAL REQUIREMENTS

1-4.1 General Shape. Ladles may be circular or oval. If
aval, lat piate sidewall segments may be used in the simula-
tion of oval ladles (called obround) if blended with a smooth
junction (0 the curved end sections.

1-4.2 Ladle Bottoms. One of the following designsﬂ‘ =
' shall he used for ladle bottoms, excepling continuous
caster ladles and ladies used in a variety of clean steel or
similar hot mctal processing environments (Section 1-4.3):

(1) Flat bottom with {langed sides. The inside corner
radius (knuckle radius) between the sidewall and the
{Iat bottom shalil be hot formed with a radius of not less
than three times the thickness.

(2) Flat bottom with stiffener ribs. Flat bottoms with
stiffencr ribs welded to the shell and bottom may be
uscd as an alternate, in which casc the bottom plate need
not be {langed.

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

(4) Torispherical and ellipsoidal heads. Torispherical
and ellipsoidal bottom heads designed in accordance
with the ASME Code, Section VIII, Divisions 1 and 2
are acceplable.

(5) Knuckle radius. The knuckle radius shall be not less
than 6% of the inside diameter of the sidewalls at the
bottom for all types of bottom flanged heads for those
ladles subjected to high thermal stresscs as a result of
special operating conditions.

-4.3 Continuous Caster and Clean Steel Ladles. For
ontinuous caster ladles and ladles used in a varjety of clean
cchimctallurgy processing and other sumilar cnvironments,
istained operating temperatures on the working lining
sult in high stcady-state lining and shell temperatures.
hese practices, combined with the use of high strength
orking linings, result in more severe structural environ-
cnis. For these conditions, the following practices for ladic
Woms are recommended:

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

(2 Ifspecified by the purchaser on the OIS, ladles shall
be provided with heat protecuon shiclds around the
feoming noszzde.

@

(92

a8l

(3) Tonispherical or ellipsoidal bottoms designed in
accordance with the ASME Code, Section V11,
Divisions | and 2 are recommended whcre possible.

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

(5) Designing both the ladle sidewall and bottom for
temperatures of 300°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 1o clear the slide gate. Either the bottom plate
is reinforced, ot 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. [-1), the connection
shall be a tapered transition having a length not less than
three times the offset between the adjacent surfaces of
abutting scctions, as described in the ASME Code Sec-
tion VIII, Divisions | 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 their welds shall be designed to mect the
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
V11, 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 with the latest edition of the ASME Code, Scction VII,
Division 1. The mner edge of the reinforcement shall be
placed at edge of the nozzle hole.

The total cross-sectional arca 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 the ladle bottom (Fig. [-2a).
This thickness would include the thickness of any reinforc-
ing plate, T, , when used.

Areinforcing plate can be highly stressed where high heal
flow or high transient lemperatures exist. A considerable
temperature differential and corresponding stresses can
cxist between the ladle bottom and the reinforcing plate.
Heat flow is resuricted because of the limited {astener or
weld arca and by the insulating effect of:

(1) Mill scale or surface rust



{a) Sidewall plate to bottom piate connection transition.

’\r—/ﬂ—’\-”\/-‘—
.__Z,._. B e
12 T
Z
\

(b) Sidewall plate caonnection transition.

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

BOTTOM PLATE

Te / 4 ;

/ c{Nozzu—; OPENING%
s

REINFORCEMENT

A L—¥-——minDA=2dn' —
>

]

K

TM 1 [NOZZLE OPENING
-

*FOR CALCULATION PURPOSES ONLY, DA =2d
1] =d, Tg=Area of reintorcement required

B =DATA-dnTp=dnTB

min T A = Totai required
bottom thickness

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 [-4.4.2 should be con-
sidered.

[4.4.2 Alternate Design of Reinforcing Plate. For
continuous caster ladles and ladles used in a variety of clean
steel/molten metal processing and other similar environ-
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ments, an alternate method of reinforcement for nozzle
openings is recommended. This alternate method of 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
[-4.4.1, The diameter of the plate shall not be less than twice
the diameter of the opening, as shown in Fig. [-2b. The
material selection for this plate shall be in accordance with
Section [-3.2.

min T4 = 2 x Total required
bottom thickness

2dp (min)

Fig. [-2b — Nozzle Opening Reinforcement—
Aiternate Design

wn



[—4.4.3
Yalves.

Design of Plates for Slide Valves or Gate
For tadles equipped with shide valves or gate val-
ves. the mounting plate, adapter plate or leveling plate shall
not be thinner than the bottom head plate thickness. Such
plates must be full-strength welded, riveted or bolted o the
bottom head plate. The rivetung or bolting must be adequate
o limit the horizontal shearing stress in accordance with
Section [-7.3.2 of this Report.

[-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 the ladle cross
axis planc.

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 DI.1. Welding procedures are
covered in Section I-15 of this Report.

Intermittent fillet welds are not permitted for connecting
asti{fener plate or any appurtenance to the ladle shell, ladle
Hottom, stiffencr bands or any primary structural member.

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

14.5.1 Lap Riveted Connections. Only circumfer-
:ntial lap riveted joints shall be used in connecting the
idewall plates or in connecting the sidewall plate (o the
adle bottom. The lap riveted joint shall be designed accord-
ng to the requirements of Section I-13.

-4.6 Stress Relieved Welds.

1-4.6.1 General. Weclded ladics shall be suess relicved
vouniform heating in a fumace in accordance with the
WOSME Cuode, Scction VI, Division | cxccpt that the fur-
ace temperature shall not exceed 300°F at the time the
sclded assembly is placed in the (unmcc Zinl
Field welds on new ladles {except those conditions listed
1 Scction [-4.6.2), shall be themnally suress relieved in
ceordance w1u\\_}J‘l;;wl_)gf}Ll/x}giﬂholdmg and_cooling cycle
pecificd by L]C@E ngc ction VI, Division 1 The
wdle shall be property braced and supported (o avoid struc-
srab damage due to the effects of temperature when the
weas sress relieved. Other stress celicving methods agree-
hic to the purchaser may be specified on the OIS.

Prehcat and interpass temperatures for welding shadl be in
cordance with ASME Code, Scction VI, Division |
he nomalized for grain refinement when the
cliding procedure used makes it necessary.

Welds shall

©
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[-4.6.2 Postweld Heat Treatment of Field Welds.

Postweld heat wcaunent (thermal suress relied) of field welds
1s to be performed in accordance with the ASME Code,
Section VI, Division 1.

(1) Postweld heat treatment is not mandatory {or carb-
on steels (P-No. | materials) up to and including 14 in.
thick provided that material over 1V4 in. thick is
preheated to a minimum temperature of 200°F prior to
and during welding,

(2) For matcrial over 112 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 the
following exceptions:

(a) Groove welds 14 in. or less in size and f{illet welds
with a throat ¥2 in. or less which attach nozzle connec-
tious 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 V2 in. or
less which arc uscd for attaching nonpressure parts Lo
pressure parts, and provided that a minimum prcheat
temperature of 200°F is applied when the thickness of
the pressure part exceeds | V4 in.

(c) Studs welded to pressure parts provided that a L
minimum preheat temperature of 200°F is applied when
the thickness of the pressure part exceeds |14 in.

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

1-4.6.3 Peening. Peening of the field weld metal is
recommendcd for control of shrinkage stresses where ther-
mal stress relicl is not required. When this practice is implc-
meuted, -a pucumatic chisel with a blunt, rounded cdge
should be used. This 1s in accordance with the ASME Code,
Scction IX. In such cascs, the (irst (root) pass and the last
{cover) pass shall not be peened. Caution: excessive peening
may sct up new residual stresses. Care should be taken (0
prevent overlapping or cracking of the weld or basc mectal
{Scc AWS DI,

1-4.7 Wear Sleeves for Trunnion Pins. [ spccified by
the purchaser on the OIS, trunnion pins for ladies shail be
provided with sicel slecves to avoid wear on the trunnion
pin.

1-4.8 Safety Flanges. Safcty flanges shall be provided on
the end of the trunnion pin to (acilitate the cngagement of
the tadle hook.




[-4.9 Splash Plates. Ladles which may be exposed 10
splashing shall be provided with a splash plate around the
circumierence of the ladle to prevent metal and slag from
stucking to side plates of the ladle and building up on the
suffener bands. The plate shall be arranged so as not ©
prohibit removal for inspection of the ladle.

{~4.10 Vent Holes. Vent or weep holes shail be provided
in accordance with the request of the purchaser oa 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 wouid be 14 in. holes on
Y in. centers.

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

[-4.12 Refractory Retainer. A refractory retaining plate
or angle shall be attached by welding, riveting or bolting t¢
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 poss‘iblc.

[-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.

-5 DESIGN ASSUMPTIONS AND ALLOWABLE
STRESSES.

1-5.1 General. The design procedures used in this report
are based on a specified ladle capacity in short tons {one short
ton = 2000 pounds), the type or composition of metal to be
uansported, the ladle refractory 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
eavironments imposed on the ladle. The refractory lining and
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 {0 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 tunnion pins and check the stability of
the ladle using the procedures as set forth in this Tech-
nical Report.

(2) Design o verify the design as specified in thrs Tech-

nical Report but with the following factors considered:
(a) For the ol weight (W,), use the design hi

metal capacity plus the weight of the refractorics plus
ladle.

(b) For the purpose of this initial set of calculations,
develop an aruficial ladle height () such that the
freeboard above the hot metal is only 5% of the towd
ladle height (H). This artificial height is not o be used
10 adjust the weight (W,) developed in step 2-a.

{3) Afterstep 2 has yielded an acceptable design, verily
the design again but with the following factors con-
sidered:

{a) Use the actual height of the ladle for &,

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

(c) Increase the allowable stresses by 30%.

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

[-5.2 Ladle Volume and Metai 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. 130 er
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, ¢, kips/cu ft (1 kip = 1000 1b).

TT EERAREEEN
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Fig. 1-3 — Density of Plain Carbon lron and Steej of
Variocus Carbon Content as a Function of Temperature
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1-5.3 Location of Trunnion Axis. The trunnion axis shatl
be focated a distance j above the combined center of gravity
of the tadle, worn tining (defined as the condition at which
hall the total new wall refractory thickness has eroded and
the {ull bottom thickness is intact), the molten metal which
{iils the ladle to the brim, and the ladle lid if applicable, as
calculated by Eg I-1.

W

l
- -

N sl lr 3 (Bgl-1)
J o= 323600 LDwdmn>J[wamax>}
Where:

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

o = Density of molten metal, kips/cu ft

W = Total weight of a brimful ladle inciuding

molten metal, wormn lining (defined as the
condition at which bhalf the total new wall
refractory thickness bas eroded and the full
bottom thickness is intact), ladle steelwork,
and ladle lid if applicable, kips

= 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 ladic

D

wrimin)

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.

= [nside diameter of wom 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.

wrmax)

*MINIMUM VALUE

TRUNNION 5 /15 GIVEN
j
AXIS BY EQ -1

LONGITUDINAL

AXIS /ﬁ\/
(€ OF LADLE) >«
@
spourf'
CGOF
UNTILTED FULL
L ADLE AND CG OF LADLE AND
CONTENTS CONTENTS DURING

POURING

g. 1-4 — Notations Used in Determining Location of
Trunnion Axis with Respect to Center of Gravity

Charging ladles and teeming ladles, when pouring aver tie
top, shall be checked for stability in a sequence of rotational
positions which can occur, for example, during e pouring
operation, with worn lining and new [ining, with skull and
without skull. The yser shall specify on the OIS the maxi-
mum weight and Jocation of skull as well as the maximum
metal level in the pouring spout during pouring.

An additional unbalanced weight shall be introduced to
allow for the effect of skulling. The value J (Fig. [-4) shall
be made to become greater than j (calculated by Eq 1=1) at
a refatively small tiit angle (usually less than 10 degrecs)
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 the
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 the
longitudinal axis through the trunnion pin of the ladle (ver-
tical when untilted) to the point of intersection with the
vertical line through the center of gravity of the tilted ladle
and 11 contents.

The ladle vunntons 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
borizontal location (as well as its vertical location) while
the molien metal is being discharged {rom the ladle. The
designer shall specify the optimum location of the trunnion
pins; that s, the positon which will minimize the possibility
of a sudden rotational shift of the ladle on the ladle hooks
during normal teeming operations.

I-5.4 Allowable Stresses in Ladle Camponents.

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

The cquations in the following sections define the allow-
able stresses. For 6, 04, and Oy, the allowable stresses are
calculated for the permitted materials in Tables 1-3, 14 and
-5, respectively. However, the allowable stress values do
not include the effect of the fabrication derating factor Fr.

© Alst 2391



Table 1-3 — Allowable Normal Design Stress, 0., for Ladle Components, ksi

Materials
{ASTM Designations)

Maximum Design Temperature, °§F

70 500 650

Group |

A285, GrC 10.96 810 7.99

A284, GrC 10.96 g.10 7.99
Ge D 12.06 891 .79

A5l5, Grss 10.36 8.10 799
Ge 60 1170 .54 8.53
Gr 65 12.79 945 933
Gr 70 13.89 10.26 10.13

AS16, Crs3 10.96 810 7.99
Ge 60 {1.70 8 64 8.53
Gr 65 12.79 9.45 9.33
Gr70 13.89 10.26 1013

Group [I %

A242, <V 15.35 12.48 12.13
Yoo < A 14.69 11.95 11.61
Ithto <4 13.82 11.23 1091

Addl, <¥ 15.35 12.48 12.13
Yato< 1A 14.49 11.95 11.61
{Yhto<4 13.32 11.23 1051
4t0<3 13.16 10.70 1039

Group II1

A204, GrA 13.52 11.27 10.91
GrB 14.62 12.18 1.0
GeC 15.72 13.09 12.68

A387, Gr2.Cl 12.06 10.05 9.73
Gr3,Cl 10.96 9.13 8.85
Grll, Cl 12.79 10.66 10.32
Ge12,Ct 12.06 10.05 9.73
Gr21,Cl 10.96 9.13 8.85
Gr22.Cl 10.96 9.13 .85

Group [V

A387, Grll,C2 16.45 12.06 11.71
Gri2,C2 14.25 10.45 10.15

A36 12.72 932 9.06

A283, GrC 10.96 3.04 7.81

Group V

A 387, Gr2l,C2 16.45 12.76 12,73

A387, Gr22,C2 16.45 12.76 12.73

Group [V

A2l6, GrWCA 10.96 8.11 8.00
Gr WCB 13.16 9.74 9.61
Gr WCC 14.62 10.82 10.67

A27,  Gr60-30 10.96 8.11 8.00

This table is based on the ASME Code, Section VI, Division 2, and Reference 17.

IR

700 750 300 8350 900
7.89 7.60 7.30 7.43 695
7.89 7.50 730 713 695
8.68 3.36 8.03 7.34 7.65
7.39 7.60 7.30 713 £.95
3.42 311 7.79 7.60 7.42
9.21 8.87 332 831 211
10.00 9.63 925 9.03 3.81
7.89 7.60 7.30 7.13 §.95
8.42 3.11 7.79 7.60 7.42
9.21 8.87 8.52 8.31 811
10.00 9.63 9.25 9.03 3.81
L1.76 11.36 1Q.95 10.50 10.04
11.25 10.87 10.48 10.05 9.61
10.58 10.22 9.85 9.45 9.04
1176 11.36 10.95 10.50 10.04
11.25 10.87 10.48 10.05 9.51
10.58 10.22 9.85 545 9.04
10.08 9.74 5.38 9.00 8.61
10.58 10.35 10.12 9.78 9.43
1143 1118 10.94 10.57 10.19
12.29 12.02 11.76 11.36 10.95
9.43 9.22 9.02 8.72 8.41
8.57 8.39 8.20 7.93 7.64
10.00 9.79 9.57 9.25 8.92
9.43 9.22 9.02 8.72 8.41
8.57 8.39 8.20 7.93 7.64
3.57 8.39 3.20 753 7.64
1135 11.09 10.82 10.18 9.54
9.84 9.61 5.38 8.82 8.27
8.78 8.57 8.37 7.87 7.38
7.57 7.3% 7.21 6.79 6.36
12.68 12.57 12.43 12.12 11.38
12.68 12.57 [2.43 12.12 11.88
7.89 7.60 7.29 7.13 6.96
947 9.12 375 8.5% 8.36
10.53 10.13 9.72 9.50 9.28
7.89 7.60 7.29 7.13 6.96

t Allowable design stress is based on a fabricaton derating factor, Fy, of .0, Designer should adjust according to the actual factor

* Range of thickness, in.
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Table I—4 — Allowable Total Stress, o4 for Ladle Components, ksi

Materlals Maximum Design Temperature, °F
(ASTM Deslignations) 78 600 650 700 750 800 850 900
Group |
A285, GCrC 41.25 30.48 30.07 29.70 28.59 27.47 26.81 26.15
A284, GrC 45.00 33.26 32.8G 324 31.18 29.97 29.25 28.53
GrD 45.00 33.26 32.80 324 31.18 29.97 29.25 28.53
AS51s, Grss 41.25 30.48 30.07 29.70 28.59 27.47 26.81 26.15
GCr 60 45.00 33.26 3281~ 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 3091
Gr70 52.50 38.80 38.27 37.30 36.38 34.96 34.12 33.28
AS16,  GrSS 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 3554 35.10 33.78 32.47 31.69 30.91
Ge 70 52.50 38.80 38.27 37.80 36.38 34.96 34.12 33.28
Group I
A242, < W4 52.50 42.68 41.48 40.22 38.85 37.43 3591 34.33
Ya 10 < 1WA 50.25 40.85 39.70 38.49 37.18 35.83 34.37 32.86
12 10 < 4 47.25 38.41 37.33 36.19 3456 33.69 32.32 30.90
Addl, < ¥4 52.50 42.68 41.48 40.22 38.85 37.43 35.91 34.33
Yi 1o < 112 50.25 40.85 39.70 38.49 37.18 35.83 34.37 32.86
1V 0 < 4 47.25 38.41 37.33 36.19 34.96 33.69 32.32 30.90
4dw<8 45.00 36.58 35.55 . 34 47 33.30 32.08 30.78 29.43
Group I
A204, GrA 48.75 40.61 39.34 38.12 37.29 36.46 35.25 33.98
CrB 52.50 43.73 42.37 41.06 40.16 39.27 37.96 36.59
Gr C 56.25 46.36 45.39 43.99 43.03 42.08 40.67 39.21
A387, Cr2,Cl 41.25 34.36 33.29 32.26 31.56 30.86 29.82 28.75
Grs, Cl 45.00 37.48 36.32 35.19 3442 33.66 32.54 31.36
Gril, C1 45.00 37.48 36.32 35.19 34.42 33.66 32.54 31.36
Gri2,C1 41.25 34.36 &~ 33.29 32.26 31.56 30.86 29.82 28.75
Gr21,Cl 45.00 37.48 36.32 35.19 34.42 33.66 32.54 3136
Gr22,C1 45.00 37.48 36.32 35.19 3442 33.66 32.54 31.36
Group IV
A387, Grll,C2 56.25 41.23 40.05 38.81 37.91 37.01 34,82 32.62
Gri2,C2 48.75 35.73 3471 33.64 32.86 32.08 30.18 28.28
A36 43.50 31.89 30.97 30.02 29.32 28.62 26.93 25.23
A283, CrC 41.25 30.24 29.37 28.46 27.80 27.14 25.53 23.92
Sroup V
A387, Gr21,C2 56.25 43.65 43.54 43.37 42.98 42.52 41.46 40.61
A387, Gr22,C2 56.25 43.65 43.54 43.37 42.98 42.52 41.46 40.61
Jroup V1
A2l6, GrwCA 45.00 33.30 32.85 32.40 3118 29.52 29.25 28.58
Cr WCB 52.50 38.85 38.32 37.30 36.38 3491 3412 3334
CrWCC 52.50 38.85 38.32 37.80 36.38 3491 34.12 33.34
A 27, Gr 60-30 45.00 33.30 32.85 32.40 31.18 29.92 29.25 28.58

This table is based on the ASME Code, Section VIII, Division 2, and Reference 17.

* Allowable design stress is based on a fabrication derating facter, Fr, of /.0. Designer should adjust according 1o the actual factor.

* Range of thickness, in.
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Table -3 — Allowable Total Stress, G for Ladle Components, ksi

Materials Maximum Design Temperature, °F

(ASTM Designations) 70 500 630 700 750 300 850 900

Group |

A 285, GrC 30.00 22.17 21.87 21.60 20.79 19.98 15.50 19.02

A284, GrC 30.00 22.17 21.87 21.60 20.79 19.98 19.50 19.02
GrD 33.00 24.39 24.06 23.75 22.37 2158 21.45 20.92

AS5I5. G35 30.00 22.17 21.87 21.60 20.79 19.98 19.50 19.02
Gr 60 32.00 23.65 23.33 23.04 22.18 21.31 20.80 20.29
Gr 65 35.00 25.86 25.52 25.20 2426 23.31 22.75 22.19
Gr70 38.00 28.08 27.70 27.36 26.33 25.31 24.70 24.09

A 516, GrsS 30.00 22.17 21.87 21.60 20.79 19.98 19.50 19.02
Gr 60 32.00 23.65 23.33 23.04 22.18 21.31 20.80 20.29
Gr 65 35.00 25.86 25.52 25.20 24.26 23.31 22.75 22.19
Gr 70 38.00 28.08 27.70 27.36 26.33 25.31 24.70 24.09

Group II *

A242, <% 50.00 40.65 39.50 3830 37.00 35.65 34.20 32.70
Yato<1lh 46.00 37.40 36.34 35.24 34.04 32.80 31.46 30.08
1210 < 4 42.00 34.15 33.18 32.17 31.08 29.95 28.73 27.47

Addl, < 50.00 40.65 39.50 38.30 37.00 35.65 34.20 32.70
Yito <1l 46.00 37.40 36.34 3524 34.04 32.80 31.46 30.08
110 <4 42.00 34.15 33.18 32.17 31.08 29.95 28.73 27.47
410<8 40.00 32.52 31.60 30.64 29.60 28.52 27.36 26.16

Group [l

A204, GrA 37.00 30.82 29.86 28.93 28.3] 27.68 26.75 2579
GrB 40.00 33.32 32.28 31.28 30.60 29.92 28.92 27.38
GrC 43.00 35.82 34.70 33.63 32.90 32.16 31.09 29.97

A387, Grz Cl 33.00 27.49 26.63 25.81 25.24 24.68 23.86 23.00
Gr5,Cl 30.00 24.99 24.21 23.46 22.95 22.44 21.69 2091
Gr 11, Cl 35.00 29.16 28.24 27.37 26.78 26.18 25.31 24.40
Gr12,Cl 33.00 27.49 26.63 2581 25.24 24.68 23.86 23.00
Gr21.Cl 30.00 24.95 24.21 23.46 22.95 22.44 21.69 20.91
Gr22, Cl "30.00 24.99 24.2] 23.46 22.95 22.44 21.69 20.91

Group IV

A387, Grll C2 45.00 32.98 32.04 31.05 30.33 29.6] 27.86 26.10
Grlz, C2 40.00 29.32 28.48 27.60 26.96 26.32 24.76 23.20

A 36 36.00 26.39 25.63 24.84 24.26 23.69 22.28 20.88

A283 GrC 30.00 21.99 21.36 20.70 20.22 19.74 18.57 17.40

Group V

A 387, Crzl C2 45.00 34.92 34.83 34.70 34.38 34.02 33.16 32.49

A387. Gri2,C2 45.00 34.92 34.83 34.70 34.38 34.02 33.15 3249

Group VI

A216, GrWCA 30.00 22.20 21.90 21.60 20.79 19.95 19.50 19.05
GrwiB 36.00 26.64 26.28 25.92 2495 23.94 23.40 22.86
Grwcc 40.00 29.60 29.20 28.80 27.72 26.60 26.00 25.40

A27, Gre0-30 30.00 22.20 21.90 21.60 20.79 19.95 19.50 19.05

This table is based on the ASME Code, Section VI, Division 2, and Reference 17

+

* Range of thickness, in.

Allowable design stress is based on a [abricanon deraung factor, Fr, of 1.0, Designer shouid adjust according to the actual facior.



Table 1-6 — Allowable Design Bending Stress, op' (ksi) for Trunnion Pins Without Protective Bushings

Materials Maximum Design Temperature, °F
(ASTM Designations) 70 360 400 300
A 668 Class B S48 485 4.70 4.43
Class C 603 534 5.17 4.87
Class D 576 N 598 5.79 5.46
Class G 731 6.47 6.26 5.91
Class H 8.22 7.27 7.04 6.64

This talle is based on the AMSE Code, Section Vill, Division 2, and Reference 22.

" Allowable design stress is based on a fabrication derdiing factor, Fj, of 1.0 Designer should adjust according to the actual factor

5.4.1 Normal Stress. The average normal stress
rough the thickness in the sidewail and bottom plates shall
it exceed the ailowable stress as determined by Eq [-2 or
1 =3, whichever yields the lower value'®.

FfF[ S, (Eq -2)
Cau F[- (SF)u
F-F, o (Eq I-3)
{ y
Nhere:
Fr = Fabrication derating factor
E, = Temperature derating factor
¥ = Impact factor
SF), = Safety factor against ultimate strength
SF), = Safety factor against yielding
S I = Allowable normal stress; lower value of g,
Or G, Ksi
. = Allowable normal stress, based on minimum
ultimate strength, ksi
2y = Allowable normal stress; based on minimum
yield strength, ksi
w = Minimum ultimate strength at room tempera-
ture, ksi
y = Minimum yield strength at room tempera-
ture, ksi

1is report the following values shall be used:
npact factor F; = 1.2
stperature derating factor, £, , is given in Table -1

3 a function of design temperature and material
ecified.

ety {uctor against ultimate strength (§F), = 3.80
iety factor against yielding (5F), = 2.28
ihrication derating factor,lg‘ 19.20 F/- = fihfifafs

= 1.0 for welded construction
0.95 (or riveted or bolted construction

2

i

1.0 for cold forming

1.05 for hot forming

[.0 if not applicable

1.0 for thermally cut surface

1.10 for machined or plasma cut surface
0.90 for sheared surface

1.0 if not applicable

1.0 for straightening by cutting and
rewelding

1.05 for flame straightening

1.0 if not applicable

1.0 for circular ladle

0.95 for noncircular ladle

oy
I

Sy

.
n
[t}

I-5.4.2 Bending Stress.
I-54.2.1 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 [-4:

g, = 20, (Eq [~4)
Where:
a, = Allowable normal stress, ksi
a, = Allowable bending stress, ksi

[-5.4.2.2 Bending and Bearing Stresses in Trunnion Block.

For trunnion block members, the allowable bending stress
shall be determined by Eq I-5a:

o, = 1.38 o, (Eq [-5a)

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

Sy, = 1.36 O {Eq I-5b)
Where:
Ty, = Allowable average bearing stress in trunnion
block, ksi

© ASE 8/91




[-5.4.2.3 Bending Stress in Tee Section of Ladle Botloms.
For the tee section of the ladle bottom, the allowable bending
stress in tension shall be determined by Egq -6 and the
allowable bending stress in compression shall be determined
by Eq [-7:

Oy = 20, (Eq 1~6)
Tpe = I.ESGG (Eq I"7)
Where:
Gpy = Allowable bending siress in tension, ksi
Cpe = 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 [-9) the
following interaction equation shall govern the designzl.

(Bq 1-8)
f—a + -@— < 10
Ga Gb
Where:
fa = Actual normal stress, kst
I = Actual bending stress, ksi

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

1-5.4.4 Total Stress. The allowable total stress is used
when the total weight loads (W2) 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 notinclude thermal stresses resulting from the
thermal expansion of the wall lining. The allowable total
stress, as defined, shall be determined by Eq [-9a or Eq [-9b,
whichever is less:

a4, = 075 FpF, 0, (Eq [-9a)
Ody = 1.88 FfFI G)’ (Eq I"gb)

Where:

Oy = Allowable total stress (lower value of either
Oy, OF Og4y) when working lining expansion
stresses are excluded, ksi

Oy = Allowabie total stress based on minimum ul-
timate strength, ksi

Ty = Allowable total suess based on minimum

vield streagth, ksi

The allowable wtal stress used when the thermal CXPiliNen
stresses nclude the thermal expansion of the wall oy,
uther secondary stresses and suresses due (0 geometne dis-
contnuities (exciuding notches such as holes) shail he
determined by Ey - 10,

oy =10 FFa,
Where:
Tt

(Egq (=10)

i

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

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

o, = 0.6 o,

Where:

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

(Eq [=11)

[-3.4.6 Fatigue Stress. The fatigue stress provisions
of the AWS Structural Welding Code D1.1 shail be the
minimum weld requirements except that the allowable weid
stress in fillet or partial penetration butt welds shall not
cxceed 1.38 g4 in tension or 1.2 Jq in shear for the type of
loadings (W2) considered. For full penetration butt welds,
the allowable weld stresses shall notexceed the correspond-
ing stress limits in the base metal.

1-5.4.7 Stresses in Used Components. [nused 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 (W2) considercd.
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 [-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 analysis, the
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 g, (allowable trunnion
pin bending stress), the allowabie stresses are calculated for
the permitted materials in Table [-6. However, the allowablc

© AISE 8/91 13



Table 1-7 — Minimum Sidewall Plate Thicknesses, in.
| Operating Temperatures
Ladle capacity, | up to up to up to up to
short tons 650°F 750°F 800°F S300°F
20 | 24 e | E4E i s
60 [ ¥4 ¥ ! Wig 2 s
110 1 T4 Ya 5 1546
175 } 1 & 74 1k
240 ( 1A 1V ! | Va
320 i I ba AT 1A 1%
400 134 I As 71 11
480 » 1A | 1 1Wig L %6 198
Acceptable | A 36 A 283 A 204 A 387
ASTM Material A 283 A 285 A 387
Specifications A 285 ASILS f
ASIS AS5li6
AS16 A 242
A 242 A 440
A 440 A 441
Add]
stress values do not include the effect of the fabrication g, = Minimum yield suength at room tempcra-
derating factor F. ture, ksi
a, = Minimuin ultimate strength at room tempera-
[-5.5.1 Bending Stresses. ture, ksi

1-5.5.1.1 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 I-12 or Eq I-13, whichever is
less:

o - Fj F, o, (Eg 1~12)
bu — Fl' (S‘F)u
5,y = if F, o, {Eq 1-13)
. (5P,
Where:
Iy = Fabrication derating factor = 1.0
F, = Temperature derating factor as given in
Table -2
r = lmpact factor = 1.2
(SF), = Safcty factor against ultimate strength =
9.12 (includes geometry stress riser < 2.0)
(SF), = Safety factor against yielding = 4.56 (in-
cludes geometry stress riscr < 2.0)
G, = Allowable bending stress; lower value of
either o, Ot Gy, ksi
S iy = Allowable bending stress based on minimum
ultimate strength, ksi
Chy = Allowable bending stress based on minimum
‘ yicld suength, kst
i ©

A AT

I-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 I-14:

(Eq 1-14)

a, = Allowable bending stress with protective
bushings, ksi

1-5.5.2 Shear Stress. The allowable shear stress shall
be determined by Eq I-15:
o, = 0.533 o,
Where:

o, = Allowable shear suress, ksi

(Eq I-15)

1-5.5.3 Bearing Stress in Trunnion Pin. The allow-
able bearing stress between the trunpion pin and runnion
block at the outside edge of the block (averaged across the
pin diameter as calculated by Eq 1~17), shall be determined
by Eq I-16a:

Where:

Gy = Allowable average bearing stress in trunnion
pin, ksi

(Eg 1-18a)



[-5.5.4 Stresses in Used Trunnion Pins. [n used lud-
les, the trunnion pins without bushings should be replaced
when calculated stresses, based on actual measured dimen-
stons of the pins, exceed the corresponding allowable sires-
ses by 43% or more because of wear or other causes.
Trunnion pins with bushings should have the bushings
replaced prior (o any wear on the trunnion pin. Replacement
should be made with the same material or material with
superior physical properties. Repair of the trunnion pin by
build-up welding is not permiited.

[-5.6 Allowable Shear Stresses in Rivets. The ailow-
able shear stresses in rivets are dependent on the rivet
matertals used and are given as follows:

Rivet Material Allowable Shear Stress |

ASTM A 31 Grade A 12.3 kst
ASTM A 31 Grade B 15.5 ksi
ASTM A 5C2 Grade 1 15.0 ksi
ASTM A 502 Grads 2 20.0 kst

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 aliowable shear stress shall be determined
by Eq I-16b: ’

c, =04 g, (Eq [-16b)
Where:
o = Allowable shear stress, ksi
a, = Minimum yield strength at room tempera-

ture, kst

[-6 DESIGN OF TRUNNION BLOCK AND PIN

[-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 sidewall plate
and the stiffener bands. A small solid plate trunnion block
may require the use of ribs (see Fig. [-10b) to connect the
trunnion block to the stiffener bands and surrounding struc-
ture. The allowable bending stress (o) in the trunnion block
and in the ribs shall be determined by Eq [-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 shall 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 siress in
a solid circular section).

The average beanng stress betwesn the wuntion pinand
trunnton biock in the ladle shell shall be calculated hy Ey

{=17, and shall be less than the munimum value calculited
by Eys [-5b and I-16a.

Wy ( 6 ¢y (Eq (-17)
fo = 3 o \1 + |
=gty fr
\ /
Where:
Dy = Bearing diameter of vuanion pin, in.
€5 = Distance from the centerline of the ladle

hook to the centeriine of the trunnion bluck
on the trunnion axis, in.

/5 = Average bearing stress between the trunnion
pin and trunnion block, ksi

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

Wy = Total weight of ladle (design weight of mol-

ten metal, slag, ladle steelwork, refractory
lining and ladle lid), kips
(See Fig. [-5a for notations used.)

[-6.3 Bending Moment in Pins. In calculating the bend-
ing moment in the trunnion pins, the lifting force shall be
assumed to act at the centerline 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.

LTOP BAND
G PIN & HOOK

ez

POSSIBLE LINE OF
~ ACTION OF
HOOKLIFT

{BOTTOM BAND

Fig. 1-5a — Notations Applicable to the Trunnicn Pin
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1-6.4 Fillet Radius. The radius between the vunnion pin
and trunnion housing shall be large enough so that the stress
concentration factor is less than 2. The requirement will be
met if the {illet radius, r, 1s greater than 0.04 Dg (Fig. 1-3a).

