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2.1 GEOLOGY 
 
The geology is similar across the site.  The geology consists of interbedded medium stiff to hard 
sandy clay and loose to very dense sand and gravels with cobbles overlaying very hard sandy 
shale bedrock.  Bedrock was encountered in all the test holes except for TH2 and TH7 ranging in 
depths from 4,701 feet above mean sea level (amsl) (4 feet below ground surface [bgs]) in TH1 
to 4,622 feet amsl (31 feet bgs) in TH6.  Gravels and cobbles up to 4 inches in diameter were 
encountered in the sand creating difficult drilling conditions.  Flowing sand conditions were 
encountered beneath the groundwater.  Groundwater was observed during drilling operations in 
TH3, TH4, TH5, TH6, TH7, and TH8 ranging from 4,638 feet to 4659 feet amsl (10 feet to 52 
feet bgs).  Piezometers PZ1, PZ2, PZ3, and PZ4 were installed for future groundwater 
measurements in test holes TH5, TH6, TH1, and TH3, respectively.  Groundwater was measured 
on October 7, 2013 and found to be 4,634 feet amsl (10 feet bgs) in PZ1, 4,643 feet amsl (10 feet 
bgs) in PZ2, dry in PZ3, and 4,638 feet amsl (20 feet bgs) in PZ4.  Groundwater may vary 
depending on seasonal fluctuations such as precipitation and snow melt.  Additional information 
can be found on the Engineering Geology sheets and test hole logs presented in Attachments 1 
and 2, respectively. 
 
2.2 PHYSICAL PROPERTIES 
 
Analysis of the samples resulted in AASHTO classifications of A-1-a (0) to A-2-6 (0) for the 
silty/clayey gravel, A-1-b (0) to A-6 (2) for clayey/sitly sand, and A-6 (9) to A-6 (12) for the 
clay.  The shale bedrock resulted in classifications of A-2-4 (0) to A-2-6 (0) equivalent to gravel.  
These classification results are believed to be artificial when comparing the sample results to 
field observations.  The results are likely due to the bedrock cementation inhibiting grain 
separation while running the analysis.  Detailed material properties at each boring are presented 
in the Engineering Geology sheets in Attachment 1.   
 
2.3 GEOCHEMICAL PROPERTIES 
 
Bedrock samples were analyzed for percent sulfate, pH, percent chlorides, and resistivity.  Based 
on the results of water soluble sulfate testing obtained from CP 2103, the potential for sulfate 
attack on Portland cement concrete in direct contact with the bedrock is classified as a Class 2 
exposure per Table 601-2 of the CDOT 2011 Standard Specifications for Road and Bridge 
Construction Section 601.  The results for resistivity, sulfates, and chlorides suggest a strong 
corrosion towards metal based on values per Table C.1 of FHWA report FHWAO-IF-3-017, 
Geotechnical Engineering Circular No. 7 - Soil Nail Walls.  Detailed material properties are 
presented on the Engineering Geology sheets in Attachment 1. 
 
3.0 RECOMMENDATIONS 
 
The subsurface conditions are favorable for a bridge on drilled shaft or driven pile foundations.  
The new foundations should be located and spaced as to not interfere with the existing 
foundations.  Drilled shafts will create fewer disturbances to the existing foundations compared 
to the driving of steel piles.  Cantilever cast in place (CIP) and mechanically stabilized earth 
(MSE) walls were considered as possible design options at the 1st St. exit.  Once the bridge and 
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wall layout and type are finalized, any additional geotechnical explorations can be completed and 
the recommendations can be reevaluated. 
 
3.1 DRILLED SHAFTS 
 
For drilled shafts embedded into the very hard bedrock, the allowable unit tip resistance (qa) and 
the allowable unit side resistance (fa) in kips per square foot (ksf) for the Allowable Stress 
Design (ASD) method, as determined using local practice, are presented in Table 1 along with 
the nominal unit tip resistance (qp) and the nominal unit side resistance (qs) required for the Load 
Resistance Factor Design (LRFD).  The LRFD capacities are converted from ASD values.   

