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The Loma Prieta earthquake of 1989 generated the need 
to strengthen the single-level Southern Preeway Viaduct. 
The double-deck por t ion just south of this project was 
damaged, and the whole viaduct was closed to traff ic . The 
Southern Freeway Viaduct is a continuous reinforced con
crete box girder bridge bui l t in 1964 in accordance w i t h 
the A A S H O standard specifications. The viaduct is com
posed o f three main lines, as fo l lows: ES Line, SE/A Line, 
and R l Line. The columns are rectangular w i t h inadequate 
tied reinforcement. The columns at most mul t icolumn 
bents are pinned at the bot tom. Several o f the fixed-base 
columns have lap splices. The major i ty of footings are sup
ported on steel H P piles; however, some are spread foot
ings. The footings do not have top mat and shear rein
forcing. Several of the A-Line bents north of 25th Street 
are outriggers. Soil conditions at the southern section 
(south o f Bent 73 on the main lines) can be classified as 
soft bay mud sites, whereas more generally, the site has a 
combination o f a thick soft bay m u d layer and a large 
depth to bedrock. The northern segment is founded on 
bedrock or s t i ff soils. Mos t of the deficiencies found in the 
viaduct are related to the original design o f the hinges, 
columns, footings, and outriggers. Solutions to retrofi t t ing 
the viaduct were l imited by the existing conditions and ex
isting features (i.e., railroad lines, streets, leased airspace 
below the viaduct, utilities, etc.) w i t h i n the project l imits. 

The retrofit strengthening concepts used on the project i n 
cluded the fo l lowing : hinge retrofits, separation o f t w o 
level bents, steel column casings, column strengthenings 
(additional vertical steel encased w i t h i n a steel casing), 
grade beam retrofi t , new drop caps (bent replacements), 
elimination or retrofit of outriggers, and foot ing retrofits. 
This final retrofit strategy met the required seismic perfor
mance goals established by the California Department of 
Transportation fo r this project to prevent collapse and pro
vide serviceability after a max imum credible earthquake. 

' I 1 he L o m a Prieta earthquake o f 1989 generated 
I the need to strengthen the single-level Southern 

A, Freeway Viaduct . The double-deck p o r t i o n just 
south o f this project was damaged, and the who le via
duct was closed to t r a f f i c . 

This paper describes the seismic r e t ro f i t o f the single-
level segment o f the Southern Freeway Viaduct i n San 
Francisco, Ca l i fo rn i a , w h i c h was under contract to I m b 
sen 8c Associates, Inc. ( l A I ) , and B r o w n & Roo t , Inc. 
( B & R ) , f r o m the Ca l i fo rn i a Depar tment o f Transpor
t a t ion (Caltrans) between 1990 and 1993. I n add i t ion , 
D R C Consultants, Inc. , and Ear th Mechanics, Inc. 
( E M I ) , p rov ided r e t ro f i t design and geotechnical sup
por t , respectively. Anatech Research Corpo ra t i on per-
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f o r m e d an analysis o f j o i n t shear. The design ef for ts cu l 
mina ted w i t h a f i n a l set o f plans, specifications, 
estimates, and const ruct ion contracts. 

The objective was to seismically r e t ro f i t the single-
level p o r t i o n o f the Southern Freeway Viaduc t , Route 
280 , i n San Francisco to prevent collapse or m a j o r dam
age i n an earthquake w i t h the m a x i m u m intensity ex
pected to occur at this site. The structure's serviceability 
performance goals are tha t i t w i l l be repairable and that 
there w i l l be access beneath the viaduct f o r emergency 
services and repair. 

The single-level segment o f Route 280 i n San Fran
cisco branches in to the f o l l o w i n g viaduct lines (Figures 
1 and 2) : 

• ES Line: beginning at the hinge adjacent to Bent 
ES-59 near Evans Street and extending t o Bent ES-90 
between 2 3 r d and 2 5 t h Streets. 

• R l Line: beginning at the hinge adjacent to Bent 
R l - 5 0 near Innes Street and extending to A b u t m e n t R l -
7 2 near M a i n Street. 

• SE/A Lines: beginning at the hinge adjacent to Bent 
SE-53 near Galvez Avenue and extending to A b u t m e n t 
A - 1 1 1 n o r t h o f 2 2 n d Street. 

