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1 INTRODUCTION 

Erosion of the eastern coastline of the U.K. has been 

a continuous problem over the years and severe 

flooding has occurred in many places. This includes 

the Heacham beach area where in January 1978 

overtopping caused considerable damage to nearby 

holiday and agricultural zones. It also demolished 

part of the North Beach sea wall. To provide adequate 

flood protection to the area the Anglian Water 

Authority (now Anglian Water) A.W. decided to 

construct a 1600 metre long stepped concrete sea wall 

running south from a similar sea wall previously 

constructed at Hunstanton. Construction commenced in 

April 1981 and was completed in 1982. 

This construction stopped just north of the North 

Beach at Heacham where, despite the installation of 

additional timber groynes, the shingle ridge continued 

to erode rapidly. Attempts to build up and stabilise 

the ridge proved fruitless when in February 1983, a 

freak surge tide caused severe erosion. Extension of 

the sea wall southward was discussed but abandoned as 

being too expensive. It was then that the idea of 

installing a revetment using two different types of 

integrated block systems was suggested. 

The agreed design called for a flexible integrated 

revetment system, 418 metres long, capable of 

withstanding a breaking wave height of 1.9 metres on a 

1:2.5 slope. The length of the batter was to be 6.4 

metres. Nicolon Ltd and Ardon International Ltd were 

contacted and the revetment was designed and 

constructed in June 1984. 

With concrete block flexible revetments becoming more 

and more popular, the Ministry of Agriculture, 

Fisheries and Food (M.A.F.F.) were also keen to see 

this relatively new technology evaluated on site and 



awarded the A.W. a grant under the Land Drainage Act 

of 1976. The revetment was constructed in June 1984 

at a cost of £96000. Final overall costings brought 

this figure up to £400 per metre run, about 25% of 

the cost of the stepped sea wall to the north. 

In June 1985, a visit was arranged by M.A.F.F. to view 

the revetment and attended by representatives from 

M.A.F.F, A.W. and Hydraulics Research Ltd (H.R.L.). 

The purpose of this meeting was to inspect the 

revetment and discuss ways of monitoring its 

performance over the coming winter months. Also 

discussed was the possibility of recording wave 

conditions over each spring tide. From the position 

of the revetment on the ridge, it was obvious that 

wave run up would only occur at or near high water on 

a spring tide, unless water levels were lifted higher 

due to a surge or strong onshore winds. 

H.R.L. were asked to do this monitoring and also to 

provide and install a pressure transducer at the site 

to record wave and tidal data. This report covers the 

period from November 1985 to March 1986 during which 

time the revetment was inspected and sections profiled 

several times. 



2 DESCRIPTION OF 

SITE 

The site at North Beach, Heacham, Norfolk (see Figure 

l), comprises a natural shingle ridge overlying clay. 

This ridge was graded and the block mats, delivered to 

the site pre-assembled, were laid on top of a prepared 

slope consisting of a coarse aggregate sub-base 

overlain with a heavy duty filter fabric. The 

installation was originally intended to be a 50:50 mix 

of Armorflex and Petraflex but due to production 

priorities this was later amended. In the event, a 

total of 62 Armorflex mats 6m high and 2. lm wide were 

used giving a total length of 130.2m. Ardon supplied a 

total of 118 Petraflex panels each measuring 6.1 m 

high and 2.44m wide, giving a run of 287.9m. 

The revetment (Plate 1) is conveniently divided into 5 

sections by concrete stairways each one about 75m 

apart. Running from south to north, the first section 

is of Armorflex, the second section is 75% Armorflex 

and 25% Petraflex and the remaining three sections are 

made up of Petraflex. An existing timber breastwork 

at the foot of the revetment was used as toe 

protection and a steel channel bolted to the 

breastwork. This had steel hooks welded to it on 

which the longitudinal cabling of each block system 

was attached. The top of the revetment was finished 

by using kerbing stones as wave deflectors. These 

were laid over a 40- thick concrete bed in which the 

cables, tied around steel bars, were embedded. 

The castellated H4i/H5i Petraf lex revetment system of 

Ardon International Ltd and the 180 Armorflex system 

of Nicolon Ltd were chosen for the protection. The 

principal difference between the two systems was that 

the Armorflex system used one type of block only and 

the Petraflex used two. The Armorflex blocks were 

laid in stretcher bond and were connected with one 



longitudinal cable while the Petraflex system had a 

dual orthogonal cabling system joining the blocks both 

laterally and longitudinally. The two block types 

used in the Petraflex system were identical in plan 

but of four and five inch thickness. These were 

placed alternatively in the mat to absorb wave energy 

and to reduce wave run-up. 

The revetment is checked visually on a regular basis 

by A.W. and the top kerbing surveyed about every three 

months. They also periodically 'blind ' the blocks by 
laying a clayey shingle layer on their seaward face. 

