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mLA3rD-21A

PmEMmD

This Milltsry Standard covers the desi~ of joints for structureswhen
one or more of the materisls being Joined is mm.

The joints specified in this stsndard are Intendedfor use in militm
vehicles or other structuresthat me im be subjectedto baJ2istlc attack.
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M?GSTD-21A

1. SCOPE

1.1 Purpose, This standard covers the design of Joints for structures
when one or more of the materialsbeing joined iS amor.

1.2 Application, The joints specifiedin this standardare intended
for use in military vehicles or other structuresthat are to be subjectid to
ballistic attack. Each applicationshall be subject to the approvalof the
procuring activity. The provisionsof this standard refer entirelyto full
penetration-weldjoints. In many amor vehicle designs,partial penetration
type weld joints (jointsnot welded through the completethickness of a plati)
are being used. Some of these contributemechanical strengthto a welded
joint to defeat ballistic impacts. The choice of these designs is very
numerous. The differenttypes of ermor materials currentlybeing used or
contemplated coupled tith various plate thickness combinations,plate angles,
and other considerationsmake it impracticalto Include this immense variety
in a general type armor joint design specification.

2. REFERENCEDIXX!UMENTS

2.1 The issues of the following documents in effect on the date of in-
~~itationfor bids fom E part of this st~~d ~ the e~ent specified
herein.

Military
,,

MIL-STD-20 Welding Terms and Definitions

(Copies of specifications,standards,drawings,and publicationsre.
quired by suppliers in connectionwith specificprocurementfunctions should
be obtained from the procuring activity or as directedby the contracting
officer,)

2.2
stsniiarc
issue in
apply.

Other pu-blicztions.Tinefcllowingdocuments form a part of’this
to the extent spec<fiedherein. Ur.lessotherhtse indicated,the
effect on date of invitationfor bids or request for propcsal shell

. .

Standard Welding Symbols A2.o-58

(Copiesmay bepurch-edfim the ~RICAN~~~G ~C~J 345E=t
47th St., New York, N, Y. 10017.)

3, DEFINITIONS

1
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3.1 Weldim terms. Unless otherwise specifiedherein, terms used in
referring %o the joints shall have the mean5& defined in hL-STD-20.

4. GENERAL REQLmWMWIS

4.1 Selection of joint types.

4.1.1 13~sed surfaces. Surfaces subjectedto ballistic attack, other
than exkrnsl attachments, generalJyshall be designed in accordancewith
joints 1.7, however fillet welds may be used for surfaces directlyexposed
to baJJistic attack provided they have mechanical =inforc~nt inherenth
the part design. This reinforcementshall be effectivef?mm sll possible
directionsof ballistic impact. (see fi~ 10.)

4.1.2 Other surfaces. Surfacesnot subjectedto directbkllistic attack
and attachmentsmay be designed using joint types 8(a), .8(b), 9 and 10.

4.2 Tolerances on design openings. The design opening tmlersncesshown
for various joint ty-pesare assemblytolerances and should not be considered
as tolerances availablefor plate size variationbut should include all other
tolerancesthat may sffect design opening, such as plate flatness,but not
weld shrinkage,

4.3 Sample drawing. The isometricdrawing (fig. 11) is inc>udedas a
guide only to show typical locationsof vsrious joint designs in an azmored
structureor vehicle. Encircled numiberson the drawingghould be taken as -
referri~ to the particulartype of joint describedin this standard. Suffii
letters (joints1-7 inclusive) have been omitted, since they identifyplate
thiclmessesand other details,which will vary wfth the desigm of a specific
structureor vehicle.

..
5. DETAIL REQU3XEMEhTS

5.1 Groove type. Grooved joints shti be as shown in 5.1.1 to 5.1.7
as selecte~mce with design requirenmts.

5.1.1 Type No, 1, Single-V-grmovedbutt joint, welded both sides.

5.1.1.1 The informationin the tale and followingnotes shall be in-
cluded on drawingswhen this type of Joint is used, When so placed on the
drawing, or when this Solnt desi~ is made a part of the contract,the ln-
fozmation sh~ be considend as part of the requirements.
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FIGURE 1. TYPE- I JOINT

ROOT MAX PLA E R E$;XR7C E-
1

D;;TII
JOINT ~. INCLUDED DES}UN

A(N~LE o?~:yl FACE TRICKME s
OF *WELD SE VEL

(o& EES)” (IM\ H] mizcH) [t;C H) (INCH) Wcn)

(b) + (cl o + ,0 To& T
1A 45 .

Note (a) Design openings (see
“y” in fig, 1) ~0 not include sllowance fOT

shrinkageduring wehiin+z.

