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C o m p a ris o n B et w e e n P r e di cti o ns a n d M e as u r e m e nts

Y a Li 1 , J u n W a n g1 , W ei W a n g1 , J e a n- L o uis Bri a u d1 , H a m n- C hi n g C h e n1

R es ults f r o m P r e di cti o n R es p o ns e 

T h e Pr e di cti o n R e q u est l e a d t o 5 r es p o ns es, d e ali n g wit h s o m e or all 8 pr e di cti o n 
c as es. T h e pr e di cti o n r es ults ar e c o m p ar e d wit h t h e m e as ur e m e nts fr o m t h e fl u m e t ests or 
t h e fi el d d at a i n T a bl e 1. T h e m et h o ds us e d b y t h e pr e di ct ors ar e d es cri b e d bri efl y i n t h e 
f oll o wi n g. 

T a bl e 1    R es ults fr o m Pr e di cti o n R es p o ns e  

F err a n d o a n d Ci a n pr e di ct e d Bri d g e C as e 7 a n d 8 b as e d o n t h e H E C- 1 8 e q u ati o n 
f or c o nst a nt v el o cit y. I n t h e c al c ul ati o n, t h e s c o ur d e pt hs f or u nif or m c yli n dri c al a n d n o n-
u nif or m  c yli n dri c al  pi er  c as es  ar e  c o m p ar e d  a n d  t h e  l ar g er  o n e  is  s el e ct e d.  Li n k  a n d  
Z a n k e  c al c ul at e d  t h e  pi er  s c o ur  d e pt h  i n  n o n- c o h esi v e  s oils  b y  usi n g  a  s e mi- e m piri c al  
a p pr o a c h  f or  h y dr o gr a p hi c  fl o o d.  I n  t h eir  a p pr o a c h,  t h e  m a xi m u m  s c o ur  d e pt h  is  
c al c ul at e d b y H E C- 1 8 e q u ati o n a n d t h e ti m e eff e ct of s c o ur d e v el o p m e nt is e v al u at e d b y 
t h e m et h o d d e v el o p e d b y Z a n k e. Pi e p ers us e d Br e uss ers’s, T er a m ot o’s a n d t h e S RI C O S 
m et h o d s e p ar at el y t o pr e di ct t h e s c o ur d e pt h; t h e l ar g est v al u e fr o m t h e t hr e e m et h o ds is 
s h o w n  i n  T a bl e  1.  W u  a n d  W a n g  c o n d u ct e d  a  n u m eri c al  si m ul ati o n  b y  C C H E 2 D  t o  
pr e di ct t h e s c o ur d e pt h f or Fl u m e C a s e 1 a n d 2. Ji a, X u, a n d W a n g c o n d u ct e d a n u m eri c al 
si m ul ati o n b y C C H E 3 D t o pr e di ct t h e s c o ur d e pt h f or Fl u m e C as e 1. 

1. D e pt. of Ci vil E n gi n e eri n g, T e x as A & M U ni v., C oll e g e St ati o n, T X 7 7 8 4 3- 3 1 3 6

1  2  3  4  5  
S c o u r C as e  M e as u r e m e nt 

F e r r a n d o  Li n k  Pi e p e rs  W u  Ji a  

C as e 1 ( m m)  1 8 3  1 5 0  2 3 0  1 8 2  3 2 3 

C as e 2 ( m m)  1 8 5  1 7 0  2 3 3  2 0 5   

C as e 3 ( m m)  1 6 1    1 8 2. 6     

C as e 4 ( m m)  8 3    1 0 9. 2     

C as e 5 ( m m)  1 5 2    2 3 3. 3     

C as e 6 ( m m)  1 7 7    2 8 1     

C as e 7 ( m)  7. 1 1 0. 7 2
( 8/ 3/ 9 3 Fl o o d) 

1 0. 0 6
( 8/ 3/ 9 3 Fl o o d) 

7. 3    

C as e 8 ( m)  1. 2 5  5. 4 2 

1. 7 6
( 5/ 1/ 9 1 fl o o d) 

2. 5 2

(5 0 0 y e ars fl o o d)

1. 0- 1. 3     
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R es ults f r o m C o m m o nl y Us e d E q u ati o n  
C o m m o nl y us e d e q u ati o ns f or pi er s c o ur ar e s u m m ari z e d i n T a bl e 2. T h e s y m b ols 

us e d i n t h e e q u ati o ns ar e d efi n e d i n T a bl e 3. T h e s c o ur d e pt h pr e di ct e d b y t h es e e q u ati o ns 
is  t h e  ulti m at e  s c o ur  d e pt hf or  a  pi er  s u bj e ct e d  t o  a  c o nst a nt  v el o cit y.  T h e  r es ults  ar e  
s u m m ari z e d i n T a bl e 4. F or Bri d g e C as e 7 a n d 8, t h e s el e ct e d p ar a m et ers ar e d efi n e d i n 
T a bl e 5, 6 a n d 7. 

