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FIG. 1

(57) Abstract: The present invention
relates to various aspects of system a
method for forming a pavement. In
one of many aspects, a portable
paving mix container containing a
paving mix for forming pavement is
provided. The portable paving mix
container is loaded onto a paving
machine. The paving mix from the
portable paving mix container is un-
loaded into a mix unloading section
of the paving machine, which dis-
tributes and compacts the paving mix
on a paving surface. After the un-
loading of the paving mix, the
portable paving mix containetr is off
loaded from the paving machine.
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INTEGRATED PAVING SYSTEM AND METHOD
The present application claims prierity to ULS. Provisional Application Nes. 61/214,091 and
61214, 092, filed April 24, 2000, The disclosure of U.S. Provisional Application Nos, 61214091
and 61214, 092 arc hereby incorporated heremn by reference.
FIELD OF THE INVENTION
The present invention relates to an ntegrated paving system.
BACKGROUND OF THE INVENTION
In the paving art, productivity is a function of the volume of mix that can be delivered to the
projeet and the overall speed of the fay-down and compaction process. The compaction process is
typically the most imiting operation at the jobsite, while nux throughpat is ordinarily less of an issue
with regard to jobsite productivity. Accordingty, the number of compactors required and thme
avaitlable for mat densification has the greatest influence on produoctivity. Safety and cost are very
much an issue with today’s methodology, which typically cmploys a large number of persons to
conduct the paving operation dae to the fact that cach machine is ndividually operated/controlied.
Paving operations tvpically cmploy a mumber of Material Transter Vehicles or MT Vs, which
deliver mix to the jobsite. During transport, however, thermal loss and mechanical segrogation may

occur, which, in turn, adversely affeets the quality of the pavement. Today, the thermal loss and

mechanical segregation problems are pramarily addressed in two fashions, First, thermal {oss may be
mintized by insulating the material haul vehicle's bed walls with foam or wood planking.
Additionally, a simple canvas tarp may be draped over the open truck bed. Second, the effects of

thermal varied and mechanically segregated mixes may be corrected through the use of additional,

i

high cost auxiliary machinery 10 10 essence “re-blend”™ the mix cither in front of the paver {maternial
fransfor machines / windvow clevators or in the receiving hopper of the paver (romix tub inseris).

LS. Patent No. 5,580,211 proposes using a dogbie walled insudated container for carrving hot
mix asphalt and preventing thermal loss. The container effectively functions as an enclosed
renmovable vehicle bed that is transported front an asphalt plant to the paving jobsite via a first
transport vehicle, At the jobsite, the container is unloaded from the fivst transport vehicle and then
reloaded onto a jobsite transport vehicle, which delivers the container to the paver and dhanps the
contents of the contamer mto the hopper of a paver in a simular manner to 3 conventional asphalt
transporting MTV, sach as a dump track.

The present invention is directed towards an improved integrated paving systeny, which may
provide mprovements in regard {o at least one of the following: vohsse variability, mix confaument,
particle segregation, thermal losses, speedijohsiic productivity, safoty, cost, or the number of persons
required to conduct a paving operation.

SUMMARY OF THE INVENTION
According to one embodiment of the present invention, an improved integrated paviang svstem

includes a portable paving mix container containing a paving mix for forming pavement and a paving
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machine. The portable paving nux contaner is loaded onto the paving machine. The paving nuachine
witdoads the paving mix from the portable paving nux container. The paviag machine distributes and
compacts the paving mix on a paving surface.

According o another embodmment of the present mvention, a nicthod for forming a pavement
comprises the steps of providing a portable paving nuix container containing a paving mix for formung
pavement, loading the portable paving mix container onto a paviag machine, unloading the paving
mix from the portable paving mix container into a mix unloading section of the paving machiage,
offioading the poriable paving mix contaimer from the paving machine and using the paving machine
to distribute and compact the paving mix on a paving surface.

According to vet another emnbodiment of the present invention, & device for transporting
paving mix comprises a porfable enclosed paving mix contaimer inclading a bottom provided with at
least one door.

According to stilf vet avother embodiment of the present invention, a device for transporting
paving nix comprises a reusable collapsible portable paving nix container,

According to further embodiment of the present wnrvention, a device for ransporting paving
mix compriscs a collapsible portable paving nux container including a bottors provided with at least
one door.

According to yet a further ombodiment of the present invention, a machine for distribating
and compacting paving mix on a paving surface comprises, 8 mix wnloading scotion, an auger for
distributing the pux on a paving surface, a screed for compacting the mix on a paving surface, a first
drive arrangement that inclades road wheels for self transport at highway speeds, and a second drive
arrangenent that includes a track assembly for jobsite tansportation during a paving operation,

According to vet still a further cabodiment of the present invention, a method for forming a
pavement with a paving machine that Includes an auger for distributing a paving mix on a paving
surface and a screed for compacting the nux on the paving surface to form the pavement comprises
the steps of using one or more sensars to monitor the density of the pavement as it is compacted by
the sereed and to provide outpat signals corresponding to the density and using the owtput signals (o
adpust the force exerted by the screed on the pavement as it is formed n order o achiove a desived
pavement density.

ASPECTS
According fo one aspect of the present invention, an integrated paving system comprises:
a poriable paving nix contaner confaining a paving mix for forming pavement;
a paving machine, wheren:
the portable paving mix container is loaded onto the paving machine;
the paving machine enloads the paving mix from the portable paving mix

containger; and
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the paving machine distributes and compacts the paving mix on a paving
surface.

Preferably, the paving machmne opens at least one door on the portable paving mix container
in order o unload the paving mix from the container.

Preferably, the paving machine further comprises one or move conveyor sections that receve
the portable paving mix container as the portable paving mix container s loaded onto the paving
machine and that wnoad the portable paving mix container off the paving machine and a mix
unloading section whereat paving niix from the portable container s untoaded.

Preferably, the one or more conveyor sections include a container loading convevor section
that receives the portable paving mix container as 1t 18 loaded onto the paving machine and a container
offfcading conveyor scetion that offloads the portable paving mix container from the paving machine,

Preferably, the one or more convevor sections include a container fonding conveyor section
that recetves the portable paving mix container s it s loaded onto the paving machine and a container
offloading conveyor section that offloads the portable paving mix contaner from the paving machine
arud the wix unloading section is located botween the container loading conveyor seotion and the
container oftloading convevor section.

Preferably, the one or more conveyor sections inchude a container loading convevor section
that receives the portable paving mix container as it 1s loaded onto the paving machine and a container
officading conveyor scotion that offloads the portable paving mix container from the paving machine,
the mix wnloxding section is located between the container londing conveyar section and the container
offloading conveyor section, the container foading convevor section transports the portable paving
nux contamner to the mix unloading section, and the nux unloading section transports the portable
paving mix contamer to the contamer off loading section,

Preforably, the paving machine mchedes a first dnive arrangement that inchades road wheels
for sedf ransport at highway speeds and a second drive arrangement that includes a frack assembly for
jobsite transportation during a paving operation.

Proferably, the paving machine inclades an auger for distributing the mix on a paving sarface,
a screed for compacting the mix on a paving sarface, a first drive arvangement that inclades road
wheels for self transport at highway speeds, a sccond drive arrangement that inchudes a track
assembly for jobsite transportation during a paving operation and the track assembly, sereed, and
aveger are lowered to place the track assembly in contact with a groand surface and to position the
screed and auger af a proper height for a paving operation.

Preferably, the paving machine inchudes an avger for distributing the mux on a paving surface,
a screed for compacting the pux on a paving sarface, a fivst drive arrangement that includes road
wheels for self transport at highway spoads, a sccond drive arangement that inchudes a twack

assembly for jobsite transportation during a paving operation and the track assembly, the scereed, and
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the auger are sinultaneously lowered into posttion to place the track assembly m contact with a
ground surface and to posttion the screed and avger af 3 proper beight for a paving operation.

Preferably, the paving machine self loads the portable paving mix container onto the paving
machine.

Preferably, the paving machine self offloads the portable paving mix container from the
paving machine,

Preforably, the one or more conveyor sections seif foads the portable paving mix comtainer
onto the paving machine.

Preferably, the one or move conveyor sections includes a belt or chain drive that self loads the
portable paving mix container onto the paving machine.

Preferably, the one of more conveyor sections includes g belt or chain drive that self offfoads
the portable paving mix container from the paving machine.

Preferably, the contaner loading conveyor section s ramped so that it inclines opwards from
a ground sarface and 18 positionable ander the portable paving nux container for self loading the
portable paving mix confainet ondo the paving machine.

Preferably, the container oftloading conveyor section is ranped so that it dechines downward
from the paving machine to a ground surface and self unloads the portable paving mix comtamer from
the paving machine.

Proferably, one or more doors are provided on a bottom of the portable paving mux container,
wherein the one or more doors are opened to wnload the nux.

Preferably, the portable paving mix container s provided with a collapsed configuration and
an expanded configuration.

Preforably, the portable paving mix container inchades a radio frequency identification chip.

Preforably, the portable paving mix container inchades a gps tracking device.

Preferably, the miegrated paving system further inchudes another portable paving mix
comtainer, wherein the paving machine is loaded with the portable paving mix container and the
anothier portable paving mix containgr simultancoushy.

Preferably, the mtcgrated paving system further inclades another portable paving mix
container wherein the portable paving mix container is located on the contamer loading conveyor
section and the another portable paving mix contaner 1s located on the mwix anloading section.

