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Abstract

Research at the Forest Products Laboratory (FPL) has
shown that reconstituted laminated railroad ties could
be fabricated fro-;- old tie material. The described
cooperative effort between the Federal Railroad Admin-
istration (FRA), the Forest Products Laboratory, and the
Potlatch Corporation was undertaken to determine the
feasibility of manufacturing ties in a pilot plant opera-
tion. Three and one-half tons of material was prepared
at the FPL and shipped to the pilot plant where suffi-
cient boards were made to fabricate eleven 7- x 9- x
96-Inch ties. Laboratory tests indicated that some of
the tie properties were 21 to 32 percent lower then ex-
pected. Reduced property values were attributed to In-
effective flake alinement and variability in the blending
and forming operations. Attainment of target design
properties is clearly dependent on the availability of
proper fabricating equipment.
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Introduction - . material. All layers were 60 lbft density (ovendry (OD)
mat basis) and contained 5 percent phenolic resin and 1

United States railroads replace over 20 million ties each percent wax. 4-..
year for maintenance purposes. Rising costs and en-
vironmental restrictions on disposal have created the After the successful completion of the laboratory exper-
Incentive to reconstitute new ties from the old ties. iments, the next product development stage leading up
Work at the Forest Products Laboratory (FPL) has to the eventual commercial manufacture of reconsti-
shown that, with proper technology, high density flake- tuted ties made from used ties Involved the preparation
boards made frogi old tie material may be laminated In- of a relatively large number of full-sized units for "in-
to new ties havig an epfective modulus of elasticity track" performance and durability testing. The logistics
(MOE) of 1.1x04 In.2 and an average bending of preparing material and manufacturing 300 full-size
strength of 4,500 lb/lin. (4)/These property levels are ties, which was the minimum number deemed
estimated to be equiv~lent to a red oak tie containing necessary to give meaningful trial results, was exces-
near maximum defects as permitted by AREA 645 Chap- sive for the facilities at the FPL. Consequently, pilot

"4 ter 3,('." plant facilities located at Lewiston, Idaho, which con-
[ taned the special flake alinement equipment necessary

I Design specifications of the laboratory-made ties called to make the outer laminations of the ties, were made Z
for the outer op face laminations to omprise 40 percent available by the Potlatch Corporation. A cooperative
of the total volume of the tlejk . -T. Face and core research effort, limited In scope to the fabrication o4 11
materials were obtained by separating 0.040-inch-thick ties, was arranged between FPL and Potlatch to deter-
by random width by 2-inch-long ring flakes on a 18-inch mine the feasibility of producing a larger quantity of
screen. The larger flakes were used for the face lamlna- reconstituted ties at the pilot plant. The work was
tions and were ailned In the long dimension of the tie. funded by the Federal Railroad Administration (FRA).
Core boards were formed using a random flake distribu- Conversion of the old ties first Into chips and then Into
tion with the remainder of the material which had been flakes was accomplished at the FPL. Subsequent pro-
screened on a 1/32-Inch screen to eliminate very fine cessing of these flakes Into boards and lamination of

the boards Into ties was completed at the Lewliton
plant. Performance tests on the finished product were
performed at the FPL.

'Maitntalined at Madison, Wis., In cooperation with the University of
wi~o~Ia. This report describes material preparation, manufactur-

Itailcind numbers in pwontheese refer to literature clted at end of ing procedures, and test results for 11 full-size ties
rewft. made at the Potlatch pilot plant, Lewiston, Idaho.



Figure 1.-Laminated reconstituted railroad tie
uses alined flakes In the face layers.

