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Introduction

—. FZH ¥ Course purpose
Lo T fife v AR B 1) 7 A MR e
A) know: The Development and Generation of the High-speed Rail;
2. fE [ R B IR B RK
B) know: Currentand Future Situations of Chinese High Speed Railway ;
3. H A vl Ak S FRATT R AR
C) understand: The High Speed Railway and Our Life;
4. 1 s ) POE TR RIE R N 25 .

D) know: About this course.

—. FEIFE Teaching procedure

F—UF WERBRRE
Partl The Development and Generation of the High-speed Rail
1. HFE R N EUE R H B The appearance of railway

On September 27th , 1825, the steam locomotive,'"Voyager' started trial
operation and succeeded.In Britain,the first railway line in the world from
Stockton to Darlington was built and taken into operation.

1825 49 H 27 H, ZFWLE “RiTE 5”7 Wis T IrREmh. A%
—ORERER, B TG T I AR B 2k A B 4

2. PRERMAEIGATIR L . HAERSET M K& The development of railway in

speed. mileage and so on.

3. FIEEEEHBL The generation of the high-speed railway

According to the present definition from the inte rnational conferenceof the
world’s high-speed railway in 2011,high-speed railway must satisfy three
conditions: 1) a new built line, 2) EMU trains at speed of 250 km/h, 3)
special train control system.

I 2010 AR S EDE SRR S HE S, kS L 2 A I R =A%



e BRI 2. IR 250 A A AT 4. LRSI %0 R 5.

4. TEIEPSAESE K K E The development of the high-speed railway in
some countries

® Japanese High-speed Railways H < &3 2k %
® French High-speed Railways ¥ [ i £k %
® German High-speed Railways 7 [ i 8 2 #%

5. mEEkEE I ARHF S The technical features of the high-speed railway

Fast speed. high density. good comfort P, A mE. &F&EMLT
Less land occupied. low energy. low pollution /b, fRAEFE. KI5 4
Good benefit of transportation iz %% 35 4

Safety. reliability . punctuality %4, AJ%E. IEAT

P T E Rk IR SRR

Part 2 Current and future situations of Chinese High-Speed
Railway

1. EEEE PR Present development situation in China

By the end of November, 2012, there are nearly 12000 km high-speed railways
having been built in China (including Beijing-Wuhan high-speed railway,
Harbin-Dalian high-speed railway. Both will be taken into operation at the end
of this year).

b 2012 4F 11 S, E Ed gk R A s AR BT 1.2 77 km(E AR R T E Y
R RAL - BB KSR

2. ENEYEEE IR IR Some high-speed railway lines in China

Beijing-Tianjin inter-city railway I EEIEFR

€ Put into operation in August 1st, 2008

€ Total length:120 km; Travel time: 30 minutes
@ The top speed : 350 km/h

4 The minimum operation interval : 3 minutes

@ The top test speed of CRH3 : 394.3 km/h

@ The top test speed of CRH2-300 is 383 km/h

Hefei-Wuhan PDL & RZE %

€ Total length : 364 km



€ Put into operation : April 11th, 2009
€ Design speed :250km/h

€ Travel time : 2 hours
Chengdu-Dujiangyan high-speed railway % #5Z2 #5138 i i 2k %

€ Operation speed : 220 km/h
€ Put into operation : May 12th, 2010
€ Total length : 65 km

Beijing-Shanghai high-speed railway &8k

€ Total length:1318km;Design speed:350km/h;Travel time is about 4 hours;24
stations

€ Construction started: April 18th,2008
€ Track Engineering finished : Nov. 15th, 2010
€ Put into operation :June 30th, 2011

3. EE AR Rk & FE LR Developmental planning of high speed railway
in China

In 2020, China's railway mileage will reach more than 120,000 kilometers,
and the main-busy route will be separated as dedicated lines of passengers and
freight. Among them, newly built high speed railway will reach over 16,000
kilometers, together with other newly built railway and existing speeded-up lines,
China's Railway rapid transportation network will reach more than 50,000 km.

F| 2020 5, FEZEEN EREKAT] 12 HARRLE, FEE L
Rk, Hh, HrEmEemias 1.6 A Bl E, b HAd g dtek
AL 2R Pl 2k i, R E B R s ML 5 T AR E,

%39 REAZN A

Part 3 Introduction of this course

About this course < T A IRFE
* Dedicated for: Master student
¢ Credit:3
* Background: Civil Engineering, Road and Railway Engineering preferential
Requirements 2% >] Bk
* Students should not only listen to the classes and master what the teacher
presents, but also read some recent published papers, journals or books and
give a final report to show the ability of their leaning in this semester.
Purpose %=>] H#Fx
* Fromthis class, the students are expected to learn about the basic knowledge
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about railway track structures, the main track types and their characteristics,
the basic design method of continuous welded rail, the calculation method of
track structure.

Contents of this course ZAEREHZF

* 1 The track structure

Ballasted track structure

Slab Track systems
Continuous welded rail(CWR)
Turnout

Fastenings

°
D O B WDN



BB FHRIESH
Chapter1l Ballasted Track Structure

—. FZH ¥ Course purpose
1. BIRAHEPUE S A R
A) master: the composition of track structure;
2. BRI S H AL BIFF AL

A) master: the characteristic of each composition of the track structure;

—. #%iTFE Teaching procedure

BV AREPUEL AR

Part1 Composition of Ballasted Track Structure

1. BHREBE S MEARE RIS Basic components of the ballasted

track structure

m N rail

B I faster

B HUFL sleeper

W JEJK track bed

B RN lower foundation

2. BEHEHIE KRB Advantages and disadvantages of ballasted

track

& R WM. &AM, SR, HEHER. FUMLEBIER
M /N



& BRA: JEIEES AN FHARETYES, BRAEZELR.

