
1 

~.-~ ..~~-~~ 
~~:f3:~'. ~P!-f:.~ 

fbf1..rr~s~h«:;\1Ju- 'lhe({~~~
:J1.n~7~V·· ..... ~~'~.,.. 

~ i"N INri ~'> ~\ w.I:t> I !zt)ml"ff ~ VWf~ Otw>D,'n"t,:'" ~ . 
Ovt PO;..t; B M 

9.JME/VT /J.¥ -()0 fy: ~hlf6111h 

f;,LGHetuT114 -<:/ Fy -= toco,o 1~ 

£l.&1EIrr (ut -f/)o 0 Ft :: )fJ;Cj, ~J. b 
8.brFJvT I-qov til( ~ (8?J '?~ Jb-vh 
[[tI'1G1vT liAt-C?sv f1( ~ 811)99 .1.h~ l J2eS1Jn t 'vwYiI-s) 
t:;{£f1fAT (24-o~ t1c =- Cfr-66 ~ .11:>-vh 

/ AI1J{e: L4~({:J- %"( 8~ y 4- U?c.J, )

I Bot , AJ~ - Jt'ott'" - 'Yo'..;, 1l()!.5 ,8 ~ 
,

"/ ,I(~ t" 
. - I 

Mb 

2 

yL~~/~~~~+ 
\ , , ' 

I 

/



I 

Ttnl) I 

C; 'MVvi ~ x-cL~~ -:: J.b ~6\ q .tp 
\ " 

Ti?rUltm V)') r-JJ;Nj:.L~ ~ I b6o. bR-b 

ShoH ~ .z. ~y,dl~ ~ ~h~, ~ Jb 

T-en~\'.n	 Q'h top Bet} ~""~ vI My 

_1~t-4-j ::::. ~/l)~,I) "e,b 

(%n.~"I,I~ en bo:tt.'ifrn~. If: cP~.t b P1Kr 
tS'Z\f0	 :: ~J58\(/ lb 

T-&n I\.:n '11') lilt S"~ Bo ~ Cf.,Ut<d D1 M6 

4.yb6 S

~fve.;
 

-- ~brNJ S~Vv-/ ~ X-z- plf>w\t \
 

~ 20lfbl~1--f- ~ff;.y; =- :'bt1.1f J-b 
- S~ p-0' b()tt ~ X'-~ p/~ : 

1x 3b (1, t}) =- (g-uq ,Q7 lb 

- ~)'nbl~d Tel1SI~ (~)~ eT"I ~I* # I 

l f~ lb60.b) +- :'1!)%.17 + l~{~IJj,'b) =- 61.4h· .i~ 
'..  - Con.b,~~ lens,:m I krlf>ess,.'" 0'» apt #-?.

~-j;,({bbo,b) - 3i)'U7 +c~ K'J115',lb) := {2.1',7/- ~~ 
8.,lt-# ~ IV') Cfrn'tJ>.-\ ~c~~ All: ~Y\~ i-~ {~~ ~~~ 

lOA~ • 



3 

Q t=-(NV Ttl{; ~MPHT£V ';H€AR STRE55 tv l{('s~) 

~ T~u I-A I A(5C1 AS"Y ( p~~-e 4-3 

~~1J I A3?5 Bc;)(t %,11J.i'\ -7 A ~ o,(P/13 v;, 2.. 

-Lv ~ I BOV;;Q7 =
'J~ 0 · "? 'f( ~ 4.~097~S)' 

o PtN-p THe A-LWb~~BlC- SHEAA STRGS5 'Pv ltcs,) 

~ TAb~ J~l( A-(Sc/ ASP; PA~ "-73 

~ 1tN.. ImJYlLo&~ is t~ beO>Yl~ +;r.e a.-A tJv. 

-li~ ~ iN ~A.eM P{~ I 

h' =- 0.1 ~c,; '1)Y'WIlS 

A-und.i:J:t- 1W5/1 ~SME 830-w-/18> BelIJW IN. 
/To~ ~ GJtt''J Pev l\e.t!> 

h' ~ +ry w)~ Fy ~ 112. ~»I r A3i) 

1=1l::' f;x '1~ ~ ~()·h ~~"; 

() t:?Np nib SAFeTy ~CT1)R ()1V StJEftI<. STR"bSS 

l=t ~ ~I ~t;)'
 

t~· :":<t~t;)'
 

SF = ~ I -- l-. I

4.0Q7 - ':)( 

; 
J 



4

OF/NY TH~ [,Qi-liPHT& P T&Ns ILl; STRfSS i lt l~~) 

1t= {- w)\I/>t p= Gq 1(>6 ' ;,b 
A == 0, IflH~ vn 1-'
 

-i h-VJltb
 
J*:: Oltftfttt -=- 15\72-2, (Ls,'
 

o HNJ) WE- AUOuvA8tG TENs/I.:£- srKGSS Fit UCs\) 

AunGlI~;t;. It<r;c( AS"D/ T~/.Q 3""3." f~r !i-it.;" )21J4J'r1I:) 

W~ ~ W!lNeb~ t5 O<CW1'J -ry~ ~ ~0J.J ~ 

~ fNfV'I	 p!~ 

Ii :: ~ flfl- (f,3 ,]-VvyY~ JV -=- Cf.Ct() ~ \\ 

Ft- ~j 4-lI'v- </,.,1.x If''~7~ ~ r.p3, I,. ~,' 

