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ABSTRACT 
Timoshenko (1934) showed that a compressive line load applied perpendicularly to the axis of a solid cylinder and in a 
diametral plane generates a tensile stress over that plane.  Carneiro (1947) applied Timoshenko’s theory to a 
compression test on a solid cylinder of concrete (length L and diameter D) loaded in a compression testing device with 
the cylinder axis parallel to the load plates.  It was tacitly assumed that the tensile stress σh set up by the applied vertical 
load P would be constant and equal to 2P/πLD.  However, the writer has concluded that the Brazilian mode of failure is 
one of shear rather than tension and that the failure is progressive.  It is also concluded that the tensile stress calculated 
from 2P/πLD is considerably lower than the tensile strength of the material. 
 
RÉSUMÉ 
Timoshenko (1934) a démontré qu’une charge de compression en ligne qui est appuyé perpendiculaire à l’axe d’un 
cylindre solide et dans un plan diamétral engend une contrainte de traction sur ce plan. 
 
Carneiro (1947) a utilisé la théorie de Timoshenko pour un essai de compression sur un cylindre solide de béton 
(longueur « L », diamètre « D ») qui a été mis dans un dispositif de contrôle de compression avec l’axe du cylindre 
parallèle aux plaques de charges.  C’était pris à charge que la contrainte de traction σh crée par la charge verticale 
appuyé « P » serait constante et égale à 2P/πLD.  Par contre, l’auteur a conclu que la mode de rupture brésilienne est 
par cisaillement et non par traction et que cette rupture est progressive.  Il a aussi conclu que la contrainte de traction 
calculé par 2P/πLD est considérablement moins que la résistance de traction du matériel. 
 
 
 
1. INTRODUCTION 
 
Timoshenko (1934 showed that a compressive 
(positive) load applied perpendicularly to the axis of a 
solid cylinder and in a diametral plane generates a 
tensile (negative) stress over that pane.  A simplified 
treatment of this problem was later presented by Frocht 
(1948) and by Wright (1955). 
 
Timoshenko and Goodier (1951) recognized that, at the 
point of application of the (line) load, the stress is 
infinitely large because a finite force is acting on an 
infinitely small area.  Plastic flow will therefore occur 
immediately below the loaded area.  However, they 
consider the local area of plastic flow to be infinitely 
small and stated that the equations of elasticity could 
still be applied to the cylinder. 
 
The Timoshenko findings were applied by Carneiro 
(1947) to a test referred to as the ‘Brazilian’ test, in 
which a solid cylinder of concrete was loaded vertically 
in a horizontal position in a compression testing frame, 
i.e. it was loaded perpendicularly to its axis and in a 
diametral plane by positioning it with its axis parallel to 
the load plates.  In this mode the vertical stress 
component (compressive) becomes (Timoshenko 
1931, Frocht 1948) 
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where 
 
P is the applied (total) load, 
D is the diameter of the cylinder, 
L is the length of the cylinder, and 
r is the depth from the loaded (i.e. top and bottom) 
surfaces to the point considered. 
 
Equation 2 is conventionally used to calculate the 
“splitting tensile strength” as proposed by Carneiro 
(1947) and as specified in ASTM D 3967 (for rock core 
specimens), ASTM C 496 (for concrete specimens) and 
CSA A23.2-13C (for concrete specimens).  Equation 2 
is also generally quoted in textbooks on concrete, e.g. 
Neville (1995) and on rock mechanics, e.g. Goodman 
(1989).  In the latter reference it is pointed out that “the 
actual cause of failure may also reflect the action of the 
vertical stress along the vertical diameter in concert 
with the horizontal tension . . .”. 
 
 
2. PRACTICAL ANALYSIS 
 
Whereas the theory is based on a line load acting 
along two opposite generators of the cylinder, the load 
is actually distributed over a finite width.  This width is a 
function of the strength of the material if no loading 
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strips are used.  If loading strips are used, the actual 
width of the loaded areas is a function of the applied 
load and the compressibility of the loading strips. 
 
If the width of the loaded areas is a and the loads are 
assumed to be uniformly distributed over this width, 
Wright (1955) has shown that if a <0.1⋅D, the stresses 
on the vertical diameter approximate the values below 
with sufficient accuracy: 
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where a is the width of the loaded areas and α is the 
angle subtended by the loaded areas at depths r below 
the applied loads. 
 
The stress distribution given by Eqs. 3 and 4 is shown 
in Fig. 1, which is calculated for a/D = 1/20.  It is seen 
that the tensile stress is practically constant within the 
inner three-quarters of the vertical plane through the 
cylinder, i.e. between r ≈ 0.13⋅D and r ≈ 0.50⋅D.  It then 
gradually decreases to zero at r ≈ 0.06⋅D from the 
loaded surfaces.  At this level the lateral stress 
becomes compressive, and the compressive stress 
increases very rapidly towards the top and bottom 
surfaces. 
 

