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Port of Anchorage, Alaska – Expansion Project
Report on Sheet Pile Driving Problems for MKB Constructors
I.

INTRODUCTION

A. Purpose of Report - The purpose of this report is document a review by Lachel & Associates, Inc. of
geotechnical and construction information related to problems experienced with installation of steel
sheet piling by MKB Constructors at the Port of Anchorage Marine Terminal Redevelopment Project
in Anchorage, Alaska. MKB was a subcontractor to Quality Asphalt Paving (QAP) for installation of
an Open Cell Sheet Pile (OSCP) bulkhead at the Port and for vibracompaction of granular cell fill that
would be placed in the completed bulkhead cells by QAP. QAP held a contract with ICRC, the
design/build prime contractor for earthwork and sheet pile bulkhead portions of the Port expansion.
The OSCP design concept is patented by PND Engineers, who served as ICRC’s designer for the
project. Two specific sets of bid documents describe the construction that is the subject of this
review, namely that of the Barge Berth Phase 2 and of the North Extension, together involving
installation of more than 100 sheet pile cells.
B. Background - MKB experienced extreme difficulties in sheet pile installation due to a combination of
causes including hard foundation soils, movement of fill soils during sheet pile driving, undisclosed
rock obstructions in the subsurface at locations affecting sheet pile driving, and also due to
administrative restrictions related to environmental compliance which imposed various constraints on
their work. Ultimately, their contract was terminated and their remaining work was de-scoped.
Completion of the sheet pile bulkhead installation was re-bid in April 2010 with a revised set of bid
documents. MKB is seeking compensation for their work, including increased costs that they incurred
because of the problems.
C. Scope of Review - The review documented herein is based on the project documents including the
bid documents for the project elements in question, and on design documentation available on the
Port of Anchorage. The report contains references to specific portions of the documents that are
quoted, and a reference list containing documentation of other material cited in support of the
discussion contained herein. Emphasis is given to discussion of potential causes of soil movement
and to discussion of various aspects of constructability of the project as presented in the bid
documents. This report addresses geotechnical and construction aspects of the problems, and does
not address cost or schedule issues. It contains the following sections:
• Assessment of Soil Movement
• Design Configuration and Construction Specifications
• Construction Aspects
• Conclusions
D. Limitations - Lachel & Associates, Inc. services are performed, within the limitations imposed by the
firm's clients, using the degree of care and skill ordinarily exercised under similar circumstances by
reputable engineers and geologists practicing in this or a similar locality. No other warranty or
representation, either expressed or implied, is made as to the findings and professional opinions
rendered in this report.
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The findings and recommendations in this report represent our professional opinion based on a
general review of available information. However, it should be recognized that other items may exist
that have not been specifically identified. Any changed conditions and additional information should
be brought promptly to the attention of Lachel & Associates, Inc. for evaluation. Changes to the
opinions, conclusions and findings, presented herein may be needed.
The conclusions and findings presented in this report were developed specifically for this project and
do not necessarily apply to any other site or project. This report is intended for the sole use of MKB
Constructors and their agents. The scope of services performed in the execution of this effort may not
be appropriate to satisfy the needs of other users, and any use of this document or the findings,
conclusions, or recommendation presented herein is at the sole risk of the said user. If the nature of
the project changes significantly from that described in this report, Lachel & Associates, Inc. should
be contacted to confirm the validity of these conclusions and findings.
II.

