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INTRODUCTION



PERMANENT SHEET PILE WALL SYSTEM
PENNSYLVANIA TURNPIKE, M.P. 40.84 WB

Owner:  Pennsylvania Turnpike Commission, Brad Heigel, P.E. , Chief Engineer

Contractor:  Trumbull Corporation, John Nemmer, Project Manager

Subcontractor:  Brayman Construction, Logan Hamilton, Project Manager

Sheet Pile Supplier:  LB Foster Piling, Richard Morales, P.E., M.Sc., F.ASCE, Director of 
Engineering

Designer:  Earth, Inc., Michael Sydlik, P.E., M.Sc., M.ASCE, President

Original As-Bid T-Wall - $7,645,000

Estimated Construction Time (including temporary shoring) – 11 Months

Value Engineering Sheet Pile Wall - $7,263,499

Actual Construction Time – 6 Months

Project Statistics:

Length of Wall – 1,573 feet

Max. Height of Wall – 21 feet exposed overtop existing 1-1/2:1 embankment slope

PZC 26 Wall Face Sheets & PZC 13 Fin Sheets – 2,000 tons of steel

Type C Flowable Backfill (300 psi) – 5,200 cy

No. 57 Coarse Aggregate – 1,100 tons



AS-DESIGNED MSE  WALL



SHEET PILE WALL



PERMANENT SHEET PILE WALL SYSTEM
PENNSYLVANIA TURNPIKE, MP 40.84 WB

Description of System

 Length of wall = 1,573 feet
 Maximum exposed height above existing 1½:1 embankment slope 

= 21 feet
 Sheet pile wall system founded at same depth and same horizontal 

extent as as-designed MSE wall
 Outer row of PZC 26 sheets constituting the wall portion of the 

system/lengths of sheets varying from 15 to 31 feet
 Resistance to earth pressure loading provided by fins of 

interconnected PZC 13 sheets serving as vertically-planar,  
continuous tiebacks

 Three-way connectors spaced at 9.4 to 9.6-foot lengths along the 
wall face (every 4 wall sheets) connecting fin sheets to wall face

 How do fin sheets provide resistance to the wall system?
a)  soil/steel interaction, i.e., friction, and 
b)  the dead weight of the fins including soil contained within them 

to provide additional restoring moment.



PERMANENT SHEET PILE WALL SYSTEM
PENNSYLVANIA TURNPIKE, MP 40.84 WB

Key Supplementary Component

 Cementitious backfill in basically the middle third (height-wise) of the wall system

 Flowable, cementitious backfill is the preferred form of backfilling in the wedge 
defined by the wall face, steep existing embankment slope, and bottom of pipe/utility 
cradle for the following reasons:

a) easier and faster to place than common or select embankment backfill

b) cementitious backfill will pre-stress the wall system when fluid and reduce 
pressure on the wall system when solidified

c) cementitious backfill is stronger than either common or select embankment, a 
key component in helping control stresses and deflections in the wall face

Advantages of Sheet Pile Wall System over other Wall Types

 TEMPORARY SHORING IS NOT REQUIRED TO BUILD THE SHEET PILE WALL 
ALTERNATIVE which results in one stage of wall construction – not two as would 
be required for an MSE wall or T-wall which would require the installation of 
temporary shoring before wall construction could even begin.  In effect, the sheet 
pile wall system acts as its own temporary shoring.

 NET RESULT: SIGNIFICANT TIME SAVINGS IN ADDITION TO COST SAVINGS



DESIGN CRITERIA/ANALYSIS



PERMANENT SHEET PILE WALL SYSTEM
PENNSYLVANIA TURNPIKE, MP 40.84 WB

Existing Embankment Parameters
γm = 120 pcf
γsat = 125 pcf
C = 0 psf
φ = 32o

LRFD Analysis
 Pullout Resistance Performance Ratio = 1.53 > 1.0
 Overturning Performance Ratio = 1.17 > 1.0
 Tension in Fin Sheets = 7.8 ksi < 37.5 ksi
 Required Section Modulus of Wall Face = 11.4 in3/ft < 39.08 in3/ft
 Factor of Safety for Global Stability = 1.53 to 1.68 > 1.5

 Conclusion: more than satisfactory measures of the overall sheet 
pile wall system’s performance have been achieved.