(1U151-103)

Material Preparation

Chipping and Flaking
All of the material, approximately 7,350 pounds (at 35
pct moisture content (MC), based on OD wood), used In
the trial was prepared at the FPL. Discarded red oak
ties were unloaded from railroad gondolas, manually
scraped to remove surface dirt, and cut Into 12-inch
blocks (figs. 2-4). The length of the block was limited by
the throat of the laboratory-size machine used to con- Figure 2.-Old railroad ties being unloaded at
vert the ties to chips. Numerous spikes and an occa- the Forest Products Laboratory.
sional rail plate were still attached to the ties. No at-
tempt was made to utilize the rail seat portion of the (1144284-7)
tie.

t~e-

1igur 3.-Tie were scaped to remoe exterior oontamlinatee. (U 014591 94)
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alvely submerging and removing the basket. This
method proved lo be only partially effective as evi-
denced in damage sustained by one set of knives used
to convert the chips into flakes. It is believed that a
vibrating-type washing conveyor, capable of separating

* " heavy material, would have been much more effective
In removing the stones. Flaking was done In a 36- inch-
diameter ring-type fiaker with knives set at 0.038 Inch.Drin

/ . Moisture content of the old ties varied considerably
both within and between ties, depending on their envi-
ronmental exposure history. The ties used In this study
contained approximately 15 percent MC in the outer

- .2-inch-thick shell and 25 percent MC in the inner core.
Washing the chips increased the overall MC. To manu-
facture fiakeboard at 60 b/ft

3 density, MC of the furnish
must be decreased initially to a level of 4 percent or
less.

Figure 4.-Stones and dirt remained imbedded in
12-inch-long blocks ready for chipping. Flakes were dried in a 4-foot-diameter rotary drum-type
(1145820-3) batch dryer capable of holding approximately 300

pounds (OD basis) of iraterial. In this dryer the majorityof the air is recycied past the steam coil heat ex-
Preliminary scraping and washing failed to remove all char In ryidg teeteas 210l h . e

of the grit and stones which were imbedded in deep changer. Initial drying temperature was 210* F. Thetemperature rose to 220 ° F as the MC of the flakes
splits and cracks in the ties (fig. 4). The knives in the tem re rs to 2c as he c fthe k
chipper, however, were not affected to a major degree decreased to 8 percent and had increased further to

2300 F when the flakes were removed at a moistureby the contaminant. This machine has a series ofby te cntamnan. Ths mchin ha a srie ofcontent of 4 percent. Creosote fume emission was very
2-1/2-inch-long knives staggered around and across the nteablerent frnish m e elow 8ery

noticeable when the furnish MC dropped below 8 per-
peripheral surface of a 40-inch-diameter rotating drum. cent, and increased when the material reached the
The heavy shock load produced on the wood block as higher temperatures.
each knife takes its cut may have helped to dislodge
the stones. The actual MC of the flakes is somewhat questionable
After the blocks had been cut to large maxi chips (fig. as the same creosote emissions occurring during dry-

5), the material was loaded into a mesh basket holding Ing also take place as the MC samples are reduced to

about 150 pounds and washed in a tank by succes- zero percent in the laboratory meter.

* -To determine the relationship between meter readings
and actual MC, creosote and water analysis tests were
made on material which had been dried to various
levels. To provide for greater uniformity in the test, a
quantity of flakes were hammermilled through a 1/8-inch
screen. Following conditioning at 90 percent relative
humidity (RH) and ambient temperature, approximately
18 percent MC, the material was dried In an oven at
205 "F. Moisture content samples were progressively
taken during the drying period along with representa-
tive samples to be analyzed for creosote and water. The
procedure was repeated with another batch of material
at a drying temperature of 260' F. With few exceptions,
the moisture meter indicated a level 1 percent lower
than that determined by the chemical analysis method
(fig. 6). This is the reverse of what Is expected and can
be attributed to the short 5-minute dwell time in the
meter. The results indicate, however, that the moisture
meter can be used to estimate MC within the normally
wide confidence limits established by variability within

Figure 5.-Large "maxir chips out from old railroad the material.

ties. Results of the creosote analysis were somewhat
1M148442.1) variable but confirmed that creosote emission does
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occur sooner at the higher drying temperatures (fig. 7). 20
Creosote content at the end of the drying period was
between 5 and 7 percent.-CEICAAALSS

