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 www.ncsconsultants.com Comparison of Hand Calculations with MSEW Version 3.0, Update 9.1
(Calculations Based on LRFD AASHTO 2008 Interims) SET 1

Made by: N. Samtani Load Factors Other Info
Date: 6/23/2008 γp  = 1.35 # Layers = 12

Checked by: WUF/RMP γLL  = 1.75 Panel width 5.0 ft
Date: 6/24/2008 γEQ  = 1.00 Impact Load 0.0 k/ft
Basic Wall Parameters γ (impact)= 1.00

H (ft) = 30 Resistance Factors
θ (deg) = 90 Pull φp = 0.9
δ (deg) = 0 Str φs = 0.75

β (deg) = 0 Metal Strip Information
L (ft) = 21 b (mm) = 50

γf=γr (kcf) = 0.125 b (in) = 1.969

φf  (deg) = 34 Ac (in
2) = 0.200 MSEW file name

Cu (dim) = 4.0 Fy (ksi) = 65 NCS‐M Prob 1 30‐ft.ben

Live Load Surcharge Tal = 13 k/strip Calculation of ka (dim)
Heq (ft) = 2.0 α  (dim) = 1.0 Γ  = 2.431

σvS (ksf) = 0.250 C (dim) = 2 ka (dim) = 0.283

Col 1 Col 2 Col 2 Col 4 Col 5 Col 6 Col 7 Col 8 Col 9 Col 10 Col 11 Col 12 Col 13 Col 14 Col 15 Col 16 Col 17 Col 18 Col 19 Col 20 Col 21 Col 22
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Tmax from 
MSEW 
Program
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(%)
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(dim) (ft) (dim) (dim) (ksf) (ksf) (ksf) (ksf) (ksf) (ft) (ft) (ft) (ksf) (ksf) (ksf) (kips/ft) (kips/ft) (dim) (ft) (kips/ft) (%) (%)

Calculate Horizontal Stress at top and 
bottom of tributary heights Calculate Tmax Data from MSEW Program Output 

Calculate tributary height parameters 
(e.g., top and bottom depths)

Comparison of Tmax 
with MSEW output

Calculate Horizontal Stress at 
Reinforcement Layer DepthCalculate Vertical StressesCalculate krInput layer geometry
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Check kr/ka (From Fig. 11.10.6.2.1‐3)
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Ribbed Metal Strips Computed
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(dim) (ft) (dim) (dim) (ksf) (ksf) (ksf) (ksf) (ksf) (ft) (ft) (ft) (ksf) (ksf) (ksf) (kips/ft) (kips/ft) (dim) (ft) (kips/ft) (%) (%)
1 2.0 1.650 0.467 0.250 0.500 0.158 0.204 0.362 3.250 0.00 3.25 0.210 0.452 0.331 1.077 1.176 12 28 1.066 1.0% 10.3%
2 4.5 1.590 0.450 0.563 0.813 0.342 0.197 0.539 2.500 3.25 5.75 0.452 0.622 0.537 1.342 1.347 11 25.5 1.335 0.5% 0.9%
3 7.0 1.530 0.433 0.875 1.125 0.511 0.189 0.701 2.500 5.75 8.25 0.622 0.772 0.697 1.741 1.752 10 23 1.746 ‐0.3% 0.3%
4 9.5 1.460 0.413 1.188 1.438 0.662 0.181 0.843 2.500 8.25 10.75 0.772 0.911 0.841 2.103 2.108 9 20.5 2.101 0.1% 0.3%
5 12.0 1.400 0.396 1.500 1.750 0.802 0.173 0.975 2.500 10.75 13.25 0.911 1.037 0.974 2.435 2.438 8 18 2.405 1.2% 1.4%
6 14.5 1.340 0.379 1.813 2.063 0.928 0.166 1.093 2.500 13.25 15.75 1.037 1.148 1.092 2.730 2.734 7 15.5 2.706 0.9% 1.0%
7 17.0 1.280 0.362 2.125 2.375 1.038 0.158 1.197 2.500 15.75 18.25 1.148 1.234 1.191 2.977 2.992 6 13 2.978 0.0% 0.5%
8 19.5 1.210 0.342 2.438 2.688 1.126 0.150 1.275 2.500 18.25 20.75 1.234 1.338 1.286 3.215 3.188 5 10.5 3.216 0.0% ‐0.9%
9 22.0 1.200 0.340 2.750 3.000 1.262 0.149 1.411 2.500 20.75 23.25 1.338 1.481 1.409 3.523 3.528 4 8 3.519 0.1% 0.3%
10 24.5 1.200 0.340 3.063 3.313 1.406 0.149 1.555 2.500 23.25 25.75 1.481 1.624 1.553 3.882 3.887 3 5.5 3.877 0.1% 0.3%
11 27.0 1.200 0.340 3.375 3.625 1.549 0.149 1.698 2.500 25.75 28.25 1.624 1.768 1.696 4.240 4.245 2 3 4.235 0.1% 0.2%
12 29.5 1.200 0.340 3.688 3.938 1.693 0.149 1.842 1.750 28.25 30.00 1.768 1.868 1.818 3.181 3.223 1 0.5 3.177 0.1% 1.4%

Col 23 Col 24 Col 25 Col 26 Col 27 Col 28 Col 29 Col 30 Col 31 Col 32 Col 33 Col 34 Col 35 Col 36 Col 37 Col 38 Col 39 Col 40 Col 41 Col 42 Col 43 Col 44 Col 45
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Provided 
Factored 
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Resistance 
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Capacity 
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Ratio for 
Pullout

Capacity 
Demand 
Ratio for 
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CDR for 
pullout 
from 
MSEW

CDR for 
tensile 
strength 
from 
MSEW

‐ La Le
σvPullout = 

σvE
F*

φpPr Tmax_p
Tmax_p / 

φpPr Tmax_i φpPr_i

Tmax_i / 
φpPr_i

‐
Tmax_p

Tmax_p / 
φsTal

‐ ‐ Sh (ft) Rc ‐
φpPr_i CDR_p CDR_t CDR_pm CDR_tm

(dim) (ft) (ft) (ksf) (dim) (kips) (kips) (dim) (kips/ft) (kips/ft) (dim) (dim) (kips) (dim) (dim) (dim) (ft) (ft) (kips) (kips) (dim) (dim) (dim) (dim)

