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CALTRANS TYPICAL LOAD CASES TYLIN
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- STD PLANS 2006 vs 2015

CALTRANS STD PLAN H =20 FT
Description :- -------------------- ‘|
2006 1| 2015 2015 2015 |1
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 ||
] !
] i
T -Wall Top -ft 1.00 | 1.00 1.00 1.00 ||
] i
] ]
Batter (1: xx) %:12 : %:12 5/8:12 %:12 :
] ]
] i
F -Footing thickness -ft 1.50 : 1.75 3.33 2.33 :
] !
] i
C -Toe to Back Face -ft 3.58 : 4.50 6.75 5.25 :
1 |
]
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QUANTITY & COST COMPARISION ASD/LRFD T-Y-LIN

INTERNATIONAL

— CALTRANS STD PLANS 2006 vs 2015

EXCAVATION PER LINEAR FT OF RETAINING WALL

CALTRANS STD PLAN

Description 2006 2015 2015 2015
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 2015 2015 2015
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 %
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(T ; Engineers’ INTERMNATIONAL
S8} Seminar — CALTRANS STD PLANS 2006 vs 2015
CONCRETE PER LINEAR FT OF RETAINING WALL
CALTRANS STD PLAN
Description 2006 2015 2015 2015
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 2015 2015 2015
All Load Cases |Load Case-1|Load Case-2| Load Case-3
Steel - Ibs 304 287 376 330
Increase - % 0% -6% 24 % 9 %




COST COMPARISION ASD/LRFD - CALTRANS TYLIN

STD PLANS 2006 vs 2015 INTERNATIONAL
Concrete $500.00 /CY
Steel $2.00 /CY
Excavation $50.00 /CY
Backfill $40.00 /CY
COST PER LINEAR FT OF RETAINING WALL
CALTRANS STD PLAN
Description
2006 2015 2015 2015
All Load Cases | Load Case-1 |Load Case-2(Load Case-3
Cost per ft $5120 $ 5240 $ 6600 $ 5660
Increase - % 0.00% 2.5% 29 % 11 %
e e
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2006 - STANDARD PLAN WALL & XS TYLIN
SHEETS DESIGN CRITERIA INTERNATIONAL

No Criteria is shown on Std Plans

Figure 3 Seismic Loading

Allowable Bearing Pressure (Reference: 2010 California Amendments)

—
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» One Std Plan for All 3 Loading Cases
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2015 - STANDARD PLAN WALL & XS TYLIN
SHEETS DESIGN CRITERIA INTERNATIONAL

DESIGN DATA

T

a

DESIGN NOTES:
Design: AASHTO LRFD Bridge Design Specifications,

DESIGN: AASHTO LRFD Bridge Design Specifications, 4+h edition with California Amendments
4+h Edition with California Amendments

Ws: 33 psf on sound wal |
Ls: Varied surcharge on level ground surface LS: Varied surcharge on level ground surface
. 0 Mononobe-ORobe Method
DC: Stem Architectural Treatment of thickness up to ECE 1 r:: © Sag ?KGDe Method :
6" of concrete (75 psf) considered | kv =o0.0
CT: 54 kip transverse force applied at He = 32", Soil: B =3
distributed over 10 feet at the top of wall Yy = 120 pcf
and 1 ¢ 1 distribution down and outward. Re i nforced
Distribution below footing taken no less than 40°, Concrete: f'c = 3600 0si
[ ————— v 2 80,000 psi
SEISMIC: | kh = 0.2, ky = 0.0 !
N o e e o e e o o e e o ) Load Combinaticns and Limit Staotes
SOIL: @ = 34°, v = 120 pcf
Service I 0=1.00DC+1 . 00EV+1 ,00EH+1.,00LS+0. 30WS
REINFORCED .
CONCRETE: f'c = 3,600 psi_ Service I1I 0=1.00DC+1.00EV+1,00EH+1. OOWS
fy = 60,000 psi Strength 1 Q=aDC+BEV-+1.50EH+1.75L5S
LOAD COMBINATIONS AND LIMIT STATES: Strength 111 Q=aDC+BEV+1.SO0EH+1.40WS
Service 1 Q = 1.00DC+1,00EV+1.,00EH+1.00LS
Strength 1 Q = aDC+PEV+NEH+1,75LS Strength V 0=aDC+BEV+1 .SOEH+1 . 35L5+0. 40WS
Extreme & 8 - OoDCt -0k - O0EH 1 .00EQD+1.00EQE Extreme [ 0=1.00DCH!.00EV+1.00EH+1 . 00EQD+] . 00EQE
Where:
Q: Force Effects
a: 1.25 or 0.90, Whichever Controls Design
“H 1.35 or 1.00, Whichever Controls Design
n 1,50 or 0.90, Whichever Controls Design
DCt Dead Load of Structure Components
EH: Horizontal Earth Fill Pressure
EV: Vertical Earth Pressure from Earth Fill Weight
LS: Live Load Surcharge
EQE: Seismic Earth Pressure T + = P
EQD: Soil and Structural and Nonstructural Components Inertia _AE
CT: Vehicular Collision Force I 1aH I
h
IJI,!H a
stat.ilc d_ynami{: total
- sal soil =soil
Different Std Plan for Each load Cases pressure  pressure  pressure

Figure 3 Seismic Loading
(Reference: 2010 California Amendments)
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LRFD DESIGN CRITERIA TYLIN

INTERNATIONAL
N R a.Loading
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STATIC EARTH PRES

INTERNATIONAL

SURE TY-LIN

a. Active Earth Pressure

b. Passive Earth Pressure




STATIC EARTH PRESSURE TYLIN

[ Rankine Theory Coulomb Theory
9 1/2
K. :cosﬁcos_ﬁ (cos? 3 — cos qii)
cos 3 + (cos? 3 — cos? ¢)'/?
oy
K — cosf 4 (cos? B — cos? ¢)* K, = cos” (¢ — 0) .
P_CDS'B 2 3 _ 2 \1/2 2 sin{d+g¢) sin{g— 3}
cos 3 — (cos® 3 — cos’ ¢) cos? B cos (4 0) (1 + /o5 5 cosi50)
For the case where B is 0, the above equations simplify to 9
K - tan? (45 B f) B Sin[qi:} K,= cos® (¢ + ) , ;
2) T sin(9) cost Ocos (5 — 0) (1 - [Ristoshlonsy )
g [ 1+ sln[ ) '
K, = tan (45—0—2) I — sin(o)

