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WELDING FORMULAS and TABLES for Structural and Mechanical -
Engineers and Pipe Support Dﬂaimars e

'br T.Ea ]Iuhﬂrt-

The Mamial contains formilas and time saving. tables for ‘l'-hﬂ' jr.$
design 'of welded structures and re for M

and mochanieal engineors, ers and m
familiar with the basics of structural danign. -

Notice: ' : 2
Although this manual is baae& on the best a.vaila‘bla ]mmrled.ga
it mist not be used without endent examingtion and
verification of its suitability a licensed structural
engineer. The use of these formulas and tables ocan only be -
made with understanding that "I.V.I. Structural Design Emicu"'
makes no warranty of any kind respecting such use and the. um.-.
- asgumes all liability arising therefrom.

 Published by I.V.I. Structural ‘ﬂaaim Service,
fin 7943 S.W. 56th Portland ﬂruﬂ'an 9121:;
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Termglas for wold properiies treating ss a 1ine
= straight lines pattemnas (forsales 1 = 23) . .
= 2ngles (formlae 24 = 28) & & 5 2 o 5 ¢ = & &
= charnels (formalas 29 = 32) , o v b s v v v s

-'UlﬂﬂTlthlI:rﬁlﬂllIE}-lrﬂ-}--.-.-....

~ structural tubings (formilas 49 = 51) . . . .
= oireular wolds (forealae 52 = 70) & & . . . .
-']Iim{:muTi}ll-l-lllliil-ll.-p
Weld properties of soy plane patiemn . . o & &

Fropertisn of three=dimensicnal weld
{‘mmt:uﬂji---"'llli-llli

“H-wﬂ:]mmwh‘mlliiiimnr-

Yeld stresa for varioms weld patterme . « + « «

« Thivo=dinennionn) wold slxedd < « o « « = = & &

Tables of nllowable loads fort
m.‘imh‘l“l‘- = ® " B ® ® ® ®§ ® 8 8 ¥ W

'I'Ibhﬂgﬂl-'r!-'h-l'!'ﬂﬂl-ﬂ.--........q

Tablea of wold properiliea ireating as & line
for nelected structural shapes

Table 3, Parallel welds » & o s s s ¢ & 5 = » «
Table 4, Jquars and rectangular welds , +» » + «

‘H#E.ﬂmjmﬁl # # B ® 8 ® ®m m
hblﬂs—i.’.mlﬂﬂﬂrl-inpnq.-'n

Tables 14=16, Por chaneels & o = & s & « & = =
hbl‘li'lr-‘iarmwu'ﬂ"lhw o o®FEE B

Tables 19=22, Por siructaral tubings . & « = »
hbhﬂ.mmmhﬂ F FEFFF & E
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=

« 3
« 5
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PROPERTIES OF WELD TREATED AS A L INE

Enta.'hinnl

a,b,d ete. = linear dimensions as shown (in)(em)
I = avea (length) of weld (in)(em) - -

oy - distances to center of ,E:ng;'.ritr (in)(em)
Ix, Iy — moments of inertia (in”) om?

5x, Sy — section modulus (in=)(em)

J = polar moment of inertia (in3)(em3)

d = angle (degree)

=Tt angle (radien) (1 radian = —%‘"-‘ ,0174533)

vhere J or S are not shown they can be found as J = Ix + Iy ;

-1
0= *Eﬁi ¢ = distance from c.g. to the extreme fiber o Era"
W f f
1 'F__? G_F L= 13 ]Iuﬂuli; I-T"D'l
2 .
x'-rLN . T J.I;:+Ij-=jlg—; E;l::---lT; E.'r-ﬂ-;
e -? I:t'u-—:!i'-ﬁ-+1h2; Iy' = 1a?
Xt * -

|

2, -ﬂl}' Jwelds | Im 1 =d = 2by l=a+b; Ix=20;,
1_ 43 ' B.E'I:l'

13 - b3
=l o - et T

L =

l: L%Jhé,

- a2
e 17 » d
.31 l {E}Wld.ﬁ Lﬂfn:hl; 1= 2a + b3
- ; I-%E-+Eaz'b
I==lT
. ] E q
4. (4) welds| L = 4b; 1 = 3a + by
‘ Iu—gl+5;2b

—tb.!-- {l Jr—a—ll




Be (5) welds L =5%b; 1=4a+ b;
e
-~ - s 1=—5*m:1'?‘T 4+ 2a2 )
l J-—aj 4b{~
[ 1
B (6) welds L=6b; 1=05a4 bj
' b 2 2
— —_ | I = T[h & 3'53 }
l 7Y IEI —l '
4 [ :
Ts (n) odd “"91&-5\ L =nb; 1=aln~- 1)+ b;
z \
f bt 2¢ 2
S - — I-Hﬁ-[‘b2+n{n-—1]]
[ | 1-—a—-]- —Ibl—
e Uy we ale L = nbj 1nB{n—1]+h; d=a- b;
i ] 13 d{n = 1)
e oo A— | g— = = - - ﬁE-iI-BETI{I:I—'E}]
db- —lblur'taI t [
£ |
9. (n) pairs of welds . 2;"’; i
—ELI Y (Where-I from formilak 7,8)
: 2
X + Ixu—h‘&—n; gx = ben}
! kb
Le=l} Ix= 1pin?h _ DEL
¥ lzcone-l- . a?1 : T= —?:';—l
2 2
51_1;1::-'- ‘I'.E.rl, E?_J.Eﬂﬂd\- 11_
1. Y,
] L=2bv Ix= ME;‘H-"};
X + -;jL T 5

2
Jn—:--'l:hz+3d2}l Sx = bdj E:r-—g—;

—-5—




.-3"?:;

12,

Ix = a(d = ¢)2 + be?; Iy = --*-"-‘7’-1%—-"}-

X + i_:'.i; .bj
| L I Extna.[ﬂ—t:}'i‘—m—; EI:T{E 4 —
L-b‘—j Sxb = iL;“)E_ + be;
13, y . S
'_*.-.r %/

L = 4a; Ix-]:fn]::;'n]:}rlnru—-%—ai'

Jm2I; SxmSy= %_G_E Sy' = Eﬁaz

14, ¥
| L= 2(b + d); ]::=—Ez—(rh+¢]=
X }i SR O A T L) L
‘W J_j‘ S.::nd.{h+—%-_]; sy-h{dq—-"i—}:
by ¢
154

L = 4a3 IH—E—I:—EE—+'I}2 };

Tea(d— s ®) S+ W)

16, Y
T"b’i_'l' L= 2(a +4d); Ltu-%-j.-p—%h—z;
. 2 3 2 2
X {+ | ooty sty oo,
l g a3 al
. 5x = + ah Sy = + bd j
R ’ B
ka4
7.

Le 2(b +4d)

w2aan __20%42(b 4+ d
Ix (b + d) 305 + 22)

s::--%—ﬂu-;a}.}ﬂ%‘;.&l.

"14-




18, .
/ SLRES FRAt At SELE o

X Ea:*-}-;i-‘* 5:1:::‘31?13:-; th-%fi= EFHETEi

" Lomat 2o om iy g = 2P0,
\ﬁ lr e w 2(20 = a)(b + h]; 2
<

12 I'-""“; f'nf"'"”:'

r
I
s 7anwi BN ETE LT e

L=ga; Ix=1Ir= Ix' = 2.5a%; J = 5al;

. S:u—%g; Sy = 2.5a;
J—;!—l' | -

Lefa; Ix=s Iy' o= 5.1633; J e 12,52 35;

sx = 4,T1a%; Sy 2 5. 1&2;

w L-#{B-b}; Ix = Iy! nﬁ{ji-aﬁ}-%ﬁ-
Iﬁ;{:—‘r ; 3 '
{F j ‘}‘I'P}‘ Sx = _:"13-3%.13_1 BY..'E."E{.&;- a”) ; .

‘xa Y
X— hd}----:/_-l: gl &= %{33 =) Iy= r—%—{ﬂ o n..’.r]
- -
ﬁ—; N




E"‘i-- r"

L="5b+ d;

© o we de
"Eh+a)’ WYEI®+a)’

: 3
n--Trt-iE—*-;-}. Iy = —p(—pt—)3
©
» b3+ d” . ba(v? + a%)
o T, Fmmpe ke
2
_?QIZJ' sebe S 4 2); sxe = S22l
b 2
Syl = (b + 44); Syr = —<—(g-+31);
25, ° Le=b+d+ 2w
2 -
P b + w(2b + 2% '|-|r_"!i
2L
oy = d2 + wi(2d + 2¢ = w) |
" a’ 4 wo 2, 4d
! Ix = —_m—+c3.|_:b+d]+d{—r-nr}+
I '

+1.-[{ur-t'_'.lz+ {d.-n,u—z-*}‘z]:

-Eﬁi+¢={h+d:l+'hzf'%—-ﬂt] T

+ W [{a: )2 4+ (b = ox = 1*-)2]?

Je=Ix+ Iy}

Leb+d+1; 1= +d42;
4’ ; b
oy ™ -ﬂ‘-(d +1) oy = —-(b + 1)5

I,= (4 + 1}(-3- db,-l- “:r] + bo% ;
Ty = (b + 1}{T Yoy + 02) + degs

- -




27, f, T’ L=b+d=1t%t; a=bd = t; 5
$lwz, 3 a(5- + t) 5 + at
5 o L ’ Ry L d
Ay i | S B = 8 - doy(d - o) + aloy - 123
Tl | L
'_"r:b a’ 2 b+t o
1 Iy = == + doy” + a{—5—— - cx)
.Eﬂa- L=2{h+d—t}; amb==t%t; e=d-t;
t _§.2+h2+2t{a.+e}_
|| 'E::l EL ¥
T i.f oy = ':12-1-925: Et{n-ﬁ-u};
o i 3 3
¥ ] IL x m o E8 +¢rzl:h+d]+d.2{-%——¢?]+
—
"““F!nr ki +a{n3,-t.}2+u(-d'jf—t_._gng
H--E?Tgﬁ-+n:2{b+ﬂ}+b2[-%—gx}+
-l-n{cx-t}z-p-..(h*t - 0x)2
bﬂ
29, Y L=2b 4+ d; Oy =
—jaf— E .
T‘_ Ix-—':r{ﬂba-d}; Iy = ; [%h*fg )i
o - 4 X
J El:-rli['b+-%—}_

Syl = %{h +2d); Syr = -%?(%‘ﬁ-h

2
[+] -M-'i

L=2b4+ o} :

3 2
Ix = == + =g

H-—%—b5+2bﬂfu—h-]+ﬂfnnt}z

a=d =2}




3.

L=d+ 2(b+ w);
(b + w)2 = 2w
4 L r

'rl’ f oy =
=% _i 2 a'
; “-—lvi Ix e o (s ) 4 2wl - £)7
o t X A 'z
l |_ Iﬁr=——-g—h5+w3+dcr_2+2b|:—g——¢::}z+
EL’H.!) + 2u(d = o = =5=)%
.32, v L=2(a+b)+d+e; asbet; e=d=-2f
f f ohe = t(t = e)
i = ox = T i
[ 1,3 ra’ 2. 2
S —f+ ——X I g iopie= 4 B 0 1
‘J‘ Huﬁ-zi'lﬂﬂﬂxﬂ:l-'ﬂ{ﬁ:"t}2+

+ E‘b{-—%— - 31}2 + -3"'["1' + & '2"::']2?

3 3
T = 2b + uj II-%[bi2+-%-:|! hﬂ%—i

= 3+ o + )

2
s.:-hd+-ﬁi-= Er--‘i-i

L = 2b + uj n-—E-E—; I:-%{hdzﬁ--g-ﬁ-h
ﬁ-b{{ii-ﬂﬂz} +u{-§-- a)%;

bd w
EX = -I-?r

y . a2
L=mb+ 243 UIIT:




364

: e m

Le2d4bmt; o= a=-—pty
_ d%, da + d bF ~ 17 AT

e a-r-d.}; »

sxt = —-(a + 4); sxb = 3~ (-2E-3-);

b3 = 3 4+ 6dt2 |
Sy = &b - »

L=I2{'h + d); I::nv-%E{b +—‘;—}:

3 3 . a2
Iar=—E'—= - +E{3‘n+d};

2
s==d(‘n+—'55'—}; Sr=-§-=

L=2(b+d=t):

2(%d -
ST T SORGINEPR . P ¢ B0

J= hﬁ"'f"t} +—d'rl[bd-dt+t2}1

2 2
s:ua{—%-+b—t};sru—b3—+—{f—{d--§-h

5 ; .
L= 2(b +d) = %3 uud+E[ﬂ+f}i

I:--I-E-gé-zdu{d—n}q-{h-t}nzii

2
+b{d + £ - 0)%y w-%&--}{d-{-}:

2 42
Hl-'ﬂ-g-'++{i--z—}i

L=b+24; o= d‘izzf ;
n-—‘f'2+bq2+zd(%—+f-nlz

Iy = —;—-{—-EE + dt2);

-



2
1= 2(b + d); &

e
L 3
' d(4b + d a2(4b + d) |
o e [ A

£(b +2d - £) + 42

I-I"E(h-l-ﬂ.}"";; G o=

L
II=“E'T5+ME+{1J—‘E]{¢—_{‘}E+

+ 2(5+ £ = o)

#
?

3 2
= o e 15
Y 2
| FEEEE S L=2(b+u); Ix=-Dp 4 %E*
F 2 3 3 2 2
T 3 —_— ut b b +u bd= + ut<,
J'_..L_u X iy g ‘“E‘ it Tk .
:‘] be  ut?
,l__ll t ﬂ:[:n'hdqrnﬂ— 5?.T+T;
Y 3
44..]: L=4b+2d; Ix=—g- 4+ bd?
™ - X 2 B3 1w a2 4+ 2b3 JIi-mﬂ
=0 Ll 5

: .
E:--%-nr 265 s,--ﬂi-bz;

45,

L= 2(b+e+a) I:'T{T*‘“}"'

+1:E
e "E" 'fr*"-r

EI-—E-{—E-+¢}+H;

W‘T*'T[T*‘tﬂ"'_&ll!ﬂﬁ]*

amd=2ff e=mb=1%;

i

H‘E

= 10 =




.. Y L=2(b+u+ 2w);
I S ba2 3 b3 ed t2
- o= A e S E Sl b i
- w i
"1—_ {_j'_‘ amd=2f; &=b=2u;
o
47, ‘*i r L=2b4+ 4w + u
2 3 2
1[13_'-_ X e 2, a2y 2 Iy = 5 = 5=
! = ._.Il .
G a=d=2f3 e=0b=2w;
L] '
Labdnsdu ottt

Tx = —1_'1-;- + b{-—%‘— - n}E + 2wla + n}z + ey

3 (b =2v)
Iy m == = =713

$ a=‘-%-f;

L=2(b+d=,86R); a=b=2R h=d - 2R;

r 2 2
o 4 X ,I:-—]EI-E+-%—+R%'1—+R(41:+:ITR}]1
J 3 2 2 ;
Lb—l IT’n-E--+—]%—+H[£%+H{4n+‘JI'H)]i
50, r L'Eh--E'EH] a="b = 2R;
1:| o X Ix = n;ﬂ -I-'IfH[—%” - .1H]E + +024R7;

Iy = -%'E +:|1R{-E—~ - .Ez?n}E + J13TR%;

$x = Zf Sy = g lem

-1 -



Ixu_—lf‘;-+—“;+-‘g—[!—g+ﬂfﬁ +R)]);

‘1 L=2b4+d—- 860 a=b=R; hwd-2R;

1
i

j‘i’_,"‘l X I;rn-—z-';+ha2-2.tg[t-g]+.ﬂﬂﬂ+
E-
R/} s} WrR(o = +3630)°;
e n{‘hi-ﬂ}i-lr 1,148° s gmb = o
Y] : .
524 /j}\ L = 2or; I =Mx3
\Ij X S -'ﬂf!'z$ J m 2:1&:3;
55 Lomgrey Ixo= 235 - A2 5
Y |
Nyl T v
Ix' = } Iym= 3 Fm (= )
I,r"':""x\ « gy o B 'ﬁ"
é" { M u--g?r-; At point "1": E:l:n%{ﬂE-ﬂ:'i
T X 51 x2
By = T]‘
54, { CpeTEom s T .90
S | l"+ o op :
. - : G = ?’ -— -'E‘ﬂrl-
o Mr - . 3
55, L = g Tx = 0063 Iy = 03350
r :-L £ L
G e ox = J3T3r oy = W97
AR x
5'5; t_e‘_'y' L =Wy; Ix= 2.51"::-51; = .5’?’:3;
[ 3 -
'j"‘ \<-?/ Jefizd; o e
gx = 2.57r%; Sy = .09

-I'IE -




T Y
1 ; X & &TTT" ix = -U-'I‘Z‘J:\si Iy = -EE‘E'-'-';;
45°
l * X' | = 1.285:%; o = .95
1
2
5B, L =6r; Ix=( 8 “‘.gin""ﬂ‘l?i . :311'-; 4 Y35

s = 2
Iy = (-2 %ligicnﬂlu _ (1 = cond) ye3;

]

_ raind.
s AR d

(1 = cosd) .
ﬂ: = E_- ¥

L = 4189; m = reindj n = rcosd;

Tx = T2(28 + gin2d); Iy = r?(28 - 2in2d);

J = 4‘:5&;
” boorey o= B,
¢ 24
Ix = £2(B + sindcosd — %]:
o _"_h-'"h.. x . z
- - y ] } _&L
2 oF )/ Iy = rs(8 = sinlcosd); J = 2r/(0 5 )3
* ¥
| Ix' = r2(8 + sinjcosd);
61, y L = 2r(ff = 8); m=reind; n = rcosd;
Ix = $3(07 = @ = 4028 _ 2p4n?d. r
: J =R
T .
' ¥ T X ..nrurﬁﬁfuﬂ+£i%}:_
= r 2
11 ym2c3(0- 6 - EER); o ZHAL,
o+ :

= 13 =




62,

20 g mad;;muh 5 6 = 8+ 8y

Tx urﬁ[e -

_ 2(cond -'_; con d2)2 ]:

gin2 L, -5 51112&:_'_

Ty :’_3{—9 % pin2is + ainldz )s
- L

ady = conds)?-
J = 2038 - (cosd B“h} 1s

634

Lom Bori odwdy+dy & =809+ 825

q‘_",.:ﬂ 'E'E 'Tlﬁy'

Iz'= r:-_.[EI- + sinlcond = sindicomd _

_ fnmi‘ - gind)? :
Ty = r}[ 82 = pindcond 4+ mindicomd: _
- 2
_ _(cosds = conl ) ]I

conds = cosd. sind = sind -
TI

Le=eMTr+2hi a=he=o0}

Ru%—h3+%—rj-%n+nf&+ﬂl};

' 2
v - e« )y 0w PR,

~C

Lmx(f+2) +2h; amh=cj

I:-—g-h3+—ﬂ'2:-m5-2hm+n{ir+ﬁn}-+

-l-E:aE; I.':.r‘-:zl:Eh*-ﬁ!r—-l-—?—};

. 2r2 4Trh + b2

" H[!I"I'ﬁj'l'ﬁ b




L = 4r(cosd+ 8); b = 2raind; h = Zreosd:
Ix = 1_-3[—;-“93.]‘ + gin2d + 28);

Ty = r2(2ain2laind, - nin2d + 28);

L = 2r(pind + 2cosd + 8); b = 2raini;

nEzr"-'um:p-m.q: h = 2roosds

Ix = 1.*3[2“:24. (sind + —-:";-nnui} + pinlcosd, +
+_E] ’ Lazt

Iy = r'-'*[—g-umﬂul. (aind + 6oond.) - nindoond. +
+ 8|3

68,

L=2fT+ 2); nni%i“ « 3897

2 (T + M= 2

- o 79303

Ty = r3{-§- + =) = 2,237r3

69.

