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50/7"

50/6"

41

Firm reddish brown silty clay
w/clayey silt pockets (fill)
Soft to firm brown and gray silty
clay w/ferrous stains
- firm to stiff at 2 to 4 ft
- with organic stains to 3 ft
- water at 4 ft
- stiff at 4 to 8 ft

- firm below 8 ft

Soft brownish gray silty clay, moist

Medium dense brown and gray silty
fine sand w/occasional silty clay
pockets

- dense, less silty and coarser
below 24 ft

Dense brown and gray fine to
medium sand, slightly silty

- with clayey fine sand seams at 39
to 45 ft

SURF. EL:  184.3

13-017

LOCATION:    Sta 1877+60, 70 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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TYPE:   Auger to 8 ft /Wash
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30

50/8"

50/8"

50/8"

50/8"

- dense to very dense with trace
fine to coarse gravel below 52 ft

(continued)

13-017

LOCATION:    Sta 1877+60, 70 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  4/30/2013IN BORING:  4 ft
DEPTH TO WATER

DATE:  4-30-13
COMPLETION DEPTH:  70.0 ft
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TYPE:   Auger to 8 ft /Wash
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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.

50

55

60

65

70

75

80

85

50

60

70

80



98

98

98

14

95

99

2

15

7

23

24

40

14

50/10"

48

Very soft reddish tan silty clay
w/clayey silt pockets (fill)
Stiff brown and gray silty clay
w/clay pockets and ferrous stains

- stiff to very stiff at 6 to 8 ft

Firm brownish gray clay w/ferrous
stains

Medium dense brown and gray silty
fine sand

- coarser, less silty below 28 ft
- dense at 28 - 32 ft

- medium dense below 32 ft

Dense to very dense brown and
gray fine to medium sand, slightly
silty

SURF. EL:  191.3

13-017

LOCATION:    Sta 1879+00, 50 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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50/8"

50/8"

50/6"

50/10"

- medium dense with silty clay
layers at 48 - 52 ft

- dense to very dense with trace
fine to coarse gravel below 52 ft

(continued)
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LOCATION:    Sta 1879+00, 50 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DEPTH TO WATER
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Soft reddish tan and brown clay
w/clayey silt pockets and surface
organics
Soft brown and gray silty clay
w/ferrous stains
- stiff at 4 - 12 ft

- firm to stiff below 12 ft

Medium dense clayey fine sand,
wet

Dense brown and tan silty fine
sand w/trace silty clay pockets, wet

- brown and gray below 28 ft

Medium dense brown and gray fine
to medium sand, slightly silty

- dense below 42 ft

SURF. EL:  190.5

13-017

LOCATION:    Sta 1880+15 , 50 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DEPTH TO WATER

DATE:  5-2-13
COMPLETION DEPTH:  70.0 ft

- 
N

o.
 2

00
 %

TYPE:   Auger to 8 ft /Wash
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50/8"

50/6"

50/8"

50/6"

- dense to very dense below 48 ft

- with trace fine to coarse gravel
below 52 ft

(continued)

13-017

LOCATION:    Sta 1880+15 , 50 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DEPTH TO WATER

DATE:  5-2-13
COMPLETION DEPTH:  70.0 ft
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50/9"

50/8"

50/9"

50/6"

Firm gray and brown silty clay w/silt
pockets and ferrous nodules and
stains

- stiff below 4 ft

- water at 8 ft

Medium dense gray and brown fine
to medium sand, slightly silty

- dense below 28 ft

Dense gray fine to medium sand

- dense to very dense below 38 ft

Gs = 2.7

Gs = 2.65

Gs = 2.7

Gs = 2.65

SURF. EL:  171.9

13-017

LOCATION:    Sta 1883+83, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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50/8"

50/6"

80/9"

50/7"

50/6"

- slightly silty with a little fine gravel
below 54 ft

Dense to very dense gray fine to
medium sand w/some fine to
coarse gravel

Dense to very dense gray sandy
fine gravel

- with occasional silt and silty clay
seams at 70 to 86 ft

(continued)
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LOCATION:    Sta 1883+83, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas

LG
B

N
E

W
  1

3-
01

7.
G

P
J 

 4
-7

-1
4

DATE:  2/26/2014IN BORING:  8 ft
DEPTH TO WATER

DATE:  2-26-14
COMPLETION DEPTH:  100.0 ft

- 
N

o.
 2

00
 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  4

PLATE 10

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.

60

65

70

75

80

85

90

95

100

105

60

70

80

90

100



87

31

2

4

9

8

10

27

35

50/10"

50/8"
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50/9"

50/10"

50/9"

70/3"

Firm dark gray and brown silty clay,
slightly sandy w/silt pockets and
ferrous nodules and stains

- water at 8 ft
Loose gray and brown silty fine
sand, slightly clayey, wet

Medium dense reddish tan and tan
silty fine sand

- dense below 18 ft

- brown below 22 ft

Dense to very dense gray and tan
fine sand w/trace medium sand

Medium dense gray fine to medium
sand w/occasional organic
inclusions

- dense to very dense below 38 ft

- with some fine to coarse gravel
below 52 ft

Gs = 2.64Gs = 2.64

SURF. EL:  171.7
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LOCATION:    Sta 1884+63, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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50/6"

50/11"

70/9"

50/8"

70/6"

Dense to very dense gray sandy
fine to coarse gravel

Dense to very dense gray fine to
coarse sand, slightly silty w/some
fine to coarse gravel

- with more gravel below 90 ft

(continued)
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LOCATION:    Sta 1884+63, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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50/11"

50/10"

72

50/10"

50/9"

Soft gray and brown silty clay
w/ferrous stains and nodules
- firm at 2 - 4 ft

- stiff, moist below 4 ft

Soft brown clayey silt w/occasional
clay pockets from 4 - 5 ft
- firm below 8 ft

Medium dense brown silty fine
sand w/occasional clay pockets
and seams
Medium dense gray fine sand,
slightly silty

- dense 25 to 34 ft

- dense to very dense below 34 ft

- with occasional organic inclusions
below 40 ft

Dense to very dense gray fine to
medium sand, silty w/some fine
gravel and occasional clay pockets

Gs = 2.71Gs = 2.71

SURF. EL:  171.0
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LOCATION:    Sta 1886+11, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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50/7"

80/3"

70/6"

70/5"

70/5"

Dense to very dense gray fine to
medium sand w/trace fine to
coarse gravel

- with more gravel below 90 ft

(continued)
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LOCATION:    Sta 1886+11, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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PLATE 14
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50/9"
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50/11"

80/8"

Firm brown silty clay w/ferrous
stains and nodules and some
organics
- gray and brown below 2 ft

Soft brown clayey silt w/occasional
silty clay pockets, moist

Medium dense brown and gray silty
fine sand

Medium dense gray fine sand,
slightly silty

- dense at 24 - 33 ft
- with trace fine gravel at 25 - 30 ft

- dense to very dense below 33 ft

Dense to very dense gray fine to
medium sand, silty w/occasional
clay seams and layers

- with some fine to coarse gravel
below 50 ft

-NON-PLASTIC--NON-PLASTIC-

SURF. EL:  173.5

13-017

LOCATION:    Sta 1887+59, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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80/8"

80/8"

80/7"

80/6"

80/6"

Dense gray sandy fine to coarse
gravel

- with occasional fine to medium
sand layers at 65 - 75 ft

(continued)
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LOCATION:    Sta 1887+59, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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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.

60

65

70

75

80

85

90

95

100

105

60

70

80

90

100



81

29

5

12

10

14

16

10

21

52

50/11"

50/8"

50/11"

50

49

50/10"

50/9"

Firm to stiff gray and brown silty
clay, sandy w/occasional silt
pockets and ferrous nodules and
stains

- soft below 6 ft

- water at 8 ft
Medium dense brown silty fine
sand

- brown and tan below 13 ft
- loose at 13 - 18 ft

- medium dense below 18 ft

Dense gray fine sand, slightly silty

- dense to very dense at 28 to 43 ft

- with organic inclusions below 34 ft

- dense with trace fine gravel below
43 ft

Dense to very dense gray fine to
medium sand w/trace fine to
coarse gravel

Gs = 2.70Gs = 2.70

SURF. EL:  174.4

13-017

LOCATION:    Sta 1888+79, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/26/2014IN BORING:  8 ft
DEPTH TO WATER

DATE:  2-26-14
COMPLETION DEPTH:  100.0 ft

- 
N

o.
 2

00
 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  8

PLATE 17

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.
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10

15
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25

30

35

40

45

50

55
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50



470/9"

90/9"

70/8"

70/8"

Dense to very dense tan and gray
sandy fine to coarse gravel

(continued)

13-017

LOCATION:    Sta 1888+79, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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E
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4

DATE:  2/26/2014IN BORING:  8 ft
DEPTH TO WATER

DATE:  2-26-14
COMPLETION DEPTH:  100.0 ft

- 
N

o.
 2

00
 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  8

PLATE 18

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.

65

70

75

80

85

90

95

100

105

110

115

70
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90

100

110



66

9

8

12

12

9

16

22

42

50/9"

50/10"

50/10"

50/10"

80/8"

Firm brown silty clay w/ferrous
stains and nodules
- gray and brown below 2 ft
- soft at 2 to 4 ft
- stiff at 4 to 6 ft

- soft at 6 to 8 ft
- stiff with clayey silt seams and
layers below 9 ft

Firm gray and brown clayey silt,
sandy w/ferrous stains and nodules

Medium dense gray fine sand,
slightly silty w/occasional silty clay
seams and layers

- with trace fine gravel to 25 ft

- dense at 28 - 33 ft

- dense to very dense below 33 ft

SURF. EL:  176.9

13-017

LOCATION:    Sta 1889+99, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/10/2014IN BORING:  9 ft
DEPTH TO WATER

DATE:  3-10-14
COMPLETION DEPTH:  100.0 ft

- 
N
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 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  9

PLATE 19

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.
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10

15

20

25

30

35

40

45

50

10

20

30

40

50



770/9"

80/8"

70/10"

70/8"

70/6"

Dense gray fine to coarse sand,
slightly silty w/fine gravel
- with organic inclusions and
seams and occasional silty clay
seams and layers to 65 ft

(continued)

13-017

LOCATION:    Sta 1889+99, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/10/2014IN BORING:  9 ft
DEPTH TO WATER

DATE:  3-10-14
COMPLETION DEPTH:  100.0 ft

- 
N

o.
 2

00
 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  9

PLATE 20

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.

60

65

70

75

80

85

90

95

100

105

60

70
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100



20

38

4

4

9

10

9

10

13

6

5

20

45

50/10"

50/10"

40

50/8"

50

80/8"

Loose brown silty fine sand w/silty
clay seams and layers

Stiff gray and brown silty clay
w/ferrous stains and nodules

Loose brown silty fine sand

Medium dense gray fine sand w/a
little medium sand

- dense at 28 to 33 ft

-dense to very dense at 33 to 42 ft

- with occasional silty clay pockets
below 40 ft
- dense at 42 - 45 ft

- dense to very dense with trace
coarse sand and fine gravel below
45 ft

Dense gray fine to medium sand
w/some fine to coarse gravel

-NON-PLASTIC-

-NON-PLASTIC-

-NON-PLASTIC-

-NON-PLASTIC-

SURF. EL:  177.2

13-017

LOCATION:    Sta 1891+47, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/12/2014IN BORING:  12 ft
DEPTH TO WATER

DATE:  3-12-14
COMPLETION DEPTH:  100.0 ft

- 
N

o.
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 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  10

PLATE 21

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

10

20

30

40

50



80/8"

80/7"

80/7"

80/7"

Dense gray sandy fine to coarse
gravel

(continued)

13-017

LOCATION:    Sta 1891+47, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/12/2014IN BORING:  12 ft
DEPTH TO WATER

DATE:  3-12-14
COMPLETION DEPTH:  100.0 ft

- 
N

o.
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00
 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  10

PLATE 22

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
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 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.

65

70

75

80

85
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95

100

105
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115

70
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110



5

2

2

8

9

8

6

7

26

25

20

40

50/11"

50/9"

50/8"

70/8"

70/8"

80/8"

Loose brown fine sandy silt
w/occasional clay pockets (fill)
Firm gray and brown silty clay
w/ferrous stains and nodules

Soft brown clayey silt w/occasional
silty clay pockets
Loose brown silt w/occasional clay
pockets

Medium dense reddish brown fine
sand, slightly silty

Medium dense gray fine sand

- dense at 27 to 33 ft

- dense to very dense below 33 ft

Dense to very dense gray fine to
medium sand

Dense to very dense gray fine to
coarse sand w/fine to coarse
gravel and trace clay pockets

SURF. EL:  167.5

13-017

LOCATION:    Sta 1892+95, 80 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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4

DATE:  3/13/2014IN BORING:  8 ft
DEPTH TO WATER

DATE:  3-13-14
COMPLETION DEPTH:  100.0 ft

- 
N

o.
 2

00
 %

TYPE:   Auger to10  ft /Wash

L O G  O F  B O R I N G  N O.  11

PLATE 23

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
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 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.
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10

15
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35

40

45

50

55
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50



80/7"

80/8"

80/10"

80/6"

Dense gray sandy fine to coarse
gravel

(continued)

13-017

LOCATION:    Sta 1892+95, 80 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/13/2014IN BORING:  8 ft
DEPTH TO WATER

DATE:  3-13-14
COMPLETION DEPTH:  100.0 ft

- 
N

o.
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00
 %

TYPE:   Auger to10  ft /Wash

L O G  O F  B O R I N G  N O.  11

PLATE 24

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
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 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.

65

70

75

80

85
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95
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105
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115

70
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100
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2

3

16

2

2

3

3

18

18

29

29

46

55

50/11"

32

45

50/11"

Very soft gray and brown silty clay
w/occasional silt pockets and
seams

Very soft brown clayey silt w/silty
clay seams

Medium dense brown and gray fine
sand

- gray below 13 ft

- with occasional organic inclusions
to 35 ft
- dense at 28 to 34 ft

- dense to very dense with some
medium sand below 34 ft

Dense gray silty fine sand w/trace
medium sand and occasional silty
clay seams

- with wood fragments at 50 ft
Dense to very dense gray sandy
fine gravel w/occasional fine to
medium sand seams and layers

SURF. EL:  168

13-017

LOCATION:    Sta 1894+15, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/13/2014IN BORING:  4 ft
DEPTH TO WATER

DATE:  3-13-14
COMPLETION DEPTH:  130.0 ft

- 
N

o.
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 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  12

PLATE 25

Consulting Engineers

D
E

P
T

H
, F

T
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Y

M
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L
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A
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P
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S

DESCRIPTION OF MATERIAL

B
LO
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S
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E

R
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T

U
N
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 D

R
Y
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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.
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2

70/10"

70/8"

80/7"

80/7"

80/5"

80/8"

(continued)

13-017

LOCATION:    Sta 1894+15, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/13/2014IN BORING:  4 ft
DEPTH TO WATER

DATE:  3-13-14
COMPLETION DEPTH:  130.0 ft

- 
N

o.
 2

00
 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  12

PLATE 26

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
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R
Y
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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.
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- borehole caving at 110 ft

(continued)

13-017

LOCATION:    Sta 1894+15, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/13/2014IN BORING:  4 ft
DEPTH TO WATER

DATE:  3-13-14
COMPLETION DEPTH:  130.0 ft

- 
N

o.
 2

00
 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  12

PLATE 27

Consulting Engineers

D
E

P
T

H
, F

T

S
Y

M
B

O
L

S
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M
P
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S

DESCRIPTION OF MATERIAL

B
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S
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E

R
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T

U
N
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R
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T
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/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.
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120
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160

120

130

140

150

160



31

15

17

15

16

30

75

63

100/11"

75

Medium dense brown and gray silty
fine sand w/a little medium sand

- dense at 15 to 20 ft

- dense to very dense with some
fine to coarse gravel below 20 ft

Dense to very dense brownish gray
fine to medium sand w/some fine
to coarse gravel

-NON-PLASTIC-
Gs = 2.66

-NON-PLASTIC-
Gs = 2.66

SURF. EL:  137±

13-017

LOCATION:    Sta 1896+90, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/28/2014IN BORING:  NA
DEPTH TO WATER

DATE:  2-28-14
COMPLETION DEPTH:  78.0 ft

- 
N

o.
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 %

TYPE:   Wash

L O G  O F  B O R I N G  N O.  13

PLATE 28

Consulting Engineers
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H
, F
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S

DESCRIPTION OF MATERIAL
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T
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U
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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.
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73

75

100/6"

100/5"

100/5"

Dense to very dense gray fine to
coarse sand w/some fine to coarse
gravel

- brown and gray below 75 ft

- 100% water loss at 78 ft

NOTE 1:  Water depth: 27 ft.
NOTE 2:  Set 30 ft casing to 3 ft
below mudline.
NOTE 3:  Boring caving.
Abandoned at 78 ft

(continued)

13-017

LOCATION:    Sta 1896+90, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/28/2014IN BORING:  NA
DEPTH TO WATER

DATE:  2-28-14
COMPLETION DEPTH:  78.0 ft
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TYPE:   Wash

L O G  O F  B O R I N G  N O.  13

PLATE 29

Consulting Engineers
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DESCRIPTION OF MATERIAL
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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.
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2

4

6

50/8"

45

36

50/10"

100/7"

100/8"

50/8"

Dense brown and tan fine sand w/a
little medium sand

- dense to very dense with some
gravel below 30 ft

Dense to very dense gray fine to
coarse sand, slightly silty w/fine
gravel

Gs = 2.65Gs = 2.65

SURF. EL:  137±

13-017

LOCATION:    Sta 1896+80, 50 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/7/2014IN BORING:  NA
DEPTH TO WATER

DATE:  3-1-14
COMPLETION DEPTH:  150.0 ft
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TYPE:   Wash

L O G  O F  B O R I N G  N O.  13A

PLATE 30

Consulting Engineers
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S

DESCRIPTION OF MATERIAL
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T

COHESION, TON/SQ FT
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LIMIT

WATER
CONTENT

LIQUID
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5

1

100/7"

100/5"

105/7"

100/7"

- with trace coarse gravel below 60
ft

Dense to very dense gray fine to
coarse sand w/fine gravel

- more gravel below 80 ft

- 100% water loss at 82 ft,
borehole caving

(continued)

13-017

LOCATION:    Sta 1896+80, 50 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/7/2014IN BORING:  NA
DEPTH TO WATER

DATE:  3-1-14
COMPLETION DEPTH:  150.0 ft

- 
N

o.
 2

00
 %

TYPE:   Wash

L O G  O F  B O R I N G  N O.  13A

PLATE 31

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
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S

 P
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T
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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.
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100



1

Dense to very dense gray and
brown sandy fine gravel
w/occasional fine to medium sand
seams and layers

NOTE 1:  Water depth 27 ft.
NOTE 2:  Set 70 ft casing, to 43 ft
below mudline.

(continued)

13-017

LOCATION:    Sta 1896+80, 50 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/7/2014IN BORING:  NA
DEPTH TO WATER

DATE:  3-1-14
COMPLETION DEPTH:  150.0 ft

- 
N

o.
 2
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 %

TYPE:   Wash

L O G  O F  B O R I N G  N O.  13A

PLATE 32

Consulting Engineers

D
E
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T

H
, F

T
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Y
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L
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P

LE
S

DESCRIPTION OF MATERIAL

B
LO

W
S

 P
E
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 F

T
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N
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 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.
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160



95

62

36

24

11

2

7

5

4

8

6

5

14

32

36

40

41

45

50/11"

Very soft brown silty clay w/organic
inclusions, moist
- soft to firm below 2 ft

Soft gray clayey silt

Loose gray silty fine sand
w/occasional silty clay pockets

- medium dense at 22 to 28 ft

- dense below 28 ft

Dense brownish gray fine sand,
slightly silty w/trace medium sand
- with trace fine gravel below 57 ft

Gs = 2.67

Gs = 2.67

-NON-PLASTIC-
Gs = 2.67

Gs = 2.67

Gs = 2.67

-NON-PLASTIC-
Gs = 2.67

SURF. EL:  176.6

13-017

LOCATION:    Sta 1900+10, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/13/2014IN BORING:  16 ft
DEPTH TO WATER

DATE:  2-13-14
COMPLETION DEPTH:  125.0 ft

- 
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TYPE:   Auger to 20 ft /Wash

L O G  O F  B O R I N G  N O.  14

PLATE 33

Consulting Engineers
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DESCRIPTION OF MATERIAL
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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.
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2

50/11"

50/10"

50/6"

50/7"

50/6"

50/4"

Dense to very dense brown sandy
fine gravel

(continued)

13-017

LOCATION:    Sta 1900+10, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/13/2014IN BORING:  16 ft
DEPTH TO WATER

DATE:  2-13-14
COMPLETION DEPTH:  125.0 ft

- 
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 2

00
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TYPE:   Auger to 20 ft /Wash

L O G  O F  B O R I N G  N O.  14

PLATE 34

Consulting Engineers
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S

DESCRIPTION OF MATERIAL

B
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T
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T
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/C

U
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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.
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9

14

23

10

18

36

42

50/8"

35

45

38

Stiff brown clay

- very stiff below 2 ft

- with fine sandy silt pockets below
4 ft
Medium dense brown silty fine
sand

- loose to medium dense at 8 - 12
ft

- medium dense at 12 - 18 ft

- wet at 9 - 18 ft
- dense at 18 - 28 ft

- with silty clay pockets below 24 ft

- dense to very dense at 28 - 32 ft

- dense, grayish brown, wet below
32 ft

Dense brown and gray fine to
medium sand, slightly silty w/silty
clay pockets and trace fine gravel

-NON-PLASTIC--NON-PLASTIC-

SURF. EL:  180.1

13-017

LOCATION:    Sta 1916+00, CL

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  6/24/2013IN BORING:  Dry to 15 ft
DEPTH TO WATER

DATE:  6-24-13
COMPLETION DEPTH:  70.0 ft
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TYPE:   Auger to 15 ft /Wash

L O G  O F  B O R I N G  N O.  15

PLATE 35

Consulting Engineers
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DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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LIMIT

WATER
CONTENT

LIQUID
LIMIT

10 20 30 40 50 60 70

Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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5

34

50/9"

37

50/8"

50/10"

- dark gray and brown with
numerous organic inclusions below
48 ft

Dense to very dense gray fine
sand, slightly silty

- dense, coarser below 55 ft

Dense to very dense brown and
gray fine to medium sand, slightly
silty

(continued)

13-017

LOCATION:    Sta 1916+00, CL

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  6/24/2013IN BORING:  Dry to 15 ft
DEPTH TO WATER

DATE:  6-24-13
COMPLETION DEPTH:  70.0 ft
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TYPE:   Auger to 15 ft /Wash

L O G  O F  B O R I N G  N O.  15

PLATE 36

Consulting Engineers

D
E

P
T

H
, F

T

S
Y

M
B

O
L

S
A

M
P

LE
S

DESCRIPTION OF MATERIAL
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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.
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99

96

29

9

20

3

42

20

13

34

20

38

9

14

36

38

Soft dark brown clayey silt
w/surface organics
Very soft grayish brown silty clay
Very stiff brown clay and silty clay
w/silt pockets

Medium dense brown silty fine
sand

Dense brown fine sand, slightly
silty

- damp at 22 - 32 ft
- medium dense at 22 - 26 ft

- dense below 26 ft

Loose dark gray and brown silty
fine sand w/numerous organic
inclusions

- medium dense, wet below 38 ft

Dense brown and gray fine to
medium sand, slightly silty

SURF. EL:  185.1

13-017

LOCATION:    Sta 1917+80, CL

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  6/19/2013IN BORING:  Dry to 15 ft
DEPTH TO WATER

DATE:  6-19-13
COMPLETION DEPTH:  70.0 ft
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TYPE:   Auger to 15 ft /Wash

L O G  O F  B O R I N G  N O.  16

PLATE 37

Consulting Engineers
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DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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WATER
CONTENT

LIQUID
LIMIT
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Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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13

4

30

47

50/9"

50/10"

Dense gray and brown silty fine
sand, wet

- dense to very dense below 63 ft

Dense to very dense brown and
gray fine to medium sand w/trace
fine gravel

(continued)

13-017

LOCATION:    Sta 1917+80, CL

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  6/19/2013IN BORING:  Dry to 15 ft
DEPTH TO WATER

DATE:  6-19-13
COMPLETION DEPTH:  70.0 ft
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TYPE:   Auger to 15 ft /Wash

L O G  O F  B O R I N G  N O.  16

PLATE 38

Consulting Engineers
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DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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WATER
CONTENT

LIQUID
LIMIT

10 20 30 40 50 60 70

Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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88

9

6

16
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7

13

35

50/11"

16

39

28

19

16

Very stiff brown silty clay
Medium dense brown silty fine
sand
Stiff dark brown silty clay w/organic
stains
- light gray and tan below 4.5 ft

Medium dense brown silty fine
sand
Loose brown and tan fine sand,
slightly silty

- medium dense at 12 - 18 ft

- dense at 18 to 23 ft

- dense to very dense at 23 to 28 ft

- medium dense below 28 ft

Dense gray and brown fine to
medium sand, slightly silty

- medium dense below 38 ft

- gray below 42 ft

- gray and dark gray with organic
inclusions below 47 ft

SURF. EL:  178.4

13-017

LOCATION:    Sta 1915+40, 10 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  6/26/2013IN BORING:  8 ft
DEPTH TO WATER

DATE:  6-26-13
COMPLETION DEPTH:  88.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  17

PLATE 39

Consulting Engineers
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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
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CONTENT

LIQUID
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Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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4

3

38

50

38

50/8"

50/8"

50/8"

50/8"

- dense below 52 ft

- with silty clay pockets and seams
at 54 - 56 ft

Dense gray and brown fine to
medium sand

- dense to very dense below 67 ft

Dense to very dense brown and
gray sandy fine to coarse gravel

(continued)

13-017

LOCATION:    Sta 1915+40, 10 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  6/26/2013IN BORING:  8 ft
DEPTH TO WATER

DATE:  6-26-13
COMPLETION DEPTH:  88.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  17

PLATE 40

Consulting Engineers
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DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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WATER
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LIMIT
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Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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77

99

20

8

16

9

4

3

8

21

44

50/11"

50/11"

50/10"

Soft dark brown silty clay
Firm to stiff brown clay

- stiff below 4 ft

Soft brown and light brown silty
clay
- with interbedded fine sandy silt
layers below 8.5 ft
- firm at 9 - 10 ft
- soft below 12 ft

Very soft brownish gray fine sandy
clay, silty

- firm below 23 ft

Stiff brown clay

- very stiff below 33 ft
Dense gray silty fine sand

- dense to very dense below 38 ft

-NON-PLASTIC--NON-PLASTIC-

SURF. EL:  177.1

13-017

LOCATION:    Sta 1902+75, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/14/2014IN BORING:  7 ft
DEPTH TO WATER

DATE:  2-14-14
COMPLETION DEPTH:  100.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  18

PLATE 41

Consulting Engineers
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DESCRIPTION OF MATERIAL
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Barton & Wyatt, Inc.
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7

3

50/10"

50/9"

50/9"

50/7"

50/6"

Dense to very dense brownish gray
fine sand, slightly silty w/trace fine
gravel

Dense to very dense brown and
gray sandy fine gravel

(continued)

13-017

LOCATION:    Sta 1902+75, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/14/2014IN BORING:  7 ft
DEPTH TO WATER

DATE:  2-14-14
COMPLETION DEPTH:  100.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  18

PLATE 42

Consulting Engineers
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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
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Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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8

8
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8

13

9

7

23

43

48

55

50/9"

50/10"

50/10"

Firm dark brown and brown silty
clay w/ferrous stains and nodules
- firm to stiff at 2 - 6 ft

- gray and brown below 4 ft

- firm below 6 ft

- gray below 15 ft

Medium dense gray fine sand,
slightly silty

- dense below 23 ft

Dense to very dense brownish gray
fine sand, slightly silty

- with some organic inclusions,
occasional silty clay pockets and a
little fine to coarse gravel below 50
ft

Gs = 2.70

Gs = 2.68

Gs = 2.70

Gs = 2.68

SURF. EL:  174.5

13-017

LOCATION:    Sta 1903+95, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/17/2014IN BORING:  13 ft
DEPTH TO WATER

DATE:  2-17-14
COMPLETION DEPTH:  100.0 ft
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TYPE:   Auger to 15 ft /Wash

L O G  O F  B O R I N G  N O.  19

PLATE 43

Consulting Engineers
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DESCRIPTION OF MATERIAL
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4

8

50/9"

50/10"

50/9"

50/9"

50/9"

Dense to very dense brownish gray
fine to medium sand w/trace fine
gravel

Dense to very dense grayish brown
sandy fine gravel, slightly silty

(continued)

13-017

LOCATION:    Sta 1903+95, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/17/2014IN BORING:  13 ft
DEPTH TO WATER

DATE:  2-17-14
COMPLETION DEPTH:  100.0 ft
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TYPE:   Auger to 15 ft /Wash

L O G  O F  B O R I N G  N O.  19

PLATE 44

Consulting Engineers
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DESCRIPTION OF MATERIAL
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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.

60
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52

99

99

12

96

64

10

14

14

15

13

9

8

50

50

Firm to stiff brown silty clay
w/ferrous stains and organics

- stiff, gray and brown below 3.5 ft

Soft brown silty clay w/clayey silt
pockets
Medium dense brown fine sandy
silt w/silty clay seams and layers
Soft to firm brown and gray silty
clay

Firm gray clay

- with some organic inclusions
below 23 ft
- stiff at 23 to 32 ft

- firm below 32 ft

Dense gray fine to coarse sand,
slightly silty w/a little fine gravel
and occasional silty clay pockets

SURF. EL:  177.0

13-017

LOCATION:    Sta 1905+43, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/18/2014IN BORING:  8 ft
DEPTH TO WATER

DATE:  2-18-14
COMPLETION DEPTH:  100.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  20

PLATE 45

Consulting Engineers

D
E

P
T

H
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P
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S

DESCRIPTION OF MATERIAL
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T

COHESION, TON/SQ FT

0.2 0.4 0.6 0.8 1.0 1.2 1.4
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LIMIT

WATER
CONTENT

LIQUID
LIMIT

10 20 30 40 50 60 70

Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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6

3

50/11"

50/10"

50/9"

50/8"

50/6"

- dense to very dense below 58 ft

Dense to very dense brown sandy
fine gravel w/occasional coarse
sand seams and layers

(continued)

13-017

LOCATION:    Sta 1905+43, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/18/2014IN BORING:  8 ft
DEPTH TO WATER

DATE:  2-18-14
COMPLETION DEPTH:  100.0 ft

- 
N

o.
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 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  20

PLATE 46

Consulting Engineers

D
E

P
T

H
, F

T
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P
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S

DESCRIPTION OF MATERIAL

B
LO
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S

 P
E

R
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T
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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.

60
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97

4

8

11

7

3

8

7

6

5

4
20

50/9"

50

50/10"

Firm tan and brown clay

- stiff below 2 ft

- water at 6 ft
Loose tan and brown clayey fine
sand, silty
- very loose below 8 ft
Firm gray silty clay w/occasional
fine sand partings and seams

- soft below 23 ft

Medium dense tan and gray fine to
coarse sand w/a little fine gravel

- dense to very dense below 38 ft

SURF. EL:  175.8

13-017

LOCATION:    Sta 1906+91, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/21/2014IN BORING:  6 ft
DEPTH TO WATER

DATE:  2-21-14
COMPLETION DEPTH:  100.0 ft

- 
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 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  21

PLATE 47

Consulting Engineers

D
E

P
T

H
, F

T

S
Y

M
B
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L
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A
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P
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S

DESCRIPTION OF MATERIAL

B
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E
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T
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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.
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4

50/10"

50/9"

50/8"

50/7"

50/7"

Dense to very dense gray and tan
sandy fine gravel

(continued)

13-017

LOCATION:    Sta 1906+91, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/21/2014IN BORING:  6 ft
DEPTH TO WATER

DATE:  2-21-14
COMPLETION DEPTH:  100.0 ft
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 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  21

PLATE 48

Consulting Engineers

D
E

P
T

H
, F

T
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Y
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P
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S

DESCRIPTION OF MATERIAL

B
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LB
/C
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 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.

60
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50/10"

47

50/10"

50/9"

50

50/10"

Loose dark brown silt
Soft reddish tan silty clay w/organic
inclusions
- firm below 2 ft
Firm to stiff tan and brown silty clay
w/silt pockets and organics
Medium dense brown and tan silt
Stiff gray and tan silty clay
w/occasional silt pockets and
ferrous stains and nodules

Loose to medium dense brown silty
fine sand

- medium dense at 18 - 22 ft

Dense to very dense grayish brown
fine sand, slightly silty

SURF. EL:  180.1

13-017

LOCATION:    Sta 1908+11, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/12/2014IN BORING:  12 ft
DEPTH TO WATER

DATE:  2-12-14
COMPLETION DEPTH:  100.0 ft

- 
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 %

TYPE:   Auger to 20 ft /Wash

L O G  O F  B O R I N G  N O.  22

PLATE 49

Consulting Engineers

D
E

P
T

H
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T
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P
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S

DESCRIPTION OF MATERIAL

B
LO
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S

 P
E
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T
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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.
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4

2

65

50/11"

50/8"

50/5"

50/4"

- dark gray with organic inclusions
below 60 ft

Dense to very dense grayish brown
fine sand w/trace medium sand

Dense to very dense gray and
brown sandy fine gravel

(continued)

13-017

LOCATION:    Sta 1908+11, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/12/2014IN BORING:  12 ft
DEPTH TO WATER

DATE:  2-12-14
COMPLETION DEPTH:  100.0 ft
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TYPE:   Auger to 20 ft /Wash

L O G  O F  B O R I N G  N O.  22

PLATE 50

Consulting Engineers

D
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DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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PLASTIC
LIMIT

WATER
CONTENT

LIQUID
LIMIT

10 20 30 40 50 60 70

Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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6

50/10"

43

50/7"

50

40

50/11"

Stiff brown and light brown silty
clay w/organics

Stiff light tan clay
Firm brown and tan silty clay
w/ferrous stains and nodules
Stiff brown clayey silt

Loose to medium dense gray fine
sandy silt w/occasional silty clay
pockets
Loose brown silty fine sand

Dense to very dense grayish brown
fine sand

Dense brownish gray fine to
medium sand, slightly silty

- dense to very dense below 48 ft
- with organic inclusions below 49 ft

SURF. EL:  185.4

13-017

LOCATION:    Sta 1909+25, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/11/2014IN BORING:  16 ft
DEPTH TO WATER

DATE:  2-11-14
COMPLETION DEPTH:  100.0 ft
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TYPE:   Auger to 20 ft /Wash

L O G  O F  B O R I N G  N O.  23

PLATE 51

Consulting Engineers
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P
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DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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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

10

20

30

40

50



3

50/7"

50

50/10"

25/0"

50/2"

- with a little fine to coarse sand
and gravel below 59 ft

Dense to very dense grayish brown
sandy fine to coarse gravel

(continued)

13-017

LOCATION:    Sta 1909+25, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/11/2014IN BORING:  16 ft
DEPTH TO WATER

DATE:  2-11-14
COMPLETION DEPTH:  100.0 ft
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TYPE:   Auger to 20 ft /Wash

L O G  O F  B O R I N G  N O.  23

PLATE 52

Consulting Engineers

D
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P
T

H
, F
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S

DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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WATER
CONTENT

LIQUID
LIMIT
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Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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88

67

7

8

27

28

28

38

50

50

32

46

50/8"

50/10"

50/8"

Soft brown silty clay
Firm brown clay
- firm to stiff below 2.5 ft
Very stiff tan and brown silty clay

- stiff below 6 ft

Medium dense tan and brown fine
sandy silt

Medium dense brown and tan fine
sand, slightly silty

- dense below 18 ft

Dense to very dense tan and gray
fine sand, slightly silty

SURF. EL:  187.3

13-017

LOCATION:    Sta 1910+69, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/20/2014IN BORING:  Dry to 10 ft
DEPTH TO WATER

DATE:  2-20-14
COMPLETION DEPTH:  105.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  24

PLATE 53

Consulting Engineers
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DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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WATER
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LIQUID
LIMIT

10 20 30 40 50 60 70

Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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550/8"

50/8"

50/4"

50/6"

50/5"

- with more silt below 73 ft

Dense to very dense tan and gray
sandy fine to coarse gravel

(continued)

13-017

LOCATION:    Sta 1910+69, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/20/2014IN BORING:  Dry to 10 ft
DEPTH TO WATER

DATE:  2-20-14
COMPLETION DEPTH:  105.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  24

PLATE 54

Consulting Engineers
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DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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LIMIT
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Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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15

10

4

8

16

16

21

27

35

38

59

50/11"

50/11"

50/10"

50/8"

Firm tan and brown silty clay

Firm to stiff tan clay

- stiff below 4 ft

Firm to stiff tan and brown clayey
silt w/silty clay pockets
Medium dense tan and brown silty
fine sand w/occasional silty clay
pockets

- less silty below 13 ft

Dense tan and gray fine sand,
slightly silty

- dense to very dense beloe 33 ft

Dense to very dense tan and gray
fine sand w/trace medium sand
and fine gravel

SURF. EL:  184.3

13-017

LOCATION:    Sta 1911+84, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/20/2014IN BORING:  6 ft
DEPTH TO WATER

DATE:  2-20-14
COMPLETION DEPTH:  105.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  25

PLATE 55

Consulting Engineers
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DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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LIMIT
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Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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50/11"

50/3"

50/4"

50/5"

50/4"

Dense to very dense brown and
gray sandy fine to coarse gravel

(continued)

13-017

LOCATION:    Sta 1911+84, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/20/2014IN BORING:  6 ft
DEPTH TO WATER

DATE:  2-20-14
COMPLETION DEPTH:  105.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  25

PLATE 56

Consulting Engineers
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DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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100

15

7

10 inches:  Asphalt Concrete
14 inches:  Crushed Stone Base

Stiff reddish brown clayey silt,
sandy (fill)
Firm to stiff tan and gray clay
w/fine sandy silt pockets (fill)

- perched water at 5.5 ft
- stiff at 6 to 8 ft

- very stiff at 8 to 12 ft

- stiff, reddish brown at 12 - 24 ft

Firm to stiff reddish brown clayey
silt (fill)

Stiff to very stiff tan and gray silty
clay

Firm to stiff brownish gray silty clay
w/organic inclusions

NOTE:  Borehole backfilled with
cement-sand mix, pavement
patched.

2.272.27

SURF. EL:  205±

13-017

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  4/15/2013IN BORING:  Dry
DEPTH TO WATER

DATE:  4-15-13
COMPLETION DEPTH:  30.0 ft
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TYPE:   Auger

L O G  O F  B O R I N G  N O.  29

PLATE 57

Consulting Engineers
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DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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WATER
CONTENT

LIQUID
LIMIT

10 20 30 40 50 60 70

Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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LOCATION:    Sta 1883+15, 80 ft Rt - Existing West Bridge End
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95
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104

108

89

11

12

8

8 inches:  Asphalt Concrete
22 inches:  Crushed Stone Base

Medium dense tan silty fine sand
(fill)
Stiff tan and gray clay w/fine sandy
silt pockets (fill)

- firm at 6 - 8 ft

- stiff at 8 to 13 ft

- very stiff below 13 ft

Stiff to very stiff gray clay w/organic
inclusions

Medium dense brownish tan silt,
slightly clayey w/organic stains

NOTE:  Borehole backfilled with
cement-sand mix, pavement
patched.