 
Figure 1. Variation of vertical and horizontal stresses 
with depth below loaded generator of cylinder  (Wright 
1955) 
 
On investigating the effects of dimensions and nature 
of the packing strips through which the load is 
conventionally applied to the Brazilian test specimens, 
Wright (1955) concluded that these effects are 
relatively small and are due partly, if not entirely, to the 
effectiveness with which the strips are (i) able to 
conform to the irregularities of the surface of the 

specimens and (ii) able to distribute the load uniformly.  
It is possible to estimate the contact area between the 
packing strip and the concrete and between the steel 
load plate and the concrete.  In the case of a plywood 
packing strip having a compression modulus of 10,000 
MPa, the width of the contact area was determined to 
be about 5 mm.  In the case of steel on concrete, the 
bearing capacity of a high-strength (61 MPa) concrete 
was determined to be (Fig. 2) 493 MPa, which would 
correspond to a contact width steel/concrete of about 
1.5 mm. 
 

 
Figure 2. Model footing test on high-strength (61 Mpa) 

concrete 
 
A comparison between Brazilian test specimens 
brought to failure with and without packing strips 
showed that there were no significant differences 
between the appearances of specimens tested with 
and without packing strips.  Concrete specimens 
brought to failure in unconfined compression gave 
friction parameters (determined from the relationship α 
= 45° + φ/2) of φ = 56° for α = 73° and φ = 32° for α = 
61°.  Comparisons between Brazilian and unconfined 
compression test (UCT) failure surfaces showed that 
there were no significant differences between the 
appearances of the Brazilian and the UCT failure 
surfaces. 
 
3. MODES OF FAILURE 
 
Trollope (1968) distinguishes between elastic stresses 
and effective stresses (Fig. 3) claiming that the 
effective tensile stress (σx) is considerably greater than 
σh, the stress normally assumed to be the lateral stress 
(Eqs. 2 and 4).  For a value of Poisson’s ratio of µ = 
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0.25 he shows that σx is approximately twice the value 
of σh.  He also states that tests carried out on concrete 
with restrained loading had given clear evidence of 
initial cracking occurring in the regions of maximum 
effective tensile strength. 

 
 
Figure 3. Variation of vertical and horizontal stresses 
with depth below loaded generator of cylinder (Trollope 
1968) 
 
The horizontal-stress curves in Fig. 3 marked σx, µ = 0 
and σx, µ = 0.20 and the vertical-stress curve marked σz  
are those originally presented by Trollope (1968).  The 

horizontal-stress curve marked σh  and the vertical-
stress curve marked σv were prepared by the writer on 
the basis of Fig. 1, which again is based on Eqs. 3 and 
4.  The stresses σh  = -4.5 MPa and σv = 13.5 MPa at 
z/R = 0 correspond, respectively, to σx = -0.13·(2p/π) 
and σz = -0.39·(2p/π ) at z/R = 0, σx and σz being given 
in Fig. 3 as multiples of 2p/π, and p is a contact force in 
Trollope’s (1968) clastic model of the material 
considered. 
 
Failure in the Brazilian test is conventionally taken to 
mean that the tensile stress σh corresponding to the 
failure load is the tensile strength.  However, as may be 
seen from the Mohr-Coulomb diagrams in Figs. 4 and 
6, the Brazilian test specimens are actually failing in 
shear, not in tension.  Also, the restrained loading tests 
referred to above showed that the failure is 
progressive, starting at a depth of about 0.1·D below 
the applied load and proceeding towards 0.5·D, i.e. 
toward the centre of the cylindrical sample.  One 
consequence of this would be that any violent failure of 
the inner zone could be expected to be protected by 
the outer un-failed zones.  This is in agreement with all 
observations made at the GEMTEC laboratory, i.e. 
failure of a Brazilian test specimen is typically  non-
violent, even for high-strength brittle concrete and rock. 

 

 
Figure 4. Brazilian and unconfined compression tests on 61MPa concrete (UCT = Unconfined compression test) 

The failure zone in a sample brought to failure in a 
Brazilian test is a forced zone because, simply for 
reasons of symmetry, the Brazilian failure zone located 
diametrically between the applied loads is the only 
location where failure could possibly occur in practice. 
 
Reference is finally made to Hoek’s (1968) rupture 
modes and rupture criteria for brittle rock and to his 
corresponding Mohr rupture envelopes, reproduced in 
Fig. 5.  According to Hoek, all Mohr stress circles which 
fall within the circle of radius 2σt can touch the rupture 

envelope at one point only, and this point is defined by 
τ = 0 and σ3 = -σt.  This implies that pure tensile rupture 
occurs only when σ1 ≤ │-3σ3│.  Referring to Eqs. 1 and 
2, the equality σ1 = │-3σ3│ may be written 
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from which it will be found that r = D/2, i.e. the equality 
occurs at the centre of the cylindrical sample only.  It 
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follows that, in practice, there is really no pure tensile 
rupture anywhere in the sample. 
 

 
 
Figure 5. A rupture criterion for brittle rock (tensile 
stresses shown positive) (after Hoek 1968) 
 
4. FAILURE CRITERIA 
 
Goodman (1989) discusses the Mohr-Coulomb failure 
criterion for rock and states that t0 is “the uniaxial 
tensile strength” as determined by the Brazilian test, 
i.e. 
 
