
to the year 2000, the price index is expected to re
main stable and favorable relative to 1967 prices. 
But with a decreasing inventory and increasing de
mand for timber after the year 2000, the price index 
is expected to rise (2). 

CONCLUSIONS 

In the near future and up to the year 2000, the out
look for timber availability for crossties is favor
able. After 2000, increased demand for hardwood 
pulpwood, pallets, and miscellaneous hardwood prod
ucts may affect timber availability for crossties, 
especially in regions where these prqducts compete 
most for hardwood timber. 

The opportunity exists for greater increases in 
growing stock inventories. This opportunity lies in 
more intensive, improved forest management. However, 
such a management level would require larger invest
ments in timber stand improvement, reforestation, 
and research (2_) • 
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Steel Ties: A Viable Alternative 
ANGELO M. D'ATTOMA 

ABSTRACT 

Steel crossties are a viable, cost-effec
tive alternative to wood and concrete, but 
they are not new to the railway industry. 
Steel ties have been used in Europe since 
the early 1800s. A recent report indicated 
that the life of steel ties is much greater 
than wood ties in the same track under 
identical conditions. Although the traffic 
density, matrix, and other conditions in 
Europe do not apply to the United States, 
there is no reason that the modern steel 
crosstie design would not apply in the 
United States. In addition, an extensive 
research program was recently conducted to 
develop and test a range of steel ties, 
which covered the spectrum of operating re
quirements from iron ore operations to sec
ondary lines. The analyses included ballast 

depth and tie spacing requirements. All 
track system components were tested, in
cluding insulating pads and fasteners. Fi
nally, Omark Industries developed a comput
er program to compare costs of different 
types of ties, including wood, concrete, 
and steel. 

A recent study published by the University of Lau
sanne on the life of steel ties in the Swiss Railway 
( 68 percent steel and 22 percent wood) stated the 
following conclusions [note that these data are from 
a collection of research reports on steel sleepers 
by l'Ecole Polytechnique de l'Universite de Lau
sanne, Lausanne, Switzerland (Number 1, undated)). 

The investigation carried 
shown that the steel sleeper 
considerable advantages over 

out 
has 

the 

has 
very 

other 
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types of sleepers for the renewal and 
maintenance of tracks. Modern means and 
techniques have been developed which per
mit this work to be carried out with 
steel sleepers at least at equal cost, if 
not more cheaply than with any other type 
of sleeper. The homogeneous life of steel 
sleepers considerably facilitates their 
renewal. 

Consequently, steel sleepers maintain a constant 
life. Wood failures occur intermittently and spora
dically. This is an important economic consideration. 

Of special importance is that by 
choosing suitable lighter steel sleeper 
types with direct fastenings, the pur
chase price for the sleeper and the fas
tenings is lower, as a rule, than that of 
wooden or concrete sleepers. 

It must be added that, because of the 
high scrap value of the spent sleeper, 
the net investment cost cf steel sleepers 
is considerably lower than that of other 
types. From this results, for the steel 
sleeper, lower interest cost and, because 
of the very long life ••• considerably low
er depreciation costs. 

Particularly important is the fact 
that the economic advantages of the steel 
sleeper do not depend on specific condi
tions in individual countries. 

The estimated scrap value of steel sleepers is 25 
percent cf the initi~l cc3t. 

STEEL TIES 

There are two different types of steel trough-shaped 
ties: those with uniform wall thickness and those 
with a shaped cross section comprising a thick top, 
thin legs, and bulbous edge. The first type is manu
factured by pressing a flat plater the other type is 
manufactured by either pressing a profiled section 
or by hot rolling the final shape. The latter meth
od allows better use of materials by varying the 
thickness of the steel to fit design needs. A cross 
section of both types is shown in Figure 1. The bot
tom drawing shows the uniform-wall tie used for 
light-tonnage railways. The top drawing shows a 
steel tie with a thicker top to accommodate heavy
tonnage railways. 

