JULYAUGUST 1890

GEOTECHNICAL
_

..*:_‘ &

o

+4th INTERNATIONAL
{GCONFERENCE REVIEW - 24

Py

: - Market Report « 6
_ Geogrid & Tmher
-Retaining Sysmm &g — 1

- Pavement Fabric
Installation —
Overview « 16




FABRICSREFORT

(EC-SLE RN dguigl D SIDEYNEEDITICE

Publisher
STEFHEN M, WARNER

Director of Publications
ROGER BARE

Editor
DAMETTE R. FETTIG

Production Manager
PECG BENNETT

Publications Assistant
AMY SCHILTGEN

Advertising Sales Manager
PAIGE BEUTELSPACHER

Circulation Manager
REA JAEGER

Circulation Assistant
KIM KULHAMNEK

International
Technical Advisory
Committes

William A pacw Trapper Munmg Inc.
Mark Codweallader Crarnlle

Limisgg Svarerms, lne.
Ruchand W, Camiles Anispo [Falsnics Do
Rishert Carrodl, e, The Temsar Coep
Barry Chrnlogphes Fodylelr e
Rusdoall Flims Toshraachs

Univirucdt Manchsn
Boveph E. Flact, M o, e
Rosrakd & Frofgl Cnaveltant
Theamae . Kinncy LUlpiverity of Alika
Hiohori M, Koo Dvgacl Ulsiveraly
Hiohori | ssdecih EPA, T ivnati
Pauld &, Mellicr Coep. of Enincers
Rean-bane Rigs Stale Waiveriy of Litge
Heirmch Schnreder Bidami

Gyl rigue 5 A,
C, Jocll Spragus Mokt s
Dravid Soits Hew Yok DRIT

patehakoal Fabain Weport® (1558 (EP 4900} i
ol rubaind e iwrifily wunrps moadily s Mot wel
[ Fat Wy mhe Indssaral Febrey A [E
twwal, M Codar 51, Sesc 800, 51, Pl Msssrsls
TR0 U5 A Tobnplsoe, 613530 32008, Fau 6] 2212
13 ool ches posisge pasll o 36, Feel Mefdrials
sl skl olfice (USFS @AW Regiakived with
N5 Paieni wad Trade Mark ofilice

Susmes of Lk sl opesoe we sy of et
pomaibalimy of e mwibew abivel, el e mol imply
opurssa o GFR, s oyl vy rdi
o, of b ioie

rosbrchmicnl Fabrbis Riparn® mundi ta right o
el aey el ol alotiaig e declasms d repon
tmlwy for plpen made by afvrmsaen

Copryreghl 6 19560 by tha Inchsnsmial Faleracy Ansocusiem
Imicrpaimeiall Slaierudi ey sl by rcprotennd sotho
wrvbra primnses

Rabarrigranss por wrar; LUSA, Consde . Sbeuss 350 i
e Comatarins. 542,

Elom bradus. aar il posLinge
Pretvaua 1 Fieser w0 sddress o Supes i il il 2l
Falirics Bapert®, 35 Coler 50 Seise 800, 51, Posl,
I S5 100, UE &

Thn mum oonigen skl e os 84 & B ITA
& B MAEH BALR

EDITORIAL

The Industry’s Forum

ewly elected President of the International Geotextile

Society, R. Kerry Rowe, challenges the industry (see page

30), to disseminate knowledge concerning the benefit and

comect use of geosynthetics in a broader range of potential
USCS,
Geotechnical Fabrics Report is doing its part in meeting this
challenge. We keep our readers informed on their colleagues™ vse of
geosynthetics to solve complex engineering problems in roads,
reservoirs, dams, erosion control projects, wasie containment and
odher uses. Our readers also look to us for the latest in government
and industry regulations.

This is not as easy as it sounds. Though edited mainly for civil
engineers, GFR is read by all members of the vertical geosynthetic
industry. The view people take toward an article in the magazine
usually reflects their link in the industry chain.

Reporting the needs or views of one segment may indirectly call
another segment 1o task. In the shor un, we get some urgent and
sharply worded letters from those industry members with differing
points of view. In the long run this benefits the entire industry,
because all points of view are put out on the table for discussion
and, hopefully, resolution.

In addition to serving as an educational tool, GFR should serve
as a forum for presenting different views to benefit all levels of the
geosynthetic industry.

