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Session 4/16

The Use of Sand Drains under Buildings at Port Newark

L’utilisation de drains verticaux de sable sous les bâtiments de Port Newark

by J o h n  M . K y le ,  Jr., Chi ef  Engi neer ,  The Por t  o f  Ne w Yor k  Aut hor i t y,  111 Ei ght  Avenue Ne w Yor k  11,  Ne w Yor k,  U. S. A.

Summar y

The paper  di scusses t he stabi l i zat i on of  t he f oundat i ons f or a 
number  of  t ransi t  sheds at  Por t  Newar k,  New Jersey,  U. S. A. ,  by 
t he use of  vert i cal  sand drai ns and surcharge fill. The subsoi l  
anal ysi s met hod of  desi gn and f i nal  const ruct i on t echni ques are di s­
cussed.  The paper  concl udes t hat  under  cert ai n condi t i ons thi s 
met hod of  const ruct i on resul ts i n subst ant i al  economy.

Sommai r e

L ’ét ude t rai te le pr obl ème posé par  l a stabi l i sat i on des f ondat i ons 
des ent repôt s de t ransi t  de Por t  Newar k au moyen de drai ns vert i caux 
de sabl e et  de l a surcharge d’un rembl ai  provi soi re.  La mét hode 
sui vi e pour  él aborer  l e proj et ,  en t enant  compt e de l’anal yse du sous- 
sol , ai nsi  que l es él ément s t echni ques appl i qués au cours de l a con­
st ruct i on y sont  di scutés.

L ’aut eur  concl ut  en di sant  que dans l es condi t i ons données cet te 
mét hode de const ruct i on a per mi s de réal i ser une économi e appr é­
ci abl e.

I n 1947 The Por t  of  Ne w Yor k  Aut hor i t y ent er ed i nt o a 50 

year  l ease f or  t he ar ea known as Por t  Newar k.  I n l i ne wi t h 

i ts l ease commi t ment s and i n accor dance wi t h an agr eed pl an,  

t he Por t  Aut hor i t y i mmedi at el y under t ook a maj or  const r uc­

t i on pr ogr am desi gned t o gi ve t hi s ar ea compl et e moder n 

mar i ne car go faci l i t i es capabl e of  handl i ng wi t h speed and 

ef f i ci ency t he car goes bei ng car r i ed by moder n shi ps such as 

t he Vi ct ory,  C4 and Mar i ner  t ypes.
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Fig. 1 T ypical Port N ew ark Soil Profile

Section typique du so l a Port N ew ark

Li ke t he maj or i t y of  mar i ne t er mi nal  si tes t hr oughout  t he 

wor l d,  t he f oundat i on condi t i ons at  Por t  Newar k  wer e f ar  f r om 

i deal  f r om t he vi ewpoi nt  of  economi cal  const ruct i on.  Bor i ngs 

t aken at  t he l ocat i ons of  each of  t he pr oposed bui l di ngs re­

veal ed a r easonabl y uni f or m subsur f ace condi t i on.  Anal ysi s 

of  t he dat a and bor i ngs,  made by t he Por t  Aut hor i t y Soi l s 

Labor at or y,  i ndi cat ed t hat ,  as shown on Fi g.  1, t he mat er i al  

under l yi ng t he pr oposed bui l di ngs consi st s of  an over l yi ng 

st rat a of  r ed sandy cl ay.  Thi s mat er i al  had been deposi t ed 

wi t hi n t he ar ea i n r ecent  t i mes.  Bel ow t hi s l i es a compr essi bl e 

gr ay or gani c si l t whi ch has an L. L.  of  115,  P. I .  of  69 and an 

aver age per meabi l i t y of  2 x  10-7 cm/ sec.  Bel ow t he si l t ar e 

successi ve l ayers of  ol d f or mat i ons of  a rel at i vel y i ncompr essi bl e 

nat ure.  These l ayers are successi vel y a gr ay si l ty sand,  a r ed 

si l ty cl ay and a var ved cl ay.  Red shal e r ock i s encount er ed 

about  el evat i on mi nus 60.