[
Note b) Tolersnce,plus 3/16, minus O inch.
Note C) Tolermce, plus 1/16, minus O inch.
No& (d) Tolerate, plus 10, m.ims O degrees.

3
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5.1.2 Type No. 2. Single-V-groovedbutt joint, welded to backing -

w’

PERMANENT BACKING

FIGURE 2. TYPE-2 JOINT

JOINT NO. INCLUDED DESIGN ROOT MAX PLATE REINFORCE-’ DEPTH
AW,LE OPENING FA;E

(9}
THICKNESS

(b) o~f$’iD B!:E L

(DE&EES) (IJCH) mictf) (IJCH) ~ (1/CH) (INCH)

~
2A 4s (c) + (d] o 4 0 TO $2 T

5..1.2.1The infomnationin the above table and followingnotes shall be
included on drawingswhen this type of joint is used. Vnen so placed on the
drawing, or when this joint design is made a part of the contract,the infor-
mation shall be consideredes part cf the requirements.

Note (2) To be used only where it is impossibletc weld backside of joti
Note (b) Design openings (see “Y” in fig. 2) do not ticlude allowance f~

shrinkageduring welding.
Note (c) Tolerance,plus 3/I-~~minus O inch.
Note (G) Tolerance,PIUS l/~~J -s O inch” .
Note (e) Tolerance,plus 10, minus O degrees.

4
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5.1.3 Type No. 3. Double-V-~oved butt joint, welded both sides.

—
v
—

FIGURE 3. TYPE-3 JOINT

JOINT NO, IMCLUDED DESIGN ROOT PLATE RH~POJ+CE- DEo~TH
ANQLE OPENINS FACE THICKNESS
(~) 4:) OfRWELO ●EVEL

(DE6REES) (INCH) OM:H) ok) IJnc n) (INCH)

3A 45 (b) 3/)s (c) o
t

3&70 7 0 TO S/32 1/2 T
SB 45 (b) 1A (c) o I TOlt o TO 3132 lit T
Sc 45 (b) 5)}s (d) 1/1$ GREATER o To3[32 1/2 T

THAN
I 1/2

5,1.3.1 The inf=onuationin the ebove table ant the followingnotes shall
be included on drawingswhen tinistype of joint is used. When so placed on
the drawing,or when this Joint design is made a part .ofthe contract,the
Informationshall be consideredas pat% of the requirements.

Note (e.) Design openings (see “y”.in fi~o ~) do not include allowances
for shrinkage during weldlng.

Note (b) Tolerance)PIUS 3/16~ finus O incho
NOte (c) Tolerance PIUS l/1~~ minus O inch”
Note (d) Tolerance,PIUS or ~nus 1/16 inch.
Note (e) Tolerance, PIUS lo) minus O de=ees”
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5.1,4

JoINT NO.

4A

49

u

l’ypeNo. 4. S@4e-V-.Wooved corner joint, fillet-reinforced. -

~~ <x=% ~ ‘“’

I’-,td
.FIGURE 4. TYPE-4 JOINT “

INCLUDED DES lGN
ANGLE OPENING
(e) (9)
x Y

(DEGREES) [INCH)

ROOT PLATE PLATK IIDEPTH MN SiZ E
FACE 7HIC KNESS THICKMESS OF OF

BEVEL FILLET

z
ONCH) I “ “TI (J~ M )I ~: G HJI &{INCH)

5.1.J+.: The information in the shove table snd following notes shall
be included on drawingswhen this type of joint is used. When so plxed on-
the &aWinE) or when this joint design is made a part of the contract,the
informationshall be consideredas part of tne requirements.

6
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Note (a) Design openings (see “Y” in fig. 4) do not include allowance
for shrinkage during welding.

Ifote (b) Tolermce, Plus 3/16J minus o fiChO

[
Note c) Tolerance, plUS l/1~~ bus O ~ch~
Note d) V&lues to be equal to or greatir than for T.plate thickness.
Noti (e) Tolerance, PIUS 10, minus O degrees.

7
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5.1.5 Type No, 5. Sinc@e-bevel-groovedcornerjoint,~ouble-fillet-
reinforced.

r’
la ‘b

PIT,
FIGURE 5. TYPE-5 JOINT

1
JOINT MO. INCLUDED DESIGN ROOT ●LATE ●LhTt OEPTH MIM SIZE MIM SIZE

ANGLE OPEMIN$ FACE THICKNESS THICK MESS OF OF
y +) BEVEL Fl~LET +1

(O EOREES) (Imclt) (lNh (Mlli’Ml llhh (INCH) [INCH) (INCH]

3A 4s (b) & (c) o to*
i

(d) T

58 48 (b)$ (C)Lto+ (d] T $ $’

SC 4s [b) ~ (c) o to + : (d) T i% +
5D 45 (b) & (C)oto+ % (d) T + +
SE 45 (b] & (C)o to+ + (d) T + +

8
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5.1.5.1 The information in the above table and followingnotes sha
included on drawings when this type of joint is used. When so placed on
drawing, or when this joint design is made a part of the contract,the i
formation sha13 be consideredas part of the requirements.

