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PLAN of BORINGS
BB0903: Hwy 71B INTERCHANGE IMPROVEMENTS

Benton County, Arkansas
Job No. 12-071

Date: May 2016
PLATE 2

Scale: As Shown
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Stiff to very stiff red clay w/chert
fragments (fill)

- with chert cobbles below 14 ft

Very stiff gray silty clay w/limestone
fragments and trace organics (fill)

Very stiff red clay w/numerous
chert fragments (cherty clay)

- with chert cobbles and seams
below 28 ft

- with chert cobbles, seams and
layers below 33 ft

Hard light gray and gray cherty
limestone

- no loss of circulation in cherty
limestone to completion depth

SURF. EL:  1307.8
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DATE:  6/23/2015IN BORING:  Dry to 20 ft
DEPTH TO WATER
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4 inches: Concrete
Stiff brown silty clay w/a little fine
gravel and chert fragments (fill)
Very stiff reddish tan clay w/chert
nodules and fragments (cherty
clay)

- red and tan with chert cobbles
below 11 ft

- with chert seams and layers
below 22 ft

- tripoli and clay at 32 ft

- 100% water loss at 36 ft,
borehole backfilled with bentonite
and re-drilled, circulation recovered
Hard light gray and gray cherty
limestone

- could not advance core barrel to
cherty limestone, coring
abandoned

- no loss of circulation, no voids in
cherty limestone to completion
depth

SURF. EL:  1286.9
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LOCATION:    Sta 1244+71.61, 1 ft Lt
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DATE:  6/17/2015IN BORING:  Dry to 10 ft
DEPTH TO WATER

DATE:  6-17-15
COMPLETION DEPTH:  60.0 ft
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L O G  O F  B O R I N G  N O.  S2

PLATE 4

Consulting Engineers

D
E

P
T

H
, F

T

S
Y

M
B

O
L

S
A

M
P

LE
S

DESCRIPTION OF MATERIAL

B
LO

W
S

 P
E

R
 F

T

U
N

IT
 D

R
Y

 W
T

LB
/C

U
 F

T

COHESION, TON/SQ FT

0.2 0.4 0.6 0.8 1.0 1.2 1.4

PLASTIC
LIMIT

WATER
CONTENT

LIQUID
LIMIT

10 20 30 40 50 60 70

Grubbs, Hoskyn,
Barton & Wyatt, Inc.

5

10

15

20

25

30

35

40

45

50

55

60

10

20

30

40

50

60



85

81

53

14

10

15

50/9"

50/8"

50/6"

25/0"

50/4"

25/0"

25/0"

25/0"

25/0"

25/0"

25/0"

25/0"

Stiff brown silty clay w/a little fine
gravel and occasional organics (fill)
Firm to stiff reddish tan clay with
chert fragments
- stiff, red, gray and tan below 4 ft
Very stiff red clay w/numerous
chert nodules and fragments
(cherty clay)
- with chert cobbles below 10 ft

- with medium close chert seams
and layers below 16 ft

Hard gray and light gray cherty
limestone
- 10% water loss at 40 ft;
circulation recovered

- could not advance core barrel to
cherty limestone due to chert
fragment fall in, coring abandoned

SURF. EL:  1288.0
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LOCATION:    Sta 1245+48.29, 12 ft Rt
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DATE:  6/16/2015IN BORING:  Dry to 10 ft
DEPTH TO WATER

DATE:  6-16-15
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Stiff brownish red and brown silty
clay w/chert fragments (fill)
- firm to stiff at 2 to 4 ft
- stiff below 4 ft

- with more chert below 14 ft

- red, gray and brown below 18 ft

Very stiff red and tan clay
w/numerous chert fragments and
seams (cherty clay)

- with more chert below 53 ft
- 20% water loss at 55 ft
Hard light gray and gray cherty
limestone
- fluid circulation recovered at 48 ft
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SURF. EL:  1308.0
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LOCATION:    Sta 1246+10.93, CL
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DATE:  6/22/2015IN BORING:  Dry to 20 ft
DEPTH TO WATER

DATE:  6-22-15
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TYPE:   Auger to 20 ft /Wash
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Stiff to very stiff brown silty clay
w/fine sand and chert fragments
and trace organics, dry (fill)
Stiff brownish red clay w/chert
fragments (fill)

- stiff to very stiff below 6 ft

Very stiff brownish gray silty clay

Very stiff reddish brown, reddish
tan and gray silty clay w/ferrous
nodules, fine sand pockets and
sandstone fragments

Hard light gray cherty limestone
- auger refusal on limestone at 34
ft
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LOCATION:    Approx Sta 1243+80, 62.3 ft Lt
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DATE:  5-19-16
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Stiff brown and tan silty clay
w/trace organics (fill)

Stiff red, gray and tan silty clay
w/silt pockets and trace sandstone
fragments
- very stiff below 4 ft

Very stiff to hard reddish brown
clay w/numerous chert fragments

- with interbedded chert layers and
beds below 12 ft
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DATE:  5/24/2016IN BORING:  23 ft
DEPTH TO WATER

DATE:  5-24-16
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Firm dense brown and light gray
sandy silt w/crushed stone (fill)

- medium dense below 2 ft
Stiff to very stiff reddish tan, red
and tan clay w/silty clay seams and
numerous chert fragments (fill)

- with more red clay below 17 ft

Stiff brown silty clay

Stiff red, reddish tan and gray silty
clay w/numerous chert fragments

- with chert cobbles and layers
below 32 ft

-NON-PLASTIC--NON-PLASTIC-
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Stiff brown and tan silty clay
w/trace organics (fill)

Stiff red, tan and reddish tan silty
clay w/ferrous nodules and stains
and sandstone fragments

- stiff to very stiff below 4 ft

Stiff to very stiff reddish brown and
tan clay w/numerous chert
fragments

- with interbedded chert layers and
beds below 8 ft

- auger refusal on chert bed at 26 ft
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Firm to stiff brown silty clay (fill)

