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1. Introduction L]

> Span arrangement: two main spans of 750 ft each; two end spans
of 303 ft each

> Tower foundations: 12-ft diameter drilled shafts in a single row
> Rock sockets — 18' to 32' in limestone along the sloping bedrock
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2. Tower Foundation

> Foundation — Cantilever in longitudinal direction;
framing action in transverse direction

> Flexible in longitudinal direction

> Bridge behavior sensitive to p-y spring stiffness
in global Soil-Structure interaction modeling

> Geotechnical axial load carrying capacity solely
from rock socket side shear and end bearing
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3. Construction Issues

> 80 CY of concrete lost j‘d o T o pee
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3. Construction Issues (cont.)

> Coring samples

> 1.7ksi average f'c in bottom part of the shaft

Photo 16
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4. Retrofit solution requirements

> Match original stiffness

> Provide required axial geotechnical and

structural capacities as in the original design
/. R e
> Minimize impact to construction schedule i %/f — T ]
o . 5 S —
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5. Solutions Considered

Two new shafts along CL of Tower

|12 ft diameter shaft - DEFICIENT fo be abandoned. |
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OPTION 2

TWO NEW SHAFTS i

> Pros

> Can match original stiffness

and strength

> Preserves pilecap outline

> Conventional construction

(less risk)

> Cons

> Pilecap redesign would delay
schedule
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5. Solutions Considered (cont.)

New shaft next to deficient shaft

> Pros

> Can match original stiffness
and strength

A4 > Conventional construction
(less risk)

> Cons

> Pilecap redesign would delay
schedule

]

RV > Requires modifications to
Y pilecap concrete outline
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5. Solutions Considered (cont.)

Two new shafts nhormal to CL of Tower

/ 12 ft diameter shafi - DEFICIENT to be abandoned
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> Pros

> Limited impact to original pile
cap design

> Preserves pilecap outline

> Conventional construction
(less risk)

> Cons

> Can not match original
stiffness

> Requires large transfer beam
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5. Solutions Considered (cont.)

Constructing shaft inside existing shaft (retrofit)
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- > Pros

> Can matches original
stiffness

ey T > No pilecap redesign required

> Faster solution

_JET GROUT AREA WITH
QUESTIONABLE CONCRETE
AND ROGK QUALITY

1. > Cons
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> Non-conventional design
> Riskier _construction
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6. Retrofit Design

New 7'-6" shaft section options Steel I-section option
" SHAFT3R.Z RETROFIT MODIFICATION GPTIONS —June 572014 * Selected by COWI
Dermand > P - 10639 Kip. Mu = 73,807 kip-t * "I" section best
option for
72 0 w1 75 T steai casing | 1 . .
Steel casing option s (R longitudinal
« Not clear it could demand
accommodate / « Concerns abOl_Jt
coring tolerances / concrete pouring
« Requires grouting i )
between the casing Re pasrooe ! s
and the existing raa — e -
shaft —
cong — o

77 Shar Wi SEel Casl Faakid

DIC_moment = 0,99

OVC_moment = 1.0

Steel Area Steel Area

Rebar 61# 18 =244 in2 Rabar 70:# 18 =280in2

Casing (1.75" thick) 2 Flanges 4"x50" =400 in2

7-2" 0.D. =463 in2

Total = 707In2 1 Web 4"x42" =168 in2
Total = 848in2
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6. Retrofit Design (cont.)

> Presented this concept to New 7°-6" shaft — SELECTED CONCEPT
BiElE, VIS gl ST s seasn

Tn a0
" dia. shear studs Web Plate: 42" wide, 4" thick
AT09 Grade 70

CSL Tube, typ,

8 total Area = 456in2

Weight = 1.63 k/ft {with 10% allowance)

> Intense coordination to find

available steel fabricator, steel
material and work out concrete
pouring concerns

xist 11'-6" diameter shaft

7'-6" diameter shaft

> Used for evaluation of stiffness ) \'¥ s 4 // 49 hoop
change impact in Global model

(280in2, 4.4%)  |Profiminary sle member to replace use
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6. Retrofit Design (cont.)

Goal of retrofit: matching the bending stiffness
to the adjacent shaft as closely as possible
GROUP Model (not LPile as in original design)
Load redistribution

Design f'c_new = 6.5 ksi

Non-uniform section | _long > | _trans
Deficient 1 _c¢ +80% new I _c +1 Section

D shaft = 12'

D socket=11.5'

Stiff Clay with k value

D new socket extension=8' g
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6. Retrofit Design (cont.)
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6. Retrofit Design (cont.)

ORB Shaft 3R-2:Strength Limit State Max VWL with 100% Scour-- 300% Stiffness ORB Shaft 3R-2:Strength Limit State+Construction Min MWL with 100% Scour-- 300% Stiffness
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6. Retrofit Design (cont.)

ORB Shaft IR-2:Strength Limit State Max VWL with 100% Scour-- 300% Stiffnes:
Oefelciion (in)

05 000 @05 010 015 02 035 030 035 Q40 048

:f ] - N — Transverse Response

"l — - e - Transversely, there is a
B —— slight load redistribution.

