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On A p r i l  5 ,  1 9 8 7 ,  t w o  o f  t h e  f i v e  s p a n s  o f  t h e  New Y o r k  
t e  T h r u w a y  ( 1 - 9 0 )  b r i d g e  o v e r  t h e  S c h o h a r i e  C r e e k  f e l l  a b o u t  
f e e t  i n t o  a r a i n - s w o l l e n  c r e e k  a f t e r  p i e r  3 ,  w h i c h  p a r t i a l l y  

s u p p o r t e d  t h e  t w o  s p a n s ,  c o l l a p s e d .  N i n e t y  m i n u t e s  a f t e r  t h e  
i n i t i a l  c o l l a p s e ,  p i e r  2 and  a t h i r d  s p a n  c o l l a p s e d .  F o u r  
p a s s e n g e r  c a r s  a n d  o n e  t r a c t o r - s e m i t r a i l e r  p l u n g e d  i n t o  t h e  
c r e e k ,  and  10 p e r s o n s  w e r e  f a t a l l y  i n j u r e d .  IJ 

T h e  S c h o h a r i e  C r e e k  B r i d g e ,  w h i c h  was o p e n e d  i n  1 9 5 4 ,  was 
g e n e r a l l y  d e s i g n e d  a n d  c o n s t r u c t e d  t o  c o m p l y  w i t h  t h e  1 9 4 9  
A m e r i c a n  A s s o c i a t i o n  o f  S t a t e  H i g h w a y  O f f i c i a l s  (AASHO) " S t a n d a r d  
S p e c i f i c a t i o n s  f o r  H i g h w a y  B r i d g e s "  a s  r e q u i r e d  by t h e  d e s i g n  
c o n t r a c t .  S e c t i o n  3 . 1 . 1  o f  t h e  s t a n d a r d s  c a l l e d  f o r  a c a r e f u l  
s t u d y  o f  l o c a l  c o n d i t i o n s  i n c l u d i n g  f l o w  ( d i s c h a r g e )  and  
f r e q u e n c y ,  p e r f o r m a n c e  o f  o t h e r  b r i d g e s  i n  t h e  v i c i n i t y ,  and  
o t h e r  i n f o r m a t i o n  p e r t i n e n t  t o  t h e  d e s i g n  o f  t h e  b r i d g e  and  
l i k e l y  t o  a f f e c t  t h e  s a f e t y  o f  t h e  s t r u c t u r e .  I n  r e s p o n s e  t o  
w r i t t e n  q u e s t i o n s  f r o m  t h e  N a t i o n a l  T r a n s p o r t a t i o n  S a f e t y  B o a r d ,  
t h e  b r i d g e  d e s i g n e r ,  P a v l o ,  s t a t e d  t h a t  h e  d i d  n o t  s t u d y  t h e  
h i s t o r y  o f  S c h o h a r i e  C r e e k  b e f o r e  p r e p a r i n g  t h e  f i n a l  d e s i g n .  
M a d i g a n - H y l a n d  C o n s u l t i n g  E n g i n e e r s  ( M - H ) ,  who d e v e l o p e d  t h e  
p r e l i m i n a r y  p l a n s ,  d e s i g n  p l a n s ,  s p e c i f i c a t i o n s ,  a n d  q u a n t i t y  a n d  
c o s t  e s t i m a t e s ,  c o n d u c t e d  a l i m i t e d  h y d r a u l i c  r e v i e w  a s  
i n d i c a t e d  b y  i t s  h y d r a u l i c  s h e e t .  H o w e v e r ,  t h e  s h e e t  d i d  n o t  
c a l l  f o r  comments  n o r  w e r e  comments  a d d e d  c o n c e r n i n g  t h e  c r e e k ' s  
f l o o d  h i s t o r y  o r  t h e  p e r f o r m a n c e  o f  s t r u c t u r e s  a l o n g  t h e  c r e e k  
d u r i n g  p r i o r  f l o o d s ,  e v e n  t h o u g h  some o f  t h e  i n f o r m a t i o n  was 
r e a d i l y  a v a i l a b l e  a t  t h e  t i m e .  T h e  New Y o r k  S t a t e  D e p a r t m e n t  o f  
P u b l i c  W o r k s  (DPW) s u b s e q u e n t l y  p r o v i d e d  s u c h  i n f o r m a t i o n  o n  some 
f l o o d s  t o  M-H. 

F o r  m o r e  i n f o r m a t i o n ,  r e a d  H i g h w a y  A c c i d e n t  R e p o r t - - " C o l l a p s e  
o f  New Y o r k  S t a t e  T h r u w a y  A u t h o r i t y  ( 1 - 9 0 )  B r i d g e  O v e r  t h e  
S c h o h a r i e  C r e e k ,  A m s t e r d a m ,  New Y o r k ,  A p r i l  5, 1 9 8 7 "  (NTSB/HAR- 
8 8 / 0 2 ) .  
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C o r r e s p o n d e n c e  b e t w e e n  M - H  and  t h e  DPW r e l a t i n g  t o  
h y d r a u l i c s  u s u a l l y  a d d r e s s e d  t h e  l e n g t h  o f  t h e  b r i d g e  a n d  t h e  
e l e v a t i o n  o f  t h e  b a c k w a t e r ,  b u t  n o t  t h e  f r e q u e n c y  a n d  m a g n i t u d e  
o f  p r e v i o u s  f l o o d s  o r  t h e i r  e f f e c t s  o n  o t h e r  s t r u c t u r e s  o v e r  t h e  
S c h o h a r i e  C r e e k .  F o r  e x a m p l e ,  S a f e t y  B o a r d  i n v e s t i g a t o r s  w e r e  
u n a b l e  t o  f i n d  i n  t h e  M - H  h y d r a u l i c  s h e e t  a n y  m e n t i o n  o f  t h e  
t h r e e  f l o o d s  t h a t  e x c e e d e d  5 0 , 0 0 0  c u b i c  f e e t  p e r  s e c o n d  ( c f s ) ,  
w h i c h  o c c u r r e d  d u r i n g  t h e  f i r s t  h a l f  o f  t h e  2 0 t h  c e n t u r y ,  l e t  
a l o n e  an  a n a l y s i s  o f  t h e i r  i m p o r t a n c e  t o  t h e  d e s i g n  a n d  
c o n s t r u c t i o n  o f  t h e  b r i d g e .  

