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WALL- BUI LDI NG UNI TS Technical ..Field 5 The invention pertzﬂl-p% fo t ai ni ng
wal | s Mmmmnumﬂmm ds of constructing retaining walls. In particuflar, it
pert ai ing walls built of units such as sand/soil bags or
har denabl en@st s such as fresh clay bricks, wherein the units in adjacent
courses are connected together. 10 Background Retaining walls are used in a
wi de variety of civil enRETARININGWAIhdSYSTEM MWETH at i ons, for
exanpl e to support slopes and embanknents for hi ghways and rallways
support noi se barri er INFERLOCEREB WAL IWDBUELIMNGIIMNIIY nade having a
supporting face structure made of i nt er connect | ng bl ocks with soil or other

fill placed and conpacted in back of the wall, and with sheets of geogrid
laid in the fill at_various |evels, extending back fromthe wall. The
geogri d sheelechnigal Fieldhbi | i ze the backfill, are often attached to the

I nterlock 20 ing bl ock
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together.

10
Background
Retaining walls are used in a wide variety of civil engin-
eering and landscaping applications, for example to support slopes and
embankments for highways and railways, support noise barriers, etc.
15 Retaining walls are commonly made having a supporting face structure
made of interconnecting bloéks with soil or other fill placed and
compﬁcted in back of the wall, and with sheets of geogrid laid iﬁ the
fill at various levels, extending back from the wall. The geogrid
sheets, which stabilize the backfill, are often attached to the interlock-
20 ing blocks. |

It is known to build retaining walls of sandbags instead of
interlocking blocks to hold the backfill. In the prior art, sandbags in
retaining walls are not attached to each other, relying essentially on

25  their mass to stabilize the wall. This limits the steepness and the
height of retaining walls that can be build with sandbags. . Sandbag
retaining walls, in tﬁe prior art, are normally temporary, rather than

permanent, structures.
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_varibus ki nds. Such blocks, in the prior art, generally need to be nade
"Wi'th interfitting parts or be affixed by concrete or the like in order to
make a secure stable retaining wall. 5 Japanese Abstract {(R-8¢PGf322730
publ i shed Novenber 22, 1994 shows the_use of a disc-like solid with a
projection on both sides to prevent 32rppage bet ween bags of ready-m x
concrete in a retaining wall. However, such device can prevent slippage
only 10 between two vertically-adjacent bags. Japanese abstract. JP-A-59
048525 published Marcialdg, it1ii8knewavs bhidd ueeiningswallsawithsbldckisags
provided integrally on the ends of water-perneable sheets which extend into
fill in backapibus kiadsi cShclbdibscks, SinSthenprivr aft,| generallyrnded to eent i on
provi des a permanent retaining wall struc ture in which the wall-building
uni ts, suchneleswith sutetfitting pantseor be affixedttiye concretefon the likednt ure are
attached to wal l--building units in adjacent cqurses, and preferably to
geogri d sheerder Mhanake acsecume stable rajainimg wall.neans of a pl ate having
projections on both sides thereof which protrude into the wall-building

- units irdadjacent courses, and which also protrude through the holes in the
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are units that.: 11 OF a , are pl aced
in the wall qg‘h%ﬂﬁiﬁ%dnr%cﬁgge?’oguet gr@%g:;e %P?@fsmﬁaﬁ ?a hment
devices10f HaeweBHORFA 9BrticaidyRId hdgsesiupankss mbdtract JPsAcs9c! ay or

simlar material prior-to thelr hardening; or bags of cenment or a m xture

of cement arghgspF publishédMarccin 19¢ I88deshowhthelase f swid and sdikbagsd
allowng themto cure after they are set in place: Such wall-building units
are col I ect ipreividedfirtegeally oméhe ends ofdeatesinermeable sheets whlph n this

speci fication. Thus "wal |l -bui] ding .
extend into fill in back of a vertical bank.

15 Summary of Invention
The invention provides a permanent retaining wall struc-

ture in which the wall-building units, such as sand/soil bags, used to
make the face of the structure are attached to 'wall-buildi'ng units in-
adjacent courses, and preferably to geogrid sheets. The attachment is

20 done by means of a plate havixig projections on both sides thereof
which protrude into the wall-building units in adjacent édurses, and
which also protrude through the holes in the geogrid sheets, stabilizing
the retaining wall structure and backfill. |

25 ~* In one embodiment of the invention, the wall-building
. units are bags of sand, soil or similar fill material. In this specifica-
tion, "sand/soil bag" means a bag filled with any suitable fill material,



ugifé" can be either "sand/soil bags" or "hardenable building units,"” the
“di'stinction being that the former have fill that remains friable after the
wal |l is made and the latter harden or cure after the wall is constructed,
forming rigid units. 15 The invention provides a retaining ucture
conpris ing a first plurality of wall-puilding units positioned acent to
one another formng a first, horizontdlly-extending course; a second
plurality of wall-building units positioned adjacent to one another 20
above the first course form ng a second course; and interconnecting nenbers
pl aced bet waacludiagf sardt, soilj mixtures ¢hereofand: nodading filhmixedgeither. The

i nt erconnecting nenbers conprise a Flate havi ng an(gﬁper side a a | owner
side, a firsteedstfosfgrassjcrcothenplants hdn aandieseay alealtsél&wriget of
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i nvention al so provi t erconnecti ng nber for attaching a first

hori zontal | yieplgidi Snchowaicheildite tinhyidrdiondleetivedy referreddorus

hori zont al | y-extendi ng course positioned vertically adjacent 15 to the
first cd@ se'hdidenabibbuikingnmess m tHistspebHidatipman Thys walkbuiding si de
with a set of projections on each side capable of pro truding into a

wal | - bui | di nynital tcanThe e@tmire"csandf@ibbﬂg&‘f)% ‘hardensble puildingnoys,”
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her on. - The THEEREGiARBE i BRLRBER" 1o, ol s have At fange around the base
of each oj ection on the 25 upper side of the plate, having allip for

seal i ng dgai nst a wall-building unit:
The invention provides a retaining wall structure compris-

-

ing a first plurélity of wall-building units poéitioned adjacent to one
another forming a first, horizontally-extending course; a second
piurality of wall-building units positioned adjacent to one another

20  above the first course forming a second course; and interconnecting

~ members placed between the first and second courses attaching. them

together. The interconnecting members comprise a plate having an
upper side and a lower side, a first set of projections on the lower side
and a second set of projections on the upper side, the projections. being

25 capable of protruding into a wall-building unit. The interconnecting
members are positioned between the wall-building units of the first and

second courses so that the first set of projections protrudes into a unit



O_?‘tiﬂ 2003 _ 5 The retaining wall structure can also optionally include

“‘cover plates to inprove the durability and appearance of the wall. The

invention al so provides a nmethod of constructing a 5 retaining wall

structure having a plurality of'counies of wal | -bui | di ng QﬁnQd}.ﬂw&e met hod

conprises the steps of placing a fi'rSt plurality of wall-building units

adj acent to one another to forma first, horizontally-extendi ng course;

pl aci ng i nterconnecting nmenbers on the first course, the interconnecting

- members hay i Roef ebufi and the deeohiians dlprojectivng rotmdesiinto and a
second set of projections on their upper side, such that the projections in

the first ggit iarderusser cdwrseal Theuirdterconnesting mambessimaytalsobese of

wal | -buil ding units; "and placing a plurality of mall-buildin% unj.ts

adj acent t?la@ed- e thdground far ena §ectdng, vodes ieabase CONESE Of sWakour se,

such that the projections of the second set 15 protrude into wall-building

uni ts of tbeildmguditsourse. The method of constructing a retaining wall can

i nclude the step of placing a sheet of geogrid extending from between the

coursed of wall-building units into the backfill, with projections of the

i nterconnecting nenber protruydin hr ough hol es in t eoqrid to anchor it
in place. 20 Bri ef Dab@rnmmagaga@rﬁw&gge-ﬁ?a.oﬁlqnﬁ@ Epﬁgglsseeéti onal end
view of a retain,ng wal,l struycture accqrding. . is e

i nventi on; swtméggoéﬂdsﬂxé%é%ba e %qjgﬁ%mn@ tbgg an

i nterconnectin S 0 éﬂg i i Ride@s6 tREE- Sect i onal
Vi ew on thgeb}[ﬂje@n?g@wgﬂvgu' Z;I%I—fﬁcgjgo I ?hg%ﬁ ?83%%(? ve view of a course
of sand/ soil hags W thgjen ﬁ%mﬁ:ef EHBEr Bratesdd ithreskH helewin 5 Fig. 5
is a cross&§8§$¥§¥%¥6ﬁhﬁgdmﬁéroug 'géﬁgcent, igtercon nected sand/soil bag
cour segy Fkﬁéshﬁé?) to (e), illustrate steps in a nethod of construct 10
ing a retaining wall structure; Fig. 7 - 10 are perspective views of

al ternate enbodi nents of the interconnecting nenber; 15 Figs. 11(a) to (c)
are perspective views of the cover plate assenbly and the parts, thereof;

. Fig. 12 is a perspectTheeinventiar alsovprovidestan inseronsnecsing messbefbl i es
affixed thereto; 20

for attaching a first horizontally-extending course of wall-building units

to a second horizontally-extending course positioned vertically adjacent -

15 to the first course. The member comprises a plate having an upper
and lower side with a set of projections on each side capable of pro-
truding into a wall-building unit. The projections can also serve the
function of providing attachment means for a sheet of geogrid, but
preferably, the interconnecting member includes a set of geogrid-

20 holding members on the upper side of the plate that are shaped and
adapted specifically to protrude through holes in a sheet of geogrid.
There may be fetain'mg caps affixed to the geogrid-holding members
for retaining a sheet of geogrid thereon. The inter_connect‘mg member
may also have a flange around the base of each projection on the

25 upper side of the plate, having a lip for sealing agginst a wall-building

unit.



