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Lo T T xexcavators .often referfed to as mevhanical moles.¢.~ Ce .
N ) L - r" - 3 . [ ‘. . ,‘ i,
. R - _fA 'su e ' CR ', 3 as f . ,. Ce Py
x M : 7' Many novel approaches have been proposed 1n‘the area ek
A of automated tunneling. Some of the: more promiS1ng techniques.h’
I SRR A whlch arg,now in the reSearch and develdpméht phase include “ﬂ”ﬁffu"
_J’E‘.. ..,J|:~‘ .\ .“. ‘év‘,a ‘\); i ) ., “_1 ):“ A ’. - , . "“,Dn‘ . , . Ce 2 ". ’ ~‘: -'v-l
f . 2y x e :‘ E e .2 , ’:\._ R L -.a‘” L LTRSS
. e e e Y ey L
, o e . . ; , LI '1 ;. ~J; , 1’
- ‘ . {- . L ‘
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14 1 HLSTORY OF TUNNELING B R G P SN

:;fx_l',- The flrst tunneling proaects undertaken by man reach

e

.:a back to prehistoric tImes Primltive man seeking shelter
P

u

ﬁ‘ against 1nclement weather found retreat in natural caves ‘h}ﬂi I
o em T N £ SR N S N
T (47) /As'the population grew so grew the need for larger caves ST oE E
R ) - L e . s - , . - '\’\’ .. '.. -l~ .oy
mﬁy s e and henee tUnneling During the/Iate stone age, tunnels were S
A } .. L R ) ,‘_1 .:A' ‘, . ., ; . ' . : N
>Rl developed to: retrieve mineral dep051ts such,as iron and S
.\{: .-.1‘ -, : '_’\;- :i_' , . o ) /} i (./ G 7 'L:« R o il ',.‘.. o . i ..A

R & . ;“"I R S
copper.,vij k;ci« : -‘f,,~ B T T

. " .ot
R . o Ve .
. A . o, I - > . &

R

.. P

L

Babylonlans 01rca 216098 C This tunnel went beneath the

Euphrates River and was 1 km in 1ejhth with a CFOSS,. se\Tion . ?_J

History records the f1rst tunnel be1ng built by the “:4¥]43;5

.
7

gf 3 6 m x 4 5 m.,During 1ts construdtion the river was :-

- Lo Y

i‘.

dlverted form 1ts bed' a con51dérab1e prOJect ‘even’ by today s ﬁl : B

smandards. |l -g;/‘ . »-'.,m i ;“"‘:\? R

- v MERETRRe
W1th the introduction of ganpowder tunnels werq _-//f Tl b

construéted 1n:hitherto impreénable rock This boonpto z:‘:;ﬁi?;”;f:
tunnelinélhas first used in 1679 The next maJor 1mprovenent‘ﬁ l”fl

. 1n tunnel constructlon oe&nred in the late nineteenth denturyl hy f

| when the meohan1ca1 percuss1on dr;ll Was developed This ih.;l‘zi;fi -
was‘a dev1ce for tunneling in relatively soft material such as *uj ‘é;

‘r'clay It was Jaeked forward and offered celling.support at i : .
the faee until pernanent support’éB{ldﬂhe rnstalled Then ;,jf_jaffg'

'; :& 3 . Ql " ‘v k ‘ N o T " 3

.
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" ‘_.1J,n.rn4§£ne aspect of tunneling,.whether eselmating he cost of

{Gt ‘a small sewer'tunnel’or studying the feasibillty "f storing Ef,ga;=
'ﬁg' orudé 631 1n largejunderground caverns. TWO tunnellné\srojects xfl\f‘

‘:T‘jw whlch are amb1¢1ous extentlons of man s tunnellng knowledge:Tﬁsv:(?f{.

-“"-.._. . i v :

, ) LRI o - R
, at “.‘ I '.‘1 e A
\ » © S v &p s
e ey e --u-m'r"“'n- v-wrm.....,.,_, "mw- S gy n,m-‘ . 'l :~1- .
' R i L

D . L N

~ " .' . E’ - :‘ ' ‘. .'.

-. > * ‘l‘ Al ‘
ro e Lo ' . o ’ » L ' et AT : E . ) /;

R came the ultlmate 1n tunnellng,.the tunnel boring machine.»-_z A 3

This devlce was used in an attempt to drive a tunnel under

= Ao the Engfish Channel (48) Today the dse of: such man-made T '
Lo ‘-moles 1s omlng more and more fea51b1e as research and l ) )
s . P oo O, S .
T exgerlence lead to better Quallty machines ~,,: S

<t R N A ..i"1'2‘5'f;%'f“f‘ . ‘

TR T e e e T )
. . A .‘ ) “ ) .:< '. . \ . '.'«‘« .'. ;‘ :: . | :“A.‘,, :; I : : “q\.. D ':... : ‘..“ _.: ~~,‘;‘.~ N ," - <

S 1.11 TUNNELING:AT PRESENT :- L zﬁ”f-u;”ngfj;;?' L ”i't~”3,1"-” 4

) . ", . ; w"”' . o r ‘\ ' -

ﬁi“‘?,'}? N At present nearly evéry country on earth 1s 1nvolved

-~ v

. :ﬁf are the Seakag Undersea Tunnal and the Channel Tunnel These ’ . ( Ei
T haVe been des1gnated to’ serve as high—speed transportatlon 7,.5=}'}~3L
' : ! ﬂ ' L ‘U " ’ .I‘x -":: ® : .

N Y 'l

& S

] experlence galned here w111 undoubtedly aid future tunnel i L

LN PN v -

“La}ﬂ 11nks. Both are very large constructlon projects and the §“ '““:Jn-‘.s

N - ‘v » . . _e“' A "

o~ bullders to undertake even more darlng feats. f' ’-ﬂi”,’T:;I;-;;_;*‘J'

] L ’ ' .

13{?£f o In North Ameriea hardrock tunnels have been driven e

N . v vy

?r'f' - primarlly for.hydro electric egergy development and water e”'ﬁ‘"h“ﬂlg‘

N _ﬁ' resource proJects The tunnels at Churchlli Falls (44),1the‘ _f;f;fo1A )
'ﬂ»“g; Oahg Tunnel 1n South Dakota (59), the NavaJo No. 1 Tunnel in S fj
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S 1.12 TUNNELING' IN NEWFOUNDLANDY =~ ' & =~ =~ . .y
8 "."n.'_' S ;. ' , N : - T R |

,;' . ‘:i_ C For centuries the island of Newfoundland has coaxed"

e b

a. pleasant 11v1ng from the turbulent Waters of the Atlantlc"

o a

. Ocean Ironlcally thOugh these waters have been the. bame of ' f‘btb» .”(f

S

econom1c progress for they hgke serbed to 1solate Newfound— S e

. landers from the other prov1nces of Canada as well as restr1ct
. S \

the movement of goods both to and from the mainland Such1 ; ’

T e arnd

'

: 1solation is demonstrated by Figure 1. l B
‘y A To help overcome this 1s01at10n the government h s

v e
-

con$1dered two direct transportation llnks with the mainﬁand s
: N

‘.

namely cduseway and tunhel As a result of tunnellng{experle—

,'i_ - ::; nce gained at the Churchill Falls power project (44 7, 11),<

1ce condltions 1n’the Stralt of Belle" Isle (43) 'and, the s ,_:.;4.?5'
S - o . . ..? ‘ = ’
. tunnelnng success of- other countries notably Japan such

. " - . ' o . i ’ ‘

cons1deration has resulted 1n‘focusing entlrely on tunnel .
constructioh Although a vehlchlar transportatlon tunnel ‘is, '
‘m_~1‘ .a 1ong.way from being\started 1t has nevertheless foroed oo :f"

. common man and government official alike, to think ever.. . - _ 'h;,

BN . 1ncreasiug1y in terms of tunnels Thls thinking has been ;A _1 '\éi

H ;L“;‘ reflected in. various stydies carried out by both 1ndustry SRR
ft&

. . -
e . P

:-" .S‘- o i (38 46) and un1vers1ty 7,26). The culmlnation of this - S 1&51:
I ‘:.ﬁ ' tunneling research came with the recent start on construotion ~:;1’,

iQZ' o . f oi an energy transm1551on tunnel 11nk1ng the. 1sland of vﬁﬁi.ﬁ'--iaf h~ﬂf
'I° o ﬂ; i-_ Newfoundland w1th the abundant electrical energy.of the ;‘_;‘; grk, 1
| Churchill Falls. Unfortunately however the Whole pro;ect e |

w111 be delayed by perhaps three years due to the Provincial -

e N e
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Government s austere financ1al cutbacks in keeping w1th the'

Federal anti 1nﬁlation policy _'- S - e

.-‘

e Apart from this proposed vehioular transportation‘ AR

11nk and ‘already started energy transm1551on tunnel there is

-

also the p0551b111ty -of transporting 011 via tunnel from ‘ “.‘h
possibla o0il f1elds off Newfoundland s soytheast coast to

. refineries on the south coast,

Thus the economic future of Newfoundland may depend
s . . 3 Yo
in part on the cons}ructlon of undersea tunnels. And any-

«

. thing which -extends the tunneling state of art. may in turn

‘extend’ Newfoundland s prosperity. B .y
To understand tunneling requires an ordered approach

to the multitude of 1nformation presently available Such

-

seope can best.be handled by appiying“an.engineering systemsw

"approach. R : . S o T -

1.2 SCOPE . . ..

. N : N . v C . 4
. » . e - N ) v

The systems apprOach 1s a logical mEthod of studying "

any overall tunneling system The first publication discuss—

-

ing suc¢ch an approach was. authoredtby Howard (d7) in 1967 The
I3

- first detailed papers concerned with the systems approach

were presented at the Second Symp031um on Research and f

Development 1n Rapid Excavation at Sacramento State College

!.

B 1n 1967 At this sympos%§n1ideas on the application-of systems )

. analysis to tunneling were presented by Bledsoe (6)
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-‘"'_‘ R e M e S T TR e | :.\‘ _,....._..,_:_,.- R ‘ VL s et e _ ) \ .
ooxt e : - o
T'_% : T The approach developed here'follows that out11ned
ii %' . " by Roe, - SOUllS and Handa (41) Ii: - . E ~~J '
; _% E : “_ The tunnellng process cdn51sts of a number\of‘lnterr- BN i
? B elated activitles taking place at varlous locatmons in the
) % ) tupnel and on. the surface. The maJor act1v1t1es are (9), ’ . %
?,_ﬂ-ﬁ' : - oL ﬁxeavation whlch con51sts oT breaklng or' . . j ?
Qz u. o ’fragmentatlon.and removal of An-situ rock or soil 'l'
X - . X A ‘
Y ? o K "~ 2. Ground support 1nstallat10n and malntenance to :
‘é- ' _ ' assure the safety of the %Bnnel ,‘?”. J _“.i«‘ ' }?"‘ 4
>;'23 ..3. Transport of muck - or spoil }rom the. excavatlon s : g
;§‘ area to a disposal s1te on the surface. L '?
}..ﬁ; L. ,'_: ,:- d. Transport of construct1on materlals from the . H
f‘é‘\ - ;' -.2 . .isurface to the polnt of 1nsta11atlon or uswg
;‘é : . 5. ‘Trensport on a shlft eycl ~of.personne1 £B and ~ ~
fwi. o N ,.: "from -the work Sites wlth(: ‘the’ tunnel co;piex.
g A : oo \ :
) %T Vo R -6.‘Prov151on of en env1ronment adequate for equ1pment.5
.‘?f'/ . and personnel to perform theln,functlonsr o
.:%' | ‘,:7;_Ma1ntenance of operating equlpment p E
:,% d"'f ‘ 8.'Above ground operatlons requ1red to support under-“-
‘ " ground" act1vit1es LT . a o
L 1.21 ENVIRONMENT =~ - ¢ Lo L
N . - . K o . : )
. r . ] R , Do o ,
'a : - K S These activifiesf;\}ve to’ relate hardrock tunne11ng ¢
"&;”‘ :3:‘~~:f to three basic env1ronment3'7' h "'.'--J - R 'n.': -
- 7. o . . . § 3 J
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Con51der1ng tunnellng beneath the se

,;(the:tunneling

‘ process mqst naturally include some form of‘mar1ne operat1ons

:Also S1nce the end result of" tunneling is USually a tunnel

v

\for ‘use 1n vehlcular material or energy transportatlon and;,

B Y

51nce undersea tunnellng 1n Newfoundland d1rect1y 1nv01ves

'.p011t1cs three more fundamental env1ronments can be distlng-

- L_ p
‘ uished They are'-- .

us

S ,';t}} Marlne

g, Use N

.

-

3; vaernhent.

R These 51x env1ronments encompass a11 aspe ts of

]
v

itunnellng The geologlc env1ronment for example m y- be\: o

.
L

fcefe sampling andvahalysié' geologlc examlnatlon techniques

'and geologic’updatlng procedures (28) of course the extent

v

]to whlch th1s div151on may be carrled is 11m1ted only by the "

1
':.qharacterlzed by.selection of uunnel location; prellmlnary' <::;J,ﬂ

;

b
-
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3 Geolog (3 ex;minat1on technlques S -A;A‘c.‘;
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z" . Ice mov ment -;" :
5 Unders,ej exploratl;gn ol
.. %Lgn Env1r6 ment : ,.
,1 Shape of tunr;el - ﬁf;
2 Shaft 10 atlon ‘:“ ,‘
‘ ' 3 Method ) ventllation a.nd water
B 4 ’ lf,lght 1ng andl power Su;);‘)iy
_ 3 5 Safety f atux‘es : . “.-;
) Government En\qlronment .-

"‘i Flm;.ncing 4 “'L,w_' i i
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L3 Polltics l‘-"«._; R

Constructlén Envirc;nment ‘ : " o ST
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All these environments are ﬁértéinly compléx and *
- . 0 - ? \

'lleach one able to support studles 1n ‘an, effort at extendlng

s

" VT

the tunneling art However an env1ronment that lends 1tself‘

3

"well to 1nvestigat10n from a constructlon proaect management

v,

flv1ew point is that ‘of. constructlon. Also many factors

~coMprlsxng the constructlon env1ronment are 1nvolved w1tn3

!
- N N

‘actual construotlon wholly w1thin Newfoundland and suﬁject tO"

r \ . ‘. .-.
Newfoundland workmng conditlons ' 1lf ' §;3H T :
t N \ , Y ; “
Lo, '. - ' N s\ ,'. | . i
{ 1.211 DROBLEM AREA . "\\~ LT R
o "‘ A oy ‘ 1 :'.\\‘ " '.‘: ‘ '-‘ : ."4- M T n ‘.
A problem whlch arises 1n any tunnel construction ;Q

N

'-prOJect dnd whlch 1s.encompﬁssed by the cohstructlon

.

~"env1ronrﬂent' bears .upon the proper select1on Qf tunneling

v

lVﬂg:method and tunnellng equipment 50 as to minimlze construction e

v ., ’-

':g”time and cost ThlS is of partlcular importance in Newfound-

1

-”land A ba& choice of equ1pment comblnation could Spell an"“
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A unecessary'lncrease'ln construction cost 51n¢e a’ seleotlon
-r%f' _ ‘ . once made, w111 have to last ﬁ long time due to unbellevable‘
s F -
g ‘ ..shlpplng delays assoc1ated ‘with 1mportat10n of equlpment
PR - o
: C comprising a new and supposedly more eco combinatlon.
' ~
3, . T
:, . Such delays are all too common. Hence a good comblnatlon at
- ’f ! kg oyt 7 K
A . tHEWDutset will- result in economy as construction proceeds
B : LT - -
L “ %E§D> To model a tunnel project and have it operate us1ng
l‘;' ' . varlous construction methods and equ1pment typés would
:.“A . ‘¢ . 1\\
o LN undoubtedly a1d de31gn engineers and contractors 1n maklng

' R ) more rellable selectlons .
- . . ‘ ~ ) Y L s ' .
... % - 1.212 IMPORTANCE OF CONSTRUCTION ENVIRONMENT

-1',: E . ' ' \ 0

=

-,

.l ~ - ! . ) N ) ... -
Any of the factors whlch comprlse the’ constructlon

\\. . ta
MW -
R

env1ronment mlght undergo research &eading to possibld‘

ORI
s
Y

;A'- 2 ,-amprOVement:.Thls 1s.on1yllogrca1 s1nce the whole aspect of °
igh ‘tUnneling _ incluoing factorsJassociated wrfh‘the other ,
'g j environments - has not ‘evolved to the»realm'of perfectioh a
g-gA; o A report explaining materlaIs handllng for tunnels-.
ﬁlg , (9) suggests 1mprovement in equ1pment selectlon, Thls is .
?~§f R ’also relnforced by areport on thf'1urerrelat1onsh1p of =
? %' ) ,\\‘hn ~-sith rock’propertles (18). In effect it states that the
"%f. 1m drtance of a ‘more logicadl approach to selection of tunnel-

"E 1ng me thod and equipment has been emphasized by ‘the amount of
% - K research (dealing w1th/se1ect1on of methods and equipment)
! ' - "\ : ‘ o : ' B
9] ‘ | , ) ' ) {) . . * - ] . !
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"to be initiated in the near future. The need for 1mprovement

. »

3 - ' : 1n equlpment selectlon has also been emphas1zed at the‘

Adv1sory Conference on Tunnellng held in Washlngton D@%

[T\ CVSRA

- o durlng June 1970 (1). CL

% ) ‘ Df%ectly related to equi §ction is another
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§ : § -" it ‘applies to the whole tunneliﬁg process (9) can be .
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‘ . i . . ‘ - L . . )
s 1 -.’tohsideraxion. Not only must the tUnneling process _be examin- .
- -ed as a. syéfem but varlous data concernlng many types of N

i R equlpment must be avallable An 1dea of equlpment types
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handllng for tunnellng (9) demonstrate.
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ent equ1pment 1nformat10n a bas:. knowledge OE the types—and

capac1t1es of avallable qdipment is a research proyeat in

‘experlenced tunnel eontractors , 0
‘ . - L]
3 . 0 B . 1

' , Accordlng[to Mutmansk
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o . . N, .«

