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ABSTRACT

Since  the  Minis t ry  of  Transpor ta t ion  of  Ontar io  (MTO) di rec ted  i t s
a t tent ion towards  wood br idge development  in  the  ear ly  1970 's  there  have been
s ign i f i c an t  advances  i n  t e chno logy  a s  a  r e su l t  o f  t he i r  work .  Beg inn ing  w i th
the development of the Stressed Wood System (SWS) in 1976 MTO has been
inst rumental  in  reviving the  use  of  wood br idges  across  North  America .  There
are  probably  more  br idges  being const ructed or  rehabi l i ta ted now,  us ing wood,
in  both  Ontar io  and the  Uni ted  Sta tes  (US)  than has  been performed for  more
than  20  years .

Over  the  las t  5  years  there  has  been a  great  deal  of  development  work
performed on wood bridges surrounding the SWS system. Work has been performed
b y  g o v e r n m e n t  a g e n c i e s  s u c h  a s  t r a n s p o r t a t i o n  a n d  f o r e s t r y ,  a s  w e l l  a s
U n i v e r s i t i e s  a n d  s e v e r a l  i n d u s t r i e s . Most of the work has been aimed at
longer  span wood br idges  and much of  i t  has  been publ ished in  one form or
another. However, a l though there  has  been some contact  between the  var ious
g r o u p s  t h e r e  e x i s t s  n o  c o n s o l i d a t i o n  o f  t h e  v a r i e d  w o r k s .

T h e  o b j e c t i v e  o f  t h i s  p a p e r  i s  t o  s u m m a r i z e  a l l  t h e  m a j o r  a c t i v i t i e s
tha t  have  taken place  us ing the  SWS in  both  Ontar io  and the  Uni ted  Sta tes .  I t
represents  the  f i rs t  s tage  of  a  coopera t ive  program between the  USDA Fores t
Se rv i ce , Forest Products Laboratory and the MTO. These two agencies  represent
the  centres  of  informat ion and act iv i ty  on the  SWS in  the  US and Ontar io
respect ively .  The paper  br ief ly  reviews the  development  of  the  Stressed Wood
Deck leading into  the  new longer  span concepts  being developed using the  SWS.



INTRODUCTION

Although long span wood bridges of up to 64 m spans have been
c o n s t r u c t e d  i n  t h e  p a s t , t h e  e c o n o m i c  f e a s i b i l i t y  o f  c o n s t r u c t i n g  s i m i l a r
br idges  has  diminished over  the  las t  few decades .  The Sioux Narrows br idge
Taylor 1986c) shown in figure 1 has a 64 m main span composed of solid sawn
Douglas Fir members forming a box Howe truss. B u i l t  i n  1 9 3 6  t h i s  b r i d g e  i s
bel ieved to  be  the  longest  s ingle  span wood br idge in  North  America .  The
b r i d g e  i s  s t i l l  o p e n  t o  f u l l  h i g h w a y  t r a f f i c  a n d  s t a n d s  a s  a  m o n u m e n t  t o  t h e
durabi l i ty  of  wood for  highway br idge construct ion.  However ,  these  wood
t ru s se s  u t i l i z e  ve ry  l a rge  s i ze  t imbe r s  wh ich  a r e  no  l onge r  economica l l y
a v a i l a b l e .  I n  f a c t , in  todays  market  the  most  economical ly  avai lable  mater ia l
s izes  in  most  areas  of  North  America  are  dimension lumber  which range f rom 38
mm X 89 mm to 76 mm X 292 mm. With  lengths  of  up  to  only  6  or  7  m th is
m a t e r i a l  p r o v i d e s  l i t t l e  p o s s i b i l i t y  o f  c o n s t r u c t i n g  b r i d g e s  l i k e  t h e  S i o u x
Narrows.

By the  beginning of  the  1970 's  the  use  of  wood for  br idges  in  Ontar io
was vir tual ly  reduced to  nai led- laminated decking using dimension lumber
providing spans  of  up  to  only  6  m (Csagoly  & Taylor  1979) .  In  addi t ion ,  these
decks were  producing some ser ious  maintenance problems due to  delaminat ion.
I t  appeared that  unless  some major  changes  occurred in  the  engineered use  of
wood for  br idges  i t  seemed unl ikely that  wood would cont inue to  play a
s e r i o u s  r o l e  i n  b r i d g e  c o n s t r u c t i o n .

