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PDH Certification Information

1.5 Professional Development Hours (PDH) — see follow-up email
You must attend the entire webinatr.

Questions? Contact Andie Pitchford at TRBwebinar@nas.edu

The Transportation Research Board has met the standards and requirements of the
Registered Continuing Education Program. Credit earned on completion of this program
will be reported to RCEP at RCEP.net. A certificate of completion will be issued to each
participant. As such, it does not include content that may be deemed or construed to be an
approval or endorsement by the RCEP.
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Purpose Statement

This webinar will share the latest findings on the seismic design and performance of foundations.

Learning Objectives

At the end of this webinar, you will be able to:
(1) Assess performance-based liquefaction

(2) Share the latest innovation and findings on geoseismic foundation design and
performance
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Various Approaches for to Represent PGA,M
in Liquefaction Hazard Analysis

« Deterministic Approach

« Considers an_individual seismic source and
corresponding ground motions individually
* Usually assumes mean values for the inputs and models

« Pseudo-Probabilistic Approach

« Considers probabilistic ground motion from a single
return period
*  Probagiysiil l\p a8 siienaseyBare@l desfscthe inputs and models

* Considers probabilistic ground motions from ALL return

periods

NATIONAL & * Accounts for parametric and model uncertainties
ACADEMIES e Results depend on desired hazard level or return period




A Probabilistic Liquefaction Hazard
Analysis (PLHA) Approach

« Kramer and Mayfield (2007)
Introduced a PLHA approach

— Uses probabilistic ground
motions in a probabilistic

— Accounts for uncertainty in
seismic loading AND the
liguefaction triggering model

— Produces liquefaction hazard
curves for each sublayer in

manner

the soll profile
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Why This Matters to Regions of
Low to Moderate Seismicity

10 cities selec:ted throughout the Central and Eastern
UsS..... M
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Why This Matters to Regions of
Low to Moderate Seismicity

Results if assuming a Site Class D.....

45
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NATIONAL Zf;?rf:;mg Franke, Lingwall, Youd, Blonquist, and He. (2019). Overestimation of liquefaction hazard in areas of low to moderate
ACADEMIES pedicine seismicity due to improper characterization of probabilistic seismic loading. Soil Dyn. Earthquake Eng., 116, 681-691.



Why This Matters to Regions of
Low to Moderate Seismicity

Results if assuming a Site Class E.....
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Simplified Probabilistic Liquefaction
Triggering Procedure

Mayfield et al. (2010) introduced the concept of a simplified

performance-based liquefaction triggering analysis
Gridded SR

Site-
Specific
Soll

Map Liq
Hazard at
Targeted

PB
Analysis

for
Generic
Solil Layer

7

= Liquefaction

Saturated Sand

Conditions
and

Return
Periods

Depth Reduction

meters  er oy Reference
Lu (N;)o=18 Paﬁ&eéﬁrém%p Soil Stresses
s FROM a Site Amplification
Liquefaction
Hazard Map
NATIONAL sences

ACADEMIES wedicme



Simplified Probabilistic Procedures for
Other Liquefaction Effects

In 2014, a major multi-state, multi-agency research effort was
initiated to develop map-based uniform hazard analysis
procedures for various liquefaction effects (settlement, lateral
spread, and Newmark seismic slope displacement) =

it
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Simplified PB Liquetaction
Triggering

Here are some comparisons from 10 different cities, 5
different soil profiles, and 3 different return periods (Ulmer
and Franke 2016, showing Boulanger and Idriss (2012)
model results)
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Simplified PB Lateral Spread

A similar simplified performance-based approach was
developed using the Youd et al. (2002) lateral spread model.
(Ekstrom and Franke 2016)
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Simplified PB Newmark
Seismic Slope Displacement

Lucy Astorga Hoch (GeoEngineers, WA) developed a
simplified performance-based approach for Bray and
Travasarou (2007) and Rathje and Saygili (2009)
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Tools to Perform Simplified PB

Liquefaction Hazard Analysis

SPLI
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V1.43, released in July 2022
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Tools to Perform Simplified PB
Liquefaction Hazard Analysis

Online Liquefaction Reference Parameter Database (currently being
updated and populated for all 50 states in the US!)