7),’for ourp?ses of = .. A
modeling, a tunneli

. .8 ¢
'system can be broken down into four

: - ‘unit o
T -9

env1nonmental control and materials han&llng Parker (28) has
o

desérlbed a tunnellng Bystem as comprlslng of mubk 1oadlng, C T

Fons des1gnated as muck generatlon (}unnel-supporfh‘- : i

Lo tunnel support pumplng,,groutlng, llnlng-and vent;lat&on;u

. Con81der1ng geologlc predlctlon and excavat;on (muck gener- . :‘\\\
S ) atlon) as an entire hnlt then seven dlstlnct ope%atlonal L - C
L ot . ’.- 9 t > T ‘.‘
- C " units can be considered in; relatlon to- any tunnellnngYStem o
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i
or- process And any ch01ceﬁof tunnellng method and equlpment ' -.7§
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element in commerce, %Qdustry and d%rlous defence commltm'
. there 1s atd present W1deSpread use of network a a'y51s i )
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< technlques (3) Anld GﬁﬁxﬁTfng is one area where such analys1s : ~“

can be eas11y appl;ed and the beneflts qu1ckf; seen..Mdst
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R o common among network ana1y51s techniquesqare CPM,and PERT ) 3
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proﬁer-context to Schedule qompletlon _.f £s' relab1ve to

L]

. the whole syg;ém to understand better’ the ntena tlons

between unlts and ‘to predxot a completloﬁ daténﬁor the entlre
A Q-

-

proaect Hen}e another constralnt may be 1ntroduced Any ;"'IEE'

' selection of method and equ1pment should rerate to a network .

representatlon of thg tUnnellng proceSs. -',,l_ o Co "“J'
. S Perhaps the most ba51c of:cbnstralnts denters aroung
- .. . . : of s

.geologlc predlctlon and- excanl- €53, 2"l 40).AWhether the ."5

k) ‘ N e

;conventlonal method og tunnellng ;s used on a project or a -

mole, certalnfy depends qn the type of geology encountered

ﬁ} I leEW1se £or equlpment selection in the mucé‘] lng;operat-

equipment
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".gv“~ avallable for tunnellng, geologlc predictlon and\excavatlon R
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" be negated even 1f const?uction 1s the epltome of advanced

., . l R
=technology Any Judgement must revert to the fundamental And -
. ! o ¥
K apart‘Irom the-technolog1ca1 aspect nothlng is ‘more funda— ng

i

lmental and unlversally acﬁepted then tlme and cost Thus ' “:'E

! < . 1

output from the system should def e an average cOmpletion

- -

" time and average cost a55001ated W1th each system component

n L)

_-as we11 as a - %otﬁl’bompletion tlme and total cost gver" all

?(
e componentSjcodlecslvely. Also since equipment 1s part of

Y
f

l Vsyst%m inout then System output should prov13g data on k

equ1pment utilizatlon 1n any or dll components as they 1nter- o
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A general schematic of the system showlng 1ts various

N L

components along with 1nputs and outputs 1s shown in Flgure o
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R With a de¢€d€djcombination of method and equlpment R |
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entering the system a uniqUe set of completion t1mes costs

and\utllization 1nformatlon arlses, Pass another combinatlon

to the system and a different output set is: obta ned Hence
i/.the asso:iatlon of output w1tﬁ tunnellng system'i nottonlyi
dependent upon system components but also the input combin-

~ s,

atlon serv1ng the system. Carrylng thls further completlon_ s:"’

s

' times, costs and utilizatlon information inev1tab1y ledd backf]
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The tunnel1ng system’by v1rtue of its deflnltlon

.g"deplcts and encompasses basic tunnel constructlon in the EE

' :

real world One may Justlflably reason that as- each stage

P

of the system is. executed in turn over, thé/entlre tunnel

,1ength const;yctlonnapproaches complet1on' In actual fact

‘however. several stages may be performed 51multaneously

' z
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Progectlng thlS 1ink between def1ned tunnellng System and ‘the
-phy81cal tunnel one may v1sua11ze constructlon reachlng
'completlon via total constructlon 0ver\specif1ed lengths of

¥
\
tunnel each 1ess than the’ total tunnel lerigth, the sum of

‘el
Pt iy ek et
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such 1engths:be1ng\equa1 to the total 1ength .Thus if 1000

Y

feet of tunnel is -to be'oonstructed, IOQ.feet may be* . 4 "' I %

entifely-constfucted - sub}ected tofall aspects of the f%'*

tunnellng system - then another 100 feet untll the whole. - . s 'E.-
. ‘ @‘

"1000° feet 1s achieved Such an 1nterval view of ‘construction’ o

T
o

' closely approximates the real 1ife sxtuatlon and at the same
tlme pr;v1des a measure QE convenience 1n prodﬁc1ng systemo”
,-,output.‘.." . S e ' L s
In.%ééht of thistinterval aperoach asoect of.tunnei “ '1.;

: ubulldlng and from Flgure 1. 2 it may be generally-concluded
nthat output 1s 1nf1uenced d&rectly by the nature of. system \'

components and 1nd1rect1y by - 1nput comblnatlon and tunnel = - |

"characterlstlcs in assoclatlon w;th definlte phy31ca1 tunnel
‘1ntervahs - This may be 111ustrated by Flgure 1.3.

'The.numerous {5§eractions of.system components‘with
input, intervals and dimensions must be‘carefuily'modeled ." , N
-before output is acceptable for.analysis.,A way to do this is _
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. or loglcal model of an operat1on or system in order to
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predlct what w111 occur in actual operation under any given .
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,i§¢ f. set of assumptions {(4). The'usual reesons for using 31mu1at—
“%. ; ~ion'are.that the problem is either so complex that-it
:;g | ’ -'f cannot be solved anaiytlcally or that solution methods are - ,..tA
-i ltoo 1nvolved to be practical. The tunnel;ng problen oan
'gf } _,'~eerta1nly be solved analyt1cal1y‘(28).but lnvestigations to
.'i, R .""”' test the'effect of different eguibment types‘causes.the ;ﬁ' :
‘ . ‘ @roblem to become.dliflcult'and very laborlous to tackle. ”ﬂ.f,‘A *
. .Only with a devzce capable of -carrying out thousands of _
i | 1 1nsttuct1ons, routlnes and’ tests per secpnd has it become 'n
C ) '-praétldal to attaok-suohlorohlems. While.simulation has . f
euisted for centufles: the use of a methematical~simulétionu
. '?f model ‘to analy;e and evaluate operatlons is largely a ‘new
' :.technique However its app11cat10ns are fast becoming count:' -
¢ . e less, as 1nd1cated by}the number of Journal nrt1c1es and the -
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e Jufia d1g1ta1 comFuter depends somewhat on the 1anguage employed
11‘ ':‘1, f” ]1n descrlbing the system to the computer (45),»Some 51mu1hat-1 -Rf
:;1‘; .“n languages work only from dlfferentlal equatlon 4
§ ,ﬁ .descrlptlons of system behav1or Others use  a, block diagram ?:,,
t:&'{":tii - u;:description, Whlle siill others accept the system descrlption
ff’ i.ﬂ'f~,'v:‘ ,as a number of interconnected trihsfer functions. ﬁegardless "
%;g, . of the language used however lt.IS necessary to express K
Ao . , ‘
{:x , _'0perat10hs that mus: be performed a551gn numerlcal values
éé; ) ': . ':to constants and parameters speczfy 1n1t1a1 conditlons and '}'
iﬁﬁ_:: :::_xlﬁﬁ.%.;ndlcate‘the form of" output Some fanguages are, Continuous4; f
!?%% '”I'“'System Slmulation Lanéuage (CSSL), General Purpese System "_J
;é R '."-slmulator (GPSS) «;md MIMIC. A L o . e : ,j'-' -
éhgﬁ o {Pﬁ,j”f To. develop a methodology for the selectlonvo} tunnel—id.?
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1ng method and’ equzpment w111 by V1rtue o{kconstralnt
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nece551tate a- network depicting all- operatlonal units of the

tunneling system, These un1ts ‘as found in the tunheling

¢ ' . a

jl Z ‘ﬂv-“system are acted upon by 1nputs con51st1ng of method
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'.<:'“.\ ’~."-1evels capable of doing the same task for the purpose of

. o : LR -
. Cl g1test1ng some equipment comhination and produclng‘an output L
K [ Hence any netWork depictlng the tunneling system w111 be-"”“,.
B “"P“'stochastic in nature. A simulation approach recently develf
) ' oped to analyke such a stochastic network 1s calded Graphical .
' i N . {!. ‘:ﬂ' ..'3. -,:' ,' e R u,\
o : L The name: has no.specigl meaning. .. = .. .. .

. T . . e . - e [ s . g PRGN -
) - \ VL 1 o e . R ' e ' . Lo T * ¢ . v
. - v . . B N . .

o _».7.\ 'equipment and t1me such 1nputs involv1ng rates time distri—‘”

'ﬂlf‘?i,butiOns and probab111t1es These probab111t1es would result_'“

.Q"from the necessity of selectlon between equ1pment Operatingﬁ“'

s

- e
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e o a
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'Evaluatlon and Renew 'I‘echnlque S1mulat1on (GERTS) (31)
- 1s a computer program wh1ch smulates some operation or .

' functmn that 1s represented 1n terms of a- GERT (Graphical

.unlque (29) S N

e

e w:Lde vanety_ of probabil:.ty distributlons.

T

. . .
s

|

Evaluatlon and Rev1ew Technlque) network The ’fact that net- o

v

“work SLmulatmn is, 1nvolved makes thls approach rather

T

<y
°
N

In ‘addition’ to the"AND' 1nput and ' DETERMINISTIC' -,

.‘output characteristac of nodes in CPM and PERT’ networks,

‘,'GERT embodies two additional logical relatlonships (8). Th'e'

.Y !

B first is, an"OR' lnput s1gnify1ng that one - or some, but

not all of the actlvities“ enterlng a node are necessary to

1

reahze the node _The second add«ltmnal log1ca1 feature is

"PROBABILISTIC' output These add1tional features prov1de

' ..‘a flexlbillty hard to-find 'in any other network technique

; especlally CPM and "PERT; CPM and PERT are project management
‘ .

. gnformation systems ~Also GERT does not use only h’eta .

\’ dlstributmns for act1v1ty duratmns as PERT I't.' perm:it‘s:,:a'_‘ T

B

In addition to ‘these features GERT has the’ capa.bihty"*!“

- ‘of.modm.fying 1ts own network by the. removal of de51gnated

-
.

"branche‘s relatlve to the occurrence of spec1f1c events Such R

: flexib1lity allows :for accurate repreSentatlons O’f real li% 5

systems An exten51on of - the bas1c GERT concepts, Q GERT 1

allows for networ'\s Whlch contaln nodes with storage capab-

:ility ThlS 1n effect provides fOr queuing possibilitles

r ,' »

\

Nl

L0 8 G -
ATRIEG o

P J:

1

"+ See description' of GERT and Q-GERT in Appendix A.:
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'Q—GERT nefwork i;uf' 'J L . o

. -

: feature of the'simulation model (27). One intereéting

it . - PR : . . .

- P

’ . . .
R AL LLATA A oA e 1 o L

e s o R A It o St T ke e e
’ . . . .

, . ‘ i J . . .
Q- GERTS lS the smulatlon approach to the analysm of a

[

1.31 PRESENT. APPROACHES TO TUNNEL- SIMULATION oL

.

Recent developments 1n S1mu1at10n rela.ted to
?z

: constructlon have revealed modularlty as-a 51gn1f1cant

‘v

'appllcatlon of such an approach has been presented by Ha‘lpln

" consists of (16); . - .

and Happ (12) Here network elements are comblned to bu11d~

'-1on operations and prdcessee.

¢4

modules Whlch i‘requently recur in the modeling of, construct- L

¢
° .

-

._=.~.

'The basic structnr‘e of‘ooinpu't.er .s__imu,lati'on: pro'grame .

\
0

1 A geology model to produce deta11ed and

cons1stent representatlons of reallstically ;

S s complex geglogy .

. . "
.2 A . . ¢ .

S.2. A tunnellng model to 51mu1ate a.ny ‘one of several

i

excavatlon systems._ . ) ' e ¢

'A smulation program employlng the modular approach mi@t

have two modules correspondlng to.the above basic stnucture,

'.or 1t may have several modules as the result of breaklng

down the fundamental structure. Also, -the fundamental R

strpcttfre may be extended to/incl'ude a oost ‘estimatlng-
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JEEY S




,
i
ki

-
L

TN L mmee i e e ——

e bt .
TN

PR e AN

Ny

e

i

.

1
A

St

¢

.
o v
-

& et

e d N

Fraes rren s " Y
R P PRI S AR Al A B D .
i BT - . i R ] ——m . o mrdretem et Ao e« e

.t
oot

P e system Hence' the overall purpose of sucp a 51muLat10n

N A i

model is to 1dent1fy and prOV1de a framework su1tab1e for - f %

,evaluating the cost and merits of varlous tunnelrng ST /' 3 ?

o [ b

equipment systems. A computer program 1n present use, ' 'E
although not strlctly a s1mu1at10n program has a&ded such i ’ %1

evaluation. It 1s a program for esl1mat1ng cost of hardrock .t

tunnellng (51) T T R . T

. e R . ’ ' “ LS

4 ~ -

.5 1.32 LACK IN PRESENT APPROACHES TO.TUNNEL SIMULATION . .. . i

- S, ’ . . . - . : . .

'f One very obvious lack in present epprqaches results

i 'from not haviﬁg'a problem oriented cOmputérulanhuage'fof use
in 31mu1at1ng a tunnellng system. Such a, lack requ1res the
use of 51mu1at10n 1anguages not designed. spe01flca11y for

tunneling GPSS is aw’examplea Hence a tunneling contractor
~ . ] oL
w1sh1ng to use, 51mu1at10n to evaluate a proposed tunnellng

system has to be fam111ar w1th 51mu1ation 1anguages not

a

wholdy de51gned ‘for his field. of endeavour

?

A second lack is that present approaches do not

relate to any basic network representing tunneling operat- £

¥,

'~. ions, Most tunneling contractors are experienced !in .network
. . N i Q X .

I A

representation as the result of work'nith”CPM and PERT.

. - Indeed mOSt could very quickly prepare & network depicting.e

’

-0

* '

tunneling system far more easily than preparlng a 51mu1¢tlon
‘ . [

program Thus the ab111ty to 81mulate a network representing

L4

a tunneling system would:nender a'contractor-capable of- Co .
. -— N ( .. - ‘ . . ) . ’ .. . L "\
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TN _ - -tunneling Slmuﬂatlz:ﬁ But.thls tool may be long in comlng'

~ v . s
. - / ' .
/ . ' .. .. ~ar
) -, /. L ae - Tl
Y . -~ - \ . s . Lo ~ o’
tunnel simulatlon S . o -
Y ;-A thlrd lack come's from the 1nf1ex1b111ty of some . }.
‘ - ﬂ . ‘. - ‘ - .
{ . 81mu1at1on models (16) All~components and their individual

\.

elements are rigild in relation'to the tﬁnﬁ%ling system' This
does not allow adequate express1on of the d1ff1cu1ty in under-_

- sea tunne11ng where geology connot be prédlcted with a

- '1-
-“"' v

reasonable meashre ofvcerta1nty Consequently the prudent use

ef contractor experlence in seléctlng equipment ‘for tUnnel

R

constructlon is negated. To take full advantage‘of‘such

information the simulation model shouid be less deterministicf\

and employ a more probablllstlc approach Such an approachv

has been used by Halpin and Happ, (12) ¢ : s .n' ..f.
A fourth lack is in the ,area of cost plannlng (28) '-

;

This is supposed to be perhaps the most- 1mportant phase of
r . \ T

any 51mu1at10n - the actual calculatlon of cost But ' agaln

°

1ts whole relat1on$h1p to the s1mulat10n is too deté?mlnls-

t1c. The I1na1 dellcate adjustment 1n costs reSulting from

b"l B

'f;_ - contractor experlence,'ls lost due. to program rlgldity . T

! .;-\g D " To produce a computer tunnel construct1on simulation
. ¢, L.

“program whmch e11m1nates a11 the basic def1c1enc1es mentlon—-

Ll . o

ed abgve would certalnly be an accompllshment Sﬁch a program .

would be' well underway to becoming an effective tool in

i

-due to the immense sk of combining “the knowledge of-’

N

- " experlenced deSLg% engineers and contractors with endless

°

research into selection of computers, computer languages.
. . [ . - . .

- “a
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e alternative approach 1s nedESsary! to look at not all the
L] P ¢ Y
- ’ P "
. J lacks 1n present approachES tb tunnellng 51mu1at10n but o i ]
. o B . ! - 3
only some of them To utillze%contractor famlllarlty,w1th S
’ (- ' ‘ © o ) a0 r oo o _%
;* . networks and reflect uncertalnty assoc1ated w1th tunnel B . A
-~ %’_' N . - s o ,!v‘ . K]
, . E |
. cdnstruotlon nece551tates con51derat10n of the second and , :

: ‘; o

éfﬁ R . . thlId lacks above. These tan part1a11y be e11m1nated by - '_ i_}' j
%‘T ! Co Elf. us;ng a simuiatlon technlque based wholly on nntworks.and %“-'. j°° ;7
%'L {'i ) ; ';‘ﬁx«;pg mi t' ng the contractor to have more exoe;ience 1nput' to-J:
?Qé‘ C \fw "'the computer program Sueh lnput would be possible by having N
:ié ?J ) HV i: a. probablllstmﬁally or1ented approach rather than ﬁéi fi. "ﬁt
;g%'.' Vas;:_itsg determlnlstlc one, ThLS conbinatxon of network répressntatlonzf;' °
~;%;' ' f“lf",? . and probabllkstlc'approach 19 tno‘ba51s of GERTS \ﬁ 51mu1ation : L:é'
L technlqueumentioned earLaer. Hence GERTS‘ls a 11ke1yﬂchoice E .
| of metnodcfo;51mp1?‘represent the’tunneling system and mole “'
f;Aats functlonlng. Bpt s1nce rqpfhsentation ef tunn"" UL ’
operatlons wflL.lnquve queues then‘an qyen hore 1 ki { ' .

