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. . 
S,ince the  circumstances on. the  IJsse lmser  w i l l  change by . the  

reciamatiori works,, obsef id t ions  on the  present  . lake cannot , d i r e c t l y  be used, ' 
f o r  the  determination of the  cross,-sections of the dikes p r o t e c t i n g ' t h e  - : 

' ,  reclaimed land. The method of .  obta in ing '  t h e  necessary .data (water  l e v e l ,  . 
'' 

. . wave a t t a c k )  is discussed,  a s  we l l ,  a s  t h e , d e t e m i n a t i o n  of . t h e  des ign  l e v e l .  ' 
A reas.oned desc r ip t ion  i s  given of  a typ ica l .  cross-sect ion of a 

I _ 
polderdike. 

: . . 

. . INYRODUCTIO~J . '  . . 
'., 3 . .  h he Zuiderzeeproject comprYses t h e  enclosure'  of t h e ,  ~u id ' e rzee  , a l a r g e  

. .  . shallow e'stuhry (mean depth 3,5 m) of the  North Sea, and p a r t i a l  reclamation - . 
' of the  enclosed area( f ig , , .  1). The enclos ing  dam sepamthig  t h e  Zuidemee . . 

from the  'North ,Sea w 8 s  coflipleted, i n  193;:. By building t h i s .  dam t h e  s a f e t y  . ' , 
0 . - 2 a s  wel l  a s  the  watermanagement of the  h in te r l znd  has, been improved. The , .~ 

. reclamation , s t a r t e d  in.1928 and i s  s t i l l  i n  f u l l '  progress. .When completed, 
' ' . . '2300 lon2 of a rab le  land,,:divided over 5 p o l d e r s ,  w i l l  be added t o  t h e  . '  

. . ' landarez of . t he  Nether lands .  The reclaimed land is s i t u a t e d  4 t'o 5 m below. . ' 

. .  . ' t h e  mean l e v e l  of, t he  I ~ s s e l ~ e r ,  a s  s the  remaining f r e s h  w a t e r  l ake  w i t h i n '  ' 
, t h e  enclosed a rea  i s c a l l e d .  In view of t h e  water management of t h e .  . '  . . 

'' hinter land the  minigym s i z e  of the  l ake  has  . t o  bk' a t '  l e a s t  1200 &. . ' . . . , 
I I, 

.,  he economic value of a poider  of 500 lan2 $3 bore than a thousand 
mi l l ion  gu i lde r s  and 50000 o r m o r e  people w i l l  l i v e  i n  i t .  F a i l u r e  Of t h e  

. polder , ,dike would mean an , , inundat ion  during several  months and would cause, 

. , I 
severe b a d g e  t d  a l l  objec ts  ins-ide 'the polder .  So, the  d ikes  p ro tec t ing  t h e  
polder  againpt '  t he  water :of t h e  IJsse lmeer  have t o  meet wi th  wry high 

1' 

requirements of safe ty .  On t h e  o t h e r  hand the  construct ion c o s t  of the  d ikes  
. , . ..amounts t o  4000 t o  '5000 gu i lde r s  f o r  each hectare reclaimed land,  .that i s  . 

about 30 percent of the  ' t o t a l  reclamation cos t .  Th'3refore a c a r e f u l  s tudy 
, '  o f ' t h e  d ike  dim'ensi6ns i s  necessary.  , .  . 

rr I .  I F a i l u r ~  of a polderdike bquld be due to.overtopping of t h e  c r e s t  by 
., . . . . . 

the  water level  o r  6y waves,,  t o  d i r e c t  wave a t t a c k  o r  t o  l o s s  of s t a b i l i t y .  
For the  determination of the  c ross - sec t ion  of the  dike the  v a r i a t i o n s  in 

. the  water level  have t o b e  known, a s  wel l  a s  the'dimensions of t h e  waves. 
Observations i n  nature'.on the  open Zuiderzee o r  on ' the present  l a r g e  l ake  

. , . cannot , d i r e c t l y  be used ,  s ince  circumstances on the  f i n a l  l a k e  w i l l  be 
. . , ., . , 4 . . 

