* Commentson:

o Effective stress law for rocks:

1)

2)

1)

2)

Stota =S¢+ U
U= Zy O
Thisis OK for soil, but for rock is not. Back to the original derivation:
Stota =S¢+ U(1—-a)
alA
in soil asis negligible.
But in rock as may not be as negligible asin soil, especially in cemented rock.
But how to find as !!!

For low porosity rocks, pore water pressure may not be continuous.

Anisotropy: angle of bedding plane, foliation
Fig. 3.23 for continuous rock.

f =30 correspondsto failure angle » (45 - f /2)

Cracked rock

- Fig. 321 dzeeffect d, :QTU

large small



some reasons as k, V
\ encountered moreascracks .......
R

\ use high factor of sefety i.e.



8.0 In-situ stresses:

What ares; andss ?
Can we predict them?
Why we want to measure them?

- insoilswe generally assumesy =Sy s,
0 inrock itislesslikely that sx = sy.
because ® tectonic forces
® layer are not horizontal

1) Excavation

2)

plan view : excavate along

\ Excavate// to larger stress
Tunneling
if you have achoiceto build (1) or (2)

plan view
am : safety

Rock burst is likely to happened more
intunnd (1)
\ choose (2) \' (1) isunsfe

if safety is of concern.

\" maketunnd " to larger stress.



Flat topography:

Sv & sy generdly correspond to the
principal stresses.

Hilly topography:

principal stresses at the surface
will follow the topography.

*  Vertical stresses:

For flat unfolded earth
Sy=gxZ

T~ depth
unit wt. of rock

* Horizontal stress: generally much more difficult to predict than s..

S
let K=2H
SV
look att - vss.

if syisgiven ® min. sy before failure
® max. sy before faillure

_ “H,min _
K min - Kactive
Sv
SH max
K max = s = K passive

Vv

These two values are associated with different tectonic movements.



1)

SV:S]_

SH :83: KaSV

2)
SV:S3
SH :S]_: KpSV
For Ky s, =(, +S,tan® (45+f/2)

1= 3 1 53 102 (4541 /2)

1 1

1= % 4 K tan? @5+f 12)

1

& q 6
Ko =gl- 942/ tan? (45+£ /2)

S1 g

or K, =tan? (45-f/2)- z—utanz (45- f /2)

1

For Kp: s, =(q, +S,tan® (45+f/2)
21 =% 42 (45 +1/2)
SB SS

p
3

K :q—”+tan2 (45+1/2) where s3=sy

Normal fault

Reverse fault or thrust fault

wheres, =sy



sy iseaser to find, but not always, seetext, Fig. 4.3.

stiffer layer
loads transferred through stiffer layer to this point
Sy maybe3* gz
- Fig 10.6 Cdlifornia.......

- Fig 4.7

near surface
g>sy b K>10

\ sy =0near surfaceand sy is more

* Changein K due to erosion: Sy decrease b K increase.
Assume elasticity & isotropy

E

CEma e Ve e

Horizontal S

Vertical S, = & [(1- n)e,, +n (e, +eyy)]
@+n) (1- 2n)
\ K_SXX _(1' n)exx+n (eyy+ezz)
B Sz B (1- n) €, tn (exx +eyy)
assume ey =6, =0 (no change in horizontal strain)
ne
\ K== n

“W-nme, @-n



Before erosion After erosion

SX
K, =— K=-%
Sz0 z
K =Sx = Sx " B5x _K,Z,g-KgDZ
S, Szo_ Dsz gzo_ gDZ
assuming g doesn’t change
K,z - Dz
K = mul
Z,-DZ
snce Z,=Z+DZ
n n
K,(Z+DZ)- —DZ K, Z+K DZ-—DZ
\ K = 1-n - 1-n
Z+DZ- DZ Z
A n Dbz
K=K, +X,-—75— .4.3
§< -nH z =
i.e K>K,

the higher the Z the less the change in K-vaue. b

Thisexplain Ka» KpinFig 4.7.



