2272238 | MPROVEMENTS TO BUI LDI NG CONSTRUCTI ON METHODS AND MATERI ALS
TECHNLCAL FIELD THIS I NVENTION rel ates to inprovenents in building and

civil engi neering construction met hods and mat er i

particularly related to sheetpiling for ground support andiStfyéaEBEiEBe
BACKCGROUND ART Sheet piling has been used in the constructlon i ndustry for
over 200 year f A
stabilize gro@#g&?pa frect ' 3 A
free-stahﬁ@@@ﬁh@&hﬁﬁuﬁhﬂor used in conjunctlon mnth t|e backs props or
ground anchors. $hesefw§maf@ﬁwfa@égdwqhxael%hﬁ@nftgr@ﬁsb mah?? and

Sheet pi |l es_ are di spersed al ong and across the sheet |ng exur a
strength ®iVihe ®NgHRRDINS ( FOREMIEHOOr M ﬁtBBQan ardt hanabREIHIS e.

Convensi op@rt $EQEAP1 ¥ | FeN £086 itD 8hebthot 1hgl F& gHRRId sepbbesand Fitd hi ck)
manuf act u épg éﬁ eunlt profiles which are I'inked through interl ocking
joints to ¢ tird tonposite structures. Since 1933, a variety of |ight

sheet pi | cBAQIKGROUND haRT) devel oped using thin (t=<5m), steel plate cold
formed or rolled BREth"sgaHérh¥§r§éé}9§as%fd GRNYRD! LORBLrGLERLR { ai es.

Some use has al so been ma | eat ed or corrugate prof¥ | es as
sheet pi | €97 &K #99 MQEG&n(SB"o?’W"ERe’(? HOSHRBOr FpRECALAE tRRS |<Ff'ge%
(a) tbe cotwehfs oand sbeei pi 2@ sgfourhdTg 1 spele. UpTINd mwitmmm&ends

| Pnked w57 o mohefng FrpfrSeaf oy seriding B B8R P Sobiis Ol on
proflle whth 3bie-backs, D(DPS ohe groughkt anchoesnm) Theheantin ayresaue up

a pl %@dgrseﬁauaagedfarrcregaeﬁzceh@alsnare%fdﬂ&% i dERRAsREPohd
mnhér sheet (w = %ﬁ&nﬁ he thickness of the materi al

and (w) i3 hé%PPéct'F% \ﬁh&@ﬁ't’df‘eﬁhé" I1S?‘ur9§ @Rt heé pihe

t ypes18r csliestpPTOMHE M&T MELacBbF UDh Lded 1 mpﬂeltrye seetpi 1t ability,
j oint design, dri¥i

oo of Lot or | EoBaRRRREA anBPBRL RS SoRPTRER SH ! LONIR SR, T

i, W, sections (+5mm thick) manufactured to 'unit’ profiles which are
linked through interlocking Jjoints <to create composite
structures. Since 1933, a variety of light sheetpiles have

20 been developed using thin (t=<5mm), steel plate cold formed or
rolled into lighter versions of conventional sheetpile
profiles. Some use has also been made of pleated or corrugated
profiles as light sheetpiles.

Sheetpiling can be divided into two types representing

25 (a) the conventional sheetpiles (t>5mm) made up of one

St or two basic bends to create a U or Z profile in
a narrow (ws<600 mm) sheetpile that are linked
with interlocking Jjoints to form a repetitive
and/or deeper section profile; and

30 (b) the light (t=<5mm) sheetpiles made up of a

pleated, corrugated or trapezoidal profiles that

repeat across a wider sheet (w = 400 to 800mm),

where (t) is the thickness of the material and (w)
_ is the effective width of the sheetpile).

35 Current sheetpile types are a compromise between structural
capacity, lateral stability, joint design, driving capacity,
manufacture and construction aspects. The types of sheetpile
can be categorized by section profile parameters (d, f, i, w,




n and t) and overall sheet paraneters (W, N) as defined further bel ow
Convenwwwalivsheet pil es are usually made up in a single 'U (Qr. 4. .prafile
| i nked through the joint between sheetpiles 5 to forma synetrical sectii
profile. The eccentric |oads created during driving and | oadi ng of these
unsymmetrical sheetpile units can be accommpdat ed by the heavier
construction of conventional (t>5mm) shgetpiles. However, light (t=<5nmm
sheetpiles have to be forned to a synmetrical section profile 10 to avoid
eccontri @ | aads tdurang @viesiall asbestacddaraméter®s {wWastpN)i mp déhinelihe
ful | profe e re?s t;eqcma formed within each sheet pile, including the
jointing systm On i ght sheetpiles (t = <5mm), the lateral |oad

di stribution acr&%"YQfétWMi rﬁh%‘%‘b‘%@rﬂauﬂueﬂév Mdhltmt'llmg sheglezi ng,

and 15 chieciriezn grbrane! hwnnaafthpousheeﬁ.tw1ﬁec§ufﬁa§nt Shigys: pes" Koy

fact or strlctln he sizing section profiles es. The

struct%ré‘l" fiRnm R 8K éEt‘FB tiQn RERtLies or Tg‘ﬂemqmrfg"i:a ads
rel at ed creatdangaringt AffVving aneti mﬁaaﬁ)nderﬁﬁ (‘.ﬁl)cby GRSymmetricati o

dth I Th f
ani on qeERPNERT 18 BhaBR, Eat) of NopPRIdRERL b, khe Vi Efarrct TR
Convent i ofalcantverntiidresl htvxSmedpsbeetpliilest. cd Howeyergl T1ghge( vedsmm) ()

whi ch re%ﬂkﬁ%p'i"lo@ Wald/ wlﬁW% 'd dyhmdtriddi 'Pogfgw p%éfrs 5t ' on

dept h feases, Viz:-
(d) <M oto avoid eccentric loads during grdving o-mzo&o-naag of tho

0. 8<f/ d<ghée2Pi1ings50<trdeOthe fu'l‘l prof'l'lo has t8 Ba' /fbrmey f
no exanpl es nggé. t =<5nm) hﬁ@g S dopted a w de rangg
ratios (888B/ ?‘Elﬂe tn ne| If'&ﬁ( oinbing, systemes uOng Hﬂb’ﬁl s -
t ﬁpel of sheetpiiles (Be= m?%%mmmr%ad(whquegibﬁtd%’a\; aéteaaeél:\ect s
the Iim ing the rati o an tjon de atera
stiffnes&ﬁgﬁgb@?enagﬂ olP.f'ﬁue %h bPI’e ?:Bntsfﬁﬁtm’ q"th. sizing, and
15 effective width of the profile. These two regquirements have
been key factors in restricting the sizing section profiles of
light sheetpiles.
The structural form of the section profile adopted for
sheetpiling can be related to a flange width (f) to section
20 depth (d) by the (f/d) ratio and the web inclination (1).
These parameters fit within specific ranges which determine the
structural performance of the sheetpiling. Conventional
sheetpiles have adopted a l1imited range of flange widths (f)
which results in a progressive decrease in the f/d ratio as the —_

25 section depth (d) increases, viz:- ~r
DEPTH {f) RATIO
(mm) (d)
<120 1.8 < f/d < 4.0
120<d<250 0.8¢f/d<2.4
30 250<d<480 0.5¢f/d<1.5
450<d no examples

Light (t=<5mm) sheetpiles have adopted a wide range of
(f/d) ratios (0.3¢f/d<3.5) due to the shallow (d<100mm),
profiles used in this type of sheetpile. The web inclination
35 (i) verses (f/d) ratio reflects the 1imits existing on the
(f/d) ratio and section depth (d).
Lateral stiffness and strength of the sheetpile control



the sheetpile's effective width (ws) and thickness (t). A survey of

typi cal ssheetpiling systens I ndi cates that conventional sheetpiles
i@ thin sheetpile width to thickness (ws/t) ratios of 20 to 140. The
(ws/t) ratio for light 5 (t=<5m) sheetpiles ranges from40 to 190.
Structural Codes inpose upper limts of 60 to 100 on (ws/t) ratios,
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overall width of_the eet pi oints can be | ocated on either the flange

stability problems. Furthermore, flexural tests on corrugated
sheets have shown that load trianc_for across a light sheetpile
becomes negligible once the (ws/t) ratio exceeds 150. Thus the
20 outer corrugations do not contribute to the longitudinal
flexural strength, duo to ’curling-—up' of the edge of the
sheet. These tests subpor_t.od the limit of 100 to 150 on the
(ws/t) ratio suggested in the various Structural Codes.
The overall integrity of a sheetpile system also
N 25 depends __oh the Jjoint system, driving capabilities and
impermeability of the insitu sheetpiling. These three factors
are not usually designed, but have developed from manufacturing
requirements and 'f'ield oxp_or'ionce. '
' The joint systems used along the edge of sheetpiles can
30 be divided into simple 'overlap’ joints, the 'hooked’ joint and
the "int.'eﬂocke'd' joint. The joints are formed as an integral
part of the section pfof‘i'le in both cdnv_entionﬂ (t>5mm) and
1ight (t=<_5mn) sheetpi'_les. Conventional (t>5m) sheetpiles use
'interlocked’ joints _baéed on a 'claw-paw’ design moulded into
35 the edge of the steel éecf.‘ion. The jointe take up a proportion
of the material (5 to 15%) without adding to the overall width
of the sheetpile. Joints can be Jocated on either the flange



or web of the sheetpile. Some joint systens reverse the sheetpile

secti omutyesoweat e a ' doubl e’ depth sheetpile profile. Any.di.sgogageuent _
bet ween adj acent sheetpiles breaks 5 up the overall integrity of the ~
sheetpiles, leading to a failure of the sheetpiling. The forces/novenents
on the joints in conventional shootpiling can be divided into (a) tensile
forces/ novenent s (Ft) occurring from flexure of the sheetpiling,
curvature in the sheetpile alignnent an&/ or uneven 10 eart h/ gr oundwat er

forces, ( regsi,Qn forces/nmopvenments (Fc) occurring fromflexure of the
sheet pi | |§%} c%%rgc)oﬁiaﬂ"al Pbﬂﬂgﬁﬂ'm at®© rn)e‘?%"‘én&y M.t GRYSrser &he (Ft)
fromthe phestpblet hasctitenpi |tog, createy alue doubheV erdetr h seetpile
groundwat grofPfgls and secondary effects fromany tensile forces/movenents.
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sheet pi | onaressgrtension forcep can dévelgbei aorossbtRekjoIRtsi #¥om
the load distribution on and across the pile. These lateral
loads have been a 1imiting factor on the profile of 'wider’ and
'lighter' sheetpiles (w/t>100). The adequacy of the various
20 Jjoint system under these forces varies widely, with only
'claw-paw’ 1interlocking joints in conventional sheetpiling
covering all force-movement conditions.
Jointing systems adopted on 1ight sheetpiling are
loose, with clearances exceeding 5mm due to fold constraints
25 for the steel sheets. Open joints fil11 with debris during
driving which has to be displaced by the next sheetpile. This
obstruction of the joint track causes opening of the joints and
leads to disengagement of the sheetpiling. Joint systems
adopted on 1ight sheetpiling (+<5mm) make no provision for the
30 compressor/tension forces developed across the sheetpile,
restricting the width (w<500mm) and depth (d<100mm) of the
sheetpile profiles of light (+=,5mm) sheetpiles. Absence of
an adequate jointing system has compromised the integrity of
light sheetpiling since its introduction in 1933.
35 Sheetpiles are usually driven with impact or vibrator
pile drivers. Oriving forces on conventional sheetpiles
(t>Smm) are usually applied through impact blocks and Jjaw
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devel oped for normal steel piles. On |light sheetpiling,

the=pile drivers have been limted to the |ighter equiprment (Qd<100kN)
usi g capping plates and/or profiled jaws, where Qd is the dynamc pile
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(ws>800n-rr)Th§|seedpthéc force a‘l'lows the ’narrower’ (ws<600mm) 1ight

20

30

sheet.pﬂos to be driven to a reasonable (8m) depth. However,
the wider (ws=800mm) sheetpiles can only be driven to shallow
depth (<5m) beyond wh1ch extensive site preparation or pre-
drilhng is required to reduce the driving resistance.