The object ive  of  th is  paper  i s  to  provide  an  updated summary on the
d e v e l o p m e n t s  t h a t  h a s  t a k e n  p l a c e  o v e r  t h e  l a s t  1 5  y e a r s  a s  a  d i r e c t  r e s u l t
of  the  work which began in  Ontar io  in  the  ear ly  1970 's  (Batchelor  e t  a l  1979,
T a y l o r  e t  a l  1 9 8 2 ) . T h e  p a p e r  w i l l  b r i e f l y  d i s c u s s  t h e  d e v e l o p m e n t  o f  t h e
stressed wood system (SWS) by the Ministry of Transportation of Ontario (MTO)
in 1976 (Taylor & Csagoly 1979). This  wi l l  lead into  a  summary of  the  work
current ly  being performed around North  America  which ut i l izes  the  SWS concept
to  produce longer  span wood br idges . Each concept  has  the  same object ive  and
t h a t  i s  t o  u t i l i z e  t h e  m o r e  r e a d i l y  a v a i l a b l e  s m a l l e r  s i z e  m a t e r i a l s  t o  f o r m
large  span wood br idges .

FIGURE 1. SIOUX NARROWS BRIDGE, KENORA, ONTARIO
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DEVELOPMENT OF THE STRESSED WOOD DECK

When the  MTO directed i t s  a t tent ion towards  wood br idges  in  the  ear ly
1970 's  the  main  emphasis  was  to  develop a  method of  repai r  for  the  exis t ing
nai led laminated wood decks. T h e s e  d e c k s  l a c k e d  l o n g  t e r m  r e s i s t a n c e  t o  t h e
more  f r equen t  and  heav i e r  veh i c l e  l oad ings  t ha t  t hey  we re  be ing  sub j ec t ed  t o .
The  na i l s  j o in ing  t he  l amina t e s  succes s ive ly  c ru shed  t he  wood  su r round ing
them c rea t i ng  i nc r ea s ing  mechan i ca l  movemen t s  r e su l t i ng  i n  a  s e r i ous
maintenance problem.  The benef i ts  of  developing a  successful  method of  repair
f o r  t h e s e  d e c k s  w a s  t w o f o l d .  F i r s t , t he r e  we re  l i t e r a l l y  hund reds  o f  b r i dges
th roughou t  On ta r i o  wh ich  con t a ined  t he se  decks  and  t he r e fo re  cou ld  even tua l l y
beg in  t o  de l amina t e .  Second ly , t h e s e  b r i d g e s  u t i l i z e d  t h e  m o s t  r e a d i l y
a v a i l a b l e  s i z e s  o f  w o o d  a n d  t h e r e f o r e  t h e y  r e p r e s e n t e d  t h e  b e s t  p o s s i b i l i t y
for  future  development  i f  the  problems associa ted wi th  them could be  solved.

The SWS system was or iginal ly  developed as  a  means  of  rehabi l i ta t ing
t h e  e x i s t i n g  n a i l e d  l a m i n a t e d  w o o d  d e c k s  t h a t  h a d  s u f f e r e d  s e r i o u s  m e c h a n i c a l
d e t e r i o r a t i o n . U s i n g  p a i r s  o f  h i g h  s t r e n g t h  b a r s ,  a s  s h o w n  i n  f i g u r e  2 ,  t h e
old deck would be squeezed back together  creat ing adequate  f r ic t ion between
t h e  l a m i n a t i o n s  t o  r e - e s t a b l i s h  c o n t i n u i t y  a n d  l o a d  d i s t r i b u t i o n .  F i g u r e  3
shows the  method being appl ied to  the  Pickerel  R. bridge on highway 11 which
forms par t  of  the  Trans  Canada Highway in  Nor thern  Ontar io .  The success  of
th is  method has  been wel l  documented and numerous  load tes ts  (Taylor  1986b)
h a v e  c o n f i r m e d  t h e  s u p e r i o r  p e r f o r m a n c e  o f  t h e s e  r e h a b i l i t a t e d  b r i d g e s .

