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ABSTRACT

The rock mass bearing capacity and its deformatibehavior is governed by the interaction of intadlocks with
the discontinuities in rock mass. Under very lomfauing pressure or unconfined stress conditioryttictate a major
influence on strength and deformational behaviothaf jointed rock mass. In this study, strength deébrmational
behavior of slopping anisotropic rock mass havenbessessed experimentally as well as analyticalie jointed rock
mass assembled using sand stone element of 25 &finmm x 75 mm along different joint angles of 130;, 45°, 60°,
75° and 90° and slope angles of 30°, 45°, 60°, &ad, 90° with the horizontal in plane strain coieditand 15 cm x 15 cm
footing placed exactly at the edge of the slopwelsas at 15 cm from edge. Joint angle, distarideating from edge and
modes of failure are important parameters, whiclkiego the load intensity at slope apart from rockssnaroperties.
Load carrying capacity of rock mass can be assemsalgitically, if the mode of failure can be pradat Unconfined rock
mass with continuous joint parallel to side slopedpcts buckling failure which is also observed exmentally.

Experimental data has been analyzed by Euler'slimgctheory as suggested by Cavers (1981).

KEYWORDS: Bearing Capacity, Slopping Anisotropic Rock MassairP Strain, Edge Distance, Failure Modes,
Rock Mass Buckling

INTRODUCTION

The discontinuities in general and joints in gartar are the inevitable part of rock mass encaedte almost all
civil engineering and mining engineering projeégoundation on rock, therefore, should be desigwétl as much care
as a foundation on soil. Most of the methods abgldor finding the ultimate bearing capacity ofnjied rock mass
considering the mass as an isotropic medium [8, T8 applicability’s of these methods will remaiouthtful for
anisotropic rock mass. Methodologies suggesteddioted rock mass are those proposed by the HoekvBrfailure
criterion for rocks and rock masses are most widskd non-linear criterion world over. Anisotropark mass bearing
capacity given by Ramamurthy and Arora predictedhenbasis of joint factor, Singh and Rao, prediaie the basis of
Bell's approach using joint factor [11]. All the theds mentioned above give reasonably good refrltsonfined rock

mass. However, these theories are not suitablycaiyé for unconfined rock mass.

The bearing capacity of rock mass at slope usuadlyessed by empirical equations [5], design cHatts
limiting equilibrium method or plasticity equatiof.12]. Jointed rock mass bearing capacity in iw@af and unconfined
condition could be assessed accurately only afegerchination of uniaxial compressive strength;)( modulus of

elasticity of rock mass, angle of joint plane wittading direction, type of failure and other roclasa properties
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Adhikary et al. (2001) devised on large deformatimodel of rock masses with elastic layers of equakhanical
properties and equal thickness on the basis ofeCatssontinuum theory in to finite element codedesign chart given by
them suitable for assessing the stability of feliatock slopes in dry state. Pore water as weltrass jointing in not
considered by Adhikary et al. (2001) Stability ayséd and stabilisation of toppling failure by Mebhfinini et. al. (2009)
presented an analytical method for the determinatiothe magnitude and point of application of intelumn forces in
rock mass with a potential of flexural buckling.sAmple approach to analyse buckling of a rock sleps presented by

Cavers (1981) considered flexural buckling of plalad, three hinges buckling of plane and curvpeso

In the present study, bearing capacity at sloge eshd at 150 cm from edge have been assessegénmesntal
verification with the objective to find out the igtmnce to failure is given by rock mass and thedesoof failure.
Experiments were conducted on anisotropic rock rmapane strain condition. Experimental resultsehbeen compared

with analytical results obtained on the basis otlmof failure.

Though the natural configuration of jointed rockss in the field is not possible to generate inléheratory,
sand stone elements of size 25 mm x 25 mm x 753nuedd to assemble jointed rock mass. So far otifical material
has been used by researchers. Experiments wereicteddin a specially designed and fabricated bgacapacity test
apparatus of 200 ton capacity. The rock mass naidensions 750 mm x 750 mm x150 mm are considargg lenough
to nullify the scale effect.