L = vkj k=T + 2(1 = sind. - &)

- 2:51-:1:141 ;

& 2
1z = 533 - 0 - sindcosi- AL 8ind"), |

Ty = r*—ﬂg— = & + sindcosd + %{1 - ﬂ.n}ul-]];

e n —_

2
L=fir; D= L

Ix = Ty =9Tx(222 + a?); Tz = J = 45007

2 4 a2
E:uw-%)—g 55 =402y
+a

- 15 -




L=F(r+xy); == ﬂ;,a;

2
Ix = Eiz—{r +3xq)s Iy = .H—?—Gr + T1)3
J=i4r_-[r3+r|3+ 3rr1(r+r1ﬂ;

5% = ﬁ—"f—{r +3rq)5 Sy =“;f—*[3r + T4)5




WELD PROPERTIES OF ANY PLANE PATTERN

Yo .y _1s Avea of weld - L(in)
IT' |’ L = JLdI-
¢ o, c.4. dl; = infinitesimal length
\ [-_ X 2, Moment of area - M(in?)
X o (x,y coordinates)

A _3. Center of gravity — c(in)

| cx= i ey =g

5
&

4+ Moment of inertia — I(in’)
8 (xas ¥o coordinates)

X
Xy = f Y5 ds Iyo = [ 2§ -a

X Fice (dby: T =fdie
}; . \y o Mx deL ¥ My J’LdI. x3
X
,--*""'X

+

5. Polar moment of inertia - J{in?)
Jn=jtf.:x§+r§}d:.nn¢+ T¥e
64 Product of inertis - Ixy(in?)

4 Ixo¥o = j quF'dI-
g1 -
- Pogitive in the 1st and Frd
quadrant, and negative in the
| iy Hoplei
1. Moment of inertia about parallel axis (x,y)

Ix = Ixg + cyl; Iy = Iyp + oxlj
Iy = Ixe¥o + cxcyl
B, Moment of inertia about any axis (x,y, )
Ix, = Ix cos?8 + Iy sin?e - Ixy sin2
Iy, = Ix 8in?@ + Iy cos?8 + Ixy sin26
J= Ix + Iy = Ix, + Iy
Ixy, = Ixy cos29 = —-(Ty - Ix)sin28

- 17 =




If weld properties have at least one axis of symmetry, IMgyp = O
and Ixg, = Ixo coso8,+ Iyp sinZg,

Tye, = IXg 6in€Q, + Iy cos28,
If also Ixp = Iye then Ixg = Ty, = Ixg, = Iyg =1

9+ Practical way to find wold properties itreating as a line

9.1 Example 1% Find weld properties as shown. (Ref. formilas 1,10,53)

19 f JF L =I5

1. Divide weld on four elements and locate
bage lines X & ¥ with original at

a posnt "0",

> 2, Avea of weld, I = F1j
e * tand = 1/2; d = 26,565°
Ly 14

Le=1+2fcond+ 4+ 1,5 =

'Qf R =1 4+ 2,236 + 4 + 4,712 = 11,95 4n

Zn i." }l Homonte of area. r_ﬂ. L] El-r;
My = Dlex
B = 1(=5) + 2.236(-4.5) + 4(-2) + 4,712(-25142) = 18,56 1n®

My = 1(2.5) + 2.236(1) + 4,712(1.5) = 11.8 in®

4. Center of gravity. ox = ﬁﬁ-: Cy = %I

ﬂ:*_—t—:H%gE-r-Tiﬂ %-%‘“*1-5515

5. Moments of inertia about cege IX = p.IXg + L1+¥%}
' Iy 'EI&"Q “'E:l“:zl

Vhere Txg, Iyo — moments of inertia of each element about its
WL Cu e

1 1

B = distances from c.g« of weld pattern to c.g.
of an element

2 3
I:-1_i%_2£i+4-2—+.3x1-53+1{5_1!55}2"'

b 2.236(4:5 = 1.55)2 4 4(2 = 1,55)2 + 4.712(1.55 + ,95)2 =
= 68,15 ind

-0 =



I:If . 11;_ + E.E}fﬁz EE & -ili-ﬁr+'1[2-5 - T}E + 2'2‘5‘6(1 =, 1}2 .
+ 4(1)2 + 4.712(1.5 = 1)2 = 13,56 inJ

6. Polar moment of fnertia., J=Ix 4+ Iy=
: = 68,15 + 13,56 = 81.7 in?

&
¥

7. Sections modulus, Sx = :;_" Sy = J;L..;

Where %, ¥ - distances from c.g. of weld pattern to desired
points of weld.

For point "a" Sx, = 1.%3'151.5 = 22,3 in®

For point "b" Sy n-g—;‘%%s- = 19,75 in® Sy n-?f%— = 6,78 in®

9.2 Find weld erties about X3 & Yo coordinates which are
rotated 22¥ from original position.

1. Product of inertia. Ixy =) L-x-y;

Cont. example 1. Ixy = 1(1.5M=3.45) + 2,236(0)(~2.95) +

¥+ 4(=1)(=245) + 4.712(1.55 + +95)(.5) = 2.5 4n 3
2, Moments of inertia.
Txp = 68,15008222 + 13,5684n222 = 2,58ind4 = 58,7 in’
Typ = 68.1584n°22 + 13.56008222"+ 2,58in44 = 23 in’

3. Chock polar moment of inertia.
J = 58,7 + 25 = 84,7 in’

9.3 Example 23 L=4x2+8a=16 in

Y ¥ ' oy 4x2x2=82x2 -0

; il
x] B '

' -ﬁr 8’ . 2 3
hﬂ. \\ -E:r It-*—.|-5-+214::2 = T4.67 in
S [ ROV A m-z—-‘};—+312242:4:zz-

|3:I ..I = 74,67 in?
4

-G -



Iy=8x(-2)x(0)+4x2x2+4x2x(-2)=0

Ix ¥ = 0
It = '_F;r . I:'l = ]:ﬁ,
different distances to extreme points.

+ Dut section modulus ie different due to

-

10, Sample of caleculation with using programmable calculator TT = 59
. N %
C
ol WP-1
. 0, 't
0. %
s 8. L
. + 2. ®
] ; D, Y
2 4 | E 4. L
origin '
-3 %
B Y
4. L
16. D0 IL
2. 00 v CH.
4. 00 CY
74.67 I
i; 74.67 . 1Y
1435, 35 12
B
18.67 SuB
18, 67 SXT
37, 33 SYL
18, 67 SYR
= Eﬂ =

i L

;
R e B BT
; ¥ £

B el

=

=

L'
h e e

o -
- P

ibad ks T

e o
e e
gy DL T o

.r':'_"'-' 5
i R I

Hh



PROPERTIES OF THREE-DIMENSIONAL WELD (Straight lines)

Rotation:

XY, 2, Xo¥9Zs = coordinates of
each weld (14)

1‘12 13, TI 1.5. = imﬁ

oy ¢, — coordinates of c.g.
F I OF mld satiac

L = 4otal length (area) of weld

Ix Iy Iz = moments of inertia :
of weld pattern with
respect to c.g of
weld

14 =YX = %)% + (4 = X2)% + (2 = 22)% 5 T=)y

2 [3'4(1.* KE:'] Z[li{YI + TE}] Z:I[li (2, + 52}]
& i e R R § Op w ey j

Tet: Ay = (X2 + X3 + X, Xg)3 By = (Y2 + Y3 + Y,¥o)s
0y = (22 + 28 + 2,%2)3
Then:  Ix = ~- E[liiﬂi +0g)] = 1oy + oB)s
v = = 2150 + 00)] = 5(cd + o)
Tz = == Y14y + By)] = 5(ck + cf)s

Ox

$ . d pattern with
Example: Find pmpartia; of F=dimensicnal ::1 P iy
(ONSI0If t14)02)-3) as chown

(5017
= tr-as:r—z; (12

-




L .1{1.5 -0)2 & (0=5)°+ (T- n}ﬂlq-
+V[4_5 i {_1_4}12 + [(-2) - E]E + [1.2 - |‘:-3:l]E = 8,73 + 8,27 = 17.0

oy = 2013(1s5 + 0) %_&(iﬂ]_ = 1,14

8.73(0 + 5}_3+¢B-2'r' ['I-?} +2) = 1,28

EFH

8.73(7 + 0) ;J:E.ET [1.2 + (=3)] _ 1.36

k]

Ay = 1,52 4 0% 4+ 1.5 x 0 = 2,25; Ap = 4,5% + 1.42 + 4,5(~1.4) = 15.91
By = 0245 +0x5m= 25 By =22 4 2% 4 (-2)(2) = 4
- Q= 72 + 0° +7x0m49 Gy = 1.2% & 3% 4 1,2(-3) = 6,84

1x = —=[8.73(25 + 49) + 8.27(4 + 6.04)] =
- 17(1.28% & 1,36%) = 185.9

Iy = —-[8.73(2.25 + 49) + 8.27(15.91 + 6.84)] ~
- 1701142 4 1,36%) = 158.3

Iz = —15—[5.73(2.25 + 25) + 8.2T7(15.91 + 4}] - WP=-321 .
- 17(1,142 4 1,28%) = 84,2 . -
. ne
0. Y1
9. Y2
Same problem can be solved by using " Eg % é
7T = 59 programmable caloulator: E.
-1. 4 14 |
(Diserepancy in the remults is 4.5 o
due to more accurate caleulation : 5, Y1
by eomputer) >y v
=3, ra |
1.2 22
17.01 L
+ i. 14 Ca
g 1. 28 cY
B i. 36 cZ
185. 24 IX
~ 158. 42 IY
84.13 12
L s s |

- 08 .




i eutive

length of
the weld

For.parallel weld properties see formmla 50 tables 21, 22,

For weld all around properties
gee formila 49 and tables 19,20,

0
~

For C=wold properties me
formla 51. :

ninipﬁca between {lare=bevel
woelds can be assumed am:

d,nTE—-ﬂi—R or
for Rm 2t d= 16 ==

E,;,,R

-




TSz

Weld length can be
agsumed ag:

31"1'51—11
R=Rq or R=Ry
vhichever is grater,

For R = 2t

B‘I - '1'51 = H{furﬂ
Distance boetween welds:
112- = TSE

Bp=T8g =Ry ox

By = T8g = 245

B=TS,~Ry or forR=2t B=15, -2t

R

t
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STHESS FOR VAR PA

1« Find properties of weld pattemm

2, Determine applied forces and moments with respect to the center
of gravity of the weld

%e Weld stress formulas

Data: Weld properties (L, Sm, Sn, J, ¢gs ©n)

G i

Applied forces and moments (Fm, Fn, Fp, Mam, Mn, Mp)

P
- Note:
M, e
= For congervative formilas uae
FIJ absolute values for F and M

= For exact solutions consider
direction of F and M

Find: Weld streecs

m
M

¢« of the weold

Conservative formula:

“m
®_i:l® £y = [{—EL**% +%}E+

P _—
@_t___ ® “ o (P s o)y (s St

oxr

N & polu tn 4.2,3. 4
., " h “Fﬂ
® @ EP"'EE" fan-g L
M
fom =~ fpn =

- O




fq = [{fp + fl:m + flm}z + {fm - fn;g.}g + {fn = fﬂ‘p}zlﬁ

£y = [(fp + £ = Tpn)? + (£ = £05)? + (£ + )

E]E"ﬂ

i O i = B e K 8P 5 T BT

£y = [{rp = fpm + flm}ﬂ + (£, + £mp}2 + (£ = fm:,]lz}:'E

0 _@.& ‘:.m t

I

®

Here, for point 3

o~

Congervative formulas

Ak L
4 (;ﬂ +—‘};.P—Gn'}2 + {—i‘;+-l‘;i-0n}2}

Exact solution @ poinis 1,2,3:

E re— i -] 1 =

fom = g Tom =57 Tm %‘
Fn T

Ton = g3 Tap = ~7-003 Sy = '
Mp. ¢

fnpﬂ T H fnp“‘%n'm

£y = [(£p + Lom = ) + (£ = £p)? +
+ (£ + Tho)] ”

£z = [(fp = Ly =~ fpn)® + (I + fgp)® +
+ (£ + f],‘“:,}?f]"‘EI

£5 m [(Lp = Lo + £5)? + (£ + 2hp)°s

)E]:@

+ (fn = Tnp




®
©

In t In
Sn =g Sn=gpi

-

CongaTvative i‘m:

£ = [(F2 st 4 222

wfp FESE=—

am m’ T

w (s Bon)? o (B2 s —];Lcmf]}&

Exact molution @ points 1-12.:,5:

g £ Fn

mi ml ! =3 lh‘l
fom = “5a% fm = " T = g

|
fop = 0ms fop = ~F-0m; £y = ~-Ch

£y = [(f + fjm + £on)> + ( £ = rnP}E + (£, = rnp}z}"i'
fp = (8 + L = Tpn)° + (I = Sp)® + (£ + P
£3 = [(fp = fym = r;n}E &t rm,‘,n2 + (£, + r,‘lp}z]"&
ty= [t~ £ + Tp)° + (£ + £p)° + (£, - £) Y2

f"r% M

——
r

N
f‘:l-ELr

Conservative formala:
e [ My
NTAL T S 1

lution in k-
£y = [{—?L- + —pind + _L'h_uth}E +
g 8

(T2 - thamd)? + (P - 1. cond)

Y2

-] -



weld pattern Consexrvative formula:
We can select some imaginary (or xeal)

m w _paipt with maxrimm distances from c.gE»
/-\ Thens
Ir.g: | I o I}:—%P— —E-{,'n -E-{,"u]z ‘%
+ ——M -
bR )2 4 (B s M)
/ Exact solution & any %‘t should consider
roeal direction of applicd forces and moments
N and actual coordinates of the point,
Eample: P
Weld of C6x10.5 Data:

with 1" retumn

Fo = -380 Ib

T :
%ﬂ* P = 2000 1b
= Fp = =1500 1b

.:1*"
Mo = 32000 1b=in
# - n = mlb"iﬂ'
Mp = -T200 1b=in

From table 15 weld properties aret
1 = 12,1 in
Ch = 46 dng Og = 2,03 = .6 = 1.43 in
Gn=3in
Sm = 22,9 in®
Sn = 4,3 4n%; §) = 10,3 in°
T = T4e 1nd

Congoxrvative formula: (Use absolute values of [P|and [M] )}

e (R N+ 3+ o

+ I:—,?n?.ﬁ- * m“"‘ 43]2]1& 2720 1hf1n




. JEPSRERCS— |

Exact solution: _ =1 o
fp NT?..ZIE- = =124 1b

£ = —ppor = =31 1b

£ - _ﬁ__sz = 165 1b

2000
f".'ﬂl = - = 1397 1b

f{m--r}’%—qmﬁh
rmn-g%=11631h

~7200
fnp = TG — 3 = =268 1b

fnp = (~96)(1.43) = =137 1Y
f:.jp = (=96)(.,6) = =58 1b

£1 = [(~124 + 1397 + 1163)2 + (=31 =(-288))° + (165 - {-13?}}9]5& -
= 2468 1bfin

£ = [(=124 + 1397 - 485)% + (=31 = (=288))% + (165 + f—ﬁa}iz]hn

= 836 1b/in

£3 = [{-—124 - 1397 - 485)2 + (-31 + (-288))% + (165 + {-55332]
= 2034 1b/in

£y = [(=124 = 1397 + 1155} + (=31 + (=288))° + (165 - {-157}}"1 =
= 567 1b/in




Same problem can be solved by using TI - 39 programmable scaloulator.

Discrepancy in the results is due to
more accurate caleulation by computer,

- T %
_§§_|._..f:3
. M,
M) Y
G0 -
Lm Ls Mx
iTﬁhﬁFj
Fz

Ws-1

i2. 1
68. 7
6. 18
0.

ﬂi
-380.
-1500.
2000.
22000,

-7200,
S000.

-0. 6
2035,
-0. 6

836,

1.43
572,

1- 43
2463.

P —
M=S XN 0D




THREE DIMENSIONAL WELD 5 ]

cq.