Note (a) Design openings (see “Y” in fig. 5) do not include eJlowa
for shrinkage during welding.

Note (b) Tolerance}PIUS 3/16j minus O Inch*
Note (c) Tolerance,PIUS 1/16, ~nus O incha
Note (d) Values to be equal or greaterthan for T-plate thickness
Note (e) ??olerence, PIUS lo) m~nus O de-es.

9
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5.1.6 ~No. 6. DcnMe-bevel-gmovedcornerJoint,fillet-relnfomed.

—
FIGURE 6, TYPE-6 JOINT

401MTMO. WE l~LUDED ~ DES16N ~OOT ●LATE
OPENIMO FACE wa~Ess

x (t) xi b)
(OUTSIDE) (INSIOE) Y z T
@E@REE91 {DE6REES) (INCH) (Inc?l) ; (INCM)

SA 45 45 (b] & (c) o $10+
● 45 43 (b) h m o +,0+
cc 45 45 (b) i (c) o I
so 45 45 (b) + (c) o l-k
SE ●s 45 (b)

t

(c) o
w

1+
45 4s (b) I (c) ~ @REATE

THAN I !

10

●LATE

I

DE~TH Of MIW SIZE
THICKNESS BEVEL D OF FILLET

T!
O*H) I (INCH) I (I:cu)

(e) uTO T +
(e) TO T

(9)

!

TO T
(e) TO T
(0)

d

TO T
(0) TO T !

—
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MIL-STD-21A

5.1.6.1 The informationh the above table snd followingnotes shsll
be included on drawings when this type of joint is used. When so placed on
the drawing, or when this Joint desi~ is made a psrt of the contract,the
informationshaXt be consideredas part of tie requirements.

Note (a) Design openings (see “Y” M fig. 6) do not include a~owance
for shrinkageduring welding.

Note (b) Tolerance,plus 3/16, minus O inch.
NOte (c) Tolerance,PIUS I/16j *S O ~~.
Note (d) Tolerance,plus 1/16, minus O inch,
Note (e) Thickness for each joint to be equal to or greater than its

T-plate thickness.
Note (f) TolersncejPlus 10Y -s O d-==es.

l-l
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5.1.7 mNo. 7. Double-bevel-grooved
fillet-reinforced,

JOINT
No,

7A

7B

7C

70

7E

7F

76

?H

EjJ”// s
,

/--’’Lx’
~ 11--IL Y FIGURE 7. TYPE-7 JOINT

WCLUD E

x(f)
(OUT-
SIDE)
(DEQI

45

45

4s

48

4s

4s

45

46

-
tee or corner joint, dou’ble-

ANGLE

xl
INSIDE]

(DE O)

4s

45

45

45

4s

45

45

4s

1DESIGN ROOT
DPENING FACE

(a)
Y z

{INCH) (INCH)

(c) o

“(c) o

(c) o

(c) o

C)o

Uao

E) o

1

PLATE
THICK-
NESS

(IN:H)

PLATE
THICK-
NESS

(IN:H)

(c)

(0)
(*)

(0)

(9)

(c)
(01

[0)

DEPTH
OF

BEVEL

(INCH)

M IN
SIZE OF
FILLET
s

IINCH)

-k

-i
+

MIN
!IZE OF
FILLET

{IN%H]
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5.1.7.1 The informationin the dove table and followingnotes shall

be included on drawings when this typ? of joint is used. When so placed
on the drawing, or when this joint is made a part of the contract,the in-
formation shall be consideredas part of the requirements.

Note (a) Design openings (see “Y” in fig. 7) do not include aUowance
for shrinkageduring welding.

Note (b) Tolermcej Plus 3/16) ~nus o ~ch’
Not-e(c) Tolermce~ PIUS l/~6~ ~us O inchc
Note (d) Tolerance,PIUS or minus 1/16 inch”
Note (e) Thickness for each joint to be equal to or greater than Its

T-plate thickness.
Note (f) Tolerance) PIUS lo) minus O ~wes.

5.2 Fillet type. FilLeted joints shall be as shown in 5.2,1 to 5.2.k
as selectea in accordance with design requirements.

5.2.1 Type No. 8 [a). Intermittent-fillet-weldedjoint will be re-
stricted to single-passwelds and shall conform to the followingsketch
and to the notes under 5.2.2.

