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1.0  INTRODUCTION 

Work covered in this Geotechnical Instrumentation and Monitoring Plan (GIMP) describes 

installation of a geotechnical instrumentation system for monitoring the performance of the west 

approach embankment for the Interstate 90 river bridge crossing the Mississippi River at 

Dresbach, Minnesota.  The instrumentation installed is intended to monitor short and long term 

embankment performance (settlement and stability) due to the subsurface site conditions and the 

nature of the proposed construction activities. 

 

Planned embankment construction includes installation of piles for support of retaining walls, 

staging of embankment fills and installation of geogrid reinforcement for slope stability.  The 

design requirements and construction approach are intended to ensure embankment stability is at 

or above a minimum design factor of safety and that post construction settlements are at or less 

than acceptable levels.   

 

2.0  OVERVIEW 

Along the west bridge approach embankment the installation of instrumentation and our 

monitoring program will follow this GIMP developed from the Plans and Special Provisions for 

this project.  This GIMP is applicable to embankment construction in the area that includes the 

west abutment for the new bridge extending west along the alignment for the access road AOI 

ACCESS Station 27+50 to Station 37+00.  A similar instrumentation setup is proposed at each of 

three individual cross-sections along the access road alignment.  These approximate cross-

section locations are identified as AOI ACCESS Station 28+50, Station 31+00, and Station 

34+50.  On the attached plan sheet, Figure 1 at the end of this report, the approximate locations 

of instrumentation and cabinets, and alignment of horizontal shape array’s and cables are shown.  

These cross-sections will also be referred to as Instrumentation Cross-Sections A, B, and C. This 
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plan sheet was developed in coordination with Ames Construction and based upon planned 

construction staging and operations.  Adjustments to these locations may be made at the time of 

installation based upon field conditions encountered.  Locations of instrumentation elements will 

be surveyed in by Ames Construction and identified with GPS coordinates for locating purposes.   

 

Installation of instrumentation is planned after preliminary grading and site preparation has 

occurred and prior to major embankment construction.  In order to facilitate installation and 

promote long lasting operation, we request all obstructions, topsoil, slope dressing and other 

organic material should be removed prior to installation of instrumentation.  We understand 

some fill material may be placed prior to installation of instrumentation.  This fill is not expected 

to extend above the approximate inplace ground line elevation, which is the approximate ground 

line elevation shown in the plans. 

 

To the extent possible, instrumentation will be installed after pile driving operations along Wall 

S to avoid potential damage to instrumentation and cabling.   

 

Along the defined instrumentation section that extends beneath the west abutment, 

instrumentation cables and the horizontal shape array will need to be installed prior to pile 

driving for the west abutment because a considerable amount of fill must be placed prior to 

abutment pile installation.  Our plan is to install instrumentation just behind the front row of 

battered pile which we expect to provide adequate clearance.  For this reason, the actual AOI 

ACCESS Station for this instrumentation cross-section “A” will be closer to Station 34+00. 
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Based upon our discussions with the instrumentation manufacturer, pile driving that does not 

contact instrumentation should not interfere with the long term operation of the instrumentation; 

short term noise may be observed in instrumentation readings as pile driving is ongoing.   

 

After installation of instrumentation and initialization, collected data will be digitally recorded.   

A secure website will be created to allow data to be accessed and viewed by MnDOT in near real 

time.  AET will monitor installed sensors and maintain the website through project completion.  

MnDOT will monitor sensors and maintain the website after final project acceptance. 

 

3.0  QUALIFICATIONS OF PERSONNEL 

MnDOT Special Provisions require a Professional Engineer (Civil) registered in the State of 

Minnesota to oversee this work.  Also required are a minimum of 5 years of recent geotechnical 

experience with instrumentation of multiple instrumentation projects and at least 7 hours of 

recent continuing education on geotechnical instrumentation.  Joseph G. Bentler, P.E. will direct 

and oversee installation and monitoring of this instrumentation.  Refer to Appendix A for Mr. 

Bentler’s resume and certificate providing verification of the required training.   

 

4.0 SUBSURFACE INVESTIGATION 

The design phase of the project included numerous SPT borings and CPT soundings in the west 

approach embankment, Wall U, and Wall S areas. No additional subsurface exploration is 

planned to be performed prior to our instrumentation field work.  However, many of the sensors 

will require that boreholes be drilled for their installation.  Some of these boreholes will include 

split spoon sampling per requirements given in the Special Provisions to identify a particular fine 

alluvium layer.  Boreholes for piezometers and/or settlement systems will be continuously 
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sampled by split spoon in the elevation range from 640 to termination depth with the intent to 

identify the depth and extent of a fine alluvium layer.  This soil layering information will be used 

in the field to determine the depth of sensor installation appropriate for measuring pore water 

pressures or settlement.  This field determination is discussed further in Sections 5.1 and 5.4 for 

piezometers and borehole settlement systems, respectively. For those installation borings that 

include soil sampling, a soil boring log conforming to MnDOT requirements (other than with 

respect to normal sampling intervals and/or lab testing) will be generated. 

 

5.0 INSTRUMENTATION 

Six types of electronic sensors are proposed to be installed to monitor embankment performance; 

these are discussed in the following sections. For the more significant elements of the 

instrumentation system, we have attached manuals and documentation that include more 

complete descriptions and specifications of the sensors.  Refer to Appendix C.  Instrumentation 

will be in close conformity with the MnDOT Plans and Special Provisions and this report. 