According fo another aspect of the present invention, & method for fornmng a pavement
comprises the steps off
providing a portable paving mix container containing a paviag mix for forming
pavement;
loading the portable paving mix confaingt ontlo a paving maching;
anloading the paving nux from the portable paving mix container indo a nix

untoading section of the paving machme;

=
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offfoading the portable paving nax contamer from the paving machine; and
asing the paving machine to distribute and compact the paving mix on a paving
surface.

Preferably, the step of unloading the paving mix from the portable pavig nux container
includes the step of using the paving machine to open at least one door on the portable paving mix
container i order to release the paving pux from the container.

Preferably, the paving machine farther comprises one of more conveyor scetions that receive
the portable paving mix contatner as the portable paving sux contatner s loaded onto the paving
machine and that offload the portable paving mix container off the paving machine.

Preferably, the one or move conveyor sections mclude a comtatner loading conveyor section
that reecives the portable paving mix container as it is loaded onto the paving machine and a container
offfonding conveyor section that offloads the portable paving mix container from the paving machine.

Preferably, the one or more conveyor sections include a container loading conveyor section
that recejves the portable paving nux container as it is loaded onto the paving machine and a contamner
offtcading convevor section that offloads the portable paviag mix container from the paviag machine
arud the wix unloading section is located botween the container loading conveyor seotion and the
container offloading conveyor section.

Preferably, the one or more conveyor seetions include a container loading conveyor section
that receives the portable paving mix container as it 1s loaded onto the paving machine and a container
offfonding conveyor section that offloads the portable paving mix container from the paving machine,
the mix unloading section s located between the contaner loading conveyor section and the container
offleading conveyor section, and the method further comprising the steps of using the container
loading convever section o ranspost the portable paving mix container to the mix unloading section
and using the mix unloading section to transport the portable paving mix container to the containey off
loading section.

Preferably the method further comprises the step of using a first drive arrangement that
includes road wheels for self transport of the paving machine at higheay speeds and a second drive
arrangement that includes a track assembly for jobsite transportation of the paving machine durmg a
paving operation.

Preferably, the paving machine inchudes an auger for distributing the mix on a paving surface,

pod

o~
£

a sereed for compacting the mix on a paving surface, a first deive arrangement that includes road
wheels for self transpott at laghway speeds, a second drive arrangement that incledes a frack
assembly for jobsite transportation during a paving operation and the method further comprises the
step of subsequent to self transport at highway speeds, lowerning the track assembly, sereed, and auger
to place the track assembly in contact with a ground ssnface and to position the screed and auger ata

proper height for a paving operation.
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Preferably, the paving machine inclades an auger for distributing the nux on a paving sarface,
a sereed for compacting the mix on a paving sarface, 8 first dnve amangement that includes road
wheels for sclf transport at lighway speeds, a second drive arrangement that includes a track
assembly for jobsite transportation during a paving operation and the method Auther comprises the
step of subseguent to self ransport at highway speeds simultancously lowering the track assembly, the
sereed, and the auger to place the track assembly in contact with a ground suwrface and (o position the
screed and auger at a proper height for a paving operation.

Preferably, the step of loading the portable paving mix container onto the paving machine
conprises the step of using the paving machine to sclf foad the portable paving sux container onto the
paving machine.

Preferably, the step of offloading the portable paving mix container from the paving machine
comprises the step of using the paving maching to seif offload the portable paving sux container from
the paving machine,

Preferably, the step of loading the portable paving nux container onto the paving machine
comprises the stop of using the one or more convevor sections (o self load the portable paving nux
container onto the paving machine.

Preferably, the one or more conveyor sections inchudes a belt or chain drive; and the step of
foading the portable paving mix container onte the paving machine comprises the step of using the
belt or cham drive to self lead the portable paving mix containgr onto the paving machine,

Preferably, the one or more convevor sections cludes n belt or chain drive that solf offloads
the portable paving mix contaner from the paving machine.

Preferably, the container loading conveyor section 1s ramped so that it mchnes upwards from
a ground sarface and the step of loading the portable paving nix container onto the paving machine
comprises the step of positioning the container loading conveyor section under the portable paving
mix container and using the container loading conveyor section to self load the portable paving mix
comtainer onto the paving machine.

Preferably, the comtainer offloading conveyor section is ramped so that it declines downward
from the paving machine to a ground sutface and the step of offloading the portable paving nux
container comprises the step of using the container offfoading conveyvor section to self offload the
portable paving mux container from the paving machine.

Preferably, one or more doors are provided on a bottony of the portable paving mix container
ard the step of enloading the paving sux fromt the portable paving mix container includes the step of
using the paving machine to open the one or more doors 1 order to release the paving nmux from the
container.

Proferably, the portable paving mix container is provided with a collapsed configuration and
an expanded configuration and the method fusther comprises the step of using the paving machine to

collapse the portable paving mix contaner.

&



G

20

30

35

WO 2010/123917 PCT/US2010/031771

Preferably, the portable paving mix contmner mehsdes a radio frequency identification chip.

Preferably, the portable paving mix contaner includes a gps macking device,

Preferably, the method further comprises the step of loading the paving machine with the
portable paving nux comtainer and the another portable paving pux container sinwltancously.

Preferably, the step of loading the portable paving mix comtainer onto the paving machine
inchudes the step of loadmy the portable paving mix container on the container loading conveyor
section while ancther portable paving mix container is located on the mix anloading seetion.

Preferably, the step of unloading the paving nuix from the portable paving mix container into a
mix unloading section of the paving machine inctudes the step of using the paving machine to unload
the paving mix from the portable paving mix container.

Preferably, the step of placing 3 plurality of the portable paving mix confainers on the paving
surface at spaced intervals, wherein the spaced intervals are dimensioned according to an amount of
pavement formed by the paving mix of the portable paving mix containers, the step of loading the
portable paving mix container onto the paving machine inchudes the step of asing the paving machine
to self load the portable paving nux containers onto the paving machine, and the step of offloading the
portable paving mix contamer from the paving machine includes the step of usimg the paving machine
to self offload the portable paving mix containers from the paving machine.

Proferably, the step of placing a plurality of the portable paving mix confainers on the paving
sarface at spaced ingervals, wherein the spaced ingervals are dimensiongd to correspond to an amount
pavernent fornied by the paving nux of the portable paving mix contamers, the step of loadmng the
portable paving mix container onto the paving machine includes the step of vsing the paving machine
to self load the portable paving mix contamers onto the paving machine, and the step of offloading the
portable paving mix container from the paving machine includes the step of asing the paving machine
to self offload the portable paving mix confainess from the paving maching.

Preferably, the step of placing a plurality of the portable paving mix containers on the paving
surface at spaced intervals, wherein the spaced intervals are dimensioned according to an amount of
pavement formed by the paving mix of the portable paving nuix containers, the paving machine
includes a container loading convevor scction provided with a phurality of protrusions or depressions
that mate with a plurality of respective depressions or protrusions on a bottom of the plurality of
portable paving mux containers for purposes of self foading the portable paving mix containers onto
the paving machine, and the step of offfoading the portable paving mix container from the paving
machine inchudes the step of using the paving machine to self offload the portable paving nux
containers from the paving machine,

Preferably, the step of placing a plurality of the portable paving mix containers on the paving
surface at spaced intervals, wherein the spaced intervals are dimensiongd o correspond (o an amount
pavement formed by the paving nux of the portable paving mix containers, the paving machine
includes a container loading convevor section provided with a plurality of protrusions or depressions
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that mate with a plurality of respective depressions or protrosions on a bottony of the plurality of
portable paving mix containers for purposes of self loading the portable paviag mix containers onto
the paving machine, and the step of offtoading the portable paving mix container from the paving
machine includes the step of using the paving machine to sclf offload the portable paving nux
containers from the paving machine.

According to another aspect of the present weention, a device for transporting paving mix
compnises a portable enclosed paving mix container inclading a bottom provided with at least one
door.

Preferably, the portable enclosed paving nux container inchudes 6 walls and is provided wath a
generally box shape.

Preferably, the portable enclosed paving mix container 13 insulated.

Preferably, a bottom of the portable enclosed paving mix container includes a chamfered
edge.

Preferably, the bottom includes a phuality of protrusions that support a collapsible portable
paving mix containgt,

Preferably, the bottom of the portable enclosed paving mix container includes a plurality of
protrusions that extend Hinearly along opposing edges of the bottom and that support the collapsible
partable paving mix container.

Proferably, the bottoan of the portable enclosed paving mix containgr includes a pharality of
depressions.

Preferably, the bottom of the portable enclosed paving mix conmtainer includes a plarality of
depressions that extend hincardy along opposmg edges of the bottom.

Preforably, the portable paving mix container inchades a radio frequency identification chip.

Preforably, the portable paving mix container inchades a gps tracking device.

Preferably, an intertor of the portable paving nux container includes a sloped paving nux
diversion that diverts paving material to the at feast one dooy,

According to another aspect of the present imvention, a devies for fransporting paving nux
comprises a reusable collapsible portable paving mix container.

Preferably, the reusable collapsible portable paving mix contamer includes 6 walls and is
provided with a generally box shape.

Preferably, the reusable collapsible portable paving nux container is insalated.

Preferably, the reusable collapsible portable paving nux container includes two end caps and a
center section that are elescopically connected,

Preferably, a bottom of the reusable collapsible portable paving mix container mchudes a
chamfered odge.