F|g ‘13 is a perspective view of a further enbodi nent of the
“‘interconnecting nenber; Fig. 14 is a cross-sectional view on the line 14 -
14 of 25 Fig. 13, and |nclud|ng an attached. sheet of ge@grﬂé# 2 0 7 CCT

20p3 -7_ Fig. 15 is a perspective view of a further enbodlnentu%f t he

i nterconnecting nmenber; Fig. 16 is a _c&qss-sectional view on.the line 16 -
16 of 5 Fig. 15, and including an attached sheet of geogrid; Fig. 17 is a
perspective view of a further enbodiment of the interconnecting nmenber; 10
Fig. 18 is cross-sectional ~viewon the line 18 - 18 of Fig. 17, and-

i ncl udi ng an attached Jhedtetaining syall cstmcnge gan EQSOaODQQQpHEtlmedn ew of

the further enbodi prent of. the intercon nenber ilg. 20.is .a
cross-secti oq'%‘{'ervp %ﬁotlmprpvﬁe&lﬁ uraggl QPPE@TaU&ﬁdOFﬂEF Walhg an

attached sheet of geogrid; Fig. 21, is a perspective view of a further
enbodi nent . of .20 the interconnecting nenber; Fig. 22 is a cross-sectional

uiew on the Line 22 ¢ FhechvEhBondso Hide ¥ HEROoERbBRASRARRTE o0 e
| ntercongect L g f{RENGAI structure having a plurality of courses of wall-building
units. The method comprises the steps of placing a first plurality of
wall-building units adjacent to one another to form a first, horizontal-
ly-extending course; placing interconnecting members on the first
course, the interconnecting members having a first set of projections
10  on their lower side and a second set of projections on their upper side,
such that the projections in the first set protrude into wall-building
units in the first course of wall-building units; and placing a plurality
of wall-building units adjacent to one another to form a second course
abdve the first course, such that the projections of the second set
15 protrude into waﬂ-building units of the second course. The method of
constructing a retaining wall can include the step of placing a sheet of
geogrid extending from between the courses of wall-building units into
the backfill, with projections of the interconnecting member protruding
through holes in the geogrid to anchor it in place.

20 | |
Brief Description of Drawings
Fig. 1 is a cross-sectional end view of a retaining wall
structure according to one embodiment of the invention;
25 _ Fig. 2 is a perspective view of one embodiment of an

interconnecting member;



0 7 0OCT ~-g. Fig. 24 is a cross-sectional. view on the line 24 - 24 of
%ig. 23, and including an attached sheet of geogrid; Fig. 25 is a
perspective view of a further enbodinent of 5 . the intfg?&ﬁﬁnéwﬁi ng menber;
Fig. 26 is a cross-sectional viewon the'line 26 - 26 of Fig. 25, and -
i ncl uding an attached sheet of geogr6d; 10 Fig. 27 is a perspective view of
a further enbodi nent of the interconnecting nenber; Fig. 28 is a
cross-sectional viewon the .line 28 - 28 of Fig. 27, .and including:

ambodi ment of the | el coim &ce0sg S RoRRLYIER SRTHG 1 £ 6f g 211N

cross-sectional viewon the line 30 - 30 of 20 Fig. 29, and including an
attached sheet of geogrid; and Figs. 31- 33 are perspective views of three
further enbodi ments t [ tyri \ TdR%il eferring
to Fig. 1, retaini ngpiﬁél ?%ta?%%s??gﬂ?g,w?g%gﬁﬂag?gr Ong:&gglnsgﬁllgﬂgB

conpri Sengﬁ{hO i tr?l%é’t% ibak . OCT 2~ _g_ courses of
sand/ soi | ags@%@[%cgggpggs el %6%$1P2Egetge{/%lz’i cally in a wall
structye. The face of the wall may be sloped, rather than vertical, if so
preferred for a particular application. The bags 14 are preferably nmade of
a geotextile materi aFigihd db d srahsrsdutomidview throughaadjashithingercan-s wat er
‘to flowin and through the bag, and seedlings to grow out, while retaining
fine soil pectedcsaml/soil biag corsssys. The materi-al of the bags 14 shoul d not
be bi odegradable, for durability of the wall. 10 Backfill 16 is conpacted
behi nd and supported by sand/soil bags 14. Geogrid sheets 18 extend

hori zontal ly back in th ckfil.l. from between_cour.se f sand/soi|l bags
14, affixed thereto E&%ﬁ@%&@ﬂi‘ﬂéﬁ%ﬁ&%%ﬁc@%ﬁiﬂﬁgc‘?%%}s[‘s 26 are
pl aced, bet ween the. adj acent courses of sand/soil bags 14. 15 Referring to
Fi gs. dﬁanbn%,a T&?@l’agw&ilsf%%er 26 conmprises a plate 22, generally
rectangul ar and planar in a preferred enbodinment, with a plurality of

proj ections 24 extending vertically fromboth sides of the plate .22.

Projections 24 are. ﬁ%_f f7ci ¢0tdre ngél'r;sgﬁ@tig’@ Vet sPof Aledni@ endodisentd!t o
| nt mb

sand/ soi |l bags 14. rconnecti er 26 is preferably made of plastic
or aIuninu@fqheqhhgtoﬁganggamgﬂhberﬁetaI or material. Referring to Figs. 4
and 5, .interconnecting nenbers 26 25 are used in the construction of a
retaining wall structure 10 by placing themon top of sand/soil bags 14 in
a course so that projections 24 on the |ower .side protrude into the bags.
A secobl course of bdtigs.i 31(a) to (c) are perspective views of the cover plate -

_ ass_cmbly and the parts thereof;

Fig. 12 is a perspective view of a wall with the cover

plate assemblies affixed thereto;
20 - |
| Fig. 13 is a perspective view of a further embodiment of

the interconnecting member;

‘Fig. 14 is a cross-sectional view on the line 14 - 14 of

25  Fig. 13, and including an attached sheet of geogrid;



0 7 OCT 2pp3 - 10 placed on top of the first course and of interconnecting
“'menbers 26. The projections on the upper side of nmenber 26 protrude into
the bags in the-second .course, and the wei ght of thoseu$aggf%ﬂbl bags
presses the interconnecting menbers so that the projections on their |ower
side 5 protrude fully into. the bags 7Tn the first course. The projections
24 can be configured to fully penetrate the bags or, preferably, to sinply
indent them In either case, the projections are considered to "pro trude"

into the bags. 10 Thedd.nterconnecti . I anchor
geogrid sheets to therénﬁﬁdgé%5§Qﬁ%¥P§8§ﬁ§§fQgﬁéﬁgﬁgﬁwﬁﬁﬁﬁaﬁﬁﬁhfd¥1
commerci al | y_avalL I h products conmmonly used for soi

rei nf’orcememe. @g#Wﬁ%ﬁ@; geogrid sheet 18 has a plurality of
hol es 28 therein. The sheet 18 is affixed to the face of the wall by 15 _
pl aci ng the edge of the sheet over interconnecting nenbers 26 atop a course

of sandbags 14 so tha‘Fi%.hSGDIEQi eebssectvhadvieweon pherlire 46 o6t
na a

i nt erconnecti ng nenber jacent its back edge protrude through hol es 28

in the Qﬁongig.- 19hemd irlnding sppetachedrsheepdf igeogrit4 is put on top,
projections 24 on'the upper side of the interconnect 20 ing nenber,
extendi ng through the geogrid sheet, protrude into the underside of the
bags in said upper course: Instead of being placed over an interconnecting
nmenber 26, the geogri Fighddtiscampenspestiveeyiosy 0fa fyrther e aHmenof se of
25 . sand/soil bags and the interconnecting nenbers placed over it, wth-
the proj ect itoadnterconnecting MeMBETsi de of the menber 26 protrudi ng down

t hrough holes 28 in the geogrid sheet and into the bags. In 07 OCT 233
-11 other words, the geogrid can be placed under the interconnecting nenber

ifﬂi;?aﬂa struction’ of FEnd 8 Frosty@cfiodffovgih fe T E8 18 ﬁ*ﬂ? ‘cour S
, j fOr [ ' ion. Fig. 6 i
Che stebs i i SEHDHEGIAS b R dCeat GRS 7 Ji 0 0 el I St ructure

according to the invention. Refer1l0 ring to Fig. 6(a), a trough 30 is dug
in ground 12, with the base of the trough being suitably prepared with a
l'evel ling pad or a congjeti is)ﬁt;%mgéﬂi% déewtcof thepfurthert embmlimerusth
preparation is conventional in the building of retaining walls. A first
course of sahe/imvetcommestiig memberd in trough 30 (Fig. 6(b)). A row of

i nterconnecti ng nenbers 26

15

Fig. 20 is a cross-sectional view on the line 20 - 20 of
- Fig. 19, and including an attached sheet of geogrid;

Fig. 21 is a perspective view of a further embodiment of

20 the interconnecﬁng member;

Fig. 22 is a cross-sectional view on the line 22 - 22 of
Fig. 21, and including an attached sheet of geogrid;

.25 | - Fig. 23 is a perspective view of the further embodiment of

the interconnecting member;