Gnrrnﬂpnnding aigns of the applied forces,moments and coordinaten
aatomatically will give correct value of weld stresa.

At point "w"s

£, = [{—i-"-—- + -%—Es - o) = -I;-:—{:r - ey))? +
+ {% - -]E-{z - ag) + -'-rf:—{t - oy))? &
+ (= ey = oy) = (x - n:]ii]ﬁ

Example (cont. from p. 21,22)

Fx = 2700 1b

Fy = <1500 1b
Fz = 6400 1b

Mx = 17500 1b=in
My = 92000 1b=in
Mz = ~5000 1b=in

For weld propertien
see p. 21,22




At each point of weld:

fI=—E‘£&‘J—u1ﬁﬂ'= fyn%“i——.ﬂaﬂ; fm-—-%“;-}?ﬁ;
Mx 17500 93000 R
o = g = % T = ey < %812 - - g0

£q = [{159 + 5681.2(T = 1.36) + 106.9(0 = 1.28))° «
+ (=88 =94,1(5.64) = 106,9(1.5 = 1.11115}E +
+ (376 + 94.1(~1.28) = 531.2(.56]}_2]]&: 3365 1b/in

fE' = [{159 + 5&112("1-}5} + 1%.5‘{5 i 1-251}2 +
. + {_BB - ?’411{"1135] - TﬂE.g{ﬂ i 1.14}}2 +

+ (376 + 94.1(3.72 - 531.2{-1.14}]?}5& = 1417 1b/in

2y = [{159 ¥ 581.2(=3 = 1.36) + 106.9(2 - 1.28))2 +
+ (=88 = 94,1(~4.36) - 106,9(-1.4 -J-“HE +
+ (376 + 94.1(.72) - 5&1.2(-2.54}}2] 3053 1b/in

fg = [{159 + 581,2(1.2 = 1,36) + 106,9(-2 - 1,28))? +
+ (~88 = 94.1(=.16) = 106,945 - 1.14))2 +
[}
+ (376 + 94.1(=3.28) - 5&1.2{3.36}}2]’%- 1955 1b/in

= =106,9

-5 -



Samp problem can be solved by using TI-59 programmable ealculator:

Ws-31
17 L
1. 14 CX
1. 28 cY
1. 36 cZ
185. 9 IX
198. 3 IY
84, 2 12
2700, FX
=-13500. FY
6400, F2
173500, MK
22000, MY
2000, M
1.9 s
0. Y
e 2
3365 Fld
0. A
2. ¥
0., £
1418. Fli .
_"iiﬂ :H:
2. L
-3 £
s033. Fil
4.5 A
'Ei .f
1.2 2
1955, Fl




; . TABLE 1
ALLOWABLE 1.0 ¥ g
OF FILLET WELDS (1b/in)

ETOXX

Ei:g BSOXX Bage Hetal Base Metal
Fy = 36 kei | Fy > 37.1 ksi

1 12,728 14,400 14,849
7/an 11,157 12,600 12,993
3/4m 9,546 10,800 11,137
s/an T+955 9,000 9,281
/2" 6,364 74200 7,425
1/16" 54568 6,300 6,497
3/an 4,773 55400 5,568
5/16" 3,917 4,500 4,640
1/4" 3,182 3,600 3,712
3 160 2,386 2,700 2,784
1/8" 1,591 1,800 1,856
1/16" 795 900 928

Example: (Ref. ATSC, 8th Pdition
Specs 1.3 3)

For 60 Fal = 60(s3)(.442) = 7.96 k/in

For EJ0 Fal = T0(s3)(.442) = 9.28 x/in
For A=36 steel Fy = 36.0 kel
Pal = 36(.4)(.625) = 9,0k/in




m-F-miﬂ.”_-I.—. lﬂ.-“m e
€ *g*L *oads &
‘UOTITRE Uig ‘OSIV *JeK

- (Teyem aswq fAq pPe3oTIyseN) UT/AT 256°9 = 0 3
2[5 _r e
= (3)a/c = (¥)st/s = %% $

(tegem pres £q pojoTIisey) uT/Al zLg'E = & e

(Tesem eseq A PosoTXIseN) UR/QT S2g'z = &
$ATQRAOTE SIOJaIAUL 5

uT/qr 2969 = _Tnmluoﬂﬂ_ = p uoTssexdmop

ur/Qr LEEC = ﬁ..mmuxm.u_.ﬂuﬂ = 1 uoysuay uG® =32 =¥
ur/q1 C2ge = hﬂnlu?.u_ﬁcﬁ = § TeSYS wV/L = % H/L =3 _u..
1aTqEAOTTIV TEX o*2h = M -V 1993
wr/qT Zleg = Tﬂmlxm.ugﬂm = TeZ {78% 0709 = &I 0@ epogoeld
coz's |1€c'6L | co2's | 2Lefl tEo*L |sob*oL |1E0%L | 295%9 |2s0'bL | 1£0°L |G29°GC | w«8/S m
“,.._ 296y |czg’sl | 296’y |os2's ﬂ Gzo's |czLicL |cze’s | 0s2%s JosetLL | G295 |oos'y | =2/t
.m 226*Y |6LL 1L | 226V | Leg'y 7 2ty |vhete |erz'w | Les's |1che | erzty |cicc | w8/ [FE
| toL*y fogl’e | LoL*y | 906%€E & oLG*¢ |coz’s |o1c’c | 1e2%¢ | 1E0*L | 915°E |218'2 | ust/S {m.
1ez’c |e1e’l |1e2E |SeL'e 21’z | 296’y |ere‘z | S29'2 |S29'c | 2ie’z |osz'z| WF/L] B
Labéz |65e's | Lobte | bicle goL*z |zze*t . |eoL'z | 6o6’L | 6Lz | 6012 | Le9’L | w9l/c
) L's ) & g o | 3's 1) & g 0. A 8 STQRROTTY
gres& 0*05 0spZ 0*zt 0°5¢ o e
XX 0L 2 XX 09 I, spoxoeTd

(uT,/qT) TOIE 8AT3O9JJ0 OF TEPHIOU uoyssaxdmes
_...Hr__‘_ﬂu BaTE SAT}O0JJE OfF TENIOU uUSTIURS

STQRAOTIV = 2
STQEAOTIY =~ 4

(ur/aT) wex® 8AT3093J9 UO XEeUE STQBACTIV = S iaXaH
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AREH

Check weld between TS 2x2x1/4 (Fy = 42.0 ksi) and W 4::13
(Fy = 36,0 ksi), Flectrode E 60 XX

W4x13 >

1. Weld properties:
b= 4 ing L = 8 in:

2
5% = g = 5,33 in?

2. Applied forces and mementa
at c.g. of the weld:

Fx = 5000 1b
Fr = 3200 1b
Mx = 3200 x 5 = 16000 1b=in

%s Wald streass
3«1 Conmervative design:

oy [(—15—‘ 16:}:&0 )2 {—ig—:lﬂ] = 3459 1b/in

Allowable loads (Tabla 2) for flare bevel weld
(t = 1/4"; Fy = 36,0 ksi; E 60 XX)

Fa = 2250 < %459 1b/in

Tt = 2812 < 3459 1b/in

Fo = 5625 > 3459 1b/in

More moourate design required to qualify the weld

36 -



3.2 Emet design:
3.2.1 Shear stress fy = —po = 625 1b/in

3.2,2 Tensile stress (at point 1) fy = Tg’i‘gg - 220 - 2602 1v/in

3.2.3 Compzessive stress (at point 2)

£, = 2200 4 222 = 3402 1b/1n

¢ e 33

2.2.4 Interaction formula can be used

at point 1 [{-—-?%’%—]E + {—ig-%-}z]lé = ,966-< 1

at point 2 [(—%%)2 + {_Eggg_}:-:] G

]




TABLE 3
(Formala 11) Y,
TR - .
o — b
A
| tRAd 1 2 3 4 5 6 7 8 9

L 20| 2.0} 2.0 20| 2.0 2.0] 2.0| 2.0 2.0
sx| 10| 2.0| 30| 4.0|] 5.0 6,0 7.0] 8.0} 9.0

M sy| o0.33] 0.33] 0,33 0.33] 0.33] 0.33] 0.33} 0.33] 0.33
J 0.67] 2.17| 4.67] B.1T| 12.67) 18.17| 24.67] 32.17| 40.67

I 4!0 'i-l-ﬂ 4-0 41'0 41“ 410 41-1:' 4-'“ 4-0

SJH: Eiﬂ ‘iiﬂ 'E!ﬂ E-ﬂ 1ﬂ1ﬂ' 121{} 141“ 1E‘|-u 1& ﬂ
Zlsy| 4.33] 1.33] 1.33| 1.33) 1.33| 133 133 1,33 1,33
J 2,331  5.33| 10.33| 17.33| 26.33| 37.33] 50.33| 65.33] 82.33

I.I G.i':' 5;0 E‘;'ﬂ' 6 |:' E‘.-ﬂ' E;ﬂ E‘tﬂ' E;D E..'n‘

sxk| 3.0| 6.0| 9.0] 12.0| 15,0 | 18,0 | 21,0 | 24,0 | 27.0

3| sy 3,0 3.0 30| 30} 30} 30| 50| 30| 30

J 6,0 | 10,5 | 18.0 | 28,5 | 42,0 | 58.5 | T8.0 |100,5 |126.0

% s,0) 8,0| 8.0| 8.0 8.0 8.0| 8.0 8.0]| 8.0

sel 4.0 8,0 | 12,0 | 16.0 | 20.0 | 24,0 | 28.0 | 32,0 | 36,0

4| sy | 5.33| 5.33] 5.33] 5.33| 5.33| .33 5.33] 5.33] 5.33

J | 12.67| 18.67| 28.67| 42.67| 60.67| 82.67|108.7 |138.7 |172.7

L. | 10,0 10,0 | 10,0 | 10,0 | 10,0 | 10,0 | 10.0 | 10.0 | 10.0

sx| 5.0 | 10.0 | 15.0 | 20,0 | 25,0 | 30,0 | 35.0 | 40,0 | 45.0
5|sy| 8.33] 8.33| 8.33 8.33] 8,33 "8.33| "8.33] 8.33 8.33

J | 23.33] 30.83| 43.33| 60.83| 83.33|110.8 |143.3 |180.8 |223,3

L | 12.0 | 12.0 | 12.0 | 12.0 | 12,0 | 12,0 | 12,0 | 12.0 | 12,0

¢| 8 6,0 | 12,0 | 18,0 | 24.0 | 30.0 | 36,0 | 42.0 | 48.0 | 54.0

sy | 12.0 | 12.0 | 12,0 | 12,0 | 12.0 | 12.0 | 12.0 | 12.0 | 12.0

J | 39.0 | 48,0 | 63,0 | 84,0 |111.0 |144.0 |183.0 |228,0 |279.0

L 14.0 | 14.0 | 14,0 | 14.0 | 14.0 | 14,0 | 14,0 | 1440,]| 14.0

Sx TeO | 14.0 | 21.0 | 28.0 | 35.0 | 42.0 | 49.0 | 56.0 | 63,0

T) sy | 16.33| 16.33] 16.33| 16,33| 16.33| 16,33| 16.33| 16.33| 16.33
J EnET T1.17| 88.67|113.2 |144.7 |18%.2 |228.7 |281.2 |340.7 -

L 16.0 | 16,0 | 16,0 | 16.0 | 16.0 | 16.0 | 16.0 | 16.0 | 16.0

sx| 8.0 | 16.0 | 24.0 | 32.0 | 40.0 | 48.0 | 56,0 | 64.0 | 72.0

8| sy | 21.33| 21.33] 21.33] 21.33] 21.33] 21.33] 21.33| 21.33| 21.33

T | 89.331101.3 [121.3 [149.3 |1685.3 [229.3 |261.3 |341.% |409.3

L | 18,0 | 18,0 | 18,0 | 18,0 | 18,0 | 18,0 | 18,0 | 18,0 | 18,0

of 8| 940 ] 18,0 | 27,0 36,0 | 45.0 | 54.0 | 63.0 | 72.0 | 81.0

syl 27.0 | 27.0 | 27.0 | 27.0 | 27.0 | 27.0 | 27.0 | 27.0 | 27.0

J [126.0 |139.5 [162.0 ]193.5 |234.0 |283.5 |342.0 |409.5 |486.0

L | 20,0 | 20,0 | 20.0 | 20.0 | 20.0 | 20.0 | 20.0 | 20.0 | 20.0

1ol 8% 10,0 | 20,0 | 30.0 | 40,0 | 50,0 60,0 | 70.0 | 80,0 | 90,0
Sy | 33.33] 35,33] 35.33] 33.33] 33.33] 33.33] 33.33] 33.33]| 33,33

T | 171.7 [186.T [|211.7 [|246.7 |291.7 oT |411.7 | 48647 |5T1.7
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TARLE

ARE and RECTANGULAR WELDS

5

(Formulas 13,14)

0*29¢ o’ | o0's9 | 0*0f | 9%6 0" Lobs o*Lbe | 0°F9 gLXGL
o*sez | o0 | o'¥s | o'¥2 | £x6 0660t | o"isz| o*sS€ | TixFL
o*lsh | o*oa | £°69 | 0'82 | 9%8 o*fofz | o*z26L| o'sk | 21x2l
o*sez | £°l€ | €75 | o*be | VX8 O*CLLL | £'€oL | O*F¥ LiIxLE
o*zzz | o*lz | ¢£*Sk | o"2e | &x8 0*EEE) ¢*¢cL | o*ob | OLXOL
Leggl | €€*LL | €°l¢ | o002 | 28 0*zlE 0°80L | 0°SE (23
Lgst | o*vz | €'l | o%oz | £xl 0*CEs ¢€*6e | o2t X8
1*691 | ¢¢*6z | 0°9c | 002 | ¥X9 o*Lsk g*Cg | o's2 LxL
'Lzl otz | o%0f | 0°8L | £X9 0*gez o's¥ | o*F2 Grg
¢*cp | ££°€L | o°F2 | 0°9L | X9 L*lsr £°¢c | o0%02 gxs
Gzl | gevqz | ££°s2 | o'l | xS c*LZt o*lz | o'sL | S vxS¥
€58 o'alL | €£°¢z | o*oL | €5 ¢°CB ¢c*iz | 0°sl =t
zels | €enuu | g€teL | o'k | 2% 2*Ls geeot | o'FL | SUEXSE
A 12 p*GL | €€°LL | o'hL | £x¥ 079E 0%z | o'zk £x¢
o*9¢ | s6°6 | €€°¢1 | o'z | =¥ || £8°02 cc'e o*0oL | S*ZxE°g
¢g*oz | ££°L 06 | ook | zx£ || Lo*oL ({44 08 X2
Lo*or | ge°¢ | o%9 | o' |4xC || &'F o'¢ | o's | g1xs"L
ey c€ct2 CCE 09 1x2 cE*l €E'L o'f bx1
¢ £ x5 1 r s a
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CIRCUMFERENTIAL WELD

TABLE 5

(Formla -52) : @
Hominal Cutside
Diameter | Diameter L , ) J
/2 | 0.840 2.64 0.55 0.47
3/4 1,050 3430 0.87 0.91
e | 1:315 4e13 1,36 1279
1-1/4 | 1.660 | 5,22 2,16 3459
1=1/2 1.900 5«37 2.84 539
2 2,375 Te46 4.43 10.5
2-1f2 2,875 9,03 6449 18,7
3 3,500 | 11.0 9,62 3.7 |
=12 4,000 12.6 12.6 50.3
4 4.500 | 14.1 159 T1.6
- 54563 175 24.3 135
6 6,625 | 20.8 3445 228
B 8.625 | 27.1 5844 504
10 10.T50 33,8 90,8 976
12 12,750 | 40.1 128 1628
14 14,000 | 44.0 154 2155
16 16,000 | 50,3 201 3217 |
18 18,000 | 56.6 254 4580
20 20,000 | 62,8 314 6283
22 22.000 69,1 380 B363
24 24,000 | T5.4 452 10857
26 26,000 | 81.7 531 13804
28 28,000 | 88,0 616 17241
30 70,000 | 94,2 707 21206
32 32,000 | 101 804 25736
34 244000 | 107 908 30869
.36 36,000 | 113 1018 36643
42 42,000 | 132 1385 58189
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E.
Wa

x 1/2_{15.0 46,9 |15.6 |176 | 1,88 |5.62
— e

o
— _I___._..:‘_.._

Exterior weld Jnterior weld
Angle L b st J e o'
e3 5| T8x8 16.0 |52.3 |17.8 [213 2,00 | 6,00
I.,B:Eﬂ-d;"ﬂ 12.7T 139.4 131 135 1.72 | 5. 16
H x 1 14.0 |40.8 |13.6 |143 1,75 | 5.25
xt x7/8 |14.2 |42.3 |14.1 | 151 1.78 | 5.35
:ﬁ:g:;‘ x 3/4 |14.5 |43.8 |14.6 159 1.81 | 5.44

x 5/8 |14.7 |45.3 |15.1 |16 1,84 | 5.34

16x6 ‘l42.0 |30.0 |10.,0 | 90.0 | 1.50 | 4.50

Interior
Weld

Lhxbx 1 10,0 |20.,86 | 6.94 | 52.1 | 1.25 | 3.75
xT/6 |10.2 |21.9 | 7.30 | 56.1 | 1.28 | 3.85
X 3‘!’4 1°iﬁ ELU T-E‘E mlﬁ 1-31 54-94
x5/ |10.7 lzd.1 | 8.05 | 64.7 | 1.34 | 4.04
x 1_;"2 11:0 2512 3-40- '594»3 1'33 '4F12
x 3/8 |11.2 |26.4 | 8.79 | T4.2 | 1.41 |4.22

ed =] 1L5%5 10,0 | 20,8 6,94 | 52.1 | 1.25 | 3.75

15x5x 7/8 | 8.25 |14.2 | 4.73 | 29.2 | 1.03 | 3.10
] 3/4 | 8.5 [15.0 | 5.02 | 32,0 | 1.06 }3,19:
e 1/2 9,00 [16,9 | 5,63 | 38,0 | 1,13 | 5,37
e 5&: 9,25 | 17.8 | 5.94 | 41.2 | 1.16 | 3,47

/!
|ﬂ 5/16 | 9.38 | 18,3 | 6.10 | 42.9 | 1.17 | 3.52

£ = 8,00 | 13.3 | 4.44 | 26.7 | 1.00 | 3.00

4 E‘m‘ B.Bﬂ Ep?j 14;3‘ 131 2!-44
lal 51'{5 6,75 9.49 %16 16,0 84 12.54
= 1/2 | 7.00 |10.2 |+3.40 | 17.9 | .88 |2.62
4 3/8 | 7425|109 | 3.65 | 19.8 | .91 |2.T2
e 5/16 | 1,37 11,3 | 3,70 | 20,9 | 492 |2.11

/4 F71.50 |11.7 | 3.91 | 22.0 | .94 |2.81

2
p
=

Int.