 

5.1 Vibrating Wire Piezometers 

Geokon Model 4500S, installed by “fully grouted method” 

100 psi  

 Cable (Total length: TBD, approximately 4800 feet ordered) 

 

Specifications    

Range 1, 2, 3 MPa (100 to 350 psi)   

Over Range 2 × rated pressure 

Resolution 0.025% F.S.  

Accuracy ±0.1% F.S. 

Linearity <0.5% F.S.  

Temperature Range −20°C to +80°C 

Length × Diameter 133 × 19.1 mm   
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5.2 Vibrating Wire Earth Pressure Cell 
Geokon Model 4800 VW Earth Pressure Cell 

 100 psi range 

Cable (Total Length: TBD, 3650 feet ordered) 

Specifications    

Range 100 psi 

Over Range 150% F.S.  

Resolution ±0.025% F.S. 

Calibrated Accuracy ±0.1% F.S. 

Temperature Range −20°C to +80°C 

Height × Diameter 6 × 230 mm 

 

5.3 Vibrating Wire Biaxial Tiltmeters 

Geokon Model 6350 VW Tiltmeters  

Two uniaxial tiltmeters will be installed at each specified biaxial tiltmeter location using 

a biaxial mounting bracket manufactured by Geokon for that purpose. 

Cable (Total Length: TBD 1850 feet ordered) 

Specifications    

Ranges  ±10 degrees 

Resolution ±0.05 mm/m (8 arc seconds) 

Accuracy ±0.1% F.S. 

Temperature Range −20°C to +80°C 

Length × Diameter 172 × 32 mm 

 

5.4 Borehole Vibrating Wire Settlement System 

Geokon Model 4600 VW Borehole Settlement Systems with grouted anchor 

165 feet of fluid tubing (estimated 20 to 35 feet per installation) 

1950 feet of cable  

Specifications    

Ranges  ≤ 7 meters 

*Resolution ±0.05% F.S. 

Accuracy ±0.1% F.S. 

Temperature Range −20°C to +80°C 

Length × Diameter Reservoir: 305 × 60 mm 

 Sensor: 191 × 35 mm 

* Resolution is below specification requirements of 0.005% but still more precise than 

the specified accuracy.  Accuracy of ±0.1% F.S. is per the specification requirements. 
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5.5 SAAF (Shape Accel Array) Sensors 

Automated Horizontal Shape Deflection Monitoring Device – SAAF sensors 

manufactured by Measurand, Inc. 

 

Specifications    

Segments rigid; 50-cm (1.64-ft) lengths with flexible joints 

Casing    Flexible PVC (1-inch dia. Schedule 40) 

Resolution/Stability  +/- 0.5 mm / 32m SAA  

Angular range of joints 45 degrees 

Accuracy/Repeatability 1.5 mm / 32 mm 

Active Length × Diameter 52 to 92 meters × less than 1.0 inch nominal 

Accelerometers  temperature calibrated MEMS, triaxial (3D) 

Minimum Sample Frequency 1 Hz 

 

5.6 Vertical Inclinometers 

Vertical Inclinometers will consist of SAAF sensors manufactured by Measurand, Inc. 

installed within 1-inch diameter Schedule 40 PVC electrical conduit grouted within a 

vertical borehole.  

 

Specifications    

Casing Flexible PVC (1-inch dia. Schedule 40) 

Resolution/Stability  +/- 0.5 mm / 32m  

Sensor gage/segment length 30 cm  

Accuracy/Repeatability +/- 1.5 mm / 32 m  

Vertical SAA sensors will also meet specifications of Section 5.5, except with segment length of 

30 cm. 

 

5.7 Instrumentation Enclosure Cabinet (Earth Station Enclosures) 

Each Earth Station Enclosure will include related components (i.e. data acquisition system, 

system set-up, software, modem, modem service, and related support), be placed on and securely 

attached to concrete pads, and be lockable.  For each Earth Station, a solar panel, solar regulator, 

and battery box will be included.  The Earth Station will be able to operate in wet and dry 

weather conditions from -40F to 120F. 
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Specifications    

Power Solar panel, with 50W panel and regulator 

Connections Instrument to DA system; DA to cell modem uplink 

Uplink Cellular Modem w/ data plan 

Battery box provided with enclosure 

Data Logger Campbell Scientific CR800 Datalogger 

Lightning Protection System with grounding lugs 

 

5.8 Datalogger 

Campbell Scientific CR800 will be utilized per SAAF sensor manufacturer’s recommendations. 

Three CR800 dataloggers (one for each set of instrumentation at each of the three AOI ACCESS 

stations identified in the Special Provisions) will be installed.  Each CR800 will be furnished 

with a 4-year manufacturer’s warranty (from date of original purchase). 

 

5.9 Cables 

Data cables matching the appropriate sensors will be as recommended and provided by the 

manufacturer (e.g. Geokon Model 02-250V6 Blue PVC Signal Cable).  Sensors will be ordered 

with sufficient connection cable to allow for 10 feet of additional cable in the cabinet.  Data 

cables will conform to the requirements listed below: 

Specifications      

Conductors 22 AWG (stranded 7 × 30 AWG) tinned copper 

Conductor Insulation Polypropylene, 10-Mil high density, color coded 

Shielding Aluminum polyester with drain wire, 24 AWG tinned copper 

Jackets  Extruded PVC standard  

 

5.10 Conduit and Accessories 

Conduits and fittings used will be non-metallic and sufficiently robust to survive construction 

installation and backfilling activities.  The use of Schedule 40 PVC electrical conduit is planned. 