Preferably, a bottom of the reusable collapsible portable paving mix container includes a

plurality of protrusions that sapport a reusable collapsible portable paving mix contamer.
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Preferably, a bottom of the reusable collapsible portable paving nux container mclades a
plarality of protrasions that extend linearly slong opposing edges of the bottom and that sappart the
reusable collapsible portable paving nux contamer.

Preferably, a bottom of the reusable collapsible portable paving mix confaner includes a
plurality of depressions.

Preterably, a bottom of the reusable collapsible portable paving mix container inchides a
phaality of depressions that extend linearly along opposing edges of the bottom.

Preferably, the reusable collapsible portable paving mix contamer includes a radio frequency
wdentification chip.

Preferably, the reusable collapsible portable paving mix container includes a gps tracking
device,

According o another aspect of the present mvention, a device for transporting paving mix
comprises a collapsible portable paving mix container including a bottom provided with at least one
door.

Preferably, the coligpsible poriable paving mix contamer includes 6 walls and 15 provided
with a generally box shape,

Preferably, the collapsible portable paving mix container is insulated.

Preferably, the collapsible portable paving nux container inchades two end caps and a conter
scetion that are telescopically connected.

Preferably, the collapsible portable paving mix container mchudes two end caps and a center

section that are telescopically conected and the at least one door is provided in at least one of the end

caps.
Preferably, the bottom of the collapsible portable paving mix container mchides a chamfered
edge.

Preferably, the bottom of the coliapsible portable paving pux container includes a plurality of
protrusions that support a collapsible portable paving mix container,

Preferably, the bottom of the collapsible portable paviag mix container inclades a plurality of
protrusions that extend Imearly along opposing edges of the botton and that support the collapsibie
portable paving mix container.

Preferably, the bottom of the coltapsible portable paving mix container inchsdes a plurality of
depressions.

Preferably, the bottom of the collapsible portable paving nux contmner tncludes a plurality of
depressions that extend lincarly along opposing edges of the hottom.

Preferably, the collapsible portable paving mix container includes a radio frequency
idemtification chip.

Proferably, the collapsible portable paving nix comtainer inchudes a gps tracking device.
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Preferably, an ttertor of the portable paving nux contamer includes a sloped paving nux
diversion that diverts paving material to the at feast ane door,

According to another aspect of the present invention, a machine for distributing and
compactinyg paving mix on a paving surface conprises:

a mix andoading section;

an auger for distributing the nux on a paving surface;

a screed for compacting the mix on a paving surface;

a first drive arvangement that includes road wheels for self wansport at ighway
speeds; and

a second drive arrangement that includes a track assembly for jobsite transportation
during a paving operation.

Preferably, the track assembly, sereed, and auger are provided with a first position and a
second position, wherein the fivst position i elevated relative 1o the second position and the track
assembly, screed, and asger are lowered into the second position to place the track assembly in
contact with a ground swrface and to position the screed and auger at a proper height for a paving
operation.

Preferably, the machine further comprises an operator’s control interface that is positioned
towards the fromg of the paving machine diring self transport at highway speeds and towards the vear
of the paving machine for jobsite transport diging a paving operation.

According o another aspect of the present mvention, a method for fornung a pavement with a
paving machine that inchsdes an anger for distributing a paving mix on a paving surface and a screed
for compacting the mix on the paving surface to form the pavement, comprising the steps of:

USINY GHe Of mote sensors to monitor the density of the pavement as It is compacied
by the screed and to provide outpat signals corresponding to the density; and

using the output signals to adjust the force exerted by the screed on the pavement as i
is formed in order to achieve a desired pavement density.

Proferably, the paving machine furthor comprises ong or more electronies that receive the
cutput signals and automatically adjust the force exerted by the sereed.

Preferably, the paving machine further comprises a display that shows the density readmys.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a paving machine according to one embodiment configured for self transport at
highway speeds with the road wheels down and the track vertically retracted.

Figures 2A-2C shows the paving machine according to one embodiment in thige views
lowering the track assembly to convert for a paving operation.

Figure 3 shows the paving machine according {0 one embodinment deploving a container

loading conveyor section sapport {left side of the figure in front of the wheels} and wnfolding the front
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ramped contamner loadmg conveyor section {Ieft) and rear ramped container offloadmg conveyor
section {right side).

Figure 4 15 a top view of the paving machine according to one embodiment configured for a
paving operaiion showing the front ramped container loading conveyor scotion {1eff) and rear ramped
container offloading conveyor section (vight side) in deploved positions.

Figure 5 1s a side view showing a belt or chain drive provided on the front ramped container
loading conveyor seetion and the rear ramped container offloading conveyor section in one
embodiment.

Figure 6 is a top view showing a belt or chan drive provided on the front ramped contminer
foading convevor section and the vear ramped container offloading convevor section in one
cmbodiment.

Figure 7 shows a door opening mechanism on one embodiment of the paving macline.

Figures 8A shows a collapsible portable paving sux comtainer according to one embodiment in
an extended position.

Figures 88 shows 3 collapsible portable paving mix container according 0 one embodiment in
a collapsed position.

Figure 9 shows a mix unloading section of one embodiment of the paving machine.

Figare 10 shows one embodiment of the paving machine loading, anleading, and offloading the
portable paving mix containes.

Figure 11 shows one embodiment of the paving machine loading a portable paving nux
contamner and unloading paving mix from another portable paving mix container,

Figure 12 shows a portable paving nix container according to one embodiment.

Figare 13 shows a rear view of the paving machine wnloading mux from a portable paving nux
container and lustrates the waffic control features of the portable paving mix container.

Figures 14 shows a bottomn of a portable paving mux container according to one embodiment.

Figures 15 shows a bottom of a portable paving mix container secording to one embodiment
with the doors open.

Figare 16 shows a bottom of a portable paving mix container according to one embodiment in a

collapsed position.

Figure 17 shows a front or rear of the portable paving mux container according to ong

embodiment provided with protrusions on the bottom.
Figure 1¥ shows an sderior of a portable paving mix container according o one embodiment
showing a paving mux diversion section of the portable paving nux contaner.

Figure 19 shows one embodiment of a feedback loop for momitoring pavement bearing

Capacity.
Figores 20A and 208 shows a screed according to one embodiment of the present mvention.
DETAILED DESCRIPTON OF THE INVENTION
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FIGS. 1-6 and 8 show a paving machine 10 according to one embodiment. Those of ordinary
skifl & the art will appreciate that the paying machine 10 15 configared to lay down paving mix,
including, for example, and not limitation, asphalt or conerete.

According o one aspect of the present cmabodiment, the paving machine 10 includes af least
one drive arrangement that 18 used to propel the paving machine 13, According to another aspect of
the present embodiment, the paving machine 10 may be configured for both over the road seltf
fransport at highway speods, Le. speeds of at least 45 mph and as well as jobsHe transport dusing a
paving operation, i.e. at speeds of less than or equal to 10 mph. According to yet another aspect of the
present embodiment, the paving machine 10 may be equipped with two independent drive
arrangements 15 and 20,

As shown in FIGS, 1-6 and 8, the first drive arrangemend may iclude road wheels 13 for over
the road self transport at highway speeds. Also shown in FIGS. 1-6 and §, the second diive
arrangement may inclode a track assembly 20 for jobstie trangport as the paving machine 10 lays
down paving material.

As shown m FIG. 2A-2C, the frack assembly 24 may be vertically retracted and litted oft the
ground surface during over the road sclf transport at highway speeds. Once the paving machine 20 is
transported to the jobsite, the track assembly 20 may be extended and lowered to place the wack
assembly 20 in contact with the ground sucface. In one arrangoment, both the track assembly 20 and
the paving machine body 11, mncluding the screed 13 and auger 12, mav be lowered via a common
mechanism to place track assembly 20 in contact with the ground surface and to position the screed 13
and auger 12 at the proper beight for a paving operation. In another arvangement, the track assembly
20 may be lowered mdependently of the body. the screed 13, andfor the auger 12, Insuch
arrangement the screed 13 and asger 12 may be Iowered independently or may be positioned at the
proper height for a paving operation once the track assembly contacts the ground surface and the read
wheels 15 are lifted off the ground.

Also shown in FIGS. 2A-2C, the road wheels 15 contact the ground surface during over the
road self ansport. Those of ordinary skilf in the art will appreeciate that the lowering of the track
assembly 20 for on the job transport nxay also Lift the road wheels 15 off the groumd during on the job
transport. Alternatively, however, those of ordinary skill i the art will appreciate that the road
wheels 15 and the track assembly 20 may both remain in contact with the ground swrface during on
the job transport. Those of ordinary skill in the art will appreciate that a variety of methods may be
emplivved for purposes of retracting and extending the track assembly, tnehading, but not bouted to a
motor drive, worm gear, step motor, pneumatic, and hydraulic mechanisms,

According to yet another aspect of the present emsbodiment, the operator’s control mterface 25,
which may be located in an enclosed or partially encloscd cabin, may have first and second positions

25a, 25b depending on whether the paving machine 10 is undeorgoing over the read self transport at
highway speeds or on the jobsite transport during a paving operation. As shown i FIG. 1, during

i2
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over the road self transport wode, the operator’s control interface 25 may be posstioned in the first
position 23a, which may be at or tovards the front of the paving machine 10, As shown in FIG. 2A-
2C, when the paving machine 10 is on the paving jobsite performing a paving operation, the control
interface may be posttioned o the sccond position 2356, which may be at the rear of the paving
machine 10 or closer towards the rear of the paving machine 10 than the fivst position 25a. As shown
by a comparison of FIG. 1 to FIGS. 2A-2C, the operator’s control interface may be located at either
the loft or right side of the paving machine 10, In addition to the first and second positions 233, 25b
shown, any mumber of additional positions with differing heiglts and aspect views may be provided
and any munber of arvangements may be emploved for purposes of moving the control interface 23
between the positions. By way of example, and not hinutation, the control interface 235 may be
mounted on a rail or some other mechanism and a motor drive, worm gear, siep motor, pneumatic, or
hydraulic mechanism may be used to adjust the positions.