B W

Part2 Rail

1. PRI THEE R FEAER Function and basic requirements
& NELEITIEE function

SCRMGHEHLE ) 4%

AR R RAL R 1) ) AR s BB AL B

NEERRENSRAESE PR E ) /N 2R

SHEAL NI HL % 2

HIEXH NI 2L A ZK  Rail requirements

® V V V V

it BEE4F  high resistance to wear,
U U high resistance to compression,
M 57 5% high resistance to fatigue,

HA RS ERE. PihitEsE. B high yield strength, tensile strength
and hardness,

YV V V V

PGPl AR high resistance to brittle fracture,
RUFHIZ R good weld ability,

M A w2 high degree of purity,
RUIFHIRE RS good surface quality,

2. PR B R WTHEFE Rail types and Profiles

& WHPHIZEM Rail types
> LUK KEUR & kg 2%~ Rail types are divided by its unit weight in

China, suchas 75,60,50,43kg/m

> AMNEER RN B AN R R 2 AR AERURT 4 R

> HEMBARR 8 REH. G485, P

> R AFE AT 4 4% 850+ 900, 1000, 1200. 1300MPa
> IRy B 3RO KB

YV V V V



& NPT Rail profiles

> AREUETE TR ——— RS MR

> BB T R 9 2 0 B SR Rail profiles should meet the following
requirements:

— The running surface should be broad enough and formed in such a way that

the surface pressure due to the contact between wheel and rail is minimized.

— Taking into account a long service life, the head height should allow for a

sufficient wear clearance.

— The rail web must be of sufficient thickness to ensure carrying capacity and

flexural strength.

— The foot must be of enough width to ensure high stability and to minimize

surface pressure exerted on sleepers.

— The section modulus of the rail has to be adapted vertically and horizontally

to the expected loads.
— To achieve a favorable stress flow the transition areas should be of sufficient

radii.

— Height and foot width have to be chosen in such a way as to ensure enough
tilt resistance.

— Due to static reasons the centre of gravity should be at approximately half the
rail height.

& WIHIR R EHIERE the material and mechanical
performance of rail

> SEMRAN B RE R 3R

— {22 S) (chemical constituents)

— & JE 2 (matel structure)

—  #ALbPE T2 (heat treatment process)

> R 5y : Few Cv M, Siv Py S

> I VB e

— SRR

—  JEARARER

- WEIRIR

- R

— Wi x
- Ik

- MR

>R R, Em I, il

The strengthening technology of  rail ELRLER
B Rail alloying #1441k



IMANE4ICE Siv Mn. Cr, EEEARRAL, RIMEEELE], AT
The rail heat treatment £X%1L b H
Bk e 71K, B 30-70mm YE AT BRIV K AL, $E S PLEE RE

SRV HUBROIN AN B AR R BROC AR AR, $2 iy s L AN 1

combine heat reatment with alloying # b 54 &b 45 &

mHeLoemo®o

3. NG EESEMFER Rail failure and fair use of the tail

& WHB Rail failure

> NP RE Y, AT 2GS FME AN R AR A A M RE
WK

> WS AR IR BT I B RO E L AN R 4 R A
I 32 A, FIPIALE SR 5003, A BERIR A B AL FDIRAS
AL E R TR AT A Y S A

MELGHRIEE Types of rail failure

AT brittle fractures of rail

WHEFE Rail wear

XL fil i 57 13451 contact fatigue of rail

|2 Rail stripping

LIPS il

S FEEH Proper use of rail

W IR BRI, P43 {L the heavy duty, strengthening,
purification

> GEATH %L intelligent use

> MR NGEE LT UG T, BE NG BRI A, SEATaN
AT MR, FFR AT IR R 2 A

> ENELIK> 9 Using the rail by classification

WEEEE AR Rail maintenance technology

EITEE Rail grinding

EEEPEFT B2 Maintenance grinding

i T B% Preventive grinding

BT IE (BR )47 B Rail grinding (outline shape)

V € YV V YV V V ¢

vV V V ¢V
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B RAREL K EE SR The main damage of high speed rail
ka2 The rail head creaking

fefhs (PRI S FA T R 351) Hidden  defect

14 55 IR 244 Honeycomb crack

PEHEEHHE rail gap
J5 )

v RSV AR B 5%
v ERARPUR AL A IE$15E 18mm
> EAR

VvV & V V V ¢

E=9 Bk
Part 3 Seeper\tie

1B ThRE R 2% Function and type of sleeper
& HUELRIThRE function of sleeper

> RER AW S Sy, FF AL TR
> ARMRFRE R LATIRAL, Rl PR AT )
> UR[EL PE. TANE, WD, HPUKPALRE
&  HUEERIEAL sleeper types

> Divided by material #%44 i1 43: wooden sleeper AK¥L. concrete sleeper V&
e steel sleeper #WFk resin sleeper #4 A& #L

> Divided by use purpose %{#F H#J: normal sleeper - iE#1FL. switch
sleeper Z L. bridge sleeper Hrkk

> Divided by structure form % £5 4 84 5X: integral type #4£5{; combined type
HEK;  half sleeper kL; broad tie TEHLEL

> Divided by the structural and laying method F%#4id J2 5% J77%: transverse
sleeper K& A1 %LEL . longitudinal sleeper 24 [ &fLkE & short tie 4G4k



2 K¥k Wooden Sleeper

*
>

vV V V & V V V ¢

AR#E wooden sleeper
ARELAR S S Advantages and disadvantages of wooden sleeper

SRR, MBI ERB) IEER: ST, EER, B%. B,
FEAPHEE T SRS LA s AR A5 M eSS
HFEREMPIAM, TIRAMR, MR et: SN, B, [R5,
SRIE . FRMEATE A B ENEEIER T ST BEIE AN, BT
wHBhIER .

