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Calculation Objective: 
 
Bottom elevation of MSE Wall C1 is considered to move down to the same elevation as Wall C (shown 
on Sheet 7). The external stability with the new wall height is calculated and checked in this addendum. 
 
General Approach / Assumptions: 
External stability for Wall C1 was checked in this calculation package considering discontinuous 
reinforcement at the base of the wall. An in-house, QA/QC’d Excel spreadsheet called 
“External_Stability_v2.2.xlsx” was used. This spreadsheet was originally designed for Allowable 
Stress Design (ASD) and has been updated for Load and Resistance Factor Design (LRFD). See 
Sheets 86 to 89 in GC-073 for more information about the spreadsheet.   
 
The wall height at selected stations is measured from the latest wall plan (Sheets 3-13) and has been 
summarized in the following table. For the purposes of this calculation, the variable H is used for the as-
design height of the wall (i.e., prior to deepening its base).  A new variable, H' is defined for this 
calculation as the increased height of Wall C1 due to deepening its base to the same elevation as the 
base of gravity block wall C. The wall heights H and H’ are both presented on Sheet 11. Other 
parameters for the spreadsheet input have been calculated in GC-012, GC-013, and GC-073. The cross 
section drawings were included in GC-073. 
 
Summary and Conclusions: 
The spreadsheets used for external stability analyses are attached on Sheets 15 through 26, and the 
analysis results are summarized as follows: 
 

  Sta. 11+90
1
 Sta. 11+95 Sta. 12+00 Sta. 12+25 Sta. 12+70 Sta. 12+90 

Height (H)
2
, ft 6 7.3 10.5 18 36 23 

Height (H')
 2

, ft 11 12 14 22 42 25 
Backslope (β), 

degree 
6.5 6.5 6.5 6.5 0 6.5 

Friction angle of 
the foundation 
soils, degree 

30 30 30 30 30 30 

req. B/Hmin B=8' B=15’ 
4 1.1 1.1 1.1 1.1 

Controlling Factor AASHTO 
Reinforced 

Earth Co. Shop 
Drawings 

Global 
Stability GC-
012 Sheet 23 

Global 
Stability GC-
012 Sheet 23 

Global 
Stability GC-
012 Sheet 23 

Global 
Stability GC-
012 Sheet 23 

Spreadsheet 
Calculation 

Sheets 15-17 Sheets 18-20 Sheets 21-23 Sheets 24-26 Sheets 27-29 Sheets 30-32 
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Note: 

1. The wall station used in this calculation package refers to Wall C station. The selected stations 
have been marked on Sheet 7. 

2. Wall heights H and H’ have been shown on Sheet 11. 
3. Global stability of Wall C1 in GC-012 indicated that the B/Hmin ratio needs to be 1.1 to reach 

required FS. Thus 1.1 is analyzed and checked in this calculation package.  
4. Refer to Sheet 14 for the reinforcement length in this station. 

 
The analyses indicate that (1) the wall design meets external stability requirements with a minimum B/H 
of 1.1 from Stations 12+00 through 14+00; and (2) a reinforcement length B of15ft is required from 
Stations 11+90 to 12+00 (refer to Sheet 14). 
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concept of the contract documents. Markings or comments 
shall not be construed as relieving the contractor from 
compliance with the project plans and specifications, nor 
departures therefrom. The contractor remains solely 
responsible for details and accuracy, for confirming and 
correlating all quantities and dimensions, for selecting 
fabricating processes, for techniques of assembly, for safety 
and for satisfactory performance of his work. 

 No Exceptions Taken
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TAB NAME: Inputs

1

2
3
4
5
6
7
8
9

10
11
12
13
14

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31
32
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36
37
38
39
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41
42
43

44
45
4647
48

49
50
51
52
53
54
55
56
57
58
59

A B C D E F G H I J K L M N O P

Wall Name Calc. G1: Wall C1 AT WALL HEIGHT OF 18FT

ENTER PARAMETERS IN YELLOW CELLS.  SEE DIAGRAM TAB FOR CLARIFICATION.
References: AASHTO 2010 LRFD Bridge Manual for seismic loads, LRFD calcs

NAVFAC DM 7.2 (1986) for friction properties
Das (1999) for earth pressures

B/H = 0.7

Retained Friction Angle, r 30 degrees Height, H 11 feet (above top of leveling pad)
Unit Weight Above GWT, m,r 120 pcf Width, B 8 feet
Unit Weight Below GWT, sat,r 120 pcf Height of GWT, Hw 0 feet (0 means below the wall bottom)

Backslope Angle, 6.5 degrees
Distance to Slope Break, X 100 feet (0 if no slope break)

Ka override (blank for auto-calc using Das, 1999 eqn.) (autocalc) Backslope Height, y 11.4 feet
Effective Backslope Angle, ' 11.0 degrees (0 if x < B)

Continuous Reinforcement Friction Factor, 0.36 (sheets, grids)
Discontinuous Reinforcement Friction Factor, 0.58 (strips) Retained Soil Surcharge, qr 250 psf

Adhesion, a 0 psf MSE Surcharge, qmse 250 psf
120 pcf kh 0 g's
120 pcf Kae 0.00 g's
135 pcf Kae override 0 (blank for autocalc)
135 pcf

Subgrade Friction Angle, s degrees Ignore Passive Resistance? Yes Resistance RF Load Symbol LF
Subgrade Cohesion, c psf Height of Passive, Hp feet Sliding (MSE) 1.0 Earth (Horizontal) EH 1.5
Foundation Depth , D feet Passive Friction Angle, p degrees Passive (MSE) 0.75 Earth (Vertical) EV 1.35

Nominal Bearing Resistance, qn for B = 8 feet 8.0 ksf Unit Weight Above GWT, m,p pcf Bearing (MSE) (Static) 0.65 Live Surcharge LS 1.75
Unit Weight Above GWT, m,s pcf Unit Weight Below GWT, sat,p pcf Bearing (MSE) (Seismic) 1.0 Earthquake EQ 1
Unit Weight Below GWT, sat,s pcf

AASHTO LRFD:
LRFD CHECK

L (lbs/ft) LF 
L LF 

(lbs/ft) R (lbs/ft) RF
R RF 
(lbs/ft)

LOAD
Earth (LEH) 2948 1.5 4422 LEH =('SL&OT LOADS'!E15+'SL&OT LOADS'!E16+'SL&OT LOADS'!E17)*COS('SL&OT LOADS'!B8)

Surcharge (LLS) 1032 1.75 1805 LLS =('SL&OT LOADS'!E18)*COS('SL&OT LOADS'!B8)
Earthquake (LEQ) 0 1 0 LEQ ='SL&OT LOADS'!E19+'SL&OT LOADS'!E20+'SL&OT LOADS'!E21+'SL&OT LOADS'!E22*COS('SL&OT LOADS'!B8)
RESISTANCE
Base Friction
 (continuous reinforcement) 4395 1 4395 Rfriction =('SL&OT LOADS'!E3+'SL&OT LOADS'!E4+'SL&OT LOADS'!E5+(D36+D37)*TAN('SL&OT LOADS'!B8)+'SL&OT LOADS'!E22*SIN('SL&OT LOADS'!B8))*D15
Passive 0 0.75 0 Rpassive =IF(I24="YES",0,'SL&OT LOADS'!E31)

SUM 6227 4395
RESISTANCE
Base Friction
 (DIScontinuous reinforcement) 7080 1 7080 Rfriction =('SL&OT LOADS'!E3+'SL&OT LOADS'!E4+'SL&OT LOADS'!E5+(D36+D37)*TAN('SL&OT LOADS'!B8)+'SL&OT LOADS'!E22*SIN('SL&OT LOADS'!B8))*D16
Passive 0 0.75 0 Rpassive =IF(I24="YES",0,'SL&OT LOADS'!E31)

SUM 6227 7080

L (lbs/ft) LF 
L LF 

(lbs/ft)
LOAD
Earth (LEV) 12890 1.35 17402 LEV =SIN('BEARING LOADS'!B8)*('BEARING LOADS'!E15+'BEARING LOADS'!E16+'BEARING LOADS'!E17)+'BEARING LOADS'!E3+'BEARING LOADS'!E4+'BEARING LOADS'!E5+'BEARING LOADS'!E6

Surcharge (LLS) 2201 1.75 3851 LLS =SIN('BEARING LOADS'!B8)*('BEARING LOADS'!E18)+'BEARING LOADS'!E7
Earthquake (LEQ) 0 1 0 LEQ ='BEARING LOADS'!E22*SIN('BEARING LOADS'!B8)

SUM 21253

8000 psf Parameter Value
Factored Bearnig Resistance = qn*RF = 5200 psf =IF(I18=0,E56*L27,E56*L28) e 1.87

=IF(E57>E54,"YES","NO") 1/4 B 2.00
e  1/4 B ? YES

SLIDING Calc: Unit Weight Below GWT, sat,mse

SLIDING Calc: Unit Weight Above GWT, m,mse

BEARING Calc: Unit Weight Below GWT, sat,mse

3630

LOAD SIDE

Nominal Bearing Resistance, qn for B = 8 feet

R RF > L LF/(B-2e) ? YES

RESISTANCE SIDE

FAILURE BY BEARING
B-2e = 5.9 feet

qFACTORED (psf)
= L LF (B-2e) 

Note
ft from center of base reinforcement layer
ft from center of base reinforcement layer
See Sections 11.10.5.5 and 11.6.3.3 in AASHTO 2010

YES

FAILURE BY OVERTURNINGq_factored =
D54/(I9-2*'BEARING LOADS'!B34)

CALC. G1: WALL C1 AT WALL HEIGHT OF 11FT STATIC EXTERNAL STABILITY

LOAD SIDE RESISTANCE SIDE
FAILURE BY SLIDING

NO

R RF > L LF ?

Retained Soil Properties

MSE Properties

Subgrade/Bearing Properties

Geometry

Surcharge/Seismic Loads

Passive Resistance

NoIgnore Vertical Component of Inclined Loads for 
Sliding/Overturning?

BEARING Calc: Unit Weight Above GWT, m,mse

(all surcharges ignored for 
seismic.  Surcharge above MSE 
ignored for sliding/overturning)

RESISTANCE FACTORS LOAD FACTORS

X

'

y
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TAB NAME: SL&OT LOADS

2
3
4
5
6
7
8
9

10
11
12
13
14

15

16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

A B C D E F G H I J K L
Geometry

Height, H 11 ft Wm ( =0) 10560 lbs/ft Wm = B*(H-Hw)* m,mse xm 4.00 feet B/2
Width, B 8 ft W  (triangular part) 437 lbs/ft W = 1/2*min(x,B)*(h-H)* m,r x 5.33 feet 2/3*min(B,x)

Height of GWT, Hw 0 ft W  (broken slope) 0 lbs/ft W = (B-x)*(h-H)* m,r x 54.00 feet x+(B-x)/2
Height of Retained Fill, h 11.91 ft Wsat' 0 lbs/ft Wsat' = B*Hw( sat,mse-62.4) xsat 4.00 feet B/2

h = H+B*tan( )      = 0.113 rad Wq 0 lbs/ft Wq = 0 for sliding and overturning xq 4.00 feet B/2
Effective Backslope Angle, ' 0.192 rad WTOTAL 10997 lbs/ft <- Factored 44569 ft-lb/ft
Seismic Effective Height, H2 11.66 ft 11.6

H2 = H+0.5*H*tan( )/[1-0.5tan( )]
Broken slope width, x 100 ft
MSE*** Ka 0.353 From AASHTO Eqs 3.11.5.3-1 and 2 for  = 90 and  = 0

Friction Factor, 0.36 Kae 0.000 From AASHTO Eq A11.1.1.1-2 for  and  = 0 (notation is different in equation)

Adhesion, a 0 psf Am 0.000 g's Am = (1.45-kh)*kh for kh < 0.45 Direction of Force
Unit Weight Above GWT, m,mse 120 pcf FT1 3003 lbs/ft FT1 = 1/2*Ka*(h-Hw)2* m,r Parallel to ' yT1 3.97 feet Hw+(h-Hw)/3

Unit Weight Below GWT, sat,mse 120 pcf FT2 0 lbs/ft FT2 = Ka*(h-Hw)*Hw* m,r Parallel to ' yT2 0.00 feet Hw/2

Retained FT3 0 lbs/ft FT3 = 1/2*Ka*Hw
2*( sat,r-62.4) Parallel to ' yT3 0.00 feet Hw/3

Friction Angle, r 0.524 rad Fq 1051 lbs/ft Fq = Ka*h*qr Parallel to ' yq 5.96 feet h/2
Unit Weight Above GWT, m,r 120 pcf Pir 0 lbs/ft Pir = 0.5*Am* m,mse*H2*H Horizontal yir 5.50 feet H/2
Unit Weight Below GWT, sat,r 120 pcf Pis1 (triangular) 0 lbs/ft Pis = Am* m,r*Areais Horizontal yis1 11.22 feet H+(H2-H)/3

Surcharge/Seismic 11 Pis2 (broken slope) 0 lbs/ft Horizontal yis2 11.33 feet H+(H2-H)/2
Retained Soil Surcharge, qr 250 psf 0.5PAE 0 lbs/ft 0.5PAE = 0.5* Kae* m,r*H2

2 Parallel to ' yAE 7.00 feet 0.6H2

MSE Surcharge, qmse 250 psf FHORZ 0 lbs/ft <-Factored MHORZ 0 ft-lb/ft <-Factored
kh 0 g's F x 6227 lbs/ft <-Factored M 28315 ft-lb/ft <-Factored

theta 0 F y 1211 lbs/ft <-Factored M 9688 ft-lb/ft <-Factored
Passive
Height of Passive, Hp 0 ft 10.8 1.00 Kp = tan2(45+ /2)

Friction Angle, p 0 rad FP1 0 lbs/ft FP1 = 1/2*Kp*(Hp-Hw)2* m,p yP1 0.00 feet Hw+(Hp-Hw)/3
Unit Weight Above GWT, m,p 0 pcf FP2 0 lbs/ft FP2 = Kp*(Hp-Hw)*Hw* m,p yP2 0.00 feet Hw/2
Unit Weight Below GWT, sat,p 0 pcf FP3 0 lbs/ft FP3 = 1/2*Kp*Hw

2*( sat,p-62.4) yP3 0.00 feet Hw/3
Ignore Passive Resistance? Yes FPASSIVE 0 lbs/ft MPASSIVE 0 ft-lb/ft

Ignore Vertical from Inclined? No

Eccentricity, e 1.87 ft

NOTE:
*** TABLE 840.04-1 of ODOT Supplemental Specification 840 (Mechanically Stabilitzed Earth Wall) specifies 120 pcf as the design unit weight for MSE wall backfill.  This value was used for 
sliding resistance analyses but a value of 135 pcf (corresponding to Select Granular Backfill) was assumed in Bearing Resistance calculation.

e =(J23+J24-J25/2-E4*(J4-B4/2)-E5*(J5-B4/2))/(E8+E25)
(Ignores passive resistance but includes vertical shear due to inclined backfill.)

