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Session 8/15

Steel Sheet Piling Studies

Recherches sur les palplanches en acier

b y  J . L . J a s p a r  and A.  S.  R i n g h e i m , Soi l  Mechani cs Engi neer s,  Prai r i e Far m Rehabi l i t at i on Admi ni st r at i on,  505 Canada Bl dg. ,  

Saskat oon,  Saskat chewan,  Canada

Summar y

St udi es wer e conduct ed t o est i mat e t he ef f ect i veness of  steel  sheet  

pi l i ng as a cut -of f  wal l  pl aced t hr ough a per vi ous f oundat i on of  an 

ear t h dam.  Equat i ons der i ved f or  t he f l ow of  wat er  t hr ough t he 

i nt er l ocks of  var i ous t ypes of  pi l i ng embedded i n r i ver sand wer e 

used t o est i mat e t he seepage under  t he dam.  Based on t he condi t i ons 

of  t he tests and on t hose assumed i n t he fi el d, it was est i mat ed t hat  

a steel  sheet  pi l e wal l  woul d be i ni t i al l y equi val ent  t o 30 ft. (9 m)  

of  upst r eam i mper vi ous bl anket ,  f or  al l  i nt er l ocks l oose,  and t o 

300 ft. ( 90 m)  of  bl anket  f or al l  i nt er l ocks sl i ght l y t i ght  and c om­

pact ed wi t h sand.  It  was al so assumed t hat  t he i nt er l ocks woul d 

be i nt act  and not  rust ed,  and t hat  t he ends of  t he pi l i ng woul d be 

seal ed i nt o i mper vi ous mat er i al .  I n t i me,  rust i ng of  t he pi l i ng woul d 

i ncrease i ts ef f ect i veness as a seepage barri er,  but  i t is not  known 

i f suf f i ci ent  rust i ng woul d occur  t o war r ant  t he cost  of  a steel  sheet  

pi l e wal l  as compar ed t o t he cost  of  an upst r eam i mper vi ous bl anket .

Sommai r e

Des ét udes ont  ét é fai tes pour  éval uer  l ’ef f i caci té appr oxi mat i ve 

d’un écr an paraf oui l l e de pal pl anches exécut é à t ravers l ’assi se per ­
méabl e d’un bar r age en terre.  Pour  ét abl i r l ’ i nf i l t rat i on d’eau à t ra­

vers l es j oi nt s des pal pl anches l es aut eurs ont  eu recours aux équat i ons 
per met t ant  de cal cul er  l ’écoul ement  t otal  sous l e barrage-réservoi r .  

Se basant  sur  l es essai s et  l es condi t i ons sur  pl ace,  il sembl e que,  

au début ,  un r i deau de pal pl anches est  équi val ent  à un t api s i mper ­

méabl e d’envi r on 30 pi eds (9 m)  en amont  du bar rage,  si  l es j oi nt s 

sont  rel âchés,  et  d’envi r on 300 pi eds (90 m)  si  l es j oi nt s sont  serrés 

et  bi en bour r és de sabl e,  à condi t i on que l es j oi nt s ne soi ent  ni  en­

dommagés ni  roui l l és,  et  que l es ext rémi t és des pal pl anches soi ent  
scel l ées dans un mat ér i au i mper méabl e.  Il  est  pr obabl e que l es j oi nt s 

se roui l l erai ent  à l a l ongue,  ce qui  cont r i buerai t  à rédui re l ’écoul e­

ment .  Cependant  on i gnore s’i ls se roui l l erai ent  au poi nt  de j ust i f i er 

l e coût  d’un écr an de pal pl anches pl ut ôt  qu’un t api s i mper méabl e 

en amont  du bar rage.

Gener al

An  i nvest i gat i on (x) was car r i ed out  t o (see ref er ences)  est i ­

mat e t he ef f ect i veness of  st eel  sheet  pi l i ng as a cut - of f  wal l  

pl aced t hr ough t he per vi ous f oundat i on of  a pr oposed ear t h 

d am on a r i ver  i n Saskat chewan,  Canada.  Exper i ment s wer e 

conduct ed f r om whi ch r el at i onshi ps wer e der i ved f or  f l ow 

t hr ough t he i nt er l ocks of  var i ous t ypes of  pi l i ng.  The exper i ­

ment s wer e conduct ed i n t anks r angi ng f r om 10 i nches i n di a­

met er  and 15 i nches i n hei ght ,  t o 48 i nches i n di amet er  and 

48  i nches i n hei ght .  The t anks wer e const r uct ed such t hat  

var i ous sect i ons of  pi l i ng coul d be seal ed al ong t hei r  si des and 

ends,  so t hat  t he f l ow occur r ed ent i rel y t hr ough t he i nt er l ocks.  

