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ABSTRACT

Thi s paper reviews devel opnent of
wel d design equations which can be used
to analyze beveled partial penetration
tee Joints. The method devel oped herein
follows closely the devel opment of
equations for design of square edge
partial penetration tee Joints which was
presented at the 1936 Ship Production
Synﬂoslunl for U S. Navy ship de3|%n
technical authority is vested in the
Naval Sea Systems Conmand (NAVSEA). The
publ i shed NAVSEA design criteria for
partial penetration tee joints is so
conservative that it is mathematically
inpossi ble to design a conventional 100
Eercent efficient partial penetration

eveled tee Joint. The alternate nethod
for beveled Joints outlined in this
Paper mght be an acceptable replacenment

or the sinple, though unduly, conserva-
tive existing design criteria with a
nore rigorous engineering analysis.

The alternate nethod for bevelled
joints is simlar to the alternate
square edge Joint design criteria
presented in reference (1). Again, siX
probabl e conditions for failure are
Investigated. These are derived, from
three probable locations (the weld
throat or the intercostal or the contin-
uous neat affected Zone Boundaries)
under two possible |oad directions
(longitudinal or transverse to the
mel%?. The corresponding equations used
to design conventional square Joint
fillets are nodified to account for the
neat affected zone boundary changes due
to the bevel geonetry as well as for the
fillet size.

The nodified design equations
devel oped in this paper are aBpIicabIe
to Joints with balanced or unbal anced
bevel s. A sanple inplemention of the
design equations using an electronic
spreadsheet program on a Personal
Conput er are included. The proposed
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design equations are conpared to the
existing U S Navy criteria.
Partial penetration welds are

Ereferred to full penetration welds
ecause they do not require backgouging.
A backgouge is typicallv required for
full penetration tee joints. This
operation renoves sone of the weld root
deposited on the first side, and gener-
ally cuts away a large amount of the
base material on the second side. The
base material removed nust, of course,
be put pack by meldin?. This raises the
cost to achieve a full penetration Veld
not only for the backgouge operation,
but also by the cost of adding back the
solid material which was removed during
backgouge.

NOMENCLATURE

The terminology is in accordance with
Anerican Wl ding Society and applicable
mlitary standards. The inportant terns
and abbreviations are explained bel ow.
See figure 1 for further clarification.

CONTI NUOUS MEMBER- The menber which
continues through the tee joint.

| NTERCOSTAL MEMBER- The nenber which
ends at the tee joint.
AB- Angle of bevel

AH Angle of HAZB. AH=AB for  geometry

B- bevel depth

E- weld joint Efficiency: weld strength
as a percentage of the strength of the
intercostal  menber.

HAZB- Heat Affected Zone Boundary

S- Size of fillet leg



SNC Utimte Shear strength of the Con-
tinuous nenber.

SU- Utimte Shear strength of the
Intercostal  menber.

SW.- Shear strength of the Weld, Longi-
tudinal airection.

SWI- Shear strength of the \Weld, Trans-
verse direction

TC Thickness of Continuous nenber
TI- Thickness of Intercostal nenber

TUC- Utimte Tensile strength of the
Cont i nuous menber

TU- Utimte Tensile strength of the
Intercostal  nenber.

Z- land width; TI nminus the right and
| eft Devel depths

ALTERNATE FILLET SIZING

There are two methods approved by
the U S. navy for designing square edge
fillet welds for surface ships, The
original method is documented in refer-
ence 4. The alternate square edge fillet
design method was devel oped by Charles
Jordan anti Bob Krunpen of Newport News
Shipbuilding (references 2 & 3) durin
the 1970's and 80's. NAVSEA autnorize
use of the alternate nmethod for surface
ship construction and repair.

FI GURE 1

The proposed design method for bev-
el edged tee joints is an extension of
the NAVSEA approved alternate method for
deternmining mnimumfillet sires for
square edge tee Joints reported in ref-
erence 1. At the time of this witing,
use of the Partial penetration beveled
tee Joint design method presented in
this paper is under review by the Naval
Sea Systems Conmand, U. S. Navy, and has
not inplenented at Ingalls.

