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INTRODUCTION 
 
This report outlines the results of a geotechnical investigation performed for the proposed 
Student Life Center and Parking Structure to be located on the Utah Valley University (UVU) 
Campus in Orem, Utah. Figure 1 is a vicinity map showing the location of the project relative to 
the surrounding area. 
 
RB&G Engineering conducted a preliminary geotechnical investigation for this project and 
presented the findings of that investigation in a report dated April 4, 2011. At the time of the 
preliminary report, the proposed Student Life Center was expected to be located in the existing 
parking area immediately east of the Liberal Arts Building and south of the new Library 
Building, and a new Parking Structure was expected to be constructed in the existing parking lot 
immediately north of the Sorensen Student Center.  
 
Subsequent to completion of the preliminary geotechnical investigation, the project site plan was 
revised substantially. Based on the current site plan (see Figure 2 in this report), the proposed 
Student Life Center will be an L-shaped structure that connects to the north side of the existing 
Sorensen Student Center and also connects to the east side of the existing Physical Education 
Building. Based on architectural drawings made available to us, we understand that much of the 
Student Life Center’s ground floor in the westerly leg of the structure will be omitted, allowing 
construction of a concrete plaza beneath the building in the area just east of the PE Building. The 
proposed new Parking Structure will be attached to the east side of the new Student Life Center. 
The current site plan also indicates a playing field will be constructed in the existing parking lot 
east of the Liberal Arts Building. Fire lanes, driveways, and other flatwork will exist at various 
locations throughout the site. 
 
RB&G Engineering also performed the geotechnical investigation for the new Library building 
located north of the project area in 2006. During the initial phases of the library investigation, 
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five borings were drilled in the parking lot area east of the Liberal Arts building. Three of these 
borings are located within the current project site. The locations of the 2006 borings (06-1 
through 06-5), along with the 2011 preliminary borings (11-1 through 11-4) and the new borings 
for this report (11-5 through 11-16), are shown on Figure 2. Information from previous 
investigations has been utilized where applicable, during preparation of this report.  
 
The information contained in the report is discussed under the following headings: (1) 
Geological and Existing Site Conditions, (2) Field and Laboratory Testing Procedures, (3) 
Subsurface Soil and Water Conditions, (4) Foundation Considerations and Recommendations, 
(5)Site Preparation and Compacted Fill Requirements, and (6) Pavement Design. 
 
I. GEOLOGICAL AND EXISTING SITE CONDITIONS 
 
The UVU Orem Campus is located between 800 South and 1200 South and between 600 West 
and Interstate 15 in Orem, Utah. The surface soils in this area have been mapped as Lacustrine 
sand deposits laid down during the regressive phase of ancient Lake Bonneville (upper 
Pleistocene). Previous campus investigations indicate that the subsurface soils consist of 
interbedded sands, silts and clays. In the parking lot area north of the existing Sorenson Student 
center, we found that the mapped soil deposits are overlain by 10 to 15 feet of relatively gravelly 
soil, some of which may be imported fill used to grade the site. 
 
The Wasatch Fault is located near the base of the Wasatch Mountain Range, about 4 to 4.5 miles 
east of the site. Utah County Natural Hazards Maps identify this area as having moderate 
liquefaction potential. 
 
The Liberal Arts building is located immediately west of the northerly portion of the site, and the 
Sorensen Student Center building is located immediately south of the southerly portion of the 
project. No significant cracking was observed in foundation walls. The lack of visible foundation 
distress suggests that existing foundations are generally performing in a satisfactory manner. 
 
The topography throughout the area slopes gently downward in a northwesterly direction. The 
elevation of the parking lot north of the Sorensen Student Center ranges from about 4620 feet at 
the southeast corner to 4606 feet along the east edge. The grassy area west of this parking lot 
slopes gently down to the west such that the existing ground surface is near elevation 4602 feet 
near the east edge of the Physical Education Building. The elevation of the parking area east of 
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the Liberal Arts building ranges from about 4601 feet at the southeast corner to 4597 feet at the 
northeast corner.  
 
As shown in Figure 2, a raised berm with grass and trees is located on the east side of the 
northerly portion of the site, and parking strips in the southern portion are also landscaped in 
lawn grass and trees. The pavement in parking areas shows significant cracking. Most concrete 
sidewalks in the area are in very good condition, with only a few cracks noted. 
 
No major water conveyance facilities or other water bodies exist in the immediate vicinity which 
would influence the groundwater level at this site. However, the groundwater level is influenced 
by irrigation practices on the Provo-Orem bench located east of campus. Other than the 
information provided above, no surficial conditions appear to exist at this site which would 
adversely affect foundation performance. 
 
II.  FIELD AND LABORATORY TESTING PROCEDURES 
 

The subsurface investigation was performed using a CME 55 rotary drill rig with a tri-cone rock 
bit and NW casing to advance the boring and water as the drilling fluid. During the subsurface 
investigation, sampling was performed at three-foot intervals in the upper 25 to 30 feet and at 
five-foot intervals thereafter. Both disturbed and undisturbed samples were obtained during the 
field investigations. Disturbed samples were obtained by driving a 2-inch split spoon sampling 
tube through a distance of 18 inches using a 140-pound weight dropped from a height of 30 
inches. The number of blows required to drive the sampling spoon through each 6 inches of 
penetration is shown on the boring logs. The sum of the last two blow counts, which represents 
the number of blows required to drive the sampling spoon through 12 inches, is defined as the 
standard penetration value. The standard penetration value, corrected for overburden and 
hammer energy, provides a good indication of the in-place density of sandy material; however, it 
only provides an indication of the relative stiffness of the cohesive material, since the penetration 
resistance of materials of this type is a function of the moisture content. Considerable care must 
be exercised in interpreting the standard penetration value in gravelly-type soils, particularly 
where the size of the granular particles exceeds the inside diameter of the sampling spoon. If the 
spoon can be driven through the full 18 inches with a reasonable core recovery, the standard 
penetration value provides a good indication of the in-place density of gravelly-type material. 
 