STEEL TIE DESIGN 

The design method consists of three phases: 

1. Prevention of fatigue in the fastening area 
at the rail seatr 

2. Prevention of failure in the tie at the base 
of the rail from exceeded tensile strength, primar
ily caused by center bindingr and 

3. Assessment of bearing pressure criteria to 
ensure that track maintenance costs are controlled. 

However, testing is an integral part of each phase 
in the design of a tie. Testing was performed at the 
Melbourne Research Laboratory (MRL) in Melbourne, 
Australia. Testing facilities will be described la
ter in this paper (after a description of tie desian 
phases). -

The first phase in the design method involves 
determining procedures for design that will prevent 
fatigue in the tie. The procedure for designing a 
steel tie is given in the following list [the ini-
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FIGURE 1 Steel tie cross sections. 

tial aim (number 3) is to establish the section 
properties of the tie] : 

1. Compute the permissible maximum stress by us
ing loading historyr 

2. Establish maximum permissible working stress 
by considering the tie as a welded beamr 

3. Use beam o.n elastic foundation (BOEF) analy
sis to establish moment of inertiar 

4. Establish cross-sectional shaper 
5. Compare results with other ties of known per

formance; and 
6. Finalize rail fastener, mode of cant, and 

insulation. 

(Note that procedures 1-4 require testing or compu
tation or both. These procedures are described in 
the following paragraphs.) 

To compute the permissible maximum stress, fail
ure criteria must be established. Failure criteria 
in steel ties are usually caused by fatigue (the 
tendency of material to break under repeated 
stress). The number of fatigue cycles the tie must 
withstand equals the number of passing axles ex
pected over the design life, which is usually 40 
years. In assessing the cumulative fatigue damage 
of the tie Ill, the loading history must be consid
ered because the load range exerted by the passing 
axles depends on the spacing of the axles, bogies, 
and ties. 

The number of damaging fatigue cycles is used to 
establish the maximum range of stress that is per
mitted at the detail that attaches the fastener. 
Figure 2 shows a typical load spectrum. Note that 
one-quarter of the fatigue cycles are at maximum
load range, one-quarter are at half-load range, and 
one-half are at quarter-load range. (The range of 
load is fatigue damaging, not the absolute value.) 

The tie may be analyzed as a BOEF. The theory 
for BOEF analysis has been thoroughly documented by 
Hetenyi !1l· This analysis is used to calculate mo
ment of inertia in a tie section. The equation for 
computing the bending moment in a beam with two sym
metrically placed loads is documented by Hetenyi (2). 

Cross-section shape is established by using the 
moment of inertia determined in the BOEF analysis. 
The following requirements must be considered when 
determining the shape: 

1. Mass (cost should be minimized but consistent 
with strength), 

2. Width should be maximized to reduce ballast 
pressure and consequent degradation and track de
formation (_~) , and 

3. Height should not exceed a level that would 
impede tamping of the tie. 
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FIGURE 2 The load spectrum. 

The second phase in the design method involves 
prevention of failure from exceeded tensile 
strength, which is usually caused by center binding. 
Several design procedures are available for preven
t ion of center binding, a condition that can cause 
distortion of the tie. One method--the uniform pres
sure method--uses the BOEF analysis. In addition, 
the effect of center binding can be calculated by 
assuming that, under such conditions, the tie is 
supported and cantilevered. Consequently, trough
shaped ties should be less susceptible to center 
binding than flat-bottomed ties, such as wood or 
concrete, because the central portion of the trough 
is left unpacked during tamping. 

By the nature of their design, trough ties should 
circumvent center binding unless considerable subsi
dence into the ballast occurs. Furthermore, trough
shaped ties should require less tamping and mainte
nance than other ties. Figure 3 shows ballast 
support under ties. The top diagram shows a flat
bottomed tie and the bottom diagram shows a trough
shaped tie with a gap in the middle where center 
binding might occur in the flat tie. 

flat bottom 

trough 

FIGURE 3 . Ballast support under ties. 

The third phase in the design method involves 
ballast depth and bearing pressure. For a specified 
shoulder width, the following major factors affect 
the volume of ballast (track level): tie type and 
ballast depth. Ballast depths are usually dependent 
on allowable subgrade pressure, the average pressure 
exerted on the ballast surface, and tie dimension. 
Typical empirical equations are given in Table 1. 
These equations are used to calculate pressure as a 
function of ballast depth. 

