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Background

Interstate 495 |

Christina River

Piers 10 - 14 e
Ty Christiana Ave

;‘}‘_

Project Site Location Map




Background

* BR1-813

* [-495 over the Christina
River

« ADT=90,000
* Length —4,390-ft
e 38 spans

« Welded Steel Plate N -
Girder Superstructure R

 Pier Ht =+/- 60-ft
 Variable Foundations

 Inspected October 2012
— No deficiencies
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Background

L > e, oL BRRE - S STOCKPILE
* Spans 11 thru 14 e Span 15
— 4-span continuous — Simple span
— All spans 109-ft — SB — 160.03-ft
— Piers 10 thru 14 — NB - 132.87-ft
— Pier 10 — Cast-in-Place — Pier 15 — H-Piles

Concrete Piles
— Remainder — H-Piles
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Response

« June 2\P 2014 at 2:17 PM

— AECOM arrived on-site
4:00PM

* Piers Tilted
 Tension Cracks in Soll

« Displacement of Bridge
Superstructure




Response

Embankment and Soil Tension Cracks East of Structure

95 Emergency Repairs



Response

« NB and SB
Superstructure Rotated to
the East

— 18-inch difference in
elevation of median
barriers

— + 3-inch gap in median
barriers
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Response

* Inspect Pile Caps
— Damage
— Pile Corrosion

« Conduct Subsurface Inv.
— 12 CPTu Soundings

— 6 SPT Borings w/ Rock
Coring

— 2 Open Standpipe
Piezometers w/ VBW inst.

— 2 Inclinometers

— 1 Monitoring Well

 Identify Contractor

— JD Eckman mobilized
6/5/2014

— AH Beck & R.E. Pierson
mobilized 6/12/2014
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Response

* Pile Cap Inspection
— Large Horizontal Cracks
— No Pile Corrosion
— Local Buckling on One Pile
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DISLODGED PILE




Response

 Generalized Soil Profile
— Soft Organic Clay
— Dense Sand

— Stiff Silty Clay
B sorr orcanic cay
— Bedrock B oevse sao

- STIFF SILTY CLAY
B conock

-100

-110

=135

-144
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Brandywine Blue Gneiss
Medivm- coarse-grained granulites and gneisses composed of Plugiuulust, quartz, orthopyroxens,
clinopyroxene, brown-green hornblende, magnetite, and ilmenite. Mafic minerals vary from < 5-30

miedal percent. A lineation due to a preferred orientation of quartz and mafic minerals is obvious
on weathered surfaces, Unit contains thin, discontineous fine-geained mafic layers,

DELAWARE GEOLOGICAL SURVEY
1

BEDROCK GEOLOGIC MAP OF THE PIEDMONT OF DELAWARE AND ADJACENT
PENNSYLVANIA
GEOLOGIC MAP SERIES, NO.10
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Response
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Response
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Response

Shear strength

STATE OF DELAWARE PAGE3OF 7 =
DEPARTMENT OF TRANSPORTATION — %y peak
MATERIALS AND RESEARCH 10+
Project Name: Bri-813 on 1495 over Christina River Boring No.: 12620 = Gl remokied
State Contract: 1201407107 1%
Depth | Water Sample \, . AASHTO
) | Lovel | Mo | Depin | Blowsio Sample Description Class. Remarks 204
no 20" RECOVERY
I 75+ ! !
A0
42.88
16 | 430 e Saturated soft gray organic clay w/some silt, A-T-5(27) 15 | 1 | 1
o trace of fine to coarse sand.
_— LIE
15.0° 20" RECOVERY
4556 U4 | 450 Shelby Tube - Press Sample 4 5 i |
47.0° 24" RECOVERY ﬁ D h
1 17 | 4o i Saturated soft gray organic clay w/some silt, A-7-5(28)
wH trace of fine to coarse sand. 55+
4824 -
— 49.0" 20" RECOVERY = B
— 18 | 490 b Saturated soft gray organic clay w/some silt, A-7-5(22) =
trace of fine sand Tt 655
50.92 51.0 24" RECOVERY E -
| & 754 l
a0
53.6
W[ 50 | B i i 85+
W aturated soft gray organic clay w/some silt. A-7-5(27)
| wit
i 0=
56.0" 24" RECOVERY
56.28 95+
|| 100
105
58.96
20 | 890 e Saturated soft gray organic clay w/some silt, A-7-5(31) L 10
trace of fine sand.
115+
81.0° 24" RECOVERY
us | 810 Shelby Tube - Press Sample
6164 v P | 2=
125+
63.0° 24" RECOVERY
|| 7 60 | W Saturated soft gray organic clay wisome sil, | A-7-5(27)
w trace of fine sand. L D I I N DL
84.32 4 2 4 & & 10 12
Emm— 65.0' 24" RECOVERY
22 | 850 wm Saturated soft gray organic clay w/some silt, A-T-5(37) Su {tsr]
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CPT: C-12E

o = Total depth: 112.47 ft, Date: 6/8/2014
Foundation Design Suface Elevaton: 7.00
Cone Type: Hogentogler