T h e  s u c c e s s  o f  t h e  i n i t i a l  w o r k  l e d  t o  e x t e n s i v e  r e s e a r c h  a n d
development and the formation of a long range program by MTO (Csagoly &
Taylor 1980) based on the SWS. New st ressed wood decks  us ing a  s ingle  bar
system, as  shown in  f igure  2 , now replace the nai led deck in  many designs.
The Ontar io  Highway Bridge Design Code (1983)  provides  des ign speci f ica t ions
for  the  des ign of  decks  us ing the  SWS.

FIGURE 2. SCHEMATIC FOR TRANSVERSE STRESSING OF LAMINATED WOOD DECKS.
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FIGURE 3. TRANSVERSE STRESSING OF AN EXISTING NAILED LAMINATED DECK.

BRIDGE NAME AND LOCATION DATE DECK STRUCTURE OVERALL WOOD
TYPE TYPE LENGTII SPECIE

(m)

NOTES: N=New Structure, DR=Deck Replacement, LL=Longitudinal Laminated,
TL=Transverse Laminated, SG=Steel Girders, ST=Steel Truss, WT=Wood
Truss, WA=Wood Arch, WG=Wood Girders, NF=Nationnl Forest, DF=Douglas
Fir, RP=Red Pine, HEM=Hemlock, WP=White Pine, LVL=Laminated Veneer
Lumber, RO=Red Oak, SP=Spruce, PP=Ponderosa Pine.

TABLE 1. NEW PRESTRESSED WOOD DECKS ACROSS NORTH AMERICA
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FIGURE 4. DECK REPLACEMENT ON TllE SIOUX NARROWS BRIDGE.

A l t h o u g h  t h e  U n i t e d  S t a t e s  d o e s  n o t  y e t  h a v e  f o r m a l  s p e c i f i c a t i o n s  f o r
the  SWS there  is  s ignif icant  research and development  act iv i ty  (Dimakis  &
Oliva  1987,  Ol iva  e t  a l  1990) .  In  addi t ion ,  the  SWS is  inc luded in  a  new
Timber Design Manual (Ritter 1990) published by the USDA Forest Service,
Fores t  Products  Labora tory  (FPL) .

The SWS for new decks has now been successfully used in dozens
s t ruc tures  both  in  Ontar io  (Taylor  1986a)  and in  the  Uni ted  Sta tes  and Table
1 provides  some informat ion on a  few of  these  appl ica t ions .  One of  the  more
interes t ing appl icat ions  involved the  deck replacement  on the  Sioux Narrows
b r i d g e  a s  s h o w n  i n  f i g u r e  4 . This 120 m long continuous stressed wood deck
w a s  c o n s t r u c t e d  i n  t w o  h a l v e s  i n  o r d e r  t o  m a i n t a i n  t r a f f i c  f l o w  ( T a y l o r
1986c). Subsequent ly  the  two halves  were  coupled together  and s t ressed to
form a continuum.

T h e  f i r s t  a p p l i c a t i o n  o f  a  t r a n s v e r s e  l a m i n a t e d  d e c k  w a s  i n t r o d u c e d  a t
the  Aquasabon River  br idge as  shown in  f igure  5 .  The pre-assembled deck
p a n e l s  w e r e  p r e s t r e s s e d  b e f o r e  b e i n g  b r o u g h t  t o  t h e  s i t e .  E a c h  p a n e l  w a s  t h e n
s e q u e n t i a l l y  c o u p l e d  a n d  s t r e s s e d  t o  t h e  p r e v i o u s  o n e  b e f o r e  b e i n g  t i e d  d o w n
t o  t h e  s t e e l  g i r d e r s . This  method avoided the  poss ible i n s t a b i l i t y t h a t  c o u l d

FIGURE 5. SEGMENTAL DECK CONSTRUCTION ON THE AQUASABON R. BRIDGE.
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o c c u r  i f  t h e  4 2  m  l o n g  d e c k  w a s  s t r e s s e d  o v e r  i t s  f u l l  l e n g t h  a t  o n e  t i m e .  I n
t h i s  r e g a r d ,  i f  a n y  r e s t r a i n t  a g a i n s t  b u c k l i n g  w e r e  t o  h a v e  b e e n  p r o v i d e d  i n
o r d e r  t o  s t r e s s  o v e r  t h e  4 2  m  l e n g t h , t h i s  r e s t r a i n t  w o u l d  h a v e  s e r i o u s l y
a f f e c t e d  t h e  s t r e s s i n g  p r o c e d u r e .