For  t he r api d handl i ng of  shi ps’ car goes;  t he desi gn of  t he 

pr oposed bui l di ngs requi res a shedded ar ea of  about  90, 000 

squar e f eet  adj acent  t o each ber t h.  For  t he ef f ect i ve use of  f or k 

l i ft t r ucks and pal l et i zi ng of  car go,  t he f l oor  must  be desi gned 

f or  a l oad of  600 pounds per  squar e f oot .  Labor at or y tests of  

t he mat er i al  under l yi ng t he t ransi t  sheds i ndi cat ed t hat  a di f f er ­

ent i al  set t l ement  of  up t o 6 i nches coul d be ant i ci pat ed under  

t he 600 pound l oad.

I n t he bui l di ng of  Tr ansi t  Shed “ A ”  and Tr ansi t  Shed “ B”  

(Fi g.  2),  steel  H- pi l es wer e dr i ven t o r ock and a concr et e beam
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Fig. 2 L ocation  Plan o f  Buildings at Port N ew ark  

E m placem ent des bâtim ents à Port N ew ark

and sl ab f l oor  was suppor t ed on t hese pi l es.  Wi t h t hi s t ype of  

const r uct i on,  onl y mi nor  compl i cat i ons due t o consol i dat i on 

of  t he subgr ade coul d be ant i ci pat ed.  As  wor k i n t hi s ar ea 

progressed,  i t was appar ent  t hat  a mor e economi cal  t ype of  

f l oor  const r uct i on woul d be desi rabl e.  The f ol l owi ng possi ­

bi l i t i es wer e expl or ed: —

(1) Excavat i on of  compr essi bl e si l t and backf i l l i ng wi t h sui t ­

abl e mat er i al .  Col umn l oads t o be suppor t ed on spr ead f oot ­

i ngs.  Fl oor  t o be pl aced di rect l y on fill. Because of  t he t hi ck­

ness and dept h of  or gani c si l t, t he cost s woul d make t hi s t ype 

of  const r uct i on uneconomi cal .

(2) Suppor t i ng col umn l oads on pi l es and set t i ng concr et e 

f l oor  di rect l y on f i l l ed sur f ace.  Al l owance woul d be made f or  

per i odi c mudj acki ng of  t he f l oor  af t er  set t l ement  had occur r ed.  

Cost s f or  t hi s mai nt enance oper at i on woul d be hi gh but  a mor e 

i mpor t ant  f act or  i s t hat  t hi s met hod woul d ser i ousl y i nt erf ere 

wi t h nor mal  t enant  operat i ons.

(3) Sur char gi ng t he bui l di ng ar ea wi t h fi l l  equi val ent  t o or  

above t he expect ed f l oor  l oadi ng and al l owi ng t he compr essi bl e 

or gani c si l t t o consol i dat e under  t hi s l oad.  Af t er  consol i dat i on 

t akes pl ace,  sur char ge fi l l  i s r emoved.  Pi l es woul d t hen be 

dr i ven t o suppor t  bui l di ng col umn l oads.  Fl oor  woul d be 

pl aced on consol i dat ed fil l. Thi s met hod woul d wor k sat i s­

f act or i l y but  l abor at or y tests di scl osed t hat  t he t i me necessar y 

f or  consol i dat i on t o t ake pl ace woul d be t oo l ong.

(4) Met hod si mi l ar  t o (3) usi ng sand dr ai ns t o accel erat e con­

sol i dat i on.

Af t er  caref ul  eval uat i on of  t he cost s of  al l  met hods,  Number  4 

was sel ect ed f or  t he const r uct i on of  t he r emai nder  of  t he t ransi t  

sheds at  Por t  Newar k.  Act ual  exper i ence has i ndi cat ed t hat  t he 

const r uct i on f or  t hese bui l di ngs wi l l  cost  appr oxi mat el y SI . 74 

per  squar e f oot  l ess t han t he concr et e beam and gi rder  con­

st ruct i on used on Tr ansi t  Sheds A  and B.