ASSESSMENT OF SOIL MOVEMENT

A. Global Stability - The possibility of movement in the underlying soil being a contributor to the downslope movement of soil material was initially suspected and inclinometers were installed to assess
this through monitoring. There were clear indications of movement in the fill soils with breaks in the
observed pattern that coincided with the top and bottom elevations of the extended portion of the tail
walls (Shannon and Wilson, 2009). There were minor indications of apparent displacements within
the native soils, but they were not pervasive and overall, it does not appear that a global stability
mode of failure with a failure surface in the in situ soils is the cause of the observed movement.
B. Silting In – Sheet 12, General Note C, first paragraph states, “Footprint dreding shall be performed
no more than seven days prior to dike fill placement in any given area. All project dredging shall be
approved by ICRC prior to sheet pile being driven.” If the area dredged as part of “footprint dredging”
silted in following dredging, it is possible that the presence of a loose unconsolidated layer of fines
could have contributed to down-slope movement of soils, as such a layer could potentially form a
plane of weakness along which down-slope sliding could occur. Considering other mechanisms that
will be discussed below, this could contribute, but would not be necessary for the observed slope
instability to occur.
C. Movement Due to Vibratory Pile Driving – According to MKB’s Project Manager Andy Romine,
sheet piles and wyes typically displace downslope to some extent during driving. Mr. Romine
indicated that Tom Glenn, the MKB Superintendent, had previously observed about 2 inches of downslope displacement on other projects and therefore attempted to adjust accordingly in setting the
wyes. The outward movement observed on this project was greater than had previously been
observed. It is notable that the wyes described in ICRC Letter #38 of May 22, 2009 as unacceptable
by virtue of their positions 1.8 feet and 2.7 feet west of their design location were associated with
Cells 10, 11, and 12, the precise location where rock was recovered by West during the 2010
construction season. It is highly likely that these excessive movements were caused by undisclosed
rock obstructions that affected the driving of the wyes.
Mr. Romine also reported that compaction of soils adjacent to tail wall sheet piles was observed
during driving. This would tend to cause these soils to exert more frictional force on the sheet piles
following dissipation of excess pore pressures from vibratory driving. With a greater frictional force at
the interface, it is possible that subsequent down-slope movement caused by additional driving could
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then have tended to cause down-slope movement of the tail walls, giving rise to some of the
observed bucking that occurred after driving. With the fill moving, the buckling of some installed tail
walls that was observed is easily understandable, as with sloping fill, different portions of the walls
can be subject to varying amounts of frictional forces.
Once the fill starts moving, it will exert frictional forces on the sheet piles and tend to cause iron
binding, particularly with the piles toed into the hard soils of the Bootlegger Cove Formation (BCF). In
this case, it appears that the movement was extensive because of the oversteepened slopes of the
anticipated dike configuration and the relatively large depths of fill through which sheet piles were
driven on this project. The resulting iron binding was severe.
D. Feasible Fill Slope Angle – Typical Sections F-F and G-G, as shown on Drawing Sheets 15 and 16
depict a fill slope for the “initial dike” or work platform that intersects “very stiff clays and dense sands”
of the BCF as exposed by footprint dredging, with the toe of the proposed slope shown as 20 feet +/seaward from the bulkhead control line. The slope angle depicted measures about 33 degrees, a
slope of one foot vertical per 1.54 feet horizontal (1 in 1.54). Sections F-F and G-G, as shown in the
drawing set are reproduced as Figures 1 and 2 of this report.
ICRC’s Letter #38 of May 22, 2008 expresses that ICRC and the designer attribute the driving
problems to the slope creeping downslope during construction, causing a “…buildup of fill in contact
with the sheet piles not anticipated in design. Soil pressure on the back of the face sheet piles may result in
iron binding within the pile interlocks resulting in difficult driving.” ICRC then provided the following
suggestion to ease driving difficulties: “Re-evaluation of your means and methods for construction of the
crane pad and associated slopes appears prudent. Pulling back the slope from the cell face appears prudent.
This may be accomplished with the proper equipment including a dragline or hydraulic excavator with
sufficient reach or by construction of a bench into the slope to provide equipment access. Physical means
such as geobags, geotextile, geogrid or other means may also be considered to stabilize the steepened slopes.”
This is expressed in the overall context of attributing the problems to the contractor’s means and
methods, and appears to reflect a mistaken understanding of the stable slope angle.
The designed work platform depicted in the bid documents should not have been expected by the
designers to be stable during construction. Table 4-3 of the March 2008 Geotechnical Analysis
Report by PND presents fill properties for uncompacted and compacted granular fill, with the angle of
internal friction, φ, for these two conditions as 32o and 36o, respectively. As vibracompaction was not
contemplated in the design as occurring until after cell completion, the value of 32o is taken as
representative of conditions during construction. Section 5.4.1 of the same report describes the
design phreatic level within the fill as elevation +18 feet. (The term “phreatic level” describes the level
at which the pressure in the groundwater is equal to atmospheric pressure, and below which the soil
is saturated.)
