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1. In_troduction

When designing construction in rock foundation, measurement of natural state of stress in rock
mass is an important problem. The state of stress of rock foundation is defined by gravitational
and tectonic force fields. The gravitational force field can not be separated from the rock materials.
At any point in an elastic homogeneous isotropic rock mass gravitational components of stress field
are defined by the formulag:

o= =qH, (1.1)
oo =al =a§;q§ = Ay H, _ (1.2)

where

09, 0%, oY - vertical and horizontal stresses of the point A;

H - depth of the point 4;
- volumetric weight of the overlaying rock layers of the point A;
A - coefficient of la.teral pressure of rock mass at rest.

The tectonic force field is significantly more complex than gra.wtatlonal force field. It is related
to the complex and non-uniform distribution of the rates of tectonic movement and the rate of
strain of the earth crust. There are some methods for measurement of tectonic state of stress
in rock mass. In this paper author represent a method of back calculation with deformations of
tunnel contour that are measured in tunneling. process.

2. Main idea of the methdd

_The tectonic component of stress field results from the continnous redistribution in space of
the tectonic movement and deformation rate of earth crust. It takes place in rock mass of tectonic
gone and in igneous and metamorphic rock mass, When an underground opening is introduced in
foundation, natural tectonic state of stress is redistributed. The total stréss around an opening is
resulted from induced stress called by man made activities and virgin stress or in-situ stress. It
is changed in dependency on distance from the tunnel face to a point in question. In figure 1 we
have two perpendicular circular tunnels P and Q. Tunnel P is directed to axis OX and tunnel Q-
to axis OY. At section A-A (tunnel P) and at section C-C (tunnel Q) near the face of tunnel six
points are fixed according to three directions 1, 2 and 3 (figure 1). Just, the relationship between
stress and strain is termed a state of a plane stresses. When the tunnel face gets a position B-B

34



(tunnel P) and D-D (tunnel Q), the distances AB and CD are bigger than the diameter of tunnel.
We have condition with plane deformation. If the values of deformation increment of fixed points
are measured, natural tectonic state of stress can be calculated by the elastic theory.

'3, Basic equation and solution
3.1. Anélysis of stress - .straiﬁmrelationshiﬁ- '

In figure 1, let A-A of tunnel P and C-C of tunnel Q be the sections interested.

Fig. 1. Nlustration of tectonic state of stresses in rock mass rounding tunnel

When A-A and C-C are next to face of tunnel major and minor stresses, after {1], they can
be calculated as follows:

At section A-A:
ot = kiof + kaog + kooy,

. 3.1
Ug1=k20f+kld'§+kgﬂ";, ( )

At section C-C:
o = kol + kool + koo,

oSt = kyo¥ + kyod + koo¥,

(3.2)

where

oftt, of! - average major and minor normal stresses at section A-A, . _

o1, ¢§! - average major and minor normal stresses at section C-C,
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o2, oF - projection of major and minor normal stress in the plane which is perpendicular'to
the direction of tunnel axis OX;

a¥, o¥ - projection of major and minor normal stress in the plane which is perpendicular to
the direction of tunnel axis OY;

g, - normal stress in direction OX of tunnel P;

o¥ -"normal stress in direction OY of tunnel Q;

ky - cﬁeﬂ'icient of pressure concentration in the horizontal direction 1;
ks - coeficient of pressure concentration in the vertical direction 3;.

ko - coefficient of pressure concentration in the direction of tunnel axis.

Coefficients of stress concentration can be determined by the data {1] that are shown in Fig. 2.
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F4g. 2. Relationship between coefficient of the pressure concentration

and the distance from the section to the tunnel face

At section A-A the relationships between stress and strain according to direction 1, 2 and 3

are:
2 1 a1, a1 Al _ Al
T=—ZE[(61 + 03 H 1= p) + (1 + p)cos 2a(of" ~ of ]],
ugt 1 Al Al oy Al _ _Al
- = ﬁ[(gl + 031 — ) + (14 p) cos 2{ + 45°) (of! — o21)], (3.3)
vgt i Al Al oy( Al _ _Al
Tzﬁ[(al + 03 ){(1 — p) + (14 p) cos 2{a + 90°) (o} — of )],

where:

UfL, U£1, U - the radial displacements of tunnel contour according to direction 1, 2 and 3
at section A-A near the face tunnel; '

D . diameter of tunnel cross section;
E - Young’s modulus;

4 - Poisson’s ratio.

