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Session 8/20

Recent Research into the Coastal Landslides at Folkestone 

Warren, Kent, England

Recherches sur les glissements de terre de Folkestone Warren, sur la côte de la Manche, 

Grande-Bretagne

by A.  H.  T o m s , B. Sc. ,  A. M. I . C. E. ,  Resear ch Assi st ant  t o Ci vi l  Engi neer ,  Br i t i sh Rai l ways,  Sout her n Regi on,  Wat er l oo St at i on,  

London,  S. E.  1, Engl and

Summar y

The research by t he aut hor  i n 1938-39,  f or  t he Sout her n Rai l way 

Company,  showed t hat  t he subsi di ary l andsl i ps on t he sea si de of  t he 
rai l way on t he Kent  Coast  bet ween Fol kest one and Dover  wer e due 

t o deep shear  f ai l ure i n t he Gaul t  cl ay rest i ng on t he Lower  Gr een-  

sand.  It was not ,  however ,  unt i l  t he cont i nuat i on of  thi s research by 

deeper  bor i ngs,  i n 1948-50,  now descr i bed,  t hat  pr oof  was obt ai ned 

of  t he aut hor ’s predi ct i ons,  f r om t he earl i er research,  t hat  t he mecha­

ni sm of  t he mai n sl i ps is t he same as t hat  of  t he subsi di ary sl i ps.

Thi s recent  research reveal ed hi gh gr ound- wat er  l evel s i n t he back 

of  t he sl i p area,  and cal cul at i ons have been made t o assess t he rel a­

t i ve f act ors of  saf et y agai nst  f ur t her  movement s whi ch woul d be 

pr ovi ded by gr ound- wat er  l ower i ng or  t oe- l oadi ng of  t he sl i ps.

I n 1948,  as a resul t  of  t he research,  a pr ogr amme of  maj or  sl i p 

pr event i on wor ks was commenced.

Sommai r e

Les recherches ent repr i ses par  l ’aut eur  en 1938- 39 pour  l a 

«Sout her n Rai l way Company» avai ent  mont r é que l es gl i ssement s 

subsi di ai res ent re l a mer  et  l a voi e f errée observés sur  l a côt e de l a 

Manche,  ent re Fol kest one et  Douvr es,  pr ovenai ent  d’un ci sai l l ement  

t rès pr of ond dans l ’argi l e du Gaul t  qui  r epose sur  l e «Lower  

Gr eensand».  Néanmoi ns il a fal l u at t endre j usqu’à 1948- 50 pour  

pour sui vr e ces recherches et  véri f i er l es hypot hèses émi ses ant é­
r i eur ement  par  l ’aut eur ,  à savoi r  que l e mécani sme des gl i ssement s 

pr i nci paux est  l e même que cel ui  des gl i ssement s subsi di ai res.

Les recherches de 1948- 50 ont  mont r é que l e ni veau de l’eau dans 

l e sol  au revers des gl i ssement s est  t rès él evé.  Des cal cul s ont  ét é fai ts 

pour  dét er mi ner  l es f act eurs rel at i fs de sécuri t é cont re t ous gl i sse­

ment s ul téri eurs pr ovoqués par  l ’abai ssement  du ni veau de l’eau ou 

par  une sur char ge au pi ed des gl i ssement s.

Un vast e pr ogr amme de t r avaux de st abi l i sat i on a ét é ent repr i s 

en 1948 sur  l a base de ces recherches af i n de préveni r  t ous nouveaux 

gl i ssement s.

I nt r oduct i on and Gener al  Geol ogy  of  t he Ar ea

Fi g.  1 i s a pl an of  t he west er n hal f  of  t he War r en ( t he t wo 

mi l e l ong sl i p ar ea bet ween t he hi gh cl i f fs and t he sea)  showi ng 

t he 1938- 39 bor i ngs f or  i nvest i gat i on of  t he subsi di ar y sl i ps,  

and t hose sunk i n 1948- 50 i nt o t he mai n sl i ps al so.

Descr i pt i ons of  t he 1938- 39 r esear ch i nt o t hese l andsl i des 

wer e gi ven by Toms ( 1939- 48) .