PERMANENT SHEET PILE WALL SYSTEM
PENNSYLVANIA TURNPIKE, MP 40.84 WB

Ancillary Considerations:

 The 32 degree frictional design strength used in our sheet pile wall 
system design – as was the case for the as-designed MSE wall – was 
likely very conservative.  Our experience with cantilever sheeting 
associated with the Pennsylvania Turnpike’s MP A101 to MP A104 
total reconstruction project on the Northeast Extension is that the 
actual strength of soil in the near vicinity of driven sheet piles can 
be effectively much greater given the vibration/densification action 
of the pile hammer installing the piles, the effect of which would 
result in an even stronger wall system.  

 SAI Consulting Engineers, Inc. was contracted by Trumbull to 
perform a peer review of the retaining wall design. As part of their 
review, SAI performed a structural analysis of the sheet pile wall 
utilizing a finite element analysis program.  Based on their analysis, 
mini-fins - which are considered a structural component of the wall 
- located between the main fins were added to the design to limit 
the amount of stresses and deflection in the wall face (they do not 
contribute to global stability). 







Group 1 Sheets

Group 2 Sheets





MINI 
FIN

MAIN
FIN

HORIZONTAL STRESS

MAIN FIN = 20 KSI
MINI-FIN = 21.5 KSI



SHEET PILE STRENGTH



Yield Strength = 69.5 ksi
Tensile Strength = 78.9 ksi

AVE = 69.5 ksi AVE = 78.9 ksi



CONNECTION STRENGTH





?

CONNECTOR TYPE FAILURE LOAD
4” wide band, 3/8” thick

Hook 
European Z Piles

Ball and Socket 
Z Piles

Claw 
European Z Piles

18 Kips

44 Kips

20 Kips





Yield Strength = 94.2 ksi
Tensile Strength = 109.3 ksi





DRIVING OF SHEET PILES





Sheet Pile Installation

https://vimeo.com/261888574/31e6c10c67

https://vimeo.com/261888574/31e6c10c67


PHOTOGRAPHS
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Perspective view of sheet pile wall



Aerial view of pile driving operation



Transition from only main fins on 
left (lesser wall height) to main 
fins with intermediate/mini-fins 

(greater wall height)



Wall face sheets on left 
and perpendicular    (resistance) fin 

sheets to right



Cementitious 
backfill defining 

bottom of 
pipe/utility cradle



Closeup showing cementitious backfill
against wall face, main fins, and mini-fins



Closeup of ball and 
socket connection

Closeup of ball 
and socket 

connection with 
3-way connector



Group 2 Piles Group 1 Piles
(7 fin sheets and wall face sheets)(6 fin sheets)



Completed wall prior to moment 
slab/barrier placement and paving



Sheet pile wall system fully backfilled with 
barrier and moment slab in place



Downslope side of completed wall



Completed wall showing both 
widened roadway and steep existing 

embankment slope below wall



Downslope side of completed wall



FIELD MEASUREMENT OF STRESS



Horizontal and vertical strain gauges 
positioned at base of exposed wall face







CONCLUSIONS
 Based on stress measurements to date, this Sheet Pile Retaining Wall 

System appears to be functioning as anticipated.

 This sheet pile wall system is probably only cost effective where there is an 
existing highway that must be protected, i.e., there would need to be 
temporary shoring that had to be installed to offset the rather large 
material requirements of the sheet pile wall system.

 Certainly, this sheet pile wall system could not be used where installation 
of the sheets via vibratory hammer would induce unacceptable 
settlement/lateral movement to nearby structures.

 If hard driving is expected, this sheet pile wall system would probably not 
be the way to go, as costs for increased construction time to advance the 
sheets could quickly escalate, thereby negating the cost savings.

 If this sheet pile wall system is a valid alternative, the time savings can be 
huge when compared to other types of wall construction.

 If the construction of this sheet pile wall system is on the critical path, 
even more cost savings may be realized due to the reduced time required 
for construction when compared to other types of walls.
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