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2-Day Derailment Investigation Seminar Agenda
A. Derailment investigation philosophy and case study
B. The L/V ratio and why wheels derail
C. Derailment Site Investigation and Management including 12 step “Derailment Dozen”
1.Identify POD
2. Identify Derailment Mechanism
3. Identify First wheel and car to derail
4. Determine where lead unit and derailed equipment came to final rest
5. Photo document wheel marks, track conditions, equipment conditions
6. Collect and preserve critical evidence (statements, ER data, consist, etc.)
7. Measure Track geometry and inspect track structure
8. Measure first truck and car to derail; inspect car
9. Analyze for Human failure, train handling
10. Determine exceptions/violations to track standards, vehicle standards, operating rules.
11. Develop consensus primary and secondary cause
12. Implement and monitor corrective actions
D. Explain in detail the evidence, symptoms and causes of the following derailment categories
1. Wheel Climb due to:
1. Track twist; track conditions including elevation
ii. Mechanical conditions
iil. In-train forces, train handling
1v. Harmonic rocking
2. Rail Rollover; gage widening
1. Track issues
1. Mechanical causes

iil. Train Operations



3. Turnout Derailments
1. Switch points
ii. Frog
iii. Human failures at switches
4. Catastrophic failures
1. Broken rail (inc. Joint Bar)
ii. Broken mechanical components
iii. Broken wheel
iv. Broken axle
v. Wheel slip on axle
vi. Roller bearing failure
5. Human Factor Caused Derailments
1. The nature of human failure
a. Overview of top human factor causes
b. Statistical review of where we are in the rail industry with human failure
ii. The old way vs. new way of dealing with human failure
iii. Looking at the organization as a source of human failure
iv. Root Cause Analysis of Human Factor Accidents
a. Detailed walk through for conducting investigation of human failure

incidents.



BRI BTG
— EAH# S (L/V ~ B/H Ratio ~ L/V Threshold )

FIER SR, b 2B THS - B E [ AL S T S O R S - SR S e R — 1)
73 (Vertical force ) sz—1H[s ] (Lateral force ) - Bz | » & I HAEITHF ELREF - R
HE RO I Z R - EEAER e AR Alm ST BIEETER B E SR » L2 4
TTHYEERT » REERE L) 2 B » RN SRR IER ) - BRI ) Bk
TEEL B TEC R 4R B B EE T IEED - EHETIA R FEISPES B 2 L/V Ratio
R E o AIE 1R -
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® & HH#L (Wheel Climb)
® < [N (Wheel Drop)

® FIEEEE 5T ( Catastrophic Failure )

_ In Curvature

L  Lateral force

v Vertical force

Contact Point
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1. & _EH#L (Wheel Climb Derailment ) :

& b H Ry AR 7o > DRI e i ey 2B sl oy 1 el f A (R B s B - T
sEEHHIMA > FEIE R o e EH# TR A Nadal’s Formula 233 A A B2
B UIRAE (0) REZHRE () sHEHE LH#ERE(E (L/V Threshold ) » #&
SRR E B B ARy - S8 A2 JTE L HHA A g > - Nadal’s Formula K A B E SR
TTRIBRIE 2 ReJEl 3 o

DU EE SRR (p) BIERY 0.4 Rl > Eim S50 BE 2R RE 2 VIGA I (©) | 50
R T2 85 & ANE 4R o TEREARDL T3 BB T e A 2 e b H R S R
2RHY 0.8 EFFZE 2.0 > ERE Bl SN R AL 2 DGR A TEROR > FTREAKSZHYIE B
EESME RO -

Dl 2kl 2 V) (0) BIER 50 FE RG] » BER iR A (n) FrEd
2 e R S EANE S2FR o BT DA » SRR (w) K 0.1 8% ¥
JEZNE EHEEE S ER R 1.0 BEEEEAEIEIN - TE EHBEEFERTZR P K -

PR > B RS EEE 0.8 1 - Ml al et hie El#h s Ebs o R E
SR R B A 5 2 Sy - AT BB 2 AR Bz o N LB RS AR Ry
o .

Nadal’s Formula

L  tan(@) —u
v 1+ utan(9)

Tangent

L : lateral force

V ! vertical force

u - friction between wheel and rail.

O ! the angle of tangent between the wheel and rail.