The M - H  h y d r a u l i c  s h e e t  d o e s  i n d i c a t e  t h a t  M - H  w a s  a w a r e  o f  
t h e  p o t e n t i a l  f o r  e r o s i o n  i n  t h e  b a n k s  a n d  t h e  s t r e a m b e d  o f  t h e  
S c h o h a r i e  C r e e k ,  b u t  i t s  f a i l u r e  t o  r e v i e w  t h e  a v a i l a b l e  h i s t o r y  
l i m i t e d  i t s  a p p r e c i a t i o n  f o r  t h e  p o t e n t i a l  f o r  s c o u r  a t  t h i s  
b r i d g e  s i t e .  I f  M - H  h a d  v i s i t e d  some o f  t h e  o t h e r  s t r u c t u r e s  
a l o n g  t h e  c r e e k ,  s u c h  a s  t h e  a q u e d u c t  3 , 0 0 0  f e e t  n o r t h  o f  t h e  
b r i d g e ,  i t  p r o b a b l y  c o u l d  h a v e  o b s e r v e d  s c o u r  n e a r  t h e  p i e r s  a n d  
t h i s  may h a v e  h e i g h t e n e d  i t s  c o n c e r n  f o r  s c o u r .  

S e c t i o n  3 . 5 . 2  o f  t h e  A A S H O  S t a n d a r d s  s t i p u l a t e d  t h a t  t h e  
b o t t o m  o f  t h e  f o o t i n g  o f  a p i e r  i n  a s t r e a m  s h o u l d  n o t  b e  l e s s  
t h a n  6 f e e t  b e l o w  t h e  p e r m a n e n t  b e d  o f  t h e  s t r e a m .  F u r t h e r ,  
s e c t i o n  2 . 1 . 2  o f  t h e  A A S H O  S t a n d a r d s  s t a t e d  t h a t  t h e  e l e v a t i o n  o f  
t h e  b o t t o m  o f  t h e  f o o t i n g ,  a s  shown o n  t h e  p l a n s ,  " s h a l l  b e  
c o n s i d e r e d  a s  a p p r o x i m a t e  o n l y  a n d  t h e  e n g i n e e r  may o r d e r .  . .  
c h a n g e s  i n . .  " e l e v a t i o n  o f  f o o t i n g s . "  

D o c u m e n t a t i o n  o n  t h i s  b r i d g e  i s  i n c o n s i s t e n t  c o n c e r n i n g  t h e  
e l e v a t i o n  o f  t h e  s t r e a m b e d  a t  t h e  p i e r s .  A c c o r d i n g  t o  1 9 5 1  s o i l  
b o r i n g  t e s t s  and  a M a r c h  1 9 5 2  f i e l d  s u r v e y ,  t h e  e l e v a t i o n  o f  t h e  
s t r e a m b e d  a t  t h e  b r i d g e  s i t e  a t  t h a t  t i m e  was 276  t o  277  f e e t .  
H o w e v e r ,  t h e  d e s i g n  p l a n s  ( d a t e d  S e p t e m b e r  1 9 5 2 )  showed  t h e  
e l e v a t i o n  o f  t h e  s t r e a m b e d  n e a r  p i e r  2 a t  a p p r o x i m a t e l y  2 7 3  f e e t  
a t  t h e  n o r t h w e s t  c o r n e r  o f  t h e  p i e r  a n d  a b o u t  2 7 5  f e e t  a t  t h e  
s o u t h e a s t  c o r n e r  o f  t h e  p i e r .  F u r t h e r ,  a c c o r d i n g  t o  a s u r v e y  f o r  
t h e  f i n a l  q u a n t i t y  e s t i m a t e s ,  t h e  g r o u n d  a t  p i e r  2 h a d  an  
e l e v a t i o n  o f  j u s t  b e l o w  273 f e e t .  The s u r v e y  a l s o  showed  t h e  
e l e v a t i o n  o f  t h e  b o t t o m  o f  t h e  f o o t i n g  t o  h a v e  b e e n  2 7 0  f e e t  ( 3  
f e e t  b e l o w  t h e  s t r e a m b e d  a t  t h e  n o r t h w e s t  c o r n e r  o f  p i e r  2 ) .  

To c o m p l y  w i t h  s e c t i o n  2 . 1 . 2  o f  t h e  AASHO S t a n d a r d s ,  t h e  
d e s i g n  e n g i n e e r  o r  t h e  e n g i n e e r  i n  t h e  f i e l d  s h o u l d  h a v e  m o d i f i e d  
t h e  d e s i g n  p l a n s  t o  p l a c e  t h e  b o t t o m  o f  t h e  p i e r  2 f o o t i n g  a t  an 
e l e v a t i o n  a b o u t  267  f e e t  o r  l o w e r .  T h i s  e l e v a t i o n  w o u l d  h a v e  
p l a c e d  t h e  b o t t o m  o f  t h e  f o o t i n g s  6 f e e t  b e l o w  t h e  s t r e a m b e d  
e l e v a t i o n  o f  2 7 3  f e e t  i n d i c a t e d  i n  t h e  f i n a l  q u a n t i t y  e s t i m a t e s .  

A l t h o u g h  t h e  l o w e s t  s t r e a m b e d  e l e v a t i o n  shown i n  a n y  o f  t h e  
d e s i g n  d o c u m e n t a t i o n  was 273 f e e t ,  t h e  e l e v a t i o n  o f  t h e  maximum 
s c o u r  d e p t h  n e a r  p i e r  2 w a s  m e a s u r e d  a t  a p p r o x i m a t e l y  265  f e e t  
a f t e r  t h e  a c c i d e n t .  T h u s ,  e v e n  i f  t h e  b o t t o m  o f  t h e  f o o t i n g  a t  
p i e r  2 h a d  b e e n  p l a c e d  6 f e e t  b e l o w  t h e  s t r e a m b e d  a t  an  e l e v a t i o n  
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of 267 feet or slightly lower, the collapse of pier 2 i n  the 
accident probably would not have been averted although it may 
have been delayed. However, the undermining of the foundation 
beneath pier 2 occurred only after the creek flow was diverted by 
the debris from spans 3 and 4; consequently, this design 
deficiency did not contribute to the initial collapse of the 
bridge. 

