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I n t r o d u c t i o n  

G a l v a n i z i n g  h a s  l o n g  been a n  e f f e c t i v e  method  of p r o v i d i n g  
c o r r o s i o n  p r o t e c t  i o n  f o r  steel  a n d  i r o n  components ,  e s p e c i a l  I y  in  
m ~ l r i n e  e n v i r o n r i ~ e n t s .  G a l v a n i z e d  n u t s  a n d  b o l  t s  a r e  common! y u s e d  
in b r i d g e  s t r u t  ti it-at connec i i o n s .  These j o i n t s  a r e  u s u i ~ l l y  d a i g n e d  
a n d  a s s e m b l e d  in a c c o r d a n c e  w i  ti-) t h e  Spec i f i c  a t i o n  for- Struc tiri.,il 
J o i n t s  t i s i n g  ASTM A325 o r  ASTM A490 bolt.;. Tthc I ~ o i t i  a r e  proctir.cd 
in a c c o r d a n c e  w i t h  t h e  ASTM A325 s p f ! c i f i < a t i o n ,  t h e  n u t s  to the! A563 
o r  A194 spec i f i c a t i o n .  

A n u m b e r  o f  p r o b i e m s  r a n  b e  e n c o u n t e r e d  when u s i n g  g a l v a n i z e d  
b o l t s ,  n a m e l y :  

THREAD STRlPPlNG AT LOADS BELOW THE PROOF LOAD 

LOW l NSTALLAT ION PRELOAD 

BREAKING OF BOLTS AT INSTALLATION DUE TO EXCESSIVE 
TORQUE 

These p r o b l e m s  h a v e  c:aused p r o j e c t  d e l a y s ,  a d d e d  t e s t i n g  cos ts ,  
a n d  in some cases,  h a v e  a lmost  r e s u l t e d  in  l i t i g a t i o n .  

T h i s  p a p e r  w i l i  disc.uss these p r o b i e m s  r - e l a t i v e  l o  t h e  
s p e c i f i c a t i o n s ,  i n s t a l l a t i o n  p r a c t i c e  a n d  t e s t i n g  methods.  
Re< orrimendat i o n s  a r e  made f o r  p r a c t i c e s  whic h s h o u l d  h e  i idoptc. i i  
wt ien i i s i n g  g ; r i v i ~ i i i / e d  b o l t s .  

Bdc k g r o u n d  

The n u t ,  b o l t  a n d  washer  c o m p r i s e  a  f a s t e n e r  system. The 
r e q u i r e m e n t s  f o r  a  f a s t e n e r  in  a s t r u c t u r a l  j o i n t  f o r  a  r n a r i n e  
e n v i r o n m e n t  a r e :  

- The system mus t  h a v e  s u f f i c i e n t  c o r r o s i o n  r e s i s t a n c e .  

T h e  n u t  a n d  b o l t  must  b e  e a s i l y  assemb led  a n d  
p r e l o a d e d .  

- The sys tem must  pr -ov ide high c l a m p i n g  f o r c e s  on t h e  
j o i n t  members w h i c h  a l l o w  t h e  j o i n t  to  s u s t a i n  e x t e r n a l  
l o a d s  f o r  t h e  l i f e  o f  t h e  s t r u c t u r e .  



These t h r e e  r e q u i r e m e n t s  a r e  i n t e r r e l a t e d ,  a n d  p r o p e r  f i inc t  i o n  of 
the s y s t e m  depends  on a  b a l a n c e  o f  f a c t o r s  w h i c h  e f fec t  t h e i e  
r e q u i  re rnen ts .  

