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WHY EARTH RETAINING STRUCTURES?

Earth Retaining 
Structures

Earth Fill
(TYP)

AASHTO &	Caltrans		Criteria	Changes	in	LRFD Design	for	Earth	Retaining	Structures																																																																								By:	Ahilan	Selladurai,	PE,	SE,	PMP



CALTRANS TYPICAL LOAD CASES

Live Load Surcharge

Load Case-1
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CALTRANS TYPICAL LOAD CASES

40 ft Max

2:1 Slope

Live Load Surcharge

Live Load Surcharge

Live Load Surcharge

Load Case-2 (2015)

Load Case-2 (2006)

Load Case-1
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CALTRANS TYPICAL LOAD CASES

5 ft

40 ft Max

1.5:1 Slope

2:1 Slope

Live Load Surcharge

Live Load Surcharge

Live Load Surcharge

Load Case-1

Load Case-3

Load Case-2 (2015)

Load Case-2 (2006)
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CALTRANS STD PLANS  2006

PILE OPTION

No Design Criteria on Plans!!!
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CALTRANS STD PLANS  2015

Design Criteria !!!

NO PILE OPTION ?
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GEOMETRY COMPARISION CALTRANS 
STD PLANS  2006 vs 2015

Description

CALTRANS STD PLAN H = 20 FT

2006
All Load Cases

2015
Load Case‐1

2015
Load Case‐2

2015
Load Case‐3

H ‐ Height ‐ft 20.00 20.00 20.00 20.00

W ‐Footing Width ‐ft 11.00 13.25 21.75 16.50

T ‐Wall Top ‐ft 1.00 1.00 1.00 1.00

Batter (1: xx) ½:12 ½:12 5/8:12 ½:12

F ‐Footing thickness ‐ft 1.50 1.75 3.33 2.33

C ‐Toe to Back Face ‐ft 3.58 4.50 6.75 5.25
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LOAD CASE - 1

LOAD CASE - 2

LOAD CASE - 3

GEOMETRY COMPARISION CALTRANS 
STD PLANS  2006 vs 2015

On Scale
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QUANTITY & COST COMPARISION ASD/LRFD 
– CALTRANS STD PLANS 2006 vs 2015

EXCAVATION PER LINEAR FT OF RETAINING WALL

Description

CALTRANS STD PLAN

2006
All Load 
Cases

2015
Load 
Case‐1

2015
Load 
Case‐2

2015
Load 
Case‐3

Excavation ‐ CY 46.00 58.00 127.00 81.00

Increase ‐ % 0 % 26 % 178 % 76 %

BACKFILL PER LINEAR FT OF RETAINING WALL

Description

CALTRANS STD PLAN

2006
All Load 
Cases

2015
Load 
Case‐1

2015
Load 
Case‐2

2015
Load 
Case‐3

Backfill ‐ CY 26.00 31.00 50.00 38.00

Increase ‐ % 0 % 20 % 95 % 50 %
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CONCRETE PER LINEAR FT OF RETAINING WALL

Description
CALTRANS STD PLAN

2006
All Load Cases

2015
Load Case‐1

2015
Load Case‐2

2015
Load Case‐3

Concrete ‐ CY 237 244 300 260

Increase ‐ % 0 % 3% 27% 10 %

STEEL  PER LINEAR FT OF RETAINING WALL

Description
CALTRANS STD PLAN

2006
All Load Cases

2015
Load Case‐1

2015
Load Case‐2

2015
Load Case‐3

Steel ‐ lbs 304 287 376 330

Increase ‐ % 0 % ‐ 6 % 24 % 9 %

QUANTITY & COST COMPARISION ASD/LRFD 
– CALTRANS STD PLANS 2006 vs 2015
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COST PER LINEAR FT OF RETAINING WALL

Description

CALTRANS STD PLAN

2006
All Load Cases

2015
Load Case‐1

2015
Load Case‐2

2015
Load Case‐3

Cost per ft $ 5120 $ 5240 $ 6600 $ 5660

Increase ‐ % 0.00% 2.5 % 29 % 11 %

Concrete  $ 500.00 /CY

Steel $ 2.00 /CY

Excavation $ 50.00 /CY

Backfill $ 40.00 /CY

COST COMPARISION ASD/LRFD – CALTRANS 
STD PLANS 2006 vs 2015

+  ROW Cost if Applicable
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Earth Pressure Application - Caltrans