T a bl e 3     D efi niti o ns of t h e S y m b ols Us e d i n t h e S c o ur E q u ati o ns 
B:  Pi er  pr oj e cti o n  wi dt h  

B 1:  A p pr o a c hi n g  fl o w  wi dt h  

C o m p:  S oil c o m p a ct r ati o 

D 5 0 : M e di a n di a m et er of t h e b e d m at eri al 

Fr: Fl o w Fr o u d e N u m b er dir e ctl y u pstr e a m of t h e pi er = /V g H

Fr c: Criti c al Fr o u d e N u m b er of t h e b e d m at eri al = /cV g H

g: A c c el er ati o n of gr a vit y 

H: Fl o w d e pt h dir e ctl y u pstr e a m of t h e pi er 

I W C:  I niti al w at er c o nt e nt 

K: C orr e cti o n f a ct or s f or s p e cifi c c o n diti o n s.  

q:  U nit  fl o w  r at e  

S u U n dr ai n e d s h e ar str e n gt h of s oil 

V: M e a n v el o cit y of fl o w dir e ctl y u pstr e a m of t h e pi er 

V c : Criti c al v el o cit y of t h e b e d m at eri al 

Z m a x:  Ulti m at e s c o ur d e pt h 

r f: Fl o w d e nsit y 

g s: U nit w ei g ht of b e d m at eri al 

T a bl e 4 Pr e di cti o n R es ults fr o m C o m m o nl y Us e d E q u ati o ns  

E q u ati o ns
C as e 1 
( m m) 

C as e 2 
( m m) 

C as e 3 
( m m) 

C as e 4 
( m m) 

C as e 5 
( m m) 

C as e 6 
( m m) 

C as e 7 
( m) 

C as e 8 
( m) 

C as e 8 * 
( m) 

6 5 3 9. 2       2 6. 2     

7 3 0 9. 9       1 2. 7  9. 6  1 0. 6  

8 1 9 0. 7       1. 5 2  1. 6  1. 6  

9 1 9 1. 2       5. 7  4. 0  5. 3  

1 0 2 4 9. 8       1 2. 3  6. 6  9. 2  

1 1 2 6 5. 6       3. 8  4. 1  4. 1  

1 2 5 8 3. 8       4 5. 2  1 4. 5  2 2. 6  

1 3 1 4 8       3. 5 4  0. 3 3  1. 2  

1 4 2 2 8. 2       9. 2  6. 2  7. 9  

1 5 3 8 4       1 3. 3  1 5  1 5  

1 6 2 2 5. 4       1 2. 8     

1 7  5 1. 4           

1 8  1 8 0. 6           

1 9  1 2 5. 3           

2 0 1 8 5. 9  1 8 6  1 6 3. 3  9 4. 3  1 5 3. 2  1 8 6. 3   7. 3   3. 6   5. 5  

M e as ur e d 1 8 3  1 8 5  1 6 1   8 3   1 5 2  1 7 7   7. 1   1. 2 5   ----  
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T a bl e 2    C o m m o nl y Us e d E q u ati o n f or Pi er S c o ur 

N u m b e r   R ef e r e n c e E q u ati o n 

6
I n glis 
( 1 9 4 9) 

0. 7 82 / 3
m a x 2. 3 2

Z q

B B

7
L a urs e n a n d T o c h 

( 1 9 5 6) 

0. 3

m a x 1. 5
Z H

B B

8 B as a k, et al 
( 1 9 7 5) 

0. 5 8 6
m a x 0. 5 5 8 ( )Z B  m et er

9  S h e n, S c h n ei d er, a n d K ar a ki 
( 1 9 6 9) 

0. 6 1 9
m a x 0. 0 0 0 2 2  R eZ

1 0 J ai n a n d Fis h er 
( 1 9 7 9) 