~ ~ --- LAO dIETr
So-1 -

Following drying, the material was classified Into face,
core, and fines portions. Flakes retained on a 118-inch
screen were used to manufacture the surface lamina- k
tions of the tie, while that portion passing through the
118-Inch screen but retained on a 1132-inch screen was
used for the core boards. The fines passing the 5-

1132-Inch screen were discarded. Classification Is 260- F
OVEW TMW20shown in table 1. The screening segregated the material 0 OVEN rEP

into usable fractions very closely approaching the con- 0
struction design of 40/60 face-core ratio. Utilization of DI T/ME-MIAtTES

the tie plate sections, which contain 25 percent of the O o r n r oo- otNr ar
original tie volume, will be dependent on the develop- Figure 6.-Moisture content of creosoted railroad
ment of a primary chipping or crushing machine which tie particles as mmaure by a labora-tory moisture meter and a chemical
is not harmed by the presence of metal contaminates. analysis for creosote and water.
This type of primary breakdown will likely produce more (M151.104J
fines and change the ratio of available face and core
material.

Manufactudng Procedures

ibe furnish material was shipped in large plastic bags
to the Lewiston pilot plant for board fabrication. Blend- k

Ing of 5 percent liquid phenolic resin and I percent wax 4/0
was accomplished in a rotating drum continuous-type k
blender. The phenolic resin used in this trial was sup-
plied by a different company than that which was used a "
previously to manufacture laboratory boards (4). The , i

core material was formed by hand into 23- x 102-Inch 6 Z F

mats. Two of these mats were pressed at the same - ,
time. The face flakes were formed into 54- X 102-inch 4z,
mats using the in-plant forming machine and alining
equipment. Mats were trimmed to a 46-inch width prior V
"10 b"-' pressed. The oak ring-cut face flakes had a
bu* jonsity of 10.5 blft', much higher than the soft- 2-

wood disk flakes for which the alinement machine was
designed. This resulted in poor flake alinement which, _ __ ___ ___ __

as Indicated later, proved to be a factor in reducing tie Io 5 10 15 20 Z5 30
performance. The maximum board pressure obtained DRYIN rGi-MINUTS
with the press was 553 lb/in.2. This caused difficulty in Figure 7.-Effact of drying time and temperature on
obtaining controlled press closure with a 60 Iblft creosote content of railroad tie parti-
board. No thickness gage bars were used. A typical cles.
time/preesureltemperature relation occurring during the (M15110)
pressing cycle Is shown in figure 8. Pressure was
reduced to 100 Ib/in.' on the board after 7 minutes. Ini-
tial platen temperature was 3500 F. Centirilne core Tabe 1.-Clalflcation of railroad tie flakes
temperature reached a maximum of 2500 F at the end
of the cycle. Steam was turned off after 4.5 minutes Intn
and cold water was introduced Into the platens. Cooling Perlon of of
was necessary to prevent the 60 lb/ft$ boards from total uable
blowing when the press was opened, and required a
20.minute pres cycle. Loot in F 2

After pressing, the panels were cooled, cut into 9- x Face (+ iff.i Uden3) 3.9
1nch boards and sanded. Considerable thickness and

density variation existed within and between the panels. o ( + 11214. scream) 1.
This was due to nonuniform met formatlon, uneven Flie (-1=4n. rem) U -
press platens, Iank of gage bas, and cooling the press
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All 11 ties were tested nondestructivelly for bending
stiffness In accordance with ASTM D 19847 (2) using
third point loading on a 90-inch span. Five of the ties
were tested to destruction to determine modulus of nip
ture. Pieces of the broken ties were tested to determine
the shear strength of the laminated glueline. Results

- - are presented In table 2. Modulus of elasticity of the
S-ra 07M MA fAYSfistsee ties shown In table 2 (approximately 40 pt't

