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II.  Abstract

CKS YIAY LlzN1J2asS 2F GKS LINBaSyd GKSaxa Aa GKS Ay
in cases of an urban (shallow) tunnel on the surficial settlements due to the excavation. When tunnels

are excavated underneath urban structures, the tahexcavations characterized as critical. The

present thesis examines cases of narcular tunnel excavation, according to the conventional

tunneling method and is based on the principles of the New Austrian Tunnelling Method (NATM).

To investigate theffect of the tunnel excavation in the surficial settlements, the excavation area is
derived in more than one excavation phases, with the construction of a temporary and final invert.
The present investigatiors based on wo-dimensional numerical analigson the finite element
software RSZRocscience, applying the technigue of the convergesmwdinement method. In all the
examined cases, no tunnel face presupport is taken into accounRarametric numerical analysis

examined the following cases:

V Tunnéd excavation in three (3phases with construction of the final tunnel invert

V  Tunnel excavation in three Y®hases with construction of both temporary and final tunnel
invert

V  Tunnel excavation ifour (4) phases with construction of both temporary afidal tunnel

invert

In all the examined cases, tunnel convergence, surficial settlements and primary lining loads are

recorded.

Finally, the main conclusion of the present thesis and future work recommendations are presented.

XVii
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-~ h h LB h * h ¢Y <« ¢ Y
[ AhEdh wh* > h=>"_ " A" 0<0 R o> Y B, h " > .

Chern et al. (1998)

NLh LT TG > lo < 1-<
0,5 0,79 0,21
15m
1 0,84 0,16
0,5 0,90 0,10
S1 30m
1 0,92 0,08
0,5 0,92 0,08
40m
1 0,94 0,06
0,5 0,75 0,25
15m
1 0,81 0,19
0,5 0,88 0,12
S2 30m
1 0,91 0,09
0,5 0,91 0,09
40m
1 0,93 0,07
S3 15m 0,5 0,70 0,30
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N4 h T ] 87 0B > [o < 1-<
1 0,77 0,23
0,5 0,85 0,15
30m
1 0,89 0,11
0,5 0,89 0,11
40m
1 0,92 0,08
1 h st g0 L I S R L SR S
h =~ A ! 0<0 B ¢ h ‘B h ! B ¢ ¢ h " (0}

.| Effective

| Sigma 1

-| min (stage): 1.€9 kPa
| 0.00

130.00

260.00

390.00

520.00

650.00

780.00

§10.00

=0
LA

1040.00

1170.00

1300.00 H
| max (stage): 1294.47 kPa | [}

o
rl‘¢39¢\n‘]5.‘ h* ‘/\C‘W'_B’BL'(' N h{"’_ VVVV >
vV 2 hy © > o6n¢ > ¢h , " ¢ ht B~ _ " A. "0
s . Tt T h s 4133 7 VAT _t A PR R hah< 8" >h X
T A_ B <8 &y dh " M AT " A o - T > " o Ay, b > w
o>, . AN > 8 _'A:Jgg;q'<'}""-;.1‘_;'r'f'/\‘°'40\'hh’“‘“ﬁYB_h' Y
----- S >~ ' ' h - ~ A ' M K L h, "¢~ <" ¢~
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ii) B,V"' 'h*“‘l BC_VVB">B/\V‘ ‘C"“4w>h_“1 C
T prE:  _ <t o . ha_ """ O
iii) B v' ! hna 70" B O _ T ve > AT O T wsh oY X
445, ATt hew At MGy
B “/\""IBC:WI"“‘A”"¢‘>""""Ch/\‘_h 7 ' h _"‘ >V
> AT ‘_h {"’ Ch_, h ¢~ h _"‘ >ri"A¢_'W/_\‘qb”"|-|‘H"‘>,“I‘""h"“"ﬂ‘h
¢‘<"B'IZ.{"_‘ 5““>",>5 A h B_'_'W_B_h' ' [
oA S < ELA Chroo Lt Chts _h s oh o AQD

rl'¢'4_2/_\1h‘/\"'h¢wl “/\""("B‘I"5"_'n_$ﬁ"hlgp"