ROCK MASS BEARING CAPACITY THEORIES

Hoek-Brown Failure Criteria for Rock Masses

The Hoek-Brown failure criterion for rocks and komasses is the most widely used non-linear coiteviorld
over. It was originally suggested in Hoek E. 198Dgnd subsequently updated in Hoek E, Brown E 88}9], Hoek E,
and Brown E T. (1997)[8], Hoek, E.(2000)[9], Hoek Earranza-Torres C, and Corkum B. (2002) [10], H&e
Marinos P, and Marinos V (2005) [11], respectivddy incorporating the experience gained by the asthand
other researchers in using the criterion.

Cavers D S (1881)

Cavers (1981) [6] predicted buckling modes of ui@l are a possibility whenever a continuous joints
approximately parallel to the slope, separatesiradtab. The maximum load that can be carried pétr width, before

buckling takes place, is as given by Cavers (1981fpr flexural buckling of plane slabs by classgibuckling theory.

Po _ Km?Ejl

B~ BILZ (1)

Application of Eulers formula for a slope requiradditional assumptions for buckling length. Acdogdto
Cavers (1981), the driving force given as

P, = (Wpsina — Wp cosatang; — [,C)b (2)
These results should form upper and lower bount/bfor the conditions and material used. For ragk 0.5

and substituting the slab dimensions and unit wejghin equation (2) becomes as

PTD = 0.75ld (y sina —ycos atan ¢; — C/d) 3)
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Ramamurthy and Arora (1994)

Arora (1987) [3] and Ramamurthy and Arora (1994) provided solution for determination of unconfine
compressive strength through concept of joint factbiey give maximum importance to joint frequenoymnt inclination
and joint strength for predicting behavior of j@dtrocks. By clubbing these three parameters,tarfaelled Joint Factor

(Jy) was been defined as.

J
]fz_n

- 4)
Where,J,=Number of joints per meter in the direction of mgjoincipal stress,

n = Inclination factor which depends on orientatafijoint with respect to loading direction,
r = Joint strength parametertog / o= tan &G

@, = Discontinuity friction angle

The value of); thus obtained is an indicative of how much weakress been brought to intact rock by presence
of joints. The value of ‘n’ is given in the table\alues of ‘r’ have to be determined by conductiirgct shear test.
Table 1: Values of Inclination Parameter, n for Diferent Joint Orientation,
B° from Ramamurthy and Arora (1994)

Orientation of Joint (Bo) 0 10 20 30 40 50 60 70 80 90
Inclination parameter (n) 0.814 0.460 0.1p5 0.046.07D | 0.306| 0.465 0.634 0.814 1.000

The average value of strength of the jointed noass is the unconfined compressive strength ojoiheed rock
mass that is given as

Qu = 0. = o exp (—0.008];) (®)
Singh and Rao (2005)

Singh and Rao (2005) [18] suggested a proceduestimate the ultimate bearing capacity of shallouwndation
in anisotropic rock masses. The approach consttierstrength properties of the mass as a wholeshwihepends both on
joint properties and intact rock properties. Belapproach has been used for computing bearingcitgpism which the
ultimate bearing capacity is determined as a m@jjimcipal stress at failure under confining pressaicting on the mass
beneath a smooth foundation. To define the streofthe rock mass, a simple parabolic equatiorveédrbased on critical
state of rock has been used. The uniaxial compestiength of jointed rock mass, which is an inpatameter to the
strength criterion, is determined using the joattbr concept. As per this approach, the activepasgdive zones develop
in the rock mass under a smooth strip footings i$sumed that these zones are divided by a Vdntiegassing through
the edge of the footing. The length of the striptiiog is assumed to be infinite and the groundaefis horizontal.
The rock mass under the footing, as well as thacadit mass, is assumed to be in a triaxial striass. SThe major
principal stress for the active zone just benehthfooting, acts in vertical direction. For the fiae zone, the major
principal stress acts in the horizontal direction ¢he effective surcharge acts as the minor pralatress. At the time of
failure, equilibrium of two adjacent elements otkoprisms is considered, one just beneath the edgbe footing

