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4 Claims.

This mventxon relates to uniplanar metal mats

of open latfice type, and more particularly to

composite mats formed from a large number of

small mats of convenient size for handling. .
The invention is particularly applicable to the

construction of foundation mats to be laid on the °

ground for forming airplane runways, roads gun
foundations, and similar purposes.

. An object of the invention is to provide a ‘Te-
ticulated mat.as a foundation to be-laid on the

ing capacity. with minimum weight of metal.:

10
ground, which has relatively great load-support- "

Another object is to provide a foundation mat -

to be laid on the ground as a support for moving
loads in which the mat is of such construcnon

movement. in a horizontal direction -along the
ground, whereby ‘concentrated loads on the mat

tending to depress .it into the ground directly .
under the load, places the mat in horizontal ten-,

sion so that the load is suspended from the ground
on each side of the load for.a substantlal dis~
tance.

15
-as to have a very-large frictional resistance to' -

20

Another obJect is to provxde alarge area foun- .

dation mat composed of a large number of umts
.. -suficientiy small to be conveniently handled, and
. of such construction as to be readily and strongly
joined together.

Another object is to provide a mat, capa.ble of ‘

.~being contracted in one d1mens1on and elongated
in the direction at right angles thereto for con-

venience in shipment and handling, and to adapt -

the structure for different purposes. :
Another object is to provide a fastener: a.nd a
fastener tool for rapidly.and strongly intercon-

with the invention.

The present invention represents 4 furthez de-
velopment of the invention in my Patent. No.

- 2,052,113, granted August 25, 1936 on a struc- -

tural fabric, in which I disclose. ‘a, reticulated

metal fabric for use as'a diagonal reinforcement .

in building.: The fabric therein disclosed com-

prises two sets of bars-crossing each other at.an

“angle -and pivotally connected at their crossing
point by rivets or bolts. - ‘That constriction can
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85
necting a plurality of unit mats in accordance .

40

an excellent support for vehicles on soft ground,
by merely laying the unit on the ground. The
bars'dig into-the ground in response to their own
weight and the weight of the vehicles moving

thereover, thereby providing' great resistance to

lateral movement along the ground surface. The
bars of the mat function as supporting members
in tension anchored between the bars imbedded
in the earth on each side of the load. The in-
vention . is- particularly useful for constructing

. landing fields for military aircraft, or for con-

structing military roads. Either use demands
mats of very large horizontal dimensions at least
in one direction. ‘Hence an important part of
the present invention resides in the fastener, and
method’ of .applying it, whereby a large number
of small unit mats can he quickly assembled. to-

gether.

The invention is.also useful in the construc- .
tion of military bridges by virtue of the fact that
a large. number of single units‘can. be quickly
assembled into a strip ‘that can be laid directly
on stringers supported on boats to form g pon-

toon bridge, or similar strips can be-quickly se~

cured between upper and lower side beams to form
therewith a truss beam of any desired length.’

The invention will now be more fully expldined
by describing certain specifie embodiments there-
of in connection with the drawings, in which

Fig. 1 is a plan view of a portion of a large
lattice’ mat in accordance with the invention,
showing - the intersecting portlons of four unit
mats;

- Fig. '2 is -a greatly enlarged detail section of
one of the joints, taken in the plane II—ITI. of
Fig.. 1;

Fig. 3 is an enlarged plan view of one of the
Jjoint intersections, with the fastener removed; ‘
Fig. 4 is an elevation view, partly in section, of
2 landing field in which a mat in accordance

with the invention is laid on soft ground:

Fig. 5 is a plan view of a unit mat in accord-

-~ ance with the invention, in folded condition for

45

be expanded and contracted according to the .

principle of the wellknown lazy tongs for con-
venience in handling, and each mat is'formed as
a single ‘unit of ‘suitable size for use m struc-
tures such as walls of buildings. :

In accordance with. the present invention, I
have discovered that with certain variations the

reinforcing unit of my earlier patent can form
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‘transportation and handling;

Fig. 6 is an elevation view of a fastening ele-
ment and a tool for applying it, the tool and fas-

‘tener being shown in position just prior to appli-

cation:of the fasténer to the mats;

Fig.-7 is'a detail section, showing the fastener
clamped onto the mats, with the tool;

Fig. 8 is a detail view, looking-at one of the
jaws of the fastemng tool;