1 9.00 12.00 0.250 1.689 1.50 5.38 3.59 1.077 0.52 2.07 4 5.38 0.55 1 4 1.25 0.131 6.00 39.00 1.115 7.245 1.119 7.311
2 9.00 12.00 0.563 1.548 3.09 6.71 2.17 1.342 1.08 1.24 3 6.71 0.69 1 3 1.67 0.098 9.27 29.25 1.382 4.359 1.377 4.373
3 9.00 12.00 0.875 1.407 4.36 8.71 2.00 ‐‐ ‐‐ ‐‐ 2 8.71 0.89 1 2 2.50 0.066 8.72 19.50 1.002 2.240 0.992 2.233
4 9.00 12.00 1.188 1.266 5.33 10.52 1.97 ‐‐ ‐‐ ‐‐ 2 10.52 1.08 2 2 2.50 0.066 10.66 19.50 1.014 1.854 1.004 1.857
5 9.00 12.00 1.500 1.126 5.99 12.17 2.03 ‐‐ ‐‐ ‐‐ 3 12.17 1.25 2 3 1.67 0.098 17.97 29.25 1.476 2.403 1.469 2.427
6 9.00 12.00 1.813 0.985 6.33 13.65 2.16 ‐‐ ‐‐ ‐‐ 3 13.65 1.40 2 3 1.67 0.098 18.99 29.25 1.391 2.143 1.374 2.157
7 7.80 13.20 2.125 0.844 6.99 14.89 2.13 ‐‐ ‐‐ ‐‐ 3 14.89 1.53 2 3 1.67 0.098 20.97 29.25 1.409 1.965 1.371 1.960
8 6.30 14.70 2.438 0.703 7.44 16.07 2.16 ‐‐ ‐‐ ‐‐ 3 16.07 1.65 2 3 1.67 0.098 22.32 29.25 1.389 1.820 1.341 1.815
9 4.80 16.20 2.750 0.675 8.88 17.62 1.98 ‐‐ ‐‐ ‐‐ 2 17.62 1.81 2 2 2.50 0.066 17.76 19.50 1.008 1.107 1.002 1.108
10 3.30 17.70 3.063 0.675 10.81 19.41 1.80 ‐‐ ‐‐ ‐‐ 2 19.41 1.99 2 2 2.50 0.066 21.62 19.50 1.114 1.005 1.106 1.006
11 1.80 19.20 3.375 0.675 12.92 21.20 1.64 ‐‐ ‐‐ ‐‐ 2 21.20 2.17 3 3 1.67 0.098 38.76 29.25 1.828 1.380 1.812 1.378
12 0.30 20.70 3.688 0.675 15.22 15.90 1.04 ‐‐ ‐‐ ‐‐ 2 15.90 1.63 2 2 2.50 0.066 30.44 19.50 1.914 1.226 1.901 1.227

Calculate Active and 
Effective Lengths Calculate Factored Pullout Resistance 

Calculate Number of Strips 
based on no impact

Calculate Number of Strips based on 
consideration of impact load

Calculate Number of Strips based on 
consideration of tensile strength

Calculate Governing Number of Strips,  
horizontal spacing and coverage ratio

Calculate Provided 
Factored Resistances

Calculate Capacity 
Demand Ratios (CDRs)

CDRs from MSEW 
Output
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MSE Wall Recertification
AASHTO  2007  (LRFD)

PROJECT IDENTIFICATION

Title: MSE Wall Recertification
Project Number: J2008- 04
Client: ADOT
Designer: N. Samtani
Station Number: -

Description:

Problem 2, 30-ft high wall (Comparison with hand calculations with
load factor for live load equal to 1.75 and load factor for soil wt
equal to 1.35)

Company's information:

Name: NCS Consultants, LLC
Street: 640 W Paseo Rio Grande

Tucson, AZ  85737
Telephone #: 520-544-2786
Fax #: 520-544-3150
E-Mail: nsamtani@ncsconsultants.com

Original file path and name: P:\ADOT On-Call 07-24.5\01 - MSE Wall Re-Certifications.....
.....S-M Prob 1 30-ft.BEN

Original date and time of creating this file: Thu May 29 11:55:15 2008

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL STRIPS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 125.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 125.0 lb/ft ³
Design value of internal angle of friction, φ 30.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 125.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 30.0 °
Equivalent cohesion,  c equiv. 0.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.3333   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 30.14 N   = 22.40γ

SEISMICITY

Not Applicable
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INPUT DATA:  Metal strips
(Analysis)

D  A  T  A Metal strip
type #1

Metal strip
type #2

Metal strip
type #3

Metal strip
type #4

Metal strip
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of strip, b  [in]
Vertical spacing, Sv [ft]

65.0
2.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.20 N/A N/A N/A N/A

Ribbed steel strips.
Uniformity Coefficient of reinforced soil, Cu = D60/D10 = 4.0

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

60.97
32.00

1.80
0.67
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 1.70
 3.3 ft 1.60
 6.6 ft 1.55
 9.8 ft 1.45
13.1 ft 1.35
16.4 ft 1.30
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Segmental precast concrete panels.
Depth of panel is 1.31 ft.  Horizontal distance to Center of Gravity of panel is 0.66 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd            To-static / Tmax
Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name --- N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 30.00 [ft] { Embedded depth is E = 0.00 ft, and height above top of finished
bottom grade is H = 30.00 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 0.0 [lb/ft ²], and live load is 250.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 5 10 15 20 25 30 [ft]
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AASHTO 2007 (LRFD) Input Data

INTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2: γp-EV 1.35
Load factor for earthquake loads, EQ, from Table 3.4.1-1: γp-EQ 1.00

Load factor for live load surchrge, LS, from Figure C11.5.5-3(b): γp-LS 1.75
(Same as in External Stability).

Load factor for dead load surchrge, ES: γp-ES 1.50
(Same as in External Stability).

