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ABSTRACT

Rocks are inherently strong and stable to withstéwatls. Rock mass bearing capacity governs by its
discontinuities like folds, faults, bedding plandigh could be assessed by various theories comsidesck mass either
isotropic or anisotrpic medium. Despite having styand stable behavior, a jointed rock mass undeonfined condition
has very low bearing capacity, sometimes rock ntaflapse under its own weight. In this study, begrcapacity of
jointed rock mass has been assessed under unabcfimelition. The bearing capacity of footing at duge of slopping
anisotropic rock mass has been obtained experithemaplane strain condition. The jointed rock reasssembled using
sand stone element of 25 mm x 25 mm x 75 mm aldffigreht joint angles of 15°,30°,45°,60°,75° and @Md slope
angles of 30°,45°,60°,75°, and 90° with the hortabnll the tests were performed on stable roclssnaaving continuous
joint angle. It is observed that magnitude of laadnsity at failure on slope depends upon joirgl@nvith major principal
axis, joint frequency, joint strength, unconfinezhpressive strength and modulus of elasticity eknmass and mode of
failure. Joint angle and modes of failure are ingatr parameters, which govern the load intensitsi@gie. Load carrying
capacity of rock mass can be assessed more rdgidhdahe mode of failure can be predicted. The mddilures as
observed are buckling/sliding/rotation/toppling tods unconfined side. Analysis of the experimeni@ia has been
attempted based on Caver's (1981) suggestions ael’& theory. Comparative values of failure lodumsve been
predicted

KEYWORDS: Bearing Capacity, Slopping Anisotropic Rock M&kin Strain, Failure Modes, Rock Mass Buckling
INTRODUCTION

Rock mass consists of intact rock separated byogel discontinuities such as joints, faults aedding planes.
The rock mass behavior is generally governed bynteeaction of intact blocks with these discontiies under an applied
load. The presence of weak planes, joints and alisepntinuities make the strata weak and the coagsessment of its
load bearing capacity for constructing any majouctire on the rock mass becomes complex. A foumdaitn rock,
therefore, should be designed with as much care fasindation on soil. Most of the methods availdblefinding the
ultimate bearing capacity of jointed rock mass dersthe mass an isotropic medium [8, 9]. The aalility of these
methods to rock masses remains doubtful. Methodedoguggested for jointed rock mass are those pempby the
Hoek-Brown failure criterion for rocks and rock reas are most widely used non-linear criterion wosldr. Anisotropic
rock mass bearing capacity given by Ramamurthy Anoka predicted on the basis of joint factor, Singhd
Rao, predicted on the basis of Bell's approachqugdmt factor [11]. All the methods mentioned abayive reasonably

good results for confined rock mass. However, thieseries are not suitably applicable for uncordineck mass.

The bearing capacity of rock mass at slope usumdlyessed by empirical equations [5], design cHatts
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limiting equilibrium method or plasticity equatiof12]. Jointed rock mass bearing capacity in w@d and unconfined
condition could be assessed accurately only afegerthination of uniaxial compressive strength;)( modulus of

elasticity of rock mass, angle of joint plane witading direction, type of failure and other rockssa properties Adhikary
et al.(2001) devised on large deformation modetook masses with elastic layers of equal mechamuoaperties and
equal thickness on the basis of Cosserat contirtheory in to finite element code. A design chavegi by them suitable
for assessing the stability of foliated rock slofreslry state. Pore water as well as cross joiniingot considered by
Adhikaryet al. (2001) Stability analysis and stisiilion of toppling failure by Mehdi Amini et. a2009) presented an
analytical method for the determination of the niagle and point of application of inter column fescin rock mass with
a potential of flexural buckling. A simple approatchanalyse buckling of a rock slope was presebie€avers (1981)

considered flexural buckling of plane slab, thraghs buckling of plane and curve slopes.

In the present study, bearing capacity at slopee dtlis been assessed by experimental verificatitim tive
objective to find out the resistance to failurgjigen by rock mass and the modes of failure. Expenits were conducted
on anisotropic rock mass in plane strain conditiBrRperimental results have been compared with &nalyresults
obtained on the basis of mode of failure.

