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GEOMETRY COMPARISION CALTRANS AZCOM
STD PLLANS 2006 vs 2010

CALTRANS STD PLAN

Description
2006 2010 2010 2010
All Load Cases |Load Case-1 |Load Case-2 | 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) %:12 %:12 5/8:12 %: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

[ s oot g et et e s e e |
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GEOMETRY COMPARISION ASD/LRFD AZCOM
— CALTRANS STD PLANS 2006 vs 2010
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QUANTITY & COST COMPARISION ASD/LRFD A=COM
— CALTRANS STD PLANS 2006 vs 2010

.,_
L7

EXCAVATION PER LINEAR FT OF RETAINING WALL
CALTRANS STD PLAN
Description 2006 2010 2010 2010
All Load Load Load Load
Cases Case-1 Case-2 Case-3
Excavation - CY 46.00 58.00 127.00 81.00
Increase - % 0% 26 % 178 % 76 %
BACKFILL PER LINEAR FT OF RETAINING WALL
CALTRANS STD PLAN
Description 2006 2010 2010 2010
All Load Load Load Load
Cases Case-1 Case-2 Case-3
Backfill - CY 26.00 31.00 50.00 38.00
Increase - % 0% 20 % 95 % 50 %

[ s oottt gt e s e e |
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— CALTRANS STD PLANS 2006 vs 2010

QUANTITY & COST COMPARISION ASD/LRFD A=COM

CONCRETE PER LINEAR FT OF RETAINING WALL

Description

CALTRANS STD PLAN

2006 2010 2010 2010
All Load Cases |Load Case-1|Load Case-2| Load Case-3
Concrete - CY 237 244 300 260
Increase - % 0% 3% 27% 10%
STEEL PER LINEAR FT OF RETAINING WALL
CALTRANS STD PLAN
Description
2006 2010 2010 2010
All Load Cases |Load Case-1|Load Case-2| Load Case-3
Steel - Ibs 304 287 376 330
Increase - % 0% -6% 24 % 9%

[ s oot g et et e s e e |
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QUANTITY & COST COMPARISION ASD/LRFD A=COM
— CALTRANS STD PLANS 2006 vs 2010

Concrete $ 150 /CY
Steel s2/cYy
Excavation $ 50 /CY
Backfill $75/CY

COST PER LINEAR FT OF RETAINING WALL

CALTRANS STD PLAN
Description
2006 2010 2010 2010
All Load Cases | Load Case-1 |Load Case-2|Load Case-3
Cost per ft $ 2075 $2100 $ 2800 $ 2350
Increase - % 0.00% 2% 34 % 14 %

[ s oot g et et e s e e |
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LRFD Design Method — Strength & Service
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Service Limit State —
Overall Stability, Settlement, Rotation, Deflection,
Structural Service Requirements

Strength Limit State —

Bearing, Sliding, Eccentricity & Structural Capacity
Analysis

Extreme Limit State —
Overall Stability, Bearing, Sliding, Eccentricity &
Structural
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CALTRANS REQUIRED CHECKS

Minimum Analyses for Earth Retaining System Design

| Service | Strength | Strength | Extreme
Limit State 1 la Ib Event | Notes
For the case of proprietary system
Settlement Analysis X . design, this analysis will be the
responsibility of the project
designer(s).
a For the case of proprietary system
Overall or Global ¥ X design, these analyses will be the
Stability Analysis responsibility of the project
designer(s).
Meeting the bearing requirements
Nominal Compression X ) 4 X under all three limit states
Bearing Resistance ; effectively eliminates need of an
Analysis eccentricity check under the
strength and extreme limit states.
Limiting eccentricity:
Tilting/ Rotation b4 - B/6 for soil and intermediate
Analysis geo-materials
= B/4 tor rock loundations
The vertical component of EH 15
Sliding Failure . X X factored by 1.0 for both the
Analysis Strength 1b and Extreme limit
states,
These analyses will vary
Structural Service )4 according to ERS type and
Performance Analyses technology as generalized in the
following.
These analyses will vary
Structural Capacity X X X according to ERS type and

Analyses

technology as generalized in the
following.