This infilling helps to increase revetment stability 

and deters vandalism, although it made it much harder 

to determine the condition of the filter fabric and 

the performance of the sub base during the monitoring 

exercise. 

Three fairly new zigzag groynes (circa 1982) front the 

southern end of the revetment and the foreshore is 

divided into sectors by timber posts placed shoulder 

to shoulder and driven into the beach creating 

compartments roughly 20m by 15m. Large boulders 

litter the foreshore at the northern end, and the 

revetment is flanked at its northern end by a concrete 

grouted rock revetment, and by a concrete slipway to 

the south. 

A pressure transducer, used to monitor waves and 

tides, was installed at the seaward end of a groyne 

just to the north of the site. It was set to record 

for a period of five days over each spring tide at a 

rate of two cycles per second for a 10 minute period 

every 30 minutes. These wave and tidal data are shown 

in Chapter 4. 



3 PROFILE SURVEYS 

Each of t h e  f i v e  bays making up t h e  reve tment  

comprises  some 4500 b l o c k s .  T h i s  made i t  i m p o s s i b l e  

t o  ~ r o f i l e  each bay and t h e  d e c i s i o n  was made t o  

m o n i t o r  monthly t h e  c e n t r e  bay ( s e c t i o n  3)  a t  

i n t e r v a l s  of 9m t o  c o i n c i d e  w i t h  every  t h i r d  k i n g p i l e  

a t  t h e  t o e .  

T h i s  was amended a f t e r  t h e  f i r s t  su rvey  t o  i n c l u d e  t h e  

most s o u t h e r l y  of t h e  f i v e  bays ( s e c t i o n  1 ) .  I t  was 

f e l t  t h a t  b o t h  t h e  P e t r a f l e x  ( s e c t i o n  3) and Armorflex 

( s e c t i o n  1 )  needed t o  be checked, and i n  t h e  

succeed ing  surveys  b o t h  s e c t i o n s  were p r o f i l e d  a t  18m 

i n t e r v a l s  o n l y ,  due t o  t ime c o n s t r a i n t s .  

3 .1  Dates  of su rveys  

The surveys  were c a r r i e d  o u t  a t  monthly i n t e r v a l s  

cover ing  t h e  w i n t e r  p e r i o d .  The d a t e s  were chosen s o  

t h a t  t h e  s u r v e y s  were c a r r i e d  o u t  j u s t  a f t e r  t h e  

s p r i n g  t i d e s ,  t h e  p e r i o d  when t h e  reve tment  would have  

been s u b j e c t  t o  some wave a c t i o n  due t o  t h e  h i g h e r  

water  l e v e l s .  The a c t u a l  survey d a t e s  and a  b r i e f  r u n  

down of c o n d i t i o n s  a t  t h e  s i t e  a r e  a s  f o l l o w s .  

Survey l - 4 t h  December 1985. 

Survey 2  - 1 6 t h  January  1986. 

Survey 3  - 1 2 t h  February 1986 - The reve tment  had a  

c o v e r i n g  of snow and i c e  which made t h e  

c l e a r i n g  of t h e  s h i n g l e  b l i n d i n g  v e r y  

d i f f i c u l t .  1 t ' w a s  a l s o  obvious  from t h e  

snow c o v e r  t h a t  t h e  s e a  had n o t  r eached  i t  

s i n c e  t h e  snow s t a r t e d .  The beach f r o n t i n g  

s e c t i o n s  1 t o  4 had been r e n o u r i s h e d  t o  t h e  

t o p  of t h e  t imber  t o e  p r o t e c t i o n  i n  

p l a c e s .  

Survey 4 - 1 3 t h  March 1986. 



3.2 Methods of 

surveying 

Profiling consisted of placing a wire on the top of 

the kerbing, secured on the landward side of the 

kerbing and carried down the revetment to 1 ie over a 

kingpile at the toe. The wire was then pulled to a 

standard tautness by a weight suspended at its seaward 

end. A specially made measuring device (see Plate 13) 

fitted with a two-way levelling bubble was then placed 

(figure 3) vertically on the southeast and southwest 

corner of each block on that profile and the vertical 

height to the wire recorded. 

Anglian Water survey the kerbing and kingpiles every 

three months or so and tie them in to Ordnance Datum 

(Newlyn). 

The profiled bays were monitored in exactly the same 

way in succeeding surveys and the results are shown in 

Appendix B and figures 5 to 14 inclusive. 

Where possible the filter was checked visually by 

removing the blinding from between the blocks. The 

distance between the filter and the underside of the 

block was inspected to ascertain sag, and the sub- 

base checked by tapping to determine whether it had 

dropped relative to the filter fabric. The rest of 

the revetment was inspected visually to determine any 

obvious block deterioration, and where isolated 

slumping was observed the extent of the worst cases 

was measured by placing a straight edge across the 

area and recording the vertical drop relative to the 

locally undisturbed blocks. 

