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Operation of pressure Tunnels in heterogeneous
geological mass

It is important to select the pressure tunnel route during designing medium and high-
pressure hydro power plant in the vicinity of the slope of the valley. The correct solution
requires considering the basis of geological data to be achieved:

* Admission seepage mode in the massif (which is not to be reached during the depression
in the surface of the slope) and the seepage flow parameters, including pressure gradients
and velocities should be allowed to ensure massive seepage resistance).

* tunnel and slope stability, during which the distance from the lining to a slope surface
would be the minimum;

It should be noted that the bases are characterized by anisotropy, and cracking whose
layout creates a potentially dangerous shear surface. Seepage flow creates the body (uplift
and hydrodynamic) forces, on the one hand, and decreasing shear parameters of the slope
surfaces (crack filler ) on the other hand. These factors influence on the stability are aimed

at reduction.

The scientific novelty. The two-dimensional problem of research methodology has been
developed within the framework of the joint using boundary element and the finite element
methods, which allows for assessment to be:

- Pervious pressure tunnel lining and the surrounding massif joint operation with existence
of geological conditions and seepage body forces;

- justification the tunnel route the minimum allowable distance in the vicinity of the slope of
the valley;

- influence of the grouting zone on the tunnel surrounding massive seepage flow parameters
(including the depression curve of the admissible area, cracks parameters) and slope
stability;

- Energy - economically acceptable seepage losses.

The practical value of the work.

Research methodology, and results can be used for design and rehabilitation of pervious
pressure (also for unpressured) tunnels:

* Study the route of the tunnel, when the tunnel axis runs through the valley in the vicinity of
the slope;

* tunnel lining surrounding grouting zone parameters (depth, density ratio permeability )
correctly identify which can be reached at:

* the allowable spread of flow seepage area of the mass;

* tunnel — lining and slope stability ;

* Energy - economically acceptable filtration D losses.

Engurhesi tunnel lining not reinforced, the reinforcing grouting as a maine seepage
resistance solution efficiency is determined by the ratio of massive and grouting zone
permeability coefficients (K m/(K_ Way)),

_ K /K _=20—:-10 . . -

e within the range of = ™ / &z depression surface remains in the limits
of grouting zone;

¢ at the low quality of grouting zone (or in the presence of erosive leakage process),

when Ko /ng =8 and material partially repeats the anisotropy of massif,

depression surface already escapes grouting zone;

K /K, _=25 . . . s
’"/ &z 2 is a critical value of depression surface (moves away significantly

from the axis of tunnel and the wetting begins of the gorge slope), which it has not
reached vyet.
Therefore we may assume that more realistic for the present condition of strengthening

grouting zone is K"/ng z4.
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~T.SIN oc)]
(3.20)

Al = I JS(F )X = [(1- 2V)T,€0S8 x —2(1 - V)T,SIN x +C5(T,C0S

—T.SIN cx:)]
(3.21)

; | S—— 3
Afy = I3 ay(FS)dX = [(1— 2V)T,SIN « +2(1—V)T,0S o —Cy(T,SIN

+T.C0S o]
(3.22)
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5 Ty wennen , Te o®dmoygbgb 3gegobols 9bosdgb@omy®o sdmbsbligbols
——g(X,¥) s dobo Fomdmgdyemgdols aoblsbrog@ne 0b@ga@omgdl:

= 1 - - e fo
g(x7)=— o en[(X — Cz)? + (¥ — Cp)?1*4, (3.23)
1 { Cy Cy
T = [ & | - T )
U an(1-n) e \aia .- T ta
— (C-— a®)en l(Cf— al)> + 3+ (C;+ a')en !:Ci-i- a/)? + C_.f-.],
z \ (3.24)
T, = __ [en |r(C-— a/)2 +Ci—en !(C--i— a’)? -i-C"-f]
2 am-wn)LTE . \ . (3.25)
3= —4_?:(1 v arctg C,—a — arctg C.+a I (3.26)
. § i Cy Cy
4_4'3(:1—11') _(C_\—,— a})2+CY2 (C.f+ al)? ‘}‘C?z_ (3.27)
i x j|  E—wt Cz+a
= 4n(1—-V)|(C;—al)2+Cp* (Cz+a/)*+ CFZ (3.28)

