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Chilean Hardwood Crossties Mechanical Properties and Performance
Referred to:
(1) AREMA 2014 Manual Chapter 30, Section 3.1
(2) AREMA Crosstie Performance Matrix, Appendix 30-A-1

(3)REDEFE Manual and Los Durmientes De Madera En Los Ferrocarriles Del

Estado — Chile Essay

Class | Union Pacific Railroad Tracks, supported on AREMA Grade 7 Creosote Treated Wood Ties
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SECTION 3.1 TIMBER CROSS TIES1

3.1.1 SPECIFICATIONS FOR TIMBER CROSS TIES (2014)

NOTE: It is recommended for West Coast Species that West Coast Lumber Inspection Bureau (WCLIB)
Grading Rules apply and for Southern Yellow Pine species that Southern Pine Inspection Bureau

(SPIB) Grading Rules apply.

3.1.1.1 Material

3.1.1.1.1 Kinds of Wood2

Before manufacturing ties, producers shall ascertain which of the following kinds of wood suitable for Cross
ties will be accepted:

Ashes Elms Larches Poplars
Beech Firs (true) Locusts Redwoods
Birches Gums Maples Sassafras
Catalpas Hackberries Mulberries Spruces
Cherries Hemlocks Oaks Sycamores
Douglas fir Hickories Pines Walnuts

1 References, Vol. 75, 1974, p. 379; Vol. 85, 1984, p. 7; Vol. 88, 1987, p. 55; Vol. 94, p. 61.
2 Each railway will specify only the kind of wood it desires to use.

AREMA Manual for Railway Engineering 30-3-3
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30-A-3 Rail Fastening SYstems . . .. ..o .30-A-10
30-A-4 Environmental Properties . .. ... . 30-A-10
30-A-5 Definitions and Comments for Table 30-A-3: Rail Fastening System . ............... 30-A-11
Ties

CROSSTIE PERFORMANCE MATRIX

Section 30-A-1 Crosstie Performance Matrix of Chapter 30 is for information only and contains mechanical and
environmental properties of crossties and their fastening systems. This representative information is segregated
by the major tie types and includes concrete, wood, steel, and engineered composites.

Table 30-A-1 lists the mechanical properties of the tie. Table 30-A-3 contains mechanical properties of the tie
and fastening system. Table 30-A-4 lists the environmental properties of the tie. Table 30-A-1 and Table 30-A-3
are supported by definitions and comments describing the values and calculations contained in the respective
tables.

© 2014, American Railway Engineering and Maintenance-of-Way Association
AREMA Manual for Railway Engineering 30-A-1
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AREMA Manual For Railway Engineering
Chapter 30 Part 3
. .
Solid Sawn Timber
. .
Table 30-A-1. Mechanical Properties
]
Table 30-A-1. Mechanical Properties
C TIE TYPE
Concrete Wood Steel post
s::::’"" M | tramn | oom | N 1’;‘;‘ sYP | Sofwd | DF | Maintine
1 Dsmensions {m.)
Length 9102 96-108 2 m 102 {123 102 102 102-108
wirdth 1013 %1 175 875 875 875 875 875 1181
de; 60-10.0 S085 6.75 675 675 675 675 575 4654 T2
2 Volune’n’l 4080 2.75.4 25 149 348 345 339 349 349 (3610 434
3 Densaty, g mm’) 145-150 145-150 684 653 589 521 534 59.7 491 9
4 _Weight (ibs) 630775 S00650 238 227 205 216 186 208 176212
S Momens of Inertia {in )
rail seat 300550 250550 24 24 24 224 24 224 14851684
centar 200-300 113-25¢ 224 224 224 224 224 224 14.85-16 94
6 Sestion Modulus ()
RS+ 95-135 54-100 934-10.68
RS- 95-135 44100 486539
C. §5.85 42.75 o4 664 664 664 664 664 934-1068
C# 6090 4477 49539
7 Modulus of Elesticity (MOE) (10° ps)
+2F 4% 4% 2 1.2 095 149 167
140F 122 p- | 098 149 107
§ Modulus of Rupture (MOR) (ps1)
AOF Taien 2R % g - R
+7F 1,000 1,000 2392 2893 6830 105¢8 Tias
1407 Sy AR L per SR NARL
9 Rail Sem Compression Test (psi) 670 418 33 632 430
10 Matestal Surface Handneas Test Janka Ball !‘lh) {13] 690 587 565 371
11 Stahc Bersdang Strengzh (Inch kips)
RS~ 250-528 §5-325
RS- 1502483 39200
C- 190-300 110-230
Cs 140211 60170
12 - Suffness Lowd Deflection St 0165
13 C. Bending Fatigue Test
14 RS+ wfm Test
1§ Impact Reasstance {ft-fow)
16 Abrasion Resustance &
17 Single Tie Latera! Push Test (Ths) 3,500 3500 1,950
18 Freeze Thaw Test S 2 4 :
19 UV Resistance