Fig. 9 is'a plan view, showing a fabnc stripin
accordance with the invention, used in the con-
structlon of a pontoon br1dge and




2
Fig. 10 is an elevation view of a portion of @
long truss, in accordance with the invention.
Referring, first, to the plan view of Fig. 1,
there is shown a section of g mat in accordance
with the invention, the view showing portions of
four adjoining units 20, 21, 22 and 23, respec-
tively, all of which units are’identical with each
other. Each unit comprises a plurality of paral-
lel lower bars 24 and parallel upper bars 25, the
latter exfending aecross the lower bars at right
angles thereto, ahd all the bars being interéon-
nected at their points of crossing by rivets 28
which permit rotation between the upper and
lower sets of bars, such as to swing the bars from

positions normal to each other, as shown in Fig. _'
1, into positions in which all the tpper bars le

aga,inst each other, the lower bars lie against each:
other, and the lower and uppef bars are very
nearly parallel to each other, as shown if Fig. 5.
In. this position the unit can be conveniently
'shlpped and handled, and ¢dn Bé spréad out into
the opend ééfidition shown i Fig, 1 at the point
of assembly.

Theé lower and Upper Bars 24 and 25, respec-
tively, c¢an b of a variety of cross sectional
shapes. Howeéver, T find it desirdble to employ
‘¢haririél Pars as showh it Fig. 2, thie upper bars
being Iaid with their chanilels facmg upward and
the Tower bars with fheii channeéls facing down-
jward Tii othér words, the upper dnd lower chan-
nels gré 1aid baek to back. This places the flat
‘backs of the bars close togéther, reduces the
ferigthi of the r1vets 26 necessary to secure them
fogether, and sibstantially increases the effec-
tive stTength of the rivéts. As shown in Fig. 2,
it i§ soritetimes desirablé to position a washer
27 oni tHe rivets betweeh eacH pair of connected
upper and lower members to facilitate free open=-
ing afid ¢losing movenient of the it

Wheti tiséd ag a roadwidy or lahding base, gii-
othér advantage of employing channel meénibers
positioned back to back s showil in Fig. 2, is
that the éxposed ‘flanigés of thie Tower back Hiem-
bers sk into the ground and anchor thermselves
‘Heainst Horizorital movenient normial to their
lengtli. The fiangés of the upper ¢hannels pro-
‘Vide additional tiaction with respeet to the wheels
of the road vemcles oF 4ir vehicles moving there-
ove‘r

Reférring to Fig, 4, there is shown an airplane
‘rtitway forrded By laying & ldrge tnat 30, il dc-
‘cordance with theé preserit invention, on soft
or boggy ground 3I. The ground may be $o
soft” that if the mut 30 wére hot employéd the
whieels 3% 0f &n airplane 33 would be hHopeélessly
mired. However, when the mat, In accordarice
with the present inventiow, is Iaid on thie soft
gromd ghd the airplane runs theredver, the
welght of the airplane causss the mat to belly
down below g short distarice bélow the suitace of
the soft ground, the groung inimediately below
‘the airplane affordmg very little registance to
the-settlinig” of ‘the mat therethrough, However,
the deflection of the miat from its fermal flat
shiape to the arcudte shapve, indicated at 84, places
“the mat in tension so that it can be depressed
“only arvery short distanee without sitlier stretehi-
ing or pulling in from the sides: The bars 24
“and 2% which are placed in“tension, are made of
sufficiently heavy stock, ang’ placed sufficiently
¢lose together, so that they will not streteh ma-
terially in response to the forces applied: ty them.
-Heniee the mat eannot sink ity the' groting very
far iny response _to the lo‘a:d of the a1rp1a,ne unless
the mat pulls in frot the sides. Such pullitie

 bars 2% and 25 of each unit-26, 21,
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in from the sides is prevented by virtue of the
fact that the bars are imbedded in. the ground
and afford great resistance to horizontal drag-
ging movement through the surface earth.” As a
result of these inherent anchoring properties of
my mat, it is capable of supporting relatively
enormously heavy vehicles for movement over
ground so soft that the vehicles would be hope-
lessly mired without the mat. '

As is dpparént from dh inspection of Fig. 1, the
22 and 23

extend diagonally of that unit. It is possible to

-~connect the individual units together in any de-
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stantislly the same’ distance.