Though the natural configuration of jointed rocks®an the field is not possible to generate inl&mratory,
sand stone elements of size 25 mm x 25 mm x 753nredd to assemble jointed rock mass. So far otifical material
has been used by researchers. Experiments weraiaeddin a specially designed and fabricated bgasapacity test
apparatus of 200 ton capacity. The rock mass ndidensions 750 mm x 750 mm x150 mm are considawgg lenough

to nullify the scale effect.

LITERATURE REVIEW: ROCK MASS BEARING CAPACITY THEOR IES

Hoek-Brown Failure Criteria for Rock Masses

The Hoek-Brown failure criterion for rocks and roglasses is the most widely used non-linear criteviorld
over. It was originally suggested in Hoek E.198DgBd subsequently updated in Hoek E, Brown E T893, Hoek E,
and BrownE T. (1997)[8], Hoek, E.(2000)[9], Hoek&arranza-Torres C, and Corkum B. (2002) [10], HRelarinos
P, and Marinos V (2005) [11], respectively by immmrating the experience gained by the authors #mel oesearchers in
using the criterion.

Cavers D S (1881)

Cavers (1981) [6] predicted buckling modes of faluare a possibility whenever a continuous joints
approximately parallel to the slope, separatesia skab. The maximum load that can be carried pat width,
before buckling takes place, is as given by Cay&e81) [6] for flexural buckling of plane slabs biassical buckling
theory.

2
Pe _ Km?Ejl

B~ BL? @

Application of Eulers formula for a slope requiradditional assumptions for buckling length. Accaglito

Cavers (1981), the driving force given as

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

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

PTD = 0.75ld (y sina —ycos a tan ¢; — C/d) 3)

Ramamurthy and Arora (1994)

Arora (1987) [3] and Ramamurthy and Arora (1994) jpdovided solution for determination of uncofined
compresive strength through concept of joint factdrey give maximum importance to joint frequenojnt inclination
and joint strength for predicting behaviour of jeit rocks. By clubbing these three parametersstarfaalled Joint Factor
(J5) was been defined as.

Jp=2 (4)
Where, J,=Number of joints per meter in the direction of migjoincipal stress,

n = Inclination factor which depends on orientatadnjoint with respect to loading direction,

r= Joint strength parametess/ o = tan 4

@; = Discontinuity friction angle

The value of); thus obtained is an indicative of how much weag&ress 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, °from Ramamurthy and Arora (1994)

Orientation

of Joint (Bo) 0 10 20 30 40 50 60 70 80 90
Inclination 15 51,1 5460 0105 0046 0071 0306 0465 0.634 140.8 1.000
parameter (n) 41

The average value of strength of the jointed roelssris the unconfined compressive strength ofdimeeid rock
mass that is given as

Qu = O¢j = O €Xp (—0.008]f) (5)
Singh and Rao (2005)

Singh and Rao (2005) [18] suggested a proceduestimate the ultimate bearing capacity of shallounflation
in anisotropic rock masses. The approach consttierstrength properties of the mass as a wholeshadiepends both on
joint properties and intact rock properties. Belhpproach has been used for computing bearingitapien which the
ultimate bearing capacity is determined as a n@ijmicipal stress at failure under confining pressacting on the mass
beneath a smooth foundation. To define the streofthe rock mass, a simple parabolic equatiorvddrbased on critical
state of rock has been used. The uniaxial compeessiength of jointed rock mass, which is an inpatameter to the
strength criterion, is determined using the JoattBr concept. As per this approach, the activepasdive zones develop
in the rock mass under a smooth strip footings i$sumed that these zones are divided by a Jditiegassing 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 stra¢s. SThe major
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principal stress for the active zone just benehth footing, acts in vertical direction. For the fies zone, the major
principal stress acts in the horizontal directiod ¢he effective surcharge acts as the minor graiatress. At the time of
failure, equilibrium of two adjacent elements oftkoprisms is considered, one just beneath the edgbe footing
(Element Il) and the other just outside (elemefigire 1.