, '  , 
1 ) Contribution, f 6 r  the  Proceedings if t h e  V I I  t h ,  Coastal ,  Engineering 

, . Conference.  he Hague 1960. ' . . , , , " . . . , 
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d i f f e r e n t  from those on the  former Z u i d e r z e e o r , o n  the  l a r g e  l ake .  In  the  
next chapters  w i l l * b e  discussed how,the necessary d a t a f o r  the  f i n a l  l ake  

, a r e  obtained, a f t e r  which'a reasoned d e s c r i p t i o n  i s  given of a t y p i c a l  
c ross  sec t ion  of the  surrounding d ikes  of the  new polders.  

j 
, , , . . 

DI!:FINING FACTORS' 

The de f in ing  f a c t o r s  f o r  the  c ross  sec t ion  of a . d i k e  a r e  schematical ly <-., ' ~. shown'+ a longi tudinal  p r o f i l e  over the  lake  (.fig.2). The a c t u a l  water  
' . l e v e l  in f r o n t  of , the  dike depends on t h i  volume V of the  water  the  l ake  

. . ' and the  d e n i ~ e l l a t ~ o n '  D o f ' t h e  water  surface due t o  wind'.  ,The uprush U of 
. ,. , , , , , t h e  waves aga ins t  the  s lope of the  dike depknds on the  wave dimensions .. 

, . ( e s p e c i a l l y  the  wave,hei&t H) near  t h e  d ike ,  on the  d i r e c t i o n  of the  wave . 
a t t a c k  with regard ' t o  the  d i r e c t i o n  of t h e  d i k e , .  and, on the  cross-sec'tion , . .. 

s of the'  dike.. The" importance of these  . f a c t o r s  v a r i e s  f o r  the  d i f f e r e n t  po in t s  
a long t h e  d ike .  In.some poin ts  the  windeffect  (D .ahd U) is d o m u n t  .-In 
o t h e r  ' l e s s  exposed'areas the  volume V is determinant.  

, ,, , 

, A certain 'mean l a k e ' l e v e l  c o ~ r e $ ~ o n d s  wi th  a c e r t a i n  volume V.  The ' 

v a r i a t i o n s  wi th  time of the  mean l ake  ' l eve l  a r e  due. t o  n a t u r a l  
circumstances - t he  supply t o t h e  l ake  s u r b s s i n g  the .na tu ra1  discharging 
capaci ty  of the' s l u i c e s  $.n .the enclos ing  dam - o r  t o  l eve l regu la t ions  i n m  
view .of st orage of water  f o r  periods of drought.  Based on obseryat ions 

. during the  period 1932 - 1959, and' t ak ing  i n t o  account possible f u t u r e  
. changes i n  water  management, the  mean l ake  l e v e l  has been computed wi th  an  

e l e c t r o n i c  .computer f o r  evbry day i n  t h a t  period assuming t h a t  the  l ake  
wouldhave had i t s  f i n a l  s i z e .  The s o l i d  l i n e  V 30 i n  f i g . ' 3  denotes t h e  ~, 

v a r i a t i o n  of the  mean l ake  l e v e l  duririg t h e  severe f lood period of 
january 1948; a s  observed on the  lake  wi th  an  area  of 3000 km2. The 
dashed l i n e  V 12' r ep resen t s  the  computed course of the  i e v e l  on t h e  f i n a l  

. ' lake  of 1200, & . The desired l ake  l e v e l  . i n  wintertime, the  wet per iod ,  
i s  ,40 cm bel& t h e  ' d i t c h  reference,  datum N.A .P. (= approximately mean sea  

' l e v e l ) .  During f loods .  long periods of exceedance of the des i red  l e v e l  - . ' 

may occur, a s  i s  a l s o  shown i n  f ig.  3 .  T h i s  makes i t  t h a t  a h igh  
l ake  l e v e l  coincides w i t h , a  gale wi th  a s t r o n g  windeffect.  , '  
TIB ~~INDEFFECT , . 