Trial Wed_ge_Met_hod_] [ Log Spiral Method

B/ = +5

RyAVAY /g I »
14 1
i /17 / .
Sloped Condition ——_ Ay /
?’ 0
of of
/ < -2
; & any, ¢
Inclination of g \ o 4 § -
Wall Interface, & E . 1/ /1 4 é
ﬁl 2 W4 vanil .
H 7 5
Wall —— : / 1 / AT g
. = S = /! 3]
Reaction 5 7 / T N §
E AN A/ // / ® -5
wall A /I AVARY AR
et — /4y anv 4 -
V 7 :// / [
Point of interest: Stem Cut-off, Stem Base, Bottom of Heel V. 2d LA
AT
1 4 St ] -1
B - m| T 30
Figure 1.1.1-5 Trial Wedge Terminolog_}' 8l o st FRICTION, 9, DEGREES

=~ pASHTO —Chapter-3
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Trial Wedge Method

. Any friction angle/Slope

. Broken Slope

1
2
3. Cohesive Soils
4

. Multi-layer Soil

Inclination of |
Wall Interfsce, § |

Wall —
Reacion

|

|

II
Wall
III.IE'ﬁI:E——"A

Figure 1.1.1-5 Trial Wed
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Why?
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STATIC EARTH PRESSURE

TY-LIN

INTERNATIONAL

’—-------------------N

Why?

1. Curve Failure Surface

2. Wedge solutions are unconservative

3. 5% H Movement required to mobilize

N -

for large friction angles
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DIRECTION OF EARTH PRESSURE Mmlgl!)m

[ Rankine Theory ]
8

T

Z;

PLANE GROUND SURFACE SUBJECTED Failure wedge - B

TO UNIFORM OR NO SURCHARGE

M
g | A

I

Pressure
surface v s

SHEAR ZONE bed UNINTERRUPTED Outer failure

/} cg.

rd "

s Inmer Failure
BY STEM OR BACK OF WALL surface —— | L

S w Surface

PRESSURE ON VERTICAL SECTION ab
DETERMINED BY RANKINE THEORY

wall ———— S j.p-f
. ] s -
. a=%(90+.&‘¢[_€} ,_ﬁ-‘s]}f W _AR / Level
E WHERE € = sin' 228 [
b f sndy o e
&, =ANGLE OF INTERNAL FRICTION - =~

- \
‘\ The direction of, B, is parallel fo a line, VM P

-~
~ -
o e o =

[ Coulomb Theory ]

~~ GROUND SURFACE AND SURCHARGE LOAD
MAY BE IRREGULAR

TR,

Pressure F
uace—- WEDGE OF SOIL SURFACE OF SLIDING
SLIDES ALONG EESEJEEED BY TOP
7 BACK OF WALL
Wall —7
T 2%
\ T 2%
\ TS WEDGE OF oL~ | 3
. DOES NOT MOVE b
fﬂm—i
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SURCHARGE LOAD

Different in LFD & LRFD |

Tahble 2.11.6.4-1 —Eqguivalent Heizht of Soil for Vehicular
Loading on Abutment: Perpendicular to Traffic

Point Load
Q (forcelleng

Abutment Height (ff) heg (1) 777 ]
50 40 T
10.0 30 1o
=20.0 2.0 4 Bpn z
n Iy
/
H| 4
y
Table 3.11.6.4-2—E quivalent E
Loading on Eetaining Wall: Para ”7_2
h,., (ft) Yistance from wall
backface to edze of traffic \
Eetaming Wall Height 10ftor R
() 0.0 ft Further 3 \ on vl
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10.0 35 2.0 |

=20.0 2.0 2.0 S ————=

_ G, =0, cos’[(1.1)8]
The load factor for both wvertical and honzomtal /

components of live load surcharge shall be taken as

specified i Table 3.4.1-1 for live load surcharge.
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SURCHARGE LOAD CONT TY-LIN

INTERNATIONAL
BACKFACE OF WALL |
Table 2.11.6.4-1—Equivalent Height of Soil for Vehicular
Loading on Abutment: Perpendicular to Traffic
Abutment Height (f1) h, () ar =
>0 50 / 210t
10.0 30 | L—J—,; : I
=200 20 1 e I
= | £ 1
| L i
[ - '
[ : -
1 ' |
Table 2.11.6.4-2—Equivalent Height of Soil for Vehic i i I
Loading on Eetaining Walls Parallel to Traffic | : :
: : I
! l | '
I_| backface to edge of traffic | I l :
Fetaming Wall Height 10ftor i :\ I
(ft) 0.0 fi Further : ' I
50 50 70 Backface [
- - | ] I
10.0 33 2.0 \ /
EE'D.D 20 2.0 \ /
5 < ,/

~_----------------_’

The load factor for both wvertical and honzontal
components of live load surcharge shall be taken as
specified mm Table 3.4.1-1 for live load surcharge.




SEISMIC EARTH PRESSURE TY-LIN

INTERNATIONAL

Elastic Seismic Coefficient, Csm

What is K,?

50% of Adj. PGA ?

(b)




5

CURRENT RW SEISMIC CRITERIA TYLIN

N
1 K, = Coefficient of Horizontal Acceleration |
---_--------------------—--——-----J
AASHTO LRFD 1 1 I5I4I2 :?:.'.:::!i;’l’:’:l'l?ﬂl'TRANSPORT&TI'DN Buness Tensporition snd Housmg Ageney
11.5.4.2—FExtreme Event I, No Analysis Memorandum Flex your power!
Be energy efficient!
A seismuc design shall not be considered mandatory - ALL STAFF P June 13, 2013

for walls located in Seismic Zones 1 through 3, or for
walls at sites where the site adjusted peak ground
acceleration. A, is less than or equal to 0.4g. unless one
or more of the following is true:

s Liguefaction induced lateral spreading or slope
failure, or seismically induced slope failure, due to
the presence of sensitive clays that lose strength
during the seismic shaking may impact the stability
of the wall for the design eartheuake.

s  The wall supports another structure that is required,
based on the applicable design code or specification
for the supported structure, to be designed for
seismic loading and poor seismic performance of
the wall could impact the seismic performance of
that structure.