1.73

96

1.73

96

SURF. EL:  200±

13-017

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  4/15/2013IN BORING:  Dry
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LOCATION:    Sta 1910+85, 185 ft Rt - Existing East Bridge End



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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GRUBBS, HOSKYN, BARTON & WYATT, INC.
Consulting Engineers

Boring No. Approximate 
Station

Approximate 
Offset

Ground 
Surface El, ft

Completion 
Depth, ft Project Feature

1 1877+60 70' Lt 184.3 70 West Bridge End
2 1879+00 50' Lt 191.3 70 West Bridge End
3 1880+15 50' Lt 190.5 70 West Bridge End
4 1883+83 60' Lt 171.9 100 Bent 1
5 1884+63 60' Rt 171.7 100 Bent 2
6 1886+11 60' Lt 171.0 100 Bent 3
7 1887+59 60' Rt 173.5 100 Bent 4
8 1888+79 60' Lt 174.4 100 Bent 5
9 1889+99 60' Rt 176.9 100 Bent 6
10 1891+47 60' Lt 177.2 100 Bent 7
11 1892+95 80' Rt 167.5 100 Bent 8
12 1894+15 60' Lt 168± 130 Bent 9
13 1896+90 60' Rt 137± 78 Pier 1

13A 1896+80 50' Rt 137± 150 Pier 1

Summary of Subsurface Exploration Program
Project:  AHTD Job No. BB0610: White River Str. & Apprs. (F)

Location: Prairie County, Arkansas
GHBW Job No.: 13-017



GRUBBS, HOSKYN, BARTON & WYATT, INC.
Consulting Engineers

Summary of Subsurface Exploration Program
Project:  AHTD Job No. BB0610: White River Str. & Apprs. (F)

Location: Prairie County, Arkansas
GHBW Job No.: 13-017

14 1900+10 60' Lt 176.6 125 Pier 2
15 1916+00 CL 180.1 70 East Bridge End
16 1917+80 CL 185.1 70 East Bridge End
17 1915+40 10' Rt 178.4 88 East Bridge End
18 1902+75 60' Rt 177.1 100 Bent 10
19 1903+95 60' Lt 174.5 100 Bent 11
20 1905+43 60' Rt 177.0 100 Bent 12
21 1906+91 60' Lt 175.8 100 Bent 13
22 1908+11 60' Rt 180.1 100 Bent 14
23 1909+25 60' Lt 185.4 100 Bent 15
24 1910+69 60' Rt 187.3 105 Bent 16
25 1911+81 60' Lt 184.3 105 Bent 17
29 1883+15 80' Rt 205± 30 Existing West Bridge End
30 1910+85 185' Rt 200± 35 Existing East Bridge End



 

APPENDIX B 









 

APPENDIX C 



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

1 0.5-1.5 21 36 15 21 ---- ---- ---- ---- ---- ---- 82 CL A-6

1 5-5.5 25 47 20 27 ---- ---- ---- ---- ---- ---- 96 CL A-7-6

1 9.5-10 26 43 19 24 100 100 100 100 100 98 97 CL A-7-6

1 14-15 29 44 19 25 --- --- --- --- --- --- 97 CL A-7-6

1 19-20 24 ---- ---- ---- 100 100 100 100 100 96 13 SM A-2-4

1 34-35 19 ---- ---- ---- 100 100 100 100 100 73 6 SP-SM A-3

1 39-40 20 ---- ---- ---- 100 100 100 100 100 57 16 SM A-2-4

1 54-55 17 ---- ---- ---- 100 100 96 95 94 62 5 SP-SM A-3

2 4.5-5.5 25 52 23 29 100 100 100 100 100 99 98 CH A-7-6

2 7-7.5 24 47 20 27 ---- ---- ---- ---- ---- ---- 98 CL A-7-6

2 14-15 26 44 18 26 ---- ---- ---- ---- ---- ---- 98 CL A-7-6

2 29-30 21 ---- ---- ---- 100 100 100 100 100 82 14 SM A-2-4

2 59-60 19 ---- ---- ---- 100 100 92 89 88 52 7 SP-SM A-3

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

3 2.5-3.5 28 43 20 23 ---- ---- ---- ---- ---- ---- 97 CL A-7-6

3 4.5-5 25 48 19 29 100 100 100 100 99 97 95 CL A-7-6

3 7-7.5 24 47 21 26 100 100 100 100 99 98 95 CL A-7-6

3 14-15 26 38 18 20 ---- ---- ---- ---- ---- ---- 93 CL A-6

3 19-20 25 19 11 8 ---- ---- ---- ---- ---- ---- 39 SC A-4

3 29-30 24 ---- ---- ---- 100 100 100 100 100 76 15 SM A-2-4

3 39-40 22 ---- ---- ---- 100 100 100 100 100 34 6 SP-SM A-1-b

3 49-50 18 ---- ---- ---- 100 100 98 98 95 57 11 SP-SM A-2-4

4 7-7.5 23 46 19 27 100 100 100 100 100 99 97 CL A-7-6

4 14-15 26 ---- ---- ---- 100 100 100 100 100 60 5 SP-SM A-3

4 38.5-39.5 30 ---- ---- ---- 100 100 100 100 100 77 4 SP A-3

4 53.5-54 18 ---- ---- ---- 100 100 89 87 86 58 10 SP-SM A-3

4 88.5-89.5 18 ---- ---- ---- 100 100 92 51 26 7 2 GW A-1-a

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

5 3-3.5 24 33 17 16 100 100 100 100 100 100 87 CL A-6

5 9-10 25 ---- ---- ---- ---- ---- ---- ---- ---- ---- 31 SM A-2-4

5 24-25 23 ---- ---- ---- 100 100 100 100 100 95 2 SP A-3

5 43.5-44.5 31 ---- ---- ---- 100 100 100 100 100 77 4 SP A-3

5 68.5-69.5 17 ---- ---- ---- 100 96 88 80 73 54 8 SP-SM A-3

6 3-3.5 28 48 21 27 100 100 100 100 100 100 99 CL A-7-6

6 19-20 22 ---- ---- ---- 100 100 100 100 100 99 5 SP-SM A-3

6 58.5-59.5 20 ---- ---- ---- 100 100 89 81 75 51 18 SM A-2-4

6 88.5-89 12 ---- ---- ---- 100 100 100 100 100 77 4 SP A-3

7 7-7.5 28 42 19 23 ---- ---- ---- ---- ---- ---- 97 CL A-7-6

7 14-15 27 ---- ---- ---- ---- ---- ---- ---- ---- ---- 41 SM A-2-4

7 24-25 23 ---- ---- ---- 100 100 100 100 100 90 9 SP-SM A-3

7 43.5-44.5 18 ---- ---- ---- 100 100 97 94 91 42 19 SM A-1-b

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

7 88.5-89 20 ---- ---- ---- 100 100 99 77 54 24 4 SW A-1-b

8 7-7.5 26 37 15 22 100 100 100 100 100 100 81 CL A-6

8 14-15 26 ---- ---- ---- 100 100 100 100 100 100 29 SM A-2-4

8 29-30 22 ---- ---- ---- 100 100 100 100 100 95 5 SP-SM A-3

8 49-50 21 ---- ---- ---- 100 100 100 100 100 95 12 SP-SM A-2-4

8 68.5-69.5 17 ---- ---- ---- 100 100 95 85 74 44 4 SP A-1-b

9 14-15 30 25 19 6 ---- ---- ---- ---- ---- ---- 66 CL-ML A-4

9 29-30 24 ---- ---- ---- 100 100 100 100 100 95 9 SP-SM A-3

9 58.5-59.5 31 ---- ---- ---- 100 100 99 81 49 24 7 SP-SM A-1-a

10 6.5-7.5 12 ---- ---- ---- ---- ---- ---- 20 SM A-2-4

10 14-15 28 ---- ---- ---- ---- ---- ---- 38 SM A-4

10 29-30 21 ---- ---- ---- 100 100 100 100 99 83 4 SP A-3

10 49-50 20 ---- ---- ---- 100 100 100 100 98 77 4 SP A-3

Non-plastic

Non-plastic

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

11 14-15 25 ---- ---- ---- ---- ---- ---- ---- ---- ---- 5 SP-SM A-3

11 29-30 23 ---- ---- ---- 100 100 100 100 100 98 2 SP A-3

11 48.5-49.5 18 ---- ---- ---- 100 100 100 98 97 31 2 SP A-1-b

12 19-20 17 ---- ---- ---- ---- ---- ---- ---- ---- ---- 2 SP A-3

12 38.5-39.5 19 ---- ---- ---- 100 100 100 99 98 66 3 SP A-3

12 49-50 ---- ---- ---- ---- 100 100 100 100 100 93 16 SM A-2-4

12 68.5-69.5 9 ---- ---- ---- 100 100 90 45 18 6 2 GW A-1-a

13 6.5-7.5 24 100 100 100 100 100 88 31 SM A-2-4

13A 9-10 27 ---- ---- ---- 100 100 100 98 98 85 1 SP A-3

13A 19-20 22 ---- ---- ---- 100 97 86 84 84 79 4 SP A-3

13A 48.5-49.5 16 ---- ---- ---- 100 100 94 81 76 26 6 SW-SM A-1-b

13A 68.5-69 17 ---- ---- ---- 100 92 84 74 66 32 5 SW-SM A-1-b

Non-plastic

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

13A 99-100 20 ---- ---- ---- 100 100 75 70 65 36 1 SP A-1-b

13A 139-140 20 ---- ---- ---- 100 100 86 68 55 29 1 SP A-1-b

14 4.5-5.5 30 34 19 15 100 100 100 100 100 100 95 CL A-6

14 14-15 28 22 17 5 100 100 100 100 100 100 62 CL-ML A-4

14 24-25 27 100 100 100 100 100 100 36 SM A-4

14 44-45 ---- ---- ---- ---- 100 100 100 100 100 99 24 SM A-2-4

14 58.5-59.5 ---- ---- ---- ---- 100 100 100 100 100 90 11 SP-SM A-2-4

14 100-118 ---- ---- ---- ---- 100 100 88 50 29 14 2 GP A-1-a

15 0.5-1.5 30 65 25 40 ---- ---- ---- ---- ---- ---- 89 CH A-7-6

15 2-2.5 24 56 24 32 ---- ---- ---- ---- ---- ---- 94 CH A-7-6

15 6.5-7.5 17 ---- ---- ---- 100 100 100 100 100 100 13 SM A-2-4

15 24-25 23 100 100 100 100 100 99 12 SP-SM A-2-4

15 44-45 18 ---- ---- ---- 100 95 95 92 90 46 9 SP-SM A-1-b

15 59-60 ---- ---- ---- ---- 100 100 100 100 100 98 6 SP-SM A-3

Non-plastic

Non-plastic

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

15 69-70 ---- ---- ---- ---- 100 100 95 94 93 60 5 SP-SM A-3

16 1-2 35 49 26 23 ---- ---- ---- ---- ---- ---- 86 CL A-7-6

16 2-2.5 39 79 27 52 ---- ---- ---- ---- ---- ---- 99 CH A-7-6

16 4.5-5 32 42 21 21 ---- ---- ---- ---- ---- ---- 96 CL A-7-6

16 9-10 7 ---- ---- ---- 100 100 100 100 100 99 29 SM A-2-4

16 19-20 ---- ---- ---- ---- 100 100 100 100 100 100 9 SP-SM A-3

16 39-40 ---- ---- ---- ---- 100 100 100 100 100 90 19 SM A-2-4

16 49-50 ---- ---- ---- ---- 100 100 100 99 98 48 4 SP A-1-b

16 59-60 ---- ---- ---- ---- 100 100 100 100 100 98 13 SM A-2-4

16 69-70 ---- ---- ---- ---- 100 100 93 90 82 39 4 SP A-1-b

17 2.5-3.5 21 ---- ---- ---- ---- ---- ---- ---- ---- ---- 81 CL A-7-6

17 4.5-5.5 27 46 22 24 ---- ---- ---- ---- ---- ---- 88 CL A-7-6

17 6.5-7.5 22 ---- ---- ---- ---- ---- ---- 42 SM A-4

17 9-10 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 3 SP A-3

Non-plastic

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

17 14-15 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 5 SP-SM A-3

17 29-30 ---- ---- ---- ---- 100 100 100 100 100 86 9 SP-SM A-3

17 44-45 ---- ---- ---- ---- 100 100 100 100 100 87 6 SP-SM A-3

17 54-55 ---- ---- ---- ---- 100 100 100 100 100 98 17 SM A-2-4

17 68.5-69 ---- ---- ---- ---- 100 100 100 100 99 74 3 SP A-3

17 83.5-84 ---- ---- ---- ---- 100 94 78 59 41 18 3 SW A-1-a

18 9-10 25 ---- ---- ---- ---- ---- ---- 51 ML A-4

18 19-20 28 26 18 8 ---- ---- ---- ---- ---- ---- 77 CL A-4

18 29-30 49 51 24 27 ---- ---- ---- ---- ---- ---- 99 CH A-7-6

18 38.5-39.5 22 ---- ---- ---- 100 100 100 100 100 97 20 SM A-2-4

18 68.5-69.5 19 ---- ---- ---- 100 100 94 90 89 84 7 SP-SM A-3

18 88.5-89.5 15 ---- ---- ---- 100 100 78 35 19 11 3 GP A-1-a

19 6.5-7 24 40 18 22 100 100 100 100 100 99 96 CL A-6

19 24-25 22 ---- ---- ---- 100 100 100 100 100 90 8 SP-SM A-3

Non-plastic

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

19 43.5-44.5 22 ---- ---- ---- 100 100 100 100 100 82 8 SP-SM A-3

19 68.5-69.5 26 ---- ---- ---- 100 100 100 100 99 69 4 SP A-3

19 78.5-79.5 11 ---- ---- ---- 100 100 96 79 58 35 8 SP-SM A-1-b

20 9-10 25 19 16 3 ---- ---- ---- ---- ---- ---- 52 ML A-4

20 14-14.5 29 35 19 16 ---- ---- ---- ---- ---- ---- 99 CL A-6

20 19-19.5 53 64 26 38 ---- ---- ---- ---- ---- ---- 99 CH A-7-6

20 44-45 15 ---- ---- ---- 100 100 90 86 78 47 12 SP-SM A-1-b

20 58.5-59.5 17 ---- ---- ---- 100 100 98 94 90 63 6 SP-SM A-3

20 88.5-89.5 13 ---- ---- ---- 100 100 93 56 39 20 3 SW A-1-a

21 6.5-7.5 25 26 15 11 ---- ---- ---- ---- ---- ---- 46 SC A-6

21 19-20 30 40 19 21 ---- ---- ---- ---- ---- ---- 97 CL A-6

21 44-45 18 ---- ---- ---- 100 100 100 97 87 55 4 SP A-3

21 68.5-69.5 17 ---- ---- ---- 100 100 100 73 38 8 4 SP A-1-b

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

22 2.5-3.5 30 48 22 26 ---- ---- ---- ---- ---- ---- 99 CL A-7-6

22 9-10 36 37 19 18 ---- ---- ---- ---- ---- ---- 95 CL A-6

22 14-15 25 ---- ---- ---- 100 100 100 100 100 99 13 SM A-2-4

22 33.5-34.5 24 ---- ---- ---- 100 100 100 100 100 100 9 SP-SM A-3

22 48.5-49.5 24 ---- ---- ---- 100 100 100 100 100 100 6 SP-SM A-3

22 78.5-79.5 22 ---- ---- ---- 100 100 100 100 100 92 4 SP A-3

22 88.5-89 15 ---- ---- ---- 100 100 87 71 65 46 2 SP A-1-b

23 2.5-3.5 14 33 20 13 ---- ---- ---- ---- ---- ---- 87 CL A-6

23 7-7.5 21 44 19 25 ---- ---- ---- ---- ---- ---- 97 CL A-7-6

23 9-10 21 27 18 9 ---- ---- ---- ---- ---- ---- 71 CL A-4

23 14-15 31 ---- ---- ---- 100 100 100 100 99 95 76 ML A-4

23 24-25 22 ---- ---- ---- 100 100 100 100 100 95 4 SP A-3

23 44-45 21 ---- ---- ---- 100 100 100 100 99 75 6 SP-SM A-3

23 68.5-69.5 19 ---- ---- ---- 100 94 87 86 85 75 3 SP A-3

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

24 6.5-7.5 19 36 22 14 ---- ---- ---- ---- ---- ---- 88 CL A-6

24 9-10 17 ---- ---- ---- ---- ---- ---- ---- ---- ---- 67 ML A-4

24 19-20 22 ---- ---- ---- 100 100 96 96 96 96 7 SP-SM A-3

24 64-65 23 ---- ---- ---- 100 100 100 100 100 92 5 SP-SM A-3

25 9-10 14 ---- ---- ---- ---- ---- ---- ---- ---- ---- 35 SM A-2-4

25 19-20 26 ---- ---- ---- 100 100 100 100 100 98 15 SM A-2-4

25 29-30 24 ---- ---- ---- 100 100 100 100 100 100 10 SP-SM A-3

25 48.5-49.5 24 ---- ---- ---- 100 100 100 100 99 96 4 SP A-3

29 1.5-2.5 18 30 25 5 ---- ---- ---- ---- ---- ---- 82 CL-ML A-4

29 5-5.5 26 64 20 44 ---- ---- ---- ---- ---- ---- 96 CH A-7-6

29 14.5-15 30 70 24 46 ---- ---- ---- ---- ---- ---- 99 CH A-7-6

29 19.5-20 26 28 21 7 ---- ---- ---- ---- ---- ---- 97 CL-ML A-4

29 24.5-25 21 48 17 31 ---- ---- ---- ---- ---- ---- 97 CL A-7-6

29 29.5-30 24 38 19 19 ---- ---- ---- ---- ---- ---- 97 CL A-6

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

30 9.5-10 21 50 18 32 ---- ---- ---- ---- ---- ---- 87 CH A-7-6

30 14.5-15 23 49 19 30 ---- ---- ---- ---- ---- ---- 95 CL A-7-6

30 29.5-30 33 85 26 59 ---- ---- ---- ---- ---- ---- 99 CH A-7-6

30 34-34.5 33 32 30 2 ---- ---- ---- ---- ---- ---- 99 ML A-4

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



0.001 0.01 0.1 1 10 100 

Pe
rc

en
t F

in
er

 b
y 

W
ei

gh
t 

Grain Size in Millimeters 

GRAIN       SIZE      CURVE 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

100 

10 

20 

30 

40 

50 

60 

70 

80 

90 

0 

0 
  3         2    11/2      1     3/4      1/2   3/8     1/4     4        6        8  10          16     20      30      40      50              100              200              

SIEVE OPENINGS IN INCHES                                                               U.S. STANDARD SIEVE NUMBERS                                                                               HYDROMETER 

GRAVEL SAND 
SILT           OR            CLAY 

COARSE                  FINE COARSE          MEDIUM                      FINE 

13-017 

Pe
rc

en
t R

et
ai

ne
d 

by
 W

ei
gh

t 

Sample: Boring 1, 19-20 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray silty fine sand 
Classification: USCS = SP-SM; AASHTO = A-2-4 
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Sample: Boring 1, 34-35 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray fine to medium sand 
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 1, 39-40 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray fine to medium sand w/clayey fine sand seams 
Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 1, 54-55 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray fine to medium sand  
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 2, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 2, 59-60 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray fine to medium sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 3, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Brown and tan silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 3, 39-40 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray fine to medium sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-1-b 
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Sample: Boring 3, 49-50 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray fine to medium sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-2-4 
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Sample: Boring 4, 7-7.5 ft
Properties: Gs = 2.700; LL = 46, PL = 19, PI = 27
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Description: Gray and brown silty clay
Classification: USCS = CL; AASHTO = A-7-6
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Sample: Boring 4, 14-15 ft
Properties: Gs = 2.653; Non-plastic
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Description: Gray and brown fine to medium sand, slightly silty
Classification: USCS = SP-SM; AASHTO = A-3
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Sample: Boring 4, 53.5-54 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine to medium sand w/a little fine gravel 
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 4, 88.5-89.5 ft  
Atterberg Limits: Non-plastic 

Description: Gray sandy fine gravel 
Classification: USCS = GW; AASHTO = A-1-a 
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Sample: Boring 5, 3-3.5 ft
Properties: Gs = 2.637; LL = 33, PL = 17, PI = 16
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Description: Dark gray and brown silty clay
Classification: USCS = CL; AASHTO = A-6
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Sample: Boring 5, 24-25 ft  
Atterberg Limits: Non-plastic 

Description: Gray and tan fine sand w/trace medium sand 
Classification: USCS = SP; AASHTO = A-3 
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Sample: Boring 5, 68.5-69.5 ft 
Atterberg Limits: Non-plastic

Description: Gray fine to coarse sand, slightly silty w/fine to coarse gravel
Classification: USCS = SP-SM; AASHTO = A-3
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Sample: Boring 6, 3-3.5 ft
Properties: Gs = 2.707; LL = 48, PL = 21, PI = 27
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Description: Gray and brown silty clay
Classification: USCS = CL; AASHTO = A-7-6
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Sample: Boring 6, 19-20 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand, slightly silty  
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 6, 58.5-59.5 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine to medium sand, silty w/some fine gravel 
Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 7, 24-25 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 7, 43.5-44.5 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine to medium sand, silty 
Classification: USCS = SM; AASHTO = A-1-b 
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Sample: Boring 7, 88.5-89 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine to coarse sand w/some fine gravel 
Classification: USCS = SW; AASHTO = A-1-b 



0.0010.010.1110100

P
e
rc

e
n

t 
F

in
e
r 

b
y
 W

e
ig

h
t

Grain Size in Millimeters

GRAIN       SIZE      CURVE

100

90

80

70

60

50

40

30

20

10

100

10

20

30

40

50

60

70

80

90

0

0

3         2    11/2      1     3/4      1/2   3/8     1/4     4        6        8  10          16     20      30      40     50              100              200             

SIEVE OPENINGS IN INCHES                                                               U.S. STANDARD SIEVE NUMBERS           HYDROMETER

GRAVEL SAND

SILT                        CLAY
COARSE                  FINE COARSE          MEDIUM                      FINE

13-017

Sample: Boring 8, 7-7.5 ft
Properties: Gs = 2.697; LL = 37, PL = 15, PI = 12
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Description: Gray and brown silty clay, sandy
Classification: USCS = CL; AASHTO = A-6
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Sample: Boring 8, 14-15 ft  
Atterberg Limits: Non-plastic 

Description: Brown and tan silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 8, 68.5-69.5 ft  
Atterberg Limits: Non-plastic 

Description: Tan and gray fine to coarse sand w/fine gravel 
Classification: USCS = SP; AASHTO = A-1-b 
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Sample: Boring 9, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 9, 58.5-59.5 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine to coarse sand, slightly silty w/fine gravel 
Classification: USCS = SP-SM; AASHTO = A-1-a 
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Sample: Boring 10, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand w/a little medium sand 
Classification: USCS = SP; AASHTO = A-3 
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Sample: Boring 11, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand  
Classification: USCS = SP; AASHTO = A-3 



0.001 0.01 0.1 1 10 100 

Pe
rc

en
t F

in
er

 b
y 

W
ei

gh
t 

Grain Size in Millimeters 

GRAIN       SIZE      CURVE 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

100 

10 

20 

30 

40 

50 

60 

70 

80 

90 

0 

0 
  3         2    11/2      1     3/4      1/2   3/8     1/4     4        6        8  10          16     20      30      40      50              100              200              

SIEVE OPENINGS IN INCHES                                                               U.S. STANDARD SIEVE NUMBERS                                                                               HYDROMETER 

GRAVEL SAND 
SILT           OR            CLAY 

COARSE                  FINE COARSE          MEDIUM                      FINE 

13-017 

Pe
rc

en
t R

et
ai

ne
d 

by
 W

ei
gh

t 

Sample: Boring 11, 48.5-49.5 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine to medium sand  
Classification: USCS = SP; AASHTO = A-1-b 
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Sample: Boring 12, 68.5-69.5 ft  
Atterberg Limits: Non-plastic 

Description: Gray sandy fine gravel 
Classification: USCS = GW; AASHTO = A-1-a 
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Sample: Boring 13, 6.5-7.5 ft
Properties: Gs = 2.661; Non-plastic
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Description: Brown and gray silty fine sand
Classification: USCS = SM; AASHTO = A-2-4
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Sample: Boring 13A, 9-10 ft  
Atterberg Limits: Non-plastic 

Description: Brown and tan fine sand w/a little medium sand 
Classification: USCS = SP; AASHTO = A-3 
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Sample: Boring 13A, 19-20 ft
Properties: Gs = 2.654; Non-plastic
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Description: Brown and tan fine sand
Classification: USCS = SP; AASHTO = A-3
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Sample: Boring 13A, 48.5-49.5 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine to coarse sand, slightly silty  w/some fine gravel 
Classification: USCS = SW-SM; AASHTO = A-1-b 
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Sample: Boring 13A, 68.5-69.5 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine to coarse sand, slightly silty  w/some fine  to coarse gravel 
Classification: USCS = SW-SM; AASHTO = A-1-b 
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Sample: Boring 13A, 99-100 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine to coarse sand w/some fine gravel 
Classification: USCS = SP; AASHTO = A-1-b 
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Sample: Boring 13A, 139-140 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine to coarse sand w/some fine gravel 
Classification: USCS = SP; AASHTO = A-1-b 
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Sample: Boring 14, 4.5-5.5 ft
Properties: Gs = 2.669; LL = 34, PL = 19, PI = 15
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Description: Brown silty clay
Classification: USCS = CL; AASHTO = A-6
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Sample: Boring 14, 14-15 ft
Properties: Gs = 2.668; LL = 22, PL = 17, PI = 5
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Description: Gray clayey silt
Classification: USCS = CL-ML; AASHTO = A-4
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Sample: Boring 14, 24-24.5 ft
Properties: Gs = 2.668; Non-plastic
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Description: Gray silty fine sand
Classification: USCS = SM; AASHTO = A-4
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Sample: Boring 14, 100-118 ft (composite)  
Atterberg Limits: Non-plastic 

Description: Brown sandy fine gravel 
Classification: USCS = GP; AASHTO = A-1-a 
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Sample: Boring 15, 6.5-7.5 ft  
Atterberg Limits: Non-plastic 

Description: Brown silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 15, 24-25 ft  
Atterberg Limits: Non-plastic 

Description: Brown silty fine sand 
Classification: USCS = SP-SM; AASHTO = A-2-4 
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Sample: Boring 15, 44-45 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray fine to medium sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-1-b 
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Sample: Boring 15, 59-60 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 15, 69-70 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray fine to medium sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 16, 9-10 ft  
Atterberg Limits: Non-plastic 

Description: Brown silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 16, 19-20 ft  
Atterberg Limits: Non-plastic 

Description: Brown fine sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 16, 39-40 ft  
Atterberg Limits: Non-plastic 

Description: Dark gray and brown silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 16, 49-50 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray fine to medium sand, slightly silty 
Classification: USCS = SP; AASHTO = A-1-b 
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Sample: Boring 16, 59-60 ft  
Atterberg Limits: Non-plastic 

Description: Gray and brown silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 16, 69-70 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray fine to medium sand w/trace fine gravel 
Classification: USCS = SP; AASHTO = A-1-b 
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Sample: Boring 17, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Brown and tan fine sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 17, 44-45 ft  
Atterberg Limits: Non-plastic 

Description: Gray and brown fine to medium sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 17, 54-55 ft  
Atterberg Limits: Non-plastic 

Description: Gray silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 17, 68.5-69 ft  
Atterberg Limits: Non-plastic 

Description: Brown fine to medium sand 
Classification: USCS = SP; AASHTO = A-3 
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Sample: Boring 17, 83.5-84 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray sandy fine to coarse gravel 
Classification: USCS = SW; AASHTO = A-1-a 
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Sample: Boring 18, 88.5-89.5 ft  
Atterberg Limits: Non-plastic 

          Description: Brown and gray sandy fine gravel 
          Classification: USCS = GP; AASHTO = A-1-a 
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Sample: Boring 19, 6.5-7 ft
Properties: Gs = 2.696; LL = 40, PL = 18, PI = 22
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Description: Gray and brown silty clay w/ferrous stains and nodules
Classification: USCS = CL; AASHTO = A-6
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Sample: Boring 19, 24-25 ft
Properties: Gs = 2.678; Non-plastic
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Description: Gray fine sand, slightly silty
Classification: USCS = sp-sm; AASHTO = A-3
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Sample: Boring 19, 78.5-79.5 ft  
Atterberg Limits: Non-plastic 

            Description: Grayish brown sandy fine gravel, slighly silty 
            Classification: USCS = SP-SM; AASHTO = A-1-b 
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Sample: Boring 20, 44-45 ft  
Atterberg Limits: Non-plastic 

          Description: Gray fine to coarse sand with a little fine gravel 
          Classification: USCS = SP-SM; AASHTO = A-1-b 



0.001 0.01 0.1 1 10 100 

Pe
rc

en
t F

in
er

 b
y 

W
ei

gh
t 

Grain Size in Millimeters 

GRAIN       SIZE      CURVE 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

100 

10 

20 

30 

40 

50 

60 

70 

80 

90 

0 

0 
  3         2    11/2      1     3/4      1/2   3/8     1/4     4        6        8  10          16     20      30      40      50              100              200              

SIEVE OPENINGS IN INCHES                                                               U.S. STANDARD SIEVE NUMBERS                                                                               HYDROMETER 

GRAVEL SAND 
SILT           OR            CLAY 

COARSE                  FINE COARSE          MEDIUM                      FINE 

13-017 

Pe
rc

en
t R

et
ai

ne
d 

by
 W

ei
gh

t 

Sample: Boring 20, 58.5-59.5 ft  
Atterberg Limits: Non-plastic 

    Description: Gray fine to coarse sand with trace fine gravel 
    Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 20, 88.5-89.5 ft  
Atterberg Limits: Non-plastic 

                         Description: Brown sandy fine gravel  
                         Classification: USCS = SW; AASHTO = A-1-a 
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Sample: Boring 21, 44-45 ft  
Atterberg Limits: Non-plastic 

Description: Tan and gray fine to coarse sand w/a little fine gravel 
Classification: USCS = SP; AASHTO = A-1-3 
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Sample: Boring 21, 68.5-69.5 ft  
Atterberg Limits: Non-plastic 

                         Description: Gray and tan sandy fine gravel 
                         Classification: USCS = SP; AASHTO = A-1-a 
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Sample: Boring 22, 14-15 ft  
Atterberg Limits: Non-plastic 

   Description: Brown silty fine sand 
   Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 22, 88.5-89.5 ft  
Atterberg Limits: Non-plastic 

   Description: Gray and brown sandy fine gravel 
   Classification: USCS = SP; AASHTO = A-1-b 
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Sample: Boring 23, 24-25 ft  
Atterberg Limits: Non-plastic 

 Description: Grayish brown fine sand 
 Classification: USCS = SP; AASHTO = A-3 
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Sample: Boring 23, 68.5-69.5 ft  
Atterberg Limits: Non-plastic 

 Description: Brownish gray fine to medium sand w/a little coarse sand and fine gravel 
 Classification: USCS = SP; AASHTO = A-3 
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Sample: Boring 24, 19-20 ft  
Atterberg Limits: Non-plastic 

Description: Brown and tan fine sand, slightly silty                                                                                      
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 24, 64-65 ft  
Atterberg Limits: Non-plastic 

Description: Tan and gray fine sand, slightly silty      
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 25, 19-20 ft  
Atterberg Limits: Non-plastic 

      Description: Brown and tan silty fine sand 
      Classification: USCS = SM; AASHTO = A-2-4 



    Grubbs, Hoskyn, Barton & Wyatt, Inc.
    CONSULTING ENGINEERS

Job No.: 13-017 Tested By: MM
Project: I-40 over White River Reported by: YZ

Prairie County, Arkansas Test Date: 5/21/2013
Boring No.: 2
Depth, ft: 4.5-5

Sample Description: Brown and gray clay with clay pockets and ferrous stains

Material Properties: LL = 52, PL = 23, PI = 29; Minus No. 200 Sieve = 98%; USCS = CH; AASHTO = A-7-6

Normal Stress, 
σ'v

Shear at failure, τf Unit Dry Wt,γd
Moisture 

Content,w
(psi) (psi) (lb/ft3) (%)

1 13.9 8.0 93.6 27.7
2 27.8 13.8 96.5 25.0
3 41.7 20.0 95.4 26.6

DIRECT SHEAR (AASHTO T-236) TEST  RESULTS
(Consolidated Drained)
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    Grubbs, Hoskyn, Barton & Wyatt, Inc.
    CONSULTING ENGINEERS

Job No.: 13-017 Tested By: MM
Project: I-40 over White River Reported by: YZ

Prairie County, Arkansas Test Date: 5./30/2013
Boring No.: 3
Depth, ft: 7-7.5

Sample Description: Brown and gray silty clay with ferrous stains

Material Properties: LL = 47, PL = 21, PI = 26; Minus No. 200 Sieve = 95%; USCS = CL; AASHTO = A-7-6

Normal Stress, 
σ'v

Shear at failure, τf Unit Dry Wt,γd
Moisture 

Content,w
(psi) (psi) (lb/ft3) (%)

1 13.9 7.9 99.0 23.7
2 27.8 14.5 99.3 24.0
3 41.7 19.7 100.6 22.9

DIRECT SHEAR (AASHTO T-236) TEST  RESULTS
(Consolidated Drained)
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    Grubbs, Hoskyn, Barton & Wyatt, Inc.
    CONSULTING ENGINEERS

Job No.: 13-017 Tested By: MM
Project: I-40 over White River Reported by: YZ

Prairie County, Arkansas Test Date: 3/12/2014
Boring No.: 4
Depth, ft: 7-7.5

Sample Description: Gray and brown silty clay

Material Properties: LL = 46, PL = 19, PI = 27; Minus No. 200 Sieve = 97%; USCS = CL; AASHTO = A-7-6

Normal Stress, 
σ'v

Shear at failure, τf Unit Dry Wt,γd
Moisture 

Content,w
(psi) (psi) (lb/ft3) (%)

1 4.5 3.8 100.2 23.5
2 9.0 5.9 99.2 23.5
3 13.5 8.2 99.0 23.5

DIRECT SHEAR (AASHTO T-236) TEST  RESULTS
(Consolidated Drained)
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    Grubbs, Hoskyn, Barton & Wyatt, Inc.
    CONSULTING ENGINEERS

Job No.: 13-017 Tested By: MM
Project: I-40 over White River Reported by: YZ

Prairie County, Arkansas Test Date: 2/25/2014
Boring No.: 22
Depth, ft: 14-25

Sample Description: Brown silty fine sand

Material Properties: Non-plastic; Minus No. 200 Sieve = 13%; USCS = SM; AASHTO = A-4

Normal Stress, 
σ'v

Shear at failure, τf Unit Dry Wt,γd
Moisture 

Content,w
(psi) (psi) (lb/ft3) (%)

1 4.5 3.3 96.8 24.5
2 9.0 6.2 97.4 24.5
3 13.5 8.8 97.8 24.5

DIRECT SHEAR (AASHTO T-236) TEST  RESULTS
(Consolidated Drained)
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    Grubbs, Hoskyn, Barton & Wyatt, Inc.
    CONSULTING ENGINEERS

Job No.: 13-017 Tested By: MM
Project: I-40 over White River Reported by: YZ

Prairie County, Arkansas Test Date: 5/13/2013
Boring No.: 29
Depth, ft: 14-14.5

Sample Description: Reddish brown clay

Material Properties: LL = 70, PL = 24, PI = 46; Minus No. 200 Sieve = 99%; USCS = CH; AASHTO = A-7-6

Normal Stress, 
σ'v

Shear at failure, τf Unit Dry Wt,γd
Moisture 

Content,w
(psi) (psi) (lb/ft3) (%)

1 4.5 4.0 90.2 30.5
2 9.0 5.7 89.5 31.5
3 13.5 6.6 91.6 30.3

DIRECT SHEAR (AASHTO T-236) TEST  RESULTS
(Consolidated Drained)
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    Grubbs, Hoskyn, Barton & Wyatt, Inc.
    CONSULTING ENGINEERS

Job No.: 13-017 Tested By: MM
Project: I-40 over White River Reported by: YZ

Prairie County, Arkansas Test Date: 5/13/2013
Boring No.: 30
Depth, ft: 9.5-10

Sample Description: Tan and gray clay with fine sandy silt pockets

Material Properties: LL = 50, PL = 18, PI = 32; Minus No. 200 Sieve = 87%; USCS = CL; AASHTO = A-7-6

Normal Stress, 
σ'v

Shear at failure, τf Unit Dry Wt,γd
Moisture 

Content,w
(psi) (psi) (lb/ft3) (%)

1 4.5 4.8 101.0 24.0
2 9.0 6.9 105.6 19.5
3 13.5 7.9 104.4 20.5

DIRECT SHEAR (AASHTO T-236) TEST  RESULTS
(Consolidated Drained)
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CONSOLIDATION TEST RESULTS  
(AASHTO T-216) 

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

GHBW Job No.: 13-017 
Project: I-40 over White River 
Boring: 1 
Depth: 9.5-10 ft 
Description: Brown and gray silty clay 
USCS = CL 
AASHTO = A-7-6 

Unit Dry Weight: 95.0 pcf 
Initial Water Content: 26.4% 
Final Water Content: 24.5% 
Liquid Limit: 43 
Plastic Limit: 19 
Minus #200: 97% 
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Unit Dry Weight: 95.0 pcf 
Initial Water Content: 26.4% 
Final Water Content: 24.5% 
Liquid Limit: 43 
Plastic Limit: 19 
Minus #200: 97% 

GHBW Job No.: 13-017 
Project: I-40 over White River 
Boring: 1 
Depth: 9.5-10 ft 
Description: Brown and gray silty clay 
USCS = CL 
AASHTO = A-7-6 
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CONSOLIDATION TEST RESULTS  
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GHBW Job No.: 13-017 
Project: I-40 over White River 
Boring: 3 
Depth: 4.5-5 ft 
Description: Brown and gray silty clay 
USCS = CL 
AASHTO = A-7-6 

Unit Dry Weight: 99.0 pcf 
Initial Water Content: 24.5% 
Final Water Content: 25.1% 
Liquid Limit: 48 
Plastic Limit: 19 
Minus #200: 95% 
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Unit Dry Weight: 99.0 pcf 
Initial Water Content: 24.5% 
Final Water Content: 25.1% 
Liquid Limit: 48 
Plastic Limit: 19 
Minus #200: 95% 

GHBW Job No.: 13-017 
Project: I-40 over White River 
Boring: 3 
Depth: 4.5-5 ft 
Description: Brown and gray silty clay 
USCS = CL 
AASHTO = A-7-6 
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GHBW Job No.: 13-017 
Project: I-40 over White River 
Boring: 23 
Depth: 7-7.5 ft 
Description: Brown and tan silty clay 
USCS = CL 
AASHTO = A-7-6 

Unit Dry Weight: 99.9 pcf 
Initial Water Content: 21.3% 
Final Water Content: 27.1% 
Liquid Limit: 44 
Plastic Limit: 19 
Minus #200: 97% 
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Unit Dry Weight: 99.9 pcf 
Initial Water Content: 21.3% 
Final Water Content: 27.1% 
Liquid Limit: 44 
Plastic Limit: 19 
Minus #200: 97% 

GHBW Job No.: 13-017 
Project: I-40 over White River 
Boring: 23 
Depth: 7-7.5 ft 
Description: Brown and tan silty clay 
USCS = CL 
AASHTO = A-7-6 
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 1 

EXECUTIVE SUMMARY 
 
Site-specific seismic ground motion response analyses using a weighted combination of 

equivalent linear (EQL) and nonlinear (NL) methods were used to develop median ground 
surface spectral acceleration (Sa) estimates for both sides the I-40 replacement bridge over the 
White River. The final results (i.e., delineated design acceleration response spectra) are 
summarized below in Figures 3-5 and Table 1. All site-specific ground motion response analyses 
were conducted in accordance with Section 3.4.3.2 in the 2011 AASHTO Guide Specifications 
for LRFD Seismic Bridge Design 2nd Edition.    

 
 Shear wave velocity (Vs) profiles were determined on both sides of the White River 
(hereafter referred to as the West and East sides) using a combination of active-source and 
ambient-wavefield surface wave methods. The use of active-source methods (i.e., the MASW 
method with both sledgehammer and vibroseis truck sources) allowed for resolution of near-
surface layering details, while the use of 2D ambient-wavefield methods (i.e., microtremor array 
measurements, or MAM) allowed for deep subsurface profiling. The median Vs profile 
developed for the West side of the river resulted in an average Vs30m/Vs100ft value of 171 
m/s (560 ft/sec); a Site Class E designation according to Table 3.4.2.1-1 in AASHTO (2011). 
The median Vs profile developed for the East side of the river resulted in an average 
Vs30m/Vs100ft value of 207 m/s (680 ft/sec); a Site Class D designation. The Vs profiles 
developed for the West and East side of the river are provided in Figures E1 and E2, 
respectively. They are discussed in greater detail in the main body of this report. 
 

The Vs profiles on both sides of the river extend to depths exceeding 400 m (1300 ft), 
where material with an average shear wave velocity greater than 760 m/s (2500 ft/sec) (i.e., Site 
Class B rock) was encountered.  The uncertainty in Vs was accounted for in the site response 
analyses by adjusting the derived Vs profiles by +/- 15%, and depth to “engineering bedrock”, 
where ground motions were input, by +/- 20%. Uncertainty in the dynamic soil properties 
assigned to each soil and rock layer was accounted for by using the median and +/- one standard 
deviation normalized modulus reduction (G/Gmax) and damping (D) curves proposed by 
Darendeli (2001). Sets of these curves were strength corrected at high shear strains for 
compatibility with the measured soil shear strengths in the near-surface soil layers.   

 
NL and EQL site response analyses were performed using the 1D site response program 

DEEPSOIL (http://deepsoil.cee.illinois.edu/). Four ground motions from the NUREG database 
were spectrally matched to the Site Class B Uniform Hazard Spectrum and used as the input 
ground motions for this study. The log-normal median surface response resulting from 
propagating these four input ground motions through each distinct set of Vs and dynamic soil 
properties was weighted and combined via a logic tree approach in order to determine an 
overall/“fully weighted” surface response for the West and East sides of the river, respectively. 
These fully weighted results were used to determine spectral ratios between the median input 
ground motions and median surface ground motions, which were then multiplied by the Site 
Class B generic/general acceleration response spectrum in order to determine the median site-
specific response spectrum on each side of the river.   
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Figure E1. Shear wave velocity (Vs) profiles for the West side of the I-40 White River 
Bridge. The “best” 1000, “best” 100, and “best”/lowest misfit Vs profiles resulting from the 
surface wave inversion are all shown. Also shown is the median Vs profile derived from the 
“best” 1000 profiles, which has a Vs30 value of 171 m/s (560 ft/sec), resulting in a Site Class 
E seismic site classification.        
 

 
Figure E2. Shear wave velocity (Vs) profiles for the East side of the I-40 White River 
Bridge. The “best” 1000, “best” 100, and “best”/lowest misfit Vs profiles resulting from the 
surface wave inversion are all shown. Also shown is the median Vs profile derived from the 
“best” 1000 profiles, which has a Vs30 value of 207 m/s (680 ft/sec), resulting in a Site Class 
D seismic site classification.   
      

Top 50m 

Vs30 = 171 m/s 
(560 ft/sec) 
Site Class E 

Top 500m 

Top 500m Top 50m 

Vs30 = 207 m/s 
(680 ft/sec) 
Site Class D 
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The final results from the site-specific ground motion response analyses are detailed in 
Figures E3 and E4 for the West and East side of the river, respectively. As noted above, the West 
side of the river was found to classify as Site Class E in the vicinity where Vs testing was 
conducted (refer to Figure 1, below, for location). Therefore, the Site Class E spectrum based on 
the general AASHTO (2011) procedure (Section 3.4.1) is shown for reference in Figure E3. Also 
shown for reference is a spectrum that is equivalent to 2/3 of the Site Class E general spectrum, 
because according to Section 3.4.3 of AASHTO (2011), unless otherwise approved by the 
Owner, the response spectrum used in design shall not be lower than 2/3 of the general site-
adjusted spectrum even if site-specific results indicate it is possible. The median site-specific 
response spectrum on the West side of the river is provided in Figure E3. This response spectrum 
is less than the allowable minimum of 2/3 Site Class E up to a period (T) of just over 0.2 
seconds. The site-specific spectrum exceeds the 2/3 limit, while still remaining below the general 
Site Class E spectrum, between periods of approximately 0.2 – 1.0 seconds, after which it falls 
slightly below the limit. The delineated site-specific design response spectrum, highlighted in 
Figure E3, is defined as the greater of either the median site-specific response spectrum or 2/3 of 
the general response spectrum. This delineated spectrum should be used for design on the West 
side of the river. 
 

The East side of the river was found to classify as Site Class D in the vicinity where Vs 
testing was conducted (refer to Figure 1, below, for location). Therefore, the Site Class D 
spectrum based on the general AASHTO (2011) procedure is shown for reference in Figure E4, 
along with a spectrum equivalent to 2/3 of the Site Class D spectrum. The median site-specific 
response spectrum on the East side of the river is also provided in Figure E4. This response 
spectrum is generally less than the allowable minimum of 2/3 Site Class D up to a period (T) of 
approximately 0.2 seconds.  The site-specific spectrum exceeds the 2/3 limit between periods of 
approximately 0.2 – 3.0 seconds, and is essentially equal to the Site Class D general spectrum 
between periods of 0.7 – 1.0 seconds. The delineated site-specific design response spectrum, 
highlighted in Figure E4, is defined as the greater of either the median site-specific response 
spectrum or 2/3 of the general response spectrum. This delineated spectrum should be used for 
design on the East side of the river. 

 
 The site-specific ground motion response analysis results for both the West and East side 
of the White River are compared, along with their respective delineated design response spectra, 
in Figure E5. Tabulated values of Sa, including PGA/As values for use in liquefaction 
analyses, for each delineated design response spectrum are also provided in Table E1. A 
corresponding moment magnitude (Mw) of 7.7 should be used in liquefaction analyses. This 
is the modal magnitude at the bridge site for every available period in the 2002 USGS 
deaggregation tool. While the modal magnitude always stays fixed at Mw = 7.7, the mean 
magnitude consistently shifts upward from approximately Mw = 7.35 for PGA to Mw = 7.57 for 
the 2-second period data (maximum period available). Basically, this means the modal 
magnitude and the mean magnitude are expected to grow closer to one another for soft and/or 
deep soil sites with large natural periods. Since this site has an approximate natural period of 3 
seconds, based on the deep Vs profiles shown above, the mean and modal magnitudes are 
expected to be very close to one another and approximately equal to Mw = 7.7.   
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Figure E3. Site-specific ground motion response analysis results for the West side of the 
White River at I-40. 
 
 
 
 

 
Figure E4. Site-specific ground motion response analysis results for the East side of the 
White River at I-40. 
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Figure E5. Comparison of site-specific ground motion response analysis results for the 
West and East side of the White River at I-40. 
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Table E1. Spectral acceleration (Sa) values for the delineated design response spectra 
obtained from site-specific ground motion response analyses for the West and East side of 
the White River at I-40.   