. , 

The windeffect cons i s t s  of - 2  phenomena': waves and den ive l l a t ion  of 
the  wa te r .  surface.  1rs;esfigation'  of t h e  den ivg l l a t ion  and the  w;nd on t h e  

, present . ' l ake  has learned thit a f t e r  about one h0ur . a .  s t a t iona ry  condi t ion  
is reached, which can be cglculated wi th  t h e  formula f o r  windeffect i n  a 
closed channel (Lorentz 1926): 

I " 2 
a v . 1  c o s  v ' .  z '= 

d 
, , 

, ,  . 
I.* , where 

. . Z =. den ive l l a t ion  ( i n  m) 
. , , . v. = windveloci tyon the  lake  (in m/sec) 

'2 1 = i e n g t h  of t h e .  c.hannk1 ( i n  m) 
d =  depth o f ,  the  .channel ( i n  n) 

= angle betwee'n the  d i r e c t i o n  of the  wind and the  a x i s  of the  channel 
a = a  constant 1 0,36.  seo2/m . . . . . , 

With the  a i d  of ' t h i s .  formula the  der i ive l la t ion  on the  f i n a l  l a k e  
. h a s  been ca lcula ted  f o r  d i f f e ren t  v e l o h i t i e s  and d i r ec t ions  of .wind; t h e  , 

r e s u l t s  a r e  marked down on maps'. F ig .  4 shows an example of such a map; 
i t  g ives  the  d e n i v e l l a t i o n  caused by a north-westerly wind of 25 m/sec, having 

I .  

, . 
,. . 

I .' 



a frequenoy- of exeedance of 0,04: 
* , 

. . For the  determinat ion.of '  t he  height  and length  of shallow water  . . 
. waves on the  l ake  Thi jsses  diagram (Thijsse 1948) has  been used up. t i l l  

'now. Of l a t e  wave he igh t s  k;ave been observed on t h e  l ake  wi th  a f l o a t i n g  
wave recorder  (Roest 1960). The wave dimensions on t h e  lkke a r e  c a l c u l a t e d .  
f o r  the  same winds .ap the  d e n i v e l l a t i c n  and.are a l s o  marked down.on the  . . 

c-* ' abovementioned maps ( f i g .  4) .  " 

v .  Then t h e  wave up+sh..on t h e  d ike  'is determinedby us ing  t h e  r e s u l t s  

. . ; u , ,  of modelinvest igat ions i+ t h e ,  Hydraulic Laboratory a t ,  Delf t  (Wassing 1957). 
. . To ve r i fy .  t he  modelinvestlgation a nu~lber  of wave-umsh gauges has been 

. , . .  ' . . . i n s t a l l e d  on  the  exis , t ing 'dikes.  
I ' ,  ., 

. . 
, . 

. . , Afte r  the  ca lcu la t ion  of the  values, on the  f i n a l  l ake  of each of the  
"def in ing  f a c t o r s  separateiY; they '  have t o  be combined to 'determine the  

: dimensions of the  d ike .  , . 
. . . . 

' A t  the ,  reclamatj-on of t h e  ' ~ o o r d o o s ~ ~ o l d e r  in t h e  years  1936 - 1942 . ' 

frequencies have not  yet  .been considered. The usual  procedure up till then 
was t h a t  the  highest  known water  l e v e l  was chosen a s  design l e v e l .  I n  .. 
concordance herewith tile dimensions of the  polder d ike  .have been ,determined 
by applying a combination of thi: most, unfaiourable condi t ions  of water  
supply t o  the lake,,  l imi ted  discharge and' wifdeffeot omthe  considered 
part of t h i  d ike ,  which had 6vGr been observed separa te ly  - u n t i l  then. , 

Of course these va lues  have been converted t o  conditions p r e v a i l i n g  on the  
f i n a l  lake .  Calculation, aft 'vmards of the  f r q u e n c i e s  of overtopping 
showed that app l i ca t ion  of t h i s  methdd ,resuited. in d i f f e r e n t  chances of 
overtopping and consequently of f a i l u r e  fo? d i f f e ren t  p o i n t s .  of t h e d i k e .  

0 , . , \ 
A t  t h e  polder  Ooste l i jk ' l? le ib land,  t h e ' r e c l a k t i o n  of.'which s t a r t e d  

. .  . i n  ,1950, frequency curves of the  a c t u a l  water l e v e l  i n  f r o n t .  o f  t h e  dike 
., and of. wave u p r u s h -  bpth measured wi th  regard t o  h .A.P. -  have b,een 

. . . constructed f o r  e a c h  pa r t  of the  "d ike .  The frequencjr curves have been . ' 

, ,. defined;in t h e  way ,  demonstrated . f o r  t h e  point P ( f i g .  4) w i t h  t h e  a i d  of 
. '  fig'. 5, . i n  which t h e  s c a l e  of he ights  i n  ar i thmetic  and t h a t  of 