0. 5
0. 2 5

m a x

0. 5

0. 2 5
m a x

2. 0

0. 2

1. 8 5

0

c

c

c

c

H
Z B F r F r

B

F r  F r

H
Z B F r

B

F r  F r

1 1 L arr as  ( 1 9 6 3) 
0. 7 5

m a x 1. 0 5Z B

1 2
Fr o e hli c h 
( 1 9 8 7) 

0. 0 80. 6 2 0. 4 6

0. 2m a x
*

5 0

'
0. 3 2 1

Z B H  B
K F r

H B B D

K * = 1. 0 f or r o u n d- n o s e d pi er 
1 3  A b d o u  

( 1 9 9 3) 
3. 4 7

m a x 1 4 4. 5 rZ H F

1 4
H E C- 1 8 
( 1 9 9 6) 

0. 3 5

0. 4 3m a x
1 2 3 42. 0 r

Z B
K K  K K  F

H H

1 5
M el vill e a n d S ut h erl a n d 

( 1 9 8 8) m a x 2. 4 sZ K K B

1 6
K ot h y ari, G ar d e, et al 

 ( 1 9 9 2) 

0. 40. 2 5 0. 1 6 0. 32 2
m a x

5 0 5 0

1
0. 6 6

1/
c

s f

Z V VB H B B

B D B BD

1 7  H o s n y  ( 1 9 9 5)  
2 / 3 3/ 2  2

m a x 0. 9Z B I W C  F r  C o m p

1 8
M oli n as et al .

( 1 9 9 9) m a x
0. 6 6 1. 1 3

0. 3 6 1. 9 2 1. 6 2

0. 2
0

0. 8 5

0. 2

4 5. 9 5 0. 8 5

0. 2

Fr

C o m p
z

Fr
B H

I W C  Fr  C o m p  C o m p

Fr

1 9
I v ar s o n 
( 1 9 9 8)

0. 3 5

0. 4 3m a x
1 2 3 42. 0 r

Z B
K K K K  F

H H

uS

B
K 5 0 0l o g6 7 7.04

2 0  S RI C O S- E F A  S e e d et ails b el o w  

 

1 2 1 01210



T a bl e 5: P ar a m et ers f or Bri d g e C as e 7

V el o cit y ( m/s)  2. 4 3 
A v er a g e Pi er Wi dt h ( m)  4. 6 3 
A v er a g e Pi er L e n gt h ( m)  1 3. 4 1 

S k e w A n gl e ( °)  4  
Q ( m 3 /s e c)  2 6 5 6 1. 2  

Criti c al V el o cit y ( m/s)  1. 0 7 

W at er D e pt h ( m) 2 2. 5 2 

Fr  0. 1 6 3  
Fr c  0. 0 7 2  

T a bl e 6: P ar a m et ers f or Bri d g e C as e 8 a n d f or t h e 5/ 1/ 9 1 fl o o d

V el o cit y ( m/s)  1. 2 
Pi er Wi dt h ( m) 3. 0 5 

E q ui v al e nt Pi er L e n gt h ( m)  8. 2 3 
S k e w A n gl e ( °)  2 5  

Q ( m 3 /s e c)  1 4 1 0. 2  

V c ( m/s) 0. 6 6 

W at er D e pt h ( m) 6. 9 

Fr  0. 1 5  
Fr c  0. 0 8  

T a bl e 7: P ar a m et ers f or Bri d g e C as e 8 a n d f or t h e 5 0 0- y e ar fl o o d

V el o cit y ( m/s)  1. 9 
Pi er Wi dt h ( m) 3. 0 5 

E q ui v al e nt Pi er L e n gt h ( m)  8. 2 3 
S k e w A n gl e ( °)  2 5  

Q ( m 3 /s e c)  4 1 9 0. 9  

V c ( m/s) 0. 7 

W at er D e pt h ( m) 9. 6 

Fr  0. 2  
Fr c  0. 0 7  

 

1 2 1 11211



R es ult f r o m S RI C O S- E F A M et h o d 

T h e  S RI C O S- E F A  m et h o d  ( Bri a u d,  2 0 0 2)  w as  d e v el o p e d  at  T e x as  A & M  
U ni v ersit y o n t h e b asis of fl u m e t ests, n u m eri c al si m ul ati o n, a n d l a b or at or y t esti n g of t h e 
s oil er o di bilit y. T his m et h o d pr e di cts t h e s c o ur d e pt h as a f u n cti o n of ti m e f or a gi v e n 
h y dr o gr a p h. T h e m a xi m u m s c o ur d e pt h f or pi er s c o ur is c al c ul at e d b y usi n g a n e m piri c al 
e q u ati o n b as e d o n fl u m e t est r es ults: 