The beach fronting the revetment, which tends to be 

mobile, was checked at each survey and any exposure of 

the toe protection noted (see Plate 1 6). 



3.3 A n a l y s i s  

( a )  T a b u l a t i o n s  

These a r e  recorded i n  Appendix B a s  mentioned above 

and t h e  s e c t i o n s  a r e  a s  shown i n  f i g u r e  4. 

The v e r t i c a l  d i s t a n c e  between t h e  wi re  and t h e  top  and 

bottom of each block a long  each p r o f i l e  were noted 

s i m i l a r l y  f o r  each survey .  The chainage down t h e  

revetment  from t h e  ke rb ing  a t  t h e  c r e s t  t o  t h e  s t e e l  

channel a long  t h e  t o p  of t h e  t o e  p r o t e c t i o n ,  p l u s  t h e  

d i s t a n c e  down t h e  b a t t e r  of t h e  top  and bottom of each 

b l o c k ,  i s  a l s o  g iven  f o r  each p r o f i l e .  

Mean and s t a n d a r d  d e v i a t i o n s  were c a l c u l a t e d  and 

t a b u l a t e d  f o r  each p r o f i l e  i n  both s e c t i o n s  f o r  t h e  

su rveys  c a r r i e d  ou t  o v e r  t h e  l a s t  t h r e e  months (Jan t o  

Mar).  The December d a t a  was no t  inc luded  f o r  r e a s o n s  

g iven  i n  Chapter  5. 

( b )  P l o t s  

These a r e  shown i n  c r o s s  s e c t i o n  i n  f i g u r e s  5 t o  1 4 .  

The obvious d i f f e r e n c e s  between t h e  December survey 

and t h e  r e s t  a r e  d i s c u s s e d  i n  chap te r  5. 



4 WAVES AND T I D E  

LEVELS 

A standard pressure transducer was employed enclosed 

in a waterproof capsule and mounted at the seaward end 

of a groyne just north of the site. It consisted of 

an NBA (Controls) Ltd DNW-5 pressure sensor and a 

cassette recorder. The sensor recorded the pressure 

fluctuations, in terms of half centimetres of water, 

in digital form onto magnetic cassette tape. 

4.1 Measurement 

Ten minutes of data were recorded every half hour at a 

digitising frequency of 2Hz. This rate of sampling 

would fill a tape in approximately 5.5 days, just long 

enough to cover each spring tide. A new tape was 

installed and the recording procedure restarted two or 

three days prior to each spring tide. Tape retrieval 

then occurred five or six days later. The DNW-5 was 

calibrated using a dead weight pressure calibrator, 

the results of which were automatically included in 

the analysis procedure. 

Calibration was carried out both before deployment and 

after retrieval, with satisfactory agreement between 

the two. The range of water depths in which the 

instrument operated at Heacham was approximately 0-4m. 

It was expected that it would be sensitive to wave 

periods greater than about 2 or 3 seconds, depending 

on the water depth at the time. Wave energy at 

frequencies higher than about 0.5Hz would not be 

registered, particularly at high tide, due to the 

attenuation of pressure fluctuation with depth. 

The data was stored in binary format involving the use 

of "ranges". The figures represent half centimetres 

of water pressure within a given 256 unit range. The 

particular range in question is flagged at the 

beginning of each sampling period. 



4.2 Analysis 

It is normal HRL practice to analyse data as soon as 

possible after retrieval, so that any instrument fault 

can be quickly corrected. However, in this case only 

a fairly simple data quality check was carried out, 

since contractually, analysis was not to begin until 

close to the end of the measurement period. 

On arrival at HRL, the cassettes were scanned and 

portions of data plotted. This served as a quick 

check that everything was functioning satisfactorily 

during the recording period. Following this, the data 

was translated into formatted integer records and 

placed onto mainframe-compatible magnetic tape for 

further interpretation. At this stage the results 

were still in the efficient "range" format described 

in the last section. The second decoding phase 

translated to "single range" format, taking into 

account the calibration parameters of the instrument 

and its height above the bed. The data was then 

stored as formatted integer records which could be 

read directly as half centimetres of water pressure. 

Each record consisted of a header, followed by 1200 

integer pressures of which only 1024 were used in the 

analysis. The water depth was found by simple 

averaging of all 1200 values. At this stage, a check 

on the depth of water above the instrument was made. 

If the transducer was dry or covered by less than 20 

centimetres of water, then no further analysis was 

carried out. The next stage was to apply tidal 

filtering, or removal of very low frequency energy. 

The average of each successive block of 512 was 

calculated and a simple linear fit applied to the 

variation of mean water level from the middle of the 

first block of data to the middle of the last. 