Measurements of pressure beneath ties indicate 
that significant nonuniformities of pressure exist 
under steel, wood, and concrete ties. The pressure 
distribution beneath a steel tie is shown in Figure 
4. 

TABLE 1 Variation of Pressure with Ballast Depth 

Source 

Clark3 

Okabe- gravelb ,c 
Okabc - broken stoneb,c 

Horikoski, Japan National 
Railwayb,c 

Talbot 0 ·d 

India 
German• (DB) 

Equation 

ah/q = 25.4/h 
011/q = 125/(50 + hl. 5 ) 

ahfq = 350/(240 + h I 06 ) 

ah/q = 58/(10 +hl. 35 ) 
ah/q = 54/h 1.i 5 

ah/q = 2b/11h 
ah/q = l.5(L-g')b/[3(L-g')+ b] h taKO 

Note: b,L = slec1H:·r width (length), g'== distance between rails, and 011 = pressure at 
depth h below sleeper {cm). 

~Appro hn=elc to C4;1ua1lnn by T111lbo 1. 
cNarrow Bnug;o (J .067 rn ). 
d/\.uUnl~ 0 t-ORl,Ul,'!I JH~U~ dblribUrlon ll lOn~ (Ol:rd lie l~nglh to determine q, 

For df:IJHhS between I 0 and 72 cm: duri v.ad fo r '20-c.rnp" dl' ties. 
e Aumru:S c:untaci r 1>rcssure dl~1tlhl•l ion bomnu h i::soh raiJ •eot. 

Figure 5, which was taken from measurements by 
the American Railway Engineering Association (AREA) 
and ASCE Special Committee on Stresses in Railroad 
Track that operated from 1918 through 1934 in the 
United States, shows that stresses across the width 
of a wood tie vary from 110 kPa to 0 and that 
spreading of pressure does not commence until ap
proximately 100 mm below the surface of the tie. 
(Note that some of these data are from A.N. Talbot, 
Special Committee on Stresses in Railroad Track, 
AREA, 1919.) 

Figure 6 (4), based on measurements of concrete 
ties from the - Research and Testing Off ice (ORE) of 
the Union Internationale des Chemins de Fer I (UIC) 
International Union of Railways], shows significant 
variation in contact pressure along the tie design. 
The centroid of the pressure distribution for bal
last depth calculations can be conservatively calcu
lated by assuming a uniform contact pressure distri
bution on the interior surface of the tie. By using 
the dimensions of the steel tie shown in Figure 7, 
the centroid of the pressure distribution (h) for 
ballast depth can be calculated. 

The following equations are used to determine the 
centroid of the pressure distribution for ballast 
depth: 

h = {[135 x (116- 8.5)) +2 [(41 x90)+ (77 x 36)]} 

+ [135 + 2 (41 + 77 + 7)] 

= [14 ,5 12.5 + 2 (3,690 + 2,772)]/385 

= 71 .3 mm (from base o.f tie) 



.. 

24 Transportation Research Record 953 

8·5 

Y; "=< 39·1 mm yz =>< 76·9mm Mass = 23 ·7 kg/m 

FIGURE 4 Pressure distribution beneath a steel tie. 
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FIGURE 5 Lines of equal vertical pressure (kPa) in the ballast for a single 
loaded wood tie (from Talbot). 

The total surface width in contact with the bal
last (385 mm, as shown in Figure 7) is greater than 
that obtained with comparable wooden or concrete 
ties. But nonuniformities in the pressure distribu
tion beneath the tie (in all ties) should be ac
counted for. To correct for nonconformities and to 
obtain maximum allowable ballast pressure beneath 
the steel tie, an effective bearing width can be 
calculated by assuming that contact pressures on the 
surface of the legs are half those obtained on the 
web section. Effective bearing width (b) for the 
tie in Figure 7 is as follows : 

b = 135 +2[(7 +41+77)/2] 

;;;; 260 111111 

Examples of calculated total ballast depth re
quirements for different types of ties are given in 
Table 2. The major differenc e between tie types is 
the reduced, total ballast depth required for steel 
ties. Although the data in Table 2 indicate that 

the steel Trak-Lok™ tie requires greater ballast 
depth from its centroid than a comparable concrete 
tie from its base, the overall ballast depth is re
duced. 