C @ hups//tethys.byu.edu. ;
# Apps M BB USCSQuatemaryfa. G [ 2008 National Ses. 'Y Brigham Young Uni.. B 2008 interactive De. Earthquake Spectrs M Files - SkyDrive [} SideShark [} 2014 Geo-Congress.. §7 MYBYU {F LearmngSute 4 BYUCTL § Harcid8.leelibnry [Y LDSorg
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Overall Recommended
Approach

For a given site, perform a (1) simplified
performance-based liquefaction
assessment, and a (2) deterministic
liguefaction assessment. Use the
LESSER HAZARD (i.e., higher FS,, lower

settlements or displacements) for design.
Abandon use of the pseudo-probabillistic

approach!

Sciences
Engineering



Conclusions

[
NATIONAL e
/\C/\DEM I ES Medicine

The conventional pseudo-probabilistic approach can
overpredict liqguefaction hazard in areas of low to
moderate seismicity

« Especially where the modal M,, 2 7.5 and is located more
than 100 km away from the site

Performance-based approaches can solve the problem,
but require special tools

Simplified performance-based methods can give you the
benefits of the PB approach with the convenience of the
conventional approach

Free tools have been developed and are already being
used (Utah, South Carolina)

Online database of liguefaction reference parameter

-yalues for SPT and CPT is currently being populated for

o N~ o~k wm~ 1 1O
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Liquefaction-Induced Pile Downdrag
from Full-scale Blast Tests

Kyle Rollins
Civil & Construction Engineering
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TRB Webinar: Innovation in Geoseismic Foundation
Design and Performance — May 24, 2023



Research Sponsors

US National Science Foundation Rapid Grant CMMI-1408892

& 7 i Istituto Nazionale di
Ymw Geofisica e Vulcanologia

Caltrans/PEER

Tonkin & Taylor

‘ U.S. Department of Transportation

Federal Highway TRANSPORTATION

Utah DoT  &ficeies (.« Administration
Geofondazioni



Load in the
pile P

Qs

Settlement y




Load in the
pile P >
Qs “Dragload”
“Negative Friction”
z
v
Settlemen
t A




Load in the

pile

P

Qs

v

Negative Friction

N£ut2l Fiane_

/ Positive Friction

Qb-max

Settlement

Settlement y

oo

~~

Settlement of Soil
dueto

Liquefaction
Settlement of Pile




Juan Pablo Il Bridge-Concepcion Chile

Liguefaction-induced pier settlements along bridge span

[ Piers #113-116 ||

Liquefaction-induced
pier settlement

H 1
o e e

Slide Courtesy GEER Recon Team (Bray et al, 2010)



Resurrection River Bridge, Seward, AK
Pile Downdrag During M 9.2 Alaska Earthquake

: }
Dawnstream )
e oen by dasd '—-_\;/}] : i ; de extension tract
= [T
------------------ |_—-——-——_,;;;=,-,‘_'_"
\J hv

Piles Pulled
out of Pile
caps

FIGURE 1 Construction, demage, and subsurface information, Bridge 3.3, Seward, Alaska (7) (1 |b = 4.45N, 1 in. = 0.0254m,
1 ft = 0.304Bm).



Research Objectives

¢ Measure development of negative skin friction during liquefaction and
reconsolidation

= Determine skin friction in liguefied sand
= Determine skin friction in non-liquefied soil

+* Evaluate neutral plane concept to account for pile settlement




Full-Scale Blast Liquefaction Downdrag Tests

dVancouver, British Columbia, Canada - 2005
= 32 cm Driven Steel Pipe Pile
 Christchurch, New Zealand - 2013
= 60 cm Augercast Piles
O Mirabello, Italy - 2016 (with INGV)
= 25 cm Micropile
a Turrell, Arkansas, USA — 2017 (with Univ. of Arkansas)
= 1.2 m Drilled Shafts and 45 cm Driven Piles
OMirabello, Italy - 2021 (with INGV)
= 51.5 cm Tapered Single and Group Piles

17 Test Piles at 5 Sites!



Design Procedure for Pile Downdrag

1. Determine settlement vs. depth profile and assume neutral plane location
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Load In Pile vs Depth with Downdrag
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Design Procedure for Pile Downdrag

1. Determine settlement vs. depth profile and assume neutral plane location
2. Compute load distribution in pile
“* Negative friction above neutral plane
¢ Positive friction below neutral plane
% Use 50% of skin friction in liquefied layers
 Find required toe resistance, Q,




Load in Pile vs Depth with Downdrag
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Design Procedure for Pile Downdrag