We are prepared to install conduit having a diameter sized such that all electrical cables and 
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conductors to be installed within the conduit run and occupy not more than 40 percent of inside 

cross-sectional area.  Sharp bends in conduit systems will be avoided.  

 

5.11 Settlement Plates 

Settlement plates closely conforming to MnDOT standard plan (Figure 2 included at the end of 

this report) are planned.  PVC pipe sleeves having an approximate 2-inch outside diameter are 

planned to jacket around the nominal 1-inch diameter steel riser pipes of the settlement plates.   

 

5.12 Documentation 

After project acceptance the installed instrumentation will become MnDOT property.  This 

includes instrumentation and automated monitoring/data acquisition devices.  Copies of the 

sensor calibration certificates will be provided to MnDOT.  Manufacturers' warranties and 

guarantees furnished for materials and electrical equipment, calibration sheets, instruction sheets, 

and parts lists supplied with materials and electrical equipment, shall be presented when 

requested by the Engineer. 

 

6.0 CONSTRUCTION REQUIREMENTS AND INSTRUMENTATION INSTALLATION 

A pre-installation meeting will be held at the site to coordinate details of the installation and 

monitoring work.  Instrumentation groups, for the west approach embankment, are planned to be 

installed approximately at Station 28+50, Station 31+00, and Station 34+00 along the AOI 

ACCESS alignment.  Approximate locations for instrumentation, cabling and enclosure cabinets 

are provided on a plan sheet at the end of this document (Figure 1).  Adjustments to each 

location may be made based upon field conditions encountered.  Any field change made to the 

final location will be coordinated with the contractor and MnDOT.  Installation shall be such that 

all monitoring systems are protected from construction activities and may remain operable and 

in-place from the time of installation through the completion of the work.  Based upon 
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construction staging and timing of installations, temporary cabinet locations may be utilized.  

These temporary locations may become final based upon MnDOT acceptance.      

 

6.1 Anticipated Staged Construction Sequence 

The following outlines the approximate planned and expected construction sequence: 

 

1. Prior to installation of earth pressure cells and horizontal inclinometers, remove all 

topsoil and other organic material from areas where fill is to be placed.  Fill material may 

be placed prior to installation of instrumentation.  This fill is not expected to extend 

above the approximate inplace ground line elevation, which is the elevation shown in the 

plans prior to removal of topsoil or other material. 

 

2. Pile driving and at least partial construction of Wall S is planned prior to installation of 

instrumentation.  Conduit for cables will need to pass either below or through Wall S and 

both options have been discussed.  The method employed will be determined based upon 

ground line elevations and construction staging at the time of installation, while still 

allowing a fixed vertical reference for the horizontal SAAFs.  As a minimum, pile driving 

for Wall S will be completed within a 50-foot lateral distance of the instrumentation 

cross-section before installation begins at that cross-section.   

 

(Actual order of the following Items 3 through 7 may vary; several items will be accomplished 

concurrently over the course of an estimated two-week period beginning as soon as May 13, 

2013.) 

 

3. Install earth pressure cells (EPCs) approximately at the inplace ground line elevation as 

shown in the plans.  Sand Cover material will be provided to surround sensor installations 
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and earth pressure cells for protection.  This sand cover will aid in establishing strain 

relief for connection cabling and general protection of sensors from construction distress 

and over-pressure/over-ranging.  Large compaction equipment must not be used in the 

immediate area of the EPCs until at least 3 feet of backfill has been placed over the EPCs.  

The use of vibrating plate tampers is recommended in the vicinity of the EPCs.   

 

4. Install horizontal SAAFs at the inplace ground line elevation as shown in the plans.  

Installation is planned after pile driving for Wall S has been completed, particularly 

within an approximate 50-foot lateral distance of the instrumentation cross-section.  Care 

must be taken in the immediate area of installations and large compaction equipment 

must not be used in the immediate area of the SAAFs until at least 1.5 feet of backfill has 

been placed above them. 

 

5. Install vertical SAAFs (those located directly behind Wall S), piezometers, and borehole 

settlement systems within boreholes. 

 

6. Around the Rest Area Pond a temporary stability berm is planned in front of Wall S.  

Based upon our analysis the extent of the configuration of this berm can be altered from 

what is shown in the plans.  What is required is a berm that follows the horizontal 

alignment of Wall S as it curves around the Rest Area Pond.  The extent of the berm 

required includes tapering up from the front of Wall S from an elevation 2 feet above the 

top of footing toe to an elevation of 651 feet at a 1V:2H slope,  provide for a 15-foot top 

width, then taper at a 1V:3H slope to meet the inplace ground line elevation.   The Rest 

Area Pond must not be excavated within a nearly semicircular region extending out 80 

feet from the front face of Wall S at AOI Station 28+44. This berm and configuration 

maintains the required factor of safety of 1.5 for global stability for the project.  Our 
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analysis, and a plan view, and a cross-section based upon the above description are 

included in Appendix B.   

