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SYMBOLS

c = Corrosion allowance

D = Fillet weld size as originally welded

Dc = Fillet weld size when corroded

Di = Continuous fillet weld size equivalent

of sn intermittent fillet weld with no corrosion

Dic = Continuous fillet weld size equivalent of an

intermittent fillet weld with a corrosion

allowance

E . Joint efficiency as originally welded

Ec = Joink efficiency when corroded

L = Length of intermittent fillet welds

RC = Relative cost of fillet welds in percent

s = Spacing of intermittent fillet welds

T = Original plate thickness

Tc = Plate thickness when corroded

‘r = Plate thickness required for a given load

HAZ13 = Boundary line between fillet weld heat affected

zone and base material

o = Tensile stress (KSI)

o
Uc = Ultimate tensile stress of continuous material

a
ui = Ultimate tensile stress of intercostal material

a
Uw = Ultimate tensile stress of weld metal

T = Shear stress (KSI)

T
Uc = Ultimate shear stress of continuous material

Tui= Ultimate shear stress of intercostal material

-c
wl = Weld metal ultimate longitudinal shear stress

-1
Wt = Weld metal ultimate transverse shear stress



1. INTRODUCTION

A recent Ship Structure Cmmnittee report [ssc-296, Reference 1] illustrates

the variety of fillet weld sizes which can be obtained for ship structural

connections by using various existing rules from:

o the American Bureau of Shipping (ABS),

o other classification societies,

o the U.S. Navy,

o the American Welding Society (AWS), arid

o the ~erican Institute of Steel Construction (AISC).

However, the comparisons in Reference I.ar.esomewhat limited. For example,

only ten weld locations =e compared while the current ABS Rules list weld

sizes for 96 different locations and Lloyd’s Register lists about 93. A given

structural connection can require different weld sizes depending on its

location in the ship (e.g., in the peaks or flak of lmttom forward versus

amidships), location in the member (e.g., center versus ends of a span), or

tightness (e.g., watertight versus nontight). In addition, the various rules

specify their minimum requirements in different forms. Some means of

weighting the importance of a given line item to the overall cost of all the

fillet welds on a typical ship is also needed. Therefore, it is very

difficult to make reasonable comparative judgments on the various rules

without an extensive effort.

@eference Irecommends an extensive a~alysis. of fillet welds by finite-
element techniques to determine minimum sizes along with “photoelastic, or

similar stress analysis, experiments . . . to check the validity of the
mathematical modeling and computer results” [page 43, Reference 11:
Before such work is started, it would appear most desirable to first analyze

the current ABS weld tables in detail using methods which have been verified

by actual weld joint tests to better identify the potential candidates for

weld size reduction. That is the objective of this report which uses a simple

engineering design approach, verified by testing, to characterize ABS fillet

weld sizes and to put them in a n-ore useful form for comparison with other

rules or everyday use in a design office. This approach should aid further

research by allowing such research to concentrate on more important aspects of

the problem such as the question of what joint efficiencies are appropriate to

the many different joint configurations and locations in a typical merchant

1-1
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ship. This simpler approach will also help ship designers by giving them a

better “feel” for the joint strengths required than the current method of

choosing sizes from an extensive welding table and by giving them btter

insight on how to handle unusual configurations. It should be kept in mind

that the work in this report is a study p reposed for the design arid selection

of ABS welds. It is not a fabrication document and the use of this report in

sizing any fillet welds under ABS jurisdiction is subject to ABS app roval— —
prior to use in actual construction.

Since this report is a proposed dasign procedure, it, like all design

procedures, assumes that proper fabrication procedures and techniques will be

applied to produce the specified welds. Thus, it should not restrict those
contractors who can meet the requirement - rather – it should provide the

acceptable design limitations, minimum amd maximum, of the procedure. Also, if

consideration is to be given to producibility and cost-effective measures in an

effort to be competitive with others, it is necessary to provide those in

design and construction with the tools they need. For example, the proposed

procedure indicates a minimum weld size of 1/8”; it also allows a 3/16”

maximum fit-up gap with a 1/8” increase in the size of the weld. Thus, the

required design weld size hcomes 1/4” which generally can be made with a

single pass weld. If, on the other hand, the design process indicated a 3/16”

fillet as the minimum size, the same alignment condition would require a

5/16” fillet which generally requires a double pass weld. This would result

in an increase in weld metal deposited plus the expense of an additional weld

pass. Where a 3/16” or a 1/4” weld is the smallest that can actually be

deposited, then a built in allowance will exist for fit-up gaps that are equal

to or less than 1/8” and 3/16”, respectively. Thus, the welder would not be

required by a design procedure to deposit excessive weld metal. Minimum weld

sizes are discussed further in Section 5.5 with recommendations at the end of

the report.

Briefly, this report first resolves some of the differences ketween the ABS

and U.S. Navy rules by sizing the welds for ABS steels with a method which is

more rigorous than the current Navy method. It is well known that the

strength of a given size double fillet weld varies with the direction of

loading. The existing Navy fabrication documents recognize the effect of

loading direction but do not take advantage of it in order to simplify the

process of sizing fillet welds. This fillet weld sizing proposal will account

for the effect of loading direction in a manner which is still sufficiently

conservative to ensure that properly fabricated welds will uniformly develop

the required design strength of the members being joined.

Fillet welds are generally sized based on the “weaker” member at a joint.

However, the determination of which member is “weaker” is also a function of

the loading direction. In addition, there are cases where the “weaker” member

as so defined really has little impact on the required strength of the fillet

welds. Therefore, a new criteria is presented wherein the weld for tee type

joints will usually be sized based on the thickness of the intercostal or

non-continuous member of the joint.
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The base material properties used in this report are minimum specification

values taken from Reference ~. Appropriately modified weld.-strength data

from References 3 through 6 have been used because weld longitudinal shear

stren@h data for commercial electrodes on ns steels were not-readily

available. Thus, it is assumed that commercial electrodes will have ““

essentially the same shear strengths as the comparable series military

specification electrodes. The material and weld strength values used with tie

proposed procedure must be on the same ksis: either minimum values or average

values; not a combination of the two.

After considering the effects of corrosion and intermittent welding, the joint

efficiencies of the welds in the current ABS rules are determined to provide

guidance on efficiencies which have given successful performance in the past.

Then the ABS weld groups are assigned proposed minimum efficiencies and the

welds resized. This produces new weld size tables which are more consistent

than some of the current AM weld size tables. Also, since equations are now

available, the weld sizes can be readily determined for thicknesses greater

than those in the current ABS weld size tables.

Using three sample ships, weld sizes are determined from both the current AM

and the proposed weld size tables. In addition, calculations are performed

using ABS rule loadings for typical highly loaded fillet welded connections.

Weld lengths, weightsl and weighted average sizes are determined to allow

budgetary cost saving estimates to be made and to allow an assessment to be

made of the potential for further reductions in ~S fillet weld sizes.

.- ,



2* DEVELOPMENT OF PROPOSED DESIGN CRITERIA

In this section, formulas for calculating nominal stresses in fillet welds are

developed and applied to typical ABS steel cotiinations. The resulting fillet

weld sizes are compared to those which would b obtained from the existing

Navy procedure. The effect of uniform corrosion on joint efficiencies is

determined along with equivalent sizes for intermittent fillet welds,

2.1 Loadings on Fillet Welds

Double fillet welds can be loaded in either of two basic ways: in

longitudinal shear as shown in Figure 1 or in transverse shear as shown in

Figure 2. The basic concern in sizing critical fillet welds is to ensure that

the welds will develop the full strength of the joined members. In the

longitudinal shear case, the weld need only develop the ultimate shear

strength of the intercostal member; whereas, in the transverse shear case, the

weld must develop the ultimate tensile strength of the intercostal member.

Fillet welds usually fail along a plane through the throat, as shown in

Figure 3. However, there is sufficient variation in the strengths of the base

metals for the cases at hand that it is also possible for failure to occur

along the heat-affected-zone lmundary (HAZB) 1 between the intercostal member

and the weld, as shown in Figure 4. In addition, the strength along the HAZE

between the continuous member and the weld should be checked, especially when

higher strength steels are involved. Therefore, the strength of the weld

along three failure planes for each of the two loading conditions must b

checked. It is assumed in all cases that adequate fusion has occurred ketween

the base metal and the weld metal.

It would appear that the primary problem with previous design equations for

fillet welds is their attempt to account for six possible failure modes with a

single equation. References 3 thrOug~_:5 appear f-o make an attemp”t.in a

few cases to account for alternate failure modes by varying the allowed

electrode strength with different material combinations. However, that method

is difficult to use because it requires adequate test data for every pssible

combination of materials and electrodes. Therefore, the new design procedure

uses a different equation for each of the six possible failure modes.

Although it is a bit more laborious, the calculations need only be done once

for each material and electrode combination.

2.2 Stresses in Welds Loaded in Longitudinal Shear

The failure planes for double fillet welds loaded in longitudinal shear are

shown by dashed lines in Figure 5. For this loading it is required that the

weld develop the full ultimate shear strength of the intercostal member (plane

aa). For failure in the throat of the weld (planes oh), the minimum required

double fillet weld size is:

(1) Symbols used throughout this report are identified on page vi.
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FIGURE 3

Throat Failure Plane - Transverse Shear Load

See planes cdo of Figure 6
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FIGURE 4

Intercostal Member HAZB Failure Plane - Transverse Shear Load
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2x Dxsin45°x Twl=Tx~ui, or

D/T = 0.707 x ‘ui/ ‘WI. (1)

For failure along either HllZB , the len~~ of the failure plane may be

conservatively taken as 1.1 x D to account for a small amount of weld

penetration into the base material [see Figure 4 and page 3-36 of Reference

9J-. -F~ti::Xailu~ea~o,n”gthe. inter_C@stal..metie.r HAZB,@lanes cdo) ,,,:

2 x Dx 1-1 X T

D/T =

For failure along the continuous

ui = T X ~ui, or

0.455 .

member HAZB (planes oef),

(2)

2 x D x 1.1 x ~uc = T. x ~ui, or

D/T = 0.455 X Tui/ ~UC. (3)

AS long as a double fillet weld is equal to or

of equations (l), (2), or (3)1 it will develop

strength of the intercostal member.

larger than the greatest value

the full ultimate shear

2.3 Stresses in Welds Loaded in Transverse Shear

The transverse shear loading case is slightly more complex than the

longitudinal shear loading case. Both theory and experiments show that the

failure plane within the weld is located at 22-1/2 degrees from the

intercostal member (planes oh) rather than 45 degrees (planes ob) [see Figures

3 and 6 and Reference 7]. However, in order to simplify the calculations

transverse weld shear stresses are customarily made with reference to the 45

degree plane. Adhering to this practice and basing the weld size on the

ultimate tensile strength of the intercostal metier (plane aa), the minimum

required double fillet weld size for failure in the throat of the weld is:

2-5
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For failure along the intercostal metier HAZB (planes cdo),

2 x D X 1.1 X Tui = T X ‘Ui, or

D/T = 0.455 x Uui/ Tui. (5)

For this transverse loadinq, the continuous member HAZB (planes ogf) will be

either in tension or compression. Therefore, the projected length of the HAZB

(i.e., D)

along the

should be used rather than the 1.1 x D used previously. For failure

continuous

2x

member HAZB,

D X duc = T

D/!r = 0.5 (6)

As long as a double fillet weld is equal to or larger than the gr@ateSt value

of equations (4)~ (5)~ and (6)~ it will dev@~oP the full ultimate tensile

strength of the intercostal member.

2.4 Existing Navy Formula and Fillet Weld Sizes for ADS Steels

The formula which is currently used by the Navy for sizing double fillet welds

is essentially a combination of tie ~re rigorous equations (11 and (4) using

thb most conservative values from each equation. That is, the weld is sized

using the ultimate tensile strength of the intercostal member and the

longitudinal shear strengkh of the weld. This formula [see References ~..

through 6]”jekpre”ssed in the $ymbo.ls.used”.in.khis..~eport is:

2 x D x sin 45° x Tw~ = T

D/T = 0.707 X O ui/

only be defended on the basis thatthat this equation canIt should be evident

it is normally conservative because it is nok possible to load the intercostal

member in tension in a manner that will fail the weld in longitudinal shear in

a typical ship structural connection.

Applying equation (7) to typical material combinations and electrodes for ABS

steels results in double fillet weld sizes as shown in columm 6 of Table 1.

2.5 Fillet Weld Sizes Using Proposed Criteria

In order to utilize the more rigorous eqyations (11 through (b)~ onlY two

additional properties are required: the ultimate shear strength of the base



TABLE 1

100 Percent Efficient Double Fillet Weld Sizes

for ABS Steels Using Procedure of

NAVSHIPS 0900-014-5010 [Reference ~]

1

Materials

Intercostal-Continuous

H36 - H36

H36 - MS

H36 - H36

H36 - MS

H32 - H32

H32 - Pus

H32 - H32

H32 - MS

MS - H36

MS - H32

MS - H36

MS - H32

MS - MS

MS - MS

2

Electrode

MIL 8018

MIL 8018

MIL 7018

MIL 7018

MIL 8018
MIL 8018

MIL 7018

MIL 7018

MIL 8018

MIL 8018

MIL 7018

MIL 7018

MIL 7018

MIL 60XX

3

U ui
(KSI )

(1)

71

71

71

71

68

68

68

68

58

58

58

58

58

58

4

T W1
(KSZ )

60.7

60.7

59.2

58.1

60.7

60.7

59.2

58.1

60.7

60.7

58.1

58.1

58.1

46.4

5

Figure No.

[Reference (3)]

11-41

SIM 11-45

11-39

SIM 11-43

11-41

SIM 11-45

11-39

SIM 11-43

11-45

11-45

11-43

11-43

11-51

11-49

6

a
D/T = 0.707 ‘i

m

0.827

0.827

0.848

0.864

0.792

0.792

0.812

0.827

0.676

0.676

0.706

0.706

0.706

0.884

-Note: (1) See Tables 43.1 and 43.2 of Reference .2 for other base material

properties.
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materials and the transverse shear strength of the weld metals. Experiments

show that the ultimate shear strength of most steels varies from 2/3 to 3/4 of

the ultimate tensile strength [page 10, ~ference ~0]. Since the fi~}~~. -

weld sizes for the longitudinal shear loading on the weld will k a direct

function of the ultimate shear strength of the intercostal metier, it will h

conservative to use the higher value or:

T Ui = 0-75 Oui, and

~ Uc = 0.75 OUC*

(8)

(9)

With this assumption, it will be noted that equation (1) will always govern

over equation (4) provided the weld transverse shear strength is greater than

1.33 times the weld longitudinal shear strength. Both theory and tests give

ratios of 1.44 to 1.56 for transverse to longitudinal weld shear strength

[References 7_and 81. I-twill~~..co~se~~tive to use tie. ~ma~~er value.—.
or:

-r~ = 1.44 x Tw~. (lo)

Weld shear strength values from References ~__~d._6 are ShOW~ in Fi9u~e 7

for covered electrodes and in Figure 8 for bare electrodes. The shear

strength values are plotted versus the ultimate tensile strengkh of the weld
metal. It should be noted that there is a wide variation in the published

values and many seem inconsistent. For example, the values from Reference 3 s

for MIL 9018 and 11018 electrodes vary with material combinations, whereas the

values for MIL 8018 and 10018 electrodes do not. Also, the value from

Reference 6 :foK.~IL11018”is ”gre9t_e--- -th~ _~e val~_e specified for_M~~+12018

which clearly seems inconsistent. Based o-n these comparisons and other test

results, it has been concluded that the maximum values acceptable for use with

minimum specified material properties and the proposed design procedure are:

0.8
Twl = 1.8 ( Guw) for covered electrodes, and (11)

Twl = 2.5 ( Uuw)
0.75

for bare electrodes. (12)

For covered electrodes below the 9000 series, a simplex equation is

sufficiently accurate:

TWI = 10.25 + 0.625 Uuw. (Ila)

With the assumptions of equations (8), (9), and (10), the double fillet weld

sizes required by equations (1) through (6) for ABS steels using weld

properties from equation (Ila) are shown in Table 2 for longitudinal shear and

in Table 3 for transverse shear. The weld size which governs is indicated

with an asterisk. A comparison of these weld sizes with the sizes required by

the Navy procedure is presented in Table 4 which shows that reductions of from
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TABLE 2

100 Percent Efficient Double Fillet Weld Sizes For ABS Steels for Longitudinal

Shear Loading Using Proposed Criteria

1—

Materials

Intercostal-Continuou

H36 - H36

H36 - Ms

H36 - H36

H36 - MS

H32 - H32

H32 - MS

H32 - H32

H32 - MS

MS - H36

MS - H32

MS - H36

MS - H32

MS - MS

MS - MS

2

Electrode

MIL 8018

MIL 8018

MIL 7018

MIL 7018

MIL 8018

MIL 8018

MIL 7018

MIL 7018

MIL 8018

MIL 8018

MIL 7018

MIL 7018

MIL 7018

MIL 60XX

3 ! 4

71

71

71

71

68

68

68

68

I
58

58

58

58

58

58

——

Htal Membe:

T~i=0.75~,

(KSI)

53*3

53.3

53.3

53*3

51

51

51

51

L
43.5

43.5

43.5

43.5

43*5

43*5

5

Weld

(2,

60.2

60.2

54

54

60.2

60.2

54

54

60.2

60.2

54

54

54

49

I

6
Continuous

Member

–0.75 au,Tuc–

(KSI)

53.3

43.5

53.3

43.5

51

43.5

51

43.5

53.3

51

53.3

51

43.5

43.5

7 8 9

Re~

HAZB

Shear @
Intercostal

= 0.455

0 ●455

0.455

0.455
0.455

0.455

0.455

0.455

0 ■455

0.455
0.455

0.455

0.455

0.455

0.455

NOTES: t. The weld size in Table 2 or 3 which governs is indicaked with an asterisk.

-red Minimum

Throat Shea:

T~i
= o*707—

~wl

0.626*

0.626*

0.698*

0.698*

0.599

0.599

0.668*

o ●668*

0.511

0.511

0.570

0.570

0.570

0.628*

)/T

HAZB

Shear @

Continuous,

= 0.45+
kc

0.455

0.558

0.455

0.558

0.455

0.533

0.455

0.533

0.371

0.388

0.371

0.388

0 ●455
0.455

2. Column 7 uses equation (2).

3. Colmn 8 uses equation (l).

4. Column 9 uses equation (3).
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TABLE 3

100 Percent Efficient Double Fillet Weld Sizes for ABS Steels for Transverse

Shear Loading for Using Proposed Crikeria

1 2 3 4 5 6 7 ] 8 9

Incstl Continuous

Materials Mbr. Weld Member Required Minimum D/T

Intercostal-Continuous Electrode > Min. HAZB Throat Shea~ HAZB

%1) {K%;) T~ = (K%% Shear @ Tension @

1.44 x Intercostal O’~i Continuo s,H
= 0.607 = o.707— = 0.5 -J++

(2:) ~wt %lc

H36 - H36 MIL 8018 71 60.2 86.7 71 0.607 0.579 0.500

H36 - MS MIL 80t8 71 60.2 86.7 58 0.607 0.579 0.612

H36 - H36 MIL 7018 71 54 77.8 71 0.607 0.645 0.500

H36 - MS MIL 7018 71 54 77.8 58 0.607 0.645 0.612

H32 - H32 MIL 8018 68 60.2 86.7 68 0.607* 0.555 0.500

H32 - MS MIL 8018 68 60.2 86.7 58 0.607* 0.555 0.586

H32 - H32 MIL 7018 68 54 77.8 68 0.607 0.618 0.500

H32 - MS MIL 7018 68 54 77.8 58 0.607 0.618 0.586

MS - H36 MIL 8018 58 60.2 86.7 71 0.607* 0.473 0.408

MS - H32 MIL 8018 58 60.2 86.7 68 0.607* 0.473 0.426

MS - H36 MIL 7018 58 54 77.8 71 0.607* 0.527 0.408 ~

MS - H32 MIL 7018 58 54 77.8 68 0.607* 0.527 0.426

MS - MS MIL 7018 58 54 77.8 58 0.607* 0.527 0.500 :

MS - MS MIL 60XX 58 49 70.6 58 0.607 0.581 0.500

——

NOTES: 1. The weld size in Table 2 or 3 which governs is indicated with an asterisk.

2. Column 7 uses equations (5) and (8).
~~,, 3* Column 8 uses equation (4).

4. Column 9 uses equation (6).
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TABLE 4

Comparison of Weld Sizes for 100 Percent Efficient Double Fillet Welds for

ABS Steels Using Navy Procedure [Reference 3 ] and Proposed Criteria

1 2 3 4 5

Materials weld Size Weld Size from

Intercostal-Continuous Electrode Ref. 3 Proposed Criteria % Reduction

D/T D/T

H36 - H36 MIL 8018 0.827 0.626 24%

H36 - MS MIL 8018 0.827 0.626 24%

H36 - H36 MIL 7018 0.848 0.698 18%

H36 - MS MIL 7018 0.864 0.698 19%

H32 - H32 MIL 8018 0.792 0.607 23%

H32 – MS MIL 8018 0.792 0.607 23%

H32 - H32 MIL 7018 0.812 0.668 18%

H32 - MS MIL 7018 0.827 0.668 19%

MS - H36 MIL 8018 0.676 0.607 10%

MS - H32 MIL 8018 0.676 0.607 10%

MS - H36 MIL 7018 0.706 0.607 14%

MS - H32 MIL 7018 0.706 0.607 14%

MS - MS MIL 7018 0.706 0.607 14%

MS – MS MIL 60XX 0.884 0.628 29%

—



10 to 29 percent are possible with this proposed criteria. This weld size

variation of up to 29 percent is actually a hidden factor of safety in the

current Navy procedure which should be eliminated precisely because it is

hidden. It should also be eliminated lxcause it is inconsistent in that it

varies from 10 to 29 percent.

For longitudinal shear loading, the failure plane is the weld throat for all

of the material and electrode combinations checked in Table 2. For transverse

shear loading in Table 3, the failure plane is either the intercostal member

HAZB or the weld throat. However, with a wider variation in material and

electrode properties, each of the other three failure modes is still possible.

It should also be noted that significant weld size reductions are not obtained

by using high-strength electrodes (i.e. 7018 and 8018) on mild steel

intercostal members. The higher strength electrodes merely serve to shift the

failure location from the throat of the weld to the intercostal member HAZB

(compare column 8 of Table 2 with column 7 of Table 3).

Inspection of the proposed weld sizes (column 4 of Table 4) for the various

ABS steels and welding electrode combinations shows remarkably small

variations: from 0.607 to 0.698 times the intercostal member thickness. The

required weld sizes could be conveniently grouped into two categories: one for

mild steel intercostal members with a value of 0.628 and another for higher

strength steel intercostal members with a value of 0.698. Then separate weld

tables could be prepared for each group. Also , if higher strength steels than

those shown in Table 4 are used, then additional calculations must ke

performed and additional weld size tables would probably be required.

The next step required is the determination of acceptable joint efficiencies.

It is intended that a single set of joint efficiencies will be used for tith

mild steel and the current ABS higher strength steels. Since the current ABS

weld tables have been used for both mild steel and ABS higher strength steels,

the analysis of those tables will he based on the D/T value of 0.698. If the

smaller D/T value of 0.628 were used, it would b equivalent to skating that

the existing ABS weld tables are not acceptable for use with AM higher

strength steels.

Introducing a joint efficiency to account for locations which do not require

the weld to develop the full shear or ultimate strength of the intercostal

member gives the weld design equation:

D = 0.698 X E X T

A family of curves for various joint efficiencies is shown in Figure 9.

(13)
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2.6 Effect of Uniform Corrosion

Since many of the required scantlings from the A&3 rules contain allowances

for uniform corrosion, the effect of such corrosion on joint strengLh must be

determined. Figure 10 shows the geometry of such a condition. For a constant

efficiency in the corroded condition (Ec), the weld size equation [equation

(13)] becomes:

DC = 0.698 x Ec x Tc, or

D - 1.414C = 0.698 X E= X (T - 2C).

An appropriate corrosion allowance appears to & about 0.060 inch per SuKface

[Reference IE .Page .16;“or Reference2~ Secki.afis7-.13,2,.,..17..7.L.~..llT3.1T.... ....

13.7.2, 15.15.2, and 16.9.1]. Using this value, the design equation for

constant efficiencies in the corroded condition becomes:

D = 0.698 x Ec X (T - 0.12”) + 0.085”. (14)

A family of curves for various joint efficiencies using this equation is shown

in Figure 11. A comparison of Figure 11 with Figure 9 shows that this amount

of corrosion has essentially no effect on the strength of 100% efficient

joints. That is~ the decrease in strength of the weld almost exactly matches

the loss in stren~h of the inkercoskal member. However, the curves in the

two figures become progressively further apart as the efficiency decreases.

The determination of which family of curves is most appropriate for ABS fillet

welds is discussed further in Section 3.

2.7 Equivalent Fillet Sizes for Intermittent Welds

The final element needed before proceeding to a study of the existing ABS

fillet weld tables is a means to compare the strengths of intermittent fillet

welds to the strengths of continuous fillet welds. For this comparison, a

continuous fillet size, Di~ which is equivalent in strength to a given

intermittent fillet size, D, of length, L, and spacing, S, is determined:

D.lC =(D- 1.414C) x L/S i- 1.414C.

With no corrosion, this equation is simply:

Di = D X L/S. (15)
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With 0.060 inch per surface corrosion allowance, the equivalent fillet size

becomes:

‘ic =(D- 0.085”) X L/S + 0.085” (16)

Calculations for typical intermittent fillet weld sizes are included in

Table D-5 of Appendix D .

2–19
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3. EFFICIENCIES OF ABS FILLET WELDS

Since the weld sizes required to develop the full strength of

members have now ken determined, the next question to answer

the connected

is what joint—
efficiencies are required for typical merchant ship structures. The Navy

documents [References 3;~.4;;afid,.5~Ag.iv.&”~~...~f requi~ed efficiencies

for naval ships which range from 50 to 100 percent w~th no corrosion

allowance. In this section the joint efficiencies which exist in the current

ABS rules are determined and used as a guide for specifying what efficiencies

are appropriate to merchant ship structures.