AR Wooden sleeper failure

JE

B 451

L

ARiAbE Wooden sleeper treatment

SiJE: BAR, KEERTEA EBIIE R, AR

T BREAR

Bigd: HlEKE, SeETBRIZ, WERESMIGHERSE, 7478
BRI RGeS

3JREELAL concrete sleeper

¢
>

VB FE KA B KR R Characteristics and types of concrete sleeper
REE MO R ETT M MIEZ, REPEES, PUamrEiys), #e7T

PUBRENE; AR, ATLARRAUERFRE M BER. . Bri
IR, P LB IASE M MIEEROR, BORE HIHuE

¢ | B

> WU Bl 21t #E 85km/h, 1840 AR /km

> AR BRRFLIAIAR., PR IET R A

& 11 A

> Witk fhE 23t G 120kmvh, 60kg/m iREL, fEisE 60Mt, %%
55 AT HEFE T

> KBRS BOLARL, BT IET RS A 13%-25%, i A

14%-41% A fEdE MR AL . L AHLIE

10



> AR AR, B TR e R e R AL AR, MR
DTN F) K 288% . +4)8 RIS, A DLIE R H R F1RS 58 AL A

L (TR

> WitgktE: fihE 23t B 200knvh, FUALECE 1760 AR/km

> USRSk oAl IR INBERUR, HOKSORTHAR, e
LR kAR E Tk

> AR REEE

> RS et AR ARIUB M. BRIR

& NERER 11 BIRR B AS

b %

> G FE YRS 2

> Gk

> BRI e ) S i AR

> TREREE 5, HOUOGEE

Ia £

> BUEFLRR A 5 A

> IREE AR R B

& JBEELRLSZ S8 K Stress characteristics of concrete sleeper
> BPESLAE f E

> B2 IR T R SO SR AR R

—  HEEASR TR

—  IEER S SOA I AR

- &IUK 11 AL

& BELTMANE K RF Shape and parameters of concrete sleeper

BROBAR: BB RBIEOURE, EAETN T WERE LR, BRAE,
T B

> BN EREE: BULpTE B . ANPSORIIA . BURN AR iR
NERREGREHIE

11



> RPUE: PRI SORINAUN 2y, BE 140 PR

¢
>

1V vV V ¢

vV V ¢

BRI 98 WA TEPR I AT A8 T 51

ALK PismARE, TRIEAEE, HORSOKEM, R, q £E, Rk

LY
N ZRE: 38K SRR

K E sleeper length
UMLK S ELZ JPIRESH

KL T D L U R, (R KB IEE%E

PUBILS IE25 R0 550 b 4 25 R DR 7 — s LU A A K
TR LMK B —RAE 2.3-2.7m Z 1]

[, AR ES 2.5m

N BIREK A 2.6m AT 2.5m FFf

[l A 4h 32 2 2 385 R 2.6m KAk

Ny ARG

S R A E VERT BRI, BCRIEIR. B TR, Rl

BRGNS, TE D PUREAC BAREL

LB E The width of sleeper
BUREAL R HR A
BUNA IR AR Bkt

ELECBC T A AC i AR [F]
IS A T O AR R O 2T
R W RN T 2 a

BURLIAIBE sleeper spacing
IRy SRS SN WL R R F A S

BOIR BRI L AT G 3 I R e s SR R e, R AN S TE PR
FLREHRE, GHNE, USRERATIFMAT, REPUIERA LWL

RS ENE

>

BRI, WIECNEIR. BRI A B 2 00, BT IR R

P JTE), PRUERDEAT R A

>

Bk E, MIAZSE, @i, ey HE

12



> BRSO, BRI IR ERIE 2k, B — AN A
il

> BTN R BB R FE B 2 2 s a>b>c. BRI IAIEE ¢ — R4S B 1
X 50kg/m K LA AR, RKEE 440mm, JEEE LR 540mm

& JEELFRL Concrete broad sleeper

> BURL S E PR i b BERH 8GR, dRe T PO B R AR

> SORIFBLREE AR — %, AR AN )R D, AT LN E IR )
PRENMESE, (EERKIZICIN, SRR RS ES:, PUE ) LAIEAL 5
TORRE, BRI ENE.

> CEHEERL, MR R L, AR RFRE IR, K
T8 PR 375 Vi Jo) 30

> THMAUERI 4B IR TR, (OWRELRPIER 1/2-1/4
> R SR 5

B BB

Part4 Connection components

* BETMHEN
> ERAN BN ABURL T

> DRUESA AL BRI S BRI A m] e K

—  ANBLESKIREE AT rail joint: JTANPUBREEER, (EMPUE R — N EAE,
WS HAZH .
—  HfalERSE T4 fastening: SEBUANHLS T EBAEAL A4S o

& MENBBELEREZ 4 Connection components of rail joint

> R SRR, EREE. HEEEPESE Composition: splint, bolts, spring
washers,etc.

