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The Maintenance of The London Underground

TUbe Tunnel Network

lnn硼ucti蚰 It is helpflllto have a hef hi蛳町of bndon Underground when considering aIly aspect of its mainte-

nance or fulure development．The system has developed over more than 100 years and 0nly comparatively recently come un。

der the control of a sin91e organisation．This partly explains the complexity that has resulted from differences in con就mction

between lines．A嫡ef History is accordingly印pended to this presentation as Appendix B·

The recent History outlines how Tube Lines have c咖e to be inv01ved with L0ndon Underground aIld explains a 1itne of

the reason for our existence．

We are required to maintain and improve London Underground assets． Our perfo珊ance haLs to be me鹊urable and“

follows that we need to know the current condition”value“0f those assets．

A large pan of London Undergmund§infrastmcture is tube tunnels some of which haVe not been fmly assessed since

thev were first constructed in the 19m Century． They used materials whose physical and durability pmperties were not，at

the time．fully understood；and they were designed on a very empirical basis if they were”designed”at a11．

some sh世s and other elements of the Tunnel Asset印peared to have been fbrgotten or 10st when the Public PriVate

Partnership(PPP)instigation pIDcedures began in ea玎lest in 1998．

A ma油pan of our cu玳nt maintenance pr0黟啪me is thus t0 ascertain and agree the current condition aIld extent o量

appmximately 178kilometres of tube tunnel asset that we are required to maintain and improVe·

The Essential Maintenance Issues

The principal alteHnion in maintenance philosophy

is the step change f而m

”Make do and mend”The process of reacting to

observed weaknesses in the network suf．6ciently only to

keep the railway mnning safely． It required a lot of

engineering judgement and expedence” and pI．oVed

surprisingly successful but did not lead to improVe。

ments．

Tb”Evaluate， maintain and impr0Ve asset Val—

ue”．‘rhis pmcess is necessary to encourage inVestment

and development of the system． It establishes an accu—

rate knowledge of cun．ent condition to pI．ovide a base

line against which progress and impr0Vement can be

measured． It also gives us the ability to plan our main。

tenance by identifying current and forecasting future

pmblem areas． Exploration (inspection)， measure’
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ment， testing， knowledge of physical and chemical

pmperties of the materials used and t}le soils enViron-

ment，and research are all required．

Other maintenance issues exist within that basic

矗amework．They are brou出t about by changes due to

develoDment within or near to the assets that we main-

tain e．g． provision of a new cIoss passages or driVing a

new LUL tunnel under an existing one，or work by out—

side(third) parties e．g． a new multi storey piled

structure a{!!E：ecting our tunnels．

The Procedures

Analysis

This paper does not set out to impose a method of

assessing or analysing the tunnels．The author is of the

opinion that pI．0vided a rational and consistent ap‘

proach is made with appropriate saf宅ty factors adopted
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any analysis will pIDvide a Ieasonable indication of

condition，s如ty，need t0 repair“ld areas of priority．

The dete瑚ination of appropriate parameters for

use in the adopted analysis is howeVer of signi6cance

and needs to be dete珊ined by inspection， sampling

and testing．

7Ihe approach cun．endy adopted by Tube Lines is

outlined in Appendix A”The Tube Lines PI、oject．”

TI．aditionally in London Unde喵round tmck was in．

spected every 24 hours， 眦d cast iron tunnel hnings

once every 1 2 years．These periods were not chosen

randomly they had been dete珊ined by experience of

deterioration rates and priorities related t0 keeping the

milway in operation． Special additional inspections

linked to assessments were of course necessary where

known changes were

ic incidents．

taking place，in reaction to specif-

Cleady that process needed to change． It not only

implied that some of the tunnel assets may not have

been inspected for 11 years prior to Tube“nes assum—

ing responsibility，but also that for some tunnels only

two inspections would be required during tlle whole of

Tube Unes，¨tenure”．7111is is not a pmcedure whereby

improvement can be measured and is therefore no lon’

ger acceptable．

Inspections within tunnels have generally been

walk—through visual checks except where they consti_

tuted reactions to reported events e．g．an increased

level of water ingress， cracked finishes， clear moVe。

ments between insDections or other indications of stnlc—

tllral distress．

The”Old Street” experience was an example of

both good and bad aspects of such an inspection re西me

and the need to f．ollow through initial discoveIy with de—

tailed consideration of cause before a而Ving at a proper

conclusion．

Illspections(p咒∞nt)

