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Railway, Bridge and Tunnel Engineering ¥, foet ofs eAw gfortafar (314312)

gfire 1: Yo afmifestar aRem

Unit I: Introduction to Railway Engineering

fawg frsa=it (Course Level Learning Outcomes)
CO1 - ¥ed ohd Hdfeid U Hiesl.

Rrgia fRreror uRumA (Theory Learning Outcomes)
TLO 1.1 HRGI Yed=aT fTarqicr=an faerar 9o .

TLO 1.2 fiaiedn %1 YeRMA Yed <hd gcd GRIdl.

TLO 1.3 fAfdy Yo SHumdl UM dhaedl Wik UHR Sffacg Jadl. feden yomeamé av
TugTd e fAaer.

TLO 1.4 faf21§ Yed Sohied HIUIT THRH SARE [Gal oifsd aTd BRI gadl. HRAT Yool
WRAL ST fadbrTe qui &,

TLO 1.5 fadear ¥ed faumma Sieuh srgaedn fhemr Siieswdl. YR Yeaq Tarfd sireuft
3o Shevfte sredid Saen fAsram aufq &3,
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Railway, Bridge and Tunnel Engineering ¥, foet ofs eAw gfortafar (314312)

1.1 YRGS Yea=AT IS 3fa8™ (Mg Ed), I8 HRAH Yo &, [d 3for Yead
WA ST dIe, Al STfoT Wit Yo, gae o uiad

1.1.1 URATda o1 faeramar sfagrT (1KS) (History of development of railways in
India (IKS)

ISP B! AT, I AGD A TIE 315, AT Jal AFdT TR YUl HRogr! a1 gay
FRATA. T YU SATGH, AR, GaATUGToT ST faaRor I TadH <drd. Siaei-e arggaid!
Ush YD 3101 PHTerd Ul g1 AP Teb HId! Hutl 318, Yed Y& GIUAIYdl, HRATd
IR Y UPE WTeH WeR, 59, SAed], ¢, TS 311701 gt gia 31107 7e argqaa He Jreqd
Bld.

1832 HE, HRATd Yed AN IHRUITET Ufgell URdTd SIRKITd el 1835 Ud, Herwed
S fee st fRidifgte e Yed ¢ STYUaTd MTell, ST HRATd YedadT fadbrmar Al
Hidres] Tel.

1852 A, TRIGHYA AT dHeied! Ulged! aTthedl didbiHIcegd! araull YRG! I Jugrd
3Tt T 1853 e, o 30T 3101 G Aol TATST HRAd dfigal HRd T ¥ed Aeddh
E HIUTTT 3T, Th aNHeR, 1854 A HeAUIAd ST AR Ruard T ST 1858 T,
e U Tal AT Qe WeTes!-Yol ARTiaR Uig .

I TR, YRATI Yed AT Sfagmrd, HRdTdid Squf TRt Yed AF Sied. 1845
d 1947 wq, Y4 Yoot UrAfTes AT, T Wi ieT, Ud HRd Yed, STTe fquTT, T A1t gd
YR Yed, a9 Uid, Hie drz- — Jd MR Yed, Jd STd Yed, HaAdbl HTO1 G, fhar
MUY Yed, U< STST UG Yed — SiTdl 31101 AT, STt SSIaT SM1f0r 78 WRd e, ey Sfor
UoTTd ¥ed, TSN o SUR 107 I e Yed 31 Siear smn fafay ymmd Yed Anf siyvard o,
® YRAKITE U@ Yed AN g1d. I USRNaR Yedwal STHiT GIROMH e,

1.1.2 Ied: YR ¥edd &3 (Railway: Zones of Indian railways)

YR ¥ed 17 BIIRd F-Hed fauTTet el 3, Ui -l A TehT HeTold=ITIphIgR Ba ST
3107 g faumTiHe faumTel ct 3iTe. AU DTt U@ A4 S8 d:

1. I I (NR)

2. 3 ¥d (NER)

3. SR HHATad ¥ed (NFR)
4. 94 ¥d (ER)

5. G181 gd ¥ed (SER)

6. GI&0T A& ¥ed (SCR)

7. G&10T ¥ed (SR)

8. A ¥4 (CR)

Maharashtra State Board of Technical Education 2
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Figure 1.1 YRaT 3eq: 17 BT S

(H?F[’ Railway Zones in India List their Headquarters and Divisions -)

1.1.3 XA 31T ¥ed™ WTaS ST e (Merits and demerits of roadway and railway)

TS (Merits)

1) SR qIEq® (Efficient Transportation): Yed AIGAT THTUNG a%q, SATUT At Ald

2) fdwraasiik (Cost-Effective): Yed & IHMID: IR 8ol Ugdioem 3w
fPHRITRIR 3, faRivd: S8 fdhar sasie a¥=a argd® 3.

3) TfGRUIR® (Environmentally Friendly): Y% fdar gars dedere da-d 3 &
RIHIT HUH THTARUTRSD L 318, ATIS HH ST Bid AT HHT S qTURd.

4) fayTaTd (Reliable): Y= AT Ve TS WM WU BT 3118, S = UIdas it
RIEAT AT STaTdraT ST HHT 31T

5) 3 &FdT (High Capacity): Ycd ThTd dedl HIGUT FHIUNA Wi fobdl ail a8 P
I[Shd, ST o WG e fdhar Hisdl THTud HIaagdd at U Hraed Uaig Sdrd.

6) U FIUM TEf (Reduced Congestion): Yed XA dTEqD Piat HH HUAN HGd
HE Yhd, faRIya: et UG o7 a8 SIRd 3.

Maharashtra State Board of Technical Education 3
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e (Demerits)

1) Faffed @aferear (Limited Flexibility): Yed ff3a dogRedt waifed ome, same giid fdhar
3ffergTH YR aTgdes YRAvAT! it &Fdr Faffed gid.

2) Yigad Pfgd (Capital Intensive): Xed STYTIRITST SO CEHTCIATST TTATH FfAeT 0T
JUFRUTHS A0 AU e 3G

3) AT 3[dag (Weather Dependence): THSYR U134, U fdval S dTIHM AR
yfcipd gamd IR Yedark URUTH §I3 Webdl, ST fadd fdvar Il 81
.

4) Huifed waARm@AEar (Limited Accessibility): Yed fafty fE@mft ffhar iqemiaR

1.1.4 T SIIOT WIHT ¥, §ade ¢4t 3ff@d. (Introduction to Metro and Monorail, Bullet

Train.)

"Bl g Th Id-&Had], SIdg dlede YUmd! 3MTg Sif JHT=Id: RERT HFTd 3Mesd, Sif
SfERaTetl, Sflae fhar aeran JaeHeR dred, St QERdd disdl Y& YT
HRieMdH TgaquarTe! fESms bl 3178,

At Bél dfkreed

1. 3o YR &

2. T 31 iy RHeg 3H® ari

3. g1 YfARTd fdvar Saraeidl ¢

4. FTE! vuTen A quigut Tadafrd drdl oifs, Xdbd

"HIFIRE" B U Yod IRT 318 Sif UHIA 39 ¥ed ¢hdl TR Hd, St dgddbal Haifed
S aToRa SiTd ford URUTR S Al [ 9dt;

A Pre dfkree:

1. TS IIAGUITS] Uhd 39 ¢ob
2. AT A8 Beftieqs AT fEgmg—=a aredid it dafud SRy Udd

3. Sgddal Il Hel Headhal hier Red WU arRe! .

e ¢ fbar Hel Re=ar gamd dafofiasian amaH sRid. Tded Redagad Agw@d e

gaie T B dfkreeat:

1. I HTRIET TWie, [rH=Id: 200 fodl/ami Uem S
2. U9 WeRimdtd did Teedra Uaa! fegimeg .
3. AT URTYd Jfa4ig Taiid <o SHIaRad 3Med.

1.2 Y3 P UeH: 4, ¥od ol ATGRT STIRAH T, ¥od PR, I 719 - YPR, Torean

STIIGH ], UPR, ATaRgHdl. YadT fopy: forusht suram, SR sirfor ufdsy.

Maharashtra State Board of Technical Education 4
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1.2.1 ¥ (Rails)

A g G JHIR IWHE Thcied] cohd gcd 3fed of edi<l glaareiyare! Idd Sl IHad
GYYRT UG BT, 10T - HRUI G&H BV, d So-Dle Llerd seiel ST,

Yo S (Function of Rails)

1. X TSI GIATa NSt Jad o1 FHde gEHNT UaH HRdd.
2. X AIH TS HRfeRi® TUH HTH SR
3. 9 AHIaR THIA SO RATHT Widrad AHIAYA aed ST ST >Hd Biedes J=Rd
B0 I YRGS 0T GI0TRT 707 aTg AT,
4. T WIOR ST JARCER -1 HigdT YT YR TR HRUA SR HR.
1.2.2 WHAE ¢® (Permanent way)
Yed AITTET gul Seidl b 81 IRAAC ¢ U Sfies@d Sirl.

TUH, IRAC chae ¥d, TR, fhfeT offtr href-e, SaRe M1Or BIHRH SRy,

‘~ Cantre of track
Rad

Rad scrow :
| e O+ [F) et ) r
(ﬂ; on {— Sleape

Bearing plate —__ !

B VW B TR IR T
.51 alls ~ 1.56:1
>— Bdll-dsl —t.\
~/] l Ne
/! Formation ! %

Natural ground

Figure 1.2 IRT7c ¢
(G- e STSHAS/T-TRI TIcn=ivT 875 41, 7))

TRUAC ¢ chuTS! 3ATGRI Ma=gHdT (Ideal requirements of permanent way/Railway
track)

S UHHH STI0T TG ST,

TR A 3T 101 AR UNTTAR el JHT UTcfed aR SRTad.

Coh AT 3TAl. (WU chHL TafRry JHIuT dafuddr Sl avded 3MTg)
UfSde THTA 3RTaT 31U UfedeH s PIvdiG! dad e B SId deh SR,
S QRN U AT SIRITA Sl e ARG Y SIS,

grsc SIOT ShIRiT SMIf0T ¥ Wid uRyuigor fEme SMfr SaHTd dreiel SRTdeT.
SioT Rieq gyt Srrd.

e 31101 GRS (Fixtures and fastenings) dT0T Tg+ HRUGMNTST TR Holgd
3{Td.

10. 1A SR ¥ Gig 741dd.

11. STAT HR SHTIHEREUT AFTTGR TAMF A faafkd war arfg.

© o N U A WD =
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1.2.3 Y& PR (Types of Rails)
Id & UBRA faHRT ST Tha:

1. goXl SIFIT X (Double Headed Rails)
2. §d 598 ¥d (Bull Headed Rails)
3. i Jes X (Flat Footed Rails)

1. Go¥l 888 YeH- ¢ ¥ [Aprara YRS cw eRiadrd T 3 (1) fdhar S9-9d Ja=rd
Sl SRIATd. ITd Geid: < YN Sdra.

A. I eFd
B. 99
C. IBTRN STeiid HaT

T SITOT W Qg FeiTe o UhARB BT 30T Yedd SIS gWe HRUIrAT 3R o
e Hd . T UHRT! Yod ATIgINB ST ITURTAT §T8% 3Tg. SATSIdhTd, T Yot dist 610 IHt
a 732 9 wfd geaa.

2. qagSS Y
T YHRAT Yedd G@d A HRT SR

A. S
B. A9
C. U

g i1 W gid. Sl URITUET JS 3T SO Ul Y51 had ATehe! Tmodl S yduul eRe
STUITTST ot 3HTg SATGR X R 3T, T Ior Ui Hiex aielt 42 fovall oefd o,

3. |ic s ved

T AT 99 UYH TNY 236 T ATeY [aUTer- aradl gidl. 30T U a1 Yea-T fadid, 3dc ey
1Y YR et X Sg! UM, Td o HFT ST

A. S
B. 99
C. U™

U1 IR HRUTMTS! URT GRRAT 3{Tg. Xeadl 81 YR ] AlBIo SATAT 3HTg 1 SiTate IR
90% ed < T YhReAT 3MTed

Ric Bes Yod Wietd BTae 3HTed
1. T HIUATBT (chair) I3R o STIIHAT AATG! MO T AT TAHURAT YR A Fiefdd |3
ehdld. A d b ®hraRiR 3Mied.

2. d 1T AT SISLAT Glg! doH1 SR HSdh I, dhid1d] dIfdhald HSDHYUT

gl 3G
3. §d 5SS YU e Maffd eia gyYNT IRadra.

Maharashtra State Board of Technical Education 6
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4. 1 9 o8 YU W 3MTadl.
5. ¢l ATebid HR LU=l HIGAT &TeR faddid dvel SIdTd Sames <o R, et 31fo

Id el T FRRAT U= .
e ' ce-7
\_'r = -
Head | 445 ] T
43.7
Ste ’i‘
1ors 63.5 14
y ’ 142.9 -
9 ‘} % 78.6
Foot 445 Q J‘
C— i - & Foot 206
== —136.5—— |
(@) Double- (b) Bull h ;
headed rail ) Bu veaded rail (c) Fiat footed rail
(All dimensions are in mm)

Figure 1.3 379 Yo%
(@l 3ca STHF3HT-TRIGT Gt 1% 4. I77)

1.2.4§?rﬂTrI(Rail Gauge)
<o STGUITT G Yed =T STdilel (UTd) Ig-aiHeie WY 3MTSd 3R Yed I T 3fios@el ild.

- Gauge -
Rail Rail
// Sflegpg/// //
Figure 1.4 3c3 o7

(G A TGT SO TH, TH, SFaIe], SfFTPS GiAgrelc] 9% gré 3ea SifEida)
¥ ol UPR (Types of Rail Gauge):

§1s 9 (B.G) (Broad Gauge): SIcgT G- YeredT 3MTdid de-aiadia Ty 3R 1.676 HIeR (1676
e e, dgT TSt SieTeT FUrdTd.

e 79 (S.G) (Standard Gauge): ST GIF YT 3MTdid dg=aiAehd WY 3R 1.435 Hex
fdar 1.451 Hiex 3T, d&gT TSIl AT TioT Fgurd.

Maharashtra State Board of Technical Education 7
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Hiex T (M.G) (Meter Gauge): SIegT GIH o< 3Tdid deaiAdia ¥ 3faRk Th Hiex (1000
foreth) 3RTd, degt Tete Hiex TS Wurdra.

=R 79T (N.G) (Narrow Gauge): ST gIF Y=l STdid deaiaeid Wy 3faR 0.762 Hiex (762
o) 3rTd, AT TSt =1 1Sl FgUIdTd.

1.2.5 Ied ToreAT fAasiay UfRumy SRR ¥ed (Factors affecting selection of rail gauge)
1. FIYPHTHTET W (Cost of construction): SR 34T fawdiol 19 Agsd @R Jeardren Gaid
SN aTe BId (0! B. G.) § WIeid HRUMSS gid:
i)y Tore ol aleed Hdie™, fg], Wi, ¥ SdATd il 9d dled.
ii) 717 ATCIIE HTIHRGRU! ChATS! STHI JuIeTd a6 gid
iii) AT TeTerd! AR Tdid dTeiRh a1e Bid.
2. Sfthd YHTUT 30T T4 (Volume and nature of traffic) - 8 SIRd ¢thd @IegH HTOT
el Ulfgoid.
3. &=men fa®T (Development of the area)-=R1 T TR RIS A& Rd HFTHT fdwRid fda
R YITIE ST B! Al aedl [deh T HRUMTS! Hal ST, dhvdl.
4. = Wifae AReed (Physical features of the country)- SITRTS TSR WY g AT Hiex
19 ditg Afgde ST e dehites I gl 3I=M fEHTUl 31 TS aTiR BVl HaAD 3HTo.
5. gTAETArET 9 (Speed of movement) - ST OFT SIesoldes TioTedl THTONG Sdl. 7Tl @
TATH TN TS B 318, O ATHY ToigR Fiad 3iTe. ATHTaT o LRI i<t 0.75 Ue
ST, HH AT UTEH 1T TRIGT Bl ST AT d I Tt G, Sigirorer ey fad S,

1.2.6 ¥erd fefed T (Tilting of rail)

TR T ATepid! 9T HH! HRUIITA! 1 in 20 AT DI X 3Tcitel ST FebedT STl
Cohdl Yed 1T U ST, ATeh a1 DI a1 YSUNTET Yed <l dTeh <l YR HRT ¢ ga=l
quf Tueid JUIR 16T ST ATt q1d AgH! Yed =T 3d Haiode Jdl. AT, I @Rid 1oro
ST, e gEHITRT guf Tudh JTevamre! ST SRMUGR YadT URIRG HH SHR0aRIT3T, 1 in
20 =T JATciie ST SARIAR Sadial 3Med. STl ¥ e feddT TUrdTd.

"Adzing" 8 TThS! TURHL BT &3 Yedd FHU Y1 Bl . oS ST WeHal aTiR
el TRAL SWId Bl SIS, b A ad fefeet gid. Tid, Wemg 3ftr Hikvic
TATRAL Ve FehU! UGH HRUGRITS! 3R JEHNTIR faee W7 3.

Maharashtra State Board of Technical Education 8
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Flanges of .
Slope ""75__{” /7 wheels \ Sb“" 1in20 :
Wwhee! dig=D - [ V‘*Wheel dio=D
' - Axle |51
B3 G5 K =
Sicpe 1m20 |y e=——=1 Siope 1in20
T - B o — -
spe 1020 Roils — == Siope 1020
g - Sleeper Saliost ;ID‘
S50 3
Figure 1.5 3e7g fefecT
(- 33 SHARIIRFIF U GISTgRa- 77T I FHTI (9T [
1.2.7 IIHTA BT (Coning Of wheel)

RIfeHT T leb=aT T i=A1 U 1 in 20 ST IdR GUAT! dhell dlebid Bii-iT IGUH Hisadl
a1 TEYT MEUR 16T 0T YR SRTHM [GoRUT S5 d. UM, TSl AT BRI Saa
ST SATEl SR 1in 20 L. TE 1D Td DI TUrdd.

1. TS TRl ST Yol 3l Sl g1uary deiiel Hed gis .

2. d SATIOT TReToIRF=T STl SISy MUY IRGUITTS], Tetolg=al 3Tl haidia
3R ToT0& HHT ST STd 301 AT dTeh =T DIf-TTHS YA T BITaR "AgHid
aId IRGeT ST,

1.2.8 Y& WIge (Rail Joint)

G X U T SISUARITST 10T ¥ed JRIEAT W SRUARITS! Yed Sigedn AT
YHTOMER dT0R &l STell.

STl
1. X0 GIF T U SISUaRITa! 30T Afe SaRTaR dd ¢ Araiquase! [Sms- dbae
3Ted.

2. AT BRI YT fawdR SfoT 3fida (expansion and contraction) BI04 Yed
Silsc Y& BT,
¥ed SATs e MaRIHdl (Requirements of a standard rail joint)
1. d oI, e 3Td 30 Geb Yed YaRMgddbd dldhe 63 Abd 3y 3474,
2. RO AT URRATH, d $ohd IS SfaR IRgd UTfgol.
3. d W9 3107 et 3.
4. A HIUTATE! URTRT Yed=aT BT USH &3> 13,
5. 1 ST GITaTeies 0T BIUIR edds SHTTOT dU Tg- HRUIN ST,
6. Q0T CH AT A 7 ¢dl o TgoTu0l dladl Aad 30T daadT dsd 3 3.
7.d Ge! ¥ U U IaR SaUd H&H 3.
8. AMYHT BRI d God fawaR 3101 3MTha UG HRUR 3.

Maharashtra State Board of Technical Education 9
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¥ed Siige °§ UBR (Types of Rail Joints)

1. ifgRM=aT RYGIER (According to the Position of Joint)
2. Wi RUAHER (According to the Position of Sleepers)

1. WifSmR=Ar RMTAR (According to the Position of Joint)

i) WSR/ART W5 (Square joint) - AT SiTee ALY EH AT YedqHId Siige UhHdb
3T} faveg 3dTd. YR Yeawed BT Jalid JTHRIU0 JIuRE SUIRT Siise UhR 378,

Joint

l

| 5 | .| T 5 | s

Rails

1 ]Tl = | 0 |

Joint

Figure 1.6 ?#73/?/3;7\??7

ii) TS SA1ged (Staggered joints) - AL THT XA Sigcd LIS SR S0 ga=
YA Siscaa 3FTe! favg AHdTd. § Sliscd ATHRId: doh ¢haR dluRd SIidld BRUI
d CHaT TR G THAUIR AT BRI /dd HH! HRdld. WIS liecd § WoR
[ABI S e ga-d YRaId YraudTe! gaeT <drd.

Figurel.7 /A W?E’??
(Siige (Hid: Yed SRASMRT-=RIGR ufedtfRin gr&a . o)

2. TRt fRUMTAIR (According to the Position of Sleepers)
) TUIES Siige (Supported joint) — T Sitsc A Yedd Al UT TATRAR 3MYRA
ST, IT Siac Heb drelieragRdl fohal IR Xeardid Siel &l gl

Maharashtra State Board of Technical Education 10
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Sleeper Sleeper
Supported Rail Joint

Figure 1.8 TUI2S Glgc
(TTEe (G 3G AT Teae Tl 515 71, 1)

i) TESS Hlge (Suspended joint) - WSS AlgcHH, Yedd TP WRAY Tehad
AId, MY FTEl Yed U HlideR badl ). beiide? thides, arddl
Mgl HRIS AR fhaHe TR Uik I 81d. § ST ¥ed YUMRTAeY Jatd
SR aTURe SIIUIR SISC 3HTgd.

Suspended Rail Joint

Figure1.9- ?7?7333'5’7??

iii) fosT Sige™ (Bridge joints) 81 Sisc Saadodd JWes SIgcURTE 3l BRdb
Tderd &1 fod Sigcal Gl SIoal GF WIWR Tl JUTe YT fdhdr Amiler wien
SHeded 3RIdTd. I Wied foiel Wi 36! UrdTd.

Maharashtra State Board of Technical Education 11
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Jorl
A
s . | ) -
— ] b R Rl
;(". Rai Rai -)
: [ L B =ZF
) — Wy,
% 4 B NV VA
/ \ ’ O
Sieeper - - Sleeper Sloeon Bridge plate ~ Slatosr
Bridge of metal . g g 1
‘ Fig, (b) Brdge jount with brdge plate
Fig, (a) Bndge jomt with metal flat Jomt

Figure 1.10 /957 T/scd
(GI3T (G- 3T ZITFHTT-TRIR TIiRITT 8739 TI. 7))

1.2.10 a1 fBfAT (creep of rails):

YA fobU WIS elfebHIc AT glerdreiredl faRH ¢ohreia Yerd! ¥Rt (longitudinal
movement) gTcidId.

foru BIUTT=I HRUT (Causes of creep):

1. =uq forar fdar =aa Rigia (Wave action or Wave Theory): &4 Tdl &1 arebi=l
gIAAIcges Ul dafdd chdel R Bid. ¢d! a1k W@ g1 i sxard
g¢ AT STdTd @R A i Grite ded Sraed fote &iear e Rydld urd
TATd. 3T TPR, ¥ e edhad oA Saies 3d Ye G- gdhad Sidra.

whee!

Wave depth or Lift

L
ro—Pilch —o=
Unlocadecd or normal position | 1

Wave Theory of Creep

Figure 1.11 373 /797
(HId- Yed e T UTeagddh-4-ud X9 UHIRH (W) fr)

2. USRI fgid (Percussion Theory) — Figured GRAGATIHIU, Td® fIhYl W Siiscd’
TR YT RIaeT SRICIed dTeh el STHTdTes ¥ b Bld. gl a1 31=1 Id Sliscded
SITd degl HRTT el Wlell Graell Sdl ST <Areh BIRIAT Xe=1 —ac! Sard adl, S ¥d
J¢ W

Maharashtra State Board of Technical Education 12
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Direction of movement

oo © o)
r b r
Trailing rail Rail joint Landing rail

Figure 1.12 737 Rigid
(Hd- Yed SIS Teh UTeayidas-4-ud g UHTRH (W) o)

3. ¢-Tdr a7 qrequt fdhar g= B0 (Accelerating or starting of a train) -¢-aT o
JreaarT fohal Y= HRaMT, SR T AM 9@ SR Sdd SIS Yed AT gdhaed
STTATd, SaTHes AT fRI =1 Srarares ¥d fohd gid.

4. &1 A Ut ROl fhar Yigaur (De-accelerating or stopping the train) - ST ¢
I HH Bal STl fdhar Yigdar Sdl degl $fdhT shaches Yed Yo shad! olid. AT
geo faR X fobu g,

5. ATIHTHTITT BRPTHS BTl faaR SIfoT 3ia= (Expansion and contraction
of rails due to variation in temperature) - AIYHMTA BRI AT fAdR SfoT
3o I S/ ¥ fobd g,

6. drggedIdl diadl (Intensities of Traffic) - TehTd Y81 ChU TAT YHTUIN dTgde el

7. CHd W@ - Ch AT Ted HRTTUET deh HFTIAR X fobU S 3.

8. ¢l Afsde (Gradient of the track) - X b dig UfSe SRIIT dhar SIRA 3,
fIRIVa: SR 7T S8 YRINE WTail TRebd .,

¥ fopu 1 319 SUATIt SR (Creep Prevention)-
1. I AW =90, (Pulling back the rails)

2. WId WIORET TR, (Use of steel sleepers)
3. 3femR/3f&-HIuRAT AR, (Using Anchors/Anti-creepers)
4. TS Yod AiSITa! TAaR ST dTeq 9.

1.3 TIIUR: STTADI, BT ST YHR, TSIUT T4T (Sleepers: Requirement, functions
and types, sleeper density)

TIUR (Sleepers): ¥ed WIR § 3 Ueh HTd SATAR I 6T Yol AR Ho! Sld. § W0 0H
T SR &R a91a0 ST Jedqd SIUIRT HR § 36109 gald ST 9aRe 3R faaiid
GRGIGH

1.3.1 SMTAYHAT
1. Yed TAOR=n YRS Wt M1 SHTd T HHT SITal.
2. WIIR a9 A9H 3919 3101 d TaTes Uy T 314,
3. d IR 93T & 3.

Maharashtra State Board of Technical Education 13
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4. THRAT R T T faa wigs.

5. TR Yap MTOT U= UfddR Hal Ulew,
6. BPIRETY BT 30T BRefHT I 314,

7. THRYS Yo STHTA 3107 IS THIESH 3T,

1.3.2 ¥ed WAOR S
1. WIQR ¥ U 3adTd a9d THIAM 719 @ id Saad.
2. TR ATohid YR SRE R FEATART PRl
3. ofcxd 3Ifor Aifige e (lateral & longitudinal) FRRAT UG ST
4. ST JUIRY HUA HHT B,
1.3.3 WA PR

1. Abel TR
2. PishIc TR
3. W WWR

4. R g WIR

5. THY W

Pihic WY BT

1. DIbIc WITOR Yeral et Rl T,

2. I 3w < og, e siffeeter SR,

3. iAIhe T YicRIYh & TRTe! 3Tg.