1. Determine settlement vs. depth profile and assume neutral plane location
2. Compute load distribution in pile
“* Negative friction above neutral plane
+»+ Positive friction below neutral plane
% Use 50% of skin friction in liquefied layers
% Find required toe resistance, Q,
3. Determine settlement at toe of pile




Load in Pile vs Depth with Downdrag
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Design Procedure for Pile Downdrag

1. Determine settlement vs. depth profile and assume neutral plane location
2. Compute load distribution in pile
% Negative friction above neutral plane
¢ Positive friction below neutral plane
*» Use 50% of skin friction in liquefied layers
* Find required toe resistance, Q,
3. Determine settlement at toe of pile

4. Use Q-z curve to determine if mobilized Q, for toe settlement is equal to
required, Q,




Load In Pile vs Depth with Downdrag
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Design Procedure for Pile Downdrag

1. Determine settlement vs. depth profile and assume neutral plane location
2. Compute load distribution in pile
“* Negative friction above neutral plane
+* Positive friction below neutral plane
s Use 50% of skin friction in liquefied layers
* Find required toe resistance, Q,
3. Determine settlement at toe of pile

4. Use Q-z curve to determine if mobilized Q, for toe settlement is equal to
required, Q,

5. Revise location of neutral plane and repeat the process until convergence



Vancouver Canada Test Site (Rollins & Spencer 2006)
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Vancouver Downdrag Test Set-up
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‘Sondex’ Settlement Monitoring vs. Depth

Corrugated
Pipe

Surrounding Soil
Access Pipe

Metal Rings



Re-loading Due to Pile Settlement
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Pore Pressure Generation During Blasting
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Pore Pressure Dissipation
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Ground Settlement Trough Around Test Pile

~Before’Blast
(-2 min. After Blast
10 mtn After Blast




Before Liguefaction




After Liguefaction
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Settlement versus Depth
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Expected Liquefaction Settlement
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Side Shear Transfer Before and After Liquefaction
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Reloading Following Downdrag
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Load in Pile (kN) Settlement (mm)
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Conceptual View of Behavior

Static Loading Before Liquefaction




Conceptual View of Behavior
Immediately After Liquefaction




Conceptual View of Behavior

During Reconsolidation




Test Site — Mirabello, Italy

* Urbancentre W sand boils — sand-filled cracks
@ 2012 large earthquake epicentre  y potential trial blast sites

LEGEND
(> TEST SITE
(> SAND VOLCANO

— - SURFACE CRACKS




Tapered Pliles for Mirabello Site

7T 51.5cm head
(20 inch)

17 m (56 ft)Tapered Piles
(1.5 cm/meter)

@ 26 cm tip _
(10 inch) 16 Hollow Tapered Piles

7 Strain gauged Piles



o Cross-Beams

Depth Below Pile Head (m)

Load Test Results for Pile 20
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Blast Test Results for Pile 20

Load in Pile £kNl)
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Geotechnical Profiles at Site 4 Christchurch
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Christchurch Test Pile Layout

Blast Casings 3
on 5m Radius  * P i Pore Pressure

/ 12m f E -~/ Transducer on \\
/ YR ~L 1m Radius \
| /,.'/ e v 7 N \
r A eV

Lo~ )\ \
(¢ 0 esm g
L | = ,”4: 7/ #
\ b \ 27

\ N\ ¢ / |
Pileson "

A

1 \
/!

' 2m Radius @\ /

4 Ew " “—Profilometer  /

0.6 m Auger-Cast ) 14m /

Piles ‘ ®

\




NZ Blast Liquefaction Induced Downdrag Tests
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Auger Cast Pile Instrumentation
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diameter not 0.6 m as designed




NZ Blast Liquefaction Induced Downdrag Tests
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Support Frame and Load Cell for each Pile

% Test Pile

Steel Box-

Steel Frame

——Cross Beam

Dowel Bar

Steel Plate\%FLoad Cell

Pile

aml o
muny o ms)

o a
a 4, .

