
 
 
 
 
 
 
 
 
 
October 16, 2024     
 
Jennisse Waters   
MSU Planning, Design, & Construction 
Montana State University, Plew Building 
Bozeman, MT 59717 
 
e-mail:  jennisse.waters@montana.edu     (Sent via email only)  
 
Re:   Geotechnical Design Memo  

Foundation Options and Recommendations 
 MSU Roberts Hall  –  Bozeman, MT  

 
Dear Ms. Waters: 
 
This letter with attachments is provided as our geotechnical design memo for the Room 101 Classroom 
Renovations project at Roberts Hall, located on the Montana State University campus in Bozeman, MT. 
More specifically, this memo presents foundation options and recommendations for the support of the 
new first floor area.   
 
Our recommendations are based on our understanding of the project from our review of the structural 
design concept options and our knowledge of the soil conditions from our previous geotechnical work 
on the neighboring American Indian Hall project site (located a few hundred feet to the north).  Since we 
have nearby soils information (that closely matches the soil conditions found throughout the south end 
of campus), no additional borings were conducted as part of our geotechnical involvement.   
 
We are assuming that all new project improvements will occur within the existing shell of the building.  
All of our geotechnical recommendations are focused on the foundation support for the new first floor 
area, which will consist of a new concrete slab poured on an elevated metal deck.  The new first floor 
will overlie part of the building’s existing first floor as well as the underlying basement area.  If additional 
geotechnical input is needed for other parts of the project, we can provide this in a follow-up letter.            
 
In summary, the site’s soil conditions consist of native silt/clay that extends down to a depth of 15 to 16 
feet (below exterior site grades).  Beginning at this depth is a 10-foot (+/-) thick layer of native sandy 
gravel.  As we understand it, the new first floor will be supported on new footings and columns in the 
basement area.  Within this memo, we provide two options for foundation support including: 
  

• Option 1:  Helical Pier Support   (best/recommended option due to lower settlement potential). 
• Option 2:  Wider Footings for Lower Bearing Pressure  (2nd option with higher settlement risk). 
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Attached to this memo are several items.  These include two figures (Figure 1 and 2) that illustrate 
Options 1 and 2 for foundation support.  Excerpts from our 2018 geotechnical report for the American 
Indian Hall project include two maps showing the borehole locations (and depths to native gravel and 
groundwater at each of the borings) as well as our borehole logs (for BH-1 through BH-4).  Assuming 
that portions of the building’s basement slab will be removed/replaced as part of the project, we have 
included a project sheet for Stego 15-mil vapor barrier, which we recommend for moisture protection 
under slabs.  Please review the figures and logs in conjunction with the memo.   
 
Please forward this letter to applicable Design Team and Construction Team members.  Since we include 
recommendations for foundation earthwork and helical pier installation, please make sure this gets sent 
on to the Earthwork Contractor and the Pier Installation Contractor. 
 

SITE LOCATION  
 
Roberts Hall is located on the west side of S. 6th Avenue and lies on the southwest corner of the 
intersection with W. Garfield Street.  As we understand it, Room 101, which is the site of the classroom 
renovation project, occupies the northeast corner of the building.  American Indian Hall lies adjacent to 
and to the north of Roberts Hall (across the pedestrian mall). 
 

EXISTING CONDITIONS  
 
Below is a summary of existing conditions (based on a review of concept structural design drawings): 
 

• Room 101 lies on the first floor and houses the existing lecture bowl within the building. 
• The room is underlain by a basement level with an existing concrete slab. 
• The depth of the basement is about 8.0 to 9.0 feet below exterior site grades. 
• The existing floor of Room 101 stair steps downward (from high end to low end of the room).   
• Due to the stair-stepped floor, clearance height between first floor and basement slab varies. 
• On the high end of the ex. floor area, the basement clearance height ranges from 5.0 to 8.0 feet. 
• On the low end of the ex. floor area, the basement clearance height ranges from 2.0 to 4.0 feet. 
• The existing first floor is supported on concrete footings (below the slab) and columns/beams. 