 

The critical section for this reconfigured berm section is at the approximate location of 

one of our instrumentation groups, AOI ACCESS Station 28+50.   

 

7. Complete construction of Wall S and install biaxial tiltmeters to front face.  Install 

conduit and cable for future connections of vertical SAAFs to be installed from top 

elevation (661 feet) of Layer 1. 

 

8. Upon completion of Wall S construction and successful installation of geotechnical 

instrumentation, a report showing baseline readings and indicating successful automated 

data acquisition setup will be provided to MnDOT.   

 

9. Place and compact embankment fill for Layer 1 along entire length of Wall S.  After 

placement of fill to elevation 661, the installation of settlement plates and remaining 

vertical SAAFs is planned.  Placement of any additional fill will be delayed for 

approximately 2 weeks unless approval is given in writing by the MnDOT Engineer. 

 

Settlement plates are planned to provide information between the instrumentation cross-

sections but primarily to serve as a mechanical reference to confirm the electronic 

instrumentation. Therefore, the settlement plate readings should not dictate the 

construction schedule. 

 

Due to the extent of fill planned to be placed for each Layer, the contractor estimates that 

it can take up to 2 weeks or more to place an entire Layer.  Therefore, a reduction in the 

waiting period for portion(s) of an embankment layer may be requested based upon data 
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and analysis from instrumentation installed.  In our opinion, monitoring data from the 

planned instrumentation layout (i.e. the 3 cross-sections) may facilitate approval of a 

portion of a Layer, which would consist of a half or a third of a Layer.  The goal is that 

approval of a portion of a Layer by the MnDOT Engineer would allow placement of fill 

for the subsequent Layer over the approved portion of the first Layer with little or no 

pause in construction but still with adequate global stability provided. 

 

10. After the appropriate waiting periods or written approval of the Engineer, Layer 3 

construction may commence by placing fill to maximum elevation 698 feet.  (North/west 

of AOI STA 25+00, Layer 3 construction will be to top of Wall U because top-of-wall 

elevation is 698 or less). In the area of the abutment, Layer 3 fill will be placed to 

elevation 698 above the future bottom elevation of Wall U to preload the abutment area 

and this portion of Wall U. 

 

After placement of Layer 3 fill, settlement plates shall be re-established.  The placement 

of additional fill will be delayed for a minimum of 2 weeks and until approval is given in 

writing by the MnDOT Engineer.  A reduction in the waiting period may be requested.  

Engineer’s approval will be contingent on instrumentation indicating stable embankment 

construction.   

 

11. After written approval of the Engineer, Layer 4 construction may commence and be 

completed.  In the area of the abutment, Layer 4 fill will be placed to elevation 717 to 

preload the abutment area and this portion of Wall U.  After completion of Layer 4 

construction to maximum elevation 717 settlement plates shall be re-installed.  An up to 4 

week waiting period is expected.  The placement of additional fill will be delayed until 

approval is given in writing by the MnDOT Engineer.  A reduction in the waiting period 
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may be requested.  Engineer’s approval will be contingent on instrumentation indicating 

stable embankment construction.   

 

After written approval of the Engineer, excavation needed to allow construction of the 

West Abutment and Wall U may commence.   

 

For settlement plates, sets of 3 settlement plates will be placed along approximately 10 cross 

sections, spaced approximately 100 feet apart, along the AOI ACCESS ROAD alignment from 

Station 27+50 to Station 36+50.  Plastic sleeves shall be provided around steel riser pipes of the 

settlement plates to prevent adhesion of soil and frozen soil. Settlement plates shall be surveyed 

using non-GPS, total station-type survey equipment with minimum 0.01-foot field accuracy and 

tied to a minimum of 3 fixed-elevation benchmarks.  Benchmark monuments will be created to 

achieve the fixity of elevation. The settlement plates are expected to provide information 

between the instrumentation cross-sections and to serve as a reference check for the electronic 

instrumentation. They should not dictate construction schedule. 

 

6.2 Instrumentation Installation 

We anticipate our instrumentation installation to include 12 earth pressure cells, 12 piezometers 

in 12 boreholes, 3 “reference” piezometers buried in sand at existing grade, 6 borehole settlement 

systems in 6 boreholes, 6 biaxial tiltmeters, 3 horizontal SAAF sensors, 6 vertical SAAF sensors, 

and 30 settlement plates.  Given the close proximity (10 feet apart) of pairs of the earth pressure 

cells and the piezometers, AET assumes each successfully installed pair will constitute one level 

of redundancy if sensor malfunction(s) were to occur following burial of sensors at the start of 

staged embankment construction (i.e. if one of the paired sensors malfunctions following start of 

Layer 1 construction, it need not be replaced). 
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Sensors will be installed in general accordance with manufacturer’s recommendations and 

current “best practices” for geotechnical instrumentation.  For example, vibrating wire 

piezometers will be installed by the “Fully Grouted Method” (identified in the Geokon manual 

for this sensor as “Installation Method C”) and Earth Pressure Cells will be installed within 

“nests” of Sand Cover material.  SAAF sensors manufactured by Measurand, Inc. are planned to 

be placed within 1-inch diameter Schedule 40 PVC electrical conduit.  The horizontal sensors 

will be placed on the ground surface after topsoil, slope dressing, and/or other surface stripping 

has been performed.  The cable-end of the SAAF sensors will be attached to the heel of the Wall 

S to provide elevation fixity.  Vertical SAAF sensors will be installed down the PVC conduit 

after the conduit has been grouted within a drilled borehole. 

