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 Southwest Regional Construction Office 
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Attention: Judy Gilmore 
  
From: Jacob Robinson 
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DESIGN CALCULATIONS 
12’-0” x 8’-0” Rigid Frame Bridge 

Precast Bridge Footings 
Precast Headwalls 
Precast Wingwalls 

Precast Wingwall Footings 
 
 

Prepared For: 
Casella Construction 

8 US Route 4 East 
Mendon VT 05701 

 
 
 
 

Project Information: 
VT AOT STP 1443 (44) 

Bridge #37 TH4 over Branch of Mill River 
Shrewsbury, VT 
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Designed By: PJL
Checked By:
Date Printed: 2/2/2015

Casella #5576
12x8 RFB - WW#1

VAOT #STP1443 (44)
Shrewsbury, VT

Design/Analysis References:

1. AASHTO LRFD Bridge Design Specifications, 6th Edition.
2.
3. Das, Principles of Foundation Engineering, 5th Edition.
4. Holtz & Kovacs, Introduction to Geotechnical Engineering
5. AISC, Steel Construction Manual, 13th Edition
6. Highway Innovative Technology Evaluation Center (HITEC), Evaluation of the Con/Span Wingwall System, CERF
Report #40580, July 2001.
7. Contract Plans (VAOT)

Assumptions:
1. It is assumed that the failure plane of the soil to be retained by this wall will lie within the proposed 
backfill material.
2. The proposed backfill material will meet the material requirements of NHDOT section 209, Granular 
Backfill (Bridge), and be constructed to meet the requirements of the contract documents.  This material is assumed to have a
friction angle = 34 degrees and a dry unit weight = 140 pcf.
3. The installation of the weepholes will preclude the development of hydrostatic pressures on the wall.
4. Passive earth pressure in front of the wall is ignored per AASHTO 11.6.3.5.
5.  Site Layout.  Roadway Skew 35 degrees.  (3) wingwall designs due to varying design height and backfill slope. 
6.  Backslope Angle.  WW1 2:1 at 25 degrees.  WW2 and WW3 flat.  WW4 flat then 2:1 - Use 5:1 for design.  Use infinite
backslopes for designs (Break_In_Slope = 0, see below).
7.  Live Load Surcharge.  N/A - traffic is well belond H/2 for all cases. 
8. The HITEC Evaluation (page 3) explains that the Anchor Wall acts as a cantilever wall for most of its length since the
weight of the soil within and above the anchors provides resistance to overturning.  The wall also has attributes of a bin wall
since arching and friction of soil masses between anchors provides additional resistance.  Therefore, the provisions of AASHTO
Sections 11.6  (Conventional Retaining Walls) and 11.11 (Modular Walls) shall be applied.  
9. Per AASHTO 11.11.4.4, a maximum of 80% of the weight of the retained soil is effective in resisting overturning.  The
HITEC Evaluation (pages D29-D33) evaluated the accuracy of this assumption and found that using 80% of the soil weight is a
conservative assumption.
10. The Top of Wingwall elevations are 2 inches below the top of headwall elevations.
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Casella #5576
12x8 RFB - WW#1

VAOT #STP1443 (44)
Shrewsbury, VT

General Input:

ELVwalltop 1006ft 2in− 1005.83 ft=:= Elevation of the Wingwall at its tallest point

ELVwalltip 1002ft:= Elevation of Wingwall at its tip.

ELVbot.ftg 993.67ft:= Elevation of the Bottom of the Wall Footing

tftg 10in:= Pedestal Footing design, separate

hftg 0ft:= Pedestal Footing design, separate

hshort ELVwalltip ELVbot.ftg− hftg− 1in− 8.247 ft=:= Short end of wall (less 1" for shim) 

htall ELVwalltop ELVbot.ftg− hftg− 1in− 12.08ft=:= Tall end of wall (less 1" for shim)

lwall 16ft:= Length of Wall Panel

lflat 1ft:= Length of flat portion of wingwall before break in slope.

twall 10in:= Thickness of Wall Panel

tstem 6in:= Thickness of Anchor Stem

wflange 2ft 6in+:= Width of Anchor Flange

αskew 25deg:= Angle of ww skew in plan view, measured from edge of roadway.
(to measure distance to traffic for each anchor)

θwall 90deg:= Wall batter angle with horizontal

θanchor θwall 30deg+:= Anchor batter angle with horizontal

β atan
cos αskew( )

2
24.378 deg⋅=:= Backfill slope angle with horizontal, measured perpendicular to

the wall.

dtraffic 35ft:= Estimated minimum distance to traffic, measured from 
backfill side of wall and perpendicular to the wall.