Ballast volume reductions can be calculated by 
using the equations in Figure 8 with the appropriate 
inputs. Also, Figure 8 shows the reduced formation 
width requirement for steel ties (compared to wood 
and concrete) that may, in some cases, lead to con
siderable cost savings. 

TESTING FACILITIES 

Full-scale laboratory tests have been conducted at 
MRL en a number of steel ties, which cover the 
heavy-haul, main-line, and secondary track ties. 

Steel Tie Testing 

Initially, full-scale tests were performed on pairs 
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FIGURE 6 Thickness of construction 7.0 + 15 cm, concrete ties at 79 cm, 
portable electric hammer packing, mean of two passes of two axles, force 
balance error= 9 percent (4). 
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FIGURE 7 Steel tie dimensions (mm) used for calculating centroid of the pressure distribution for ballast depth 
and effective hearing width. 

of ties placed on ballast about 0.5 m deep in a box 
about 5 x 2 m. Loading was provided by slow-acting 
hydraulic rams capable of operating at only O. 4 Hz. 
Accelerated testing was achieved by loading the ties 
with a series of exaggerated loads, such as 0.5 mil
lion cycles (MC) at a nomimal axle load, 0.5 MC at 
1. 5 nominal loads, O. 75 MC at 2 nominal loads, and 
0.25 at 2.5 nominal loads. A modified version of 
Miner's rule (1) was used to compute the effective 
number of cycles at the nominal axle load. 

The machine operates at between 10 and 20 Hz, 
which is approximately equivalent to a train moving 
at 60 mph; it has a maximum load capacity of 
90,000 lb and may be used to test a section of track 
comprising up to 5 ties. The ballast bed is 
5 x 5 x 1 m deep and simulates in-track conditions 
and provides valuable information on performance of 
the track structure. The output force of the machine 
is developed by rotating fly wheels with out-of
balance masses. This machine is operated at appro
priate nominal axle load; hence the use of exagger -
ated loads and Miner's rule (as previously 

described) was not necessary. (Note that for the 
convenience of the readers certain measurements of 
weight and speed were converted to customary uni ts 
in the text.) 

Insulation Pad 

The insulation of the two rails that form the track 
is achieved by using a pad that encloses the rail 
base. The life of the pad is required to be at least 
the life of the rail (approximately 10 years in typ
ical high-axle-load conditions). Also, the pad 
should be adequately stiff so that deflection of the 
rail during passage of a train in not excessive, and 
it should be sufficiently resilient to recover its 
shape and dimensions. Furthermore, the pad must be 
stable under environmental conditions such as heat, 
cold, and ultraviolet radiation. 

Electrical impedance tests performed in rainfall 
and under contamination with iron ore dust revealed 
that early, flat pads lacked sufficiently long elec-
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TABLE 2 Tabulated Input Data and Calculated Ballast Depths 
for Different Types of Ties 

Steel3 

(other Steel 
fastening (Trak-

Tie Type Timber Concrete systems) Lok™) 

Length (m) 2.44 2.514 2.50 2.50 
Width (mm) 229 264 256 256 
Depth (mm) 150 204 116 116 
Depth of centroid 

(mm) 150 204 45 40 
Rail seat load (kN) 60 60 60 60 
Effective bearing 

width (mm) 229 264 260 256 
Effective bearing 

length0 2.44 4.514 2.50 2.50 
Bearing pressure 

(kPa) 215 181 185 188 
Allowable subgrade 
~J C>SUI C (kPH) JOO 100 100 100 

Ballast depthc (mm) 449 391 398 403 
Total ballast 599 595 443 443 

: : ucJ. calcula tfon . 
In pra.ctlcc tho t' ffecti ve be11rlng length is Jess than the actual length or the lie . 

cSCl! equa tion for Talbot in T:t.blc I. 