Case in poinl: Whal ternperature should oil be before pavement
fabric is laid into 6?7 On page 16, Moungue Barazone, pavemsent
fabric installation equipment manufacturer, discusses the cvolution
of pavement fabrics in the past 20 years. He cites some oil
ternperatures that may be controversial among other segments of the
industry. Specifications incorporating these temperatures are
currently being developed. Is this the way to the future? Should it
be?

Your comments and letters to the editor are welcome.

e
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BY MOURCUE BARAZONE

Paving Fabric Interlayer
Membranes and Installation
Procedures Over the

Past 20 Years

Figura 1; The use of paving fabrics in asphalt concrete overlay systems is far more established than it was 20

years ago.

systems since the late 19%60s as a waterproofing mem-

Pm.-ing fabric has been used in asphalt concrete overlay
brane and to redisee andlor delay reflective cracking

{Figure 1). Most recently, paving fabric has been tried with

chip and slurry seals. Performance results of extensive ficld
trials throughout the United States from the late 19705 and
80s have varied from poor to excellent. The majority of
failures are either from very early experiments prior o the
development of proper installation procedures, or from at-
tempts to reduce transverse (thermal strain) cracking.

As a manufacturer, former installer and patent holder of
installation cquipment for paving fabrics, the author has
collected volumes of research materials and bases his knowl-
edge on field experience. The knowledge contained in this
paper is 1o assist field engineers and other installers, and
give perspective on specifications and installation proce-
dures to specifiers of paving fabrics,

Installation of paving fabrics is far more established than
it was 20 years ago, because of specification guidelines
produced by numerous organizations. But it is by no means
a closed science in the respect that everything has been
learncd and individuals in all levels of the indusiry agree
on all points, Quite the contrary 15 true. The author has scen
specifications for paving fabric installation take some sur-
prising tums in the past year, a trend that will continue.

Manvy states have published volumes of repors with the
Federal Highway Administration (FHWA) since 1973, about
the installation and performance of pavement fabrics under
different climatic conditions. Most of these repons conclede
that Fabic is an exceptional water proofing (oF perhaps mone
precisely water resistant) membrane. significantly reduces
reflective cracking over alligatored pavements, and can re-
duce the thickness of the asphalt wearing course, depending
wpon deflection and traffic index calculations. Reports on
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test sections and laboratory experiments show excellent per-
formance in mild climates and debatable improvement in
cold climates, Temperature ranges were in excess of 104°F
{40°C), and as low as -30°F (-86°C). [2.7,9,13,14,15]

The concepl in using paving fabrics is o bond the new
asphall to the old asphalt through a membrane system. The
system consists of a bituminous oil (tack coat), which is of
sufficient quantity to impregnate the fabric while penetrating
the old and new asphalt forming one integral, Mexible struc-
tural system with a membrane in bedween,

Various names have been given to the fabric used in
these membrane systems, the most commaon being pavement
reinforcement fabric. This is, in reality, imprecise fermi-
nology. Smith showed in lsboratory testing that a fabric
interlayer is not a significant tensile reinfoscing clement in
an asphalt conerete (AC) pavement. [18] Reinforcement is
obtained from high modulus materials. Noawoven fabrics
are low modulus materials, which permits them to remain
flexible within an asphalt system. The prefermed terminology
is changing to pavement fabric membrane interlayer, aften
shomened to paving fabric, since little or no reinforcement
is derived from the fabric.

Test Findings

Findings from three California Depariment of Transporta-
tion (Caltrans) reports by Predoehl [13,14,15] studied 24
test and control sections with 12 years of service. The reports
conclude ““AC overlays incorporating paving fabric inter-
tayers (PFI) had less alligator cracking that conventional
AL overlays that were up to 0,10 foot thicker™” and rec-
om nends that “*PFI be used to replace approximately . 10
foot (3.0 ¢m) of asphalt concrete where sdditional tensibe

and fAexural stiffress is nod required.”” This results in savings
as much a5 51.13 Yd® ($0.95 M*) over a thicker overlay.
[13] Thinner overlays may not benefit as much, It is noted
that the thickness cannot be reduced below the thickness
calculations for deflection based on traffic indexes and wheel
loads.

The repoms further conclude that **PFI appears 1o reduce
transverse cracking in thinner overlays (.20-. 400 J(6<cm-
12em) over distressed POC (portland concrete cemsenit)
pavemeént by approximately one transverse crack/100 fi.
afler cight years of service.'” [14] ““The data indicates that
PFl are o more effective in reducing fransverse cracking
(thermal sirain) than conventional AC overlays.”” Paving
fabric reduces alligator cracking bwt does ot work effec-
tively over large transverse or bongitudal cracks.