HW # 4. Ch. 4,#1,2,6,9.

We have talked about in-situ stresses, and we'll talk today about tech. to measure
them.

See course pack pp. 30
Tech. ® Overcoring
® Doorstopper methoc
® Flat Jack method

8.2 M easurement of In-Situ Stresses

8.2.1 Overcoring (strain relief method)
1 drill a hole into rock mass (with diameter d)
2. insert torpedo which measure strain in 3-directions

3. drill alarger hole with (D > 2 d)

- three sets of deformation buttons @ 0°, 60°, 120°
- test datayields deformation, Dd @ 3 diameters 60° apart

* From theory of elasticity and isotropic behavior assumed:

m(q):Sxf]_'l'Sny'l' Szf3+txzf4



_n2 2
where f; =d (1 + 2 cos2Q) 1-n +dn

E
dn
for= —
" E

02 2

f,= d(1- 2cos2q) - + d;

_ 2
f,=d(@sin2q) ="

P weget equations b Dd(q=0%=.....

Dd (q=60% = .....

Dd (q=120% = .....
Therefore, we have 3 equations, but for unknowns, sy, Sy, Sz, txz
Solution

a) for verticd hole

i) assume one of the stresses
i.e.  Sy=0Z=Sx

for horizontal
i) assume sy =0

b) for deep
Drill three boreholes for three tests and

hope it is in the same rock.
They should (at least 10¢apart) so that one will not affect other.



I Dd(a)- fas, a éfll fis f141‘;|_\|.Sx u
| . i ¢ g
I [Iii(ql+60)-f23y)I/—g21 f,s f243.|.syy
I I A '.I. I
TDd(ql +120°)'f25y'b @‘31 f33 f34HTSzb

From ov\emori ng E, u, geometry need to solve for

and assumed sy

needty,,txy ....... performtestin different directions

|Szy S -|.Syy
I .I. .I. I
1Ssp tS.p

8.2.2 Doorstopper Technigue: strain rosetteisinstalled on aflat rock surfaces and

overcored.

Strain from three oriented at 60° angle, are used to

determine ey, ey, gy, Which cane used in the theory of
elagticity to find change in stress and the in-situ stresses.

SEE Ch 4 & Appendix 2 of text for equations.

8.2.3 Hat-Jack Method simplest one

1. mount extensometer to measure
change in length.

2. cut a square dot into the rock.



3. install flat jack into dlot, and apply
pressure to reopen, sot to d.

8.2.4 Hydraulic Fracturing:

Fig. 4.10 pp.31 course pack.

For thedlement ®
S, =3S, - Sp_ (1)

one pressure is applied internally of magnitude p,
Lane’'s solution tells us that: s borehole wall must decrease by p. i.e.

S,=3s, -s, -P )



S ¢ goes from compression to tension.

when tensile stressisreached sq=- To 3
P P=Py intext (4)
\  subst. 3into (2)

- Tp=3s, - Sy - Pa ©®)

Once the crack forms, it will continue cracking until the water pressure is reduced to
Psutin. At this point we have stress equilibrium and

I:)s,hutin =S Nin (6)

Now wee drop the pressure, allowing the crack to close; and once again raise the
pressure to above Psyiin. The new max pressure that can be reach is P, a which
point, the tensile strength in the crack is zero. i.e. reopen closed crack (not
propagating the crack).

\ 0=3s,

-s, -P, )

min max

CombineEq. (5) & (7)

To =P —Pe
Then go back into Eq. (5) to solvefor s, .
Limitation

1. not be used in shallow foundation ............ vertica stressin the min. hori.
crack.



Thistest isgood in ail .....

Fig 4.7

highest principle & stress” falt..... falt isdiding

directionof s, & s, 7? ® lower a TV camera



* gvercoring

make sure that annular area
islargeenough P not to break

issmall enough P not to have sufficient
self-wi.