4. DIpIC TNURAL TS g TG,

5. 3[BT g, febs Ul 3Tel Yt AETd. WU,  d Uehreed] Al SAIfOT SMskcndl A
3Med

6. PIPIC g A SYTICR 3MTE, TS IT UHR W Hithe haiedl chuATa! s arg
3.

7. PIhIC WIWR <P HOIGAUU! &R SadTd 30T ol IRGdTd.

1.3.4 AU °=T4T (Sleeper Density)

TP Yed eI charel STUITITAT HaRTdh Scied] Yed WU H-d Yed TAToRd! o=
3 TEUTd. § AHId: EGR faa S

TATOR U7l = n+ X
n = Ul Ycadd! offell Hiek 7L
X = Yed WO S8

Maharashtra State Board of Technical Education 14
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IR, SR TiuR= gaT N+ 7 3r8d 3101 siTgiioT Yedd! @idll 13 Hie? 3d, oR Ufd ¥ed
A 20 TR 38,

1.4 AR ATIAH T, T, PR, SUYddT (Ballast: requirement, function, types, and
suitability)

AR (Ballast) -8 T qUIGR AT 3T, JMHERIC: Jeadl ails, St WIRYT3! a8 TR
PRUIMIS] UG HTa! S,

1.4.1 AT SARCH! SATaRADHAT
1. d ST AT UIRmE UfeRIYS 3T,
2. AT YRTATG RS <TRIam d H3107 34Td.
3. FIYRUYU Te0 HST Said ° ST,
4. o fefea sfor uroft =i = SR 3T,
5. 4 fowTas e uifes 3nfor garTrea uRfUdd d UeegRgss (pulverized) 1% 3.
6. JTes UTUTTT AHTAT F+1aRT Tl g,
7. fohHda Xawd 3o frmraaeik s

1.4.2 TNTET SARCd! B
1.8 ¥ed WHORATS! IHdd S foval HUIE UG Hd.
2.8 WIRAYT YR JIUSHE XN BRd AT JeHedR dled JAH [qdvur .
3. TS SIdes SITd SR o TR U Ryl dad.
4. % TR ofexd 31for difiga I (lateral & longitiudinal) gTerarel Ufdafid xd.
5. § Sh T TN T &,

1.5 39 flheReR 311 BRef-iTer: fiher wie, wrs®, dice, @, 13T Wew, i, e
UHR SATIOT 37T IR,

¥ flheraR 311fOT BRefT (Rail fixtures and fastenings) g ST 3Td o Yo <Al SIBTURE
qeTdd SISTIRIS SMaTaH AT ST ShHE TATRET! ¥d e dxuarTa! fthaer 3for
BRETS WU $ieswdd Sidld.

Cap|

1) fi=1 WeH (Fish plates)
2) HISHT (Spikes)

3) diee (Bolts)

4) 93R (Chairs)

5) fb (Keys)

Maharashtra State Board of Technical Education 15



Railway, Bridge and Tunnel Engineering ¥, faet ofs ew gRmeifi (314312)

6) ST WY 3R Y Wiy WISRT & sl 93T WeH (bearing plates Chairs
Fish plates Spikes Keys Blocks bearing plate.)

1.5.1 f%=1 Wew (Fish Plates)
1. Yed ATET9 TG TG IRGUIRITS! fhRT WiewrdT aTaR e ST,

2. A XD QA I,

3. AU HRebiges Yol fawdR T iidra gIva Had $HRdld.

4. FYROMOY 7 Wew g Wherar 3for 20 foredt st srydra.

5. d 45.6 Y} Aid 3Ted 32 o A fvg aire, 3i1fUT g aF fegimdia ofar 3 meuntt
J gerymh 11.4 8.

6. YR Yed A JTeitd G- UbRaAT fhRl Wiewan siaad $HRdld:
1) SIFRIY 3fTpRTT ey wie
2) dreaidl! Wiall b1 we

7. 9FRIT BRI T Wi JuIe U= ¥ad SISUaTHTa! aTuRal Sid. SHfor aretd Wieflt
fOh =T Wi ATHIRIG: Jd-358 Y SIS U aTuRe S,

Figure 1.13 /%7 wic

1.5.2 HITH (Spikes)

1. ATH ! ORI U S UTT3! TTSeh aTuRdTd.

2. Yeadl (Ryciid STuardt Qi didhg 3Ul ST 3.
3. g TIST IRGUYI Hed ol TTfgol.

4. TAURAY d g% B! TN Feerol HIY 34T

5. YR Yed ATORATd 1. ST WIEE 2. T WIEH 3. K Ee WRIH] 4. Aa(IH WSS
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Fig-a-SI'T TS Fig-b- &b WIS

Fig-c- ¥ 38 WIER] qdiad WEHh
Figure 1.14 &lgqy
(FIT: 33 SHHGRB]-TRIGR GIIRITT &% 4. [e7)

1.5.3 i< (Bolts)
SNSTINTS! diee ITRS SITdTd:

1) Ud® ¥d Siscdr el ey Ydd Siguga!
2) TSR fhar s wiew Yaen
3) foret TSR FRUATTST

YRTT ¥ed ITORATd: 1. § diee 2. {2 diee 3. Wl dliee 4. T dlee

Maharashtra State Board of Technical Education 17
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Figure 1.15 e
(G 3eq HNTHFB]-T¥IaTY TIRAIT &% T, Ie7)

1.5.4 BT (Keys)

DI YT TR HHRIAT 3T AT Albal fbdl TiaTg! 31 ehdTd. TR TR & Yadl
PHdC HRUYMTS! TOR ST,

YR JTORT SO BT (Keys) a1 UHR Yo auHT0r:
1) AB S Bl

2) YTl Bt

3) ICIHSAT DI (Stuart's keys)

4) A1 BT (Morgan keys)

Figure 1.16 &= &7

1.5.5 ST W (Bearing Plates)
3T Qe yHR
1) Wic 34T Wew - Tefe 3R ey 3= 3ol iR sirard f5rd Yd JuTe srdTd. aed

o OrEeH ST ShIRITT WTelt € 313C ChHAe] TR ST,

Maharashtra State Board of Technical Education 18



Railway, Bridge and Tunnel Engineering ¥, faet ofs ew gRmeifi (314312)

2) s 3R W S IR WA IR S, ATH ST THURAR FehiaR, YededT Fieared
GIe! SToAT 3adedl XTORAR Bl S, I STS]. JagT X 1 in 20 A 39S HRIAd 3
a5y & 9T 91 TN T Sl

v e :
I V! I
=8 |' ::
R =
i d
i ]
i | i
L—-—E’&} ‘‘‘‘‘‘‘‘ 1) |
:' éz;m g:. ' ':'»L: |
A i
Flat beanng-plate ‘~jiggi
Figure 1.17 3%R7 @
(G 33 HGIRBT-TRIGR T 6T T 1)

1.5.6 T3R (Chairs)
g%l SIF 30T 1 o8 XA 3aRd (R SAUIMITS! TSR (Chairs) a1 ATUR el ST,

Fishpiate

{Shert)

Running
Face

fishbalt

—Chair
Head

Chairbolt

Web

Foot

Ballast

Figure 1.18 #3/ (Chairs)

1.5.7 3(HT ATT 3fH-PIUR (Anchors and anti-creepers)

8 WITR a0 dexd 3for Arfigaad (lateral & longitiudinal) BTeraTelt IGUATITST 3ict-1a
3{HAT AR BT SiTell, of Read el fRRUR AT e arfige = (longitiudinal) ST 1Y CrRaR
TR FHRTd. Yeddl UepT TS R STuamard! g THTomd SidhR avde 3ed.
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IMPROVED FAIR

WOODINGS
Gage

TYPICAL
RAIL
ANCHORS

Figure 1.19 3@V 10T Jicl-Biae
(G- https://www.bing.com/images/search?)

YPR-

1. CQR 3@ -~ CQR 3fax ¢TI WU, d Tad, forad ST ares e dara
JTH 3R

2. &1 3R (Claw anchors): Sgdi=l dasreat URFRUSRITST Ty sraard i Wsdies
dBIT3] 309 31Td.

3. AYRH 3faR (Mushroom anchors): {3 STcHUTS! T TTd SR WSHTS dosiaTa!
JTH 3MTed.

Questions for Practices

Q1. Listout any four zones of the Indian Railway
Q 2. Define rail gauge.
Q 3. Define Permanent Way.
Q 4. State the role of transportation in the development of the nation.
Q5. Define ballast and mention any three functions of ballast
Q6. Explain any two causes of the creep of Rail with a neat sketch
Q 7. Explain the coning of wheels with a neat sketch
Q 8. State different types of rail & relative advantages of using F.F. Rails.
Q9. Write short notes on:
a. Bridge joint
b. Supported joint
c. Compromise joint,
Q 10. Write short notes on:
a. Anchors or Anti-creepers
b. Measurement of creep,
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gfe 11: 7o foraafes

Unit Il: Track Geometrics

fawg frsa=it (Course Level Learning Outcomes)

€02 - G ¥ed Cavdl TUTA .

Rrgia fRreror aRumA (Theory Learning Outcomes)
TLO 2.1 3X1fdeh YHTTER fecied Yed Sl SGTSTHC A .
TLO 2.2 $hdl 1Y YaRH g HIfHfd® ged Hicied dadids HIal.
TLO 2.3 ¢& WifAfae T e fegmgmedia Hewmag Wy &,

TLO 2.4 Yed ThaR T 313, Tige 30T ShIR[TH! Heahed-T Thadg WY .

TLO 2.5 RMr=AT AaSiae faaRTd 9dacdl 3% HIUCSIE Aadd Wl UbR URATfdd BT,
TLO 2.6 Yo SRS WA AreAT Madhdd Jad= B,

TLO 2.7 WRHT 9 S UFCIAT HHATIR Chdl GaHTd .
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e foraafe I (Track Geometrics)

=g (Introduction):

Y Soret Wiftfaes fegmged @ 9d Rt gumw gar of dahdt Y Fuffa
Fd1d fdbdr guIfdd Hdrd.

2 WHed TrefiayHm 3Rd.

2. CH ahdl (HAdR) , &fceT A1 I Thive, TR Hd, dawal Ao [dhar iR eviA

SR oI RIS Te (permissible speed) ST Tald SR ToRId @S O3>+ el
RI&d 30T RBTA IrereaTd ATl W SRR cohied arg Wifafasd (S s/ saxad
3{T]. T a7 HATFOT Toe @ils U A 3Ted 30T Fe1des] o caped Hififaed fegmeTamadt
fITRT gaqal SR WRHIeH BUH Guiid GHIAY Sdl Srdrd.

2.1 3@TgTHE (Alignment):

P IMBTAHC (Track Alignment): SR Yed Coheal AU Sif fE= S1foT RiF foat
STd Tl ¢ SATgTHe WUrdra.

Yol SHOTSTHE YRI&, HraeM 30T fHPHRRR ¢ SRR YHTEd HRuamé! ¥ed chan
fraifora aferst snfor 3 R e <o

Figure 2. 7??9_\3/373’:/%?773?17277%7
(g T, . T, T, O SRRT A Yed SiEe T reayqa®)

Figure € 3fOT Y o1 311 fogmela ¥ed < srezvie ardt fid uafg gefad, . Yoo, It
3TN SSYS TR Yewm a1 [daR B fafae YU W gRadd. U HBRAHC (AB) Hald
e AT ufafAfera wrar g Aufie srsyeaige AeHia e 3Ry Wdhd ATel. &d Arf oY
C, D, 3MfOr E JRI& i Srigm ¢t grorame YAfd o, SR, g1 fdhar SR Hiiifas
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SMEHAT AfRTe HRUTT Agd PR YIRIT AT gRagdrd. SiUpmdie STu HH ST
RGIHY YA VAT Ted SBTITHE HY W Pl od 8 Figure SRIA.

2.1.1 ¥ed 3roTg-THe FRifd SRUIR e (Factors governing rail alignment)

R, Hremar 3 fFHRaRIRIIT JRYd HRUgME! I eRTHe &R D
gedhidl YHTT 34l Yed SSTRHC MR SRR T U § WIoIo THT0 3iled

1. TOITWT (Topography)
1) ATHHT ST SIS HH HRUITATS! Yed ARTHY AGRTE Figured SFIARUN al TR,
2) StUBHNS rsauft HH HRUARITSt g IaR, Wid 3t 31T 37 udd eTes s urfea.

2. maffa anfor areh=h ufefRUT (Geological and Soil Conditions)
1) ¢ JYeade [hal FeteTss TavamIe! fRR AT 3Nfdr e BRURFT W fad i,
2) 4d fohar uroft reciedr ArdTe! sifaled RIS Suri sa=admar Sy 2.

3. Wfede 3mfor gshdr (ﬁiﬂ) Gradient and Curvature

1) ADIHICE THS TN SYATET AR HH BRGNS T ST ([AR) Wery e urfgs.

2) TaRIVG: I T STUm=aT el Was HTO1 YRFE grerare GRTgd Hrugridt sHid ot aehdl
(FAR) IR TR,

4. TR Tl ATOT GRF&aar Operational Speed and Safety

1) S-S ST ¥BIae TRRUATE ¢idh TIeUaNa! Aical $d Bodm Sfdl RS cIi-erRH
I D 3.

2) 3BTIHC WHT a8 JRiga s fexe—g anfor exgumar (fefifaaidh) faarma dul sirawas
318,

5. YIUTG AT AT SRR Land Acquisition and Right of Way
1) ST fhaa Sl Iuasdr sfeRHe MuigiaR THTE e,
2) SRR 30T IS U, S & ST faRitH, faaRTd 901 Saxad 8ffe.

6. TGTGRUT SMTfOT HHTRT® WHTE Environmental and Social Impact
1) Yed SHSTZAHCA SIS, UGN HTIOT RTFeh GRIRIT IVIRT AT ! ohel UTfgol.
2) IRYT Rfes, UGS 3101 g-siid HIRSN STl Yad dhell Ulfgol,

7. 39T ATIOT @Y (diex ais i) Drainage and Water Bodies

1) gToft ot iy SRR U Arguarard} g 3w Rer fas R0t 3awaes 3R,

2) e fhaT Idg SNeTSvaraTdt HeTTS Yol ATaRaehdl 3Ryd, WUH A AGISTHe 3
IR HHT el TTfgold.

8. TR 3T effTeaardY Yo HaT Accessibility to Stations and Terminals
1) 3BTETHC THE WER, I 3T & T Yoo ShadT 31T UTfg.
2) AT HiTwTdid fadR SO SR aTgde AT UHIHRUT §13s Tahal.

9. FIYBTH SMTFOT T@HTA W Cost of Construction and Maintenance
1) URYP St/ Tt 3T SiddmTei SaHTe W hH! HRUARITS! HBTSTHC SIS bl UIfgel.
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2) Td A0 HrdeMdT iaT THA IGUANIS! TG, ot 30T qrisacy ardl I aiiR bl
BlIE

2.2 ¢od I AR (Cross sections of Track):

Yed CHAl HIY-YaRM A IRAHSG Gehi-l qURIAaRYU Gradd], daud R,
RIETar it HRieM ¢ gIadTd JHHd Sl I1d ¥d, W, AR, J9US 101 BiHRH
JRIRET HTIRID T al AR g, O Udd chadl HHFRITAE Tgayul YfHewT sofad 3.
TR HHT HRATd. YT Yed SYDHTH S0 GEUICIATS! 8 THS YUl SATaRaD 3.

2.2.1 Hg<ar=AT difad 3fél (Important technical terms):

RRa, fehTHuum Sfor QRf&rddr gFfYd Hruaridt Yed b diydmmm=i dafid uga difie
T THA U SHTIRID 3R [Afae TR geh chal HRiGH SR ANGH qdTd, ST

8 UCh Chall YR GUIMNISY, YR I HRUFTITST ST ¢ fobaT Uroft Aol JryRe
AT Ufdae HROGNITST Hew@qul YHeT SSadid. a1 gchid! Ing T 30T GEHTd ¢
HRIVCRM aTead ST SdTa c@HE Td HH! HRd. WeTd [GHFT 1 Hewdrl difdd S
JURNAAR U .

(A) HTIH SR FS/ATTET 886 (permanent land width/right of way
(ROW))

1) TP, SUR, ATeT ST YIS fORdRINIE Xed STUDHTH 30T TR Huifad bl THul
S

2) B < UBR (T fhar o), Yuesr Sy Yed FamiaR s s,

3) ATYRUMYY, Th! HIRhTaT Yedd gabTdl AN (ROW) FHR 15 d 25 Hiexudd rdl, @R gast
ARG BT 25 d 45 Hiexudd SR,

(B) fAfHdt ¥t (Formation Width)
1) ¢ SHUINITS! TIR ho el ST EHNTHT THUT e,
2) raed g, WM AT RRATST $1azae® oo! JHfARad ST ¢ule JHIAY Ho! S,
3) SIfa® geu:
a. Rim@d®: 5.5 9 7.5 diex
b. ga¥l ¢®: 10T 13 Hiex
4) &4 fAHTT (curved sections): FRRaT IRguaTaTet Ted A St areq.

(C) dIS[ET 3dR (Side Slopes)

1) desic) fohdl HiETal dad gEHFT RRAUTS! UaH dHa S,

2) AR 8 TUIR &fest: 3/ @d (horizontal: vertical) TUH &9 ol SIIATd, 3aT, 2:1 (2H:1V)
U Ud® 2m &fdS (horizontal) SRS, 3ad (vertical) 34T 1m 3T,

3) desdl 3aR (Embankment slopes): 1.5 : 19 2 : 1 ([T YHRIGR A0EH)

4) IR PTIUF (Cutting slopes): 1: 1d 1.5 : 1 (ST RRAGR faciqg 3d)
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5) YRGA Saum=aT fie (Retaining walls) SAR QU SR SR ATURd SITdTd.

(D) SIS ATd (Side Drains).

1) UG UT0ft TMe3T ] a3 qUaTTS! Xed cahedl alal aTofdT Wad (Trenches) faord SR,
TS UTUTt W0t 31f0T < HHSIR BIvl eresdl Udl.

2) MAIHAIAR & AT SRAGA lined (Pichic/aiTs) fhal 1 SRARI unlined (AT A1) 3R,

(.
3) SITRTE YT SO SR UTaHTd YT A <o SUYRT CTes UIITST TRY f4eRT 101 YU Hgw@rd
38,

Standard ballast profile j
Side drain 2 Ll 300 mm

Side drain

610 mm for BG
) { 450 mm for MG

Figure 2. 2 TTgE G741 31A® B1G- G
(ATT: =T T SATIOT UH. TH. 3R, Sfidthe gHaRic! U IR Yed i)
2.2.2 B o1 gieTa Thdt 3for godt siidian WS wiv AR,
(Standard cross section of single and double lines in cutting and
embankment).

Boliost shoulder

Gaouge Boliost
— ] —
cess

Rails

Troliey reuse
2.5m

g

e -

/'c:*':)f' . ‘\y
e N

Ny F

e >
—

Sub~—Dbalicst

. of murum
R A O S R N S R S S S S SsS S SsSS S S NS ST S SsSsSsS[ssSSSSSS’SSNSNINSISSESYSSS|SSsS S S SASS

_Sicl!ist‘_t\:ose

o — -

Formaotion width
— e —————————————————————

Figure 2. 3 TCT¢TcAeT embankment) ®/7a FTET B4 G (1RI7TeT 2)
(GIT: MSBTE IS SR &1 fediad] 2019)
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Fomnj@gn_ width 10.70 m

335m

!
Ballas! top

‘ssm | 1070m +ddm |  55m

Permanemt land 217 m+ 4dm

Figure 2. 4 TSI G6¥1 F1S-T16 bl leT- G
(GIT: MSBTE Hied =¥ &1 odiadl 2079)

Ballast top 5.5m
pPlm ™ @asm e
| | 3m 18&8m O0Tm
19m_ 36m - 2TAM L Cessorbalast  fe—>
i | J8TBm || shoulder
1 26n] Rads, | - Sieaper
drain 1200 16 250 ) Rope: . , i
\ ‘ ~Tutes ¥ Intercepting
Fomoonofsubgrnde |
- Balast
122m | Formation width {5.5 m) 1.22m
i Permanent iand 18.94 m + (d (+ d,) m
| - -
3 v N v g 54
Figure 2. 5 3§ B.G d \C5G PId-JFI= BT He
(???H‘ FBIGT IR} - T ITog 3?773‘)
Original groung feve S
A657 m @?
v - A 370 m » '
208 . Spoil
emes - 0 bank
; 2705 m ’. < YA m » 2 .
{ 16726 m : 127
[ty 4 s
57
Y d A ‘,nxxs_. — .-rz 1 S | ) '
‘.‘ 93 LM. - ‘-O-"—'-oc‘v’ v \ »
:‘. ——— Z - ,“_ vl s .o ."r ,.l.a\ 1‘ .
/ 2 Xﬂ \
Dl.mr' .4 10058 m >
p g . -
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’, - . Permanent lang — e
|

Figure 2. 6 &Y B.G CHd &S H14-GFI HIcT TeF.
(GIT: MSBTE TG 3=V & GHY 2022)
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2.3 ¥ed ¢ Mififa® (Railway Track Geometrics):

(A) ¥ epaT Yfidiar TRuma UM ge® (Factors Affecting Railway

Track Geometrics):

1) YUSRT STFOT RAATHIA (Terrain and Topography) - e, SITRIe fdhal adia HIT Ufgde
30T aehi=AT (HaSIaR URuTH .

2) TTSATET A (Speed of Trains) - I TS TR &d AN RS THHUT (CTF==)
HTTRTD 3T

3) TSR UHR (Type of Traffic) - TR e, AIAdTede® Ted fdhar firg argqes Hiftifas
SR YHTa TThdd.

4) gRf&radr faar (Safety Considerations) - $e3TaRe+ GIRUI STl HTOT RGN IZS UaH
HR.

5) SiYHTH SATIOT STUTT T (Construction and Maintenance Cost) - STRd HTdibH, Jd
STFOT ST HHT DRI,

2.3.1 Yf&de (Gradient)

I Bl ST,

JIGUIRT UfSde WU MY < ¢haadl glarareal (G- daR dedl SfTfor @rar fdvar
TRIRUIRT AT T 3R THE T <fhdhea glerarae =M It THTd.

UfSde IMMa: UHl e are fhdl aXRUNNTS! Ta bl SfaRTgR a=ifddr Sl
FHipeh At cad are a1 ToRur WU =ifaar S,

Iareruny, 400 Hewwed 1 Hie=h e 3{ed, Figure 2.7 AEl gRIfdearyHol, Af$Te 400

A 1 fhar 0.25% 38,
=
660\ o) \ K
N olo 7 Y,
(}(‘3 - qf_) o \ h
07 O 0, s,
Q . 0
< 5 =
‘\\0 ‘ ‘ 66/ ™~
| , I
| |
9 400 m i 400 m ,
| |

Figure 2. 7 TIGUINT fIf0T S&RUINT ST
(T GART TZT S0 TH. TH, ST, HRTES GITGc] 94 g8 3ca S/IAE®)
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UfEge UBR (Types of Gradients):

1. 3feiw Af$de (Ruling Gradient) - Al UlaRaR SR, [AURTT 3Hd HATT AfSHe.
Sfei Afgde &1 wat faunma sifidard saian watd 9 Afede SR, o 1 faurmasid
AeHIfCRER Hied IS AHUR HATE HR Fuid Hd. faurmar sfim afgde sxadam,
fIaRTa &1dt ArTd. <ok Add Aaed] SIU=T AidbHIcagd! [kl q@ld g1 vl guara
g YfH®T Soad, HRUT ABHITCEHSE SRdld SRd IRAF 3RciedT di Jquf YR
e Afedear AU YRR ekt 3l MfdiRad adl P aoFm ¢ Aauarrat
AP HICEd! ATaLIHdT A /N BT DI S&eedT UfSdear 0 38

P = Wsin9
= W tan 6 (3{GIS, 6 U T8 )
- W x Afgde

Figure 2. 8 J1e17T Ao
(Hid: 3ed SHTeEfleT Gisdc S0 &id GBI - KPSTRUCTURES.IN )

YR Yed- SRIAT YK Uds dwrad, fafdy amfer areomt argqe onfor fafay
fIUFTIR ITRTE SRTdedT A mifeegan a7 3 UHR I Skl FR¥a o T9g Faa
Teld. YR, YR YedaR Sl Had Uhd i HIiceg o Add 3l degl |ieid oy
3{Jcid el ST,

JUTe YSUMMd: 150 Hel 1 d 250 AL 1
SITRTE USRMMd: 100 Hed 1 d 150 AL 1

THal [AUNTTS! el Afsdie My FemaR, ahduard! g JHa HUTHRH fedmar ol
fIUTT UG draial SR 4 e Bfeh Afsdetan qure sy uifgord.
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2. Ai¥eq Uf$de (Momentum Gradient)- Te WITR Ufgde Sl GRRIT T ST 31Td SITdTd degl
AR SIS, Wbl Aided AfSde g1 S Afgdetan SRd dig 3rdl o1 YaRMaR arad
AT Sl YT AT Bl ATHS ¢gR TR TTd DRl Ad. ST, TWRA SURT Afgde
HTeIdes] Aol Ufede-ar ddl. =1 fRUdd, axRom=u1 AfSdewan Wrelt Ju-a1 ¢dT IiTa o
ST AT T B, ST oTel SHfARad TTaiel Sl Hesd ST ot BT Afsdieten Sd
DIV Sy Tl ATgld, Of ¢ TR JesuIaR 3T0] Adhvdrd.

-

Figure 2. 9 T)HcH Biode
(Ad: ¥ed cpALd AfSTe 310 i YBR - KPSTRUCTURES.IN )
3. URR/GR Af&he (Pusher/Helper Gradient) —

WIR AfSde faunT o sifafvead Sf5H a1 Ted FRald. STRIS HFIG, Yed AN dfet Bt
HRUGTET T HRATT YHCRITAT dleidl &R g9 HewTdl 3Rd! 30 AT Hleidea] Thex ad
HH IROATST T el ST SR ohig Jfede UaM &l SiTard. Si=1 IR, 990 4R
GIUIRIST T clih Ao QRY ATl Tfor SHfafked didpifes siaxadh 3iTs.

S®T Yeld faqummar UfSde gadb! 39 3™l &t ¢l Yl quame! sifaikad gfor amrol

Figure 2. 10 Wﬁ@'ﬂ?
(Ad: ¥ed chALd AfSUe 30T i YHR - KPSTRUCTURES.IN )
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ISTERY IR UTSTCqHe T Yeddl §a-11-aRRT [qHTT ST grfifeiT femrerad Yed faumT 31mg..

™

Figure 2. T ea<d] §S1-GeQNT [dHFTIAT 11 8eR Alede
(Hd1d: Google Earth 10T Google Earth Pro)

4. VYA grendid Af$de (Gradients in Station Yards) - fRR gt 3mamdt ger=md
TTBUIMTS! TefeR AfSTe 400 TbT 1 d 1000 HA 1 USH Pl Sial. WA Trendid Afgte
Feid PRUMGeS TS JUTS 3MTed.

(a) TE@IHYUT 30T SIRER AT TH A GRS ST SRTced] aTe-1i-T A URE gX
STUTURE IRGUITTST.
(b) YT fadeT THTUIT dibHIfces Y= HRUGMTA! SHa=dedh JfdRed UfaRied Qe Bl
RO,
Y THE Hdl oS Udhd P YRV, TS GUIU0! JHA Pl STd ATe1d, 30T il fe=T
T FROATST ST YUTe WS UM o Siald. HRA Yedaiid *2F Jrefaed fAuiia
HTE AT 400 Yt 1 3118, TR RIGRY FHarem IS 1000 THT 1 TR,

2.3.2 dep (Curves)

fahar 3§ WML Yed A1 UR HRUIME1E! Haved cbar JTax $Hal ST, SiegT dobe faRM dad
TGS 3! degT Afast 9 @RIg<d Hd) UeH Pal SIrdrd, il 912 39 AfSde uew g
fohar SiY Afeic T SR Hedid dY 3rad a% (@fcdhd Bd) UaH el SITdTd.

I UPR (Types of Curves):

(3N) &fast 9% (Horizontal Curves): <& o= Sgad degT aTuRe SITd. @it B34 (radius) Tt
ST FRRATTS! HEWYT 3R, ST [N Faad deel § Hd Yed ChHAe] AR SiTdld. o YR
BTeraTd HTIOT fFRURAT IRIUAT Tad HRdd. YHRIAS § Y 3T

a) I1e g% (Simple Curve): RR AT (radius) 3RCAT Tl MATHR AT (arc), THA: Yed
CHAL AR ST,
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Figure 2. 12 TT¢l 3% (&)
(@d: MSBTE fgarest 2019 Afed IaRUMRAHBT 22301)

BC Je W (forward tangents) UM 3iaad SiTd.