The t anks wer e f i l l ed wi t h r epr esent at i ve r i ver  sand havi ng t he 

f ol l owi ng charact er i st i cs:

D10 =  0 .1 5  mm

D m =  0 .4 0  mm

Cu = Coef f i ci ent  of  uni f or mi t y =  80 =  2. 7
Dio

Dr y  Densi t y =  95  l bs. / cu. f t .

Tap wat er  was used f or  t he tests,  and t he desi r ed pr essur es wer e 

obt ai ned by t he r egul at i on of  val ves whi ch cont r ol l ed t he f l ow 

of  t he wat er  f r om a pr essur e t ank.

The r el at i onshi ps der i ved wer e used i n conj unct i on wi t h 

Darcy's equat i on f or  f l ow t hr ough a soi l ,  t o est i mat e t he see­

page under  t he pr oposed dam.  I t  was al so possi bl e t o comput e 

t he l engt h of  upst r eam i mper vi ous bl anket  whi ch,  when sub­

st i t ut ed f or  t he sheet  pi l e wal l ,  woul d yi el d t he same seepage 

as t hat  obt ai ned wi t h t he use of  t he pi l i ng.

I t  must  be emphasi zed t hat  t he cal cul at i ons whi ch f ol l ow 

wer e based on t he resul t s obt ai ned f r om t he exper i ment s and 

t her ef or e appl y onl y t o t he condi t i ons assumed.  For  t he tests,  

such f act or s as t he st ress i n t he pi l i ng,  t he ar ea of  t he f l ow pat h 

t hr ough t he i nt er l ocks,  and t he amount  and per meabi l i t y of  

t he sand i n t he i nt er l ocks,  coul d be appr oxi mat ed wi t h some 

degr ee of  rel i abi l i t y.  For  a sheet  pi l e wal l  under  a dam,  t hese 

f act or s among ot her s woul d be i ndet er mi nat e.  Ther ef or e,  t he 

assumpt i ons of  f i el d condi t i ons whi ch ar e pr esent ed cont ai n 

a gr eat  degr ee of  specul at i on.  Unf or t unat el y,  ver y f ew measur e-
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ment s have been r ecor ded t o dat e on sheet  pi l i ng i n pl ace under  

dams.  I t  woul d appear ,  based on t he t est s t hat  wer e conduct ed 

and on a f ew f i el d measur ement s k nown t o t he wr i t ers,  t hat  a 

sheet  pi l e wal l ,  pl aced t hr ough a per vi ous f oundat i on of  a 

rel at i vel y hi gh d a m woul d not  be as ef f ect i ve a seepage bar r i er  

as one woul d desi re.

Equat i ons

Darcy's equat i on f or  f l ow t hr ough a soi l  i s:  

q = kia (1)

wher e :

q =  f l ow t hr ough t he soi l  

k =  coef f i ci ent  of  per meabi l i t y of  t he soi l  

i =  hydr aul i c gr adi ent  t hr ough t he soi l  

a = ar ea of  soi l  acr oss whi ch f l ow occur s.

Appl yi ng Darcy's l aw t o f l ow t hr ough a sheet  pi l e i nt er l ock : 

ki(H1~ H 2)ai
q =

wher e :

q = f l ow t hr ough i nt er l ock,  cu. f t . / sec.

ki =  coef f i ci ent  of  per meabi l i t y of  sand i n i nt er l ock,  f t . / sec.

(Hi —  H2) = dr op i n head acr oss i nt er l ock,  ft. 

a{ = wd ( ar ea of  f l ow pat h t hr ough i nt er l ock)  sq. f t .

w =  ef f ect i ve wi dt h of  f l ow pat h t hr ough i nt er l ock,  ft. 

d =  dept h ( amount )  of  i nt er l ock consi der ed,  ft. 

lt = l engt h of  f l ow pat h t hr ough i nt er l ock,  ft.