A number of light sheetpiles have inc_orporat.bd a
secondary corrugation in the flange of the section profile.
This corrugation attempts to accommodate the eccentric driving
forces occurring in the sheetpile. Depth of the secondary
corrugation has been 1limited to half the section depth
(<0.5%xd). However, this stiffening of the flange has not
solved the eccentric load or driving problems except on shallow
section profiles (d<80mm).

Liight sheetpiling is Very flexible and hence the
sheetpiles tend to wander off-1ine during driving. In moderate
to hard driving conditions, the s’hootp'i‘les profile distorts and
may d1songage from the precedmg pne due the ’weak’ joint
systems available for tht (t=<5mm) sheetpiling. These
effects bacome appracnb‘le once the effective sheetpile width
(ws) exceods 600mm, with dr'iving tolerance being poorer than
+-100mm on the long (D<™m), wider (ws)&OOm) sheetpiles.
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Narrower (ws<800mm |ight sheetpiles can achi eve reasonable driving

tol era ™ W th interlocked joints even on long (+pmh,&0 p9€s.- A
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met hod exi sts of checking the final alignnment of the sheetpiles before
excavation. This alignment problem has hanpered the use of |ight sheetpiles
I n permanent works and reinforces the limts ([err]) found in the section
profiles of light ([err]) sheetpiling. B The | ateral forces on
sheet pi l'ing depend mainly on groundwater pressures in the ground behind the
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i nternal stresses from./|lateral |oads devel oped on and 15 wthin the
sheet pi | e (3789 sheetpil®8. oads create rotational novements and buckling
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ground wahpprilesce? I 1Mt (X2 Suil)y qhq p%;&i wat er pressure severely

TN
hanpers_ the use of_Ilight (t<b sheetpil ng. The heavi er tracks_of
convent@ onal (t>5Wh® g'rﬂi!'bﬂ i ?ﬁ%\ﬁ'ge@‘g‘mP LingcHepeng mainlyyofhi ch
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cause opening of joints in the sheetpile. Normal practice
requires installation of lateral drains, deep (>10m) wells or
shallow (8m) well points. These measures require the
20 sheetpiling to be relatively water-tight so that water drains
towards the drains or wells rather than exiting through the
joints in the sheetpiling. However, draw down of the ground
water may initiate subsidence in the ground behind the
sheetpiling. This conflict between preserving ground water
25 levels and the control of ground water pressure severely
hampers the use of light (t<5mm) sheetpiling.

The heavier tracks of conventional (t>5mm) sheetpiling
provides a relatively tight track which can be progressively
sealed up with caulking or rubber sealants. However, the open

30 joints occurring in light (t=<5mm) sheetpiling cannot be
effectively sealed. This probiem effects the wide 1light
sheetpiles on which alignment tolerances are poor. During
driving, the simple 'overlap’' joint systems separate and even
‘hooked’ or 'interlocked’ joints may disengage leading to open

35 joints in light (t=<5mm) sheetpiling. Thus the groundwater has
to be drawn down to a level well below the excavation level.
This appreciably adds to the site dewatering costs and requires

O



access to the area behind the sheetpiling. 1In all cases the dewatering of
the ground behind the sheetpiling is a separate construction activity. In
t her/past, this drainage of ground water has |ead to piping erosion

underm ning the sheetpiling 5 and caused excessive settlenents in the
ground behind the sheetpiling. SUMVARY OF, THE | NVENTI ON The present

I nvention ainms to overcone or alleviate o%e or nore of the above
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"w de' sheetpi le, for exanple of h (we) between 800nm and 3500mMm
In a furt h@ih%ﬁPé@t‘"gc-he present i nvent | on provides stiffeners to 20
control defSUMMARYO! g N of sheetpiles during installation and
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dr|V|ng resista € conpressions and nment problens  experien
with wde oyne'@ppiqSesthe snmp pﬂemésatwmemlmbmmer qm)chestaugysoem

for_controbroBleisd¢IUd A ‘Uil pRUCHI ARG F P oW %wdcﬁadpbffai-ndrihe

sheetpiling. The 30 i nventi1 on cover convent i onal 5m) and |ight

(t=<5rm) sheet pi | esThOrRr Rt RNVENIRN Jn Pﬁ\?sapPOﬁtdES"VﬂdOﬁe‘p?Q?EFPEd
forma SheﬁfrblfhﬁeCQW igheetpi TSI Imdd S| oF éﬁﬂﬁhm@%aﬁehsn%wdm
axi s so be of orru ated rofile formand 35 havin n ove th
Ly oxtEeniBe’ apShihe, Sei e asina. < itd morevari o le; AEchires ts
means, dri v:ragtal lafmmia'amti profilet thatrmost efficiently achieves the
structural and construction requirements of a 'wide’ sheetpile,
for example of a width (ws) between 800mm and 3500mm. In a
further aspect, the present invention provides stiffeners to
20 contro)l deformation and distortion of sheetpiles during
installation and later under load. In yet a further aspect,
the present invention provides the sheetpiling with joint
systems of higher load capacity to accommodate the forces
occurring with wide sheetpiles. The present invention aiso
25 envisages the use of improved driving methods to accommodate
the highe}- driving resistance, pile compressions and alignment
problems experienced with wide sheetpiles. The present
invention further provides a system for controlling groundwater
flow and pressures around and behind the sheetpiling. The
30 invention covers both conventional (t>5mm) and light (t=<5mm)
sheetpiles.
The present invention thus provides in one preferred
form a sheetpile comprising a sheet formed or folided about a
longitudinal axis so as to be of corrugated profile form anc
'35 having an overall width (weg) exceeding 800mm, said sheetpile
member defining stiffening panel means, driving rib means and
Joint strip means.




WO 92/ 19819 PCT/ AU92/ 00191 The
profi | ewgyeh/gegigng of the above sheetpile can be specified %}A%H@h&ﬁw Ag

characteristics:- * Profile sizing paraneters (w, d, t,

which relate to and define the characteristics of 5 t he
stiffening panel neans, driving rib nmeans and joint strip nmeans of the
sheetpile; and * overall sizing paraneters (ws/tmN,) which relate to

the overall configuration of the sheetp® e where, d is the depth of the

profile, t is the_thickness of the 10 material formng the profile, f is
the flange width dhe REafiide |and §izng 1pf Hhe above eheete) be ocantbe web

of the pr0ﬁ¢é€f1édlBythﬂonﬁaﬂﬁbwﬁhgpbﬁﬁkh%%drﬂs&ﬁ%ﬁ .af said neans, tmis
the m ni mumthick ness 3hq sheet le and Nis the total nunber of

profiles in said sheet ¢ Fﬁzd | PAramOters; (W, 19, pkoffy el f/d, n)
characteristics for eawmm‘h nndtieaosanermfmam EHuractdri éi‘-ﬁbs of

fol | owgng: - d>200mMmt = o =<90
degree50<9(f/d) <4 and ﬁ%ﬁ}fégqﬁgnég?°ﬁ Beans 97 LY 10g h%W"%éQf’
means is as follows: 0J9IMD2 23 i deans dfe thersheetpitbs piamd 100<(ws/tm)
1=<N<5 In a furthgr fo iqd c cy t he
fol lowing: - 30 o¥eraia 23 b aE AR s idn) o 37 D Tilia o
degree 0<(f/d)<0.8 35 to the overall confiourlqm(q&/tt)o mhm1¢<N<6
where, d is the depth of the profile, t is the thickness of the

10 material forming the profile, f is the flange width of the
profile, i is the angle of inclination of the web of the ..
profile, n is the number of profiles in each of said means, tm
is the minimum thickness of the sheetpile and N is the total
number of profiles in said sheetpile. In a first form, the

15 profile characteristics for each of said means, are in
accordance with the following:-

d>200mm
t=<5mm
0<f<450mm
20 45<¢i=<90 degrees
0<(f/d)<4a
and wherein the number n of profiles in each of said means is
as follows:
0.5<n¢2
25 and for the overall sheetpile;
100<(ws/tm)
13<NKS
In a further form, said characteristics are in
accordance with the following:-

30 d>150mm

t=<5mm
0<f<350mm
45¢i<80 degrees
0<(f/d)<0.8

35 ' 100<(ws/t)

0.5¢n¢3
1<N<S



In a further form said characteristics are in accordance with the

f ol Fow Mv-«t~¥50nm t =<Smm 5 CKf<450nn145<i<60
ded*ées O<(f/d)<3 100<(ws/t) 0.5<n<3 10 ~ .1<N<6 In a
further form said characteristics are in accordance with the fol |l ow ng: -
d>125mm t =<5nm 15 O<f <350m 45<i <90 degr ees
O<(f/d)<5 200<(ws/t) 0.5<n<5 20 9 1<N<10 In a

further form said characteristics are in accordance with the follow ng:-
d>125mm t =branflirther form, said character &4 i< Mie 4riacordiiaE with

O<(f/d)<5 é%Oﬁémti% 1<n<5 30 1<N<10 In a further
.form said Qct@YIR¥iTs are in accordance with the foll owi ng: - d>150nm
t >5mm 35 A4S0 MM 45<i <=90 degrees O< (f/d)<1.2
t=<5mm

5 | 0<f<450mm
45<i<60 degrees
0<(f/d)<3
100<(ws/t)
0.5¢<n<3

10 1<N<6

In a further form, said characteristics are in accordance with
ot the following:- _
d>125mm
t=<5mm
15 0<f<350mm
45¢i<90 degrees
0<(f/d)<5
200<(ws/t)
0.5<n<s
20 1<{N<10
In a further form, said characteristics are in accordance with
the following:-
d>125mm
: t=<5mm
25 . 0<f<450mm
45<1<65 degrees
0<(f/d)<s
120<(w/t)
1<n<s
30 1<N<C10
In a further form, said characteristics are in accordance with
the following:- .
d>150mm
t>5mm
35 0<f<140mm
45¢i1<=90 degrees
0<(f/d)<1.2
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(ws/t) Wored?1e19=<N<6 In a further form said characteri Sti{ﬂ‘—i{’?&@’%@' -
' d?be Lo

accordance wth 5 the follow ng:- d>150mm t >5nm O<f <450mMm

Q(f/d)<3 60<(ws/t) 0.5<n<3 1=<N<6+ In a further form said characteristics
are in accordance with 15 the foll ow ng:- d> SOt t >5mm O<f <300mm 45<i =<90
degrees 20 Ox) ffqd) <1. 2 100<(ws/t) 0.5<n<3 1=<N<6
In a further form said characteristics e in accordance with 25 the

fol | ow ng: - d>150nn1t>5nn1Ckf<300w§b45ﬁgzﬁ§ degrees 30

O<(f/d)<3 100<(ws/t) 0.5<n<3 1=<N<6_In the deep profiled form said
characteristics are in 35 accordaflc8¢@keh t he foll ow ng: - 450<d<1200

1=<N«<§
In a further form, said characteristics are in accordance with
5§ the following:~
d>150mm
t>Smm
0<f<450mm
45¢i<65 degrees
10 0<(f/d)<3
60<(ws/t)
0.5¢<n<3
1=<NKS§
In a further form, said characteristics are in accordance with
15 the following:-
d>150mm
t>Smm
0<f<300mm
45¢i=<90 degrees
20 0<(f/d)<1.2
100<(ws/t)
0.5¢<n<3
1=<N¢6 <
In a further form, said characteristics are in accordance with —
25 the following:- ~
d>150mm
t>5mm
0<f<300mm
45¢i<65 degrees
30 0<(f/d)«3
100<(ws/t)
0.5¢n«3
1=¢<N<6
In the deep profiled form, said characteristics are in
35 accordance with the following:-
450¢d<1200
t=>5mm