Moment Arms (about toe)

VERTICAL FORCES (not counting vertical components of driving forces) Moment Arms (about toe)

DRIVING FORCES

PASSIVE FORCES (HORIZONTAL)

Moment Arms (about toe, horz. component)

VERT

DRIVING

F

M
e
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TAB NAME: BEARING LOADS

2
3
4
5
6
7
8
9

10
11
12
13
14

15

16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
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32
33
34
35
36
37
38

A B C D E F G H I J K L
Geometry

Height, H 11 ft Wm ( =0) 11880 lbs/ft Wm = B*(H-Hw)* m,mse xm 4.00 feet B/2
Width, B 8 ft W  (triangular part) 437 lbs/ft W = 1/2*min(x,B)*(h-H)* m,r x 5.33 feet 2/3*min(B,x)

Height of GWT, Hw 0 ft W  (broken slope) 0 lbs/ft W = (B-x)*(h-H)* m,r x 54.00 feet x+(B-x)/2
Height of Retained Fill, h 11.91 ft Wsat' 0 lbs/ft Wsat' = B*Hw( sat,mse-62.4) xsat 4.00 feet B/2

h = H+B*tan( )      = 0.113 rad Wq 2000 lbs/ft Wq = B*qmse xq 4.00 feet B/2
Effective Backslope Angle, ' 0.192 rad WTOTAL 20128 lbs/ft <- Factored 81296 ft-lb/ft
Seismic Effective Height, H2 11.66 ft 11.6

H2 = H+0.5*H*tan( )/[1-0.5tan( )]
Broken slope width, x 100 ft
MSE*** Ka 0.353 From AASHTO Eqs 3.11.5.3-1 and 2 for  = 90 and  = 0

Friction Factor, 0.36 Kae 0.000 From AASHTO Eq A11.1.1.1-2 for  and  = 0 (notation is different in equation)

Adhesion, a 0 psf Am 0.000 g's Am = (1.45-kh)*kh for kh < 0.45 Direction of Force
Unit Weight Above GWT, m,mse 135 pcf FT1 3003 lbs/ft FT1 = 1/2*Ka*(h-Hw)2* m,r Parallel to ' yT1 3.97 feet Hw+(h-Hw)/3

Unit Weight Below GWT, sat,mse 135 pcf FT2 0 lbs/ft FT2 = Ka*(h-Hw)*Hw* m,r Parallel to ' yT2 0.00 feet Hw/2

Retained FT3 0 lbs/ft FT3 = 1/2*Ka*Hw
2*( sat,r-62.4) Parallel to ' yT3 0.00 feet Hw/3

Friction Angle, r 0.524 rad Fq 1051 lbs/ft Fq = Ka*h*qr Parallel to ' yq 5.96 feet h/2
Unit Weight Above GWT, m,r 120 pcf Pir 0 lbs/ft Pir = 0.5*Am* m,mse*H2*H Horizontal yir 5.50 feet H/2
Unit Weight Below GWT, sat,r 120 pcf Pis1 (triangular) 0 lbs/ft Pis = Am* m,r*Areais Horizontal yis1 11.22 feet H+(H2-H)/3

Surcharge/Seismic 11 Pis2 (broken slope) 0 lbs/ft Horizontal yis2 11.33 feet H+(H2-H)/2
Retained Soil Surcharge, qr 250 psf 0.5PAE 0 lbs/ft 0.5PAE = 0.5* Kae* m,r*H2

2 Parallel to ' yAE 7.00 feet 0.6H2

MSE Surcharge, qmse 250 psf FHORZ 0 lbs/ft <- Factored MHORZ 0 ft-lb/ft <- Factored
kh 0 g's F x 6227 lbs/ft <- Factored M 28315 ft-lb/ft <- Factored

theta 0 F y 1211 lbs/ft <- Factored M 9688 ft-lb/ft <- Factored
Passive
Height of Passive, Hp 0 ft 10.8 1.00 Kp = tan2(45+ /2)

Friction Angle, p 0 rad FP1 0 lbs/ft FP1 = 1/2*Kp*(Hp-Hw)2* m,p yP1 0.00 feet Hw+(Hp-Hw)/3
Unit Weight Above GWT, m,p 0 pcf FP2 0 lbs/ft FP2 = Kp*(Hp-Hw)*Hw* m,p yP2 0.00 feet Hw/2
Unit Weight Below GWT, sat,p 0 pcf FP3 0 lbs/ft FP3 = 1/2*Kp*Hw

2*( sat,p-62.4) yP3 0.00 feet Hw/3
Ignore Passive Resistance? Yes FPASSIVE 0 lbs/ft MPASSIVE 0 ft-lb/ft

Ignore Vertical from Inclined? No

Eccentricity, e 1.07 ft

NOTE:

e =(J23+J24-J25/2-E4*(J4-B4/2)-E5*(J5-B4/2))/(E8+E25)
(Ignores passive resistance but includes vertical shear due to inclined backfill.)

*** TABLE 840.04-1 of ODOT Supplemental Specification 840 (Mechanically Stabilitzed Earth Wall) specifies 120 pcf as the design unit weight for MSE wall backfill.  This value was used for 
sliding resistance analyses but a value of 135 pcf (corresponding to Select Granular Backfill) was assumed in Bearing Resistance calculation.

VERTICAL FORCES (not counting vertical components of driving forces) Moment Arms (about toe)

DRIVING FORCES

Moment Arms (about toe, horz. component)

PASSIVE FORCES (HORIZONTAL)
Moment Arms (about toe)

VERT

DRIVING

F

M
e

I:\WIP\21-1\21361 Cleveland Central Viaduct\Construction Phase\-614 Wall C and C1\G2 - External_Stability_v2.2 LRFD - Wall C1 H11ft (Static).xlsx

GC-073 REV4 Addendum 2, Sheet 17 of 32



TAB NAME: Inputs

1

2
3
4
5
6
7
8
9

10
11
12
13
14

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31
32
33

34
35
36
37
38
39

40
41
42
43

44
45
4647
48

49
50
51
52
53
54
55
56
57
58
59

A B C D E F G H I J K L M N O P

Wall Name Calc. G1: Wall C1 AT WALL HEIGHT OF 18FT

ENTER PARAMETERS IN YELLOW CELLS.  SEE DIAGRAM TAB FOR CLARIFICATION.
References: AASHTO 2010 LRFD Bridge Manual for seismic loads, LRFD calcs

NAVFAC DM 7.2 (1986) for friction properties
Das (1999) for earth pressures

B/H = 1.3

Retained Friction Angle, r 30 degrees Height, H 12 feet (above top of leveling pad)
Unit Weight Above GWT, m,r 120 pcf Width, B 15 feet
Unit Weight Below GWT, sat,r 120 pcf Height of GWT, Hw 0 feet (0 means below the wall bottom)

Backslope Angle, 6.5 degrees
Distance to Slope Break, X 100 feet (0 if no slope break)

Ka override (blank for auto-calc using Das, 1999 eqn.) (autocalc) Backslope Height, y 11.4 feet
Effective Backslope Angle, ' 11.0 degrees (0 if x < B)

Continuous Reinforcement Friction Factor, 0.36 (sheets, grids)
Discontinuous Reinforcement Friction Factor, 0.58 (strips) Retained Soil Surcharge, qr 250 psf

Adhesion, a 0 psf MSE Surcharge, qmse 250 psf
120 pcf kh 0 g's
120 pcf Kae 0.00 g's
135 pcf Kae override 0 (blank for autocalc)
135 pcf

Subgrade Friction Angle, s degrees Ignore Passive Resistance? Yes Resistance RF Load Symbol LF
Subgrade Cohesion, c psf Height of Passive, Hp feet Sliding (MSE) 1.0 Earth (Horizontal) EH 1.5
Foundation Depth , D feet Passive Friction Angle, p degrees Passive (MSE) 0.75 Earth (Vertical) EV 1.35

Nominal Bearing Resistance, qn for B = 15 feet 12.5 ksf Unit Weight Above GWT, m,p pcf Bearing (MSE) (Static) 0.65 Live Surcharge LS 1.75
Unit Weight Above GWT, m,s pcf Unit Weight Below GWT, sat,p pcf Bearing (MSE) (Seismic) 1.0 Earthquake EQ 1
Unit Weight Below GWT, sat,s pcf

AASHTO LRFD:
LRFD CHECK

L (lbs/ft) LF 
L LF 

(lbs/ft) R (lbs/ft) RF
R RF 
(lbs/ft)

LOAD
Earth (LEH) 3906 1.5 5859 LEH =('SL&OT LOADS'!E15+'SL&OT LOADS'!E16+'SL&OT LOADS'!E17)*COS('SL&OT LOADS'!B8)

Surcharge (LLS) 1187 1.75 2077 LLS =('SL&OT LOADS'!E18)*COS('SL&OT LOADS'!B8)
Earthquake (LEQ) 0 1 0 LEQ ='SL&OT LOADS'!E19+'SL&OT LOADS'!E20+'SL&OT LOADS'!E21+'SL&OT LOADS'!E22*COS('SL&OT LOADS'!B8)
RESISTANCE
Base Friction
 (continuous reinforcement) 8885 1 8885 Rfriction =('SL&OT LOADS'!E3+'SL&OT LOADS'!E4+'SL&OT LOADS'!E5+(D36+D37)*TAN('SL&OT LOADS'!B8)+'SL&OT LOADS'!E22*SIN('SL&OT LOADS'!B8))*D15
Passive 0 0.75 0 Rpassive =IF(I24="YES",0,'SL&OT LOADS'!E31)

SUM 7936 8885
RESISTANCE
Base Friction
 (DIScontinuous reinforcement) 14315 1 14315 Rfriction =('SL&OT LOADS'!E3+'SL&OT LOADS'!E4+'SL&OT LOADS'!E5+(D36+D37)*TAN('SL&OT LOADS'!B8)+'SL&OT LOADS'!E22*SIN('SL&OT LOADS'!B8))*D16
Passive 0 0.75 0 Rpassive =IF(I24="YES",0,'SL&OT LOADS'!E31)

SUM 7936 14315

L (lbs/ft) LF 
L LF 

(lbs/ft)
LOAD
Earth (LEV) 26598 1.35 35908 LEV =SIN('BEARING LOADS'!B8)*('BEARING LOADS'!E15+'BEARING LOADS'!E16+'BEARING LOADS'!E17)+'BEARING LOADS'!E3+'BEARING LOADS'!E4+'BEARING LOADS'!E5+'BEARING LOADS'!E6

Surcharge (LLS) 3981 1.75 6966 LLS =SIN('BEARING LOADS'!B8)*('BEARING LOADS'!E18)+'BEARING LOADS'!E7
Earthquake (LEQ) 0 1 0 LEQ ='BEARING LOADS'!E22*SIN('BEARING LOADS'!B8)

SUM 42874

12500 psf Parameter Value
Factored Bearnig Resistance = qn*RF = 8125 psf =IF(I18=0,E56*L27,E56*L28) e 1.04

=IF(E57>E54,"YES","NO") 1/4 B 3.75
e  1/4 B ? YES

RESISTANCE FACTORS LOAD FACTORS

CALC. G1: WALL C1 AT WALL HEIGHT OF 12FT STATIC EXTERNAL STABILITY

LOAD SIDE RESISTANCE SIDE
FAILURE BY SLIDING

YES

R RF > L LF ?