As shown in FIG. 2A-4, the paving mactune 10 is provided with a container loading conmveyor
section 30, g onx undoading section 403, and a contatner offfoading convevor section 30, As shown,
the mix unloading section 40 is located between the comtainer loading convevor section 30 and the
container oftloading conveyor section 31 Also shown the comtainer loading conveyor section 30 is
located at the front of the paving machine 10 and the container offloading convevor section 50 is
located at the rear of the paving machine 10

According to one aspect of the prescat cmbodinment, the container loading conveyor section 3¢
may bave a stowed position 302 and a deployed position 3{b. According to another aspect of the
present embodiment, the contaner offfoading conveyor section 50 may have a stowed position Sta
and a deployed posttion 30b. Turning now to FIGS. 2A-2C, the stowed posttions 30a, 30a of the
respective container loading conveyvor seetion 34 and the container offloading convevor section S are
shown. Turming now to FIG. 4, the deploved positions 30b, S0a of the respective container foading
conveyor section: 30 and the container otffloading convevor section 30 are shown.

As shown mn FIGS. 3 and 4, as the contamer loading conveyor section 30 and the container
oifloading convevor scotion SO transition from the stowed positions 30a, 50a to the deploved positions
34, 30b, the container loading conveyor seetion 30 and the container offioading conveyor section 36
are unfolded to extend outwards in opposite divections from the nux unloading section 40, As shown
in FEG. 3 a container loading convevor section support 31, which sapports the container loading
comvevor section 30 while deploved, may also be extended horizontally from the paving machine 10
during the transition. The sereed 13 may also function as support for the container offloading
CORVEYor section 30,

As shown i FIGS. 2A-2C and 3 as the container loading conveyvor section 30 and the container
offloading conveyor seotion SO transition to the stowed positions 30a, 50a from the deploved positions
34, 50b, the container loading conveyor seetion 30 and the container offloading conveyor section 36

arc folded mwards, for example, and not limitation, whercby they are positioned over the mix
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wnloading section 44, wherchy the paving machine H} 1s compacted and the overall length of the
paving machine 14 s reduced relative o the deploved positions 30b, 30b. Advantageously, during
over the road transport at highway speeds, the contamer loading comvevor section 3 and the
container offloading convevor scetion 30 may be folded inte the stowed positions 303, 50a in order to
fucilitate over the road transport at highway speeds. Likewise, during on the jobsite wansport during a
paving operation, the container loading conveyor section 30 and the container offloading conveyor
section SU may be folded into the deploved positions 30, 30s m order to facilitate loading and
unloading of portable paving pux containers, as hereinafter discussed. Those of ordinary skill in the
art will appreciate that a vanety of hydrauhic or pneumatic systems may be employed for purposes of
transitioning between the stowed and deploved positions.

According to one aspect of the present embodiment, the paving machine 1 is configured to
receive a portable paving nux container, such as, for example, and not lnutation, portable paving mix
contmner 100 shown in FIOS. 58, According to another aspect of the present embodiment, the
contaner loading convey section 30 is configured to receive a portable paving mix container as it is
loaded onto the paving machine 10

The form of loading the portable paving wix container onto the container loading convvevor
section may take a variety of forms. In one arrangement, a vehicle, such as, for example, a fork lift or
mint crane, may off load portable paving mix containers 100 directly onto the container loading
convevor section 30, In another arvangement the paving machine 10 may self load the portable
paving mix containers. By way of example, the paving machine may be outfitted with a mini crane or
elevator.

As shown in FIG. 4, 1 the preferred embodument, the contatner loading conveyor scetion 3015
corfigured to self load the portable paving mix confainers onto the paving machine. As shown, in
FIGS. 4 and 10, when the container loading conveyor scetion 30 is deploved 1t 1s preferably ramped
so that it mclines upwards from a ground surface.  As shown wn FIGS. 446, the container loading
conveyor section 30 may also include a belt or chain drive 32 that self toads the portable paving mix
container onto the paving machine 10, As shown bost in FIG. 6, the belt or chain drive 32 may
include a plurality of protrasions or depressions 33 that mate with respective protrusions or
depressions 133 on a bottom [a of the portable paving mix containers 100 during self loading.

Also shown, the bottom 100a of the portable paving mix containers 100 may be provided with a
chamfered edge 131 that assists self loading.

Advantageously, during self loading, the container loading conveyor section 30 may be slid or
positioned under the chamfered edge 131 and under the bottom 100a of the portable paving mix
containers 100 until the depressions or protrusions 33 on the belt or chan drive 32 mate with the
depressions or protrasions 33 on the bottom [k of the portable paving nux container. Thereafter,
the belt or chain drive 32 may pull the portable paving mix containers 100 ap the ramped container

loading conveyor section 30 and omte the paving machine.  In a sinular manner, the container loading
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conveyor section 30 may transport the portable paving nux container 108 to the mix widoading section
44 of the paving machme 10,

According to one aspect of the present embodiment, the paving machine 10 15 configured to
wnioad the mix from the portable paving mux contatner. According to another aspect of the presend
embodinment the paving machine 10 15 configured to unload the mix from the portable paving mix
container imto the mix anloading section 40, The form of anloading the paving pux from the portable
paving mix container may take a variety of forms within the scope of the present invention. By way
of example, and not limitation, the portable paving pux container may be tilted or dumped 1o unload
the paving nux mto the nux unloading scction 44,

in the preforred embodiment, wherein the portable paving mix container 1001 uitlized, the
paving machine 10 opens af keast one door 135, and preferably first and second doors 135, provided
on the bottom 100a of the portable paving mix contamner 100 in order to release the paving mix.
Those of ordinary skill 11 the art will appreciate that i 15 within the scope of the present mvention o
gse a variety of mechamsms for purposes of opening the doors 135, By way of example, and not
limitation, FRG. 7 illustrates oue possible door opening mechantsm 41 which may be provided above
the mix unloading section 40, As shown m FIGS. 7 aud 14-15, the door opening mechanism 41 mav
apply torque to a door control mechanism 137 connected to the doors 135 to cause the doors 135 to
shidably open and the paving nux to be released.  As the paving mix is released, a paving mix
convevor 42 within the mix wunloading scction 40 may transport the paving mix to the auger 12 and
serped 13.

According to another aspect of the present embodiment, the muix unloading section 40 15
configured to transport the portable paving mix container 1o the container offloading conveyor section
50, As shown m FIG. 4, the mix unieading section preferably meludes a container convevor 43 for
transporting the containet o the container offloading conveyor section 36, As shown the container
conveyor 43 is preferably located above the paving nux conveyor 42, The container conveyor 43 may
be a belt or chiin drive similar to the belt or chain drive 32 provided on the container loading
convevor section 30 and may if desired include protrusions or depressions similar to the depressions
and protrusions 33 provided on the container loading convevor section 30, In addition to transporting
the portable paving mix container to the contammer offloading convevor section 30, those of ardmary
skilt mn the art will appreciate that the container convevor 43 may also assist in posttioning the
container i relation to the door opening mechamsm 41 and the paving mix convevor 42 during
gelpading of the paviag mix from the poriable paving mix container, While the present embodiment
1s shown with a bell or chain drive moving container conveyor 43, in an alternative embodiment the
loading of subsequent portable paving mix contaier 100 may push an unloaded portable paving mix
container off the mix unloading scotion 40 and {owards the container offfoading conveyor section M3,

According to yet another aspect of the present emboediment, the mix wnloading section 40 is

configured to collapse the portable paving nux container. While the present invention contemplates
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using numeroas colfapsible container designs, 1n the presently preferred embodiment, the paving
machine 10 1s configyred to collapse the portable paving mix container 100, As shown in FIGS, 8A
and 8B, the portable paving nux container 100 includes two end caps 102, 103 and a center section
104 that are telescopically connected.  As shown in FIG, 9, for purposes of collapsing the portable
paving nux container, the container convevor 43 may he provided with a first section 43a and a
second section 43b, By operating the forward most fivst section 43a at a speed that 1s greater than the
speed at which the subsequent second section 43b is operated, those of ordinary skill i the art will
appreciate that the portable paving pix container 100 may transition from the portable paving mix
container 100 from an expanded configuration as shown in FIG. 84 to a collapsed configuration as
shown i FIG. 8B, Altermatively, as shown in FIG. 9, an clevated stop 45 may be provided at the
rearward terminys of the mix unleading section 40, Those of ordinary skill in the art will appreciate
that the stop 45 may be connected 0 an actuating mechanism that elevates the stop when it is desired
to collapse the portable paving mix container 100 and that lowers the stop when it is desired to allow
the collapsed portable paving mix container 100 to be ransported to the contaner offfoading
CORVEYOr seation 50

