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Rock Mechanics- Assignment 3
Question One 
a) 
	Parameter
	Value 
	Rating 

	Compressive strength 
	160 MPa
	12

	RQD (%)
	74
	13

	Joint Spacing 
	0.24 m
	10

	Condition of joints
	Steep and rough 
	30

	Groundwater 
	u/σ
	7

	Rating adjustment 
	Tunnel driven against dip, dip = 500, fair 
	-5

	
	RMR
	67


[bookmark: _Toc511542889]
Detailed classification for the condition of joints; 
	Parameter
	Value 
	Rating 

	Persistence 
	Less than 1 mm
	5

	Aperture (mm)
	None 
	6

	Roughness 
	Steep and rough 
	6

	Infilling 
	None 
	6

	Weathering 
	Unweathered with occasional strains 
	6

	
	Rating 
	29



b) 
	Parameter
	Value 
	Rating 

	Compressive strength 
	160 MPa
	12

	RQD (%)
	74
	13

	Joint Spacing 
	0.24 m
	10

	Condition of joints
	Steep and rough 
	30

	Groundwater 
	u/σ
	7

	Rating adjustment 
	Tunnel driven parallel dip, dip = 500, very unfavorable 
	-12

	
	RMR
	60



c) 
The minor principal stress is vertical; 
σv = σ3 = γ*z = 27*150 = 4050 kN/m2 = 4.05 MPa
The major principal stress is horizontal; 
σh = σ1 = 2σ3 = 2*4.05 = 8.1 MPa
With an RMR of 60, the rock mass was classified as Class III, fair rock. The stand-up time of the tunnel, spanning 15 m is about 100 to 1000 hours. The support measure to include is a combination of rock bolts and shotcrete. 
Question Two
a) RMR
	Parameter
	Value 
	Rating 

	UCS
	255
	15

	RQD (%)
	Good (about 75 - 90), take 75%
	17

	Joint space 
	0.17 m
	8

	Condition of joints 
	[bookmark: _GoBack]Slightly altered with a sand coating
	20

	Groundwater 
	Moist 
	10

	Rating adjustment 
	Unfavorable 
	-10

	
	RMR
	60



b) Q- index 
	Parameter 
	Value 
	Formula
	Value 

	RQD (%)
	85%
	RQD
	85

	Joint Set Number 
	Three joint sets, F
	Jn
	9

	Joint Roughness Number 
	Rough, planar, E
	Jr
	1.5

	Joint Alteration Number 
	Slightly altered with sand strains, C
	Ja
	2

	Joint Water Reduction Factor 
	Moist 
	Jw
	1

	Stress Reduction Factor 
	Competent rock, σc/σ1= 30
	SRF
	1

	
	Q
	
	7.08



The minor principal stress; 
σv = σ3 = γ*z = 25*200 = 5000 kN/m2 = 5 MPa
The major principal stress; 
σh = σ1 = 2σ3 = 1.7*5 = 8.5 MPa
σc/σ1 = 255/8.5 = 30
Q= (RQD/Jn)(Jr/Ja)(Jw/SRF) = (85/9)(1.5/2)(1/1) = 7.08 
With a Q of 7.08, the rock mass is classified as Class C, fair rock. The correct support measures in the category four reinforcement is a combination of rock bolts and a shotcrete. 
c) GSI
	Parameter 
	Value 

	Rock Mass Structure 
	Three joint sets, between massive and blocky 

	Joint Surface Conditions 
	Slightly altered, between very good and good

	GSI
	75±5



Question Three 
Case A- Plane stress
Out-of-plane normal stress σz is equal to zero. 
Given; 
	E (MPa)
	v
	σx (MPa)
	σy (MPa)
	σz (MPa)

	10000
	0.25
	5
	50
	5



From the formulas given in the lecture notes, the following results were found for the two cases involved; 
	
	Case A
	Case B

	ɛx
	-0.000875 
	-0.000875

	ɛy
	0.004750 
	0.00475

	ɛz
	-0.000875 
	-0.000875

	γxy
	0.00000005
	0.000005



Further calculations; 
	
	Case A
	Case B

	Areas (SM)
	0.001
	0.1

	τxy
	5000
	50

	τyz
	50000
	500

	τzx
	5000
	50

	G
	4000

	σz (MPa)
	0
	13.75

	ɛvol
	0.0028 
	0.0034 





Question Four 
a) 

Figure 1. Axial versus confining stresses.
σci = 136.82 MPa
tan2 (45 + ϕ/2) = 8.2773 hence, ϕ = 88.620 
σci = 2c tan (45 + ϕ/2) = 2c tan (45 + 88.62/2) = 136.82 
c = 0.82 MPa 
b) 

Figure 2. Square deviator versus confining stresses. 

Figure 3. Major versus minor stresses. 
(σ1’- σ3’)2 = mi σci σ3’ + σci2
σci2 = 16400 hence, σci = 128.06 MPa
mi σci = 2780.8 hence, mi = 21.71
The theoretical Hoek-Brown envelope is limited to: 
σ1 = σ3 + σci {(mi* σ3/ σci + s)0.5
s is 1 for intact rock, hence the equation results in; 
σ1 = σ3 + 128.06 {(21.71* σ3/128.06) + 1}0.5
c) 
σ3 = 8 MPa
σ1 = σci + σ3 tan2 (45 + ϕ/2) = 136.82 + 8*tan2 (45 + 89.31/2) = 202.29 MPa
σ3 = 15 MPa
σ1 = σci + σ3 tan2 (45 + ϕ/2) = 136.82 + 15*tan2 (45 + 89.31/2) = 259.82 MPa
d) 
σ1 = 260 MPa
σ1 = σ3 + 128.06 {(21.71* σ3/128.06) + 1}0.5
260 = σ3 + 128.06 {(21.71* σ3/128.06) + 1} 
σ3 = 5.81 MPa
e) 
σ3 = 5.6 MPa
σ1 = σci + σ3 tan2 (45 + ϕ/2) = 136.82 + 5.6*tan2 (45 + 89.3/2) 
= 182.74 MPa
The rock mass will be unstable as the existing axial stress is lower than the axial stress expected to cause failure. 
f) 
σ’ = σ – u
u = σ – σ’ = 5.6 – 5.8 
= 0.8 MPa
Question Five 
a)

Figure 4. Peak and residual envelopes. 
b)
Cohesion and internal angle of friction 
ɵp = 350 and ɵr = 430
c = 16 MPa
c)
 ɵt = (2cCos ɵ)/(1+Sin ɵ)
= (2*16*Cos 35)/(1 + Sin 35)
= 16.66 MPa
ɵc = (2cCos ɵ)/(1- Sin ɵ)
= (2*16*Cos 35)/(1 - Sin 35)
= 61.47 MPa
ɵt’ = (cCos ɵ)/(2 – Sin ɵ)
= (16*Cos 35)/(2 - Sin 35)
= 9.19 MPa
d) 

Figure 5. Deviator stresses squared versus σ. 
(σ1’ – σ3’)2 = mi σci σ3’ + σci2
σci2 = 818.26
σci = 28.61 MPa
Thus, 
mi = -7.3351/28.61
= 0.26 MPa
σti = σci/mi = 28.61/0.26
= 110.04 MPa

Figure 6. Peak H-B. 
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