~——High Strength Grout

Plan View — Support Frame Elevation View — Load Cell for each pile



Sand Boils Around Pile Group



Test with Load
on Piles

Excess Pore
Pressure Ratio
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Test with Load on Piles

+¢* Piles Settled 3 to 5 inches

** More Than the
Surrounding Soil

Settlements, cm

[ ]-12t0-10

[ -10t0-8
-8 to -6
-6to-4
-4 to -2
2to0

Laser scan.courtesy .
M. Olsen, Orégon St ;:

Ly %




Load in Pile vs. Depth - After Settlement
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Conclusions Based on Single Pile Testing

*** In non-liquefied soils, negative friction was equal to positive friction

** In liguefied soils, negative & positive skin friction after liquefaction &
reconsolidation was 43 to 55% of ultimate skin friction before
liquefaction

*»* These results are consistent for available tests (17 piles) and suggest
that this may be a typical result

¢ Depth to neutral plane increased (and pile settlement decreased) as pile
length increased

¢ Pile head settlement generally consistent with neutral plane concept.
+*»* Reloading redevelops positive friction from top down
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Design of pile foundations subjected to
superstructure inertial loads and liquefaction-
iInduced lateral ground deformations

Arash Khosravifar, PhD, PE (CA),
Associate Professor, Portland State University

TRB Webinar: Innovation in Geoseismic Foundation Design
and Performance

May 23, 2023
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1964 Niigata
earthquake
Left Bank <— — Right Bank
EI
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: g

Damage to steel piles of Pier 4 of
Showa Bridge (PWRI; from
Yasuda & Berrill 2001)
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> 1983 Nihon-Kai-Chubu earthquake: approach embankmest— ———
failed due to lateral spreading but piles survived without

damage (Finn 1999)

ﬁia infraStruct (%) Pi:)l‘t].:alflud.Jl Igsgll;ev ~tland State

84



@ Portlanudp‘ I@F_&}ltg

Problem Statement —————

» How to combine inertia (I) and lateral spreading kinematic (K)
loads in design

» No consensus in design codes (next slide)
» Effects of ground motion duration and soil profile on 1&K factors

froo-field soil
displacement

= -

liguef.
soil

e aa am [P

Frar g Ty -

soil

Brandenberg et al.

(a) (2007)
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Dpc.ign Guidelines Portland State

VERSITY

» No consensus in design codes on how to combine inertial and kinemati |
loads on piles

» Load combination are site- and project-specific

Design Code Applicability

MCEER/ATC (2003) (ST) Peak inertia is likely to occur early in the ground motion. Design
piles for independent effects of inertia and lateral spreading.
For large magnitude and long-duration earthquakes the two loads
may interact.

AASHTO (2020) (ST) Simultaneous inertial and lateral spreading loads only for large
magnitude earthquakes (M>8)

PEER (2011) (ST) 100% Kkinematic + (65% to 85%) inertial (multiplied by 0.35to 1.4
to account for the effects of liquefaction on peak inertial load)

Caltrans (2012), ODOT (2014), 100% kinematic + 50% inertial

Supplement to Canadian
Highway Bridge Design Code

S6-14 (ST)

WSDOT (2021) (ST) 100% kinematic + 25% inertial (if M>7.5 contrib. >20% of

hazard)

ASCE 61-14 (2014) Section C4.7 Locations of max moment from inertial and lateral ground
and Port of Long Beach Wharf  deformation are spaced far enough apart that the two loads do
Design Criteria (POLB 2015) not need to be superimposed. Max moments occur at different
(MT) times. The two loads should be treated uncoupled for marginal

MT-—Maritime Tré’ﬁ(baﬁ\lﬁ_ﬁmn ST:- Surface Tr'_‘:ncnr\rfahnn

Port of Anchorage Modernization  Combine peak inertial with 100% peak kinematic demands from
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Nonlinear Dynamic Analysis (NDA) e
CG
//

FE model +10m —\
» OpenSees FE framework

Q <o

» 2D effective-stress analysis
» Soil elements (PDMY and PIMY)

2m diam —> <—

. . Ground surface
* Pile elements (nonlinear) (1 J— --
|
* Interface elements (PYSimple + Clay crust : 2
- ' S, =40KPa
and PYLiq) ' !
M —=—=—=—=—=——— -J
, Loose sand
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/ N - 5 / A
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NDA Animation T

g2 10" i i i Soil and Pile Displacements :
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Site-Specific Ground Motions T

» Ground motions developed for two sites in Oregon
» Contributions from shallow crustal faults and Cascadia Subduction Zone

— o 1.8
British Columbia EI% Portland
1.6 damplng MCEr
1.4 As=760 Target
Lo /s Portland
) AASHTO
@ 1.0 Target
= —o—Astoria
) »n 0.8 MCEr
0.6 Target
. 0.4
0.2
40 0.0

http://earthquake.usgs.gov/data/crust/ 0.01 0.1 1 10

cascadia.php Period (s)
89



Ground Motion Selection, Scaling and Matching (Portland)