3.1 Grouping of ABS Fillet Welds

The current ABS Rnles list the required fillet weld size as a function of

plate thickness and location of the connection as shown in Appendix A. In the

:T3bi”&for continuous welds shown in Appendix A. each of the 96 locations with
its associated weld sizes has been assigned a unique line number. This table

was then inspected and the line items with similar weld sizes were assigned to

18 weld groups as shown in ‘Table 5 and Appendix B. There are 13 weld groups

(A through M) for all ships with an additional 5 weld groups for vessels

classed as oil carriers (N through R). In this grouping process, five line

items (Nos. 7, 8, 38, 51, and 88) have had one weld size altered 1/32 inch in

order to eliminate five additional weld groups.

The intermittent fillet weld table was then examined in a similar manner.

Except for two special cases in weld group C, intermittent fillet welds are

only permitted for the eight lessor efficiency weld groups: F, G, H, J, K, L,

M, and R although these groups account for almost half of the line items.

Three line items in the continuous weld table (numbers 53, 56, and 72) have

two variations in the intermittent weld table (designated 53A, 53B, etc.).

There is a much wider variation in sizes for the intermittent welds than the

continuous welds even when minor adjustments to spacings are made and minor

differences in the smallest sizes are neglected. For example, weld group M

has five different variations in the intermittent fillet weld sizes.

Consequently, the intermittent fillet weld sizes have hen assigned to 15 weld

groups as shown in Table 6 and Appendix B giving a total of 33 weld groups.

3.2 Efficiencies

The weld sizes for each of the 33 weld groups were then plotted versus plate

thickness as shown in Appendix C. “Stepped” curves were used since the rules

specify that intermediate plate thickness may use the weld size specified for

the next lower plate thickness shown in the weld tables.

A decision then had to be made as to whether the proposed efficiencies should

be based on the equations with a corrosion allowance [equations (14) and (16)1

or those without a corrosion allowance [equations (13) and (15)1 . Since the
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TABLE 5

Efficiencies of ABS Double Continuous Fillet Welds
~~m F~vvrIiloA n-n~fl T--h D*W C..VG.-A------- ----=--- “ . ““” A.L&., s GA bJuLLaL=

EXIST. EFFICIENCIES

NO. MAX. RANGE MIN. PROPOSED
ABS WELD GROUP LINE NUMBERS OF (% MIN. EFF.

LINES (%) POINTS ) (%) (%)

A 13, 51* 2 118 34 84 100

B 39, 52, 62, 69, 74,

76, 79, 82 8 98 24 74 75

c 1, 6, 11, 12, 14,

17, 20, 21, 23, 24,

30, 32, 34, 56, 57,

64, 65, 71, 72, 77 20 84 18 66 75

D 40, 42, 48, 63, 70,

75 6 74 15 59 60

E 66 1 80 29 51 45

F 2, 7*, 22, 26, 28,

35, 78, 80, 81 9 59 18 41 45

G 49 1 64 31 33 30

H 50 1 58 28 30 30

I 45 1 66 29 37 45

J 54 1 45 22 33 30

K 15, 16, 18, 19, 25 5 41 11 30 30

L 41 1 40 9 31 30

M 3, 4, 5, 8*, 9, 10,

27, 29, 31, 33, 36,

37, 38*, 43, 44, 46,

47, 53, 55, 58, 59,

60, 61, 67, 68, 73 26 40 10 30 30

N 83, ’30, 91 3 102 20 82 88

0 85, 87, 93, 94 4 91 17 74 75

P 84, 92 2 79 15 64 60

Q 86, 88*, 95 3 68 14 54 60

R 89, 96 2 59 16 43 45
TOTAL . . . 96

n=. ..7A-IA ..- ---L -.C Al---- -1—-. . . . . * . . - ,-... . . . .
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TABLE 6

Efficiencies of AM Intermittent Fillet Welds
TA7hn. Pmvvnaea n n~n -r.. mk DA- C.. _C -An....=.. buL&vut=u u ● Uuu .I.ULLL JrGJ. KluL Lab-G

EXIST . EFFICIENCIES

NO. MAX. RANGE MIN. PROPOSED

ABS WELD GROUP LINE NUMBERS OF (% MIN. EFF .

LINES (%) POINTS ) (%) (%)

cl 56B 1 - Special Case

C2 72B 1 - Special Case

I?l 78,80,81 3 74 37 37 45

F2 2,7,35* 3 74 40 34 45

F3 22,26,28 3 74 36 38 4.5

G1 & J1 49,54 2 49 20 29 30

HI 50 1 44 19 25 30

K1 19 1 44 21 23 30

K2 & M3 15,27,29,31 4 40 19 21 30

K3&Ll 16,18,25,41 4 37 18 19 30

Ml 10*,53B,55 3 44 19 25 30

M2 3,8,36,37,43,44 6 44 21 23 30

M4 4,5,9,33,38,46,47,

53A*,58,59,67,73 12 37 18 19 30

M5 60,61 2 37 20 17 30

RI 89,96 2 58 16 42 45

TOTAL . . . . 48

* One spacing in each of these lines has ben altered to allow them to be

classified in the weld groups shown.
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corrosion problem mainly affects the least efficient welds, weld groups M and

Ml were plotted together in Figure 12. From this figure it can be seen that

the equations with corrosion allowances fit the A13S table weld sizes

significantly better than those without a corrosion allowance. Consequently,

it was decided that all further work would include a corrosion allowance.

Neglecting the 3/16 inch welds, which are the m.inimu size specified, the

maximum and minimum efficiency of each AM continuous fillet weld group was

calculated. The results, which are shown in Table 5 and Appendix C, show a

wide variation in efficiency, from 30 to 118% overall and up to 34 percentage

points within a given weld group. Similar calculations were performed for

intermittent fillet welds neglecting some of the smaller welds. These

calculations, which are summarized in Table 6, give a variation in efficiency

of 17 to 74% overall and up to 40 percentage points within a given weld group.

3.3 Proposed Efficiencies and Weld Size Tables

After several trials, it was determined that the 33 ABS weld groups could be

reasonably represented by just six efficiency categories as shown in Tables 5

and 6 using the equations which include corrosion allowances. The six

efficiency categories selected are shown in Table 7 along with the approximate

equivalent joint efficiency as originally welded (i.e., no corrosion). These

equivalent joint efficiencies can be compared to the standard Navy efficiency

groups shown in the last column of Table 7 since the Navy groups have no

corrosion allowance. From this comparison it can be seen that Navy fillet

welds are still more conservative than ABS fillet welds even when the

conservatism of equation (7) is removed (see Section 2.4).

TABLE 7

Comparison of Weld Joint Efficiency Categories

Proposed Efficiency Approximate Equivalent Navy Efficiency

Categories with Efficiency as Originally Categories

Corrosion Allowance Welded (see Figure 13)

100 100 100

88 90

75 80

75

60 67

60
45 54

50

30 41
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In addition to the comparison in Table 7, it should also be noted that the

Navy generally requires a higher joint efficiency than ABS for many structural

connections. For example, most unbracketed end connections must be 100%

efficient by Navy requirements, whereas the ABS requirements are generally 80%

efficient before corrosion. Also, most stiffening to plating supported joints

must be 60% efficient by Navy requirements while the ABS requirements are

generally 41% efficient before corrosion.

One other notable difference between AM and Navy welding requirements is

the lack of ABS guidelines for welding compensation for holes in structure.

Navy requirements are 100% efficient joints for compensation in shell plating,

stringer slxakes of uppermost strength deck, and/or attached framing; 75%

efficient joints for compensation in watertight, oiltight, or continuous

bulkheads, decks, floors, and/or attached framing; and 50% efficient joints

for compensation in non-tight structure.

The appropriate weld size equation is shown on each of the plots in Appendix C

with the proposed increases or decreases in weld size crosshatched for

emphasis. It should be noted that the proposed weld sizes are much more

consistent than those in the current ABS weld tables. For example, MOst of

the wide variations in weld sizes for weld groups G and H are eliminated. A

further comparison of the proposed and ABS weld sizes versus standard plate

thicknesses is given in Table 8.

The proposed weld sizes have been put in a rmre useful form in Appendix D.

Line items which are essentially identical are combined as appropriate. This

appendix contains essentially all the information required for everyday use in

a design office. In Appendix D, Tables D-2 through D-5 along with Figures D-1

through D-4 have been based on the conservative D/T value of 0.698 so they can

be used for either mild steel or current ABS higher strength steels. Table

D-6 along with Figures D-5 and D-6 have been based on a D/T value of 0.628 so

they can only be used for mild steel intercostal metiers. The size reduction

for the latter table, neglecting round-off differences, is about 8%.

One additional comment on Table D-l of Appendix D may h in order here. The

line items for each structural item are arranged generally in descending order

of required efficiency. The most critical joints (i.e.~ those with the

highest required efficiency) then stand out rather distinctly. Although mst

inspectors probably have an excellent “feel” for which joints are most

critical, perhaps this table will help identify to him which joints the

designer considers most critical and thus the ones which should b given the

closest inspection.
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TABLE 8

ComparIsm of Proposed and ABS Fillet Weld Sizes Versus Plate Thickness

~
5.1#

1/8
3/16

1/8
3/16
3/16

l/8
3/16

1/8
3/16
3/16
3/16

I !8
3/16
3/16
3/16
3/16
3/16
3/16

?7-r
7.65#

5/32
3/16

1/8
3/16
3/16

1/8
3/16

1/8
3/16
3/16
3/16

1/8
3/16
3/16
3/16
3/16
3/16
3/16

r
lo.2#

3/16
3/16

5/32
3/16
3/16

5/32
3/16

5/32
3/16
3/16
3/16

1/8
3/16
3/16
3/16
3/16
3/16
3/16

3/16
1/4

;;:6

3/16
1/4
1/4

3/16
1/4

mE-
12.75#

114
7/32

3/16
3/16
3/16

3/16
3/16

5/32
3/16
3/16
3/16

5/32
3/16
3/16
3/16
3/16
3/16
3/16

7/32
1/4

3/16
114

3/}6
1/4
1/4

3/16
1/4

~
15.3#

9/32
1/4

7/32
1/4
7/32

7/32
3/16

3/16
7/32
3/16
3/16

5/32
3/16
3/16
3/16
3/16
3/16
3/16

1/4
1/4

;g

7/32
1/4
1/4

3/16
1/4

PIaTe
~

5/16
5/16

;Jy

1/4

7/32
7/32

3/16
7/32
3/16
3/16

5/32
3/16
3/16
3/16
3/16
3/16
3/16

9/32
9/32

9/32
1\4

7/32
1/4
1/4

3/16
1/4

-miiG
T
20.4#

3/8
3/8

5/16
5/16
9/32

1/4
1/4

;;:2

7/32
1/4

3/16
3/16
3/16
3/16
3/16
3/16
3/16

11/32
5/16

5/16
5/16

1/4
1/4
1/4

7/32
1/4

$1)

Tm-
22.95#

13/31
7/16

11/32
11/32
5/16

9/32
5/16

i/4
9/32
1/4
114

3/16
7/32
7/32
7/32
3/16
3/16
3/16

3/8
3/8

11/32
11/32

9/32
5/16
9/32

1/4
1/4

r
25.5#

7/16
7/16

3/8
3/8
1 I /32

5/16
5/16

1/4
9/32
1\4
114

7/32
7/32
7/32
7/32
7/32
7/32
7/32

13/32
13/32

3/8
3/8

5/16
1 I /32
5/16

I/4
9/32

7-lm-
28.05#

1/2
112

13/32
13/32
3/8

1 I /32
3/8

9/32
5/16
;Jy

7/32
1/4
;Jy

7/32
7/32
7/32

7/16
7/t6

13/32
13/32

1 1/32
3/8
5/16

9/32
5/16

m-
30. 6#

17/32
17/32

7/16
7/16
13/32

3/8
3/8

5/16
5/16
9/32
9/32

7/32
1/4
v4
1/4
1/4
1/4
1/4

1/2
l/2

7/16
7/16

3/8
13/32
11/32

5/16
5/16

T371r
33.15#

19/32
19/32

15/32
15/32
7/16

13/32
7/16

5/16
1 I /32
5/16
9/32

1/4
1/4
1/4
1/4
1/4
1/4
1/4

17/32
17/32

15/32
15/32

13/32
7/16
3/8

5/16
5/16

r
35.7#

5/8
5/8

1/2
I/2
15/32

13/32
7/16

11/32
3/8
5/i6
9/32

1/4
13/32
1/4
9/32
1/4
1/4
1/4

9/16
9/16

1/2
1/2

13/32
7/16
13/32

I 1/32
5/16

T5m-
38.25#

21/32
1 1/16

17/32
17/32
1/2

7/16
1/2

11/32
13/32
11/32
5/16

9/32
13/32
13/32
9/32
9/32
5/16
9/32

19/32
19/32

17/32
17132

7/16
1/2
7/i6

1 1/32
1 1/32

m
23/32
314

9/16
9/16
9/16

15/32
17/32

3/8
7/16
3/8
5/16

9/32
7/16
7/16
5/16
5/16
5/16
5/16

5/8
2 1/32

9/16
9/16

15/32
17/32
15/32

3/8
3/8



4* DIRECT CALCULATION OF WELD SIZES

In Section 2 of this report, it has been shown that it is not possible to

develop a single design stren~h equation which will uniformly handle the

different comhinakions of ABS steels and electrodes. Therefore, it is not

possible to use nominal design weld stresses unless such stresses are varied

for each material and electrode combination or excessively large factors of

safety are used. However, the calculations in Section 2 show that the ratio

of 100% efficient weld sizes to plate thickness does not vary widely (only

from 0.607 to ().698) for typical ABS steels and electrodes. This ratio can

form the basis of a procedure to base the weld sizes on direct calculations-

Basically the procedure is to calculate a required local plate thickness at the

joint which would sustain the nominal design stresses specified, multiply by

0.698 (or 0.628 for mild steel intercostal metiers, or one of the other values

in column 4 of Table 4 if the electrode to be used is known) and add 1.414

times the corrosion allowance as appropriate:

D = 0.698 X Tr i- 0.085” (17)

The main caution here is that the nominal design stresses specified must k

based on strength and not on stiffness considerations such as buckling.

Another important caution is for end connections, particularly unbracketed end

connections which are backed up as discussed in Section 5.1 or any member

which is part of longitudinal strength structure or essentially continuous

transverse structure. Nondimensionalized test results for a compact beam

(i.e., no buckling imminent) simulating such a fillet welded, unbracketed, end

connection are shown in Figure 14. If the test results of Figure 14 are

plotted versus joint efficiency as shown in Figure 15, the load plots as a

straight line because the joint efficiency is defined as a direct function of

the load capacity. However, if the energy absorbed by the test &am (i.e.,

the area under the load deflection curve) is plotted versus joint efficiency

as in Figure 15, the situation is drastically altered. For example, although

a 75% efficient joint would develop 75% of the maximum load, it would develop

only about 15% of the beam’s energy capacity. Although there are probably

very few merchant ship framing systems which need b designed to absorb

significant amounts of energy in the plastic range, it would appear prudent

not to reduce the strength of such end connections below the values specified

in Appendix D.

If the joint in question must k designed for a cotiined loading, then the

required thickness, Tr, must reflect the combined loading using an appropriate

“failure theory”. The assumption in this procedure is that the fillet welds
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5. USE OF PROPOSED DESIGN CRITERIA

With any welding design procedure, several additional questions besides the

required weld efficiency must be answered. These questions include what plate

to base the weld on, how to handle unusual cases, how unbalanced the welds can

be, what construction tolerances are appropriate, what minimum weld sizes to

use, when to use intermittent welding, and how to handle special protective

coatings? These questions will be discussed in this section.

5.1 Tee Type Joints

When applying this proposed double fillet weld design criteria, it is intended

that the weld size for tee type joints will generally k hsed on the

thickness of the intercostal or non-continuous member of the joint. This is

to avoid the complex problem of determining which member is really the weaker.

The current Navy procedure for determining the “weaker” member is to choose

the member with the lowest product of thickness times ultimate tensile

strength [see Section 11.3.4.1 of %ference &yhi&.e. the current ~s... .

procedure is to use the “lesser thickness of members joined” (see columm
..—————

headings in Appendix A) except in special cases (see Note 1 to weld table in

Appendix A). However, from the discussions in Section 2.1 of khis””report, it—.——.. ,—.——.-.—-—— .—...—.—..——.—. . ,...——
should be evident that neither procedure is entirely correct and that the

.— — .. .———

determination of which member is the weaker is also a function of loading

direction. For example, in Figure 1 the product of thickness and shear

strength of the intercostal metier should be compared &o twice the product of

thickness and shear strength of the continuous member, whereas in Figure 2 the

product of thickness and tensile strength of the intercostal member should be

compared to twice the product of thickness and shear strength of the

continuous member. For most cases the intercostal member will thus be the

weaker member.

Another case which should also be considered is the quite common joint shown

in Figure 16. Here a relatively thin plate is continuous through a ‘heavier

one, for example a deck or longitudinal stiffener in way of a transverse

bulkhead. In this caselthe intercostal member is “backed up” and the weld

should ~ based on the thickness of the intercostal member. The thickness of

the continuous member has no influence on the required weld strength in this

case.

Therefore, it appears that basing the weld sizes on the thickness of the

intercostal member for tee type joints is more consistent and will generally

result in a more optimally welded structure. It also has the advantage of

being a simpler rule to use than the ABS or particularly the Navy procedure.

For cases where this procedure of using the intercostal member may give

excessively large welds, several alternatives are available. First, if the

continuous member is really the weak link in the connection, then an effective

intercostal member thickness could be determined by considering the shear and
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tensile strengths of the two members as described above and the weld bsed on

that effective thickness. Second, the joint could k designed for the loads

it must carry using the procedures described in Section 4.

5.2 Lap Joints and Corner Type Joints

For lap joints, the Navy procedure is clearly the best procedure to use. That

is, the weld should be based on the thickness of the member with the lowest

product of thickness times ultimate tensile strength since there is only a

single failure plane in each of the joined metiers to be concerned withl

although all six failure modes are still considered.

Corner type joints made with fillet welds are similar in principle to lap type

joints: there is only a single failure plane in each of the joined members to

be concerned with. Two corner type joints are shown in Figures 17 and 18.

For longitudinal shear loading, which should cover the majority of corner

joints, using the weaker member as defined by the Navy is clearly adequate.

However, for transverse shear loading, the tensile strength of one metier

should be compared to the shear strength of the other when determining the

weaker member. Although this is another complication, it could be considered

if necessary.

5.3 Sliqhtly Unbalanced Welds

In Table 8 both the existing and the proposed weld sizes are given in

increments of 1/32 inch which is a bit finer than many shipyards work with.

Increments of 1/16 inch are commonly used to reduce the number of fillet weld

size gages and to simplify inspections. An alternate approach which has hen

used previously to reduce the amount of weld while still minimizing the number

of weld sizes is shown in Figure 19. Whenever the tabular size is in 32nds,

the fillet on one side of the weld is rounded up and the fillet on the other

side is rounded down to the nearest 16th. This results in a slightly

unbalanced joint as shown in Figure 19. For reasonably long joints loaded in

longitudinal shear as shown in Figure 1, this slight unbalance should be

completely insignificant. For welds loaded in transverse shear as shown in

Figure 2, the slight unbalance would have a greater effect than the

longitudinal shear case but it still should not he significant. It should be

noted that two special oases in the current ABS rule tables, lines 56B and

72B, permit much larger variations in strengths on opposite sides of the

connection. These two cases require continuous welds on one side of the

connection with intermittent welds of much lower efficiency on the opposite

side of the connection (see plots for ABS Weld Groups Cl and C2 in Appendix

c). Therefore, it is felt khat the current practice of allowing these

slightly unbalanced joints should continue.

5.4 Construction Tolerances

This study is primarily concerned with minimum design weld sizes which are

those commonly specified on working drawings. Construction tolerances are

generally covered by other fabrication documents such as detail welding
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procedures and are thus beyond the scope of the present study. However, one

construction tolerance, the allowable opening between the plates before

welding (i.e., the root gap), should ti discussed here.

The current ABS allowance [Section 30.9.1 of Reference 2] four.rook9al? .1S: ‘-”

“where the gap between faying surfaces of members exceeds 2.0 mm or 1/16 in.

and is not greater than 5 mm (3/16 in.) the weld leg size is to k increased

by the amount of the opening.” By comparison, the current military standard

[Note 1 of Figure 22 of Reference ll~’!:z~:--’!~r~(thehe ~oa~ 9ap} ..is.9re9ter

than 1/16 inch as a nominal condition, (the fillet size) shall be increased by

an amount equal to the excess of the opening above 1/16 inch.” The military

standard also specifies the 3/16 inch maximum root opening. Some Japanese

tests [see pages 9-126 and 9-127 of Reference 12~ave indicated that root

openings of up to 1/8 inch contribute to deep~ penetration and “consequently

increase the strength of the weld. In view of these tests, it would appear

appropriate to revise the current ABS root gap allowance to the slightly less

conservative military standard.

5.5 Minimum Weld Sizes

When discussing minimum weld sizes it is important to distinguish between

design values and as-built sizes. The minimum weld size generally produced by

normal shipyard structural welding processes is about 3/16 inch. However, it

is advantageous to specify design weld sizes on the working drawings as small

as 1/8 inch where feasible for several reasons. First, as stated in Section

3.3 of Reference 1,’!z.~ ~sS..GoWOg_.akt;:Zud~ .f~E-.a ~n9P”egtOr tQ–Z5j~ct.._:_...-_—-—
. . . slightly undersized fillet welds.” Unless the working drawings show

the minimum weld size that is structurally acceptable rather than a somewhat

arbitrary minimum value, the inspector has no prackical alternative to

rejecting all welds which fall below the arbitrary minimums. Second, the

construction tolerances discussed in Section 5.4 require an increase in the

weld sizes specified on the working drawings if the root opening is excessive.

This increase will ba applied to whatever weld size is specified on the

working drawings which could result in excessive welding if arbitrary minimum

values are used.

The existing ABS weld tables specify a minimum fillet weld size of 1/4 inch in

the cargo tanks and ballast tanks in the cargo area for vessels classed as

“oil carrier” and 3/16 inch (or 11/64) for other locations and vessels. For

naval ships, 1/8 inch has generally been used as the minimum design fillet

weld size [see Section 11 of References 3:,,.4~,,hndE_~I.Fi9uKg1S ~.through.

AO of Reference 6J.l_.Xt g.hpuLd:5~;a-ot~@,l.ti~at_.thi.s‘1/8.in.ch~timZ”tia s’ize ha:..

been used, apparently successfully, with the more liberal than ABS root opening

allowance discussed in Section 5.4 and no corrosion allowance. Thus, it would

appear that the ABS minimum fillet weld sizes can and should be reduced. As a

concession to the “oil carrier” category, it is proposed that the ABS minimum

weld sizes be reduced by 1/16 inch to 3/16 inch in the cargo tanks and ballast

tanks in the cargo area for vessels classed as “oil carrier” and 1/8 inch for

other locations and vessels. As can be readily determined from Figure D-6 for

5-6
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mild steel structures, this proposed 1/16 inch reduction would generally

involve only plates less than 0.84 inches thick for oil carriers and 0.51

inches thick for other vessels. For higher strenqkh steel structures, Figure

D-2 gives plates less than 0.76 inches thick for oil carriers and 0.47 inches

thick for other vessels which would be affected by the proposed reduction.

The minimum weld size should also ~ a function of plate thickness to avoid

the possibility of weld cracking due to insufficient heat input. In

Section 30.9.1 of the ABS Rules, this problem is identified: “Special

precautions such as the use of preheat or low-hydrogen electrodes or

low-hydrogen welding processes may be required where small fillets are used to

attach heavy plates or sections.” AS stated in Reference-13, “q\e.qz.!y.avY........ ...
increase in preheat required by an increased chance of cracking could offset

the economic benefits to be obtained from a reduction in fillet size.” The

we}d sizes of the 30% efficiency category provide a reasonable approximation
tO tie minimw weld sizes proposed in Reference : 13 and”Section 2.7.1.1 of

the American Welding Society code [Reference ’!~]~..__AS_EhQwn.~ri ‘~i9uTe 20: ._..”._..______

Consequentlyr if the weld sizes are based on direct Calculations, no

reductions below the 30% efficiency curve are proposed.

To further explore minimum weld sizes, design calculations have ken prepared

to check the required strength of the connection of bottom longitudinal to

shell plate for the three sample ships. These connections should be among the

most highly loaded fillet welded joints in the 30% efficiency category on the

ships. The results of these calculations are summarized in Figure 21. As

discussed in Appendix E, the calculation using von Mises combined stresses

seems excessively conservative and, in fact, gives weld sizes greater than

those required by ABS weld group M4. Modifying the von Mises equation to more

accurately reflect experimental ultimate shear to ultimate tensile strength

ra~ios (74.5% versus 57.7% in the original von Mises equation) produces ~re

reasonable weld sizes. The simplified analyses are more in line with ABS

nominal strenqLh analysis procedures and give results which support the

proposed reductions in ABS minimum weld sizes. All the calculations include a

corrosion allowance. The end effects correction is due to a portion of the

load acting on the shell plate being transferred directly to the floors rather

than through the Iongitudinals and then into the floors. This correction is

especially important on the containership and the O/B/O because their solid

floors are spaced at intervals of less than two longitudinal frame spaces

(i.e., bottom shell panel aspect ratios of 1.68 and 1.50 respectively).