DERI VATI ON OF METHOD

The derivation of the purposed bev-
eled edge tee Joint design equations
exactly paraliels devel opnent of the
approved alternate square edge fillet
si zing method. Two possible conditions
of loading are considered; |ongitudinal

shear along the weld and transverse

tensile) to the weld. Shear across the
weld (in the plane of the continuous
menber) is not considered in either
met hod. The longitudinal shear [oading
woul d be typical of a beam and plate
conbination in pure bending. The trans-
verse tensile |oading would be typical
of a stancnion or foundation.

Under each condition of |oading
three possible failure locations (sim
plified fracture surfaces) are consi-
dered. Please see figure 2 for a pic-
toral representation of the three sur-
faces. The strength of each of the three
planes is related to the strength of the
Intercostal menber by a design equation
The weld joint design is adequate when
the weld strength equals the weaker mem
ber strength. A correctly designed 100%

NOMENCLATURE

T |
ACTUAL CONTOUR
ER ¢ _ASSUMED “CONTOUR
AN A
- 5B | FeBy— 5,

GEOMETRY “A” ABOVE:
BEVEL HEIGHT LESS
THAN FILLET HEIGHT

GEOMETRY "B°~ ABOVE:
BEVEL HEIGHT MORE
THAN FILLET HEIGHT

TC
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efficient weld nust satisfy ail six pro-
posed design equations and will provide
100% of the strength of the weaker mem
ber under both |oading directions.
Throughout this paper, the intercostal
menber is assumed to be the weaker

LOG TUDI NAL SHEAR LOADI NG

Condition 1- Relates load capacity
of weld throat to intercostal member
loaa capacity under longitudinal shear
loaaing. In this case the lenyths of the
right and left throats are calculated
assuming a 45 oegree angle of the fall-
ure plane. This angle was chosen to per-
mit the proposed equation to remain com-
patible with the existing metnod. The 45
degree angle gives the shortest length
of the throat ignoring convexity and
production reinforcement. The weld ca-
Pacity (weld longitudinal shear strength
times the total throat failure plane
length) is related by the required effi-
ciency to the intercostal menber shear
strength using the follow ng equation:

(1) TI <_(SW) (total throat Length)
Sul) * E

For geometry "A', where the bevel height
is Smaller than the fillet size (B < S/
TAN(AB) ),

(1A) throat length = .707 * (S+B)

VWen M. this equation is identical to
equation (1) of reference (1%. \Wen B=0

The close parall el reIationshiP of
equations between the Pr0ﬁosed bevel | ed
joint design nethod and the approved
alternate Square edge joint design meth-
od shows that the proPosed equations are
an extension of the alternate square
edge equations rather than a departure
into radical new design theory. This
factor should sinplify and speed aporov-
al of the proposed equations based on
Past apProvaI of the alternate square
edge fillet design equations.

For geonetry "B", where the bevel height
is larger than the fillet,

(1B) throat length = SQRT(SA2 + BA2)

Condition 2- Relates load capacity
of the intercostal nember HAZB (heat
affected zone boundary) to the
intercostal menber |oad capacity under
| ongi tudi nal shear |oading. The HAZB of
a steel weldnent is also a possibhle
failure location due to enbrittlement,
grain growth and thermal residual
stresses. In the case of shipbuilding
steels, the HAZ does not necessariiy
weaken the joint. The HAZB of an al um -
num wel dment is a likely failure |oca-
tion due to annealing and residual tner-
mal stresses. In the case of aluni num
ship design, the annealing effect is
of fset by use of the annealed material
strength for design

The strength of the weld is the
intercostal menber ultimte shear
strengtn times the total length of the
intercostal member HAZB. This is related
by the required efficiency to the

FAILURE ,.F?I_ANES ( CONDI TI ON)

7
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only geonetry “A" is applicable.
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mterci)stal member shear strength using
the f OWIngequatlon