* for deep

- Find stresses in local coordinate
- Transform them to global coordinate

P Dd(q):f (SXySy1Sz,txz,tzy) P ge 3egns. from one test
b Dd(q) = f b get3egns
b Dd(q) = f b get3egns.

(9 egns. 6 are independent)

Therefore the stresses can be determined uniquely.



9.0 Aspectsof Structural Geology
The study of earth beneath & geometry.

9.1 Definition

Dip: the angle a which a plane is downward inclined to a horizontal surface. It is the
largest vertical angle, and is therefore measured in a plane perpendicular to the strike.

Strike: the direction (bearing) of a horizontal line on an inclined plane.
If ground surface is flat, the outcrop of the plane corresponds to the strike.

d: Dipangle
a : apparent dip (will always e smaller than d)
b : angle between strike and the apparent dip

tana =tandsnb ® see Nomogram pp.74 course pack.

tan a

an b

or tand=

Nomenclature: in USA N45°E 25°S

First letter dways N oS 0 t|o QN

N or S exception if strikeis
0t0 90° then dip will E or W.

Second letter always E or W

Strike : from North 45° towards east.

Dip : 25° downward toward S.



In Europe: use azimuth 0° to 360° such that dip is aways ton the right.
Ex. 295°,30°
 dip: downward to right of strike
Strike from North rightwards

Same as N65°W, 30°N

Thickness: perpendicular distance between two parallel planes bounding a layer. (t)

a outcrop measurement ~_strike.
Snd=_\
w
t=wsnd
b) if outcrop measurement is not ~ strike:
w=dsnb

t=dsnbsnd



C) if outcrop measurement is not ~ strike and is on sloping ground.
t=s|snds snb tsns cosd |
use +if s and d arein opposite directions

use- if s and d arein the same directions

9.2  Dip, strike and outcrop patterns from drill hole data:

Ex. 1

Assume that we hit same rock at 300¢ 300¢and 100¢in A, B & C.

(elevation not depth)

\ Strikeisthe line connecting A & B because they hit same rock at same

elevation.
- get™ toABfromC .................. D b in horizontal plane
- make cE // AB where cE = 300-100

(vertical in plane)

- connect ED b d
/

(indipping plane)
Ex. 2



Outcrop Pattern of a Dipping Bed

The outcrop pattern of a horizon* can be predicted if a contour map showing
the topography is available, if the dip and strike of the horizon are known, and if the
location of one exposure of the horizon is given. Thisis possible, however, only if
the horizon is truly a plane surface — that is, if its dip and strike are constant.

The figure below illustrates the procedure that may be followed. The horizon
outcrops at X. The ground surface is represented by 100-foot contours. Inasmuch as
the horizon is known to strike N.75°W. and the dip 20°S,, it is possible to predict its
position at any place in the area.

Starting about an inch from the left border of the map extend a line SS¢
through the outcrop X parallel to the strike of the horizon (N.75°W.). Inasmuch asthe
outcrop is at an altitude of 800 ft, at every place on this line the horizon has an
altitude of 800 feet. Now make a vertical section at right angles to the strike by
drawing AB perpendicular to the strike of the bed at any convenient distance to the
left of the map. The intersection of AB and SS¢may be designated by C. At C lay off
the angle BCE equal to the dip of the horizon, in thisinstance 20 degrees. CE isthe
trace of the horizon onthe vertical section. Along SS¢from point C lay off 100-foot
units (equal to the topographic contour interval), using the same scale as that of the

map.

Through each 100-foot point above or below C draw aline parallel to AB to
an intersection with line CE. The intersections are points on the bedding plane; they
are 100 feet apart vertically. From each of these intersections draw lines parallel to
SS¢ These lines are 100-foot structure contours on the horizon. A each point where a
structure contour intersects a topographic contour of the same altitude, the horizon
will outcrop. Mark the locations of these intersections with small circles. When
connected, these circles, show the predicted outcrop pattern.

* “Horizon” refersto a surface having ro thickness.