The stable slope angle is a function of the angle of internal friction of the soil and of the position of the
phreatic level. Above the phreatic level, a slope will be stable under static conditions, provided that
the slope angle or angle of inclination to the horizontal, β, is less than φ. Below the phreatic level,
where the slope is saturated, it can be found in soil mechanics texts that the stable slope angle is
approximately half the internal friction angle. Thus, in this case, below elevation +18, the stable slope
angle would be approximately half of 32o, or 16o (~1 in 3.5). This is simplified, and a more rigorous
analysis would examine the transient flow pattern of the groundwater in response to the tidal cycle,
which during some intervals would show an even flatter stable slope angle.
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Under natural conditions, an oversteepened slope in granular soil will gradually slough at the surface
until the slope angle flattens to its characteristic stable value. This can take a substantial amount of
time, particularly if the soil is gravelly because of the greater mass of the individual particles and their
interlocking. However, vibration accelerates this process, as is well known and leads to the
application of vibratory processes to densify cohesionless soils, particularly when saturated (below
the phreatic level).
In this case, since construction involved extensive vibration during sheet pile driving, it should have
been recognized that the stable slope angle below elevation +18 is approximately 16o or less. This
configuration is shown superimposed on Sections F-F and G-G in Figures 1 and 2, up to elevation
+18, with a slope angle of 32o above that level. Had this been shown on the construction drawings,
the dike top would have been so far back from the control line that driving from land would have
clearly not been feasible and the whole concept of the work platform as expressed in the General
Notes would have been meaningless. (This was apparently recognized by the time of issuance of the
plans for the North Extension Bulkhead Project on April 9, 2010, as the concept of the work platform
is absent from the revised plans and pulling soil back from the slope is required in the revised
General Notes.)
That the designer did not take acknowledge the behavior described above is further clearly indicated
in the minutes of the May 19, 2009 meeting regarding wye locations. On the first page, Dennis
Nottingham of PND described the problem as, “…it’s loose soil sliding; you need to densify it; put a few
vibratory probes down and solid it up.” Tim Dudley of QAP stated that the slope flattens to between 1 in
3 and 1 in 4 over the winter (which agrees with the analysis presented above). On Page 5, Dennis
Nottingham stated with confidence that the slope would stand at 1 on 2 (26.6o), saying, “…trust me,
we’ve done it for years.” He further stated that that the slope at Port Mackenzie had worked at that
configuration “…in exactly the same conditions.” The 1 on 2 slope (26.6o) is also shown with the work
platform slope configuration form the bid documents and the 16o slope described above for
comparative purposes on Figures 1 and 2. Several items are noted from these statements and
details of the Port Mackenzie project:
• Densification is here proposed as possibly required for construction preceding cell completion
and filling, contrary to the requirements of the bid documents to do it upon completion of cell
filling.
• A slope configuration of 1 vertical on 2 horizontal (slope angle of 26.6o), is expressed as being
stable based on experience. This is not supportable based on the above analysis.
• It should be noted that Port Mackenzie involved sheets 70 feet in length, and that there was no fill
at the dock face. Rather the face sheets were driven directly into in situ soils. The Port
Mackenzie configuration is shown as Figure 3, and is also shown superimposed on the Port of
Anchorage configuration in Figures 4 and 5. The clear difference in scale between the two
applications is apparent, particularly for the portion of the facility represented by Section G-G.
• Port Mackenzie was constructed under icing conditions, as shown below from a slide in PND’s
May 27, 2008 presentation to the Geotechnical Advisory Committee, as obtained from the Port’s
web site. It is a matter of record that significant ice formed in the fill and gave rise to settlement
the following year when the ice melted. Such icing could certainly help to temporarily hold the
slope at an angle steeper than its natural stable angle.
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It should also be noted that during meetings and in correspondence, ICRC and PND frequently
described “…pulling the slope back from the cell face…” as something that installation means and
methods should incorporate. This is simply another way of saying that MKB should have excavated
the design work platform until the slope was stable. This may sound simple, but the soil volume that
would be removed in excavating to reach a stable configuration is huge. Two additional handlings of
this amount of material (excavate to pull back slope, and then replace) clearly could not have been
accommodated within the project schedule, and clearly no prudent contractor would contemplate
having to do this to accomplish the work.
It is interesting for comparison purposes that in the John French declaration (French, 2011), it is
documented that the U. S. Army Corps of Engineers directed West to reduce the fill slope from 1 on
1.5 (33o) to 1 on 4 (14o) to prevent further migration of fill soils. It had been found that significant and
unexpected quantities of materials were found seaward of the bulkhead by the harbor dredging
contractor. This is similar to the 16o slope described above and supports the assertion made herein
that the 1 on 1.5 and 1 on 2 slopes from the bid documents and PND statements in meeting minutes
are fundamentally not stable below elevation +18. The “migration” of fill soils appears to describe the
result of the slope progressively failing to reach a stable configuration and flattening in the process.
III.