15 is pl aced on top of bags 14 in the first course (Fig. 6(c)). Next, a
“further course of bags |4 is laid, and backfill 16 is placed and com pact ed
in back of the sand/soil bags. A row of interconnecting § nm_er%@ 26 is
laid on it and then a further course of bags 14 (Fig. 6.(d)). en, a row
.of interconnecting menbers 26 is pkakted al ong the upper 20 nost course of
bags 14 and a sheet of geogrid 18 is placed on it, extending back al ong the
surface of the backfill 16 (Fig. 6(e)). The construction of the wall is

continued in the sane @ﬁ%{iﬁ_au%dslfﬁcfiﬁhﬂ@iiW- lthe Qfnd P2 J 24wf ed hei ght

is conpl et ed, as-showﬁ nsome applications, it is desirable

to place i coRN ] ' \ nder the base course of
bags 14. Hent:gé g@,{ mowaﬂﬁgﬁ%g%@ér@gsggﬁbgﬁgeggryé pl aced on the

| evel I'i ng ~0 7 OCT 2(~ - 12 pad or. concrete footing and the first or base
course of bags 14 is placed on it. The wall is then further constructed. as
descri bed above. Thi splg.dggeig Apesspettiver view pfapfurther lembedimeniofe of
bags and assists in thelfr being properly positioned. . 5 According to one
embodi meNt e iMtercomeevtimgnmember;14 i ncl ude seeds of grass or other ground
covers mxed in their fill. After the retaining wall is built, the bags are
wat ered, naturally or artificially, and the ground cover plants grow out of
t he bags, provid 10 ing a green foliage, face on the_,ret.ainng | L.
According to 'anot her fggba% ised Cross-6EtionaleyieM A1 %hﬁﬁwdﬁek i ncl ude
~seeds but are instead made jn shapes Walhsilh iqr% a completed wall,. will form
an attracti Vagwdd, and #nclpdng.anattached sheet ot g808T%e of the bags can be
rectangul ar, square or hexagonal, to permt the construction of a wall face
wi th any of various interlocking patterns. The bags can al so be of

ranspaggnt material . gyohyg Bl aakhEerive b bPYTiraRsComBBdmbht ofn be

decor at t¥el y col ored. can be green-col ored gravel.
Figs. 7 - 1QuLl; tb?cnrg Qﬁ\]tr{]jeye enbodi ments of the inter connecting
menber. Int éslb e %@?ﬁ@%@gﬁ the | nterconnecting menber has different
shapes to permt optimal interlocking .of bags of

20

_ Fig. 28 is a cross-sectional view on the line 28 - 28 of
Fig. 27, and including attached sheet of geogrid;

15 , |
Fig. 29 is a perspective view of a further embodiment of

the interconnecting member; .

_ Fig. 30 is a cross-sectional view on the line 30 - 30 of
20 .Fig. 29, and including an attached sheet of geogrid; and

Figs. 31-33 are perspective views of three further
" embodiments of the interconnecting member.

-

25 - Description . . : .
Referring to Fig. 1, retaining wall structure 10, con-

structed on ground 12, comprises a plurality of horizontally-laid -



var'i ous shapes and in various. arrangenents. Rounded or shapel ess 25 bags
~‘may have gaps between adjacent bags in a course such that an

i nterconnecting nenber extending across such bags is not fully si@y pert ggs
across such gap by the | ower bags. In such cases it is prefer 07 0Cr
2003 -13 able to use an interconnecting menber with a .cut-out in the unsup
ported area, so that an .upper bag doe$s not press down on an unsupported .
part of the interconnecting nenber. In Fig. 7, interconnecting nenber 126
conprises plate 122 with projections 24 on both sides 5 thereof. The plate
122 i s generadurse ofxand/sail bags ddadheourses baingl agrangedeverticadlyaiing of
the C. The interconnecting _nenber 126 is positioned between courses of
sand/ soi | bagvalstruetuze. ¢ hee $aee of the wall Jpay b slopgdp 18 Qﬁe&ﬁnadj acent

bags in the | ower course. porfion of the bag im the u r ,cour. ext ends
ghr ough ]Ehﬁ- s\{ﬂtg@aizlf_ Shpre gf‘é{ f@r aiﬁ_’?g&CEPIo ,Ellﬁ%atl?%elr_ g&ggs ‘Eéﬂethe
mterial requpielatanly WAE ahb srotaile dnzeXi iR & dbelibandor X O | o,
design is_shown in F 10, in _whi [ r<o ' o2 i_.ng
proj ect i 0|§§ 2WeBKe Bﬁbﬁ:hspﬁg@t‘f H‘%‘&ﬁﬁo ﬂé&l ﬁl %@%&%M%&gh@ gl@e\ﬁ |
trapezoi dal ff.a 5 w .0 ha | 1 : . id h the
enbodi nent of ﬁ%gg .t& '.gr% IBEEI ﬁ’?ﬁ?ec%%tﬁgﬁ{‘? %ﬁ%%ﬁggéén%q %&ggr[théts)‘?ﬂg%e.
upper bag to tdi t lq0. hi i 1t &yl @gldbiinpags
i n adj acent cxgréslggtélgée{)%ybﬁ’ag lr?aﬂl\l}gra&gi-%I%ﬁg?%ﬂﬁglamée}pgfzro%al fpgrre
i's intended tef]ﬂgem.tioned. rearward, with the geogrid attaching only to
20 said narrower side. Again, such design effects a cost 'savings with
regard to the amount of material required to make the interconnecting
menber. Two further alternate configurations are shown in Fig. 8 25 and
Fig. 9. ITQFig. 8, inteBackfiic16rg.compasted behind andosuppornted by s

hem -cylindrical in shape. In Fig. 9, interconnecting nenber 426.is | at e
that is L-shapantd/spitbaghdde Geogsidosheais dSexiend: hogzaentallst bac mtw%l&'r ~
- 14 are adapted for use_in interlocking sand/ soil bags t he. appropriate
. shapes. For bagkfifll from hetyeen COYFses Q?S@%H?lbéa%igv@%bﬁéa tpﬁgg S 14
have a face or, crQss-sgection that is hexagonal . JThe ate of Fi __can
be used wher edeperi F@iexggg@qronigﬁerpﬂgnﬂ;ﬁ:g P%eqlgﬁﬁj.akﬂf@ gi‘?ﬁﬁbﬁbﬂ%‘?&n the
plate, as in Eigs, il S ensures secure contact

bet ween t he phggd%[ﬁ&gmgﬁ%és&rs?ﬁgnfqb?lpﬁggé;ggarent that the ' _

i nterconnggti ng nenber can be configured as required to interlock sand/soil

bags of any desired shape. 10 In another enbodi nent of the invention, the

wal I'-bui I ding units are fefefffghiocFips. | Zland 3\nidtércdrelectixgnietnbéh26

har denabl e building units can be freshly-formed bricks of clay, concrete or

simlar matericymprises arplate 22, ideeeralbareetangylaroand iptynamin deprefgrre’

cement or a mxture of cenent and aggregate that can be nade to harden by
embodiment, with a plurality of projections 24 extending vertically

from both sides of the plate 22. Projections 24 are sufficiently strong
20 and pointed to protrude into sand/soil bags 14. Interconnecting mem-
ber 26 is preferably made of plastic or aluminum or other non-corros-

ive metal or material.

_Referring to Figs. 4 and 5, interconnecting members 26
25 - are used in the construction of a retaining wall structure 10 by placing
them on top of sand/soil bags 14 in a course so that projections 24 on

 the lower side protrude into the bags. A second course of bags Iis



15 Wétting them and allowing themto cure after they are set in place; or
“‘any similar material that is sufficiently soft to be penetrated by the

proj ections of the interconnecting nmenbers but which harQﬂerOé?T(im . exanpl e
by drying out, as in the case of a clay or concrete brick) or that can be
made to harden (for exanple by wett-i Hy-and then allowing 20 to cure, as in
the case of a bag of cement or cenent and aggregate) . after it is set in
pl ace. The hardenabl e building units nust be firm., enough at the. tine. of

use to retaisn eir for { | .8 ¢aql i ng.
stacked wi tmaﬁ‘%&&ﬂ F%ppgﬁggg:ffsgrc Qgﬁl&ngﬁ&%l 1‘§t?fﬁgn§gg§ﬁg?ﬂ %@ggﬁ ?ﬁ'or med
clay or. co ' , u?g@ ' et SRVP 7 | 3

ret ai ni ng \?E‘ﬁftpﬁﬁ’ e&ﬁr&a%éz&l‘rggda efv%ic%ig?ﬁ#s en%odi rgf&ﬁggqpﬁ%wigﬂ\?en Si on,

usi ng hard e i Nigersl, tH “%. Site's S sgdescri bed
above for reaﬂ;ilems%ﬁdcag@?géé%ig?etﬁteﬁe Ilt?f]bg%dlsgi ng gﬁY 208 -15 units
are sand/ s hgfcorieting iheniberbad thit thdkiprojectionsaonitheintaiwer sideudes
the additional step of alTow ng, or causing, the hardenable building units
to hardgn. tred@Talle invé eie bage ihahedirsbiceunse. dThe projectionsa24ican bri ck,
it is usedin the construction of the retaining wall 5 when it is still
sof t enoughb¢ eobdigeneility futlyepensteateithet bagspon) prefecablyz4ogimplit e 122, As
the wall is built, the clay, bricks gradual|y cure and_harden, \Were the
har denabl e indentithgmuniln eithex ¢asg, dhe peajestions aresentiderid tygPEQate, it is
used in the sanme manner _as the sand/soil bags as .described above to '
construct twadedtintoithg bagsi : then, the bags 10 are wetted and all owed to
cure, causing the cement or cenent and aggregate in each bag to harden. As
descri bed above ‘in respect of the construction of walls nade from sand/ soi l