0. 6 3 5
m a x ( ) 0. 0 0 0 1 8  R eZ m  K ( m)                                  ( 1) 

W h er e R e is t h e pi er R e y n ol ds N u m b er, a n d K d e n ot es t h e c orr e cti o n f a ct ors f or diff er e nt 
pi er  i nst all ati o n  c as es.  T h e  s c o ur  d e pt h  is  a  f u n cti o n  of  t h e  s c o uri n g  ti m e  t,  a n d  f or  a  
c o nst a nt v el o cit y a n d a u nif or m s oil, it is gi v e n b y t h e H y p er b ol a m o d el: 

m a x

( )
1

i

t
z t

t

Z z

     ( 2) 

w h er e iz  is t h e i niti al s c o ur r at e c orr es p o n di n g t o t h e i niti al s h e ar str ess m a x w h e n s c o ur 

st arts.  T h e  i niti al  s c o ur  r at e  iz  is  o bt ai n e d  fr o m  t h e  er osi o n  f u n cti o n  of  t h e  b e d  s oil  

( m e as ur e d wit h t h e Er osi o n F u n cti o n A p p ar at us ( E F A)) at t h e v al u e c orr es p o n di n g t o t h e 
i niti al s h e ar str ess m a x . T h e i niti al s h e ar str ess m a x is gi v e n b y t h e f oll o wi n g e q u ati o n 

b as e d o n a s eri es of n u m eri c al si m ul ati o ns: 

2
m a x

1
0. 0 9 4 0. 1

l o g  R e
V k

 

                               ( 3)   

w h er e  k  r e pr es e nts  t h e  c orr e cti o n  f a ct ors  f or  s h e ar  str ess  c a us e d  b y  diff er e nt  pi er  
i nst all ati o n c as es.  
  F or s c o ur u n d er a c o m pl e x h y dr o gr a p h a n d f or a l a y er e d s oil s yst e m, t h e s c o ur 
d e pt h  vs.  ti m e  c ur v e  c a n  b e  c al c ul at e d  b y  a c c u m ul ati n g  t h e  i n di vi d u al  h y p er b ol as  
g e n er at e d  b y  i n cr e m e nt al  si n gl e  fl o o ds  a n d  u nif or m  s oils.  F or  m or e  d et ails  o n  t h e  
S RI C O S – E F A m et h o d r ef er t o Bri a u d et al ( 1 9 9 9, 2 0 0 1 a, 2 0 0 2) 
  B as e d o n t h e S RI C O S- E F A m et h o d, t h e ti m e hist ori es of t h e s c o ur d e v el o p m e nt 
f or t h e fl u m e c as es 3, 4, 5, a n d 6 ar e pr e di ct e d i n FI G 1, 2, 3 a n d 4 r es p e cti v el y. B e c a us e 
t h e  m a xi m u m  s c o ur  d e pt h  i n  s a n d  c a n  b e  d e v el o p e d  i n  a  v er y  s h ort  ti m e,  t h e  ti m e  
hist ori es f or C as e 1 a n d 2 ar e n ot pr es e nt e d h er e. F or Bri d g e C as e 7 a n d 8, b e c a us e t h e 
E F A c ur v es ar e n ot a v ail a bl e, o nl y t h e ulti m at e s c o ur d e pt hs a c c or di n g t o e q u ati o n ( 1) ar e 
c al c ul at e d  wit h  t h e  p ar a m et ers  s p e cifi e d  i n  T a bl e  5- 7.  T h e  s c o ur  d e pt hs  gi v e n  b y  
S RI C O S- E F A m et h o d ar e als o list e d i n T a bl e 4 o n Li n e 1 4.    