For reasons stated above it is now necessary to get

behind the 6nishes，possibly behind the linings，to as。

ce砌函exac母me con击“ons fha￡eXist and￡o assess

the whole asset．To detennine not only that it is stable

but to pmvide estimates of its residual life(i．e． State—

ments of how long elements of the asset will l船t before

repair or replacement is necessary)．

For the commercial and investment reasons dis·

cussed earlier it is now necessary to expand our inspec—

tion regime several fbld．

The cullrent inspections are required to provide a

comDlete classi6cation of the condition of the Tube

Tunnel Asset before the end of a 7．5 year period start—

ing f而m 2003，the be西nIling of‘11ube“nes responsibil—

ity．This wiU require complete inspection aJld assess—

ment of every section of the Tube Tunnel鹊set that falls

under Tube Lines remit． Every tunnel(station&mn-

ning)，junction，cmss—passage and supporting steel·

work，every shaft(including escalator shafts)，eVery

head wall and etc．etc．The materials used in the con-

stmction of each element will come under similar scruti—

ny，as wiU the suITounding soils，back—gmuting enVi—

Ionment，water levels(existing and anticipated)etc．．

This will necessitate making fuⅡuse of eVery op—

porhlnity presented by for exampk track closures and

where removaLl of 6nishes could pro·

vide access to areas not seen for 100 years．

There will also be a requirement for some codng，

boring，and other fblllls of destIuctiVe testing．

Non destlllctive tests are similarly pan of the in—

spection plans proposed． Ultrasonic tests， and s帅。

pling and testing through gmut plugs are a11 under co小

sjdeI·atjon．

Areas where

pushed fo州ard in

problem$ are anticipated wiU be

the inspection pmgramme， so that

all necessary or possibly urgent repair work can mn in

para_Uel witll the over a：U inspection pro铲啪me．
Once the existing condition has been established

we wiU be in a position to make our assessrnents，dis·

cuss and implement future maintenance programmes

and improvements．

I唧ectio舾(futIlre)
One of our major lessons for future tunnel design

requirements is that in order to comply with the Con—

stmction Design&Management(CDM)regulations in

曲e【，K A is essen睡【j that s8fe pmvis如n is made南r抽·

spection during the whole 1ife of a stmcture． The same

·93·
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regulations also require a safe system for dismantling

and demolishing a stlllcture at。the end of its useful 1ife．

In future station 6nishes will need to provide ac-

cess for inspection of the stmcture in协account． It

mi曲t also be seen to be印propriate to provide soil

sampling and lining inspection access at intenrals along

a tunnel． Clearly this will all be supplementary to the

systematic keeping of data in the’’safety 6le”．

The task of future inspections of the existing Lon—

don Underground network will be eased by the present

inspection prl)gramme． We will have seen and assessed

the I。esuhs of 1 00 yeaI．s”wear and tear”on the tunnels

during our concentrated 7．5 year study． HopefuUy we

will also haVe made all reasonable access provision to

ease the task fbr our successors． Above all we will have

recorded everything that we have found．

Modenl technology could perhaps proVide us with

”inteUigent”tunnels that would emit signals(perhaps

a long gI|oan，shdek，or cIy f-or help)when p矗rticular

strains are exceeded． or if one sensor moves too far

f沁m its neighbours．

Asse蟹姐nents

In the past assessments were ca而ed out only

when a pIDblem was belieVed to exist or where changes

to the structures were pmposed． We need not concem

ourselVes too much with those past procedures although

the 1．esulting work carried out on the tunnels wiU add to

the list of vadables that we cuH．ently need to I．eview．

Our proposed analysis and assessment procedures

are outlined in Appendix A．7rhe most critical aspect of

any assessment procedure is t11at the met}10ds of analy—

sis， assumptions and all the baekgmund are recorded

and retrievable．

Analysis fashions change not only with the passing

of time but also f而m one country to another but provid—

ed records are complete no problems result．

Conch坞io璐

Lessons that can be le锄ed f}om the past and im·

plemented during the cuITent exercise are：

·To maintain precise records of t}le current exer—

cise，the condition discovered， the location，the tests

carried out，the analysis undertaken，and of course all
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relevant results．

·Tb provide， wherever practicable， access so

that future inspections can be made with comparatjVe

ease，and certainly without the need to dismantle areas

of Stations

·7rhe day will might come when we need bigger

tunnels and bigger trains． Keep this sort of idea alive．

TIy to foresee what problems the future may hold．

· To look Very closely at CDM／HMRI regula—

tions(or similar)with regards to the future． Tunnels

may not 1ast forever and what do we do with them when

they aI℃old，tiI℃d，and their fhnction obsolete?