Outcrop pattern intersect ground plane.

H.W. 5 (#5 pp. 36 course pack).



9.3  Structural Features and Outcrop Patterns:
Def:

9.3.1 Folds: adistortion of avolume of material that manifests itself as a bend or
nest of bendsin linear or planer e ements within the material.

1 Consider early geology deposition system

2) By tectonic stresses

3) By erosion - glacica
- water
- wind

U syncline: youngest at the middle

U anticline: oldest at the middle

Map pattern



Syncline: Folds that are concave upward
0 youngest rock in center

Anticline Folds are concave downward
o0 older rocks are in the center

in addition to fold, hinge line might dip from the horizontal by an angle called plunge.

plunge: dip of the hinge line.

By erosion

Map patters. ®

Plunging anticline:

X-section



plunging cencling

if tectonic stresses are too high \

9.3.2 Fault: afracture surface in arock body along which one side has been offset
relative to the other.

Fault zone:  azone of sheared, crushed or foliated rock in which numerous
small dislocations have taken.



Place adding up to an appreciable total offset of the deformed walls.

A faults “attitude” is given by itsdip & strike.

Relative motion:

1. Normal fault, a gravity fault
Ka: caused by gravity force

2. Reverse fault, thrust fault

Kp: caused by high
horiz. pressure

* Displacement :

AB =net dip
BC=dipdip
BD = strike dip
AE = throw
ED = heave

< CAB =rake



For a strike-dip fault
BC @O0 and rake @0°
For adip-dip fault

BD =0° and rake @90°

SE course pack pp. 38

Erosion old at top in footwall Fig. 111.

Fig. 112 not much in pattern

Fig 113 asif but beds are originally inclined.

Fig. 114

Fig. 115

pp. 39

Fig 116 dip & dip movements // bedding planes
Fig. 117 re-occuring pattern

Fig. 118

Fig. 119

Fig 120 bedding planesarenot // ....

Figs. 111-120: weknow B, we have to interpret A.



Graphical representation of
Stereo net: isprojection of 3-D planeinto 2-D.

pp. 40 course pack.

9.4  Stereographic Projection (Example)
Pr. #1: Draw aplanewith N 0°E, 30°W

Sal. Mark North & South
Draw the strike
FromWest  count 10, 20, 30 (dip.)

Draw line

PR

Pr. #2: Draw aplane with N 30°E, 70°N

1. Strike ...l
2. Rotate yellow until strike coincide NS
3. 70°

Pr. #3: Project aline plunging 40° towards N 30°E

Pr. #4: Line plunging 20° toward N 20°W

Pr. #5: Determine the strike & dip of plane containing both linesin # 3 & #4.
Rotate until ® ® they meet one great cicle.



So.  dip=41°
strike = N 44°W

Pr. #6: Find the direction and plunge of aline defined by the planesfrom# 1 & # 2.

strike= S 37°W
plunge = 20°

a plane can be represented by a single point on the stereograph which isthe tip
of the normal.

Pr. #7: Find normals, A to the planesfrom #1 & #2.
If dip=0 P normal

If dip=90° P normal

\ angle between plane & its norma = 90°

\" measure 90° from plane.

- plane containing both normals.

Pr. #8: Rotate until they are same

Pr. #9: Normal of this planeis point
P Normal of intersection of two planes.



Planes
Lines
| ntersections

Pr. #10: Find the locus of lines making 20° with the first line of Pr. #3.

measure 200 20°

Find mid point, draw acircle.

All lines meet circleis as 20°.

* Another way

1. Find angles between two lines

H.W. #6
Read Appendix #5

Do pr. #2, #3, #6.



Applicationof stereo.net.

1 Seismic
Plot it in stereo.nets. pp. 43
P Find the mechanism pp. 44
2. Geophysics pp.46

3. Str. geology

4, Joint survey for large projects (tunnel, dam, .....)