2006 STD PLAN 

0.6H

Earth Pressure Application - Caltrans

No Criteria is shown on Std Plans

From Our Past Practice,

 Kh = 0.3 ( 50% of Site Adjusted PGA = 0.6 g)

 Seismic Force @ 0.6 H 

 Bearing Pressure – with single number of 

Allowable Bearing Pressure

 One Std Plan for All 3 Loading Cases

2006 - STANDARD PLAN WALL & XS 
SHEETS DESIGN CRITERIA 
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2015 - STANDARD PLAN WALL & XS 
SHEETS DESIGN CRITERIA 

Earth Pressure Application - Caltrans

2015 STD PLAN 2014 Dated XS SHEETS

Different Std Plan for Each load Cases
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SPECIAL DESIGN ?

Seismic Kh ≥ 0.2  ?

Bearing Pressure Capacity – NG ?

SPECIAL DESIGN

Geometry Constrains ? 
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LRFD DESIGN CRITERIA 

a.Loading  
Strength/ Service/ Extreme 
Load Cases

b. External Stability

c. Structural Design
REF: FHWA-NHI-11-032 

SLIDING OVERTURNING BEARING STRUCTURAL
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STATIC EARTH PRESSURE

a. Active Earth Pressure

b. Passive Earth Pressure
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STATIC EARTH PRESSURE

AASHTO –Chapter‐3 

Rankine Theory Coulomb Theory

Trial Wedge Method Log Spiral Method
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STATIC EARTH PRESSURE
Rankine Theory Coulomb Theory

Trial Wedge Method

BEST Ka

Log Spiral Method

AASHTO –Chapter‐3 

Why?

1. Any friction angle/Slope

2. Broken Slope

3. Cohesive Soils

4. Multi‐layer Soil

BEST Kp

Why?

1. Curve Failure Surface

2. Wedge solutions are unconservative 

for large friction angles

3. 5% H Movement required to mobilize 

full passive pressure
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PASSIVE EARTH PRESSURE & 
FRICTION FORCE

Resistance Not Considered

FRICTION FORCE
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DIRECTION OF EARTH PRESSURE
Rankine Theory

Coulomb Theory
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SURCHARGE LOAD
Uniform Load

Point Load
Different in LFD & LRFD

LFD – 2ft Surcharge Always

NEW 
IN

LRFD

AASHTO &	Caltrans		Criteria	Changes	in	LRFD Design	for	Earth	Retaining	Structures																																																																								By:	Ahilan	Selladurai,	PE,	SE,	PMP



SURCHARGE LOAD CONT
BACKFACE OF WALL 

Backface

≥ 1.0 ft
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SEISMIC EARTH PRESSURE

What is Kh?

50% of Adj. PGA ? 
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CURRENT RW SEISMIC CRITERIA

Adj PGA ≤ 0.4 g => NON 
SEISMIC WALL

AASHTO LRFD 11.5.4.2

Kh = 1/3* Adj PGA

Kh = Coefficient of Horizontal Acceleration
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SEISMIC EARTH PRESSURE
Mononobe-Oakabe Method 
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SEISMIC EARTH PRESSURE vs 
BACKFILL SLOPE 

REF: NCHRP Report – NR611

Based on Mononobe-Oakabe 
(M-O) Equation 

 Only Cohesion less Soils

 Only Constant Slope

 Not to use for Passive 
Seismic Earth Pressure 
(AASHTO 11.6.5.5)

 Modest Increase with 
Slope Angle & 
excessively Conservative
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RETAINING WALL DESIGN
Mononobe Oakabe Theory – Seismic Modification 

REF: AASHTO LRFD Chapt. 11
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RETAINING WALL DESIGN

Mononobe Oakabe Theory – Seismic Modification 

REF: AASHTO LRFD Chapt. 11
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RETAINING WALL DESIGN
Seismic Passive Pressure–Modification for Cohesion 