[-6.5 Fitting in Trunnion Block. The diameter of the
trunnion pin proper shall not be reduced to {it into the
desired trunnion block. Itcan be increased if desired, asfong
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.

[-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. 1-10d).

[-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 [itted into the block and shall be
installed after the ladle has been stress relieved. The trun-
1100 pin shall be installed and welded to the shell plate from
nside the ladle after stress relieving has been performed, as
shown in Fig. [-5a. There sball be no welding on the outside
©f the trunnion block to the trunnion pin.

i—6.10 Bending Stresses in Trunnion Blocks. The maxi-
nuin bending stresses in trunnion blocks shall be calculated,
such as for Point Ain Fig. [-10b, Point B in Fig. I-10c¢, and
>oint C in Fig. 1-10d, and shall be less than the allowable
sresses defined earlier in Section [-5.

Referring to Fig. [-5a, the bending stress shall be com-
yuted by Eq I-17a:

_ Wheg ’ (Eq 1-17a)
b~ zg S]
Where:
w1T2 (Eq I-17Db)
1= 6
16 D Al

Where:

g = Vertical distance between top band and bot-
tom band cemterlines, in. (Figs. 1-5a and
[-10)

g = The greater of g+ or g5, where:

87 = The distance {rom the centerline of the trun-
nion pin to the centerline of the top band, in.

. (Fig. 1-10d)
8s = The distance from the centerline of the trun-

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

5y = Scction modulus of the combined shell and
trunnion block at the point of interest such
as Point C in Fig. 1-10d, in.” (Eq. I-17b)

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

[-6.11 Ribbed Trunnion Block Design. Trunnion
blocks in the form of slabs as described in the previous
scctions arc usually provided and preferred in a ladle con-
strucuon for all sizes of ladles. However, for small ladles
such as 100 tons or less in capacity, aribbed 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. [-10b. Both bending
stresses and bearing stresses of the ribbed blocks shall be
calculated for comparisons with their respective allowable
stresses as given in Sections 1~ 5.4.2.2 and [-5.5.3.

The bending stress shall be calculated as described in
Section 1-6.10.

Referring to Fig. I-Sb, the average bearing stress between
the trunnion pin and the ribbed block shall be calculated by
EqI- 17c:

W, Wy e, (Eq1-17¢)
Y TR R

Where:
k = Inner distance of two inner vertical ribs, in.
S, = Section modulus of the combined shell and

ribs (shown as shaded arca of Fig. [-5b), in.”
‘[ = Thickness of ribs, in.
! = Thickness of sidewall plate, in.
m = Distance {rom inside shell surface to outside

of vertical ribs, in. (Fig. [-5b)
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Fig. I-5b — Notations Applicable to the Ribbed
Trunnion Block (horizental cross-section)

-7 DESIGN OF BOTTOM PLATES OF FLAT
BOTTOM LADLES

[-7.1 General. The notation used in this section is shown
in Fig. -6, Thicknesses determined in this section are for
operaung conditions and materials as specified in Section
1-3.2. Slightly dished ladle bottoms shall be considered as
flat if the dishing radius, Rp (Fig. [-7), is more than 10 times
the minimum bottom radius of the shell, Rs(min), at the
intersection with the bottom plate. For knuckle radius see
Sections [-4.2 and [-4.3

[~7.2 Thickness of Circuiar Flat Bottoms. Circular flat
bottoms with no reinforcing plate shall have a thickness not
less than:

B I il
BT 139 Y g,

(Eq I-18a)

Where:

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

Ty = Thickness of bottom plate, in.

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

Fig. I-7 — Notations
Applicable to
Dished Bottom Ladles

Omin Note: Aglstakento
q = centeriine of
min shell plate
- - "RS(mm)

- At junction of sidewall
i and bottom

Dmax

Reinforcing plate

BOTTOM SECTION 'XX’
OF QVAL LADLE

BOTTOM
SECTION 'XX'
OF CIRCULARLADLE

| IVERTICAL SECTION
7 | THROUGH
TRUNNIONS

Sidewall

Reinforcing plate

i
a X
" Bottom plate

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

Note: Rg is takento
centerline of

Pt
-

X ‘At.iunction of sidewall
and bottom

Dmax

N

BOTTOM SECTION ‘XX’
OF OVAL LADLE
|

BOTTOM
SECTION ‘XX’
OF CiIRCULARLADLE

T
a

—————

| TIVERTICAL SECTION
| THROUGH




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

1-7.3.1 Design of Reinforcing Plate. Reinforcing
platcs, 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
entire reinforcing plate area in order that the two plates act
as a unit in accordance with the ASME Code, Section |
(1971 edinon only). The diameter, d, of the reinforcing plate
shall not be less than 0.8% 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 caiculated by Eg
~18b and shall not exceed the allowable shear stress
specified in Section 1-5.6.

n(RMZ ~ Ry _,° ) (Eq I-18b)
T?_ = <
A, N,
Where:
T, = Horizontal shear stress in rivet, ksi
T = Average horizontal shear stress in plate, ksi
0.00105 ¢ H Ryy Tg T (Eq 1-18c)
T, = 3
(TR + TB>
Al = Area of driven rivey, sq in.
md, z
A= =
d, = Diameter of hole for driven rivet, in.
N, = Number of rivets in {op row of annulus area
Ry = Radius to top row of rivets of annulus area,
in.
Ragy = Radius to bottom row of rivets of annulus
arca, In.
Ty = Thickness of bottom reinforcing plate, in.

‘he arca supported by one rivet is

(5 2 2
n V?M = Ry )
N

m

sq in.

The distance between any two rivets (in the same row or

ffcrent rows) should not be less than 4.5 times the rivet

sie diamcter.

The ladle designer has the obligation 1o add more rivets

ar the center of the ladle bottom plates as neccssary (o
n the inteenity of the bouom plates and 1o retard thermal

sorion and buckling,

@

1-7.3.3 P'ostweld Heat Treatment. 1t {s c¢ecom-
mended, whenever possible, that all postweld heat treatment
for the ladle be completed before riveting the bottom rein-
forcing plate.

[-7.4 Thickness of Bottom Plate and Reinforcing Plate.

When a reinforcing plate is used, the combined thicknesses
of the reinforcing plate, Tg, and bottom plate, Tg, shall not
be less than:

D qh (Eq~19)
Tp + 1p = m

The thickness of the bottom plate (as distinguished [rom
the reinforcing plate) shall be at least V46 in. more than
one-half of the combined thicknesses of the two plates.

1-7.5 Equivalent Diameter for Ovai Ladles. For oval
ladles baving a maximum bottom plate diameter not more
than 1.4 umes the minimum bottom plate diameter (Fig.
[-6), Egs I-18a and 119 for bottom plate thicknesses may
be used by replacing the circular bottom plate diameter, D,
by an equivalent diameter {or the oval ladle, D, determined
by

+ D_.. {(Eq 1-20)

[-7.6 Stitfener Ribs for Bottom Plates.Flat bottom ladles
may be designed with stiffener ribs as shown in Fig. I-8.

SRR \\\\\\\\\\ \\\1\\\%

Lk

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

The portion of the ladle bottom plate which spans the stif-
fener rib and has a width extending to onc-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 bascd 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 Eql-21:

L2 T82 (EgqI1-21)
a <
4 S
Where:
a’ = Center to center distance of stiffener ribs, in.



"

L = Maximum span of stiffener ribs in boutom
plate, in,

S = The greater section modulus of the T beam
section of stiffener b in the bottom piate,
in.”

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

thickness of the sidewall. N

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-groave full penetration weld acting in
shear between the rib end and the ladle sidewall.

-8 DESIGN OF BOTTOM PLATES OF DISHED
BOTTOM LADLES.

I-8.1 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 [-3.2. A ladle bottom may be couasidered as dished
providing the dishing radius, Ra, 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 [-4.2 and [-4.3, The trapsition require-
ments for the connection between the sidewall plate and the
bottom plate is described in Fig. I-1a.

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 Egs
[-22a and 1-22b.

H R iy COS %

Ty = Ry q S (min) b

4664 G, Ry |1 + A /{?g_(_@

Ry
(Eq [-22a)
q H Ry (Eq I-22h)
Ty = 3638 a,

Where:

R .
il S{min)
¢ = sin [—“————RB J

Ry Dish radius in dished bottom, in.

Ro(miny = Minimum radius to middle plane of sidewall
at bottom section, in.

it

1-8.3 Thickness of Dished Oval Ladle Bottams. Di-he
oval ladle bottoms (Fig -7 having a maxinum Jdraneer
not more than L4 tumes the minimum diameter, shall have
a bottom plate thickness determined as the huger of the two
values given by Egs [-23a and [-23b.

!

;r Dmax q H RS(mm) Cos o 7ﬂ
T = R | 7 T
14664 Duin Oa Rg |1+ o [ Bt |
1 L Ra )|
L j |
(Eq [~23a)
9 H Ry (Egq [-220)
Ty = s
1819 o,

[-8.4 Reinforcing Plates. Reinforcing plates, if used, we
not to be considered as adding effectively to the suength of
dished botioms.

[-8.5 Stiener Ribs for Dished Circular Bottom Plates.
As shown in Fig. [-9, the dished circular botom ladle may
be designed with siiffener ribs®* The porton 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-{ifth the maximum span.

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

£ q H Ry L0 (Eq [-24a)
Za <
o, 1819 (TB + T’a o,

2 (Eq 1-24b)
9y 3638 Ty“ a,

Eq -24¢

b b ooy s
Oa Tp

Where:

T'g = Effective plate thickness oi the dished cir-
cular bottom plate in the direction of the ribs,
in.

T; Dy
= TB + a,

7, = Thickness of rib, in.

D, = Depth of rib at midspan cross-section (mini-
mum depth for dished circular bottom plate
with ribs), in.
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The axal und bending siresses at the midspan crass-sce-
ton ot the longest span T beam shall sauisty the require-
ments of Eqs =284, [-25b and [-23¢:

f g HR £g -28a
= **‘:‘“—Ti“" < 1.0 ( >
o, 3638 T'g o,
Lo _aHel [ g >< L0
g, | 143525 0, e )=
(Eq [-25b)
fz f (Eq I"ZSC)
L2 <10
a Cp
Where:
ey = Vertical offset between the dished

plate/knuckle tangent point and the neutral
axis of the T beam at the midspan cross-
section (see Fig. I-9b), in.

Fup = Horizontal component of the spherical
membrane force in the dished plate;
located at tangent of dished plate and
knuckle (see Fig. I-9b)

S’ = The section modulus (maximum and mini-
mum) of the midspan cross-section of the T
beam, in.

1-8.6 Stiffener Ribs for Dished Oval Bottom Plates. [n
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
the requirements of Eqs 1-26a, I-26b and I-26c:

_fi ~ q H Ry < 10 (Eq I-26a)
a, 909 (TB + T'B) o, =

2 (Eq 1-26b)
By _ g HaT oy q
Op 3638 Ty* o,

Eq 1-26¢)

£a— + f-b— < 1.0 (&g
Ca Sy

The maximum axial and bending stress at the midspan
cross section of the longest span T beam shall satisfy the
requirements of Eqs 1~23a, [-25b and 1-25c.

{-9 DESIGN OF STIFFENER BANDS.

=81 General. The weodency ol the adle o collipse
when suspended by the tadle hooks shall be resisted byt
stlfener bands, one above and vne below the trunnron

block, destgnated by the subscripts 7 and B, for wp and
botom, respectively. The lip reinforcement of the ladle
not o be considered n calculating the suesses in the ladie
bands. The band stresses are 10 be calcutated by the follow-
ing procedure und must notexceed the allowable stresses as
determined in Secuon =34 The size of the bottom hand is
0 be equal to or greater than that required by stress calcula-
tons at the cross axis and ts (0 be made an wntegral part ol
the trunnion block. Cross axes are defined as those axes
which are at right apgles to the trupmion pin axis (Fig.
[-10a). In addition to designing for strength, the cyuivalent
combined top and bottom stiffener band section must mect
a stiffness criterion given in Section {-1! 30 as w0 avoul
excessive inward deflection of the tunnions. Minimum
depthstiffener bands are recommended to minimize thermal
gradient stresses. However, the minimum depth stiffener
bands shall still satisfy the allowable stresses of Section
[-5.4 and the suffness criterion of Section I-11,

Uniform depth stiffener bands with gradual transitions in
depth and width at the trunnion blocks (or other regions ot
the stiffener bands) are recommended. The dimensional
changes n the stuffener band cross-section should occur
over a minimum distance of three times the maximum depth
of the stiffener band (Fig. [~ L 1).

1-9.2 Effective Band. Each effective band shall consist
of the stiffener band together with a portion of the adjacent
ladle sidewall of effective width equal to be (Section [-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 the
sidewall shall be inciuded in calculating the properties ol
the effective band.

[-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:

b, = b, + 1.4 VR 1 (Eq 1-27)
Where:
b, = Sidewall effective width acting with band,
in.
b, = Width of band, in.
Rg = Minimum radius to middle plane of sidewall

at a band, in.

Thickness of sidewall (ladle shell only), .

© AsE 8/91 21



——— ASSUMED INFLECTION ———
\ POINTS /
\ /
\ TRUNNION /
\ AXIS /
——/—— NEUTRAL AXIS OF
EFFECTIVE BAND -

CROSS AXIS
~

‘Rg is the minimum
! etfective band radius
| Rnr or AR of whichever
| | " band is anaiyzed
i | Lot
! 1 ||

0.3Rg"

i
0.7Rg'+(1 QTRR +¢

a. ASSUMPTIONS FOR CALCULATING BAND MOMENTS
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Fig. 1-11 — Recommendad Transition in
Stiffener Bands

[f the sidewall thickness changes at a band the towal width
of the effective band shall be taken as:

b, = b, + by + by (Eq 1~28)
by = 0.TNRg 1y (Eq 1-30)
Where:
by = Effecuve width of the thicker portion of
sidewall acting with stiffener band, in.
by = Effective width of the thinner porton of
sidewall acting with stiffener band, in.
Iy = Larger effective thickness of sidewall, in.
ty = Smaller effective thickness of sidewall, in.

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

1-9.4 Properties of Bands. After determining the effec-
tive band width by Eqs [-27 through I-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.

[-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 I-31, [-32a, and
[-32b.

3 _

B [52 hB RRT (Eg [-31)
Iy by Reg’

. Wy (a - G Rgy)

T TS C g + Ay

(Eq 1~323)

fg = Oy (Eq =320}

\Where

d = Distance between lifung hook centerlings,
in.

C = A constant

EFor = Force in top band, kips

Fg = Force in bottom band, kips

@ = Load cenuowd distance ratio as given in Fig,
-12°

hg = Vertical distance between bottom band stif-
fener centerline and juncture of ladle bottom
and sidewall, in,

hr = Verucal distance between top band center-
line and juncture of ladle bottom and
sidewall, in.

{g2 = Moment of inertia of effective botom hand
at cross axis, in.”

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

Reg = Minimum effective radius of bottom band,
in.

Rpr = Minimum effective radius of t0p band, in.

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

1.5

1.4

&)
i3 Rs(maxyRS(minj= 2 ]
G =1.27 for circular ladles (L/Rgy =0)
1.2
0 0.1 0.2 0.3 0.4 0.5

URSM
Fig. 1-12 — Load Centroid Distance Ratio, Eq [-32a

[-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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1-8.7 Band Bending Moment. Thc band bhending mo-

ments are calcutated by assuming that the inflection point
of zero moment in cach eflective band (s located at a
disiance 0.3 Rpyor 0.3 Rzp measured inward {rom the band
ncutral axis parallel with the cross axis of the ladle (Fig.
I-10a). Use plus and minus signs exactly as given in Eqgs
[-33 through [-38b inclusive, which are based on the force
diagram shown in Fig. 1-13.

CROSS AXIS
12

Fig. 1-13 — Effective Combined Trunnion Ring
{Used in Calculation of Defiection index,
Eq I-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 f{or the band bending
moments indicates tension-on the outside and compression
on the inside of the band. Minus signs for stresses indicate
compression and plus signs for stresses indicate tension in
weordance with the usual practice.

~8.8 Calculation of Band Bending Moments.
sending moments are 1o be calculated as follows:

Band

1-9.8.1 Top Band Near Trunnion Axis. The wcakest
cction of the top band above the trunnion is at the runnion
xis in the case of open box framing (Fig. 1-10a) or at the
dge of the trunnion block (Fig. I-10c & 1-10d) where the
unnion block is carried to the upper hand and welded
ercto. The ribs of the open box welded trunnion biock shall
> welded to develop their full strength, I there are other
idden changes in scction, these also must be evaluated. The
:nding moment may be calculated as follows:

My = Fp(07 Ry + 1 = ¢) (Eq 1~33)

Where:
My = Maomentin (op band at runnion axis, kKip-in.
= One-half the distance between radius points

of end segments in oval ladle, in. (1 = 0 (or
a circular tadle)

§

= Horizontal distance {rom vertical centerline
through trunnion pin to the section of mter-
est, in. (see Fig. I-10)

1-9.8.2 Top Band at Cross Axis. The bending mo-

ment in the top band at the cross axis 90 degrees {rom the
runnion axis is:

Mp = = F{(0.3 Rgr) (Eq [-34)

1-9.8.3 Bottom Band at Cross Axis. The bending

momentin the bottom band at the cross axis 90 degrees from
the trunnion axis is:

[-9.9 Combined Stresses in Bands. Combined strcsses
are not to exceed the allowable siresses as determined by

Section 1-5.4.3, and are to be calculated at each of the
locations listed as follows:

[-9.9.1 Top Band Near Trunnion Axis:

outside fp = — /t:—n (Fat-3ea)
7O
inside f; = + %1—71 (Eq I-360)
I
Where:
1 = Stress in the inside surface of band, ksi
fo = Stress in the outside of band, ksi
Sty = Secction modulus for the inside surface of the
top band, in.
Sto = Section modulus for the outside of the top

band, in.3

1-9.9.2 Top Band at Cross Axis

F M (Eq 1-37a)
outside fp = ~ 2—7: - -S—E
T 10
o Fr My (Eq 1-37b)
mside f; = — e + T
T T

Where: Ay = Effective area of top band, sg in.

NOTE: Sto and S11 may be dif-
ferent at locations | and 2 if
band varies in cross section.
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1-9.9.3 Bottom Band at Cross Axis:

o Fg Mg, [zg [-38a)
outside fp = - 3
I 1
. Fg  Mp (Eq (~38b)
wside fy =~ — + = .
Ag  Sp
Where:
Ag = Effective area of bottom band, sg in.
Mg = Moment in bottom band at cross axis, kip-in.
Sgy = Section modulus for the inside surface of the

bottom band, in.3

Sgo = Secton modulus for the outside surface of
the bottom band, 'm.3

[-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 [-7 and Section [-10.3. For intermediate
capacities, sidewall thicknesses may be interpolated to
nearest V16 in. In the case of flanged bottom plates (Section
[-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 [-5.4.7.

1-10.2 Sidewall Plate Joint. If the sidewall plate, below
the trunnions, is made of different plate thicknesses (Fig.
[-1b), 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:

er = O7SVRS !

from the edge of the stiffener band.

(Eq 1-39)

I-10.3 Supplementary Thickness. Supplementary to
Table 1-7 the sidewall thickness, tmia, below the trunnion
shall in no case be less than the greater of Eq 1-40a or Eq
[-40b:

Cpg HD (Eq I-40a)
fmin = 7819 o,
2 Cy W, (Eq 1-40b)

min T r D g,

Where:

Cyu = Constant o modily momumum plate thiackne s
reticcung the type ol jowt connecing the
hottom plate 1o the sidewall plate

Cy = 1.0 for {ull peaetration butt weld jurnat

Ca = .13 for lap riveted connection (minunum

netarea is 35% of full plate cross-scction)
The average nommal suress through the thickness in the
sidewall shall be calculated by the following formula:

W, (Eq 1-4Cc)
T = D
Where:
T, = Average normal stress in sidewall, ksi

[-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.

I-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 adequalc
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 [-5.

The deflection index should not exceed 0.0026 for cir-
cular ladles, or 0.0020 for oval or obround ladles, hased on
shell radius as a reference dimension,

Cp P Ryys’ (Eq [-41)
T TTE

Where:

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

Cp = Deflection coefficient (Table [-8)

E = Modulus of elasticity (room temperature),
ksi

! = Moment of inertia of the elfcctive band at

trunnion axis (for deflection index calcula-
tion), in.* (Fig. =13, Eq I-42)

iy = Moment of inertia of the effective band at
cross axis (for deflection index calculation),
in.} (Fig. 1-13, Eq [-43)

P = Effective radial force applied at trunnion pin,
kips (Eq [-44)
Rem = Average minimum etfectve radius ot top and

bottom band, in. (Eq [—3)
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Table 1-8 — Deflection Coefficients, Cp

*

UR am

0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20

0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30

0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40

171

0.30
0.40
0.50
0.60
0.76
0.80
0.90
1.00

0.30
0.40
0.50
0.60
0.70
0.80
0.90
1.00

0.30
0.40
0.50
0.60
0.70
C.80
0.90
1.00

0.30
0.40
0.50
0.60
0.70
0.80
0.90

0.30
0.40
0.50
0.60
0.70
0.80
0.50
1.00

Referio Fig 113

0.0

0.0744
0.0744
0.0744
0.0744
0.0744
0.0744
0.0744
0.0744

0.0813
0.0836
0.0858
0.0880
0.0902
0.0924
0.0945
0.0966

0.0902
0.0952
0.1001
0.1048
0.1095
0.114]
0.1185
0.1229

0.1011

0.1093
0.1173
0.1250
0.1325
0.1397
0.1467
0.1534

0.1142
0.1263
0.1378
0.1488
0.1594
0.1696
0.1793
0.1886

5.0

0.0632
0.0648
0.0665
0.0681
0.0657
0.0713
0.0728
0.0744

0.0706
0.0746
0.078s5
0.0823
0.0860
0.0896
0.0931
0.0966

0.0800
0.0868
0.0933
0.0996
0.1057
Q.1116
0.1173
0.1229

0.0914
0.1015
0.1111

0.1203
0.1292
0.1376
0.1457
0.1534

0.1052
0.1191
0.1322
0.1447
0.1565
0.1678
0.1784
0.18%86

ANGLE BETA, DEGREES =
10.0 15.0 200

[
Ln
(=)

0.0542 0.0473  0.042] 0.0384
0.0573 00516 0.0474  0.0445
0.0603  0.0557. 0.0524 0.0502
0.0633  0.0597 0.0572 0.0556
0.0661 0.0636  0.0618  0.0607
0.0690  0.0673  0.0662  0.0653
0.0717 00709 0.0704 0.0701
0.J744  0.0744 00744  0.0744

0.0621 0.0556  0.0508 0.0475
0.0676 00623 0.0585 0.0560
0.0728 0.0687  0.0658  0.0640
0.0779  0.0748  0.0727 0.0714
0.0828 0.0806 0.0791 0.0783
0.0876  0.0862 0.0853 0.0848
0.0922 0.0915  0.0911 0.0908
0.0966  0.0966  0.0966  0.0966

00720 0.0659 0.06l6 0.0586
00803 00755 0.0722 00700
00882 00845 0.0820 0.0805
0.0957 00930 0.0913 0.0902
01030 0.1011 00999  0.0992
0.1099 0.1087 0.1080 0.1076
0165 0.1160 0.1156  0.1155
01229 01229 0.1229 0.1229

0.0840 0.0784  0.0744 0.0719
0.0856  0.0913 0.0884  0.0866
0.1066  0.1034  0.1013  0.1001
0.1170  0.1146  0.1132 0.1124
0.1268  0.1252  0.1243  0.1239
0.1361 0.1352  0.1347  0.1344
0.1450  0.1446  0.1444  0.1443
0.1534  0.1534 Q.1534  0.1534

0.0982  0.0931 0.0896  0.0874
0.1137 0.1099  0.1075  0.1060
0.1282  0.1254  0.1237  0.1228
0.1418  0.1399  0.1387 0.1382
0.1545 0.1533  0.1526  0.1523
0.1666  0.1658  0.1655 0.1653
01779  0.1776  0.1774  0.1774
0.1886 0.1886  0.1886  0.1836

Circular when /Rgas = 0

30.0

0.0359
0.0426
0.0489
0.0547
0.0601
0.0652
0.0659
0.0744

0.0453
0.0545
0.0629
0.0707
0.0778
0.0845
0.0908
0.0966

0.0568
0.0688
0.0797
0.0897
0.0990
0.1075
0.1154
0.1229

0.0703
0.0857
0.0995
0.1121
0.1237
0.1344
0.1442
0.1534

0.0862
0.1053
0.1225
0.1380
0.1522
0.1653
0.1774
0.1886

98]
wn
(&)

0.0344
0.0416
0.0432
0.0542
0.0598
0.0650
0.0699
0.0744

0.0441
0.0537
0.0624
0.0704
0.0777
0.0844
0.0907
0.0966

0.0558
0.0682
0.0794
0.0896
0.0989
0.1075
0.1154
0.1229

0.0656
0.0853
0.0993
0.1121
0.1237
0.1343
0.1442
0.1534

0.0856
0.1051
0.1224
0.1330
0.1522
0.1653
0.1774
0.1886

40.0

0.0336
0.0411
0.0479
0.0541
0.0597
0.0650
0.0698
0.0744

0.0435
0.0534
0.0622
0.0703
0.0777
0.0844
0.0907
0.0966

0.0553
0.0680
0.0793
0.0896
0.0989
0.1075
0.1154
0.1229

0.0693
0.0852
0.0993
0.1120
0.1236
0.1343
0.1442
0.1534

0.0855
0.1051
0.1224
0.1380
0.1521
0.1652
0.1773
0.1886
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( hy, ¥ ( hg V (£q 1-42)
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h=ldr 50+ g5
i'[‘R i | “7‘0 i
J \ /
- 2 2 (T 1_dn
- (hg | \=q =43
|
Ly=lp|5— 1 + (g |5
TR TR J
Where :
hrp = Vertical distance between trunnion axis and

juncuwre of ladle bouwom and sidewall, in.
(Figs. [-6, [-7)

15 = Moment of inzrtia of effective bottom band
at trunnion axis, in.”
{7 = Moment of inerda of effective top band at

) oy
runnion axis, in.

P=2(Fr+ Fg) (Eq [-44)
_ Rer + Reg (Eq 1-45)
RRJW - 2

The deflection coefficient, Cp, shown in Table [-8 can, as
an alternative, be calculated from the equation shown in
Appendix B, )

[-12 DESIGN OF TILT MECHANISM.

[-12.1 General. The tilt mechanism is designed for use
on charging and bottom pouring steelmaking ladles®*, It is
used for tilting the ladle during deslagging operations and
for dumping stag 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.

[-12.2 Primary Functional Requirements. The tilt
mechanism shall be designed to rotate the {adle 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.

[-12.3 Loading Conditions. The tilt mechanism
shall be designed for ladle loadings, as follows:
(1) Deslagging. Use a design service molten
metal weight with tlt angle limited (0 minimum
required for deslagging.
(2) Dumping slag and debris. Use a skuil weight
equal to 10% of the design service moiten metal

woerght dunng tadle tlung. Tees assumed dhat the skud!
ts attached w the ladle bottom fimnyg. This accounts for
the exireme condition of an aborted heat which rosulis
inan amount of frozen metal in the botom.

{3 Loads imposed during positioning at maintenance
and fadle heaung stations. Use empty ladle weight
{includes suuctural and lining weight) during ladle
ulting for positioning the ladle.

(4) Loads imposed during disposition of aborted heats.
Use a design service molten metal weight with a com-
plete ult.

[-12.4 Tilt Mechanism Description. The [adle it
mechanism can vary in design from manufucturer to
manufacturer. The primary structural compouents are
described in Fig. [- 14,

The primary structural components are defined as:

{a) Bottom Pivot Plates. The horizoatal 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 pin
can be shrunk fit as an option and the installation can
be made with or without a wear sleeve.

{b) Honzontal Tilt Link. This pin-connected member
has a pivot on each end and connects the bottom pivot
piates and the vertcal tlt link.

{c) Vertical Tilt Link. This pin-connected member con-
nects the horizontal it 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 1s 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

LATCH PLATE

L HORIZONTAL TILT LINK

L BOTTOM PIVOT PLATE

Fig. [-14 — Tiit Mechanism Components
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1-12.5 Design Conditions. For the design conditions, the
maximuin {orces imposed on the tlt mechanism shall be
detcrmined by evaluating tlt mechanism forces during
various stages of ladle tilting. The load conditions used (o
design the ult mechanism include the structural weight of
the ladle, the maximum ({ull thickness) weight of the refrac-
tory lining, the design service molten metal weight and a
skull weightequal to 10% of the design service molien metal
weight. The tilting forces for the slag skimming condition
are shown in Fig. I-19.

The force in the 1}t mechanism developed by the lifting
hook is calculated as:

o W Wa (Eq I-48)
ST W(.

Where:
Fe = Maximum hook foad on tlt mechanism

during deslagging, kips
Wp = Molten metal design weight, kips
W, = The structural weight of the ladle steelwork

and full lining, kips
W, = Moment arm for W, load, in.
W, = Moment armn for W, load, in.
W = Moment arm for £ load, in.

we
wh
W3

Fig. 1-15 — Ladle Tilting Forces For Deslagging

Asshown i Fig. [-16, the ladle tilting stages and forces can
be categorized into three stages. The (ollowing functions are
intended as a guide m designing the tiltmechanism and mav
not be typical for afl tijt mechamsms.

(1} Stage ! Tilting. During stage 1 ulung, the 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 ocut beyond a hearing
plate. In the latter casc, the vertical link, horizontal link
and pivot plates act to tlt the ladle. The range of the
ladle ult angle is from zero degrees (o 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 degrecs
o about 180 degrees.

(3) Stage 3 Tilting. During stage 3 tilting, the ladle is
in a full inverted position. The vertical link, horizountal
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:

We wy + W, w, (Eq1-47)
Fp =
. Wc

Where:

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

W = Skull foad attached to ladle bottom equal to
10% of thc molten metal design weight, kips

W = Moment arm for W load, 1n.

[-12.6 Maximum Loads and Service Temperatures for
the Tiit Mechanism Components. The dcsign proccdurc
is intended 1o provide the minumum necessary considera-
tions in the design of tilt mechanism components. The
maximum loadings imposed on the tilt mechanisim com-
ponents shall be determined using the design loads and
design conditions as defined in Section 1-12.3 and Section
1-12.5. The maximum loadings shall be cvaluated using the
[ult range of ladle tilting for the various stages of the it
angles. Any portion of the tilt mechanism which 1s con-
nected directly to the ladle shell, such as the bottom pivot
plates, shall be designed with an identical service tempera-
ture as the ladle shell. Design of the tilt mechanism com-
pouents not connccted directly to the ladle bottom or
sidewall shall be designed at the maximum ladle shell
service lemperature.,
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STAGE 3

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

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

The bending stress in the various members of the tilt
mechanism shall not exceed the allowable bending stress
defined in Eq I,

The allowable Himic of combined normal and bendin e
stresses shall be vovemed by Ey [-3. ;

The allowable shear stress in the ult mechanisin Conm-
ponents {cxcluding the pins and pia connections) shall he
detcrmined by Eq [-11. The effective arca in resisuing sheur
may be laken as the effective cross-sectional area in tie
plane of the shear force.

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

fa {Eq [~48a)
— < 10
C:;(1
/o (Eq [-480)
— < 1.0
s
fs (£ [-48¢)
— < 10 ‘
US
Ja S S5 0 (€9 -480)
O[I Gb GJ‘ B .

Where:

Js = Actual shear stress, ksi

[n 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 classificd 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 distnibution of material in the
eyebar head. Typically the pin-connected plate tink is made
by boring the holes for the pins near the ends of a plate fink.
Appropriate codes®! shall be used in the design of these
members.
The allowable tension stress on the effective net area of i
pin-connection member shall be determined by Eq [-49:
o, = 0750,

a

Where:

’

(Eq 1-49)

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

qQ
1

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 transition radius between the circular head and the
body of the eyebar shall be equal to, or greater than, the
diameter of the head, as shown in Fig, 1-17.

The width of the eyebar body shall not exceed 8 times the
evebar thickness and the thickness shall not be less than
¥4 1n.

The net area of the head through the pin hole, transverse
to the axis 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 78 of the
width of the body of the eyebar. The diameter of the pin hole
shall not be more than V52 in. greater than the diameter of
the pin, For steels having a yield stress greater than 70 ksi,
the diameter of the pin hole shall notexceed S times the plate
thickness.

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

.+.

i3°)

|
e

R, = Transition radius in eyebar, in.

D, = Outer diameter of eyebar, in.

W, = Width of bar porton of plate link or eyebar, in.
L = Thickness of plate link or eyebar, in.

D/7 = Pin diameter, in.

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

FOR ALL STEELS

R/ z /)h

2051

Dok - Dp € V321in.

133 Woto 2(Dh - Dpa) 1. S 1.50 Wet,

W.<81,
Dp,z7s W,

FOR STEELS WITH oy GREATER THAN 70 KSI
Dpn 51,

Fig. 1-17 — Eyebar Geometry Requirements

1-12.7.2 Pin-Connected Plate Links. In  pin-con-
nected plates links, the tensile stress on the net arca,
transverse 0 the axis of the member, shali not exceed the
aflowable tensile stress defined by Eq [-49, and the bearing
stress on the projected area of the pin shall not exceed the
allowable average bearing stress determined by:

o, = 1.5 o, (Eq 1-50)

The minimum net area beyond the pin hole, parallel to the
axis of the member (Fig. 1-18 cross-section B-8), shall not
be less than 24 of the net area across the pin hole as described
in Fig. I-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 152 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 shail
not be waived whenever external nuts are provided so as (o
tighten pin plates and filler piates into snug contact.

Dy

Dy

— i

D¢

K
To

D - WIDTH OF PLATE EXTENSION ON PLATE LINK, IN.
D[S4lg DphZIZS Dy
12 0.5 1n. Dgte2%4 (We-Dpr) i,
Dph < Dp + l/}l n.