> AER: FERESRAE AR, I 24T R A AN 4 () K
Function: connecting the rails at the joints to meet the requirements of traffic and
rail expansion

& B3LFKAR Joint splint

> KB, A Sy, BRI G ——— o NI R R

> RHCSORBER S BRI GOk 2R A

13



v v

A\

R —— R KU, BEFE A Al R T R A 2 IR
gl — R S KETEARE, ScBliaE

BLKA rail joint types
#5223k Insulated joints

W@ R4 23L Ordinary high-strength insulated joints
e 4446 25 4% 3k Glued insulated joints

(GEEESR

HEEREL frozen joints
Y3 % 4532 Ordinary frozen joints
5 5 X[ 44 Hacker Fasteners

JE843L Welded joints
hnegfEsk Strengthen joints

e
FIEER function

RE TP 2 [ 3t ] 1 A H SR A4 B

BEX SR AL ok By /R R, I IRED, BRI

REARDTK B NPT J0 . HRBTAR LR AN A ] 4
LA W6 BB T R A 7] ) 1 B

FEANPURN SRR Z [ R AT A2 8 1 48 25 1 g

FE & T B, LB AP I AR R

AFEA044 Wooden sleeper fasteners
I (K 2

RA
TR FEFIE Concrete sleeper fasteners

#3114 Buckle plate fasteners
#Z% | BUN4E Elastic fastener type |
P2 [ AY4N1F Elastic fastener type 11
LA Elastic fastener type 111
B2 IV B4 Elastic fastener type 1V
P2 V BH1F Elastic fastener type V

THESIEFI/: fasteners for ballastless track

WJ-7 B304
WJ-8 444

14



& HHEARZSH Technical parameters of concrete sleeper fasteners
> I T) (27 10kN) ——4)[F] FH /) 25K Enough Buckle pressure
(approximately 10kN) - Longitudinal resistance requirements

> &5 E Appropriate flexibility

— BRI+

— W RPERE HIRIRER

> BOKAEE Larger adjustment amounts

— VR RE A LR AN AP T E

—  HZBERINTE . ANPUERE. SRR
22 VERE Insulation property
PO KNI

— TR i P

BT AR B2

TS B SR BTk AS 5 K

BUT Sk R AN B a2 P e

A e PR T~ TS B T T 1

vV V VYV

& FEINERIEARZIE Technology trends of rail fastening
> EMN A PR B AR A DO K I A HE ] Adapt to four basic
criteria as high-speed, environmental protection, labor-saving and

adjustable.

> IR AR . KT AR S A TP R 2 IRA R A4 1)
HAFASE The lowstiffness, long life, low cost and their coordination of

rail fastening is a major modern technology trends for rail fastenings.

15



R ER
Part5: Ballast bed

1. TEPRIIEE SO R4 o ) 225K

The functions and mate rial re quirements of ballast bed

D)

HIRTIRE:

The functions of ballast bed

TR S BHURE I ) 5 38 S A% 326 3] T R LAl

Bear the pressure of the sleeper and evenly to a lower base
PR IR /), ORIFELIERS E

Provide lateral resistance, and maintain stability of the rail

SEALHE, JRER P T AIRS)

Provide elasticity, ease the wheel/rail impact and vibration

HeKVERE, TR SRR ARERE ). WD IR

Drainage performance, increasing the bearing capacity of subgrade, the
decrease of bed disease

fETHIE TR AAEAE N, BIEZES I\ .

Convenience of track maintenance and repair work, correct cross and
vertical sectioncircuit of the track.

(2) XHERM B ZER:

The mate rial requirements of ballast bed

PR, Ay, A SRR, HEKYERELE, WOKMEZE: AR
s AS G RS BAR K 1 E o

Strong but pliable in texture, elastic, not easily crushed and mash; Good
drainage performance, wate r imbibition is poor; Not easily weathered,
not easy to be driven with the wind or washed away by water.

EREMPRE: BEA . RABECONA . kA, b, b, i
Railway ballast materials: crushed stone, natural pebble, screening of
pebble, coarse sand, medium sand and furnace mineral waste residue

(3) TEREHAF A

Technical conditions of ballast

B E ) 2% Ballast grading:

B, —%%. %% Super, level 1, level 2

FiARZ ¥ Technical parameters:

MRS PUBM. firhdr. PURRE. BK. S, JOREM
Material parameters: crushing, abrasion resistance, impact resistance,
resistance to water penetration, weathering resistance, resistance to

16



atmospheric corrosion

JRESH BRI, RECRRZIR, RIECRE . HEE

Quality parameters: ballast diameter, gradation particle shape, surface
state and cleanliness

R AUENIE . BEAE N P S TR UMK ] — JE

Extra heavy duty track, track in tunnel and wide level ballast sleeper is
adopted level 1

B R —RIERE

Heavy duty track strive to level 1
HERRR——IGREEE, DR B AR

Passenger railway line is adopted super -- to enhance stability and
decrease wear, pulverization and frantic crushed stone

TEREZLEC Ballast gradation:

TEHE A RURL I 70 AT, SEMEE R ) A VR REAN SR 4P 412 TAE &
Particle distribution in ballast, affect the physical and mechanical
properties of ballast bed and maintenance workload

EHE RV TR B i 7

Ballast particle shape and cleanliness

M JARFE I B B 9 A IE A 7] FH 7

Surface shape influence their own strength, rail longitudinal and lateral
resistance

TEERE PR A R E I A 2R

Cleanliness: control soil, powder or other impurities

2. TEIRIWTIH
Ballast bed section

TEPR T F ZEAFAE: TEIRE RS TOlr o B S i 31 31k g
Main features of fracture surface of track: thickness of ballast bed,
width of the top of the ballast bed and grade of side slope