Resistance factor for reinforcement tension from Table 11.5.6-1: φ Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement tension in connectors from Table 11.5.6-1: φ Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement pullout from Table 11.5.6-1: φ 0.90 1.20

EXTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2 and Figure C11.5.5-2: Static Combined Static/Seismic
Sliding and Eccentricity γ γp-EV p-EQ1.00 1.00
Bearing Capacity γ γp-EV p-EQ1.35 1.35

Load factor of active lateral earth pressure, EH, from Table 3.4.1-2 and Figure C11.5.5-2: γp-EH 1.50
Load factor of active lateral earth pressure during earthquake (does not multiply P    and P    ): (γ      )p-EH EQAE IR 1.50
Load factor for earthquake loads, EQ, from Table 3.4.1-1 (multiplies P    and P    ): γ p-EQAE IR 1.00

Resistance factor for shear resistance along common interfaces from Table 10.5.5.2.2-1: Static Combined Static/Seismic
Reinforced Soil and Foundation φ τ 0.90 1.00
Reinforced Soil and Reinforcement φ τ 0.90 1.00

Resistance factor for bearing capacity of shallow foundation from Table 10.5.5.2.2-1: Static Combined Static/Seismic
φ b 0.45 0.65
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, CDR = 1.23, Meyerhof stress = 7703 lb/ft².

Foundation Interface: Direct sliding, CDR = 1.259, Eccentricity,   e/L = 0.2098, CDR-overturning = 2.38

M E T A L   S T R I P C O N N E C T I O N

# Elevation Length Type
#

CDR
 [pullout
resistance]

CDR
[connection
    break]

CDR
[metal strip
strength]

Metal strip
strength
  CDR

Pullout
resistance
  CDR

Direct
sliding
  CDR

Eccentricity
   e/L

Product
name

[ft] [ft]

1 0.50 21.00 1 N/A 1.10 1.23 1.227 1.901 1.485 0.2035 ---
2 3.00 21.00 1 N/A 1.24 1.38 1.378 1.812 1.599 0.1735 ---
3 5.50 21.00 1 N/A 0.91 1.01 1.006 1.106 1.740 0.1458 ---
4 8.00 21.00 1 N/A 1.00 1.11 1.108 1.002 1.903 0.1206 ---
5 10.50 21.00 1 N/A 1.63 1.82 1.815 1.341 2.097 0.0976 ---
6 13.00 21.00 1 N/A 1.76 1.96 1.960 1.371 2.354 0.0771 ---
7 15.50 21.00 1 N/A 1.94 2.16 2.157 1.374 2.660 0.0589 ---
8 18.00 21.00 1 N/A 2.18 2.43 2.427 1.469 3.060 0.0431 ---
9 20.50 21.00 1 N/A 1.67 1.86 1.857 1.004 3.599 0.0296 ---
10 23.00 21.00 1 N/A 2.01 2.23 2.233 0.992 4.371 0.0185 ---
11 25.50 21.00 1 N/A 3.94 4.37 4.373 1.377 5.563 0.0098 ---
12 28.00 21.00 1 N/A 6.58 7.31 7.311 1.119 7.649 0.0034 ---
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 5 10 15 20 25 30 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 9447 N/A [lb/ft ²]
Meyerhof stress, σV 7703.3 N/A [lb/ft ²]
Eccentricity,  e 3.00 N/A [ft]
Eccentricity,  e/L 0.143 N/A
CDR calculated 1.23 N/A
Base length 21.00 N/A [ft]

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

MSE Wall Recertification
Copyright © 1998-2008 ADAMA Engineering, Inc.  License number  MSEW-301012

Page 8 of  11

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 



Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

MSEW -- Mechanically Stabilized Earth Walls MSE Wall Recertification
Present Date/Time:  Mon Jun 23 10:05:09 2008 P:\ADOT On-Call 07-24.5\01 - MSE Wall Re-Certifications\Initial Hand Calcs\NCS-M Prob 1 30-ft.BEN

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

DIRECT SLIDING for GIVEN LAYOUT
(for METAL STRIPS reinforcements)

Along reinforced and foundation soils interface:  CDR-static = 1.259

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

  CDR
Static

  CDR
Seismic

Metal strip
Type  # Product name

1 0.50 21.00 1.485 N/A 1 ---
2 3.00 21.00 1.599 N/A 1 ---
3 5.50 21.00 1.740 N/A 1 ---
4 8.00 21.00 1.903 N/A 1 ---
5 10.50 21.00 2.097 N/A 1 ---
6 13.00 21.00 2.354 N/A 1 ---
7 15.50 21.00 2.660 N/A 1 ---
8 18.00 21.00 3.060 N/A 1 ---
9 20.50 21.00 3.599 N/A 1 ---
10 23.00 21.00 4.371 N/A 1 ---
11 25.50 21.00 5.563 N/A 1 ---
12 28.00 21.00 7.649 N/A 1 ---

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.2098; Overturning: CDR-static = 2.38

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal strip
Type  # Product name

1 0.50 21.00 0.2035 N/A 1 ---
2 3.00 21.00 0.1735 N/A 1 ---
3 5.50 21.00 0.1458 N/A 1 ---
4 8.00 21.00 0.1206 N/A 1 ---
5 10.50 21.00 0.0976 N/A 1 ---
6 13.00 21.00 0.0771 N/A 1 ---
7 15.50 21.00 0.0589 N/A 1 ---
8 18.00 21.00 0.0431 N/A 1 ---
9 20.50 21.00 0.0296 N/A 1 ---
10 23.00 21.00 0.0185 N/A 1 ---
11 25.50 21.00 0.0098 N/A 1 ---
12 28.00 21.00 0.0034 N/A 1 ---
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RESULTS for STRENGTH     [ Note: Actual CDR = (Yield stress) / (Actual stress) ]Live Load included in calculating Tmax