Equat i on (2) was r ewr i t t en i n a mor e conveni ent  f or m:

(Hi —  Ht) a
q  = ------------------- (3)

y
wher e :

a =  Sd ( ar ea of  pi l i ng r epr esent ed by “d” amount  of  i nt er l ock) ,  

sq. f t .

S =  spaci ng of  i nt er l ocks,  ft. 

d =  amount  of  i nt er l ock consi der ed,  ft. 

y =  coef f i ci ent  ( i n seconds) .

Not e:

kl (Hi —  H2) w d (H1 — H2)Sd
q  =

I, y
f r om whi ch:

S 1’■ ^y -- - - - — , seconds
w ki

(4)

Q =
Li

(6)

H

. . .  ■ , Lz ■ ‘ ’
^  / / ? ^  / / î * / / ? 7 A

HIGH DAM

/ / fc / A* / / >  / A-  / / & / & '  / / > '

S c a b ' -  l i n . = 6 0 0 f + .

'Li* '- • • ■ ’ • H1 . • ; • . \ -2 •
/ / >  / A '  SÂ  / A*  / />

LOW  DAM

/-C* / / >  / / >  / A>  / Ä*

S c a l e  l i a F ö D f f .

Fig. 1 Sketch o f  D am s

D iagram m e des barrages

(2) Q  =

Equat i on f or  f l ow t hr ough pi l i ng:  

(H i-H ^A

y
(7)

Equat i on f or  f l ow f r om sheet  pi l i ng t o downst r eam f i l ter of  

dam:

Q  =
K(H2 — H3)A

The f l ow wi t hout  t he sheet  pi l e wal l  woul d be:  

, K(H—H3)A

(8)

(9)
Li +  L2

wher e:

Q =  f l ow,  cu. f t . / sec.

K = coef f i ci ent  of  per meabi l i t y of  sand i n si tu,  f t . /sec.

H = head of  wat er  i n reservoi r ,  ft.

Hi =  head at  upst r eam f ace of  pi l i ng,  ft.

H2 =  head at  downst r eam f ace of  pi l i ng,  ft.

H3 = head at  downst r eam fi l ter, ft. (H3 assumed appr oxi ma­

t el y at mospher i c and equal  t o zer o)

A =  cross- sect i onal  ar ea of  f oundat i on t hr ough whi ch f l ow 

occur s,  sq. f t .

Li =  aver age l engt h of  f l ow pat hs f r om upst r eam t oe of  d am 

t o pi l i ng,  ft.

L2 =  aver age l engt h of  f l ow pat hs f r om pi l i ng t o downst r eam 

fi l ter, ft.

To  det er mi ne t he l engt h of  upst r eam i mper vi ous bl anket  t hat  

woul d be equi val ent  t o t he sheet  pi l e wal l ,  t hat  is, t he amount  

by whi ch t he aver age f l ow pat h t hr ough t he sand must  be 

l engt hened t o di ssi pat e t he same amount  of  pr essur e as t he 

dr op acr oss t he pi l i ng (Hx —  H2), wi t hout  al t er i ng t he f l ow,  l et :

K(H1 —  H2)A (Hi —  H2)A 

Lb y

f r om whi ch:

Equi val ent  l engt h of  bl anket ,  Lb = ky, ft. ..  ..  (5)

The f l ow t hr ough t he sand f oundat i on of  a da m wi t h sheet  

pi l e wal l ,  can be det er mi ned by sol vi ng t he f ol l owi ng t hr ee 

equat i ons si mul t aneousl y (see Fi g.  1).