==

Avaitabie, however values for tes paromater woulkd be neipld
0 lasie. Sata i Ol Avedabie 4] is of N agNEcATce B Darfrrance
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Chilean & US Forest Species Mechanical Properties Comparison

AREMA Manual Chapter 30, Solid Sawn Timber Ties Section 3.1., Article 3.1.1.1.1, included in page 2 above, presents a
list of recommended forest species, based on the successful experience of US railroads using them on a wide range of
traffic density (annual tonnage) and weather conditions.

Class I, Regional, Short Lines freight and passenger railroads, including transits, use a combination of the species listed in
Article 3.1.1.1.1.

Based on Crosstie Performance Matrix (AREMA 30 - A - 1), presented in page 5 above, these species have been grouped
according to their different mechanical performances (at real scale) as follows:

> Oak

» Northern Mix Hardwoods (N. Mix Hwd)

» Southern Mix Hardwood (S. Mix Hwd)

> Southern Yellow Pine (SYP)

> Softwood

> Douglas Fir (DF)
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The mechanical performance of a tie (at real scale) on each species group is presented in Table 30 - A- 1.

As it is shown in the tables and graphs in the following pages, the values of the mechanical properties of the Chilean Oak
(Nothofagus obliqua) and Chilean Beech (Nothofagus dombeyi), are above the average values of the US forest species
recommended in the AREMA Manual Table 30 - A -1 and Article 3.1.1.1.1. That condition applies for both real scale ties
and clear small specimens.

Mechanical properties values for US crossties and forest species in small clear specimens were obtained from AREMA
Manual Table 30 - A- 1 and from Wood Handbook N°72 (USDA, Forest Service, Forest Products Laboratory), respectively.

Mechanical properties values for Chilean crossties and forest species in small clear specimens were obtained from
Universidad de Santiago de Chile, Civil Engineer College, LIMUS Laboratory Report N° 2003 - 26 and Report N° 2004 - 58
and from Instituto de Investigacién Forestal, INFOR - CORFO, Manual N°13 de Célculo de Construcciones en Madera, 22
Edicion, 1990 (INFOR Wooden Buildings Calculus Manual No.13), respectively.

Chilean Oak (Nothofagus obliqua) and Chilean Beech (Nothofagus dombeyi) are included in the EFE, Chilean State
owned Railroad (Empresa de los Ferrocarriles del Estado de Chile), Crosstie Specification NT - 01 - 01 - 07 and both are, if
not the only ones, by far the most largely used forest species in crosstie production by Chilean private and State owned
freight and passenger railroads, including transits and subways (see Appendix Il).

Summarization

AREMA Chapter 30, Part 3, Solid Sawn Timber Ties, states that tie/sleeper density is the primary driver for considering
wood species to be used for track ties and that the ties/sleepers should have a similar density in order to perform in
track conditions. From the Hardwood Species Strength Mechanical Properties Graphed Data (small clear specimen’s
tests) and the Forest Species Mechanical Performance Graphed Data (at real scale), all these species show that they
have similar mechanical properties as recommended in the AREMA Manual of Railway Engineering.
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Hardwood Forest Species Strength Mechanical Properties (small clear specimens tests)

CHILEAN AND US HARDWOOD SPECIES MECHANICAL PROPERTIES

COMPRESSION COMPRESSION SHEAR JANKA STATIC BENDING STATIC BENDING
PERPENDICULAR PARALLEL PARALLEL TO GR. HARDENESS MODULUS OF MODULUS OF
COMMON BOTANICAL SPECIFIC DENSITY AT PROP. LIMIT MAX. CRASHING 5. MAX. SHEAR. STR ELASTICITY RUPTURE