Retained Soil Properties

MSE Properties

Subgrade/Bearing Properties

Geometry

Surcharge/Seismic Loads

Passive Resistance

NoIgnore Vertical Component of Inclined Loads for 
Sliding/Overturning?

BEARING Calc: Unit Weight Above GWT, m,mse

(all surcharges ignored for 
seismic.  Surcharge above MSE 
ignored for sliding/overturning)

Note
ft from center of base reinforcement layer
ft from center of base reinforcement layer
See Sections 11.10.5.5 and 11.6.3.3 in AASHTO 2010

YES

FAILURE BY OVERTURNINGq_factored =
D54/(I9-2*'BEARING LOADS'!B34)

Nominal Bearing Resistance, qn for B = 15 feet

R RF > L LF/(B-2e) ? YES

RESISTANCE SIDE

FAILURE BY BEARING
B-2e = 13.8 feet

qFACTORED (psf)
= L LF (B-2e) 

SLIDING Calc: Unit Weight Below GWT, sat,mse

SLIDING Calc: Unit Weight Above GWT, m,mse

BEARING Calc: Unit Weight Below GWT, sat,mse

3105

LOAD SIDE

X

'

y
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TAB NAME: SL&OT LOADS

2
3
4
5
6
7
8
9

10
11
12
13
14

15

16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

A B C D E F G H I J K L
Geometry

Height, H 12 ft Wm ( =0) 21600 lbs/ft Wm = B*(H-Hw)* m,mse xm 7.50 feet B/2
Width, B 15 ft W  (triangular part) 1539 lbs/ft W = 1/2*min(x,B)*(h-H)* m,r x 10.00 feet 2/3*min(B,x)

Height of GWT, Hw 0 ft W  (broken slope) 0 lbs/ft W = (B-x)*(h-H)* m,r x 57.50 feet x+(B-x)/2
Height of Retained Fill, h 13.71 ft Wsat' 0 lbs/ft Wsat' = B*Hw( sat,mse-62.4) xsat 7.50 feet B/2

h = H+B*tan( )      = 0.113 rad Wq 0 lbs/ft Wq = 0 for sliding and overturning xq 7.50 feet B/2
Effective Backslope Angle, ' 0.192 rad WTOTAL 23139 lbs/ft <- Factored 177390 ft-lb/ft
Seismic Effective Height, H2 12.72 ft 11.6

H2 = H+0.5*H*tan( )/[1-0.5tan( )]
Broken slope width, x 100 ft
MSE*** Ka 0.353 From AASHTO Eqs 3.11.5.3-1 and 2 for  = 90 and  = 0

Friction Factor, 0.36 Kae 0.000 From AASHTO Eq A11.1.1.1-2 for  and  = 0 (notation is different in equation)

Adhesion, a 0 psf Am 0.000 g's Am = (1.45-kh)*kh for kh < 0.45 Direction of Force
Unit Weight Above GWT, m,mse 120 pcf FT1 3979 lbs/ft FT1 = 1/2*Ka*(h-Hw)2* m,r Parallel to ' yT1 4.57 feet Hw+(h-Hw)/3

Unit Weight Below GWT, sat,mse 120 pcf FT2 0 lbs/ft FT2 = Ka*(h-Hw)*Hw* m,r Parallel to ' yT2 0.00 feet Hw/2

Retained FT3 0 lbs/ft FT3 = 1/2*Ka*Hw
2*( sat,r-62.4) Parallel to ' yT3 0.00 feet Hw/3

Friction Angle, r 0.524 rad Fq 1209 lbs/ft Fq = Ka*h*qr Parallel to ' yq 6.86 feet h/2
Unit Weight Above GWT, m,r 120 pcf Pir 0 lbs/ft Pir = 0.5*Am* m,mse*H2*H Horizontal yir 6.00 feet H/2
Unit Weight Below GWT, sat,r 120 pcf Pis1 (triangular) 0 lbs/ft Pis = Am* m,r*Areais Horizontal yis1 12.24 feet H+(H2-H)/3

Surcharge/Seismic 11 Pis2 (broken slope) 0 lbs/ft Horizontal yis2 12.36 feet H+(H2-H)/2
Retained Soil Surcharge, qr 250 psf 0.5PAE 0 lbs/ft 0.5PAE = 0.5* Kae* m,r*H2

2 Parallel to ' yAE 7.63 feet 0.6H2

MSE Surcharge, qmse 250 psf FHORZ 0 lbs/ft <-Factored MHORZ 0 ft-lb/ft <-Factored
kh 0 g's F x 7936 lbs/ft <-Factored M 41022 ft-lb/ft <-Factored

theta 0 F y 1543 lbs/ft <-Factored M 23145 ft-lb/ft <-Factored
Passive
Height of Passive, Hp 0 ft 10.8 1.00 Kp = tan2(45+ /2)

Friction Angle, p 0 rad FP1 0 lbs/ft FP1 = 1/2*Kp*(Hp-Hw)2* m,p yP1 0.00 feet Hw+(Hp-Hw)/3
Unit Weight Above GWT, m,p 0 pcf FP2 0 lbs/ft FP2 = Kp*(Hp-Hw)*Hw* m,p yP2 0.00 feet Hw/2
Unit Weight Below GWT, sat,p 0 pcf FP3 0 lbs/ft FP3 = 1/2*Kp*Hw

2*( sat,p-62.4) yP3 0.00 feet Hw/3
Ignore Passive Resistance? Yes FPASSIVE 0 lbs/ft MPASSIVE 0 ft-lb/ft

Ignore Vertical from Inclined? No

Eccentricity, e 1.04 ft

NOTE:
*** TABLE 840.04-1 of ODOT Supplemental Specification 840 (Mechanically Stabilitzed Earth Wall) specifies 120 pcf as the design unit weight for MSE wall backfill.  This value was used for 
sliding resistance analyses but a value of 135 pcf (corresponding to Select Granular Backfill) was assumed in Bearing Resistance calculation.

e =(J23+J24-J25/2-E4*(J4-B4/2)-E5*(J5-B4/2))/(E8+E25)
(Ignores passive resistance but includes vertical shear due to inclined backfill.)

Moment Arms (about toe)

VERTICAL FORCES (not counting vertical components of driving forces) Moment Arms (about toe)

DRIVING FORCES

PASSIVE FORCES (HORIZONTAL)

Moment Arms (about toe, horz. component)

VERT

DRIVING

F

M
e
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TAB NAME: BEARING LOADS

2
3
4
5
6
7
8
9

10
11
12
13
14

15

16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

A B C D E F G H I J K L
Geometry

Height, H 12 ft Wm ( =0) 24300 lbs/ft Wm = B*(H-Hw)* m,mse xm 7.50 feet B/2
Width, B 15 ft W  (triangular part) 1539 lbs/ft W = 1/2*min(x,B)*(h-H)* m,r x 10.00 feet 2/3*min(B,x)

Height of GWT, Hw 0 ft W  (broken slope) 0 lbs/ft W = (B-x)*(h-H)* m,r x 57.50 feet x+(B-x)/2
Height of Retained Fill, h 13.71 ft Wsat' 0 lbs/ft Wsat' = B*Hw( sat,mse-62.4) xsat 7.50 feet B/2

h = H+B*tan( )      = 0.113 rad Wq 3750 lbs/ft Wq = B*qmse xq 7.50 feet B/2
Effective Backslope Angle, ' 0.192 rad WTOTAL 41445 lbs/ft <- Factored 316033 ft-lb/ft
Seismic Effective Height, H2 12.72 ft 11.6

H2 = H+0.5*H*tan( )/[1-0.5tan( )]
Broken slope width, x 100 ft
MSE*** Ka 0.353 From AASHTO Eqs 3.11.5.3-1 and 2 for  = 90 and  = 0

Friction Factor, 0.36 Kae 0.000 From AASHTO Eq A11.1.1.1-2 for  and  = 0 (notation is different in equation)

Adhesion, a 0 psf Am 0.000 g's Am = (1.45-kh)*kh for kh < 0.45 Direction of Force
Unit Weight Above GWT, m,mse 135 pcf FT1 3979 lbs/ft FT1 = 1/2*Ka*(h-Hw)2* m,r Parallel to ' yT1 4.57 feet Hw+(h-Hw)/3

Unit Weight Below GWT, sat,mse 135 pcf FT2 0 lbs/ft FT2 = Ka*(h-Hw)*Hw* m,r Parallel to ' yT2 0.00 feet Hw/2

Retained FT3 0 lbs/ft FT3 = 1/2*Ka*Hw
2*( sat,r-62.4) Parallel to ' yT3 0.00 feet Hw/3

Friction Angle, r 0.524 rad Fq 1209 lbs/ft Fq = Ka*h*qr Parallel to ' yq 6.86 feet h/2
Unit Weight Above GWT, m,r 120 pcf Pir 0 lbs/ft Pir = 0.5*Am* m,mse*H2*H Horizontal yir 6.00 feet H/2
Unit Weight Below GWT, sat,r 120 pcf Pis1 (triangular) 0 lbs/ft Pis = Am* m,r*Areais Horizontal yis1 12.24 feet H+(H2-H)/3

Surcharge/Seismic 11 Pis2 (broken slope) 0 lbs/ft Horizontal yis2 12.36 feet H+(H2-H)/2
Retained Soil Surcharge, qr 250 psf 0.5PAE 0 lbs/ft 0.5PAE = 0.5* Kae* m,r*H2

2 Parallel to ' yAE 7.63 feet 0.6H2

MSE Surcharge, qmse 250 psf FHORZ 0 lbs/ft <- Factored MHORZ 0 ft-lb/ft <- Factored
kh 0 g's F x 7936 lbs/ft <- Factored M 41022 ft-lb/ft <- Factored

theta 0 F y 1543 lbs/ft <- Factored M 23145 ft-lb/ft <- Factored
Passive
Height of Passive, Hp 0 ft 10.8 1.00 Kp = tan2(45+ /2)

Friction Angle, p 0 rad FP1 0 lbs/ft FP1 = 1/2*Kp*(Hp-Hw)2* m,p yP1 0.00 feet Hw+(Hp-Hw)/3
Unit Weight Above GWT, m,p 0 pcf FP2 0 lbs/ft FP2 = Kp*(Hp-Hw)*Hw* m,p yP2 0.00 feet Hw/2
Unit Weight Below GWT, sat,p 0 pcf FP3 0 lbs/ft FP3 = 1/2*Kp*Hw

2*( sat,p-62.4) yP3 0.00 feet Hw/3
Ignore Passive Resistance? Yes FPASSIVE 0 lbs/ft MPASSIVE 0 ft-lb/ft

Ignore Vertical from Inclined? No

Eccentricity, e 0.60 ft

NOTE:

e =(J23+J24-J25/2-E4*(J4-B4/2)-E5*(J5-B4/2))/(E8+E25)
(Ignores passive resistance but includes vertical shear due to inclined backfill.)

*** TABLE 840.04-1 of ODOT Supplemental Specification 840 (Mechanically Stabilitzed Earth Wall) specifies 120 pcf as the design unit weight for MSE wall backfill.  This value was used for 
sliding resistance analyses but a value of 135 pcf (corresponding to Select Granular Backfill) was assumed in Bearing Resistance calculation.

VERTICAL FORCES (not counting vertical components of driving forces) Moment Arms (about toe)

DRIVING FORCES

Moment Arms (about toe, horz. component)

PASSIVE FORCES (HORIZONTAL)
Moment Arms (about toe)

VERT

DRIVING

F

M
e
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TAB NAME: Inputs

1

2
3
4
5
6
7
8
9

10
11
12
13
14

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31
32
33

34
35
36
37
38
39

40
41
42
43

44
45
4647
48

49
50
51
52
53
54
55
56
57
58
59

A B C D E F G H I J K L M N O P

Wall Name Calc. G1: Wall C1 AT WALL HEIGHT OF 14FT

ENTER PARAMETERS IN YELLOW CELLS.  SEE DIAGRAM TAB FOR CLARIFICATION.
References: AASHTO 2010 LRFD Bridge Manual for seismic loads, LRFD calcs

NAVFAC DM 7.2 (1986) for friction properties
Das (1999) for earth pressures

B/H = 0.8

Retained Friction Angle, r 30 degrees Height, H 14 feet (above top of leveling pad)
Unit Weight Above GWT, m,r 120 pcf Width, B 11.6 feet
Unit Weight Below GWT, sat,r 120 pcf Height of GWT, Hw 0 feet (0 means below the wall bottom)

Backslope Angle, 6.5 degrees
Distance to Slope Break, X 100 feet (0 if no slope break)

Ka override (blank for auto-calc using Das, 1999 eqn.) (autocalc) Backslope Height, y 11.4 feet
Effective Backslope Angle, ' 11.0 degrees (0 if x < B)

Continuous Reinforcement Friction Factor, 0.36 (sheets, grids)
Discontinuous Reinforcement Friction Factor, 0.58 (strips) Retained Soil Surcharge, qr 250 psf

Adhesion, a 0 psf MSE Surcharge, qmse 250 psf
120 pcf kh 0 g's
120 pcf Kae 0.00 g's
135 pcf Kae override 0 (blank for autocalc)
135 pcf