Appendix A

The Tube Lines Project

1．IntrOduction

U nder schedule 3 ot the PPP contract between

London Undergmund IJimited(LUL) and Tube Lines

“mited，Thbe“nes are required to caJl了out assess-

ments to LUL Engineering Standard E3322 A2 Deep

Tunnels and Shafts Assessment，' to ”good industry

standards”．These assessments are to be carried out．

by the end of the First ReView Pe“od．In addition Tube

“nes is required to improve the knowledge and under-

standing of their deep leVel tube tunnel assets by the

end of2008．

In January 2003 a Scoping and Investigation Re—

port(1)was produced，setting out the knowledge re—

quired and the exemplar assessments to be done in or—

der to complete the assessments．CuⅡ．ently the Tube

“nes Plqects Department is carrying out preliminary

desktop assessments of deep level I．unning tunnels on

the Jubilee， NoIthe功 and Piccadilly line， some

178km．This first stage of the assessments is a desk

study exercise reviewing in detail tunnel eonstmction，

1ining type，known def．ects，depth，ge0109y and related

geotechnical parameters． In addition first assessments

are being caⅡied out to E3322 A2．

From the scoping， inVestigation and desk study

work ca耐ed out to date， it is possible to set out the

pI．ocess f．or assessing deep tube tunnels．
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2．Aims and objectiVes

A咖s

To set out the process fbr assessing all deep tube

tunnels to LUL Engineering Standard E3322 A2 Deep

Tunnels and Shafts Assessment
7

and Schedule 3 of the

PPP Contract．

objec菇ves

(i)To set out the method for mnning tunnel as—

sessnlents．

(ii)‘110 extend the method to the assessment of

platfbnn tunnels，concourses and deep level passages．

(iii)To extend the method to the assessment of

shafts，including escalators．

(iv) To conclude， explaining how the proposed

method adequately meets the requirement of LUL

Stand矾E3322 A2 Deep Tunnels and Shafts Assess—

ment7 and Schedu】e 3 of the PPP Contract．

3．R硼【Iling Tu衄els

On the Northem and PiccadiUy lines the Vast ma—

jority of tunnels are of bolted cast iron constmction，

mn alongside each other at Varying separations， and

are built within the London Clay strata． Although the

soil strata in London have a considerable amount of

variability(2)，conservatiVe properties can be generi-

caUy assigned to the strata and”first assessments” can

be made using the elastic continuum method (using

TOTALINE(3))，for which the only signifieant varia—

bles are the depth below the ground， and the elastic

modulus of the strata at tunnel level(which also varies

with depth)．

A generic assessment can be ca玎ied out fbr the

majority of cast iron twin running tunnels in London

Clay．This generic assessment is supported by numeri-

cal analyses carTied out by Geotechnical Consulting

Group(4)． Similar generic assessments can be made

for aniculated concrete tunnels in London Clay． The

exceptions to these generic assessments will be sections

of tunnel which are damaged in some way， defo瑚ed

beyond a hmiting Value of 1％，or have a special fornl

of constIuction，like”piggyback”，a cI．oss passage o—

pening，pump sump，or shield chamber．Figure 1 illus—

trates a section of tunnel and the fbatures as described

that can be identified．

The management of these exceptions is described

in the flowchart shown in Figure 2 The assessment of

standard’undamaged running tunnels is represented in

the centre track of this chart，initially in blue，then in

hatched green after an assessed pass at the first assess-

ment stage．The 6rst assessment of this category makes

implicit assumptions about tunnel geometry， tunnel

strength and soil conditions．These assumptions are

thought to give a consenrative assessment． Work then

needs to be carried out on site fbr this hatched green

category to confi珊，so far as is reasonably practicable，

that the assumptions made in the first assessment are in

fact consenrative．This investigation work will take the

fonn of circularity checks， non—destmctiVe testing，

coring and material testing．If the outcome of these tests

is satisfactory a final report will confirm this and the

tunnel wiU be categorised as Condition A，'or condition

B if there are non—stmctural concems such as encllls．

tation or seepage．

CrOss passage opening，

，Venl』a“。。了“in9 l。。
cross passage

J ，

张黧骥姥黼㈣嚣繇辑糍端黼瓣糍糍强蘩黪撼携骥罐糍鞭糍鬻妫撼㈣
J 黝一一

Figure l A T)rpical Tunnel Len殍h
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Figure 2 nowchan Describing Running T1lnnel Assessment