L3jx35x 3/8] 6,25 | 8.14 | 2.71 | 12.7 .78 {2.35
x5/16 | 6,38 | B.4T | 2.82 | 13.5 «80 |2.39
x 1/4] 6. 8,80 | 2,93 | 143 «81 | 2.44
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Angle L Sb st J e ¢!
L3x3 6,00 T«50) 2.50 ] 1.2 12| 2:.25

I3x3x 1/2 | 5.00] 5.21| 1.T4| 6.51 | .63| 1.87
x 3/8 |5.26]. 5.74| 1.91| T7.54 | .66 1.97
x 5/16 | 5.38| 6,02 2,01 | 8.09 | 67| 2.02
x 1/4 | 5.50| 6.30] 2.10 | B8.67 | .69| 2.06

3,!15 5.63| 6,59| 2.20) 9.27 | .70 2.11

| r2bx2y 5.00| 5.21| 1.74| 6.51 | .63] 1.67
I..?‘E:E-:I.'. /5 4.25] 3.T76| 1.25 | 4.00 | .53] 1.60

EE x 1/4| 4,50 2.221 1.21| 4,75 | .56 1.69

Wa

-
=
9.
4%
=
A

E.
We

P 1.50
n  |12x2x 3/8 3.25| 2,20 13| 1.79 | 41] 1,22
'-?I'I:! x 54"’1'5 3‘*3‘3 2!3? ITE Etm 1"42 112?
E'T'n X 1_.-';4 }-5‘“ 2155 FEE 2123 144 1131
:'511:1 x 3/16 | 3.62| 2.74 «91 ] 2,48 | .45] 1.36
x 1/8 | 3. 75 2,93| .98 | 2.75 | .47] 1.40

| —— e =

P b= Iﬂfﬂi 5-55' 2,55 85 | 2,23 | 44| 1.3
13xi$x 1/4]3.00| 1.87] .62 1.41 | 37| 1413
a2 x 1/8] 3.25| 2.20 T3] 1,79 | «41] 1.22

i = mﬂ 3,00 1.871 .62 1.41 ] .37| 1.13
. L&Jﬂ x 1 4 2,50 1.30] W43] 81 .31] .54
9 :E'-: x3/1 2,62 1.43 «48 «94 «33 .98
Hs x u'a 2,751 1.57 S22 1,06 | .34] 1.03
o | Ligx1d 2,50 1.30] .43] .81] .31 .94
Lizxitx 1/4 | 2,00 .83 .28 A2 | 251 75

-I:‘El ‘LI 11.13/{5 2+12 -E-I-'p ;51 .5‘“ pEE .Eﬂ
2 x1/8]2.25] 1.05] .35 .59 | .28] .84
l" =| Lix1 « 00 «83 sc8 o i .25 « 19

I..1x1:|: 1";4 1;5‘0 ¢4T -16 11? 119 lﬁﬁ
x 3/16 |1.62] .55| .18| .22 .20] .61
x 1J"FE -?5 .'54 l21 iEE‘ -EE E'E

Int.
fWeld




TABLE T

Interior weld

ingle Syl |Syr | J ox | ox Cy 5‘;’
el = | L8x6 28,0 |[10.4 |146 [1.29]4.71]|2.29]5.T1
ad Lexbx1 27.5 | T.24| 93.,0{1.04}3.96)2.04|4.96
ae x3/4 30,0 | 7.97|105 |1.10}4.15|2.10{5.1%

xif2 32,5 | 8.73|118 |1.16]4.34]2.16]5.34

Es
W
-k
i
-
L=
e
=
=
-
L2
.
o

24.0 | 4.80[101 6713.33|2.67]5.33

L8x4x1 10,0 [ 22,2 [11.9 | 15.5 | 2.T4] 61.3] .45]|2.55|2.45]4.55
x3/4 10,5 |24.5 |12.9 | 17.5 | 3.20| 70.0] .50]12.75]2.50(4.75%
x1f2 . 111.0 | 26,9 |13.9 |19.5 | 3.70| 79.6] .56)|2.94|2.56(4.94

Weld

Int.

Es
ﬁ
s
sl
L
&
]
=i
[
-
L

23
w

LS|

- -
Pt

]

B

-

(3]

T

= ' 21.3 | 4.74| 75.3 477
e x1/2 10,0 | 22,2 |10.T |17.2 | 3.65] 57.5] .61|2.89]2,11|4.39
x3/8 10,2 [23.3 |11.1 18,2 | 3.91 61.6| .642,99(2.14|4.49
—_‘==ﬁﬂ
| e e e e

| L6x4d . |10.0 | 22,0 | 9.43|18.7 | 4.67| 54.5| .00|3.20]|1.80[4.20
« | t6x4x3/4 .- | 8.50] 16,0 | 7.13{13.1 | 3.10| 34.0| .62|2.63(1.62]3.63

B x5/8 8,75| 16.9 | 7.50|14.0 | 3.34| 37.0| .65|2.73|1.65|3.73
e x1/2 17.9 | 7487|1429 | 3.59| 40.2| .68]2,82|1.68|3,62
x3/8 18,9 | 8.24(15.8 | 3.85] 43.5| .T1|2.92|1.71]3.92

1L5x3x1,/2 7.00]10.9 | 5.15]| 8.54 | 1.86 | 19.5 | .45|2.05[1.45|3.05
x3/8 Te25 1.7 | 5.46| 9.24 | 2,04 | 21.6 | .48[2.15]1.48]3.15
T.38 12,1 | 5.62| 9.60 | 2.14 | 22,7 | .49|2.20[1.49|3.20

x1,/4 7.50{12.5 | 5.78 | 9.97 | 2.24 | 23.8 | .50|2.25 [1.50|3.25

Inter,
Weld
<
0




Angle L |sxb |sxt | sy1|syr| g u;.:c;:nyn::;,

i | 14x3.5 7.50 |.12,0 |4.36 | 1.4 |3.46|22.1 ]| .82|2.68]1.07|2.93
& Ldx3.5x1/2 |6.50 | 9.04}3.33 | 8,50]2.55|14.4 | .69]2.31] .94|2.56
& x3/8 16,75 | 9.74|3.58 | 9.18|2.76|16.1| .72|2.51| .97|2.66
5= x5/16 16,88 | 10,1 |3.70 | 9.53|2.88/17.0| .74|2.45| .99|2.70

x1/4 |7.00 | 10,5 |3.83 | 9.89(2,99]|18.0| .75{2.50]1.00|2.75
6= | Ldx3 T.00 | 10.7 [4.27 | 9.50|2.59|18.3 | .64|2.36]1.14|2.86
. Ldx%x1/2 6.00 | T.88|3,24 | 6.88|1.81)11.6] .52|1.98|1,02|2.48
i x3/8 16425 | 8.53|3.49 | 7.49]|1.9913.1 .55|2.08]1.05|2,58
A x5/16 |6.38| 8.87|%.61| T.81|2.09{13.9| .57|2.12|1.07|2.62
iz x1/4 6,50 | 9.22(3.74 | B8.14|2.18|14.7 | .58]2.17|1.08| 2.67

——

= | L3.5x3 6,50 | 9.04]|3.33| 8.50|2.55|14.4 | .69|2.31| .94|2.56
o | T3.5x3%3/8 |5.75| T.10[2.65 | 6.62]1.96]10.0| .60|2.03| .85|2.28
EE x5/16 15,88 | T.40]2.76 | 6.91|2.05|10.6 | .61|2.08| .86|2.33

x1f4 |6.00| 7.72|2.87 | 7.22|2.15|11.3 ] .63|2.12 .BE!E.}T

B3 | L3.5%x2.5 6,00 | 7.88|3.24| 6.88)|1.81|11.6 | .52|1.98}1,02| 2. 48
oy L3.5%2,5x3/815.25 | 6.05|2.57 | 5.18{1.31|7.86 | .43|1.70] .93 2,20
8 :'-: x5/16]5.38 6a 34 2,67 De4511.3918,42 | J45]1.T4] 95| 2.24

x1/4]5.50 1 9,00 . 96

i

Lix2.5
L3x2,5x3/8 |4.75 | 4.87|1.86 | 4.47|1.29|5.66 | .48]1.65| .73[1.90

P x1/4 |5.00 | 5.39(2.04 | 4.97|1.44(6.59 | .51|1.74| .76|1.99
HE x3116 15,13 | 5.65(|2.,14 | 5.23(1.52]|7.09 | .52|1.79] .77|2.04
) ——,

M= | L3x2 5.00 | 5.50|2.36 | 4.67|1.17|6.82 | .40]|1.60]| .90}2.10
. L3x2x3/8 4,25 | 3.99|1.78 | 3.28| .7814.26 | .31]1.32]| .B1{1,82
_El% x5/16  |4.%8 | 4.23(1.87 | 3.50| .84|4.6% | .33]|1.36] 831,86
T 5 x1/4 4,50 | 4.4T|1.97 | 3.72| .90|5.,02 | .34|1.41| .84|1.91

x3/16 4.63 | 4.72]2.06 | 3,95| .96|5.43 | .36]1.45]| .86]1.95

e e r— e e ey

6= | L2.5x2 4.50 | 4.36(1.68 | 4,00|1.14]4.82 | .44]|1.56] .69]|1.81
. L2,5x2x3/8 13,75 | 3.05(1.21 | 2.74| .76]2.80 | .35]|1.28] .60]1.55
8 x5/16 |3.88 | 3.26|1.28 | 2,94| .B82|5.09 | .37|1.%2] .62]1.5T
H= x1/4 4,00 | 3,47(1.36 | 3.14| ,88]3,40 | .38/1.37| .63[1.62

x3/16 [4.13 | 3.69|1.44 | 3.34| .94]3.72 | .40]1.41 .6516!5




ANGLES IRELE &

Equal legs

(Formula 28)
Angle L st Sb J [ a!
Lexbx1-1/8 |29.7 | 32.0 | 75.2 | 359 2.39] 5.61
xl 30,0 32a5 T7.6 555 2,35 5465
x7/8 3.2 | 32.6 | 80.2 | 370 2.31| 5.69
%3/4 20,5 | 32,9 | 83.1 | 517 2,27)] 5.13
x5/8 30.7 | 33.2 | 86.3 | 384 2,22| 5,78
x1/2 31,0 | 33.6 | 89,7 | 391 2,18 | 5.82
Léxfix1 22,0 | 17.8 | 40.3 | 148 1.84 | 4.16
x7/8 22,2 | 18.0 | 41,8 | 151 1.80 | 4.20
x3/4 22,5 | 18.1 | 43.6 | 154 1.76 | 4.24
x5/8 22,7 | 18.4 | 45.7 | 157 1.72 | 4.28
x3/8 23,2 | 16,9 | 50.4 | 165 1.64 | 4.36
L5x5x7/8  |18.2 |12.3 | 27.5 | 85.2 | 1,55 3.45
x1/2 19.0 | 12.8 | 32,0 91.4 1,43 | 3.57
x3/8 19,2 |13.0 | 33,9 | 94,1 | 1.39 | 5.61
x5.16  [19.4 | 13.1 | 35.0 | 95.5 |1.36| 3.64
T4x4x3/4 14.5 | T+87 ]| 17.3 | 43.2 |1.25]| 2.75
x1/2 15,0 | 8.07|19.4. | 45.6.|1.18 | 2,82
x3/8 15,2 | 8.22]|20.8 | 47.1 |1.13] 2.87
x5/16 5.4 | 8.31| 21.6 48,0 |1.11 | 2.89
x1/4 15.5 | 8.41|22.4 | 48.9 |1.09]| 2.91
L3.5x3.523/8 |[13.2 | 6.24 | 15.4 31.1 | 1.01] 2.49
x5/16 |13.4 | 6.31|16.1 | 31.7 | .99 2.5
x1f4 |13.5 | 6.39 | 16.8 | 32.4 .97 | 2.53
L3x3x1/2 11,0 | 4445 | 10,1 18,5 .92 | 2.08
x3/8 11.2 | 4.54110,9 | 19.2 | .88]2,12
x5/16 11.4 4.59 | 11.4 19,6 .86 | 2,14
x1/4 1.5 | 4.66 | 12.0 | 20.1 841 2,16
x3/16  [11.6 | 4.73| 12,6 | 20,6 | .62 2,18
12, Szz.ﬁxﬁfa 9.25 | 3.11| T.21| 10.9 | 75| 1.75
x5/16 | 9.38 | 315 | T7.58 | 11.1 «T3 | 177
:1f4 9,50 .20 8,00 11:4 s11 | 1:T9
x3/16 | 9,63 | 3.25| 8,49 [ 11,8 | .69 1.81
L2x2x3/8 T:25 | 1.97| 4.32 | 5.40| .63]1.57
x5/16 Te38 | 1.99| 4.56 | 5.54 | .61] 1.39
x1/4 T.50 | 2.02 | 4.85 5TO | 59| 1.41
x3/16 T.63 | 2.05| 5.19 | 5.89 | .57 | 1.43




. i TAELE 9
ANGLES Ce| Cx
Unequal legs
(Formila 28) <
e §f
iy
ingle L Sxt | Sxb | syl |syx | T ox | ox|oy | o

TBx6x] 26,0 | 30,8 |62.08 | 49,7 |18.6 |247 | 1.63 4437 |2.63|5. 37

: x3/4 26,5 | 31.5 |67+1 | 54,7 [18,9 1255 | 1.55]|4.45(2.55]5.45

x1/2 27.0 | 32,2 72,2 |59.T [19.3 [266 | 1.47|4.53|2.47|5.53

LAx4x 22,0 | 28,7 |47+3 | 25.7 | 8.84|169 1.02|2.98|3,02|4.98

x3/4 | 22,5 |29.3 |50.5 | 28.4 | 8.T3|175 .| 94|3.0612,94(5.06

:1#"2 Ej.ﬂ 5‘3-1 5413 3‘215 B.82 133 135 3#15‘ 2;55 5115

LTxdx3/4 20.5 | 22.8 |41.1 | 25.8 | 8.56[128 | 1.00|3.00|2.50(4.50

x1/2 21.0 | 23.4 |44.6 | 29.5 | 8.69|134 ¢91|3.09|2.41]4.59

x3/8 21,2 | 23.8 |46.5 [31.9 | 8,82|138 «B713.13]2.3714.63

L6x4x3/4 18,5 | 1740 |32.5 | 2321 | Bu3T| 9146 | 1,06/2,94 |2,06 3,94

x5/8 18,7 | 1742 |33.9 | 24.6 | 8.43| 93.7 | 1.02|2,98(2,02|3,98

x1/2 19,0 [ 17.5 |35.5 | 26.3 | 8.52| 95,1 | .98|3.02]1,98]4,02
IE}"E 19’-2 1T-3 ﬁ-ﬁ EE-} E-ﬁ'ﬁ B'E-E !9¢ EJQE .1;34 ﬁwfﬁ v

