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DEPARTMENT OF DEFENSE
WASHINGTON, D, C. 20301
WELDED-JOINT DESIGNS, ARMORED-TANK TYPE
MIL-STD-21A

1. This Military Stendsrd is mandatory for use by all Departments and
Agencies of the Department of Defense,

2. Recommended corrections, additions, or deletions should be addressed
to the U, S. Army Tank-Automotive Command, Warren, Michigen L8090,
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MIL-STD-214A
FOREWORD
This Military Stendard covers the design of Joints for structures when
one or more of the materials being joined is armor.

The joints specified in this stendard are intended for use in military
vehicles or other structures that are to be subjected to ballistic attack.

114

r\



Downloaded from http://www.everyspec.com

[P R S

MIL-STD-21A

S EFEEFEEFOWPDOND

. L L] L] L) .
MH W R

!

.

n

CONTENTS

SCOPE

Purpose

Application

REFERERCED DOCUMENTS
Military

Other publications
DEFINITIONS

elding terms

GENERAL REQUIREMENTS
Selection of joint types
Exposed surfaces

Other surfeces
Tolerances on design openings
Sample drawing

DETAIL REQUIREMENTS
Groove type

Fillet type

N

iv

d
3

MR R M = 2

IR MO

)



Downloaded frdrﬁ http://lwww.everyspec.com

MIL-STD-214
' FIGURES
Page
Figure
1 Type-l Joint >
p  Type-2 Joint )
3 Type-3 Joint ?
L Type-4 Joint 6
5 Type-5 Joint °
6 Type-6 Joint 1
7 Type-7 Joint 12
8a  Type-8A Joint *
88  Type-8B Joint .
g Type-G Joint Y
10 Type-10 Joint . 1
1 Isometric drawing | e

7



Downloaded from http://www.everyspec.com

nth



Downloaded from http://www.everyspec.com

MI1.-STD-21A

1. SCOPE

1,1 Purpose, This stendard covers the design of Joints for structures
when one or more of the materisls belng Joined 1s armor.

1.2 Application. The joints specified in this standard are intended
for use in millfary vehicles or other structures that are to be subjected to
ballistic attack. Each epplication shall be subject to the epprovel of the
procuring sctivity. The provisions of this standard refer entirely to full
penetration-weld joints, In many srmor vehicle designs, partial penetration
type weld joints (joints not welded through the complete thickness of a plate)
are being used. Some of these contribute mechanical strength to a welded
joint to defeat ballistic impacts. The cholce of these designs is very
numerous. The different types of ermor msterials currently being used or
contemplated coupled with various plete thickness combinations, plate engles,
and other considerastions make it imprectical to include this immense variety
in & general type exmor Joint design specification.

2. TREFERENCED DOCUMENTS

2.1 The issues of the following documents in effect on the date of in-
vitation for bids form e part of this stendard to the extent specified

herein,
Militery
MIL~STD-20 Welding Terms and Definitions

(Copies of specifications, standsrds, drawings, and putlications re-
gquired by suppliers in comnection with specific procurement functions should
be obtained {rom the procuring activity or as directed by the contracting
officer.)

2.2 Other publications. The fcllowing Gocuments Torm a part of this

standard tO ihe extent spec.fied herein. Unrless otherwise indicated, the
issue in effect on date of invitation for tids or request for proposal shall

apply.

Standaré Welding Symbols A2.0-58

(Copies may be purchesed from the AMERICAN WELDING SOCIETY, 345 East
L7th St., New York, N, Y, 10017.)

3. DEFINITIONS
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3.1 Welding terms. Unless otherwise specified herein, terms used in
referring to the joints shell have the meanings defined in MIL-STD-20.

L, GENERAL REQUIREMENTS

k.1 Selection of joint types.

4,1,1 Exposed surfaces. Surfaces subjected to ballistic attack, other
than external atlachments, generally shall be designed in accordance with
Joints 1-7, however fillet welds msy be used for surfaces directly exposed
tc ballistic attmck provided they have mechanicel reinforcement inherent in
the part design. This reinforcement shall be effective from all possible
directions of ballistic impact. (see figure 10.)