DESIGN CONFIGURATION AND CONSTRUCTION SPECIFICATIONS

This section addresses some features of the design configuration as expressed in the design drawing set,
and the construction specifications, as they were expressed as General Notes on Sheets 3-7 of the
drawing sets for the Barge Berths Phase 2 and the North Extension projects. Unless described otherwise
for a specific case, these comments address the North Extension plans and notes.
A. Work Platform - The creation of a “work platform” was clearly anticipated in the project design, as
described in General Note 4.A.2 on Sheet 4, and as shown as “Granular Fill Dike” and “Initial Dike” on
Sheets 14-16. The seaward slope of the dike is shown at 32 to 33 degrees, representing a slope of 1
vertical to 1.5-1.6 horizontal. This was performed by dumping fill and spreading it downslope with a
bulldozer to the extent permitted by tidal fluctuations. Material seaward of the line described by the
low tide level was of necessity placed through water. The “work platform” was clearly intended by
PND to support a crane used to drive sheet piling, as evidenced by the statement in the meeting
notes for the May 21, 2008 project meeting, Item 7.d – Fill plan – What is required – “GH PND
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provided clarification stamped plan required primarily due to structural requirements of dike to support
pile driving equipment.”
B. Dredging - Along with the creation of the dike, dredging was performed within a defined footprint
below a portion of the work platform, referred to as “soft-soil footprint dredging to bucket refusal”
(80,000 pound, 14 cubic yard bucket) in notes on Sheet 12. This dredging work was discussed in the
March 2008 Geotechnical Analysis Report by PND, using the terminology “soft estuarine sediments”
to describe “looser soil layers” that would be dredged and replaced with granular fill “to improve
resistance to sliding.”
Sheet 12 also describes “hard soil dredging” or “sub-trench dredging” to elevation -40 ft toward the
north end of the facility and -50 ft toward the sound end of the facility, using an 80,000 pound, 7 cubic
yard bucket. These elevations are 10 feet above the design tip elevation of the face sheet piles for
Section F-F and Section G-G of Sheets 14-16. Further, Sheet 12 of the drawing set does not detail
the refilling of the sub-trench with granular material, but it appears from Sections F-F and G-G that
the dredged trench would be filled with the granular fill material as described in General Note 3.A.1 on
Sheet 3.
The purpose of the sub-trench dredging is not described in the March 2008 Geotechnical Analysis
Report, but is addressed by Terracon in their instrumentation and monitoring report of January 2010,
in the statement, “Difficult driving was anticipated for some areas along the north extension. In order
to reduce difficult driving, a sub-trench was dredged along the alignment of the cell face.” Also
notable is that the sub-trench did not extend northward through the extent of North Extension cells 18. Although the designer’s rationale for this is not known, it appears that it may have reflected
reluctance to dredge a deep trench too close to the existing slope of the Dry Barge Berth Dike. If
dredging was required to mitigate difficult driving conditions for the cells from this point southward,
then not dredging here would potentially set up extremely difficult and potentially unachievable driving
conditions in this interval.
C. Sheet Pile Penetration - Based on the design configuration of the sheet pile cells and tail walls, and
the dike slope associated with the “work platform” as shown on the design drawings, the driving of
sheet piling through substantial thicknesses of granular fill soils and well into the overconsolidated silt
and clay with numerous interbedded layers of sand, silty sand, and gravel of the Bootlegger Cover
Formation (BCF) was required. Penetration into the BCF soils is generally 10 to 20 feet, after first
penetrating fill thicknesses of 20 to 30 feet at the dock face, and increasing to 40 feet or more at the
top height of the work platform dike.
D. Obstructions - The drawings clearly contemplated the possibility of obstructions causing difficulties
with sheet pile installation. Sheet 12, Note 4.D, second paragraph, states, “Contractor shall remove
rock or other obstructions under the footprint prior to driving sheets. Contractor shall not place
anything in the sheet pile footprint that sheet pile cannot be driven through. Contractor’s fill in the
sheet pile footprint shall be acceptable to ICRC prior to driving sheet piles.” No equivalent note was
included in the General Notes for the Barge Berth drawing set.
The bid documents including the results of geotechnical explorations were reviewed seeking
indications of obstructions within the construction area for the North Extension. This included
Terracon Borings TB-56, TB-25, and TB-28 inland of the dock face, and TB-56 at the dock face, as
well as Terracon CPT’s along the dock face including TB-54. TB-55, TB-57, TB-01, TB-02, and TB03. Also, pile probing using H-pile sections advanced by means of a vibratory pile hammer was
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performed in 2007 and presented on Sheet 36 of the drawing set at 29 locations, designated A
through Z and AA through CC. The probes were advanced to elevation -60 or to refusal, and only 3
probes (N, O, and R) were described to have encountered rock causing refusal. Of the borings, none
included description of any rock materials larger than gravel ½” to ¾” in dimension within the driving
elevation ranges for proposed sheet piling. For the CPT’s, some intervals were drilled out because
the CPT could not advance. This is not uncommon and considering the small size of the CPT probe,
can be caused by gravelly zones. Thus, it cannot be claimed as indicative of boulder obstructions.
Thus, the bid documents do not present any information that suggests that encountering obstructions
during sheet pile driving should be anything other than a random and occasional occurrence.
E. Densification of Fill - Densification of cell fill to improve the state of compaction and thereby the
resistance to liquefaction due to shaking from earthquakes was not planned until after cell
construction and filling. General Note 4.A.2 on Sheet 12 states in part, “Upon completion of the open
cell sheet pile bulkhead and filling, the fill will be deep compacted by vibracompaction.” The logical
consequence of this construction sequence is that at least portions of the fill would be in a relatively
loose state of compaction at the time of sheet pile installation. This would apply particularly to the
granular fill that would have been placed through water to fill the trench created by sub-trench
dredging. Settlement of this zone of fill due to vibrations from pile driving would tend to oversteepen
the slope immediately landward from it. This would, in turn, contribute to the tendency of the fill
above this point to move down slope when vibrated and impose a load on the face sheet piles.
IV.