5.6 Intermittent Versus Continuous Welding

The use of continuous welding or intermittent welding where permitted by the

ABS rules is essentially an economic trade-off because, with proper attention

to details near the ends of the member, intermittent welds can be as strong as

continuous welds. Intermittent welds do have an advantage on very thin

structures where the minimum feasible continuous welds would give excessively

strong joints. Chapter XIII of Reference 15:presents an analysis of

essentially minimum size welds giving comparative costs of $1.83 for
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continuous automatic welding, $2.80 for intermittent manual welding, and $6.43

for continuous manual welding. !rhe continuous weld sizes were 5/32” while the

intermittent welds were 3/16” 3-12. TO compare equal strength joints the

5/32” continuous welds should be compared to 3/16” 10-12 intermittent welds if

no corrosion allowance is involved or to 3/16” 8-3/8 - 12 intermittent welds

if a corrosion allowance of 0.060” per surface is considered using equations

(15) and (16) respectively. This should increase the cost of the intermittent

welds considerably.

Since facilities will vary and the location of the joint when it is to be

welded must be considered, this type of trade-off is best left to each

individual shipyard.

5.7 Special Protective Coatings

In various sections of the ABS rules, a reduction in scantlings is permitted

if specially approved protective coatings are applied to the structure or

other effective methods are adopted as a means of corrosion control. The

required weld sizes are thus reduced because they are based on the reduced

scantlings. However, this presents a slight inconsistency because the weld

tables still include a corrosion allowance. It would appear more appropriate

to use a different set of weld tables with the corrosion allowance removed for

this case. This can easily be done using equation (13) rather than equation

(14). The major question would be whether or not the joint efficiencies used

with equation (14) would still be suitable for use with equation (13). It

would seem hard to argue against using the same efficiencies. That is, if a

joint efficiency of say 30% after the structure has been corroded in a severe

environment is acceptable, then why shouldn’t the same efficiency be

acceptable in a protected environment. The amount of weld size reduction

obtainable by this procedure (aside from that already obtained by the reduced

scantlings) can be seen by comparing corresponding curves in Figures 9 and 11.

Neglecting differences due to rounding off to standard weld sizes~ the maximum

reduction would vary from 0.001” for 100% efficient joints to 0.060” for 30%

efficient joints. For the mild steel only case in Table D-6 of Appendix D,

the maximum reduction would vary from 0.010” for 100% efficient joints to

0.062” for 30% efficient joints. However, some adjustment may lE required for

the smaller weld sizes to avoid the cracking problem from insufficient heat

input mentioned in Section 5.5.

-. .-.



6. APPLICATION OF PROPOSED DESIGN CRITERIA TO SAMPLE SHIPS

The proposed fillet weld design criteria has been applied to three sample

ships to give a practical comparison with the existing ABS Rules and to allow

an economic assessment of the proposal to be made. The following sections

summarize that work, much of which is included in Appendices E, F, and G.

6.1 General Procedure

The three sample commercial ships have been selected from the Maritime

Administration CMX Designs [Reference 16j~ Principal Characteristics of the

three ships are given in Table 9.
.—. ——-- ..-.

Iwrangement drawings, scantling drawings,

and characteristics at scantling drafts can be found in Appendices E, E’, and

G.

TABLE 9

Principal Characteristics of Sample Ships

Voyager Vanguard Crescent

Class Class Class

Dimension Tanker Containershi~ Ore/Bulk/Oil Carrier Units

Length overall 950-0 725-O 871-0 ft-in.

Length between

perpendiculars 900-0 685-O 827-O ft-in.

Beam 147-6 103-0 106-0 ft–in.

Depth at side 63-6 60-0 60-0 ft-in.

Design draft 48-6 29-6 42-6 fk-in.

Displacement at

design draft 147,400 32,200 86,700 long tons

Deadweight at

design draft 125,200 19,700 69,300 long tons

Steel weight 18,909 9,125 14,378 long tons

Outfitting weight 1,467 1,853 1,499 long tons

Machinery weight 1,091 1,112 932 long tons

Margin 733 410 591 long tons

The midship section of each ship was first checked for compliance with the

1981 AHS Rules. This allowed slight reductions in the existing scantlings

which had been sized to the 1970 ABS Rules. Weld sizes required by the 1981

ABS Rules and the proposed design criteria were then determined. After

additional calculations were performed for a few critical welds, tabulations

of weld sizes, Iengkhs, and weights were made including estimates for bow,

stern, and deckhouse structures. These values were then used in the economic

analysis.



6.2 Voyager Class Tanker

Table 10 summarizes the data developed for the tanker, a detail listing of

which can be found in Appendix E. It should be noted that, as on the other

two sample ships, the weighted average weld size is fairly small. About 2,700

feet (l%) of the altered weld length is increased rather than decreased in

size by the proposed design procedure.

TABLE 10

Summary of Lengths, Sizes, and Weights of Welds

for Voyaqer Class Tanker

Total Length Average Design Weight of Design

of Double Weld Size Welds

Fillet Welds (Inches) (Pounds)

(Feet) Existing Proposed Existing Proposed

Altered Welds 342,210 0.268 0.225 83,500 59,095

Unaltered Welds 48,918 0.338 0.338 18,998 18,998

TOTALS 391,128 0.278 0.242 102,498 78,093

The bottom longitudinal of this ship were analyzed in some detail using ASS

Rule loadings and the principles discussed in Section 4. Since these members

are built up “T” beams, both the web to flange and the web to bottom shell

plating connections were checked. Interestingly enough, an analysis using the

von Mises yield criteria gives weld sizes greater than those required by the

current ABS Rule weld Tables, Modifying the von Mises equation to more

accurately reflect experimental ultimate shear to ultimate tensile strength

ratios (74.5% versus 57.7% in the original von Mises equation) produces nmre

reasonable weld sizes. Fortunately, the Bulk Oil Carrier Section of the AM

Rules gives sufficient data to allow calculation of nominal design stresses

for the structural members and thus allow a nominal design stress analysis of

the welds. The latter analysis gives reasonable weld sizes as shown in Figure

E-5 of Appendix E.

Additional calculations were performed to check the strength of the connection

of bottom longitudinal to bottom transverses and the connection of deck

longitudinal to deck transverses.
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6.3 Van guard Class Containership

Table 11 summarizes the data developed for the containership. For this ship,

additional calculations were made for the connection of longitudinal to

bottom shell and for the connection of bottom longitudinal to web frames.

About 1,400 feet (l%) of the altered weld length is increased rather than

decreased in size by the proposed design procedure.

TABLE 11

SuM.wARY OF LENGTHS SIZES AND WEIGHTS OF WELDS

FOR VANGUARD CLASS CONTAINERSHIP

!Cotal Length Average Design Weight of Design

of Double Weld Size Welds

Fillet Welds (Inches) (Pounds)

(Feet ) Existinq Proposed Existing Proposed

Altered Welds 191,667 0.232 0.204 35,116 27,061

Unaltered Welds 62,058 0.271 0.271 15,506 15,506

TOTALS 253,725 0.242 0“222 50,622 42,567

6.4 Crescent Class Ore/Bulk/Oil Carrier

Table 12 summarizes the datia developed for the Ore/Bulk/Oil Carrier. For this

ship, the thickness of the deck slab longitudinal is slightly greater than

the maximum value for which a weld size is specified in the ~S Rules. Hence~

the next larger size is used. The appropriate equation for 30% efficient

welds gives the same size. Additional calculations were prepared for the

connection of longitudinal to the bottom shell. About 18,000 feet (8%) of

the altered weld length is increased rather than decreased in size by the

proposed design procedure. Most of these increases are in the bottom

structure which apparently was not optimized to the same extent as the other

two sample ships.
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TABLE ~2

Summary of Lengths, Sizes, and Weights of

Welds for Crescent Class Ore/Bulk/Oil Carrier

6.5

Altered Welds

Unaltered Welds

TOTALS

Fillet Weld Comp(

Total Length Average Design

of Double Weld Sizes

Fillet Welds (Inches)

(Feet) Existing Proposed

213,909 I 0.277
I

0.239

66,793 0.336 0.336

280,702 I 0.292 I 0.265

:isons

Weight of Design

Welds

( Pou

Existinq

55,784

25,631

81,415

Ids )

Proposed

41,503

25,631

67, 134

Table 13 compares lengths, size reductions, and weight reductions for the

three sample ships. Approximately 75 to 87 percent of the weld length on

these ships could be reduced an average of 8 to 13 percent in size by using

the proposed design criteria.

TABLE 13

Double Fillet Weld Comparisons

for Sample Ships

Voyager Class Vanguard Class Crescent Class

Tanker Containership Ore/Bulk/Oil

Carrier

Length of altered

welds (feet) 342,210 (87.5%) 191,667 (75.5%) 213,909 (76.2%)

Reduction in Average
weld size (inches) 0.036 (12.9%) 0.020 (8.3%) 0.027 (9.2%)

Reduction in weight of

fillet welds (long tons) 10.9 (23.8%) 3.60 (15.9%) 6.38 (17.5%)

Length of welds in

30% efficiency

category (feet] 262,145 (67.0%) 182,727 (72.0%) 197,739 (70.4%)



J?igures 22 and 23 compare the lengths and weights of the proposed fillet welds

versus weld efficiency category for the three sample ships. It should h

noted that only a small percentage of fillet welds for typical commercial

sh}ps is required to develop the full strength of the joined members (i.e.~

100% efficient welds). The majority of fillet welds (approximately 70% of

weld length and 50% of weld weight) fall in the 30% efficiency category. As

discussed in Section 5.5, the 30% efficiency category represents minimum

pr~ctical weld sizes for a shipyard production environment. Thus it would

ap~ear that the proposed design criteria has accounted for most of the

significant, practical ABS fillet weld size reductions.

The differences in lengths and weights of welds in the 45, 60, 75, ad 88%

efficiency categories are not significant. The 88% efficiency category is

unique to single-hull bulk oil carriers. The amount of weld in the other

categories will vary with the length of watertight boundaries and with the

amount of bracketed versuses unbracketed stiffener and girder end connections

on a particular ship.

6.6 Cost Saving Estimates

Cost estimates can be prepared to many different degrees of refinement

depending on the resources available and the expected use of the estimates.

For the purposes of this study, only an order of magnitude estimate of cost

savings was specified. consequently, very simple estimating procedures have

been used. However, sufficient data on the three sample ships is provided in

Tables 10 through 13 and Appendices E, F, and G to allow an independent

investigator to prepare additional cost estimates to any degree of refinement

desired.

For a simplified cost estimate, some relationship between weld size and cost

is required which reflects the many different welding processes~ steel

combinations, and electrodes used in a typical shipyard. Intuitively, one

would expect the cost of fillet welding to vary as a function somewhere

between the weld size and the weld cross-sectional area (i.e., the deposited

weld metal). A reasonable relationship for the purposes of this study is

given in equation (18) where RC is the cost of a given fillet weld of size D

in inches expressed as a percentage of the cost of 5/8 inch fillet welds.

RC = 15 + 223.45 (D -0.111)1.5 (18)

l?igu~e 24 shows this curve along with the expected limits of any reasonable

fillet weld cost curve. Also shown on Figure 24 are data points from a series

of laboratory studies. Each data point represents an unweighed average of

three weld positions (flat or horizontal, vertical, and overhead) for two

combinations of material (HTS and HY80) with five electrodes. for shielded

metal arc welding (7015/7016, 7018, 8018, 90181 and 11018) and two electrodes

for gas metal arc welding (70s-3 and 100S-1). Thus each data point is

generally an average of 27 experimental points. These data are alsti plotted-in

Figure 25 in the form of the original test series with equation (18) nmdified

to suit each test series. Equation (18) fits the experimental data very well
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in the larger weld sizes and effectively averages the data for smaller weld

sizes as required for this study.

The only additional data needed to make a reasonable cost estimate for the

sample ships is a base weld cost. For this study it will be assuned that the

average cost of 1/4 inch double fillet welds is $3.00/foot in spring 1982

dollars. It is assumed that this value includes material, labor, and

overhead. Equation (18) gives a relative cost of 27.98% for 1/4 inch fillets.

Using these values the cost savings for each of three sample ships is shown in

Table 14. The dollar amounts vary from 66,300 to 203,00 per ship while the

percentage savings vary from 9.0 to 15.2.

TABLE 14

Fillet Weld Cost Savings for Sample Ships
Using Derived Cost Curve and $3.OCJ/Foot

for 1/4 Inch Double Fillet Welds

Voyager Vanguard Crescent
Item Class Class Class

Tanker Containership Ore/Bulk/Oil Carrier

A = Length of Double Fillet
Welds (feet) 391,128 253,725 280,702

Dl= Existing Average Fillet
Weld Size (inches) 0.278 0.242 0.292

‘1= Cost/Ft of Existing Welds

= $3.00/Ft

27.98% x

[15+223.45(D1 ‘0.1’’)1”5] 3.408 2.890 3.624

Kl= Cost of Existing Fillet
welds = A x F1 $1,333,000 $ 733,300 $1,017,000

‘2= Proposed Average Fillet
Weld Size (inches) 0.242 0.222 0.265

F2= Cost/Ft of Proposed Welds

$3.00/Ft

= 27.98% x

[15+223.45(D2 -0.1’’)1-5] 2.890 2.629 3.214

K2= Cost of Proposed Fillet
Welds = A x F2 $1,130,000 $ 667,000 $ 902,000

Cost Savings = K1 - K2 $ 203,000 $ 66,300 $ 115,000

Cost Savings in Percent =
IOO(KI - K2)/Kl 15.2% 9.0% 11.3%
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7. SUMMARY AND CONCLUSIONS

7.1 A new fillet weld design procedure has been developed for commercial ships

which gives some modest reductions in weld size from the existing ABS Rule

Tables along with some increases for consistency.

7.2 The weld size reductions are obtained by:

o eliminating the inconsistencies in the current ABS Rule weld

tables,

o varying the required weld size with material type~ and

o reducing the minimum specified weld size.

7.3 The new weld size procedure has been put in a form suitable for design

office use. It is much easier to use and to apply to umusual situations

than the current ABS Rule tables.

7.4 The weighted average ABS fillet weld leg sizes for the three sample ships

are already fairly small (0.242 to 0.292 inches). Thus the existing ABS

fillet welds are, in general, not excessively conservative.

7.5 The majority of welds on the three sample ships (70% by length and 50% by

weight) are minimum practical weld sizes for a shipyard production

environment. Thus significant further reductions in ABS fillet weld sizes

are not expected.

7.6 Weld cost savings in the order of 9 to 15 percent for three sample ships

are obtainable with the proposed design procedure.

7.7 Additional fillet weld size reductions and cost savings could b obtained

if a shipyard elected to use 8000 series in lieu of 7000 series electrodes

on H32 and H36 material. Similar reductions could be obtained for the use

of automatic welding processes on H32 and H36 material by using the bare

electrode strength values of Figure 8 and the sizing procedure of Section

2. ln both cases the resulting weld sizes would lx? equal to or slightly

less than the values shown in Table D-6 which are designated for mild

steel only.
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a. RECOMMENDATIONS

8.1 The existing ABS Rules should lx? revised to incorporate the proposed

~ design procedure (Appendix D of this report).

8.2 The existing ABS Rule allowance for excessive root gap should he revised

to the current military standard value (see Section 5.4).

8.3 If further comparisons between ABS and other Rule weld sizes (such as

Lloyds) are made, they should be extensive comparisons rather than

sampling type comparisons such as those done in Reference.1. + major- “

question would be the lack of an explicit corrosion allowance in””””so”ke’
rules such as Lloyds or the U.S. Navy.

8.4 Consideration should be given to developing and incorporating into the

existing ABS Rules weld tables without a corrosion allowance for use where

specially approved protective coatings are applied to the structure or

other effective methods are adopted as a means of corrosion control (see

Section 5.7).

8.5 Future commercial ship fillet weld research should concentrate on

verifying that the joint efficiencies shown in Appendix D are adequate for

all commercial ship applications and on establishing additional line items

for specific structural connections such as compensation for cuts in

structure as mentioned in Section 3.3.

8.6 The weld sizing procedure of Section 2 should either be incorporated into

the existing ABS Rules or referenced therein to help individual shipyards

to readily determine appropriate weld sizes for the particular steels,

electrodes, and welding processes they use.

8.7 Subsequent studies should include tests similar to those discussed in

Section 5.4, where further verification is required to assess the strength

of small fillet welds with various root openings. Additional studies on

the damage frequency and durability of fillet welds could also be made.

8.8 Where 1/8 inch welds are not acceptable to ABS, an alternative to avoid

excessive weld deposit increases for root gaps may be to change all 1/8

inch welds to 3/16* and add the following footnote to the weld tables:

Footnote:

Where 3/16* fillet welds are shown, the fillet size need only be increased

by 1/16 inch for a 3/16 inch root gap (in lieu of the 1/8 inch required by

the current military standard or 3/16 inch required by the current ABS

procedure, see Section 5.4). For a l\8-inch root gap, no weld size

increase is required.
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APPENDIX A

A?3S FILLET WELD SIZES
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TABLE 30.1

Do uble Continuous Fillet Weld Sizes—Inches

For l~g requirements for thicknesses intermediate to those shown in the
table~ i~se the nearest lower thickness shown in the table,

For t~ickrress less than ~1~ in. the leg size is not to be less than 0.625t except
for u~bracketed end connections where the leg size is to be 0.7t. The

thickness tisthe lesser thickness of members joined except where Note 1 at

the end of the table applies. The leg size is not to be less than l~win.

For~esseb to be classed’’Oil Carrier” the leg size in cargo tanks and in

J
_.:. w = nominal leg size, in.

balla~ tanks in the cargo area is not to be less than ~qin. except W*

approval has been given in accordance with 30.9.2a orb.

Wrhere Type A or B appears in the Structural Items column, refer to 30.9.7

,.+L+

for w eld description and arrangement.

ABs Legsizefor lesser thickness ofmembers joirrrd. in.

Line Weld

No. Gr. Structural Items 0,32 0.36 0,40 0.44 0,48 0.,52 0,S6 0,60 0.64 0.6(5 0.72 0.76 0,80 0.84 0.8? 0.9: 0.96 1.00
— — ..— ., . . -———

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

c
F

M

M

M
c

F

M

M

M

c

c

A

c

K

K

c

K

K

c

DoubleBottomFloors
—Plate Floors

To shel l—~ft peaks of hiqh %. ‘x(; Y,,, z, %, Y, z %
pmvrr. rill(. Iorllb <(,..<,!.
.1 -—--- — .. —— . .... ...---— .—— . . .,

To shell—flatof bottom forward
%6 ‘%6 %6 %6 %6 %6 %6 732

and in peaks

To she 11elsewhere (See Note 5) % %6“ %6 %6 %6 %6 %6 ?32

To cen ter vertical keel and side %6 % %6 %6 %6 ~16 % ~32
girders where floor is continuous

To center vertical keel and side %6 % % % %2 % %6 1732
girders where longitutind girder
is continuous

To sloping margin plate, side shell, % y32 % ~, %2 %6 % %2
and bilge

To vertical margin plate, or side % % %6 %6 % ~% %6 ?16
girder under longitudinal or wing
tank bulkhead (See Note 1)

To inner bottom in machinery %6 yJ2 % ~, ?32 %6 % 1%2
space

To inner bottom at forward end %3 %6 716 %6 % % %6 7S2
(fore-end strengthening), Type B

To inner bottom elsewhere
Type B (See Note 5)

At watertight and oiltight %6 732 l/4 % ~32 %6 %6 1%2
periphery connections

Stiffeners, Type 1? ?16 %6 %6 %6 %6 %6 %6 %2

DoubleBottomFloors
—Open Floor Brackets

.— _ ,_ —~
A.2
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TABLE 30.1 (continued) , Irrches

Line

No.

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

ABs

WeId

Gr. _——

Leg size for lesww thicknes.v of members joined, in,
..—

Strrsckmal Items 0.32 0.36 0,40 0,44 0.48 0.52 0.56 0,60 0,64 0.68 0.72 0.76 0,80 0.64 0.88 0.92 0,96 1.00
-.——

c
F

c

c

K.

F

M

F

M

c

M

c

M

c

F

M

M

M

B

D

L

D

P!

P’!

1

A-3..’--..,



TABLE 30.1 (continued) II]ches
AM L.eg size for lesser thir,kness of mwnbers joined. in,

Line Weld

No. G~. ~ s~u@mlItms 0.32 0..36 0.40 0.44 0.48 0.S2 0.56 0.60 0.64 0.68 0.72 0.76 0.80 0.84 0,88 (J92 0.!16 1,00
— ....—

Fram&
—Longitudinal (cent’d)

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

M

M

1)

G

H

A

B

M

J
M

c

c

M

M

M

M

B

D

c

c

E

End attachments, unbracketed % % 7,6 % % % 716 71, % z ‘z, % % % % ‘Yr, % 3/,
(See Note 1), Type A

Endattachments, bracketed, %2 74 ~1 %2 %6 y,, ‘~,, y, % ‘% %6 X6 ‘%2 ~, % ‘:[32 ?{6 %,>
Type A

Bulkheads
—Hating

Swash bulkheads-periphery

Non-tight bulkhead—periphery

‘....__ .

Oiltight or watertight buMhcads—
periphery

Exposed bulkhead on freebowd
or superstruchme deck—
periphery

Bulkheads
—stiffeners

End attachments-unbracketed %2 % % %2 %6 %6 ‘%, % % ‘~32 716 716 ‘% ?2 % ‘y32 % ~l,;
(See Note 1), Type A

Brackets to stiffeners, bulkhead, %6 %6 %2 % % %2 % % %, ?’8 78 ‘% ~1~ ?{6 % ~2 %! ‘%
deck, inner bottom, etc., Type A

13ecks
—Plating

486.-330.-
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TABLE 30.1 (continued) Inches

ABs Lcg size for lesrer thickness of members ioincd, in.

Line Weld
~ ——

NO. Gy.
StructuralItems 0.32 0,36 0.40 0.44 0.48 0.52 0.56 0.60 0.64 0.68 0.72 0.~6 0.80 0.84 0.&9 0.92 0.!96 1.00

— ,— ..—--

Decks
—Beams and
Longitudinal

67

68

69

70

71

72

73

74

7!5

76

77

78

79

80

81

82

M

M

B

D

c

c

iy

B

D

B

c

F

B

F
1?

B

Beam kneesand brackets to ~16 %6 732 % ~4 732 ~16 %6 ‘~32 % 78 1~32 ~1~ ~1, 1732 % 1/2 “/32
beams, longitudinal, deck,
bulkhead, etc., Type A

Decks
—Hatch Coamings and
Ventilators

W-atertight or oiltight periphery %6 %2 Z Y, %2 % %, % i% % %2 7,6 ?(, ‘?32 % y2 “732 ‘[16

Hatch Covers
—Stiffeners and Webs

..-—.—-.—....— ...—. _. ,> ,,—.— .-.

Foundations
—Main Engirw, Major
Auxiiiavies

To top plate, shell or inner ~32 ~, % ?32 %6 ~16 ‘%2 % % ‘~32 %6 716 %2 %4 ~’ ‘%2 ?16 ‘~16
bottom

Foundations
—Boiler,~ and Other
Auxiliaries

— Vertical Diaphragms

—– .,. .-— —’
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Line

No.

83

84

85

86

87

88

89

90

91

92

93

94

95

96

-.,

TABLE 30,1 (continued) Inches

ABS Leg size for lesser thicknc.m of members joined. in,

Weld
Gr. Structrwa[ Items 0.32 0.36 0.40 0.44 0.48 0.,52 0.56 0.6’0 O.fM 0.68 0.72 0.7Fi 0.80 0.84 0.8<9 0,!)9 0.96 1.00. . .-.——

N

P

0

Q

0

Q

R

N

N

P

0

0

Q

R

Additional Welding Requirements for
Vessels Classed “Oil Carrier”

Girdersand Webs

Centerlinegirdertoslmll Y,

Centerlinegirdertoshell, Y“
mid0.5span(SeeNot~3)

Centerlinegirdertodeck Y“

Cente,-linegirdertodeck,mid %
0.5span(SeeNote3)

Trmsver$ebulkhead,Websto Y,
bulkhead

TramVersebdkhead,Websto 74
bulkhead, mid 0.5 span
(See Note 3)

TO face pars %

Bottom transverse to shell
mid 0.5 span (See Note 3)

Deck transverse to deck % % % % % ?& 1% % % ‘% Y,6 ?,fj 1?,2 ?2 ~, ‘Y,2 ~IC ~,6

Deck transverse to deck, mid % ~. % 74 % 74 %2 %6 %6 ~lfi ‘%2 % % ‘%2 ‘% ~16 1% ‘%2
0.5 span (See Note 3)

To fate bars % ?4 % % % % % ?’32 %2 %6 %6 :/16 %6 % %2 %2 % %

SEE GENER4LNOTESAT BECINNINGOFT4ELE
-— . . .

Notes
1 The weld size is LObe determined from the thickness of the member the member and where the web is of the same dcpih clear 0[ en(d

being attached. b]-ackets and OF the same thickness throughout the length of the
2 Slmb longitudinals-where the thickness on which the weld size is member. Ile weld size is to bc cletermined from the thicknr.s$ of

based is greater than 1.0 in. the leg size is not to be less than 0,3 member beiIl~ attached,
times that thickness but need not be greater Lhzn ~1~ in. provided 4 The weld size is to be determined from the thickness of the side
the lesser thickness of members being joined is no greate]- thau 1.34 plating,
in. WheI-e the lesser thickness rrf members being joined is greater 5 With ]ongi tudimd framing the \veld size is to be iIICTeaSrC]10 give an
than 1.34 in. special consideration will be given to the weld ~izc,

3 This maybe applied only where the shearing forces over the mid-hzlf
cqoivalent weld area to that obitinecl wi[hcmt cut-outs for 1on~itu di-
nals.

span are no greater than one half the maximum shearing force on

.,
,———_ .—. _ ._, ,_. _ — ..—. ... .,..

.... ....— . .- .,—.. . ..

A-6
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TABLE 30.2

Intermittent Fillet Weld Sizes and Spacing—Inches

For weld requirements for thicknesses intermediate to those shown in the
table use the nearest lower thickness shown in the table.

For vessels to be classed “Oil Carrier” the leg size in cargo tanks and in
ballast tanks in the cargo area is not to be less than ~din. except where

approval has been given in accordance with 30.9.2a or b.