 
TABLE 1.   DRILLED SHAFT RESISTANCE VALUES 

 

Location 

Estimated 
Bedrock 
Elevation 
(ft amsl) 

 ASD  LRFD 

qa 
(ksf) 

fa 
(ksf) 

qp 
(ksf) 

qs 
(ksf) 

North Pier 4,624 

50 5.0 150 15 

N. Center Pier 4,628 

Center Pier 4,628 

S. Center Pier 4,622 

South Pier 4,627 

 
    
Shafts should be completed into the very hard bedrock to obtain tip and side resistance.  The 
recommended minimum bedrock penetration is l0 feet.  Side resistance for axial capacity in the 
overburden soil should be ignored due to the difference in strain limits between the soil and 
bedrock.  Also, the top 5 feet of bedrock penetration should be ignored for side resistance due to 
material weathering and potential disturbance from temporary casing.  The side resistance values 
are applicable in both vertical directions without reduction.  The nominal capacities assume a 
weighted load factor of 1.5.  When using the LRFD method, we recommend a resistance factor 
of 0.5 be used for both unit tip and side resistance.  Should a different load factor be applied for 
shafts, the resistance factor should be adjusted by dividing the new load factor by 3 to obtain the 
corresponding resistance factor.  Difficult caisson drilling should be expected based on the 
hardness of the bedrock.  If rock coring techniques are used for caisson construction, the bedrock 
socket should be roughened. 
 
The recommended unit tip and side resistance values assume a minimum spacing of 3 shaft 
diameters, center-to center, between adjacent drilled shafts including existing drilled shafts.  
Drilled shafts spaced at 2 diameters will require a reduction factor of 0.9.  Reduction factors for 
spacing less than 2 diameters will require additional analysis and iteration with the structural 
engineer.  Material properties for lateral load analysis are presented in Table 2. 
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Caving soil likely will occur in the sands below the groundwater.  Slurry and/or casing will be 
needed to support the soils overlying the bedrock during drilled shaft excavation if caving 
occurs.  Dewatering of the drilled holes also may be required prior to placement of the concrete.  
The potential for dewatering may increase with the amount of time the drill holes remain open.  
Alternatively, the concrete may be placed by tremie as described in CDOT 2011 Standard 
Specifications for Road and Bridge Construction Section 503 – Drilled Caissons.  Due to these 
concerns, it is recommended that cross hole sonic logging tubes be installed in the caissons for 
construction quality assurance. 
 
3.2 DRIVEN PILES 
 
Driven piles will function as end bearing piles at this site with generally less than 5 feet of 
penetration into the very hard bedrock for Grade 50 steel without pre-drilling.  Applying the 
structural limit state per AASHTO LRFD Table 10.5.5.2.3-1 for driven H-piles with Grade 50 
steel in good driving conditions, a combined nominal unit side and tip resistance up to 30 kips 
per square inch (ksi) times the cross sectional area of the pile is recommended.  Per CDOT 2011 
Standard Specifications for Road and Bridge Construction Section 502 – Piling, a pile driving 
analyzer will be used to establish the driving criteria.  A resistance factor of 0.65 may be used in 
accordance with AASHTO LRFD bridge design specifications.  We recommend that when 
ordering pile an estimated penetration of 10 feet into bedrock be used.  In accordance with 
AASHTO LRFD bridge design Section 10.7.1.2, center to center pile spacing should not be less 
than 30 inches or 2.5 pile diameters including existing piles.  Group effects should be determined 
in accordance with Section 10 of AASHTO LRFD Bridge Design Specifications.  Battered piles 
no steeper than 1:4 (H:V) may be used to provide lateral capacity.  Additionally, pile tips are 
recommended because of the cobbles and very hard bedrock.  If used, the tips should be 
Associated Pile & Fitting Corp. (APF) HARD-BITE HP-77600 for hard rock, or equivalent.  
Material properties for lateral load analyses of the piles using LPILE or similar software are 
presented in Table 2.   