, , .  f requencies  (= mean chances of exceedance in a y e a r )  logar i thmic .  I n  t h i s  
, , diagram scl.ic! l i n e s  indica te  t h e  ca lcula ted  frequency curves  of t h e  mean 

. ' l a k e ' l e v e l  V and of the  windeffect I! + U (U being t h e  uprush which i s  
.. . - exceeded wi th  a fF$uency of O;O2). T t .  appears  tha.t a t  l w f r e q u e n c i k s  ' 

t h e  cuives a r e  s t r a i g h t  l i n e s ,  on semi-logarithmic ,paper: For t h i s  reason 
t h e  curves., if necessary,  have %ken extrapolated by s , t r a i g h t . l i n e s .  The . 

:frequency curves of wi;&effect and mean lakB l e v e l  have been combined t o  
a frequency curve f o r  the  t o p  of t h e  wave uprush wi th  regard. t o  N.A.P.; 
whereby, ,the, dependance, of windeffect and, lake i eve l  has bben taken i n t o  

' . account.  The' t o p  of the  2% wave uprush with a 'frequency o f ,  0,001 has 'been 
L;, , chosen a s  a c r i t e r i o n  for. the height  o f ' t h e  dike.. 

w e .  a c t u a l  watqr l eve l  ih f r o n t  of , the dike is a l s o  an  important 

.:, , ' . ' fact.or. The, frequency curve of . ' ~  + V with regard' t o -  1J.A .P. has  been. 
. . determined in a .  s i m i l a r  ~ d a y ' a s f o r  thb'wave uprush by combining the  . , .  , frequency curves of D and V. Because overtopping o f  the  d ike  by the  wa te r ,  

. ' ,  . , l e v e l  causes a more danierou's s i t u a t i o n  t h i n . t t m t  by the  wavk uprush,' a 
f k q u e n c y  . . cf 0,0001 has been s e l e c t e d , a s  the c r i t e r i o n  i n  t h i s  Cage. 

' 

, . A s  a r e s u l t ,  and in cont ras t  t o  the  dike of the  Noordoostp~lder ,  t he  
, . 

, , 
dike  of Obs te l i jk  ~ l e v d l a n d  bo,mded by 'the f i n a l  I J s s e l l a k e  has  the  same 

, &  strengthleverywhere, A v ~ e a k , ~ d i n t  i n  $h,e ca lcula t ion  i s  however t h e  . . - 
$11-known dependance o f  windeff e c t  and mean lake l e v e l .  

\ . . . c 



. . For the  remaining polders t h e  fpl lowing procedure i s  considered. 
Based on observations cn t he  l a r g e  1Jssellc:ke i t  'is possible t o ' c o n s t r u c t  
f o r  the  f i n a l  s i t u a t i o n  f o r  a period of '30 years  a s e r i e s  of da ta  concerning 
mean lake  l e v e l ,  a c t u a l  water  l y e 1  and ac tua l ,  water  l e v e l  + wave uprush 
f o r  d i f f e r e n t  poin ts  along the  d ike ,  and hence t'o der ive  a frequency 
d i s t r i b u t i o n  of these  To get the  'des ign  l e v e l  these  curves .. 

' 

have t o  be extrapolated. I n  th is ,way the  d i f f i c u l t y  of combhing t h e '  
. sepa ra te f requency  curves of l ake  l e v e l  andwindeffec t  i s  met. 

i', . . ,, . 
.,  ~ n o t h e ~ . d k f i c $ l t y  r e m i n s .  The des ign . l+ve l  ;an be reached by a 

combination of a low l ake  l e v e l  and a s tron&.windeffect ;  but a l s n b y  a 
coinbination of . a  high l ake  level '  and a 'weak windeffect,. The chance of 
f a i l u r e  i s n o t  the:same i n  thesk cases,  whereas a t  t he  'determination of 
the  frequency curves these  cases ,++e got $he same weight; For thnt 
reason it  s k e m s  appropr ia te  t o  check the  so  achieyed dike dimensions b y ,  , 
choosing a very . rare  value f o r  one of the  def in ing  f a c t o r s  .and a 'moderate 
va lue  f o r  the  o the r  one. The. first check ,is then a f lood with a frequency 
of occurrence of f o r  ins tance  0,0001. ,Calculate  t h e  corresponding &an l ake  