L.1.2 Other surfaces. Surfeces not subjected to direct ballistic attack
end attachments mey be designed using joint types 8(a), 8(b), 9 end 10.

4,2 Tolerances on design openings., The design opening tolerances shown
for various Joint types are assembly tolerances and should not be considered
as tolerances available for plate size varietion but should include all other
tolerances that mey affect design opening, such as plate flatness, but not
weld shrinkage.

L,3 Sample drewing, The isometric drawing (fig. 11) is included &s e
guide only to show typicel locetions of verious Joint designs in en armored
structure or vehicle, Encircled numbers on the drawing should be teken as
referring to the particuler type of joint described in thils stenderd. Suffix
letters (Joints 1-7 inclusive) have been omitted, since they identify plate
thicknesses and other details, which will vary with the design of e specific
structure or vehicle, _

5. DETATL REQUIREMENTS

5.1 Groove type. Grooved Joints shell be as shown in 5.1.1 to 5.1.7
as selectecC 1n accordsnce with design reguirements,

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

5.1.1.1 The informstion in the teble and following notes shall be in-
cluded on drawings when this type of Joint is used, When so placed on the
drawing, or when this Jjoint design is made e part of the contract, the in-
formetion shall be considered as part of the requirements.



Downloaded from http://www.everyspec.com

MIL-STD-21A
X
P -
"\ A
YA |
t N £ 1
Il
Y
FIGURE I TYPE=| JOINT
JOINT NG, INCLUDED DESIGN ROOT MAX PLATE|RENFORCE— DEPTH
ANGLE OPENING FACE THICKNESS MENT OF
) (a) OF WELD | BEVEL
X \f 4 T R
(DEGREES) |  UINCH) (INCH) (INCK) (INCH) UNCH)
-3 - 2
1A « | g (€1 © ¥+ |oTvog; T

Note (&) Design openings (see "Y" in fig. 1) do not {nclude allowance for

shrinkage during welding.
Note é’b) Tolerance, plus 3/1¢, mirmus O inch.
Note (¢) Tolerance, plus 1/16, minus O inch.
Note (d) Tolerance, plus 10, mirmus O degrees.
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5.1.2 Type No. 2. Single-V-grooved butt joint, welded to backing

X |

—— . 7
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{ i‘ ‘i L_z j‘\_ln'gammem BACKING
Y

FIGURE 2, TYPE-2 JOINT

JOINT NO, INCLUDED DESIGN ROOT MAX PLATE }REINFORCE- DPEPTH
ANGLE OPE NING: FACE TRICK NESS pEP&T OF
(o} (o) (» 4 OF WELD BEVEL
X Y \J ]
(DEGREES) (INCH) {INCH) (INCH) (INCH) _ (INCH)
— | .
24 as © 3 @ o 'y 0T0 % T

5,1.2.1 The information in the gbove table and following notes shall be
included on drawings when this type of Jjoint is used. Waen so pleced on the
drawing, or when this Jjoint design is mede a part of the contract, the infor-
metion shell be considered es pert of the requirements.

To be used only wnere it is impossible to weld backside of job

Note (z2)

Note (b) Design openings (see "Y" in fig. 2) do not include ellowance f
shrinkage during welding.

Note (¢) Tolerance, plus 3/1€, minus O inch.