      
 

Period
Delineated 

Design
(sec) (g)
PGA 0.23
0.010 0.258
0.014 0.271
0.018 0.284
0.022 0.297
0.026 0.310
0.030 0.323
0.040 0.355
0.050 0.387
0.060 0.419
0.070 0.452
0.080 0.484
0.090 0.516
0.10 0.547
0.20 0.547
0.22 0.547
0.24 0.590
0.26 0.615
0.28 0.634
0.30 0.632
0.34 0.621
0.36 0.619
0.42 0.611
0.48 0.574
0.54 0.574
0.60 0.508
0.70 0.473
0.80 0.399
0.90 0.353
1.0 0.302
1.2 0.231
1.4 0.195
1.6 0.171
1.8 0.152
2.0 0.137
2.5 0.109
3.0 0.091
3.5 0.078
4.0 0.068
5.0 0.055
6.0 0.045
7.0 0.039
8.0 0.034
9.0 0.030
10.0 0.027

West of White River

Period
Delineated 

Design
(sec) (g)
PGA 0.17
0.010 0.210
0.014 0.220
0.018 0.230
0.022 0.239
0.026 0.249
0.030 0.259
0.040 0.284
0.050 0.309
0.060 0.333
0.070 0.358
0.080 0.383
0.090 0.404
0.10 0.408
0.20 0.413
0.22 0.453
0.24 0.494
0.26 0.512
0.28 0.520
0.30 0.518
0.34 0.511
0.36 0.500
0.42 0.461
0.48 0.433
0.54 0.435
0.60 0.394
0.70 0.393
0.80 0.351
0.90 0.316
1.0 0.275
1.2 0.213
1.4 0.169
1.6 0.144
1.8 0.126
2.0 0.108
2.5 0.083
3.0 0.067
3.5 0.053
4.0 0.046
5.0 0.037
6.0 0.031
7.0 0.026
8.0 0.023
9.0 0.020
10.0 0.018

East of White River
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INTRODUCTION 
 

Site-specific seismic ground motion response analyses have been conducted to develop 
ground surface spectral acceleration (Sa) estimates for both sides the I-40 replacement bridge 
over the White River in Prairie County, Arkansas (AHTD Job BB0610). All site-specific ground 
motion response analyses were performed in accordance with Section 3.4.3.2 in the 2011 
AASHTO Guide Specifications for LRFD Seismic Bridge Design 2nd Edition. Furthermore, this 
work has closely followed procedures that were developed for Mack Blackwell Rural 
Transportation Center (MBTC) project number MBTC 3032, “Site-Specific Seismic Ground 
Motion Analyses for Transportation Infrastructure in the New Madrid Seismic Zone”. The report 
from that project, written by Cox et al. (2011), is available online at:  
 

http://ww2.mackblackwell.org/web/research/ALL_RESEARCH_PROJECTS/3000s/3032/MBTC-3032FinalReport.pdf 
 
The MBTC 3032 report includes thorough descriptions of the entire site-specific ground motion 
response analysis process. Herein, we primarily document critical details specific to 
understanding the analyses conducted for the White River bridge site, and refer the reader to 
MBTC 3032 for additional, more detailed information. 
 
 The approximate latitude and longitude coordinates for the proposed bridge site are 
provided in Table 1.  An aerial photograph of the bridge site is provided in Figure 1.   
 
 

SHEAR WAVE VELOCITY PROFILES 
  
 A combination of active-source and ambient-wavefield surface wave data were acquired 
on both the West and East sides of the river in order to develop deep shear wave velocity (Vs) 
profiles for use in the site response analyses. Active-source testing was conducted using the 
multi-channel analysis of surface waves method (MASW) with both a sledgehammer impact 
source and a vibroseis truck. Ambient-wavefield surface waves were recorded using 2-
dimensional (2D) arrays of sensors; a technique referred to as microtremor array measurements 
(MAM). The locations of the MASW and MAM arrays are shown in Figure 1.     
 

The following data was collected at the bridge site during field testing: (a) active-source 
(sledgehammer) stress wave records from 48, 4.5-Hz vertical geophones spaced at 2 m and 
collected using source offsets of 5, 10, 20 and 30 m, (b) active-source (vibroseis) records from 
24, 4.5-Hz vertical geophones spaced at 2 m and collected using source offsets of 5, 10, 20 and 
30 m, and (c) ambient-wavefield records from 10 broadband, 3-component seismometers placed 
in circular arrays with diameters of approximately 60, 200 and 400 m. Note that only one MAM 
array, roughly 200 m in diameter, was used on the West side of the river due to the difficulty of 
finding locations for receivers in the flooded timber.  
  

Active-source sledgehammer and vibroseis data were analyzed using the frequency 
domain beamformer (FDBF) method (Zywicki 1999) coupled with the multiple source-offset 
technique for identifying near-field contamination and quantifying dispersion uncertainty. The 
ambient-wavefield MAM data were analyzed using both the 2D high resolution frequency- 

http://ww2.mackblackwell.org/web/research/ALL_RESEARCH_PROJECTS/3000s/3032/MBTC-3032FinalReport.pdf
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Table 1.  Site Coordinates for the I-40 replacement bridge over the White River (AHTD 
Job BB0610). 

Latitude 34°50’22.62” 34.83967° 

Longitude -91°27’25.92” -91.4572° 

 

 
Figure 1. Current I-40 bridge over the White River (location 34.83967° N 91.4572° W).  
Also shown are the locations of the sensor arrays used for active-source multi-channel 
analysis of surface waves (MASW) testing and ambient-wavefield microtremor array 
measurements (MAM) on the West and East sides of the river.   

 
wavenumber (HRFK) method and the Modified Spatial Autocorrelation (MSPAC) method 
programed in the Geopsy software package (http://www.geopsy.org). More detailed information 
about the procedures used to develop dispersion estimates from the active and ambient surface 
wave data may be found in Cox and Wood (2011) and Wood et al. (2014).   

 
The MASW and MAM Rayleigh wave phase velocity dispersion data derived for the 

West and East sides of the river are compared in Figures 2 and 3, respectively. The agreement 
between the MASW and MAM data is excellent, particularly considering that the MASW and 
MAM arrays were not always co-located (refer to Figure 1). Furthermore, dispersion estimates 
were developed from approximately 1 – 20 Hz on both sides of the river, despite only having one 
MAM array on the West side. The dispersion data shown in Figures 2 and 3 were averaged in 
areas of overlap and resampled at a coarser frequency spacing in order to prepare the data for 
inversion. The resampled data is shown in Figures 4 and 5 for the West and East sides of the 
river, respectively.   

http://www.geopsy.org/
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Figure 2. Comparison of MASW and MAM experimental Rayleigh wave phase velocity 
dispersion data on the West side of the I-40 White River Bridge.   
 
 

 
Figure 3. Comparison of MASW and MAM experimental Rayleigh wave phase velocity 
dispersion data on the East side of the I-40 White River Bridge.   
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Figure 4. Combined and resampled experimental Rayleigh wave phase velocity dispersion 
data on the West side of the I-40 White River Bridge. Also shown are the theoretical 
dispersion curves for the minimum misfit and median shear wave velocity (Vs) profile 
resulting from the multi-modal surface wave inversion. Note that R0, R1, R2 and R3 
correspond to the fundamental, 1st-higher, 2nd-higher and 3rd-higher theoretical modes of 
Rayleigh wave propagation for the inverted Vs profiles.       
 

 
Figure 5. Combined and resampled experimental Rayleigh wave phase velocity dispersion 
data on the East side of the I-40 White River Bridge. Also shown are the theoretical 
dispersion curves for the minimum misfit and median shear wave velocity (Vs) profile 
resulting from the multi-modal surface wave inversion. Note that R0, R1, R2 and R3 
correspond to the fundamental, 1st-higher, 2nd-higher and 3rd-higher theoretical modes of 
Rayleigh wave propagation for the inverted Vs profiles.       
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The dispersion data shown in Figures 4 and 5 were used to perform a multi-modal 

inversion in order to obtain a median shear wave velocity profile on each side of the river. Once 
again, the Geopsy software package was used to perform these inversions. During inversion, 
over 2 million layered soil profiles were considered using a neighborhood search algorithm. The 
shear wave velocities for the soil layers were initially estimated as a function of material 
type/geology and confining pressure, yet given the flexibility to vary within reasonable limits. 
The saturation depth was set at approximately 2-5 m (6-26 ft) deep (due to the relatively shallow 
water table near the river), thus constraining the P-wave velocity to 1500 m/s [5000 ft/s] (i.e., 
effectively fixing Poisson’s ratio near 0.5) below this depth; however, at depths where the shear 
wave velocity exceeded approximately 750 m/s (2500 ft/s), the P-wave velocity constraint was 
relaxed and Poisson’s ratio was allowed to vary between 0.25-0.35. The density of each layer 
was held constant at 2000 kg/m3 (125 pcf) regardless of depth or suspected material type. The 
fundamental mode of Rayleigh wave propagation (R0) was considered, along with the first (R1), 
second (R2) and third (R3) higher modes. A misfit function between the experimental dispersion 
data and the theoretical dispersion data resulting from each layered soil profile was used to 
obtain the shear wave velocity profiles with the minimum misfit (i.e., best fit). The theoretical 
dispersion curves resulting from the layered profile with the minimum misfit are superimposed 
on the experimental data in Figures 4 and 5 for the West and East sides of the river, respectively. 
On the West side of the river, the experimental data was found to transition from R0 to R1 at 
approximately 5 Hz. On the East side of the river, the experimental data was found to transition 
from R0 to R1 at approximately 2 Hz. A very good fit to the experimental data was obtained in 
both cases.      

 
The shear wave velocity profiles resulting from inversion of the dispersion data collected 

on the West and East sides of the river are shown in Figures 6 and 7, respectively. In both 
figures, the plot on the left displays the Vs profiles over the top 500 m (1600 ft), while the plot 
on the right displays the Vs profiles over the top 50 m (160 ft). The 1000 “best”, 100 “best” and 
“best”/minimum misfit Vs profiles are all indicated, along with the median Vs profile of the 
1000 “best” profiles. The median Vs profiles on both sides of the river were used as the basis for 
determining seismic site classification and as the starting profiles for incorporating Vs 
uncertainty into the site response analyses. The median Vs profile on the West side of the river 
(refer to Figure 6) resulted in a Vs30/Vs100 value of 171 m/s (560 ft/sec), yielding a Site Class E 
seismic site classification. The median Vs profile on the East side of the river (refer to Figure 7) 
resulted in a Vs30/Vs100 value of 207 m/s (680 ft/sec), yielding a Site Class D seismic site 
classification.   

 
The median Vs profiles were used as the starting profiles for incorporating Vs uncertainty 

into the site response analyses. Ultimately, three different Vs profiles were used for the site 
response calculations on each side of the bridge. The three Vs profiles used for the West side of 
the river are shown in Figure 8, while the three Vs profiles used for the East side of the river are 
shown in Figure 9. These profiles were developed as follows: (1) The median Vs profiles were 
decreased and increased by 15% in order to obtain the lower- and upper-bound profiles, 
respectively; (2) The depth to “engineering bedrock” (i.e., the depth where Vs > 760 m/s, 
corresponding to Site Class B rock) was estimated between 350 – 450 m (1150-1500 ft) based on 
the “best” 1000 Vs profiles in Figures 6 and 7. This range corresponds well with estimates of the  
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Figure 6. Shear wave velocity (Vs) profiles for the West side of the I-40 White River Bridge. 
The “best” 1000, “best” 100, and lowest misfit Vs profiles resulting from the surface wave 
inversion are all shown. Also shown is the median Vs profile derived from the “best” 1000 
profiles, which has a Vs30 value of 171 m/s (560 ft/sec), resulting in a Site Class E seismic 
site classification.        
 

 
Figure 7. Shear wave velocity (Vs) profiles for the East side of the I-40 White River Bridge. 
The “best” 1000, “best” 100, and lowest misfit Vs profiles resulting from the surface wave 
inversion are all shown. Also shown is the median Vs profile derived from the “best” 1000 
profiles, which has a Vs30 value of 207 m/s (680 ft/sec), resulting in a Site Class D seismic 
site classification.        

Top 50m 

Vs30 = 171 m/s 
(560 ft/sec) 
Site Class E 

Top 500m 

Top 500m Top 50m 

Vs30 = 207 m/s 
(680 ft/sec) 
Site Class D 
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Figure 8. Median, upper- and lower-bound shear wave velocity (Vs) profiles used in the site 
response analyses conducted for the West side of the I-40 White River Bridge. The arrow 
locations indicate Vs values and depths assigned to “engineering bedrock”, where ground 
motions were input for site response calculations.   
 
 
depth to the top of the Mesozoic unit at this location (personal communication from Scott 
Ausbrooks of AGC and Carson Sloan of AHTD). Therefore, the depth to “engineering bedrock” 
was set at 400 m (1300 ft) for the median Vs profiles on each side of the river; (3) The depth to 
“engineering bedrock” was then increased and decreased by 20% in order to account for 
uncertainty in this depth, with the greater depth to bedrock being associated with the lower-
bound Vs profile and the lesser depth to bedrock being associated with the upper-bound Vs 
profile; (4) An average Vs value of 900 m/s (2950 ft/s) was assigned to the “engineering 
bedrock”, also based on the range of the “best” 1000 profiles on each side of the river. This Vs 
value was then decreased and increased by 15% in order to account for uncertainty, with the 
lesser bedrock Vs value associated with the lower-bound Vs profile and the greater bedrock Vs 
value associated with the upper-bound Vs profile. The depths to bedrock and their corresponding 
Vs values are indicated in Figures 8 and 9. These depths represent the locations where ground 
motions were input into the soil profiles for site response analyses.   
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Figure 9. Median, upper- and lower-bound shear wave velocity (Vs) profiles used in the site 
response analyses conducted for the East side of the I-40 White River Bridge. The arrow 
locations indicate Vs values and depths assigned to “engineering bedrock”, where ground 
motions were input for site response calculations.   
 
 

DYNAMIC SOIL PROPERTIES 
 

Dynamic soil properties (i.e., normalized shear modulus reduction [G/Gmax] and material 
damping [D]) were developed for each soil layer using the empirical relationships published by 
Darendeli (2001). Three different sets of dynamic soil properties were utilized in order to 
account for uncertainty. The standard (i.e., “mean”) G/Gmax and D relationships of Darendeli 
(2001) were assigned to the median Vs profile, while the plus and minus one standard deviation 
relationships were assigned to the upper- and lower-bound Vs profiles, respectively. This same 
convention was followed in MBTC 3032 and the reader may consult that report for additional 
information.   
 

The dynamic soil property relationships published by Darendeli (2001) are primarily 
influenced by mean effective confining pressure, soil plasticity index (PI), and overconsolidation 
ratio (OCR). A simplified soil profile was developed for each side of the bridge to aid in 
assigning these values to each Vs layer down to bedrock. The near-surface simplified soil profile 
was primarily derived from boring logs provided by Grubbs, Hoskyn, Barton & Wyatt, Inc., 
while deeper estimates were made based on geology. If limited information was available, the 



 15 

soil PI was assumed equal to zero and the OCR was assumed equal to one. Reasonable values of 
soil unit weight were used to estimate effective confining pressures. Figure 10 shows some of the 
standard G/Gmax and D curves used for the East side of the river in conjunction with the median 
Vs profile. These curves were extracted from every 10th layer in the soil profile. In general, the 
G/Gmax curves become more linear as the effective confining pressure increases. Thus, the upper-
bound G/Gmax curves in the figure represent soils at greater depths. Conversely, the lower-bound 
D curves represent soils at greater depths. These curves are primarily shown to provide a 
visualization that illustrates the range of dynamic soil properties used in the site response 
analyses with the median Vs profiles. A set of “softer” curves (i.e., minus one standard deviation 
G/Gmax curves paired with plus one standard deviation D curves) were used with the lower-
bound Vs profiles and a set of “stiffer” curves (i.e., plus one standard deviation G/Gmax curves 
paired with minus one standard deviation D curves) were used with the upper-bound Vs profiles. 
  
 Implied shear strength corrections, as described in MBTC 3032, were conducted to adjust 
the G/Gmax curves on both the West and East sides of the river to depths near 10 m (30 ft). The 
approximate layer boundaries and soil types for each of these layers are provided in Table 2, 
along with the target undrained shear strength (Su; for clay layers) or Mohr-Coulomb effective 
friction angle (φ'; for sand layers). These estimates are based on boring logs, discussions with 
Grubbs, Hoskyn, Barton & Wyatt, Inc., and engineering judgment. Target shear strengths were 
matched at approximately 3% shear strain. 
 

SITE-SPECIFIC TARGET SPECTRUM 
 

For site-specific ground motion response analyses, a target spectrum (a target for the 
selection and scaling of input ground motions) was developed to characterize the seismic hazard 
at the bottom of the soil profile. Herein, the 5% in 50-year uniform hazard spectrum (UHS) 
serves as that target. The return period for a 5% in 50-year hazard is 1,000 years, which is almost 
exactly equivalent to the return period for the 7% in 75-year hazard level specified by AASHTO 
(2011) guidelines. The Java Ground Motion Parameter Calculator (JGMPC) was used to develop 
a UHS from the 2002 national seismic hazard maps data at periods of 0 (PGA), 0.1, 0.2, 0.3, 0.5, 
1.0, and 2.0 seconds. The target spectrum is illustrated in Figure 11. By default, the JGMPC 
computes hazards for Site Class B.  Although the Vs structure varies between the East and West 
sides of the river, the “engineering bedrock” on both sides is indeed Site Class B.  Thus, a single 
target spectrum was sufficient to describe the seismic hazard on both sides of the river. [Note 
that even AASHTO 2011 uses the 2002 data rather than the 2008 data; see notes in Figure 3.4.1-
2a relative to discussion and references]. 
 

 
INPUT GROUND MOTION SELECTION 

 
Deaggregation results for the site indicate that the seismic hazard is governed by 

approximately the same earthquake characteristics at each period: a modal magnitude of 7.7 at a 
distance of approximately 100 km (62 mi). These characteristics were used to select four input  
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Figure 10. Dynamic soil properties assigned to every 10th layer in the median Vs profile on 
the East side of the I-40 White River Bridge.   
 
 
Table 2. Target shear strengths used to perform shear strength corrections for the top 
three soil layers on both the West and East side of the I-40 White River Bridge. 
 

 
 

 
Figure 11. Uniform hazard spectrum (UHS)/target spectrum for the I-40 White River 
Bridge site developed using the data from the 2002 USGS maps for a 5% in 50-year 
probability of exceedance (equivalent to 7% in 75-year probability of exceedance). 
 

Lower Vs Median Vs Upper Vs
Top 2.5 m (8.2 ft) Clay Su = 48 kPa Su = 57 kPa Su = 65 kPa
2.5 - 5.5 m (8.2 - 18 ft) Sand φ' = 29° φ' = 32° φ' = 35°
5.5 - 10 m (18 - 32.8 ft) Dense Sand φ' = 35° φ' = 38° φ' = 40°

Top 2.5 m (8.2 ft) Clay Su = 57 kPa Su = 67 kPa Su = 77 kPa
2.5 - 10.5 m (8.2 - 34.4 ft) Sand φ' = 31° φ' = 34° φ' = 37°

West

Target Shear Strength
Depth

Assigned 
Soil Type

East
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ground motions from the NUREG database (see MBTC 3032 report for details). Each ground 
motion was scaled and then spectrally matched to the target spectrum for the White River Bridge 
site.  Figure 12 illustrates the four spectrally matched input ground motions along with the target 
spectrum. Note that that ground motions match the target spectrum very well at periods greater 
than 0.1 seconds. The ground motions exceed the target spectrum at shorter periods because the 
NUREG ground motions were purposely modified to included greater short-period energy as a 
means to better characterize ground motions expected in the Central and Eastern U.S. 
 
 

SITE RESPONSE METHODOLOGY 
 

Six distinct sets of site response analyses were conducted for each side of the bridge in an 
effort to account for uncertainties associated with the input parameters, spatial variability, and 
methods of analysis. Three types of analyses were conducted to account for uncertainties 
associated with the soil profile. These include: (1) a softer-bound, defined by the softer set of 
dynamic soil properties and the lower-bound Vs profile; (2) an average, based on the mean 
dynamic soil properties and median Vs profile; and (3) a stiffer-bound, defined by the stiffer set 
of dynamic soil properties and the upper-bound Vs profile. Finally, all of the previous 
combinations were computed using both equivalent linear (EQL) and non-linear (NL) site 
response analysis methods. Each of these six distinct analyses were conducted using four scaled 
and spectrally matched input motions. The result from each type of analysis is described by the 
lognormal median of the four output (surface) response spectra.  This is very similar to the “logic 
tree” approach that is described in detail in the MTBC 3032 report, except that the West and East 
sides of the bridge were analyzed separately. For clarity, the weighting factors used for this study 
are summarized in Figure 13. 
 
 

RESULTS 
 

All site response analyses were performed using the 1D site response program 
DEEPSOIL. The log-normal median surface response spectra resulting from six distinct site 
response analyses were weighted and combined using a logic tree approach in order to determine 
overall/“fully weighted” surface responses for the West and East sides of the river, respectively.   

 
The output from DEEPSOIL is summarized in Figures 14 and 15 for the West and East 

sides of the bridge, respectively.  The lognormal median response from the four input ground 
motions is plotted for each of the six distinct site response analyses described above (i.e., three 
different soil profiles with two types of analyses). The fully weighted response represents a 
single surface response spectrum obtained by applying the weighting factors from Figure 13 to 
each of the six lognormal median responses. For both sides of the bridge, ground motion 
amplification occurs at periods greater than approximately 0.2 sec. These fully weighted results 
were used to determine spectral ratios between surface ground motions and input ground 
motions, which were then multiplied by the generic Site Class B acceleration response spectrum 
(corresponding to the “engineering bedrock”) in order to compute a site-specific response 
spectrum for each side of the river. The results are plotted along with the generic response  
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Figure 12. Uniform hazard spectrum (UHS)/target spectrum for the I-40 White River 
Bridge site with the four scaled and spectrally matched input ground motions selected for 
use in site response analyses. 
 

 
Figure 13. Weighting Factors Used to Combine Site Response Analysis Results that Utilized 
Different Methods of Analyses, Vs Profiles, and Dynamic Soil Properties (DSP) into a 
Single, “Fully Weighted” Surface Response Spectrum for Each Side of the Bridge. 
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Figure 14. Log-normal median surface response from each distinct set of site response 
analyses, log-normal median of the input ground motions, generic Site Class E response 
spectrum, and the fully weighted median response spectra for the West side of the White 
River bridge over I-40. 
 
 
 

 
Figure 15. Log-normal median surface response from each distinct set of site response 
analyses, log-normal median of the input ground motions, generic Site Class D response 
spectrum, and the fully weighted median response spectra for the East side of the White 
River bridge over I-40. 
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spectrum that would be utilized in the absence of site-specific ground motion response analyses.  
This procedure is described more thoroughly in MBTC-3032. 
 

The final results from the site-specific ground motion response analyses are detailed in 
Figures 16 and 17 for the West and East side of the river, respectively.  As noted above, the West 
side of the river was found to classify as Site Class E in the vicinity where Vs testing was 
conducted. Therefore, the Site Class E spectrum based on the general AASHTO (2011) 
procedure (Section 3.4.1) is shown for reference in Figure 16. Also shown for reference is a 
spectrum that is equivalent to 2/3 of the Site Class E general spectrum, because according to 
Section 3.4.3 of AASHTO (2011), unless otherwise approved by the Owner, the response 
spectrum used in design shall not be lower than 2/3 of the general spectrum even if site-specific 
results indicate it is possible. The median site-specific response spectrum on the West side of the 
river is provided in Figure 16.  This response spectrum is less than the allowable minimum of 2/3 
Site Class E up to a period (T) of just over 0.2 seconds. The site-specific spectrum exceeds the 
2/3 limit, while still remaining below the general Site Class E spectrum, between periods of 
approximately 0.2 – 1.0 seconds, after which it falls slightly below the limit.  The delineated site-
specific design response spectrum, highlighted in Figure 16, is defined as the greater of either the 
median site-specific response spectrum or 2/3 of the general response spectrum. This delineated 
spectrum should be used for design on the West side of the river. 
 

The East side of the river was found to classify as Site Class D in the vicinity where Vs 
testing was conducted. Therefore, the Site Class D spectrum based on the general AASHTO 
(2011) procedure is shown for reference in Figure 17 along with a spectrum equivalent to 2/3 of 
the Site Class D spectrum. The median site-specific response spectrum on the East side of the 
river is also provided in Figure 17. This response spectrum is generally less than the allowable 
minimum of 2/3 Site Class D up to a period (T) of approximately 0.2 seconds.  The site-specific 
spectrum exceeds the 2/3 limit between periods of approximately 0.2 – 3.0 seconds, and is 
essentially equal to the Site Class D general spectrum between periods of 0.7 – 1.0 seconds.  The 
delineated site-specific design response spectrum, highlighted in Figure 17, is defined as the 
greater of either the median site-specific response spectrum or 2/3 of the general response 
spectrum.  This delineated spectrum should be used for design on the East side of the river. 

 
 The site-specific ground motion response analysis results for both the West and East side 
of the White River are compared, along with their respective delineated design response spectra, 
in Figure 18. Tabulated values of Sa, including PGA/As values for use in liquefaction 
analyses, for each delineated design response spectrum are also provided in Table 3. A 
corresponding moment magnitude (Mw) of 7.7 should be used in liquefaction analyses. This 
is the modal magnitude at the bridge site for every available period in the 2002 USGS 
deaggregation tool. While the modal magnitude always stays fixed at Mw = 7.7, the mean 
magnitude consistently shifts upward from approximately Mw = 7.35 for PGA to Mw = 7.57 for 
the 2-second period data (maximum period available). Basically, this means the modal 
magnitude and the mean magnitude are expected to grow closer to one another for soft and/or 
deep soil sites with large natural periods. Since this site has an approximate natural period of 3 
seconds, based on the deep Vs profiles shown above, the mean and modal magnitudes are 
expected to be very close to one another and approximately equal to Mw = 7.7.   
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Figure 16. Site-specific ground motion response analysis results for the West side of the 
White River at I-40. 
 
 
 
 

 
Figure 17. Site-specific ground motion response analysis results for the East side of the 
White River at I-40. 
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Figure 18. Comparison of site-specific ground motion response analysis results for the West 
and East side of the White River at I-40. 
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Table 3. Spectral acceleration (Sa) values for the delineated design response spectra 
obtained from site-specific ground motion response analyses for the West and East side of 
the White River at I-40.   
 

      
 

Period
Delineated 

Design
(sec) (g)
PGA 0.23
0.010 0.258
0.014 0.271
0.018 0.284
0.022 0.297
0.026 0.310
0.030 0.323
0.040 0.355
0.050 0.387
0.060 0.419
0.070 0.452
0.080 0.484
0.090 0.516
0.10 0.547
0.20 0.547
0.22 0.547
0.24 0.590
0.26 0.615
0.28 0.634
0.30 0.632
0.34 0.621
0.36 0.619
0.42 0.611
0.48 0.574
0.54 0.574
0.60 0.508
0.70 0.473
0.80 0.399
0.90 0.353
1.0 0.302
1.2 0.231
1.4 0.195
1.6 0.171
1.8 0.152
2.0 0.137
2.5 0.109
3.0 0.091
3.5 0.078
4.0 0.068
5.0 0.055
6.0 0.045
7.0 0.039
8.0 0.034
9.0 0.030
10.0 0.027

West of White River

Period
Delineated 

Design
(sec) (g)
PGA 0.17
0.010 0.210
0.014 0.220
0.018 0.230
0.022 0.239
0.026 0.249
0.030 0.259
0.040 0.284
0.050 0.309
0.060 0.333
0.070 0.358
0.080 0.383
0.090 0.404
0.10 0.408
0.20 0.413
0.22 0.453
0.24 0.494
0.26 0.512
0.28 0.520
0.30 0.518
0.34 0.511
0.36 0.500
0.42 0.461
0.48 0.433
0.54 0.435
0.60 0.394
0.70 0.393
0.80 0.351
0.90 0.316
1.0 0.275
1.2 0.213
1.4 0.169
1.6 0.144
1.8 0.126
2.0 0.108
2.5 0.083
3.0 0.067
3.5 0.053
4.0 0.046
5.0 0.037
6.0 0.031
7.0 0.026
8.0 0.023
9.0 0.020
10.0 0.018

East of White River
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Gain/Loss 1 at Shaft and Toe 1.000 / 1.000
GRLWEAP Version 2010
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Gain/Loss 1 at Shaft and Toe 1.000 / 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       24.2        0.4       23.8        1.3      7.834     -0.253       3.73       36.7
       5.0       41.4       17.6       23.8        2.5     13.725     -1.502       4.31       33.4
      10.0       59.1       35.2       23.8        4.0     17.456     -2.172       4.80       30.6
      15.0       76.7       52.9       23.8        5.7     20.475     -2.247       5.23       28.8
      20.0       94.3       70.5       23.8        7.5     22.696     -1.617       5.59       27.5
      25.0      111.9       88.1       23.8        9.5     23.884     -1.295       5.91       26.6
      30.0      129.6      105.7       23.8       11.8     25.323     -1.070       6.24       26.0
      35.0      147.2      123.4       23.8       13.9     25.888     -1.039       6.46       25.2
      40.0      362.1      146.6      215.4       49.7     30.623     -0.561       7.85       25.1
      45.0      426.8      192.5      234.3       66.1     30.643     -0.569       8.02       25.3
      50.0      491.5      238.3      253.2       93.0     30.826     -0.533       8.04       24.9
      55.0      552.2      284.1      268.1      128.7     30.426     -0.289       8.10       24.6
      59.0      595.9      320.8      275.2      161.5     30.495     -0.145       8.14       24.5
      60.0      606.9      329.9      276.9      171.4     30.662     -0.085       8.18       24.5
      61.0      617.8      339.1      278.7      182.1     30.430      0.000       8.19       24.3
      62.0      628.7      348.3      280.5      193.4     30.656      0.000       8.22       24.1
      63.0      639.7      357.4      282.2      208.7     31.065      0.000       8.22       23.8

Total Continuous Driving Time    70.00 minutes; Total Number of Blows     2954

zhao
Text Box
Results of Driveability Analysis18-In.-Diameter Steel Shell Driven Close-EndedDELMAG D 30-02 Hammer: E = 66.2 ft-kips; W = 6.6 kipsBent 1
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Gain/Loss 1 at Shaft and Toe 1.000 / 1.000
GRLWEAP Version 2010
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 23 2015
   GRLWEAP Version 201013-017_Bent 3_18 in.                    

Gain/Loss 1 at Shaft and Toe 1.000 / 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        0.0        0.0      0.000      0.000      10.56        0.0
       5.0        8.4        8.4        0.0       -1.0      0.000      0.000       0.00        0.0
      10.0       18.2       18.2        0.0        1.5      5.694      0.000       3.58       24.4
      15.0       29.8       29.8        0.0        1.8      9.442     -0.757       3.97       27.0
      20.0       43.2       43.2        0.0        2.3     12.366     -1.602       4.25       26.7
      25.0       58.4       58.4        0.0        3.2     14.879     -2.656       4.56       25.2
      30.0       81.1       81.1        0.0        4.8     17.009     -3.102       4.92       23.4
      35.0      106.8      106.8        0.0        6.7     18.712     -3.349       5.35       22.4
      36.0      112.2      112.2        0.0        7.1     18.951     -3.332       5.42       22.2
      37.0      625.7      123.0      502.7      185.4     31.557     -3.135       8.95       22.6
      38.0      636.5      133.8      502.7      193.9     31.456     -3.163       8.96       22.7
      39.0      647.4      144.6      502.7      204.9     31.362     -3.186       8.97       22.6
      40.0      658.2      155.5      502.7      219.6     31.019     -3.208       8.96       22.4
      41.0      669.0      166.3      502.7      230.5     30.594     -3.220       8.96       22.4

Total Continuous Driving Time    25.00 minutes; Total Number of Blows     1014

zhao
Text Box
Results of Driveability Analysis18-In.-Diameter Steel Shell Installed Close-EndedDELMAG D 22-23 Hammer: E = 51.2 ft-kips; W = 4.9 kipsBents 2 and 3
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Gain/Loss 1 at Shaft and Toe 1.000 / 1.000
GRLWEAP Version 2010
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 29 2015
   GRLWEAP Version 201013-017_Bent 5_18 in.                    

Gain/Loss 1 at Shaft and Toe 1.000 / 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        0.4        0.4        0.0        0.0      0.000      0.000      11.18        0.0
       5.0       17.6       17.6        0.0       -1.0      0.000      0.000       0.00        0.0
      10.0       27.8       27.8        0.0        1.6     11.504     -0.665       3.88       41.5
      15.0       34.1       34.1        0.0        1.8     12.936     -1.376       3.99       41.1
      20.0       44.6       44.6        0.0        2.2     14.998     -1.879       4.20       40.0
      25.0       57.6       57.6        0.0        2.7     17.336     -2.593       4.46       38.8
      30.0       72.8       72.8        0.0        3.4     19.134     -3.645       4.70       37.5
      35.0       90.5       90.5        0.0        4.1     20.688     -3.670       4.95       36.4
      40.0      110.4      110.4        0.0        5.1     21.647     -4.373       5.20       35.3
      45.0      132.8      132.8        0.0        6.1     22.886     -4.907       5.45       34.3
      50.0      157.4      157.4        0.0        7.5     23.546     -5.080       5.71       33.4
      51.0      574.1      167.8      406.3       74.2     32.323     -0.286       8.54       33.3
      52.0      592.1      178.1      413.9       80.3     32.561     -0.243       8.59       33.2
      53.0      610.0      188.5      421.6       86.3     32.849     -0.069       8.63       33.1
      54.0      772.5      199.3      573.3      184.9     37.076     -0.313       9.14       34.9
      55.0      786.9      210.1      576.8      202.6     36.761     -0.172       9.14       34.4

Total Continuous Driving Time    16.00 minutes; Total Number of Blows      685

zhao
Text Box
Results of Driveability Analysis18-In.-Diameter Steel Shell Installed Close-EndedDELMAG D 30-23 Hammer: E = 73.8 ft-kips; W = 6.6 kipsBents 4, 5 and 6
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Gain/Loss 1 at Shaft and Toe 1.000 / 1.000
GRLWEAP Version 2010
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 23 2015
   GRLWEAP Version 201013-017_Bent 7_18 in.                    

Gain/Loss 1 at Shaft and Toe 1.000 / 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        0.0        0.0        0.0        0.0      0.000      0.000       9.05        0.0
       5.0        1.6        1.6        0.0        0.0      0.000      0.000       9.05        0.0
      10.0        6.3        6.3        0.0        0.0      0.000      0.000       9.05        0.0
      15.0       14.6       14.6        0.0       -1.0      0.000      0.000       0.00        0.0
      20.0       25.8       25.8        0.0        1.4      8.874     -1.325       2.88       30.4
      25.0       38.9       38.9        0.0        1.6     12.456     -2.090       3.15       33.6
      30.0       60.8       60.8        0.0        2.5     15.531     -2.936       3.48       32.7
      35.0       84.1       84.1        0.0        3.7     17.544     -3.215       3.81       30.7
      40.0      109.0      109.0        0.0        5.1     19.014     -3.055       4.11       29.2
      45.0      135.2      135.2        0.0        6.6     20.251     -2.856       4.41       28.0
      46.0      691.1      146.1      545.0      150.4     35.628     -3.823       7.88       30.4
      47.0      701.9      156.9      545.0      157.2     35.478     -3.723       7.88       30.5
      48.0      712.7      167.7      545.0      165.7     35.333     -3.526       7.90       30.5
      49.0      723.5      178.5      545.0      175.1     34.931     -3.305       7.90       30.4
      50.0      734.3      189.3      545.0      183.4     34.453     -3.082       7.90       30.5

Total Continuous Driving Time    19.00 minutes; Total Number of Blows      830

zhao
Text Box
Results of Driveability Analysis18-In.-Diameter Steel Shell Installed Close-EndedDELMAG D 30 Hammer: E = 59.7 ft-kips; W = 6.6 kipsBent 7
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 29 2015
   GRLWEAP Version 201013-017_Bent 8_18 In.                    

Gain/Loss 1 at Shaft and Toe 1.000 / 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        0.0        0.0        0.0        0.0      0.000      0.000      10.03        0.0
       5.0        0.9        0.9        0.0        0.0      0.000      0.000      10.03        0.0
      10.0        3.8        3.8        0.0        0.0      0.000      0.000      10.03        0.0
      15.0        8.5        8.5        0.0        0.0      0.000      0.000      10.03        0.0
      20.0       15.0       15.0        0.0       -1.0      0.000      0.000       0.00        0.0
      25.0       23.5       23.5        0.0       -1.0      0.000      0.000       0.00        0.0
      30.0       39.1       39.1        0.0        1.4     11.107     -1.556       3.78       36.6
      35.0       57.6       57.6        0.0        2.2     15.285     -4.178       4.24       34.1
      40.0       79.0       79.0        0.0        3.3     17.808     -5.035       4.61       31.4
      45.0      103.4      103.4        0.0        4.7     19.736     -5.293       5.02       29.8
      50.0      129.2      129.2        0.0        6.3     20.979     -4.979       5.32       27.9
      51.0      682.0      140.5      541.5      149.9     38.661     -2.340       9.11       30.2
      52.0      705.7      151.8      553.9      166.9     38.860     -1.976       9.16       30.4
      53.0      729.3      163.1      566.2      186.7     39.048     -1.561       9.20       30.5
      54.0      752.9      174.4      578.6      216.5     38.636     -1.370       9.16       30.3
      55.0      776.6      185.7      590.9      239.6     38.723     -0.944       9.28       30.8

Total Continuous Driving Time    23.00 minutes; Total Number of Blows      917

zhao
Text Box
Results of Driveability Analysis18-In.-Diameter Steel Shell Installed Close-EndedDELMAG D 30-02 Hammer: E = 66.2 ft-kips; W = 6.6 kipsBent 8
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Gain/Loss 1 at Shaft and Toe 1.000 / 1.000
GRLWEAP Version 2010
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 23 2015
   GRLWEAP Version 201013-017_Bent 10_24 in.                   

Gain/Loss 1 at Shaft and Toe 1.000 / 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        0.0        0.0      0.000      0.000       9.52        0.0
       5.0        7.9        7.9        0.0        0.0      0.000      0.000       9.52        0.0
      10.0       15.8       15.8        0.0        0.0      0.000      0.000       9.52        0.0
      15.0       25.2       25.2        0.0        1.4      8.624     -1.045       3.34       53.0
      20.0       41.0       41.0        0.0        1.8     12.445     -3.533       3.68       53.4
      25.0       56.4       56.4        0.0        2.2     14.281     -4.554       3.91       52.5
      30.0       73.8       73.8        0.0        2.7     15.649     -5.347       4.09       50.6
      35.0       95.0       95.0        0.0        3.5     16.870     -5.858       4.27       48.5
      40.0      119.8      119.8        0.0        4.3     17.973     -6.312       4.50       47.2
      45.0      148.3      148.3        0.0        5.3     18.841     -6.498       4.71       45.9
      50.0      180.5      180.5        0.0        6.5     19.388     -6.865       4.87       44.1
      54.0     1120.1      216.1      904.0      153.0     30.883     -1.190       7.92       45.0
      55.0     1134.6      230.6      904.0      159.0     30.767     -1.166       7.93       44.8
      56.0     1149.1      245.1      904.0      163.6     30.703     -1.122       7.94       44.7
      57.0     1163.6      259.6      904.0      169.8     30.470     -1.122       7.93       44.5
      58.0     1178.1      274.1      904.0      176.7     30.207     -1.053       7.93       44.3

Total Continuous Driving Time    25.00 minutes; Total Number of Blows     1098

zhao
Text Box
Results of Driveability Analysis24-In.-Diameter Steel Shell Installed Close-EndedDELMAG D 46-13 Hammer: E = 96.5 ft-kips; W = 10.1 kipsBents 9 and 10
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Gain/Loss 1 at Shaft and Toe 1.000 / 1.000
GRLWEAP Version 2010
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 27 2015
   GRLWEAP Version 201013-017_Pier 2_24 in.                    

Gain/Loss 1 at Shaft and Toe 1.000 / 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        0.0        0.0        0.0        0.0      0.000      0.000      10.54        0.0
       5.0        2.4        2.4        0.0        0.0      0.000      0.000      10.54        0.0
      10.0        9.4        9.4        0.0        0.0      0.000      0.000      10.54        0.0
      15.0       21.3       21.3        0.0       -1.0      0.000      0.000       0.00        0.0
      20.0       37.8       37.8        0.0        1.1      7.624     -1.690       3.71       63.0
      25.0       59.1       59.1        0.0        1.3     12.736     -4.235       4.02       67.2
      30.0       85.0       85.0        0.0        1.6     15.973     -6.082       4.36       68.5
      35.0      115.8      115.8        0.0        2.3     18.580     -7.433       4.74       64.3
      40.0      151.2      151.2        0.0        3.3     20.172     -7.698       5.04       60.0
      45.0      189.0      189.0        0.0        4.4     21.679     -7.833       5.36       57.6
      50.0      226.8      226.8        0.0        5.6     22.928     -7.833       5.66       55.4
      55.0      264.6      264.6        0.0        6.8     23.764     -8.002       5.87       52.9
      60.0     1392.9      310.0     1082.9      200.4     37.103     -1.614       9.38       56.2
      61.0     1408.0      325.1     1082.9      207.6     36.982     -1.391       9.38       56.1
      62.0     1423.1      340.2     1082.9      216.4     36.746     -1.228       9.37       55.9
      63.0     1438.2      355.3     1082.9      226.8     36.473     -1.040       9.36       55.7
      64.0     1453.4      370.4     1082.9      235.6     36.117     -0.989       9.36       55.6

Total Continuous Driving Time    38.00 minutes; Total Number of Blows     1502

zhao
Text Box
Results of Driveability Analysis24-In.-Diameter Steel Shell Installed Close-EndedDELMAG D 55 Hammer: E = 125 ft-kips; W = 11.9 kipsBents 9 and 10 and Piers 1 and 2
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Gain/Loss 1 at Shaft and Toe 1.000 / 1.000
GRLWEAP Version 2010
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 23 2015
   GRLWEAP Version 201013-017_Bent 11_18 in.                   

Gain/Loss 1 at Shaft and Toe 1.000 / 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        0.0        0.0      0.000      0.000      11.43        0.0
       5.0        8.2        8.2        0.0        0.0      0.000      0.000      11.43        0.0
      10.0       16.5       16.5        0.0       -1.0      0.000      0.000       0.00        0.0
      15.0       23.3       23.3        0.0        1.4     10.210     -1.019       4.00       42.5
      20.0       29.1       29.1        0.0        1.5     12.455     -1.549       4.18       42.3
      25.0       35.0       35.0        0.0        1.6     13.895     -1.945       4.30       42.3
      30.0       40.9       40.9        0.0        1.8     15.067     -2.619       4.42       41.8
      35.0       62.0       62.0        0.0        2.7     18.532     -4.119       4.83       39.6
      40.0       85.5       85.5        0.0        3.7     20.787     -4.626       5.19       37.7
      45.0      111.4      111.4        0.0        4.9     22.231     -4.506       5.52       36.2
      50.0      138.4      138.4        0.0        6.1     23.400     -4.562       5.82       35.1
      55.0      165.4      165.4        0.0        7.6     24.346     -4.397       6.11       34.1
      56.0      170.8      170.8        0.0        8.0     24.235     -4.269       6.10       33.6
      57.0      786.7      181.7      605.0      175.2     38.574     -3.019       9.64       38.3
      58.0      797.5      192.5      605.0      186.5     38.344     -2.791       9.63       38.1
      59.0      808.3      203.3      605.0      195.6     38.238     -2.630       9.63       38.0
      60.0      819.1      214.1      605.0      210.0     37.882     -2.401       9.62       37.6
      61.0      829.9      224.9      605.0      221.7     37.439     -2.260       9.61       37.5

Total Continuous Driving Time    26.00 minutes; Total Number of Blows     1028
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Text Box
Results of Driveability Analysis18-In.-Diameter Steel Shell Installed Close-EndedDELMAG D 30-32 Hammer: E = 75.4 ft-kips; W = 6.6 kipsBent 11
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Gain/Loss 1 at Shaft and Toe 1.000 / 1.000
GRLWEAP Version 2010
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 23 2015
   GRLWEAP Version 201013-017_Bent 13_18 in.                   

Gain/Loss 1 at Shaft and Toe 1.000 / 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        0.0        0.0      0.000      0.000      10.56        0.0
       5.0        8.2        8.2        0.0       -1.0      0.000      0.000       0.00        0.0
      10.0       16.4       16.4        0.0        1.7      6.797      0.000       3.82       26.3
      15.0       24.7       24.7        0.0        2.1     10.734     -0.771       4.21       26.9
      20.0       32.9       32.9        0.0        2.8     13.146     -1.629       4.51       25.9
      25.0       41.1       41.1        0.0        3.6     15.053     -2.239       4.77       24.7
      30.0       54.9       54.9        0.0        4.7     17.106     -2.913       5.04       23.6
      35.0       75.0       75.0        0.0        6.2     18.565     -3.214       5.33       22.5
      40.0       98.4       98.4        0.0        8.0     19.702     -3.446       5.62       21.5
      45.0      576.6      135.6      441.0      176.4     28.521     -2.075       8.59       22.1
      46.0      587.4      146.4      441.0      186.8     28.431     -2.075       8.60       22.0
      47.0      598.2      157.2      441.0      200.3     28.356     -1.957       8.62       21.8
      48.0      609.0      168.0      441.0      213.6     28.385     -1.812       8.62       21.7

Total Continuous Driving Time    28.00 minutes; Total Number of Blows     1168

zhao
Text Box
Results of Driveability Analysis18-In.-Diameter Steel Shell Installed Close-EndedDELMAG D 22-23 Hammer: E = 51.2 ft-kips; W = 4.9 kipsBents 12, 13, 15 and 16
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 23 2015
13-017_Bent 14_18 in.                   