T1 DT2 @1 &8 (long chord) U 3fiea@a ST,

DI @ BT fA&Ur B (deflection angle) TUH 3fiegal S,
BE & RRER 3idR (Apex distance) TUM i@ Sild.

b) $UTEHS % (Compound Curve): AT BT g fdhar 31w MSTHR 31 Tha
W&w.ﬁmg@ﬁwwwm@@wmﬁﬁ&mﬁ

(@}
] - T - v \
|| - ” XZ | S — - S > ,’f \
N ~—F2~\
— ~ -~ -\
:'I -\~'*| = X1 | " X3 // ' ‘l\\
[ I / .
A I / \}\\ T
| | R:y N\
| : | /v,( T \ : /,/‘ v 4 \
L2 N\ y
/ \, |
T \ | /
X
3
|
|

Figure 2. 13 BUIGHE T5b (&)
(: AT g7 31T T, TH. AT, 3awhs giesiRict U gR Yed i)

c) S TP (Reverse Curve): GH &4 (GG G AHAd 3Med SaHE T T e IRD
fqumT (i sme, Raears Sfor wrgfEmmed (switchyards and sidings) AR ST,

T
Tangent , 'A“-»__angeul
4 ) Centre
Centre » X Q3
0y - \\ %
\ R ‘
[~ Ra e - \Ry
R/ ¥ N \
/ % \
52 / 7 R Ry R \
. —— Ne———%
T3 - Iy
Q
Centre

Figure 2. 14 GC 35 (&d)
(T AT <7 SHIOT TH. T, SryaTd, Sfiqwhe gHagRic U gR Y it
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d) eTf=¥=M &d (Transition Curves) - 3EM®GYU VR HATIRS 21dd! (centrifugal force)
CTBTITS] AR YN aeh AU S §BER G0 BT Sl Yed IO Hemr SftiFaae
IR Hadl AR $H6T offdl, SHS AR AN 30T TUBIHR ah Jiard ThARE! ST
TRER Sa0 1Y gidl, URUTHT 3faTes Ur=d @l (lateral acceleration) &I gid.

VR ¢ WS IBIaE MOIHR JBUMER Md, degl ol SEFd HauaRS ek i<l
YHTIRITO! Ud. T YATRIHT SRR dled, cobd A fousd Sfir ST Tida RRAR
THRIAD TRUTH g,

g1 95® JRBId TRUIMIS, MOTHR GV gl SToHl SIf2RM &d YaH & S
S Figure 2.12 A TRITATYHIU YIRS BRED S0 THIHAM &M ded Ml
HEIIRS Rkl WG §BgD AR Bldl.

R
\ RegU?" GUNj

i CUIVE \ 1 /
. frangioR®TT P __— "
E

Straight :‘_-________- ----- """—:’,»\/Q -~y

' X
e -

Figure 2. 15 GHHT G55 (CTI=1<7 &)
(T: =T 5T SAFOT U, TH. 3R, Sfidathe gHaRic! UM gR Yed SHfiaifist)

AT (STIRI) T5hid GBT UPHR 3ATed:

1. WA (FA1UT5S) Fd (Spiral (Clothoid) Curve) — Fald SRd dToRd SR HehHUT G5
(Transition Curves), o1 s Wes UM SHIIURE Ma®R H99Y THT [fd
TeTHId §RE@ HHT 8. B YT B IGard] ThaaH &R UG $HRd, TR Jad
gFfEd o,

2. ST Af¥RPBE (Bernoulli’s Lemniscate) - §A@l dhadg UHHUI dh (Transition
Curves), PTat Yed 30T HETANT SIUANTIHL (applications) ATURe ST, TUTMY, Tl 0T
Sfedddes (mathematical complexity) d FARISS Tl JA-d HH! THT S

3. " WRTETET (Cubic Parabola) - TIFIRM Hadl Tdh UHR o dHd THIBRUI O+ §gag] Hidr
H. g UfaeTiRieetedr Yed Cohiel aTUR SITd BId U SHTdT AT IiiTedt Mfad quremiges
TR aehi-il daad 8.

4. gAY WRRA (Euler’s Spiral) - FA1U1SS YHTOG, I7 GohTd] 8880 SGAUIRT ST 318
ST U1 TATIIC Tl SraTeh G HHT HRUITITS! Yed SIfUT e fegg—aed Hiaa
YHTUMER dI0Re ST,
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. £
Bernoulli's 2S ,
lemni scate $// & '.-

. Sine curve
Spiral 'ﬁ

Cubic parabola

Figure 2.16 THTT JgbTd @R (Types of Transition Curves)
(FT: TAT TZT S0 TH. TH, ST, HFTHS JIGrRIcT 44 g8 3ea S/fAiFH)

(@) 3IEd % (Vertical Curves) - @1 ¢ UaT Afededyd gu1 Afsdersd |l dag
R YHH (CTarzH) AR HRUGMNTS! 3Gd ashidl aTUR HoT SITdl. § dgh Ch ol G
AT A ST TSI~ IOV Had Hdld. A UHR Je GUHAT! 3fed:

(A) BB TP (Summit Curve): & T IS 5 (Pl-ady Pd) 3118, Sl vl fe2A Wre=
fG2 IARAMT ARSI A<, 3121 TR TTIHH IRGUIRITS BB (SIS HRo!
TP 3.

(B) T @ (Sag Curve): g T 3(ad0 akh (Pi-hag Pa) 31g, o W G2 e ARG S
Th T (STTr=) HRAMT ATURS STd. AR =Ry GAREd HR01 3107 Yarzii=n 3R IR
ST e AR fEgmg oo .

vel vel
Leve P Leve

Y/’ Qy & S,
Level 5 Level

\ =) e /
\Summlts/ \/, @‘/
A
—n / o
) % R TR 'é?
2 @
) &
Steeper é// &

fall

L
\1955 (\ —

Q_{o

Figure 2. 17 S/gcid agpaed |0e 3/7for 77 Summits and sags in vertical curves)
(Gl AT TGT IO TF, TH, ST, HRTHS GiHagrec] Id g 3eq sfaiie)

2.3.3 48 YRR (Grade Compensation)

1) dehioR HIUHRS ekl (centrifugal force) T TGO T TP UfAHRIT (resistance) FTHAT
CRCIRIUGHE

2) I UfAPRTH HRUTS (FUTHRM) SRV, Wit Af$Te (allowable gradient) HH H@T S,
SIS 79T (BG) WY, § HUTURM 0.04% U feht ®d e, @R Hier 9T (MG) |18Y 0.03% Ufd
faeit 3.
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& GFRRId IRUTNIST 3MTg B! IehiaR SIDHICEo! SIRA Jakiid! SaRIDHdl Y, . Hd
Tear= gloameH sfaRed ufaeR FAEr wRad, dge awi dfeded HUREH wio
THTOMIR e ST,

a. BG CdhaR: gBUT U 2T 0.04% fdval 70/R, AT o HH 3RS o BT Ble.
b. MG CahaR: U Ufd 3MST 0.03% fdhar 52.5/R, AT o HH! 3G o BN B
c. NG HaR: goUI=dT fd 32T 0.02% fdvaT 35/R, ATU! o HH 3RS o AN

Ty,
PHad! B R HieTHd 3R,

P [UTTET AfSTe SfST AfSTetam HHt 3RTaT HRUT Hd ifaled Ufder FHior Ha).

JSTETUT 2.1: BG YUHTST 200 HEA 1 =T B UfSUews 2° Hdar Hala 39 Afsde aner.
(i) BTl AfSTT = 200 A 1 = 0.5%
(i) 2° ®d= 0.04 x 2 = 0.08% HUTVIITS!
(iii) PUTHRM feorar ATSTe = 0.5 - 0.08 = 0.42% = 238 e 1

®d Chad gaid 9d Afsde 238 Ud! 1 38,
2.3.4 AFATIRTT (Superelevation)

SIS (Superelevation (or cant)) TUMS! ST Yeddl TR JATGU!, T 38T DATUHRD
T[T WAHR HRO! SN ST HAd S YRS STo AT S GUl 3Tg. TS o e
fRRYT 901 ©3; 21 SO Y11 SRTHTT URUT §ld.

o —=
i P i (SUPER ELEVATION}
X i |
% (2)
A % 4
RAIL JOINT

SLEEPERS

(")

(@) Sectional Elevation
(&) Plan

Figure 2. 18 ¥¢d 2Haric GaR U971
el TH. . TR, T . SRRT i ¥ed it ureagdd)

IR T T

GV?
127 R

e =
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&0

e = YR Ta=H ()

G = o St (o)

V = <71 a1 (fapHi/am)

R = Hdd! 3T (Radius) (¢

YU TAAR=AT H4ieT (Limits of Superelevation):

U, FBTaE TR HIdhT U Char SRd dodhe I §d IR gehiges Haifad 3.
T T, ST AT SITOT SRR SMaRIDHdIaR MR 3T I 3T dgeld. YR, Sieiol
(BG) THUTS, HHTA I IdT TYROMIOT 165 et wfq wifed S, sreanferes Sdiges St I
SR Ad, R YR} I IS SR SISl 3107 SRR TS, .

1) S8 9T (BG): HHTA 165 fAet
2) Hex A% (MG): HH 90 faredt
3) A A% (NG): HHE 75 faedt

2.3.5 Pedl ®wHART (Cant deficiency (Cd)).

el HHRAT TS SIgT ¢ Hd char THAIG AU SR AT TaT HRd dagl HHor
BIURT FRUH. 31 AT, BT Fo S YR UGAH S TTo! SRT 3Xll. AT GRUMH U UIiRdd
F[ad (lateral force) FATT Bid, St UATRIAT SRA®S A ST Cohedl TRAAR SffaRad aror
(additional stress) €Ted.

Figure 2. 19 @< BHANGT

V2 —Ve?
cd = R
Ty,
V = a1 aRdAfd® o (m/s)
Ve = JHAIA Tt (m/s)
g = TE@IHYUITHESS BIUTRT WaT (9.81 m/s?)
R = &4 4T (m)
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1. B 3Ma=TDH YR TGAR-AT HHARd U@ B, S SR T SIT0=AT ¢ Ta! 3gR1
3l

2. I drcdl HHIRA WU SR 3101 WS Id YaT, TR a1 dehidR dTH Tl Sodre
RAM fHesd.

Pe HHARA™! AIFS HATGT (Standard Limits of Cant Deficiency):

$e HHRIA! AHS HITal UIRd ki NG HaRITA He ahidR GRI& o HuRIH
IRfREd HRd. ST e o gRoezs! Ruffta grdie A siieied, deT dedl HHaRd
Jgad.

URAH, SIS (BG) Ch TS TRUTRS SIS HHIS dbred dHaRdT 100 i 3iig, TR
®Te! faRky Jatardt dt 75 it sme. SR &t Tiar Sioisat ol, TR chdl 9, SRRl 3Mfir
SHRRAT AT 813> 2, SaTaT GRUMH JRIET ST HRIGHIER Bidl.

A% H4ieT (Standard Limits):

1. BG (sSITgTeT): 100 faedt
2. MG (HeR 7ten): 75 faedt
3. NG (331 %) 50 faeft

2.4 ¢l [TET (Branching of Tracks):

YA Yed TGP IAIST ed Tosidl AT BRUN 3HTTRTD 35, TS Teh] Chaen gal
ANTIGR ge5adT I3, JAahd. § Ulscd ST HIRTIGR AT Ho oI, O T HaRIT 3HTed e o
7 YieT {2 96 BT,

2.4.1 UT§eq 3ATIOT IR (Points and crossings):

giged (Points):
Uiscy fdhar Rag gt ifie oqawit 318 St fhrdr Xod1 (@1 39) alR H&A o] Thl
ChaE T ChaR Jobddl.

IRIT (Crossing):
SHIRIT IGUS G ¢ THHDHT SGUMR [AHNT, SIS 16T TgoTqul ARHHUT HRO! 6
Bid.

2.4.2 TH3MHE (Turnout):

TH3HTGC UM Uiscy U1 BRI HaloH, SUGR ¢ 0] Ul chae- gal chax
ugret R fiesd.

T3S e Uedh YSIGUHTO e
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a) Uised (f&) (Switch (Point)):

O Yo dT T (@1 39) Sl o101 Sfasd chdbs Ag ANIGAM B,
b) IR (Crossing):

T faumT ford v o5 o et faRkie S sfiafsl

¢) BIS ¥& (Lead Rails):

e SATFOT ShTRAT SR Cahal fqUTT, S Glvg! HIVTHT SIS dl ST SH@T TG [T A0
Hed Hdl.

(31) STEAT 3T IoaT BT EH3M&e (left and right-hand turnout)

?) ST BN T3S (Left-Hand Turnout): TH33edl IR SITAMT ¢ STAT §TdTHS
g3,

LZeR » >

2l
- T
TRAILING I l_lFA%NG %
19
CROSSING . o

DISTANCE
BLOCKS

Figure 2. 20 ST 117 7313
e TH. A, g, T, Ul SRR I ¥ i ursayds)

R) IS BT e3MT&e (Right-Hand Turnout): T3S ed WHR SIAMT ¢+ SoTedT TS
gosd

CHECK RALS
| CwHoswien \
' - =y N
FACING. AILING
DIRECT:ON | TRACE BiREcTIoN
|

' R.H.SWIICH >\\K

7

&y
9y,
CHECK RAILS ”

Figure 2. 21 GoTe] §IdlH cH3H13
ek TH. . TR, T . SRRT i ¥ed SHitifiet Ureagdd)
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Railway, Bridge and Tunnel Engineering

(d) eH3T3e ged 3T it H1™ (Components of Turnout and Their Functions)

Stock rail (AB)

|<

Stretcher bar

—l

Overall length

End of 1 { I
stockrail| | | X _ _
[\ Outer straight lead rail T
- -
\ — Y TR
Facing "--~~:(;):‘!_f9£.c_urve Check rail
acing P
direction rail

.. P
) . % Wing rail 7
R Inner straight lead rail M

Y
N
== |
CUrve e, @l Elare -/

A po
"I~ x>~ Check rail

Throat

Throw

-
of switch | ek

|
I rail (RS)
| Toe of switch

|
Theoretical nose of crossing (TNC) —!

Actual nose of crossing (ANC)

Figure 2. 22 E13(13€T G
(cT: =T ST 3101 T, TH. SRMATd, Saths gHagRic! U4 gk Xed i)

THSed Ued (Components of Turnout):

1. e ¥@ (g9 ¥@) (Tongue Rails (Switch Rails)):
T CHURIT THIHTIT ChUd ST ARG HRUMT 5 0.
2. TWIP IS (Stock Rails):
fRR YT = [a%g 1 hvd, BUed ST X600 YR GUIRT &7 30,
3. g a¥=dt (Switch Assembly):
ST U¢ ARTGRN HRUMTAT S @ 30T Widh YT $qui 3.
4. W (ST (Frog (Crossing)):
ST U Ueh Yed ga-a1 Yed @l fafR SIFd Sieied, Sardes aih el Fo o] Jgold-
Hioisuard wRarl fied.
5. fRT¥® (Wing Rails):
AR DT T Tl ARIGRIA HROMNT U5 S e,
6. TP ¥ (Check Rails):
I aI9eT feden ¥e.
7. B8 IS (Lead Rails):
RaaeT HIRITRN SSUR Yed dohd fqumT.

2.4.3 ¢® W@ (Track Junctions)

Coh SR TGN 311 Yed a1 T G fdhar 3ifeieh Sob Ththi+I @adid fdhdl Sigdrd. arges
oo AT Seodl ddl, G2 Seoar ad! fhdl 3R <o R siiaisdr I,
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SieRT 3 fafae Yed A, M it arduqdie RS gToare! HarH HRdrd S Hried Yed
SHTRZFTST SHATGRID B,

¢ SRFAY® HgwarAl difAd 31l (Important Technical Terms in Track Junctions):

1. eemae BT (Turnout Radius):
THSHTIC Ch! ashdl (BAdR) SRAUIN AT, 8 Fsar e Tt 3M1fir IRSBIA grodarorar
TUTd T,
2. SIRAT 3FTS (Crossing Angle):
G ¢ UHHBIT ST B SGdTd dl BIH. BT B fofae! HH! 3Rie fade! ¢l sTodre
31fiIh YRBIT Bld.
3. f8® oiTw a (Heel of Switch):
SIS T P ¥@ i ASUIRT YT, f57e) =it g1 are I& Bid.
4. Y 3ITw &= (Throw of Switch):
o4l SN ele gIodIo, Si Radwl gTodIo G- ¢dh dGaUINI! HTaRId 3.
5. WSl fARs3R=T (Flangeway Clearance):

2.4.3.1 iﬁ SaRY PR (Types of Track Junctions)

(3) SPIFSMIaR (Crossovers):
PI3HIER T FHIAR ¢ Shadl, WM ¢ Tl Chaver ga=Iar Sirdl Idl.

1. RITe BIgeNaR: THT 3 edl AR He- ¢ JEEUANITS! aTURe ST,
2. ol HIFSMIAR: GF CHINTICH AT, ST G JHIMR ¢ &M Gl (G2 g1odIe
RO R fAd.

(@) RIsR PIFsiiER (Scissor Cross-Over):

ST HII3MIEd IS (combination of two crossovers): THIGR ¢& GRET ST GIg]
fG2 TEola BTG AIG HRUATE R 4d.

qTUR: ST ArIqUITHTAT TIOT TR RIS fbal AT Yed YOS THED WIS dTiRS ST, § UhR
Yo SR 31fAes Hrder 3nfdr Fafe sHIvarEt Hew@yuf o,

T T ___-1-

.
:‘:rr
-

'\

i
i

""'\-.,
e .———‘_ o ) \_,____—:_
o r o —

Figure 2. 23 3R BIG3flay
(T AT <IST SHIOT T, T, 3ryaTd, Sfiqwhe gHagRic U9 gR Y it
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(C) STAHS IR (Diamond Crossing):
RSAT: SIHS IR degl TR BId Sleg] G ¢b UHHBIHT HIVATG! DRI THT DI
JeTedrd.

qTIR: | HHI: AT AN 3NSTSd ST Ied AbTd e d. STIHSHT HRIAT hIRT
ST AR 9 9Godl Y SIuard! IRar faat Sid. 3 fa=iva: Yoo a1s, Hied RiHe e fdat
fafay ARt NSTgamT IR wa.

ELBOW / &
, \A/‘ / ,/>/
— o s

Z

Figure 2. 24 SIIHE BT
i T, O, G, T, . SRR T e s wegE)

(30) ()
Figure 2. 25 STTHE BT (3)) STTHE BT TGN () STIAHE HIYT YHdes
(T TTa S o)
@) € BT (Track Triangle):

RST: I THHBIRN NSOS T3N3 Uhd IS FABIU TUR B, TS ¢S] 3o I
Hdl fazr Sgodr Ad.

qR: D HICr Regde Ireue fdhar SiRMR fGN IS varTa! ar SUART HoT Sifdl. § gou
31O frmrazik A ¢HeT feanfdar S5 uar 9 sHad. <6 FHdI Yed SiTRI-Ee
YUl YfieT Soadrd, faRiva: SId eeaw Suos gl
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A

YT, \i Radius
7, §\ !
P2 | .
JR . / i - —=)
P o M LR —
} T

Py I Ay 1 C Q
' CL . S ! CL 1

Figure 2. 26 A&
(AId: TR T AT U, T, 3R, Sfiawhe gaeRict U9 gR Yed Sfigifiat)

2.5 ¥&d ¥/ (Railway Station):

Yed W3 8 Yed ANMARIS U 300 &7 38 o) a8 SaaITIH, Jar=id g0t ST
JRU, T HIGT SIS IO SIS araRe fafae fhan uR ure e Sirard. anfrard, e
JGIo Char STudTe IRATT GUATTS! § U fS 101 UM GEl® BT Hxd. Xed RIFd &Id: aH
USRI TG B! SIdld: T TR T sBT1d W,

T WM g1 RN AR 3R oY a8 BRI JauT SRIdrd ol edie
HroaredeIgRa Faffad 3RT, quT Tegi=l gTeare d Fum o ord e,

T fAURId, ST eI [ARIT: TSI STGATG (AR U0 SAUIITS! TR Hove SR,
1 WMAR, T30 W RAT! FHSTeRar e e SIS, 2hd ATgl. 61 YUe! Mediate
I 3R G JRI&AT 0T B W HRd. SB[ W2 aTgde A 2D dTd fdhdl -Tg],
R I G- 321 TSI §To a0 o HaHT B0l 8T SR,

JUIY, Igd Yed WD g R IoW Hoo! algl Y HAld: dledd gl Sfr
e gTodTeldR (01 a0l ad, e Hiri, REfST il quHTe TR SRS
fhaTpoHEE! Yed RIS AgayUl YfHhT Soladd.

2.5.1 ST (Purpose):
Y VMG A I WO TGHH 3Tg:
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1. YRt SIGRITYT (Passenger Handling)- WewmiH, Taienad, fadie HdeR ofir s
TATRTNIT! SHTazTe GfaeT SUGs He- qul.

2. HT® d18q@® (Goods Transport) - AIGAGdH T3] GIFST HTOT SIS Jfaem Rau.

3. ATR=EM® AT (Operational Control) - ST deTU=d FareH, RafdT oftr o
HARITY B,

4. 3 TFUTS (Train Maintenance) - JURITN HRUY, S HRUT 30T fhReh I oKt HRUI.

5. U SATFOT WART JAYT (Connectivity & Accessibility) - S, S, Ael g fafae vars

2.5.2 ¥od WA TaRgdhdl (Requirement of a Railway Station)
Yo RIS BIAEHT HTH HRUANIS! BIo! HbSa Yol BVl HTTID 3HTe:

1. WepiHd Yeaft Sidt (Adequate Platform Length): ¥2MeR YIS0 Faid &1d <]
ol THTG YT & 3T,

2. WA JIAYT (Passenger Facilities): TdI&TGY, HaTAgd Wiedl, 3UIUSR 6é, 81 €10,

3. PRI P FITIC (Efficient Track Layout): Tl 1 gidT TTediaT YR 1d Ua=T 30T
e gioaraTdt O S Fe3e .

4. Rrufe snfor +gfA%=M (Signalling & Communication): IR ¢ gT&AT@ A6 W

5. HToaTgq® GIAYT (Freight Facilities): ATEAE(® LRS! WA TG ST SO0
TS & 3.

6. UTfEHIT STROT WA=TARTET (Parking & Accessibility): TaTRITedT ATg-TATa!, SR TfOT

7. & JATIOT TWRE&T (Safety & Security): HUUI, TG UHTRT AT, HRfidle! gresd S0t 1for
MUDHTOH Haidl UG ST,

2.5.3 ¥od RSS! A1ge fFadiar uf¥umy #RuiR ged (Factors Affecting Site
Selection for Railway Stations):

¥ed RMGE RF Hagdar fafay gewiar faarR HeT1 S

1. BIHHSAT SATOT ARTUR (Population & Demand): ST fEHT0N Tar SMfYT ATS agqed
ST THIUNG 3178, 3121 U Yod RIFG U] a=Td 3T,

2. SYHITHY (Topography): SR ATHHTH STEUITITS! TOT St R gffRad
WYU0 RRdIo. Hauiaedie MG 3 RIS THWET FHHAT HRIAT ST ZH.

3. PHfdef@dl (Connectivity): RIM® %, el fdhal ArauHd aeqdIgR Jao UGS 3.

4. SRR SuSsHdT (Land Availability): @ehrH, ARG, TifdT 3for yfawdie
fIIRITST QRN S Sues SRTET. ded, URATad &5 HIUATg! 4H® SARG TH00
314,
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5. GTOqTET f=RT (Water Drainage): Sod JH3 SHTTOT UT0T A0l SIS UANTa! URatad STl
RUFUT SATIREA gR SRATAT. AT goiol AIRINE JHAS SR aTs diefe oiTd. YR,
SR SIRd IR AfSe 1:400 TS 1d, T 1:1000 8T AT ezl AT ST,

6. MTIRIMS MTAIIAPHT (Operational Requirements): I ¢ & ATG! YRSIAUUl
HRUGTH AT GRaTd, SHes SHGzdD Uid 0T fadd cresdr Adie.

7. UGIaRUig YT (Environmental Impact): TATaRUTT STdd, 3MTaTsT ST UgWome URome
HH PYUYIR B Digd B Ulgl,

? U [aRId 934 Yod RFGR W FAasd Sid, Sotde Yardt 3for
ATGATEI® I TP BIIEHAT 0T FRIETA IGo! A5,

2.5.4 Y6 RIFSIdIA HgwdTeAT difAd 31l (Important Technical Terms in Railway
Stations)

1. WewIH (Platform): TaRAMT ¢ TEUANIG! 30T SARUATTS! QRN ST 3Gt
REICRIREE])

2. QU BT (Loop Line): & Tl STUM=T ST 3HSYUSST 7 UM AU TH
OTToT TR SRo@T SifaRad <.

3. g18: HTodTedd TTedl 331 SRl Ueha HRU! fhdl $aedl SIUIRITS] aluRe SUM &7,

4. e IgRiae (@HSNE) (Foot Overbridge (FOB)): Tar=aid! IR agqd J-12ad
FHRUGNTS! W HIHGT STSUIRT UJ.

5. f® HfaA (Signal Cabin): Yea RE@ SnftT <o RafiT fHE=or Squmt S

6. HIRITS TS (Marshalling Yard): ATaTede Tedi-T Jiedl TAeaIMIIAR ardd
STIUIRISY SATIO1 HIRITUT HRUITHTST ITORGS &,

7. I S (Goods Shed): ATFATEISH Yd! HIG ASAUIRITS! ATURG! SUIRT SH GG ST,

8. B WIRIT (Level Crossing): Yed-3S aAfeg, ford arga oifor urgart GRigauu <o
3IoTg FAPbard.
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e
-~——— Fencing
Not less
) ___,.f--‘;?’_ than 7.5 m
Cabin Leveld——" -
Not less \ N /| __ Check
than 6m \'\ a1 C s ~"" rail Fencing
-xxxxx'\_xr‘L A e e 33— 3¢
= & & “i
1= —1 2 L]
t‘é 7z | &
A 'y LY
= BT ér NERN |
Fencing Gate G|G Gate ot 4 Formation
Check i
wails ¥ Metalled ful width
width of gate
X
Railway --j"'—___:' — ™
lines
X
| Railway ‘
limit
Figure 2. 27 AT BIIGTE] BYT1d® A3

(AId: TR T AT U, T, 3R, Sfiawhe gaeRict U9 gR Yed Sfigifiat)

2.5.5 ¥ RFHA PR (Types of Railway Stations):
Y RIFS e BRGNS 30T aRaTe AgweR TR Jiffgd Ho! S,

(30) AP BTATS AR TTRA

Yed R[S I AT MHR, Hed, SISl ST ISR TR 301 o 218 fdar
YA WSS USRI fAURTS! Sre:
(a) 3-T1ZS T (Way-side Station)
1. gl (Halts)
2. TRIT ®M® (Flag stations)
3. XITAT Hedl fdhal IR WM (Roadside or crossing stations)

(b) e ¥R (Junction stations)
(c) THAE ¥IM (Terminal stations)

(A) 3-9TSS WM (Way-side Station)

IUES LI & FeM Jed R 3Mgd off U HISdl R ae el qead!
Ui T U B BN, & D YA T fhar sl Sleue SRl Y
HTORZS IS ATORST ST, ST 1 7 IR, 3NegRefbT 3 Yarxie JGUI-SaRul,
AT HREYUTST ST IUG JaLiaR MR, RS LI oo TSRHH [qURTS! Sar:

1. BIeT (Halts)

2. T RIS (Flag stations)

Maharashtra State Board of Technical Education 44



Railway, Bridge and Tunnel Engineering ¥, foet ofs eAw gfortafar (314312)

3. IEATAT HSoT fhal BT w21 (Roadside or crossing stations)

1. ieT (Halts):

glec § Faid T8 10T S8 Yed VI AR S TS YUig ZADld. 33 UMD AR Jgal
FHefireh yarRTst S Uedteme @feT 28 TG IusH I, I g 3hY A dWe
&1 B, Biee YR MBI TTs, WIH ARG fhdl HHARY FHard. Rass et 3y
T o g et yieT faoT S, Sares JarRni-1 96 ol fasar Saar 3d. fadie gfd yardt fawie
TI& fohal §fohT1 FEDHEIR B o> Sildl. SR UHRAT RIMD D Th I&TeR0T TUTS! T TETT HISTaR
S TRYITR {3l Blee.