Sof sxmulatlon technlque w111 be Q-GERTS.uForn

a PREN

o R .d'
contract rs\already knowledgeable in the“ﬁetworklng ooed— : )
/ '_»r P § .
ures of CPM and PERT Q GERTS prouiées familiar ty § well
e Cm s s .n'. . _‘.{

?S tntroduc1ng new concepts which are the basis qf wide_.,: L
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its v;?ﬁous ladks, 1t remalns only to state the problem of U - T
- selectlon of tunne11ng method and equlpment Jp,terms of the . ) 7%' .
(‘ 1 s N s . ’ . i—,-
tunnellng system as def1ned abore.,Hence the problem 1s to : R
: . H”p : - ) S
,develop a Q GE TS based computer model whlch 51mu1ates the : R I
. 'tunnelln system relatlve to prev1ously mentloned constralnts . Y
. «and re

"“ b (‘f‘(.'i.ﬁ- S

o

n“. 1
';.‘.:' T

an

1
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P

ftunnellng uSLng varlous pleces of tunnellng'equipment ln ‘an N

s

: . . N T
Coew L
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1 41 OBJECTIVESG‘-

R

e e e e :“w';.“~ f'**fw b“ff;{%;{ et .al‘lj '
D '%.TheVobJecpives;pf;tbepeqmpvter;mode;xshouldgbev’
T A T TN G T T

‘e
-

T ! [ * . - : . N Sete

S I To model the tunnellng/system usind Q-GEBT

2' _ff hetworking techniques and simulate it by Q-GERTS

=f: : 2£7To haye the simulatipn model fairly fﬂexible so }

B 2 S - e S N
' Qf i“-as to allow jor d1fferent contractor inputs in

the form of 1nformation f11es.3:.ﬁ.J‘.¥ :*e,i~ﬁ'5'
5 r o T

3 To baJé"%he'simulatipn model obey the tunnellng

ds its functlonlng under var1ous methods of “, ;?‘
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’ Each section of the tunneling system may be repre~7' i.,ié
i g'- .4155,; N
sented %y a QrGERT network 1nvolv1ng probabilities o L;A ‘_¥} ;
) ‘ act1v1t1es time distrlbutions and other Q GERT character~:ﬁ* S

£ S , s
fj o sectinn o modular approach has been adopted Consequently R ;gi i
2 Lo v - .; ,
o each section 1s dépicted 1n terms of”small compact clusters o
cooTh L e of Q—GEET net 'ks called modules, categorlzing the ba51c }ffk e
- o logic of the partic lar’ tunneling operat;on represented by '
: ‘ g o .
) :[ - B N (.
" - that section Also, sin sections are linked to create an. ‘ .
" N h overall system network th e levels of networking.may be ) i
e - - .
K - recognized These are
‘ \ N " \ . . - ' ‘
' o l The tunneliqg system netWOrk k
e u“) d t' : S
o vl
. s .
.-‘o 3 v '
AR g N containing modules.*”.,l_jgf'ﬂ“” -
e ’ N AR )
_— e T 3 The modulan:networks. ‘ ‘
( . Y .“ ".h N - »‘ -',a" - ! : '\ 'G,I ' nf' . ,‘.‘; e:- ' :E‘ "I
. -‘l’ doary N Sy I : g
a0 : o Figure 2 1 illustrates the tun .
o . . : ' .i' ' o 3 l‘..) ‘,:'1 o ) “q“. : : B .; ‘a:
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Tyt Foa STt ey v pih b, Y ey







B ey et

z

» » N . i~
N LS ey - o, AL P aremtan e Y
PRI RS R ey R i
. . _

gy

X Sl LU T

-

e A T e o e s 3 s wrieee W1 A2 0 PV AN PO rreacr o p PO VLA [

i
.o

-2, 1 GEOLOGIC PREDICTION AND EXCAVATION (SECTION 1) L o
I'\/ - .,‘ N ._. L . ) '.:_ . ‘ ’ ) :‘ Lo v .

', ! * . ‘ - [
- N .

. . .-" ) ' "
. This section 1nit1algzes representatmon of - the

Q—GERT tunnellng system Wlthin 1t is determlned the type of | . oo

geology whlch may be encountered and the type of tunnellng
metbod to employ, relative of course to user knoWiedge and..

experlence. Once determlnEﬂ ‘the t1me to tunnel thru some (R v

specified dlstance can be arrlved at and the rema1n1ng '-' (R ;-
TR . , . C

sectlons of_;he network dealt w1th . ' ,,.-” ] o

‘ Sectlon 1 1ntroduces the module concept and the

'nhmbering-system employed to d1st1ngu1sh modules. Thls

T system utillzes‘two numbers and an uppercase M arranged as,

. [

number M number The first number represents that of the

€
)

sectlon ~the M 1nd1cates reference to module and the final
number is that assoclated w1th the module Thus 3M4 is the.
fpurth module of. sectlon 3. Such numbering is employed to

- help locate var1ous functxons wlth1n the network
' The- geolog1c predlction and excavatlon sect1on\mlso

71ntroduces the concept of worklng length ‘7;'

-

. . . . * L -

P N o f . Lt
.. . . . . . . v - RS

. . . e . N ey . AR

. 1 .

B \ 3 . A . v -
. : . N R .
. . . . ! . . UL L
' o v " . ! h . ‘ ' . L] .
' B .« B DR n . . .

.. i2.11 WORKING LENGZH— . . e o

L . L .- . . . L. i ‘
’ . . . N
. e, . . N

s L4

The worklng length of tunnel1 is-.a standard fiied

length of tunnel used as the basis of various calculatlons.

1

[y
t A

’lAlluded to inlchepter 1 as. tunnel interval._T

“ i
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In CO""‘-‘CUOH with geollggic pred1ct1on and excavatlon 1t is Qe
. 0 |

the dlstance the tunnel face advamces as the result, of each -

‘T
) /'

AQ—GERTS complete s1mu1at10n run‘1 of the tunnellng system. Of

'course the t1me for thls advance may vary w1th each complete
“ L 2N

: SJ.mulatlon Once it may take 2 hours to advance the working

T st hlh iy S T

length wh:l.le in another mmglatlon Tun 1t might take 40 :

FRLaE L X6 O
N

S ' ~hours. In any event the'yorklng length ~ unit of tunnel
1

progress per complete 'si tion - remains fixed. Moreover

. . R . R . . . A3 4

.~ the workiné length is independent of the numbem of operations
~requ1red to produce a porti"on of tunnel. .If the'convention’a‘l = «

method is employed 1n' constructlon for example in one inst-

[y

A ',ance it might “take 10 cycles: of drlll blast-—muck to go the

. ‘ * working length, while in another it m1ght take 50 cycles.

) . ) N T T : ' /
' . "~ Again the working length is fixed, the number' of cycles,

B > . - : . ’ . . ) ! . Vo ‘.

' . vary. - L ' . - g

T s Ot e et G £ e pe el TSy S e e

The working tength concept parallels real life in

-
. s b

S o "“‘tha't it provides a length base allowing simulation (constr-
uction) to proceed in' a st'ep—'like manner. It differs by

< hav1ng every,step (for convenlence) ofs the same length

Con51der a 5000 foot turmel w1t~h a workmg length ‘of
& l'OO'feet Then each complete Slmulatlon run of the network

‘represent:.ng the tunneling system wrll automatmally advance-

"the tunnel face 100 feet and arrive at a t1me for this o d

El

. . ~ N N . : . ¢
, .

-
»

Co 1A complete simulation run is the nét result of a
definite number of simulations of the entire tunneling - ‘ .
‘system. For example, a compléte. similation run may consist. .

A B of 10 simulations, the value{s for that run being a summary of

- . values. for the 10 runs. The definite number of simulations -
10 in this case -. is referred to as the number of simulations
per working length. .

""" T L S e AT s SRR
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; .forward mOVement relative to the’ excavation method employed

R

o Inc “this regard

must con51der computing t1me and 51mu1at10n accuracy ) gg

'tion'runs\then

feet. Now each

tu-nna-l 50 Ieet

{

if 1t.1s-W1shed:to have
the working iengthomust
complete simulationarun

and 00nseouent1y arrive

.

'Hence there w111 “be 5000/100 or 50 complete simulation’ runs

'requ1red to. 51mu1ate the actual construction over 5000 feet

100 complete simula-
be 5000/100 or 50 '

will advance'thé .e

at a time relative tof"

' ‘ 1

this figure. In dec1d1ng upon a worklng length the user

1
° ‘« ’

,Generally speaking, the more complete s1mu1at10ns’that arei

N\

'performed the greater the accuracy of the overall 51mu1at—

. Thus a trade off between accuracy and computing time will

“result

¢

ion but 'with ,an attendant 1ncrease 1n computing time.

Likewise for the number Of,simulations-per working-lengtﬁ.

\

»

'1nVOIV1ng statlstlcs the program user 's 1nd1v1dua1

tunneling experience and his knowledge 6¢ computers . .

1

*

The prlnciple of working length i

subsequent’ sections However it does not vary from sectlon
o, . ",‘ % .

" ta.section ;- it is fixed for the entire syst m. Thus if
. ) L , T

" : section 1 .has.a tunnel uorkingviehgth:of 50‘feet.then so-- do

all others. With regard to section 1 a time is produced

\ [ 3 .\. ' L N

which represents that reauired to advance the tun&ei a- .’

e .
)
'

A

Thls is 2 person u51ng the computer model 08} prog—
ram) proposed in Chapter 1 and discussed in Chapter 3,\the '

;basis of which (a Q-GERT network representation'of a tunnel-
ing system) is described in this chapter.. - - - .

¢ [3

2'I‘he number of simulatlons (sample size) for a
de31red accuracy may. be found by statistics.

appllcable to aii L

Y
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i d1stance equal to the” worklng length As applied to'section-
7 a t1me is produced which represehts that required to \i'
R ’.1nsta11 ventilation equ;pment in-a length of tunnel équgl
o o ® .o : . X .‘ :
v “to the worklng Iength ’_f‘ L [-.. ' : '_J o
. ”f%“. v Illustratlons in th1s report use reo feet‘as a tunnel
- working length ' and is an arb1trary ch01ce."ﬁ€-
3!-‘-‘ \ . _(_ {i\\ g ! a‘ ! \ , '
A... .4"-‘,' ‘._ . . i .‘. . s . . .
ol & : . 2.12 STRUCTURE 8 o o G
it ' . . The structure,of section 1. iurnishes the bas(c logic
£y . -
’f‘\f‘. ) for selection of an excavat1on “time. relative '‘to geologlc
. & . , ’ :
o " condltlons tunnel shape and- 51ze, and method of excavation,.
J‘ (38 "'..'. . . -
B ' '
i ;§; ‘ The the selected 1s that requ1red to extend the tunnel face
. & e ' v
SR thru the worklng length using elther the conventlonal or
oL & "a . N ) : _"
- @ . ' tunnel borlng machmne method Fundamental geologlc condit1ons o
1 N ‘ coh51dered are,.‘I.. :._‘f',‘”_';ﬂ7 .: _' ﬂlﬁ ' ;-‘ -
'.f R . . . , * N o N o - -, } L. |
X 7. eyt o s R " SRR S
: Rock Quality Designatlon (RQD) E \'_'. 'T':'f ;
" g -2, Rock Sgrength (RS) 1n pounds per square inch ,
i .o ’ | : - '
TRt (psi). ' .
f;i B 5. Groundwater Inflow (GI) . , ﬂffzf
3 ‘ Lo ¢ . RN
%:, There\are three ranges of RQD whlch may be ut111zed
}'; ’ l 1n a tunnel construction project 75 100 50 75 and 25—~ 50
- ‘ f G (510 These 1n tmrn employ two ranges of rock strength' j'
T 0= 30 , 000 p51 -and 30, 000-100 000 psi ‘Hence the logic of .
: s ; N .
) ! f 1" ‘l . . 4 ‘
~ g . s I V4
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“ ) section 1 follows 51x paths resultlng “in- 31$ modules as'f '
e shown in Figure 2 2 1 In each module the rock strength

. -, * . Lo h TTIe LA
. ° o i et by Sy g o PR,
a5 o e ARMATIYI A B T f{c’_‘.‘vh—:'ﬁﬁwﬁ?: % -:7'554».-,:(':."2.}{ ‘t' e
LA e A B e ARSI A K A, AR
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e e i At ot

. f,_ n‘u range is related to e1ther the: conventlonal or tunnel boring |
M KPR . . e

2 - ' machine method of excavation» A generallzed modhle is" ﬁ.f 'K

?t l : 1llustrated by Figure % 3 If the convent10na1 method is | P .
{{‘? ;[ e f ‘- used for tunnel cqpstruction then.either akhorseshoe basket- .
;- i”_iln-"‘x hamdle -or c1rcu1ar shape tunnel may result For 2 tunnel

'

EQF'E L 1; . borlng machlne the ShaZZ?ls c1rCu1ar. In any. event the next

'%‘,' Lo ‘portlon o% the module als’ w1th tunnel size, followed by ﬂj' I

, _;i; . determlnatlon of groundwater 1nflow.; . R R s
" 1“:, e -._‘,‘ . o . "_"’ )‘« .- * - - . ;':.‘ l.' .n
o f‘“i:..U The Q—GERT network fcn_sectlon l when subjectedfto AN k
i _-<". . R i .
, .

’
-
oy

L 'f o Q—GERTS yields\an excavation time The time distributions P

o L

R .

PR
DR

-

. v
?"‘
b Y
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necessary to accompllsh thls are assoc1ated w1th the ground~

r e .‘,‘.

Huff.i'r\“,‘ Water 1nflow branches of the, netw%rk Hence thls section has. '

PG

s *
T RIS ey -

. 2. L o \" eb' e ) -'"'\ T
. 96 t1me dlstrlbutlons., -‘._i o W\-5 i ‘3,.‘ '“:ﬂ’ . ~ul'gk‘ S
- _'.' o ) A\ -7 .. - P B . . 5 o A
Which brancﬁes are traversed during a: simulation run ,
N .\ . ; .
thru the sectlon depends on.the probabilitles attachedxto | ¢
e the branches. ':“f'““-iﬁf"'a S ﬁih” ':"4‘;f‘/ o e :
- . Lo, i < “ S L _\\. . . . o v"‘v M
Lol ' b T R , g o -
- -x " ’} 1 | o 'i,"!J} ;)
. o v i - ' T ", 1 ‘ ,‘ A
. : ! . L ' . i
b ' A - ) ) ! ¢
M ) o ’ i
e : s . » ;‘ ’ . . ‘
, g : . \ . o . . . -

. Refer to reference 51 Graphs used to derlve an ‘}
advance rate have' nearly all, thelr curvature in.the 0-30, 000 .
. psi range. Beyond 30,000 ‘psi, curves approach straight lines

,F:ﬁ:. Co parallel to the x-axis and have little effect in determinlng R
o T RS advance ‘rate. - . .o

D ' " " "' ;- ) ’ ‘_ ' ! . - v»" ! .- * ., -,

R 2There are 16 groundwater inflow branches in each . ‘
1 A (u.:.ui. module and there are 6 modules. Thus a total od 6-x 6 96 :
o U branches.u Lomr T
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:. - . ’ - -. . '. . R ~'~ ~ - 4': . g - ) -"’g“. .
S . /730,000~ 7. T b Lo ' T
: 100,000 psi | .- " - -l T | :
1 ., A = BRI B
3 . RQD e L
e o aeiee s \ ol 973000088t n e S
_— e ad - \J/ -30,000-- | - 1M3 N R R M8 Lo
. o '100,000psi |~ -~ . - RH”I .- L 1 ) T st
AR S i o7 Figure 2.2. Section 1 Logic.” " ... ”JC‘r
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.. The probabillties aesoblated-with the ‘branches are
N S s LT T e e T T
' entirely'controlled by the‘network user. For example .should
J o
the user be absolutely certaln that the R D ﬁanges between

-
~
a

N

-

75 and’ 100 and that the rock strength 1s deflnltely between.‘

gk Jagty LI
] " .

R

30, 000 and 100 , 000 p51, then the 75 100 branch has -an assoc-‘
1ated probablllty of 1. d L1kewxse for the 30 0?0 -100, 000

KA 'f psl.branch. Other branches having RQDs and roek'strengths

&

I BB o WA s” om0t Ll Syl h i s e T
T ; ' T ' .. o
B - . . s, kN . ) vl . .

'.'h#ve zero probability If on the other, hand the user does

'?I . " hot know the geolqu, or 1f he’ w1shes ta test the effect an
: ‘ | '; * time and cost estlmates of dlfferent types of geology h g:
B ~ Hi.A:"i.expects.to encounter he may attach correépondlng probagll;
;J I ':3; ',,ffties to th branches Fdr example if geology i§ pnknown

- ’. ;- then the" 7 _ngranch mlght have a probab111ty of .33 and
f . so would the 50-75 and 25-50 branches The branches g e

Z . o representlng the po$51b1e rock strength might each have a.
. . . ‘ >

.

