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In 2013, UIUC conducted an

international survey to Deterioration of concrete material = 6.43
' i1 ' beneath the rail :

determine most critical issues eneath the rai

in concrete crosstie track  shoulder/fastening system wear or fatigue - e

Survey of railroads, concrete @gfrom dynamic loads -85321>
crosstie manufacturers, and

researchers around the world Derailment damage _ 457
Cracking from center bjnding@ from center binding n 536>
(314 most critical problem -

International, 5% most critical Tamping damage
- North America)

6.14

Other (e.g., manufactured defect)
4.09

B North American Rank

Cracking from dynamic loads _ _ _
Cracking from environmental or 3.50 M lInternational Rank

(4™ most critical problem - chemical degradation
International, 3™ most critical —
- North America)
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« Previous analysis of FRA accident database indicated that
deteriorated concrete crossties and support conditions are
among the major track related accident causes in the US

NES

Broken crosstie Fouled ballast

« Industry partners stated that rail seat positive cracks are rarely
seen in the field

Rail seat positive crack

Bk s ®
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Full Support

« Measure bending moments
with different support
Rubber pads =

conditions Strain gauges

Light Center Binding
(T ———— )

« Support conditions
— Proper support
— Center binding High Center Binding

— Ralil seat positive o — - —

B -——— I

« (Cases were based on:
— Field conditions Lack of Rail Seat Support

— Industry partners
feedback on draft Lack of Center Support
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« 5 surface strain gauges installed on each crosstie:
— Rail seat gauges (to measure rail seat positive bending)
— Center gauge (to measure center negative bending)

— Intermediate gauge (to measure asymmetric loading or
support)

A B C D E

®
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Applied moment (kip-in)

Tester (STT) to crosstie in controlled
loading configurations, record
bending strain and find slope of curve

v

Bending strain (pg)

5
(125 mm)

L]
28"
(712 mm) 60" (1500 mm)

, .
Rail Seat Positive Center Negative
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« Loading frame - Static Load Testing Machine (SLTM)

7 AT IR T

« Supporting rubber pads
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Bending Moment (Kkip-in)
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w

Bending Moment (kNm)

|
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>

60 45 -30 -15 0 15 30 45 60
Distance from Crosstie Center (inches)
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Small amounts of center binding can result in large differences in
center moment:

— 241.2 kip-in change for high center binding (at center)
— 78.6 kip-in change for light center binding (at center)

« Rail seat moments are less sensitive to changes in support:
— 33.4 kip-in change for lack of rail seat support (at rail seat)

« Center negative cracks are more likely than rail seat positive
cracks and support conditions play a major role in the crosstie
performance

I777 777777 777777770 7 7777 TITIIITTT T 7777777707777~
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« Site split into two zones of five crossties each
« Concrete surface strain gauges installed on 10 crossties

Instrumented Instrumented
Crossties — Zone 2 Thermocouple Crossties —Zone 1
_ Grade crossing
>
1A Al
10,918 7 6 5 4 3 2 1
— | r 2
E fl :_uli ] fl il i —ﬂl Al 5] Al E %
"HEWE WK
, D
g g i : H Data Collection g g E C N
i Al Point 1 B
B || fft]
A — - — — — A
T —r
bl UL INARARARA
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« Surface strain gauges are delicate sensors and must be
protected

« Potential types of damage:

= Mechanical damage - impacts or pressures caused
by train passes or maintenance activities

= Moisture damage - ingress of water can cause wire
shorts and failures

Gorilla tape

A'umlnum fD'I ta pe A A A AR |
Neoprene rubber
Butyl rubber sealant
Strain gauge

Epoxy

Epoxy

Concrete crosstie

®
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« Strain peaks correspond to loaded axles