Stiff reddish tan and light gray silty
clay w/ferrous nodules and stains,
sandstone fragments and fine sand
pockets
- stiff to very stiff with more
nodules and sandstone fragments
below 4 ft
Stiff to very stiff reddish brown clay
w/numerous chert fragments
- with interbedded chert layers and
beds below 8 ft
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Firm tan and brown fine sandy
clay, silty w/some chert fragments
and trace organics (fill)
Stiff reddish brown, reddish tan
and tan clay w/chert and sandstone
fragments, ferrous nodules and
trace organics (fill)

- stiff to very stiff at 8 to 12 ft

- stiff with more red below 12 ft

Stiff reddish brown, reddish tan
and gray silty clay w/ferrous
nodules and trace organics

Very stiff to hard tan and gray silty
clay, slightly sandy w/trace
sandstone fragments

Very stiff to hard red, tan and gray
silty clay w/chert fragments

Stiff to very stiff reddish brown clay
w/numerous chert fragments and
interbedded chert layers

- auger refusal on hard cherty
limestone at 40 ft
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Stiff reddish brown, red and brown
silty clay w/chert and sandstone
fragments (fill)

Stiff reddish brown clay
w/numerous chert fragments

- with tan and gray below 4 ft

Stiff to very stiff reddish brown clay
w/numerous chert fragments and
interbedded chert layers and beds

- moist below 21 ft

- auger refusal in chert at 25 ft
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The consistency ratings of such soils are based on penetrometer readings.

TERMS  CHARACTERIZING  SOIL  STRUCTURE

SLICKENSIDED - having inclined planes of weakness that are slick and glossy in appearance.

determined by laboratory tests.

DESCRIPTIVE TERM            N-VALUE            RELATIVE DENSITY
VERY LOOSE
LOOSE
MEDIUM DENSE
DENSE
VERY DENSE

0-4
4-10
10-30
30-50
50 and above

0-15%
15-35%
35-65%
65-85%
85-100%

FINE GRAINED SOILS (major portion passing No. 200 sieve): Includes (1) Inorganic and organic

UNCONFINED
COMPRESSIVE STRENGTHDESCRIPTIVE TERM

TON/SQ. FT.
VERY SOFT
SOFT
FIRM
STIFF
VERY STIFF
HARD

Less than 0.25
0.25-0.50
0.50-1.00
1.00-2.00
2.00-4.00
4.00 and higher

NOTE: Slickensided and fissured clays may have lower unconfined compressive
strengths than shown above, because of planes of weakness or cracks in the soil.

silts and clays, (2) gravelly, sandy, or silty clays, and (3) clayey silts. Consistency is rated
according to shearing strength, as indicated by penetrometer readings or by unconfined
compression tests.

Clay

SOIL TYPES
(SHOWN IN SYMBOLS COLUMN)

SAMPLER TYPES
(SHOWN ON SAMPLES COLUMN)

Predominant type shown heavy

Terms used on this report for describing soils according to their texture or grain size distribution
are in accordance with the UNIFIED SOIL CLASSIFICATION SYSTEM, as described in
Technical Memorandum No.3-357, Waterways Experiment Station, March 1953

Shelby
Tube

Rock
Core

Split
Spoon

No
Recovery

Cutting

TERMS  DESCRIBING  CONSISTENCY  OR  CONDITION

COARSE GRAINED SOILS (major portion retained on No. 200 sieve): Includes (I) Clean gravels and
sands, and (2) silty or clayey gravels and sands. Condition is rated according to relative density, as

FISSURED - containing shrinkage cracks, frequently filled with fine sand or silt; usually more
 or less vertical.

LAMINATED - composed of thin layers of varying color and texture.
INTERBEDDED - composed of alternate layers of different soil types.
CALCAREOUS - containing appreciable quantities of calcium carbonate.
WELL GRADED - having a wide range in grain sizes and substantial amounts of all intermediate

particle sizes.
POORLY GRADED - predominantly of one grain size, or having a range of sizes with some

intermediate sizes missing.

Consulting Engineers
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SUMMARY of SUBSURFACE EXPLORATION
PROJECT: BB0903 Hwy 71B INTERCHANGE IMPROVEMENTS

LOCATION: Benton County, Arkansas
GHBW JOB No.: 12-071

S1 Structure 1243+97 1.5R 1307.8 75
S2 Structure 1244+72 1.0L 1286.9 60
S3 Structure 1245+48 12R 1288 60
S4 Structure 1246+11 CL 1308 75
W5 Wall 1243+80 62.3L 1308 34
W6 Wall 1243+77 106R 1298 30
W7 Wall 1242+77 68.4L 1307 35
W8 Wall 1242+75 99R 1298 26
W9 Wall 1246+38 113.2L 1294 30
W10 Wall 1246+21 63.7R 1308 40
W11 Wall 1248+04 110.8L 1294 25
W12 Wall 1248+04 63.7R 1307 30

Approx. 
Offset, ft

Approx Surf 
El, ft

Comp 
Depth, ftBoring No. Project 

Facet Approx Sta
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Generalized Subsurface Profile
BB0903 Hwy 71B INTERCHANGE IMPROVEMENTS

Benton County, Arkansas
Project Number: 12-071
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SUMMARY of CLASSIFICATION TEST RESULTS 
PROJECT:BB0903 Hwy 71B INTERCHANGE IMPROVEMENTS

LOCATION: Benton County, Arkansas
GHBW JOB No.: 12-071

ATTERBERG LIMITS

S1 4.5-5.5 39 65 28 37 72 CH A-7-6
S1 14-15 27 55 22 33 63 CH A-7-6

S2 2.5-3.5 17 25 18 7 80 CL-ML A-4
S2 6-7 12 28 16 12 39 GC A-6

S3 0.5-1.5 16 26 19 7 85 CL-ML A-4
S3 2.5-3.5 19 44 17 27 81 CL A-7-6
S3 6.5-7.5 18 49 18 31 53 CL A-7-6

S4 9-10 21 42 18 24 72 CL A-7-6
S4 19-20 17 31 17 14 74 CL A-6
S4 33.5-34.5 ---- 82 23 59 53 CH A-7-6

Boring No. Sample 
Depth, ft

Water 
Content, %

Percent 
Passing No. 