36



The substitution of the terms a‘f‘l

D
Ut = ﬁ[(“f"‘ag)(kl +kz)(1~
Uzt = E'E_[(al + o3 ) (ks + k2)(1 -
D o x
UMt = ﬁ[(gl +o5) (kL + k2)(1 -

wher-e C = (D/E)ko{l — p).

and ¢3'! from equation (3.1) into equation (3.3) gives
) + (1 + p) (ks — k2) cos 2a{af — 0%} + Co?], (3.4)
B) + (1 )y — o) com 2 + 45°) (0% — o3) + €],

2) + (1 + 1) (k1 + kz2) cos 2(e + 90°) (05 — 0F) + CU:]’

Making the same calculation with section C-C according to direction 1, 2 and 3 we have the
radial displacements at section C-C as follows:

D
Uit =05

(0% + 0% (ks + k2) (1~ )

+ (1 + p){k1 — k) cos 26{a} — o) + Col],
D
Uft = ={(of + a8) (ks + k2) (1 - p)

2F

+ (1 + p){k1 ~ kz) cos 2(5 + 45°) (0¥ — 0§} + Co¥], (3.5)
UF* = (0% + %) (ks + )1~ )
+ (14 p)(ky + ko) cos 2(8 +90°) (¥ — 0¥} + Co¥],

where:

UFY, USY, US? - the radial displacements of tunnel contour according to direction 1, 2 and 3

at position C-C near the face of tunnel;

When the faces of tunnel have been advanced sections A-A and C-C about one time the
tunnel diameter beyond section A-A and C-C, stress-strain relationship at section A-A and C-C
are termed a state of plane deformation. The deformations of tunnel contour according to direction

1, 2 and 3 are calculated by:
at section A-A:

UA2 1- #2 T x T T
l}) =% [(a"1 + 03} + cos 2a(o] — 03 },
UA2 1,2
V- _ Lo [(05 + o) + cos2{a +45°) 0F — o3)], (3.6)
UA? 11— p? ‘

D 2E

at section C-C

[(oF + 0F) + cos 2(x + 90°) (0] — o3)],

U2 1—? 4 ¥ ¥

5 = 5E [(0¥ + oY) + cos 26(c — oF)],

U26'2 1- !"2 y ¥ -] v Yy

- = W[(grl + %) +cos 2(5 + 45°) (o} — o¥)], (3.7)
Uf?  1-u?

where:

= [(.:rir +a3) + cos 2(§ + 90°) (0¥ — o} ],
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U2, U2, U2 - the radial displacements of the tunnel contour according to direction 1, 2
and 3 at section A-A when AB > D, 7

U2, US?, US? - the radial displacements of the tunnel contour according to direction 1, 2
and 3 at section C-C when CD > D.

3.2. Analysis of in-gitu stresses

Substituting equa.tioﬁ {3.6} into (3.4) gives

U = 22 {01[201 = 1) = (s + ka) (1= )] + 5 (20 = i) = (ks + ka) (1 = ]
— % cos 2a(4(1 = 1) ~ (ks — k2)(1+ )] + o5 cos 2a[4(1~ 4?) ~ (ks — k2) (1 + )] },
Uz = *2%{“”1‘ [2(1 = #%) = (ks + k2) (1~ )] + 05 [2(1 = %) = (k1 + k) (1~ p)] (3.8)
— oY sin 2a[4(1 — u*) = (k1 — ko) (1 + p)] + oF sin 2a[4(1 — 4°) — (k1 ~ k2)(1+ p}] }

U= 5%{0?[2(1—p2) ~ (ky +k2) (1 = )] + 05 [2(1 = %) ~ (ka + Ra) (1 — )]
+0F cos 2a[4(1 — 4%) — (ky — k2) (1 + p)] + 0F cos 2a[4(1 — 4°) — (kg — ka)(1+ #)]},
where:

UF = U2 - U - Coyg,
Up = Us'? - Uf! - Co, (3.9)

@ _ FrA2 Al
Ua = Ua —Ua " - OO’;,

A+B=2(1—12) — (ks + k) (1 — ),

. 3.10
A= B =4{1-2) (ki ~ k)(1 + ). (310
Calculating equations (3.10) gives '
A =3(1—p?) — k1 + phs, (3.11)
B =%~ 1~ ka + piky. B
Substitution of A and B from equation (3.11) into equation (3.8) gives
T D 2 & x
Us = 51_5‘—[01 (A+ B) +05(A+ B) ~ o7 cos 2a{A — B) + o5 cos 2a(A — B)],
D .
Ug = E[UT(A + B) + 05{A+ B) — of sin 2a(A — B) + 0§ sin 2a{4 — B)],
o (3.12)
D .
Uy = EE{U’{(A + B) + 05(A+ B) + 0f cos 2a(A ~ B) — 0§ cos 2a{4 — B)).
The solution of the equation (3.12) will be:
E [Us+Uz  Ug—UF
x i 3 3 i
= - + 2
7127 p [2(A+B) A—pVite 2a], .15

