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BORING STATION OFFSET 
B1 311+08 24' LT 
B2 314+01 26' RT 
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Attachment B 



JCS

PWC

0.075

Boring Station Offset Depth, ft LL PL PI USCS AASHTO

1 311+08 24' LT 2.5-4.0 18 NA NA
1 311+08 24' LT 5-6.5
1 311+08 24' LT 7.5-9.0 54 NA NA
1 311+08 24' LT 10.0-11.5 11 SP-SM A-2-4
1 311+08 24' LT 15.0-16.5 5 SP-SM A-3
1 311+08 24' LT 20.0-21.5 93 ML A-4
1 311+08 24' LT 25.0-26.5 6 SP-SM A-3
1 311+08 24' LT 30.0-31.5 4 SP A-3
1 311+08 24' LT 35.0-36.5 3 SP A-3
1 311+08 24' LT 40.0-41.5 10 SP-SM A-3
1 311+08 24' LT 45.0-46.5 5 SP-SM A-3
1 311+08 24' LT 50.0-51.5 3 SP A-3
1 311+08 24' LT 55.0-56.5 5 SP-SM A-3
1 311+08 24' LT 60.0-61.5 3 SP A-3
1 311+08 24' LT 65.0-66.5 5 SP-SM A-3
1 311+08 24' LT 70.0-71.5 6 SP-SM A-3
1 311+08 24' LT 75.0-76.5 2 SP A-3
1 311+08 24' LT 80.0-81.5 3 SP A-3
1 311+08 24' LT 85.0-86.5 5 SP-SM A-3
1 311+08 24' LT 90.0-91.5 3 SP A-3
1 311+08 24' LT 95.0-96.5 4 SP A-3
1 311+08 24' LT 100.0-101.5 4 SP A-3
1 311+08 24' LT 105.0-106.5 4 SP A-3
1 311+08 24' LT 110.0-111.5 5 SP-SM A-3
1 311+08 24' LT 115.0-116.5 5 SP-SM A-3
2 314+01 26' RT 4.5-6.0 51 NA NA
2 314+01 26' RT 9.5-11.0 39 16 23 72 CL A-6
2 314+01 26' RT 15.0-16.5 63 NA NA
2 314+01 26' RT 20.0-21.5 28 17 11 79 CL A-6
2 314+01 26' RT 25.0-26.5 31 18 13 90 CL A-6
2 314+01 26' RT 30.0-31.5 11 SP-SM A-2-4
2 314+01 26' RT 55.0-56.5 5 SP-SM A-3
2 314+01 26' RT 80.0-81.5 9 SP-SM A-3
2 314+01 26' RT 95.0-96.5 5 SP-SM A-3
2 314+01 26' RT 100.0-101.5 5 SP-SM A-3
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Soil Classification
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NA 

NA=Not Available
NT=No Test

Sample Identification Atterberg Limits

Results of Classification Tests
ARDOT Project No.: 101126

Project: Whiteman Creek Str. & Apprs. (S)
Site: Route 158, Section 5 / County: CraigheadMaterials 

Division
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Latitude: 35.747787

Longitude: -90.611171
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Analyzed By PT
Date 10/20/2022

Project 101126 - Whiteman Creek Str. & Apprs. (S) 

SLIDEINTERPRET 9.020



W

Water 
Surface

Cohesion 
Type

Phi 
(deg)

Cohesion 
(psf)

Strength 
Type

Unit Weight 
(lbs/ft3)ColorMaterial Name

None01750Mohr‐
Coulomb120Embankment Fill

NoneConstant750Undrained110Sandy Clay with 
Gravel

Water 
SurfaceConstant1300Undrained109Clay with Sand

Water 
SurfaceConstant400Undrained104Clay

Water 
Surface380Mohr‐

Coulomb135Sand with Silt ‐ 
Medium Dense

Water 
Surface380Mohr‐

Coulomb140Sand ‐ Dense

Water 
Surface370Mohr‐

Coulomb135Sand ‐ Medium 
Dense

Water 
Surface400Mohr‐

Coulomb140Sand with Silt ‐ 
Dense

FOS = 0.82

  0.411
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Analysis Type SeismicSite 1

Configuration Hwy. 158 over Little Bay Ditch, West Embankment 
Analyzed By PT
Date 10/20/2022

Project 101126 - Whiteman Creek Str. & Apprs. (S)
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3.233.23