A-W1rrl1'O 1;; tdNSI! ASJ'lJf- 83iJ, 'W 'i ~~3 Be/1NJ fth 

!iw~ Uti) Dfm'<Lj Pn~13 •I 

tk -=- f'l VlJwt.e ry -=- "J- ~.' fr (BY> 

f* ~ t xO(2- = 3o~b ~,;,' - j1)V.tl"n5 

o	 RND mE- SAFtty Rtc-Tel( ~rJ 'r"bN5n:r;. STRESS 

-J.t -= /1./1'7/ J:i4)' 

F* ~'?~.b ~; 

SF: '= . F,(, - 3~.b I,C/
1t- /5\7'J,?,..- - f 



o AN}) THE {7OLT 8eAR/~ ~~5.S ON DOlVlV'ECTttfJN M~TGRlfiL 

fp l~~)) 

f;rr ITvvb ~ ll;< '+ I 

t.:::: \O'~'I'W x/.,' ~ 0, 6V5' ~ 

~ TIJii. I-E / At~LI As;>I P"'~ 4-{; 

wl~ i-:- ~ b15" (3ePvr'I' oJJ.t;r'/fJllbli. toed. p-e-r bo (;t
~,2;( O·lft.... ~.b1;5 ~f5 

1= ?a.{rA.y , 
I P -::: 0 Ib15'x 01) 5' - =:: b1.k fCs I 

fir Anj~; 

t ~ ~\37)' X 2.. :. 0, ')t ~ 

&0111 TO'\~lt I-t- I A(5c'1 A~I p~ 4-6 

~ ;t ~ 0,7> I Ik"'rr~ ~NJk Co"G( /kif ~/t; 
~~. 2.X D·7f= 1'1, (S' fc4f5 

tp --= 31, I, 
0,1:)"..<0,7)" ~ b'j.h fc.s)' 

ACW1"ct') k Nv~11 ASP1£ 830. UJ- (&J8) 8elfJvV -tN. fieo!:. 
Lit'lJ ~V\\~ 

tp ~t ~ ~ 7-" 3~ ~~I' fy tB6 

tp::. tx -3 b :::. 1;( !cs)' .~__ 
5f)~lS 



6 
o Ff!Y'[) ffi& ~PV~TtD BoLT f3EARlMt )y;.<ess ON COJV~CTlfTfV 

triMGR.I~L }-P L k~)') 

h -

tf srnvttTRI1L SrER DT7S1q-N " 
~/8" fJZty ~b 

hllAnbe.r l' +N. ~~ 
0( - ooml~ f0~ oi.~mtU1l' 

t - ~~~~ ~ iN ~\~ 

~"ib ) p= 3b11.tt).e,b 
n=-2 

at:: Ol/t ~ 

;t ::... o,~~ 

1P ~	 ~b(:. '1512
O;b2Yt!.7t =- 3g6T ~~ - ~Ylh'lIJ 

"::.. _.. .:... --- .. _

---_._---.... - '---hr~~/ts : - ,- -	 - --_._
! 

...L_ _ Pin
 
Jf - , ott

~-e, p::: ~b~(i,"l) ib 
h~ 2. 

0{ ~ OIlS' ~ 

t ~ o,37Sx 2 =- f> .7)' ~ 



7 

o Fflvp TH~ 9)1=£-1(' FACT4Jf( ON /31)LT fJEAAJNCt- mESS 

1P::: -3196 t lc~;
 

ff :::. l~ ~~ ,I
 

Sf :: J~
 
3,a 61	 -::- 3,( . 

o RNP 'rue f1L,W~vABl.B Sij~R t;rR"G5S oN rob IV~T I:)RtEA 

OF TH b CAJ1VtI~e7'J Mf*,'b- Rv l~SI') 

4uoroltJ 7t\ AI5c 1 ASD/ J"4 / p~ 4'10 ~ r )))le. 

~k I	 Rv =. 0 ,3 FiA w~~ Nt '" 5'g- ~~,' tv M6 

Rv =- (h 3.>l ~8 =- 17, ff ~s)' 

A(A~i~,\~ ~ AN!)I!ASI1F 1330,'}()- (18:> 8eifJvV tiN. 
H-UI) r: ~~j PtVl\~ 

~v ". t Py wAm. 'Fr qJ, /C~,' fv fB~ 
r{v::. +x~h :::. }~ ICSl' _ 

o	 RIYJ> rut: CiQ1P~\TeD ~HGAR grn~ ON NGT Aflf;A OF LHl:

():JlVlYbCTtoN ItN"&S IV l~s~) 

m- 51t:Jk ~k I 

S~Qvf ttl(. = i x ~b Iq,t)r ::. ISoC/.cr?.tiJ 
N.t 0vKul ::: teL- n l0{+ 0 "'11))J 

::: 0 ,37,>)( [ gL-> - ~ l () ,)S-f-0d'V))J 
~ cJ"))B- ~ v 



Vy ~ ISoQ/17
 
, I ~. )' 78" =- f) I 702 ~s )'
 

o F/IV'P ~E- 5AF£1( t!tCTtOl( ()N SHE-AI( 5TRl;~ ON mE NbT 

fY$A Qf nt6 CtvNNb tTlON AN6i-C6 " 

Yv ~ 017{)~ ~s;
 

Rv ~ I~ ~s;
 

SF::::. -R- ":.. /7
O"17fJ ?/ 

o Ff NV THG ALWWA-BlE ~NPIJv'6r smsS5 ON 71J~ !'I~T MS-A 

i)F THb C(J'(VtvRT/O/V ItNi$;-LG h l (Cs I) 

AG~'rj i; fJ( ~(, AS!)/ PI?'3.e ~-lI(, 

'firy n'On-vonr"'vt ~t~ ~~ /' 

fb~ O'b O 7 \rt~ 7 =-1b~/ fr A36 "~{~., 
h ~ 0 I h0 ~ ~~ :::. d I. h ~ c; ; 