W. I 
,- s~.- r • TIE LENGTH ~-ws _ =SHOULDER 

' ' 
I I WVTH 

' ' 

t 
r • 01$'rANCE 7 070P 

OF TIE 

d ' EFFECT~ 8.AllAST 
DEPTH 

X (FOR NA flON WIUT H ) 

CALCUC.AflON BALLAST VOLUMES/km 

I AREA OF CROSS SECTION ABOVE (A) 

A=ll•d) • (/•2.Wsi 

•2llf•di·lf•d)/2 lano:/ 

2. TIE VOLUME (DISPLACING BAL LAST) Vs 
N.B.: ASSUME V, =a (STEEL TIES) 

v. •ll•b.f/ 

VOLUME /km (VJ 

b =AVERAGE TIE WIDTH 
t= TIE DEPTH 

s =TIE SPACING 
V=(A •1000)-(Vp 1000/s) 

4 FORMATION WIOfH Ix) 

x=fl•2 ,W5 ) • 2 . lf•d)/tan o: 

e 9 FOR A CONCRETE TIE 

b =-264. 1=2-6. t d9, ANOS= 660m 

'WITH c =JO •. W5 = 300mm,ANO d = Jm 

V=T785 m 3 ~ 

FOR A STEEL TIE 

d= ·Jm, a;=30'. W5 =300mm. S= 660m. ANO f=t.lJlnm 

V-t188m3 ~ 
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high-density polyethylene (HDPE) ( 5) • The data in 
Figure 10 indicate that neoprene was unsatisfactory, 
but HDPE and polyurethane were satisfactory under 
the most severe conditions anticipated in service. 
Although these tests aided material choice for pads, 
the fact that the impedance of the pads fell below 
AREA specifications (6) of 10 x 10 ' .J\. per rail tie 
joint during the rainfall tests demonstrated the un
satisfactory geometry of the early pads that per
mitted short electrical leakage paths between the 
rail and clip. 

In addition, these pad materials were subjected 
to cyclic loading tests. Rail, tie, and load assem
blies received the equivalent of more than 50 years 
of in-track loading. The cyclic loading tests agreed 
with the impedance tests. Only HDPE and polyure
thanes remained intact, with no significant visual 
sign of wear or distortion (7). 

The long term effect of - ultraviolet (UV) n1dia
t ion on a large range of pads and tensile specimens 
is being studied at MRL. These pads and specimens 
contain various amount of carbon black, the additive 
used to inhibit degradation. Curre ntly, the h'DPE 
pads have received the equivalent of 10 years of in-

BALLAST 
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: BALLAS r 
I SHOULDER ,-

OE.Piii SAVINGS 

NOf TO SCALE 

' I 

fl'PICAl 
TRACK CROSS 

SECTION 

1 EXrRA SAVINGS 
I IN SHOULDER 

E~ 

FIGURE 8 Reduced formation and ballast requirements for steel ties. 

trical leakage paths between the rail and tie and 
lacked proper drainage to facilitate removal of con
taminants. Consequently, the pad shape was altered 
to include relatively high upstanding ridges along 
the pe r iphery of the top side of the pad. In addi 
tion, use of the one-piece pad (rather than two 
piece) slmplifi~d manufacture, storage, distribu
tion, and installation (see Figure 9). 

Results of the early impedance tests under varied 
environmental conditions (dry and wet) that used 
different pad materials are shown in Figure 10. 
These materials included neoprene, polyurethane, and 

track radiation. In addition, specimens containing 
2. 5 percent carbon black · (the standard amount used 
fo~ UV protection) are performing satisfactorily, 
with barely perceptible signs of surface damage. 
Because HDPE passed all tests and is less expensive 
than polyurethane, MRL chose HDPE as the preferred 
insulating material. 