Where beams, stiffeners, frames, etc., are intermittently welded and pass
through slotted girders, shelves or stringers, there is to be a pair of matched
intermit tent welds on each side of each such intersection and the be~ms,
stiffeners and frames are to be efficiently attached to the girders, shelves
and stringers,

Weld sizes other than given in the table may be used provided the spacing

of welds is modified to give equivalent strength. Staggered LS4 Chained ~s~

For double continuous weld sizes equivalent to the intermittent welds
see Table 30.1

Leg size for lesser thickness of members joined, in.

0.20 0.24 0,28 0<32 0,36 0.40 0.44 0.48 0.52 0.56 0.60 0.64

Nominal le~ size of fillet w %6 + % ~4 74 716 ?’16 %6 %6 %6 %6 %
Length of fillet weld 278 3333333 333

—..—-

Structural Items .Spueingof Welds S, in.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

.. -L-

Gr. Single.Bottom Floors

P2

M2

M4

Jm

F2

M2

M4

Ml

K2

K3

K3

KI

To center vertical keel See Table 30.1 for double continuous welds—. ————— . ..—— ——— .— .——— .___________

Tn $hell—aft peaks of high power, fme form vessels — 66566666 5—

To shell—flat of bottom forward and in peaks — 10 10 9 10 10 10 9 9 8 8’

To shell—elsewhere t12 f12 12 12 11 12 12 II 10 10 1(I 10

To face plate t12 t12 12 12 11 12 12 11 10 10 10 10

To side shell, longitudinal bulkhead or other supporting member See Table 30.1 for double continuous welds

Double Bottom Floors

—Plate Floors

To shell—aft peaks of high power, fine form vessels

TO shell—flat of bottom forward and in peaks

To shell elsewhere (See Note 5)

TO center vertical keel and side girders where floor is continuous

To center vertical keel and side girders where longitudinal girder
is continuous

TO sloping margin plate, side shell, and bilge

TO vertical margin plate or side girder under longitudinal or wing
tank bulkAead

To inner bottom in machinery space

To inner bottom at forward end (fore end strengthening)

To inner bottom—elsewhere (See Note 5)

Oiltight and watertight periphery connections

— 665666

. 10 10 9 10 10 10

f12 f12 12 12 11 12 12 11

tlo tlo 10 10 9 10 10 9

See Table 30.1 for double continuous welds

See Table 30.1 for double continuous welds

See Table 30.1 for double continuous welds

See Table 30.1 for double continuous welds

fll fll 11 11 10 II 11 1(I

f12 f12 12 12 11 12 12 11

See Table 30.1 for double continuous welds

6

9

10

8

9

10

10

6

9

10

8

g

10

10
—,,“..—

5

8

10

7

8

10

10

8

10

7

8

10

:0$tiffcners — 12 12 12 11 12 12 II

:..,

Double Bottom Floors

—Open Floor Brackets

To center vertical keel +10t1010~0910109 8877

To margin plate See Tdble 30.1 for double continuous welds
.———.—.—. —. .-
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TABLE 30.2 (continued) Inches

Line ABS

No.

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

Weld
Gr .

F3

K3

F3

M3

F3

M3

M3

M4

I?2

M2

M2

M4

L1

M2

M2

Lcg,~ize for lesser thickness of members joined, in.

0.20 0.24 0.28 0.32 0.36 0.40 0.44 0.48 0.52 0.,56 0.60 0,64

Length of fillet weld 2y8 2~Q 333333 3333

Structural hems Spacingof Welds S, in.
_— ——7. ,,_,-- ~—.— , .,—————

DoubleBottom
—Cen!ter Girder

To inner bottom in way of engine See Table 30.1 for double continuous welds

To inner bottom—clew of engine—nontight — 66656655 55—

To shell or bar keel See Table 30.1 for double continuous welds

At oiltight and watertight periphery connections See Table 30.1 for double continuous welds

Stiffeners — 12 12 12 11 12 12 11 10 10 10 10
—..——-— -—— —,——- .— .—..—.._ _ ._..— ..—

llouble~ttim . ,
—Side Girders

To shell—flat of bottom forward (fore and strengthening) — 66656655 55—

To shell—elsewhere flltllll 11 101111109 988

TO inner bottom in way of engines — 6F1656655 55—

To innerbottom—elsewhere tllfllll lllolllllo9 988

To floorsin way of transversebulkheads See Table 30.1 for double continuous welds

To floors-elsewhere tllflllllllOllll10 !3988

At oiltigbt &d watertight peripheryconnections See Table 30.1 for double continuous welds

Stiffeners 12 12 12 12 11 12 12 11 10 1(I 10 10

InnerBottom
—Plating

To shell and to other boundaries See Table 30.1 for double continuous welds

Frames

—Transverse

To shell—aft peaks of high power, fine form vessels — . 66513666 53—

To shell for O.1Z5L forward — 10 10 9 10 10 10 9 9 8 8

To shell in peaks —_ 10 10 !3 10 10 10 9 9 8 8

Unbracketed to inner bottom See Table 30.1 for double continuous welds

Frame brackets to frames, decks and inner bottom See Table 30.1 for double continuous welds
—. . ,- . .. ___ .— ._ —...— ._.._.—. —.—— . .—

Frames
—Transverse, Reverse

To inner bottom f12 f12 12 12 11 12 12 11 10 10 10 10

To brackets See Table 30.1 for double continuous welds

Frames

—Longitudinal

To shell for O.125L forward . 10 10 9 10 10 10 9 ~ 8 S

To shell in peaks —. 10 10 9 10 10 10 9 9 8 8

To shell on flat of bottom forward See Table 30.1 for double continuous welds

A-8
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Line ABS

No.

46

47

48

49

50

51

53A

53B

54

55

56A

56B

57

58

59

60

61

62

63

64

65

66

Weld
Gr.

M4

M4

G1

H1

M4

Ml

J1

Ml

cl

M4

J’J14

M5

M5

TABLE 30.2 (continued) Inches

Leg six for lesser thickness of memhw? joined, in.

0.20 0.24 0.280.,320.36 0,40 0.44 0.48 0.<520.S6 0,60 0.64

Structural Wn.s ,Spccing of Welds S, in.

—. —— . .

Frames
—.—..

—Longituditlui (contmd)
—...,_—. ,~_
TosheH elsewhere f12 t12 12 12- 11 12 12 11 10 10 10 10

To inner bottom t12 12 12 12 11 12 12 11 10 10 10 10

Brac~ets tolorrgitudinals, floors, shell, etc, See Table 30.1 for double contirmouswelds

Girders, Web J?rarnesj Stringers
and Deck Transverses

Toshell andtobulkheads and decks in way of tanks 89989987 766

To deck, and bulkheack clear of tanks — 9 10 10 9 10 10 9 s & 7 7.— ._.. ._

End connections See Table 30fior double continuous welds

To face plate area < 10 in.2 tlo tlo 12 12 11 12 12 11 10 10 ‘10 10
To face plate area > 10 in.2 10 10 9 10 10 ~ s 8 7 7

Bulkheads

—Plating

Swash bulkhead—periphery — 89989g87 766

Non-tight structural ‘m.rlkhead-periphery ‘ . ‘9 10 10 9 10 ~0 9 8 8 7 7

Tank bulkheads-periphery See Table 30,1 for double continuous welds

Watertight bulkheads-periphery

One side Continuous weld of leg size of See Table 30.1 for
plate thickness less ~1~ in. double contiguous

weld

Other side — 12 12 12 11 12 12 11 See Tabk 30.1 for

double continuous
weld

Exposed bulkheads on freeboard and superstructure See Table 30.1 for double continuous welds
decks—periphery

— .-.
—-- —-
Bulkheads
—Stiffeners

To deep tank bulkheads (See Note 1) – t12 12 12 11 12 12 11

To watertight bulkheads and superstmcture or deckhouse front— – f12 12 12 11 12 12 11

bulkheads (See Note 1)

To non-tight structural bulkhead (See Note 2) t12 f12 12 12 M 12 12 12

To deckhouse side and superstmcture end bulkheads t12 t12 12 12 12 12 12 12

(See Note 2)

End attachments See Table 30.1 for double continuous welds

Brackets See Table 30.1 for double continuous welds

10 10 10

10 1(I 10

12 10 10

12 10 10

Decks

—Plating

Strength deck—periphery See Table 30.1 for double continuous welds

Exposed deck, watertight and oiltight flat-periphery See Table 30.1 for double continuous welds

Platform decks, non-tight flats-periphery See Table 30.1 for double continuous welds
.-

A-9
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TABLE 30.2 (continued) Inches

LeE size for lesser thickness of members joined, in

0.20 0,24 0.28 0.32 0.36 0.40 0.44 0.48 0.5.20.56 0.60 0,64

Line

No.

67

68

69

70

71

72A

72B

73

74

75

76

78

79

80

81

82

Nominal leg size of fillet w %, ~~ % Y4 % % %6 % 716 716 ~lfl ~x6

ABs Length of fillet, weld 2y8 3333.3333 3

Weld
Structural Mm Spacingof Welds S, in.

Gr. .-—- -. — --——-.” ..—
..

M4

C2

PM

F1

F1

FI

Decks
—Beams and Lorsgitudinaf.s

To decks, except slab longiturlinals f12 t12 12 12 11 12 12 11 10 10 10 10

Todecks,slablongitudinal SeeTable30.1fordoublecontirsuouswelds

Endsittachments SeeTable30.1fordoublecontinuouswelds

Beam knees and brackets See Table 30.1 for double continuous welds

Decks

—Hatch Coamings and Ventilators

To deck See Table 30.1 forclouble continuous welds

HatchCovers
—Plating

Oiltight—periphery See Table 30.1 for double continuous welds

Weathertight—periphery
Outside Continuous weld of same leg size as required for inside intermittent wekf

Inside 12 12 12 11 12 12 11 10 10 10 10

HatchCovers
—Stiffeners and Webs

To plating and to face plate (see Note 4) t12 f12 12 12 11 12 12 11 10 10 10 10

End attachment See Table 30.1 for double continuous welds

Brackets See Table 30.1 for double continuous welds

—————

Foundations
—Main Engine, Major Auxiliaries

To top plate shell or inner bottom See Table 30,1 for double continuous welds

Rudders

—Horizontal Diaphragms

To side plating 45665’666 6 ~6 ~6 16

To vertical diaphragm in way of rudder axis See Table 30.1 for double continuous welds

—Vertical Diaphragm

To side plating 4566566 c 6 tc ~6 $6

To horizontal diaphragms 456656Ll (3c t6 $6 46

In wayofruclder axis to top and bottom castings Full penetration welds

—Side Plating

Slot welds See Table 30.1 for double continuous welds
.-

486-3~0
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TABLE’ 30.2 (continued) Inches

Leg size for lewer thickness of members joined, in.

0.20 0,24 0.28 0.32 0.36 0.40 0.44 0.48 0,52 0.56 0.60 0.64

Nominal leg size of filletw %6 %6 % % % % %6 %6 YIG % % %6

Line ABS Length of fillet weld 2% 2y2 3333333 333

No. Weld Structural Itmr.s Spacing of Welds S, in.

_&
—— ...-—. ..—..—.——.—. .——— .- —.

Addit;nal Welding Requirements for
Vessels Classed “Oil Carriers” (See Note 3)

Girdersand Webs
89 RI To face bars —— 6666555 ——

Transverses

96 R1 To face bars . — 6666555 ~—

SEEGENERALNOTESATBECINNLNGOFTABLE
Notes

1 Unbracketed stiffeners of shell, watertight and oiltight bulkheads and “4

house fronts are to have double continuous welds for one-tenth of
their length at each end.

2 Unbracketed stiffeners of nontight structural bulkheads, deckhouse 5
sides and after ends are to have a pair of matched intermittent welds
at each end.

3 The welding of deck and shell longitudinal maybe as required under
decks or frames, In addition the shell longitudinal are to have double ;
continuous welds at the ends and in way of transverses equal in
length !O the depth of the longitudinal. The deck Iongitudinals are
also to have double continuous welds at the ends equal in length
to the depth of the longitudinal, however at transverses a matched
pair of welds will be acceptable.

Unbracketed stiffeners and webs of hatch covers are to be welded
continuously to the plating and to the face plate for a length at ends
equal to the end depth of the member.
With longitudinal framing the welds are to be arranged to give an

equivalent weld mea to that obt~ned wi~out CUt-OUtSfor lon@u~-
nals.
Fillet welds are to be staggered.
Nominal size of fillet w is to be increased fi6 in.

._— —



APPENDIX B

GROUPING OF ABS FILLET WELDS
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APPENDIX B

GROUPING OF ABS FILLET WELDS

~as
Weld Ln.

Grp. No.— —

A 13

51

Structural Items

To vertical margin plate, or

side girder under Iongltudlnal

or wfng tank bulkhead (See
Note 1)

End attachments, unbracketed

(See Note 1), Type A

B 39

y 52

N

62

69

74

79

82

Unbracketed to Inner bottom

(See Nole 1), Type A

End attachments, bracketed,

Type A

End attachments, unbracketed,

(See Note 1), Type A

End attachments, beams

unbracketed (See Note 1),

Type A

End attachment - unbracketed

to side plate or other

stiffener (See Note 1),

Type A

To lap p~ate, shell cr Inner

bottom

To vertical dfaphragm In

way of rudder axis

Slot welds (See Note 4)

Leg Size for Lesser Thickness of Members Joined,

0.32 0.36 0.40 0.44 0.48 0.52 0.56 0.60 0.64 0.68 0.72 0.76 0.80 0

1/4 1/4 5/16 5/16 3/8 3/8 7/16 7/16 1/2 1/2 17/32 9/16 19/32 5

19/32

1/4 1/4 5/16 5/16 3/8 3/8 7/16 7/16 1/2 1/2 17/32 9/16 a 5

7/32 1/4

7!32 1/4

7/32 1/4

7/32 1/4

7/32 1/4

7132 lj4

7/32 1/4

7/32 1/4

1/4 9\32 5/16 5/16 11/32 3/8 3/8

1/4 9/32 5/16 5/16 n/32 3/8 3/8

1/4 9/32 5/16 5/16 11/32 3/8 3/8

1/4 9/32 5/16 5/16 11/32 3/8 3/8

1/4 9/32 5/16 5/16 11/32 3/8 3/8

1/4 9/32 5/16 5/!6 11/32 3/8 3/8

1/4 9/32 5/16 5/16 11/32 3/8 3/8

1/4 9/32 5/16 5/16 n/32 3/8 3/8

13/32 7/16 7./16 15/32 1

13/32 7/16 7/16 15/32 1

13/32 7/16 7/16 15/32 1

13/32 7/16 7/16 15/32 1

13/32 7/16 7/16 15/32

13/32 7/16 7/16 15/32

13/32 7/16 7/16 15/32

13/32 7/16 7/16 15/32



AM
Leg Size for Lesser Th!ckness of Members Joined, In.

0.32 0.36 0.40 0.44 0.48 0.52 0.56 0.60 0.64 0.68 0.72 0.76 0.80 0.84 0.88 0.92 0.96 1.00

Weld Ln.

~ No. Structural Items

To center vertical keel

To side shell, longitudinal

bulkhead or other supporting

member

To center vertical keel and

side girders where

longitudinal girder Is

continuous

To sioplng margin plate,

side shell, and bilge

To inner bttom in machinery

space

At watertight and olltight

periphery connections

To margin piate, Type A

To inner bottom In way of

engine

To shell or bar keel

At watertight and ofltlght

periphery connections

To floors in way of

transverse bulkheads

At olltlght and watertight

periphery connections

1/2

1/2

1/2

1/2

1/2

1/2

1/2

1/2

1/2

1/2

i/2

1/2

13/32 7/16 7/16 15/32 1/2 17/32 9/16

17/32 9/16

17/32 9/16

17/32 9/16

17/32 9/16

17/32 9/16

17/32 9/16

17/32 9/16

17/32 9/16

17/32 9/16

17/32 9/16

17/32 9/16

3/16 7/32 1/4 1/4 9/32 5/16 5/16 n/32 3/8 3/8c 1

6

II

12

14

17

20

21

23

24

30

32

13/32 7/16 7/16 15/32 1/23/16 7/32 1/4 1/4 9/32 5/16 5/16 n/32 3/8 3/8

13/32 7/16 7/16 15/32 1/23/16 7/32 1/4

3/16 7/32 1/4

3/16 7/32 1/4

3/16 7/32 1/4

7/32 1/4

3/16 7/32 1/4

3/16 7/32 l/4

3/16 7/32 1/4

3/16 7/32 1/4

3/16 7/32 1/4

1/4 9/32 5/16 5/16

1/4 9/32 5/16 5/16

1/4 9/32 5/16 5/16

1/4 9/32 5/16 5/16

1/4 9/32 5/16 5/16

1/4 9/32 5/16 5/16

1/4 9/32 5116 5/16

I/4 9/32 5/16 5/16

!/4 9/32 5/16 5/16

1/4 9/32 5/16 5/16

11/32 3/8 3/8

11/32 3/8 3/8

11/32 3/8 3/8

n/32 3/8 3/8

11/32 3/8 3/8

11/32 3/8 3/8

11/32 3/8 3/8

11/32 3/8 3/8

11/32 3/8 3/8

11/32 3/8 3/8

13/32 7/16 7/16 15/32 1/2

13/32 7116 7/16 15/32 1/2

15/32 1/2

15/32 1/2

13/32 7/16 7/16

13/32 7/16 7/16

13/32 7/16 7/16

13/32 7/16 7/16

15/32 1/2

15/32 1/2

15/32 1/213/32 7/16 7/16

13/32 7/16 7/16 15/32 1/2

15/32 l/213/32 7/16 7/16



Am
Weld Ln.

&&

C34

56

57

64

65

71

72

77

Structural Items

To shel~ and to other

boundaries

Oiltight or watertight

bulkheads - periphery

Exposed bulkhead on

freeboard or superstructure
deck - periphery

Strength deck - periphery

Exposed decks, wa~ert!ght

and oiltlght decks -

periphery

To deck

Watertight or olltight

periphery

To top plate, shell or

Leg Size for Lesser Thfckness of Members Joined, In.

0.32 0.36 0.40 0.44 0.48 0.52 0.56 0.60 0.64 0.68 0.72 0.76 0.80 0.84 0.88 0.92 0.96 1.00

3/16 7/32 1/4

3/16 7/32 1/4

3/16 7/32 1/4

3/16 7/32 1/4

3/16 7/32 1/4

3/16 7/32 1/4

3/16 7/’32 1/4

1/4 9/32 5/16 5/16 11/32 3/8 3/8 13/32 7/16 7/16 15/32 1/2

1/4 9/32 5/16 5/16 11/32 3/8 3/8 13/32 7/16 7/16 15/32 1/2

1/4 9/32 5/16 5/16 11/32 3/8 3/8 13/32 7/16 7/16 15/32 1/2

1/4 9/32 5/16 5/16 11/32 3/8 3/8 13/32 7/16 7/16 15/32 1/2

1/4 9/32 5/16 5/16 11/32 3/8 3/8 13/32 7/16 7/16 15/32 1/2

1/4 9/32 5/16 5/16 11/32 3/8 3/8 13/32 7/16 7/16 15/32 1/2

!/4 9/32 5/16 5/16 11/32 3/8 3/8 13/32 7/16 7/16 15/32 1/2

inner bottom 3/16 7/32 1/4 1/4 9/32 5/16 5/16 11/32 3/8 3/8 13/32 7/16 7/16 15/32 1/2

D 40 Frame brackets to frames,

decks and Inner kdtom

Type A 3/16 3/16 7/32 1\4

42 To brackets, Type A 3/16 3/16 7/32 1/4

48 Brackets to Iongftudlnals,

floors, etc., Type A 3/16 3/16 7/32 1/4

63 Brackets to stiffeners,

bulkhead, deck, Inner

bottom, etc., Type A 3/16 3/16 7/32 1/4

1/4 9/32 5/16 5/16 11132 3/8 3/8

1/4 9/32 5/16 5/16 11/32 3/8 3/8

1/4 9/32 5/16 5/16 11/32 3/8 3/8

1/4 9/32 5/16 5/16 11/323/8 3/8

1/2

1/2

1/2

1/2

1/2

1/2

1/2

1/2

13/32 7/16 7/16 15/32 1/2

13/32 7/16 7/16 15/32 1/2

!3/32 7/16 7/16 15/32 1/2

13/32 7/16 7/16 15/32 1/2

17/32 9/16

17/32 9/16

17/32 9/16

17/32 9/16

17/32 9\16

17/32 9/16

17/32 9/16

17/32 9/16

1/2

1/2

1/2

1/2

17/32

17/32

17/32

17/32



Am

Weld Ln.

Grp. No. Structural Items— —

D 70 &am knees and brackets to

beams, Iongltudinals, deck,

bulkhead, etc., Type A

75 Bracket to st!ffener or

side plate, Type A

Leg Sfze for Lesser Thickness of Members Joined, in.

0.32 0.36 0.40 0.44 0.48 0.52 0.56 0.60 0.64 0.68 0.72 0.76 0.80 0.84 0.88 0.92 0.96 1.00

3/16 3/16 7/32 1/4 1/4 9/32 5/16 5/16 11/32 3/8 3/8 13/32 7\16 7/16 15/32 1/2 1/2 17/32

3/16 3/16 7\32 1/4 1/4 9/32 5/16 5/16 11/32 3/8 3/8 13/32 7/16 7/16 15/32 1/2 1/2 17/32

E 66 Platform decks non-tight

flats - periphery 3/16 7/32 7/32 1/4 114 1/4 9/32 9/32 5/16 5/16 5/16 11/32 11/32 3/8 3/8 13/32 13/32 7/16

22

26

28

35

78

80

81

To shell - aft peak of

high power fine form vessels

To shell - aft peaks of

high power, fine form vessels

To Inner Imttom clear of

engine, Type B

To shell - flat of Lmttom

forward (fore end

strengthening)

To inner kottom In way of

engines, Type 8

To shell - aft paks of

high power, fine form

vessels

To side platlng

To side platlng

To horizontal diaphragms

3/16 3/16 3/16 7/32 7/32 1/4

3/16 3/16 3/16 7/32 7/32 1/4

3/16 3/16 3/16 7/32 7/32 1/4

3/16 3/16 3/16 7/32 7/32 1/4

3/16 3/16 3/16 7/32 7/32 1/4

3/16 3/16 3/16 7/32 7/32 1/4

3/16 3/16 3/16 7/32 7/32 1/4

3/16 3/16 3/16 7/32 7/32 1/4

3/16 3/16 3/16 7/32 7/32 1/4

I/4 1/4 1/4 9/32 9/32 5/16 5/16 5/16 5/16 11/3211/323/8

5/16
l/4 1/4 1/4 9/32 9/32 5/16 5/16 m5/16 11/3211/323/8

1/4 1/4 1/4 9/32 9/32 5/16 5/16 5/16 5/16 11/3211/323/8

1/4 1/4 1/4 9/32 9/32 5/16 5/16 5/16 5/16 11/32 11/32 3/8

1/4 1/4 1/4 9/32 9/32 5/16 5/16 5/16 5/16 11/3211/323/8

1/4 1/4 1/4 9/32 9/32 5/16 5/16 5/16 5/16 11/32 11/323/8

1/4 1/4 1/4 9/32 9/32 5/16 5/16 5/16 5/16 11/32 11/323/8

1/4 1/4 1/4 9/32 9/32 5/16 5/16 5/16 5/16 11/32 11/323/8

1/4 I/4 1/4 9/32 9/32 5/16 5/16 5/16 5/16 n/32 11/32 3/8



AM
Weld Ln.

Q&Y% Structural Items

G 49 To shell and to bulkheads

and decks In way of tanks

Leg Size for Lesser Thickness of Members Joined, In.

0.32 0.36 0.40 0.44 0.48 0.52 0.56 0.60 0.64 0.68 0.72 0.76 0.80 0.84 0.88 0.92 0.96 1.00

3/16 3/16 3/16 3/16 3/16 3/16 7/32 7/32 l/4 1/4 1/4 1/4 1/4 13/32 13/32 13/32 7/16 7/16

H 50 To decks and bulkheads clear

of tanks 3/16 3/16 3/16 3/16 3/16 3/16 7/32 7/32 7/32 7/32 1/4 1/4 1/4 1/4 1/4 13/32 13/32 7/16

I 45 To shell on flat of bdtom

forward 3/16 3/16 3/16 3/16 1/4 1/4 l/4 1/4 1/4 1/4 9/32 9/32 9/32 9/32 5/16 5/16 5/16 5/16

J 54 Swash bulkheads - periphery 3/16 3/16 3/16 3/16 3/16 3/16 7/32 7/32 1/4 1/4 1/4 1/4 1/4 9/32 9/32 9/32 5/16 5/16

~K15 To Inner bottom at forward end

& (fore-end strengthening),

Type B 3/16 Y16 3/16 3/16 3/16 3/16 3/16 7/32 7/32 7/32 1/4 1/4 1/4 1/4 9/32 9/32 9/32 5/16

b 16 To Inner bottom elsewhere

m Type B (See Note 5) 3/16 3/16 3/16 3/16 3/16 3/16 3/16 7/32 7/32 7/32 1/4 1/4 1/4 1/4 9/32 9/32 9/32 5/16

$x)
$ 18 Stiffeners, Type B

g@

m 19 To center vertical

Type A

3/16 3/16 3/16 3/16 3/16 3/16 3/16 7/32 7/32 7/32 1/4 l\4 1/4 l\4 9/32 9/32 9/32 5/16

keel ,

3/16 3/16 3/16 3/16 3/16 3/16 3/16 7/32 7/32 7/32 1/4 1/4 1/4 1/4 9/32 9/32 9/32 5/16

r)
25 Stiffeners, Type B 3/16 3/16 3/16 3/16 3/16 3/16 3/16 7/32 7/32 7/32 114 1/4 1/4 1/4 9/32 9/32 9/32 5/16

@

w
~ L 41 To Inner bttom, Type B 3/16 3/16 3/16 3/16 3/16 3/16 3/16 7/32 7/32 7/32 1/4 1/4 1/4 1/4 1/4 5/16 5/16 5/16



A3S

Leg Size for Lesser Thickness of Members Jofned, In.

