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Influence of Joints on Rock Mass Behavior 

Takeshi ITO 

(Recei ved on 31 Octobぽ， '1972) 

1. Preface 

Major problems in rock mechanics can't be avoided， especially the situations of 

discontinuities and anisotropies of rock masses. For these problems， we have several 

questions， most of which have already been analyzed by former researchers. A partial 

description is as follows: 

1) will whether failure take place along the weakness plane under the applied stresses ? 

の under which stress conditions will failure take pl~ce along the weakness planes ? 
These are the most common problems， and now yet it is important to judge dangerous 

direction of weakness planes with respect to a stress system‘ To a joint system repre-

sented by Coulomb-Navier' s criterion， the coefficient of joint is applied， and in the 

final section conceming the laboratory test， several possible results are represented. 

2. Theories of Stress Conditions in a Weakness Plane 

It is important to find the ∞ndition of failure which may occur in the weakness. plahes 
such as seams， joints and faults. In such weakness planes， if the shear strength is sub-

ject to Coulomb-Navier' s criterion， the following equation often used; 

So = Co + q tanSOo (2. 1) 

where， So : the shear strength of the solid (rock)， 

Co : the cohesion of the rock， 

so : the angle of internal friction for rock， 
σ: the normal stress across the plane. 

If 1: is the shear stress， the condition for failure is given by 

|τ|註 Co+ q tanSOo (2. 2) 
(1) 

Accordance with Jaeger' s consideration， with respect to a system of weakness plane in 

a two dimension like Fig， 1， let C = cohesion of joint filling materials， so盟 angleof 
internal friction， we get instead of eq. (2. 2) 

lτ|孟 C+σtan ψ (2. 3) 

Let's av町agenormal stress (}nv' 'and' ，maximum: shear' 'stress '1:max，" ;"， 

σ σ1+σz σ1ーのav =ー一一一 』ー_.._- "max=一一-一一一 (2‘4) 

in which， principal stresses向>内 (positiveshows compression)， 

consequentIy， the shear stress ~nq ， normal， stress at the weaknes~ plane whi.cn i事 inc~ined

s to the maximum principal stress， as shown in Fig， 1， 
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homogeneous rock takes place failure when f (α)=τ ー σtantp approaches to a maximum 
value， from af (α)/aα=  0 

一450ーート (2. 6) 

Substituting eq. (2. 5)， (2. 6) to (2. 3)， the condition for failure along the weakness 

plane can be gotien as: 

'rmax註 (σav+ C・cotso)sin少jsin(2α+so) 

= (σav + C・cotso)tan(J (2. 7) 

in which， tan(J = 

、，Jω' 一+
ωa一-m一α
S

一αn 
so 

σ1 

!iii  i1 
_ _-ir__:yーしムムギー

(12=(13 lσ2=σ3 
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ト~~~~/r器
σI 

Fig. 1 Stress diagram in a weakness plane 

and eq. (2. 7) can be rewritten as follows: 

σ1 (sin (2α+so) - sinsoJ一 σ3(sin (2α+ψ) 

+ sintpJ註2C・cosso (2. 8) 

or O"lCOS (α+ヂ)sinaー σ3sin(α+so) cosα ミ C・cottp (2. g) 

(的
Tal伽 eJ gives nextmtion in the case of p=÷ ー α

σlsin (SO-s) coss + 0"3COS (SO-s) sins + C・cot伊豆o
In the case of smooth horizontal surface， from eq. (2. 5)， 

cos2α=長雨=;~え;

Substitution of this in the 2nd of eq. (2. 5) gives 

σー σav= 't'lnUX "j 1 -~二一， ，・mnx

τ 2m 口 = ( σ 一σ a町v)ア2+ て戸2 C包.1叩0ω) 

E陶q.(2.10) m…e回eanst出山h (4) 

and ce町 edon the 0" 一 axisat o""v =ナ何十 0"3)

When tp = 00， givingσ=σ1 & ，= o. 
In the above equations， if C = 0， then mechanically， 

1 ，1 ~主 σtanso 
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The condition of failure in the weakness plane will be : 

or 

!"m日与のVSin:21ヂ) i 
σl[sin (2α+ψ〉ー sincpJー σ3[sin (2α+伊)+ sincp J孟 oJ 
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(2.11 ) 

If cp = 0， then the condition for failure depends upon cohesion， I!" I 孟 C， similarly， 

or 

2・c
(σ1ー σ3)ミ一語in2a 

T…主 主一
一一 - sm2α 

(2.12) 

(2) 

J aeger (1960) has considered the effect of a more general type of anisotropy upon shear 

failure. In the more general case， he assumed that the cohesive strength of the material 

is equal to the cohesive strength of the weakness plane and the leas1: value lies on the 

weakness plane. On the other hand， a maximum value rotates through a further 900 • 

