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Evaluation of pier fendering 
systems
In ports and harbours, vessel docking facilities must be 
adequately protected in order to avoid damage to both the 
vessel and the pier. A s a result many types o f  fendering  
systems exist for this purpose. It is becom ing increasingly 
difficult to evaluate these fender systems and a simplified 
procedure is needed to determine what fender system s are 
adequate for the given parameters. T he purpose o f this 
article, by D r K N  Derucher, A ssociate Professor and Head  
of Department of Civil Engineering, Stevens Institute of 
Technology Hoboken, N ew  Jersey, is to  provide such a 
procedure.

In  th e  design of a  fendering  system  tw o m ethods a re  
utilised by th e  designers; nam ely, th e  F o rced  A cce le ra tion  
M ethod  and th e  K inetic E nergy  M ethod . In  th e  F o rce  
A ccelera tion  M ethod  the induced o r  applied fo rce  to  th e  
system , caused by th e  vessel’s im pact, is:

F a = M  (V2, -  v V 2 A .  (1)
w here:

M  =  m ass o f  th e  vessel 
v (, V, =  initial and final velocity 
A .  =  deform ation  o f th e  system  a t p o in t of im pact

the resisting force o f the system  is:
F r =  (3 A „ E I/L 3) +  2 K A b (2)

where:
E  =  m odulus o f elasticity of th e  suppo rt (pile if such)
I =  m om ent o f inertia  o f th e  suppo rt
L =  length o f th e  support 
K =  spring co nstan t of th e  fender 

In  applying th is m ethod th e  designer w ould assum e an 
allowable A s and  in itial stiffness I. I f  th e  resisting  force 
F r is g reater th an  th e  applied fo rce  F a, th en  th e  actual 
A, would be sm aller th an  assum ed. T h e  induced  stress
o f the  system  w ould be  com pared  to  th e  allow able o r
u ltim ate stress o f th e  m aterial.

In the K inetic  E nergy  M ethod  th e  induced energy caused 
by the vessel is given by:

E in =  i  Mv¡2 (CH) (Cs (Cc) (Ce ) (3)
where:

CH =  hydrodynam ic coefficient =  1 +  2D /B  
D  =  d raugh t o f th e  vessel 
B =  beam  o f th e  vessel 
C E =  eccentric ity  coefficient 
Cs =  softness coefficient 
C (. =  configuration  coefficient 

T he C coefficients (CH, CE, Cs and Cc) can  be set equal to
1.0 for th e  w orst case. O th e r variations can be ob tained  for 
specific vessel variables.

Fig I  Typical characteristic curve
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Fig 2 C losed dock structure  w ith fender

T he o u tp u t energy o r  th a t energy th a t can  be absorbed 
by th e  system  is:

E0 =  F • As  + - i K  A 2f Í4)
w here:

F  =  fo rce  applied  o r induced
A s =  d efo rm ation  of th e  suppo rt
A f  =  defo rm ation  o f th e  fendering  system

but;
A s =  F L V 3 E I (if a  piling system ) (5)

therefo re :
E 0 =  (F 2L :,/3 E I)  +  S i  K A 2 (6)

U sing equations 3 and  6 o f th e  K inetic  E nergy  M ethod 
and assum ing A =  F L 3/3 E I  o r  zero , th e  induced  force F  
is determ ined. T he resu lting  A  can  th en be evaluated  and 
used to  re-evaluate E 0 if A =  0 was originally  assum ed. 
T he resu lting  stress can  th en  be ca lcu la ted  and com pared 
w ith th e  allow able o r u ltim a te  stress o f th e  m aterial.

D esign engineers use som e fo rm  o f th e  fo rce  acceleration  
m ethod  o r th e  k inetic  energy m ethod . In  using th e  fo rce 
acceleration  m ethod  each  engineer de term ines th e  necessary 
fo rce requ ired  then  approaches th e  respective m arine 
fendering  cata logue an d  determ ines th e  type o f  fendering 
system  from  th e  fo rce  (load)-deflection curves. In  using th e
k inetic  energy  m ethod  each engineer de term ines th e  neces
sary  energy required  th en  again  approaches th e  respective 
m arine  fendering  catalogues and  determ ines th e  type o f 
fendering  system  from  th e  energy-deflection  curves. F ig  1 
show s a typical load-deflection /energy-deflection  curve.