C o r r o s i o n  

The c .o r ros ion  r e s i s t a n c e  of t h e  f a s t e n e r  system i s  d i r e c t l y  r e l a t e d  to  
t h e  t h i c k n e s s  o f  t h e  z i n c  c o a t i n g .  C o a t i n g  t h i c k n e s s  o f  
a p p r o x i m a t e l y  2.0 m i l s .  i s  common f o r  f a s t e n e r s .  An a v e r a g e  
c o r r o s i o n  r a t e  f o r  zinc. c o a t i n g  i n  a n l a r i n e  e n v i r o n m e n t  i s  0.06 m i l s  
p e r  y e a r ;  t h e r e f o r e  a  2.0 m i l  c.oating w o u l d  b e  e x p e c t e d  to  l a s t  f o r  
t h i r t y  y e a r s .  I n c r e a s e d  c o a t i n g  t h i c k n e s s  i m p r o v e s  c o r r o s i o n  
r e s i s t a n c e ,  b u t  c a n  h a v e  a d v e r s e  e f f e c t s  o n  s t r e n g t h  o f  t h e  sys tem 
a n d  t h e  t l a m p  l o a d .  

Assernbl y  

N u t s  a r e  n o r m a l l y  o v e r t a p p e d  to  a l l o w  assemb ly  w i t h  c o a t e d  b o l t s  
i f  t h e  o v e r t a p  i s  i n s u f f i c i e n t :  

The n u t  w i ! i  no t  t h r e a d  o n  t h e  b o l t .  

The p a r t s  may  g a l l  a t  assembly  

- T h e  t o r q u e  r e q u i r e d  f o r  a s s e r i b l y  may  become e x c e s s i v e  
w h i c h  c o u l d  r e s u l t  i n  l ow p r e l o a d  o r  t o r s i o n a l  f a i l u r e  o f  
t h e  b o i t  a t  assemb ly .  

Too much  o v e r t a p ,  o n  t h e  o t h e r  h a n d .  c a n  r e s u l t  in  t h r e a d  
s t r i p p i n g  o f  e i t h e r  t h e  n u t  o r  t h e  b o i t .  

C lamp L o a d  

A325 i i o ! t s  a r e  f r e q u e n t l y  u s e d  in s l i p  i r - i t i c ~ i i  j o i r l t s .  P r o p c r  
f u n <  t i o n  o f  these j o i n t s  r e q u i r e s  h i g h  b o l t  p r e l o a d ;  t h e  m i n i m i ~ t r ~  
s p e t i f i e d  p r e l o a d  b e i n g  70% o f  t h e  t>olt t e i i s i l e  s t r e n g t h .  
n l t i n  i s  t r s i i a l l y  b y  t u r n - o f - n i l :  me thod  w h i c h  o f t c n  ; 3 r , o d u < ~ >  
b o l t  l o a d s  a b o v e  t h e  y e i l d  s t r e n g t h .  To deve lop  these h i g h  
p r e l o a d s  t h e  f a s t e n e r  system must  b e  duc. t i le ,  h a v e  good l u b r i < . i t y  
a n d  h a v e  s t r o n g  t h r e a d s  to  p r e v e n t  t h r e a d  s t r i p p i n g .  

P rob lems 

T h e  m a j o r i t y  o f  p r o b l e m s  e n c o u n t e r e d  w i t h  g a l v a n i z e d  f a s t e n e r s  h a v e  
Seen a s s o c i a t e d  w i t h  t h e  ho t  dip c o a t i n g  process.  T h i s  p r o c e s s  i s  
o f t e n  s p e c i f i e d  because  t h e  t h i c k  c o a t i n g  o f f e r s  good c o r r o s i o n  
r e s i s t a n c e ,  a n d  i t  i s  c h e a p e r  t h a n  o t h e r  c o a t i n g  methods.  T h e  
p r o b l e m s  a s s o c i a t e d  w i t h  h o i  d i p  c o a t i n g s  a r e  most o f t e n  t r a c e d  to: 

1 .  U n c o n t r o l l e d ,  u s u a l  I  y  e x c e s s i v e  c o a t i n g  t h i c k n e s s .  