Spectral analysis was carried out on the first 1024 

values in the record, each point firstly being reset 



to the difference between the measured water pressure 

and the "mean" depth at that instant. Error checking 

was limited to a visual scan of the data file and an 

automatic alert if the difference between successive 

pressure values exceeded a given value. 

The computed spectrum relates to pressure fluctuations 

and as such could not be used directly to calculate 

wave height and period statistics. It was transformed 

into a surface elevation spectrum by means of a 

standard transfer function dependent upon depth and 

frequency. There was a small proportion of spurious 

apparent energy in the pressure spectrum, introduced 

mainly by the half centimetre discrimination of the 

instrument and the low sampling frequency. This tail 

part of the spectrum assumed much greater proportion 

when transformed to a surface elevation spectrum. 

Experience has shown that to eliminate this spurious 

component for this range of water depths, the derived 

spectrum should be curtailed at a frequency of 0.5Hz, 

corresponding to retention of the first sixteen of the 

thirty-two bands in the spectrum. Hsig and Tz 

parameters were then calculated by integration of the 

spectrum, as follows: 

Significant wave height Hsig = 4 h  
0 l 

Mean wave height TZ = (mo/m 

where m !E(£) fn df 
n 

E(£) = wave spectrum, 

f = frequency and 

n = any integer 

4.3 Results 

Results of the analysis of the transducer data are 

given in Appendix A. They are in the form of computer 

output, omitting the recordings when no wave or tidal 

activity occurred above the diaphragm. These 



omissions occur when a gap appears in the readings and 

the record numbers are not consecutive. 

The data, presented in tabular form, is fairly self 

explanatory although the following notes may help: 

Day - day of the month 
Min - minutes within the day (eg 720 = 1200 hours) 

Max - maximum crest to trough wave height in 
metres recorded in that period and estimated 

using the equation Hmax = Hsig(1ogN) where N 

is the number of waves in the lOmin record. 

Hsig - is the significant wave height (ie the 
approximate average height of the highest 

one third of the recorded waves) in metres, 

and defined by Hsig = 4Jm 
0 

T z - wave crossing period in seconds. 
Rec No. - the record number on the tape (eg 0 is the 

first record). 

Elev - depth of water above the bed at the recorder 
station, converted to metres O.D.N. Table 3 

shows the reduced levels of the transducer 

and sea bed relative to O.D.N. at the site. 

The tables given overleaf show the peak tidal heights 

plotted against both the significant and maximum wave 

height during the recording period. The predicted 

tidal range over the spring tides at Hunstanton during 

the survey period are given below. 



Predicted spring tidal range at Hunstanton 

Date Tidal Range High Water 

(above O.D.N.) 

Note: Date in brackets denotes the day on which the survey was carried out. 
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OCCURRENCE CHART OF MAXIMUM HEIGHT AT PEAK TIDAL HEIGHT 

Peak t i d a l  Maximum wave h e i g h t  a t  h i g h  water  ( m e t r e s )  

h e i g h t  0- .25- -5- -75- 1.0- 1.25 

(m)ODN .25 -.5 .75 1.0 1.25 -1.5 

P 
P 

Highes t  r ecorded  s i g n i f i c a n t  wave h e i g h t :  1.498m 

Highes t  r e c o r d e d  t i d a l  h e i g h t :  ( r e 1  ODN) 4.256m 



5 DISCUSSION OF 

RESULTS 

5.1 General  comments 

T h i s  was not  an i d e a l  s i t e  t o  moni tor  as f a r  as 

exposure  i s  concerned.  The revetment was h igh  enough 

up t h e  beach s o  t h a t  on ly  o c c a s i o n a l l y  d i d  wa te r  

l e v e l s  reach  t h e  t o e .  S e c t i o n  5.6 e x p l a i n s  how t h e  

reve tment  was covered p e r i o d i c a l l y  w i t h  g r a v e l  

( b l i n d i n g )  and P l a t e  15 g i v e s  an i n d i c a t i o n  of how 

much b l i n d i n g  was washed o f f  the  revetment  . On t h e  

February v i s i t  i t  was noted t h a t  t h e  snow which had 

f a l l e n  over  t h e  p rev ious  week s t i l l  covered t h e  e n t i r e  

reve tment  and was a l s o  e v i d e n t  i n  p l a c e s  on t h e  

f o r e s h o r e  seaward of t h e  revetment .  

Moni to r ing  proved d i f f i c u l t  over  t h e  w i n t e r  months 

when, a l t h o u g h  t h e  survey team l e f t  b e f o r e  dawn on 

each o c c a s i o n ,  i t  l e f t  perhaps  s i x  hours  maximum t o  

a t t e m p t  a  complete  survey.  On one o c c a s i o n  snow and 

i c e  made i t  very  d i f f i c u l t  t o  remove t h e  b l i n d i n g  and 

a lmos t  i m p o s s i b l e  t o  i n s p e c t  t h e  f i l t e r  f a b r i c  and 

d e t e r m i n e  t h e  c o n d i t i o n  of t h e  sub-base .  