AZCOM
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Service Limit State —
Overall Stability, Eccentricity, Settlement, Rotation,
Deflection, & Structural Service Requirements

Strength Limit State —
Bearing, Sliding & Structural Capacity Analysis

Extreme Limit State —
Overall Stability, Bearing, Sliding, Eccentricity &
Structural Capacity Analysis
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4 1/2
e cos B — (cos? 3 — cos? ¢)"
Sloped Condition ——_ R Kq=cosf 2 2 (1/2
e oo Shce . 904a9) cos 3 + (cos? 3 — cos? ¢)
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rT— . . .
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Different in ASD & LRFD Uniform Load
i X
Table 3.11.6.4-1—E quivalent Heizht of Soil for Vehicular Point Load B S S
Loading on Abutment: Perpendicular to Traffic X Q (forcelleng
|‘—- T | 1l Q (forceflength)
Abutment Height (ff) heq (R 7 T r S
5.0 4.0 1e 2 y
10.0 3.0 T y z
=200 20 I fmy 2
= y H J—Aph
HI y
] 1
y y
Table 2.11.6.4-2—E quivalent Height of Soil for Vehicular s ;
Loading on Retamning Wall: Parallel to Traffic _W_Q y
h,y (ft) Distance from wall )
backface to edge of iraffic N [
Eetaining Wall Height 1.0 ftor = .
{-ﬂé Déﬂﬂft Furﬂlerj : H [ / Back
J. 3 L.
10.0 35 2.0 _ : Face
=30.0 20 20 | l
The load factor for both vertical and horizontal o | |
components of live load surcharge shall be taken as | .
specified in Table 3.4.1-1 for live load surcharge. I

ASD - 2ft Surcharge Always
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Table 3.4.1-1 Load Combinations and Load Factors.

AASHTO LOAD COMINATIONS

A-COM

oo Use One of These at a Time
| ol | | “ 1 EH-Max + EV-Max
Dw M
EH CE - -
Load EV | BR = =
Combination ES PL CR E H M aX + EV M I n
Limit State EL LS ] J WS | FL FR 5H TG | SE EQ ic or Cc¥
STRENGTHI Y 175 | o0 | — | — | 1.00 | 05020 | wvrg | yee | — — — E H 2 M | n + EV_ M ax
(unless noted) —
STRENGTHII | v, | 135 | 100 | — | — | 100 | 050120 | ypo | e | — | — | — | —
STRENGTH T — | 100 | 140 | — | 1.00 | OS0L20 | vrg | tse | — — — — E H M ’ EV M -
m L + i
STRENGTH i — .00 —_— 1.00 | 51,20 [ — — - — — — I n I n
v Table 3.4.1-2 Load Factors for Permanent Loads, 1,
STRENGTH YV o 1.15 100 | 040 | 10O 1.00 0.50/1.20
EXTREME | 7, | ¥EQ | 1.00 | — .00 - Tvpe of Load, Foundation Type, and Load Factor
E:ﬁﬁl:lf 5| 050 | 100 | - — 00 — Method Used wo Caleulate Downdrag - Maximum Minimum
EVENT I | DC: Component and Attachments 1.25 0.90
SERVICE I 1.00 | 1.00 | 1.00 | 0.30 | 1.0 | 1.00 | 1007120 | DC: Strength IV only 1.50 0,90
| SERVICE I 100 | 130 [ 100 | — | — | 1.00 | 1.00/1.20 | D Downdrag | Piles, & Tomlinson Method 1.4 0.25
SERVICENI | 100 | o&0 | 100 | — | — | 1.00 | 1.00/1.20 Piles, . Method 1.05 0.30
| SERVICEIV | 1.00 | — | 100 | 0.70 LOO | 1.O0/1.20 Drilled shafts, O°Neill and Reese ({999) Method 1.25 0.35
E‘b‘T]IFGfUE’CE_ ' 0.75 - I - DW: Wearing Surfaces and Urilities 1.50 0.65
{}Iﬁil'r * [ ] EH: Horizontal Earth Pressure
s Active 1.50 0.90
s drr 135 N/A
g H o  AEP for anchored walls . £
[ leferent In ASD & LRFD Ef: Locked-in Erection Stresses ! 1.00 1.00
| EV: Vertical Earth Pressure
¢ Overall Stability 1.00 MNIA
[ Big Envelope with Max-Min Factors *  Retaining Walls and Abutments 133 100
+ Rigid Buried Structure . :
* Rigid Frames 1.35 0.90
+  Flexible Buried Structures other than Metal Box Culverts 1.95 0.50
Resulted Blgger Geometry +  Flexible Metal Box Culverts 150 0.90
ES: Earth Surcharge 1.50 075
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— 10DC
——ee [ DG

Service | — for eccentricity and

Swrength 1b — for sliding failare onk
deformation analysss o g g

" 17518 "1 7518

T T xRN

.