• B and C Lines: a l l bents o n bo th o f these ramps 
between 2 3 r d and 2 5 t h Streets. 

For the purpose o f fac i l i t a t ing const ruct ion contracts 
tha t expedite opening the bridge to t r a f f i c , the project 
was d iv ided in to three separate design projects. 

• Project 1 included any re t ro f i t w o r k tha t w o u l d 
cause significant interference w i t h t ra f f ic o n Route 280 . 

Comple t i on o f const ruct ion o f this w o r k was scheduled 
f o r the end o f 1992 t o a l l o w opening the structure t o 
t r a f f i c (SR-637). 

• Project 2 included the r e t ro f i t o f a l l bents south 
o f A r m y Street that were no t re t ro f i t t ed i n Project 1 
(SR-605). 

• Project 3 included the r e t ro f i t o f the remaining 
Southern Freeway Viaduc t n o r t h o f A r m y Street. This 
project was eventually d iv ided i n t o t w o separate p r o j 
ects f o r const ruct ion (SR-604 and SR-641). 

l A I was under p r ime consultant contract t o complete 
Project 1, and B & R was under p r ime consultant con
tract to complete Projects 2 and 3. l A I , B & R , and E M I 
were teamed and invo lved i n the re t ro f i t design o f a l l 
projects. D R C was involved i n the re t rof i t design o f 
Projects 1 and 2. Figures 1 and 2 show the locations o f 
these lines and project l imi t s . 

DESCRIPTION OF EXISTING BRIDGE 

The Southern Freeway Viaduct is a cont inuous re in
forced concrete b o x girder bridge bu i l t i n 1964 i n ac
cordance w i t h the A A S H O Standard 1961 Specifica
tions f o r H i g h w a y Bridges and subsequent inter ims. The 
columns are rectangular w i t h ver t ical re inforcement and 
12 -mm bar ties typica l ly at 3 0 5 - m m spacing (no. 4 ties 
typica l ly at 12- in . spacing). The columns at most m u l t i -
c o l u m n bents are p inned at the b o t t o m w i t h f o u r 35-
m m bars (no. 11 dowels) . M o s t o f the fixed-base co l 
umns have lap splice connections. The m a j o r i t y o f 
foot ings are supported o n steel H P piles, whereas others 
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FIGURE 1 Projects 1 and 2, plan view. 
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are spread foot ings . The foot ings do no t have top mat 
and shear re in forc ing . The H P piles are connected to 
the foot ings w i t h one 2 0 - m m bar (no. 6 rebar). M a n y 
o f the A-L ine bents n o r t h o f 2 5 t h Street are outriggers. 
The outriggers were constructed to a l l o w the viaduct to 
span over I o w a Street and existing and fu tu re ra i l road 
tracks beneath the structure. 

The behavior o f the single-level viaduct is compl i 
cated by the fact tha t the ES, SE, and R l Lines intersect 
at three locations. The R l and SE Lines intersect at Bent 
R1-66/SE-65, and the ES and R l Lines intersect at Bents 
R1-69/ES-67 and R1-70/ES-68. A t t w o o f these inter
sections (i.e., R1-66/SE-65 and R1-70/ES-68) the sup
por t ing bent is a two- level f rame. A t these t w o locations 
the preferred re t ro f i t was to separate the lower level 
f r o m the upper level. 

F o l l o w i n g the San Fernando earthquake i n 1 9 7 1 , 
Caltrans in i t ia ted the Phase One earthquake re t ro f i t 
p rog ram. Seismic restrainers were installed at the inter
mediate expansion hinges o n the Southern Freeway V i 
aduct in 1973. The cable units consisted o f 14 cable 
restrainer units that are similar to the current Caltrans 
C l - T y p e restrainers [i .e. , cable d r u m units , bolsters, 19-
mm-diameter (¥4-in. diameter) cables]. The hinge seats 
are approximate ly 152 m m (6 in.) i n length. Access 
holes f o r the cable restrainer units were placed i n the 
top deck o f the Southern Freeway Viaduc t and were 
sealed w i t h concrete. There are no access holes i n the 
soffi ts . 

The consultants d iv ided the viaduct in to five seg
ments f o r analysis and design. A general descript ion o f 
each stage is p rovided i n Table 1. 