W

3.233.23

Water 
Surface

Cohesion 
Type

Phi 
(deg)

Cohesion 
(psf)

Strength 
Type

Unit Weight 
(lbs/ft3)ColorMaterial Name

None01750Mohr‐
Coulomb120Embankment Fill

NoneConstant750Undrained110Sandy Clay with Gravel

Water 
SurfaceConstant1300Undrained109Clay with Sand

Water 
SurfaceConstant400Undrained104Clay

Water 
Surface380Mohr‐

Coulomb135Sand with Silt ‐ 
Medium Dense

Water 
Surface380Mohr‐

Coulomb140Sand ‐ Dense

Water 
Surface370Mohr‐

Coulomb135Sand ‐ Medium Dense

Water 
Surface400Mohr‐

Coulomb140Sand with Silt ‐ Dense
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0

31180 31200 31220 31240 31260 31280 31300 31320 31340 31360 31380

Analysis Type Short Term Site 1

Configuration Hwy. 158 over Little Bay Ditch, West Embankment 
Analyzed By PT
Date 11/2/2022

Project 101126 - Whiteman Creek Str. & Apprs. (S)

SLIDEINTERPRET 9.020



2.092.09

W

 250.00 lbs/ft2

2.092.09

Water 
Surface

Phi 
(deg)

Cohesion 
(psf)

Strength 
Type

Unit Weight (lbs/
ft3)ColorMaterial Name

None3050Mohr‐
Coulomb120Embankment Fill

None2850Mohr‐
Coulomb110Sandy Clay with Gravel

Water 
Surface3050Mohr‐

Coulomb109Clay with Sand

Water 
Surface2650Mohr‐

Coulomb104Clay

Water 
Surface380Mohr‐

Coulomb135Sand with Silt ‐ Medium 
Dense

Water 
Surface380Mohr‐

Coulomb140Sand ‐ Dense

Water 
Surface370Mohr‐

Coulomb135Sand ‐ Medium Dense

Water 
Surface400Mohr‐

Coulomb140Sand with Silt ‐ Dense

30
0

28
0

26
0

24
0

22
0

20
0

18
0

31180 31200 31220 31240 31260 31280 31300 31320 31340 31360 31380

Analysis Type Long Term Site 1

Configuration Hwy. 158 over Little Bay Ditch, West Embankment 
Analyzed By PT
Date 11/2/2022

Project 101126 - Whiteman Creek Str. & Apprs. (S) 

SLIDEINTERPRET 9.020



W

  0.411

Water 
Surface

Cohesion 
Type

Phi 
(deg)

Cohesion 
(psf)

Strength 
Type

Unit Weight (lbs/
ft3)ColorMaterial Name

None01750Mohr‐
Coulomb120Embankment Fill

NoneConstant750Undrained110Clay with Gravel

Water 
SurfaceConstant1300Undrained109Clay with Sand

Water 
SurfaceConstant400Undrained104Clay

Water 
Surface380Mohr‐

Coulomb135Sand with Silt ‐ Medium 
Dense

Water 
Surface400Mohr‐

Coulomb160Sand ‐ Dense

Water 
Surface380Mohr‐

Coulomb143Sand ‐ Medium Dense

Water 
Surface420Mohr‐

Coulomb160Sand with Silt ‐ Dense

FOS = 1.09
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Analysis Type SeismicSite 1

Configuration Hwy. 158 over Little Bay Ditch, West Embankment 
Analyzed By PT
Date 10/31/2022

Project 101126 - Whiteman Creek Str. & Apprs. (S)

SLIDEINTERPRET 9.020



REINFORCEMENT LAYER ELEVATION LENGTH (FT)
1st LAYER 221.0 120
2nd LAYER 223.0 120
3rd LAYER 225.0 120
4th LAYER 227.0 120
5th LAYER 229.0 120
6th LAYER 231.0 120

TOP OF SLOPE 233.0 N/A 

WEST ABUTMENT
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Whiteman Creek, Route 158, Section 5 

Project No.: 101126
Location: Craighead County 

Note: Bridge engineer to verify geotechnical capacity not exceeding structural capacity.
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Project No.: 101126
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Note: Bridge engineer to verify geotechnical capacity not exceeding structural capacity.
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Project No.: 101126
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Note: Bridge engineer to verify geotechnical capacity not exceeding structural capacity.
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Project No.: 101126
Location: Craighead County 