The geol ogy of  t he unsl i pped st rat a i n t he hi gh cl i f fs was 

descr i bed by Osman (1917) ,  but  hi s deduct i ons as t o t he nat ur e 

of  t he sl i ps ar e now shown t o be i ncor r ect  as ar e al so hi s 

est i mat es of  t he t ot al  t hi ckness of  t he Gaul t .

Fi g.  2 shows t ypi cal  cr oss- sect i ons t hr ough t he War r en.  The 

unsl i pped st rat a of  t he hi gh cl i f f  compr i se t he mi ddl e and l ower  

chal k rest i ng on t he Gaul t  cl ay,  over l yi ng t he Lower  Gr een­

sand.  The Coast  r uns nor t h of  east  and t he Gaul t  i ncr eases 

i n t hi ckness i n t hi s di r ect i on by 14 ft. per  mi l e.

The bor i ngs showed t he t op of  t he Lower  Gr eensand t o be 

al most  a pl ane havi ng a di p of  about  1 i n 52 wi t h a “ st r i ke”  

57°  west  of  nor t h,  t hus pr ovi ng t hat  t he sl i ps had been con­

f i ned t o t he over l yi ng st rat a.  The l engt h of  Coast  af f ect ed by 

sl i ps i s r oughl y f r om t he poi nt  at  t he west  end at  whi ch t he base 

of  t he Gaul t  r i ses above shor e l evel ,  t o t he cor r espondi ng poi nt  

at  t he east  end wher e t he t op of  t he undi st ur bed Gaul t  si nks 

bel ow shor e l evel .

Fi g.  3 i s a t ypi cal  sect i on t hr ough t he undi st ur bed Gaul t  

showi ng t he subdi vi si on i nt o t hi r t een beds i dent i f i ed by zonal  

Ammoni t e t ype fossi l s.  I t  was pr epar ed by t he aut hor ’s assi st ant  

Mr .  A. M. M. Wood, M. A. ,  A. M. I . C. E. ,  f r om t he 1948- 50 

bor i ngs and ot her  sour ces,  f or  t he pur pose of  est abl i shi ng t he 

ver t i cal  di spl acement s of  t he sl i pped soi l  masses.  Al ongsi de ar e 

shown t he cl assi f i cat i on i ndi ces of  sampl es not  i nvol ved i n
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shear  zones.  The aut hor  hoped or i gi nal l y t hat  t hese i ndi ces 

mi ght  be of  assi st ance i n t he assessment  of  ver t i cal  di spl ace­

ment s,  but  i t wi l l  be seen t hat  sl i ght  var i at i ons onl y over  l ar ge 

dept hs r ender ed zoni ng by t hem i mpossi bl e.

Descr i pt i on of  t he 1948— 1950 I nvest i gat i ons

By  1947 a t r i angul at i on sur vey cover i ng t he War r en area,  

whi ch had been est abl i shed bef or e t he war ,  showed t hat  a sl ow 

movement  i nvol vi ng t he sea wal l  was cont i nui ng on t he sea 

si de of  t he r ai l way.  Shear i ng occur r ed of  t wo dr ai nage head­

i ngs.

Bor ehol es Nos.  1 t o 4 (see Fi g.  1) wer e t heref or e sunk cl ose 

t o t hese headi ngs t o l ocat e t he sl i p and t o hel p i n det er mi ni ng 

t he most  sui t abl e st abi l i si ng measur es.  These headi ngs ar e 

some di st ance east  of  t he west er n end of  t he War r en,  t he base 

of  t he Gaul t  t her e bei ng wel l  bel ow shor e l evel .  The sl i ps wer e 

f ound t o pass down cl ose t o t he base of  t he Gaul t ,  but  t he 

mechani sm of  t he t oe upheaval  appear ed t o di f f er f r om t hat  

of  a nor mal  “ Ci r cul ar ”  sl i p i n homogeneous mat er i al .  Phot o­

gr aphs of  t he 1915 and 1937 sl i ps and t he appear ance of  t he 

denuded Gaul t  i n 1948 suggest ed t hat  t he backs of  many  ol d 

sl i ps exi st  i n t he shor e,  and t hat  t hr ust  causes upheaval  by 

wedge act i on under  t hem,  except  t owar ds t he west  end of  t he 

War r en wher e t he Gaul t  cover  t o t he Gr eensand i s t hi n.  Ther e 

t he Gaul t  cr ushes up at  r andom.  The seawar d l i mi t s of  di s­

t ur bance of  t he f or eshor e wer e est i mat ed by l evel l i ng at  di f f e­

r ent  t i mes on rai l  st umps dr i ven deep i nt o it.