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 luch plate ts shown in Fig. {~14. [f a latch plte or gther
tilt bearing device 1S 1o provide a compressive support for
the linkage system, as shown in Fig. [-14, then it shall be
designed by appropriate methods against all appiicable
modes of failure. Design stresses used shall be those defined
in either £q [-2 and Eq [-3 or Eq 1-4.

[fareinforcing plate is used to attach the latch plate (o 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.

[-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 shali 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 -2, [-3 and I-4, respectively.

1-12.10 Non-Structural Appurtenances. I[f 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

e
' BUTTSTRAP
Ga
{edpetnd
Joa $ ff st (‘i{} $ D
ALY R Isp
L S S L S SR T ST A L T '::- ‘::‘:"..:-"

\‘- SPLICE IN SIDEWALL
PLATE

Fig. 1-19 — Rivet Connection

strength of the uht mechansm. The appurtznanee may sem o
only o satisfy the functional requirements of (he it
mechanism,

Optional latch guard bars may be provided on the dle
prevent or mimimize accidental disengagement of the ult
mechanism while the ladle 15 set down on uneven surfaces.
In some cases, hottom ribs and other primary structural
members may serve as guard bars. [f guard bars are included
in the design, the guard bars shall be designed as loud
supporting members 1f the design assumes that cperating
loads are imposed on the guard bars during typical ladle
operation.

[f the design inctudes a guard plate attached to the outside
of the ladle sidewall 1o protect the sidewall against impact
damage imposed by the auxiliary hook, the design should
specify that the guard plate be attached in such a munner us
1o munimize thermal expansion suesses developed in the
ladle sidewall.

I-13 RIVETED SIDEWALL CIRCUMFERENTIAL
CONNECTION JOINTS

I-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
{adle that is revised to a caster and/or clean steel processing
ladle, the existing riveted connection shall be upgraded
according to the following design requiremen(s7'4.

A riveted sidewall circumferential connection joint is
typically a sidewali plate connection below the boutom
stiffener band and/or a sidewall plate 10 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.

[-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 I-51:

N, z 070 - % Eq s
AI’ I

Where:

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

N, = Number of required rivets on one side of the
connecuon

T = Allowable shear siress for rivet, kst
{Section [-5.6)
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[-13.3 Minimum Rivet Spacing and Edge Distance. For
a typical staggered rivet pattern, as shown i Fig. 1-19, the
minimuin spacing between the centers of rivet holes,
measurcd in the circumferential direction, shall not be less
than three times the rivet hole diameter (3 4,). The minimum
distance between adjacent ctrcumferential rows of rivets
shall be 134 4.

The spacing between rivets may be less than the minimum
values defined above provided the stress in the ligaments,
between rivels 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 {rom the center of the rivet
hole to the edge of the plate, except for rivet holes in the
cnds of the buttstraps, shall not be less than 14 4, nor more
than 1% 4d,. :

In addition to rivet spacing and edge distance, the distance
{rom the bottom edge of the bottom suiffener band to the first
row of rivets shall not be less than the distance defined by
Eq 1-39.

1-13.4 Allowable Stresses in Rivets. The maximum al-
fowable shear stress in a rivet is defined in Section -5.6.
The allowable shear stress is usced in Eg 1-51 (o provide an
initial estimate of the 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 the depth of the countersink shall be deducted in
the calculation of the total bearing area of the rivet.

{-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 {rom
the riveted connection, is not required for the riveted con-
ncction design since the sidewall plate thickness is defined
in Scction 1-10.

The average normal (ensile stress in the minimum nct
clfective arca of the sidewall plate and buttstrap at the rivet
connection shall be defined by Eq 1-52:

(Eq [-52)

Where:
A

"

Minimum nct effective cross-scctional area
in the sidewall plate and buttstrap platc shall
be equal 1o the plate thickness times the
- . .2 .
minimum net width, in.” The minimum nct
width is calculated by subtracting the sum of
the hole diamcters in any given chain of
holes from the total circumference, and ad-

ding for each diagonal gage space, the guan-
2

tity: R
"G,
8 = Transverse spacing (gage) of two holes, in.
S an = Average normal tensile stress in the minimum
net effective arca of the rivet connection
plate, ksi
S = Longitudinal spacing {pitch) of any two suc-
P g1ip 3

cessive holes, 1n.

The allowable bearing stress imposed on the sidewall plate
and the buttsirap plate by the nivets shall be defined by Eq
1-53.
Opp = 1.6 O, (Eq 1-53)
Where:

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

Spn

For countersunk rivets, one-half the countersink shall he
deducted in calculating the total bearing arca of the rivet.

In addition, the minitmum net effective cross-scctional area
(A,) in the sidewall plate and buttstrap plate at the riveted
conncction shall be equal to or greater than 70% of the
cross-sectional area of the sidewall plate mcasured at the
bottom plate attachment.

1-13.6 Postweld Heat Treatment. [t is recommended
that whenever possible, that all heat reatment requirced for
the ladle be completed before riveting the sidewall.

[-13.7 Preparation of Plate Edges. The edges of the
sidewall plate, buttstraps, and bottom plate shall be chan-
fered to a depth of not less than one-fourth of the thickness
of the material, but in no case more than 18 in,

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

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

1-14.1 General. A dished bottom ladle may be designed
with support legs at the periphery of the dished bottoxn24. if
support legs arc chosen as a mcthod of ladle support, then
only three legs shall be used to provide stability to the ladle
on an uneven resting surface.,

1-14.2 Loading Conditions. Design of the legs shall be

based on the following: during a ladle set down, assume that

only two of the legs will be used to support the total design

operating weight of the ladle. Also, the design shall include

a simultancous horizontal shear 10ad cqual 10 one haif of the

vertical teg toad applicd to each of the two load bearing legs.
i

Atrest. the ladle will be supported equally by the three legs.



1~14.3 Description of Support Legs. Euach suppurt leg
shall be attached to the knuckle region of the dished botons,
as shown in Fig. 1-20. The support leg shall be consiructed
of pipe or similar ¢ylindrical stock. The support leg wall
thickness shall not be less than the thickness of the sidewall
plate below the 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 %4 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.

[-14.4 Design of the Support Leg. The cross-sectional
size of the support leg shall have sufficient strength o
satisfy Eqs [-54a, [~54b and [-54c:

£ (Eq [-54a)
v < 10 (=g a)
AL O,

Fo L Eq [-54b
A <10 - BaEse
2.8, o,

F Fy L [Eq [-54¢
. y A PR {Eq )
1\L Ga 2 SL Ob

Where _

Ar = Cross-sectional area of support leg, in.

Sy, = Section modulus of support leg, in.

Fy = Vertical load on support leg equal to one-half
the total design service load of the ladle, kips

Ly = Maximum support leg length necessary to
provide appropriate clearance under ladle,
n.

The length of support leg (L) connected to the sidewall
plate shall be determined by Eqs I-55a, [-53b, [-55¢ and
[-55d:

; s 2 7 2 (Eq 1—553)
L.= 1L, +\[(LC ) + (L.777)
Where:
, Fy (Eq I-55b)
L™= 235 T, o
L Fy Ly (Eq [-55¢)
< 470 r, T, a,
PN [ (Eq 1-559)
¢ 1.24‘\( T, g,
Where:
L, = Length of support leg actually connected to

sidewall piate, in.
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Fig. [-20 — Support Leg Geometry and Loads
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= Component leg length required for vertical
force, £y, 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 wall, in.

= Mid-thickness radius of support ley, in.

33



The support leg attachment length s described in Fig.
~21. The fength Ly (Fig. 120} is a function of the shape of
hc dished head.

The support leg shall be attached to the bottom plate and
idewall plate with a continuous {ull penetration weld.

)

-
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fig. 1-21 — Attachment Length {L¢) of Support Leg

15 ASSEMBLING AND WELDING LADLES IN
THE SHOP AND FIELD

5.1 Fitting. Fitung of plates for butt welding shall be
wccordance with the ASME Code, Section VII, Division
Wedging, clamping or heating is permitied 10 achieve
per alignment.

5.2 Cleaning. All joints must be frce of scale, rust and
sther adherences. Al paint or protective coatings must
ompletely removed before any welding begins.

[-15.3 Welding. Welders, operators and welding proce-
dures shall be qualified in accordance with the ASME Code,
Section VI, Division 1. The requirements of Scctions
4.5 and [-4.6 shail be met.

[-15.4 Weld Defects. Visual weld quality shail 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

Jnade prior to depositing subsequent beads or layers of

welds. Defective arcas must be removed by chipping, grind-
ing orair-arc gouging. No {lame gouging shall be permitted.
I-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 OIS. When nondestructive tests are
required they shall be made and evaluated in accordance

with the ASME Code, Section V, Nondestructive Examina-
tons.

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

{1) Dimeunsional check of plate thicknesses

(2) Visual inspection of weld preparation and
workmanship

(3) Verification that the welded surfaces are clean and
free {rom moisture, bydrocarbonous 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 treaunent.

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) Ulwrrasonic (in accordance with the ASME Code,

Section V)

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

[I-1 SCOPE.

k=
strength refractories in ladles 1o assist the user in obtaining
optimal ladle life and in mimimizing ladle repair.

Part [{ of this Technical Report addresses the use of high
¥

[1-2 LADLE LINING.

[1-2.1 General. The specifications on ladle refraciories
include recommendations on the lining design and provide
suggestions on the manner in which various operating con-
ditions, such as preheating and other clean sieel practices,
are imposed on the ladle. The recommendations are not
intended (o restrict the use of the ladle, but rather to provide
insight into wnproving ladle life and reducing adverse ladie
eavironments.

[I-2.2 Lining Insulating Capacity. The difference in in-
sulating capacity between the bottom lining and the wall
lining shouid be minimized in order to reduce the tempera-
ture difference between the bottom plate and the sidewall
plate. The temperature difference becomes more
pronounced during sustained ladle preheat and hot metal
hold time.

11-2.3 Estimating Wall Working Lining Thermai Expan-
sion Stress. During initial ladle preheat, resin-bounded
dolomitic, high-alumina and direct-bonded mag-chrome
refractory working linings develop considerable expansion
forces if compressible expansion allowance material is not
included in the ladle wall lining system. Circular ladle
sidewall stress {(circumferential stress) shall be determined
by Eqs [I-1a, [I-1b and 1I-1c.

S = a,, AB, Ry — o, AB; Ry, (Eql-1a)
& (Eq II-1b)
P = 2
Rwl Rs(a.ve)
twt Ev t E,
Rfave) (Eq [I-1c)
Jex =0 T
Where:
L = Modulus of elasticity of ladle sidewall plate,
ksi
E, = Average modulus of elasticity of wall work-
ing lining refractory, ksi
fox = Circumferential stress in ladle sidewall plate

resuiting from thermal expansion of the wall
waorking lining refractory, ksi

p = Effective radiai pressure applied to the ladie
sidewall plate caused by the differential ther-

mal cxpansion between e working linimy
and the sidewall, ksi

Ristave) = Average radius of sidewall plate, in.

Rt = Mid-thickness radius of wall working lining,
.

t = Thickness of ladle sidewall plate, in.

Ul = Thickness of wall working lining refractory,
n.

Qs = Linear coefficient of thermal expansion of
the ladle sidewall plate, wn./in. °F

Ul = Linear coeffictent of thermai expansion of
the wall working lining, in./in. °F

ABs = Increase in ladle sidewall plate temperature
from ambient temperature, °F

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

3 = Interference applied to the ladle sidewall

resulting from differential expansion of wall
working lining and ladle sidewall, in.

Obround or oval ladle sidewall stress shall be determincd
by Egs [{-1a, I-[b and [I-1c and using the modificution
defined in Eq [I-2a and Eq [1-2b.

R’ j(avey and R’ are calculated from:

, Rmax(ave) + Rmin(ave) (Eq H-2a)
R s(ave) — 2

; meax (ave) + mejn (ave) (Eq “—2b)
R wl = 2

Where:

R’ jave = Effective average radius of sidewall plate
of obround or oval ladle, in.

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

Riax (avey = Maximum average radius of sidewall
plate of oval or obround ladle, .

Rmin(avey = Minimum average radius of sidewall
plate of oval or obround ladle, in.

Rivmax (ave) = quximum average mid-thickness radius
of working lining of oval or obround
ladle, in.

Roymin (avey = Minimum average mid-thickness radius

of working lining of aval or obround
ladle, in.
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11-2.4 Wall Working Lining Expansion Allowance., T he
pumpose of wall lining expansion allowance is to reduce the
thermal cxpansion f{orces of the working lining o
rcasonable values so the ladle shell is not evx}'mscd Lo un-
desirable levels of thermal expansion stresses' . The recoms-
mended provisions for expansion allowance matcnial for
wall working linings are in addition to the expansion al-
fowance provided by the brick mortar joints,

The reccommendations for expansion allowance apply
only for expansion allowance use in the wall working lining
and not in the bottom lining. Regardiess of the type of
working Itming, rlug type or other similar bottom lining
designs do not require expansion allowance,

Fircclay brick, if used as a wall working lining, is a low
strength refractory and there{ore does not require expansion
allowance consideration. Stmilarly, other low strength wall
working lining materials, such as pitch-bonded refractories,
Jo not require expansion allowance consideration.

The cxpansion allowance recommendations apply to the
uscr that employs resin-bonded dolomitc, 70% alumina and
dircct-bonded mag-chrome working linings in combination
with ladles cxposcd 1o standard or ramp prcheat 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. Tablc [1-1 describes the range of reccommended
radial expansion allowance for the wall working lining. The
three types of working lining refractorics considered are
resin-honded dolomitic, 70% alumina and direct-bonded
mag-chrome. In order to accommodate the recommended
cxpansion allowance, the expansion allowance material is
cxpected to be compressible and placed on the cold face side
{Fig. 11-1) of the working lining.

It is recommended the user thoroughly review Section
1V—1 before using expansion allowance in the lining design.

Supplementary to Table II-1, the recommended amount
[ radial expansion allowance for the wall working lining

WORKING BACK-uUP SIDEWALL

il . g

/ LINING LINING

Radial expansion

Allowance material
thickness=T,

Fig. 1I-1 — Expansion Allowance Material for Radial
Growth of Wall Working Lining

can be calculated using Eq II-3a and 11-3b. In no case shall
the calculated expansion allowance exceed the amount
dcfined in Table 11-1.

For 709 alumina or resin-bonded dolomitic brick work-
ing lining:

For direct-bonded mag-chrome working lining:

Zp = 0.006 Ryp (Eq 11-3b)
Where:
Ryr = Hot {ace radius of wall working lining, in.
Zp = Amountofradial expansion allowance on the

cold face side of the wall working lining, in.

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

Type of Working Lining

Recommended Amount of Radial Expansiont Allowance, Zg, in.
p

Size of Ladle, tons

t o Amount of compressibility of the expansion allowance material

50 100 200 > 300
T A
70% Alumina 0 0 % Ve
Resin-Bonded Dolomitic 0 A4 Lk Ly
Direct-Bonded Mag-Chrome Vs 4 3% LA

The compressihibity of the moniar i has been taken tato conswderation,




I slug zones tor other complete circumferential types ol

coning) are used. the amount of radial expansion allowance
is calculated using the appiicable equaticn for the refractory
used in the slag zone. For zones which vccupy a partiad
circumferential distance, the radial expansion atlowance is
calculated using the summed portions of the refractory
materials of the working lining. .

[f ramp preheat (100 to 200°F per hour) is used for a cold
tadle with a 70% alumina working lining, ¢xpansion al-
lowance is not required. In the 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 the preheating rate.

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

Circuliar ladle sidewall stress (circumferential stress) with
expansion allowance shall be determined by Egs 1I-3c¢,
{I-1b and [I-1c. Obround or oval ladle sidewall stress with
expansion allowance shall be determined by Egs Il-3c,
[I-1b and [I-1c and using the modification defined in Eqs
[I-2a and I1-2b.

6 = CLNI Aew( Rw! - G.x Aef RS(&VE) - ZR (Eq H“:}C)

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. I-2. The amount of axial
thermal growth in the wall working lining 1s calculated as
follows:

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

Zr’\ = 00033 L70,D

For direct-bonded mag-chrome working lining:

(Eq l1-4a)

Zy = 0.0069 Ly {Eq I1-4b)
Where:
Lsgp = Axiallength of 70% alumina or resin-bonded
dolomitic wall working lining, in.
Ly = Axial length of direct-bonded mag-chrome
wall working lining, in.
Zy = 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% alumina 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-

fowance 1s caleulated using e predomnant rolicno
make-up ol the watl workinyg iy, 7

Compressibic refractory materialy are recommended 1o
the axaal expansion of the wali hing, These materids are
used under the lip ring, as shown schematicadly 1n B, 1122,
Typically, 210 3 in. (Tgy) of this type material is required
to provide the appropriate amount of expansion allowance
{Z,). These matenals are recommended providing e
manufacturer can supply daia on the percent of compres-
sibility of the material when subjected 10 loads of 200 (o K1)
pst.

[[-2.5 Compressible Expansion Allowance Materials.

Compressible refractory materials are recommended for the
expansion allowance material. These materials nclude

Axial expansion
allowance material
thickness=Tgy

WORKING

Py .

SIDEWALL

BACK-UP /

LINING // N LINING 7 /t

Fig. I1-2 — Expansion Aliowance for Axial Growth of
Wall Working Lining
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Ladle lining expansion
load approx. 300 to 800 psi

60+ \

5Cr

% Compressed=100-1.5x9g
\¢* (approx.)

o
<
T

AN

Density (4g) Ibs/cu ft
W
S

»
o

10}
70 20 30 40 50 60 70 80 90 100
Percent compressed

Fig. 11-3 — Caompressibility 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
described in Fig. lI-3. The percent of board and blanket type
matertal compressibility is calculated as:

Py = 100 - 1.5 g (Eq 11-5)

Wherc:

Pp = Percent of compressibility of expansion al-
lowance material

2 = Density of expansion allowance material.

/et
The expansion allowance material thickness is calculated

as:
z (Eq 11-6)
T, = =& x 100
Pg
Where:
Ty = Thickness of expansion allowance material

behind working lining, in.

The manufacturer’s lemperature 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 tlting and resulting lining shift must be avoided. For
an initial time period, vertical (upright position) ladle
preheating is recommended in order o stabilize the lining.
Table 1I-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-
tal 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.

1f 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 tlting. o

Table 1I-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 Preheatt Ramp Preheat

(100 to 200°F/hr)

1A Ya 3
V4 Y4 6
14 1 8

t Standard preheat increases the working lining hot face temperature 1o
approximately 1500°10 2000°F within the first hour of preheal.

18 © Al
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PART [1I: LADLE INSPECTION, REPAIR, ALTERATION
AND MAINTENANCE

111-1 LADLE INSPECTION.

[1I-1.1 General. At a minimum, inspection of ansactive
ladle ts recommended once per year. Practices may dictate
more {requent inspection. [nspection procedures similar o
those described n Section [-13.5.1 and [-15.5.2 may be
used.

[11-1.2 Ladle Details for Inspection. -Described in Fig.
[II-1 are dewaids of the swuctural components recommended
for tuspection on active ladles. The components may not be
representative of afl ladles but are intended to provide
guidance in wdenufying the more critical regions {or inspec-
ton.

Detail I — The regions surrounding the circumferential
welds of the stiffener pands. These regions inciude 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 2\/‘7%:7 from each
side of the stiffener bands.

Detail 1V — 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 ¥ — The full penetration butt welds of the stiffener
bands, especially in the region of the bands at the cross axis
(section 90 degrees to trunnton 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. [1I-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 should be 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 1o be
recalculated using actual measured dimensions. The criteria
set forth in Sections [-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 [-5.4.7 covers stresses in
used components other than trunnion pins and Section I-
5.5.4 covers stresses in used tunnion pins.

IF dimensional requirements of the ladle structural com-
ponents are not satistied, the fadle user shall have the struc-
tural integrity of the ladle evaluated by a ladle manufacturer
or qualified agent.

[n addition to inspection for dimensional changes, ladle
compenents should be inspected {or cracks and other types
of structural detcrioration. In the case of hent or severely
distorted structural componcnts, the component shall he
replaced.

The recommended areas for inspection do not rule vut the
need for wnspecting other structural details which may he
unique to the users ladle design.

Ladle repair of the various structural components shall he
made according to the details described ta Section 1{—4.

Detail |

Betail Detail 1t
e SHELL
Detail iV
TOPOR
: BOTTOM BAND
LADLE Detail vV
BOTTOM
N
i
Detail Vi

Detail Vii

Fig. 1II-1 — Recommended Ladle Details for
inspection

111-2 LADLES WITH RIVETED LAP JOINTS.

The strength of riveted lap joints shall be evaluated in
existing ladles that are used in continuous caster or clean
steei environments in combination with high sueng
refractory working linings. The existing riveted lap joint
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shatl have stength greater than 70% of a riveted joint
design, as defined in Section 1-13. The strength of the
cxisting riveled connection shall be bascd on actual
mcasured dimensions and the allowable stresses of the ladle
components. If the strength of the riveted connection does
not satisfy the 70% strength criteria, due to loss of material
from corrosion and wear, or due 10 insufficient strength in
the connection design, then the exisung riveted connection
shall be replaced by either a revised riveted connection
destgn or a full penetration weld connecticn satisfying the
requirements in Part [ of these specifications,

111-3 LADLE REPAIR AND ALTERATION
PROCEDURES.

111-3.1 General. During ladle life, repair and alteration
by the user may be required (0 maintain serviceable condi-
ttons and to maintain the structural integrity of the ladle. It
is tnportant to distinguish between a ladle repair and a ladle
alteration.

A rcpair constitutes a rework of the ladle in order 10
maintain the structural integrity of the various ladle com-
ponents. A repair is defined as a rework of the ladle without
deviation from the original ladle design.

An alteration can be either a form of rework in which a
siructural 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 (o
continuous casting.

111-3.2 Procedure for Ladle Repair. A ladle repair may
he made in the ficld by the ladle user or his agent. To make
a satisfactory repair the 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
comiment.,

(3) 1{ the ladiec manufacturer or qualified agent agrees
the uscr has adopted an appropriate repair procedure,
then e user can proceed with the proposed repair.

{4) An inspection of the complete repair shall be made
by the user or a qualificd agent selected by the user. If
the repair was made by a party sclected by the user, the
complete repair inspection results shall be made avail-
able to the repaitr party.

11-3.3 Procedure for Ladle Alteration. A ladic alicra-
1o may be madce in the ficld by the ladle user or his agent,
fomake aladle alteration the following procedure is recom-
nended:

t1y The ladlc user shall preparc an outline of the
proposcd alteration,

<O
©

(2} The ladle manufacturer or gualified agent shall
perform a structural analysis of e alteration consisicnt
with the requirements of these specificatons, Complete
structural details and requirements shall be deterined
by the anaiysis and made availabie (o the user.

(3) Following the analysis, the ladle manuflacturer or

qualificd agent shall prepare a proposal which includes

details of the alteration and follow tic procedures

recommended f{or ladle repair.

in the case where the alteration is a change in the operating
condition and not a structural alteration, the ladle uscr shall
review the change in the operating conditions with a ladle
manufacturer or qualified agent o determine the impact of
the operating conditions on the structural integrity of the
ladle. If necessary the recommended alteration procedure
shall be followed.

II-4 REPAIR AND MAINTENANCE DETAILS OF
STRUCTURAL COMPONENTS.

111-4.1 General. The ladle shall be maintained such that
the structural components can function as intended in the
original design. The refractory linings shall be maintained
such that the design tcmperatures {or the ladle are not
exceeded during typical ladle operations,

Hardships and difficulties in making {icld repairs may
require alternate methods, techniques and procedures (rom
those normally used in ideal fabrication shop environments.

Routine ladle inspections should be made as recom-
mended in Section [1I-1. Ladle repairs shall be made ac-
cording to the procedure defined in Section 111-3.
Nondestructive testing and inspection of the repair is recom-
mended. Ladle repairs shall be made according to the fol-
lowing details.

11{-4.2 Sidewall or Bottom Patch. The sidewall or bot-
tom patch shall be made to replace severely distorted or
buckled sections of the sidewall or bottom plate, as well as
any portion of the sidewall or bottom plate in which the
thickness is less than 70% of the original design thickness.

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

The patch plate material shall have a material specifica-
tion number and gradc equal to the original plate material.

Temporary or penmnanent patching through the use of
overiapping patch plates attached with filler welds is not
recommended.
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[{1-4.3 Closure of Vent Holes. The closure of cxsung
vent holes is necessary where ladles will he cxpused 10
vacuum in metallurgical stations.

Vent holes are typically ¥4 in. diameter on 9 in. centers.
[n order to provide adequate fill welds, the holes shall be
enlarged to a minimum diameter equal to the plate thickness
plus V4 in.

~.

[i1-4.4 Repair of Welds, The repair of welds (s 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 criticality of the weld, the thickness
of matenal being welded, and other factors of the repair.

[11-4.5 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 paralle! o the
crack tp. '

The hole drilling technique is a temporary repair used only
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.

[{I-5 ALTERATIONS TO LADLES.

[I-5.1 General. Existing ladles may need (o be altered o
accommodate changed operating requirements. Aleratons
require the evaluation of the structural integrity of the ladic
and shall be made according to the procedure deflincd in
Secuon [11-3. Nondestructive testing and inspection of the
alteration 1s recommended. The following details are
defined for each alteration.

{{I-5.2 Additionai Freeboard. Additional frechoard re-
quires the vertical extension of the sidewall, either above
the upper stiffener band or below the bottom stiffener band.
The freeboard plate shall have a material specification equal
to the cxisung 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.

[11-5.3 Slide Gates. ¢ addition of slide gates to the
ladle bottom typtcally involves modification of the ladle
bottom. For the ribbed ladle bottom, ribs may be relocated
requiring a complete evaluation of the suength of the
modified ribs. For reinforcement of the opening in the ladie
bottom, see Section 3.4,

I11-5.4 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 shamp
corners are not recommended.

The major axis of etliptical or obround openings shall not
exceed 1V, tmes the minor axis of the opening.

For reinforcement provided around the opening, see Sec-
tion [-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 10
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 auy portion of the composite shell can resuit
ina ‘break-out’ of the molten metal. The {ollowing recom-
mendations are made to assist in the reduction of ladle
flexing and, therefore, reduction of probability of premature
fatlure of the composite shell structure.

(1) 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 molten metal on a ladle stand will minimize
ladle flexing and resulting mechanical deteriorauon of
the wall refractory lining.

(3) Check stiffness of existing ladles. Upgrade, if
necessary, the size of the upper and lower stiffener
bands (o 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
cxpansion 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
brecakout.

(5) Apply proper design practce 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 eliminatng the use of expansion allowance
material. This results in a higher thermal restraint um-
posed on the refractory lining by the sidewall plate and
additional mechanical scal to resist molten metal
hreakout.

This lining design practice should be considered tem-
porary untl the ladle stiffness is upgraded to the re-
quirements in (Section [-10 and Section I-11) of this
~ 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 {I-2 of
this specification.
(6) Maintain a hot iadle lining. Maintenance of work-
ing lining hot face temperature is recommended
through the use of iadie heaters and ladle lids.

-5 defined in recommenaations (4) and (3), the mechanical

sal at the working linin: ot face resists the moiten metal
irom penetrating the wali lining. If the hot face is allowed
1 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 moliten metal) is considered to be an
infrequent occurrence and (o 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 (o
practice, the 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 {ree 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 ladies due to the
unconstrained nature of the pouring stream.
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SYMBOLS — Part |

Effective area of bottom band, ’m.z
(Egs 1-38a, [-38b)

- 2
Cross-sectional area of support leg, 1n.
(Egs [-54a, [-34¢)

Minimum net effective cross-sectional area in
sidewall plate and buttstrap piate shall be
equal to the plate thickness umes the mini-
mum net width, in.* (Eq [-32)

Area of driven rivet, in.?

(Egs I-18b, [-3 1)

Effective area of top band, sq in.
(Egs [-37a, [-37b)

Cross-section of ladle sidewal?l measured ad-
jacent to the bottom plate, in.” (Eq [-51)

Distance between lifting hook cemeri‘mgs, in,
(Figs. I-6, [-7, Eq [-32a); also area, in.”
(Example Al and A2)

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

Width of thicker poruon of suffener band, in.
(Fig. I-11)

Width of thinner portion of stiffener band, in.
(Fig. I-11)

Effective width of the thicker portion of
sidewall acting with stiffener band, in.
{Eqs [-28; [-29)

Effective width of the thinner portion of
sidewall acting with stiffener band, in.

(Egs. 1-28, [-30)

Sidewall effective width acting with band, in.
(Egs 127, 1-28)

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

A constant (Eqs [-31, [-32a, [-32b)
Deflection coefficient (Table I-§, Eq [-41)
Constant to modify minimum plate thickness
reflecting the type of joint connecting the bot-

tom plate to the sidewall plate
(Eqs 1-40a, 1-40b)

Horizontal distance from vertical centerline
through trunoion pin to the section of inter-
est, in. (Fig. [-10, Eq [-33)

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

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

@)

wr{min)
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Beanng Jiameter of trunnion pn, 1n.
(Fig. [-3a, Eq I-t7)

An equivalent diameter for oval ladle botiom
plate, in. (Eq {~20)

Diameter of trunnton pin, in. (Figs, -5,
[-5h)

Extension of tink pin beyond pin hole, in.
(Fig. [-18)

Outer diameter of eyebar, in. (Fig. [-17)

Depth of rib at midspan cross-section (mint-
mum depth for dished circular bottom plate
with ribs), in. (Egs [-24a, [-25a)

Maximum diameter of bottom plate, uval
fadle, in. (Figs. [-6, [-7, Eqs [-20, [-23a)

Minimum diameter of bottom plate, oval
ladle, in. (Figs. [-6, [-7, Eqs [-20, [-23a)

Pin hole diameter in plate link or eyebar, in.
(Figs. =17, [-1®)

Pin diameter, in. (Figs. [-17, [-18)

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

= [nside 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 [-])

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 ncw 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 I-1).

Reinforcing plate diameter in circular ladle,
in. (Fig. [-6)

Maximum diameter of reinforcing bottom
plate for oval ladle, in. (Fig. I-6)

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

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

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

Modulus of elasucity, kst (Eq [—=41)
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Distance [rom the centertine of the fadie hook
(positioned for hifting as far from the body of
the ladle as permitted by the gcomeuy of the
trunnion pin) to the centerline of trunnion
block on trunnion axis, in. (Figs. I-3a, 1-3b,
Eqs I-17,1-17a, I-17¢)

Offset distance between centerline of
sidewall plate and centerline of bottom plate,
in. (Fig. I-1a)

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. [-9b, Eq [-25b) i

Distance of sidewall plate full penetration
weld from edge of stiffener band, in.

(Eq 1-39)

Force in bottom band, kips (Egs 1-32b, [-35,
1-38a, [-38b, I-44)

Maximum hock load on tilt mechanism
during slag dumping, kips

{Fig. I-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
(Fig. 1-9b)

Maximum hook load on tilt mechanism
during deslagging, kips (Fig. I-15, Eq I-46)

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

Vertcal load on support leg equal to one-half{
the total design service load of ladle, kips
(Figs. 1-20, I-21, Eqgs 1--54a 1-54b, I-54c,
1-55b, 1-55¢, 1-55d)

Fabrication derating factor (Tables 1-3, 1—4',
1-5, I-6, Egs 1-2, 1-3, 1-9a, I-9b, 110,
1-12, 1-13)

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

Temperature derating factor (Tables 1-1, -2,
and Egs 1-2, 1-3, 1-9a, 1-9b, 1-10, 1-12, [-13)

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

Actwal normal stress, kst (Egs 1-8, 1-24a,
1-24¢, [-25a, I-25¢, 1-26a, [-26¢, 1483,
—&d)
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Avcrage bearing stress between the trunnion
pin and runnion block, ksi (Egs [-17, [-17¢

Actual bending stress, ksi (Egs 1-8, 1-17a,
[-24b, [-24¢, [-25b, [-25¢, [-26b, [-26c,
{48b, [<43d)

Stress in the inside surface of band, ksi
(Egs I-36b, I-37b, [-38b)

Stress in the outside surface of band, ksi
(Egs 1-36a, [-374a, I-38a)

Actual shear stress, ksi (Eqs [-48¢, I—48d)

Load centroid distance ratio (Fig. [-12,
Eq [-32a)

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

The greater of gy or g5 (Eq 1-173)

The distance from the centerline of the trun-
nion pin to the ceaterline of the top band, in.
(Figs. I-10b, 1-10d)

The distance {rom the centeriine of the trun-
nion pin to the centerline of the bottom band,
in. (Figs. I-10b, I-10d)

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

Vertical heigbt of the ladle, in. (Figs. [-6.
1-7, Egs 1-18a, I-18¢, [-19, 1-22a, 1-22b,
[-23a, [-23b, 1-24a, [-24b, [-23a, [-25b,
1-26a, I-26b, [-40a)

Artficial ladle height, in. (Section [-5.1)

Vertical distance between bottom stifiener
band centerline and juncture of ladle bottom
and sidewall, in. (Figs. I-6, [-7, Egs [-31,.
1-32a, 1-42, 1-43)

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

= Vertical distance between trunnion axis and

juncture of ladle bottom and sidewall, in.
(Figs. 1-6, 1-7, Egs 1-42, 1-43)

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

Moment of inertia of effective bottom band at
runnion axis, '1n.4 (Eq 1-42)

Moment of inertia of effective bottom band at
the cross axis, in.” (Eqs 1-31, 1-43)

= Moment of inertia of effective top band, in.*

Moment of inertia of effective top band at
trunnion axis, in.* (Eq 1-42)



Moment of inertia of effective top hund at the
. o4 :
cross axis, in. (Eqgs =31, =43)

Moment of inertia of the effective band at

trunnion axis (for deflection index calcula-
. 4 .

tion), in.” (Table 4, Fig. {-13, Eg [42)

= Moment of inertia of the effective hand at
cross axis (for deflection index calculation),
in.” (Table [—4, Fig. =13, Egs [—41, [-43)

Distance from the trunnion axis along the lon-
zitudinal axis of the ladle (vertical when un-
tiited) to the point of intersection with the
verucal line through the ceater of gravity of
the tlted ladle and its contents, {t (Fig. [—4)
Minimum distance between the trunnion axis
and center of gravity of the full untlted ladle
such as to provide static and dynanic
stability in all posttions, ft (Fig. -4, Eg [-1)

Inner distance of two inner vertical ribs, in.
{(Fig. [-5b, Eq [-17¢)

The maximum span of stiffener ribs in bottom
piate, in. (Egs [-21, [-25b)

Maximum support leg lengih necessary o pro-
vide appropriate clearance under ladle, in.
(Figs. [-20, [-21, Egs [-54b, [-34c¢,

[-55¢, [-55d)

Required support leg length to transition

around the knuckle region of the bottom
plate, in. (Fig. [-20)

Length of support leg actually connected to
sidewall plate, in. (Figs. [-20, I-21, Eq [-55a)
Component leg length required for vertical
force Fy, in. (Fig. I-21, Eqs I-55a, [-55b)
Component leg length required for horizontal

force in the plane of support leg and sidewall
plate, in. (Fig. I-21, Eqs I-55a, [-35¢)

Component leg length required for horizontal
force normal to sidewall plate, in.