sired manner so that in a large roadway or run-
way the individual bars 24 and 25 may run either
parallel amd riormal respectively to the direction
of traffic, or diagonally with respect to the di-
rection 6f traffic. - The latter arrangement is pref-
erable: for several reasons. One reason is that
it permits straight edges on the composite mat,
which save$ material, particulaily il thetase
of & reldatively narrow roadway. Another Teasoh

i§ that the tensile stressey extending acrogs the

runway, as described in comnection with Fig. 4,

are distributed over Hoth the lower badrs 24 and
thie Upper bars 25. It is also of ifiterest 6 note
that ‘whéh the ténsile stresses sre applied to the
mat diagonally with respeet to the bars 24 dnd
2% they tend to deforii the openings defined by
the bars from square to diamorid-shape. Sueh
moverient of the bars iy resisted by the' cotpres-
sion” of earth therebetween Tt is weil- known
thit woven fabric will yield more wher stfetched
ofi ‘the bigs than Wwhen stretched in the diréction
of either the warp or -woof, Thrs is hkevvxse
true -of my* mat drg - when it-fs faid with' the
bars- 24 and 25" extending didgondlly to the di:

Tection' of traffic: movenient 4 certait amount of
Tocal yleldmg is perm1t1:ed urider the weight of

" 40 the vehicle, which feduces the maxintum stiesses

gpplied to the baiy dnd’ permiits the nigf to sus-
tain glargér load withoit bredkage.

An important feature of the present invettion
i§- the ageregation of & layge nuinber of - small
unit niats of & size cortvenient for handling, mto
o Targe mat -having the sanie stre A as it wol
if made in orie picce. Itis essent1al fiot only that
the Jomts between the individual niats be stiong,

‘But-that-they be of such g Hatiie as to permit

rapid- assembling of the’ individual mats inito a

‘composite - mgt-in® the field.-

I aecordaiice with the- present inverition, I
satisfy these- Fequirsmerits by emMo;rmg clamps
35 which: are’ pressed aréund ov*erlappmg bars 24
and 25-of the adjacent’ ihdividual mats; This fe-
ferring to the: individual-joitit 36 betweeri “the
individual mats 20 and 21, the upper bars 28, 25 of
the two hiats: 14p eaich: other for & Tength eqmv-

-alent t6-about twice their width and ‘the }owér

bars 24, 24 likewise lap. éach other for " sib-
The clamp 35
passes across the two tppef ficmbers 25; 25 down

‘between the bars 24, 25 6f oné iat st ore end,

and-down:beétween the: two bars 24 and 25 of the
other mat: at the: other end,: the lower ends of
the .clamp being clinched’ against the undersides

-of the lower bars 24,.24. -This produces & strong
Joint. because:the clamp 3% has. to resist move-

ment only along its-length. Thus. vertical move-
ment of mat 20 with respect to mat 21 is. pre-
vented by engagement of the underbars 24 of mat
20 against the upper bats 25 of mat 21, and down-
ward movement of mit 20 with respecﬁ £o. mat 21
i snnﬂarly prévented by engagement of theé birs
25 of tiat 20 dzainst bars 24 of mat 21, Relative



2,360,412

horizontal movement of the two ‘mats in 3 direc=

‘tion ‘at right angles to the plane of-the clamp:
35. is prevented ‘in " one direction by ‘contaet -of

the upper bars 25, 25 of the two mats w1th each

otheér, and in’ the' other direction by contact of

the lower bars 24 24 of the two mats Wlth each
ofher. -

To speedily mstall the clamps 35, I provxde a:
special tool 40 (Fig.'6) “which is similar to & con-:

ventional bolt cutier; except that the jaws are

‘dlﬁerent Thus it comprises a pair-of long han-:

dles 41- pivotally. connected together by a pivot

42 and having short arms 43 pivotally connected
- to the upper ends of a pair of jaw members 44
'which are fulerumed to each. other by pivots 45

interconnected by yokes 46. The lower, or work-
ing, ends of the jaws 44 are shaped to: fit around
the bar members 24 and 25, as indicated in Fig.
T, when the jaws are forced together. 'Intheir

open position, as shown-in Fig. 6, the lower ends

of the jaws are separated a sufficient distance to

" receive gnd frictionally retain U-shaped clips.

" 38a from which ‘the ¢lamps 35 are formed. The
sides of the U-shaped clips :85a "are preferably
slightly. spread apart at their tips, so that the
clips ¢an be readily entered between the jaws &4
and be frictionally retained thereby.. As shown

~in Fig. 8, the tips of the jaws have grooves a1
therein into'which the clips fit.