(Element Il) and the other just outside (elemefigire 1.
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Figure 1: Bell's Approach for Bearing Capacity
For element-| (adjacent element), at the timeadiife:
03_1 =yzand ;1 = f(05_1) (6)
wherey = unit weight of the rock mass,
z = depth of the foundation,
6 3 = confining stress acting on element | at the toh&ailure and
6 1.1 = major principal stress at element | at the toh&ilure.
For element Il (element below the footing), at tinee of failure:
6 31 = confining stress 5 1
o 1-1l = major principal stress for element Il a¢ttime of failure,
The ultimate bearing capacity is given as:
Quit = O1-11 (1)

The uniaxial compressive strengtlh depends on the Joint Factgadd the mode of failure (Singh et al., 2002).

Its value is estimated as:
ocj = ocexp (aJy) (8)
where a is an empirical coefficient dependingailufe mode as presented in Table 2

Table 2: Coefficient ‘a’ for Estimating o

Failure Mode Coefficient “a”
Splitting/ Shearing -0.0123
Sliding -0.0180
Rotation -0.0250

The strength may be computed for these extremeesahnd for intermediate valuescofiinear interpolation can

be made.
Modulus of Jointed Rocks

Ramamurthy and Arora 1993 [4], the ratio of moduflijointed rock and that of the intact rock in axial

compression was linked to the joint factor.
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E, = %= exp (=1.15 X 107%) X

Experimental Details

Carefully planned specific experimental programswaxecuted to achieve the objective of the study.
A 200 ton bearing capacity test apparatus showtheénfigure 2 for testing the rock mass in planaisticonditions is
designed and fabricated. The vertical load obsebwedroving ring placed over jack and vertical desgment was
recorded at all four corner of footing during tegtiof the specimen up to failure. Perspex transpasecet is fixed on the
front side to observe the failure pattern; Steehtgd were fixed on the other two sides. Approxitgate

2000 to 2400 number of blocks were required to forma blocky mass.

e~ ~ -

Figure 2: Bearing Capacity Test Apparatus (JO090-S45-EDO0O)

Element joint angle was varied from, A5 30° 45°60° 75 to 90° whereas side slope inclinatialso varied from
90°, 75, 60°, 45" to 30 with horizontal as shown in figure 3. For side gld®° experiments were not conducted because it

approached almost flat. 150 mm x 150 mm footing plased exactly on the edge of the rock mass.

T
ELEMENTAL BLOCK

] |
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ual | patyuetty

-al W 0"

e .:‘

%‘% 2

Siamataie

’ Joint set -1 (81)
= Joint set-2 (82)
- Vertical joint set

357 %

Side Slope Angle = o 8= 0°.15°30° 45°60°.75°90°
Figure 3: Rock Mass Arrangements with Variation inJoint Set Angle and Side Slope

An experiment is designated as J4545-SL45-ED1xhwimdicates that joint set-langlé,)(is 45° with the
horizontal and joint set-2 angl®,] 45°, side slope anglex) 45° and distance footing from edge 15 cm as shiown
figure 3. The size of the rock mass specimen was && 750 mm x 750 mm x 150 mm while the size efnelntal blocks

used was 25 mm x 25 mm x 75 mm as shown in figure 4
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Figure 4: For Joint Angle 45°-45°, Side Slope 45hd Edge Distance 15 cm (J4545-SL45-ED15)
Model Material

Sand stone is used to make the elements as madetiah Physical and the engineering propertieshefmodel
material are presented in Table 3. These propediesobtained as per Indian standard procedureg usie as
IS 9221-1979, 1S-10082-1982, 1S-13030-1991. Averagmxial compressive strength of the intact matehias been
found to be 48.5 MPa. Failure strain of the intaaterial has been found to be 0.81 % and the tamgedulus obtained at
50% of failure stress was observed to be 8773 NIRa.modulus ratio, Et56¢i, of the material is found to be 181.