(Fig. I-21, Eqs I-55a, I-55d)

One half the distance between radius points
of end segments in an oval ladle, in.

(Table 14, Figs. 1-6, I-7, I-10a, 1-12,

Eq [-33)

Moment in bottom band at cross axis, kip-in.
(Egs [-33, 1-38a, I-38b)

Morment in top band at trunaton axis, kip-in.
(Egs [-33, I-36a, [-36b)

Moment in top band at cross axis, kip-in.
(Egs =34, 1-373, 1-37b)

Distance from inside shell surface to outside
of verucal ribs, in. (Fig. [-5b, Eq [-17¢)

q
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R Stmin)
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Number vl rivets b op row ol anmius o
tEg 1=18h)
MNumber of required rivets on one side of he

cunnection (Eyg (=31)

Effective radial foree applied at trunnion pin,
Kips (Fig. [-13, Egs [41, [

Density of molien metal, klps/h3 (Egs -1,
[=18a, [-13¢, [-19, [-22a, [-22h, (=234,
[-23b, {-240, [=24b, [~25a, [=23D, =260,
[-26h, [404)

Dish radius in dished bottom, in. (Fig. [-7,
Egs =224, [-22b, [-234, [=23b, =244,
[-25a, [-25b, 1-26a)

Radius to top row of rivets of annulus arca
(Egs [-18b, [~18¢)

Radtus to bottom row of rivets ol annulus
area (Eq [~18b)

Minimum effective band radius Ry or Ry of
whichever band is analyzed (Fig. [-10a)

Minimum effective radius of bottom band, in.
(Fig. [-10a, Eqs [-31, [-35, [43)

Average minimum effective radius of top and
bottom band, in. (Table -4, Fig. [-13,
Egs I-41, [-45)

Minumum effective radius of top band, in.
(Fig. I-10a, Eqs [-31, [-33, [-34, {45
Minimum radius to middle plane of sidewall
at a band, in. (Egs [-27, [-29, [-30, [-39)

One-half of the minimum mid-height distance
between middle planes of opposite sidewalls,
in. (Figs. 1-12, I-13, Eq [-32a)

Maximum radius to middle plane of sidewall
at bottom section in. (Figs. [-6, [-7, 1-12)
Minimum radius to middle plane of sidewall
at bottom section, in. (Figs. -6, I-7, 1-12,
Eqgs [-22a, I-23a)

Transition radius in eyebar, in. (Fig. [-17)
Fillet radius, in. (Fig. [-5a)

Mid-thickness radius of support leg wall, in.
(Fig. [-21, Eq [-35¢)

The greater section modulus of the T beaumn
section of stiffener ribs in the bottom plate,
in.> (Eq 1-21)

The section modulus (maximum and mini-
mum) of the midspan cross-section of the

T beam, in.’ (Eq [-25b)

Section modulus of the combined shell and
trunnion block at the point of interest such as
Point C in Fig. 1-10d, in.” (Fig. [-10d,

Eqs [~17a, I-17D)
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Scction moduius of the combined shell and
ribs (shown as shaded area in Fig. I-5b) in.
{Fig. 1-5b, Eg 1-17¢)

Section modulus for the inside surface of the
bottom band, in.” (Eq [-38b)

Section modulusqfor the outside surface of the
bottom band, in.” (Eq 1-38a)

Section modulus of support leg, in.>
(Egs [-54b, [-54¢)

Longitudinal spacing (pitch) of any two suc-
cessive holes, in. (Fig. 1-19, Section 1-13.3)

Section modulus for the inside surfac;: of the
top band, in.’ (Eqs [-36b, 1-37b)

Section modulus for the outside surface of the
top band, in.> (Egs. [-36a, 1-37a)

Safety factor against ultimate strength
(Egs -2, I-12)

Safety factor against yielding (Eqs 1-3, [-13)

Thickness of nozzle opening reinforcing
plate, in. (Fig. 1-2a,)

Thickness of nozzle opening reinforcing
plate, in. (Fig. I-2b)

Thickness of bottom plate, in. (Figs. [-1a,
I-2a, I-2b, I-6, 1-7, I-8, Egs I-18a, I-18c,
1-19, 1-21, 1-22a, 1-22b, 1-23a, 1-23b,
[-24a, 1-24b, 1-26a, I-26b)

Effective plate thickness of the dished cir-
cular bottom plate in the direction of the ribs,
in. (Egs 1-24a, 1-25a, 1-26a)

Thickness of rib, in. (Eqgs 1-24a, 1-253a)

Thickness of support leg wall, in.
(Figs. 1-20, I-21, Eqs 1-55b, I-55¢, I-55d)

Thickness of bottom reinforcing plate, in.
{Fig. 1-6, Egs 1-13¢, 1-19)

Thickness of sidewall plate, in. (Figs. I-1a,
1-5b, 1-6, 1-7, Table 1-3, Egs I-17¢, 1-27,
1-39, 1-40¢)

Larger effective thickness of sidewall in.
(Eq 1-29)

Smaller effective thickness of sidewall, in.
(Eqgs 1-29, 1-30)

Thickness of plate link or eyebar, in.
(Figs. [-17, 1-18)

Minimum supplementary sidecwall thickncss,
in. (Egs 1-40a, [-40b)

Effective thickness of ribbed block as calcu-
lated by Eg 1-17¢, in. (Fig. [-5bh, Eg I-170)

&
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Combined thickness of trunnion block and
sidewall, in. (Fig. I-5a, Egs [-17, I-17b)

Total weight of a brimful ladle including mol-
ten mewl, 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 Iid if applicable, kips (Eq I-1)

Total weight of ladle (design weight of mol-
ten metal, slag, ladle steeiwork, refractory
lining and ladle lid), kips (Egs [-17, 1-174,
I-17¢, I-32a, I40b, [-40c¢, [-52)

Molten metal design weight, kips (Fig. [~15,
Eq 1-46)

The structural weight of the ladle steelwork
and full lining, kips (Figs. [-15, [-16,
Egs 46, 1-47)

Width of bar portion of plate link or evebar,
in. (Figs. [-17, [-1&)

Skull load attached to ladle bottom equal to
10% of the molten metal design weight, kips
(Fig. I-16, Eq I47)

Net width of trunnion block at the point of
interest, in. (Fig. [-10, Eq I-17b)

Moment arm for W, load, in. (Fig. [~15,
Eqs 146, 1-47)

Moment arm for Wy load, in. (Fig. I-15,
Eq 1-46)

Moment arm for F load, in. (Fig. I-15,
Eqs 1-46, I-47)

Moment arm for Ws load, 1n. (Eq 1-47)

Offset distance between sidewall plate and
bottom plate, in. (Fig. I-1)

Transition length between thicker and thinner
portions of stiffener band, in. (Fig. [-11)

Transition length for offset y between
sidewall plate and bottom plate, in. (Fig. I-1)

Angle at which cffective band moment of in-
ertia changes from /; to /,, degrees
(Fig. 1-13)

Deflection index for combined top and
botom stiffener bands (Eq [-41)

Allowable normal stress, ksi (Table 1-3,
Eqs. 14, I-5a, I-6, 1-7, [-8, I-11, 1-18a,
19, 1-22a, 1-22b, 1-23a, I-23b, [-244,
24c¢, 1-25a, 1-25¢, [-26a, 1-26¢, 1404,
—40b, [-48a, [-48d, [-49,1-50, [-5], [-32,
—-33, 1-54a, 1-54¢)
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Allowable normal tension stress on the ¢ifec-
tive net area of the pin-connection member,
kst, (Eg [—=9)

Average normal tensile stress in the minimum
net effective area of the dvet connection
piate, ksi (Eq 1-52)

Allowable normal stress based on minimum
ultimate strength, ksi (Eq [-2)

Allowable normal stress based on minimum
vield suength, kst (Eq [-3)

Allowable bending stress, ksi (Table [-6,
Egs [, [-Sa, I-5b, 1-8, =14, [-15, [-16a,
[-24b, [-24c¢, [-25b, [-23c, [-26b, [-26¢,
1—48b, -48d, [-34b, [-34¢)

Allowable bending stress in compression, ksi
(Eq -7

Allowable bearing stress imposed by the
rivets on the sidewall plate, ksi (Eq I-33)

Allowable average bearing stress, ksi
(Egs [-5b, [-16a, [-50)

Allowable bending stress in tension; kst

(Eq 1-6)

Allowable bending suress based on minimum
uitimate strength, ksi (Eq -12)

Allowable bending stress based on minimum
yield strength, ksi (Eq I-13)

Allowable total suress, ksi (Table [-4)

SYMBOLS — Part I

Modulus of elasticity of ladle sidewall plate,
ksi (Eq II-1b)

i

Allowable ol siress hased on
tinate suength, ks (Eg -9

o gl

Allowable total stress based on minumnum
yield strength, kst (Eq [=9b)

Allowable total stress when the working
lining expansion forces are included, ksi
(Table 1-3, Eq I~10)

Allowable bending stress in trunnicn pin with
protective bushings, ksi (Eg [-14)

Allowable shear stress, (excluding welds and
rivets), ksi (Egs [=11, =13, [-16b, {—¥c,
[8d, [-55b, 1-55¢, I-55d)

Minimum ultimate strength at rocm tempera-
ture, ksi (Eqs 1-2, [-9a, [-12)

Average normal stress in sidewall, ksi
(Eq [400)

Minimum yield suength at room temperature,
ksi (Egs [-3, [-9b, [-10, [-13, [-16b)

(R
-1 | Zslmin \(Eqs 1-22a, [-23a)
e

Maximum unit shear stress in plate, ksi
(Eqs I-18b, [-18c)

Shear stress in rivet, ksi (Eq [-18b)

sin

Allowable shear stress for rivet, ksi, defined
in Section [-5.6 (Eq [-31)

mal expansion between the working lining
and the sidewall, ksi (Eqgs [I-1b, II-1¢)

Density of expansion allowance material,
Ib/fc° (Fig. 1-3, Eq 11-5)

Hot face radius of wall working lining, in.
(Fig. lI-1, Eqs [I-3a, [I-3b)

Maximum average radius of sidewall plate of
oval or obround ladle, in. (Eq II-2a)

Minimum average radius of sidewall plate of
oval or obround ladle, in. (Eq [1-2a)

= Average radius of sidewall plate, in.

Average modulus of elasticity of wall work- ds
ing lining refractory, ksi (Eq II-1b)
Circumferental stress in ladle sidewall plate Rur
resulting from thermal expansion of the wall
working lining refractory, ksi (Eq {I-1¢) R max(ave) =
Axial length of 70% alumina or resin-bonded R B
dolomitic wall working lining, in. (Eq [I-4a) minfave) ~
Axial length of direct-bonded mag-chrome R
wall working lining, in. (Eq [1-4b) s(ave)
Percent of compressibility of expansion al- R’ s(ave)
lowance material (Eqs [I-3, 11-6) '
Effective radial pressure applied (o the ladle R,
sidewail! plate caused by the differential ther-
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(Egs 1I-1a, {I-1b, I1~1¢)

Effective average radius of sidewall plate of
obround or oval ladle, in. (Eq [I-2a)

Mid-thickness radius of wal! working lining,
in. (Egs I-1a, 1I-1b)
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Eifccuve mid-thickness radius of wall work-
ing lining, ol obround or oval ladle, .
(Eq [I-2b)

Maximum average mid-thickness radius of
working lining of oval or obround ladle, in.
(Eg [1-2b)

Minimum average mid-thickness radius of
working lining of oval or obround ladle, in.

(Eq 11-2b)

Thickness of expansion allowance material
behind working lining, in.
(Fig. 1I-1, Eq 11-6)

Thickness of expansion allowance material
beneath lip ring, in. (Fig. 11-2)

Thickness of ladle sidewall plate, in.

(Egs 1i-1b, lI-1¢c)

Thickness of wall working lining refractory,
in. (Eq lI-1b)

wi

A

Aewl

i}

Amount of axial expansion alfowance {or
wall lining, in. (Egs ll4ag, {1-4b)

Amount of radial expansion allowance on
the coid lace side of the wall working lining,
in. (Table II-1, Eqs iI-3a, 11-3b,

11-6)

Linear coefficient of thermal expansion of
the ladle sidewall plate, in./in. °F (Eq lI~1a)

Linear coefficient of thermal expansion of
the wall working lining, in./in. °F (Eq lI-1a)
Increase in ladle sidewall plate temperaturc
{rom ambient temperature, °F (Eg [I-1a)

Increase in wall working lining mid-thick-
ness temperature {rom ambient temperature,
°F (Eq [I-1a)

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

(Egs. II-1a, II-1b)



COMMENTARY

The lfollowing commentary on AISE Techoical Report No b,
Specifications for Design and Use of Ladles, is referencet
to the various secuons of the report. The comments hercin
are not part of the specifications but are added as sup-
plementary information to expand upon certain secuons.
Numerals in parentheses refer to the section number in the
text. The formulae presented in Part I1 are the best available
at the ume of publication. Revisions will be issued as
additonal information becomes available.

General {I-1.1). Part [ of these specifications is primarily
concerned with ladle design and has been updated to refiect
the impact of the new operating environments' resuiting
from clean steel and continuous caster practices. Stiffer,
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 aresult of this concern and the central role the
ladle plays in iron and steelmaking, Part | has been updated
in the areas of design detail, connection requirements, al-
lowable stresses and various other related structural items.

Specific Assumptions (I-1.3). Ladles designed to these
specifications should be repaired, reinforced or retired
whenever necessary for continued conformity to this report.

Materials (I~3). Materials specified for the construction of
ladles have been updated for various temperature ranges,
including operating temperatures exceeding 650°F,

Ladle Bottoms (I-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. Stiffer working linings
and sustained processing temperatures, typically used with
clean steel and continuous caster practices, are some of the
primary couatributing factors to the high stress conditions.
For these high siress 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 bigher 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 (I-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 nogzle openings are prosided, (e hoom rhue
mnmediately surrounding tic opening shooid be remiloread
by w doubler plate or cyuivalent metal replacement, An

YR PE

adapter plate can he considered for remturcement pros ided
itis attached properly, is of sufficicnt secuon to replace the
metal removed, and the method of such calcelations con-
forms with the procedures defined in Section [—4 4.

Since the bottom plate segments near the trunnion axis
plane are stressed higher than those 90 degrees away from
the trunnion axis, it s 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 {rom
the use of stronger working linings, 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 plate.

Lap Riveted Connections (I-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 riveted connection
strength equivalent (o the plate strength, the working lining
expansion displacements are equally disuibuted throughout
the riveted connection and plate.

The distances between rivet holes and the edge distance
are defined by structural codes (such ag AISC Specification)
which typically do not consider temperatures that are 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 ({-4.6). The requirements for
preheat and interpass temperatures, as well as stress reliev-
ing, have been specified to comply with the ASME Code,
Section VIII, Division 1.

Vent Holes {I-4.10). Ventor 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 metl
processing, then vent holes may not be regnired. However,
without vent holes longer curing time isrequired for anewly
relined ladle.

Design Assumptions and Allowable Stresses (I~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 ladle beyond the typical weight considerations of ladle
shell, refractory and hot metal. The user of the ladle is
required to define all load environmens o the [adl

5
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manufacturer such that the ladle will he designed for the
complele operating conditions.

The allowable otal suress which includes weight stresses,
thermal stresses, other secondary stresses and discontinuity
stresses 15 reduced 1f the thermal expansion stresses inciude
the wall working lining expansion stresses (described by Eq
[-10). However, the ladle user 13 responsible for the lining
design, the preheating rate and other factors relating to ladle
shell stresses that result from the expansion of the working
lining. Thercfore, Eq [-10 is provided for the convenience
of the ladle user 1n designing the refractory lining.

Eq 1-9a and Eq [-9b are used only if the thermal siresses
i the ladle structure are not a result of the wall working
limng thermal cxpansion, where the allowable total stress
can cxcced the yield suress of the ladle struclural material.
However, with the higher allowable total stress, shakedown
will occur within the [irst few loadings and plastic distortion
will not continue in subscquent loadings. If the working
lining is allowed to develop significant thermal stress in the
ladle sidewall plate, beyond the allowable specified stress
of Eq1-10, then shakedown will not occur. That is, each new
working lining will continue 0 yield the sidewall plate
resylting in a continued plastic distortion of the ladle
sidewall plate. The allowable total stress defined by Eq I-10
will not allow continued distortion with each new load
condition and each new relining.

Ladle Volume and Metal Density (I-5.2). Typical den-
sities of molien metal shown in Fig. -3 have been expanded
o cover a broader range of carbon contentand temperatures.
The design equations include an actual density term, g. The
actual density should be specified on the OIS by the pur-
chaser.

Location of the Trunnion Axis (I-5.3). The equation,
based on various analytical derivations, for locating the
centerline of the trunnions specifies the minimum vertical
distance for the wunnion axis to be located above the center
of gravily of the ladle, including the refractory lining and
sontents, to prevent instability when the ladle is slightly
ipped. This 1s a minimal recommendation and wherever
yracticable it 1s desirable to use a greater distance than that
pecificd. The factor of safety (or ratio of restoring moment
livided by overturning moment) depends on the refractory
intng thickaess, and ts approximately equal to the fourth
ower of the ratio of the minimum diameter of the unlined
wle at the top divided by the minimum diameter of the
wmer sur{ace of the ladle lining at the top.

llowable Stresses in Ladle Components (1-5.4). The
ccessity for establishing the allowable stress bascd on both
e vield strength and ultimate tensile strength arises from
¢ fact that the yicld strength of some matertals, particular-

the high strength steels. is closer to the ultimate suength
an for others. Except for trunnion pins, the safery factors
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recommended in this report are based on the ultimate/vield
strength ratio of 1.667. For materials with this ratio (such as
A 26, A387 Class 1 Gr 2and 12, A387 Class 2 Gr 1], 21
and 22) the allowable stresses against both yield and ul-
umate strengths are identical. For a material whose ul-
umate/yield ratio exceeds 1.667 (suchas A285GrC, A 513,
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 i1s an
attemnpt to quantify the effect of various fabrication methods
and operating lemperature 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 avatlable on the effect of temperature on yield
strength and ultimate strength. The temperature derating
factor (unity atroom temperature) is approximately the ratio
of the yield or uitimate 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 {or 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 times the
general allowable stress which is either five-cighths of the
yield strength or one-fourth of the ultimate strength,
whichever is less, modified by the appropriate tempcerature,
impact and fabrication derating factors.

Fatigue Stress {I-5.4.6). The design considerations of Part
I and the ladle lining recommendations of Part IT of these
specifications have been incorporated as a result of the
severe environments imposed on the ladle by the clean steel
ladle metatlurgy practice, coutinuous caster practice and the
user’'s desire for increcased lining life with maximized
voiume.

O



{f the ladle design and ladle operating conditions result in
a need fur fatigue analysis, the criternia of ASME Section
VI, Division 2 shall apply. However, the new desiyn
detatls have been incorporated i an autempt © reducs
fatigue usage and to eliminate the need for tanigue analysis
when ladles are exposed (0 the severe operating environ-
ments.

N

Allowable Stresses in Trunnion Pins (I-5.5). The safety
factors for wunnion pins are based on the ultimate/yield
strength ratio of 2.

Allowable Shear Stresses in Rivets (I-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 (I-5.7).
The specified allowable level is that specified in AISC
Specifications and comparabie to the ASME Code.

Design of Trunnion Block and Pin {I-8). Trunnion pins
should be checked and measured for wear at least every six
months.

The calculation of the section moduius 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 (o take sleeves, the
trunnion pin diameter may be reduced to accommodate the
steeve provided that the maximum bending stress does not
exceed the allowable stress specified in Section [-5.5.

New formulae have been added for calculating bending
stresses in trunnion blocks (I-6.10) and bearing stresses in
ribbed trunnion blocks (I-6.11).

Thickness of Circular Flat Bottoms (I-7.2). In this sec-
tion, Eq I-18ais given for the thickness of flat bottom plates
and has been derived from the bending theory of circular
plates, considering the restraint of the sidewalls as having
fully fixed edges. Eq I-18a 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 (I-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 [-1Y has been derved from the crrcubr (ad plate

bendinyg theory considening the cdge cestrnt ol ap-
proximadely 757 ot full fixaty. Egs = 18¢ and =19 hove
tactored Y3 7% of the tadle height H as the magnitude of the
ferro-static pressure applied to the botom of the tadle. By
[-1%¢ has been revised to include the average shear stress
through the plate thickness.

Equivalent Diameter for Oval Ladles (I-7.5). A study of
the bending of ellipucal plates, together with the recognition
that the flat portions of the ladle sidewalls offer much less
bending restraint than the circular sccuons, showed that an
equivalent diameter, equal w0 the average of the maxunum

and minimum diameters, could be used in Egs [-18a and
=19,

Design of Bottom Plates of Dished Bottom Ladles (1-8).
The equations for calculating the thickness of dished bottom
fadles given in Section [-8 were obtained by a theoreticul
analysis of the local bending stresses at the juncture between
the ladle bottom and sidewall. Eq [~22a and [-23a insure
that the bending stress at the juncture is less than 3o, Egs
[-22b and [-23b insure that the normal suess in the dish is
less than Ga.

Stitfener Ribs for Dished Botlom Ladles (I-8.5 and [-8.6).
The design procedure for the dished bottom ladle with ribs
is similar to the design procedure for the flat bottom ladle
with ribs. In the case of the dished bottom with a very larye
head radius, the behavior of the dished bottom with ribs und
the flat bottom with ribs is very similar.

The shear plates are a vital part of the dished bottom with
ribs. Shear plates cause working lining vertical expansion
loads to be evenly distributed into the sidewall plate.

Design of Stitfener Bands (1-9). The notation used in the
destgn of stiffener bands is given in Figs. [-6, -7, [-10,
[-11, I-12 and [-13. The design procedure is illustrated in
Appendix A for ladle types shown in Figs. Al and A17.

In Section 1-5.8 a computation is not required for the
bottom band at the trunnion because the results of an AISE
ladle study 12 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
setin a ladle stand seat.

In this report the ladle lip ring is not considercd as a
structural member which provides additioual strengih 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 [-32a to facilitate the design of oval ladles with flat walls
(obround ladles). A curvilinear relationship for determining
the value of G is given in Fig. =12,

Case history studies have shown that stiffener bands with
offsets in the region of the wrunaion blocks cause undesirable
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stress concentrations and arc more susceptible o cracking
than sulfener bands with gentle tansitions. The recom-
mended transition detail for suiffener bands is tntended o
cluninate the undesirable stress concentations.

Design of Sidewall Plates {I-10). This section includes
thickness requirements of materials used at various
temperature levels (Table 1-7). Also, the range of plate
thicknesses is given to include ladie capacites up to 480
short tons.

Minimum sidewall thicknesses have becn established for
vartous ladle capacitics and operating temperatures in addi-
tion to the requirement that sidewall thicknesses should not
he less than 0.75 times the required bottom plate thickness.
The latter requirement is established to provide adequate
restraint or fixity to the edge of the bottom plate, whenever
the minimum allowed thickness is used.

The supplemeniary sidewall plate thickness equations
(Egs 1-40a and 1-40b) are updated to reflect the influence
of riveted connections on the minimum plate thickness. If
riveted connections are used, the mintmum plate thickness
is increased through the parameter Cp to reflect the plate
material fost in the rivet holes. With {ull penetration butt
weld connections no plate matenal is lost.

The sidewall plate transition between plates of different
hicknesses is made with a taper as specified by the ASME
Code, Section VI1II, Division 1 and 2 (Fig. I-1b). The full
enctration butt welds are to be jocated at a distance not less
han the distance defined by Eq 1-39. This removes the full

enctration weld away from the region of high bending
ress inposed on the sidewall plate by the resuraint of the
tiffener band.

wward Deflection Stiffness at Trunnions (I-11). The
irpose of this section s to provide a method for determin-
g whether a ladle is sufficiently rigid to avoid excessive
ward deflection at the trunnions. Experience has shown
1 soine cases) that cracks developed or a reduced lining
‘¢ was encountered when the ladles were too flexible. The
ward deflection of the ladle should be considered in the
sign of the stiffener bands, in addition to the stress condi-
ms discussed in Section 1-9. In general, the design of
{ffener bands which meet the allowable stress require-
s will also resultin a design having satisfactory rigidity
the trunnions. In some cases, however, aredesign may be
wired even though the calculated suesses are within the
seificd timits,
Fhe recommended deflection index equation, Eq [-41,
: been checked against actual ladle designs using a wide
gc of clean steel practices by a number of steelmaking
ips. Revised empirical limits have been specified for the
cular, oval and obround ladle. These limits are based on
mples which have been proved satisfactory in actual
Jice and by analvucal studies.

=

The deflection limits have been upgraded reflecting the
need for suffer ladles duc o the more scvere operating
covironments imposed on the refractory working linings by
clean steel and conlinuous 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 the

“bending deflection of a circular or obround stiffener band
with cqual and opposite concentrated loads. The deflection
coeflicient for an oval stiffener band was also calculated and
found to closely approximate the values shown. Thus, Tabie
-8 15 applicable to both obround and oval bands, as well as
circular stiffener bands. Tbe equations used {or calculating
values for Cp, (given in Table [-8) are summarized in Ap-
pendix B and may be used to calculate specific values of Cp
instead of interpolated values.

Design of Tilt Mechanism (I-12). This section has becn
included to provide guidance in the design of a tilt
mechanism for a steel adle.

The tilt mechanism design uses well cstablished design
rules for pin-connected members. Other forms of structural
members arc acceptable; however, detailed stress analysis
is required to make certain that allowable stress limits are
satsficd. Chains and cables are 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 mechanisin are
compatible with clean steel and ladle metallurgy practices.

The bottom pivot plates are a critical part of the it
mechanism. When adding a ult 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 stif{ener ribs. The use of stiffencr ribs * «
in the ladle bottom plate provides a compatible means of -
attaching the tilt mechanism. ‘

Riveted Sidewall Circumferential Connection Jaoints
(I-13). Previous field studies?® have been made of existing
ladles regarding strength in the riveted sidewall circuin-
ferential joints. The strength of the riveted connection
should be cqual to or greater than the sidewall plate strength.,

It is recognized that riveted connections are used very
infrequently in current iadle design; however, it is necessary
to establish a design procedure in order to cvaluate the
adequacy of cxisting niveted connections, especially for
ladics designated for clean steel and continuous caster prac-
tices.

Design of Support Legs for Dished Bottom Ladles
(1-14). As a rcsult 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.

C sisE 2,9



The recommended locatuoa for the three support legs is at
the periphery of the dished bottom. The location of a support
lcg in the spherical portion of the bowom plaie is not recom-
mended due to the resulting high shell suesses 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 stmultaneously applied horizontal load of one half the
vertical load. In addidon, an impact factor of 1.2 i1s inherent
in the allowable stress. These considerations are primarily
for the initial setdown condition of the ladle.

Assembling and Welding Ladles in the Shop and Field
(I~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 consuruction 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. Studies'®?® 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 sheil 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 bot 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 enviroa-
ments may be imposed on these older ladles.

One of the main purposes of Part IT of this report is to
inform the user of the more severe operaling environments,
new ladle lining practices and to recommend ladle use
which will assist in maintaining the structural integrity of
the fadle.

L.adle Lining (II-2). Field investigations of ladle lining
practices have shown that the bottom lining 18 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 resuit in high
circumferential and axial sidewall plate stresses, especially
during rapid preheat of a cold ladle.

The use of a resin-bonded dolomite or 4 direct-hondo. !
mag-chrome working lining without expansion allowan, e
ahso results i high axial and circumferentual sidewall ploie

stresses, even when gradual ramp preheating 1s employed

Estimating Wall Working Lining Thermal Expansion

tress ({1-2.3). The recommended expansion ailowance
reduces the thermal expansion stresses imposed by the sut?
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;
bowever, Wis benefit is not the intent of these recommenda-
yens.

Studies have shown that maximum sidewall 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 whea the
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 preheatng, longer times would be required ©
reach the maximum sidewall plate stresses.

Example Al, of Appendix A (particularly Section A1.3),
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 uscr
to determine the need for expansion allowance. The sofier
working linings of fireclay do not require expansion ul-
lowance.

Wall Working Lining Expansion Allowance (II-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 bave expansion allowance.
The heat transfer calculations should reflect the compres-
sibility and resulting alteration of the insulating properties
of the expansion allowance material. Since the material may
be compressed to a small fraction of the initial installed
thickness, the insulating properties may be lost due (o the
compiete mechanical restructuring of the matenal. As
shown in Example Al, Appendix A, several hundred psi
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loading is applicd o the expansion allowance material as a
result of the working lming expansion force.,

Expansion allowance between the top of the wall working
lining and lip ring is also recommended. Analytical studies
and feld mvestigations have shown that excessive lip ring
distortions arc apparently a resuit of wall working lining
cxpansion as well as lip ring abuse during lining clean out.

Compressible Expansion Allowance Materials (I11-2.5).
The cxpansion atlowance 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
cxpansion allowance. In either case the resulting change in
the insulating capacity of the material should be known due
o the loss in thickness resulting from the compressive
cxpansion forces of the working lining. In addition, the
temperature rating of the expansion allowance material
should be determined as well as other environmental {actors
which relate to the detenorating effects imposed on the
material.

Lining Stabilization (11-2.6). When expansion allowance
material is used behind the working lining, special attention
1s given to the handling of the cold ladle to avoid lining shift.
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 doue
without causing lining shift. If ladles with lining expansion
allowance materials are allowed to cool then the ladle rehcat
should be redone with the ladle in the vertical position.

It should be noted that ladle linings, with the appropriate
cxpansion allowance, will exert expansion forces (during
the hot condition) similar to the magnitudes developed by
the solter hloating fircclay working linings. Since the bloat-
ing fircclay linings arc assumed o remain stable during the
hot condition, it is assumed the stiffer working linings with

appropriate cxpansion allowance will also remamn stabie
during hot conditions.

Ladle Inspection (ITI-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
detatls unique to the user’s ladle which have regious of high
stress concentration. It should be noted that some existing
ladles may have been exposed to mild environmeats, such
as the use of bloating fireclay working linings in combina-
tion with short mold teeming hot metal hold times, whilc
others may have been exposed to more severe environments
in which high strength refractory working linings withou(
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 fatigue life than others,

Existing Ladles with Riveted Lap Joints (I11-2).1t is rcc-
ognized that riveted connectons are no longer used in the
majority of new ladle designs. However, investigative {icld
studies'” have shown that existing ladles with riveted con-
nections are still used in a large number of iron and steei-
making shops. Detailed calculations on these riveted
connections show the riveted connection strength in relation
o the platc suength. If the ladles are lined with high
strength refractory (resinbonded dolomitic, 70% alumina
or direct-bonded mag-chrome), if the riveted connection is
weaker or more {lexible than the plate, it will cxperience the
predominant portion of the walil working lining expansion
displacement. Ideally the plate and riveted connection
should share equally the total expansion displacement of the
wall working lining. If high strength working linings are (o
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 (I1I-3).The pri-
mary concem is the maintenance of the various structural
componcnts. The primary itlems which should be addressed
are the loss of component strength, loss of component
material and cracks and distortions of components.



CODES, SPECIFICATIONS AND STANDARDS CITED
This section provides a summary of the principal codes,
specificauons and standards cited in this repert and the
addresses of the issuing organizalions or sccietes.

These following editions of codes, specifications and
standards are cited in this edition of this AISE Technical
Report No. 9. The latest editons should be used in contracts
for ladle design and construcuon uniess otherwise agrezd (o
by the purchaser and manufacturer,

The American Society of Mechanical Engineers, United Engineer-
ing Center, 345 East 47th Street, New York, NY 10017
ASME Bouer and Pressure Vessel Code, 1987 ediion: Sec-
uons [, TV, V1O (Divisions | and 2) and IX (Note: Section |
cited 1s the 1971 edition)

American Socrety for Tesung and Materials,
Philadeiphia, PA 19103
Annual Book of ASTM Standards, latest editicn

1916 Race Street,

American Welding Society, 2501 Northwest Seventh Street, Miam:,
FL. 33125

Filler Metal Specifications, 1986

Structural Welding Code D1.1, 1986

Association of Iron and Steel Engineers, Suite 2350, Three Gateway
Center, Pigsburgh, PA 15222 '
AISE Standard No. 7, Specificatioas for Design of Ladle
Hooks, 1976
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APPENDIX A — DESIGN EXAMPLES

T

1c two examples in this Appendix lustrate the use of this Technical Reportin the design of ladles. Only the general features
of the ladles are considered. Numbered equations from Uic tcxt are noted.

A1 Example 1 — 280-Ton Circular Ladle.