Strength — 1a

|
1.5 EH sin & (1.5 EH sin &
|

1.35EV l EH 1LOEV .l EH
. !(/(‘/Ef
L 1.5 EH e« |

Strength — 1b

—

|%S— " 15EHcos &
1

+— 125DC
+— 03DC

Strength la — Eor bearing and Srength 1b — for bearing and
structural capacity analyses . structural capacity analyses
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BEARING PRESSURE

A, GEOTECHMICAL BEARING PRESSURE:

For geotechnical soil bearing pressures evaluation, soil pressure is distributed as uniformly
distributed pressure below the footing for a length of (W-2e) (where e-eccentricity). Following figure

shows soil pressure distribution.

B. SoiL PrRESSURE FOR STRUCTURAL DESIGN:

——

T,

Lonax

A-COM

Plastic Soil — For Geotechnical
Pressure Evaluation

g, = %[| +5—;} (11.6.3.2-2}
z
=== 11.6.3.2-3
i 3[l EJ ( )

If resultant force is outside the middle one third of footing width,

_2EF
G S s (11.63.2-4)
=10 (11.632-5)

gmn

Triangular Pressure Distribution
Critical for Structural Design
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- 7 o
18 1 ot | S
La#?" | wm—ervice lmil state for 2-inch settement
b = Service limit state for 4-inch settiemen!
] i P | = === Strength limit state |
; ‘l w— Extreme Event Limit State
2 : .
g 12 :
Q
-3 i B (12 ft, 14.0 ksf)
E 101 SR BB
s i
2 8¢ : =
g :
L g : Example: Point Ais Critical than
| Point B (For Strength Loads)
1
4 - I ~
i I
2 +——A(3:5-ft; 8:0-ksf)|
: :
0 1 S

0 5 10 15 20 25
Footing width, B (feet)
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» LRFD Design Method — Seismic
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surcharge

A, = Fg PGA

Elastic Seismic Coefficient, Csm

2
=

I
|
|
|
|
|
[
I
|
I
|

Il
I

Il

0

| |
| |
|
| |
i | E
1 ! i
: 2 T Spy 1.0 : PF.F.
T02T, ¥ Boe :
n
Period, T, (seconds) i
; w, w0 h
H ——————————————————

kW, < 1
| s
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. cos*(0—0-P)
: A cosBcos? Peos(d+ P+ 0)

" y {1_\/5in(¢+6)sin(q)—8—i) ]Z

cos(8+B+6)cos(i—P)

U /e o cov(o-6+)
L adl | . " cosBeos? Beos(d—P+0)
T
Cantilever Wall o Sin(¢+6)sin(¢—8+i) —2
cos(8—P+6)cos(i—P)

Seismic Active Earth Pressure
, Yy = unit weight of soil (ksf)
P =05y H2(1-k,) K H = height of wall (ft)

¢ = friction angle of soil (°)
0 =arc tan (k,/(1-k,))(°)

Seismic Passive Earth Pressure § = angle of friction between soil and wall (°)
k, =horizontal acceleration coefficient (dim.)
_ 2(1 _ h
I& PE — 0.5 Y H (1 kv )K PE k, = vertical acceleration coefficient (dim.)

1 = backfill slope angle (°)
B = slope of wall to the vertical, negative as shown (°)
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¢ = 35°

Based on Mononobe-Oakabe
(M-0O) Equation

» Only Cohesion less Soils

» Modest Increase with Slope
Angle

-20 -10 0 10 20 30 40

Backfill Slope ° REF: NCHRP Report — NR611




‘Western
Bridge

Engineers’

Seminar

TRIAL WEDGE - SEISMIC A-COM

JAN/AN\

N

Forces Acting on
Trial Wedges for
Earthquake Loading

PAE

X

Why Trial Wedge
Method?