-t0= -σt = -2P/πLD                                                    [5] 
 
which is the same as Eq. 2 above.  He also states that 
“the minor principal stress can never be less than t0 
and that failure is presumed to occur because of tensile 
stress whenever σ3 becomes equal to -t0, regardless of 
the value of σ1”.  It should be noted, however, that 
Goodman (ibid.) does not provide any evidence to 
support these statements, nor are they in agreement 
with other estimates of the maximum tensile stress (i.e. 
the tensile strength).  For example, Trollope (1968) 
introduces a “critical effective tensile stress criterion of 
failure” or “tensile cut-off” and concludes that, for a 
brittle material with a Poisson’s ration µ in the range 
0.15 - 0.22 (e.g. high-strength concrete), the maximum 
effective tensile stress σxmax is about 1.6 to 2.0 times 
greater than σh of Eq. 5.  As shown in Fig. 3, σxmax is 
reached at a depth of about 0.15 ·D below the loaded 
surface. 
 
Another example of an evaluation of the tensile 
strength is the following relation (Hoek 1968) between 
the “intrinsic shear strength” τ0 (in soil mechanics 

terms, τ0 is the same as the cohesive intercept c) and 
the normal stress intercept -σt: 
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where φ = angle of friction (Fig. 6).  For values of φ 
between 30° and 60°, σt = -0.43τ0 to -0.50τ0.  It is noted 
that Eq. 6 is based on Griffith’s (1924) criterion of 
failure in brittle materials.  Plotted as a Mohr envelope 
(i.e. on σ, τ Cartesian co-ordinates), Griffith’s criterion 
is a parabola:   
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In the case of the test results in Fig. 4, where φ = 52.8°, 
Eq. 6 gives 
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as compared with σh = the tensile stress = -4.5 MPa 
from Eq. 4.  In Trollope’s (1968) diagram (Fig. 3) the 
abscissa is labelled “stresses”, but in a footnote 
preceding the diagram the term used by Trollope (ibid.) 
is “maximum effective tensile strength”, and it would be 
in the range σxmax = (1.6 to 2.0)·(-4.5) = -7.2 to -9.0 
MPa.  Thus both σt and σxmax are referred to as tensile 
strengths and they both yield values considerably 
higher than σh.  It seems clear therefore that the tensile 
stress σh induced by the vertical load P does not 
represent the tensile strength of the material. 
 
The Mohr stress circles in Fig. 4 are calculated from 
Eqs. 3 and 4 and a recorded failure load of 145 kN on a 
101.6 mm diameter by 203.2 mm length high-strength 
concrete specimen.  The shear strength parameter φ = 
52.8° was determined from a compression test on a 
twin specimen of concrete.  The inclination of the 
failure plane   α = 71.4° = 45° + φ /2 gave φ = 52.8°, 
and the unconfined compressive test (UCT) strength 
was 61 MPa.  The corresponding Mohr stress circle is 
shown in Fig. 4, and a cohesion intercept of 10 MPa 
was obtained by tracing the φ = 52.8° failure envelope 
tangential to the UCT circle.  A somewhat higher 
intercept (c = 13 MPa) was obtained by tracing the 
failure envelope parallel to the UCT envelope but 
tangential to the circle that yields the maximum 
intercept, i.e. c = 13 MPa.  This particular circle 
corresponds to the stresses at a depth of about  
0.1·D below the applied load. 
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Figure 6(a). Mohr stress circles corresponding to σz and σx, µ=0 from figure 3 
 

 
Figure 6(b). Mohr stress circles corresponding to σv and σh from figure 3 
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Figure 6(c). Mohr stress circles corresponding to σz and σx µ=0.2 from figure 3 
 
The stresses calculated by Trollope (1968) and shown 
in Fig. 3 are plotted as three sets of Mohr stress circles 
in Fig. 6:  (a) these circles correspond to Trollope’s 
elastic stresses σz and σx, µ = 0, (b) these circles 
correspond to the σv (Eq. 4) and the σh (Eq. 3) 
stresses, and (c) these circles correspond to the σz and 
σx, µ = 0.20 stresses.  The friction parameter φ = 50° in 
this case is an assumed value since no shear strength 
parameters are given.  However, the corresponding 
failure plane inclination of 45° + φ /2 = 70° is typical of 
the numerous concrete specimens tested by the writer 
and can be considered to be a reasonable 
approximation.  For all three sets of stress circles 
progressive shear failure can be seen to start at a 
depth range of 0.1·D to 0.15·D below the applied load 
 
Jaeger and Cook (1979) state that (i) it is generally 
assumed that failure [in the Brazilian test] is the result 
of the uniform tensile stress normal to the loaded 
diametral plane, (ii) exceptional cases are found with a 
single diametral fracture which may not even extend to 
both platens, (iii) there are generally several fractures 
branching from the diametral plane, some of which 
appear to be wedges near the contact, (iv) these 
subsidiary effects have given rise to doubts about the 
mechanism of failure in this test, and (v) it has been 
suggested that failure starts by shear fracture in the 
region of high compressive stresses near the contacts.  
Referring to Figs. 4 and 6, and as observed by Wright 
(1955), it is seen, however, that the high vertical 
compressive stresses near the contact are 
accompanied by sufficiently high compressive lateral 
stresses that failure in compression would not occur in 
this region.  On the other hand, Figs. 4 and 6 show that 
shear failure starts at a depth range of 0.1·D to 0.15·D 
below the applied load and then spreads progressively 
toward the centre of the cylindrical specimen, i.e. to 
0.5·D below the applied load. 
 
