






RENNEBERG - WALKER

ENGINEERING ASSOCIATES LTD.

9320 - 49 Street

Edm onton , Alberta

T6B 2L7

Phone:(780)466-7709

Fax:(780)469-8407

March 31, 2010

Canadian Food Inspection Agency
715 Square Victoria Suite 410
Montreal, Quebec
H2Y 2H7

Attention: Ms. Shama Dad, M.Arch., Project Manager

Dear Madame:

RE: General Services Building at Canadian Food Inspection Agency    
    (CFIA) Lethbridge Laboratory - Investigation of slab settlement 
     problem and suggested remediation plan                         

The General Services Building is part of the complex
known as the Lethbridge Laboratory (LAB) formerly known as the ADRI
Lethbridge Complex.  The Laboratory is situated along the Oldman
River approximately 15 kilometers SW of Lethbridge, Alberta.

The Laboratory (LAB), with a gross area of approximately
13,300 square meters, was constructed during the period 1984 thru
1987 and a Large Animal Studies (LAS) addition was constructed in
1992 (gross area of approximately 1320 square meters).  A stand-
alone General Services Building (GSB) was constructed in 1996.

Foundation settlement problems became apparent almost
immediately after construction of the LAB which was designed on a
deep foundation system consisting of drilled caissons of varying
depths between 6 and 11 meters.  Foundation rehabilitation took
place between 1995 and 2008 after extensive study of the problem by
Public Works and Government Services Canada in the form of
underpinning to bedrock or dense gravel immediately above the
bedrock with a hydraulically jacked deep foundation system
consisting of steel pipe piles segmentally installed for permanent
support.  This work was completed by W & R Foundation Specialists
Ltd. with Public Works and Government Services Canada (PWGSC)as the
construction manager.  The initial contract in 1995 was done on an
emergency basis, the next contract was done on a proposal basis
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with a technical analysis assessment being used to determine the
most appropriate bid and the last phases were negotiated on a sole
source basis.

The LAS and GSB structures were originally built on
driven steel H piles to bedrock.  No structural issues have
surfaced with these buildings, but the GSB has a slab-on-grade
throughout which has suffered severe differential settlement since
the structure was built and especially over the past several years.

We have completed a forensic investigation into the slab
settlement problem and are writing to report as follows concerning
the identification of existing conditions within the structure,
analysis and detailed description of the slab problem including
causation, recommendations for resolving the slab settlement
problems and provision of a detailed budget proposal and schedule
for the work required in order to permanently remedy the problem.

To that end, an initial site visit was conducted on
February 2, 2010, in order to familiarize ourselves with the site. 
Following that, we initiated a complete survey of the slab within
the structure and made a comparison with a survey that we had
completed in April of 2006.  The survey and comparison is attached. 
You will note that significant differential has taken place since
2006 in various locations.  As well, we have prepared contour
surveys for both dates when monitoring took place and attach these
as well.

Holes were cored in five locations in order to determine
the extent, if any, of voids that may exist below the slab.  Voids
in excess of 225 mm were found at several locations with the other
three having voids ranging from 15 to 125 mm.

A complete review of the existing drawings was completed
in order to determine design criteria used for original
construction.  Of particular interest was the fact that the slab
was designed for a main floor live load of 12 kPa (250 lbs per
square foot).  As constructed, it was a 150 mm thick slab
reinforced with 10M @ 300 o.c. over 150 um(6 mil) polyethylene
vapour barrier on 50 mm rigid insulation on 150 mm compacted
crushed gravel base on 150 mm compacted granular sub-base in the
central area and without the 50 mm rigid insulation on both north
and south sides.