Unfortunately, i n  the early 1950s, no method was available 
to predict scour depth. Today, methods do exist to estimate the 
maximum depths of scour conservatively, but these methods may not 
be a s  precise as desired. The current American Association of 
State Highway and Transportation Officials (AASHTO) requirement 
for spread footings is very similar to the 1949 AASHO 
requirements. Based on this collapse, as well as on an improved 
understanding of hydraulics and an improved ability to predict 
scour, the Safety Board believes that AASHTO should modify its 
requirements for the depth bf the footings (section 4.4.2.1 of 
the Standard Specifications for Highway Bridges) and require that 
the depth be based on estimates of the maximum potential depth of 
scour at the bridge site, rather than on the existing streambed 
elevation. 

Scour piles may have provided the stability needed for the 
substructure to withstand the scour of the 1987 flood since the 
maximum scour depth observed at the bridge site was 9 feet below 
the bottom of the footing of pier 3. The AASHO Standards stated 
that scour piles should extend not less than 1 0  feet below the 
footing. However, since the Safety Board cannot be certain how 
deep the scour hole at pier 3 may have become had spans 3 and 4 
not fallen when they did, it is not possible to conclude that 
piles driven in accordance with the AASHO recommendations for 
pile depths would have prevented the bridge collapse. Certainly, 
if piles were driven deeply enough, the piers would not have lost 
their support. Therefore, the Safety Board concludes that had 
the Schoharie Creek Bridge been designed with piles to protect 
against scour, the collapse might not have occurred, depending on 
how deeply the piles were driven below the footings. 

However, AASHO specifications and design standards i n  the 
early 1950s were not absolutely clear as to when piles should be 
specified by bridge designers. Section 3.5.1 of the AASHO 
Standards specified that at locations where unusual erosion might 
occur and where the soil conditions permitted the driving of 
piles, piles should be used to protect against scour, even if the 
safe bearing resistance of the natural soil was sufficient to 
support the structure without piling. Although section 3.5.1 
used the words "unusual erosion," it did not. define these words 
or provide any guidance on how one would determine if "unusual 
erosion" might occur. 
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U s i n g  f o r m u l a s  a v a i l a b l e  t o d a y ,  C o l o r a d o  S t a t e  U n i v e r s i t y  
(CSU) p r e d i c t e d  a maximum d e p t h  o f  s cour  a t  p i e r  3 o f  26  f e e t .  

I t  i s  p o s s i b l e  t h a t  had  t h e  b r i d g e  n o t  c o l l a p s e d  when i t  d i d ,  
w i t h  i t s  d e b r i s  c h a n g i n g  t h e  c r e e k  f l o w ,  t h e  d e p t h  o f  t h e  s cour  
h o l e  a t  p i e r  3 m i g h t  h a v e  i n c r e a s e d  and  p e r h a p s  even a p p r o a c h e d  
t h e  2 6 - f o o t  d e p t h  e s t i m a t e d  b y  CSU. O b v i o u s l y ,  a p r e d i c t e d  
d e p t h  o f  s c o u r  o f  26 f e e t  wou ld  h a v e  j u s t i f i e d  t h e  u s e  o f  p i l e s  
a t  t h i s  s i t e  a l t h o u g h ,  t o  h a v e  been e f f e c t i v e ,  t h e  p i l e s  would  
h a v e  had  t o  be  d r i v e n  w e l l  b e l o w  t h e  1 0 - f o o t  d e p t h  recommended by 
t h e  1 9 4 9  AASHO S t a n d a r d s .  

S e c t i o n  4 . 3 . 1 . 2  o f  t h e  c u r r e n t  AASHTO S t a n d a r d s  s t i l l  
a l l o w s  p i l e s  t o  be  d r i v e n  t o  a d e p t h  o f  10  f e e t ,  a s  d i d  t h e  1 9 4 9  
AASHO S t a n d a r d s .  However ,  s e c t i o n  4 . 3 . 5 . 4  o f  t h e  c u r r e n t  AASHTO 
S t a n d a r d s  s t a t e s ,  " S u b s u r f a c e  i n v e s t i g a t i o n s  s h a l l  b e  made t h a t  
w i l l  d e t e r m i n e  t h e  p r o b a b l e  d e p t h  o f  s c o u r  o r  f l o t a t i o n  o f  
m a t e r i a l  and  t h e  c o n d i t i o n  o f  l a t e r a l  s u p p o r t  o f  t h e  p i l e s . "  
A l t h o u g h  t h i s  c o u l d  be  i n t e r p r e t e d  by some d e s i g n e r s  a s  
o v e r r i d i n g  s e c t i o n  4 . 3 . 1 . 2 ,  o t h e r  d e s i g n e r s  may s i m p l y  f o l l o w  t h e  
p r o v i s i o n s  o f  s e c t i o n  4 . 3 . 1 . 2 .  T h u s ,  t h e  S a f e t y  B o a r d  b e l i e v e s  
t h a t  s e c t i o n  4 . 3 . 1 . 2  s h o u l d  be m o d i f i e d  t o  r e q u i r e  t h a t  t h e  d e p t h  
o f  p i l e s  e x c e e d  t h e  p r e d i c t e d  maximum p o t e n t i a l  d e p t h  o f  s c o u r .  

