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Project Overview

< 11 miles of new light rail in S. California
C 9 stations

< 7 bridges

< >4 miles of elevated viaduct

< Several miles of retaining walls

- $2.1B total cost

< 4 kilometers of the alignment affected by

surface fault rupture hazard
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Desk Top Study — Vintage Stereoscopic Aerial
Photo Interretatlon
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Detailed Field Exploration Programs at
Three Bridge Sites

:

LEGEND

Project Alignment

Interpreted Fault Locations:

-~ Kleinfelder (2013)

.~ Alquist-Priolo (CDMG 1991)
- City of San Diego (2008)
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Field Exploration and Fault Mapping at LRT
Overhead Brrdge Site — Plan View
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Geologic Mapping of Cut Surface
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Design Fault Displacements —
Deterministic and Probabilistic Analyses

Notes:

(a) W = down-dip width

(b) L = fault surface rupture length

(c) S =slip rate

(d) RC = Rose Canyon fault

(e} NIRC = Newport Inglewood-Rose
Canyon fault

{f) Numbers in parentheses indicate
weights on the uncertain

parameters. W=k
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Fault Rupture Design Scenario
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Foundation Design Strategy

)

Unusual situation of faulting through foundations
Avoid primary fault where possible
Large Diameter CIDH Piles or mat-footings

Modeling to evaluate foundation behavior and
dlsplacements )
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Desirable foundation behavior Undesirable behavior



Modeling of Soll-Fault Foundation System
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Modeling of Soil-Fault Foundation System

Concrete Rebar
Cracking Stresses

Pile Model



Soill Model Calibration and Validation
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System

Modeling of Soll-Fault Foundation
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Abutment Modeling Results
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Pile Performance
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Fault Rupture Design Displacements

Table of Fault Rupture Design Scenarios

. . . ds dy de B 8y B

Fault Rupture Design Scenario | Foundation (feet) (feet) (feet) (deg) | (deg) (deg)

Mode! G | Abutment 1 -23 41 05 -09 0 -15

ase

West Fault Trace Location Bent 2 0.1 0.3 0 0.1 g 0.1
Bent3 0 0 0 0 0 0

Model Case 2 Spemz o5 o5 T 5 [ oi oi o

Centralized Fault Trace Location en — - — - -
Bent3 0 0 0 0 0 0

Abutment 1 -30 .0 06 01 07 -1.1

Mode Case 3

East Fault Trace Location Bent 2 0.7 1.1 0.1 0 0 0.2
Bent 3 -02 04 0 -0.1 0 03

Abutment 1

Bent 2
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Bridge Design

- Performance Objectives:

1. Performance Level (No collapse)

» Higher Level Project-Specified Ground Motion (Caltrans Design
Spectrum)

2. Service Level (Minimally serviceable to unserviceable after event)
= Lower Level Project-Specified Ground Motion
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Bridge Design

< Bridge Demand:

Upt = Ups T Upg

Peak Seismic

Response of Peak Dynamic
the Bridge _ _ Demand
Peak Quasi-Static
Demand
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Bridge Design
< Bridge Alternatives
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Bridge Design

< Bridge Alternatives

Abutment 1 Bent 2/

r
Fault Rupture 74
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Deformed Shape of a Continuous Bridge Due to Surface Fault Rupture
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Bridge Design

< Bridge Alternatives

Bent 3

Abutment 1 Bent E:—’éjl
E J

A, <_l_
\ Ay ' L
/—}"

o/
'
4
,
#
4
L4
o
&
4
4
4

Fault Rupture  /
r

Deformed Shape of a Simply Supported Bridge Due to Surface Fault Rupture

(s
KLEINFELDER

right People. Right Solutions.
\\—_-'7 =




Bridge Design
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Abutment Design

~— oo © . —% ABUTHENT 1 BEARING
_gn _am _ph
SEE "BACKWALL SHEAR— | z-8 Ll [’2 “
ear e KEY DETAIL" oM \ T | " FLINTH - SEE
"ABUTHENT 1 e - [ U A LET SPECTAL
: 1 :|--L —-——-—_‘|‘_ | PLANS
_ FEM B 12 e =
APFROACH ZLAB —-\ : .. ] |
- SEE "WFFROACH '\ | - T —
SLAD DETAILS" — / vl = Fau_:»—ﬁ 2" EXPANDED
SHEET ] . ' — —
eee- foon FEVOVINL ||| 32/ POLYSTIRENE
#5 - TOTAL 3- 1LL FOFU'ﬂOR’ P -
< | i 1
= 1 1" EXPANSION — ]
LI ﬁ"‘J @8 i . JOINT FILLER =
! P L[ #7rma 1z Excepr “=
| _pw I #T M@ 4 - TOTAL &
- Lot UNDER EACH BEARING
il L =
‘r w L ¥ b o L= | zID
I =1 _bzzm
5f H I I~ I | %11 @ & - TOTAL 6 —
t m t 2" Dia DRAIN 11
I CO preSS|On vau | _TOTAL 2 (HEADED AT BOTH ENDS) s
|| 1IN BACK CORNERS i - -
OF AEUTMENT STEM) | {
‘ —= [=—2" CIr Typ
#5 @ B— U
- L ‘ p
2
LNy f_ o |
GECCOMPOSITE DRaIN — SEE — r 4
"STRUCTURE AFFROACH DRAINAGE |
DETAILS" SHEET e b
i I —F6
L S
b ! o [ P ,\\/\/, 7%
H—HE @ 17
% /‘T GECCOMFOSI
X "STRUCTURE &
#3 §|_a B— ‘ ~— #8213 B DETAL
I | L~
CONSTRUCTION JOINT —|J* 1
#E @ 16 TOP @
AND BOTTOM #7 @ 8—, w5 - TOTAL B8— |k 4 — 3 g ¢~ anD
| \ L [ i
] ,'| Y = - r 1
:,3 1
‘c‘ f| 1 T
3 or J —#0 @ 8 H50 @ 16 EACH WAY — . 5] @ 16 EACH WaY
12°-g" 10°-5"