cour se Bl *Har denabl o Bal A P LA Befibsis 2Eae ahh, UG Bkt 1© Pese
further emggbgﬁ@t%@%ﬂ%l@@mgt yargggéggtr%%m%éﬁ 18t feCRAGRAt Ay nenber 60

conprises a eneral r anar in a preferred

enbodi ment, i iRbIYr P | ffishproduttesbaitdonly pseddodisoil arly
from both 28%8?1%ytﬁ}$¥agllggfﬁt% set ?mgeogri d- hol gil'z]g nmenbers 66

extends per Feﬁgbtf%ﬁéhu Referting toPPie. 3, geogrid tsheepll8t kasacpiyralitye ofe
|

t hereof. Un e enbodinent of Fig. 2, in whi'ch projections 24 serve
both to att iwiled 28 thevein. d Thedsheet iy affixéchte therdaemiaf-thei wallday uni t s,
~geogrid-hol ding nenbers 66 of interconnecting nenper 60 gre' g specifically
‘shaped 15. placingethe edge of dbesheataner sniCEEORNAGIEIE MG ﬁ@é &}chﬁ '

and are Si 260G dl abags A hse ShAGIS BIOREIER, 2400t the Wiereide s | 1
‘the interconnecting member and adjacent its back edge protrude '
through holes 28 in the geogrid. When the next upper course of bags
14 is put on top, projections 24 on the upper side of the int_erconneét-

20 ing member, extending through the geogrid sheet, protrude into the

underside of the bags in said upper course.

Instead of being placed over an interconnecting member
26, the geogrid sheet can be placed directly on top of a course of
25 . sand/soil bags and the interconnecting members placed over it, with
_the projections 24 on the lower side of the member 26 protruding
down through holes 28 in the geogrid sheet and into the bags. In k |



the plate to fit snugly into adjacent holes along the edge of the sheet of
- ‘geogrid. Cap 67, which can be nmade of rubber or sinmlar material, fits
snugly over the top end of a nenber 66 and can opti onangy0 gmgreferabl y be
put in place on one or nore of nenbers 66 after the 5 og@? 8its fitted
over the nenbers 66 in order to bettEl -secure the attachment of the geogrid
to the interconnecting nenber: The outer dianeter of the cap 67 is |arger
than the diameter of the holes in the geogrid, thus restraining the geogrid

hera on | notfen Bt thh esBriERAT 2 Boed B HiEteRetink L e

cap 67. Pr @%{ﬂ&iﬁ@ﬁﬁ@é&ﬁiﬁwéﬁﬁrab' y fornmed in plate 62 by pressing and

nol ding th ing 1n’a correspondi ng depression 68 in the
opposite side of the plate. However, the projections can also 15 be. solid,
as in the enbodi mrent of Fig. 2. As shown in Figs. 13 and 14, a protruding

ring or flange 70 is Geoptidatheerord indaliedse wlectad iepels datingnthe4 on t he
upper side of plate 62. The flange has an upper end or lip 72. Flange 70

has 20 par tdopigtictidippbf e iwell Womexdmple oar topnof everyy thigdbeourise afSed in a
"wall in which the wall-building units are sand/soil bags. Here, there is a
possi bi | i t hagsatorsasreeqiired opraoparticulas applicatiopunct ure the bag pl aced on

top of the interconnecting nmenber, causing a | eakage of sand fromthe bag.

The function of flange 70 is to reduce such |leak 25 . age by pressing

agai nst the bag' and formng a seal _around . the projection, 64 sufficient. to
reduce .. or stop the F@k@@ﬂuﬁﬁfa@&r@¢ teg%imarPE?ﬁghf‘éf H@@Qéo%fp%hlly, and
as illustrated in Figs.. 13 and,. 14, .a fl ange,.70 7. OCT 2~ - y al so

be provi decStBACHRS 3 I’M@lﬂlggdﬁg]éfﬂwm éP%g’éiéngotor uwelﬂé’é’?agg?ﬁ'm a bag

o5 o008 B0 BLBR AP Ell R BLIF T el 0 R TIRET
Uoe e SCRBHEH RAbg SRR ERARG it AP Yaltgr aceBlisgd Da0s L haL
and the oV P R sgg)pbi‘@thé walkarguch peepdrationrie! ednwetitiomdal 1, so

that the san on t of the interconnecting 10 nenber 60 covers

both the prgj gt banidiSe cFétiitng eeally. d-A didt courssrofsandfsoifbagsribd i vel v,

the interconnecting nenber 60 can be configured so that, in use, the

geogr i d- hol 1§ Ixid ientreugh &0 éF‘?.%@b)).co&elrmM dfyinterconneotingi membrrst 26t are
above them In this case the distance between the row:of nenbers 66 and the

e o B O e romiar o G6.oxt s, oL sand/ i bags
gpgwi zgg?t Cﬁ?}iﬁ%@é@?ﬂ%f@ gﬁrhar%ﬁ i‘;tiﬁil%id@ia@% bz‘gﬁgﬁ_@& iéfaqe&iw Gy nO]E he
?gglglr: ?;?gl Wﬁ@%&r&@ﬁgi(&&gngaﬁd{éoﬁé%ﬂgst A BQ&gﬁPE&F@FQW%@%M; |
economi ze oﬁ%ﬁ'g?g ?saﬂ{laldﬁg mﬁ‘i ‘g@?% #ng%éeﬁ%@f%eaggpg %i’lc‘)ﬁ?g tﬁ@» .
s TR B e e St b et
207 729 EsCeagrTarbag 4 8ad ¥ dect b peog A8 A 500s 18
extending back along the surface of the backfill 16 (Fig. 6(e)). The
construction of the wall is continued in the same manper, until 2

retaining wall of the required height is completed, as shown in Fig. 1.

25 In some applications, it is desirable to placé- interconnect-
ing members 26 on the gfound under the base course of bags 14.

Here, a row of interconnécting members 26 is placed on the levelling



Figsf I5 and 16 show an alternative enbodi nent of the interconnecting
“‘menbers of Figs.. 13 and 14:.. The structure of |nterconnect|ng nenber 80 is
the sane as that of |nterconnect|ng menber 60 shown in Fig. or
the lip of the flange. Interconnecting menber 80 has a flange 74 w
lip having two concentric ridges 76 mng a concentric depression 78
therebetween. Both ridges 76 press against a sand/soil bag placed on t op- of
the interconnecting nenber 72, formng, in effect, g double seal. The
concentric ri Eadsoﬂﬁon@rene foémrmg any the fitse mabns&eoume of biighf b4 gt
heights. In the latter case, the 10 outer ridge 76 is preferably somewhat
hi gher than 't ptadednen it.i ke wadl id thes furtker constrastedi8s described tabovehj ect
being to achieve the nost effective seal possible around a projection 64
agai nst” a sand/higiredbaes movemsnidon s.‘lépmg/a ofishe dhasergounspoof hags anfl Fi gs.
13 - 14, the fIangf 70 and ridges 7 y.be on the upper side only of the
i nter connecti ﬂ§51§ i HisdF beng PERPY: IDOﬁltl@@\e oth the upper and | ower
si des. é%ﬂ be apparent that the geogrid-holding .nenbers 66 of the
ting

|nterconn menber 60, 80 is a feature that can also be |ncorporated
into the structure of t e Odl nts of & nnectlﬁang gﬁf
shown in Figs. 2, 7 and RBF thp HBCIB 0 |’-HV?IP| t ﬂgé ng

[l anges 11 m ¢ STREERA qﬂﬁ%&?ﬁ fn@wé@?ﬂd@%‘%% RS " erpers
i thout el udkig! é‘ﬁ‘eiﬁﬁ%l?@“é@“qﬁ.%‘fsﬂta# Yl e, TR,

enbodi ment of a&ﬁﬁcim r&maﬁ@gw@n&%ﬁb@f 1am@g@ve%1ﬂyof gebaps e pryvrt-al
90, which is 2003 9 substant ally sanme as the~enbodi nent of

Figs. 13 a0d 14 %g@@én foliagehfdcet br theattuisimf wedhl i ng flanges around the
proj ections 64 |s not included. Figs. 19 - 30 illustrate enbodi nents of the
i nterconnecting nenber in which the geogrid-holding nmenbers are conflgured
in other forns for effective attachnment to a sheet of L%o_grld Referrlng

first to Figs. 19 - 24, Aceayding telaotiemembedimend ofi egmmn&qm theshaped,
having a first, uprlght .part. 96 that projects upwasd, fr m t he te 62, and
a second, hor ibagstdo %r@c@@eé@éﬁ%‘“@fﬁrJ&ﬁQ%’e Bﬁ?ﬁ W d8 @ he

projection 64. \We eogrid, 18 i.s fi d oV retaining nbers
94; by i nsert iGH0B &t?d gﬁr‘fg AN AHTARKVE, c‘?xngﬁﬁ{lm 1F’Iﬂéﬂeeogrl d

heot frovs) .%EPF#S%??@E?@&?%%P?SCW@ 3&@?5@%@32{1@5’23@ e

illustrate an i 4

reference nunﬁﬁﬂgéﬁeh@ﬁ%kgg%ﬁ%mo gtlgtr?%mrre Fvﬁmﬁgﬂgﬁé’ucttﬁe of
the remai nder ®ittdrig. | Thersup’ eachisacherofiteinsarest tﬂi@teﬁme suéh dshglastic,
enbodi ment illustrated in Figs. 13.- 14. Figs. 21 and illustrate a

further enbodi amedinauchheaséthe rﬁlderoanrbaede::omtnmiyecolomdu CEomtJdamplef d¢hence
nuneral 100, having %eogrl d retaining nenbers 94. The structure of , the
remai nder of tfiH can be green-colored gravel.