The no-seismic-analysis option should be limited to
internal and external seismic stability design of the wall.
If the wall is part of a bigger slope. overall seismic
stability of the wall and slope combination should still
be evaluated.

These no-seismic-analysis provisions shall not be
considered applicable to walls functioning as support
piers for bridges.

Adj PGA < 0.4 g => NON
SEISMIC WALL

’--\

N\
I
I
I

4

From:

Subject:

Geotechnical Services
Division of Engineering Services

PHILIP J. STOLARSKI

State Materials Engineer

Deputy Division Chief

Matenials Enginecring and Testing Services
and Geotechnical Services

Division of Engineering Services

Seismic Design and Selection of Standard Retaining Walls

When providing geotechnical recommendations for type selection of retaining walls during
planning and design phases, the job site should be evaluated to ensure seismic design criteria
used for development of the LRFD standard plans are applicable.

According to standard plan sheets dated April 2012, the seismic criteria threshold for standard
retaining walls are; Coefficient of Horizontal Acceleration, ky = 0.2 and CoefTicient of Vertical
Acceleration k, = 0.0, except for concrete retaining walls supporting soundwalls where k;, = 0.3
and k,= 0.0 are used. The ks = 0.2 is roughly based on using 1/3 Peak Ground Acceleration
(PGA), therefore, at sites where the PGA is equal to or less than 0.6g, the retaining walls shown
in the Standard Plans are applicable. For sites with PGA greater than 0.6g, the standard plans are
not applicable, and DES/Structure Design should design the retaining walls as special design
walls. Include the seismic assessment in geotechnical reports to the District Project Engineer as
carly as possible during planning or design phases of the project development process, so that
appropriate functional units can be notified and resources be allocated.

------------------\

I
K,=1/3* AdjPGA |

------------------I

’--\
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SEISMIC EARTH PRESSURE TY-LIN

INTERNATIONAL

Mononobe-Oakabe Method

N T
(l-ky)W

L

Cantilever Wall

Seismic Active Earth Pressure
Pyp=05yH*(1-k,)K

Seismic Passive Earth Pressure
B =057 H2(1-k, ) Ky

_ cos*(dp—6-P)
M cosBcos? Beos(8+B+6)

y [I_Jsin(qwﬁ)sin(q)—e—i) }2

cos(8+PB+86)cos(i—P)

B cos>(0—0+p)
~ cosBcos? Beos(d—P+ 0)

g [I_Jsin(q)+6)sin(q)—8+i) }2

cos(8—PB+8)cos(i—P)

Y = unit weight of soil (ksf)
H = height of wall (ft)
¢ = friction angle of soil (°)
0 =arctan (k,/(1 —k,))(°)
0 = angle of friction between soil and wall (°)
k, = horizontal acceleration coefficient (dim.)
k, = vertical acceleration coefficient (dim.)
1 =Dbackfill slope angle (°)
B = slope of wall to the vertical, negative as shown (°)




SEISMIC EARTH PRESSURE vs TYLIN

INTERNATIONAL
BACKFILL SLOPE
b =35
\ Based on Mononobe-Oakabe
— _ (M-O) Equation

le— T —>

S

» Only Cohesion less Soils

» Only Constant Slope

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

-—— .

0.5

-

:» » Modest Increase with

0.4
: : Slope Angle &
0.3 \ 0“? J excessively Conservative
0.2
20 10 0 10 20 30 40

REF: NCHRP Report — NR611
Backfill Slope i°



RETAINING WALL DESIGN TYLIN

Mononobe Oakabe Theory - Seismic Modification

4 | W[(-k)tan(0—-§)+k ]-CL [sinatan(a—¢) +cosa]-C, H[tan(a-¢)coso+sino |

4= [1 + tan(5+o)tan(o—¢)]*cos(d+w) b

N AL
AVaaaS!
LA .0 |

T

0.8

/1
5 FAVAVAVAVAVAVAE e
| AN LTI | —eme =30 degrees
e 9730 deg
P N
0.2 4 "‘f);*‘/(r"")f{f;#//’/ +C:-T:H-D25
e _{’} M ——Ciy.H=0.30
0.0 _-"Jr'ﬂ i a ol /‘.""

0 01 02 03 04 05 06 O7F 08 09 1
kq (9)

Figure Al11.3.2-2—Seismic Active Earth Pressure Coefficient for § = 30 degrees (¢ = soil cobesion, y = soil unit weizht, and
H = retaining wall height)

Mote: k=4, = kg for wall heights greater than 20 fi. This conld be H or h as defined in Figure A11.3.1-1.

REF: AASHTO LRFD Chapt. 11




RETAINING WALL DESIGN TYLIN

Mononobe Oakabe Theory - Seismic Modification
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0.4 //./ / —®CfyY H=0.15
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kn (9)

Figure A11.3.2-3—Seismic Active Earth Pressure Coefficient for ¢ = 35 degrees (¢ = soil cohesion, y = soil unit weight, and
H =retaining wall height)

REF: AASHTO LRFD Chapt. 11




RETAINING WALL DESIGN

TY-LIN

INTERNATIONAL

Mononobe Oakabe Theory - Seismic Modification

i // /
. AL
S YA/
. AL A
2 ./‘/j/ //// /
" i /
2 LA v
bl L A
= e
N
kn(0)

——C/y H=0.00

T| —Cry H=005

——C/y H=0.10
—&-Cjy H=0.15
——C/y H=020
——C/y H=025
——C/y H=0.30

¢ = 40 degrees

-figure A11.3.2-4—Seismic Active Earth Pressure Coefficient for ¢ = 40 degrees (¢ = soil cohesion, y = soil unit weight, and
H = retaining wall height)