2 TI< (Lolal_'LDLeLEQiaI_I:IAZB_Length)

the at f
flllawg(ej\se,o e%lnl gltll%ll?t '

shear INreference (1), the HAZB was
assum ci 10% longer than th ?‘Igth of
the Tillet feg t0 account for
tration of the heat. on ex ma—
t|on 0 macro-etc ed w sar? les this
eaﬁo a%/accurate See figure 3
a& ustrafion of. the HAZB Tin a
part enetration joint.
Ol geometry only, the actual
HAZB Ie gt IS not to caIcuIate To

ermlt opment 0 o Uatlse&
l‘l for the

im

conser aive g
ethls HAZB |engt

pro o design method. FITst, the HAZB

is assumed to be t etshog st distance

between e tOP t% Th Oegl’ g(glt

% e root
or root p etratlon of fillet oversz-
t elO%ex enson or

o
etrat| ot u
onwasu inr erences 1

design square eval gt?or most aI|d

then, and WoUl
not aII bevelled joint deslgns

Thus, for geometry "A" where the

bevel height is smaller than the fillet
(B < S / TAN(AB)),

(2A) Haze length = SQRT(SAZ + BA2)

When B=0, geometry "A" Ilcabl
It can be seen that t aIIOH
fers from equation ( 23 erence l)
by th 0. percent H B Ien th in-
wnic IShOtt:JI ueto
COI‘]SGI’V&'[IVG approac

MACRO-ETCHED ALUMINUM
WELD SHOWING ACTUAL HAZB

For geometry “d”, the HAZB will
always be longer than the shortest dis
tance between the root and the fillet
toe. Therefore, the 10% increase of
references (¢)) is used. For (I;eome—

tR/an H I?erethe evel height is farger
(2B) HAZB length =

Condition 3- Relates the acity of the
contmuous mem e HA ected
zone oun to the costal niem r
Hg ? Itudi shear -
Ing. T HAZB 0 contmuous member
Isaso a possble fa| ure locatjon due
tO the same reasons as outlined In con-
Ition 2. The strength oT the HAZB IS
tecontmuousmem ﬁlm e ?ar
of th e

strengtn times the tot engtrltS o
t T
By the required engienc to the

terc member . shear stren th usin

tﬁ/ee% ﬁOWI ng equation: J J

@3) Tl < (Cont._Mem, HAZB length *SUC)
(SUl *E)

The HAZB lengthis 10% greater

than geometric lengt T IS assumption

was .used in references (1) (3) a&cli exam-
INation of macro-etched oWS
this assumptlon remal ns Vv |d For both
geometry “A” & “B”;

(3A) & (3B) HAzB length=1.1 * (S+ B)

when B=0, t
to equation

TRAKSVERSE TENSILE LOADING
ondition 4- Relat ad of
E e‘dnthroat toeﬁci a&%agt
t ntercost member t
0ading across the ehd thr
ther t
|n a

IS equatjon |sthe|dent|cal
3) ? eference

case the lengt SO
throats are

ree an fth fal ure Ianeto
ﬁl%qe mlnlrtgum(t (?1 T ISI con%Ya-
\/€ because actua (and eoretl
a ures owa alure Plane o
eduirhe ey

e total throat

}ﬁeﬁ] Th}tsolsre ﬁ?cb ?I uued
? 'C gnszt)rength using tﬂ OWOWI ng

equat| on:

(4) T1 < (ST fora throal | engih



For ge etwth heqce”th[ehbevef] height reagons 2s outlined In condition 2. When

|ssma I than t ele el calc the strength of the INfer-

(B < (a gnt costul ﬂwgtheed?rreen |oﬁall'§y of the
aC|t|es nust be_considered, “Mohr” s

(4A) throat length = 707 * (S+B) ess trans ormathon 1S _used t?
e max mum shear stress alo

When B=0, this equation is_jdentical to HAZB Wh eg }e geometry. satisfies
equation (4 of reference § When B=0, ?f e elow, “the maximum shea

only geometry “A” is applicdble. ess than the mtergosta
) tlma.te hear s}resr%
For eometry “B’ the_% the bevel height S ow gure e mtercosta
larger than the fillet, ber HAZB c% autx IS re ﬁte
required efficienc |nterco
@) throat length = SQRT(SA2 + BA2) nemper tensile str ngt using the

lowing equation:

erivat on IS

Condltlon 5- Relates the load cg aC|ty
the anterco tal memg)er HA% F (5) TI<_(I’costal HzB Length *  sul
ecte zgne boynd apéosta o Eééommmﬁmimﬁzw

capaC| ty of the |nte member_ under
transverse tensile oadlng he HAZB of A Mohr s transformation_for princi-
t?rcos al member 15 alsp a possi- Hal tensile stress less than intercostal
ure location due to the same ember ultimate tensile stress was

FIGURE 4: Development of equation (5) using Mohr’s approach.