NEW DEVELOPMENTS USING THE SWS

While  successful ly  applying the  SWS system to  both  the  rehabi l i ta t ion
and new const ruct ion of  wood decks  MTO was a lso  evaluat ing i t s  uses  for
larger span composite systems (Csagoly & Taylor 1979 and 1980). The suggested
concepts included Stress Laminated Arches, Steel-Wood Composites, T Beam
Decks, King Post  supported Decks and an Integrated Deck System.  In  each case
the  object ive  was  to  increase  the  span capaci ty  of  the  SWS design us ing the
m o r e  r e a d i l y  a v a i l a b l e  s m a l l  s i z e  m a t e r i a l s .

T h e  s u b j e c t  o f  t h e  s u b s e q u e n t  d i s c u s s i o n  i s  a  s u m m a r y  o f  t h e  a c t i v i t i e s
that  have  taken place  over  the  las t  10  years  towards  the  use  of  the  SWS for
longer  span wood br idges .  Current ly  there  are  numerous  development  projects
both  in  Ontar io  and throughout  the  US. In  some cases  f ie ld  prototypes  have
already been constructed and even some f ie ld  tes t ing has  been performed.

Frames
The f i rs t  appl ica t ion  of  the  SWS concept  on something other  than a

simple deck occurred in Ontario in 1981 (Taylor & Walsh 1983). The Ministry
of Natural Resources (MNR) had expressed interest in the SWS concept and had
s e l e c t e d  a  s i t e  n e a r  E s p a n o l a , O n t a r i o  t o  t r y  o u t  a n  a p p l i c a t i o n .  O r i g i n a l l y
the  appl icat ion was  to  have been a  t ransverse  laminated wood deck on s teel
s t r ingers  provid ing  a  s ingle  span of  about  20  m. However  the  s i te  provided a
unique oppor tuni ty  as  i t  consis ted  of  sound bedrock format ions ,  as  shown in
f i g u r e  6 , w h i c h  w o u l d  p r o v i d e  e x c e l l e n t  s u p p o r t  f o r  a  f r a m e  s t r u c t u r e  o f  t h e
type  shown  in  t he  f i gu re .

The design of the structure was performed by MTO and constructed by
MNR's own construction crew. The deck consists of 38 mm X 292 mm laminates
and the legs are made up of 38 mm X 190 mm laminates. Each of the leg
l a m i n a t i o n s  w e r e  a t t a c h e d  t o  d e c k  l a m i n a t i o n s  u s i n g  h o t  d i p  g a l v a n i z e d  t r u s s
p l a t e s  t o  f o r m  i n d i v i d u a l  l a m i n a t e  f r a m e s . Subsequent ly  these  f rames were
p l a c e d  s i d e  b y  s i d e  a n d  t h e  s t r e s s i n g  r o d s  t h r e a d e d  t h r o u g h  t h e  p r e - d r i l l e d
h o l e s  a s  s h o w n  i n  f i g u r e  7  a n d  t h e  e n t i r e  a s s e m b l y  w a s  s t r e s s e d  t o g e t h e r ,
i nc lud ing  t he  l eg s ,  a t  t he  s ame  t ime . The completed s t ructure  has  s ince

FIGURE 6. PREFABRICATED FRAME FOR THE FOX LAKE BRIDGE.
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FIGURE 7. ASSEMBLED STRESSED LAMINATED FRAME AT FOX LAKE.

u n d e r g o n e  f u l l  s c a l e  l o a d  t e s t i n g  s u p p o r t i n g  o n e  o f  M T O ' s  t e s t  v e h i c l e s
weighing over 90,000 kg (200,000 lbs) and the maximum deflection was only 9
mm. The MNR es t imated the  s t ruc ture  cos t  about  two th i rds  of  the  s t ruc ture
o r i g i n a l l y  i n t e n d e d  f o r  t h e  s i t e .

A l t h o u g h  t h i s  f o r m  o f  b r i d g e  i s  l i m i t e d  b y  t h e  t y p e  o f  s i t e  a v a i l a b l e
t h e  s u c c e s s  o f  t h i s  a p p l i c a t i o n  d i d  d e m o n s t r a t e  t h e  f e a s i b i l i t y  o f  u t i l i z i n g
the SWS on more complex structural forms.