According to oue aspeet of the present embeodiment, the paving machine 10 15 configured so
that the portable paving mix container 100 may be offloaded from the paving machine 10, The form
of offieading the portable paving mix comtainer from the paving machine 10 may take a varicty of
forms. In one arrangement, a voehicle, such as, for example, a fork Bft or mind erane, may off load
partable paving pux containers 100 from the paving machine 10 after the nux bas been unloaded. In
another arrangement the paving machine 10 may self offload the portable paving mix contaners. By
way of exanple, the paving machine may be outfitted with a nuni crane or elevator,

In the preferred embodiment, the container offloading conveyor section 30 is configred (o
seif offlead the portable paving mix containgrs onfe the paving maching. As shown, In FIGS. 4 and
10, swhew the container offloading conveyor section 34 is deploved 1t is preferably ranyped so that #t
declines downwards 1o a ground surface.  Sinular to the container loading conveyor section 30, the
coptainer offloading conveyor seetion 30 may also inclade 3 belt or chain ditve 32 that self offfoads
the portable paving mix container from the paving machine 10, Furthermore, similar fo the belt or
chain drive 32 may if desired inchude a plurality of protrusions or depressions similar to the
protrustons or depressions 33 that mate with respective protrusions or depressions 133 on a hottom
100a of the portable paving mix containers 100 during self offloading.  Advantageously, once the
portable paving mix confainers H{} are offfoaded, they may be retrieved by a vehicle, retumed to a
pavement plant, returned to the expanded configuration shown in FIG. 8A and reused as a portable
Paving mix contamner.

Turmng now to FIGS. 8A, 8B, 13-15, the preforred portable paving mix confainer 13 is

depicted. Athough the present embodiment depicts one type of portable paving mix containey 100,
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those of ordinary skl i the art will appreciate that i i withun the scope of the present invention (o
utitize other sypes.

As shown, the portable paving pux container 100 preferably mcludes 6 walls 100a-100f,
including a bottorn 10z, top 106b, front 100c, rear H0d, and side walls 100c and 1088 As shown,
the portable paving mix container is preferably provided with a generally rectangalar box shape.
Preferably, the portable paving mix containgr 100 1s msulated to reduce thermal loss. By way of
exanyde, the portable paving mix container may be fabricated to include a material with high
nsulating properties. Addivonally, as shown in FIG. 18, the portable paving mix container 100 may
be double walled.

According fo one aspeet of the present embodiment, the portable paving mix container 10818
configured to be collapsible. As shown in FIGS. RA and 8B, the portable paving mix confainer 100
includes two end caps 102, 103 and a center section 104 that are telescopieally connected, whereby
the portable paving mix contamner 100 may have an extended configaration ag shown in FIG. 84 and a
collapsed configuraton as shown in FIG. 8B, In dus example, the center section 104 1s provided as
an et hollow rectangular tube that forms portions of the walls 160a, 100b, 100c¢, and 160f and the
two outer end caps 102, 103 that form portions of the bottom 1004, top 100D, side walls 100¢ and
HOOE, as well as the end front and rear walls 100, 100d. As shown, conter section 104 15 an inner tube
that fits inside the caps 102, 103, which are supported for shiding movement relative to the mer tube.
in the collapsed or contracted state shown in FIG. 8B, the two caps 102, 163 are in abutting
relationship.

According to one aspect of the present embodiment, the portable paving mix container 100 s
provided with at least one door 135, preferably located on the bottom 100a. As shown, the portable
paving mix contamer 100 is preferably provided with fivst and second doors 135, The doors 138 are
shown preferably focated on the end caps 102, 103 of the portable paving mix container {00
however, in an alternative embodiment, one or more doors may be provided on the center section 104,
As discussed, the paving wachine 10 preferably opens the doors 135 to unload or release the paving
mix indo the mix enloading scetion 40, As shown in FIGS. 7 and 14-13, the portable paving mix
container 100 prefecably inclades the door control mechanism 137 connected to the doors 135, which
when tarned through the application of torque cause the doors 135 to slidably open and the paving
nux to be released from the portable paving mix container HX). Those of ordinary skill in the art will
appreciate that the present embodiment depicts one example of doors and that other arvangements are
within the scope of the prosent invention, including arrangements where the doors swing open rather
than stidably open, as shown and arrangements wherein the doors are opened separately.

As shown i FIG. 18, an intertor of a portable paving mix container HN) preferably mcludes a
paving mix diversion section 130 that diverts paving material to the doors 135, As shown, the paving

mix diversion section 150 may be located in the conter section 104 of the portalde paving mix
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containers 1 and positioned between the doors 133, As shown, the diversion section 150 preferably
includes include sloped walls 151 that extend dowsnward towards the doars 135,

According to another aspect of the present embodiment, the portable paving mix contamer 100
is configured fo be self loaded by the paving machme 10, To assist in loadmg the portable paving mix
container 100, as shown in FIG. 12, the bottom 1002 of the portable paving mix container 100 niay
include a chamfer 131 positioned along the bottom 100¢ and rear 1004 of portable paving mix
container {04, The chamfer 131 ards the sclf loading of the portable paving mix container 1) onto
the container loading conveyor section 30, which may be slid or positioned under the chamfered edge
131 and then the bottors 100a of the portable paving mix container.

As shown i FIGS RA, 8B, and 17, the bottom 106e of the portable paving mix container may
also include a pleratity of protrustons or depressions 133 that mate with the respective depressions or
protrusions 33 on the belt or chabn drive 32 of the container loading conveyor section 30 during self
loading. As shown, plurality of protrusions or depressions 133 nay extend hnearly along opposing
edges of the bottony 1080a and in the case of protrasions support the collapsible portable paving mix
container. In a preforred arrangement the plurality of protrusions 133 would be recessed or flush
relative to helow the center section 104, which mayv function as the privoary support surface m order 1o
evenly distribute the weight of the portable paving mix container 1) and its contents. However,
those of ordinary skilf in the art will appreciate that it in embodiments wherein the protrasions 133 are
flush that the protresions 133 may function (o partially support the portable paving mix container {00
and its contents as well.

Turning now to FIG. 13, the extentor surface of the portable paving nux contaiser 100 may be
provided with traffic control signals 150, As shown, the traffic control signals 155 are preferably
located on the rearward side of the portable paving mix container 100, The traffic control signals 153
are preferably in the form of a programmable clectronie display as shown, but may also, within the
scope of the present mvention, be any type of graphical signal, including one that is magnetically
affived or otherwise temporarily atfixed to the portable paving mix container 1)

As shown in FIG. 15, the portable paving mix container 100 may also mohude a radio
frequency dentification chip 160 andiéor a gps tracking device 170 to assist m precise posttioning and
tracking of the location and condition, for exanple, filled with paving matenal, cmptied of paving
nux, collapsed condition, expanded condition, of portable paving mix contaner 100,

Advantageously, the preferred portable paving nux container 100 constraction provides the
benefit of a space-saving collapsible design and an integrated traffic controt system alleviating the
nced for additional costly equipment.  Additionally, embedded RFID tags i each portable paving mix
container 100 facilitate process control through proper positioning of full portable paving mix
coptainers 180 and providing traceability of the entire lav-down opevation. The mix inside the
preferred portable paving mix container 100 1s thas fully “six wall contained’ and is thereby thermally

insulated so that only negligible heat loss ocowrs during the transport and staging operation prior o
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use. In addition, and where thermal loss 1 not a concern, the apparatus offers sigmficant value in its
ability to prevent mechanical segregation during transportation and delivery of the mix to the paving
machine 10, The bottom 1043 includes discharge doors 135 which are opened when the preferved
portable paving nux container 100 s positioned at the hopperfconveyor 43 of the mix unloading
section 40, The preferred portable paving mix container bottom 1004, top 100b, and side walls 100e
and 1001 are designed to extend in 3 telescoping manner to expand o accept a full mix load and
collapse or contract when emptied to facilitate recovery.

During a paving operation, the paving machine 10 is configured with the forward and rear
ramped convevor sections 30, 50 in the deployed positions 30b, 50b and the tracks 20 deployed. The
foaded portable paving mix containers 100 are delivered to the paving location and arrayed to be
picked up the paving nwachine 10, According to the preferred embodiment, portable paving mix
contamers 100 may be delivered and positioned in conjunction with a GPS-coordimated placement
strategy, which will allow the fay-down process o be conducted in a now-stop fashion resulting in no
need for concern about mat imperfections resulting from idle screed setthing. Advantageously a
pharality of the portable paving mix containers 100 may be placed on a paving surface at spaced
mtervals, wherein the spaced intervals are dimensioned according to an amount of pavenient fornmed
by the paving mux of the portable paving mix containers 1}0a. Advantageously, in a preferred
arrangement, the spaced intervals may be dimensioned to precisely correspond to an amount
pavement formed by the paving nix of the portable paving mix containers 180

After the portable paving nmuix contaners 100 are placed along the paving surface, the paving
machine picks up a loaded portable paving mix container 110 on the front ramped conveyor section
30 and moves it to the container conveyor 43 of the mix unloading section 40, where the pux s
discharged from the portable paving mix container 1), The doors 125 may be opened
sinultancousty or the leading discharge door 135 mayv be opened fisst and thes as the portable paving
mix container 100 moves fally onto the container conveyor 43, the other door 135 may opon.