It will be noted that it was not possible to drive the sampling spoon through the full 18 inches at 
some sampling locations. Where the sampling tube could not be driven through the full 18 
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inches, the number of blows recorded while driving the spoon through a given depth of 
penetration is shown on the boring logs. 
 
Undisturbed samples were obtained at select locations by pushing a thin-walled sampling tube 
into the subsurface material using the hydraulic pressure on the drill rig. The location at which 
the undisturbed samples were obtained is shown on the boring logs. 
 
Miniature vane shear tests, which provide an indication of the undrained shearing strength of 
cohesive materials, were performed on samples of the clay soil during the field investigations.  
The results of these tests are shown on the boring logs as the torvane value in tsf. 
 
Each sample obtained in the field was classified in the laboratory according to the Modified 
Unified Soil Classification System. The symbol designating the soil type according to this 
system is presented on the boring logs. A description of the Modified Unified Soil Classification 
System is presented in the appendix, and the meanings of the various symbols shown on the logs 
can be obtained from this figure. 
 
Laboratory tests performed during this investigation to define the characteristics of the 
subsurface material throughout the proposed site included: 

• In-place dry unit weight 
• Natural moisture content 
• Atterberg Limits 
• Mechanical analyses 
• Unconfined compressive strength 
• One-dimensional consolidation 

 
Testing was performed following procedures outlined in the ASTM International standards. 
 
III. SUBSURFACE SOIL AND WATER CONDITIONS 
 

Student Life Center and Parking Structure Area 
The characteristics of the subsurface material were evaluated by drilling 12 borings (Borings 
11-1 through 11-12) to depths of between 41.5 and 91.5 feet at the approximate locations 
shown in Figure 2. The logs for the borings are presented in the appendix, and it will be 
observed that the near-surface soil profile generally consists of dense granular soils within 
the upper 10 to 15 feet, underlain by a transition zone of medium dense to dense silty sand 
ranging from about 2 to 7 feet thick. Each of the borings then encountered a zone of loose to 
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very loose sandy nonplastic silt and silty sand ranging from about 6 to 12 feet thick. Firm 
lean clay was the predominant soil from about elevation 4594 to 4553 feet, followed by 
dense silty sand. The dense silty sand extended to the bottom of the borings for Borings 11-1, 
11-2, 11-3, and 11-12, in which the elevation at the bottom of each boring ranged from about 
4540 to 4520 feet. The silty sand in Boring 11-4 extended to elevation 4545 feet, and was 
underlain by stiff lean clay to the bottom of the hole at 4539 feet. The silty sand in Boring 
11-7 extended to about elevation 4525 feet, with the underlying firm lean clay extending to 
the bottom of the boring at elevation 4522 feet. 
 
The dense granular soils in the upper 10 to 15 feet were generally classified as silty gravel 
with sand and possible cobbles on the east half of the site, but transitioned to predominantly 
silty sands beneath the west leg of the proposed building footprint (see Borings 11-9 through 
11-12). The bottom of the dense granular soil was encountered at about elevation 4600 feet 
along the east side of the proposed Parking Structure (Borings 11-2, 11-5, and 11-8), and 
sloped down in a westerly direction across the site to about elevation 4593 feet at the west 
end of the proposed Student Life Center (Borings 11-11 and 11-12). Similar westerly-
trending slopes were observed in the underlying soil stratification. The bottom of the 
moderately dense sandy zone was logged near elevation 4597 feet at the east end of the site 
and sloped down to about elevation 4587 feet at the west end. The transition from the loose 
silt/sand zone occurred between elevations 4589 and 4586 feet at the east end of the site, and 
sloped down to about elevation 4576 feet at the west end of the site.  
 
The loose silt/sand zone averaged about 8 feet thick across most of the site, but the average 
thickness of this zone increased to about 12 feet in the last three borings (11-10, 11-11, 11-
12). Sandy silt was the predominant soil type in this zone, with approximately 70 percent of 
the soil samples classifying as sandy silt. Borings 11-3 and 11-11 varied from the general 
trend in that the loose silt/sand zone contained mostly silty sand. The cross sections identified 
in Figure 2 are shown on Figures 3a through 3c and show the approximate thickness of the 
liquefiable zone and groundwater level.  

 
At the time of the preliminary investigation (Feb-Mar 2011), the groundwater level in 
Borings 11-1 and 11-4 was measured at a depth of about 23 feet below the ground surface, or 
approximate elevation 4587 feet. In the latest investigations (Oct-Nov 2011), we have found 
the groundwater level in the parking area to be somewhat higher. The table below 
summarizes the groundwater levels measured at the site. The table is organized from east to 
west across the site. The asterisks in the table identify measurements that were taken during 
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drilling, and it should be recognized that these measurements may be affected by water 
introduced during the drilling process. Measurements not marked by an asterisk were taken at 
least a day after drilling, and should therefore be the most reliable indicators of the static 
groundwater level. 
 

Test 
Hole  
No. 

General 
Boring 
Location 

Ground 
Elevation 

(ft) 

Groundwater
Depth  
(ft)    

Groundwater 
Elevation  

(ft) 

Month 
of 

Measurement 
11‐2  E  4616.4  24.0  *  4592.4  Feb‐Mar 
11‐5  E  4614.4  19.4  *  4595.0  Oct‐Nov 
11‐8  E  4615.5  20.5  4595.0  Oct‐Nov 
11‐1  C  4610.6  23.5  4587.1  Feb‐Mar 
11‐4  C  4609.6  23.0  4586.6  Feb‐Mar 
11‐7  C  4613.1  21.0  *  4592.1  Oct‐Nov 
11‐9  C  4605.5  17.0  4588.5  Oct‐Nov 
11‐3  W  4606.9  18.0  *  4588.9  Feb‐Mar 
11‐6  W  4605.8  16.4  4589.4  Oct‐Nov 
11‐10  W  4603.1  15.6  4587.5  Oct‐Nov 
11‐11  W  4602.7  16.7  4586.0  Oct‐Nov 
11‐12  W  4602.2  10.0  *  4592.2  Oct‐Nov 

* Measured during drilling. 
 