REF: AASHTO LRFD Chapt. 11
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RETAINING WALL DESIGN
Seismic Passive Pressure–Modification for Cohesion 

REF: AASHTO LRFD Chapt. 11

Based on Log Spiral 
Procedure

C = Cohesion

H = Height of Wall 

g =Soil Unit Weight
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RETAINING WALL DESIGN
Seismic Passive Pressure–Modification for Cohesion 

REF: AASHTO LRFD Chapt. 11
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TRIAL WEDGE - SEISMIC

Why Trial Wedge 
Method?

 Broken Slope

 Cohesion

 Any Geometry

 Multilayer Soil

REF: NCHRP Report – NR611
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TRAIL WEDGE – NOT A BLACKBOX

MATHCAD 
– STATIC 
EARTH

MATHCAD 
– SEISMIC 

EARTH
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EXCEL MACRO 



COHESION & IRREGULAR BACKFILL

Slope Approximation 
for Irregular Slope

Bells Relationship for Cohesion
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COHESION & MULTI LAYER SOIL
Soil Pressure Distribution for Cohesive soil

Multi-Layer Soil 

TRIAL 
WEDGE
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REASONS FOR CHANGES

 LRFD/CALTRANS Eccentricity Limit Requirements

 LRFD/CALTRANS Live Load Surcharge Load Application 
Requirements

 LRFD/CALTRANS Seismic Load Application Requirements

 LRFD/CALTRANS Seismic Inertia Force Application 
Requirements

 LRFD/CALTRANS Strength/Service/Extreme Load  
Combination with Max-Min Factor Design Requirements

 LRFD/CALTRANS Rectangular Bearing Pressure  
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ECCENTRICITY LIMITS

AASHTO Service Strength Seismic

2007 NA W/2 Soil
3W/4‐Rock

Both Soil and Rock
2W/3 – EQ=0.0
8W/10 – EQ=1.0

2010 NA W/2 Soil
3W/4‐Rock

Both Soil and Rock
2W/3 – EQ=0.0
8W/10 – EQ=1.0

2012 NA
2W/3 Soil

9W/10‐Rock

Both Soil and Rock
2W/3 – EQ=0.0
8W/10 – EQ=1.0

2014 NA 2W/3 Soil
9W/10‐Rock

Both Soil and Rock
2W/3 – EQ=0.0
8W/10 – EQ=1.0

CALTRANS – SERVICE ONLY – Limit W/6

Eccentricity of Load
Resultant Force

Center Line of Footing
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REASONS FOR CHANGES

 LRFD/CALTRANS Eccentricity Limit Requirements

 LRFD/CALTRANS Live Load Surcharge Load Application 
Requirements

 LRFD/CALTRANS Seismic Load Application Requirements

 LRFD/CALTRANS Seismic Inertia Force Application 
Requirements

 LRFD/CALTRANS Strength/Service/Extreme Load  
Combination with Max-Min Factor Design Requirements

 LRFD/CALTRANS Rectangular Bearing Pressure  

AASHTO &	Caltrans		Criteria	Changes	in	LRFD Design	for	Earth	Retaining	Structures																																																																								By:	Ahilan	Selladurai,	PE,	SE,	PMP



SURCHARGE LOAD

Uniform LoadPoint LoadDifferent in LFD & LRFD

LFD – 2 ft or 240 psf Surcharge Always

Backface

≥ 1.0 ft
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NEW 
IN

LRFD



REASONS FOR CHANGES

 LRFD/CALTRANS Eccentricity Limit Requirements

 LRFD/CALTRANS Live Load Surcharge Load Application 
Requirements

 LRFD/CALTRANS Seismic Load Application Requirements

 LRFD/CALTRANS Seismic Inertia Force Application 
Requirements

 LRFD/CALTRANS Strength/Service/Extreme Load  
Combination with Max-Min Factor Design Requirements

 LRFD/CALTRANS Rectangular Bearing Pressure  
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SEISMIC LOAD LOCATION