0.32 0.36 0.40 0.44 0.48 0.52 0.56 0.60 0.64 0.68 0.72 0.76 0.80 0.84 0.88 0.92 0.96 1.00

Weld Ln.

~ No. Structural Items

M 3

4

5

8

9

10

m
.-l 27

29

31

33

36

37

TO shell - flat of bttom

forward and in peaks

To shell - elsewhere

To face plate, Type B

To shell - flat of Imttom

forward and in peaks

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16 7/32 7/32 7/32 1/4

3/16 7/32 7/32 7/32 1/4

3/16 7/32 7/32 7/32 1/4

1/4

1/4

1{4

1/4

1/’4

1/4

1/4

1/4

1/4

1/4

1!4

114

1/4

1/4

1/4

l/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

l/4

1/4

1/4

1/4

1!4

l/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

lf4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

!/4

1/4

1/4

1/4

9/32

9/32

9/32

9/32

9/32

9/32

5/16

5/16

5/16

5/163/16 3/16 3/16 3/16 3/16 3/16 3/16 7/32 7/32 7/’32 1/4 1/4 9\32 9/32

To shell elsewhere

Mote 5)

To center vertical

side g!rders where

continuous

To shell elsewhere

(See

keel and

floor is

9/32 9/323/16 3/16 3/16 3\16 3/16 3/16 7/32 7/32 7/32 1/’4 1/4

3/16

3/!6

3/16 7/32 7/32 7/32 1/4

3/16 7/32 7/32 7\32 1/4

1/4

1/4

9/32

9\32

9/32

9/32

5/16

5/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3\16

3/16

3/16

To Inner kttofn el=where,

Type 3

To floors elsewhere, Type B

Stiffeners, Type B

To shell for 0.125L forward

To shell In peaks

To shell elsewhere

To shell for 0.125L forward

To shell In peaks

To shell elsewhere

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

9/32

9/32

9/32

9/32

9/32

9/32

9/32

9/32

9/32

9/32

9/32

9/32

9/32

9/32

9/32

9/32

9/32

9/32

5/16

5/16

5/16

5/16

5/16

5/16

5/16

5/16

5/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3}16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16

3/16 7/32

3/16 7/32

3/16 7/32

3/16 7/32

3/16 7/32

3/16 7/32

3/16 7/32

3/16 7/32

3/16 7/32

7/32

7/32

7/32

7/’32

7/32

7/32

7/32

7/32

7/32

7/32

7/32

7/32

7/’32

7/32

7/32

7/32

7/32

7/32

1/4

1/4

1/4

1/4

1/4

1/4

1/’4

44 1/4



ABs
Weld Ln.

Q No.

M 47

53

55

58

59

60

68

Structural Items

To Inner Ld_tom, Type B

To face plate

Non-tight bulkhead - periphery

To deep tank bulkheads,

Type B

To watert~ght bulkheads and

superstructure or deck house

front buikheads, Type B

To non-t!ght structural

bulkheads, Type B

To deck house s[des and deck

house and superstructure
end bu[kheads,Type B

To decks, except slab

Iongltudlnals., Type B

To decks, slab Iongltudinals

(See Note 2), Type B

To plating and to face plate

Leg Size for Lesser Th!ckness of Members Joined, In.

0.32 0.36 0.40 0.44 0.48 0.52 0.56 0.60 0.64 0.68 0.72 0.76 0.80 0.84 0.88 0.92 0.96 1.00

3/16 3/16 3/16 3/16 3/16 3/16 3/16 7/32 7/32 7/32 1/4

3/16 3/16 3/16 3/16 3/16 3/16 3/16 7/32 7/32 7/32 1/4

3/16 3/16 3/16 3/16 3/16 3/16 3/16 7/32 7/32 7/32 1/4

3/16 3/16 3/16 3/16 3/16 3/16 3/16 7/32 7/32 7/32 1/4

3/16 3/16 3/16 3/16 3/16 3/16 3/16 7/32 7/32 7/32 1/4

3/16 3/16 3/16 3/16 3/16 3/16 3/16 7/32 7/32 7/32 1/4

3/16 3/16 3/16 3/16 3/16 3/16 3/16 7/32 7/32 7/32 1/4

3/16 3/16 3/16 3/16 3/16 3/16 3/16 7/32 7/32 7/32 1/4

3/16 3/16 3/16 3/16 3/16 3/16 3/16 7/32 7/32 7/32 1/4

3/16 3/16 3/16 3/16 3/16 3/16 3/16 7/32 7/32 7/32 1/4

1/4

1/4

114

1/4

1/4

i/4

1/4

1/4

1/4

t/4

1/4

1/4

1/4

!/4

1/4

1/4

1/4

1/4

1/4

1/4

UP. ADDITIONAL RULES FOR !IOIL CARRIERII

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/’4

1/4 9/32 9/32 5/16

1/4 9/32 9/32 5/16

1/4 9/32 9/32 5/16

1/4 9/32 9/32 5/16

1/4 9/32 9/32 5/16

1/4 9/32 9/32 5/16

1/4 9/32 9/32 5/16

1/4 9/32 9/32 5/16

1/4 9/32 9/32 5/16

1/4 9/32 9/32 5/16

N 83 Centerline girder to shell 1/4 1/4 9/32 5/16 5/16 11/32 3/8 13/32 7/16 7/16 1/2 1/2 17/32 9/16 9/16 19/32 5/8 2 1/32

90 Bracketed, Type A 1/4 1/4 9/32 5/16 5/16 11/32 3/8 13/32 7/16 7/16 1/2 1/2 17/32 9/16 9/16 19/32 5/8 2 1/32

91 i%ttom transverse to shell 1/4 1/4 9/32 5/16 5/16 11/32 3/8 13/32 7/16 7/16 1/2
~

1/2 17/32 9/16 9/16 19/32 5/8 21/32

~



Pm
Weld Ln.

GrP. k.——

0 85

87

93

94

Structural items

Centerline girder to deck

Transverse bulkhead, webs

to bulkhead

Sfde transverse and

Iongltud)nal bulkhead web

to plating

Deck transverse to deck

Leg Size for Lesser Thickness of Members Joined, In.

0.32 0.36 0.40 0.44 0.48 0.52 0.56 0.60 0.64 0.68 0.72 0.76 0.80 0.84 0.88 0.92 0.96 1.00

1/4 1/4 1/4 9/32 5/’16 5/’16 11/32 3{8 3/8 13/32 7/16 7/16 15/32 1/2 }/2 17/32 9/16 9/16

1/4 114 1/4 9/32 5\16 5/16 11/32 3/8 3/8 13/32 7/16 7/16 15/32 1/2 1/2 17/32 9/16 9/16

1/4 1/4 1/4 9/32 5/16 5/16 n/32 3/8 3/8 13/32 7/16 7/16 15/32 1/2 1/2 17/32 9/16 9/16

1/4 li4 1/4 9/32 5/16 5/16 11/32 3/8 3/8 13/32 7/16 7/16 15/32 1/2 1/2 17/32 9/16 9/16

P 84 Centerline girder to shell,
~~

m!d 0.5 span (See Note 3) 1/4 1/4 1/4 1/4 1/4 9/32 5/16 11/32 n/32 3/8 13/32 7/16 7/16 7/16 15/32 1/2 17/32 17/32

~~ 92 Eottom transverse to shell
m

mld 0.5 span (See Note 3) lf4 114 1/4 1/4 1/4 9/32 5/16 n/32 11/32 3/8 13/32 7/16 7/16 7/16 !5/32 1/2 17/32 17/32
A

Q 86 Centerline girder to deck,

mid 0.5 span (See Note 3) 1/4 1/4 1/4 1/4 1/4 1/4 9/32 5/16 5/16 5/16 11/32 3/8 3/8 13/32 13/32 7/16 15/32 15/32

88 Transverse bulkhead, webs to

bulkhead, mld 0.5 span 13/32

(See Note 3) 1/4 1/4 1/4 1/4 1/4 1/4 9/32 5/16 5/16 5/16 11/32 3/8 3/8 13/32w 7/16 15/32 15/32

95 Deck transverse to deck, mid

0.5 span (See No~e 3) 1/4 114 1/4 i/4 1/4 1/4 9/32 5/16 5/16 5/16 n/32 3/8 3/8 13/32 13/32 7/16 15/32 15/32

R 89 To face bars 1/4 1/4 1/4 1/4 1/4 1/4 l/4 9/32 9/32 5/16 5/16 5/16 5/16 5/16 11/32 11/32 3/8 3/8

96 To face !mrs l\4 1/4 1/4 1/4 1/4 1/4 1/4 9/32 9/32 5/16 5/16 5/16 5/16 5/16 11/32 11/32 3/8 3/8



(’-Q
y

Leg Size for Lesser Thickness of Members Joined, In.
. 0 ● 4 ● 8 ● 2 ● 6 ● o . 4 ● 8 . z . 6 . 0 ● 4

ABS 14aminal leg size of fillet 3/16 3/16 1/4 1/4 1/4 5/16 5/16 5/16 5/16 5/16 5/16 5/16
Weld Ln.
&p. No. Length of fillet weld 2-1/82-1/23 3 3 3 3 3 3 3 3 3— .

s tructural Terns pacing ot Welds # in.

c1 568 ~ater:l:~jebul kheads-periphery
tintinuous weld of leg s!ze of See Table 30.1 for
plate th!ckness less 1/16 in. double continuous

weld

Other side 12 iz 12 11 12 12 ~1 See Table 30.1 for
double continuous weld———— ———— ———— ———— ———— ———— ———— ———— —————— ———— ———— ———— ———— ————

C2 72B Weathertlght-per!phery
Outside ~ntinuous weld of same leg size as required for Inside !ntermlttent weld

+ + +
FI 78 To side plating 4 5 6 6 5 6 6 6 6 +6 +6 +6

+ + +
F1 80 To side plating 4 5 6 6 5 6 6 6 6 +6 +6 +6

+ +
F1 81 To horizonta! diaphragms

+
4 5 6 6 5 6 6 6 6 +6 +6 +6

———— ———— ———— ————— ———— ———— ———— ———— ———— ———— ———— ———— ———— ———— —

F2 2 To shell-aft peaks of high
power, fine form vessels 665666 665-

F2 7 To shell-aft peaks of high
power, fine form vesseis 665666 665-

F2 35 To shell-aft peaks of high 6
power, fine form vessels 6 656666 Y5-

——— ——— ——————— ———— ———————— ————— ————— ——————————— ——..— ——— ——.— .

F3 22 To inner bottom-clear of
engine-nontlght 6 665665 555-

F3 26 To shell-flat of td+om forward
(fore end strengthening) 666566 5555’-

F3 28 To inner bottom In way of
eng ! nes 666566 5555-

GI 49 To shell and to bulkheads
and decks In way of tanks 899899 87766

I-Ii 50 To decks and bulkheads clear
of tanks 9 10 10 9 10 10 9 8 8 7 7

J1 54 Swash bulkhead-periphery 899899 87 766
(Same as Gl)



o‘4,)b:
.—

ABS
Weld Ln.
Grp. No.—.

!(1 19
.----

K2 15

-----

K3 16

K3 18

K3 25

Leg Size for Lesser Thickness of Members Jofned, In.
● o . 4 ● 8 . 2 ● 6 . 0 ● 4 . 8 . 2 ● 6 ● o . 4

Mxninal leg size of fillet 3/16 3/16 1/4 1/4 1/4 5/16 5/16 5/16 5/16 5/16 5/~6 5/16

Length of flliet weld 2-1/8 2-1/2 3 3 3 3 3 3 3 3 3 3
tructural terns Spacing of Welds S, in.

To center vertical keel *IO *1O 10 10 9 10 10 9 8 8 7 7
---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- --

To Inner bottom at forward
end (fore end strengthening) *il *II 11 11 10 11 11 10 9988

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----

To Inner bottom-elsewhere
(See Note 5) *12 *12 12 12 11 12 12 11 10 10 lo 10

Stiffeners 12 12 12 11 12 12 11 10 10 10 10

Stiffeners 12 12 12 II 12 12 11 10 10 10 10

LI To Inner bottom *I2 *12 12 12 11 12 12 11 10 lo 10 10
{same ~; K3)

Ml 10 To center vertical keel and
sfde girders where floor Is
continuous *1O & 10 10 9 10 10 9 8 8 7 7

Ml 53B To face plate area 10 in.2 - - 10 10 9 10 lo 9 8 8 7 7

Ml 55 Non-tfght structural
bulkhead-periphery 9 10 10 9 10 10 9 8 8 7 7

——.—— ———— —.—— ————— ———— ———— ————— —.—— ———— ———— ———— ———— ————— ——

M2 3 To shell-flat of bottom
forward and in peaks 10 10 9 10 10 10 9 9 8 8

M2 8 To shell-fiat of bottom
forward and In peaks 10 10 9 10 10 10 9 9 8 8

M2 36 To shell for 0.125L forward - - IO 10 9 10 iO 10 9 9 8 8

M2 37 To shell in peaks 10 10 9 10 10 10 9 9 8 8

M2 43 To shell for 0.125L forward - - 10 10 9 10 10 lo 9 9 8 8

M2 44 To she] I in peaks 10 10 9 10 10 10 9 9 8 8

— ——— ——— — ——— — ——..-— —— — —— —..— — — — — — .- —— — .————— — _—— — - ——— ——— —— .- ————

!43 27 To shell-elsewhere *1 I *11 II II 10 II 11 10 9 9 8 8

M3 29 To inner both-elsewhere *1 I *1I II 11 10 II 11 10 9 9 8 8

M3 31 To floors-elsewhere *II *1I 11 11 10 11 11 10 9 9 8 8
(Same as K2)

— —— —— — — — — — — — — — — —— — — — ———— — —— — — — — ——— — — — — — —— — — — — — .——— — — — — —— — — —
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APPENDIX C

PLOT’S OF ILBS AND PROPOSED FILLET WELD SIZES

-.
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APPENDIX D

PROPOSED FILLET WELD SIZE TABLES



TABLE D–1

DOUBLE CONTINUOUS AND INTERMITTENT FILLET WELD EFFICIENCIES

For tee type joints, the weld size (D) is to be

determined from the thickness (T) of the

intercostal member (i.e., the member being

attached). For lap joints and corner type

joints, the weld size is to be determined from

the thickness of the weaker member (i.e., member

with lowest product of thickness times tensile

strength).

The weld size is not to be less than 1/8”. For vessels to be classed “Oil

Carrier”, the weld size in cargo tanks and in ballast tanks in the cargo area

is not be less than 3/16”.

Intermittent welds may be either staggered or chained unless otherwise

specified.

Where beams, stiffeners, frames, etc., are intermittently welded and pass

through slotted girders, shelves or stringers, there is to * a pair of

matched intermittent welds on each side of each such intersection and the

beams, stiffeners and frames are to be efficiently attached to the girders,

shelves and stringers.

D-2
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TABLE D-1 (Cent’d)

Line Nos. Structural items

Weld Intermittent

Efficiency Welding

Reauired Permitted

75% No

Single-Bottom Floors

1,6 To center vertical keel, side

shell, longitudinal bulkhead,

or other supporting member

2 To shell-aft peaks of high pwer, 45%

fine form vessels

3,4,5 To shell-elsewhere, and to 30%

face plate

13

12

17

11

10

14

15,16

7

8,9

18

Double-Bottom Floors - Plake Floors

TO vertical margin plate or side

girder under longitudinal or wing

tank bulkhead

To sloping margin plate, side shell,

and bilge

At oiltight and watertight

periphery connections

To center vertical keel and side

girders where longitudinal girder

is continuous

To center vertical keel snd side

girders where floor is continuous

To inner bottom in machinery space

To inner bttom-elsewhere

(See Note 3)

To shell-aft peaks of high power,

fine form vessels

To shell elsewhere (See Note 3)

stiffeners

100% No

75% No

75% No

75% No

30%

75%

30%

45%

30%

30%

No

D-3



TABLE D-1 (Cent’d)

Weld Intermittent

Efficiency Welding

Line Nos. Structural Items Required Permitted

Double-Bottom Floors - Open Floor Brackets

20 TO margin plate 75% No

19 To center vertical keel 30%

Double Bottom - Center Girder

24 lit oiltight and watertight 75% No

periphery connections

21 To inner bottom in way of engine 75% No

22 T’o inner bottom-clear of engirie- 45%

nontight

23 TO shell or bar keel 75% No

25 Stiffeners 30%

Double Bottom – Side Girders

32 At oiltight and watertight 75% No

periphery connections

30 To floors in way of transverse 75% No

bulkheads

31 To floors-elsewhere 30%

28 To inner bttom in way of engines 45%

29 To inner bottom-elsewhere 30%

26 To shell-flat of bottom forward 45%

(fore end strengthening)

27 To shell-elsewhere 30%

33 Stiffeners 30%

D-4



TAELE D-1 (Cent’d)

Line Nos.

Inner

34 To

Weld Intermittent

Efficiency Welding

Structural Items Required Permitted

Bottom - Plating

shell and to other boundaries 75% No

Frames - Transverse

39 Unbracketed to inner bottom 75% No

40 Frame brackets to frames, decks 60% No

and inner bottom

35 To shell-aft peaks of high power, 45%

fine form vessels

36,37,3a To shell-elsewhere 30% See Note 4

Frames - Transverse Reverse

42 To brackets 60% No

41 To inner bottom 30%

Frames - Longitudinal

48 Brackets to longitudinal, 60% No

floors, shell, etc.

45 To shell

43,44,46 To shell

47 To inner

on flat lmttom forward 45% No

elsewhere 30%

bttom 30%

Girders, Web Frames, Stringers and Deck Transverses

51 End connections, unbracketed 100% No

52 End connections, bracketed 75% No

49,50 To shell and to bulkheads and decks 30%

53A,53B To face plate 30%



TABLE D-l (Cent’d)

Line Nos. Structural Items

Bulkheads - Plating

57 Exposed bulkheads on freeboard

and superstructure decks-periphery

56A Tank bulkheads-periphery

56B Watertight bulkheads-periphery

54,55 Swash bulkhead or non-tight

structural bulkhead-periphery

Weld Intermittent

Efficiency Welding

Required Permitted

75% No

75% No

75% See Table D-4

30%

Bulkheads - Stiffeners

62 End attachments, unbracketed 75% No

63 Brackets to stiffeners, bulkhead, 60% No

deck, inner bottom, etc.

58,59 To deep tank bulkheads, watertight 30% See Note 4

bulkheads and superstructure or

deckhouse front bulkheads

60,61 To non-tight structural bulkhead, 30% See Note 5

deckhouse side, and superstructure

aft end bulkheads

Decks - Plating

64,65 Strength deck, exposed decks, 75% No

watertight and oiltight decks -

periphery

66 Platform decks, non-tight flats- 45% No

periphery

Decks - beams and Longitudinal

69 End attachments, beams, unbracketed 75% No

70 Beam knees and brackets to beams, 60% No

longitudinal, decks, bulkheads, etc.
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TABLE D-1 (Cent’d)

Weld Intermittent

Efficiency Welding

Line Nos. Structural Items Required Permitted

Decks - Beams and Longitudinal (Cent’d)

68 TO decks, slab longitudinal 30% No

67 TO decks, except slab longitudinal 30%

Decks - Hatch Coamings and Ventilators

71 TO deck 75% No

Hatch Covers - Plating

72A Watertight or oiltight-periphery 75% No

72B Weathertight–periphery 75% See Table D-4

Hatch COveXS - Stiffeners and Webs

74 End attachment-unbracketed to 75% No

side plate or other stiffeners

75 Bracket to stiffener or side plate 60% No

73 To plating and to face plate 30% See Note 7

Foundations - Main Engine, Boilers, and Auxiliaries

76,77 To top plate, shell, or inner bottom 75% No

Rudders - Horizontal Diaphragms

79 To vertical diaphragm in way 75% No

of rudder axis

78 To side plating 45%

- Vertical Diaphragms

In way of rudder axis to top Full Penetration

and bottom castings Welds Required

80,81 To side plating and horizontal 45%

diaphragms

D-7



TABLE D-1 (Cent’d)

Weld Intermittent

Efficiency Welding

Line Nos. Structural Items Required Permitted

Rudders - Side Plating

82 Slot welds (See Note 2) 75% No

ADDITIONAL WELDING REQUIREMENTS FOR VESSELS CLASSED “OIL CARRIERS”

(See Note 6 for intermittent welding)

Girders and Webs

83 Centerline girder to shell 88% No

84 Centerline girder to shell, 60% No

mid 0.5 span (See Note 1)

85 Centerline girder to deck 75% No

86 Centerline girder to deck, mid 60% No

0.5 span (See Note 1)

87 Transverse bulkhead, webs to 75% No

bulkhead

88 Transverse bulkhead, webs to 60% No

bulkhead, mid 0.5 span

(See Note 1)

89 To face bars 45%

End Attachments

90 Bracketed 88% No

Transverses

91 Bottom transverse ko shell 88% No

92 Bottom transverse to shell 60% No

mid 0.5 span (See Note 1)

93 Side transverse and longitudinal 75% No

bulkhead web to plating

D-8



TABLE D- I (Cent’d)

Weld Intermittent

Efficiency Welding

Required Permitted

75% No

60% No

Line Nos. Structural Items

Transverses (Cent’d)

94 Deck transverse to deck

95 Deck transverse to deck, mid

0.5 span (See Note 1)

96 To face bars 45%

See General Notes at Beginning of Table.

NOTES

1.

2.

3*

4.

5.

6.

7.

This may be applied only where the shearing forces over the mid-half span

are no greater than one half the maximum shearing force on the member and

where the web is of the same depth clear of end brackets and of the same

thickness throughout the lengkh of the member.

The weld size is to be determined from the thickness of the side plating.

With longitudinal framing the weld size is to be increased to give an

equivalent weld area to that obtained without cut-outs for longitudinal.

Unbracketed stiffeners of shell, watertight and oiltight bulkheads and

house fronts are to have double continuous welds for one-tenth of their

length at each end.

Unbracketed stiffeners of nontight structural bulkheads, deckhouse sides

and after ends are to have a pair of matched intermittent welds at each

end.

The welding of deck and shell longitudinal may be as required under decks

or frames. In addition the shell longitudinal are to have double

continuous welds at the ends and in way of transverses equal in length to

the depth of the longitudinal. The deck Iongitudinals are also to have

double continuous welds at the ends equal in length to the depth of the

longitudinal, however at transverses a matched pair of welds will h

acceptable.

Unbracketed stiffeners and webs of hatch covers are to k welded

continuously to the plating and to the face plate for a length at ends

equal to the end depth of the member.

D-9



TABLE D-2

Proposed Double Continuous Fillet weld Sizes Versus Plate Thickness

II

ii * ~

100$

88$

75$

60$

45$

30,%

Size
Equation

D=O.698 T
+ ().00111

0=0.614 T
+ 0.01111

D=O.524 T
+ ().ozz~l

D=O.419 T
+ &035~l

D=O.314 T
+ 0.04711

0=0.209 T
+ 0.060~?

r
7m7

3/16

3/16

3/16
T

3/16

3/16
T

1/8

, Plate
5/16 13/8 17/16

2.75#1 15.3#1 lf.85#

1/4 5/16
m

1/4 1/4
m

3/16 I/4
m

3/16 I14

3/16 3/16
T

3/16 3/16
w T

5/16

5/16
T

5/16
T

1/4

3/16

imGiE
r
T7m7

3/8

3/8
m

5/16

1/4

1/4
m

3/16

ILIJ

m7-
Zm5T

7/16

3/8

3/8
m

5/16

1/4

3/16

r
T!z37

7/16

7/16
w

3/8

5/16

1/4

1/4
m

11/1 6 I3/4
28 05#[30 6#. .

I/2 9/16
T

7/16

I

1/2

7/16 7/16
w

3/8 3/8

5/16 5/16
T

1/4 1/4
m m

imr
3m?7

5/8
m

9/16
m

1/2

7/16

5/16

1/4

NOTES: (1) For Intermediate plate thicknesses, see Ffgures D-I and D-2 or u= equation In second column.
(2) This table Includes a @rroslon allowance of 0.0601t per surface.

TABLE D-3

Proposed Intermittent Fillet Weld Sizes Versus Plate Thickness

~

45$

30%

3/16
7. 65#

‘7/8 15/16
5* . 5#

5/8 -

9/16 5/8
m

1/2 9/16

7/16 7/16

3/8 3/8
m m

1/4 5/16
T

itm

5/8

9/16

1/2

3/8

5/16
m

F! t Thfqk ness (T )
5/16 3/8 7;1: 1/2 6

~’” ‘%

8 6

12.75# 15.31# 17.85# 20.4# 22.95 25.5 28.05

D=O.314 X
(T-O.12”)

0.085~1

D=O.209
(T-O.12”)
S/L + 3/16 2-1/2 -12(2)
0.08511

3/16 2-1/2 -12{2)

1/ 4
lo.2#

1/4>lz~~)

3/16 2-1/2-

1/4 3-8 1/4 3-6 5/16 3-6 5/16 3-5 3/8 56

1/4 3-12 1/4 3-9 1/4 37 1/4 36 1/4 35 1
3/8 35 -

5/16 3-6 -

NOTES:.—-.
(1) For !ntermed!ate plate thicknesses, see Figures D-3 and D-4 or use equations In second column.
(2) Fillet welds are to be staggered.
(3) Weld sizes other than given In the tabie may be used provided the length and/or spacing of welds IS modified to give equivalent

strength. Use equations shown In second column or see Table D-5.
(4) This table includes a corrosion allowance of 0.06011 per surface.
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TABLE D-4

Proposed Weld S!zes For Specla! Cases

L
P I ate ~h lckness( ,T)

Line S!ze ~ ~5/16 3/8 7
No. Location Equation Notes lo.2# 2. 75# 5*3# 7 .85# 20.4# 22.95# 2

56B One Side D=T-1/16° (1) 3/16 1/4 5/16 3/8 7/16 -

Other Side D=O.209(T-O.12!’) ) (2) 3/16 2-1/2 -8 1/4 3-12 1/4 3-9 1/4 3-7 1/4 3-6 -
(30$ eff.) S/L + 0.0851i

72B Owtslde D=O.524 T+0.02211 (3) 3/16 3/16 1/4 5/16 5/16 3/8 3/8
(75% eff.)

inside D=O.209(T-O.12”) x (2) 3/16 2-1/2 -8 1/4 3-12 1/4 3-9 1/4 3-7 1/4 36 1/4 35 5/16 36
(30$ eff.) S/L + 0.085’1

NOTES :
(1) For Intermediate plate thicknesses, use size for next larger thickness listed or use equation In third column.
(2) For Intermediate plate thicknesses, =e Figure D-4 or use equation In third column.
(3) For Interfned!ate plate thicknesses, see Figure D-1 or use equation In third column.
(4) This table Includes a corrosion allowance of 0.0601i per surface.