The water levels listed in the table above show that the groundwater surface generally slopes 
down in a westerly direction across the site. The groundwater elevation was also higher in a 
given area in the Oct-Nov measurements than it was in the Feb-Mar measurements, 
indicating seasonal fluctuations. We estimate that groundwater levels at the site will 
generally peak in the mid to late summer due to irrigation in the site vicinity, and recede to 
seasonal lows in the winter prior to spring runoff. For design, we recommend assuming that 
the groundwater level could rise as much as two feet above the Oct-Nov readings listed in the 
table. Surface water and perched water flowing from the east could impact the structure, and 
we therefore recommend that drainage be provided along the east side of the site to redirect 
or intercept such flows. 
 
Northerly Playing Field and Driveway Areas 
Three borings drilled during the 2006 study (06-1, 06-1, 06-3) were also used to evaluate the 
characteristics of the subsurface material.  These borings were drilled to depths of between 
50 and 70 feet. The logs for the 2006 borings are presented in the appendix. It will be 
observed that the surface profile consists of a near surface zone of very loose to medium 
dense silty sand (SM) and sandy silt (ML) extending to depths varying from 8 to 24 feet 
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(elev. 4584 to 4575 ft), followed predominantly by firm to stiff lean clay (CL) to a depth of 
between 37 and 51 feet (4561 to 4548 ft). 
 
Four supplemental borings (11-13 through 11-16) were drilled in 2011 to depths of 10 feet to 
assess pavement support conditions for anticipated driveways and fire lanes around the 
perimeter of the proposed playing field. Each of these borings was drilled through three 
inches of asphalt pavement underlain by 3 to 18 inches of sand and gravel base and sub-base. 
Below the pavement surface and base layers, the soil profile consisted of silty sand to the 
bottom of each boring. The silty sand ranged from medium dense to very dense in the upper 
4 to 6 feet, and was generally in a medium dense state at greater depths. 
 
Groundwater was measured at a depth of between 8 and 13 feet below the existing ground 
surface (elev. 4588.5 and 4586.5 ft) during the March 2006 subsurface investigations in the 
proposed playing field area.  
 

The results of classification, density and moisture tests are presented on the boring logs, and the 
results of the laboratory soil classification and compressive strength tests are are summarized in 
Table 1, Summary of Test Data in the appendix.  
 
It will be noted that the silty sand samples tested in the 2011 investigations had 14 to 48% silt, 
and the sandy silt layers contained 15 to 50% sand. The silt encountered above depths of 25 feet 
was generally non-plastic. Plastic silt samples encountered at depths greater than 25 feet had 
liquid limits ranging from 25 to 36 and plasticity indices between 2 and 11. The liquid limit of 
the lean clay and silty clay samples ranged from 21 to 41, and the plasticity index varied from 6 
to 16. The unconfined compressive strength ranged from about 1050 to 3100 psf. 
 
The compressibility characteristics of the lean clay were evaluated by performing 11 
consolidation tests on samples obtained during the 2011 study. The 2006 study also contains the 
results of a consolidation test on a sample from Boring 06-1. The results of these tests are also 
presented in the appendix. 
 
During performance of the consolidation tests, each sample was permitted to absorb water at the 
beginning of the test to determine the effect of moisture on the compressibility characteristics of 
these materials. Expansive soils always experience an increase in void ratio on absorbing water. 
It will be observed from these tests that no increase in the void ratio occurred as the sample 
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absorbed moisture. It is concluded from the consolidation and classification tests that the 
subsurface materials at this site do not have expansive characteristics.  

 
IV. FOUNDATION CONSIDERATIONS AND RECOMMENDATIONS 
 

A. FOUNDATION TYPES AND BEARING CAPACITIES 
 

We understand that the proposed Student Life Center and Parking Structure will each have 
four levels. The finished floor elevation of the bottom level for the Parking Structure is 
expected to be between elevation 4607 and 4606 feet. The finished floor elevation of the 
Student Life Center will be near 4603 feet to match the existing PE Building and Sorenson 
Building floor elevations. We recommend that all exterior foundations be located at a depth 
below finished grade sufficient to provide frost protection, which is about 2.5 feet in this 
area, and that interior footings be located at least 1 foot below floor level. 
 
Based on a design meeting with the project architect and structural engineers, we understand 
that column loads for the project will range from a minimum of 250 kips to a maximum of 
about 1500 kips. We have assumed that wall loads could be as large as 10 klf. Foundation 
options considered during this report include spread footings on native soil, compacted fill, 
or short aggregate piers, as well as deep foundations. 
  

1. Spread Footings on Native Soil 
Liquefaction of the loose silty sand and sandy silt layers encountered between depths of 
about 15 and 27 feet throughout the sites would result in a loss of shear strength, strain 
related settlement, and potential for lateral displacement. The liquefaction analysis is 
discussed in Section IV.B of this report. The estimated residual strength of the liquefied 
zones averages about 450 psf over the east portion of the site where the proposed Parking 
Structure is to be located, and about 350 psf over the central and west portion of the site 
under the proposed Student Life Center. While the central and west portions of the site 
are expected to have somewhat lower residual liquefied soil strengths, they will also have 
a thicker overlying unliquefied soil layer that will better distribute foundation stresses. In 
estimates of bearing resistance for footings situated three to four feet below the finished 
floor elevations, the increasing thickness of the upper dense soil zone from east to west 
across the site tends to compensate for the decline in estimated residual strength from east 
to west.  
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The estimated average total settlement due to liquefaction ranges from 0.9 to 2.6 inches 
in the proposed building area, with an average estimated liquefaction-induced settlement 
of 1.6 inch. We estimate that liquefaction-induced settlement may cause differential 
settlement of about 1 inch over horizontal distances as short as 20 feet. Lateral spread 
analyses indicate potential lateral displacements in the range of 2.5 to 4 feet could occur 
as a result of liquefaction. The lateral spread analyses assume continuity of liquefiable 
zones for a significant distance west-northwest of the site.  