Name Name
board I Rail level platform (250 m long) I ~— board

7

Railway line

Figure 2. 28 &lce &XIdl A3/13C

(Ad: TR T AT U, T, 3R, Sfiawhe gRaeRict I gR Yed Sfigifiat)
2. T %M (Flag stations):

ST W2 § BlecUal 31 He<dre RIME g HRUT I ST yieT Suare ifere gfaen
3. 3R RMGHAE WA AR 30 HHART T, FAfRd aumae, o T2F a9
<fOUTH fhdl dHelo B JOT 34, WTGR d Glvel Sl Uhl TIFR Seoe 31d ST
BV oY BId. o1 WIAHE g9l Uh G UdIUTE, I thd, Wethid, Yariaré!
o ATTOT fUvaT=aT Uruart |1 SRId. HIIae], T TS A6 § hoedl TaloT d-add]
1SS WIS UGH B S,

Station building

Latrine block

Name _’_1 [ [ I*_ Name

board Rail level platform (250 m long) board

|

Railway line

Figure 2. 29 €757 X4 313
(T AT d5T SATFOT U, TH. ST, Siiahs gieeiic! U gR Yed i)
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3. 399Tss fhar HIRIT WM (Roadside or crossing stations)

T TR Yo TR S fbal hIRIT WA Ad. Todl LRAHL A8 SIAIS IS Blgt
LA Abeu GEAIOT Thl oA AU i), samed e 2R durn mewi
HIGIS GoH BRGS0 AT TSl Tl e SRS AR B! Sils, 2ADE.

SIRAT TR GHIHRUT GG TGHHTT o> ST
(a) AT HS BT SRS O! G T HEH BRI RIHD.
(b) TG RIS,

(i) T BT84 faurTadie dgarss fhar ik w=H:

(Wayside or crossing station on a single-line section):

T BT [AHRTERI® ATl aTegdges dH-813d WM Jiuare! TR IS, S
glayig sifafkad ARt SfftT YgeR! UR FHRUGMNTS! Sifeie aiTe Tafd UaH &d. o el
WM NI A3 U SfdRad o1 3101 RE=M Jfauir THraz1 HRdl. e Thrd doo!
JUITT SATFOT SATOM=AT T i YT Taresdl Ad. dud, SR AIeareddiel AHR STodr!
TR 3R, TR 3faRead AT & e a1 YAy MURHT GERUT B0 21 B,

Dead end sidi [ Station building
/ ead end siding | Pass platform 0 | @
/l FOB l

e Main line Loop line *E?nd hume
< ——
| Island platform  qm! | | -
Sand h& /lDead end siding
ke
Loop line

Figure 2. 30 RITICT- G158 QFRITaRIcT AGTES 15aT BT 7
(T: =T 5T SAFOT U, TH. 3R, Sfidathe gHaRic! UM gR Yed SHfiaifist)

g1 ¢ F3M3cTl Hlet Hew@yu! dfRrees YeiauHTor e

1. 991 3BT WIM (three-line station): I7 TIFR TdH G2 I3 Haedl RIS
SIeT SIS AT TSI UhTd dost Yiaquamard! Jadn Suas 3R,

2. BOTEd! AT WM SHRGSAE U o Wi (island platform) 0T Te TTem Wehid
38, S WehIHaR UHId aad! GIF TTedT Yig dhdld. ATGITST (goods train) YSqUaTITS! &
SI5-Td1 TR D61 STl ST T AR dTeqe NTo! HidbaT dadl Idl. el ed =l W3
ARSI BoTeeaR Yigadl Ud.

3. $8-Us ABfS (dead-end siding): W= Gl CIbiT U S8-Us RIS 3118, T WIS
fohar SR T fergifdd doedl I STUIRITS! AR S,
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4. Ppe-3Negy foae (UwaiidE)): TaRiT ¥3F SARGURE §¢ WehiHaR Suame! T tRd
UGS T 3Tiaidl I ITGsY 3T,

(ii) SIfaad quUaE STA-AT BRI L

(Double line crossing station with an extra loop):

GoXI-XNT fayTTHe, o 3T ST3 FS~IIa! Wa AN 3R, Udd G S
AT BT UN HRUTMTS! W2 ATed B3MT3T AT 3.

Figure 2.31 A% TRAAOC G3M3C diF S IT W2 IaTexUl 35 SAHS Glg! QM-
gTAT eI SITdTd 30T J&T HNTARI® algddId SSYST = AU JRIGAUUT yigadT Jdra.

Common loop

Sand hump _— —

/ i wnd hump

- Double main line -
T — FOB

- Up main line —

Platform 1
I
’r

Station building

Figure 2. 31 &7 3f1@B)Ig ST TTg BIYT LT
(e: AT T 31T T, TH. AT, 3awhs giesiRict U gR Yed i)

g7 Aisufih HTEl Aeayul dRre gSSuHT SR

1. § goxl-omR f[AUNTRITS dUTSe WM 35, Sl Sideolde [hHM Jiaug TR $oo 3.

2. 3 TS 30T ST3 Bl A1 GF & B IRAM, Th JH QU UG 3T Sl alal
fC=TTAYA AUMT=AT ST Wb Re 21dhdl. I THUT diF ! 3ed.

3. g G Wehid 3Med — U 9¢ WehIH ST gORT 1M FARCT SN0] RG]
WehH,

4. WM ARG 3¢ WehiH ST ARfie UITRR SSUaré! Fe- 3w oo 9 38,

5. IR GIg! SISl STUHTOH ISR fdve 3Med, TS SHUch oM TR 3

(iiii) TR ST ga<t AN IR I
(Double line crossing station with four lines):

e-o1e faurdie WM arda it Iy Fade, off IR Siicsi=r RIHIT! 3R,
o 2.32 AL GRIAST 3115, AT THRAT SHICHE 3T TN ST Bls-~TAINd G ffaRad
T 3. § QW Sdid WRTd R0, 3fegRed HUl AT HIGATeqd gIares Ul AT iR
ST, 81 $3HT3C b e Tgel ST HRieH TaRITT-NIe! SUgad 3.

Maharashtra State Board of Technical Education 47



Railway, Bridge and Tunnel Engineering ¥, foet ofs eAw gfortafar (314312)

’_,—|_'/ Station building
I
= Platform @
Down loop ~ ™, \
) . Sand hump
Down —= Down main - \___
‘ ,/ UP main - / ~— UP
Sand hump yal
UP loop - ,../
— —— Emergency
sy L Platform Cross over

Figure 2. 32 TN HBIEE §&¥] 15 BT U7
(Ad: TR T AT U, T, 3R, Sfiawhe gaeRict I gR Yed Sfigifiat)

g1 AUl HTe! Aeard! dfred Yoyl 3ied:
1. IR TP TGS W2 3115, UM GIF 317 1T S13 T <o aafalad g sifaflad @u

¢ 3MTd. & QU [T Al — THIe] 813 G4 BUIdld HRUI dl 83 ¢-4Ta] aTuRel
2. QU CHT SISTINITS! GF WehiH [Ge e, ATUD! U WebIH 9 WehIH 3 2,
3. Gl BoleH SISUaraTd! te-3fieR foerdl T Hrudmd ol 3e.
4. RYFHTA Glo! SIS HTDBTSH gy G SHed, TS SMUbTo - R a1
W] RITTE-o18 WMHY FUARd drdl IS Zdhd.

(B) Sie=F WM (Junction Station) —

SIaRM WM § 3 RMS 3 91 3 od B1e- Thal dld, e Medid anf
el fhar T Ao faRTT Jo5q0) 21 B (Iererund, Tl fecd Siarm).

§ Rz 1 feerolt 3/ 92 i fbar 3ifiies o TaTea fazT=T SiTdid. TR,

SIaRTER TS 2T AWTIAR diTdl 30T T ARTaRe GrgT URd SITdTd (dhal SaR RIMHIaR SIrdrd
SATIOT fly &1 =T g RIMSHIOR IRd IS, 2.

TH - BTa- 301 Ueh AT Bl SRS SiaR el T $3M3¢ Figure 2.33
T GRIJG AT 3HTE. RN YhReAT WRAHH ¢ ¢h HawITy, Rafes sfor yardt glaeiamdt
AT FRAGfAHT QR Sdrd.
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Goods shed
S

’_'_I_‘[ Station building /
—

L I L
Platf [T | Platform |
atform
Sand - _f

hump ~ " Loop — - ~
— - / Foot over bridge =~ Main line \

I _ e =

- — Branch line -~ ES
P P
T, turn table Loop line

Figure 2. 33 3716 87 @18 30T Y77 S g 788 o= @317
(TT: =T ST SATFOT U, T, 3R, Sfidathe gHaRic! UM gR Yed Sfiais)

SiaRT RIMH I Hewyul dfRreed YEieuHm! 3IRd:

1. GF UPRY WeHIH 3Med - Th T8 Gls- WehIH 0] gIRI §¢ Wb H. SR aH Tedl U
dT Ad ST IR T 9¢ WehIHAT Gl aIo! Uig ZIdhdrd. e TaRiT ST JFmt
ARG RN SCBTECS PRl Udl. T W ehIHAR T ANTARIS dd AT HITTaRIS TTearg!
YfeardT drd.

YaTRIT ARITET & WehiH ST a9 WehIHeT SISUIRT e iR e SUss 31T,
HGdTed® SIdBUINIS] el HIG ATsiet S HIG WehiHd! 41 Hoo! 3B,

TS AT ST, ST G2 TGGUINITS! THeaod! AT ST 3T
Sfoftarof g fGoe sed.

IeTE0N: MATETE, BTEEIE, ITRYT, ARTYR 3N TSR SiaR & T Sk RIMF e,

fort 2.34 T GRqoed SHSTHY, T avaTTe ez U= U fdhar g 2mar o
ST G-I FAURTEaS SR TR X1 ARIaat 3R, T F33e I dfreed wgurst
TR AT feZTTH g e U HR0! - T BT, SIS A B1aH, 5 BT 1 10T 51 BT
2. 91 RIHRI® GfaeT o 2.33 T G2Ao i SIS CUREA 3gd.

A A
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Goods platform ;~ Goods shed
Dead li —~
ead line
~Sidn 7 = h\-me?», -
_|5;I - I Eraf_‘tc‘__ -
_ | Island platform | \
4 - _—
\}./
N
\ _/'I [
- H\|Ildltfc: |r’/ 1
/"/ sland platrorm f
e N ]
N \. J
& _ -
¢ @7 Station building

Figure 2. 34 &1 G 15 SfI10I @I JIET 31ed] 31dcict Giar X
(FIT: AL ST S0 TH, T, ST, HFTBE Jlagrelc! 97 g1¢ 3ed HqEP])

(c) e =M (Terminal Station) —
Y3 ANTIAaRI® Rded RIS, o) T I giard fohal JUdid (341, 488 CSMT, §Tae)).

Y Yed BT fohar fodt 2mar 9ud, @1 Mo i e WM fdhar effae Sam »orda
(o= 2.35). RAI=M 3184 S8 TSaR Hud AT AT WRMAR UM <A ST ARG JTed
AUIrTSY gSUART TR ot ST, dUE, e WIHFST UTol HRU, GIHgwhTs U1, Hicsr Sfor
2o WRUI, SO YTaqUl, HYol Aedul, TUIUT BRI, YOr ATIOT TTol R0 g fafay gfaer
TR ST,

Flatform |

Platform

Concourse

\-'.
/__,
,\-}
/

Platform |

Figure 2.35 ¥ A3E TS 35 SIHTeT 21T
(AId: TR T AT T, T, 3R, Sfiawhe gaeRict U9 gR Yed Sifigifiat)

Hgardl TG ARG AR, e WHe! had Uhd WehiH 3R bl IR, gael
Y $3M3C T 2.36 A RIS 3T,
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Road
L Platform 1
Track 1 ./ff’//’/ff‘/,«"/;’///,’f/.//f//._f o =
Hw AT
Track 2 ,5' 8 ®
rac - o
] = © 1 Entry
w
ﬁ/Fglfatfra’an"" ff///f//fffx‘;’x; > % XC;K
L % -
[ 1002202200020 578931007 ] 3 B
Track 3 — 2 =2
O, © o
Track 4 !/H Z .
rac |
=~ &~ -
T F 7777l rir7r7 &
Platform 4
Road (H denotes hydraulic buffers)
Figure 2. 36 T eftfTer Rvra dsae

(e: T e ST U, UH. 3aTd, iaths gieeRict O gR Yed i)

o 2.37 A Hagdio Ut fRIdTell AR 9 (CSMT) I Yed A=A SHTE o
DS 3G

[

;

"‘-' 'lu"l
{0 T e
P i)
wlmwml :
‘ | | T
1 e
8 —-— %&m
Coomiprod S0l bochered st
st ™ G

Figure 2. 37 HTGUHE] G573 & G¥aa &1 ¥R 33 a7 TgPIT AT Hed
e e sref

() ST TIRII=TAR ST (Based on Train Operations):

1. WA RIF® (Passenger Station) - $de YA MedT3! 3TazdH Jaul STGH H&
QU RIS

2. 9o ®IM® (Goods Station) - ATG IS S0 HSG ST WY sHa0 S RIS,

3. THAd VIS (Combined Station) - TR 30T ATS dI8d® alo! SIATBUIR RIT.
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(@) "isvitar smerfia (Based on Layout):

1. Y T (Through Station) - fIYF TeAT Yigd ARG 30T g ST (S Sgdd Sed
RIFD).

2. 99 =M (Terminus Station) - 31 RMGEAEA e TSl SIS, Xhd Al (e
AR RIGC).

3. 9913 Biee (Wayside Halt) - JTHI0T YT fdvar RIS TTeai™Tat Sier yfe.

2.6 WA TS (Station yard):

WA TS WU Yed MBS 3R & S ST AdTd, STdTd, U dhedl SdTd, qured!
ST fdha SIS ST SIS e ST, AT Yedod1 SR HaRITIS! fafqe <o, TrfeT
STIOT 3T GfauT FHIAY ST

2.6.1 BT (Functions):
R rsd! T H1Y WS TSHHT TR

1. TTSAT WTW YT SATIOT UTEQUT (Receiving and Dispatching Trains): A0 3107 SITOM=AT
¢ BTOdTo1d AqRITA HRUL,

2. RIfET TR (Shunting Operations): ATAXAGAIIR A<l ST fdhal G- TART]
HR.

3. SIS 3Mfr SFBIET (Loading and Unloading): ATEATEdd SHTIOT YA JdT HIA&™c-
gIcieaul.

4. BiwHifeeg 3T UfdTed ¢@HTS (Locomotive and Coach Maintenance): fax®ie
GO SHATIOT ATHABTR TS ST SUG HI.

5. IXFTS ST UIfhT (Stabling and Parking): Ffswa e farar S5 IRR&Uo Araaur.

6. =A™ ARSI (Marshalling of Wagons): SReA=M JUR AIGdTg o SJaryd STaur,

2.6.2 WY grsd FATHRT (Classification of Station Yards):

(A) TSR I1S (Passenger Yard):

1. UaTHt ST BTATB TS WY TR Hod 3.

2. OTd Wehiy, TIsfS, AT B3 3l S/HTE S Tl JHIAT 3.
3. fadic B, AfeT B0, BRI ARSAT JraH Fosl HSS 3.
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F/gu}ez. 38 177# —
(G LA 301 T8 Yed RUfeRT — Yo Ryuifeit Joeumr)

STEVOL: ag CST, ST 7dt et Yoo TIM IRE U@ Yed RIS,

(B) HI® qrs (Goods Yard):

1. OTGATg AT GIS HRUINIS! ST 3FoTS HRUANIS! TN TR $oo 3.
2. gTd TG, o 3101 7S WehiH T THIGRT SR,
3. TH 30T ATEq® ag-aTe! YN ST IUGS 3.

Figure 2. 39 T&T 18
(AT A 0T Arsy Yed Rl — Yed el deur )
JeTER0): ey FHe-R ST (ICD), AIAAEd® .
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(C) BIpIHIfes TS (Locomotive Yard)

1. ST TEUTE, ST URUT SATIOT GOKINITST e YRaul,
2. BIDHHICE S, THCTR T ST DHaiar THIRI.
3. ATRId THS eI (3910, STaes fhal W B Yodu HRUGRITE! RS ST,

et -
Figure 2. 40 dpIE TS
(I = 30T ATy Yed Rfeft — ¥ed R daedr)

IeTex: fifdy Yed el fedd e Ts 3nfil safees didl Te.
(D) HT=IfST T1S (Marshalling Yard)

1. HTodig Medid! g UGS W fSemgd Hoo.
2. Y el SREARMTUR Til{dhd H&d Tedg dhedl ST,

3. 3 I8 GAT: 30 WAAiod grodio el AR ¢ib SdTd, SarHes did Jou
3101 Hrier qeffenur o> T,

ISTERV): UG IRTS (31T U, EHedIs IUTHT Siak), FeRu! AT fasraareT ars.
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- Hump - . - -
Dn rec >ﬁ“‘ Dn sorting >+<Dn dept>
\
£
& ™
0{0‘;, ‘ Dn pass platform ‘ J;\:/) T
~ _/Dn main line —_— Dn pass loop \
Up main line
- \ Up pass loop /
o S -
&f }ba.\e? C ‘ Up pass platform ‘
a0
)
\ T J —~— Station building /
\ > — ./
""'<Up dept. Up sorting >—'J—< Up rec
-~ — - =" Hump

Figure 2. 41 TR T18 G717 FEST SII0 G77eT T T~
(A1d: TR TS AT U, T, 3R, Sfiawhe gRagRict U9 gR Yed SHfigifiat)

Dn engine .10 shed / “'.:\"— Engine to dn dEEpI. Engine to
<= Up engine to shed \(\06\\;:’ - ) § up dept
Dn yard - Dn depf
%_O(\U Yard Sorting yard Up dep

/D” train to } Up train to )
B receiving “rec_yard / PN AN TIOM — Train from up
-~ yard Dn main —= - departure yard  departure yard

=— Up main

Figure 2. 42 BT & S0 HIHT T T18 3rgciet HIcIT T8
(e: TAT=T T 31T U, TH. AT, 3awhs giesRict U gR Yed i)

(i) ATRITRAT I1d die (Drawbacks of Marshalling Yards)

1. AW (Time-Consuming): AT HHART S IO TARGT HRUATT QU d&d GIT],
IS IR B,

2. ¥° ¢WHT® @ (High Maintenance Costs): Sifee Uraryd gfaer, fRafem onfor zifem
UGB T TG,

3. AgEEs YT (Manpower Intensive): JTIRRTS! URTTET dHar=are STazaehdl SRTedH
AT W aredl.

4. TERI FHwT (Congestion Issues): AT ATSHE TTE e HIAEHAT HH! Bid.

5. qreoo! siiel T SIS WIS (Increased Wear and Tear ): IRAR 47 gIG A0 Hed ¢ SIT0T
TATehid JHHH BId.

6. Sordl dTuR (Energy Consumption): ZifeTT Blemifee S99 T diel aroRard, saqe
RS W aredl.
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2.7 ¢Hdl GWUTA (Track Maintenance):

2.7.1 ATAY DT (Necessity)

Ycd ohdl GEHIS B UrTHd giauieh JRef, Sriemar Sty drargsy gRiRad sruarma!
SHTIRZ YREBTT UR UrSS SdId. dbldd], SIS dIgdh, SaHMI® SGo S0l el JTuRHed
<& WIS gIaTd. AN GEHTGIRIAN, CHHAS Thid WX, Siiel fhal IRTATHSD TH A JRRSAT
T AT 8IS, Fhdrd, SIS SRRfed IR 3wq 2.

2.7.2 TffeHvur (Classification)
<o GEHI® fafdy TR faHITS! Sd:

1. fFrafira T@UTE (Routine Maintenance): ST TURITR ST FEM-MGAT GBIt BRI,

2. Fraae1fo® 3@UTS (Periodic Maintenance): Siee g @01, S0 YT §GGUT SATOT Yeddt
Ryl qurr g Fafia foear.

3. &I ¢@HTS (Major Maintenance): $&1d SG®, ¢hd GAUREH 0T TS TR0 TARE
TS HTH BRI,

4. ATYTSH S@HTS (Emergency Maintenance): S@[A%& el TR fdhal ¢ et
AN AASH HOO! GEHTS.

2.7.3 W] PRATE ¢ cHHUTATTS! TaRAD FTUH
SH UG TS ATURS! SR} ST

1. Y@ fIWeT (Rail Tongs): T& GEHT fdhal SEEAMT YO FIATBUIMTS! dTuRe S,

2. & 99 (Track Wrenches): Siee 3fO1 9 U fdhal 46 UGS ATURS SITdTd.

3. TTEH ATOT TISH YA (Spikes & Spike Pullers): BTdhe! SieiaR Y& YRI&T HRUGRITS!
TTZH BTl HTIOT BTG,

4. Y& Si® (Rail Jacks): go¥ fdhal HIT FGGAMT Yed STGUITS! TR SiTdl.

5. €& T (Track Gauge): Yed ¥ TG 3R JHRTd HRUARIA!.

6. TORE ¥ ex (Ballast Regulator): ¥ERE TIRAU! 10T THIG HRUI, TG BTSTHS
SAUYTHTA!.

7. SWR (Tamper): <& SFIGR squgra! gt Ue HRUR A=

8. g 3Mfvr fRIegifdrd ATM (Chalk and Marking Tools): TURIUNTS! Gef GO 3Tazadh
ST ¢ & Fgich HRugMTST.
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535
230 |
\
l::/ \:1 ==
Sleeper tong Rail tong
|102|
= B
! 1680 6. e[l
I 559
22055 T = -
s - =
[y 63 AL o9
Sleeper tong T A

Beater or pickaxe

gy
AL

Spanner

3 . o
tl]
;

64
686

()

16;/ ( fﬂ

s =
AW 3 U il
== | 19 |
Wire claw Phowrah Ballast rake
Figure 2. 43 ZHST @HTHIGIB] aravcict! qre/=

(TG =T TiaT 31101 TH. TN, SiaTd, faeths geRict I gR ¥ St
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2.7.4 P ¢@UTA SIS (Organization of track maintenance)

1. TURTU TYSF (Inspection Teams): FARFAUUl ¢ qUTRTOT HRUL,

2. T@UT® HRUIRT T[T (Maintenance Gangs): g SATMUT SEGUITE BT HRUM HHIAR] TTe.

3. BIIRMSST (Workshops): TTeH 0T F& HFT TUR HROATT 0T goed HRuATd fSHIul,

4. fS@=01 F& (Control Room): GEUTG HIATT THGT HUN I Ied Aeqadid HHIA Sl
3SYes] (AT GIee ITe! Wi Bl

Divisional superintending engineer (coordination)
or
Senior divisional engineer (coordination)

Senior DEN Senior DEN Senior DEN
or DEN or DEN or DEN
| |
AEN AEN AEN
| I |
PWI FWI [OW 1OW
| | I |

Gang1 Gang?2 Gang3 Gang4 Gangb

Figure 2. 44 2 G@HIT TR

(T: =T 5T SAFOT U, TH. 3R, Sfidathe gHaRic! UM gR Yed SHfiaifist)
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e GueAH D, T STHTS UM b S/HTS fAUFTIER Bl o, 8T o fafger ymmimed
fAUNTS ST 3/t 31 U HRT SRITAH STHIS SIS TR 3dr:
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CHIEF ENGINEER

(e: T g ST U, UH. 3aTd, iaths gieeiRict O gR Yed sifrifa)

s
v |
Jy. CHIZF ENGINECR Dy CHIEF ENGWEER Dy CHEF ERGINEER Dy CMEF ENGINEER  Dy.CHIEF ENGINEER
{PROJECT & DESIGN) ( CONSTRUCTION) (MAIBTENANCE ) (BRIDGES) (SIGNALS &
‘ ‘ INTERLOCKING )

EXECUTIVE DIVISIONAL DIST  OR DIVISVOHAL ASSISTANT ENGINEERS  ASSTT. ENGINEERS

ENGINEERS ENGINEERS ENONEERS ‘ ‘

ASSISTANT ASSISTANT RESIDENT OR ASSISMANT  FOREMEN INSPECTORS

ENGILEERS ENGIKEERS EMGRETRS l ‘

SUBORDINATE INSPECTOR OF INSPECTORS CHARGEMEN

STAFE WORKS (10.W) INSPEC TOR l
PERMANENT OF WORKS ‘
WAY (1o.W)
MAISTRIES INSPECTORS _ SARANGS MAINTAINERS
(PW.L)
MUCADAMS COOLIES COOLIES
ASSTT PERMANENT
WAY INSPECTORS
COOLIES (AW.P.1)
GANGERS OR GANG MATES
GANGMEN
. Lo .
Figure 2. 45 QI T

Organization of Track Maintenance - Flowchart

1

Track Ingpection
(Keyman)

1

Track Maintenance Planning
(Permanent Way Inspector)

1

Minor Repais

{Keyman)
1

Major Repairs
Mate & P.W. I

1

Routlne Malntenance
) Mate & Keyyy

1

Tools & Equipment
(Gang Mate)

)

Skilled Workforve

(Gang Mate & Keyman)
1

Suporvigion & Quality Control
(Permanent Way Ingpector)

l

e Record Keoping
ent Way Inspector)

1

End

Figure 2. 46 2% G@HTod T HRITATE
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2.7.5 R ATt F&Yerss, T Ae 3nfor #t /49 g™ Fadd (Duties of Permanent
Way Inspector, Gang Mate and Key Man)

(A) =Tt 7t A &tera (PWI) (Permanent Way Inspector (PWI1))

Sl TUrHUlt DHROT SATFOT FR&T HIHbTd T GHfREd B,

T AR S0 TIE JINigR Soedl GaHTG ] HIHTER ¢uNd 3dul,

<o, Jo SHTIO1 SR Hifdd uranyd Jfaem aiTedn fRydid srieard gAfRad ool

IdPIiod qurIuar HUl 10T I SHIABIIHT JHT Hesaul,

ST IRITRITAY S aivTen R Squarardt pwi dufdas e SeeeR SRy, a1

SITS!, < =1 SISIGR b qUral ST TT=am Hed = gy goed B,

6. ed AU THURA AU HRUGTS! STSTEGR.

7. AT fAUTTITS Yo TR Y$h18 oaul azad 3. fRareard Wquf Yed Sigewd o
IOV HRIGHH ¢TI df qUIRTL.

8. 3T TIoT IGUI 3IOT ATH ST Hg HIGUL.

9. T HHIGR FAfHduo S Saul,

10. THTHT AU SedTor UTgo.

11. AT 915! SfAPTd d@® I URYU fRYcfid $aul. F&S il Het e TeHTd
HTH U 30T STazTH SR T I,

12. SULTATAT I3, AEdh SADRId SADR YRovId HRUI HTOT YA HRUMET MY YU,

13. YIS B GISUAD TIR HRON HTOT TRTCT SHgdTe aiky DB IR Hul.

LA

(B) T AT (Gang Mate)

HN S AU IS TATEER SRS SAHUTS GBI (T1T) e HRUI.
DT VSIS SO JRET WD ISR IG5 g A JIAT B0,

Ch COUTSTA! A= HH1YH, e 10T g T B0,
HTHTT WA AT HlvrdTs! TR Ed Rt AN AReesT sfgdrs .
HRIRGET! HTHIER 3G BRI T THRY T ST HR0.
CHAT CUHTO A TEERT JHTBUL,

TS AT 30T SR TRT SHaRIT B0,

HTATET YBTS SqUT 30T AT AV 3EaTd JIex B!,

© o N VA WN =

(C) @1 {9 (Key Man)

1. R d5oU, gt qurot 3o Yed goxiara! Had HRUl IR ARy Hrird!
SISTSGR S,

T HeadT GERTRATe! BT HRI,

DI T I TR Ug 3RTd 30T SufRydid I e ddad UR UTSTdl.