Note (&) Tolerance, plus 1/1€, mimus O inch. |

Note (e) Tolerance, plus 10, minus O degrees.
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5.1.3 Type No, 3. Double-V-grooved butt joint, welded both sides.
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FIGURE 3. TYPE-3 JOINT
JOINT NO,| INCLUDED DESIGN ROOT PLATE REINFORCE-| DEPTH
ANGLE OPENING FACE THICKNESS MENT or
{e) (o) OF WELD BEVEL .
X Y z T )
(DESREES)| (INCH) UNCH) (INCH) ONC H) (INCH)
SA 458 (b) 3/)8 (¢) © Y TO ¥, 0 TO 3/32 2 T
38 43 tb) 1/s ¢y © [ 1 T0t O TO 3/32| e T
3¢ 48 (b)Y S/)e td) Ve GREATER| O TO3/3z2| If2.T
THAN
12

5,1.3.1 The informstion in the ebove tatle end the following notes shall
be included on drawings when this type of joint is used, When so pleced on
the drawing, or when this joint design is made e part of the contract, the
informetion shzll be considered as part of the requirements.

2) Design openings (see "Y' in fig. 3) do not include allowances

Note (

for shrinkege during welding.
Note (b) Tolerance, plus 3/16, minus O inch,
Note (c) Tolerance, plus 1/1€, minus O inch.
Note (&) Tolerance, plus or minus 1/16 inch,
Note (e) Tolerance, plus 1C, minus O degrees.
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5.1.4 Type Ho. L4, Single-V-grooved corner joint, fillet-reinforced.

- X

- ey S W
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FIGURE 4, TYPE-4 JOINT

JOINT NO, INCLUDED DESIGN ROOT PLATE PLATE DEPTH MIN SIZE
ANGLE OPENING FACE THICKNESS | THICKNESS| OF of

(e) {a) " BEVEL FILLET
x Y F 4 B ¢ T D ]

(DEGREES) (INCH) (NCH) (INCK) {INCH) UNCH]) (O’NCH)
4A 45 {b} —% Ko to-"- -4'- () -?r
- 48 ® X | clotof| Lo (d +
. o | o {©owd| Fod | w %

S.1.k.1 The information in the sbove table and following notes shall

be included on drawings when this type of joint is used.
the drewing, or when this joint design is made a part of the contract, the
informetion shall be considered as part of the requirements.,

wWhen 8o pleced on-
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Design openings (see "Y" in fig. 4) do not include allowance
for shrinkesge during welding.

Tolerance, plus 3/16, minus O inch.

Tolerance, plus 1/16, minus O inch.

values to be equal to or grester than for T-plate thickness.

Tolerance, plus 10, minus O degrees.
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5,1.5 Type No, 5. Single-bevel-grooved corner joint, double-fillet-
reinforced.
5-\ 3
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FIGURE 5. TYPE— S JOINT
JOINT NO. | INCLUDED DESIGN ROOT PLATE PLATE DEPTH | -MIN SIZE .| WIN SIZE
ANGLE OPENINS FACE THICKNESS | THICK NESS oFf OF oF
) (a) BEVEL FILLET FILLET
X Y z T T s 1
(DEGREE S) (INCH) UNCH) (ucH . (INCH) (INCH) (INCH) (INCH)
sa as b f& |10 t04 4+ (d) - T i +
ss L o) %— e tog -3— (d) T + -I-
s¢ - (b) 7§ |[tr0to} + (d) T & +
0 as b | @otof ¥ (d) T ¥ +
st “ o 7§ |(crotoy 3 (d) T + +
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5,1.5.1 The information in the ebove teble and following notes she
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
shall be considered as part of the requirements,

formation
Note

Note
Note
Note
Note

(a)

(v)
(c)
(a)
(e)

Design openings (see "Y" in fig, 5) do not include ellowe
for shrinkege during welding.

Tolerance, plus 3/16, minus O inch.

Tolerance, plus 1/16, minus O inch.