 
5. CONCLUSIONS 
 

Equation 2 has been generally accepted by ASTM as 
well as by most textbooks on rock mechanics and is 
generally used to analyze the results of the ‘Brazilian’ 
test.  However, Hoek (1968) showed that pure tensile 
failure occurs only at the centre of the cylindrical 
specimen, i.e. there is really no pure tensile rupture 
anywhere in the specimen.  Trollope (1968) used a 
clastic mechanics model to analyze the stress 
distribution set up in a Brazilian test specimen and 
showed that the maximum effective tensile stress is 
considerably greater than σh of Eq. 2 or 4. 
 
On the basis of (i) a series of unconfined compression 
tests and Brazilian tests on concrete cylinders, (ii) an 
analysis of the corresponding Mohr stress diagrams, 
and (iii) a literature review, the writer has concluded 
that the Brazilian mode of failure is one of progressive 
shear, starting at a depth of about one tenth of the 
diameter below the loaded surfaces and proceeding 
towards the centre.  Another conclusion is that the 
tensile strength of the specimen is considerably higher 
than the tensile stress σh normally calculated from the 
Brazilian test results.  It follows that the Brazilian test 
cannot be considered to yield the real tensile strength 
of the material.  The tensile stresses generated in the 
failure zone can only be considered to represent a 
conservative estimate of the tensile strength. 
 
 
6. REFERENCES 
 
ASTM D3967, Standard Test Method for Splitting 

Tensile Strength of Intact Rock Core Specimens. 
ASTM C496, Standard Test Method for Splitting Tensile 

Strength of Cylindrical Concrete Specimens. 
Carneiro, F. (1947).  Une Nouvelle Methode d’Essai 

pour Determiner la Resistance a la Traction du 
Beton.  Paris, Reunion des Laboratories d’Essai De 
Materiaux. 

CSA A23.2-13C, Splitting Tensile Strength of 
Cylindrical Concrete Specimens. 

Sea to Sky Geotechnique 2006

570



Frocht (1948).  Photoelasticity, vol. 2, pp. 121-129.  
John Wiley & Sons, New York.  Chapman and Hall 
Ltd., London. 

Goodman, R.E. (1989).  Introduction to Rock 
Mechanics.  John Wiley & Sons, 562 pp. 

Griffith, A.A., (1924).  Theory of Rupture.  Int. Cong. 
Appl. Mech., 1st,  Delft, pp. 55-63. 

Hoek, E. (1968).  Brittle Fracture of Rock.   In Rock 
Mechanics in Engineering Practice (chapter 4).  
Edited by K.G. Stagg and O.C. Zienkiewicz.  John 
Wiley & Sons, 442 pp. 

Jaeger, J.C. and Cook, N.G.W. (1979).  Fundamentals 
of Rock Mechanics. Chapman and Hall, London.  
593 pp. 

Landva, A. and La Rochelle, P. (1983).  Compressibility 
and Shear Characteristics of Radforth Peats.  
ASTM Special Technical Publication 820, pp. 157-
191. 

Neville, A.M. (1995).  Properties of Concrete, 4th ed.  
Longman Group, 844 pp. 

Timoshenko, S. (1934).  Theory of Elasticity, pp. 104-
108.  McGraw-Hill, New York. 

Timoshenko, S. and Goodier, J.M. (1951).  Theory of 
Elasticity, 2nd ed.  McGraw-Hill, 506 pp. 

Trollope, D.H. (1968).  The Mechanics of Discontinua 
or Clastic Mechanics in Rock Problems.  In Rock 
Mechanics in Engineering Practice (chapter 9, Fig 
9.20).  Edited by K.G. Stagg and O.C. Zienkiewicz.  
John Wiley & Sons, 442 pp. 

Vidal, H (1969).  The Principal of Reinforced Earth.  
Highway Research Record No. 282, Highway 
Research Board, NRC, National Academy of 
Sciences, National Academy of Engineering, pp. 1-
16. 

Wright, P.J.F. (1955).  Comments on an Indirect 
Tensile Test on Concrete Cylinders.  Road 
Research Laboratory, Department of Scientific and 
Industrial Research.  Magazine of Concrete 
Research, July, pp 87-96.  

 
 

Sea to Sky Geotechnique 2006

571


	Pages440-551.pdf
	Paper 476.pdf
	 
	1. INTRODUCTION 
	2. TSUNAMI INITIATION 
	3. NORWEGIAN ROCK SLOPE FAILURES 
	3.1 Rock slope characteristics 
	3.1.1 Oppstadhornet 
	3.1.2 Åknes 
	3.1.3 Tafjord 
	3.1.4 Loen 

	3.2 Controls 
	3.2.1 Kinematics and state of stress 
	3.2.2 Rock mass strength 
	3.2.3 Water pressure 
	3.2.4 Earthquakes 
	3.2.5 Time 

	4. KNIGHT INLET 
	4.1 Geology and geomorphology 
	4.2 Adeane debris pile 
	4.3 Adeane rock slope 

	5. CONCLUSION 
	6. ACKNOWLEDGEMENTS 


	Paper 495.pdf
	INTRODUCTION
	PHYSIOGRAPHIC SETTING
	A BRIEF SURVEY OF LANDSLIDES
	LANDSLIDE EVENTS: FIVE EXAMPLES
	
	
	On October 21, 1963, heavy rain and high winds battered the Howe Sound area. At about 1:20 a.m., a rockslide near Mile 20 abou