P
q"-;—C.OSN.
<& Ty ———o i »:.-:-t—usmet
v' e
CO\!'
I
]
1 a;'-'o
fe—8
P= TUl (T) = FHAZB ANGLE= AH

L.= HAZB LENGTH
SATISEACTORY IF MAXIMUM S,H‘Fﬁqgjé_ SUur

SUl > P coswu P SIN o()E
REARRANGING GIVES
TI- SUI) LH
TUIL ) [Cosxy IN )t
K 2.) + 6
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considered when developing the proposed

design method.. In the case of a balanced

joint Wiha SlXty degree bevel, this.

works out to a m|n|mum bevel depth of
.29) T. Thijs valuelsth esame?eé e
mefican Werdlng Society recommen

design from page 157 of reference (

However. the shear com aJ‘ISOHISU

for this paper so

at when COﬂSI
are edge |nt uation (5
|nt [ roPo atch
tion er ence

For ge etry ", whe bevel, height
the ﬁ ﬁ height
B3¢ TAN(E“ & leg heig

(5A) HAZB length = 1.1 * SQRT(SA
HAZB angfe = ARCTAN(S/B)

For afillet where B=0O and AB=90, the
proposed equation (5) isidentical to
equation (5) of reference (1).

herle the bevel height

2 + BA2)

For geomet
IS larger t rhan the

(58) HAZD length = 11* B / COS(AB)
LA

HAZB ang
ond|t|on6 Relatesload aché/
othélo
member un er

the contlnuoulgI member HAZB
capacity of the mtercost
ransverse tens 6|0 n%The HAZB I
} con INUOUS e
a ure ocatlon ort e samer a?
outlined.in co ition 2. Thestreg
this HAZ the co tinuous rp.em ut|
ehtep e stren times the tot
emg ort econtn o smem er
Thisisr UII’
ciency to the |ntercostal t|

mate tensulf~| strength tiImes It St Ick-
ness using the followi ng equation:

®) TI <Lmut_wmuglhﬂm

Because the CONtiNUOUS memE) I-L ZB is
loaded transversely ( HAZB
length was assumed as the p rOJ ected
length. For both geometry "A"™ & "B"

6A) & (6B) HAZB length = (S + B)
When B=0, this eguation is identical to
equation (6) of reference 5

EXISTING DESIGN CRITERIA
The eX|st|ng aogroved U.

meth d for artlal ge&é% n

ed tee wgldggeom ry Is

12A-6

in,  section 5.3 of reference (5). That

criteria has several significant short-

comings. It 1s not Se r accur-

ate as the propo: eth ASO t

usually T uwes excessv ags

IN most caesqes but could I%Slﬁli
uate|10| nts |n other cases

stin cul at| on |s
le onﬂ/ me eve? ed
|nts even'th ou joint

eSIQESare ermitt
usseea examp e show-
INg now conservatlve t GEXISt Cnte
1a 1S, Examine the des
or HS st l(TUl_ 75 K
7018 sma Tiller (swe= 59 S|) From
section 5, 3 11
the equation

(7) D = Design Factor = £_(T) Tyl
(2 SWL)
= (.635) T
When D iSless than .707 inch (T 1less
i i |—
thap 1.112 inch for_this materlal combi

nation), section 5.3.1.2.1 would control
and require:

of reference (4) we get

(8)B =D 7 1.414 = (L449) T
If this equation were applied to aone

|nch thlck in erco I member, the bevel
68 ir 449 |nches and

the regu etwou |dbe 172 inch

By contrast the methad proposed inthis

Pﬂoet a\r/]\(/jo 8P (}é r&qw rea /8I é ncn
S St
%ecag t‘hbe Yan\gwui{th gkb %T‘E i05

nc ES and the MINIMUM
mltt Y. NQ e 1 Inf re 3 of. refer—
ence (5)1S3/16Inch ent e minimum

width is supstituted into
thelll %jwald equation of section,

5.3.1.3 0 refere 1ce, (4) as shown .
uati n(84 ind t emlnlmum t?]ICk-
inch eSIS rea han the
?1x rﬂum thickn %)oveg for
which equation (8) |svaI|