When t h e  S c h o h a r i e  Creek  B r i d g e  was d e s i g n e d  and  b u i l t ,  t h e  
u se  o f  r i p r a p  was a r e c o g n i z e d  means o f  p r o v i d i n g  p r o t e c t i o n  
a g a i n s t  s c o u r  and  r i p r a p  was s p e c i f i e d  i n  t h e  c o n t r a c t .  W i t h o u t  
p i l e s ,  t h e  i n t e g r i t y  o f  t h e  b r i d g e  f o u n d a t i o n  d e p e n d e d  c o m p l e t e l y  
on t h e  m a i n t e n a n c e  o f  r i p r a p  f o r  p r o t e c t i o n  a g a i n s t  s c o u r .  Based  
on p i c t u r e s  and  i n s p e c t i o n  l o g s ,  t h e  S a f e t y  B o a r d  c o n c l u d e s  t h a t ,  
a s  i n d i c a t e d  on t h e  d e s i g n  p l a n s ,  t h e  c o n s t r u c t i o n  company d i d  
i n s t a l l  a t h i c k  l a y e r  o f  r i p r a p  a r o u n d  p i e r s  2 and  3 .  T h i s  l a y e r  
o f  r i p r a p ,  w h i c h  i n c l u d e d  l a r g e  r o c k s ,  p r o t e c t e d  t h e  p i e r  
f o u n d a t i o n s  d u r i n g  t h e  f l o o d  o f  r e c o r d  i n  1 9 5 5  and  n u m e r o u s  
s m a l l e r  f l o o d s .  The 1 9 5 5  f l o o d  o f  r e c o r d  had  t h e  p o t e n t i a l  t o  
move l a r g e  q u a n t i t i e s  o f  r i p r a p  from t h e  f r o n t  o f  p i e r s  2 and  3 .  
A l t h o u g h  t h e  i n s p e c t i o n  r e p o r t  f o r  t h e  a c c e p t a n c e  o f  t h e  b r i d g e  
on May 31 ,  1 9 5 6 ,  d i d  n o t  m e n t i o n  r i p r a p  movemen t ,  p h o t o g r a p h s  
t a k e n  on O c t o b e r  3 0 ,  1 9 5 6 ,  showed movement o f  r i p r a p  n o r t h w a r d  
a l o n g  p i e r s  2 and  3 .  O t h e r  p h o t o g r a p h s  t a k e n  from 1 9 5 4  t o  1 9 7 7  
d u r i n g  l o w  w a t e r  d i s c l o s e d  t h a t  some o f  t h e  r o c k s  had  moved 
n o r t h w a r d  d u r i n g  t h a t  p e r i o d  o f  t i m e .  

P h o t o g r a p h s  t a k e n  i n  1 9 5 6  i n d i c a t e  t h a t  r i p r a p  o r i g i n a l l y  
p l a c e d  a t  t h e  s o u t h  e n d  o f  p i e r  3 moved n o r t h w a r d  a l o n g  t h e  e a s t  
s i d e  o f  t h e  p i e r .  To t h e  e a s t  o f  p i e r  3 ,  a 3 . 5 - f o o t  i n c r e a s e  i n  
r i p r a p  o v e r  t h a t  s p e c i f i e d  i n  t h e  d e s i g n  p l a n s  i s  v i s i b l e  i n  t h e  
1 9 5 6  p h o t o g r a p h s .  T h i s  r e p r e s e n t e d  as  much a s  6 5  p e r c e n t  o f  t h e  
r i p r a p  t h a t  had  been  o r i g i n a l l y  p l a c e d  a t  t h e  s o u t h  e n d  o f  t h e  
p i e r s ,  a s s u m i n g  t h a t  few c o b b l e s  w e r e  mixed  i n  w i t h  t h e  r i p r a p .  
Th i s  i n d i c a t e s  t h a t  t h e  s o u t h  end  o f  p i e r  3 may h a v e  l a c k e d  
s i g n i f i c a n t  p r o t e c t i o n  d u e  t o  l a c k  o f  r i p r a p  s i n c e  1 9 5 6 .  

( T h e  m a x i m u m  d e p t h  o b s e r v e d  a t  t h e  a c c i d e n t  s i t e  was 1 5  f e e t . )  1 
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Inspections in 1977 and 1979 indicated that some of the 
riprap and streambed material had moved at pier 3 and even more 
had moved at pier 2 .  Due to the lower water velocities at pier 
2,  lesser amounts o f  cobble and other larger material may have 
been transported into the scour area at pier 2 than into the area 
around pier 3 .  After 1977, the frequency and magnitude of floods 
increased, and the movement o f  riprap away from pier 3 and its 
replacement with cobbles and streambed material probably 
increased. 

Further, based on the magnitude of their flows, their 
direction, and their similarities in velocity, the floods of 1955 
and 1987 (as demonstrated by photographic evidence and by the 
results o f  the physical models and the computer analyses) had 
similar erosion capability. The Safety Board thus concludes 
that had the piers been protected by riprap at the time of the 
April 1987 flood as they were during the 1955 flood, the bridge 
probably would not have collapsed. 

From the time the Thruway was opened, the New York State 
Transportation Auth0rit.y (NYSTA), as did the New York State 
Department of Transportation (NYSDOT) and many other 
organizations, used maintenance personnel to inspect bridges for 
both maintenance needs and safety inspections. The inspections 
in the NYSTA Albany division were accomplished not by engineers 
but by personnel whose primary responsibilities were in bridge 
maintenance. The Albany assistant division engineer (bridges) 
was not a professional engineer but had received the training and 
had the years of experience required by the Federal Highway 
Administration (FHWA) National Bridge Inspection Standards (NBIS) 
to qualify for conducting bridge inspections. 

However, in his 1986 inspection of the bridge, and in 
previous inspections, the Albany assistant division engineer 
(bridges) failed to evaluate the condition of the riprap at the 
piers properl,y, and he failed to take the dropline readings 
necessary to evaluate the conditions in the streambed. These two 
tasks were specifically required in the NYSDOT Bridge Inspection 
Manual (BIM-82) and earlier documents on bridge inspections. The 
fact that he overlooked these two tasks indicated that he either 
did not think they were important or he did not understand their 
importance. In addition, the engineer's supervisors, who should 
have reviewed his reports, apparently did not review his reports 
or failed to recognize the seriousness of the omissions and 
therefore did not attempt to correct the situation. 

