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1. Option UPLIFT for Foundation Uplift SSI 

Analysis Per JEAC 4601-2015 

(Section 3.5.5.4 and App. 3.6 Requirements)
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The JEAC 4601-2015 standard [1] recommends two nonlinear uplift approaches applicable 

based on the basematuplift severity: 

1) A simplified nonlinear uplift approach (Method 1) applicable if the basematsurface contact 

ratio is in the 65%-75% range, and 

2) A refined nonlinear dynamic uplift approach (Method 2) applicable if the surface contact 

ratio is in the 50%-65% range 

JEAC 4601-2015 Section 3.5.5.4 and App. 3.6 

The JEAC 4601-2015 approaches consider the nonlinear foundation uplift effects on the seismic SSI 

responses based on reducing the base rocking impedances (both stiffness and damping) for the 

bottom soil under foundation. The more refined nonlinear uplift approach (Method 2) also includes the 

coupling between the base rocking rotation and the vertical base uplift displacement which could 

impact significantly on the uplift SSI responses for contact ratios in the 50%-65% range.
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JEAC 4601 Contact Ratio Criteria for Seismic Uplift SSI Analysis



Contact Surface Ratio is between 65% and 75%. 
Method 1: Simpler Approach Using Moment Mmax

Mmax
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where:      W = weight
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Contact Ratio

Base Moment

Compute 

Compute new rotational Kechand repeat linearized SSI analysis 

SR model assumed
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Ŭ= 4.7 or 6.0

M-ɘUplift Curve

Mo is M value 

for which uplift  

occurs at base 

edge



ÅIncludes coupling between the basematvertical 

uplift motion and its rocking motion

ÅContact ratio given as a functionof time which

ÅCompute the base center displacements u(t), v(t), 

and ɗ(t) for one horizontal direction X or Y by solving 

ordinary differential equations (ODE)

Contact Surface Ratio is between 50% and 65%     
Method 2: JEAC 4601 Refined Approach Using Moment M(t)

Surface SSI Model
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Ŭ value is 4.7 or 6.0

(Ŭ= 6.0 for linear distribution,       

and 4.7 for rigid foundation)

REMARK:

Mo is 

computed 

using 3DFEM 

SSI model. 

Then, soil 

reaction 

coefficientŬ,

is estimated 

from Mo.
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2. ACS SASSI Option UPLIFT Implementation



ACS SASSI Uplift SSI Approach Based on JEAC 4601-2015
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ForSURFACE models, 

Steps 2 and 3 are not 

required, and Step 4 

reduces to a fast ANALYS 
ñInitiationò run



Option UPLIFT Implementation for 3DFEM 
Applicable to Surface and Embedded Structures
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Compute linearized SSI 
response for X, Y, and Z 
directions for structure 
and bottom springs (S)

Compute SSI response 
for (static) gravity 

loads in foundation 
bottom springs (G)

Compute forces in 
foundation bottom 
springs under the          

S + G effects

Determine the overall 
seismic base moment 
and  forces computed 

from spring forces.

Determine contact 
surface ratio from the 
spring forces in having 

tensionforces

5ŜǘŜǊƳƛƴŜ άŎǊƛǘƛŎŀƭέ 
time step at which the 

contact ratio is  
minimum.

Perform nonlinear 
uplift analysis using 

JEAC 4601-2015  
approaches

Compute the effective 
(EQL) stiffness and 

damping and modify 
bottom impedances.

Perform linearized SSI 
restart analysis using 

the modified soil 
impedance matrix

Based on base vertical 
displacements compute 
ǊƻŎƪƛƴƎ ʻ 0 for M0

¦ǎƛƴƎ άŎǊƛǘƛŎŀƭέ ǘƛƳŜ 
step, determine seismic 
factor ɹ , for no tension 
in springs (uplift occurs)

Using the computed 
scale factor ɹ  compute 
the uplift limit seismic 

moment, M0 
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The ACS SASSI Option UPLIFT SSI analysis capability is implemented based on 

three specialized software modules: 

1) UPLIFT_3DFEM module ïComputes threshold moments, Moxx, Moyy

2) GLOBAL_IMP module ïComputes global impedance for dominant frequency

3) UPLIFT_JEAC_4601_2015 ïIntegrates base motion differential equation 

The three UPLIFT modules can be efficiently run without the user intervention based 

on the batch run files provided with Demo 17. Demo 17 includes UPLIFT SSI case 

studies for a surface 3DFEM RB and a Stick/SR model, and for an embedded 

3DFEM RB model. 

ACS SASSI Option UPLIFT Modules for 3DFEM 



ACS SASSI Implementation for Computing 3DFEM Base Threshold 
Moments Under Gravity (Static) and Seismic (Dynamic) Loads 
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UPLIFT_3DFEM Module
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Computing Uplift Limit Moment Mo Using Contact 
Spring Forces Under Seismic & Gravity Effects

MXX 

Seismic Spring 
Force Reduction
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RB Base Rocking Displacement for Transverse Y-Direction                      
for Uplift Occurrence (at Time 5.02 sec)
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Option 1: Per JEAC Section 3.5.5.2

Option 2: Per Linear Regression 

of Vertical Displacements



Application to Embedded Structures Using 
Separated Impedance Components for Bottom and Side Soil