Thus when the cohesive strength in the weaknwss plane inclines s to the maximum 
principal stress it then becomes : 

C = C1一 C2cos2 (，ω-s) (2.13) 

Hence， when the cohesive strength in the plane which is inclined ωto the maximum 

stress has a minimum value C1 -C2 when ω= s， and a maximum value of C1 + C2 then 
the plane of anisotropy is rotated through a further 900 • Using this expression for the 

cohesive strength， the condition of failure becomes : 

I!"I = C1一 C2cos2 (ω -s) +σtanψ 
We can rewrite this by using eq. (2. 5) 

τI11IlX sin (2s + cp) + C2 cos 2 (ω - s) cos伊

(2.14) 

= C1cosタ +σav.sin伊 (2.15)・

Since eqs. (2. 14) and (2. 15) are the same， the conditions of failure are thus similarly 
described previously : 

3. 

x + C2 sin2ω tan2 s = _!坦一一一一一一
!" mnx tancp + C2cos 2ω 

A Consideration to Joint Syste:m. 

(2.16) 

In the former section， conditions of failure are introduced for weakness planes. Now 

joint planes including the coefficient of joint shall be considered here. In this case， we 
can use eq. (2.3) 

|て|よ C+σtan cp 

The same type of relationship may be 

applied to a plane of weakness. In this 

case， the joint would develop resistance 

against shear force in the term of : 

!"j =σtan rpj (3. 1) 

in which， !"j ; joint friction 

rpj ; angle of joint friction 

6 

Fig.2 Model Joint Surface 

In the case of Fig. 2， roughness of joint influences the shear resistance under the 

condition引くs，then the eq. (3. 1) becomes : 
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'l"J = (1tan (s +伊'J) (3. 2) 
Thus the strength influenced by joint 

can be drawn in Fig. 3. As shown in 

Fig. 2， most of the joint is not 

continuous， thus it is assumed that the 

coefficient of joint "k" which is th巴

ratio of area of open joint and total 

area 

“k" usually takes 0.3 to 0.7， then the 

eq. (2. 19) becomes : 

τ 
B 

6 

Fig. 3 Jointing mass strength 

'l"J = k・σ・tan(s +判〉 (3. 3) 

Owing to this joint friction， total 

shear strength will be much higher. 

Therefore， it may be written in the 

OD : shear occurs along the joint， having inclination 
fJ to the shear force direction 

form of 

OC : the force ∞incides with the joint direction印=0)
AB : the displacement occurs as a result of the mono-
litic block shearing. 

So = Co + ( 1 -k) (1・tan仇 +k・6 ・tan (s+町〉 く.3.5) 

If the joint plane is wet， pore water pressure (u) would take place， thus affecting 

the total strength is as follows : 

So = Co + (1 -k)くσ-u)tan9'o + k (σ-u) tan (戸+少'J) (3. 5) 

4. An E玄alDpleof a Laboratory Test(l). (21 

As a method of expression of weakness or discontinuities of rocky material in the labo-

ratory test， an experimental study is carried out to investigate the uniaxial compressive 

strength and the mechanism of fracture of 

cylindrical specimens (Fig.4) with an inclined 

layer made by material of lower strength. A 

p訂 tof the results obtained from the laboratory h 

test is shown below 

(Materials] 

Main part : plaster + H20 (1 : 0.6 in weight 

ratio) d 

。=0.，15ヘ30ヘ45.，60。
h=10αn 

d= 5cm 

E血/EI=3 

(Young's Modulus ratio) 

t : thickn舗sof the layer 
(cm) 

Layer part : plaster+diatomaceous earth+旦oFig. 4 Laboratory test specimen 
(1 : 0.1: 1 in weight ratio) 

4-1. Mechanism of Fracture 

Through the experimeIits， it was observed that the mechanism of fracture was divided 

into three cases as follows : 

1) () = 00， 150， 300 

In this伺 se，the first slip fracture appears in the layer p町 tand the fracture of the 

main part arises when the slip line of the layer part reaches its boundary. 

2) () = 450 

The slip fracture of the layer part yields to the fracture of the total body. 

3) () = 600 

The slip fracture appears at the boundary of two. p訂 ts.Skeches of mechanism of 
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fracture are shown in Fig. 5. 