T A B L E 1 General Description of Existing Bridge 

Span Minimum 
Length Curb-to- Single 2 3 4 >4 Shared Bents 

Line No. Ranges No. Curb Width No. Column Column Column Column Column Outrigger with Adjacent 
Spans (W Cells (ft) Hinaes Bents Bents Bents Bents Bents Bents Superstructure 

SE/A Line 33 80-121 6-7 49 12 3 29 0 0 0 3 1 
(Stage 2) 
R l Line 22 80-104 4-8 28 8 17 4 0 0 0 2 3 
(Stage 1) 
E S Line 26 70-132 6-12 49 10 7 16 3 0 0 0 2 
(Stage 3); 
Ramp R4 2 85-97 5 36 0 1 0 0 0 0 0 0 
A Line 13 66-113 13-25 52 4 0 0 0 9 4 12 0 
(Stage 4); 

8 Ramp B; 9 51-80 4-5 32 3 8 0 0 0 0 0 0 

Ramp C 9 60-113 3-4 24 2 7 0 0 0 0 0 0 

A Line 12 40-93 16-22 120 4 0 0 0 5 7 15 0 
(staae 5) 

Total 126 N/A N/A N/A 43 43 49 3 14 11 32 N/A 
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Son, PROFILE AND RESPONSE SPECTRA 

The soil p rof i l e a long much o f the Southern Freeway 
Viaduc t includes three m a j o r soil layers: 

• Layer 1: a surf ic ia l fill layer o f gravel , sand, and 
silt o f moderate stiffness and strength; 

• Layer 2: a second layer o f very sof t bay m u d ; and 
• Layer 3: a layer o f very dense sand or s t i f f clay 

above bedrock consisting o f sandstones, referred to as 
the San Franciscan f o r m a t i o n . 

Soil condit ions at the southern section (south o f Bent 
73 on the ma in lines) are classified as sof t bay m u d sites, 
whereas elsewhere there is a combina t ion o f a th ick sof t 
bay m u d layer and a large depth to bedrock. The no r th 
ern segment is founded on bedrock or s t i f f soils where 
the depth to bedrock is less than 15.25 m (50 f t ) , and 
the thickness o f the sof t clay layer is less than 1.53 m 
(5 f t ) . The sof t bay m u d layer is nonexistent i n some 
areas. 

O n November 26, 1 9 9 1 , our project team and Cal -
trans adopted f o r Project 1 the Seed and Sun 8+ spec
t r u m (1989) and a bedrock spectrum prov ided by Tran-

slab f o r the southern (soft soil site) and the nor thern 
( f i rm-g round site) por t ions o f the Southern Freeway V i 
aduct, respectively. 

O n December 24 , 1 9 9 1 , Translab provided f o u r re
sponse spectra: (a) DeLeuw Gather's deep bay m u d 
spectrum, (b) Curve A , (c) Curve B, and (d) a new bed
rock spectrum (1). The three sof t soil spectra, inc lud ing 
Curves A and B and the DeLeuw Cather deep bay m u d 
curves, were considered appropriate f o r the southern 
p o r t i o n o f the project sites. The new bedrock spectrum 
was considered appropriate f o r the nor thern p o r t i o n 
(nor th o f Bent 72) . See Figure 3 f o r the response spectra 
used. 

To meet the schedule f o r the plans, specifications, 
and estimate (PS&E) submi t ta l f o r Project 1, the project 
team and Caltrans decided to continue Project 1 w o r k 
w i t h the Seed and Sun 8+ spectrum and the unrevised 
Translab bedrock spectrum o f November 26 , 1 9 9 1 . 
However, i t was agreed that the new bedrock spectrum 
and Translab's three sof t soil spectra be adopted f o r 
Projects 2 and 3. 

Discrepancies between the response spectrum cri teria 
used in Project 1 and the revised response spectrum c r i 
teria are relatively small considering the level o f uncer-
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ta in ty o n earthquake g round m o t i o n ; therefore, no 
changes were made to the Project 1 design. 

RETROFIT DESIGN CRITERIA 

The design cri teria were i n conformance w i t h Caltrans's 
procedures f o r r e t ro f i t t i ng (2). Seismic re t ro f i t analysis 
techniques and re t ro f i t schemes were cont inuously de
veloped du r ing the project . The project team main 
tained close coord ina t ion w i t h the Caltrans contract ad
minis t ra tor to ensure that the very latest cr i teria were 
used. Demand/capacity ratios were obtained f o r a l l 
bridge components. 