Gain/Loss 1 at Shaft and Toe 1.000 / 1.000
GRLWEAP Version 2010
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 23 2015
   GRLWEAP Version 201013-017_Bent 14_18 in.                   

Gain/Loss 1 at Shaft and Toe 1.000 / 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        0.0        0.0      0.000      0.000       9.05        0.0
       5.0        9.4        9.4        0.0       -1.0      0.000      0.000       0.00        0.0
      10.0       18.8       18.8        0.0        1.5      8.502     -0.644       2.96       34.1
      15.0       26.4       26.4        0.0        1.7     11.242     -1.552       3.16       34.9
      20.0       34.2       34.2        0.0        2.0     12.353     -2.388       3.26       34.2
      25.0       47.5       47.5        0.0        2.6     14.700     -3.021       3.52       32.8
      30.0       65.5       65.5        0.0        3.5     16.959     -3.247       3.76       31.0
      35.0       86.2       86.2        0.0        4.7     18.403     -3.439       4.00       29.4
      40.0      109.4      109.4        0.0        6.0     19.897     -3.583       4.30       28.5
      45.0      135.1      135.1        0.0        7.6     20.810     -3.594       4.57       27.4
      46.0      622.2      145.9      476.2      126.9     32.521     -2.071       7.60       29.1
      47.0      633.0      156.7      476.2      132.4     32.463     -1.936       7.62       29.1
      48.0      643.8      167.6      476.2      140.4     32.390     -1.796       7.63       28.9
      49.0      654.6      178.4      476.2      146.1     32.128     -1.692       7.64       28.9
      50.0      665.4      189.2      476.2      155.1     31.766     -1.437       7.65       28.6

Total Continuous Driving Time    17.00 minutes; Total Number of Blows      756

zhao
Text Box
Results of Driveability Analysis18-In.-Diameter Steel Shell Installed Close-EndedDELMAG D 30 Hammer: E = 59.7 ft-kips; W = 6.6 kipsBents 14
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 29 2015
13-017_Bent 17_18 In.                   

Gain/Loss 1 at Shaft and Toe 1.000 / 1.000
GRLWEAP Version 2010
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 29 2015
   GRLWEAP Version 201013-017_Bent 17_18 In.                   

Gain/Loss 1 at Shaft and Toe 1.000 / 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       24.2        0.4       23.8       -1.0      0.000      0.000       0.00        0.0
       5.0       41.4       17.6       23.8        2.5     13.192     -0.818       4.23       33.6
      10.0       59.1       35.2       23.8        4.1     17.272     -1.613       4.78       30.9
      15.0       76.7       52.9       23.8        5.8     20.335     -1.644       5.20       28.9
      20.0       94.3       70.5       23.8        7.6     22.550     -1.284       5.57       27.5
      25.0      111.9       88.1       23.8        9.6     23.794     -1.017       5.90       26.5
      30.0      238.4      110.7      127.7       27.3     28.710      0.000       7.23       24.1
      35.0      293.6      153.5      140.1       34.4     29.254     -0.155       7.53       24.0
      40.0      349.6      197.2      152.4       42.2     29.855      0.000       7.70       23.9
      45.0      511.0      242.5      268.5       91.5     30.405     -0.360       8.08       24.7
      49.0      594.4      282.0      312.4      135.0     30.962      0.000       8.33       25.3
      50.0      615.2      291.9      323.4      150.2     31.185      0.000       8.38       25.3
      51.0      636.1      301.7      334.4      169.4     31.039      0.000       8.40       25.2
      52.0      656.9      311.6      345.3      193.7     31.233      0.000       8.42       24.9
      53.0      677.8      321.5      356.3      222.7     31.687      0.000       8.45       24.7

Total Continuous Driving Time    49.00 minutes; Total Number of Blows     2040

zhao
Text Box
Results of Driveability Analysis18-In.-Diameter Steel Shell Driven Close-EndedDELMAG D 30-02 Hammer: E = 66.2 ft-kips; W = 6.6 kipsBent 17
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Depths 60 - 120 = Soft Clay

Depths 120 - 336 = Soft Clay

Depths 336 - 468 = Stiff Clay w/o Free Water Using k

Depths 468 - 810 = Reese Sand

LPile Plus for Windows 5.0.25 (Single User), (c) 2005 by Ensoft, Inc.

H 
0 ft (El 200 - Pile footing bottom) 

Results of Lateral Load Analysis 
18-In.-Diameter Steel Shell Pile Filled w/Concrete  

Bent 1 (West Abutment) 
I-40 over White River

18-in.-diameter steel 
shell (fy = 45 ksi; t = 
0.5 in.) filled with 
concrete 
(f'c = 3500 psi)

P 
Summary of lateral loads: 
Load Case No.   Direction   H, kips   P, kips 
1                     Longitudinal   20.5       159 

5 ft (El 195) 

Neglect top 5 ft resistance 

63 ft (El 137 - Pile tip) 

(Embankment fill)

(Existing embankment fill)

(Stiff silty clay)

(Medium dense to dense fine 
to medium sand)

Fixed-head 
boundary 
condition
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Longitudinal: H = 20.5 kips; P = 159 kips
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Depths 60 - 180 = Reese Sand

Depths 180 - 348 = Reese Sand

Depths 348 - 546 = Reese Sand

LPile Plus for Windows 5.0.25 (Single User), (c) 2005 by Ensoft, Inc.

H 
0 ft (El 163 - Pile footing bottom) 

Results of Lateral Load Analysis 
18-In.-Diameter Steel Shell Pile Filled w/Concrete  

Bent 2 
I-40 over White River

18-in.-diameter steel 
shell (fy = 45 ksi; t = 
0.5 in.) filled with 
concrete 
(f'c = 3500 psi)

P 
Summary of lateral loads: 
Load Case No.   Direction   H, kips   P, kips 
1                     Transverse      2.2         164 
2                     Longitudinal   2.5         164 
3                     Resultant        3.4         164 

5 ft (El 158) 

Neglect top 5 ft resistance 

41 ft (El 122 - Pile tip) 

(Medium dense silty fine sand)

(Dense fine to medium sand)

(Very dense fine to medium sand)

Fixed-head 
boundary 
condition
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Transverse: H = 2.2 kips; P = 164 kips
Longitudinal: H = 2.5 kips; P = 164 kips
Resultant: H = 3.4 kips; P = 164 kips
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Transverse: H = 2.2 kips; P = 164 kips
Longitudinal: H = 2.5 kips; P = 164 kips
Resultant: H = 3.4 kips; P = 164 kips
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Transverse: H = 2.2 kips; P = 164 kips
Longitudinal: H = 2.5 kips; P = 164 kips
Resultant: H = 3.4 kips; P = 164 kips



Depths 60 - 312 = Reese Sand

Depths 312 - 528 = Reese Sand

Depths 528 - 546 = Reese Sand

LPile Plus for Windows 5.0.25 (Single User), (c) 2005 by Ensoft, Inc.

H 
0 ft (El 163 - Pile footing bottom) 

Results of Lateral Load Analysis 
18-In.-Diameter Steel Shell Pile Filled w/Concrete  

Bent 3 
I-40 over White River

18-in.-diameter steel 
shell (fy = 45 ksi; t = 
0.5 in.) filled with 
concrete 
(f'c = 3500 psi)

P 
Summary of lateral loads: 
Load Case No.   Direction   H, kips   P, kips 
1                     Transverse      2.4         160 
2                     Longitudinal   2.7         160 
3                     Resultant        3.6         160 

5 ft (El 158) 

Neglect top 5 ft resistance 

41 ft (El 122 - Pile tip) 

(Medium dense fine sand)

(Very dense fine sand)

(Very dense gravelly fine to medium sand)

Fixed-head 
boundary 
condition
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Longitudinal: H = 2.7 kips; P = 160 kips
Resultant:  H = 3.6 kips; P = 160 kips
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Transverse: H = 2.4 kips; P = 160 kips
Longitudinal: H = 2.7 kips; P = 160 kips
Resultant: H = 3.6 kips; P = 160 kips
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Longitudinal: H = 2.7 kips; P = 160 kips
Resultant: H = 3.6 kips; P = 160 kips



Depths 60 - 300 = Reese Sand

Depths 300 - 540 = Reese Sand

Depths 540 - 714 = Reese Sand

LPile Plus for Windows 5.0.25 (Single User), (c) 2005 by Ensoft, Inc.

H 
0 ft (El 160 - Pile footing bottom) 

Results of Lateral Load Analysis 
18-In.-Diameter Steel Shell Pile Filled w/Concrete  

Bent 8 
I-40 over White River

18-in.-diameter steel 
shell (fy = 45 ksi; t = 
0.5 in.) filled with 
concrete 
(f'c = 3500 psi)

P 
Summary of lateral loads: 
Load Case No.   Direction   H, kips   P, kips 
1                     Transverse      37.8         351 
2                     Longitudinal   19.0         351 
3                     Resultant         42.3         351 

5 ft (El 155) 

Neglect top 5 ft resistance 

55 ft (El 105 - Pile tip) 

(Medium dense fine sand)

(Very dense gravelly fine to coarse sand)

(Very dense fine to medium sand)

Fixed-head 
boundary 
condition
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Shear Force (kips)
D

ep
th

 (f
t)

-20 -15 -10 -5 0 5 10 15 20 25 30 35 40 45 50
0

5
10

15
20

25
30

35
40

45
50

55
60

Transverse: H = 37.8 kips; P = 351 kips
Longitudinal: H = 19.0 kips; P = 351 kips
Transverse: H = 42.3 kips; P = 351 kips



Depths 60 - 180 = Reese Sand

Depths 180 - 348 = Reese Sand

Depths 348 - 546 = Reese Sand

LPile Plus for Windows 5.0.25 (Single User), (c) 2005 by Ensoft, Inc.

H 
0 ft (El 149 - Pile footing bottom) 

Results of Lateral Load Analysis 
24-In.-Diameter Steel Shell Pile Filled w/Concrete  

Bent 9 
I-40 over White River

24-in.-diameter steel 
shell (fy = 45 ksi; t = 
0.75 in.) filled with 
concrete 
(f'c = 3500 psi)

P 
Summary of lateral loads: 
Load Case No.   Direction   H, kips   P, kips 
1                     Transverse      35.9         348 
2                     Longitudinal   18.2         348 
3                     Resultant         40.3        348 

5 ft (El 144) 

Neglect top 5 ft resistance 

33 ft (El 116 - Pile tip) 

(Medium dense fine sand)

(Dense fine sand)

(Very dense sandy fine gravel)

Fixed-head 
boundary 
condition
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Resultant: H = 40.3 kips; P = 348 kips



Unfactored Bending Moment (in-kips)
D

ep
th

 (f
t)

-6000 -5000 -4000 -3000 -2000 -1000 0 1000 2000
0

2
4

6
8

10
12

14
16

18
20

22
24

26
28

30
32

34
36

38
40

Transverse: H = 35.9 kips; P = 348 kips
Longitudinal: H = 18.2 kips; P = 348 kips
Resultant: H = 40.3 kips; P = 348 kips
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Depths 60 - 420 = Reese Sand

Depths 420 - 732 = Reese Sand

LPile Plus for Windows 5.0.25 (Single User), (c) 2005 by Ensoft, Inc.

H 
0 ft (El 111 - Pile footing bottom) 

Results of Lateral Load Analysis 
24-In.-Diameter Steel Shell Pile Filled w/Concrete  

Pier 1 
I-40 over White River

24-in.-diameter steel 
shell (fy = 45 ksi; t = 
0.75 in.) filled with 
concrete 
(f'c = 3500 psi)

P 
Summary of lateral loads: 
Load Case No.   Direction   H, kips   P, kips 
1                     Transverse      22.6         380 
2                     Longitudinal   11.3         380 
3                     Resultant        25.2         380 

35 ft (El 76 - scour depth) 

Neglect top 5 ft resistance

55 ft (El 56 - Pile tip) 

(Very dense gravelly fine to coarse sand)

Fixed-head 
boundary 
condition

5 ft (El 106) 

(Loose sand - fill in scour holes ) 
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Resultant: H = 25.2 kips; P = 380 kips
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Transverse: H = 22.6 kips; P = 380 kips
Longitudinal: H = 11.3 kips; P = 380 kips
Resultant: H = 25.2 kips; P = 380 kips
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Transverse: H = 22.6 kips; P = 380 kips
Longitudinal: H = 11.3 kips; P = 380 kips
Resultant: H = 25.2 kips; P = 380 kips



Depths 60 - 192 = Soft Clay

Depths 192 - 276 = Stiff Clay w/free water

Depths 276 - 648 = Reese Sand

Depths 648 - 756 = Reese Sand

Depths 756 - 768 = Reese Sand

LPile Plus for Windows 5.0.25 (Single User), (c) 2005 by Ensoft, Inc.

H 
0 ft (El 165 - Pile footing bottom) 

Results of Lateral Load Analysis 
24-In.-Diameter Steel Shell Pile Filled w/Concrete  

Bent 10 
I-40 over White River

24-in.-diameter steel 
shell (fy = 45 ksi; t = 
0.75 in.) filled with 
concrete 
(f'c = 3500 psi)

P 
Summary of lateral loads: 
Load Case No.   Direction   H, kips   P, kips 
1                     Transverse      36.2        343 
2                     Longitudinal   18.4        343 
3                     Resultant         40.6        343 

5 ft (El 160) 

Neglect top 5 ft resistance 

58 ft (El 107 - Pile tip) 

(Soft fine sandy clay)

(Stiff clay)

(Very dense silty fine sand)

(Very dense fine sand)

Fixed-head 
boundary 
condition
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Resultant: H = 40.6 kips; P = 343 kips
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Depths 60 - 276 = Soft Clay

Depths 276 - 372 = Soft Clay

Depths 372 - 552 = Reese Sand

Depths 552 - 690 = Reese Sand

LPile Plus for Windows 5.0.25 (Single User), (c) 2005 by Ensoft, Inc.

H 
0 ft (El 205 - Pile footing bottom) 

Results of Lateral Load Analysis 
18-In.-Diameter Steel Shell Pile Filled w/Concrete  

Bent 17 (East Abutment) 
I-40 over White River

18-in.-diameter steel 
shell (fy = 45 ksi; t = 
0.5 in.) filled with 
concrete 
(f'c = 3500 psi)

P 
Summary of lateral loads: 
Load Case No.   Direction   H, kips   P, kips 
1                     Longitudinal   20.5       159 

5 ft (El 200) 

Neglect top 5 ft resistance 

53 ft (El 152 - Pile tip) 

(Embankment fill)

(Firm silty clay/clay/clayey silt)

(Medium dense silty fine sand)

(Dense fine sand)

Fixed-head 
boundary 
condition
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1883+41.92 - BEGIN BRIDGE

1884+25.60 - TOE OF FILL SLOPE
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1911+84.08 - END BRIDGE

1911+09.10 - TOE OF FILL SLOPE
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PIPE COLLAR = 1  EACH

36" F.E.S. = 1  EACH

36" R.C. PIPE = 184 LIN. FT.

F.E.S. LT.

(CLASS III)(TYPE 3 BEDDING) WITH

R.C. PIPE 180’ LT. ON 10°50’ LT. FWD. SKEW

REMOVE HDWL. LT. AND EXTEND

WITH HDWLS. LT. & RT.

36"x171’ R.C. PIPE CULVERT

STA. 1915+24.4 IN PLACE
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

Stability Analysis Results – West Abutment 
Reinforced 3H:1V End Slope @ West Abutment – H = 35 ft 

AHTD Job BB0610: White River Str. & Apprs. (F) 

Design Loading Condition Design Water Condition Calculated Minimum Factor of 
Safety 

End of Construction Analysis long term groundwater @ 
embankment toe 2.1 

Long Term Analysis long term groundwater @ 
embankment toe 1.8 

Long Term Historical high water @ El 192.9 1.9 

Seismic (kh = 0.5AS = 0.10)* Analysis long term groundwater @ 
embankment toe 1.3 

Rapid Drawdown Drawdown from 192.9 to 
embankment toe 1.5 

* Design and Construction of Mechanistically Stabilized Earth Walls and Reinforced Soil Slopes – Volume II, Publication No. FHWA-NHI-10-025, FHWA, 
November 2009, Page 8-10. 



GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – End of Construction Condition 
Reinforced 3H:1V End Slope @ West Abutment – H = 35 ft 

Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

2.1

H = 35 ft
3H

1V

Water @ embankment toe

Medium dense to very dense silty fine sand to fine to medium sand

Silty clay/clay

New embankment fill

Existing embankment fill
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Reinforced 3H:1V End Slope @ West Abutment – H = 35 ft 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

1.8

H = 35 ft
3H

1V

Water @ embankment toe

Medium dense to very dense silty fine sand to fine to medium sand

Silty clay/clay

New embankment fill

q = 250 psf

Existing embankment fill
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Reinforced 3H:1V End Slope @ West Abutment – H = 35 ft 
Historical High Water @ El 192.9 

AHTD JOB BB0610:White River Str. & Apprs. (F) 

1.9

H = 35 ft
3H

1V
Historical high water @ El 192.9

Medium dense to very dense silty fine sand to fine to medium sand
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New embankment fill

q = 250 psf
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Seismic Condition (kh = 0.5AS = 0.10) 

Reinforced 3H:1V End Slope @ West Abutment – H = 35 ft 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

1.3

H = 35 ft
3H

1V

Water @ embankment toe

Medium dense to very dense silty fine sand to fine to medium sand

Silty clay/clay

New embankment fill

q = 250 psf

Existing embankment fill
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Rapid Drawdown Condition 
Reinforced 3H:1V End Slope @ West Abutment – H = 35 ft 

Drawdown from El 192.9 to Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

1.5
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

Stability Analysis Results 
Reinforced Side Slopes @ West Abutment - Sta 1883+41.92 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
 
 
 

Embankment Side Design Loading 
Condition Design Water Condition Calculated Minimum 

Factor of Safety 
North End of Construction 

 

Analysis long term 
groundwater @ 
embankment toe 

2.2 

South 4.1 

North 

Long Term 

Analysis long term 
groundwater @ 
embankment toe 

1.9 

South 2.0 

North Historical high water @ 
El 192.9 

1.9 

South 2.0 

North Seismic (kh = 0.5AS = 
0.10)* 

Analysis long term 
groundwater @ 
embankment toe 

1.4 

South 1.5 

North Rapid Drawdown Drawdown from 192.9 to 
embankment toe 1.5 

* Design and Construction of Mechanistically Stabilized Earth Walls and Reinforced Soil Slopes – Volume II, Publication No. FHWA-NHI-10-025, FHWA, 
November 2009, Page 8-10. 

 



GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – End of Construction Condition 

Reinforced North Side Slope @ West Abutment - Sta 1883+41.92 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

2.2

Water @ embankment toe

Medium dense to very dense silty fine sand/fine to mediumd sand

Silty clay/clay

New embankment fill

Existing embankment fill
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – End of Construction Condition 

Reinforced South Side Slope @ West Abutment - Sta 1883+41.92 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Reinforced North Side Slope @ West Abutment - Sta 1883+41.92 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Reinforced South Side Slope @ West Abutment - Sta 1883+41.92 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Reinforced North Side Slope @ West Abutment - Sta 1883+41.92 
Historical High Water @ El 192.9 

AHTD JOB BB0610:White River Str. & Apprs. (F) 

1.9
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Reinforced South Side Slope @ West Abutment - Sta 1883+41.92 
Historical High Water @ El 192.9 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Seismic Condition (kh = 0.5AS = 0.10) 

Reinforced North Side Slope @ West Abutment - Sta 1883+41.92 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Seismic Condition (kh = 0.5AS = 0.10) 

Reinforced South Side Slope @ West Abutment - Sta 1883+41.92 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Rapid Drawdown Condition 

Reinforced North Side Slope @ West Abutment - Sta 1883+41.92 
Drawdown from El 192.9 to Embankment Toe 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

Stability Analysis Results – East Abutment 
Reinforced 3H:1V End Slope @ East Abutment – H = 32 ft 

AHTD Job BB0610: White River Str. & Apprs. (F) 

Design Loading Condition Design Water Condition Calculated Minimum Factor of 
Safety 

End of Construction Analysis long term groundwater @ 
embankment toe 2.8 

Long Term Analysis long term groundwater @ 
embankment toe 2.5 

Long Term Historical high water @ El 192.9 2.4 

Seismic (kh = 0.5AS = 0.10)* Analysis long term groundwater @ 
embankment toe 1.8 

Rapid Drawdown Drawdown from 192.9 to 
embankment toe 2.3 

* Design and Construction of Mechanistically Stabilized Earth Walls and Reinforced Soil Slopes – Volume II, Publication No. FHWA-NHI-10-025, FHWA, 
November 2009, Page 8-10. 
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Results of Stability Analyses – End of Construction Condition 

Reinforced 3H:1V End Slope @ East Abutment – H = 32 ft 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Long Term Condition 

Reinforced 3H:1V End Slope @ East Abutment – H = 32 ft 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Reinforced 3H:1V End Slope @ East Abutment – H = 32 ft 
Historical High Water @ El 192.9 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Seismic Condition (kh = 0.5AS = 0.10) 

Reinforced 3H:1V End Slope @ East Abutment – H = 32 ft 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

1.8
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Consulting Engineers 

 
Results of Stability Analyses – Rapid Drawdown Condition 
Reinforced 3H:1V End Slope @ East Abutment – H = 32 ft 

Drawdown from El 192.9 to Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

2.3
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

Stability Analysis Results 
Reinforced Side Slopes @ East Abutment - Sta 1911+84.08 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
 
 
 

Embankment Side Design Loading 
Condition Design Water Condition Calculated Minimum 

Factor of Safety 
North End of Construction 

 

Analysis long term 
groundwater @ 
embankment toe 

2.5 

South 4.5 

North 

Long Term 

Analysis long term 
groundwater @ 
embankment toe 

2.3 

South 3.4 

North Historical high water @ 
El 192.9 

2.3 

South 3.4 

North Seismic (kh = 0.5AS = 
0.10)* 

Analysis long term 
groundwater @ 
embankment toe 

1.7 

South 1.9 

North Rapid Drawdown Drawdown from 192.9 to 
embankment toe 2.1 

* Design and Construction of Mechanistically Stabilized Earth Walls and Reinforced Soil Slopes – Volume II, Publication No. FHWA-NHI-10-025, FHWA, 
November 2009, Page 8-10. 

 



GRUBBS, HOSKYN, BARTON & WYATT, INC. 
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Results of Stability Analyses – End of Construction Condition 

Reinforced North Side Slope @ East Abutment - Sta 1911+84.08 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

2.5
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – End of Construction Condition 

Reinforced South Side Slope @ East Abutment - Sta 1911+84.08 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

4.5

Water @ embankment toe
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Reinforced North Side Slope @ East Abutment - Sta 1911+84.08 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Reinforced South Side Slope @ East Abutment - Sta 1911+84.08 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

3.4
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Reinforced North Side Slope @ East Abutment - Sta 1911+84.08 
Historical High Water @ El 192.9 

AHTD JOB BB0610:White River Str. & Apprs. (F) 

2.3

Historical high water @ El 192.9
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Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Reinforced South Side Slope @ East Abutment - Sta 1911+84.08 
Historical High Water @ El 192.9 

AHTD JOB BB0610:White River Str. & Apprs. (F) 

3.4

Historical high water @ El 192.9
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Results of Stability Analyses – Seismic Condition (kh = 0.5AS = 0.10) 

Reinforced North Side Slope @ East Abutment - Sta 1911+84.08 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Seismic Condition (kh = 0.5AS = 0.10) 

Reinforced South Side Slope @ East Abutment - Sta 1911+84.08 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Rapid Drawdown Condition 

Reinforced North Side Slope @ East Abutment - Sta 1911+84.08 
Drawdown from El 192.9 to Embankment Toe 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

Stability Analysis Results 
Unreinforced Side Slopes @ Sta 1875+00 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
 
 
 

Embankment Side Design Loading 
Condition Design Water Condition Calculated Minimum 

Factor of Safety 
North End of Construction 
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Results of Stability Analyses – End of Construction Condition 

Unreinforced North Side Slope @ Sta 1875+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – End of Construction Condition 

Unreinforced South Side Slope @ Sta 1875+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Long Term Condition 

Unreinforced North Side Slope @ Sta 1875+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Unreinforced South Side Slope @ Sta 1875+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

2.4

Water @ embankment toe

Medium dense to very dense silty fine sand and fine to medium sand

Silty clay/clay

New 
embankment
fill

q = 250 psf

Existing embankment

Distance from New Embankment Centerline, ft
-200 -150 -100 -50 0 50 100 150 200

A
pp

ro
xi

m
at

e 
E

le
va

tio
n,

 ft

140

150

160

170

180

190

200

210

220

230

240



GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Unreinforced North Side Slope @ Sta 1875+00 
Historical High Water @ El 192.9 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Unreinforced South Side Slope @ Sta 1875+00 
Historical High Water @ El 192.9 

AHTD JOB BB0610:White River Str. & Apprs. (F) 

3.2
Historical high water @ El 192.9

Medium dense to very dense silty fine sand and fine to medium sand

Silty clay/clay

New 
embankment
fill

q = 250 psf

Existing embankment

Distance from New Embankment Centerline, ft
-200 -150 -100 -50 0 50 100 150 200

A
pp

ro
xi

m
at

e 
E

le
va

tio
n,

 ft

140

150

160

170

180

190

200

210

220

230

240



GRUBBS, HOSKYN, BARTON & WYATT, INC. 
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Results of Stability Analyses – Seismic Condition (kh = 1.0AS = 0.19) 

Unreinforced North Side Slope @ Sta 1875+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Seismic Condition (kh = 1.0AS = 0.19) 

Unreinforced South Side Slope @ Sta 1875+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Rapid Drawdown Condition 

Unreinforced North Side Slope @ Sta 1875+00 
Drawdown from El 192.9 to Embankment Toe 
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Consulting Engineers 

 
Results of Stability Analyses – Rapid Drawdown Condition 

Unreinforced South Side Slope @ Sta 1875+00 
Drawdown from El 192.9 to Embankment Toe 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

Stability Analysis Results 
Unreinforced Side Slopes @ Sta 1913+00 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
 
 
 

Embankment Side Design Loading 
Condition Design Water Condition Calculated Minimum 

Factor of Safety 
North End of Construction 
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groundwater @ 
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North Historical high water @ 
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North Seismic (kh = 1.0AS = 
0.19) 
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groundwater @ 
embankment toe 

1.1 

South 1.6 

North Rapid Drawdown Drawdown from 192.9 to 
embankment toe 1.6 
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Consulting Engineers 

 
Results of Stability Analyses – End of Construction Condition 

Unreinforced North Side Slope @ Sta 1913+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – End of Construction Condition 

Unreinforced South Side Slope @ Sta 1913+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Unreinforced North Side Slope @ Sta 1913+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Unreinforced South Side Slope @ Sta 1913+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

4.3

Water @ embankment toe

Medium dense to very dense silty fine sand and fine to medium sand

Silty clay/clay

New embankment fill

q = 250 psf

Existing embankment

Distance from New Embankment Centerline, ft
-200 -150 -100 -50 0 50 100 150 200

A
pp

ro
xi

m
at

e 
E

le
va

tio
n,

 ft

140

150

160

170

180

190

200

210

220

230

240



GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Unreinforced North Side Slope @ Sta 1913+00 
Historical High Water @ El 192.9 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Unreinforced South Side Slope @ Sta 1913+00 
Historical High Water @ El 192.9 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Consulting Engineers 

 
Results of Stability Analyses – Seismic Condition (kh = 1.0AS = 0.19) 

Unreinforced North Side Slope @ Sta 1913+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Seismic Condition (kh = 1.0AS = 0.19) 

Unreinforced South Side Slope @ Sta 1913+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

1.6

Water @ embankment toe

Medium dense to very dense silty fine sand and fine to medium sand

Silty clay/clay

New embankment fill

q = 250 psf

Existing embankment

Distance from New Embankment Centerline, ft
-200 -150 -100 -50 0 50 100 150 200

A
pp

ro
xi

m
at

e 
E

le
va

tio
n,

 ft

140

150

160

170

180

190

200

210

220

230

240



GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Rapid Drawdown Condition 

Unreinforced North Side Slope @ Sta 1913+00 
Drawdown from El 192.9 to Embankment Toe 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

Stability Analysis Results – East Abutment 
Existing East River Bank near Pier No. 2 – H = 51 ft 
AHTD Job BB0610: White River Str. & Apprs. (F) 

 
 
 

Design Loading Condition Design Water Condition Calculated Minimum 
Factor of Safety 

Long Term Water @ El 164 1.3 

Long Term Historical high water @ El 
192.9 1.5 

Seismic (kh = 1.0AS = 
0.19)* Water @ El 164 0.7 

Rapid Drawdown Drawdown to El 159 
(design low water) 0.8 
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Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 
Existing East River Bank near Pier No. 2 – H = 51 ft 

Water @ El 164 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 
Existing East River Bank near Pier No. 2 – H = 51 ft 

Historical High Water @ El 192.9 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

1.5

H = 51 ft

Soft to fi rm si lty clay and clayey si l t

Loose to medium dense sil ty fine sand

Historical high water @ El 192.9

Dense sil ty fine sand

Centerl ine of Pier No. 2

Dense to very dense fine sand

Dense to very dense sandy fine gravel

Distance from Sta 1900+00, f t
-200 -150 -100 -50 0 50 100

El
ev

at
io

n,
 ft

100

110

120

130

140

150

160

170

180

190

200



GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Seismic Condition (kh = 1.0AS = 0.19) 

Existing East River Bank near Pier No. 2 – H = 51 ft 
Water @ El 164 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Rapid Drawdown Condition 

Existing East River Bank near Pier No. 2 – H = 51 ft 
Drawdown to El 159 (Design Low Water) 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

Stability Analysis Results 
East River Bank Remedied by Retaining Structure 
AHTD Job BB0610: White River Str. & Apprs. (F) 

 
 
 

Design Loading Condition Design Water Condition Calculated Minimum 
Factor of Safety 

Seismic (kh = 1.0AS = 
0.19)* Water @ El 164 1.9 

Rapid Drawdown Drawdown to El 159 
(design low water) 5.9 
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Results of Stability Analyses – Seismic Condition (kh = 1.0AS = 0.23) 

East River Bank Remedied by Retaining Structure 
Water @ El 164 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Rapid Drawdown Condition 

East River Bank Remedied by Retaining Structure 
Drawdown to El 159 (Design Low Water) 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Sample: Boring 1, 19-20 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray silty fine sand 
Classification: USCS = SP-SM; AASHTO = A-2-4 
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D50 = 0.15mm
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Sample: Boring 2, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 

zhao
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D50 = 0.18mm
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Sample: Boring 3, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Brown and tan silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 
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D50 = 0.20mm
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Description: Gray and brown silty clay
Classification: USCS = CL; AASHTO = A-7-6
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Description: Gray and brown fine to medium sand, slightly silty
Classification: USCS = SP-SM; AASHTO = A-3
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D50 = 0.30mm
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Description: Dark gray and brown silty clay
Classification: USCS = CL; AASHTO = A-6
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Sample: Boring 5, 24-25 ft  
Atterberg Limits: Non-plastic 

Description: Gray and tan fine sand w/trace medium sand 
Classification: USCS = SP; AASHTO = A-3 

zhao
Callout
D50 = 0.18mm
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13-017

Sample: Boring 6, 3-3.5 ft
Properties: Gs = 2.707; LL = 48, PL = 21, PI = 27
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Description: Gray and brown silty clay
Classification: USCS = CL; AASHTO = A-7-6

zhao
Callout
D50 = 0.004mm
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Sample: Boring 6, 19-20 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand, slightly silty  
Classification: USCS = SP-SM; AASHTO = A-3 

zhao
Callout
D50 = 0.17mm
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Sample: Boring 7, 24-25 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 

zhao
Callout
D50 = 0.18mm
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Sample: Boring 8, 7-7.5 ft
Properties: Gs = 2.697; LL = 37, PL = 15, PI = 12
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Description: Gray and brown silty clay, sandy
Classification: USCS = CL; AASHTO = A-6

zhao
Callout
D50 = 0.017mm
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Sample: Boring 8, 14-15 ft  
Atterberg Limits: Non-plastic 

Description: Brown and tan silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 

zhao
Callout
D50 = 0.13mm
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Sample: Boring 9, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 

zhao
Callout
D50 = 0.17mm
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Sample: Boring 10, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand w/a little medium sand 
Classification: USCS = SP; AASHTO = A-3 

zhao
Callout
D50 = 0.20mm
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Sample: Boring 11, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand  
Classification: USCS = SP; AASHTO = A-3 

zhao
Callout
D50 = 0.18mm
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Sample: Boring 13, 6.5-7.5 ft
Properties: Gs = 2.661; Non-plastic
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Description: Brown and gray silty fine sand
Classification: USCS = SM; AASHTO = A-2-4

zhao
Callout
D50 = 0.14mm
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Sample: Boring 13A, 9-10 ft  
Atterberg Limits: Non-plastic 

Description: Brown and tan fine sand w/a little medium sand 
Classification: USCS = SP; AASHTO = A-3 

zhao
Callout
D50 = 0.20mm
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Sample: Boring 13A, 19-20 ft
Properties: Gs = 2.654; Non-plastic
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Description: Brown and tan fine sand
Classification: USCS = SP; AASHTO = A-3

zhao
Callout
D50 = 0.21mm
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Sample: Boring 14, 4.5-5.5 ft
Properties: Gs = 2.669; LL = 34, PL = 19, PI = 15
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Description: Brown silty clay
Classification: USCS = CL; AASHTO = A-6

zhao
Callout
D50 = 0.011mm
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Sample: Boring 14, 14-15 ft
Properties: Gs = 2.668; LL = 22, PL = 17, PI = 5
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Description: Gray clayey silt
Classification: USCS = CL-ML; AASHTO = A-4

zhao
Callout
D50 = 0.046mm
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Sample: Boring 14, 24-24.5 ft
Properties: Gs = 2.668; Non-plastic
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Description: Gray silty fine sand
Classification: USCS = SM; AASHTO = A-4

zhao
Callout
D50 = 0.11mm
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Sample: Boring 15, 6.5-7.5 ft  
Atterberg Limits: Non-plastic 

Description: Brown silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 

zhao
Callout
D50 = 0.16mm
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Sample: Boring 15, 24-25 ft  
Atterberg Limits: Non-plastic 

Description: Brown silty fine sand 
Classification: USCS = SP-SM; AASHTO = A-2-4 

zhao
Callout
D50 = 0.16mm
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Sample: Boring 16, 9-10 ft  
Atterberg Limits: Non-plastic 

Description: Brown silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 

zhao
Callout
D50 = 0.13mm
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Sample: Boring 16, 19-20 ft  
Atterberg Limits: Non-plastic 

Description: Brown fine sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 

zhao
Callout
D50 = 0.17mm
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Sample: Boring 17, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Brown and tan fine sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 19, 6.5-7 ft
Properties: Gs = 2.696; LL = 40, PL = 18, PI = 22
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Description: Gray and brown silty clay w/ferrous stains and nodules
Classification: USCS = CL; AASHTO = A-6
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Sample: Boring 19, 24-25 ft
Properties: Gs = 2.678; Non-plastic

100

90

80

70

60

50

40

30

20

10

100

10

20

30

40

50

60

70

80

90

0

0

3         2    11/2      1     3/4      1/2   3/8     1/4     4        6        8  10          16     20      30      40     50              100              200             

GRAVEL SAND

SILT                                  CLAY
COARSE                  FINE COARSE          MEDIUM                      FINE

P
e
rc

e
n

t 
R

e
ta

in
e
d

 b
y
 W

e
ig

h
t

Description: Gray fine sand, slightly silty
Classification: USCS = sp-sm; AASHTO = A-3
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Sample: Boring 22, 14-15 ft  
Atterberg Limits: Non-plastic 

   Description: Brown silty fine sand 
   Classification: USCS = SM; AASHTO = A-2-4 
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D50 = 0.17mm



0.001 0.01 0.1 1 10 100 

Pe
rc

en
t F

in
er

 b
y 

W
ei

gh
t 

Grain Size in Millimeters 

GRAIN       SIZE      CURVE 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

100 

10 

20 

30 

40 

50 

60 

70 

80 

90 

0 

0 
  3         2    11/2      1     3/4      1/2   3/8     1/4     4        6        8  10          16     20      30      40      50              100              200              

SIEVE OPENINGS IN INCHES                                                               U.S. STANDARD SIEVE NUMBERS                                                                               HYDROMETER 

GRAVEL SAND 
SILT           OR            CLAY 

COARSE                  FINE COARSE          MEDIUM                      FINE 

13-017 

Pe
rc

en
t R

et
ai

ne
d 

by
 W

ei
gh

t 

Sample: Boring 23, 24-25 ft  
Atterberg Limits: Non-plastic 

 Description: Grayish brown fine sand 
 Classification: USCS = SP; AASHTO = A-3 
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Sample: Boring 24, 19-20 ft  
Atterberg Limits: Non-plastic 

Description: Brown and tan fine sand, slightly silty                                                                                      
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 25, 19-20 ft  
Atterberg Limits: Non-plastic 

      Description: Brown and tan silty fine sand 
      Classification: USCS = SM; AASHTO = A-2-4 
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PLATE 1PLAN OF SUPPLEMENTAL BORINGS BB0610Supplemental Boring Location

B-13B
B-14A
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50/7"

50/11"
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50/8"

Loose brown fine sand

- medium dense below 8 ft

Stiff brown clay

Dense brownish gray fine sand
w/trace fine to coarse gravel

Dense to very dense brownish gray
fine to coarse sand w/a little fine
gravel

Dense to very dense brown fine to
coarse sand, slightly silty w/a little
fine to coarse gravel

Dense to very dense brownish gray
sandy fine gravel

SURF. EL:  139±
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50/9"

50/8"

37/6"
26/6"

Dense brownish gray fine to
medium sand w/some fine to
coarse gravel

- with more coarse gravel below
114 ft
Very stiff light gray silty clay w/a
little fine to coarse gravel
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67
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50/7"

50/8"

50/11"

50/4"

- with occasional interbedded fine
to coarse gravel seams and layers
below 120 ft

Hard brownish gray clay, slightly
blocky w/some fine to coarse
gravel and occasional lignite
inclusions

Hard greenish gray silty clay w/fine
sand pockets and inclusions

NOTE 1: Water depth 28 ft on
7/11/16.
NOTE 2: Water depth 29 ft on
7/12/16.
NOTE 3: Set 70 ft casing, ± 41 ft
below mudline.
NOTE 4: Lost casing at 157 ft.
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48
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50/7"
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50/6"

50/7"

Very soft to soft gray silty clay, wet

- stiff below 9 ft

Medium dense brown silty fine
sand

Dense to very dense brownish gray
fine to medium sand, slightly silty
w/trace fine gravel

Dense to very dense brownish gray
fine sand, slightly silty w/a trace
fine gravel

- fine to medium sand, slightly silty
below 28 ft

- silty fine sand below 35 ft

Dense brownish gray fine to coarse
sand and fine gravel

SURF. EL:  138±
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50/9"

50/6"

50/6"

50/6"

50/9"

- fine sand layer from 64 - 66 ft

Dense to very dense gray fine to
coarse sand w/some fine gravel

Very stiff to hard gray silty clay

Hard brownish gray clay, slightly
blocky

(continued)
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50/7"

50/7"

50/6"

50/5"

50/6"

Hard light gray clay

Hard greenish gray silty clay,
blocky w/silty fine sand partings
and occasional lignite inclusions

- with some clayey fine sand
seams and lignite inclusions below
155 ft

- with more fine sand and more
lignite content below 165 ft

2.442.44

(continued)
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50/4"

50/6"

50/5"

50/6"

Hard light grayish green clay

Hard greenish gray fine sandy clay
w/some clay seams and lignite
inclusions

- with interbedded fine sand
partings and clay seams below 200
ft

Hard greenish gray silty clay,
blocky w/fine sand partings and
occasional clayey fine sand seams

NOTE 1:  Water at 29 ft on 7/19/16
- 7/22/16.

NOTE 2:  Set 140 ft of casing as of
7/28/16.
NOTE 3:  Water at 28 ft on
7/28/16, 27.5 ft on 7/29/16.
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50/10"

50/11"

Very soft to soft brown and gray
silty clay, slightly sandy w/silt
partings, organic inclusions and
organic stains, damp
- stiff, dry below 2 ft
Firm brown fine sandy clay

- very soft below 8.5 ft

- water at 12 ft
Loose grayish brown silty fine sand
w/ferrous stains

Very loose to loose gray silty fine
sand w/interbedded silty clay
seams and layers

- medium dense below 23 ft

Loose gray silty fine sand

Medium dense grayish brown fine
sand, slightly silty

- dense to very dense below 48 ft

Dense to very dense gray fine to
coarse sand, slightly silty w/fine to
coarse gravel and occasional
organic inclusions

-NON-PLASTIC--NON-PLASTIC-

SURF. EL:  174±
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50/6"

50/7"

50/4"

50/7"

50/5"

50/4"

50/4"

Dense to very dense gray fine to
coarse sand w/some fine to coarse
gravel

Dense to very dense brownish gray
fine to medium sand w/a little fine
to coarse gravel

Dense to very dense gray fine to
coarse sand w/some fine to coarse
gravel

(continued)
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100

53

64

104

50/4"

50/8"

50/6"

50/5"

50/7"

Hard brownish gray clay, blocky

Hard light gray clay, blocky

(NOTE: Sample Disturbed)

Hard brownish gray fine sandy clay
w/fine sand partings and pockets
and organic stains

(continued)
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81

98

50/6"

50/5"

50/8"

50/4"

50/6"

- with lignite inclusions below 195 ft

- with decreasing fine sand seams
and pockets below 205 ft

- with more lignite inclusions below
215 ft

Medium dense greenish gray silty
clay w/fine sand partings

NOTE:  Set 30 ft casing.

(continued)
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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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SYMBOLS AND TERMS USED ON BORING LOGS

Gravel Sand Silt

Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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25.4 19.1 9.5 4.75 2.0 0.425 0.075
SAMPLE WATER
DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200
13B 8-9 22 --- --- --- --- --- --- --- --- --- 1 SP A-3
13B 17.5-18.5 25 --- --- --- 100 100 100 100 100 95 4 SP A-3
13B 26.5-27.3 14 --- --- --- 100 94 88 80 74 22 3 SW A-1-b
13B 36.5-37 13 --- --- --- 100 100 94 83 68 38 7 SP-SM A-1-b
13B 46.5-47.5 11 --- --- --- 100 100 64 44 13 1 0 GP A-1-a
13B 66.5-67.5 18 --- --- --- 100 97 83 36 10 3 1 GP A-1-a
13B 126-126.5 15 34 14 20 100 84 71 71 70 69 67 CL A-6
13B 136-137 22 61 18 43 100 85 65 61 58 55 53 CH A-7-6
13B 146.5-147 23 63 21 42 --- --- --- --- --- --- 98 CH A-7-6

SUMMARY of CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job BB0610

LOCATION: Prairie County, Arkansas
JOB NUMBER: 13-017

Boring 
No.

ATTERBERG LIMITS SIEVE ANALYSIS
UNIFIED 
CLASS.

AASHTO 
CLASS.