COUNTRY NAME NAME GRAVITY Ibs/cu. ft. Psi psi psi LBS MM PSI Psi
CHILE CHILEAN BEECH Nothofagus dombeyi 0.604  37.710 1,308 6,442 1,792 1,082 1.50 11,035
CHILE CHILEAN OAK Nothofagus obligua 0.624  38.950 995 6,769 1,706 1,026 1.76 11,902
us SHAGBARK HICKORY  Carya ovaia 0720  44.950 1,760 9,210 2,430 2.16 20,200
us OAK WHITE Quercus alba 0.680  42.450 1,070 7,440 2,000 1,360 1.25 15,200
us BEECH AMERICAN Fagus grandifolia 0.640  39.950 1,010 7,300 2,010 1,300 1.72 14,900
us RED OAK Quercus rubra 0.630  39.320 1,010 6,760 1,780 1,290 1.82 14,300
us YELLOW BIRCH Betula allgheniensis 0.620  38.710 970 8,170 1,830 1,260 2.01 16,600
us ASH WHITE Fraxinus americana 0.600  37.400 1,160 7,410 1,910 1,320 1.74 15,000
us SYCAMORE AMERICAN Plantanus occidentalis 0.580  36.210 700 5,380 1,470 770 1.42 10,000

BLACK WALNUT Juglans nigra 0.550  34.340 1,010 7,580 1,370 1,010 1.68 14,600
us RED MAPLE Acerrubrum 0540  33.710 400 3,280 1,150 700 1.39 14,600
us HACKBERRY Celtis occidentalis 0.530  33.090 890 5,440 1,590 880 1.19 11,000
us SWEETGUM Liguidambar styraciflua 0520  32.460 620 6,320 1,600 850 1.64 12,500
us ELM AMERICAN Ubmus americana 0500 31210 690 5,520 1,510 830 1.34 11,800
us CHERRY BLACK Prunus serotina 0500 31210 690 7,112 1,700 950 1.49 12,328
us SASSAFRAS Sassafras albidium 0460  28.720 850 4,760 1,240 112 9,000

USDA, Agriculiure Handbook N°113. Wood Handbook : Wood As An Engineering Material. Supe 0f Do 3 on, 0).C. (1999).

Inslituto de Investigacion Foresial, INFOR - CORFO, GHILE. Manual De Caleulo De Construcciones en Madera, Manual N°13, 2° Edician (1990)
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Hardwood Forest Species Strength Mechanical Properties

(small clear specimen’s tests)

Graphs
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Compression Perpendicular

psi Compression perpendicular (at prop limt)

Shear Parallel

psi Shear parallel (max shear strt)
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Janka Hardness

Janka hardness
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Static Bending

psi Static Bending (MOR)

20500
20000
19500
19000
18500
18000
17500
17000
16500
16000
15500
15000
14500
14000
13500
13000
12500
12000
11500
11000
10500
10000

9500

G000

8300

8000

7300




(MAT:;ONES-IPI

>

ABC Tie Tech
International

Forest Species Crossties Mechanical Performance (at real scale)

CROSSTIE PHYSICAL 8 MECHANICAL PROPERTIES

EFE SPEC NT 01-01-07

Property AREMA CROSSTIE PERFORMAMNCE MATRIX - TABLE3D-A-1
LIMUS REPORTS
Hardwoods Southern Douglas
Crosstie Measuring Oak . . Yellow Pine | Softwoods Fir Chilean Chilean
. N. Mix Hwd | S. Mix Hwd
Features Units SYP DF Oak Beech
Size
Length inch 102 102 102 102 102 102 108 108
Width inch 8.75 8.75 8.75 B8.75 8.75 8.75 9.75 9.75
Heigh inch 6.75 b.75 6.75 b6.75 6.75 6.75 5.75 5.75
Volume Cubic Foot 3.49 3.49 3.49 3.49 3.49 3.49 3.50 3.50
Density Ibs [ Cft b8.27 b5.11 £8.80 61.96 53.35 59.60 67.35 69.35
Tie Weight Ibs 238 227 205 216 186 208 236 243
MOE 106 psi 1.22 1.28 0.95 1.49 1.07 1.60 1.20 1.02
MOR psi 8,392 8,893 6,810 10,508 7,144 9,299 8,002 7,504
Janka Hardness | Ibs 883 690 587 565 37 556 770 812
Pull Qut test
Cut spike Ibs 5,000 5,000 5,000 3,000 3,000 3,000 4,960 5,181
Screw spike | Ibs 6,600 6,600 6,600 5,000 5,000 5,000 8,819 9,021
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Forest Species Crossties Mechanical Performance (at real scale)