The general dimensions are determined by the 230-ton capacity ladle shown in Fig. Al. The molten metal density, ¢, is
assumed to be 0.42 kips/cu ft for this example only. The operating temperatures of the bottom, sidewalls and trunnion block
do notexceed 650°F, while the operating temperature of the trupnion pin does not exceed 500°F. Note: This example is to be
referred o {or calculaton purposes only. It does not necessarily represent a practical design.
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547
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Fig. A1 — Dimensions Used in Exampie 1 Calculation for a 280-Ton Circular Ladle

At1.1 Ladie Weight. The OIS specified a rated operating capacity of 230 tons and a frechoard height of 13 in. These
specifications result in a vertical ladie height, H, of 166 0. (13 £t 10 in.) as described in Fig. Al The design procedure of
Sccuon 1-5.1 1s used only if the {reeboard cxceeds 10% ol H. For the 280-ton ladle, the {reeboard percentage of ladle height
1S
13 3 .
T 100 = 7.83%

Therefore the design procedure of Scetion 1-5.1 s not required.
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The design capacity molten metal weight is calcuiated as 280 tons. The normal design load, W
as:

Povp thys Lo e Aty
SO ENG sluies 1S esainaicd

Design molten metal weight = 360 kips
Ladle steelwork weight = |23 kips
Ladle lid weight = 23 kips
Ladle lining weight = _90 kips

Wr = 800 kips
Note that if the ladle steelwork weight is unknown at the beginning of the design siate, an approximate normal design load
can be estimated as follows:

Design molten metal weight . 560
0.75 0753

= 746.7 kips

Adding the lid weight, the first nal for W, would be 746.7 + 25 = 771.7 xips.

After evaluaung ladle dimensions, the actual weight shall be established and the design process may be repeated.

A1.2 Bottom Plate

A1.2.1 Flat Bottom. The required thickness for a flat bottom circular ladle is:

7. = BAjafd (Eq 1~133)
87 139N g,

Use ASTM A235, Grade C material (Section [-3.2). The minimum room temperature tenstle properties are given in the ASTM
A285 specification as g, = 30 ksi (yield strength) and 0, = 55 ksi (ultimate strength). The allowable normal stress (Section
[-34.1) 1s: »

5|
Q

{Eqs [-2 and [-3)

F/F.o
= min _LJJ;L_;&
th(SF)y F{( 1"}”

Ui,

S e

Fr=fihffafs = LOLOLOLO.0) = 1O R ‘leab‘?'es [-5, 1-6, [-7) {Tables 1-1, [-2, [-3)
F, = 0.729 (Table I-1, temperature = 650°F)
Fx'

= 1.2,(SF), = 2.28, (SF), = 3.80

{

CL00.729630) | LK0.729(55)
m‘“{ 12228 12038

It

min {7.99 ; 8.79 }

1t

7.99 ksi

D = 153in, g = 0.42 kips/cu ft, H = 166 in.

_ 153 fo42(166) _ ., (Eq [-18a)
’s =139 7.99 323

This is greater than 2 in. and thus too thick for the material specified (Section 1-3.2). Use a flanged bottom with rewnforcing
plate:

3

_\J R

S
LS
mn

G
O
i
=
0
[@%
e

14 (14 v

=

‘ D [eH _ 153 [0
TRT.TB:———AVG =
a
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Usc a 248-1n. botlom plate and 178-in. reinforcing plate. Total thickness of two plates equals 4 in. The reinforcing plate
diaumeter, 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.

A1.2.2 Bottom Plate Rivet Design Calculation. Use a 135-in. diameter reinforcing plate with 1V4-in. ASTM A31L,
Grade A rivets and 131¢-in. holes arranged in a circular pattern. The allowable rivet shear stress (Section 1-5.6) is 12.3 ksi.
Driven rivet area is:

_n(1.3129° .

A, = 2 = 1.353 sq inJrivet

The shear stress in the plate is:

0.00105 g H Ry Ty Tr (Eq I~18c)

-~
4

1 P

2
kTR -+ TB |

J
The rivet shear stress is:

T, ARyt = Ry D) (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 piate.

Maintain a rivet spacing greater than or equal t04.5(1.3125) = 591 in. between rivet centers in the circumferential direction

of the 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 patiern is shown in Fig. A2 using a staggered pattern for the two outside rivet rows.
RADIUS, in.

67.50

63.56

57.56

51.56

45.56

39.58

33.56

27.56

21.56

15.56

Fig. A2 — Ladle Bottom Rivet Spacing

Substituting the known parameters into the plate shear stress equation:

0.001050.42)(166) Ry,(2.125)(1.875)
‘[ =
! (2.125 + 1.875)

= (0.004558 Ry,

Substituting the value for Ty into the rivet shear stess equation:

DO04S32 Ry, m(Ry = = Ryt 5
M M A1
REE

R
= 0.010583 V—” (R % = Ry 2)

= Sm

wn
[+ 3]
©
s
w
m
fe¥)
b

it



Aagor ] me i
aggenad paticm

[f rivet stress in the ouside rows s oo great using a 4.3 o, annulus, rotate te rivets of the inner row 0 4 st
which allows the radius of the Inner row 1o be larger while main@ining the puch at+.3 . T

The number ol rive
same in each staggered row. The following calculation shows the dedvaton of the maximum inner row radius (R, ) foetwy
taggered rows Ry, and Ry, .

s must e he

%)

T}

rom Fig, A2

Radius outside row = Ry = 67.5 = 3(1.2115) = 63.36 in
Circumference =¢ =27 Ry
. ‘ c
Rivet spacing =5 = —
- N
v s
Angle between rivets in same row =08 = =
M
, o 9
Angle between rivets in different rows = o = 5

&<
1

= Ry sin o

i

y = Ry cos o

Pitch = p = 4.54,

Substitute back:

Ry = Ry cosar - V’pz - xz

! ) I3
= Ry cos o — M(454)° - Ry " sin” «a

Aldso
_8 c _EmRy m radians = 130 degrees
T2 N,IR, N,2Ry, W, = TTN,
N 2 Ry
m = 454,

i

(180}
180 \[ Syt - Ry sin’
R.W-l = Rx'{ Cos T} At <4'J d/') RW sin 1VmJ
mn

180(4.5) d.] \/ 7 .o (18049 4,
— [N . A - ] R .
= Ry cos |3 7 R J (4.5 4y Ry “sin 27 Ry |

Rearranging; to satisfy the minimum rivet spacing requirement of 4.5 4, the rivet row spacing for the staggered rivet rows
Ryyand Ry is:

, (12892 4.3 (12892 4,) , L o (128924

Ry fcos® |————— 1~ 2 Ry | Ry CO8 TR |+ Ry~ = (834)7 = Ry~ sim ‘——?“———
L R L R o Ry

\ / N J \ /
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Solving [or the inside rivet row radius £, .

Ry ) Rypy Ry cos |

{ -
\ M1

(12892 4,) ) 5
|- (45 d)° + Ryt =0

The above equation for Ry-; assumes that the circumferential rivet spacing is 4.5 .. However, when the actual number of

rivets is chosen, the actual circumferential spacing will most likely be greater than 4.5 4,. Using the actual number of rivets,
N, the above equation for Ry-1 with staggered rivet rows, becomes:

Ryt ® = 2 Ry, Ry cos (%\,&1 ~(45d)% + Ryt 2
")
Itshould be noted that the above equauon for Ray-1 is valid if the two rivet rows in question bave the same number of rivets.
I the number of rivets differ in the two rows of interest, then the pattern assumed in Fig. A2 for the two puter rows would
not apply and the above equation for Ray-1 could not be used. For consecutive rivet rows, each with a different number of
rivets, the radial spacing between rows is 4.5 d,.

For Row No. 1 and Row No. 2:
In the following example, the outer two rows are to have the same number of rivets and are 0 be staggered.

9
A RW ) ) ) L
Ny = VO 67 rivets, maximum number to satisfy the minimum spacing requirement. Try 40 rivets.
. L r

Rt 1 2 2 C oaa
7, = 0.010583 — (RM - Ry ) = 12.22 ksi < 12.3 ksi; OK
ra ‘Vm i It

lypically, less rivets are required (0 saus{y the rivet shear stress requirement than are required based on sausfying spacing
ules. This implies that the following equauon for the row radius can be calculated to satisfy the rivet shear stress requirement.
{owever, the previous equation on row spacing to satisty the rivet spacing requirement of 4.5 4, should also be checked.

5 Ty 2w R‘W ) ) Ty
- =R, 93y =
235 4 (0010583 &, ~ m~ — (1319 7

r

2

Ry1 7 = Ry

‘or the case in which the rivet spacing within the rivet row is greater than 4.5 d,, the next interior rivet row radius can be
btained by rearranging the previous equation to satisfy both the rivet shear stress, 72, and solving for the unknown radius:
j;

5 2 Ny Ty , 9449 N, T,

Ryi ™ = B ™ = 5510583 &7y, ~ M Ry

he minimum radial spacing between rows 1 and 2 is 3.37 in. to satis{y the diagonal minimum spacing of 4.5 4, (5.91 in.)
stween rivets. A radial spacing of 6 in. 1s selected between rows | and 2.

or Row No. 3 through Row No. 9:

ivet design requirements for row 3 through row 9 each have a

’ SUMMARY OF RIVET SPACING 1
fferent number of rivets. Therefore the rivet spacing in the
rcumferential and radial direction is based on the 4.5 d- Row  Ra, in. Ras-1, in. Nom T2, ksi
iteria. That is, the staggered row criteria cannot be used here. 1 63.56 57.56 40 1222
s shown in the following radial spacing of the rivet rows, the ” - '
dial and circumfcrential spacing exceeds 4.5 dr and can be 2 57'3(? 51,36 fO 0.7
bitrary as long as the shear stress limit is satisfied for the 3 51.56 45.56 26 12.23
umber of rivets used. In rows 3 through 9, the radial row 4 45.56 36.56 2] 11.73
acing is set at 6.0 in. S 39.56 33.56 15 12.25
The results are shown in the summary lable which indicates 6 33.56 27.56 11 11.84
»rivctshcarmcsses,rz, are within the allowable value of 12.3 7 2756 21 56 7 12.28
) 21.5 5.5 S I
Additonal rivets should be added near the center of the ladie i TI_'D() 1”':6 4 12'ﬂ6 }
ttom 1o retard thermal distortion and buckling. - 9 i3.56 0.00 = 828 |

©
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A1.2.3 Flat Bottom with Stiffener Ribs.  As an altermative. consider a al hottom with <zifien

er ohs and sl
specificaton ASTM AS16 G35, The bouom plate must he at leust as tick as the sidewall (Section [-7.60 s0 use 1,05 o)
plate with 2%8 x 12 inribs, spaced ata’” = 133 in. (Fig. AJ).

The properties of the T beam are:
f a’'=15.30"

1 = 125
Area = 15.3(1.25) + 12(2375) = 47.63 5q . | Ly
13 2(125)(6 + 0.625) Lol el
250040 + U.02 N e N "‘ \\\ ;
4763 =00 1. 4.59" | N !
i \\\\ [
B 3 N M.A. !
o B3TSUD° 15301297 2.66" NS i
= 12 M 2 T CR\\0\] MIDHEIGHT &
. . , ! 2] OF RiB o
19.125(3.965) * + 28.5(2.66)* = 847 in.* N 3
8.00" N |
|
s, = 3 L 1845 in.3 N |
R t \\ 1
| t
847 o . 1 ! !
SQ = 8—6‘6— = 97.8 in. 2.375" -E\’ \
S = max [Sy ; Sy = 1845 in. ,
< Fig. A3 — Effective T Beam
Checking the requirements of Section 1-7.6,
=12 =060
2 2 2 (Eq 1-21
L°7T 53) 2(1.25) 2 (Eq [-21)
B WD AN 4956 4n,
45 4(184.5)
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:
, Weight of Molten Metal - 4 360(4)
P,=a =153 3
Area of Bottom 7(153)
= 0.4660 kips/in.
2 ,
P, L 53y2
o = ot DAGONAIT i in
max 8 8
and the tensile and compressive bending stresses are:
1364 .
Oreq = 973 = 13.95 ksi
Gieq < Oy = 20, = 2(7.99) = 15.98 ksi; OK (Eq 1-6)
1364 :
Oomp = 73435 = 7.39 ksi
Ocomp < Che = 1256, = 1.25(7.99) = 9.99 ksi; OK {83 -7
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The maximum shear stress is T,

/8.66
2

0 = 8,66(2‘375)L———} = 89.06 in.’

b = 2.375 in.

__VQ  35.65(89.06
Tmax Top T 847(2.375)

= 1.58 ksi < 0.60, = 0.6(7.99) = 4.79 ksi; OK

(Eq I~11)

For the connection between the rib and sidewall, use a double groove full penetration weld as required by Section 1-7.6.

The equivalent thickness of the ribbed bottom equals:

This is less than the 4 in. thickness needed for an unribbed Nat bottom.

A1.3 Sidewall. The minimum sidewall plate thickness below the top band (Section 1-10) is 1V in. for ASTM A285 Grade

C material for temperatures up to 650°F (Table I-7).

The supplementary thickness requirement below the top band is met, since:

Crq HD  1(0.4D(166)(153) ,
fmin T TIR19 o, © 131907.09) - 07340 in.
2 Cp W
p oo DR T2 2600 gy

min n D o, m(153)(7.99)

1.251in. > 0.7340 in,; OK

The minmimum required thickness above the top band (Section I-10.4) = 0.66(1.25) = 0.825 in. Use 74 in.

The average normal stress in the sidewall is:

W, 800

o, = = = 133 ksi<o, = 7.99 ksi, OK

n D¢  m(153) (125

(Eq I-40a)

(Eq I-40b)

{(Eq I-40c)

An increase of more than 30% in the sidewall stress due to thinning of the sidewall from wear, corrosion or other means,

. . o . . . 125
hould be cause for replacement or repair (Section 1-5.4.7). The minimum permissible worn thickness is

0.825
1.30

selow the top band and

= 0.64 in. above the 1op band.

O AISE 3/5!
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A1.4 Trunnion Pin and Block {Fig. A4).

204" G HOCKS

e

NOMINAL {
RERTREY: T—P—P'NQQS%Q%MWAL

| R |

{ i

| i

88.58" rad. | . ;
L-{ | =———— POSSIBLE LINE OF

ACTION OF HOOK LIFT

— ? ™
i i
; |
! P~ z ‘
L] <
i I ik MI
i i
a ) l

= Note: Min. fillet rad.
(Section i-6.4) = 0.04 (30) = 1.2"
1/ T

5"x13" deep

s

Fig. A4 — Trunnion Details

Al.4.1 Trunnion Pin. Try an {8 38-in. diameter pin of ASTM A668, Class C material without protective bushings.

2
Area = 1(1_8_13@_ = 265.2 sq in.

. Area (Radius) o o) (9.188) g5 03

S 4 4

The room temperature teasile properties given in the ASTM specification for A668, Class C material are:

o, = 33ksi; 5, = 66 ksl
o For a maximum operaling temperature at the pin of 500°F, the wemperature derating factor is:

F. = 0.808 {Table [-2, temperawre = S00°F. Also ses Table [-6 for calculated allowable o, values).
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The allowable pin bending stress {Section [-5.5.1) is:

{Fr F,a, Fi F, o,

|
g, = min {(—— : —)
g Ey (S, Fy (SP),|

(Eqi-12 and [~13)}

{1(0.808)(33)  1(0.808)(66) ]

12436 12012 | -

it

min {4,873 ; 4.873)}
4.873 kst

H

The allowable shear stress (Section [-5.5.2) is:

0.533 g, = 0.533(4.873) = 2.60 ksi

(he bending stress at the base of the pin (Fig. A4, Point A) is:

B006.75) _ 4433 ksi < 4.973 ksi: OK

o] =
berd ™ 2(609.1)
“he average shear stress in the pin is:

80

Tavg = 0s 1.51 ksi < 2.60 ksi; OK

“he pin must be replaced waen the calculated stresses are greater than the allowable stresses by 45% (Section [-5.5.4). Because
iending stresses are proportional to the cube of the diameter, the minimum permissible worn pin diameter is, therefore:

[ 4433
Prtmim = 18373 735007573 |

%)
1

15.73 in.

A1.4.2 Bearing Stress on Pin. Since the pin length is 12 in., the hook width is 10.5 in. according to AISE Technical
teport No. 7. The minimum inside radius of the shell at the trunnion pin centerline elevation (Fig. Ad) is

res L [99) e
76.5 + (166J(89 - 76.5) = 8395 in.

nd the radius to the trunnion block mid-thickness is

83.95 + 9'271; = 88.58 in.

'he horizontal distance from the pin mid-length to the trunnion block mid-thickness is therefore
102 - 88.58 = 13.421n.

he moment arm from the hook centerline to the centerline of the trunnion block is:
e, = 1342 + 0.75 = 1417 in.

he bearing stress at Point B (Fig. A4d) is:

200 [ !
- O SRS
/s 20301(9.25) | : 9
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The altowable bearng stress 18 the lesser of Eg (-3b und [-16;

Ty = 13601330, = 13601388 = 1301 ksi Ecl-Sb
Ty, = 3320, 5ip = 3.33(4373) = 16.23 ksi (Eq1-152)
Use G, = 1501 ksi N

fg = 147 <1500 ksti OK

A1.4.3 Trunnion Block Bending Stresses. The trunnion block is connected o the shell by fongitudinal filet welds
which transmit the vertical load to the sihell (Fig. A4). The moment arm on the trunnion block is e, = [4.17 in.

Using an 3 X 54 in. block and neglecting conservatively the curvature of the block, and assuming that the trunnion block
acts as an integral part with the sheli plate, the section modulus at the centeriine of the trunnion is:

oo (54 - 3009257 4 a (Sq (-170)
e = ).

o
Ja
'S}
.
=)
L

HS

Use ASTM AZ7, Crade 60-30 material for the block. The allowable normal stress (Section [-5.4.1) is:

I i

O, = Mmin G, §  Ogyy

( ] ,

' g F.F,0, FF o, (Eqs =2 and [-3)
= min (=== el

L 6A, F mF)ui

o, = 30 ks = 60 kst
y ODksi;o, = 60k

il

Fr= fihASfs = LOCLOLDO(LY = 1.0
#, 0.730 (Table I-1, temperature = 630°F)

£o= 12,088, =228 (M, =380

Q
H

i (LOOT30)30) . LO0.730)(60)
1.2(2.28) : 1.2(3.8)

min { 8.00 ; 9.61}

i

8.00 kst

il

Allowable bending stress in block (Section [-5.4.2.2) is:
o, = 1.380, = 1.38(8) = 11.0 kst (Eq 1-5a)
The maximum trunnion block bending stress is located at the centerline of the trunnion and is;

. 8001447y (41) . - (Eq 1-17a)
Sy = S 602 10.44 ksi < 11.0 ksi; OK

Al.4.4 Weld Stresses. The throat area of the vertical welds connecting the trunnion block to the sidewall is

2(0.70M{1.0)(60) = 34.84 sq in.

and the average shear stress in the welds is

200 C7] ks
SO = 4. 1 K8
2(34.34)
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The weld must meet the fatigue suress provisions of the AWS Suructural Welding Code (Section [-5.4.6). Dasigning for an
mfinite number of cycles, the AWS allowable stress is 8.0 ksi (AWS Code, 1980 Ed., Category F, Fig. 9.4B), and the weld
suress of 4.71 ksiis 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:

Wy 800014.17)

= = 87.20 kips
2z 2(65)
The shear stress in the weld is:
79
Atop ——oT20 5 na g

0.75(0.707)(54)

87.20

T30.70nG4) - P

At bottom:
“hese stresses will be combined with the circumferential shear stresses following the band design calculations.

Al.4.5 Locationof Trunnion Axis. The minimum distance of the trunnion axis above the center of gravity of a brimfut
adle, including refractory lining and contents (Section [-3.3) is:

(Eq I-1)

=221 (168) (168)°

=1 —6 0'421
/] ,.4_36X IO 918J

[ —

= 1.18f1 = 14.161in. < 15.3 in. (actualj distance); OK

vhere the britnful weight, W, of the ladle is estimated as:

Brimful molten metal weight = 708 kips {worm lining)

Ladle steelwork weight = 125 kips

Ladle lid weight = 25kips

Ladle lining weight =__ 60 kips {worm lining)
w = 918 kips

1.5 Stiffener Bands. The effective band properties are deter-
ancd first followed by band forces, band weld stresses and deflection
idex,

A1.5.1 Effective Band Properties.

op band:

10.25 1.25 .
13333 (89 - 76.5) + ;= 8§6.4 in.

Rg = 76.57+
he tocation of the sidewall plate joint above the top band is:
er = 0.75 ¥86.4(1.25) = 7.79 in. (Eq 1-39)

Gat size: 5in. wide X 9 in. deep all around.

‘operties at tunnion axis (Fig. AS):

by, = 0.4 v86.4(9.25 + 2.50) = 12.7 in. (Eq 1-29)
by = 0.7 ¥86.4(1.25) = 7.3 in. (Eq [-30)
b= 5+ 127 + 73 =25 (Eq 1-28)
" . Fig. A5 — Top Band at Trunnicn Axis
e = 12925+ SUIN25) + 73125 = 1778 sg i,

- .
S



Locate neutral axis:

- -

279297 = S(1025) 7 « 73(1 25, °

« 12.7(9.25%0.06)% + S(10.25)(0.56)°

- 73(1.25)(3.94)2
= 1446 in.}

Section modulus;

outside S5 = ——— = 234.6 in.

£
&

inside S, = ——== 2164 in.”

Properties at cross axis {Fig. A6):

b, =5+ 1.4 V36,5125 = 1955 in.

Area = 14.6(1.25) + 5(10.25) = 69.5sq in.

Locate neutral axis:

14.6(1.25) % + 5(10.25) %
2(69.5)

3.94 in.

il

146(125)° ) 5(10.25) °
12 12

+

124 in.}

Secrion modulus:

724

L 14T 0
631" 4.7 1n.

outside S, =

772
inside S, = 3’“91= 1338 in>

Bottom band:

14.6(1.25)(3.32)% + 5(10.25)(1.18)%

(Eq -27)
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Trial size: S inowide x 131, deep all around.

Properues at trunnion axis (Fig. A7)

by o= 0.4 vR15(825 + 2.5) = 124 . (Eq 1-29)
br = 0.7 N81.5(1.25) = 7.1 in. [Eq 1-30)
bc =5+ 124+ 71 =

24.5 in. (Eq 1-28)

Arca = 5(14.25) + (12.4%9.25) + 7.1(1.25) = 194.8 sq in. N
Locate neural axis:

71252 + 5(14.25 % + 12.49.25)2

2(194.8)
= 5361,
,L 11297 504297 12.4925)°
S 12 TR

ST 254747 ¢ S(14.25)(1.7D*
~ 12.4(9.25)(0.74)%
= 2510 in.*

ecuon modulus:

outside So = 889 = 2823 in
e
inside Sy = ';,Dz}gz 468.3 in

‘operties at cross axis (Fig. A8):

be =5+ 14 V815125 = 19.1 in. (Eq 1-27)

rea = 19.1(1.25) + 5(13) = 38.9 sgin.
ycale neutral axis:

14.1(1.25) % + 5(14.25) °

2(88.9)
= 5.83 in.
- 3 3
/= S5(13) . 19.1(1.25
12 12

LSO1.92)7 + 19.1(1.25)(5.21)°
- 1806 in.”

“1ion modulus:

outside So = %: 214.5in.°
20 .
inside S, o= L SS: 309.8 in."

(@)

L
e
L]
g
g
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z
%
4
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Fig. A7 — Bottom Band at Trunnion Axis
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SUMMARY OF EFFECTIVE BAND PROPERTIES

i
Broperty Top Band Bottom Band 1
At Trunnion At Cross Axis At Trunnicn At Cross Axis I
4
Area, in.? 177.8 63.5 194.8 85.9 !
7t 1446 724 2510 1806 1
S i’ 254.8 14,7 282.3 214.5 ]
Sy, .’ 316.4 183.3 468.3 309.8 1:
A1.5.2 Band Forces.
Rop = 864 + 3.94 - 0.625 = 89.72 in.
Rpg = 815 + 583 - 0.625 = 86.71 in.
806(38)(89.72) ° (Eq 1-31)
c = 1306(58)(89.7 )ﬂ - 103
724(123)(86.71)°
76 5 Q
Roy = 23522 4 0625 = 8338 in
G = 127 (Fig. =12, —— = 0)
Ry
800 (204 - 1.27(83.38)] . (Eq 1-32a)
= = 494
Fr = T3 130558) + 123] = 942 kips
Fg = 1.303(49.42) = 64.39 kips (Eq 1-32b)
My {(at trunnion axis) = 49 42 {0.7(89.72) — 13.5)
= 2437 kip-in. {Eq ~33)
My (adjacent to trunnion block) = 49.42 [0.7(39.72) - 27]
= 1769 kip-in. (Eq 1-33)
My (at cross axis) = —406.42(0.3)(89.72)
= -1330 kip-in. (Eq [-34)
Mg, (at cross axis) = -64.39(0.3)(86.71)
= —1675 kip-in. (Eq [-258)
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A1.5.3 Band Stresses.

Top band at tunnion axis:

2437 e
— 7546 = =9 57 ksi
2437
* 3764 = +7.70 ksi

Top band adjacent to trunnion block:

Top band at cross axis:

Jo =

il

Bottom band at cross axis:

f/=

1769

— _ - 47 3
a7 15.42 ksi
1769 A

+ = +9.62}
333 62 ksi

4942 1330 .

T ess T Tiag - Tl0-88ks
4942 1330 . .

T 695 " lgag - ks
6439 1675 .

— 88.9 + 2144 = +7.09 ksi
6439 1675 -

- S 3 = Oldksi

(£31-38a)
(Eq 1~36b)
(Eq -38a)

(Eq 1-36b)

(Eq 1-38a)

(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
natenal used for the sidewalls and g, = 7.99 ksi at 650°F. The allowable combined suess is the same at all band locations

ind 1s 2(7.99) = 15.98 ksi (Section 1-9.9). The band stresses determined above are satisfactory at all locations,

A1.5.4 Band Weld Stresses.

shcar force given by:

It

i

H

Viy

/

Section A1.5.1),in.*

cross-sectional region o centrond of area, a, in.

Asea beyond vertical shear plane (and fillet welds) of interest in trunnion block region, sqg in.
Shear {orce over the vertical shear plane of interest, kips/in.

Radial force on band in region of trunnion block, kips

The [ilict welds connecting the band to the trunnion block and the band to the shell transmit

Moment of inertia of trunnion block/band cross-sectional region (see Summary of Effective Band Properties,

Distance {rom neutral axis (neutral axis determined in evaluation of band properties) of trunnion block/band



Evaluation of shear stress in the two circumferential ¥i-in, fillet welds {Fig. A3y connecting t
sidewall plate.

he top hand to the
V = Fp = 4942 kips
From the top band trunnion axis property calculavions {Section A1.5.1, Fig. A5):
e = 4,57 in. (location of neutral axis) S
- T44& in &
[ = 1448 in.

The area beyond the vertical shear plane of interest (area beyond the two ¥4-in. fillet welds, see Fig. A5) is the 1 Vi-in. sidewall

plate:

a = (127 + 5 + 73)(125) = 3125in.°

The centroid location of area, 4, from the neutral axis is:

y=e-1=457- L35 _ 304,
Then:
;49423125394 L . .
.= iac = 4.2] kips/in.

The shear stress in the two ¥4-in. fillet welds (through the throat of the welds) is:

s 421 o
= T 20as000n - 00Tk

This is less than the allowable limit (Section [-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 ¥4- in. {illet weld connecting the trunnion bloek to the outer
edge of the top band.

From the top band trunnion axis property calculations (Section A1.5.1, Fig. AS):
¢ = 5.68in.
I = 1446 in.*

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) = 5in?

y = 5.68 — 05 = 5.18in.
Then
£ 19—4—2—1%%@ = 0.885 kips/in.
The shear stress in the single Y4-in. fillet weld 1s:
T = U885 = 1.67 ksi

0.7500.707)

This weid must also carry the radial force considered previously (Section Al.4.4).

© AISE 8/91 71



The equivalent shear stress 1s:

s 5
Tg = NI167° +« 3.04° = 347 kst <8.0ksi; OK

For the bottom band-lo-sidewall welds (two circumferential %4-in. fillet welds, Fig. A7):
g = 1.25(24.5) = 30.63 sqin.
;= 25100
vo= Fp = 64.39 kips
vo= 536 - 0.625 = 4741,

64.39(30.63)(4.74)

s 2510

= 3.72 kips/in.

372 : .
T = ——————— = 3.5 k¢ . )
30750.707) 51ksi< 8.0ksi; OK

For the buttom band to block weld (single circumf{erenual 1V2-in. fillet weld, Fig. A7):
¢ = 5(5) = 25sq .
vo= 889+~ 2.5 = 6.391in.

! o X%
r = —-—~—-—64'39£;51>(;6‘39> = 4.10 kips/in.
410
T 150,707

“d
|

= 3.87 ksi

Y
Ty = N387° + 1.52° = 4.16ksi < 8.0ksi; OK

Since the shear force is zero at the cross axis, the weld stresses at the cross axis will be negligible.

A1.5.5 Deflection Index.

The deflection index (Section [-11) is:

O P Rpy” (Eql-41)
L,
v ‘ . [ h
Determine Cp by interpolation from Table 1-8, using B, T and T
RM 1

From Fig. Al, the inside radius at the average band height is:

(58 + 123)(8Y = 76.5)

a1
3(166) 8331 1n.

n

= 70,

4+

180(27 Do em
B = ;—(8)3—3% = 18.57 degrees

— = O {crcular fadle)
N rat
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- :/i23\3 1 V’_JN 1 3 oy i
[+ = 724 1 : 206 | — = 17370 fS 3 sl
) 59 | 306 ];99 | n
\ / |
SbERN /;g\z -
_ coo=2 T sy 220 2. 4 (g [-42
I, = 1446 TR 2510 Wg! 3094 in, S
\ J /
ly 1737 )
1= 300 = 050
Cp = 0.0360
P = 2(Fp + Fg) = 204942 +.64.39) = 227.52 kips (Eq [-d4)
Rer = &, 8996 + 36.71 (Eq 1-45
RRAW = 2 i = : ) = 8834 in. \ ' )

E = 29,500 ksi

0.056MX227.62)(38.34)°
29500(1737)

>
1l

i

0.00194 < 0.0026: OK

A1.6 Riveted Sidewali Connection.

The 280-ton circular ladle may be fabricated with a welded or riveted circumferential sidewall connection. The user of Uis
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.

A1.6.1 Design of the Riveted Sidewall Connection. The required number of rivets on each side of the single buitstrap
connection is: '

A, Cq (Eq 1-51)

N, 2 0.70

r Y
From the previous design conditions:

o, = 7.99 ksi . (Eq -2 and [-3)
For the rivets, ASTM A31, Grade B, is selected:

T, = 15.5ksi
The cross-sectional area of the sidewall plate remote from the riveted connection {(at the ladle bottom) is:

A, = n(153)(1.25) = 600.83 in.2

Using 14 in. diameter rivets, the cross-sectional area of the rivet is:

1.25)? Cmn 2
A, = 7{7) = 1.231in.

The required number of rivets is:

L (0.70)(500.33)(7.99)

N, —
; 1.23(13.5

= 176.26; use 178 rivets.
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A1.6.2 Rivet Spacing and Edge Distances. The minimum spacing between rivets for the butistrap and sidewall plate ’
s

3d,=3(1.25) = 375 1.

The minimum spacing (Section {-13.3) between the circumferential rows of rivets is:
1% d, = 1.75(1.25) = 2.1875in.
The mintmum edge distance from the center of the rivets to the plate edge is:
IVa d,=1.25(1.25) = 1.5625 in.
[be maximum edge distance from the center of the rivets 1o the plate edge is:
Ve g, =175(1.25)=2.1875 in.
Ihe circumferenual sidewall splice between the riveted connecuon is located two ft below the bottom stiffener band. The
naximum number of rivets per circumferenual row 1s {using average inside shell radius at the connection splice):
2 (790
= 20909 5
395
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
ow, are required. Since 89 rivets are used per row, the minimum spacing between rives is satisfied. That is, the spacing
ctween rivets 1s:
2 r (79.06) ‘
= = = 558 in.
89
A1.6.3 Maximum Bearing Stress in Rivets. . _
he maximum allowable bearing stress in the rivets is twice the allowable shear stress.
herefore, the aliowable bearing stress is: 7 =
=2(15.5) = 31.0 ksi B
7e inside portion of the rivet is countersunk to reduce the interference with the 0.5” CANN
fractory lining, as shown in Fig. A9. The depth of the countersink is % in. The total \\
fective length of the rivet is therefore 1.0 in. (sidewall plate thickness, less one half

¢ countersink depth). The estimated load on the riveted connection, W', 1s 800 kips
ss the ladle steclwork weight above the riveted connection 30 kips. Then:

1257 ¥/
Wy = 800 - 30 = 770 kips N\

e total bearing arca is:

= 1.O(1.25)178) = 222.5 m.z Fig. A3 — Rivet Countersink

i¢ hearing stress on the rivets is:

= '5=3.46 ksi < 31.0ksi; OK

A1.6.4 Stresses in Sidewall Plate. The maximum nonnal tensile stress in the sidewall plate as defined by Eq 1-52 is:

ldo, = 1.4(7.99) =11.19 ksi

¢ maximum normal sress 1s:

W (Eq 1-52)
o = ——=<140

SN
i

©
4
(9]
A
0
Yel



The weight W s defined as 800 kips. The minimum effective netarea s caleulaed ay:

Trial Section [

(558 = d\(Ny() = (5.58 = 1.25)89)(1.25)
=481.71in%
Trial Section 2: N
C AN
=|358~24d,+2 {:;) )W
(. \\ 3 -
r /
=553 - 2(125) + 2 ‘3—‘-—}1 (39)(1.25)
L \H1.879) | | -
= [3.38 2.50 + 1.276)(89)(1.25)
= [4.356](89)(1.2%)
= 48461 in.?
Therefore:
;800 - _ . (Eq ~52)
O an = Tgagp = LOSKSi< 14 (799 = [LI9ksit OK

The previously calculated bearing stress in the rivets was 3.46 ksi. The bearing stress limit for the sidewall plate is defined
as: '

Opp = 1.6(7.99) = 12.78 ksi (

m
L1

T
w
o

Therefore:
346<12.78 ksi: OK

The minumurm distance from the first row of rivets to the bottom side of the bottom stiffener band is defined by Eq -39 and
calculated as:

er = 0.75 ¥(79.06)(1.25) = 746in. (Eq 1-39)

Therefore, with two circumferential rows of rivets at a spacing of 2.1875 in. (say 214 in.) and an edge distance of 1.5625 in.
(1%16 in.), the minimum distance from the splice to the bottom side of the bottom stiffener band is;

=746 + 225 + 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
= 153} = (.81

2
2 Lz 1.25

A1.7 Design of Tilt Mechanism.

