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USING LIGHTWEIGHT MPC WOOD TRUSSES IN BRIDGES

H.  Dagherl, V .  Caccese2, F .  A l t i m o r e3 ,  Y.  Hsu4 ,
R .  W o l f e5 a n d  M .  R i t t e r5

A b s t r a c t

L igh twe igh t Metal P l a t e Connector (MPC) wood
t r u s s e s  o f f e r  a d v a n t a g e s  f o r  s h o r t  s p a n  r u r a l  b r i d g e s
s u c h  a s  e a s e  o f  c o n s t r u c t i o n , h i g h  s t i f f n e s s  a n d  w i d e
a v a i l a b i l i t y . I t  i s  s h o w n  t h a t  t h e s e  t r u s s e s  m a y  b e
u s e d  i n  b r i d g e  a p p l i c a t i o n s  p r o v i d e d  t h a t  p r o p e r  d e s i g n
f o r f a t i g u e  o f t h e MPC j o i n t s , p r o p e r c o r r o s i o n
p r o t e c t i o n  a n d  p r o p e r  d e t a i l s  t o  p r e v e n t  M P C  b a c k - o u t
a r e  i n c o r p o r a t e d  i n t o  t h e  d e s i g n . Recommendations for
f a t i g u e  d e s i g n  a r e  g i v e n . Two MPC truss bridges,  one
14.0 m (46 ft) long and the other 11.8 m (39 ft) long
buil t  in  Maine in 1993 and 1994 are brief ly described.

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

Excep t  fo r  a  b r idge  recen t ly  cons t ruc ted  in  Alabama
(Tr i sh ,  1994) ,  MPC wood  t russes  have  no t  been  used  in
v e h i c u l a r  b r i d g e  c o n s t r u c t i o n . I n  m a n y  p a r t s  o f  t h e
coun t ry t h e l a r g e s t - c a p a c i t y  w o o d s t r u c t u r a l member
cons t ruc ted  i s  the  MPC t russ . MPC t russes  a re  easy  to
hand le , t h e y  a r e c o n s t r u c t e d us ing wide ly a v a i l a b l e
d imens ion  lumber  and  they  o f fe r  h igh  s t i f fness  which  i s
p a r t i c u l a r l y  i m p o r t a n t  i n  t i m b e r  b r i d g e  c o n s t r u c t i o n .  A
number of  configurat ions of  t imber bridges which use MPC
t r u s s e s  a r e  p o s s i b l e  ( D a g h e r  e t .  a l . ,  1 9 9 2 ) .

Th i s  paper  summar izes  the  r e su l t s  o f  a  coopera t ive
r e s e a r c h  e f f o r t  i n i t i a t e d  i n  1 9 9 1  b e t w e e n  t h e  U n i v e r s i t y
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of  Maine and  the  USDA Fores t P r o d u c t s  L a b o r a t o r y  t o
d e v e l o p  t i m b e r  b r i d g e  d e s i g n s  u s i n g  M P C  t r u s s e s .  T h e
resea rch  addressed  the  fo l lowing  concerns :

1. Fa t igue : MPC joints are commonly made using thin 20
g a g e  s t e e l  s h e e t s . The  meta l  shee t s  a re  punched  wi th  a
d y e  t o  f o r m  t e e t h  o r  n a i l s  t h a t  b e c o m e  a n  i n t e g r a l  p a r t
o f  t h e  p l a t e . The  punch ing  causes  s t r e s s  concen t ra t ions
i n t h e a l r e a d y t h i n p l a t e s and makes them more
s u s c e p t i b l e  t o  f a t i g u e .

2 .  Cor ros ion : MPC plates are commonly galvanized before
they are punched. Af te r  punch ing ,  the  unpro tec ted  s t ee l
i s exposed i n  t h e  c r i t i c a l  a r e a s  a r o u n d  t h e  t e e t h .
S t a i n l e s s  s t e e l  p l a t e s  a r e  p r o h i b i t i v e l y  e x p e n s i v e .

3 . P l a t e ‘back-ou t ’ : Very  much  l ike  na i l s ,  MPCs  may
‘back-ou t ’  when  the  wood  i s  sub jec ted  to  r epea ted  cyc les
of  wett ing and drying.