2.  Exc-essive o v e r l a p p i n g  o f  n u t  to  compensate f o r  c o a t i n g  
t h i c k n e s s .  



Once t h e  c o a t i n g  proc.ess f o r  t h e  b o l t  h a s  been  chosen,  t h e  
s p e c i f i c a t i o n  m a n d a t e s  t h a t  t h e  n u t  b e  c o a t e d  b y  t h e  same proces5.  
T h e r e  d o e s  no t  seem to  b e  a n y  p a r t i c u l a r  r e a s o n  f o r  t h i s  m a n d a t e ,  
excep t  p o s s i b l y  a n  a t tempt  to  k e e p  t h e  n u t  a n d  b o l t  toge ther  a s  a  
system. 

i 
Y u r a  e t  a1 t a k e  i s s u e  w i t h  t h i s  m a n d a t e  a n d  f o u n d  t h a t  n u t s  
c o a t e d  b y  m e c h a n i c a l  d e p o s i t i o n  p e r f o r m e d  we1 I  w i t h  ho t  d i p p e d  
b o i t s .  T h e y  a t t r i b u t e d  t h e  p e r f o r m a n c e  t o  less  o v e r t a p p i n g  o f  t h e  
n u t s  a n d  s u g g e s t e d  t h a t  m i x e d  c o a t i n g  methods be fween  n u t  a n d  b o l t  
s h o u l d  b e  a l l o w e d  i f  t h e  n u t  a n d  b o l t  meet t h e  t u r n  a n d  t e n s i l e  
tt?sts. T n e y  b a c k e d  u p  t h i s  < .ontent ion b e  i r i s t a l l i n g  t w e l v e  7/8" hot  
r i i p p c d  b o l t s  w i t h  m e c h a n i ( a I I y  c o a t e d  n u t s  in  it f l o o r  be;ini, 
i , i i i i i l i . v i> r  t o -  g i r d e r  wet? c o n n c i  t i o n .  T h i s  L)oit ;ind nut c r > m t > i n i ~ t  i o n  
i-i,ici lbccn f r  to  p e r f o r m  w e i l  i n  l i i t>o ra t i> ry  t ibs ts  <ind t i l e ,  
f i i i t e n c r i  p t i r i o r rned  we! !  i n  t h e  f i r ! d  ins l ; i i l ;? t ion.  

M a n u f a c t u r i n g  P r a c t i c e  

Normai  m a n u f a t  l u r i n g  p r a c t i c e  i s  to  p r o d u c e  t h e  u n c o a t e d  b o l t  to  a  
c l a s s  2A t h r e a d  t o l e r a n c e  a n d  t h e  u n c o a t e d  n u t  to  a  c.lass 28. T h i s  
c o m b i n a t i o n  i s  t h e  most common t h r e a d  f i t  f o r  t h e  b o l t  a n d  n u t  
assemb ly .  A c o n v e n i e n t  measure  o f  t h e  t h r e a d  f i t  o f  t h e  b o l t  a n d  
n u t  i s  c a l  l e d  t h e  i n t e r f a c e .  T h e  i n t e r f a c e  may  b e  t h o u g h t  of a s  t h e  
o v e r l a p  o f  t h e  t h r e a d s  a s  i l l u s t r a t e d  in  f i g u r e  1 .  F o r  e x a m p l e  t h e  
i n t e r f a c e  o f  a  7/8"-9 b o l t  a n d  n u t  w i t h  c l a s s  2A a n d  28 t h r e a d s  
w o u l d  r a n g e  f r o m  0.081 ( a  loose f i t )  t o  0.118 ( a  t i g h t  f i t ) .  T t i i i  
s p r e a d  o f  i n t e r f a c e  f r o m  ioose to  t i g h t  i s  ; i ( c e p t i % b l c  r n a n u f i i ~  i ~ i r i r i g  
t o l e r i i n i e  w h i c h  e n s u r e s  t h a t  p a r t s  w i l l  assi,mbic a n d  h a v e  s u f f i < i i , n t  
t h r e a d  s t r ~ n g t h  to  d e v e l o p  t h e  t e n s i l e  ccipac i t v  o f  t h e  feistent:r 
system. 