After a clip 35z has been posmoned between
the jaws of the tool, as shown in Fig. 6, it is

-forced down over the overlapping bars of the two:
mats at a joint' until the cross bar of the clip':

seats against the flanges-of the upper bars 25.
Such seating may be positively effected by the

operator placing hi$ foot between the handles.

41, as shown in Fig. 6, while supporting the han-~

dles, one on each hand. . As soon as the cross:

. 40

bar of the clip is seated, as described, the clip is
converted into the clamp: 35, as shown in Fig, 2,
by simply bringing the handles 4i, §{ of the tool
40 {ogether, which forces the jaws of the tool into
the, position shown. in Fig, 7. The ends of the
clip are guided as they are bent under the bars
24, 24 by extensions 41q of the grooves 41 into
the inner portion.of the jaws.  After the clamp
has been set, as described; the handles 4i of the

tool 40 are spread to open the. jaws, whereupon

the tool is lifted away from the mat and loaded
with another clip 89¢ for the making of another
clamp. The work of joining the -mats together
proceeds very rapidly for the. reason that there
are no holes to align, as there would be if attempt
were made to bolt, or rivet, or pin the mats to each
other.

There is an additional advantage to having
the tips.of the clips spread slightly, as shown in

Fig. 6, at the time they are forced down ‘into’

place. . The: advantage is that it facilitates the
placing of the clip when the bars to be fastened
are not already in close contact with eéach other.
~Then as the clip is forced down into place the
titled arms of the clip function to force the bars

- of the two mats tightly against each other.
When a mat is to be broken up into individual
mats for removal, the upper bars of the clamps

3

way or roadway on soft'ground.’ ‘ .However; there
‘gre other:uses for long-sections .of ° lattice: work
interconnected in the part1cular manner herein

~disclosed. 'Two such uses aredisclosed.in Figs,

10

15

20"
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-9 and-10; respectively: In Fig. 9-g strip-50 of

-lattice work is formed by interconnecting a plu~

rality: of -unit mats 51, 52:and 53, in accordance -
-with -the invention, and is used-as a "base or
roadway for a pontoon bridge; the:strip being laid
upon stringers- 54 extending -between pontoons

“55.- The stringers 54 ‘are:spaced apart by cross

beams 56, and the lattice work 50 is secured to
the stringers 54 where each bar 24 and. 25 of the
.mat . overlies the stringer. ~Attachment between
the bars.and the stringers may be effected: by bolts
extending’ through apertures provided in the'bars
24°and 25.Such apertures: are shown at 10°in

: the mat unit 23 of Fig: 1.

- When'a load is run across the brldge of Fig. 9
the: cross. bars-'of the lattice work are placed 'in
‘tension ahd are capable ‘of supporting substan-
tial loads. ‘Furthermore the mats provide the
important function of providing didgenal brac-
ing between the stringers 54, 54 so that the com-
posite structure consisting of'the stririgers 54; 54
and the mat 50 constitutes’ a- horizontal- truss
beam.  This is important in a pontoonbridge
sinee it prevénts. lateral bendmg or-defiection of
the bridge as the result of strong currents and
the like. ‘

Obviously the same prlnmple last descrmed in
.connection with the pontoon bridge 50 may be

. -utilized  for:producing vertically disposed ‘truss

35

beams ‘for use on such' members as long-span
bridges, and the like. Such an arrangement is
shown in Fig. 10, consisting of an upper beam

- member 60 and a lower beam member 61, which

W
<

50

55

60

65

35 can be quickly cut with a conventional bolt

cutter, This work is facilitated by the use of
channels as the upper bars 25, since the tips of
the jaws of the bolt cutter.can be extended well
past:the clamp on each: side thereof and down
into the channel of one of the adjacent bars 25.

Heretofore my mat has been described in detail:

only with reference to ifs use as an airplane run-

70

76

are maintained separated by vertical members
62 - at frequent intervals and are maintained
against sagging by a:web of ‘lattice work 65.con-
sisting  of a plurality of unit mats 66, 67 inter-
connected together by clamps 35, as previously
described.  "The individual bars of the mat 65 .
are-secured to the upper and lower beams 60 and
61 in any desired manner, as by bolts or nails;

- All the structures shown and described are
particularly useful for military purposes, because
the individual mats can be readily transported
and handled in the collapsed form shown in Fig.
5, and' can' be quickly expanded and connected
together with the ¢lamps 35 at the point where
they are to be used.: ..