	CONCLUSIONS
	ACKNOWLEDGEMENTS

	Paper 340.pdf
	INTRODUCTION
	THE DYNAMIC MODELS DAN AND DAN3D
	BACK-ANALYSIS OF THE SIX DES EAUX FROIDES ROCK AVALANCHE
	Event description
	Analysis methodology
	Analysis results

	DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENTS

	Paper 187.pdf
	INTRODUCTION
	BACKGROUND
	MODELLING THE MINE-BY TEST
	Modelling Methodology
	Model Geometry
	In-Situ Stresses and Boundary Conditions
	Material Properties
	Constitutive Models

	MODELLING RESULTS AND COMPARISON
	Borehole Deformation Instruments
	Convergence Arrays

	CONCLUSIONS

	Paper 297.pdf
	4.1	Effect of Varying Elastic Parameters
	4.2	Displacement at the Tunnel Face

	Paper 365.pdf
	INTRODUCTION
	PROBLEM STATEMENT
	Geology
	Intact Rock Properties
	Mechanical Properties of Continuum Media
	Joint Shear Strength

	ANALYTICAL SOLUTION
	NUMERICAL SIMULATIONS
	Constitutive Model of Intact Rock and Joints
	Model Boundaries
	Continuum Numerical Simulation
	Discontinuum Numerical Simulation

	EFFECT OF THE JOINT ORIENTATION ON THE ANALYSES
	CONCLUSIONS

	Paper 444.pdf
	INTRODUCTION
	EXPERIMENTAL RESULTS
	INTERPRETATION OF CONVERGENCES
	Results of elastic model
	Results of elastoplastic model
	Modelling assumptions
	Geomechanical properties
	Comparison between convergence measurements SMR 1.1 and SMR 1.3 and modelling


	CONCLUSION

	Paper 466.pdf
	INTRODUCTION
	DESIGN OF THE REP EXPERIMENT
	Step of the experiment
	Shaft-excavation method

	RESULTS OF THE EXPERIMENT
	Displacement field in the rock mass
	Evolution of pore pressure during shaft sinking

	ANALYSIS OF THE IN SITU DATA
	3D elastic modelling of the shaft sinking
	Poroelastic approach
	Problem position
	Application to REP experiment


	CONCLUSIONS
	REFERENCES

	Paper 486.pdf
	INTRODUCTION
	THE SITE AND THE STRUCTURE
	TUNNEL CONSTRUCTION
	GROUTING
	Modified grouting method

	TEST SECTION
	Instrumentation and measurements
	Measurement results and interpretation

	PRESSURE GROUTING FINAL DESIGN
	EVALUATION OF IMMEDIATE PRESSTRESSING EFFECTS
	REMAINING STRESSES AFTER 12 YEARS
	Overcoring
	Tincelin-Mayer

	CONCLUDING REMARKS
	ACKNOWLEDGEMENTS

	Paper 493.pdf
	INTRODUCTION
	EVALUATION OF SCALE EFFECTS IN ROCKS
	Strength
	Deformability

	IN SITU AND LABORATORY INVESTIGATIONS
	RESULTS
	Level 40 m
	Level 130 m

	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENTS

	Paper 227.pdf
	INTRODUCTION
	PHYSICAL MODELING
	2D Physical Models


	Paper 162.pdf
	INTRODUCTION
	COMPARISON OF CORE AND BOREHOLE IMAGE
	BASIC PRINCIPLE OF WHOLE-HOLE IMAGING TECHNIQUE
	INDEX OF ROCK MASS INTEGRITY
	ENGINEERING APPLICATION
	Borehole XZK44
	Borehole XZK57
	Borehole XZK212
	Discussion

	CONCLUSION
	ACKNOWLEDGEMENTS

	Paper 436.pdf
	INTRODUCTION
	THEORY
	EXPERIMENTAL VERIFICATION
	SUMMARY
	ACKNOWLEDGEMENTS

	Paper 291.pdf
	REFERENCES

	Paper 262.pdf
	INTRODUCTION
	MONITORING SYSTEM
	Data Management

	SUPPORTING STUDIES AND RESEARCH
	Photogrammetry
	Spaceborne InSAR
	CCRS Studies
	Vexcel Studies

	Other Studies
	Structural Studies


	SUMMARY
	ACKNOWLEDGEMENTS
	REFERENCES


	Pages552-666.pdf
	Paper 263.pdf
	INTRODUCTION
	SYSTEM NETWORK
	SYSTEM PERFORMANCE
	Primary Sensors
	Secondary Sensors
	Tertiary Sensors

	MONITORING DATA
	Primary Sensors
	Tertiary Sensors

	DISCUSSION OF MONITORING DATA
	Primary Sensors
	Tertiary Sensors

	SUMMARY

	Paper 325.pdf
	INTRODUCTION
	PRACTICAL ANALYSIS
	3.	MODES OF FAILURE
	4.	FAILURE CRITERIA
	which is the same as Eq. 2 above.  He also states that “the minor principal stress can never be less than t0 and that failure 