1 1
01 —rzsAT0 _ 01
G Target 2 -
&)5 MYGHO6 NS % I
CA 90 [
5% 5%
0.001 — dampmng _ 0-001 —___dampmg
0.01  O.Reriod (D/c=7630 0.01  OPeriod (sys=760 10
Event Mag. | Dist. (km)| Vs30 (m/s) |Puration Ds.gs5 (sec)| Seed PGA (g)
2011 Tohoku (MYGHO06) 9 63.8 593 85.5 0.27
2010 Maule (STL) 8.8 64.9 1411 40.7 0.24
2001 El Salv. (CA) 7.7 151.8** Rock 27.2 0.1
1978 Tabas (T1) 7.35 2.05 767 16.5 0.87
1985 Nahanni (Site 1) 6.76 9.6 605 7.5 1.25
1992 Cape Men. (CPM) 7.01 6.96 568 9.7 1.51
1989 Loma Prieta (LEX) 6.93 5.02 1070 42 0.41

90

-]. a nudi‘i |§!“Ias-lt1‘e1'



Ground Motion Selection & Scaling (Portland) land State

UNIVERSITY
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Effect of Long-duration motions on [+K

ERSITY

_\

—

» 100% Kinematic + 60% Inertial (crustal earthquakes with short duration)
» 100% Kinematic + 75% Inertial (subduction earthquakes with medium to

long duration)

Back-calculated Inertia Multiplier

2

1.5

0.5

A Crustal (pulse)
E Crustal

® Subduction (interface)

Subduction (intraslab)

Mean value for subduction

earthquakes (medium to
long duration) ~0.75

2
LN
m® x o
Mean value for crustal earthquakes

(short duration) ~0.6

40 60 80

Duration, Ds_¢5 (sec)

Khosravifar and Nasr (2018)

100
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\

Lessons learned from pile-supported wharves

> Five (5) centrifuge tests by Dickenson, McCullough, and Schlechter
from OSU (tests conducted at UC Davis)

Source: Center for Geotechnical
Modeling at UC Davis

93



Centrifuge Test Layouts & Portland State

» 3-by-7 pile group \
> 0.4 to 0.6 meter piles representative of concrete piles in prototype scale
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Representative Results (Animation) Portland State
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Inertial and Kinematic Interaction Factors ~ ——

» 100% Kinematic + X% Inertia

» Dependent on soil profile

» Dependent on depth (larger when M is max at pile head and
smaller for in-ground M)

-

O O
s LA S R =
T o8}
®
< X
3 . . - . = — — S N
x 0.6 B Range Note: At the time of
o L O recommended by maximum bending
& 0.4k = O O Boulanger et al. (2007) | moments
50
o L iy ,
|

g 0.2} o Small kinematic demands Pile Head
8 | Large kinematic demands driven by |(thin rock face) or Shallow (<10D)
S a massive nonliquefiable rockdike |nonliquefiable conditions | | © Deep (>10D)

0

NJMO1 NJMO02 SMS01 JCBO01 SMSO02

Souri et al. (2022a,b)
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Estimating Kinematic Demands T

» Uniformly downslope ultimate soil pressure does not capture soil
reactions for relatively flexible piles (0.64-m dia).

» Disp-base approach is recommended (i.e. apply pile-restrained soil
disp. to end nodes of p-y springs)

NJMO1

—e—Event 11 (t=21.6 sec) erti Soil Reaction, p (kN/m)
—— Event 13 (t=7.5 sec) 200 0 200

Pile #7 #6 #5”#4 #3 w2 #‘I o

— -og G . T T (re—

o 4t OI| \‘Q‘?”SE Sand (D = 82%)

it} b

< 8 . I

@t pSigtin oose Sand
a2} - 39%)

£ 6t L |

S 16}

@20t P b })n

g 24 t '[ "ﬂ *“ll Dense Sand

3 gl , (Dr = 82%)
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Estimating Kinematic Demands T

» Newmark sliding block analysis to get pile-restrained soil disp. (Caltrans
2012)
> Lateral pile analysis (LPILE) and Limit Equilibrium analysis (SlopeW)
» Sr compatible with weighted approach by Kramer (2008)
» Median Newmark displacements
v reasonably estimated permanent soil disp,
v underestimated max transient s<§1’l"’ ISP. 7 vy s mes mex mes