. Lo probab111ty of .50, . S ._.' \_
5 . : . . . ]

/v

N , Wlthln each module the ‘same reasonlng would apply.

aFor example, a contractor m1ght know for certaln that the -
excavatlon method is conventional fhe shape horseshoe,m

the size w1th1n the 0-20:foot range. and the groundwater o -
:lnflow hlgh .Henceveaqh,of these.branches w1ll*haVe a

~ probabilit o:,i.o.ﬁ\; L
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" 9.122 TIME DISTRIBUTIONS

N AI. - .y .x' R : ‘
. : . . N - ‘o L
N . . . t - ' .
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PR _ ﬁn sectlon L the t1me distributidns are a35001ated ;ﬁ

Y
—
o
e el
- -
s p e armE ot v

z . y
% w1th the groundwater Inflow branches and re normal unless v . '%
oty * . B \ Y AT e
_f},‘: < . L 1 - 1;
%4 R otherw1se spec1f1ed. The ch01ce of normal 1s based on the‘ W 3
- -_‘, . ' - .3
" ' - fact that this distribution is, very common and where more Wy
g: . o u--' . e
=, % . e : accurate geologic 1nformat10n 1s not, availab e can be used Lo %
;’ ' ‘.k - 1 LS -‘ N “ :}g
LS T ‘ w1¢hout much regard for gross errors ‘in;. a su \able advance ST i
;.' - . . . ) D . > . . T \‘ . - e '.. d
R . . . . - . . v T, ° M - - . . Y N .t B
;“%.%rﬁ‘ ) . 4« - s . . L. ' ) . ' i ' . K ;'. U . \\.‘E

: f‘;,nku fg Accorﬂing to the Q GERTS doeumentat1on a nor?al : 'fL]j.“

Se N =,.;
e .o ' -
"5 ‘ distrtbution type 1S descrlbed by four parameters. These gl s
. ‘:‘.\. ; ' ;N v . . ! ‘ /‘ LT s
LR atei, | LT e
ML P ‘ R S I
’ 5 ' .‘ ! . . v t ° L) " IFETEN
R 5 . o b . R NS :
A = ;\ﬂd'Mean.value'np'_ : . PP S -
.‘. ;c; . . ; N . . . . 5, , -2 _“‘ ‘ . ) - I . ".
Wik L 2. Minimum value 3o P O N , g
Az ! * LN K ¢ f M Ty . e
.: . E: X . - '. . " . 2 ._\ :';'.:- .‘. ., ". 3 ., y' ,. 1 . . ' 1. . ¥
; S I Maximum value R A ;}d A :
e S e ' ‘fo', : et 'l a.'x'x,!', ‘”' ) .,’:'"’..::. T
[T ' 4_Standal‘d‘ devia.tipsl é ) te ..‘._\' Ty E -_‘_»‘.\, .. [ - B “
. PP Y B .‘ "*h' . L. :‘ $ .. ; . . '.‘." -El . ' \ B 3 3
. ‘;‘These values are reiated to excavation tlmes “ﬁithav th S
2 | - - - L N ?_ R ¥ ‘.‘_“ A et
- n L e
.| 'mBan value is the mean excavatlon tnne whlle the minlmum and GLosws
: Lol g - : - : cie
, oo 'i maximum values‘are the minimum“and max1mum excavatlon t mes.i-rh
Y ) \ ¥ : ' n\. :\.E. A1 . o L o N »y o 31‘ . ’ .
N TAssdciation . with the groundwater 1nflow branch s e
) comes about because ‘these. branches (nat:the activities hey, T
" epresent) ar %;he result of all ‘possible combinations Ok;;i-pxn\~;;{
wos . xcavation met d tunpel shape and size and groundwater ot

. P
nfflow - RECR . [ A v L. .’} ce e
A - Loy D . K : B O AT

2Although tme computer procedure described in th”sfﬁijﬁ:
report utilizes the'‘normal distribution if circumstance t "

-demand, other distributions may be used with a minimum of'f-sl:ig -8
change. Lo S : o , PR

LY tan
! ,’;-"\h .
a"»"n” [ty
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. The mean advance rates ane calculated using the .i o o

&f . Ceel
?, P "Nat1ona1 Teehnical Information Service publication entltled . ifi
;f. - A Computer Prograh For Est1mat1ng Costs of Hard Rock ’? ':7: RRETE
).x”> o .)". . ‘!‘ n ~ :“ " - ;‘ -
ﬁ“f LoE s Tunnellng (COHART) A ane-optalned-the rates,are then-. IR 3
:.-. . E ,‘."‘ .).,‘-..‘,: . ? ) ..' ." '_<,"‘ ‘.“
;~.n-:‘ - * \°convented to mean excavat1on times.? The mean advance rates -_f:'vg i
O e andwmean exchatlon times . for 1ul are illustrated in .;53}‘ lf ;';1,‘ .
ﬁ S Appendlx v ' ’. . S et L "'\; C ' \‘\‘ oo
' . - r- .- . ® . ? ‘ : .1 ’ ) :‘ . ._ N i ' .
} o ‘ 0 N ! .n \ x .
O . . ) o .-t ‘ ) N
R SR 1222 nmmum AND mxnmn EXCANATION TIMES -‘-f .
R ; R E The m1n1mum and max1mum excavation times are consid-.;
R '*: ered to 1ie equidistant ‘from the mean.‘:)3 Thus assumlng the %
; '.min1 um to approachkfgro as & lower limit tbe paximum.must ﬁ*;‘
. e X ' . ':-/\.‘. ceen ch .
o ’ - t b 3 7 s
& - B ® - ¥
: o % @ " Ve ¥ ;
2 . l 3 P : - "'. . °v12 L
< L See reference 51 S ‘~'~:L:\f~w L
o Pertinent graphs and férmulas as well as illustrative
fcalculations with resultant»mean advance rates and conver§1on
R ‘to mean excavation. times are contained in .the .backup report.
. éntitled,"Computer Program Doéumen tion for Q-GERTS Simulat-
[“bion of Hardrock Undersea Tunuelin ' » ? S }'7. .
' .'M“:‘~'ﬁ"' o 3This is in- keeping with the symmetry of the normal e
L e -.d1str1but10n, Changecmay be effected with a2 minimum of Q GERTS w
Ve c.data alteratign. o f L ST
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L s approach a valuq equal to thce the mean for an upper 11m1t R
S 1 ) Lo S
‘ T ‘ -°As a result t1me dlstributlons in sectlon ﬂ have zero, and © ..
: T, . ® . . L
A 2 x mean for mlnamum and maxxmum excavatlon tlmes respect< . ¢ o
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B LT e Ty e e N
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§. PR . . PP TR . e Rk ‘
L A A large standard dev1ation produces a low w1de : .
‘§57- - normal dlstrlbutlon which 1ndicates a great varia!kon of "
£° - Ch : 2
i N .
Yoo °excavat10n tames assooxated.math a groundwaaer 1aflow
F4N N . ." o L \ B . . R ..
%.—‘ N e . L e Lo e
e T ~-~branch in eithernmodule of sectlon 1 A smhll standard AT
.‘k:::».\. . ._‘-_ - . - N . ‘ ‘:; 1 . s '. . . ! o L .o ,
\§\; : . dev1ation produces a high rnarrow normal distribution
& ) i . o

.0'3

e J ' o Lote”

-,contractor has,\from ezperi nce oqbestimates developed his ;3M', ;_;

3" X
» a9 v,

fvown set of standard deviations for each groundwater 1nflow,

1t w111 be assumed that all these branches each have a éf:L;f(z:

standard deviation of l hour This is effected merely for

.
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, There ‘are. no statistics nodes 1nosection 1. TheA‘ﬁ
o number of releases and the number of releases to repeat us
> . ) . _ . e L.

one for all- nodes ; T

. 2. 123 S‘I‘ATISTICS NODES AND_ RELEASES T

ol U R Module\]{f’with complete Q-GERT notation“is’ contained

T ! : 'in}Appe_ ix ¢.1° S jh,f - af‘”;'a‘:.ﬁilL‘a-~’
% K o - .- A P o .l
-’:‘;, . X ' . ‘.. 4' s e . M ' o
N el . : - '.b ° 9 3 "J"‘
,\ . . .‘0 a + e . \/‘ ° 2 ¢ i - Ty ‘.
iz 3 , ) ' o ) ) - . X K '_/,_ - § - | u:, c 02
§ ... . 7'2.2 MUCK REMOVAL (SECTION 2)° .7~ & y.° 0 =)
. ’ —_ — : — B A DO . .
?i: o n‘--‘ - * .t te . - 7 e T ol ’..0' .' . ‘. " ‘. .. ..- . 'vu‘.. . A T
?;,:'.. . \f\“ . o ‘x: . P . . ." Q-: : . S y ot -.“v St " 5 ; - 0.
ﬁ%‘- ' o '?1: o H"Fhe fundamental operations of ‘section, 2 are the-“' .
;‘i“:‘ -.’\ e A o - ’ ‘ ! " '! )
e . production of muck and dts. subsequent loading and removal ff o
Co r;i‘ (transportataon) Th€~£)ndamental operatlons of sectaons 3 .
":'\ ! - e s . !
Y e to 7 1nvolve the transportation and placing of tunnel ,"fVAD ol 7

support pumping equipment grout tunnel lining and ."°jhea‘}

ventilation equipment Thus a11 aspects of tunneling reduce é B
PR to transporta. %n and material loading (section 2) or A ("}
s 4l:‘nﬁ material and e uipment placing :': :a g?- y.'*7 ;:

’

Because of" the number and types of devices used in
transportation and placing (placing system) in e&ch sectlon,

no.one selection is 1ncorporated into the Q-GERT network

e
1] k, . T ’ .
A [ Lo . °
[ERCEEN . -
\

.

g R . ,1 n o . R e

£ w0 Igstead flexibility 1s malntained to: allow greater user

}‘ ! ' v l e

g - influence0 This is partlﬁ reflected thru the concept of .

. R b TR . . k . o s A PN
Modules 1M2 1M3 1H4 IM5 and 1M6 are found: in the{} “

L

backup report, "Computer Program Documentation for Q-GERTS

 Femie

Tf‘:. e identical in structure. and perform a similar function. <

le . i v

o .. Simulation of. Hardrock- Undersea Tunneling.”" These modules are 1‘“:

»
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o levels 1nt1’oduced ;Ln sectlon f '
. o i o e AU o .
. 5 . Mucﬁ remova.i :mvolves elght transportation levels
o . . 9 a . s . 150 . v
- T 2 St »
A ;and six system levels. The&e apply to a type of transport— .,

O’c

‘ . type of loading system as serected'for simula.t~
R R o : S,
;"Vf ih\f’ 1on by the pr_gram user. i e o LI
C T, f‘.. (R N s .
N . s o r,a_:-_a -e :; i . ;. /;‘: - '\
% IR @in TRANSPORTATION LEVEL - o .
i, ' s a ) ;ﬂ W “5 . o ~ 7 % .
;_::~( v il . ,\“' e L.l .
, s Co * ,.,w The flrst aspect of transportation level involves B
_: : . e \ cap'lcity oanda' may ‘be intrdduced by considering a.n example. L
{‘;r_.' . o .’ *. o L (
dir IR .Supposéﬂ a tuhneling contpactor has decided to use trucks
e : ° ot 4 e
% . w1th a 10 cubig yarld capacity as a type of transportation in
.8 ‘P o
a : ¢
the remova.l bf muck 1 Each time a truck is’loaded the .
amqpnt of muck it contalns w111 not consistently be 10 cubic".
yards.tﬁoad 31z€ w1}i var§ perhaps due to the loading R '51

metl\od used tht expérlence of the loader pperator or the o
tYPQ‘*’ of muck bemg nemov.ed or: some combination' of these ‘ l'v'-."";.,.

factox:s Varoiation 1n load size might also occur due to T -

K
a " \' ‘

transportgttion conglitmns inside the tunnel If thei travel— 1

gradient resistance the o

XA
\ oa o

capacm:y On the other hn.nd if the traveling sprface is not o

truck may be 1oaded to its rated

fevel and has protruding rocks that make 1t difficult to ‘
’drive. over,,. then the ca“pacity of a truck may in effect be ’ e
‘ ° ’aﬂ~ N o - . , Lg! A".
a 0 e . . ey )
. o 1Type of tz:ansporta;ti_on"‘and tx"anSport type:arei\'uSediﬂ; -
: 1nterchangeab1y. T B
tavoe ' ' ' PR
o Y o , L " ; ; \ .
3 ; \ P - A . '.

LWVt b aony g T TN L e o

1ng surd’ade is smootﬁ“and level- offering a . low rollmg and v’ ',"
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,‘gff'vf,“:_ reduced in order that dr1v1ng condltions be negotlated Th1s

" 1s equ1va1ent -to: uslng a smallen capac1ty truck Such a 'f.wl‘ .d

Al E N

‘ ¢

restrlctlon would not necessarily be 1n force for the entlre ’
\ ' .(
tunnel length and it will not be appllcable over the total ? "

J ”f o _'{ duratlon - 1f it were sele::jon of a dlfferent means of

-
ot e N
SR AR

- . transport W0u1d be.id orde' but only for certaln portlons.-
'S . R A L. ) -
TR - ce
- % AT These changes in the truck's dapaclty produce
é_‘ T ‘. e T ' ; e
A ‘ . ;Several transpprt capacit& levels or TC levels. The levels ! .
AN SN . 3
e ' . . .-!.‘
S g . and»associated occurrence probabilitles are, declded by the
TR e . C i n g § .
noo TR program user. Poss1ble TC levels for a truck may be as; Y 3( AT
SRS S a ey T A - , Ta Ty
a v “rafollows;,?"m SRR a:'ﬂ"-"ﬂ, ‘,[3.:'f““°; R I
-3 L T B e eyt
PR v , 14 W , , - . ‘: . o e 1
T . ) ‘:.nm. . e . . oo - '1 ’ ."' A 3 ;‘.' ', _., . R .
BT . ¥ .+ ‘Leveld o Capac€ity (¢u. yds.) .xg.“Probability;-3NZH3(=,
..“ z;.-,. ¥ ) ‘ ,\' ) H . " . N Lo . L. . -~_~' ',.."'sl \" AR o .'."

' o 11 : %06 Lk
S k B . B P o -"'..01" R
,?\L ‘ ‘1 o to ‘ - a 5
SR ‘ ST 1.00 T
' 11 ; ;' The 1dea of TC level applies only to sections 2, 4’

: -;ﬂ .fo. .and 7;.Sect10n 2 allows for five TC levels since 1t is felt A iﬁ,fzi ;
g . o ‘~;ithat at the nfuck loading stage in undersea tunnel construct-' ' .
.j' L lfxition loading and transportation problems COuld conceivably C,f; .“;i
%; RV ?"?nxproduce more capacity variation in any transport type than f :1:'
%} , If?.at the installation of'pumping (section 4) and ventilation ; ,
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1 truck but also traln and conveyor1

-\area of tunnel.

. f . , ; . . L . . P
- . R [ .o g N .o A
. . . I s . .
’ . LA
v e - ¢ . .
-
s
f

T S LR R .
" . M [ . 1 . 1 "..‘ . . . . .
] X ' ) ; L

(sectiog 7) equlpment stages 31nce pleces of equzpment can
be easil& counted providlng some degree of precision:in:
'load1ng a transport dev1ce to 1ts rated capac1ty, and‘since
by the time ventilatlon equlpment 1s to be installed, the'A‘

travellng suriace is usually in better condltlon than at

L o . . " 41\

muck removal, Sections 4. and 7 have three TC leVels : s

It shou]d be noted - that TC levels apply. not only to Tt

transportatlon.

The second aspect of transportatlon level concerns

L

-area and 1s applled to sectlons 3, 5 and 6. Agaln an example

'may prove helpful Condlder sectlon 3 - tunnel support If"

~

'trucks are belng used to carry rock bolts to the boIt placing

f

. machlnes and-Job and management conditlons are good then ‘a S

. xruck may carry enough rock bolts to seyvice a 900 sq ft

'

" If geology changes and/or job and management

"condltlons alter, then a range of transport serviCe ‘areas

or TA-levels develop The levels and. associated probablllties

are chosen by the program user P0851b1e TA levels for’ truck

transportat1on might be as follows

L
- - . . . . . . . o
B . . i) '

B

Area Serviéed(sq. ft.) ' Probability,

. ' - i i
-1 . . . [ L%,

2 ' . . se0. - ... .05,
; 3 . L. '_]‘v- “\. “_ ."90.0“ . ,‘:. T (,.'.J.: . . '.80
4 w2000 .09

'

: 1For conveyor the TC level is based on & length of R
conveyor equal to the tunnel working length Lo _ '

'-\
N

Ed .
. M .
s L R T .
* v 9 . .
CE oA 0 R . LY vl FERTRI LA ARH
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‘Level - Area Service(sq. ft.)  Probability . .-

e

5 .. 1800 - . .01

. Y, ‘
All methods of support in section 3 have f1ve levels..

" Sections S, and 6 have three TA levels w1th each method of

Sectlon 6 exhlbltlng the three levels TA levels also apply ‘

to traln transportatloh i
The thlrd aspect of transportatlon level rests ‘with’

N

the number of transportatlon un1ts 1nvolmed in any haulage

w1th1n the tunnellng system Perhaps in31de tunnel operating

condltlons at one p01nt allow four trucks to partlclpate 1n 2

materrals transportatlon whereas at another p01nt ten trucks

may be'utiIEZed. Consequentiy a variation .in the number ‘of

'tranSportation units results, a variation which may be
.categorized via levels, in this case transportatlon un1t

vlevels or TU'levels. SectionS'z to 7 of the tunneling system

.

‘have three TU levels applicable not only to truck but also

-

S

‘train and conveyor. S o "f 2"

v

The iourth and f1na1 aspect of transportatlon 1eve1

AY

"concerns the time at whlch the information 1nherent 1n the

levels is entered into actual tunnel constructlon simulatlon '

and whether or not thls informatlon is updated as 31mu1a{10n

proceeds the length of the tunnel.

A\ . L ' '.'l . .
Firstly; all transportation- levels for a single

transportation type and a single .method of‘:support andx'

\‘. | ‘. .. . . ‘ ) l"'.

o ot b et
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.:‘;control can be extended over the TA 1evels is indirectly ’

”":asspciating with it a_probabiltiy of-l;O.‘

! 49

1]

:lining are entered and used in simulation at the very o

loutset L _fV -2','.; : ﬂv» ‘{f

~ . . . . oo Tt o
coyl T . + . o . "\..

Secondly, as 51mu1at10n is carried down the length

.of tunnel only Yhe TC levels for truck and train associated‘”"
"jwith sect1ons 4 and 7 can be altered by hav1ng new values "

. '”for carrying cnpa01t1es entered The only way any amount of

'e'aby varying the fraction of tunnel circumference requinlng

-:support grout and lining is the simulation proceeds TU -

I i P

'levels do not change either directly or 1ndirectly from thei"

Values entered,at the start of simulatlon, likew1se for

. ,occurrence probablllties ',- . L -,-m' L

Thirdly. the only definlte way apart from the TC

.level to pass geological transportlng surface conditibn

a .