Steel-Wood Composite
T h e  f i r s t  c o m p o s i t e  d e s i g n  t o  r e c e i v e  e x t e n s i v e  r e s e a r c h  a n d

development  was  the  s teel -wood system as  displayed in  f igure  8 .  Calcula t ions
ind i ca t ed  t ha t  a  l ong i t ud ina l  deck  made  compos i t e  w i th  s t e e l  g i rde r s  cou ld
c o m p e t e  w i t h  t h e  t r a d i t i o n a l  s t e e l - c o n c r e t e  s t r u c t u r e .  I t s  m a j o r  a p p l i c a t i o n
w a s  t o  b e  a s  a  r e h a b i l i t a t i o n  t o o l  o n  e x i s t i n g  s t e e l  g i r d e r  b r i d g e s  w h e r e  t h e
inc rea sed  we igh t  o f  conc re t e  cou ld  s eve re ly  a f f ec t  t he  capac i t y .  A  r e sea rch
project  was  carr ied  out  by MTO beginning in  1984 and culminat ing in  a
de ta i led  research  repor t  in  1986 (Tharmabala  & Bakht  1986) .

FIGURE 8. STEEL-WOOD COMPOSITE SYSTEM.
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I n  s e l e c t i n g  p o s s i b l e  s h e a r  c o n n e c t o r s  t o  p r o v i d e  s h e a r  t r a n s f e r
between the  s teel  and the  wood deck several  important  points  were  considered.
P r i o r i t y  w a s  f i r s t  g i v e n  t o  t h e  p r a c t i c a l  s i d e  w h e r e  i t  w a s  d e s i r a b l e  t o  h a v e
a connector  which could be insta l led af ter  the  wood deck had been
transversely  s t ressed.  Since a  wood deck undergoes  s ignif icant  movement  when
b e i n g  t r a n s v e r s e l y  s t r e s s e d  a n y  r e s t r a i n t  c o u l d  h a v e  a  d e t r i m e n t a l  e f f e c t  o n
bo th  t he  connec to r  and  t he  deck .  I n  add i t i on , t h e  c o n n e c t o r  m u s t  b e  r e s i s t a n t
t o  t h e  e f f e c t s  o f  r e p e a t e d  l o a d s .

One  connec to r  f i na l l y  deve loped  by  MT0  i s  de t a i l ed  i n  f i gu re  8 .  I t
cons i s t s  o f  a  150  mm d i ame te r  ho l e  d r i l l ed  i n to  t he  wood  deck  d i r ec t l y  ove r
t h e  s t e e l  g i r d e r  f l a n g e . Three 19.1 mm diameter Nelson studs are welded to
t h e  f l a n g e , s t r a t e g i c a l l y  p l a c e d  w i t h i n  t h e  h o l e .  T h e  h o l e  i s  t h e n  f i l l e d
wi th  non - sh r ink  g rou t .  The  MT0  r e sea r ch  p ro j ec t  i nc luded  ex t ens ive  cyc l i c
t e s t i ng  o f  t he  connec to r  i n  a cco rdance  w i th  t he  de s ign  r equ i r emen t s  o f  t he
OHBDC. Several large scale models up to a 6 m span were also tested which
demonstra ted  that  the  proposed connector  provided s ignif icant  composi te
a c t i o n  a n d  e x c e l l e n t  r e s i s t a n c e  t o  f a t i g u e . A d d i t i o n a l  w o r k  w a s  s t i l l  t o  b e
performed by MT0 (Bakht & Tharmabala 1987).

A  p r o t o t y p e  b r i d g e  c o n s i s t i n g  o f  t h r e e  5 0  f t .  s p a n s  w a s  c o n s t r u c t e d  i n
1988 in Cass County, North Dakota by Wheeler Consolidated Inc. No formal
p u b l i c a t i o n  i s  y e t  a v a i l a b l e , however  an internal  repor t  was  produced by
Wheeler  (Wheeler  Log 1986)  which is  ident i f ied in  the  references .  Al though no
contact  wi th  MT0 was made dur ing des ign or  const ruct ion i t  i s  our
unders tanding that  the  des ign was  performed ut i l iz ing the  MT0 research
informat ion. T h e  F P L  h a s  t e n t a t i v e l y  p l a c e d  t h i s  s t r u c t u r e  o n  a  l i s t  o f
s t r u c t u r e s  t o  b e  m o n i t o r e d  o v e r  t h e  n e x t  f e w  y e a r s .