446.r 8 _ 7 > ANDh o WS

,l t h’ll>l ¢ w h/\h<‘|5‘ - v -'hJ>h V-Vlllll(l‘
. h”h¢ voooe e tCw Cwtos e * A "1 TS B Y ! B ¢ ¢
-~ h Y ot hynls‘ Ch43a h° A
V B<' ¢w  >stothlfisplactmentycT B 60 > _ C Y s8¢ ¢h
vV rh_her s >8 h ¢ yenicaldisplacementpg® T " L A8 h v g b T
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Total

Displacemant

min (stage): 0.00 m
-0

a2
max (stage):

n B, A B
rl->‘| N ~ (.‘W< ,V '>B-""’“"¢h‘/x\" h h-(l"l‘<V||'uhv|B/§ h
V Bv™ A" ©w  axialforcesy 8 * 06
V rh>"_" ¢ vwendingmoment) o
V. pn"h_>' _ " Shearforces) & * 0
B" h ~h ~h~=h A, >B1 w B ¢ R S (N '-'ema;(gwm o I
R T S 2D S
mte T
T 4
T[MmaxY 1 >W,I"_' h/\h__“">5/\' ¢h>—_t¢u [ A 1] ‘_
f TmaxY ' >wao bt haR™ T sEAY hvT AT AR S
lw<"‘ BC >t G o ! h’-<*“h¢mgtohnp|IOSé-\7L0,Z"J‘*‘“\
¢ ht ! h - _ <8 " h B{h,'f.“” 'JCV\ <'J~V(')1Uh1é|C)S$C'Vs),“«A T
SL.t>h_temohtwt e AT A YT Y A T oh gioyndldsg(M)h ¢
1 > 1 B h t . s vhi1 ' > A7 >w 1o Y ¥ -7 Y1 " h >>h ¥ -
Volumeloss(vso K ¢ : t > "o |V¢<BV (.‘><W| \_r ‘1‘ I\ _l l,("li{|'>l_ B ~— ¢ , h A B h ¢ _ A (o h ] t
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dmy1 nf 1 wvBy nnieBapimmarnk ¢
Settlement volume, ¥V,=2.5x%,S, ..
\ —i, Lateral distance, x|
- p
N [0.606.5, s,
i, Pm |
- J Inflection point
=
[=8 ! 2
o  Settlement, S =S, elx¥2x3)
Ground loss at
tunnel, ¥;
V,= ¥,
Not to scale|
n‘C'4¢qj1 wh“Ch >80 0w “’h‘/\h“‘_/\‘.{vw"’/\_'h/\ B>"B',_h‘/\/\i5'h¢_/\ ¢ h
L hAaT v ASCHilbrary). . A 0
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5_°[>'>h teom rlC‘Chl,’"BU'hl‘"B"hJJ;hls

BAh ™ v, [ v”

1_" ¢, h<h "~ h‘_' 1A h L ,{'_K'BK”/\"'
, h > Bt . E ¢ ¢h " . > B A ¢h h ‘inﬁ'le!’tl')‘ > I_-B*<.' C_"',I haash b~
1‘">h_"l M d¢mtm¢rcz,fh'<‘h“5'_‘¢" {‘B’M:/_\"t'wl"éhj>|w
‘"’hjjlslz > B _" ,'V. WA "u’¢5’>|5/\,/\ I h* _ A O CcEL
MpX X oam® M'_‘npp bt >t Cw o haAh< et T 0T T >0t
>' . h A" Ch Lh7he vt h Y B A _ h's 1 h TOThTYr o at <Y oo H A
BC‘_"VB">B/\" ‘G‘t:‘gojm{|51>h¢_“h‘:f‘1l‘<h"‘h ¢ ht hJC"_
h¢"<"“|s’ ‘h’v“‘hys_h' w A h Lhohe v e h 7wt
1 h s Y, b B ! _ ot BI "<"5‘. Ii_v‘lf\l_ k“<|5:' e ‘h_/\_‘ - L YA Y - Y ' h
- “"I_""yls__“" Bf.“ﬂ‘h,"lz“" "J""h ‘oh L
“J¢<"5,/\ ! . ‘"'h.l.lhl Y ¢ h ! . B¢l "<, . o
n' ¢ 45eh g0 TS e s J>'o>h o _tem R 6T e h s “'sA CThs th ¢
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B~ 7 : AT <7 . A h Ah < B . A . OO >sw AT