"7‘ to the actual simulation is immediataﬂy at 1ts start and

I by a judic1ous cholce,of level ﬁaaues and probab111ties.i*'

-

; o Any user w1shing to negate this multilevel structure ' ;

‘may do . so by selecting one TC, TA and TU level and

oy

1411 transportation levels for all transportation

" types in all sections: is originally prepared and. stored One :

transport type and one method is selected only

oy e -

:U . and loading variatlons as they- .affect transportation levels-*1

L
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©2.22 SYSTEM LEVEL - .~ . = .o %

.Suppose a tunnel contractor is. u51hg a muek loading

;system composed of flve front—end loaders. If space 11mitat—

.

c ‘; ions within the tunpel permit then all f1ve loaders may be

¥ ) - 1n operatlon slmultaneously Should proper space not be
{%j : o : ‘ava1labl or. mechanlcal d1ff10u1t1es ar1se, the number of
}%V A 'active 1 aders w111 decrease. Also a change in TC level may
;if“ . - produce .correspond1ng.change‘1n loaders needed to fulf11 ¢~;f'”
& L . 'the.loading task. Hence'there.is'ihherent.in loading a Y
A;L' . " AN A\ .',"' s i L.
Cne variatiOr with respect to the number of loaders ‘Such var-
e - PR . | . -
,ﬁ, o A 1ation results 1n p0581b1e system levels or S levels. v
{2; e .‘ R :The-loadlng,system.may not only be.composed of ai_-~i~
N . : e S "
;@ R . ' single loadiﬁg devide-but veral . For -example the:system .
'ﬁ:- i ) may contiain two-front-egﬂ loaders and one conveyor 1oader. ,
g . ; i )% 4
2 S ~If"such Were'the case the total number of loaders at any,
ki level would result from X front-end loaders and y conveyors. d‘L
‘ Thus the particular structure of s levels is left entlrely »
. .- Ly ) R
) to the person using the program. L But whatever the structure
- the 51mu1at10n hser must keep lt in m1nd when time and: o ' v
probabllity.values for system.levels are actually prepared i
. for input .to the tunneling simulation;'likewise for .trans-
bWl L o o . .
Ve S I SRR N o : i
kY oL \ T : :
<. ¥ R o : 1No effort has been made to deﬁ1ne dlfferent capacity \
3 Ievels for loading|devices since the ultimate effect (intro-
: ductlon of a measure of’real life- var1at10n) is adequately
. achieved (for purposes of tunneling simulation herein .
koo . described) thru the capacity 1evels of transport devices and o
3 ] T - loading system 1evels. ;o / o . \ . . - S
3_ . S :,u. L e 'l\\x N ;.-~-.',ry y 3.,, _
B ‘-\ s Lé .
| . L

cal
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e '..1-\ 7o ) aaih ) :;_Mv-w - . I; .. ' . . ‘A. . .: -:.‘ s
,,,,,, ,_ TR RN R SRS
portation levels : ," [ o T AR S
.. O “‘ ) . . \r.l"*“ . .'"'. .'.'-. .
. ; Section .2 has 51x S, levels whereas th‘e‘ subsequent S e
. sections ha.ve only thr Also, these subsequent sections i B BN
have their S levels re errlng to placing dev1cles1 and not{ 3
loading dev1ces as 1n ectlon 2 The number of levels have . i
'~been decided relative tb system complexity a.ssocia.ted w1tﬁ SR
'.each aspect of the tu neling process .‘ S
System level are entered and used in simulation at
N T xS l
¢ ;the outset and canno, ohange either directly or 1ndirect1y
as tunnel construct 'n is. smulated leerse for occurrence L
‘.-‘probat&ilities As w th the TU level 1oad1ng and placing
variations are'pass d to the simulation routine only by, a~
' wise ch01ce oi‘ S 1q el values and occurrence probabilities.
‘ This multllgvel structlire as w1th transport type
t. el
" may  be negated‘ by u51ng one S level and giv:.ng itl a. probab—. o
111ty of 1 0. N . -"‘ :'
" ] I'J{,‘-‘.x . , } _: ‘JI
T 2.238TRUCTURE- - @~ L 17 - n T e
T The Q-GER’I‘ network for section 2 cons1sts of five
- odules representing the logic involved i’n combining muck i .
transport type and loading system It 1s shown in Flgure 2 4
Y o . . . ,
KN
») . ‘
1A placing device may be a machine, severa‘l machines, ‘
- ‘a. work crew or several work crews used in the installation. of o
.. tunnel. support, tunnel lining, pumping equipment grout and
ventilntion equipment. :
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v : 2.231 MODULE 2M1

L SRR S : T e
' - This. module has .the mechanism to select a transport
2

'capacity level for assoc1at°mn w:Lth a ‘transport type in

brder that muck be’ removed from the tunnel face, and also

G o o the- mechanism. to generate a def1n1te muck queue Flgure 2.5 .

ST 111ustrates the Q-GERT netWOrk for module 2M1.
W S e e | The muck queue 1s deflned as the number of . Whole . g

loads of muck contalned in a length of tunnel equal to the

P

G
P -

‘h , ‘wtrkmg length Thus tﬁ’e queue is sub_]ect to worklng length
- % transport type, transport capa01ty level tunnel s:.ze and .
; 53 o tunnel shape.: TheseI factors ‘are combined outs:Lde the Q- GERT
7’ toe ‘
’,: ~.network to establish a def1nite queue In doing. so no
: ia ’allowance 1s made . for probable tunnel collav.pse1 which‘ would
'., 32 _ produce 1nstantaneous queues not result1ngﬂ from .an\y excavat—

ion via sec'tlon 1. The procedure for obtaining a queue

A
relative »to_the above factors is l‘ound in Append1x D. It is
repeated for different factor values and the results_ filed

. . H . .
for ‘use. when the Q-‘-GYJ’RT_ network is 'simulated. Select.ion{

values from the f11e is achleved out51de the network nd o

. 'then plugged into module 2M1 at- the i}ppro‘prlete location
during netw'ork simul-'ation. "Edeh simulation of 'theAmodule may

T

produce d1fferent muck queue values but in any event t:le

LT A

> "'Q—-GERT network is flxed values attached to nodes and

v’ . -

-y
" -

e

.
[ ~ ° . . .o 1

d . ' , Tunnel collapse is considered the exception rather
Y. . © . . than the rule in undersea. hardrock tunneling
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?1 w7 and number of releases to repeat)% The.generated loads of.xhe
‘”'“ queue pass’ to’ module 2112 Onde the queue s1ze has been‘ '+. .
P ' ':_ o i-" o, : ¢ '
R _ reached (act1v1ty-80 207 has ueenlgsléased X tlmes) network
. R Ioglc cauges node 278 to .be reallzed whlch 1n1t1ates the -”;;
C removal of the queue geneqijor (node 80) end subsequent o .-
: replacement1 by node 278. Such replacement cnrtalls the Y‘f .
i P oduction of muck Slmulated removnl is accompllshed via. .. 307 S
H ] i : e ., ﬂ ‘y A , b O -..‘ ' e '?df >
. <;. .. the otheg modules d$ sectlon 2 2 The reasoning 1s 51m11ar :“ﬂfgfsf;v~.”
ce ..~ _<hpd some otﬁer branch _from node 201"been choseu A11 .'ig A
¢ cos - T o ‘s \ P, ' ‘\ -t : . a7 .
X N . . RPN v 1 . <, :.
oo , brahohes haveizero,tlme. . BT Tk
- . N . - s - . N ~ . A " 1
R : N .' . ‘ Y . "?\’-‘ L .
: v Sy . o ) :
% 2 ';.~ BN - K °'~: . ;,' * :
l o ) . ‘ﬂ x‘lﬁ . - ) 5
. ' . N . . “( ﬁd“‘ L'
.‘ A d < : v [} N
L ' ' This replacement hodlfles the network loglc. Modul- :
es’ hav1ng such modification are modification modules. S
, 5 B PR 2
: 2The muck removed by*simulation is equ1valent to .- . L v
. physical removal. in the'real-life’ situation. S IS,
- ' e R o . e
- . K O g o . X . . . R o, Lot
‘ . # " LA S v * . PO ,
' 1 ] - v ¢ Y ' N i ;
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d -, NN " [ \ ] . N
[ i R ! ‘ , : 2 ‘ .
- . .‘5;-_?‘ P ; ’ . . 56 . P ‘ [N
: : +'2.232 MODULE @M2 . A \ SO
' N ‘:{ 'H"' ’. .I':"‘-‘ . ").. - R . 1 _~l-‘°
‘ The first run thru thJS module (first load of muck - 10
» - from muck queue generator 1n 2Ml) causes seléctton of' ’ . %“
e, ‘loader system level from the six available. See Fig\yxre 2 6 J. ( 7
s [N " 'and Figure 2. “4 ThlS initiates the replacement mechanismy TosT W
: that the c,hosen system level is held for all subsequent R :,':’ ‘
'f‘,‘ ° JL . ' ;o2 . ',=f
ﬁ , runs. Activ1ties l2 to ‘17 lead to the various 1evels as R LS
" ) ; L ta ) gg.:g—é::.
;‘%; o represented 1n modules 2M§ and 2M5. The branches in thls setR Ty,
f-’;i,_-:- N LA § , ' - - 'u - T ;1 ) ’ * ®
E o "‘module have zero time. Lot K ,' -“’»}'i- R 3
5 S5l d : ' RN !
;g::’,, ) e
N i
T e
: n‘-'-“ "‘C :.' B '
if:' N (“ o
) o 1 'Po determine the number of transport units (TU o
. ;"',' leveI) to entei; 1}1to the muck‘\koading operation. : .
7 Lo X 2 'I‘o determine the hauling, dumping and return times \
, o associated with‘ ach transport unit a.t theq .
e selected transp ) p capacity level e S ‘
2 ) The Q-GERT network\ for modul‘e 21‘13 is shown 1n Figure 2 7 SR /
; : Sty ¥: Following rrom module 2M1 assume transport 1eve1 1 ;
A i D ) ¢ PR - ’ ! ' .
% N .
g . has beeu \selected This,‘bfrings the module lbgic to node 282
N At this polni’ both branches’ emanating from’ ngde 2az.are. ;.;'1 ';,’-' ‘,
5 T traversed Thew branch or’ activitg 282 287 determi.nes hauling" .
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'I‘and 2M5. is brought thru module 2M3 preGenting another

a

VP S . ] ' e

rETAme foakat o TRl £ A e S . M
: ey . AT i S R . e ————

R ' ’.. y - o : o L
A 59
time at'level;l while branch'282—25-hns zero time.hOnceAZSZ— Lot

PR

) { 287 hds been'releésed-and node 287 realized, thexlogic'of

o .
\ mod%ﬂe -2M1 is altefgg by a replacement of node 201 with node

282 This assures that subsequent looping - from.modules 2M4
‘o

selectlon of transport 1eve1 before another simulation of-

section 2 is 1n1tiated Reaiization of node 25 is- achieved

only ther "X releases of 282 25 The value X correSponds
l‘

. w1th X.1in node 207 of module 2M1 and assures that node 25

will only be " reallzed (and consequently simulation loglcf

carrled to sectlon 3 via 25-280 and act1v1ty 158) after a11

.

»

A

»

loads in the muck queue "have been hauled away and dumped

With the realization of node 287 the dumping t1me LT
at transport level 1 may be determ1ned and node 227 reallzed
At thls,poi t one of three branches representing transport
unit -levels ils selected and the number of transport unlts at
that level are entered into the simulatlon via the un1t

generator at node 85 86 or- 87. Assume TU level dep1cted by

_ act;vity 227-932 is chosen When this activity is released

once, node 232 is realized and act1v1ty 232 85 . is traversed
with the transport,hnijureturn time béing determlned ot
course with the reallzation of node 232, modificatlon is
brought to bear and any further looping thru module 2M3

13

durlng a s1mulation run will always follow the TU level »

o

Jjust seleoted. The ‘mechanics oflthe unit generator is similar '

to that'of theoqueue generator dealt with earlier. The units: - .-

generated arrive at one of .the sﬁstem levels in modules 2M4
: . . . : ¢
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: or 2M5 via network’modification as 111ustrated in Figure
2 4 After generation is finished network logic moves to

ot

node 290 then back to module 2M4 or 2M5

. WIth the reallzation of node 280 (statistics R

s

L™

'of act1v1ty 158, 10gic proceeds to the: next section and

1

and node 290 is replaced by node 277 to terminate simulatlon

f-of section 2. , o
. ) S~ - < .
fhe reasoning presented here may apply to.any TU'

; _level An any transport level.,

s

Activities 1n module 2M3 having associated time

”‘distributlons are 1nd1cated in Figure 2 7 by th' d and -

r-. R

' -

4

2.234 MODULES 2M4 AND 2M5

: o . : core

| ' . . S | . '
—. . Modules 2M4 and 2M5 contain 'six 1evels of a muck. ¢ -

I

: loadlng system associated w1th section 2 They each have :
‘muck queues (determined in module 2M1), transportation type'
queues (determined in module 2M3) and loader queues (deter-
mined outside the netwgrk) The functidh of both modules '
is_to assemble loads of muck transport unlt and loader,
\system to simulate the muck loading operation. The networks

- for these modules are illustrated in Figures 2.8 and 2.9.

. \

" The temporary resting~time of the loader system after

completion ‘of a loading operation is represented by tlag

[}

. collected on the time of first realization) and the release .

he‘.P'
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To understand the’ logic of modules 2M4 and‘ZMS

assume system level 1- has been selected there are 10 loads

-
of muck to be removed (0 in node 247 has been replaced by

0 ‘_.- S '. &0). there are - ‘2 loaders in level 1 (h replaced by 2 in node
' 248), and there are 3 transport units (0 in node 256 replaced
by 3). Node 253 then combines via the functions of O—GEPTS
l]load of muck, 1 loader and ‘1 transport unit. Hence each

\J . ' _' 7 .
L queue in system level 1 is reduced by l. If no, loader or: .

-

transport unit is availaﬁle, the aoading system remains idle, L

When the muck queue is empty, combination v1a ‘the S-node
\ .

ceases and simulation halts;

~ 2.235 SUBSTITUTION

Sup ose the Operation of section 2 were simulatedr
o . L L |- o , L :
using trucks ‘as the type of transport. Then all Q-GERTS data

re]ated to transport type would involve’ trucks *To accommo-
‘._‘:‘ .date a change to some other transport type, either train or _
| conVeyor would necessitate different Q-GERTS data involving
'f; ‘u:f ‘muck queues (the levels for train and conveyor w111 repre- .

s sent different capa01ties for muck), branch probabilities

Vs
{
TU leVels distribution parameters and perhaps distribution - ¢

type No network_alteration would be required Hence a’

,
- -+

sim lation program capable of channeling the necessary -
: _ 4 , \ :

twork values into‘QiGEhTS, at user command, should expand.
. . . v ’ .
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modeling. *apabilities Thus section 2 might represent n;“

truck'loaiing,\train loading or conveyor loading, depending,

on contractor wishes

As a result of thlS data selection or substitution

»

files are maintained which store all relevant 1nformation

$2.24.TI

.-:ious i

0
.

./;

!
N
o
1
t

pertaini_g to the use of section 2 for, either truck/'train

i)

ME DISTREBUTIONS **

s .. R
! :

section 1 are con51dered normal This has been

.

assumed since for tunnel construction 31mu1ation purposes,

. loading. hauling, service, lag, return, dump and exit times~

can be regarded as normally distributed and not greatly

- '7

" affect the simulation results However other distributions
M . , - .
may be employed if conditions warrant 1t

Distribution parameters are decided by the simulat—j
ion user in accordance with knowledge and experience
2.3 TUNNEL SUPPORT kSECTION 3) - ' '
" : . , -

[ T '
.o . L
. . i .

N

64

Bime distributions in section 2, as "wit'h:di'stribut-".'

P
g LR 5l i SV K A e e R D ML SN

.

This section pf'the tunheling system ‘is reoresehted .
. . . . . e . .
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tion of a trapsport . .

capacity level TU level and system level to supply and

' ar

1nsta11 proper tunnel support._Three types of support are

Y
3

. ) ‘ R '-z.'.' L . '/\'
" S 1, Rock bolts
- 2. Blocking and lagging

3 Steel sets'

P T

."associated w1th thlS section. Tney are; ff'f. »,“ .”wi‘

a . '
" B
t
. . .
[4
7 -
- 1
e A . . .
! . . Vo
D 4 ~
i B 4

psfl_ In general a11 that has been prev1OUS1y said

-

Y]

‘numberrof'releases.and number in

2 also applies to section 3 and

Numbers may change but the ba51c

about probabilities time distributions statistics nodes ‘“'UJ-:

queue-as applied'to sectionf

a11 remaining sections.iﬁ-

[y

LN

idea’ remains the same. L
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“lsupport operations The Q-GERT network for section 3 1s

., , i . . [ L . “..H )‘, . .— ..
illustrated by tigure 2.10. © S e ;"Q;? R
© 2,811 MODULE 3M1 07 e Tt i
P N | X . . ‘.'- A" ,,Ajr ”:— . FR B [ R
5 d Thls module selects a transport capacity level for fﬁip_ ’
v ‘ [ [
association with a transport type to provide trahsportation ......
: ’ . I ‘- . : . ' ' ‘}‘ '
y 4 ' :
f ‘ L , 2 , \

Section 3 utilizes four modules to depict pas;c L
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b , o o,
1 l%f,: ‘ of tunnel support meteruals to the tunnel fecef It also .
- ﬂ]: - [ generates a queue of loads. The module is 111ustrateﬁ by .- 5,
R oM Figure'2.11. -, ' Lo T 4 :
.E 0.3.*;‘;.‘ 3 . ° Va .- - ‘. [ M
Y ] M PN ’
v G . 2.3111 LOAD. QUEUE- .. - - . . .. . - ‘ S
§‘ ' - The load queue in section 3 1s deflned as the number
S _,-' of whole loads of support material (devices) required over
w}'~"-‘u.?f2. tbe working length of - tunnel It is not only dependent on s
| "transport capacity level but also area'of tunnel requ1r1ng
. - ) .
S support bhat area being contalned w1thin the working o
) 5':pf“"llength Arriv1ng at an area might be similar to the following o
T "'ﬁcalculat1on, . Cee T j'” S s
' 'f Exanple; , o f_: R o , O
) s [ . I . ’ A. ‘v ‘ ‘ '
o Ce Tunnel shape = c1rcu1aro -
IEEAR »Tunnel'éize = 20 feet diameter (characgerlstic
- ~"".~ ‘. dimeénsion) - B R
¥ . : § ' Working length ' 100 feet' .. " )
‘f. S Fraction of ‘tunnel cifcumference requirlng rock
. R bolts RGE . RN .
3 S et T Aroa to be rock bolted . N Lo
2% A A N - x.circumferencecx,wdrking'Iength" ' .
» . .- ' N “. .o .; .. . '.‘ .
L ¥ , . p : "
M ’ ) ‘,‘wlr :, — - 1 ) B ' © L ! ’
i b _ e For 111ustration, the ‘method of support is consid- \
%“ A : N ered to be rock bolts, and- the fraction ? 5. "
[ ‘ * C“; ‘
| . oo | |




~,To Level |

* 120

W

N B
Q S = —t O -
R —~~\l |{®/Queue Gen- . |

1\
\

" To Level 2

«
O,

L 1=0 .

g @

t=0 -

By
:goa :

) t=0 > "}.1 ':V

,—-’\]_/daeue Gen- - [ .

\

Ei

‘ _ﬁT_o Level 3.

-

L=
o

W
o

B

‘

=0 o
120 _~ ~
: =0

120

&

/’Q]/Queue Gen [

!
\

1

" To Level 4

4

I
o

t=0

1

A

X\
@y \304/

\

\

™ /Queue Gen

. .
Te
.
R
\
‘/

-

W
o

t=0 -

e e
R '_"""'T- "'_T" '"“f"\

i E

NOTE X IN NODES IDIDICATE

VALUE VARIES

v

Y

Queue- Gen-

mo—_\

B Y
o -
Wi

I 3 §
\
\
) A

- »

g9 .