TABLE D-5

Equivalent tintlntious Fillet Weld Sizes for intermittent Neids lncludlng Corrosion
Aiiowance and Maximum Plate Thickness Allowed for 45% and 30$ Efflclent Welds

intermittent Equlv. Cont. T
=mly.

for 45% Eff. Tm ~ for 30$ Eff.
B,r

Intermittent Equl. tint. T for 45$ Eff. Tm ~ for 30% Eff.
Weld Size Fillet Weld - o,~47t1 = - 0.060iJ Weld Size Fillet Weld =*5;. - 0.04711 = B,e - 0.0601!
DxL-S D1 =(D-0.085fr} 0.314 DXL-S D~ =(D-0.08511)

L/s + 0.0851’
0.209

L/j + 0.085”
0.314 0.209

(Inches) (Inches) [Inches) (Inches) (Inches) (Inches) ~

3/8 3-5 0.259 0.6752
3/8 3-6 0.230 0.5828

5/16 3-5 0,2215 0.5557
5/16 3-6

0.7727 3/16 2-1/2 - 5 0.13625 0.2842 0.3648
0.19875 0.4833 0.6639 3/16 2-1/2 - 6 0. 1277t 0.2570 0.3240

5/16 3-7 0.1825 0.4315 0.5’861 3/16 2-1/2 - 7
5/16 >8

0.12161 0.2376 0.2948
0.17031 0.3927 0.5278 3/16 2-1/2 -B 0.11703 0.2230 0.2729

5/16 3-9 0.16083 0.3625 0.4824 3/16 2-1/2 - 9
5\16 3-10 0.15325 0.3384

o* 11347
0.4462

0.2117
3/16 2-1/2 - lC

0,2558
0.11062 0.2026 0.2422

3/16 3-11 0.14705 0.3186 0.4165 3/16 2-1/2 - 1 0.10830 0.1952 0.2311
5t’16 >12 0.14188 0.3022 0.3918 3/16 2-1/2 - 12 0.10636 0.1890 0.2218

1/4 3-5 0.1840 0.4363 0,5933 3/16 2-1/8 - 4 0.13945 0.2944 0.3801
1/4 3-6 0,1675 0.3038 0.5144
l\4 3-7 0.1557 0.3462 0.4579 3/16 2-1/8 - 1( 0.10678 0.1904 0.2238
1/4 3-8 0.14608 0.3181 0.4157 3/16 2-1/8 - 11
1/4 59 o* 1400 0.2962

0.10480 0.1841 0.2144
0.3Ei28 3/16 2-1/8 - 12 0.10315 0.1788 0.2065

1/4 3-10 o* 1345 0.2787 0.3565
1/4 >11 0.1300 0.2643
f\4 3-12

0.3349
0.12625 0.2524 0.3170

4 —.— —

NOTES: (1) This table includes a carrosIon allowance of 0.0601! per surface

I
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TAB LE D-6

Proposed Double Continuous Fillet Weld Sizes Versus Plate Thickness - Miid Steel Only

t)-R&
h

Eff.

100$

88$

75%

605

45%

30$

D=O.471 T 1/8

+ 0.02811

0=0.377 T 1/8

+ o.0401f

D=O.283 T 1/8

+ 0.051”

D=O.188 T

I

1/8

+ 0.062’1

3/16 I I3/16 1/4

F G

uI/8 1/8 3/16

K

1/8 1/8 1/8

1/4 5/16 3/8 3/8

z

1/4 5/16 5/16 3/8

T G

S! ze 1/8

Equation 5*1#

D=O.628 T 118

+ 0.01011

D=O.553 T 1/8

+ o*o19~1

%4’41-%45”6
3/16 1/4 1/4 5/16

-m F

3/16 3/16 1/4 1/4

ZxF E

3/16 3/16 3/16 3/16

-T m -F

5/8 11/16

25a5# 28m05#

7/16 1/2

T %

3/8 7/16

5

3/8 3/8

z

5/16 5/16

F

1/4 1/4

3/16 1/4

K

NOTES: (1) For Intermediate Plate thicknesses,

(2) This Table includes a corrosion allowance of 0.060!1 per surface

, see Figures D-5 and D-6 or use equations In

=

314 13/16

30.6# 33.15#

11/4 1/4

F 3/16

wcond column.

7/8

35 .7#

9/16

3/8

5/16

1/4

15/16 1

38 .25# 40.8#

5/8 -

9/16 5/8

9/16

1/2 9/16

1/2

7/16 7/16

z

3/8 3/8

z G

i/4 1\4
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APPENDIX E

CALCULATIONS FOR VOYAGER CLASS TANKER
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IN EOARD PROFILE
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TABLE E-1

LENGTHS AND WEIGHTS OF ALTERED WELDS FCR VOYAGER CLASS TANKER

STRLICTURAL CONNECTION

Deck Longltudinals to deck

Longitudinal bulkhead to deck

Long. bhd. !ongtls 1-19 to bhd.

Long. bhd. Ionglls 20-21 to bhd.

Side shell Ionglls 1-21 to shelf

Side she[l Iongll 22 to shell

Bottom Iongrl webs to shell

Bottom Iong!l webs to face plate

C.V.K. to face plate

Panel stiff. on centerline girder
and C.V.K.

~11. s+r. of Cargo Secf

Deck transv. to deck- inbd.

Deck transv. to deck - outbd.

Deck transv. & bhd. transv. to
long. bhd.

Deck transv. to CL gird. & to
long. bhd.

Deck transv. to deck long.

Side transv. to side shell

Side transv. & collar plates
to Ionglls.

Bhd. transv. to long. bhd.

Bhd. transv. & m[lar plates
to long. bhd. long~ls.

Bottom transv. to long.
bhd. & CVK

Face plate to transv. - inbd.

Face plate to transv. - outbd.

Panel stiff. - inbd.

Panel stiff. - outbd.

End brackets on struts

Chocks on struts

Docking brackets

AL-Transv. St r. of Cargo Secf

Leng+h
(Feet )

630

630

630

630

630

630

630

630

630

630

47.83

57.84

28.0

30.0

1*OO

97.2

1.20

90.6

1.00

62.0

158.6

295.4

240.0

624.o

44.0

65.4

34.0

No.

46

2

38

4

42

2

42

42

1

5

36

42

36

36

1812

42

3696

42

3528

36

36

42

36

42

42

42

48

Tots I Length
of Double

Fillet Welds
(Feet)

28980

1260

23940

2520

26460

1260

26460

26460

630

3150

141s 20

1722

2429

1008

1080

1812

4082

4435

3805

3528

2232

5710

12407

8640

26208

1848

2747

1632

8 5J3z5

Design Weld
Size

(In
hi stin~

5/16

3/8

1/4

1/4

1/4

1/4

1/4

1/4

1/4

1/4

● 65 avg

5/16

5/16

1/4

5/16

5/16

5/16

5/16

5/16

5/16

5/16

1/4

1/4

1/4

1/4

1/2

1/4

1/4

. II avg

E-6

es)

!zQ@
5/16

3/8 (2

3/16

1/4
~6

3/16

1/4
y

~

y

3/16

~

5/16

E

5/16

W( 2

5/16
~

~

5/16
~

5/16

5/16
~

y

3/16

3/16

7/16

1/4

3/16

~

Weight of Design
Welds

( Po
_

9622

510

5087

536

5623

268

5623

5623

134

669

~

572

807

214

359

602

1355

1473

1263

1171

741

1213

2636

1836

5569

1571

584

347

22,313

ds)
Proposed

7890

602

2862

418

3163

209

4393

4393

105

377

~

469

661

274

294

493

1111

1208

1036

961

608

948

2060

1033

3133

1203

456

195

~



TABLE E-1, LENGTHS AND WEIGHTS OF ALTERED WELDS FCR VOYAGER CLASS TANKER (Cent’d)

Oesign Weld
Size

wei9h* f Design
W~l ds

STRUCTURAL CONNECTION (in
txisting

1/4

5/16

1/4

5/16

1/4

3/8

1/4

1/4

. 60 avq

1/4

1/4

1/4

5/16

1/4

5/16

1/4

3/8

1/4

1/4

m

0.268 avg

es)

!Dl?@
3/16

5/16
~

5/16

3/16

5/16

1/4

3/16

~

3/16

3/16

3/16

5/16
~

5/16

3/16

5/16

1/4
m

3/16

~
~

0.225 av

( Po
ExlstTn~

4277

932

952

855

1642

130

40

277

~

339

803

672

378

377

319

612

112

34

237

~
~

14,504

83,500

gth and
or by de

ds)
Proposal

2406

164

744

701

924

107

31

156

J 35

191

452

378

310

295

262

344

92

27

133

# 84
48 n~l~

10,223

59,095

~ ht
b~rately

O.T. bhd

Horiz. g

Horiz. g

Horiz. g

stiff. to bhd.

rder webs h O.T. bhd.

rder webs to face plates

rder webs & collar plates

62.5

100.2

160.0

322

28

28

20126

2806

4480

1.00

276.0

46.0

2576

28

7

2576

7728

322

to bhd. stiff.

Horlz. gfrder web panel stiff.

Centerline girder web to O.T. bhd.

Centerline girder web to face
p 1ate 27.0 I 71 189

Centerline girder web panel stiff.

rAL-1 O T. . Bhds.

265.6

630.0

527.0

47.4

74.0

6

6

6

24

24

1594

3780

3162

1138

1776

Swash bhd. periphery

Swash bhd. stiff. to bhd.

Swash bhd. panel stiff. to bhd.

Horiz. girder webs to swash bhd.

Horiz. girder webs to face plaf-e

Horlz. girder webs & collar
plates to bhd. stiff. 1.00

120.0

46.0

27.0

960

24

6

6

960

2880

276

162

Horiz. gfrder web panel Siff.

Centerline girder web to swash bhd.

Centerline girder web to face plate

Centerline girder web panel stiff.

Swash Bhds.
AL-Al I Cargo Sect. structure

ESTIMATE F~ 80W, STERN AND
DECKHOUSE(l) 59,392

TOTALS

RrTt : (1) The 630 f Oot long cargo

342,210 D.268 avg 0.225av
~ L

ct ion is assumed to b prismatl
estimates for the cargo =ction should be slightly high.
underestimating weld lengths and weights for the bw, stern, and deckkouse.

(2) Proposedweld sizes which are increased from existing values are highlighted by reference to this

I

. Theretore, the ~
This is coinDensated

note.

E-7

486=+80
@
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TABLE E-2

LENGTHS AND WEIGHTS OF UNALTERED WELDS FOR VOYAGER CLASS TANKER

Center I

CenTer I

ne girder web to deck

ne girder web to face plate

Longitudinal bulkhead to bt. shell

C.V.K. to shell

630

582

630

630

SUBTOTAL-Longll. Str. of Cargo Sect~ -

Side transv. colfar plate lap welds

Bhd. Transv. collar plate lap welds

Bottc+n transv. to shell - inboard

Bottom transv. to shell - outboard

B&.transv.& collar plates to long.

Bot.transv. collar plate lap welds

End brackets on struts

1.37

1*17

47.83

57.84

1*5O

1.67

96.0

SUBTOTAL-Transv.Str. of Cargo Sect~ -

No.

1

1

2

1

1848

1764

36

42

3288

1644

42

Total Length

of Double

Fillet Welds

(Feet)

630

582

1260

630

3,102

2532

2064

1722

2429

4932

2745

4032

20,456

Design Weld

Size

(Inches)

3/8

m

1/4

7/16

F

3/8

0.363 avg.

5/16

5/16

5/16

5/16

5/16

5/16

5/16

0.313 avg.

E-8

Weight of Design

Wel ds

(Pounds)

255

124

711

301

1,391

841

685

572

807

1638

911

1339

6,793



TABLE E-2, LENGTHS AND WEIGHTS OF UNALTERED WELDS FCR VOYAGER CLASS TANKER (tintId)

Total Length

Length No. of Double Design Weld Weight of Design

STRUCTURAL CONNECTION (Feet) Fillet Welds Size Welds

(Feet) (inches) (Pounds)

O.T. bhd. periphery inc. collar

P I ates 555.5 7 3888
3/8

G
1575

O.T. bhd. periphery Inc. collar

p I ates 125.0 7 875
5/16

F
238

O.T. bhd. periphery inc. collar

p I a~es 120.0 7 840 5/16 279

O.T. bhd. periphery inc. collar

p I ates 138.0 7 966 3/8 462

O.T. bhd. periphery inc. collar

p I ates 947.5 7 6632
7/16

F
3743

Horiz. girder web collar plate

lap welds 1.17 1288 1507 5/16 500

Horiz. girder web end connections 104.0 7 728 5/16 242

SUBTOTAL-7 O.T. Bulkheads 15,436 0.366 avq. 7,039

Swash bhd. & collar plates to bet.

long. 1*5O 240 360 5/16 120

Bet. long. collar plate lap welds 1.67 120 200 5/16 66

Girder collar plate lap welds 1.17 480 562 5/16 187

Horiz. girder web end connections 52.0 6 312 5/16 104

SUBTOTAL-6 Swash Bulkheads 1,434 0.313 avg. 477

SUBTOTAL-All Cargo Section Struct. - 40,428 0.338 avg. 15,700

ESTIMATE FOR BOW, STERN, AND

DECKHOUSE 8,490 0.538 avg. 3,298
?*-r”, .- ..-, *.,-, A 77r, -..— ..-! fi,-,fi

E-9



MIDSHIP SECTION - 1981 ABS RULES

(Terms are as defined in ABS Rules unless noted otherwise)

Principal Dimensions

LOA 950’ -0”

LWL 9251-olf

LBP 9001-011

B 147~-6is

D 631-681

d 48 r-6-1

Weights (Long Tons)

Light Ship 22,200

Fuel Oil 4,600

D.O.& L.O. 60

Fresh water 280

Crew & Stores 50

Cargo 120,200
TOTAL DEADWEIGHT 125,190

DISPLACEMENT 147,390

REQUIRED SECTION MODULUS - MILD STEEL

Section 2.1 Scan~ling length = L = 0.97 x LWL = 897-25’

Section 6.3.l(a) SM =

fp =

Section 6.3.l(b) c1 =

Cb =

Min.

Wfp

L-790— .
10”56 + 2045

10.612 LT/in2

0.01441
[’”.” - (-)’”’1=001’2”

Displacement x 35
fk3/LT

= 0.80375

LxBxd

SM = 0.01C1L2J3(Cb + 0.7) = 273,114 in2 ft

[

L-820
Section 6.3.2.(a) Cst = 0.275 - —

11,600110-3 = 0.26834 X 10-3

M C~t L2- 5 B (Cb + 0.5)Sw = = 1,244,387 Ft-LT

Section 6.3.2(b) Kb =

C2 =

He =

~.

q.

SM =

1.0

[6.53Cb + 0.57 ]10-4 = 5.8185 X 10-4

[4.50 L - 0.00216L2 + 335] 10-2 = 26.337 fk

C2 L2 B He Kb = 1,819,700 ft-L!T

MSw + Q = 3,064,087 ft-LT

Mt/fp = 288,738 in2 ft (97 and 95% of 1970

ABS Rules Deck and Baseline values)

E-1o

486.380 — o[5P
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REQUIRED MOMENT OF INERTIA AND SECTION MODULUS - H32 STEEL

Section 6. 13.2 IH32 = L x SM/34. l = 7,597,400 in2 ft2

Table 43.2 Y = Yield Stress = 45,500 PSI

U = Ultimate Tensile Stress = 68,000 PSI

Section 6.13.3 Q= 70,900/(Y + 2U/3) = 0.78050

SMH32 = Q(S14) = 225,360 in2 ft

SCANTLINGS

Use H32 material in deck and bottom structure with mild steel elsewhere.

Reduce deck longitudinal from 15” x 1.25” to 15” x 1.00”

Reduce bottom longitudinal flanges from 6“ x 1.375” to 6“ x 1.25”

Resulting properties:

I = 7,850,007 in2 ft2 > 7,597,400 in2 ft2

SM~ = 240,281 in2 ft > 225,360 in2 ft

SMq = 254,622 in2 ft > 225,360 in2 fk

MllxIM~ HULL GIRDER SHEARING FORCE

Section 6.3.3(a)
‘P = ‘Sw + ‘w

Section 6.3.3(b)
‘P

= 5.0 Msw/L + 2.6 ~/L = 12,207LT

E-11



VON MISES COMBINED STRESS ANALYSIS FOR BOTTOM LONGITUDINAL

Bottom longitudinal are built up sections with 22” x 0.625” AH32 webs,

6“ x 1.25” AH32 flanges, 36” spacing on 56.1# DH32 bottom plate, and spans of

13’-1.5”.

L
6“ x i.25°

22” x 0.625”

5.4302[~Cx;:,:-BL

PRIMARY STRESSES

ABS Rule Loading: Total bending moment = 3,064,087 ft-LT

Hull girder shearing force = 12,207 LT

Longitudinal Stresses:

o-x @ ~ = 3,064,087 ft-LT X 2240 #/LT = 26 956 ~S1

254,622 ini ft
#

ax = -25,2-62 P~Z- ‘“ ““
-25,353 PSI

m

Y

x

-26,956 PSI

-27,056 PSI — B~

Longitudinal Stresses

(Hogging condition shown - reverse for sagging condition)



Primary Shear Stresses: The upper surface of the flange is a free surface so
the shear stress must be zero and shear stresses within the web may ‘i

calculated from:

VD(ZW) 12,207LT X 2240 #/IJT x“@” = 5 5732 (Ay) #
TXy’ ‘*

P = 7,850,007 inz ft2 x 0.625 in. “ p in3 ft2

Point (AY)D(in ft2) Txy (PSI)

Web at Flange 18.090 101
Web at NA 45,890 256
Web at Shell 52.366 292

101PSI

E!

Y
x

Z561WI -
\
— NA

292 PsI
—%

SECONDARY STRESSES

ABS Rule Loading: From Section, 22.29.2, design head is 81 above deck at side

which is 71 .5’ above baseline. Because the Iongitudinals are continuous through

all transverse supporting e.txucture

and the loading is symmetric, the

longitudinal can be considered as

fixed ended beams. External load

shown” reverse all signs for internal

load.

? =
13.125’

SECTION PROPERTIES:
F +

(J; ~:
$ y

Area = 70.75 in2 x — fl)
~NA = 4926.22 in4

- —

z~~g = 256.64 in3
/L tttfttt f

Zp~t = 907.19 in3
~

TOTAL LO&D=7~.5’Xt3.1Z’X3’K64YnS=lBO)\BO*
(AY)s for web at flg = 139.27 in3

(AY)s for web at NA = 239.90 in3

(AY)~ for web at shell = 234.76 in3

v~=~~~b

-------,3..,,-M5=MOMENT

)
2,36q,862”*



Longitudinal stresses = M~/Z

Shear Stresses in Web = Vq(AY)%

INAT

In addition to longitudinal and

shear stresses, there is a

compressive stress in the web

varying from near zero at the

flange to a maximum value at the

shell of about:

~: ;’71.5’ X 3’ X 64#/~t3 = 1830 J?sI.
1’

o.625° x 12”/’

TXY = 4075”P5

+- - -
%

1 .,.—
ENDS ~vJsPA14

wE13 SHEAR STRES$E3

E-14



COMBINED PRIMARY AND SECONDARY STRESSES IN WEB - CASE I

Hogging condition with external secondary load shown - reverse all signs for

sagging condition with internal secondary load.

ax= –33,968

Ox= -25,009

PSI q= o
ax= -21,046 PSI

\

\ kY

PSI

I \
Lx

v
+- Ox= -27,929 PSIT

ENDS UY=- 1830 PSI MIDSPAN

COMBINED NORMAL STRESSES

= 4176 PSI
LXy

T = 101 PSI
f Xy

~xy = 7276 PSI —

~xy = 7161 PSI
‘XY

= 292 PSI

COMBINED SHEAR STRESSES

E-15
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COMBINEI) PRIMARY AND SECONDARY STRESSES IN WEB - CASE II

Hogging condition with internal secondary load shown - reverse all signs for

sagging condition with external secondary load.

0.
0 = -16,738 ps~ = o

x
Y

x 7
~ = -29,660 PSI
x

/ 1
~ ox = -25,983 PSI

ax= -28,903 PS”~ ENDS o = + 1830 PSI
Y

MIDSPAN

COMBINED NORMAL STRESSES

-rXy= 4176 PSI

TXy= 7276 PSI

Txy= 7161 PSI

COMBINED SHEAR STRESSES

T~y= 101 PSI

~xy= 292 PSI

E-16



VON MISES COMBINED STRESSES

In terms of principal stresses 01

criteria states that yielding will

principal stresses reach the yield

and 02, the two dimensional von Mises

occur when the following combination of

stress, Y:

0“ +(q- 02)2 + 0; = 2Y2

or 0: - al 02+ O:=Y2

For the two dimensional case at hand, the principal stresses are:

~l,z= 1/2 ( ax+ ~y) ~
J

[1/2( ox+ 0Y)]2 + ~xyz

These two equations can & combined to express the von Mises criteria in terms

of Oxr Oy# and GW directly:

~x2 - ax Oy + GY2 + 3 TXY2 = Y2



WELD REQUIRED FOR WEB TO FLANGE CONNECTION USING

VON MISES COMBINFJD STRESS CRITERIA

The Case I load combination is the most severe for this connection.

+

T
XY

= 4176 PSI

@x =-33,968 PST

T = 0.625”

\ T
2610 +/Tr

Xy ‘

o

ax =-33,968 PSI

!crJ

When determining a required web thickness, Tr, on which to base the fillet weld,

it should be noted that only Txy would vary significantly if the web thickness

in way of the flange were locally altered as shown below. The longitudinal

stress would remain essentially constant. Material is AH32 plate with yield

stress = Y = 45,500 PSI.

213x - ox ay + ~y 2+3TXY 2=y2

(-33,968)2 - ( )
2610 2

(-33,9681(o) + fo12 + 3 ~ = (451500)2
r

/ A

‘r = 0.1400” /

Required fillet weld size is:

D = 0.668(0.1400”) + 0.085” = 0.1785”

E-18
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WELD REQUIRED FOR WEB ‘TO SHELL PLATING CONNECTION USING

VON MISES COMBINED STRESS CRITERIA

Case II load combination is the most severe for khis connection.

‘Y
= + 1830 PSI

‘Y ‘
+ 1145 ~lTr

1 L!

D *

f

ox = -28,903 PSI ox = -28,903 PSI

T = 0.625”
i

:Txy = 7161 PSI
T

T~y = 4476 ;/Tr
Tx

In this case, both Uy and ~xy will vary significantly if the web thickness

in way of the shell plating were altered.

(-28,903)2 -
(-28’03’(-%)+(++)2‘ 3 (WY= ‘45’00)2

~r2 - 0.026800 Tr - 0.049734 = O

‘r = 0.23681’1

D = 0.668(0.23681”) + 0.085” = 0.2432”

These two welds are covered by line 46 which falls in AIM weld groups M and M4.

A13S weld size is 7/32” = 0.2188”,

or 5/16” 3-10 which has an equivalent weld size of 0.1532”

Therefore, this analysis procedure is excessively conservative. One of the

reasons for this conservatism is that the Von Mises criteria defines initial

yielding only, not necessarily ultimate failure. For example, the von Mises

criteria for pure shear gives an allowable shear stress of 57.7% of the uniaxial

tensile yield stress. However, tests show that the ultimate shear stress of

most steels can be 67 to 75% of the uniaxial tensile ultimate stress. Since the

weld strengLh values are necessarily breaking strengths, a higher ratio than

57.7% for shear to tensile strength is appropriate. Various attempts to modify

the von Mlses criteria to more accurately reflect experimental failure data have

been suggested. For example, reference (15), page 69, shows a ~xy coefficient

of 1.8 rather than 3. The value of 1.8 gives an allowable shear stress of 74.5%

of the uniaxial tensile stress which is more in line with experimental results.
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0X2- Ox Oy + C$2 + 1.8 TXY2 = Y2

(-33,968)2 -
()

2610 2
(-33,968)(0) + (0)2 + 1.87 = (45,500)2 (see ~ge E-IS)

r

Tr = 0.11567”

D = 0.668 (0.11567”) + 0.085” = 0.1623”

WELD REQUIRED FOR WEB TO SHELL PLATING CONNECTION USING

MODIFIED VON MISES COMBINED STRESS CRITERIA

~r2 - 0.026800 Tr - 0.030265 = O

‘r = 0.18788”

D = 0.668 (0.18788”) + 0.085” = 0.2105”

This calculation gives a weld size less than ABS continuous weld of 0.218s” but

still greater than the AM intermittent weld equivalent size of 0.1532”.



SIMPLIFIED STRESS ANALYSIS PROCEDURES

For members where the most significant stresses in the fillet welds are

longitudinal shear, the required thickness, T.r, can be determined as follows:

-r.T=~p+~5

Vn(AY)q ~ V,Q(AY)q
‘T=I”T

P r
Is Tr

1
or Tr=— rQ. ~

V (AY) + VG(AY) d
‘s “1

where: v =

AY =

I =

Subscripts p and s refer to

Shear Force

Area moment about appropriate neutral axis

Moment of inertia

primary and secondary values, respectively.