 

The piezometers need to be installed such that each piezometer is isolated to indicate the ground 

water pressure at the specified locations and elevations.  One borehole for each piezometer and 

settlement system group will be continuously sampled in the elevation range from 640 to 

termination depth, to identify the location of a fine alluvium layer expected to be encountered.  

Our intent is to install the borehole settlement sensors first (with continuous sampling from 

elevation 640 down to the termination depth), allowing for field identification of the fine 

alluvium layer.  This info will then be used for targeting the depth of piezometer installation.  

Borehole settlement systems will be anchored 5 feet below the bottom of the fine alluvium where 

identified, estimated to be about elevation 620.  A grouted anchor will be used.  Ideally, each 

piezometer will be installed a minimum of 3 feet into the fine alluvium layer, unless the layer 

thickness is 6 feet or less, in which case the piezometer will be centered (± 1 foot vertically) 

within the fine alluvium layer. 

 

Each biaxial tiltmeter installation will consist of two uniaxial tiltmeters attached to the front face 

of Wall S using a manufacturer-recommended biaxial bracket and enclosed within a protective 
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enclosure to keep direct sunlight, rain, snow, wind, and/or animals off the sensors.  Ames 

Construction will need to provide AET with access to the top of Wall S for mounting the 

tiltmeters. 

 

Sufficient length of sensor cables will be provided in an effort to minimize the need for field 

splicing, provide strain relief where large deformations can reasonably be expected and provide 

for approximately 10 feet of additional cable in the cabinet.  Where needed, sensor cables will be 

installed within protective PVC conduit.  Data cables from the piezometers and earth pressure 

cells may run adjacent to the Automated Horizontal SAAFs, but not closer than 2 feet to the 

sensors. Sensor cabling for all other sensors may run in the same conduit and trenches. 

 

Each of the anticipated three Earth Station cabinets will be located in front of Wall S and outside 

the embankment fill.  Earth Station cabinets will be placed at elevations above the 100-year flood 

level of the Mississippi River (assumed to be elevation 645.6 feet). Planned initial locations for 

data collection equipment cabinets and cable trenches will be as shown on attached Figure 1; 

final cabinet locations are planned to be at the face of Wall S or as coordinated with MnDOT.  

The instrumentation cabinets will be secured to concrete pads at the locations shown on Figure 1.  

Concrete pads will have one or more 4 inch PVC pipes installed in the base with a “90° sweep” 

bend below the concrete so that the pipes exit to the exterior of the cabinet to provide access for 

the sensor data cables. 

 

Care must be taken in filling trenches and when backfilling over sensors to ensure that the 

potential for damage is reduced as much as possible.  To prevent rodent infestation of the sensor 

cable conduit, the pipe ends will be packed with steel wool during the construction process.  

 



Geotechnical Instrumentation and Monitoring Plan    

Dresbach Bridge Replacement and Interchange Project, Dresbach, MN.  AMERICAN 

April 30, 2013   ENGINEERING 

Report No. 01-05719    TESTING, INC.  

 

 

 

Page 16 of 17 

AET will be responsible for sensor connections at the cabinet location and monitoring until 

substantial completion of the project.  All sensors and Earth Station components including data 

collectors, cellular modems, power supplies and related equipment, such as solar regulators, will 

become MnDOT property after substantial completion of the project. 

 

The locations of instrumentation, Earth Stations, cable runs, and cable splices will be identified 

within the final instrumentation plan as-built. 

 

Water blended with bentonite clay will be used as drilling fluid.  Neat cement grout may also be 

used and blended with cuttings and drilling fluid to seal boreholes as required by the Minnesota 

Department of Health regulations.  Excess fluids will not be dumped into Waters of the State and 

will be managed such that fluids and cuttings are thinly spread over an area already disturbed by 

construction and worked into the soils.   

 

7.0 INSTRUMENTATION MONITORING 

Immediately after installation, sensors shall be checked and baseline readings obtained.  Where 

necessary, field corrections for barometric pressure and ambient temperature will be made.  One 

Earth Station is planned to be equipped with a barometer, and all three Earth Stations will have 

temperature measurements of the enclosure.  This information will allow for site-specific 

environmental corrections for barometric pressure and ambient temperature.  In addition, three 

“reference” piezometers of the same type and model as those specified will be installed within 

sand adjacent to an earth pressure cell at each instrumentation cross-section. 

 

Monitoring of all electronic instrumentation will be hourly during staged embankment 

construction then daily for the first 2 weeks following completion of layer construction.  (It is 

recognized that “continuous” staged embankment construction may result from possible MnDOT 
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Engineer’s approval of portions of a given Layer for additional fill placement, and the data 

acquisition systems would need to monitor sensors hourly in such case.) Monitoring will 

continue weekly thereafter.  With approval of the MnDOT Engineer, monitoring intervals may 

be reduced contingent on instrumentation indicating stable embankment construction.   

 

Settlement plates shall be read daily during staged construction and for the following two weeks 

then weekly thereafter. With approval of the MnDOT Engineer, monitoring intervals may be 

reduced contingent on instrumentation indicating stable embankment construction.   