3

e T T A ARG TR -

Yrey',
e

Ll TPROEPRREN 72 ALY BIR TV PILE NRPNE DT S

IRAT VLS




. ) - 4
° [ l ) K (AN
T ' v, . H b
. et B ‘L .. . . . )
. . - . . - . S , . b - B LA
. . . . . e - e ¥ . E - . PR I
[PRTPAN e . B . Ln R . <O
N R TR T S v rer e T AT AP e ety ey s d o : e ) . f % b S s -4
. . . t anid - . - - mm e B N
. R . . L N ; '
. ’ N . J . 2 . .
P
< N . . 2 . . . e -
« . v R )
. . - : f » : -
> ' 3 - .o
hd \ apt
¢ ©, 3 s, ol
- \ - fL .2 P
. N N .3
- “ B ] . Y
IO -4 . 3 {
e, N .

L L . .4.5x20x 31416x 190 v e, s o L

o ) SR Co 3141 6 sq ft ST e K T
. e ) o e, P : R e
. N L L ) PR Y . .n q,"‘ T a A R _,t “ PR )
. Having thus found an area1 and assumlng that the - transport ‘ ‘i”_
type' 1s operating at a,level g1v1ng it a capacity of l ton .f"r‘ =y

/-.ﬁ".j K . Lt
T and that l ton of rock bolts services an area of 100 sq ft e

.. E
L0 . -t " ’T - ;
. e . i

. (in eIfect area serviced by .the transport ¢ype), then a load PR £
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30 loﬁds of rock bolts relative to, the TC level of transport o CoLe

f } " N l:»ilﬁ type This queue ofnloads 1s different from the muck Queue ' {;’
‘ ' B in section 2 The muck queue represents a qu u ofﬁ oads tq-lé'itgxh
- be removed from the tunnelT the load queue represents a Y?-:':f’fi.l
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the Q ~GERT network for;varlous values of" the £actors . * RN . -
.%nvolved and the results filed Before the Q GERT network is " t\?. je
. . B
- simulated, @ selectlon of load queue values « from the flle - e
S B T . :
. r}: E for the five transport levels, relative to specific data! E
L : . e R : : B
is accompllshed out51de'the netwqu This is 31m11ar to %he 'S
R muck queue selection bf sectlon 2, The retrieved values are. S S
R theg substltuted 1nto section 3 at the correct location . -
Thls ‘substitution process ip eﬁténded to probabilities, TU 1 T )
bS SUDS! X ) @ :
.-k . Ad . N . - A >y -
' leveis,‘and distr{Pution-parmneters similar to that, . .1
Yoo aeser{bee in sectioh 2. °"; : MI'.'J: o oo .
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" 2.312 MODULE:; 3M2 vt o SR o
' ) ° u o N i ' - - S ’ c - s . .._.'\.
s ‘ B [ , % o . . oo . “.A . -t [ B -_'
R f', The first run thru module 3M2 selects,a p]ucing - .
kY system from the three available See Figure 2 10 and Figure . )
* - - . -
92, 12 The flrst run initidtes the replacement mechpnism s0 .
. - Bthabﬂthe(chosen°system‘leve]-1§ heid‘for all*subsequent, oy o 4 f
X ‘ R . i e . . » . L e Y nh- . st v
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}, A This module has.two ‘basic functions. They are; ; v
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. ’11. To determine the number of transport units (TU .
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" *~2.4 PUMPING (SECTION 4) . . T

2. To determine the exit, load.and return times .. -
associated with each' transport unit at the

seleoted_tranSport capacity level.’
Y . ’ \. ' ' .

‘JThe Q-GERT network ior"mogule 3M3 is shown by:Figure 2.13,
' .Tne:functionalmlogic of module 3M3 is similar to
'thaf descri%ed for module ZM? in sgciion 2, with nauling,and B
dumping times~;ep1aced'by'exit and lpsd times‘resbectively.

. ‘Z. ) . 3

2.314 MODULE 3Ma . ' .
A e B

o . . <! o Yl . . " . f
L . . n d

Module 3M4 contains three levels of'a'subport
-

nlac1ng system (for rock bolts, blocking and laggingio\

steel sets) nssociated with section 3. It has a load queue'
(determined by module 3M1), a transportation type queue --’,,:

Kdeterminéd in module 3M3) and placing system queues (detera

.

mined outsxde the network) *The function of the module isflf

¢ 3

»to assemble loads of support material transport unit and , .
p?acing system to simulate the ‘nnel support operation

. Tbe network for this module is illustrated by Figure 2.14.

4 \
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This section presents\tggxnetfork logic for supplying o

the tunneling system with water pumping equipment and a
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dev1ce to 1nsta11 the equipment.% The ﬂransport ﬁypes are

truck -and train only[
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2.41 STRYCTURE . . . P
5 . . -' . ' . . " g , . ',,

P . ’ ' N . Lt .',. . . N .‘
N Section 4 utilizes four modules to describe the basic

-

.

. operations of pumping The Q-GERT network for section 4 is

L

fllustrated in FlgUle 2. 15 Modules 4M1 - 4M2, 4M3'and 4M4

—-—

nre 1llustrnted by Figures 2. 16 2. 17 2. 18 and 2, 19

' respectively

N
The functional logic "and network mechanlsm fon these

\

modules is similar to thut described by section~2 structure,

‘the only differences being in the number of system levels

(3 levels), und the replacement of hauling and dumping

'times (section 2) by exit and loading times’ respectively. s

2.411 'LOAD QUEUE | . G
. .The 1oad queue,is the number of whole loads of I

pumping equipment required in the working length of . tunnel,

A a

and - is dependent not only on transport capacity level but
/ r
nlso on tunnel shnpe size and’groundwater inflow. The

¥

queue at'each level is arrived at apart from. he Q-GERT

lPumping equipment\includes pumps,
anything else’ vital to mater control

a




. - . a . . - . S - - - B R -y
E A - R » P ] « - . . AL, S S e, e
- - ; O iy oyt e R A B~ Vi S LT
v . K - A .
; —
. N -
s
- -
. . ~
»
. .
- - ~
L . N
! - .

-¢ =
'
- - * i » . .
- . ,
- L. . ‘e cssasvesacsasssn=, s
- . [}
- . . ' ¢ . -
. 1 e
. N 1Y

-, T amn
s | LOAD QUEUE
— GENERATION

‘4M2

' PLACING — — o
TSYSTEM | : ASSEMBLY
" SELECTION | = - -

’
-

. N
. . .. '
- - » L ~ N ]
- -’ - . ' . . - .
R ] - .
ke - < . .
- - h - ~ - .
[ ]
- ~ - . ' ,
- ) I .. - .
- - - EE G e G S G5 ar b @ o

R—

SRRCIE TR I O RN | I —
. f % —— TRANSPORT. | .-~ - . I — B

'-:'"""?.‘ \- [ - UNiT g - Q;. .~ |

-
.
«

!

IRLT TR BRI RN L S yydr
e

e e P (A3 & AT

S 8 it Y w v

e T3 SELECTION

A . N g

'° woe - " - .
;... .% - Figure 215. Q-GERT Network for Section 4. \

oL’

. - —_— .-
. , : ; . ‘
= - - P .



LA - . [ 4 - - l-"_ .t T T ' '«:14‘:’“1'“"’% Y -
2 ] e e A s R e == He:
S . . ) ' B o B - T
\ f‘ . . v L . ) : '__— .
W - - - ‘/ i ! - ’ .
R oy - - - . R N -— ) ) o - ‘
A . < - - . B .o
o . l : -/ : i o - ;
- " s .
P i a7 , & . . T _ 3 .
‘_—;::.ﬁ T . /_/ e - . - ) . ::f .
eE 7 >, 7 - A . L . .
Mv; .-: j . ‘!' ) . - o X : R
e 2 - S ' i
B ' - 3
‘ - t:=0 N :
. ”
i - L ’ ;f/"
= t=0 - -
- . To_Levei 2 =g '
. G Leve - - 1
-: . R - t=0 KQ\ 1=0- | i e -
A 2 - s/ 2R N N /au - ;
'1‘_ - ; . - ;l, l /’ . N 1
« Y - \ r l -
- ;_ - =0 .- ! |@ | Lot -
- . To Level. 3 ‘ : . . : g
e e 10| 0. _, | -
___ T ¢ 'i - ’ ‘ N t=0 ‘
- - sl ( 170} . " | -
NN T . = - T . | :
T . -~ n ~ . ° _-'l _ . l ¢
- B M PRI - S A _ L - 2 o i
S e L . . . . i .
, ; :._‘- . ".-." L——-— -’-—-—-—-——-—-—————q————“ «
. T L INOTEL X IN NODES INDICATES > _._ - S = . : i .
e Lo T NAKUE VARlES oL TR o\ M '
Sy S E . <
P o - L Figure2716.Q-GERT Network. for Module 4M1 ~
. - ? . -
L '- s . b . S . . - i L .
", . J‘_ ' ‘\ < -
o - " u) - . ' )
N - H v T




§e .
@ . "

DY B e FR iy B 8 et S N £ 1t e

d

'
Al

o

i ’
~

\

VA W T YW IO AT Ty

>

TO SYSTEM LEVEL 1

-

. «
e ettt trpennres )
- N
" -
«

.
R .
.
x
.
[N
v .
- T -
f
" . .

b, T e

~
~J
<
]
-
v
>~
v

0

-

N TN ¢
L '/'m
: n&\)i"}«*

e e a3 S B PR ———— ,' .
. - \\ SR o
- 78 .
M a
4 ‘ Al .
N . I -S\." ' * e {
.

[
.4
Jrey

t=0
/TO SYSTEM LEVEL 3

o]
- N
T
k3
1
'

. Lo * b
N A - b . -]
» (™ 3
N ‘ . 10%
| . . 3
—.l-——---—-———"‘ - -
) T
X . R
. -
. 7

’

— e D e S S N S S dem e e -
.
-

-,

[ :
| ‘
\I .
* .
\ o
| v
- ' M
Ll ) -
’ P
v N v 1 .
D l~ - .
+
' [ '. .
« - . .
r - ’
. & e
. - '
~ '- .
X ' ' )
»
. B i
l ’
- v
l . -~
N ] . .1 .
. mmn s  aew w8 .

gure217. Q-GERT Network. 'fer, Module- aM2.

Fi

. - .
< '
. . o . :
f 3 o
K 'y . .
1
P . ¢,
‘ s . LN f
FERLE N .
o .
' .
. “ b
. . .
v } ) ¥
- ’
. . ,
0 t
N
- .
. v . .
. 3 et
. ' L)
K
. o
X W, '
- % . L0 [
I ' b .
: :
SRR
BT Y .
v (\-u

L 5y %\n'-«"{c (,\ L
x.aé"‘l%ﬂﬁ Y 2 N n'/'x' kg“n*\‘-“a??‘ !Jn "f



» . I3 ) ’ " * . . - - “ ’ o i r.. . . « u. ....
= — Ewr QINPOWN 10- WIOMION. - 1YID-D e ambid .. T

.

w
N
EE AT

et b i b YT PR pmrn +

LR T IR N PRC IR

Y o RIS

PR
N cl

.
wr

[

R

.
4
i

)
9
R ST

|

Y

e i e
O .
L0
[

o.
-

S3IMVA  3NTWA I

SILUDIONI . . -[®E3] - : EL N B
§3CQON NI X:3loN{" - - . . - . _— : . I
0=4 . : I o - ' K

R R R St G A AU P PRI RTROT B o e L R

.
& L} - - .
' - ~ L ®
- P
k'] . :

-
: . . @ ‘

3 - h >

- “n .

- - e

e paer A o - s Tieve
- R
L P




“em ime % o R . RS |, ; R . i —— e b .-

‘VARIES™

"

435
436
/ -
437

0
- l E , i
. . I Ak '.;
* 9-' .
! ola . - .
. re l.— E . !.
> " o T !
. ct o 3 \ . .
. - . a) T - i
, oo o Lo
o I o
P =1
12 E '.'g
. . o = ]
) . [T b D )
[N ¢.0— . R . ’6 8 .
. ! 4 o
. : . 5 oo
L < s . O '

LA RN //‘5*3% A4 s - 3
AR | BN |
e ; R . L. Y
. : - ' : . }-— 0

. . B . L - e
: ) » . : qt - R 1€ . ) v
PR : .o . . c o ’ 1
P " H 1 - ce ‘ " e

-, , > ‘ R . : ” : - . <. -

. . - . . — B

oo 8 : R : sl | %

: - . . e , - . e = K

? ‘ ® Y- o :

. |
=
=2
L.

'Iaq
'Iaq .
0g

— » hand B —
- 3
KA & T L E r'y
- e . - - . B
. ‘« . . ‘ . .. . Ny
L] ., » . 'Y ' . + .
. . . ! . e .
. a - .‘ - L . '
. . M [ N - ' . N . ¢
.- N o . \ . , . . '
. * . . . .
hd . . - -
e » - [ . ‘. . .
.o . . . 2 . . .
. TR ' .o . ) : : . N
~ .
eer !
v g -y p :
\ .;r‘ -
] 3 bl '
. v? . . \
. . ¢ &
o ¥ . ‘' § ' - ®
: ./‘ . '. . . s » » .
Y . e N v
) . . o : .
' n - !
3 . . . .- . C
'u,! I ] . v . . :
. . N S . * R . |
+ . ' a s - v e e !
. \ . et . 2, . ' - s o * g i
. - - * [ f N ' [] o ot g N '
\ . : R ' : ' o M VoA i . N
N . . o, “ oA ) R Yo -
N . ' . Lo ' .o e, ~ - s N X
t SRR v R SR o
J ) . ) ! ' B ! . . L . : L I . ' '
. . . TR T : S Aot ) -

’
R R e
RS 1-u v‘\.};u% Py

,|n,r "

ik w, LT

TR e



< e e TRt el ey

EEO S gl o kb L D e s s KT .

a

etwork and comes a.bout thru an appllcatlon of the user s

experience and j-udgement relative to tunnel characteristics.

’ ::- R T B '\ K : : :
i - . : . e : o
_ix oo . 2.5 REMAINING SYSTEM SECTIONS (GROUTING,LINING;VENTILATION)
A %‘}‘1 . - ) T o : ! D , ~
s s ., The Q-GERT network for the remaining sections
i‘;’ r : includiiig all modui‘es is' identical in structure,. .funt':tipnall '
“‘ . o , lofrlc and network mechanism to the Q-GERT n'etwork for sect'-
.:- C o ion 4 and its modules. Illustrations ef the remalning sect-
_ , a s o
At . ‘ 1ons and respectlve modules are conbalned in Appendlx C . o
.t . . '. F ) B ..
a . i Sectlon 6 (llning) is somewha‘t s:.milar to section ’
- ' " 3=(support) in that wt;ereas section 3 has a choice of three
‘ ..” " methods of support, section_6 has a choice of four méthods of’
L . : R .

) '.lining. " These met_hods‘_"aré;

-, 1. Concrete .
2. Prefab. Concrete . ,
t ’ . . . . w
3. Prefab. Metal ' : R '
‘ ‘, Y a4 o ’ c ! -
. "7 ... 4. Shotcrete .y . : ‘
+ )" ' k -
4 o BN
) . . * ‘ ¢ 5 .
. ‘ : ’ Sectlons 2,4,5 and (4 haVe no choice of any methods to . L
. ) v ‘ 4\ l:
! , .
¢ o exec,ute theJ [unctions they represen,t ,l,= : . ‘
H ., N
. o : Co ¢ . ’
N ¢ ¢ .
) A,'I' ; i a ; ! . 4
o . : ' ' .
‘ L \ s . . \ ' «
;_ . ! ! - ' N .
:::.- N [ [ ! » u
= " A‘ o ' ] i ‘
B ' . a L e : v a0
y‘f" ' » ‘( ' ot * ' ‘c
o - P . Y v‘ } . T .
. : | 4 ,...,.‘ N 1\ X { Y N .
"“ . o o, . ] B .

. ) . i

- - > ‘s . - N

. - R L. : - L . L '
. . LT -

'

g B A PR . , ’
T!' Y E\Ah@fﬂ" IR A T R

R N o

S e P e T e 7

e v, am

St amt




e tpan, .
Y TR

LODMAL i, S e

'::‘K‘,‘

LS L

. - 82
[: . Y \ \ y . . : | 1 N
: ‘ © 'CHAPTER'Z o T
’ s Z‘ ' . . . }
3. Q-SHUT . RARE T ° S
:',:( ' .o . ~ ., l= ‘ "“ , ‘. *_"\ ‘ ) o ‘¢ .
' U An examination of the tunneling system sections

bear‘ing in mind the da.ta preparation for Q-GERTS operation

oA s P NETTEFIRDIS] G e eyt A ST A SO CIREST g ey
N . :

2

o - - f
S U A PV,

L

1,

required before the sectioxis ca.n be 51mu1ated leads to the o

1dea of a separate non-Q-GERTS computer program to aid J\,n

»~

Q—GERTS isg fundamental to such simulation

©

U carrled one step further.

7 ¢

. . such preparation. This idea ha.s “‘Been adopted and ;,ndee.d"

The end result is that the computer

program (computer model) developed to simulate the tunn‘eling
'- system as described ‘herein, 'ls largely a data. mani‘pulation

",., - program having as one subroutlne the. Q- GERTS ‘pr0gram. Since-

this program '

utihzing Q—GERTS will hereafter be referred to as Q-GERTS '

i ’ S :' Slmulation of Fla.rdrock Undersea Tunneling, 0r Q-SHUT

A )

_ All variation in Q—GERTS 1nput centers around Data
vl Types 1, 2, 3 and 4, General information

Lot value and activity description respectively.

node; .par_ameter

1

A study .of: ch

variation and its ldcations reveal that not -the entirety of

Data Types 2 3 and 4 are subaect to chahging either at the

, -

. will of a tunnel contra.ctor or as a result of the natural .