-3

|

z
Rock Joints Active Zone Passive Zone
O7t-n O31-1
O3¢-11 11 7 Ohp-1 O11 -1
O7i—11 ] G3¢-1

(11) (@]

Figure 1: Bearing Capacity Test Apparatus (JOO90SLH)

For element-1 (adjacent element), at the time idife:

031 =yzand oy ; = f(03-1) (6)
wherey = unit weight of the rock mass,

z = depth of the foundation,

o 3. = confining stress acting on element | at the toh&ilure and
6 1. = major principal stress at element | at the tohé&ilure.

For element Il (element below the footing), at tinee of failure:
6 31 = confining stress & 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 strengtly depends on the Joint Facteadd the mode of failure (Singh et al., 2002).

Its value is estimated as:
Ocj = 0¢€Xp (a]f) (8)

where a is an empirical coefficient depending dlufa mode as presented in Table 2
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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 extremesahand for intermediate valuesagflinear interpolation can

be made.
Modulus of Jointed Rocks

Ramamurthy and Arora 1993[4], The ratio of modulijainted rock and that of the intact rock in uriax

compression was linked to the joint factor

E, = %= exp (=1.15 X 107%) X

Experimental Details

RS —

Figure 2: Bearing Capacity Test Apparatus (JOO90SLH)

Carefully planned specific experimental program wascuted to achieve the objective of the stud@0A ton
bearing capacity test apparatus shown in the figuier testing the rock mass in plane strain cdoné is designed and
fabricated. The vertical load observed by proviimg placed over jack and vertical displacement veasrded at all four
corner of footing during testing of the specimentaifiailure. Perspex transparent sheet is fixetherfront side to observe
the failure pattern; Steel plates were fixed on dhieer two sides. Approximately 2000 to 2400 numbieblocks were

required to form one blocky mass.

Element joint angle was varied from,05° 30° 45° 60° 75° to 90° whereas side slope inclinatiafso varied 90°,
75°,60°,45" and 30 with horizontal. For side slope 15° experimentsemeot conducted because it approached almost flat.
150 mm x 150 mm footing was placed exactly on tthgeeof the rock mass. An experiment is designased0@90SL45
which indicates that joint set-1langk)(is 00° with the horizontal and joint set-2 an(fle) 90° and side slope angle)(
45° as shown in figure 3. The size of the rock nspeximen was kept as 750 mm x 750 mm x 150 mmevthd size of

elemental blocks used was 25 mm x 25 mm x 75 mm.
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= Joint set -1 (81)
e A Toint set-2 (62)
7 Vertical joint set

Side Slope Angla = o @ = 0°,15°,30°45° 60°,75° 90°

Figure 3: Rock Mass Arrangements with Variation inJoint Set Angle and Side Slope
Model Material

Sand stone is used to make the elements as modielimhaPhysical and the engineering propertiethefmodel
material are presented in Table 3. These propediesobtained as per Indian standard procedureg usimle 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 intaeterial 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 joingjf was found as 29° by direct shear test. Sheangth parameters for
intact material (ci andpi) were obtained by conducting triaxial tests underying confining pressures i.e. at
o3 = 2.45 MPa, 4.9MPa 7.35 MPa and 14.7 MPa respagtiv

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

S No 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, s (MPa) 8773
6 Tangent modulus, E (MPa) 5820
7 Brazilian strengthg; (kN) 15.8
8 Friction angle of jointp; (degree) 30
9 Friction angle of intact model material,(degree) 39
10 Cohesion of intact model materigl(Pa) 19

EXPERIMENTAL RESULTS AND OBSERVATION

Experiments are conducted by placing the footirag@d at edge of the slope. Failure load and detmat all
four corners of the footing is measured. The maofdfaiture was observed either bucklingor a combarabf buckiling
and sliding failure in most of the tests. For joamgle 00°- 90° and joint 15-75 buckiling failureserved. Whereas for
joint 30°-60°, 45°-45° and 60°-30° sliding and Mlingk observed. Load intensities were 20-100 timess |than its

unconfined compressive strength. Experimental te$alve shown in table 4 below.
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Joint Angle 00°-90° (JO090)