25 Figs. 7a to 7c

t =>5mm 150<f <750mm 45<i <65 degrees 0. 10<f/d<2 60<ws/t 5

n=1 1=<N=<2 Preferably,the folds in the sheet/plate follow a radium (r) of
5\.0 50mm In order that the invention may be nore readily 10 understood
and put into practical effect reference will now be nade to the
acconpanyi ng drawi ngs which illustrate preferred enbodi ments thereof and in
which:- Figs. lato 8d illustrate a basi #Lsecti on profiles defining the

t erm nol ogy used; 15 ' and 2b illustrate a basic profile of
a sheet pi [ i ng menber accordirkgagéi?éﬁhﬂvention; Fig. 3 illustrates
multiple profiled sheetpilingseites degosesng to the invention; Fig. 4
illustrates a shall ower nulti Ifbgifg{éed 20 sheet pi I i ng nmenber
according to the invention; a to 5f illustrate alternative basic
section profiles for. sheetpil6@¢¥®ftthe invention; Figs. 6a to 6f
illustrage alternative profi I,fg,, of a multiple profile sheetpiling section;
ITustrate alternative profiles of a shall ower
profile sheetpile nenber; FigsS<N&£2o Sg illustrate typical driving rib
profiles; Figs. 9a #&mddiow,seﬂ@%wst fhNENé \$hde/ 1886 firdwia a8 iim
menbers of ,the sheetpile; 3 Figs. 9d to 9f are force diagrans
rel ating t 677 eSfelt £ esﬁﬂpnt | ocations; Fig. 10 illustrates in perspective

view al ternative stlirf foruurs it i tiie t inverstizon phay benkereaceaddiiyg to the

't or ndd veRdererend, and. gyt 1fse QfefETed oottt LOFEr8AL WTIT fbu be
made to the accompanying drawings which illustrate preferred
embodiments thereof and in which:-

~t - Figs. 1a to 8d illustrate a basic section profiles
defining the terminology used;
15 Figs. 2a and 2b illustrate a basic profile of a

sheetpiling member according to the invention;
Fig. 3 illustrates multiple profiled sheetpiling
member according to the invention; :
Fig. 4 illustrates a shallower multiple profiled
20 sheetpiling member according to the invention;
Figs. 5a to 5f illustrate alternative basic section
profiles for sheetpiling of the invention;
Figs. 8a to 6f illustrate alternative profiles of a
multiple profile sheetpiling section;
25 Figs. 7a to 7c illustrate alternative profiles of a
shallower profile sheetpile member;
Figs. 8a to 8g illustrate typical driving rib profiles;
Figs. 9a to 9¢c illustrate alternative locations for the
joint members of the sheetpile: :
30 : Figs. 9d to 9f are force diagrams relating to
respective joint locations; '

.Fig. 10 illustrates in perspective view alternative
stiffeners applied to a sheetpile member according to the
invention; = S .

35 Fig. 10a, 10b and 10c illustrate end views of
"alternative stiffeners associated with the sheetpile;
Fig. 11 is a 1ong1tudin§1 sectional view showing



Fig. 11 is a longitudinal sectional view show ng WO 92/ 19819

PCT/ A details of the folded plate stiffener; Fig. i -
el evat{?oarl%?%gw showi ng a sheetpil e nmenber enbedded in tﬁeé‘gﬁéﬁ'ﬁﬁn’éﬁh t har
forces associated therewith; 5 Figs. 13 to 18 illustrate
alternative jointing systens for the sheetpiling nmenbers of the invention;
Fig. 19 illustrates a dewatering well installation for use wwth a sheetpile
menber; Fig. 20 illustrates an installggion rod for the well; 10

Figs. 2la to 21d illustrate alternative sectioned riser pipes along |line
A- A of Figudetad;lsFicfs.thfaldePd idtesstififendt ornati ve perneabl e

sections along Ii B- fo EBi.g. | | h tLcoNi apile
driving frane forFq%S 12 Qiussedr\gjviqtlrJ?leﬂ#e:'ae p‘,fg\’s{';”f a?r?lgewfﬁlr@e%tiso%?%%g. 24 and
25 conpare Mmembess anbedded| dndrithe ngroundeand, the nfipreese aksod ratekt hods
and pile drignerawitmig the frame of the present invention; Fig. 26 is a
perspective view_of a driving guide 20 arrangenent for sheetpile
drivimg; and Fi gFi88. §3at9eg?ibth‘W%Weﬁb‘?ﬁf’”ﬁb"ﬁ-mtﬂtmg.smems
DETAI LED DE$6|R|d|?.]:ﬁ_bOHCIiﬂ_ifB‘iﬁ 1!»@/%@6@;@& eﬁn@cﬁ@f&hﬂg to the present
i nvention are defi.ne n.ter of the profjle, parangters i, w n, t
25 and overall p r‘z?rfet‘grélisgg%fﬁiaﬁdal\#."‘ %‘ﬁ%rﬁﬁ{ e??%ﬁb{ﬂgf?'hefd”fn
Fig. |a whi dseskith a Isihmietpsiiememberigati on profile conprising a
continuous step Ct i,@n 4 i e { ' especij ve
fl anges of w dt hf#%&ir gal c‘)ggtuggg‘t% %s?&%&?‘bt%nq{%@ﬁﬂnﬁ%é "a%i t hus
the 38ction prof Fligs30248ptd 2381 1] 1ustirasecalpernativetsect ionddo fsemges
are joined B)‘lﬁ? aong A4 ne ARG E RgurdCignation i in degrees. The

0 ' | e '

overall wdth t he section profi I'S indicated by the letter w The

thi ckness of theFii@Ser 228 it® 22 JhWstRate Al arnative Rermeabiener of
profiles ingeetionad@dngl inee BB amigg3Srdy the letter n. It will be

seen thatsthe bai‘ii%.pﬁgf%lseaosfchomtic view of a pile driving frame for
15 use with sheetpiles of the invention;

Figs. 24 and 25 compare the resultant pile driving
forces in normal pile driving methods and pile driving using
the frame of the present invention;

Fig. 26 is a perspective view of a driving guide

20 arrangement for sheetpile driving; and
Fig. 27 is a sectional view along 1ine A-A of Fig. 26.
DETAILED DESCRIPTION OF THE INVENTION
Sheetpiles according to the present invention are
defined in terms of the profile parameters d, f, i, w, n, t
25 and overall parameters ws, tm and N. The parameters are
defined in Fig. ta which shows a basic sheet corrugation
profile comprising a continuous step function having a peak and
a trough at which respective flanges of width f are located,
the distance between the flanges and thus the section profile
30 depth being indicated by the letter d. The flanges are joined
by an inclined web having an inclination i in degrees. The
. overall width of the section profile is indicated by the letter
w. The thickness of the material is indicated by the letter
t and the number of profiles in each segment of the sheetpile
35 by the letter n. It will be seen that the basic profile of
Fig. 1a comprises two basic U profiles of the type shown in
Fig. 1c. The profile of Fig. 1b commences at a different



Fig. la conprises two basic U profiles of the type showmn in Fig. 1c. The
profile of*Frg:~1"b commences at a different 13 position along the _
cont4 nuous step function, and conprises two basic Z profiles of the type
shown in Fig. Id. The overall wi dt h of the sheetpile is indicated by the
paranmeter ws and the total nunber of profiles in a sheetpile is designated
N. The 5 mnimumthickness of nmaterial ofathe sheetpile is designated tm
The above paranmeters nay vary between adjacent profiles and al ong the

length of pbgj eheﬁt an bﬁgnenbeéonihﬁueaef btepOfuhbeishgeand! GOﬁBF*PSésO‘Ewé he
I nvention |s di viided into e segnents providjng the JOI nttﬁ{ﬁstem

stiffeni ngPPRAEI &€ ATPTd1es rﬁferFBQ tyPRe T R19t s18wo c°Y?)‘F?rp| s
shown in FwydtR efdthe shdessi 1drias ﬁagnrmea Ima'vehlendavadaabrpwef ahesme

tail dt Lt t | f: t I b
section pr BPPRESnHBBeFNER: Rrar13BR R & MRARHHL % R atiedl Foi nihS my
be conbiSnediﬂﬂnﬂm mm«sde:ﬁhna:qrrieh -1 3 Shewshantﬁngs i dlesﬁgnﬂea
dd f f
decti on pr o | ed Hel SbcE Whrairhe mafCvarD BeulER eiihddhs KAG PRl ©
single 20 and along the Qnsﬁheﬁfnghpaﬁé‘le%mﬂﬁa ReMbehg i b and j oi nt
strips (0.7=N=<l. 5)rng (fidiSi1e’ ' EHe sn(&at T%"fhétﬁb&rpéﬁfthé ¢ﬁoah%t1bn9 of

one or nore stlffenlng anels, a drivin joint. strip
(1. 5<N, <5)18 @dvjded; °6)th2'9° segme t?c?""X‘é’d&!ﬂ o% §é’dﬂ‘or§!p%9we
consi stiongs©f FAehingl paredis | ivd (8r Pvihgfl eitsNg tTive oumm BeStnf fﬁrg NBwo

B O EngTeTREFRR 1, St A sk Sd 8 ThaedS chred Fempeits
st.jff eni ng\mehadﬁvddangnatrmh(m a1 Wredictadesitpibed s’ﬁcmgém dneeds 4
o1 ot Frg vt oEh) aRebfhI180 Be>of okl BadA Yhddh o BRI T ALY, sne
the stiffcthree p@mmem-s n(:érpmasesst\)i fﬁem nseamdbam nt henay ibe repmb bhed
1§ to create wide sheetpiles as shown in Figs. 3, 4, 6 and 7 and
described further below. |
- The profiles can be described in three set.s of section
profiles covering:- __
(a) A deep section prof'i\e congsisting of a single

20 gstiffening panel with a drwmg ribp and joint
strips (0.7=<N=¢1.5) - (Figs. 2 and 5).

(b) A multiple profile cons1st.1ng of one or more
stiffening paneis, a driving rib and the joint
_ gtrips (1.58¢<N¢<5) - (Figs. 3 and §) _ _

25 (c) A shallower section profile consisting of multiple
profiles (2.5¢<N) forming two or more stiffening
panels, one or more driving ribs and the two Jo1n1'.
strips - (Figs. 4 and 7).

- The basic sheetpiling profile shown in Figs. 2 and

30 5a includes stiffening paneils 2 des1gnated (SP) which 1nc1udes

spaced flanges 3 and 4 1nt.erconnectedlby : Jom'ing web 5 and
terminating in a complimentary jo,in_f_:'i_ng members 6 and 7 at
opposite sides. In this basic configuration the stiffem‘ng
panel 2 1'ncorporé1_:es within the web 5, the driving rib
35 designated (DR) for engagement _'by'_a pile driver and also
incorporates jointing strips (JS)' within end we_bs 8 and 9 or
flanges 4 which terminate in. the jointing mmbprs 6 and 7.



35 designated (DR) for engagenent by a pile driver and al so incorporates

jointiwpeineme (JS) within end webs 8 and 9 or flanges 4 mb QU LAJILpat e--.
in the jointing menbers 6 and 7. WO 92/19819 In the enbodi ment of Fi Q. wr

5b the profile includes specially formed jointing strips 10 which terninate
in the jointing nenbers 6 and 7. |In the enbodi nent of Figs. 5c and 5d the
driving rib designated as (DR) is formed with an internediate 5 step or
corrugation 11 which lies in a plane, .\:ﬁrallel to the upper and | ower
flanges 3 and 4. In the enbodinent of Fig. 5e, the jointing nenbers 6 and

7 have bi@nther @mbasiment 19%§ig. 35BnEhe tU%T]he’ﬂﬁéugeﬁorﬁquaéUY
profile fofm@d Joirdirig pherwbef i{Eswhf enf %%Mtcom the Scitiing of 10

t he ba5|c sectlo ro | es vari ous_combi nati exanpLe shown in
F'o. 5 IeBBREe CReard 11 o1 o 1 SHe SRRSELPORE PRCRIARS (9% 4PAT Pnithe
panel s (d;P)wragsrnlgldodngnahgdrab ( DR) asdfbmuomthngrshrﬂwn(olﬁ)ato

il |
conbi ot SoeP g PErEOREL IR, TFIRRLGN TN In p" B Rl BRYATISI L i,
Fi gs. 6auRReBfandhdowsisofilanges3 Fand 4.andrFithw @mbodiment| lotfstFna:e

further SW't't.Woe .?Gmti‘ﬁg maa %Ord' ?J\f 07“&%@@0{.1\0%.- t'.h and

profiles o* and or the hi exur a st reg}g‘;a

stiffnoek! "P ?eﬂ"? n‘c'&ﬁt?’ﬁ@ggl gU‘oP‘ﬁPBHpE&'QEe&"ﬂ"I" iy~ FHi@-mak.i pl e
profiles of FigsMultipdebprotitesdiars ea@maeﬁw%bhbiﬁrmtgr ehentacidMo.