As the portable paving mix container 100 completes unloading, the paving machine 1) canses
the portable paviag mix containers H to compress to the collapsed state shown in FIG. 8.
Stmaltancously, another portalde paving mix container 100 may be picked ap by the front loading
conveyor section 3, and moved to mix unloading section 40 whereat the paving nux 15 unloaded.

When the first portable paving puix container 100 15 empty and the paving machine 10
completes the contraction/collapse operation, the convevor section 43 moves the collapsed portable
paving nix container 160 to the rear ramped conveyor section 50 1o be unloaded from the machine
for recovery and re-use. As the secoud portable paving mix container 100 continues to discharge its
load at the hopperfconveyer 43 and is collapsed, a third POD may be picked up by the front rapped
convevor seetion 30 and moved o position to discharge ifs mix load.

The abilitv to continvousty unlead mix from the portable paving mix containers 100 combined

with a hugh conveyorshopper 43 capacity may wn a preferred arrangement facilitate non-stop or

18



G

20

30

35

WO 2010/123917 PCT/US2010/031771

continpous paving operation. & wide shat convevor 43 may move the paving nux font the hopper
into the agger chamber. Vanable pitch and speed radial flights then may be provided on the auger 12
to extend the nux laterally to the selected paving width, just ahead of the high-density sereed 13,
which may also be width adjustable.

The operator may monitor and controls all paving functions from the control mterface 23, The
paving machine 10 may collect data from all operating systems for real-time local or remote process
control. The paving machine 10 may use this information fo commuanicate in veal thme with the
paving mix plant and any container 100 delivery velieles, which transport the containers 100 from the
plant to the jobstte. The control mterface 25 may include a heads up display that shows operating
parameters including forward speed, paving width, lay down thickness and wmore.

Turmng now to FIGS, 19 a feedback loop 204 according to one embodiment s shown, As
shown therein, pavement relative density readmgs may be monitored by appropriate sensors 201,

This stiffness measure or density readings may be obtained asing muliiple measuring technologies,
imclhuding, but not hmited to, accelerometers, nuclear densitometers, andfor non-nuclear electrical
mpedance monitors. These readings may be taken across the full paverment 300 width. The readings
may be displayed, stored, transmitied, and used as part of a feedback loop 200 for naaking real time
changes to the variable tamping screed, e 1o adjust the pressure or force exerted by the sereed 13 on
the paverment 300 in order to achieve a desired pavement deasity, By way of example and not
limitation, one or more electronics 202 may be provided that receive output signals from the seasors
201 and which mtonatically adjust the force 208 exerted by the screed 13 on the pavenient 300,
Alternatively or addibonally, the density readings may be shown on a display 203 and the operator
may make manual adjustments,

In addition to an extendable augers 12 for aniform distribution ahead of the high-density
sereed 13, as shown in FIGS. 20A and 208, the screed 13 may be provided with nudtiple sections,
including the center main screed {33 with pnimary and secondary extensions {3b and 13¢ on both left
and right sides of the main screed 13a. The main sereed section and all four extensions ave fitted with
high-deasity tampers 13 in their leading sections, and also incorporate high-frequency vibrators 16 in
their trasling sections. The tampers function to provide effective air void removal from the deeper
portion of the pavement section being placed; the vibrators are specialized for efficient removal of
voids nearer the pavensent serface and also assist with maximizing swface smoothness charvactenstics.
The man sereed 13a may be capable of being adjusted to provide cither positive or negative crown to
the pavement 300 surface and s infinitely adjustable for angle of attack. Each extension 13b 13e i
individually adjusted for slope as well as for angle of attack. The one or more electromes 202 or
operator may adjust stroke of the tampers 13 and frequency of the vibrators 16 i accordance with
measurements of pavement 300 stiffncss recorded under the main screed 132 and ender cach separate

extenston §3b and 13¢.
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{n addition to the stiffuess andfor density sensors 201, additional sensors 211 inclading, but
not iamited to, infrared and microwave sensors may continvously monitor pavement 3 sarface and
pavement 300 core temperatures; this data may be stored on the one or more electronics 202 along
with the stiffhess andfor density data for docsmentation of the paving process. Centimeter-fevel
gocuracy of the locations of the data is achieved may be tracked using a machine-based global
positioning system receiver that is ied to another GPS recerver positioned adjacent to the construction
activity, Operation of the paving machine 1 may be semi-astomatic onee the imitial adjostments
have been performed. The one or more electronies 202 adjusts the paver guidance systeny, s grade
and slope, the stroke of tampers and the frequency of the vibrators housed nside the main sereed 13
and any sereed extensions 10 a manner whereby manual intervention may not be requived and whereby
subseguent finishing by a roller may not be required to achieve proper compaction.

Advantageously, the preferred aspects of the paving machine 10 maximizes yield withowt
sacrificing quahty and greatdy nproves jobsute safety. Through the use of this methodology, the work
zone s greatly reduced n size thereby reducing traffic disruption and promoting safety. The portable
paving mix containers 1} may be equipped with traffic control signals 135 on the end walls 100c,
1004, which may melude a lighted arrow systom to indicate a safe passing divection for following
traffic and hazard markings.

Because the unit is fully OTR capable, no longer is thore a need for permitting overstzediover
weight cquipment. The ase of contimious portable paving mix contammers 100 catry, process, and
discharge promotes continuous operation and thereby eliminating mat imperfections such as screed
setthing and "tuck bamps’. With the preferred design of the paving machine 10, the machine and
process may be all “single man controlied” unlike today’s metheds which require multiple operator’s
ranging from paver operator, screed moen, dump man, MTV operator, equipment haal vehicle
operator, ete.

Furthermore, while it 15 within scope of the present embodiment for the paving machine 10 to
be powered vig ¢ conventional diesel or gasoline engine, the paving machine 10 may incorporate
many “green” technodogies. By way of example, power may be provided by integrated fael cells or
hvbrid electric technology. Use of fuel cells i particular may clininate noise and ensssions or fiumes
froum the enfire paving process.  Additionally, the paving nax may be quick curing and include an
organic binder. Furthermore, the use of reusable portable paving mix containers 100 also pernsits
large scale recyeling.

The detatied deseriptions of the above cmbodiments are nof exhaustive descriptions of all
embodiments contemplated by the mventors to be within the scope of the mvention.  Persons skilled
n the art will recognize that certnn elements of the above-desenibed embodiments may variously be
combined or climinated to oreate funther embodinents, and such further embodiments fall within the
scope amd teachings of the invention. It will also be apparent to those of ordinary skill in the ant that

the above-deseribed embodiments may be combmed in whole or i part to create additional
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embodiments within the scope and teachings of the invention. Thus, although specific embodiments
of, and examples for, the mvention are described herein for itustrative purposes, various equivalent
modifications are possible within the scope of the nvention, as those skilled in the relevant ant will
reCogize,

Farthermore, those of ordinary skill in the art will appreciate that while various preferred
aspects of the invention have been disclosed, that the present mvention is not so fimited. Rather, the

scope of the invention is deternuned from the appended clamms and equivalents thereof.

A
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FCLAIM:
I An integrated paving systom, comprising;
a portable paving mix container containing a paving mix for forming pavement;
a paving machine, where:
the portable paving nix container is Inaded onto the paving machine;
the paving maching wnloads the paving mix from the portable paving mix
containey; and

the paving machine distributes and compacts the paving mix on a paving

surface.
2. The infegrated paving svstem according to elaim 1, wherein the paving machine opens at least

one door on the portable paving mix contammer in order to unload the paving mux from the contamner.

3 The integrated paving system according to clam 1, wherein the paving machine further

COIMPTises:
oRe OF DIOES oonrveyer seotions that receive the portable paving mix container as the portable
paving mix container 1s loaded onto the paving machine and that unload the portable paving
mix confainer off the paving machine; and

a mix untoading section whercat paving mix from the portable comtaingr is undeaded.

4. The integrated paving system according to claim 3, wherein the one or more conveyor
sections mclude:
a container loading conveyor section that receives the portable paving mix container as it is
fvaded onto the paving maching,; and
a container offloading conveyvor section that offloads the portable paving mix contamer from

the paving machine.

125

The integrated paving system according to clam 3, wherein
the one of more convevor sgetions nchuds:
a container loading convevor section that receives the portable paving mix
container as #t is loaded onto the paving maching;
a container offloading convevor section that offfoads the portable paving mix
container from the paving maching; and
the mix unloading section 1s located between the container loading conveyor section

and the container offloading conveyor section.

&, The integrated paving system according to clamm 3, wherein;

23
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the one or more convevor sectioms mchude:
a container loading conveyor section that receives the portable paving mix
container as i is loaded onto the paving machme;
a container offleading conveyor scotion that offloads the portable paving mix
contginer from the paving machine;
the nix unloading section 1s located between the container foading conveyor section
and the container offloading convever section;
the container loading convevor section ransports the portable paving nux CoMainer o
the mix unloading section; and
the mix undoading section transports the portable paving mix container o the
contamner off loading section,

b

7. The integrated paving system according to claim 1, wherein the paving machine inchudes a

first drive arvangement that inchsdes road wheels for self transport at lnghway speeds and a second

drive arrangement that includes a track assembly for jobsite transportation during a paving operation.