REF: AASHTO LRFD Chapt. 11



RETAINING WALL DESIGN TYLIN

Seismic Passive Pressure-Modification for Cohesion

A C E

Soil Slice i
B KW,
D K, W,

. &
SHM_ f\/};:dg
8 T+dl 90— ¢)
O Z
A (a;+6) R

.« AC— CE ———ix

Figure All.4-1—Limits and Shape Seismic Interslice Force Function (reported in Anderson ef al, 2003)

m(1-K ) [tan(o; + ) — K |+ C L [sina, tan(o; +§) + cosay |

dE; (A114-1)
[1—tan&; tan (ct; — d)] *cos &;
~ dE

Pon T (A11.4-2)
[1—tand,, tan(a,, — ) [*coss,,
2P,

Kpn—% (A11.4-3)
T h'_

REF: AASHTO LRFD Chapt. 11

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



RETAINING WALL DESIGN TYLIN

Seismic Passive Pressure-Modification for Cohesion

chH=0
14
12 et
- ——g= 275
Based on Log Spiral s - s
Procedure e S e
| —— =4l
: | -
- 0 0.2 04 0.6 0.8 1
C = Cohesion @
clyH = 0.05
H = Height of Wall L e P —— S
12 —B-=122.5
" =
=S -I U i W i h gx o = - 1""‘1—;&- — —'—¢;;tr“_
g OI nlt elg t EI:"—?“-R 1 R P
s = i T g U e T
- b *— T —$=375
2 —— =
0
0 0.z 0.4 0.8 0.8 1
ky(g)

REF: AASHTO LRFD Chapt. 11

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



RETAINING WALL DESIGN TYLIN

INTERNATIONAL

Seminar

Seismic Passive Pressure-Modification for Cohesion

chH = 0.2
ciyH= 0.1
14 —
14 - ——=2
—e—= 120 12 e ’ E:
12 w4225 U IR o S S S —B=§= 225
........... - - — = e - —h— =25
10 A §= 25 S =t - 175
[ —a—h=17.5 s a [ I
=27.5 ——| —a—§= 10
< - T * 6 m& - ——§=325
= 6 . —— =325 R _h‘: —.—p= 15
p — _—te T, g5 4 - e ] s
p I o =i
4 X - —§=137.5 ) —— =40
——h= A0
 I—_— == e
0
0 ! 0 02 0.4 06 08 1
0 0.2 0.4 06 0.8 1 k. (a)
kq(g)
clH = 0.15 ofH =025
'\!’ - .
14 —
14 ——p=20
—— =20 12 [ _— —B—§= 225
—m— = 215 A
10 P —a— =25
—h— =25 Bl — q,ﬂ,___:“:‘*h - §=275
—— =275 g 6 —— = =30
o . &= x & e, —8— =325
i —8— =325 T, s S .- - 35
— —-— =35 4 —3— — =375
——g= 375 . —=— =40
—_—=40
0
a - 0 0z 0.4 06 0.8 1
0 02 0.4 0.6 08 1 k. (g)

ki (g)
REF: AASHTO LRFD Chapt. 11

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



e TRIAL WEDGE - SEISMIC TYLIN

INTERNATIONAL

Engineers’
Seminar

mwm M?VA\\ Why Trial Wedge
Method?
0 Broken Slope
° 0O Cohesion
. O Any Geometry
Forces Acting on 4

Trial Wedges for g .

Earthquake Loading a Multilayer Soil

PAE 3

Force Polygon
for Typical Wedge

2
R\ | W
1
knW Combination
of Force Polygons
| e . to Obtain Max PAE

REF: NCHRP Report — NR611

AASHTO & Caltrans Criteria Changes in LRFD Design for Earth Retaining Structures By: Ahilan Selladurai, PE, SE, PMP
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b
L
g
“n\.__.
Soil Self Weight: W1 w2 w3
>
"D" is the horizontal distance from the
Horiz Eccen, I intersection between the FG and back of
- stem to the point of interest.
Vert Eccen
Top of footing / I
|1— Fol
Stem Trial Wedge: Soil Mass

Reaction Angle

Total Reaction —
Point of Int=rast ™ Failure Angle

I

Global Trial Wedge:

Soil Mass
RW
Totzl Reaction >

\l Failure Angle

Run Trial Wedge
Analysis

Minimum trail wedge failure angle: 0.4445 rad
Trial wedge iteration step size: 001 rad

static and Seismic Trial Wedge analysis and Soil Weight

Stem Static Soil Pressure (Strength/Service):

H POI Soil H |Angle to|Angle to| Failure | React | Wtof | Cohes | Total P Pac
Toe Top Angle | Angle | Mass | Length | React.
i) | (ft) (ft) (rad) | (rad) {rad) (K) (it) (k/ft) | (kips) | (kips)

0.00 3100 | 1326 | 1115 | 1040 | 0211 | 42.20 417 18.91 0.25 0.12
261 2835 | 1298 | 1078 | 1005 | 0.211 | 38.60 396 15.85 0.25 012
750 2350 | 1232 | 1000 | 1035 | 0230 | 2397 320 1049 0.00 0.00
1240 [ 1860 | 1136 | 0902 | 1035 | 0.138 | 1478 240 6.45 0.00 0.00
1550 [ 1550 | 1.051 | 0.827 | 1015 | 0.050 | 1017 189 4.46 0.00 0.00
2170 9.30 0.784 [ 0637 | 0.990 | 0.000 3.78 111 1.58 0.00 0.00
24.80 6.20 0.576 | 0520 | 0.870 ([ 0.000 211 8.1 0.60 0.00 0.00

31.0

TRAIL WEDGE - NOT A BLACKBOX ['YLIN

INTERNATIONAL

W(e-sinfo = y) = Fole)-cos(dy)

Pooilst1(®d =

cosfoc— by = §y)
| MATHCAD
- - STATIC
= _ EARTH

0

0 20 40 60 30
d
f(o) = —P, (o)
: soil stl

Ol Foj) = 100t () 00, 30deg, B0deg) = 58.352-deg

W(e)-sinfon— ) + W) Ky-cos[a— by} — F(e)-cos(dy )
oo 5]