  # Metal strip
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
CDR
static

Actual
calculated
CDR
static

Specified
minimum
CDR
seismic

Actual
calculated
CDR
seismic

1 0.50 0.066 2.500 3900 3177.69 N/A N/A 1.227 N/A N/A
2 3.00 0.098 1.670 5838 4235.42 N/A N/A 1.378 N/A N/A
3 5.50 0.066 2.500 3900 3877.61 N/A N/A 1.006 N/A N/A
4 8.00 0.066 2.500 3900 3519.80 N/A N/A 1.108 N/A N/A
5 10.50 0.098 1.670 5838 3216.36 N/A N/A 1.815 N/A N/A
6 13.00 0.098 1.670 5838 2978.84 N/A N/A 1.960 N/A N/A
7 15.50 0.098 1.670 5838 2706.55 N/A N/A 2.157 N/A N/A
8 18.00 0.098 1.670 5838 2405.36 N/A N/A 2.427 N/A N/A
9 20.50 0.066 2.500 3900 2100.69 N/A N/A 1.857 N/A N/A
10 23.00 0.066 2.500 3900 1746.25 N/A N/A 2.233 N/A N/A
11 25.50 0.098 1.670 5838 1335.10 N/A N/A 4.373 N/A N/A
12 28.00 0.131 1.250 7800 1066.84 N/A N/A 7.311 N/A N/A

RESULTS for PULLOUT Live Load included in calculating Tmax

NOTE: Live load is not included in calculating the overburden pressure used to assess pullout resistance.

  # Metal strip
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

(see NOTE)

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

CDR

Actual
Static

CDR

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

CDR

Actual
Seismic

CDR

1 0.50 0.066 3177.7 N/A 20.70 0.30 6040.4 N/AN/A 1.901 N/A N/A
2 3.00 0.098 4235.4 N/A 19.20 1.80 7676.5 N/AN/A 1.812 N/A N/A
3 5.50 0.066 3877.6 N/A 17.70 3.30 4289.5 N/AN/A 1.106 N/A N/A
4 8.00 0.066 3519.8 N/A 16.20 4.80 3525.4 N/AN/A 1.002 N/A N/A
5 10.50 0.098 3216.4 N/A 14.70 6.30 4312.0 N/AN/A 1.341 N/A N/A
6 13.00 0.098 2978.8 N/A 13.20 7.80 4084.4 N/AN/A 1.371 N/A N/A
7 15.50 0.098 2706.6 N/A 12.00 9.00 3718.3 N/AN/A 1.374 N/A N/A
8 18.00 0.098 2405.4 N/A 12.00 9.00 3533.6 N/AN/A 1.469 N/A N/A
9 20.50 0.066 2100.7 N/A 12.00 9.00 2110.0 N/AN/A 1.004 N/A N/A
10 23.00 0.066 1746.3 N/A 12.00 9.00 1732.6 N/AN/A 0.992 N/A N/A
11 25.50 0.098 1335.1 N/A 12.00 9.00 1838.5 N/AN/A 1.377 N/A N/A
12 28.00 0.131 1066.8 N/A 12.00 9.00 1193.3 N/AN/A 1.119 N/A N/A
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RESULTS for CONNECTION (static conditions)
Live Load included in calculating Tmax

  # Metal strip
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal strip
long-term
strength,
  [lb/ft]

CDR
connection
break

Specified   Actual

CDR
Metal strip
strength

Specified   Actual

Product
name

1 0.50 0.066 2.500 3178 0.90 3510 3900 N/A 1.10 N/A 1.23 ---
2 3.00 0.098 1.670 4235 0.90 5254 5838 N/A 1.24 N/A 1.38 ---
3 5.50 0.066 2.500 3878 0.90 3510 3900 N/A 0.91 N/A 1.01 ---
4 8.00 0.066 2.500 3520 0.90 3510 3900 N/A 1.00 N/A 1.11 ---
5 10.50 0.098 1.670 3216 0.90 5254 5838 N/A 1.63 N/A 1.82 ---
6 13.00 0.098 1.670 2979 0.90 5254 5838 N/A 1.76 N/A 1.96 ---
7 15.50 0.098 1.670 2707 0.90 5254 5838 N/A 1.94 N/A 2.16 ---
8 18.00 0.098 1.670 2405 0.90 5254 5838 N/A 2.18 N/A 2.43 ---
9 20.50 0.066 2.500 2101 0.90 3510 3900 N/A 1.67 N/A 1.86 ---
10 23.00 0.066 2.500 1746 0.90 3510 3900 N/A 2.01 N/A 2.23 ---
11 25.50 0.098 1.670 1335 0.90 5254 5838 N/A 3.94 N/A 4.37 ---
12 28.00 0.131 1.250 1067 0.90 7020 7800 N/A 6.58 N/A 7.31 ---
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 www.ncsconsultants.com Comparison of Hand Calculations with MSEW Version 3.0, Update 9.1
(Calculations Based on LRFD AASHTO 2008 Interims) SET 2

Made by: N. Samtani Load Factors Other Info
Date: 6/23/2008 γp  = 1.35 # Layers = 12

Checked by: WUF/RMP γLL  = 1.35 Panel width 5.0 ft
Date: 6/24/2008 γEQ  = 1.00 Impact Load 0.0 k/ft
Basic Wall Parameters γ (impact)= 1.00

H (ft) = 30 Resistance Factors
θ (deg) = 90 Pull φp = 0.9
δ (deg) = 0 Str φs = 0.75

β (deg) = 0 Metal Strip Information
L (ft) = 21 b (mm) = 50

γf=γr (kcf) = 0.125 b (in) = 1.969

φf  (deg) = 34 Ac (in
2) = 0.200 MSEW file name

Cu (dim) = 4.0 Fy (ksi) = 65 NCS‐M Prob 2 30‐ft.ben

Live Load Surcharge Tal = 13 k/strip Calculation of ka (dim)
Heq (ft) = 2.0 α  (dim) = 1.0 Γ  = 2.431

σvS (ksf) = 0.250 C (dim) = 2 ka (dim) = 0.283

Col 1 Col 2 Col 2 Col 4 Col 5 Col 6 Col 7 Col 8 Col 9 Col 10 Col 11 Col 12 Col 13 Col 14 Col 15 Col 16 Col 17 Col 18 Col 19 Col 20 Col 21 Col 22

Layer #

Depth from 
top of wall 
(or coping as 
appropriate)

Stress 
Ratio

kr

Vert Stress 
due to soil 

load (i.e. w/o 
LL), σvE

Vert Stress 
w/ LL (i.e., 
Δσvs) for 

Tmax, σvMax

Horiz Stress 
due to Soil 
Load, σHE 

σHLL (ksf)
Total Horiz 
Stress (w/ 
LL), σH 

Trib. 
Height, Sv 

(ft)

Depth to top 
of Trib height

Depth to 
bottom of 
Trib height

σH at Ztop σH at Zbot Average σH

Using 
Trapezoid 

triburary area

Using 
Rectangle 
triburary 
area

MSEW 
Layer #

Layer 
"Height" in 
MSEW 
program

Tmax from 
MSEW 
Program

% Tmax 
Diff vs. 