 
PROJECT UNDERSTANDING  

 
Below is our understanding of the project (based on a review of concept structural design drawings): 
 

• The project will include a new concrete floor slab (over a metal pan deck) in Room 101. 
• The new floor will be level and will encompass the majority of the existing first floor area.    
• There are two structural options for support of the new, elevated floor slab area. 
• Option A includes new continuous strip footings, new steel columns, and new steel stud walls. 
• Option B includes new spread/pad footings and new steel columns. 
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PREVIOUS GEOTECHNICAL WORK ON MSU CAMPUS 
 
Over the last few years, AESI has provided geotechnical-related services (incl. investigation, report, 
recommendations, and construction inspection) on several of the new buildings in the south half of the 
MSU campus area.  These have included the new American Indian Hall, the Montana Hall Re-Model, the 
Romney Hall Renovation, the new Student Wellness Center, and the new City of Bozeman Fire Station, 
which is located on MSU property to the east of the MSU Police Station.  Throughout this large area of 
campus, we have generally found similar soil conditions.  These have included a thick surface layer of 
silt/clay that overlies a thinner layer of sandy gravel, which then in turn overlies the older Tertiary-aged 
sediments (ie. consolidated layers of silt and sand).   
 
Depending on location, the thickness of the silt/clay (or the depth to the top of the sandy gravel) ranges 
from 13 to 20 feet; while the thickness of the gravel layer ranges from 6 to 10 feet. On the American 
Indian Hall project site, located due north of Roberts Hall, the depth to top of the gravel layer was as 15 
to 16 feet and the thickness of the gravel layer was about 10 feet.           
 
Helical piers have been used on the Montana Hall Remodel (for the new elevator), on the Romney Hall 
Renovation (for new interior footings and structural retrofits inside the building), and for parts of the 
new Student Well Center project (including new footings within the existing building area).  On each of 
these projects, the piers extended through the silt/clay and penetrated into native sandy gravel layer, 
which was the defined “target” bearing material for foundation support.   
 
As part of the Romney Hall pre-design work, 50-kip and 100-kip test piers (working load capacity) were 
installed and load tested.  At this site, the thickness of the gravel layer was about 6 to 8 feet thick.  What 
was learned from the testing is that 50-kip piers performed well in compression; however, the 100-kip 
piers penetrated too far into the gravel layer and plunged/settled extensively when compression tested.  
During tension testing, both piers had relatively high “pull-out” displacements, which lowered/reduced 
the recommended allowable design loads (in tension) below the 50 and 100-kip working capacities of 
the piers.  The reason for the poor performance in tension is due to the shallow penetration depth into 
the top of the native gravels.       
 

SOIL AND GROUNDWATER CONDITIONS AT AMERICAN INDIAN HALL 
 
The closest geotechnical explorations we have done to the Roberts Hall project site are the soil borings 
that were completed for the new American Indian Hall project.  As part of our work, we drilled four 
boreholes (BH-1 through BH-4) throughout the building area, which lies a few hundred feet to the north 
of Roberts Hall.  The borings were performed on August 7, 2018.         
 
The soil conditions were uniform in all four boreholes and consisted of 15 to 16 feet of native silt/clay 
overlying about a 10-foot layer of native sandy gravel.  The depth to groundwater ranged from 18 to 24 
feet.  Excerpts from our 2018 geotechnical report (for American Indian Hall) are attached.  These include 
two site maps showing the boring locations (and gravel and groundwater depths) and the borehole logs. 
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GEOTECHNICAL CONCERNS 
 
Roberts Hall has been in-place for a very long time; and hence the foundation soils under existing 
footings are stable and not undergoing any additional settlement (for the loads it currently experiences).  
Based on the structural design concept options (for the renovations project), which are presented and 
overlaid on the old as-built structural drawings, it appears that the building is supported on a shallow 
foundation system (ie. perimeter footings/basement walls and interior footings) that bears on the native 
silt/clay.  Assuming a basement depth of 8.0 to 9.0 feet and depth to top of native sandy gravel of 15 to 
16 feet, the basement slab area is underlain by about 6.0 to 8.0 feet of silt/clay.  We suspect that the 
existing footings extend 1.0 to 2.0 feet below the slab, meaning that they likely bear on 4.0 to 7.0 feet of 
native silt/clay.  Based on the structural drawings, it does not appear the building bears on native gravel.        
 
The biggest geotechnical concern with this project is non-uniform deformation of the new elevated slab 
caused by differential settlement under the new interior footings compared to the existing perimeter 
footings of the old building.  In short, we do not expect that the perimeter area of the new slab, which 
will be connect to the existing building walls, will undergo any deformation; whereas, there is a potential 
for settlement under new interior footings (especially if they bear directly on the silt/clay).  If too much 
settlement were to occur, the new slab would be susceptible to some cracking with the added possibility 
of some vertical displacement (along the cracks).  By far, the best way to minimize the potential for 
foundation settlement is to support all new footings on helical piers that extend down into the layer of 
sandy gravel.  If site constraints do not allow for the use of helical piers, then a second option would be 
to bear all new footings on undisturbed silt/clay subgrade; but design the footings for a lower bearing 
pressure which will result in wider footings.  The second option (ie. bearing new footings on silt/clay) has 
a higher settlement risk and should only be used as an “option of last resort”.            
 