Th I files Fi and are gdesi gned for se as trench
shgoﬁ Bﬁgé'g¥§5§§é%aaﬁgﬁﬁf°ﬂf 1"'3“""'[’i % e§UI tvaﬂrp%‘fégf’ L*l‘?é“t has nJar
econoni l(metlnnﬂmltmwmain g H8 awhariesih furwnm‘letellpu n’i"i:ﬂrti imembe’rorizabl e
mat eri a [ t a<ﬁf £ 1.5t 1S . ct )
|nsta:I |%1n&%£n% ﬁ?na gfr%{ﬁ\}f‘été*p*ﬁ‘ﬂf i] ﬁ?‘gﬁf ﬁﬁé'gﬁ;ﬁ@ (#l@ ~
sheet pi I%ﬂdzarf-'we dedotipef ratr tpe er%r&ommtslmet tnorthe atjesntiing
shoot/ pluidody cahd! e #a{-]ehepe s iB180mE1tip1e! gwﬁqiﬁ%é wridlen tho

section se sheet s/ at es can be vve
| ongil Pucﬁ’ﬁ'& 91/" aﬂ&ﬂ o!dY!%Tﬂ!msEfy hsuanvagtapangrphehem ad Figs . in

Fig. 2a edLb tthd anBod i Bt Figlals ishd PG, Ya Wdive tihaustiate
further multiple combinations according to the invention.

The deeper profiles of Figs. 2 and 5 are designed for

the high flexural strength and stiffness required in cantilever

20 or propped sheetpiling. The multiple profiles of Figs. 3 and

6 are used on anchored walls or trench sheeting. The shallower

profiles of Figs. 4 and 7 are designed for use as trench

sheeting and seepage cut-offs. The resultant sheetpile forms

the most economic sheetpile that can be created from steel or

25 another formable materials, considering the structural

characteristics, manufacture, installation and final ground

support functions of the sheetpile.
The sheetpile can be made up from one or more metal

sheets or plates. The sheet/plate may be formed into one or

30 more of the segments of the section profile. These

sheets/plates can be welded together longitudinally and/or

transversely, such as along the dotted l1ine shown in Fig. 2a

and 2b to form a sheetpile that is longer or wider than the

individual sheets/plates. This process removes the size

35 limitation imposed by materials and/or local manufacturing

capabilities on the sheetpile profiles of the prior art.

Furthermore the fabrication of the sheetpile in segments allows



I ndi vi dual sheet s/ pl at es. This process renoves the size 35 |limtation
| nposed by- mat-eri-al s and/or | ocal nmanufacturing capabilities on the

shaet pil e profiles of the prior art. "Furthernore the fabrication of the
sheetpile in segnents all ows flexibility in section profile along and
across the sheetpile. However, the sheetpile design equally applies to a
sheetpile formed out of a single sheet opgplate. To facilitate entry of the
sheetpile into the ground the | eading enéithereof may be 5 tapered in

thi ckness. flilag ipaqtiity 1|w gleidts on bhbﬁrﬁacmaagrraﬁa SéFoQQ EﬁdesHéeQBﬁePa”
or full standard profi or %t|8981 rofile usual

Profile (mﬁ°ﬂﬁ”@§ 1§he sheetp1 n equaiﬁy app19@s to alﬁ“S@ﬁﬁéﬁ?
" (n) Joint $ormed out of a single shbbt bri pilageR bTo facilitate entry f2

hovever ATSLERERP TS it the "BPaRER: EoR°dRadie R wittder tubk oe,
mul ti pl €5 utiaperad desmmmamve The stiffening panel has to be made up

of rore than hal f oy Qddeetdignd Tl W1 drt Pledh Sagiepekan B bl uand

overal | alignnment of ni n anel's centrol over

central axPf o PAEtsHeet fM1d. wmt piref ide.mere aplkirdest proéhileag,
panel s of ygh@ahfiyRrofile (n=0.5) is unsymretrical until the section depth
of all panels is equal that is a corrugated sheetpile e stlffenlng
panel s represent the maitP¥M®Rtural el enent of tﬁg°§ﬂéétg M UNidg studies

have foumd that the 25 structural efficiency fact9nssé8meftroR) of the
opti mal section profile.L % é@}n the foll ow ng parang ﬁgr ranges -

Par anet er o streh P .Stiffness (hi

(nax FSR) Flange Wdth Dr1v1ngﬂk1§350 O<ft £200 30 Wb
inclination 45<i <90aq 4 : L<90 (f/d) Ratjo Q(f/d) <40
O<(f/d)<1.5 Profiles (§t1ffen1n%.%gﬁégé Ergéﬁéf However, the

section dephm jdjntsstniépnand dmivbngoeiles rhawexer, may be made up of any

15 proportion of the profile unit, even in multiple units as

described above. The stiffening panel has to be made up of

more than half a profile unit (n>0.5) in order to achieve the

local and overall alignment of the stiffening panels centroid

with the overall central axis of the sheetpile. Any sheetpile

20 made up with stiffening panels of a half profile (n=o.5)'1s

unsymmetrical until the section depth of all panels is equal,
that is a corrugated sheetpile.

The stiffening panels represent the main structural
element of the sheetpile. Our studies have found that the

et 25 structural efficiency factors (SR & FSR) of the optimal section
profiie 1ie within the following parameter ranges:-
Parameter Strength Stiffness
Flange Width : 0<f<350 0<f<200
30 Web inclination 45<i1<90 5§5¢i¢<90
(f/d) Ratio 0<(f/d)<40 0<(f/d)<1.5
Profiles 0.5<N<3 0.5<N<2

However, the section depth (d) is the main factor determining
the structural performance of the sheetpile.

35 Separation of the three functions in a "wide” sheetpile
frees the section profile of the stiffening panel from the
constraints of the prior art. Thus the optimal section profile



the structural performance of the sheetpile. 35 Separ ation of the
three wovariveae in a "w de" sheetpile frees the section prafirherefwibe -
stiffening panel fromthe constraints of the prior art. Thus the optinal -
section profile WD 92/ 19819 can be adopted for the stiffening panel in
l'ight (t=<5m) sheetpiling. Sets of optinmal paraneters exist wthin these
ranges for the section profiles depending on nain objective, that is
strength/stiffness of coverage/drivindfapabilities. 5 Thi cker

tiffeni s (t>S incluyded.in th tpi]et dr.i vi
Torcee. CARNER ISIRRESANFET Hhe oBEGATRDID8s POIGD THo 119Nk ndSE<EmmImy Do
viari ed ﬁéww‘ B1T§fen?uspaaﬁlobom?lc!wm' 'msexrstlaxttﬂmh mvmato - S

al on t eet e n (0] I N r S W l. e
ror ) o TandRE Fap tABc phfeiBRO BN Ba UeHARTE SR oRR 1L bHuBsE Iy’

'rei nf orthaty' iplsteengtin/stitfnesst 0t cevevage/dnivingocapapitlliitiesass (t)

i t hi |t | st ahiy i /
 mprove t ﬁZ”ﬁverEP?EFP%?S?""“EE‘%@ 8 (R sl Wy 'y HOHIB i O
panel s. Gh® spheetplidep tn | ceversidrd ving htarces, sppshor: >pags hand/or

concent rededodion NFoddés | 2A P tné tHiIRKrideE (€ Nmbly be | Valrd@Nla10my0es
in thickness., __Thys the ﬁr'IOfl | es can used.in the ipventi og for deeper

(d>200m#} , 8&i §ESNINGS ah® M%P‘?‘H 8%1008 N STeural moments o
prof i | esaEomgvthu sheetipd.162and todacconiisdsite vinternd strevies Withdin t he
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Location/Design. 21, 22,2 Wb flat & Ve-ed or
15 Sheetpile profiles using the heavier sheet (t>5mm) has
concentrated on the partial profile sheetpiles (N<1) to
implement changes in thickness. Thus the profiles can be used
in the invention for deeper (d>200mm), wider (wse>800mm) and
heavier (t>S5mm) versions of the sheetpile profiles shown on
20 Fig. 2, 3 and 4.

The driving rib segment (DR) of the sheetpile transmits
driving forces along the sheetpile. The driving profile is
determined by the pile driving equipment, in particular the jaw
assembly of the pile driver. Since the driving ribs can be

25 formed separately, the plate thickness may vary between the
stiffening panels and the driving rib (td>ts). Driving methods
are discussed further below.

The driving rib (DR) can be designed in four basic
profiles as shown in Figs. 8a to 8g. These four profiles can

30 be described as :-

Profiie Leocation/Resian
21,22,23 Web flat & Ve-ed or
corrugated Grips
24 Split Web Grips
35 25,26 Flange Grips

In these Figures, the arrows represent the gripping forces
applied by the jaw of the pile driver to opposite sides of the



corrugated Gips 24 _ Split Wb Gips 35

25,26 1TV o esves Flange Gips In these Figures, the arrows represent

t hé=gri pping forces applied by the jaw of the pile driver to opposite sides
of the 1 7 ribs within the sheetpile. Driving ribs 21, 22 and 23 can
be incorporated on a half standard profile unit (n=0.5). Hence this type
of grip tends to be used on the deep pri)iile sheetpile of Fig. 2. If the
web inclination exceeds 60 degrees 5 on profile 21, the jaw assenbly will
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exanpl e ovePh®rofides, AAdri 33, ayoifdd thispipkesfenencs c1f thearedty,
di stributpsctiwationi 8 hagseehand7sogegpens.ne al i gnnment of the sheetpile

O ot Beaee PRt . S, ol T o
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pr.bl em o#htempr dsaken IThek| isa;ta'mlh vidspthen (d)_thfeddmnisrigmsi b (cFa.m be
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struct ureﬁh%%’étﬂb}f-?kmsoﬁg &l dearmnsed-befare incthesheetnii By angundig a

di st agee fra* g ip! @P@at he driving rib. Thus the full conpression capacity

of the driving rilh can be devel oped in . , )
Incorporating two or more driving rib profiles into the

wider 'wide’ sheetpiles, for example of the typo_shbwn in Figs.
6 and 7 improves the lateral stability, distributos the driving
forces and controls the alignment of the sheetpile during
20 driving. Thus incorporation of two or more driving ribs in the
wide (1200<w8<3500mm) sheetpiles avoids the use of driving caps
and spreaders, particularly in conjunction with a thicker sheet
(td>t) ‘n the driving ribs. This allows a wider heavy (t>5mm)
and ligr.t (t=<5mm) sheetpiles to be driven into harder driving
25 conditions (Qd>1500kN). The problem of compression buckling
and vibration in the driving rib can be overcome by providing
one or more longitudinal stiffeners (27) aiong the driving rib
(see Fig. 89). This stiffener may consist of a 1light
structural section, bar or p1ate connected onto the sheet and
30 running a distance (>2xd) along the driving rib. Thus the full
compression capacity of the driving rib can be developed in
slender (w/t>50) driving ribs. The cross hatched areas marked
28 in Figs. 2, 3 and 4 are the areas at which the jaws of the
pile driver grip the sheetpile for driving purposes.
35 . The joint members at opposite sides of the sheetpile
may be located on either the flanges or web of the sheetpile
as shown in Fig. 9. In Fig. 9a, the joint members are located



sl ender (w t>50) driving ribs. The cross hatched areas marked 28 in Figs.
2, 3 amiudlaysirhe areas at which the jaws of the pile driyen, geiptbhs -
sheetpile for driving purposes. 35 ° The joint nenbers at opposSit ewr
sides of the sheetpile nay be |located on either the flanges or web of the
sheetpile as shown in Fig. 9. In Fig. 9a, the joint nenbers are | ocated