.‘, ’

progression of tunnel construction._The fact is that portions

of the Q—GERTS data contained in these data types are L

0 L ~

‘L.
S

- ,-‘ . . R s Yo .'h"<-‘."".¢’,' ’." ,\'».‘."'~ 'l. , A . .
R 1See description of Q-GERTS in}’Appewq’d.i)g L S A

‘n., - R 4 v ”
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‘inaiter.an'ly. and forever fixed as 1ohg as the, pres’en‘t netwdrk L

N

R g deplctlon of a’ tunneling process.remalns. Likewise it can-. be~ ~ 4.
C .., said that deflnlte portlons of the input. data. Wlil be open . ,;

\ to'change and that change will Felagz to all, sections °?ﬁ‘the::‘i;"i‘ s i"
L . ‘tunnelmg system.l' ’ . c e . .A " —

v
-
0

Ds pe/ndlng on’ the tunneling experlem*‘e of' the program». .

le
Seappdls

/.. . “user apd the ndvance of’ construction, ‘there will alwa.ys

3

- ' exlst.'the need to constantly keep the' Q-GERTS i‘nput data 1n , oy

.‘ v P
s an. up ~to- date conditlon ThlS is accompllshed thru mauipulat—‘ S
" . . ion.of the vgriable parts. .Thus variatlon leads inevithbly S
T o 'to updatlng . ' K a P - “."
'.l.. / N <." B 1 et : 3 ‘.:‘ :.
A.! : l ° _/A N . . IS N ! s ’ " ";: : -
8.1 UPDATING - - . - ‘. 4 . e e '.-’,; s
! H . - ’ ' A - ’ q". ' ) ’ ...~- "., h -"I_z;". ‘ -- :
W o. ) ' ) . ',“‘ R , L s P 1 '
' . L " .There are three classiflcations of updati,ng which .
T apply to simulatioh of the tunnellng system. They are" ST
. I . ! . 2, ? ' e, " T3t
. ' L3 . . 4 - PR T T - &
L B ) . L g - N o - ._'(4 .. ,“ ) "., “,,, R .

o SRS B single update at sta.rt of sxmufation lasting i‘or Rl

e . . . A . i
Ty T ent;ire simulation of System - .,—f e K
. ' D, Possible update at every worki.ng length (defin— I N
r ~ SR - ' MR : ' cale e e
i, S, R itely 'at severa.l) i L -.\ Ly, o
3 . . ; v - .
h 3 Definite updatemnt every., tunnel working length., 5 !
& - . R . ' . . . LI
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;,14’ T . “: 1on resultlné from ;gbroutlnes~and subsequently«used to- ‘:fq'i':‘ o

'vpegllupdate Q~GERTS 1nput is called subroutine update There can \f e T

. 3tiﬁf;ﬁ be subroutlne update per entire SLmdlat%pn possiblé\

. ;,n (s " :. ..-.‘ i H °. 2 - z :
LA f y_ui.:wsubroutlne updaterpe worklng length and definlté subroutlne .
PR . -*update per worklng length J~.: )quv 'i;'i‘ \° - .
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3. 12 INPUT DECK | . = R A
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during an‘entire 51mu1ation or.dit rnay be requlred many timee. S
' *There‘fore 51nce mnpu; is attempted via card deck the degk !
w111 ha.ve- datau for use per entlre simulatlon or possible use\ o ’

‘YADe\w\orking Qength.. Since this diylsi.on corresponds to éard N o .' ‘
update c1a551fications then card« Udecte and subroutine’anput
:\' can occupy the "same deck and each card'of the deck may . - '-;

contaln informa.tlon tbelongmg to either Q—GERTS input or :

- S " e S '
' subroutines or both If data for possible use per working o /

’ -
o

length 13‘ conSidered in a class apart from data. for use per. , ..

o P . L

] ent:,re simulation then t};e input data, deck may be sa1d toka“h . ."

' ')hav.e two div1sion5‘ da.ta associated w1th ohanges per working‘ = f -
1ength (either card upda.te or subroutlne iﬁput) and data ) q;

. a58001ated w:Lth changes per sunulat:mn (etther card updat.e‘or
subroutine input) Figure 3v2 shows thls basic d1vision ’1 :,".';-7‘
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1nput to Q—GBRTS when needed and properly locate the select—~“n, \TI,

) .':4' - tlons W1thi" Q*GERTS 1“P“t"1ﬂ general tO process the 1nput ) \
ﬁ-lﬁ"ﬁl' ‘SO that “the Q-GERTS simulatlo: routine Will receive updated .'i,:';:AEt
N A S data per.tunnel workrﬁg length Tp atheve this processing ';,t ‘ ¥ *;“
R . f_ ﬂ”cessrtates the ereatlon of a system gf\lnput files_: SR = i ;
' ;i CRR . .

J\“’._ :ir.’. ."} -‘..41 ) '-. .. ,. '._, . .. ) o ". .' ‘.VI' ".‘ ,.;. . l ~ .
AR .--3.3 INPUT FILES, .= .. ce DT T

{ ‘ . ; DN ' K v ol ' e - ot
. . B . | - .. q . N N s,
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N o - . Lo o N . Y A . B :
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ooty \ Vol - o . , . i E N R
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\~ R L -All'the'daﬁh-to'update (correct) he Q;GERTS inpﬁﬁ |

. R ( is stored on disk in two’ correctlom files. hese store‘data.*
ta ) : c : ’ - \,- . °
\ . -
o ’ on all transport types at all 1eve1s and in the case of" the
A -
3 o tunnel support and tunnel linlng sectlon of the tunnellng e

L
- . . :

system data related to/all methods of: support and- linlng Py

N

‘g,p, L ‘-Hence these files may be considered the banks or foundations

e
. ~

of the- substltutlon process dealt w1th earller. From these‘f

. . )
A e *files'Q—SHUT' under programmer (tunnellng contractor)
ffz " T cohtrel, selects relevant records and substltutes them 1nto
. . ) . \

| Q-GERTS -imput, = Lo e
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oo varlohs 51mu1ated times - for the constructlon of one workiﬁg‘

¢ ’ .o ) .

joo- .N . ‘

L e, 1ength of tunnel relatlve to the Q-GEﬂT model oi thewtunnel— " /
L - ' !
> * "‘\ va & .

ey 1ng system These ‘times go 1mmediate1y 1nto temporary ‘».' C :'f'

U VR i R B
F f,l”‘ : storage after. whlch they may’ be’ pr1nted and ‘then comblned \
;%f{:"f , o Wlth simulation. results from other worklngqlengths or they._ ' 2 :
ﬁi ﬂ . may goxdlrectly from temporary storagevtoﬂ;omblnatlon The ) .
?T , 'comblned times of several worklng lengths are stored,t . : ‘ L

permanently, that is until. the construotlon\or the tunniel is . Qs
R completely 51mu1ated: This permanent :file may~also {ave its N |
Ve ‘v . . T ' ' .o .
" contents prihted—at any- working.leﬂgthr~Theiinstructioﬁs -
L !fW' regardlng prlntlng of SLmulatlon results for a partlcular < \\'ﬂ”. o
' .;‘1»'3.')work1ng length or for a.serles of worklng lengths fe ‘~f '.,s flff
s.d. - - / - :

v coded in d1v1510n ZslnpUt data thri a»slmulation-resuits C K i"
* ’ P N . . . L .t ) .-.,' - . 2

*

: 3 S . g A
ﬁnd1cator.- RN . _ C o P . ’

1 L ” It may be seen‘from the abové descriptlon ‘that' - . !
A X . - ‘ )
D assoc1ated w1th Q-GERTS sxmulatlon output are

/ N

wo storage o o

'areas?wtemporary and permanent In actual fabt

S . areas manlfest tb selves via a secondary Qutput accumulator,x

\ o f11e (SOAF) and a prlmany output accumulator fl (POAF)

o respectlvely. 'y # C e ot "@%5_ oy
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*+ The slmulation coﬁbrql module 1ntEgrates all -~ " o
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'§ ‘ o {.subroutlnes ﬁ%to a Gomprehen31ve 51mulat10n package. The -~ - .
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”‘~%ﬁ' to deflne the approprlate f11es as well as all f11e numbers
., . ﬁ‘.’l_ : . e .
L and unLt numbers for comphter 1nput’output Hardware, and ‘
- ,| . \ . . -, . R v o N e, . . .
; . : pass such ndmbers to SCM 1h . A Lk o
P e e It was discussed prev1ously that all data pertlnent _—
oL el b ~ PRI
S ‘;1 to thp 51muhat10n of tunnel constructlon was fed to Q SHUTI RCE o
' ',v1a cards conslstlng of d1v1srons:l and 2.0 The constructlon ; E'
R ‘ I . . . ' . "‘ r\"‘i
5 ' - of several tunnels may- be s1mu1ated sequentlally by stacking 3
A 3 . . [y 0y N c PN T
s . .
o o the different data sets 11kewise each set . consisting o% S, 3
. . \ . , . " “:"
d1v1310ns 1 and 2 " Also, eabh unnel may have 1tSfconstrhct— AR <4
s ’ -/ V. . ‘
tlon s:.mulated under: varled cdmblnatlons of method t‘ransport'; -
type and groundwater 1nflow SCM as.well as controlllng the L
ca111ng of subrOutlnes phpv1des the loglc for deallng w1th . f/-' j
1 , - o
) stacked data sets and- comblnatlons. ) )
v . T The functlonlng of Q-SHUT as determlned by 'SCM 1s R
. * P ‘ [y e . ’ - n
_‘ o dépl'a{'ed {in Flgure 3. 3 . ! .
:i . ' - I\. < B ‘ ) ; : n'v
d : L " ‘ RRRRERE - e
: : ' K oSt - ;
- T AN 4 ¢ . . LT :
x .. . 3.6 USING Q-SHUT Lol ooy
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.. o . .7 ) . . . e B ) "
i . L - "Diseussion'thbs far has'centefed on. the fundahéqtals ‘
‘ e 7 ’ \ * * . ' H - ) ', -
C of tunnellng 51mulation as embodied 1n Q-SHUT namely "-'.’ ’
? : n:\~' tunnellng system def1n1t10n Q- GERT representation“of system
. . . . data prepZiiflon and manlpulatlon of data v1a f11es prlor to
% . "t actual usé by Q—GERTS The next. step 1s to utllize Q-SHUT to NI
P \ give 51mu1at1on results. . : | o . ﬂ‘ ST,
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< L Sy Pr1 re “to u51ng Q—SHUT certain ba51c 1nformation '

. ..“ : // 0‘ ) . . 1
L A must be’ col ected This may be categorlzed as follows'

. R S i EIEIN o . L C
J e . S R ] o b D oo
~ [ .7y 1. |Initial imulatien data o A E S
rﬂ) A ;,‘§\ ‘l.\' ‘ I - v - ' ‘ * - K \\
§ o, Nt 2. Comblnatxon data :.'. i Lo
N e : v . 1, - - iR . :
= e ' 3 D1v151ons 1 and 2. data ‘ R -
L ‘ ' : N v . . -t .
i 8 , T ) FURRR S
e, : Collectlon of all data to prov1de a structured apd -
‘ "‘( .y -
L " B panoramic vtew of a slmulatlon data set. is achieved thru SR
use Qf‘SeQerﬁiicollectionmsheets. e oo ..
L N ' R ' ' v ‘. o z ! . s : B 2 S "'9 - * )
'3.62 'Q-—S}IJJT QUTDUT | oy L \ R
| Wo. ' N A L oA
'\ o QPSHUT output prov1des'fhe user’ with selected bas1c-' f‘L‘
Q-SHUT input 1nformat10n simu’ ated tlmes and costs and ' :
L]
dath regardlng server utllization The selected lnput i
wconcernskfeference and combinatlon data and sexves to relate | E
simulated| values to a speclfic SLmulatlon. Thus every Q~SHUT S
run produces a three part output as follow5"' .ﬂd ‘ -.f S
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) ‘s ‘ This portion of output i)s illustra.ted*‘in Flgure 3 4. R
"It shows ,the Q SHUT user a sele,tion of pei/'tlnenvfacts ' ' ”.” o
. - .- 1 s _
) surroundlng t?ne simu]’.’at"éd construction of a Spe01flc tunnel ;

4 - L
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. o s , , ‘- ' . - . . . - .‘\
u‘ . “~ 80 feet. ) ) - . .o ‘ . ke
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ulgplve worklng 1engths) as ih%ustraf 1n Flgure 3 T rather

v

than a singry’worklng length then the mean tlmé as we11 as

belng based on several seCt1on times” WOUI% also be based J:ii‘af

x B

A on several w0rking lengths that 1s all previous working 5
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g The statist;cs type column 1n the flnaltresult51?{
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serves to 1ndlcate the type of Q—GERTS statistics collectedx’
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2351mu1ated mean time;that each server level in each tunnellng
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results..If resplts are for a s1ng1e working length as 1n

Figure 3,& then the utillzation of each level is baSed on/

o
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.;‘isuse over a working 1ength oi tunnel If tﬁ% results had been
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San main head1ng w1th appropriate reference data and two oapeg;§7u

'3; system sectlon is @n use relatlve %o the type of 51mu1ationjiff
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for cumulative working lengths t\hen utilization is- t'he sum

f!
of utilizat-ions over all working lengths. See Figure 3 9.

k
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L The time periods' of sérver gives the longest perl\ d 3
‘ 1dle and busy for each server level 1n each section. Once
ok ' again this.is relative to ‘the type of smulation r'eeult.ﬁ .
s Q . , f V4 a . . i, R
H:'E It.should be noted in both final results and average h
‘51 - / - ’ '.ot. e

;."':1 . server utilizatlon that results are for particular p01nts :

C RN along the length of the - tunnel whosé constrn.rcticm‘ 1s being
- - ‘ , . . ;-

,,J” . s1mulated The desire to have s1mulat10n results sO. diSplayed
; 3 . may stem from geologic changes or updates occurrmg at*those
% . ‘
- ! AN ‘p01nts, and the user's w1sh to analyze that ch,ange or update.
- ’ - ) . \

o | o o -
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{ 3.63 .THE OBJECTIVE OF Q-SHUT o~ (.- .~ - - -- ' "o = . .

:‘ i‘» ) I Framc . ' N . . I . . ) \\ ,,'\~
p" - - L A . w o, - \“. ! . Ta - ,’. . o
KRS Ve N . l - , s _.‘.. A - . 13 L. . )

S l_ The obJective of Q-SHUT lS-atO a1d 1n selecting an

optimum tunneling method and eq’u1pment comblnation for use on

a partlcular t*imnellng progect. No definlte procedure can be v

outlined to achieve such an a‘idKas all approaches to Q SHUT S

14 - .

'are subJect to the w1shes and: experlence of the program user '
\ .

.relative -to program flexibility. As user experience g.n actual:

I
s . !
program operatlon and capabllitles 1s gained a standard C T

approach to Q—SHUT analy51s may arise.’ Unt11 this <po‘int of

vl

-

deve10pment -is reached only suggestions regai‘ding the

analysis of" a tUnneling pro;]ect via Q SHUT

can be proposed
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» % 3.531 SELECTION 'OF TUNNELING METHOD - - * * . . - . . . '
S COR S S .l:; . :; '.;' o = AP g | i

"One way to select a method of tunneling by Q- SHUT

o might be to 51mu1ate tunnel construct‘

e g . e v
i ‘. .

. n us1ng'the convent—.fl fdl;;
%éﬁ . . jonal method of‘excavation then Simulate onstruction u51ng R ”///i'.
A TBM '(all other variables unc;anged) €0 aring resultant | o é
. r o t1mes and costs‘ However this.assumes using one method for -:'éd.
f ; the entire tunnel constructlon Perhaps bnly aqportlon ‘of “the’ ‘ "3§‘ﬁ
:id"‘ B “tunnel length can be excavated by,TBM Thus Q«SHUT may be' o \\1::L~1.

g' . . ~ut111zeﬂ to 51mu1ate construction of a tunnel equal in Va S 3'

oo length to this portion Iirst with respect to TBM and ' then

.? S :"'with respect to conventional excavation Results for: TB 'may
?;Qi " fl" ‘ be compared w1th conventional and thus aid in’ any final o
25?-" e selection of method The remaining portion of tu;nel (part.'
: _— 1' . not subJect.to TBM excavat19n7 may have 1ts construction_~ i
i o o ~}.51mu1ated<by again assuming constructlon of a tunnel equnl .
| o in length to that, portion subJect to conventlonal excavete. "
-ty L ‘i ion. This approach (s1mu1at1ng construction 1u»portrons) is L
‘neeessaryjbecause Q-SHUT does not have the capabillty to N .5J'~ ;Q-e
i ';';_ BT .update tunneling method‘at any p01nt (corresponding to dt IR R
. T mu1t1p1e of the tunnel working lengthJ during simulation ) .
§ ' . ,Tunnel“ﬁeology such as RQD, rock strength and groundwater 1.dl';jﬁ‘}:
% ‘inflow may be updated at any point but not the.actuai .I':i .; f.ﬁi;fi
% hexcavntion method. o Q_ , A . KRR e
L; ‘:\\'f"* .;fel f . Perhaps anotherlway to select method might invnlve :d' "t ’
}g o .T\;~'-' ‘the. use of Q—SHUT over portions of the tunnel which may be ~'
?'F- ‘ N :‘excavated by either of the two methods con51dered and by f } if'ﬁ
% ' ' : - C ' . o ', S RN A
. u o . i.\.,.ﬂ : L ; . nﬁafc“:.\ '“, | ', -.‘: | , .:,A.m L .