The value of basic friction angle of joingjY was found as 29° by direct shear test. Sheangth parameters for
intact material (ci andei) were obtained by conducting triaxial tests undesrying confining pressures
i.e. atoz = 2.45 MPa, 4.9 MPa 7.35 MPa and 14.7 MPa resjdyti

Table 3: Physical and Engineering Properties of th&lodel Material

SN Property Value
1 | Dry unit weightyd (KN/nT) 24.91
2 | Specific gravity, G 2.52
3 | Uniaxial Compressive Strength; (MPa) 48.5
4 | Failure straing; (%) 0.81
5 | Tangent modulus, (MPa) 8773
6 | Tangent modulus, E (MPa) 5820
7 | Brazilian strengthg; (kN) 15.8
8 | Friction angle of jointy; (degree) 30
9 | Friction angle of intact model materig|,(degree) 39
10 | Cohesion of intact model materigl(lPa) 19

EXPERIMENTAL RESULTS AND OBSERVATION

Experimental Results

Experiments were conducted by placing the footiteggd at edge and at 15 cm from edge. Failure &oatl
deformation at all four corners of the footing aneasured. The mode of failure was observed eithekling or a
combination of buckling and sliding failure in masftthe tests. For joint angle 00°- 90° and joist7b buckling failure
observed, whereas for joint 30°-60°, 45°-45° arfd360 initially sliding and finally buckling takelagre. Load intensities
were 20-100 times less than its unconfined compresirength. Experimental results shows footintjesment and load
intensity increases with decrease in side slopeleangith horizontal Experimental results have shown

table 4 and 5 below.
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Table 4: Experimental Results at Edge

S Test Load Intensity Average **Buckling
N (MPa) Settlement (mm) | Length (mm)
1 | JO090-SL90-EDOO 1.39 1.75 675
2 | JO090-SL75-EDOO 2.92 2.95 625
3 | J0090-SL60-EDOO 2.81 2.86 625
4 | J0090-SL45-EDO0O 2.82 3.27 625
5 | J0090-SL30-ED0O 2.92 4.58 675
6 | J1575-SL90-EDOO 0 0 0
7 | J1575-SL75-EDOO 1.17 4.63 750
8 | J1575-SL60-EDOO 1.94 4.15 675
9 | J1575-SL45-EDOO 2.59 11.20 650
10| J1575-SL30-EDOO 2.92 7.88 625
11| J3060-SL90-EDOO 0 0 0
12| J3060-SL75-EDOO 0 0 0
13| J3060-SL60-EDOO 0.52 3.69 875
14| J3060-SL45-EDOO 0.52 8.63 850
15| J3060-SL30-EDOO 1.06 4.25 850
16 | J4545-SL90-EDOO 0 0 0
17 | J4545-SL75-EDOO 0 0 0
18| J4545-SL60-EDOO 0 0 0
19| J4545-SL45-EDOO 0.52 9.88 1075**
20| J4545-SL30-EDOO 0.63 10.66 1075**
21| J6030-SL90-EDOO 0 0 0
22 | J6030-SL75-EDOO 0 0 0
23| J6030-SL60-EDOO 0 0 0
24 | J6030-SL45-EDOO 0 0 0
25| J6030-SL30-EDOO 0.11 5.06 1500**
Table 5: Experimental Results at 15 cm from Edge
SN Test Load Intensity Average **Buckling
(MPa) Settlement (mm) Length (mm)
1 J0090-SL90-ED15 5.54 5.33 550
2 JO090-SL75-ED15 5.76 6.01 575
3 JO090-SL60-ED15 7.72 5.83 475
4 JO090-SL45-ED15 7.29 6.21 450
5 JO090-SL30-ED15 7.51 8.15 475
6 J1575-SL90-ED15 0 0 0
7 J1575-SL75ED15 3.14 6.45 575
8 J1575-SL60-ED15 3.03 7.13 675
9 J1575-SL45-ED15 3.36 7.72 650
10 J1575-SL30-ED15 4.45 6.16 600
11 J3060-SL90-ED15 0 0 0
12 J3060-SL75-ED15 0 0 0
13 J3060-SL60-ED15 0.95 4.80 875
14 J3060-SL45-ED15 1.39 11.46 875
15 J3060-SL30-ED15 1.17 8.13 875
16 J4545-SL90-ED15 0 0 0
17 J4545-SL75-ED15 0 0 0
18 J4545-SL60-ED15 0 0 0
19 J4545-SL45-ED15 0.41 9.02 1075
20 J4545-SL30-ED15 0.63 10.66 1075
21 J6030-SL90-ED15 0 0 0
22 J6030-SL90-ED15 0 0 0
23 J6030-SL90-ED15 0 0 0
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Table 5: Contd.,
24 J6030-SL90-ED15 0 0 0
25 J6030-SL90-ED15 0.19 1.22 1500
Note: * Settlement recorded at all four corner of footiAgerage of all four dial gauge readings is given
** Buckling Length ly is measured on the basis of rock specimens sHifted its original position at failure
*** |f a combination of sliding and bucklinigilure occurred than entire slope length takehuwkling length