Ce ~ ~ ~ -face layers) averaged 889x 103 lbiln.l.
PM~SS -WS

The effective MOE (E5') of a three-layer composite can
Figure &.-press cycle used to reconstitute be predicted from the foliowing equation:

60pound per cubic toot flake boards
from old railroad tie material showing
the variablea of centerline "care" tern- E' (1) (t
perature and board pressure.dd

where Ef - MOE of the face layers-ibfin.-
(AU 15-106)Ec - MOE of the core layer-lblin.2

t- Core layer thickness- Inches
8 Total thickness- Inches

from one end. Each board was sanded to a maximum
thickness which permitted removai of within panel For a section 7 Inches thick having 60 percent of ItsIvariations. The boards were then matched In such a thickness In core material, equation (1) reduces to:
manner so as to provide a totai tie thickness of approxi-5-E.7)+E(2)()
mately 7 Inches. Seven ties had face layers which ap-c
proached the target thickness of 40 percent while the Figure 9 shows different levels of effective MOE (E') for
remaining four ties had face iayers of approximately 26 various combinations of Ef and Ec. Nondestructive test-
percent. The boards were laminated Into finished ties Ing of the Indivdual panels prior to their being lamI- [using a 00-pound per thousand square foot single nated Into ties showed that core panel MOE averagedglueline of cold-set catalyzed phenol-resorcinol resin. 636 x W' ltlin.2 and face panel MOE averaged 8.78 x

Ties were pressed In a cold press overnight. 103 lblin.2. The theoretical effective MOE of a 7-Inofi-

Tabl 2-Propertles of pilet pamnt manUfactured recnstituted lamninated railway t~es

Ti ume me l .~f Modulus Modulus sisnel
N06 Of1" fw idltes or"" Ofeeot ofpsu

in. K W Lbfin.

2-4 4 41.5 Los 1.031 $34

334 41.5 6.6 1.046 574 2110m

11-11 4 40 ?a0 1.025 M--

1-2 4 30 710 1163 M--
148 2 25. 6.31.6 741 2330 717

2-1 2 n 7?6 LM0W - -

2.3 2 n 711 1IAN 716 9

24 2 n 7,01 1114 716 a~

AWrq of 12 -- fIpe



initial 7-inch thickness after six cycles. Ties made In
the pilot plant swelled as much as 35 percent after the
first soaking. Thickness Increased in the same samples
to as much as 64 percent after the first drying and 77
percent after the second soaking. Delamination pre-

Rh 1vented continuation of the test (fig. 10). Adverse reac-
Ition of the ties to this cyclic test indicates poor bond-
d)tJ--,-- --- =- -- ing and can be attributed to either a difference in the

Wresin type used, insufficient resin cure, or inefficient
t resin application.

Conclusions

0 02- 0.4 0.6 0 z 1z 14 16 Processing of the tie plate section (amounting to 25
E.. NAOUWWS OF ELASTICITY OF CORE LANINATIOS (106 M/ percent of a railway tie) will necessitate development of

equipment capable of handling metal contaminates. No
Figure 9. -The effective mooulus ot elasticity (E ') major difficulties should be encountered in preparing

of laminated crosstles Is dependent on flakes from the remainder of the tie provided great care
the elastic modull of outer and inner is used in cleaning and washing the furnish of which 10
laminations. percent is lost in processing. The remaining usable por-

(M#151-107) tion can be sorted on a 1/8-inch screen to produce the
40/60 percent face-core ratio used in the present tie
design.

thick tie with 60 percent of Its total thickness In core

material and having face and core properties as defined Creosote fume emission occurs when flakes are dried
above is 825 x 103 Iblln.' (see dashed line, fig. 9). below 8 percent MC. Fume emission increases at dry-

ing temperatures above 2050 F. Commercially available
The reason for the low effective MOE's of the ties as moisture meters can be used to approximate the MC of
compared to the design value of 1,100 x 103 lb/In.2 is creosoted flakes to within 2 percent of actual MC.
attributed to the relatively low MOE of the face layers
caused by poor flake alinement. In order to attain the Chemical analysis to determine the extent of creosote
target MOE of 1,100 x 10' lb/in. with core material hay- reflects the initial variable distribution of the creosote
ing the properties defined above, the face layer MOE In the furnish. Creosote retention after drying of the
must be increased to approximately 1,230 x 103 (fig. 9).