205 — (U +U5)
Uz~ UF

tg2a =
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A similar calculation for section C-C gives the component of stresses o} ; and the angle §:

ETUY+UY | UY-U?
y - = I 3 3 1 for2
TLe D[Z(A+B)ﬂ:2(A-B]"1+ 28],

20 = (U} + 13)
Ur-Uy

(3.14)

tg26 =

where:

Uy = UP - U - Cot,
Uf = UP? - U§ - Oo, : (3.15)
Uy = U§*2 — U3 — Ca?.

Equations (3.13) and (3.14) will be determined if ¢ and 0¥ are measured. In a different way,
for calculating o 5 and a{ ; we have to determine increment of the displacement of tunnel contour
that are shown in equation (3.9) and equation (3.15).

From equations (3.13) and (3.14) we have tectonic components of stress field in two dimensions
OX and OY as follows:

y_ EUtsUz U-Up
a“_D(A+B An—B)’
=B (Ul _U-Uhy

v“D\"A+rB  A-B

- (3.16)

Substituting values of displacement of tunnel contour from equations (3.9) and {3.15) into the
equation (3.18) gives

. _ 2B UP? = UF' - 2ko(1 — p) (U2 - U£Y)

v© D [2ko(1 — p)]2 + 1 '

U2 — Ut — 2ko(1 ~ u) (UP2 - UF?)
[2ko{1 — p)?] + 1 '
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(3.17)

2F
ng—ﬁ

With the terms of and of from (3.17), equations (3.9) and (3.15) give:

Uy = U2 - U - Ue,
UZ = Uf2 Uit - Uf®, (3.18)

z _ FrA2 Al Az
Us—“Ua _Ua “Uu:

and
Uy =UP2 - Ut - UsY, .
Uy =Ug?* —UuSt - Uy, (3.19)
U = U2 — Ut - Uy, '

where '

Uc? — et . 2ko(1 __,p’)(UAz ~ UAY)
UA® = 9k (1 — I 1 i 1
0 = 2ot~ ) [ZRoli - W + 1 ’

3.20
Ucy=2k (1_”) Ufz—UfI”ZkO(l_#)(UPZ_"UICI) . ( }
0= Rho(l— WP +1
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Orientation and value of major and minor normal stresses are shown in Fig. 3.
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F s'g. 8. Illustration of value and orientation of major

and minor normal stresses in the tectonic force field

From Fig.3 we have

1+tg26

o1 =4/ (0¥)? + (09)? x Trieia’ (3.21)

_ (o})2tg26(1 + tg2a) - )
tghr = 4[tga — tdf)z(l g6 (3.22)

oftga [1+1tg26 ‘
t = 23
. gjl oltgd \ 1+tg2a’ (3:23)

1+ cotg?a
gy = \/(ag)2 + (ag}Z X 1T cote®s cotg?l ’ (3.24)
(03)2 cotg26 (1 + cotg?a)
gﬁz \/CO ga . (O'g)Z(l + COtg26) H ( )

" o¥cotga |1+ cotg?s
£ = . . 3.26
872 oy cotgé 14+ cotg?a ( _ )

There exists the tectonic state of stress in the tectonic zone and in the rock foundation of
igneous and metamorphic origin. It will be distributed and redistributed due to the excavation
of the underground construction. Therefore, measurement of in-situ stress is very essential.- The
method presented can be used in the tunneling process and should be considered for correction of
the existing design. ' :

4, Conclusion
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XAC DINH TRANG THAI UNG SUAT TU NHIEN CUA -

NEN DA BANG PHUONG PHAP TINH NGUQC
TV BIEN DANG CUA CHU TUYEN TUNNEL

Trang th4i tmg suit trong khéi d4 quanh tunnel thay 48 phy thude vio khoing cich gifra
gwong tunnel v m3t cit nghién céu. Khi mit cit & sdt gwong tunnel, trang thai éng suit - bién .
dang dwgc phin tich theo bii todn #ng suit phing. Khi mit cit cich xa gwong tunnel, trang théi
#ng suit - bién dang dwec xem x4t trong bii todn bién dang phing. Vin dung d3c diém 446, trong
bai ndy téc gii kién nghi cich x4c dinh trang thdi ¥ng suit tw nhién trong nén 44 bing phwong
phip tinh ngwoc tir chuyén vi cda chu tuyén hai tunnel vudng géc nhan.
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