200, %

UNIFIED 
CLASS.

AASHTO 
CLASS.Liquid Limit Plastic Limit Plasticity

Index

Grubbs, Hoskyn,
Barton Wyatt, Inc.
CONSULTING ENGINEERS PLATE  1



SUMMARY OF LABORATORY TEST RESULTS
PROJECT: BB0903 Hwy 71B INTERCHANGE IMPROVEMENTS

LOCATION: Benton County, Arkansas
JOB No.: 12-071

25.4 19.1 9.5 4.75 2 0.43 0.08
ATTERBERG LIMITS

1 in. 3/4 in. 3/8 in. #4 #10 #40 #200
W5 0.5 - 1.5 13 --- --- --- --- --- --- --- --- --- 42 SM A-4
W5 9 - 10 23 47 18 29 100 100 95 90 83 75 70 CL A-7-6
W5 29 - 30 19 32 20 12 --- --- --- --- --- --- 70 CL A-7-6

W6 0.5 - 1.5 15 31 16 15 --- --- --- --- --- --- 90 CL A-6
W6 4.5 - 5.5 24 44 23 21 --- --- --- --- --- --- 91 CL A-7-6

W7 0.5 - 1.5 5 NP NP NP --- --- --- --- --- --- 14 SM A-1-b
W7 9 - 10 29 51 22 29 --- --- --- --- --- --- 50 CH A-7-6
W7 29 - 30 19 36 19 17 --- --- --- --- --- --- 83 CL A-6

W8 2.5 - 3.5 5 20 16 4 --- --- --- --- --- --- 24 GM-GC A-2-4

W9 2.5 - 3.5 19 41 16 25 --- --- --- --- --- --- 89 CL A-7-6

W10 9 - 10 25 43 19 24 100 100 100 100 99 97 90 CL A-7-6
W10 19 - 20 19 34 18 16 --- --- --- --- --- --- 86 CL A-7-6
W10 24 - 25 21 34 20 14 --- --- --- --- --- --- 87 CL A-7-6
W10 29 - 30 23 40 23 17 --- --- --- --- --- --- 70 CL A-7-6

W11 4.5 - 5.5 19 31 18 13 --- --- --- --- --- --- 85 CL A-6

W12 0.5 - 1.5 6 --- --- --- 100 100 91 73 53 31 13 SM A-1-b
W12 6.5 - 7.5 17 31 15 16 100 100 100 96 88 84 72 CL A-7-6
W12 19 - 20 17 35 20 15 --- --- --- --- --- --- 73 CL A-7-6

AASHTO 
CLASS.

SIEVE ANALYSIS - PERCENT PASSINGBoring 
No.

Sample 
Depth, ft

Water 
Content, 

%

UNIFIED 
CLASS.Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

Grubbs, Hoskyn,
Barton Wyatt, Inc.
CONSULTING ENGINEERS PLATE  2
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GRAVEL SAND
SILT CLAYCOARSE                  FINE COARSE          MEDIUM      FINE

12-071

Sample: Boring W5, 9-10 ft
Description: Brownish red clay with chert fragments 

USCS Classification:  
AASHTO Classification:

CL 
A-7-6
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Sample: Boring W10, 9-10 ft
Description: Reddish brown, reddish tan, and tan clay w/ chert and   
sandstone fragments, ferrous nodules and trace organics 

USCS Classification:  
AASHTO Classification:

CL 
A-7-6
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Sample: Boring W12, 0.5-1.5 ft
Description: Dark brown silty clay, sandy w/ crushed stone and trace  

organics 

USCS Classification:  
AASHTO Classification:

SM 
A-1-b
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sandstone fragments and ferrous nodules

USCS Classification:  
AASHTO Classification:

CL 
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jun 13 2016
BB0903 Bent 1 - D 8-22 (2) hammer       

Gain/Loss 1 at Shaft and Toe 0.500 / 1.000
GRLWEAP Version 2010
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jun 13 2016
   GRLWEAP Version 2010BB0903 Bent 1 - D 8-22 (2) hammer       

Gain/Loss 1 at Shaft and Toe 0.500 / 1.000

             Ultimate          End Blow Comp. Tension                 
Depth Capacity Friction Bearing Count Stress Stress Stroke ENTHRU
ft kips kips kips blows/ft ksi ksi ft kips-ft

      23.5       76.3       71.4        4.9       25.0     15.189     -9.553      10.00        7.9
      24.1       80.9       76.0        4.9       27.1     15.194     -9.387      10.00        7.8
      25.9       93.1       88.2        4.9       33.4     15.201     -8.958      10.00        7.8
      31.9      135.9      131.0        4.9       52.6     15.280     -7.781      10.00        7.5
      37.8      178.7      173.9        4.9       73.9     15.310     -7.071      10.00        7.4
      43.8      221.6      216.7        4.9      104.9     15.406     -7.190      10.00        7.3
      49.7    10423.1      258.1    10165.0     9999.0     22.407     -3.337      10.00        7.3
      50.5    10429.2      264.2    10165.0     9999.0     22.280     -3.255      10.00        7.3

Refusal occurred; no driving time output possible 
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Summary of Global Stability Analysis Results 
MSE Walls 

AHTD Job No. BB0903 – HWY 71B INTERCHANGE IMPROVEMENTS 
 
 
 

Design Loading Condition Calculated Minimum Factor of 
Safety 

End of Construction 3.7 

Long Term 1.7 

Seismic (kh = 0.5AS = 0.03) 1.6 
 
 
 

Summary of Soil Strength Parameters 
 

Soil Description 
Total Unit Weight 

(γ) 
pcf 

Undrained Shear 
Strength (su) 

psf 

Effective Cohesion 
(c’) 
psf 

Effective Friction 
Angle (φ’) 

deg 

Fill 125 2000 225 20 

Cherty Clay 115 2250 225 24 
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Results of Global Stability Analyses – End of Construction Condition 
MSE Walls 