Observations
Joint Angle 00°-90° (JO090)

A zone of compression has been observed withcatripints opened up just below footing. Verticalngs
opening commenced from centre of footing towardsoafined side. Finally buckling failure takes plageerage footing
settlement observed minimum 1.71 mm for the sidpesi90° and maximum 4.58 mm for the side slope&ffectively.
Load intensities were as low as 1.39 MPa for tlke slope 90 and maximum 2.92 MPa for the side sBfj¥eat edge
similarly when footing placed at 15 cm from edge #verage footing settlement observed minimum BB8for the side
slope 90° and maximum 8.15 mm for the side slopa&dpectively. Load intensities were as low ad 5/%a for the side
slope 90 and maximum 7.72 MPa for the side slofesiich is little greater than the load intensitysiale slope 30°.

Joint Angle 15°-75° (J1575)

A little zone of compression has been observet wétrtical joints opened up just below footing lire tdirection
of vertical plane. Side slope 90° with joint an@kf-75°(J1575-SL90-EDOOpave zero load intensity because elements
sliced by its own weight. Vertical joints openinggnemenced from centre of footing towards unconfirgde.
Finally buckling failure takes. At edge averagetiog settlement observed as minimum 4.15 mm for dite slope
60° and maximum 11.2 mm for the side slope 45°.dLadensities were as low as 0 MPa for the sidgeslo
90 and maximum 2.92 MPa for the side slope 30%ameh footing placed at 15 cm from edge averagarfgatettiement
observed as minimum 6.16 mm for the side slopeaB@°maximum 7.72 mm for the side slope 45°. Lo&ehsities were

as low as 3.03 MPa for the side slope 60 and maxidh45 MPa for the side slope 30°.
Joint Angle 30°-60° (J3060)

No zone compression observed below the base fpdtinthe beginning as the load applied elemenlsvbéhe
base of footing sliced in the direction of jointgéen The magnitude of load intensities were govdmyngoe resistance
(Toe support is provided). Finally vertical joirdpened up and buckling takes. Load intensities wegdigible in sliding
(toe support not provided). At edge, average faptsettlement observed minimum 3.69 mm for the sittgpe
60° and maximum 8.63mm for the side slope 45°. lin@hsities were as low as 0 MPa for the sidees@@f and 75° and
maximum 1.06 MPa for the side slope 30° footing@that edge. At 15 cm distance, average footirttesetnt observed
as minimum 4.8 mm for the side slope 60° and mawirid.46 mm for the side slope 45°. Load intensitiese as low as
0 MPa for the side slope 90° and 75° and maxima® WPa for the side slope 45°.