The 1948- 50 bor i ngs wer e gener al l y l i ned t empor ar i l y f or  

most  of  t he dept h t o excl ude wat er  above t he Gaul t  and t o 

per mi t  det er mi nat i on of  t he head of  wat er  i n t he Lower  Gr een­

sand.  Li ner  t ubes havi ng squar e- t hr eaded j oi nt s pr oved i n­

suf f i ci ent l y l eak- t i ght  and wer e r epl aced by t ubes wi t h V  t hr eads 

caul ked wi t h whi t e l ead compound.  Swel l i ng of  t he Gaul t  i n 

one or  t wo of  t he deep hol es made ext r act i on of  l i ners excep­

t i onal l y di f f i cul t .

To  mi ni mi se di st ur bance of  t he st i f f  Gaul t  by t he Sampl i ng

t ool  exper i ment s wer e made wi t h t hi nner  Cor i ng t ool s.  I t  was 

f ound t hat  one havi ng a rat i o of  di spl acement  t o Cor e ar ea of  

25% was t he t hi nnest  whi ch woul d wi t hst and t he dr i vi ng 

st resses.

The  Gaul t

“ Undi st ur bed”  cor es of  t he st i f f  Gaul t  wer e of t en f ound t o 

cont ai n f i ssures,  some havi ng t he charact er i st i c “ sl i ckensi de”  

pol i sh and st r i at i on.  I t  i s t hought  t hat  many  of  t hese f i ssures 

may,  however ,  have been caused by t he dr i vi ng of  t he Sampl er .

Owi ng t o t he hi gh st r engt h of  some sampl es of  Gaul t  t hey 

coul d not  be over st r essed i n a st andar d shear  box appar at us.  

One was t her ef or e adapt ed t o t ake sampl es 1"  squar e onl y.  

Si mi l ar l y i t was f ound necessar y t o adapt  an Adi e Cement -  

t est i ng machi ne t o det er mi ne t he si mpl e compr essi ve st r engt h 

of  t hi s Gaul t .  The mean compr essi ve yi el d poi nt  so f ound was 

about  600 l bs. / i n2.

The nat ur al  moi st ur e cont ent  of  t he Gaul t  i n i ts undi st ur bed 

st at e was f ound t o be gener al l y 5 t o 10% bel ow t he Pl ast i c 

Li mi t .  Ther ef or e,  si nce i n t he War r en i t i s under  muc h l ess 

t han i ts pr econsol i dat i on over bur den,  zones wher e movement  

had occur r ed wer e gener al l y i ndi cat ed by muc h hi gher  moi s ­

t ur e cont ent s,  somet i mes exceedi ng t he Pl ast i c Li mi t ,  and muc h 

r educed st rengt hs.  A  compar i son of  moi st ur e cont ent s of  cor ­

r espondi ng beds of  t he “ undi st ur bed”  Gaul t  i n t he shal l ower  

and deeper  bor i ngs r eveal ed no si gni f i cant  di f f erences,  i ndi ­

cat i ng t hat  i t has no appr eci abl e t endency t o swel l  and sof t en 

due t o t he pr ogr essi ve r educt i on of  t he over bur den by t he 

r epeat ed sl i ppi ng.  On  t he evi dence avai l abl e t he r epeat ed i n­

ci dence of  sl i ps coul d not  t her ef or e be at t r i but ed t o gr adual  

sof t eni ng of  t he Gaul t  i n t he War r en due t o swel l i ng al one.