20

Figs. 7 - 1Q illustrate alternative embodiments of the inter-
connecting member. In these embodiments, the interconnecting
member has different shapes to permit optimal interlocking .of bags of

various shapes and in various arrangements. Rounded or shapeless
25 bags may have gaps between adjacent bags in a course such that an
interconnecting member extending acrb_ss sﬁch bags is not fully sup--

ported across such gap by the lower bags. In such-cases it is prefer-



- 07 OCT .2003 -20 interconnecting nenber 100 is the sanme as the.

“‘enbodi ment illustrated in Figs. 15 - 16. Figs. 23 and 24 illustrate a
further enbodi ment of the 5 interconnecting. menber, ing FEBtCGt‘dZ@?/ reference
nuneral 102, having geogrid-hol ding nmenbers 94. The structure the
remai nder of the interconnecting nerlld -102 is the sane as the enbodi ment
illustrated in Figs. 17 - 18. 10 Referring next to Figs. 25 - 30, geogrid
hol di ng menber 104 .is a tapered post with a relatively narrow base 109 and

nor i zont a1 EPHLE B ilerdEREsnE el WP n AR BIME M ) e
monts ber 1B Sobeo it Al hBpe BB dof) ROEREER dORR R e L Cheet
aeopr 1 dhol PR R RS O e e amer, "the. Laper End the
Sl Topi ng ot F S B B D od ot o1 Uhe | nter con

necting genikerebfD Taei platedagrisdgensrdllyoCrshapedswithia spaee orraiitaltte of t he
remai nder of the interconnecting menber 110 is the same as the_enbodi ment

i | 1 ustrat ed 123 Bepweerd the atrhs abthie 6. Tie imfeéresnecting menaber 126tiser

enbodi ment of the interconnecting nenber, indicated br%.é&referenci uner al

112, havi ng fposﬁxidn@l betwoen courses gf sgnd{saibbagsh suek the) spacerha3 1s

structure of the remai nder of the interconne 'tirl‘n menber 112, i.S HF\’e same ‘as
t he enbodi n@hove thﬁ;gapthﬁéwﬁﬁnﬁdd%@enﬁgbagsimﬁ@.‘%VSE.CO?@S%ndAQS’r Bustrate
furth nbodi t of the int ti nb i ndi :
nurer al 114 Olhig BAS8de SRREY GOTSe HBBRS tIEMER e PG oy ok FEE" °"o°
st r d0eq disegydrt 1 T8t bigs AR, tht'aésigh st BRT®7 Perkiifs gnood! ent

reduction in the amount of plastic or other material required for the

member and is accordingly less costly. A similar design is shown in -
Fig. 10, in which intercc;nnecting member 226, having projections 24
on both sides thereof, is in the form of a generally trapezoidal frame
15 with a cut-out 52 in the middle thereof. As with the embodiment of
 Fig. 7, this interconnecting member permits part of the upper bag to
rest directly on the lower bags while still interlocking bags in adjacent
courses toéether. "The narrower side. of the trapezoidal frame is |
intended to be positioned rearward, with the geogrid attaching only to
20 said narrdwer side. Again, such design effects a cost 'savings with
regard to the amount of material required to make the interconnecting

member.

Two further alternate configurations are shown in Fig. 8
25 and Fig. 9. In Fig. 8, interconnecting member 326 is a plate that is
hemi-cylindrical in shzipe. In Fig. 9, interconnecting member 426 is a

plate that is L-shaped. Both these forms of interconnecting members



Inté?connecting menbers according to the invention are also used in
“‘appl i cations which do not include the use of geogrid, or in which geogrid
is used but is. not attached to the retaining wall. For qﬁ?m Phloh Cat i ons,
t he interconnecting nenber does not- include . 15 geogrid-holding nbers as
descri bed above. Figs. 31 - 33 illustl4ate further enbodinents of such
.interconnecting nenbers. Fig. 31 shows an interconnecting nmenber 116 which
is simlar in structure to the one illustrated in Figs. 17 - 18, but does

not i ncl ude _any ied- ' r ' : : :

ot er connec ArnaHERL 107 1e M Brer: CORE naadht bags ot B a@opriste one
illustrated_ . JSi P i - J rs.
Fig. 33 sho&g,apg% iSIr:@%ré}é(a)Ir%lrJg’g%’t %p%géng’gm%g \%flé# % ?gé(%fbﬁ?%;ér &}érrﬁggrguct ure
to the one il i (el g f : ot

geogri d- hol &dngiﬁrée%ogtg. G]-ng%ist %ﬁ}or?g&%éllﬁgﬁgﬁgiﬁﬁgﬂi r’}:/%é]n??%t%e?:i:r;ﬁ%ptsl onal |y
i ncl ude cov ' L@xoki - . & 4 to
Figs. 11 an?aggﬂ,)é:lﬁgd\(lﬁl\}eei;b g?%té g&ass%ectrtrl@%égg&hgggghger%gf I ?ﬁ;eegltﬁa ng | ar

0 7 OCT 300%f-the pla‘t@,r.apmtmgé&zs ad Oh to it dteapwddbagd ensartks sevueet e,
plastic or other materials. Plate 32 has. opposed. edges 34, 36 and 38, 40
and is provicdatdact betweemottie plite andathe bagser It bel apparentethat the
attachrent rod 44. As shown in Fig. 11(b), attachnment rod 44 has a sinu 5
ous porti on intereonnecting membeatcannke ¢nnfignred astrequireddtaintestock her end
to engage into nut, 50 which has head 52. Attachment rod 44 is affixed to"
cover pl at e s3ndfsoil hagstofnapy deskied sapeor e 42 and engaging it wth nut 50.
10 Cover plate assenbly 30 has particular application to retaining walls of
t he i nventi on when made of sand/soil bags, or of hardenabl e building

Zf‘tfiéghﬁyfféi‘nié ol %ﬁﬁi%mﬁ@?ﬁ%ﬁ&%ﬁieﬁé@ﬂoﬁqtﬁa?i‘%ﬁh"bﬁﬁg@ ance
g][ ezglcngm?he‘ib%sﬁﬁfgé%ﬁﬁﬁﬁ b:lglucgﬁ gjﬂﬁ %o%%’%@%ﬁ%g@gu@lﬁe\f@?%e.i x-ner 3 i de
24 enhance. tNE S dird ke BsHR-formio® HICLIOHE B, (TR of giiitar 0

sand/ soi | bagaterial Gséd privetter iwir hhrddrdnpaodehey!canbbé lbtigegof setrent

Addi tional cover plate assenblies are 20 affixed to the wall, abutting each
other, to foprmaansxhweaf cerhent andnagigeegate dhat cansdbe made tovhardeny t he
opposed edges 34, 36 and 38, 40 are alternately concave and convex, so the
edges ofl5abuweiting ¢hemr and edlowingethker te cuse iajiert theycarecset unplagesvonie sone

O A el SRS S TS 55 B 2or 2
-23 Rods 44 ti h di ff { f t,dn the fill
23 005 54 GBIt R AR o BRI ot |, L1
o 00 PRk B9 b ARG B°cAL 6 1 o Lot U

| that can be made to harden (for example by wetting and then allowing -

20 to cure, as in the case of a bag of cement or cement and aggregate) .
after it is set in place.' The hardenable 'building units must be firm | |
eﬁough at the time. of use to retain their form and to be Stackable,' ie.
capable of being stacked without collapsing or breaking. In the case .
of freshly-formed clay or concrete blocks, such blocks should be semi-

25 hardened. A retaining wall fna'de'in accordance with this embodiment
of the invention, using hardenable building units, is made in the same o

.manne.r as described above for retaining walls where the wall-building



\As‘mﬁll be apparent to those skilled in the art in the light of the
* foregoing disclosure, many alterations and nodifications are possible in
the practice of this invention w thout departing fron1th§k?ﬁtgj5mﬁr scope
thereof. For exanple, the interconneﬁ%ing menber can 10 e“Pexible to
conformto the shape of the wall-buai+tirng units. . The projections on it
can be barbed, to enhance their attachnment to the wall-building units, and
they can project at angles other than the vertical fromthe plate.
Accordi ngl yyni N t ith® hethod OE neakispraeetaimingcwatldance
with the sﬁ"é’gg;ﬁf:éegggﬁsggdﬁ% tﬁg&?oltlﬁgw ng 15 clai ms.g 07 2003 24
VHAT | S CLAhMRdelsSthedditiogal Qereof alowingber dausimg t thehharienable st
hori zont al I y-extendi ng course of wall-building units to a second .
hor i zont al Ipnikihendhing te arden of Fomekample dwhigrethe hardenablenbuilding i cal 1y
adj acent to and above said first course, said interconnecting nenber
conpri si ng wnipligteeclavbrigkait isppsed in the sonstzucdasrofsingeretading ¥all si de
having a plurality of projections thereon, said-progjections beLn%ﬁcapable

of pr ot Sudiwheirit ds stillisafalenonghl @i be easily paneteated by the PERISCHANSNd sai d
second course, said plate being cgpahl e of, 6 extendi ng across .at | east part
of two horiZbefplaje i@?acéﬁtmﬁfa‘vﬂﬁb@%@ﬁag}hﬁ rﬁtl?% rﬁ&_ésagaa@@l& FEI€ course or
in said second_coyrse, i th sai,d proj.ecti ons. s r Sj , i d
over si do. #8L bardraa Wespohe dintrReae biiding ui i A BAE of telfelhd

wal | -building unjts,. said 0j:e¢1 | : | ' a0, at '
el D) 9 Bt LR A BECE S WOAT M8 Yaipd MY cGOBNRGE o
in a genera r ; .

