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Project Overview
1 Lead, UCLA

Develop Experimentally Validated Macro-element Models for Skew Abutments

2
Adapt Macroelement Models for Biaxial Pile/Foundation-Soil Interaction

3 Lead, UCI

Develop a Database of Simulation Models for Skew Bridges

4
Develop/Select Sets of Representative Ground Motions

5]
Quantifty the Sensitivity of Skew: Bridge Response and Damage Metrics

to Kev Input Parameters

6
Update Caltrans Seismic Design Criteria for Skew-Angled Bridges



Defining a bridge analysis matrix

Need recently designed briages California Log of Bridges
on State Highways

Box-girder deck and seat-type
abutment

Located at a highly: seismic region

Availability of as-built structural
drawings

District 12




Skewed Bridge Model Matrix

Column Symmetric Non-symmetric

Height |00°[15° [30° [45° |60° |00° |15° |30° |45° [60°

: Lower
2 Span Single Column

: Lower
2 Span Multiple Column

: Lower
3 Span Single Column

Lower

3 Span Multiple Column Upper

Single Span — I

Bridge modeled and analysis has started

Bridge in modeling phase

No action yet




Existing Bridges as Seed Models

Bridge

B:o(l)ge Structure Name Length V\::ﬂ;h ;f"alz
' (m)

Bridge Type

2 Span Single Golumn
Jacktone — SB 99 La Veta Ave. / CA-55



Rules for varying bridge structural
parameters from seed models

Ao = 0.04L

Elastic Deck Abutment Spring
AAAYA A VAVAYS
Abutment Spring T . ‘E ]
astic Hinge

Dco/ =0.3 ddeck - [ H original

Plastic Hinge

777 P = Poriginal

Developed after: Mackie & Stojadinovich

Simple Support for Multi-Column H — 8D
max — col

Fixed Support for single column

777




Development or
Macroelements for Skew
Abutments



Skew-angled abutments




Skew-angled abutments

torsionally stiff



Skew-angled abutments

torsionally stiff



Skew-angled abutments

torsionally stiff

flexible



Skew-angled abutments

torsionally. sti

ALl L LR 2.0 2.
SRR RPRIRIRNIDNAROS

flexible



Past Work (Caltrans)

Model for Zero-Skew




Modeling Approaches

1.

2.

_imit equilibrium (LS

-inite element mode

H) models

S

3. Simplified (HFD) models

F

AR

O:

1w

f

Ell
f—




Validation




Validation

+ UCD test by Romstad et al. (1995) (cohesive)

[em—
-
-
=)

LSH curve
s 2D FEM
3D FEM
o UCD test

Lateral Force (kN)

! | . ; . ! | ! ! ! !
10 15
Displacement (cm)




Validation

+ UCD test by Romstad et al. (1995) (cohesive)
+ UCLA test by Stewart et al. (2007) (silty sand)

O
S
=

S
S
S

Lateral Force (kN)

LSH curve
e i s 2D FEM

—== LSH (lower bound) 3D FEM

— LSH (upper bound) O UCD test
—— UCLA test

8 10
. 1 l L 1 1 1
Displacement (cm) 10

Displacement (cm)




Validation

+ UCD test by Romstad et al. (1995) (cohesive)
+ UCLA test by Stewart et al. (2007) (silty sand)

+ BYU tests by Rollins et al. (circa 2003) (clean & silty sands, gravel)

1500

Force (kN)

— LSH curve
HFD curve (Eqg. 19) LSH curve
<& BYU data o i 2D FEM

—== LSH (lower bound) 8D FEM

— LSH (upper bound) O UCD test
—— UCLA test

] . " . ] . . " | . . ! ] .
4 6 8 10 I
Displacement (cm) Displacement (cm) 10

Displacement (cm)




HFD Model



HFD Model

+ Height-dependence is explicitly modeled

= H =250 m

- g - H=250m

o H=225m

o © —H=225m

—a—

o © © H=200m ! o g H=175m
[ Y o—o— H=16Tm

g
2

© © 2 H=175m o~ H=150m
5 0 &% H=16Tm |

© 9 H=150m
Q 90—
09—

0 00 H=125m

g oo H=125m

vévv

oo H=1.00m

Lateral Force (kN/m)
Lateral Force (kN/m)

LSH I LSH
MHFD Eq. (12) - a MHFD Eq. (12)
UCLA data UCD data

| PR | PR | P i i el i 1 1 1
6 8 10 12 14 10 15 20
Displacement (cm) Displacement (cm)