Trapezoid
based σH 

(%)

% Tmax 
Diff vs. 

Rectangle 
based σH 

(%)
‐ Z kr / ka (kr/ka)(ka) (Z)(γr) (σVE+ΔσvS)  (kr)(σVE)(γp)  (kr)(σvs)(γLL)  (σHE+σHLL)  Sv Ztop Zbot σHtop σHbot σHavg Tmax_t Tmax_r ‐ ‐ Tmax_m ‐ ‐

(dim) (ft) (dim) (dim) (ksf) (ksf) (ksf) (ksf) (ksf) (ft) (ft) (ft) (ksf) (ksf) (ksf) (kips/ft) (kips/ft) (dim) (ft) (kips/ft) (%) (%)

Calculate Horizontal Stress at 
Reinforcement Layer DepthCalculate Vertical StressesCalculate krInput layer geometry

Calculate Horizontal Stress at top and 
bottom of tributary heights Calculate Tmax Data from MSEW Program Output 

Calculate tributary height parameters 
(e.g., top and bottom depths)

Comparison of Tmax 
with MSEW output
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D
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th
 (f
t)

kr/ka

Check kr/ka (From Fig. 11.10.6.2.1‐3)

Geosynthetics Metal Strips
Metal Bar Mats & Grids Computed

1.802

0.675

0.675

0

5

10

15

20

25

30

0.0 0.5 1.0 1.5 2.0 2.5

D
ep

th
 (f
t)

F*

Check F* (From Fig. 11.10.6.3.2‐1)

Ribbed Metal Strips Computed

0.284

0.492

0.653

0.800

0.934

1.054

1.155

1.251

1.375

1.519

1.662

1.784

0.315

0.494

0.658

0.802

0.936

1.056

1.161

1.241

1.377

1.521

1.664

1.808
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26.0
28.0
30.0

0.0 0.5 1.0 1.5 2.0

D
ep

th
 (f
t)

σH at reinforcement layer depth (ksf)

Average at Top and 
Bottom of 
Tributary Area

At Layer Depth

6/24/2008 5:01 PM P:\ADOT On‐Call 07‐24.5\01 ‐ MSE Wall Re‐Certifications\Initial Hand Calcs\Checking MSEW Tmax\NCS Problem 2 30‐ft.xlsb

(dim) (ft) (dim) (dim) (ksf) (ksf) (ksf) (ksf) (ksf) (ft) (ft) (ft) (ksf) (ksf) (ksf) (kips/ft) (kips/ft) (dim) (ft) (kips/ft) (%) (%)
1 2.0 1.650 0.467 0.250 0.500 0.158 0.158 0.315 3.250 0.00 3.25 0.162 0.406 0.284 0.924 1.024 12 28 0.915 0.9% 11.9%
2 4.5 1.590 0.450 0.563 0.813 0.342 0.152 0.494 2.500 3.25 5.75 0.406 0.577 0.492 1.229 1.235 11 25.5 1.223 0.5% 1.0%
3 7.0 1.530 0.433 0.875 1.125 0.511 0.146 0.658 2.500 5.75 8.25 0.577 0.729 0.653 1.633 1.644 10 23 1.638 ‐0.3% 0.4%
4 9.5 1.460 0.413 1.188 1.438 0.662 0.139 0.802 2.500 8.25 10.75 0.729 0.871 0.800 2.000 2.004 9 20.5 1.997 0.2% 0.4%
5 12.0 1.400 0.396 1.500 1.750 0.802 0.134 0.936 2.500 10.75 13.25 0.871 0.998 0.934 2.336 2.339 8 18 2.307 1.2% 1.4%
6 14.5 1.340 0.379 1.813 2.063 0.928 0.128 1.056 2.500 13.25 15.75 0.998 1.110 1.054 2.635 2.639 7 15.5 2.612 0.9% 1.0%
7 17.0 1.280 0.362 2.125 2.375 1.038 0.122 1.161 2.500 15.75 18.25 1.110 1.199 1.155 2.887 2.902 6 13 2.888 0.0% 0.5%
8 19.5 1.210 0.342 2.438 2.688 1.126 0.115 1.241 2.500 18.25 20.75 1.199 1.304 1.251 3.129 3.103 5 10.5 3.130 0.0% ‐0.9%
9 22.0 1.200 0.340 2.750 3.000 1.262 0.115 1.377 2.500 20.75 23.25 1.304 1.447 1.375 3.438 3.443 4 8 3.435 0.1% 0.2%
10 24.5 1.200 0.340 3.063 3.313 1.406 0.115 1.521 2.500 23.25 25.75 1.447 1.590 1.519 3.797 3.802 3 5.5 3.793 0.1% 0.2%
11 27.0 1.200 0.340 3.375 3.625 1.549 0.115 1.664 2.500 25.75 28.25 1.590 1.734 1.662 4.155 4.160 2 3 4.151 0.1% 0.2%
12 29.5 1.200 0.340 3.688 3.938 1.693 0.115 1.808 1.750 28.25 30.00 1.734 1.834 1.784 3.121 3.163 1 0.5 3.118 0.1% 1.4%

Col 23 Col 24 Col 25 Col 26 Col 27 Col 28 Col 29 Col 30 Col 31 Col 32 Col 33 Col 34 Col 35 Col 36 Col 37 Col 38 Col 39 Col 40 Col 41 Col 42 Col 43 Col 44 Col 45

Layer #
Active 
Length

Effective 
Length

Vert Stress 
for Pullout 
Resistance

Pullout 
Resistance 
Factor

Factored 
Pullout 

Resistance 
per strip

Tmax for a 5‐
ft wide panel

N Strips ‐ 
Calc per 
panel for 

pullout w/o 
impact load

Tmax w/ 
Impact

Factored 
Pullout 

Resistance

N Strips ‐ 
Calc 

(Impact)