 
We do not anticipate that the proposed structures can tolerate the estimated magnitude of 
lateral spread displacement. The estimated settlements resulting from liquefaction may 
also be problematic. We anticipate that ground improvement of a relatively large area 
will be required to resist lateral spreading, and that few, if any, shallow foundations will 
be supported on the natural soil without some sort of prior replacement or improvement. 
 
If footings are to be located on native soil in areas not subjected to ground improvement, 
the following bearing capacity recommendations are applicable. A factor of safety of 2.5 
was used for allowable bearing capacity of the dense surficial sand and gravel, and a 
factor of safety of 1.3 was used for the liquefied soils in the seismic event. 

 
Student Life Center and Parking Structure Area 
Listed in the following table are allowable bearing capacity values for footings 
located at or above elevation 4604 ft within the east portion of the site (Parking 
Structure area). This table is also applicable to foundations situated at or above 
elevation 4599 feet on the west portion of the site (adjacent to the existing Physical 
Education Building). The allowable bearing capacity for larger footings is limited by 
the low anticipated residual strength of the liquefied material following the design 
seismic event.  

 
Footing Width

(ft) 
Continuous

Footings 
Square

Footings 
2 3500 3130 
4 4450 4590 
6 3560 6040 
8 2940 5450 

10 2630 4550 
12 2420 4000 
14 2270 3630 
16 2160 3360 
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Playing Field Area 
At the time of this report, we have not been informed of footing types or loading 
magnitudes anticipated in this area. If structures are proposed in this area, the table 
below may be used to estimate the allowable soil bearing capacity for footings 
located on the native soil or compacted fill at about elevation 4600 feet in the 
anticipated playing field area. The allowable bearing capacity for larger footings is 
limited by the loose silty sand and low residual strength of the liquefied material 
following the design seismic event. 
 

Footing Width
(ft) 

Continuous
Footings 

Square
Footings 

2 2640 2370 
4 2440 3450 
6 1920 4170 
8 1660 3120 

10 1510 2570 
12 1410 2230 
14 1330 2000 
16 1280 1830 

 
If the structures cannot tolerate the magnitude of settlement described above, options to 
support the structures include over-excavation and replacement of the liquefiable soil 
zone, spread footings on short aggregate piers designed to reinforce and increase the 
strength of the liquefiable soil zone, and/or deep foundations used to bypass the 
liquefiable zone. Foundation options are discussed separately below. 
 
2. Over-excavation and Replacement of Liquefiable Soil Zone 
Removing and replacing all of the loose silt and sand would allow design of footings for 
a total foundation settlement of less than 1 inch and differential settlement less than 0.5 
inch. This would require excavating approximately 16 to 22 feet below the floor elevation 
of 4603 feet, to elevations ranging from 4587 to 4581 feet beneath the east and central 
portions of the building area. The required over-excavation at the west end of the Student 
Life Center (adjacent to the existing Physical Education Building) would extend to about 
elevation 4575 feet, roughly 28 feet below the proposed finished floor elevation of 4603 
feet. Dewatering would be required to lower the water table in the excavation area at least 
8 to 10 feet on average. 
 
The liquefiable silty sand and non-plastic sandy silt can be used as backfill beneath the 
building footprint provided that it is moisture conditioned to within 2% of optimum 
moisture, placed in lifts not exceeding 8 inches in thickness, and compacted to an in-
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place unit weight equal to at least 95% of the maximum density as determined by ASTM 
D 1557. It should be recognized that moisture conditioning of these soils could require 
substantial time and effort, particularly during the wetter seasons. Imported fill should 
consist of granular soils having a maximum size of 4 inches with not more than 30% 
passing the No. 200 sieve. The fines should have a plasticity index less than 6.  
 
If the loose silt/sand zone is completely over-excavated and replaced, the allowable 
bearing capacity for continuous footings and square footings can be selected from the 
table below. The values in the table are applicable to footings located at or above 
elevation 4600 feet. 
 

Footing Width
(ft) 

Continuous
Footings 

Square
Footings 

2 4690 4210 
4 5880 4930 
6 5760 5640 
8 4750 6360 

10 4080 6700 
12 3450 5440 
14 2910 4370 
16 2620 3790 

 
In the table above, the bearing capacity of the larger footings is limited by the capacity of 
the clayey soils underlying the liquefiable soil zone that is to be replaced.  
 
The “continuous footings” column above applies to footings with length to width (L:W) 
ratios longer than about 5:1. We understand that some long footings supporting multiple 
columns may be used to support structural loads. Long rectangular footings measuring 6 
x 20 feet to 10 x 40 feet may be designed using an allowable bearing capacity of 5000 psf 
if the liquefiable sand and silt in the footing area are completely overexcavated and 
replaced with structural fill. 
 
If the over-excavation and replacement option described above is selected, the plan area 
of the bottom of the over-excavation should include the footing area plus a lateral 
distance of at least 0.70Z on all sides, where Z is the depth of over-excavation below the 
bottom of the footing.  
 
3. Spread Footings on Short Aggregate Piers or Stone Columns 
A significant increase in bearing capacity can be obtained using short aggregate piers to 
reinforce the native soils beneath footings. Based upon the results of the subsurface 
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investigation, it is our opinion that an allowable bearing capacity in the order of 4000 to 
5000 psf can be achieved using an aggregate pier system. Piers should extend through the 
loose sand and silt zone and into the lean clay. Design and installation of aggregate piers 
requires a specialty contractor and the actual magnitude of soil improvement is dependent 
on the equipment and methods used. Specialty contractors that we are aware of with 
experience in this area include Geopier Foundation Company and Hayward Baker. We 
recommend that the specialty contractor’s design be reviewed by the geotechnical 
engineer and that the geotechnical engineer observe installation periodically throughout 
construction.  
 