A tilt mechanism is designed which is similar to the mechanism defined in Section [-12. The pin-counected members are
designed as pin-connected plate links. The tilt mechanism is ¢ ve fabricated from ASTM A316 Grade 70 materiai. The
allowable normal design stress for the design temperature of 6CG°F (see Table [-3) i

G, = 10.26 ksi
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AL7.1 Tilt Loads Imposed on Tilt Mechanism. Foradesign service molten inctal weight. M p, 00230 tous, the imoment
arn during desfagging is:

wy, = 31m,

The moment arm of the ladle structure, ladle lid and lining weight is:

Therefore (with w,. = 128 in.) the auxiliary hook load is:

5 + 240(5.
. S603) + 240(5)

s 123

= 22.50 kips (Eq 1-48)

A check on the ult loads at the same tlt angle (approximately 11 degrees) with only a skull foad (10% of 280 tons) altached
o the ladle bottom:

wy = 1710,
The auxtliary hook load is:

S6(17) + 240(5) (Eq 1-47)

Fp = = 16.81 kips

+
128
herefore the deslagging loads govern at the tijt angle for deslagging.

‘or a tlt angle of 45 degrees, the moment arms are:

w, = 10m
w. = 1501n,
w, = 60 in.

Tc auxiliary hook load is:

Fooo 36(60) + 240010) _ g o (Eq 1-47)
b= 150 B

or a ult angle of 90 degrees, the moment arms are:

w, = 14in.
wo = 100 m.
wy = 85 in.

he auxiliary hook load 1s:

Fp = ﬂ@%b@ﬂiﬁl = 81.20kips (Eq 1-47)

or the complete inverted ladie 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;

Fiy = 56 + 240 = 296 kips

or an emergency aborted heat, at a tiit angle of 19 degrees, the molten metal moment arm is:
Wy = 610,

ne moment arm for the ladle stuctural and lining weight is:

w, o= 2in.

o

)

153
9}
m
&4

O



N\

Therefore (wath w_ = 13910 the auxiliary hook load is:

SE0(6) = 240(5) -

Fo = - = 32.81 kips (2q [=46)
S 139 {

For an emergency aborted heat, at a tit angle of ebout 35 degrecs, the molien mewal moment arm is:
N

The moment armn for the ladle structural and lining weight is:
w, = 91n.
Therefore (with w. = 146 in.) the auxiliary hook load is (molten metal weight at 200 tons);

400(7) + 240(9)

Fs = 149

. (Zm 3
33.2%9 kips (2q 146}

For an emergency aborted heat, at a ult angle of about 49 degrees, the molten metal moment arm is:
w, = 210,

The moment arm for the ladle structural and lining weight is:

Therefore (with w, = 149 in.) the auxiliary hook load is (molten metal weight at 130 tons):

2) + 240
Fo o= 300(2) 4011

' (Eq 1-48)
= = 2 ~7A 1 A q }
3 149 1.74k ps

Therefore the peak auxiliary hook load during emergency aborted heat is at the early stages of tilting.

A1.7.2 Design of Tilt Mechanism Components. The vertical tilt link is subjected to a maximum auxiliary hook load of
296 kips. The dllowable tensile stress is (using ASTM A3516 Grade 70 at 600°F with a £y = 1.0):

o', = 0.75(10.26) = 7.70 ksi (Eq [-49)

The minimum area at section A-A (Fig. Al12) is:

256 .
A= = 38.44 .
A 750 38.44sqin
Using two 3V4-in. thick, ¢,, plates (two parallel plates), the width, W, ~ Dy (Fig. A10) of the two plates making up the
vertical link is:

W, - D

The diameter of the pin, Dp, is evaluated by considering double shear. The selected pin materal is ASTM A668 Grade B,
The allowable pin shear is calculated using Eq [-16b of Section I-5.7.The yield strength of A668 Grade B is 30.0 ksi.
Therefore:

o, = 0.40(30.0) = 12.0 ksi (Eq [-18b)

The required pin area is:

2
Lo 208

= = 1233 sqgin.
312.0) 33sqin
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107

. 3.25" 3.25"

Y
\
4
Y

Fig. A10 — Hook Pin End of Vertical Pin-Connected Plate Link

The required pin diameter is:

2

D

Arj‘

= 12.33; Dp = 396in. ; Use Dp = 4in.

Note: The designer has the option to increase this diameter by a nominal wear and tear allowance.

The totai depth, We, (Fig.1-18) of the vertical tilt link is:
W, = 591 + 400 + 0.03125 = 9.94 in.

Use a trial cross-section of 10 in. X 3V4 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, I-18):

Dy =4+ 003125 = 40312 in.

L 10 20312 gesin

41, = 4(3.25) = 131in.

D, <41, OK

125D, = 125(2.984) = 3.73 in,

D, >125D; OK

r, > 0.5m; OK

Dyt, 2 (W, = Dy,

D, = (%) (10 - 4.03125) = 398 in.; use 4 in.

Since all paramecters ars satisfied, the vertical pin-connected plate links are two 10 in
auxiliary crane hook pin 1s 4 in. in dtameter.

78 © ASE 3/9°

. % 3Va-in. plates {see Fig. A10). The



Since the horizontal pin-connecizd plate link is cxposed to the sime max inum oo

; SVITONC L Gy IS v eTHCHT RN CUN el e
plate tink, 1t can be designed in a si ‘

nwever, three plaws w1l be used foe thie orenid Hnk m orer oD

approprizte redundancy in e structural strength. Zach of the three alute thicknesses, 1y
use 2 Vie in. plates

Use three 10 in. x 2345 in. plaies. Checking un the requirements of the design parameters:

~

D, = 2.984 in.

i, > 0.5, 0OK

D, = (¥ (10 ~ 4.03123) = 398 in.; use 4 in.

The pin hole diameter, D 1s made 42 in. larger than the pin to allow rotation between the vertical and horizontal links and
to sausfy the design parameter requirsments of Fig. I-18,

The pivot pin connecting the vertical link to the horizontal link has a minimum area (four shear arsas, see Fig. ATl

A

3.25" 3.25"
S
-
¥
-\ Proe e ahoend s i ww——n o oy s mmm—] fots s wcuihne  aroed Bean vwive wmeond M Wi,
+ \ -
o &\ el e et | it | mt i e [ WS I— N e ]
3
AN s -
S e
AN m“._/ R A

10" 2.1875" 2.1875"] 2.1875"

A

Fig. A11 — Pivot Pin Details
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206

4(12.0)

A = = 6.167sq In.

The required pin diameler i§:

Use D, = 2810 ; Dy = 2.875 + 0.03125 = 2.906 in. >

Checking on the requirements of the design parameters:

ES
-
i
N
=
)
>
NG
Wy
e/
]
o0
“
[
5
—~
=
o,
=
[T
8
é.
= .
g
=
5
[¢']
723
o
O
"y
=3
O
.
N
@]
g
=
5o
o
z

D, <41, OK

Dy = 2.906 in.

125D, = 125(3.547) = 4.43 in,

Dy < 125 D, unsausfactory
Use larger pin diameter. Try D, = 3210,

Rechecking the design parameters:

0~ 3.531 4
p, = 1022331 . 5035

41, = 4(2.1875) = 8.751n.

D, < 41,; OK

D, = 3.531in.
125D, = 1.25(3.23) = 4.04 in. “
Dy, < 125D, Unsatisfactory

Jse pivol pin diameter same as auxiliary crane hook pin diameter.
“hecking on bearing suess in the link plates; the allowable bearing stress is defined by Eq 1-50:

o,, = 1.5(10.26) = 15.39 ksi (Eq 1-50)

i

he aliowable bearing stress in the pin material is greater than the allowable bearing stress in the plate links.
or the two 10in. X 314 in. plates at the auxiliary crane hook pin the bearing stress, f,, , developed by the pin is:

296
2(3.25(4.0)

o, = = 11.38 kst < 15.39ksi; OK

or the three 10 in. X 2¥16 in. plates at the pivot pin the bearing stress, ., developed by the pin is:

296

e e g . 3 "‘9 N
for = S Tareany = 2B ks < 1539kst OK

e bottom pivot plates are incorporated into the flat bottom plate stiffener ribs. As shown in Fig. A12, the bottom ribs are

sttioned such that the four center ribs will support the tilt mechanism. The rib depth must be increased 0 18 in. to supporn
> weipht of the ladle in the inveried position.

[
@
2
%
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PLAN OF BOTTOMRIES SECTION B-B

Fig. A12 — Tilt Mechanism Structural Details

The maximum moment is:

Fp L 296(150)
4 4

Moo= 11,100 Kip-in.

[rshould be noted that the bottom prvot pin does oot have (o be located av e conter span position of the ribs.

@)
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The section moduli are defined using the four center ribs:

4018)(2.375)(10.2

)+ 61.2(1.25)0.625)
2473

= 7.281n.

T

_ 42375018 | 61.2(1.25)

~

_ _~ P

Sy = T 795.61n.
Q -~

Sy = ;ng = 1308in.’

The tensile and compressive stresses in the inverted ladle position are:

Seomp < Ope = 125G, = 1.25(7.99) = 9.99 ksi; OK

Tl < Ty = 20, = 2(7.99) = 1598 ksi; OK

The maximum shear stress at ends of the four center ribs is:

B __Q\/
“max T ! b
2
V = :%—é = 143 kips
0 = 4(2.375 (%O—zj = 384.75in.
/= 9523 in.?

b = (4)X2.375) = 9.51n.

o 1430384.75)
max = 79523(9.5)

= 0.63ksi < 0.60, = 0.6(7.99) = 479ksi; OK

E ‘ o+ 4(18)(2.375)(2.97)% + 61.2(1.25)(6.655)%

(Eqi-7)

(Eq1-11)

or the connection between the rib and sidewall, use a double groove full penctration weld as required by Section [-7.6.

s shown in Fig. A12, the shear plates are connected to the four ribs which support the tadle in the inveried position. The

1ickness of the 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
2.81eos 19° = 31 kips. As shown in Fig. A13, the latch plate is nearly square 1n configuration. The minimum ratio of width

» Uitckness (using ASTM A285 Grade C at 650°F 04 = 7.99 ksi) for stability 2’ against buckling is:

b 120 180

©
>
A
m
(8]
o}



Assumed working
particn of lateh
plate

Fig. A13 — Latch Plate

For a width, b, of 10 in., the minimum required thickness for buckiing consideration is;

b 10 A
LRG0 7 500 T 030

The design thickness %7 for eccentric loading (using two parailel latch plates and two triangular working portions as described
i Fig. Al3)is:

Fp 6 e
t = L o
Ty b cos™ « b

= ' 31 ﬂh{ﬁé@j
i l0<

2(1.25)(7.99)(10)( 5 ] \

Therefore the required thickness for eccentric loading governs. For latch plates use two 134-1n. thick plates.
The suresses imposed on the sidewall by each plate are:

N{o

{ = 1.31in.

U ()

3 = /]2 klp”xﬂ

©
b
o
m
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The scction modulus 1s:

2 - 2
bodt (1379029 L. 3
S=——= - = 192.7 .

The maximum bending stress is:

77.5 )
Sten = Yeomp = 192.7 = 0.40 ksi
Gcomp < Gbc = “:5(799> = 999 kSl, OK (Eq [__-7\(

The maximum shear stress 18:

y
Tmax = ] b
O3
Vo= 5= 15.5 kips
b= 1.375in

7 -

7 =
0 = 1375’(98 = 144.55in°

3 IR

;=2 }f - “'“72“9} = 27946in*
o 15.5(14455) A
fmax = 7040601375 © o0 K
T, < 0.6(7.99) = 479 ksi; OK (Eq 1-11)

‘herefore the latch plate does not impose significant siresses on the ladle sidewall during tilting. As shown-in Fig. A13,
racing plates are used on each latch plate to provide additional stiffness to the latch plates.

hese computations, based on the ladie weight (Al.1), are considered as preliminary. After evaluating ladle dimensions, the
ctual weights shall be established. The resulting stresses, using the actual weights, shall not exceed the allowable stresses.
" the allowable stresses are exceeded, change in component sizes shall be required, new weights established and stresses
>mputed such that those siresses are equal 10 or less than the allowable ones.

1.8 Estimating Wall Working Lining Expansion Allowance. The sidewall plate stresses caused by the expansion
" the wall working lining are evaluated'” *®. The ladle wall temperatures during preheating are defined in Fig., Al4. The
raduations arc made for a 70% alumina brick working lining, a direct-bond mag-chrome working lining and a resin-bond
slomite working lining. These evaluvations are a part of the lining design and the primary responsibility of the ladle user.

A1.8.1 Estimated Thermal Expansion Forces. The thermal expansion allowance and thermal expansion forces are
timated 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 the standard preheat condition. In the case of the resin-bond dolomite brick lining, the expansion allowance is determined
r the stcady state temperature condition at the end of a ramped preheat.

The following equations are used for evaiuating the expansion forces:

6= R Aewl Rw[ - Ae: Ry{ave‘; (EQ U~Taj

» © ABE 291



20 b 70% High alumina working lining
(4 hrof standard preheat)
15 L \
Dolomite resin bond working
lining (sleady state of ramp
—_ preheat)
3 1220°
l; G- e e
g 10 b \’s.
=
a
£ Mag-chrome direct bond —
2 workmg lining {4 hr ot
standard preheat)
f
S 1 L. i L. J
0 1 2 3 4 5 8
Working lining thickness, in %
CoLD
HOT FACE
FACE
Fig. A14 — Assumed Working Lining Temperature Distribution During Preheat
_ . (Eq (1-1b)
P R 7 ‘
z R fave) |
t Fot EW[ tE J
Rs (ave) (Eq ti=1c)
Jee =77

14

The temﬂpem(urb distributions during transient preheat in the three working lining materials (o be evaluated are shown in Fiu,
Ald!

The temperature-dependent elastic modulus of sach working lining refractory 10 be evaluated is described in Fig. Al3 v
The elastic moduius is derived from the stress/sirain tests conducted on sach refractory

10, 25
® and is defined as the effective
modulus of elasticity since mortar joint =7 compressibility is included..

The thermal expansion coefficient for each material was obtained

from manufacturer’s data, Average ladle wall dimensions
are shown in Fig, A16.
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*See Fig. A14 for lining temperatures

Fig. A15 — Temperature Dependent Elastic Modulus of Working Lining Refractories
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T

The radial pressure of 0,136 ksi s imposad on the insulatng brick. The insulating brick is exposed o potential crushing loads
and should have the strength to resist ticse loads.

The resulting circumierential tensile siress in the ladle sidewall plate is:

,_ 0.136(83)

e 1.25

) ( l"“‘ig\
= 9.03 ksi (Eaq li-ic)

The thermal expansion of the 70% alumina working lining at steady state preheat condition develops sidewall stress of 9.02
ksi. The ferrostatic pressure also introduces a hoop siress of 2.34 ksi (sce Section A1.8.3). The combined stress is 11.37 ksi.
The allowable total stress is:

Cy=10FFao, = LOCLONO.729{30.0) = 21.87 ksi (Eq 1-10)

Since 11.37 ksi < 21.87 ksi, the lining design is satisfactory.

Scction 11-2.4.1 should be reviewed regarding the evaluation of the wall working lining expansion allowance.
=1 = o o p

A1.8.2.1 Lstimated Thermal Expansion Force for Steady State Preheat Conditions: The maximum temperature at
which the 70% alumina brick maintains significant suength (See Fig. A13) is approximately 1300°F. The maximum radial
thermal cxpansion of the working lining (AR ) is:

AR, = Ryp o, (AT,)

1l

73033 x 1071800 — 70) = 0.417 in.

Where:
Ryr = Radius of working lining hot face, .
ATwi = Increase in hot face temperature from ambient up to 1800°F

The maximum radial expansion of the sidewall plate, AR is:

AR, = Ry o (8T)

ave)
= 83(6.5 x 1070)(650 - 70y = 0.313 in.
Where:
Rs(avey = Average radius of sidewall shell, in.
ATs = Increase in sidewall shell temperature {rom ambient to maximum steady state condition, °F

The resulting interference between the wall working lining and sidewall plate is:
AR, — AR =0417 - 0313 =0.104 in.
Therefore the lining expands 0,104 in. greater than the shell expansion. For steady state preheat conditions the radial pressure:

= —
po= 008 = (.252 ksi (Eq II-1b)

413 x 10

and the resulting shell stress is:

e

.
fon = O'“f (5&32 = 16.7 ksi

[oe)

This stress plus the ferrostatic hoop siress of 2.34 ksi {see Section A1.8.3) would be 19.04 ksi. This is within the allowable
otal stress of 21.87 ksi (sce Scction A1.5.2).

The above calculations are for ramp (slow heat-up) preheating. This implics that if ramp preheating is used the shell stresses
do not cxeeed the allowable total suress and cxpansion allowance would not be required for ramp preheating a 70% alumina
woerkine hining.
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The amount of cxpansion allowance required if stndird {rapid heat up) preheat 18 used s eatimated 1y

Zf? = /\0()3 R‘L‘/F

i
03
i

00030730 =022 .

Since Tabie {l-1 governs the amount of expinson allowance, an expansion allowance no greater than W8 in. sheuld be use
for this tadle. .

The compressibulity of the expansion allowance material (using 30 1b/It° blanket material) is determined as:

x
Y
=

!

8 “‘7/3 (g -3
Pg =100 — L3030)
‘DB = 55%
The desired thickness of the blanket material i
- —~ N7 . s B i 3 : \qu’(ﬁ)\,
T, = = 0.23in.; use Vi in. 30 Ib/fC blanket material

As previously noted, if a ramped preheat of about 100 (o 206°F per hour is used instead of the standard preheat, then no
expansion allowance s required.

The amount of expansion allowance petween the lip ring and well lining is calculated as:

Zy

A

1

0.0033 Loy p (Eq [[-da)

0.0033(166)

H

= 055 1in.
Assyming that an expansion allowance material has a compressibility of about 66%, the thickness of the expansion allowance
matierial, Tgy,, between the lip ring and the top of the wall lining (using the procedure of Eq {[-6) is:

A =
U.32
T‘l:‘/{

a= g 100 = 0.83in.; use approximately a [-in. layer of material,

A1.8.3 Sidewall Plate Thermal Expansion Force During Standard 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 the working lining and shell temperatures during rapid preheat and conducted the
calculations as previously described in this Section 1.8, The results:

Sox = 28 ksi > 04 = 21.87 ks1; unsatisfactory
In order for f, = 28 ksi, the temperature of the working lining at the mid-thickness would have to be 1690°F.

By, = 1690° —~ 70° = 1620°

Zy=0.125
§=33 x 107°(1620)76) - (6.5 x 107°) (430)(83) ~ 0.125 (Eq 11-3¢)
§ = 0406 - 0.232 — 0.125 = 0.049
p = ——Oﬁﬁgj = 0.119 ksi
413 x 10
. 019@, o

©
b
w
a
w
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The sidewall plate circumferential stress. during hot metal transport, near the bottom of the wall resulting from §

ferrosiatic
pressure is calculated from the pressure vessel stress equation:
P.R
./i/‘l" =
a !

Where;

P, = Ferrostatic pressure applied o bottom region of sidewall, ksi

0.95(0.42)(16 . )
=095 g # = 22020 _ 334
| /1.,8
R = Radius at bottom of sidewall plate, in.
‘ = Thickness of sidewall plate, in.

Substituting the appropriate values:

0.0383(76.5)

Sy = 23 = 2.34 ksi

The sidewall plate axial stress is calculated using a similar form of the previous equation. During hot metal transport, the
sidewall plate axial siress near the bottom of the wall resulting {rom the ferrosiatic load is:
PR 0.0383(76.9)

C 20129

ax

B

= 1.17 ksi

The allowablc stress {plate at 650°F; for the total maximum sidewall plate siress (Section [-5.4.4, Eq I-10) is:
Oy = 1.0OCLOYNO.T29)(30) = 21.87 ksi

“he maximuin total stress is calculated as:

St cir = 7.90 + 234 = 10.24 < 21.87 ksi; OK

ased on strain gage tests, the lining expansion suress in the axial direction can be assumed to be equal to the hoop lining
Xpansion suress.

T
ot ax = 7.90 + 117 =9.07 < 21.87 ksi; OK

ote that the rapid heal up required the use of expansion allowance material, However this practice may result in an
desirable loose lining at the steady state heated conditions (end of preheat and during molten metal hold) of the lining.

A1.8.4 Estimated Thermal Expansion Force for a Direct-Bond Mag-Chrome Wall Working Lining for Transient
eheat Conditions:

o, =55 % 107 in/in. °F

A8, = 1220° = 70° = 1150°F (See Fig. Al4)

R, =76.1n. {Sce Fig. Al16)

o, =6.5 x 107 in/in. °F

AU, = 500° - 70° = 430°F

Rofavey = 8311 (Sce Fig. AlD)

§=(5.5 % 107(11S076) = (65 % 1079(430)(83)

(g li=1a)
=0.481 - 0232 =0.249 .

~
i



=575 < 107 ksi(See Fig, ALS)
0.249 PO
= _ ’ Za
| 78" R3" \
} 3 " 1o
LG (3735 < 107y (129030 < 107y
5,249 . 0.249 o e
= — — = D= 0.563 kst
257 x 1070+ 1834 x 107 441 x 10
. 0.565(83) e ‘ (€ il
for = a5 T 37.52 kst > gy = 21.87 kst: vnsatisfactory R
- 25 ‘ ‘

The thermal expansion of the direct-boad mag-chrome working lining develops a sidewall siress that is hevond the allowabhi
stress of the sidewall plate. Therefore expansion allowance material is required.

The maximum temperature at which the direct-bond mag-chrome exhibits significant strength is 22C0°F. The maximum radia
thermal expansion of the working lining (AR, ) is:
ARW[ = RHF uw{(«ATwi)
=72(5.3 x 10732200 - 70)=0.855 in.
The maximum radial expansion of the sidewall plate AR, using the maximum steady state sidewall plate temperature, is:
AR: = Rs(ave) a:(A13>

=83(6.5 x 107650 -~ 70)=0.313 in.

The resulting interference between the wall working lining and sidewall plate for steady state temperature condiuon is:

£

AR, - AR, =08355 ~ 0313 =0.542 in. (24 1-10)

wi

p = ——=T = 1229 ksi

229 (& . ‘ . ~1c)
1222 B3) _ 81.61ksi > g, =21.87 ksi; unsatisfactory (&g f=1e)

The thermal expansion of the diract-bond mag-chrome working lining at steady state heated conditions develops a sidewall
stress that is beyond the allowable siress of the sidewall plate. Therefore expansion allowance is required.

The amount of expansion allowance is estimated as:

= 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, the
interference of the wall lining with the sidewall plate without expansion allowance is only 0.249 in.; therefore:

The compressibility of the expansion allowance material {(using 23 W0/fC blanket material) is determined as:

Pg= 100 - 1.3(23) = 62.3% (B i[-5)
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The desired thickness of blanket matcrial is:

( A
T, = >6 fﬁg % 100 = 0.39%in.

]

[ o]

~ o

Use 3% in. of 25 Ib/ft” blanket maierial.

its

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:

Z, = 0.0069 Ly

0.0069(166)

It

1.151n.

Assuming the expansion allowance material has a compressibility of about 66%, the thickness of the expansion allowance
maicnial, Tg,,, between the lip ring and the top of the wall lining (using the procedure of Eq 11-6) is:

Tray = —6—6-—— x 100 = 1.7+ in; use 134 in, of compressible refractory material

A1.8.5 Sidewall Plate Thermal Expansion Force With Expansion Allowance Material for a Direct-Bond Mag-

Chrome Working Lining. The sidewal! stress resulting from the expansion of the direct-bond mag-chrome working lining
with 38 in. expansion allowance material is:

_ 0375(62.5) o nay
ZR - IOO = O._34 n.
§=(55 x 1079 (1150)(76) - (6.5 x 107%)(430)(83) - 0.234 (Eq 11-30)
§ = 0481 - 0.232 - 0234 =0.015in.
p = —“—Q‘O‘Ls"j = 0.034 ksi (Eq II-1b)

441 x 10

034 ) =TT

Jex = QLB,"?—S@Q = 2.26 ksi (Eg Il-1¢)

The expansion stress in the ladle sidewall satisfies the allowable stress defined 1n Eq I-10. Since the maximum stress condition
is being determined, the sidewall stress resulting from ferrostatic pressure must also be included.

The sidewall circumfercntial and axial plate stresses, during hot metal transport, were previously calculated in Section A1.8.3.

The sidewall stresses (See A1.8.3) resulting {rom the ferrostatic pressure are:

£, = 2.34 ksi
foo= 117 ksi

The atlowable stress for the total maximum sidewall plate stress {Section 1-5.4.4, Eg I-10) is:

G, = 21.87 ksi (Eq 1-10)

ol
The maximum total stress is calculated as;

/

Jttal cir

=226 + 234 =460 ksi < 21.87 ksi; OK

Jivd ae =226+ 117 =343 ka1 < 21.87 ksi; OK

fivtad v
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A1.3.6 Lstimated Thermal Expansion Force for the Resin-Bond Dolomite YWall Working Lining.

Based on preheating conditions the midthickness lining temperatura was found o be 15753
mperature (0 be S30°F (See Fig. Al4).

and the sidewall plate

o, =64 x 107 in/in. °F
AB, = 1675% = 70° = 1605°F (See Fig. A1)

R, =76.in. (Ses Fig. A16)

slave)}
§=(6.4 x 100(1605)(76) — (6.5 x 07 (430%83) = 0.522 in. IEq (-2
Ei=1 37 kst (See Fig. A13)
0522 (Eqi-tt
. - { Eq
sl 63 i

|
1
i + i
L6 (1.5 % 107 (1.25)30 x 10°) ]

po= ——V*—O-:T = (.6372 kst

The resulting circumferential tensiie stress in the sidewall plate is:

0.632(83) (Eg 1I-1¢)
ox = 3% = 41.96 ksi

The amount of radial expansion allowance is estimated as:
2y =0.003 Ryp=0.003(73) = 0.22 in. (Eg 11-32)

By interpolating Table {I-1, an expansion allowance no greater than 0225 in. should be used for this ladle

Using a compressible material that compresses to about 50% of the original installed thickness, the required thickness of the
expansion allowance material is:

s /
) {

0.2 X .
100 = 045 in
i x 1D 0.451in

£

i

T

Ly

Therefore, ¥4 in. of the sxpansion allowance material is required behind the working lning. Typically, granular matenal

ylaced behind the working lining which acts as an affective expansion aliowance matenal,
p
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The amount of expansion allowance material between the lip ring and wall lining s calculated as:

ZA = 00033 LT'OD (

m
Q
|
N
Y}

= 0.0033(166)
=0.55 1n.

Using an expansion allowance material that compresses to about 50% of the original installed thickness, the thickness of the
expansion allowance material, 7g,,, under the lip ring {using the procedure of Eq 1-6) is:

- 0.53

Tew = —o3 » 100 = L10in.

A1.8.7 Sidewall Plate Thermal Expansion Force with Expansion Aliowance Material in a Resin Bond Dsiomite
Working Lining. The sidewall stress resulting {rom the expansion of the resin bond dolomite working lining with ¥2-in.
expansion allowance material is:

5=(6.4 x 107 (1605)(76) — (6.5 X 107 (480%(83) - 0.225 (2q 11-3¢)
5=0781 - 0259 - 0225 = 0.297 in.
p = 22 0360Ksi
8.26 x 10
fo = 0’36102?3 = 23.90 ksi> o, =21.87 ksi; unsatsfactory (Eq I-1e)

Even with expansion allowance the stresses in the side wall plate are beyond the allowable stress. A next logical step would
be 0 evaluate the actual expansion allowance provided by an alternate material.

A2 Exampie 2 — 380-Ton Dished Ladle.

The gencral 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, g, is 0.44 kips/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 S00°F, Note: This example
15 10 be referred to for calculation purposes only. It does not necessarily represent a practical design.

42.1 Ladle Weight. The OIS specilied a rated operating capacity of 380 tons and a {reeboard height of 22 in. These
ipecifications result in a vertical ladle height, H, of 198 in. (16 {t 6 in.) as described in Fig. Al7. Since the freeboard of 22
n. represents 1% of the ladle height, the design procedure of Section [-5.1 is required.

“he design capacily molten metal weight is calculated as 380 tons. The normal design load, W,, for the ladles is estimated
s

Design molten metal weight = 760 kips
Ladle steetwork weight = 161 kips
Ladle lid weight = 25kips

Ladle lining weight = _ 122 Xips

We = 1068 kips
iz. Al17 describes the ladle dimensions using the design procedure of Section [-3.1. According o Step 2b of Section 1-5.1,
varuficial height, 4, 1s developed with a freechoard height of 5% of the total ladle height, H.
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Fig. A17 — Dimensions Used in Example 2 Calcuiation for a 380-Ton Obround Ladle

The 5% freeboard = 0.05H = 0.03(188) = 9.9 in. Use 10 ip.

The height measured from the ladle bottom plate (0 the meniscus of the molten metal is 14 ft 8 in. (176 in.)

The artificial ladle height, h, = 176 + 10 = 186 1n.

The following design procedure is conducied with the artifictal height incorporated where appropriate into the design
procedure.

Since the allowable stress limits for the brimiul 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 Boltomn Plate. The required thickness for a dished bottom, obround ladle (Section [-8.3) is:

(Eq 1=23a)

Tg = R E~ Dmﬂx g H RS min COS o “
8 7 8 ( |
}4664 Dimio) Ga Rz | 1+ A | Ksmin %
| | Rg |l
[ N o
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Use ASTM A283, Grade C material (Secuon [-3.2), The minimum room temperature tensile propertiss are given in the ASTM
A28S specificadonas g, = 30ksi (yield strength) and o, = 53 ksi (ultimate strength). The allowable normal stress {Section
34 s /

3

g, = min |G

a ay au |
- min j(’“szGv ) FfFrGuE\ {Egs -2 and 1-3)
F(SF), " F(SF),] .
{ }
Fr= LA = LO.O(1.0)(1.0)0.95) = 0.95

(/s = 0.95 for noncircuiar ladle)

F, = 0.729 (Table I-1, temperature = 650°F)
Fo= 1.2.(8F), = 2.28, (5F), = 3.80

. [0.950.729(30)  0.95(0.729)(55) |
T, = min :

172228 0 1288

= min { 7.59 ; 8.35)

= 7,59 ksi
Let Ry = 300 in. (dish radius)
Doy =1851in, D =153 in.
Rstmny = 76.5 + 0.75 = 77.25 in.

772
5 = sin”! /3'5;}5 = 14.92 degrees, cos ¢ = 0.966

H=h= 186in, g = 0.44 kips/cu ft

. 185(0.44)(186)(77.25)(0.966) k€
Fﬁ = BOO
4664(153)(7.59300) 1 + /77.25 |
L 300 J
=1.79 in.

Supplementary check (Section 1-8.3):

L 0.44(186)(300) _

A (Eq 1-23b)
T = [319(7.59) = 1.78 .

Use 7y = 2.01n.

The minimum permissible worn thickness is:

3

8 178
" (130)7)

?.

1.7
1.3

[aw)

T -
Ymin, worn T max{
L

= max (1.37 : 1.50) = 1.30 in.

1]
O~
€
B
L
(28]
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82.3 Sidewall. The minimum sid

dewall plale thickness below the wop bund i Secton (=10 s e, for &
Comuatenal tor temperatures up o 630°F {Tubic [-7),

0757, = 073(178) = 13400 < ki

e L2 in. {or thickness requirement below the top band. Nute that FV% 1 plate 15 acceplable.

Us
The supplementary thickness requirement below the top hand s met, since:

Cprg HD 1040018612
24 _ LD ADE6NIRS) U0

(g = = 21005 <o
min 1319 o, {819(7.55y

L 2Ce Wy 200068y S agim
mn © D o, 7(185)(7.39) R

.34 in. > 1.10n.; OK

The mmimum required thickness above the top band (Section [-10.4) = 0.66(1.34) = 028 in. Use | in.

A2.4 Trunnion Pin and Block (Fig. A18).

204" § HOOKS

NOMINAL F——PIN § AND NOMINAL
HCOK ¢

170.19” dia. C17.86"

| ot POSSIBLE LINE OF
;g ACTION OF HOOK LIFT
13.167 1]
€2

|

12.417 || 075"
) =
|

)
|

11“x10" deep

et

gqn
bt
3

Note: Min. tillet rad.

5"x13” deep

4

Fig. A18 — Trunnicn Details
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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 minumum permissible worn thickness is 134130 = 1.03 in.
helow the top band and 988430 = 0.68 in. above the top band.

AZ.4.1 Trunnion Pin. Try a 21-in. diameter pin of ASTM A668, Class C material withcut protective bushings.

a2
Area = m‘";) = 346.4 sq in.

L z N
5 = Arca (Rads) Tad‘“” - 3464 “O:O) = 9093 in’

The room lemperature tensile properties given in the ASTM specification for A668, Class C material are:

g, = 33 kst, o, = 66 kst

i -
For a maximum operating temperature at the pin of 500°F, the temperature derating factor is:

£

i

0.808 (Table -2, temperature = 500°F. Also see Table 1-6 for calculated allowable g, values).
A[:f = IO
The allowable pin beading stress (Section 1-5.5.1) is:

 |F/F o, F/F o, (Eq1-12 and I-13)
, = min | ; !
)

it

1(0.808)(33) 1(0.808)(66)}
1.24356) ' 1.2(9.12)

f

iy
min

7"\

1

(4.873 ; 4.873)

]

4.873 ksi
The allowable shear stress (Section [-5.5.2) is:

0.533 o, = 0.533(4.873) = 2.60 ksi (Eq 1=15)
['ne bending stress at the base of the pin (Fig. Al&, Point A) is;

_ 1068(6.75) . 4 g
Opend = 29093 3.964 kst < 4.873 ksi; OK

The average shear stress in the pin is:

1068

Tavg = 3346.4) = 1.542 ksi < 2.60 ksi; OK

“lic minimum permissible wom pin diameter is:

1‘
3964 1"
D, =21 —0—
- | 1.45(4.873) |
= 17.32 .