Test s on sampl es i n speci al  oedomet er s at  t he Bui l di ng Re ­

sear ch St at i on,  Wat f or d,  conf i r med t he vi ew t hat  t her e was sti l l  

suf f i ci ent  over bur den pr essur e at  t he posi t i ons f r om whi ch t he 

sampl es wer e t aken t o rest rai n t he Gaul t  t her e f r om f ur t her  

swel l i ng and weakeni ng unl ess i nvol ved i n a zone of  shear i ng

F ig. 1 Plan o f  the W estern H a lf o f  Folkeston e W arren Show ing the Areas Investigated by Borings in 1938-39 and 1948-50

Plan de la partie ouest de Folkestone Warren indiquant l’em placem ent des recherches e t sondages entrepris en 1938-39 et 1948-50
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F ig. 2 T ypical C ross-Sections Show ing B oreholes and H eadings  

Profils m ontrant les sondages et galeries
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F ig. 3 A tterberg Lim its and M oisture C ontents o f  the G ault Beds

Lim ites d ’Atterberg et teneur en eau  des différentes couches du G ault

due t o some ot her  cause.  I t  was not  possi bl e,  dur i ng t hese 

tests,  t o appl y shear  st ress at  t he same t i me as nor mal  st ress,  

and t he ef f ect  of  such combi ned st ress i s, t heref ore,  not  known.

At  var i ous t i mes cl i f f  t op set t l ement s of  a f ew f eet  have 

occur r ed f ol l owed,  at  var yi ng i nt erval s,  by cl i f f  col l apses some­

t i mes but  not  al ways associ at ed wi t h a maj or  sl i p.  I n bor i ng 

No.  5,  i n what  was bel i eved t o be compl et el y undi st ur bed 

Gaul t  bel ow t he r ear most  mai n sl i p,  sl i ckensi des wer e f ound 

associ at ed wi t h smal l  r educt i ons of  bed t hi cknesses of  t he or der  

of  a f ew feet .  Thi s suggest s t hat  t he smal l  set t l ement s of  t he 

cl i f f  ar e r el at ed t o t hese st rai ns i n t he Gaul t ,  f ur t her  di spl ace­

ment  bei ng hel d up unt i l  suf f i ci ent  yi el di ng occur s i n t he War r en 

t o r ender  t he whol e syst em unst abl e.

Mec han i s m of  t he Landsl i ps 

Fi g.  2 shows t he posi t i ons and shapes of  t he sl i p sur f aces as 

det er mi ned f r om: —

(a) Feat ur es and k nown changes i n t he gr ound sur f ace.

(b) The posi t i ons of  shear i ng of  headi ngs Nos.  2 and 4.

(c) We a k  zones and ot her  si gni f i cant  di scont i nui t i es i n t he 

bor i ngs.

(d) Di st ur bances and di scont i nui t i es of  t he f or eshor e.

(e) The l evel s at  whi ch shear i ng has al r eady occur r ed i n bor e­

hol es Nos.  2 t o 4 i n whi ch ear t henwar e st andpi pes wer e 

i nst al l ed speci al l y f or  t he det ect i on of  such movement s.

Al l  t he deep bor ehol es showed ampl e evi dence of  pr evi ous 

sl i p movement s  on a l ar ge scal e and t hat  t he subsi di ar y and 

maj or  sl i ps al ways t end t o f ol l ow t he sof t ened zones r esul t i ng 

f r om t he ear l i er  sl i ps.

The 1938- 39 i nvest i gat i ons,  descr i bed by Toms ( 1939) ,  wer e 

conf i ned t o t he subsi di ar y,  sl i ps,  on t he sea si de of  t he r ai l way,  

at  t he west er n end of  t he War r en.  They showed t hat  t hese sl i ps 

pass down st eepl y t o t he basement  bed of  t he Gaul t  and t hen 

hor i zont al l y al ong i t, whi ch r esul t ed i n upheaval  and t he f or ma­

t i on of  t empor ar y i sl ands on t he f or eshor e dur i ng bot h t he 1915 

and 1937 sl i ps.