SITE CONSTRAINTS 
 
As stated above, the best (and recommended) option is to support all new footings on helical piers.  In 
order to do so, the building interior and basement foundation area will need to be accessible by a mini-
excavator or skidsteer (either of which will be used for pier installation).  Another site constraint is the 
very low clearance heights in the basement area (in between the bottom of the existing first floor and 
the top of existing basement slab) throughout much of the basement area.  If the existing first floor is 
going to stay in-place (and not be removed) as part of this project, the piers will likely need to be 
installed (through holes in the first floor) with the excavator/skidsteer sitting on the existing first floor.  
It would be best to fully remove the existing first floor (as part of the project) so there is full height 
access to the entire basement area (for pier installation and interior footing construction).        
 

FOUNDATION OPTIONS AND RECOMMENDATIONS 
 
In our opinion, there are two options for the support of new footings. These include Option 1 (helical 
pier support down to native gravel ) and Option 2 (wider footings designed to a lower bearing pressure 
that are supported on undisturbed silt/clay).  Option 1 is the best option due to its lower foundation 
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settlement potential; and is the recommended option.  Option 2 is considered as the “second option” 
and should only be considered if helical piers cannot be used.  See Figures 1 and 2 for illustrations of 
Options 1 and 2.  Provided below are summaries of each option.         
 

• Option 1:  Helical Pier Support:  Support all new footings on helical piers that extend down into 
the native sandy gravel at depths of 15 to 16 feet (below exterior site grades).  We recommend 
using 25 to 50-kip design/working capacity piers.  It will likely be more cost effective to use 
more, lower capacity piers (25 to 35-kip) as opposed to less, higher capacity piers (50-kip piers).  
We have been told (on past projects) that a higher quantity of lower cost piers is typically less 
expensive than a lower quantity of higher cost piers.  Also, by using more piers, there is more 
redundancy (tighter pier spacing) built into the pier design/layout.  The number of pier helices 
(1, 2, or 3) will depend on the pier capacity/pier design and recommended by the pier installer.  

 
• Option 2:  Wider Footings for Lower Bearing Pressure:  Design all footings for a maximum soils 

bearing pressure of 1,500 pounds per square foot (psf) and support all footings on undisturbed 
silt/clay subgrade soils at footing grade.  The lower bearing pressure will result in wider footings.  
The footing grade soils must be stiff and compacted to an unyielding condition.  Depending on 
the site conditions, some depth of over-excavation and replacement (with 3”-minus granular 
structural fill) may be required to bear on undisturbed soils. 

 
STRUCTURAL DESIGN PARAMETERS 

 
Foundation Design 
 

• For Option 1, all footings will be supported on helical piers that extend down into the “target” 
bearing sandy gravel.  As a result, continuous strip footings will need to be designed as grade 
beams that span between the piers.  For spread/pad footings, their thickness and reinforcement 
will depend on the pier layout and quantity. 

 
• For Option 2, all footings will be supported on undisturbed, silt/clay subgrade soils.  To lessen 

the foundation loading on the soils, we are recommending a lower bearing pressure which will 
result in wider footings.  Another structural item that should be considered is designing the strip 
footings more as thicker/heavily-reinforced, grade beam footings.  By doing so, the strip footing 
elements will be more rigid and carry/spread the column loads over longer distances (and better 
bridge any weaker areas in the silt/clay subgrade soils). 

 
Seismic Design Factors 
 
A main requirement of the Structural Engineer’s seismic analysis will be a determination of the site class.  
Based on our on-site explorations and knowledge of the underlying geology, the site class for the project 
site will be Site Class D (as per criteria presented in the 2021 IBC).  This site class designation is valid as 
long as our foundation recommendations are followed. 
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To obtain site-specific seismic loading and response spectrum parameters, a web-based application from 
the USGS Earthquake Hazards Program can be used.  The link to their web page is as follows: 
https://earthquake.usgs.gov/hazards/designmaps/.  Upon entering this page, there are links to three 
third-party interfaces that can be used to obtain the seismic information.  The user needs to enter the 
design code reference document, site soil classification, risk category, site latitude, and site longitude.  
 