Figure 2: Fabric installation equ has been

ipment
maunted an tractors, fork lifts and skid loaders.

I ————— TR R R T e P e

“In & comparison of performances of AC overlays in-
corporating twelve different proprictary fabrics in 24 test
sections over distressed POC pavements, there were no sig-
nificant differences in cracking between any of the fabrics.™
[14] Fredoehl notes crack and seating (C&S) has been very
effective in retarding and/or reducing reflection cracking of
transverse jeints and cracks through AC overlays placed
over C&S PCC pavements. After five years of service, there
were no significant differences in cracking frequencies be-
tween C&S sections with or without PFIs. [15]

The data in these reporis will be included in an upcoming
Federal Highway Administration (FHWA) - Caltrans report,
currently under review and due to be pablished in late 19940,

Buiton and Epps (Texas Depariment of Transportation)
made observations similar 1o Predoehl’s, except where in-
stallation problems in wheelpaths from wninkles or overlaps
were noted. [4.5,7.8]

The Caltrans and Texas DOT reports conclude that plac-
ing fahnic prl:lpl:fl}l' 1% the rmwest i:npunam s.inglu: part in the
performance of therinterlayer system. That conclusion also
has been cobfirmed by the author’s field experience. Im-
properly placed fabric will reduce the long term benefit of
the membrane system, resulling in less waterproofing, as-
phalt stripping (peeling away of the asphalt from the fabric)
and cracks from head damage, at wrinkles, overlaps and in
wheel paths,

Placement of the fabric can be accomplished by hand
rolling the fabric and brooming it in place. This 15 time
consuming and requires an additional labor force to do the
brooming. Mumerous manufacturers market commercial fabrc
installation equipment (Figure 2). Some of the unis are
patented. The equipment has been mounted on tractors, the
backs of trucks, jeep pickups, fork lifs and skid loaders.

Different manufaciuners’ (ahrics have been wsed in test
sections over 15 years with various installation problems
abserved when non-heatbonded and dual-sided heathonded
fabrics were used, Recently, fabric specifications have been
changing due 1o these insiallation problems.

Calirans’ revised 1989 paving fabric specifications per-
mil only nonwoven, necdlepunched, heatbomded on at least
ane side fabrics. This specification revision came about afier
10 years of ficld installation eévaluation on the three man-
ufacturing processes for nonwoven fabrics: heatbonded both
sides, needlepunched and heatbonded on one side, and nee-
dlepunched, non-heatbonded. Woven fabrics were found o
be incffective since they had no interior plane to hold bi-
tuminous oils to form a membrane.

Dual-sided heatbonded fabrics were difficult to place

Fhm&l'hﬁhﬁllﬁﬂﬁlﬂlﬂlhﬂlﬂdmﬂﬂlm.ﬂ
the fabric is installed upside down, delamination and

fuzzing may occur.
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smoothly, the wrinkles and folds transverses the full width
of the fabric, Limited oil absorption due 1o their thinness
caused excessve oil bleed through the Tabric. Ol god on
the equipment, trucks and workers, This posed health, in-
stallation and sccident hazards.

Mon-heathonded Tabrics had delamination and fuzzing
problems during installation {Figure 3). The fubric stuck 1o
the oil, on the tires of the equipment, and shoes of the
workers, The fabric was womn away inthe equipment wheel-
paths, damaging the fabric membrane integrity. In some
casex, the Fabric was completely worn through o the old
pavement, rendering the fabric membrane useless. Texas
[T and Los Angeles County DOT Materials and Con-
struction Division reports mention similar delamination and
fuzgz problems with non-heatbonded fabrics. [5,7.8.200

Single-sided, heatbonded, needicbunched fabrics have
ot experienced the delamination, severe wrinkling or heavy
oil bleed through problems during ¢construction. The fabric
is placed with the fuzzy side next to the asphalt oil on the
old pavement surface and the heatbonded side up 1o the
tralfic and new asphalt. Button and Epps state ““the fuzzy
side provides reinforcement al the imerface and a greater
effective surface arca of the fabric which offers betler ad-
hesive and shear strength.”” [3,4.5.7.8] Dual-sided heat-
bonded fabrics have no fuzey side and are prone 1o slippage
problems, shifting of the asphalt under load causing, crack-
ing problems.

Care must be exercised 10 make sure the hembonded
side is placed on the wp. If the fabric is installed upside
down, fuzzy side up, delamination and fuzzing will take
place.