Semi - ar t esi an wat er  was f ound,  i n al l  bor ehol es,  i n t heGr een-  

sand bel ow t he Gaul t .  These r ecor ded wat er  l evel s may  not ,  

however ,  have been ent i rel y i n equi l i br i um si nce i t was not  

possi bl e t o l eave t he bor i ngs open t o t hi s dept h i ndef i ni t el y,  as 

t hey had t o be pl ugged of f  f or  measur ement  of  t he st andi ng 

wat er  l evel s above t he Gaul t .  These wer e al l  f ound t o be muc h 

hi gher  t han t he cor r espondi ng Gr eensand wat er  l evel s.  Fr om 

t he wat er  t abl e gr adi ent  i t was suspect ed t hat  wat er  was ent er ­

i ng t he War r en f r om t he hi gh cl i f f  behi nd.  Thi s emphasi zed 

t he need f or  subsoi l  and wat er  expl or at i on i n t he back of  t he 

War r en and a st udy of  t he pract i cabi l i t y of  mi ni mi si ng i ts ad­

ver se ef f ect s by dr ai nage.

Fi g.  2 shows how t he sl i ps have r esul t ed f r om shear  f ai l ure 

of  t he Gaul t  pr i nci pal l y al ong i ts basement  bed,  i nvol vi ng l ar ge 

di spl acement s of  t he ear t h masses and cor r espondi ngl y l ar ge 

r educt i ons i n t hi ckness of  t he Gaul t  i n t he “ War r en’ ’ compar ed 

wi t h i ts “ unsl i pped”  t hi ckness.

Sl i ps i n t he past  wer e due t o pr ogr essi ve sea er osi on of  t he 

f or eshor e ( now pr oved t o have been assi st ed by l ar ge hydr o­

st at i c pr essur es f r om t he hi gh gr ound wat er  i n t he br oken chal k 

over l yi ng t he gaul t ) .  Const r uct i on of  t he seawal l  and gr oynes 

over  a per i od of  year s modi f i ed t he condi t i ons but  has not  

ar r est ed shor e er osi on ent i rel y.

The 1948- 50 bor ehol es pr oved,  f or  t he f i rst  t i me,  t hat  t he 

maj or  sl i ps ar e due t o shear  f ai l ure of  t he Gaul t  on sl i p sur ­

f aces whi ch pass down deepl y i nt o i t: i n f act  r i ght  down t o 

i ts basement  bed i n t he west er n hal f  of  t he War r en at  l east .  

They al so r eveal ed ver y hi gh gr ound wat er  l evel s i n t he back 

of  t he War r en,  i ndi cat i ng t he exi st ence of  l ar ge hydr ost at i c 

pr essur es t endi ng t o dr i ve i t i nt o t he sea.

Di st r i but i on of  Under gr ound Wat er

The bor ehol es per mi t t ed t he det er mi nat i on of  t he wat er  

di st r i but i on i n t he br oken chal k over l yi ng t he gaul t .  Af t er  

dr i vi ng t he l i ners i nt o t he gaul t  t o seal  of f  t he wat er  f r om t he 

chal k,  f ur t her  bor i ng,  i nt o t he Lower  Gr eensand,  enabl ed t he
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head of  wat er  i n t hi s st r at um t o be r ecor ded.  Fi nal l y each 

bor i ng was seal ed above t he Lower  Gr eensand and ear t hen­

war e pi pes,  or  st eel  st andpi pes wi t h br onze gauze and gr avel  

f i l ters at  t he wat er - bear i ng zones wer e i nser t ed f or  t he sub­

sequent  r ecor di ng of  t he l evel s of  t he wat er  over  t he Gaul t .  

These st andpi pes ar e shown i n Fi g.  4.

The di schar ge f r om several  of  t he exi st i ng dr ai nage headi ngs 

was measur ed and was f ound t o exceed t he quant i t y whi ch 

coul d be account ed f or  by t he rai nf al l  on t he appr opr i at e 

cat chment  ar ea i n t he War r en al one.  Thi s f act  and al so t he 

ver y hi gh gr ound wat er  l evel s i n t he back of  t he War r en poi nt  

t o t he concl usi on t hat  wat er  must  be f l owi ng i nt o t he War r en 

f r om t he undi st ur bed st rat a of  t he hi gh cl i f fs at  l evel s bel ow 

t he War r en sur f ace.  At  one poi nt  onl y i s t her e a vi si bl e spr i ng 

i n t he hi gh cl i f f  f ace.