L6x3,5x3/8 |18.2 |17.4 |33.9 |23.2 | 6.69| 87.2 | .78|2.72|2,03(3.97

x5/16 | 18,4 | 17.5 (34.8 |24.3 | 6,75 88,5 | .76(2.742.01|3.99

15x3.5x3/4 |15.5 |11.8 |22.3 | 16.4 | 6.35| 54.5 | .98]|2.52|1.73|3.27

x1/2 | 16,0 |12,1 |24,6 | 18,6 | 6.44| 57.3 | .90|2,60]1,65(3.35

x3/8 |16.2 |12.3 [26.0 | 20.2 | 6.54| 59.1 | .B6|2.64(1.61|3.39

x5/16 | 16.4 |12.4 |26,8 | 21.2 | 6.61| 60,1 | .83 2.51 1.58]5.42

L5x3x1/2 15.0 |11.8 |22.1 | 14.6 | 4.80| 49.2 | .74|2.26|1.74]|3.26

x3/8 15.2 |12.0 |23.3 | 16.0 | 4.86| 50.8 | .70|2.30(1.70]3.30

x5/16 154 |12.1 [24.0 | 16.8 | 4.90| 51.T7 | 68|2.32{1.68]3.32

x1/4 15,5 (12,3 |24.8 | 17,8 | 4,96 52,7 | .66|2.34|1.66|3.34

54:3.5:1f2 14,0 | Ta91|17.6 [ 15.8 | 6.24] 37.5 | +99]2.51(1.24|2.76

x3/8 |14.2 | 8.0618.8 [17.1 | 6.36| 38.8 | .95|2.55(1.20(|2.80

x5/16 [14.4 | 8.15]19.5 | 17.8 | 6.43| 39.5 | .93|2.57[1.18|2.82

x1/4 |14.5 | 8,25(20.3 | 18.6 | 6.51| 40.3 | .91]2.59|1.16|2.84

L4x3x1/2 12,0 | 7.71[15.7 | 12.4 | 4.65| 30.8 | .82|2,18|1.32|2.68

x5/16 13.4 | T+96|17.4 | 14.2 | 4.77] 32, .6 LT612.241.26|2.74

x1/4 13.5 | 8,06 (18,1 | 14.9 | 4.84] 33.2 | .73|2.27|1.23|2.77
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Angle L |Sxt Ex'hi:sﬂ Syr J :ﬂx ox Cy -u-_-:r
L3.5x5x3/8 | 12.2 |6.10]13.8 ;12.2 | 4.64(24.9 | .82|2.18]1.07|2.43
x5/16 | 12.4 |6.17|14.3 ;12,8 | 4.69|25.4 | .BO|2,20|1.05{2.45
x1/4 |12.5 [6.25114.9 |13.5 | 4.75]|26.0 | .78]2.22|1.03|2.47
L3.5x2,5%3/8| 11,2 |5.92112.0 | 9.23| 3.27(19.9 | .65|1.85|1.15/2,35
x5/16 | 11.4 |6.00{12,5 | 9.74| 3.30(20.4 | .63)1.87|1.13|2.37
x1fd |11.5 [6.08[13.1 10,3 1 3.34|20.8 | .61[1.89|1.11}2.39
L}IE-E‘IE}FE 10.2 14.41] 2.54| B.,24]| 5.20]14,.8 « 101,80 ,5532.1]5
x1/4 10,5 (4.53]10.4 | 9.183.28|15.5 |.66|1.84| .91|2.09
x3/16 |10.6 [4.61]11.0 | 9.77|3.33|15.9 | .64 |1.86] .689]2.11
L3x2x3/8 9,2514,25| 8.12] 5.79|2.09(11.4 | .53|1.47|1.03[1.97
x5/16 9,38(4,31| 8,48| 6.14]2.11|11.7 | .51(1.49;1.01}1.99
x1/4 9.5014.37 | 8.88] 6.57|2.1312.0 |.49|1.51| .99|2.01
x3/16 9.63 |4.45] 9.33| 7.08|2.17[12.3 | 47 [1.53| .97)|2.03
12.5x2x3/8 | 8.25(3.01| 6.13| 5.07| 2,04 7.95 | 57 [1.43| «B2|1.68.
x5/16 | 8,38|3.04| 6.43| 5.37|2.05| B.14 | .55 |1.45] .B0|1.T0
x1/4 | 8.50(3.09| 6.78] 5.73|2.08| 8,36 | .53 |1.47| .78|1.72
x3/16 | B,63|3.15| 7.18| 6.16{2.12] 8.62 | .51 [1.49]| .T611.74
L2:5x1.5x
x5/16 | 7.38(2.90| 5.24| 3.39]1.19| 5.99 | .39 [1.11] .89|1.61
L2x1,5x1/4 | 6.50(1.93| 3.93| 3.10[1.,16| 3.85 | .41 |1.09] .66]1.34
12x1,25x1/4 | 6,00 |1.87| 3.45| 2.32] .82| 3.18 |.33| .92| .70[1.30
I1.75x1.,25x 1
x1/4 |.5.50 |1.45] 2,80] 2.11] +B81| 2,40 | 35| .90 601,15
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c, C TABLE 10
ANGLES
Eﬂnl lugg
(Pormula 25)
+

Angle L | 8¢ 5b J c gt
Loxbxi=1/8 | 18 |23.8 | 60.5 | 2713 | 2.26 |5.74
x1 18 |23.8 | 60.8 | 274 2:25 | 5. T5
x7/8 18 [23.8 | 61.2 | 274 | 2.24 | 5.76
x3/4 18 |23.9 |61.5 | 2715 |2.24|5.76
x5/8 18 |23.9 | 61.9 | 276 | 2.23|5.77
x1/2 18 |23.9 | 62,3 | 277 | 2.22|5.78
Léx5x1 14 |14.2 | 34.5 | 121 1.75 | 4.25
IT'I'FE- 14 14-2 Ha'ﬂ- 121 11-?‘1- 4*2’6
x3/4 14 |14.3 | 35.2 | 122 | 1.73 | 4.27
x5/8 14 | 1443 | 35.5 | 122 | 1.72 | 4.28
xi/2 14 |14.3 | 35.8 | 123 | 1.71 | 4.29
x3/8 14 |14.4 | 36,2 | 123 1.71 | 4.29
L5x5x7/8 12 (10,3 | 24.3 | T72.3| 1.49 | 3.51
x3/4 12 |10.3 | 24.5 | 72.6| 1.48 | 3.52
x1/2 12 |10.4 | 25.2 | T73.5| 1.45 | 3.54
x3/8a 12 110.4 1 20.5 | T4.0| 1.45 | 3.55
x5/16 12 |10.4 [ 25.7 | T4.2 | 1.44 | 3.56
Lix4x3/4 10 | 6.93 | 15.7 | 38.4 | 1.23 | 2.77
x5/8 10 | 6.94 | 16.0 | 38.7 | 1.21 | 2.79
x1/2 10 | 6.97 | 16.3 | 39.0]1.20 | 2,80
x3/8 10 | 7.01| 16,6 | 39.4 | 1.19 | 2.81
x5/16 10 | 7.03]| 16,8 | 39,6 1.18 | 2,82
x1/4 10 | 7.05| 17.0 | 39.8| 1.18 | 2.82
L}|5151515f5 9 515‘2 12-'5 ET-ﬂ 1-"3'5 21“
x5/16 | 9 | 5.54 | 12.9 | 27.1 | 1.05 | 2.45
1:1.!"4 9 5-55 1§-1 ET#E 1-:'4 2-46
L3x3x1/2 8 | 4415 9.12| 17.1| .94 | 2.06
Iﬁfﬂ 8 4-1? 9.41 1?-5 -92 2:0‘5
x5/16 8 | 4419 | 9.57| 17.5| .91 ]2.09
:1;"4 8 4,22 9.T4 1?15 «91 | 2,09
Iﬂf"ts 8 | 4.24| 9.92 17.8 | .90 |2,10
L2.5x2,5x3/8 | T | 2.98| 6.50| 10,2 .79 |1.T1
x3/16 | T | 3.00| 6.65| 10,3| .78 1,72
xi/4 | 7| 3.02] 6.81| 10.4| .77 |1.73
x3/16 | 7| 3.04 | 6.98| 10.6 | .76 | 1.74
L2x2x3/8 6| 1.95| 4.08| 5.28 | .65]1.35
:5;15 E 1196 4-21 5;35 -'54 1.3’5
11;’4 (] 198 4435 Sedld !55 137
x3/16 6| 2.00| 4.51]| 5.54| .61]1.29




Angle T |sxt |sxv | sy | sye]| 0 |ex | ex ey n}

Lex6xi 16 (22,9 |49.6 | 43.0 | 14,7[191 11,53 |4.47
x3/4 16 [25.0 |50.2 | 43.6 | 14.7]192 [1.52 |4.48

L8xdx1 14 21,7 |38.3 | 26.3 | 7.57|134 +8315. 11
x3/4 14 |21,8 |3%8,9.| 26,9 | T.52(135 88 (3.12

2.5%
2,52
x1/2 16 [23.1 |50.9 | 44.4 [ 14.8[194 [1,504.50]2,50|5.50
2.89
2,88
21,2 14 |22,0 |39.5 | 27.6 | 7.52|137 JB613,14|2.86

LTx4x3/4 13 [17.5 [32.6 | 24.1 | T.42102 | .94|3.06|2.4414.56
x3/8 13 [17.7 |33.6 | 25.1 | T.44 104 «9112.0012.41 4-59

Léx4x3/4 12 |13.5 |26.7 | 21.3 | T.29| 75.6 [1.02|2,98(2,02]5,.98

%5,/8 12 13,6 |27.0 | 21.6 | 7.29] 76.0 [1.01|2.99|2.01|3.99
x1/2 12 |13.6 |27.3 | 21.9 | 7.31] 76.5 [1.00]|3.00]2.00]4.00
x3/8 12 |13.7 |27.6 | 22.3 | 7.33| 77.0] .99|3.01]1.99]4.01

L6x3,5x5/8 | 11.5]13.5 |25.5 | 19.0 | 5.85] 68.6 | .83|2.67(2.08]3.92
x5/16 | 11,5 [13.5 |25.7 | 19.2 | 5.87| 68,8 ,B82|2.68(2.07]3.93

L5x3.5x3/4 | 10.5| 9.84({19.3 | 15.6 [ 5.72| 47.2| .94|2.56]1.69]3. 31
:1!2 10,5 9.92119.8 | 16,1 | 5.73t 47.9| .92]2.58|1.67]13.33
%3/8 | 10,5| 9.98(20.2 | 16.5 | 5.75| 48.3 | .90|2.60(1.65]|3.35
%5/16 | 10,5 [10,0 |20,3 | 16.7 | 5.76| 48.5]| .20 2.60(1.65]3.35

L5x3x1/2 10 | 9.73[18,1 | 13,5 | 4.43| 41.6] .75|2.25[1.75]3.25
x3/8 10 9,79(18,4 | 13.6 | 4.44| 42.0| .74|2.26]1.74]3.26
%5/16 10 | 9.83|18.56 | 13.8 | 4.44| 42.2| T3{2.2T|1.73|3.27
x1fﬂ 10 9,86]18,7 | 14,0 | 4,46 42.4| .75|2.27|1.73|3.27

L4x3.5%1/2 9.5| 6.85|14.8 | 13.7 | 5.58] 32.6[1,01|2.49]1.26|2.T4
x3/8 | 9.5| 6.90]15.2 | 14,0 | 5.61| 33.01.00|2.50]1.25|2.75
x5/16 | 9.5| 6.92]15.3 | 14.2 | 5.62| 33.2| .99|2.51]1.24]2.76
x1/4 | 9.5 6.95(15.5 | 14.4 | 5.64] 35.4| .99]|2.51|1.24|2.76

Ldx3x1/2 9.0] 6.72|13.4 | 11.2 | 4,31 27.2| 83| 2,17|1.33|2.67
x3/8 9.0] 6.7711%.7 | 11.5 | 4.32| 27.6| .B2|2.18)1,32|2.68
x5/16 9.0] 6.79]13.9 | 11.7 | 4.34| 27.7| «81|2.,19|1.31|2.69
x1/4 9.0] 6.82|14.1 | 1.9 | 4.35] 27.9| .81|2,19]1.31|2,69
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| T
ingle L [Sxt | Sxb | syl lsyr | 7 cx | ek ! ey | o
L3.5x3x3/8 18.5)5.41111.5 [10.5 |4.26|22.0 | .87]2.13 1,12]2.
x5/16 8.5 5.4”11..? 10.6 14.27(22,1 | .86 2.1321.11 z.gg
x1/4 |8.5(5.46{11.9 |10.8 :14.29(22.3 | .85|2.15{1.10|2.40
13.5%2.5x3/8| 8.0(5.29110.3 | 8.22{3,12{17.9 | .69|1.8111,19|2. 31
x5/16 | 8.0|5.32{10,5 | 8,38'3,13/18.0 | .63]1.8211.18 E.E?
x1/4 |8.0/5.35[10,6 | 8.5513.14{18.2 | .67|1.83[1.17]2.53
L3x245%3/8 " | 7.5|4.08| 8,36 7.36[3.06'13.6 | .73[1.77( .98|2.02
x1/4 17.5|4.12| 8.68] 7.68)3.09113.9 | ,72{1.78] .97{2.03
x3/16 1 7.5|4.15| 8.85| 7.85|3.11]14.0 | .71[1.79| .96(2.04
L3x2x35/8 T+013.96| 7.31| 5.41/2.07{10.7 | .55[1.45|1.05]4.
1:5};15' T.D 3.98 T-dﬁl 5155‘ 2,08110.8 54 1-45 1.03 1-g£ i
x1/4 T.014.02] 7.61| 5.70(2.09(10.9 | .54/1.46! 1.04]1.96
__x3/16 | 7.0/4.05| 7.78| 5.87|2,10|11.1 | .53|1.47]1.03|1.97
L2.5x2x3/8 | 6.512.89| 5.65| 4.75)2.02] 7.61] .6011.40] .85[1.65
x5/16 | 6.5/2.91| 5.79| 4.88|2.02| 7.70| .5911.41 .84 1,66
x1/4 |6,5/2.93| 5.94| 5.03|2.04] 7.81 .58[1342; ,83/1,67
x3/16 | 6.5|2.96| 6.10| 5.19|2.05| 7.93 5?|1 43! -82|1.68
—pld, -
L |8x|s8y|[6f/[J Jex| cx , '
¢ 15x50 |34.7|104 |30,4|8.39|003 |,666]3,050
x40 |34,7/104 |39.7]|7.42|799 |.555(2,965 ;oo
x33,9]34,T[104 |41 4|6,91]|797 |:406]|2,914 v | B
0 12x30 |28,3]69,3(20,6(5.95[431 |+544|2.6261 | §
x25 |26,5(69,3(29,9|5.49(430 |.473]2.574 :
x20,7120,3]69.3]| 31.6|5.15]429 |.412]2,530 '
0 10x30 |23,0[49,0/21,2|5.,49|258 |.624 (2,409 S 2 B W
" x2% |23.0 ng E;.g j‘ﬂ :;g ,ﬁi g.gg‘; amb=tjg=b+tje=d-=-2f
x20 |23,8/49, . ; .
x15.323.0{49.0[23.9/4.00[254 |.373[e.227| < * 7 ”‘:: vl
@ 9x20 [21.,6]39.9(18,5]|4.10[109 |.485[2,163 Cx = -.—L—"E-'
xi5 12106(39.91 19,4 /3,62 (167 |30 2005 <t L
x13,4(21,6]39.9]20.1|3.49]187 |.360[2.073 I I 3 L _.;_
R e e ! IS S
x13 * * ® . . . ' - i
x11.5 |19.3]31.0[16.7|3.00(133 |.3441.596] T “‘:; +~’{°; R "E
07x14,75|17,0{ 2446|1244 |3,06]| 91T |454 [1.845 S f e 20 (e = Cy)
x12,25|17,0|24.6(12,8/2,78| 9104392 |1.802| £
x9.0 |17.0(24,6/13.5({2,55|90.5].531 1,759
C 6x13 * |14.7[18,3|9.85|2.67|59.3 .460 [1.657 |
210,5]1447|10,31041/2,37| 58,7 | 4387 |1.647
x0,2 |14.7[16,3[10.7]|2,14]50.2|.519[1.601 b [ e
0 5x3 - |12,5(12,9|T.T1|2,01| 35,2 |+ 350 |1.495 .r—})bﬂ
x6,7 112,5]12.9]8,21]1.76] 34,7 |+ 309]1.441 1:.?'::]
0 427,25/10,2(8,30(5,67|1,65| 18,9 |,367 1,334 -
_x5.4 |10,2|8,30/5,98|1,42(10,6 |, 304 |1,260 Q\
¢ 3x6  |7.93|4.81/3,91]1.37|8.84|,415]1,18]
x5 T:93|4,01|3,94]|1.22|0,61 (1,354 1,144
xde1 |7.93]4,81]|4.09]1,10] 0,44 [.300(1,110



TABLE 12
ANGLES G
Equal legs - -
(Formula 27) 2
+ X
ity
"

Angle Ls:hsxtsarlsywaf_xu;aye}
LexBx1-1/8 | 14.9 [27.4 [13.7 [49.3 [17.7 [177 |2.11|5.89|2.67}5.33
%1 15,0 129,53 |14.1 |49.6 |17.7 180 |2.10}5.920|2,60]5,40
x7/8 15,1 |31.4 |14.5 |49.9 |17.7 |184  |2.09]5.91|2.53 5.47
%34 15.2 [33.7 |14.9 [50.3 [17.T |187 |2.08|5.92|2.45]5.55
x5/8 15.4 |36.3 |15.4 |50.7 |17.7 |191  |2.07|5.93{2.38(5,62
x1/2 15.5 [39.1 [15.8 [51.1 [17.7 [195 |2.06]5.94|2.31|5.69
L6x631 11,0 [13.8 | 7.40|27.5 | 9.94] 72.T7 | 1.59]4.41]2,09]3. 91
x7/8 11,1 |15.1 | 7.66]27.7 | 9.94| T4.4 | 1.56] 4.42|2,02] 3,98
x3/4 11,2 [16.5 | 7.94[27.9 |- 9.93]| T6.1 | 1.58| 4.43]|1.95|4.05
x5,/8 11.4 |18.,1 | B.25{28,1 | 9.93| 78.0 [1.57|4.43| 1.88(4.12
x1/2 11.5 [19.9 | 8.56]128.4 | 9.94| 80.1 |1,55|4.45|1.80}4.20
x3/8  |11.6 |22,0 | 8.90|28.7 | 9.54| B2.3 |1.54]|4.46]1.73]4.27
1L5x5x27/8 9.13| 9,28| 5.07[19.1 | 6,90 41,7 |1.33| 3.6T|1.77]| 5.23
x35/4 9,25 10.3 | 5.28019.2 | 6.90| 42.8 |1.32| 3.68|1.70]3.30
:'51,1'!2 2.501 12,8 5-7? 19i5 E.Eﬂ 45-"- 1.30] 3.T0| 1.55) 3. 45
x3/8 9,630 14.4 | 6.04[19.8 | 6,90| 46.9 |1.29]3.71|1.48]35.52
x5/16 9,69|15,3 | 6.18]|20,0 | 6.91| 47.6 |1.29]3.71]1.44|3.56
Tdx4x3/4 7.05] 5.65] 3.18|12.2 | 4.42] 21.1 |1.06]|2.94|1.44]|2.56
x5/8 7.38| 6.42] 3.34]12.3 | 4.42| 21.8 [1.06|2.94]|1.37]|2.63
x1/2 7.50| 7.33| 3.55|12.4 | 4.42| 22,6 |1,05/2.95]1.30(|2.T0
x3/8 7.63| 8.44] 3.73|12.6 | 4.42| 23.4 |1.04|2.96[1.23|2.77
x5/16 7.69] 9.07| 3.84|12.7 | 4.42] 23.9 [1.03|2,97|1.19]|2.81
x1/4 7.75] 9.76] 3.96(12.8 | 4.42] 24.4 |1.03}2.97}1.15|2.85
L3 5:3.5:5!5 6.63| 6,08] 2.79| 9.56] 3.38| 15.4 | .91|2.59/1.10(2.40
x5/16 | 6.69] 6.59| 2.88| 9.64| 3.38| 15.8 | .91|2.59(1.06|2.44
x1/4 6.75] 7.171 2.98| 9.73| 3.38| 16.1 | .90|2.60]|1.03]|2.47
L3x3x1/2 5,50] 3.46| 1.85| 6.89| 2.48| 9.09]| .80|2,20}1.05|1.95
Iaf& 5‘153‘ 4!12 119? 'E..'EE 2-43 9152 !T? 21215 n?ﬂ- Eiﬂﬁ
x5/16 5,69 4.53| 2.06| 7.04| 2.48| 9.76| .78|2.22} .94]|2.06
x1/4 5:75| 4.98| 2.14| 7.10| 2.48) 10.0 | .78}2,22| .%0}2.10
x3/16 5.81) 5.49| 2.23| T7.19] 2.49| 10.3 | .77[2.23] .86]2.14
L2.5x2.5x3/8| 4.63| 2.57| 1.32] 4.80 1.73| 5.35| .66{1.84] .85 1.65
x5/16 | 4.69| 2.86] 1.38| 4.84] 1.72| 5.51| .66]1.84] .81[1.69
x1/4 | 4,75 3.20| 1.44] 4.89] 1.72| 5.67| .65|1.85| .78]1.72
x3/16 | 4.81| 3.59| 1.51| 4.96] 1.73| 5.86| .65|1.85] .74]1.76
L2x2x%/8 3,630 1.41] 79| 3.05| 1.11] 2.64| .53|1.47| .T2|1.28
IE,I"'IE ﬁl.sf} 1.50 « B4 3'37 1.10 Ei?E «53 11-41 159 1.31
x1/4 3,75| 1.83| .88| 3.10| 1.10| 2.82] 53| 1.48] .65)1.35
x3/16 3,81 2.11| 93| 3.14] 1.10] 2.93] .52| 1.48| .61)1.33