Note: Bridge engineer to verify geotechnical capacity not exceeding structural capacity.
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.. ti TRANSPORTATION

ARDOT.gov I IDriveArkansas.com I Lorie H. Tudor, P.E., Director 

MATERIALS DIVISION 

11301 West Baseline Road I P.O. Box 2261 I Little Rock,AR 72203-2261 I Phone: 501.569.2185 I Fax: 501.569.2368

April 13, 2023 

TO: Mr. Rick Ellis, Bridge Engineer 

SUBJECT: Job No. 101126 

Introduction 

Whiteman Creek Str. & Apprs. (S) 
Craighead County 
Route 158, Section 5 

Submitted herein are supplemental results of slope stability analysis and Simplified 
Newmark analysis performed on the revised layout for the west embankment of the proposed 
Hwy. 158 Bridge over Little Bay Ditch. The original proposed west embankment consisted of 2-
Horizontal to 1-Vertical end slopes. The 2H:1V end slope was determined to be unstable without 
reinforcement. The results of these analyses are included in Attachment A and are also located 
in the Geotechnical Report for Job No. 101126, dated November 22, 2022. In order to achieve 
the minimum required factor of safety for the seismic condition, geogrid was recommended to 
reinforce the west embankment. 

Due to the cost of reinforcing the west embankment, alternative mitigation options were 
examined. The geometric layout of the west embankment was revised by reducing the height of 
the embankment and lowering the cut elevations at the bridge end. The revised layout was 
analyzed utilizing both slope stability analysis and Simplified Newmark analysis. 

Slope Stability Analysis 

The slope stability analysis for the revised west bridge end embankment was performed 
utilizing Slide2 (Version 2021) developed by RocScience. The results of these analyses are 
included in Table 1 and Attachment B. As shown in the results, the factor of safety for Short 
Term/End of Construction and Long Term conditions were determined to be adequate, but the 
factor of safety for the Seismic condition was determined to be below the minimum required value. 

a e esu s o  T bl 1 R It f SI ope a 11ty naIysIs St bTt A I 
. 

Method Loading Condition Factor of Safety 

Bishop 
Short Term I End of 

3.12 
Construction 

Simplified 
LonQ Term 1.57 

Method 
Seismic 0.87 

Simplified Newmark Analysis 

Due to the inadequate factor of safety under the Seismic Loading condition, the 
embankment was analyzed utilizing Simplified Newmark method analysis and the Horizontal Yield 
Acceleration (Ky) as shown in Attachment B. Utilizing the calculations in Attachment C and the 
determined (Ky) value, the displacement is calculated as 3.0 in. The calculated displacement is 
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Attachment A 



2.732.73

W

2.732.73
Water 
Surface

Cohesion 
Type

Phi 
(deg)

Cohesion 
(psf)

Strength 
Type

Unit Weight 
(lbs/ft3)ColorMaterial Name

None01750Mohr‐
Coulomb120Embankment Fill

NoneConstant750Undrained110Sandy Clay with 
Gravel

Water 
SurfaceConstant1300Undrained109Clay with Sand

Water 
SurfaceConstant400Undrained104Clay

Water 
Surface380Mohr‐

Coulomb135Sand with Silt ‐ 
Medium Dense

Water 
Surface380Mohr‐

Coulomb140Sand ‐ Dense

Water 
Surface370Mohr‐

Coulomb135Sand ‐ Medium 
Dense

Water 
Surface400Mohr‐

Coulomb140Sand with Silt ‐ 
Dense

32
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0

17
5

31125 31150 31175 31200 31225 31250 31275 31300 31325 31350 31375

Analysis Type Short Term Site 1

Configuration Hwy. 158 over Little Bay Ditch, West Embankment 
Analyzed By PT
Date 10/20/2022

Project 101126 - Whiteman Creek Str. & Apprs. (S)

SLIDEINTERPRET 9.020



1.571.57

W

 250.00 lbs/ft2

1.571.57

Water 
Surface

Phi 
(deg)

Cohesion 
(psf)