PERCENT PASSING

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



25.4 19.1 9.5 4.75 2.0 0.425 0.075
SAMPLE WATER
DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200
13C 10-11 44 49 22 27 --- --- --- --- --- --- 99 CL A-7-6
13C 11-11.5 25 --- --- --- --- --- --- --- --- --- 31 SM A-2-4
13C 20-20.7 25 --- --- --- 100 94 84 60 32 19 5 SP-SM A-1-b
13C 30.5-31 19 --- --- --- 100 89 83 74 67 57 8 SP-SM A-1-b
13C 35.5-36 20 --- --- --- 100 100 96 92 90 85 15 SM A-2-4
13C 40.5-41 18 --- --- --- 100 100 81 63 40 7 1 SP A-1-a
13C 95-95.5 19 --- --- --- 100 96 83 71 59 32 4 SP A-1-b
13C 115-115.7 24 57 21 36 --- --- --- --- --- --- 98 CH A-7-6
13C 125-125.5 19 60 20 40 --- --- --- --- --- --- 100 CH A-7-6
13C 145.5-146 24 44 19 25 --- --- --- --- --- --- 80 CL A-7-6
13C 185-185.5 25 54 19 35 --- --- --- --- --- --- 98 CH A-7-6
13C 195-195.5 27 33 21 12 --- --- --- --- --- --- 57 CL A-6
13C 205-205.5 24 35 17 18 --- --- --- --- --- --- 60 CL A-6
13C 215-215.5 26 37 17 20 --- --- --- --- --- --- 78 CL A-6

SUMMARY of CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job BB0610

LOCATION: Prairie County, Arkansas
JOB NUMBER: 13-017

Boring 
No.

UNIFIED 
CLASS.

AASHTO 
CLASS.

SIEVE ANALYSIS
PERCENT PASSING

ATTERBERG LIMITS

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



0.075
SAMPLE WATER
DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX

14A 4.5-5.5 17 39 18 21 96 CL A-6
14A 9-10 28 29 16 13 76 CL A-6
14A 14-15 25 -- -- -- 32 SM A-2-4
14A 24-25 22 NP NP NP 27 SM A-2-4
14A 34-35 23 -- -- -- 7 SP-SM A-2-4
14A 68.5-69 15 -- -- -- 7 SP-SM A-2-4
14A 108.5-109 16 -- -- -- 3 SP A-2-4
14A 149-149.7 23 64 21 43 100 CH A-7-6
14A 178.5-179 23 35 18 17 64 CL A-6
14A 209.5-209.9 24 36 19 17 81 CL A-6
14A 239.5-240 23 46 22 24 98 CL A-7-6

Percent 
Passing No. 

200, %

SUMMARY of CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job BB0610

LOCATION: Prairie County, Arkansas
JOB NUMBER: 13-017

Boring 
No.

ATTERBERG LIMITS UNIFIED 
CLASS.

AASHTO 
CLASS.

Grubbs, Hoskyn,
Barton & Wyatt, Inc.
CONSULTING ENGINEERS PLATE
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GRAVEL SAND
SILT            OR           CLAY

COARSE                  FINE COARSE          MEDIUM                      FINE

13-017

Sample: Boring 13B  17.5 - 18.5 ft 
Description: Brownish gray fine SAND 

USCS = SP      AASHTO = A-3
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GRAVEL SAND
SILT            OR           CLAY
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13-017

Sample: Boring 13B 26.5 - 27.3 ft
Description: Brownish gray fine to coarse SAND

with a little fine gravel USCS = SW      AASHTO = A-1-b
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GRAVEL SAND
SILT            OR           CLAY

COARSE                  FINE COARSE          MEDIUM                      FINE

13-017

Sample: Boring 13B 36.5 - 37.1 ft
Description: Brown fine to coarse SAND, slightly silty

with a little fine gravel                          USCS = SP-SM      AASHTO = A-1-b
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GRAVEL SAND
SILT            OR           CLAY

COARSE                  FINE COARSE          MEDIUM                      FINE

13-017

Sample: Boring 13B 46.5 - 47.5 ft
Description: Brown sandy fine GRAVEL

USCS = GP           AASHTO = A-1-a
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COARSE                  FINE COARSE          MEDIUM                      FINE

13-017

Sample: Boring 13B 66.5 - 67.5 ft
Description: Brownish gray sandy fine GRAVEL

USCS = GP           AASHTO = A-1-a
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GRAVEL SAND
SILT            OR           CLAY
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13-017

Sample: Boring 13B 126 - 126.5 ft; LL = 34, PL = 14, PI = 20
Description: Light gray silty CLAY

with a little fine to coarse gravel USCS = CL      AASHTO = A-6
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Sample: Boring 13B 136 - 137 ft; LL = 61, PL = 18, PI = 43
Description: Brownish gray CLAY,

with some fine to coarse gravel USCS = CH      AASHTO = A-7-6
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GRAVEL SAND
SILT and CLAYCOARSE                  FINE COARSE          MEDIUM                      FINE

13-017

Sample: Boring 13C, 20-20.7 ft
Description: Brownish gray fine-medium SAND, slightly silty w/ trace fine 
gravel

USCS = SP‐SM      AASHTO = A‐1‐b
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GRAVEL SAND
SILT                        CLAYCOARSE                  FINE COARSE          MEDIUM                      FINE

13-017

Sample: Boring 13C, 30.5-31 ft
Description: Brownish gray fine-medium SAND, slightly silty w/ trace fine gravel

USCS = SP‐SM      AASHTO = A‐1‐b
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Sample: Boring 13C, 35.5-36 ft
Description: Brownish gray silty fine SAND w/ trace fine gravel)

13-017

USCS = SM      AASHTO = A‐2‐4
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GRAVEL SAND
SILT and CLAYCOARSE                  FINE COARSE          MEDIUM                      FINE

13-017

Sample: Boring 13C, 40.5-41 ft
Description: Brownish gray fine-coarse SAND and fine gravel USCS = SP      AASHTO = A‐1‐a
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13-017

Sample: Boring 13C, 95-95.5 ft
Description: Gray fine-coarse SAND w/ some fine gravel

USCS = SP      AASHTO = A‐1‐b



RESULTS of UNCONSOLIDATED‐UNDRAINED TRIAXIAL COMPRESSION TEST
PROJECT: I‐40 over White River ‐ AHTD Job BB0610

LOCATION: Prairie County, Arkansas
JOB NUMBER: 13‐017

Boring: 13C
Depth, ft: 125‐125.5

Description: Light gray CLAY
Ultimate Compressive

Strength, psi: 64
Undrained shear strength, psi: 32
Undrained shear strength, psf: 4608
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50/7"

50/6"

41

Firm reddish brown silty clay
w/clayey silt pockets (fill)
Soft to firm brown and gray silty
clay w/ferrous stains
- firm to stiff at 2 to 4 ft
- with organic stains to 3 ft
- water at 4 ft
- stiff at 4 to 8 ft

- firm below 8 ft

Soft brownish gray silty clay, moist

Medium dense brown and gray silty
fine sand w/occasional silty clay
pockets

- dense, less silty and coarser
below 24 ft

Dense brown and gray fine to
medium sand, slightly silty

- with clayey fine sand seams at 39
to 45 ft

SURF. EL:  184.3

13-017

LOCATION:    Sta 1877+60, 70 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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30

50/8"

50/8"

50/8"

50/8"

- dense to very dense with trace
fine to coarse gravel below 52 ft

(continued)
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LOCATION:    Sta 1877+60, 70 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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50/10"

48

Very soft reddish tan silty clay
w/clayey silt pockets (fill)
Stiff brown and gray silty clay
w/clay pockets and ferrous stains

- stiff to very stiff at 6 to 8 ft

Firm brownish gray clay w/ferrous
stains

Medium dense brown and gray silty
fine sand

- coarser, less silty below 28 ft
- dense at 28 - 32 ft

- medium dense below 32 ft

Dense to very dense brown and
gray fine to medium sand, slightly
silty

SURF. EL:  191.3

13-017

LOCATION:    Sta 1879+00, 50 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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50/8"

50/8"

50/6"

50/10"

- medium dense with silty clay
layers at 48 - 52 ft

- dense to very dense with trace
fine to coarse gravel below 52 ft

(continued)
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LOCATION:    Sta 1879+00, 50 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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Soft reddish tan and brown clay
w/clayey silt pockets and surface
organics
Soft brown and gray silty clay
w/ferrous stains
- stiff at 4 - 12 ft

- firm to stiff below 12 ft

Medium dense clayey fine sand,
wet

Dense brown and tan silty fine
sand w/trace silty clay pockets, wet

- brown and gray below 28 ft

Medium dense brown and gray fine
to medium sand, slightly silty

- dense below 42 ft

SURF. EL:  190.5
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LOCATION:    Sta 1880+15 , 50 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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1150/7"

50/8"

50/6"

50/8"

50/6"

- dense to very dense below 48 ft

- with trace fine to coarse gravel
below 52 ft

(continued)
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LOCATION:    Sta 1880+15 , 50 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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Consulting Engineers
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50/9"

50/8"

50/9"

50/6"

Firm gray and brown silty clay w/silt
pockets and ferrous nodules and
stains

- stiff below 4 ft

- water at 8 ft

Medium dense gray and brown fine
to medium sand, slightly silty

- dense below 28 ft

Dense gray fine to medium sand

- dense to very dense below 38 ft

Gs = 2.7

Gs = 2.65

Gs = 2.7

Gs = 2.65

SURF. EL:  171.9
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LOCATION:    Sta 1883+83, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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50/8"

50/6"

80/9"

50/7"

50/6"

- slightly silty with a little fine gravel
below 54 ft

Dense to very dense gray fine to
medium sand w/some fine to
coarse gravel

Dense to very dense gray sandy
fine gravel

- with occasional silt and silty clay
seams at 70 to 86 ft

(continued)
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LOCATION:    Sta 1883+83, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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50/8"

29

50/9"

50/10"

50/9"

70/3"

Firm dark gray and brown silty clay,
slightly sandy w/silt pockets and
ferrous nodules and stains

- water at 8 ft
Loose gray and brown silty fine
sand, slightly clayey, wet

Medium dense reddish tan and tan
silty fine sand

- dense below 18 ft

- brown below 22 ft

Dense to very dense gray and tan
fine sand w/trace medium sand

Medium dense gray fine to medium
sand w/occasional organic
inclusions

- dense to very dense below 38 ft

- with some fine to coarse gravel
below 52 ft

Gs = 2.64Gs = 2.64

SURF. EL:  171.7
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LOCATION:    Sta 1884+63, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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50/6"

50/11"

70/9"

50/8"

70/6"

Dense to very dense gray sandy
fine to coarse gravel

Dense to very dense gray fine to
coarse sand, slightly silty w/some
fine to coarse gravel

- with more gravel below 90 ft

(continued)
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LOCATION:    Sta 1884+63, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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50/11"

50/10"

72

50/10"

50/9"

Soft gray and brown silty clay
w/ferrous stains and nodules
- firm at 2 - 4 ft

- stiff, moist below 4 ft

Soft brown clayey silt w/occasional
clay pockets from 4 - 5 ft
- firm below 8 ft

Medium dense brown silty fine
sand w/occasional clay pockets
and seams
Medium dense gray fine sand,
slightly silty

- dense 25 to 34 ft

- dense to very dense below 34 ft

- with occasional organic inclusions
below 40 ft

Dense to very dense gray fine to
medium sand, silty w/some fine
gravel and occasional clay pockets

Gs = 2.71Gs = 2.71

SURF. EL:  171.0
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LOCATION:    Sta 1886+11, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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50/7"

80/3"

70/6"

70/5"

70/5"

Dense to very dense gray fine to
medium sand w/trace fine to
coarse gravel

- with more gravel below 90 ft

(continued)
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LOCATION:    Sta 1886+11, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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PLATE 14

Consulting Engineers
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50/9"

50/9"

50/8"

50/11"

80/8"

Firm brown silty clay w/ferrous
stains and nodules and some
organics
- gray and brown below 2 ft

Soft brown clayey silt w/occasional
silty clay pockets, moist

Medium dense brown and gray silty
fine sand

Medium dense gray fine sand,
slightly silty

- dense at 24 - 33 ft
- with trace fine gravel at 25 - 30 ft

- dense to very dense below 33 ft

Dense to very dense gray fine to
medium sand, silty w/occasional
clay seams and layers

- with some fine to coarse gravel
below 50 ft

-NON-PLASTIC--NON-PLASTIC-

SURF. EL:  173.5

13-017

LOCATION:    Sta 1887+59, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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PLATE 15
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80/8"

80/8"

80/7"

80/6"

80/6"

Dense gray sandy fine to coarse
gravel

- with occasional fine to medium
sand layers at 65 - 75 ft

(continued)
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LOCATION:    Sta 1887+59, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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PLATE 16

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.

60

65

70

75

80

85

90

95

100

105

60

70

80

90

100



81

29

5

12

10

14

16

10

21

52

50/11"

50/8"

50/11"

50

49

50/10"

50/9"

Firm to stiff gray and brown silty
clay, sandy w/occasional silt
pockets and ferrous nodules and
stains

- soft below 6 ft

- water at 8 ft
Medium dense brown silty fine
sand

- brown and tan below 13 ft
- loose at 13 - 18 ft

- medium dense below 18 ft

Dense gray fine sand, slightly silty

- dense to very dense at 28 to 43 ft

- with organic inclusions below 34 ft

- dense with trace fine gravel below
43 ft

Dense to very dense gray fine to
medium sand w/trace fine to
coarse gravel

Gs = 2.70Gs = 2.70

SURF. EL:  174.4

13-017

LOCATION:    Sta 1888+79, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/26/2014IN BORING:  8 ft
DEPTH TO WATER

DATE:  2-26-14
COMPLETION DEPTH:  100.0 ft

- 
N

o.
 2

00
 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  8

PLATE 17

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

10

20

30

40

50



470/9"

90/9"

70/8"

70/8"

Dense to very dense tan and gray
sandy fine to coarse gravel

(continued)

13-017

LOCATION:    Sta 1888+79, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/26/2014IN BORING:  8 ft
DEPTH TO WATER

DATE:  2-26-14
COMPLETION DEPTH:  100.0 ft

- 
N

o.
 2

00
 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  8

PLATE 18

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.

65

70

75

80

85

90

95

100

105

110

115

70

80

90

100

110



66

9

8

12

12

9

16

22

42

50/9"

50/10"

50/10"

50/10"

80/8"

Firm brown silty clay w/ferrous
stains and nodules
- gray and brown below 2 ft
- soft at 2 to 4 ft
- stiff at 4 to 6 ft

- soft at 6 to 8 ft
- stiff with clayey silt seams and
layers below 9 ft

Firm gray and brown clayey silt,
sandy w/ferrous stains and nodules

Medium dense gray fine sand,
slightly silty w/occasional silty clay
seams and layers

- with trace fine gravel to 25 ft

- dense at 28 - 33 ft

- dense to very dense below 33 ft

SURF. EL:  176.9

13-017

LOCATION:    Sta 1889+99, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/10/2014IN BORING:  9 ft
DEPTH TO WATER

DATE:  3-10-14
COMPLETION DEPTH:  100.0 ft

- 
N

o.
 2
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 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  9

PLATE 19

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

10

20

30

40

50



770/9"

80/8"

70/10"

70/8"

70/6"

Dense gray fine to coarse sand,
slightly silty w/fine gravel
- with organic inclusions and
seams and occasional silty clay
seams and layers to 65 ft

(continued)

13-017

LOCATION:    Sta 1889+99, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/10/2014IN BORING:  9 ft
DEPTH TO WATER

DATE:  3-10-14
COMPLETION DEPTH:  100.0 ft

- 
N

o.
 2

00
 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  9

PLATE 20

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.

60

65

70

75

80

85

90

95

100

105

60

70

80

90

100



20

38

4

4

9

10

9

10

13

6

5

20

45

50/10"

50/10"

40

50/8"

50

80/8"

Loose brown silty fine sand w/silty
clay seams and layers

Stiff gray and brown silty clay
w/ferrous stains and nodules

Loose brown silty fine sand

Medium dense gray fine sand w/a
little medium sand

- dense at 28 to 33 ft

-dense to very dense at 33 to 42 ft

- with occasional silty clay pockets
below 40 ft
- dense at 42 - 45 ft

- dense to very dense with trace
coarse sand and fine gravel below
45 ft

Dense gray fine to medium sand
w/some fine to coarse gravel

-NON-PLASTIC-

-NON-PLASTIC-

-NON-PLASTIC-

-NON-PLASTIC-

SURF. EL:  177.2

13-017

LOCATION:    Sta 1891+47, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas

LG
B

N
E

W
  1

3-
01

7.
G

P
J 

 6
-1

3-
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DATE:  3/12/2014IN BORING:  12 ft
DEPTH TO WATER

DATE:  3-12-14
COMPLETION DEPTH:  100.0 ft

- 
N

o.
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 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  10

PLATE 21

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

10

20

30

40

50



80/8"

80/7"

80/7"

80/7"

Dense gray sandy fine to coarse
gravel

(continued)

13-017

LOCATION:    Sta 1891+47, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/12/2014IN BORING:  12 ft
DEPTH TO WATER

DATE:  3-12-14
COMPLETION DEPTH:  100.0 ft

- 
N

o.
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00
 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  10

PLATE 22

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
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 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.
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70

75

80

85
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95
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105
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5

2

2

8

9

8

6

7

26

25

20

40

50/11"

50/9"

50/8"

70/8"

70/8"

80/8"

Loose brown fine sandy silt
w/occasional clay pockets (fill)
Firm gray and brown silty clay
w/ferrous stains and nodules

Soft brown clayey silt w/occasional
silty clay pockets
Loose brown silt w/occasional clay
pockets

Medium dense reddish brown fine
sand, slightly silty

Medium dense gray fine sand

- dense at 27 to 33 ft

- dense to very dense below 33 ft

Dense to very dense gray fine to
medium sand

Dense to very dense gray fine to
coarse sand w/fine to coarse
gravel and trace clay pockets

SURF. EL:  167.5

13-017

LOCATION:    Sta 1892+95, 80 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/13/2014IN BORING:  8 ft
DEPTH TO WATER

DATE:  3-13-14
COMPLETION DEPTH:  100.0 ft

- 
N

o.
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00
 %

TYPE:   Auger to10  ft /Wash

L O G  O F  B O R I N G  N O.  11

PLATE 23

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
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 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.
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10

15

20

25
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35

40

45

50

55
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80/7"

80/8"

80/10"

80/6"

Dense gray sandy fine to coarse
gravel

(continued)

13-017

LOCATION:    Sta 1892+95, 80 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/13/2014IN BORING:  8 ft
DEPTH TO WATER

DATE:  3-13-14
COMPLETION DEPTH:  100.0 ft

- 
N

o.
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 %

TYPE:   Auger to10  ft /Wash

L O G  O F  B O R I N G  N O.  11

PLATE 24

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
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 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.
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70
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2

3

16

2

2

3

3

18

18

29

29

46

55

50/11"

32

45

50/11"

Very soft gray and brown silty clay
w/occasional silt pockets and
seams

Very soft brown clayey silt w/silty
clay seams

Medium dense brown and gray fine
sand

- gray below 13 ft

- with occasional organic inclusions
to 35 ft
- dense at 28 to 34 ft

- dense to very dense with some
medium sand below 34 ft

Dense gray silty fine sand w/trace
medium sand and occasional silty
clay seams

- with wood fragments at 50 ft
Dense to very dense gray sandy
fine gravel w/occasional fine to
medium sand seams and layers

SURF. EL:  168

13-017

LOCATION:    Sta 1894+15, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/13/2014IN BORING:  4 ft
DEPTH TO WATER

DATE:  3-13-14
COMPLETION DEPTH:  130.0 ft

-
N

o.
 2

00
 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  12

PLATE 25

Consulting Engineers

D
E

P
T

H
, F

T
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L
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A

M
P
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S

DESCRIPTION OF MATERIAL

B
LO
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S
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E

R
 F

T

U
N
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R
Y
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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.
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2

70/10"

70/8"

80/7"

80/7"

80/5"

80/8"

(continued)

13-017

LOCATION:    Sta 1894+15, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas

LG
B

N
E

W
  1

3-
01

7.
G

P
J 

 6
-1

3-
1

4

DATE:  3/13/2014IN BORING:  4 ft
DEPTH TO WATER

DATE:  3-13-14
COMPLETION DEPTH:  130.0 ft

- 
N

o.
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 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  12

PLATE 26

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
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R
Y
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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.
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- borehole caving at 110 ft

(continued)

13-017

LOCATION:    Sta 1894+15, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/13/2014IN BORING:  4 ft
DEPTH TO WATER

DATE:  3-13-14
COMPLETION DEPTH:  130.0 ft

- 
N

o.
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 %

TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  12

PLATE 27

Consulting Engineers

D
E

P
T

H
, F

T
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Y

M
B
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M
P
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S

DESCRIPTION OF MATERIAL

B
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E

R
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T

U
N

IT
 D

R
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T
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/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.
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150

160



31

15

17

15

16

30

75

63

100/11"

75

Medium dense brown and gray silty
fine sand w/a little medium sand

- dense at 15 to 20 ft

- dense to very dense with some
fine to coarse gravel below 20 ft

Dense to very dense brownish gray
fine to medium sand w/some fine
to coarse gravel

-NON-PLASTIC-
Gs = 2.66

-NON-PLASTIC-
Gs = 2.66

SURF. EL:  137±

13-017

LOCATION:    Sta 1896+90, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/28/2014IN BORING:  NA
DEPTH TO WATER

DATE:  2-28-14
COMPLETION DEPTH:  78.0 ft

- 
N

o.
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 %

TYPE:   Wash

L O G  O F  B O R I N G  N O.  13

PLATE 28

Consulting Engineers

D
E
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T

H
, F

T
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P
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S

DESCRIPTION OF MATERIAL

B
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T
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T
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/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.
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73

75

100/6"

100/5"

100/5"

Dense to very dense gray fine to
coarse sand w/some fine to coarse
gravel

- brown and gray below 75 ft

- 100% water loss at 78 ft

NOTE 1:  Water depth: 27 ft.
NOTE 2:  Set 30 ft casing to 3 ft
below mudline.
NOTE 3:  Boring caving.
Abandoned at 78 ft

(continued)

13-017

LOCATION:    Sta 1896+90, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/28/2014IN BORING:  NA
DEPTH TO WATER

DATE:  2-28-14
COMPLETION DEPTH:  78.0 ft
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TYPE:   Wash

L O G  O F  B O R I N G  N O.  13

PLATE 29

Consulting Engineers
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S

DESCRIPTION OF MATERIAL

B
LO

W
S

 P
E

R
 F

T

U
N

IT
 D

R
Y

 W
T

LB
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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.
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2

4

6

50/8"

45

36

50/10"

100/7"

100/8"

50/8"

Dense brown and tan fine sand w/a
little medium sand

- dense to very dense with some
gravel below 30 ft

Dense to very dense gray fine to
coarse sand, slightly silty w/fine
gravel

Gs = 2.65Gs = 2.65

SURF. EL:  137±

13-017

LOCATION:    Sta 1896+80, 50 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/7/2014IN BORING:  NA
DEPTH TO WATER

DATE:  3-1-14
COMPLETION DEPTH:  150.0 ft
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TYPE:   Wash

L O G  O F  B O R I N G  N O.  13A

PLATE 30

Consulting Engineers
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DESCRIPTION OF MATERIAL
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Barton & Wyatt, Inc.
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5

1

100/7"

100/5"

105/7"

100/7"

- with trace coarse gravel below 60
ft

Dense to very dense gray fine to
coarse sand w/fine gravel

- more gravel below 80 ft

- 100% water loss at 82 ft,
borehole caving

(continued)

13-017

LOCATION:    Sta 1896+80, 50 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/7/2014IN BORING:  NA
DEPTH TO WATER

DATE:  3-1-14
COMPLETION DEPTH:  150.0 ft

- 
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o.
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 %

TYPE:   Wash

L O G  O F  B O R I N G  N O.  13A

PLATE 31

Consulting Engineers

D
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T
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P
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S

DESCRIPTION OF MATERIAL
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/C
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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.
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1

Dense to very dense gray and
brown sandy fine gravel
w/occasional fine to medium sand
seams and layers

NOTE 1:  Water depth 27 ft.
NOTE 2:  Set 70 ft casing, to 43 ft
below mudline.

(continued)

13-017

LOCATION:    Sta 1896+80, 50 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  3/7/2014IN BORING:  NA
DEPTH TO WATER

DATE:  3-1-14
COMPLETION DEPTH:  150.0 ft

- 
N

o.
 2

00
 %

TYPE:   Wash

L O G  O F  B O R I N G  N O.  13A

PLATE 32

Consulting Engineers

D
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S

DESCRIPTION OF MATERIAL
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T
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T
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/C
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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.
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95

62

36

24

11

2

7

5

4

8

6

5

14

32

36

40

41

45

50/11"

Very soft brown silty clay w/organic
inclusions, moist
- soft to firm below 2 ft

Soft gray clayey silt

Loose gray silty fine sand
w/occasional silty clay pockets

- medium dense at 22 to 28 ft

- dense below 28 ft

Dense brownish gray fine sand,
slightly silty w/trace medium sand
- with trace fine gravel below 57 ft

Gs = 2.67

Gs = 2.67

-NON-PLASTIC-
Gs = 2.67

Gs = 2.67

Gs = 2.67

-NON-PLASTIC-
Gs = 2.67

SURF. EL:  176.6

13-017

LOCATION:    Sta 1900+10, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/13/2014IN BORING:  16 ft
DEPTH TO WATER

DATE:  2-13-14
COMPLETION DEPTH:  125.0 ft

- 
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o.
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TYPE:   Auger to 20 ft /Wash

L O G  O F  B O R I N G  N O.  14

PLATE 33

Consulting Engineers
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DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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PLASTIC
LIMIT

WATER
CONTENT

LIQUID
LIMIT

10 20 30 40 50 60 70

Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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2

50/11"

50/10"

50/6"

50/7"

50/6"

50/4"

Dense to very dense brown sandy
fine gravel

(continued)

13-017

LOCATION:    Sta 1900+10, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/13/2014IN BORING:  16 ft
DEPTH TO WATER

DATE:  2-13-14
COMPLETION DEPTH:  125.0 ft

- 
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TYPE:   Auger to 20 ft /Wash

L O G  O F  B O R I N G  N O.  14

PLATE 34

Consulting Engineers
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DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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PLASTIC
LIMIT

WATER
CONTENT

LIQUID
LIMIT

10 20 30 40 50 60 70

Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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94
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9

14

23

10

18

36

42

50/8"

35

45

38

Stiff brown clay

- very stiff below 2 ft

- with fine sandy silt pockets below
4 ft
Medium dense brown silty fine
sand

- loose to medium dense at 8 - 12
ft

- medium dense at 12 - 18 ft

- wet at 9 - 18 ft
- dense at 18 - 28 ft

- with silty clay pockets below 24 ft

- dense to very dense at 28 - 32 ft

- dense, grayish brown, wet below
32 ft

Dense brown and gray fine to
medium sand, slightly silty w/silty
clay pockets and trace fine gravel

-NON-PLASTIC--NON-PLASTIC-

SURF. EL:  180.1

13-017

LOCATION:    Sta 1916+00, CL

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  6/24/2013IN BORING:  Dry to 15 ft
DEPTH TO WATER

DATE:  6-24-13
COMPLETION DEPTH:  70.0 ft
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TYPE:   Auger to 15 ft /Wash

L O G  O F  B O R I N G  N O.  15

PLATE 35

Consulting Engineers
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DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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LIMIT

WATER
CONTENT

LIQUID
LIMIT

10 20 30 40 50 60 70

Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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5

34

50/9"

37

50/8"

50/10"

- dark gray and brown with
numerous organic inclusions below
48 ft

Dense to very dense gray fine
sand, slightly silty

- dense, coarser below 55 ft

Dense to very dense brown and
gray fine to medium sand, slightly
silty

(continued)

13-017

LOCATION:    Sta 1916+00, CL

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  6/24/2013IN BORING:  Dry to 15 ft
DEPTH TO WATER

DATE:  6-24-13
COMPLETION DEPTH:  70.0 ft
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TYPE:   Auger to 15 ft /Wash

L O G  O F  B O R I N G  N O.  15

PLATE 36

Consulting Engineers
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DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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PLASTIC
LIMIT

WATER
CONTENT

LIQUID
LIMIT

10 20 30 40 50 60 70

Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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99

96

29

9

20

3

42

20

13

34

20

38

9

14

36

38

Soft dark brown clayey silt
w/surface organics
Very soft grayish brown silty clay
Very stiff brown clay and silty clay
w/silt pockets

Medium dense brown silty fine
sand

Dense brown fine sand, slightly
silty

- damp at 22 - 32 ft
- medium dense at 22 - 26 ft

- dense below 26 ft

Loose dark gray and brown silty
fine sand w/numerous organic
inclusions

- medium dense, wet below 38 ft

Dense brown and gray fine to
medium sand, slightly silty

SURF. EL:  185.1

13-017

LOCATION:    Sta 1917+80, CL

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  6/19/2013IN BORING:  Dry to 15 ft
DEPTH TO WATER

DATE:  6-19-13
COMPLETION DEPTH:  70.0 ft
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TYPE:   Auger to 15 ft /Wash

L O G  O F  B O R I N G  N O.  16

PLATE 37

Consulting Engineers
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DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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CONTENT

LIQUID
LIMIT
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Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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13

4

30

47

50/9"

50/10"

Dense gray and brown silty fine
sand, wet

- dense to very dense below 63 ft

Dense to very dense brown and
gray fine to medium sand w/trace
fine gravel

(continued)

13-017

LOCATION:    Sta 1917+80, CL

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  6/19/2013IN BORING:  Dry to 15 ft
DEPTH TO WATER

DATE:  6-19-13
COMPLETION DEPTH:  70.0 ft
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TYPE:   Auger to 15 ft /Wash

L O G  O F  B O R I N G  N O.  16

PLATE 38

Consulting Engineers
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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
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Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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9

6

16
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7

13

35

50/11"

16

39

28

19

16

Very stiff brown silty clay
Medium dense brown silty fine
sand
Stiff dark brown silty clay w/organic
stains
- light gray and tan below 4.5 ft

Medium dense brown silty fine
sand
Loose brown and tan fine sand,
slightly silty

- medium dense at 12 - 18 ft

- dense at 18 to 23 ft

- dense to very dense at 23 to 28 ft

- medium dense below 28 ft

Dense gray and brown fine to
medium sand, slightly silty

- medium dense below 38 ft

- gray below 42 ft

- gray and dark gray with organic
inclusions below 47 ft

SURF. EL:  178.4

13-017

LOCATION:    Sta 1915+40, 10 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  6/26/2013IN BORING:  8 ft
DEPTH TO WATER

DATE:  6-26-13
COMPLETION DEPTH:  88.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  17

PLATE 39

Consulting Engineers
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DESCRIPTION OF MATERIAL
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4

3

38

50

38

50/8"

50/8"

50/8"

50/8"

- dense below 52 ft

- with silty clay pockets and seams
at 54 - 56 ft

Dense gray and brown fine to
medium sand

- dense to very dense below 67 ft

Dense to very dense brown and
gray sandy fine to coarse gravel

(continued)

13-017

LOCATION:    Sta 1915+40, 10 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  6/26/2013IN BORING:  8 ft
DEPTH TO WATER

DATE:  6-26-13
COMPLETION DEPTH:  88.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  17

PLATE 40

Consulting Engineers
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DESCRIPTION OF MATERIAL
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77

99

20

8

16

9

4

3

8

21

44

50/11"

50/11"

50/10"

Soft dark brown silty clay
Firm to stiff brown clay

- stiff below 4 ft

Soft brown and light brown silty
clay
- with interbedded fine sandy silt
layers below 8.5 ft
- firm at 9 - 10 ft
- soft below 12 ft

Very soft brownish gray fine sandy
clay, silty

- firm below 23 ft

Stiff brown clay

- very stiff below 33 ft
Dense gray silty fine sand

- dense to very dense below 38 ft

-NON-PLASTIC--NON-PLASTIC-

SURF. EL:  177.1

13-017

LOCATION:    Sta 1902+75, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/14/2014IN BORING:  7 ft
DEPTH TO WATER

DATE:  2-14-14
COMPLETION DEPTH:  100.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  18

PLATE 41

Consulting Engineers
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7

3

50/10"

50/9"

50/9"

50/7"

50/6"

Dense to very dense brownish gray
fine sand, slightly silty w/trace fine
gravel

Dense to very dense brown and
gray sandy fine gravel

(continued)

13-017

LOCATION:    Sta 1902+75, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/14/2014IN BORING:  7 ft
DEPTH TO WATER

DATE:  2-14-14
COMPLETION DEPTH:  100.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  18

PLATE 42

Consulting Engineers
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DESCRIPTION OF MATERIAL
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8
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43

48

55

50/9"

50/10"

50/10"

Firm dark brown and brown silty
clay w/ferrous stains and nodules
- firm to stiff at 2 - 6 ft

- gray and brown below 4 ft

- firm below 6 ft

- gray below 15 ft

Medium dense gray fine sand,
slightly silty

- dense below 23 ft

Dense to very dense brownish gray
fine sand, slightly silty

- with some organic inclusions,
occasional silty clay pockets and a
little fine to coarse gravel below 50
ft

Gs = 2.70

Gs = 2.68

Gs = 2.70

Gs = 2.68

SURF. EL:  174.5

13-017

LOCATION:    Sta 1903+95, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/17/2014IN BORING:  13 ft
DEPTH TO WATER

DATE:  2-17-14
COMPLETION DEPTH:  100.0 ft
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TYPE:   Auger to 15 ft /Wash

L O G  O F  B O R I N G  N O.  19

PLATE 43

Consulting Engineers
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DESCRIPTION OF MATERIAL
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4

8

50/9"

50/10"

50/9"

50/9"

50/9"

Dense to very dense brownish gray
fine to medium sand w/trace fine
gravel

Dense to very dense grayish brown
sandy fine gravel, slightly silty

(continued)

13-017

LOCATION:    Sta 1903+95, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/17/2014IN BORING:  13 ft
DEPTH TO WATER

DATE:  2-17-14
COMPLETION DEPTH:  100.0 ft
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TYPE:   Auger to 15 ft /Wash

L O G  O F  B O R I N G  N O.  19

PLATE 44

Consulting Engineers
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H
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DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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WATER
CONTENT

LIQUID
LIMIT
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Grubbs, Hoskyn,
Barton & Wyatt, Inc.

60
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52

99

99

12

96

64

10

14

14

15

13

9

8

50

50

Firm to stiff brown silty clay
w/ferrous stains and organics

- stiff, gray and brown below 3.5 ft

Soft brown silty clay w/clayey silt
pockets
Medium dense brown fine sandy
silt w/silty clay seams and layers
Soft to firm brown and gray silty
clay

Firm gray clay

- with some organic inclusions
below 23 ft
- stiff at 23 to 32 ft

- firm below 32 ft

Dense gray fine to coarse sand,
slightly silty w/a little fine gravel
and occasional silty clay pockets

SURF. EL:  177.0

13-017

LOCATION:    Sta 1905+43, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/18/2014IN BORING:  8 ft
DEPTH TO WATER

DATE:  2-18-14
COMPLETION DEPTH:  100.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  20

PLATE 45

Consulting Engineers

D
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P
T

H
, F

T

S
Y

M
B

O
L

S
A

M
P

LE
S

DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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WATER
CONTENT

LIQUID
LIMIT

10 20 30 40 50 60 70

Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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6

3

50/11"

50/10"

50/9"

50/8"

50/6"

- dense to very dense below 58 ft

Dense to very dense brown sandy
fine gravel w/occasional coarse
sand seams and layers

(continued)

13-017

LOCATION:    Sta 1905+43, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/18/2014IN BORING:  8 ft
DEPTH TO WATER

DATE:  2-18-14
COMPLETION DEPTH:  100.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  20

PLATE 46

Consulting Engineers

D
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T

H
, F

T

S
Y

M
B

O
L

S
A

M
P

LE
S

DESCRIPTION OF MATERIAL
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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.

60
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97

4

8
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7

3

8

7

6

5

4
20

50/9"

50

50/10"

Firm tan and brown clay

- stiff below 2 ft

- water at 6 ft
Loose tan and brown clayey fine
sand, silty
- very loose below 8 ft
Firm gray silty clay w/occasional
fine sand partings and seams

- soft below 23 ft

Medium dense tan and gray fine to
coarse sand w/a little fine gravel

- dense to very dense below 38 ft

SURF. EL:  175.8

13-017

LOCATION:    Sta 1906+91, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/21/2014IN BORING:  6 ft
DEPTH TO WATER

DATE:  2-21-14
COMPLETION DEPTH:  100.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  21

PLATE 47

Consulting Engineers

D
E

P
T

H
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T
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P
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DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT

0.2 0.4 0.6 0.8 1.0 1.2 1.4
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LIMIT

WATER
CONTENT

LIQUID
LIMIT

10 20 30 40 50 60 70

Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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4

50/10"

50/9"

50/8"

50/7"

50/7"

Dense to very dense gray and tan
sandy fine gravel

(continued)

13-017

LOCATION:    Sta 1906+91, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/21/2014IN BORING:  6 ft
DEPTH TO WATER

DATE:  2-21-14
COMPLETION DEPTH:  100.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  21

PLATE 48

Consulting Engineers

D
E
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T

H
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P
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S

DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT

0.2 0.4 0.6 0.8 1.0 1.2 1.4
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LIMIT

WATER
CONTENT

LIQUID
LIMIT

10 20 30 40 50 60 70

Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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50/10"

47

50/10"

50/9"

50

50/10"

Loose dark brown silt
Soft reddish tan silty clay w/organic
inclusions
- firm below 2 ft
Firm to stiff tan and brown silty clay
w/silt pockets and organics
Medium dense brown and tan silt
Stiff gray and tan silty clay
w/occasional silt pockets and
ferrous stains and nodules

Loose to medium dense brown silty
fine sand

- medium dense at 18 - 22 ft

Dense to very dense grayish brown
fine sand, slightly silty

SURF. EL:  180.1

13-017

LOCATION:    Sta 1908+11, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/12/2014IN BORING:  12 ft
DEPTH TO WATER

DATE:  2-12-14
COMPLETION DEPTH:  100.0 ft
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TYPE:   Auger to 20 ft /Wash

L O G  O F  B O R I N G  N O.  22

PLATE 49

Consulting Engineers

D
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T
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DESCRIPTION OF MATERIAL
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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.
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4

2

65

50/11"

50/8"

50/5"

50/4"

- dark gray with organic inclusions
below 60 ft

Dense to very dense grayish brown
fine sand w/trace medium sand

Dense to very dense gray and
brown sandy fine gravel

(continued)

13-017

LOCATION:    Sta 1908+11, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/12/2014IN BORING:  12 ft
DEPTH TO WATER

DATE:  2-12-14
COMPLETION DEPTH:  100.0 ft
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TYPE:   Auger to 20 ft /Wash

L O G  O F  B O R I N G  N O.  22

PLATE 50

Consulting Engineers
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DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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LIMIT

10 20 30 40 50 60 70

Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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50/10"

43

50/7"

50

40

50/11"

Stiff brown and light brown silty
clay w/organics

Stiff light tan clay
Firm brown and tan silty clay
w/ferrous stains and nodules
Stiff brown clayey silt

Loose to medium dense gray fine
sandy silt w/occasional silty clay
pockets
Loose brown silty fine sand

Dense to very dense grayish brown
fine sand

Dense brownish gray fine to
medium sand, slightly silty

- dense to very dense below 48 ft
- with organic inclusions below 49 ft

SURF. EL:  185.4

13-017

LOCATION:    Sta 1909+25, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/11/2014IN BORING:  16 ft
DEPTH TO WATER

DATE:  2-11-14
COMPLETION DEPTH:  100.0 ft
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TYPE:   Auger to 20 ft /Wash

L O G  O F  B O R I N G  N O.  23

PLATE 51

Consulting Engineers
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DESCRIPTION OF MATERIAL
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Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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3

50/7"

50

50/10"

25/0"

50/2"

- with a little fine to coarse sand
and gravel below 59 ft

Dense to very dense grayish brown
sandy fine to coarse gravel

(continued)

13-017

LOCATION:    Sta 1909+25, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/11/2014IN BORING:  16 ft
DEPTH TO WATER

DATE:  2-11-14
COMPLETION DEPTH:  100.0 ft
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TYPE:   Auger to 20 ft /Wash

L O G  O F  B O R I N G  N O.  23

PLATE 52

Consulting Engineers
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DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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LIMIT
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Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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67

7

8

27

28
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38

50
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32

46

50/8"

50/10"

50/8"

Soft brown silty clay
Firm brown clay
- firm to stiff below 2.5 ft
Very stiff tan and brown silty clay

- stiff below 6 ft

Medium dense tan and brown fine
sandy silt

Medium dense brown and tan fine
sand, slightly silty

- dense below 18 ft

Dense to very dense tan and gray
fine sand, slightly silty

SURF. EL:  187.3

13-017

LOCATION:    Sta 1910+69, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/20/2014IN BORING:  Dry to 10 ft
DEPTH TO WATER

DATE:  2-20-14
COMPLETION DEPTH:  105.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  24

PLATE 53

Consulting Engineers

D
E

P
T

H
, F

T

S
Y

M
B

O
L

S
A

M
P

LE
S

DESCRIPTION OF MATERIAL
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COHESION, TON/SQ FT
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Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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550/8"

50/8"

50/4"

50/6"

50/5"

- with more silt below 73 ft

Dense to very dense tan and gray
sandy fine to coarse gravel

(continued)

13-017

LOCATION:    Sta 1910+69, 60 ft Rt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/20/2014IN BORING:  Dry to 10 ft
DEPTH TO WATER

DATE:  2-20-14
COMPLETION DEPTH:  105.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  24

PLATE 54

Consulting Engineers
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DESCRIPTION OF MATERIAL
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Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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8
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38

59

50/11"

50/11"

50/10"

50/8"

Firm tan and brown silty clay

Firm to stiff tan clay

- stiff below 4 ft

Firm to stiff tan and brown clayey
silt w/silty clay pockets
Medium dense tan and brown silty
fine sand w/occasional silty clay
pockets

- less silty below 13 ft

Dense tan and gray fine sand,
slightly silty

- dense to very dense beloe 33 ft

Dense to very dense tan and gray
fine sand w/trace medium sand
and fine gravel

SURF. EL:  184.3

13-017

LOCATION:    Sta 1911+84, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/20/2014IN BORING:  6 ft
DEPTH TO WATER

DATE:  2-20-14
COMPLETION DEPTH:  105.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  25

PLATE 55

Consulting Engineers
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DESCRIPTION OF MATERIAL
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50/11"

50/3"

50/4"

50/5"

50/4"

Dense to very dense brown and
gray sandy fine to coarse gravel

(continued)

13-017

LOCATION:    Sta 1911+84, 60 ft Lt

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  2/20/2014IN BORING:  6 ft
DEPTH TO WATER

DATE:  2-20-14
COMPLETION DEPTH:  105.0 ft
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TYPE:   Auger to 10 ft /Wash

L O G  O F  B O R I N G  N O.  25

PLATE 56

Consulting Engineers
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DESCRIPTION OF MATERIAL
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Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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15

7

10 inches:  Asphalt Concrete
14 inches:  Crushed Stone Base

Stiff reddish brown clayey silt,
sandy (fill)
Firm to stiff tan and gray clay
w/fine sandy silt pockets (fill)

- perched water at 5.5 ft
- stiff at 6 to 8 ft

- very stiff at 8 to 12 ft

- stiff, reddish brown at 12 - 24 ft

Firm to stiff reddish brown clayey
silt (fill)

Stiff to very stiff tan and gray silty
clay

Firm to stiff brownish gray silty clay
w/organic inclusions

NOTE:  Borehole backfilled with
cement-sand mix, pavement
patched.