A A
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6. A fAUNTIA® Td BRef T Yed Siscae SaHTS B,

7. RIS HREHS 0T Witk qurRyuarTe! fayma b,

8. Auruft G VS 3Meseedl bz diee, WISH, TR, TSN 3. U5 B,
9. a1 weq 3for fibar SiecaT T HUl.

10. UG T Uehal d AiY SIS 10T G561 9L,
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Questions for Practices

Q1.
Q2.
Q3.
Q4.
Q5.
Q6.
Q7.

Q8.
Qo.

Explain any four factors governing rail alignment with a brief description.

Draw a neat, labelled cross-section of a single-track railway in an embankment.

What are the different types of gradients used in railway track design? Explain.

What are the different types of railway stations based on their function and operation?
Describe the different types of railway station yards and their functions.

Draw a neat sketch of a standard cross-section of a double broad-gauge track in cutting.
Explain the duties of the following personnel in rail track maintenance:

(i) Permanent Way Inspector

(ii) Gang Mate

(iii) Key Man

Explain the different types of railway crossings with sketches.

What is track maintenance? Explain its types and importance in railway engineering.

Q 10. What are the common defects in railway tracks, and how are they rectified?
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gfae 11 foer gfofrerfa

UNIT I11: Bridge Engineering

fawg frsu=it (Course Level Learning Outcomes)
CO3 - I qUUIgR fCoed UH R Yo GEUTS .
Ry Rrgror af¥oma (Theory Learning Outcomes)

TLO 3.1 YR YE He@ara Yoidr dfarseayuf afkes qui &,

TLO 3.2 3G STraAT YR A YR §& AT,

TLO 3.3 faoe YR Yorrd! g fAadiar uRumg HRuR gedh WY 6.
TLO 3.4 GoT=N Wfid Agwaqul difAd 3T Whawg Wy .

TLO 3.5 faoe Yo gchd Hiced Thadg TPIHRul L.

TLO 3.6 faoredr RIS a7 UHRaT §@ gaal.

TLO 3.7 UTaTeHTgad! 30T UrasTedT-dRedl HIedTd JeTd quraun &,

TLO 3.8 feoed UeRaT Yo UHTET0 @y .
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forer sforfrarfT
3.1 URardia Yot fasrarar gfag™ (History of development of bridges in
India (IKS))

HRAHY JS S0 T TRURT 315, STt GRIA SIS TRURT S0 Weh I Youmat
(IKS) T WIGR FSo0! 35, U HIBIS G718 Sl SIHSUNH TR Hoe Io d YHD
PTG UIGTG S Hich e IRATAd, HRAT §o Fitsae s&ofid Wi et s,

3.1.1 WRdTdd Ui ga SiUdT™ (Ancient Bridge Construction in India)

(31 MRTfore e (Mythological References):

1) AT SeRIAd HRA ST SiciepT giearciel IM A (MeTHET Jd), HRAIG TR dadtd
g Syt Faid S 3l 3%,

Figure 3. 1 /@ &g / Adam's Bridge

(I T 7))

2) QeI i AT Snary 3 Ifad Hrard &1 & Ue "9 A srg wrea it ureiA

(@) U URdTdId Ua (qd-Wegifi| g) (Bridges in Ancient India (Pre-Medieval Era)):
1) UTEH ¥y S Arthashastra by Kautilya Ja Sieoar o= o1 @ siffe dew THg Hrard.

G A
A:{///_/{/u W Koutlya's Archashastra

Kautitga's Arthashastin

(@) (b) (©)

Figure 3. 2 BICoTr=T SrYRIRAIA T e qre/ararar day
(Gt 3¢ A i1 37T STnaT BT Srfs)
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2) RITH® TRIIR IUH 3G e AR H&- U HIBId TR aile! 0 BTdhe!
Uo SiYS STd 3.

3) A1 AT FIeTd (SUTgd 1Y 2[dd) IqH HAacigcTe! I ST Ioig armyd
gfaeiar oy o,

4) IFXR, T HIBA @Y d JeTd 2dd) VT fiFemed semfta Wi gmel, samd die
ST GITS TR Yoid diefehTH HRugTd 1.

3.1.2 A YRR a SIfARIifA®T (93-2¢d =d®) Medieval Indian Bridge Engineering
(7th—18th Century):

1. GgIiF HIBTd, STet M, fach dieem il STds! WaHl Tl IR He Yo diee
.

2. IS P (16d-184d 2Adeh):
a) 9@ AN TG TEaRIE Ju6 P TNRY 3H® gie! Jo SHRS.
b) TT o= [a-aR uffae ofdr YR wigaistan s foga .

QO‘ =

(@) (b) (@)

Figure 3. 3 Z& 1ed7d are/cict ger
(Figure () TIT: JIT 135 5T I 10 Feaig-19 7ed - [SEBET did &A1)
(Figure (b) SUrFigure (c) Gid: &I faecarear fdiar arof fiear ag== g7 H1T TR
0@ qeT. SIAETIBIRIT B FIcT - Iaect! FIaer | 51591 $8)

3.1.3 gTEd! G (18d-20d =) Colonial Era (18th—20th Century):

1) focter siftrici= snyfes qar sfudm df e dhell, o -
a) méﬂﬁ[m%
b) Si<feiegR 3t g fot

2) T Yed Yol SiYurd 3i7d, S
a) gTasT fasT (Howrah Bridge) (1943) - DA giIed] A4IaRId drelieig: gdl.
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Howrah Bridge

Figure 3. 4 81457 oo
(g T 3ref)

b) MeTast Y& (Godavari Bridge) (1900, 1974 A YA{H) — ¥aid did Yed-T8-30s
qeiiteh! Ueb.

Godavar oid bndge

Figure 3. 5 mera] qc7
e T arRl)
3.1.4 WAARR drads Afor nyfe fosr AfRmifdt (20 o @@ - adaw™) Post-
Independence Era & Modern Bridge Engineering (20th Century — Present):

1) WIAMR, HRAM fo Sitefimme 3 wiret et yafad dihie (reinforced concrete
(RCC)), TRSTE BIpIT (prestressed concrete) T Had-S YA (cable-stayed bridges).

2) ST TYF® ga (Notable modern bridges):
a) gix-ava! W i (Hag) - YRAKId Uigal had-s G (2009).
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(a) STEHTH HROATYE! (b) STUHTHIGIE

(c) TYPTHTHAR

Figure 3. 6 dlg-aRe3] &} foid (Ga3)
e Google Earth 3for Google Earth Pro)

b) SRTIEE Y& (ST, 2018) - HRAKIT Faid Aid Jed-98-1S .

Figure 3. 7@'?7?@7?7’2@
(A1a: fayr $OR IR HFR WHR/fSS-11 IRICEN)

c) foeira fost (ot enfor =i, 2022) - ST Faid $9 Yed g4
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Figure 2. 46 fE1 Qe: ST Gald 39 9cq geT,
e Google Earth 3for Google Earth Pro)

3.1.5 AMYFP Uo AR IKS o FHIHS (Integration of IKS in Modern Bridge
Engineering):

1. URYTR® JHETET a1UR (Use of Traditional Knowledge):
a) UT YRA iR} TaeuT, S8 o R Tifigamar gurd araR i Fafife @
AR ¢, 8T MY aToRedT SiTd 3HTed.

2. TM=ad ATor yataRony GWETW (Sustainable and Eco-friendly Construction):
a) UROTR® Tt IR 3Mefe goied fISNuiiomR ®ipic, Sigd AsIgidh ur T
TGTaRUNY Yde-2Ne fSeme—rdr HIaRT o1 SITd 3118,

3.2 @i Tf®RT (Classification of bridges):

T, IL, WIfe, SMgAM, /@gde, I8 TR UIded! (H.F.L), TS 30T Yarrear Aetedrsit
graes! arg fafay WRTHiel=am SR gaid aiildur bl STs, Jahd.
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Table 3.1 WW(CIassification of Bridges)

SL No. Main classification Sub classification
1 Function Foot; Road; Railway; Road-cum-rail; Pipe line; Water con-
veying (aqueduct); Jetty (Port)
2 Material Stone; Brick; Stone; Timber; Steel; Concrete; Composite;
Aluminium; Fibre
3. Form Slab; Beam; Arch; Truss; Suspension; Cable supported)
4. Type of support Simply supported: Continuous; Cantilever
5. Position of floor/ deck Deck; Through: Semi through
6. Usage Temporary; Permanent; Service (Army)
yA With respect to water Causeway: Submersible; High level (normal case)
level
8. Grade separators Road-over; Road under (sub way); Fly over (Road over road)
9. With respect to Pin jointed; riveted/ bolted; Welded
connections
(Type of jointing)
10. Movable bridges (over Bascule, (Platel.14) Lifting, Swing (Plate 1.15)
navigation channels)
11. Temporary bridges Pontoon, Bailey, Callender-Hamilton, Light alloy portable
bridges developed by the Army

3.2.1. TaR ATYTR BT (Classification Based on Span)
TUEEHT Bieen YR Yoid qiiHR0l WG GUHT 6o Sid:

1. Beg< (Culverts): 6 HIeTU&T HH 3R S,

2. f¥®I® Y& (Minor Bridges): 6 d 30 Hie &M 3R 300,

3. UM Y& (Major Bridges): 30 HIcRU&T SRd 3R 3NGTSUMR.

4. BTE-TF Y& (Long-Span Bridges): 120 HeIU&T SR 3R MBTSUIR, S B! Hoad
(suspension) Jo fhdl ha@-¢s Yo (cable-stayed bridges).

3.2.2. Ie-MaR UTRa TffHur (Classification Based on Purpose)
ITRIIIR goid fafay S geiaummr Sed:

w N =

HIGTSTITS TR HS .
4. UTSUSTSH © (Pipeline Bridges): UTofl, arg fdal qoTa dTgde 13T UrRUa1S dg UM,

ul

AR,

. QATNS Go (Road Bridges): T8 30T IgeRi=l YA St fegmgd o d.
. YT & (Railway Bridges): [a=Id: Yed A=A YA 9300,
. pefa (Urgart Yo) (Footbridges (Pedestrian Bridges)): TTeam=ii=T e, Yed fdvar &

. S[edrie-! o (Aqueduct Bridges): G, & fohdl SR 3reyciaee UTudTT Ualg argH

6. ARSI (Viaducts): SITRI UeTTd fafde fSHTUMAT SISUMR 3fHeh W SO Iid Uo.

~

HIUYMTS! FTIRS ST,

. SZIVTYS STFOT SRSt (Flyovers & Overbridges): X8R HRT AIgq® die! dHT
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3.2.3. GTftaR snmutf¥d aeffeur (Classification Based on Material)
IRATHS TRIR fafdey g aIe Yo Siee Sidrd:

1. ®T®8! Y& (Timber Bridges): STHSUNH TOR doves, WA AR fdvar drHior YRl
oI Ta! aTuRes SiTdTd.
2. S8 Y& (Stone Bridges): GTe! STYBMHM SHdG, [ARIVd: FEH aRiaR dTIRS STdTd.
3. de Y& (Brick Bridges): U< SiUGHHE dORSG S, YT Hded JHTUNG dTURS SITdId.
4. BIPIE & (Concrete Bridges):
a) Uaferd Plle Yo (Reinforced Concrete Bridges (RCC) ): A SfaRIaR aTuRS
SITOMR atd A= UhRR.
b) MRS BIPIE TS (Prestressed Concrete Bridges): HIaT WAAT! 7.
5. W1 U@ (Steel Bridges): 3 AT WA, ¥ed Yo AT G1d SfaRiaR IR ST,
6. Y g (Composite Bridges): WId, ®ishIc fdhal 3R g dl HOTH B dIR HO,
YD ATDHG 30T fehTH TS aTuRS Srdrd.

3.2.4. ATgHTATER MYTRd TeifeHur (Classification Based on Life Expectancy)
goTd aHihR0T T SHUfEd HaT STa-aR &o Sld:

1. 9IRd Y& (Temporary Bridges): 3{cUdbio aRMNG! fS3RT o0, S &I 9ol ol
(Bailey bridges).

2. Y- Y& (Semi-Permanent Bridges): AeIH HIoEAT RN S99, ST
Al TEUTS 3Ma=a® 3R .

3. PAEEY! §& (Permanent Bridges): T GERTE 100 TNIUET SR HIe CHUIRITST

S Hoo Toled Yo.

3.2.5. 3BTAHC TX ATUTRE TeffHzor (Classification Based on Alignment)

1) TIB YA (Straight Bridges): S% WRa AN @18 311G,

2) &g foroiT (Skew Bridges): Ta 90° U&T 3R HIHTG fieisdl.

3) ®d gd (Curved Bridges): 3Mdal 28Xl SSUYGHE S& dh YT (B9 HGISTHS) Ho
ST,

3.2.6. 3 R UTGBT (H.F.L) T 3MeTRd affeor (Classification Based on High Flood Level
(H.E.L))

1) FEURITd Ta (Submersible Bridges): IRTHT deb! UT0gRATe! ST fS3m8 dhaid (FF-
TR ga).
2) A-JaHRITd Y@ (Non-Submersible Bridges): §SU! ST@UIMITS! H.F.L =T &R S,

3.2.7. ST eraaR smurRa a¥ffe=ur (Classification Based on Loading Capacity)
g1 HUM=AT HRTEAT SHTYRTER YSTd FHHRUT B Sile:

1) @ 31 qa (Class A Bridges): 3{dols dTe-ia GaRMTS! (T8N (highways), it AR
(expressways)) f&eme dardl.
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2) 9 § qd (Class B Bridges): AW dTgd® YRS 1.

3) @i & Yd (Class C Bridges): 80! aTg-, UTGaRT SATIOT ATHI0 IXAATST aToRe S,

4) Y& ST YA (Railway Loading Bridges): ¢ dieda! Yed AM®IIER (standards) fSSms
Had.

3.2.8. foT weler=aT waRmER Snutid aff®wor (Classification Based on Level of Bridge
Floor)

1. ST Y& (High-Level Bridges): T UIdaTa aR SHROG®, SUIdHEH dlgddal Udlg

R LI
2. FEaa @ (Low-Level Bridges): OT0T=IT UIAeS AT STae S, SATHeS GRTEAT 31 d

UIUIRATS! S35 ZMehdld.
3.3 Trse fAas snfor qurgeft yifaa wwome enfor fRafa #vom ges (Site

selection and investigation Factors affecting and controlling):

YT 92! STYHTHRIST TG Rics T fag Tfor quryult (investigation) 0! ATaRd
TR, WA FRRET (structural stability), 3 soagrar (economic feasibility) 30T @@
HIAema (long-term functionality) gffRad @xuvamre! fafay gew Age fAas oftr goran
TG YR HRdra.

3.3.1 ATHTSY |AIgE (Site for Bridge):

gorTdt wrE s & yamiiie, Soamdy, el afr e gewius fafay
TCPHIaR TG 3.

(A) Yfa ge® (Geological Factors):

1. UTar fRRHET (Foundation Stability): &TeaT HRIT 3TYR VIS AZedil® AT fhdl Wa s
Tl SO fRRUR 3.

2. HTIHT YR (Soil Type): IS a1 (loose sand), RIFTHT (clay) fhar Fooe aTfae
T IR HHSIR AR S91d 601 G20 315, HRUI IS YToHE (settlement)
fdoar urar AT 818 2@l (foundation failure).

3. Y&y fIaR (Seismic Considerations): Y&U-Uaul YN (earthquake-prone areas), Yobu
IRIETAETST SHTIO1 TR UrT fSSe-41dl Hged BIchR Helich Bl SHaxTD 3HTg.

(B) STAIfaSIT ¥e® (Hydrological Factors):

1. 1 T+ (River Behaviour): HfdSITd BIUIR JHYM CIBUARITS! ¢ <dT YaTgrd G+ (flow
patterns), @IoIdi® da® (depth variations) TfOT FHT TS (meandering) T TG 31T
IR

2. 3 R UTaedt (High Flood Level (H.F.L)): SSUITURI S=Td BRUGRITS! o=l € (bridge
deck) Tald SIRd Ao R UTde Y& aX ST,

3. WIS! g0t (Scour Depth): TTUATAT YaTgMes YoT=AT UrATHId 4 (erosion) BIUATE! Wt
farerg T ®UH foaRTd vaet ufgs,

Maharashtra State Board of Technical Education 71



Railway, Bridge and Tunnel Engineering ¥, foet ofs eAw gfortafar (314312)

4. qHETG (Sedimentation): JoTaAT FRRAAR 3M1f0T Uroar=Al YaTglaR URUMA 81 1 WU
Sffcrfer 1765 (silt) 31O H2RT (debris) TrUAT fAL1&101 HRU 3TazdD 3Te.

(C) TataRur 3ATOT gaTHIE Uee (Environmental and Climatic Factors):

1. 9RT 3701 qTgesidar WHTd (Wind and Storm Effects): fb-RI URT fdhar ashlarges-uqun
TGRS (cyclone-prone areas) Gaidl o1 dig aTardl GIaTdl UfddR HRUIMTS! T&H
3T,

2. AIYATT® §6& (Temperature Variations): ¥H® fa¥dR (Thermal expansion) 3fTfor
31T (contraction) T faTR RN S 3MaxTSD 3MTg, faRIVA: AT AYHM (extreme
climates) 3G USRTTHA.

3. ygfarufta uRuma (Environmental Impact): Ffife gy (natural habitats), ST 3Afor
TodR URIARITAR (aquatic ecosystems) BIUIR T HH! HRUGTS] TG Wged Has HRul

YUl 3R,
(D) 3fdes 3nfor Jrfore faaR

1. UARET (Accessibility): o T X, 216X fdhal Agwayul AR AFTRI TRUTHGRGUU!
Seo 3.

2. FiY®™ WH (Cost of Construction): Tged Fas 3Tt SRATH & I, YIUTG SIf0r
e AEgPIaRo WY HH! HRdl I50.

3. AIfgc JUSSUAT (Availability of Materials): e, UioTe 0T Y= JRRBAT SighH
TigcTedT Sae SRIUaNes Waid §dd gid.

4. QT4 THAT (Resettlement Issues): faRITT SO THaM HRUTS AT WATd Sdd HRUATS]
1ZeH TIe BIPak RGeS HIT B,

(E) DTSRI 3Mfor U=IMIPIT e (Legal and Administrative Factors)
1. Y¥UTET (Land Acquisition): SIFT fasuargdl &R A=Al fAaqu sfr SifEFtan

2. UIferepRoT=h URET (Permission from Authorities): TafaRuita G&IT, R TR SMTfoT
Y (O] ) H g 3azdP Hol YUl 1azTD 3o,

3.3.2 fa=1 3@18THe (Bridge Alignment)

fooT Sr@rgTe U A4l I fhar W 9e A s oifor fydh. ama
GTTHE AT BRI, GRIEAT ST feawrsgon Hfda .

1. JATAT BTSAHE TR URUITH HIUIR e (Factors Affecting Bridge Alignment)

1) @aad HIRAT (Perpendicular Crossing): @iel HH! HRUAATS! 30T FiefwTH e HHI
FHROATTS! G SR 90° IR AT fiaisd UTigwl.

2) ATgqe® WaTg (Traffic Flow): GXSId JehHUT (CIIRI) U HRUITHIS! SBT8THE oM
T o Yed AR Sesd uige.

3) fFH adr (@dER) (Minimum Curvature) : TaaRaR dToT TIOT GRYUT HH HROARITS
%4 BITHC Tredd Uligo.
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4) gHASIta® SR (Hydraulic Efficiency): 4@ S0l 3/@¥led THET CISUANIG]
f@TZTHE = il UTuaTeT YaTeTd ST ST .

2. fo=1 Sr@rgH e} fd=1v1 wew (Controlling Factors for Bridge Alignment):

1) HIMfae AR (Geographical Features): 3@RAHC 7 Hhedl, WSH AN Wi a3
JIRY 3HSYeS TIIAd.

2) faermm= urmy@ gRauT (Existing Infrastructure): Jd Saesd I, Yed HTOT R6<t e

3) 3nf¥e saaeriaT (Economic Feasibility): 9 301 T8 S@T3THe ATt 30T Siedr W
HH B,

4) ygtaRuig HYTEr (Environmental Constraints): 3{@TSTHe = JdeARid UaiaRuitg &3,
TRI&T & fobar LfagTRIe R Tresct Urfguid.

3.4 Hg<aredT difA® 3fdl (Important technical terms):
g AT, fegime Sfor qaUTHITSt g S aTdid difids ST TG YUl SHa=ddh
3Te. WTelt hlal THE T IO Fie RS 3T d:
3.4.1 SIqHRT (Waterway)
1) 71 fobar arfg-ieit Tgpur <t Sit gararel gruft YRIAUUl SISt Sa=aeh 3T,
2) I HisTel ITd 3 YR GTaadt (HFL) ATIOT e =it SR on1fir SR MeiRa &
3) SAERT! 91 I QRIIRH §91d HRd S0 IRAATHD A HH B,

ETERT: $¢ TSR AT g YaTgTA ga-id HIGal ST HTaRadhdl 3d.
3.4.2 31fde TWH (Economic Span)

1) I IGUIRT Faid fhRIaRiR WA SIUSTH 9 307 J¥a-d® fRRET (structural
stability).

2) U TEH 3rce W IR We dreddl, T dledd], d) gU e SfcRges At Sfor
fegmei Sfeaar areq.

ISTERT: Uaferd Pishic Jamra!, i dramash 3Ry Xdal 20-25 Hier, TR Wi fosmma,

d S Afd 31 Wbl

3.4.3 UTUGTET YaTg (39) (Afflux)

SlegT et sieel S, degT Sfsgehicd 3nfor frsrd TRwen IRaige Jafie S &=
HH BId. YATGH 3HTHa BVl ¥ 315 HRU s [aid Hd §9d gid [9RINd: il GEHRTT
i & RRATTST SHaxgs 3fg AT WA 3R, I SRl oIRd QR dTg- Augrira!
JArgTelie o dledl. 1 dlediedl aiges 3Nearedl aRedl SIeA UIuarEl 3faHd RRGE gidl.
OaTeT aRedT dTo[H UTuT ok JUgTA ge-d “3ig”

qelTed Tered] dTod UdTe fSraeT SiRd e’id fdeet 9t SR 3 3for aruarn @reit
SR 3 0T ufRomre urart @left SR S,

1) UTUYTAT UTdId aT¢ T aRedT STy aid 3107 WiaTHes AT Haed SrSYyctTs.
2) QAT fSSE-1aed 81 Udh Hewdldl Ucdh 3HTg HRUN SavareTde §hs dhd YR ST ¢U.
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Footpath
‘1 ){—Roadwdy < -Parapet
- L] 3
Height of Affiux
Upstream __ _34\, — —|— _ _Dewnstream
- ¥
—
Pier
River Bed

VAR i Jv A S v v v S A S OV S S v A v S v S S A A

Figure 3. 8 FaT&//IT
(Gey: TTaTel, TRIGR Ul g fost fotaifim)
L ER
pRE
Hf = Ud SiYed=dR qTogre grqat
Ho = Jd SIYUITYd! Jed UTuaTe uraed!
TSTERVT: SR UM JA I UIvar! UTdest 0.5 Hiex aread, ok UaTg 0.5 Hiex 31T%.

3.4.4 HTHUI/BITT (scouring)

Aflux = Hf — Ho

Figure 3. 9 TBIRT
(idt: oS Wb, fgaer TH. 01 )

1) T IIGUIT=AT UTugT=aTes ATel, a1es fhaT We® Yar WidTal STSaTsal HiaUl.

2) SR WPINITYSS (scouring) UTAT AT 813, Xdhl.

TP U (Types of Scouring):
a) R TBIX (Local Scour): piers 30T faeHe Ta.
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horseshoe vortex

(Hamil, 1999)

(a)

Figure 3. 10 TYTf7% BN
(HId: G0 B B1G? - [G3R BII7)

b) SFIR® ¥PIX (General Scour): ¥YU! TSI 3G,

Figure 3. 11 TTH TUrguf
(id: oS Wi, fegaer TH. 01 )

¢) 3MTHa- THIR (Contraction scour): JARATAIA 316G Seidlig-19D.

\ -
N

CHOBS - FXCTION DOWNETHEAM

PLAN VW

e

CROES - SRCTION UFETHEAM

(31) (9)
Figure 3. 12 3ligpa7 BN
(i ot ThRR, fegeer U, Uiy )
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ISTEIUT: TH 1R CTBSUITS, WS VAT ot ST 0T TR&umaTet Ruxy fdhar uu= g9do SiTdrd.

(@)

Figure 3. 13 BIFHT TSI U7
a: foe Sfaeric TR UiearH Aege= | RideRy)

3.4.5 &RUT (Erosion)

1) UIUgr=AT YdTg, aR1 fdhdl At fobarsboTdiges Al favar i U 38 frefu.

2) YU YT UrTe fRRdT faereq 21dhd 0 WA [Sareiy HRUNYT 3% 2dhd.

JEIEIUT: T YA 3 YU 3T, fad A Jevae Hafd exoarndt WRed i,
f3{IcReZS fdhal aRUdidal AR S Go SiY0l 3azdd e,

3.4.6 WIS (Freeboard)

1) 3= QR UIdT (HFL) 10T garedr sl Siaid ot (vertical clearance).
2) & MM Fd &1 Q1 U0 gare WRa-aT Wi FRUR T8
3) AFS WiEls Je:

a) HeMTINTAT 0.6 T 1.5 1

b) Yed WA 1.2 2.5 1t

JEIEIU: RUAUN AEIaRId (flood-prone river) JATGR fdU€S QR Uides! ATHIGT SO 3
Wiars SRId.

3.4.7 ®e diex (Cut Water)

1) YoT=1 WidTEl AT dIfal SidhaR YT UTudredl YdTelol [aURToad! fegmeg oot §irdl,
RS UTAPR HH gral A0 @R HH gl
2) § WidTaR UIMTAT YTugTA] Zlekitdl UG HH HRUAY ad Hd.

JEIGIUT: ST STt AT die diydh™ goiqed -7l Urodred YdTghal S+l HRugral
Hpiuft fhar srefadeieR Hedrex SRidr.

3.4.8 UTUGTHY T BT (Ease Water)
1) Yol Tl Woie doEl MebR HET UTogie! Fgeidd g2 ARG &Rdl, e
ST 3T U HH el
2) TR Tvar yaTg IFuarTSt de diexaidd Bl HRdl,
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JETERUT: 3MYAD TS TgHT S DHH! HIUATIST TN FRRAT dTeauardt urara fSmg=wmdt
TASISIHING BRI (hydrodynamic shapes) ATUR &R

3.4.9 TUA (Apron)
1) TDINAT SHTIOT YU GO YT GRTHROTHIa 3900 aiTs, Hifhe fdhal 3av AFid
TP W,
2) B UTUgTE ol 2 Ol 30T e qaTeT fRR .
IETERUT: TGN SIS s el RURU =T ATad: Yot Widredl qarRil Jidt arg- Sl
RRGUITATST TR BT STl

3.5 UAT™ e HIT: BT, TTRIHdT ST YHR (Component parts of
bridge: Function, requirement, and types):

o1 Yo fRRa, fewrauon it YR ag4 &wdl JHRad sruarme! Oy s/t
SN b TAAIHD Tchidl YHIGRT Sl Wo! T J& Ucdhid JawR WD G
3Te:

River bank River bank

Figure 3. 14 W T4 e GRNIu] Figure

(FIT: MSBTE IS FTR &1 learad] 2019)
Bridge floc
porstructure
Approach Raling Bndge gerder
3 2 Approach
{lellllxlxxllllxxlxl Illllllllllli IIIIIIII[IIIII!] IIIIIIIIIIIIII I[lIIlXXlIIIILI{X
L 4 ]

Bearry

Substruchre

Abrtrwet

(h) Section

Figure 3.15 GeTal Qa1 @19 §d 9% q9Nad 36
(FIT: MSBTE TIST A% &1 TEN 2022)
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3.5.1 fU3R (Pier)

(A) BT (Function)
1) T93R g uer Iuft a1 3R STt Yot SHST 3 Sl G YR T P,
2) B AT SR (superstructure) (8% HTfOT a1+ AYA JUMRT YR UG (foundation)
BSIEGERG!
(B) 3Ta=YhdT (Requirements)
1. &fAS (horizontal) 30T I (vertical) XTI TAHR HRUTTTS! Hoegd A0 FRR
30} TIRTD 3G,
2. UTUGTH] YaTgTHes BIUMR WhINAT 10T 4T Fg- HRUIN H&H 3.
3. TTUgTrAT YATETae 3Syes] 2 faddT HH! Hol Uligel.