_>'>h o g ChQN vy Y >hoA 0 >w T e AN BT O A

h - ' A BC G h o _ "tophegding.® ‘n'” 7 ¢ ¢ 8§ ALY h Ah >t
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S~ w  h " >h T Y Whe v,'BY 'Ch 'Y s .Y AA L hA L ATE T CHE SE A,

L h AT v 17 AY A h 1 s AW B 7B ChSBYha<hAah~s 5
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v
o
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Total

Displacement

min (stage): 0.00e+00 m
.00e+00

.60e-03

.20e-03

.80e-03

.04e-02

.30e-02

.56e-02

.82e-02

.08e-02

.34e-02

.€0e-02
max (stage): 2.58e-02 m

Total

Displacement

min (stage): 0.00e+00 m
0.00e+00

1.60e-02

.20e-02

.80e-02

.40e-02

.00e-02

.60e-02

.12e-01

.28e-01

.44e-01

.60e-01
max (stage): 1.53e-01l m

Shear
Tension
Both

n'S4mhqy 1 S<’ s G20t RA&ALX I &83SydGao b v

55
Jfews[ sl sl cep fmwyBEEL HAHM



J LYo mBadng 1+ f f s [ grEf maEmhl BurR @LEfBRIMmIM mI &) nrn
{m1 nf 1 uvB) niegyimmirng ¢

€& v YL U HOIA T TS wl s YA L AL LM Thomh TG

B ' S B Y C h ! B ¢ ¢Ch " 5 ~ h "~ Yt hsysBs Y R C A h <

40
Soil 1
35
Soil 2
30
A Soil 3
-
~ 20
[12]
:E
15
10
5 i
a
A
0
0 0,5 1 1,5 2 2,5 3 3,5 4 4,5
H/D
n'hj’h1§)>ll “WEWJ‘“‘__" h/\h'_ “'mait')“/\"“ T, WISt _“()/\: < '
-8 - T >' >h t ¢ B ¢ ¢h " > B B <t ¢! h Ah " Yy 'y
B" ! h Ah < Bt - -~ " h i1 >h voyr e e h Ay 1 " h ¢
T oA BB " T W T TS WA BT T B L A ghpAh T T T T > B AL A
Cwot B >, h At ! >w g e ! * 1 ¢ <t b 1 1 ¢ B C
1 " h - > S R S U - SR "“‘5"'",AA‘S"<‘BBB,’M:‘OTE4WN‘u
h Ah ~ Y ' S B AB * T A B > Ah? >B 1 h <« B 7B h =« ¢
St Tt st U hKEIOA BE 2 S wh T h bk e
~h " A Y X By thhkh®e ™~ _ ¢ Cx : Unag " AW L © T "8 0T < A
" hJJh Z >B th B 1 V’““y\V\iNkIB‘J_lilr/\rv_o‘_"{_%“_:'i,‘c IA B,{h)
- v ! >w g T ! h 1 ¢ <t h Ah - PO h ¢ “h B " w
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Total

Displacement

min (stage): 0.00e+00 m
0.00e+00

.€0e-02

.20e-02

.80e-02

.40e-02

.00e-02

.€0e-02

.12e-01

.28e-01

- .44e-01
.60e-01

max (stage): 1.53e-01lm

Total

Displacement

min (stage): 0.00e+00 m
0.00e+00

3.50e-02

.00e-02

.0Se-01

.40e-01

.75e-01

.10e-01

.45e-01

.80e-01

.15e-01

.50e-01
max (stage): 3.4€e-01lm

n' ¢ 499y 1 ¢ qotaldisplaceménts =~ _° wih, " I mI | TonY
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n - . h - ot . h 7+ 0 s St Cw . h Ah < ) ot . > ;] " h - > I
h/\h'_"‘u_h' >SB 1 h <« >W(Un‘1’axl.:) ‘_q/\‘t\u‘<“¢>w\ _“"J'C"<""“5_"/\
B¢ Ch o ! bench’;Q ¢,hh " '_.v O o<t € “ir,lvertl?) @ h B_ LT :, B " »w w ’
h =~ T AB h o h ¢ <~ B rl“: A B 7 h A o