BreakInSlope 0ft:= Assumed distance from face of guardrail to break-in-slope,
meaured perpendicular to the wall.

S:\PROJECTS\Casella Construction\Shrewsbury, VT - VTAOT STP Page 2 of 29

Page 39 of 148

                  Delta Project 2015.059.003   Chk: KLS



Designed By: PJL
Checked By:
Date Printed: 2/2/2015

Casella #5576
12x8 RFB - WW#1

VAOT #STP1443 (44)
Shrewsbury, VT

Wall Material Properties

 Concrete 

fc 5000
lbf

in
2

:= Ec 4074ksi:= Aggregatediam .75in:=

γc 150pcf:= Assumed unit weight of concrete panel.

β1 = Stress Block Factor specified in Article

5.7.2.2
β1 max .65 .85 fc 4000psi<if

.85
.05

psi

fc 4000psi−

1000
⋅− otherwise

, 0.8=:=

 Steel:

fy 60000
lbf

in
2

:= Es 29000ksi:=

 Soil:

qR 10ksf:= Minimum factored bearing resistance given in contract, sht 6

γs 140pcf:= Assumed soil unit weight for all soil

qsur 2ft γs⋅ 280 psf⋅=:= Surcharge Soil Pressure (AASHTO Tbl 3.11.6.4-2)

ϕftg 35deg:= Friction Angle of Soil below Wall Footing

ϕbackfill 34deg:= Friction Angle of Backfill Soil

δwall 0.75 ϕbackfill⋅ 25.5 deg⋅=:= AASHTO C3.11.5.9-1 and HITEC p.D19

δanchor 0.50 ϕbackfill⋅ 17 deg⋅=:= AASHTO C3.11.5.9-1 and HITEC p.D19

ka.wall

sin θwall ϕbackfill+( )
2

sin θwall( )
2

sin θwall δwall−( )⋅ 1
sin ϕbackfill δwall+( ) sin ϕbackfill β−( )⋅

sin θwall δwall−( ) sin θwall β+( )⋅
+

2

⋅

0.378=:= AASHTO 3.11.5.3
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ka.anchor

sin θanchor ϕbackfill+( )
2

sin θanchor( )
2

sin θanchor δanchor−( )⋅ 1
sin ϕbackfill δanchor+( ) sin ϕbackfill β−( )⋅

sin θanchor δanchor−( ) sin θanchor β+( )⋅
+

2

⋅

0.12=:= AASHTO
3.11.5.3

k0 1 sin ϕbackfill( )− 0.441=:= AASHTO 3.11.5.2-1

Determine Load Factors (Strength I) (AASHTO 1.3 and Table 3.4.1-1)

 Load Modifiers

ηD 1.00:= Ductility for a conventional design

ηR 1.00:= Redundancy for conventional design

ηI 1.00:= Importance for a conventional bridge

ηi max ηD ηR⋅ ηI⋅ 0.95, ( ):= ηi 1=

 Load Factor  Max  Min  Service

γDC 1.25 0.9 1.0 Component Dead Loads

γEH 1.5 0.9 1.0 Horizontal Earth Loads

γEV 1.35 1.0 1.0 Vertical Earth Loads

γLL 1.75 1.75 1.0 Live Loads
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Anchor Types, Layout and Backfill Geometry

ConnectedToBridge "No":= To account for the connection of the wing to the bridge.  Choose
between Yes and No.

AnchorType1 "F":= Anchor Type to be tied to the back face of the wall.  Chosen 
between Anchor Type B, C, D, and E as defined below.

AnchorType2 "F":=

AnchorType3 "F":=

Distance to each anchor is from culvert end of wing.  Anchor 1 is closest to culvert.

Note:  Research in HITEC report supports spacing from 2.5 ft (anchors are touching) to 5.5
feet (HITEC Report pages D29-D33).  If distance between anchors increases beyond 5.5 ft,
data supporting the usable 80% soil weight assumption shall be provided due to possible
affects on soil arching between the anchors.  Similarly, anchor closest to the wall tip shall not
exceed 3 feet without supporting data.