A zone of compression has been observed with @éri@ints opened up just below footing. Verticalnjis
opening commenced from centre of footing towardscoufined side. Finally buckling failure takes place
(figure 4 to figure 8). Average footing settlemerfitserved as minimum 1.71 mm for the side slopea®@ maximum
4.58 mm for the side slope 30° respectively. Loddrisities were as low as 1.39 MPa for the sidees80 and maximum

2.92 MPa for the side slope 30°. Experimental tesiiows footing settlement and load intensityéases with decrease
in side slope angle with horizontal.

Figure 4: At Failure for the &st JO090SL90 Figure 5: At Failure for the Tesi0090SL75

Figure 6: At Failure for the Test JOO90SL60  Figre 7: At Failure for the Test J0090SL45

Figure 8: At Failure for the Test J0090SL30



Joint Angle 15°-75° (J1575)

A little zone of compression has been observed waéttiical joints opened up just below footing ire thirection
of vertical plane. Side slope 90° with joint ang&®-75°(J1575SL90gavezero load intensity because elements sliced by
its own weight. Similarly, Vertical joints openingommenced from centre of footing towards unconfirsde.
Finally buckling failure takes place (figure 9 igure 12). Average footing settlement observed asmoum 4.15 mm for
the side slope 60° and maximum 11.2 mm for the Sliojge 45°. Load intensities were as low as 0 MiPdhie side slope
90 and maximum 2.92 MPa for the side slope 30°.

Figure 9: At Failure for the Test J1575SL75 Figre 10: At Failure for the Test J1575SL60

Figure 11: At Failure for the Test J1575SL45 Figre 12: At Failure for the Test J1575SL30
Joint Angle 30°-60° (J3060)

No zone compression observed below the base fodtinpe beginning as the load applied elementevbéhe
base of footing sliced in the direction of joinigém (figure 13 to figure 15). The magnitude of ldaténsities were governs
by toe resistance (Toe support is provided). Fnadirtical joints opened up and buckling takes. d @atensities were
negligible in sliding (toe support not provided)vekage footing settlement observed as minimum 869 for the side
slope 60° and maximum 8.63mm for the side slope l4%d intensities were as low as 0 MPa for the sidpe 90° and
75° and maximum 1.06 MPa for the side slope 30°.



Figure 13: At Failure for the Test J3060SL60  Fjure 14: At Failure for the Test J3060SL45
Joint Angle 45°-45° (J4545)

No zone compression observed below the base fodtinpe beginning as the load applied elementsvbéhe
base of footing sliced in the direction of jointgém (figure 16 to figure 17). The magnitude of laaténsities were governs
by toe resistance (Toe support is provided). Rnadirtical joints opened up and buckling takes. d @atensities were
negligible in sliding (toe support not provided)vekage footing settlement observed as minimum €88 for the side
slope 45° and maximum 10.66 mm for the side sl@3el®ad intensities were as low as 0 MPa for ttle slope 90°, 75°,
60° and maximum 0.63 MPa for the side slope 30°.

Figure 15: At failure for the Test J3060SL45 Figure 16: Afailure for the Test J4545SL4%

Figure 17: At failure for the Test J4545SL30 Figre 18: At Failure for the Test J3060SL30
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Joint Angle 60°-30° (J6030)

No zone compression observed below the base fodtingpe beginning as the load applied elementevbéhe
base of footing sliced in the direction of jointgé figure 18. At failure momentarily buckling takelace towards

unconfined side. Load intensities were as low BP@ for the side slope 90°, 75°, 60°, 45° and maxir@.19 MPa for the

side slope 30°.