WO 92/19819 on outer flanges, whilst in Fig. 9b the joint nenbers are

| ocated on the inner flanges. In the A&. 9c enbodinent, the joi nt menber s
are located .on sheetpiles tend to 'curl’
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and the ] nt | ocat.ion/ | | ateral transfer o across a
light (tY% é@fe’ﬁel'&' e%q&q &f'ﬁ;’ & Arsanead §f’ré’1‘i’§c”‘§f fTh® shoot
(0. 04ﬁt:@o1ﬁﬂnﬁoqn¢tﬂ¢m.thstlonteﬁothdapfﬁﬁhhﬁomﬂdéhtﬂbﬁl and section
UL ol et CRRNER gl g 1S S,
E)Sgth (nggr,r]tho net 6}I’ar@:or ris Ll@b’nﬁSﬁhﬁ% axt.. of thGSGé%%SQﬂzgaggr. -
200 - 400 Thus t*e at eral car%%? %rt‘od‘d. ?o g 8% Ur8ad across the profil e~
of Ehe J|0|dnts stﬁhfﬁi):;;ﬁ!% Q"iﬂﬁrd utionc ofi load mqurmﬁmrr)oﬁm pi | es,
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desi and Ia1t éral S |ffﬁ‘e)£sd pr.obl ensg ase'r;‘esf?l.gfgg L *'h?ﬁgﬁ P'gs to
t he ﬂﬁr kﬁgga&é he lateral 1loads and the Jomt
1ocation/dos19n. The latorﬂ transfer of load across a light
(t=<5mm) is severely restricted by the flexural strength of the
sheet (0.042t2). This problem has l1imited the profile width
(ws) and section depth (d) of l1ight (t=<5mm) and conventional

20 (5<t<10mm) sheetpiling [(f/d)=1.0,N=1)] to:-

Sheetpiling Profile width Section Depth
{w) - (mm) {d) = (mm)
Light(3¢t¢5) 550 - 800 125 - 200
Conventional -
25 © (8¢t<10) 800 - 1500 200 - 400 ~

Thus the lateral capacity to distribute load across the profile

of the joints strip becomes a major issue with wide (ws>600mm)

sheetpiles, particularly with the deeper (d>100mm) section

30 profiles. Thus joint design and lateral stiffness problems has

restricted 1ight sheetpiles to the narrower widths (ws<600) and
shallower profiles (d<100mm).

This problem can be partly alleviated by increasing the

sheet thickness (t>5mm). Alternatively an improvement, can be

35 achieved 1in lateral capacity (F) with the use of lateral

stiffeners to upgrade the lateral flexural strength of the

sheet and provision of a stiffer track from structural sections



shal |l ower profiles (d<100nm . This problem can be partly alleviated by

I ncreasi ng the-sheet thickness (t>5m). Alternatively an inprovenent, can
be, 35 achieved in |ateral capacity (F) with the use of lateral stiffeners
to upgrade the lateral flexural strength of the sheet and provision of a
stiffer track fromstructural sections to distribute the | oad al ong the
sheetpile. Details of the lateral stiffepgrs and joint systens are

di scussed further below. Also this upgrading of the lateral stiffness and 5
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coi nci de wi relev ar aneters - or_a stiffening pane
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- degree not pelewble to date with [ight (t=<5mm) sheetpiling. On
conventi onal sheet pig,i QJ(t> i | 5 Sd f th ction far
exceess the contri bt?tlisdr‘?\ Sos(m"l J-dollﬁ O?t/%@% u.'_r%l'%'gaf_h%{%ﬁgégﬁﬂ ggd

“ structurdl streegghh.allowsiccthe parametersj gefiningnathe asicinmi fstaip
wi t h convengj t : ' 1B iake R rugat i LN
the sheet pi [coTo ob; B E1ACRG 167 enk Pegbant Plrameter ¢ BH o Pas! St
in Fig. 10 @r8hiffeqing: eppe Ipcahysr §58 (Rdn$he&rjipec become pant (ot ithe

may be eithghedtpi T@scstrateupdl1(SLEF7IE0LET 4-dddrde Ho® Bods i HPé rd Uit l
runni ng acrosg tpe corEugay o_r)ls hn %hﬁ .%heetpl | e or a folded plate 32
forming a hSIFRw paRE| (ERfPmm) ,gheetpid 1Rg. QR coORYentignal, sheetriling,

10b, 10a0an(itiSmmpegie obveralst i sfigecrofathe sectivn\ceartlerbdeds0%trd
sheetpilo. CORFETRPPionncTFES choe, lSing o AEMikAute; Nd hne o hestr tas ng
rib to the gtructyral pssycengthgs. Hamceo a0b)st@bléle joihtends, hovess ,
T 111 e TAIEREaRE (18R RAvahs 3BogR- (05 sk bhgRegy o " P19 10
(di a>25mm)  which 3Aheoisfiddiing of thes sonmugatdans rinthenshestphlie t he
stiffenqs. with al era!%tial"ﬁdﬂd}até'ﬂesgﬁcéf'r3?9%'5‘?'95& Sfl_%t"iﬁi uag! ghdwn dh (!
or U beam be profiled to infill_the corrugations. wever
| ongi t udi nﬁgorggscrpms a lateral beam across the sheetpile. These
stiffeners may be either a simple plate 30 (see also Fig. 10a)
or one or more rods 31 running across the corrugations in the
sheetpile or a folded plate 32 forming a hollow panel infilling
20 the corrugations as shown in Figs. 10, 10b, 10c and 11. Depth
of the stiffener has to lie between 60 and 110% of the section
depth (d) for the stiffener to create a lateral beam across the
sheetpile. The stiffener 32 extends acrose the stiffening
panels, driving rib to the joint strips (see Figs. 10a to 10b).
(% 25 The stiffener, however, may infill only one corrugation at an
anchor location as shown in Fig. 10.

The stiffener may be a thick bar (wb=200mm,t=5-10mm)
or rod 31 (dia>25mm) which "allows soil to pass up the
corrugation = behind the stiffener. In an alternative

30 arrangement a structural section (I or U beam) may be profiled
to infill the corrugations. However, longitudinal forces from

" anchor or driving loads favour the folded plate stiffener of
Figs. 10 and 11. This stiffener can be profiled (20¢i <40
degrees) to minimize the soil resistance durihg driving and/or

35 extraction. A vent hole or spacers may be provided to reduce
soil resistance or suctions around the stiffeners. The plate
stiffeners can be installed prior to driving of the sheetpile.



anchor or driving |oads favour the folded plate stiffener of Figs. 10 and

TWorezrisdibener can be profiled (20<i <40 degrees) tq,tfn} Fr}t[p‘m‘;pe ;

50|I resi stance during driving and/or 35 extraction. A ven

spacers may be provided to reduce soil resistance or suctions around the
stiffeners. The plate stiffeners can be installed prior to driving of the
sheet pi | e. WO 92/19819 The | oad transfer achieved by the introduction of
lateral stiffeners across the sheetpileg is illustrated in Fig. 12 where
arrows of interconnected sheetpile 33 are shown enbedded in and upstandi ng
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st abi18 t yibfettibnss0) ]Acmmr nlocatﬁeﬁivedhal l.%WrWr‘ie daw B Ydeg deep

(d>200Mko3Q iKe'ug Tnd OvéFt1EET LombORent brchne %r&e'.snén”or(‘“fltpréé‘“"s
Toads. Load capacity of the joints are locally improved
(23t2<F<200*t) by the detail proposed at the end of the
stiffener on the joint panel shown in Figs. 10a to 10c. Hence

20 an adjacent sheetpile can be supported through the stiffener
onto the adjacent anchor/propped sheetpile without resorting
to 'walings’. These functions incorporate a major advantage
of the stiffeners over the 'waling’ beams which have to be
installed during the critical stages of excavation. -

25 The stiffeners remove the 1imits imposed by sheet
thickness (t), allowing ’'wide’ (800<ws<3500mm) sheetpiles to
be formed from 1ight (t=<5mm) and intermediate (5<t<10mm) sheet
or plate. Additionally the lateral stability [(w/t)<150)]
constraint is removed allowing wide (w>600mm), deep (d>200mm)

30 profiles to be used in the stiffening panels in (ws/t) ratios
exceeding 200. In conjunction with multiple driving panels,
very wide sheetpiles can be driven, viz:-

Number of Anchor Sheetpiling Width
=Driving Panels (we) - (mm) -
35 1 wg<2000
2 1500<ws8<3500

3 2500<ws<+3500



exceeding 200. 1In conjunction with nultiple driving panels, very w de

shéet pi mag »eamolpe driven, viz:- Nunber. of Anchor . Sheet pi |l ing
W d+h -Driving Panels (ws) - (mm - 35 ' '
w2000 2 1500<ws<3500 3

2500<ws<+3500 WO 92/19819 Thus i ncl usi on of web stiffeners overcones the
| ateral stability probl em associ ated w t h 'w de' sheetpiles. Further

configurations of lateral plate stlffen 30 are shown in Figs. 2a and 2b
and furth conf ] ations of 5 f lLate stiffeners 32 are shown i
o, o TG ol T IGNE §F o8 [FhiFaBhSeR ovRrERhes, dre SlatarAt <
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(F<15*t). This 20 |oad,.capaci 5¥t) limts this type of JOlnt to
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| at eral sttilef ahaetp Heewidthe(ws) ninsyeasednabivet 80Dmmyaviied—f rom t he

f kange where high éﬁ&ﬂi?hkoads occur (F>30*9- ‘?bﬂ‘ g'efpimecation. At the
can ta

web | ocation a ngjor of the lateral |oa Ken I n
t ensi on/ conpr essi oﬂm.gh.h.b.lﬁ.ﬂ.han | ateral | oadBdni=c{KN/m.mm)
550 Sxt<(FC15%¢L
15 1000 15%C<F<40%t
2000 ' 40%t<F<70%¢
3000 80%t<F<150%t

The load capacity of the joint systems formed from the
sheet/plate in the joint strip are limited to (F<i15xt). This

20 load capacity (F<15%t) 1limits this type of joint to sheetpiles
widths (ws) up to 600mm. Wider sheetpiles (ws>800mm) require
interlock Jjoints made up of structural pipe or box sactions
(F<150=t). Even these joint systems have limited capacity for

- tension and lateral 1load capacity (F<¢30xt). Lateral 1load
25 capacity can be locally improved by lateral stiffeners.
However the joint system needs to be varied from the flange
where high lateral loads occur (F>30*t) to the web location.