Cs, C5— @ go@g@o jm®Eobs@gbos. €= gi— p’.
amEgbsg I s T {g@domgdo 9@mdsbgonl gdmbgggs, d5Fob Ty, T; ©o Ty
30980309bGHJo0 5O GH0309d05b.

aogengbols  Lolobwgdm  3mgn030gb@gdol  wosgmbosay®o  §93@9d0,
Omdgngdo3 Fo®dmoway9bgb bogyodog 90 9dgbBgdols 9530900,
Fo®dmeayobegbosb dgdpgao Loboom.

. . iy 3—4V
[ ] J— i — L —

Bi. =Bi. =0, BY =Bi. = ———a'enaq;
v = Bas 55 = Byy amG(1—V) (3.29)
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AL =l =0, AN =l —+_
SN NS S5 NN 3 (3‘30)

Lobobwgdm  0bFga@omgdol  Jo@sdo®o  dgmmols  Lodgsgobsiom
JoM0moo  3ob@mangdol sbsgnobo gg0hg9690L, @mI dobo godmygbgdom
Jgbodengdgeos  9dgomme  aoblobwgdye  ofbols  jmbRy®ol  gOo
bofoando  owo@ayomgdgdo s  dodggdo, dgm@g bofoTo  Lobobwgdm
300mbgd0lL sOLgdbmdols dgdmbgggsdo.

(999o®gds  5dmbsoblibgdls  god@oy®d  @s@Ggodmgoms  dgmmol  RmE@dom),
dobgrgom  podmboggmggo  s@ol  3mbdgdo  Fo@dmwpobegds  FOgogo
9093963 gd0l  Lobom.  3mbRy®dbg  Imzgdygeo  Lolbaobwgdmem  3o@mdgdols
(205503000 989801s ob dodggdols) dobggom aobolobmg®gds
2O 0 9950 s dodggbo s@ols dopboom.

SM59AMY3oM™Mzobo  >Mggdols  3genggolbomgols  godmoygbgds  Logmb@od@m
odm3obgdoll  Ge@Iygmomgds,  @mdgoi  yYeolbbdmdl  Logmb@God@m
bges30Mgdbyg  dodggbols s gopospaomgdgdol  Fyzg@mdol 3o@mdsl.
Sdwgbor  dgbmdgao  ©@ggool  bogmbhaghm  gagdgbdgool N Fygoeo
99033l AN ¢Ebmdl, Loowsbs 2 3md3mbgbdo Fo®dmowagbls dodggdls
0.y Ty, boygoem 2 30330mbgbRo poposeaomgdgdls Us, Un.

Lobob@g@m gegdgb@gdol dgmmeol Lodgoeoboiom gobBmagdoms Lobg
B0JHoaG  ©oBFoGNGms  Jgnool  Foddon  Fo@dmwyobrgds  gdwgyo
Lboboo:

ZC PJ+ZC”PJ
ZC PJ+ZC’JPJ

i=1, ...N (3.31)

Loog: bl wo bl 0060365396 3006390bg LoFyol Lolsbmg@m 306mdgdl

N
dogdgel b dodggdom ob  gossomgdgdom; ZC,'{Y, . ,ZC,';
=1

Jj=1
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25880960l 2obbmasmgdygamo Lobobwgdm 3mga03096@gdos o6 dodggddo

ob qoos@yom gdgddo; P, P - 30JB0YM0 ©sB30MmMNggod0s.

33 gopsseaomgdgdols ©s 458390l goblsbmgms
353mbsggaggo S@ol dogboo.

