Foundation Design and

Construction
for the

Reidland-Smithland Road Bridge
USR 60 over Tennessee River

&ﬂl LEIET I EL ROBINSON

the Challenge. the Choice.
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Original Pier 7 Design
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Issues with Dredged Caisson

1 Material Cost for Fabricated Dredge Wells:
I 3.1 Million Pounds of Structural Steel
i $4.5 Million Fabrication Cost

1 Schedule Problems

I Project letting delayed until December 2005,
caisson could not be ready for the 2006 season

1 Constructability Issues

1 KTC Changed Pier 7 Foundation to Design-
Build by Addendum




Bid Results

Engineers Estimate: $23.7 M
American Bridge: $45.8 M
Massman Construction Co.: $39.4 M

C. J. Mahan Construction Co.: $28.4 M
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Footing
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Tremie-Concrete Seal/Sub-Footer
480 Dia. Steel Pi Il 1 ng

Design T Build Foundation at Pier 7



Pier 7 Foundation
Design

Richard L. Engel, P.E.
Vice President
E. L Robinson Engineering of Ohio Co.
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Pier 7 Design Criteria

1 Use a portion of the existing proposed pier
1 Barge Impact Load

1 Seismic Event

i Scour

1 Footing Elevation

1 Pile Foundation

1 Cofferdam Size

1 Footing Seal
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PIER 7 Top of Footing at Mudline

A scour evaluation was performed, the scour depth was determined to be 35 feet
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Footing Elevation

1 Top of the footing at the normal water
elevation

1 Place the bottom of the footing at the river
channel flow line elevation

1 Place the top of the footing at the river
channel flow line elevation



Design Logic for a Pile
Foundation

1 Determine a preferred minimum depth for
the cofferdam

1 Address scour concerns
1 Establish a design footing elevation

1 Establish an acceptable construction
procedure

1 Do not use a traditional cofferdam
concrete seal

1 Why not use a drilled shaft foundation



Determine a Preferred Minimum
Depth for the Cofferdam

1 Drivability T Reminder this is design build
1 Cost
1 Bottom of the concrete seal

1 Why was the dredge well shown In the
plans



Traditional Concrete Seal

1 Weight of the mass concrete
1 Buoyant weight of the piles
1 Pile uplift geotechnical resistance



Pile Group
Uplift Capacity
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PIER 7 Piles Uplift Capacity

Assumptlons

The average total unit weight of the pile and soil is 137 pcf.

The effective weight of the soil and pile is 75 pcf or 0.075 kcf. (buoyancy weight)

The unit shear on the perpendicular surface of the group is assumed 1 ksf.

The scourable depth of 30 feet was not included in the uplift capacity evaluation. The pile
length below scour bottom is 85 feet.

W -

AASHTO 17t Edition Section 4.5.6.6
Use 48" diameter open ended Pipe Piles

The design uplift capacity of a single pile = 333 x ultimate frictional capacity determined by static
analysis

From Static Analysis, the ultimate frictional capacity of a single pile is 4800 Kips.

The design uplift capacity of a single pile = 1600 Kips

| AASHTO Section 4.5.6.6.2 design capacity of a pile group is the lesser of:

| 1. The single pile uplift design capacity multiplied by the number of piles in the group.

2. Two-third of the effective weight of the pile group and the soil contained within a block defined
by the perimeter of the group and the embedded length of the piles.

3. One-half the effective weight of the pile group and the soil contained within a block defined by
the perimeter of the group and the embedded pile length plus one-half the total soil shear on
the perpendicular surface of the group.

Design capacity of a pile group is the smaller of:

1. 40x1600 = 64,000 Kips.

2. (2i3)x{95x56x85x(.075)} = 22,610 Kips.

3. (1/2 1x{95x56x100x(.075)}+2x(56+95)x100x1 = 19,995 + 30200 = 50,150 Kips

USE a design uplift capacity of the pile group = 22,610 Kips

|
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Scour

1 For the proposed design the predicted the
scour depth is 35 feet
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Construction Procedure

1 Install sheeting
1 Excavate
1 Drive piles

1 Place bottom mat of reinforcing steel
under water

1 Place footing concrete by the tremie
method for the portion of the footing used
as a structural reinforced concrete seal



Pile Design

1 Structural Design

1 Geotechnical Design
1 Scour

1 Barge Impact Load

1 Drivability

1 Pj
1 Pj
1 Pj

e wall thickness
e reinforcement

e plug
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204.2.2 CAST-IN-PLACE REINFORCED
CONCRETE PILES

PIPE PILE DESIGN LOAD ULTIMATE

DIAMETER BEARING
VALUE

12 INCH 50 TONS 100 TONS

14 INCH /0 TONS 140 TONS

16 INCH 90 TONS 180 TONS




CIP
Diameter

(in)

BDM
Max.
Design
Load
(Tons)

AASHTO

Allowabl
e Design
Load

(Tons)

12
$28/ft

50
$0.56/Ton

124
$0.22/Ton

14
$36/ft

70
$0.52/Ton

163
$0.22/Ton

16
$49/ft

90
$0.54/Ton

206
$0.24/Ton

4.5.7.3  Allowable Stresses in Piles

The maximum allowable stress on a pile shall not ex-
ceed the following limits in severe subsurface conditions.
Where pile damage or deterioration is possible, it may be
prudent to use a lower stress level than the maximum al-

lowable stress.

o For steel H- ]‘lil-:;~: [hL‘ maximum allowable stress
shall not exceed 0_25F, over the cross-sectional area
of the pile, not IH-L'|I.ll'.il|'I:-_._'_ the area of any tip rein-
forcement. The maximum allowable stress may be
increased to (L.33F, in conditions where pile damage
15 unlikely. Static and/or dynamic load test and eval-
uation confirming satisfactory results should be per-
formed when using 0.33F,.

For unfilled steel pipe piles, the maximum allowable
shall not exceed 0.25F, over the minimum
cross-sectional area of the pile. The maximum al-
lowable stress may be increased to 0.33F,
tions where pile damage is unlikely. Static and/or
dyvnamic load test and evaluation confirming satis-
factory results should be performed when using
0.33F .

For concrete filled steel pipe piles,

allowable s

applied over the cross-seCTION: ! ;

pipe and on the cross-sectional area of th concrete,

slress

in condi-

ﬂl_ rn.wuuum

stress shall not ex

respectively.