. l e v e l , .  assuming a l imi t ed  d i s c h k r ~ i n g  p o s s i b i l i t y  of the  lake and combine 
t h i s  l ake  l e v e l  w i t h  a moderate storm. The o ther  check i s  an extreme wind 
on t h e  lhke :combined wi th  2 moderate -exceedance of ' the  lake  l e v e l .  
" 

The frequency of t h e s e  checks i s ,  only very roughly known, but the  same 
, a p p l i e s  to, a .design l e v e l  obtained by ' ex t r apo la t ing  a frequency curve based 

on observations dur ing .8  period of l e s s ' t h a n  a century t o  frequencies of 
0,001 o r  even 0,0001. The importance o.f'frequency cons idera t ions  l i e s  
mainly i n t h e p o s s i b i l i t y  of achigving an  adquivalent  sa fe ty  fo r '  t he  

' d i f f e r e n t  low l y i n g  p a r t s ,  of . the  country; . ' , ., . , 

, . . , DESIGN OF CROSS SECTION ' ' 

STABILITY, ANE ,SZ;TTUNENT . I ,  

, .  , , , 1 ,  

s ince  ,bne of the  o r ig ina l  aims 6f t h e ,  ~uid&rzeeworks  was the  . . 
reclamation.  of l a r g e  a r e a s  of a rab le  land,  the-new polders  a r e  projected i n  
those p a r t s  of the  fomer'Zu,iderzee'where.the' toplayers  :of t h e  s o i , l  cons i s t  
of f e k t i l e  c lay .  These c l ay laye r s  which ark l o c d l l y  a i t e r n a t e d  by ' l aye r s  
of peat have a . l imited bearing s t rength , '  whichwoulii not be s u f f i c i e n t  t o  
ca r ry  the  heavy load  of t he  .d ikes  without endange$ing the  s t a b i l i t y  of t h e  
construct ion.  Furthermore these 'thick and very s o f t  l a y e r s  'would give r i s e  
to. a considerable, set t lement  of the  -d ike ,  wnich' i n .  i t s e l f  would be 
undesirable i.i view of the  ,requirements concerning d ike  height  e t c ,  
discussed h e r e a f t e r .  . . 

In order  t o  warrant .a ' s tab le  dike of more o r  i e s s  constant  height  the  
g r e a t e r p a r t  of the  s o f t  l a y e r s ' i n  the  proposed d ike l ine  i s  removed and 
replaced by sand before bui ld ing  t h e  dike.  The w i d t h  of the  excavation 
depends on the  width of t h e ,  d ike  - which iq i t s e l f  i s  dependant again on 
i t s  height and on the  gradient  o f , t h e  s ide  s l o p e s -  and Qn the  depth of t h e  
excavation.. The width w i l l  have t o  iticreasb, with 'depth ih order  t o  meet the  
spreading of s t r e s s  i n  t h e  bottom. 

Since the  th ickness  of the  s o f t  l a y e r s  i s  l imi t ed  i t  weuld be obvious 
toremove the3  t o .  t h e i r  t o t a l  depth,  t h u s  excluding any, danger f o r  s l l d i n g s  

.'and reduce settlement t o  a minimum. The clgy and peat l a y e r s  a r e ,  howevor, . 
normally under la in  by s t r a t a '  of sand r e a c h h g  t'o de6ths of some hundreds of 
meters and containing a r t e s i a n  water .  It i s  thereforc  undesirable to' make 
a shor t  c i r c u i t  between these deep sand. s t r a t a ' a n d  thy sandbody of the  
dike and consequently wi th  the  po1de~:This ,could enhaqce t h e  seepage 
t o , t h e p o l d e r  t o  an i n t o l e r a b l e  amount G m g a r d  of, t he  pump capaci ty  and 
i t  could endanger the  ' s tab i ; l i ty  of the  inne r  'slopes of. the dike ., . . . , 



It has become' noma; p rac t i ce  the re fo re  not t o  remove the  s o f t  . . 

layers '  t o  t h e i r  t o t a l  :depth but t o  leave a l a y e r  of appr.  1 .OO m , . 