I I y--&-

FIGURE 6A, TYPE-6A JOINT

13
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FIGURE 88. TYPE- 8B JOINT

5.2.2 Type No. 8(b). St~ered intemnittent-fillet-mldedjointwill
be restricte~ to si@e-pass welds and shall conform to the above sketch and
to the followingnotes.

Note (a) Fillet size (“S”) tc be specifiedin accordancewith design
requirements,except that reg~~dlesscf such requirements,
minimum fillet size to be used shallbe:.

Plate thiclmess, inch ~!insize fillet, inch

Tor T1 s

MS than 3/8 3/16
3/8 to 7/8 incl. 1/4
Greater than 7/8 5/16

Note (b) NomaI assembly dimensionswi~ ordinarilygive variationsin
dimensions “Y” of O to 3/32. This shouldbe shown as a toler.
ante on the drawing and w511 not requireany increase in fillet
size. “fienthe designer specifiesa nominal Mmension “Y”
greater than O (zero)the fillet size shall be increasedby
this dlmension. For joint t~s 8(a), 8(b), and 9, when the
gap exceeds the specified “Y” Mmension plus 1/32 to 3/32
tolerance,a specialpzmcedure shall be followedas required
by the applicablespecificationcoveringthe welding of srmcr,

Note (c) Length (“L”) shall be not less than 1-1/2 inches.
Note (d) Pitch (“C”) shdlbe not less than 2L, or twice the length.

14
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5.2.3 TYP No. 9.
following sketch and ta

-. _—, --

Continuous-fillet-wel&d
the srcomp~~g notis:

MILSTD-21A

joint shall confom to the

Y41-TI+

FIGURE 9, TYPE-9 JOINT

Note (a) Fillet size (“S”) to be specifiedIn accordance
with desigx

requirements~ except that regartiessof such requirements,
minixmm fillet size tc be used shall be:

Less th=3/&
3/~ to 7/6 incl.
Greater than 7/8

Note (b) Normal assembly dimensionswill
in dimension ,,y,Iof O ti 3/32,

tolerance on the drawiw and will not require any incre~e
in fillet size. ‘~~enthe desi~er specifiesa nominal ~-
mension ‘Y” greater tk,allO (zero),

the filiet size shsll be

increasedby this dtiension, For joint types 8(a), 8(b)~

and 9, when the gap exceedS the specified “Y
“ djmenslon

PIUS the 3/32 ~~er~ce) a special p~ce~re ‘hu be

followed as requiredby the applicablespecificationcove-g

Min size fKLet, Inch

s

~$6

5/.16

ordin=ily give variations
This shouldbe shoWn as a

the welding of a.mIor.

15
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5.2.4 ‘TypeNo. 10. Continuous-fi31et-weldedjoint with mechanical
reinforcementshau conform to the following sketch and to the ~companying
notes:

OUTSIDE OF

T-S
‘d+-

--/Lb-

JOINT No,

IOA

10B

koc

10D

I I
~Lk

FIGURE 10. TYPE- {0 JOINT

●LATE
THICKNESS

T

LESS THAN

IN CL,

# To I

INCL.

I To t+

INCL,
GREATER
TllAN I

+

MINIMuu
PLANCE

THtCKNESS
TI

T

T

T

T

T

MIMIMLJM

FLANGE
LAP
L

MINIMUM

FILLET
SIZE
s

I

.

.

16
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Note (a) Separation. (’~”) when specified shsll.not exceed l/8 inch,
Sna

Nhen Y = 1/16 Inch or less, S s designed fillet size;
When Y = 3/32 h 1/8 inch, S = Y plus designed finet size.

Note (b) This joint type is not to be utilized without prior appnwal
f??amthe procuring agency at which time lsyouts will be re-
tiewed showing the circumstancesunder which the joint is b
be employed. The circumstancesunder which this joint is b
be employed should be analyzedvery csrefulJyby the designer
to assure that it wi~ not be mimied. This Joint fS not ~-
tended b add mechanical strength to the structurenor is it
considereda ballistic joint; therefore, should not be utilized
in cases where It must be depended upn to perfozm such functions.

custodians: Preparing activity:
~-m m-~
Navy - SH

Project No. DRPR-0133
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ISOMETRIC DRAWINU IS FOR ILLUSTRATION PURPOSES ONLY, AND TMEREFORE, ~

APPLICATION OF JOINTS IN THE LOCATIONS SHOWN DOES NOT NECESSARILY INDICATE N
THAT THEY WILL SE APPROVED FOR ANY SPCCIFIC VCHICLE .
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