Values €0 be equal or greater than for T-plate thickness.
Tolerence, plus 10, minus O degrees.
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5.1.6 Type No, 6. Double-bevel-grooved corner Joint, fil_let-reinforced.
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fIGURE 6. TYPE-8& JOINT

JOINT wo, | MIN INCLUDED ANGLE | g gy nooT PLATE PLATE |DEPTH OF | MIN siZE
OPENING FACE |TMICKNESS|THICKNESS| BEVEL D | OF FILLET
x (1) Xt (" ]]
(OUTSIDE) | UNSIDE) Y z T ) s
(DEGREES, | (DEGREES) | (INCH) aNeH) | . (NCH) UNCH) (INCH) (INCH)
A as as ® &1 © o | #r0% (o) o1 %
1] 4 4 ® & © o -i—ro-i- {e) To¥T
. a3 as L © o | (e) TOXT
e as as () % © o© 1% (6) TO 4T
(14 as a5 (b) 1) C'> t4 {e) TO @7
e 43 L[] (b} (©) | | GREATE ) o 27T
) { THAN §

10
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5,1,6,1 The information in the above table end following notes shall
be included on drawings when this type of Joint is used. When so placed on
the drawing, or when this Joint design is made a part of the contract, the
informetion shall be considered as part of the requirements.

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

Note (b) Tolerance, plus 3/16, minus O inch.

Note (c) Tolerance, plus 1/16, mimus O inch.,

Note (d) Tolerance, plus 1/16, minus O inch,

Note (e) Thickness for each Joint to be equal to or grester than its
T-plate thickness,

Note (f) Tolerance, plus 10, mims O degrees.,
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5.1.7 Type No., 7. Double-bevel-grooved tee or corner joint, double-
fillet-reinforced, S

—— Ty — Y p—

FIGURE 7. TYPE-T JOINT

JOINT | INCLUDED ANGLE | DESIGN |ROOT [ PLATE | PLATE | DEPTH | wIN MIN
%. | xim . |OPENING| FACE | THICK-| THick-| OF  |81ZE OF |sIZE oOF
©OUT- |oNsioE)| @ NESS | NESS | BEVEL | FILLET | FILLET
SIDE) Y z T T s (Y
(OEG) | (DEG) | omcH) Junch) | uncr) | ancH) | tmcwr | uncky | gncw)
] as as o F feo| F (0 |Fedr| § +
™ as 45 & koo F o [Tt T # +
¢ s as mi ool § o 14 1l 3 +
70 as e | w2 ool F | w [d=% 1] * <4
7€ as s [t [wo]| (o) —’-hj T 2
7F a5 as wE oo 1t (o) -;' $ 1] 4 ';%
7
76 ] 43 wm T (€ o RE:;L;“ (o) -f“';‘ W ¥ _’j}i
™ | e e | mF e #F"“ i w |gedr] F 2
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5,1.7.1 The information in the sbove table end following notes shall
be included on drawings when this type 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 considered as part of the requirements.

Note (a)

Note (b)
Note (c¢)
Note (&)
Note (e)

Note (f)

Design openings (see "Y" in {ig. 7) do not include allowance
for shrinkasge during welding.

Tolerance, plus 3/16, minus O inch.

Tolerance, plus 1/16, minus O inch.

Tolerance, plus or minus 1/16 inch.

Thickness for each joint to be equel to or greater than its
T-plate thickness.

Tolerence, plus 10, minus O degrees.

5.2 Fillet type. Filleted joints shell be as shown in 5.2.1 to 5.2.b
gs selected in accordance with design requirements,

5,2,1 Type No. 8 (a). Intermittent-fillet-welded joint will be re-

stricted to single-pass welds end shall conform to the following sketch
and to the notes under 5.2.2.

T e [T
|

(|

I T
, |

s‘ﬁ‘&ﬁ\”&?ﬂ

]‘KYXK_’\\' 9. 49 q BN
EAARS iﬁi‘m)]
~t

]

FIGURE BA. TYPE-B8A JOINT

13
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FIGURE 8B. TYPE - 8B JOINT

5.2.2 Type No. 8(b), Staggered intermittent-fillet-welded joint will
be restricted 1o single-pass welds and shall conform to the sbove sketch and
to the following notes.

Note (&) Fillet size ("S") to be specified in accordance with design
requirements, except that regardless cf such requirements,
minimum fillet size to be used shall be:.