Subgrade Friction Angle, s degrees Ignore Passive Resistance? Yes Resistance RF Load Symbol LF
Subgrade Cohesion, c psf Height of Passive, Hp feet Sliding (MSE) 1.0 Earth (Horizontal) EH 1.5
Foundation Depth , D feet Passive Friction Angle, p degrees Passive (MSE) 0.75 Earth (Vertical) EV 1.35

Nominal Bearing Resistance, qn for B = 11.6 feet 10.5 ksf Unit Weight Above GWT, m,p pcf Bearing (MSE) (Static) 0.65 Live Surcharge LS 1.75
Unit Weight Above GWT, m,s pcf Unit Weight Below GWT, sat,p pcf Bearing (MSE) (Seismic) 1.0 Earthquake EQ 1
Unit Weight Below GWT, sat,s pcf

AASHTO LRFD:
LRFD CHECK

L (lbs/ft) LF 
L LF 

(lbs/ft) R (lbs/ft) RF
R RF 
(lbs/ft)

LOAD
Earth (LEH) 4878 1.5 7317 LEH =('SL&OT LOADS'!E15+'SL&OT LOADS'!E16+'SL&OT LOADS'!E17)*COS('SL&OT LOADS'!B8)

Surcharge (LLS) 1326 1.75 2321 LLS =('SL&OT LOADS'!E18)*COS('SL&OT LOADS'!B8)
Earthquake (LEQ) 0 1 0 LEQ ='SL&OT LOADS'!E19+'SL&OT LOADS'!E20+'SL&OT LOADS'!E21+'SL&OT LOADS'!E22*COS('SL&OT LOADS'!B8)
RESISTANCE
Base Friction
 (continuous reinforcement) 8021 1 8021 Rfriction =('SL&OT LOADS'!E3+'SL&OT LOADS'!E4+'SL&OT LOADS'!E5+(D36+D37)*TAN('SL&OT LOADS'!B8)+'SL&OT LOADS'!E22*SIN('SL&OT LOADS'!B8))*D15
Passive 0 0.75 0 Rpassive =IF(I24="YES",0,'SL&OT LOADS'!E31)

SUM 9637 8021
RESISTANCE
Base Friction
 (DIScontinuous reinforcement) 12923 1 12923 Rfriction =('SL&OT LOADS'!E3+'SL&OT LOADS'!E4+'SL&OT LOADS'!E5+(D36+D37)*TAN('SL&OT LOADS'!B8)+'SL&OT LOADS'!E22*SIN('SL&OT LOADS'!B8))*D16
Passive 0 0.75 0 Rpassive =IF(I24="YES",0,'SL&OT LOADS'!E31)

SUM 9637 12923

L (lbs/ft) LF 
L LF 

(lbs/ft)
LOAD
Earth (LEV) 23791 1.35 32118 LEV =SIN('BEARING LOADS'!B8)*('BEARING LOADS'!E15+'BEARING LOADS'!E16+'BEARING LOADS'!E17)+'BEARING LOADS'!E3+'BEARING LOADS'!E4+'BEARING LOADS'!E5+'BEARING LOADS'!E6

Surcharge (LLS) 3158 1.75 5526 LLS =SIN('BEARING LOADS'!B8)*('BEARING LOADS'!E18)+'BEARING LOADS'!E7
Earthquake (LEQ) 0 1 0 LEQ ='BEARING LOADS'!E22*SIN('BEARING LOADS'!B8)

SUM 37644

10500 psf Parameter Value
Factored Bearnig Resistance = qn*RF = 6825 psf =IF(I18=0,E56*L27,E56*L28) e 1.91

=IF(E57>E54,"YES","NO") 1/4 B 2.90
e  1/4 B ? YES

SLIDING Calc: Unit Weight Below GWT, sat,mse

SLIDING Calc: Unit Weight Above GWT, m,mse

BEARING Calc: Unit Weight Below GWT, sat,mse

4027

LOAD SIDE

Nominal Bearing Resistance, qn for B = 11.6 feet

R RF > L LF/(B-2e) ? YES

RESISTANCE SIDE

FAILURE BY BEARING
B-2e = 9.3 feet

qFACTORED (psf)
= L LF (B-2e) 

Note
ft from center of base reinforcement layer
ft from center of base reinforcement layer
See Sections 11.10.5.5 and 11.6.3.3 in AASHTO 2010

YES

FAILURE BY OVERTURNINGq_factored =
D54/(I9-2*'BEARING LOADS'!B34)

CALC. G1: WALL C1 AT WALL HEIGHT OF 14FT STATIC EXTERNAL STABILITY

LOAD SIDE RESISTANCE SIDE
FAILURE BY SLIDING

NO

R RF > L LF ?

Retained Soil Properties

MSE Properties

Subgrade/Bearing Properties

Geometry

Surcharge/Seismic Loads

Passive Resistance

NoIgnore Vertical Component of Inclined Loads for 
Sliding/Overturning?

BEARING Calc: Unit Weight Above GWT, m,mse

(all surcharges ignored for 
seismic.  Surcharge above MSE 
ignored for sliding/overturning)

RESISTANCE FACTORS LOAD FACTORS

X

'

y
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TAB NAME: SL&OT LOADS

2
3
4
5
6
7
8
9

10
11
12
13
14

15

16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

A B C D E F G H I J K L
Geometry

Height, H 14 ft Wm ( =0) 19488 lbs/ft Wm = B*(H-Hw)* m,mse xm 5.80 feet B/2
Width, B 11.6 ft W  (triangular part) 919 lbs/ft W = 1/2*min(x,B)*(h-H)* m,r x 7.73 feet 2/3*min(B,x)

Height of GWT, Hw 0 ft W  (broken slope) 0 lbs/ft W = (B-x)*(h-H)* m,r x 55.80 feet x+(B-x)/2
Height of Retained Fill, h 15.32 ft Wsat' 0 lbs/ft Wsat' = B*Hw( sat,mse-62.4) xsat 5.80 feet B/2

h = H+B*tan( )      = 0.113 rad Wq 0 lbs/ft Wq = 0 for sliding and overturning xq 5.80 feet B/2
Effective Backslope Angle, ' 0.192 rad WTOTAL 20407 lbs/ft <- Factored 120134 ft-lb/ft
Seismic Effective Height, H2 14.85 ft 11.6

H2 = H+0.5*H*tan( )/[1-0.5tan( )]
Broken slope width, x 100 ft
MSE*** Ka 0.353 From AASHTO Eqs 3.11.5.3-1 and 2 for  = 90 and  = 0

Friction Factor, 0.36 Kae 0.000 From AASHTO Eq A11.1.1.1-2 for  and  = 0 (notation is different in equation)

Adhesion, a 0 psf Am 0.000 g's Am = (1.45-kh)*kh for kh < 0.45 Direction of Force
Unit Weight Above GWT, m,mse 120 pcf FT1 4969 lbs/ft FT1 = 1/2*Ka*(h-Hw)2* m,r Parallel to ' yT1 5.11 feet Hw+(h-Hw)/3

Unit Weight Below GWT, sat,mse 120 pcf FT2 0 lbs/ft FT2 = Ka*(h-Hw)*Hw* m,r Parallel to ' yT2 0.00 feet Hw/2

Retained FT3 0 lbs/ft FT3 = 1/2*Ka*Hw
2*( sat,r-62.4) Parallel to ' yT3 0.00 feet Hw/3

Friction Angle, r 0.524 rad Fq 1351 lbs/ft Fq = Ka*h*qr Parallel to ' yq 7.66 feet h/2
Unit Weight Above GWT, m,r 120 pcf Pir 0 lbs/ft Pir = 0.5*Am* m,mse*H2*H Horizontal yir 7.00 feet H/2
Unit Weight Below GWT, sat,r 120 pcf Pis1 (triangular) 0 lbs/ft Pis = Am* m,r*Areais Horizontal yis1 14.28 feet H+(H2-H)/3

Surcharge/Seismic 11 Pis2 (broken slope) 0 lbs/ft Horizontal yis2 14.43 feet H+(H2-H)/2
Retained Soil Surcharge, qr 250 psf 0.5PAE 0 lbs/ft 0.5PAE = 0.5* Kae* m,r*H2

2 Parallel to ' yAE 8.91 feet 0.6H2

MSE Surcharge, qmse 250 psf FHORZ 0 lbs/ft <-Factored MHORZ 0 ft-lb/ft <-Factored
kh 0 g's F x 9637 lbs/ft <-Factored M 55165 ft-lb/ft <-Factored

theta 0 F y 1873 lbs/ft <-Factored M 21727 ft-lb/ft <-Factored
Passive
Height of Passive, Hp 0 ft 10.8 1.00 Kp = tan2(45+ /2)

Friction Angle, p 0 rad FP1 0 lbs/ft FP1 = 1/2*Kp*(Hp-Hw)2* m,p yP1 0.00 feet Hw+(Hp-Hw)/3
Unit Weight Above GWT, m,p 0 pcf FP2 0 lbs/ft FP2 = Kp*(Hp-Hw)*Hw* m,p yP2 0.00 feet Hw/2
Unit Weight Below GWT, sat,p 0 pcf FP3 0 lbs/ft FP3 = 1/2*Kp*Hw

2*( sat,p-62.4) yP3 0.00 feet Hw/3
Ignore Passive Resistance? Yes FPASSIVE 0 lbs/ft MPASSIVE 0 ft-lb/ft

Ignore Vertical from Inclined? No

Eccentricity, e 1.91 ft

NOTE:
*** TABLE 840.04-1 of ODOT Supplemental Specification 840 (Mechanically Stabilitzed Earth Wall) specifies 120 pcf as the design unit weight for MSE wall backfill.  This value was used for 
sliding resistance analyses but a value of 135 pcf (corresponding to Select Granular Backfill) was assumed in Bearing Resistance calculation.

e =(J23+J24-J25/2-E4*(J4-B4/2)-E5*(J5-B4/2))/(E8+E25)
(Ignores passive resistance but includes vertical shear due to inclined backfill.)

Moment Arms (about toe)

VERTICAL FORCES (not counting vertical components of driving forces) Moment Arms (about toe)

DRIVING FORCES

PASSIVE FORCES (HORIZONTAL)

Moment Arms (about toe, horz. component)

VERT

DRIVING

F

M
e
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TAB NAME: BEARING LOADS

2
3
4
5
6
7
8
9

10
11
12
13
14

15

16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

A B C D E F G H I J K L
Geometry

Height, H 14 ft Wm ( =0) 21924 lbs/ft Wm = B*(H-Hw)* m,mse xm 5.80 feet B/2
Width, B 11.6 ft W  (triangular part) 919 lbs/ft W = 1/2*min(x,B)*(h-H)* m,r x 7.73 feet 2/3*min(B,x)

Height of GWT, Hw 0 ft W  (broken slope) 0 lbs/ft W = (B-x)*(h-H)* m,r x 55.80 feet x+(B-x)/2
Height of Retained Fill, h 15.32 ft Wsat' 0 lbs/ft Wsat' = B*Hw( sat,mse-62.4) xsat 5.80 feet B/2

h = H+B*tan( )      = 0.113 rad Wq 2900 lbs/ft Wq = B*qmse xq 5.80 feet B/2
Effective Backslope Angle, ' 0.192 rad WTOTAL 35913 lbs/ft <- Factored 210690 ft-lb/ft
Seismic Effective Height, H2 14.85 ft 11.6

H2 = H+0.5*H*tan( )/[1-0.5tan( )]
Broken slope width, x 100 ft
MSE*** Ka 0.353 From AASHTO Eqs 3.11.5.3-1 and 2 for  = 90 and  = 0

Friction Factor, 0.36 Kae 0.000 From AASHTO Eq A11.1.1.1-2 for  and  = 0 (notation is different in equation)

Adhesion, a 0 psf Am 0.000 g's Am = (1.45-kh)*kh for kh < 0.45 Direction of Force
Unit Weight Above GWT, m,mse 135 pcf FT1 4969 lbs/ft FT1 = 1/2*Ka*(h-Hw)2* m,r Parallel to ' yT1 5.11 feet Hw+(h-Hw)/3

Unit Weight Below GWT, sat,mse 135 pcf FT2 0 lbs/ft FT2 = Ka*(h-Hw)*Hw* m,r Parallel to ' yT2 0.00 feet Hw/2

Retained FT3 0 lbs/ft FT3 = 1/2*Ka*Hw
2*( sat,r-62.4) Parallel to ' yT3 0.00 feet Hw/3

Friction Angle, r 0.524 rad Fq 1351 lbs/ft Fq = Ka*h*qr Parallel to ' yq 7.66 feet h/2
Unit Weight Above GWT, m,r 120 pcf Pir 0 lbs/ft Pir = 0.5*Am* m,mse*H2*H Horizontal yir 7.00 feet H/2
Unit Weight Below GWT, sat,r 120 pcf Pis1 (triangular) 0 lbs/ft Pis = Am* m,r*Areais Horizontal yis1 14.28 feet H+(H2-H)/3

Surcharge/Seismic 11 Pis2 (broken slope) 0 lbs/ft Horizontal yis2 14.43 feet H+(H2-H)/2
Retained Soil Surcharge, qr 250 psf 0.5PAE 0 lbs/ft 0.5PAE = 0.5* Kae* m,r*H2

2 Parallel to ' yAE 8.91 feet 0.6H2

MSE Surcharge, qmse 250 psf FHORZ 0 lbs/ft <- Factored MHORZ 0 ft-lb/ft <- Factored
kh 0 g's F x 9637 lbs/ft <- Factored M 55165 ft-lb/ft <- Factored

theta 0 F y 1873 lbs/ft <- Factored M 21727 ft-lb/ft <- Factored
Passive
Height of Passive, Hp 0 ft 10.8 1.00 Kp = tan2(45+ /2)

Friction Angle, p 0 rad FP1 0 lbs/ft FP1 = 1/2*Kp*(Hp-Hw)2* m,p yP1 0.00 feet Hw+(Hp-Hw)/3
Unit Weight Above GWT, m,p 0 pcf FP2 0 lbs/ft FP2 = Kp*(Hp-Hw)*Hw* m,p yP2 0.00 feet Hw/2
Unit Weight Below GWT, sat,p 0 pcf FP3 0 lbs/ft FP3 = 1/2*Kp*Hw

2*( sat,p-62.4) yP3 0.00 feet Hw/3
Ignore Passive Resistance? Yes FPASSIVE 0 lbs/ft MPASSIVE 0 ft-lb/ft

Ignore Vertical from Inclined? No

Eccentricity, e 1.13 ft

NOTE:

e =(J23+J24-J25/2-E4*(J4-B4/2)-E5*(J5-B4/2))/(E8+E25)
(Ignores passive resistance but includes vertical shear due to inclined backfill.)