The re t ro f i t was based o n the f o l l o w i n g cri teria: 

• M a t e r i a l strengths. The columns are composed o f 
re inforced concrete that are typica l ly rectangular i n 
shape. The re inforced concrete strengths specified on 
the plans f o r the bridge were f , o f 137 800 kPa (20,000 
Mm}) f o r rebar and f\of 20 670 kPa (3,000 Mm}) 
f o r Class A concrete and f , o f 137 800 kPa (20,000 
Mm}) and f \ o f 3 1 005 kPa (4,500 lb / in . ' ) f o r h igh-
strength concrete. Based on recent tests conducted by 
Caltrans and recognizing that higher strengths are ap
propr ia te f o r r e t ro f i t t i ng measures, fc w^as increased to 
37 895 kPa (5,500 Mm}) f o r the single-level p o r t i o n 
o f the Southern Freeway Viaduct . The steel strength was 
chosen as fy o f 275 600 kPa (40,000 Mm}) f o r the 
reinforcement. 

• Hinges. Caltrans's s impl i f ied procedures f o r de
signing restrainer hinges were used. Pipe seat extenders 
and long cable restrainers were proposed. The pipe seat 
extenders are designed w i t h 203-mm-diameter (8- in . -
diameter) double-extra-strong pipes and a m a x i m u m 
vertical load o f 445 k N (100 kips) , based on tests at 
Cypress Street Viaduct . 

• Columns . Procedures out l ined by Caltrans's 
Memo-to-Designers 20-4 (2) were used to ob ta in duc
t i l i t y demands f o r single and m u l t i c o l u m n bents. The 
momen t duc t i l i ty demand on exist ing columns was l i m 
i ted to 1.0 i n single-column bents (tied) and 2.0 i n m u l 
t i c o l u m n bents (tied). The moment duc t i l i ty demand f o r 
re t rof i t ted columns w i t h steel casing was l imi ted to 6-in. 
single-column bents and 8-in. m u l t i c o l u m n bents. For 
ductil i t ies that exceeded those values, a p i n was forced 
at the tops o f the columns to approximate a plastic 
hinge. 

The thicknesses o f the c o l u m n steel casings were de
signed by using the procedures f r o m lecture materials 
obtained at the re t ro f i t seminar at the Univers i ty o f Cal
i f o r n i a , San Diego (3). Casings were f u l l height, and 
thicknesses varied, being thicker w i t h i n the plastic hinge 
zones. 

• Footings. Pile loads were determined by conven
t iona l analysis methods (i.e., linear elastic). The major 
i t y o f exist ing columns i n m u l t i c o l u m n bents are p inned 
at the base; therefore, on ly axia l loads f o r u p l i f t and 
compression were checked i n the as-built cond i t ion . For 
the re t rof i t t ed cond i t i on several columns were made 
fixed to the f o o t i n g by using a column-strengthening 
re t ro f i t measure. A steel pipe pile was chosen as the pile 
f o r r e t ro f i t t ing . Capacity curves, based o n the as-built 
log-of-test borings, were provided by E M I to determine 
the addi t iona l number o f piles required. I n some i n 
stances the f o o t i n g size needed to be reduced to avo id 
uti l i t ies or adjacent foot ings , so nonlinear analysis was 
provided by E M I to design the f o o t i n g . The f o o t i n g was 
assumed to be in f in i t e ly r i g id . A moment - ro ta t ion anal
ysis was used by assuming a neutral axis, and pile de
flections were calculated. These deflections were used to 
determine pile reactions f r o m nonlinear force deflection 
curves. The analysis was iterated o n the neutral axis 
loca t ion u n t i l the sum o f vert ical forces was zero. The 
applied moment was determined by summing the pile 
reactions. 

• Outriggers. Outr igger bents were evaluated w i t h 
the latest cr i teria f r o m Caltrans, inc lud ing the Termina l 
Separation Design Cri ter ia dated December 4, 1 9 9 1 . 

• Superstructure. The superstructure capacity was 
checked o n the as-built structure by d is t r ibu t ing the 
plastic c o l u m n moment i n the long i tud ina l d i rec t ion o f 
the nomina l moment [1.3 times (M„)] to each face i n 
the superstructure and adding the dead load moment 
effects. Bo th top and b o t t o m fibers i n the superstructure 
were checked i n the deck and sof f i t , respectively. 