The Albany assistant division engineer (bridges) may have 
assumed that the bridge piers were built on piles and therefore 
did not regard riprap maintenance as important. In his 1986 
inspection of the bridge, he gave piles a rating of "9," 
indicating condition unknown, rather than "8," not applicable. 
At the Safety Board's public hearing, he also indicated that he 
thought the bridge was constructed on piles. Some o f  the bridge 
inspection reports that he signed as far back as 1970 indicate 
that he thought the bridge was built on piles, but other reports 
indicate the opposite. 
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E n t r i e s  i n  t h e  m a i n t e n a n c e  l o g  o f  t h e  S c h o h a r i e  C r e e k  
B r i d g e  d a t e  b a c k  t o  1 9 5 5 .  None o f  t h e  e n t r i e s  a d d r e s s  t h e  

( b r i d g e s )  s a i d  t h a t  he d i d  n o t  r e c a l l  r i p r a p  eve r  h a v i n g  b e e n  
p l a c e d  o r  m a i n t a i n e d  a r o u n d  t h e  p i e r  f o o t i n g s .  Fu r the r ,  t h e r e  i s  
no  e v i d e n c e  t o  i n d i c a t e  t h a t  r i p r a p  h a d  e v e r  b e e n  r e p l a c e d  a r o u n d  
t h e  p i e r s  a f t e r  t h e  b r i d g e  was o p e n e d  t o  t r a f f i c  i n  1 9 5 4 .  

I n  1 9 7 9 ,  an e n g i n e e r i n g  f i r m  c o n d u c t e d  b r i d g e  i n s p e c t i o n s  
f o r  t h e  NYSDOT t o  c o m p l y  w i t h  t h e  NBIS i n v e n t o r y  r e q u i r e m e n t s  f o r  
o f f - s y s t e m  b r i d g e s .  S k e t c h e s  made by t h e  a s s i s t a n t  team l e a d e r  
d u r i n g  t h a t  i n s p e c t i o n  c l e a r l y  showed t h a t  r i p r a p  a r o u n d  p i e r s  2 
and  3 was m i s s i n g .  The m e a s u r e m e n t s  on t h e  s k e t c h e s ,  w h e n  
compared  w i t h  t h e  o r i g i n a l  d e s i g n  p l a n s ,  showed a s i g n i f i c a n t  
d e c r e m e n t  i n  t h e  r i p r a p  c o v e r  o f  t h e  f o o t i n g .  The m e a s u r e m e n t s  
a n d  p h o t o g r a p h s  from t h e  i n s p e c t i o n  c l e a r l y  i n d i c a t e d  t h a t  r i p r a p  
was n o t  p i l e d  a t  an e v e n  l e v e l  a r o u n d  t h e  p l i n t h .  T h i s  
i n f o r m a t i o n  s h o u l d  h a v e  a l e r t e d  a p e r s o n  k n o w l e d g e a b l e  i n  r i v e r  
m e c h a n i c s  and  s t r u c t u r e s  t h a t  r i p r a p  had  moved,  p o s i n g  a d a n g e r  
t o  t h e  s t r u c t u r e .  However ,  t h e  t e a m  l e a d e r ,  a r e g i s t e r e d  
p r o f e s s i o n a l  e n g i n e e r ,  g a v e  b o t h  p i e r s  2 and  3 a r a t i n g  o f  6 f o r  
i t s  s c o u r  c o n d i t i o n .  T h i s  was t h e  b e s t  r a t i n g  t h a t  c o u l d  be 
g i v e n  i f  e r o s i o n  o r  s c o u r  h a d  a f f e c t e d ,  i n  a n y  way,  t h e  m a t e r i a l  
a b o v e  t h e  b o t t o m  o f  t h e  f o o t i n g  b u t  had  n o t  u n d e r m i n e d  t h e  
f o o t i n g .  A r a t i n g  o f  7 would  h a v e  i n d i c a t e d  t h a t  t h e r e  had n o t  
been a n y  l o s s  o f  m a t e r i a l  a r o u n d  t h e  p i e r s .  l h e  t e a m  l e a d e r  a l s o  
c o d e d  t h e  p i e r - p i l e s  co lumn i n  t h e  b r i d g e  i n s p e c t i o n  r e p o r t  a s  
" 8 , "  m e a n i n g  t h a t  no p i l e s  w e r e  p r e s e n t  u n d e r  t h e  p i e r s .  

The  S a f e t y  Board  b e l i e v e s  t h a t  t h e  s k e t c h e s  showed t h a t  a 
s i g n i f i c a n t  amount  o f  r i p r a p  had moved away from t h e  u p s t r e a m  
e n d s  o f  t h e  p i e r s  i n  1 9 7 9  a n d ,  e s p e c i a l l y  s i n c e  t h e r e  were no 
p i l e s ,  t h e  e n g i n e e r i n g  f i rm s h o u l d  h a v e ,  i n  a c c o r d a n c e  w i t h  i t s  
a g r e e m e n t  w i t h  t h e  NYSDOT, i m m e d i a t e l y  c a l l e d  t h e  NYSDOT p r o j e c t  
m a n a g e r  t o  a l e r t  h im.  The  c a l l  a l s o  s h o u l d  h a v e  b e e n  f o l l o w e d  
w i t h  a l e t t e r .  However ,  t h e r e  i s  no  e v i d e n c e  t h a t  t h e  firm s o  
n o t i f i e d  t h e  NYSDOT ( o r  t h e  NYSTA) o f  t h e  r i p r a p  d e f i c i e n c y .  

When t h e  NYSDOT r e c e i v e d  t h e  r e p o r t ,  i t  d i d  n o t  n o t i f y  t h e  
NYSTA o f  t h e  m i s s i n g  r i p r a p ,  i n d i c a t i n g  e i t h e r  t h a t  NYSDOT 
pe r sonne l  d i d  n o t  r e v i e w  t h e  r e p o r t  o r  t h a t  t h e y  b e l i e v e d  t h e  
m i s s i n g  r i p r a p  r e q u i r e d  no a t t e n t i o n .  I t  i s  q u i t e  l i k e l y  t h a t  
NYSDOT p e r s o n n e l  d i d  n o t  review t h e  r e p o r t  s i n c e  t h e y  o n l y  
r e v i e w e d  some o f  t h e  i n s p e c t i o n  r e p o r t s  and  t h o s e  t h e y  d i d  r e v i e w  
were g e n e r a l l y  r e v i e w e d  f o r  c o d i n g  and  f o r m a t  e r r o r s  o n l y .  