(C) frRfd yvoR

IO I dTRSG SUIR JoTd [USR JeR 3HT8d:
1. ®IeH dcd (Column bents)

Reisr ISR (Cylinder piers)

€9-9d fU3R (Dumb-bell piers)

U1S® s (Pile bents)

Jifes (@) TSR (Solid piers)

oG Sy (Trestle bents)

© g bk D

(1) BIGH d=ed (Column bents):

T R Xa-d Y@= g (longitudinal beams) fhaT T H (girders) STaed SfcRTaR
Y BIGH dveqd] 3fadd bl Sidl. UG arbadl s TG 0T sy SRieiel U YR
UMY ThH SRIFAUATTST aToRE! TTd. Figure 3.16 AN qRifdeamymmor sicedf stwar (longitudinal
beams) 3MTYR GUITITA! T & (transverse beams) TG dbal ST STOT Figure 3.16 A
GRG0 3TSaT SHAT YR SUIRITS! Uhl HahH URIaR GF fdhar $ifid WY TR &l
SITdld.

RATITe SIS TR PHad Y T U, W TS fohdT UTvare ursey aTge AuarErdt
IR SIS YT, WHTE dTH U SIS SiETUeT gdd Fard ST Idd T aTuRd SITdTa.
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' iongitudiﬁal Beam —

[Footpath ."';

¥  Roadway 3 er Para pel—'r—l
l—I'r B Tl Bl [
l [ |

Transverse Ream \
\ |
Pockets
Columns
4 |
. Bruce—} 1
River Bed !
-7‘7'z,|_n_ A L7777 ‘/ 7 .__"7' 7

Figure 3. 16 BIGH §c
(GG FTGIe, TRIY GIIRIT g1 a3 [5el STor131197)
(2) Rrais= fasrt (Cylinder piers):
sy fASRUD Figure 3.17 T SXffdeurymmey &fdst ST HuRWit (horizontal and
diagonal bracings) Sisdd Tw Wa Ryder 3/am. SieT U Wia st $9H (caisson)
JhIRl ! degl & U Hddl SIdld. Biihe Tio RiioexHY eaedHar e Siid T Iy
SAHNITGR T YOTeAT TSIAT YR ST,

Feotpath

1 Roadway—,, Parapet->]
{—=——Girders ——»-
—&———PBearings———>

X Steel
Bracing

Steel Cylinders Filled
up with Concretle

Riuver Bed'—_*,

PN s LS S S P
Ln-L dp L

Figure 3. 17 @& fagd
- #': . 7 ? g @- ? 5 'G ? ea
(3) E-99 U (Dumb-bell piers):

ET-90 [U3ROT & UliecdN T U S4-d6URY fadd, IUerd A6 aTaRe SIToT
Ioi. BT UPR AT SaGaaT Sidl SicgT oTd! SEREHT JecT TevaR SMYRGO! 3RId. Td
TEA@G! U WY a1 SITat SMfoT § TWH it IR Uide S fHdH Siee e Sydrd, S
@1 Figure 3.18 HED GRITS 3TG.
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$9-90 3R BrIe WSTGYHTU 3o d:

(i) AT RGN Jo1d, Sa-90 fUSR SR SR SIS &0 (Moment of Inertia) T&H
H.

(i) S9-90 MU3RTT T A1t ST SN0 AT TSR TAGATDHRUT Tl 3.

(iif) 31 Bifshe USSR Jod § IO oD ST

(iv) SicgT fafg=an urTe Bree =M (Well Foundations) ATURS SITdTd, degl & M1 A S,

Foatpath A
M,'fn Rmdm;’;\ Parapet -] .
Girder - \-lrl Girder ]L
Roariog = ﬂnrinlg——"'
Thi Diaph Thin- -}
c n ragm
3 Diaphragm B 2
3 Wouo" |2 Ll
A = .
b Column->
River Bed
S o t—j/ : v — o BT
- 8 T
Elevation Sec. on AR

Figure 3. 18 3-8 qraef
(Fed: Tara, TIRIMR ufealRi greae fae siortamem
(4) UIg®@ QEH (Pile bents):
U130 ScadT a1§did, JoTT HftRaHE TER RCC fhdl Wo UReiaR STYRGS SR,
UIgodl a¥] TIBTST SISUITITS] UIS® U foe SITd STI0T il e araRa SR (3UR)

FS! O, S B Figure 3.19 T TRATS 3R, UIZS ey AR a1 forgagad SiftFtar &t
ST fUSRYATST TR STdTa.

Foorpath
L ¥ loaduq-\ Pml’“‘d
IJ»‘--—Ginlcn-——*l ]
Pile Cop J
—— {—Bracing
Pile-> < Pile
- om0 R S 4ee
: o Voo
N L
v v

Figure 3. 19 GIge §c&
(i TTaTe, IRIR fealRiT gTead foret Siomtaiam)
(5) Hifes (@) freR (Solid piers):
Tifos fUsR=ar aredid, fTsR Tquf iR g9 fauTTi= gre! aiuem fdhar e ®ifhed

FIGO 3Ard. 3121 YHRAT TR SiydTd Joi=l SiUhid YU SIbod e, TId: &
PR
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(i) § YT IS TpR=AT RARE-ITST aToRal 3,
(if) © TITUTAT ST fohail Sp Y UfAPR UG .

T ———
|¢~-Centre-Line of Bridge
*Upmeam - .
. Ease-Water
{(—-30" to 60° : )

Cut “{amr I

I. Dmunslrmm*
Figure 3. 20 GTUf H1g Gruf] T17 &7
(g [TaTdr, IRIGR iR gread foret giortaema)
(6) T S8 (Trestle bents):

¢S 81 U i Hool [USR 3118 1 at I, e 1or foReT geehi=il SO T 3rdl, o
D1 Figure 3.21 T GRATS 3MTg. TS dCH WIS [hdl Bilshed 3 Fdhdld, MY Tlod dlR
SR UHTUIG 3M1@esdl. ¢e® deudl SUaNT fazivd: GRS ads Joid UeR TR HRuga!
fdhd IGIUYE SI0T I AT STUYBTHTST BT ST,

e U fdhal gTogr YaTg ool W6 o)l JT6] TS ac FUldrd. Hisdl Jdid 31101 35¢ T
oo dcy faRad RRATTS! T84T fokU Hod 3RIdNd, S P Figure 3.21 T GRAAO 36,
TR SRAGS] Fa U] I=ATHT GIET=N 3H{deh TiTTed] bR UidiebR BRdl. B FebTardl b 1:4 d
1:8 8IS Ufd Hiex ST 250 ot o 125 ot Sao! 3.

¢ E dcH had o1 f3aw1ull ara srdrd [ aifg-id des it (@0 o8) GRET 319 31l il
TSHIS dobTaR QA YS! A ). § WhIR A0 HdTd, STeT desHRTaR i uem
H& HH BT A, Tifers MUSRIRBI USRIV § HH! R 3drd.

Roadway
i ¥ |
Girder-- > _L p
=
b+
—
]
-
<
River Bed
v /l//-’////l//

/:/_éure3.27??E’F7’3'E’
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3.5.2 3fgcdce (Abutment)

(A) BT (Function)
1) dfgcc JY AT 3Med YATd SIPp o SHAT URTAT THA ST A1 ESipHKT deay

fehaa Sadrd.
2) d GaTaReH SR YR §eiaRd ddrd 30 fRRAT g Hdd.

(B) 3Ta=RY DT (Requirements)

1) IRGA ST ATy arsfyHi=an ararn ufdeR e g,
2) QAT SHAl Aold 3ol UG hdl Tifgol.

3) SARM 0T YeaHeard! iRy 3.

(C) 3igede °d UK (Types of Abutments)

1) ¥ed 3f@cHe (Stub Abutment) - ST dedal SIRA 3 dogT A8 SigcHe aTuRa S,

2) gui-Jt 3fgede (Full-Height Abutment) - SITIHTIRE JaTHT & Ulaeiudd fawdRd.

3) f&ra-y Taede (Spill-through Abutment) - SREAdIA fEaiAYT TToft fdhaT gaT 9IS, <.

4) PTIEIWIC 3fgede (Counterfort Abutment) - 3fARad ATHeATS! 31T WaWE Holgd Pal.

3.5.3 fdw ara (Wing Wall)

(A) BT (Function)
{7 dle siTgd SlacHce =1 fawar 3ifor o YellaR AIdl HiSvarag IRdId Sf0T deadrd
(B) 3Ta=GhdT (Requirements)
1) Uh YRBId YHHUT (STZRM) Y& HRUARIST faetic g fygor s,
2) AT S14: dhithd AR UfdbR b Uifgs.
3) O T aTof IevaaR RevarTe! UfddR Bl uiigol.

() f&1 afe B UHR (Types of Wing Walls)
1) R fadvr afe (Straight Wing Wall) - Sfacic ®ruga! dd fawdmid.

I—(—Suulght Wing Wall
- Abutment\

Centre-Line of BrldgejL

AN

Straight Wing Wall—>| «

Figure 3. 22 &%e 137 Tic7
(Gef: TTaTel, TRIR Ul g fot gfotaifm)
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2) WS fa afar (Splayed Wing Wall) - GT09T=dT YaTeT AFIGRM HRUANTST THT HIH
& UIRA.

J Sriayed Wiag Wall

Centre=Uine of Bridge
\
5*

Alutment —>

Figure 3. 23 &g 137 dicT
(i TTaTe, IRIGR iR gread faet Siomteifam)
3) e fawr afe (Return Wing Wall) - I¥am=1 GHIGR R4, SITRI& YT aToRd SITd.

Return Wing Wulrﬁ
a Abutment
2 ]

C Abutment :I

Return Wing Wall
Figure 3. 24 Re fa aic
(i TTaTe, IRIGR UfelRiT gTead faet Siomteifem)

3.5.4 YTAT (Foundation)

(A) BT (Function)
1) U1 8T YT WRa-1d1 aid WTedT HET 318 S {USR 11 U SR (abutments)
HYH YUIR HR ST AR D,
2) © YRRgd oHRd &1 4o RR IS 3Nf01 SHUIR STodme Sf0T UrvaraT 2ddi-l IfdhR He
EICI)
(B) SITARY DT (Requirements)
1. QR YR 98 &HdT U HRId!.
2. 0T HaTgr e WhINAT SHIf0T ¢ FiT UfdhR SHral.
3. WA SEMES (soil pressure) BTN TG UG IRGUARNITS T YRR W6 9dd 3T,

(C) fS=T BIESRA™ PR (Types of Bridge Foundations)
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1) Tl BTSHSH (Shallow Foundation)- HTcie a8+ & (bearing capacity) ST 3T T
IO SiTdl.

a) VIS BfeT (Spread Footing) —

g1 YT UraTal TR AIaTe! Tam Hearim: g, ST U et U aro) St
31T 3M1for Tt Urdesung 2 Hiex o 3 Hier @reft =ivTeht S0 A Iuasy 31 32 uRfRudid
g 9ald I 3. I YHRAT UM ST TR AT aRd WIS et $fid diie! UG dhd
SIS, Rebd, TR IAT dTo[d 10T WereaT aToy Rfied fet R arear it aeearasia fufimges
IR ufaeferd el ST,

i HF1
Masonary pier
: :’ River bed
N/ A\ .".".""} ARSI T e
Figure 3. 25 818 BIGSYI.
(FId: MSBTE AlSd TR &1 GHR 2022)
b) ITFE WIFSRMH (Raft foundation):
URIRATT] BIhic UIC 3T O HahH SIH-IaR 3rgal 3o YuId dharedn TR0 fawdiof

RUE HIISTH 81 U TS BIhIC Wd TR SNl TIe AoIgd Dbl g S Ol HSTedTyHT0
e gl Tuds & TGl HTeldes] dRIFH dhad & SIH-I=aT Wiell Sraedn YRl
IR YU SATUEHT SR 3R e, IS R SR X TeredT Holg bR UTTedT AR ST JIereT

o __.1'..._
v _--lem ——
= 1 Mar Beam
Secondaty Beam f
/
;-A i~ s
RCCSwb |1
|
- RV )
- I - - - Y‘l - -
. *l A-A - - A.- - .- .
Bedding Conc Sechon On AA

Figure 3. 26 I BIGSIT
(FId: MSBTE AlSd TR &1 GHR 2022)
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c) Frés wrde=1H (Grillage foundation):

IS BISSAET aTR &l Sid! SicgT WY, fUsR fhar WiRa=d 918 TWaRd R Sl
AR ermra=aT Al RIMTART R0 AT 3. A BSOS Sgddal gad T 3ifde
frmraRiR SR fagd 3d. § Wid Sca- eresd SfOT SIfi-Tean QRf&d 98- eidqe e
fordT B HRUGRITST dBIRM SHTa=RTH & Ta HRd.

-
A §
uncased steel ?se‘g‘:g::)f: steel
rillage ancs
T and base plate
S L3 LAY SO BT S DI Al M S DY EY i ot
WIS T \ LS TAL
rock or firm strata steel or hardwood base
spreader plate
Figure 3. 27 BTG TIGS] o]

(FId: MSBTE AlSd TR &1 GHR 2022)

d) 3T PH YT (Inverted Arch foundation):

ST HIBTAT TgHoId! SHRAIITS! 3@ 3T BT/ BId, ST aliR Bl SiTdl. aulfy,
gafad Rie dighic STUDHTH F=T TTHAM, SihTd Saed] AR U Hicad dbad SIdrd. a1
TSR SUBHET I 1! U Ul USSR SaRMd XER HRUINIS! HHF U TSI
Qg fem=aiHT faRd: §¢HA Tofed ol Urfgsl. dUTi, Sl HH SIS BRIGT 3R 3178
@1 TS, AT UraTe Wiet U S g1, STgcs HH UKl WTa i odl 3118,

‘r/r_- G.L. ]

|
L
A"

| waww thecomstone oncivd urg — —t  w— —

% AN

Figure 3. 28 3828 /1 BIGS T,

(GIT: MSBTE HIST ¥ B THT 2022)
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2) $17 BT&e¥M (Deep Foundation) - ATdl HHGAd fdhdl SRR AT aTuRel! e,

a) UTSd BISSTM (Pile Foundation) - YR THYA HRUTMTS 1T U TTe SR arafadn
ST, &1 81 YosTd 1o e RS Hoiqgd AIeial U afd Riciar 3rdl St SIfbHid gaard Siral
STTOT AT IR SIS Siced] e fRR YR WU HTH Hdl.

lr"lr Vil
| !
P e Caf
\ | — - S—
. ‘
x - o
. et ¢ ‘
- - » - T i
f ! t
| |
+ .
‘ !
ard shrata
)) Beanng pie D] FHCD0n Die

Figure 3. 29 GIge BIG &%,
(GIT: MSBTE HIST TGV BT THT 2022)

USd B SYH TMeid URMRRUGIAS aTaRd SiTdrd:

i) SiegT JEUNTIGR AP ad ATl U 3Rl 81 YR SARAIAT qoiTdl YR ¢S Jbhd ATg!, AT
RGN HRIFT T YRS AFT <TehTd ANTd 10T HHpad YT Telt Scied Hoigd Aldied
fdhaT WehTAT URTd RIMIART HRId AR

ii) SIegT TR ARG GU o7, higd R SRYd, ST & Sarasid a1, Id fdhar aroar ere.

b) 9 WIS (Well Foundation) - Wd UToaT=AT JAiTa! aTaRael HI3! ¢adIdR T,
Siecrem uran A8k ur WU Sfiesad Sidl. Ul GRITd JaiaTa! aTaRa SiuRT g1 Jaid
AT YRl Ui 3MTg. fafgt TeRoras) dighie fdhar el Siud™=al sRdd. M a8
AT K T 3R ehd, R IR, BrRESTd S[ETR BISSIH KU fia@d STd.
el fagR ura SfiftT Iy fagiR o § 4H R fag um e

- - Phar
. \ e FORA s Wall cap|
J L] ™ - "

D S

- . K 3
O N & oy
- oD g I\

L' e————— Sreining
|

|
[}
'
\
-
1
- -uI»

| Sand Nibng ‘{ ‘
g A Oredge
bis b hole

-

J l.
>
\-‘ —_ - Curd
=~ He—uting

/ 0dGe

s N D
\ o’
N .
\ - . e

e

Botmom plug

Figure 3. 30 3% BIHS3T
(FId: MSBTE AISd 3R &1 THR 2022)
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c) I WISSWA (Caisson Foundation) - JaTedT GTCT3! UT0aTd ddde dlererge e,
D BI3SYA el U3R BIRSSIM ¢lld WUIdNd, 81 Uh SeRIU® IR SIUIRT I 318
St gam O1e WUH, $ichic ST SiYSHd fhal SgToliedl goiNre! aiuRal Sffd. 8l
QAT Uiehes ST fobar Riciex Wb S18t goa1 1 @ieild gSaar Sl ST e Hisbie
YRT ST AT ATes Tl R Biell.

—(lJ

——'————‘——-'-——
I

] i A e e A VA

4 A 4 A AL as

Hane B

F/gure 3. 37 Calsson BIGSY
(AId: MSBTE HISd 3R &1 THR 2022)

3.5.5 934 (Bearing)
@ (Function)

1) AUHMFS Sad, aeqd HR ST SR Xeki1ges FEd e 1 SFHdT uara! fas &
STfOT Ui/ Srae e SXr T Saddl USRI A3 3mRd
2) d Ydah STIOT U MY TRAARIA 10T HHT BT,

STAG P T (Requirements)
1) S = &t Sfor Awa grerama wRarh e uifes.

2) 30T SHTIRTD 3HTg HR FEAAIRT HIUGRITST T HOIGd SR gTardTd Widaierd dxar,
3) faRiy et Urfgs 3T Tdd ITURUATURE.

fafewsr yeR (Types of Bearings)

1) e AielR U8 (Cement Mortar Pad): e HieR Us § d8M Jaed aruRa S g
3ATOT fr ARtk 931 3iTe. AHe YR ThHaHM faavur 1ol uradied fhdies TaierH
UG HRUINITS! GAT SR SHTf01 HeRgaerT e Riffe HieRal U o 3rdl. quify, &rd
Taffed aafadmar 3 i aervfia grerare fdhar ERERM  SFHIUIT= Yaird! arg -rgt,

2) faar 3T (Expansion Bearing): oo Taaria yid o oifir sigeq wHm@ifca
HRYUGITS! fawaR foafes fegmga o emgd. o S fowimo= ufasfiia sam Hafaa afas
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BT TRATTT GdlTd, ATHEMTI BRI BIUMR THU cladld. § [aRed qi=ia: die-
T gaAe aTiRd SiTard o favaR SfOT Siidpa Hgayqui fidT 31Tg.

. Drill Holes for Fixing Girder

Top Shoe -—5—
O

~Rocker Pin

Bottom Shoe—»

J{—F-'ed Plate

Figure 3. 32 faea JsTT
(HeH: Trare, TRIR ufsArRin gresad foet Sfortaiii)

3) A ST (Knuckle Bearing): 76 d S3RHE HdTH - ATHRTE JEHRT 3R it AT
31T Fifed gTeraTd HRUAR RA od, ST d FURd SER SHaRa® SRfced] Jaiss!
3MTes §9am. 8 feafiTs WaeRd RISl IRGH S BIATa-T RG34 dTor UhTd!
DHH! BT Hed Bl

{ Seat for main girder

w o

Bottorn shoe

Bed plate - Bed piate

Figure 3. 33 TH 31T
(FId: MSBTE AlSd TRIR &1 GHR 2022)

4) B 30T IR ST (Rocker and Roller Bearing): a1 YR S3RTAE B AT
Rl T SRAl S AN MO TR gTerdTal Gl aH HRdl. bR ST IeR
ST TR HST T STIOT SR YR Srcied YA bl STal, Sarded SRa-dR SR d1of
9 Udl faxdR 31f0r 3fidrad 813> Xl
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4. Rocker & roller bearing

Ded prave » ey

Figure 3. 34 &Y ITOr ATV FHarevor
(FId: MSBTE Aled 3R &1 381! fgaradl 2019)

5) I(BX AAFTT (Rocker Bearing): &fast fawuma=rear maffed gHmONG SrIHdT <amT Jidx
o umpem guiF gTerard UeM $Rdd. MY TehT UTe WedR fauradar HdgsHET
3187l ST foiel S RRURAT IR AIS <A1 WrebiaTei! febfeid gebll Ad.

Main Girder [

Top Shoe—>r
=—Rocker Pin

Bettom Shoe—y—
Bed Plate

F A A R A i

Figure 3. 35 BN FART
(i TTaTe, IRIGR UfealRiT gTead faet Sfomteifam)

6) TEX AT (Rubber Bearing): Y&<1 foafies], @ sAReMRG 931 STid TUrdd, Td
RICHE Jolgd dhaiedl JeRAT WRIURH FH{ddd ST, § ST FRSRH 310 fhidbias
gIerarcl! MY Adiehdl J&M HRdld, WS d dieHl FgARRET A HR Sreedr
MY JAAT! I .

7) TATSIST F3ARAT (Sliding Bearing): WSfET ST g YgUTTAE HHI-G¥0l Wi
RGN T He &fcel grerare Jay BT, aredT WRa-d SR k! (A1 7 &l
TR et faRITIT UeM HRUgRITS! d T84T 3R UdhRel dafveredr YareHTd araRa
ST,
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SIOQI Hnles
1 \'ulmn Glrdﬂ'}

1y | —6—---=Sole Plate

|—Red Plate
VAV A S A A A A A e

Figure 3. 36 &TE1ST FHRT
(g [TaTET, IRIR iR gr&ad foiel giorTeiman)

8) ®d 98 Wie F3ATIER THUTA Wie (Sole Plate on Curved Bed Plate Bearing): a1 Y&HRw
JINTHL FHddSH WeR [qumacd THAH We 3[4d, SHe AcIHd 30T TraaRHd
gIeraTdl Glvel glard. IR R AU JegdaR M RR YR XiaRU IGdHT d §g-
TR Q=T THTG YUgrTal fSe dad 3Te.

Sole Plate Main Girder +=

y~Curved Bed Plate

P A e A

Figure 3. 37 %4 85 ¢ STV UbHIT i
(e TTaTell, IRIGR TR grage faet SRmtalim)

9) TR UUR 3T (Tar Paper Bearing): TR TR S § @8 Ual HTIOT dIgRe] I3
fPHRIARR IUT 3Med. IHe TR-ZUUCS UIRY U 3dId of HHIAHH grerard 3T drg
fIaRUT UM HRdMd. IR THRIZAD [ChhS A9d dvl, d 8P URIhI-adTd! Tk Jiar 3o
ek yafg Tam.

3.6 QAT UHTR (Types of Bridges):

(A) BISd (Causeway):
Piold g1 JArdael Tl fhal ot fdhar Sfiedn SIfETaRdT <b 3MTg. § UT0H Tl ok bl
el ST <. YPRAD § THIAY 312

1) TIRT Bl (Flush Causeway)- TaTgTAT GETT=AT THT U6 AR, TT6R UT0T Jaduul dTg .
2) di-degd BIod (Low-Level Causeway) - Ured SATddd, TRTAT @1 WRA-AR HAifGd ot
STUgTl TRET .
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A Pavi
. ng
20 r s [ in 20 ——
7777"7‘% T :_-_:.‘ ‘.';:(:" ;c}é[;?'lk‘- .‘:,/ rariw i
“-.'J'_F&l LRI P
-
itudinal Secti
- Pauing‘—{':ng'md'm ection )(—Pitching
77T 777 T e as P PO 77

i ¢ . Concrete « -

f PESON S W : /

AT g
Section on A-A

Figure 3. 38 [78-&r19 ®loid

(g [TaTET, IRIR iR gread foiet giorTeman)
3) S-wIR HIod (High-Level Causeway) - Fd-gaTHH HAaeige! HUd ded, IRAR
JSUl TTSUIRIST Jd.

NFL. A [ HRL

=T i IMJO Paaing-\ \ “‘10?‘ 1= T
v = e e = R
Ownl'lgs-‘ —t'_ -l"l "~ . w A w - gt W cmcre“ -
L-;._.< __',_,'. ‘C?ngre_te.- J"‘;‘;‘:i'} :I Foundations
A
Longitudinal Section
: a NFL—~ ~~Parapet

~Pitching
T P 77

-

A O

Figure 3. 39 FT- &g Hiord
(G TTaTel, TRIR Ul s fost gfotaifim)

(B) SRR 4& (RCC Bridges):

waferd e ®iwie (RCC) Ta HOEdT TUT fehIeuumare! Hifthersd Tiat Holgdiaul
TR, it I W, FehTHuur SIfor Ut GHTe ared o HadT YHTUNGR dTiRd STdld.
(C) Wi-¥e¥S Y& (pre-stressed bridge):

H-WE BichIc ool AN FE I HR ST UarITe! fS2e Had SHRd M-SR 39
HRUTTS].

Mm-wwe food wrae ofor die (Advantages & disadvantages of pre-stressed
bridge):

WIS (Advantages):

1. URCES Yol YR aTg 0Tl &l S 319,

2. DA IR id.

3. TS fadmur oY,
4. fhoe givem.
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5. ¥ ieatar @,

6. UIbRe Tl 3 FUTA! dTCR.

7. TR @RI YRIRATRH ATl G shidhiTd Sl Feire Ydhardl Il UiddR.
8. CEHTA g HHI.

e (Disadvantages):

1. IF-00 LT AR 3o fhacdar aRomd gidl

2. DI G AT 3T,

3. fORIY ISR IUHRU! SHMaAH TR

4. HHRE Dihicd Yd ¢ [aRIva: e AR Id dfd W 3rfciel Sugad 3HTad.

(D)W‘(.F(Culvert):
FHege U] X fohal YedwaT @l UTuft ST3; QUIRT 5T, USRI § JHIAY 3MTe:

1) PHM (3ITH) Pegd (Arch Culvert)- et fhal Pishied! - TMATHR TI-T, HidaT UTogTAT
UdTerTé! Irg.

AN EZE

Figure 3. 40 319 Hege
(G TTaTel, TRIR Ul s fost gfotaifim)

2) IUST fohar Wig Hegd (Open or Slab Culvert) - T YT RCC Wi, ST AR T8
GTOGTT hIRITTRITS del SiTcl.

rParapet

DIPTSR

Abutment >

— — o — . E—
. e mm— m— m— —

e — — — — —
—_— e e e e m—

\\\;\\\ :
|
|
|
|
|
|

Figure 3. 41 %q Hee
(i TTaTe, IRIR UfealRiT gTead foret iomteiam)
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3) UI$Y Peege (Pipe Culvert)- T8 ATa 31 FHHft Troft FSvarITdt aTRd SUR T fabar
3 TSR ST,

~<—Farth Cushion

~ 1

Pipe
AP
Masonry——
[ R T AZe)
;5 3,Concidtg Beddiig: 4

Figure 3. 42 /37 &egc
ey: AT, IRIGR ufetRivT grsed foret gfraifam)
4) 9T Peege (Box Culvert) - ST RCC T&T, I YT S S8 YRS AR,

Figure 3. 43 RCC FIa Hege
3.7 il quroit (Inspection of bridges):

TWH AR, TIRIUNHS TRAATHS THT AdHR NBGUaTd TN ISR U HROAN Hed

gId.

3.7.1 YaAT=AT qUTHUITHEA YT uaTd QUi |THT He, (General Points to be Observed in
Bridge Inspection):

1) guReeaawd! fRUH (Superstructure Condition) - %, ST, ToldI®HROME Tiol 3foT
DIUIG! TRIHM gl qU.