	5.	CONCLUSIONS

	Paper 139.pdf
	INTRODUCTION
	MODELING OF FOUNDATION
	DAM MODELING
	Concrete face slab
	Elastic compacted layer between concrete face slab and rockfill
	Rockfill
	Dam’s foundation
	RESULTS OF ANALYSIS
	CONCLUSION
	ACKNOWLEDGMENT

	Paper 387.pdf
	INTRODUCTION
	THE BRIDGE SITE AND SOIL CONDITIONS
	SEISMIC DESIGN REQUIREMENTS
	BRIDGE FOUNDATION AND ABUTMENT FILLS
	PILE RESPONSE FROM THE CONVENTIONAL UNCOUPLED ANALYSIS
	Ground-surface Response Spectrum
	Stiffness of Piles and Abutment Backfill
	Response of Piles to Structural Loads

	LIMIT EQUILIBRIUM ANALYSIS OF THE ABUTMENT EMBANKMENT WITH LCC
	PILE AND GROUND RESPONSE FROM A DYNAMIC SOIL-STRUCTURE INTERACTION ANALYSIS
	Dynamic Finite Element Analysis
	VERSAT-D2D Analysis Model
	Ground Displacements and Pile Response

	ACKNOWLEDGEMENTS
	REFERENCES

	Paper 253.pdf
	INTRODUCTION:
	EXPERIMENTAL EVIDENCE
	NUMERICAL  ANALYSES
	ANALYSIS RESULTS
	CONCLUSIONS
	6. ACKNOLEDGEMENT
	References

	Paper 254.pdf
	INTRODUCTION
	FINITE ELEMENT ANALYSIS
	2-D MODELING OF A 3-D STRUCTURE
	2-D Models 1 and 2 vs. 3-D analysis
	2-D Model 3
	Comparison of results for 2-D model 3 and 3-D analyses for the entire range of Arias intensities

	CONCLUSIONS
	ACKNOLEDGEMENT
	References

	Paper 133.pdf
	INTRODUCTION
	IMPLICATIONS OF CHANGE
	Implications on geotechnical designs
	Implications on liquefaction designs

	THE ENERGY APPROACH FOR LIQUEFACTION POTENTIAL EVALUATION
	The energy approach by Law et al. (1990)
	Case History Analysis

	PROBABILITY/ RELIABILITY ANALYSIS
	Development of Limit State and Performance Functions
	Distributions of random variables
	Covariance among random variables
	Calculating the reliability indices and probability of liquefaction

	CONCLUSIONS
	REFERENCES

	Paper 134.pdf
	INTRODUCTION
	THE SPATIAL AND TEMPORAL DISTRIBUTIONS OF SEISMIC PARAMETERS
	Evaluating the probability of Mw and R
	EZ-Frisk software
	Deaggregation of seismic hazards

	CASE HISTORIES
	The Telegraph Hill Site
	Sites near The Marina District

	COMMENTS ON SEED’S APPROACH AND THE NBCC 2005 REQUIREMENTS
	SUMMARY
	CONCLUSIONS
	REFERENCES

	Paper 153.pdf
	INTRODUCTION
	GENERAL PRACTICE OF LOW-PRESSURE GROUTING IN TAIWAN
	IN-SITU GROUTING PROGRAM
	General
	Ground Deformation
	Observed Mechanism of Grouting

	LABORATORY EVALUATION OF LIQUEFACTION RESISTANCE OF GROUTED SANDS
	NUMERICAL SIMULATION OF GROUTING
	General
	Development of Grouting Mechanism
	Deformation of Soil around Grout Hole
	Effect of Permeability on Grouting Mechanism

	CONCLUDING REMARKS
	ACKNOWLEDGEMENTS

	Paper 419.pdf
	INTRODUCTION
	NUMERICAL MODEL
	SLOPE GEOMETRY AND INPUT MOTIONS
	MITIGATION CONFIGURATIONS
	EFFECTIVNESS OF MITIGATION MEASURES
	CONCLUSIONS
	ACKNOWLEDGMENT


	Pages667-785.pdf
	Paper 562.pdf
	Paper 562.pdf
	INTRODUCTION
	ADVANCES IN LIQUEFACTION
	ADVANCES IN PIPING AND INTERNAL EROSION
	CASE HISTORIES
	DISCUSSIONS
	ACKNOWLEDGEMENTS


	Paper 369.pdf
	INTRODUCTION
	GROUND CONDITIONS
	DESCRIPTION OF THE STRUCTURES
	Station box
	Bored tunnel precast concrete lining

	CONSTRUCTION AND SCHEDULE ISSUES
	The details of the schedule are shown in Figure 5, where the stationing is along the X-axis and time along the Y-Axis.  The ve

	DESIGN ISSUES
	End walls panels
	Side wall panels
	Tunnel Soil Layer 1
	Tunnel Soil Layer 2

	Tunnel Lining

	MONITORING
	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

	Paper 375.pdf
	INTRODUCTION
	SITE CHARACTERIZATION
	DESIGN CONSIDERATIONS
	Stability of Existing Rock Fill Slopes
	Geometry
	Material Parameters and Wall Loading