When t h e  NYSTA f i n a l l y  r e c e i v e d  t h e  r e p o r t  i n  A p r i l  1 9 8 0 ,  
i t  d i d  n o t  r e p l a c e  t h e  m i s s i n g  r i p r a p ,  i n d i c a t i n g  e i t h e r  t h a t  i t  
a l s o  d i d  n o t  r e v i e w  t h e  r e p o r t  o r  t h a t  i t  d i d  n o t  c o n s i d e r  t h e  
s i t u a t i o n  s e r i o u s  e n o u g h  t o  r e q u i r e  c o r r e c t i o n .  I f  t h e  r e p o r t  
was r e v i e w e d  by t h e  NYSTA, t h e  s k e t c h e s  and  t h e  r a t i n g  e l e m e n t s  
s h o u l d  h a v e  a l e r t e d  t h e  r e v i e w e r  t h a t  t h e  b r i d g e  was n o t  b u i l t  o n  
p i l e s  and  t h a t  t h e  d e p l e t i o n  o f  r i p r a p  was i m p o r t a n t .  Fu r the r ,  

m a i n t e n a n c e  o f  r i p r a p .  The A l b a n y  a s s i s t a n t  d i v i s i o n  e n g i n e e r  ( 
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t h e  i n s p e c t i o n s  s h o u l d  h a v e  r e l i e v e d  t h e  NYSTA o f  t h e  n e e d  t o  
p e r f o r m  a b r i d g e  i n s p e c t i o n  t h a t  y e a r ;  t h e  t i m e  s a v e d  c o u l d  h a v e ,  
a n d  s h o u l d  h a v e ,  been  u s e d  t o  t h o r o u g h l y  a n a l y z e  t h e  r e p o r t .  
( T h e s e  i n s p e c t i o n s  o f  t h e  S c h o h a r i e  C r e e k  B r i d g e  w e r e  on March 26 
and  A u g u s t  1 5 ,  1 9 7 9 ;  t h e  NYSTA’s i n s p e c t i o n  was on O c t o b e r  2 1 ,  
1 9 7 9 . )  

I n  1 9 8 2 ,  a m a j o r  r e h a b i l i t a t i o n  p r o j e c t  g r e a t l y  i m p r o v e d  
t h e  s u p e r s t r u c t u r e  a n d  s u b s t r u c t u r e  a b o v e  t h e  w a t e r  l i n e  b a s e d  o n  
i n s p e c t i o n s ,  r e p o r t s ,  and  p l a n s  p r e p a r e d  by a n  e n g i n e e r i n g  f i r m  
h i r e d  by NYSTA. U n f o r t u n a t e l y ,  t h e  p l a n s  f i n a l i z e d  by t h e  NYSTA 
d i d  n o t  c a l l  f o r  t h e  r e p l a c e m e n t  o f  m i s s i n g  r i p r a p  w i t h  6 0 0  c u b i c  
y a r d s  o f  6 0 0 - p o u n d  r i p r a p ,  a s  had  b e e n  s p e c i f i e d  i n  t h e s e  p l a n s .  
R e p l a c e m e n t  r i p r a p  was removed from t h e  p l a n s  a t  t h e  d i r e c t i o n  o f  
t h e  NYSTA t e c h n i c i a n  r e spons ib l e  f o r  f i n a l i z i n g  t h e  p l a n s .  

Memoranda w r i t t e n  i n  1 9 7 8  a n d  1 9 8 0  by NYSTA p e r s o n n e l  
i n d i c a t e d  t h a t  t h e  a s s i s t a n t  s u p e r i n t e n d e n t  o f  m a i n t e n a n c e  
( b r i d g e s ) ,  t h e  d i r e c t o r  o f  c o n s t r u c t i o n  and  d e s i g n ,  and  t h e  
d e s i g n  u n i t  h e a d  w e r e  a w a r e  t h a t  r i p r a p  had  b e e n  c a l l e d  f o r  a s  
p a r t  o f  t h e  r e h a b i l i t a t i o n  p l a n s .  When a t e c h n i c i a n  d e c i d e d  t o  
d e l e t e  r i p r a p  f r o m  t h e  f i n a l  p l a n s ,  t h e s e  same s u p e r v i s o r s  e i t h e r  
c h e c k e d  t h e  p l a n s  and  a g r e e d  w i t h  h i s  d e c i s i o n ,  o r  t h e y  d i d  n o t  
c h e c k  t h e  p l a n s .  The S a f e t y  Board  b e l i e v e s  t h a t  a f a i l u r e  o f  t h e  
supe rv i so r  t o  r e v i e w  t h i s  d e c i s i o n  wou ld  h a v e  been a ma.jor 
d e f i c i e n c y  i n  h i s  o v e r s i g h t  o f  a s u b o r d i n a t e .  I n  e i t h e r  c a s e ,  
h o w e v e r ,  t h e  d e c i s i o n  n o t  t o  r e p l a c e  t h e  r i p r a p  was a c r i t i c a l  
d e c i s i o n  t h a t  c o n t r i b u t e d  t o  t h e  c a u s e  o f  t h e  a c c i d e n t .  

The c i r c u m s t a n c e s  o f  t h i s  a c c i d e n t  show t h a t  b e t t e r  
g u i d a n c e  i s  n e e d e d .  I n s p e c t o r s  ( a n d  some s u p e r v i s o r s )  f r o m  t h e  
NYSTA, t h e  NYSDOT, and  t h e  f i r m  h i r e d  by NYSDOT e i t h e r  f a i l e d  t o  
u n d e r s t a n d  t h e  i m p o r t a n c e  o f  r i p r a p  or f a i l e d  t o  r e c o g n i z e  t h a t  
s u f f i c i e n t  r i p r a p  had m i g r a t e d  f r o m  p i e r s  2 and  3 t o  p o s e  a 
d a n g e r  t o  t h e  b r i d g e .  