AWrrdv'7; ~ M~' 11t511G S30,)o-IQB> Bdvw +k 
___ ___ • • -_0.. _ .. _

----Hw l" uft,') D.el'l~ 

l;~ t Fy Vv~ 7 ~ ~b ~l'r A 3~ 

fb ~ Ix =36 :0\2 ~t;;- ,5iOy~ 



I 

I Jl 

o 

() "P/IY J) T-ItB- CAJMf~\Tt-D ~f\}J)I/IItt 5Tf<-f;SS ON 7H~ Nt:T ARt:A 

, OF -mE (firl/v"{;CTlON M&rLE. ib l~s \) 
f 

m	 ~'\'Jk ~1.e, 

P= Ig~Cj, q7£.b 
e = :l~ +w:J:::::'J<6h.;;, 
M~ p-e 

::: 18()1,qIX 3'l8b:::.- 6q~b.5" ~fS -~ 

~~ =- -31/~i ~3 

f -- K fJ'7~bl> 
b -	Stitt ~ ~,' -if =- 2:23t Ics.. 

()	 F71V'D rtJt; S#3fF1( ~T-oR f}N 8€iNJ>/~ 5TRf;fS ON mE;
 

IIs-T IlR~ OF nlG CfJNN~CTlol\J AtN6rL'G .
 



/0 

p p
 

fl.am ~ jJN vi 0"6 sbvt~ , f1rMJw1:J' p"- 6'746 Rb 

Auutd, ~ Ai5CI A'0! f3ep"." J) I '0, ~r6VJfL~ ftlj<':). - 2t;~, 

Pi)l)iV~, 'tAt fMX)))Wrn d!fIJ?Ih~ Nt Unt.tf "'J 
6, ~ "=' _ pC\. l:uL--<Mj 

tA£,~ 1

Vv4re. p=- .61 Cf 'b .1.b 

0\::. 3 ~ 

Ei .::. 2f1x.. L0 {) 

I-::- bh' ::... 4.l((~~11r?-+o,37>?) 
Iv {1/ 

I 

~ co (o).~ ~ V

~ ::. ('), ~ 

- . Mtlt 6 x: , _ l 3::1 ",l-_ \Lx ~"1 
7/'f )( 2J>; X' [I\f X. 0 ,0 28' / 

'::. o. ,+2"3 ~ 



, (/ 

-~- TIt€ BtNPI/{~ S1RESS QN S)"Pb '(4¥.L of ru.ff ~~ 

TI\lln jJMV\'o,,? ~+; ilhlfiV1;r P:=.Mlf 6 QJ;. 

AlA6YJI'o--bo fJ.ISC f 1\511f @.e""", 1) ""'3y~, f~ 2-) 931 

12hvl"11 1 ~ nvvx; ml'ull? Ynlill?-8ni- ~tnavJ tJu ~OAd5 ;" 

l'1 ~x =- p~\
 

b )~ p::: 6CJ l:f{; , tb
 
Ot ~ 3~ 

t1~ ~ 6q~b ):l ~:::- 20'(3g: Jb-Vn 

Auor~ll~ /JNs/ / fi5l1b I B:3o.-w-ltJOj3, &/anJik fit'> t. 
L~, 1)-/,.1'(1<;, f2.nO YVi) ~ 

it ~ilC'lWJ. bbnd, Sires> ~ 

fl, -=- -ttl wMK ry ~1~~ / tr /1% 
~ 1x3b ~ \b-~S ) 

D FfNP WE RrnJAJREJ) 5RTI06V noDb1 U&j S)( l vn ~ 

fl> :=.1- -7 5)< '" ~ 

~~Nre M::: 20~:3~ )b~ 

Fb :::: r2-00-0 p,))' 

1\/ ~ -.:20- g:3 8"5
'~ - --- -=-f~ 7, ~?> 
I~-OO 



(2 

Pn~]\J\0: iN. (j1",b,~ ~ s-e<h~ YnIlJM1N0 ;~ 

C<)X)w,WJ. = Jf 
VII~ b= ~ ~ 

h-==-- 0,,,)'5 VYJ 

~ \y~ Jj ~ {X<O ljns&- " 3
J fWl {) ~ ~ olo6s- m 

~: i-~ ~k Uo te~';" ~~ 
~)""1k ~--ffv 

~v}\he b~ C? ~ 

h =: Ol~7t~ 

\f'X'~)n - 4x oa7S-'V ~ 3
Y JK.- -6 -=-o.oqlfm 

~: 
6$)( "'- 5X-l5x)~ -(j,>y~ 

- J\/ - ()l()b) -OlOtJ~ 

= II ${<:J' vn 3 

oRNO rub I)LAT{; m<~SS vUl& TiD TIJ 6 QS(QJ;t{ R'fJ) 

~ll(r1\J MtOVvll).{,S ~ Sf
 



~~
 

h{bt,'£ '=r6K~Ii7< "- 1,1)4- vn
 

- Prop~ i v\;k iN itO/1fJYv,>O M.fjm91if~ YN-bIwd. * 
'BII' I'!J;~ -uJ~ Lmyr ~lJ~ 5ire-1I\ (HI tJI.l- i'onJJ.. 