Helical Pier Capacity (Option 1) 
 
All helical piers for compression and tension must penetrate and torque up in the “target” bearing layer 
of native sandy gravel, which underlies the site beginning at depths of 15 to 16 feet (below exterior site 
grades).  Due to the expected, 10-foot thickness of the layer of sandy gravel layer, we recommend using 
25 to 50-kip piers (design/working capacity).  Higher capacity piers are not recommended as they may 
penetrate too far into the gravel layer and be at risk of higher settlement potential due to plunging.         
During pier installation, piers are installed to ultimate capacity, which is 2x the design/working capacity.  
Compression piers will likely be vertical in orientation; while tension piers are typically installed with a 
batter.  We recommend piers manufactured by AB Chance or approved equal.  Helical pier spacing will 
be dictated by the foundation loads and shall be designed/laid out by the Structural Engineer. 
 
Note:  As stated previously, we recommend using more, lower capacity piers (25 to 35-kip) verses less, 
higher capacity piers (50-kip).  Not only will this likely be a less expensive option and also limit the pier 
penetration depth into the relatively thin, gravel layer (due to lower required torque); but the use for 
more piers will provide for tighter pier spacing and more redundancy in the design. 
      
Helical Pier Load Testing (Option 1) 
 
As long as lower capacity piers are used, load testing should not be needed.  If piers will be 50 kips, it 
probably should be specified on the Structural plans/specifications that a pier (or two) should be load 
tested at the on-set of construction.  The intent is to verify that piers do not penetrate/extend too deep 
into the gravel and excessively settle when tested. 
 
Helical Pier Lateral Resistance (Option 1)  
 
Vertically installed helical piers are assumed to have no lateral resistance.  On helical pier projects, the 
building’s lateral resistance must be primarily developed by the backfilled foundation wall.  In addition 
to the foundation wall, additional lateral resistance can be obtained by battering some of the piers at 
angles of 15 to 45 degrees.  Based on the structural analysis, the pier design/layout will likely include a 
combination of vertical and battered piers. 
 
Foundation Bearing Pressure (Option 2) 
 
For silt/clay subgrade conditions at footing grade, the allowable bearing pressure for all new footings is 
1,500 pounds per square foot (psf).  Allowable bearing pressures from transient loading (due to wind or 

https://earthquake.usgs.gov/hazards/designmaps/
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seismic forces) may be increased by 50 percent.  We estimate that the above-referenced design bearing 
pressure will result in total foundation settlements of one inch or less, with only minor differential 
settlements (under new footings).   
 
Note:  If possible, some over-excavation/replacement under footings will reduce settlement potential.  If 
the basement area is accessible by a mini-excavator, we recommend that all new footings bear on 12 to 
24 inches of compacted granular structural fill (3”-minus sandy gravel) overlying native silt/clay.        
 
Note:  The biggest risk of differential settlement will occur between existing perimeter footings and new 
interior footings.  
 

FOUNDATION EARTHWORK 
 
Knowing that construction access within a basement area of an existing building can be very difficult, we 
have provided foundation options that will limit the amount of foundation earthwork (including footing 
excavation and granular structural fill).  Provided below are our recommendations for each option: 
 
Option 1:  Helical Pier Support 
 

• Excavate footings to footing grade. 
• Compact subgrade. 
• Install helical piers. 
• Pour footings. 

 
Option 2:  Wider Footings for Lower Bearing Pressure 
 

• Excavate footings to footing grade (and bear on undisturbed silt/clay subgrade soils). 
• Compact subgrade to a stiff and unyielding condition. 
• Some over-excavation/gravel replacement may be required to bear on undisturbed soils. 
• Pour footings on compacted/competent/suitable footing grade surface. 
• If possible, 12 to 24 inches of over-excavation/structural fill replacement is recommended. 
• A thicker 24 inch section of granular structural fill (3”-minus sandy gravel) is the best (preferred).  
• By doing so, more silt/clay is removed under footings, which will lessen settlement potential.  

 
SUBSLAB MOISTURE PROTECTION 

 
Most likely as part of this project, areas of the existing basement slab will be removed (for new footing 
excavation/construction) and will be replaced (once new footings are installed/backfilled).  For sub-slab 
moisture protection, we recommend that slabs be supported on 6 inches of 1”-minus clean crushed rock 
and underlain by a heavy-duty, 15-mil vapor barrier.  The barrier should be taped at all seams, along 
foundation walls, and at pipe penetrations.  The product we recommend is a Stego 15-mil vapor barrier, 
which is available at MaCon Supply in Four Corners.  A product sheet is attached. 

