Bol t  Coat i i -19 

When a z inc  c o a t i n g  i s  a p p l i e d  to thf: b o l l  ? i t h e r  b y  h o t  dip o r  i > y  
mec-hanic a1 d e p o s i t  i on ,  t h e  s t a n d a r d  p r a c  ! i c e  i s  l o  a p p l y  tt~c, 
c o a t i n g s  to  S o i t s  whic.h h a v e  a  c l a s s  2A t h r e a d  p r i o r  to  c o a t i n g .  
I f  h o t  d ip  c o a t i n g  i s  spec. i f ied t h e  c o a t i n g  i s  a p p l i e d  in a c c o r d a n c e  
w i t h  s p e c . i f i < a t i o n  A153; u s u a l l y  a  c l a s s  C c o a t i n g  i s  r e q u i r e d  w h i c h  
w i l l  p r o d u c e  a c o a t i n g  t h i c k n e s s  o f  2.0 t o  2.5 m i l s .  When b o l t s  a r e  
coa ted  b y  m e c h a n i c a l  d e p o s i t i o n ,  spec : i f i ca t ion  B695 a p p l i e s .  T h e  
t h i c k n e s s  i s  u s u a l l y  s p e c i f i e d  a s  c l a s s  50 t o  a c h i e v e  t h e  d e s i r e d  2.0 
m i i  t h i c k n e s s .  

Nut  C o a t i n g  

I f  t h e  c l a s s  28 n u t  t h r e a d s  were  t r e a t e d  l i k e  t h e  b o l t  a n d  s i m p i y  
coa ted ,  t h e r e  w o i i i d  b e  o b v i o u s  assembi  y  p r o b l e m s .  To p r e c l u d e  
assembly  p r o b l e m s ,  i t  i s  s t a n d a r d  p r a i t i r . e  to  t a p  t h e  n u t s  o v e r s i z e .  

The o v e r t a p p i n g  s h o u l d  b e  s u f f i c i e r l t  t o  a l l o w  f o r  t h e  t .oa t ing  
t h i c k n e s s  on b o t h  t h e  b o i t  a n d  n u t  t h r e a d s .  

When hot d i p  g c i i v i i n i z e d  i s  used ,  s p e c i f i c a t i o n  A563 r e q u i r e s  iin 

o v e r t a p  of a t  l e a s t  0.021" f o r  a  7/8" d i a m e t e r  n u t .  T h i s  0.021" 



. j p p l i e s  t o  the, rniiximiirri a n d  t h e  rnirrimum l i n i i t s  f o r  b o t t i  p i t t k i  , t i l e 1  

r i i inor- di;rrnc3ii~i-. Arl o v e r t i i p  o n  .021" i x ! c 7 r r i ~ ~  c'xc cl?sivcy \ in( (, i i i . ,  

( ics ig i icc i  t i )  p r o v i d e  clear.ancc f o r  a 2.0 rri i l i oc> t i r rg  o n  t ~ o t h  t i i t .  IILII 

i i n c i  b o l t  t h r e a d s .  T h e r e  i s  n o  m a x i m u m  o v e r t a p  s p e c i f i e d .  A563 - 
i j i s o  s t  t h a t  t h e  t h r e a d s  s h a l l  b e  t a p p e d  ; i f t e r  tht: < o i i t i n g  - 
proc c i s .  

When n u t s  a r e  c o a t e d  b y  m e c h a n i c a l  d e p o s i t i o n ,  A563 does n i j t  
r o t c o m m e n d  a n y  spec i f i c  o v e r t a p  f o r  n u t s .  I t  s i m p l y  s t a t e s  t h a t  t h e  
n u t s  s h a l l  b e  t a p p e d  o v e r s i z e d  s u f f i c i e n t  to  p e r i n i t  assemb ly .  I t  
i i l s o  < o m m e n i s  t h a t  r e t a p p i n g  a f t e r  ( - o a t i i i g  i h o i i l d  no t  b e  r e q u i r e d .  - 

A563, t i i f  r n r t r i c  c o t i n t e r p a r t  o f  t h o  A563 s p e t i f i ~ i i r i o n  recommends ;i 

iiliir.i3 r.!~;j-;i,iiiii-> l e  ovt>i-t iip . For- t h e  nicti. i< I I f  i 7/Rn nii i 

i M20 lo M22) , ti-IC. A563M ipec i f i :  , i t  i o n  I o r r ~ ~ r c i s  i~ n ~ ~ ~ x i r r i k i i r i  
,,verl,i:, o f  0.02i"(530rrlm) . i t ~ i i .  wor.ding o f  i l l i s  :,pi,< i I i! i1ti1,ii < lt-;ii,I y 

s t a t e s  t t i d l  t t l i s  i s  a  rnaximurir p e r n i i i t e d  ovc r -s i re  a n d  t h i .  - 
s p e c i f i c a t i o n  empt.iasises t h i s  w i t h  a  ! a u t i o n :  