F i n a l l y ,  beach lowering was e v i d e n t  j u s t  n o r t h  of t h e  

reve tment  where a  c o n c r e t e  grouted rock revetment  

j o i n s  i t .  Here,  a s  P l a t e  20 shows, where t h e  beach 

meets  t h e  v e r t i c a l  c o n c r e t e  t o e ,  t h e  s t e e l  p i l e s  

benea th  a r e  exposed.  

5 . 2  Comparison of 

w a t e r  l e v e l s  and 

survey  d a t e s  

Looking a t  t h e  maximum wave h e i g h t  v a l u e s  i n  Appendix 

A and comparing them w i t h  mean water  l e v e l s  over  t h e  

su rvey  p e r i o d ,  shows t h e  fo l lowing :  



Date 

Dec 4 - Jan 16 

Jan 16 - Feb 12 

Feb 12 - Mar 13 

Hmax M.W.L T.W.L 

T.W.L (top water level) was calculated by multiplying 

Hmax by 0.6 and adding it to the mean water level. 

This is a very approximate figure but it does give an 

indication that only rarely during the recorded spring 

tides was the revetment reached. The maximum 

approximate tidal level plus the recorded wave height 

was 4.7m (A.0.D) on the 14th of January. This would 

have covered the bottom of the revetment to a depth of 

about half a metre (the base of the revetment, shown 

in figure 2, is at 4.32m A.0.D). It is thus only 

during storms with significant wave action or during 

surge conditions that the revetment is washed by the 

sea. Wave overtopping or splashing onto the revetment 

as the result of the waves striking the vertical toe 

protection, will of course occur more frequently, 

washing away the blinding on the lower part of the 

revetment. 

5.3 Profile changes 

As can be seen in Appendix B and figures 5 to 14, 

there was little change during the period January to 

March. The December survey however, shows a different 

picture. Comparison of each survey was left until the 

survey was complete to eliminate the risk of tailoring 

one survey to tie in with previous data. Despite a 

lot of discussion the difference between the December 

survey and the rest cannot be explained. It seems 

hardly likely however that the crest and the toe would 

change much, therefore it is likely that it is a 



surveying error on the first survey. The January to 

March surveys are very similar suggesting that little 

change had taken place during the winter months. 

5.4 Slumping 

It is not known how the bank was prepared to receive 

its facial armouring but some consolidation of at 

least the gravel filter was inevitable. The 

Armorflex, which protected the southern most section 

(Section 1) and 75% of Section 2 was, although 

undulating, fairly smooth, there being no protruding 

wave dissipators. Blinding filled the block holes and 

the filter could not be seen. The quality of the 

blocks was poorer than expected. The Armorflex block 

panels appeared to suffer less than the Petraflex from 

localised slumping although they did have 

undulations. 

The Petraflex, in contrast, which covered the rest of 

the revetment, had a wave dissipating block in 

alternate spaces (see figure 7). This meant that one 

block was high and the next block low, giving an 

uneven surface. In addition to this the revetting was 

uneven in places and isolated local slumping was 

observed, almost always at or near the toe at its 

seaward edge. Whether this unevenness occurred during 

construction is not known and only long term 

monitoring would determine if this continues. The 

maximum localised slump noted was in Section 4 where 

the blocks, again near the toe, had indented by some 

70mm allowing adjacent blocks to jam against each 

other. The Petraflex armouring possesses a dual 

orthogonal cabling system with the longitudinal cables 

held by metal anchors. If these were loosened in some 

way it could account for some slump. During the 

period of the survey, these areas of slump did not 

change a great deal. Their initial subsidence could 

have been caused by either leaching, although this 



looks unlikely (the filter cloth still looks in good 

condition), or consolidation or dissolving of the 

chalk fill. Cabling was almost invisible except for 

several crimped joints in the transverse polypropylene 

ropes which were protruding. 

5.5 Under layer 

It was not possible to determine whether the sub-base 

had moved. In the majority of cases when the blinding 

was removed from between the blocks, the filter cloth 

was found to be sound and stretched close to the 

overlying blocks. There were isolated cases where the 

revetment blocks could not follow fully the local 

subsidence and a gap had formed between the underside 

of the blocks and the top of the filter cloth. This 

was most evident in Section 3 near the toe (blocks 17 

and 18) and immediately to the north of the 

southern most kingpile. Here the filter was some 50mm 

below the blocks. These isolated gaps did not appear 

to alter during the survey period. In some cases the 

sub-soil had presumably consolidated and dropped, 

though not to the extent that it could not be felt by 

pressing the filter fabric down. This was done with 

care to avoid damaging the filter fabric. 