SEis\ac ANALYSIS 

Four computer programs were used to analyze the 
Southern Freeway Viaduct : SEISAB (4), G T S T R U D L 
(5), M S T R U D L (6), and l A I - N E A B S (7). SEISAB was 
used to generate the mode l coordinates a long the al ign
ment. Various wid ths i n the superstructure were ac
counted f o r i n the model . 

W i t h the coordinates generated f r o m SEISAB, var i 
ous G T S T R U D L , M S T R U D L , or l A I - N E A B S models 
were developed. Considerat ion was given to model ing 
a l imi t ed number o f frames f o r analysis, bu t w i t h the 
line intersections being located i n the middle o f the seg
ment, i t was determined that the level o f p roduc t ion 
t ime w o u l d be o f the same order as that f o r a full-scale 
mode l or a l imi t ed number o f f r ame models. I n addi
t i o n , l A I p rov ided a postprocessor f o r the G T S T R U D L 
and l A I - N E A B S programs, and D R C provided a post
processor f o r the M S T R U D L p rog ram to calculate duc
t i l i t y demands i n the columns at the tops and bot toms 
f o r bo th momen t and shear. 
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The computer p rog ram PILECAP was provided by 
E M I and was used to determine the f o u n d a t i o n soil 
spring stiffness matrices. The p rog ram performs the 
analysis f o r a pile g roup f o u n d a t i o n considering the i n 
teraction between soil , i nd iv idua l piles, and the pile cap. 
Ind iv idua l pile head stiffness matrices and pile head-to-
pile cap connectivities were included i n the analyses. 
The result ing founda t ion stiffness matrices were i n p u t 
in to the s t ructural models at every co lumn. 

Bo th tension and compression models were used to 
evaluate the proposed re t ro f i t strategies. The f o l l o w i n g 
are the m a i n features o f the s t ructural model : 

• Space f rame members (linear elastic analysis), a 
m i n i m u m o f three in ter ior nodes per superstructure 
span, and a m i n i m u m o f t w o inter ior nodes per c o l u m n 
were incorpora ted in to the model . 

• Linear springs to mode l the so i l - foundat ion s t i f f 
ness, bo th piles and pile cap, were used. 

• A d d i t i o n a l frames plus one bent were modeled at 
each end. L u m p e d masses and springs were placed at 
the end o f the model . 

• N i n e t y percent or more o f the mass part icipated i n 
each of the hor izon ta l directions. 

• Gross member sections were used f o r a l l sections 
except f o r outriggers (20 percent gross f o r tors ion i n 
the as-built model) . 

• Spring constants to mode l so i l - foundat ion inter
act ion were m o d i f i e d to reflect any eccentricity between 
the columns and the foot ings . 

• Finite size joints between the superstructure's cen
ter o f gravi ty and the top o f the co lumn were used. 

As-BuiLT STRUCTURAL DEHCIENCIES 

Review o f the as-built plans and results o f the as-built 
dynamic analysis provided i n f o r m a t i o n o n the struc
tu ra l deficiencies o f the existing structures. I n reviewing 
this i n f o r m a t i o n the f o l l o w i n g conclusions were 
reached. 

Hinges 

The as-built structure contained a m i n i m u m number o f 
cable restrainers per hinge. These cables are similar to 
Caltrans C- l -Type restrainers. The typica l seat w i d t h 
was on ly 152 m m (6 in.) and required pipe seat ex-
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tenders to prevent the seat f r o m dislodging. Caltrans's 
s impl i f ied procedure was used to determine the number 
o f cables required incorpora t ing 203-mm-diameter (8-
i n . diameter) double-extra-strong pipe seat extenders 
and longer cables {8). 

Columns 
• The percentage o f m a i n reinforcement was inade

quate i n some cases. 
• A l l columns have ties o f 12 -mm bar at 305 m m 

(no. 4 bars at 12 i n . ) , w h i c h was inadequate. 
• A weak connection was the pinned connection be

tween the co lumn and foot ings f o u r 3 5 - m m bar dowels 
( four no. 11 dowels). The development length o f rein
forcement dowels at this j o in t was inadequate. 

• C o l u m n tension capacity was exceeded i n many 
columns. 