Summary o f  f a t i g u e  t e s t i n g and design recommendations

O v e r  1 6 0  h i g h - c y c l e  ‘ f a t i g u e  t e s t s  a n d  1 5 0  s t a t i c
t e s t s  o n ind iv idua l  MPC connec to r s w e r e  c o n d u c t e d  a t
UMaine over a period of three years. Typ ica l  t e s t s  were
c a r r i e d  o u t  u n t i l  2  m i l l i o n  c y c l e s  w e r e  r e a c h e d  a n d  t h e
r e s i d u a l s t r e n g t h  o f t h e  M P C  j o i n t w a s  d e t e r m i n e d .
T e s t s  w e r e  c o n d u c t e d  i n  b o t h  t e n s i o n  a n d  s h e a r . Many
p a r a m e t e r s  w e r e  v a r i e d i n c l u d i n g  t h e  l o a d  a n d  p l a t e
d i r e c t i o n  w i t h  r e s p e c t  t o  t h e  w o o d ,  t y p e  o f  p l a t e ,  p l a t e
m a t e r i a l ,  p l a t e  c o n f i n e m e n t ,  n u m b e r  o f  r o w s  o f  t e e t h ,
speed of  fat igue test ing and some specimen were moisture
cyc led  a t  the  FPL pr io r  to  f a t igue  t e s t ing  a t  UMaine .

U s i n g  t h e  t e s t  r e s u l t s ,  f a t i g u e  d e s i g n  c r i t e r i a  f o r
M P C  j o i n t s w e r e  d e v e l o p e d . The f o l l o w i n g  c r i t e r i a
insu re  adequa te  s t r eng th  o f  the  MPC jo in t s  fo r  2  mi l l ion
l o a d  r e p e t i t i o n s :

Check 1: S t a t i c  d e s i g n  f o r  t o t a l  s t r e s s :
(DL+LL+Impac t+  e tc . . . )  s t resses  <  a l lowable  s t ress  o f

MPC supplied by
manufac tu re r

The  jo in t s  a re  des igned  fo r  to t a l  s t r e s s  us ing  the
p la te  manufac tu re r ’ s  a l lowab le  s t a t i c  des ign  va lues .

Check 2: Fatigue design for LL+Impact only:
(LL+Impac t )  s t r e s ses  <  .60  (a l low.  s t a t i c  too th  ho ld ing)

< .35  (a l low. s t a t i c  p l a t e  t e n s i o n )
< .35  (a l low. s t a t i c  s h e a r  v a l u e s )
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T h e  j o i n t s a r e  d e s i g n e d  f o r  f a t i g u e  b y  r e d u c i n g  t h e
manufac tu re r ’ s s t a t i c a l lowable d e s i g n  v a l u e s . An
example  o f  the  p roposed  fa t igue  des ign  c r i t e r i a  us ing  20
gage MITEK and ALPINE plates is  given by Dagher et .  al .
(1994).

The  p roposed f a t i g u e  d e s i g n  c r i t e r i a  w e r e  d e v e l o p e d
primari ly by test ing ALPINE 20-gage MPC joints  and some
MITEK joints. I t  i s  l i k e l y  t h a t  t h e  r e d u c t i o n  f a c t o r s
f o r  f a t i g u e w i l l  c h a n g e from one type of plate to
another and from one manufacturer  to another.

Two Demonstration Bridges

Two demons t ra t ion  MPC t russ  b r idges  funded  th rough  the
Federal  Highway t imber bridge demonstrat ion program were
c o n s t r u c t e d  i n  M a i n e . T h e  f i r s t  d e m o n s t r a t i o n  b r i d g e ,
loca ted  in  Byron ,  i s  14 .O m (46  f t )  l ong  and  9 .8  m (32
f t )  w i d e . The second, located in N. Yarmouth,  is  11.8 m
(39  f t )  long  and  9 .5  m (31  f t )  wide .  Bo th  b r idges  were
designed for  HS25 loading.