Governing N 
Strips ‐ 
Pullout 

Tmax for 
panel 
width 

including 
impact

N Strips ‐ 
Calc 

based on 
Tensile 
Strength

N Strips ‐ 
Actual Based 
on Tensile 
Strength

Governing 
Final N 

(Strength & 
Pullout)

Required 
Horiz rein 

spacing using 
Final N

Required 
Rein 

coverage 
ratio 
using 

l

Provided 
Factored 
Pullout 

Resistance 
Per Panel

Provided 
Factored 
Tensile 

Resistance 
Per Panel

Capacity 
Demand 
Ratio for 
Pullout

Capacity 
Demand 
Ratio for 
Tensile 
Strength

CDR for 
pullout 
from 
MSEW

CDR for 
tensile 
strength 
from 
MSEW

‐ La Le
σvPullout = 

σvE
F*

φpPr Tmax_p
Tmax_p / 

φpPr Tmax_i φpPr_i

Tmax_i / 
φpPr_i

‐
Tmax_p

Tmax_p / 
φsTal

‐ ‐ Sh (ft) Rc ‐
φpPr_i CDR_p CDR_t CDR_pm CDR_tm

(dim) (ft) (ft) (ksf) (dim) (kips) (kips) (dim) (kips/ft) (kips/ft) (dim) (dim) (kips) (dim) (dim) (dim) (ft) (ft) (kips) (kips) (dim) (dim) (dim) (dim)

1 9.00 12.00 0.250 1.689 1.50 4.62 3.08 0.924 0.52 1.78 4 4.62 0.47 1 4 1.25 0.131 6.00 39.00 1.299 8.443 1.304 8.523
2 9.00 12.00 0.563 1.548 3.09 6.15 1.99 1.229 1.08 1.14 2 6.15 0.63 1 2 2.50 0.066 6.18 19.50 1.005 3.172 1.004 3.188
3 9.00 12.00 0.875 1.407 4.36 8.17 1.87 ‐‐ ‐‐ ‐‐ 2 8.17 0.84 1 2 2.50 0.066 8.72 19.50 1.068 2.388 1.058 2.381
4 9.00 12.00 1.188 1.266 5.33 10.00 1.88 ‐‐ ‐‐ ‐‐ 2 10.00 1.03 2 2 2.50 0.066 10.66 19.50 1.066 1.950 1.056 1.952
5 9.00 12.00 1.500 1.126 5.99 11.68 1.95 ‐‐ ‐‐ ‐‐ 2 11.68 1.20 2 2 2.50 0.066 11.98 19.50 1.026 1.670 1.023 1.690
6 9.00 12.00 1.813 0.985 6.33 13.18 2.08 ‐‐ ‐‐ ‐‐ 3 13.18 1.35 2 3 1.67 0.098 18.99 29.25 1.441 2.220 1.423 2.235
7 7.80 13.20 2.125 0.844 6.99 14.44 2.07 ‐‐ ‐‐ ‐‐ 3 14.44 1.48 2 3 1.67 0.098 20.97 29.25 1.453 2.026 1.414 2.021
8 6.30 14.70 2.438 0.703 7.44 15.64 2.10 ‐‐ ‐‐ ‐‐ 3 15.64 1.60 2 3 1.67 0.098 22.32 29.25 1.427 1.870 1.378 1.865
9 4.80 16.20 2.750 0.675 8.88 17.19 1.94 ‐‐ ‐‐ ‐‐ 2 17.19 1.76 2 2 2.50 0.066 17.76 19.50 1.033 1.134 1.026 1.135
10 3.30 17.70 3.063 0.675 10.81 18.98 1.76 ‐‐ ‐‐ ‐‐ 2 18.98 1.95 2 2 2.50 0.066 21.62 19.50 1.139 1.027 1.131 1.028
11 1.80 19.20 3.375 0.675 12.92 20.77 1.61 ‐‐ ‐‐ ‐‐ 2 20.77 2.13 3 3 1.67 0.098 38.76 29.25 1.866 1.408 1.849 1.407
12 0.30 20.70 3.688 0.675 15.22 15.61 1.03 ‐‐ ‐‐ ‐‐ 2 15.61 1.60 2 2 2.50 0.066 30.44 19.50 1.950 1.249 1.937 1.251

Calculate Number of Strips based on 
consideration of tensile strength

Calculate Governing Number of Strips,  
horizontal spacing and coverage ratio

Calculate Provided 
Factored Resistances

Calculate Capacity 
Demand Ratios (CDRs)

CDRs from MSEW 
Output

Calculate Active and 
Effective Lengths Calculate Factored Pullout Resistance 

Calculate Number of Strips 
based on no impact

Calculate Number of Strips based on 
consideration of impact load
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MSE Wall Recertification
AASHTO  2007  (LRFD)

PROJECT IDENTIFICATION

Title: MSE Wall Recertification
Project Number: J2008- 04
Client: ADOT
Designer: N. Samtani
Station Number: -

Description:

Problem 2, 30-ft high wall (Comparison with hand calculations with
live and soil wt load factors both equal to 1.35)

Company's information:

Name: NCS Consultants, LLC
Street: 640 W Paseo Rio Grande

Tucson, AZ  85737
Telephone #: 520-544-2786
Fax #: 520-544-3150
E-Mail: nsamtani@ncsconsultants.com

Original file path and name: P:\ADOT On-Call 07-24.5\01 - MSE Wall Re-Certifications.....
.....S-M Prob 2 30-ft.BEN

Original date and time of creating this file: Thu May 29 11:55:15 2008

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL STRIPS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 125.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 125.0 lb/ft ³
Design value of internal angle of friction, φ 30.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 125.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 30.0 °
Equivalent cohesion,  c equiv. 0.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.3333   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 30.14 N   = 22.40γ

SEISMICITY

Not Applicable

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

MSE Wall Recertification
Copyright © 1998-2008 ADAMA Engineering, Inc.  License number  MSEW-301012