5.6 Blinding and 

run-up 

Periodically, Anglian Water covered the revetment with 

a couple of inches of gravel. Known as blinding, this 

is done to deter vandalism of the cables and filter 

cloth and to protect the revetment generally. Anglian 

Water tell us that the blinding needs to be replaced 

more frequently on the Petraflex part of the 

revetment. This is possibly because any wave activity 

on the revetment is agitated by the wave energy 

dissipator blocks of this system. Another factor may 

be that the Armorflex is situated at the southern end 

of the revetment and thus slightly less exposed to the 



north sea. The beach fronting this section is also 

generally higher. 

Wave run-up is dependent to a large extent upon the 

level  of the foreshore. Where the beach fronting the 

revetment came up to the crest of the toe protection, 

the blinding on the revetment remained almost intact. 

In areas where the foreshore was low, the blinding was 

washed away (see Plate 15) in some cases by about two 

thirds of the distance up the slope. 

5.7 Toe protection 

The most vulnerable area appeared to be at the toe. 

Not designed specifically for this type of revetting 

and in place before the revetment was built, the 

protection here consisted of round timber posts placed 

vertically, shoulder to shoulder (as on the foreshore) 

between the kingpiles, and topped with a steel channel 

(see figure 2). Filter fabric, double thickness in 

this area, was visible between the timber posts. 

Waves and tides carrying debris and washing through 

these toe piles could cause damage to the filter and 

lead to leaching of the sub-base. It was, during 

December and January, possible to inspect the filter 

fabric between the toe piles, which looked in 

reasonable condition. On subsequent visits in 

February and March 1986, the Anglian Water were 

obviously of the same opinion and the foreshore was 

artificially replenished. 

Ten metres seaward of the revetment there are a row of 

timber posts running parallel with the shoreline. 

Filter fabric was placed against these posts on their 

landward side and the this area up to the toe 

protection filled with clayey gravel. This fill, at 

the end of the survey (March 1986), covered the toe to 

within 0.3m of the top hiding the hitherto exposed 

filter fabric. 



6 CONCLUSIONS 

(a) This was not an ideal site for determining whether 

this type of revetment could withstand coastal 

exposure for several reasons, the main one being 

that, because of its position, waves only reached 

it on occasion and the swash line was evident 

seaward of the revetment. It has thus probably 

never been tested to anywhere near its design 

condition. 

(b) It can be seen from the profiles that very little 

movement had occurred in Section 1 (Armorflex) 

over the period January to March. Survey accuracy 

attempted was + or - lmm, but with the frost and 
ice on occasion which may have affected the 

readings, movement was negligible considering that 

the blocks are designed to flex to some degree. 

The filter fabric where it could be inspected 

looked in reasonable condition although block 

quality was disappointing. 

(c) It was thought that more movement might occur in 

Section 3 (Petraflex) because of the alternate 

high and low block grouping giving any wave 

activity an added turbulence. Although isolated 

slumping was observed, mostly near the toe, the 

section as a whole remained stable over the period 

January to March. This localised slump could be 

caused by 

(i) consolidation of the sub-base and gravel 

filter, 

(ii) leaching at the toe due either to a break in 

the filter fabric or inadequate overlap of 

the filter layers, or 

(iii) the bottom layer of blocks are held rigidly 

in concrete and the adjacent blocks have to 

adjust on their landward side only. 



(d) The December survey however gave readings in 

general higher than those observed during the 

other months. The reason for this has been 

discussed at length and although it cannot be 

ignored, the fact that the toe and the crest also 

appeared higher during this one survey, suggests 

that it was most probably an error in data 

collection and collation. 

(e) The tabulated transducer data shown in Appendix A, 

reveals that only occasionally did the recorded 

spring tides reach the revetment. Wave 

overtopping, as the result of the waves striking 

the vertical toe did of course occur more 

frequently. 

(f) Where the foreshore was up to the top of the toe, 

the blinding on the revetment face seemed 

virtually undisturbed. Where the vertical toe 

protection was exposed however, it looked as 

though the waves striking it had splashed up 

washing away the blinding on the lower part of the 

revetment. During the period of this survey, 

Anglian Water re-nourished the foreshore 

immediately fronting the revetment, covering the 

exposed toe. This obviously has a beneficial 

effect in protecting this vulnerable area and 

should be continued. 

(g) Groynes and short timber posts bisect the 

foreshore and front the revetment. They hold up 

beach material on their north side, thus causing 

lowered beach levels immediately to the south, 

exposing the toe. 
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TABLE 2 - KINGPILES - REDUCED LEVELS 

K i n g p i l e  l e v e l s  a t  t o e  of Heacham North  Beach Revetment 

Bay No. 1 (Armorf l e x )  Bay No. 3 ( P e t r a f l e x )  

K i n g p i l e  Level K i n g p i l e  Level  

N O .  (m O.D.N.) No . (m O.D.N.) 