2.272.27

SURF. EL:  205±

13-017

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  4/15/2013IN BORING:  Dry
DEPTH TO WATER

DATE:  4-15-13
COMPLETION DEPTH:  30.0 ft
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TYPE:   Auger

L O G  O F  B O R I N G  N O.  29

PLATE 57

Consulting Engineers
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DESCRIPTION OF MATERIAL
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LIQUID
LIMIT
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Grubbs, Hoskyn,
Barton & Wyatt, Inc.
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LOCATION:    Sta 1883+15, 80 ft Rt - Existing West Bridge End
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108

89

11

12

8

8 inches:  Asphalt Concrete
22 inches:  Crushed Stone Base

Medium dense tan silty fine sand
(fill)
Stiff tan and gray clay w/fine sandy
silt pockets (fill)

- firm at 6 - 8 ft

- stiff at 8 to 13 ft

- very stiff below 13 ft

Stiff to very stiff gray clay w/organic
inclusions

Medium dense brownish tan silt,
slightly clayey w/organic stains

NOTE:  Borehole backfilled with
cement-sand mix, pavement
patched.

1.73

96

1.73

96

SURF. EL:  200±

13-017

I-40 over White River - AHTD Job #BB0610
Prairie County, Arkansas
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DATE:  4/15/2013IN BORING:  Dry
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DATE:  4-15-13
COMPLETION DEPTH:  35.0 ft
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LOCATION:    Sta 1910+85, 185 ft Rt - Existing East Bridge End



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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GRUBBS, HOSKYN, BARTON & WYATT, INC.
Consulting Engineers

Boring No. Approximate 
Station

Approximate 
Offset

Ground 
Surface El, ft

Completion 
Depth, ft Project Feature

1 1877+60 70' Lt 184.3 70 West Bridge End
2 1879+00 50' Lt 191.3 70 West Bridge End
3 1880+15 50' Lt 190.5 70 West Bridge End
4 1883+83 60' Lt 171.9 100 Bent 1
5 1884+63 60' Rt 171.7 100 Bent 2
6 1886+11 60' Lt 171.0 100 Bent 3
7 1887+59 60' Rt 173.5 100 Bent 4
8 1888+79 60' Lt 174.4 100 Bent 5
9 1889+99 60' Rt 176.9 100 Bent 6
10 1891+47 60' Lt 177.2 100 Bent 7
11 1892+95 80' Rt 167.5 100 Bent 8
12 1894+15 60' Lt 168± 130 Bent 9
13 1896+90 60' Rt 137± 78 Pier 1

13A 1896+80 50' Rt 137± 150 Pier 1

Summary of Subsurface Exploration Program
Project:  AHTD Job No. BB0610: White River Str. & Apprs. (F)

Location: Prairie County, Arkansas
GHBW Job No.: 13-017



GRUBBS, HOSKYN, BARTON & WYATT, INC.
Consulting Engineers

Summary of Subsurface Exploration Program
Project:  AHTD Job No. BB0610: White River Str. & Apprs. (F)

Location: Prairie County, Arkansas
GHBW Job No.: 13-017

14 1900+10 60' Lt 176.6 125 Pier 2
15 1916+00 CL 180.1 70 East Bridge End
16 1917+80 CL 185.1 70 East Bridge End
17 1915+40 10' Rt 178.4 88 East Bridge End
18 1902+75 60' Rt 177.1 100 Bent 10
19 1903+95 60' Lt 174.5 100 Bent 11
20 1905+43 60' Rt 177.0 100 Bent 12
21 1906+91 60' Lt 175.8 100 Bent 13
22 1908+11 60' Rt 180.1 100 Bent 14
23 1909+25 60' Lt 185.4 100 Bent 15
24 1910+69 60' Rt 187.3 105 Bent 16
25 1911+81 60' Lt 184.3 105 Bent 17
29 1883+15 80' Rt 205± 30 Existing West Bridge End
30 1910+85 185' Rt 200± 35 Existing East Bridge End
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25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

1 0.5-1.5 21 36 15 21 ---- ---- ---- ---- ---- ---- 82 CL A-6

1 5-5.5 25 47 20 27 ---- ---- ---- ---- ---- ---- 96 CL A-7-6

1 9.5-10 26 43 19 24 100 100 100 100 100 98 97 CL A-7-6

1 14-15 29 44 19 25 --- --- --- --- --- --- 97 CL A-7-6

1 19-20 24 ---- ---- ---- 100 100 100 100 100 96 13 SM A-2-4

1 34-35 19 ---- ---- ---- 100 100 100 100 100 73 6 SP-SM A-3

1 39-40 20 ---- ---- ---- 100 100 100 100 100 57 16 SM A-2-4

1 54-55 17 ---- ---- ---- 100 100 96 95 94 62 5 SP-SM A-3

2 4.5-5.5 25 52 23 29 100 100 100 100 100 99 98 CH A-7-6

2 7-7.5 24 47 20 27 ---- ---- ---- ---- ---- ---- 98 CL A-7-6

2 14-15 26 44 18 26 ---- ---- ---- ---- ---- ---- 98 CL A-7-6

2 29-30 21 ---- ---- ---- 100 100 100 100 100 82 14 SM A-2-4

2 59-60 19 ---- ---- ---- 100 100 92 89 88 52 7 SP-SM A-3

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

3 2.5-3.5 28 43 20 23 ---- ---- ---- ---- ---- ---- 97 CL A-7-6

3 4.5-5 25 48 19 29 100 100 100 100 99 97 95 CL A-7-6

3 7-7.5 24 47 21 26 100 100 100 100 99 98 95 CL A-7-6

3 14-15 26 38 18 20 ---- ---- ---- ---- ---- ---- 93 CL A-6

3 19-20 25 19 11 8 ---- ---- ---- ---- ---- ---- 39 SC A-4

3 29-30 24 ---- ---- ---- 100 100 100 100 100 76 15 SM A-2-4

3 39-40 22 ---- ---- ---- 100 100 100 100 100 34 6 SP-SM A-1-b

3 49-50 18 ---- ---- ---- 100 100 98 98 95 57 11 SP-SM A-2-4

4 7-7.5 23 46 19 27 100 100 100 100 100 99 97 CL A-7-6

4 14-15 26 ---- ---- ---- 100 100 100 100 100 60 5 SP-SM A-3

4 38.5-39.5 30 ---- ---- ---- 100 100 100 100 100 77 4 SP A-3

4 53.5-54 18 ---- ---- ---- 100 100 89 87 86 58 10 SP-SM A-3

4 88.5-89.5 18 ---- ---- ---- 100 100 92 51 26 7 2 GW A-1-a

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

5 3-3.5 24 33 17 16 100 100 100 100 100 100 87 CL A-6

5 9-10 25 ---- ---- ---- ---- ---- ---- ---- ---- ---- 31 SM A-2-4

5 24-25 23 ---- ---- ---- 100 100 100 100 100 95 2 SP A-3

5 43.5-44.5 31 ---- ---- ---- 100 100 100 100 100 77 4 SP A-3

5 68.5-69.5 17 ---- ---- ---- 100 96 88 80 73 54 8 SP-SM A-3

6 3-3.5 28 48 21 27 100 100 100 100 100 100 99 CL A-7-6

6 19-20 22 ---- ---- ---- 100 100 100 100 100 99 5 SP-SM A-3

6 58.5-59.5 20 ---- ---- ---- 100 100 89 81 75 51 18 SM A-2-4

6 88.5-89 12 ---- ---- ---- 100 100 100 100 100 77 4 SP A-3

7 7-7.5 28 42 19 23 ---- ---- ---- ---- ---- ---- 97 CL A-7-6

7 14-15 27 ---- ---- ---- ---- ---- ---- ---- ---- ---- 41 SM A-2-4

7 24-25 23 ---- ---- ---- 100 100 100 100 100 90 9 SP-SM A-3

7 43.5-44.5 18 ---- ---- ---- 100 100 97 94 91 42 19 SM A-1-b

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

7 88.5-89 20 ---- ---- ---- 100 100 99 77 54 24 4 SW A-1-b

8 7-7.5 26 37 15 22 100 100 100 100 100 100 81 CL A-6

8 14-15 26 ---- ---- ---- 100 100 100 100 100 100 29 SM A-2-4

8 29-30 22 ---- ---- ---- 100 100 100 100 100 95 5 SP-SM A-3

8 49-50 21 ---- ---- ---- 100 100 100 100 100 95 12 SP-SM A-2-4

8 68.5-69.5 17 ---- ---- ---- 100 100 95 85 74 44 4 SP A-1-b

9 14-15 30 25 19 6 ---- ---- ---- ---- ---- ---- 66 CL-ML A-4

9 29-30 24 ---- ---- ---- 100 100 100 100 100 95 9 SP-SM A-3

9 58.5-59.5 31 ---- ---- ---- 100 100 99 81 49 24 7 SP-SM A-1-a

10 6.5-7.5 12 ---- ---- ---- ---- ---- ---- 20 SM A-2-4

10 14-15 28 ---- ---- ---- ---- ---- ---- 38 SM A-4

10 29-30 21 ---- ---- ---- 100 100 100 100 99 83 4 SP A-3

10 49-50 20 ---- ---- ---- 100 100 100 100 98 77 4 SP A-3

Non-plastic

Non-plastic

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

11 14-15 25 ---- ---- ---- ---- ---- ---- ---- ---- ---- 5 SP-SM A-3

11 29-30 23 ---- ---- ---- 100 100 100 100 100 98 2 SP A-3

11 48.5-49.5 18 ---- ---- ---- 100 100 100 98 97 31 2 SP A-1-b

12 19-20 17 ---- ---- ---- ---- ---- ---- ---- ---- ---- 2 SP A-3

12 38.5-39.5 19 ---- ---- ---- 100 100 100 99 98 66 3 SP A-3

12 49-50 ---- ---- ---- ---- 100 100 100 100 100 93 16 SM A-2-4

12 68.5-69.5 9 ---- ---- ---- 100 100 90 45 18 6 2 GW A-1-a

13 6.5-7.5 24 100 100 100 100 100 88 31 SM A-2-4

13A 9-10 27 ---- ---- ---- 100 100 100 98 98 85 1 SP A-3

13A 19-20 22 ---- ---- ---- 100 97 86 84 84 79 4 SP A-3

13A 48.5-49.5 16 ---- ---- ---- 100 100 94 81 76 26 6 SW-SM A-1-b

13A 68.5-69 17 ---- ---- ---- 100 92 84 74 66 32 5 SW-SM A-1-b

Non-plastic

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

13A 99-100 20 ---- ---- ---- 100 100 75 70 65 36 1 SP A-1-b

13A 139-140 20 ---- ---- ---- 100 100 86 68 55 29 1 SP A-1-b

14 4.5-5.5 30 34 19 15 100 100 100 100 100 100 95 CL A-6

14 14-15 28 22 17 5 100 100 100 100 100 100 62 CL-ML A-4

14 24-25 27 100 100 100 100 100 100 36 SM A-4

14 44-45 ---- ---- ---- ---- 100 100 100 100 100 99 24 SM A-2-4

14 58.5-59.5 ---- ---- ---- ---- 100 100 100 100 100 90 11 SP-SM A-2-4

14 100-118 ---- ---- ---- ---- 100 100 88 50 29 14 2 GP A-1-a

15 0.5-1.5 30 65 25 40 ---- ---- ---- ---- ---- ---- 89 CH A-7-6

15 2-2.5 24 56 24 32 ---- ---- ---- ---- ---- ---- 94 CH A-7-6

15 6.5-7.5 17 ---- ---- ---- 100 100 100 100 100 100 13 SM A-2-4

15 24-25 23 100 100 100 100 100 99 12 SP-SM A-2-4

15 44-45 18 ---- ---- ---- 100 95 95 92 90 46 9 SP-SM A-1-b

15 59-60 ---- ---- ---- ---- 100 100 100 100 100 98 6 SP-SM A-3

Non-plastic

Non-plastic

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

15 69-70 ---- ---- ---- ---- 100 100 95 94 93 60 5 SP-SM A-3

16 1-2 35 49 26 23 ---- ---- ---- ---- ---- ---- 86 CL A-7-6

16 2-2.5 39 79 27 52 ---- ---- ---- ---- ---- ---- 99 CH A-7-6

16 4.5-5 32 42 21 21 ---- ---- ---- ---- ---- ---- 96 CL A-7-6

16 9-10 7 ---- ---- ---- 100 100 100 100 100 99 29 SM A-2-4

16 19-20 ---- ---- ---- ---- 100 100 100 100 100 100 9 SP-SM A-3

16 39-40 ---- ---- ---- ---- 100 100 100 100 100 90 19 SM A-2-4

16 49-50 ---- ---- ---- ---- 100 100 100 99 98 48 4 SP A-1-b

16 59-60 ---- ---- ---- ---- 100 100 100 100 100 98 13 SM A-2-4

16 69-70 ---- ---- ---- ---- 100 100 93 90 82 39 4 SP A-1-b

17 2.5-3.5 21 ---- ---- ---- ---- ---- ---- ---- ---- ---- 81 CL A-7-6

17 4.5-5.5 27 46 22 24 ---- ---- ---- ---- ---- ---- 88 CL A-7-6

17 6.5-7.5 22 ---- ---- ---- ---- ---- ---- 42 SM A-4

17 9-10 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 3 SP A-3

Non-plastic

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

17 14-15 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 5 SP-SM A-3

17 29-30 ---- ---- ---- ---- 100 100 100 100 100 86 9 SP-SM A-3

17 44-45 ---- ---- ---- ---- 100 100 100 100 100 87 6 SP-SM A-3

17 54-55 ---- ---- ---- ---- 100 100 100 100 100 98 17 SM A-2-4

17 68.5-69 ---- ---- ---- ---- 100 100 100 100 99 74 3 SP A-3

17 83.5-84 ---- ---- ---- ---- 100 94 78 59 41 18 3 SW A-1-a

18 9-10 25 ---- ---- ---- ---- ---- ---- 51 ML A-4

18 19-20 28 26 18 8 ---- ---- ---- ---- ---- ---- 77 CL A-4

18 29-30 49 51 24 27 ---- ---- ---- ---- ---- ---- 99 CH A-7-6

18 38.5-39.5 22 ---- ---- ---- 100 100 100 100 100 97 20 SM A-2-4

18 68.5-69.5 19 ---- ---- ---- 100 100 94 90 89 84 7 SP-SM A-3

18 88.5-89.5 15 ---- ---- ---- 100 100 78 35 19 11 3 GP A-1-a

19 6.5-7 24 40 18 22 100 100 100 100 100 99 96 CL A-6

19 24-25 22 ---- ---- ---- 100 100 100 100 100 90 8 SP-SM A-3

Non-plastic

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

19 43.5-44.5 22 ---- ---- ---- 100 100 100 100 100 82 8 SP-SM A-3

19 68.5-69.5 26 ---- ---- ---- 100 100 100 100 99 69 4 SP A-3

19 78.5-79.5 11 ---- ---- ---- 100 100 96 79 58 35 8 SP-SM A-1-b

20 9-10 25 19 16 3 ---- ---- ---- ---- ---- ---- 52 ML A-4

20 14-14.5 29 35 19 16 ---- ---- ---- ---- ---- ---- 99 CL A-6

20 19-19.5 53 64 26 38 ---- ---- ---- ---- ---- ---- 99 CH A-7-6

20 44-45 15 ---- ---- ---- 100 100 90 86 78 47 12 SP-SM A-1-b

20 58.5-59.5 17 ---- ---- ---- 100 100 98 94 90 63 6 SP-SM A-3

20 88.5-89.5 13 ---- ---- ---- 100 100 93 56 39 20 3 SW A-1-a

21 6.5-7.5 25 26 15 11 ---- ---- ---- ---- ---- ---- 46 SC A-6

21 19-20 30 40 19 21 ---- ---- ---- ---- ---- ---- 97 CL A-6

21 44-45 18 ---- ---- ---- 100 100 100 97 87 55 4 SP A-3

21 68.5-69.5 17 ---- ---- ---- 100 100 100 73 38 8 4 SP A-1-b

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

22 2.5-3.5 30 48 22 26 ---- ---- ---- ---- ---- ---- 99 CL A-7-6

22 9-10 36 37 19 18 ---- ---- ---- ---- ---- ---- 95 CL A-6

22 14-15 25 ---- ---- ---- 100 100 100 100 100 99 13 SM A-2-4

22 33.5-34.5 24 ---- ---- ---- 100 100 100 100 100 100 9 SP-SM A-3

22 48.5-49.5 24 ---- ---- ---- 100 100 100 100 100 100 6 SP-SM A-3

22 78.5-79.5 22 ---- ---- ---- 100 100 100 100 100 92 4 SP A-3

22 88.5-89 15 ---- ---- ---- 100 100 87 71 65 46 2 SP A-1-b

23 2.5-3.5 14 33 20 13 ---- ---- ---- ---- ---- ---- 87 CL A-6

23 7-7.5 21 44 19 25 ---- ---- ---- ---- ---- ---- 97 CL A-7-6

23 9-10 21 27 18 9 ---- ---- ---- ---- ---- ---- 71 CL A-4

23 14-15 31 ---- ---- ---- 100 100 100 100 99 95 76 ML A-4

23 24-25 22 ---- ---- ---- 100 100 100 100 100 95 4 SP A-3

23 44-45 21 ---- ---- ---- 100 100 100 100 99 75 6 SP-SM A-3

23 68.5-69.5 19 ---- ---- ---- 100 94 87 86 85 75 3 SP A-3

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

24 6.5-7.5 19 36 22 14 ---- ---- ---- ---- ---- ---- 88 CL A-6

24 9-10 17 ---- ---- ---- ---- ---- ---- ---- ---- ---- 67 ML A-4

24 19-20 22 ---- ---- ---- 100 100 96 96 96 96 7 SP-SM A-3

24 64-65 23 ---- ---- ---- 100 100 100 100 100 92 5 SP-SM A-3

25 9-10 14 ---- ---- ---- ---- ---- ---- ---- ---- ---- 35 SM A-2-4

25 19-20 26 ---- ---- ---- 100 100 100 100 100 98 15 SM A-2-4

25 29-30 24 ---- ---- ---- 100 100 100 100 100 100 10 SP-SM A-3

25 48.5-49.5 24 ---- ---- ---- 100 100 100 100 99 96 4 SP A-3

29 1.5-2.5 18 30 25 5 ---- ---- ---- ---- ---- ---- 82 CL-ML A-4

29 5-5.5 26 64 20 44 ---- ---- ---- ---- ---- ---- 96 CH A-7-6

29 14.5-15 30 70 24 46 ---- ---- ---- ---- ---- ---- 99 CH A-7-6

29 19.5-20 26 28 21 7 ---- ---- ---- ---- ---- ---- 97 CL-ML A-4

29 24.5-25 21 48 17 31 ---- ---- ---- ---- ---- ---- 97 CL A-7-6

29 29.5-30 24 38 19 19 ---- ---- ---- ---- ---- ---- 97 CL A-6

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers



25.4 19.1 9.5 4.75 2.0 0.425 0.075

SAMPLE WATER

DEPTH CONTENT LIQUID PLASTIC PLASTICITY

(ft) (%) LIMIT LIMIT INDEX 1 in. 3/4 in. 3/8 in. #4 #10 #40 #200

ATTERBERG LIMITS
AASHTO 

CLASS.
PERCENT PASSING

SIEVE ANALYSIS
UNIFIED 

CLASS.

SUMMARY OF CLASSIFICATION TEST RESULTS
PROJECT: I-40 over White River - AHTD Job #BB0610

LOCATION: Prairie County, AR

JOB NUMBER: 13-017

BORING 

NO.

30 9.5-10 21 50 18 32 ---- ---- ---- ---- ---- ---- 87 CH A-7-6

30 14.5-15 23 49 19 30 ---- ---- ---- ---- ---- ---- 95 CL A-7-6

30 29.5-30 33 85 26 59 ---- ---- ---- ---- ---- ---- 99 CH A-7-6

30 34-34.5 33 32 30 2 ---- ---- ---- ---- ---- ---- 99 ML A-4

GRUBBS, HOSKYN, BARTON & WYATT, INC.

Consulting Engineers
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Sample: Boring 1, 19-20 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray silty fine sand 
Classification: USCS = SP-SM; AASHTO = A-2-4 



0.001 0.01 0.1 1 10 100 

Pe
rc

en
t F

in
er

 b
y 

W
ei

gh
t 

Grain Size in Millimeters 

GRAIN       SIZE      CURVE 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

100 

10 

20 

30 

40 

50 

60 

70 

80 

90 

0 

0 
  3         2    11/2      1     3/4      1/2   3/8     1/4     4        6        8  10          16     20      30      40      50              100              200              

SIEVE OPENINGS IN INCHES                                                               U.S. STANDARD SIEVE NUMBERS                                                                               HYDROMETER 

GRAVEL SAND 
SILT           OR            CLAY 

COARSE                  FINE COARSE          MEDIUM                      FINE 

13-017 

Pe
rc

en
t R

et
ai

ne
d 

by
 W

ei
gh

t 

Sample: Boring 1, 34-35 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray fine to medium sand 
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 1, 39-40 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray fine to medium sand w/clayey fine sand seams 
Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 1, 54-55 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray fine to medium sand  
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 2, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 2, 59-60 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray fine to medium sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 3, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Brown and tan silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 3, 39-40 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray fine to medium sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-1-b 
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Sample: Boring 3, 49-50 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray fine to medium sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-2-4 



0.0010.010.1110100

P
e
rc

e
n

t 
F

in
e
r 

b
y
 W

e
ig

h
t

Grain Size in Millimeters

GRAIN       SIZE      CURVE

100

90

80

70

60

50

40

30

20

10

100

10

20

30

40

50

60

70

80

90

0

0

3         2    11/2      1     3/4      1/2   3/8     1/4     4        6        8  10          16     20      30      40     50              100              200             

SIEVE OPENINGS IN INCHES                                                               U.S. STANDARD SIEVE NUMBERS           HYDROMETER

GRAVEL SAND

SILT                        CLAY
COARSE                  FINE COARSE          MEDIUM                      FINE

13-017

Sample: Boring 4, 7-7.5 ft
Properties: Gs = 2.700; LL = 46, PL = 19, PI = 27
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Description: Gray and brown silty clay
Classification: USCS = CL; AASHTO = A-7-6
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Sample: Boring 4, 14-15 ft
Properties: Gs = 2.653; Non-plastic
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Description: Gray and brown fine to medium sand, slightly silty
Classification: USCS = SP-SM; AASHTO = A-3
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Sample: Boring 4, 53.5-54 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine to medium sand w/a little fine gravel 
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 4, 88.5-89.5 ft  
Atterberg Limits: Non-plastic 

Description: Gray sandy fine gravel 
Classification: USCS = GW; AASHTO = A-1-a 
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Sample: Boring 5, 3-3.5 ft
Properties: Gs = 2.637; LL = 33, PL = 17, PI = 16
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Description: Dark gray and brown silty clay
Classification: USCS = CL; AASHTO = A-6
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Sample: Boring 5, 24-25 ft  
Atterberg Limits: Non-plastic 

Description: Gray and tan fine sand w/trace medium sand 
Classification: USCS = SP; AASHTO = A-3 
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Sample: Boring 5, 68.5-69.5 ft 
Atterberg Limits: Non-plastic

Description: Gray fine to coarse sand, slightly silty w/fine to coarse gravel
Classification: USCS = SP-SM; AASHTO = A-3
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Sample: Boring 6, 3-3.5 ft
Properties: Gs = 2.707; LL = 48, PL = 21, PI = 27
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Description: Gray and brown silty clay
Classification: USCS = CL; AASHTO = A-7-6
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Sample: Boring 6, 19-20 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand, slightly silty  
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 6, 58.5-59.5 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine to medium sand, silty w/some fine gravel 
Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 7, 24-25 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 7, 43.5-44.5 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine to medium sand, silty 
Classification: USCS = SM; AASHTO = A-1-b 
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Sample: Boring 7, 88.5-89 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine to coarse sand w/some fine gravel 
Classification: USCS = SW; AASHTO = A-1-b 
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Sample: Boring 8, 7-7.5 ft
Properties: Gs = 2.697; LL = 37, PL = 15, PI = 12
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Description: Gray and brown silty clay, sandy
Classification: USCS = CL; AASHTO = A-6
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Sample: Boring 8, 14-15 ft  
Atterberg Limits: Non-plastic 

Description: Brown and tan silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 8, 68.5-69.5 ft  
Atterberg Limits: Non-plastic 

Description: Tan and gray fine to coarse sand w/fine gravel 
Classification: USCS = SP; AASHTO = A-1-b 
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Sample: Boring 9, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 9, 58.5-59.5 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine to coarse sand, slightly silty w/fine gravel 
Classification: USCS = SP-SM; AASHTO = A-1-a 
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Sample: Boring 10, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand w/a little medium sand 
Classification: USCS = SP; AASHTO = A-3 
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Sample: Boring 11, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand  
Classification: USCS = SP; AASHTO = A-3 
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Sample: Boring 11, 48.5-49.5 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine to medium sand  
Classification: USCS = SP; AASHTO = A-1-b 
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Sample: Boring 12, 68.5-69.5 ft  
Atterberg Limits: Non-plastic 

Description: Gray sandy fine gravel 
Classification: USCS = GW; AASHTO = A-1-a 
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Sample: Boring 13, 6.5-7.5 ft
Properties: Gs = 2.661; Non-plastic

100

90

80

70

60

50

40

30

20

10

100

10

20

30

40

50

60

70

80

90

0

0

3         2    11/2      1     3/4      1/2   3/8     1/4     4        6        8  10          16     20      30      40     50              100              200             

GRAVEL SAND

SILT                                  CLAY
COARSE                  FINE COARSE          MEDIUM                      FINE

P
e
rc

e
n

t 
R

e
ta

in
e
d

 b
y
 W

e
ig

h
t

Description: Brown and gray silty fine sand
Classification: USCS = SM; AASHTO = A-2-4
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Sample: Boring 13A, 9-10 ft  
Atterberg Limits: Non-plastic 

Description: Brown and tan fine sand w/a little medium sand 
Classification: USCS = SP; AASHTO = A-3 
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Sample: Boring 13A, 19-20 ft
Properties: Gs = 2.654; Non-plastic
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Description: Brown and tan fine sand
Classification: USCS = SP; AASHTO = A-3
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Sample: Boring 13A, 48.5-49.5 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine to coarse sand, slightly silty  w/some fine gravel 
Classification: USCS = SW-SM; AASHTO = A-1-b 
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Sample: Boring 13A, 68.5-69.5 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine to coarse sand, slightly silty  w/some fine  to coarse gravel 
Classification: USCS = SW-SM; AASHTO = A-1-b 
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Sample: Boring 13A, 99-100 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine to coarse sand w/some fine gravel 
Classification: USCS = SP; AASHTO = A-1-b 
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Sample: Boring 13A, 139-140 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine to coarse sand w/some fine gravel 
Classification: USCS = SP; AASHTO = A-1-b 
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Sample: Boring 14, 4.5-5.5 ft
Properties: Gs = 2.669; LL = 34, PL = 19, PI = 15
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Description: Brown silty clay
Classification: USCS = CL; AASHTO = A-6
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Sample: Boring 14, 14-15 ft
Properties: Gs = 2.668; LL = 22, PL = 17, PI = 5

100

90

80

70

60

50

40

30

20

10

100

10

20

30

40

50

60

70

80

90

0

0

3         2    11/2      1     3/4      1/2   3/8     1/4     4        6        8  10          16     20      30      40     50              100              200             

GRAVEL SAND

SILT                                  CLAY
COARSE                  FINE COARSE          MEDIUM                      FINE

P
e
rc

e
n

t 
R

e
ta

in
e
d

 b
y
 W

e
ig

h
t

Description: Gray clayey silt
Classification: USCS = CL-ML; AASHTO = A-4
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Sample: Boring 14, 24-24.5 ft
Properties: Gs = 2.668; Non-plastic
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Description: Gray silty fine sand
Classification: USCS = SM; AASHTO = A-4
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Sample: Boring 14, 100-118 ft (composite)  
Atterberg Limits: Non-plastic 

Description: Brown sandy fine gravel 
Classification: USCS = GP; AASHTO = A-1-a 



0.001 0.01 0.1 1 10 100 

Pe
rc

en
t F

in
er

 b
y 

W
ei

gh
t 

Grain Size in Millimeters 

GRAIN       SIZE      CURVE 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

100 

10 

20 

30 

40 

50 

60 

70 

80 

90 

0 

0 
  3         2    11/2      1     3/4      1/2   3/8     1/4     4        6        8  10          16     20      30      40      50              100              200              

SIEVE OPENINGS IN INCHES                                                               U.S. STANDARD SIEVE NUMBERS                                                                               HYDROMETER 

GRAVEL SAND 
SILT           OR            CLAY 

COARSE                  FINE COARSE          MEDIUM                      FINE 

13-017 

Pe
rc

en
t R

et
ai

ne
d 

by
 W

ei
gh

t 

Sample: Boring 15, 6.5-7.5 ft  
Atterberg Limits: Non-plastic 

Description: Brown silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 15, 24-25 ft  
Atterberg Limits: Non-plastic 

Description: Brown silty fine sand 
Classification: USCS = SP-SM; AASHTO = A-2-4 
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Sample: Boring 15, 44-45 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray fine to medium sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-1-b 
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Sample: Boring 15, 59-60 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 



0.001 0.01 0.1 1 10 100 

Pe
rc

en
t F

in
er

 b
y 

W
ei

gh
t 

Grain Size in Millimeters 

GRAIN       SIZE      CURVE 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

100 

10 

20 

30 

40 

50 

60 

70 

80 

90 

0 

0 
  3         2    11/2      1     3/4      1/2   3/8     1/4     4        6        8  10          16     20      30      40      50              100              200              

SIEVE OPENINGS IN INCHES                                                               U.S. STANDARD SIEVE NUMBERS                                                                               HYDROMETER 

GRAVEL SAND 
SILT           OR            CLAY 

COARSE                  FINE COARSE          MEDIUM                      FINE 

13-017 

Pe
rc

en
t R

et
ai

ne
d 

by
 W

ei
gh

t 

Sample: Boring 15, 69-70 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray fine to medium sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 16, 9-10 ft  
Atterberg Limits: Non-plastic 

Description: Brown silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 16, 19-20 ft  
Atterberg Limits: Non-plastic 

Description: Brown fine sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 16, 39-40 ft  
Atterberg Limits: Non-plastic 

Description: Dark gray and brown silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 16, 49-50 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray fine to medium sand, slightly silty 
Classification: USCS = SP; AASHTO = A-1-b 
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Sample: Boring 16, 59-60 ft  
Atterberg Limits: Non-plastic 

Description: Gray and brown silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 16, 69-70 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray fine to medium sand w/trace fine gravel 
Classification: USCS = SP; AASHTO = A-1-b 
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Sample: Boring 17, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Brown and tan fine sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 17, 44-45 ft  
Atterberg Limits: Non-plastic 

Description: Gray and brown fine to medium sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 17, 54-55 ft  
Atterberg Limits: Non-plastic 

Description: Gray silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 17, 68.5-69 ft  
Atterberg Limits: Non-plastic 

Description: Brown fine to medium sand 
Classification: USCS = SP; AASHTO = A-3 
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Sample: Boring 17, 83.5-84 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray sandy fine to coarse gravel 
Classification: USCS = SW; AASHTO = A-1-a 
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Sample: Boring 18, 88.5-89.5 ft  
Atterberg Limits: Non-plastic 

          Description: Brown and gray sandy fine gravel 
          Classification: USCS = GP; AASHTO = A-1-a 
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Sample: Boring 19, 6.5-7 ft
Properties: Gs = 2.696; LL = 40, PL = 18, PI = 22
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Description: Gray and brown silty clay w/ferrous stains and nodules
Classification: USCS = CL; AASHTO = A-6
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Sample: Boring 19, 24-25 ft
Properties: Gs = 2.678; Non-plastic
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Description: Gray fine sand, slightly silty
Classification: USCS = sp-sm; AASHTO = A-3
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Sample: Boring 19, 78.5-79.5 ft  
Atterberg Limits: Non-plastic 

            Description: Grayish brown sandy fine gravel, slighly silty 
            Classification: USCS = SP-SM; AASHTO = A-1-b 
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Sample: Boring 20, 44-45 ft  
Atterberg Limits: Non-plastic 

          Description: Gray fine to coarse sand with a little fine gravel 
          Classification: USCS = SP-SM; AASHTO = A-1-b 
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Sample: Boring 20, 58.5-59.5 ft  
Atterberg Limits: Non-plastic 

    Description: Gray fine to coarse sand with trace fine gravel 
    Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 20, 88.5-89.5 ft  
Atterberg Limits: Non-plastic 

                         Description: Brown sandy fine gravel  
                         Classification: USCS = SW; AASHTO = A-1-a 
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Sample: Boring 21, 44-45 ft  
Atterberg Limits: Non-plastic 

Description: Tan and gray fine to coarse sand w/a little fine gravel 
Classification: USCS = SP; AASHTO = A-1-3 
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Sample: Boring 21, 68.5-69.5 ft  
Atterberg Limits: Non-plastic 

                         Description: Gray and tan sandy fine gravel 
                         Classification: USCS = SP; AASHTO = A-1-a 
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Sample: Boring 22, 14-15 ft  
Atterberg Limits: Non-plastic 

   Description: Brown silty fine sand 
   Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 22, 88.5-89.5 ft  
Atterberg Limits: Non-plastic 

   Description: Gray and brown sandy fine gravel 
   Classification: USCS = SP; AASHTO = A-1-b 
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Sample: Boring 23, 24-25 ft  
Atterberg Limits: Non-plastic 

 Description: Grayish brown fine sand 
 Classification: USCS = SP; AASHTO = A-3 
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Sample: Boring 23, 68.5-69.5 ft  
Atterberg Limits: Non-plastic 

 Description: Brownish gray fine to medium sand w/a little coarse sand and fine gravel 
 Classification: USCS = SP; AASHTO = A-3 
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Sample: Boring 24, 19-20 ft  
Atterberg Limits: Non-plastic 

Description: Brown and tan fine sand, slightly silty                                                                                      
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 24, 64-65 ft  
Atterberg Limits: Non-plastic 

Description: Tan and gray fine sand, slightly silty      
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 25, 19-20 ft  
Atterberg Limits: Non-plastic 

      Description: Brown and tan silty fine sand 
      Classification: USCS = SM; AASHTO = A-2-4 



    Grubbs, Hoskyn, Barton & Wyatt, Inc.
    CONSULTING ENGINEERS

Job No.: 13-017 Tested By: MM
Project: I-40 over White River Reported by: YZ

Prairie County, Arkansas Test Date: 5/21/2013
Boring No.: 2
Depth, ft: 4.5-5

Sample Description: Brown and gray clay with clay pockets and ferrous stains

Material Properties: LL = 52, PL = 23, PI = 29; Minus No. 200 Sieve = 98%; USCS = CH; AASHTO = A-7-6

Normal Stress, 
σ'v

Shear at failure, τf Unit Dry Wt,γd
Moisture 

Content,w
(psi) (psi) (lb/ft3) (%)

1 13.9 8.0 93.6 27.7
2 27.8 13.8 96.5 25.0
3 41.7 20.0 95.4 26.6

DIRECT SHEAR (AASHTO T-236) TEST  RESULTS
(Consolidated Drained)
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    Grubbs, Hoskyn, Barton & Wyatt, Inc.
    CONSULTING ENGINEERS

Job No.: 13-017 Tested By: MM
Project: I-40 over White River Reported by: YZ

Prairie County, Arkansas Test Date: 5./30/2013
Boring No.: 3
Depth, ft: 7-7.5

Sample Description: Brown and gray silty clay with ferrous stains

Material Properties: LL = 47, PL = 21, PI = 26; Minus No. 200 Sieve = 95%; USCS = CL; AASHTO = A-7-6

Normal Stress, 
σ'v

Shear at failure, τf Unit Dry Wt,γd
Moisture 

Content,w
(psi) (psi) (lb/ft3) (%)

1 13.9 7.9 99.0 23.7
2 27.8 14.5 99.3 24.0
3 41.7 19.7 100.6 22.9

DIRECT SHEAR (AASHTO T-236) TEST  RESULTS
(Consolidated Drained)
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    Grubbs, Hoskyn, Barton & Wyatt, Inc.
    CONSULTING ENGINEERS

Job No.: 13-017 Tested By: MM
Project: I-40 over White River Reported by: YZ

Prairie County, Arkansas Test Date: 3/12/2014
Boring No.: 4
Depth, ft: 7-7.5

Sample Description: Gray and brown silty clay

Material Properties: LL = 46, PL = 19, PI = 27; Minus No. 200 Sieve = 97%; USCS = CL; AASHTO = A-7-6

Normal Stress, 
σ'v

Shear at failure, τf Unit Dry Wt,γd
Moisture 

Content,w
(psi) (psi) (lb/ft3) (%)

1 4.5 3.8 100.2 23.5
2 9.0 5.9 99.2 23.5
3 13.5 8.2 99.0 23.5

DIRECT SHEAR (AASHTO T-236) TEST  RESULTS
(Consolidated Drained)

Specimen 
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    Grubbs, Hoskyn, Barton & Wyatt, Inc.
    CONSULTING ENGINEERS

Job No.: 13-017 Tested By: MM
Project: I-40 over White River Reported by: YZ

Prairie County, Arkansas Test Date: 2/25/2014
Boring No.: 22
Depth, ft: 14-25

Sample Description: Brown silty fine sand

Material Properties: Non-plastic; Minus No. 200 Sieve = 13%; USCS = SM; AASHTO = A-4

Normal Stress, 
σ'v

Shear at failure, τf Unit Dry Wt,γd
Moisture 

Content,w
(psi) (psi) (lb/ft3) (%)

1 4.5 3.3 96.8 24.5
2 9.0 6.2 97.4 24.5
3 13.5 8.8 97.8 24.5

DIRECT SHEAR (AASHTO T-236) TEST  RESULTS
(Consolidated Drained)
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    Grubbs, Hoskyn, Barton & Wyatt, Inc.
    CONSULTING ENGINEERS

Job No.: 13-017 Tested By: MM
Project: I-40 over White River Reported by: YZ

Prairie County, Arkansas Test Date: 5/13/2013
Boring No.: 29
Depth, ft: 14-14.5

Sample Description: Reddish brown clay

Material Properties: LL = 70, PL = 24, PI = 46; Minus No. 200 Sieve = 99%; USCS = CH; AASHTO = A-7-6

Normal Stress, 
σ'v

Shear at failure, τf Unit Dry Wt,γd
Moisture 

Content,w
(psi) (psi) (lb/ft3) (%)

1 4.5 4.0 90.2 30.5
2 9.0 5.7 89.5 31.5
3 13.5 6.6 91.6 30.3

DIRECT SHEAR (AASHTO T-236) TEST  RESULTS
(Consolidated Drained)
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    Grubbs, Hoskyn, Barton & Wyatt, Inc.
    CONSULTING ENGINEERS

Job No.: 13-017 Tested By: MM
Project: I-40 over White River Reported by: YZ

Prairie County, Arkansas Test Date: 5/13/2013
Boring No.: 30
Depth, ft: 9.5-10

Sample Description: Tan and gray clay with fine sandy silt pockets

Material Properties: LL = 50, PL = 18, PI = 32; Minus No. 200 Sieve = 87%; USCS = CL; AASHTO = A-7-6

Normal Stress, 
σ'v

Shear at failure, τf Unit Dry Wt,γd
Moisture 

Content,w
(psi) (psi) (lb/ft3) (%)

1 4.5 4.8 101.0 24.0
2 9.0 6.9 105.6 19.5
3 13.5 7.9 104.4 20.5

DIRECT SHEAR (AASHTO T-236) TEST  RESULTS
(Consolidated Drained)
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CONSOLIDATION TEST RESULTS  
(AASHTO T-216) 

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

GHBW Job No.: 13-017 
Project: I-40 over White River 
Boring: 1 
Depth: 9.5-10 ft 
Description: Brown and gray silty clay 
USCS = CL 
AASHTO = A-7-6 

Unit Dry Weight: 95.0 pcf 
Initial Water Content: 26.4% 
Final Water Content: 24.5% 
Liquid Limit: 43 
Plastic Limit: 19 
Minus #200: 97% 
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Unit Dry Weight: 95.0 pcf 
Initial Water Content: 26.4% 
Final Water Content: 24.5% 
Liquid Limit: 43 
Plastic Limit: 19 
Minus #200: 97% 

GHBW Job No.: 13-017 
Project: I-40 over White River 
Boring: 1 
Depth: 9.5-10 ft 
Description: Brown and gray silty clay 
USCS = CL 
AASHTO = A-7-6 
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CONSOLIDATION TEST RESULTS  
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Grubbs, Hoskyn, Barton & Wyatt, Inc. 
CONSULTING ENGINEERS PLATE 

GHBW Job No.: 13-017 
Project: I-40 over White River 
Boring: 3 
Depth: 4.5-5 ft 
Description: Brown and gray silty clay 
USCS = CL 
AASHTO = A-7-6 

Unit Dry Weight: 99.0 pcf 
Initial Water Content: 24.5% 
Final Water Content: 25.1% 
Liquid Limit: 48 
Plastic Limit: 19 
Minus #200: 95% 
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Unit Dry Weight: 99.0 pcf 
Initial Water Content: 24.5% 
Final Water Content: 25.1% 
Liquid Limit: 48 
Plastic Limit: 19 
Minus #200: 95% 

GHBW Job No.: 13-017 
Project: I-40 over White River 
Boring: 3 
Depth: 4.5-5 ft 
Description: Brown and gray silty clay 
USCS = CL 
AASHTO = A-7-6 
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GHBW Job No.: 13-017 
Project: I-40 over White River 
Boring: 23 
Depth: 7-7.5 ft 
Description: Brown and tan silty clay 
USCS = CL 
AASHTO = A-7-6 

Unit Dry Weight: 99.9 pcf 
Initial Water Content: 21.3% 
Final Water Content: 27.1% 
Liquid Limit: 44 
Plastic Limit: 19 
Minus #200: 97% 
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Unit Dry Weight: 99.9 pcf 
Initial Water Content: 21.3% 
Final Water Content: 27.1% 
Liquid Limit: 44 
Plastic Limit: 19 
Minus #200: 97% 

GHBW Job No.: 13-017 
Project: I-40 over White River 
Boring: 23 
Depth: 7-7.5 ft 
Description: Brown and tan silty clay 
USCS = CL 
AASHTO = A-7-6 
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EXECUTIVE SUMMARY 
 
Site-specific seismic ground motion response analyses using a weighted combination of 

equivalent linear (EQL) and nonlinear (NL) methods were used to develop median ground 
surface spectral acceleration (Sa) estimates for both sides the I-40 replacement bridge over the 
White River. The final results (i.e., delineated design acceleration response spectra) are 
summarized below in Figures 3-5 and Table 1. All site-specific ground motion response analyses 
were conducted in accordance with Section 3.4.3.2 in the 2011 AASHTO Guide Specifications 
for LRFD Seismic Bridge Design 2nd Edition.    

 
 Shear wave velocity (Vs) profiles were determined on both sides of the White River 
(hereafter referred to as the West and East sides) using a combination of active-source and 
ambient-wavefield surface wave methods. The use of active-source methods (i.e., the MASW 
method with both sledgehammer and vibroseis truck sources) allowed for resolution of near-
surface layering details, while the use of 2D ambient-wavefield methods (i.e., microtremor array 
measurements, or MAM) allowed for deep subsurface profiling. The median Vs profile 
developed for the West side of the river resulted in an average Vs30m/Vs100ft value of 171 
m/s (560 ft/sec); a Site Class E designation according to Table 3.4.2.1-1 in AASHTO (2011). 
The median Vs profile developed for the East side of the river resulted in an average 
Vs30m/Vs100ft value of 207 m/s (680 ft/sec); a Site Class D designation. The Vs profiles 
developed for the West and East side of the river are provided in Figures E1 and E2, 
respectively. They are discussed in greater detail in the main body of this report. 
 