At the web location a major part of the lateral load can be
taken in tension/compression rather than lateral load which

30 depends on the flexural strength of the sheet. On the web
location, the load transfer can be upgraded by varying the web
inclination and use of lateral stiffeners to achieve direct
compression/tension which gives a high 1load capacity
(150%t<F<200%t). Thus the joint system based on interlocked

35 joints from pipe or box sections can be used for sheetpile
widths (ws) of up to 3500mm. On intermediate _sheetpiles
(800<Ws<2000mm) the tension and compression capacity of



30 depends on the flexural strength of the sheet. On the web | ocation, the
| oad t fgan be upgraded by varying the web inclinati f -
Iateral‘ﬂg?li??gners to achi eve direct conpression/tension %FW’%W?Q Bnwr
high load capacity (150*t<F<200*t). Thus the joint system based on

i nterlocked 35 joints from pi pe or box sections can be used for sheetpile
widths (ws) of up to 3500mMm On internedi ate sheetpiles (800<W<2000nm

the tension and conpression capacity &8 WO 92/ 19819
PCF/ AU92/ 00191 structural cPi pe and box section jQints allqQws the joints to

be | ocatstdustundd fRipgand box sectyan, jodnts GQSPHPe% dP8ts, &0 Bent
desi gns foyated St UhecFliangesd) aFqgis.Sheetpi 8si htastrate adtehaatnventi on

whi ch h . i gher, | i t h | St] 5 jai A . Fias. 13, 14 -~
and 16 A1 PaBdsPg; fot keridornti: fds Al Rbent Rbve e o8 Recariing; ¢
in respectthee invantl ioremhdich bavpohdighercdopdi capect byr thaosed iptping

secti ns.oq.‘rmp q%el‘q‘i%')ons of square or rectangular form secured to the )
adj ac nt? sheeg%'i € 10 nmenbers with one of the sections being slotted to

receive the ot hefigect1dn.14TABdeh®ot] hustrate Hqjints whans e dhengoiss of
| nter| ocdel 3 el (9%9!1 OfgrmiRate® A ?‘”gﬁg?%tqfvf' géominﬁohﬁniﬁrgne of

the joint nenbers conprises a square sectio ogen al ong one edge 48 15
to receiGRMAGNSNAS SOMRY ike Mither cipsedPing seetipng of spcrions
CoTEr | S A s Rl sseoved e tjemme shascai !
g;uzigom&'&&ﬁ ong %{:e{r‘giﬁ?@t{)ﬂngi é€$@a§35$’§‘§§?¥§e riggéil'a Space
51 with dthmrotdeat idh | oi The nembod imént Fof. F1g, 18cipvoilvesether usd iof of
seal ant etk g onaRl MaofidRh O " 08 5% T oot de
tight joint fit Enttheraxrangement ct|fitas detf ito k8 ane of; the 9oiME i nto
of the fianifere obFTade  SaulPl dectify (P bdun WINR, BhanedRls Ae e
r equil Berfhtre@cCeing M#W\A/al%‘m%m%ﬁer I Fdig.n @ &'?emre-’%ii"tt or
i ncor poiRdnfsers comprise a further square section 49 adapted for neat
location within the other outer section 47. In Fig. 17 the
other joint member 50 is of part square cross-section and open
along one side edge to define a sealant space 51 with the other
20 joint member. 1In Fig. 18, the joint member 52 is of truncated
square cross-section to define with the other joint member a
sealant space 53.
The joint designs shown in Figs. 13 to 18, provide
a tight joint fit with provision to exclude debris or soil
25 entering into the interlock, provide a water seal if required
extending along the length of the joint, allow the joint to be
upgraded to suit the local engineering requirements, and form
a dewatering chamber as either a separate unit or incorporated
into the joint profile. These four features greatly improve
30 the overall water tightness and integrity of the sheetpiling
structure. The inclusion of a closed inner box or pipe
section, allows pressure injection of drilling fluids, water
and/or air to facilitate driving of the sheetpiles.
As stated above a joint sealant can be located in the
35 open spaces formed in some joint systems - (see Figs. 17 and
18). Also sealants can be pressure injected down the inner
section of square, pipe or rectangular type joints - Figs. 13,



|nto the joint profile. These four features greatly inprove 30 the overall
water ti gjh‘fr‘iésS and integrity of the sheetpiling structure. The incl usion
of ¥“cl osed inner box or pipe section, allows pressure injection.of
drilling fluids, water. and/or air to faC|I|tate driving of the sheetpiles.
As stated above a joint sealant can be located in the 35 open spaces forned
In sonme joint systens - (see Figs. 17 a@$ 18). Al so seal ants can be
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driving a rod which may comprise an inner riser pipe with an
oversize tip 66 down the riser pipe 63. This opens up the
split in the undersize pipe allowing'entry of groundwater into

20 the pipe, However, a permeable section may be created by s1mply

slotting the riser pipe 63.

Erosion of soil into the pipe is prevented by a
permeable ceramic, grariu'lar rubber, or wire mesh, filter fabric
or slotted liner 67 around an inner riser pipe 68. Entry of
air into the riser pipe 68 is restricted by a water backfeed
system or'use of an 'high air entry’ ceramic or granular rubber
liner. The permeable_H'ne'lr may be installed by the rod and
pipe 68 carrying the expanding tip 66 and collars 69 as shown
in Fig. 20. Once the _exp_and'ing tip 66 passes beyond the split
30 tube section 65, the resﬂ_'ience of the outer tube section 65

closes the section 65 around the permeable liner holding it in

place. Complete closure of the split 1is prevented by the

permanent distortion of the split tube section 65 caused by
passage of the expander tip and/or conars

35 The riser pipe 68 is initially connected to the normal

. pipework and pump s'ystem employed on conventional vacuum well

points. . The riser pipe 61 may _havg any suitable sectional



in Fig. 20. Once the expanding tip 66 passes beyond the split 30 tube

secti oWofga/19819 resilience of the outer tube section 65 clQsgqdIfwiSEti 00
65 around the perneable Iiner holding it in place. Conpl ete closure of w

the split is prevented by the permanent distortion of the split tube
section 65 caused by passage of the expander tip and/or collars. 35

The riser pipe 68 is initially connected to the normal pipewrk and punp
syst em enpl oyed on conventional vacuud#wel| points. The riser pipe 61 may

have any suitabl e secti onal WO 92/ 19819 configuration as for exanple
shown | RORfitgurabiPReABsTEr example shown Jin the embed iments 9l 9%yt s,
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encdént thegdaiving nibyane subjectkartos fiulds wm(nﬁm‘.-h-m{rsi\pme
conpresgobtes! Y FUFtAGFR6Pe, the pile has a greater tendency to wander
off 1ine. These two problems have 1imited the pile width (ws)
and/or depths (2) attained 1in both 1light (t=<5mm) and
conventional (t>5mm) sheetpiles. To date these driving

20 problems have not been resolved other than by using various
methods to cushion the impact from normal drop or impact
hammers or provision of a reinforcing cap on the sheetpile.
None of the measures are suitable to driving of 1light
sheetpiles with vibratory pile drivers.

25 The driving forces for wide sheetpiles (>800mm) are
appreciably higher than encountered during driving of normal
sheetpiles (wa<600mm). Thus pile compressibility and lateral
stability become key factors in the driving of the wide
(ws>800mm) sheetpile. Further the repetitive loads during

30 driving with vibratory pile drivers create premature fatigue
failures in the sheetpile. While dynamic driving forces are
high (+-800kN), the vibratory force reverses leaving only the
weight of the pile driver and any push down from its mounting
(FA<50kN) to create a 'bias’ in the driving force.

35 Pile driving operations have shown that while vibration
frequency can range from 20 to 40 H2, 30 to 40 Hz gives optimal
driving and reduces the risk of damage to the sheetpile. Also



stability becone key factors in the driving of the wide (ws>800mm

sheet pi I'e” “= *Furt her the repetitive | oads during 30 driving-w-th-vi-bratory
pive drivers create premature fatigue failures in the sheetpile. Wile
dynam c driving forces are high (+-800kN), the vibratory force reverses

| eaving only the weight of the pile driver and any push down fromits
mount i ng (Fd<50kN) to create a 'bias' i2g the driving force. 35

Pile driving operations have shown that while vibration frequency can range
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driver 77 across the sheetpiling to the driving frame 70.

The stationary casing of the pile driver is indicated
at 78 and the vibratory casing of the pile driver at 79, whilst

20 the arrows 80 indicate the pull down applied from the driving_
frame 70 to the pile driver.

The driving frame 70 actually reduces peak driving
forces, fatigue effects and improves the performance of pile
drivers in the 30 to 40 Hz range. Thus the necessity for

25 driving plates, etc. can be dispensed with for wide sheetpiles.
Further the improvement in pile alignment by using a driving
frame allows multiple jaw system to be used on the pile driver
enabling driving force to be dispersed across the sheetpile by
the inclusion of several driving ribs.

30 Fig. 24 and Fig. 25 are force diagrams showing normal
driving methods and those driving with a frame. Fp indicates
the force at the top of the sheetpile and Fr the pile
resistance. Fr indicates the vibrating force from the_pile
‘driver. F1 .indicates loss from pile compression, Fd 1is the

35 resilient pull down force.

Once the sheetpile is driven below the ground level it



enabling driving force to be dispersed across the sheetpile by the

inclusiqpoghlﬁﬁ“ ral driving ribs. 30 Fig. 24 and EkﬂVAaﬁ?ﬁﬁﬁbl

force diagrans showi ng normal driving nmethods and those driving w a
frame. Fp indicates the force at the top of the sheetpile and Fr the pile
resistance. Fr indicates the vibrating force fromthe pile driver. Fl

I ndi cates |l oss from pile conpression, Is the 35 resilient pull down
force. Once the sheetpile is driven belOw the ground level it WO

92/ 19819 cannot be guided by thed%?}g?gtFE?Tﬁh_WhilstpﬁﬁﬁAépgﬁSQé é%?ﬁﬁrgt

be guided by the piling fra I ling edge of
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free to whnedepidie, | the. mgmgaltn&ﬁmeﬁs! nftée ecewanderatopfdephe. (1)
?‘:mf' M foliened 8y Wartler 17 the 3RabRbijasatid deptn (1) JF"8%6m (WG (™
3000 5 typically be:- 300 Since the wander occurs fromtorsional tw st,

it cannot be contgﬁu+§éh£? gggéﬁeners acro§§P35$along t he sheetpil e,

al t hough the top sti educes t he wande he proposed design uses the
interlock joint simgborifmmbecribed above WMA_ARiSaBMce to Figs. 13 to 18
in conjunction with a ¢@opt guide tube 81 of 78gto 250mm i n di aneter shown
in Figs. 26 and 27 to extend the control of the_lateral alignnment of the
sheetpil e bel ow t he gr%@“@ surface. The split1 y be along the axis of the
tube y@l | or follow a go@glual spiral. 20 The 8pbit tube 81 is initially

the. t ube S3RGs0: S8 - aREEs” e e ofEOHE Ko K| sy BFsr "I shhri® ofe
| eadi ng etntrioldeld 6dyof stidfenesspi Beross sorhealdngvetheovaheatpipe,t angd,
method mATHTYRY thle® YR (G4 £¥andt® Pl LA Rphder, S0 TS
| nt er medi at e gui dERE cArepgsed Ae8iINCUSOR bRl BLRAR]ORK Uoiile SYStAMg
i nt er {2 diglaR ridYd Abdve With' Feference to Figs. 13 to 18 in conjunction
with a split guide tube 81 of 75 to 250mm in diameter shown in
Figs. 26 and 27 to extend the control of the lateral alignment
of the sheetpile below the ground surface. The split may be
along the axis of the tube wall or folliow a gradual spiral.
20 The split tube 81 is initially installed by a drill rig on the
proposed alignment, as shown in Fig. 28, the tube 81 being
rotated to achieve vertical or lateral alignment. The leading
edge track 82 of the sheetpile 83 is then driven down the split
and thence the tube 75 is extracted, usually by the pile
25 driver. This method minimizes the wander on the end of wide ~
piles (ws>800mm). Intermediate guides 84 may be provided on
dewatering well tubes giving intermediate restraint to very
wide (ws>2000mm) sheetpiles. Thus any sheetpile can be
installed to accurate (+-25mm) lateral alignments even at depth
30 (1>6m).
The overall advantages of wide (ws>800mm) light
(t=<5mm) sheetpiles are best illustrated by the cost comparison
with normal light (t=<5mm) and conventional sheetpiles. A wide
range of sheetpile applications have been costed for both light
35 and conventional sheetpiles on sites in America, SE-Asia and
Australasia. A1l applications show a cost of between 80 and
90%, averaging 70% of conventional sheetpiles, even on sites



w de (ws>2000mm) sheetpiles. Thus any sheetpile can be installed to
accurate (+-25nmm lateral alignnents even at depth 30 (1>6nm). The overall
adwvant ages of wide (ws>00mm) |ight (t=<5mm) sheetpiles are best illustrated
by the cost conparison with normal Iight (t=<5m) and conventi onal
sheetpiles. A wi de range of sheetpile applications have been costed for
both I'ight 35.and conventional sheetpil e&Zon sites in Anerica, SE-Asia and
Austral asia. Al applications show a cost of between 60 and 90% averagi ng
70% of convBRreontinesirhaekr tEkingyeis oresovered @ner compd edrien pPfi nghes
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The present invention thus provides a wide (ws>800mm)
sheetp'il_e formed from steel plate folded or formed to a
variable profile which imparts driving, bending and lateral
20 strength not achieved with previous profiles for this type of
sheetpiling. The design divides the sheetpile into three
panels, viz: driving rib, stiffening panels and jointing
strips. Also a sheetpiles has specific requirements around the
pile tip, in the centre segment and at the top of the
S 25 sheetpile. The design con_cept. further divides the sheetpile
into three levels. The sheetpile can be manufactured _by either
folding or forming the overall profile from one metal pliate or
by joining modular panels to create a wide (ws>800mm) sheetpile
in long lengths (>4m). The material thickness (t) may vary
30 across and/or along the sheetpile to suit the specific
requirements of the various panels and/or levels,