thiclmess i n  its. place on t o p  of %he deep sand s t r a t a .  This l a y e r  w i l l  
be compacted by. t h e  load of the  dike and w i l l  cons t i tu t e  a nea r ly  impervious 
separa t ion  betweeti the  sandbody of the  dike and t h e  deep sand. s t r a t a .  The 
set t lement  of the  d ike ,  due t o  compaction of t h i s  l aye r ,  w i l l  normally 
n o t  exceed 30 t o  35 centimeters  and t h i s  c a n  be e a s i l y  overcome by g iv ing  , 

s6me ext ra  height t o  .the. dike 'duping c o n ~ t r u ~ t i o n .  ' 
% 

;., )<$ 
<, '. . . . . 

COI?IPOSITIOi~ O F  DIKES , . , ,, , - 
. . ,  , . . 

Since sand can b e  boerowed f rom thk bottbm of t'he I J s s e l m e e r  a t  a .  , .,, , 
s u i t a b l e  depth, genera l ly  i n  .the immediate v i c i n i t y  of the  works, it i s  

,by  f a r  the  cheapest bui ld ing  mater ia l  t h a t  can be.obtained: and consequently 
the  main body of t h e  polderdikes w i l l ~ c o n s i s t  of sand. This body of sand'  . ~ 

ha?, howeye?, t o  be protected a k i i n s t  cu r ren t s  and wave , a t t acks ,  measures . 
have . t o  be tagen t o  l i m i t  percola t ion  and'zeven those p a r t s  of t h e  c ross  
sec t ion  that a r e  not exposed'to these.  phenomena w i l l  have t o  be covered 
i n  o r d e r ' t o  f o r e s t a l l  e ros ion  by wind and r a i n ;  

It i s  considered t h a t  bey0nd.a depth of N.A.P. - 2 m (which i s  appr.  
ha l f  OF the  depth +n f r o n t  of the  d ikes ,  b u i l t  i n  the 'deepes t  par t  o? .the 
a rea  t o  be ' reclaimed) sand w e l l  be s t a b l e  witnout .any cover ing . l aye r ,  
provided the  anglF of the  ' slope i s  we l l  below the  angle of n a t u r a l  repose-  

, . under water: The uncovered sandslopes a r e  normally b u i l t  with a gradient  
. . . % 

' o f  1 : 6. . . . . 
Aboire t h i s '  depth a more r e s i s t an t '  mateyial  has t o ' b e  'used. In t h e  

. - ~ ~ s s e l m e e r - a r e a '  boulde'rclay , is appl ied .  This  i s  a heavy. g l a c i a l  loam, 
which '~crbps 'out  of t h e  bottom of the  n ~ r t h e r n ~ p a r t  of the  IJss,elnieer in': 
severa l  places,  f o r  ins tance  nea r  t6e  former i s l and  o f U r k ,  where i t  can be 
dredged. This ma te r i a l  i s  p r a c t i c a l l y  .impervious, it i s  temporari ly current  
land wave . r e s i s t a n t ,  i t .  has a high cohesian and a high s h e a r h g  s t r e n g t h .  
It i s  the+fore an  excel lent 'd iKebui ld ing  ma te r i a l  and i t ,  i s  used no t  only 
a s  a permanent. impervious covering l a y e r  between the', sandbody ond the  ' 
,p ro tec t ive  ' l ayers  of brushv~ood~or  s tones  but a s  well  a s  a t e m p o r a r y  wave 
r e s i s t a n t  pro tec t ion  whi,c.h, enables a runnirig working G t h o d  without any 
inadmissable r i s k s .  ' . , . , 

, , .  For the  u l t imate  , s i t u a t i o n  t h e  .bokldeG clay " h a s  t o  be agains t  
. . ' wave a t t a c k s  and e rbs ion . ,  The p a r t  below mean lake  l e v e l  is protec ted  by . . 