- -
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TABLE 1

Chernel [Weld Sx Sy Sy 3 O Eor
¢ 15 T2.4 | 30.4 | 5.456 |510 A6 12,54 16,85
x30 93,2 | 41.8 |8.29 |25 .62 | 3,10
m ‘3"3-5 3?-3 7-43 539 155 le{}
:lﬁE"-B 5315 3?!5 5‘199 EE"“ 155
¢ 12 9.4 {21.9 | 4.26 |281 «43 12,2% 15.%
x30 2,0 | 28,7 |6.00 |588 «55
xﬂﬁ E'U'IE 2715 5#55 Eﬂ 1:51 2154 E-W
220.T 59.3 | 26.4 | 5.20 | 369 .48 | 2,46
¢ 10 35,4 | 16,2 | 3.33 | 168 +40 | 1,96 | 4.56
x30 47.0 | 23.3 | 5.42 | 248 27
x25 45,5 | 22,0 | 4.93 |239 «53 5,00
x20 44,1 | 20.8 | 4.46 |230 « 48 !
x15.3 42.7 | 19.6 | 4.04 |222 44 12,16
¢y __ 29.1 | 13.6 | 2.88 |124 +38 | 1.82 14,09
%20 T3 | 18.2 | 4.14 |77 49 [2.16
%15 35.9 | 17.0 | 3.67 |169 44 12,05 |4.50
X134 5.4 | 16.6 | 3.53 | 166 «43 00
ce 2%:4 | 11,2 12,47 | 88,7 | o357 | 1,67 |3.61
x18,75 20,9 | 15.6 | 3.75 |1 .49 [ 2.04
115;?5 29.4 14.3 3-25 124 o443 4.00
x11.5 28,7 | 13.8 | 3.03 | 121 «41 | 1,85
o+ B 18,3 | 9.,03|2,08 | 60,6 | .35 ]|1.53 |3.13
x14.T5 2843 12.5 3.09 | 90,6 46 1,84
x12.25 23.5 | 11.8 | 2,83 | 87.3 42 5650
x9.8 22,8 | 11,2 |2.58 | 84,2 | .29
c6__ | 13,8 7.08 | 1,731 39,2 | .34 11,38 |2,66
x13 18,9 | 10,2 | 2.69 | 61.4 | .45
:1{}-5 18.2 9; 52 2, 41 55 . 5 1-41 5.00
x8.2 175 B8,91]2,16 | 55.9 | 37 |1.55
oS 9,971 5,351 1,41 ]| 23,5 | .33 |1.2% 12,18
x9 1%.6 T.47 | 2.04 | 37.0 | .41 48 2,50
6.7 12,9 6.85 [ 1.768 | 34.8 | .36 39 | °*
C 4 6,71 3,83 (1,12 | 12.6 | .32 11,08 [1.70
x7.25 9.55 | 5.58|1.68 | 21,3 | .40 .00
x5.4 9,00 +06 | 1,44 | 19.8 | .35 31"
c3 .0 % +85 576 1 o31 | 93 |1,23
% _2_5'.29 _214. a1 e[l
x5 5,99 | 374 | 1425 | 10,4 | 37 | 1413 [ 1.50
x4, 1 5. T3] 3.48|1.11 9,78 | .34 |1.07




GHANNEL :

I lox |ex|E Gy
804 |.TT|2.T5]41.7|156 [49.9]13.7 [1211[.T6|2.T76
. 768 |.73|2.67]|41.5(155 |51.2[12.9 [1195 [.69|2.71
C12x30  [20,3[72.1|31.7|9.95 |457 |.76]|2.41]34.7[107 |36.2(10.9| 671 |.73|2.44
x25 120,1/70,6 130,3 19,31 1446 |.72|2.33]134.4[106 |37.0/10,2 | 659 [.66 /2,39
x20.7 [19.9(69.4 |29.1 8,78 |436 |.68|2,26]34.2[105 |38.2(9.68| 650 [.59(2.35
10x30  [1841(55.3[25.7 [9.06 (297 [.79|2.24{29.979.5]27.0(9.76 | 418 |.81|2.22
x25 [17.8(53.9[24.3(8.34 (287 |.T4(2.15]29.6(77.9|27.0|8.90 | 409 |.T2|2.17
220 [17.5(52.4 [22.9 [T.64 |278 |.69]2.05]29.3|76.4|27.6(8.15 | 399 |.62|2.12
x15:3 [17.2(51.0[21.5 6,99 [269 |.6411.96]29.0|75.0|28,.8]7.53 | 391 |.54 |2.06
feoxzo  [16.3|44.820.1]7.13|215 |.69]1.95]|26.9]63.8]23,0]7.49 | 302 |.65]|2.00
x15  |16.0143.3|18.66.40 1207 |.64]1.85]26,5[62,3|23.8(6.76 | 293 [.55(1.94
x13.4 [15.9[42.818.2(6.17 |204 |.62|1.81|26.2|61.8]24.2]6.55 | 291 |.52]1.91
[C8x18.75 [15.0|37.4 |17.2 |6.49 [161 |.59|1.84|24.3(52.0|19.1[6.73 | 221 [.66 [1.87
213,75 [14.7 |35.9 [15.7 |5.T0 [153 |.62]1.72]24.0]50.5]19.615.9%3 | 213 [.55[1.79
x11.5 [14.5(35.3[15.05.36 150 [.59]1.67|23.6(49.9|20.1]5.62 | 209 |.49[1.77
CTx14.75 [13.6 (29,9 13,7 |5.43 [113 |.65]1.65]21.6 40,7 |15.6]5.55 | 152 [.60]1.T70
x12,25 [13.4(29.1[12,.9(5.01 [110 [.61]1.58|21.4(39.9|15.8]5.13 | 148 .54 [1.65
x9.8 [13.2]28,4[12.24.60 106 |57 [1.52]21.2(39.2|16.4[4.TT | 145 |47 |1.62
c6x13 1231236 [11.1|4.76 [78.11.65[1.51 |19.1[31.2[12.5]|4.80 | 101 [.60 |1.56
x10.5 [12.1(22.9]10.3|4.30 [74.9(.60(|1.43|18.8(30,.5|12.6|4.35 [98.0 |.52 [1.51
x8.2 [11.8]22,2]9.65]|3.89 (72,0 (.55 (1,37 [18.6 |29.8|15.0]3.99 [95.2 |.45 | 1. 47
Fuizﬁ 10.8(17.4|8.10]3.66 |48,2 |.59 |1.30|16,2 |22,3 |9.67 | 5.66 [60.T .52 [1.37
inT 1“.5 1E;T T‘40 3;21 45-? |5} 1;22 15.': 21.6 9-94 }lET 5515 1#3 1';32
04x7.25 |9.44]12.46.03 3.n1 2&.2 o5T 1615|136 153 (T.15]2.98 |34.1 .51 [1.21
5.4 |9.17|11.95.45(2.59 [26.6 }.51 |1.07 |13.4 |14.7 |T.29]2.62 |32.5 |. 42 [1.16
[C3x6 B,19]8,3014.39 12449 [15.0 |58 |1.02 [1141 9460 (5,02 | 2,46 [17.0 |53 [1.07
x5 8,00/8.004,06|2.22 [14.1 |.53| .97 |[10.9(9.30 |4.97|2.22 |16.2 |. 46 [1.04
xdel  [TeB2|ToT4|3:TT(1.99 13,4 449 | 92 |10.7 |9.04(5.01[2.03 |15.6 |.41]1.00
Sy = -%E—: Sy = i - 2
ex
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CHANNET,
(Foxtula® 30)
¥
e
-+ ES- saru-—'I:L
]
= &
e f.-‘l .FJ
Channel L Sx Sy sy | 7 e a!
C 15250 | 19.6 | 75.5 [12,7 |5.67[581 | 1.15| 2,57
xdﬂ 1912 TEJ-E 14-1-5 5!55 559 igE 2'5'4
x53.9 18.9 70,8 15-':-" S5.49 | 545 «87 | 2.53
¢ 12x30 16,1 | 50,9 |[10.4 | 4.36| 315 93| 2.24
x25 15.8 | 49.4 | 11.6 | 4.30 | 306 .82 | 2,22
x20,7 | 15.6 | 48,2 |12.,9 |4.26 | 298 731 2.21
C 10x30 | 14.1 | 38,9 | 6,85 | 3,56 | 201 1,04 | 2,00
x25 13,8 [3T.4 | 7.50 | 3.45 | 194 .91 1.98
x20 1%.5 | 35.9 | 8.45 | 3.38 | 186 .78 | 1.96
x15.3 | 13,2 |34.5 | 9.84 | 3.33 | 179 66 | 1,94
¢ 9x20 12.4 | 30.5 | 6.60|2.97 | 143 .82 | 1.83
x15 121 | 29,1 TeT3 | 2,90 | 136 +68 | 1,81
x13.4 | 12,0 |28,6 | 8,22 |2,89 | 134 63 | 1.80
¢ 8x18.75 | 11.2 | 25,0 5:20 | 2,58 | 104 84 | 1.69
x13.75 | 10.8 |23,5 | 6,10 |2.49 | 98,3 | .68 1.66
x11.5 | 10.6 [22,9 | 6,72 [ 2,47 | 95.5 | '461| 1,65
G Tx14.T5 | 9485 | 19,5 | 439|217 71,7 | .76 ] 1.54
x12.25 9.64 | 18.8 | 4.81 2,12 | 69,0 +67 | 1.52
x9,.8 9.43 | 18.1 | S.42 |2.,08| 66,4 | .58 1,51
¢ 6x13 8,69 | 15.3 | 3.40 [ 1.83 | 48.4 | .75 |'1.40
x10.5 8.44 | 14.5 374 | 1.77 46,0 65 1.38
x8,2 8.22 | 15,8 | 4.25 |1.73 | 43.9 | .56 1.36
0 5x9 Te27 | 10,8 | 2,80 |1.46 | 28.9 | .65 1.24
x6.7 T.00 | 10,2 | 3,22 |1.41| 27.2 | .53|1.22
¢ 4x7.25 6,07 | 7.64 | 2.05]1.17 | 16.6 +63 | 1,09
:5-4 EiTs' T.G‘E 2:31 1«12 15.4 -52 1.1}7
C b 4,82 | 5.03 | 1.3T| .94 | 8.43| .65| .95
x5 462 | 4,73 1441 88| 7.91| 58| .92
x4, 1 4.45 | 4,47 | 1.50| 85| T.46] 51| .90

For "k" and "P" dim's ref. o ATSC.




M and M SHAPES
¥ Y
(Formala 38) X x (Formala 43)
L Sx Sy | 4 L Bx Sy J
W4x13 § 14.5] 1T.1| S5.56] 41.0] 15.1]20.2| 5.56| 53.4
W 5x16 | 18,1| 26.6] 8,38| 77.9| 18.6 | 30.%| 8.38| 96.9
x19 | 18.1| 26.6| 8.49] 78.3] 18.6 | 31.0| 8,50 101
xi2 18.5 3‘0*5 .40 94.5 18.9 | 33.2 Se41 1 111
x16 | 18,5)] 30,6} 5.50| 94.8] 19,0| 34.0] 5.51] 118
x15 | 22.5| 41.51 12.0 | 149 22,9 | 45.0] 12.0 | 171
x20 | 22,5 41.5] 12.1 | 150 23,0 46,1 | 12.1 | 180
225 | 22,5 | 41.5] 12.4 | 151 2%,1 | 47.3| 12.4 | 189
v 8x10 | 22,5| 46.8| 5.23| 185 22.8| 48.8| 5.23| 203
x13 | 22.5 4’513 S5.43 186 23,01 49.4 .43 | 208
x15 | 22.5| 46.8]| 5.48 | 186 23,0 49.8) 5.49 | 213
x18 | 25.0[ 56,2 9.26 | 234 25.,5] 59,9 | 9.26 | 268
x21 | 25,0 56.2] 9.35| 235 25,51 60,5| 9.35| 275
x24 | 26.8] 61,5 14.1 | 265 27.2 | 66.7 | 14.1 | 310
x28 | 26,8 14,3 | 266 & 14.3 | 319
o x31 | 29.T| T1.9] 21.4 | 342 0.2 79.1] 21.4 | 402
. x35 | 29.T | T1.9] 21.5 | 343 30,3 | 80,0 21.5 | 411
29,71 71.9] 21,8 :gé 4] 81,2 21.8
x48 | 29.T| 71.9] 22.1 | 34 0.5 83.1] 22.1 | 443
x58 | 29.7 | T1.9] 22.7 | 350 30,7 | 85.7 | 22.7 | 469
x15| 26.4 | 65.4 | S5.46| 320 26,9 | 68,1 5.46| 351
x17T| 26.4 | 65.4] 5.49| 320 26,9 | 68.4| 5.50| 357
x19] 26,4 | 65.4] 5.53] 320 | 26,9]68,6]| 5,53 i
x22| 29.9] 81.8] 11.1 | 419 30.4 | 66,1 11.1 | 470 &
x26] 29,9 81.8 | 11.2 | 419 0.4 | 86,8 | 11.2 | 481 '
x30] 29,9) 81.8] 11.4 | 420 0,5 | 87,7 11.4 | 492
x33) 33,1 94.1] 21.2 | 501 xx 6 [101 21.2 | 577
390 33.1] 94.1] 21,4 | 502 3571053 | 21.4 | 594
_xa5) 33,1] 94,1} 21,6 | 503 | 33.8|104 | 21,6 | 611
x49] 37.0[112 3}.2 b2 377|123 35.4 | 187
x54 | 37.0(112 35 664 M8 |124 33.6 | 795
=60 37.0]112 34.0 | 666 37.9 (126 4.0 | 814
x68] 37.0[112 34.4 | 669 38,0128 34.4 1838
2771 37.01112 34,08 | 673 38.1(130 z4.9 | BB

-5'?-




S
4
g
r..
-
&

Yy 12x14 30.5 | 87.0-|.5:3T | 509 30.9 | 89.4 | 5.37
16 0.5 | 8T7.0 | 5.44 | 509 30,9 | 89.7 | S5.45
x19 3.5 87.0 ] 5.50 | 509 . 0.9 | 920.0 | 5.50
x22 13%,5] 87.0| 5.60 | 5100 | %1.0| 90,4 5,61 | 567
%26 | 35.4 | 115 | 14.1 | 708 35,9 | 120 | 14,1
x50 35.4 | 115 14:3 708 | 36,0 | 121 14.3
x35  |.35.4 | 115 _ | 14.5 | T 36,0 | 122 | 14.5
x40 | 37.2 | 124 | 21.5 | 761 37,8 | 132 | 21.5
x45 |3T.2|124 |21.7 | 763 | 37.9|133 |21.7

x50 137.21124 |21.,9 | 764 38,0 | 1 (21,3 1
%53 43.: 145 | 33.4 | 958 41,8 |1 33.4

%ﬂ_,é_; 145 __133.5 | 959 41,8 | 157_.133.5
5 | 45.0 1656 |48.1° [1196 | 45.8 181 |48.1
x72 | 45.0 | 166 [48.5 |1199 45.9 | 183 | 48,5
x79 | 45.0 | 166 - |48.8 |1202 46.0 | 184 | 48.8
@7 |45.0 | 166 |49.2 |1206 46,1186 | 49.2
x96 | 45.0 | 166 | 49.6 |1209 46,1189 | 49.6