The settlement problems below the LAB were studied
extensively in 1994 by AGRA Earth & Environmental.  Their report
gave the reasons for the settlement problem as being directly
related to the presence of a collapsible soil below the structure.
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The investigation determined: i) that the soil moisture
content of the foundation supporting soils had increased
significantly since the LAB was constructed in 1985-86; ii) the
increase in moisture content caused a significant decrease in the
supporting capability of the soil; and iii) the soil providing the
foundation support for the building is a collapsible soil under
given moisture and loading conditions.  The investigation also
determined that the water soluble sulphate content of the soil
recorded in lab testing ranged to as high as 0.52 percent.  Any
concentration of above 0.20 percent sulphate concentration would
generally require the use of sulphate resistant cement (Type HS)
for any concrete in contact with soil.

Given the close proximity of the GSB to the LAB, the
differential settlement of the existing slab-on-grade and the
visual presence of considerable settlement of soil against the
exterior grade beams of the GSB structure and in areas where
sidewalks are present, it is evident that similar soil problems are
present below the footprint of the GSB compared to the LAB.

Allowable load on the soil in place for a slab-on-grade
is nil or next to nil based on the decrease in soil strength with
increase in moisture content.  This results in the necessity of the
installation of a structurally supported slab throughout which will
have its support founded at or near bedrock elevation as is the
structural support for the building.

The choice of an underpinning system for the LAB was done
by Public Works and Government Services Canada (PWGSC) after
extensive research.  The system needed to be one that was
guaranteed for the life of the structure and which allowed for
levelling of the worst settled portions of the structure after all
underpinning was complete.

A support system identical to that which was installed to
structurally support the LAB between 1995 and 2008 is required and
is recommended.  In order to properly support a new structural slab
for the GSB and minimize differential between the slab and the
structure, it will be necessary to enhance the capability of the
structure to support some slab load as well as deep foundation
support for the slab within the structure. 

The support system spoken of above consists of
hydraulically jacked steel pipe piles below the structure and any
existing trenches and pits which are deemed economical to save. 
Support for the structural slab at the interior will consist of
driven steel pipe piles installed using specially built tight
access and low-headroom equipment specifically designed for this
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purpose.  Allowance must be made for cleaning of the piles to
ensure that they penetrate into the dense gravel and/or clay-shale
bedrock below the dense gravel.  As well, allowance must be made in
the design to allow for considerable downdrag of the piles during
their lifetime.  The load expected from downdrag over the life of
the structure will exceed the actual design loading for the slab.

It is expected that considerable consolidation will take
place within the approximate 13 to 15 meter depth of soils above
dense gravel and bedrock which could be subject to collapse with an
increase in moisture content.  This could mean a further 600 to 800
mm of settlement of the surficial soils, or more as the soils are
moistened and consolidation takes place.

In the case of the GSB, the soil problems are identical
to those encountered below the LAB.  They require treatment for
remedial purposes in an identical manner to the remediation
completed during the period 1995 thru 2008.  This is a very
difficult soil condition requiring driven and/or hydraulically
jacked piles to bedrock or dense gravel immediately above the
bedrock (reference is the geotechnical report completed by Agra E&E
in 1994 on this site).

Existing structural capacity of the grade beams on the
perimeter and dividing walls is insufficient to handle the
additional loads that will be brought onto the structure by adding
the load of the structural slab.  Installation of a hydraulically
jacked steel pipe pile at midspan between existing driven pile
support will allow for the existing grade beams to take on the
additional load from the proposed new structural slab.

The slab will be 200 thick with 10M reinforcing @ 300
each way T&B, staggered by 150.  Thickened sections will be
designed at each pile location with an extra mat of reinforcing
being 10M @ 150 each way to cover an area 750 x 750.  All piles
will be filled with concrete and each pile will have 4-15M dowels
which will tie into the slab.

The design elevations of the slab at various locations
will remain as noted on the original drawings.  The in-floor
heating system within the central area will be renewed with
appropriate insulation below the slab in the heated area.