The gquantity and temperature of the oil during construc-
thon is very important in the final membrane system. Various
fabrics will absorb different amounts of oil, depending upon
weight and thickness. A typical 50 mil, 4 ounce/yd® {1.270
mm, 113 givd®, 140gM*) will absorb .20 gal. of oil'yd®
(0.9 liters/M?), An additional .05 gal/yd® (.02 liters/M?) of
oil must be included for penetration into the old and new
asphall. Too much oil will bleed through the new asphalt,
while too littde oil will fail wo compbese the boad. The proper
quantity of oil is based on the thickness and weight of the
fabric and the condition of the old asphalt, There are dif-
ferent test methods o determine the asphalt retention of
fabric. Currently Caltrans wses the values shown in Table |
fior various thicknesses of fabric, based on an equation de-
veloped by Smith. [18]

Bution and Epps developed the following eguation 1o
obtain pavement fabric oil quantities:

Od = 08 +/-Qc + (s
where

Qd = design tack quantity, galivd?

Qs = fabric asphalt saration content, gal/yd’

Q¢ = comection based on asphalt demand of the old
surface, gal/yd?

Table 1: Values for oil guantities in relation to
thickness of fabrics.

U.5. Measurements Metric
Thickness tity Thickness
it ) m {millimeters) mr
=50 25 =1 270 11
S50 a0 1.370-1.524 1.4
GO-70 a5 1.524-1.778 1.6
FO—80 A0 1.778-2.002 1.8
3090 A5 20%2-2.286 20
80100 5 2 2862 540 23

The (08 is an average value based on feld experience
for overlays with no fabric.

Current specifications are leading towands a Limited
specification in regards to thickness and weight, Los An-
peles County and Southern California Public Works As-
socution Materials Greenbook now limit thickness to be-
tween 30 and 50 mils (9-2.3 mm) and weight o between
3.5 anel 5 ouncesiyd® (99-142 gramsSydy, AASHTO-AGC-
ARTBA's Task Force 25 Test Method No, § has been de-
veloped o address both the asphalt retention and area change
iheat shrinkage} of paving fabrics.

Heat Shrinkage

The most serious shrinkage problems as observed in the
field by the author have occurred when the fabric is placed
into @ hot oil which exceeds the fabric shrinkage tempera-
mure, rather than the melt point. Texas, Los Angeles County
and Caltrans have abso documented shrinkage of polypro-
pylene fabrics when placed in hot oils over 250°F (121°C)
{Figures 4, 5). Heat from the asphalt 1o 300°F has been
lermted by polypropylens fabric. It is believed that the
impregnanted fabric is insulated by the ail allowing ®t o
withstand ihe asphalt’s higher lemperature. Polyester fabncs
have nod been prone o these problems since polyester’s
shrinkage and mebt points are higher.

Los Angeles County has completed laboratory testing
fabrics for heat shrinkage and damage due 1o heat exposure,
Mo problems were poted with fabrics at 290°F (115.5°C).
Shrinkage began at 250°F (121°C) and serious shrinkage
and damage occurred at 280°F (137.77°C). [11.12]

Los Angeles County recently developed a new specifi-
cation {as yet unpuhblished) for fabnc placement that e flects
these data. This specification also requires the we of a
surface temperature gun to delermine the appropriate oil
temperature for placing the fabric, or requires a delay be-
tween oil and fabeic placement. This specification is being
proposed o the Southemn California Greenbook Specifica-
tion Comminee.

Caltrans found over a 50 percent shrinkage in samples
soaked in ¥T5°F oil for 30 minates. [18] Texas DOT noted
shrinkage problems on some test sections [5,8], as did Los
Angeles County, [12]

Both hot asphalt cements and emulsions have been used
with success. Joseph Vicelja, retited Los Angeles County
construction and materials engineer, reported thal hod as-
phalt cement facilitates fabric placement, permuiiting faster
construction, amd has been the predominate choice by con-
tractors and agencies for this reason, [20] This may change
a5 new installation procedures 1ake effect, based on the
forthcoming Southem California Greenbook Specification.
112)

Vicelja recommends thal fabric placement should be
kept to ne more than two rolls abead of the paver. In the
event of an asphalt plant breakdown, or non-specification
asphalt. the fabric can be paved upon and not kefit to exposure
of traffic.