Equat i on f or  f l ow f r om upst r eam t oe of  da m t o sheet  pi l i ng:

K(H—  Hi) A

T YPE AI T YPE B

TYPE Az T YP E C

S c a l e  • Va- Ac+ ual Size

Fig. 2 Sketch o f  Interlocks 

D iagram m e des joints
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Ei ght  t est s wer e conduct ed on f our  t ypes of  sheet  pi l i ng i nt er ­

l ocks,  i l l ust rat ed i n Fi g.  2,  t o obt ai n Pr essur e- Fl ow rel at i on­

shi ps,  f r om whi ch wer e der i ved t he coef f i ci ent s “y”, i n t he 

equat i on:

(H t-H Ja

E xperim ental R esults

Tabl e 1 Val ues of  “y" f or  Ini t i al  Fl ow t hr ough I nt er l ocks

Test Type of 
Piling “y" (sec) Remarks

1 Ai 18. 5 x l O4 I nt er l ocks t i ght 1),

manual l y compact ed wi t h sand
2 B 14. 5 x l O4 I nt er l ocks t i ght ,

manual l y compact ed wi t h sand

3 C 8. 0 x 104 I nt er l ocks t i ght ,

manual l y compact ed wi t h sand
4 C 1.8 x l O1 I nt er l ocks l oose,

not  manual l y f i l l ed wi t h sand
5 C 1. 4 x l O4 I nt er l ocks max.  l oose,

not  manual l y f i l l ed wi t h sand

6 C 6. 2 x 10* I nt er l ocks hand- t i ght 2),
manual l y compact ed wi t h sand

7 C 3. 6 x l O4 I nt er l ocks hand- t i ght ,

manual l y compact ed wi t h sand
8 A2 4. 4 x l O4 I nt er l ocks hand- t i ght ,

manual l y compact ed wi t h sand

Note: The degree of  t i ghtness of  t he i nterl ocks coul d not  be de­
t ermi ned accuratel y.  The probable tensi l e stress i n t he i nterl ocks was:
l) “ t i ght ” —greater t han 100 lbs./in. and l ess t han 500 lbs./in.
*) “ hand-t i ght ’—less t han 20 lbs./in.

Applicat ion to Field Condit ions

Thr ee poi nt s shoul d be di scussed bef or e appl yi ng t he equa­

t i ons t o est i mat e seepage under  a dam.  These ar e t he “ t i ght ­

ness”  of  t he i nt er l ocks,  t he amount  of  sand i n t he i nt er l ocks,  

and r ust i ng of  t he i nt er l ocks.

Tightness of interlocks. The t est s wer e car r i ed out  f or  i nt er ­

l ocks r angi ng f r om a ma x i mu m l oose condi t i on t o a st at e of  

t ensi on pr obabl y not  exceedi ng 500 l bs. / i n.  of  i nt er l ock.  I n 

act ual  pract i ce,  a sheet  pi l e wal l  under  a d am coul d be,  i n par t s,  

under  a t ensi l e st ress many  t i mes t hi s amount .  I t  concei vabl y 

coul d al so be i n compr essi on i n par t s,  whi l e ot her  par t s may  

be i n a l oose stat e.  The aver age overal l  condi t i on i s i ndet er ­

mi nat e.

Amount of sand in interlocks. As  not ed i nTabl e I, some i nt er ­

l ocks wer e manual l y f i l l ed wi t h sand and compact ed wi t h a 

l engt h of  wi r e.  Ot her  i nt er l ocks wer e not  speci al l y f i l l ed or  

compact ed.  For  t he l at t er,  t he pi l i ng was pl aced i n t he t ank,  

and t he t ank f i l l ed wi t h sand and wat er .  The amount  of  sand 

i n t he i nt er l ocks was t he amount  t hat  washed i n f r om t he si des.

I n act ual  pract i ce,  t he amount  of  sand i n t he i nt er l ocks can­

not  be det er mi ned.  I f  pi l i ng i s dr i ven i nt o pl ace,  t her e l i kel y 

woul d be sand i n t he i nt er l ocks.  I f  pi l i ng i s j et t ed i nt o pl ace,  

t her e i s t he possi bi l i t y t hat  a smal l er  amount  of  sand woul d 

ent er  or  r emai n i n t he i nt er l ocks.