The Vs profiles on both sides of the river extend to depths exceeding 400 m (1300 ft), 
where material with an average shear wave velocity greater than 760 m/s (2500 ft/sec) (i.e., Site 
Class B rock) was encountered.  The uncertainty in Vs was accounted for in the site response 
analyses by adjusting the derived Vs profiles by +/- 15%, and depth to “engineering bedrock”, 
where ground motions were input, by +/- 20%. Uncertainty in the dynamic soil properties 
assigned to each soil and rock layer was accounted for by using the median and +/- one standard 
deviation normalized modulus reduction (G/Gmax) and damping (D) curves proposed by 
Darendeli (2001). Sets of these curves were strength corrected at high shear strains for 
compatibility with the measured soil shear strengths in the near-surface soil layers.   

 
NL and EQL site response analyses were performed using the 1D site response program 

DEEPSOIL (http://deepsoil.cee.illinois.edu/). Four ground motions from the NUREG database 
were spectrally matched to the Site Class B Uniform Hazard Spectrum and used as the input 
ground motions for this study. The log-normal median surface response resulting from 
propagating these four input ground motions through each distinct set of Vs and dynamic soil 
properties was weighted and combined via a logic tree approach in order to determine an 
overall/“fully weighted” surface response for the West and East sides of the river, respectively. 
These fully weighted results were used to determine spectral ratios between the median input 
ground motions and median surface ground motions, which were then multiplied by the Site 
Class B generic/general acceleration response spectrum in order to determine the median site-
specific response spectrum on each side of the river.   
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Figure E1. Shear wave velocity (Vs) profiles for the West side of the I-40 White River 
Bridge. The “best” 1000, “best” 100, and “best”/lowest misfit Vs profiles resulting from the 
surface wave inversion are all shown. Also shown is the median Vs profile derived from the 
“best” 1000 profiles, which has a Vs30 value of 171 m/s (560 ft/sec), resulting in a Site Class 
E seismic site classification.        
 

 
Figure E2. Shear wave velocity (Vs) profiles for the East side of the I-40 White River 
Bridge. The “best” 1000, “best” 100, and “best”/lowest misfit Vs profiles resulting from the 
surface wave inversion are all shown. Also shown is the median Vs profile derived from the 
“best” 1000 profiles, which has a Vs30 value of 207 m/s (680 ft/sec), resulting in a Site Class 
D seismic site classification.   
      

Top 50m 

Vs30 = 171 m/s 
(560 ft/sec) 
Site Class E 

Top 500m 

Top 500m Top 50m 

Vs30 = 207 m/s 
(680 ft/sec) 
Site Class D 
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The final results from the site-specific ground motion response analyses are detailed in 
Figures E3 and E4 for the West and East side of the river, respectively. As noted above, the West 
side of the river was found to classify as Site Class E in the vicinity where Vs testing was 
conducted (refer to Figure 1, below, for location). Therefore, the Site Class E spectrum based on 
the general AASHTO (2011) procedure (Section 3.4.1) is shown for reference in Figure E3. Also 
shown for reference is a spectrum that is equivalent to 2/3 of the Site Class E general spectrum, 
because according to Section 3.4.3 of AASHTO (2011), unless otherwise approved by the 
Owner, the response spectrum used in design shall not be lower than 2/3 of the general site-
adjusted spectrum even if site-specific results indicate it is possible. The median site-specific 
response spectrum on the West side of the river is provided in Figure E3. This response spectrum 
is less than the allowable minimum of 2/3 Site Class E up to a period (T) of just over 0.2 
seconds. The site-specific spectrum exceeds the 2/3 limit, while still remaining below the general 
Site Class E spectrum, between periods of approximately 0.2 – 1.0 seconds, after which it falls 
slightly below the limit. The delineated site-specific design response spectrum, highlighted in 
Figure E3, is defined as the greater of either the median site-specific response spectrum or 2/3 of 
the general response spectrum. This delineated spectrum should be used for design on the West 
side of the river. 
 

The East side of the river was found to classify as Site Class D in the vicinity where Vs 
testing was conducted (refer to Figure 1, below, for location). Therefore, the Site Class D 
spectrum based on the general AASHTO (2011) procedure is shown for reference in Figure E4, 
along with a spectrum equivalent to 2/3 of the Site Class D spectrum. The median site-specific 
response spectrum on the East side of the river is also provided in Figure E4. This response 
spectrum is generally less than the allowable minimum of 2/3 Site Class D up to a period (T) of 
approximately 0.2 seconds.  The site-specific spectrum exceeds the 2/3 limit between periods of 
approximately 0.2 – 3.0 seconds, and is essentially equal to the Site Class D general spectrum 
between periods of 0.7 – 1.0 seconds. The delineated site-specific design response spectrum, 
highlighted in Figure E4, is defined as the greater of either the median site-specific response 
spectrum or 2/3 of the general response spectrum. This delineated spectrum should be used for 
design on the East side of the river. 

 
 The site-specific ground motion response analysis results for both the West and East side 
of the White River are compared, along with their respective delineated design response spectra, 
in Figure E5. Tabulated values of Sa, including PGA/As values for use in liquefaction 
analyses, for each delineated design response spectrum are also provided in Table E1. A 
corresponding moment magnitude (Mw) of 7.7 should be used in liquefaction analyses. This 
is the modal magnitude at the bridge site for every available period in the 2002 USGS 
deaggregation tool. While the modal magnitude always stays fixed at Mw = 7.7, the mean 
magnitude consistently shifts upward from approximately Mw = 7.35 for PGA to Mw = 7.57 for 
the 2-second period data (maximum period available). Basically, this means the modal 
magnitude and the mean magnitude are expected to grow closer to one another for soft and/or 
deep soil sites with large natural periods. Since this site has an approximate natural period of 3 
seconds, based on the deep Vs profiles shown above, the mean and modal magnitudes are 
expected to be very close to one another and approximately equal to Mw = 7.7.   
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Figure E3. Site-specific ground motion response analysis results for the West side of the 
White River at I-40. 
 
 
 
 

 
Figure E4. Site-specific ground motion response analysis results for the East side of the 
White River at I-40. 
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Figure E5. Comparison of site-specific ground motion response analysis results for the 
West and East side of the White River at I-40. 
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Table E1. Spectral acceleration (Sa) values for the delineated design response spectra 
obtained from site-specific ground motion response analyses for the West and East side of 
the White River at I-40.   

      
 

Period
Delineated 

Design
(sec) (g)
PGA 0.23
0.010 0.258
0.014 0.271
0.018 0.284
0.022 0.297
0.026 0.310
0.030 0.323
0.040 0.355
0.050 0.387
0.060 0.419
0.070 0.452
0.080 0.484
0.090 0.516
0.10 0.547
0.20 0.547
0.22 0.547
0.24 0.590
0.26 0.615
0.28 0.634
0.30 0.632
0.34 0.621
0.36 0.619
0.42 0.611
0.48 0.574
0.54 0.574
0.60 0.508
0.70 0.473
0.80 0.399
0.90 0.353
1.0 0.302
1.2 0.231
1.4 0.195
1.6 0.171
1.8 0.152
2.0 0.137
2.5 0.109
3.0 0.091
3.5 0.078
4.0 0.068
5.0 0.055
6.0 0.045
7.0 0.039
8.0 0.034
9.0 0.030
10.0 0.027

West of White River

Period
Delineated 

Design
(sec) (g)
PGA 0.17
0.010 0.210
0.014 0.220
0.018 0.230
0.022 0.239
0.026 0.249
0.030 0.259
0.040 0.284
0.050 0.309
0.060 0.333
0.070 0.358
0.080 0.383
0.090 0.404
0.10 0.408
0.20 0.413
0.22 0.453
0.24 0.494
0.26 0.512
0.28 0.520
0.30 0.518
0.34 0.511
0.36 0.500
0.42 0.461
0.48 0.433
0.54 0.435
0.60 0.394
0.70 0.393
0.80 0.351
0.90 0.316
1.0 0.275
1.2 0.213
1.4 0.169
1.6 0.144
1.8 0.126
2.0 0.108
2.5 0.083
3.0 0.067
3.5 0.053
4.0 0.046
5.0 0.037
6.0 0.031
7.0 0.026
8.0 0.023
9.0 0.020
10.0 0.018

East of White River
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INTRODUCTION 
 

Site-specific seismic ground motion response analyses have been conducted to develop 
ground surface spectral acceleration (Sa) estimates for both sides the I-40 replacement bridge 
over the White River in Prairie County, Arkansas (AHTD Job BB0610). All site-specific ground 
motion response analyses were performed in accordance with Section 3.4.3.2 in the 2011 
AASHTO Guide Specifications for LRFD Seismic Bridge Design 2nd Edition. Furthermore, this 
work has closely followed procedures that were developed for Mack Blackwell Rural 
Transportation Center (MBTC) project number MBTC 3032, “Site-Specific Seismic Ground 
Motion Analyses for Transportation Infrastructure in the New Madrid Seismic Zone”. The report 
from that project, written by Cox et al. (2011), is available online at:  
 

http://ww2.mackblackwell.org/web/research/ALL_RESEARCH_PROJECTS/3000s/3032/MBTC-3032FinalReport.pdf 
 
The MBTC 3032 report includes thorough descriptions of the entire site-specific ground motion 
response analysis process. Herein, we primarily document critical details specific to 
understanding the analyses conducted for the White River bridge site, and refer the reader to 
MBTC 3032 for additional, more detailed information. 
 
 The approximate latitude and longitude coordinates for the proposed bridge site are 
provided in Table 1.  An aerial photograph of the bridge site is provided in Figure 1.   
 
 

SHEAR WAVE VELOCITY PROFILES 
  
 A combination of active-source and ambient-wavefield surface wave data were acquired 
on both the West and East sides of the river in order to develop deep shear wave velocity (Vs) 
profiles for use in the site response analyses. Active-source testing was conducted using the 
multi-channel analysis of surface waves method (MASW) with both a sledgehammer impact 
source and a vibroseis truck. Ambient-wavefield surface waves were recorded using 2-
dimensional (2D) arrays of sensors; a technique referred to as microtremor array measurements 
(MAM). The locations of the MASW and MAM arrays are shown in Figure 1.     
 

The following data was collected at the bridge site during field testing: (a) active-source 
(sledgehammer) stress wave records from 48, 4.5-Hz vertical geophones spaced at 2 m and 
collected using source offsets of 5, 10, 20 and 30 m, (b) active-source (vibroseis) records from 
24, 4.5-Hz vertical geophones spaced at 2 m and collected using source offsets of 5, 10, 20 and 
30 m, and (c) ambient-wavefield records from 10 broadband, 3-component seismometers placed 
in circular arrays with diameters of approximately 60, 200 and 400 m. Note that only one MAM 
array, roughly 200 m in diameter, was used on the West side of the river due to the difficulty of 
finding locations for receivers in the flooded timber.  
  

Active-source sledgehammer and vibroseis data were analyzed using the frequency 
domain beamformer (FDBF) method (Zywicki 1999) coupled with the multiple source-offset 
technique for identifying near-field contamination and quantifying dispersion uncertainty. The 
ambient-wavefield MAM data were analyzed using both the 2D high resolution frequency- 

http://ww2.mackblackwell.org/web/research/ALL_RESEARCH_PROJECTS/3000s/3032/MBTC-3032FinalReport.pdf
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Table 1.  Site Coordinates for the I-40 replacement bridge over the White River (AHTD 
Job BB0610). 

Latitude 34°50’22.62” 34.83967° 

Longitude -91°27’25.92” -91.4572° 

 

 
Figure 1. Current I-40 bridge over the White River (location 34.83967° N 91.4572° W).  
Also shown are the locations of the sensor arrays used for active-source multi-channel 
analysis of surface waves (MASW) testing and ambient-wavefield microtremor array 
measurements (MAM) on the West and East sides of the river.   

 
wavenumber (HRFK) method and the Modified Spatial Autocorrelation (MSPAC) method 
programed in the Geopsy software package (http://www.geopsy.org). More detailed information 
about the procedures used to develop dispersion estimates from the active and ambient surface 
wave data may be found in Cox and Wood (2011) and Wood et al. (2014).   

 
The MASW and MAM Rayleigh wave phase velocity dispersion data derived for the 

West and East sides of the river are compared in Figures 2 and 3, respectively. The agreement 
between the MASW and MAM data is excellent, particularly considering that the MASW and 
MAM arrays were not always co-located (refer to Figure 1). Furthermore, dispersion estimates 
were developed from approximately 1 – 20 Hz on both sides of the river, despite only having one 
MAM array on the West side. The dispersion data shown in Figures 2 and 3 were averaged in 
areas of overlap and resampled at a coarser frequency spacing in order to prepare the data for 
inversion. The resampled data is shown in Figures 4 and 5 for the West and East sides of the 
river, respectively.   

http://www.geopsy.org/
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Figure 2. Comparison of MASW and MAM experimental Rayleigh wave phase velocity 
dispersion data on the West side of the I-40 White River Bridge.   
 
 

 
Figure 3. Comparison of MASW and MAM experimental Rayleigh wave phase velocity 
dispersion data on the East side of the I-40 White River Bridge.   
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Figure 4. Combined and resampled experimental Rayleigh wave phase velocity dispersion 
data on the West side of the I-40 White River Bridge. Also shown are the theoretical 
dispersion curves for the minimum misfit and median shear wave velocity (Vs) profile 
resulting from the multi-modal surface wave inversion. Note that R0, R1, R2 and R3 
correspond to the fundamental, 1st-higher, 2nd-higher and 3rd-higher theoretical modes of 
Rayleigh wave propagation for the inverted Vs profiles.       
 

 
Figure 5. Combined and resampled experimental Rayleigh wave phase velocity dispersion 
data on the East side of the I-40 White River Bridge. Also shown are the theoretical 
dispersion curves for the minimum misfit and median shear wave velocity (Vs) profile 
resulting from the multi-modal surface wave inversion. Note that R0, R1, R2 and R3 
correspond to the fundamental, 1st-higher, 2nd-higher and 3rd-higher theoretical modes of 
Rayleigh wave propagation for the inverted Vs profiles.       
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The dispersion data shown in Figures 4 and 5 were used to perform a multi-modal 

inversion in order to obtain a median shear wave velocity profile on each side of the river. Once 
again, the Geopsy software package was used to perform these inversions. During inversion, 
over 2 million layered soil profiles were considered using a neighborhood search algorithm. The 
shear wave velocities for the soil layers were initially estimated as a function of material 
type/geology and confining pressure, yet given the flexibility to vary within reasonable limits. 
The saturation depth was set at approximately 2-5 m (6-26 ft) deep (due to the relatively shallow 
water table near the river), thus constraining the P-wave velocity to 1500 m/s [5000 ft/s] (i.e., 
effectively fixing Poisson’s ratio near 0.5) below this depth; however, at depths where the shear 
wave velocity exceeded approximately 750 m/s (2500 ft/s), the P-wave velocity constraint was 
relaxed and Poisson’s ratio was allowed to vary between 0.25-0.35. The density of each layer 
was held constant at 2000 kg/m3 (125 pcf) regardless of depth or suspected material type. The 
fundamental mode of Rayleigh wave propagation (R0) was considered, along with the first (R1), 
second (R2) and third (R3) higher modes. A misfit function between the experimental dispersion 
data and the theoretical dispersion data resulting from each layered soil profile was used to 
obtain the shear wave velocity profiles with the minimum misfit (i.e., best fit). The theoretical 
dispersion curves resulting from the layered profile with the minimum misfit are superimposed 
on the experimental data in Figures 4 and 5 for the West and East sides of the river, respectively. 
On the West side of the river, the experimental data was found to transition from R0 to R1 at 
approximately 5 Hz. On the East side of the river, the experimental data was found to transition 
from R0 to R1 at approximately 2 Hz. A very good fit to the experimental data was obtained in 
both cases.      

 
The shear wave velocity profiles resulting from inversion of the dispersion data collected 

on the West and East sides of the river are shown in Figures 6 and 7, respectively. In both 
figures, the plot on the left displays the Vs profiles over the top 500 m (1600 ft), while the plot 
on the right displays the Vs profiles over the top 50 m (160 ft). The 1000 “best”, 100 “best” and 
“best”/minimum misfit Vs profiles are all indicated, along with the median Vs profile of the 
1000 “best” profiles. The median Vs profiles on both sides of the river were used as the basis for 
determining seismic site classification and as the starting profiles for incorporating Vs 
uncertainty into the site response analyses. The median Vs profile on the West side of the river 
(refer to Figure 6) resulted in a Vs30/Vs100 value of 171 m/s (560 ft/sec), yielding a Site Class E 
seismic site classification. The median Vs profile on the East side of the river (refer to Figure 7) 
resulted in a Vs30/Vs100 value of 207 m/s (680 ft/sec), yielding a Site Class D seismic site 
classification.   

 
The median Vs profiles were used as the starting profiles for incorporating Vs uncertainty 

into the site response analyses. Ultimately, three different Vs profiles were used for the site 
response calculations on each side of the bridge. The three Vs profiles used for the West side of 
the river are shown in Figure 8, while the three Vs profiles used for the East side of the river are 
shown in Figure 9. These profiles were developed as follows: (1) The median Vs profiles were 
decreased and increased by 15% in order to obtain the lower- and upper-bound profiles, 
respectively; (2) The depth to “engineering bedrock” (i.e., the depth where Vs > 760 m/s, 
corresponding to Site Class B rock) was estimated between 350 – 450 m (1150-1500 ft) based on 
the “best” 1000 Vs profiles in Figures 6 and 7. This range corresponds well with estimates of the  
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Figure 6. Shear wave velocity (Vs) profiles for the West side of the I-40 White River Bridge. 
The “best” 1000, “best” 100, and lowest misfit Vs profiles resulting from the surface wave 
inversion are all shown. Also shown is the median Vs profile derived from the “best” 1000 
profiles, which has a Vs30 value of 171 m/s (560 ft/sec), resulting in a Site Class E seismic 
site classification.        
 

 
Figure 7. Shear wave velocity (Vs) profiles for the East side of the I-40 White River Bridge. 
The “best” 1000, “best” 100, and lowest misfit Vs profiles resulting from the surface wave 
inversion are all shown. Also shown is the median Vs profile derived from the “best” 1000 
profiles, which has a Vs30 value of 207 m/s (680 ft/sec), resulting in a Site Class D seismic 
site classification.        

Top 50m 

Vs30 = 171 m/s 
(560 ft/sec) 
Site Class E 

Top 500m 

Top 500m Top 50m 

Vs30 = 207 m/s 
(680 ft/sec) 
Site Class D 
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Figure 8. Median, upper- and lower-bound shear wave velocity (Vs) profiles used in the site 
response analyses conducted for the West side of the I-40 White River Bridge. The arrow 
locations indicate Vs values and depths assigned to “engineering bedrock”, where ground 
motions were input for site response calculations.   
 
 
depth to the top of the Mesozoic unit at this location (personal communication from Scott 
Ausbrooks of AGC and Carson Sloan of AHTD). Therefore, the depth to “engineering bedrock” 
was set at 400 m (1300 ft) for the median Vs profiles on each side of the river; (3) The depth to 
“engineering bedrock” was then increased and decreased by 20% in order to account for 
uncertainty in this depth, with the greater depth to bedrock being associated with the lower-
bound Vs profile and the lesser depth to bedrock being associated with the upper-bound Vs 
profile; (4) An average Vs value of 900 m/s (2950 ft/s) was assigned to the “engineering 
bedrock”, also based on the range of the “best” 1000 profiles on each side of the river. This Vs 
value was then decreased and increased by 15% in order to account for uncertainty, with the 
lesser bedrock Vs value associated with the lower-bound Vs profile and the greater bedrock Vs 
value associated with the upper-bound Vs profile. The depths to bedrock and their corresponding 
Vs values are indicated in Figures 8 and 9. These depths represent the locations where ground 
motions were input into the soil profiles for site response analyses.   
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Figure 9. Median, upper- and lower-bound shear wave velocity (Vs) profiles used in the site 
response analyses conducted for the East side of the I-40 White River Bridge. The arrow 
locations indicate Vs values and depths assigned to “engineering bedrock”, where ground 
motions were input for site response calculations.   
 
 

DYNAMIC SOIL PROPERTIES 
 

Dynamic soil properties (i.e., normalized shear modulus reduction [G/Gmax] and material 
damping [D]) were developed for each soil layer using the empirical relationships published by 
Darendeli (2001). Three different sets of dynamic soil properties were utilized in order to 
account for uncertainty. The standard (i.e., “mean”) G/Gmax and D relationships of Darendeli 
(2001) were assigned to the median Vs profile, while the plus and minus one standard deviation 
relationships were assigned to the upper- and lower-bound Vs profiles, respectively. This same 
convention was followed in MBTC 3032 and the reader may consult that report for additional 
information.   
 

The dynamic soil property relationships published by Darendeli (2001) are primarily 
influenced by mean effective confining pressure, soil plasticity index (PI), and overconsolidation 
ratio (OCR). A simplified soil profile was developed for each side of the bridge to aid in 
assigning these values to each Vs layer down to bedrock. The near-surface simplified soil profile 
was primarily derived from boring logs provided by Grubbs, Hoskyn, Barton & Wyatt, Inc., 
while deeper estimates were made based on geology. If limited information was available, the 
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soil PI was assumed equal to zero and the OCR was assumed equal to one. Reasonable values of 
soil unit weight were used to estimate effective confining pressures. Figure 10 shows some of the 
standard G/Gmax and D curves used for the East side of the river in conjunction with the median 
Vs profile. These curves were extracted from every 10th layer in the soil profile. In general, the 
G/Gmax curves become more linear as the effective confining pressure increases. Thus, the upper-
bound G/Gmax curves in the figure represent soils at greater depths. Conversely, the lower-bound 
D curves represent soils at greater depths. These curves are primarily shown to provide a 
visualization that illustrates the range of dynamic soil properties used in the site response 
analyses with the median Vs profiles. A set of “softer” curves (i.e., minus one standard deviation 
G/Gmax curves paired with plus one standard deviation D curves) were used with the lower-
bound Vs profiles and a set of “stiffer” curves (i.e., plus one standard deviation G/Gmax curves 
paired with minus one standard deviation D curves) were used with the upper-bound Vs profiles. 
  
 Implied shear strength corrections, as described in MBTC 3032, were conducted to adjust 
the G/Gmax curves on both the West and East sides of the river to depths near 10 m (30 ft). The 
approximate layer boundaries and soil types for each of these layers are provided in Table 2, 
along with the target undrained shear strength (Su; for clay layers) or Mohr-Coulomb effective 
friction angle (φ'; for sand layers). These estimates are based on boring logs, discussions with 
Grubbs, Hoskyn, Barton & Wyatt, Inc., and engineering judgment. Target shear strengths were 
matched at approximately 3% shear strain. 
 

SITE-SPECIFIC TARGET SPECTRUM 
 

For site-specific ground motion response analyses, a target spectrum (a target for the 
selection and scaling of input ground motions) was developed to characterize the seismic hazard 
at the bottom of the soil profile. Herein, the 5% in 50-year uniform hazard spectrum (UHS) 
serves as that target. The return period for a 5% in 50-year hazard is 1,000 years, which is almost 
exactly equivalent to the return period for the 7% in 75-year hazard level specified by AASHTO 
(2011) guidelines. The Java Ground Motion Parameter Calculator (JGMPC) was used to develop 
a UHS from the 2002 national seismic hazard maps data at periods of 0 (PGA), 0.1, 0.2, 0.3, 0.5, 
1.0, and 2.0 seconds. The target spectrum is illustrated in Figure 11. By default, the JGMPC 
computes hazards for Site Class B.  Although the Vs structure varies between the East and West 
sides of the river, the “engineering bedrock” on both sides is indeed Site Class B.  Thus, a single 
target spectrum was sufficient to describe the seismic hazard on both sides of the river. [Note 
that even AASHTO 2011 uses the 2002 data rather than the 2008 data; see notes in Figure 3.4.1-
2a relative to discussion and references]. 
 

 
INPUT GROUND MOTION SELECTION 

 
Deaggregation results for the site indicate that the seismic hazard is governed by 

approximately the same earthquake characteristics at each period: a modal magnitude of 7.7 at a 
distance of approximately 100 km (62 mi). These characteristics were used to select four input  
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Figure 10. Dynamic soil properties assigned to every 10th layer in the median Vs profile on 
the East side of the I-40 White River Bridge.   
 
 
Table 2. Target shear strengths used to perform shear strength corrections for the top 
three soil layers on both the West and East side of the I-40 White River Bridge. 
 

 
 

 
Figure 11. Uniform hazard spectrum (UHS)/target spectrum for the I-40 White River 
Bridge site developed using the data from the 2002 USGS maps for a 5% in 50-year 
probability of exceedance (equivalent to 7% in 75-year probability of exceedance). 
 

Lower Vs Median Vs Upper Vs
Top 2.5 m (8.2 ft) Clay Su = 48 kPa Su = 57 kPa Su = 65 kPa
2.5 - 5.5 m (8.2 - 18 ft) Sand φ' = 29° φ' = 32° φ' = 35°
5.5 - 10 m (18 - 32.8 ft) Dense Sand φ' = 35° φ' = 38° φ' = 40°

Top 2.5 m (8.2 ft) Clay Su = 57 kPa Su = 67 kPa Su = 77 kPa
2.5 - 10.5 m (8.2 - 34.4 ft) Sand φ' = 31° φ' = 34° φ' = 37°

West

Target Shear Strength
Depth

Assigned 
Soil Type

East
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ground motions from the NUREG database (see MBTC 3032 report for details). Each ground 
motion was scaled and then spectrally matched to the target spectrum for the White River Bridge 
site.  Figure 12 illustrates the four spectrally matched input ground motions along with the target 
spectrum. Note that that ground motions match the target spectrum very well at periods greater 
than 0.1 seconds. The ground motions exceed the target spectrum at shorter periods because the 
NUREG ground motions were purposely modified to included greater short-period energy as a 
means to better characterize ground motions expected in the Central and Eastern U.S. 
 
 

SITE RESPONSE METHODOLOGY 
 

Six distinct sets of site response analyses were conducted for each side of the bridge in an 
effort to account for uncertainties associated with the input parameters, spatial variability, and 
methods of analysis. Three types of analyses were conducted to account for uncertainties 
associated with the soil profile. These include: (1) a softer-bound, defined by the softer set of 
dynamic soil properties and the lower-bound Vs profile; (2) an average, based on the mean 
dynamic soil properties and median Vs profile; and (3) a stiffer-bound, defined by the stiffer set 
of dynamic soil properties and the upper-bound Vs profile. Finally, all of the previous 
combinations were computed using both equivalent linear (EQL) and non-linear (NL) site 
response analysis methods. Each of these six distinct analyses were conducted using four scaled 
and spectrally matched input motions. The result from each type of analysis is described by the 
lognormal median of the four output (surface) response spectra.  This is very similar to the “logic 
tree” approach that is described in detail in the MTBC 3032 report, except that the West and East 
sides of the bridge were analyzed separately. For clarity, the weighting factors used for this study 
are summarized in Figure 13. 
 
 

RESULTS 
 

All site response analyses were performed using the 1D site response program 
DEEPSOIL. The log-normal median surface response spectra resulting from six distinct site 
response analyses were weighted and combined using a logic tree approach in order to determine 
overall/“fully weighted” surface responses for the West and East sides of the river, respectively.   

 
The output from DEEPSOIL is summarized in Figures 14 and 15 for the West and East 

sides of the bridge, respectively.  The lognormal median response from the four input ground 
motions is plotted for each of the six distinct site response analyses described above (i.e., three 
different soil profiles with two types of analyses). The fully weighted response represents a 
single surface response spectrum obtained by applying the weighting factors from Figure 13 to 
each of the six lognormal median responses. For both sides of the bridge, ground motion 
amplification occurs at periods greater than approximately 0.2 sec. These fully weighted results 
were used to determine spectral ratios between surface ground motions and input ground 
motions, which were then multiplied by the generic Site Class B acceleration response spectrum 
(corresponding to the “engineering bedrock”) in order to compute a site-specific response 
spectrum for each side of the river. The results are plotted along with the generic response  



 18 

 
Figure 12. Uniform hazard spectrum (UHS)/target spectrum for the I-40 White River 
Bridge site with the four scaled and spectrally matched input ground motions selected for 
use in site response analyses. 
 

 
Figure 13. Weighting Factors Used to Combine Site Response Analysis Results that Utilized 
Different Methods of Analyses, Vs Profiles, and Dynamic Soil Properties (DSP) into a 
Single, “Fully Weighted” Surface Response Spectrum for Each Side of the Bridge. 
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Figure 14. Log-normal median surface response from each distinct set of site response 
analyses, log-normal median of the input ground motions, generic Site Class E response 
spectrum, and the fully weighted median response spectra for the West side of the White 
River bridge over I-40. 
 
 
 

 
Figure 15. Log-normal median surface response from each distinct set of site response 
analyses, log-normal median of the input ground motions, generic Site Class D response 
spectrum, and the fully weighted median response spectra for the East side of the White 
River bridge over I-40. 
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spectrum that would be utilized in the absence of site-specific ground motion response analyses.  
This procedure is described more thoroughly in MBTC-3032. 
 

The final results from the site-specific ground motion response analyses are detailed in 
Figures 16 and 17 for the West and East side of the river, respectively.  As noted above, the West 
side of the river was found to classify as Site Class E in the vicinity where Vs testing was 
conducted. Therefore, the Site Class E spectrum based on the general AASHTO (2011) 
procedure (Section 3.4.1) is shown for reference in Figure 16. Also shown for reference is a 
spectrum that is equivalent to 2/3 of the Site Class E general spectrum, because according to 
Section 3.4.3 of AASHTO (2011), unless otherwise approved by the Owner, the response 
spectrum used in design shall not be lower than 2/3 of the general spectrum even if site-specific 
results indicate it is possible. The median site-specific response spectrum on the West side of the 
river is provided in Figure 16.  This response spectrum is less than the allowable minimum of 2/3 
Site Class E up to a period (T) of just over 0.2 seconds. The site-specific spectrum exceeds the 
2/3 limit, while still remaining below the general Site Class E spectrum, between periods of 
approximately 0.2 – 1.0 seconds, after which it falls slightly below the limit.  The delineated site-
specific design response spectrum, highlighted in Figure 16, is defined as the greater of either the 
median site-specific response spectrum or 2/3 of the general response spectrum. This delineated 
spectrum should be used for design on the West side of the river. 
 

The East side of the river was found to classify as Site Class D in the vicinity where Vs 
testing was conducted. Therefore, the Site Class D spectrum based on the general AASHTO 
(2011) procedure is shown for reference in Figure 17 along with a spectrum equivalent to 2/3 of 
the Site Class D spectrum. The median site-specific response spectrum on the East side of the 
river is also provided in Figure 17. This response spectrum is generally less than the allowable 
minimum of 2/3 Site Class D up to a period (T) of approximately 0.2 seconds.  The site-specific 
spectrum exceeds the 2/3 limit between periods of approximately 0.2 – 3.0 seconds, and is 
essentially equal to the Site Class D general spectrum between periods of 0.7 – 1.0 seconds.  The 
delineated site-specific design response spectrum, highlighted in Figure 17, is defined as the 
greater of either the median site-specific response spectrum or 2/3 of the general response 
spectrum.  This delineated spectrum should be used for design on the East side of the river. 

 
 The site-specific ground motion response analysis results for both the West and East side 
of the White River are compared, along with their respective delineated design response spectra, 
in Figure 18. Tabulated values of Sa, including PGA/As values for use in liquefaction 
analyses, for each delineated design response spectrum are also provided in Table 3. A 
corresponding moment magnitude (Mw) of 7.7 should be used in liquefaction analyses. This 
is the modal magnitude at the bridge site for every available period in the 2002 USGS 
deaggregation tool. While the modal magnitude always stays fixed at Mw = 7.7, the mean 
magnitude consistently shifts upward from approximately Mw = 7.35 for PGA to Mw = 7.57 for 
the 2-second period data (maximum period available). Basically, this means the modal 
magnitude and the mean magnitude are expected to grow closer to one another for soft and/or 
deep soil sites with large natural periods. Since this site has an approximate natural period of 3 
seconds, based on the deep Vs profiles shown above, the mean and modal magnitudes are 
expected to be very close to one another and approximately equal to Mw = 7.7.   
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Figure 16. Site-specific ground motion response analysis results for the West side of the 
White River at I-40. 
 
 
 
 

 
Figure 17. Site-specific ground motion response analysis results for the East side of the 
White River at I-40. 
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Figure 18. Comparison of site-specific ground motion response analysis results for the West 
and East side of the White River at I-40. 
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Table 3. Spectral acceleration (Sa) values for the delineated design response spectra 
obtained from site-specific ground motion response analyses for the West and East side of 
the White River at I-40.   
 

      
 

Period
Delineated 

Design
(sec) (g)
PGA 0.23
0.010 0.258
0.014 0.271
0.018 0.284
0.022 0.297
0.026 0.310
0.030 0.323
0.040 0.355
0.050 0.387
0.060 0.419
0.070 0.452
0.080 0.484
0.090 0.516
0.10 0.547
0.20 0.547
0.22 0.547
0.24 0.590
0.26 0.615
0.28 0.634
0.30 0.632
0.34 0.621
0.36 0.619
0.42 0.611
0.48 0.574
0.54 0.574
0.60 0.508
0.70 0.473
0.80 0.399
0.90 0.353
1.0 0.302
1.2 0.231
1.4 0.195
1.6 0.171
1.8 0.152
2.0 0.137
2.5 0.109
3.0 0.091
3.5 0.078
4.0 0.068
5.0 0.055
6.0 0.045
7.0 0.039
8.0 0.034
9.0 0.030
10.0 0.027

West of White River

Period
Delineated 

Design
(sec) (g)
PGA 0.17
0.010 0.210
0.014 0.220
0.018 0.230
0.022 0.239
0.026 0.249
0.030 0.259
0.040 0.284
0.050 0.309
0.060 0.333
0.070 0.358
0.080 0.383
0.090 0.404
0.10 0.408
0.20 0.413
0.22 0.453
0.24 0.494
0.26 0.512
0.28 0.520
0.30 0.518
0.34 0.511
0.36 0.500
0.42 0.461
0.48 0.433
0.54 0.435
0.60 0.394
0.70 0.393
0.80 0.351
0.90 0.316
1.0 0.275
1.2 0.213
1.4 0.169
1.6 0.144
1.8 0.126
2.0 0.108
2.5 0.083
3.0 0.067
3.5 0.053
4.0 0.046
5.0 0.037
6.0 0.031
7.0 0.026
8.0 0.023
9.0 0.020
10.0 0.018

East of White River
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Gain/Loss 1 at Shaft and Toe 1.000 / 1.000
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Gain/Loss 1 at Shaft and Toe 1.000 / 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       24.2        0.4       23.8        1.3      7.834     -0.253       3.73       36.7
       5.0       41.4       17.6       23.8        2.5     13.725     -1.502       4.31       33.4
      10.0       59.1       35.2       23.8        4.0     17.456     -2.172       4.80       30.6
      15.0       76.7       52.9       23.8        5.7     20.475     -2.247       5.23       28.8
      20.0       94.3       70.5       23.8        7.5     22.696     -1.617       5.59       27.5
      25.0      111.9       88.1       23.8        9.5     23.884     -1.295       5.91       26.6
      30.0      129.6      105.7       23.8       11.8     25.323     -1.070       6.24       26.0
      35.0      147.2      123.4       23.8       13.9     25.888     -1.039       6.46       25.2
      40.0      362.1      146.6      215.4       49.7     30.623     -0.561       7.85       25.1
      45.0      426.8      192.5      234.3       66.1     30.643     -0.569       8.02       25.3
      50.0      491.5      238.3      253.2       93.0     30.826     -0.533       8.04       24.9
      55.0      552.2      284.1      268.1      128.7     30.426     -0.289       8.10       24.6
      59.0      595.9      320.8      275.2      161.5     30.495     -0.145       8.14       24.5
      60.0      606.9      329.9      276.9      171.4     30.662     -0.085       8.18       24.5
      61.0      617.8      339.1      278.7      182.1     30.430      0.000       8.19       24.3
      62.0      628.7      348.3      280.5      193.4     30.656      0.000       8.22       24.1
      63.0      639.7      357.4      282.2      208.7     31.065      0.000       8.22       23.8

Total Continuous Driving Time    70.00 minutes; Total Number of Blows     2954

zhao
Text Box
Results of Driveability Analysis18-In.-Diameter Steel Shell Driven Close-EndedDELMAG D 30-02 Hammer: E = 66.2 ft-kips; W = 6.6 kipsBent 1
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Gain/Loss 1 at Shaft and Toe 1.000 / 1.000
GRLWEAP Version 2010
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 23 2015
   GRLWEAP Version 201013-017_Bent 3_18 in.                    

Gain/Loss 1 at Shaft and Toe 1.000 / 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        0.0        0.0      0.000      0.000      10.56        0.0
       5.0        8.4        8.4        0.0       -1.0      0.000      0.000       0.00        0.0
      10.0       18.2       18.2        0.0        1.5      5.694      0.000       3.58       24.4
      15.0       29.8       29.8        0.0        1.8      9.442     -0.757       3.97       27.0
      20.0       43.2       43.2        0.0        2.3     12.366     -1.602       4.25       26.7
      25.0       58.4       58.4        0.0        3.2     14.879     -2.656       4.56       25.2
      30.0       81.1       81.1        0.0        4.8     17.009     -3.102       4.92       23.4
      35.0      106.8      106.8        0.0        6.7     18.712     -3.349       5.35       22.4
      36.0      112.2      112.2        0.0        7.1     18.951     -3.332       5.42       22.2
      37.0      625.7      123.0      502.7      185.4     31.557     -3.135       8.95       22.6
      38.0      636.5      133.8      502.7      193.9     31.456     -3.163       8.96       22.7
      39.0      647.4      144.6      502.7      204.9     31.362     -3.186       8.97       22.6
      40.0      658.2      155.5      502.7      219.6     31.019     -3.208       8.96       22.4
      41.0      669.0      166.3      502.7      230.5     30.594     -3.220       8.96       22.4

Total Continuous Driving Time    25.00 minutes; Total Number of Blows     1014

zhao
Text Box
Results of Driveability Analysis18-In.-Diameter Steel Shell Installed Close-EndedDELMAG D 22-23 Hammer: E = 51.2 ft-kips; W = 4.9 kipsBents 2 and 3
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Gain/Loss 1 at Shaft and Toe 1.000 / 1.000
GRLWEAP Version 2010
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 29 2015
   GRLWEAP Version 201013-017_Bent 5_18 in.                    

Gain/Loss 1 at Shaft and Toe 1.000 / 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        0.4        0.4        0.0        0.0      0.000      0.000      11.18        0.0
       5.0       17.6       17.6        0.0       -1.0      0.000      0.000       0.00        0.0
      10.0       27.8       27.8        0.0        1.6     11.504     -0.665       3.88       41.5
      15.0       34.1       34.1        0.0        1.8     12.936     -1.376       3.99       41.1
      20.0       44.6       44.6        0.0        2.2     14.998     -1.879       4.20       40.0
      25.0       57.6       57.6        0.0        2.7     17.336     -2.593       4.46       38.8
      30.0       72.8       72.8        0.0        3.4     19.134     -3.645       4.70       37.5
      35.0       90.5       90.5        0.0        4.1     20.688     -3.670       4.95       36.4
      40.0      110.4      110.4        0.0        5.1     21.647     -4.373       5.20       35.3
      45.0      132.8      132.8        0.0        6.1     22.886     -4.907       5.45       34.3
      50.0      157.4      157.4        0.0        7.5     23.546     -5.080       5.71       33.4
      51.0      574.1      167.8      406.3       74.2     32.323     -0.286       8.54       33.3
      52.0      592.1      178.1      413.9       80.3     32.561     -0.243       8.59       33.2
      53.0      610.0      188.5      421.6       86.3     32.849     -0.069       8.63       33.1
      54.0      772.5      199.3      573.3      184.9     37.076     -0.313       9.14       34.9
      55.0      786.9      210.1      576.8      202.6     36.761     -0.172       9.14       34.4

Total Continuous Driving Time    16.00 minutes; Total Number of Blows      685

zhao
Text Box
Results of Driveability Analysis18-In.-Diameter Steel Shell Installed Close-EndedDELMAG D 30-23 Hammer: E = 73.8 ft-kips; W = 6.6 kipsBents 4, 5 and 6
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Gain/Loss 1 at Shaft and Toe 1.000 / 1.000
GRLWEAP Version 2010
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 23 2015
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Gain/Loss 1 at Shaft and Toe 1.000 / 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        0.0        0.0        0.0        0.0      0.000      0.000       9.05        0.0
       5.0        1.6        1.6        0.0        0.0      0.000      0.000       9.05        0.0
      10.0        6.3        6.3        0.0        0.0      0.000      0.000       9.05        0.0
      15.0       14.6       14.6        0.0       -1.0      0.000      0.000       0.00        0.0
      20.0       25.8       25.8        0.0        1.4      8.874     -1.325       2.88       30.4
      25.0       38.9       38.9        0.0        1.6     12.456     -2.090       3.15       33.6
      30.0       60.8       60.8        0.0        2.5     15.531     -2.936       3.48       32.7
      35.0       84.1       84.1        0.0        3.7     17.544     -3.215       3.81       30.7
      40.0      109.0      109.0        0.0        5.1     19.014     -3.055       4.11       29.2
      45.0      135.2      135.2        0.0        6.6     20.251     -2.856       4.41       28.0
      46.0      691.1      146.1      545.0      150.4     35.628     -3.823       7.88       30.4
      47.0      701.9      156.9      545.0      157.2     35.478     -3.723       7.88       30.5
      48.0      712.7      167.7      545.0      165.7     35.333     -3.526       7.90       30.5
      49.0      723.5      178.5      545.0      175.1     34.931     -3.305       7.90       30.4
      50.0      734.3      189.3      545.0      183.4     34.453     -3.082       7.90       30.5

Total Continuous Driving Time    19.00 minutes; Total Number of Blows      830

zhao
Text Box
Results of Driveability Analysis18-In.-Diameter Steel Shell Installed Close-EndedDELMAG D 30 Hammer: E = 59.7 ft-kips; W = 6.6 kipsBent 7
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 29 2015
   GRLWEAP Version 201013-017_Bent 8_18 In.                    

Gain/Loss 1 at Shaft and Toe 1.000 / 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        0.0        0.0        0.0        0.0      0.000      0.000      10.03        0.0
       5.0        0.9        0.9        0.0        0.0      0.000      0.000      10.03        0.0
      10.0        3.8        3.8        0.0        0.0      0.000      0.000      10.03        0.0
      15.0        8.5        8.5        0.0        0.0      0.000      0.000      10.03        0.0
      20.0       15.0       15.0        0.0       -1.0      0.000      0.000       0.00        0.0
      25.0       23.5       23.5        0.0       -1.0      0.000      0.000       0.00        0.0
      30.0       39.1       39.1        0.0        1.4     11.107     -1.556       3.78       36.6
      35.0       57.6       57.6        0.0        2.2     15.285     -4.178       4.24       34.1
      40.0       79.0       79.0        0.0        3.3     17.808     -5.035       4.61       31.4
      45.0      103.4      103.4        0.0        4.7     19.736     -5.293       5.02       29.8
      50.0      129.2      129.2        0.0        6.3     20.979     -4.979       5.32       27.9
      51.0      682.0      140.5      541.5      149.9     38.661     -2.340       9.11       30.2
      52.0      705.7      151.8      553.9      166.9     38.860     -1.976       9.16       30.4
      53.0      729.3      163.1      566.2      186.7     39.048     -1.561       9.20       30.5
      54.0      752.9      174.4      578.6      216.5     38.636     -1.370       9.16       30.3
      55.0      776.6      185.7      590.9      239.6     38.723     -0.944       9.28       30.8

Total Continuous Driving Time    23.00 minutes; Total Number of Blows      917

zhao
Text Box
Results of Driveability Analysis18-In.-Diameter Steel Shell Installed Close-EndedDELMAG D 30-02 Hammer: E = 66.2 ft-kips; W = 6.6 kipsBent 8
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Gain/Loss 1 at Shaft and Toe 1.000 / 1.000
GRLWEAP Version 2010
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 23 2015
   GRLWEAP Version 201013-017_Bent 10_24 in.                   

