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Motivation

Improve design and assessment of infrastructure objects

Use of high fidelity numerical models to analyze behavior
of earthquake, soil, structure interacting (ESSI) systems

Control modeling uncertainty

Propagate parametric uncertainty
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Rock and Soil Material Data

» Rock assumed to be
linear elastic (?) Depih

Nominal unit

parameters

Oto5ft

» Soil inelastic

Loose sand/fill

¥= 110 pef

effective friction angle = 28 deg
soil modulus parameter, k = 25 pci
Ve = 580 ftls

neglect skin friction
neglect end bearing

Sto30ft

Soft clay

¥= 110 pef

undrained shear strength, s, = 700 psf

soil modulus parameter, & = 25 pei

strain at 50 percent of maximum stress,
&0=10.01

Ven = 700 ft/s

skin friction = 0.40 kst
neglect end bearing

30 to 100 ft

Medium dense sand

=120 pef’

effective friction angle = 36 deg
soil modulus parameter, k = 50 pei
Ve = 1,040 ft/s

skin friction = 3.0 ksf'
end bearing = 100 ksf'

Pile cap
resistance

300 pef, ultimate passive pressure




Inelastic Response of Rock, Granite, Marble
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Inelastic Response of Rock, Trachite, Marble
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Inelastic Response of Soil

40.00

30.00 -

% el /)
= oo [/

[0}

g 000 / /
]

9 -10.00

g -20.00 / /

P\ ~— )

|

/

-30.00 /
L] [

-40.00"

8 -6 -4 -




Introduction Site Effects, Rock and Soil Modeling Summary
oo 0000080000000000000 fole}

Soil Volume Response

» Soil behavior is very much a function of volumetric
response

» Dilative soils: increase volume due to shearing
» Compressive soils: decrease volume due to shearing

» Modulus reduction and damping curves do not provide
volumetric data

» Soil volume change will affect response due to volume
constraints
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No Volume Change, Compressive and Dilative Soll
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Northridge, No Volume Change and Dilative Soils

no dilatancy vs dilatancy
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Northridge, No Volume Change and Dilative Soils

no dilatancy vs dilatancy
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Soil Uncertainties and Quantification

» Natural variability of soil deposit (Fenton 1999)
» Function of soil formation process

» Testing error (Stokoe et al. 2004)

» Imperfection of instruments
» Error in methods to register quantities

» Transformation error (Phoon and Kulhawy 1999)

» Correlation by empirical data fitting (e.g. CPT data —
friction angle etc.)
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Material Behavior Inherently Uncertain

Effective Friction Angle (deg)

> Spahal 025 30 ] 0 15
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12 - s
error |
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(Mayne et al. (2000)
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Parametric Uncertainty: Material Properties
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SPT Based Determination of Young’'s Modulus
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5 10 15 20 25 30 35 ~~10000 0 10000
SPT N Value Residual (w.r.t Mean) Young's Modulus (kPa)

Transformation of SPT N-value — 1-D Young’s modulus, E (cf.
Phoon and Kulhawy (1999B))

Histogram of the residual (w.r.t the deterministic transformation
equation) Young’s modulus, along with fitted probability density
function
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SPT Based Determination of Shear Strength

500
0.01

g = (101.125*0.20) N072
< 40 S, = (101.125+0. 5
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10 20 30 40 -300 200 -100 0 100 200
SPT N value Residual (w.r.t Mean) Undrained Shear Strength (kPa)

Transformation of SPT N-value — undrained shear strength, s,
(cf. Phoon and Kulhawy (1999B)

Histogram of the residual (w.r.t the deterministic transformation
equation) undrained strength, along with fitted probability
density function (Pearson V)
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Probabilistic Elastic-Plastic Response
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Stress (Pa)
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http://sokocalo.engr.ucdavis.edu/~jeremic/lecture_notes_online_material/_Chapter_Probabilistic_Elasto_Plasticity_and_Stochastic_Elastic_Plastic_Finite_Element_Method/PEP_Animation.mp4

Liquefaction as Base Isolation, Model
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Liquefaction, Wave Propagation
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Liquefaction, Stress-Strain Response
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Summary

- Importance of using realistic models for soil and rock!

- Modeling uncertainty

- Parametric uncertainty
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