" I f  I h e  o v e r l a p p i n g  d i a m e t r i i l  a l l o w a n c e  i s  g r e a t e r  t h a n  thi,  l i m i t  
s p e c i f i e d  i n  7.8, t h e  p u r c h a s e r  i s  c a u t i o n e d  t h a t  t h e  n u t  mi+y not  
meet the p r o o f  s t r e s s  s p e c i f i e d  in t a b l e  3." 

1 
Y u r a  et a1 make  t h e  o b s e r v a t i o n  t h a t  when  a  .021" a l l o w a n c e  i s  
a p p l i e d  t o  a  loose f i t  assemb ly  t h e  i n t e r f a c e  i s  i -educed f r o m  .081" 
to  . 0 6 I t f .  W i t h  .06i  i n t e r f a c e  t h e  t h r e a d s  w i l l  most l i k e l y  s t r i p  ;it 
toads w e l l  be low t h e  p r o o f  l o a d .  

TVA e x p e r i e n c e d  t h r e a d  s t r i p p i n g  zit l o a d s  w r l l  b c l o w  p r o o f  lo,id 
on a v i i r i e t y  of s i zes  o f  h o t  d i p  A325 t iot d ip g a l v i i n i z e d  bo l t - ,  i i i i c .  

lo ovei- t ; lppcd n u t s .  

8cc o i n m ~ ~ n i i i i t i o r ~ s  f o r  Spec i f i c  iil i o n  i i r i c i  Miinirf;ic tiir.t. 

I ) Nli[ .. S<)ci i f y  ~ ~ j n l v i i n i r i ~ d  n u t s  i r i  , , r  I o r d i i n (  c. w i t h  A563-DH fcir. IIW. 

w i t t i  g i ? l v i i n i r e d  A325 b o l t s .  I f  yo:! c t ~ < > c f i t ,  A194-2H r > ~ i t \ ,  
be s u r e  to  i n v o k e  s u p p l e i n e n t a r y  spec i f i c  a t i o n s  s i m i  liir to  
these in A563-DH w h i c h  a d d r e s s  l u b r i c a t i o n  o f  t h e  n u t ,  
t u r n  tes t ,  a n d  l i m i t s  on o v e r l a p p i n g  t h e  n u t .  

2 )  C o a t i n g  - S p e r i f y  z i n c  c o a t i n g  b y  m e c h a n i c a l  d e p o s i t i o n  p e r  
s p e c i f i c a t i o n  B695. S o l t s  a n d  n u t s  s h o u i d  b e  a t  teast  
a  c l a s s  50 t h i c k n e s s .  

3 )  O v e r t a p p i n g  N u t s  - S p e c i f y  t h a t  t h e  s1lowanc.e f o r  o v e r t a p p i n g  b e  
a s  f o l l o w s :  

SIZE OVERS1 ZE 

less  t h a n  7/16 0.016" 
7/16 to  1 .0 0.015" 
o v e r  1 .B 0.025" 

C o n v e r s a t i o n s  w i t t i  D r .  P a u l  G u t h r i e  of TVA i n d i c a t e d  t t i i j t  t ic 

wi;ii!d a p p l y  e v e n  more  s t r i n g e i i t  m a x i m u m  over- tap ! i m i t s .  He 



I t i ~ i ~ i  f o r  7/8" nii i  ;in oiir,rt;ip i) f  0.010 w o i i l d  !)1, s u f l i ~  i!.rit 

iisc, w i t i i  rnc,ih;!nically g i % l v i l n i i c i i  n u t  a r i d  i,olt. Hc: ;$lsc> r~c> lc~<f  
ii-,,it i  i ;+s-.eriii>l y  proi,Itvrns c c u d  they ( <,iilii t ) r .  rt?irnc.dii.ri ! ) y  
p i n  t h e  r lu ts .  