. . - . . ’ .
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SR e




! s SR oo Y . : o
S ! R e R ik S a st : ‘ ' L
. P . T A o ) NP L
X o R N T e, 105
] o " 'Y : ] ,‘- ’ ) -‘ B} . ' W .. . e, / . - X 4 o
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. Con s : [ Lo
] : us1ng A more quantltdtlve approach oVergﬂﬁrtions where only
Cow 1:”'h’ pne method can apply ‘ Ty '-; : )
5 Lo ,; “,f‘ As can be seen how Q SHﬁT 1s utﬁiﬁzed as an ald in’
":‘.':"".‘ . .. ! / D "
T e Select1ng excavatlon method is 1ndeed varied depéhdlng on
[} o . - ) ,r‘ B g
oLt user 1ngenu1ty However whether tHe entlre tunnel construct-
N . : o - . 3 - '
W , tlon 1s s1mulated or only pontions selectlon may eventually
N A . o . ’ N
R come down to a compar1son of simualtlon results for convent-
. . e ’ . ' N \
- L “ignal an% TBM excavation prov1dedrall other 51mu1at10n.
f§§§ . var1ab1es (not 1mmed1ately connected w1th excavat1dn method):
) 7:} - T, . “a ! S ! ¢ -
R ’have remalned constant‘ ot oo ;‘54"
‘s . . N . . . i L o .o
,:1\ . - :\1 PO T J] o \d . .." N o R R ¢ . - 2 . R
“;"\; . . <« s ) - . - T Lot . . ; SR ‘ - . .. v 4
XA X . N "_‘ " . Ce . A o ~ IR .t B ': ‘_:‘. -‘g 4 o,
: ::\:". X - .. . ~ . -‘ . v _— . . . s . . i :' T
S e 632‘ SELECTION OF~EQUIP}1ENT COMBINATION v
H .gs' . - . ,"" g . ‘ s \1 ‘ : ,.i \"
£ . . . w o . - . N v _9: , N . )

' »_‘;' Selectlng 4 good equlpment comblnatlop,

’ .t

{ s type (and assoc&ated costs) then comparlng results. If -,

;

% . _—
a hlgh server ufillzatfon then thls combinatidn'is a llkely

choice'to-use 1n real constructlon. Of _course any f1na1

[

»

“trade-offs’ etween t1me cost and - server utb{;zatlon ‘Qr

‘

v

even isets ex ernal to any Q SHUT simulgtion. Q SHUT is an

4 . - . u
+ . - .
4 ° : . - N . A

time cost and server1 utillzation m1ght be ach1eved/hy
b
-51mulat1ng tunnel construotlon with respect to s%veral et

'combipatlons of tunnel support and llnlng, and transportatlon ‘

‘ t1me and costs for .one combinatlon is lower than others w1th

"+ choice : e tempered by user knowledge perhaps 1nv01v1ng

.
vf-a,\‘*—th‘ﬂ\uﬂ—i,"‘\“ [y 4(.‘1«.--:-\._.
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'be simulated subuect to one set of facts
'worklng lengthkmay be simulated subJect to another set of

ufacts.,Comparlsons can then be'made betWeen simulatlon

_worklng length ¥ather than between s;&ﬁlatifns based on

'-Aiso

3 | . 106
t . . L , . Y.L
aid'only, selection is at the program user' s dlscretion.\ "71‘
If selectiq .of equipment is baseduon such cgpparison other o

Bk

\stem for each; comblnatlon.,

. L e
v “

the tunne
)

'.QQ Equ1 mént selectlon mlght/also be acogmpllshed by

assuhq\g’only one comblnation (referrlng to combinatlon data)

L ] c‘\"'

-varylng sele ted 1nformation contalheu in other collectlon<

sheets (subJect to- user drscretlon) with each slmulatlon of

= k2

ent1re tunnex

2 e

construction, and COmparing results

|

y
vStlll another approach to selection might anolve

' malntalning only one combination (referring to combination"

data) and origlnal 1nformat10n contalned on other collectlon

’ b

sheets and 1nFroduc1ng varlabillty v1a the updatlng

&

capablllty .of b-SHUT Thus one worklng length of. tunnel may

while the next
i .

i

‘ariaglgs-must be constant dﬁzeng 51mu1at10n of :y_i

ey

results over portions of tunnel equal 1n length to the; : A';,.'

‘thé '

’

B . B , - }
R - . . :
. ’ Y- o

‘entlre tunnel Ianth \ . ,‘ _ . o .‘f‘:

As with%selection of excavetion method the utiliz—

Y

l
atlon of Q—SHUT}to ald in determlnlng equlpment comblnation

rests w1th the needs and experlence of the program user.
oo 1 ! o

any selection based wholly on Q- SHUT. W111 ;ﬁsult from:

_compar1sons of values compr1sing the simulation results.,

FrndGFr £l W tarh s, i S Ttk e
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e .= . . . 3.64 FUTURE DEVELOPMENT OF Q-SHUT . , i
. i" "\‘ . .. . ,\ ’ . ) d
- ' '- N o - . - o . . ::
S . . . ’All computer programs in xhe early develofent stage [
Y ’ @ ‘ Tw. [ R
o . ‘have rsom for 1mpr0vement growing palns are #11 too. freq— » i
ﬁﬁ,fﬁ* o0 ‘gﬁi And Q-SHUT is no exception In its esent state the e :
< . program is fundamental'and quite unadorn d. 'Basic concepts ]
& A T ot o . i
it ‘ ) : are sound but need to be utilized more efficiently.r - 3
R R I A T W
% L Experience galned in actuay’Q-SHUT 6’ération together with - . -
:, ' continued research and development shOuld eventually lead S
L to a more mature s1mu1ation program a S . .‘
lﬂ' ' L ',“ T Perhaps the major condemning fault of Q-SHUT 1s 1ts .
. ' i hlgh CPU time. To s1mu1ate.construct10n of a tunnel Wlth <L
bR A L . o, T oa
' ' twenty five working 1engths a minimum of updating and AN )
¢ ' results collection at only five p01nts along the length . S

l ! 1
. Qfesently requires approximately 20 minutes of CPU time. The “?f\ e

vi

time may be reduce -by l\freas1ng the size of a working R

length SO there are fewer per total tunnel 1ength decreas—

“,f’~_1£g the amount of updating or collecting fewer 51mu1at10n\ .': | .'\\
. N .
wesults;,But d01ng so defeats the whole purpose of Q SHUT,, “: ’ fﬁ. ~
: —-. to select tunneling and equipment comb1nat1on based on j
] O comparisons of simulation results L ‘ o ‘ | o
gl; “-u\ﬂ vl ll;,:e' ' The 1neff1cient;pPU time results from the system"' u}_ \\\
gé; ~ 'e' of flling and updating employed by Q—SHUT) This system - . :
%%' ‘served to develop Q—SHUT into a successful,program- but: _ T
f&;j b w1th high CPU times resulting, it was intended to streamllne\\
%l?‘ .;3;’2 * the s;stem :naking it more efficient CPU-wise once 'Q-SHUT\_ 3 ’
' s IR reached a,somewhat more workable level However inflation -
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: }“as well as creating % smoother procedure for updating

gﬁg oo The second fault of Q- SHUT Tests with the, utillzation

ARl St e et S S ‘?'lwﬂrwwnq""'“""mﬂ’- -

o of Simulatlon resul S. At present a; Q SHUT user must. compare ' - 3-

A}

.\\ ' ‘-Lg ’ ’ ‘ Lo . t I' .O,- c-

. . . / L
L U ) S, W e e e s 5
} i N — W““""’xfﬁaﬂ-p-*g-tv‘mW i iy AT e =3 AN G
) . ¢ . e R R
* . . att “l'l o . .'t,

Sl o e ' N 108

. I ' s - B .- .
‘decreed otherwiseg Budgeted CPU time was drastically

reduced from the nllotment of previous years, and continued-,

Q—SHUT reSearch had to. be curtailed , f o ' 1.}{' T

.

-

Any future development of Q- SHUT must first deal with

I
P N
Xl M

“a better system of filing and retrieVing simulatidn variables

51mulation results by hand to determine adequate. excavation'.
methods and.equipment combination Such procedure may be ’ f -
sxifling when cophnm;resylts are necessary for a complete

analysrs. A more logical approach would be to have QLSHUT

\J

; collect .and analyze 51mu1at1on output and present the result e ~}A

1n‘5eport form, tofihe pfogram user. This added capabil1ty,a
as well as making Q-SHUT more flexible and comprehensive 4 K
w&uld permit more simulations of ; tunneling system (and L ?} ot
:conseq;ently éreater»accuracy in 51md1ated times, costs andh‘ h
.server utilization) and more detalled 51mulation results..
¢ N oy

Thusafuture development of Q-SHUT must - examine how td better

A

2 . - o
.

-utiiize 51mulation results. Lo o s ... o

{
One other fault. of Q-SHUT is 1ts inability to’

.
-
. .

_81mulate 51ng1e sections of the tuﬂh ling system. For: h "f

L] a 1

'exampbe 1n trying to determine an excavation method ‘by e
. o
RN .
51mulatiqn, only ‘the g logic prediction and excavation . 4

section need be 31mulated with respect to the two methods

Id a.* ~ P . . ’ };:

considered by. Q-SHUT It is not necessary’to carry simulat-

.ion to.all ofher sections. Hogever Q- SHUT in its present R o

‘" i .- *
LT L L . A
v . . . . . . .
' . ' . N 2 . '

- . .

<
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state dellvers élmulated times for all sectlons,\thereby

-wastlng valuable CPU t1me. Future development of Q SHUT
: L]
;,mlght glve it the capabllity of barrlng certaln seca@ons .

.

~from s1mu1at10n

T

at the ‘wish of the’ program'user ' U -.,_‘ .

Future«development of Q SHUT should also extendllts :."'b

updat1ng capabilltles to 1nc1ude changes in distrlbutlon o f . L.-

1. - This’ exten51on could allow Q- SHUT to account for

LY 3

possible tunnel collapsexahd machlne downtime,

~

2~w1thout
any alteragion in the present Q-GERTS neétwork representatioh

‘of the tunneliﬁg system.’

. . . .
s s g s e et S Pk S ) e ¢ bt e @ wmrGiankt

An extehsion of updafing'capabiii— ) N

ties could also allow varlatlon in excavation method at any

o A

”p01nt along a tunnel’ S\length equal té a multlple of” the

2t

\\ tunnel working length Such extens1ons would render to’

Q i R . , . . x

-

Other future developments mlght 1nc1ude.altertﬁg\the

Q—SHUT output forma{ making it ea51er to 1nterpret, permit- o @t

.
N ’

-tlng the Q GERTS routlne 1n Q-SHUT to produce results (to ',,\
. { o

xdurlng 31mu1atlon

user establ1sued-computer 11brary,*housing all Q-SHUT peptiﬂ&t-

{ .
and. perhaps even 11nk1ng Q-SHUT with a e

enf.faﬁts_gie;hed'from the uéer'sftuonelgng'experyenge.

?

, ‘ \I; N . i , « °

. N . . . )
1Dlstributlon parameters prov1de Q—GERTS w1th infor-" '.;

tion- necessary to produce simgilated times for' the various

activities of the tunnellng system.

2

‘ 2The Q-SHUT program was ndt origlnally de51gned to
accomogate’ directly possible tinpel . collapse and machine -
_ downtimg, - . :
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All these suggestlons for future 1mprovemenv are P A

G

L concerned with Q- SHUT 1nput output and the efficient - TR f_f‘ BN

,
LI

S ,.’:manipulatidn of both They all encircle the whole foundation,,f 'J o

Pt i kY

.

- '-: S Bt Q—SHUT ~ a Q- GERTS representation and simulation ofoap; S

. carefully defined .tunneling system It is'felt that- this S :
o "Y foundation- 1s adequate and SOund g1v1ng Q- SHUT good - oY fﬂffé
A | s ;g;
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S Anode.: The number of releases to repeat T l
; . v, 3 " | i
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4 / \node must be realized before the node can be realized again. o
- v \ A o
) : : Nodes ‘may. a.lso be characterized -as to whether they ] 9
3 . are:, T | el , 1§
9"\,.‘~ S s . - \ P ) N . . L ?}:
\ ' - ) . o - g
. ‘ : . ; 3 o
RO ’ I L. A source node s ' .
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k \ S . 2’: A s:.pk ncy-le ( . ) .
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S T o 40 A mark node " - . "
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’f ‘ . * Activities-originating from a source: node are bégur.at time’
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. o ! statisticslare collected Am&node 1s mearly, a reference X : r
E K .. node which allows the calculation of the time it requires to :
" go between two nodes of the network ‘ e
o - LR : v .
f L o S Assoc1a.ted w1th statlstics nodes are flve types of
Lo S time stat1stics They are o Q - :
o e > L o : .
i " - B . ) B ' . : -
N = . i L, Y. : ’ by -‘ .
. B 1, The time Qf first realization of a nogle. Code F. .
: S ' TR
T n P L2 The time'of all realizations of a node. Code A R
. S |- o - ¢ 1 ;
.. 3. The time_’ between realizatﬂions of a node. Code ‘B.. A
o S o .4 The_ time interval required to go between two | '. .
' > odes in vthe network Code 1. N Lo
,.r Corh 5.-The time delay from first abtivity completion on "
A . 'the node until .the node is realized ‘Code- D.
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The branches '( activities) of a GERT network have ,
- .' o - assoc1ate(i with them a. probabiht& that the branch w111 be 5 D
. " realized‘ prov1ded} itS star,t node 1s realized .and’ a, time to L S
L ) ;’erfor“‘ the a°t1V1tY, provided that the actw1ty is real1zed :.i‘ o

+

G The time Vﬂ-riatlon'.ls Spe01f1ed by ohe of nine distribution

.:, .' o "~ '.”', ‘J “, ' ,2.‘Ndrm.a:1‘, ’. B \: :“ A.‘) ‘. . 'l .'.,‘.”

:3_.‘"'Uni'f'torm3 T AN

Rl

Sl s D Erlang e T

s 5 Lognormal L b ST fl~'_:f).:.' . ,
S8 podsBon | i T TR T L e
) z - \8 Gamma. N , S
| - 9. Beta i’itted to’ three paraméters as.- in PER’I‘ e
R o . The t1me variatlon is. gso Specifled. by a. parameter set ‘“ . "
: T ' number Thi‘s number refers to ;particular groqp of l;aram- e E
. N ‘- .
sl eters whlch may be used to deScribe one. or: several of the -‘ RO
L ’ dlstributlon ty\pes. .'A O . I o | R
ot The ziei:ivitres of a GERT network also hqve associated
o R w1th them a: c‘ounter‘type whlch specifies lsome counter t’o)be ' '
: B o 1n.creased by 1 when a certain activlity is realized, Ea.ch A U .
" qctlvity aleo has an activit;y number._ An activity and the R
| _ | variables that describe it a.re represented in I.‘i‘gure A2 \\_ ’,';
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‘ @;,;, F |gur'e A2 Iliustr‘atlon: og Activity Description.. Lote
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: Q-GERT", . : . A o E R L :

. L T QuLte often in smula.tmg yarious systems there arlses _
- ‘ T K | - ! - o . :
the need for: a‘form of storage capability. This need is met. ' \
‘ - ) ‘ , ‘ . ‘ DI e
L ST by 1ntroducing 1nto/GERT a Q-node ‘having QUEUi?E" potentiaa

’

. - o
'.\. Thls node 1s illustrated 1h Figure A3, As - can .be seen, the -~~~ - -
concept of numbexr of releasgs is not'app11cable- to~a Q—node. .

o a6 ,f
# Lo The actlvity following a Q-node is a serVJ.ce activity v o

T . o

A

S . o v

Lo W:Lth 1ntr1cnte networks of: queues it is necessary ,
N e | ;
Co L to prov1de some forh of transitlon between regular nodes anﬂ A

. o
. . .~'..

S Q-nodes between Q-nodes and service activities and between I

serv1ce a.ctiv1ties and Q-nodes of successor activiti Suoh‘ B ’

~

trandﬁition is accompllshed lﬁy a selector node,also : own'Aes'
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LN, an S—node. This node performs one or more of the foll 1ng O

R functions"-' o ';ﬁ . i L e S R '

7 e RS elects a. Q-—node for any item demanding serv1ce N
S % o2 , lects a server from those avallable. | i
K Lol 3 And/or selects a queue which may be served when o )

\ - ; .»i':' o service becomes available. ! P '
h“; . .L‘ ' __I‘:' " -. ." oo .' . e L. . o B ) ':. . . Y . ) , )

S foll{o"ujiqg- list of priority rules can be. associated with .

. E Lo E . ,.' L . } . 2T . . .. K ‘ :.' . ’ . ' . q I~ N

- . * ' .. ' Srnodes for selecting -from a set of parallel ﬁueuee;'

g X DU SN o

cLoos R 1. Priority given in a preferred order. . " ‘
g " EER AT 2. Cycl.ic Priority - transfer to first available
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e I selected. - \\

s
PRI
)

Z'B,JRandom Prlority a551gn an. equal probablllty to A

2o 27 e

PRIASRERE PREE SRR TR 2os

. . each Q-node that is avallable AR

q, Pr10r1ty glven to @he Q-node whlbh has had’ the ..::
X * largest average number in 1t to date. - - L

S. Prlorlty 1s glven.to the Q-node'whlch ‘has had the

M e

" . smallest, average number in it ¢o date

Priority S . glven to the Q-node for &hlch the oot

b }1
A

aiting tlm of Ats first customer 1s the longest

7.,Pr'ority is'g yen to the Q-rode for. whlch the _: .
l.gzsﬁ,’ _5waat‘ng tlme 'of ts first customer is the short—‘ ‘
o e : | o L
.9 e .ﬁf'B{ Prioritx isﬁgiveh to the Q-node‘which.has;the _'.‘;.' .'//'
current largest qumber'of'items‘in'itl < -

S ~°, .i9.Prioritf As\given to the Q-node which has the T [

RIS . -

o . current largest num e@lgf items 1n it.

he Q-rio'de whlch has had "

19 Priorityiis gi@ m'to:
| “the largest numbe. of b lkers from it to date/ '
'“11 Prlority is given the Q- node which has the ‘f~ -‘“i
\\smallest ‘number of b 'kers from it to date. |
o o - ;_.5: 12. Prlority 1slg1ven to t e Q—node“whlch has the
; k . .i ji\\3 . ' fargest remaining upused capacity.
‘ '13. Prlority is glven to the Q-node which Has the :
. ' smallest renaining unused capacity. o < e
14 An Assembly Operation -8 selection w111 not
' o . be made until all Q-nodes precedlng the selectdr S
U L _ N ‘ & N N
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R . have at 1ea t 1 unit in them An 1tem frqm each
B 1, -] o [} \
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T ! The follow1ng 11st of. riorlty rules can be assoclated ,Q.
Yy ' N
o w1th S—nodes to select from a s.t of paraldel serv1ce actlv- &_‘
:‘ » : . . £ ) :i::l'
1’ . .(’- i.t.ies - W l . X
. : ‘;_hl. 1.(Se1ect from free servers in a preferred order. ..l g
R SRS 2- Select servers in-a cycllc manner ; Cl
oo tﬂ13. Select servers by a random selection of freeo ' P
e - . .07 servers. L : : ;' ‘
1-:\.’. 1 . LI - B . . . . ot N . \ , .
ih ) L . Cel L D e
3 : .+ 47 Select the server that has had the largest amount
P . . of usage to date Lo :, :Q s T
Ll - ﬂ' ' ’ >l
M 1 . - 3
; o , j5a'Se1ect the server which has the smallest amount -
. N o . . - .
oot L. ' S ' - N /

S L '-of usage to date: - ' ,:g o . ,f:, . oo
i , ".' . v ' ’ ' .

e 6, Sekect .the server who‘has been idle the longest ?f:f_agliif

., R - - - v : Ve R o, e e
LI SN e .
L 3\\,” -7, Select'the server who .has been idﬂe for the
S R LR . o s e T
< Voo e shortest period of time. - . e
:'; ' ,n - N v ) . ’ . R . ;1, : SR "F _'-"-..- o . tE :
N B S e o o
o Y i g «" ‘ R - N ) W ° B C 1,‘ - '
N - The S~node’'is illustrated in Figure A4. = - - ' . S
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3 L tl‘ie functloning represented by a Q—-GERT network Input to ‘the T
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[ 3 Yo, . a\.r . Y Ty , Y ’c,. ’ '"‘- - : . . Vel ‘
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