Fi g.  3 r epresent s graphi cal l y t he exper i ence i n t he pl aci ng of  

sur char ge fi l l  and t he resul t i ng consol i dat i ons f or  Bui l di ngs 1 

and 2.

I t  i s t o be not ed t hat  wi t h t he const r uct i on of  bui l di ngs 

schedul ed at  r egul ar  i nt erval s,  i t has been possi bl e t o mov e t he 

sur char ge fi l l  f r om bui l di ng t o bui l di ng and so t o r educe cost s.  

I f  onl y one bui l di ng wer e t o be erect ed,  t he cost s of  suppl yi ng 

sur char ge fi l l  wi t hout  any re-use mi ght  pr ove t o be prohi bi t i ve.

The spaci ng of  t he sand dr ai ns f or  t he bui l di ngs was based 

on exper i ence gai ned i n t he Por t  Aut hor i t y’s exper i ment al  wor k

Fig. 4  Cross Section o f  Sand D rains and Surcharge Fill. Plan o f  Sand  

Drain Pattern

C oupe transversale des drains verticaux de sable e t du remblai 

de surcharge. D isposition  des drains en plan

Fig. 3 Seu lem ent and Fill R ecord for Building N o . 1 and B uilding N o . 2 

M esures de tassem ent et de rem blayage en fon ction  du tem ps 

pour les bâtim ents N o s  1 et 2
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at  La Guar di a Ai r por t  (Kyle, 1950) .  The pat t ern of  t he sand 

dr ai n gr oupi ng was est abl i shed i n accor dance wi t h Barron's 
most  economi cal  pat t er n of  dr ai n wel l s (Barron, 1947) .  Fi g.  4 

i ndi cat es t hi s pat t ern.  The hei ght  of  fi l l  was det er mi ned by 

comput i ng a sur char ge of  doubl e t he pr oposed f l oor  l oad.  

Si nce bor i ngs showed a sand dr ai nage l ayer  under l yi ng t he 

compr essi bl e or gani c si l t, i t was deci ded t o dr i ve t he sand 

dr ai ns t hr ough t he si l t and appr oxi mat el y one f oot  f ur t her  i nt o 