Joint Angle 45°-45° (J4545)

No zone compression observed below the base fpdtinthe beginning as the load applied elemenisvbéhe
base of footing sliced in the direction of jointgéen The magnitude of load intensities were govdmyngoe resistance

(Toe support is provided). Finally vertical joirdpened up and buckling takes. Load intensities wegdigible in sliding
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(toe support not provided). At edge, average faptiettlement observed as minimum 9.88 mm for tle slope
45° and maximum 10.66 mm for the side slope 30adLiatensities were as low as 0 MPa for the sidpesB0°, 75°, 60°
and maximum 0.63 MPa for the side slope 30°. Acfibfrom edge, average footing settlement obsergehiaimum
9.02 mm for the side slope 45° and maximum 10.66famthe side slope 30°. Load intensities wereoasds 0 MPa for

the side slope 90°, 75°, 60° and maximum 0.63 MP#é side slope 30°.

Joint Angle 60°-30° (J6030)

No zone compression observed below the base fpdtinthe beginning as the load applied elemenisvbéhe
base of footing sliced in the direction of jointghen At edge, momentarily buckling failure takeaqs towards unconfined
side. Load intensities were as low as 0 MPa forste slope 90°, 75°, 60°, 45° and maximum 0.19 fdPthe side slope
30°. At 15 cm from edge, load intensities were @8 hs 0 MPa for the side slope 90°, 75° 60°, 6P maximum

0.19 MPa for the side slope 30°.
Analysis of Results

As per classical buckling theory (Euler's methdds assumed that column is straight, weightledastic and
obeys Hook’s law. As observed from experimentsegitiuckling or a combination of sliding and finabyckling take
place. For the analysis of results buckling lerttgs been observed from pictures / video takeneatithie experiments at
failure. In the case of a combination of slidingdasuckling failure takes place then entire slopggtbk is considered as
buckling length because if rock mass is free tdesthen sliding take place or if rock mass restdcit toe then buckling

will take place from toe. Analytical results haveeh given in table 6 and table 7.

Table 6: Comparison of Buckling Load Intensity, Catulated and Experimental Results at Edge

SN Test P., Calculgted Load Experim_ental Load Correct_ed Load**
Intensity (MPa) Intensity (MPa) Intensity (MPa)
1 JO090-SL90-EDOQ  6969.37 0.93 0.98 1.86
2 JO090-SL75-EDOQ  8129.07 2.17 2.84 2.17
3 JO090-SL60-EDOQ  8129.07 2.17 1.97 2.17
4 | JO090-SL45-EDOO  8129.07 2.17 2.16 2.17
5 JO090-SL30-EDOO  6969.37 1.86 2.37 1.86
6 J1575-SL90-EDOQ 0.00 0.00 0.00 0.00
7 J1575-SL75-EDOO  4998.09 1.33 1.09 1.29
8 J1575-SL60-EDOO  6170.48 1.65 1.86 1.59
9 J1575-SL45-EDOO  6654.26 1.77 2.73 1.71
10 | J1575-SL30-EDOQ  7197.25 1.92 2.83 1.85
11 | J3060-SL90-EDOQ 0.00 0.00 0.00 0.00
12 | J3060-SL75-EDOQ 0.00 0.00 0.00 0.00
13 | J3060-SL60-EDOQ  1988.60 0.53 0.437 0.46
14 | J3060-SL45-EDOQ 2107.29 0.56 0.437 0.49
15 | J3060-SL30-EDOQ 2107.29 0.56 0.98 0.49
16 | J4545-SL90-EDOQ 0.00 0.00 0.00 0.00
17 | J4545-SL75-EDOQ 0.00 0.00 0.00 0.00
18 | J4545-SL60-EDOQ 0.00 0.00 0.00 0.00
19 | J4545-SL45-EDOQ 437.42 0.12 0.54 0.08
20 | J4545-SL30-EDOQ 437.42 0.12 0.33 0.08
21 | J6030-SL90-EDOQ 0.00 0.00 0.00 0.00
22 | J6030-SL75-EDOQ 0.00 0.00 0.00 0.00
23 | J6030-SL60-EDOQ 0.00 0.00 0.00 0.00
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Table 6: Contd.,