Total

Displacement

min (stage): 0.00e+00 m
0.00e+00

1.60e-03

3.20e-03

4.80e-03

.40e-03

.00e-03

.60e-03

.12e-02

.28e-02

.44e-02

.60e-02
max (stage): l1l.50e-02 m

n' < 500f 1 ¢ <otal displaceménts = _ 7 BHIEN, Kl M = _ 7 W< . BU Wb
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Total

Displacement

min (stage): 0.00e+00 m
0.00e+00

2.00e-03

.00e-03

.00e-03

.00e-03

.00e-02

.20e-02

.40e-02

.60e-02

- .80e-02
.00e-02

max (stage): 1.97e-02 m

n' ¢ 51y 1 ¢ qotal displaceménts =~ _ 7 BHIIEN, K M = _ 7 W< oowyu v

Total

Displacement

min (stage): 0.00e+00 m
0.00e+00

.10e-03

.20e-03

.30e-03

.40e-03

.05e-02

.26e-02

.47e-02

.68e-02

- .8%e-02
.10e-02

max (stage): 2.05e-02 m

n' ¢ 520§ _ 1 ¢ 4otal displaceménts Y RBeHELEM KM T w< . mdy
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1 —%—M—Oﬂ—&—ﬁ—g—ﬁ—g Ay
Faiiiit
A 0 b

0,95

0,9 Q

x <&

£

=0,85

S

-

0,8

0,75 < Top Heading A Invert

0,7

0,0 5,0 10,0 15,0 20,0 25,0
NS

PR RG>t h T et 0 < AN B kT L ehE R e T
_>'>h_":"I BC‘Ch,"' S B _5<l(;l h/\h‘_"’)" _IVV¢
[w<” h"A"<™ _.A hAh< “®6.A _° §s,hgh’>> h > 5
th>eyr > Y tgpheadifg) X [ CsTC CCchht Y6 hehchds 4T " .o W
h/\,,+" _"‘ 4h‘w4v\z",l ,h’/\s_h' ‘_‘I hf.“<"“|s

Total

Displacement

min (stage): 0.00e+00 m
0.00e+00
9.00e-03
1.80e-02
2.70e-02
3.60e-02
4.50e-02

1 S-40e-02

€.30e-02

7.20e-02

. 8.10e-02
9.00e-02

max (stage): 9.00e-02 m

. . . . R — g g g g 4 g v
-15 -10 -5 0 10 15

n' ¢ 'S8EA_ C>h_h >k _hetaAvcw A S{ZUITE <RAALA L OISYSyia g0 Sh
TR st G2l KSFRAYIO 1 h cwc ot Lt sish 6w we
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Total
Displacement
min (stage): 0.00e+00 m
0.00e+00
9.80e-03
1.9¢€e-02
2.94e-02
.92e-02
.90e-02

.88e-02

.86e-02

.84e-02

.82e-02

.80e-02
max (stage): 9.71le-02 m
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Yielded
Elements
min (stage): 0 [per-cent]

l U
T <u

100

max (stage): 100 [per-cent]

n' ¢ 550h [ <h CeM oy JA' T w ot vS3 HEISM, K1) S h o, Y wyoh
Yielded
Elements
min (stage): 0 [per-cent]
0
100
max (stage): 100 [per-cent]
n' ¢ 56O <h 'y AT Tw vt 8 S HaAK=1. 0 h T wh Y
- ' ¢h A A ''Ssh * ¢ gC¢Ch  ow Chtor v rCok
n >' > ; 2 |
h/\h<vl' h/\h_ V' _l —<h _rqu y_Al Z - h °
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Yielded

Elements

min (stage): 0 [per-cent]
0

100
max (stage): 100 [per-cent]

n'CS?ﬂ)!"(h"‘_y‘_C/\' w7ty ‘. BC‘Ch,"I ‘&yH:SO’_n,%:]:I _'. Bq

Yielded

Elements

min (stage): 0 [per-cent]
0

100
max (stage): 100 [per-cent]

n ¢ 5£MDT < h _ tem y - A w7ty ' ) B ¢ Y Ch ,E;af$:3()h'Kojjﬂ W< . _ !
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