Strength 
Type

Unit Weight (lbs/
ft3)ColorMaterial Name

None3050Mohr‐
Coulomb120Embankment Fill

None2850Mohr‐
Coulomb110Sandy Clay with Gravel

Water 
Surface3050Mohr‐

Coulomb109Clay with Sand

Water 
Surface2650Mohr‐

Coulomb104Clay

Water 
Surface380Mohr‐

Coulomb135Sand with Silt ‐ Medium 
Dense

Water 
Surface380Mohr‐

Coulomb140Sand ‐ Dense

Water 
Surface370Mohr‐

Coulomb135Sand ‐ Medium Dense

Water 
Surface400Mohr‐

Coulomb140Sand with Silt ‐ Dense
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31180 31200 31220 31240 31260 31280 31300 31320 31340 31360 31380

Analysis Type Long Term Site 1

Configuration Hwy. 158 over Little Bay Ditch, West Embankment 
Analyzed By PT
Date 10/20/2022

Project 101126 - Whiteman Creek Str. & Apprs. (S) 

SLIDEINTERPRET 9.020



W

Water 
Surface

Cohesion 
Type

Phi 
(deg)

Cohesion 
(psf)

Strength 
Type

Unit Weight 
(lbs/ft3)ColorMaterial Name

None01750Mohr‐
Coulomb120Embankment Fill

NoneConstant750Undrained110Sandy Clay with 
Gravel

Water 
SurfaceConstant1300Undrained109Clay with Sand

Water 
SurfaceConstant400Undrained104Clay

Water 
Surface380Mohr‐

Coulomb135Sand with Silt ‐ 
Medium Dense

Water 
Surface380Mohr‐

Coulomb140Sand ‐ Dense

Water 
Surface370Mohr‐

Coulomb135Sand ‐ Medium 
Dense

Water 
Surface400Mohr‐

Coulomb140Sand with Silt ‐ 
Dense

FOS = 0.820

  0.411
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Analysis Type SeismicSite 1

Configuration Hwy. 158 over Little Bay Ditch, West Embankment 
Analyzed By PT
Date 10/20/2022

Project 101126 - Whiteman Creek Str. & Apprs. (S)
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3.123.12

W

3.123.12 Water 
Surface

Cohesion 
Type

Phi 
(deg)

Cohesion 
(psf)

Strength 
Type

Unit Weight 
(lbs/ft3)ColorMaterial Name

None01750Mohr‐
Coulomb120Embankment Fill

NoneConstant750Undrained110Sandy Clay with Gravel

Water 
SurfaceConstant1300Undrained109Clay with Sand

Water 
SurfaceConstant400Undrained104Clay

Water 
Surface380Mohr‐

Coulomb135Sand with Silt ‐ 
Medium Dense

Water 
Surface380Mohr‐

Coulomb140Sand ‐ Dense

Water 
Surface370Mohr‐

Coulomb135Sand ‐ Medium Dense

Water 
Surface400Mohr‐

Coulomb140Sand with Silt ‐ Dense

30
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0
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0
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0
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0

20
0
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0

31160 31180 31200 31220 31240 31260 31280 31300 31320 31340 31360 31380

Analysis Type Short Term / End of Construction Site West Embankment 

Configuration Hwy. 158 over Little Bay Ditch 
Analyzed By PT 
Date 4/13/2023

Project 101126 - Whiteman Creek Str. & Apprs. (S) 
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1.571.57

W

 250.00 lbs/ft2

1.571.57

Water 
Surface

Phi 
(deg)

Cohesion 
(psf)

Strength 
Type

Unit Weight 
(lbs/ft3)ColorMaterial Name

None3050Mohr‐
Coulomb120Embankment Fill

None2850Mohr‐
Coulomb110Sandy Clay with Gravel

Water 
Surface3050Mohr‐

Coulomb109Clay with Sand

Water 
Surface2650Mohr‐

Coulomb104Clay

Water 
Surface380Mohr‐

Coulomb135Sand with Silt ‐ Medium 
Dense

Water 
Surface380Mohr‐

Coulomb140Sand ‐ Dense

Water 
Surface370Mohr‐

Coulomb135Sand ‐ Medium Dense

Water 
Surface400Mohr‐

Coulomb140Sand with Silt ‐ Dense
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0
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0
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31180 31200 31220 31240 31260 31280 31300 31320 31340 31360 31380

Analysis Type Long Term Site West Embankment 

Configuration Hwy. 158 over Little Bay Ditch 
Analyzed By PT 
Date 4/13/2023

Project 101126 - Whiteman Creek Str. & Apprs. (S) 