' brushwood matresses, loaded with, rip-rap, the  d o p e  above t h i s  l e v e l  i s  
p a r t l y  covered wi th  a stone p i tching ,  cons i s t ing  mainly of columnar . 
b a s a l t  blocks, and p a r t l y  by a grasscover on a l a y e r  of f r e s h  c l ay . '  The c lay  

. , can be borrowed from the  IJsselmeer n e a r  tho viorks, b,mshviood i s  borrowed 
,, from the  outer  marches of t h e  Dutch r i v e r s  and e s t u a r i e s ;  t h e  s tones  f o r  

r ip-rap and stone p i t ch ing  f o m  the  only ma te r i a l  t o  she imported from abroad. 
, . , 

' SHAW, W CROSL SECTION 
. . , , 

. . . . 
Under'normal condit ions of water supply and d i sch i rge  t h e  water  l e v e l  

on the  lake f l u c t u a t e s  around the  ref~erencedatum t1,A.P. The par t  of the  
dike between some decimeters below and above 1J.A.P. w i l l  t he re fo re  be 
exposed t o  the  d a i l y  wave-attack. A.horizonta1 be& on t h i s  l e v e l ,  which 
i s  already.necessary t o  f i x  the  brushwood matresses on t h e i r  p lace ,  w i l l  ' , 

a t , t h e  same time 'serve a s  an energy d i s s i p a t i n g  berm. For t h i s  reason t h i s  
berm is made r a t h e r  w i d e ' a n d i t  i s  covered wlth heavy r ip - rap  (120  - 240 kg),  

, n e a t l y  placed and lpcked up by t h o  rows of woodenpiles .  
Another berm has been designed on t b  height '  of. t he .des ign  

lake  lkbe l ,  w h i h h , a s  , s ta ted  before,  w i l l  d i f f e r  f o r  d i f f e r e n t  p o i n t s  
t h e  lake .  This berm se rves  t o  p a r t l y  ' d i s s ipa te  the  energy of t h e  waves, . 

. . , , * 

. . , . , 4 

6 , . 

, . . . 



breaking on t h e  s lope of t h e  dike and s o  de&ishing the  he ight  of t h e  
wave uprush along t h e  upper s lope .  ~ h e ' w i d t h  of the  be& t o  be f u l l y  
e f f ec t ive  should be a t  l e a s t  1/4 t o  1/3 of. the  length 'of  t h e  waves 
occurr ing under t h e  assumed, condi t ions .  

The gradient  of t h e  s lopes  'and 'the weight of t h e  s tones  &e'd f o r '  
t h e  s tone p i t ch ing  a r e  c lose ly  i p t e r r e l a t e d .  A s t eepe r  s lope  r e q u i r e s  . . 
heav ie r  s tones ,  a  more gen t l e  s lope  r e s u l t s  . i n  a  l a r g e r  a r e a  t o  be I 

covered wi th  s tones  .but  the  l eng th  and weight of s ing le  s tones  can be 
less. The angle t o  be ahosen is  t h e r e f o r e , p a r t l y  a  ques t ion  of econoqy: 

The minimum angle of t h e  s lope ,  hbwever, has t o  be dec ided  'on , 

s t a b i l i t y  cons idera t ions ,  It i s  found t h a t  f o r  d ikes  exposed t o  t h e  
heavieLt iyave a t t a c k s  t o  be expected on. the  ~ ~ s s e l m e e r t h e  g r a d i e n t  of 
t h e  s lope should no t ' exceed .1  : 4 and f o r  l e s s  exposed d ikes  1 : 3 .  

' The gradient,  of t h e  s lopes  on ithe , p o l d e r s i d ~  of t h e d i k e s  i n  
t h e i r  f i n a l '  s t a t e  is'.entirel.jr decided on cons ide ra t ions~  of s t a b i l i t y ,  
assuming t h e  c r e s t  .being overtopped by wave's or,  the. water leve l  cn t h e  

:lakesj.de r i s i n g  t o  an extreme he ight .  : 

~, 

SLOPL" PROTECTION 

. . The s t r e n g t h  of t h e  s lope p ro tec t ion  can be adapted t o  t h e '  Power 
of . the wave a t t a c k ,  which w i l l  change wi th  he igh t .  The . s t ronges t  p r o t e c t i o n  
w i l l  have t o  be c$de on t h a t  p a r t  of t h e  s lope t h a t  w i l l  be exposed t o  

, . 
t he . s t ronges$  w?ve a t t ack7 . i . e ' .  approximately on t h e  height  3f t h e  des ign  
l e v e l ,  j u s t '  underneath the  h igh  ou$erberm, where t h e  breaking waves a t  

. t h e  design l e v e l  h i t  t h e 2 s l o p e .  Beneath and above .this s t r i p ,  whioh may 
be r a t h e r  wide, . t h e  ' s t rength  of t h e  p ro tec t ing  . . l a y e r  can decrease p ropor t i -  
cna l ly  t o  the  d e c r e a s e  of the.  wave f o r c e  . . . 