Fasteners 

MRL tested tie and fastening systems at their Mel
bourne facility. Two 10-mm and one 9-mm (top thick-
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FIGURE 9 Wrap-around insulator pad. 
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FIGURE 10 Summary of results of electrical 
leakage measurements on early half pads. 

ness) ties with Omark Trak-Lok™ I fastenings were 
used, A load cycle of approximately 20,250 lb per 
rail seat was imposed, starting with a minimum of 
9,000 lb per rail seat and finishing with a maximum 
of 29, 250 lb per rail seat. The tie and fastener 
assemblies were examined after 3.0 x 10 6 load cycles, 
and no cracking was evident in the ties or clips, 
and the insulation pads remained in good condition. 

The forces that affect tie and fastener systems 
are different on curved railroad track than on 
straight track. On curved track lateral forces are 
applied to the rail. These forces depend on curve 
radius, wheel and rail profiles, and vehicle dimen
sions, and they can be established theoretically by 
modeling the curving behavior. The MRL vehicle curv
ing model for a variety of axle load levels is shown 
in Figure 11. The data in this figure reveal that 
the lateral to vertical force (L/V) ratio is 
generally less than 0.4. 

To test fastening behavior under these conditions 
an apparatus similar to one developed by Eisenmann 
at the Institute · for Eisenbahnbau in Munich was 
used. A tie, reduced in length, was placed in a 
ballast bed enclosed in a containing box, The ties 
used in the test were the same as those previously 
tested in the full-scale test, but they were cut and 
welded to appropriate length. Then a combination of 
vertical and lateral loads was applied through 
inclined loading arms. An L/V ratio of 0. 4 was 
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FIGURE 11 Approximate L/V ratio versus curve radius 
(predicted by curving model calibrated for 30-t axle 
load). 
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selected. The applied vertical load range was 
40,500 lb (20,250 lb per rail section), with an 
applied maximum vertical load of 41, 625 lb. After 
3.0 x 10 6 cycles no cracking was evident in the 
tie, no failure occurred in the clips, and a small 
amount of crushing was apparent in the insulation 
pad. 

To test lateral resistance, MRL performed creep 
resistance tests on a new section of rail attached 
to two ties fixed by clamps and fully clipped. A 
load was applied at 101 foot pounds per second 2 

(fib/sec 2
) longitudinally. A vibrator that fluc

tuated at 50 Hz was attached to the top of the rail. 
This vibrator produced a 2, 700-lb peak-to-peak os
cillation. Lateral resistance ranged from 0.6 to 0.8 
at the rail seat load. Figure 12 shows clip load de
flection characteristics and a clip diagram. (Note 
that Figure 12 refers to toe load in kilonewtons. 
For the convenience of the reader, in the text kilo
newtons were converted to fib/sec 2 .) 

ToeloadkN 
16 

14 
Tlieoretic-a/ Iota 
ssembty IOI. 

FIGURE 12 S 193 clip-load deflection 
characteristics. 
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Tie Spacings 

The allowable number of cycles that may be imposed 
on a tie is inversely proportional to tie spacing. 
As tie spacing increases, the allowable number of 
cycles imposed on that tfe decreases. For 20 million 
gross ton (MGT) traffic, the steel tie recommended 
by MRL for main-line tracks may be spaced at inter
vals greater than 600 mm. Ballast depth required at 
600-mm spacings is approximately 335 mm from the tie 
neutral axis. 

Minimum Capital Cost Track 

Several factors influence the minimum capital cost 
track, including construction costs, which vary with 
tie type; actual tie costs (material) ; ballast vol
um&s 1 and formation width required. The tr<1ne-nff 
between tie, spacings, and ballast depth is impor
tant because increases in tie spacing (a) decrease 
the number of ties and the component costs, (b) may 
increase the ballast depth requirement, and (c) may 
increase cyclic maintenance costs. 

ALTERNATIVE TIE ANALYSIS PROGRAM 

Many other factors must be considered in determining 
costs in an alternative tie analysis. The following 
calculated steps form the basis of a computer pro
gram from Omark Industries that compares cost in 

CJMARIK 
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steel, concrete, and wood ties: 

1. Transportation cost and routing; 
2. Rail life extension, if any; 
3. Value of second-hand wood tie; 
4. First year expenditure or investment; 
5. Rate of return as incremental investment to 

install concrete or steel ties (note that if rate of 
return is not greater than 5 percent, rail and tie 
lives are decreased as annual tonnage is increased, 
based on a ratio dictated by the TOP formula) ; 

6. Present worth of future maintenance expen
ditures; 

7. Annual maintenance savings; and 
8. Reduction in possession time required to 

maintain the track. 