• The connection between the c o l u m n and the bent 
cap was deficient f o r the development length o f long i 
tud ina l reinforcement , w i t h 4 5 - m m bar (no. 14 bars), 
and 6 0 - m m bar (no. 18 bars) being most cr i t ica l . 

• The lap splice f o r fixed columns at the base was 
inadequately confined and insuff ic ient i n length. 

• M o m e n t duc t i l i ty demand/capacity ratios were 
h igh i n many cases. 

• The demand/capacity ratios f o r shear exceeded 1.0 
i n most o f the columns. 

Footings 

• There was no top mat o f steel and shear steel. 
• There were inadequate pile connections to the 

foo t i ng : one 2 0 - m m bar (no. 6 bar) per pile. 
• The foot ings were inadequate to resist c o l u m n 

plastic moments. 

Superstructure 

• There was l imi ted momen t capacity i n the super
structure f o r positive moments at support locations. 
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Outriggers 

• Torsional capacity i n the outriggers was l imi t ed be
cause o f inadequate cross-section sizes, lack o f closed 
tors ion st irrups, inadequate long i tud ina l re inforcement 
f o r tors ion , and insuff ic ient st irrups. 

• Shear capacity i n the outriggers was inadequate. 
A d d i t i o n a l shear stirrups were required. 

• Bending capacity in the outriggers f o r positive and 
negative moments at bo th ends o f the outrigger cap was 
inadequate. 

• Joint confinement w i t h i n the outr igger- to-column 
connection was insuff icient . 

quake forces were studied. The f o l l o w i n g is a discussion 
o f some o f the re t ro f i t schemes evaluated and the final 
re t rof i t strategy selected f o r the various bridge 
components. 

Hinges 

N e w hinge restrainers w i l l be placed at a l l hinges. Cal -
trans's Simpl i f ied procedure was used to determine the 
numbers and lengths o f new restrainers. Pipe seat ex
tenders were also used to t ransmit lateral force and to 
support the structure i f seismic movements exceeded the 
small exist ing hinge seat w i d t h (Figure 4) . 

RETROFIT SOLUTIONS Columns and Bents 

The existing structure was deficient in several areas. The 
final re t rof i t solutions addressed these deficiencies as 
w e l l as other concerns related to ut i l i t ies , roadway t raf 
fic, leased airspace, and rai l roads. 

Several r e t ro f i t schemes that addressed these items 
and that improved the structure's response to earth-

One o f the m a j o r problems o f the structure was its f lex
ib i l i ty , p r i m a r i l y i n the long i tud ina l d i rect ion. Several 
re t ro f i t schemes were analyzed. The use o f superbents 
was studied. Superbents are re t rof i ts to selected bents 
to make them very s t i f f and strong, and therefore they 
resist most o f the seismic force, thus reducing the ret-

ih Th
ick

 S
te

 
Ca

sin
g/

 

tl 
Ca

sin
g 

I Existing 
Tr<iclc~=s^ 

•ffUne 
Existing 
Column I 

•A- Une 
Existing 

I Column 2 

'Temporary 
Lifting Ears 

Existing 
Column 3 

( Existing 
^ Column 4 

Approximate 
Originoi Ground 

Umlts of 
Waterproofing^-^ „ 
(typ) § 

^Existing 
Reinforced 
Concrete 
Box Girder •ildrills, bond 

— or •// L 
i t f l p Existing Column 

Drain 

rr'il drill a 
ft fiarx/ ? 9 drill t, bond 

or '9 L Type I Column or -Hi > trengthenlng. 
typ 

Existing 
Cdvmi Itffil Top Of Footing 

Retrofit (typ) 
I 

trti S 7 7 1? \3l 
e r a W 1 ^ 1 ^ 

^Existing ^ ^ 
^ Retaining 
^ Wail 

ElfVATlOH - i f FT-

ExistI Net/ TIedown 
Anchors Ityp) 

Umlts Of Cone 
rema/al (typ) Existing Column 

Existing 
Footing (typ) 

V777?) Existing Joint Filler 
to be reamed. 

f Bent Existing 
Column Steel Casing 

Existing 
Key 

•a(drills, bond) 

Existing 
Footing-

Existing Column Drain 

NOTE: r • J048 m 

FIGURE 6 Column casing and column strengthening (A-95). 