Lo,a~h . 
~',:. 

rl\, 
'~ 

Bolf;: A~Y)- X';rL,1 fA -- %'I ~ !Po fL) y 4 (ec.cA) 

'11 

b 



14 

From -tht 0I'flJ5)6" N!~S / /2tH)W'b.' 
Fx =- ~ Ifb,o; .tb
 
Fy ~ 166 o,( ih
 

F-c =- ~.J~ bi. If tb
 

fix :: (8; 'f~ lb-iN)\ 

My ~ S7Dq~ .Qb--&n l ~l~.y w4~) 

Vi t :: ~t61J t .1~ 

~I 
T~JI~ ~ K- dv,~th~ ~ ~1.f6, Cj.1b
 

t;NWi ~ y-J.;'lruh~ ~ (b6o\ 6.R.b
 

SNwr ~ ~-JI'nec6~ ~ ~6'1,Cf.ib
 

c;hJevY ~ h! Mf ~ z- -d~:.n
 

r~V1 :: ;)./0 ).lflf J.,b 

T-en~l'"" 0Y\ ~ ~f hotts f.PIM-jL~ '7 ~7: 
45-bb)

- 1 - ~ ~07?,88.Jb 

~Ii;"" n') #t b.;t{~ po etJ ~ ~ 712

4t~5' =St>73,Bf ,e.b 



~) 
-- ~b~ ~~ovY ~ ~ -~~~~ : 

'::l-\f-b0. Cf, f al ()) L l.f If =- 4?7~ 19'~ 1b 
- 'R€~V~ 5NvvY vh 'j-l pl~ : 

fibhc,Pt H7¥;;;- =- 4fi6b,c! lb
 
- s~Qvy' ~ p~/i{;
 

~ X q.~66l~ ::.. (1( bl 7?; £b
 

- C~~)N~ T~s~d)') (IIrnprestJl'm ~ bott #1 

l~x 2h~bl~) + lit 507118~) =- 7/tj8< 67 1b 

- wmb,'r1L~ TI1n}'~ [/mhr-S51~ I») b<>9& #2


(#:)(16¥-6,0)+ (~x ~13,88) 3118,6].£1>
::0 

- 4mb,hQq T-enSI~! ~Jl-~51;'" trY) bolt #3 

l~ x U! 1(6 fl) - UJ( 5<>73,88) =- - (f?75, 21 ~ £.1 

- ~h'N~ T~~,:n [ ~1e!11~ ~ bD*- #<,t 

l~ xWr-6J1) -l~)( ~-o73, ~8) =- -!87l::2-{ s- -Pt 

Bol,ts 14 ( ~ ii1- llrr-t Vri'tllv~ beCaMR .ivA; c~ 

irN l~ i:ton$~ w~, 



_________1 f/; 

() Hf'JV TBt- ~Pl/1Tf-1) SHEA f{ S/RGSS jv tf:s,') 

(n,ln T,.,blt \-A I IiISCI A-BD I p~ 4-3 

Pn{)'lVI' 113"15 Boft Y411 01)0 ~ A =: 0. <l-1f/9" ~ 01J 

~, _ -(J.. /b\73. , 
r]V - 0 'lflf( %- -=- "d,7~4- ~Sl 

() FlltD TIf€- A-UO()l/jf3lf;- SrtEAf(, 5/1<655 Fv l~s 0 
~ 1rh~ "O":2.! ~ISLI S>P/ plJ.~e ~-7 3 