Rapid set emulsions work well in the membrane system,
but the emulsion must break completely before the fabric
is placed in the emulsion. Breaking is the term for the oil
seiting up, when evaporation of all moisture has taken place.
Runoff problems occur in the application of emulsions on
sloped and crowned roadways making the application rale
difficult to control. Under no circumstances can fabric be
placed in the emulsion until all water has evaporated from
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Figure & Rall core showa amount of Tabric shrinkage
cbserved in Los Angeles County.

the emulsion, Bunon and Epps reporved thal steam from the
water can create bubbles in the overlay, and Smith reported
that moislure can cause stnpping problems of the asphalt®
after a short period of time, [3,5,.7.5, 18]

Since a & ounce (113 gram) fabric abzorbs 20 gal'vd®
(.9 liers/ M) as a residual. cut back emualsion (oil and water
mixtwre) must be spread at a thicker rate. If a 30 percent
mixiuwne or cuiback is used, ihe spread rate must be 50 gall
yd* s that after evaporation there is a (25 galiyd®. Once
the oil has broken, the residual must be sufficient to saturate
the fabric, the old and new asphalt and make a bond. Button
and Epps found that petroleum based solvent cutbacks should
never be used as tack or o secure overlaps, They are dam-
aging to most synthetie fubrics. [3,5.6,7.8]

The overlay thickness rmust not be less than | 12 inches
(3.8lem; if installed wnder ideal climatic conditions, 70°F
(21°%C) or above, For temperatures between 50°F and T°F
(10°C-21%2), overlay thickness should not be less than 2
inches, [8,18.20] Overlays should not be atlemped with
temperatures bess that SOPF (10°C). The heat from the over-
"“.1-" draws the ol up Ilm,:u_gll the fabrc mak'tll_g a3 hond.
Smith found that **if sufficient residual e is not presem
to complete the bonding process, the results will be slippage,
stripping and eveniual overlay failure.” [7,10,18,19,20].
Rubber tire rolling of the fabric to seat it into the oil is one
installation method that has been used by many agencics
[5,8,18) Rolling the asphalt immediaely afier placement
helps to concentrate the heat amd supply pressure fo stam
the process of the ol moving up into and through the fabric.
[5.7.8]

Mumerous published repons, including Task Fosee 25
Guidelines for Pavement Fabric and Installstion, cawtion
that wrinkles and overdaps i the fabnc can cause cracks ig
the mew overay if not properly handled dunng the construc-
ton process. The author’s field experience suppons these
conclusions. Wnnkles taice the thickness of the labrec (or
I inch, depending upon the source) should be slit with a
kmife a1 the botom of the wrinkle amd laid Aa, Excess
overlaps a1 transverse joints should be removed. Owverlaps
and slit wrnkles should be shingled (laid on top of cach
other) in the direction of the paving. IT shingled in the wrong
direction, the paver is likely to lift or tear the fabric during
construction. The overlapped wrinkles and all joint overlaps
in the fabric should have additional oil placed to twice the
spread rate. The tack must be sufficient to safurate the two
lawers of fabric and make a bond. I this is not done, a slip

MMIESTELRAL Al FAESIES RO T

Figure 5 & specification developed by Los Angeles
County requires the use of a surface temperature gun
or & delay batwesn oil and labric placement.

plane will exist m each slit wrinkle or overlapped joint,
resulting in & crack and potential stripping of the asphalt
fromm the fabric. Overlaps should be no moge than & inches
on longiudinal joints, and 1 foot at transverse joints. When
paving mulhlane rogds whene the first lane is (o be paved
prior to placing fabric in the second lane, care must be taken
i beave a deinch overlap at the end of the asphalt, [7.5, 10, 15]

(e common insiallation |‘|r|.|h|-|,:|'n documented i the
literamre and observed by the author, 15 excessive oil bleed
through the fabric on hot days immediately afier placerment
The oil sticks on workers amd iruck tines, teaning or delam-
inating non-heatbonded fabrics and lifing, wrinkhing and
shifting all fabrics.

A popular practice at job sights has been for the engineer
ton cut back on the guantity of oil being placed. This should
not be done. If the quandity of oil is redweed so there is
msubleceent amount o complete the bonding process be-
tween old asphalt, fubnc and new asphalt, slippage and
sinpping will occur. Construction procedures such as hand
spreading of a light layer of asphalt on the wheelpaths prior
W egquipment moving ovier the [abric, is one way of pro-
tecting the labric.