CONSTRUCTION ASPECTS

A. Vibratory Pile Hammers - Vibratory hammers became popular because when applied under the
proper conditions, they can advance piles more rapidly than can conventional impact hammers. As
vibratory pile driving involves localized liquefaction of the soil, permitting pile penetration, it is most
effectively applied in soils that are liquefiable, i.e., loose, sandy materials (Swatek, 1970). These
hammers are less effective in dense, gravelly soils containing cobbles and in stiff clays. Clay soils
tend to dampen vibration of the hammer and retard penetration (EM 1110-2-2906, page 5-11). If
vibratory driving is persistently applied under hard driving conditions, the sheet pile interlocks can
actually melt (EM 1110-2-2504, page 8-1); thus it is important to shift to impact driving when hard
driving is required.
Another effect of vibratory driving is soil densification, particularly for cohesionless soils that are
submerged. When soil on a slope is vibrated, particularly if submerged or partially saturated as would
frequently be the case at the Port of Anchorage between high tides, it tends to move down slope and
seek a flatter slope angle. This is precisely what was observed, as documented in MKB’s May 22,
2009 request for additional utilization of the impact hammer.
B. Jetting and Spudding – Jetting and spudding were mentioned in the General Notes, only relative to
submittal of pile driving equipment details in support of statements made relative to potential difficult
driving conditions and measures that might have to be employed to overcome them. Jetting is the
use of water jets attached to advancing piles to liquefy soils and facilitate penetration. Spudding is
the driving of a short and stout section of pile-like material into the ground to punch through or break
up a hard-ground strata to permit pile driving. When difficulties were encountered, there was
discussion and project correspondence related to attempting use of such methods to improve pile
driving effectiveness.
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Notable among these is the PND letter of December 11, 2008 that was transmitted to QAP by means
of ICRC’s Letter #021 of December 12, 2008. This letter states in an introductory paragraph that
difficult pile driving had been anticipated and that “The contractor has been performing pile installation
with pile driving alone and is consequently encountering a myriad of problems working out on the edge of
what is reasonable with pile driving equipment driving flat sheets. We have recommended that the contractor
provide additional means to ease the pile driving.” The letter concludes with the following statement,
“Substantively, the problems the contractor is facing is (sic) not improper driving data, the wrong hammer,
the wrong analysis, local or Euler buckling of the sheets, the wrong pants, iron binding, or splice problems.
All of these problems are the outgrowth of driving piles in hard materials that should probably be weakened
by dredging, spudding, drilling, jetting, etc., prior to driving. Tuning up the pile plan could mitigate some of
the problems but will not be a cure for all pile installation.”
These statements completely ignore the soil movement that is clearly a significant portion of the
problem. Jetting and spudding are sometimes necessary, but they come with large caveats: “When
driving is difficult, jetting and spudding may be attempted to facilitate driving or remove obstructions.
However, this should be done sparingly because there is a danger that the sheet piles will follow the
spudded or jetted holes and will split out of interlock. Jetting is usually not efficient in clay.” (LaCroix
et al, 1970) Further, “Jetting is normally used when displacement-type piles are required to penetrate
strata of dense, cohesionless soils… Piles in some cases, have been successfully jetted in cohesive
soils, but clay particles tend to plug the jets” (EM 1110-2-2906, page 5-3).
These processes are costly and time consuming unless used only occasionally to deal with an
obstruction. Overall, it would not be reasonable to expect a contractor to bid a sheet pile installation
project and plan to employ jetting or spudding as a part of normal production on more than a very
small percentage of sheets on a large project such as this. Should such extensive application of
these processes be required, it should be stated in the bid documents with the understanding that it
would involve a cost increase of significant magnitude.
Apparently, even PND personnel did not agree on the potential efficacy of jetting, as evidenced by
Dennis Nottingham’s repudiation of the methodology as having any benefit in the dense silt and clay
soils of the BCF. This is documented in the minutes of the May 19, 2009 meeting regarding wye
locations, “DN: Jetting won’t work in this soil – Jetting works in sands – that’s what jetting is for. Does not
work in hard soils like this.” Thus, there is agreement that the soils are hard, but no agreement that
the measures PND proposed would actually be worth the time spent trying to apply them. In the
same meeting, Nottingham repeatedly attributed the installation problems to loose soil sliding, a
different interpretation of the problem from that described above from the Howlett’s December 11,
2008 letter.