Three of the ties having face layers approximating the
40 percent design thickness were tested to destruction.
Modulus of rupture averaged 3,043 IlbIn.' or 68 percent
of the target value. One of the ties failed in interlaminar
shear. Failure occurred in the board stratum, not in the
laminate glueline, and indicates either low density or
poor flake bonding.

Gluellne shear tests were conducted In accordance
with ASTM D 1037-72 procedures (3). Average values
are equal to or better than the same property as mea-
sured previously on laboratory-made ties (table 2).

Dimensional Stability
Due to the size and nature of the product, normal
dimensional stability tests were not applicable. Sec-
tions of ties 7 x 9 x 12 Inches were exposed to a
cyclic test consisting of 1/2 hour vacuum under water
(25 In. Hg), 1 hour pressure under water (60 lbiln.'), 112
hour vacuum under water and 21 hours pressure under
water. After measuring the swelling, the samples were
dried at 2400 F until they reached Initial weight (approx-
imately 46 hours). This procedure was repeated six Figure 10.-Thickness swelling during a cyclic vee-

uum-pressure-soak1drylng treatmenttinme. Ties made previously In the laeortory swelled cuusd delemination of the samples.
approximately 19 percent during the first cycle and
reahed a final thickness of 38 to 40 percent above the (Mf47&07-10)



flakes to 4 percent MC averaged 6 percent In this trial Literature Cited
and Is in line with the previous work showing a 10 per-
cent creosote content in the outer shell and 5.5 percent 1. American Railway Engineering Association.
creosote in the Inner core of the old ties. 1974. Ties and wood preservation. AREA Bull.

75(645):379-464. AREA, 59 East Van Buren St.,
Bending stiffness and strengths of the pilot plant ties Chicago, III. 60605.
were 21 and 32 percent lower, respectively, than those
same properties of laboratory-made ties. Lower bending
properties are attributed primarily to poor flake aline- 2. American Society for Testing and Materials.
ment but may also have been affected by inefficient 1967. Standard methods of static tests of timbers
glue distribution and variability in mat density. Glueline in structural sizes. ASTM D 198-67, Philadelphia,
shear strengths were comparable to those ties lami- Pa.
nated In the laboratory. Specimens failed to withstan '(
two cycles of a vacuum-pressure-soak drying cycle, in- American Society for Testing and Materials.

dicating the need for improvement in adhesive 1972. Standard methods of evaluating the properties
application, of wood-base fiber and particle panel materials.

ASTM D 1037-72, Philadelphia, Pa.
The trial indicates the feasibility of producing new re-

constituted railway ties from old ties. Attainment of pre-
sent target design properties on a commercial scale, 4. Heebink, B. G., M. J. Superfesky, R. L. Geimer, and J.
however, is clearly dependent on the availability of Chern.
equipment and processes capable of providing uniform 1977. Recycling the wood crosstie: Researchers
adhesive distribution, uniform mat density, and an ade- develop and test laminated particle tie. Railway
quate level of flake alinement. Tract and Structures 73(7):26-31, July.
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Feasibility of Producing Reconstituted Railroad
Ties on a Commercial Scale, by Robert L. Geimer,
Madison, Wis., FPL 1982.
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Research has shown that reconstituted laminated
railroad ties could be fabricated from old tie material.
This report describes the material preparation, manu-
facturing procedures, and test results for 11 full-
size ties made at a pilot plant.
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