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Failure of rock is an important problem arising during underground construction of shafts, tunnels etc. It has been determined 

that the peripheral stress developed around a circular tunnel causes rock failure which makes it essential to recognize these 

failures patterns under these circumstances. Prediction and quantification of failure mode is very complex and difficult. 

Therefore, it is important to carry out comprehensive study in laboratory to determine rock failure pattern which is 

significant to stabilize engineering rock masses and to recognize the suitability of support system as per nature of engineering 

work.  

Uniaxial compressive strength, Brazilian tensile strength and triaxial strength tests were conducted on three different rock 

samples namely Migmatitic Gneiss (MG), Phyllitic Quartzite (PQ), and Quarzitic Phyllite (QP), collected from the vicinity 

of Rohtang tunnel in Higher Himalaya, to understand the nature of failure patterns. Test results shows axial splitting along 

with shearing along plane and multiple fracture patterns in phyllites and gneiss whereas gneiss also shows multiple fracture 

failure patterns with increase in comprehensive strength of rock under triaxial conditions. In case of Brazilian tensile strength 

tests failure pattern are generally of central multiple type.  

This paper highlights the failure modes of gneiss and phyllite rocks under different loading conditions using ISRM and BIS 

suggested methods.  
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1 Introduction  

Rock failure is very significant in rock engineering. 

The mineralogy, particle arrangements, void ratio, 

microcracks play an important role to control the 

mechanical behaviour of rock, microfaults are often 

seen dominant in these failures (Sammis and Ashby 

1986; Akesson et al. 2004; Hudyma et al. 2004; Basu 

2006; Szwedzicki 2007; Basu et al. 2009).  

Rock materials under uniaxial, triaxial or other 

compression conditions undergo complex process of 

initial damage like crack initiation, crack growth, crack 

closure, and finally failure of rock (Brace et al. 1966; 

Bieniawski 1967; Scholz 1968; Lajtai and Lajtai 1974; 

Martin 1993; Martin and Chandler 1994; Eberhardt et 

al. 1998; Li et al. 2003; Jaeger et al. 2007). Prediction 

and quantification of failure mode are complex and 

difficult. Even failure theories of Mohr–Coloumb and 

Irwin– Griffith cannot predict the development of 

fracture in rock materials (Santarelli and Brown 1989, 

Peng and Johnson, 1972). Manifestation of rock failure 

under low to high confining pressure depends on rock 

type and microstructure of rock. Specimens of similar 

lithological composition observes various failure pattern 

and range of uniaxial compressive strength which is 

attributed to microcracks developed due to 

microstructural variations (Szwedzicki 2007 and Basu 

et al. 2009).  

Hence to apprehend rock failure in tunnels it is essential 

to understand failure pattern under circumstances 

developed due to peripheral stresses around a tunnel 

(Hudson, 1989). As no analytical or numerical method 

can determine the nature of fracture development in rock 

materials the laboratory test can ascertained information 

about failure patterns (Bieniawski, 1967). Therefore, it is 

important to have a comprehensive study on rock failure 

pattern to identify the suitability of the design support. 

In the past, several researches have been carried but our 

understanding of rock failure is still uncertain and 

inadequate. This study aims to understand the failure 

patterns of Migmatitic gneiss (crystalline 

metamorphic rock), Quartzitic phyllite and Phyllitic 

quartzite (anisotropic metamorphic rock) under 

uniaxial, triaxial compression and Brazilian tensile 

condition. 

2 Description of rock types and laboratory 

investigations 

2.1 Rock types investigated 

Three rock types, Migmatic gneiss, Quartzitic phyllite 

and Phyllitic quartzite were collected from Rohtang 

tunnel’s south portal area. The lump samples were 

collected from site and specimen of size 38mm were 
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drilled and prepared after cutting and grinding as per IS: 