Test a n d  R e p o r t s  

The most i m p o r t a n t  f a c t o r  in  sat is fac tor .y  p e r f o r m a n c e  of  g a l v a n i z e d  
f a s t e n e r s  i s  t h e  t e s t i n g  a n d  r e p o r t i n g  done b y  t h e  m a n u f a (  t i l r e r .  
U n f o r t u n a t e l y ,  some of  t i l e  tes ts  d e t a i l e d  in t h e  s p e c i f i c a t i o n  a r e  
o p t i o n a l .  O t h e r  tes ts  a r e  m a n d a t o r y ,  b u t  i r ?  most cases  test  r e p o r t s  
a r e  no!  s u p p l  i e d  ur:Iess spec i f i c  I  y  r e q u e s t e d  on t h e  purc h a s e  o r d e r .  

Ti-ic, ic,<ts w i ~ ~ i i  i~ i t r e  irripor.ti?r>I t!rc:: 

- Co;.~:iiiq Tt-iic k n c i i  
- T t ~ n s i I ~  S t r e n g l t i  
- T u r n  Test 
- D i in rn i i on : i l  M~lasurer r ient  

Co; i i  i n g  T i -n i i kness  - 

A c o a t i n g  t h i c k n e s s  measurernent b y  r n i r r o s i o p i c a l  me thod  p e r  
p a r a g r a p h  8.3 of  A695 s h o u l d  b e  spec. i f ied.  The v e r i f i c a t i o n  s h o u l d  
b e  done in t h e  t h r e a d  a r e a  a n d  a  r e p o r t  p r o v i d e d .  I f  y o u  d o  no t  
spec i f y  t h i s  measurement :  

S p e i i f i i a t i o n  A695 f o r  m e i h a n i i a l  d e p o s i t i o n  makes ii 

i n i i  roscopic a l  o r  magne t i c  th ic  k n e s s  measiircviitzr;t 
o p t i o n i i l .  

A153  f o r  ho t  d i p  c o a t i n g  t i p e c i i i e s  t h i  w e i g h t  o f  c o a t i n q  
d e t e r m i n e d  t h e  w e i g h t  l oss  o n  a  p o r t i o n  o f  t h e  ; i r t i i l c ~ -  

t h a t  does no t  i n c l u d e  a n y  t l- ireads". T h i s  test  o b v i o i l y  
docs no t  t c l l  much  aboul t h e  t h r e a d  f i i  a n d  i s  v i r - t i ~ r i l l y  
IIIPIC~S~ f o r  fasteners. 

Strengtt- i  -- 

T e n s i l e  t e s t s  a r e  r e q u i r e d  f o r  t h e  n u t  a n d  t h e  b o l t  t o  demons t ra te  
t h e  s t r e n g t h  o f  t h e  i n d i v i d u a l  component .  The b o l t  a n d  n u t  a r e  
tes ted s e p a r a t e l y  u s i n g  a  h a r d e n e d  tes t  n u t  f o r  t h e  b o l t  a n d  a  
h a r d e n e d  m a n d r e l  f o r  t h e  n u t .  None o f  t h e  s p e c i f i c a t i o n s  (A325,  
A563, A i 9 4 )  r e q i i i r e s  t e n s i l e  tes ts  of t h e  n u t  a n d  b o l t  toge ther  a s  a 
system.  Not t e n s i l e  t e s t i n g  a  n u t  a n d  b o l t  a s  a  system i s  p r o b a b l y  
a  m a t t e r  o f  convenier lce  f o r  t h e  manufactur .er  d u e  to  the e x t r a  
f i x t u r i n g  r e q k i i r e d  to  tes t  t h e  n u t  a n d  b o l t  c o m b i n a t i o n .  

T u r n  Test 

A t u r n  test  i s  r e q u i r e d  b y  A325 a n d  A563 s p e c i f i c a t i o n s  f o r  
g a l v a n i z e d  components.  The tes t  c o n s i s t s  o f  a s s e m b l i n g  a  n u t ,  
b o l t ,  a n d  w a s h e r  in  a  s tee l  j o i n t .  T h e  b o l t  i s  s n u g g e d  a n d  t h e n  
t u r n e d  a n d  a d d i t i o n a l  a n g l e  w h i c h  i s  approximately t w i c e  t h e  a n g l e  
of r o t a t i o n  s p e c i f i e d  for. assemb ly  b y  t i i r n - o f - n u t  method. The tes t  
i s  des igned  to  demons t ra te  t h e  f o l l o w i n g :  



Tii,it t t i r  rrirt ;tnd b i i l l  <;in !,r c r r i  . rnd  t t - i < r t  t i t<,  
,iic,erni,l y  w i  l  I  p r o v i d i .  t h c  r ( r i j u i r r c1  pr'clonci. 