30JBog®d  ©sG3oMmggools s 30MES30M0  0bFga@oggdol  dgmmegdols
aodmygbgdom 2ob0lobmg®mgdmes 200500 gdgo0 S dod3900
aoblobognggano  s®ol  jmbRy®bg. s@ol dogbom bgdoldog®m  §g@Eogndo
2OOEA0Mgdgdo o  dodggdo  dgbodangdgemos  aoblobwgdygmmo  0]bsl,
09930 >OLYdmdL >dmbobligbo 3063 G0l ‘FgdemdgoG g geno
g0 9dgb@gdolomgol.  Lodmgoemm  Loboo  goposwyomgdgdo  ©s  dodggdo
bmdogrosbol goms]dbgdom Fo®dmaobogdosh dgdwgao Laboo:

N
U.(pP)= Z [(1-2V)T,SINB* —2(1— V)T,COSB’ + C (T SIN’
J=1

— 1,c058) Ul + (3.32)

N
Z[(l — 2V)T,COSB* + 2(1 — V)T,SINB! — Cp(T,COSR! + T.SINBY U +
==

[

N ]
)
Z[(3 — 4)T,COSB’ — Cy(T,SINS' + T, COSﬁ’)]ﬁ +

=1

[

Z[(3 — 4)T,SINB’ — C,(T,COSB’ + Tasw,ef)]ﬁj
7= (3.33)

N
Uy(P) = Z [— (1—2V)T,COSB’ — 2(1 — V)T;SINB! — Cy(T,CcOSB/

=1
+ T,SINS)H U] +
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N
+ Z[ — (1 —2V)T,SING! — 2(1 —V)T,COSB’ — Cy(T,SINB’ —T.COSB)]Ul +
J=1

N
51
- Z[ (3— 4)T,SINB! + C,(T,COSB’ + T,SINB)] é -

/=1
N 5}|
+ Z[ (3—4)T4COSP’ + Cy(T,SINB’ + rgcos;;f)]$
= (3.34)
N’
6,(P) =26 Z [2T,COS?B° + T;SIN2B° — Cy(TSIN2S — T,SIN2) U +
J=1

N
+26 Z[ — T, — Cy (T,SIN2B® + T,COS26° + T,0528/) Ul +
J=1
N'
+Z[T2 —2(1— V)(T,CO2p" — T,SIN2B') + Cy(T,COS2p’ + T;SIN2pB)]6] +
/=1

N
- Z[ — T3+ (1 - 2V)(T,SIN2B’ + T,€0S207) + Cy(T,SIN2S/
J=1
+T.C082pM]67, (3.35)

N
8,(P)=26G Z[zir'_,slr;v2 B’ + T.SIN2p + C,(T ,COS2p’ — T,SIN2BNHU, +
I=1

N
+2G ) [ —T; + Cy (TSIN2B” + T,C05267) UL +
=1

N
+z[— T, + 2(1 — V)(T,€0S52p’ — T,SIN2f) + C,(T,COS2B’ + T.SIN2’)]6]
I=1

—

N
+Z[ —Ty + (1 - 2V)(T,SIN2B’ + T,C0526') — Cy(T,SIN2B’
=
+T7,C0528")]62, (3.36)
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N
Txy(P) = 2G Z[Tssmzﬁf + T,C052B7) — C,(T.SIN2B' + T,C0528"))6] +
J=1

N
+26 Z[CY(TGCOSE,GJ' — T,SIN28N) UL +
J=1

J"i‘.
Z[— 2(1—V)(T,SIN2B7 + T,€052p7) + Cy(T,SIN2B' — T,C05287)]5] +

=2

N

+ Z[— (1—2V)(T,C0S526 — T,SIN2B") — C,(T,COS2f’ + T,SIN2B7)]8],
J=1

bowoi Ti,...... , Ts 3996309000, @mIagdoi Fo®dmwagboabo s@0sb

RmAIgegdom (1629), bogom Ts @5 T7 gobolisbwg®gdosh dgdwgao
aodmbobya gdgdom

1 {(cx—a*‘f—c% (cx+aff—c§}

Te= Can(1-V) |(Cx— )P+ G [(Cy+ &)2+ CE]? (3.37)