Peoilex1(®) =

1 ' MATHCAD
feam ' - SEISMIC

— 9 | EARTH

20 b

=

d
d{o) = d_mpsoil.exl(c‘]

oyt Faif = root(d(a]) o, 30deg, 80deg) = 47.433-deg

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




COHESION & IRREGULAR BACKFILL TYLIN

INTERNATIONAL

(08

Bava= B at x = 2n
:lequ e B Buvg: IB max ~ B min

2

~ h = Wall helght

Bmax calculated ot
x = 2h

%'_ Slope Approximation § ‘
7 for Irregular Slope

Criticalvalue of & is between o calculated
using Bmin and Bnax - Use Bgyg for first trial

0,=y*h*K, +2CVEK,

—

a

p
« The active lateral earth pressure (0,) should not be less than 0.25
times the vertical stress (o,=y*h) at any depth'.

* Kypparent=02/(Y*h) 2 0.25

« Laboratory testing should be required to support soil parameters
resulting in K<.25

Bells Relationship for Cohesion

AASHTO & Caltrans Criteria Changes in LRFD Design for Earth Retaining Structures

By: Ahilan Selladurai, PE, SE, PMP



COHESION & MULTI LAYER SOIL TYLIN

INTERNATIONAL

Soil Pressure Distribution for Cohesive soil

2CVK,
=

cr | T :___> !

J F_Ua U=

'E'n.

Multi-Layer Soil

F05=1.147

Y {(m)

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




OUTLINE TYLIN

INTERNATIONAL

> 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

AASHTO & Caltrans Criteria Changes in LRFD Design for Earth Retaining Structures By: Ahilan Sellad

urai, PE, SE, PMP



REASONS FOR CHANGES TYLIN

» LRFD/CALTRANS Eccentricity Limit Requirements

» LRFD/CALTRANS Live Load Surcharge Load Application
| Requirements

» LRFD/CALTRANS Seismic Load Application Requirements

» LRED/CALTRANS Seismic Inertia Force Application
- Requirements

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

» LRFD/CALTRANS Rectangular Bearing Pressure

By: Ahilan Selladurai, PE, SE, PMP

AASHTO & Caltrans Criteria Changes in LRFD Design for Earth Retaining Structures



ECCENTRICITY LIMITS TYLIN

INTERNATIONAL
I r_\— Eccentricity of Load

Resultant Force —i»g | _ _
- j&———— Center Line of Footing

AASHTO

Both Soil and Rock

2007 NA 3V‘A\lel-lskzltl:k 2W/3 - EQ=0.0
8W/10 - EQ=1.0
. Both Soil and Rock
2010 NA 3\‘2;;:45%:::* 2W/3 - EQ=0.0
8W/10 - EQ=1.0
2W/3 Soil B‘;t\:,}c‘;’ 'igd_oR‘(’)c"
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

The load factor for live load in Extreme Event Load

o 1 Togr stall be detenmned on a prorec CALTRANS — SERVICE ONLY — Limit W/6

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



» LRFD/CALTRANS Eccentricity Limit Requirements

» LRFD/CALTRANS Live Load Surcharge Load Application
Requirements

» LRED/CALTRANS Seismic Inertia Force Application
- Requirements

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

» LRFD/CALTRANS Rectangular Bearing Pressure

REASONS FOR CHANGES TYLIN

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



SURCHARGE LOAD TY-LIN

INTERNATIONAL

LFD - 2 ft or 240 psf Surcharge Always

( Different in LFD & LRFD Point Load Uniform Load
Q (forcellength) X4 X,

Table 2.11.6.4-1—Equivalent Heizht of Sotl for Vehicular | ¥
Loading on Abutments Perpendicular to Traffic

]

L ——) Q fﬂ]meng‘h}

ATh TR TR

Abutment Height (ff) hy (1)
3.0 40
10.0 3.0

=200 2.0 H

H f— ﬁph

1)\\\\‘\ AR AN NRY NN Y
o

Table 3.11.6.4-2—FE guivalent Heizht of Soil for Vehicular
Loading on Eetamming Wall: Parallel to Traffic

e HNN HNN NN BN DNN NN DEN DEN DEN DN BN DEE DD DEN BN BN BNy

7 S

21.0ft

SRRRRRT!

i h,, (ft) Distance from wall
ackdceto edeeoftraffie -
Fetammng Wall Height 10ftor
(ft) 0.0 fi Further

5.0 5.0 2.0

10.0 33 20

=20.0 20 20

/

\

The load factor for both wertical and horizomtal

components of live load surcharge shall be taken as
specified in Table 3.4.1-1 for live load surcharge.

Backface

\ﬁ———————————

s’

L. F Ty

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




REASONS FOR CHANGES TYLIN

» LRFD/CALTRANS Eccentricity Limit Reqguirements

» LRFD/CALTRANS Live Load Surcharge Load Application
| Requirements

~ LRFD/CALTRANS Seismic Load Application Requirements =

» LRED/CALTRANS Seismic Inertia Force Application
-~ Requirements

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

» LRFD/CALTRANS Rectangular Bearing Pressure

By: Ahilan Selladurai, PE, SE, PMP

AASHTO & Caltrans Criteria Changes in LRFD Design for Earth Retaining Structures



SEISMIC LOAD LOCATION TYLIN

INTERNATIONAL

2007 AASHTO

STATIC SEISMIC ONLY TOTAL
SOILPRESSURE SOILPRESSURE SOILPRESSURE

[KeoK, |

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



SEISMIC LOAD LOCATION TYLIN

INTERNATIONAL

2010 AASHTO

STATIC SEISMIC ONLY TOTAL
SOILPRESSURE SOILPRESSURE SOILPRESSURE

[ KoK, |

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



SEISMIC LOAD LOCATION TYLIN

INTERNATIONAL

2012 & 2014 AASHTO

STATIC SEISMIC ONLY TOTAL
SOILPRESSURE SOILPRESSURE SOILPRESSURE

[ KoK, |

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




REASONS FOR CHANGES TYLIN

» LRFD/CALTRANS Eccentricity Limit Requirements

> |LRED/CALTRANS Live Load Surcharge 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



SEISMIC INERTIA LOAD TY-LIN

INTERNATIONAL

CONCEPT

’_-----------_----

Y \
| 1. WALL INERTIA FORCE :
1 2. SOIL MASS OVER HEEL :
' INERTIA FORCE I
l\ !