C u r r e n t l y  t h e  M T 0  i s  c o n t i n u i n g  t h e  r e s e a r c h  w o r k  a n d  i s  d e s i g n i n g  i t s
f i r s t  f u l l  s c a l e  p r o t o t y p e  s t r u c t u r e  w h i c h  w i l l  b e  b u i l t  o v e r  t h e  N o r t h
Pagwatchuan River  in  Nor thern  Ontar io  in  1991.  This  wi l l  be  a  s ingle  50 m
span s t ructure  of  two lanes  suppor t ing a  292 mm deep deck.  Due to  the  remote
s i t e  a n d  t h e  d i f f i c u l t y  o f  o b t a i n i n g  q u a l i t y  c o n c r e t e  i n  q u a n t i t y  t h e
s t r u c t u r e , e x c e p t  f o r  t h e  s t e e l  g i r d e r s , w i l l  b e  b u i l t  e n t i r e l y  o f  w o o d
including the  abutments .  The br idge wil l  be  located on highway 11 which forms
par t  of  the  Trans-Canada Highway and so  is  expected to  receive  some of
O n t a r i o ' s  h e a v i e s t  l o a d s .

FIGURE 9. CELLULAR WOOD DECK SYSTEM.
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Integrated Deck Systems
T h e  o r i g i n a l  i n t e g r a t e d  d e c k  c o n c e p t  i s  p r e s e n t e d  b y  f i g u r e  9  a n d

e s s e n t i a l l y  c o n s i s t s  o f  t w o  l e v e l s  o f  s t r e s s e d  w o o d  d e c k i n g  s e p a r a t e d  b y
v e r t i c a l  w e b s  w h i c h  a r e  i n t e g r a t e d  i n t o  t h e  s t r e s s e d  w o o d  d e c k s  t o  f o r m  a
c o m p o s i t e  s y s t e m .  S e v e r a l  v a r i a t i o n s  o f  t h i s  i d e a  i n c l u d i n g  t h e  T - b e a m  a r e
being act ively developed around North America .

Prefabricated Deck Truss. One of  the  or ig inal  MT0 concepts  was  to  use
p r e f a b r i c a t e d  t r u s s e s , a s  a r e  f r e q u e n t l y  u s e d  i n  b u i l d i n g s ,  t o  f o r m  t h e  w e b s .
T h e s e  t r u s s e s  a r e  e a s i l y  f a b r i c a t e d , reasonably  inexpensive  and can be
c o n s t r u c t e d  t o  v i r t u a l l y  a n y  s i z e . T h e  m a i n  c o n c e r n  w a s  t h e  s u s c e p t i b i l i t y  o f
t h e  g a l v a n i z e d  t r u s s  p l a t e s  t o  t h e  e f f e c t s  o f  r e p e a t e d  l o a d s .  T h e s e  p l a t e s
would have to  provide a l l  the  shear  t ransfer  between the  web members  and the
d e c k  f l a n g e s .  A  p r e l i m i n a r y  i n v e s t i g a t i o n  w a s  c o n d u c t e d  i n  1 9 8 5  a t  t h e
U n i v e r s i t y  o f  W e s t e r n  O n t a r i o  ( W h i t t i n g t o n  1 9 8 6 ) .  T h e  r e s u l t s  o f  t h e
i n v e s t i g a t i o n , which included the  tes t ing of  a  6  m span model ,  conf i rmed that
t h e s e  t r u s s  p l a t e s  a r e  s u s c e p t i b l e  t o  f a t i g u e  u n d e r  r e p e a t e d  l o a d i n g s .
However  the  s ta t ic  tes t ing demonstra ted that  composi t ion between the  web and
deck system can be achieved. T h e  u s e  o f  t h e s e  t r u s s e s  w a s  d i s c a r d e d  a n d
considerat ion was given to  us ing sol id  webs using e i ther  Laminated Veneer
Lumber (LVL) or Glued Laminated members.