(9)316=2=T-2B=(102) T
Tmin = .18757.102 = 1.84

If we were o ass me a member |,
thlckness of |nc es, then sectign
5.3.1.2.2 woul be govern because IS
reater than 707 Wches B would
ound using the following equation:

(10) B=SQrRT ( D*D - 0.25) = .616

H igldsa 1and width of 0.017 inches
whi agaln does not Meet the minimum



land requurement of reference (5). Thus,

there IS no V SO ution by the pub-
lished n criteria for a
100% ICI eneir on,
Peld ent mater combination
or this range of th knesses
However ossible to use
“the |shedde5| n met od to design an
inad uate joint, Cet'sexaminethe

result of severely overmatching the
filler to the steel, Assume a 3/4 inch
thick mild steel (Tul = &0 ksi) inter-
costal member is welded to a thick
HY-100 continuous memper with 11018 SMA
filler (SWL = 87 ksi). For this combina-
tion, D= 0.259, B = ,183, Z = .384 and §
= = 3/16, It should be apparent that
the heat affected zone boundary does not
increase in strength when the filler
metal aoes, From equation 4 we find this
joint, although 100% efficient by the
existing criteria. is only 89% efficient
by the proposed method, The difference
is that the existing criteria does not
take into account the strength of the
HAZB (which is a common fallure location
of partial penetration weldments), while
the alternate metnod does.

Une final note, the American Weld-
ing Society Handbook includes a simple
approach to desianing full capacity
partial penetration tee joints shown on
page 157 of reference (6). This design
criteria recommends a symmetric design
witn a 60 degree bevel to a depth of
{(U.29) T with a fillet of (0.29) 7. Ths
apparently was derivea from a Mohr's
stress transformation. This particular
equation can be found if we reauire
principal tensile stress at the bevel
(HAZB) to be less than- the intercostal
ultimate tensile strength for transverse
tensile loaa “P" in figure 4). One of
the example applications of the proposea
metnod inclugea in_this paper (third
gesign example in Table Z) shows that
tne alternate method would recommend a
depth and fillet of (0.34) T. _

While the American Welding Society
methoa from reference (6) is indeed sim-
ple, it aoes not account for longitudi-
nal shear loading of the weld nor for
possible variable mismatch between Dase
material and filler metal. 1t is inter-
esting., though., that there is no minimum
land width recommended in this simple
design method.

SELECTION OF MATERIAL PROPERTIES

It can be seen from the previous
discussion that the aternate fillet
Szing method requires material

12A-7

S R I RIS
%.%fﬁsm%ﬁ“ g relvence (e

t eco tnu usan

strengths
nterc af fbasze materias, and the
n shear strength, of the weld

ro o meth od atlons
rgb g/ UI res, In adlditi
ove prop ertles t
u Imateshear st

ths of the ontin
ous and Inter CO$aP Ei)ase mater |aT a
the ransverse shear strength of t