3. BRI
Deformation of the track bed

ERA I . WRVENHCRAR SR, A5 BA, W, sk en] BLk
8, MBI MOV K AL, SARRREE, RRZE ARG
W 51 ERPE NI

Ballast bed deformation: Track has the elasticity and plasticity as itself
the grain structure. Elastic deformation can be restored, however, the
plastic deformation part would become permanent deformation or the
residual deformation. After accumulated residual deformation will
cause the track sink

BRAIGIR : EHERURIA BARGL . EHHES, ORI . Atk
Residual deformation reasons: ballast particle dislocation, rearrange,
crushing, powder particles

17



BRI TR B I SRR DU S S8 T Ut AN B .
Roadbed subsidence stage: the early sinking sharply and late slowly
sinks

A, TFATIE PRAE ey 2 v 1) ) R
The problem of crashed stone ballast bed in the high-speed railway

PAE A T PR A LT B Y R

Ballast bed is the main source of elasticity of track

EREM AL G ™ &

Ballast pulverization phenomenon is serious

TER RAEILAR -

Ballast bed flying ballast phenome non:

KOEHE RO EAN R I ) £ R B RAF IS 2 S R AR, 4

IR ) 4=

Flying ballast is the main causes of rail surface injuries; flying ballast

will also hit the bottom of the train, damage to the high-speed train

ER CHER B DK% 5 EIERE WG FI14 XL 3] 50mis BL B ™

BCORHUSS I LLS ,  SERERIURL ] Y BE 5 R B & TR

Ballast bed flying ballast reason: Ice falling cause ballast flying; train

wind reach above 50 m/s; snowor big machine after tamping, friction

coefficient and lower occlusal force among ballast particles.

] A ek Bk i BT SR FH BB VE R ST SR AWK . N . RFIR R BLSS

RIS 0 5 RN T RRIE S ISR, AEBURL e B PR T 100mm; SR

FIAEREM . SEHE BRI B E B G S5 1 it . H A kR 1 TERER) 7 24

The prophylaxis and treatment countermeasures adopted by abroad the

high speed railway are: use the snowmelt measures such as watering,

heater, special coatings; root out snow when parking; higher than that

of heightening the sleeper, the sleeper track surface is 100 mm; use

ballast net, ballast screen grid or synthetic resin. Japan's high-speed rail

adopted ballast protection pad.

W LB MEPE S A ERE LB S

Ballast liquefaction of ballasted track on bridge

HIBACEL R FERFNE L, — il (A — gt emd ) @zt 5]

A PR [ T 2B 0.7~0.8g FIEHY; 4k 5 IERE A B i L 3R
(FROVIERERD J&, R IniE R hnEE, 25 R o 0L 5 58 ™

Fhh, BN ANE S A e LA — e M IS AT, R SRR RE

PAAEILIRILG, W AR TR A B G ) 32 BRI

Liquefaction occurs mainly trains at a certain speed (not necessarily the

highest speed) caused by bridge caused by the vertical acceleration of

more than 0.7 ~ 0.8 g; When laying the elastic cushion between the

girder and ballast(called ballast pad), will increase the acceleration of

ballast, the result can make the liquefaction phenomenon is more

serious; In addition, according to the rules and repeat the distribution of

the wheel to a certain speed, will have a resonance phenomenon, and the

beam body may also produce liquefaction phenomenon of primary

sources.

18



W OEAER. GEFR
Ballast pad, Ballast glue

=, HEER

L AREPUESSH PN d00F. Bt ait;
2. AHEHUIE S TEHEPUE S5 LX)

I 5385522

L RIEXS GBS 4, EIRPUE R A G  I1E
3. TRILASIRYYEAE AT I i DAL IR YRS BRI 5 1R E AR A

T ARELEN

1. AHEFES AR LA 282

Which parts are composed of ballast track structure ?

2. REELPMEAR: A7

What is the technology characteristics of concrete sleeper?
3. JHK RAEMGE.

4. TR H R TCHEPUIE S5 R0 R
5.4 ] AutoCAD 58 A FEPUBE L I =4EL: [, IR SUIE 45 MR R .
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BIUE L)AL
Chapter4 Track geometry

—. FZEH#M Course purpose
L7 AT v L AN PIUEE we AE 22
A) Know: Purpose and how to set of superelevation of outer rail on curve.
2. BIEEZ LPIEUTEAREAITCR . B CHRiE

B)Master: Basic elements, meaning and standard of straight-line track

geometry.
3. EREELM L B PE =S R LT A 3 ERR AR

C) Master: geometric spaces and the main features of the straight and

curved track.

—. %2 FE Teaching procedure

B BB LTRALRR
Partl: Overview of track geometry
L JUART AL € S
Definition and effect of track geometry
& JUfJEALE X Definition:
B HUIESE LR A AL E AN S A R

The geometry, the relative position and basic dimensions of the various
parts of the track

WP B (EZR. HiZl) MZEAnh Lk

Plan: alignment of track (lines, curves), transition curve

W REWT . PR GBI | PURB. K CHZAMLEED

Cross-section: gauge(curve gauge widening), rail cant, horizontal(outer
rail superelevation in curve)

20



B Wi ATE
Profile: the vertical profile (height of front and rear)

& o Effect:

B L U A8 LR~ YIS, P A3 2
Locomotive geometry and track geometry cooperate closely, otherwise
resulting in dynamic load.

B UL I R 2 Ais AT W AR, BRESE . RO
Affecting the operation safety, equipment life, comfort and maintenance
costs of locomotives and track.