	RELIABILITY ANALYSIS
	Results of Analysis

	SEISMIC DEFORMATION ANALYSIS
	Methodology
	Proposed Model Configuration and Assumptions
	Material Properties
	Ground Motions
	Results of Seismic Deformation Analysis
	Predicted Deformations – MSE Wall on an Improved Rock Fill Slope
	Predicted Deformations – MSE Wall on Existing Rock Fill Slope


	CONSTRUCTION
	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

	Paper 411.pdf
	GROUND IMPROVEMENTS AT THE VANCOUVER CONVENTION CENTRE EXPANSION PROJECT
	ACKNOWLDEGEMENTS
	REFERENCES

	Paper 168.pdf
	INTRODUCTION
	COAL CHARACTERIZATION
	SAMPLING
	Field Sampling
	One-Dimensional Freeze Sampling
	Freezing Cell and Data Acquisition System
	Sample Coring and Placement

	ASSEMBLING THE FREEZING CELL
	Freezing of the Sample
	Alternate Method of Sampling

	DISCUSSION
	CONCLUSION

	Paper 169.pdf
	ABSTRACT
	RÉSUMÉ
	INTRODUCTION
	TEST EQUIPMENT
	TEMPERATURE
	PRESSURE
	CELL FLUID
	CELL MEMBRANE
	SEALING MECHANISMS
	PLUMBING
	DATA ACQUISITION SYSTEM
	CALIBRATION OF ELECTRONIC MONITORING DEVICES
	EXPERIMENTAL PROCEDURE
	DISCUSSION
	CONCLUSIONS

	Paper 459.pdf
	Acid Rock Drainage
	Zeolite clinoptilolite
	Chemical and Mineralogical Characteristics of Clinoptilolite
	CHARACTERISTICS OF ARD
	Pretreatment of clinoptilolite
	Column leaching cell tests
	Selective Sequential Extraction of metals from post-leaching clinoptilolite
	Leaching cell tests
	Bulk clinoptilolite Leaching cell tests
	Pretreated clinptilolite Leaching cell tests

	Post-leaching analyses of clinoptilolite

	Paper 418.pdf
	INTRODUCTION
	CALIBRATION TECHNIQUE
	CALIBRATION CURVE FROM DEMEC POINT DATA AND CT DATA
	DISCUSSION
	ACKNOWLEDGEMENTS

	Paper 137.pdf
	INTRODUCTION
	BUCKLEY-LEVERETT EQUATION
	FRASER VALLEY SITE
	GAINESVILLE, FLORIDA SITE
	CONCLUSIONS
	REFERENCES

	Paper 307.pdf
	INTRODUCTION
	METHODS
	RESULTS
	3.1  Contamination of Soils by PBDEs due to Biosolids Application
	3.2  Vertical Migration of PBDEs in Biosolids-Amended-Soil

	CONCLUSION AND RECOMMENDATIONS
	ACKNOWLEDGMENTS

	Paper 346.pdf
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	Hydrocarbon Removal
	Terminal electron accepting processes (TEAPs)
	Biodegradation Kinetics
	Consumption of TEAs and Nutrients

	CONCLUSIONS

	Paper 507.pdf
	INTRODUCTION
	FLUORESCENCE SPECTROSCOPY
	Fluorescence Emission-Excitation Matrices (EEMs)

	MULTIVARIATE STATISTICAL TECHNIQUES
	Parallel Factor Analysis (PARAFAC)
	Soft Independent Method of Class Analogy (SIMCA)

	EXPERIMENTAL WORK
	RESULTS AND DISCUSSION
	Fluorescence EEMs
	PARAFAC Analysis

	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES


	Pages786-891.pdf
	Paper 261.pdf
	Figures

	Paper 249.pdf
	INTRODUCTION
	BACKGROUND
	DESIGN AND CONSTRUCTION
	INITIAL MONITORING
	Density and Water Content
	Soil Suction and Temperature
	Permeability

	17-YEAR ASSESSMENT
	Field Program
	Finite Element Modelling (FEM)

	ANALYSIS OF CHANGE
	SUMMARY AND CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

	Paper 533.pdf
	INTRODUCTION
	GRAVIMETRIC METHODS
	ELECTROMAGNETISM
	Time domain reflectometry (TDR)
	Previous Studies using TDR

	Capacitance Probe
	Ground-penetrating radar (GPR)
	Previous Studies using GPR


	ELECTRICAL CONDUCTIVITY
	Electromagnetic Induction Methods
	Resistivity Methods
	Previous Studies using Electrical Conductivity Methods


	TENSIOMETRY
	
	Previous Studies using Tensiometry


	NEUTRON SCATTERING
	
	Previous Studies using Neutron Scattering


	SEISMOLOGY
	
	Previous Studies using Seismology
	Current Studies using Seismology


	CONCLUSIONS
	ACKNOWLEDGEMENTS

	Paper 543.pdf
	INTRODUCTION
	Objectives
	Key Features of Phases I-III of the Pilot Study

	FIELD PERFORMANCE EVALUATION
	
	Climate
	Soil Temperature
	Soil Water Content
	Matric Suction
	Pore Gas Concentrations
	X-ray Diffractograms


	SUMMARY AND DISCUSSION OF RESULTS

	Paper 205.pdf
	INTRODUCTION
	THE ELEMENT FREE GALERKIN METHOD
	Moving Least Square (MLS) approximation
	Weight Functions Description