2) QAR (Bearings)- IdbId SaTs-Hc, o qUN,
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3) 3% 3ATIOT AT YUNT (Deck and Road Surface)- W, YSHITE! S, groft A=t $for
faaiva Hieara JHar qum,

4) FaweHR (U™t snfor sfgeded) (Substructure (Piers & Abutments)) - %, WHINT,

5) 9T (Foundation)- ShIITHeS HIUKiTe! YU, HH! B0 fhal TRIGISR 318 &1 o qUT.

6) TSI®IA 3MfUT dedd (Approaches & Embankments) - IRl AT &1 0T RIwH
fdbar YeaHe qur.

7) g9 RIeH (Drainage System) - UToft ATEUATURE JRGUATTS! 410 Bid, THU™ 10T g=isT
UY G BT USdTesult .

8) SligdifsId fg (Signs of Overloading) - 3R fd&w, & fhal WaeRd w4
$f$deR Tet.

9) TREUIIHD PifeTol SATOT AIeXYfWBT (Protective Coatings & Waterproofing) - Ue, Hide
30T lfToran Ry Gedich B,

10) 99Tl aT@ (Vegetation Growth) - HIUATG! d-I¥IdId! dle 3HISWT SATHeS WRAT BRI
IS X,

3.7.2 QgAY 30T UraITes=iadt auTvft (Pre-monsoon and post-monsoon inspection)
(A) AIT=g-TYd qUTHUT (Pre-Monsoon Inspection)

1) TTOT AT 2 UM S-1oT RRCH W3 el W He.
2) S, TiY 0T SMURTAL sheh IO Th qUTL

3) T 3T YsgeHeudt fRRar Tanfid &,

4) IO} T UITTS STTHRTIAT YT HeTdT dhlg erel.
5) T HTFOT RTOCH=AT IRl SRISca goT el

(B) UTaTeAT-aRd! duTgult (Post-Monsoon Inspection)

1) g Sf0T Sfechc Iy scouringﬁﬂ“{qw.

2) UT0gTrAT SIRTYS sheh, Yeade fdar ot quraolt &,
3) fawaR wieaiaeE aroft et fdbar Tt el

4) TSt 3T gTeraTe Shedid R JqaTa.

5) 3V AT TMTes JTAvaT! fbal TRIE gIoamand! ugl,

3.8 Jaidl ¢@UTE (Maintenance of bridges):

THIUTG aifigd 3Te:
(A) Frafira S@HTE (Routine Maintenance)

fafiya dimed Iiacdt qurnlt 3nfdl farems T rarTd! fakeies goia THIAw Bidl.
T § JHIAY 3Te:

1) ATEHWTS (Cleaning) - S%, S-o1 RICTH 30T fadR SiediAe 90T, a0 o1 Hisdrs
Pl CThUl.
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2) uféar 3mfdr HIfET (Painting & Coating) - 7S TTBTIRITST Wid 30T Hishleedl HITIAR
TREUTAD PIfcTol AT,

3) g9 ¢@HTA (Drainage Maintenance) - Td, TR 101 U GeHYA UTUGTET A1g YdTg
SRIECEZUS

4) f@i® w gERIT (Minor Crack Repairs) - G0 RRUGMURE IGUARITST Fichic ST
SIeRTd e b I BRI,

5) dtee ATT fbfRiTT Fe® HUI (Tightening of Bolts & Fixings) - H-aR STOT SR
Slec JURIOT 30T YRIET B0,

6) foaf¥sri qureoft (Inspection of Bearings)- feaRsil aig grerara onfor @84 gHfga
B,

7) TEATAT YEUTITH &I B0l (Repairing Road Surface)- @g, W 01 TRIE aiad
IR Y goed DUl

(@) fIRw S@UTH (Special Maintenance):

Sieg] YA WAl A& I6HH gid fdhdl dgardl UHTd Usd! degl foRiy S@yTe sl

1) @I gl (Major Repairs)- TRTE eid S&, SiH, TR fdbdl U TAarId HRu..

2) ISP M1 YAdTA (Strengthening & Rehabilitation)- TS &HdT JURTARIS!
TSI ThRUT, Sidbicd fdhdT XSIfth T Sraul.

3) R ged gl (Replacement of Structural Components)- TRTd o oS, gig
fdhrar TSR Fgaul.

4) UTGT WSIgd HRY (Foundation Strengthening)- TS, URd fawar fdhar siexfufT d
CIER

5) ¥RTUL TR&UT (Scour Protection) - fUSRE i1 Sfsgecy= Hiadrerd! §U CIBUIRITS!

6) STIHTCNT Go&I (Emergency Repairs)- UR, YU fhal UGS SfAMD ATl
IHA FARTHROT D101,

Maharashtra State Board of Technical Education 95



Railway, Bridge and Tunnel Engineering ¥, foet ofs eAw gfortafar (314312)

Questions for Practices

Q1. Explain the classification of bridges based on span.

Q 2. Discuss the different types of bridges based on materials used for construction.
Q 3. Explain the factors affecting the site selection of a bridge.

Q4. Explain the different types of foundations used in bridge construction.

Q5. What are wing walls? Explain their function and types.

Q 6. Describe the different types of bridge piers with neat sketches.

Q 7. Describe different types of scours and the protection methods used.

Q8. Explain the necessity and types of bridge foundations with sketches.

Q9. What is a trestle bent? Explain its function and construction details.

Q 10. Discuss the different types of abutments used in bridge construction.
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gfie 1v: arTer siftrifet

Unit IV: Tunnel Engineering

fawg fArsa=it (Course Outcomes)
CO 4 - feded WRTd e SiYvaTE &fed Ugd Jaal..

Rrgia fRreror uRumA (Theory Learning Outcomes)

TLO 4.1 YR Td HearedT arTeid! fafky afred aRifRid &,
TLO 4.2 feeiedn TaTfesTaRa ST YhR ST,

TLO 4.3 faciear uRRAIST aitar Rasuare ey shirawg Ty &,
TLO 4.4 SRTRITAT STcitel TG [MUCHYA TAJUATHAT Ufehad qui .
TLO 4.5 faaied YHRTIG aRTeT dieogre Yefid dgd gad.
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4.1 9f¥=g (Introduction)

InTeT ST 81 Wee Rifasa e wmdar fed ol S aRTeT X1, St
STOT SEUTCHRT T ST, ITaT WGl g1 1 el 3T IR AT &= WId dAgS o g& ad
Y 30T STerg ST 3T,

YRATI IRTETS PTel IeaE-1 ISTevul.

1. STH-reHRAeR e dRUSTa aRTeT 81 WRaKdId gafd did YeaaliTar 3g Sar dist 11.43
fopel 31Tg. Al 2007 TE ITSTATA 31T,
2. TEL-HRAR S It SHg Sieiivs Vs el S diet 8.45 fadt 38,

3. fRHre UewIda 3red aiTer 9.02 fht are=m.
. SH-HRUR A ARG JEell aNTal, SaTE! die 9.028 fahdt 38,
5. IRBUU FIdgH FeX INTel, Sl @fst 9.02 fhH 3iTs.

6. YAMMRISS HIhURd GeIe HERIPICI PHRYS STl 6.5 fob.

4.1.1 YRdrda srTeren fasrarman gfagr™ (History of development of Tunnels in India
(IKS))

YR 1 WO (IKS)= SNTaT SieaTHT=a] JoaTdrel Siagrrd Agw@yqul YA Jefad!. 9a)
fafe=r Teradia Sfor Wd=GR, HRAM WId SFTRITd ATeaqd YR dat.

YRATd A Ui STfoT geagiii= aive,.

YT URdTd, 100 SNTG WIGU), YTHGUT, SHTARHRT 0T WR&for 3= fafde Igarwrat
SNTS, S SITd i, ST FHaTST SR aRgRIRd ST RITId G aTIRSAT JHYUIT o Heg<aT]
CIBSE IR

UTU'Q'I%EﬁTI%:

RS- gRT YA Sv1 R 318 S UTugT=a YaTeTiTa ! SRR Joi
JHIAT 3Tg.

urg=gian fafgst srfor urvarea eTe:

YD I ITE e A<, YRATd Sreiiett fdhar arar WU Sliaaed ST U=
fafedt WUl gesd UTvaTe Urdeiudd wWTel ST ursate Afaeds Yieed fafes. a
T, UToft ArEauarat i YERTd wef Siuard Sa gid.

UrdHTe!, faRIvd: SITRI TREUT S0 Th<] IRA-THL, TAEIED TG S@d Sed SIrd
BId. STHHUIIAT S1adId gTadTel SGUaTITa! ST Yedbd AN NYUITATS! I SRTEaT aTuR dhall
EIGKE

N
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4.1.2 §ITET (Tunnel)

YT -
SIS § ST A T a1 AT aredeaTat, urvft, Sisuroh, arg gardiadt
FEARET SR YEFTTERT 3R

4.1.3 IRTEIET STaRgdHdl

1. SIgT SITRM AT Haldl aF efii-a © I Jafd a8 A Sisd SiTdrd.

2. ¥ fohal T U earTa! Hied™ SHA uTfed $HRor 2T,

3. SiegT 31U Fedt Wil 20 Hieten SRS O Siero SFTemien HenT 3.

4. SiegT AR Y Sieol SrTemder Sifid IRAR 31fiT HEHTS S,

5. ThgP!, YRIATHeS B0 SHSYIURE SATaRId Yedcd (T I&Td TREf0T
HRUGRTS].

4.1.4 IR Tb'l'ﬂé’ 3for dre (Merits and Demerits of Tunnel)
BTG

. O T e TR watd @8 AN Sredrd.

. iy Trefl=an Ui s Sraeedr Siiud Se Uar aiTe $Hiddh fhthrIaRiR SrdId.
. O St e YedH T, Tasor groft, daarg IRt Adui-e gasT arg- Add.
. ST TSI 31U Hewdl caHTdaT S W4 eredl dl,

. XK T Yed b erTe ! HeTTedT St JUTeH eresd S,

. O feraia 31 YRIeH e aege ot Jad gTadaTd UG Sl

o U1 A W N =

. e SYSTHTTS! [IRY UH R SUHRUT M0 UGl SIId ST
. SYBTHIITS! ANTUIRT IOl 378,

. T STYSTHT HRIA BRI G/ TS TG,

. A1 argdtei 9 faem d EERuIN SRUTYT 3% dhdrd.

4.1.5 SRTITR SUART (Uses of Tunnel)

1. A HIUR, IR SO A= aTe g Suged e,
2. i ARSI uTuareaT agaTTat ol ST,
3. I 719, I 3NfOr AiSuTol aTg- AvarITa G/ aTiRd ST,

4.2 SNTRI™ EIfRT (Classification of Tunnels)
ST Tl r WIHTAYHTT ol 315,

1. SERIFER

2. YIfgAr=AT UHRIAR

AN w DN =
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3. TRyt fbar TRETER

1. Bﬁ"«’l’lﬂ'\‘l'l'\’ CUICa| (according to Purpose)

a) AP SRS (F-d~T TRTET)
1 UHRAT ANRIHE § GHIAY 3T,
1. TR a1
2. UUiqREST TS
3. SAfdgygd 3ol §e
4. NS HREFAHL ARAT SAURT ATDH SNTET

b) dlgdd Tsﬁ"’l% (Traffic Tunnel)
T UG R SRTIHE,
1. HETHART dFTegien THIaS 3R,
2. ¥ed dNTS
3. UreArgigTal anTe
4. G dNTE
5. gad aNTS
2. iYPHTHTT qTURET SATOM=AT HTTgedTedT YHRITAR BT
I YHRAT ST § JHTFATSAR,
1. HoIU WSHI SNTC,
2. A WSHAId dle,

3. SICTeT UTARETelt ot Uroft aTg= Sorm=an Ardid .

3. Ryl forar Wﬂﬂﬂ' Fiffoor (According to Position or alignment)

a) ITHTR FRTST
IRAT SRICIe Ah g SFIRRUI Bl Ud ATe! SR fdies RiTH® Sy IS GUaRITS!
EEASICIEEINC

b) Hed far 39 ITeT
? Ol IARM d A caRagAe] Sied A, & UM dede il SR
CIEEISIGIGH

C) T TS
JqHL ATl chediAe] didd anTg JHNAY 3Rd. WGRY aNlG agddiae! aad
CIERGRSIGIGH

d) WRRS dRTe (Spiral Tunnel)
el SITRT=AT ST HFT 3156 gid JesUITedl WRUTd 3Rda ST JATAY 31Rd. TS
ST Sie dTed ST g SaR TTesdT Idrd.
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4.3 STET 3THR AT AT

4.3.1 SNTEIET STHPR

1. SNTEITN 3R Are fauria Mg ag axifaer s
2. SNTEITET TR ATAR ST SR;
a. 1 SfBFIGH SRTGT ST 38 Tal UhRSATO W=y,
b. d ST IERITS! AR TR,
c. STSTIME 3HR HTWD 3Te.
3. SNTETAT BRI TATd Saadhdl YUl dhedl Tigold:
a. T IERINTA! dEied SR 31T o ol HRUa o e S/ UTfgol.
b. ST it 0T Sam T AU STRT SAfOT Siid g Al .
c. fasde seRIa it for STt Tardre YR a7 TSt Uiigol.

ATATIC: ATORT UMY 3HR Wt JHI0T TR
A) 3TgaTPpdl fhar die STHRTET dITGT (Rectangular Tunnel)

1. d QeI T8 3Med.

2. B IS AU WSHIATS! TG 3R

3. g dNIq SidUad araRd SITdId HRUT daie0l HAT07 A0 HENTS 3118,

4. 3R SRTEAT BdTR JIHUITET dT0l Adl WU BdTd SRR HTaTdD 3G
5. o OTGATAIgIa aTuRd ST,

[ —— —— p—
hpe—m—= | Concrete
1o ~H Lining
. —
> Cement
- Grouting
N ST, ¥ rd
Figure 4.3 (a) ST SHIBRTET FhTaT

(G- https.//civilnoteppt.com/shapes-of-tunnels)

B) Gd®T®R MTHRET aRT&T (Circular Tunnel)

1. 1 STHRTAT IRTEIHS STRISTONSAd ST SIRGR UideR o).
2. d YT UToft aTg AUarITat AR ST,
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3, i 3R Holv 38,

4. d U3 WSHId Ggoyul Siefel .

5, d gafd 7S H19-JaRHd &7 U Hdrd.
6. I 3101 WISt AN AT,

Cement Grouting

Concrete Lining

Figure 4.3 (b) TJBIHIR HIBRTAT Tl
(G- https.//civilnoteppt.com/shapes-of-tunnels)

C) WHed fdhar ‘D’ THRTET ST (Segmenttal or D shaped tunnel)

1. 3R YHR=AT SHE T SIo8E Al HTHR WS SR,
2. T3 GSHId S0 HAI0l

3. SCRT! SITS! SR 3R,

4. g AT8qd SNTGT WU A1y 3{Tgd.

5. o YMHFG: Yad A fdhar AR SNTeived arRe STTar.

NI LARL

LI B B

Figure 4.3.(c) 81 SfIBRTET FITaT
(H- https.//civilnoteppt.com/shapes-of-tunnels)
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D) UYSITAT ATATeAT STHRTET TG (Horseshoe Shaped Tunnel)

1. HHFAT S5 A SEaIBTHR SR 300

2. Yed 31T IATITAES IHRId: aTuRd ST,

3. S1 IMHRIAT 3T TBSTHR ST B Thd Hd
4. FiYOr HAT.

5. U0 SRTETRITS! IRg ATgl.

6. 7S WaHId aNg.

Figure 4.3 (d) FISITedT TIciTedT BT FIGT
(G- https.//www.mapi.comy)

E) 3fSUTAT STHRIT Eﬁ"TaT (Egged shaped Tunnel)

1. B 9IS ST HATT 3R,

2. O A8 dlTe WUH Irg ATgId.

3. RMYGRAT IIHE TSR T Hid-HaR 3.

4. DRI 30T UraTedTd FiSUTuar=al UdTgMTe! i s Wd-XassdiaT 31Tg.

5. 31 SNTC AT HHFAT [hagS T id dud §Tl ST WideR HRdrd.

€Concrete Lining

Figure 4.3 (e) ST SfIBINTET FIIGT
(Gl https.//civilnoteppt.com/shapes-of-tunnels)
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F) S9aq@THR TSR ST (Elliptical Tunnel)

1. § GTue I AN fead 3mgd.
2. T SHTETATST SRR SiY0 B3 UI3MTR.
3. UIUT aTg+ AUgrTal ang.

4. IEIHITS! A ATEY..
5. IHTT a1 UTApRIATS! AoRell I dad 318,

Cement
Grouting

Figure 4.3 () TFaGBIHIR FITGT

(G- https.//civilnoteppt.com/shapes-of-tunnels)

G) tﬁ%ﬂ-m CIN| (Polycentric Tunnel)
1. 3R BT 3G,
2. 3l I8 STRI SaTaTe UfdeR & Y.
3. Ird SNTG 3D hEIHY FiEdd Srdrd.
4. §iYOr HAT.

€oncrete Lining

Figure 4.3 (g) qﬁ-@ﬁ}ﬁ aRTal
(&l https.//civilnoteppt.com/shapes-of-tunnels)

Maharashtra State Board of Technical Education 104



Railway, Bridge and Tunnel Engineering ¥, faet ofs e gforitarfar (314312)

4.3.2 IRTEITET 3THR (Size of Tunnel)
? WTdd gehiar faaed 3d

1. QISP YHTUT TOT UBTR: AE-TT BRSO oFT I8 THUI RGGRId YHOT 30T
THR ST STHRIGR TRUMH g5

2. AP ATAT URERIP SUSVITAT ATHRT: o RITA [hdT Char SHaciar 3.

3. 3REARTT SIS ST URATY: SRR STt 1A CThIIAT g AT AR daad.

4. A YT TTAD: T S R THaT IRTRITAT SHTHRIGR SW e TR g,

4.4 ST aUTHORt STfOT |d&ruT (Tunnel Investigation and survey)

4.4.1 IRTEY quTyol:

ST YRIE 30T forthraaRiR Fegims SMftT den3cHra! smavad Yg§ o1 9= Sl
fhresfauarardt emmea esftg 3nfor yarT=meS=ar qurguiier siver qurof wurd.

ST JuTTiHel § gHIfay 3R
1. ymeffa Tdeor
2. dRTeT 30T Geferd ardia Tva
3. SRTRIMET THR AT ATY FHaso

1. {rrmffq Tdefur. (Geological survey)
g SxiteAr fawa @refiesmmT sea:

1. SNTET WiedHT Il THRIGRATT HRUIMTS], Iuare YHidia sifid@, BieewA
TG TNYO,

2. SITET HIVAT WRIGA ST 3HTg A YHRIATO WU S0 YO SUHEA SHTal

WU A Ugd 3Radl Jg .
2. 9NTE W@ ITfoT wreamRit "Efi ardt: (Alignment of Tunnel and Alied

considerations)

TS ST HERYA ATIced] RITFTAT SRTET Ga+ Fgurdd.
TR W@ fasarn, @reid ge, faarma gad uiike:

1. SIGT HAIU S HIHYA Tl UIfgsl, HRUT Ui Aeddl JiteRidb el da-d Qgud HH!
3.

2. TG 3 3T IGTTE HTH FHITHH! Bea.

3. T Sddlg-olde 914,

4. I UORgR St UrSsides 3T1d S0iehee HaRl dHIdesd TeR Hledl Jsd.

5. WG Y fadd IR,

6. SNTEITA fohHT RIUS UG &l Ulfgol.
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3. SNTRITET STHR ST AT a8l (decision of Shape and size of tunnel)

JTHRATVT AT 3aaT V.

4.4.2 ST AAEUT: (Tunnel Surveying)
SNTITAT TJ&TUM=AT HTHI TTA AR JHTAY ST
1) SFHTaR STET= HeauT TNy

1. ST ARG SR, I AEdd! ST (FRGH) ChedT fdhal S a3 gdh ol
fAf3ra Heit o,

2. ST SNTRITIT dfelt AT 3 dogl HeaR™l IS Iarg el ATeTT Qe Ud.

3. SlegT NSl |id 3rd) 3o ITuddrarct foaRTa eraen 3fd, degl Heavul X!
AR IHIER SRS s s HedH HeviesumgR R St &,

4. S, GeFafa SidRM ardad STard Sfor qeaRs frgifed .

5. SR YA T4 R AH-HId GeATSIDT, GITSTAT YGEHRTIGRUIGR] CIHGR 0T HEHE

6. TR TT Yact IS fhar Hihiead HIIATERU HRSBES AT Hd S,

2) HYIRYGR RTUE Y0l (Constructing the shaft over the center line)
RN MY, FHafid SiaR MU TR Bl Srdrd.
3) SRTITEAT ATHA T TG RAHTART B0 (Transferring the center line inside the

tunnel)

1. QMU SYHR, SRR TRE [MFEHYH Wil gedrd arid.

2. TS}, ST HERYYE WUl f[dvGdeior aiF Wid dit STdrd.

3. I Wi o STo[eT, HERuRh Jafid fog arafer fagifea oo Stara sifor @
A IR d0Te SiTd.

Figure 4.4.1(a) 7 GRAGATIHID! MU 311d G Waded dchaad 3fad.

TG SSUIRY o1 ST Jeavs GRiad.

B So Jg Wbhd duaaRredd fiaisiage $ad g Yuerenadd aredd S

N o vk
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Farh asw0ns
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Transfer of centre line into the tunnel

Fig 4.4.2 (a) W@ @Y e SRT=IT=AT fig.4.4.2(0) T et T TR 0

JBRIT FEAARABRO

Hd- https://pdfyar.com

4.5 HETHATT 3MfOT Yea T3} TRTST Hid-HaRIT (Cross section of tunnel for a

national highway)

1. SNTETAT SIUBTHET W SR M, OH3AIgad fpam uRame WieRra

g,
2. dTeqe el Ue

FATS] TBUGeSU

[T SRAHTAT HTHITST URHTO G 3™aTdla.

3. 3AUYTd TS VIS ATl IUSAHT HIhad! ST 30 3{TaT b 38,

4. T & geTrt
faer arre.

(NH) 73T UfRaT0! GRITGUIRT ST SHIa¥aRM Figure 4.5.1 A QT

Emargency Telephone

Fire vensor

Halling/Delineat

2;‘,[-\
Hydrant ::1

ol T

1.20—te—el 0.0 Cl -l

- Wolkway 0,75

Utility Duct

i

Figure 4.5.1 TP TETHIIIET Pl GFRTT

(G- https://www.linkedin.com/)
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. .
-
Excavation 33
-~ 7
Cement @ /
grouting A 1 &/
c/
. %
Concrete ining !

g
i
g

3
, < ' .
1676m
- c } R*". i v
4 % L Sleeper t . e
Weep —__ 500 > ae -1 I
holes b 3¢ < Ballgst a5 &
100 mmTics ~ “RCC.sisd
@15mcke 38 mm thick
. 2. V. V. W 2 Q._ v
Figure 4.5.2 F1STo7 Seac B3] 1T GFRIT (THTHT)
(&ra- gpp7.0rg.in)
PR V0D BENND
| RCN UNER
% RO 22 1 T
o FROCK
[ sueFxce
/
IRL ¢ TRe %)
| |
& | |
| | T OF WAL
! e L)
' x
| |
3 | l 3
: 000 ! | g ;
" | | “
T | a z
J | | rT/R %
—wm — +/- STONE WAL 2071
2 — e — THOK WITH RUBRE
COSTNG BALASTEO

Figure 4.5.3 F1STIT Seac H1d] H1e QI (G4
(wra- http://projects.dr-sauer.com)

4.6 TITHE (Shaft)

4.6.1 ST M9
M TGO 3T St fohar fafedt fdhar amfer wamd, o Siffi=a guUMIIRET @t

TRTIT=AT SACIETTTRI Ui iedTd,
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ST A NYaRaRy fEaToft 2t Siee STdTd. Tde MU B HRugma! 3ifafad
TS XA SRIH, HTH ATABI B SHTT & HRdT Ud SO HHIdId Yol BT Udl.

4.6.2 RITOEAT ST (Purpose of shaft)

1. TS AAAUITTIS} Ud RMUCHE SISO Sihg BIH Sfdg U,

2. G Bl Hg A T3! 3T U B gUl

3. HISY YHIUITT UT0GTE UaTg STedrd Uit Rt Sqaeyl &l

4. TT G HRUMTS!

5. did SN, JIdS WRASUIMETST 10T eRafor gifshiyed gar a1eR Bleuara)
UG TR

4.6.3 WSHTA TP TTUDBTH (Construction of shaft in rocks)

TIRA T § JHIAP 3R,
1. Tefei sfor sarfe
2. AfdbT

3. fes’im
4. TfaT

1. f&fei anfor sarfew (Drilling and blasting):

1. {&@ g Y e fhat RS we ved Wierar Sl
2. HiedT MY JTadid, AfdsT 10T f$fei Tara 9t g sauaradt Tt geafid o
ST,

2. AfHIT (Mucking):

1.  I891 TaM B SITd 30T ST aiid HR SiTd 30T aR3Tdd i,
2. e d1gedT ARl Adiel S0l et Ueh IR Fad ST GuRl WTall Jaka

3. Whichidl YR Idd! FURa Srmar &1 Whicia gdhedrd doi4 90 N d 900 N &=
3T 10 H¥e o BIATSUl A gisdl.

3. fé&&8 T (Timbering):

1. T GeHr WEmE M afdsed Tudr a9, st Anfexie arg
oGS SO ARNTAT 3MYR VIS AT S HTH TS T TG,

2. TTSH BI¢ Jhs g PIHRIGR Ug Fad AT gETdds!s, 78 WU SRl aiiR
T ST,

3. dibs! U9 WU G SIS didh Sl Albarl YRR 3101 —qc=dr Jerii=ar
SISIUNgH S-aad o8 g .

4. T gH oAy faurTelieng, Righan arfsfirsaauarar ot
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4. 9fHRT (Pumping):

1. U =Tt Hew S S

2. 3t fRrauriHr Rde A Tid od Sird.

3. SicgT T G451 S U1 Ryl SHTUmeR 3id dagT Haid HH! eIl ¥edR eieal
UY dToRaT STl

4. SR FEHRUATYA! Uy fEmide dee] ax 39,

4.7 TTYe JHHE TG FiY0 (Tunnelling in Soft Rock)

1. S GSHId SNe TG0 Ja- WK,

2. G BT HIAMT HHI Hlcsoll SATd! AR,

3. I & AR Ao AHedrs bl Sild.
4

5

. § AR STYR FR HIAAGEU! 3R Faad Sl

. TS GEHIT SITG WU Tgul Fiehd IR dbedT SITdT:
A. RITTAT SHTIOT I
B. dihedle
C. JUGIHHRU!

D. &R

4.7.1 A3 WSHHH RIS HTevaredT gl (Methods of Tunnelling in Soft Rocks)
T b A TG CTHUITITS] Wieid Ugdidl Sfdeid ol ST,

A. Hisd &9 Ugd

B. BR-UIfeiT ugd

C. AR Ugd

D. fRres tsd

A) Fted 919 Td (Needle Beam Method)

1. T - dIRAT ATURTURIT Sdadl Uh Holgd Al al qesdl GHIA 38,
2. SigT AT R STa! ffe U g Uhd dagl d aiuRd ST,

STIRRIET %W (Sequence of operation):

1. HRRA JEHRTER AR 1 Hien arg aradar S,
2. 1 [$Ued Tadl XA b 38,

3. TR ¢ Sleh T,
4

. 4 6 Hicx didaT gea1 gvs T (Needle Beam) &% 91l SiTdl SHTT0T AT T <lab
FHABIaR AT GER I Holgd WiaTaR dad S,
5. Sl HedH, STo[d AN $¢ ddl SiTdTa.

Hrs@ 919 U™ wTae (Advantages of needle beam method)
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1. B Ugd fPwradeiRems.
2. I UG faeie SRR oot & Ad.

Hs@ 919 uz™ d@1¢ (Disadvantages of needle beam method)

A. TifAd UG PishIcT 3R B0 H3 U 38,
B. TTHTA! HicwT YHTUNT hesic 3MTOT HTHITR los e Sideddd SUDT Taeh 318,

C. 1 UG 19 ghaful,

J’_ Lagging
W

i-1-_-:—__"_._-—-.—_-—-—'.—-_—-._.—'—-—
!