35



by joi ni ng nodul ar panels to create a wi de (ws>800m) sheetpile in |ong

| engt hs wig98h1981-1he material thickness (t) may vary 30 acro -
along the sgget pile to suit the specific requirenent s%’%@gﬁ‘ou&,
panel s and/or |evels. 35 WO 92/ 1981 - o :

PCT/ AU92/ 00191 CLAI M5 1. A sheetpile conmprising a sheet forned or

fol ded about a |ongitudinal axis so as be of corru '“'ll“llﬂlﬂ"lm and
havi ng an overall wi dth (ws) exceeding mnm said 5 | Rebicii lhikin g
stiffenin means, driving rib means and joint strip means, and

characterized 1n that the Eofile for each of said stiffening_panel neans,
¢ B 1des

driving rile means AnSPPSER? 1€ CPMPRSAE9; 8 Bhest EPamAL. of; (|
Lol | owd gg:abh&ﬁ/d 40ﬂméﬁg'itgdjina1haxc}'s sho ?s }c}o bb=f65'ﬁ'r&_| SrfFugetean |§ﬁ§FE¥80
rgees < [e. iis the th o rofile, t.is t hi ckness
of “the 1 7k, and"ReV108, ab Vareufeh ' TuBC oxclied i il SRS,
t he web§ aheetipdria rdeafrininghbstififening dapedf means,n dracting sitb dmeanss i s
in accord AM 5 Ed¥;¢ I 1 Ng: r FEEE kng fo [ h k 20
100<(vvs/t§ 19\3%&{31 er’e_dl)n mdlj's ?I‘Lde3 én%‘ni rrur#vtnﬁ#c n‘eés?%?etg'e‘asﬁgé?gbﬁe and
N is the fafosacs ofasaigr stiffening naneihmeaps,cdrizing rib meanshandpil e
conpri si NG oi nth Y figP 'mMBHhe 1 ¢ Ol ekt dddnce | el [ W6 NFO1 REWEng® as to be
of corrugated profile formand having_an overall wdth (ws) exceedi ng
800mm sai d sheetpile defining stAre QWHg panel neans, driving rib neans
and jotoet strip nmeans, and characteesmmd in that the profile 30 for each of
said stiffening panel neans, driving, L] ans and joint strip neans is in
488 sdbbmi”

accordance with the follow ng: d>
45¢i=<90 degrees

s
0<(f/d)<4
where, d is the depth of the profile, t is the thickness of the
15 material, f is the flange width, i is the angle of inclination
of the web, and wherein the number n of said profiles in each
of said means is in accordance with the following:
0.5¢<n<2
and wherein for said sheetpile
20 100<(ws/tm)
1=<N<5§
wherein tm is the minimum thickness of the sheetpile and N is
the number of said profiles in said sheetpile.
25 2. A sheetpile comprising a sheet formed or folded -

about a longitudinal axis so as to be of corrugated profile
form and having an overall width (ws) exceeding 800mm, said
sheetpile defining stiffening panel means, driving rib means
and joint strip means, and characterized in that the profile
30 for each of said stiffening panel means, driving rib means and
joint strip means is in accordance with the following:
d>150mm
t=<5mm
0<f<350mm
35 45<i=<80 degrees
0<(f/d)<0.8



[err] [err] 35 | | [err] [err] — where, d is-the—

depth of the-profile, t is the thickness of the materi s t he flange
width, i is the angle of inclination of the web, and M“ﬂ"ﬂwm
of said profiles in each of said means is in accordan

5 0. 5<n<3 and wherein for said sheetpile
100<(ws/tm 1=<N<6 wherein tmis the n1nZ§un1th|ckness of the sheetplle and
Nis 10 the_nunber of said profi sal sheet ile
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said st|ffeﬁuag1pamehnseass1ndac¢pmgancb meanm'mhziﬁqiiuwtngnla means is in

. accordagce with the follow ng: d> t =<5mm
0<f <50mMm 45<M =<60 degrees-OQ(f/d) <3 Wwhere, d is the depth of the profile, t
is the thi@ndeyneceinhforsspadepshartpiiles the flange width, i is the angle

of inclination of the web, and whergRjdywdeemynber n of sai d profiles in
each of said neans is in accordance with the follow ng: 0.5<n<3 and wherein
for said sheetpile 30 1=<N<6 100<(ws/tn) 1=<N<6 wherein

tmis the whereim thi ¢¥neha afintimamsthdckinessaiot NHe sHeetpiherand Haigl

PL?L;LQ§r'Qasa'd 2965 Lg1d3§rgf11es in s%n%F%&eéiéx¥§”'S'ng a sheet

3. A sheetpile comprising a sheet formed or folded
about a longitudinal axis so as to be of corrugated profile
form and having an overall width (ws) exceeding 800mm, said
15 sheetpile defining stiffening panel means, driving rib means
and joint strip means, and characterized in that the profile
for each of said stiffening panel means, driving rib means and
Jjoint strip means is in accordance with the following:
d>150mm
20 t=<5mm
0<f<450mm
45<1=<60 degrees
0<(f/d)<3
where, d is the depth of the profile, t is the thickness of the
./ 25 material, f is the flange width, i is the angle of inclination
of the web, and wherein the number n of said profiles in each
of said means is in accordance with the following:
. 0.5¢n<3 |
and wherein for said sheetpile
30 100<(ws/tm)
1=¢N<6
wherein tm is the minimum thickness of the sheetpile and N is
the number of said profiles in said sheetpile.
35 4; A sheetpi1e'comprising a sheet formed or folded
about a 1oh91tud1na1 axis so as to be of corrugated profile
form and having én overall width (ws) exceeding'SOOmm, said



about a longitudinal axis so as to be of corrugated profile form and having

an ovewe Yz ywelph (ws) exceedi ng 800mm said WO 92/ 1981% ¢y, aerddvedt S - *
sheetpil e defining stiffening panel nmeans, driving rib . nmeans_and joint ~_
strip neans, and characterized in that the profile for each of said

stiffening panel neans, driving rib nmeans and joint T3 L
accordance with the followng: 5 ”"’"”ﬂ"%ﬂ"[ﬂ“%mn
O<f <35mMm 45<i =<90 degrees O<(f/d)<5 1@Qhere, dis the Yept h ®of st he

profile, 1S the thickness of. .the material, f is the flange width, i is

t he anglse';%ﬁ&”'n{c] iﬂﬁhﬁ?\"gf s?’ﬂg%\ﬂgﬂ,"garﬁf%‘eﬂﬂﬂ‘?hegﬁhﬁb@ f 1B means

profi | esand Jabit cdtstp dmemnass andi chacaotdunze;:vvﬁhhthhc mumwafg:no.
5<n<5 1 r &g , i ' 200< t . 1=<N<l ereintmis
the m n%ﬁ%ﬁ%lﬁe%&‘g ﬁﬁsﬁg‘gf‘épﬁéﬁgn %}ﬁ; t#PewEm#: r’Q’of“'?é‘isd files
in sai d Xhdtk BIRIPp JOe@Ns is im atcergancecwiphi theagfaldbedng::or ned or

f ol deg about a | ongitudi nal axia,qgsﬁ& to be of corrugated profile form and
having an overall width (ws) exceedi ng 800mm said sheetpile defining
stiffening panel neans, drivingtFBM™Means 25 and joint strip nmeans, and
characterized in that the profi beskasomach of said stiffening panel neans,
driving rib nmeans and j oi nt strig ngag% IS in accordance wth the

fol | ow ng: d>125mm t =<5mm 30  49¢1=<90 degrees O<f <450mm 45<i =<65
degrees 0<(f/d)<5 where, d is tDe(#gpyesof the profile, t is the thickness

of thE where, d is the depth of the profile, t is the thickness of the
material, f is the flange width, i is the angle of inclination
of the wedb, and wherein the number n of said profiles in each N’
of said means is in accordance with the following:
0.5¢<n<§
15 and wherein for said sheetpile
200<(ws/tm)
1=2<N<10
wherein tm is the minimum thickness of the sheetpile and N is
the number of said profiles in said sheetpile.
20
5. A sheetpile comprising a sheet formed or folded
about a longitudinal axis so as to be of corrugated profile
form and having an overall width (ws) exceeding 800mm, said
sheetpile defining stiffening panel means, driving rib means
25 and joint strip means, and characterized in that the profile
for each of said stiffening panel means, driving‘rib means and
Joint strip means is in accordance with the following:
d>125mm
t=<5mm
30 0<f<450mm
45¢i=<65 degrees
_ 0<(f/d)<8s
where, d is the depth of the profile, t is the thickness of the
material, f is the flange width, i is thé angle of inclination
35 of the web, and wherein the number n of said profiles in each
of said means is in accordance with the following:
1<n¢5



material, f is the flange width, i is thb angle of inclination 35 of the
web, and'whereryr-t he nunber n of said profiles in each of sald neans s i

acdefdance with the follow ng:. 1<n<b =~ * C L M

for said sheetpile 120<(ws/tm 1= <N<10 wherein tmis th ln’lyﬁm
of the sheetplle and Nis 5 the nunber of said profiles in §hld S

6. A sheetpile conprising a sheet fgéned or folded about a

| ongi tudi nal axis so as to be of corrugated profile formand having an

overal | w ghl (HEretXCLEF 8di80SH¥etpdité 10 sheetpile defining stiffening
panel neans, driving rib neans eunlécnrn strlp means, and characterized in

. that the proflle for each of said #9¢ Wﬁf panel means, driving rib neans
and joint strip nmeans is in accordana&yeth the foll ow ng: d>150mm 15

t =>5mm O<f <140mm 45<i 7<9 rees O<(f/ld)<1 2 re de of the
. profile, (WRere R i &ﬁnggg @f"’ﬁ'@%%"r’r&}‘@ﬁs&l ° e’l:l tﬁ??ﬁqpa{;ﬁ% Q{ﬁipﬁ S
t he anglse tihei magmbernt o®nsafidt peofidlesarich uhsuesmeuta1ﬂunber n of said
profiles in each of said neans is in accordance with the follow ng: 0.5<n<3

and wherein for said sheetpile 25 160<(ws/tm
1=<N<6 whefei n t m As sheetpiliengamar ieing A cShQﬂé tornegioe fiodidedis the

nunber of pof t Rjnl h ﬁ@ﬁ%ﬁ

conpri si ngégég?uegt 1fdorneamoﬁ?# %%?@ gu?‘a:ﬁaon%.ltﬁgl nal ~axi s so as°ft101ebe
of corrugaf%ﬂmpﬁbﬂlmkuninQRMOMﬁVPh& A dhher(rs) vpxeeeding S0 #aid
800mMm 1%ai gheeesi pé ! eedeahngn%tsaf#a‘rﬁmgwamﬁlm&iﬁé? adﬁwr@g it WS

and Joint Ll B IRe Str {P méans 2 hng charadterized G’ that the profile
e for each of said stiffening panel means, driving rib means and
Jjoint strip means is in accordance with the following:
d>150mm .
15 t=>5mm
0<f<140mm

45¢i=<90 degrees
0<(f/d)<1.2
where, d is the depth of the profile, t is the thickness of the
20 material, f is the flange width, i is the angle of inclination
of the web, and wherein the number n of said profiles in each
of said means is in accordance with the following:
0.5¢n<3
and wherein for said sheetpile -
25 . 160<(ws/tm)
 1=(NCE
wherein tm is the minimum thickness of the sheetpilie and N is
the number of said profiles in said sheetpile.