-----------------,

AASHTO & Caltrans Criteria Changes in LRFD Design for Earth Retaining Structures

By: Ahilan Selladurai, PE, SE, PMP |
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INTERNATIONAL

TY.

BEFORE 2012 AASHTO

a
g
@)
]
<
-
14
1]
<
O
=
L
L]
&

IGNORE INERTIA

*
h

{
K

|
I

ciy

H

5
i

TOTAL
SOILPRESSURE

Ahilan Selladurai, PE, SE, PMP

By

SEISMIC ONLY
SOILPRESSURE

I Kae' a I

%)
¥
=~
==
3}
g
N
)

STATIC
SOILPRESSURE
ining

I8TIE

| AASHTO-2007 r T

from wall

ing

{.54. Forces result

t k=
riia effects may be ignoted in estimating the se
lateral earth pressure. Refer to Appendix A.

CIEN

In general, the psendo-static approach developed

Mononobe and Okabe may be used to estimate
equivalent static forces provided the maximum lateral

SEISIMIC COE

ne

carth pressure, active and passive are computed using a

be
imit state of

1.0and an accepted methodology.

ted using the Extreme Event I |

investige

The effect of earthquake loading shall
AASHTO & Caltrans Criteria Changes in LRFD Design for Earth Reta

B Table 3411 with resistance factor ¢=1.0 and load

I 1186 Seismic Design

I
I
I factor v,

L




COMBINATIONS

2012 & 2014 AASHTO

|
| 50% (WALL & SOIL)

*
Kh WWALL

SEISMIC INERTIA LOAD TY-LIN

INTERNATIONAL

-----------------\

100% P,

e

- = .-

AASHTO 2014: 11.6.5

P =k, + ) (11.6.5.1-1)

and where:
P, = dynamic lateral earth pressure force

Pr = horizontal inertial force due to seismic loading
of the wall mass

ky, = seismuc horizontal acceleration coefficient
W, = the weight of the wall

W, = the weight of soil that 15 immediately above the
wall, mncluding the wall heel

TOTAL SEISMIC
SOILPRESSURE

Combie 100 percent of the seismuc earth pressure
Pz with 50 percent of the wall mertial force Py and

Combime 50 percent of Pz 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
inertial force Pg.

AASHTO & Caltrans Criteria Changes in LRFD Design for Earth Retaining Structures

By: Ahilan Selladurai, PE, SE, PMP



COMBINATIONS

2012 & 2014 AASHTO

| 100% (WALL & SOIL) |

*
Kh WWALL

SEISMIC INERTIA LOAD TY-LIN

INTERNATIONAL

-----------------\

50% Pae (2 P,)

- = -

AASHTO 2014: 11.6.5

P =k, + ) (11.6.5.1-1)

and where:
P, = dynamic lateral earth pressure force

Pr = horizontal inertial force due to seismic loading
of the wall mass

ky, = seismuc horizontal acceleration coefficient
W, = the weight of the wall

W, = the weight of soil that 15 immediately above the
wall, mncluding the wall heel

TOTAL SEISMIC
SOILPRESSURE

Combie 100 percent of the seismuc earth pressure
Pz with 50 percent of the wall mertial force Py and

Combime 50 percent of Pz 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
inertial force Pg.
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» LRFD/CALTRANS Eccentricity Limit Requirements

» LRED/CALTRANS Live Load Surcharge Load Application
Requirements

»- LRED/CALTRANS Seismic Inertia Force Application
— Requirements

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

» LRFD/CALTRANS Rectangular Bearing Pressure

REASONS FOR CHANGES TYLIN
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AASHTO LOAD COMINATIONS TYLIN

INTERNATIONAL

Table 3.4.1-1 Load Combinations and Load Factors. S N

< \
oo Use One of These at a Time
| ol | “| I EH-Max + EV-Max 1
D | IM | | | ]
EH | CE i
Load EV | BR T W -Mi .
Combination E5 PL CR I E H M aX o EV Ml ﬂ l
Limit State EL LS WA J WS | WL FR SH TG | SE EQ ic cr cV l '
l— -~ e — "
STRENGTH I vy 175 | o0 | — | — | 100 | 053WL20 | vrg | vse — — . — | EH“Ml n + EV-MaX ]
(unless noted) Py _ — i i
STRENGTHI | 1, . 00 | — | — | 100 | 050120 | yo | ye | — | — | — | — I [
STRENGTH 1p | — | IDLL40 | — | 100 | 050120 | yrg | vse | — | — | — | — _ . 1
I S | s EiEMinEPu-Nin=s
STRENGTH W | — | 00 | — | . 050020 | — | — | — | — | — | — < =
v Table 3.4.1-2 Load Factors for Permanent Loads, y,, T o o e 5 D —_—— -
STRENGTH VY ¥o 1.35 100 | 040 | L0 |.00
Eﬂﬁf;ﬁ | * | il e I Type of Load, Feundation Type, and LoadFactor
EXTREME v | 050 | o0 | — | — | 100 - Method Used w Calculate Downdrag - Maximum | Minimum
EVENT II . DC: Component and Attachments " 1.25 0.90 4
SERVICE I 1.00 | 100 | 1.00 | 0.30 | 1.0 | 100 | 100/1.20 | DC: Strength IV only 1.50 0.90 j
| SERVICE I Log | L30 | 100 | — — | LoD ! LO01.20 | D Downdrag | Piles, o Tomlinson Method i 1.4 0.25
SERVICENI | 100 | 080 | 100 [ — [ — [ 1.00 | 1.06/1.20 Piles, & Method [ 108 0.30
| SERVICEIV | 100 | — | 100 | 0.70 1.00 | 1.00/1.20 Drilled shafts, O°Neill and Reese (1999) Method 1.25 0.35
EATﬁUE’CE_ ' 0715 | — — | " Di¥: Wearing Surfaces and Urilities i 1.50 0.65
01[1}:'1' ¢ [ ] EH: Horizontal Earth Pressure
«  Active : 1.50 0.90
— — ———— * Al-Rest I } ig i:l?z
2 . «  AFEP for anchored walls 1 : o
lefe rent in ASD & LRFD Ef: Locked-in Erection Stresses | 1.00 1.0:0
| EV: Vertical Earth Pressure |
¢ Overall Stability I o0 N/A
Big Envelope with Max-Min Factors * Reiaining Walls and Abutments 1.35 1.00
+ Rigid Buried Structure 1.30 0.50
» Rigid Frames L :;; ggg
+  Flexible Buried Structures other than Metal Box Culverts I . : I
Resulted Blgger Geometry ] +  Flexible Metal Box Culverts l 150 ogo |
ES: Earth Surcharge \ 1.50 .75