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 intemal distance between the sidewalls at the trunnion pin centerline elevation is
113)

53 + |—= (178 - 133) =
153 (180/\(“3 133) 168.69 in

) & AISE 3/?)



and the horzontad distance from trunnion biock mud-thickness o dic runnion puomid-length s

(204 — 163
S

fo

9 - 109

= 1241 in (Fig A%,

The momeat arm from the hook centerling to the centerline of the trunnion block is:

1N - 1A L —

The allowable bearing stress is the lesser of Eg [-5b and [-146:
Ty, = 1360138 o) = 1.36(1.38)(7.59) = 14.26 ksi (Eq (-E5!
Ty, = 3.2305 5 = 3.33(4.873) = 1623 ksi {(Eg l~28a)

Use ,, = 14.26 ksi

fy = 1398 < 1426ksiy OK

A2.4.3 Trunnion Block Bending Stresses. The trunnion block is connected to the shell by longitudinal fillet we'ds
which transmiut the vertical oad to the shetl (Fig. A18). The moment arm on the trunnton block is ¢4 = 13.16 1.

Usinga 9 x 32 in. block and assuming that the trunnion block acts as an integral part with the shell plate, the section moduius
at the centerline of the trunnion is:

~ ~ 2 o SR Rl N}
- 52 = 3105 ) (Eg =17z
S, = (CERELYALI N T R

Use ASTM A27, Grade 63-30 material for the block. The allowable normal stress (Section [-5.4. 1) is:
)

Gnuf

= min | .
Og = min (g,

\F;Fo, FFo,
FSP), | F(SF),

(Eqs -2 and I-3)

= min

o, = 30ksi, o, = 60ksi

Fr= LOQLOLO(L.O)O0.95) = 0.95

{f5 = 0.95 for noacircular ladle)

F, = 0.730 (Tabie I-1, assume maximum temperature = 6350°F)
Fo= 12,(SP), = 228, (SA), = 3.30

e ~ N =
o, = min j 0.9520.739)(30, : 0.93(0.73(3)(60)

[ 12 (2.28) 1.2 (3.80)

= min {7.60 ; 9.13)

= 7.60 ksi

b

Allowable bending stress in block (Section I-5.4.2.2) is:

—
>
n

1
0
i
%
i}

o, = 1.380, = 1.38(7.50) = 10.5 ksi

© AISE 3/91 g9

2



The maximum tunnion block bending sucess is focated at the centerline of the tunnion (Fig, AI8) and is:

1068(13.16) (34) 10.7ksi > 105 kit unsatisiacio
L, = T oo = UL N PUS K8 unsatistactory
oe 2 (33)(385.9) T
The designer should optimize the pin diameter and size the trunnion block in
order to saus{y bearing and bending stress requirements,

A2.4.4 Weld Stresses. Use a combination bevel and fillet weld 1o con-
nect the wrunnion block to the sidewall so that the minimum throatds 1,125 in.
{Fig. A19).

f-or the two vertical welds on each side of the trunnion block:

Area =2(1.125)(50) = 112.5 5q in.

1068 .
———— 4,”" -
21125 75 kst

Average shear suess =

Fig. A13 — Sidewall to Trunnion
This s less than the limit in Section 1-5.4.6 0of 1.20, = 9.12 ksi and also less Block Welded Connection
than the AWS cndurance limit of 8.0 ksi.

Usc a 1-in. continuous fillet weld to connect the trunnion block to the top band, and use a 1¥%-in. conunuous fillet weld to
connect the trunnion block to the bottom band.

The radial force on each of the welds at the top and boutom of the trunnion block (welds connecting block to the band) is:

Wi ey 1068(13.16)
29 258

= 121.16 kips

The shear stress in the weld is:

121.16 .
o = 330k
Attop 070060 30 ks1
At bottom: __lehls = 2.93 kst

1.125(0.707)(52
‘hese stresses will be combinied with the circumf{erential shear stresses {ollowing the band design calculations.

A2.4.5 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 [-5.3) is:

. [ 13 (Eq 1-1)
j o= 3.236 x 10-6 \v%‘! [Dwf(mirﬂ] [Dwf\'max)j

Dy rminy = 10610
Dy maxy = 166+ 32 =198 in.

6] 0.44 3
= 17 ; 51 VA 3
J 236 x 10 LIBOI (166) (198)

=141 ft=1691in < 19.7in. (actual j distance); OK

‘here the brisnful weight, W, of the ladic is estimated as (use actual ladle height A and notartificial ladle height 4 for weight
“calculations):

Brimf{ul molten metal weight = 1033 kips
Ladle stcelwork weight = 16] kips
Ladle lid weight = 25 kips
Ladle liming weight = X2 kips

W= R0 kins

)
&
©)
(o8]
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- e e . : , . ‘
A2.5 Stiffener Bands. The effective band propertics are dorernuncd G foiliaved By homd Dacen b TV P TN

and detlecuon index,
A2.3.1 Kffective Dand Properties,

Top hand:

AN
NA.
\,
<
}

11.417
15.0

1
1.

b

Re = 765 + = 36.8 in.

(89 - 76.

L4

;) +

o8

N

me locauon of the sidewall plate joint above the top band is:

= 8.56 in. (£51-29)

v86.8 (1.

Y

Nt}

Tnal size: 11 in. wide x [0 in. deep all around.

Properties at trunnton axis (Fig, A20):

by = 0.4 V368(105 + 3) = 13.7 in. (Eq 1-29)

by = 0.7 N86.8(1.5) = 8.0 in. (Eq [-30)

b, = 11 + 137 = 8 = 32.7 in. (Eq [-28)
2

Area = 8(1.5) + 11(11.9) + 13.7(10.5) = 282.4 in.

Locate neutrad axis:

8(1.5)° = 1115 ? + 1371052

«
i

2(282.4) : Fig. A20 — Top Band at Trunnion Axis
= 528 1in
L2807 nois’ | 1370057
D A {2 ‘ 12

8015453 + TI{1L.5)0.47)"
13.7(10.5)(0.03)

29972 in *

H

*
ANANNNNY,
J\"
é\;ij/

8.0

Section modulus:

2992

.3
Y = 431.0 in.

outside S,y =

2
inside S, = f%%: 566.7 in.”

117

Properties at cross axis (Fig. A21):

b, = 11 + 1.4 V86.8(1.5) = 26.98 in. (Eq [-27)

-4

3.0

PRSP S SO 2 ¥

Area = 16.0(1.5) + 11(11.5) = 150.5 in.?

{.ocate neutral axis:

160192+ 11152

20130.5)
i — T, 2m 1 O o A
= 49510 Fig. A21 Top Band at Cross Adis

© AISE 8/91 107



16(1.5)° 11(11.5)°
12 12
2 IH(15E27 = 11(1L5%0.8)

1903 in.*

Section modulus:

outside S, = =2

inside  §; = ——¢— =

Bottom band:

Ry = 765 +

Trial size:
Properties

by

b,

-

b

4

Area = |

6.583 1
150 89

S in. wide x 13 in. deep all around.

at trunnion axis (Fig. A22):

i

0.4 v82.7(10.5 + 3) = 134 in.

0.7 ¥82.7(1.5) = 7.80 in.
=5+ 134 + 78 = 26.2 in.

3.4(10.5) + 5(14.5) + 7.80(1.5) = 2249 in?

Locate neutral axis:

-
i

13.4010.5) 2 + 5(14.5 % + 7.8(1.5)
2(224.9)

= 5.66 in.

3 3 , 3
_ 13401057 51457 7.8(1.5)
- 12 12 7 12

+ 13401050410 + 5(14.5)(1.59)2
+ 7.8(1.5)(4.91)?

= 3054 in.*

Section modulus:

)5
outside S, = ~8-O—8—3—= 345.5 in.}
- 4 o
inside  §, = 1026 = 539.6in.’

Propertics at cross axis (Fig, A23):

b

e

Arga = |

=5 + 1.4 V82.7(1.5) = 206 in.
5.6(1.5) + 5(14.5) = 959 in.’

76.5) + =& = 82.7 in.

(Eg 1-29)
(Eg 1-30)

(Eq I-28)

N

8.84"

Fig. A22 — Bottom Band at Trunnion Axis

Fig.

57

20.6”

423 — Bottom Band at Cross Axis



Locate ncuwral axas:

PEALS) T - 5145
e = -
259359
= 3566 in
I5.6&01.5)° S(14.5) -
[ = . + -
iz 12

COISELSHE9D + S(14
= 2022 in*

Section modulus:

SHLSS)

e 2022 L.
outside S, = 3 34 2287 in
2022 3
inside 3, = 566 - 3572 in.”
SUMMARY OF EFFECTIVE BAND PROPERTIES
Property Top Band Bettem Band !
At Trunnion At Cross Axis At Trunnion At Cross Axis
Area, in.’ 282.4 150.5 224.9 95.9
/in? 2992 1903 3084 2022
So, ‘m.3 481.0 290.5 345.5 228.7
Sy o 567.7 384 .4 538.6 3572

A2.5.2 Band Forces.

Ryp = 868 + 4.95 - 075 =

i

Rpp = 82.7 + 5.66 — 075

2022(793(91.0)

c = 37
1903(137)(87.61)
RO + 76.5

Rsye = 75 -

R

SSMR_ (obround ladle)

RSmﬁn

/

Lo o

Rsy 33.3

S = 135 (Fig. (=12)

91.00 in.

87.61 1.

0.687

+ 075 = 83.50 in.



1068 1204 — 1.33(33.35)]

. 33(32.3)] . (Fa{-32a)
Fro= = £3.63 kips ’
T TR 06979) - 137 0363 Kips
Fgpo= 0.687(63.63) = 43.71 kips (Eq 1-32b)
, . acal 52]
My (at trunnion axis) = 63.63 ;0‘7(91.0) + 16 ~ |
L : j
= 4244 xip-in. (Eq [-33)
, o .| 521
M (adjacent wunnion biock) = 63.63 TO.’/‘(Q}.O) + 16 - —2—‘;
L B
= 3417 kip-in. ' (Eq 1-33)
M (at cross axis) = —63.63(0.3)(91.0)
= —1737 kip-in. (Eq 1-34)
Mp, (at cross axisy = —43.710.3)(87.61)
= 1146 kip-in. (Eq 1-35)
A2.5.3 Band Stresses.
Top band at wrunnion axis:
~AA { T
A 44‘8"'1” = _8.87 ksi (Eq 1-362)
47244 - , (Eq I-38b)
f= 7 S67 7 = +7.47 kst :
Top band adjacent to trunnion block:
3417 e (Eq 1-36a)
= - 7 = -11.76ks
fo 290.5 !
_ 3417 , (Eq 1-380)
L=+ a4 = +8.89 ksi
Top band at cross axis:
63.63 1737 - . {Eq 1-37a)
= - TTr ot oo = +5.56k
Jo 1505 © 290.5 Soksi
63.63 1737 . (Eq 1-37b)
[i = — =% - == = -4 94 ks;j
/! 150.5 3844 >
Bottom band at cross axis:
) 4371 1149 o (Eq 1-38a)
= - + — = +4 56k
o 955 * 228, Oksi
. 4371 1149 : (Eq 1-38D)
fp = *;?9 - 357 2 = 257k
104 © ase 251



Use ASTM AT 16, Grade 55 material for th
matenial used tur the sidewallsand o, = 7, °F e
|

e hands. Th
5

s materiad has the swne wnsile aed vield sirem
9 KsLalad)FE T

he wiowable comnined sirev

wnd 1 207.39) = 1518 kst (Section [-9.9). The band stresses detennined above 0
A2.5.4 Band Weld Stresses.  The circumiferental shear force 1n the welds connecting the band to the shetl 15 viven by
, Vay
f s / N
Where
a = Area bevond vertcal shear plane (and fillet welds) ol nterest in tunnion block regicn, 0.~
7's = Shear force over the vertical shear plane of interest, kips/in.
/ = Moment of inertia of tnnion block/band cross-sectional region (see Summary of Effecuve Band Properties,
Section AZ.5.1), in
1% = Radial force on band in region of trunnion block, kips
¥ = [istance from neutral axis (neutral axis determined in evajuation of band proparties) of trunnion block/hand

cross-sectonal region to centroid of area, g, in.

Evaluation of shear stress in the two circumferential 34- in. fillet welds (Fig. A20) connecting the top band to the
sidewali piate.

V= Fro= 6363 kips
From the top band trunnion axis property calculations (Section A2.5.1, Fig. AZ0):

28 in. (location of neutral axis) p

[
I
o

A00n i 4
[ = 2692 1n.
The area beyond the verucal shear plane of interest (area beyond the two Y4 in. fillet welds, Fig. A20) is the 1¥2-1a, sidewall
7 t J
plate:

(137 + 11 + 3)(1.3) = 4905 in

The centroid location of area, a from the neutral axis is:

y=e -5 =528~ == 453in.

L 63.63(49.05)(¢.53)
ST 2992

The shear stress in the two 34-1a. fillet welds (through the throat of the welds) is:

= 4.73 kips/in.

f/: 473
=2 s e = 446 ks
b 20750707 !
Thisis le 55 than the allowable limit (Section I-5.4.6) of 1.2 x 7.59 = 9.11 ksi, and also less ihan the AWS endurance limit
:t’b‘ Ok

r

fvaluation of shear stress in the single circumferential 1-in. fillet weld connecting the trunnion block to the cute
edge of the top band (Fig. A20).

- —
fa

From the top band trunnion axis property caloulations (Section AZ.5.1, Fig. AZ0):

uq

©
2
o
m
@
¥al
—
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The area beyond the vertical shear plane of interest is the 1 in. projecuon of the top band beyond the trunnion block.

Therefore:

a = 1) = 1lin*
y =622 -05 =572,
Then:

, 63.63(11)(5.72 e .
S = -——%5—9)777‘—2 = 1.34 kips/in,

The shear suess in the single 1-in. fillet weld is;

134
T 00707

This weld must also carry the radial force considered previously (Section AZ.4.4)

1.89 ksi

The equivalent shear stress is:

1. = N1.89% + 3.30° = 3.80 ksi < 8.0 ksi; OK

\‘eq -

For the bottom band to sidewall welds (two circumferendal ¥4-in. fillet welds (Fig. A22):

a = 1.5(26.2) = 39.30 sq in.
i = 3054 in.*

% = Fg = 43.71 kips

y = 566 - 0.75 = 491 in.

_ 437139.30)4.81) _

, 76 Line
s 2054 2.76 kips/in.

7= 5{‘07%765 = 2.60ksi < 8.0ksi; OK
For the bottom band to trunnion block weld (single circumferential 114-in. fillet weld, Fig. A22)
o = 4(5) = 20in.’
y = 884 ~ 2 = 6.84in.

o= 3054 = 1.96 kips/in.
1.96
= - — = 2.46 ksi
T 25007 6 ksi
2 2 ‘ . .
T = V2,467 + 2.93° = 3.83 ksi< 8.0ksi; OK

Since the shear force 1s zero at the cross axis, the weld stresses at the cross axis will be negligible.
A2.5.5 Deflection Index,
The defllection index {Section I-11) is:

Cp P Rey”

/ Iy

- by interpolation from Tabie 1-3, using B, —— and =
T R h

J
(¢4
o
(¢4
)
©

106 © AlSE 8/91

(Eq 1-41)



From Fle. A7, the inside radius at the averaees band heieht s

'

oo (19 =137 (178 153
=765+ 3 LTy T T :6:[#{)0 n
\ JouT J
n 180256 - 16)
p = © 3400 6.82 degrees
{ = 151in
Rer + Bga 91.0 + 8761 . (S [-<3
Noaf 3 5 = r49 2iimn
U - lé = 0.1792
1750, " 79 N, e X
L, = 1903 | 13; <+ 2022( ,9: 12 = 3785 in? (=g {mad
- P13 \H:: |
\ / /
(137} _ {790 o Eo st
I, = 2992 {‘l—f— L 3034({‘1-; {?’ = 5891 in." (Eq [-22)
\ // kN 4/“
I 3795
230 e
I, 3391
Cp = 0.0967
P = 2Fr+ Fg) = 206363 + 43.71) = 214.68 kips (2q 1-44)

E = 29,500 ksi

- 0.0967(214.68)(89.31)°
B 25500(3785)

A2.8 Supportlegs. The obround ladle is to be supportad by three support legs. Each leg extends 22 in, down from the
knuckie region of the disbed bottom plate for the necessary clearance beneath the ladle.

A2.6.1 Calculating Required Leg Size. The design sarvice load (Secion I-14) for each leg is:

1068 .
Fyo= T=534 kips

The maximum required leg length below the dished botwm plate is:

Ly = 221,

D

It 1s assumed that the legs are made of ASTM A106 Grade A material (¢ =
F, = 1.0). Therefore:

0ksi, £, = 0.729 for 650°F, F, = 1.2 and

J
G, = 7.67 ksi {Egs -2 and 1-3)
c, = 1.25(7.67)=9.59 ksi (Eq -7
g, = 0.6c, = 450 ksi (Eq =1

©
i
N
m
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The leg Unckness must be equal 10 or greater than the sidewall (1142 in) thickness. Selecunz a tial size of 26 1. OD and a
wall thickness T, of 2V2 in., the cross sectional properties are:
A, = 184.6m.*

S, = 9912in."

Substituting the appropriate parameters into Eqs [-54a, 1-54b and [-54c:

=028<1.0: OK . (Eq 1-54a)

534

5 ) (Eq 1-54c)
184.6(7.67)  2(991.2) (9.55)

= 995« 1.0; OK

The length L, of the portion of the leg which is connected o the sidewall is calculated by Egs 1-55a, [-53b, I-35¢ and 1-554:

/ 534 L (Eq 1-55b)
= = 19.7¢ . o

Lo = 7550506y - 760

" 334(22) ‘ (Eg 1-55¢)
L = L = 18.50 .

¢ T A T0011.752.5)(4.60) i

1 L] 53422 (Eq 1-55d)

= 22025l 95 954n

Lo =123V G5 460 i

L. = 18.50 + V18.50° + 25.78" = 51.491in,
The bottom and top of the leg is capped with a 2¥4-in. thick plate. A ¥4-in. bole 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. The ribs are parallel to the cross axis of the obround ladle. The basic dimensions of the center T beam are
described in Fig. A24.

The properties of the T beam are:

L = 185in.

]

Area = 15(2.375) + 15.3(1.5) = 35.625 + 22.95 = 58.575 in.’

, - (15.3)(1.5)[8.25)

=323 in.
58575 3

Where ¢ = Eccentricity from ncutral axis of T beam to mid-height of web.

/= 5 + L b 153(L) <.02)F + (15)(2.375)(3.23)*
= 668.0 + 43 + 5783 + 3717 = 15223 in."
S, = 1632:7:3 = 28172 in
‘ 5.77
S, = S\:i} = 1512
108 @ ATt 359
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A
3.23"
MICPOINT = 3
OF RiB =T

157

2.375”

_*

Fig. A24 — T Beam Cross-Section

Maximum rib spaciag check:

L 185

5 3

=37in.> 153 1n; OK

Checking on plate stress requirements:

Substituting into Egs 1-26a, 1-26b and [-26¢, (Note: use artificial height, 2):

Joo o (0.44) (186) (300)
o, (S09(1.5 + 3.83)(7.39)

= 0.67 < 1.0, OK

o

fo 040 (186) (152 095 - 10 OK
Op  (3638) (1.5 (1.25) (7.59) ’

+.

H
<
(@
~J
%
-
jou]
A

i
=
D
[Re)
AN
<O
@)
x

Ja _ OANUBH 0 o 4 ok
ElyvasenseemsaealE SV BN (9 &
g, (3538) (3.33)(7.55)
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<
i
R
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The top {iher bending suress requirement 1s:

(0.44) (186) (13.3) oo , 1 {29 1-23b)
= e T L0 11852 ~ 4(300) (11.48)] = 0.66 <1.0; Of
o, = (14552 (2812 (1.25) 759 L1° (B0 (H1.48) ] = 0.66 <10, OK

The total top {iber bending stress requirament is:
o

| , (Eg 1~25¢)
= 1023 + (-0.66)] = 043 < 1.0: OK

o N

Ja
o

The bottom fiber bending stress requirement is:

Jo 0498653 T . T a1
= TS 510 g 185 - 4000 (1148)] = 077 <io OK

The total bottom {iber bending stress requirement is:

i Eq [~25¢)
éf— S22 2023+ 097 = 100 € 1O Satistactory :

a Cp

A2.8 Comment on Brimful Condition. When the {reeboard exceeds 10% of the ladle height, H, the design procedure
defined in Secton 1-5.1 is required. In addition, the design of the ladie should be verified for the brimf{ul condition with
allowable stresses increased by 30%. The brimful weight is greater than the design weight by the following percentage:

1321 - 1063

= 24%
063 x 100 4%

The ladie 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 [-5.1.

These computations, based on the ladle weight (A2.1), are considered preliminary, After evaluating the {adle dimensions,
the actual weights are Lo be established. The resulung 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 suesses
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, A1.8. The effective
-adius of the obround and oval ladle 1s determined by Eq 11-2a and Eq I1-2b:

98.75

+ 8275 . (Eq 11-2a)
5(:\’:} 2

= 90.75 in.

wi 5 (avey

= R’, -8 in = 82.75in. (Eq 1I-2b)

‘he remainder of the calculations for esumating the wall working lining expansion allowance for the obround and oval ladle
re similar to those descnibed previously {or the circular Jadle in Example 1, A1.8.



DETERMINING LADLE DEFLECTION COEFFICIENT

ermining the inward delecuon index, A of a ladle (Section [-11, E

coetficient was computer-calculated for a range of values of

Ay !
RS l

circular ladles, Cp can be calcuiated from zither Eg B4 or B6 by letting / = 0, which leads w0 v = 0. The radial ue‘ ection
of shell, &, the detlecuon index, A, and the corresponding circumferznual bending moment on shell, A, can be caicuiated
from Eqs B, B2 and B3, respectively.

The values for Cp may be calculated independently from Eq B4 for oval ladles and from Eq B6 for obround ladles. Fo

Cp P Ray” (€381
b = —
S
Lo D (21 82)
Rey
P EQ,!,; ; N 23 53\’
xwoz——,"'—i“;\"/{: ar KZ\‘ '
“ N J
Where
E = Modulus of elasticity (rcom temperature), ksi
163 = Moment of inerua of the effective band at cross axis (for deflection index calculation), in.t (Fig. 13, Eq i3
K,y = A geometric factor for oval ladles (Eq BS)
K, = A geometric factor for obround ladles (Eq B7)
M, = Circumferental bending moment on shell, kip-in. (Eq B3, Fig. B2}
P = Effectve force, kips (Eq [-44)
Rpas = Average minimum eflfsctive radius of top and bottom band, in. (Eg [-45, Figs. [-13, B!, B2)
5 = Radial deflecdon of shell, in. (Eq B1)
A = Deflection index (Egs [-41, B2)
There are two cases for calculating Cp:
Case 1 — Oval 1adles.
3 (\u sin 2\u\ 2 Wyooosin 2\4/\1
Ch =12 ol + ol -7 + 2y cos W — 5 4
D p \2 4 ) Y Y : 5 Py J
7' , 2 sin 28 )
+;}(72+L2\)+(1~cc)(—y B+ 2vcos P Q wq—g}
o2 \ w 1 (Eq B4)
- K Lp‘ a{l —cos W)+ a{—-vyWy + cos y) + *y—£+ {1 - o)y (cos —ylﬁ)g‘ A
1)
Where:
r 1 Eq B5)
‘Lpza(l—cosw)n‘«-ya(ﬁ— y— a(cos - cos y) + (% ﬁ!)'r(f)“ﬁj (£q89)
. J
Ky =— [ _\
¥ )
Lpauﬂr&(@-wwv ~B
172
o = —
4
B = Angle at woich effective band moment of inerta changss from /; 1o [y, radians in fornulas but
degress in Table [-3 \F‘gs -13, 81, B2)

e
(42
m
831
3

a



R ras
Re
P = R
7 \
B RO
v = sin —— (Fig. B, B2)
[P J
N
and: N
7 = Moment of inertia of the effective band at the trunnion axis, in.* (Eg 1-42)
RE = Racdius at minor axis, in. (Figs. B1, B2)
/ = One half the distance between radius points of end scgments in an oval ladle, in. (Figs I-13, B, B2)
,O -
Fig. B1 — i Fig. B2 —
Ovai Ring { Ring Forces
Geometry for
Deflaciicn
Analysis

2

1:

s 3 ) N
1oy . /2 \ [ 3 3 sin 20
- — 4+ 2a v+ by - -y B+ 2 - ‘
CDw21 3 oy E S +1/2)+(1 cx)iK y°pB + 2vcos B St T
r 2 ~
Clay” YT (Eq.B6)
vkz{—*-zj—fa+iz—+(l ~a)(cosB~7B)1}
Where:
r 5 . A e
: (Eq 87)
}ﬁl+~/a B - olcos - ])+y(§—~B\!+cos BJ
L2 k - /
Kz = { = T T
ray+(1{5+:/—ﬁw
k - J
it should be noted that the values for the deflccuon coclficient, Cp, shown in Table I-8, represent conditions for an obround
R R
ladle where — E e {i.c., infinity). Additional calculations were made Tor oval ladles where —— # e, A comparison of
R Kras

results showed that the deflection coefficients were shightly higher {or oval ladles than for obround ladles because of the
larper arc length with an oval ladle. The differences were, however, negligible. For example, the maximum difference was
approximately

e Rg Re
17 for ——— = 2 approximately 0.2% for =3, and 0.1% for —— = 5,

Rreat /M Ram

D
©)
¥
o
m
w
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dig, 1, spacing, in.

Tilt mechanism:

Material

Bottom plate {Section [~3.3) ASTM Grads
Bcttemn plate stiftener ribs (Section [-3.3) ASTM Grads
Shell plate:

Upper (Section 1-3.3) ASTM Grade

Lower (Section [-3.2) ) ASTM Grade
Suttener bands (Section [-3.3) ASTM Grade
Splash plate {Secticn 1-3.3) ‘ASTM Grade
Lip ring: ‘

Fabricated {Section [-3.4) ASTM Grade

Casting {Section [-3.4)

oannion pin (Section 1-3.5) ASTM Grade
Trunnion block {Section 1-3.6) ASTM Grade

Additicnal testing procedures {Section [-3.10)

Refractory lining (Section 11-2): (pleass attach lining drawing)

REFRACTCORY WALL LINING BOTTOM LINING
Type Thickness Density Type Thickness Density
|
- - 1
Working Lining
Safety Lining
insulating Lining
| E |
| i |
Total retractory weight in ladle, Ibs
Nelds Yes No

Thermal strass relieving (Section 1-4.6):

Field welds are to be stress relieved in accordance with the
ASME Code, Section Vil Civision 1

1d @ AlsE 3/



OWNER'S INFORMATIO

N SHEET (0IS)

[nformation sheet 1o be completad and submatied w the fabnication contacior

Design Parameters

intended primary use of ladle

_acle rated capacity, shen tons

Metai density (Section (-5.2), kips/ft®

Metal composition

Maximum height ’ i,

if,

~reeboard to be 5% of height (Section [-5.1)

it freeboard is nol 5% of height b

Geomatric cenfiguration:

Shell {round, oval or obround)

Maximum searvice temperature, °F:

Sidewall

Trunnion block

Hook on trunnion:

Thickness, in.

Centarline to centerline of {adle hooks i1,

03

ottem (flat or dished)

Bottem (flat or dished)

i

runnion pin

Oiameter at trunpion seat, in.

in.

Waeight, kips

Maximum level of molten metal in the spout during pouring (Secti
. . -

Ladle lid to be used

Weight of ladle lid—with refractory, Ibs

Center of gravity of lid—with refractory
(please attach drawing):

a. vertical ft,

Lacation

on 1-54e), in.
»

Yes

b. horizontal L
Centinuous Caster Ladles (Section 1-4.3):
Specify if knuckle radius/plate thickness ratio of 4 is required:
Specify if heat protection shield is required:
Trunnicn wear sleeve tc bae provided (Section [-4.7):
Scecify if vent noles are required (Section 1-4.10):
zdle bettom:

dia, in. spacing, in.
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Defined in UCS-60 .. ... o 196
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SteRls. i 130
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ALloy Steels. o 187
ucs-57 Thickness Above Which Full Radiographic Examination of Butt Welded
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UCs-57
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Thickness of Shells Under External Pressure
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Low Temperature Operation

UCSs-63
UCS-66
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Inspection and Tests

UCS-90

Impact Tesis of Welding Procedures

Design

Generai

XAMUDNAUON. ..o i

177
il

et et e i b el e
e e B e e e e
N W D O ADoK

ot
[z IS

_AH
[o vl .e]
]

2

o
U

)
[V o) ‘E/O

N
N

200

Y

AD2



£
manutracture

™

)

Approved specific

eel and low

alloy

A tabulation of allows
(see UG-12)

WA

studs, and

nus may be used
apolication. They sk

Part UNF or

UOs-11 NUTS AND WASHERS

in (b4 below,

o SA-194, SA-S63,

{a) Except as otherwise provided

materials for nuts

by 1T om iy Eim oram
shalt contorm

or to the requirements for nuts in the speciﬁcation for
ting matertal with which they are w0 be used.
special design, such as nuis, may b

cold foz‘ged; or machined from hot-fo

Washers may be

LW Dars.
1

suitabl materml isted in
UHA-23.
(h) Matenials for nuts and «
tollows.
steel nuts and s

used with carbon steel bolis or studs.

{2} Carbon or alloy steel r
(ime wl"

washers of appro hat dn

steel

the nuts may be used with alloy steel

for metal temperatures not exceeding 9

(3) Alloy steel nuts shall be used with alloy sieel
studs or bolts for metal temperatures exceeding 900°F
(482°C). Washers, it used. shall be of alloy steel
equivalent to t} he nut material

(4} Nonferrous nuts and washers may be used

with ferrous bolts and studs provided are suttable

for the application. Conswdleration shali given to the
differences in thermal expansion and possible cotrosion
resulting from the combination of 1lar metals.
j\onmr us nuts and was snall conform to the

requirements of UNF-15.

fo) Nuts  shall be semifinish chamferad, and
Nuts shall
iolerances  according

COﬂIOi‘?THHg n

of special design or of dimensions other

Heavv Series may be used provide

that of the boiting, giv

consideranon 1o

bolt hole clearance. bearing area, thread
and class of fit, thread shear, radial thrust
<

[see U-2ig)].

and

rom threads

e

€2}

-12 BARS AND SHAPES

ations for bar and she materi-
Aahle LCS-230 A

{a) Approved speciiic

als of carbon stee 1 are

tabulation of allowable

given in
given in T@ able
rials
used as bar mater

atures are
() Bolt mate

1als.

{r,‘) Parts made from bars. on which weldinz is done,

aterial for whcn a P-MNumber for procedure
1 Sectic .

on IX. OW

The rules n the foll raphs apply spe-
cifically to the design of pressure vessels and vessel

patts 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
specitic requirements for Design Subsection i3 that
pertatin to the method ()f fabrication used.
UCs-19 WELDED JOINTS

vhen radiographic examination is required for bult

f"x and

Mo, {2) of

i joints by UCS-57. jo
I,;‘Y\

ints of
Type

Cate g_‘_\")l'l;:‘:\

(1) or

-3y shall be of No.

ALLOWABL

STRESS

m

YALCES

Section 1,

vaiues ot the




PART UCS
REQUIREMENTS FOR PRESSURE VESSELS
CONSTRUCTED OF CARBON AND
LOW ALLOY STEELS!

GENERAL be used for pressure parts in pressure vessels provided
. all of the following requirements arz met
LCs-1 SCOPE 2

(1} The vessels are not used to contain lethal

im Par pressure substances, either liquid or gaseous.
ang vessel of carbon {2) The material 15 not used in the construction

allov u and shall be used in comiunction . . - o
2llov steels and shall be used in comjunction of unfired steam boilers [see U-1(2)].

requirements in Subsection A, and
cuirements in Subsection B that

the gener al

(3) With the E—.Aceptiw of flanges, flat bolted cov-
ers, and sil ' 1

with the specific re

the thickness of plates on

pertain 1o the method of fabrication used. ) .y
periatn o the method ot HEHbOTE U5E which strength wel imﬂ is applied does not exceed 75
m. (16 mm).
NA
Ues-7 Fih
(a) All carbon and low alloy steel material subject Approved specifications for forgings of carbon and
e i Nemcorrem oball e S tey evmes b re . L e e A .
o stress due to pressure shall conform to one of the low alloy steel are given in Table UCS-23. A tabulation
Specificaticns given in Section I and shall be himited of allowable stress \d] wes at diff
to those listed 1n Tabl‘c UC‘?—?? except as otherwise siven in Table 1A of
;JJ\}\MLU in UG-10 d UG-1
(b) Carbon or low alioy steel lxwu‘\ a carbon content
of more than 0.35% by heat analysis shatl not be used )
- . STERL CAS
; el CONSHUCTG e e ol a1 e et 3-8 STERL CAS
in welded construction or be shaped by oxygen culting
as provided elsewhere in this Division). Approved specifications for castings of uth and
b parts used under the provisions of UG- low alloy steel are giver in Table UCS-23. A tabulation
welded consiruction shall be of gOQCi weld- of allowable stress values a ¢ temperatures are
given in Table TA of Section II, Part D. These stress
values we to be muliiplied by the casting queality factoss
of UG-24. Custings that are to be welded shall be of
UCs-6 STEEL FLATES weldable grade.
at different temperaiu [BEOE STEEL PIPE AND TUBES
cuon (L Parr B ) (
SALAE SA/CSA- fup;pro'\ ns IuI Vzp‘e and wb
o - ne low in Tuble
2,0, and i nay

spulanon vaiues of




Jnder zhe foilowin

wominal wh;c< es

ints over (38 mmi n

ohb aver (37 mm} nominal zhrme\g through 1
F(93°0)
nesses
(1) “or groave welds not over 55 in.
t‘nat b a Hms:wc inside diameter not gra
nead thickness, and Drob

13 m**w) in size

(4 G5 welden
“9 oressure pa
(5} for corrosion
nedil oo
ure part
at temperature as specifled in Table UCS-56 need not

tine of

accumulation of ¢
multiple postweld heat treatment cycles.

be continuous. It may be an
P-Number
hieat treat-
ables UCS-
the material

noies, rm

net-

emperature. When

pressure |

=
=

£
ts are welded to pressure parts, the postweld
£ .

hear treatment temperature of shall

ure part
control.

shall
L "v’ -

following requircments.