| nt or connech 1t AAESEHRY ARV IPRoRRIR the hothinife AR, e, (R Bags

interc ecty f | Il ' ak lcentedtensd ng cour se
of malﬁﬂgui%g?%gﬂﬁﬁ??édfgkgagggg?Hﬂﬂb??g%ﬁ'JPF&gggggading course of

wal | - bui | di 2 P AtS AQSichi Ao tardénal Ay detcrbedtaboveinl respact ofathe f i r st
course, sai gnterconnecting menber conpriigggja pl ate hﬁy%&g an %gzgr si de
and a | ower cehsteuctonofswalls shade fromngareldsail Hagsalai tgwodf mtereonn '

t hereon, said projections being capable of protruding into_said

wal | - bui | di g members 26atah alsosbe tised sinderdthebasesecurse ebhardenabled plate
bei ng capabl e, of extending across at |east part of two -
hori zont al | Pullding dMtswal I - bui I ding units in said first course or in said
second ﬁgurse, Wi th said projections on said upper side or said |ower side
positiohéd to protrude into said two horizontall y-adjacent wall-buil ding

Figs. 13 and 14 illustrate a further embodiment of the

interconnécting member. Interco'nnecting member 60 comprises a
plate 62, generally rectangular and planar in a preferred embodiment,
- with a plurality of projecﬁons 64 extending perpendicularly from both
20 sides of the plate. A set of geogrid-holding niembers 66 extends
perpendicularly from the upper side of the plate along an edge thereof.
Unlike the embodiment of Fig. 2, in which projections 24 serve both
o attach the geogrid and to protrude into the wall-building units,
geogrid-holding members 66 of interconnecting member.t.SO are
25 . specifically shaped to p_rovide a very secure means of attachment to the
geogrid. Geogrid-holding members 66 have relatively steep, almost

vertical walls, and are sized and arrayed in a row along the edge of



0 7 OCT 2003 25 units, said interconnecting nmenber further conprising a set
“'of geogrid-hol di ng menbers on said upper side of said plate shaped and
~adapted to protrude through holes in a sheet of geogrid. B 7 3pctg3

I nt erconnecti ng menber according to clﬁ%n12 further conprising a retaining

cap affixed to said geogrid-hol ding er for retaining a sheet o f

geogrid thereon. 4. An interconnecting nenber according to cl'aim2 wherein

sai d geogrid holding nenber is a tapered post having a top wider than its

base. 10 5. Ak bIIE!HOANFlEROiMM iiaceRCRORs Mo theadpeof the isheet of

I ncl udi ng drainage holeés 1n e part of said platé between said
geogri d- hol d'géggﬁﬁf}bﬂaﬁp a7d visich - eawbecniadesofrisbestort siEnHap maerial, An
n

I nt er connect menber "according to claim 1l further conprising a flange

around the bgse safighpiovepthe aopi end ofra mwmbeppérand danaiptienallprade, said
flange having a |lip for sealing against a wall-building unit. 7.

An
i nt erconnect pngfej‘ablg,ebeqm;toimplayet onaing 0T Gnoree ot membELs 6ﬁpaﬂ¢1' Bgd 1l ange
20 has two or nore concentric sealing ridges, 8. Aa@intﬁ;connectin menber
accor di ngS t ogebgrid 8visefited oserdhgemgmhens HGiim Praehbe DateT KBS
L- shaped, having a generally horjizontal part extendin tomari,said

proj ecti ons. attachmentofthgageegtid tontheniEEHRestng r adoPBISTy to
acoor ding o CiammeRTLOWIGE &R Ghit IBTERTED BirRianitlst GTaRGBes i the ="
nterconnect g Mgl SESSEAH b B0 YRS AbAPLS AhPCRr e
members 66. The geogrid sheet 18 fits and is held on the member 66
10 betweenl the plate 62 and the lower edge of the cap 67.

Projections 64 are prefefably formed in plate 62 by
pressing and molding the plate, resﬂtihg' in a corresponding depression
68 in the opposite side of the plate. However, the projections can also
15 be.solid, as in the embodiment of Fig. 2.

As shown in Figs. 13 and 14, a protruding ring or flange
70 is providcd around the base-of each projection 64 on the upper side
of plate 62. Thé flange has an upper end or lip 72. Flange 70 has
20 particular application when the interconnecting member is used in a
‘wall in which the wall-building units are sand/soil bags. Here, there is
a possibility that some of the pfojections 64 may puncture the bag
" placed on top of the interconnecting member, causii}g a leakage of
sand froni the bég. The function of flange 70 is to reduce such leak-
25 .age by pressing against the bag and forming a seal around the projec-
tion 64 sufficient to reduce .or stop the leakage of sand or soil from the
hole. Optionaﬂy, and as illustrated in Figs. 13 and 14, a flange 70



cylindrical. 10 12. An interconnecting member according to claim1 wherein
'said plate is trapezoidal with a central cut-out. 13. An interconnecting
menber according to claim1l wherein said plate is genera¢|t7y061|52kﬁshaped.
"14. A retaining wall structure conprising a first pluralT{y of

wal | -bui I di ng units positioned adj acengﬂt o0 one another formng a first
hori zontal | y-extendi ng course, a second’plurality of wall-building units
posi tioned adjacent to one another above said 20 first course forning a
second horizontal | y-extendi ng course, and interconnecting nenbers between
said first comyealsoche providedond thelower side ofithe glaten62coi reglucenber s
conprising a plate having an upper side and a |ower side, each said side
havi ng a .pl urleaknge diopr ajbag underncat plate 6hikatpisopenrctuoed byea mroje@abl e
of protruding into said wall-building units in said first course and said
second cour setiosa@4iopl thesundarsideoof PH2R7 extending across at |east part
of two horizontally-adjacent wall-building units in said first course or
said second course, with said projections on said upper side or said | ower

e B 0 S Bl e MG .
PR STl ey i iy oot
Struct ur e accOren i arecRapte TEIRCY FR BB ity Huf sfice onfehghg Mg
50 retatni ng WhtieEBEE B8 dd ¢ §odtdl PRGREOmS E PRER AR VIS Rol es

5, o, A e A N o s

sai d projections on*sal wer side of said plate

protrude fr oysEmper Gmfeéﬁﬁscﬁoltaadhlé g@j@éﬁmme&m fie géogeidaholdiagval |
y

structure conprising a first plurali of wall-building units 15 positioned
adj acent to ongerabetd66. f Adternativelfyi, the ihterceopnecting meombediGcanbese, a

second plurality of wall-building units positioned adjacent to one another
above said fi configuned sofat iyuse.stiogeogiidinalding memhesn66rafecBOf se, and
ey W S RN S A T R IS
said proj ect | ditangs hetwEadhe TOW B seBiRg 66 dnd te'rBW oF prjectidis A
15 that is closest to it is relatively large, so the section of the plate 62
bearing members 66 extends beyond sand/soil bags and is nbt covered -
by them. In this case, holes (not illustrated in the drawings) can be
~ provided in plate 62 in the region between the row of geogrid-holding
members 66 and the nearest row of projections 64 to facilitate water
20  drainage through the retaining wall, and also to economize on
~ material, i.e. to permit cheaper fabrication of the interconnecting
members. It will be understood that these features, though described
in relation to the embodiment of Figs. 13 and 14, can equally be
. applied to the embodiments illustrated in Figs. 15 - 16, 17 - 18, 19 -

25 20,21 22,23 - 24,25 -26,27 - 28 and 29 - 30.



jnto said wall-building units in said first course and said second course,
"'said plate extending across at |east part of two horizontally-adjacent

wal | -building units in said first course or.said second goﬁrﬁi,z {th said
proj ections on sai.d upper side or said |ower side positidn 8 ()qﬁotrude
into said two horizontal |l y-adjacent .wgg L--buil ding units, said 07 CCT
2003 28 interconnecting nmenber further conprising a set of geogrid-hol ding
menbers on the upper side of said plate shaped and adapted to protrude