H ow ever, th e  problem  p o r t and  h a rb o u r engineers face is 
th a t th e re  a re  so m any m arin e  fenders to  chose from  it  is 
difficult to  de term ine  w hich is th e  best system  fo r his needs. 
T hus, a  simplified m ethod  is needed  fo r fender evaluation.

Analysis of fender systems
In  th e  design o f a  fender system  it is possible to  assum e 

th a t th e  system  is equivalen t to  a m ass supported  by a 
spring. In  such  a  system , it  is assum ed th a t  th e  spring con
s tan t k is equ ivalen t to  th e  response of th e  system  and th e  
spring m ass M  represen ts th e  vessel. E xam ina tion  o f such a 
spring m ass system  results in  the  follow ing general 
equations:

Y max =  V 0/A (7)
a max -  V 0 A (8)
Pmax =  k  ymax (9)
W  =  r /  2A (10)

where:
A =  (k /M ) V2
k =  spring constan t
M  =  spring mass w hich represen ts th e  vessel
ymax =  m axim um  displacem ent
a =  acceleration
P  — force
t =  tim e
V 0 =  original velocity

In w hich th e  param eters  fo r such a  system  are  as follows:
W  =  w eight of vessel (tons)
V 0 =  in itial velocity of vessel (knots)

In which th e  conversions are  as follows:
W , (kips) =  W  X 2
M =  W ,/g  =  W s/(32.2 X 12) k sec2/in  
V , =  V*m)(< (1.689 X 12) in /sec
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F ig 3 S tiffness versus deflection

T h e  sp ring  p a ra m e te r  k , w hich is equ ivalen t to  th e  defo rm a
tion  due  to  a  u n it load  is com puted  as:

k  =  1 /A s (11)
w here:

A s =  d efo rm ation  of th e  system  
In  u tilising th is ap p roach  th e  question  arises as to  th e  

value of k . I f  one  is dealing  w ith  a p ie r o r  dock  s tru c tu re  as 
show n in  F ig  2 th en  th e  k  value will be equal to  th e  k  of 
th e  fender. In  o rd e r to  de term ine  th e  k o f th e  fen d e r it  is 
necessary to  develop k-A curves. T he k~A curves are  
developed fro m  th e  load  d efo rm ation  curves (sim ilar to  th a t 
show n in  F ig  1). In  o th e r  w ords, th e  given loads a re  divided 
by the ir correspond ing  deform ations and a re  now  re fe rred  
to  as a  stiffness value, k. T hese stiffness values a re  then  
p lo tted  versus th e  defo rm ations, A; thus, k-A curves are  
fo rm ed  as show n in F ig  3.

F ro m  each  k -A  curve  one can  determ ine  th e  k  o f  the 
fender by  sim ply w riting  th e  equation  o f th e  curve in  quad- 
radic form . T h u s, k  o f th e  fen d e r w ould equal A A 2 +  B / \  
+  C. A lready  know ing  th e  A , B and C  param eters  o f th e  
curve and  assum ing  a  value fo r A  (usually zero) one  can 
determ ine  th e  n u m erica l value fo r k  of th e  fender.