Footing Retrofit 

BENT 95 • COLUUN 4 



96 FOURTH INTERNATIONAL BRIDGE ENGINEERING CONFERENCE 

r o f i t w o r k o n other adjacent bents. I t was determined 
tha t the use o f a f e w superbents was no t feasible. The 
bents cou ld no t be made strong enough to eliminate the 
re t ro f i t w o r k o n the adjacent bents. 

A t intersecting Bents R1-66/SE-65 and R1-70/ES-68 
the preferred re t ro f i t was to separate the upper-level and 
lower-level superstructures. Columns were placed under 
each superstructure (Figure 5) . 

The use o f c o l u m n strengthenings was also studied 
i n an a t tempt to increase the stiffness o f the structure. 
Th i s concept was eventually used extensively o n the 
projec t . A c o l u m n strengthening involves p lac ing a 
steel casing a r o u n d an exis t ing c o l u m n and plac ing 
ver t ica l r e in fo rc ing steel i n the v o i d between the casing 
and the c o l u m n . The vo ided area is then filled w i t h 
concrete. The new rebar is anchored i n the f o o t i n g . 
This concept a l lowed the t r a n s f o r m a t i o n o f an exis t ing 
p inned c o l u m n base i n t o a fixed c o l u m n base and thus 
increased the stiffness o f the structure i n response to 
seismic forces. The l ive load ca r ry ing capacity o f co l 
umns needed to be evaluated w h e n c o l u m n fixities 
were changed. Foo t ing r e t r o f i t was requi red w h e n a 
c o l u m n strengthening was used. The t o p o f c o l u m n 
connec t ion to the superstructure remained unchanged 

f r o m the as-buil t c o n d i t i o n by using this concept 
(Figure 6) . 

Grade beam retrofi ts were also used o n this project . 
A grade beam re t ro f i t involves construct ing a concrete 
member connecting the columns o f a t w o - c o l u m n bent 
at the co lumn base, just above the top o f the exist ing 
f o o t i n g . This concept provides f rame act ion to resist" 
transverse earthquakes forces w i t h o u t the need to re
t r o f i t the f o o t i n g f o r c o l u m n moments (a p inned con
nection s t i l l exists between the co lumn f rame and the 
foot ings) . This concept was used i n an area where the 
l imi t s o f f o o t i n g w o r k were restricted and the transverse 
bent stiffness was weak (Figure 7) . 

Another method o f i m p r o v i n g transverse stiffness 
was the use o f bent replacements. The use o f bent re
placements involves bu i ld ing a new d rop cap beneath 
the superstructure and suppor t ing the d rop cap o n new 
columns and foot ings . This concept p rov ided higher ca
pacity at the top o f c o l u m n and bent cap connection 
and was used at bents weak i n transverse stiffness tha t 
had m i n i m a l conflicts w i t h the exist ing features be low 
(Figure 8) . 

Every e f f o r t was made to eliminate outriggers by re
m o v i n g exist ing columns and reconstructing them un-
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der the edge o f the superstructure. Outriggers tha t cou ld 
no t be el iminated were reconfigured in to pinned con
nections on top i f the result ing forces cou ld be handled 
i n the remaining bent f r ame . A t those locations where 
the p i n n i n g at the top o f the outrigger resulted i n ex
cessive forces i n the remaining bent f rame, the outrigger 
c o l u m n and por t ions o f the cap were removed and re
placed to provide higher capacity (Figures 9 and 10). 

Steel casings were placed a round al l exist ing columns 
not being replaced or strengthened w i t h long i tud ina l 
steel and a steel casing. The casings provide confinement 
and shear capacity. 

Superstructure 

The superstructure capacity was checked o n the as-built 
structure by d i s t r ibu t ing one-half o f the plastic c o l u m n 
moment i n the long i tud ina l d i rec t ion (1.3 times the M„) 
to each face i n the superstructure and adding the dead 
load moment effects. Bo th top and b o t t o m fibers i n the 
superstructure were checked i n the deck slab and sof f i t 
slab, respectively. In i t i a l ly , an effective w i d t h o f D 
(depth o f the superstructure) on each side o f the c o l u m n 
was added to the c o l u m n w i d t h to check the long i tu 
d ina l capacity o f the superstructure. The results i n d i -
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cated that at a f e w single bents (i.e., R l - 6 3 and ES-64), 
the capacity o f the superstructure was exceeded. I t was 
believed tha t the f u l l w i d t h o f the superstructure w o u l d 
be mobi l ized du r ing an earthquake, and on the basis o f 
tha t rat ionale the capacity was rechecked. Capacities 
were checked at bents i n Projects 1 and 2 at R l - 5 1 , R l -
63, R l - 5 5 , SE-54, SE-56, SE-59, SE-70, A - 7 3 , A - 7 5 , 
A - 7 8 , A - 8 0 , A - 8 4 , SE-60, ES-64, ES-71, and ES-78. The 
results gave capacity/demand ratios o f greater than 1. 
Studies were also conducted by using a f u l l - w i d t h ef
fective section at selected bents in Project 3, and the 
results indicate that adequate superstructure capacity 
was achieved. 