TOTAL 
SOILPRESSURE

STATIC 
SOILPRESSURE

SEISMIC ONLY 
SOILPRESSURE

2007 AASHTO

+ =

Ka Kae-Ka Kae
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SEISMIC LOAD LOCATION
2010 AASHTO

+ =

TOTAL 
SOILPRESSURE

STATIC 
SOILPRESSURE

SEISMIC ONLY 
SOILPRESSURE

Ka Kae-Ka Kae
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SEISMIC LOAD LOCATION
2012 & 2014 AASHTO

+ =

TOTAL 
SOILPRESSURE

STATIC 
SOILPRESSURE

SEISMIC ONLY 
SOILPRESSURE

Ka Kae-Ka Kae
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REASONS FOR CHANGES

 LRFD/CALTRANS Eccentricity Limit Requirements

 LRFD/CALTRANS Live Load Surcharge Load Application 
Requirements

 LRFD/CALTRANS Seismic Load Application Requirements

 LRFD/CALTRANS Seismic Inertia Force Application 
Requirements

 LRFD/CALTRANS Strength/Service/Extreme Load  
Combination with Max-Min Factor Design Requirements

 LRFD/CALTRANS Rectangular Bearing Pressure  
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SEISMIC INERTIA LOAD
CONCEPT

Kh* WSOILKh * WWALL

H

TOTAL 
SOILPRESSURE

STATIC 
SOILPRESSURE

SEISMIC ONLY 
SOILPRESSURE

Ka Kae-Ka Kae

H1

H2

1. WALL INERTIA FORCE
2. SOIL MASS OVER HEEL 

INERTIA FORCE
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SEISMIC INERTIA LOAD
BEFORE 2012 AASHTO

Kh* WSOILKh * WWALL

H

TOTAL 
SOILPRESSURE

SEISMIC ONLY 
SOILPRESSURE

Ka Kae-Ka Kae

0.6H/
0.5H H2

IGNORE INERTIA

AASHTO-2007
STATIC 

SOILPRESSURE

100% PAE

+ =
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2012 & 2014 AASHTO

Kh* WSOILKh * WWALL

H

50%

TOTAL SEISMIC 
SOILPRESSURE

Kae

+

SEISMIC INERTIA LOAD 
COMBINATIONS

AASHTO 2014: 11.6.5

50% (WALL & SOIL) 100% PAE

INERTIA LOAD CASE-1
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2012 & 2014 AASHTO

Kh* WSOILKh * WWALL

H

TOTAL SEISMIC 
SOILPRESSURE

Kae

+

SEISMIC INERTIA LOAD 
COMBINATIONS

AASHTO 2014: 11.6.5

100% (WALL & SOIL) 50% PAE  (≥ PA)

INERTIA LOAD CASE-2
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SEISMIC INERTIA LOAD
CALTRANS

Kh* WSOILKh * WWALL

H

TOTAL 
SOILPRESSURE

SEISMIC ONLY 
SOILPRESSURE

Ka Kae-Ka Kae

STATIC 
SOILPRESSURE

100% PAE

+ =

INERTIA FORCE 
COMPONENT

EXTERNAL 
STABILITY

STRUCT
DESIGN

WALL & FOOTING YES YES

SOIL MASS OVER HEEL YES NO

EXTERNAL STABILITY

STRUCTURE DESIGN

100% 100%

0 %100%
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REASONS FOR CHANGES

 LRFD/CALTRANS Eccentricity Limit Requirements

 LRFD/CALTRANS Live Load Surcharge Load Application 
Requirements

 LRFD/CALTRANS Seismic Load Application Requirements

 LRFD/CALTRANS Seismic Inertia Force Application 
Requirements

 LRFD/CALTRANS Strength/Service/Extreme Load  
Combination with Max-Min Factor Design Requirements

 LRFD/CALTRANS Rectangular Bearing Pressure  
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AASHTO LOAD COMINATIONS

EH-Max + EV-Max

EH-Max + EV-Min
EH-Min + EV-Max

EH-Min + EV-Min

Different in ASD & LRFD

Big Envelope with Max‐Min Factors

Resulted Bigger Geometry
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AASHTO LOAD COMINATIONS