ORB Shaft 3R-2:Strength Limit State Max VWL with 100% Scour.. 300% Stiffness 2 Strength Limit State+Construction Min Seol i
mmmmmm 1) Mamant
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. - Due to the orientation of
ol the embedded steel

- N . - beam, the retrofitted

. | - | shaft bending stiffness is
LT I slightly less stiff in

1 . : | transverse direction.

Bl o | . - Transverse direction is
n . | | not the dominant loading
o direction.

i
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6. Retrofit Design (cont.)

Axial response vs Geotechnical resistance

Drilled Strength Limit State

Shaft Factored Maximum Factored Axial D/C
Axial Compressive Compressive

ID Demand Resistance* Compression
[Kips] [Kips]
3R-1 20,665 55,974 0.37
3R-2
(retrofitted) 20,731 22,006 0.94 OK

* Resistance factor for compression is 0.7 for the strength limit state.
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6. Retrofit Design (cont.)
Structural Design

Upper part
I -Existing shaft OK
B Tt y -AASHTO RC Sectional design
P A A
- He |
T Middle part
N - Splice zone
N - AASHTO Strut and Tie
— Lower part
Ce——— - Rely on new 7'-6" shaft entirely
T i o - AASHTO Composite Sections
supplemented with AISC Chapter |




6. Retrofit Design (cont.)

Design Drawings 1/2

19
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6. Retrofit Design (cont.)

Design Drawings 2/2

Shear studs for
composite action

7.5" flange built with
multiple 1.25" plates
(bolted)

\

| T

Eopieee

I

= [ e

SECTIONC.C
e

SECTION DO
vy

L

]

i
B

Vi

CSL Tubes,
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limited

SECTION B-B

STEEL SECTION
FLANGE PLATES:
12) 20" WIDE x 1'/a" THICK
(2) 29" WIDE x 11/4" THICK
(2) 38" WIDE x 193" THICK

WEB PLATE:
(1 47" DEEP x 25" THICK

N EXIST. 127-0" DIA. SHAFT
\./_

W
| “\:/— EXIST. CASING

. T'-6" DIA, INNER SHAFT

12" diam web
holes for
concrete
pouring

Bolts for
shear flow

SCALE: V5" = 1-0"

application

COWI



7. Construction

Constructing a shaft into an existing shaft

Step 1: Core a 7'-6" hole into existing shaft

Step 2: Place new reinforcing cage

Step 3: Install massive steel girder inside shaft

Step 4: Pour concrete

Step 5: Complete CSL and TIP test

WESTERN BRIDGE SEMINAR 2017
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7. Construction (cont.)
Some water

> Core drilling of existing deficient shaft at the base

Existing
shaft casing

Rough finish
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. Lifti ti
7. Construction (cont.) e

> 90 ton steel girder PR dssaan
- o FLON
(~1.8 kip/ft) {1 HEN, 6 '%S“
aﬂ . ke, . |

I

Inside plates to protect
tremie pipe from studs

e B

Al i L G

[ 1 - I
TFF BOLT & 51D SPALHG

WESTERN BRIDGE SEMINAR 2017 DeViato rs keeping Shear StUdS away
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7. Construction (cont.)

> Steel girder fabrication Shear studs

Deviators

3 times thicker flange
at the middle of girder

Added inner plates

WESTERN BRIDGE SEMINAR 2
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Third — strong beam for Steel girder

7. Construction

Second - Lifting ring for rebar cage

Existing shaft casing First - Square frame on exist casing
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w©
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L il | -
B 328 - B/ ExXST = b ald
176 ROCK SOEKET ;.L 417.0 WTH O (:1( )‘ N ]I
‘ WESTERIN §RIDGE SEMINAR 2017
25 0 - T/0 PLATE FOEL 29481 - 80 NEW

76" ROCK SOCKET



7. Construction (cont.)

> Installation of the of cage and steel girder
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8. Testing - Challenges in crosshole sonic logging tests

- Crosshole Sonic Logging (CSL) on the new shaft.
- Thick flanges blocked sonic signals being transmitted between 1-6, 2-7, 5-10, etc.

- CSL: Inclusive results in those paths intersected by flanges.

CSL + TIP Layout ~"" _ Normal signal
e between 2-4

Poor signal VO
o240 18) between 5-10 o0
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8. Testing - Thermal integrity profiling test

- Thermal Integrity Profiling (TIP) was pre-planned and carried out on the new shaft.

- TIP thermal wire measurements were monitored during concrete pour and over the next 35-hour
period.

- TIP: Concrete cure was normal; Detected slight cage tilting; No concerns.
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9. Completed Abraham Lincoln Bridge
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10. Final Remarks B

> Total retrofit cost > $1.9M = I
> Time it took to fix 2 —4 months
> Lessons learned for Walsh

> Monitor concrete volume to depth of concrete more closely

> Have a crane available to lift cage and airlift concrete if necessary
> Lessons learned for COWI

> Do not attempt to rely on low quality concrete (<2.4ksi AASHTO Limit) =

for structural capacity

> 14 COWI engineers involved on solving this issue

> COWI/Walsh Team provided a sound solution that allow the project to move
forward meeting all the project requirements to the satisfaction of KYTC
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