Leve l s  t a k e n  and s u p p l i e d  by Angl ian  Water ,  Kings Lynn D i v i s i o n  



TABLE 3 - PRESSURE TRANSDUCER - REDUCED LEVELS 

Level to top of housing 1.178m ODN 

Diaphragm below top of 
transducer frame 0.625m 

Level of diaphragm 
(zero pressure) 

Level of beach 
at transducer 

0.553m ODN 

-0.142m ODN 

Transducer recorded at 2Hz for a 10 minute period every 30 minutes over each 
spring tide 

1 bar = 9.90~1 sea water 
1 mb = 0.099m 

Predicted Tidal Range - Hunstanton 
Visit Date (CD) Range ( ODN 

(metres) (metres) 

* Nov 18 Nov 13 7.6-0.6 7 .O 3.85-(-3.15) 
Dec 4 Nov 27 6.9-1.6 5.3 3.15-(-2.15) 
Jan 16 Jan 12 7.3-0.9 6.4 3.55-(-2.85) 
Feb 12 Feb 10 7.4-0.7 6.7 3.65-( -3.05) 
Mar 13 Mar 12 7.4-0.8 6.6 3.65-(-2.95) 

* Preliminary visit to Anglian Water and to check datums of pressure 
transducer 

Predicted Tidal Levels 

Chart Datum (metres) Ordnance Datum (metres) 

MHWS 
MHWN 
MLWN 
MLW S 











=ig 2 Typical section (Petraflex) 
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Fig  8 Sect ion 1 - pro f i le  4 





Fig 10 Section 3 - profi le 1 
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Fig 12 Section 3 - prof i le 3 
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Heacham Revetment Survey - Sec t i on  1. P r o f i l e  1. (Armorf lex)  

Block Chainage Depth r e l a t i v e  t o  wi re  mean s t anda rd  
No. -metres-  -metres-  d e v i a t i o n  

De c  Jan  Feb Mar 

Kingpi le  No. 2 7.04~1 ( c r e s t  t o  t o e )  

0.580 0.582 on s t e e l  channel  a t  
t he  t o e  

Mean and s t anda rd  d e v i a t i o n  taken from t h e  J an ,  Feb and March d a t a .  



Heacham Revetment Survey - Section 1. Profile 2. (Armorflex) 

Block Chainage Depth relative to wire 
No. -metres- -metres- 

De c Jan Feb Mar 

Kingpile No. 8 7.05m (crest to toe) 

mean standard 
deviation 

on steel channel 
at the toe. 

Mean and standard deviation taken from the Jan, Feb and March data. 
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Heacham Revetment Survey - Section 1. Profile 4. (Armorflex) 

Block Chainage 
No. -metres- 

Kingpile No. 20 

Depth relative to wire 
-metres- 

De c Jan Feb Mar 

7.02m (crest to toe) 

mean 

steel 

standard 
deviation 

channel at 
the toe. 

Mean and standard deviation taken from the Jan, Feb and March data. 



Heacham Revetment Survey - S e c t i o n  1. P r o f i l e  5. (Armorf lex)  

Block Chainage Depth r e l a t i v e  t o  w i r e  mean s t a n d a r d  
No. -met res -  -metres- d e v i a t i o n  

De c  Jan Feb Mar 

K i n g p i l e  No. 25 7.11m ( c r e s t  t o  t o e )  

0.590 0.592 on s t e e l  channel  a t  
t h e  t o e .  

Mean and s t a n d a r d  d e v i a t i o n  t a k e n  from t h e  J a n ,  Feb and March d a t a .  



Heacham Revetment Survey - Section 3. Profile 1. (Petraflex) 

Block Chainage Depth relative to wire 
No. -metres- -metres- 

Dec Jan Feb Mar 

Kingpile No. 1 7.02m (crest to toe) 

mean st dev 

0.338 0 .0022 
0.342 0 .0031 
0.306 0.0006 
0.318 0 .0002 
0.362 0 .0008 
0.378 0.0019 
0.341 0.0029 
0.360 0.0025 
0.397 0.0016 
0.416 0.0006 
0.392 0.0010 
0.400 0.0005 
0.433 0.0018 
0.440 0.0017 
0.399 0.0029 
0.414 0.0008 
0.462 0.0025 
0.477 0.0014 
0.443 0.0015 
0.444 0.0029 
0.489 0.0021 
0.502 0 .0021  
0.473 0.0015 
0.488 0.0036 
0.523 0.0024 
0.538 0 .0022 
0.497 0.0015 
0 .511 0 .0031 
0.562 0.0030 
0.574 0.0024 
0.545 0 .0013 
0.559 0.0029 
0.594 0.0025 
0.617 0.0005 
0.575 0.0037 
0.600 0 .0023 
0.637 0.0026 
0.643 0.0036 
0.604 0.0042 
steel channel at 

the toe 

Mean and standard deviation taken from Dec, Jan, Feb and March data 
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Heacham Revetment Survey - Section 3 .  Profile 3 .  (Petraflex) 