U LA —3IE U A~ DIBC &, P Al 4%

Locomotive geometry and track geometry cooperate closely, otherwise
resulting in dynamic load.

B UL R PIE R 2 Ais AT WA, EREE . SR
Affecting the ope ration safety, equipment life, comfort and maintenance
costs of locomotives and track.

B U TR Pub. K Bua. SMUE S HUREE. e |
1078
the locomotive off track, climbing rail and capsize

W UNETIESE N R PR, SNV R AR R Bn). A Hh A2
T G AR~ ATUARAE R) % [ ik B — 5 4%
—horizontal of locomotive and Vertical acceleration—inertial force

B UM RR B, AP A BTE SR AN E— AL
¥\ BB >R 4 E TAER P H

—Rail abrasion, track force—maintenance and repair work and cost

VR PIELRWEAT I E

Part2: The running gear structure of locomotive

1. FEATH MG
The structure of running gear
B BLAEEATER S RO+ 0X -+l R + 50008 2 L+ 1) R S LA A
Locomotive running parts: frame +wheel + axle box+ spring device+
bogie ,etc.
B ERGETEY: B R AR S B HSh R E

Vehicle Traveling parts: bogie +wheel + axle box + elastic suspension
system + braking device

2. EXH)iE

Wheel-set structure

21



X — MR+ R R A
Wheel-set: Axle+Wheel

BAKES CBRRIRNES, FERA) . BN+ E+ R0 +IEIR+ 5 8
monolithic wheel: tread+ flange+ rim+ spoke+ hub

AR O+ied

tire wheel: Wheel center+ Wheel tire

Bz (flange) : BSTANMIGI N2, BrER b

BT (tread)  : ZEFCAVENEL ARk

ZE 8 YT (The inner surface of the wheel) : 54— B 1 —1f, 4N
7RIl

ZE 5 HMITHE (The outer surface of the wheel) = BT — )% B (K1, 4¥
A

3. BXFEKTE
Wheel-set tread

HEJZ P& Taperedtread; FEFEZRYFATH The worn tread

4. FXR<F

Wheel-set dimension

W R (RIETE): AR AT A T ) B
Wheel width: The distance between the wheel inner side and outer side.
W PN EE AR JE T R G P 0 T — e R R P — AR R KT 4.
Tread measuring line: From the wheel side within a certain distance
through tread point draw a horizontal line.
B R B R SRS TN )
Flange height: The line is measured by the tread to rim vertex distance.
B RS HEHINEL T 10mm k&1 1R
Flange thickness: The line is measured by the tread down quantity at 10
mm thickness.
B EREAS: BT R U e BRI — RO RS B e A
L
Wheel diameter: Take the tread is apart from the wheel side within a
certain distance of base diameter measurement, measuring the thickness
of the tire
B 59 A A (The formula to calculate of wheel width): g=T+2d
q——4 %+ %5 FF wheel width (mm)
T—45 X% 3 NI EE 25 the distance of wheel back inside surfaces
(mm)
d——#2% J2 % flange thickness (mm)
|
5. EHRF

Vehicle size
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e (Total wheelbase) — [Fl—ZEAREHIAL o A Ok PR
[l 5 4l #F (Fixed wheelbase ) — [A]— 2 42 54 ) 32 AR 2 ORKFVAT BB AT AL
a2 Sl P L KT R S
ZEHERE (Vehicle fixed distance ) — 42401 J5 P REAT 30 0 4o AR SCHE (R (1) BE B

B=UF PUEJ LT EAER

Part3: Track geometry elements

1. PUB UL R A S R
Track geometry elements

W #LEE gauge. 7K horizontal \#L[A alignment of track . /& i1k the rail
height. %K% rail base slope
B A kE: ER. R4, PR
Static checking: Road ruler, string rope, track inspection instrument.
B FSKRE: PURE. gikag
Dynamic checking: Track inspection car, moving inspection car.
B FIEAFIOR TS A
Dynamic irregularity is larger than static.
PR
Inertial benchmark measurements principle.

2. B
Gauge

B E S AT T 16mm Ab PR AR L Al N, A2 AEIL BERE
AL
Definition: Under the rail top 16mm in function and minimum distance
between two rails, is not affected by fat side abrasion

RPN E A 14mm 4b ) &
European countries measure in the 14 mm

B FRAEFEE (Standard gauge) : 1435mm

W SRR IEE: 1670/1067 (fRE Hr/mE AR
Wide/Narrow gauge: 1670mm/1067 mm(Russia/South Africa)

B TR SRR R AL Bk ] B 65
Caused by abnormal fasteners, sleepers shoulder block failure and the
rail head side abrasion, etc.

W {2 br i (deviation standard ): EELEE+6. -2mm, EIEEREE+1. -1mm

B {LE(change rate) : 1EZE(main line). %k £k (receiving-departure
track)>2%. (& 2mm/im) , &EiEN 1%

B Ji[E(moving clearances) : X — N ZEERER S KNG — BN HIUE H IL kT,
HNERRSGS 55— BN FH I 18] % B — 7€ 1] B

When a wheel flange close to a rail surface, another wheel rimand
another rail between edge formed by a certain interval

3. K

Horizontal
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4, Hm

E S FEREIE A AT Y AN BT AR T 2
Definition: The relative elevation between the top surface of the left rail
and the right rail.

BB NAE R — /K- b~ 8 547 4P iR

Straight Line: same horizontal plane—load uniformly and ride
smoothly.