For  many  year s at t empt s have been made t o l ower  t he 

gr ound wat er  i n t he War r en by means of  t i mber ed headi ngs 

r unni ng back f r om t he seawal l  but ,  owi ng t o t hei r  wi de spaci ng 

and i nadequat e l engt h,  and al so t he di f f i cul t y of  mai nt ai ni ng 

t hem due t o sl i ps,  t he wat er  t abl e r emai ns ver y hi gh at  t he back 

of  t he War r en.  I t  i s however  mar kedl y l ower  near  headi ngs,  

showi ng t hat ,  i f  t he syst em coul d be i mpr oved and ext ended 

i t shoul d be ef f ect i ve.

St abi l i t y Cal cul at i ons

Cal cul at i ons have been made t o anal yse t he equi l i br i um 

condi t i ons of  t he War r en and t he pr obabl e benef i t  t her et o of  

t he al t ernat i ves of  t oe l oadi ng or  l ower i ng by dr ai nage of  t he 

hi gh gr ound wat er  l evel  i n it. Space l i mi t at i ons however  pr e­

cl ude t he i ncl usi on of  t hese cal cul at i ons.

For  bor der l i ne equi l i br i um of  t he subsi di ar y ( or  “ t oe” ) sl i p,  

t he aver age shear  st r engt h of  t he Gaul t  was cal cul at ed as 

7. 35 l bs. I'm2, whi ch compar ed wi t h t he val ue of  7. 85 l bs. / i n2 

obt ai ned f or  t he 1937 Sl i p (Toms, 1939) .  The mean shear  

st r engt h of  t he sampl es t aken f r om t he sl i p zone i n bor i ngs 

Nos.  1 t o 4 was 11. 1 l bs. / i n2. As  t he t oe i s appr oached t her e 

i s however  r eason t o expect  a r educt i on i n shear  st rengt h.

Cal cul at i ons f or  t he mai n sl i p show t hat ,  f or  equi l i br i um,  

t he mean shear  st r engt h t hr oughout  t he sl i p sur f ace ( excl udi ng 

t he par t  i nvol ved i n t he subsi di ar y sl i p) must  be about  21. 0 

l bs. / i n2.

The aver age shear  st r engt h of  t he f ew sampl es obt ai ned f r om 

mai n sl i p zones was about  16. 0 l bs. / i n2. The di f f erences bet ween 

t hese cal cul at ed st resses and t he measur ed st r engt hs may  be 

due t o: —

(a) unknowns  i n r espect  of  whi ch assumpt i ons had t o be made 

i n cal cul at i on;

(b) i nsuf f i ci ent  sampl es f r om sl i p zones t o enabl e a f ai r aver ­

age st r engt h t o be obt ai ned.

St abi l i si ng Measur es  Adopt ed and Pr oposed

Si nce t he pr i mar y cause of  t he sl i ps has al ways been con­

t i nual  er osi on by t he sea of  st abi l i si ng mass al ong t he shor e,  

t he st eps t aken i n t he past  t o mi ni mi se t hi s act i on have been

(i ) The const r uct i on of  a sea wal l  t o pr ot ect  t he shor e l i ne 

l ow cl i ffs.

(i i ) The const r uct i on of  gr oynes t o r educe t he east war d dri f t  

and cont i nual  l oss of  shi ngl e and sand,  whi ch f or ms a 

nat ur al  pr ot ect i on.
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(l i i ) The t i ppi ng ont o t he shor e of  shi ngl e and sand obt ai ned 

el sewher e.

Never t hel ess,  er osi on of  t he f or eshor e and under mi ni ng of  t he 

sea wal l  occur r ed necessi t at i ng under pi nni ng.  Al so,  bef or e 

compl et i on of  t he sea wal l  at  t he west  end of  t he War r en t he 

subsi di ar y sl i p i n 1937 t hr ust  a l ong l engt h of  t he sea wal l  out  

t o sea by amount s up t o 90 feet .  As  ment i oned above,  t he sea 

wal l ,  compl et ed af t er  t he mai n movement  had ceased,  cont i nued 

t o move.  Mor e drast i c st abi l i si ng measur es wer e t her ef or e 

essent i al  and,  as a resul t  of  t he resear ch,  i t was deci ded t o i m­

pose a heavy wei ght  of  f i l l i ng on t he f or eshor e i n f r ont  of  t he 

exi st i ng sea wal l .  Ther ef or e,  i n 1948- 49 a new sea wal l  400 ft. 