~ -vN Wnhld:J~" ts t~ be""".') iype CM{ -v)~ 
~~~J> ~ t)\R. ~ N~ pi /hr.e. 

11;::- ~I }<.s; - '~YWnJ 

Ac,wrdJ"YJ ~ &9/1 115MB B30'~-It)8r 8-etow +A.L 
~~ LiP),) J2eV\\~ 

h=: +/}' w./..&re 17" 92 ~; t- A3-,s 

fv =- t1~ ~ 30lb (t~; I 
.. -- _. ·t·.. .- -"--" 

tV Rift) TtJ{; SfJFCT)' fAcT-vR tJ}v' ~lttAt< STIl~.ss 

"fv -==- a.1 ~~ " 

5'v =-~, 7rCj ~ ~ 

Q.I 6SF ~ ()..~lf ~ 7, 



-

(7 

o Btlrp 'n-J & fJvMpnTEV /GNSJLC..s rr<GsS Yt- \ I<-~ \) 

l*~t W~ r=~/q8.b7.ep 
A ::. 0 I f{, ~ /g- vn v
 

-"It :: ]1£)3\ G7 ,
 
JI o'lkWg -:= 7, ~CI ~) 

o HNV (HE AUOV\lIJ8lf. TbN5ILE- 5TI(~.5 F* l~,) 

AuOYttl~ io Algc ( AS]) I T~blR 0-3)? I p~ '5-7'1-/ Pn'D\+1 

vviwn -i/N 0<fY1Nr/J,m fS PeCvYj '"If<' ~ if~J 
~ tk )~tv( pl~ 

K ~ S4t~- If{3tfvv \;V~ fV = ~\/5V k,1 

ft ~r4~t-_ If.3,-< ) l/t~" =- ~3 Ib'1-- lCs )\ 

AWirdJr; j;; /'rN51/.q~Y.G B31J, )\) -(0'13 f3eloW tk 

I-Itrv/:: LJft~ Den'w6, /mor>\ ,. 

ft~t7 w~ ty~q~~;+-~3?)
 

ft ~ t'i c,£.; = 3!Q)b ~S)' - ~Ye1n.5 

o wtlV ru~ $2}ft-1)I '1==AcTt()€ oN T7i1Vs) Lf; SlR"G-!6 

ik~ 717tf ~~ 

tit ::: 30,,b t::L, I' 

Sf :: -*-  -3lf> ",b ::.. /l • .-, 
)It - 701 fit; 



1$
 

o	 FiIV'J> THE BOLT BF~/Nr:r 5TRt5S ON CKJJVIv'GCT/N8r 

P1)}j~/~ ~p l~S\) 

f;y pl~';Q .~ ~ ~b)~ 19-xlf 
:t	 -= 0, 6' ~. ' , 

~ T~blt l-c: ( It( 5(/ 1t5P I J?~-e H 

i'V4n .:t:o. 0,5~ I f3eb>rI~ ~)I/",iiL !AJ ,,0{ fe7 hlit 

~a, 1x 0,>= ab l ~'f sf 

fp-:: ~bl{ 
=:-	 61, 6 ~~,'

~L)X 0'1) 

TW w~b, 

t ~ 0,'17.-- m 
~m T(hh~ '~I fHscl fj)"p I fA~ 4-6 

wkc ;ho'7h Bet-r~ NJ.c"ovbt£. ~ f&r M
-5~, 1 X 0\72:. ~ -37,~~ ..ps 

1t~t:J j; Itlm/ASMG 630.111 ~I'?ar- BelvVll-l'N. 

tm t: Ljh~ 'D~'~ I 

tv=" -tx f7 wk Fy= 36 r4,' t'A36 

tp::: fx 3h ~ );2 /Gc; ~ -- JOY~fl; 



_---+- 1 i
I 

t) ¥1!'J'f) TH& OOM PhiW 80LT BGAf</N8; 5W.~-.S oN OUJ,JNGGl7i1 
I MATGP-I/}L -fp l (c~)) 

'to' 'Pl~ rn1 ir~ ~bl~ 12x V 

1f"* {, STRbt(lUllllC ~fiL DbSI~N II 

~ (8"" p~~ ~6 
~ \')- nWln~ tf t~ ~~ 

&t - html,'rVv( r)~ ~\~~ 

,:t - if~0-u\l ~-> ~ fA.e I?\P-~ 

~)fhviM p-=.48 ~6 ·1' " JJ
I) I 

():::-q. 

£>t~ OIlS' ~ 

it- ~o~ ~ 

J ~ '48'Obq/4
JP 0,7')>10'0 =- -3,2!,tS- ~I' - yVlffl5 

F~ W/i;b· ) 

L- PIn
Jr - "[jj(i 

w4~ f"'- 4~6.?i7 .eh 
n~ ~ 

J. ~ 0,1.$' ~ 
\it .=. _0r,77., ~ . 

-(p __ ~ 48'66.or /4
'jf =- ~; ':2.5"3' /ct;)'

i? \1'~ x 0 172



I
 

o FfNP TH~ SAFeT( fflCTlQ"f< ON BoLT P£AAIN~ 51~b5S 

-if.~ 3\74) iLs )' 

fp -=- \~ ~s~ 

Sf~ ~~) ~~7 

o	 flN1 TItf ltLLOlivA8l.& ~€f1R 5TRbiS ON roG IVGT At2~ 

OP TIlG f.AJIYNbtTtON PL4Tc Rv l~S\I) 

AC(.()(l}I;~ :t. /:}I SC( My) 0f (61~ 4-i0/ fY Sljk 

~l-e/ 
Rl! =- 013 Fill »h~ Fit ~ S8" ~t;)\ ~A36 

Rv =- o'3 x5B -:::. (7, <f l~~ 1 

AtwrrJu'j ./lie &v5/1 1t5J'1f B'3o,J,()-!o,Br Belflw +k 
H- Q() t:- L»V) Jh,1\~) 

~i/-=-t 7 wk F7 '" 36 ts.' r A36 

Rv::. tx 3iJ -=- I~ ~Sl' -- ~X} l!'e'Yh5 

V fiNV TIft ~111 pV\r~o )t7~R.. ~lRr;~ ON nj€- IV5-T MeA of 

11tf	 f:j)wNGCTte10 1&Vt3r~ Yv L~Sl') 

~ ~)'Yjk ~1e. I
 

S~jru- ~ 48"661 92b 
}\t{:	 ~'l ::. i: I L - \tl l 0(:+ Od'V»] 

"2 Vt5 j. [ lo()- 2l19'I)-t-O,(~)] 

::. 4}7) ~ v 



__ -+--·----~ I-~--=-r-_l_ 

,	 Yv '" 4~~1'" I, /11- {,ji 

(() FrliP 'lt7€ 5AFE-T)' rAZ-To R oN StJEi11< STt<.~ s.s oN 1f)6

(\if, f 1JR.Gf} o~ THG Cto6VIV~cT/NCr PlAT6 . 

(if :::- I d /2- ~<, )I
 

gv ::: !-Vp,)\
 

GF- \2
1till 

* 134)~ -' 3/4- -lo--IAlVC-1A TyPE- I l trvetiL4-m c.'Vben 
ttGK t+Gt6rH T 1/ ~IJ 

.JI- NIAT ,	 A rq If cyr~ '2. fi Ek *1'1/al,'ot h"'Y£lI-"-{ 
fVl,;tT ttGt 8r+1 T y~ II 

*- WA*f(: F4-3h hRrrtkne/ fld Y'fM'hR/y r- 13J~ 
%1ft!A1?t . 

%v ilW~SHtJZ H~(6r1-!T 

~It I~~ : ~~ i7~ "f c.{j fAr)n£-t-~ 
~i:Jh,..~ + en'·~f -+ YvC"-.>M7 

==- l 11, t ~ t :;.. 72) + U) -+ l %-) 
, 

==- 4, ~7 f, VY) 

(;\}e ,1/ ~ 

&tL %-(0	 (}J'{c-~ - 5"~6;-;( II Ce~ 



- --

I 

!
0 

0 

~!- -' 

2 i 

xLxl 
I 
i , 

" 

~".",""jf 