For standard tunnel lengths that aI．e damaged，

distorted more than l％ of diameter， or haVe lalled

their first assessment， te咖ed compromised，' they iol。

low the oranfre track on the right，and undeI售o a more

detailed analysis，including a finite element ana坶sls，

if appropriate． If they pass the more detalled analysls

thev join the hatched铲een category and proVlslonally

go into Condition Category B：If they finally fail the as’

sessment they}ro to Condition Category D／E一'and un—

dergo a final more detailed inVestigation，includlng ma‘

terial testing if necessary， to dete咖ine whether they

are s如or uns出．Ⅱthey are then judged to be unsa士e

·96·

thev would go to Condition Category E7 and Tube Lines

would have to caHy out appropriate monltonng or reme—

dial work in accordance with the PPP Contract；other_

wise thev remain in Condition Category D
7

with，per-

haps，an appmpriate monitoring anc∥or lnspectlon re’

gime put in place．

For specials
7

an appropriate assessment memod

would be sekcted and an assessment camed out·l ne

assessment may be generic，as in the case of 2一plate

cmss passage openings of similar constmctlon’ ior ex’

ample．If passed，tllese speeials’go
into the h砒ched

灯een cate90ry， for confi咖atory checks， and go mto
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Condition Category A 70r B：If failed，they join t11e or．