The S a f e t y  Board  b e l i e v e s  t h a t  t h e  i n a d e q u a t e  g u i d a n c e  i n  
t h e  r e p l a c e m e n t  o f  r i p r a p  p r o v i d e d  t o  t h e  NYSTA i n s p e c t o r s  
r e s u l t e d ,  i n  p a r t ,  f r o m  t h e  l a c k  o f  s p e c i f i c  g u i d a n c e  a v a i l a b l e  
at, t h e  t i m e  f r o m  t h e  F H W A  o r  AASHTO. I n  f a c t ,  i t  i s  n o t  c l e a r  
t h a t  t h e  s i t u a t i o n  i s  a n y  b e t t e r  t o d a y .  The  S a f e t y  B o a r d  h a s  
r e v i e w e d  l i t e r a t u r e  f r o m  s e v e r a l  o r g a n i z a t i o n s  t h a t  p r o v i d e d  
g u i d a n c e  on b r i d g e  i n s p e c t i o n  and  m a i n t e n a n c e  and  h a s  f o u n d  no 
s p e c i f i c  g u i d a n c e  o n  w h e n  t o  r e p l a c e  r i p r a p  and  v e r y  l i t t l e  o n  
w h e n  t o  r e p a i r  s c o u r  damage a t  p i e r s  f o u n d e d  on s p r e a d  f o o t i n g s .  
Many b r i d g e  e n g i n e e r s  s t a t e  t h a t  s p e c i f i c  g u i d a n c e  c a n n o t  be  
p r o v i d e d ,  b u t  t h a t  i n s p e c t o r s  n e e d  t o  u s e  t h e i r  e n g i n e e r i n g  
j u d g m e n t .  
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The  S a f e t y  B o a r d  i s  c o n c e r n e d  t h a t  b r i d g e s  s i m i l a r  t o  t h e  
S c h o h a r i e  C r e e k  B r i d g e  may n o t  be  r e c e i v i n g  p r o p e r  r i p r a p  
m a i n t e n a n c e  because  t h e r e  i s  no  p r o p e r  g u i d a n c e  a s  t o  w h e n  t o  
r e p l a c e  r i p r a p .  T h e  S a f e t y  Board  i s  a w a r e  t h a t  s p e c i f i c  g u i d a n c e  
c a n n o t  c o v e r  e v e r y  p o s s i b l e  c o n d i t i o n  and  t h a t  b r i d g e  i n s p e c t o r s  
i n d e e d  n e e d  good e n g i n e e r i n g  j u d g m e n t .  The  S a f e t y  Board  a l s o  
r e c o g n i z e s  t h a t  e x p e r i e n c e d  b r i d g e  e n g i n e e r s  may g e n e r a l l y  be 
a b l e  t o  r e c o g n i z e  when r i p r a p  n e e d s  t o  be r e p l e n i s h e d  or r e p l a c e d  
o r  when o t h e r  f o u n d a t i o n  r e p a i r s  a r e  r e q u i r e d .  However ,  mos t  
b r i d g e  i n s p e c t o r s  a r e  n o t  now, a n d  a r e  n o t  l i k e l y  t o  b e ,  
e x p e r i e n c e d  b r i d g e  e n g i n e e r s .  The S a f e t y  B o a r d  i s  thus  c o n v i n c e d  
t h a t  s p e c i f i c  g u i d a n c e  must be  p r o v i d e d  t o  b r i d g e  i n s p e c t o r s .  

The  S a f e t y  B o a r d  b e l i e v e s  t h a t  r e s e a r c h  i s  n e e d e d  t o  
d e t e r m i n e  t h e  s i z e  and  amount  o f  r i p r a p  n e e d e d  f o r  s c o u r  
p r o t e c t i o n  and  t h e  d e g r e e  o f  d e p l e t i o n  t h a t  may o c c u r  b e f o r e  
r e p l a c e m e n t  i s  n e c e s s a r y .  (The  S a f e t y  Board  r e c o g n i z e s  t h a t  
h i g h w a y  m a i n t e n a n c e  d e p a r t m e n t s  c a n n o t  r e p l a c e  e a c h  r o c k  a s  i t  
m o v e s . )  The S a f e t y  Board  i s  c o n c e r n e d  t h a t  b r i d g e s  s i m i l a r  t o  
t h e  S c h o h a r i e  Creek B r i d g e  may n o t  be  r e c e i v i n g  p r o p e r  r i p r a p  
m a i n t e n a n c e  b e c a u s e  t h e r e  i s  no  p r o p e r  g u i d a n c e  a s  t o  when t o  
r e p l a c e  r i p r a p .  T h e r e f o r e ,  t h e  S a f e t y  Board  b e l i e v e s  t h a t ,  u n t i l  
r e s e a r c h  i s  d o n e  t o  e s t a b l i s h  b e t t e r  g u i d a n c e ,  A A S H T O ,  t h e  
N Y S D O T ,  a n d  t h e  NYSTA s h o u l d  m o d i f y  t h e i r  g u i d a n c e  t o  s p e c i f y  
t h a t ,  a f t e r  e a c h  i n s p e c t i o n  o f  a b r i d g e  t h a t  d e p e n d s  upon r i p r a p  
f o r  s cour  p r o t e c t i o n ,  a n y  m i s s i n g  r i p r a p  must be  r e p l e n i s h e d  t o  
d e s i g n  s p e c i f i c a t i o n s  or t o  a h i g h e r  l e v e l  o f  p r o t e c t i o n .  