qllcatlon 0'# Oglénanﬁl

UI‘ IC YP/ NAVSEA has approve the
atl

ade 2 ai(:) r]some QS to agBrommatet
o e s crcnats

thelr ultimate tensile strengths For
steels, NAVSEA has a%proved he conser-
vative assumption that the utlmat?
shear strength 1S /5% of the tensle
strength. For auminym, as ap-
proved the assumptlon att ultlmate
shear strength 1S60% Of the %enFI
strength This results INthe following
equations:
lla) SUI = TUI * ( 75f0r§ 3
110b)sut = o1 *'(0.60 for duminum)
12a) SUC =TUC * (0,75 for Steelr%
El%g} SUC=TUC * (0.60 for duminum
The strength of HSLABO (a mogifieq
A-710 steel recently developed for Navy
applications) is not listed in reference
(4), but NAVSEA has approved the use of
HY-80 tensile strength 1o determine weld
properties. This simplifies table design
and appears to be conservative. based
upon the slightly lower permissible
design stress for HSLASO.
Second, the tra sverse shgér
tren ta J the weld isrelat toeé
on Itudinal shear strength For S,
VSEA has approved aratio of 1.44. For
UMIiNUM, the P ?f ratio Is 1.58.
This results in the 1o owing equations:
13a) SWT = SWL * (1.44 for stedl
21363 SWT = SWL * (I(58 for adumirium)
NAVSEA has approved some S|gn|f|cant
8hangg]es ca? p]ro tleSf r se in
latio anges are
based upon various test p

ool
Alis E:c”‘iﬁere@rtfﬂcaent éﬁ gpp
curr tl seatln %peng

and thel SOUI’CGS&I’G OWI’\Int



TABLE 1

vV VELD LONG TUDINAL SHEAR STRENGTH (KSI)

F .ELLLER..NAVSH P 0900 M L- STD APPROVED

SPREADSHEET ANALYSI'S BY ALTERNATE METHCD

A Printout of a si nple spr eadsheet
anal ysis 1S showm bel ow. This "progrant
is a Lotus, 123 tenplate that al | ows %he
user to interactively change any of the

METAL  -000-1000 1628 AT | variabl es and I nst awt |y~ see the result.
ToTTTTTTTTTTTomomsomsoossonoosoones - The user can expand the tenplate to
;18 58.1 59 59 evel op an entire weld table, i’)ncl udi ng
IITetsS. Tis tenplate |'S avallabl e from
1 1008 71 NA 78 tlhre]gaut hor at COSt ofWi | skette & mail-
. To run it you need a_ |IBMPC
1108 75.3 87 87 corpatible with a 5 1/4 inch disk drive
adnNd a Lotus 123 or conpatible
110051 N A 83 83 spreadsheet program
5556 19.2 20 26; ref 1
TABLE 2: SPRERDSHEET ANALYSIS BY LOTUS 123
PROPOSED METHOD FOR PARTIAL PENETRATION JO NT DESI GN
| NTERCOSTAL CONTI NUOUS WELD
MATERI AL HS MATERI AL HS MATERI AL E7018 User i nput
T ENS. ULT 75.00 TENS. ULT 75.00 LG SHEAR 59. 00 mat eri al
SSHEAR ULT 56.25 SHEAR ULT 56. 20 TRANS 04. 96 properties.
EIDE A
BEV DEPTH 0. 3750 0.5000 0.5000 0.6250 0. 0000
|RNGLE( DEG) 45. 0000 45.0000 60.0000 45.0000 89.0000 User input j oint
ANGLE ( RAD) 0.7854 0.7854 1.0472 0. 7854 1.5533 descri ptions
FI LLET 0. 3750 0.5000 0. 5000 0. 5000 0.5000
GEAM A=1 1 1 0 0 1 &——Find geonetry type
EQN 1 0 .5562 0.7416 0.7417 0. 8395 0.3708
EQON 2 0.5303 0.7071 1.1000 0.9723 0.5000
EQN 3 0.8250 1.1000 1.1000 1.2375 0. 5500 Program solves equa-
EQN 4 0. 6007 0.8009 0. 0010 0.9067 0. 4005 tions for the joint
EQN 5 0.5534 0.7373 0.9153 0.9224 0. 4125 desi gns. <inches
EON 6 0.7500 1.0000 1. 0000 1.1250 0. 5000 t hi ckness per si de)
SIDE B
FEBEV DEPTH 0.3790 0.5000 0.5000 0. 0000 0. 0000
I:ANGLE( DEG) 45.0000 45.0000 60.0000 45.0000 45.0000 User input joint
NGLE( RAD) 0.7854 0. 7054 1.0472 0. 7054 0. 7G854 descriptions
FI LLET 0. 3750 0.5000 0.5000 0.5000 0.5000
GFUM A=1 1 1 0 1 1 «——IFind geonetry type
EQN 1 0. 5562 0.7416 0.7417 0.3708 0. 3708
EQN 2 0.5303 0.7071 1.1000 0.5000 0.5000
EQN 3 0. 8250 1.1000 1.1000 0.5500 0. 5500 Program solves equa-
EQON 4 0.6007 0.0009 0.8010 0.4004 0.4004 tions for the joint
EON 5 0.5534 0.7379 0.9153 0.4125 0.4125 designs. (inches
EQN 6 0. 7500 1 .0000 1 .0000 0. 5000 0. 5000 t hi ckness per side)
CONTROL 1. 0607 1.4142 1.4834 1.2103 0.7416 &—— control is least sum
== =— = ==S=Z=S==Z=Z=Z======zZ====2====2=-= for each side for
each load direction.
T (MAX) MAXI MUM ALLOMBLE | NTERCOSTAL  THI CKNESSES
VS FFF FOR ABOVE JONT DESIGN (VS. EFFIClENCY, Control equation
100.00% 1.0607 1.4142 1.4834 1.2103 0.74158 determ nes table of
75.00% 1.4142 1. 8056 1.9778 1.6137 0.9888 maxi mum i ntercost al
60.00% 1.7678 2.3570 2.4723 2.0172 1.2360 t hi ckness vs. joint
50.00% 2.1213 2.8284 2.9667 2.4206 1.4831 efficiency.
[C COMMENTS 3/8” BEV. 1/2"BE. 60 DEG. UNBAL- SQUARE
& FILLET & FILLET BEVEL ANCED EDGE
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| MPACT FROM USE OF ALTERNATE METHCD