The specified design loading that is to be considered for
the new structural floor and support will be as follows:

1. Dead Load (slab self weight = 5.75 kPa)
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2. Specified Uniformly distributed Live Load - 12 kPa

The minimum concrete strength that will be used is 30 Mpa
Type HS (formerly T-50).  This is a high sulphate resistant cement
for use in applications that require high levels of sulphate
resistance.  HS cement generally gains strength more slowly than
the other types.  Note that the original design drawings of
December 1995 called for 25 Mpa T-10 (now Type GU).

There are two alternatives for remediation that are
suitable for consideration in our opinion:

1. The first is to completely replace the existing slab-on-
grade with a new structural slab supported by a deep
foundation system to bedrock as is the existing driven H-
pile foundation system.  This would require the complete
evacuation of the building at some point, removal of all
architectural finishes, partition walls, mechanical and
electrical and rebuilding of same after completion of the
piling required and installation of the new structural
slab.  

It is estimated that the time required to complete the
work would be approximately 12 to 13 months and that the
building would not be available for use in the first
floor office area (grid lines 7 thru 12) for about six
months.  The work would commence between grid lines 1
thru 6 and be totally complete prior to commencing work
between grid lines 7 thru 12.

The mechanical and most of the electrical would have to
be completely replaced as well as the main floor office
area being completely rebuilt.  All existing sumps would
have to be removed and rebuilt. 

The total cost (including design and installation) is
estimated to be in the range of $2.5M to $2.7M, GST
excluded, not including allowance for the cost to move
people into different facilities while the work is being
completed within the office area.  Design loading for the
new slab between grid lines 1 thru 6 would remain at 12
kPa and between grid lines 7 thru 12 would be reduced to
4.8 kPa to reflect true loading conditions.

2. The second alternative is to replace the slab-on-grade
between grid lines 1 thru 6 as above with a new
structural slab and remediate the existing slab between
grid lines 7 thru 12 from below without the necessity to
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move out of the area.  Although there has been
substantial differential settlement of the slab in this
area, the condition of the slab is substantially better
than that between grid lines 1 thru 6 and because the
actual design loading conditions within the office area
are considerably less than those required in the area
between grid lines 1 thru 6 (4.8 kPa vs 12 kPa), the slab
can be saved and converted to a structural slab.

 
This alternative is attractive for several reasons
compared to complete replacement.  It allows use of the
office portion of the main floor (grid lines 7 thru 12)
throughout, that is, it will not be necessary to vacate
the premises at all, and the cost will be substantially 
lower.

The total cost (including design and installation) is
estimated to be in the range of $1.8M to $2.0M with
duration being estimated at 10 to 11 months, realizing a
savings in cost over the first alternative of between
$0.5M and $0.9M.

The underpinning of this area would be accomplished by
excavating below the slab from the exterior, temporarily
supporting as excavation takes place, installing driven
piles with specially built equipment to support the slab
as required, lifting the existing slab to original design
elevation after all underpinning has been installed and
leaving the remaining crawlspace for servicing as has
been done below a portion of the LAB which had an
existing structural slab-on-grade converted to a
structural slab with crawlspace.

In order to satisfy seismic requirements, the converted
structural slab would have to be attached to the structure with a
positive connection between slab and grade beam and allowance for
the cost to accomplish this has been made in the budget estimate.

In both cases, it is assumed that existing conditions
regarding electrical and mechanical would be replicated.  It is
assumed that the facility management would move all furnishings and
contents from the main floor office area prior to work being
commenced in that area under the alternative one scenario.  No
removal of furnishings or contents would be required under
alternative two in the office area.

In both cases, approximately 80% of the existing trench
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would be saved and rehabilitated after underpinning in order to
reduce costs as much as possible.

The work could commence within four to six weeks and be
complete between grid lines 1 thru 6 before the winter of 2010, but
the ability to proceed would have to be forthcoming by the end of
April at the very latest in order to meet this schedule.

Please advise if any questions arise regarding this
letter report and its attachments.

RENNEBERG - WALKER
ENGINEERING ASSOCIATES LTD.

R. J. Renneberg, P.Eng., FCSCE
rjr
attachments   
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