The ground improvement area for each footing should include the footing area plus a 
horizontal distance equal to at least 0.70Z on all sides, where Z is the depth from the 
bottom of the footing to the bottom of the stone columns. 
 
4. Deep Foundations 
 Driven Piles 

Consideration has been given to supporting the structure on driven piles extending 10 
feet into the dense silty sand underlying the clay. It is anticipated that the piles would 
extend to between elevation 4530 and 4545 feet. Additional deeper borings will be 
required if this option is selected. The estimated pile length varies between about 65 
and 75 feet. Axial compressive capacities for 12.75-inch, 14-inch, and 16-inch 
(outside diameter) closed-end concrete-filled steel pipe piles are summarized on the 
following table. 

 
Pipe Pile Outside 

Diameter 
(inches) 

Ultimate Skin 
Friction 
(kips) 

Ultimate End 
Bearing 
(kips) 

Allowable Capacity
Assuming Factor  
of Safety = 2.25 

(kips) 
12.75 103 115 97 
14.0 123 138 116 
16.0 159 181 151 

 
The estimated pile capacities listed above are generalized for the project site for use 
in foundation type selection. We can provide refined analyses and estimated pile toe 
elevations for specific locations if needed. 
 
Pile layouts should be designed with a minimum center-to-center spacing of 3 pile 
diameters between piles. A factor of safety of 2.25 has been used to calculate the 
allowable capacities. This factor of safety assumes that dynamic pile testing (PDA) 
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will be performed during driving of at least one pile at each of the four corners of the 
site, and also during driving of a pile near the center of the structure. If this option is 
selected, pile uplift capacity, lateral capacity, and pile group settlement can be 
evaluated for the proposed pile group layouts. We recommend that the geotechnical 
engineer’s representative be present during pile installation and load testing. 

 
Drilled Shafts  
Drilled shafts have also been considered as a foundation option for supporting the 
structure. It has been assumed that the shafts will be drilled 10 feet into the dense silty 
sand referenced in the Driven Pile section above. Procedures outlined in FHWA-H1-
88-042, Drilled Shafts: Construction Procedures and Design Methods, have been used 
to determine the ultimate axial compressive capacity (nominal resistance) of drilled 
shafts. Capacity analyses have been performed for straight-sided drilled shafts using 
soil parameters obtained from the borings. If allowable stress design methods are 
used, we recommend that a factor of safety of 2.5 be applied to the ultimate capacity 
to determine the allowable capacity. It has been assumed that high quality 
construction, good specifications and excellent inspection will exist for each 
foundation. The estimated capacities of the drilled shafts can be taken from the table 
below. 

 
Shaft 

Diameter 
Ultimate Side 
Resistance

Ultimate End 
Resistance

Total Ultimate 
Capacity

Allowable 
Capacity

(ft) (kips) (kips) (kips) (kips) 
3.0 228 314 542 217 
3.5 265 427 692 277 
4.0 303 558 861 344 
4.5 341 706 1047 419 
5.0 379 872 1251 500 

 
The estimated drilled shaft capacities listed above are generalized for the project site 
for use in foundation type selection. We can provide refined analyses and estimated 
drilled shaft toe elevations for specific locations if needed. 
 
The allowable uplift resistance of a single drilled shaft may be taken as the ultimate 
side resistance value shown on the table above divided by a factor of safety of 3.0. A 
center-to-center spacing of at least three shaft diameters should exist to minimize 
interaction and overlapping stresses between shafts, which would result in reduced 
capacity. If this option is selected, we can provide settlement estimates and 
recommended drilled shaft toe elevations for proposed shaft layouts and loads at 
specific locations within the site. 
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The design of rebar and concrete should follow established guidelines. Concrete 
should be placed by tremie methods to ensure that no voids exist within the shafts. 
Concrete used for shafts should have a relatively high slump (6 inches or greater) to 
allow workability and proper placement between reinforcement and the sides of the 
shafts. Within each shaft, concrete should be placed in a generally continuous manner 
to prevent cold joints and other problems associated with excessive waits between 
concrete trucks. It is essential that drilled shaft construction be carefully inspected to 
ensure that loose material is removed from the base and that the concrete is placed 
using proper procedures. 
 

5. Mat Foundation 
The use of a large-area mat foundation may be considered for supporting the proposed 
structure. An allowable bearing capacity of 1200 psf could be used for the mat foundation 
to limit the estimated consolidation settlements to 1 inch under static loading conditions. 
A heavily-reinforced mat foundation will be more effective than a system of discrete 
spread footings in accommodating differential settlements. However, a mat foundation 
will not fully address the lateral spread hazard associated with the site.  

 
Summary of Foundation Options 
If the foundations for the proposed facilities are designed in accordance with the 
recommendations outlined above for spread footings on compacted fill, for short aggregate 
piers, or for deep foundations, the maximum settlement of any footing should not exceed one 
inch and differential settlement throughout the structure should not exceed 0.5 inch. It is 
generally recognized that the tolerable differential settlement for steel and concrete structures 
is about 0.002 times the column spacing. This criterion is tantamount to a differential 
settlement of about 0.5 inch for column spacings of 20 feet and 0.7 inch for column spacings 
of 30 feet. Since it is not anticipated that the column spacing will be less than 20 feet, a 
differential settlement of 0.5 inch should be satisfactory for the proposed facilities.  
 