'T'hP fnl lnwing h;rnir. Mrn11mptinnR nrP nspil in thP. 
analysis: 

1. Constant 1982 dollars; 
2. Labor costs include full fringe benefits and 

overhead; 
3. All labor and material costs are current as 

of December 1981; 
4. Equipment costs include maintenance, fuel, 

and capital recovery; 
5. The 132-lb rail is replaced with similar rail 

that requires the replacement of 5 percent plates, 
46 percent anchors, and 50 percent spikes; 

6. Ballast cost is $5/yd'; 

J:NDUSTRJ:ES 

TRAIK-LCJK RAJ:LWAV FASTENERS 

The potential b•neflt• of lnstalllnq STEEL or CONCRETE TIES On The 
~IL In the --- of PHILADELPHIA 
Ba•• Data Suppll.d by the Railroad 1 

llllflllel l .. t1ll1tt• 1 i .i JiiiUS 

,.._I Ult ti !IHI 10.0 '1(111$ 

,,_I Lil• ti 11111 I JU !HIS 

Tin "-11! ... 1111111-/llllt I m TIES 

-llrtlllclll11tr1 11.tllll 

llllnt Tr~•ll• llltmt 1 IU RILES 

It lilt - !It Cell I tl!.50 

-· lr•l C:WHI ... I MIUU! 

~.ii i,.;t i 

hll illtll .. " I m-•m 

INllESTI£NT C~ARISON 
T Y P E 0 F T I E 

CONCRETE 
24 c . c. 

STEEL 
24 c.c. 

WOOD 
l'i'.:5 c.c. 
Sel~ctive Out Of f='ace Out Of Fee~ 

Tit P\rdllf lt<1ll• 
''-'111. -.i1,. 
Frtl~ C..t,ror it. 

mill. lll!DTIDT • i:.t l'lr IHl1 Ill -
11111 Ct1I 
Tit C..t 
'II•, ..... Celt 
fHllll>tttlt 
1111..t Celt 
Tit lnl1tl1U•, l- ... (411-1 
11111 ltltallstl•, l- ... E111i-I 
1111111 Cltlll .. , l- ... E .. i_I 

•m• 
ftNll fr - Tin· kTI' .,. -..1, 
l:rfllllr-1111 

crwll fr mfr• - Tit Ired 

111,m 
11,5'! 

1,61' 

"·m 

111!111!1 PITTS-
111 LlllE 111 lllll 

2.lO 0.16 

113,lll lll,lll 
lll,160 IOl,610 

6,llO 1,741 
JO,!IO "·"' 1,20)-
9,m 9,m 

10,m 10,m 

197,01' 116,617 

3',I'°'"' S., 16'r 
tii,21i- ti,lii-
17,lOl· 27,504· 

m,m lll,11' 

51,2U Jl,.,,. 

Co1nm•nt• 

IOlllUltl 111-'I City - 1r1,111t1 .. Ill ll• 
C1lt1l1IN At t.01 Ptr Ito Rllt .. ll• t '·" l'lr I• llllt Ill LI• 

Prll1I ""IK-1 ti - Tit FnllOI .. IKI ... 
s1 .. 1 1111 ..... ,. lf41 Co. 1'1 lt11 1111111 "'- II• 1111 
loclOllH L1hr Fri•, lllcllotrr ..,,ocl1ll•, 111111-t I f.t. 
!lltl ... C..trrlf "" .. ••II lnllllN Iii~ lr•I -I -·· 

locloiln Coll ti Scrll°', P1,..1°' • llltmll°' II 111!111'111 
v.i.,.. ll 601 m 
IOI PlllH ... -·• m ljlltt -It, rtlt Irr• 

"" 11•1• 11 mn °"' -t 11 120,m 

FIGURE 13 Computer printout of investment comparison for different tie types. 