(¢) The operation of postweld heat treatment

be carried out by one of the precedures given in

40 i accordance with the

TnHTuUm

None

B
i
°
@
It
B
Q)

C) minimum mus applied when

erature of 200°F {

aching corrosi

during agplic

SOO°F (427°C
inore than 4007

Above

shall be not

by the maximum retal thickne

piLtc in oin than 4”3” ’“1
(222°C/hr).

bc a greater

portion of the
within any

TThe rates of !

However

siructural damage due

fewl



UCs-23 PART UCS — CARBON AND LOW ALLOY STEEL VESSELS LEs-36

forming 1o the specifications listed therewn.” Values may UCS-33 FORMED A {
be interpolated for intermediate temperatures. {See UG- CONVEX SIDE
g 3al

Ellipsoidal, torispheric
heads having pressure on
shail be designed by

23.) For vessels designed 1o operate at a temperature o . \ .
- al. hemispherical, and conical

b elow —20°F (-29°C), the allowable 3
be used in design shall not exceed tf ose oiven in Table

convex side {minus heads)

O

2 1A b)
2 or 1A in Sectuon I, Part D for . e
' CS-1 or Fig. C§-2 of Su
Examples illustrating th
it . e are given in Appendix
LC5-27 SHELLS MADE FROM PIPE

{a) Shells of pressure vessels mayv be mad

o
seamless pipe or tubing listed in Table 1A of Sectior

II, Part D mede the material of the pipe is manufac- UCS-56 REQUIREMENTS FOR POSTWELD
. - e £ TVIEN

tured by the open-hearth, basic oxvgen, or electiie- HEAT TREATMENT

fumace process. (a) Before applying the detailed }'equiremems and

£

{b) Sheils of pressure vessels mav be made from exemptions in these paragraphs, satisfactory
T ~ :
ke

electric resisiance welded pipe or tubing listed m Table dure qualifications of the
TA of Sx,dlﬁ IL Part D in nominal diameiers up to be performed in accordance with all the essential vari-
30n. (762 mm) provided the marerial 1s manufactured ables of Section X including conditions of postweld
by the open- hear th. basic oxygen, or elecuie-furnace heat treatment or lack of posvlweld heat treatment and
process fsee UG-16(d)]. including other restrictions listed below.

Except as otherwise specific

o Table UCS-36 and Table
5 UNDER pressure vessels or pressure v

ally provided in the notes
UCS-56.1, all welds in

oiven
=

essel parts ‘shul be
a postweld heat treatment at a temperature not les
specified in those Tables when the nominal {hd ne 3
defined in UW-40(f), inciuding corrogion :dlowanca
xceeds the limits in those T' ples. The e\'unpmms
pr‘ovmcd in Table UCS-56 or Table UCS-36.1 are not
permitted when postweld heat treatment 1S a service
requirernent as set forth in UCS-68, when welding

{a} Cvlindrical and spherical shells under external
e

pressure shall be designed by the rules in UG-28, using
cuon i, Part

(@S]

the applica lL ioures 1 Subpart 3
D and the ter npua[un;/ limits of UG-20(L).
(h) Y’wnw)l@s illustrating the use of the charts in the

figures for the design of vessels under external pressure T : , T O
ferritic materials greater than 4 in. (3.2 mm) thick with

are given in Appendix L. ) ] ) o
the eleciron beam welding process, or when welding P-

. ‘ . . No. 3, P-No. 4, P-Nos. 5A, 3B, and 5C, and P-No.

may be used in pressure vessels in accordance with i : - . .

e o e 10 materials of any thickness using the inertia and

PET-19 of Section L

{c; Corrugated shells subject to external pressure

=

continuous drive friction welding processes. ctroslag

e
welds in ferritic matenals over L‘/Q in ’?8, mm) thickness
at the joint shall be given a grain refinin stenitizing)
gas welds ; ! ‘L i materials
(38 mm) shall

are be given a grain refining (austenitizing) heat treatment.

heat treatment. Electro

with any single pass greater than 1% in.

Rules c()v:rmg the design of stiffening ring
i the use of Por P-No. 1 maternals only, the

)

29, An example Hlustr

iles 1s g ven in ‘APPLAD‘Q“{ 1. rate restrictions of ('d)(i/ (Aﬂd (d

heating and cooling

33y below do not apply

when the heat treatment following welding s in the

st Secton 1L

AUes have t,\/x‘u <

10
4
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CARBON AND LOW A TEELS D)

fmmm,m Hoiding
for Morainal T::c,<

Mazerial Minimurm

2} der the o] o
0. 4 materiais where the oipe or wbes comply with all of the following conditions:
-
a maximum
(3) a maxmm ecification carbon content, except when Turiher
emenis of (23(a)(1), (230aX(2), and (2)(a)(3) above, having nonprassure atts
hickness of ,’d in. {13 mmy;
) % (121°C) s applied.
diraments of (2)(
is applied.
%3 . ciyoe i 2 b AT
(2] The total repair depth shall not exceed 14 in. » and 5 matenas,
(38 mm) for P-No. 1 Group Nes. 1, 2, and 3 materials tne tepai maintained at a
and % in. (16 mm) for P-No. 3 GE‘DUD Nos. 1. 2, and minimum tcmporature of 200°F (93°C) during weldir
3 materials. The total depth of a weld repair shall be (c) For P-No. 3 Group Nos. 1,2, and 3 matcnals.
taken as the sum of the d@p[nl\, for [’C;;xa“’;\_' made Trom he l”f)pilif weld (Tliif,h()d shall be Himited to the halt
both sides of a weld at a given location, sead weld repair and weld temper bead retnforcement
(3} Afier removal of the defect the eroove shall chnique. The > repair arca shall be preheated and main
ST o o tained ot a minimum temperature of 330°F (177°C)
be examined, using either the magnetic particle or the . . . o o
o ) ] L S . during Weldmu Fhs maximum nterpass temperature
liquid penetrant examination methoeds, tn accordance ) - - e - ,
. L o - shall be 450°F (232°C). The initial layer of weld metal
with Appendix 6 for MT and Appendix 3 for PT. N . Lo
shall be Uc»owtul over the entire arca using sy 1.
e g
(%7 In addition w the requirenents of Section IX {3.2 pun) maximum diameter electrodes. Approxtmately
A ;1'—\r.' NS Y (‘ K { Fhy o ! N R [ N P 1 1 - R
for ‘l“‘l ication: of Welding Procedure Specifications the thickness of this layer shall be removed

alds he It Vino  raouire 2ntg Nk : : [ i “ N I
welds, the tollowing requirements shall y grinding before depositing subsequent layers. The

s
(4 mm) maximum diameter electrodes in such a manner
as w0 assure tempering of the prior weld beads and

their heat atfected zones. A hn‘li temper bead weid

be : :)ied 1o a level above the surface being

>_
o
o



TABLE UCS-56
POSTWELD HEAT TREATMENT REGUIREMENTS FOR CARBON AND LOW ALLO
, Minimum Hol Time at N
Normal Holding for Nominal Thickness
Temperatdre, —
°E 0T, ver 2 in.to 5 in. Quer 5 in.
Minimum (51 mm to 127 mm) (127 mm;

o
j9S3

™)

the pipe

Y L e ../LJ""";

ditference 150°F (83°C) between the

highest and Jowest temperature tmou\rhout the portion
of the vessel being heated, except where the range 13
further limited in 'S-56.

il be UOxm
a rate’not
Qr@ai"‘

thic

Lot

WG

repairs

ar

(f) Weld repairs to P- I Group Nos. 1,

3 materials and o P-No. 3 Group Nos. 1, 2, and 3
and o the weld metals used o join these
1als may b he final PWHT but prior

I hydre hout addinional PW
that PWHT 18 not required as a service
Te ui ment n accordance with UV\"-Q(\&), except for
the saptions 1n Table OF as a service
requirement i accordance with UCS-68. The welded

epairs shall m

when



SECTION VII — DIVISION |

TABLE UCS-56
POSTWELD HEAT TREATMENT REQUIREMENTS FOR CARBON AND LOW ALLOY STEELS (CONT'D)

°C), Minimum Holding Time at Normal Te
Minimum for Nominal Thickness {(See UW-40(

L2 1100 ¢

er periods of
ory under the “ciiow
up 0 and including
tien dascribed in UC3-5¢

;
han the prodwt Y weld.

(o) onn T[“!’k?‘ of Q\ thicknesses i
(3) Po is not mand fied below:
DUit welds | nipe or tubes comply with
except when further
We or tu 20{1), (3:a)(2), and (3){a)(3) above, having
not over
is rfv:mt
(4) tween 800°F (4; holding 'DM”ar“ure

Yide

184



PART

TABLE UCS-56
POSTWELD HEAT TREATMENT REQUIREMENTS FOR CARBON AND LOW ALLOY STEELS (CONT'D)
Minimum Holding Time at Normal Temperature
vrrad ldin - N . N
Mcrmal Holding for Neminal Thickness [S
Temperature, —
°F 0, ‘ n. Quer 2 in. to 5 in. Over 5 in.
Minimum (51 i (51 mm to 127 mm) (127 mm?
i (25 mm) S hy oius L5 min
(£77°

i content ©
diameter of

co nf [ AN
3§ o7 Ty in. {16 mmij;

o

w
i
<
(=)

a minimum pre

Ny

A e
acee




AND LOW ALLOY

L

Normail Hoidin
Temp

1 ohr i

thickn

throughclt -

Normal Ho
Temperature,

Minintum Holdir
for Nominal Thic

Temperature
JW-AG(f}]

LOSIWE

U“*c ness

ed ‘»mmn/

elas w

(b) for groove welds

claddi ing or for weld

.
JUTT

(\

5

pressure
When the b
tiag tin

thirougnout

fiod

Normal Hoiding
Temperature
°F (7€), ?\"'me»um Holding Time at Normai
Material Minimurm or Nominal T*uc!\m“ s S)e UW-40(i)1

P-Na. 107 1000 (532

ot requirad.
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J

US4

defined in (1), (2), or {3) below, and the minimum
design metal temperaturs.

The
using Fig. UCS-66,
(1) Excluding castings, the governing thickness r,
of a welded part is as follows:

{a} for butt joinis except those in flat heads and
tubesheets, the nominal thickness of the thickest welded
joint [see Fig. UCS-66.3 sketch (a)l;

(b} for comner, fillet, or lap welded joints, includ-
ing attachments as defined above, the thinper of the
two paris joined;

(¢) for flat heads or mbesheets, the larger of
(b) above or the flat component thickness divided by 4;

{d) for welded assemblies comprised of more
than two components 15.9, nozzle-to-shell joint with
reinforcing pad), the governing thickness and permissi-
bie minimum design mgtal temperature of each of

foilowing thickness hmmtations apply when

the individual welded joints of the assembly shall be
determined, and the warmest of the minimum design
*ernperatures shall be used as the permissible

sign metal temperature of the welr‘ied as-
e F'g UCS-66.3 sketch (b), L-9.3.1, and

meta
minimum de
sembly. [Se
-9.52.]

If the governing thickness at any welded joint exceeds
4 in. and the minimum design metal temperature is
colder than [20°F (49°C), impact tested material shall
be used.

(2) The governing thickness of a casting shall be
its largest nominal thickness.

(3) The thickness of flat nonwelded
parts, such as bolted flanges, tubesheets, and flat heads,
is the flat component thickness divided by 4.

(4) The ovcmmg thickness of a nonwelded dished
head [see Fig. 1-6 sketch (¢)] is the greater of the flat
Tange thickness divide ‘d by 4 or the minimum thickness
dished portion.

governing

ol the
nonwelded
and the minimum design
120°F (49°C), irapact

(5) If the governing thickness of the
purt exceeds 6 in. (152 mm)
metal temperature is colder than

tested material shall be used.

Examples of the governing thickness for some
vessel details are shown in Fig. UCS-06.3

typical

NOTT
menis for mpact
for these 1

The use of ;7rovisi0r5 w UC

UG-84 if wested.
ent rafio defined in Fig. UCS-
. UCS-66.1 provides a basis
made of Part UCS materials
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a colder MDMT than that
without meacr testing.

(f//(
7
S

ed from {(a)

For such components, and for a MDMT of
-48°C) and warmer, the MDMT without impact
termained in (a) above for the given material and
thickness may be reduced as determined from Fig. UCS—
£6.2. Ifzhe S 1[1nctemx“emmrelsL)Idenhdntherequ

T, umpact testing of the material is not required.
{0) Figure UCS-66.1 may also be used for com-

ot stessed in general primary. membrane
3, such as flat heads, covers, tubesheets,
{including bolts and nuts). The MDMT of
these components without impact testing as determined
in UCS-66(a) or (¢) may be reduced as determined

: ;
testing dae

from Fig. UCS-66.2. The ratio used in Step 3 of Fig.
UCS-56.2 shall be the ratio of maximum design pressure
al the MDMT to the maximum aliowable pressure
{MAF) of the component at the MDMT. If the resulting
temperature is colder than the requirad 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 tn UCS-06(a) or {¢) may be reduced for a
flange attached by welding, by the same reduction as
by(1)(a) above for the neck or shell
1s attached.

determined in
which the flange

NOTE: The bolt-up condition need not be considered when determin-
ing the temperature reduction for flanges.

(2) For minimum design temperatures colder than

—557F (-48°C), impact testng is required for all materi-
als, ex ccp, as allowed 1 (B)(3) below and in UCS-68(c).

When the minimum design metal temperature
than =55°F (~48°C) and no colder than
ﬂ'_’i"”), and the coincident ratio defined wn

is less than or equal to 0.35, impact

t'“"mg 1 not rcquirc&

{¢) No impact testing is requited for the following
flanges when used at minimum design metal
than -20°F (-28°C):

terapera-

tures no colder
(1) ASME B16.5
(2) ASME B16.47

{<
(3) split loose flanges of

flanges of ferritic steel;

s of fernue steel;
SAa216 GR WCB whe
the outside diameter and bolung dimensions are either
As\lf B16.5 Class 150 or Class 300, and the flangs
not greater than that of either ASME
150 or Class 300, rbspemxel

flange

{4) Carban and Low Alloy Steel Long Weld Neck
I

anges are defined as forge

=
:
e
£
5
[¢2
(4%
i
=
(7
[a%
=8
jos)
=
34
=
72}
)
B
>

d
wirements of a
a

fiing given in ASME but having
hub/meck. The neck inside diameter shall not

AD2

AD2



TCs-56 PART UCsS CARBON AND L
TABLE UCS-56.1
ALTERNATIVE PCSTWELD HEAT TREATMENT
UIREMENTS FOR CARBON
AND LOW ALLOY STEELS
Applicable Only When Permitted in Tabie

UCs-56

Decrease in

Temperature
Reiow Minimum Minimum Helding
Specified Time CNote {1}]

Temperature, at Decreased
°F (°0) Temperature, hr Notes
50 (28) 2
100 (56) 4
I5G (83) 10 (2
200 (111) 20 @)

15 minutes per inch (25 mm) of thickn
than 1 in. {25 mm).

(2} These lower postweld heat treatment semgeratuires cermitted enly
for P-No. 1 Gr. Nos. 1 and 2 materials.

assure - tempering . of the base matenal heat affected
zone. After completing all welding, the repair area shall
be maintained at a temperature of 400°F-300°F (204°C~
260°C) for a minimum perjod of 4 br. 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, 1t shall be inspected using the
same nondestructive exanination that was used in (£)(3)
above, except that for P-No. 3, Group No. 3 materials,
the examination shall be made after the material has
been al ambient temperature for a minimum period of
48 hr to determine the presence “of possible delayec
cracking of the weld. If the examination is” by the
magneiic particle method, only the alternating current
voke {ype i% acceptable. In addition, welded repairs
and in
be radiographed by the rales
of this Division, shall be radiographically
the requirements of UW-51.

(6) The vessel shall be hydrosta
lded repair.

greater than % in. (10 mm) deep in materials
welds that are required to
amined to

cally tested after

mai\mg the we

UCs-37 RADIOGRAPHIC E

In addition to the requiren
radiog 'apbm examination 1S
welded “joint at which the thir
vessel wall thicknesses at the

ALLOY STEEL VESSELS LEE-66

TABLE UCS-57
THICKNESS ABOVE WHICH FULL RADIOGRAPHIC
EXAMINATION OF BUTT WELDED JOINTS IS
MANDATORY

P-Ng. & Gr. No.
Classificaticn of
Material

Nominal Thickness Above Which
Butt Welded Joints Shall B
Fully Radiographed, in. <mm)

161,23

36r.1,2,3 )
4Gr. 1,2 )
SA, 58 G 1 o
98 Gr. (15
B (16}
10 i (19
108 Gr. 2 (16
19 1 (165 ~
10F Gr. b (19)
thickness Iimit above which full radiography is required

in Table UCS-57.

LOW TEMPERATURE OPERATION
VCs-63 SCOPE

The foliowing paragraphs contain requirements for
vessels and vessel parts constructed of carbon and Jow
alloy steels with respect to minimum design roetal
temperatures.

UCs-66 MATERIALS

{a) Figure UCS-66 shall be used to establish impact
testing exemptions for steels listed 1n Part UCS. Unless
otherwise u\uupte(l by the rules of this Division, impact
testing 1s required for a conibination of minimum design
metal temperature (see UG-20) and thickness (as defined
below) which 1s below the curve asaig’ned to the subject
material. If a mumimum design metal femperature and

thickness combination is on or qbuvc the curve, Impact
s not required by the rules of
except as

testing this Division,

required by (§) below and UCS-67(a)2) for
s, heads, nozzles, manways,
flanges. ‘mh flat cover plates,

hich remain in place, and attachments

ssemiai to the structural ntaxzrtv of

s separate components. Each component
impact test requn‘:mems Das

mCd

material classification, thickness as
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FIG. UCS-656 (
GENERAL
(ay Curve (
(1) ail carbon allo
(2} 5A-216 and
and fem or water-quen
(g Curve B appl
(1) SA-216 Crad WN‘« if nermaiized and
SA-216 Grades WCB and WCC for thicks eues not ext
and zemaered
SA-217 Grade WC9 if normalizad and fempered
SA-285 Gr es A and B
SA-414 Grad
SA-515 G
SA-515 Gy
SA-612 if
SA-562 Gr
SA/EN 10
(2} except for cast siesls, &l Curve A if produced to normaiized which are not listed in Curves
D bel
fit isted for Curves C and O below;
shall b2 inciuded in Curve 3 = o i otherwise would be @
nt
{c)

be less than the nominal size of the flange and the
cuwside diameter of the neck and any nozzle reinforce-
ment shall not ex
specified in ASME B}G.i,

2 Grades 21 and normalized. and tempered

2 Grade“ C and

=02 tempered
nd 2: and tempered
and &l ized

ce and norir not listed for Curve D below.

if normalized
Grade A
Srade A

with Ch and V deliberately added in accordance with the provisions of the material specification, not colder than

29°C)

SAIAS 490 If normalized
SA/EN (Y331

SA/EN

General Notes and Notes continue on ne

of the hub as

ceed the dia

46 (517) and higher

{cy No impact testing 5 required for UCS materials
.10 in. (2.5 mm) in mcknc» and thinner, but such {e) The material manufacturer’s identification mark-
erupted UCS ‘materials shall not be used at desion ing required by the material specification shall not be
cu’ temperatures colder than —33°F (—48°C). r stamped on plate material less than Y4 in. (6 mam) in
ves:e!vs or components made from NPS 4 Q\DN AOA)) hickness unless the fo{‘eow 1g requirements are mel.
tubes or pipe of P-No. 1 materials, the (1) The umtunal\ shail be limited to P-No. 1 Gr.

exem mion ;

190
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TCE-66 2001 SECTION VII — DIVISION | ULS-n6
{3) The munimum design metal temperature shall {1, For such components, the MDMT shall not

be no colder than —20°F (-29°C). be coider than the impact test temperature less the
(f) Unless specifically exempted in Fig. UCS-66, 1 temperature reduction as determined from

materials having a specified minimum yield strength
greater than 63 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
Y, in. when the minimum design metal temperature is
~20°F (~29°C) or warmer.

(i) For componenis 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
the MDMT 18 not colder than —~133°F (~104°C).

o

O

(2) Figure UCS-66.1 may also be used for compo-
nents not sressed in general primary membrane tensile
stress, such as flat heads, covers, tubesheets, and flanges
{including bolts and nuts). The MDMT shall not be
coider than the impact test temperature less the allowable
temperature reduction as determined from Fig. UCS-
£6.2. The ratio used in Step 3 of Fig. UCS-66.2 shall
e the ratic of maximum design pressure at the MDMT
to the maximum allowable pressure (MAP) of the
component at the MDMT.

(3) In lieu of using (1)(2) above, the MDMT for
a flange attached by welding shall not be colder than the
impact test temperature less the allowable temperamre
reduction as determined in (i){1) above for the neck
or shell to which the flange is attached.

/) When the base metal is exempt from impact
testing by (g) above or by Fig. UCS-66 Curves C or
1

D, -20°F is the coldest MDMT to be assigned for



A02

(e} For polting and nuts, the foilowing impact test exemption temperature sha

PART UCS — CARBON AND LOW ALLO

Bolting

- STEEL v

opty:

Impact Test Exemption

Spec. No. Grade Diameter, in. {mm) Temperature, °F (°C)
SA-193 B35 Up to 4 (107 mum). incl. =20 (=29
B7 Up to 2% in. (64 mm), incl. ~55 (-48)
Over 2° (64 mm) to 7 (178 mmj, incl —4{) (~40)
BTM Up to 2% (64 mm), incl. —35 (~48)
B16 Up to 7 (178 mm), incl. =20 (-29)

SA-307

SA-540
SA-340
SA-540
SA-540
SA-34(
SA-340
S5A-340
SA-540
SA-540
SA-340
SA-540
S4-540
SA-540
SA-540
SA-340

BD

B4B, BAC

B21 CL
B22 CL
B23 CL

23 CL
823 CL
B23 ClL
B24 CL
B24 CL
B24 CL
B24 CL
B24 CL
B24 CL
B24 CL
B24 CL

2

3R KD e A UG W L2

A

3
5

PR

o

ENEN

B24V CL 3

All

Up o 2% (64 mm), incl.
Upto 2, (64 mm), incl
Up to 1 (25 mmy, incl.
Yo (13 mm) to 14 (38 mm}
Up to 4 (102 mm), incl.
Up to 4 (102 mm), incl.
All diameters

Up to 3 (76 mm), incl.
All

Up to 4 {102 mm), incl.
All

Up to 6 (122 mm), incl.

Over 6 (132 mum) w 9% (241 mm), el

Up to 8 {203 mmy), incl.

Over 8 (203 mm) to 9% (241 mun), incl.

Up to 6 (152 mm), incl.
Over 6 (152 mm) to 8 (203 mm), incl
Up to 7 (178 mun), incl.

Over 7 (178 mum) to 91/3 (241 mm), incl.

Up to 8 (203 mr), incl

Over 8 (203 mm) to 9%, (241 1am), incl.

Up to 9% {241 mmy), incl.
All

=20 (29
See General Note {¢) of Fig. UG-84.1
ce General Note (¢) of Fig. UG-84.1
See General Note (¢) of Fig. UG-84.1
=20 (=29

0 (=18
+20 (=7}
See General Note (<)
=20 (=29
Impact test reguired

N U

Impact test required

Impact test required

See General Note {¢) of Fig.
Impact test required
See Ceneral Note (¢) of
Impact test required
eral Note (¢) of Fig. UG-84.1
Imipact test required

See General Note (¢) of Fig. UG-8:4.1
Impact test required

See General Note (c) of Fig. UG-84.4
Impact test required

See General Note (c) of Fig. UG-84.1
See General Note (c) of Fig. UG-84.1

G-84.1

UG-84.1

=

Fig.

See (e

, B
B21/B22/B23/B24/B24V

(f) When no class or grade is shown, all classes or grades are included,

() The following shall apply to all material assignment notes.

(1), Cooling rates faster than those obtained by cooling in air, followed by tempe
to be eguiva

(2) Fine g

Iz

(3) MNormalized rolling condition is not considered as being eguivaien: o normalizing.

lent t0 normalizing or normalizing and tempering
in practice is defined as the procedure necessary o obtain :

Nuts
Grade mpact Test Exeqption
Temperature, °F (°C)
2, 2H, 2HM, 3, 4,7, 7M, and 16 —55 (~48)

ic grain size as descrbed in SA-20.

as permitted by the material specitication, are considered
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ULE-66 PART UCS — CARBON AND LOW ALLOY STI

FIG. UCS-66.2 (CONT'D)

as been deducied
e stamped on the namepiate. Likewise, for

(1) For pipe where a mill undertelerance is ailowed by the materiai specification, the thickness atter mill undertolerance b
shail be taken as the noncorroded nominal © ess ¢, for determination of the MDMT o
formed heads, the minimum specified thickress after forming shalt be used as &,

mc’udmg those listed in UG-22, which uit in general crimary membrane tensil
£ it efficiency (Table UW-12) used in the calculation of 7, £% has a value equal t
Fo cast ngs, use guality factor or joint y £ whichever governs design.
I

14y The construction of Fig. UCS-66 is sucn that the MDMT <o selected is cons 0 occur coincidentaily wit! acplied general primary
membrane tensile stress at the maximum alicwable stress vaite in tension from Table 1A o7 Section 11 Fart D, Tabular values for Fig.
JCS-66 are shown in Tabie UCS-66.

[§=) C &(a:(17, {2), and {3} for definition T’go verning thickness.

{63 [f the basis for calculated test pressure is greater than the design pressure [UG-99(c) *estd, a Ratio based on the # determined from the
basis for calculated test pressure and :\ssociate p.Opr ate vaiue of 7, — ¢ shall te used to detarmine the recommendad coldest metal
temperature during hydrostatic test and the coldest metal temperature permitied during the sreumatic (c).

tesi. See UG-99(h) and UG

Alternatively, a Ratic of §*£* divided by the }JT’uCL:Ct ot the maximum allowakle stress value in tencion from Table 1A of Section [I Part
D times £ may be used, where S is the applied general primary membrane tensile stress and £ and £° are as defined in General Ncte (30,

(8)Y For UCS-66(03(1XE) and (D(2), a ratio of the maximum design pressure at the MDMT to the maximum allcwable pressure (MAP) at
'he MEMT shall be used. The MAP is defined as the highest permissible oressure as determined by the desiyn formulas for a compenent
using the nominal thickness less corresion ailowance and the maximum zilowable stress value from the Tabie 14 of Section II, Part D at

the MOWMT. For ferritic steel flanges defined in L CS-46(c), the fiange rating at the warmer of the MDMT or L00°F may be used as the MAP.

() For reductions in MDMT up to and including 40°F, the reduction can be determined by: reduction ir OMT = (1 — Ratio) 100°F.
(10) A colder MDMT may be obtained by sefective use of impact tested materials as appropriateto the need «’see J ’1~84). See also ULS-68(c).
welded components that do not meet the requirements UCS-67(a)(3) when joining base metals LXF‘D)p{
of UCS-67(a)(2). from impact testing by UCS-66(g) when the muinimam
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
v{Ss-67 IMPACYT TESTS OF WELDING thickuess  at the weld exceeds ¥ in. (13 mun) for

PROCEDURES all minimum design metal temperatures or when  the
thickness at the weld exceeds Vs in. (8 mm) and the
minimum design metal temperature is colder than 50°F
{10°C). This requircment docs not apply to welds made
as part of the material specification.

UCS-67{c) Weld heat affected zones produced with
or without the addition of filler metal shall be impact
tested. whenever any of the following apply:

UCS-67(c)(1) when the base metal is required 10
be impact tested by the rules of this Division; or

Except as exempted in UG-20(f), the Welding Proce-

ce Qualification shall include impact tests of welds
and cheat affected zones (HAZ) made in accordance
with UG-84 when required by the following provisions.
The MDMT uscd below shall be the MDMT- stamped
on the nameplate or the exemption temperature of the
welded component before applying  the temperature
reduction - permitted by UUS-06(b) or UCS-68(c).

UCS-67(a) Welds made with siller metal shall be UCS-67(c)Z2) w’nsr the welds have any individua
impact tested in accordance: with UG-84 v,hc*n any. of weld pass exceeding 4 in. (13 mm) in thickness, and
the following apply: . the minimum design m:tsl temperature 15 colder than

UCS-67(a)(1) when either base mietal is required T0°F (21°C); or
10 be impact tested by the rules-of this Division; or UCS-67(c)(3) when joining base metals exempt
UCS-67{a)2) when joining base metals exempt from impact testing o) he minimum

from lmpact testing bv UCS-06(g) or Fig. UCS-66 Curve design metal tempera
C or D and the mmimu*n desizgn metal temperatire is UCS-57(d) Vessel
colagey than —20°F (-28°C) but not colder than -33°F ance. with UG-84¢
~48°C), unless welding consumables which have been following:

Ligd by imipact tests at a temperature 1ot warmer UCS-67(d)(1) weld 1 \c‘;ils joining stesls
¢ MDMT by the applicable SFA specification from 1m p“ct testing by UTS-60 h r mimmum desigr
or mmetal temip 3 ) and warmer: or

G
n



Establish nominal thickness (General Nota (1)]

under consid

U
| other pert

wemperature (IMDMT

Step 1 ! A

Y

t, = nomin I noncorroded thickness [General Motz (13, in. {mm)
r. = required thickness in corroded condition for ali apoicable loadings [General Note {
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PART LCS — CARBON

ON AND LOW ALLOY STEEL

VESSELS
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The governing thickness

of @ isthe greater
{c} Bolted Fiot Head or Tubesheet and Flange

oftgrorty

{d): Integral Flat Head or Tubesheet

-

g
/ tyi = :;‘ (For @ welded

o7 nonwelded]
aé&—.—l‘a

tgp = thinner of ty or g

The governing thickness

of @ is the greater

oftgyor tp

{g) Flat Head or Tubesheet With & Corner Joint
FIG. UCS-663 SOME TYPICAL VESSEL DETAILS

SHOWING THE GOVERNING THIC
UCS-b6 (CONT'D

KNESSES AS DEFINED IN
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tg = the thinner

oftpories of tgorte oftgoriy

NOTE: Using 1y, 147, and tg, determine the warmest MOMT and use that as the permissible MDMT for the welded
assembly. )

(bl Welded Tonnection with Reinforcerment Plete Added

FIG. UCS-66.2 SOME TYPICAL VESSEL DETAILS SHOWING THE GOVERNING THICKNESSES-AS DEFINED IN
Ucs-66
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UCH-68

diographed. Category A and B joints
of unequal thickpess shall have a
slope not exceeding 3:1;

(2) fiflet welds baving leg dimensions not ex-
ceeding ¥ in. attaching lightlv 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 mined by magnetic
particle or liquid penetrant examination in accordance
with” Appendix 6 or Appendix 8.

attaching sections
fransition with a

ex:
0
CS68(c) I postweld heat treating .is™ performed
:n it is not otherwise a requirement of this Divisicn,
30°F (17°C) reduction in Impact testing exemption

]
23

temperature may be given to the minimum permissible .

temperatare from Fig. UCS-66 for P-No. 1 materials.
The “resulung exemption femperature may be colder
than -355°F (-48°C).

UCS-68(d) The allowable siress values to
in-design at the minimum design metal temperature
shall -not exceed those given in Section I, Pat D,
Tables 3 for bolting and 1A for other materials for
ternperanures of 100°F (38°C).

PART UCS — CARBON AND LOW ALLOY STEEL VESSELS

be used

TCS-79

UCS-79
FABRICATION
UCS-75 GENERAL

The rules in the following paragraphs apply spe-
ifically to the fabrication 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 Fabrication i Subsection ‘A, and with
the specific requirements for Fabricarion in- Subsection
B that pertain to the method of fabrication nsed.

FORMING SHELL SECTIONS AND
HEADS

{a) The following provisions shall apply in addition
to the general rules for forming given in UG-79.

(b) Carbon and low allov steel plates shall not be
formed cold by blows.

{c) Carbon and low allov steel plates may beé formed
by blows at a forging temperature provided the blows do
not objectionably deform the plate and 11 1§ subsequently
postweld heat treated. ‘

(d) Vessel shell sections, heads, and other pressure

boundary parts of carbon and low alloy steel plates



ULs-67 2001 SECTION VII — DIVISION 1 UOS-68

\
t b
4 Pressure part fa Pressure part

tg1 = thinner if tyor 1

{f} Welded Attachments as Defined in UCS-58{a)}
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g1 = thinner if 1 or
{g) Integrally Reinforcad Welded Connection

NOTE: £, = governing thickness of the weided jnint as defined in UCS-66.

Az FIG. UCS-66.3 SOME TYPICAL VESSEL DETAILS SHOWING THE GCOVERNING THICKNESSES
AS DEFINED IN UCS-66 (CONT'D)

UCS-67(cd)(2)  weld metals  defined  in (@)(2) UCH-68(b) Welded joints shall be posiweld heat
above; or treutcu‘ in accordance with. the requirements of UW-
UCS-67(d)(3) heat affected zones (HAZ) in steels 40 when required by other rules of this Division. When
exempted from impact testing by UCS-66, except when the minimunt design metal temperature is colder than
{¢)(3) above applies. - =55°F (—48°C), and the coincident ratio defined in Tig.

.

UCs=00.1 is (J 35 or greater, postweld heal treatrnent
1s required, except that this requicenent does not apply

UCS-68 DESIGN? to the following welded joints, in - vessels or vessel
perts fabricated of P-No. | materials that are umpact
tested at the MDMT or colder in accordance with UG-
4. The minimum average energy regquirement for base
5 1b (33 Iy instead

o
<
]

UCS-68(a) Welded joints shall comply with UW-
2(b) when the minirmnum design metal femperature is
colder than ~53°F (—48°C), unless tne coincident ratio
defiped in Fig. UCS-66.1 is less than 0.3

n
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metals and weldmnents sh ull S
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“No provisions of this paragraph waive other requirernents of this
= e 1
Tivision, such as UW-2(a), UW-2(d), UW-i, and UCS-36.
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