AHTD Job No. BB0903 – HWY 71B INTERCHANGE IMPROVEMENTS 
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Results of Global Stability Analyses – Long Term Condition 
MSE Walls 

AHTD Job No. BB0903 – HWY 71B INTERCHANGE IMPROVEMENTS 
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Results of Global Stability Analyses – Seismic Condition (kh = 0.5AS = 0.03) 
MSE Walls 

AHTD Job No. BB0903 – HWY 71B INTERCHANGE IMPROVEMENTS 
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The purposes of this geotechnical study were to explore subsurface conditions at the bridge 

widening location and to develop recommendations to guide design and construction of 

foundations for the widening. These purposes were achieved by a multi-phased study that has 

included: 

 Drilling sample borings to evaluate soil, rock, and groundwater conditions at the 
bridge location and to obtain samples for laboratory testing. 

 Performing laboratory tests to evaluate pertinent engineering properties of the 
foundation and subgrade strata. 

 Analyzing field and laboratory data to develop recommendations for foundation 
design and construction considerations. 

The data developed through the field and laboratory portions of this study have been 

considered in developing the conclusions and recommendations discussed in the following report 

sections. 

 
SUBSURFACE EXPLORATION 

Subsurface Investigation 

Subsurface conditions were explored at the Hwy 71B bridge location by drilling four (4) 

sample borings to 60- to 75-ft depth. The boring locations were selected by the Engineer. The 

locations were then field adjusted as required for drill rig access. The bridge boring locations were 

staked in the field by Grubbs, Hoskyn, Barton & Wyatt, Inc. (GHBW). The subsurface exploration 

program is summarized below in Table 1. 

Table 1: Summary of Subsurface Exploration Program 

Boring No. Project Feature / 
Location 

Approximate 
Surface Elevation, ft 

Boring 
Completion 

Depth, ft 

S1 
Bent 1, Sta 
1243+96.80 1307.8 75 

S2 
Bent 2, Sta 
1244+71.61 1286.9 60 

S3 
Bent 3, Sta 
1245+48.29 1288.0 60 

S4 
Bent 4, Sta 
1246+10.93 1308.0 75 

The project site is shown on the attached Plate 1. The approximate boring locations are 

shown on the Plan of Borings, Plate 2. Boring logs, showing descriptions of the soil and rock strata 

encountered and results of the field and laboratory tests, are included as Plates 3 through 6. The 
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ground surface elevation at each boring location, as provided by the Engineer, is also shown on 

each log. Keys to the terms and symbols used on the logs are presented on Plates 7 and 8 for soil 

and rock, respectively. A generalized subsurface profile is provided on Plate 9. 

The borings were drilled with truck-mounted SIMCO 2800 and Mobil B-53 rotary-drilling 

rigs using a combination of dry-auger and rotary-wash drilling procedures. Soil samples were 

typically obtained in the borings at 2-ft intervals to a depth of 10 ft and at 5-ft intervals thereafter. 

Samples were typically obtained using a 2-in.-diameter split-barrel sampler driven into the strata 

by blows of a 140-lb safety hammer (with the Mobile B-53) or an automatic hammer (with the 

SIMCO 2800) with 30-in. drop in accordance with Standard Penetration Test (SPT) procedures. 

The number of blows required to drive the standard split-barrel sampler the final 12 in. of an 18-in. 

total drive, or portion thereof, is defined as the Standard Penetration Number (N). Recorded N-

values are shown on the boring logs in the "Blows Per Ft" column. Where rock hardness precluded 

recovery via the SPT, cuttings were obtained for use in visual classification. 

Due to the rocky overburden soils, a core barrel could not be advanced downhole. 

Consequently, no rock coring was performed. 

All samples were extruded or otherwise removed from samplers in the field. Samples were 

visually classified by the geotechnical technician and placed in appropriate containers to prevent 

moisture loss and/or disturbance during transfer to our laboratory for further examination and 

testing.  

The borings were advanced using dry-auger drilling procedures to the extent possible to 

facilitate groundwater observations. Groundwater levels were measured during drilling operations. 

Observations regarding groundwater are noted in the lower-right portion of each log and are 

discussed in subsequent sections of this report.  

 
LABORATORY TESTING 

Laboratory testing was performed to evaluate pertinent physical and engineering 

characteristics of the subgrade and foundation soil and rock. The laboratory testing program 

included natural water content determinations and classification tests. A total of 29 natural water 

content determinations (AASHTO T 265) were performed to develop data on in-situ soil water 

contents for each boring. The results of these tests are plotted on the logs as solid circles, in 

accordance with the scale and symbols shown in the legend located in the upper-right corner. 
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To verify field classification and to evaluate soil plasticity, ten (10) liquid and plastic 

(Atterberg) limit determinations (AASHTO T 89 and T 90) and ten (10) sieve analyses (AASHTO 

T 88) were performed on selected representative samples. The Atterberg limits are plotted on the 

logs as pluses inter-connected with a dashed line using the water content scale. The percent of soil 

passing the No. 200 Sieve is noted in the “No. 200%" column on the log forms. Classification test 

results, as well as soil classification by the Unified Soil Classification System (ASTM D-2487) and 

AASHTO classification system (AASHTO M 145), are summarized in Appendix B. 

 
GENERAL SITE AND SUBSURFACE CONDITIONS 

Site Conditions 

The bridge location is the I-49 and Hwy 71B (SE Walton Boulevard) interchange in 

Bentonville, Benton County, Arkansas. The existing structures are two-lane twin bridges. The 

bridges are constructed on earthen embankments with concrete riprap covered end slopes and 

grass-covered side slopes. Walton Boulevard at the I-49 bridge location is a five-lane major arterial 

roadway. The project locale is predominantly commercial development. As noted, the bridges 

cross over Walton Boulevard via embankments. The surrounding terrain is generally flat. 