t he sand l ayer.  Act ual  const r uct i on was per f or med as f ol l ows 

(Fi g.  5) : -

F ig. 5 Sketches Show ing F ive Stages o f  C onstruction  

Croquis illustrant cinq phases de la construction

Stage 1 Vertical Sand D rains (I) are D riven by M eans o f  a M andrel 

through the Clay and Sand Strata (2), through the Soft Organic 

Silt (3) into the Firm Sand Strata. T he Sand D rains (1) consist 

o f  20" D iam eter H oles F illed w ith Porous Sand  

D rains verticaux de sable (1) enfoncés à l’aide d’un mandrin 

à travers les couches d’argile et de sable (2), à travers le lim on  

organique m ou (3) dans les couches de sable ferme. Les drains 

verticaux de sable (1) consistent en forages de 20" de diam ètre 

rem plis de sable perm éable

Stage 3 A dditional F ill and Surcharge Load (6) is placed over the 

Porous Sand Blanket. T his Causes C onsolidation  o f  the Or­

ganic Silt Layers as the W ater is G radually Squeezed Out o f  

this Com pressible Soil

R em blai additionnel de surcharge (6) mis en p lace par couches  

sur un tapis de sable perm éable ce  qui provoque la conso lida­

tion de la couche de lim on organique en m êm e tem ps que l’eau 

est graduellem ent exprim ée hors de ce sol com pressible

Stage 2 Seu lem ent Plates (4) and Piezom eters are installed and a Porous  

Sand Fill B lanket (5) is placed on the A rea to be occupied  by 

the Building

Plaques-repères de tassem ent (4) et piezom ètres sont m is en 

place et un tapis de sable im perm éable (5) est placé sur l’aire 

qu’occupera le bâtim ent

Stage 4 A fter C onsolidation  has T aken Place in the Soft O rganic Silt, 

the Surcharge (6) is rem oved from  the Building Area and placed  

on  the next B uilding Site to  be surcharged  

L orsque la consolidation  du lim on organique m ou  est obtenue  

la surcharge (6) est retirée de l’aire de construction et déposée  

sur l’aire du bâtim ent adjacent

St age 1

The fi rst st ep i n const r uct i on was t he dr i vi ng of  sand dr ai ns 

(Fi g.  6).  Dr ai ns wer e i nst al l ed by usi ng modi f i ed pi l e dr i vi ng 

equi pment  t o push i nt o t he gr ound a hol l ow 20- i nch di amet er  

steel  mandr el  wi t h a hi nged pl at e at  i ts bot t om (Fi g.  7).  When  

t he bot t om of  t he mandr el  r eached i nt o t he sand l ayer  under ­

l yi ng t he or gani c si l t, t he dr i vi ng was st opped.  I n many  cases,  

t he heavy mandr el  act ual l y sl i pped t hr ough t he sof t  si l t wi t hout  

r equi r i ng any bl ows f r om t he hammer .  The hol l ow mandr el  

was t hen f i l l ed wi t h sand desi gned as a f i l ter and havi ng a ver y 

hi gh permeabi l i t y.  Gr adat i on of  t hi s sand dr ai n fi l l was as 

f ol l ows:—
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U.S. Standard 

Sieve Size
Percentage Passing 

Sieve By Weight

1 i nch 100

|  i nch 80- 100

No.  8 40- 100

No.  30 20- 80 

No.  50 0- 20 

No.  100 0- 3

One hundr ed pounds per  squar e i nch of  ai r pr essur e was appl i ed 

i nsi de t he t op of  t he mandr el  and t he mandr el  was t hen sl owl y

Stage 5 Piles (7) to Support H eavy C olum n L oads are D riven and Site 

is N o w  R eady for Steel and B uilding E rection, and Paving o f  

F loor

L es pieux supportant les charges des colonnes sont battus et 

l’em placem ent est libre pour l’érection de la superstructure 

d’acier et le pavem ent du sol

wi t hdr awn.  The hi nged pl at e was f or ced open al l owi ng t he 

vert i cal  col umn of  f i l ter sand t o r emai n i n pl ace i n t he gr ound.  

I n some areas,  t he i mper meabl e cl ay l ayer  above t he or gani c 

si l t had so conf i ned t he wat er  i n t he si l t t hat  i t was act ual l y 

under  pr essur e and as soon as a sand dr ai n had been dr i ven 

wat er  began t o spur t  out .

St age 2

When  dr ai n i nst al l at i on was compl et ed,  set t l ement  pl at es 

and open t ype Casagrande pi ezomet er s wer e i nstal l ed.  A  t wo 

f oot  dr ai nage bl anket  was t hen pl aced over  t he ent i re bui l di ng 

area.  Dai l y r eadi ngs of  set t l ement  pl at es and pi ezomet er s wer e 

st art ed.  Speci f i cat i ons f or  t hi s cont r act  gave t he Por t  Aut hor i t y 

t he r i ght  t o det er mi ne t he rat e of  pl aci ng t he sur char ge fill. 

Thi s rat e was det er mi ned by caref ul  anal yses of  set t l ement  pl at e 

and pi ezomet er  r eadi ngs and r anged f r om t wo t o f our  f eet  of  

fi l l  per  week.  Fi l l  was onl y pl aced when t he por e pr essur e 

r eadi ngs had f al l en enough t o assure t hat  t he under l yi ng st ra­

t um was not  under  such a hi gh pr essur e t hat  i t was unst abl e.