The  S a f e t y  B o a r d  b e l i e v e s  t h a t  n o t  e n o u g h  d a t a  i s  c u r r e n t l y  
a v a i l a b l e  t o  d e t e r m i n e  w i t h  s u f f i c i e n t  a c c u r a c y  and  r e l i a b i l i t y  
t h e  movement  o f  r i p r a p  u n d e r  d i f f e r e n t  s t ream c o n d i t i o n s .  
C u r r e n t  r e s e a r c h  c a n  o n l y  e s t a b l i s h  a b r o a d  r a n g e  o f  v e l o c i t i e s  
t h a t  w o u l d  move r i p r a p  o f  a g i v e n  s i z e  ( w e i g h t ) .  T h u s ,  r i p r a p  
s t a b i l i t y  a n a l y s e s  c a n  p r o v i d e  b r i d g e  d e s i g n e r s  w i t h  o n l y  v e r y  
r o u g h  e s t i m a t e s  o f  s i z e s  o f  r i p r a p  n e e d e d  t o  p r o t e c t  a b r i d g e  
f o u n d a  t i o n .  P r e s e n t  e q u a t i o n s  and  c a l c u l a t i o n s  u s e d  t o  p r e d i c t  
r i p r a p  s t a b i l i t y  n e e d  t o  be  r e f i n e d .  

The c u r r e n t  AASHTO Manual f o r  B r i d g e  M a i n t e n a n c e  - 1 9 8 7  and 
i t s  p r e d e c e s s o r  ( 1 9 7 6 )  p r o v i d e  a " r o u g h  g u i d e  t o  t h e  s e l e c t i o n  o f  
an a d e q u a t e  s t o n e  s i z e  a t  b r i d g e  c r o s s i n g s . "  T h i s  t a b l e  
i n d i c a t e s  t h a t  r i p r a p  w i t h  an a v e r a g e  s t o n e  s i z e  o f  6 0 0  pounds  
w i l l  p r o v i d e  a d e q u a t e  s c o u r  p r o t e c t i o n  even w h e n  t h e  a v e r a g e  
v e l o c i t y  o f  a s t ream i s  1 0  t o  1 5  f e e t  per s e c o n d  ( f p s ) .  The 
r e s u l t s  o f  t h e  C S U  s t u d y  show t h a t  t h e  v e l o c i t y  a t  a p i e r  can  be 
g r e a t e r  t h a n  t h e  a v e r a g e  stream v e l o c i t y  a s  a r e s u l t  o f  b e n d s  i n  
t h e  s t r e a m b e d .  F u r t h e r ,  t h e  c u r v e  d a t a  i n d i c a t e  t h a t  v e l o c i t i e s  
o f  10  t o  15  f p s  c o u l d  move r i p r a p  w e i g h i n g  as  much a s  1 , 0 0 0  t o  
6 , 0 0 0  p o u n d s .  The  o t h e r  AASHTO s p e c i f i c a t i o n s  o f  6 - i n c h  s t o n e  
f o r  streams w i t h  v e l o c i t i e s  u p  t o  7 f p s  and  1 0 0 - p o u n d  s t o n e  f o r  
v e l o c i t i e s  o f  7 t o  10 f p s  a l s o  a p p e a r  t o  be  t o o  l o w  when compared  
t o  t h e  movement o f  3 0 0 - p o u n d  r i p r a p  a r o u n d  p i e r s  '2 and  3 o f  t h e  
S c h o h a r i e  C r e e k  B r i d g e .  The S a f e t y  Board  b e l i e v e s  t h a t  AASHTO 
s h o u l d  i s s u e  a n  addendum t o  t h i s  recent  p u b l i c a t i o n  t o  c a u t i o n  
t h e  user  n o t  t o  r e l y  o n  t h e  i n f o r m a t i o n  i n  t h e  t a b l e .  
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Therefore, the National Transportation Safety Board 
recommends that the American Association of State Highway and 
Transportation Offici a1 s :  

Revise section 4.4.2.1 of the Standard Specifications 
for Highway Bridges removing any reference to a minimum 
depth of 4 to 6 feet for bridges over water and stating 
instead that the minimum depth of footing be based on 
historical data for scour at or near the bridge site 
and mathematical analyses of maximum potential scour 
depth. (Class 11, Priority Action) (H-88-12) 

Modify section 4.3.1.2 of the Standard Specifications 
for Highway Bridges to require that the depth of piles 
exceed the predicted maximum potential depth of scour. 
(Class 11, Priority Action) (H-88-13) 

Provide specific guidance on maintenance of foundations 
of bridges that are dependent upon riprap for scour 
protection to specify that following each inspection 
the riprap be replenished to meet the design 
specifications. (Class 1 1 ,  Priority Action) (H-88-14) 

I s s u e  an addendum to the Manual for Bridge Maintenance- 
1987 that strongly cautions the user that the chart on 
page 160, which i s  a "rough guide to the selection of 
an adequate stone size at bridge crossings," is 
probably inadequate to ensure that all the riprap will 
remain in place under the average velocities listed; 
issue an errata sheet to correct previous editions. 
(Class 11, Priority Action) (H-88-15) 

Also, the Safety Board issued Safety Recommendations H-88- 
16 through -20 to the Federal Highway Administration; H-88-21 to 
the U . S .  Department of Transportation; H-88-22 to the New York 
State Department of Transportation; and H-88-23 to the American 
Association of State Highway and Transportation Officials, the 
International Bridge, Tunnel and Turnpike Association, the 
National Association of Counties, the National League of Cities, 
and the National Association of Towns and Townships. 

The National Transportation Safety Board is an independent 
Federal agency with the statutory responsibility " .  . . to 
promote transportation safety by conducting independent accident 
investigations and by formulating s a f e t y improvement 
recommendations" (Public Law 93-633). The Safety Board is 
vitally interested in any actions taken as a result of its safety 
recommendations and would appreciate a response from you 
regarding action taken or contemplated with respect to the 
recommendation in this letter. Please refer to Safety 
Recommendations H-88-12 through - 1 5  i n  your reply. 



10 

B U R N E T T ,  C h a i r m a n ,  K O L S T A D ,  V i c e  C h a i r m a n ,  and L A U B E R  and 
N A L L ,  M e m b e r s ,  c o n c u r r e d  i n  t h e s e  r e c o m m e n d a t i o n s .  

i 