C. Length and Penetration of Sheet Piling – The sheet piling for the Port of Anchorage (by design) is
long, requiring many sheets 80 and 90 feet long to achieve the proposed configuration. As described
in Section II.C of this report, the design requires penetrations of 10 to 20 feet into the BCF after
penetrating 20 to 40 or more feet of granular fill (or total penetrations of 30 to 60 feet. These are long
penetrations considering that the fill and in situ materials are not soft. Penetrations greater than 20
feet are considered to be large (Swatek, 1970), and this is consistent with information presented in a
recent ASCE seminar on steel sheet piling sponsored by L. B. Foster, the supplier of sheet piles for
this project. It was stated that for flat sheets (such as were used at the Port of Anchorage), driving
through more than 20 feet of soil should be avoided because of potential for friction buildup, sheets
wandering from design position, and the possibility of encountering obstructions. PND’s letter of
December 11, 2008, transmitted to QAP by ICRC’s letter of December 12, 2008 characterized MKB
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as “…encountering a myriad of problems working out on the edge of what is reasonable with pile driving
equipment driving flat sheets. We have recommended that the contractor provide additional means to ease
the pile driving.” Indeed, the required sheet pile penetrations were out on the edge of what is
reasonable, but it was the design that required this, and the difficulties in pile installation cannot be
written off to contractor’s means and methods.
The specifications (General Note 3.C, 5th paragraph) require a minimum swing angle of +/- 10
degrees at the interlocks. It should be noted that on the L. B. Foster web site, catalogue information
for the PS 31 sheet piles used for this project indicate this to be true for sheet piles up to 70 feet in
length, with a loss of +/- 1.5 degrees for each additional 10 feet of length. Thus, the 80 and 90 foot
long sheet piles required for this project cannot meet the specified value. This reduced swing angle
would have the effect of contributing to the iron binding that the moving fill caused.
D. Obstructions – As described in Section II.D. above, the bid documents do not contain information
that would lead to expectation of significant amounts of hard driving due to obstructions. There is
also the clear expectation of removal of man-placed obstructions such as slope protection rock prior
to sheet pile driving. As is now known, significant rock remained in the subsurface, and caused MKB
to have to spend great amounts of time attempting to drive sheet piling into obstruction-laced ground
in spite of their expressed concerns about the conditions. The location of rock removed by West
during the 2010 construction season was shown on Attachment G to the Richard Marsh declaration of
November 1, 2010, and is attached as Figure 6. This clearly shows that rock was found at the
locations of the most difficult driving, i.e., the south end of the Barge Berth and the north end of the
North Extension project, and that rock is probable and possible over an even larger area. The
attribution by ICRC and PND of MKB’s driving difficulties in these zones to the ineffectiveness of their
own means and methods was clearly in error.
E. Remedial Measures Proposed by ICRC and Designers – During various meetings, and in various
items of correspondence, a number of potential remedial measures were proposed by ICRC and the
designers to deal with the problems being experienced by MKB. These could all be discussed and
analyzed as to their effectiveness, but that is beyond the scope of this report. In general, had the
problems been periodic and isolated, and the proposed measures been effective, they would have
been reasonable to employ to deal with occasional problems. However, most of the remedial
measures involved significant alterations to planned construction sequence and significant
expenditure of resources and time. It was not reasonable to expect that such measures could have
been applied on a large scale to the production operation for the bid cost. Further, many of them
were advanced without recognition of the inherently unstable slope angle of the work platform dike
and proved to be ineffective, or to require substantially greater time when implemented.
One specific point regarding proposed remedial measures is that vibracompaction was proposed by
PND as a means of stabilizing the fill. Fill densification could be a stabilizing measure if it was sliding
due to lack of compaction. However, in this case, it was sliding because the slope angle was steeper
than the stable slope angle. Compaction would have increased the angle of internal friction, but that
would have had only a small stabilizing effect (increasing the stable slope angle to 18o, from 16o).
F. Bid Document Differences – A full analysis of the differences between the original bid documents
for the North Extension and the Barge Berth and those for the 2010 RFP for the North Extension
Project is beyond the scope of this report. Nevertheless, some comparative comments are
warranted.
• The concept of the work platform has been removed from the new bid documents.
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•
•