-



D'Attoma 

··~.an•• 

Tl•-·-11111 ... 1•-I 
9111111 t1 •• 1 .. 
11.rl•I .......... 11111111 
-t.i .. ...... 
-lllJOllllf 
f11t--•-, ..... _ 
,,_ lrt• II f1lln 
•111- lt-11- If! 

1...-111 111-. lnl• ... 11111 

111.il 1•111•1 1-..t ,., I 
Ill 111 II Tr Kl ltl 

11111 111111- (qollllltwl Fw I 111111 If lrld 
" 11....i .. lftl 

.. - on .., ln.,..t-.t Of 

-. ..... u ••• ,,. .. -· ,., Ill-,.,_ 

-
30,091 
?l,626 
J,tsl 
7,111 
1,m 
1,354 
lit 

16,m 

H,002 

l,614 

"·°" 4,l:r.I 
10,m 
l,JM 

l,Dn 
1,411 

50,Jn 

Jl,'11 

ISl,ll7 

50,m 

11,Ul 

1.00 

1,867 

:111,202 

lMI 

i,m 

"·°" •,115 
1,316 
z,m 

l,lll 
1,377 

U,lll 

ll,141 

114,J:r.I 

17,7!0 

11,151 

ll,lll 

6.00 

2,23?1 

37,790 

Jl.16 

29 

0.51 taocr1t1, 0.251 Slftl Th ~r"'h" F1lhn, lmtl All ful1r1 111 lllfolK-1 
11114 !iii tnolilN At 601 .... !•ii C111 .. r °'"'" Ill~ U11ttc f11trol .. 
.. 11111 Ch.,l"t For - l11tlllnh Froo lffu< .. S..hci"t 

11.111011 1111111 ~''" - s..t•••• s1 .. 1 "" 

0.ly l~lnol - 1111 llfr lrrtllr l'M I'"" 
"'pr01iNt1ly n Tur hlr••• Litt 
1'1111 Uf1 a,,,.111l11hiy 10 Y11n for CoM:rttt IM 12 Y11r1 Fw Stftl Tin 

-I 1Kn11ry To '"'"I At 1111 lotrnt To llllnlll• Intl INl!luhly 

'OI• AY...-ag• Annual Tangabl• Rall~oad Savings 
Aft...- Offwetttnv ll'1• lncr...,,tal Jnv .. t....,t 

Additional lntangabl• B•n•flta lnclud• L••• Fu•I Conau~ptlon, 

lmprov• Rolling Stock Utilization From Incre••ed Track Avetlabtlty 

FIGURE 14 Computer printout of present worth of future maintenance expenditures. 

7. Transportation of ties and ballast are $0. 02 
per ton mile on line and $0.06 per ton mile off 
line; and 

8. Work gangs are as follows: (a) wood tie 
gang--10 machines and 20 men plus distribution and 
tie pick up, and (b) rail relay gang--18 machines 
and 48 men plus distribution and rail pick up. 

Base data for the analysis are supplied by the 
railroad. This analysis compares the potential bene
fits of installing different types of ties on Con
solidate Rail Corporation (Conrail) rail lines in 
the Philadelphia area. Figure 13 shows the computer 
program investment comparison for different tie 
types. The savings of steel over concrete is 
$31, 175. Although wood ties create the least-expen
sive initial investment, Figure 14 (the computer 
program for present worth of future maintenance ex
penditures) reveals that total maintenance expendi
tures for 1 mile of track is $69,002 for wood ties, 
$50,329 for concrete ties, and $45,310 for steel 
ties. Additional savings for steel accrue from its 
salvage value. 

CONCLUSIONS 

1. Steel ties have longer lives than wood ties 
and, therefore, money is saved on replacement costs. 

2. Modern steel ties, fasteners, and insulating 
pads have been refined to circumvent earlier design 
inaccuracies. 

3. Steel ties are a viable, cost-effective al
ternative to concrete ties because of low initial 
cost and ballast savings. 

4. Because steel ties weigh less than concrete, 
savings occur on replacement ties because standard 
track machinery is required to replace ties. Conse
quently, money is saved on maintenance. 

5. Steel ties have scrap value; wood and con
crete ties do not. 
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