3

Torkelson et al. (2022)

Distance from bottom of Centrifuge

Distance from Edge of Centifuge Box (m)

—~ 0.05

k3 R Landward
= 0 = (Permanent (end of shaking) disp/acemena7
) R

£ 05} =A /
o R

@2 R Y

Q = ; :

= -0.15 | (Max. transient displacement

8 _0.2 Il Il Il Il ' Il Il Il Il ' Il Il Il Il ' Il Bayward

0 10 20 30 4¢
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Estimating Soil Displacements with Depth \*

» Develop idealized soil disp. profile (e.g., Armstrong et al. 2014)

» P-y springs tapered over 1D at layer boundaries per 2011 PEER report

» Median Newmark disp. underestimated max transient disp.

» l|dealized soil disp. overestimated pile curvature at layer boundaries

» Design recommendations: Use median Newmark values + idealized disp. profile

Soil Displacement (m) Bending Moment, M (kN-m)
-0.15 -0.1 -0.05 0 0.05 -2000 -1000 0 1000 2000 .
0: — 1 ' 1 ' 1 0_ '\I\\' T '—I"'— | T :
4:_T L -] ni ’__»N'\ \ Dense Sand X :
;1___.—" p -~ Y (Dr=82%) ¢ '
E ~ | L 1
-~ ) L
Sep1 8 ’ !
s [ e .
© C\ ! -
Q PO i 7 |Estimated !
PRRES S 12 in LPILE x/ -
8 EF--A\-¢---------| E----]--------- f
§ 161 16 Loose Sand :
< f e (Dr = 39%) :
F20 s 20 '
Q E [measured - _‘% - R N g ' N
L |in centrifuge e [ , ' Dense Sand :
24 | L 24 Al : (Dg = 82%) '
[ ? y X '
g g | v '
28 L. 28 . !
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Desigh Recommendations T

Portion of permanent  Portion of peak

soil displacements deck inertial
applied at end nodes force
(Case) Load combination of p-y springs’ applied at deck? Applicability
(A) Inertia only NA 100% Adequate to estimate bending
moments at pile head.
(B1) Combined kinematic 100% 0.3 t0 0.6° Suitable to estimate bending
and inertial demands- moments below grade down to
Profile B1® 7~~~ depthof 10D.
(B2) Combined kinematic 100% 09to 1.0° Suitable to estimate bending
and inertial demands- moments below grade down to
Profile B2* depth of 10D.
(O) Kinematic only 100% NA Adequate to estimate pile bending
moments deeper than 10D.
Profile B1: deep-seated liquefaction Profile B2: generally smaller kinematic loads
underlying significant nonliguefiable associated with either nonliquefiable profile or
crust (i.e. rockfill). weak/softened soils closer to the ground

surface, and thin nonliquefiable crust (i.e. sliver
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Conclusions

Q Interaction of I+K is soil profile dependent

» Bending moments at shallow locations (<10D) can be reasonably
estimated by combining kinematic demands with a portion of peak deck
inertial load ranging from 0.3 to 0.6 for deep-seated liquefaction profiles
and thick nonliquefiable crusts (Profile B1) and 0.9 to 1.0 for
weak/softened soils close to ground surface and thin nonliquefiable layer
(Profile B2)

» Bending moments adjacent to the pile head can be reasonably estimated
by applying 100% inertia only, while bending moments at deep locations
(>10D) can be reasonably estimated by applying the kinematic demands
only

Q Interaction of I+K increases with ground motion duration
» 15% increase for subduction earthquakes compared to shallow crustal
earthquakes
» Approach similar to WSDOT (2021) based on hazard contributions may
be reasonable
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Conclusions

U The wide range of inertial multipliers observed in this research highlights the
benefit of performing coupled nonlinear dynamic analysis that captures
complex soil-pile-structure interaction for varying soil profiles.

» For example, POA (2017) peer-reviewed 2D nonlinear numerical analysis

U The load combination factors proposed here are appropriate for pseudo-static
analysis using the p-y spring approach and are not necessarily appropriate for
use with the simplified equivalent fluid pressure for lateral spreading load.

U It is recommended that the median displacements computed using Newmark-

type analysis be applied in combination with an idealized soil displacement
profile with distinct transitions.
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