TABLE 2.    MATERIAL PROPERTIES FOR 
LATERAL LOAD ANALYSIS USING LPILE 

 

Material 

Internal 
Friction 
Angle 
ϕ 

(degrees) 

Cohesion
C 

(lb/ft²) 

Soil-Modulus
k 

(lb/in³) 

Strain 
at ½ maximum 
principal stress 

ε50 (in/in) 

Total  
Unit 

Weight 
(lb/ft3) 

Saturated 
Unit 

Weight 
γT 

(lb/ft³) 

Sand and 
Gravel 

Above Water 
34 0 90 – 125 135 

Submerged 
Sand and 
Gravel 

34 0 60 – 125 135 

Clay 0 1,000 500 0.005 120 130 

Bedrock 0 8,000 2,000 0.004 130 140 
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3.3 RETAINING WALLS AND TEMPORARY EXCAVATIONS 
 
Retaining walls are proposed along the I-25 north bound off-ramp and I-25 south bound on-ramp 
at 1st Street.  For retaining walls, it is assumed new fill will consist of Class 1 Structure Backfill.  
Class 1 Structure Backfill should be compacted to at least 95 percent of the maximum dry 
density and within 2 percent of optimum moisture content as determined by AASHTO T180 
(ASTM D 1557) and as described in Section 206 of the 2011 CDOT Standard Specification for 
Road and Bridge Construction.  Retaining wall parameters for design are presented in Table 3.  
Lateral pressures must be reevaluated when sloping backfill or surcharge loads exist.  Temporary 
excavation support may be required where slopes above the groundwater table are steeper than 
1:1 (H:V).  Parameters presented in Table 3 also are suitable for temporary excavation support 
design.  Retaining walls may also be required at the abutments; however, wall selections and 
designs have not been provided.  Recommendations for walls can be provided later when wall 
details become available.   
 
The wall type, size, height, foundation elevation, and length of the walls were not determined at 
the time of drilling.  CIP and MSE wall types were considered as possible design options.  The 
bearing capacities were based on the walls having strip foundations found in the clayey/silty sand 
and gravels with embedments of 1.5 feet bgs for MSE and 3 feet for CIP and reinforcement 
lengths of 6 feet for MSE and footing width of 3 feet for CIP.  The nominal bearing capacity was 
determined to be 18 ksf for both the MSE and CIP in the sands and gravels.  The bearing 
capacities should be reevaluated once the design of the walls has been determined.  A bearing 
resistance factor of 0.55 for gravity walls and 0.65 for MSE may be applied when using the 
LRFD method.  For dry conditions, an internal friction angle for sliding (φf) of 34 degrees should 
be used for foundations resting on sand and gravel if AASHTO LRFD Bridge Design Section 
10.6.3.4 is used to evaluate sliding.  The recommended coefficient of friction (tan δ) that may be 
used is 0.35 between mass concrete or MSE and the clay foundation material per AASHTO 
Table 3.11.5.3-1.  The global stability of the walls should be verified after final design is 
completed. 
 

TABLE 3.  MATERIAL PARAMETERS FOR RETAINING WALLS 
AND TEMPORARY EXCAVATIONS 

 

Material 

Typical 
Total Unit 

Weight 
γT (pcf) 

Internal 
Friction 
Angle 
φ 

(degrees) 

Cohesion 
C 

(psf) 

Earth Pressure Coefficients 

Active 
(Ka) 

At Rest 
(Ko) 

Passive 
(Kp) 