9179 – 1979 standard. Core sample photographs and 

corresponding scanning electron micrographs (SEM) of 

the collected rocks are given in Fig. 1. Migmatic gneiss 

is essentially bearing polygonised quartz, biotite, 

plagioclase feldspar. microcline, clinozoisite, zircon, 

sphene, tourmaline and apatite. Phyllitic quartzite 

contains quartz (both with or without ribbon quartz), 

plagioclase feldspar, sanidine, ilmenite along with 

sigma type prophyroclast of quartz and feldspar. The 

foliation in Migmatic gneiss and Phyllitic quartzite is 

defined by biotite. Quartzitic phyllite mainly comprises 

of calcite, diopside, quartz, tourmaline, zircon and 

biotite 

2.2 Specimen preparation 

The failure mode of rock specimen is greatly affected by 

the end surface of specimen and constraints offered by 

the platens used during testing (Vutukuri et al. 1974; 

Jumikis 1983; Szwedzicki 2007), hence the specimens 

were prepared as per IS: 9179 – 1979 standards with 

length to diameter ratio 2 for triaxial and uniaxial 

compression test where as it was 0.5 for Brazilian test. 

3 Failure pattern under Uniaxial compression 

A total of 18 specimens (6 each of Migmatic gneiss, 

Quartzitic phyllite and Phyllitic quartzite) were tested 

under uniaxial compression in this investigation. A 

constant loading rate of 0.25MPa/sec is used and the 

failure patterns of each were observed and tabulated in 

Table 1 along with its failure strength (UCS) value. 

In case of Migmatic gneiss axial and shearing failure 

pattern were observed.  The specimen showing axial 

pattern has more UCS value than shearing pattern. With 

uniaxial stress the cracks are developed from the tips of 

the microcracks parallel to the maximum principal stress 

resulting in axial pattern. The presence of highly 

fractured crystals with weak planes as shown in 

micrographs has constrained the propagation of cracks 

developed along the maximum principal stress hence 

suitably oriented microcracks have developed to release 

the strain energy in the form of shear fracture. Highly 

fractured crystal and weak planes have reduced the 

value of UCS of specimen showing shear fracture 

pattern. In many cases the presence of strong preferred 

orientation, elevated quartz crystals and micropores 

leads the Quartzitic phyllite specimen to fail under axial 

pattern predominantly showing multiple failure for UCS 

value less than 80 MPa.  

4 Failure under Triaxial test conditions 

A total of 9 specimens (3 each of Migmatic gneiss, 

Quartzitic phyllite and Phyllitic quartzite) were tested 

under triaxial compression in this investigation. The 

failure patterns of each were observed and their 

corresponding failure values have been presented in 

Table 2. 

In triaxial compression the Migmatic gneiss initially 

shows shear splitting at σ3 value of 8MPa, which on 

increase in confining pressure (σ3) to 12MPa, results 

in multiple fracturing of rock, on further increasing σ3 

value to 16MPa, specimen get completely crushed at 

TCS value of 172.86MPa; whereas in both phyllites 

(i.e. Phyllitic quartzite and Quartzitic phyllite) 

predominately shearing and foliation splitting were 

observed, their corresponding failure values are 

presented in Table 2. 

5 Failure under Brazilian test  conditions 

In the present investigation, a total of 15 specimens 

(5 each from MG, PQ and QP) were tested under 

Brazilian test conditions. Failure pattern of each was 

recorded and its corresponding Brazilian strength is 

presented in Table 4.  

Central and central multiple patterns were observed 

generally for all types of rocks specimens. 

6 Conclusions 

Failure modes of Migmatic gneiss, Quartzitic phyllite 

and Phyllitic quartzite under Uniaxial, Triaxial 

compression and Brazilian tensile conditions were 

examined.  

Axial failure in uniaxial compression is mainly 

controlled by micro factures present in the rock along 

with strong preferred orientation of minerals. In 

Migmatic gneiss UCS value of specimen is more in 

case of axial failure than shearing failure. For UCS 

value higher than 90 MPa axial failure pattern is 

observed in Phyllitic quartzite, whereas axial failure 

pattern was observed in Quartzitic phyllite for UCS 

value between 71 MPa to 95 MPa. Broadly the failure 

of all three rocks under uniaxial compression and its 

relation with the corresponding UCS values can 

broadly be viewed in terms of cracks growth and 

damage of the rocks.  