24

J6030-SL45-EDOO

0.00

0.00

0.00

0.00

25

J6030-SL30-EDOQ

0.00

0.00

0.19

0.00

* Buckling Length j.is measured on the basis of rock specimens sHifbad its original position at failure
** Calculated load intensity is resolviedvertical direction according to joint angle
*** |n case of sliding and buckling oaced simultaneously than entire slope length ta®hbuckling length

Experiments analyzed for footing at edge as weltadistance B (15 cm) from edge below.

Table 7: Comparison of Buckling Load Intensity, Catulated and

Experimental Results at 15 cm from Edge

SN Test P, Calculgted Load | Experimental Correct_ed** Load
Intensity (MPa) (MPa) Intensity (MPa)
1 JO090-SL90-ED15] 10499.65 5.60 5.54 5.60
2 JO090-SL75-ED15 9606.48 5.12 5.76 5.12
3 JO090-SL60-ED15] 14077.09 7.51 7.72 7.51
4 JO090-SL45-ED15] 15684.66 8.37 7.29 8.37
5 JO090-SL30-ED15] 14077.09 7.51 7.51 7.51
6 J1575-SL90-ED15 0.00 0.00 0.00 0.00
7 J1575-SL75-ED15 8505.3 4.54 3.14 4.38
8 J1575-SL60-ED15 6171.89 3.29 3.03 3.18
9 J1575-SL45-ED15 6655.78 3.55 3.36 3.43
10 | J1575-SL30-ED15 7811.3 4.17 4.45 4.02
11 | J3060-SL90-ED15 0.00 0.00 0.00 0.00
12 | J3060-SL75-ED15 0.00 0.00 0.00 0.00
13 | J3060-SL60-ED15 1989.05 1.06 0.95 0.92
14 | J3060-SL45-ED15 1989.05 1.06 1.39 0.92
15 | J3060-SL30-ED15 1989.05 1.06 1.17 0.92
16 | J4545-S190-ED15 0.00 0.00 0.00 0.00
17 | JA4545-SL75-ED15 0.00 0.00 0.00 0.00
18 | J4545-SL60-ED15 0.00 0.00 0.00 0.00
19 | J4545-SL45-ED15 437.52 0.23 0.41 0.16
20 | JA4545-SL30-ED15 437.52 0.23 0.63 0.16
21 | J6030-SL90-ED15 0.00 0.00 0.00 0.00
22 | J6030-SL75-ED15 0.00 0.00 0.00 0.00
23 | J6030-SL60-ED15 0.00 0.00 0.00 0.00
24 | J6030-SL45-ED15 0.00 0.00 0.00 0.00
25 | J6030-SL30-ED15 0.00 0.00 0.19 0.00

A calculation for experiment JO090-SL60-EDOO and54b-SL45-EDOO

per buckling load method.

Analytical Load Intensity for Experiment JO090-SL6G-EDOO

analyzed for load intensity as

Modulus of elasticity of rock masses calculatecbading to Ramamurthy & Rao theory.