Site Geology 

The Geologic Map of Arkansas1 indicates that the I-49 bridge location is in the mapped 

outcrop of the early and middle Mississippian Period Boone Formation. The Boone Formation 

consists of limestone, chert and cherty limestone. The chert and limestone content varies widely, 

both horizontally and vertically. The limestone of the Boone is typically gray, compact, finely to 

coarsely crystalline, and massively bedded. The limestone of the Boone is nearly pure calcium 

carbonate and is soluble. As a result, sinkholes, caves and fissures can occur in the formation. The 

discontinuities in the rock mass are generally filled, or partially filled, with chert boulders, clay, 

and stalactitic and stalagmitic material. The chert in the Boone Formation is cryptocrystalline silica 

of organic origin. The chert may occur as widely separated nodules, connected nodules, in 

interbedded layers with limestone, and sometimes as beds. Unweathered chert is dense, hard, and 

brittle and exhibits a conchoidal fracture. 

The Boone limestone typically weathers to red clay with numerous chert fragments, 

cobbles and boulders and discontinuous chert seams and layers (cherty clay). Though the residual 

                                                 
1 Geologic Map of Arkansas, Arkansas Geologic Commission and U.S. Geologic Survey; 1993 
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clay often exhibits high plasticity, the residual soils typically classify as GC, clayey gravel, by the 

Unified Soil Classification System. 

Seismic Conditions 

Based on the site geology, the average soil and rock conditions revealed by the borings, and 

our experience in the area, a Seismic Site Class C (very dense soil and soft rock profile) is 

considered fitting for the widened I-49 bridge site with respect to the criteria of the 2011 Guide 

Specifications for LRFD Seismic Bridge Design2. Given the bridge location and AASHTO code-

based values, the 1.0-sec period spectral acceleration coefficient for Site Class B (S1) is 0.051 and 

the 1.0-sec period spectral acceleration coefficient (SD1) value for Site Class C is 0.087. Utilizing 

these parameters, Table 3.10.6-13 indicates that a Seismic Performance Zone 1 is fitting for the I-

49 / Hwy 71B interchange bridge site. In reference to the 2011 edition of the AASHTO Guide 

Specifications, the Peak Ground Acceleration (PGA) having a 7 percent chance of exceedance in 

75 years (or mean return period of approximately 1000 years) is predicted to be 0.059 for a Seismic 

Site Class C for the bridge location. 

Subsurface Conditions 

Based on the results of the borings performed at the I-49 / Hwy 71B interchange bridge 

site, the subsurface conditions at the bridge location may be generalized into the following strata. 

Stratum I: The surface and near-surface soils are embankment fill and on-site fill. At 
the bridge end embankments the fill extends to 22- to 28-ft depth 
(approximately El 1286 to El 1280). At the roadway grades (see Borings S2 
and S3), the fill extends to variable 4-ft depth (El 1283) to 2-ft depth (El 
1286). The fill is comprised of firm to very stiff red to red and brown clay 
with chert fragments. Minor amounts of fine gravel are also present in the 
fill. Localized very stiff gray silty clay with limestone fragment fill is also 
present at depth (see Boring S1). The cherty clay fill exhibits variable fair to 
good compaction. SPT N-values in the fill range from 10 to 30 blows per 
foot. The average N-value of 17 blows per ft indicates average good 
compaction. The fill has low compressibility and moderate shear strength. 
Fill depth, content, and compaction may vary across the site. 

Stratum II: Below the fill is natural stiff to very stiff red clay with chert fragments and 
seams (cherty clay). The chert content is variable and chert layers are 
present at depth. The cherty clay represents residual soil weathered from the 
underlying cherty limestone bedrock. The clay fraction of the cherty clay 
has variable low to high plasticity. The cherty clay has moderate shear 
strength and low compressibility. 

                                                 
2 Guide Specifications for LRFD Seismic Bridge Design, 2nd Edition, Washington, DC, American 

Association of State Highway and Transportation Officials, 2011 
3 AASHTO LRFD Bridge Design Specification, AASHTO; 2012 
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Stratum III: The basal stratum encountered in the borings is hard light gray and gray 
cherty limestone. The cherty limestone is strong. Minor amounts of drilling 
fluid loss indicate the possibility of open fractures or clay-filled voids in the 
limestone. However, no open voids or apparent karst zones were 
encountered or indicated by the borings in the limestone.  

A Generalized Subsurface Profile is presented on Plate 9. It should be recognized that the 

stratigraphy illustrated by the profile has been inferred between discrete boring locations. In view 

of the natural variations in stratigraphy and conditions, variations from the stratigraphy illustrated 

by the profile should be anticipated. Additionally, the natural transition between strata is generally 

gradual, and the stratigraphy described in the sections above may vary. 

Groundwater Conditions 

Groundwater was not encountered in the borings prior to the introduction of drilling fluids at 

10- to 20-ft depths during drilling operations in June 2015. Though not encountered in the borings, 

there is the potential for shallow perched water to develop, particularly during periods of high 

seasonal precipitation. Perched water may accumulate in the overburden soils and fractured rock 

zones. Groundwater levels will vary with seasonal precipitation and surface runoff and infiltration. 

 
ANALYSES and RECOMMENDATIONS 

Bridge Foundations 

Foundations for the widened bridge must satisfy two (2) basic and independent design 

criteria. First, foundations must have an acceptable factor of safety against bearing failure under 

maximum design loads. Secondly, foundation movement due to consolidation or swelling of the 

underlying strata should not exceed tolerable limits for the structures. Construction factors, such as 

installation of foundations, excavation procedures and surface and groundwater conditions, must 

also be considered.  

We recommend that the structural loads of the widened bridge be supported on pile 

foundation systems. Recommendations for piling are discussed in the following report sections. 