In all three types of rock the principal nature of failure 

pattern is axial. A total of five discrete failure patterns 

(i) Axial splitting, (ii) Shearing along plane, (iii) 

Axial splitting with shearing, (iv) Multiple fracturing 

and (v) Failure along foliation, and sketches of these 

pattern is shown in Fig 2. While in the Brazilian test, 

the distinctive central fracture pattern is observed 

along with multiple central fracture, for all types of 

rocks specimens (i.e. MG, PQ and QP) indicating 

development of high strain energy to initiate failure 

in tension. 

The findings of above study can be helpful during 

engineering design of underground structures. These 
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types of investigations can provide useful information 

about probable rock failure during excavation and to 

ascertain support design Moreover research is 

required in this direction with various rock types to 

understand rock failure pattern and its relation with 

existing engineering situations. 

 

Fig. 1 – Core Samples and Scanning electron micrographs of (A) Phyllitic Quartzite (B) Quartzitic Phyllite and (C) 

Migmatite Gneiss 

Table 1: - UCS values and corresponding failure pattern of Migmatic gneiss, Qurtzitic phyllite and Phyllitic quartzite 

specimens 

Sr. 

No. 

Specimen 

No.  

UCS 

(MPa) 

Failure 

Mode 

Sr. 

No. 

Specimen 

No.  

UCS 

(MPa) 

Failure 

Mode 

Sr. 

No. 

Specimen 

No.  

UCS 

(MPa) 

Failure 

Mode 

1 MG1 43.03 Axial with 

shearing 

7 QP1 71.67 Axial 13 PQ1 83.16 Shearing 

2 MG2 45.22 shearing 8 QP2 95.09 Axial 14 PQ2 101.09 Axial 

3 MG3 46.04 Axial with 

shearing 

9 QP3 75.41 Axial and 

Foliation 

15 PQ3 94.20 Multiple 

4 MG4 48.68 Axial  10 QP4 87.07 Axial 16 PQ4 91.05 Axial 

5 MG5 46.15 Axial 11 QP5 92.16 Multiple 17 PQ5 119.69 Multiple 

6 MG6 44.33 Axial  12 QP6 82.18 Axial  18 PQ6 97.40 Axial 

Table 2 – TCS values and corresponding failure pattern under Triaxial test 

Sr. 

No 

Specimen 

No. 

TCS 

(MPa) 

Failure 

Mode 

Sr. 

No. 

Specimen 

No. 

TCS 

(MPa) 

Failure 

Mode 

Sr. 

No. 

Specimen 

No. 

TCS 

(MPa) 

Failure 

Mode 

1 MGT1 110.45 Shearing 4 QPT1 135.78 

Axial 

and 

Foliation 

7 PQT1 143.68 

Shearing 

and 

Foliation 

2 MGT2 148.65 Shearing 5 QPT2 176.41 Shearing 8 PQT2 180.12 

Shearing 

and 

Foliation 

3 MGT3 172.86 Multiple 6 QPT3 202.89 Axial 9 PQT3 212.24 Shearing 
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Table 3 – Brazilian tensile strength values and corresponding failure pattern under Brazilian test 

Sr. 

No. 

Specimen 

No.  

σt 

(MPa) 

Failure 

Mode 

Sr. 

No. 

Specimen 

No.  

σt 

(MPa) 

Failure 

Mode 

Sr. 

No 

Specimen 

No.  

 σt 

(MPa) 

Failure 

Mode 

1 
MGB1 

5.79 Central 

multiple  6 
QPB1 

10.78 

Central  10 
PQB1 

12.63 Central  

2 
MGB2 

6.27 
Central 

7 
QPB2 

10.77 Central 

multiple 11 
PQB2 

11.87 Central 

multiple 

3 
MGB3 

5.66 Central 

multiple 8 
QPB3 

11.13 Central 

multiple 12 
PQB3 

11.61 Central 

multiple 

4 
MGB4 

6.41 

Central 9 
QPB4 

11.16 Central 

multiple 13 
PQB4 

10.52 Central  

5 
MGB5 

6.12 

Central 10 
QPB5 Test Failed 

14 
PQB5 

12.32 

Central 

multiple 

     

A B C D E 

Fig 2 -  Failure patterns observed under uniaxial and triaxial 

conditions A) Axial Spliting, B) Shearing along plane, C) 

Axial spliting with shearing , D) Multiple fracturing and E) 

Along Foliation 
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