4-2. Theories 

As a result of additional triaxial test， 

Mohr's failure envelope reached to 7: = 7:0 

(const)， i. e.， the following assumptions 

may be based on the theory of maximum 

困層面再開
8 = o' θ=15' 8 =30'θ=45・ θ=60'

shear stress. 
Fig. 5 Skeches of specimens at failure 

，@ If it is assumed that the failure occurs when 7:=7:0 at the angle of inclined layer 
(Fig. 6)， and also assume the axial stress is σ1> the shear stress acting on a plane 

inclined () is thus : 

τ=ード1sin 2{) く4.1) 

7:0 =ート σD く4.2) 

then， σ1=σD / sin2 (J (4. 3) 

.@ Assume the restriction force between top and bottom of the parting layer is to take 

place (Fig. 6). Besides 0"1> it is assumed .that the principal stressσ2 =σa arises to the 

layer part thus : 

T 

ε1=-1-(σ1 - 2νDσ2) 
-"'D 

UJー (σ2- IiD0"2ーい)
心 D

(4. 4) 

(4. 7) 

in which， 51> E2 : strain with respect to 0"]， σ2 in the layer part. 

ED，νD : Young's Modulus and Poisson' s ratio of the layer part respectively. 

匂isassumed equal to ./ which is the strain of main part in the vicinity of contact 

plane. We can measure el> e2' at the laboratory， so the relation of principal stress is 

thus calculated to be : 

τ。

"0 (kg/cm') 

:::1hJF//⑤ 
U'ーーー←ay - -0-- ー ~r，'I-晶、司ー- -

20~ 一ーをー一ーー・一-ー
σl眠

_，・
σω 

0・ 15・ 30' 45・ 60'

ー一→ θ
Fig. 6 Mohr's Circles Fig. 7 Theory and Experimental results 

0"2 = k・0"1 (0くk=一 α十 νD くし
1-νD+2νD 

O"D 、、-
11 = o"y = 一一一一一7ー .> 0": 

1 -k ' 

α 田 Jι〉 (4. 6)' 

(4. 7) 

⑨ 

@ 

。Assumelarge cracks lie on the contact plane of two parts， based on Griffith's theory. 
If tensile stress (σt) acting on cracks reaches uniaixal tensile strength of the contact 

plane， so under uniaxial stress state， 
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-4σs 

2l-~- (1 + c叫めー(1 +∞s 20) 
then， 8 = 600ー→σ，= -8 Ut， 8 = 450一一+σ，=-9.74σし
Fig.7 shρws above results. 

σ，= 

Description in Fig. 7 : 

町:compressive trength 

Uy : stress at yield point 

K( 8) (kg/四1・-')

↑川

5叶ト、'....rf、

20 
0.5 1.0 3.0 

Fig. 9 Variation of Function of angle Fig.lO σc-L Relations Fig. 8 Failure State 

-2官、
cos ( 1 -cos8) (4. 8) 

σp : compressive strength of main part 

material 

σD : compressive strength of layer part 

matarial 

↑1叶処(i山 j
に0・一式θ=15・， m=0.57 
D 8=30. ， m=0.60 。

x・50 。-・ . .，.・。
“ ポ5

• 
JJ・
-" 
一一令 L (田)
ーーーーーーー..J..._ーー，
5.0 

20 

c0528 
0.5 1.0 

In which， I， n and m show the failure tendencies of model specimens. 

4--3. llhe case of (j = 00 to 300 

As shown in Fig. 8， the specimen with (j = 00 to 300 almost shows α= 450， soσc is 

closely related with L. 

⑧ Relation of L and σc 

L=  
.Jt 

sin (+ -8) 
Fig.9 shows the relation σ口 andL， and 

from this figure， experimental equation 

can be deduced as : 

σc = K(θ) L-m 1 
(m average = 0.57) J (4.10) 
in which K (8) is a function of angle and 

it varies with inclined angle. 

⑮ Relation of (j and σc 

For solving the function of K (8)， 

relation cos2(j and K (8) =σc Lm drawn in 

Fig. 10， which gives : 

K (8) = Ko (cos2 8)-0 

(Ko = 40.4， n = 0.58) (4.11) 

llhese results are summerized in the 

folIowing eqaution : 

(.Jt is t at failure) (4. 9) 

(Jc (kg/cmZ) 
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Kn 
σ。=工耐一石oS20)O・田-

Physical1y， this becomes : 

Ko 
σc=7E5言云
Substitution of already mentioned L in this eqaution， thus : 

k 

UC = J~五7孟弓二云
(K=K‘/";-2-) 

This result is shown in Fig. 11 . 

5. Conclusions 

(4.12) 

(4.13) 

(4.14) 

The problem of influence of joints is quite complex. In analizing this theoritically， 

various kinds of assumptions can be made. Since this is the case， we often have to 
consider additional phenomena. Rock mass has several different structure types， and 

generalization is impossible. Therefore， new models must be fabricated in order to 

facilitate analytical assumptions of the derivative conclusions. 
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More comp訂 isonswi1l thus be necess紅yfor value analysis in respect to laboratory 

testing for criterion for failure. 
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