Pile Foundations 

We recommend that foundation loads of the I-49 / Hwy 71B interchange bridge be 

supported on steel piles. The piles may be driven to capacity in the overburden cherty clay 

(Stratum II) or to refusal in the hard cherty limestone (Stratum III). As a minimum, piles should 

extend through the embankment fill and on-site fill (Stratum I) into the stiff to very stiff cherty clay 

overburden soils (Stratum II). We understand that HP12x53 piles are planned. We also understand 
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that a minimum safe bearing capacity of 96 tons will be specified for piles. Other pile sizes or types 

may be evaluated if desired. We recommend that all piles be fitted with rock points.  

Ultimate axial pile capacities have been developed using static pile capacity formulae, the 

results of the borings, and the plan pile cap bottom elevations shown on the preliminary bridge 

layout drawings dated June 2015. Ultimate pile capacity curves are provided in Appendix C.  

The ultimate axial capacities shown in Appendix C have been developed based on single, 

isolated foundations. Piles bearing in the overburden soils and spaced closer than six (6) pile widths 

may develop lower individual capacity due to group effects. Group reductions of end-bearing piles 

founded in rock are not expected to be a factor. 

Based on AASHTO LRFD geotechnical design procedures, an effective resistance factor 

(stat) of 0.35 is recommended for evaluation of factored compression capacity for piles founded in 

the overburden cherty clay. For evaluation of factored uplift capacities, a resistance factor (up) of 

0.25 is recommended. These resistance factors are based on Strength Limit States. For Extreme 

Events Limit States such as earthquake loading, etc. resistance factors of 1.0 and 0.8 are 

recommended for evaluating compression and uplift capacities, respectively. Post-construction 

settlement of piles driven to the recommended factored capacities should be less than 0.5 inch. 

Downdrag loads due to long-term embankment settlement are expected to be negligible in light of 

the age of the existing embankments with minor site grading expected for the widening project. 

Bearing capacities of piles driven to refusal must be determined using the AASHTO Load 

and Resistance Factor Design (LRFD) structural design procedure4. We recommend that nominal 

(ultimate) resistance (Pn) of steel piles be determined based on the yield strength (fy) of steel H 

piles and the net end area (Anet) of the section. Given that the piles will likely be driven to refusal 

in hard rock with the potential for driving damage, we recommend a maximum allowable stress 

(σall) of 0.25fy. An effective resistance factor (φc) of 0.50 is recommended for end bearing steel 

piles. This effective resistance factor for steel piles has been based on the assumption of difficult 

driving. Practical pile refusal may be defined as a penetration of 0.5 in. or less for the final 10 

blows.  

It has been our experience that allowable pile capacities on the order of 96 tons are 

determined for fy 50 ksi steel HP12x53 piles. This capacity is based on allowable stress design 

(ASD). However, the appropriate factored bearing capacity must be confirmed by the Engineer.  

                                                 
4 Load and Resistance Factor Design (LRFD) for Highway Bridge Substructures, Publication No. FHWA 

HI-98-032, National Highway Institute, May 2001. 



GRUBBS, HOSKYN, BARTON & WYATT, INC. AUGUST 24, 2015 
JOB NO. 12-071 – I-49 OVER HWY 71B PAGE 8 
 

Post-construction settlement of piles driven to refusal will be negligible. As noted, 

downdrag loads due to long-term embankment settlement are expected to be negligible due to the 

age of the existing embankments and the expectation that no new embankments will be 

constructed.  

Battered piles can be utilized to resist lateral loads. The axial capacity of battered piles may 

be taken as equivalent to that of a vertical pile with the same tip elevation and embedment. Special 

driving equipment is typically required where pile batter exceeds about 1-horizontal to 4-vertical. 

Based on the understanding that a minimum safe bearing capacity of 96 tons will be 

required for all piles, it is anticipated that piles will be driven to refusal in the hard cherty limestone 

(Stratum III). Estimated as-built pile lengths and tip elevations for the various bents are 

summarized in the table below. These estimated lengths and tip elevations have been developed 

based on piling being driven to practical refusal. Some hard driving is likely in zones with higher 

chert content. Preboring could be required for pile installation. Comments on preboring are 

included in the table below. We recommend that prebores through the overburden soils have a 

maximum diameter equal to about 70 to 75 percent of the pile diagonal dimension. Prebores in 

rock must have a sufficient diameter to prevent damage to the pile, i.e., larger than the H-pile 

diagonal dimension. 

Table 2: Estimated Pile Length and Tip Elevations 

Bent No. 
Estimated Pile 
Tip Elevation, 

ft(1) 

Estimated Pile 
Length, ft (below 

estimated plan 
footing or cap 

bottom) 

Comments 

1 1244 56 

Preboring could be 
required through the 

embankment fill, with 
prebores estimated to 
extend to ±El 1286 

2 1248 31 

Preboring could be 
required, with 10-ft 

prebore estimated, i.e., 
prebore to ±El 1269 

3 1251 28 

Preboring could be 
required, with 10-ft 

prebore estimated, i.e., 
prebore to ±El 1269 
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Bent No. 
Estimated Pile 
Tip Elevation, 

ft(1) 

Estimated Pile 
Length, ft (below 

estimated plan 
footing or cap 

bottom) 

Comments 

4 1252 50 

Preboring could be 
required through the 

embankment fill, with 
prebores estimated to 
extend to ±El 1280 

Note 1: Pile tip elevations are estimates only based on the results of the borings and 
information provided on the bridge drawings. As-built pile tip elevation must be 
field verified by the Engineer or Department. 

Based on the results of drivability analyses utilizing wave equation methods5, we 

recommend that steel HP12x53 be driven with a hammer system capable of delivering at least 

31,000 ft-lbs per blow. The results of the wave equation drivability analyses are provided in 

Appendix D.  

As a minimum, safe bearing capacity of test piles and production piles should be 

determined by AHTD Standard Specifications Section 805.09, Method A. Driving records should 

be available for review by the Engineer during pile installation. All piles should be driven to 

practical refusal, typically defined as a penetration of 0.5 in. or less for the final 10 blows.  