St age 3

Pl aci ng of  fil l cont i nued i n l ayers unt i l  t he ful l  amount  of  

t he r equi r ed sur char ge had been compl et ed (Fi g.  8).  Once t he 

sur char ge fi l l pl acement  was compl et ed,  set t l ement  pl at e and 

pi ezomet er  r eadi ngs wer e put  on a weekl y basi s.

St age 4

Af t er  consol i dat i on had t aken pl ace t o 90 per  cent  of  t he 

t heoret i cal  val ue,  t he sur char ge was r emoved and pl aced at  t he

Fig. 6 M odified Pile D riving R ig for Installing Sand D rains

Sonnette de p ilotagç m odifiée en vue du battage des drains verti­

caux de sable

si te of  t he next  bui l di ng.  Exper i ence wi t h sand dr ai ns at  La 

Guar di a and Newar k  Ai r por t s l ed Por t  Aut hor i t y engi neer s t o 

bel i eve t hat  wi t h a 10- f oot  spaci ng i t woul d t ake appr oxi mat el y 

si x mont hs f r om t he t i me sand dr ai ns wer e dr i ven unt i l  t he 

necessar y consol i dat i on had t aken pl ace.  Wi t h t hi s i n mi nd 

and wi t h t he f act ors suppl i ed by set t l ement  and pi ezomet er  

dat a f r om t he sur char ged bui l di ng si te, i nst al l at i on of  sand 

dr ai ns was begun on t he second bui l di ng appr oxi mat el y f i ve 

mont hs af t er  t he st art  of  t he fi rst. Wh e n  dr ai ns wer e compl et ed

Fig. 7 H ollow  Steel M andrel with H inged Plate at B ottom  

M andrin creux d ’acier avec plaque à gonds au fond
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Fig. 8 A erial view  o f  Surcharge Fill on  Building N o . 1 at Port N ewark  

R em blai de surcharge du bâtim ent N o  1 à Port N ewark, vue à 

vol d ’oiseau

f or  t he second bui l di ng and t he t wo- f oot  bl anket  pl aced,  sur ­

char ge fi l l  was r emoved f r om t he f i rst bui l di ng and pl aced on 

t he second.

St age 5

As  soon as t he sur char ge had been moved f r om a bui l di ng 

si te,  t he pi l e f oundat i ons f or  t he col umn suppor t s wer e begun.

An  i nt erest i ng f oundat i on pi l e dr i vi ng t echni que was al so 

used on t hi s j ob.  As  descr i bed bef ore,  t here exi st s a l ayer  of  

sand bel ow t he compr essi bl e or gani c si l t but  above t he si l ty 

cl ay.  Rat her  t han dr i vi ng an or di nar y wood f r i ct i on pi l e t hat  

woul d punch t hr ough t hi s sand l ayer  and di st urb t he fai rl y sti f f  

si l ty cl ay,  t he t i mber  pi l es wer e dr i ven but t - end down fi rst. By  

t hi s met hod t he pi l es f et ched up i n t he t op of  t he sand l ayer  

and act ed as bear i ng pi l es and t hi s ef f ect ed a savi ng of  45 f eet  

of  pi l i ng per  col umn f oundat i on.

Concl usi on

Exper i ence at  Por t  Newar k  has pr oved t hat  under  cer t ai n 

soi l  condi t i ons and bui l di ng const r uct i on schedul es,  i t i s eco­

nomi cal l y f easi bl e t o use vert i cal  sand drai ns t o st abi l i ze poor  

soi l  under  bui l di ngs so t hat  heavy f l oor  l oads can be suppor t ed 

wi t h a mi ni mum of  set t l ement .  Spaci ng of  sand dr ai ns and 

hei ght  of  sur char ge fill are det er mi ned by t he physi cal  char ac­

t eri st i cs of  t he soi l  and t he t i me al l owed f or  const ruct i on.
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