I- 5 % HEINE UL :MI-“—In—l — 3" 1 '.I\_‘_“
i -
. - =y
THROUGH ] —1
IN GIRDER. -
UT HOLES
ALACEMENT '\
G USING
“OUFLERS
5 Typ
! TOTAL &
! ) A
{ { s | T P
ACING — LA $ 12 $ s o - TaTiL 8 Pl v i —
= e ST s — R e T
E:'I A) REI! L(_:. (H- i ) . '
i ~ i = =
r | | r | 3 1 S it —? "\ 1 '\‘__ ] -~
0 T i - ) { | /k. 3\ T —I|- #5 Cont - ToT
| = — —t J = v—l io| %7 DoMEL x s-p" —t "] " CONSTRUCTION '-
- - [l || ~ - L - o
|| N ! ! Al | & isaLvanizED \ JOINT Typ |
| | | | | _ -I.—.E." EXF, - ToTaL 15 | — 3" RAISED KEY |
F‘E"E_T —r ~ : - [ PoLYsT SEE "DETAIL 1" o [~ EXPANDED Pol
|  REMOVA "BENT 2, 3, 4, AND | |
I | F—— |k._ r=—a Al r=— A - 10 DETAILS MO, 1" [
(e L -M“ﬁ'llr | [ T I ot B | L i fc"‘-. SHEET (EENT 2 OMLY) | I I
i @ ' ' 4 - SEE NOTE 1 L J
e 1| T —
i HH in ____rI|J1 o i e
g | i i
=l 1 Typ . -0 .
—~— BN'I NOTE: Bent 2 shown, Bents 3, 4, and 10 simllar, see Note 1.
& Tup g R
SECTION Q-G
13-4 102" 13°=4 172" 1/2" = 1'-o"
f
. r-l RCT =t FLIFC wHUJE LY
1 % 110 3 C ~— EXPANDED POLYSTYRENE
- STEEL REINFORCED \‘ ,—q:_ coLlww \ [SAME THICKMESS: A5
Fiz —. - | ""'F_RII-:-?LIEHF? EMEINT ELL;ISMER_}ETEEASILG rogh \‘ gt \,  BEARING PAD] REMOVE
I e L= HFORCEMEM - Te - { &" OF EXPANDED
\ dl PO TB“T";DP ™ | 20" Typ \'| POLYSTYRENE FROM
TR TR AT Ty EDGE OF CAF BEAM
SRR 2 \y/\l‘y} AN - SEE MOTE & ! | | AFTER DIAPHRAGN
5 ] : " " T ' } ' COMCRETE PLACEMENT
CONSTRUCTIGN JOINT —— & BEARING — x| [oopt N o - e
= E S a7
; Vg 5
e PILE CUT-OFF - 2" EXPANDED N { op 4
ELEVATION FOLYSTYRENE Typ
e ) i b —
-___--\F-___-\} \‘—-/ oo 'rl:- z LN
] ~— FOR I:’:CJLU'-'I‘-I AWND P11 SHEAR KEY Typ i Tep T
—— SEE "BEWT 2, 3, 4 i H-—-—-
PILE MAIN -”/‘ —1 NO. 3, "BENT 2, £ BEARING 7 \ L.__k_‘lr_L_l_k_______
RE[NFORCEMENT DETAILS MO, 4", &ND ' ARIE =~ ! | I\\ T L }—L
' 10 DETALLS NO. ¢ | | - L | 10" Typ
- C E O £ #7 x 5o I I Py I T T _[ .
[ DOWELS - TOTAL 15 Tvp | = o — VB Typ |__ 8" Typ
(GALVANIZED) an ) = 2-8 ~—
- L ™y —— 3" RAISED KEY - TOTAL 3
MOTE: Bent 10 shown, Bents 2, 3, dhd 4 similar. Typ 1 3s4" Dia HS ROD INSIDE & Dig ——" ICONCRETE TO BE FOURED
STANDARD PIPE Typ - SEE "DETAIL 1" WITH END D14PHRAGM)
ELEYATION ON "BENT 2, 3, 4, 10 DETALLS - SEE NOTE 4
- - WO, 1" SHEET
144" = 1°-0

SECTION C-C AT BENT 2

s = 17-g"




Conclusions

< Surface fault rupture hazard assessment and
mitigation requires multi-discipline approach

< Translation of hazard into design scenarios
requires engineering insight and judgment

< Foundations intersected by faults can be
designed for ductile behavior and to perform

satisfactorily despite severe fault load
demands

< Bridge can be designed for no-collapse using
articulation and ductility, but severe dgmage

should be expected. JENEELRER
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