. inmplenentation of the alternate
j0i Nt design method | TPActS COSt both
directly and 1 NNOr ent The savings
directly related to Substitution o

partial penetrat|o for fUI penetrat|on
JOIntS are prlrrarlay duetO el etion of
the backgouge. The '€ | cation
for the "use of p E}enetr tron welds
IS that CIFCUWB anc S exi st ere par-.

i’:l penetration %I\B FS are more econom -
ca tr eithr [|1et or full penetra:
tion We ?{]S e

still meeting strength
and servrce requrrenents

Where do the savings come from?
Because the minimum backgouge size is
pretty larce, there is significant sav-
1nus because the oversize "hole” does
not have to be filled in by weld nietal.
in addition, the extra cleanup of the
yougea out material is not necessary.
There are indirect savings pecause dis-
tortion is minimized (weld volume is
less), anu wbT 1s nuch less costly, For
full venetration joints, there is an
aguitional backgouue inspection pius
ranaom test gouges to verify. ln same
categories of structure., full perietra-
tion joints may require adoitional HOT
(UT/MT/PT) not required for partial
penetration joint aesigns.

The weld d Tlgn changes nmde at
Ingalls I Nlt were part of an effort
to reduce wel cau ed StO
5, a ver ICI a\ ere e?Pe? t of %e
Istort uctronrsasr | cant
cos reduc |on Vel d savr ngs are passed

Jo the Navy y reduced b g est rrat
benef it t e shipyard by |ncrease

Corrpet itiveness.

CONCLUSI ON
The alternate desrgn method for

partial penetration joInt” designs is a
marked i npr éemant over €Xi SE) pub- |
lished navy OESI QN criteria. g onp ar|
son, it permts a re e OPO a eSI

for comrpn nat er| a I |na-

Loy Bes! g ”ﬂyvﬁr h

appl I cat |on of

prevent uns tISfaC-
could result from

e EXIStIn crlterla
e added benefrt IS[ t hat th%? ternate
metnod s applicable to unbalanc ct Joint
S|gns There |s currently shed

y design criteria for unbal aned
partial penetration jOint designs.
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Additional copies of this report can be obtained from the
National Shipbuilding Research and Documentation Center:

http://www.nsnet.com/docctr/

Documentation Center

The University of Michigan
Transportation Research Institute
Marine Systems Division

2901 Baxter Road

Ann Arbor, Ml 48109-2150

Phone: 734-763-2465
Fax: 734-763-4862
E-mail: Doc.Center@umich.edu
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