Fabric in ¢old climates has not performed as well as in
mild climates. Referenced reports are split as o the benehit
derived in cold climates, alihough some reports indicate
marked improvements in test sections in cold climates with
emperunes as low as -W°F,

Donnelly reported five vears beter performance with an
averlay in Colorsdo on an interstatc beiween Eagle and
Dwrwed. [9] In an FHWA repon, Wyoming expericnced con-
siderubly less cracking in the fabric overlay than in ihe
control section with no fabric after one severe winter. Crack-
ing eventually evemned out in three years. [3] Calirans test
sections in the mountains have shown a delay in the crucking
of fabne overlays as compared 1o the non-fabric comtrol
sections, | 13] Texos reported significant improvement in the
asphalt with fabric after three winters. [5]

Serimscher found fabrics o be recyelable during Cal-
trams expenmental millmg research, |17] Cohesion values
for bolh the hot and cold recyele brguettes with fabric
exceeded the cobesion values of the comtrol mixes, The
fabric seemed 10 provide some tensile reinforcement to the
AC mix. The surface abrasion test results showed a signif-
icant improvement in the hot recycle brigueites and no det-
riment in the cold recycle briquemnes. Colorado reported
similar findings. [ 16]



Summary

In the past, paving fabric has been controversial as an ef-
fective material for asphalt overlays. It has 1aken nearly 20
years for agencies such as Caltrans and the Texas DOT 1o
evaluate Fabric performance. There is no question that fabric
improves the performance of overlays and will coninue o
grow in wolume of usage. The fact that paving fabric has
been found 1o be effective in test sections is largely due to
tightly controlled, proper installation procedures rigidly ad-
hered to for oil temperature, spread rate, fabric placement,
wrinkles and overlaps. To assure the contimecd excellent
performance record for paving fabnc the most imporiant
factor will be the enforcement af installation specihcations
and puidelines,

Conclusions
|. Paving fabric interlayer membrane systems have a 20
year trnck record of success in the Linoted Sttes m mald
climates, with debatable results in cold climates,

. Paving fabric provides an effective modsture barrier,

Paving fabric retards reflection of alligator cracking in

new AC overlays.

4. Paving fabnic 15 mod effechive in reducing Iransverse
(thermal strain) reflective cracking,

5. Paving fabric will lengthen the life of an equivalent
thickness overlay or permit the reduction by as much
as 0,10 foot (3.0 cm) of the new AC wearing course,
but not less than the deflection  calculations,

. Only nonwoven, nesdlepunched, heatbonded on one
side paving fabric should be specified.

Lrd Pud

. Both hot asphalt cements and emulsions are effective

in the membrane process as an oil,

. Thicker paving fabrics require monre odl. Thinner paving

10.

4

fabrics require less oil.

Paving fabric should not be placed into either an emul-
sion of a hot il until the emualsion or hot oil s set up
of cooled and is ready to accept the fabric.

Proger installation procedures are critical for optimum
perlormance.

Mechanized fabric placement is faster than hand place-
mend.

Minimum asphalt wearing course 15 1 172 inches - 2
inches (3.81em-5.08cm) in ideal paving temperatures,
and should be a minimum of 2 inches in less than ideal
femperaiures.

Paving fabrics are recyclable in bath hot and cold mill-
Ing processes,

Paving fabric can save or stretch available consiruction
dodlars.,
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WELD IT... TEST IT...

“WEDGE-IT” @
Hot WedgeWelder |

for seaming :
HDPE and PVC
Membranas

ey

Yiokaga 110% AG

Travel Rape §-16 f1./min

Weight 40 Ibs :

# Fast and easy sat-up -

* Solid one-piece frame reduces flax

* LECD temp. read-out visible even in direct sunlight

+ Patented wedge rack-and-pinion movermneant
eliminates slop -

* Simple pre-set pressure changes for different mil
thickness

IVIUNISCH - iners

L I AR s AND PIT LINERS .

TYPE U2 — 220 Volts oo hconained Unit

LED Digital
Tomp. Bsdout

ACCURA-LITE (9085 o,

et : - My,
I“'::l *:\'J“l'-{-

- e e WL i,

» Load Sensing Device wiLED
& 115 Wolls
& Waight 28 b (hestar anky)

w Aaded Capacity 500 lba.

# Crosabead Sircks 12.0 in

% Test Spaad 2.0 infmin

For more romeion call

1-B00-635-6683 or 1-916-622-27T91 FAK 1-916-62F-2T04
Ask shout our LEARE o OWM Program

[c] “We Weld the Warld"
COLUMBINE

IWNTERMATIONAL, Led.

Badl MERSHANT CIBCLE ? PLACERYILLE § CALIFORMNA 95867

Circila Neader Sarvice Mo 11
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