Page 2 of  11

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 



Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

MSEW -- Mechanically Stabilized Earth Walls MSE Wall Recertification
Present Date/Time:  Mon Jun 23 09:44:06 2008 P:\ADOT On-Call 07-24.5\01 - MSE Wall Re-Certifications\Initial Hand Calcs\NCS-M Prob 2 30-ft.BEN

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

INPUT DATA:  Metal strips
(Analysis)

D  A  T  A Metal strip
type #1

Metal strip
type #2

Metal strip
type #3

Metal strip
type #4

Metal strip
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of strip, b  [in]
Vertical spacing, Sv [ft]

65.0
2.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.20 N/A N/A N/A N/A

Ribbed steel strips.
Uniformity Coefficient of reinforced soil, Cu = D60/D10 = 4.0

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

60.97
32.00

1.80
0.67
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 1.70
 3.3 ft 1.60
 6.6 ft 1.55
 9.8 ft 1.45
13.1 ft 1.35
16.4 ft 1.30
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Segmental precast concrete panels.
Depth of panel is 1.31 ft.  Horizontal distance to Center of Gravity of panel is 0.66 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd            To-static / Tmax
Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name --- N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 30.00 [ft] { Embedded depth is E = 0.00 ft, and height above top of finished
bottom grade is H = 30.00 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 0.0 [lb/ft ²], and live load is 250.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 5 10 15 20 25 30 [ft]
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AASHTO 2007 (LRFD) Input Data

INTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2: γp-EV 1.35
Load factor for earthquake loads, EQ, from Table 3.4.1-1: γp-EQ 1.00

Load factor for live load surchrge, LS, from Figure C11.5.5-3(b): γp-LS 1.35
(Same as in External Stability).

Load factor for dead load surchrge, ES: γp-ES 1.50
(Same as in External Stability).

Resistance factor for reinforcement tension from Table 11.5.6-1: φ Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement tension in connectors from Table 11.5.6-1: φ Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement pullout from Table 11.5.6-1: φ 0.90 1.20

EXTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2 and Figure C11.5.5-2: Static Combined Static/Seismic
Sliding and Eccentricity γ γp-EV p-EQ1.00 1.00
Bearing Capacity γ γp-EV p-EQ1.35 1.35

Load factor of active lateral earth pressure, EH, from Table 3.4.1-2 and Figure C11.5.5-2: γp-EH 1.50
Load factor of active lateral earth pressure during earthquake (does not multiply P    and P    ): (γ      )p-EH EQAE IR 1.50
Load factor for earthquake loads, EQ, from Table 3.4.1-1 (multiplies P    and P    ): γ p-EQAE IR 1.00

Resistance factor for shear resistance along common interfaces from Table 10.5.5.2.2-1: Static Combined Static/Seismic
Reinforced Soil and Foundation φ τ 0.90 1.00
Reinforced Soil and Reinforcement φ τ 0.90 1.00

Resistance factor for bearing capacity of shallow foundation from Table 10.5.5.2.2-1: Static Combined Static/Seismic
φ b 0.45 0.65
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, CDR = 1.27, Meyerhof stress = 7487 lb/ft².

Foundation Interface: Direct sliding, CDR = 1.299, Eccentricity,   e/L = 0.2007, CDR-overturning = 2.49

M E T A L   S T R I P C O N N E C T I O N

# Elevation Length Type
#

CDR
 [pullout
resistance]

CDR
[connection
    break]

CDR
[metal strip
strength]

Metal strip
strength
  CDR

Pullout
resistance
  CDR

Direct
sliding
  CDR

Eccentricity
   e/L

Product
name

[ft] [ft]

1 0.50 21.00 1 N/A 1.13 1.25 1.251 1.937 1.533 0.1945 ---
2 3.00 21.00 1 N/A 1.27 1.41 1.407 1.849 1.654 0.1653 ---
3 5.50 21.00 1 N/A 0.93 1.03 1.028 1.131 1.806 0.1384 ---
4 8.00 21.00 1 N/A 1.02 1.14 1.135 1.026 1.982 0.1139 ---
5 10.50 21.00 1 N/A 1.68 1.87 1.865 1.378 2.194 0.0918 ---
6 13.00 21.00 1 N/A 1.82 2.02 2.021 1.414 2.475 0.0720 ---
7 15.50 21.00 1 N/A 2.01 2.23 2.235 1.423 2.817 0.0545 ---
8 18.00 21.00 1 N/A 1.52 1.69 1.690 1.023 3.269 0.0395 ---
9 20.50 21.00 1 N/A 1.76 1.95 1.952 1.056 3.893 0.0267 ---
10 23.00 21.00 1 N/A 2.14 2.38 2.381 1.058 4.811 0.0164 ---
11 25.50 21.00 1 N/A 2.87 3.19 3.188 1.004 6.295 0.0084 ---
12 28.00 21.00 1 N/A 7.67 8.52 8.523 1.304 9.106 0.0028 ---
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 5 10 15 20 25 30 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 9544 N/A [lb/ft ²]
Meyerhof stress, σV 7486.7 N/A [lb/ft ²]
Eccentricity,  e 2.93 N/A [ft]
Eccentricity,  e/L 0.139 N/A
CDR calculated 1.27 N/A
Base length 21.00 N/A [ft]

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

MSE Wall Recertification
Copyright © 1998-2008 ADAMA Engineering, Inc.  License number  MSEW-301012

Page 8 of  11

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 



Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

MSEW -- Mechanically Stabilized Earth Walls MSE Wall Recertification
Present Date/Time:  Mon Jun 23 09:44:06 2008 P:\ADOT On-Call 07-24.5\01 - MSE Wall Re-Certifications\Initial Hand Calcs\NCS-M Prob 2 30-ft.BEN

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

DIRECT SLIDING for GIVEN LAYOUT
(for METAL STRIPS reinforcements)