Cone Operator: D. Krahl

Pore pressure

e Cone Penetrometer 1

b

Pore Pressure Readings
— Increased Pore Water ::
Pressure > action level of 25+
1.0 psi/ ft of depth. z:
— In-situ testing in the form of a0
Cone Penetrometer Tests 7
with piezometric readings €
. . S
Indicated excess pore 8 o

water pressure at or above 65
the 1.0 psi/ft action level

0 20 40 60 80 100
Pressure (psi)
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Foundation Design

* Piezometer Readings

— Subsequent piezometer
readings indicated that the

excess pore water was READINGS PZ-12E

very slow to drain Date Pore Pressure
— This was confirmed by the (FT of Water)
Laboratory Consolidation 6/11/2014 12.00

[Eseiconducted on 6/18/2014 11.78
undisturbed samples

(Cv = 0.01 to 0.02 ftz/day).

6/25/2014 11.83
7/2/2014 11.09

DelDOT BR 1-813\ 1-495 Emergency Repairs



Foundation Design
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PLOT OF PRESSURE HEAD IN FEET
VS. TIME
JULY 15 THROUGH OCTOBER 1, 2014

ft H20 (-value indicates artesian)
=3
1

07/23/14 00200

07/28/14 00200
08/02/14 00200 o
08/07/14 00200 o
08/12/14 00200
08/17/14 00200
08/22/14 00:00
08427414 00200
08/01/14 00200
08/06/14 00100 o
03/11/14 00200 o
09/16/14 00200
09/21/14 00:00
NQ/2671d Ozl o

Y-AXIS ZERO REPRESENTS GROUND SURFACE, +/- EL 10

10/01/14 00100 -

I BR1-183 ON 1-495 OVER

EP—e————— _

B o b B | Sl ot Erronronto oot

B = = » = | 18Boulden Circle, Suile 36 CHRISTINA RIVER

—— New Castle, Delaware 19720

7 (302) 326-2100 VW PIEZOMETER PZ-11E
Fax (302) 326-2399




Foundation Design
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F-170

L -180

Soft Organic
Silty Clay

Sand

Pier 11
B-154  11IW-1A

Z il

Wet, gray clay
with silt and
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2|

Sandy silt
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o
sl
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Fill
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with coarse
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Fill
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with silt
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Auger Ref.

Sand

Hard
Clay

usal

13W-3A Flor 13

il

Wet, soft
‘organic clay
with silt
(A=7-5)

‘Wet, coarse to

Gneiss

Wet, soft
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with sitt

(A=T=5 or A=T-6)

‘Wat, sandy fine
gravel s

Wet, very stff
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B-202
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Pier 14

=
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%

2] Fil

#

E

-

.
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with silt (A-7-5
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Wet, f-c sand
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A=COM

CURRENT CONDITION e

7 7 o e e I
N

PIER CAP

@ PIER COLUMN

DIRT PILE _\
EXISTING GROUND _‘\

Bl SOFT ORGANIC CLAY
I DENSE SAND

I STIFF SILTY CLAY
I BEDROCK




CURRENT CONDITION s

|7 7 7 e e
N

PIER CAP

S PIER COLUMN

DIRT PILE_\

EXISTING GROUND _\

Bl SOFT ORGANIC CLAY
B DENSE SAND

B STIFF SILTY CLAY
I B8:£DROCK

A=COM




CURRENT CONDITION s

|7 7 7 e e
N

PIER CAP

S PIER COLUMN

DIRT PILE_\

EXISTING GROUND _\

Bl SOFT ORGANIC CLAY
I DENSE SAND

B STIFF SILTY CLAY
B B8:£DROCK

A=COM




A=COM

CURRENT CONDITION /_

{/L/le CAP

’ S PJER COLUMN

! DIRT PILE_\

:

|
|
|
|

EXISTING GROUND _\

Bl SOFT ORGANIC CLAY
B DENSE SAND

B STIFF SILTY CLAY
B B8:£DROCK




Foundation Design

Base Resistance (Rﬂ) for ‘End Bearing’ drilled shaft founded on
Gneiss bedrock:

Initial, preliminary, base resistance calculation used presumptive values using
empirical method from FHWA-NHI-10-016, Drilled Shafts Manual.

