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Chilean HardwoodCrossies Mechanical Propertieand Performance
Referred ta
(1) AREMA2014Manual Chapter30, Section 3.1
(2) AREMA Crosstie Performance Matrix, Appendix-30- 1

(3)REDEFE Manual ahds Durmientes De Madera En Los Ferroites Del
Estadog Chile Essay

Class | Union Pacific Railroad Traakgpserted on AREMA Grade 7 Creosote TredtebdTies
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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 Buré&#s)(WC
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 kimasodfsuitable 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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Table Description Page
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30-A-3 Rail Fastening Systems . . . . ... e 30-A-10
30-A-4 Environmental Properties . . . ... ... -A-180
30-A-5 Definitions and Comments for Table-803: Rail Fastening System . ...............3&-11
Ties

CROSSTIE PERFORMANCE MATRIX

Section30-A-1 Crosstie Performance Matmf Chapter 30s for information only and contains mechanical and
environmental properties of crossties and their fastening systems. This representative information is segrega
by the major tie types and incluleoncrete, wood, steel, and engineered composites.

Table 30A-1 lists the mechanical properties of the Tiable 30A-3 contains mechanical properties of the tie

and fastening systerable 36A-4 lists the environmental properties of the Tiable 36A-1 andTable 30A-3

are supported by definitions and comments describing the values and calculations contained in the respectiv
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 30A-1. Mechanical Properties
)
Table 30-A-1. Mechanical Properties
C TIE TYPE
Concrete Wood Steel Engineered Composit
s::‘f""’ T |t | oom [ M SMx | syp | sotwd | DF | Mot it oy | Giue Lam | Dowel Lam. Yookt Come

1 Dsmensions {m.)

Length 95102 96-108 2 wm o2 102 102 102 102-108 100 102 108 m

wrdth 10413 e 875 875 87 875 875 875 1181 10.24 9 875-108 875

dr& 60-10.0 S0-85 6.75 6.75 675 675 6.75 675 465472 387-395 7 675-75 675
2 \'oluncin’l 4080 275425 B 348 345 339 349 349 (3610 434 0.262.0,307 in 410 349
3 Densaty. g(lhuﬂ‘) 145-150 145-150 684 653 589 §2.1 534 9.7 491 9 4919 50-86 &0 o 56
4 _Weight (ibs) 60775 SO0650 238 227 205 216 186 08 176-212 126-132 186-320 246 - A 210
5 Moment of Inertia {in )

vail seat 300.550 250-550 24 24 224 224 24 224 14851684 7166860 57 224 214

centar 200-300 113-25¢ 224 224 224 224 224 24 14.85-16 94 7.66-8.60 257 224 24
6 Section Modulus (1)

RS+ 95-135 54-100 934-10.68 S94.703

RS- 95-135 44100 486539 272316

C. $5.85 42.75 o4 664 664 664 664 664 934-1068 594703 7S 32 664

C# 6090 4477 4 5539 27316
7 Modulus of Blesticity (MOE) (10° ps)

*NF 4% 4% 2 1.28 095 149 30

140F 122 28 098 149
§ Modulua of Rupture (MOR) {psi)

~AOF L

+TF 1,000 1,000

140F
9 Rail Sem (‘m Test fEl) 3
10 Mmsmmﬂrm,‘mw,ua)
11 Stahc Bending Strengzh (Inch kips)

RS~ 250-528 $5-325

RS- 150243 39200

C- 190-300 1310230

cs 80170
12 - Suffness Load Deflection kX &
13 C. Mml‘ml’m o
14 RS+ MF!‘.“E Teut
1§ Impact Reasstance {ft-fow)
|6 Abrasion Resustance s LA
17 Smgle Tie Latere! Push Test (Tbw} 3,500 3,50
18 Freeze Thaw Test S NERICT
T9 UV Resistance

Avniabie, however values fr et parometer would be heipkd
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 38¢lid Sawn Timber TieSection 3.1.Article 3.1.1.1.], includedin page 2above presents a
list of recommended forst species, based on the successixperience olUS railroad using them orma wide range of
traffic density(annual tonnage) and weather conditions.

Class |, Regional, Shomés freignt and passenger railroads, including transits, use a combination of the species listed in
Article 3.1.1.1.1.