EH-Max + EV-Max

EH-Max + EV-Min
EH-Min + EV-Max

EH-Min + EV-Min

100 % PAE + 50% Inertia

50% PAE *+ 100%  Inertia

(* - 50% PAE ≥ PA (STATIC))

X

8 COMBINATIONS FOR 
EXTREME EVENT
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CALTRANS LOAD COMINATIONS

Service – 1b

Strength – 1a Extreme-1Strength – 1b

Service-Ia

Memo to Designers 5-5 April 2014

SIMPLIFIED
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CALTRANS REQUIRED CHECKS

Minimum Analyses for Earth Retaining System Design

Memo to Designers 5-5 April 2014
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AASHTO LRFD VS CALTRANS

CHECK AASHTO CALTRANS

BEARING

SERVICE YES-SETTLEMENT YES-SETTLEMENT

STRENGTH YES YES

EXTREME YES YES

ECCENTRICITY

SERVICE NO YES

STRENGTH YES NO

EXTREME YES NO

SLIDING

SERVICE N/A N/A

STRENGTH YES YES

EXTREME YES YES

STRUCTURAL 
DESIGN

SERVICE YES - CRACKING YES - CRACKING

STRENGTH YES YES

EXTREME YES YES
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REASONS FOR CHANGES

 LRFD/CALTRANS Eccentricity Limit Requirements

 LRFD/CALTRANS Live Load Surcharge Load Application 
Requirements

 LRFD/CALTRANS Seismic Load Application Requirements

 LRFD/CALTRANS Seismic Inertia Force Application 
Requirements

 LRFD/CALTRANS Strength/Service/Extreme Load  
Combination with Max-Min Factor Design Requirements

 LRFD/CALTRANS Rectangular Bearing Pressure  
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BEARING PRESSURE 

Plastic Soil – For Geotechnical 
Pressure Evaluation

Triangular Pressure Distribution
Critical for Structural Design

Soil Pressure Reporting: (qu,B’)
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LRFD BEARING CAPACITY -SAMPLE
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SAMPLE DESIGN OUTPUT



LRFD BEARING CAPACITY EVALUATION –
STRENGTH LIMIT STATE EXAMPLE

A (3.5 ft, 8.0 ksf)

B (12 ft, 14.0 ksf)

Example: Point A is Critical than 
Point B
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OUTLINE

 Geometry & Cost Comparison ASD/LRFD

 Standard Walls vs Special Design Walls

 LRFD Retaining Wall Design Background

 Summary of Reasons For Changes

 Other Type of Walls

 Conclusion
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TYPE OF RETAINING WALLS

Cantilever Type Walls

Type ‐ 1 Type ‐ 7Type ‐ 5

Foundation Type: Footing or Piles

AASHTO &	Caltrans		Criteria	Changes	in	LRFD Design	for	Earth	Retaining	Structures																																																																								By:	Ahilan	Selladurai,	PE,	SE,	PMP



TYPE OF RETAINING WALLS

Counterfort Retaining Walls

(FHWA NHI-11-032 AUG 2011 (REV-1)
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MSE Walls Crib Walls

Geosynthetic – Reinforced Soil  Walls

(US ARMY CORP EM 1110-2-2504)

Gravity Walls

 CSM (Concrete-Soil-
Mix) Wall 

 DSM (Deep-Soil-Mix)

 Secant Pile Walls



OUTLINE

 Geometry & Cost Comparison ASD/LRFD

 Standard Walls vs Special Design Walls

 LRFD Retaining Wall Design Background

 Summary of Reasons For Changes

 Other Type of Walls

 Conclusion
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CONCLUSION

 Retaining Wall Geometry has significantly changed 
because of LRFD Design Criteria compare to ASD

 LRFD Design Criteria Constantly changed from 2007 
to 2014. 

 AASHTO significantly reduced Design Requirements 
in Recent LRFD Codes compare to 2007 LRFD Code. 

 DOTs’ Issues Interim Memorandums to Amend AASHTO 
LRFD Requirements.

WAITING FOR UPDATED STANDARD PLANS & XS SHEETS
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