	DISCRITAZATION OF GOVERNING EQUATION
	NUMERICAL RESULTS
	DISCUSSION
	REFERENCES

	Paper 173.pdf
	INTRODUCTION
	THEORETICAL BACKGROUND
	Theoretical formulation for moisture transfer
	Theoretical formulation for dry air transfer
	Theoretical formulation for heat transfer
	Theoretical formulation for deformation

	IN – ROOM EMPLACEMNENT GEOMETRY
	The in–room emplacement geometry which has been proposed by AECL comprises a single tunnel with six canisters positioned at th
	Inner buffer
	Outer buffer
	Gap backfill
	Dense backfill
	Light backfill
	The host rock
	According to previous modelling work on the in–room  emplacement configuration (Thomas et al 2003), the granite host rock is a
	Concrete
	Copper
	Heat power generation

	MODELING THERMAL-MECHANICAL RESPONSE OF IN – ROOM EMPLACEMENT GEOMETRY
	CONCLUSIONS

	Paper 243.pdf
	A MULTIDISCIPLINARY APPROACH TO IMPROVE CHARACTERIZATION AND REMEDIATION FEASIBILITY OF URBAN SOILS CONTAMINATED BY HEAVY META
	1.	INTRODUCTION
	2. 	MATERIALS AND METHODS
	2.1	Site description
	2.2	Site investigations
	2.2.1	Electrical resistivity tomography
	2.2.2	Vertical profile investigations
	2.2.3	Soil matrix investigations

	2.3	Analytical methods for the vertical profile
	2.3.1	 Water content (105°C), LOI (1025°C), pH
	2.3.2	Total carbon, organic carbon, nitrogen and sulphur
	2.3.3	Major elements
	2.3.4	Total concentrations of metals

	2.4	Analytical methods for metal distribution in soil matrix
	2.4.1	Chemical, optical microscopy, and XRD analysis
	2.4.2	Metal distribution versus different particle sizes
	2.4.3	SEM-EDX analysis to determine metal speciation


	3.	RESULTS AND DISCUSSION
	3.1	Electrical Resistivity Tomography
	3.2	Comparison of the ERT with vertical soil profile
	3.3	Subdivision of soil horizons of profile G
	3.4	Vertical profile of major elements
	3.5	Vertical distribution of metal concentrations

	3.6	Metal distribution in soil matrix
	3.6.1	Main constituents of the soil matrix: XRD and optical microscopy investigations
	3.6.2	Metal distribution versus different particle sizes
	3.6.3	Metal speciation: SEM-EDX investigations


	4.	CONCLUSIONS
	5.	REFERENCES


	Paper 423.pdf
	INTRODUCTION
	CATEGORIES OF PHYTOREMEDIATION
	Phytostabilization
	Phytofiltration
	Phytovolatilization
	Phytoextraction
	Successful Factors for Phytoextraction of Heavy Metals
	Selection of Phytoextractors


	PHYTOMINING
	CONCLUSIONS

	Paper 424.pdf
	INTRODUCTION
	MATERIALS AND METHODS
	Selection of the Most Suitable Earthworm Species for Vermicomposting
	Nutrient Economy through Vermicompost Application

	RESULTS AND DISCUSSION
	Selection of the Most Suitable Earthworm Species for Vermicomposting
	Nutrient Economy through Vermicompost Application

	CONCLUSIONS

	Paper 532.pdf
	INTRODUCTION
	SITE CONDITIONS
	Stratigraphy
	Hydrogeology

	DESIGN CONSIDERATIONS
	Analyses of the cut-off wall construction techniques
	General description of the SB cut-off wall technique
	Design of the cut-off wall
	Cut-off wall specifications

	DESCRIPTION OF THE WORKS
	General
	Working platform
	Bentonite slurry preparation
	Trench excavation
	Soil-bentonite backfill preparation and backfilling
	Bottom of the trench and toe of the backfill cleaning
	Trench stability and in-trench slurry control
	Protective cap construction

	CONCLUSIONS
	ACKNOWLEDGEMENTS

	Paper 487.pdf
	1. INTRODUCTION
	2. REPARATION OF GEOGRIDS 
	Three types of geogrids were employed in this study. The textile type of geogrid is divided into woven geogrid(TW) and warp knitted geogrid(TK) again and made of polyester high tenacity yarn coated with PVC resin. 
	The membrane drawn type geogrid(TM) is made of melted high density polyethylene with uniaxial conformation. So, for better comparison of these two types of geogrids, geogrids having same nominal strength (e.g., 8 ton/m-8TK, 8TW, 8TM, 10 ton/m-10TK, 10TW, 10TM) were selected as a sample. And, the tests were performed to only longitudinal directions because of the uniaxial drawn geogrid samples.

	3. EVALUATION OF ENGINEERING PROPERTIES
	4. RESULTS & DISCUSSION 
	4.1 Tensile properties 
	4.2 Creep test results 
	4.3 Installation damage resistance 
	4.4 Durability test results 
	4.4.1 Outdoor exposure resistance 
	4.4.2 Chemical resistance 
	4.4.3 Biological resistance 


	4.5 Evaluation of long-term design strength through partial factors-of-safety 

	5. CONCLUSION 