Each foundation option discussed above may present various advantages and disadvantages 
for this project, including those listed below: 

• Over-excavation and replacement of the liquefiable soils: 
o This option presents the surest means of mitigating settlements and lateral 

movements associated with liquefaction, and would also provide the largest 
bearing resistance among the shallow foundation options. 
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o Replacement of the liquefiable soils would require “additional” excavation 
depths ranging from about 21 to 27 feet (measured from bottom of finished 
floor or existing ground elevation, whichever is lowest), and an average of at 
least 8 to 10 feet below the water table. 

o Construction dewatering of the liquefiable soils for excavation and 
replacement would likely be most efficiently achieved using a system of 
closely-spaced well points. The soils at the bottom of the excavation would be 
saturated and relatively soft, and would likely require stabilization before 
placing compacted fill. Stabilization and dewatering for this scenario are 
discussed further in Section V of this report. 

o Complete over-excavation of the liquefiable soils would likely require 
extensive shoring adjacent to existing structures. 

• Installation of short aggregate piers or stone columns to reinforce the liquefiable soil: 
o These ground improvement techniques avoid shoring and dewatering work 

that would be necessary to completely replace the liquefiable soils. 
o These methods improve the liquefiable soils to a lesser degree than would be 

accomplished by complete replacement. 
o This option would likely require pre-drilling through the dense surface soils, 

which may add substantial cost and time to the installation operation. 
o The pre-drilling necessary to install aggregate piers or columns at the site 

would be somewhat counterproductive because it would perforate the existing 
good shallow bearing soils at the site with relatively large diameter holes. 

o Stone column installation vibrations could be a concern adjacent to existing 
buildings or utilities. 

• Driven Piles: 
o Driven piles can be used to support large loads with relatively low potential 

for foundation settlement. 
o Lateral spreading will likely cause failure of the piles unless the liquefiable 

soils are mitigated using ground improvement. 
o Pile driving vibrations may be problematic adjacent to existing buildings. 

• Drilled Shafts: 
o Like driven piles, drilled shafts can be used to support large loads with 

relatively low settlement potential. 
o It may be possible to design drilled shafts to resist lateral spreading loads. 
o Due to the high water table and presence of loose granular layers, drilling mud 

and/or casing will likely be required for shaft excavation. 
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• Mat Foundation 
o A heavily-reinforced mat foundation will better accommodate liquefaction-

induced settlements than a system of spread footings. 
o While a structure supported on a mat foundation will likely perform better in a 

lateral spread event than a structure on spread footings, it is unlikely that a 
mat foundation will satisfactorily accommodate the anticipate magnitudes of 
lateral spreading. 

 
It may be worthwhile to consider one or more combinations of the options listed above. For 
example, excavation of the dense surface soils prior to installing aggregate piers/columns 
might be more cost-effective than pre-drilling. The excavation could terminate somewhere 
between elevations 4600 and 4595 feet on average, keeping the bottom of the excavation 
about 5 feet above groundwater so that dewatering would be unnecessary and work could be 
conducted on reasonably stable soils. The need for shoring adjacent to existing buildings 
would be substantially reduced compared to the shoring required for deeper excavations into 
less-stable material to completely remove of the liquefiable soils. This approach might also 
shorten stone columns to the extent that they could be installed using smaller and more cost-
effective equipment than would be necessary for deeper columns.  
 
Another hybrid approach that may merit consideration is the use of aggregate piers or 
columns to mitigate liquefaction-induced settlement and lateral spread, along with drilled 
shafts under large foundation loads and adjacent to existing vibration-sensitive structures.  
 
Finally, it may be worthwhile to investigate other specialty ground improvement methods. 
For example, jet grout columns could be installed in the liquefiable soil zone via relatively 
small-diameter holes drilled through the dense overlying soil. The jet grouting technique is 
typically more costly than aggregate columns or piers, but it may be more competitive after 
accounting for the cost of drilling to reach the soil zone requiring mitigation. Jet grouting 
might also be more favorable in terms of vibration impacts on existing facilities; however, 
the potential for undermining of adjacent structures would have to be evaluated. We can 
coordinate with a ground improvement contractor to assess feasibility and costs of jet 
grouting and similar options if desired by the design team. 
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B. SEISMIC CONSIDERATIONS 
 

The site is located at about latitude 40.2797° North and longitude 111.7153° West.  Mapped 
probabilistic peak ground acceleration (PGA) and spectral acceleration (SA) values are 
tabulated below:  

 

 Probabilistic ground motion values in %g. 
           10%PE in 50 yr    2%PE in 50 yr 
      PGA 17.71 50.69 
   0.2 sec SA 42.23 115.09 
   1.0 sec SA 14.25 48.58 

 
The values below are intended for use with the 2009 International Building Code (IBC) and 
ASCE 7-05, and should be adjusted based on the site class in accordance with the referenced 
standards. We can provide risk-targeted seismic values for use with the 2012 IBC and ASCE 
7-10 if needed. 
 
The allowable soil bearing pressure indicated above may be increased by one-third where 
seismic forces are included in the structural loads. If the frictional resistance of the footings 
and floor slabs are used to resist seismic forces, we recommend a coefficient of friction of 
0.45 be used to calculate these forces. See Section C below for recommendations related to 
resistance provided by passive earth pressures. 
 
A liquefaction analysis has been performed for the site assuming a seismic event having a 
probability of exceedence of 2% in 50 years. Tabulated below are the zones in each boring 
which have a factor of safety less than 1.0. 
  

BORING 
NO. 