In accordanie wi th  this . ,  l i g h t e r  .and cheaper ma te r i a l s  a r e  used on t h e .  
s lope above the. ;bem and p a r t  of t h i s  s lope ,  t h a t  w i l l  only under extreme 
condi t ions  be reached by- ' the  tops  of a s m a l l  n ,mber of.waves, has  got  ,, 

mere ly  a  g r a s s  pro tec t ion .  ' .  . . 
. T h e s l o p e s ,  on t h e  polderside of 'the dik&have t o  be pro tec ted  

temporari ly aga ins t  wave a t t a c k ,  because during c o h s t r u c t i o n  the  f u t u r e  
poider  i s  s t i l l  c a r t  cf , the  l ake .  The pro tec t ion  of the  lower p a r t  of t hese  
s lopes  c o n s i s t s  therefore  temporar i ly 'of  a  s tone o r  concrete p i t ch ing ,  whioh. 
i s  Composed in such a  waysthat a f t &  t h e ' p o l d e r  has  been dra ined ,  t h e  
ma te r i a l s  c a n  be 'used f o r  p ro tec t ion  of t h e  outer '  s lope above t h e  .berm. 
The uppermost p a r t  of the  i n n e r  s lope and .the ' c res t  of the  d i k e ' a r e  pro tec ted  
by a  g r a s s  c o v e r . o c 2  lzyer ,  of f r e s h  c l ay .  

. . 

, During t h e  ,first years, 'of ~ e c l a m a t i o n ,  when the re  a r e  s t i l l  no  road- 
connections through the  p'clder, i t  is cssenti:al  t h a t  a l l  po in ts  of t h e  I 

circumfei.ence of - the  polder  can be reached by rbad i n  o r d e r ' t o  be a b l e  
t o  s$art  the  r ec l apa t ion  ivorks from severa l  d i f f e r e n t  po in t s .  To t h i s  end 
a  road has been designed on thk d ike ,  mostly fn t h e  cres't, t h a t  h a s  t o  be 
widened t 'hen, sometimes, e s p e c i a l l y  a t  t h e  higher  p a r t s  of the. d i k e s ,  on a  
beym. 

A s  f a r  a s  these  r&ds  a r e  b u i l t  on d ikes  bounded by t h e  I J s s e l l a k e  ' ' 
in i t s  f i n a l  shape and s i z e ,  they  should have a  closed road su r face  in 

. View of t h e  p o s s i b i l i t y  of overtoppin& of t h e  dike. .  Since, however; , , 

i n i t i a l  settlemefit of t h e  dike pay d i f f e r  r a t h e r  s t rongly  from One poin t  , , 
t o  another ,  a  .temporary b r i c k  pavement is appl i&d during 'construct+on. 

' Afte r  a  coupli  of ye,ars, when t h e  g r e a t e r  par t  of the  set t lement  .of t h e  
s u b s o i l  has  taken pla'ce and t h e  road foundat ion has 'been  compa.oted by 
t r a f f i c ,  t h i s  b r i ck  pavement w i l l  be replaced by a . road  sur face  o f  a s p h a l t  
concre te .  , , , . . . . - .  

. . , . 
. , . . 

. . . . . . .  . . 
. , . 
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fig.1 The Zuiderzee project. 

---- 

fig.2. Schematic longitudinal profile with the defining factors. 
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depth of the lake >5m 

Morherwoord 

fig.4. Mop indicating denivcllation and wove height ot a northwestern 
wind of 25 miser. 

fig.5. Frequmcc curves of mean toke level on the final loke and of windeffect 
(0.U) in the point F! 
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CROSS SECTION DURING CONSTRUCTION 
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FINAL CROSS SECTION 

?";, 350 600 5 50 7-  p - 

K B % E Z E Q  BRUSHWOOD MATTRESS STONE PITCHING 

CLAY BRICK PAVEMENT 

h + BOULDER CLAY ASFALT CONCRETE 

.... ..... :. . . .  . . . . . . . . .  3 SAND F ILL  

g .6. Typical cross section of polderdike 