?--------—
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f]

AASHTO LOAD COMINATIONS TYLIN

BEG L] (* - 50% Pag 2 Pasmamc) | =

\3} INTERNATIONAL
Tihl:l-i.l-lLDnanmbinal-ior‘-----------------\\ "—_-----—---\\
|
| % 4 100 % Py + 50% Inertia | | EH-Max + EV-Max |
EH C | [
Load EV | B II | i - - I

Combimi | 59 j 50% P, *+100% Inertia 13 x ;| Sr-Max+EV-Min 1

e | |} Ito- I EH-Min + EV-Max |
|
]

A L Enmin + Evemin

it 1
v Table 3.4.1-2 Load Factors for Permanent Loads, 1. e
STRENGTHV | 4w | L35 | LOD | 040 | 10 | 10D | 0.50/1.20
| 2 TRED ot
Eﬂﬁm " JF - '-I"—w i — Type of Loa n Type, and LoadFactor
EXTREME *E‘ 050 100 | - — T 100 — Method Used te Downdrag - )\da_xinu_m_ Minimum
EVENT I . DC: Component and Attachm ‘/ 1.25 090 Ty
SERVICE I 1.00 | 100 | 1.00 | 0.30 | 1.0 | 100 | 100/1.20 | DC: Strength IV only 1.50 0.90 j
| SERVICE Il 100 T 130 [ 1.00 | — [ — | 100 | 1.001.20 | Dp: Downdrag | Piles, i L4 0.15
SERVICENN | 1.00 | 080 | 100 [ — | — [71.00 | 1.00/1.20 Piles, & [ 105 0.30
| SERVICEIV | 1.00 | — | 100 | 0.70 LOO | LO0/1.20 Drilled sha 11l and Reese (1999) Method 1.25 0.35
Ef'[.;]'rﬁf;!ECE' ' 075 | — — | - " D= Wearing Surfaces and Utiliti i 1.50 0.65
L] ' . .
i
1.35 0.90
1 8COMBINATIONSFOR ! { |3 090
F——1 -
2 Lo EXTREME EVENT I 10 L00
| -. mmjmm----—-----—_' | 1.00 MNiA
¢ Retaining Walls and Abutments 1.35 1.00
« Rigid Buried Structure 1.30 0.50
e Rigid Frames {1 00
+  Flexible Buried Structures other than Metal Box Culverts I L. : I
+  Flexible Metal Box Culverts I 50 oso |
ES: Earth Surcharge N 150 0.75

?--------—
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CALTRANS LOAD COMINATIONS

TY-LIN

INTERNATIONAL

Memo to Designers 5-5 April 2014

Service-la

% -

1.0LS -1

e IR E ST

Service — 1b

~ 1.0EHsinB _ 1.0EHsin®
1.0V ok o 1-oEv | ock
- & - L
l ‘ﬂ 1.0EHCOSE = l "’ﬂ—f LEHCosE

service [g - for settlement

service b - for eccentricity

analysis and deformation aonalysis
.,-r"‘r-'-i-- _d_.d"'-FFF _F_,_.-r"'rr-
i . -=7  1,75LS =
T s ARRTRNYE o
1 1k - i 1 1 [
.SEHsin® 1.5EHsind ) knEV  1+O(EH+EQE]sind
k., OC ol =
1.0EY 1.0(EH+EQE)
1.5EH o l 1.5EH & L ) -
o 1.0EW 1.0(EH+EQE Jcos
15 1,5EHCOoS) a 2 1 5EHcoss = ’
>
Strength la for bearing and Strength Ib for bearing, sliding and Extreme tvent [ - for eccentricity,

structrual copacity onalysis

Strength — 1la

structural copacity onaolysis

bearing, sliding and structural
copacity analysis

Strength — 1b Extreme-1
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CALTRANS REQUIRED CHECKS TYLIN

INTERNATIONAL

Minimum Analyses for Earth Retaining System Design

Memo to Designers 5-5 April 2014

Table 1 Analysis for ERS Design

Limit State Service I Strength Ia | Strength Ib | Extreme Event I (Seismic)
Bearing Stresses® X X X X
Eccentricity X X

Sliding X X

Structural Service X

Performance

Structural Capacity X X X

* To be checked against actual project conditions before use of the Standard

AASHTO & Caltrans Criteria Changes in LRFD Design for Earth Retaining Structures

By: Ahilan Selladurai, PE, SE, PMP




AASHTO LRFD vs CALTRANS  [YLIN

INTERNATIONAL

CHECK AASHTO CALTRANS

SERVICE YES-SETTLEMENT YES-SETTLEMENT
BEARING STRENGTH YES YES
EXTREME YES YES
SERVICE NO YES
ECCENTRICITY STRENGTH YES NO
EXTREME YES NO
SERVICE N/A N/A
SLIDING STRENGTH YES YES
EXTREME YES YES
SERVICE YES - CRACKING YES - CRACKING
ST%LIJE%TSISAL STRENGTH YES YES
EXTREME YES YES

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



REASONS FOR CHANGES TYLIN

» LRFD/CALTRANS Eccentricity Limit Reguirements

» LRED/CALTRANS Live Load Surcharge 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



BEARING PRESSURE TYLIN

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-2¢e) (where e-eccentricity). Following figure
shows soil pressure distribution.