Embankments 

We understand that the bridge widening project will have no new embankments. We also 

understand that the existing embankments are presently stable and have no history of sliding or 

unusual maintenance issues. Consequently, stability considerations related to new embankments 

have not been evaluated.  

Wingwall and Abutment Wall Lateral Earth Pressures 

It is expected that wingwalls and abutment walls for the widened section will be backfilled 

with unclassified borrow or select material. Recommendations related to lateral earth pressures for 

wingwalls and abutments are summarized below. 

                                                 
5 GRLWEAP, Wave Equation Analysis of Pile Driving, Version 2010-3; 1998-2010, Pile Dynamics, Inc. 
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 Total unit weight (γ) for unclassified backfill: 125 lbs per cu ft 

 Angle of internal friction (φ) for unclassified backfill: 20° 

 Equivalent fluid pressure for unclassified backfill: 

o Active condition for walls that are free to rotate, backfilled with unclassified 
borrow, and fully drained: 65 lbs per sq ft per ft depth. 

o Active condition for walls that are free to rotate backfilled with unclassified borrow 
and with no provision for internal drainage: 95 lbs per sq ft per ft depth. 

 Total unit weight (γ) for SM-1: 125 lbs per cu ft 

 Angle of internal friction (φ) for SM-1 backfill: 32° 

 Equivalent fluid pressure for SM-1 backfill: 

o Active condition for walls that are free to rotate, backfilled with SM-1 or clean 
granular backfill, and fully drained: 40 lbs per sq ft per ft depth. 

o Active condition for walls that are free to rotate, backfilled with SM-1 or clean 
granular backfill, and with no provision for internal drainage: 85 lbs per sq ft per ft 
depth. 

 Ultimate sliding resistance:  

o Interaction friction angle (δ) for concrete on stable bearing stratum of embankment 
fill or cherty clay: 19°. 

o Interaction friction factor (tan δ) for concrete on stable bearing stratum: 0.35. 

o The sliding resistance values above are nominal/ultimate values.  

o A resistance factor (φ) of 0.80 is recommended for sliding resistance. 

To utilize the lower earth pressure values of the “drained” condition, positive and 

continuous drainage from behind walls must be provided. This may include a clean, free draining 

crushed stone, gravel, or granular soil zone or a geosynthetic drainage board approved by the 

Engineer or Department. Drainage zones should be fully isolated from the fine-grained cherty clay 

embankment fill and natural soils by an appropriate geotextile complying with the criteria of 

AHTD Standard Specifications Subsection 625.02, Type 2. Water should be discharged from 

backfill by a system of regularly-spaced, functioning weep holes or drain pipes. 

Site Grading Considerations 

We expect that site grading will include some minor cut and fill placement. No substantial 

grading for new embankments is anticipated with the widening project. Site preparation in areas of 

incidental grading should begin with stripping the topsoil and any unsuitable surface soils. The 

stripping depth is expected to be on the order of 6 to 9 inches.  
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After stripping and performing any cut, and prior to placing fill, the subgrade should be 

evaluated by proof-rolling with a loaded tandem-wheel dump truck or similar equipment where 

accessible. Areas identified to be soft or that exhibit pumping should be undercut, processed and 

recompacted or replaced with suitable fill, whichever is appropriate. Based on the results of the 

borings, the potential for undercuts is considered low. Nevertheless, depending on seasonal site 

conditions and final grading plans, localized undercuts on the order of 2 ft below existing grades, 

more or less, could be warranted to stabilize localized areas of weak surface soils. Undercut 

requirements must be field verified by the Engineer or the Department during the work.  

The existing 2H:1V end slopes and any expansion or extension of these slopes will warrant 

erosion protection. This may include concrete riprap, dumped riprap, or other suitable systems. 

Concrete riprap (AHTD Standard Specifications Section 816) is recommended for slope 

configurations steeper than 2.5-horizontal to 1-vertical (2.5H:1V). 

Embankments should be constructed in accordance with AHTD criteria (AHTD Standard 

Specifications Section 210). Where localized seepage into undercuts or excavations is a problem, 

undercuts should be backfilled with SM-1 (AHTD Standard Specifications Section 302) or stone 

backfill (AHTD Standard Specifications Section 207) fully encapsulated in an appropriate filter 

fabric (AHTD Standard Specifications Subsection 625.02, Type 2). The granular backfill should be 

vented to positive discharge if possible.  

Fill and backfill should be placed in nominal 6- to 10-in.-thick loose lifts. All fill and 

backfill must be placed in horizontal lifts. Fills placed against existing slopes should be benched 

into the existing slope face as new fill is constructed to facilitate placement of horizontal lifts. The 

in-place density and water content should be determined for each lift of fill and backfill. Each lift 

of backfill and fill should be tested and approved prior to placing subsequent lifts. 

 
CONSTRUCTION CONSIDERATIONS 

Positive surface drainage should be established at the start of the work, be maintained 

during construction and following completion of the project to prevent surface water ponding and 

subsequent saturation of subgrade soils. Density and water content of all earthwork should be 

maintained until the embankment and bridge work is completed. Subgrade soils that become 

saturated by ponding water or runoff should be excavated to undisturbed soils. Embankment areas 

where additional site grading is planned should be evaluated by the Engineer or Department during 

subgrade preparation and prior to starting embankment construction. 
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Shallow groundwater was not encountered in the borings drilled in June 2015. Minor 

seepage into isolated excavations can probably be controlled by ditching or sump-and-pump 

methods. If seepage into excavations becomes a problem, backfill should consist of clean sand 

(AHTD Standard Specifications Section 302, SM-1) or clean, crushed stone (AHTD Standard 

Specifications Section 207). Sand or stone backfill should be encapsulated in filter fabric (AHTD 

Standard Specifications Subsection 625.02, Type 2) and vented to positive discharge at daylight or 

into storm drainage lines where possible.  

Where surface seeps or springs are encountered during site grading, we recommend the 

seepage be directed via French drains or blanket drains to positive discharge at daylight or to storm 

drainage lines. In areas of seepage infiltration, the granular fill should be fully encapsulated with a 

filter fabric complying with AHTD Standard Specifications Subsection 625.02, Type 2. 