5. The integrated paving system according to claim |, wherein the paving machine inchudes:
an augey for distribating the mix on a paving surface;
a sereed for compacting the mix on a paving surface;
a first drive arrangement that includes road wheels for self transport at highway
speeds;
a sceond drive arrangement that includes a track assembly for jobsite ransportation
during a paving operation; and
the track assembly, screed, and auger are lowered to place the track assembly in
contact with a ground surfaice and to position the screed and auger at a proper height

for a paving operation.

g, The integrated paving system according to clain 1, wherein the paving machine inclades:
an auger for distributing the mix on a paving surface;
a screed for compacting the mix on a paving sarface;
a first drive arrangement that inclodes road wheels for self transport at highway
speeds;
a second drive arrangemaent that includes a track assembly for jobsie transportation
during a paving operation; and
the track assembly, the soreed, and the auger are stimltancously lowered into position
to place the track assembly in contact with a ground serface and to position the screed

and auger at a proper beight for a paving operation.
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1, The integrated paving system according to claim 1, wherein the paving machine sclf loads the

portable paving mix container onto the paving machine.

11 The integrated paving system according to claim 1, wherein the paving machine self offloads

the portable paving mix container from the paving maching.

12. The integrated paving system according o claim 3, wherein the one of more conveyor

sections seif loads the portable paving mix container onto the paving machine.

13. The integrated paving system according to elaim 3, wherein the one or more convevor
sections includes a belt or chain drive that sclf loads the portable paving mix contaner oo the

paving machine,

14, The miegrated paving system according o claiio 3, wherein the one or more convevor
sections inchudes g belt or clain drive that self oifloads the portable paving mix confainer from the

paving machine.

15, The integrated paving system according to claim 4, wherein the container loading conveyor
section Is ramped so that it inclines upwards from a ground surface and s positionable ander the
portable paving mix container for self loading the portable paving mix container onto the paving

machine.

16, The integrated paving system according o claim 4, wherein the container offloading
conveyor section is ramped so that it dechnes downward from the paving machine to a ground surface

and self anloads the portable paving mix contaimer from the paving machine.

17 The integrated paving system according to clain 1, wherein one or more deors are provided
on a bottom of the portable paving mix container, wheretnt the one or more doors are opened to unload

the mix.

18, The mtegrated paving system according to claim {1, wherein the portable paving mix confainer

1s provided with a collapsed configuration and an expanded configuration.

24, The integrated paving svstem according to claim §, wherein the portable paving mix container

includes a radio frequency identification chip.

o
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21 The mtegrated paving system according to claim 1, wherein the portable paving mix container

includes a gps wacking device,

22 The integrated paving system according to claim 1, further comprising another portable
paving nux container wherein the paving machine is loaded with the portable paving mix container

and the another portable paving mix contamer sinnttancousty,

23, The integrated paving system according fo claim 4, fusther comprising another portable
paving mix container wherein the portable paving mix container is located on the contmuner loading

convevor section and the another portable paving nix container is focated on the nux unloading

secHOR,

24 A method for forming a pavement, comprising the steps oft
providing a portable paving mix container contaimng a paving nux for forming
pavement,
loading the portable paving sux container onto 3 paving machine;
unloading the paving mix from the portable paving mix container into a mix
antoading seetion of the paving maching;
offloading the portable paving mix container from the paving machine; and
using the paving machine to distribute and compact the paving mix on a paving
surface.

25, The method for forming a pavement according to claim 24, wherein the step of unloading the

paving mix from the portable paving mix container includes the step of using the paving maching to
open at least one door on the portable paving nux contamer in order to release the paving nux from

the container,

26. The methed for forming a pavement according fo claim 24, wherein the paving machine
further comprises one or more conveyor sections that receive the portable paving nux container as the

portable paving mix container 18 loaded onto the paving machine and that offload the portable paving

nux container off the paving machine.

27. The method for forming a pavement according to claim 26, wherein the one or more conveyor
sections include a container loading conmveyor section that receives the portable paving mix confainer
as it is loaded onto the paving machine and a container offloading conveyor section that offloads the

portable paving pux comtainer from the paving machine.

26
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28, The method for forming a pavement according to claim 26, wheren:
the one or more conveyor sections mclude:
a container loading conveyor section that recerves the portable paving mix
container as it is loaded onto the paving machine;
a container offloading conveyor section that offloads the portable paving mix
container from the paving machine; and
the mix unloading section is located between the container loading conveyar section

and the contmner offfoading conveyor section.

29, The methed for forming a pavement according to claim 26, wherein:

the one or more conveyor sections include:
a container loading conveyor section that receives the portable paving nux
container as it is loaded onto the paving machine;
3 container offloading convevor section that offloads the portable paving nux
container from the paving machine;

the mix unloading section 1s located hetween the container loading convevor section

and the comainer offloading conveyor section;

the method further comprising the steps of!
using the container loading conveyor section o transport the portable paviag
mix container to the mix anloading section; and
using the mix unloading section to transport the portable paving nux

container to the container off loading section.

30, The method for fornung a pavement according to clamm 24, further conprising the step of
using a fust drive arvangement that inclades road wheels for self transport of the paving machine at
highway speeds and a second drive arcangement that includes a track assembly for jobsite

transportation of the paving machine during a paving operation.

31 The method for forming a pavement according to claim 24, wherein the paving machine
imchudes:
an anger for distributing the nux on a paving surface;
a sereed for compacting the mix on a paving surface;
a first drive arvangement that includes road wheels for self transport at lnghway
speads;
a second drive arvangemsent that includes a track assembly for jobsite transportation

during a paving operation; and
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the method farther comprising the step oft
sgbsegusent to self transport at highway speeds, lowering the track assembly,
screed, and auger to place the track assembly in contact with a ground surface

and to position the screed and auger at a proper height for a paving operation.

32 The method for forming a pavement according to clatm 24, wherein the paving machine
ludes:
an avger for diswibuting the mix on a paving surface;
a sereed for compacting the mix on a paving swrface;
a fiest drive arrangement that inchades road wheels for self ransport at lnghway
specds;
a sceond drive arrangement that inchides a track assensbly for jobsife transportation
during a paving operation; and
the method further comprising the step of!
subsequent to scif ransport at highway speeds stmultancously lowering the track
asserably, the sereed, and the auger o place the track assermbly in contact with a
ground surface and to position the screed and auger at a proper beight for a paviag

operation.

33, The method for forming a pavement according fo claim 24, wherein the step of loading the
portable paving mix container onto the paving machine comprises the step of using the paving

machine to sclf load the portable paving mix container onto the paving machine.

34, The method for forming a pavement according to claim 24, wherein the step of offloadmg the
portable paving mix container from the paving machine comprises the step of using the paving

machine to self offload the portable paving mix coutainer from the paving machine.

35, The method for forming a pavement according to claim 26, wherein the step of loading the
portable paving mux container onto the paving machine comprises the step of using the one or more

comvevor sections to self toad the portable paving mix container onto the paving machine.

36, The method for forming a pavement according to claim 26, wherein:
the one or more conveyor seetions includes a belt or chain drive; and
the step of loading the portable paving mix container onto the paving machine
comprises the step of using the belt or chain drive to self load the portable paving mix

container onto the paving machine,
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37. The method for fornung a pavement according {o claim 26, wherein the one or more comveyor
sections includes a belt or chain drive that scif offloads the portable paving mix container from the

paving machine.

38 The methed for forming a pavement according to claim 27, whereti
the container loading conveyor section s ramped so that it mchaes gpwards from a
ground surface; and
the step of loading the portable paving mix container onto the paving machine
comprises the step of positioming the container foading conveyor section under the
portable paving mix container and using the container loading convevor section (©

self toad the portable paving mix container onto the paving machine.

39. The method for forming a pavement according to claim 27, wheretn:
the container offfoading conveyor section 1s ramped so that it declines downward
fronm the paviag machine o a ground surface; and
the step of offleading the portable paving mix container comprises the step of using
the container offloading conveyor section to self offioad the portable paving pux

container from the paving machine.

40, The method for forming a pavement accarding to claim 24, wherein:
one of more doors are provided on a bottom of the portable paving mix container; and
the step of unloading the paving mix from the portable paving mix container mncludes
the step of using the paving machine & open the ong ov more doors In order to release

the paving mix from the container.

41, The method for formung a pavement according to claim 24, wheremn:
the portable paving mix container is provided with a collapsed configuration and an
expanded configuration; and
further comprising the step of using the paving machine to collapse the portable

paving mix container.

42, The method for forming a pavement according to olaim 24, wherem the portable paving mix

container ncludes a radie frequency wentification chip,

43, The method for forming a pavement according o claim 24, wherein the portable paving mix
container inclades a gps tracking device.
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44. The method for fornung a pavement according to claam 24, further comprising the step of
loading the paving machine with the portable paving mix container and the another portable paving

mix contamer simultancously.

45, The methed for forming a pavement according to claim 24, wheretn the step of loading the
portable paving mix container onte the paving machme inclades the step of loading the portable
paving mix container on the comainer loading conveyor section while another poctable paving mix

container is located on the nux unloading section.

46, The wmethod for formung & pavement according to clm 24, wherein the step of unloading the
paving mix from the portable paving mux container mto 3 mix wnloading section of the paving
machimne includes the step of using the paving machine to unload the paving nux from the portable

paving nix container.