I 't -
Laggin
9ging —=— Jack
— Meedle beam
—

E‘ Plank e i
/{‘ é ‘:P.—,. {(é/f
Temp. boom support T -7
Support of needle beam )
Needle beam section

Figure 4.7.1 (a) 75 &1 Ggd (needle beam method)
G https.//vcetcivil. weebly.com

B) B R-UIfeiT U
1. B SIvTe] WIGUE Ueb UTEiH Ul 3iTe, TR ST o BIRRS TSR UgdH saeial 3Te.

2. 1 UGdH SNTaT WIGUARITS! HRIA IR 30T GERTd! STa=adhdl SR,
3. § YHMIG: TR, Y UIRY SATEIGTT SaRddh qaied] A SMeBRIAl aNRigTa! aroRd

SiGA
4. ST STYR TS TSI THIUNd dAlb STl TaSddhdl 3.

5. Q8 3T dHeTesar! 3T,

TIYHTHR T (Steps in construction)
BR-TT 81 T3 SR el Wiguardt ST Ugd 38, AMUGdld, Th hH daR &l Sd
ST GHRIC ST SIS I e+l JTdbaid, 3&R A’ AR,

1. TR o1 o STl AR Jiedd aid grde S, a1 Qe @ell Soa-- dbd

STd, S 39T Widi! SR ST
2. IGalg! SIS ol STd 310 I dheied] YNl diberl YR fae Sl

SRMYGR IR AYUf YTT HTHoTa ST, HIH So Jeolld aaay al Uil Il
CIYRSIGH

Maharashtra State Board of Technical Education 111



Railway, Bridge and Tunnel Engineering ¥, faet ofs e gforitarfar (314312)

m,—{ s L
[ 3 | —
11— Side spiles
777 /I TITTI7TI 7777 '1\& 777 I T AT T P
o
Cap -0.15mx0.15m 1.20 m

i https://vcetcivil.weebly.com

Cross-sectional view

Figure 4.7.1 (b) ®R TIfeHT Uxd (fore poling method)
i https://vcetcivil.weebly.com

C) 41T We Ud (Linear plate Method)
1. Y9N Wi UGdHed ATdhSre S A BRI graced] iawicd- gae oiTd.

2. SN KRl AR AT ST HIedTd ATl 3.

Linear plate

Linear plate L Linear plate

Figure 4.7.1 (c) 3577 @i gz (Linear plate Method)
Gl https.//vcetcivil weebly.com
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D) fres U5 (Shield Method)

1. U1 UGdaede SITEHRITA SRTe araauarard! Yites TRfi=ar aruR dar Sird).

2. HHYY FaH@R e I AeHe @il SRR Sffd S0 AR 1.2 Hex &=
THRE PihIc SRR [TUNTIET AR B IR IGO0 FTEHH HIoATga ad
T3 el S,

3. 7 YD TG argddia ST UaiaRunal HHAHH! HSYST Idl HRUT J9 HH
SfRaTett grasnfor st urdestear araraRunaR @t aRomd gid e,

Questions for Practices

Q 1. Define Tunnel.

Q 2. State any four types of tunnels according to shape.

Q 3. State merits and demerits of the tunnel.

Q 4. Classify tunnels according to their function.

Q5. State the factors affecting the alignment of the tunnel.

Q 6. State any four purposes of providing a shaft in the tunnel.

Q 7. Explain the needle beam method with a neat sketch.

Q 8. Describe the construction process of the shaft.

Q 9. Draw a cross-section of the tunnel for a single-line broad gauge railway track.
Q 10. Explain methods of tunnelling in soft rocks.
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gfe - v g SiUSTH AT SaUTd

Unit - V CONSTRUCTION AND MAINTENANCE OF TUNNELS

fawg o=t (Course Level Learning Outcomes)
CO 5: X9, Ga SHTOT GHIT SiemTd O SHTe Gl UR s,

Rrgia Rrgror oM (Theory Learning Outcomes)

TLO 5.1: U ST WRTd & SYBTHRITS! A UgdiraT Jeal o,

TLO 5.2: fadiean St wRme! arg fefe A=< Has %ol

TLO 5.3: feaean uRfRdid e araf- FHRuard ufesar Sftn 7 wds Wy #vor.
TLO 5.4: YSTA dfce=A 01 GG ARG HRUGTE a=RTehdl TF B!,

TLO 5.5: faeied GSr=ar q@HTell Ufdhar Wy o,
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I FiUs ST @t
5.1 =4 (Introduction)

HAI0 TSHIA JoT FUDTH HRAMT (R, BRI i1 JRigaar GHET sRuard!
fIRIY gl aToR Fefl SiTd). el ST FSDId dTuRed] UMl IR T Y& ST UGdrd
JURICTAR TPTHRT ST,

5.1.1 - UGd

1. 1 UGdid, Squf &7 hi9-GaRH U 9! Fiad .

2. gTYTS! YfGd=ITel WIGUART IUHRU ARSI, S DI T T AR (TBM)
fohar fga sfor whie dagm.

3. TSP Holgd AT T-SATURIT SRATAT SUIh e HIYSU] oo,

4. WIEHMHR T YR TOMT (S P! Aieshic ST A diee) aTaRd! S,

o

Figure 5.1 Jel-054 GGl

5.1.1 $O-d USd

a. BTUC:

v GIGHTHTT & M.
v T9qd Wedhid [adhdiar 4idT o,
v THIHd G SIYBHERIST (3T, THd ST J-IH - TBM) I
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b. dle:

X TSI WS DTl 3T HTIRID.
X IUDHUNT W< oI,

X DHHGA fbdl Jeaicd TS DHIHIS! 31feeh STGHIHD,

5.1.2 3 31T o9 U
A. & — T T YT Wi STl
B. &9 — "R WIeral YT Bl S,
2. T WA GHId Wieh™ HRAMT RURT IRGdT Idl.
3. BfET WeHdR IR SMYR (FUICY) AgT Bl eresdl Ad.
4. T AT GSHIdd STt arg

DRILL HOLES
on e
, L {33 A B8 5 LX,
.: €tz soss
tesIxzzor
L- LR L L .
:
'
'
:
Figure.5.2 BIST 310 §9 Ggad
5.1.2 gfS&T 3mfor 99 ugd
a. Tb'l'ﬂ%:
v fafdy T gmafard) dafiedr ueH #a.

v BTaM fdhal d3idd WihTHNT! 3.
v 571 RRAER 9T fAg=on,
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b. dle:

X Hd-Bd UGdUaT B&.
X 3TYR G FRASTaTat 31fde qurRt aws.
X o9 3T IrEfie @ o,

5.1.3 fSUe gz

1. UYH, YT & faumrea weayri fdhar s e dg urde 331 (f3ue) Wiee
ST

2. g1 f3ue wsar fRRdr qurquarardt ariaefe wuE wm R,
3. fote RRR MR, IaRd T faUTT gges faxdid dal ST,
4. HUPHAd, Jedd fdhdl 3dd I Tedh URRIGHTS .

Figure.5.3 ISTC Ggd

5.1.3 f§Ue uzd

a. PTae:

v Gs& IR TRafd® do5d Hedidh HRUTR SIH dd.
v AT HHR AT {S0ed dafaddr UaH &R
v H3I0 YA A1,

b. dle:
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X IR UGIUE 8.
X 3HfYH AR YR ARG D.
X WIeHT 30T IR B3 Ua Uad aredrd.

5.1.4 =g MR AN Tsd (NATM)

1. NATM Ugdid SHiadrerar @S g1 " YR IaHT TUH aTaRal S,
2. IRAfA® dd FRIEU B TGS YR 3G SITcll, ST D

v Tchic (AR Blighe)
v & diee
v T Reg

3. WIGHH A UIadHE dal oild, ST TP URFYITTIR FHRISH &l Ad.
4. YD FHT Uh Ui HE ITHT AdieIehdHos HH: aTIRT! Sl

e
et
P - ke
o T

O

MW
Stage 2 5 Stage 4
excavation =
s e A e
Stage 3

excavation

‘(:" e Ve mrrosaed B :&.‘.'.'32-—"?}1— at.—-.c/-ﬁlg

r 4 : ,
4 [} !
2 \
s h
4 Stage 1 Stage 3 ‘-.':'-.\
{r excavation excavation @
i :‘
b

)
i
i
™
N=
A
L

B
b

excavation &

Stage 2
excavation

Stage 1
excavation

Figure 5.4 3 3fIRTT TIIGT UG d (NATM)
(G - e 90z, Tra=7 STRae: Fifcia] ol 2o i & Herd, 37 Tlect S0 &
3ffese ST 2023)

5.1.4 < TRET €Al Ugd (NATM)
a. Wl'ﬂa':

v fafqy TR WsHiudt srpd.
V 5 BB CIBIUNH HTaRIDH T HHE B,

v T aTR SHIPHTES SN SHd! gd.
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b. dle:

X Td FRI&I0T S1f0T SIS HIHTR HTaRGD.
X GA-1d fdhal TBM TGTUET 5.
x 3fd SRR uRRRITIIS saet 9 by Iy ATl

5.2 &I FiUHHTd A F$RT umvol
5.2.1 €1d ST =9 (TBM)

T ST A=A (TBM) § Id@THR S 19-HaR SRIee JoT JIGUIRITS! aruRd STum Th
oIy T=f7 e, TBM = FHRiemdr ST gEUTTGRIT I HH! HRUAM! &Hdl IS o [T
T Uched, Yed &1 S0 Hel SiehTHId HIGAT YHTUMGR dTuRe S,

TBM © YHR:

1. 3 YR 9@ (EPB) TBM: TGl TR aTR e By Ul UG Hd.

2. Wt Riies TBM: B fRURAT IauaTTa ! URRISSS XAl aTuR &,

3. 3MYA-BY TBM: 3ifaRad MURIRER w310 Wse uRfUdId! arg.

4. FIa= TBM: &7 RidiaR ssiTas Riowiar aTR & 3MYR UG Hd.

5. Rivre 2fies enfor s9a@ =fice TBM: fafdy W ufRudiAs) SHed arafimas
fRRT UM .

TBM d UCH:

1. TeX 38: USH dISUaIIIS! HicH WIeNg ThRUMRT YedT HIT.
2. A9 §19: TBM TREET 3R <d.

3. P-AUR RIeH: Wigad! Il e Fled.

4. MeS: G HUAT YR TG DR,

5. dp3g Rew: 7o Wiear 3nfor dfeaw ey IR Tuid Iueul ddd.

5.2.2 f&a:
&7 YD WadbM, YR A TBHCIBIUMIS! [SieiT Hgwra YHST Jolad.

Yo TR Sfdr GEren siaxasaar fafay fee snfdr fsd-aesd IuwRor arRe
SIGIEH

%ﬁam:

1. wial fgea: H3 WeSH1a HidA YATUNd FSira! ariRd SuiR Heet-ad foe.
2. e fga: b it facuyag I dered fSfeimmdt arRe S,
3. UHIM fSe: TSH dISUaNI3! grarsara fohddr aTR .
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4. DTH (STSA-3-81e) fe: Whie o1t Slpirardt S=- 3 ffe.
5. TR fE@T: 73 AT fhar 97 Tew IRRAUTTTE! aroRa ST,

f$e1-are® Susok:

1. GH YI3CR Ygol gAdUIrIST shieR-AIECS fged.
2. Wi ffef SRIbT~Tdt cop-Ardes fe.
3. T 3101 Yed Y& Yh el ¥d-Adcs foed.

5.2.4 & FIUBTHIT qTIRAT ThIeHid PR
G SUBTHTT TS WghTH AR I Teh WS eI Whicdh Hgwrat YAl
SSTadld. Thich ! (Hds W UDHR, ST DR 0T YREM fdaRioR sfadie d.

HTHRI hieH:
1. SRATISE: Ho 10 Goh IR i Thierdt sidd T,
2. ANFO (SMHIfaW ATaee W@ 3iigd): HH! Waidid ST HiedT YHIUNT ThICITSt
IO ST,
3. TR Wpted: el URMRUATAS JTRerd UTaTRE Ri&d Whics.
4. SHR Thied: JRI&T 3T RR, I=-351 WhicRITa! aToRe S,
5. SIed IO PIE T H: 3D SABIAIS] IH-FHol ThIcd.

5.2.5 & FIYPTHIIA ThIeH a:
1. f&a anfor saTee usa: #3101 TS YS! Haid AEHd U,
2. Frifa wpte: HuA St Ged W FHH! HRUINITS! AR S,
3. WY AR HHId HHT 3ig dab A1 AR G UidTsd YAAd .

5.3 FRTET SRAIBRT (Tunnel Lining)

TTEITe 3RARIGRUN TEUIS! ST Td SHdadl WRED WR B, St S&--TaT YR d,
PIASTAARIA Ufdee HRd AT fCHISHUUN dredd. § WRaTTdP R, STeRIY® & 3for
Rigrdar YRR #=a, T8 STarn a1 g YR HRd. YaqT-e Ry, ST Mfor
TR ST SRARIRUT AR fhdl HrERaeUl 3 qdhd.

5.3.1 SNTEITAT SRERIHRUMET IR0
STITEAT SRAIGBRUME T I WY TR

1. AT STYR: ST fd T Ao o o INIe5 UATIRET TR&UT.
2. SIERIYD &HdT: U707 fIRUTI S He ST TREMT.

3. HR faaRon: Secd oiftr frdd YR YRI&UT! HERTGR fad’id oo,

4. 3UE&T T TS JREUT: TATH SHTI0T AT Ui UG T TIRET TREfT.
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5. BB YEUNT: T 9 Yed SIS S Id A SUdsY HR0L.
6. Wigd g YRIdT URUIT: TIHTAT ATGq0! 10T HTATT TRIRU JUROI.

5.3.2 RANHIUITAT YHRTGR URUMTH HIUIR Uch
TN SREARIBRUTET B R 3RadHT W@Iad gedh [aaRTd gda Sdrd:

1. yayfe fRuch

1. TS, ATl fhar A We®: A9Gd 9 a3 SRARIHUN HTaRAH (S Bt Wiebie, Tiad
STYRRT).

2. DA WSH: G- DI SRARABIUT HAID, rd HHB A HNTd TG 1hR01 Y.
3. UTUg URYUf TR: SRS SRARIHRUT HTAAH (S B BIhIC [l UICTAR BIfe).

2. SRTETET e
1. X1 9 ¥ed IRTS: BB 01 fewTas dishie fdar gdfaffa srasianrur smawass.
2. TAATEID STS: SIARIYD ST ToRIUD SRAIBRUN AP,

3. Al T YT WIEHAT: Sidc SUBMHNS! Mg S ed SRAIHR0 mar fid
S,

3. FIUDTH TGt
1. g onfor sRe usa: Qiesbic, A diee SO HRe-3H-Rig SRAJIBRUM dTiR.
2. ddtew (ea Sife =i usa: gdhfifd Smea sradiaum arR.
3. Pe-IAT-HFER USd: USAd Hihic (dhal Wid SRRIBRUMET aTuR.

4. HTR 3TfOT quTTe uffRycht
1. G TS STIOT TS AT GIE: Aol SRARIDHRUT AT,
2. YHUYGUT &5: TaRID SRAIBUN S B BIASR-YGP IS DIshIc W Tl Sirel.

5. qafaRuiiy 3ot enfie gew
1. T S I S0 AR UHT.
2. Rereuun 3 g@He: defdre RHUR ofifdr i SauTe AR Aifee werarH
IEEENSIGE
3. A g Yoid fRUd: ToRIU® SRAABRT AT .

5.3.3 SNTRITAT SREAIBIUTAT Ugdl
1. XMTcpIT SAIHIT
1. WPHdAd Plsbic (Feshie) idiar dad 9rd,
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2. WA A3} fohdl HIaeR- Holgd bRl il Sl
3. NATM (A4 SHTRCT IRTET Ugdl) 3101 WS hTear SNTeiHe aTuRd SiTd.

2. HTee-3-Rig Fible i@
1. SNTRITEAT 3Td AT YgrAT fSduiia dlbic Siidd S,
2. @13, MO BB YSHTT & .
3. HiadT SIS S0 A Udhediqed dToRa S,

3. gdfAffa Sded sRasiorur
1. QAT ®ichicd qhe ST Uha dhd SITdrd.
2. CISITH UgdigR Siefe SiYSTHIEIE! aTuRe .
3. gqIe 30T Teed SR gHfYd ad.

4. & 3rior g Tuid sRadidRoT
1. SRR YERT @R YR SUIMTST aT0Re Sl
2. IR fohdl HRHREEUT SRARIDHRUN TGUH dTURd SRS, RTehdl.
3. BHipicHIEd UHHAd B HolgqIUN aTGad SiTl.

5. faer fhar st st~
1. WM SR URURS Ugd.
2. HH GE T SN g,

6. iR SfOr STeRIYUS f3reedl SR
1. SERIYBT MaD S] SITH aTuRa SiTd.
2. DIehic fdhal Yleshicadl &R AREH WR U §9dd ST,

5.4 SRTEITA ARIA ST SATOT STefIdrit

SR AT STOT STeep ! YulTel! a1 HedTedT UraTHe iaeT e d 1 ga=a Jurax!
TR UfaeY $HRd, S ST IRa-d HHGad & Jabd T ddTare TRt Fofor
D& Y.

5.4.1 STTAT ARgATSTET SERT
ST aTgdTS TRl HRed eI WieyHT0r 3ed:

1. gl A fuE: §1HERS a1 (3aT. CO,, NO,, CO) HigH Il T drell gal
TRl
2. Y 3TOr T FARi=rom: STuehTai IR 4R dTeR ST UaT Hed HRUl.

Maharashtra State Board of Technical Education 122



Railway, Bridge and Tunnel Engineering ¥, faet ofs e gforitarfar (314312)

3. ATYHT AT 99 SFTeiae, faRivd: Yed ST AgTaY, ST arg = ¢ul.
4. PTHIRIC GRIGAT: SiefebTH 10T RIHTST GFIT YT Ty qRiqul.
5.4.2 SNTRITAT IIgdTSITAT Ul
(a) AEfT® argdieH
1. BT QAT WBR&OTLS "4iieh gaedT argTal SUINT dHal il
2. AEH INTIRAIST SHTI01 HH! ATedeh SH¥cied] ST Suge.
3. did fdar sifdie dTgdd ST SNTRIETAT THTdT ATg].

(b) AIERIAT AR (Longitudinal Ventilation)
1. HieAT TReAEl TR Heed STl SqUl dieiec e gal ehad ord.
2. TR 301 AT SRR HAAMHERId: TuRd SiTd.
3. ST XATER UHART fdhal fgHT ormett 3R,

(c) 3TSd ArgAISI (Transverse Ventilation)
1. dron gar it fdhar Sy argAfegR qRaa o
2. ATURelcH gl avfeT b Tt YUTeligR |T8R Crebait STdl.
3. qi9 STt Suged, ford Afiies argdie SfgR Usd.

(d) sref-3msa ?:ITg?ﬂ\_rF-r (Semi-Transverse Ventilation)
1. AISTEHM 31 3TSd argdier Al GIRTH BT .
2. B SRTAR dToht gaT Gl 9Td, R ARl gal U WIgTA dTex et S,
3. UGYUI HTfOr gadn vdTg FRifAd erugrardt gurd.

(e) HTPIGT Se UUTTE (Saccardo Jet System)
1. NI YANgRISdes wic Ud g9ad SITdTd, o ga<aT UdTeTel fax 3drd.

2. TR STEiEE gyTd!, ford SaT gaA YaTgTEl aRdehdl 34,

(f) TifA® argdIS (Forced Ventilation)
1. T3l &fdd U, argATIhT SATIOT g FoadT i JHTART SR,
2. 3 AED Al I aAH (3. Al TS, /0T IHTC).
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3. gL e B, Afeaad A 101 JSTRETS U giar FH1a gidl.

5.4.3 SRTEITEAT STANBTHIET ST
U STAMBRI ToMcges Jetd ST adl AdT:
1. AT gL YOI [IRUITHS STRITEAT SRARIaune HidT o giar.
2. UTUR ATSOE: T 01 A8 des i it Bl .
3. TieT ST Sraera: TR AT Imafe 3fYT Sifde JHaHIRE TRer e,
4. T JRIGadadia dier: Ul R fagga dom fusvard segd &4 g,

5.4.4 ST STATHRIEAT Uge!
ST JUITelTel ITogTT Hid S1foT YaTeTeal UhRITIR aiidd bl S,

(a) YSTT STt woTret (Surface Drainage System)
1. Srrerr it Sfor earasta uroft et .
2. SIS AT, TTER 3707 318 d FeRT HoTelian THTaRT SR,
3. TGN SO Yed INTRITS! Heardt 3Tg, ford arg-ire giadraige Jiamal dredl.

(b) SeTST TSI HUTTE (Subsurface Drainage System)
1. Yoid fIRUT a1 HRUFTST aToRat SiTd.
2. T&5agdd UEW, YR HUS (Geotextile Filters) 0T S gt aiam THIART .
3. I SRR Sfced aiAeie SNTEiard! aruRe Sird.

(c) AEIHT TAfBRIT WoIet (Longitudinal Drainage System)
1. SNTITAT ATSGET TR Tl 3T dhed Hdberd HUtd (Sump Pit) STHT .
2. UTUgTedl JURINTST GftHT TRMEE U aroRd Sild.

(d) 3MTSdl STAf®RIt WUITel! (Transverse Drainage System)
1. U0 98- AUgTaT 3184 ATel S¥ad SaTd.

(e) T WOTTE (Pumping Systems)
1. 1 SNTEITAED THATHYUTH UTURt §TeR Sledl Id ATe!, fad aruRa .
2. ThaH puUT 30T TUiEn THE ST, S UTvft S1RR Sig aie-uiHe Tedrd.
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(f) STERIYS SATFOT AT Womredt (Waterproofing and Sealing)
1. IRYUIR Urof JRGuarTdt SReRianul, fareett Mfor Imafds Trafern arR dvat S,
2. SffoRra fess fbar fadiol TewmT STom=n STeiadt SR ®.

5.5 ST S@HTA

5.5.1 SNTRITAT TRl I
ST CEHTAHNTE T JERT WAy SR :

1. AIATHS TRIRAT: IEIT=AT SRARIeh U, Jiei=aT 0T TR BTY Ufday
0

. gRf&raar giAfda s o1 e, st fdhar s@varge grom=aT siaardrdr il B
B0

3. qrgdIe SMfYr TRl FRie™ $qut: YU eidbTerd URfYd et
IrIEto ST STafenT Foment gRUdid daul.

4. ATED SO AT SRASAT: AT, YA e SUgH YR srdfd areqw gRRE
ERL

5. WY HH! B AT TIUTA B T GOl HIsT T T,
6. W 9 GR&m AFE UTae: IRBRT AT SRS qRem AHbId ura HRU.

N

5.5.2 SRTCATAT ST AT Tetral
TN S@HTA IRARAT 0T STIH HTHTAT WReUTaR YT JIeite o= UbRiHeE
faHTTeN O Tha:

1. fraftra 3@y (Routine Maintenance)
2. UfdeEUTH® SEUTA (Preventive Maintenance)
3. GURTHD SgHTA (Corrective Maintenance)

1. fFrafira d@HTE (Routine Maintenance)
A JedldB qUIHUN d gl gokil JHIAY Sd.

(a) ERAAITEH® TURIH (Structural Inspections)
1. SNTEITAT SRAIBRUII, ST JTfOr Ui €1y fARI&umgR qureoft,
2. Tpic, Tod! fdhar 1o JeuarTa! fazayor,
3. SAId G0 Y TMYTARTST ASS-UAC ST ISR (GPR) 3101 STHIRE YHMITH T aToR.
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(b) TSI JATIOT HERT FARITIY (Cleaning and Debris Removal)
1. & 30T Beuryie Faffd W,
2. IrgAIS d UhTRI UUTTCHoR ATael §cs d HaR] Hig CIhUl.
3. 3 Qe UTugT=a SegR STl fidl Taws BRul.

() STATTHTHT HUTTEIIlt ST (Drainage System Maintenance)
2. T Arauart fohdl Fe gaudre! Uit .
3. TTUft IUT U ST fheevel driem R quro.

(d) fagga 3T Fif3e worreft @I (Electrical and Mechanical System Maintenance)
1. YIRS, GUNOT STIOT fHG=07 JumTedi<il JuTgoi.
2. IrgAISH U, Y TeH oI SATOT SIRIRE Yoretie quryoft,
3. diol QRAST SHTIOT §H3{T SHRexd! drauil HR.
2. UfAEUTE® U (Preventive Maintenance)
SNTEITAT U= BRI Uida Y STcugriTaT o1 ST deauarTdt WTd SURRISHI Hedl
SlldId.
(a) TTAITHD HOTgTHROT HTIOT GHXAT (Structural Strengthening and Repair)
1. iciohe, TUTRIT SR fohal HTIeR-REH IS UIferR (FRP) AU fidid ASTgIdhuT.
2. UTOYTT YA IRGUATHTST BT SATIOT i) s .
3. T fowaR i Saaor.

(b) TIST HR&MUT (Corrosion Protection)
1. OIS 30T Bishicl gEHNTAR TR&® BT ATqu..
2. YT i) 73 WU S SHh TAREUT TuTTel S,
3. U A e OTHTT ST Tal e 7o gIuar Uidhl HH! 6.

() ARIA TSI WUITEl I GUTd (Ventilation System Upkeep)
1. ITgAISH BN TS BTG eTHUl AT TSR fiheer Faaul.
2. g UGl RIS 9=_a! SRS B,
3. 3fefig anfor St tRexi=h iRk anfor aroh #o.
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(d) Gr@lﬁ?&ﬂ ORI ST (Fire Safety System Maintenance)
1. ANTIOR, PR TMYP 0T ST BRI qUIO,
2. SifPrITHeS YU Jurult Sfr Rfther U,
3. TqUferd UTul aRUT YUTTet SHTIOT SFIRIAH STeidiig=dic! qurgult,

(e) YU 9 FRURT 8101 (Seismic and Stability Monitoring)
1. WIS IR FRAE0TETST T e Sfo7 faTad IR s¥qul,
2. HHPAd U AT DRI HRUARITS! e dlec, Ulearad HHM! fdhar A3 arurul,
3. YU grardrclid Sl fa=dvul & Hids Sis@ul,

3. GURTHD ST (Corrective Maintenance)

Sieg] WREHTAS fdhal Hriemdda THR IV Swaddid, degT STuchTa- okl fdvdl Hid gdad
TG D 3.

(a) TRTATHS JHAIA gl (Repairing Structural Damage)
1. USoed! fhdl FHFAd HRTH Bihic SRARIBRUT, UrATered HHF! [dhdl BRISR HTISH
2. Oibed] SITOT RepTwT ST HRUTTST AT,
3. W-PRe WHed I VRIS A URT IGaul,

(b) fargga 3for gif® giw gl (Electrical and Mechanical Failures)
1. TR FTeiel YhTRIegawy], dieiarig=ar fdhar arater Ud daaul,
2. {TUHICH FOOT o1 Rrfef gormedt guro.
3. S{TURMA YUITeid ot d YR

(c) R 3for uruft et SaRATIA (Flood and Water Ingress Management)
1. 3MTUhTA UfUTGR Hrereiet UTUf STeR HIGU.
2. HIHHA A3CH O SRS fReHgR T3l §G BRI,
3. WIS AT TeAebTE! el T UU Sceful.
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Questions for Practices

QL
Q2
Q3.
Q4.
Q5.
Q6.
Q7.
Qs.
Qo.
Q 10.

Enlist the method of tunnelling in hard rock

List the commonly used drilling machines in tunnelling

Define Tunnel lining with its two purposes.

State the precautions to be taken during the construction of tunnels

Explain the drift method of tunnelling in hard rock with the sketch.

Explain the reinforced tunnel lining with a neat sketch.
Explain the drill-carrying equipment used in hard rock tunnelling.
Describe in brief the types of explosives used in the tunnelling

State the types of tunnel maintenance and explain any one in detail.

State the purpose of tunnel maintenance
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