/f.fV<"IP fllJ>n jl1t1il'",? S'hid! (PnD~ 
~--ra j fx= ~b lfh.~~p C. T~s~)i 

il~ 
10 fy = Ih6o.~ib l5~1W) 

,i 

F:c =: LKb1, if ab l sheWv') I 

'\'JE\]S" FfUXX	 (>')X :::: I&'5 <f0 i ~ l Tffltn') 

f'1~ =c l{>-!JIJI; '£b-~~ I 

I , i1 I: 
F"l t IOr~On 

AC€UY~i'j i;- "'Des1r' eJ VVodJ.,,, <iruvtweS" AtwJ:;df. , 
g~6n 7'~-7 I p~ 71l?-7 ~ T~li 5'- /( anA>~\~ ejlfV'do( 
-mhd ~ Uf\Jl;1 14IWO-: 

- ~ ~~h't ~-~: ~ "'" b, J. 
w4rt b'=-1 o\? ~ 

c{ ~ £f ~ 

S~~ lOI,)-J..lf- -=- 42 mv 



23 

Tensl ~ . fK'" {I\I ~ p-::. ~ bte6.0eh 
A-w ::: (Ol)x~ =- d.-l 0, 

-fK" .2h~bl-q -=- 12fo,0 if .eb/ .,; 

IrI~r{ V=- L¥b1\ if lb 
A-w ::.rOL)X"l.- =- c=;2./ ~ 

w~	 T ~ (~~ <t-~ ~~ 
C ~ J.Q:t -=- 5~ V) v0

2 

o ~ 27b/?~~? 

1-cl '= rS1/f'l x 1).11) =-:j )'''P_?- J.h/ \ 
27b,C,tt	 !~:n 



_+2lE
 
I 

~~1-' 
~x': -!i. w)~ tf·::: 4){;6t~b-~ 

s~ 
S2-;::: 42- \th 1/ 

-£ \ 4~b6~ 
JX ::- 4-v-=- (0&7\ UJ ~6j~ 

o "D'tT&RfflrJe- WGll/ SIlt- By UtSlll/62- AUoW/j8L&~,' 

A{,wf~tyj 't 1Je'?,~ VvrAJeci... ~Id ctb' r-e 5 ,/ 8 W~ /'I ~ 

ge4&o'" ), '? f p~ 7011-)/ PJJ1JYVi): 

The. ~wtM:; fviQ ,;, RruJ.. ;f;> -W\R $'r~ povf 

~ "ik 51A,m 1- +1.. 51;tL~5 '1 tAw- two f~ 

f V= ~Yt},,1/ 
- r y 

- J Cfr+}x,)v+l-f~+~) 

-::f c... fliJ.tJf{. + (087.-16f-+ UI7,6t 3'stp))" 

::: ':'01. b~ )j/~ 

-=- I'=)°f ~fl~ 



AwrtL11;. hlSC, AS!>, I(), bt.e 3d'lf- I P"Y- 5'-h7) f4I<J1"?j , 

"-&N eft~vtll-e. tf»"oef; -Ii'! ~ rF f" llet vlld.d.. ~ %". 

~~ ~ f1lS CI A)j), (o.~ 'J,), t, f"Y- J;;-;oI ~'tlYvI)

t~ 4-nn.b&. 5tred5 lin 1//leJ.;{S .;;, t)\f ~ "t) b-~ w"tP-f.. 

f!tc",yJ,'p-'k I+IV<;II tt5>1{; I B3~;o-t&J q3 I f3LlovJ 1k. {f.9t 

Ujtl~ 1J&v\caJ, P,HiYVl'~.' 

'Itk ~(~ ~0> ~ ""1" ..,( ft; 73 Fy . 

~ lj-=-1 b~s "fOl36 

TFl; ~ -fx~b -=- /1 ~~ )' 

I~ I 'tAt ~ ~e.Js ~ (c::lf~ I;" ...: ~o.{p, 

12x.O;)V;xJIf~ d.I7.1 /4~itn 

Ct"" ~l rl-! 
J ,":.. /3;O'if -=- Il h 



filI11) pPel1e1iJ >VwJy r fLnorvl"J' ~ 

1="y ':::. lbbolq.eb l s~) 

o 17Grbf<1:1INE- fDi(c- oN Vl/'5-(;J) 

f-8nsilih o 
... .. fy =--Aw 

iN~ P=lb60.1.eb 

4w =- ~ l4+4-) ==- Lb 'h, 
lb6o,~fY:; I b	 =- {o~, ~ ..eV~ 

::: 01 (03 t:-l~/~ 



IoS>tiTbf<j'1/tvE- Wb-LV S')2b 8Y lJL>INCt AUDWIJ8LfJC;.' I 

Aw>yJ,J~O 1; AI5c ( As1>, T"..jlle J ~.1( / p~ "5-b7, ~'? (I 

't/..e ej-.e<.il\l- .;j'mo:t itl-,N-P1lJASfy t'I~ l1-e&l;' :W;. I 

11 U-iYJ..,"'6 j;. !tISC, A'>D, T"'hiJ> T,;<·.\ ,p"'1 ,,-) 0, i'-nqv.,)- . 

'tJ/..e vJJ/t:J'N(jVh~ ~0 tnI ~ .(s- i-f..e s~ tf0 b~ 

~. 

f+~rk1;t A!Vc;l/A<;l1[ I I~ ~o. ~ -{ '74 3 ( aetvw ~~ 

tJ"vt uri) J)~(~, Jz-nWfI~;
 

iJ~~ stw-5 ;, .er..{ ;to 13 '7
 
W~ '7 3}; {q,: t' A36
co 

tty =- tX3~:= l~~<;,\ 

~ 1 +k MMJIII-IU fAJ~ ~ r:'f 5!':'" ~ ¥:k I 
llx000JX%=-/d·~ t:.~j,:., 

5F =- hoq =- /5" IJ 
(!) l/ O~ • T 



fiom j)J'eVlQ~> ~ r ~ 

fix ~ !~C) '1-1 J!b~ l ~A.;NV ) 

Pi y:: 8")cq., ib -+r, ( t».d(1) 

~clro1;. II ])e \ " 1 'rw-{ rk~ str~iwY'€ 5" BLoJyft> 
Seit"tbp 7'''''-7 I p~ /·f{,-7 I ip>blt5", I( P"'f'ff7'f;i0 of 
""'e)/ ifred::eJ Pv) L,~ ~~:'I, 

ftp 1~-- ii ar 

ps 

Y
• s P, 

y 

=.... --~ 

TtfYSI~ lJfm~~. 

~TorSL~ j-~ b=)f 3bd,. 1

b 
W/\he, h::: 4 ~ 

0( ~ (/1 q1 ~ 

;::r::o - 4-
7 r-x4x h,'1'l'- =- 2.19. 11.;.,,3 



5y ::: b~ 

w)~ b= 4 ~ 

d -= /1·01 v;, 

Sf ::: 4x.{[·~1 ::.. 471t}b 

-L' TC.) Ly ~---y-

vv)~..-e	 T: I 'J0 l?1 ~ 
c:: ~ -=-2 ~ 

2 

';) :=. 2Jj'J( (~ Vn"3 

-+.n,:=	 {fn ~1 'l:. - (27 0 ~ ) v!	 2CJ<tl (? - 'I 



ACWnli}'f 1;; /1'iJt-5/M Of ~ <:;rRIACTUR.6S" 13 torlJd> 
5elb;'" 7, V-1 ~ "';1- 7d(.>-'l I Poo}1l)r : 
1M. ~S\1t~ -Fit 1'5 e~~"A TIN ~'rl~ k>Q;t

~ +Jw ~ 1tN S'lr\ll""€S I>f -bk~~ . 

-t~ ~ 11"rf," 
-= r&"'- fc-y"
::-r(S)7:iB"'+ <?).&)/; v = j, 9"~ ~jh, 

ACwr~ j;; /illc/ fY)]) I lJ.b1Q J'~'I, f 7f 5'-b 61 Pn~ 

1iN. -effd tJ/no,* ~ err ~l71t )uw,(-,~w
Wt{c{ ~ rlb/'. 

Ij ewrd'7 1;;- IJ 'SCI ~St>, T"b& ~P.t-, f7- -r--)0 I ~J;; 