Structure further comrEsedscanhad S cub P AN RIBEIHEE Mo, <o o

first and second courses into fill hehi sai d 4r et@i Nk | A5O3 ucture,
sai d. geogr i dntgreennpeing g $9fiffnlﬁsoagh%@§4t’ hgﬁie#q%&gﬁ sa?iguggggri d

heet being so posjtioned that .sai ' is :
f hr o ug h !s a? ccscli}ﬂ%@g.lln@:‘ meRy rggg 9‘? %h‘g #@getg B‘E %QPQFI L‘@%&Pﬁ?ﬁgé%g) Fﬂésﬂtthgt ure
according to im16 er gi,n_sal : nheoti it
covers sgi d @iéﬁPWdl 1 agngd‘n%?r(i_e Lsﬁ?%@?qﬁ?’g[tglenﬂ%n wal | tésl:tcrbﬂg'?gﬁrn‘elg s

accor di ngcg 8@% | ai rPdég J%reﬁg 315%1&%3‘73 \ﬁﬁﬁ%gpcﬁéﬁsﬁg ®fo \wonkehtrid didgesu@6t s

does not Ing ne 9. Aretaining wall

structure accgﬁgéf‘&)&{@gﬁi@iq@%é%@ﬂﬁ therebetween.- BotldiidgesrG pressa

sand/ soi | - ba\jy arn struct ur?thaccordi ng t? cl ai mblﬁAi‘ wher ei n
sai d wal | - bui L di Lg;d'ﬂd ' dhore topiiof the dnterconneoting . MAMRATai ni ng
wal | struct u?%%gér méséﬁ%)%ca aPIr%@%g V\he(?wéi n said Sand[%iﬂ] b% has a
transparent g vqbrmﬁl%,dﬁpgff@bt,valdmm seall flihe concentriconegesod 83 32. A
retaining wall’structure according to claim19, erewtﬁai d'sang/%o' bag
cont ai ns gr ogipdegvbe theadsme hBigt ordifberest h@é&ﬁsr udR the 1atCEL£35%s HF wal |
structure haviing a plurality of courses of _wal | -bui | di [ -
conpri si hQy t batet eidgecT6 s prefarably iSPB%e"é?"}}rIEE%W tﬁﬁnwg}:ﬁgggf |rg¢%eg Thits
adj acent to one another _to form Lrst hoti t.al | y- ext-endi se,
pl aci ng i nt eillustrated H‘gFﬂ@STbgé safg]nrléaﬁne Pglé%dﬁésté, saéiglgggitﬁgerrﬁgg%nect i ng
menbers conprising a plate with projecti ' I hhdfdgip bt 0 sai d
wal | - bui | di ngffaatie S&I\M&SF I?"{;)uéjg] %bém&é@yggsfg%sdp%%aci,ng?igbggcond
plurality of wall-bujl.di uni,t seadirac _ aotier 14q therflamge
second hori zMmﬁctmgﬁgyng@oﬁcﬁggﬁagglvbghg&egﬁﬁi colt?ﬁseﬂguch t hat

_ 70 and fidges 74 may be on the upper side only of the interconnecting

15 member or, optionally, on both the upper and lower sides.

. It will be apparent that the geogrid-holding .members 66 of
the interconnecting member 60, 80 is a feature that can also be inco;— -
| porated into the structure of the embodiments of the intnrconnecting
20 member shown in Figs. 2, 7 and 10; it is not limited to use in inter-
| connecting members having flanges as depicted in Figs. 13 - 16. Nor
is the feature of flanges limited to interconnecting members having
geogrid-holding members 66; either feature can be included in an

interconnecting member with or without including the other.

" Figs. 17 and 18 illustrate a further embodiment of the

interconnecting member, indicated by reference numeral 90, which is



said projections protrude into said wall-building units of said second

" course, said plate having an upper side and a | ower side, each said side
-having a plurality of projections thereon, said plate extending across at

| east part of two horizontally-adjacent wallbuilding unitls?i08Ts2®31 fir st
course or in said second course, W th gaid projections on said 15 upper
side or said |lower side protruding in%o said two horizontally-adjacent

wal | bui l ding units, said projections on said | ower side conprising at |east
three projections positioned on said |ower side to support ﬁfid | ate in a
gener al |y “hgubstamtillyptiei sime amﬂm‘embfachmené@frfélgsmﬁaaai except .

i nterconnecting nenber is placed gn said first course., 20 24.. A net hod
accordi ng t ¢hat therfesure of isealingcflanges;aronnd the, pEeiectiqns ot 4 O0let of
geogrid extending fromatop said first course into fill behind said
retaining maﬂﬁhg§¥hcture prior to placing said interconnecting nenbers on
said first course, such that at |east sone of said projections on said

| ower side of said plate protrude through holes in said geogrid sheet and

oI5 TR o R e o e R
1 5: cour sateRtprin ER Hh LERRE Sl BRI Grs cCemAuia T o >
oc

pl aci ng sai d..sec0 'téqéghdﬁﬁl i bt igegid.0 form said second
cour se, sucﬂﬁ%'a ﬁgégg%gggFec I ons S}%fgéﬁgb?%fggg holes in said geogrid
sheet and into.said wall-building units of said second course. 26. A nethod
of constructing a retaining wall structure having a plurality of courses 10
of wal |l -buil di ng unitSRgﬁgﬁmmgihmgtmﬂﬁgsIéﬁs-ﬁ#,gbagtmbhekhnggnepﬂmﬂality
of wall-building units adjacent to one another to forma {irst )
hori zontH) | y94xsegetierglly dusshaped| having anfiestc opoighti payt PIYedsi d
“first course, said interconnecting nenbers c ri,si nq%éa p%@he )\g t a
proj ecti ons upwardefrom fhoplaigi 64, ARd @ SeEANAIPUZRREY DT v §XICARIOE

ertically adjacent courses, and placing a.secon | | it
val | - bui | di n&cuniﬁh@ ‘él@ﬂ]'ulﬁhbﬁﬂftt W sﬂbe%wa@@%%%&i%éﬁ%ﬁt of

% S 1 S o AR Pl 9415 BB,
P! A R GG N 5 opatonm ty € o
O %0 1081 Ao BHEBHE Gt o ko e dnet Stomcalipping: i

1over side pratileirtaibfti® nfsthBers94hori zont al | y-adj acent wal | bui | di ng
units, said interconnecting nmenber further conprising a set of
geogri d- hol di ng nmenbers on said upper side of said plate shaped and adapt ed
to protrude through holes in a sheet of geogrid, angd said gﬁghod further

conprising the step of Bigsixihgnd 2hildustsate apem OBWMSHIGERR T d to
Struct ur e - STooting feembor, indioR@Ady reraeneruneRl e - Ratink SR IS ng
wal | - bui 120 nghokdig merbvis S6ha i BUBERRGL A Perbgidle? G fik Migteod B3 5
har denabl o buprefig TRber 43 i, 1 sEEEa ipd et dith il ffishafl MiEles, ,

further conprhgtp? the step of affixing cover plate assenblies to said
retaining wal ﬁtture to forma substantially continuous cover 1 S for

st
the face of said retaining wall structure. 31. An interconnecting nenber
according to claim1 wherein said projections on said | ower side are
arrayed in at | east tmmgs\.szqa@m Qonitissiang aafuritesrs emboediment eaft théns. 20
32. Aretaining wall struCture according to claim 14 wherein said |

proj ecti op§ onnttennecting member, indicated by reference numeral 100, having

- geogrid retaining members 94. The structure of the remainder of the



| oner side are arrayed in at least two rows each conprising at |east two
‘'projections. 33. A met hod according to claim23 wherein said projections on
said |lower side are arrayed in at |east two rows each corﬁpélo%xn%t I east
two projections. .A?. AA A A@. Ahr. Ay. A3. A AN . A. Ay. . A5&R"A
. ALl . A9n. Al . AL. A@]
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necting member 110 having geogrid-holding rﬁembers 104. The
structure of the remainder of the interconnecting member 110 is the

' same as the embodiment illustrated in Figs. 13 - 14.
25 - o |
Figs. 27 and 28 illustrate a further embodiment of the

interconnecting member, indicated by. reference numeral 112, having
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' interconnecting member, indicated by reference numeral 114, having
geogrid-holding members 104. The structure of the remainder of the
interconnecting member 114 is the same as the embodiment illustrated
in Figs. 17 - 18.

10
Interconnecting members according to the invention are

also used in applications which do not include the use of géogrid, or in
which gedgrid is used but is not attached to the retaining wall. For
such applications, the interconnecting member does not include ,

15 geogrid-holding members as described above. Figs. 31 - 33 illustrate
further embodiments of such interconnecting members. Fig. 31 shows |
an interconnecting member 116 which is simildr in structure to the one

 illustrated in Figs. 17.- 18, but does not include any geogrid-holding -
members. Fig. 32 shows an interconnecting member 118 which is |

20 similar in structure to the one illustrated in Figs. 13 - 14, but does not'

| include any geogrid members. Fig. 33 shows an interconnecting
member 120 which is similar in structure to the one illustrated in Figs.

15 - 16, but does not include any geognd-holdmg members.

25 Retaining walls of the invention can optionally include
| cover plates which attach to the face of the wall. Referring to Figs.