Along reinforced and foundation soils interface:  CDR-static = 1.299

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

  CDR
Static

  CDR
Seismic

Metal strip
Type  # Product name

1 0.50 21.00 1.533 N/A 1 ---
2 3.00 21.00 1.654 N/A 1 ---
3 5.50 21.00 1.806 N/A 1 ---
4 8.00 21.00 1.982 N/A 1 ---
5 10.50 21.00 2.194 N/A 1 ---
6 13.00 21.00 2.475 N/A 1 ---
7 15.50 21.00 2.817 N/A 1 ---
8 18.00 21.00 3.269 N/A 1 ---
9 20.50 21.00 3.893 N/A 1 ---
10 23.00 21.00 4.811 N/A 1 ---
11 25.50 21.00 6.295 N/A 1 ---
12 28.00 21.00 9.106 N/A 1 ---

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.2007; Overturning: CDR-static = 2.49

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal strip
Type  # Product name

1 0.50 21.00 0.1945 N/A 1 ---
2 3.00 21.00 0.1653 N/A 1 ---
3 5.50 21.00 0.1384 N/A 1 ---
4 8.00 21.00 0.1139 N/A 1 ---
5 10.50 21.00 0.0918 N/A 1 ---
6 13.00 21.00 0.0720 N/A 1 ---
7 15.50 21.00 0.0545 N/A 1 ---
8 18.00 21.00 0.0395 N/A 1 ---
9 20.50 21.00 0.0267 N/A 1 ---
10 23.00 21.00 0.0164 N/A 1 ---
11 25.50 21.00 0.0084 N/A 1 ---
12 28.00 21.00 0.0028 N/A 1 ---
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RESULTS for STRENGTH     [ Note: Actual CDR = (Yield stress) / (Actual stress) ]Live Load included in calculating Tmax

  # Metal strip
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
CDR
static

Actual
calculated
CDR
static

Specified
minimum
CDR
seismic

Actual
calculated
CDR
seismic

1 0.50 0.066 2.500 3900 3118.32 N/A N/A 1.251 N/A N/A
2 3.00 0.098 1.670 5838 4150.61 N/A N/A 1.407 N/A N/A
3 5.50 0.066 2.500 3900 3792.80 N/A N/A 1.028 N/A N/A
4 8.00 0.066 2.500 3900 3434.99 N/A N/A 1.135 N/A N/A
5 10.50 0.098 1.670 5838 3130.00 N/A N/A 1.865 N/A N/A
6 13.00 0.098 1.670 5838 2888.59 N/A N/A 2.021 N/A N/A
7 15.50 0.098 1.670 5838 2612.62 N/A N/A 2.235 N/A N/A
8 18.00 0.066 2.500 3900 2307.46 N/A N/A 1.690 N/A N/A
9 20.50 0.066 2.500 3900 1997.47 N/A N/A 1.952 N/A N/A
10 23.00 0.066 2.500 3900 1638.08 N/A N/A 2.381 N/A N/A
11 25.50 0.066 2.500 3900 1223.31 N/A N/A 3.188 N/A N/A
12 28.00 0.131 1.250 7800 915.19 N/A N/A 8.523 N/A N/A

RESULTS for PULLOUT Live Load included in calculating Tmax

NOTE: Live load is not included in calculating the overburden pressure used to assess pullout resistance.

  # Metal strip
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

(see NOTE)

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

CDR

Actual
Static

CDR

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

CDR

Actual
Seismic

CDR

1 0.50 0.066 3118.3 N/A 20.70 0.30 6040.4 N/AN/A 1.937 N/A N/A
2 3.00 0.098 4150.6 N/A 19.20 1.80 7676.5 N/AN/A 1.849 N/A N/A
3 5.50 0.066 3792.8 N/A 17.70 3.30 4289.5 N/AN/A 1.131 N/A N/A
4 8.00 0.066 3435.0 N/A 16.20 4.80 3525.4 N/AN/A 1.026 N/A N/A
5 10.50 0.098 3130.0 N/A 14.70 6.30 4312.0 N/AN/A 1.378 N/A N/A
6 13.00 0.098 2888.6 N/A 13.20 7.80 4084.4 N/AN/A 1.414 N/A N/A
7 15.50 0.098 2612.6 N/A 12.00 9.00 3718.3 N/AN/A 1.423 N/A N/A
8 18.00 0.066 2307.5 N/A 12.00 9.00 2360.4 N/AN/A 1.023 N/A N/A
9 20.50 0.066 1997.5 N/A 12.00 9.00 2110.0 N/AN/A 1.056 N/A N/A
10 23.00 0.066 1638.1 N/A 12.00 9.00 1732.6 N/AN/A 1.058 N/A N/A
11 25.50 0.066 1223.3 N/A 12.00 9.00 1228.1 N/AN/A 1.004 N/A N/A
12 28.00 0.131 915.2 N/A 12.00 9.00 1193.3 N/AN/A 1.304 N/A N/A
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RESULTS for CONNECTION (static conditions)
Live Load included in calculating Tmax

  # Metal strip
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal strip
long-term
strength,
  [lb/ft]

CDR
connection
break

Specified   Actual

CDR
Metal strip
strength

Specified   Actual

Product
name

1 0.50 0.066 2.500 3118 0.90 3510 3900 N/A 1.13 N/A 1.25 ---
2 3.00 0.098 1.670 4151 0.90 5254 5838 N/A 1.27 N/A 1.41 ---
3 5.50 0.066 2.500 3793 0.90 3510 3900 N/A 0.93 N/A 1.03 ---
4 8.00 0.066 2.500 3435 0.90 3510 3900 N/A 1.02 N/A 1.14 ---
5 10.50 0.098 1.670 3130 0.90 5254 5838 N/A 1.68 N/A 1.87 ---
6 13.00 0.098 1.670 2889 0.90 5254 5838 N/A 1.82 N/A 2.02 ---
7 15.50 0.098 1.670 2613 0.90 5254 5838 N/A 2.01 N/A 2.23 ---
8 18.00 0.066 2.500 2307 0.90 3510 3900 N/A 1.52 N/A 1.69 ---
9 20.50 0.066 2.500 1997 0.90 3510 3900 N/A 1.76 N/A 1.95 ---
10 23.00 0.066 2.500 1638 0.90 3510 3900 N/A 2.14 N/A 2.38 ---
11 25.50 0.066 2.500 1223 0.90 3510 3900 N/A 2.87 N/A 3.19 ---
12 28.00 0.131 1.250 915 0.90 7020 7800 N/A 7.67 N/A 8.52 ---
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