Joint Shear 

M a n y o f the bents o f the Southern Freeway Viaduc t are 
no t o f the outrigger conf igura t ion , and so their bent cap 
to c o l u m n joints are relatively inaccessible f o r re t ro f i t 
t ing . I n a m a j o r seismic event, j o in t shear and the over
a l l performance o f these joints are s t i l l concerns. 

Anatech Research Corpo ra t i on pe r fo rmed an analy
sis o f the j o i n t shear concern as par t o f B & R ' s re t ro f i t 
contract w i t h Caltrans. Anatech constructed a three-
dimensional con t i nuum, finite-element mode l to evalu
ate j o i n t shear behavior and ul t imate strength, duct i l i ty , 
and potent ia l fa i lure modes under seismic m o t i o n . They 
modeled a typical t w o - c o l u m n bent (Bent A-78) i n the 
single-level p o r t i o n o f the viaduct . 

Anatech's repor t states that t w o incremental analyses 
were pe r fo rmed , one f o r p r i m a r i l y transverse m o t i o n 
and one f o r p r i m a r i l y long i tud ina l m o t i o n , bu t i n each 
case smaller o r thogona l mot ions were applied to create 
a realistic b iax ia l response (9). 

Implementa t ion o f Anatech's repor t as a design guide 
has no t been completed to date. Further review o f the 
results o f the present study is needed to determine a 
general design m e m o r a n d u m that w o u l d cover a l l 
bridges w i t h j o i n t designs similar to those o f Southern 
Freeway Viaduct jo in ts . We were i n f o r m e d by Caltrans 
that any re t ro f i t recommendations required f o r j o i n t 
shear w o u l d be par t o f a later contract . 
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Footings 

Foot ing ret rof i ts were required p r i m a r i l y at those loca
tions where a p inned base c o l u m n was re t rof i t ted to be 
a fixed base co lumn (column strengthenings). The mo
ment capacity o f the f o o t i n g had to be increased at these 
locations (Figure 11). 

The variable soil condi t ions along the length o f the 
viaduct resulted i n several f o o t i n g re t ro f i t solutions. The 
south end o f the project consisted o f deep bay m u d w i t h 
bedrock at a depth o f approx imate ly 42.7 m (140 f t ) . 
L o n g steel pipe piles were used to provide the tension 
and compression resistance at these bents. The nor thern 
end o f the project consisted o f thinner deposits o f bay 
m u d w i t h depths to bedrock i n some cases o f on ly 6.10 
m (20 f t ) . Steel pipe piles were used again, bu t t iedowns 
were installed inside the piles. The t iedowns were dr i l l ed 
in to the bedrock to provide the required u p l i f t 
resistance. 

Some existing foot ings at the n o r t h end o f the project 
are spread foot ings placed near or on bedrock. As par t 
o f the re t ro f i t p rog ram, the foot ings are to be enlarged 
and t iedowns are to be placed to provide the required 
u p l i f t resistance. 

Noise and v ib r a t i on concerns i n the leased airspace 
occupied by mini-warehouses led to the development o f 
a d r i l l ed and grouted pile f o r f o o t i n g retrofi ts i n that 
area. A hole is to be d r i l l ed t h rough the soil and in to 
the bedrock layer. A steel pipe pile is to be placed i n the 
hole, and the v o i d between the pile and the soil-bedrock 
is filled w i t h grout . The pile in ter ior is then filled w i t h 
concrete. The embedment o f the pile in to the bedrock 
provides the required u p l i f t resistance. By this method, 
the noise and v ib ra t ion o f p i le -dr iv ing operations are 
e l iminated. 
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