11 and 12, the cover plate assembly 30 has a generally rectangular
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to engage into nut 50 which has head 52. Attachment rod 44 is

affixed to cover plate 32 by inserting it through bore 42 and engaging
it with nut 50. '

10 Cover plate assembly 30 has particular application to
'retammg walls of the invention when made of sand/soﬂ bags, or of
hardenable building materials such as bags of cement and aggregate
(rather than to walls made of freshly-formed molded blocks) to
improve the durability anci appearance' of such walls. A cover plate

15 assembly is attached to the wall by pressing the pointed ends of rods
44 fhrough the bags until the inner side of the cover plate 32 abuts the
wall. The sinuous portions 46 of the rods 44 enhance the engagement
of the rods in the fill material of the sand/soil bags or in the material
of the hardeﬁable building units. Additional cover plate assemblies are

20 affixed to the wall, abutting each other, 't(') form a substantially com-
plete cover. As.sho.wn in Fig. 11, the opposed edges 34, 36 and 38,

- 40 are alternately'concavé and convex, so the edgeS of abutting covers
nest together to align the covers and provide some engagement.
Préferably, the covers are positioned so as to a form a staggered, brick

25 wall-fype array, illustrated in Fig. 12.
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ment in the fill material of the sand/soil bags or in the hardenable
building units instead of sinuous portion 46. For example rods 44 can

have threads, ridges or other structures for eﬁgagement._

As will be apparent to those skilled in the art in the light
of the foregoing disclosure, many alterations and modifications are
possible in the practice of ',this invention without departing from the
spirit or scope thereof. For example, the interconnecting member can

10 be made flexible to conform to the shape of the wall-building units. .
| The projections on it can be barbed, to enhance: their attachment to the
wall-building units, and they can project at angles other than the
~ vertical from the plate. Accordingly, the scdpe of the invention is to
be construed in accordance with the substance defined Iby the following

15 claims.
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member comprising a plate having an upper side and a lower side, each said side having
a plurality of projections thereon, said projections being capable of protruding into said
wall-building units in said first course and said second course, said plate being capable
of extending across at least part of two horizontally-adjacent wall-building units in said
10 first course or in said second course, with said projections on said upper side or said
lower side positioned to protrude into said two horizontally-adjacent wall-building
units, said projections on said lower side comprising at least three projections positioned
on said lower side to support said plate in a generally horizontal position on said first
course when said interconnecting member is placed on said first course.
15
2. An interconnecting member for attaching a first horizontally-extending course of
wall-building units to a second horizontally-extending course of wall-building units
positioned vertically adjacent to and above said first course, said interconnecting
member comprising a plate having an upper side and a lower side, each said side having
20  aplurality of projections thereon, said projections being capable of protruding into said
wall-building units in said first course and said second course, said plate being capable
of extending across at least part of two horizontally-adjacent wall-building units in said

first course or in said second course, with said projections on said upper side or said

lower side positioned to protrude into said two horizontally-adjacent wall-building
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5 3. An interconnecting member according to claim 2 further comprising a retaining

cap affixed to said geogrid-holding member for retaining a sheet of geogrid thereon.

4, An interconnecting member according to claim 2 wherein said geogrid holding

member is a tapered post having a top wider than its base.

10
5. An interconnecting member according to claim 2 further including drainage
holes in the part of said plate between said geogrid-holding members and said
projections nearest thereto.

15 6. An interconnecting member according to claim 1 further comprising a flange

around the base of said projections on said upper side of said plate, said flange having a

lip for sealing against a wall-building unit.

7. An interconnecting member according to claim 6 wherein said lip of said flange

20  has two or more concentric sealing ridges.

8. An interconnecting member according to claim 2 wherein said geogrid-holding
member is generally L-shaped, having a generally horizontal part extending toward

said projections.
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5 10.  An interconnecting member according to claim 1 wherein said plate is generally
C-shaped.
11.  An interconnecting member according to claim 1 wherein said plate is hemi-
cylindrical.
10
12.  An interconnecting member according to claim 1 wherein said plate is

trapezoidal with a central cut-out.

13. An interconnecting member according to claim 1 wherein said plate is generally
15  L-shaped.
14. A retaining wall structure comprising a first plurality of wall-building units

positioned adjacent to one another forming a first horizontally-extending course, a
second plurality of wall-building units positioned adjacent to one another above said
20  first course forming a second horizontally-extending course, and interconnecting
members between said first course and said second course, said interconnecting
members comprising a plate having an upper side and a lower side, each said side
having a plurality of projections thereon, said projections being capable of protruding

into said wall-building units in said first course and said second course, said plate



1001 1011 1011!V5!110%1& ()-11 109& ()-ZL- 109& ()-' @H#H109& ()-11})~~a2dVv7 1
10! ~@ 10%>& ()-F 109%& ()-!yF" 109 ()-- YI09%& ()-F- 109& ()-:y10%& () - z[ PE:
1 10 10 10 10 1-#10% & ()-!yl- #10909& () - - 07 ocT 2003
109& ()-M 9*#109%& ()-'! @109%s& ()-WIEPE: 1 10 10 ,10% & ()-4 g
10% & ()-4' 10% & ()-3 10% & () - 310% & ()27#310% & ()- Y.vaBPE: 1 10 10Sy
10% & () -F, " 109%& ()-'t "109&' ()- @10% & () -

1%? ?9%18’/(\ %)a(ge)n a%%%%cﬁ%%v %SR Gt gwc}gor}é%}lpaﬁlgédfgcéﬁtlglﬁ’l ‘%ufl)hng 1Rt FPaid

first course or said second course, with said projections on said upper side or said lower
side positioned to protrude into said two horizontally-adjacent wall-building units, said
projections on said lower side comprising at least three projections positioned on said

5  lower side to support said plate in a generally horizontal position on said first course

when said interconnecting member is placed on said first course.

15. A retaining wall structure according to claim 14 further comprising a sheet of
geogrid extending from between said first and second courses into fill behind said

10  retaining wall structure, said geogrid sheet having a plurality of holes therein, and said
geogrid sheet being so positioned that at least some of said projections on said upper

side or said lower side of said plate protrude through said holes of said geogrid sheet.

16. A retaining wall structure comprising a first plurality of wall-building units

15  positioned adjacent to one another forming a first horizontally-extending course, a
second plurality of wall-building units positioned adjacent to one another above said
first course forming a second horizontally-extending course, and interconnecting
members between said first course and said second course, said interconnecting
members comprising a plate having an upper side and a lower side, each said side

20  having a plurality of projections thereon, said projections being capable of protruding
into said wall-building units in said first course and said second course, said plate
extending across at least part of two horizontally-adjacent wall-building units in said
first course or said second course, with said projections on said upper side or said lower

side positioned to protrude into said two horizontally-adjacent wall-building units, said
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geogrid, and wherein said retaining wall structure further comprises a sheet of geogrid
extending from between said first and second courses into fill behind said retaining wall
5  structure, said geogrid sheet having a plurality of holes therein and said geogrid sheet

being so positioned that said geogrid-holding members protrude through said holes of

said geogrid sheet.

17. A retaining wall structure according to claim 16 wherein said second course of

10  wall-building units covers said geogrid-holding members.

18. A retaining wall structure according to claim 16 wherein said second course of

wall-building units does not cover said geogrid-holding member.

15 19. A retaining wall structure according to claim 14 wherein said wall-building unit

is a sand/soil bag.

20. A retaining wall structure according to claim 14 wherein said wall-building unit
is a hardenable building unit.

20
21. A retaining wall structure according to claim 19 wherein said sand/soil bag has a

transparent cover and decoratively-colored fill.
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contains ground cover seeds.

23. A method of constructing a retaining wall structure having a plurality of courses
5  of wall-building units, comprising the steps of placing a first plurality of wall-building
units adjacent to one another to form a first horizontally-extending course, placing
interconnecting members on said first course, said interconnecting members comprising
a plate with projections capable of protruding into said wall-building units in vertically
adjacent courses, and placing a second plurality of wall-building units adjacent to one
10 another to form a second horizontally-extending course above said first course such that
said projections protrude into said wall-building units of said second course, said plate
having an upper side and a lower side, each said side having a plurality of projections
thereon, said plate extending across at least part of two horizontally-adjacent wall-
building units in said first course or in said second course, with said projections on said
15 upper side or said lower side protruding into said two horizontally-adjacent wall-
building units, said projections on said lower side comprising at least three projections
positioned on said lower side to support said plate in a generally horizontal position on

said first course when said interconnecting member is placed on said first course.

20 24, A method according to claim 23 further including the step of placing a sheet of
geogrid extending from atop said first course into fill behind said retaining wall
structure prior to placing said interconnecting members on said first course, such that at
least some of said projections on said lower side of said plate protrude through holes in

said geogrid sheet and into said wall-building units of said first course.
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25. A method according to claim 23 further including the step of placing a sheet of
geogrid on top of said interconnecting members extending from atop said first course
into fill behind said retaining wall structure prior to placing said second plurality of

5  wall-building units to form said second course, such that said projections protrude
through holes in said geogrid sheet and into said wall-building units of said second

course.

26. A method of constructing a retaining wall structure having a plurality of courses
10  of wall-building units, comprising the steps of placing a first plurality of wall-building
units adjacent to one another to form a first horizontally-extending course, placing
interconnecting members on said first course, said interconnecting members comprising
a plate with projections capable of protruding into said wall-building units in vertically
adjacent courses, and placing a second plurality of wall-building units adjacent to one
15  another to form a second horizontally-extending course above said first course such that
said projections protrude into said wall-building units of said second course, said plate
having an upper side and a lower side, each said side having a plurality of projections
thereon, said plate extending across at least part of two horizontally-adjacent wall-
building units in said first course or in said second course, with said projections on said
20  upper side or said lower side protruding into said two horizontally-adjacent wall-
building units, said interconnecting member further comprising a set of geogrid-holding
members on said upper side of said plate shaped and adapted to protrude through holes

in a sheet of geogrid, and said method further comprising the step of affixing a sheet of
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28. A method according to claim 23 wherein said wall-building unit is a hardenable

building unit.

10 29. A method according to claim 28 further comprising the step of allowing or

causing said hardenable building units to harden.

30. A method according to claim 23 further comprising the step of affixing cover
plate assemblies to said retaining wall structure to form a substantially continuous cover

15  for the face of said retaining wall structure.

31. An interconnecting member according to claim 1 wherein said projections on

said lower side are arrayed in at least two rows each comprising at least two projections.

20 32. A retaining wall structure according to claim 14 wherein said projections on said

lower side are arrayed in at least two rows each comprising at least two projections.

33. A method according to claim 23 wherein said projections on said lower side are

arrayed in at least two rows each comprising at least two projections.