Table 4: Experimental Results

Load Average **Buckling
S L Intensity (MPa) Settlement (mm) Length (mm)
1 JO090-SL90 1.39 1.75 675
2 JO090-SL75 2.92 2.95 625
3 JO090-SL60 2.81 2.86 625
4 JO090-SL45 2.82 3.27 625
5 JO090-SL30 2.92 4.58 675
6 J1575-SL90 0 0 0
7 J1575-SL75 1.17 4.63 750
8 J1575-SL60 1.94 4.15 675
9 J1575-SL45 2.59 11.20 650
10 J1575-SL30 2.92 7.88 625
11 J3060-SL90 0 0 0
12 J3060-SL75 0 0 0
13 J3060-SL60 0.52 3.69 875
14 J3060-SL45 0.52 8.63 850
15 J3060-SL30 1.06 4.25 850
16 J4545-SL90 0 0 0
17 J4545-SL75 0 0 0
18 J4545-SL60 0 0 0
19 J4545-SL45 0.52 9.88 1075**
20 J4545-SL30 0.63 10.66 1075*
21 J6030-SL90 0 0 0
22 J6030-SL75 0 0 0
23 J6030-SL60 0 0 0
24 J6030-SL45 0 0 0
25 J6030-SL30 0.19 5.06 1500**

Note* Settlement recorded at all four corner of fogtidverage of all four dial gauge readings are give
** Buckling Length L.is measured on the basis of rock specimens sHiftad its original position at failure
*** A combination of sliding and bucklg failure occurred than entire slope length tak&buckling length

ANALYSIS OF RESULTS

Experimental results analysed for load intensitig€lassical buckling theory (Euler’'s method) bessaat failure
buckling takes place. As per classical bucklingotiggt is assumed that column is straight, weigdttjeelastic and obeys
Hook’s law. Load intensity has been calculated bieEs’s method for straight column because Eulgesry for inclined
column gives 100-500 times less load intensity @spare to experimental value. As observed from expts either
buckling or sliding take place at failure. For #r@alysis of results buckling length has been oleskfiom pictures / video
taken at the time experiments at failure. In theecaf a combination of sliding and buckling failta&es place then entire
slope length is considered as buckling length beeafurock mass is free to slide then sliding tplece or if rock mass

restricted at toe then buckling will take placenfrtoe. Analytical results have been given in téble
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Table 5: Comparison of Buckling Load Intensity, Catulated and Experimental Results

S No Test P., Calculr_:lted Load Experimental Correct_ed** Load
Intensity (MPa) (MPa) Intensity (MPa)
1 JO090-SL90 6086.06 1.86 1.39 1.86
2 JO090-SL75 7571.56 2.17 2.92 2.17
3 JO090-SL60 8189.4( 2.17 2.81 2.17
4 JO090-SL45 7571.56 2.17 2.82 2.17
5 J0090-SL30 7021.09 1.86 2.92 1.86
6 J1575-SL90 0 0 0 0
7 J1575-SL75 5687.09 1.52 1.17 1.45
8 J1575-SL60 7021.09 1.87 1.94 1.80
9 J1575-SL45 7571.56 2.02 2.59 1.94
10 J1575-SL30 8189.40 2.17 2.92 2.09
11 J3060-SL90 0 0 0 0
12 J3060-SL75 0 0 0 0
13 J3060-SL60 4178.27 1.11 0.52 0.96
14 J3060-SL45 4427.66 1.18 0.52 1.02
15 J3060-SL30 4427.66 1.18 1.06 1.02
16 J4545-SL90 0 0 0 0
17 J4545-SL75 0 0 0 0
18 J4545-SL60 0 0 0 0
19 J4545-SL45 2768.19 0.74 0.52 0.52
20 J4545-SL.30 2768.19 0.74 0.63 0.52
21 J6030-SL90 0 0 0 0
22 J6030-SL75 0 0 0 0
23 J6030-SL60 0 0 0 0
24 J6030-SL45 0 0 0 0
25 J6030-SL30 1421.77 0.38 0.19 0.19

*Buckling Length |.is measured on the basis of rock specimens sHifbed its original position at failure.
**Calculated load intensity is resolvedviertical direction according to joint angle.
***|n case of sliding and buckling occudrsimultaneously than entire slope length takeluagling length

A sample calculationfor experiment JOO90SL30 arely®or load intensity as per buckling load method a
J4545SL45 for sliding as well as buckling load noeltlas given below.