 

In order to continue monitoring instrumentation after contract completion, all instrumentation 

purchased for this contract will become MnDOT property.  This includes instrumentation and 

automated monitoring/data acquisition devices, cabinets, and solar power source equipment.   

 

Electronic copies of sensor calibration certificates will be provided to MnDOT for all installed 

instrumentation upon request and at final acceptance.  

 

8.0 LIMITATIONS 

Within the limitations of scope, budget, and schedule, our services have been conducted 

according to generally accepted geotechnical engineering practices at this time and location. 

Other than this, no warranty, either express or implied, is intended. 
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AET Project No. 01-05719 

  

 Figure 1 - Instrumentation Location Plan Sheet 

 Figure 2 - Settlement Plate Installation Detail 
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 Resume, Joseph G. Bentler 

 Certificate of Verification of the Required Training 

 
  



Joseph G. Bentler, PE 
Senior Geotechnical Engineer, Geotechnical Division 
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Education 
Master of Science, Civil Engineering 
University of Minnesota, 2004 
 
Bachelor of Science, Civil Engineering 
University of Minnesota, 2002 
 
Registrations/Certifications 
Professional Engineer, Minnesota No. 46214,  
CO, MO, MT, OK, OR, and NE (Civil P.E.) 
 
Employment 
American Engineering Testing, Inc.  
Staff to Senior Geotechnical Engineer, 2005 - Present 
Staff Engineer I, Construction Services Department, 
2004 - 2005 
 
University of Minnesota 
Grad/Undergrad Research Assistant, Department 
Of Civil Engineering, 1999 - 2004 
 
Professional Memberships 
American Society of Civil Engineers, Minnesota Section 
Board Member (2009 - Present) 
Minnesota Geotechnical Society, ASCE Liaison 
 (2005 – Present)  
U of M Geotechnical Conference Planning Committee 
Geo-Institute of ASCE, Local Involvement Task Force 
 (2010), Local Involvement Committee (2011-2012) 
and Shallow Foundations Committee 
 
Publications 
Bentler, J.G. & Hoppe, M.J.L.  SCPT for Design of 
 Shallow Bridge Foundations in Minnesota.  In 
 Proceedings of the 2nd International Symposium on 
 Cone Penetration Testing, CPT ’10 May 9-11, 2010. 
 
Bentler, J.G., Dasenbrock, D.D. & Hoppe, M.J.L. 
 Analysis and Performance Monitoring of a Spread 
 Footing Bridge Foundation.  In Geotechnical 
 Special Publication No. 187: Contemporary Topics 
 in Ground Modification, Problem Soils, and Geo- 
 support.  International Foundation Congress and 
 Equipment Expo, Orlando, FL.  March 2009. 
 
Bentler, J.G. & Labuz, J.F.  Daily and Seasonal 
 Response of a Cantilever Retaining Wall.  In 
 Geotechnical Special Publication No. 175: 
 Proceedings of the 7th International Symposium on 
 Field Measurements in Geomechanics . Sept. 2007. 
 
Bentler, J.G. & Labuz, J.F. Performance of a Cantilever 
 Retaining Wall. Journal of Geotechnical and 
 Geoenvironmental Engineering.  Aug. 2006.

AET Responsibilities 

 
 Engineering analysis and report preparation 
 Geotechnical numerical modeling of stress, settlement, 

seepage, and slope stability 
 Proposal preparation 
 Planning, installation, and monitoring of geotechnical 

instrumentation 
 Field testing (seismic ReMi and electrical resistivity) 
 Coordination and supervision of CPT crew and CPT projects 
 Project management 
 

Project Experience 
 
Central Corridor LRT System 

Minneapolis to St. Paul, MN 2006-2012 

Prepared work plan for field electrical resistivity testing, performed 
retaining wall foundation and overall stability analyses, and 

assisted in preparing Geotechnical Reports. Also performed 
settlement analyses and assisted in preparation of surcharging 

and instrumentation plan for the Operation and Maintenance 

facility track yard area. Installed, monitored (with automated data 
logging), and analyzed data from geotechnical instrumentation 

consisting of vibrating wire piezometers and settlement sensors 
during the period from December 2010 through April 2012. 

 

Hardwood Creek Trail Overpass 
Forest Lake, MN                                  2011 - 2012 2009 - 2010 2009 - 2010 2005 - 2008 

Installed vibrating wire piezometers with automated data loggers 
as part of bridge approach embankment construction. 

 
TH 23 over the Elk River 

Forest Lake, MN                                  2011 2009 - 2010 2009 - 2010 2005 - 2008 

Installed vibrating wire piezometers as part of staged construction 
of bridge approach embankment construction. 

 
Lock & Dam 3 Design Build 

Red Wing, Minnesota  2009 - 2010 

Performed finite element analyses to model stresses and 
settlements resulting from construction of a guidewall 

embankment in the Mississippi River. Performed global stability 
analyses for the embankment, and computed reliability of 

embankment’s geotechnical design according to USACE method. 
 