HFD Model

+ Height-dependence is explicitly modeled

+ Suitable for massive computation

—g— H=225m

- W o H=200m
— _ H=175m
// _g .
H=1.6Tm

// _ O
/ ‘,:_,:f——?f' H=150m
/A P :—"

a8
S

— H=1.25m

oo H=1.00m

Latcral Force (kN/m)

(]
8

LSH
MHFD Eq. (12)
A UCD data

1
10 15 20
Displacement (cm)




HFD Model

+ Height-dependence is explicitly modeled
+ Suitable for massive computation

+ Cited in upcoming Caltrans SDC

// e
o] H=225m

wn
=
=
(=]

g

g

H=1.00m

Lateral Force (kN/m)

g

Shamsabadi A, Khalili-Tehrani P, Stewart JP, Taciroglu E (2009). Validated simulation
models for lateral response of bridge abutments with typical backfills, ASCE Journal of
Bridge Engineering, (in print).

L ) 7
Yavg Ymax




Recent Work
(Caltrans & PEER)

Physically parameterized
HFD curves




EHFD Equation

= H
H+by
a, br had been shown to be parameters.
1
We decompose them furtherasin — a, = % (n—-1Do b = E (n—2)

E/l max ymax
o = It B - y T] e

/N 7o\

H" H V0

where



Parametric Studies via |.SH

Matrix of soil parameters considered in parametric studies

® Soil failure ratio: R, =0.96
Soil unit weight: y € {14 ~ 24 tkPa ® Interface Adhesion: ¢, = 0.65c¢

g {0.0015 o 0.0075} ® |nterface friction: 0 =2/30



3-equation for Wall Deflection at Capacity

_yult
P="4

/(9.€,,) Running LSH for ¢- & values and fitting = B (tan)” + B,

4
B= [1703 : 683.4(tan¢)1-23]550 NESM:(Trust Region)

(value). .. —(value)

LSH
(valie)

approximated > 1 OO

LSH

B Residual (%)

15 20 25
Friction Angle (¢)




. -equation for Wall Capacity

Linear dependence on ¥ in agreement with Bell's equation.

" fpey)
.Igrn > Qb,(j,)/

a 5 I 2 ’

(0.507 +2.63¢ i =0
[5.62(1‘%1(/))2 + 0.53:|j/ + [10.58(tan¢)1‘79 + 2.86}0 otherwise

o Residual (%)

~
3
(=
=2
~
=
=
0
L
i~
=]
-

15 20 25
Friction Angle (¢)




n-equation for Height Effect on Wall Capacity

I )
Fu=1KH +2cJK H =y I<n<2

2 ¢ =0

= f(C,d),”Y) 1R 0.01dane) e EAD +0:90- - Otherwise

: Je

Exponent Residual (%)

=

~
=
(=
-
L
=
=
W
L
=
=)
O

15 20 25
Friction Angle (¢)




N -equation and Its accuracy

n = 2 £(0,0) = £(0) Affects backlbone curve shape,
Vst especially at small displacements.
(15.47 ford <5 &0
T =+ 18.10=9.38 tan((p) fOI’¢ >5&c#0 n Residual (%)
| 14.36 —7.494/tan(@) - “forallp&e =10

~
&~
Ay
=
=~
=
=
7
L
=
=]
-

15 20
Friction Angle (¢)




Verification of EHED Eguations

Béfi{t\;;ln C (kPa) d’o Y (kanls) 3 H (m) ([(i:l\tl);l;l! (ym(cclirn))L.S‘l!
(1) 220 1. 21219 5.68
(2) 5 16.5 18 432.18 19.74
(3) 5 25 18.0 727.29 12.79

) 2 : 20.0 . 454

L awmes oy

LSH versus EHFD
+——+—+ Backwall System 1 (LSH)
#=—==—= Backwall System 1 (EHFD)
AH—4&—4A Backwall System 2 (LSH)
A——A A Backwall System 2 (EHFD)
C—E&—0 Backwall System 3 (LSH)
®—@® @ Backwall System 3 (EHFD)
&O—<S——< Backwall System 4 (LSH)
€ —9—¢ Backwall System 4 (EHFD)

5
&)
P
&
-
=]
=
p—(
e~
o
=?)
-
-
=
p—
-
@
N
-
—(
s
-
=
-
z

0.4 0.6 0.8
Normalized Lateral Deflection (3/yy7¢)




Validation against Experimental Data

Parameters

: . Backfill So1l
Experniments

4
(KN/m’) £50

BYU Clean Sand : 184 0.0020
BYU Silty Sand . 19.2 0.0030
RPI Dense Sand : 16.2 0.0035