New Class 1 
Structure 
Backfill 

125 34 0 0.28 0.44 3.5 

Native Sand 
and Gravel 

125 34 0 0.28 0.44 3.5 

Native Clay 120 20 250 0.49 0.61 2.0 
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4.0 SEISMIC DESIGN PARAMETERS 
 
The AASHTO Specifications for LRFD Seismic Bridge Design classify the site as “D" and the 
seismic zone as “1" using Tables 3.10.3.1-1 and 3.10.6-1, respectively.  Using the USGS 
AASHTO Earthquake Motion Parameters program, a seismic design spectrum plot was created 
for Spectral Acceleration vs.  Time and is presented in Figure 1.  Additional data from the 
program is included in Attachment 3.   
 
Please contact the Geotechnical Program at 303-398-6604 with questions. 
 
REVIEW: Conroy 
 

COPY: Wrona – Region 2 RTD 
Rowe – Region 2 South Program Engineer 
DeHeart – Region 2 Pueblo Resident Engineer 
Garcia – Region 2 Project Engineer 
Groeneman – Staff Bridge  
Wieden – Region 2 Materials 
Schiebel/Hernandez – Staff Materials and Geotechnical 
Ortiz – Geotechnical Program 
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Asphalt

Fill,  sand and gravel, light brown, medium
dense, subangular

medium dense

Silty/Clayey Sand,    light brown, dense

Sandy Clay,   gravelly, stiff, light brown

4" sand lens, black, no odor

Silty Gravelly Sand,    very dense, light brown,
sub angular

hard drilling

black, no odor, medium dense, cobbles

hard drilling
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7J
33-50/5"

7K
3-6-8

7L
18-19-13

50/5"

14

32

49.0

54.0

59.0

54.0

59.0

60.5

Silty Gravelly Sand,    very dense, light brown,
sub angular (continued)

medium dense

dense

Total Boring Depth 60.5ft
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8A
4-7-14

8B
50/1"

8C
50/4"

8D

8E
1-6-8

8F
6-12-14
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9.0

14.0

20.0

24.0

29.0

34.0

39.0

44.0

Silty Sand,   medium dense, light brown

Sand,  with gravel, light brown, very dense,
subangular to rounded gravel

Clayey Sand,   light gray, very dense

no recovery

Silty Sand,   and gravels, light brown, loose,
fine grained

medium dense, flowing sand

dense

dense, gravels

medium dense, gravel in shoe

pull out, bit melted, change bit

skip drive, 1' of flowing sand in auger
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8J
10/0"

8K
100/1"

10/0"

100/1"

49.0
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46.0

54.0

drills harder

Shale,  sandy, very hard, dark gray

Total Boring Depth 54.0ft

GEOLOGIST/FOREMAN

D. Thomas/A. Moreno/M. Howton

GEOLOGICAL BORING LOG

SPT DATA

D
E

P
T

H
 (

ft
)

5 10 20 40 70

4,672.9ft

14.0

4625

4620

4615

4610

4605

4600

4595

4590

4585

L
O

G

DESCRIPTION

S
A

M
P

L
E

 T
Y

P
E

D
E

P
T

H
 (

ft
)

DATE DRILLED

CON'T GRAB
NOTES:  CME 75, Auger

PuebloI 25

54.0ft N: 582,960     E: 257,747
TOP HOLE ELEV

STRUCTURE/BENT LOCATION

Pueblo

SPT

PROJECT ID

I 25 at 1stIM 0251-334 9/4/13

8
E

L
E

V
 (

ft
)

COUNTYROUTE

SURVEY INFOTOTAL DEPTH

H2O DEPTH (ft)

DATE

TIME

17666
SA

K-18-CI,CJ/South Pier

WELL
DIAGRAM

SHELBY CORE CALIFORNIA

BORING #

PROJECT NAME

S
A

M
P

L
E

 I
D

B
L

O
W

S

N
-V

A
L

U
E

R
E

C
%

/R
Q

D
%

G
E

O
L
O

G
IC

 B
O

R
IN

G
 L

O
G

  
I2

5
 1

S
T

.G
P

J
  

C
O

_
D

O
T

.G
D

T
  

1
0
/1

6
/1

3

>>

>>



 