Ti-ic. c i u c  i i l i t y  o f  t i- i i ,  b o l t - -  Ti;<- b o l t  r r ~ i l i t  hc cdiir t i ! ( .  
(? i iougt i  t o  t o l c r i i t c  yc i l d i r - i g  b y  t u r n - o f - r i i i t  .isserri:~ly. I t 
IIIUS: a l s o  h a v e  e n o u g h  rc!scrve t v  to le i ,ote a n d  i n s p e i  t i < , i >  

w h i c h  w o u l d  r e s t a r t  t h e  n u t  a n d  turn i t  ~ t n  a d d i  tit,n,;l 
f i v e  degrees.  

- Ti-,;it t h e  nu! h a 5  been p rop f r . !  y  liii>ri< i i t e d  a n d  th , r t  

s t a n d a r d  too ls  w i l i  h a v e  s u f f i i i e r - , t  t o r q u e  c a p a c i t y  to  
p i -oducr  t h e  p r e l o a d .  I f  t h e  ~ r i t  i s  n o t  s u f f i ( i c n l  
t n c  !,iii! w i l l  pri;hi?hl y  c \ : f f r i -  t o r , i i on  f ; i i l ~ ! r c  d u r i n g  t l r i : ,  

t i ~ ~ > t .  

l l i i i  i., it;.- o n l y  le:it s p r t i i i e d  w i i i i i ,  t ( , s t i  t h e  riir! r i r ~ i l  
l,<,l t ;I\ ;in as ie rnb l  y .  

- T t id t  t h r e a d s  w i l l  no t  s t r i p .  T h i s  d e m o n s t r a t e s  t h a t  t h e  
n u t  o v e r i a p  i s  n o t  e x c e s s i v e  a n d  t h a t  t h e  n u t  a n d  b o l t  
systenl  h a v e  the s u f f i c - i e n t  t h r e a d  s t r e n g t h .  

D i m e n s i o n a l  - 

A sitn;>le tes t  of t h ~  thrr:;rci f i t  i s  t h e  thr t . i id  i n l e r f i i c e  w h i c i i  w;is 
c i i i i  i l i i r d  t ~ i r r ' i  ir.r.. U s i n g  ii vcr -n ie r  t h e  i n t t ~ r f a c ~  i ;in iii: d c t r r i r i i i ~ ( . d  
i;y i i t r i p l y  int ' ; isur~ir ig tihe rii;ijot- tnelcr- ( D )  of  t i l e  b o i l  ~ i n d  t h c s  iriirior- 
i I t!?? ni i i  J d ) .  Us i r i y  t h e  S J ~  a l l o w i t n c e i ,  li-it> 

i f  I v, t r - i i i i i i  i s  i d  f ; ~ ! !  w i l l > i n  t i><, r , i i nqc i  i i i v i , r i  

1:cIow: 