For  some of  t he tests,  t he aver age per meabi l i t y of  t he sand 

i n t he i nt er l ocks was est i mat ed by measur i ng t he i nt er l ocks and 

by appl yi ng Darcy's equat i on.  The aver age coef f i ci ent s ob­

t ai ned wer e 0. 02 t o 0. 03 f t . / mi n.  f or  t he compact ed i nt er l ocks,  

and 0. 08 f t . / mi n.  f or  an i nt er l ock not  speci al l y f i l l ed.  For  an

i nt er l ock wi t h no sand at  al l ,  t he per meabi l i t y,  assumi ng Dar­
cy's l aw t o appl y,  was cal cul at ed t o be i n t he nei ghbour hood 

of  1 t o 3 f t . / mi n.  As  a mat t er  of  i nt erest ,  t he hor i zont al  per mea­

bi l i t y of  t hi s par t i cul ar  sand i n si tu,  det er mi ned f r om f i el d 

pumpi ng tests,  r anged f r om 0. 10 t o 0. 14 f t . / mi n. ,  whi l e i ts 

r emol ded per meabi l i t y var i ed f r om 0. 02 t o 0. 03 f t . / mi n.

( Not e:  1 cm/ sec.  i s appr oxi mat el y equal  t o 2 f t . / mi n. )

Rusting of the interlocks. Tabl e I  i ndi cat es f l ow coef f i ci ent s 

t hat  per t ai n t o i nt er l ocks whi ch wer e not  rust ed.  I n pract i ce,  

r ust i ng of  t he pi l i ng woul d i ncr ease i ts ef f ect i veness as a see­

page bar r i er ,  but  t he rat e and amount  of  r ust i ng t hat  coul d 

occur  under  a d am i s i ndet er mi nat e,  and woul d depend on 

var i ous f act ors.

The resul t s t hat  f ol l ow per t ai n t o t wo dams,  each wi t h a 

sheet  pi l e wal l  wi t h (i ) i nt er l ocks l oose,  cont ai ni ng an amount  

of  sand t hat  i s t hought  t o be f ai r l y r epr esent at i ve of  f i el d con­

di t i ons,  and (i i ) i nt er l ocks at  a t i ght ness i n t he nei ghbour hood 

of ,  say,  400 l bs. / i n. ,  compact ed wi t h sand;  t he l at t er  i s pr obabl y 

r epr esent at i ve of  an i nt er l ock at  a gr eat er  degr ee of  t i ght ness 

and cont ai ni ng a smal l er  amount  of  sand.  Al l  resul t s r epr esent  

non- r ust ed condi t i ons.  However ,  i t was assumed i n al l  cases 

t hat  t he ent i r e f l ow woul d t ake pl ace t hr ough undamaged i nt er ­

l ocks,  and t hat  t he ends of  t he pi l i ng woul d be seal ed i nt o 

i mper vi ous mat er i al .

Assume,  f or  comput at i on pur poses,  t wo ear t h dams,  of  t he 

di mensi ons i ndi cat ed i n Fi g.  1. Tabl e 2 i ndi cat es t he val ues 

assumed,  and t he cor r espondi ng resul t s obt ai ned by subst i t ut ­

i ng i n Equat i ons (5) t o (9).

Tabl e 2 Fi el d Assumpt i ons and Resul t s

High Dam Low Dam

H ( head of  wat er ) ,  ft. 200 20
Li ( upst r eam t oe t o pi l i ng),  ft. 1, 000 100

Li (pi l i ng t o fi l ter), ft. 1, 000 100

A ( seepage area),  sq.f t . 100, 000 10, 000
K (coef f . of  per m,  of  sand) ,  f t . / mi n. 0. 12 0. 12

Inter­ Inter­ Inter­ Inter­
locks locks locks locks
Loose Tight Loose Tight

“y” (pi l i ng coef f . ),  sec.  x 10" 4 1.5 15. 0 1.5 15. 0
(Ht-H2), dr op i n head across

pi l i ng,  ft. 2. 96 26. 0 2. 6 12. 0
Tot al  f l ow wi t h pi l i ng,  cu. f t . /sec. 19. 7 17. 4 1. 74 0. 8
Tot al  f l ow wi t hout  pi l i ng,

cu. f t . /sec. 20. 0 20. 0 2. 0 2. 0
Reduct i on i n f l ow usi ng pi l i ng,  % 1.5 13 13 60
Lengt h of  Bl anket ,  equi val ent

t o pi l i ng,  ft. 30 300 30 300

Discussion

Based on t he condi t i ons under  whi ch t he t est s wer e con­

duct ed and on f i el d condi t i ons t hat  wer e assumed,  i t was 

est i mat ed t hat  a sheet  pi l e wal l  under  a d a m woul d be i ni t i al l y 

equi val ent  t o some 30 f eet  of  i mper vi ous bl anket  f or  all i nt er-'  
l ocks l oose,  and t o some 300 f eet  f or  all i nt er l ocks sl i ght l y t i ght  

and wel l  compact ed wi t h sand.  I t  was al so assumed t hat  al l  

i nt er l ocks woul d be i nt act  and not  rust ed,  and t hat  t he ends 

of  t he pi l i ng woul d be seal ed i nt o i mper vi ous mat er i al .