l ong wi t h r et ur n end wal l s was const r uct ed 200 ft. seawar ds of  

t he ol d one wher e movement  was great est ,  and t he “ box ”  so 

f or med was f i l l ed wi t h chal k excavat ed f r om t he t op of  t he 

sl i p,  t hi s bei ng pr ot ect ed wi t h a concr et e sl ab.  Owi ng t o ser i ous 

er osi on and some sea wal l  movement  f ur t her  east  t he wor k  i s 

bei ng ext ended.

Cal cul at i ons i ndi cat e t hat  t he f act or  of  saf et y pr ovi ded 

agai nst  a f ur t her  maj or  sl i p by a gener al  l ower i ng of  t he gr ound 

wat er  at  t he back of  t he War r en of  say 20 ft. woul d be of  t he 

or der  of  5. 5% (1. 055) .  By  compar i son t he t oe wei ght i ng and 

sea wal l  const r uct ed i n 1948—49 (as descr i bed above)  i s est i ­

mat ed t o pr ovi de a f act or  of  saf et y of  about  3. 6% (1. 036).  

Theor et i cal l y t her ef or e gener al  dewat er i ng of  t hi s amount  

shoul d be mor e ef f ect i ve t han such a cost l y t oe wei ght i ng scheme 

( apar t  of  cour se f r om pur e er osi on pr ot ect i on whi ch i s neces­

sar y i n ei t her  case).

The pract i cabi l i t y and economi cs of  such ext ensi ve dewat er ­

i ng ar e at  t he moment  compl et el y unk nown and muc h r esear ch 

wi l l  be necessar y t o obt ai n dat a on t hese mat t er s.  As  a f i rst 

st ep an exi st i ng dr ai nage headi ng i s t o be ext ended t o st udy

i ts ef f ect  on t he sur r oundi ng wat er  t abl e,  and al so t he cost  and 

di f f i cul t i es of  such an ent erpr i se.

Owi ng,  however ,  t o t he t i me whi ch t hi s r esear ch wi l l  t ake 

and t he uncer t ai nt y of  i ts out come,  and al so t hat  coast  er osi on 

must  i n any event  be pr event ed,  f ur t her  wor k  on t he ext ensi on 

of  t he coast  pr ot ect i on wor ks i s unavoi dabl e.

Means  Adopt ed f or  t he Det ect i on of  Sl i p Mov ement s  

These ar e: —

(1) Per manent  t r i angul at i on and t r aver se poi nt s t hr oughout  

t he area.

(2) Per manent  r ef er ence poi nt s f or  det ect i ng changes of  l evel .

(3) Det ect i on of  l ongi t udi nal  st rai n i n dr ai nage headi ngs by 

means of  copper  wi r es anchor ed at  t he l andwar d ends,  

passi ng over  pul l eys on t he si de wal l s,  and t er mi nat i ng at  

a t ensi oni ng devi ce near  t he seawar d end.

(4) Soundi ngs of  t he bor ehol es t o see whet her  t hey have suf ­

f er ed di st or t i on due t o sl i p movement .

(5) Vi sual  obser vat i ons of  st rai n i n headi ngs and at  t he gr ound 

sur f ace.

Ref er ences

O sm an ,C . T he Landslips o f  Folkeston e W arren and theT hick-

ness o f  the Lower Chalk and G ault near D over. Proc. G eol. Ass., 

V ol. 28, II.

Tom s, A .H .  (1939): Folkeston e W arren Landslips: Research Carried Out 

in 1939 by the Southern Railway. Inst, o f  Civil Engineers, R ailway  

D ivision , Paper N o . 19.

Tom s, A .H .  (1948): T he Present Scope and Possible Future D evelopm ent 

o f  Soil M echanics in British Railw ay Civil Engineering C onstruction  

and M aintenance. Proc. II Int. C onf. Soil M echanics and Foundation  

Engineering, Rotterdam , vol. IV, p. 226.

293