2B HMPUSIES S AP I =

Curve: outer rail should be uniform and smooth superelevation.
SEPAE=y

Road ruler measure

IR R AV W ZE 4mm

Common rail allowable deviations is 4mm.

PR i AR AN T I 5| 7S

Caused by irregularity of the two rail.

PRI BI AT /K22 P ih

Two types of irregularity: Horizontal error, Ride twist (twist or warp)

Alignment of track

B : FRHUTE PO 2R KT T B BT
Definition: Refers to the center line of the orbit in the horizontal plane
ride comfort

FEAE SR FHERE [R5k AR AR T AR RSN T BB FEA I ST 04 Rk
RTE M [ RS — B SR

Cause: track skeleton Residual deformation accumulation and rail head
side section of track horizontal uneven abrasion, fastener failure, rail
lateral elastic inconsistencies, etc

PR BHET7 20 H AL, i 28 5 i

Demand : Rails straight direction must be visual smooth, curve
coordinately

& Measure: 10m 5%%& String string

SN WEATIE B~ AT PRatk; Joae4 ik s 2= K P

Effect : Sinusoidal movement—The driving stability; CWR high
temperature season expansion and rail

2 Deviation: i@k E(Common rail ) 4mm

TR AT AP I3

Consequence: Direction of two rails irregularity on average

5. Tl fa =ik
The rail height

5E - BB NT LK T R Y B ] P I
Definition: Vertical comfort of railway track direction along the route
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7 A DR DR B it A AL ) SRR w22, WYl AR T, TE R 5
BARABICUTREAI Y], BUIE & B R B[R] BRANARSS , AAAEREDT. M,
B S Ui T R B

Cause: Line construction and elevation deviation of major repair,
bridge deflection, uneven residual deformation of ballast bed and
subgrade settlement, track of the gap between parts are not equal, exist
covertly pit and hanging board, and the track vertical elastic
inconsistencies, etc

525k Demand:  H #1T)ii

W& Measure: 10m 5% %%

W2 Deviation: &2k EE 4mm

TR Consequence: 73 7c 47 L s AN 1 it

FAS: BRARIRAS . R URSSERREE . A, BUORIEAT . BEFEA 3L
P RBCA LSS T I

Static: subgrade state, tamping degree ,tightness of fasteners, sleepers
rot and inconsistent abrasion result in uneven static sink.

A WERE EEFI, Kbr EahESAF: RMSIIER-ESN ST
U= sl 288 K — I8 RAR TG~ RAF I — D0 22 4 iE
27

Dynamic: It looks like smooth on the surface, but dynamic irregularity;
wheel-rail dynamic action— track sink dynamically—impact dynamic
force increases—accelerates ballast bed deformation—expansion of
irregularity—exacerbate the destruction of vehicles on the track.
TRIAAE F [F) AN I BE i S B TRIVR FEE A E LG

Destructive effect is inversely proportional to the length of the
irregularity, the same proportional to its depth.

BT R AN T I

Shortwave irregularity on rail surface

FRGE X R ANF I

Shortwave Irregularity in weld zone

B FL 1] e TR s ) ) S S AP It

Vertical periodic irregularity cased in the rail rolling process

FHTTRE 91 2 B IANFI,  1HZ HEAR 7] 3

The long-wave irregularity caused by foundation settlement, 1Hz
resonance problems

6. UK Rail base slope

T X xR S BT 7] BT R R A ]

Definition: Between rail flange and rail plane formed by the transverse
slope

HiY: S548EmULE, NP0, RPEmET, =Rain e
P, WRPCKAYSBERE, KA A

Purpose: Match the wheel tread, stress in the axis of rail, Wheel/rail
contact center, improve the lateral stability, reduce the rail head uneven
abrasion, prolong the service life.
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B EH Settings: 1965 4T 1/20; 1965 4FJ5 4 1/40, VEBREVCRA 1:
20

2 Deviation: A~NKF 1: 12, A/MF 1: 60

A HIPURSOR B a i, StmimN, BURHA L

The appropriateness of rail base slope is judged according to the light
band, and it is deficiency when the light band is biased inside.

ith 2 A BIURT I 24 IR U

The inner rail can increase the rail base slope appropriately in curve
lots.

SEVUPE HERPIESEE N

Part4: Track gauge widening in curve

1. N5 B 5 05
reasons and methods for widening

IwE R HZG AR /N, DY ENLZE ZEARTR I8 I # 2 A B ek
FETRE; oM rE o, b B AR

Reasons: To get through the curve smoothly for locomotive when the
Curve radius is small; not to be wedged or crowded out track ; reduced
lateral forces; reduce abrasion.

INBEJT5: ¥ ih & TE AR rh e AR S, AhEAL B OR S
TE LA AR

Methods: The inner rail curved track moves along to the center of the
curve, while the outer rail remains half of gauge to the track.