2. Nadal’s Formula

! B K FE ¢ Gary P. Wolf, The Complete Field Guide to Modern Derailment Investigation
2 &/ AE © Gary P. Wolf, The Complete Field Guide to Modern Derailment Investigation
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Wheel Rail Lubrication —Typical Values of p

- - ~ -

0.10 0.20 0.30 0.35 0.40 0.50 0.60
Heavily Extremely -
Lubricated Dry

Target for friction

Wheel Slip likely “‘Odiﬁe;; to maintain Wheel climb likely
a esion.

[ 3 iR R E R

Min. L/V for Wheel Climb vs. Gage Face Angle

2.4
2.04=
194
ez
1.7
1.6 4——
8.0
1.4 ]
1.3 ]
wel 60 D.
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0.4

L/V for Wheel Climb

Gage Face Angle (Degrees)
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L/V for Wheel Climb

Min. L/V for Wheel Climb vs. Gage Face Angle

For Various Gage Face Friction Values

21 1..1?...-!

2.0 e h=oa—f
1.9 3 4 = o.zH# i

1.8 g " =03__| .

1.7 4 == y=04

i 1 = 0.5
1.6 n

1.5 -
1.4 ]
1.3
1.2 ]
1.4
1.0 2
0.9

Rail

Lubricating the gage face will

:‘7’ raise
g i /; B The L/V threshold for wheel
0.5 ] f,// Climb
R i e IS N— e B I e ma e
45 50 55 60 65 70 75 80 85 90

Gage Face Angle (Degrees)
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2. Y& TH#L (Wheel Drop Derailment) :

ve IR R AR T > DRSS © i - sl e s A R R N
W o % N HHURE S AN RREEFT > TS LR R A N 2R AT RE i e B
FERE - RERBIEEATRRNEE T > SIEEINIATIERL -

& NI AN E BT - EATERIRIE AT R AE 6 Arr - FIE TR B S 2 E
Rt & - N#L (Lowrail ) Z IR (L) Hefmi Rzt DR $1 5 =07t st R
SMHI (Field side) HEFE 5 B 77 (V) RILAERE T AIRFSEHLA B « PRSI
&HRIRDE; > Mz &77 (F) B R EPie (Rail Base) SMAS - AL ATAEG AL
FEEDR - EME NS N HEAvRR | K2 AR TSR EE R Al Ok - M2 &
1 (F) (rBEAREEAPUe NHI - 38457 T HEAVER AR -

SIAEATRR S SN 2 RN Ry SRR R R 2 25 [T7 > SEEEN
(FUI st P ER PN L - BICH B R o o S MO S ER S N PGS S R P, - b e
W DL & o Ddm L R e < (13 0 > SRR ANSRENGERE A (& - SRR - s T
HEATHEER - SEER 2R EE - E 7PHTR -

&N IR SUE Z SR WD P iR D4R 5 =TT A3 - TR F Sl
B S0 S AR R EE B - oy RIS RK R R (B) R T E &M ZEHE /% (H)
Z LUAE AR AT > 15 20f8 Ky B/H Ratio > H{FIA0E 8*FT/r © [& T Zonel Ky sl i
A S FrE 42 2 B/H Ratio £y 0.64 - BEZZIF RS0 - 75 208 AR A R T - o
LGN PR R T 4.5 [ E 347 > HIFBEHEE mEEsMUSEST » HhAE
FffizE4E 2 B/H Ratio HI% % 0.48 » #7 Zonel 2 B/H Ratio [#{E4Y 25% » 41 Zone2 Ffi «
Zone3 ~ Zoned Sy 2= oy BRI B S IER £ i > IEF B Ea - > H B/H
Ratio [ 0.44 [%% 0.38 -

P ARSI P ok B i L Sl G PR < B e T - (IR A P ot
R TR A0 Ry e e > RIBE 0% T H#Z JEfs - X2 » B/H Ratio (7% 0.3~0.4 fijiky -
RIZEE I HHEER T UE - NIEEAns A% N i > AT IS Z RSN IRt

3 [EH ZKJE © Gary P. Wolf, The Complete Field Guide to Modern Derailment Investigation
4 [& K 2KJE : Gary P. Wolf, The Complete Field Guide to Modern Derailment Investigation
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SRR RS R F I - IR N -

Lateral force

6. FIHEITRNEE P ZEHIREE

Rail rollover typically associated with truckside L/V ratio

Heavy draft force ‘ ‘ Warped Truck

Both axles of a truck acting to spread gage or roll rail

7. FIERHEE D2 flm D E R EE




Zonel Zone2

New wheel /Extreme
curve worn rail

New wheel / New rail

LV=bh |
3.4°/7.0"=0.48 |

Effect of / Zone4
Worn Rail

and
Outward
Rail Cant f
1 4 Height7.1"

LV =b/h
2.75"7.1"=0.38

Double Jeopardy |!