Based orCrosstie Performance Matrix (AREMA-30- 1), presentedn page 5above these species have been gped
according to their differentmechanical pgormances (at real scalep follows:

U Northern Mix HardwoodgN. Mix Hwd)

U Southern Mix Hardwood (S. Mix Hwd)

i Southern Yellow Pine (SYP)

U Softwood

i Douglas Fir (DF)
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The mechanical performance of a tie (at real scale) on eachispegoup is presented in Table 3@- 1.

Asit isshown in the tables and graphs in the following pades,values of thanechanical properties of th€hilean Oak
(Nothofagus obliqua andChilean BeecliNothofagus dombey), are above the avegge values of the US forest species
recommended in the AREMA Manual Table 23 1 and Article 3.1.1.1.1That condition appliefor both real scale ties
and clear small specimens.

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

Mechanical properties values for Chilean crossties and forest species in small clear specarembtained from
Universidad de Santiago de Chile, Civil Engineer College, LIMUS Laboratory Report- 96 2008ReportN° 2004- 58
and from Institutode Investigacién Forestal, INFORORFQylanual N13 de Calculo de Construcoes en Madera, 2°
Edicién, 1990 (INFOR Wooden Buildings Calculus Maouda)Nrespectively.

Chilean Oak Nothofagus obliqua and Chilean BeechNothofagus dombey)i are included in the EFE, Chilean State
owned Railroad (Empresa de los Ferrocarriles del Estado de Clikstie€€Specification NFI01- 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 own
freight and passenger railroads, including transits and subways (see Appigndix

Summarization

AREMA Chapter 30, Part 3, Solid Sawn Timbey Steges 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
0N} O1 O2yRAGAZ2YAaADdD CNRY GKS |1 FNRg22R {LISOASa {GNBy3Iir
tests) and the Forest Species Mechanical Performance Graphed Data (at real scale), all these species show that t
have similar mechanicatgperties as recommended in the AREMA Manual of Railway Engineering.
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HardwoodForest Species Strength Mechanical Properties (small clear specimens tests)

CHILEAN AND US HARDWOOD SPECIES MECHANICAL PROPERTIES

4
»

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 0.540 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 Liguidembar styraciflua  0.520 32.460 620 6,320 1,600 850 1.64 12,500
us ELM AMERICAN Ubmus americana 0.500 31.210 690 5,520 1,510 830 1.34 11,800
us CHERRY BLACK Prunus serotina 0.500 31.210 690 7,112 1,700 950 1.49 12,328
us SASSAFRAS Sassafras albidium 0.460 28.720 850 4,760 1,240 112 9,000

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

Institvto de Investigacidn Forestal, INFOR - CORFO, CHILE. Manual De Cdleulo De Construcciones en Madera, Manual N°13, 2° Edieidn (1990)
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HardwoodForest Species Strength Mechanical Propestie
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Janka Hardness
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Static Bending
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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)
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Graphs
Density

Density (lbs/Cuft) - Real Scale Tie
6827 6735 £8.33
65.11
61.06

58.80 55.66

| | |
White Dak M. Mix Hdw 5. Mix Hdw SYP Softwoods Douglas Fir Chilean Chilean
AREMA AREMA AREMA AREMA AREMA AREMA Oak Beech

MOE

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

MOR (psi)
10,508
9,799
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 (psi)
BE3
8l2
770
650
587 565 -
37l
White Oak M. Mix Hdw 5. Mix Hdw SYP Softwoods Douglas Fir Chilean Chilean
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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)
59,521
8,819
6,600 6,600 6,600
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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It has been documented that Chilean Oak and Beech sleepers/ties pressure treated with cyzetsolieum
preservative has a track service life performance of around 30 years. This service life performance is noted ir
the REDEFE Manual and the es¢ag Durmientes De Madera En Los Ferrocarriles Del ksGiuite, 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/TieDescribes various characteristics, properties padformance of a 30 yeam
track service life of Chilean Oak and Beech sleepersiites REDEEFE Manual Section 7 is indliatde
reference use and review.

Los Durmietes De Madera En Los Ferrocarriles Del Esta@hile Essay

Mr. Armin Clasing, a Forestry Engineer, was in charge of fuel, tie supplies and storage for the state owned El
railroad for ten years and authored Los Durmientes De Madera En Los Ferrocarriestadec Chile. This

essay i| detailed document on sleeptie usage and performance on the state owned Chilean railroad.

On page 8, Article 12.4 state

a M HC©OnHrack tie durability. In Chile it hdmenwidely demonstratedhat the durabilityof an impregnated

tie is around 3Qears a NJ» / feksayAsyindl@lad as a reference document.

EFE Chilean Riéways Corporationracks