*** TABLE 840.04-1 of ODOT Supplemental Specification 840 (Mechanically Stabilitzed Earth Wall) specifies 120 pcf as the design unit weight for MSE wall backfill.  This value was used for 
sliding resistance analyses but a value of 135 pcf (corresponding to Select Granular Backfill) was assumed in Bearing Resistance calculation.

VERTICAL FORCES (not counting vertical components of driving forces) Moment Arms (about toe)

DRIVING FORCES

Moment Arms (about toe, horz. component)

PASSIVE FORCES (HORIZONTAL)
Moment Arms (about toe)

VERT

DRIVING

F

M
e
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TAB NAME: Inputs

1

2
3
4
5
6
7
8
9

10
11
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13
14
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23
24
25
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31
32
33

34
35
36
37
38
39

40
41
42
43

44
45
4647
48

49
50
51
52
53
54
55
56
57
58
59

A B C D E F G H I J K L M N O P

Wall Name Calc. G: Wall C1 AT WALL STA. 12+25

ENTER PARAMETERS IN YELLOW CELLS.  SEE DIAGRAM TAB FOR CLARIFICATION.

References: AASHTO 2010 LRFD Bridge Manual for seismic loads, LRFD calcs
NAVFAC DM 7.2 (1986) for friction properties
Das (1999) for earth pressures

B/H = 0.9

Retained Friction Angle, r 30 degrees Height, H 22 feet (above top of leveling pad)
Unit Weight Above GWT, m,r 120 pcf Width, B 19.8 feet
Unit Weight Below GWT, sat,r 120 pcf Height of GWT, Hw 0 feet (0 means below the wall bottom)

Backslope Angle, 6.5 degrees
Distance to Slope Break, X 100 feet (0 if no slope break)

Ka override (blank for auto-calc using Das, 1999 eqn.) (autocalc) Backslope Height, y 11.4 feet
Effective Backslope Angle, ' 11.0 degrees (0 if x < B)

Continuous Reinforcement Friction Factor, 0.36 (sheets, grids)
Discontinuous Reinforcement Friction Factor, 0.58 (strips) Retained Soil Surcharge, qr 250 psf

Adhesion, a 0 psf MSE Surcharge, qmse 250 psf
120 pcf kh 0 g's
120 pcf Kae 0.00 g's
135 pcf Kae override 0 (blank for autocalc)
135 pcf

Subgrade Friction Angle, s degrees Ignore Passive Resistance? Yes Resistance RF Load Symbol LF

Subgrade Cohesion, c psf Height of Passive, Hp feet Sliding (MSE) 1.0 Earth (Horizontal) EH 1.5

Foundation Depth , D feet Passive Friction Angle, p degrees Passive (MSE) 0.75 Earth (Vertical) EV 1.35

Nominal Bearing Resistance, qn for B = 19.8 feet 16.0 ksf Unit Weight Above GWT, m,p pcf Bearing (MSE) (Static) 0.65 Live Surcharge LS 1.75

Unit Weight Above GWT, m,s pcf Unit Weight Below GWT, sat,p pcf Bearing (MSE) (Seismic) 1.0 Earthquake EQ 1

Unit Weight Below GWT, sat,s pcf

AASHTO LRFD:
LRFD CHECK

L (lbs/ft) LF 

L LF 

(lbs/ft) R (lbs/ft) RF

R RF 

(lbs/ft)

LOAD

Earth (LEH) 12231 1.5 18347 LEH =('SL&OT LOADS'!E15+'SL&OT LOADS'!E16+'SL&OT LOADS'!E17)*COS('SL&OT LOADS'!B8)

Surcharge (LLS) 2101 1.75 3676 LLS =('SL&OT LOADS'!E18)*COS('SL&OT LOADS'!B8)
Earthquake (LEQ) 0 1 0 LEQ ='SL&OT LOADS'!E19+'SL&OT LOADS'!E20+'SL&OT LOADS'!E21+'SL&OT LOADS'!E22*COS('SL&OT LOADS'!B8)
RESISTANCE

Base Friction
 (continuous reinforcement) 21326 1 21326 Rfriction =('SL&OT LOADS'!E3+'SL&OT LOADS'!E4+'SL&OT LOADS'!E5+(D36+D37)*TAN('SL&OT LOADS'!B8)+'SL&OT LOADS'!E22*SIN('SL&OT LOADS'!B8))*D15
Passive 0 0.75 0 Rpassive =IF(I24="YES",0,'SL&OT LOADS'!E31)

SUM 22023 21326
RESISTANCE

Base Friction
 (DIScontinuous reinforcement) 34358 1 34358 Rfriction =('SL&OT LOADS'!E3+'SL&OT LOADS'!E4+'SL&OT LOADS'!E5+(D36+D37)*TAN('SL&OT LOADS'!B8)+'SL&OT LOADS'!E22*SIN('SL&OT LOADS'!B8))*D16
Passive 0 0.75 0 Rpassive =IF(I24="YES",0,'SL&OT LOADS'!E31)

SUM 22023 34358

L (lbs/ft) LF 

L LF 

(lbs/ft)

LOAD

Earth (LEV) 63869 1.35 86223 LEV =SIN('BEARING LOADS'!B8)*('BEARING LOADS'!E15+'BEARING LOADS'!E16+'BEARING LOADS'!E17)+'BEARING LOADS'!E3+'BEARING LOADS'!E4+'BEARING LOADS'!E5+'BEARING LOADS'!E6

Surcharge (LLS) 5358 1.75 9377 LLS =SIN('BEARING LOADS'!B8)*('BEARING LOADS'!E18)+'BEARING LOADS'!E7
Earthquake (LEQ) 0 1 0 LEQ ='BEARING LOADS'!E22*SIN('BEARING LOADS'!B8)

SUM 95600

16000 psf Parameter Value

Factored Bearnig Resistance = qn*RF = 10400 psf =IF(I18=0,E56*L27,E56*L28) e 2.39

=IF(E57>E54,"YES","NO") 1/4 B 4.95

e  1/4 B ? YES

SLIDING Calc: Unit Weight Below GWT, sat,mse

SLIDING Calc: Unit Weight Above GWT, m,mse

BEARING Calc: Unit Weight Below GWT, sat,mse

5675

LOAD SIDE

Nominal Bearing Resistance, qn for B = 19.8 feet

R RF > L LF/(B-2e) ? YES

RESISTANCE SIDE

FAILURE BY BEARING

B-2e = 16.8 feet
qFACTORED (psf)

= L LF (B-2e) 

Note

ft from center of base reinforcement layer
ft from center of base reinforcement layer
See Sections 11.10.5.5 and 11.6.3.3 in AASHTO 2010

YES

FAILURE BY OVERTURNING
q_factored =
D54/(I9-2*'BEARING LOADS'!B34)

CALC. G: WALL C1 AT WALL STA. 12+25 STATIC EXTERNAL STABILITY

LOAD SIDE RESISTANCE SIDE

FAILURE BY SLIDING

NO

R RF > L LF ?

Retained Soil Properties

MSE Properties

Subgrade/Bearing Properties

Geometry

Surcharge/Seismic Loads

Passive Resistance

No
Ignore Vertical Component of Inclined Loads for 

Sliding/Overturning?

BEARING Calc: Unit Weight Above GWT, m,mse

(all surcharges ignored for 
seismic.  Surcharge above MSE 
ignored for sliding/overturning)

RESISTANCE FACTORS LOAD FACTORS

X

'

y
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TAB NAME: SL&OT LOADS

2
3
4
5
6
7
8
9

10
11
12
13
14

15

16

17
18
19
20
21
22
23
24
25
26
27
28
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30
31
32
33
34
35
36
37
38

A B C D E F G H I J K L
Geometry

Height, H 22 ft Wm ( =0) 52272 lbs/ft Wm = B*(H-Hw)* m,mse xm 9.90 feet B/2
Width, B 19.8 ft W  (triangular part) 2685 lbs/ft W = 1/2*min(x,B)*(h-H)* m,r x 13.20 feet 2/3*min(B,x)

Height of GWT, Hw 0 ft W  (broken slope) 0 lbs/ft W = (B-x)*(h-H)* m,r x 59.90 feet x+(B-x)/2
Height of Retained Fill, h 24.26 ft Wsat' 0 lbs/ft Wsat' = B*Hw( sat,mse-62.4) xsat 9.90 feet B/2

h = H+B*tan( )      = 0.113 rad Wq 0 lbs/ft Wq = 0 for sliding and overturning xq 9.90 feet B/2
Effective Backslope Angle, ' 0.192 rad WTOTAL 54957 lbs/ft <- Factored 552935 ft-lb/ft

Seismic Effective Height, H2 23.33 ft 11.6
H2 = H+0.5*H*tan( )/[1-0.5tan( )]

Broken slope width, x 100 ft
MSE*** Ka 0.353 From AASHTO Eqs 3.11.5.3-1 and 2 for  = 90 and  = 0

Friction Factor, 0.36 Kae 0.000 From AASHTO Eq A11.1.1.1-2 for  and  = 0 (notation is different in equation)

Adhesion, a 0 psf Am 0.000 g's Am = (1.45-kh)*kh for kh < 0.45 Direction of Force

Unit Weight Above GWT, m,mse 120 pcf FT1 12460 lbs/ft FT1 = 1/2*Ka*(h-Hw)2* m,r Parallel to ' yT1 8.09 feet Hw+(h-Hw)/3

Unit Weight Below GWT, sat,mse 120 pcf FT2 0 lbs/ft FT2 = Ka*(h-Hw)*Hw* m,r Parallel to ' yT2 0.00 feet Hw/2

Retained FT3 0 lbs/ft FT3 = 1/2*Ka*Hw
2*( sat,r-62.4) Parallel to ' yT3 0.00 feet Hw/3

Friction Angle, r 0.524 rad Fq 2140 lbs/ft Fq = Ka*h*qr Parallel to ' yq 12.13 feet h/2
Unit Weight Above GWT, m,r 120 pcf Pir 0 lbs/ft Pir = 0.5*Am* m,mse*H2*H Horizontal yir 11.00 feet H/2
Unit Weight Below GWT, sat,r 120 pcf Pis1 (triangular) 0 lbs/ft Pis = Am* m,r*Areais Horizontal yis1 22.44 feet H+(H2-H)/3

Surcharge/Seismic 11 Pis2 (broken slope) 0 lbs/ft Horizontal yis2 22.67 feet H+(H2-H)/2
Retained Soil Surcharge, qr 250 psf 0.5PAE 0 lbs/ft 0.5PAE = 0.5* Kae* m,r*H2

2 Parallel to ' yAE 14.00 feet 0.6H2

MSE Surcharge, qmse 250 psf FHORZ 0 lbs/ft <-Factored MHORZ 0 ft-lb/ft <-Factored
kh 0 g's F x 22023 lbs/ft <-Factored M 193016 ft-lb/ft <-Factored

theta 0 F y 4281 lbs/ft <-Factored M 84764 ft-lb/ft <-Factored
Passive

Height of Passive, Hp 0 ft 10.8 1.00 Kp = tan2(45+ /2)
Friction Angle, p 0 rad FP1 0 lbs/ft FP1 = 1/2*Kp*(Hp-Hw)2* m,p yP1 0.00 feet Hw+(Hp-Hw)/3

Unit Weight Above GWT, m,p 0 pcf FP2 0 lbs/ft FP2 = Kp*(Hp-Hw)*Hw* m,p yP2 0.00 feet Hw/2
Unit Weight Below GWT, sat,p 0 pcf FP3 0 lbs/ft FP3 = 1/2*Kp*Hw

2*( sat,p-62.4) yP3 0.00 feet Hw/3
Ignore Passive Resistance? Yes FPASSIVE 0 lbs/ft MPASSIVE 0 ft-lb/ft

Ignore Vertical from Inclined? No

Eccentricity, e 2.39 ft

NOTE:
*** TABLE 840.04-1 of ODOT Supplemental Specification 840 (Mechanically Stabilitzed Earth Wall) specifies 120 pcf as the design unit weight for MSE wall backfill.  This value was used for 
sliding resistance analyses but a value of 135 pcf (corresponding to Select Granular Backfill) was assumed in Bearing Resistance calculation.

e =(J23+J24-J25/2-E4*(J4-B4/2)-E5*(J5-B4/2))/(E8+E25)
(Ignores passive resistance but includes vertical shear due to inclined backfill.)