~ cJj~;J,li.. ~ ~ weJ.d.5 IS -fh.. ~.?0 bN>e
tt1~ . 

Ik'<J(·otJ~ j; AN}I / MJ1& 830,10-10'71; f3etwv k
 

/-toot L.1t-''ro D-fN,'({.1 ~Wt''"1-:
 
¥N. vdkw--blL ~~ }5 ~;ks ;47
 
VvJ~ 1l=-3br~,'tA~
 

tfy-=-t~~6 =- 1J;~4~
 



~ I ifN ~ ~~ ~ ~i~/~ 15 ~"{f;. 
I'LX !!V,f))x"lyA6 = I.) 9 ~f1~ 

< 1.8~ f::"fj~ 

N,q- ~ I 

rt<l~ ;b; rxI.t{ two·. 'tn'~ wb y pL45 j. ~ -r-k oJ.t,~.[ 
~~J ~ thtWt(~ 

pIotis ~ %'~ r/y i> ~~t;c1) 

4~ 
,45': -t!.'s eyil on!>-, 

lawi~tt~~ 

". 
~ 

o~JNG- [fjb J9:WI{L«)N~ iJo~]) ON hlG- TRlltrv~LluJR. 

pUJffi ~~CDS . 

Pn~~ : )V ~ 1,06 I4fs/M I fey "'O:o~8' /::,pj~ 
jv :fl~~1.-;
 
fv"-- -}K \-+ityY
 



31 

l~1 

-t~ ::. ~1/ -fry" -=- [;<0 6t.-o,OIf&" = (,05"') /C'¢ . 
P-nroYIJ/'hr ~ '""'- _ 1'1 

(J JX-sy -7 M~ix~ 

\ft4w. fx::: [0)) 1J/~ 
51 ~ 47/16 v~ 1.

M:: (0 S~)( £./-7/16 ~ 50)8) J.b-~ . 

iN. ~dJib~rl~ rn~n~ GM' ~~ k
 

41:::. My... M 
Vr)~ My ~~0Vj'i ib-~ 

M~ 507J)..e~ 

AM ~ &1f)q~ .... Sb)gr 

::: 3~ 3/1f.,f,p~ . 

y-----( 
t ;; 1 



}r -= ~ wJ>m 11"- Lil1x; "- 3~~/I{-x+ .0- {'}IS] ~ 
/ "v5y ~ lf7, t; 0 vn 

..L "" I~ I -5} CIt) 1/';{
IX - Tn.% "'- o. '3 n Hf5( tn . 

. ~ prevtb~0 sn+{ i2nO' +- t70xy YwfA>/ --Ik 

~,...lj)rf\lJje Loe-e( r ~)'Ok ~n{ 91l11JYl€ wd~ ?/Jb'/ 15 

I, 51 ~lfYI~ . 
- J\5qS1= - -0 .34<7 ~ 4.e 





---------

------------ -

--

Nonnally the use of these standard design formulas 
results in a unit stress, psi; however, when the weld is 
treated as a line, these fonnulas result in a force on 
the weld, Ibs per linear inch. 

For secondary welds, the weld is not treated as 
a line, but standard design fonnulas are used to find 
the force on the weld, lbs per linear inch. 

In problems involving bending or twisting loads 
Table 5 is used to detennine properties of the weld 
treated as a line. It contains the section modulus (Sw), 
for bending, and polar moment of inertia (Jw), for 
twisting, of some 13 typical welded connections with 
the weld treated as a line. 

For any given connection, two dimensions are 
needed, width (b) and depth (d). 

Section modulus (Sw) is used for welds subject 
to bending loads, and polar moment of inertia Ow) 
for twisting loads. 

Section moduli (Sw) from these fonnulas are for 
maximum force at the top as well as the bottom portions 
of the welded connections. For the unsymmetrical con
nections shown in this table, maximum bending force 
is at the bottom. 

If there is more than one force applied to the 
weld, these are found and combined. All forces which 
are combined (vectorially added) must occur at the 
same position in the welded joint. 

Determining Weld Size by Using AllowQbles 

Weld size is obtained by dividing the resulting force 
on the weld found above, by the allowable strength 
of the particular type of weld used (fillet or groove), 
obtained from Tables 6 and 7 (steady loads) or Tables 
8 and 9 (fatigue loads). 

If there are two forces at right angles to each 
other, the resultant is equal to the square root of the 
sum of the squares of these two forces. 

2 2f.. = ..j f1 + f2 I (3) 

If there are three forces, each at right angles to 
each other, the resultant is equal to the square root 
of the sum of the squares of the three forces. 

l f~= ..; f1
2 +f2

2 +fi ~ .. , , (4) 

One important advantage to this method, in addi
tion to its simplicity, is that no new fonnulas must 
be used, nothing new must be learned. Assume an 
engineer has just designed a beam. For strength he 
has used the standard fonnula (T = MIS. Substituting 
the load on the beam (M) and the property of the 
beam (S) into this fonnula, he has found the bending 
stress «(T). Now, he substitutes the property of the 
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weld, treating it as a line (Sw), obtained from Table 5, 
into the same fonnula. Using the same load ( M ), 