Extensive sections regarding construction sequence have been added to the General Notes.
The term “obstacle” has been added with the requirement to remove or drill through encountered
obstacles for face sheets and the potential to realign tail walls around them.
• A full-time drill rig is required by the new bid documents – capable of drilling to a deoth of 5 feet
below sheet pile tip elevations at a minimum diameter of 8 inches.
• It is stated in the new bid documents that drilling is anticipated at wyes, face sheet interlocks, and
alternate interlocks on tailwall sheets, and the contractor will be paid for mobilization, and monthly
rental, and a per-hole cost. No additional time would be allowed.
• There is a significant section on iron binding, with a statement that it may be increased because
of pile coatings. (This should also be considered in conjunction with the reduction in swing angle
at the interlocks for piles longer than 70 feet, relative to the basic feasibility of installing piles to
the original specification.)
• Flattening of the slope angle during driving is acknowledged and pulling the material back is
made a requirement of the specifications.
• Deposition of silt within driven or partially driven cells during high tidal cycles is acknowledged
and dredging of any accumulation exceeding one foot is made a requirement of the
specifications.
• The requirement to splice piles after full depth driving was added to the new bid documents.
• The requirement in the new bid documents that sheets slide to grade under their own weight
when interlocked requires vertical assembly. It further requires that the sheets “shall not bind
during driving.” Unless the fill slope is flattened to a stable configuration, this is not likely to be
achieved.
In general, the new bid documents describe a different project and a different standard, basically
transferring much of the risk for the problems observed during sheet pile driving in 2008 and 2009 to
the contractor. Compensation not provided in the original project is available for some items – e.g.,
drilling at wyes and interlocks.
Regarding pre-drilling, the means of pre-drilling at wye locations and many interlock locations is not
clear. A drill rig must be stable to provide down-pressure and and a reaction to the torsional force
being applied to drill. This would require some additional fairly extensive infrastructure to permit this
to be safely done in the tidal environment. Drills do not necessarily drill straight holes. Considering
the normal wander that can occur when drilling in soils that can contain cobbles (small rocks that will
pass a 12-inch grid and be retained on a 3-inch grid), predrilling wye locations still might not enable
tolerances to be met. If a drill hole does wander, the element driven at the location will likely follow it,
which can be problematic in its own right. It is notable that in Paul French’s declaration (French,
2011), he expresses similar concerns regarding feasibility and stated that West did not perform such
drilling work. Rather, they excavated down to the native material to shorten the driving penetration,
excavating significant quantities of material.
Although the details of the 2010 construction season work have not been made available as of this
date, we understand based on anecdotal information that the work did not go well, that there were
significant problems in driving sheet piles even after excavating, that progress was very much less
than scheduled, and that the contract was changed to a time and materials contract. The Marsh and
French declarations both support the assertion that the design slope of the work platform dike was
not workable. Page 6 of Marsh’s declaration states that design “…provided for the face sheets to be
driven through the seaward slope of the fill dike and that proved unworkable. Howlett readily admitted the
mistake. Thus the design intent in 2010 was for the dike fill on the North Extension to be pulled back so that
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the seaward slope would be well behind the sheets.” MKB’s claim is based on that fact that in spite of
this situation, they were pressed to continue, and to accelerate to meet project schedule milestones.
G. Construction Sequence – The original bid documents did not specify installation sequence. We
understand that MKB planned to drive tail wall extensions as a separate operation that could be
performed at night and on-land, with less administrative restrictions relative to tidal fluctuations and
marine mammals. MKB indicated that PND took no exception to this, expressing that the tail wall
extension were there for seismic resistance and were not required for stability during construction.
When the fill movement became apparent, the use of tail walls as anchors to hold previously installed
sheets against movement was proposed. MKB responded and did this, but it impacted the efficiency
of their installation operations.
H. Tides and Phreatic Water – General Note A.1 on Sheet 4 of the drawing set contains the
statements, “Tides and phreatic water can cause fill instability during construction. The contractor’s
work plan must address these conditions.” This statement is clearly an attempt to transfer risks for
such occurrences to the contractor. However, it is not a sufficient defense for depicting a slope that is
fundamentally not stable as a work platform. Although phreatic water affects the stability of the slope,
the design also needed to take account of that and depict a stable dike configuration since driving
from the land side was envisioned by the design and likely required to achieve schedule milestones.
I.