Moment Arms (about toe)

VERTICAL FORCES (not counting vertical components of driving forces) Moment Arms (about toe)

DRIVING FORCES

PASSIVE FORCES (HORIZONTAL)

Moment Arms (about toe, horz. component)

VERT

DRIVING

F

M
e
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TAB NAME: BEARING LOADS

2
3
4
5
6
7
8
9

10
11
12
13
14

15

16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

A B C D E F G H I J K L
Geometry

Height, H 22 ft Wm ( =0) 58806 lbs/ft Wm = B*(H-Hw)* m,mse xm 9.90 feet B/2
Width, B 19.8 ft W  (triangular part) 2685 lbs/ft W = 1/2*min(x,B)*(h-H)* m,r x 13.20 feet 2/3*min(B,x)

Height of GWT, Hw 0 ft W  (broken slope) 0 lbs/ft W = (B-x)*(h-H)* m,r x 59.90 feet x+(B-x)/2
Height of Retained Fill, h 24.26 ft Wsat' 0 lbs/ft Wsat' = B*Hw( sat,mse-62.4) xsat 9.90 feet B/2

h = H+B*tan( )      = 0.113 rad Wq 4950 lbs/ft Wq = B*qmse xq 9.90 feet B/2
Effective Backslope Angle, ' 0.192 rad WTOTAL 91675 lbs/ft <- Factored 919548 ft-lb/ft

Seismic Effective Height, H2 23.33 ft 11.6
H2 = H+0.5*H*tan( )/[1-0.5tan( )]

Broken slope width, x 100 ft
MSE*** Ka 0.353 From AASHTO Eqs 3.11.5.3-1 and 2 for  = 90 and  = 0

Friction Factor, 0.36 Kae 0.000 From AASHTO Eq A11.1.1.1-2 for  and  = 0 (notation is different in equation)

Adhesion, a 0 psf Am 0.000 g's Am = (1.45-kh)*kh for kh < 0.45 Direction of Force

Unit Weight Above GWT, m,mse 135 pcf FT1 12460 lbs/ft FT1 = 1/2*Ka*(h-Hw)2* m,r Parallel to ' yT1 8.09 feet Hw+(h-Hw)/3

Unit Weight Below GWT, sat,mse 135 pcf FT2 0 lbs/ft FT2 = Ka*(h-Hw)*Hw* m,r Parallel to ' yT2 0.00 feet Hw/2

Retained FT3 0 lbs/ft FT3 = 1/2*Ka*Hw
2*( sat,r-62.4) Parallel to ' yT3 0.00 feet Hw/3

Friction Angle, r 0.524 rad Fq 2140 lbs/ft Fq = Ka*h*qr Parallel to ' yq 12.13 feet h/2
Unit Weight Above GWT, m,r 120 pcf Pir 0 lbs/ft Pir = 0.5*Am* m,mse*H2*H Horizontal yir 11.00 feet H/2
Unit Weight Below GWT, sat,r 120 pcf Pis1 (triangular) 0 lbs/ft Pis = Am* m,r*Areais Horizontal yis1 22.44 feet H+(H2-H)/3

Surcharge/Seismic 11 Pis2 (broken slope) 0 lbs/ft Horizontal yis2 22.67 feet H+(H2-H)/2
Retained Soil Surcharge, qr 250 psf 0.5PAE 0 lbs/ft 0.5PAE = 0.5* Kae* m,r*H2

2 Parallel to ' yAE 14.00 feet 0.6H2

MSE Surcharge, qmse 250 psf FHORZ 0 lbs/ft <- Factored MHORZ 0 ft-lb/ft <- Factored
kh 0 g's F x 22023 lbs/ft <- Factored M 193016 ft-lb/ft <- Factored

theta 0 F y 4281 lbs/ft <- Factored M 84764 ft-lb/ft <- Factored
Passive

Height of Passive, Hp 0 ft 10.8 1.00 Kp = tan2(45+ /2)
Friction Angle, p 0 rad FP1 0 lbs/ft FP1 = 1/2*Kp*(Hp-Hw)2* m,p yP1 0.00 feet Hw+(Hp-Hw)/3

Unit Weight Above GWT, m,p 0 pcf FP2 0 lbs/ft FP2 = Kp*(Hp-Hw)*Hw* m,p yP2 0.00 feet Hw/2
Unit Weight Below GWT, sat,p 0 pcf FP3 0 lbs/ft FP3 = 1/2*Kp*Hw

2*( sat,p-62.4) yP3 0.00 feet Hw/3
Ignore Passive Resistance? Yes FPASSIVE 0 lbs/ft MPASSIVE 0 ft-lb/ft

Ignore Vertical from Inclined? No

Eccentricity, e 1.48 ft

NOTE:

e =(J23+J24-J25/2-E4*(J4-B4/2)-E5*(J5-B4/2))/(E8+E25)
(Ignores passive resistance but includes vertical shear due to inclined backfill.)

*** TABLE 840.04-1 of ODOT Supplemental Specification 840 (Mechanically Stabilitzed Earth Wall) specifies 120 pcf as the design unit weight for MSE wall backfill.  This value was used for 
sliding resistance analyses but a value of 135 pcf (corresponding to Select Granular Backfill) was assumed in Bearing Resistance calculation.

VERTICAL FORCES (not counting vertical components of driving forces) Moment Arms (about toe)

DRIVING FORCES

Moment Arms (about toe, horz. component)

PASSIVE FORCES (HORIZONTAL)

Moment Arms (about toe)

VERT

DRIVING

F

M
e
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TAB NAME: Inputs
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A B C D E F G H I J K L M N O P

Wall Name Calc. H: Wall C1 AT STA. 12+70

ENTER PARAMETERS IN YELLOW CELLS.  SEE DIAGRAM TAB FOR CLARIFICATION.
References: AASHTO 2010 LRFD Bridge Manual for seismic loads, LRFD calcs

NAVFAC DM 7.2 (1986) for friction properties
Das (1999) for earth pressures

B/H = 0.9

Retained Friction Angle, r 30 degrees Height, H 42 feet (above top of leveling pad)
Unit Weight Above GWT, m,r 120 pcf Width, B 39.6 feet
Unit Weight Below GWT, sat,r 120 pcf Height of GWT, Hw 0 feet (0 means below the wall bottom)

Backslope Angle, 0 degrees
Distance to Slope Break, X 0 feet (0 if no slope break)

Ka override (blank for auto-calc using Das, 1999 eqn.) (autocalc) Backslope Height, y 0.0 feet
Effective Backslope Angle, ' 0.0 degrees (0 if x < B)

Continuous Reinforcement Friction Factor, 0.36 (sheets, grids)
Discontinuous Reinforcement Friction Factor, 0.58 (strips) Retained Soil Surcharge, qr 0 psf

Adhesion, a 0 psf MSE Surcharge, qmse 0 psf
120 pcf kh 0.029 g's
120 pcf Kae 0.02 g's
135 pcf Kae override 0.017 (blank for autocalc)
135 pcf

Subgrade Friction Angle, s degrees Ignore Passive Resistance? Yes Resistance RF Load Symbol LF
Subgrade Cohesion, c psf Height of Passive, Hp feet Sliding (MSE) 1.0 Earth (Horizontal) EH 1.5
Foundation Depth , D feet Passive Friction Angle, p degrees Passive (MSE) 0.75 Earth (Vertical) EV 1.35

Nominal Bearing Resistance, qn for B = 39.6 feet 25.0 ksf Unit Weight Above GWT, m,p pcf Bearing (MSE) (Static) 0.65 Live Surcharge LS 1.75
Unit Weight Above GWT, m,s pcf Unit Weight Below GWT, sat,p pcf Bearing (MSE) (Seismic) 1.0 Earthquake EQ 1
Unit Weight Below GWT, sat,s pcf

AASHTO LRFD:
LRFD CHECK

L (lbs/ft) LF 
L LF 

(lbs/ft) R (lbs/ft) RF
R RF 
(lbs/ft)

LOAD
Earth (LEH) 35247 1.5 52871 LEH =('SL&OT LOADS'!E15+'SL&OT LOADS'!E16+'SL&OT LOADS'!E17)*COS('SL&OT LOADS'!B8)

Surcharge (LLS) 0 1.75 0 LLS =('SL&OT LOADS'!E18)*COS('SL&OT LOADS'!B8)
Earthquake (LEQ) 6138 1 6138 LEQ ='SL&OT LOADS'!E19+'SL&OT LOADS'!E20+'SL&OT LOADS'!E21+'SL&OT LOADS'!E22*COS('SL&OT LOADS'!B8)
RESISTANCE
Base Friction
 (continuous reinforcement) 71850 1 71850 Rfriction =('SL&OT LOADS'!E3+'SL&OT LOADS'!E4+'SL&OT LOADS'!E5+(D36+D37)*TAN('SL&OT LOADS'!B8)+'SL&OT LOADS'!E22*SIN('SL&OT LOADS'!B8))*D15
Passive 0 0.75 0 Rpassive =IF(I24="YES",0,'SL&OT LOADS'!E31)

SUM 59009 71850
RESISTANCE
Base Friction
 (DIScontinuous reinforcement) 115759 1 115759 Rfriction =('SL&OT LOADS'!E3+'SL&OT LOADS'!E4+'SL&OT LOADS'!E5+(D36+D37)*TAN('SL&OT LOADS'!B8)+'SL&OT LOADS'!E22*SIN('SL&OT LOADS'!B8))*D16
Passive 0 0.75 0 Rpassive =IF(I24="YES",0,'SL&OT LOADS'!E31)

SUM 59009 115759

L (lbs/ft) LF 
L LF 

(lbs/ft)
LOAD
Earth (LEV) 224532 1.35 303118 LEV =SIN('BEARING LOADS'!B8)*('BEARING LOADS'!E15+'BEARING LOADS'!E16+'BEARING LOADS'!E17)+'BEARING LOADS'!E3+'BEARING LOADS'!E4+'BEARING LOADS'!E5+'BEARING LOADS'!E6

Surcharge (LLS) 0 1.75 0 LLS =SIN('BEARING LOADS'!B8)*('BEARING LOADS'!E18)+'BEARING LOADS'!E7
Earthquake (LEQ) 0 1 0 LEQ ='BEARING LOADS'!E22*SIN('BEARING LOADS'!B8)

SUM 303118

25000 psf Parameter Value
Factored Bearnig Resistance = qn*RF = 25000 psf =IF(I18=0,E56*L27,E56*L28) e 4.39

=IF(E57>E54,"YES","NO") 1/4 B 9.90
e  1/4 B ? YES

RESISTANCE FACTORS LOAD FACTORS

CALC. H: WALL C1 AT STA. 12+70 SEISMIC EXTERNAL STABILITY

LOAD SIDE RESISTANCE SIDE
FAILURE BY SLIDING

YES

R RF > L LF ?

Retained Soil Properties

MSE Properties

Subgrade/Bearing Properties

Geometry

Surcharge/Seismic Loads

Passive Resistance

NoIgnore Vertical Component of Inclined Loads for 
Sliding/Overturning?