1 2 1 21212



FI G 1 C o m p aris o n B et w e e n S RI C O S – E F A M et h o d a n d M e as ur e m e nt f or Fl u m e C as e 3 

FI G 2 C o m p aris o n B et w e e n S RI C O S – E F A M et h o d a n d M e as ur e m e nt f or Fl u m e C as e 4 

 Fl u m e C a s e 3

0

3 0

6 0

9 0

1 2 0

1 5 0

1 8 0

0 8 0 1 6 0 2 4 0 3 2 0 4 0 0 4 8 0

Ti m e ( h o ur)

S
c
o
ur
 
d
e
pt

h 
(

m
m)
 

M e a s ur e m e nt

S RI C O S- E F A

 Fl u m e C a s e 4

0

3 0

6 0

9 0

1 2 0

0  1 6 3 2 4 8 6 4 8 0 9 6

Ti m e ( h o ur)

S
c
o
ur
 
d
e
pt

h 
(

m
m)
 

M e a s ur e m e nt

 

S RI C O S- E F A
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FI G 3 C o m p aris o n B et w e e n S RI C O S – E F A M et h o d a n d M e as ur e m e nt f or Fl u m e C as e 5 

FI G 4 C o m p aris o n B et w e e n S RI C O S – E F A M et h o d a n d M e as ur e m e nt f or Fl u m e C as e 6 

 Fl u m e C a s e 5

0

3 0

6 0

9 0

1 2 0

1 5 0

1 8 0

0 6 0 1 2 0 1 8 0 2 4 0

Ti m e ( h o ur)

S
c
o
ur
 
d
e
pt

h 
(

m
m)
 

M e a s ur e m e nt

S RI C O S- E F A

 Fl u m e C a s e 6

0

3 0

6 0

9 0

1 2 0

1 5 0

1 8 0

2 1 0

0 6 0 1 2 0 1 8 0 2 4 0

Ti m e ( h o ur)

S
c
o
ur
 
d
e
pt

h 
(

m
m)
 

M e a s ur e m e nt

 

S RI C O S- E F A
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P r e di cti o n C o m p a ris o n a n d C o n cl usi o n 

F or c o m p aris o n p ur p os es, t h e 5 r es p o ns es t o t h e pr e di cti o n r e q u est as w ell as t h e 
1 5 pr e di cti o ns a c c or di n g t o t h e e q u ati o ns of T a bl e 2 ar e gi v e n i n T a bl es 1 a n d 2. FI G 5-
1 3 c o m p ar e t h e m e as ur e d s c o ur d e pt hs a n d t h e pr e di ct e d s c o ur d e pt hs f or t h e 2 0 m et h o ds. 
T h e f oll o wi n g c o n cl usi o ns c a n b e r e a c h e d:  

1. Pi er  s c o ur  i n  a  u nif or m  s a n d  a n d  s u bj e ct e d  t o  a  c o nst a nt  v el o cit y  c a n  b e  w ell  
pr e di ct e d b y a v ari et y of e q u ati o ns. 

2.  O nl y s e v er al a p pr o a c h es ar e a v ail a bl e t o h a n dl e pi er i nst all e d i n u nif or m s a n d b ut 
s u bj e ct e d  t o  a  c h a n gi n g  v el o cit y.  T h e  pr e di cti o ns  b y  t h es e  a p pr o a c h es  ar e  
s atisf a ct or y.    

3.  V er y  f e w  a p pr o a c h es  d e al  wit h  pi er  s c o ur  d e v el o p e d  i n  cl a y  or  l a y er e d  s oil  
s yst e ms a n d wit h t h e i nfl u e n c e of ti m e.  

4. F or  t h e  bri d g e  c as e  hist ori es,  w h e n  t h e  c as e  is  li mit e d  t o  u nif or m  s a n d  a n d  
c o nst a nt v el o cit y, m ost pr e di cti o ns gi v e a r el ati v el y c o ns er v ati v e r es ult. 

Fl u m e C a s e 1

0

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

6 0 0

1  2  3  4  5  6  7  8  9  1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0

P r e di cti o n N u m b e r 

Pr
e

di
ct

e
d 

S
c

o
ur

 
D
e

pt
h 
(

m
m)

M e a s u r e d V al u e

FI G 5

 

    C o m p aris o n f or Fl u m e T est C as e 1 
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Fl u m e C a s e 2

0

5 0

1 0 0

1 5 0

2 0 0

2 5 0

3 0 0

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0

P r e di cti o n N u m b e r 

Pr
e

di
ct

e
d 

S
c

o
ur

 
D
e

pt
h 
(

m
m)

M e a s u r e d V al u e

        FI G 6   C o m p aris o n f or Fl u m e T est C as e 2 

Fl u m e C a s e 3

0

5 0

1 0 0

1 5 0

2 0 0

2 5 0

3 0 0

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0

E q u ati o n N u m b er 

Pr
e

di
ct

e
d 

S
c

o
ur

 
D
e

pt
h 
(

m
m)

M e a s u r e d V al u e

    FI G 7
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