Paral le l  Chord Truss .  A var ia t ion of  the  t russ  idea  was  in t roduced in
t h e  U n i t e d  S t a t e s  i n  1 9 8 6  t h r o u g h  a  c o o p e r a t i v e  r e s e a r c h  p r o j e c t  b e t w e e n  t h e
University of Wisconsin (UW) and the FPL (Dimakis & Oliva 1988, Oliva 1987).
T h e  s t r e s s - l a m i n a t e d  p a r a l l e l  c h o r d ,  w h i c h  u s e s  a  V i e r e n d e e l  t r u s s ,  i s  s h o w n
in f igure  10.  Connect ion between the  decking and the  webs is  provided by
l a r g e  s i z e  s t e e l  s p i k e s  d r i v e n  f r o m  t h e  t o p  a n d  b o t t o m  o f  t h e  d e c k i n g  i n t o
the webs. Extensive  laboratory  tes t ing conducted a t  the  UW included a  15.8  m
l o n g  p r o t o t y p e .  T h e  l a b o r a t o r y  t e s t i n g  i n d i c a t e d  t h a t  t h e  s y s t e m  p r o v i d e d  u p
t o  4 0 %  o f  t h e  s t i f f n e s s  t h a t  w o u l d  b e  p r e s e n t  i f  f u l l  c o m p o s i t e  a c t i o n  w e r e
p r e s e n t .  T h e  t e s t i n g  a l s o  i n d i c a t e d  t h a t  t h e  s y s t e m  d i d  n o t  d i s p l a y  a n y
s i g n i f i c a n t  d e t e r i o r a t i o n  o f  t h e  s p i k e  c o n n e c t i o n  o r  a d d i t i o n a l  l o s s  o f
s t i f f n e s s  u n d e r  h a l f  a  m i l l i o n  c y c l e s  o f  l o a d i n g  e q u i v a l e n t  t o  a n  H S - 2 0
v e h i c l e . E v e n  w i t h  t h e  c y c l i c  t e s t i n g  t h e r e  i s  s t i l l  s o m e  c o n c e r n  a s  t o  t h e
f a t i g u e  r e s i s t a n c e  o f  t h e  w e b - d e c k  c o n n e c t i o n  u s i n g  t h e  d i s c r e t e  s p i k e s
cons ide r ing  t he  p r ev ious  p rob l ems  w i th  na i l ed  deck ing .

A  f i e l d  p r o t o t y p e  s t r u c t u r e ,  d i s p l a y e d  i n  f i g u r e  1 1 ,  w a s  i n s t a l l e d  i n
the  Hiawatha  Nat ional  Fores t  in  la te  1987 by the  USDA Fores t  Service .  The
b r i d g e  h a s  r e c e i v e d  s o m e  s t a t i c  l o a d  t e s t i n g  a n d  i s  c u r r e n t l y  b e i n g  m o n i t o r e d
by the FPL.

FIGURE 10. PARALLEL CHORD DECK SYSTEM.
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FIGURE 11. PARALLEL CHORD PROTOTYPE, HIAWATHA NATIONAL FOREST.

T-Beam.  The f i rs t  s t ressed  T-Beam,  as  shown in  f igure  12 ,  was
introduced in West Virginia in 1988 (Dickson and Gangarao 1989 a & b). The
West  Virginia  Univers i ty  (WVU) performed laboratory  tes t ing and const ructed a
22.3  m span prototype  near  Char les ton WV..  The br idge ,  shown in  f igure  13,
utilizes 150 mm X 1140 mm LVL beams and 230 mm deep Oak decking. The use of
the  Oak represents  par t  of  the  a im of  the  wood program in  WV. which is  to
p r o m o t e  t h e  u s e  o f  l o c a l  s p e c i e s .

Another T-beam bridge was constructed in 1989 over Mason Creek in Ada
county Idaho (Meyer 1989). This  s t ruc ture  used Douglas  Fi r  LVL to  const ruct
t h e  T  s e c t i o n s  w h i c h  w e r e  p r e f a b r i c a t e d  b y  T r u s  j o i s t  C o r p o r a t i o n .

Both  of  these  br idges  have been load tes ted  and have performed as
composi te  sect ions  up to  the  maximum legal  loads .  In  addi t ion,  the  West
V i r g i n i a  b r i d g e  i s  b e i n g  m o n i t o r e d  b y  t h e  U n i v e r s i t y ,  i n  c o o p e r a t i o n  w i t h  t h e
FPL,  to  complement  the  informat ion being col lected on the  many other  s t ressed
wood bridges around the US,

FIGURE 12. T-BEAM DECK SYSTEM.
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FIGURE 13. T-BEAM PROTOTYPE. TWO-MILE CREEK. WEST VIRGINIA.