SLIDEINTERPRET 9.020



W

Water 
Surface

Cohesion 
Type

Phi 
(deg)

Cohesion 
(psf)

Strength 
Type

Unit Weight 
(lbs/ft3)ColorMaterial Name

None01750Mohr‐
Coulomb120Embankment Fill

NoneConstant750Undrained110Sandy Clay with 
Gravel

Water 
SurfaceConstant1300Undrained109Clay with Sand

Water 
SurfaceConstant400Undrained104Clay

Water 
Surface380Mohr‐

Coulomb135Sand with Silt ‐ 
Medium Dense

Water 
Surface380Mohr‐

Coulomb140Sand ‐ Dense

Water 
Surface370Mohr‐

Coulomb135Sand ‐ Medium 
Dense

Water 
Surface400Mohr‐

Coulomb140Sand with Silt ‐ 
Dense

  0.411

FOS = 0.87
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Analyzed By PT 
Date 4/12/2023
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W

Water 
Surface

Cohesion 
Type

Phi 
(deg)

Cohesion 
(psf)

Strength 
Type

Unit Weight 
(lbs/ft3)ColorMaterial Name

None01750Mohr‐
Coulomb120Embankment Fill

NoneConstant750Undrained110Sandy Clay with Gravel

Water 
SurfaceConstant1300Undrained109Clay with Sand

Water 
SurfaceConstant400Undrained104Clay

Water 
Surface380Mohr‐

Coulomb135Sand with Silt ‐ Medium 
Dense

Water 
Surface380Mohr‐

Coulomb140Sand ‐ Dense

Water 
Surface370Mohr‐

Coulomb135Sand ‐ Medium Dense

Water 
Surface400Mohr‐

Coulomb140Sand with Silt ‐ Dense

Ky=0.34
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Analysis Type Seismic Site West Embankment 

Configuration Hwy. 158 over Little Bay Ditch 
Analyzed By PT 
Date 4/12/2023

Project 101126 - Whiteman Creek Str. & Apprs. (S) 

SLIDEINTERPRET 9.020



Attachment C 



Materials Division

04/12/2023

SIMPLIFIED NEWMARK BLOCK ANALYSIS - NCHRP 611

1. Seismic Coefficients
Seismic coeffients from USGS Seismic Hazard Web using GPS = 35.747787, -90.611171and Seismic Site Class D

≔PGA 0.822 ≔FPGA 1.00 ≔AS =⋅FPGA PGA 0.822

≔SS 1.487 ≔FA 1.00 ≔SDS =⋅FA SS 1.487

≔S1 0.392 ≔FV 1.616 ≔SD1 =⋅FV S1 0.633

≔kmax AS Peak ground acceleration coefficient at the ground surface (Eq. 7-1)

≔PGV =⋅55 SD1 ―
in
s

34.8 ―
in
s

Peak Ground Velocity  for M =  7.5  (Eq. 5-11)

≔β =――
SD1

kmax

0.771 Part of  Eq. 7-2 to calculate reduction factor for peak ground acceleration

2. Embankment Parameters

≔H 9.81 ft Embankment or wall height

≔α =+1 ⋅⋅0.01 ―
H
ft

(( -⋅0.5 β 1)) 0.94 Reduction factor accounting for fill height for Seismic Site Classes C, D, and E 
foundations (Eq. 7-2 )

≔kav =⋅α kmax 0.772 Peak ground acceleration adjusted by fill height (Eq. 7-1)

Yield acceleration of the failure mass, i.e., horizontal acceleration that results in a factor 
of safety of 1.0 in a pseudo-static limit equilibrium stability analysis, bckcalculated by 
using stability analysis software≔ky 0.340

≔kmax =kav 0.772

3. Newmark Block Displacement

≔A +--1.51 ⋅0.74 log
⎛
⎜
⎝
――
ky
kmax

⎞
⎟
⎠

⋅3.27 log
⎛
⎜
⎝

-1 ――
ky
kmax

⎞
⎟
⎠

≔B +⋅-0.80 log⎛⎝kmax⎞⎠ ⋅1.59 log
⎛
⎜
⎜
⎜⎝

――
PGV

―
in
s

⎞
⎟
⎟
⎟⎠

≔d =⋅10(( +A B)) in 3.0 in Esimated permanent displacement (Eq. 5-8 )
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