N

30 7. A sheetpile comprising a sheet formed or folded
about a ldngitudinal axis so as to be of corrugated profile
form and having an overall width (ws) exceeding 800mm, said
sheetpile defining st1ffen1ng panel means, driving rib means
and joint strip means, and characterized in that the profile

35 for each of said stiffening panel means, driving rib means and
Joint strip means is in accordance with the following:

d>150mm | |



35 for each of said stiffening panel nmeans, driving rib means and joint
strip neans is in accordance with the follow ng: d>150mm t=) 5nm Of

<450mm * C L M S * 45<i<65 degrees O<(f/d)<3 5 where, d _,
is the depth of the profile, t is the thickness of the material, f is the ™
flange wdth, i is the angle of inclination of the web, and wherein the

nunmber n of said profiles in each of said neans is in accordance with the
followi ng: 0.5<n<3 10 and wherein for 8gid sheetpile 60(Ws/I TN 1I=<N<G
wherein tmis the m ninmumthickness of the sheetpile er of
said profiles in said sheetpile.ti558m A sheet pJMHm ﬂﬂ i‘ﬁheet
formed or folded about a Iongituﬁkpgks hs so as to

profile formand having an overa exceedi ng 800mMm sald

sheet pil e defining stiffening paﬁ§F1ﬁé§n§39l¢9$|ng rib means 20 and j oi nt
strip means, and characterized ig¢tppd)tle profile for each of said

e B G 4 15T ShpH Se R 4! ChRGRRELS 37
O<f <300mnm&1rt¥9.0 teim adme Fd@nge) wid2hwhér es thesangte deht inaifinateion

profile, dei shlgmqg@ep.;-ﬁ é\;ﬁﬁﬁﬁd&l n fof Ssd 1§ Eﬂ-é'f‘ﬁgsé""iq{ rhfaéh s

t he ‘angl e of |nc I nat1on and mhere I n {he sai d
profil es 9% &4th RAARS; Hsnb%lrﬁc?%"qﬂ‘%ﬁ:db‘rtd'hr&ft’ wWwehiewing ol | owi ng: 0. 5<n<3
and wherein for said sheetpile 1005¢hes8/tm

10 and wherein for said sheetpile

60<(ws/tm)
1=¢(N¢(§ "
wherein tm is the minimum thickness of the sheetpile and N is
~ the number of said profiles in said sheetpile.
15
8. A sheetpile comprising a sheet formed or folded
about a longitudinal axis so as to be of corrugated profile
form and having an overall width (ws) exceeding 800mm, said
sheetpile defining stiffening panel means, driving rib means
20 and joint strip means, and characterized in that the profile
for each of said stiffening panel means, driving rib means and
Joint strip means -is in accordance with the following:
d>150mm
- t=>5mm
25 0<f<300mm -
45¢i=<90 degrees
0<(f/d)<1.2

where, d is the depth of the profile, t is the thickness of the
material, f is the flange width, i is the angle of inclination
30 of the web, and wherein the number n of said profiles in each
of said means is in accordance with the following:
0.5¢<n«<3
and ‘wherein for said sheetpile
100<(ws/tm)
35 1=<{N<6
wherein tm is the minimum thickness of the sheetpile and N is
the number of said profiles in said sheetpile.



35 1=<N<6 wherein tmis the m ninumthickness of
the sheetpt+e-and N is the nunber of said profiles in-saie-sheetpile.
AsHeetpile conprising a sheet forned or fol ded about a | ongitudinal axis

so as to be of corrugated profile formand having an ovE wlﬂs"mﬂ
exceedi ng 800mm said sheetpile defining stiffening pan ‘Fuﬂ
rib means 5 and joint strip neans, and aracterized in that the" préfite
for each of said stiffening panel neansidriving rib nmeans and joint strip

means i s ign accor < >

150<f <750m 45<i <g§n{ﬁeree£ %hﬁog%r? dfwiav\ﬂeéﬁgég %899‘&, g'?‘mfmded he
profile, BbpyttHe 'iCPP%kﬁ'éGEn%? axdSn®Ceral tof bes Whéqqré‘#%‘%‘ derofii1es
the angl erglrm N{rld NRAY PRg LlanObvieha 11l @enl wbsneb&cbba1mgﬂnmommofsaaud

profiles in each_of said neans té i n accordaqce with the followi nhg: n=1 and
- wherein fSF‘e§5’Pd]§hé’&f‘ln’é‘%O¥( fenjngopanel means, driving rib-qe §N§<2
wher ei 15 t @nids joliatmstirpnrisdansinasrd dhdractdreitied | tn atidat! thet peofidrger of

Tormed or PET 8GMS8TanBuE SEI hgni0a RapedfeaBs’,eFi SIBY EiboeRng BB
profile fgorin&ndtirdpi meams dscrial lacdattdariee )w tiit cthie nfo Bbawingsai d

sheet pi | e defining stiffening pa.@% g§@?% odriving rib means and j oint
strip nmeans, and characterized in % e profile for each of said

stiffening panel neans, driving r¥bSMBans and 30 joint strip neans in
accordgnce with the followi ng: d>l5@eey §ammm O<f <300mm 45<i <65 degrees 35
O<(t/d)<3 45<i<65 degrees
% _ 0.1<(f/d)<2
where, d is the depth of the profile, t is the thickness of the
material, f is the flange width, i is the angle of inclination
15 of the web, and wherein the number n of said profiles in each
of said means is in accordance with the following:
n=1
and wherein for said sheetpile
60<(ws/tm)
20 1=¢<N=<2
wherein tm is the minimum thickness of the sheetpile and N is
the number of said profiles in said sheetpile.

10. A sheetpile compr1s1ng a sheet formed or folded
25 about a tongitudiral axis so as to be of corrugated profile
form and having an overall width (ws) exceeding 800mm, said
sheetpile defining stiffening panel means, driving rib means
and joint strip means, and characterized in that the profiie
for each of said stiffening panel means, driving rib means and
30 joint strip means i in accordance with the fo1low1ng
d>150mm
t=>5mm
0<f<300mm _
~ 45¢i<65 degrees
3s 0<(f/d)<3
where, d is the depth of the profile, t is the thickness of the
material, f is the flange width, i is the angle of inclination

N/



where, d is the depth of the profile, t is the thickness of tﬁé'naterial f

Is the flange wdth, i is the angle of inclinat
S * of the web, and wherein the nunber n of 4“."4"'“!”4"""]“I3a0h of sa-bd
means is in accordance with the follow n3é 0. ereir for sai
sheetpil e 100<&h/trﬁ 1=<N<6 wherein tn1|s the m ni mum t hi ckness, of the

sheet pi | e aff rthes weky nande whereis the opnmber; m sof (sajdetRyqfiles in

A sheetpi | egach of siiﬁohdhﬂQ g iﬁVd@EbﬂdiﬂEéﬂﬁEtﬂ-ﬂﬂhjbeIGWEh@-the
folds in said sheet follow a radium to 50mm 12 A Sheetpile
according to any one of the precedin <§ ﬁﬂs and |nclud|ng stiffening neans

ext endi ng | ahdr e#hleyedh t@tds&HEBEMBhkiﬂﬂnber and secured thereto. 13.

A sheetpile according to Clalgkéﬁ erei.n said stiffening nmeans
i ncludes one or nore plate nenbers e Wﬁ{ M) oss corrugations in said
sheetpil e nenber. 14. A sheet pi |1=<N<6 according tg Caim12

wh [ [ d§
acreég'sncif'rﬂgg?.“%ﬁgwqﬁmh‘*éie‘?iﬂﬂ'ﬁstﬂﬁﬁ"%‘?%% e dliedtin1 & LRaN"
accordi ng téﬂctbﬁnﬂﬂybﬂﬁeﬂél#adﬁtPﬁﬁﬁ Llemiiny sadthshertpileg one or nore

f ol ded plates configured to infill corrugations in said sheetplle menber .

16. heet pi |l e cording to an e of Clains wherein
sai d joint éirlp mean® PH@FG@@Sfblnt nenﬁEngﬁf Fﬁglfﬁys?ﬁ% 88 égabF'said
sheet pile tetbeﬂﬂfahetnﬂmrtmmnémmd(;knnexidushsnﬂ SGbkbplheradmhmrsr)17
A sheetpilege g o 5OERC’ diNg to Caim 16 wherein said joinf menbers

conpri se conplenentary mal e/ fenal e menbers for enabling adjacent said
sheetpil e nenbers to be slidably interconnected |engthw se.

12. A sheetpile according to any one of the o’/

preceding claims and including stiffening means extending
laterally of said sheetpile member and secured thereto.

13. A sheetpile according to Claim 12 wherein
said stiffening means includes one or more plate members
extending across corrugations in said sheetpile member.

14. A sheetpile - according to Claim 12 wherein
said stiffening means includes one or more bars or rods
extending across corrugations in said sheetpile member.

15. A sheetpile according to Claim 12 wherein
said stiffening means including one or more folded plates
configured to infill corrugations in said sheetpile member.

16. A sheetpile . according to any one of Claims
1 to 10 wherein said joint strip means include joint
members at opposite side edges of said sheet pile member
for interconnecting adjacent said sheetpile members.

17. A sheetpile according to Claim 16 wherein
said joint members comprise complementary male/female
members for enabling adjacent said sheetpile members to be
slidably interconnected lengthwise.



3* C L M S * 18 A sheetpile according to daim 17’
wherein said mal e/femal e nenbers conprise tubul ar secti . f
cincul ar, square or rectangul ar cross section. 19. IT" Ism@ |lﬂk|(mm
according to Claim17 wherein said mal e/ B8nal e menbers formther ebe n a
sealant spage f.or recei pt _of a.seal ant. 20. . A sheetpile .
accor di ng tg‘%ény one %@%di ng cl éwwg%tﬁfﬁg‘"dEMVh?Fﬁgnneans
secured to onédbnadedﬁemwlt:mamhqﬁdendnpﬂiseftububmgvzagtﬂéﬂuadmahaérsz1
A sheetpile : rqj 0 | rein sai ewat eri ng neans

i ncl udes a £abl gfuﬁe%%e(ry@%éfré’ ?gﬂﬁ% SIEEF PRREERr | e menber
sai d tubul ar nenber having a perneabl e section. 22. A sheetpile

according tqgeCl ai m 21 i gaj d tubul- [ d,to define said
per neabl .g sgc?t:i on. 23.11\"‘@?@%%@;'&51%{]6& pi | eagcma%c%? 3#%’{'?01%:1 gﬁﬁ?ﬁinor
- O ai m 22 an&3ifc madiadf emake: members Eormntberebetween asealantlj apaqe

sai d pernealgbg &é@bﬂ?&-o¥4a sealant. Sheetpile construct ed and
arranged substantially as herei nbefore described with reference to any of

Figs. 1 to 7, 10 or 11 of the acconpanyi ng draw ngs.
20. A sheetpile according to any one of the

preceding claims and including dewatering means secured to
one side of said sheetpile member for removing groundwater.

21. A sheetpile according to Claim 20 wherein

N said dewatering means includes a tubular member secured to
one side of said sheetpile member, said tubular member
having a permeable section.

22. A sheetpile according to Claim 21 wherein
said tubular member is slotted to define said permeable
section.

23. A sheetpile according to Claim 21 or Claim

22 and including filter means within said tubular member
adjacent said permeable section.

24. A sheetpile . constructed and arranged
- substantially as hereinbefore described with reference to
any of Figs. 1 to 7, 10 or 11 of the accompanying drawings.