BEARING Calc: Unit Weight Above GWT, m,mse

(all surcharges ignored for 
seismic.  Surcharge above MSE 
ignored for sliding/overturning)

Note
ft from center of base reinforcement layer
ft from center of base reinforcement layer
See Sections 11.10.5.5 and 11.6.3.3 in AASHTO 2010

YES

FAILURE BY OVERTURNINGq_factored =
D54/(I9-2*'BEARING LOADS'!B34)

Nominal Bearing Resistance, qn for B = 39.6 feet

R RF > L LF/(B-2e) ? YES

RESISTANCE SIDE

FAILURE BY BEARING
B-2e = 33.7 feet

qFACTORED (psf)
= L LF (B-2e) 

SLIDING Calc: Unit Weight Below GWT, sat,mse

SLIDING Calc: Unit Weight Above GWT, m,mse

BEARING Calc: Unit Weight Below GWT, sat,mse

8984

LOAD SIDE

X

'

y
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TAB NAME: SL&OT LOADS

2
3
4
5
6
7
8
9

10
11
12
13
14

15

16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

A B C D E F G H I J K L
Geometry

Height, H 42 ft Wm ( =0) 199584 lbs/ft Wm = B*(H-Hw)* m,mse xm 19.80 feet B/2
Width, B 39.6 ft W  (triangular part) 0 lbs/ft W = 1/2*min(x,B)*(h-H)* m,r x 26.40 feet 2/3*min(B,x)

Height of GWT, Hw 0 ft W  (broken slope) 0 lbs/ft W = (B-x)*(h-H)* m,r x 69.80 feet x+(B-x)/2
Height of Retained Fill, h 42 ft Wsat' 0 lbs/ft Wsat' = B*Hw( sat,mse-62.4) xsat 19.80 feet B/2

h = H+B*tan( )      = 0 rad Wq 0 lbs/ft Wq = 0 for sliding and overturning xq 19.80 feet B/2
Effective Backslope Angle, ' 0 rad WTOTAL 199584 lbs/ft <- Factored 3951763 ft-lb/ft
Seismic Effective Height, H2 42 ft

H2 = H+0.5*H*tan( )/[1-0.5tan( )]
Broken slope width, x 100 ft
MSE*** Ka 0.333 From AASHTO Eqs 3.11.5.3-1 and 2 for  = 90 and  = 0

Friction Factor, 0.36 Kae 0.017 From AASHTO Eq A11.1.1.1-2 for  and  = 0 (notation is different in equation)

Adhesion, a 0 psf Am 0.041 g's Am = (1.45-kh)*kh for kh < 0.45 Direction of Force
Unit Weight Above GWT, m,mse 120 pcf FT1 35247 lbs/ft FT1 = 1/2*Ka*(h-Hw)2* m,r Parallel to ' yT1 14.00 feet Hw+(h-Hw)/3

Unit Weight Below GWT, sat,mse 120 pcf FT2 0 lbs/ft FT2 = Ka*(h-Hw)*Hw* m,r Parallel to ' yT2 0.00 feet Hw/2

Retained FT3 0 lbs/ft FT3 = 1/2*Ka*Hw
2*( sat,r-62.4) Parallel to ' yT3 0.00 feet Hw/3

Friction Angle, r 0.524 rad Fq 0 lbs/ft Fq = Ka*h*qr Parallel to ' yq 21.00 feet h/2
Unit Weight Above GWT, m,r 120 pcf Pir 4339 lbs/ft Pir = 0.5*Am* m,mse*H2*H Horizontal yir 21.00 feet H/2
Unit Weight Below GWT, sat,r 120 pcf Pis1 (triangular) 0 lbs/ft Pis = Am* m,r*Areais Horizontal yis1 42.00 feet H+(H2-H)/3

Surcharge/Seismic 0 Pis2 (broken slope) 0 lbs/ft Horizontal yis2 42.00 feet H+(H2-H)/2
Retained Soil Surcharge, qr 0 psf 0.5PAE 1799 lbs/ft 0.5PAE = 0.5* Kae* m,r*H2

2 Parallel to ' yAE 25.20 feet 0.6H2

MSE Surcharge, qmse 0 psf FHORZ 4339 lbs/ft <-Factored MHORZ 91119 ft-lb/ft <-Factored
kh 0.029 g's F x 54670 lbs/ft <-Factored M 785522 ft-lb/ft <-Factored

theta 0.029 F y 0 lbs/ft <-Factored M 0 ft-lb/ft <-Factored
Passive
Height of Passive, Hp 0 ft Kp 1.00 Kp = tan2(45+ /2)

Friction Angle, p 0 rad FP1 0 lbs/ft FP1 = 1/2*Kp*(Hp-Hw)2* m,p yP1 0.00 feet Hw+(Hp-Hw)/3
Unit Weight Above GWT, m,p 0 pcf FP2 0 lbs/ft FP2 = Kp*(Hp-Hw)*Hw* m,p yP2 0.00 feet Hw/2
Unit Weight Below GWT, sat,p 0 pcf FP3 0 lbs/ft FP3 = 1/2*Kp*Hw

2*( sat,p-62.4) yP3 0.00 feet Hw/3
Ignore Passive Resistance? Yes FPASSIVE 0 lbs/ft MPASSIVE 0 ft-lb/ft

Ignore Vertical from Inclined? No

Eccentricity, e 4.39 ft

NOTE:
*** TABLE 840.04-1 of ODOT Supplemental Specification 840 (Mechanically Stabilitzed Earth Wall) specifies 120 pcf as the design unit weight for MSE wall backfill.  This value was used for 
sliding resistance analyses but a value of 135 pcf (corresponding to Select Granular Backfill) was assumed in Bearing Resistance calculation.

e =(J23+J24-J25/2-E4*(J4-B4/2)-E5*(J5-B4/2))/(E8+E25)
(Ignores passive resistance but includes vertical shear due to inclined backfill.)

Moment Arms (about toe)

VERTICAL FORCES (not counting vertical components of driving forces) Moment Arms (about toe)

DRIVING FORCES

PASSIVE FORCES (HORIZONTAL)

Moment Arms (about toe, horz. component)

VERT

DRIVING

F

M
e
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TAB NAME: BEARING LOADS

2
3
4
5
6
7
8
9

10
11
12
13
14

15

16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

A B C D E F G H I J K L
Geometry

Height, H 42 ft Wm ( =0) 224532 lbs/ft Wm = B*(H-Hw)* m,mse xm 19.80 feet B/2
Width, B 39.6 ft W  (triangular part) 0 lbs/ft W = 1/2*min(x,B)*(h-H)* m,r x 26.40 feet 2/3*min(B,x)

Height of GWT, Hw 0 ft W  (broken slope) 0 lbs/ft W = (B-x)*(h-H)* m,r x 69.80 feet x+(B-x)/2
Height of Retained Fill, h 42 ft Wsat' 0 lbs/ft Wsat' = B*Hw( sat,mse-62.4) xsat 19.80 feet B/2

h = H+B*tan( )      = 0 rad Wq 0 lbs/ft Wq = B*qmse xq 19.80 feet B/2
Effective Backslope Angle, ' 0 rad WTOTAL 303118 lbs/ft <- Factored 6001740 ft-lb/ft
Seismic Effective Height, H2 42 ft

H2 = H+0.5*H*tan( )/[1-0.5tan( )]
Broken slope width, x 100 ft
MSE*** Ka 0.333 From AASHTO Eqs 3.11.5.3-1 and 2 for  = 90 and  = 0

Friction Factor, 0.36 Kae 0.017 From AASHTO Eq A11.1.1.1-2 for  and  = 0 (notation is different in equation)

Adhesion, a 0 psf Am 0.041 g's Am = (1.45-kh)*kh for kh < 0.45 Direction of Force
Unit Weight Above GWT, m,mse 135 pcf FT1 35247 lbs/ft FT1 = 1/2*Ka*(h-Hw)2* m,r Parallel to ' yT1 14.00 feet Hw+(h-Hw)/3

Unit Weight Below GWT, sat,mse 135 pcf FT2 0 lbs/ft FT2 = Ka*(h-Hw)*Hw* m,r Parallel to ' yT2 0.00 feet Hw/2

Retained FT3 0 lbs/ft FT3 = 1/2*Ka*Hw
2*( sat,r-62.4) Parallel to ' yT3 0.00 feet Hw/3

Friction Angle, r 0.524 rad Fq 0 lbs/ft Fq = Ka*h*qr Parallel to ' yq 21.00 feet h/2
Unit Weight Above GWT, m,r 120 pcf Pir 4882 lbs/ft Pir = 0.5*Am* m,mse*H2*H Horizontal yir 21.00 feet H/2
Unit Weight Below GWT, sat,r 120 pcf Pis1 (triangular) 0 lbs/ft Pis = Am* m,r*Areais Horizontal yis1 42.00 feet H+(H2-H)/3

Surcharge/Seismic 0 Pis2 (broken slope) 0 lbs/ft Horizontal yis2 42.00 feet H+(H2-H)/2
Retained Soil Surcharge, qr 0 psf 0.5PAE 1799 lbs/ft 0.5PAE = 0.5* Kae* m,r*H2

2 Parallel to ' yAE 25.20 feet 0.6H2

MSE Surcharge, qmse 0 psf FHORZ 4882 lbs/ft <- Factored MHORZ 102522 ft-lb/ft <- Factored
kh 0.029 g's F x 54670 lbs/ft <- Factored M 785522 ft-lb/ft <- Factored

theta 0.029 F y 0 lbs/ft <- Factored M 0 ft-lb/ft <- Factored
Passive
Height of Passive, Hp 0 ft Kp 1.00 Kp = tan2(45+ /2)

Friction Angle, p 0 rad FP1 0 lbs/ft FP1 = 1/2*Kp*(Hp-Hw)2* m,p yP1 0.00 feet Hw+(Hp-Hw)/3
Unit Weight Above GWT, m,p 0 pcf FP2 0 lbs/ft FP2 = Kp*(Hp-Hw)*Hw* m,p yP2 0.00 feet Hw/2
Unit Weight Below GWT, sat,p 0 pcf FP3 0 lbs/ft FP3 = 1/2*Kp*Hw

2*( sat,p-62.4) yP3 0.00 feet Hw/3
Ignore Passive Resistance? Yes FPASSIVE 0 lbs/ft MPASSIVE 0 ft-lb/ft

Ignore Vertical from Inclined? No

Eccentricity, e 2.93 ft

NOTE:

e =(J23+J24-J25/2-E4*(J4-B4/2)-E5*(J5-B4/2))/(E8+E25)
(Ignores passive resistance but includes vertical shear due to inclined backfill.)

*** TABLE 840.04-1 of ODOT Supplemental Specification 840 (Mechanically Stabilitzed Earth Wall) specifies 120 pcf as the design unit weight for MSE wall backfill.  This value was used for 
sliding resistance analyses but a value of 135 pcf (corresponding to Select Granular Backfill) was assumed in Bearing Resistance calculation.

VERTICAL FORCES (not counting vertical components of driving forces) Moment Arms (about toe)

DRIVING FORCES

Moment Arms (about toe, horz. component)

PASSIVE FORCES (HORIZONTAL)
Moment Arms (about toe)

VERT

DRIVING

F

M
e
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TAB NAME: Inputs

1

2
3
4
5
6
7
8
9

10
11
12
13
14

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31
32
33

34
35
36
37
38
39

40
41
42
43

44
45
4647
48

49
50
51
52
53
54
55
56
57
58
59

A B C D E F G H I J K L M N O P

Wall Name Calc. G: Wall C1 AT WALL STA. 13+90

ENTER PARAMETERS IN YELLOW CELLS.  SEE DIAGRAM TAB FOR CLARIFICATION.

References: AASHTO 2010 LRFD Bridge Manual for seismic loads, LRFD calcs
NAVFAC DM 7.2 (1986) for friction properties
Das (1999) for earth pressures

B/H = 1.0

Retained Friction Angle, r 30 degrees Height, H 25 feet (above top of leveling pad)
Unit Weight Above GWT, m,r 120 pcf Width, B 25.3 feet
Unit Weight Below GWT, sat,r 120 pcf Height of GWT, Hw 0 feet (0 means below the wall bottom)

Backslope Angle, 6.5 degrees
Distance to Slope Break, X 100 feet (0 if no slope break)

Ka override (blank for auto-calc using Das, 1999 eqn.) (autocalc) Backslope Height, y 11.4 feet
Effective Backslope Angle, ' 11.0 degrees (0 if x < B)

Continuous Reinforcement Friction Factor, 0.36 (sheets, grids)
Discontinuous Reinforcement Friction Factor, 0.58 (strips) Retained Soil Surcharge, qr 250 psf

Adhesion, a 0 psf MSE Surcharge, qmse 250 psf
120 pcf kh 0 g's
120 pcf Kae 0.00 g's
135 pcf Kae override 0 (blank for autocalc)
135 pcf

Subgrade Friction Angle, s degrees Ignore Passive Resistance? Yes Resistance RF Load Symbol LF

Subgrade Cohesion, c psf Height of Passive, Hp feet Sliding (MSE) 1.0 Earth (Horizontal) EH 1.5

Foundation Depth , D feet Passive Friction Angle, p degrees Passive (MSE) 0.75 Earth (Vertical) EV 1.35

Nominal Bearing Resistance, qn for B = 25.3 feet 19.0 ksf Unit Weight Above GWT, m,p pcf Bearing (MSE) (Static) 0.65 Live Surcharge LS 1.75

Unit Weight Above GWT, m,s pcf Unit Weight Below GWT, sat,p pcf Bearing (MSE) (Seismic) 1.0 Earthquake EQ 1

Unit Weight Below GWT, sat,s pcf

AASHTO LRFD:
LRFD CHECK

L (lbs/ft) LF 

L LF 

(lbs/ft) R (lbs/ft) RF

R RF 

(lbs/ft)

LOAD

Earth (LEH) 16154 1.5 24230 LEH =('SL&OT LOADS'!E15+'SL&OT LOADS'!E16+'SL&OT LOADS'!E17)*COS('SL&OT LOADS'!B8)

Surcharge (LLS) 2414 1.75 4224 LLS =('SL&OT LOADS'!E18)*COS('SL&OT LOADS'!B8)
Earthquake (LEQ) 0 1 0 LEQ ='SL&OT LOADS'!E19+'SL&OT LOADS'!E20+'SL&OT LOADS'!E21+'SL&OT LOADS'!E22*COS('SL&OT LOADS'!B8)
RESISTANCE

Base Friction
 (continuous reinforcement) 30889 1 30889 Rfriction =('SL&OT LOADS'!E3+'SL&OT LOADS'!E4+'SL&OT LOADS'!E5+(D36+D37)*TAN('SL&OT LOADS'!B8)+'SL&OT LOADS'!E22*SIN('SL&OT LOADS'!B8))*D15
Passive 0 0.75 0 Rpassive =IF(I24="YES",0,'SL&OT LOADS'!E31)

SUM 28455 30889
RESISTANCE

Base Friction
 (DIScontinuous reinforcement) 49766 1 49766 Rfriction =('SL&OT LOADS'!E3+'SL&OT LOADS'!E4+'SL&OT LOADS'!E5+(D36+D37)*TAN('SL&OT LOADS'!B8)+'SL&OT LOADS'!E22*SIN('SL&OT LOADS'!B8))*D16
Passive 0 0.75 0 Rpassive =IF(I24="YES",0,'SL&OT LOADS'!E31)

SUM 28455 49766

L (lbs/ft) LF 

L LF 

(lbs/ft)

LOAD

Earth (LEV) 92900 1.35 125415 LEV =SIN('BEARING LOADS'!B8)*('BEARING LOADS'!E15+'BEARING LOADS'!E16+'BEARING LOADS'!E17)+'BEARING LOADS'!E3+'BEARING LOADS'!E4+'BEARING LOADS'!E5+'BEARING LOADS'!E6

Surcharge (LLS) 6794 1.75 11890 LLS =SIN('BEARING LOADS'!B8)*('BEARING LOADS'!E18)+'BEARING LOADS'!E7
Earthquake (LEQ) 0 1 0 LEQ ='BEARING LOADS'!E22*SIN('BEARING LOADS'!B8)

SUM 137305

19000 psf Parameter Value

Factored Bearnig Resistance = qn*RF = 12350 psf =IF(I18=0,E56*L27,E56*L28) e 2.28

=IF(E57>E54,"YES","NO") 1/4 B 6.33

e  1/4 B ? YES

RESISTANCE FACTORS LOAD FACTORS

CALC. G: WALL C1 AT WALL STA. 13+90 STATIC EXTERNAL STABILITY

LOAD SIDE RESISTANCE SIDE

FAILURE BY SLIDING

YES

R RF > L LF ?