W 14x22 5.7 | 119 8.4T7 | 801 5.1 123 B.47
_x26 5,7 | 119 8,58 | 801 -] 36,2 ] 123 8,59

x50 39,1 | 141 15.2 975 39.6 | 147 15.2
x54 | 39.1 ] 141 15.5 | 976 39,6 | 147 15.3

x4 0|1 21.4 |1030 41.2 | 158 21.4
x48 | 40.6 | 150 121.7. | 1031 41,3159 | 21.7
x53 | 40,6150 !21,9 |1032 41,3 | 160
xb1 44.4 | 174 33.5 | 1264 45.2 | 187 3342
x68 | 44.4| 174 |33.8 |1266 45.3| 188 | 33.8
o laslm s i | 31 |
&£ . # #

x30 | 53.4]230 [70.4 [1962 4.2 251 | 70.4

-

W 16x26 40,5 | 154 10.2 | 1181 41.0 | 158 10.2

_x31_|40,5] 154 13,; 1182 41,01 159 | 10.4
x36 | 43.4]| 175 |[16.4 |[1373 A4,0] 182 | 16.4
x40 [43.4] 175 |16.5 | 1373 44,0| 182 | 16.5
x45 | 43.4| 175 |16.T | 1374 44,11 183 | 16.T
x50 | 43.4| 175 |17.0 |1375 44.1]| 184 | 17.0
x5 45.4 1 1715 17.3 1311 44,2 | 185 173

W 18x35 45,1 | 191 12.2 | 1643 45.7 | 196 12,2
x40 45,11 191 12,3 | 1644 45.7 | 197 12,3
46 45.1] 191 12.6 | 1645 45.8 ) 198 12.6

M Axi3 13.9] 15.5| 5.23 | 35.6| 14.4| 18.6| 5.23
x18,9 1?1-1 2’5-3 E-r-liﬂ T}-E 1-5-3 2'343 ﬂ&L
4.4 | 14.8 1.17 59,0 | 15.0] 21.1| 1.1T

20,5
Eﬁgﬁ 21,9 39,0 11,8 137 22,4 ] 43,61 11,8

i ; i.g 35T ; .Tg ; E? ; 9.2 36,1 ; .ag
“A2x11,8 | 28,9 %%:% 5,25 | 454 %Tﬂ ‘5??:2 E:EE
14x18 34.5] 111 549 | 760 5.9 114 D49




TABLE 18

L Sx Sy J L sx | sy J

W 4x13 | 22.6 | 31.2| 11,0 B8T.3] 16.3 | 23.4 | 10.3 69.6
W 5x16 | 28.1 | 47.8| 16.T| 161 19.0 | 33.4 | 14.9 | 121
xi19 | 28.2 | 48.0| 16.9 | 166 19.2 | 34.2 |15.1 | 126
W 6x9 26.4 | 51.6| 10.4 | 175 17.8 | 34.8 | 9.75 | 122
ﬂg Eg-ﬁ 51'3 13.'? 178 18,0 | 35,6 | 10,0 |127
x1 26, 0| 10,9 | 185 18,3 | 36.5 ] 10,2 | 135
“xi15 . ;g.u 24,0 | 293 22.0 | 47.4 | 20.4 |203
x20 | 34.5 | T3.9| 24.2 | 302 | 22.2 | 48.6 |20.6 |213
x25 | 34.6 | T4.4 ]| 24.T| 312 | 22.5 | 49.9 | 21.0 |22%
WEx10 | 30.4 | 75.5 | 10.4 | 318 ‘| 19.8 | 47.9| 9.76 | 208
x15 %g 75.8 { 10,9 | 329 | 20,1 | 49.1)10.1 |219
x 35, 4.4 | 18.4 | 433 22.6 | 59.2 |16.2 |239
x21 ;gl; 94.4 | 18,6 22,8 | 6 16,3 | 291
T x2d .1 107 28,2} 515 | 24.9 | 66,9 [ 23,5 | 342
x28 | 39.8 | 107 28,6 | 525 25,1 | 68,0 |235.8 |352
TX31 | 457 | 128 | 4247 | 685 | 28,0 | 79.3 | 33.7 | 452
x35 | 45.T | 128 43.0 | 693 28,2 | B0.4 | 33.9 |462
x40 | 45.8 123 43.3 ng ggq. 21.7 34.2 475
.9 | 129 a N .9 | 34, 497
% =1 | 131 45.3 % 29.2 _BET:I’_ 25«4 |525
x67 | 46.2 | 131 46,0 | Te2 29.6 | 89.2 | 35.9 |550
W 10x12 | 34.4 | 102 10.5 | 523 | 21.8 | 61.2 | 9.87 | 322
x15| 34.4 | 102 10.8 | 5%0 22,0 | 62.0 |10.0 |3%0
x17| 34.5 |102 | 10.8 | 536 | 22.1 Ez.s 10.1 | 336

- :_23' A1.4 | 154 22,1 | 748 25.7T | 80.4 [ 19.0 %g_
x26 | 41.5 1134 22.3 | 159 25.9 | 81,3 |1 19.2 | 475
:%% 41.5 |1 22,6 | TT1 26,1 | 82,5 | 19,4 |488
x 49.0 |1 42,3 | 962 29.6 | 97.5 [33.4 |608
ﬁg ig.? :E ﬁ.g aag jz}g.s 99.1 | 33.6 | 626

. . .1 | 101 33.

xATY57.0 [1T95 [ 668 |1 4.0 [126 45.;_%5_
x54 | 5T.1 1199 | 67.2 | 1343 | 54.1 [121 49.9 | 861
x60 | 57.2 (200 | 67.9 | 1364 | 34.4 |123 |50.4 |881
x68 | 57.3 (201 68,6 | 1390 4.7 | 125 50.,8 | 207
77 | 57.4 |20 69.5 | 1421 15,0 | 127 51.4 |9%8




L Sx Sy J L Sx Sy J
W 12x14 | 38.4 | 131 10.6 | 801 2%5.9 | 75.2| 9.93| 468
x16 38.4 | 131 10,7 | "807 | 24.0 | 75.7] 10.0 | 474
x19 | 38.5 |13 10.8 | 816 | 24.2 | 76,5 10.1 485
x22 | 38,51131 | 11,0 | 826 | 24.4 | 77.3110.2 | 496
x26 48.4 | 188 28,2 | 1238 29.2 | 107 23:5 130
x30 48,5 | 188 28,5 | 1251 29.4 | 108 2%.7 | T44
_x35 | 48.6 | 188 28,8 | 1269 | 29.6 [109 ;24,0 | 763
x45 53.3 | 209 43.3 | 1434 32.1 123 | 3441 a78
x50_ 1 53,41209 | 43,7 |1452 | 32,3 |124 34,4 | 896
x53 |61.1]252 | 66,7 (1851 | 36,0 [146 . 49.6 [ 1130
_x58 | 61,1252 | 66.9 [ 1869 | 36.2 |1 i 49,8 | 1150
x65 |69,0(295 | 96.1 [2366 | 40.1 | 111 “r %u.ﬁ 1447
x72 69.1 | 296 96.8 | 2394 40,5 | 173 68.7 | 1474
x79 69.2 | 295 97.5 | 2422 40.5 | 175 69.1 | 1502
xB7 69,3 | 297 98,0 | 2455 40,8 | 177 69.6 | 1534
x96 | 69,4297 | 98.8 | 2491 | 41.0 |180 | 70.0 | 1569
W 14x22 | 45.7 | 182 16.8 | 1295 | 27.7 | 101 14.9 | T34
x26 45,7 | 182 17.0 | 1308 28,0 11 151 151
x30 52.5 | 267 30.3 | 1670 .3 |1 25,0 955
x34 | 52.5 | 226 30.5 | 1686 31.5 | 12T | 25.1 972
x38 | 52.6 | 226 30.7 | 1701 31,6 | 128 | 25, 9688
x43 | 56.6 | 24] | 42.8 | 1861 | 33.6 | 140 | 33.7 | 1092
-;gg EEIE gjg 4;.2 1881 33.8 | 142 54.3 _1{}13
o1 43, 1900 | 4.0 |1 : 54
x61 bd,4 | 297 | 66.8 | 2395 | 37.9 1;,16::1L 49,6 | 1427
x68 64.5 | 297- | 6T.3 | 2424 38,1 | 172 50.0 | 1456
ae et |%e | sk loie |32l |23 |ve
12 5 % : 1
Tx90 |84 3T 1A 5900 | 4T.1 [234 95_-%_ 2337
W 16x26 - | 51.5 | 233 | 20.3 | 1886 | 30,7 | 125 17.7 | 1031
x31 _151.51233 | 20,5 | 1907 | 30.9 | 127 17,8 | 1054
x3 57«3 | 277 32.7 | 2208 33.8 | 150 26,7 |1280
x40 57.4 | 276 32,8 | 2326 34,0 | 151 | 26.8 | 1301
x45 |57.4 277 33.2 | 2347 | 24.2 | 152 27.1 | 1323
x50 | 57.5 | 277 33.6 | 2369 | 34.4 152 27.3 | 1346
x5T 576 | 277 4.2 | 2338 | 34.T |15 27.T | 1377
w 18x35 | 57.1 | 288 24.2 | 2619 | 33.7 | 151 20.6 | 1401
x40 57.1 | 287 24.4 | 2644 33.9 | 153 20.T 11429
xdb | 57.2 | 267 24.8 | 2670 | 34.2 | 154 | 21.0 [1459
M 4x13 21,8 | 28.4| 10.4 T7.5] 15.9 | 21,7 | 9.76 | 62.7
18, 27.7 | 46.1| 16,8 197 1 19,0 | 33,0 14,9 | 120
Sl R A AR
i & - L] _—-L—-— 1
: o5 24-2; %g 352 213 | 16.6 | 35.4 igg ;5
L] & & 1 L] L] -
‘1%1‘5“%_0 12 5.3! é% zg—?‘. —éﬁ:& B.19 403‘
14x18 | 42.5 163 | 10.8 | 1163 | 26,0 | 90.0| 10.1 | 650




TABLE 19

STRUCTURAL TUBING, SGUARE
(Formula 49)
R=2t
™= ° L 4 g s I a J
16x16x1/2 [62.3| 327 | 5233 4xldxt f2 14.3 [17.4 | 69.5
x3/8 |62.7 | 331 5291 x3/8 14,7 |18.5 |73.8
x5/16|63.0 | 333 | 5320 :$§16 :;.3 13.5 %%.?
X - E]
e e d - E- x3/16__| 15.4 |20.0 [79.9
x5/16154.9 | 254 | 3550 3;5:3.5x?§15 12.3 ::.g ;3‘2
X & # &
‘E"E:;§§ jg:; :g; =yt x3/16 | 13.4 [15.1 |53.0
x5/16]46.9 | 185 2224 3x3x5/16 10,9 [10.2 |30.5
x1/4 |47.1 [ 187 | 2241 x1/4 11,1 |10.6 | 31,7
10x10x5/8 |37.8 | 122 | 1218 x3/16 1.4 |11.0 }52.9
x1/2 |38.3 | 124 | 1242 2.5x2,521/4 | 9.14| T.13|17.6
:gﬁaﬁ gg ; :g gg x3/16| 9.36] T.45]|18.6
5,1
g 2x2x1/4 Te14| 4.34| B.69
x1/4 1391|129 | 1289 ::§15 7.36| 4.61] 9.23
8x8x5/8 |29.8| 75.9| 607
x1/2 [30.3| 77.9| 623
x3/8  |30.7| 79.9] 639
x5/16 |30.9 | 80.8| 647
x3/16 |31.4 | 82.7| 661
'Fx'i':1f2 2613 55.5 41 1
x3/8 |26.7 | 60.5| 424
x5/16 |26.,9| 61.4 ] 430
x1f4 |27.1| 62.2 | 435
6xx1f2 |22.3| 42.3| 254
x3/8 22,7 | 43.8| 263
IEJ”-E 22:9 44-5 EET
xif4 123.1]| 45.3 | 272
x3/16 |23.4 | 46,0 | 276
Sx6x1/2 [18.3 | 28.5| 143
x3/8 |18.7 | 29.8| 149
x5/16 |18,9 | 30.4| 152
x1/4 [19.1] 31.0| 155
x3/16 |19.4 | 31.6| 158

g -, B




R = 2% , TABIE 20

STRUCTURAL TUBING, RECTANGULAR

(Formila 49)
L Sx Sy J TS L ax Sy J
20xi2x1/2 [62.3] 356 | 277 | 5219 |12x6x1/2 [34.3 ] 109 | 78.3 | 890
xﬁfﬂ 62.7| 360 280 R281 1§fﬂ. 34.7 | 112 79.8 | 911
x5/16| 62,9 | 362 281 5312 x?§15 gg 9| 113 | 80.6 | 522
20x0x1/2 |54.3]| 276 | 174 | 3452 x1/4 135,11 115 | 81.5 | 932
x3/8 |54.7]| 280 | 176 gﬁug x3/16]35.4 | 116 | 82.0 | 942
x5/16 |54.9| 282 | 177 | 3531 12::4::;§§ g.; gga .¢9,g gm
20xqx1/2 46,3 ] 196 81.4 | 2119 " . «0 50. 29
x3/8 |46.7| 200 | 82.5 | 2166 x5/16|30.9 | 89.3| 51.0 | 638
x5/16 | 46,9 202 | 83,0 | 2190 :;ﬁgg g}-; 33'1 g;-g é41
18x6x1/2 [46.3] 200 | 114 | 2143 - : . i
x3/8 |46.7| 204 | 116 | 2184 12x2x1/4 |27.1| 66.7| 24.3 | 425
x5/16 | 45.9| 206 117 2205 x3/16|27.4 | 6841 24.6 | 433
16x12x1/2 |54.3| 263 | 229 | 3479 10x6x1/2 130,53 | 84,2 66,3 | 620
x3/6 |54.7| 267 | 232 | 3526 x3/8 |30.7| 86.6|67.8 | 635
x5/16|54,.9| 269 | 233 | 3548 :3§1§ gﬂ-a gz*; gg.g g;g
16x6x1/2 |46.3] 199 | 142 | 2160 23/1631.4 | 90.0 | 70.0 | 660

x3/8 |46.7| 203 | 144 |21
x5/16 |46,9| 205 | 145 EE?E 10x4x1/2 26,3 | 64,2 | 41.4 | 404

x3/8 |26,7| 66,6| 42.5 | 418

16xdxi/2 |38.3] 135 65.4 | 1211 x5/16|26,9 | 67.7 | 43.0 5
3/8 |38.7| 139 66.5 | 1243 x1/4 |2T.1| 68.9| 43.5 1§1
::5,.-" 16 |38.9| 141 67.0 | 1258 x3/16{27.4 | T0.0| 44,0 | 436
14x10x1/2 |46.3] 193 164 2170 |10x2x3/8 |22.7| 46.6| 19.8 | 2
x3/8 |46.7 | 196 167 2205 :5§15 22,91 47.7 23.1 Egg
x5/16] 46,9 198 168 2222 x1/4 [23,1| 48.9| 20,3 | 265
14x6x1/2 |38.3] 137 | 90,3 | 1228 x3/16|23.4 | 50.0| 20.6 | 271

x3/8 |38.7| 140 91,8 | 1256 | |8xbx1/2 |26,3| 61.9| 54. 11
x5/16 |38.9| 142 92,6 | 1269 x3/8 26,7 | €349 25‘3 325
x1/4 |39.1] 143 93.3 | 1282 x5/16 |26,9 | 64.8| 56.6 | 429

14x4x1/2 |34.3] 1 ; 6 x1/4 |27.1| 65.8|57.3 | 435
=i§ﬂ #2139 | hed| oe| [L_x316 [27.4 ] €6.7) 56,0 | art

x5/16 |34.9] 114 59.0 | 913 |8x4x1/f2 [22.3 . . 2
x1/4 |35.1] 115 595 | 925 x3/8 |22.7 j;.g gg.g Egg

12x8x5/8 |[37.8] 130 | 108 21 x5/16 |22,9 | 48.8] 35.0 | 265
x1/2 |38.3 1%3 110 1233 x1/4 [23.1] 49.8] 35.5 | 270
x3/8 |38.7| 136 | 112 | 1263 x3/16 |23.4 | 50.7| 36.0 | 275
x5/16 |38.9| 137 | 113 [ 1275 :

x1/4 |39.1] 139 | 114 | 1287

- 62 =




L Sx Sy J T3 L Sx
ED-T 39*5 2415 1'_9? 513:1;';2 1413 1515
20.9 | 40.8 | 25.2 | 201 3/8 | 14.7 | 19.8
21.1 | 41.8 | 25.6 | 205 x5/16 | 14.9 | 20.4
21.4 | 42.7 | 26.0 | 210 x1/4 | 15.1 | 21.0
18.7 | 31.9 | 15.8 | 143 x3/16 | 15.4 | 21.6
18.9 | 32.8 | 16.1 | 147 5x2x5/16 | 12.9 | 15.4
19.1 | 33.8 | 16,3 | 151 xT/4 | 131 | 16.0
19.4 | 34.7 | 16.6 | 155 x3/16 | 13.4 | 16.6
22,3 | 44.8 | 38.5 | 253 | | 4x3x5/16 | 12.9 | 15.0
22,7 | 46.5 | 29.8 | 262 x1/4 | 13.1 | 15.5
22,9 | 47.4 | 40.4 | 267 x3/16 | 13.4 | 16.0
23,1 | 48.2 | 41.0 | 271

4x2x5/16 | 10.9 | 11.0
23,4 | 49.0 | 41,6 | 276 /4 |11.1 | 1105
20.9 | 40.4 | 31.0 | 203
21,1 | 41.2 | 31.5 | 207 -5xz:;§15 3‘}% ;'gg
21.4 | 42,0 | 32,0 | 211 . '
18,7 | 32.5 | 21.8 | 146
18,9 | 33.4 | 22,2 | 150
19,1 | 34,2 | 22,6 | 154
19.4 | 35.0 | 23.0 | 157
18.3 | 30,3 | 25.4 | 142
18.7 | 31.8 | 26.5 | 148
18,9 | 32.6 | 27.0 | 152
191 | 33.3 | 275 | 155
19.4 | 34.0 | 28,0 | 158
16.7 | 25.8 | 18.8 | 106
16.9 | 26,6 | 19.2 | 108
17«1 | 27.3 | 15.6 | 111
17.4 | 28,0 | 20,0 | 114
14.7 | 19.8 | 11.8 T1.3
14.9 | 20,6 | 12.1 73.8
15.1 | 21.3 | 12.3 76,2
15.4 | 22.0 | 12.6 78,6
16;1 E#iﬂ '2215 1m
16,9 | 25.4 | 23.0 | 110
17.1 | 26.0 | 23.5 | 112
17.4 | 26.6 | 24,0 | 115