Plate thickness, inéh Min size fillet, inch
T or Ty . S
Less than 3/8 ; 3/16
3/8 to 7/8 incl. /4
Greater than 7/8 5/16

Note (b) Normal essembly dimensions will ordinarily give veristions in
dimensions "Y' of 0 to 3/32. This should be shown as & toler-
ance on the drawing ané will not require any increase in fillet
size. When the designer specifies e nominal dimension "Y"
greater than O (zero) the fillet size shall be increased by
this dimension., For joint types 8(a), 8(b), and 9, when the
gap exceeds the specified "Y" dimension plus 1/32 to 3/32
tolerance, e special procedure shell be followed as requlired
by the applicsble specification covering the welding of exmor,

Note (¢) Length ("L") shall be not less than 1-1/2 inches.,

Note (@) Pitch ("C") shall be not less than 2L, or twice the length.

1
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5,2,3 Type No. 9. Continuous-fillet-welded joint shall conform to the
following sketch and to the accompanying notes:

Y - r——;n-ﬂ

S
TSN SRt eansataas et S pll !
x?«‘,s:’x&f& 7}-&& :?x *&t&x ‘::'X X% 1

FIGURE 9. TYPE=-9 JOINT

Note (a) Fillet size ("s") to be specified in accordance with design
requirements, except that regerdless of such requirements,
minimum f£illet size to be used shell be:

Pilate thickness, inch Min size fillet, inch
T or Tl S
less than 3/8 3/16
3/€ to 7/6 incl. 1/b
Greater than 7/& : 5/16

Note (o) Normal assembly dimensions will ordinarily give variations
in dimension "Y" of O to 3/32. This should be shown es &
tolerance on the drawing and will not require any increase
in fillet size. When the designer specifies & nominal di-
mension "Y' greater than O (zeroc), the fillet size shell be
increased by this dimension, For joint types 8(a), 8(v),
ané 9, when the gep exceeds the specified "Y" dimension

- plus the 3/32 tolerance, & speciel procedure shall be

followed as required by the appliceble specification covering
the welding of armor.

15
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5.2, Type No. 10. Contimuous-fillet-welded joint with mechenical
reinforcement shell conform to the followin

notes:

OUTSIDE OF VEHICLE

i

L

t T

N
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A

g sketch and to the accompanying
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k] r ZIT‘
X4
L e

S L ey
FIGURE 10. TYPE- 10 JOINT
JOINT NO, PLATE MINIMUM MINIMUM MINIMUM
THICKNESS FLANGE FLANGE FILLET
THICKNESS LAP SIZE
T Ts L' S
10A LESS THAN T 3
3 T i3
108 3 -] T S
$ 70 % % rc
INCL,
1o¢ T 3
F 4
Y0 1|
INCL.
10D T | T
2 i )
]
I TO Iz
INCL..
1¢] 4 GREATER T - |
THAN 1% ]
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Note (a)

Note (b)

Custodians:
Army - AT
Navy - SH
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Separation. (™Y") when specified shell not exceed 1/8 inch,
&nd Turthermore:

When Y = 1/16 inch or less, S = designed fillet size;
When Y = 3/32 to 1/8 inch, § = Y plus designed fillet size.

This joint type is not to be utilized without prior epproval

from the procuring sgency st which time layouts will be re-
viewed showing the circumstances under which the joint is to

be employed. The circumstances under which this joint is to

be employed should be analyzed very carefully by the designer

to assure that it will not be misused, This Joint is not in-
tended to add mechanical strength to the structure nor is it
considered a ballistic Joint; therefore, should not be utilized
in case:s where it must be depended upon to perform such functions.

Prepering activity:
Army - AT

Project No. DRPR-0133
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ISOMETRIC DRAWING IS FOR ILLUSTRATION PURPOSES ONLY, AND THEREFORE,
ANY APPLICATION OF JOINTS IN THE LOCATIONS SHOWN DOES NOT NECESSARILY
THAT THEY WILL BE APPROVED FOR ANY SPECIFIC VEMICLE .
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