- Find strikes & dips
- Plot normals of planesinto a stereograph » pp.43
- Superimpose over the net pp. 42
- Find how many points at each triangle.
- Remove net
- Make contours on
map of ore-dominant joint pattern.



10.0 Discontinuous Rock

- Seenext table
- seeFig 6.1 pp. 47 course pack.
- plotting joint on stereographic pp. 48, 49

not only quantity, but also quality

joints of fault.
pp. 48

10.1 Joint testing:

a) Sampling: if you see visible joint
core it with long core.

b) Molding & casting:

Reconstruct joint geometry in the lab from plaster.

10.2 Laboratory testing:

a direct
shear
test

Stress-strain dia: see fig. 6.12 / pp. 50.



CLASSIFICATION OF ROCK DISCONTINUITIES

Name Typica Method for Identification | Effects on Engineering
Spacing Properties, Design
Micr-fissures | 1mm—1cm | magnifying glass Reflected in E, n, q,
or etc. of laboratory size
optical microscope samples. May result in
strength anisotropy.
Can't be seen by usual
naked eye.
fissures 1cm—10cm | visible in hand samples Reflected in E, n, qu,
etc. of laboratory size
samples. Control
strength anisotropy.
May influence
development of failure
planes.
joints 10cm—10 m | Clearly visible, usually Controls kinematics of
planer discontinuities. bock motion. E, n, q,
Typicaly exist in two or etc. of intact rock
more “sets’. Little to no becomes amost
previous movement irrelevant in stability
observed along joints. analysis. Joint testing
May be westhered. may be performed to
determinef joine and
Soint. Critical in slope
stability, tunneling, etc.
shears 1 mto 100 m | Discontinuitiesalong Could result in
which previous movement | movements of large
has occurred due to minor | constructed facilities.
faulting or interlayer dlip.
Easlly identified by the
offset or a zone of crushed
rock.
faults 10 mto Large, sometimes Generally, a constructed
1006 km | continental size facility will not induce

discontinuitiesalong
which significant
movement has occurred in
the past resulting in
changes to the structural
geology. Often shown on
maps of structural

geology.

movements, butisin
potential danger dueto
movements of the fault.




Stability
Constant normal force

direct shear test with constant
normal force.

Dilation partially restrained

Deformable material with known E P modeling the block.
more stiff than rock.

Thisisahard test. But we can use smple shear test.
SeeFig 5.17 pp. 51 Tosimulate actud ......
- from Fig. 5.17b we need DV = 0.
if we can allow initial deformation only.
a: normal force
b: normal & shear

c: norma & shear

b) Triaxia test

n+b =90°

Sy =

N

(6,+59)+ > (5, 5,) cos’b

t, :%(sl- s,)sn’b



Or s ,=s,+(s,-s,)sn’4
t, =(s,-s;)cosY sn4

\  sampleisdifficult to obtain
can't get similar cases.

C) Multi stage testing

rapidly increase s 3 as soon asjoint
begins dipping and repeat test.

Result

10.3 Strength Model for jointed rock

1) Patton 1966: (Bilinear)
f u: friction angle of a smooth joint
I . asperity angle
sttan(fy+i)

@ s=stb LL="
\Sr+sTtaan

s
uad b s, = J
< T tan (FH) - tn )



residual frictional angle

for intact rock
Bi:... due to riding asperity

tp=S+s tanfjone ifs>st

It can be shownthat s :[tan g +iS)J —

but asperities are not regular.

Ladonyi and Archambault (1970)

modification

— S(l_ as) (V+tanfu) + astmax

t
pek 1- 1-a)Vvtanf

where a = % of areawith asperities sheared
t max = Shear strength of the intact rock
S = normal stress
v =dilancy rate

v =tani

S+ tant
o ifs ® 0 , a=0 ad :M
P l-vtanf,
_S(tani+tanf )
P Ll tanitanf

P tp=stan(fy+i)



0 ifs ® ¥ thena ® 10

tped(ztmax

Seefig. 6.14 pp. 52