Obvmusly, the bars 25 and 26 may be made of
various sizes. A suitable size of channel that has
been employed is 3’ wide by 34’ deep. The
upper and lowér bars may be joined together
by 5%’ x %'’ rivets, and the clamps 35 may be
of % 3 pencil rod. Individual mats may be con-
vemently dimensioned 10" x 12’ fully extended
size (when the upper and lower bars are normal
to each other). Such z mat, when collapsed. to
the condition shown in Fig. 5, will be approxi-
mately 14’ x 3’7 long and 1563’’ wide. With the
rods spaced-to define squares. 6’’ on a side, such
a mat will have a total weight of approximately
200 pounds and can be handled by two men, It
will-weigh ‘approximately 1.62 pounds per square
foot of area and is capable of supporting 20-ton
trucks, having conventional tires; even on very
soft: soil or sand.

Although for the purpose of explaining the in-
vention certain specific. embodiments thereof
have been disclosed and described in detail; ‘it
is to.be understood that various departures from
the exact construction shown can be made with-
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out: departing: from: the: ifivention,, which: is: to: he
Jimited: only to tl;e ex;tmt set: farth in: the ap-

.pended: claims.
Telaim:

L. A.composite ma, of the: type: descried,, con-'

sisting; of 4. pluralify of similar:unit: lattice~work
maits connected: together, i which each unit: mat
comprises & lattice-work: consisting: of a laower set
of. parallel spaced: apart. bars, and an Upper set: of
parallel: spaced~apart bars: overlying said lewer
set, the bars. of the upper set. crossing the bats
-of the lower set at.an angle; and each bar of one
sebt being pivotally secured to:. each: bar of the
other set; at: its. intersections: therewith, all said
bars extending. diagenally with: respeet te the
beoundaries: of the: unit. mat, and:. each: adjoining
pair of unit. mats having. the. adjacent eads af
their upper bars in side overlapping relatien:with
each.other and: having the adjacent ends af their
-lower bars. in side overlapping relation with: each
other, and diagonal tie means. for securing each
set of overlapping: bars. together, said diagonmal

tie-means extending around the- overlapping bars -

in, the: direction of a. diagenal of the: parallelo-
grams: formed: thereby..

- 2: A, composite- mat, as. described: in elaim- 1,
in. which. said: tie means for secuning each: set
of overlapping bars: together comprises a. rod
member extending: diagonally across the top:of
-said overlapping portions of said two upper hars,
" -thence: downwardly: at: one. end in. the: angle be-
tween: the upper and lower bars: of one mat and

downwardly at. the: other end in the: angle: be--

10

15

20
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tween the upper and lowes bars: of. the m:her mat,
the ends. of the downwardly extendmg pertmns
being -elinched, under- the. lower bars. of the re-

_spective: mats.,

3. A..composite: mat. as. descnbed. in. claim: 1,
in. which. the. end of. each bar ‘in each. unit mat’
extends a short distance beyond the last inter-
secting bar of the same. mat, whereby it. overlaps
the.bar in the opposite set: in the adjoining unit
mat.

4. A composite Webbmg con51st1ng of a plu-
rality of similar lattice-work units.connected. to-
gethier in which each. unit comprises 4. latfice-
work consisting: of a.lower set of parallel, spaced-
apart. bars and an upper set. of parallel.spaced-
apart bars overlying said lower. sef, the. bars of

‘the Upper sét crossing the bdrs of the lower. seb

at: an angle and each: bar of one sef. being piv-

‘otally, secured to each bar of the other set af ifs:

intersection therewith, all said bars: extending
diagonally with respect. fo. the boundaries of the
unit, and each adjoining pair of units having tlie .
adjacent. ends of their upher bars. in: side. over-
lapping relation with each other and having, tHe
adjacent ends of the lower bars in. side overlap-
ping -relation, the said bars. being substantially
in side to side contact, and a diagonal. tie means
for securing each. set of overlapping bats, to-
gether, said tie medns extending; in the direction

30 of a diagonal of a parallelogram formed. by. said

‘bars whereby overlapping bars’ are held 'in face
to face and edge contact.

FREDERICK H. RUPPEL