f = M/Sw, he thus finds the force on the weld (f) 
per linear inch. The weld size is then found by di
viding the force on the weld by the allowable force. 

Applying System to Any Welded Connection 

1. Find the position on the welded connection 
where the combination of forces will be maximum. 
There may be more than one which should be con
sidered. 

2. Find the value of each of the forces on the 
welded connection at this point. (a) Use Table 4 for 
the standard design fonnula to find the force on the 
weld. (b) Use Table 5 to find the property of the 
weld treated as a line. 

3. Combine (vectorially) all of the forces on the 
weld at this point. 

4. Detennine the required weld size by diViding 
this resultant value by the allowable force in Tables 
6, 7, 8, or 9. 
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6.	 SIMPLE TENSILE, COMPRESSIVE OR SHEAR 
LOADS ON WELDS 

For a simple tensile, compressive or shear load, the 
given load is divided by the length of the weld to 
arrive at the applied unit force, lbs per linear inch of 
weld. From this force, the proper leg size of fillet weld 
or throat of groove weld may be found. 

7.	 BENDING OR TWISTING LOADS ON WELDS 

The problem here is to determine the properties of the 
welded connection in order to check the stress in the 
weld without first knowing its leg size. Some design 
texts suggest assuming a certain weld-leg size and then 
calculating the stress in the weld to see if it is over
stressed or understressed. If the result is too far off, 
then the weld-leg size is readjusted. 

This has the follOWing disadvantages: 
1. Some decision must be made as to what throat 

section is going to be used to determine the property 
of the weld. Usually some objection can be raised to 
any throat section chosen. 

2. The resulting stresses must be combined and, 
for several types of loading, this can be rather com
plicated. 

In contrast, the follOWing is a simple method to 
determine the correct amount of welding required 
for adequate strength. This is a method in which 
the weld is treated as a line, having no area, but a 

definite length and outline. This method has the 
lowing advantages: 

1. It is not necessary to consider throat areas 
cause only a line is considered. 

2. Properties of the welded connection are ea 
found from a table without knowing weld-leg size. 

3. Forces are considered on a unit length of \\ 
instead of stresses, thus eliminating the knotty pr 
lem of combining stresses. 

4. It is true that the stress distribution withil 
fillet weld is complex, due to eccentricity of the 
plied force, shape of the fillet, notch effect of the re 
etc.; however, these same conditions exist in the act 
fillet welds tested and have been recorded as a L 

force per unit length of weld. 

8.	 DETERMINING FORCE ON WELD 

Visualize the welded connection as a single line, hav 
the same putline as the connection, but no cn 
sectional area. Notice, Figure 14, that the area (l
of the welded connection now becomes just the len: 
of the weld. 

Instead of trying to determine the stress on 1 

weld (this cannot be done unless the weld size 
known), the problem becomes a much simpler one 
determining the force on the weld. 

1 
d 

1 
twIstIng load 

rb., 
'[ tha w,ldfld
d	 <-connrzction
1. trfated as 

Q. lina (no QntQ.) 

FIG. 14 Treating weld as a line. 

By inserting the property of the welded conn. 
tion treated as a line into the standard design form\ 
used for that particular type of load (see Table . 
the force on the weld may be found in terms of ) 
per linear inch of weld. 

Example: Bending 

Standard design formula Same formula used for W( 
(bending stress) (treating weld as a line 

<r 
M Ibs= -S =~ stress m. -  f 

M Ibs= -S = -.win. force - 