To use these equations, allowable shear stresses are needed. Fortunately, the

ABS Rules give the msjority of the required values. Those that are missing can

be conservatively taken as 60% of the respective tensile stresses.

E-21



PRIMARY STRESSES

From

From

Section 6.3.l(a) for an 897.25’ ship, fp = ~p = 10.612 LT/in2 =

Section 6.3.3, ~p = 6.75 LT/in2 = 15,120 PSI (63.6% of ~p)

23,771 PSI

~ = 23,771 PSI 15,120 PSI
Material Q P Q ‘P= Q

MS 1.0 23,771 15,120
H32 0.7805 30.456 19,372
H36 0.7210 32,969 20,971

SECONDARY STRESSES FOR TRANSVERSE STRUCTURE (WEBS, GIRDERS, AND TRANSVERSES)

From Section 22.27.2, f = OS = 9 LT/in2 = 20,160 PSI

From Section 22.27,4, q = T~ = 5.5 LT/in2 = 12,320 PSI (61.1% of Up)

20,160 PSI 12,320 PSI

Material Q us = Q ‘S=Q

m 1.0 20,160 12,320
H32 0.7805 25,830 15,785
H36 0.7210 27,961 17,087

SECONDARY 2diD COMBINES ST~SSES FOR LONGITUDINAL STRUCTURE (wEBS AND GIRDERS)

From Section 22.27.2, f = 0s = 6 LT/in2 = 13,440 PSI

From Section 22.27.4, q = TS = 4.4 LT/in2 = 9,856 PSI (73.3% of Up)

as = ~s =
13,440 PSI UT =

TT
UT 9856 PSI ~T =

Material Q Q 0+0
= VS.Y Q

‘r +T~

MS 1.0 13,440 37,211 34,000 + 9.4% 9,856 24,976 67.1%
H32 0.7805 17,220 47,676 45,500 + 4.8% 12,628 32,000
H36 0.7210 18,641

67. 1%
51,610 51,000 + 1.2% 13,670 34,641 67.1%

.-



SECONDARY AND COMBINED STRESSES FOR STRUCTURAL SECTIONS

From Section 22.29.2,

S14 = 0.0041 c h s L2 (in3) where c varies with location

h = hydrostatic head in feet

s = spacing in feet

L = length between supports in feet.

Consider a fixed end, uniformly loaded beam.

Maximum bending moment is at supports with value:

m
BM = W L2/12

w = unit load = pressure x spacing = h (feet) x 64 lbs/ft3 x

S (feet) = 64 h s lbs/ft

0s == or SM.~
as

w~ 2
SM. —=

64 h s (lbs/Ft) L2 (Ft2) x 12 in/Ft = 64 h s L2
(in3)

120s 12~s (lbs/in2)

Equating the two SM expressions,

64hsL2
0.0041 C h S L2 = ~,

u s

IJs=
64

0.0041C

as .
15,610 PSI

c

MILD STEEL STRUCTURAL SECTIONS

Os=
15,610 aT=

Location c c o + 23,771

Dk. Long. 1.25 12,488 36,259

Side Long. 0.95 16,431 <40,202

Horiz. Stiff.

on Long,

Bhd . 0.90 17,344 <41,115

Bottom Long. 1.40 11,150 34,921

Vert. Frames 1.00 15,610 -

Transv. Bhd.

Stiff. 1.00 15,610 -

UT

VS.34,000

+- 6.6%

i- 2.7%

,-- !.

.:-. E–23

as

~s=
0.6x ~%

7,493

9,859

10,406

6,690

9,366

9,366

-rT =

T= I- 15,120

22,613

<24,979

<25,526

21,810

TT

n

62.4%

62.5%



H32 STRUCTURAL SECTIONS (PO.7805)

‘s =
15,610 UT =

Location c C X 0.7805 ~= + 30,456

Dk. Long. 1.25 16,000 46,456

Side Long. O*95 21,053 4.51,509

Horiz. Skiff.

on Long.

Bhd . 0.90 22,222 <52,678

Bottom Long. 1.40 14,286 44,742

Vert. Frames 1.00 20,000

Transv. Bhd.

stiff . 1.00 20,000

H36 STRUCTURKG SECTIONS (0=0.7210)

UT VS. Ts =

45,500 0.6 X ~q

+ 2.1% 9,600

12,632

13,333
- 1.7% 8,572

12,000

12,000

=

15::10 UT . OT vs. TS =
Location c C X 0.7210 ‘~ + 32,969 51,000 0.6 X ~=

Dk. Long. 1.25 17,320 50,289 - 1.4% 10,392
Side Long. 0.95 22,790 <55,759 13,674

Horiz. Stiff.

on Long.

Bhd. O*9O 24,056 <57,025 14,434

Bottom Long. 1.40 15,465 48,434 – 5“0% 9,279

Vert. Frames 1.00 21,650 12,990

Transv. Bhd.

stiff . 1.00 21,650 12,990

T –
~T

T< +TI;,372 ‘T

28,972 62.4%

<32,004

<32,705
27,944 62.5%

T –

-c + ;0;971

31,363

<34,645

<35,405

30,250

TT

Crm

62.4%

62.5%



SIMPLIFIED STRESS ANALYSIS FOR BOTTOM LONGITUDINAL

From Page E–13,

From Page E-13,

From Page E-24,

For web to flange

Tr =

Tr =

D.

For web to shell

Vp = 12,207 LT = 27,343,680#

(AY)P for web at flange = 18.090 in. l?t2

(AY)P for web at shell = 52.366 in. FL2

1P
= 7,850,007 in2 Ft2

v~ = 90,090#

(AY)~ for web at flange = 139.27 in3

(AY)~ for web at shell = 234.76 in3

Is = 4926.22 in4

TT for H32 bottom long. = 27,944 PSI

connection,

1

-[-

Vn (AY)% + V= (AY)

‘T ‘P
Is ‘1

1

27,944 #/inZ
[63.012 #/in. + 2546.95 #/in.] = 0.09340 in.

3.668 (0.09340”) + 0.085” = 0.1474”

:onnection,

1
‘r = 27,944 #/inZ

[182.40 #/in. + 4293.26 #/in.] = 0.160,1~ in.

D = 0.668 (0.16017”) + 0.085” = 0.1920”

From the comparison on the next page, this procedure matches the exis-king ABS

rule tables much better than khe von Mises combined stress analysis does.

Hence, it should be sufficiently conservative for normal use. Also, the web

to flange welds are not as highly loaded as the web to shell welds, so some

further reduction in the former weld size would appear feasible if these welds

were not already at the minimum acceptable size (see Section 5.5) .

f >)
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COMPARISON Or CALCULATED AND TABULAR WELD
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CONNECTION OF BOTTOM LONGITUDINAL TO SUPPORTING STRUCTURE

SECTION LOOKING FORWARD

The most significant load on this connection is due to the secondary load on

the longitudinal. From page E-13, the local force on the supporting

structure is 2 x 90,090#. There will also be shear forces in the bottom
transverse webs which vary in magnitude at each longitudinal location. The

maximum design shear stress from the latter forces is 12,320 PSI for mild

steel webs (see page E-22). 24n acceptable total shear stress in mild steel

webs is 24,976 PSI (see page E-22). Hence,an allowable local shear stress for

the longitudinal reactions is:

24,976 - 12,320 = 12,656 PSI,

lf both the flat bar and the collar plates are omitted, the required local
girder web thickness is:

Tr =
2 x 90,090#

18” X 12,656 PSI
= 0.7909”.

Since this is obviously unacceptable, collar plates are required, and the

required local girder web and collar plate thickness is:

2 x 90,090#
‘r = 2 X 18” X 12,656 PSI = o.3955”,
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and the required weld is:

D = 0.628 (0.3955”) + 0.085” = 0.3334”.

Since the required weld is still greater than that normally provided (matching

periphery weld), the flat bars should also be provided. The equivalent weld
size provided by all three welds is approximately:

~ = 6“ X 0.1875” + 2 X 18” X 0.3125”

2 X 18”
= 0.3438” >0.3334”.

CONNECTION OF DECK LONGITUDINAL TO SUPPORTING STRUCTURE

Secondary load is a hydrostatic head of eight feet:

8 F’t X 64 #/Ft3 X 3 Ft X 13.125 I?t = 20,160#.

Using same procedure as bottom longitudinalsr

required local girder web thickness is:

Tr =
20,160 #

12” X 12,656 PSI
= 0.1327”,

and required weld is:
..—-----”’

SECTION LKG. FWD
D = 0.628 (0.1327”) + 0.085” = 0.1683” <0.2812”.

The provided weld is adequate without collars or flat bars for this local

load. Howevert it should be rechecked when other local loads (such as those

from deck mounted foundations) are present.

E-28
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APPENDIX F

CALCULATIONS FOR VANGUARD CLASS CONTAINERSHIP
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TABLE F-1

LENGTHS AND WEIGHTS OF ALTERED WELDS FCR VANGUARD CLASS CONTAINERSHIP

STRUCTURALOJNNECTIQN

Longlls, to Dk, Longll Bhd, & Shel

Long~ls to 2nd Ilk

2nd Dk to Longtl Bhd & Shell

Strgr. b. 1 & 2 to Bhd & Shell

Longils to 1.6. & Edtom Shell

Side Girders to Innerbottom

Longil Hatch Gird Web to Dk

Number

~ota I Length
of Double

Fillet Welds
(Feet)

Design Weld
Size

Weight of lJeslgn
WeldsLength

( Feet) (In
kxisting

5/16

5/16

9/16

1/4

3/16

1/4

3/16

3/16

5/16

5/16

5/16

3/16

3/16

. 61Ag v

3/16

3/16

3/16

1/4

3/16

3/16

5/16

3/16

3/16

3/8

5/16

3/16

3/16

(PO
_

2,810

937

2,024

624

1,798

468

107

116

521

568

419

310

49

10,751

1,388

1,365

473

131

268

346

305

319

115

163

1,009

45

452

ds)

M

2,304

599

1,811

450

1,299

337

78

84

334

363

344

224

35

v

1,003

986

342

102

194

250

250

230

83

138

828

33

326

470.17

470.17

470.17

470.17

470.17

470.17

449*5O

484.37

41.33

45.0

14.67

7.58

17.0

18

6

4

8

32

6

2

2

38

38

86

342

24

8,463

2,821

1,881

3,761

15,045

2,821

899

969

1,570

1,710

1,262

2,592

408

44 202#

11,616

11,418

3,960

616

2,244

2,898

920

2,668

966

340

3,040

380

3,780

Long 1

Long!

Long I

Long !

Hatch Gird Web to Fig

Hatch Gird Fc PI to Dk

Hatch Gird Fc PI to Flg

Hatch Gird to &x Gird

Longll Hatch Gird Web Stiff

Stiff on Diaph

Transv Fr to Shell (132 Fr)

Transv Fr to Bhd

Stiff to Strgr No. 1 & 2

Strgr Stiff End Corm

Stiff on Bilge Brackets

44.0

43.25

7.5

0.583

8.5

5.25

5.0

14*5

5.25

4.25

4*75

4.75

5.25

264

264

528

1,056

264

552

184

184

184

80

640

80

720

Stiff on D.B. Side Gird (92 Fr)

Docking Floor to Side Gird

Docking Floor to I.B., Shell &CVK

Stiff on Docking Floor

Solid Floor to Longll Bhd (4O Fr)

Solid Floor to Side Gird

CVK to Solld Floor

Stiff on Solid Floor & Long

With Solid Floors 44,846

F-6

0.205 Avq 0.177 Av 6,379 4,765
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TABLE F-1 (Ihnl-ld)

STRUCTURAL CONNECTION

Web IWO hx Girder inc. A.O.

STiff on Web IWO ~x Girder

Transv Fr to Shell K Long Bhd

Stiff to Strgr No. 1 & 2

Bilge Brkt to Shell &Bhd

Stiff on Bilge Brkt

Frame to Bilge Brkt

Brkts IWO I.B.

Floor to Long Bhd

Floor to S/de Girders

C.V.K. to Floor

Stiff to Floor & Longils

Length
(Feet)

52.25

23.25

38• 75

7*O

21.75

22.0

3*2.5

8.5

4.25

4.75

4.75

5.25

Number

74

74

148

148

74

74

148

148

74

592

74

666

Tots 1
of Double

3,866

1,721

5,735

1,036

1,610

1,628

481

1,258

315

2,812

352

3,496

3/16

3/16

3/16

3/16

5/16

3/16

1/4

5/16

3/8

5/16

3/16

3/16L

( Po
_

462

206

686

124

535

195

80

418

151

934

42

418

4 251-

ds)
W

334

149

495

89

438

141

57

343

128

766

30

302

3 212-



TABLE F-1 (Control)

STRUCTURAL CONNECTION

Deck Transv to Deck

Deck Transv to FC PL

Deck Transv to Long!! Box G. PL

Web IWO bx Girder Inc. A.o.

Stiff on Web IWO bx Gird

Side Transv to Shell & Longll Bhd

Side Transv to 2nd Deck

Side Transv Stiffeners

Brkts (Dk Transv-Side Transv)

Brkt FC PLIs (Dk Transv-Side Trans

Brkts & FC PLIs (1.B.-Side Transv)

Brkt Stiffeners

Floor to Shell, IB & Long

Floor to Long Bhd

Floor to Side Girders

C.V.K. to Floor

Stiff to Floor & Longils

FC PL “ko Horlz Web

Horlz Web Stiffeners

Horiz Web to Vert kb &Longll Bhd

Vert Web to FC PLIS & Part Bhd

Vert Web to 2nd Dk & 1.8.

Dlaph to Dk & Transv Box G

Diaph Stiffeners

Vert Web Stiffeners

Partial Bhd Periphery

Partial Bhd Stiffeners

Length
( Feet)

82*O

82*O

12.0

52.25

23.25

100.5

7.25

44.0

16.0

12.0

28.0

21.0

38.88

4.25

4.75

4.75

5.25

78

5*O

5.0

43.0

5.0

27.5

17.0

6.33

89.5

11.5

Number

10

10

20

20

20

20

20

60

20

20

10

30

40

20

160

20

180

20

150

60

20

20

30

30

140

5

120

Tota I Lengtfi
of Double

Fillet Welds
(Feet)

820

820

240

1,045

465

2,010

145

2,640

320

240

280

630

1,555

85

760

95

945

1,560

750

300

860

100

825

510

886

440

1,380

20,/14

Design Weld
Size

(In
txistlng

1/4

1/4

1/2
~

3/16

3/16

5/16

3/16

5/16

3/16

3/16

3/16

3/8
~

~

m

3/16

3/16

3/16

3/16

3/8

1/4

7/16

3/16

3/16

3/16

3/16

3/16

( Pc
q

174

174

180

173

56

240

48

316

106

29

33

75

630

82

308

11

113

186

90

143

143

65

99

61

106

54

165

3,860

weight of Design
Welds

ds)
-

136

136

156

125

40

174

39

228

87

21

24

54

516

72

429

8

82

135

65

122

103

56

71

44

76

39

119

3,1>/
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TABLE F-1 (Cont!d)

Tota 1 Length
Length

Design Weld welgh~ of Design

STRUCTURAL CONNECTION of Double Size
(Feet) Number

Welds
Fillet Welds (Inqhes) (Polrids)

(Feet) Existing Proposed txtsting Proposed

Deck Transv to Deck 82.0 14 1,148 1/4
1/4

y 244 191

Deck Transv to FC PL 82.0 14 1,148 1/4 244 191

Deck Transv to Long Bhd 12.0 28 336
1/2

y 7/16 252 218

Web IWO Box Girder Inc. A.O. 52.25 14 732 3/16 122 87

Stiff on Web IWO Box Gird 23.25 14 326 3/16 * 39 28

Bhd Stiff to PL 43.25 210 9,082 3/16
3/16

1,086 784

Stiff to Floor & Longlls 5.25 126 662 3/16 * 79 57

C.V.K. to Floor 4.75 14 66 3/16
3/16

8 6

Floor to Long. Bhd 5*O 14 70 7/16 ~ 46 40

Horiz Web to Bhd 64.0 14 896 3/16
3/16

~ 107 77

Face Plate to Horlz Web 82.0 14 1,148 3/16 ~ 137 99

Stiff on Horiz Web 4*O 252 1,008 3/16 ~ 120 87

Horiz Web &Collar PLto Bhd Stiff 2.0 336 672 3/16 80 58

Vert Web to Bhd 28,5 14 399 3/16 *2) 48 66

Vert Web to FC PL 43*O 14 602 1/4
1/4

128 100

Vert Web to 2nd Dk & I.B. 5*O 28 140
9/16

1/2 135 119

Vert Web Stiff 6.33 196 1,241 3/16
3/16

148 107

Diaph to Dk & Trans.v Box Girder 27.5 42 1,155 3/16 $ 138 100

Diaph Stiffeners 17.0 42 714 3/16
3/16

~ 85 62

Bhd Periphery 7*5 28 210 5/16 v 70 57

t311MAlk FUR Ww S I kRN
MACt41NERY SPACE ~ DeCkhOuse 35,840 0.232 Avg. 0.204 AVC 6,559 5,071

TOTAL 191,667 0.232 Avg. 0.204 Av~ 35,116 27,061

NOTES:
(1) The 470.17 foot long cargo section Is assumed to be eskmntlally prismatic. Therefore, the length and

weight estimates for the cargo section should be slightly high. This Is compensated for by deliberately
underestimating weld lengths and weights for the bw, stern, machinery space, and deckhouse.

(2) Proposed weld sizes which are increased from existing values are highlighted by reference to this note.
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TABLE F-2

LENGTHS AND WEIGHTS OF UNALTERED WELDS FOR VANGUARD CLASS CONTAINERSHIP

Tots [ Length

STRUCTURAL CONNECTION Length of Double Design weld Weight of Design
( Feet) Number Fillet Welds Size Welds

(Feet) (Inches) (Pounds)

Inbd. Hatch @amIng to Dk& to 392.67 4 1571
5/16

Face Plate
428

Outbd Hatch Coaming to Dk & to 413.53 4 1653
5/16

450
Channel

Long. Bhd. to Deck 470.17 2 940 9/16 1o11

Inner Bottom to Longll. Bhd. 470.17 2 940 3/8 449

Long. Bhd. to Shell 470.17 2 940 3/8 449

N.T. Girders to Shell 470.17 6 2821 3/16 337

W.T. Girders to Shell & I.B. 470.17 4 1881 3/8 899

C.V.K. to I.B. 470.17 1 470
1/4

~
78

C.V.K. to Shell 470.17 1 470 128

- - ~ — U*”.< Avg. 4,229

Transv. Frame End Corm. 1.833 1056 1936 3/16 231

Clips at 2nd Dk. 2.833 528 1496 1/4 318

Bilge Brackets 12.25 264 3234 1/4 687

Solid Floors to Shell, I.B. & Long. 38.88 160 6221 1/4 1322

FR 40 WITH
SOLID ~LOORS ● - 12,887 0.242 Avg. 2,558

Hatch tiaming Brackets 5.25 74 388 1/4 82

Header Below 2nd Dk. 18.33 74 1356 3/16 162

Strgr. b. 1 & 2 S+lff. End Corm. 0.833 296 247 1/4 52

Floor to Shell, I.B., & Long. 38.88 14a 5754 1/4 1223

AL-31 ~wt15 F. K. # 45 ● 40 AVg . 1,519

Hatch Coaming to Dk. & to Channel 82.0 20 1640
5/16

T 447

Hatch ~amlng Brackets 5.25 100 525 1/4 112

Stiff. on Transv. Mx Girder 82.0 30 2460 3/16 294

Strgr. lb. 1 & 2 *O Transv. Mb 18.75 40 750 5/16 249

F-lo



TABLE F-2 (Conttd)

STRUCTURAL CONNECTION

Hatch tiamlng to Dk. & to Channel

Hatch Ihamlng Brackets

Stiff. on Transv. Wx Girder

Bhd. Periphery Inc. tillar Plates

Bhd. Periphery

Bhd. Periphery

Bhd. Periphery

Bhd. Periphery inc. ti!lar Plates

Horiz. Mb to Vert. Webs &
Long. Bhd.

Collar P!. to i-ioriz. Wsbs

Strgr. h. 1 & 2 to Transv. Wab

Vert. W=b to Bhd.

TAL - I BHIJS.
0TAL-ALL CARGO SELrlON SIRUCT .

Ik FOR Bo~
SPACE, AND DEC;HOLISE ‘ ‘

AL

Length
( Feet)

82.0

5.25

82.0

163.5

60

45

142.25

387

5.0

1.25

18.75

14.5

Number

20

100

42

7

7

7

7

7

84

336

28

14

-

1640

525

3444

1144

420

315

996

2709

420

420

525

203

5/16

1/4

3/16

1/4

1/4

5/16

5/16

3/8

5/16

1/4

5/16

1/4

12,161 . 12 Avg.
50,454 . /1 Avg.

11>604 0.271 Avg.

?058 . /1 Avg.

F-n

Weight of Design
Welds

(Pounds)

441

112

412

190

89

86

531

1097

139

89

174

34

5,200
12,608

~



MIDSHIP SECTION - 1981 ABS RULES

(Terms are as defined in AM Rules unless noted otherwise)

Principal Dimensions

LOA 7251-011

B lo31-o~l

D 6(j1-I)l!

Values at scantling

d 341-011

LWL 702’–0”

LBP (j87~-6Jl

Weights (Long Tons)

Light Ship 12,500

Fuel Oil 3,300

D.O.& L.O. 30

draft: Fresh water 300

crew & Skores 50

Cargo 19,740

Clean Ballast 2,580

TOTAL DEADWEIGHT 26,000

DISPLACEMENT 38,500

(at scantling draft)

REQUIRED SECTION MODULUS - MILD STEEL

Section 2.1

Section 6.3. l(a)

Section 6.3.l(b)

Section 6.3.2 (a)

Section 6.3.2(b)

Scantling length = L = 0.97 x LwL = 680.94’

SM = Mt/fp

790-L
fp= 10.56 -—=

845
10.431 LT/in2

c1 = 0.01441
[10-75 - (-) ‘“’1=0-’4211

Cb =
Displacement x 35 ft3/LT

LxBxd

= 0.56507 (use minimum value

of 0.60 for this

section)

Min. SM = O.OIC1 L2B(Cb + 0.70) = 88,231 in2 ft

c~t =
[

690–L

‘“275 + 16,400 110-3 = 0.27555 X 10-3

Cb = 0.64 (minimum value for this section)

2.5 B (Ch + 0.5)M Sw = CSt L = 391,485 Ft-LT

Cb = 0.64 (minimum value for this section)

Kb = 1.4 - 0.5 Cb = 1.08

C2 = [6.53Cb + 0.57 ]10-4 = 4.7492 X 10-4

F-12

486-83@
.@ .-.



‘e = 0.0181 L + 11.535 = 23.860 Ft

~= C2L2BHe Kb = 584,480 Ft-LT

Mt = MSw -t~ = 975,965 Ft-LT

SM = ~/fp = 93,564 in2 Ft (96 and 93% of 1970
ABS Rules Deck and Baseline Values)

REQUIRED MOMENT OF INERTIA AND SECTION MODULUS - H32 STEEL

Section 6.13.2 1H32 = L x SM\34.1 = 1,868,372 in 2 Ft2

Section 6.13.3 Q = 0.78050 (see page E-11)

SMH32 = Q(SM) = 73,027 in2 Ft

SCANTLINGS

Use H32 rmaterial in deck.

Reduce

Reduce

Reduce

main deck and shear strake from 56.1# to 45.9# ~

longitudinal bulkhead from 56.1# to 40.8#

main deck longitudinal from 51.0# to 40.8#

Resulting properties:

1 = 2,774,384 in2 ft2 > 1,868,372 in2 fk2

SMW = 74,890 in2 ft > 73,027 in2 ft

SM
%

= 120,867 in2 ft > 93,564 in2 ft

Neutral axis is 22.954 Ft above ~

MAXIMTJMlHULL GIRDER SHEARING FORCE

Section 6.3.3(a)
‘P = ‘Sw + ‘~

Section 6.3.3(b)
‘P

= 5.0 M,-.w/L+ 2.6 ~/L = 5106.3 ‘T

F-13



SIMPLIFIED STRESS ANALYSIS FOR BOTTOM LONGITUDINAL

Bottom longitudinal are rolled 8“ x 4“ x 7/16” mild steel angles with

spacing on 39.525# mild steel bottom plate and spans of

Section 3.9 Effective plate width = (5.167’ x 12’’/’)/3

) I——— ——.

51-2*I.

= 20.667”

~—_-—..—
— ————-—

+
—..—--—

2D.647’’EFFEcTIvE WIDTH X0.96t375r’

Section 7.3.8 c= 1.30

h=2/3x60~t=40Ft

L = Span = 6 Ft minimum

s = Spacing = 3.o83 Ft

Design Load on Longitudinal=

64#/Ft3 X 40 Ft X 6 Ft X 3.083 Ft = 47,355#

Actual Load on Longitudinal=

64#/Ft3 X 40 Ft

[ ‘-167 ‘t x 3-083 F~::(3”0:3 ‘t) 21= 28r614#4



Design stresses for containership mild steel bottom structure

Section 6.3.l(a) Up = 10.431 Lt/in2 = 23,365 PSI

Section 7.3.3 and
Page E-23 Oq = 15,610/1.30 = 12,008 PSI

%= 35,373 PSI

section 6.3.3 ‘P = 6.75 Lt/in2 = 15,120 PSI

Use 60% of ~~ ~ = 0.6 (12,008)< = 7,205 PSI

TT = 22,325 )?S1

Primary Strength values,
‘P

= 5106.3 LT = 11,438,112#

(AY)P = 9.497 in. Ft2

1P
= 2,774,384 in2 Ft2

Secondary Strength Values, Design V~ = 23,677#

Actual Vs = 14,307#

(AY)s = 22.834 in2

Is = 164.87 in4

1

[p p

v (AY) + Vs (Ay)s
‘r =

~
1P

Is 1
D = 0.628 (Tr) + 0.085” for mild steel.