3427117 =044 |

________________|_______'________a..

8. Y& NHIHERSME (B/H Ratio) #ify]
3. HlEEEEZ R (Catastrophic Failure )

FURAETT PAN A e ~ il - FEOE - ErEhE It EY AR e
LR > AT RE S R o B 2 A A AR o SIS B NI - RAE
ERRMUEHRAET - DAuE R R 7 RO - S R ZE B TR

. &

® i iEMHl (Track Buckling )

B AR AT SH WA - S5 fE"C R - ER RS 0 5
—FE"S" TP > A SR EAREE o 408 9° o {kFEE] FRA 45T - 80%%
BRI R E H T 2-6 B A0 10° > RIEE S S R IR R
RESE T TGS -

® EH S HE (Derailment In Turnout )

BV E R & - F5E B REfa B ENE 2 0l - TR AeE - 240
KERBITEES - BERGYER N RBERERE - By EGkE NS ERE

> [ElF ZKJE © Gary P. Wolf, The Complete Field Guide to Modern Derailment Investigation
® [ ZKJE © Gary P. Wolf, The Complete Field Guide to Modern Derailment Investigation
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“C” Buckle in a curve, and an “S”
buckle on tangent track.

Rail Temp (Degrees F)

140
' Sample Data

120

100 - S

80 -

60 - ¢ .

Peak Time

40 i i ] i 1 ! 1 1 1 1 1 1 1 1

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time of Day (24 Hr. Clock)

10. 5 H /N 1 [
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Step4. 4@#LER FHISEHORE 250

Step5. FH R4S K B RHR G IR
Step6. FEHUBHIRAC S, 28 R

Step7. &M R ARTHNIE 26 451

Step8. S S AL () LR
Step9. FRHLARIETE < #iE K B E AR
Step10. JHIEELEEE

Stepl1. il £ 2 R REHPER

Step12. ‘Bl BB =5 it

1 WL E (POD):

B HIETEE AR RS L2 (i1 H (The Point Of Derailment, POD )
HEE R o Hlnlli i se LA I fi 2 )iak: - LU TGRS POD » BEJIEAK
tt POD (i & - ZASCHEE Y B Z AR 1) > MOt 5B T 2 [ 5 [ 2 s, ~ F
A HA B SRS A L R SR e R R - I & B L )

GG > HERERRy POD R 2 R - By 2 ARV IEEE » 2R s I PR R
g - HINBEMEZRG > % POD A& RS — i R R = 2 &
s > HaEgil POD ZoRE B e 11 -

Wheel marks NOT POD

POD

Wheel marks

NOT POD

& 11. =k POD RElE

2. HfERE R

RN EIR IS B i K B AERE 2 AR - A DAHES R NE | ~ T T el
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HANZRER Z HPUPRE - A2 € L H# - =] POD BhS&H 51 B s & 4L thiméx
FETE L SHNEH » P& T BB M - A0 1275777 o b LRI AR DU 192
Bl 2 AR i) 3 R T 150 77 o S 50 22 fl e 2R MR EE 22 0 3 B > AT El AT Bl Nadal’s

formula #ETTEREE -

‘Wheel Climb Marks

[l 12. & F i um i R e B

v& NHEATE AT POD B3R silims MR ZIEES - DIELE ~ MRS E T
Ryt Lo & N MRS A Rlim i 2 AE 0 - s Ayl ) SRy IE ) Z S & A -
(ER & T2 LB R @SN - IS RGHE SN > SRR - LIRS E E A 0
SEAHE > 7 HATET B/H Ratio [EAE{TERES - ] LLEM POD BEIfIT 7 #iRE TS K
B S REED LA - EU% T i S ey R ] 13°Fr -

7 B R ZKJE © Gary P. Wolf, The Complete Field Guide to Modern Derailment Investigation
8 [ 2kJE © Gary P. Wolf, The Complete Field Guide to Modern Derailment Investigation
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3.

4.