T h e r e  a r e  two  arc.epted methods f o r  t i g h t e n i n g  s t r u i . t u r a i  j o i n t s ;  
t u r n - o f - n ~ i t  a n d  i ?ii i b r a l e d  w r e n c h .  T h e  AlSC s p e c i f i c a t i o n  r e q u i r e s  
t h a t  a  d e v i c e  c a p a b l e  of i n d i c a t i n g  b o l t  t e n s i o n  b e  u s e d  w i t h  b o t h  
t e i  h n i q u e s  l o  de i i l ons t ra te  t h a t  t h e  prot .edure mee!s m i n i m u m  t e n s i o n  
req i r i rernents .  The t u r n - o f - n u t  t e n s i o n  test  shows t h a t  t h e  method  <,f 
s n u g g i n g  a n d  f i n a l  te r i s ion i r i y  u s e d  b y  t h e  b o l t i n g  c r e w s  meets t h e  
uoi t l o a d  r e q i i i r e m e n t s .  T h e  c a !  i b r a t e d  w r e n c h  t e c h n i q u e  r e q i i i r t . ~  
d a i l y  v e r i f i i a t i o n  o f  t h e  t o r q u e s  on e a c h  b o l t  d i a m e t e r ,  l e n g t h  i i r - id 
g r a d e  f a s t e n e r  b e i n g  i n s t a i l e d .  T h e  c a !  i h r a t e d  wrenc h mc!thc,d 
r e q u i r r i  h i l r d e n e d  w a s h e r 5  undcr-  t h e  ' t u r n i n g  e le rnen l ' .  Necess?iry 
f o r  e i t h e r  t e c h n i q u e  to  a c h i e v e  il t i g h t  j o i n t  i i  a  s n u g  j o i n t  definr,d 
a s  a j o i n t  w i t h  ir l i  p l i e s  in <i;ntilc t .  T h e  spec i f i c i t t i o n  c a l i i  ou t  a 
d i ? f i n a t e  p r o c e d u r e  f o r  s n i i q q i r r g  ti-?(? j o i n t :  

i g t t i r i  h i  progi-[: is systern;r t ic i r l ly  f r o m  t h e  most 
r i g i d  p a r t  i ~ f  t h e  j o i n t  to  i t <  f r e e  edges .... 



A p p l y i n g  i i l r - n~c l f - -nu t  o r  il c i r l  i t jr ' i i ted wr-ent k l  t I loose jo in t  wi I I  

t p r o d i ~ c  c i q t  I lo l  t it:nsion. 

- Inadequate  snugg ing  ( j o i n t s  not together)  
- -Arb i  t r a r y  Sol t i n g  sequence 
-Use of ' fee l  ' as  t i g h t e n i n g  cont ro l  
- Inadequate  equipment (wrench,  a i r  suppl  y ,  el<..) 

I f  pro<.edures a r e  fol lowed, des ign  loads ( a n  be  achieved i n  f i e l d  
t igh tened sts-ut t ? i r a l  bo ! t s .  

G a l v a n i r e d  bo ! ts  a n d  nu ts  c a n  he used s u c c e s s f i ~ l l y  i f  a t t en t i on  i s  
g i v e n  to b i ~ s i c  concepts wh ich  a r e  conta ined i n  the spec i f i ca t ions  
g o v e r n i n g  the manufac ture  a n d  i n s t a l l a t i o n  of the fasteners. 
F . .  ,liIi.ire of the ga l van ized  fastener- system i s  l ik iz ly  i f  you do not 

-iced I of ti-li. pr.1r.c au t ions  disc i issed i n  t h i s  paper .  

1 . Spec i f ?  rriec hanic a !  depo i i  ted i nn<  ciizrt ing fo r  boll-I .tnd 
rl 8.1 t  . 

2. S p r x  i f y  a  miixirnurn over- lap for- the nu t .  USE: tht. 
rcc oiiirnendations of t h i s  p a p e r ,  o r  b e t t e r ,  dis<u.;s the  
tiratter w i t h  you r  bo l t  s u p p l i e r  n n d  agree a n d  ovei- tap 
vi11ue. 

3.  Ri,quire lhtr rnaniifac t u r e r o r  supp l  i e r  per forn l  , ind 
i i i p p l y  ii repor t  of the i o l l i i w i r g  tests: 
- Coat ing thic kncss  b y  mi( ro ic  epic i l l  rneiisuremcnt 
- T u r n  test 
- Ccr t i f i c  a t i o n  of lubr - i i  a t i o n  
- Tensi le  test of b o l l  a n d  n i l !  

4. N,e;isiirc the bo l t  major- dit irneter a n d  r lut  n i inor  
dianieter to get il m e a i u r e  of the inter-face ( th r .c i~ i i  
f i t ) .  

5. Pay a t ten t i on  to the assernbly process. 



M A J O R  C I A M E T E F ;  

M I N O R  D I A V E T E F c  

I N T E R F A C E  = D - d  

FIGURE I 
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