ZONE 
(FT) 

06-1 6 – 14 
06-2 12 – 14 
06-3 15 – 23 
11-1 16 – 26  
11-2 20 – 29 
11-3 16 – 24  
11-4 16 – 23 
11-5 17 – 25 
11-6 14 – 20 
11-7 22 – 27  
11-8 18 – 29  
11-9 15 – 25  

11-10 14 – 25  
11-11 15 – 27  
11-12 17 – 27  
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Liquefaction of the loose layers will result in a reduction of shear strength to an estimated 
value of about 450 psf in the east portion of the building area and about 350 psf in the central 
and west portions. Liquefaction-induced settlement in the building area ranges from 0.9 to 
2.6 inches, with an average of approximately 1.6 inch. The larger settlements estimated 
within the building area are generally associated with borings on the west side of the site near 
the existing Physical Education Building. Approximately 2 inches of total liquefaction-
induced settlement were estimated based on the 2006 borings in the playing field area. 
Lateral spread displacements in the order of 2.5 to 4 feet have also been estimated due to 
liquefaction of the loose silt/sand zone. It will be noted that the estimated lateral spread 
displacement is substantially larger than was estimated in the preliminary report for several 
reasons. The first is that the Oct-Nov water level measurements are higher than previously 
measured. The higher water levels result in a greater thickness of liquefiable soils to be 
considered in the lateral spread estimates. The higher water levels also incorporate soils with 
lower fines contents in the liquefiable layer, and the lateral spread correlation equation is 
very sensitive to the fines content for the types of liquefiable materials present at the site. 
Finally, based on additional site elevation data we determined that the prevailing ground 
slope and the slope of the bottom of the liquefiable soil layer are larger than assumed in 
previous lateral spread estimates. 
 
The estimated liquefaction-induced settlements of shallow foundations and floor slabs in the 
proposed building area can be reduced to about 1 inch of total settlement and less than 0.5 
inch of differential settlement over a distance of 20 feet by installing short aggregate piers or 
stone columns at an area ratio of about 14 percent of the mitigation area. Liquefaction-
induced settlements can be more completely mitigated by over-excavating and replacing the 
liquefiable soil zone. Improvements in allowable foundation bearing capacity associated with 
these mitigation approaches are outlined in Section IV.A of this report. 
 
Installation of stone columns to mitigate settlements of the Parking Structure and Student 
Life Center footings andfloor slabs using short aggregate piers or stone columns as described 
above will provide satisfactory resistance to lateral spreading for proposed buildings.  
 
If the impacts of liquefaction are mitigated by replacing the liquefiable soils or reinforcing 
them using ground improvement techniques as discussed above, the site should be classified 
as Site Class D in accordance with Chapter 20 of ASCE 7. If liquefaction is not mitigated, 
Site Class F should be assumed unless the structure’s fundamental period of vibration is less 
than or equal to 0.5 second.  
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C. LATERAL EARTH PRESSURES 
 
It is not anticipated that earth-retaining structures will be required for the proposed facility. If 
earth-retaining structures are required, however, and if backfilling is performed using 
granular material, and if the backfill behind the wall is horizontal, we recommend that the 
earth pressures be calculated using the following equation, along with the earth pressure 
coefficient outlined below:  
 

P = ½ γ K H2 
 
 Where  P = total lateral force on wall, plf 
   K = earth pressure coefficient 

        γ = unit weight of soil (125 pcf) 
        H = height of retained soil against wall 

 
The earth pressure coefficient used in designing the walls will depend upon whether the wall 
is free to move during backfilling operations, or whether the wall is restrained during 
backfilling. If the wall is free to move during backfilling operations and the backfill material 
is granular soil, we recommend an active earth pressure coefficient of 0.30 be used in the 
above equation to calculate the lateral earth pressures. If the walls are restrained from any 
movement during backfilling and the backfill material is granular soil, we recommend an at-
rest earth pressure coefficient of 0.45 be used to calculate the lateral earth pressure. 
 
The additional active earth pressure due to ground acceleration equal to two thirds of the 
MCE may be estimated using a coefficient of 0.19. The seismic ground motion will reduce 
the available passive resistance. This reduction may be accounted for as an earth pressure 
acting in the direction opposite the passive resistance, and computed using a coefficient of 
0.54. The pressure diagrams for these forces may be roughly approximated as inverted 
triangles, such that the resultant forces of the seismic components act at heights of 
approximately 2H/3 above the base of the wall. 
 
For non-yielding walls, the increase in earth pressure corresponding to the seismic event may 
be estimated using the equation PEQ = ahγH2, where ah is a seismic coefficient of 0.34. This 
force is in addition to the at-rest pressure, and acts at a height of about 0.53H above the base 
of the wall.  
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It should be recognized that the pressures calculated by the above equation are earth 
pressures only and do not include hydrostatic pressures. Where hydrostatic pressures may 
exist behind a retaining structure, we recommend either the wall be designed to resist 
hydrostatic pressure, or that a drainage system be placed behind the wall to prevent the 
development of hydrostatic pressures. 
 
D. FLOOR SLABS 
 
We recommend that a free-draining granular layer be placed beneath all floor slabs. The free-
draining granular layer should be at least 4 inches thick and should have a maximum size less 
than 1 inch and not more than 5% passing a 200 sieve. The free-draining material should be 
densified using at least 4 passes of a smooth drum 5-ton vibratory roller or equivalent. If the 
above specifications are followed, the granular layer will prevent the accumulation of 
moisture beneath the floor slab and will also serve adequately as a base beneath the floor 
slabs. Where moisture sensitive flooring, such as tile flooring systems, is planned, it is 
recommended that a vapor retarder/barrier be placed directly beneath the concrete floor, in 
lieu of the free-draining granular layer. It is recommended that the vapor barrier conform to 
ASTM E 1745 Class A requirements. A subgrade modulus of 250 pci can be used for design 
of floor slabs.  
 

V.  SITE PREPARATION AND COMPACTED FILL REQUIREMENTS 
 
As indicated above, much of the site is covered with asphalt parking, and it is recommended that 
the asphalt surface course be removed from beneath the entire footprint of the structures. 
 
Temporary excavations less than 15 feet deep in the dense granular on-site soils should be 
adequately stable at slopes of 1.5 horizontal to 1 vertical or flatter. Erosion protection or surface 
water control may be necessary to maintain temporary slopes. If the decision is made to over-
excavate and replace the liquefiable soil zone, excavated side slopes as steep as 2 horizontal to 1 
vertical can be used for dewatered areas. Temporary shoring and retaining structures should be 
designed by a Professional Engineer. 
 