Validation against Experimental Data

Parameters

Backfill So1l
wn P ) ‘ | wall friction factor
BYU Clean Sand 383 84 00020 f=0.64(0/¢)+ 0.56

BYU Silty Sand 31.0 19.2 0.0030
RPI Dense Sand 0.0 16.2 0.0035

Experiments

17



Validation against Experimental Data

Parameters

Backfill Soil
wn P ) & ‘ ~ wall friction factor
BYUCleanSand 38 300 184 f=0.64(6/¢) + 0.56

BYU Silty Sand : 27.0 102
RPI Dense Sand : 39.0 16.2

Experiments

o
(=
(=]

BYU Clean Sand
¢ & ¢ Expenment
—— LSH
EHFD
Factored EHFD

Passive Force (kIN)

E N
(=
(=]

Deflection (cm)




Validation against Experimental Data

Parameters

Backfill Soil

y - | wall friction factor

(KN/m’ )
BYU Clean Sand : 184 f o2 064 (5/¢) —|— 056
BYU Silty Sand . 102
RPI Dense Sand . 16.2

Experiments

-
N
(=
(=]

Passive Force (kIN)
—
(=]
(=]
(=]

BYU Silty Sand
¢ ¢ ¢ Expement
LSH
EHFD
Factored EHFD

Deflection (cm)




Validation against Experimental Data

Parameters

Backfill Soil
RS ‘ ~ wall friction factor
BYU Clean Sand 3 184 f=0.64(6/¢) + 0.56

BYU Silty Sand : 19.2
RPI Dense Sand : 16.2

Experiments

-
==
(=
(=]

Passive Force (kN)

RPI Dense Sand

¢ @& Experiment
LSH
EHFD
Factored EHFD

|
4

Deflection (cm)




Validation against Experimental Data

Parameters

Backfill Soil

o) AR - - wall friction factor

Experiments

F=064(6/0) + 0.56

BYU Clean Sand  3.83 18.4
BYU Silty Sand 31.0 102
RPI Dense Sand 0.0 16.2

-
==
(=
(=]

ssive Force (kN)

Khalili-Tehrani P, Shamsabadi A, Stewart JP, Taciroglu E (2009). Physically parameterized
backbone curves for passive resistance of homogeneous backfills, ASCE Journal of

Geotechnical & Geoenv. Engineering, (Coming soon).

Deflection (cm) 17
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How to scale for skew?

straight-abutment with wall-width w;

-~
v
=3
R~ 4
=
k=)
Q
[
Q
S
w©
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Q
-~
1]
-

2.00 2.50
Lateral Displacement (inch)




How to scale for skew?

skew abutment with deck-width w;,

500.00

straight-abutment with wall-width w;

N

skew abutment with wall-width w;,

-~
v
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k=)
Q
[
Q
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2.00 2.50
Lateral Displacement (inch)




How to scale for skew?

600.00

skew abutment with deck-width w;,

500.00 \

U

straight-abutment with wall-width w;
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L "\

skew abutment with wall-width w;,
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How to scale for skew?

600.00

skew abutment with deck-width w;,

500.00 \

U

straight-abutment with wall-width w;

R
L "\

skew abutment with wall-width w;,
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2.00 2.50
Lateral Displacement (inch)




How to scale for skew?

600.00

skew abutment with deck-width w;,

500.00 \

U

straight-abutment with wall-width w;

R
L "\

skew abutment with wall-width w;,
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v
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=
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L ~ U cos«a
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How to scale for skew?

600.00

skew abutment with deck-width w;,

500.00 \

U

straight-abutment with wall-width w;

R
L "\

skew|abutment with wall-width w,
L ~ U cosa
R=AL+(1-AU
={Acosa+(1—XN) U




How to scale for skew?

600.00

skew abutment with deck-width w;,

500.00 \

U

straight-abutment with wall-width w;

R
L "\

skew abutment with wall-width w;,

L~ U cosa

R=XL+ (1 —AU
={Acosa+(1—XN) U
=X +(1—XN)cos T a] L
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Latera | Displacement (inch)

50 1.00




How to scale for skew?

600.00

A =05

skew abutment with deck-width wy_, oo™
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How to scale for skew?

600.00

A =05

skew abutment with deck-width Wil st
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skew abutment with wall-width w;,
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=X +(1—XN)cos T a] L

50 2.00 2.50 3.00 32.50 4.00 4.50
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quo vadis?

1. Complete the development of bridge models

2. Obtain the ground motion suite

3. Upcoming skew test at UCLA

4. Develop a macroelement for a rotating backwall

5. Incorporate new abutment macroelements into the
oridge matrix

6. Plan the hybrid test for following year
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