Final calculation of drilled shaft base resistance using AASHTO-method from
AASHTO LRFD Bridge Design Specification, 6!" Edition 2012 uses Canadian
Geotechnical Society Method (1985) which accounts for spacing and aperture of
discontinuities in the rock, in addition to, representative q, values from rock core
recovered from the project.

Using the AASHTO-method resulted in arefined Base Resistance (R,) of:
dgn = 3 d, Kgp d = 678 ksf
Base Resistance, R, = 4261 kips
R, > 3183 kip factored axial loading based on worst-case load condition, OK

DelDOT BR 1-813 / 1-495 Emergency Repairs



Construction

* Replace Piers 12 and 13
— Pile cap cracked

— Column insufficient for
eccentric loading

— Cannot rely on capacity of
exiting piles
* Drilled Shafts w/ Grade
Beam
— 4-ft diameter
— Casing to bedrock
— 130-ft to 160-ft below grade
ya — Rebar from Tappan Zee

— Support Temporary and
Permanent Repairs

— Geotechnical Design

APFROX PILE TP
&l 144




* EXcess pore water
pressures within the
Influence zone of the
Impacted piers made
advancing borings
extremely difficult

« Although dissipated

ERdoRcled snaft T e secriowsoss
construction the over- . 5 e
stressed subsoill

B sriFr siry cLay
B scorock coioriTE)

~——EXISTING PILES
COMPROMISED AND UNREL |ABLE

continued to cause
problems.

-110 B
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UNDERP I NN ING

-100
-110

-135
-144

PIER 11

B sorT orcanic cLay

[ oense sawo
B s7irF sty cLar

B scorock (DioRITE)

A=COM

SUPERSTRUCTURE

TEMPORARY
SUPPORT BEAM

EXISTING PIER
(TO BE REUSED)

EXISTING PIER
(TO BE REPLACED)

TEMPORARY
SUPPORT TOWER
(TYP)

EXISTING PIER
(TO BE REPLACED)

EXISTING PIER
(TO BE REUSED)

PROPOSED GRADE BEAM

(TYP) UNDERP NN | NG

PROPOSED
DRILLED
SHAFT
FOUNDAT |ON
(TYP)

PIER 12 PIER 13 PIER 14

PROPOSED FOUNDAT ION REPAIR / TEMPORARY SUPPORT ELEVAT ION



« Construction

— Began 6/5/2014
» Site access
« Causeway
» Pier ties
- Drilling Began 6/13/2014 A
— 32 of 32 drilled shafts
Installed by 7/16/2014
— Grade Beams Constructed

e 12 and 13 SB North & South —
7/8/14

« 12 and 13 NB North & South — =
7/25/14

— Shoring Towers
* Pier 12 and 13 SB- 7/22/14

G J




Construction

First Delivery of Casing 6/12/2014

Cutting Teeth Welded to Casing



Construction

b alkelata o) A
 Ex B RSN A%
EEE RN bbb

| .uf_;;‘g o *tjf» e Rebar Cage from Tappan Zee project
o — 6/16/2014

First Drill Rig on Site 6/13/2014



Construction

Began oscillating in casings on 6/13/2014
Vibratory hammer used on 6/15/2014




Construction

Right: Lifting 160 foot long Rebar Cage
Below: Splicing of Rebar Cages in Yard

i
i
i




Construction

Access Holes in Bridge Deck for
Placement of Drilled Shaft Rebar

First Drilled Shaft Reinforcing Cage
Placed 6/21/2014




¢ .
oL




Construction

* Drilled Shafts — Pouring PCC

— Casings went to bedrock and were filled with a slurry.

— SCC concrete was tremie poured from the bottom and slurry was
pumped out and recycled.

DelDOT BR 1-813\ 1-495 Emergency Repairs 40
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Response

Pier 14
Pier 11 Pier 12 13W-3A
B154 11W-1A

Fill 14E-4C

Fill

Sand|

Auger Ref. —_—

=130 HWR

HWR

F -140
L @ Diorite

=150

Gneiss

Gneiss

160 OH

Gneiss

r-170

- -180




Conclusions

« Estimation of Lateral Loads Imposed by a Surcharge
on Soft Clay

Modeling Techniques
Insitu Testing Options
Instrumentation
Methodologies

 Lessons Learned for Addressing Lateral Squeeze on
Deep Foundations

Validity of Original Design
Battered Piles?

Control of ROW

Effectiveness of Drilled Shafts
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