Load Intensity for Experiment JOO90SL30
Modulus of elasticity of rock masses calculatedbading 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) = ¢égr 0.577
J=J/nr=845 (10)

Puting the value of;dn equation- 9 and Modulus of elasticity4df of intact rock from table 3, we have

E,. = %= exp (—1.15 X 1072/) "

E; = 3319.05 MPa

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

2
B BL?

Where buckling length = 675 mm taken from figure 8
E = 3319.05 MPa from equation-11

Moment of Inertia = btl12, where
B=15cmd=25cm.

| =19.53 cril

Hence we have

P, = 14042.22 x 3 N (Load is acting at the centréoofing which resulted effective buckling in thresck mass

columns out of six)

Load Intensity = 42126.66/22500

=1.87 Mpa

Eulers theory R= 1.87< 2.92 MPa (Experimental Value).
Load Intensity for Experiment J4545SL 45 for Inclined Column

J4545SL45 driving resistance due to inclined coluassuming cohesion negligible, according Cave881]l

given as:
Pp = (Wpsina — Wp cosatan¢; — [,C)b
Weight of slab W calculated as:
Weight of one element = 0.02% 24.01
= 1.1676x 19 kN

Total elements in one column is 42 therefore weighbne column at slope 0.049 kN. Total six numbér

column below footing, so weight of slabp¥ 0.59kN

a =45°

Ppo = 0.00117MPa (Which is approximately 450 times ldsn experimental value)
Load Intensity for Experiment J4545SL45 for Verticd Column

If the same test analysed according to bucklingtiaight column we have

Jn =40 (one element size is 25 mm)

n = 0.82 (Table 1, Ramamurthy and Arora 1994)

Joint strength parameter (r) = ¢égr 0.577

J=J/nr=845
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Puting the value of;Jrom equation 10 and Modulus of elasticitysgfof intact rock from table 3, we have
E; —
E, = E—’ = exp (—1.15 x 107%J;)

E; = 3319.05 MPa

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

P _ KMPEjI

- 2
B BL?

Where buckiling length } = 1075 mm (Entire slope length as shown in figLég
E; = 3319.05 MPa

Moment of Inertia = btl12, where

B=15cmd=25cm.

| =19.53 cril

Hence we have

P, = 5536.39 x 3 N (Load is acting at the centreaaftihg which resulted effective buckling in threxk mass

columns out of six)

Load Intensity = 42126.66/22500 = 0.74 MPa

Corrected for vertical load = 0.%66s(45)= 0.52 MPa

Eulers theory R = 0.52< 0.54 MPa (Experimental Value).

As shown above that Euler’s buckling analysis reabty match the experimental data.
CONCLUSIONS

Bearing capacity of unconfined rock mass with amntius joints at slope edge analysed by Euler’s odetif
buckling (vertical or inclined column) rationallearing capacity of jointed rock mass is half af tbtal buckling load
capcity when footing placed at edge of the slopmbse buckling was observed in three columns abnfiteed side out of
six columns of rock mass below the base footingerage settlement of footing for joint anglé) & 0°, 15°, 30°
(Buckling mode of failure) are less than the joamtgle @) = 45°, 60°(Combination of Sliding and buckling deo of
failure) due to mode of failure. Similarly the magde of bearing capacity is more for joint angl € 0°, 15°,
30°(Buckling mode of failure)as compare to the fangle §) = 45°, 60°(Combination of Sliding and bucklingldiae).
Therefore it could conclude that buckling resistamatwaya greater than sliding resistance for cootis jointed rock

mass.
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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
I = Moment of inertia for a mass of slab
J = Joint Factor
J = Frequency of joints/ m in the direction ofdiirag
K = 1.0 Pin jointed ends
Ly = Length of slope subjected to buckling
n = Joint inclination parameter
Pe = Critical load in flexural buckling
r = Joint strength parameter
O = Uniaxial compressive strength of jointed rockssa
Oi = Strength of intact rock.
o) = Friction angle along the joint plane.
0 = Joint Angle with the horizontal
a = Side Slope Angle
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