2l Note wheel marks are rough- P,
- o 'V 53" apart indicating these

$ .‘, Note wheel marks on
ties are moving toward
base of rail indicating
W POD is close by

13. 3% T ¥ 2 A TR
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e H E ARG ER - EE e (R - PRI R e - IR IR N 22 E B
i ANEEAYIEE] o HALE PR ET R - BrilsE B R YA S H R - R
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Sl L B E 28 R AR N I P 2 55— R - A L D
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RS —25 0 $IATE SR i A B TG B - IR
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PEHES - AlE 1477 -

° [ R ZkKJE © Gary P. Wolf, The Complete Field Guide to Modern Derailment Investigation
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> AL POD Fytlgh - IEAE SN IT R THE 77.5 ft ZBEEE - R s 22 kot
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0 &R ZkJE ¢ Gary P. Wolf, The Complete Field Guide to Modern Derailment Investigation
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UL EERE R 66 ft [NIEEERE 77.5 ft fy— BRI A S 18 79MPH( &Y 126KPH )»
RIFRRE 02 30~40 577 2 S MIEERE -

Laying out Measurement
Stations Post Derailment.

15 4’ Station Spacing
15 Stations Back from the POD
5 Stations beyond the POD

15. B R AR i i 24 () S i
8. EMEARAE W () dW e -

AR B gt R » B2 B S id T B SO R A DL R S B
REBr BV ERCE THIH - NI LA )% (Handbrake) 27515
B o (T AR RS I Lo A HIAIRy R - BERRERE RO~ BEaf A RS iEsy -
A AEEC T SUAI R MR DRK > ARFEEEEIRA 73 & AL ~ AR ~ BL K BR DU 5 > 175
ERIA S — RO S b 2 AL B 206 16Y AR « ARECE F906% - AL
MRS IR EN T [FARRC & B Ui -
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P ZAREC TR BRI F 7[R Rk el - r e BB AE IREEC R L
AR R AR RER 7 SRl AR SRAESY - (IR A AR RC S i Z A
Y00E 172F -

1 & 2B © Gary P. Wolf, The Complete Field Guide to Modern Derailment Investigation
12 &K ZJE © Gary P. Wolf, The Complete Field Guide to Modern Derailment Investigation
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B End A End
1

AL
AR

Freight Car Identification Guide
16. EEEREAAEREFR T3

Brgke Cylinder

F End (Stencil)

Iﬁ”

Locomotive Identification Guide

B 17. Feo| il a7
0. LA W o A ¢
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10. CHIEELISESE -
® EAHIT

FECERSES: - EREAVREIR CHREEER » B SEF AR - f140 -
N B E BT RS B - SO R 7 B RS A AP AT
TR R N A8 5 R R R S 57 BURAE B R 2 A8 K E D P
AREY - BoftIEa A RIFRHEEE S ? RITEE TR E LA e ?
R mbE i LA iERE ? 26 ARAS RN ? B et RS
AL P HVERIFERTIE R 7 B 5T e f A RHBIIEFTAG R 7 45 LR 5B
e R/KEU L E BRIV RERMFLG - A LB RIS L R4 2
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AN BB H e EpEk it iR 5y - EERAREE B R
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Axle Fatigue Failure

B 18, <B/E S5
AT -

&8 1970 FFEAHH - SEZERR AR RS EE o M 2R TR 4G 28 R imil 2 52
#7 o LU FHI4KER > Train Operation Simulator (TOS) J Train Operations and
Energy Simulator ( TOES) s > tHE AT o 1 AR AE 51 i b
Frazfolfdi > 712 B8R » Brahes BRI mE s s g - —KimE > &%
{5 ~ Wi R EEAH R RE T (R S HER IS R 24 200 FREY 1A Ll -
A HE R

FHA o BEDF SRR EIREREE AAEIRE ST o ARSI EARREN(E
(Slack Action ) » H HEf5IEEIAS 52 JJ4E 200-300 % » Al RE%E 12T 15
HENAY 2R - 280 - SiE A BRSNS s 28 R R AV AE -

BT FACERER B o W EEESRE R T R EAY A R - n[SE R TN
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Y RAH R R A AR M T B I AT RE IR A « RER IS EE A Y HE
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TRl HYEE 0 A\ B EMEREEE R R O A EENE o 8 kil
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13 &K ZkJE ¢ Gary P. Wolf, The Complete Field Guide to Modern Derailment Investigation
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PHSFER) o A B AR R -
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Mechanism ° EEEAREAMHE 5 - (HA{EECAIER LEH - (EHERA e
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BRI AR L Bl S R A - EE T Rt ) K 2 5 ) 2 S FEAE FRY - £
il R At e R S ALY SRR T R -

FEA SR -

HIRTTZ 5 HT (Finite Element Analysis, FEA ) &) FH{F H#if K hifs 4 » LS-
DYNA Jz Abaqus & 1] F DA i i s s e I PR B AG - iE A AT e o i - 10
HEEHB R e BRI, -

RS ATHY (R -
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ke - HelEE SR A EAERZ25EE - DRGSR - R
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