V.

Iron Binding – There is much discussion of iron binding that interfered with sheet pile installation in
meeting minutes and correspondence. It should be pointed out that iron binding can occur solely due
to improper sequencing and installation practices on the part of the contractor. That could be
mitigated by revision of the installation sequence. In this case, it appears that iron binding was
caused by movement of sheet piling that had been driven into hard BCF materials, activated by
friction from fill movement that was accelerated and exacerbated by the action of vibratory pile
driving. MKB did not design the slope of the work platform, and did not install the fill. MKB diligently
tried to alter installation practices to mitigate the observed problems, at great expense. Ineffective
and sometimes conflicting guidance was provided by ICRC and their engineers.
CONCLUSIONS

The following conclusions summarize the findings of the report:
•
•

•

Movement in the in situ soils of the nature that would lead to a failure in the mode of global stability is
not believed to have been a significant contributor to the observed sheet pile installation problems.
The greatest contributor to the observed sheet pile installation problems was that the seaward slope
of the work platform required by the bid documents was too steep to be stable during construction.
The natural tendency of a 26o to 33o slope as contemplated by the bid documents and PND’s
interactions during May 2009 meetings would be to flatten to the expected stable slope angle of
about 16o, and this flattening would be accelerated by vibratory pile driving.
Although Port Mackenzie is cited as a model for this project, the conditions are in fact somewhat
different in that there was no thickness of fill at the dock face of Port Mackenzie to drive sheet piles
through. The scale of the Port of Anchorage project is also dramatically greater, as can be seen from
the overlays provided in Figures 4 and 5 of the report. It must be considered as a significant step-out
in magnitude for application of the OSCP design concept, considering the hard foundation soils and
substantial fill thicknesses through which sheet piles were designed to be driven.
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•

•

•

•

•

•

•

•

•

•

The estimated stable slope angle of 16o (1 on 3.5 slope) is generally consistent with observed
information from the natural angle assumed by the fill over a winter season (1 on 3 to 1 on 4), and by
the 1 on 4 slope of the Corps of Engineers directive to West during the 2010 construction season.
The design clearly anticipated land side pile driving from a work platform or “Initial Fill Dike” as it is
called on the construction drawings. This was apparently based on the anticipation that the seaward
slope shown in the bid documents (1 on 1.54 or 33o) would be stable during construction.
Dredging was required to remove soft soils from the dike footprint, and to reduce the lengths of
required sheet pile driving into the hard foundation soils. There was an important section (Cells 1-8 of
the North Extension) that was not dredged, but should have been, based on the undisclosed
subsurface rock that was removed by West during the 2010 construction season.
The sheet pile lengths and penetrations required by the design for this project are very high based on
industry standards. This is of particular concern with the hard foundation materials and the great
thicknesses of granular fill to also be penetrated by sheet pile driving. This coupled with fill
movement, set the project up for problems with iron binding.
Boulder obstructions were expected to affect sheet pile driving, but based on the subsurface
information in the bid documents, this should not have been a major problem. Very hard driving was
encountered in the precise areas where rock (apparently man-placed slope protection rock)
undisclosed by the bid documents was subsequently found and removed. This is a changed
condition that clearly affected MKB’s work.
The slope instability was attributed to loose soil. Actually, the stable slope angle for compacted fill is
not much different, and thus ICRC and PND’s suggestion to advance implementation of
vibracompaction to facilitate sheet pile installation could not have been ineffective.
Jetting was proposed by ICRC and PND in December 2008 as a solution to installing sheet piles into
the hard foundation soils when actually, the foundation soils at the site are poorly suited to jetting.
This was attempted, but was ineffective, as was expected by Dennis Nottingham of PND as stated in
May 2009 meetings.
The direction given by ICRC and PND in response to MKB’s difficulties and requests for direction
consisted of proposed remedial measures that were largely ineffective in facilitating installation. This
was primarily because they did not address the actual problem, which was the inherent instability of
the seaward slope of the work platform dike under construction conditions.
The revised bid documents of April 2010 for the North Extension Bulkhead Project described a
completely different project than was originally bid, with much more of the risk for the same inherent
problem transferred to the contractor.
Iron binding due to sheet movement from frictional forces applied to the steel sheet piles by fill
movement certainly occurred. This is not the form of iron binding that contractors can inflict on
themselves through improper driving sequence and related poor practices. In this case, the fill was
moving, the foundation soils were hard and not moving, vibratory pile driving was required, and the
penetrations through fill and foundation soils were large. MKB did not cause these contributing
factors, and in fact tried many combinations of alterations to their planned sequence in attempting to
deliver the project they had bid.
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FIGURES

Item H18:
Summary Report by ICRC Citing 34% Damaged Piles

SUMMARIZED INVENTORY OF SHEET PILE REMOVAL BY CATEGORY
Current as of: 10/4/2011

By: Rob Del Rosario, ICRC

SHEET PILE PULLED PER YEAR
2011

2010

Categories

Pulled sheet pile

%

Categories

Pulled sheet pile

%

(DO)= DAMAGE OBSERVED
(NMDO)= NO MAJOR DAMAGE OBSERVED
(NOD)= NO OBSERVED DAMAGE

562
100
897
1559

36%
6%
58%
100%

(DO)= DAMAGE OBSERVED
(NMDO)= NO MAJOR DAMAGE OBSERVED
(NOD)= NO OBSERVED DAMAGE

65
0
231
296

22%
0%
78%
100%

TOTAL PULLED:

TOTAL PULLED:

TOTAL OF SHEET PILE PULLED FOR 2010 AND 2011
Categories

Pulled sheet pile

%

(DO)= DAMAGE OBSERVED
(NMDO)= NO MAJOR DAMAGE OBSERVED
(NOD)= NO OBSERVED DAMAGE

627
103
1128

34%
6%
60%

TOTAL PULLED:

1858

100%

NOTES
The no-damage/damage categories in this report reflect the visual obervation conducted by ICRC's Quality Assurance personnel.