I f  th is  w ere a piling system  w ith  a fender a ttach ed , th e  
general response o f such , w hen subjected  to  a  vessel, is 
com puted  by  rem ov ing  th e  pile an d  exam in ing  its e ffect as a 
can tilever beam , as show n in  F ig  4. In  th is system  a k- 
equivalen t m ust be developed w hich is equal to  th e  p roduc t 
o f th e  k  o f th e  pile and th e  k  o f th e  fender divided by th e  
sum  o f th e  k  o f  th e  pile and  th e  k of th e  fender. In  th is case 
th e  k  o f th e  fen d er is developed as described fo r a p ie r or 
dock s tru c tu re . T h e  k  o f  th e  pile is equal to:

k0f the pile — 3 E I/L *  (12)
T hus, these k equivalent values m ay  now  be used in  the 

general equation  in  p lace of th e  spring constan t. O nce th e  k 
values a re  de te rm ined  and th e  various analysis param eters  
a re  know n th en  an  evaluation  can  be  m ade as to  w hich 
fender system  is adequate . T h e  final tw o steps in  th e  analysis 
process is to  de te rm ine  th e  percen t deflection rem ain ing  and 
percen t reserve energy. These equations are as follows.

%  deflection  rem ain ing  =
Amax A ac t/ Ama* X 100% (13)

in w hich:
Amax — m ax im um  deflection w hich the fender system  

w ill undergo
A act =  ac tua l deflection w hich is produced from  the 

calcu lations

k = 1 8 . 2 2  -  1 . 7 4 A + 0 . 0 6 4 A  

k = 1 3 . 4 2  -  1 . 19 A + 0 . 0 4 8 A 2 

k = 1 0 . 2 5  -  0 . 9 7 8 A  + 0 .  0 5 1 A ̂  
k = 7 . 9 5  -  0 . 7 1 5 A  + 0 . 0 4 0 A 2 

k = S.  70  -  0 . 3 9 0 A  + 0 . 0 2 0 A 2

2 . 0  4 . 0  6 . 0  8 . 0  1 0 . 0  1 2 / 0

M i ' f l  i ' C t  Loi i  ( A)  -  i n c i i

and,
%  reserve energy  =  E ma, -  E act/E max X 100% (14)

w here:
E raax =  m ax im um  energy w hich th e  fender system 

can absorb
E aot =  a c tu a l energy com puted  from  th e  calculations 

I f  th e  p ercen t deflection rem ain ing  is zero o r the  A  max 
has been exceeded th en  th e  system  is inadequa te  fo r use 
under th e  given conditions. T hus, th e  sam e is tru e  as f a r  as 
th e  p ercen t reserve energy is concerned. I f  th e  p e rcen t 
reserve energy is zero o r th e  E max has been exceeded th en  
th e  proposed system  is inadqua te  fo r th e  given conditions. 
In  e ith e r case if th e  system  is fo und  to  be  inadequate , an d  it 
is used, fa ilu re  w ill resu lt upon  vessel im pact and dam age 
will be done to  th e  dock, piling, a n d /o r  vessel.

A pplication
F o r th e  genera l purpose of discussion, an a rb itra ry  

exam ple will be p resen ted  such  th a t th e  reader m ay follow  
th ro u g h  w ith th e  calculations fo r th e ir  ow n problem s.

L e t us assum e th a t  we have a  65 000 dw t vessel ap p ro ach 
ing a closed dock  s tru c tu re  (w ith a  fender a ttached  to  the 
dock). T he vessel will have an approach  velocity o f 0.24 
knots. T h e  proposed fendering  system  characteristic  curves 
a re  show n in  F igs 5, 6 and 7. T h e  k -A  curve is represented  
in  F ig  5 and th e  va lue  is k  =  0.057A 2 — 2 .4 6 A  + , 34.37. 
F igs 6 and 7 show  th e  load-deflection and energy-deflection 
curves respectively. W e can  now  proceed  w ith  ou r p roblem  
in  a step  by step fashion.