C e l l u l a r  D e c k .  The  t r u ly  ce l l u l a r  deck  concep t  a s  po r t r ayed  i n  f i gu re  9
has  received some pre l iminary  evaluat ion by MTO (Taylor  1988)  and is  a lso
b e i n g  i n v e s t i g a t e d  b y  t h e  U n i v e r s i t y  o f  W e s t  V i r g i n i a  i n  c o o p e r a t i o n  w i t h  t h e
FPL. However, i t  a p p e a r s  t h e  a p p r o a c h  i s  s l i g h t l y  d i f f e r e n t  i n  e a c h  c a s e .

The or iginal  concept  of  the  in tegrated or  cel lu lar  deck by MTO was for
spans up to and exceeding 60 m. The  ce l l s  a r e  expec t ed  t o  be  c lo se ly  spaced
u s i n g  t h i n  w e b s  f o r  w h i c h  a n  e x t e n s i v e  u n d e r s t a n d i n g  o f  t h e  f l e x u r a l  a n d
t o r s i o n a l  p r o p e r t i e s  o f  t h e  m a t e r i a l s  w i l l  b e  n e c e s s a r y .  A l o n g  t h e s e  l i n e s
MTO wil l  be  conduct ing some large  scale  laboratory  tes t ing in  1990.

WVU is  developing a  lower  prof i le  box system using widely spaced
thicker web members. S e v e r a l  p r o t o t y p e  b r i d g e s  a r e  e x p e c t e d  t o  b e  c o n s t r u c t e d
t h i s  y e a r  a s  p a r t  o f  a n  e x t e n s i v e  c o n s t r u c t i o n  p r o g r a m  i n v o l v i n g  2 0  o r  m o r e
new wood bridges in West Virginia.

I n  b o t h  c a s e s  i t  i s  n e c e s s a r y  t o  u n d e r s t a n d  t h e  t o r s i o n a l  a n d  f l e x u r a l
c h a r a c t e r i s t i c s  o f  t h e s e  s y s t e m s . E x c e s s i v e  d e f o r m a t i o n s  o f  t h e s e  b r i d g e s ,
e i t h e r  o v e r a l l  o r  d i f f e r e n t l y  w i t h i n  t h e  b r i d g e ,  c a n  l e a d  t o  s e r i o u s
maintenance problems when i t  comes to  wear ing surfaces  and fa t igue of
components .  However ,  both  appl icat ions  are  a imed a t  u t i l iz ing local  wood
species  in  the  deck sys tems as  much as  poss ib le .

SUMMARY

This  br ief  review of  the  work being performed on wood br idges  around
N o r t h  A m e r i c a  h a r d l y  r e f l e c t s  t h e  q u a n t i t y  o f  i n f o r m a t i o n  t h a t  n o w  e x i s t s  o n
wood bridges using the SWS. A d d i t i o n a l  d e t a i l s  c a n  b e  o b t a i n e d  t h r o u g h  t h e
r e f e r e n c e s  w h i c h  i n  t u r n  i d e n t i f y  o t h e r  l i t e r a t u r e  o n  t h e  s a m e  s u b j e c t s .
There  are  no formal  des ign speci f ica t ions  for  composi te  SWS designs .  Al though
there  is  considerable  development  work going on i t  wi l l  take some t ime to
proper ly  evaluate  the  performance of  these  composi tes  through the  moni tor ing
a n d  t e s t i n g  o f  t h e  m a n y  p r o t o t y p e  b r i d g e s  t h a t  a r e  b e i n g  c o n s t r u c t e d .

The FPL and MTO are currently developing a cooperative program to
evaluate and monitor the many existing SWS bridges as well as the R & D
act ivi t ies  around North  America . This  program wil l  not  be  a imed a t
c o n t r o l l i n g  t h e  d e v e l o p m e n t  w o r k  b u t  r a t h e r  m o n i t o r i n g  t h e  a c t i v i t i e s  i n
e f f o r t s  t o  c o n s o l i d a t e  t h e  w o r k  o f  t h e  m a n y  g r o u p s  i n t e r e s t e d  i n  d e v e l o p i n g
the SWS for longer span wood bridges.
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