Block Chainage Depth relative to wire mean st dev 
No. -metres- -metres- 

Jan 
0 .290  
0 . 2 9 9  
0 . 3 4 2  
0 . 3 5 6  
0 . 3 2 1  
0 .325  
0 . 3 7 4  
0 .385  
0 . 3 5 5  
0 .363  
0 . 4 0 2  
0 . 4 0 9  
0 . 3 8 1  
0 .400  
0 . 4 3 1  
0 . 4 4 8  
0 . 4 2 0  
0 . 4 3 2  
0 . 4 7 1  
0 .486 
0 . 4 5 5  
0 . 4 7 1  
0 . 5 1 1  
0 . 5 3 6  
0 . 5 0 6  
0 . 5 1 4  
0 . 5 4 8  
0 . 5 5 2  
0 . 5 1 9  
0 . 5 2 8  
0 . 5 7 6  
0 . 5 7 6  
0 . 5 4 1  
0 . 5 6 4  
0 . 6 0 3  
0 . 6 2 3  
0 . 5 9 3  
0 .597 
0 .639  

Feb 
0 . 2 9 1  
0 . 2 9 8  
0 . 3 4 1  
0 . 3 5 4  
0 . 3 2 0  
0 .329  
0 . 3 7 1  
0 . 3 8 2  
0 . 3 4 6  
0 . 3 6 0  
0 . 3 9 6  
0 .408  
0 .377  
0 . 3 9 2  
0 . 4 2 8  
0 .447  
0 . 4 1 6  
0 . 4 2 9  
0 . 4 6 6  
0 . 4 8 0  
0 . 4 5 6  
0 . 4 6 9  
0 . 5 0 6  
0 . 5 3 3  
0 . 5 0 5  
0 . 5 1 2  
0 . 5 4 6  
0 . 5 4 9  
0 . 5 1 8  
0 . 5 2 6  
0 . 5 7 4  
0 . 5 7 1  
0 . 5 3 9  
0 . 5 6 1  
0 . 6 0 2  
0 . 6 2 1  
0 . 5 9 1  
0 . 5 9 6  
0 . 6 4 2  

Mar 
0 . 2 9 0  
0 . 3 0 1  
0 . 3 4 4  
0 .357 
0 . 3 2 1  
0 .327 
0 . 3 7 6  
0 . 3 8 2  
0 . 3 5 1  
0 .367 
0 . 4 0 0  
0 . 4 1 3  
0 . 3 8 3  
0 .401  
0 .434  
0 .450 
0 .427  
0 . 4 3 3  
0 . 4 7 1  
0 .487  
0 .458  
0 .475 
0 . 5 1 4  
0 .540 
0 . 5 1 2  
0 .520 
0 . 5 5 1  
0 .556  
0 . 5 2 1  
0 .530  
0 .580  
0 .577 
0 .545  
0 .563  
0 . 6 0 3  
0 .625  
0 . 5 9 4  
0 .599  
0 .640  

6 . 6 0  0 . 5 4 1  0 .540  0 . 5 4 1  0 . 5 4 3  on steel channel at 
the toe 

Kingpile No. 1 3  6.94m (crest to toe) 

Mean and standard deviation taken from Dec, Jan, Feb and March data 

This profile is on a line with the third groyne from the south 



Heacham Revetment Survey - S e c t i o n  3.  P r o f i l e  4. ( P e t r a f l e x )  

Block Chainage Depth r e l a t i v e  t o  w i r e  mean s t  dev  
No. -metres- -metres- 

De c  Jan Feb Mar 

6.58 0.465 0.466 0.464 0.465 on s t e e l  channel  a t  
t h e  t o e  

K i n g p i l e  No.19 6.64m ( c r e s t  t o  t o e )  

Mean and s t a n d a r d  d e v i a t i o n  t aken  from Dec, Jan ,  Feb and March d a t a  



Heacham Revetment Survey - Section 3. Profile 5. (Petraflex) 

Block Chainage Depth relative to wire me an st dev 
No. -metres- -metres- 

De c Jan Feb Mar 

6.74 0.409 0.414 0.409 0.410 on steel channel at 
the toe 

Kingpile No. 24 6.82m (crest to toe) 

Mean and standard deviation taken from Dec, Jan, Feb and March data. 