Stabilization of the subgrade clay will be required prior to placement of fill. Stabilization 
techniques are dependent upon conditions encountered and construction methods.  Where very 
soft clay exists, it is anticipated that cobble rock will provide the most effective means of 
stabilization. Where cobble rock is required, it should consist of 3 to 8 inch rock placed in single 



 

RB&G ENGINEERING, INC. H:\2011\012_UVU StudentLifeCtr&PrkngStruct\Task 2 Final\FinalReport_UVU_StudentLife.02-14-12.doc 
Provo, Utah Page 21 of 23 

lifts, tamped into the clay such that the voids are filled.  Excess cobbles which cannot be tamped 
into the clay should be removed to prevent migration of fines into the voids, which would result 
in settlement. Placement of a geotextile fabric, such as Mirafi 600X or equivalent will be 
effective in stabilizing moderately soft areas. Dewatering should be performed such that the 
groundwater level is maintained at least 2 feet below the working surface. 
 
We recommend that imported fill used to establish final grade throughout the site consist of 
granular soil having a maximum size of 4 inches with less than 30% passing a No. 200 sieve. We 
recommend that the material passing a No. 200 sieve have a plasticity index less than 6. The fill 
should be compacted to an in-place density equal to at least 95% of the maximum density as 
determined by ASTM D 1557.  
 
Grading around each structure should be performed in such a manner that all surface water will 
flow freely from the area and that no ponding will occur adjacent to the structure which will 
permit deep percolation into the foundation area. Roof drains should extend well beyond the 
building lines to prevent seepage into the foundation soils. Sprinkler heads located adjacent to 
the building should be directed away from the structure to prevent the percolation of water into 
the foundation zone. 
 
Backfilling around foundation walls should be performed using granular material densified to an 
in-place unit weight equal to at least 90% of the maximum laboratory density indicated above. 
 
VI.  PAVEMENT DESIGN 
 
Pavement borings for anticipated driveways and fire lanes encountered medium dense to very 
dense silty sand at the subgrade level.  
 
In providing recommendations for pavement design, an equivalent single axle load (ESAL) of 
33,200 has been used. This value is comparable to 1500 passenger cars and light trucks, 25 box 
trucks, and one fire truck per month over a design life of 30 years. If traffic loading is 
significantly different than what has been assumed, it is requested that we be notified so that 
appropriate modifications can be made in pavement design. The flexible pavement thickness has 
been determined using the AASHTO Structural Number Procedure. The following additional 
assumptions have been made in determining the flexible pavement thickness: 
 

Design E-18's  = 33,200 
Reliability  = 85% 
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Overall Deviation  = 0.45 
Resilient Modulus  = 10,500 psi 
Initial Serviceability  = 4.2 
Terminal Serviceability  = 2.0 

 
The results of the analysis indicates that a flexible pavement consisting of 3 inches of an asphalt 
surface course plus 6 inches of untreated granular base will be adequate to support the 
contemplated traffic. In performing the analysis, it has been assumed that the upper 8 inches of 
the natural material will be scarified and re-densified to an in-place unit weight equal to 92% of 
the maximum laboratory density, as determined by ASTM D 1557, resulting in a CBR value of 
7.0 for the natural granular material. If fine-grained soils (silt or clay) are encountered at the 
subgrade level, it is recommended that these areas be over-excavated to a depth of 1 foot below 
subgrade level, and that the excavation be backfilled with granular borrow. The on-site sands and 
gravels can be used as granular borrow. The granular borrow should meet compaction 
requirements outlined above. 
 
All base material should be densified to an in-place unit weight equal to 95% of the maximum 
laboratory density indicated above and all untreated granular base should conform to Utah 
Department of Transportation Specifications. Mineral aggregates used in the asphalt surface 
course should conform to Section 02741 of the standard specifications of the Utah State 
Department of Transportation. Mixing, placing, and densification of all asphalt materials should 
also conform to UDOT standards. 
 
The following additional assumptions have been made for the rigid pavement design: 
 

Design E 18's    = 33,200 
Reliability    = 90% 
Modulus of Rupture   = 650 psi 
Modulus of Elasticity   = 4,400,000 
Drainage Coefficient   = 1.0 
Resilient Modulus of Subgrade  = 510 
Initial Serviceability Factor  = 4.5 
Terminal Serviceability Factor  = 2.0 

 
Based upon the above parameters, the results of the analysis indicate that a pavement section 
consisting of 4 inches of roadbase and a minimum of 4 inches of Portland cement concrete will 
be sufficient to support the anticipated loading. We recommend that the pavement section be 
increased to 4 inches of roadbase and 6 inches of PCC to reduce the risk of cracking associated 
with frost heave. 
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All joints for concrete pavement should be laid out in a rectangular pattern, and the joint spacing 
for driveways should not exceed 15 feet.  A joint spacing of this magnitude should accommodate 
the contraction of the concrete, and under these conditions, steel reinforcing will not be required. 
We recommend that all joints in driveways where truck traffic will be relatively heavy be 
doweled. We recommend that the dowels have a diameter of 7/8" and an embedment length of at 
least six inches.  The total dowel length should not be less than 16 inches. 
 
VII.  LIMITATIONS 
 
The conclusions and recommendations presented in this report are preliminary and are based 
upon the results limited field and laboratory tests. It should be recognized that soil materials are 
inherently heterogeneous and that conditions may exist throughout this site which could not be 
defined during this investigation. If conditions are encountered during construction which differ 
from those described in this report, it is requested that we be contacted so that impacts on the 
design may be evaluated and addressed as necessary. It is anticipated that continued coordination 
will occur between the design team and our organization to select appropriate ground 
improvement criteria, specify improvement criteria, and finalize foundation design.    
 
The information contained in this report is provided for the specific location and purpose of the 
client named herein and is not intended or suitable for reuse by any other person or entity 
whether for the specified use, or for any other use. Any such unauthorized reuse, by any other 
party is at that party's sole risk and RB&G Engineering, Inc. does not accept any liability or 
responsibility for its use. 
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