ange compmmised’tunnels and undergo fhrther detailed

testing．

4．StatiOn Tu曲els

Station tunnels are genemlly more complex than

the mnning tunnels and shafts，and are generaUy eVi—

dent to the general public and station sta任．HoweVer the

structural fabric is usually obscured by 6nishes．In or-

der to assess these station tunnels it is proposed to take

bmadly the same appmach as mnning tunnels (see

Figure 3。2)．

Plad．o瑚tunnels are of paIticular importance， as

they house the operational railway as well as the pub—

lic，粕d are of a 1arge diameter containing a number of

openings．These tunnels usually utilise”r01led”rings，

in which the 10ngitudinal joints are staggered，and mis

makes t}le tunnel a stifkr stIucture．

Platfoml tunnels may be assessed generically if

appIDpriate，but where they have a la唱e number of o—

penings they will be regarded as specials．The elastic

continuum method can be utilised to some extent． but

the proximity of adjacent structures makes it more 1ike-

ly that detailed numerical methods will play a part．

Checking by established geotechnical and tunnel

experts will fom an essential pan《the assurance

pmcess for this work．There will be few damaged lin—

as soon as possible to avoid any reduction in station

咖bience．

For concourses and other passenger connections，

it may be possible to cany out generic analyses， and

confinn the fonn of constmction using ultmsonics or

simply a cove珊eter．As before there will be orange and

grey categories here aLlso．

5．Sha胝

Analysis of vertical shafts is potentially a simpler

exercise than tunnels．as soil loads tend to be concen—

tric．Nominal out—of—balance loads f-rom uneven

grouting or ground anomalies will need‘to b9 deriVed．

Orange and目℃y categories wiU be assessed aLlso．In—

cluded in tllis category will be cable and Vent sh硪s，

some of which，paradoxically， are actually horizontal

(tunnels)．Sh觚cover slabs will be assessed by the

Structures team，but masonry shaft tops and base slabs

wiU have to be assessed as part of the Tunnel Assess—

ments Project．

Escalator sh撕s will be more dimcult，being in—

clined， and housing sensitive machinery．Mostly the

fabdc of escalator shaRs is obscured，although it is u—

suaUy possible to see the stIucture in the inVen and

sides．beneath the escalator．

6．Site TeSting and InVestigatiOn

ings that龇visible，as a11 damage will be。bscured by
RⅡ川4蛔砌埘4P妇

finishes．Unless the stmctural fabric ls reVealed tempo-

rarily as part of station modemisation，it will haVe t0 be

assumed t11at the fabric is intact，but the con矗瑚atory

checks，using NDT and BEM methods，as weU as cir-

cularity checks and coring where possible，will need to

be more comprehensive than for the running tunnels，

where most faults are apparent f如m t11e inspectors re—

ports and other condition—based surVeys． CiI℃ularity

su九，eys will be complicated by the need to caⅡy out

cove珊eter surveys in order t0 dete姗ine me depth of

stmcture beneath the station finishes．and so obtain the

circul耐ty of the structural linings themselves rather

than the finishes． Coring may require the remoVal of

finishes by a contractor before the coring is c哪ied out．

A good quality temporary repair will haVe to be imme—

diately made，and a final repair agreed and expedited

For standard
7

undamaged running tunnels， it

needs to be established that．

(a)The tunnels aIe less t}lan 1％out—of—ciIcular．

(b) Lining thicknesses are as assumed．

(c) Soil and drainage conditions are at least as

assumed．

(d)“ning stresses are as assumed．

(e)“ning material strength is as assumed．

For(a)a￡ajdy complete circularity sunrey of the

mnning tunnels needs to be carried out，with measure—

ments at 1east every 5m．For(b)sa瑚p】e coring or NDT

would be appmpriate．For(c)some soil sampling out—

side the tunnel needs to be c厕ed out．For(d) an

overcoring or NDT method could be used．For(e)the

material extmcted f．rom a core could be tested．

For compromised
7

tunnel sections more focussed
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checks of types(a)to(d)wiU be caⅡied out，wheIe

considered necessary．Special
7

mnning tunnel sections

may require a fairly simple stmctural assessment(1ike

standard
7

mnning tunnels) but could require more de—

manding analysis and testing(as compromised，)where

appropriate．

S细砌尼Zk露聆P豇
For pla怕硼tunnels it will be much more d蕊cult

to car巧out the same sort of tests as for mnning tun—

nels， because of the presence of finishes．It may be

possible to carry out circularities，using a combination

“l鹪er measurement and Broadband Electmmagnetic

(BEM) survey．BEM can also be used to deteⅡnine

lining thickness through station 6nishes．

Detenllination of lining stresses and physical

me嬲urement of thickness by overcoring would require

the removal and repair of station finishes．This may be

possible，but will tend to reduce the number of cases

f-or which this work could be carried out．A1tematively

the assessment work should be designed to 6t in with

station Inodemisation work i．e． 100king in detail at the

tunnel stmctures once the finishes have been removed．

In addition，canying out such testing and inVestigation

work in disused station tunnels may help tol validate ge—

neric assegsment of al】station tunne】s．

The structural fabric of vertical shafts is generally

exposed ，so simiIar tests to 11】nning tunnels can be car—

ried out f．0r Veri6cation purposes．

Escalat凹shafts will be much more dimcult as ac．
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cess is extremely restricted beneath tlle escalator，and

station finishes would have to be removed for any inves—

tigation above the escalator．In addition access over the

escalator can only be accomplished by falsework set on

the escalator itself，for which the 10ading is limited．

Nevertheless it is possible that it may be necessaIy to

carry out inVestigation work on escalators．

7．Phasing

Table 1 explains the proposed phasing of the 7I、Jnnel

Assessments．

Stage 1 is the current desktop study，Iepresented

in blue on the nowchart in Figure 3．2，and encompas—

ses inventoIy and de6nition assfa门d矗耐7，con妒rl，m西ed7

o璐pec爿7，as weU as first assessment o岱招nd：a，(，7 tun-

nels and shafts．

Stage 2，which starts in September 2003，and will

continue for 1 8 months， encompasses 6rst assessment

o鸟pec谢7 andc伽Pf．0m始ed7 tunnels and shafts，Valida—

tion of the assessment methods， confi珊atory site tes—

ting fb驴渤f ’tunnels and shafts(about 10％of the to-

taLl)， and final assessment reporting fo劬f 7

tunnels

and shafts．

The final stage，Stage 3，will continue f．0r a{．ur—

ther three years，and wiU include any detailed studies

on譬pecj07 an击D妇咎Ⅺ1D埘西ed7 tunnels and shafts that haVe

already failed their first assessment， and reduced—

scope con6珊atory testing and 6nal assessment fbr aU

remaining assets．

Table 1 St朗船0f As鼯ssment

STAGE 1 STAGE 2 STAGE 3

Maur03一sep 03 0ct 03一Mar 05 Apr 05一Dec 08

First Assessment for簟皓e触7 a11d

Inventory by desktop study． Detailed studies as required．
am妒mm括甜7 tunrlels粕d shafts．