TH 212 Design-Build 

Eden Prairie to Chaska, MN                                 2005 - 2010 2009 - 2010 2009 - 2010 2005 - 2008 
Prepared foundation analysis and design reports for retaining walls 

and embankments. Analyzed CPT data to make final design 
recommendations for noise walls. Installed and monitored 

geotechnical instrumentation and analyzed results. Assisted in 

planning and oversight of axial and lateral static pile load tests. 
Performed stress, settlement, and global stability analyses for 

retaining walls, bridge shallow foundations, embankments, 
lightweight fills, and slopes. Designed temporary reinforced soil 

slope for roadway bypass during construction. 
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Bren Road West over TH 169 

Minnetonka, MN  2009 - 2010 

Conducted analysis of various foundation types for the abutments and center piers of a new, widened bridge at 
the interchange (including a final design incorporating both spread footings and driven piles for different 

substructures), authored the Geotechnical Exploration and Foundation Analysis and Design Report. 
 

Retaining Wall Failure/Repair 

Inver Grove Heights, MN      2009 
Prepared and directed soil boring and cone penetration test (CPT) work plan for exploration of geotechnical 

conditions at site of a failed mechanically stabilized earth (MSE) retaining wall. Conducted global stability analysis 
of the wall and made recommendations for repair/reconstruction of the failed/distressed portion of the wall. 

 
Levee Certification/Improvements 

Rushford, MN                                                                        2008 - 2012 

Prepared and directed soil boring work plan for evaluation of soil conditions below and landside of existing levees. 
Conducted slope stability, settlement, and seepage analyses and prepared Preliminary Geotechnical Reports 

assessing condition of levees with respect to Federal Emergency Management Agency (FEMA) levee certification 
process. Prepared and directed soil boring work plan for design of levee improvements (including 1000 feet of 

new levee) and underseepage mitigation to meet geotechnical criteria for levee certification.  Performed final 

geotechnical analyses and prepared Final Geotechnical Report for design. Provided geotechnical review and 
managed soil testing during construction. 

 
Steele County CSAH 7 Bridge over DM&E Railway 

Owatonna, MN      2009 

Performed settlement and global stability analyses for new mechanically stabilized earth (MSE) retaining walls in 
front of the pile-supported bridge abutments and prepared recommendations for soil correction below MSE walls. 

 
Lyndale Ave/I-494 Interchange 

Richfield/Bloomington, MN 2007 - 2008 
Performed global stability and foundation analyses for new reinforced concrete cantilever retaining walls of the 

improved interchange and prepared Foundation Analysis Design Report (FADR) for the walls. 

 
US Highway 2 Landslide Instrumentation 

Crookston, Minnesota    2007 - 2008 
Assisted Mn/DOT with installation of automated slope monitoring sensors (“ShapeAccelArrays”) at site of existing 

large landslide adjacent to US Highway 2 in Crookston. 

 
Crosstown TH 62/I-35W Project 

Minneapolis/Richfield, Minnesota 2007 - 2008 
As a subconsultant to the wall designer, performed global stability of mechanically stabilized earth (MSE) walls, 

including multi-level (tiered) walls. 
 

TH 52 Oronoco Design-Build 

Oronoco, MN       2006 
Performed slope stability analysis of new roadway embankments at Lake Shady. Analyzed CPT data to determine 

necessary surcharge duration following muck-out of organic soils. 
 

TH 10/32 Design-Build 

Hawley, MN      2005 
Made pile recommendations for design of TH 32 Bridge over TH 10. Performed slope stability analysis of ramp 

embankments using results of cone penetration test (CPT) soundings. 
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Rest Area Pond Stability Analysis Results 

Rest Area Pond Stability Berm Configuration – Cross-section View  

Rest Area Pond Stability Berm Configuration – Plan View 
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Manuals and Guides for Instrumentation 

(OMITTED FROM PDF COPY FOR BREVITY) 
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 Geotechnical Report Limitations and Guidelines for Use 
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D.1 REFERENCE 

 

This appendix provides information to help you manage your risks relating to subsurface problems which are caused 

by construction delays, cost overruns, claims, and disputes.  This information was developed and provided by 

ASFE
1
, of which, we are a member firm.  

 

D.2 RISK MANAGEMENT INFORMATION 

 

D.2.1 Geotechnical Services are Performed for Specific Purposes, Persons, and Projects 

Geotechnical engineers structure their services to meet the specific needs of their clients.  A geotechnical 

engineering study conducted for a civil engineer may not fulfill the needs of a construction contractor or even 

another civil engineer.  Because each geotechnical engineering study is unique, each geotechnical engineering report 

is unique, prepared solely for the client.  No one except you should rely on your geotechnical engineering report 

without first conferring with the geotechnical engineer who prepared it.  An no one, not even you, should apply the 

report for any purpose or project except the one originally contemplated.  

 

D.2.2 Read the Full Report 

Serious problems have occurred because those relying on a geotechnical engineering report did not read it all.  Do 

not rely on an executive summary.  Do not read selected elements only. 

 

D.2.3 A Geotechnical Engineering Report is Based on A Unique Set of Project-Specific Factors 

Geotechnical engineers consider a number of unique, project-specific factors when establishing the scope of a study.  

Typically factors include: the client’s goals, objectives, and risk management preferences; the general nature of the 

structure involved, its size, and configuration; the location of the structure on the site; and other planned or existing 

site improvements, such as access roads, parking lots, and underground utilities.  Unless the geotechnical engineer 

who conducted the study specifically indicates otherwise, do not rely on a geotechnical engineering report that was:  

 not prepared for you, 

 not prepared for your project, 

 not prepared for the specific site explored, or  

 completed before important project changes were made. 