- 63 =




Y TAHLE 21
TTRING
Square
(Pormula 50)
R = 2%
TS L 5x Sy J TS L SX Sy J
16x16x1/2 | 31.1 |249 | 81.5 2616 || S5x5x1/2  |9.14|22.2 | 7.09 | 71.3
x3/8 | 31.4 | 250 | 82.5 | 2646 x3/8  |9.36 | 23.0 | T.42 | 74.5
« x5/16] 31.5 | 251 | 83.0 | 2660 :gﬁlﬁ g.gg gg.g ;.g; ;g.;
1xidxt/2 | 27.1 [ 189 | 62.0 | 1744 b é . .
x}ﬁa 27.4 | 191 | 62.8 | 1764 2316 19:00 421 17:58 110,
x5/16] 27.5 | 192 | 63.3 | 1775 || 4=A=1/2  |7.14 | 13.7 | 4.33 | 34.7
12x12x1/2 | 23.1 138 | 45.1 | 1087 :SIEE T*EE 14,4 | 459 | 36.9
x5/ | 25.4 [140 | 45.8 |110a|| X6 [Te4S| 14T | 4721 3042
x1/4 | 23.6 | 141 46,6 | 1120 gy E‘qﬁ 11'1 3‘54 e
s JEDa " " "
e e d U R B x1/4 16,57 | 11.3 | 3.86 | 25.7
<3/ 19.4 | 954|315 | 633 ~ x3/16]6.68 | 11.6 | 3,77 | 26.5
x5/16] 19.5| 97.1| 31.8| 639|| 3x3x5/16 |5.46| 7.96| 2.53 | 15.3
111';4 19.6 97.T]| 32.1 5'45‘ :1!’4 -1 8.20 2!63 15.9
8x8x5/86 | 14.9 | 58.7] 18.9| 304 x3/16_15.68] 8.43] 2.73 [ 16.4
x1f2 | 15.1 | 59.9| 19.4 | 312 ||2.5%2.5x1/4 |4.57| 5.56| 1.77| 8.9
:3,;;55 15.4 21; 19.9| 319 x3/16]4.68| 5,76] 1.85| 9.32
X316 | 1545 | 61,61 20.1 | 32311 o001/8  |3.57| 3.42) 1.08| 4.34
;;ﬁﬁﬁ 1?:? Eg:é gg:g ;g: x3/16 | 3.686] 3.59] 1.15| 4.61
Tx1x1/2 | 15.1 | 45.4] 14.6| 206
x3/8 | 13.4 | 46.4] 15.1| 212
x5/16 | 13.5| 46.,9| 15.3| 215
x1/4 | 13.6 | 47.3| 15.5| 218
x3/16 | 13.7| 47.8] 15.T] 221
6xbx1/2 | 11.1| 32.8| 10.5| 127
x3/8 | 11.4| 33.7]| 10.9| 1%
x5/16 | 11.5| 34.1| 11.1] 134
x1/4 | 11.6 | 34.6| 11.3| 136
x3/16 | 11,7 ]| 34.9]| 11.5] 138




STHUCTURAL TUBING

Rectangular
Type of (Formula 50)
weld: X
TS L Sx Sy J J
20x12x1/2 | 23.1 | 231 45.1 | 2565 2654
x3/8 | 23.4 | 233 | 45.8 | 2597 2684
x5/16] 23.5 | 234 | 46.2 | 2613 2699
20x8x1/2 15.1 | 151 19.4 | 1580 1872
x3/8 | 15.4 | 153 | 19,9 | 1607 1898
x5/16 | 15.5 | 154 | 20.1 | 1621 1910
20x4x1/2 T«14 | 70.8] 4.33] T15 1403
x3/8 Te 73.2| 4.59| 740 1426
x5/16 Tedb | Tded| 4.T2]| 752 14357
18x6x1/2 1141 99.6 | 10.5 | 925 1217
x3/8 | 11.4 | 102 |10.9 | 547 1237
x5/16 | 11.5 | 103 11.1 958 1247
16x12x1f2 | 23.1 | 185 45,1 | 1734 1746
x3/8 | 23.4 | 186 | 45.8 | 1757 1768
x5/16 | 23.5 | 187 | 46.2 | 1769 1780
16xBx1/2 15.1 | 121 19.4 | 1036 1124
x3/8 15.4 | 122 19,9 | 1055 1142
x5/16 | 15.5 | 123 20.1 | 1065 1151
16x4x1/2 Te14 | 56.5| 4.33| 459 152
x3/8 | 7.36| 58.5| 4.59| 476 766
x5/16 T«d46 | 59.5| 4.72| 484 Ti4
14x10x1/2 | 19.1 | 133 30,9 | 1079 1091
x3/8 | 19.4 | 135 31.5 | 1097 1108
x5/16 | 19.5 | 136 21,8 | 1105 1117
14xbx1/2 11.1 TT«4 ]| 10,5 | 570 658
x3/8 | 1.4 | T79.1]10.9 | 584 671
x5/16 | 11.5 80,0 | 11.1 591 678
x1/4 11.6 80.8 | 11.3 598 664
Wx4x1/2 | To14 | 49.4 | 4.33| 353 523

= 65 =




5 L Sx sy e J L Sx Sy J
12xB8x5/8 | 14.9 | 88.6 | 18.9 | 600 22,9 44.4 | 90.7 | 613
x1/2 | 15.1 | 90.2 | 19.4 | 613 23,1] 45.1 | 91.9| 625
x3/8 | 15.4 | 91.8 | 19.9 | 626 23,4 | 45.8 | 93.1| 63T
x5/16 | 15.5 | 92.5 | 20.1 | 632 23,5 | 46,2 | 93,6 | 643
x1/4 | 15.6 | 93.3 | 20.4 | 638 23,6 | 46.6 | 94.1| 649
12xbxif2 | 11.1 | 66.2 | 10.5 | 426 23,11 45.1 | 68,8 | 454
x3/8 | 11.4 | 67.8 | 10,9 | 437 23,4 | 45.8 | 69.7 | 474
x5/16 | 11,5 | 68.5 | 11.1 | 442 23,5| 46.2 | 70.1| 479
x1/4 | 11.6 | 69.3 | 11.3 | 448 23,6 46.6 | T0.6 | 483
x3/16 | 11.7 | 70,0 | 11,5 |453 || 23.7 | 46.9 | 70.9 | 489
12xedx1f2 | T.14)] 42.2 | 4.33 | 261 23,1 | 4541 | 45.T | 349
, x3/8 | T7.36]43.8 | 4.59 | 271 23.4 | 45.8 | 46.4 | 358
x5/16 | T.46 | 44.5 | 4.72 | 276 23.5| 46.2 | 46,7 | 362
Cx1f4 | T.57|45.3 | 4.85 ] 281 23,6 | 46.6 | 47.0| 367
x3/16 | 7.68 | 46,0 | 4.97 | 285 23.7 | 46.9 | 47.3 | 3M
12x2x1/4 | 3.57|21.3 | 1.08|129 23,6 | 46,6 | 23.4 | 296
x3/16 | 3.68] 22,0 1.15 | 133 23.7 | 46.9 | 23.6 | 300
10x6x1/2 | 111 | 55.1 | 10.5 | 304 19,1 30.9 | 56.8| 316
x3/8 | 11.4 | 56.4 | 10,9 | 312 19.4 1 31.5 | 57T | 324
x5/16 | 11.5 | 571 | 111 | 37 19.5] 31.8 | 58.1| 328
x1/4 | 11.6 | 57.7 | 11.3 | 321 19,6 | 32.1 | 58,6 | 332
x3/16 | 11,7 | 58.3 | 11.5 | 325 19.7 | 32.4 | 58.9 | 335
10x4x1/2 T.14 | 35.1 4.33 | 183 19.1 | 30.9 | 37.T| 221
x5/16 | T.46| 37.1 | 4.72 | 194 19,5 | 31.8 | 38.7 | 231
x1/4 | T.57]37.7 | 4.85]197 19.6 | 32,1 | 39.0 | 234
x3/16 | 7.68)38.3 | 4.97]201 | 19.7[32.4 | 39.3 | 237
10x2x3/8 | 3.36| 1644 95| 82,9 19.4]31.5| 19.0| 170
x5/16 | 3.46] 17.1 1.02 | 86,2 19.5|31.8 | 19.2 | 173
x1/4 | 3.57|17.7 | 1.08| 89.4 | 19.6| 32.1 | 19.4 | 175
x3/16 | 3.68] 18.3 1415 ] 92,5|| 19.7| 32.4 | 19.6 | 178
fxbx1/2 1.1 | 43.9 | 10.5 | 204 15.1 ] 19.4 | 44.8 | 206
x3/8 11.4 | 45.1 | 10,9 | 211 15.4 | 19.9 | 45.7| 212
x5/16 | 11,5 | 45.6 | 11.1 | 214 15.5 | 20.1 | 46,1 | 215
x1/4 | 11.6 | 46.1 | 11.3 | 217 15.6 | 20.4 | 46.6 | 218
x3/16 | 11.7 | 46.6 | 11.5 | 220 15.7 | 20.6 | 46.9 | 221
Bxqx1/2 | T,14]28,0 | 4,33|119 | 15.1]19.4 | 20,7 | 131
x3/8 | 7.36)|29.1 | 459|124 | 15.4(19.9 | 30.4| 136
x5/16 | T.46|29.6 | 4.72| 127 15.5 | 2041 | 30,7 | 138
x1/4 | 7.57| 20,1 | 4.85]129 | 15.6120.4 | 31,0 141
x3/16 | T.68| 30,6 | 4.97| 132 15.7 | 20.6 | 31.3| 143
8x3x3/8 | 5.36( 21.1 | 2.44| 8T.4[ 15.4]19.9] 22,7 109
x5/16 Bad46 | 21,6 | 2,53| 89.8| 15. 5 20,1 ] 2%0] 111
x1/4 5.57| 22,1 | 2.63] 92,1} 15.6|20.4 | 23,2 | 113
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8x2x3/8 | 3,36 13,1 | .95| 53.0|| 15.4 | 19.9 | 15.0 | 90.2
IEJH'E 3!45‘ 1316 1.02] 55.3 15:5 20,1 15.2 92.1
x1/4 | 3.57 | 14.1 | 1.08] 57.4 || 15.6 | 20.4 | 15.4 | 93.9
x3f16]| 3,68 | 14.6 | 1.15] 59.5 || 15.7 | 20.6 | 15.6 | 95.8
Tx5x1/2 | 2,14 | 31.4 | 7.09|125 13.1 | 14.6 | 32,2 |128
x3/8 | 9.36 | 32.4 | T.42[130 || 13.4 | 15.1 |33.0 |132
x5/16 | 9.45 | 32.9 | 7.57|133 13.5 | 15.3 | 33.4 |1
x1/4 | 9.57 | 353 | T.T3|1%5 13,6 | 15.5 |33.8 |1
x3/16 | 9.58 | 33.8 | T.88|137 13.7 | 15.7 | 34.1 |139
Txdx3/8 | T.36 | 25.4 | 4.59] 97.1 || 13.4 | 15.1 |26.4 |102
x5/16 | T.46 | 25.9 | 4.72] 99.2 || 13.5 | 15.3 |26.7 |104
xi/4 | 7.57 | 26.3 | 4.85|101 13.6 | 15.5 |27.0 [106
x3/16 | 7.68 | 26,8 | 4.97|103 13.T | 15.T |27.3 |[108
Tx3x3/8 | 5:36 | 18.4 | 2.44| 67.5 || 13.4 | 15.1 |19.7 | 79.0
x5/16 | 5.46 | 18,9 | 2.53] 69.4 || 13.5 | 15.3 |20.0 | 80,6
11f4 55T | 19.3 2.63] T1.3 1}.5 15.5 20,2 82,3
x3/16 | 5,68 | 19,8 | 2.73] 73.0 || 13.7 | 15.7 |20.4 | 83.2
bx4x1/2 | 7,14 | 20,8 | 4,33] 69.8 || 11,1 | 10,5 | 21,7 | T1.9
x3/8 | Te36 | 21,7 | 4.59] T3.3 || 11.4 | 10.9 |22.4 | 75.1
x5/16 | 7.46 | 22,1 | 4.72] 75,0 || 11,5 | 11,1 | 22,7 | 76.6
x1/4 | 7.57 | 22.6 | 4.85| 76.7 || 11.6 | 11.3 |23.0 | 78.2
13'!1'5 7-53 22,9 4.97| T8.2 11T 11.5 253 TE}-T
61313& 5;3‘6 15-? 2144 5‘]#} 11|4 10!5 15!7 55‘!4
:5§;5 5.46 1 16,1 | 2,53] 51.8 || 11.5 | 11.1 |17.0 | 56.7
x1/4 | 5,57 | 16.6 | 2.63| 53.2 || 11.6 | 11.3 |17.2 | 58.0
x3/16 | 5.68 | 16.9 | 2.75] 54.6 }| 1.7 | 11.5 |17.4 | 59.3
6x2x3/8 | 3,36 | 9472 .95)29.9 || 11.4 | 10,9 | 11,0 | 41.3
x5/16 | 3.45 | 10,1 ]| 1.02] 31.53 || 11.5 | 11.1 | 11.2 | 42.5
x1/4 | 3,57 | 10,6 | 1,08 32,6 |f 11,6 | 11,3 [ 11.4 | 43.6
x3/16 | 3.68 1 10,9 | 1.15] 33.9 | 1.7 | 11.5 | 11.6 | 44.7
Sx4x3/8 | 7.36 | 18,0 | 4.59]| 53.53 || 9.36]| 7T.42 | 18.4 | 53.6
x5/16 | T.46 | 18.4 | 4.72]| 54.6 || 9.46| 7.57 | 18.7 | 54.9
x1/4 |7.57 |18.8 | 4.85]|55.9 | 9.57| 7.73|19.0 | 56,2
I;ﬁ‘ﬁ T.Eﬂ 19.1 4.9T | 57.2 ?153 T-Bﬂ 1?-5 td
Sx3x1/2 5.;2 12.2 | 2.23] 33.3 9:14| T.09 |1%5.1 | 35.3
I}fﬁ 5; 1340 E-“ }5-? -5‘6 ?-4-2 13-1 }?iq'
x5/16 | 5.46 | 13.4 | 2.53| 36.9 || 9.46| 7.57 | 14.0 | 38.5
x1/4 | 5.57 | 13.8 | 2.63] 38,0 | 9.57| 7.73| 14.2 | 39.5
x3/16 | 5.68 | 14.1 | 2,73 39.1 || 9.68| 7.88 | 14.4 | 40.5
22x5/16 | 3. 8,42 | 1.02| 21.9 || 9.46]| 7.57| 9.23| 26.8
: 2?34 i.éf 8.771 1.08] 22.9 | 9.57] T.73| 9.42| 27.6
x3/16 | 3,68 | 9,11]| 1,15] 235.8 || 9.68| 7.88| 9.59] 28.4
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J

L

8x

4x3x5/16
x1/4
x3/16

5446

2437
5458

10,7
11.0
11.3

2,53
2,63
2.T3

24.7
255
26,5

2
1.68

4.72
4,85
4.37

11.0
11.2

11.4 | 26,

23.0
25,8

4x2x5/16
x]fﬁ

x3/16

3.46
3457
3.68

6,69
6.99
7.21

1.02
1.08
1.15

14.2

14,3
15.6

T.46
TeST
7.68

4.72
4,85
4.97

T.23
Te42
T«39

15.8
16.4
17.0

Jx2x1f4
x3/16

3.57
2,68

5220
Se43

1.08
1.15

8,73
.07

53T
5.68

2.63
2.73

242
539

8.38
9438

(as a funotion ofd)

10
20

40
45

70

1541?
+584r
1.0000
1!2&5!
1,414z
1.532r

147 52x

14879z
1,970z

1.970x
115??!
1.732r

i
Ta

1,286z | 6,062r
1. 000
«684r
« 34Tz

6,280r

3] .495

1.047x7

1,67827
1,985z

3 |2,26927

2,72600
53,0099

3.12452

4,636
5;1417 iﬂﬂEI
5-511r

5.74bx
5,813
5.849r

5. 8260
ﬁ!591!
5- 451

1,956x3
2,381e3

2,569r3

e
2,303

1.951z?
1.548r3
1.148x2
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List of available pro

WELD PROPERTIES f
=1 -.'-Iu' combination of welds
—L--‘ parallel to

IT X and ¥ axec.

HFE.i As shown.

o[ flesa e

: ﬂ! ..ﬁ.ﬂ Ehm?

B

4 WP-27 As shown.

'l

ﬂ :mﬂ-i-dinnmiml woldn,

Argy combination”
v, 0! atraight 1ine
- "-?Blﬂ-!- '

£ o able cal
' WELD STRESS
¥5-1 For given weld properties
' caleulates
stress at
any point
of weld.

,‘ﬁ For :pnrn-.llul or rectangu-
ler weld

iy [, caleulaten
ﬁtﬁun at
four points
- of weld.

ptress due

Yo mumber

of applied
foroen.
Eﬂ, Caloulates weld stress

at any point
of any thres=
dimensional
weld pattemn
dus to applied
forces and
momento.

. | Price ;ur progons

Each program consists of complete
doscription and protected magnetic

pard, - .
- §3.00 {Pﬂ'ﬂt-l-ﬂl‘ and
tax muludﬂ] Each additional mn.g‘wtiu
- §1.25
Tntll pet of 15 p:'na:u.-ﬂ $25,00
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