47, The method for forming 2 pavement according to clamn 24, further comprising the step of
placing 3 plurality of the portable paving mix containers on the paving surface at spaced infervals,
wherein the spaced intervals are dimensioned nccording to an amount of pavement formed by the
paving mix of the portable paving mix containers and wherein:
the step of loading the portable paving mix container onto the paving maching
ncludes the step of using the paving machine to self load the portable paving nux
contairiers onto the paving machiue; and
the step of offloading the portable paving mix container from the paving machine
includes the stop of using the paving maching to self offload the portable paving mix

containers from the paving machine.

48, The method for foruing a pavement according to clamm 24, further conprising the step of
placing a plurality of the portable paving mix containers on the paving swace at spaced intervals,
wherein the spaced mtervals are dimensioned to correspond o an amount pavement formed by the
paving mix of the portable paving mix comtainers and wheretn:
the step of loading the portable paving nux container onto the paving machine
includes the step of using the paving machine to self load the portable paving nux
containers onto the paving machine; and
the step of offloading the portable paving nux container from the paving machine
includes the step of using the paving machine to self offload the portable paving max

conttainers from the paving machine.

Lad
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49, The method for fornung a pavement according to claam 24, further comprising the step of
placing 2 plurality of the portable paving mix containers on the paving surtace at spaced atervals,
wherein the spaced miervals are dimensioned according to an amount of pavement formed by the
paving mix of the portable paving mix comtainers and wheren:
the paving machine includes a container loading convevor section provided with a
plarality of protrusions or depressions that mate with a plarality of respective
depressions or protrasions on a bottom of the plarality of portable paving nux
containers for purposes of self loading the portable paving mix containess onto the
paving machine; and
the step of offlpading the portable paving mix container from the paving machine
meludes the step of using the paving machine (o self offtoad the portable paving mix

containers from the paving machine.

50, The method for forming a pavement according to claim 24, further comprising the step of
placing 3 plurality of the portable paving mix containers on the paving surface at spaced infervals,
wheroin the spaced intervals are dimensioned to cotrespond o an antount pavement forned by the
paving mix of the portable paving mix containers and wherein:
the paving machine inclades a container loading conveyor section provided with a
phaality of protrusions or depressions that mate with a pluality of respective
depressions ot profrusions on a bottom of the plurality of portable paving mix
containers for purposes of self foading the portable paving mix containers onto the
paving machine; and
the step of offloading the portable paving mix comtainer from the paving machine
includes the stop of using the paving machine to sclf offload the portable paving mix

containers from the paving machine.

3 A device for fransporting paving nux, comprising:
a portable enclosed paving mix container mchuding a bottom provided with at least
onc door.

32 The device for transporting paving mix according to claim 51, wherein the portable enclosed

paving mix container imchudes 6 walls and s provided with a generally box shape.

53 The device for ransporting paving nux according to claim 51, wherein the portable enclosed

paving mix contatner is insudated.

Lad
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4. The device for transporting paving mix according to ckum 51, wherein a bottom of the portable

enclosed paving mix container inclades a chamfered edge.

35, The device for transporting paving mix according to clam 31, wherein the bottorm mcludes a

plurality of protrusions that support a collapsible portable paving mix container.

56. The device for transporting paving mix according to claim 51, wherein a bottom of the
portable enclosed paving mix container mclhudes a plurality of protrusions that extend hinearly along

opposing edges of the bottom and that support the collapsible portable paving muix container.

57, The device for fransporfing paving mix gecording to claim 51, whercin the bottom of the

artable enclosed paving mix confainer includes a plurality of depressions,
portable enclosed paving mix container inclades a plurality of depressions

58, The device for transporting paving mix according to claim 51, wherein the bottony of the
portable enclosed paving nux container includes a plurality of depressions that extend hnearly along
opposing cdges of the bottom,

38, The device for transporting paving mix according to clamm S1, wherein the portable paving

mix container includes a radio frequency identification chip.

60 The device for transporting paving mix according to claim 31, wheredn the portable paving

nux contamer meludes a gps tracking device.

61, The device for transporting paving mix according to claim 31, wherein an interior of the
portable paving mix contaner includes a sloped paving mix diversion that diverts paving material to

the at least one door.

62, A device for transporling paving mix, comprising:

A regsable collapsible portable paving mux container.

63, The device for transporting paving mix according to claim 62, wherein the reusable

cotlapsible portable paving mix contamer includes 6 walls and 1s provided with a generally box shape.

64. The device for transporting paving pux according to claim 62, wherein the reusable

collapsibie portable paving mix container is inselated.

Lad
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63, The device for transporting paving nix according to claim 62, wherein the reosable
collapsible portable paving nux container includes two end caps and a conter section that are

telescopically connected.

66, The device for transporting paving nux according fo clabm 62, wherein a bottore of the reusable

cotlapsible portable paving mix container includes a chamfered edge.

67. The device for ransporting paving mix according to clabm 62, wherein a bottom of the
reusible collapsible portable paving mix container includes a plurality of protrusions that support a

reusable collapsible portable paving mix container.

68, The device for transporting paving mix according to claim 62, wherein a bottom of the
reusable collapsible portable paving nux container includes a pluratity of protrusions that extend
linearly along opposing edges of the bottom and that support the reusable collapsible portable paving

mix container.

H, The device for transporting paving mix according to claim 62, whercin a bottom of the

reasable collapsible portable paving mix contaiper includes a plurality of depressions.

70. The device for transporting paving mix according to claim 62, wherein a bottom of the
reusable collapsible portable paving nux container includes a plurality of depressions that extend

Iinearly along opposing edges of the bottom.

71, The device for transporting paving mix according to claim 62, wherein the reusable

cotlapsible portable paving nux container includes a radic frequency identification clup.

72. The device for transpotting paving mix according to claim 62, wherein the reusable

collapsible portable paving nux contamer inclades a gps tracking deviee.

73. A device for transporting paving nux, comprising:
a collapsible portable paving mix contamer including a bottons provided with at least

ane doot,

74. The device for transporting paving pux according fo claim 73, wherein the collapsible

poriable paving mix container inchides 6 walls and is provided with a generally box shape.

Lad
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75, The device for transporting paving mix according to claim 73, wherein the collapsihle
portable paving mix containey is insulated,

76. The device for transporting paving mix according to clama 73, wherein the collapsible
portable paving pux container includes two end caps and a center section that ave elescopically

connected.

77. The device for ransporting paving mix according to clam 73, wherein the collapsible
portable paving mix container includes two ond caps and a center section that are telescopically

comnected and the at least one door 1s provided 1n at least one of the end caps.

78. The device for transporting paving mix according to claim 73, wherein the bottony of the

collapsible portable paving mix container includes a chamfored edge.

79, The device for transporting paving nux according to claim 73, wherein the bottom of the
collapsible portable paving mix container includes a phaality of protrusions that suppott a collapsible
portable paving mix container.

83, The device for transporting paving mix according to claim 73, wherein the bottom of the

collapsible portable paving mix contamner includes a phuality of protrusions that extend binearly along

opposing edges of the bottomn and that support the collapsible portable paving mix container,

&1, The device for transporting paving mix according to claim 73, wherein the botton of the

collapsible portable paving mix container includes a phaality of depressions.

82, The device for transporting paving bux according to claim 73, wherein the bottom of the
collapsible portable paving mix contamer includes a plorality of depressions that extend lincarly along

opposing edges of the bottom,

k3. The device for transporting paving mix according to claim 73, wheremn the collapsible

portable paving nux container inclades a radio frequency wdentification chip.

84, The device for transporting paving bux according to claim 73, wherein the collapsible

portable paving mix container includes a gps tracking device.
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53, The device for transporting paving oix according to clatm 73, wherein an interior of the
portable paving mix container mchydes a sloped paving mix diversion that diverts paving material to

the at least one door.

86. A machine for distributing and compacting paving mix on a paving surface, comprising:
a mix gnloading section;
an anger for distributing the mix on a paving surface;
a sereed for compacting the mix on a paving surface;
a first drive arrangement that includes road wheels for self transport at lughway
speeds: and
a second drive arrangement that includes a track assembly for jobsitc ransportation

during a paving operation.

&7, The machine for distributing and compacting paving oyx on a paving surface according to
claim 86, whercin the track assombly, scrced, and auger are provided with g first position and a
second position, wherein the first position is elevated relative o the sccond position aad the track
assembly, screed, and auger are lowered into the second position to place the track assembly m
contact with a ground surface and 1o position the screed and auger at a proper height for a paving

operation.

8. The mactine for distributing and compacting paving mix on a paving surface according to
claim 86, further comprising an operator’s control interface that is positioned towards the front of the
paving machine during sclf transport at highway speeds and towards the rear of the paving machine

for jobsite ransport dwing a paving operation.

89, A method for fornung a pavement with a paving machine that mcludes an auger for
distributing a paving mix on a paving surface and a screed for compacting the mix on the paving
sarface to form the pavement, comprising the steps of:

gsIng one or More sensors to monitor the density of the pavement as it is compacted

by the sereed and to provide outpot signals corresponding to the deasity; and

using the outpat signals to adjust the force exerted by the screed on the pavement as it

1s formed in order o achicve a desired pavement density.

9. The method for forming a pavement according to clam 89, wherein the paving machine
further comprises one or more electronics that receive the catput signals and awtomatically adjost the

foree exerted by the screed.
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9. The method for fornung a pavement according (o claim 89, wherein the paving machine

further comprises a display that shows the density readings,
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