Gain/Loss 1 at Shaft and Toe 1.000 / 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        0.0        0.0      0.000      0.000       9.52        0.0
       5.0        7.9        7.9        0.0        0.0      0.000      0.000       9.52        0.0
      10.0       15.8       15.8        0.0        0.0      0.000      0.000       9.52        0.0
      15.0       25.2       25.2        0.0        1.4      8.624     -1.045       3.34       53.0
      20.0       41.0       41.0        0.0        1.8     12.445     -3.533       3.68       53.4
      25.0       56.4       56.4        0.0        2.2     14.281     -4.554       3.91       52.5
      30.0       73.8       73.8        0.0        2.7     15.649     -5.347       4.09       50.6
      35.0       95.0       95.0        0.0        3.5     16.870     -5.858       4.27       48.5
      40.0      119.8      119.8        0.0        4.3     17.973     -6.312       4.50       47.2
      45.0      148.3      148.3        0.0        5.3     18.841     -6.498       4.71       45.9
      50.0      180.5      180.5        0.0        6.5     19.388     -6.865       4.87       44.1
      54.0     1120.1      216.1      904.0      153.0     30.883     -1.190       7.92       45.0
      55.0     1134.6      230.6      904.0      159.0     30.767     -1.166       7.93       44.8
      56.0     1149.1      245.1      904.0      163.6     30.703     -1.122       7.94       44.7
      57.0     1163.6      259.6      904.0      169.8     30.470     -1.122       7.93       44.5
      58.0     1178.1      274.1      904.0      176.7     30.207     -1.053       7.93       44.3

Total Continuous Driving Time    25.00 minutes; Total Number of Blows     1098

zhao
Text Box
Results of Driveability Analysis24-In.-Diameter Steel Shell Installed Close-EndedDELMAG D 46-13 Hammer: E = 96.5 ft-kips; W = 10.1 kipsBents 9 and 10
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Gain/Loss 1 at Shaft and Toe 1.000 / 1.000
GRLWEAP Version 2010
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 27 2015
   GRLWEAP Version 201013-017_Pier 2_24 in.                    

Gain/Loss 1 at Shaft and Toe 1.000 / 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        0.0        0.0        0.0        0.0      0.000      0.000      10.54        0.0
       5.0        2.4        2.4        0.0        0.0      0.000      0.000      10.54        0.0
      10.0        9.4        9.4        0.0        0.0      0.000      0.000      10.54        0.0
      15.0       21.3       21.3        0.0       -1.0      0.000      0.000       0.00        0.0
      20.0       37.8       37.8        0.0        1.1      7.624     -1.690       3.71       63.0
      25.0       59.1       59.1        0.0        1.3     12.736     -4.235       4.02       67.2
      30.0       85.0       85.0        0.0        1.6     15.973     -6.082       4.36       68.5
      35.0      115.8      115.8        0.0        2.3     18.580     -7.433       4.74       64.3
      40.0      151.2      151.2        0.0        3.3     20.172     -7.698       5.04       60.0
      45.0      189.0      189.0        0.0        4.4     21.679     -7.833       5.36       57.6
      50.0      226.8      226.8        0.0        5.6     22.928     -7.833       5.66       55.4
      55.0      264.6      264.6        0.0        6.8     23.764     -8.002       5.87       52.9
      60.0     1392.9      310.0     1082.9      200.4     37.103     -1.614       9.38       56.2
      61.0     1408.0      325.1     1082.9      207.6     36.982     -1.391       9.38       56.1
      62.0     1423.1      340.2     1082.9      216.4     36.746     -1.228       9.37       55.9
      63.0     1438.2      355.3     1082.9      226.8     36.473     -1.040       9.36       55.7
      64.0     1453.4      370.4     1082.9      235.6     36.117     -0.989       9.36       55.6

Total Continuous Driving Time    38.00 minutes; Total Number of Blows     1502

zhao
Text Box
Results of Driveability Analysis24-In.-Diameter Steel Shell Installed Close-EndedDELMAG D 55 Hammer: E = 125 ft-kips; W = 11.9 kipsBents 9 and 10 and Piers 1 and 2
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Gain/Loss 1 at Shaft and Toe 1.000 / 1.000
GRLWEAP Version 2010
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 23 2015
   GRLWEAP Version 201013-017_Bent 11_18 in.                   

Gain/Loss 1 at Shaft and Toe 1.000 / 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        0.0        0.0      0.000      0.000      11.43        0.0
       5.0        8.2        8.2        0.0        0.0      0.000      0.000      11.43        0.0
      10.0       16.5       16.5        0.0       -1.0      0.000      0.000       0.00        0.0
      15.0       23.3       23.3        0.0        1.4     10.210     -1.019       4.00       42.5
      20.0       29.1       29.1        0.0        1.5     12.455     -1.549       4.18       42.3
      25.0       35.0       35.0        0.0        1.6     13.895     -1.945       4.30       42.3
      30.0       40.9       40.9        0.0        1.8     15.067     -2.619       4.42       41.8
      35.0       62.0       62.0        0.0        2.7     18.532     -4.119       4.83       39.6
      40.0       85.5       85.5        0.0        3.7     20.787     -4.626       5.19       37.7
      45.0      111.4      111.4        0.0        4.9     22.231     -4.506       5.52       36.2
      50.0      138.4      138.4        0.0        6.1     23.400     -4.562       5.82       35.1
      55.0      165.4      165.4        0.0        7.6     24.346     -4.397       6.11       34.1
      56.0      170.8      170.8        0.0        8.0     24.235     -4.269       6.10       33.6
      57.0      786.7      181.7      605.0      175.2     38.574     -3.019       9.64       38.3
      58.0      797.5      192.5      605.0      186.5     38.344     -2.791       9.63       38.1
      59.0      808.3      203.3      605.0      195.6     38.238     -2.630       9.63       38.0
      60.0      819.1      214.1      605.0      210.0     37.882     -2.401       9.62       37.6
      61.0      829.9      224.9      605.0      221.7     37.439     -2.260       9.61       37.5

Total Continuous Driving Time    26.00 minutes; Total Number of Blows     1028
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Text Box
Results of Driveability Analysis18-In.-Diameter Steel Shell Installed Close-EndedDELMAG D 30-32 Hammer: E = 75.4 ft-kips; W = 6.6 kipsBent 11
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Gain/Loss 1 at Shaft and Toe 1.000 / 1.000
GRLWEAP Version 2010
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 23 2015
   GRLWEAP Version 201013-017_Bent 13_18 in.                   

Gain/Loss 1 at Shaft and Toe 1.000 / 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        0.0        0.0      0.000      0.000      10.56        0.0
       5.0        8.2        8.2        0.0       -1.0      0.000      0.000       0.00        0.0
      10.0       16.4       16.4        0.0        1.7      6.797      0.000       3.82       26.3
      15.0       24.7       24.7        0.0        2.1     10.734     -0.771       4.21       26.9
      20.0       32.9       32.9        0.0        2.8     13.146     -1.629       4.51       25.9
      25.0       41.1       41.1        0.0        3.6     15.053     -2.239       4.77       24.7
      30.0       54.9       54.9        0.0        4.7     17.106     -2.913       5.04       23.6
      35.0       75.0       75.0        0.0        6.2     18.565     -3.214       5.33       22.5
      40.0       98.4       98.4        0.0        8.0     19.702     -3.446       5.62       21.5
      45.0      576.6      135.6      441.0      176.4     28.521     -2.075       8.59       22.1
      46.0      587.4      146.4      441.0      186.8     28.431     -2.075       8.60       22.0
      47.0      598.2      157.2      441.0      200.3     28.356     -1.957       8.62       21.8
      48.0      609.0      168.0      441.0      213.6     28.385     -1.812       8.62       21.7

Total Continuous Driving Time    28.00 minutes; Total Number of Blows     1168

zhao
Text Box
Results of Driveability Analysis18-In.-Diameter Steel Shell Installed Close-EndedDELMAG D 22-23 Hammer: E = 51.2 ft-kips; W = 4.9 kipsBents 12, 13, 15 and 16
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 23 2015
13-017_Bent 14_18 in.                   

Gain/Loss 1 at Shaft and Toe 1.000 / 1.000
GRLWEAP Version 2010
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 23 2015
   GRLWEAP Version 201013-017_Bent 14_18 in.                   

Gain/Loss 1 at Shaft and Toe 1.000 / 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        0.0        0.0      0.000      0.000       9.05        0.0
       5.0        9.4        9.4        0.0       -1.0      0.000      0.000       0.00        0.0
      10.0       18.8       18.8        0.0        1.5      8.502     -0.644       2.96       34.1
      15.0       26.4       26.4        0.0        1.7     11.242     -1.552       3.16       34.9
      20.0       34.2       34.2        0.0        2.0     12.353     -2.388       3.26       34.2
      25.0       47.5       47.5        0.0        2.6     14.700     -3.021       3.52       32.8
      30.0       65.5       65.5        0.0        3.5     16.959     -3.247       3.76       31.0
      35.0       86.2       86.2        0.0        4.7     18.403     -3.439       4.00       29.4
      40.0      109.4      109.4        0.0        6.0     19.897     -3.583       4.30       28.5
      45.0      135.1      135.1        0.0        7.6     20.810     -3.594       4.57       27.4
      46.0      622.2      145.9      476.2      126.9     32.521     -2.071       7.60       29.1
      47.0      633.0      156.7      476.2      132.4     32.463     -1.936       7.62       29.1
      48.0      643.8      167.6      476.2      140.4     32.390     -1.796       7.63       28.9
      49.0      654.6      178.4      476.2      146.1     32.128     -1.692       7.64       28.9
      50.0      665.4      189.2      476.2      155.1     31.766     -1.437       7.65       28.6

Total Continuous Driving Time    17.00 minutes; Total Number of Blows      756

zhao
Text Box
Results of Driveability Analysis18-In.-Diameter Steel Shell Installed Close-EndedDELMAG D 30 Hammer: E = 59.7 ft-kips; W = 6.6 kipsBents 14
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 29 2015
13-017_Bent 17_18 In.                   

Gain/Loss 1 at Shaft and Toe 1.000 / 1.000
GRLWEAP Version 2010
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Grubbs, Hoskyn, Barton & Wyatt, Inc.    Jan 29 2015
   GRLWEAP Version 201013-017_Bent 17_18 In.                   

Gain/Loss 1 at Shaft and Toe 1.000 / 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       24.2        0.4       23.8       -1.0      0.000      0.000       0.00        0.0
       5.0       41.4       17.6       23.8        2.5     13.192     -0.818       4.23       33.6
      10.0       59.1       35.2       23.8        4.1     17.272     -1.613       4.78       30.9
      15.0       76.7       52.9       23.8        5.8     20.335     -1.644       5.20       28.9
      20.0       94.3       70.5       23.8        7.6     22.550     -1.284       5.57       27.5
      25.0      111.9       88.1       23.8        9.6     23.794     -1.017       5.90       26.5
      30.0      238.4      110.7      127.7       27.3     28.710      0.000       7.23       24.1
      35.0      293.6      153.5      140.1       34.4     29.254     -0.155       7.53       24.0
      40.0      349.6      197.2      152.4       42.2     29.855      0.000       7.70       23.9
      45.0      511.0      242.5      268.5       91.5     30.405     -0.360       8.08       24.7
      49.0      594.4      282.0      312.4      135.0     30.962      0.000       8.33       25.3
      50.0      615.2      291.9      323.4      150.2     31.185      0.000       8.38       25.3
      51.0      636.1      301.7      334.4      169.4     31.039      0.000       8.40       25.2
      52.0      656.9      311.6      345.3      193.7     31.233      0.000       8.42       24.9
      53.0      677.8      321.5      356.3      222.7     31.687      0.000       8.45       24.7

Total Continuous Driving Time    49.00 minutes; Total Number of Blows     2040

zhao
Text Box
Results of Driveability Analysis18-In.-Diameter Steel Shell Driven Close-EndedDELMAG D 30-02 Hammer: E = 66.2 ft-kips; W = 6.6 kipsBent 17
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Depths 60 - 120 = Soft Clay

Depths 120 - 336 = Soft Clay

Depths 336 - 468 = Stiff Clay w/o Free Water Using k

Depths 468 - 810 = Reese Sand

LPile Plus for Windows 5.0.25 (Single User), (c) 2005 by Ensoft, Inc.

H 
0 ft (El 200 - Pile footing bottom) 

Results of Lateral Load Analysis 
18-In.-Diameter Steel Shell Pile Filled w/Concrete  

Bent 1 (West Abutment) 
I-40 over White River

18-in.-diameter steel 
shell (fy = 45 ksi; t = 
0.5 in.) filled with 
concrete 
(f'c = 3500 psi)

P 
Summary of lateral loads: 
Load Case No.   Direction   H, kips   P, kips 
1                     Longitudinal   20.5       159 

5 ft (El 195) 

Neglect top 5 ft resistance 

63 ft (El 137 - Pile tip) 

(Embankment fill)

(Existing embankment fill)

(Stiff silty clay)

(Medium dense to dense fine 
to medium sand)

Fixed-head 
boundary 
condition
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Longitudinal: H = 20.5 kips; P = 159 kips
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Depths 60 - 180 = Reese Sand

Depths 180 - 348 = Reese Sand

Depths 348 - 546 = Reese Sand

LPile Plus for Windows 5.0.25 (Single User), (c) 2005 by Ensoft, Inc.

H 
0 ft (El 163 - Pile footing bottom) 

Results of Lateral Load Analysis 
18-In.-Diameter Steel Shell Pile Filled w/Concrete  

Bent 2 
I-40 over White River

18-in.-diameter steel 
shell (fy = 45 ksi; t = 
0.5 in.) filled with 
concrete 
(f'c = 3500 psi)

P 
Summary of lateral loads: 
Load Case No.   Direction   H, kips   P, kips 
1                     Transverse      2.2         164 
2                     Longitudinal   2.5         164 
3                     Resultant        3.4         164 

5 ft (El 158) 

Neglect top 5 ft resistance 

41 ft (El 122 - Pile tip) 

(Medium dense silty fine sand)

(Dense fine to medium sand)

(Very dense fine to medium sand)

Fixed-head 
boundary 
condition
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Transverse: H = 2.2 kips; P = 164 kips
Longitudinal: H = 2.5 kips; P = 164 kips
Resultant: H = 3.4 kips; P = 164 kips



Unfactored Bending Moment (in-kips)
D

ep
th

 (f
t)

-400 -350 -300 -250 -200 -150 -100 -50 0 50 100 150 200
0

2
4

6
8

10
12

14
16

18
20

22
24

26
28

30
32

34
36

38
40

42
44

46
48

50

Transverse: H = 2.2 kips; P = 164 kips
Longitudinal: H = 2.5 kips; P = 164 kips
Resultant: H = 3.4 kips; P = 164 kips
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Transverse: H = 2.2 kips; P = 164 kips
Longitudinal: H = 2.5 kips; P = 164 kips
Resultant: H = 3.4 kips; P = 164 kips



Depths 60 - 312 = Reese Sand

Depths 312 - 528 = Reese Sand

Depths 528 - 546 = Reese Sand

LPile Plus for Windows 5.0.25 (Single User), (c) 2005 by Ensoft, Inc.

H 
0 ft (El 163 - Pile footing bottom) 

Results of Lateral Load Analysis 
18-In.-Diameter Steel Shell Pile Filled w/Concrete  

Bent 3 
I-40 over White River

18-in.-diameter steel 
shell (fy = 45 ksi; t = 
0.5 in.) filled with 
concrete 
(f'c = 3500 psi)

P 
Summary of lateral loads: 
Load Case No.   Direction   H, kips   P, kips 
1                     Transverse      2.4         160 
2                     Longitudinal   2.7         160 
3                     Resultant        3.6         160 

5 ft (El 158) 

Neglect top 5 ft resistance 

41 ft (El 122 - Pile tip) 

(Medium dense fine sand)

(Very dense fine sand)

(Very dense gravelly fine to medium sand)

Fixed-head 
boundary 
condition
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Longitudinal: H = 2.7 kips; P = 160 kips
Resultant:  H = 3.6 kips; P = 160 kips
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Transverse: H = 2.4 kips; P = 160 kips
Longitudinal: H = 2.7 kips; P = 160 kips
Resultant: H = 3.6 kips; P = 160 kips
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Longitudinal: H = 2.7 kips; P = 160 kips
Resultant: H = 3.6 kips; P = 160 kips



Depths 60 - 300 = Reese Sand

Depths 300 - 540 = Reese Sand

Depths 540 - 714 = Reese Sand

LPile Plus for Windows 5.0.25 (Single User), (c) 2005 by Ensoft, Inc.

H 
0 ft (El 160 - Pile footing bottom) 

Results of Lateral Load Analysis 
18-In.-Diameter Steel Shell Pile Filled w/Concrete  

Bent 8 
I-40 over White River

18-in.-diameter steel 
shell (fy = 45 ksi; t = 
0.5 in.) filled with 
concrete 
(f'c = 3500 psi)

P 
Summary of lateral loads: 
Load Case No.   Direction   H, kips   P, kips 
1                     Transverse      37.8         351 
2                     Longitudinal   19.0         351 
3                     Resultant         42.3         351 

5 ft (El 155) 

Neglect top 5 ft resistance 

55 ft (El 105 - Pile tip) 

(Medium dense fine sand)

(Very dense gravelly fine to coarse sand)

(Very dense fine to medium sand)

Fixed-head 
boundary 
condition
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Resultant: H = 42.3 kips; P = 351 kips



Unfactored Bending Moment (in-kips)
D

ep
th

 (f
t)

-6000 -5000 -4000 -3000 -2000 -1000 0 1000 2000 3000
0

5
10

15
20

25
30

35
40

45
50

55
60

Transverse: H = 37.8 kips; P = 351 kips
Longitudinal: H = 19.0 kips; P = 351 kips
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Depths 60 - 180 = Reese Sand

Depths 180 - 348 = Reese Sand

Depths 348 - 546 = Reese Sand

LPile Plus for Windows 5.0.25 (Single User), (c) 2005 by Ensoft, Inc.

H 
0 ft (El 149 - Pile footing bottom) 

Results of Lateral Load Analysis 
24-In.-Diameter Steel Shell Pile Filled w/Concrete  

Bent 9 
I-40 over White River

24-in.-diameter steel 
shell (fy = 45 ksi; t = 
0.75 in.) filled with 
concrete 
(f'c = 3500 psi)

P 
Summary of lateral loads: 
Load Case No.   Direction   H, kips   P, kips 
1                     Transverse      35.9         348 
2                     Longitudinal   18.2         348 
3                     Resultant         40.3        348 

5 ft (El 144) 

Neglect top 5 ft resistance 

33 ft (El 116 - Pile tip) 

(Medium dense fine sand)

(Dense fine sand)

(Very dense sandy fine gravel)

Fixed-head 
boundary 
condition
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Resultant: H = 40.3 kips; P = 348 kips
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Depths 60 - 420 = Reese Sand

Depths 420 - 732 = Reese Sand

LPile Plus for Windows 5.0.25 (Single User), (c) 2005 by Ensoft, Inc.

H 
0 ft (El 111 - Pile footing bottom) 

Results of Lateral Load Analysis 
24-In.-Diameter Steel Shell Pile Filled w/Concrete  

Pier 1 
I-40 over White River

24-in.-diameter steel 
shell (fy = 45 ksi; t = 
0.75 in.) filled with 
concrete 
(f'c = 3500 psi)

P 
Summary of lateral loads: 
Load Case No.   Direction   H, kips   P, kips 
1                     Transverse      22.6         380 
2                     Longitudinal   11.3         380 
3                     Resultant        25.2         380 

35 ft (El 76 - scour depth) 

Neglect top 5 ft resistance

55 ft (El 56 - Pile tip) 

(Very dense gravelly fine to coarse sand)

Fixed-head 
boundary 
condition

5 ft (El 106) 

(Loose sand - fill in scour holes ) 
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Resultant: H = 25.2 kips; P = 380 kips
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Resultant: H = 25.2 kips; P = 380 kips
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Transverse: H = 22.6 kips; P = 380 kips
Longitudinal: H = 11.3 kips; P = 380 kips
Resultant: H = 25.2 kips; P = 380 kips



Depths 60 - 192 = Soft Clay

Depths 192 - 276 = Stiff Clay w/free water

Depths 276 - 648 = Reese Sand

Depths 648 - 756 = Reese Sand

Depths 756 - 768 = Reese Sand

LPile Plus for Windows 5.0.25 (Single User), (c) 2005 by Ensoft, Inc.

H 
0 ft (El 165 - Pile footing bottom) 

Results of Lateral Load Analysis 
24-In.-Diameter Steel Shell Pile Filled w/Concrete  

Bent 10 
I-40 over White River

24-in.-diameter steel 
shell (fy = 45 ksi; t = 
0.75 in.) filled with 
concrete 
(f'c = 3500 psi)

P 
Summary of lateral loads: 
Load Case No.   Direction   H, kips   P, kips 
1                     Transverse      36.2        343 
2                     Longitudinal   18.4        343 
3                     Resultant         40.6        343 

5 ft (El 160) 

Neglect top 5 ft resistance 

58 ft (El 107 - Pile tip) 

(Soft fine sandy clay)

(Stiff clay)

(Very dense silty fine sand)

(Very dense fine sand)

Fixed-head 
boundary 
condition
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Depths 60 - 276 = Soft Clay

Depths 276 - 372 = Soft Clay

Depths 372 - 552 = Reese Sand

Depths 552 - 690 = Reese Sand

LPile Plus for Windows 5.0.25 (Single User), (c) 2005 by Ensoft, Inc.

H 
0 ft (El 205 - Pile footing bottom) 

Results of Lateral Load Analysis 
18-In.-Diameter Steel Shell Pile Filled w/Concrete  

Bent 17 (East Abutment) 
I-40 over White River

18-in.-diameter steel 
shell (fy = 45 ksi; t = 
0.5 in.) filled with 
concrete 
(f'c = 3500 psi)

P 
Summary of lateral loads: 
Load Case No.   Direction   H, kips   P, kips 
1                     Longitudinal   20.5       159 

5 ft (El 200) 

Neglect top 5 ft resistance 

53 ft (El 152 - Pile tip) 

(Embankment fill)

(Firm silty clay/clay/clayey silt)

(Medium dense silty fine sand)

(Dense fine sand)

Fixed-head 
boundary 
condition
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1883+41.92 - BEGIN BRIDGE

1884+25.60 - TOE OF FILL SLOPE
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1911+84.08 - END BRIDGE

1911+09.10 - TOE OF FILL SLOPE
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PIPE COLLAR = 1  EACH

36" F.E.S. = 1  EACH

36" R.C. PIPE = 184 LIN. FT.

F.E.S. LT.

(CLASS III)(TYPE 3 BEDDING) WITH

R.C. PIPE 180’ LT. ON 10°50’ LT. FWD. SKEW

REMOVE HDWL. LT. AND EXTEND

WITH HDWLS. LT. & RT.

36"x171’ R.C. PIPE CULVERT

STA. 1915+24.4 IN PLACE
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

Stability Analysis Results – West Abutment 
Reinforced 3H:1V End Slope @ West Abutment – H = 35 ft 

AHTD Job BB0610: White River Str. & Apprs. (F) 

Design Loading Condition Design Water Condition Calculated Minimum Factor of 
Safety 

End of Construction Analysis long term groundwater @ 
embankment toe 2.1 

Long Term Analysis long term groundwater @ 
embankment toe 1.8 

Long Term Historical high water @ El 192.9 1.9 

Seismic (kh = 0.5AS = 0.10)* Analysis long term groundwater @ 
embankment toe 1.3 

Rapid Drawdown Drawdown from 192.9 to 
embankment toe 1.5 

* Design and Construction of Mechanistically Stabilized Earth Walls and Reinforced Soil Slopes – Volume II, Publication No. FHWA-NHI-10-025, FHWA, 
November 2009, Page 8-10. 



GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – End of Construction Condition 
Reinforced 3H:1V End Slope @ West Abutment – H = 35 ft 

Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

2.1

H = 35 ft
3H

1V

Water @ embankment toe

Medium dense to very dense silty fine sand to fine to medium sand

Silty clay/clay

New embankment fill

Existing embankment fill
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Reinforced 3H:1V End Slope @ West Abutment – H = 35 ft 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

1.8

H = 35 ft
3H

1V

Water @ embankment toe

Medium dense to very dense silty fine sand to fine to medium sand

Silty clay/clay

New embankment fill

q = 250 psf

Existing embankment fill
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-100 -50 0 50 100 150 200

El
ev

at
io

n,
 ft

140

150

160

170

180

190

200

210

220

230

240



GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Reinforced 3H:1V End Slope @ West Abutment – H = 35 ft 
Historical High Water @ El 192.9 

AHTD JOB BB0610:White River Str. & Apprs. (F) 

1.9

H = 35 ft
3H

1V
Historical high water @ El 192.9

Medium dense to very dense silty fine sand to fine to medium sand
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New embankment fill

q = 250 psf

Existing embankment fill
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Seismic Condition (kh = 0.5AS = 0.10) 

Reinforced 3H:1V End Slope @ West Abutment – H = 35 ft 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

1.3

H = 35 ft
3H

1V

Water @ embankment toe

Medium dense to very dense silty fine sand to fine to medium sand

Silty clay/clay

New embankment fill

q = 250 psf

Existing embankment fill
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Rapid Drawdown Condition 
Reinforced 3H:1V End Slope @ West Abutment – H = 35 ft 

Drawdown from El 192.9 to Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

1.5

H = 35 ft
3H

1V
Historical high water @ El 192.9
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

Stability Analysis Results 
Reinforced Side Slopes @ West Abutment - Sta 1883+41.92 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
 
 
 

Embankment Side Design Loading 
Condition Design Water Condition Calculated Minimum 

Factor of Safety 
North End of Construction 

 

Analysis long term 
groundwater @ 
embankment toe 

2.2 

South 4.1 

North 

Long Term 

Analysis long term 
groundwater @ 
embankment toe 

1.9 

South 2.0 

North Historical high water @ 
El 192.9 

1.9 

South 2.0 

North Seismic (kh = 0.5AS = 
0.10)* 

Analysis long term 
groundwater @ 
embankment toe 

1.4 

South 1.5 

North Rapid Drawdown Drawdown from 192.9 to 
embankment toe 1.5 

* Design and Construction of Mechanistically Stabilized Earth Walls and Reinforced Soil Slopes – Volume II, Publication No. FHWA-NHI-10-025, FHWA, 
November 2009, Page 8-10. 

 



GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – End of Construction Condition 

Reinforced North Side Slope @ West Abutment - Sta 1883+41.92 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

2.2

Water @ embankment toe

Medium dense to very dense silty fine sand/fine to mediumd sand

Silty clay/clay

New embankment fill
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Results of Stability Analyses – End of Construction Condition 
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Results of Stability Analyses – Long Term Condition 

Reinforced North Side Slope @ West Abutment - Sta 1883+41.92 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Long Term Condition 

Reinforced South Side Slope @ West Abutment - Sta 1883+41.92 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Long Term Condition 

Reinforced North Side Slope @ West Abutment - Sta 1883+41.92 
Historical High Water @ El 192.9 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Long Term Condition 

Reinforced South Side Slope @ West Abutment - Sta 1883+41.92 
Historical High Water @ El 192.9 
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Results of Stability Analyses – Seismic Condition (kh = 0.5AS = 0.10) 

Reinforced North Side Slope @ West Abutment - Sta 1883+41.92 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Seismic Condition (kh = 0.5AS = 0.10) 

Reinforced South Side Slope @ West Abutment - Sta 1883+41.92 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Rapid Drawdown Condition 

Reinforced North Side Slope @ West Abutment - Sta 1883+41.92 
Drawdown from El 192.9 to Embankment Toe 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Stability Analysis Results – East Abutment 
Reinforced 3H:1V End Slope @ East Abutment – H = 32 ft 

AHTD Job BB0610: White River Str. & Apprs. (F) 

Design Loading Condition Design Water Condition Calculated Minimum Factor of 
Safety 

End of Construction Analysis long term groundwater @ 
embankment toe 2.8 

Long Term Analysis long term groundwater @ 
embankment toe 2.5 

Long Term Historical high water @ El 192.9 2.4 

Seismic (kh = 0.5AS = 0.10)* Analysis long term groundwater @ 
embankment toe 1.8 

Rapid Drawdown Drawdown from 192.9 to 
embankment toe 2.3 

* Design and Construction of Mechanistically Stabilized Earth Walls and Reinforced Soil Slopes – Volume II, Publication No. FHWA-NHI-10-025, FHWA, 
November 2009, Page 8-10. 
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Results of Stability Analyses – End of Construction Condition 

Reinforced 3H:1V End Slope @ East Abutment – H = 32 ft 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Long Term Condition 

Reinforced 3H:1V End Slope @ East Abutment – H = 32 ft 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Long Term Condition 

Reinforced 3H:1V End Slope @ East Abutment – H = 32 ft 
Historical High Water @ El 192.9 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Seismic Condition (kh = 0.5AS = 0.10) 

Reinforced 3H:1V End Slope @ East Abutment – H = 32 ft 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

1.8

H = 32 ft
3H

1V

Water @ embankment toe

Medium dense to very dense si lty fine sand to fine to medium sand

Silty clay/clay

New embankment fil l

q = 250 psf

Distance from Slope Intercept, ft
-200 -150 -100 -50 0 50 100

El
ev

at
io

n,
 ft

140

150

160

170

180

190

200

210

220

230

240



GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Rapid Drawdown Condition 
Reinforced 3H:1V End Slope @ East Abutment – H = 32 ft 

Drawdown from El 192.9 to Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

Stability Analysis Results 
Reinforced Side Slopes @ East Abutment - Sta 1911+84.08 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
 
 
 

Embankment Side Design Loading 
Condition Design Water Condition Calculated Minimum 

Factor of Safety 
North End of Construction 

 

Analysis long term 
groundwater @ 
embankment toe 

2.5 

South 4.5 

North 

Long Term 

Analysis long term 
groundwater @ 
embankment toe 

2.3 

South 3.4 

North Historical high water @ 
El 192.9 

2.3 

South 3.4 

North Seismic (kh = 0.5AS = 
0.10)* 

Analysis long term 
groundwater @ 
embankment toe 

1.7 

South 1.9 

North Rapid Drawdown Drawdown from 192.9 to 
embankment toe 2.1 

* Design and Construction of Mechanistically Stabilized Earth Walls and Reinforced Soil Slopes – Volume II, Publication No. FHWA-NHI-10-025, FHWA, 
November 2009, Page 8-10. 
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Results of Stability Analyses – End of Construction Condition 

Reinforced North Side Slope @ East Abutment - Sta 1911+84.08 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – End of Construction Condition 

Reinforced South Side Slope @ East Abutment - Sta 1911+84.08 
Analysis Long Term Groundwater @ Embankment Toe 
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Results of Stability Analyses – Long Term Condition 

Reinforced North Side Slope @ East Abutment - Sta 1911+84.08 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Long Term Condition 
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Results of Stability Analyses – Long Term Condition 

Reinforced North Side Slope @ East Abutment - Sta 1911+84.08 
Historical High Water @ El 192.9 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Long Term Condition 

Reinforced South Side Slope @ East Abutment - Sta 1911+84.08 
Historical High Water @ El 192.9 
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Results of Stability Analyses – Seismic Condition (kh = 0.5AS = 0.10) 

Reinforced North Side Slope @ East Abutment - Sta 1911+84.08 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Seismic Condition (kh = 0.5AS = 0.10) 

Reinforced South Side Slope @ East Abutment - Sta 1911+84.08 
Analysis Long Term Groundwater @ Embankment Toe 
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Results of Stability Analyses – Rapid Drawdown Condition 

Reinforced North Side Slope @ East Abutment - Sta 1911+84.08 
Drawdown from El 192.9 to Embankment Toe 
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2.1

Historical high water @ El 192.9

Medium dense to very dense silty fine sand/fine to mediumd sand

Silty clay/clay

New embankment fill

q = 250 psf

Existing embankment fill

Distance from New Embankment Centerline, ft
-300 -250 -200 -150 -100 -50 0 50 100 150 200 250

El
ev

at
io

n,
 ft

140

150

160

170

180

190

200

210

220

230

240



A 

APPENDIX N 





GRUBBS, HOSKYN, BARTON & WYATT, INC. 
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Stability Analysis Results 
Unreinforced Side Slopes @ Sta 1875+00 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – End of Construction Condition 

Unreinforced North Side Slope @ Sta 1875+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – End of Construction Condition 

Unreinforced South Side Slope @ Sta 1875+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 

3.4

Water @ embankment toe

Medium dense to very dense silty fine sand and fine to medium sand

Silty clay/clay

New 
embankment
fill

Existing embankment

Distance from New Embankment Centerline, ft
-200 -150 -100 -50 0 50 100 150 200

A
pp

ro
xi

m
at

e 
E

le
va

tio
n,

 ft

140

150

160

170

180

190

200

210

220

230

240



GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Unreinforced North Side Slope @ Sta 1875+00 
Analysis Long Term Groundwater @ Embankment Toe 
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Results of Stability Analyses – Long Term Condition 

Unreinforced South Side Slope @ Sta 1875+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Long Term Condition 

Unreinforced North Side Slope @ Sta 1875+00 
Historical High Water @ El 192.9 
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Results of Stability Analyses – Long Term Condition 

Unreinforced South Side Slope @ Sta 1875+00 
Historical High Water @ El 192.9 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Seismic Condition (kh = 1.0AS = 0.19) 

Unreinforced North Side Slope @ Sta 1875+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Seismic Condition (kh = 1.0AS = 0.19) 

Unreinforced South Side Slope @ Sta 1875+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Rapid Drawdown Condition 

Unreinforced North Side Slope @ Sta 1875+00 
Drawdown from El 192.9 to Embankment Toe 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Consulting Engineers 

 
Results of Stability Analyses – Rapid Drawdown Condition 

Unreinforced South Side Slope @ Sta 1875+00 
Drawdown from El 192.9 to Embankment Toe 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

Stability Analysis Results 
Unreinforced Side Slopes @ Sta 1913+00 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
 
 
 

Embankment Side Design Loading 
Condition Design Water Condition Calculated Minimum 

Factor of Safety 
North End of Construction 

 

Analysis long term 
groundwater @ 
embankment toe 
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groundwater @ 
embankment toe 
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North Historical high water @ 
El 192.9 
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South 3.9 

North Seismic (kh = 1.0AS = 
0.19) 

Analysis long term 
groundwater @ 
embankment toe 

1.1 

South 1.6 

North Rapid Drawdown Drawdown from 192.9 to 
embankment toe 1.6 
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Consulting Engineers 

 
Results of Stability Analyses – End of Construction Condition 

Unreinforced North Side Slope @ Sta 1913+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – End of Construction Condition 

Unreinforced South Side Slope @ Sta 1913+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Unreinforced North Side Slope @ Sta 1913+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Unreinforced South Side Slope @ Sta 1913+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Unreinforced North Side Slope @ Sta 1913+00 
Historical High Water @ El 192.9 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 

Unreinforced South Side Slope @ Sta 1913+00 
Historical High Water @ El 192.9 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Seismic Condition (kh = 1.0AS = 0.19) 

Unreinforced North Side Slope @ Sta 1913+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Seismic Condition (kh = 1.0AS = 0.19) 

Unreinforced South Side Slope @ Sta 1913+00 
Analysis Long Term Groundwater @ Embankment Toe 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Rapid Drawdown Condition 

Unreinforced North Side Slope @ Sta 1913+00 
Drawdown from El 192.9 to Embankment Toe 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

Stability Analysis Results – East Abutment 
Existing East River Bank near Pier No. 2 – H = 51 ft 
AHTD Job BB0610: White River Str. & Apprs. (F) 

 
 
 

Design Loading Condition Design Water Condition Calculated Minimum 
Factor of Safety 

Long Term Water @ El 164 1.3 

Long Term Historical high water @ El 
192.9 1.5 

Seismic (kh = 1.0AS = 
0.19)* Water @ El 164 0.7 

Rapid Drawdown Drawdown to El 159 
(design low water) 0.8 



GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 
Existing East River Bank near Pier No. 2 – H = 51 ft 

Water @ El 164 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Long Term Condition 
Existing East River Bank near Pier No. 2 – H = 51 ft 

Historical High Water @ El 192.9 
AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Seismic Condition (kh = 1.0AS = 0.19) 

Existing East River Bank near Pier No. 2 – H = 51 ft 
Water @ El 164 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

 
Results of Stability Analyses – Rapid Drawdown Condition 

Existing East River Bank near Pier No. 2 – H = 51 ft 
Drawdown to El 159 (Design Low Water) 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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GRUBBS, HOSKYN, BARTON & WYATT, INC. 
Consulting Engineers 

Stability Analysis Results 
East River Bank Remedied by Retaining Structure 
AHTD Job BB0610: White River Str. & Apprs. (F) 

 
 
 

Design Loading Condition Design Water Condition Calculated Minimum 
Factor of Safety 

Seismic (kh = 1.0AS = 
0.19)* Water @ El 164 1.9 

Rapid Drawdown Drawdown to El 159 
(design low water) 5.9 
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Consulting Engineers 

 
Results of Stability Analyses – Seismic Condition (kh = 1.0AS = 0.23) 

East River Bank Remedied by Retaining Structure 
Water @ El 164 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Results of Stability Analyses – Rapid Drawdown Condition 

East River Bank Remedied by Retaining Structure 
Drawdown to El 159 (Design Low Water) 

AHTD JOB BB0610:White River Str. & Apprs. (F) 
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Sample: Boring 1, 19-20 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray silty fine sand 
Classification: USCS = SP-SM; AASHTO = A-2-4 

zhao
Callout
D50 = 0.15mm
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Sample: Boring 2, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Brown and gray silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 

zhao
Callout
D50 = 0.18mm
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Sample: Boring 3, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Brown and tan silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 
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D50 = 0.20mm
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Description: Gray and brown silty clay
Classification: USCS = CL; AASHTO = A-7-6
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Description: Gray and brown fine to medium sand, slightly silty
Classification: USCS = SP-SM; AASHTO = A-3
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D50 = 0.30mm
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Properties: Gs = 2.637; LL = 33, PL = 17, PI = 16
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Description: Dark gray and brown silty clay
Classification: USCS = CL; AASHTO = A-6
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Sample: Boring 5, 24-25 ft  
Atterberg Limits: Non-plastic 

Description: Gray and tan fine sand w/trace medium sand 
Classification: USCS = SP; AASHTO = A-3 

zhao
Callout
D50 = 0.18mm
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Sample: Boring 6, 3-3.5 ft
Properties: Gs = 2.707; LL = 48, PL = 21, PI = 27
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Description: Gray and brown silty clay
Classification: USCS = CL; AASHTO = A-7-6

zhao
Callout
D50 = 0.004mm
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Sample: Boring 6, 19-20 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand, slightly silty  
Classification: USCS = SP-SM; AASHTO = A-3 

zhao
Callout
D50 = 0.17mm
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Sample: Boring 7, 24-25 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 

zhao
Callout
D50 = 0.18mm
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Sample: Boring 8, 7-7.5 ft
Properties: Gs = 2.697; LL = 37, PL = 15, PI = 12
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Description: Gray and brown silty clay, sandy
Classification: USCS = CL; AASHTO = A-6

zhao
Callout
D50 = 0.017mm
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Sample: Boring 8, 14-15 ft  
Atterberg Limits: Non-plastic 

Description: Brown and tan silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 

zhao
Callout
D50 = 0.13mm
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Sample: Boring 9, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 

zhao
Callout
D50 = 0.17mm
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Sample: Boring 10, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand w/a little medium sand 
Classification: USCS = SP; AASHTO = A-3 

zhao
Callout
D50 = 0.20mm
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Sample: Boring 11, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Gray fine sand  
Classification: USCS = SP; AASHTO = A-3 

zhao
Callout
D50 = 0.18mm
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Sample: Boring 13, 6.5-7.5 ft
Properties: Gs = 2.661; Non-plastic
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Description: Brown and gray silty fine sand
Classification: USCS = SM; AASHTO = A-2-4

zhao
Callout
D50 = 0.14mm
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Sample: Boring 13A, 9-10 ft  
Atterberg Limits: Non-plastic 

Description: Brown and tan fine sand w/a little medium sand 
Classification: USCS = SP; AASHTO = A-3 

zhao
Callout
D50 = 0.20mm
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Sample: Boring 13A, 19-20 ft
Properties: Gs = 2.654; Non-plastic
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Description: Brown and tan fine sand
Classification: USCS = SP; AASHTO = A-3

zhao
Callout
D50 = 0.21mm
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Sample: Boring 14, 4.5-5.5 ft
Properties: Gs = 2.669; LL = 34, PL = 19, PI = 15
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Description: Brown silty clay
Classification: USCS = CL; AASHTO = A-6

zhao
Callout
D50 = 0.011mm
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Sample: Boring 14, 14-15 ft
Properties: Gs = 2.668; LL = 22, PL = 17, PI = 5
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Description: Gray clayey silt
Classification: USCS = CL-ML; AASHTO = A-4

zhao
Callout
D50 = 0.046mm
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Sample: Boring 14, 24-24.5 ft
Properties: Gs = 2.668; Non-plastic
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Description: Gray silty fine sand
Classification: USCS = SM; AASHTO = A-4

zhao
Callout
D50 = 0.11mm
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Sample: Boring 15, 6.5-7.5 ft  
Atterberg Limits: Non-plastic 

Description: Brown silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 

zhao
Callout
D50 = 0.16mm
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Sample: Boring 15, 24-25 ft  
Atterberg Limits: Non-plastic 

Description: Brown silty fine sand 
Classification: USCS = SP-SM; AASHTO = A-2-4 

zhao
Callout
D50 = 0.16mm
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Sample: Boring 16, 9-10 ft  
Atterberg Limits: Non-plastic 

Description: Brown silty fine sand 
Classification: USCS = SM; AASHTO = A-2-4 

zhao
Callout
D50 = 0.13mm
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Sample: Boring 16, 19-20 ft  
Atterberg Limits: Non-plastic 

Description: Brown fine sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 

zhao
Callout
D50 = 0.17mm
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Sample: Boring 17, 29-30 ft  
Atterberg Limits: Non-plastic 

Description: Brown and tan fine sand, slightly silty 
Classification: USCS = SP-SM; AASHTO = A-3 
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Callout
D50 = 0.18mm
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Sample: Boring 19, 6.5-7 ft
Properties: Gs = 2.696; LL = 40, PL = 18, PI = 22

100

90

80

70

60

50

40

30

20

10

100

10

20

30

40

50

60

70

80

90

0

0

3         2    11/2      1     3/4      1/2   3/8     1/4     4        6        8  10          16     20      30      40     50              100              200             

GRAVEL SAND

SILT                                  CLAY
COARSE                  FINE COARSE          MEDIUM                      FINE

P
e
rc

e
n

t 
R

e
ta

in
e
d

 b
y
 W

e
ig

h
t

Description: Gray and brown silty clay w/ferrous stains and nodules
Classification: USCS = CL; AASHTO = A-6
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Sample: Boring 19, 24-25 ft
Properties: Gs = 2.678; Non-plastic
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Description: Gray fine sand, slightly silty
Classification: USCS = sp-sm; AASHTO = A-3
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Sample: Boring 22, 14-15 ft  
Atterberg Limits: Non-plastic 

   Description: Brown silty fine sand 
   Classification: USCS = SM; AASHTO = A-2-4 
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Sample: Boring 23, 24-25 ft  
Atterberg Limits: Non-plastic 

 Description: Grayish brown fine sand 
 Classification: USCS = SP; AASHTO = A-3 
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Sample: Boring 24, 19-20 ft  
Atterberg Limits: Non-plastic 

Description: Brown and tan fine sand, slightly silty                                                                                      
Classification: USCS = SP-SM; AASHTO = A-3 
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Sample: Boring 25, 19-20 ft  
Atterberg Limits: Non-plastic 

      Description: Brown and tan silty fine sand 
      Classification: USCS = SM; AASHTO = A-2-4 
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Callout
D50 = 0.17mm
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