T岫舱ls＆sh幽s defined a鲻f却小
Confimatory testing for all assets

ValicIation f．or Assessment Pmcess (excluding those which fo珊ed
ard’，compmmised’an&peci出：

part of th甲jzDf7phase)．

Fils￡assessment oS加d矗fd7 tunnels
0n—site veri6cation fbrp渤f

7

tun—

Final assessments ofp幽f
7

tunnels
nels＆shafts．

&sh疵s． &shafts．

(Approximately 10％)

鼬妇daEfd7 tunllels and shafts that f蕊I

fir售t asses6埘Ient now classed as”

Fi嗣 assessments for remaining

tunnels dZ shafts．

eompmmised“．
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8．Concll玛ions 1900

This document sets out the proposed process for

assessing all Tube Lines deep tunnel and shaft assets in

acc。rdance with LUL Standards and the PPP Contract．
1902

It should be pointed out th砒the糟leVant LUL

Standards and the PPP Contract do not stipuIate exactly

how tunnel and shaft assessments a舱to be canjed out．
1 905

nere is a great deal of sc。pe for interpretati。n of these
1906

documents．1'he glliding principle in making this inter—

pretation has been to eaITy out assessments at the least

possible cost and effon，but to do su伍cient analysis，

testing and veri6cation to satisfy Tube Lines profession-

al tunnel engineers， and in tum to convince LUL and

Tube“nes Asset Engineers that the assessments reduce
1907

the risk to the operational milway to aIl ALAf渺1evel．

Appenmx B

An outl．me History of London Underg删md．

1 843 Opening of the‘11lames Tunnel constmcted by

1863

1868

1870

1884

1890

1898

the Brunels． It was puI℃hased by the East Lon—

don Railway CompaIly in 1 865 for￡200000．

The 6rst trains ran through it in 1869 and it is

now Dart of the East London Line． 1t is brick

lined．

The MetI．op01itan Railway opened the Worki，s

first undergmund railway on 10 January proVid-

ed 1ink between Main Line Stations and the

City．6km long． Cut and cover brick lined with

brick arched or canopy roof§in the stations．

‘Ihe MetIDpolitan District Railway opened be—

tween South Kensington And WestIllinster．，11lis

is now Dart of the District&Circle Unes．．

The first Tube tunnel f而m the Tower to Ber-

mondsey． First used by Cable—cars then pe—

destrians；closed when Tower Bridge opened in

1894．

ComDletion of what is now the Circle Lirle

The City and South London Railway opened the

6rst deep 1evel electric railway f而m King Wil—

liam St(Citv)under the 7Ihames to Stockwell．

Opening of the Watedoo and City Kne”The

Drain”(this was not foHnally incorporated into

London Under擘口叫nd until 1994．

19ll

1913

1923

1929

1933

1933

1948

1952

1955

Opening by HRH the Prince of Wales of the”

Twopenny tube”f而m Shepherd，s Bush to the

Bank． It is now part of the CentId Line．

Undergmund E1ectric Railway Company of Lon—

don (The UndergIround GI．oup)． Joined all

lines together except the Metmpolitan by 1914．

District and Circle lines electrified．

Baker Street and Waterloo Rajlway】6mm Baker

Street t0 Kennin殍on Road (now pan of the

Bakedoo“ne)．

Great Nonhem，Piccadilly aIld BmⅡlpt咖砌il-

way opened bemeen H甜mm蒯tll卸d FillsbIlry

Park．nis is。now pan of tlle Piccadiuy Ijne．

Ch甜ing℃ross，Euston and Hampstead Railway

fr(’m Ch越ng’Cross to蹦ders白een aIld Higll—

gate (now Archway) opened． Now pan of

Nonhem Line．

Albert Stanley(1ater hrd Ashfield)appoin湖
General Man嗣曙er of the UndeF目pround ElectIic

Railway Company of London L￡d．

Adoption of the name”Undel39I．ound”

Electrie ticketing machines，introduced．

First escalators introduced(at Earl惫CouI】t)

The famous Logo first Appeared．

Central overhaul d印ot opened at A咖．
Last ma删ally operated doors replaeed by me—

chanical．

ne Harry Beck UndergI哪nd彻ap inn谢uceli．

hndon Passenger胁ansprt Board一强e Met—

rop。；litan Railway，The Underg∞und‰up锄d
170 I．aj：1w￡Ly，t栅，tIDlleybus，and+coach’com—
panies in London area．