The act ual  f i el d condi t i ons under  a d am ar e i ndet er mi nat e.  

Un k nown  ar e such f act ors as t i ght ness of  t he i nt er l ocks,  amount
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of  sand i n t he i nt er l ocks,  ai r l ocki ng of  t he sand and i nt er l ocks,  

r at e and ext ent  of  r ust i ng of  t he pi l i ng,  ext ent  of  damaged or  

r upt ur ed i nt er l ocks,  and ef f ect i veness of  seal  of  pi l i ng i nt o i m­

per vi ous mat er i al .

The desi gn of  t he sheet  pi l i ng i nt er l ocks i s al so a f act or  

af f ect i ng i ts ef f ect i veness.  Pi l i ng wi t h t he t i ght er  i nt er l ocks,  

l onger  l engt h of  pat h t hr ough t he i nt er l ocks,  and gr eat er  spac­

i ng of  i nt er l ocks wi l l  be mor e ef f ect i ve as a seepage barr i er .

Ver y f ew measur ement s have been t aken on exi st i ng dams 

t o est i mat e t he ef f ect i veness of  st eel  sheet  pi l i ng.  Qui t e l i kel y 

some have been conduct ed whi ch ar e unk nown t o t he wr i t ers.  

For  one d a m i n t he Uni t ed St at es,  an at t empt  was made t o 

gr out  t he bot t om of  t he pi l i ng t o t he r ock cont act .  I t  was f ound 

t hat  t he mor t ar  r ose r at her  f reel y t hr ough t he i nt er l ocks,  i ndi ­

cat i ng t hat  t her e was ver y l i t t l e resi st ance i n t he i nt er l ocks.  

Thi s was one speci f i c case and i t may  not  be r epr esent at i ve of  

al l  sheet  pi l e wal l s under  dams.  A  poi nt  unk nown t o t he wr i t er s 

i s whet her  t he pi l i ng was dr i ven or  j et t ed.  For  anot her  d a m i n 

t he Uni t ed St at es,  t he pi l i ng was est i mat ed,  f r om pi ezomet er  

r eadi ngs,  t o be equi val ent  t o some 500 t o 600 f eet  of  bl anket ,

af t er  bei ng i n pl ace f or  over  15 years.  For  a compar at i vel y l ow 

d am i n Canada,  bui l t  by P. F. R. A.  about  10 year s ago,  t he 

pi l i ng i s est i mat ed t o be equi val ent  t o some 600 f eet  al so.

Thi s r epor t  i s not  i nt ended t o appear  pr ej udi ced agai nst  t he 

use of  st eel  sheet  pi l i ng under  dams.  I t  i s based on t he exper i ­

ment s conduct ed and on t he l i mi t ed dat a k nown t o t he wr i t ers.  

Act ual  condi t i ons of  pi l i ng under  dams  ar e so i ndet er mi nat e 

t hat  any est i mat e cont ai ns a gr eat  degr ee of  specul at i on.  The 

i nst al l at i on of  numer ous pi ezomet er s bot h i mmedi at el y up ­

st r eam and downst r eam of  pi l i ng i n pl ace woul d yi el d val uabl e 

i nf or mat i on r egar di ng t he dr op i n head acr oss t he pi l i ng.  Ad ­

di t i onal  pi ezomet er s i n t he per vi ous f oundat i ons woul d ai d i n 

det er mi ni ng t he aver age hydr aul i c gr adi ent  t hr ough t he f oun­

dat i on.  Wi t h t he above,  one coul d est i mat e t he ef f ect i veness 

of  t he pi l i ng,  i n t er ms of  equi val ent  l engt h of  bl anket .
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