1 Plastic Soil — For Geotechnical
| Pressure Evaluation

| 3V

. 11632-1
Y =35 ( )
Pmik ittt
1
I [
| 1 E V[ _E} =
g, =——)|1+6 (11.6.3.2-2}
: ! 5\ "8
Vemdm s a———
B. SolL PRESSURE FOR STRUCTURAL DESIGN: o :H[l_ﬁijl (11.6.3.2-3)
mmr E -E

——

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

I e (11.63.2-4)
) A(8/2)-¢))
W L] S =0 (11.63.2-5)
[innsg
— B Triangular Pressure Distribution
= Critical for Structural Design

Soil Pressure Reporting: (q,,B’)
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LRFD BEARING CAPACITY -SAMPLE

TY-LIN

INTERNATIONAL

|I g I T
/ -
18 - 1 il — o
1 7 o
-
“ / g s Service limil state for 2-inch setflement
.
o \ 7 PP == ™= 'Service limit state for 4-inch settiemen
[ -~ "
o / -~ == == Strength limit state
= 14 = :
2 / .-"" == Extreme Event Limit State
= e e R —
E 12 f.f_-‘,', —!S SAMPLE DESIGN OUTPUT
s _a o ==
=] \ '.r"' Load Combo | g, orgu. B
. i o OSSN — . (dim) (ksf) (f1)
= '.-( Service | 3.5 21.6
5 .p"'" # \ Service Il 3.3 22.7
Strength la 5.8 20.5
E 8 —,..-l"' - §\'— o — Strength Ib 5.1 17.4
% \\ — | Strengthic 5.0 23.6
N # | strength llla 5.5 214
rd & e 2% “ [ strength b 4.7 18.6
- Strength Va 5.7 20.7
Strength Vb 5.0 17.7
Extr Event| 6.4 14.1
4 1 —— Extr Event Il 4.0 22.2
Service | 3.5 21.6
Service |l 3.3 22.7
) Strength la 5.8 20.5
= | strength Ib 5.1 17.4
% Strength Ic 5.0 23.6
Y | strength llla 5.5 214
0 ¥ Strength lllb 4.7 18.6
ﬂ 5 10 15 Strength Va 5.7 20.7
Strength Vb 5.0 17.7
Footing width, B (feet)
Case 1: Mo live load surcharge placed over heel
Case la: With live load surcharge placed over heel, as applicable

AASHTO & Caltrans Criteria Changes in LRFD Design for Earth Retaining Structures

By: Ahilan Selladurai, PE, SE, PMP




LRFD BEARING CAPACITY EVALUATION - 'Y'LIN
STRENGTH LIMIT STATE EXAMPLE

. i e

- s Sarvice limil state for 2-inch setflement

Service limit stata for 4-inch settlemant
== == Strangth limit stala
= Exlramo Event Limil Stale

B (12 ft, 14.0 ksf)

Factored Bearing Capacity (ksf)

Example: Point A is Critical than

A (3.5 ft; 8.0 ksf)

0 5 10 15 20 25
Footing width, B (feet)
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OUTLINE TYLIN

> Geometry & Cost Comparison ASD/LRFD

> Standard Walls vs Special Design:Walls

Summary of Reasons For Changes

> Other Type of Walls

> Conclusion

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



- TYPE OF RETAINING WALLS TYLIN

Seminar

Cantilever Type Walls

| Type -5 l | Type - 7

Foundation Type: Footing or Piles

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



B TYPE OF RETAINING WALLS TYLIN

Seminar

. Geosynthetic - Reinforced Soil Walls
Counterfort Retalnlng Wa.IIS Tomntiese Integrated Approach

Beam Seat (Continuous Pavement ) [Gectextle Wrapped Layers at Beams to
(Supported Directly on Bearing Bed) Form Smooth Transition)

> s g i esnran)
s A R ———— 9—‘
N ay W
= ]
@ _ Counterfort Counterfort / P
nM | — ~
:l )_\\ q&-w:dhce Geosynthase I E - ~
: ! T e . . Facing Elements b — Ve )
Face of Wall 1 o i AR EF A IR 5 e T AR {Frictianally Connected — < Baaring Bed
NN Face of Wﬂ“ : s Top Three Courses Pinned and Grouted) ‘1 -+~ Reinforcement
RS Tl ¢ — “ - {Load Shedding Layers
g :| P 4 :I AN o r — yd Spaced at €6in )
3 A ,
| 2 | T iy
P e e e _? % y
[T P SRR, ~ - : . . GRS Abut
e > @ T Ry Scour Protection (Rip Ra utment
/ j ~ Base Slab — e e ey 1 (,mm“wm[" .f,.“f] R [Reinforcement Spacing s 12in.)
o e e — A
L=
i o Reinforced Soil Founcation
- - ——— (Encapsulated with Gearextile|
MSE Walls Crib Walls [ Gravity Wall
i
X
Face b
Panels — | :
? GRAVITY
' L —_—

—

NOTES: W.S.= WATER SIDE (OR SEAWARD, UNPROTECTED SIDE}
L.S.= LAND SIDE (OR PROTECTED SIDE)

[ > CSM (Concrete-Soil- &

Mix) Wall

= Soil Reinforcement

MSE Wall with Precast
Concrete Face Panels

Precast Concrete Crib Wall

» DSM (Deep-Soil-Mix)

\> Secant Pile Walls J

(US ARMY CORP EM 1110-2-2504) (FHWA NHI-11-032 AUG 2011 (REV-1)
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OUTLINE TYLIN

» 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 TYLIN

INTERNATIONAL

> 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.

> DOTSs’ Issues Interim Memorandums to Amend AASHTO
LRFD Requirements.

WAITING FOR UPDATED STANDARD PLANS & XS SHEETS
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