Retained Soil Properties

MSE Properties

Subgrade/Bearing Properties

Geometry

Surcharge/Seismic Loads

Passive Resistance

No
Ignore Vertical Component of Inclined Loads for 

Sliding/Overturning?

BEARING Calc: Unit Weight Above GWT, m,mse

(all surcharges ignored for 
seismic.  Surcharge above MSE 
ignored for sliding/overturning)

Note

ft from center of base reinforcement layer
ft from center of base reinforcement layer
See Sections 11.10.5.5 and 11.6.3.3 in AASHTO 2010

YES

FAILURE BY OVERTURNING
q_factored =
D54/(I9-2*'BEARING LOADS'!B34)

Nominal Bearing Resistance, qn for B = 25.3 feet

R RF > L LF/(B-2e) ? YES

RESISTANCE SIDE

FAILURE BY BEARING

B-2e = 22.5 feet
qFACTORED (psf)

= L LF (B-2e) 

SLIDING Calc: Unit Weight Below GWT, sat,mse

SLIDING Calc: Unit Weight Above GWT, m,mse

BEARING Calc: Unit Weight Below GWT, sat,mse

6113

LOAD SIDE

X

'

y
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TAB NAME: SL&OT LOADS

2
3
4
5
6
7
8
9

10
11
12
13
14

15

16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

A B C D E F G H I J K L
Geometry

Height, H 25 ft Wm ( =0) 75900 lbs/ft Wm = B*(H-Hw)* m,mse xm 12.65 feet B/2
Width, B 25.3 ft W  (triangular part) 4372 lbs/ft W = 1/2*min(x,B)*(h-H)* m,r x 16.87 feet 2/3*min(B,x)

Height of GWT, Hw 0 ft W  (broken slope) 0 lbs/ft W = (B-x)*(h-H)* m,r x 62.65 feet x+(B-x)/2
Height of Retained Fill, h 27.88 ft Wsat' 0 lbs/ft Wsat' = B*Hw( sat,mse-62.4) xsat 12.65 feet B/2

h = H+B*tan( )      = 0.113 rad Wq 0 lbs/ft Wq = 0 for sliding and overturning xq 12.65 feet B/2
Effective Backslope Angle, ' 0.192 rad WTOTAL 80272 lbs/ft <- Factored 1033891 ft-lb/ft

Seismic Effective Height, H2 26.51 ft 11.6
H2 = H+0.5*H*tan( )/[1-0.5tan( )]

Broken slope width, x 100 ft
MSE*** Ka 0.353 From AASHTO Eqs 3.11.5.3-1 and 2 for  = 90 and  = 0

Friction Factor, 0.36 Kae 0.000 From AASHTO Eq A11.1.1.1-2 for  and  = 0 (notation is different in equation)

Adhesion, a 0 psf Am 0.000 g's Am = (1.45-kh)*kh for kh < 0.45 Direction of Force

Unit Weight Above GWT, m,mse 120 pcf FT1 16456 lbs/ft FT1 = 1/2*Ka*(h-Hw)2* m,r Parallel to ' yT1 9.29 feet Hw+(h-Hw)/3

Unit Weight Below GWT, sat,mse 120 pcf FT2 0 lbs/ft FT2 = Ka*(h-Hw)*Hw* m,r Parallel to ' yT2 0.00 feet Hw/2

Retained FT3 0 lbs/ft FT3 = 1/2*Ka*Hw
2*( sat,r-62.4) Parallel to ' yT3 0.00 feet Hw/3

Friction Angle, r 0.524 rad Fq 2459 lbs/ft Fq = Ka*h*qr Parallel to ' yq 13.94 feet h/2
Unit Weight Above GWT, m,r 120 pcf Pir 0 lbs/ft Pir = 0.5*Am* m,mse*H2*H Horizontal yir 12.50 feet H/2
Unit Weight Below GWT, sat,r 120 pcf Pis1 (triangular) 0 lbs/ft Pis = Am* m,r*Areais Horizontal yis1 25.50 feet H+(H2-H)/3

Surcharge/Seismic 11 Pis2 (broken slope) 0 lbs/ft Horizontal yis2 25.76 feet H+(H2-H)/2
Retained Soil Surcharge, qr 250 psf 0.5PAE 0 lbs/ft 0.5PAE = 0.5* Kae* m,r*H2

2 Parallel to ' yAE 15.91 feet 0.6H2

MSE Surcharge, qmse 250 psf FHORZ 0 lbs/ft <-Factored MHORZ 0 ft-lb/ft <-Factored
kh 0 g's F x 28455 lbs/ft <-Factored M 283986 ft-lb/ft <-Factored

theta 0 F y 5531 lbs/ft <-Factored M 139934 ft-lb/ft <-Factored
Passive

Height of Passive, Hp 0 ft 10.8 1.00 Kp = tan2(45+ /2)
Friction Angle, p 0 rad FP1 0 lbs/ft FP1 = 1/2*Kp*(Hp-Hw)2* m,p yP1 0.00 feet Hw+(Hp-Hw)/3

Unit Weight Above GWT, m,p 0 pcf FP2 0 lbs/ft FP2 = Kp*(Hp-Hw)*Hw* m,p yP2 0.00 feet Hw/2
Unit Weight Below GWT, sat,p 0 pcf FP3 0 lbs/ft FP3 = 1/2*Kp*Hw

2*( sat,p-62.4) yP3 0.00 feet Hw/3
Ignore Passive Resistance? Yes FPASSIVE 0 lbs/ft MPASSIVE 0 ft-lb/ft

Ignore Vertical from Inclined? No

Eccentricity, e 2.28 ft

NOTE:
*** TABLE 840.04-1 of ODOT Supplemental Specification 840 (Mechanically Stabilitzed Earth Wall) specifies 120 pcf as the design unit weight for MSE wall backfill.  This value was used for 
sliding resistance analyses but a value of 135 pcf (corresponding to Select Granular Backfill) was assumed in Bearing Resistance calculation.

e =(J23+J24-J25/2-E4*(J4-B4/2)-E5*(J5-B4/2))/(E8+E25)
(Ignores passive resistance but includes vertical shear due to inclined backfill.)

Moment Arms (about toe)

VERTICAL FORCES (not counting vertical components of driving forces) Moment Arms (about toe)

DRIVING FORCES

PASSIVE FORCES (HORIZONTAL)

Moment Arms (about toe, horz. component)

VERT

DRIVING

F

M
e
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TAB NAME: BEARING LOADS

2
3
4
5
6
7
8
9

10
11
12
13
14

15

16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

A B C D E F G H I J K L
Geometry

Height, H 25 ft Wm ( =0) 85388 lbs/ft Wm = B*(H-Hw)* m,mse xm 12.65 feet B/2
Width, B 25.3 ft W  (triangular part) 4372 lbs/ft W = 1/2*min(x,B)*(h-H)* m,r x 16.87 feet 2/3*min(B,x)

Height of GWT, Hw 0 ft W  (broken slope) 0 lbs/ft W = (B-x)*(h-H)* m,r x 62.65 feet x+(B-x)/2
Height of Retained Fill, h 27.88 ft Wsat' 0 lbs/ft Wsat' = B*Hw( sat,mse-62.4) xsat 12.65 feet B/2

h = H+B*tan( )      = 0.113 rad Wq 6325 lbs/ft Wq = B*qmse xq 12.65 feet B/2
Effective Backslope Angle, ' 0.192 rad WTOTAL 132245 lbs/ft <- Factored 1697803 ft-lb/ft

Seismic Effective Height, H2 26.51 ft 11.6
H2 = H+0.5*H*tan( )/[1-0.5tan( )]

Broken slope width, x 100 ft
MSE*** Ka 0.353 From AASHTO Eqs 3.11.5.3-1 and 2 for  = 90 and  = 0

Friction Factor, 0.36 Kae 0.000 From AASHTO Eq A11.1.1.1-2 for  and  = 0 (notation is different in equation)

Adhesion, a 0 psf Am 0.000 g's Am = (1.45-kh)*kh for kh < 0.45 Direction of Force

Unit Weight Above GWT, m,mse 135 pcf FT1 16456 lbs/ft FT1 = 1/2*Ka*(h-Hw)2* m,r Parallel to ' yT1 9.29 feet Hw+(h-Hw)/3

Unit Weight Below GWT, sat,mse 135 pcf FT2 0 lbs/ft FT2 = Ka*(h-Hw)*Hw* m,r Parallel to ' yT2 0.00 feet Hw/2

Retained FT3 0 lbs/ft FT3 = 1/2*Ka*Hw
2*( sat,r-62.4) Parallel to ' yT3 0.00 feet Hw/3

Friction Angle, r 0.524 rad Fq 2459 lbs/ft Fq = Ka*h*qr Parallel to ' yq 13.94 feet h/2
Unit Weight Above GWT, m,r 120 pcf Pir 0 lbs/ft Pir = 0.5*Am* m,mse*H2*H Horizontal yir 12.50 feet H/2
Unit Weight Below GWT, sat,r 120 pcf Pis1 (triangular) 0 lbs/ft Pis = Am* m,r*Areais Horizontal yis1 25.50 feet H+(H2-H)/3

Surcharge/Seismic 11 Pis2 (broken slope) 0 lbs/ft Horizontal yis2 25.76 feet H+(H2-H)/2
Retained Soil Surcharge, qr 250 psf 0.5PAE 0 lbs/ft 0.5PAE = 0.5* Kae* m,r*H2

2 Parallel to ' yAE 15.91 feet 0.6H2

MSE Surcharge, qmse 250 psf FHORZ 0 lbs/ft <- Factored MHORZ 0 ft-lb/ft <- Factored
kh 0 g's F x 28455 lbs/ft <- Factored M 283986 ft-lb/ft <- Factored

theta 0 F y 5531 lbs/ft <- Factored M 139934 ft-lb/ft <- Factored
Passive

Height of Passive, Hp 0 ft 10.8 1.00 Kp = tan2(45+ /2)
Friction Angle, p 0 rad FP1 0 lbs/ft FP1 = 1/2*Kp*(Hp-Hw)2* m,p yP1 0.00 feet Hw+(Hp-Hw)/3

Unit Weight Above GWT, m,p 0 pcf FP2 0 lbs/ft FP2 = Kp*(Hp-Hw)*Hw* m,p yP2 0.00 feet Hw/2
Unit Weight Below GWT, sat,p 0 pcf FP3 0 lbs/ft FP3 = 1/2*Kp*Hw

2*( sat,p-62.4) yP3 0.00 feet Hw/3
Ignore Passive Resistance? Yes FPASSIVE 0 lbs/ft MPASSIVE 0 ft-lb/ft

Ignore Vertical from Inclined? No

Eccentricity, e 1.42 ft

NOTE:

e =(J23+J24-J25/2-E4*(J4-B4/2)-E5*(J5-B4/2))/(E8+E25)
(Ignores passive resistance but includes vertical shear due to inclined backfill.)

*** TABLE 840.04-1 of ODOT Supplemental Specification 840 (Mechanically Stabilitzed Earth Wall) specifies 120 pcf as the design unit weight for MSE wall backfill.  This value was used for 
sliding resistance analyses but a value of 135 pcf (corresponding to Select Granular Backfill) was assumed in Bearing Resistance calculation.

VERTICAL FORCES (not counting vertical components of driving forces) Moment Arms (about toe)

DRIVING FORCES

Moment Arms (about toe, horz. component)

PASSIVE FORCES (HORIZONTAL)

Moment Arms (about toe)

VERT

DRIVING

F

M
e
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