For design load, Tr = 22 32; #/in~ [39.2 #/in. + 3279.2 #/in.] = 0.14864 in.
I

D = 0.628 (0.14864”) + 0.085” = 0.1783” > 0.1562” N.G.

1
For actual load, Tr =

22,325 #/inZ
[39.2 #/in. + 1981.5 #/in.] = 0.090513 in.

D = 0.628 (0.090513”) + 0.085” = 0.1418” < 0.1562” OK

NOTE : The difference between the actual and design values primarily accounts

for that portion of the load on the bottom shell plating which would

be transferred directly into the floors rather than through the

longitudinal and then into the floors. This correction is more

important to an analysis of shear forces (as required here) than to an

analysis of bending moments in the member (as required by normal ABS

Rule design procedures) because the load removed is near the ends of

the span. The conservative values specified by ABS for an analysis of

bending moments also helps to ensure that the longitudinal selected



will have sufficient inertia to prevent premature buckling of the

bottom shell. This design requirement does not put a significant load

on the weld connection. Hencer there should k no significant problem

with using a lower load for the shear stress analysis of the weld

connection than that used for a knding stress analysis when sizing

the longitudinal.

F-16



CONNECTION OF BOTTOM LONGITUDINKLS TO SUPPORTING STRUCTURE

1-

%SECTION L OKING FORWARD

rules, design head is 2/3 x 60’ = 40t , and minimumFrom Section 7.3.8 of ABS
design span is 6’. Actual span is 5.17’ and spacing is 3.083’. Total design
load on connection is:

40 Ft X 64 #/Ft3 X 6 l?tX 3.o83 Ft = 47,355 #.

Chapter 7 of the ABS rules does not give allowable stresses for double bottom

floors. Thereforer a total allowable shear s-tress of 24,976 PSI from ~ge

E–22 will be used. Based on a grillage analysis of the double bottom

structure, the maximum shear stress in the floors is 3698 PSI. Hence, an
allowable shear stress for this local connection is: 24,976 - 3698 = 21,278 PSI.
The required local floor thickness is then:

Tr =
47,355 #

6“ X 21,278 pCJ~= o.37091’,

F-17



and the required weld is:

D = 0.628 (0.3709”) + 0.085” = 0.3179”.

The equivalent weld size provided is approximately:

~ = 6“ X 0.25” + 5“ X 0.15625”
~,, = 0.3802” > 0.3179” OK.

In this case, collar plates are not required; the web and flat bar connections

are adequate. However, if the flat bars are eliminated for any reason, the

weld of the floor to the Iongitudinals should w increased, collar plates

added, or the design load could possibly be reduced as discussed on pages F-14

and F-15.



DOUBLE-BOTTOM GIRDERS

Design load for bottom

is head of 2/3 x 60’ =

Design pressure =

40 Ft X 64 #/Ft3 = 2560 #/Ft2 ll~il

t

ill
+-–l–j- +–;–+–]-d

Total load =

J

lll;ll,~~:
256o #/Ft2 X 82.25’ X 41.33’ = 8r702,445#

~+_~_l–+_ ,_ + _,_ J&:

Check weight of containers
11/!}

11.86 LT/CONT,x 9 athw x 7 high x 2 rows = ill

1494.36 L!C = 3,347,366# J-+-++-/-+-/-+ ~

Does not govern even if dynamic effects L–pJ-l- + +-~ +.1-.~ :
were included. ;

~ –/–+ +–/–+--1–;
r~

[1 I ‘Grillage will be essentially simply /111’’%071875”i ,
,,

supported along longitudinal edges

2

I I-L —__
-1-

and Fixed along athwartship edges. SHOFT &4’’xo,625° ‘ I I I
-WEBS

1

I ill
using Schade’s grillage analysis 111’’xo.qiwls”

q t-l-t-t-
(Trans. SNAME 1941) :!111

“id ‘ ‘ ‘

a = 82.251

Sa = 5.167’

Ina = 127,676 in~

Ipa = 114,454 in4

la = 2059.3 in3

Aa = 35.06 in.

‘a = 37.475 in.

~=m=
na

b = 41.33’

sb = 9.25’

Inb = 220,449 in4

Ipb = 204,779 in4

ib = 1986.0 in3

Ah = 41.25 in2

~b = 37.827 in.

62’’Ka7l875°

0.9125 p= a/b w = 1.972

t

L6f~OA3]23’1

ia
62”%o.9h!?75r’

~ONGWEB5
From Figure 6, K = 0.0930 and Ox = K

pb2 r
h = 7746 PSI

ib

From Figure 9, maximum shear stress in short webs, K = 0.513 and

From Figure 8, maximum shear

-r =

‘:+=

n~

stress in long webs, K = O.zss and

3698 PSI

F-19
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APPENDIX G

CALCULATIONS FOR CRESCENT CLASS ORE/BULK/OIL CARRIER

G-1
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NOTE :

1.

2.

3.

4.

5.

6.

7.

Scantlings shown are to 1981 ABS rules.

Material not noted to be ABS-MS.

All

Key

a.

b.

scantlings shown apply to .4L midship length except as noted.

to weld sizes:

Upper weld sizes are from existing AM rules.
The circled value is the line number from those rules.

Lower weld sizes are from proposed weld size tables.
The percentage shown is the minimum joint efficiency after

weld and base materials have ken corroded 0.060 inch per surface.

Weld for 1.375” plating requires ABS approval. Since plating is only

3% thicker than the maximum value for which a weld is specified

(1.34”) the next larger weld size

(11/32 or
3/8
~) is used.

Weld determined from 30% efficiency for H32 material:

3/8
D = 0.3 x 0.668(T - 0.12) + 0.085” = 0.3365” or 11/32 or —

5/16

Minimum weld size for oil carriers is used (1/4” for ABS welds and
3/16” for proposed welds).

G-4
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TAEII F r-l

LENGTHS AND WEIGHTS OF ALTERED WELDS FOR CRESCENT CLASS ORE/BULK/OIL CARRIER

Number Double Fillet Weld Weld

I tern
Length Both Weld Size Weight

(Feet) Sides Length (Inches) (Pounds)

(Feet) Existing Proposed Existing Proposed

Stringer R (161-2!1 ABL) to

Side Shell 610 2 1,220 5/16
5/16

F
405 332

Long!ts. to Hopper Side R 610 14 8,540 1/4 3/16 1,815 1,021

Ihner Bottom Longlls. to Inner

Bottom R 610 40 24,400 1/4 3/16 5,185 2,917

Bottom & Bilge Longlls. to R 610 32 19,520 1/4 3/16 4,148 2,333

Side Girders (N.T.) to Inner 610 6 3,660 1/4
5/16

W(2) 778 997
Bottom

Side Girders (N.T.) to Bottom 610 6 3,660 1/4
5/16

W(2) 778 997
She[ I

Side Girders (W.T.) to Inner 610 2 1,220
7/16

m 9/16(2) 689 1,312
I?ottom

Side Girders (W.T.) to Bottom 610 2 1,220 1/2 9/16(2) 1,037 1,312
Shel I

C.V.K. to Inner Bdtom 610 1 610
5/16

T
3/8(2) 166 292

C.V.K. to Bottom Shell 610 1 610 1/2 9/16(2) 519 656

SUBTOTAL-Longl l.Struct. Cargo.

Section 64,660 0.266 avg 0.235 avg 15,520 12,169

G-7



TABLE G-1, LENGTHS AND WEIGHTS OF ALTERED WELDS FCR CRESCENT CLASS ORE/BULK/OIL CARRIER (tintId)

I tern

Brkt-Upper Dk to Transv Fr (Inbd )

Brkt-Upper Dk to Shell ill

Brkt-Shell to Trans.v Fr (461 ABL)

Transv Fr to Slanting Wing TankiL

Transv Fr to Shell FL

Transv Fr to Cargo Side Bhd

Stiff to Side Girders (I.E.)

Docking !3rkt to I.B., C.V.K

& Bottom ill

Slanting Wing Tank Stiffs.

(End ConnectIons)

SUBTOTAL-98 Ordinary Transv Fr

Length

( Feet)

12.5

4*O

6.75

20.5

28.0

28.0

5.75

10.0

2.5

196

196

196

196

196

196

736

196

392

2,450

784

1,323

4,018

5,488

5,488

4,232

1,960

980

3/16

3/16

1/4

%

26,723 0.252 avg 0.197 av

1/4

5/16

1/4

1/4

1/4

1/4

1/4

1/4

1/4

5/16

1/4

1/4

x

3/16

3/16

3/16

G-8

=sl

77
(Pounds)

Existin Pro osed

521 407

260 213

281

854

1,166

1,166

899

417

208

220

480

656

656

506

234

163

d5,772 3,535



TABLE G-1, LENGTHS AND WEIGHTS OF ALTERED WELDS FOR CRESCENT CLASS ORE/BULK/OIL CARRIER (Contld)

Number Double Fillet Weld Weld

I tern
Length Both Weld Size Weight

(Feet) Sides Length (Inches) (Pounds)

(Feet) Existing Proposed Existing Proposed

Transv Fr to Dk IL 15.0 112 1,680 1/4 3/16 357 201

Transv Fr to Sheer & Semi Sheer

Strake 9.25 112 1,036 1/4 3/16 220 124

Transv Fr to Slanting Wing Tank

R 17.0 112 1,904 1/4 3/16 405 228

Transv Fr to Shell R 36.0 112 4,032 1/4 3/16 857 482

Transv Fr to Cargo Side Bhd 28.0 112 3,136 1/4 3/16 666 375

Floor (Brkts) to Bilge Strake

& Bottom R! 47.5 112 5,320
5/16

1/4
1/4 1,44a 1,131

Floors to Inner Bottom &

Hopper Sides 36 112 4,032
3/8

5/16
5/16 1,633 1,339

Floors to Outbd Side Girder 5.5 112 616 3/8
3/8

E
295 250

Floors to Outbd Side Girder 5*5 112 616 7/16
7/16

F
401 348

Stiffeners to Floor E (Bilge) 45.0 112 5,040 1/4 3/16 1,071 602

Stiffeners to Floor R (Except

Lower Stools) 5.0 640 3,200 1/4 3/16 680 382

Stiff to N.T. Floors of Webs

@Lower Stools 5.0 320 1,600 1/4
1/4

340
x

266

Bottom & Bilge Longrls to Floors 0.42 1,792 753
5/16

F
1/4 205 160

Inner Bottom Longlls to Floors 0.33 3,024 998
3/8

z
5/16 404 332

Inner Bottom LongIfs to Collars
3/8

@Floors 0.33 1,344 444
%

5/16 180 147

Slanting Wing Tank Stiffs

(End Connections) 3*O 224 672 1/4
1/4

143 112
E

SUBTOTAL-56 Web Frames 35,079 0.279 avg 0.233 avg 9,305 6,478
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TABLE Gl, LENGTHS AND WEIGHTS OF ALTERED WELDS FOR CRESCENT CLASS ORE/BLILK/OIL CARRIER (Contld)

Number Double Fillet Weld Weld

Itern
Leng?h Both Weld size Weight

( Feet) S ides Length (Inches) (Pounds)

(Feet) Existing Proposed Existing Proposed

Brkts (Floor-Sfde Fr) to Side

Shell R 8.0 98 784 1/4 3/16 167 94

Brkts to Bilge PL & Floors to

Bottom R 47.5 98 4,655
5/16

T
1/4 1,267 989

Floors to Inner Bottom &

Hopper Sides 36 98 3,528
3/8

5/16
5/16 1,429 1,171

Floors to Outbd Side Girder 5.5 98 539 3/8
3/8

E
258 218

Floors to Outbd Side Girder 5.5 98 539 7/16
7/16

351
z

304

Stiffeners to Floor FL (Bilge) 45.0 98 4,410 1/4 3/16 937 527

Stiffeners to Floor R 5*O 784 3,920 1/4 3/16 833 469

Bottom & Bilge Longrls to Floors 0.42 1,568 659
5/16

F
1/4 179 140

Inner Bottom Longlls to Floors 0.33 2,646 873
3/8

%
5/16 354 29o

Inner Bottom Long~ls to Collars

QFloQrs 0.33 1,176 388
3/8

z
5/16 157 129

SUBTOTAL-49 Solid Floors 20,295 0.293 avs 0.251 avg 5,932 4,331
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TABLE Gl, LENGTHS AND WEIGHTS OF ALTERED WELDS FOR CRESCENT CLASS ORE/BULK/OIL CARRIER (Cent’d)

Itern I Length
( Feet)

Upper Stool K! to Deck R

Stiffeners to Bhd R (Upper Wing
Area)

Stiff to Diaph IL Wi”thin Upper
S*OO 1

Diaph R (Upper Stool) to Transv
Ill stiff

Brkt (Upper S-tool) to Rolled R

Brkt (Upper Stool) to Dk E &
Tank Overhead E

Tank Overhead Ii! and Chock to
Transv R Stiff

Tripping Stiffener to Bhd R

Stiffeners to W.T. Floor

Stiffeners to W.T. Floor
(Bilge Area)

W.T. Floor to Inner Bottom Ill

Inner Bottom Longlls to W.T.
Floors & Collar E

Longtl Portion of Bhd Flutes
to Upper Stool

Brkt to R and Stiff (Lower
Stoo I )

Stiffeners to R (Lower Stool)

Diaphs Above Longll Gls to
R (Lower Stool)

49.0

80.0

6.5

3*O

3.5

6.5

49.0

8.0

5.0

53.0

40.0

3.38

3.33

14.75

8.75

27.o

Stiff on Diaphs Above Longll Gls
(Lower Stool) 38.0

Bhd Periphery to Cargo Side Bhd 5.5

Bhd Periphery to Cargo Side Bhd 7.5

Bhd Periphery to Cargo Side Bhd 7*5

SUBTOTAL - 10 Bulkheads

NiiiimF
Both

S Ides

20

20

340

300

300

300

40

150

160

20

20

400

210

200

36o

90

90

20

20

20

)ouble }illet
Weld

Length
(Feet)

980

1,600

2,210

900

1,050

1,950

1,960

1,200

800

1,060

800

1,352

699

2,950

3,150

2,430

3,420

110

150

150

28,921

w Id
S?ze

( Incl
Existlnq

3/8

1/4

1/4

5/16

5/16

1/4

7/16

1/4

1/4

1/4

7/16

7/16
m

3/8

5/16

1/4

3/8

1/4

5/16

3/8
m

3/8

3.306 avg

s)
Proposed

*2:

3/16

3/16

5/16
~

3/16

7/16
~

3/16

3/16

7/16(2

7/16(2

*2

5/16

3/16

5/16
m

3/16

%2

*2

%2

0.278 av:

Weld
Weight

(POI ds)
Existing ~

397

340

470

299

349

414

1,276

255

170

225

452

763

283

979

669

984

727

37

61

72

9,222

553

191

264

245

286

233

1,106

199

96

127

521

880

395

803

377

662

409

62

85

85

7,579
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I tern

Transv Fr to Slanting Wing Tank R

Transv Fr to Shell R

Transv Fr to Cargo Side Bhd

Floors (Brkts) to Bilge Strake &

Bottom K

Floors to Inner Bottom & Hopper

Sides

Floors to Outbd Side Girder

Floors to Outbd Side Girder

Stiffeners to Floor R (Bilge)

Stiffeners to Floor E

Bottom and Bilge Longlls to

Floors

Inner Bottom Longfls to Floors

Inner Bottom Longlls to

Collars @ Floors

SLIBTOTAL-10 Transv Bhd Fr

SUBTOTAL-ALL CARGO SECTION

STRUCTURE

ESTIMATE FOR BOW, STERN, AND

DECKHOUSE(’)

TOTALS

Length

( Feet)

17.0

36.0

28.0

47*5

36

5.5

5.5

45.0

5.0

0.42

0.33

0.33

Number

Both

Sides

20

20

20

20

20

20

20

20

160

320

540

240

Doubl&” Ffl19t” ““” We~d”” Wet d

Weld Size Weight

Length (Inches) (Pounds)

(Feet) Existlngl Proposed Existing Proposed

340

720

560
1

950

720

110

110

900

800

134

178

79

1/4

1/4

1/4

5/16

F

3/8

x

3/8

7/16

1/4

1/4

5/16

F

3/8

m

3/8

x

1/4

%

3/16

3/16

1/4

5/16

3/8

m

7/16

F

3/16

3/16

1/4

5/16

5/16

72 56

153 86

119

259

292

53

72

191

170

202

239

45

62

108

96

36

72

32

28

59

26

I I
5,601 0.283 av~O.237 avg 1,521 1,074

181,279 I 0.277 avd 0.239 av~ 47,272 I 35,166

I }

32,630 0.277 av~ 0.239 avc 8,512 6,337

213,909 55,784 41,503

I

NOTES :

(1) The 610 foot long cargo section is assumed to be prismatic. Therefore, the length and weight estimates for

the cargo section should be sllghtly high. This is compensated for by deliberately underestimating weld

lengths and weights for the bow, stern, and deckhouse.

(2) Proposed weld sizes which are increased from existing values are highlighted by reference to this note.
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TABLE G2

LENGTHS AND WEIGHTS OF UNALTERED WELDS FOR CRESCENT CLASS ORE/BULK/OIL CARRIER

Total Length

Item Length of Double Design Weld Weight of
( Feet) Number Fillet Welds Size Design Welds

(Feet) (Inches) (Pounds)

Longrl. Hatch Coamlng to Upper Dk. 40.0 18 720
5/16

~ 196

Deck Longfls to Deck E 610.0 20 12,200 m 4,942

Longrls to Shearstrake & Semi- 610.0 8 4,880
3/8
m 1,977

Shearstrake

Stringer 441-8-5/811 ABL to Shell 610.0 2 1,220
7/16

689

Cargo Side Bhd to Stringer 610.0 2 1,220 5/16 405
441-8-5/8,, ABL

Cargo Side Bhd to Stringer
161-211 ABL 7/16

610.0 2 1,220 689

Side Fr. & Brkt. to Stringer
441-8-5/811 ABL 5.0 196 980 1/4 208

Side Fr. to Stringer 16!-2” ABL 2.5 196 490 1/4 104

F/g E (20.4#) to Lower Side Shell
& Hopper Side 10.4 196 2,038 1/4 433

W.T. Side Girder Stiffener to
Inner Bottom 1.0 196 196 5/16 65

Transv. Fr. Brkt. (upper Dk. 20.0 112 2,240 1/4 476
to Slanting Wing Tank)

Brkt. (Side Shell Stiff. to 5*75 112 644 1/4 137
Slanting Wing Tank Stiff.)

Side Fr. & Brkt. to Stringer 5.0 112 560 1/4 119
44!-8-5/811 ABL

Side Fr. to Stringer 2.25 112 252 1/4 54
161-2~1 ABL

Floors to Side Girders & C.V.K. 11*O 392 4,312
3/8

1,747
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TABLE G-2 (Contid)

Tots I Length

Item Length of Double Design Weld Weight of
( Feet) Number Fillet Welds Size Design Welds

(Feet) (Inches) (Pounds)

Wing Tank Bhd PL Periphery 79.25 20 1,585
5/16

z

432

W.T. Bhd PL to Upper Stool PL 140.0 10 1,400 ~ 567

W.T. Bhd PLto Slanting Wing 30.8 20 616 m 348
Tank PL

W.T. Bhd PL to Cargo Side Bhd 7.0 20 140
7/16

m 79

Bhd PLto Lower Side Shell, 25.0 20 500 3/8 239
tipper Side & Lower Stringer

Floors to Bottom Shell 58.25 20 1,165 7/16 758
& Bilge PL

Floors to Side Girders & C.V.K. 12.33 90 1,110 7/16 722

Shedder PL to Bhd 9.0 300 2,700
7/16

~
1,524

W.T. Bhd PL to Lower Stool PL 196.67 10 1,967 1,110

Upper Stool Dlaph. PL Periphery 31*75 170 5,398 1/4 1,147

Brkt. - Upper Dk to Transv. Fr. 20.2 20 404 1/4 86
(Inboard)

Transv. Fr. to Stringer 5.0 20 100 1/4 21
44-18-5/811 ABL

Transv. Fr. to Stringer 2.0 20 40
161-211 ABL

1/4 9

Floors to Side Girders & C.V.K. 5.5 140 770
3/8

312

Floors to Side Girders & C.V.K. 5.5 686 3,773
3/8

1.528

SUBTOTAL-SOLID FLOORS 3,773 0.344 AvcJ. 1,528

Dk PL Periphery @ Hatch Opening 49.0 18 882
3/8

357
Trans. Edge

Transv. Hatch Coaming 49*O 18 882
5/16

T 240

~ L-Ml C. 1,764 597
● (56,604) (O 336). (21,/201

Alt I-CRBOW 5ItKN
DECKHOUSE ‘ ‘

AND
10,189 0.336 Avg. 3,911

Tal C t, & 7*C .,,. L41



MIDSHIP SECTION - 1981 ABS RULES

(Terms are as defined in AES Rules unless noted otherwise)

PrinciDal Dimensions

LOA 8711-011

B lfJ6 ~-(311

D 60J-011

Values at scantling draft:

d 441-31J

LWL 8471-918

LBP 8271-018

Weights (Long Tons)

Light Ship 17,400

Fuel Oil 3,300

D.O.& L.O. 50

Fresh water 280

Crew & Stores 50

Cargo 69,520

TOTAL DEADWEIGHT 73,200

DISPLACEMENT 90,600

(at scantling tiaft)

REQUIRED SECTION MODULUS - MILD STEEL

Section 2.1

Section 6.3.l(a)

Section 6.3.l(b)

Section 6.3.2 (a)

Section 6.3.2(b)

Scantling length = L = 0.97 x LWL =

SM = ~/fp

L-790
fp = 10.56 -—=

2045
10.576 LT/in2

c1 = 0.01441
[10w7’ - (-)’”51=

822.32’

0.14992

c~ =
Displacement x 35 ft3/LT

= 0.82212

LxBxd

Min. SM = O.OIC1 2 ft2L2B(Cb + 0.70) = 163,567 in

Cst =
[

L-820
0.275 -—

11,600110-3 = 0.27480 X 10-3

M = Cst L 2*5 B (Cb + 0.5) = 746,785 Ft-LTSw

Kb = 1.0

C2 = [6.53 Cb + 0.57] 10–4 = 5.9384 X 10-4

He = [4.5L - 0.00216L2 + 335] 10-2 = 25.748 I?t
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~=c@2=e Kb = 1,095,975 l?t-LT

Mt = MSW + Elw = 1,842,760 Ft-LT

SM = Mt/fp = 174,240 in2 Ft (96 and 91% of 1970

ABS Rules Deck amd Baseline values)

REQUIRED MOMENT OF INERTIA AND SECTION MODULUS - H32 STEEL

Section 6.13.2 IH32 = L X SM/34.l = 4,201,790 in2 Ft2

Section 6.13.3 Q = 0.78050 (see page E-n)

SMH32 = Q(SM) = 135,994 in2 J?t

SCANTLINGS

Use H32 material in deck and bottom structure with mild steel elsewhere.

Reduce 61.2# deck and sheer strake to 58.65#

Resulting properties:

I = 4,427,616 in2 ft2 > 4,201,790 in2 ft2

SM~ = 140,980 in2 ft > 135,994 in2 ft

SM =
%

154,844 in2 ft > 135,994 in2 ft

Neutral axis is 28.594 Ft above ~

MAXIMUM HULL GIRDER SHEARING FORCE

Section 6.3.3(a)
‘P = ‘Sw + ‘w

Section 6.3.3(b)
‘P

= 5.0 Msw/L + 2.6 ~/L = 8006.0 ‘T

G-16



SIMPLIFIED STRESS ANALYSIS FOR BOTTOM LONGITIYJDINALS

Bottom Iongitudinals are rolled 9“ x 4“ x 9/16” AH 32 angles with
on 35.7# DH 32 bottom plate and spans of 5’–0”.

40” spacing

Section 3.9 Effective plate width = (5’ x 12’’/’)/3 = 20”

r9x@,L

F,~

Z.1829”m
I/

I

t~ — NA
—--— -. _ —-+ ...-— —. -.—.— _.1
r --—’-–-~–--’iik--iiki IL ZQ’’EFFECTIVE WIDYH x 0475”

Section 7. 3.8 c= 1.30

h = 44.25 Ft

IJ = Span = 6 Ft minimum
s = Spacing = 3.333 Ft

Design Load on Longitudinal=

64#/Ft3 X 44.25 Ft X 6 Ft X 3.333 Ft

Actual Load on Longitudinal=

64#/Ft3 X 44.25 Ft

r (

4 3.333 Ft
~ Ft X 3.333 Ft –~

2
L

= 56,634#

2

)]
= 31,465#

%.

+ 1
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Design stresses for O/B/O H32 bottom structure

Section 6.3.l(a)

and 6.13.3 Op = 10.576 Lt/in2/0.7805 = 30,353 PSI

Section 7.3.8 and
o = 15,610/(1.30 X 0.7805) = 15,385 PSIPage E-24

OT = 45,738 PSI

T = 6.75 Lt/in2 /0.7805Section 6.3.3 &
P

= 19,372 PSI

6.13.3

tJse 60% of as T c. = 0.6 (15,385) = 9,231 PSI

TT = 28,603 PSI

Primary Strength values,
‘P

= 8006.0 LT = 17,933,440#

(AY)P = 16.404 in. Et2

= 4,427,616 in2 ~t2
1P

Secondary Strength Values, Design V~ = 28/317#

Actual Vs = 15,733#

(AY)s = 30.544 in2

Is = 246.7 in4

Tr =
1

[p p

V (AY) + Vs (Ay)s

~
1P

Is 1

II = 0.668 (Tr) + 0.085” for H32 steel.

For design load~ Tr =
1

28,603 #/inZ
[66.4 #/in. + 3505.9 #/in.] = 0.12489 in.

D = 0.668 (0.12489”) + 0.085” = 0.1684” < 0.1875” OK

For actual load, Tr =
1

28,603 #/inL
[66.4 #/in. + 1947.9 #/in.] = 0.070423

D = 0.668 (0.070423”) + 0.085” = 0.1320” < 0.1875” OK

,..”-. ......

Smp /m P&wi- +

in.
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