 

Typical changes that can erode the reliability of an existing geotechnical engineering report include those that affect: 

 the function of the proposed structure, as when it’s changed from a parking garage to an office building, or from a 

light industrial plant to a refrigerated warehouse,  

 elevation, configuration, location, orientation, or weight of the proposed structure,  

 composition of the design team, or  

 project ownership. 

 

As a general rule, always inform your geotechnical engineer of project changes, even minor ones, and request an 

assessment of their impact.  Geotechnical engineers cannot accept responsibility or liability for problems that occur 

because their reports do not consider developments of which they were not informed.  

 

D.2.4 Subsurface Conditions Can Change 

A geotechnical engineering report is based on conditions that existed at the time the study was performed.  Do not 

rely on a geotechnical engineering report whose adequacy may have been affected by:  the passage of time; by man-

made events, such as construction on or adjacent to the site; or by natural events, such as floods, earthquakes, or 

groundwater fluctuations.  Always contact the geotechnical engineer before applying the report to determine if it is 

still reliable.  A minor amount of additional testing or analysis could prevent major problems.  

 

1  ASFE, 8811 Colesville Road/Suite G106, Silver Spring, MD  20910 

 Telephone: 301/565-2733 : www.asfe.org  

http://www.asfe.org/
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D.2.5 Most Geotechnical Findings Are Professional Opinions 

Site exploration identified subsurface conditions only at those points where subsurface tests are conducted or 

samples are taken.  Geotechnical engineers review field and laboratory data and then apply their professional 

judgment to render an opinion about subsurface conditions throughout the site.  Actual subsurface conditions may 

differ, sometimes significantly, from those indicated in your report.  Retaining the geotechnical engineer who 

developed your report to provide construction observation is the most effective method of managing the risks 

associated with unanticipated conditions.  

 

D.2.6 A Report’s Recommendations Are Not Final 

Do not overrely on the construction recommendations included in your report.  Those recommendations are not 

final, because geotechnical engineers develop them principally from judgment and opinion.  Geotechnical engineers 

can finalize their recommendations only by observing actual subsurface conditions revealed during construction.  

The geotechnical engineer who developed your report cannot assume responsibility or liability for the report’s 

recommendations if that engineer does not perform construction observation.  

 

D.2.7 A Geotechnical Engineering Report Is Subject to Misinterpretation 

Other design team members’ misinterpretation of geotechnical engineering reports has resulted in costly problems.  

Lower that risk by having your geotechnical engineer confer with appropriate members of the design team after 

submitting the report.  Also retain your geotechnical engineer to review pertinent elements of the design team’s 

plans and specifications.  Contractors can also misinterpret a geotechnical engineering report.  Reduce that risk by 

having your geotechnical engineer participate in prebid and preconstruction conferences, and by providing 

construction observation. 

 

D.2.8 Do Not Redraw the Engineer’s Logs 

Geotechnical engineers prepare final boring and testing logs based upon their interpretation of field logs and 

laboratory data.  To prevent errors or omissions, the logs included in a geotechnical engineering report should never 

be redrawn for inclusion in architectural or other design drawings.  Only photographic or electronic reproduction is 

acceptable, but recognizes that separating logs from the report can elevate risk.  

 

D.2.9 Give Contractors a Complete Report and Guidance 

Some owners and design professionals mistakenly believe they can make contractors liable for unanticipated 

subsurface conditions by limiting what they provide for bid preparation.  To help prevent costly problems, give 

contractors the complete geotechnical engineering report, but preface it with a clearly written letter of transmittal.  In 

the letter, advise contractors that the report was not prepared for purposes of bid development and that the report’s 

accuracy is limited; encourage them to confer with the geotechnical engineer who prepared the report (a modest fee 

may be required) and/or to conduct additional study to obtain the specific types of information they need to prefer.  

A prebid conference can also be valuable.  Be sure contractors have sufficient time to perform additional study.  

Only then might you be in a position to give contractors the best information available to you, while requiring them 

to at least share some of the financial responsibilities stemming from unanticipated conditions.  

 

D.2.10 Read Responsibility Provisions Closely 

Some clients, design professionals, and contractors do not recognize that geotechnical engineering is far less exact 

than other engineering disciplines.  This lack of understanding has created unrealistic expectations that have led to 

disappointments, claims, and disputes.  To help reduce the risk of such outcomes, geotechnical engineers commonly 

include a variety of explanatory provisions in their report.  Sometimes labeled “limitations” many of these 

provisions indicate where geotechnical engineers’ responsibilities begin and end, to help others recognize their own 

responsibilities and risks.  Read these provisions closely.  Ask questions.  Your geotechnical engineer should 

respond fully and frankly. 

 

D.2.11 Geoenvironmental Concerns Are Not Covered 

The equipment, techniques, and personnel used to perform a geoenvironmental study differ significantly from those 

used to perform a geotechnical study.  For that reason, a geotechnical engineering report does not usually relate any 
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geoenvironmental findings, conclusions, or recommendations; e.g., about the likelihood of encountering 

underground storage tanks or regulated contaminants.  Unanticipated environmental problems have led to numerous 

project failures.  If you have not yet obtained your own geoenvironmental information, ask your geotechnical 

consultant for risk management guidance.  Do not rely on an environmental report prepared for someone else.  

 