Includes stiffness reduction factors for the 

local soil impedances computed based on the 

ñcondensedò excavation impedance matrix 

(ANALYS ñCondense Impedanceò Option)
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Only bottom soil rocking

impedance is reduced

GLOBAL_IMP Module

Partial embedment (for a given depth) or 

separated from soil can be simulated 

when the excavation matrix is condensed



Frequency Selection for Computing Frequency-Independent 

Foundation Rocking and Vertical Impedances for Uplift Analysis

May require 

SSI iterations

GRS
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Frequency range for 

impedance modification 

Selected frequency for 

initial uplift analysis



Global Excavated Soil Impedances Computed with FVROM 
Separately for Bottom Soil (Kb) and Side Soil (Ks)

Ks Side Soil KbBottom Soil
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Modifying Foundation Impedance Matrix Due to 

Bottom Soil Rocking Stiffness Reduction

Frequency-dependent reduction factors for 

the local bottom and side soil impedances.

It includes real and imaginary parts for X, Y 

and Z directions

Surface foundation

Base Center Coordinates

Bottom Soil

Side Soil
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3D Nonlinear Uplift Analysis by Solving Base Motion ODE 

Equations with Varying Coefficients

Stiffness Damping
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UPLIFT_JEAC_2015 Module
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Summary of Option UPLIFT Methodology 
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UPLIFT SSI Analysis Options for Surface Models (IEMBL = 0)

Option UPLIFT analysis for surface 3DFEM models uses 

1-Step analysis  (per JEAC 4601-2015 practice)

Compute parameter        using                        for the Surface SSI model (IEMBL=0). Only the 

UPLIFT_3DFEM module needs to be run to get base moment Mo and

Use the computed        to perform the uplift SSI analysis for the Surface SSI model using 

UPLIFT_JEAC_4601_2015. 

NOTE: The base stress and displacement distributions are linearized per JEAC 4601-2015 

requirements (IFBASEROT=0 or 3, w/ and w/o alfa adjustment), or not linearized (IFBASE=1, 2 or 

4,5, w/ and w/o alfa adjustment)
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Adjusting Coefficient       Per JEAC 4601-2015 App.3.6 

The UPLIFT_JEAC_4601_2015 module provides two options for adjusting        coefficient: 

1. Adjust        value to be in the 4.7-6.0 interval ïin compliance with JEAC 4601 (IFBASEROT < 3)

Based on 3DFEM results and computing Mo based on the no-tension criterion in the bottom-soil   

springs,                       . If      is outside the 4.7-6.0 interval, then adjust its value to be in the interval.

Compute ratio R =      /4.7. If R < 1, then        = 4.7. 

Compute ratio R =      /6.0. If R > 1, then        = 6.0 

2.   No        adjustment. Calculations of                    are based on 3DFEM Mo results, but using JEAC  

equation (IFBASEROT > 3)

with no adjustment

Note:       adjustment applicable to both surface and embedded SSI models.
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UPLIFT SSI Analysis Options for Embedded Models (IEMBL > 0)

Option UPLIFT provides two uplift approaches for 3DFEMs including three options (IEMBL=1,2,3)

A. 2-Step analysis Using Options 1 and 2 (per JEAC 4601-2015 practice)

1. Compute parameter        using                        for the Modified Embedded SSI model (unbonded) 

(IEMBL=1). Only the UPLIFT_3DFEM module needs to be run to get base moment Mo and

2. Use the computed        in Step 1 to perform the entire uplift SSI analysis for the Design-Condition 

Embedded SSI model. (IEMBL=2). Automatic for Step 2 to use of given       from Step 1.

B. 1-Step Approach Using Option 3 (not in compliance with JEAC 4601-2015)

3. Compute parameter        using                        for the Design-Condition Embedded SSI model, in 

which Mo is the overall foundation moment. Use the computed         to perform the theentire uplift 

SSI analysis for the Design-Condition Embedded SSI model. (IEMBL=3). Automatic for Option 3.

NOTE: The Mo is computed by including both the bottom-soil and side-soil contributions. NOT IN 

COMPLIANCE WITH Japanese JEAC 4601-2015. Also, no base soil stress linearization is applied.
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User Input Guide
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3. Examples and Verification
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Demo 17 on Surface & Embedded RB Complex Uplift SSI Analysis 

RB Complex 

The embedded RB model has a foundation 

depth of 12.5m. The soil profile corresponds to a 

deep uniform soil formation with a Vs = 720 m/s.

Seismic inputs were 0.40g for Surface RB 

model and 0.50g for Embedded RB model. 
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Surface RB Complex Nonlinear Uplift SSI Analysis Study for                
Combining X and Y Seismic Motion Effects
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Nonlinear Uplift Limit Base Moments (Mo) for X and Y Directions

MXX

MYY
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Contact Surface at Uplift Occurrences at 5.02 sec and 7.20 sec 

YDIR Input OnlyXYZ Input



Contact Surfaces for X (Longitudinal) and Y 

(Transversal) Directions and Combined for 1.4g

3D Space
Y-Direction

X-Direction
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MXX vs. MYY and TetaXXvs. TetaYYfor 1.4g

MXX-MYY TetaXX-TetaYY
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Base Uplift Moment-Rotation Curve for 

Linear SSI vs. Nonlinear SSI



ISRS Computed for Linear SSI vs. Nonlinear 
Uplift SSI Analysis for Surface RB Complex

Y-DirectionX-Direction

Z-Direction
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Uplift Effects

Uplift Effects