 

ATTACHMENT 3 
IM 0251-334, I-25 and 1st St., SA 17666 

2007 AASHTO Bridge Design Guidelines 
 

 AASHTO Spectrum for 7% PE in 75 years 
  Latitude     =     38.264272 
  Longitude  = -104.605050 
  Site Class B 
  Data are based on a 0.05 deg grid spacing. 
     Period          Sa 
      (sec)            (g) 
        0.0           0.051     PGA - Site Class B 
        0.2           0.113     Ss    - Site Class B 
        1.0           0.036     S1    - Site Class B 
Map Response Spectra for Site Class B 
  Ss and S1 = Mapped Spectral Acceleration Values 
  Site Class B 
  Data are based on a 0.05 deg grid spacing. 
     Period          Sa         Sd 
      (sec)            (g)          in. 
      0.000          0.051     0.000     T = 0.0, Sa = PGA 
      0.063          0.113     0.004     T = To,  Sa = Ss 
      0.200          0.113     0.044     T = 0.2, Sa = Ss 
      0.316          0.113     0.110     T = Ts,  Sa = Ss 
      0.400          0.089     0.139      
      0.600          0.059     0.209      
      0.800          0.045     0.279      
      1.000          0.036     0.349     T = 1.0, Sa = S1 
      1.200          0.030     0.418      
      1.400          0.025     0.488      
      1.600          0.022     0.558      
      1.800          0.020     0.628      
      2.000          0.018     0.697      
      2.200          0.016     0.767      
      2.400          0.015     0.837      
      2.600          0.014     0.906      
      2.800          0.013     0.976      
      3.000          0.012     1.046      
      3.200          0.011     1.116      
      3.400          0.010     1.185      
      3.600          0.010     1.255      
      3.800          0.009     1.325      
      4.000          0.009     1.395      

Spectral Response Accelerations SDs and SD1 
  Latitude     =     38.264272 
  Longitude  = -104.605050 
  As = FpgaPGA, SDs = FaSs, and SD1 = FvS1 
  Site Class D  -  Fpga =  1.60,  Fa =  1.60,  Fv =  2.40 
  Data are based on a 0.05 deg grid spacing. 
     Period          Sa 
      (sec)            (g) 
        0.0           0.082     As   - Site Class D 
        0.2           0.181     SDs - Site Class D 
        1.0           0.086     SD1 - Site Class D 
Design Response Spectra for Site Class D 
  As = FpgaPGA, SDs = FaSs, SD1 = FvS1 
  Site Class D  -  Fpga =  1.60,  Fa =  1.60,  Fv =  2.40 
  Data are based on a 0.05 deg grid spacing. 
     Period          Sa         Sd 
      (sec)            (g)          in. 
      0.000          0.082     0.000     T = 0.0, Sa = As 
      0.095          0.181     0.016      
      0.200          0.181     0.071     T = 0.2, Sa = SDs 
      0.474          0.181     0.397     T = Ts,  Sa = SDs 
      0.500          0.171     0.418      
      0.600          0.143     0.502      
      0.800          0.107     0.669      
      1.000          0.086     0.837     T = 1.0, Sa = SD1 
      1.200          0.071     1.004      
      1.400          0.061     1.171      
      1.600          0.054     1.339      
      1.800          0.048     1.506      
      2.000          0.043     1.673      
      2.200          0.039     1.841      
      2.400          0.036     2.008      
      2.600          0.033     2.176      
      2.800          0.031     2.343      
      3.000          0.029     2.510      
      3.200          0.027     2.678      
      3.400          0.025     2.845      
      3.600          0.024     3.012      
      3.800          0.023     3.180      
      4.000          0.021     3.347     

 