Graphs

o
Density
Density (lbs/Cuft) - Real Scale Tie
68.27 6735 69.35
£5.11 i
6196
58.80 55.66
| 53.35
White Dak M. Mix Hdw 5. Mix Hdw SYP Softwoods Douglas Fir Chilean Chilean
AREMA AREMA AREMA AREMA AREMA AREMA Oak Beech
MOE (Million psi)
1.60
149
1.28
1.22 1_20
1407
1.02
0.85 I
White Oak M. Mix Hdw 5. Mix Hdw SYP Softwoods Douglas Fir Chilean Chilean
AREMA AREMA AREMA AREMA AREMA AREMA Dak Beech
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MOR (psi)
10,508
9,299
8,893

8392 8,093

7,504
7,144
6,310
White Oak M. Mix Hdw 5. Mix Hdw SYP Softwoods Douglas Fir Chilean Chilean
AREMA AREMA AREMA AREMA AREMA AREMA Oak Beech
Janka Hardness
Janka Hardness (psi)
BE3
8l2
770
650
587 565 -
37l

White Oak M. Mix Hdw 5. Mix Hdw SYP Softwoods Douglas Fir Chilean Chilean
AREMA AREMA AREMA AREMA AREMA AREMA 0ak Beech
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Cut Spike Pull Out Resistance
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Cut Spike Pull Out Resistance (lbs)
5,181
5,000 5,000 5,000 4960
| | 3,000 3,000 3,000
White Oak M. Mix Hdw 5. Mix Hdw SYP Softwoods Douglas Fir Chilean Chilean
AREMA AREMA AREMA AREMA AREMA AREMA Dak Beech
Min. Value Min. Value  Min. Value Min. Value Min. Value Min. Value
Screw Spike Pull Out Resistance
Screw Spike Pull Out Resistance (lbs)
9,921
8,819
§,500 §,600 §,600
I I 5,000 5,000 5,000
White Oak M. Mix Hdw 5. Mix Hdw SYP Softwoods Douglas Fir Chilean Chilean
AREMA AREMA AREMA AREMA AREMA AREMA Oak Beech
Min. Value Min. Value  Min. Value Min. Value Min. Value Min. Value
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Track Performance of Chilean Oak and Beech Sleepers/Ties
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It has been documented that Chilean Oak and Beech sleepers/ties pressure treated with creosote-petroleum
preservative has a track service life performance of around 30 years. This service life performance is noted in
the REDEFE Manual and the essay, Los Durmientes De Madera En Los Ferrocarriles Del Estado — Chile, October
1995, authored by Armin Clasing O., Former Engineer of EFE state owned railroad.

REDEFE Manual

Design for Railway Infrastructure Projects Recommendations, Section7, Sleepers/Ties,

7.5.2.1 Wood Sleepers/Ties — Describes various characteristics, properties and performance of a 30 year on
track service life of Chilean Oak and Beech sleepers/ties. The REDEEFE Manual Section 7 is included for
reference, use and review.

Los Durmientes De Madera En Los Ferrocarriles Del Estado — Chile Essay

Mr. Armin Clasing, a Forestry Engineer, was in charge of fuel, tie supplies and storage for the state owned EFE
railroad for ten years and authored Los Durmientes De Madera En Los Ferrocarriles Del Estado — Chile. This
essay is a detailed document on sleeper/tie usage and performance on the state owned Chilean railroad.

On page 8, Article 12.4 states;

“12.4 — On-track tie durability. In Chile it has been widely demonstrated that the durability of an impregnated
tie is around 30 years" Mr. Clasing’s essay is included as a reference document.

EFE - Chilean Railways Corporation Tracks
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In Summary

ABC Tie Tech International and Mardones- BPB appreciate the opportunity to present the physical, mechanical
properties and track tie performance durability of the Chilean Oak, Beech and US Hardwood species to the
International Railway Industry. The referenced information sources indicate that all of these treated
hardwood cross ties physical, mechanical properties and performance are similar to each other as outlined
and graphed which is required to meet AREMA guidelines and recommendations. The REDEFE Manual and
Mr. Armin Clasing’s essay, Los Durmientes De Madera En Los Ferrocarriles Del Estado — Chile of October 1995
are included as reference documents. We look forward to answering any questions and providing any
additional information that is requested. At this time we also want to extend an invitation for any railroad
personnel that would be interested in touring our Yumbel, Chile treating facility. We also look forward to
meeting with you in the near future.

Kind Thanks,

Tony Chambers, ABC Tie Tech International LLC CEO

Gonzalo Mardones, Mardones - BPB Creosote Treaters S.A. CEO