T he first step in  any analysis of a  vessel im pact w ith  a 
fixed object is to  de term ine  th e  am o u n t o f energy to  be 
absorbed.
T herefo re :

Ein =  i  M v2í (C h) (C s) (Cc) (Ce)
I f  one assum es th e  w orst possible condition  then  th e  p ro -

Fig 4 P iling system  w ith fender
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Fig 5 k -  A curve fo r  proposed fender

d uc t (C,,) (Cs) (Cc) (CE) is generally  ta k e n  to  be equal to  
one (1).
Thus:

Ein =  i  (65 000 dw t X 2 000 lb s /to n  X 1 K ip /1  000 lbs) 
(0.24 knots X  1.689 f t /s e c /k n o t)2 (1.0)

Ein =  322.98 K ip-feet 
This is the energy absorbed by  th e  dock  s tru c tu re  and the 

vessel. I t  is generally assum ed th a t  th e  vessel absorbs 50%  
of the energy and in  th is case th e  dock  s tru c tu re  absorbs 
the rem aining 50% . T herefo re , th e  to ta l energy  to  be  used 
in the evaluation of th e  fen d erin g  system  is one-half o f E in 
of 161.49 Kip-feet.

Proceeding to  th e  n ex t step  i t  becom es ap p rop ria te  to  
determ ine th e  Y max o r th e  m ax im um  deflection (actual 
deflection) of the proposed fen d e r system .
Therefore:

Y max =  V„/A
where:

=  actual deflection in  inches 
V0 — velocity upon im pact, 0.24 knots 

(0.4 ft/se c  o r  4.8 inches/sec )
A =  (k/M )V2
k =  R igidity of th e  fender; k  =  0.057A 2

— 2.46A  +  34.37 an d  assum ing A  =  0 
k =  34.37

=  mass o f th e  vessel; W /g  =  336.44 K ip-sec2/inM
Thus:

A
Y r

=  (k /M )1/-’ =  (34.37 /336 .44)1/ 2 =  0 .32sec~ i 
=  V 0/A =  4 .8 /0 .32  =  15.00 inches 

As a fu rth er consideration  one  m ay w ish to  determ ine 
the m axim um  load on th e  fender-dock  s tru c tu re , th e  m axi
m um  acceleration, and th e  stopping  tim e.

Fig 7 Energy I deflection curve
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F ig 6 Load-deflection curve fo r  proposed  fender  

T herefore:
Pmax =  k  Y max =  (34.37) (15.00) =  515.55 Kips 
amax =  V 0A =  4.8 inches /sec  X 0.32 sec-1 —

1.54 f t /s e c 2
tina* — “ /2À =  3 .14 /2  X 0.32 sec-1 =  4.91 seconds 

T he final s tep  will be to  de te rm ine  th e  percen t deflection 
rem ain ing  and  the  p e rcen t reserve energy.
T hrefo re :

%  deflection rem ain ing
=  A  m ax -  A  a c t /  A m a x  X  1 0 0 %

T he A m a x  value is ob tained  from  F ig  6 and is given as 
s ta ted  before a value of 21.65 in  and  Aact was calculated  as 
in step  tw o and  is equal to  15.00 in.
Thus:

%  deflection rem aining
=  21.65 -  15.00/21.65 X 100%

%  deflection rem ain ing  =  30.72 
N ow  we m ust de term ine  th e  p ercen t reserve energy. F rom  

Fig  7 th e  energy deflection th e  m ax im um  energy w hich th is 
proposed fen d e r can tak e  is 257 K ips-ft. T h e  ac tu a l energy 
is as we ca lcu la ted  in  step one  o r  161.49 Kips-ft.
Thus:

%  reserved energy =  E mnx -  Eact/E max X 100%
%  reserved  energy =  257 — 161.49/257 X 100%
%  reserved  energy =  37.1 

T herefo re , fo r  this p a rticu la r proposed fender system  it 
would appear to  be adequate  and probably  could hand le  a  
la rger vessel a n d /o r  g rea te r velocity of approach.

C onclusions
I t  w ould do little  here  to  p resen t d a ta  fo r several fenders 

and w ork  th ro u g h  the equations. H ow ever, a  m ethod has 
been proposed w hich will aid the  design o r h a rb o u r engineer 
w ith th e  ability  to  properly  select th e  m ost beneficial fender
ing system  fo r his needs. T hus, th e  p o rt engineer no  longer 
has to  study  each  individual fender system in detail.
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