ﬁ 1011142 [ 1 1617f|18 -

"‘1 ﬁlﬁ i I F}\ il |

% Kf | J l J \l ﬁ'.; lH j |\ {l J Ld |\ | LI\,I U\ IU | rl\ J lU'L \ }( U

5 | | | |

Ué 200 | \l r | J \ / | / | } | |
E { | } | | ( \ || ’ }
J || ] l [ || | |?' \ ' |‘ |
0 et | le "J \W} - J W,J]
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Week
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* Tonnage accumulated
0 since 27 March 2015
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Week
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Upper inner fence

3+1.5xIQR

« Box plots are great to: gﬁﬁier\,*@ +AQR)

— Visualize outliers 7T T o

o _ Max (within
— Compare variability of different 03 (75t fences)
cases Percentile)
— Check for symmetry
— Check for normality edt
edian
T~ _ IQR
P
] Mean/
€ 4
£
S - > Q1 (25%
o Percentile) Min (within
5 | |, — fences)
@ / """"""""
m —
Lower inner fence +<+—Min

Percentage (Q1-1.5xIQR) Outlier
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300 -

x Max. Outlier <© Mean !
E_ 250 - Zone l Zone 2
> - AREMA Limit
200 m---------------- f-x e o
s V4 ! ._
: < '
150 -
= X X
2100 - l I
5 ]
o 50 -
2 =
0 L ;
1 2 3 4 5 6 7 8 9 10

Crosstie

« However, only 2 of 38,954 loaded axles exceeded the

AREMA limit

- 0.005% exceedance

probability for Crosstie 4 and

0.0005% for all 10 crossties
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Crosstie
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Assume rail seat load is uniformly distributed across rail seat
Divide the crosstie into 6 bins:
— Each bin consists a percentage of total reaction force
9 inputs:
— Known bending moments from 7 locations
— 2 approximated rail seat loads
2 boundary conditions:
— Force equilibrium (sum of all bins should be close to 1)
— Value of each bin should not be negative

Rail Seat Load Rail Seat Load

i !

& - B

Bl Strain Gauge

I T T e e e e e e e e e e A T A A O TP PO T I 1A TY

Bin 1 Bin 2 Bin 3 Bin 4 Bin 5 Bin 6
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« Ballast pressure calculated based on uniform
support condition: 32 psi

« AREMA allowable ballast surface stress under
concrete crossties: 85 psi

« Ballast pressure calculated based on AREMA
allowable subgrade bearing stress (25 psi) using
Talbot equation: 55psi

16.8p,

Pc

Where, h = Support ballast depth
p, = Stress at bottom of tie (top of ballast)
p. = Allowable subgrade stress
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Crosstie Bins

1 2 3 4 5 6 !
0 ' - - - - 0

20 - | | - 138 _
= 3]
& L ]
[+}]
= 40 - - 276 S
7] ]
wn (7]
2 L._._ U NN IO _—y . _. @
E 60 - T I L 414 %
n k7]
< | | =
3 S
(a1] [11]

80 - L 552

100 690

Crosstie 8 Crosstie 9 Crosstie 10

-- - Calculated Ballast Pressure Based on Uniform Support Assumption
— - —Calculated Ballast Pressure Based on AREMA Allowable Subgrade Bearing Stress
— - -AREMA Allowable Ballast Surface Stress under Concrete Crosstie
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Laboratory and Field Findings

Lab experimentation suggested crossties’ bending behavior was
sensitive to support conditions

— Center bending was more sensitive
Field instrumentation was proven to be successful
— No failure over 10 month period or accumulation of 100 MGT

Field-measured moments in a properly maintained track were
relatively stable over 100 MGT

Center negative bending moments approached AREMA recommended
design limits

Resulting Design Implications

AREMA Committee 30 currently finalizing new design approach which
will increase C- and decrease RS+

UIUC developing support back-calculator to better identify crosstie
support conditions to further improve crosstie/track design and
maintenance recommendations
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« Dynamic laboratory experimentation
— Crack initiation and propagation

« Continue field data collection and data analysis
— Collect data before and after tamping

— Collect data at various locations, under various modes
of traffic, and with varying crosstie designs

« Refine ballast support condition back-calculator
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