1 Broken Slope

4 [ Cohesion

N

Force Polygon
for Typical Wedge

3 W Any Geometry

w
kpW Combination
of Force Polygons
oxt to Obtain Max PAE

REF: NCHRP Report — NR611
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lt—— H,
H
3
TOTAL STATIC SEISMIC ONLY
SOILPRESSURE SOILPRESSURE SOILPRESSURE

SEISMIC SOIL PRESSURE APPLICATION
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» Limitations on Design Approach
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. 2h

Bavg= B at x = 2n
h = ¥Wall helght

Buvg: IB max ~ B min

2

Bmax calculated at
x = 2h

Slope Approximation § ‘
for Irregular Slope

Criticalvalue of ™ is between o calculated
using Bmin and Bmax - Use Bgyg for first trial

op = Ko, + 20/ K,

a, = K 0, — Ec\/fﬂ
\/_

Bells Relationship for
Cohesion
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» The retaining wall is free to yield sufficiently to enable full soil
strength or active pressure conditions to be mobilized. If the
abutment is rigidly fixed and unable to move, the soil forces will be
much higher than those predicted by the Mononobe-Okabe analysis.

» The backfill is cohesion-less, with a friction angle

» The backfill is unsaturated, so that liquefaction problems will not
arise.

» K,g IS sensitive to changes in the solil friction angle,

K
P=i+8y4 —I+aﬂ:tﬂﬂ[1 }H]
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» Summary of AASHTO LRFD Changes 2007-2014
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AASHTO

Both Soil and Rock

2007 NA 3\\;\Ivjlzl-lsizltl:k 2W/3 - EQ=0.0
8W/10 - EQ=1.0
. Both Soil and Rock
2010 NA 3\\2115421-:2; 2W/3 — EQ=0.0
8W/10 - EQ=1.0
2W/3 Soil B"Zt\,':,}c‘: '1:’;'_3‘(’;"
2012 NA 9W/10-Rock 8W/10 — EQ=1.0
Both Soil and Rock
2W/3 Soil _
2014 NA 9W/10-Rock 2W/3 - EQ=0.0

8W/10 - EQ=1.0

CALTRANS — SERVICE ONLY - Limit W/6
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| \
| H I
2007AASHTO I "
H,=0.6H | n \
| \
2010 AASHTO | \ \\
H,=0.5H \}1 — . T
| " \
i
2012 AASHTO \ 7 M
i
\ a
TOTAL STATIC SEISMIC ONLY
2014 AASHTO SOILPRESSURE SOILPRESSURE SOILPRESSURE
H,=0.33H
SEISMIC SOIL PRESSURE APPLICATION
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Caltrans Criteria

Description External Stability Structural Design
Inertia of Sound Wall Yes Yes
Inertia of Barrier Yes Yes
Inertia of Wall Yes Yes
Inertia of Soil Mass over Heel Yes Mo

=2

2012 & 2014 AASHTO ONLY

| To investigate the wall stability considering the
combimed effect of P, and Py and considering them not
to be concwrent, the followmg two cases should be
wnvestigated:

Design H
Ram g Wal
[
=
=
=
E

» Combine 100 percent of the seisnuc earth pressure
P e with 50 percent of the wall iertial force Py and

» Combine 50 percent of P, but no less than the
static active earth pressure force (1e, F; m
Figure 11.10.5.2-1), with 100 percent of the wall
mertial force Py

miachon

K
friction force
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> Conclusion
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> 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.

» Few Design Requirements are clear in AASHTO LRFD yet
(E.g: Seismic Inertia Force and related load combinations).
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Neither AECOM or Authors will not be liable for any direct, indirect, special,

incidental, or consequential damages arising out of the use this presentation

materials or any accompanying information..
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UESTIONS &
ANSWER

Contact Details:

Ahilan Selladurai, Bob Fish,
Phone: 916-414-5800 x 6088 Phone: 916-414-5800 x 6070
Direct: 916-414-1588 Direct: 916-414-1570

E-Mail: ahilan.selladurai@aecom.com E-Mail: Bob.Fish@aecom.com
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