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pvwD jta =@ |t}kDUt |x]@=Q ix xm OW XNWt ?}DQD u}O@ "OvO=O x�=Q= 'OvOw@
QO RH x@� pvwD Q]k w ix u}@ |YNWt |x]@=Q O=O u=Wv G}=Dv p=L u}= QO "OQ=O
'wQ u}= R= "CU}v Q=QkQ@ 1 R= QDtm Q]k x@ Q=@ QU C@Uv =@ '�jta sm Q=}U@ |=ypvwD

[11]%Ov=xO=O O=yvW}B ix QDt=Q=B |=Q@ =Q 2 |xrO=at 'w}v w |r} Qw=
ix = Kz0 (2)

"R} Q@D |QyW Q=]k \w]N |rm |=tW "1 pmW

R} Q@D |wQDt 2 \N C=YNWt |iQat "2
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C=P x@ K QDt=Q=B "CU= pvwD QwLt jta Z0 w |vLvt ZQa QDt=Q=B K 'u; QO xm
x}YwD u; Q=Okt |=Q@ |irDNt |=yO=yvW}B '|vi C=}@O= QO w OQ=O |oDU@ l =N
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%Ov=xOQm |iQat =Q 3 |xrO=at '�1991� w}v w
ix = K1z1 +K2z2 (3)

QDt=Q=B K2 w Z1 Ct=N[ =@ 1 |x}q CUWv |vLvt ZQa QDt=Q=B K1 'u; QO xm
u=wvax@ xm |Dr=L QO '3 |xrO=at [10]"CU= Z2 Ct=N[ =@ 2 |x}q |vLvt ZQa
p@=k R}v |}x}qOvJ |=yu}tR |=Q@ xD@r= w xOW xDWwv 'OW=@ |}x}qwO u}tR p=Ft

"CU= s}taD
'|[Qa |=yCUWv Q@ xwqa '|R=UpvwD R= |W=v |=y|}=Hx@=H |UQQ@ QO
14u=tOww w 13pwD= u}vJty "OQ=O |Y=N C}ty= R}v |rw] |=yCUWv |vLvt
=Q pvwD u=wD|t '|rw] |=yCUWv |vLvt u}}aD |=Q@ xm OvO=O u=Wv �1982�
CUWv Q=F; w CiQo Q_v QO u; |rw] |=DU=Q QO `]=kt R= |}xawtHt CQwYx@
u}= =@ w u}=Q@=v@ "OQm `tH sy =@ |atHD CQwYx@ =Q QwmPt `]=kt R= l} Qy QO
|wQ}B Tw=o `@=D R= Q}N= `]=kt R= l} Qy QO |[Qa |=yCUWv |vLvt xm ZQi
|vLvt R= sy |rw] |=yCUWv |vLvt xm OwW|t pY=L xH}Dv u}= 'Ovm|t

[13]%Ovm|t |wQ}B 4 |xrO=at =@ Tw=o |r=tDL= |atHD
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p2�
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e
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dy (4)

h]a |x]kv |xrY=i xm iy w CU= pvwD |xy@H R= |ki= |xrY=i y 'u; QO xm
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29 18 2 17 365 2850 30 13 2 15 895 1990
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xO=O MQ ?=ewO j} QRD =@ u=tRsy w QBU |=yDv= QO =yCUWv Q=Okt R=

"CU=
\UwD Q=m |xy@H Q=Wi C=Q}}eD 'R} Q@D |wQDt 2 \N |Q=iL C=}rta pw] QO "3
Rw=HD R=Ht |xOwOLt R= ,=@} QkD =yCUWv xm CU= xOW s}_vD |}xvwo x@ QwD=QB=
|=yQDt=Q=B w Q=m |xy@H x@ |r=ta= Q=Wi Q}O=kt u}@ |YNWt |x]@=Q w Ovvmv

"OwW|tv G=QNDU= u}tR sHL Ci= w xv}W}@ CUWv
'R} Q@D |wQDt|UQQ@ OQwt Q}Ut pw] QO l =N lOv=|oOv@UJ OwHw x@ xHwD =@ "4
pta u=v}t]=CyH QO Q=m |xy@H Q=Wi |x@U=Lt QO Qv}DW= � RUv=H |x]@=Q
"CU= xOQm x@U=Lt 'xOW p=ta=,qta xm xJv; x@C@Uv =Q |QDW}@ Q}O=kt w xOQm
l =N Ci= \UwDt w QDt|r}t 20 OwOL �|}=yv� xv}W}@ CUWv \UwDt "5
pY=i OL QO R} Q@D |wQDt 2 \N |xSwQB |=QH= QO xm OyO|t u=Wv �0 45
|=yCUWv w |Q=iL Ov}=Qi Q@ |@ wN pQDvm 'S02 x=oDU}= =@ |@ Qe CiW

"CU= xDiQo CQwY u; R= |W=v

|v=OQOk w QmWD
R} Q@D |wQDt 2 \N |xSwQB sQDLt Q}Ot w R} Q@D |QyW Q=]k u=tR=U R= C}=yvQO
j=}DW= R} Q@D |wQDt |xSwQB C=aq]= uDW=Po Q=}DN= QO w |Q=mty w |rOty =@ xm
Q}OkD xv=t}tY 'OvO=O u=Wv |OQ@ Q=m w |tra |=yVywSB OWQ CyH =Q OwN Qi=w

"OwW|t QmWD w

OL QO w |Q=iL pw] QO =yCvtoU CWB QO ?=ewO j} QRD Q=Wi Q}O=kt "20 pmW
"S02 x=oDU}= =D S01 x=oDU}= pY=i

G}=Dv [20]"Ovvm|t ZQi �Q=@ 0 5 |xwqax@ Q=m |xy@H Q=Wi� Q@=Q@ =Q j} QRD Q=Wi
|r=wL QO 20 pmW T=U= Q@ "Ovm|t O}}-=D =Q ZQi u}= CLY R} Q@D |wQDt 2 \N
=@ ,=@} QkD w QDtm �Q=@ 0 5 |xwqa x@ Q=m |xy@H Q=Wi� R= j} QRD Q=Wi '3300 S=QDt
xm CU= XNWt 16 w 7 |=ypmW x@ xaH=Qt =@ "CU= xOw@ Q@=Q@ Q=m |xy@H Q=Wi
u}= "CU= xO=Di= j=iD= u; uwt=Q}B w 3300 S=QDt QO u}tR sHL Ci= Q}O=kt u} QDW}@
xv}W}@ CUWv x@ |Q=iL |xy@H CUWv C@Uv Q=Okt u} QDtm xm CU= |r=L QO
Q=Wi uOw@ u}}=B Cio u=wD|t u}=Q@=v@ "CU= \w@ Qt 3300 S=QDt x@ R}v �|}=yv�
"CU= xOW u}tR sHL QDW}@ Ci= w CUWv V}=Ri= x@ QHvt '3300 S=QDt QO j} QRD

|Q}oxH}Dv "5
|oOv@UJ =@ xv=OCWQO ,=DOta l =N QO|L]U pvwD |Q=iL QO 'Q[=L |xar=]t QO

%CU= xOt; CUOx@ G}=Dv u}= 'sm

=yCWwv=B
1. green-�eld
2. Turo line 2
3. tunnel boring machine
4. compressed air
5. slurry shield
6. earth pressure balanced
7. rotational cutter-head
8. Chamber
9. Segment
10. Peck
11. O'Reilly
12. New
13. Attewell
14. Woodman
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