 
 

LIMITATIONS OF YOUR GEOTECHNICAL REPORT 
 

GEOTECHNICAL REPORTS ARE PROJECT AND CLIENT SPECIFIC 
 
Geotechnical investigations, analyses, and recommendations are project and client specific.  Each project 
and each client have individual criterion for risk, purpose, and cost of evaluation that are considered in the 
development of scope of geotechnical investigations, analyses and recommendations.  For example, slight 
changes to building types or use may alter the applicability of a particular foundation type, as can a 
particular client’s aversion or acceptance of risk.  Also, additional risk is often created by scope-of-
service limitations imposed by the client and a report prepared for a particular client (say a construction 
contractor) may not be applicable or adequate for another client (say an architect, owner, or developer for 
example), and vice-versa.  No one should apply a geotechnical report for any purpose other than that 
originally contemplated without first conferring with the consulting geotechnical engineer.  Geotechnical 
reports should be made available to contractors and professionals for information on factual data only and 
not as a warranty of subsurface conditions, such as those interpreted in the exploration logs and discussed 
in the report. 
 
GEOTECHNICAL CONDITIONS CAN CHANGE 
 
Geotechnical conditions may be affected as a result of natural processes or human activity.  Geotechnical 
reports are based on conditions that existed at the time of subsurface exploration.  Construction operations 
such as cuts, fills, or drains in the vicinity of the site and natural events such as floods, earthquakes, or 
groundwater fluctuations may affect subsurface conditions and, thus, the continuing adequacy of a 
geotechnical report. 
  
GEOTECHNICAL ENGINEERING IS NOT AN EXACT SCIENCE  
 
The site exploration and sampling process interprets subsurface conditions using drill action, soil 
sampling, resistance to excavation, and other subjective observations at discrete points on the surface and 
in the subsurface.  The data is then interpreted by the engineer, who applies professional judgment to 
render an opinion about over-all subsurface conditions.  Actual conditions in areas not sampled or 
observed may differ from those predicted in your report.  Retaining your consultant to advise you during 
the design process, review plans and specifications, and then to observe subsurface construction 
operations can minimize the risks associated with the uncertainties associated with such interpretations.  
The conclusions described in your geotechnical report are preliminary because they must be based on the 
assumption that conditions revealed through selective exploration and sampling are indicative of actual 
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conditions throughout a site.  A more complete view of subsurface conditions is often revealed during 
earthwork; therefore, you should retain your consultant to observe earthwork to confirm conditions and/or 
to provide revised recommendations if necessary.  Allied Engineering cannot assume responsibility or 
liability for the adequacy of the report’s recommendations if another party is retained to observe 
construction. 
 
EXPLORATIONS LOGS SHOULD NOT BE SEPARATED FROM THE REPORT 
 
Final explorations logs developed by the consultant are based upon interpretation of field logs (assembled 
by site personnel), field test results, and laboratory and/or office evaluation of field samples and data.  
Only final exploration logs and data are customarily included in geotechnical reports.  These final logs 
should not be redrawn for inclusion in Architectural or other design drawings, because drafters may 
commit errors or omissions in the transfer process. 
 
To reduce the likelihood of exploration log misinterpretation, contractors should be given ready access to 
the complete geotechnical report and should be advised of its limitations and purpose.  While a contractor 
may gain important knowledge from a report prepared for another party, the contractor should discuss the 
report with Allied Engineering and perform the additional or alternative work believed necessary to 
obtain the data specifically appropriate for construction cost estimating purposes.   
 
OWNERSHIP OF RISK AND STANDARD OF CARE 
 
Because geotechnical engineering is much less exact than other design disciplines, there is more risk 
associated with geotechnical parameters than with most other design issues.  Given the hidden and 
variable character of natural soils and geologic hazards, this risk is impossible to eliminate with any 
amount of study and exploration.  Appropriate geotechnical exploration, analysis, and recommendations 
can identify and lesson these risks.  However, assuming an appropriate geotechnical evaluation, the 
remaining risk of unknown soil conditions and other geo-hazards typically belongs to the owner of a 
project unless specifically transferred to another party such as a contractor, insurance company, or 
engineer.  The geotechnical engineer’s duty is to provide professional services in accordance with their 
stated scope and consistent with the standard of practice at the present time and in the subject geographic 
area.  It is not to provide insurance against geo-hazards or unanticipated soil conditions.   
 
The conclusions and recommendations expressed in this report are opinions based our professional 
judgment and the project parameters as relayed by the client.  The conclusions and recommendations 
assume that site conditions are not substantially different than those exposed by the explorations.  If 
during construction, subsurface conditions different from those encountered in the explorations are 
observed or appear to be present, Allied Engineering should be advised at once such that we may review 
those conditions and reconsider our recommendations where necessary. 
 
RETENTION OF SOIL SAMPLES 
 
Allied Engineering will typically retain soil samples for one month after issuing the geotechnical report.  
If you would like to hold the samples for a longer period of time, you should make specific arrangements 
to have the samples held longer or arrange to take charge of the samples yourself. 
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