Piles should be installed in compliance with AHTD Standard Specifications Section 805. 

Piles should be carefully examined prior to driving and piles with structural defects should be 

rejected. Any splices in steel piles should develop the full cross-sectional capacity of un-spliced 

piles. Some preboring may be required for pile installation. Depending on the specific location, 

rock drilling methods may be required for prebores advanced into limestone/cherty limestone. 

Prebores should have adequate width to accommodate the pile width. We recommend that after 

piles are installed in prebores, the annulus around piling be backfilled with sand grout, lean 

concrete, or an alternate approved by the Engineer or the Department.  

Pile installation should be monitored by qualified personnel to maintain specific and 

complete driving records and to observe pile installation procedures. Driving records should be 

available for review by the Engineer and/or Department during pile installation.  

We recommend that HP12x53 be driven with a minimum 31,000 ft-lbs per blow hammer 

system. The pile-hammer system proposed by the Contractor should be specifically reviewed by 

the Engineer or Department prior to acceptance for the work. Blow counts on steel piles should be 

limited to about 20 blows per inch. Practical pile refusal may be defined as a penetration of 0.5 in. 

or less for the final 10 blows.  

 
CLOSING 

The Engineer, the Department, or a designated representative thereof should monitor site 

preparation, grading work and all foundation construction. Subsurface conditions significantly at 

variance with those encountered in the borings and discussed herein should be brought to the 
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PAINT: All  new Structural  Steel  except galvanized members, surfaces in contact with concrete, and as 
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roadway surface including the existing deck surface to be retained, and roadway face and top of 

CLASS 2 PROTECTIVE SURFACE TREATMENT:  Class 2 Protective Surface Treatment shall  be applied to the 

Subsection 802.19 for Class 5 Tined Bridge Roadway Surface Finish.

BRIDGE DECK:  The concrete bridge deck shall  be given a tine finish as specified for final  finishing in 

the item "Preboring".
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free from debris prior to back filling which may require the use of temporary casings or other 
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Program Management Division.
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DESIGN SPECIFICATIONS:  AASHTO Standard Specifications for Highway Bridges (17th Edition, 2002)

unless otherwise noted in the Plans.
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Specifications for Highway Construction (2014 edition) with applicable Supplemental  Specifications

CONSTRUCTION SPECIFICATIONS:  Arkansas State Highway and Transportation Department Standard 
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SUMMARY of CLASSIFICATION TEST RESULTS
Project: No. 090305 - Hwy. 71B Intchng. Impvts. (F)

Location: Bentonville, Benton County, Arkansas
GHBW Job Number: 12-071

ATTERBERG LIMITS

S1 4.5-5.5 39 65 28 37 72 CH A-7-6
S1 14-15 27 55 22 33 63 CH A-7-6

S2 2.5-3.5 17 25 18 7 80 CL-ML A-4
S2 6-7 12 28 16 12 38 SC A-4

S3 0.5-1.5 16 26 19 7 85 CL-ML A-6
S3 2.5-3.5 19 44 17 27 81 CL A-7-6
S3 6.5-7.5 18 49 17 32 53 CL A-7-6

S4 9-10 21 42 18 24 72 CL A-7-6
S4 19-20 17 31 17 14 74 CL A-6
S4 33.5-34.5 --- 82 23 59 53 CH A-7-6

AASHTO 
CLASS.Liquid Limit Plastic Limit Plasticity Index

Boring No. Sample 
Depth, ft

Water 
Content, %

Percent Passing 
No. 200, %

UNIFIED 
CLASS.

Grubbs, Hoskyn, 
Barton & Wyatt, Inc.
CONSULTING ENGINEERS PLATE
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Grubbs, Hoskyn, Barton & Wyatt, Inc.
Consulting Engineers
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Grubbs, Hoskyn, Barton & Wyatt, Inc.
Consulting Engineers
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Grubbs, Hoskyn, Barton & Wyatt, Inc.
Consulting Engineers
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Grubbs, Hoskyn, Barton & Wyatt, Inc.
Consulting Engineers
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Aug 22 2015
12-071_Driveability_Bent 1              

Gain/Loss 1 at Shaft and Toe 0.500 / 1.000
GRLWEAP Version 2010
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Aug 22 2015
   GRLWEAP Version 201012-071_Driveability_Bent 1              

Gain/Loss 1 at Shaft and Toe 0.500 / 1.000

             Ultimate          End Blow Comp. Tension                 
Depth Capacity Friction Bearing Count Stress Stress Stroke ENTHRU

ft kips kips kips blows/ft ksi ksi ft kips-ft

       0.1        0.2        0.2        0.1        0.0      0.000      0.000      11.11        0.0
       2.5        6.0        4.1        1.9        0.0      0.000      0.000      11.11        0.0
       5.0       12.0        8.1        3.9        2.1     10.790     -1.512       4.42       14.1
       7.5       18.1       12.2        5.8        2.7     12.818     -2.055       4.74       14.7
      10.0       24.1       16.3        7.8        3.3     14.108     -1.975       4.96       14.5
      14.5       34.9       23.6       11.3        5.2     15.734     -1.289       5.28       13.6
      15.5       37.1       25.2       11.9        5.7     15.893     -1.028       5.29       13.2
      20.0       46.8       33.3       13.6        7.6     17.338     -0.486       5.54       12.7
      30.0       72.6       55.3       17.3       13.1     19.469     -1.013       6.07       11.8
      40.0      104.0       83.0       21.0       22.2     21.010     -1.870       6.59       11.2
      50.0      141.2      116.4       24.8       31.5     22.100     -0.700       7.03       10.9
      56.0      166.2      139.2       27.0       40.6     22.691     -0.844       7.25       10.8
      56.5     2699.2      141.2     2558.0     9999.0     27.497     -5.180       8.75       13.2

Refusal occurred; no driving time output possible 
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