Fr鲫september tube stat确s I煅ed鹬air—mid

shel钯玛until May 1945．’rhe Aldwych bmncIl

was 1lsed·的store treasures f湎me BI螽ish】Ⅵu—

se啪and remained closed until 1946．

London Pa$senger Transport Board o矗jciaJly Na—

t：ionalised becomes the London 711I．anspon Exec—

utive，part of the British Transpon Commissi伽

which also controlled British Railways，D(，ck，

Canak，Airlines，and Road FI．eight．

The 6玛t Aluminium tmin introduced．

Programme machme sigllalling intllDduced at

．99·
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Camden Town．

1961 End of steam and elect矗c 10comotive haulage of

London 7Ihnsport passenger‘rrains．

1962 First experiments in automatic train operation

on the District Line between Stamford BIDok

and Ravenscoun Park．

1963 The London TransDon Executive became the

London’rransport Board and reported directly

to the Minister of‘IhnsDort．‘

1968—9 The Victoria Line opened in stages．

1 970 The Under#：round and Greater London area bus

network passed to the The London Transport

ExeeutiVe and reponed to the now extinct Grea—

ter London Council．

1 97 1 Last steam shunting and frei曲t 10comotiVe re—

moved f而m service．

Victoria“ne Extended to Brixton．

1 975 New safety measures introduced f01lowing fatal

accident(43 killed)at Moorgate．

1 977 0pening of Heathrow Central by HM Queen E一

1izabeth II．

1979 0pening of Jubilee“ne by Prince Charles

1983 Dot matrix indicators introduced on D1adbnns．

1 984 London Regional Transport(LRT)created，re-

porting to the Secretary of State for Transport．

The London Regional Transpon Act contained

pmvision for setting up subsidiary companies to

run the Under#即und and bus seryices．

HammerSmith &City and Circle Lines trains

conVerted to one person operation

1985 Incorporation of London Underground Limited a

whoUy owned subsidiaIy of LRT．

1 986 Piccadilly 1ine Te瑚inal 4 extension．

1987 Tragic fire at King§Cross kiUed 31 people．

New self—service ticket machines introduced

throughout the network．

1988 Individual business units created to manage the

Underground lines

New passenger security measure trials before

system—wide adoption

Go—ahead{’or￡555 milJion Central I．ine Mod．

emisation including new tI且ins and signalling

1 989 Fire RegulatioHs(Sub—su血ce Railway Sta一

·100·

tions)introduced foUowing Fennell Report into

King§Cross Fire．

1992 LDndon UndergI_0und Customer Chaner lauIlched

1993 ￡70 million Angel Station reconstruction com．

Dleted

Work started on￡2．6 biUion(estimated!!)

Jubilee Line Extension f如m Green Park to

Stratford．

1994 Penaltv Fares introduced．

London u11dergIouIld咖k over Waterloo&City

bne and responsibility f．or the StatioIls on District

line from Putney Bridge to Wimbledon Park．

Aldwvch Station and the Central LLine branch

f而m Epping to Ongar closed

1998 20Marchl998 John Prescott Govemment plans

for Public Private Partnership(PPP)to
·

Keep a single uni6ed body in the Public

Sector fbr operating I幻ndon Underground．

· To utilise the Private Sector，s finance and

construction c印acity in a PPP to overcome the

investment backlog and to award one or more

contracts to maintain and modemise the Under．

ground§infhstIucture，under which the Private

Sector wiU raise the substantial sums needed fbr

investment．

2000 Transport for London 7I’凡put all Imndon§trans—

port”under one hat”The Mayor of I由ndon§．

2003 FUlo埘ng pedod of”shadow RunIling”氚Im 1998

—2003 H)P was finallv introduced as follo哪：
· Public Sector operating company London

Under目round Limited．

· Three PriVate Sector Groups

7rube Lines(responsible prima“ly for the Jubj—

lee，Nonhem，and Piccadilly Lines，&Dock—

lands Light Railway)．

Mel由伽1et BCV(responsible for the Bakerloo，

Central&Victoria Lines)

Metmnet ssL(responsible for the”Sub—Sur—

face Lines” pmlarily those that link up with

main line railway routes The Metmpolitan，Dis-

trict，Circle，Hammersmith&City)

2003 15 July London Underground o蕊cially came un·

der Transport for London 7I亿conn．01．
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