INTEAE : S0 [ ZRAE i 2 b i U o B A R

Widening values: depending on the geometric position of locomotive
bogies in the curve

2. FemZRp

Inte rnal Connection from of bogie

FA. RHE. BHEWNE C BUBNE. IEERE N, TR O
Type: Diagonal inscribing, free inscribing, wedge inscribing, normal
forced inscribing, it is caused by moving clearances

RHEZ: B ZRAMI S AT AL R R 4 5 AMIVE R Beh, T R e hr 4=
it v ISPk R (S Ebuk e i

Diagonal inscribing: The outer front wheel flange on the frame or bogie
of the rolling stocks is in contact with the gauge line of the outer rail,
while the inner rear wheel flange is in contact With the gauge line of the
inner rail

JREA: Bphad 55, BRI N R

Too broad gauge, also known as forced internal

H A B 2R MU B AT A A R e 2 S5 AN T i A, HLE &5
WEICERMAEIE EE BATh, BARG

Free inscribing: The outer front wheel flanges on the frame or bogie of
the rolling stocks is in contact with the gauge line of the outer rail while
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all other wheel flanges run freely along the track without any con-tact
with the rail and with its rear axle coincides with the perpendicular
radius of the curve

W BUR AR B SR AT LA B L AMIN AR RS B 2[R I 5 AN T %
fulr, AR RS CHBOY R RO BEEL TR MR CRIEONEED f
Z 5 WA, i/

B wedge inscribing :The outer front and outer rear wheel flanges on the
frame or bogie of the rolling stocks are in contact with the gauge line of
the outer rail simultaneously while the inner middle wheel flange (with
odd number of axles) or the inner two wheel flanges nearest to the
center of the rolling stocks (with even number of axles) are in contact
with the gauge line of the inner rail and with the perpendicular radius
of the curve passes through the middle point of the frame or bogie

W EHREINEE: VAR N, XIEUE AP R PR D & min/2
Normal forced inscribed: To avoid wedge inscribing , add a half moving
clearances on the wedge inscribing on the required

3. b hngE R
Gauge widening principle

B {RIERZEERE A B i TR 2 it 2
Ensure that the majority of vehicles get through the curve in the form of
freedom inscribing.

W ORIEREE MR K L th 4, AN I A2, E R VE LIRS
sifiil] PN % g
Ensure that when the locomotive with a longer fixed wheelbase get
through the curve , wedge inscribing is not allowed, but the normal
forced inscribing is ok.

B RIEERARE, KPR EL S VFIRE
Ensure that the wheels cannot be off the track, namely, the maximum
gauge does not exceed the permissible limit.

4 FRARE 2 59 6 A 8 R BB o 98

Determined the gauge widening according to vehicle conditions

B ULH IR i 2 i RN LR
The minimum required in the form of free inscribed by curve track

LZ
Sf:qmax_‘_fz);f(‘):ﬁ; eZSf_SO

St —— HHWEFN% (Needing widen of free inscribing)
Omax ——F KFEXT %2 - (Maximum width of wheel)

fo ——#FKEE (The vector distance )

S ——HLZHIE (Track gauge of Straight line)

L ——HmZeME efiEE (Bogie wheelbase)

——h £k 3245 (Radius of the curve)
e —HuEMMYE{E (Slacking of gauge)
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5. MRAEHL A=A AR SR PUER I 98

Review the gauge widening according to locomotive conditions

VRHLZE A% B s N 2P i T i 2

Locomotive get through the curve informof normal forced inscribing

BT N 4% Wedge inscribing

S, =t fy—f s fy=my g =hthTh
2R 2

fo— R 5 W9 i 4= b AN R AE AN PUAL BT R ) R R

fa— 1) B9 > ZE Al ) A B8 AE A BIUA R G R R

15 onH| N4 normal forced inscribing

S}; = Sw + lé‘min
2

6. HhZBIE 1 K Fe LR

The maximum allowable track gauge in curve

JRI: PRUEZZ 4. ANIE

Principles: ensure safety and not be off the track

RARGFA: — MR GNP, 5 — %448 110 REEEB, N4
FE K T v FE N VR 3

The most adve rse conditions: when the one side of the wheel flange
abuts rails, the other wheels, 1:10 ramp segment, should roll fully within
the scope of the rail head surface.

115 A Formula
Smax = dmin+7:nin_gr +ta—r—g
Onin  —ZE50E /NS 2 ) 22mm (Minimum vehicle wheel rim
thickness is 22mm)
Toin  —ZE8 &/ NMIFEE 1350mm (Minimum distance between
wheel back inside of the wheel is1350mm)
€ v —FHh EEEETE AMEEE4E /N2 2mm (Amount of axle wheel
back distance inside corner is 2mm)
a —BEERmAIE N 120 5 1:10 A4 S HEE 2 100mm (Round
back to tread gradient is 1:20 and 1:10, Changing slope distance is
100mm)

r —$NE T R A 95 R 12mm (Rail surface fillet width is 12mm)
£ s —MELFAYER T E 2mm (Rail elastic pushed out is 2mm)
Smax=22+1350-2+100-12-2=1456mm
SARHER S —
The unified standards

PR w22 SCVFE 6mm

Allowable value of gauge deviation is 6mm

B RN 5E FLYFE 15mm

Maximum allowable widening value is 15mm
FrUESLER 1435mm
Standard gauge is 1435mm
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B 51t 1456mm
Total is 1456mm

= HEER

- PUEJUMIBALREEA TR . B OSCRARHE;

The basic elements of track geometry, meaning and standard;

2. BUIE 2R N sE AN PR S T BT
The calculation method of track gauge widening and Outer rail

superelevation in curve;

3. RN

The calculation method of easement curve.

1L 753855222

- IRYEEARKIE TR S50, B A HRR SR, BB A Sk
1 HEAE,

ARV

Depending on the track geometry structure, emphasis on the wheel/rail

relationship and rail curve structure design idea;

3. T ARNE JUART TR AL B DA RN i e 1 BT AR AR A PR
Unde rstand the importance of track geometry and the meaning of rail curve

design strict standards.

T BRI

- IR A AR U N 9E 5

Calculate according to the condition of vehicle gauge widening;

2. HERZMHEKE,

Calculate length of easement curve.
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