Trusses  and  space r  un i t s  were  a l t e rna ted  s ide  by  s ide  to
f o r m  t h e  c o m p l e t e w i d t h  o f  t h e  b r i d g e . They were
s t r e s s e d  i n  t h e  t r a n s v e r s e  d i r e c t i o n  u s i n g  e p o x y - c o a t e d
DYWIDAG rods. A  s p a c e r  c o n s i s t s  o f  a  ‘ s t r i p p e d  d o w n ’
t russ  wi th  e s sen t i a l ly  a  top  and  a  bo t tom chord  and  on ly
enough MPC joints a n d  w e b s  s o  t h a t  t h e  t r u s s  c a n  b e
h a n d l e d  a s  a s i n g l e u n i t . T h e  s p a c e r u n i t s  p r e v e n t
m e t a l - o n - m e t a l  c o n t a c t  o f  t h e  M P C s  i n  a d j a c e n t  t r u s s e s
a n d  p r e v e n t  d i s t o r t i o n  o f  t h e  b r i d g e  d u r i n g  s t r e s s i n g .
A l s o ,  p l a c e m e n t  o f  t h e  t r u s s e s  s i d e  b y  s i d e  p r e v e n t s
b a c k i n g  o u t  o f  t h e  p l a t e s  d u e  t o  m o i s t u r e  f l u c t u a t i o n s
a n d  f a t i g u e  l o a d i n g . T h e  t r u s s e s  w e r e  l i f t e d  o n t o  t h e
abutments i n  p r e - a s s e m b l e d  m o d u l e s which were h e l d
toge the r  by  na i l s  and  me ta l  s t r aps .

The MPCs were galvanized before punching and they were
brush-pa in ted  wi th  an  epoxy  pa in t  a f t e r  the  t russes  were
manufactured. T h i s  p r o t e c t i o n  s y s t e m  i s  o n e  o f  f i v e
r e c o m m e n d e d  f o r  u s e  o n  M P C  c o n n e c t o r s  b y  t h e  S t e e l
Pa in t ing  Counc i l  t o  y ie ld  a  70  yea r  l i f e  in  a  “ she l t e red
marine environment” ( B r u n o  e t .  a l . ,  1 9 8 9 ) . A d d i t i o n a l
p ro tec t ion  o f  bo th  the  p la t e s  and  the  wood  aga ins t  wa te r
is  provided by a membrane which is  placed on top of  the
t r u s s e s  a n d  p a v e d  o v e r  w i t h  a s p h a l t . The  b r idges  have
n o  s e p a r a t e  d e c k  s i n c e  t r a f f i c  r u n s  d i r e c t l y  o v e r  t h e
top  chords  o f  the  t rus ses .

T h e  B y r o n  b r i d g e  w a s  l o a d  t e s t e d  a n d  o p e n e d  t o  t r a f f i c
in  Nov . ,  1993 . The N. Yarmouth  b r idge  was  load  t e s t ed
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a n d  o p e n e d  t o t r a f f i c  i n  J u n e  1 9 9 4 . T h e  l o a d  t e s t s
v e r i f i e d  t h e  v e r y  h i g h  s t i f f n e s s  o f  t h i s  b r i d g e  s y s t e m .
Under two 311 kN (70,000 lbs)  dump trucks posi t ioned so
a s  t o  m a x i m i z e  d e f l e c t i o n s , t h e  m e a s u r e d  d e f l e c t i o n  i n
b o t h  b r i d g e s  w a s l e s s  t h a n  L / 2 3 0 0 . A  r e m o t e  d a t a
acqu i s i t i on  sys t em i s  now ope ra t iona l  a t  bo th  s i t e s .

Conclusions

M P C  t r u s s e s  o f f e r  a n  a t t r a c t i v e  a l t e r n a t i v e  f o r  r u r a l
b r i d g e s . T h e i r  a d v a n t a g e s  a r e  w i d e  a v a i l a b i l i t y  a n d
e a s e  o f  h a n d l i n g  o f  t h e  t r u s s e s , s p e e d  o f  c o n s t r u c t i o n
a n d  h i g h  s t i f f n e s s . P r o p e r  f a t i g u e  d e s i g n  a s  d e s c r i b e d
i n  t h i s  p a p e r  a n d  c o r r o s i o n  p r o t e c t i o n  a r e  e s s e n t i a l  t o
insu re  longev i ty  o f  t he  sys t em.

T h e  f a t i g u e  d e s i g n  c r i t e r i a  d e s c r i b e d  i n  t h i s  p a p e r  a r e
b a s e d  o n  t e s t s  c o n d u c t e d  u s i n g  i n d i v i d u a l  j o i n t s . They
a r e  c u r r e n t l y  b e i n g  v e r i f i e d  b y  c o n d u c t i n g  f a t i g u e  t e s t s
o n  f u l l  s c a l e  t r u s s e s .
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