J,= 40 (one element size is 25 mm)

n = 0.814(Table 1, Ramamurthy and Arora (1994)

Joint strength parameter (r) = ¢an 0.577

J = J/nr=85.16

(10)

Puting the value of; dn equation- 9 and Modulus of elasticityfr of intact rock from table 3, we have
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E, = %= exp (=1.15 X 107%) .

E, = 3294.6 MPa

The buckling load carrying capacity of footing dacalculated using equation-7 we have,

2
Py _ KW2EjI

- 2
B BL?

Where buckling lengthd= 625 mm taken from figure 5 below

Figure 5: At Failure for t Test JOO90SL60EDOO
Moment of Inertia = bt12, where
B=15cmd=25cm.
| =19.53 crfl

Hence we have

P, = 8129.07x 6 N (Since load is acting at the ceofrooting which resulted effective buckling inréle rock

mass columns out of 12 columns)
Load Intensity = 24387.21/22500
=2.17 Mpa
Eulers theory R=2.17 > 1.97 MPa (Experimental Value).
Analytical Load Intensity for Experiment JO090-SL90-ED15
Modulus of elasticity of rock masses calculatecbading to Ramamurthy & Rao theory.
J =40 (one element size is 25 mm)
n = 0.814Table 1, Ramamurthy and Arora 199 4) and Joiensfih parameter (r) = t¢y¥ 0.577
J =J/nr=85.16
Puting the value of; Jrom equation 10 and Modulus of elasticitysgof intact rock from table 3, we have

E, = %: exp (—1.15 X 107%/,) = E = 3294.6 MPa
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The buckling load carrying capacity of footing damcalculated using equation-7 we have,

Py _ Km2EjI
o
B BL?

Where buckiling length = 550 mm as shown in figure 6 below

Figure 6: At Failure for the Test J0090-SL90-ED15
Moment of Inertia = bti12, where, B = 15 cm d = 2.5 cm and | = 19.53, ddence we have

P, = 10499.65 x 12 N (Since load is acting at thereeof footing which resulted effective bucklingtiree rock

mass columns out of six columns)
Load Intensity = 125995.8/22500 = 5.6 MPa and €xed for vertical load = 0.1&s(45) = 0.08 MPa
Eulers theory R= 5.60< 5.54 MPa (Experimental Value).
As shown above that Euler’s buckling analysis eeably match the experimental data.
CONCLUSIONS

Bearing capacity of unconfined rock mass with gardus joints at slope edge analyzed by Euler’shogbtof
buckling and analytical value nearly match with esimental value. Bearing capacity of jointed rocss is half of the
total buckling load capacity when footing placed emige of the slope because buckling was observeduter
three columns of unconfined side out of six columheck mass below the base footing. Whereas, ibetng placed at
15 cm from edge, it is observed all six verticaluoans buckled at failure. Average settlement oftifup for joint angle
® = 0°, 15°, 30° (Bucklng mode of failure) are desthan the joint angle 0 = 45°, 60°
(Combination of Sliding and buckling mode of fagélidue to mode of failure. Similarly the magnituddoearing capacity
is more for joint angle®) = 0°, 15°, 30° (Buckling mode of failure) as coanp to the joint angled) = 45°, 60°
(Combination of Sliding and buckling failure). Sethents at failure are more when footing placetisatm distance from

edge compared to the footing placed exactly at.edge
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APPENDICES
List of Symbols

B = Slope Width

E = Young’'s Modulus intact rock

Ej = Young's Modulus jointed rock mass

E, = Ratio of moduli

| = Moment of inertia for a mass of slab

J = Joint Factor

J, = Frequency of joints/ m in the direction of loagli
K = 1.0 Pin jointed ends

L, = Length of slope subjected to buckling

n = Joint inclination parameter

P, = Critical load in flexural buckling

r = Joint strength parameter

o = Uniaxial compressive strength of jointed rock mas
o = Strength of intact rock.

®@; = Friction angle along the joint plane.

0 = Joint Angle with the horizontal

a = Side Slope Angle
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