B A { Cy— o Cy + o’ }

T’_' - = - -
‘ dn(L—V) ((Cx—a)2+ €} [(Cy+al)?+CF)2 (3.38)
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TF=+

bob. 3.1

a.
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Lobobwgam  3mgx03096@Ggdobomgols;

0 3o g@0  3mO©0bs@gdols Losbys®odm gdgdo:
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30mgJBodgdobomgols Lobmysome dbodgbgermgobos M0 (30%800
230056950 @g@dosb  ggAEol  bgosdo®sdpy  wolsdggdo  dsbdognols
oblobmg®s, Mmool ML 3dsymgomwgds Ylog@Ombmgdols  sbey
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‘dglodsdolog.
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9bag@ols 300580l agmdg@ogmo  3o@ModgBHMgdolbs s gydols
dobobosmgdengdols dglodsdolbow
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Qo @A@s3oygmds  [yodmgdds,  @mgmms  bodxgbol  3geoggbols
356mbbmdogdgds  gm@gmoioy®  sdmgowgdymgdsdos  Fyomlsiegdo

Vagool  @mbgbmob.  ©o3500390900L  Fgegpgdom  gomggame  Fgodmgoby
Tergdol aobdoganmdsdo aodmgangbogno 0dbs bodx ol bdol @ gbgbos.
bg3mmnblgbgdmosb aodmdwobgdg 9bgs 303559 M”, ™3
d9dgbgdemdols AML gg@ ho@odws Lomsbom ba@olbols asdsa@gdomo
s dgdoglgdgaro  39dgbHogos,  ob  gflsmgedegeol  3g@omedo
3obg30m@ s bygmboyg®o 30m3gbo. sdobosb 5 353'doMgoom
dolbogmebgmos,  G®Md  sdsabo@olbosbo (399963530 ®M0  bmbs
‘dg0bodhbgdos 5bobmEGMIYEmdsls.

2300560l gJldgge@oiEool  @OML  Qoa@@siEoymo  30m3gLgdols
30mabmbodgdolomgols hsBo@mgdygmo odbs jganggoms Lg@ogdo, Gmdenols
OAHML 3o0mgomolbobgdmws  aodog@gbomo  (3999bGo30gG0  bmbols
Qo @A@si3ool  3m9R03096HoL, @mam®aE  Laddmgddm s sliggy
K =
2ob®ogro dbodgbgeomdo: K”/ &= 20,10, 9, 8, ..., 3.
aoobgom0dgdgdbom Jomgdbymo ofbs (bsb 4.11, 412, 4.13, 4.14), Gma:
. Km/ng =20—-10 ©0535bmbdo  ©g3dglool  bgosdo®mo  @hgds
(39996°3099M0 bmbols Goma gbTo;
e (39996530900 bmbol @sdsgno  bo@olbol  s@Lgdmdols 306mdgddo
(56 Lygmbog@o 36miagbol s@bgdmdobsl), dowgbsg K, [ K,. =8

s>  dobogns  bofoamddog  0dgm@gdl  dsbogol  Sbobm@@m30sl,
©093M9Lbool bgosdo®o 9339 ool (39996@>30YM0 bmbowsb;
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° Km/KgZ =25 {o®Imopa bl ©g3@9Lools  bges3o0@ol  3@Ho@0 e
360dgbgenmdsl (3300560l @gMdowsb db0dgbgenmgbo ImMEgds ©o
0{g9ds>  bgmdol  ggdol  ©oliggangds), @mdgolbmgobsi xgO  o@
oy gg0s (bob4.14, 4.15).

odgbse, dgag0deos  gogoMoymE, MM aodoy@goomo  (39d9b@s30MO

bmbols >OLgdyeo damdo®gmdolomgols 9RO A go@obiG B os

KK, =4

H=150m Grouted Zone (h;=6m)

Saturated Surface (hg =4m)

Kn I Kez= 20 (by design)

bob4.ll goan@@sizoymo (bgggdols aobsfogds ag000d0l gomgdmd3ggem
dobogdo, O™ K, / ng =20—-10 (Lo3MgJBm Ipymds®gmds).
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0 5 Km/ng 10 15 20
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