If only 1 anchor is used,   set distanchor2 = distanchor3 = 0.  

If only 2 anchors are used,   set distanchor3 = 0.  

distanchor.1 3ft:=

distanchor.2 8ft:=

distanchor.3 13ft:=

 Tributary Width of Wall for each Anchor

tribplates 0 ConnectedToBridge "No"=if

1

2
distanchor.1⋅ otherwise

0 ft=:=

trib1 lwall tribplates− distanchor.2 0=if

1

2
distanchor.1 distanchor.2+( )⋅ tribplates− otherwise

5.5 ft=:=

trib2 lwall
1

2
distanchor.1 distanchor.2+( )− distanchor.3 0=if

1

2
distanchor.2 distanchor.3+( )

1

2
distanchor.1 distanchor.2+( )− otherwise

5 ft=:=

trib3 lwall trib1 trib2+ tribplates+( )− 5.5 ft=:=
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 Height of Wall at CL of Each Anchor

h x( ) 0 x 0=if

htall 0 x< lflat≤if

htall

htall hshort−

lwall lflat−
x lflat−( )⋅− otherwise

:=

hwall.1 h distanchor.1( ) 11.569 ft=:= Height of wall at each anchor

hwall.2 h distanchor.2( ) 10.291 ft=:=

hwall.3 h distanchor.3( ) 9.013 ft=:=

 Length of each Anchor Stem Extension

W is the additional anchor stem length beyond that of a "B"
anchor.  W(B) = 0W x( ) 0ft( ) x "B"=if

1ft( ) x "C"=if

2ft( ) x "D"=if

3ft( ) x "E"=if

4ft( ) x "F"=if

:=

W1 W AnchorType1( ) 4 ft=:=

W2 W AnchorType2( ) 4 ft=:=

W3 W AnchorType3( ) 4 ft=:=

 Width of Soil Column above each Anchor

Bbot is the width of the soil column at the top of the anchor, measured from backfill side of wall to upper tip of each anchor.

Bbot.1 W1 3ft 5.375in+( )+
7in

cos 30deg( )
+ 8.121ft=:=

Bbot.2 W2 3ft 5.375in+( )+
7in

cos 30deg( )
+ 8.121ft=:=

Bbot.3 W3 3ft 5.375in+( )+
7in

cos 30deg( )
+ 8.121ft=:=
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Bbot.lower is the width of the soil column at the bottom of the anchor, measured from backfill side of wall to bottom tip of

anchor.

Bbot.lower.1 W1 1ft 4in+
7in

cos 30deg( )
++ 6.007 ft=:=

Bbot.lower.2 W2 1ft 4in+
7in

cos 30deg( )
++ 6.007 ft=:=

Bbot.lower.3 W3 1ft 4in+
7in

cos 30deg( )
++ 6.007 ft=:=

 Perpendicular Distance to Traffic at each Anchor

dtraffic.1 dtraffic distanchor.1 tan αskew( )⋅+ 36.399 ft=:=

dtraffic.2 dtraffic distanchor.2 tan αskew( )⋅+ 38.73 ft=:=

dtraffic.3 dtraffic distanchor.3 tan αskew( )⋅+ 41.062 ft=:=

 Height of backfill at CL of each anchor 

dslope.1 max 0 min Bbot.1 dtraffic.1 BreakInSlope−, ( ), ( ) 8.121 ft=:= Distance to break in slope, measured
perpendicular to  wall from inside face of wall,
limited by B.bot.dslope.2 max 0 min Bbot.2 dtraffic.2 BreakInSlope−, ( ), ( ) 8.121 ft=:=

dslope.3 max 0 min Bbot.3 dtraffic.3 BreakInSlope−, ( ), ( ) 8.121 ft=:=

hbackfill.1 max hwall.1 hwall.1 min Bbot.1 dslope.1, ( ) tan β( )⋅+, ( ) 15.249 ft=:= The height of backfill is taken at the
end of the reinforced soil mass. 

hbackfill.2 max hwall.2 hwall.2 min Bbot.2 dslope.2, ( ) tan β( )⋅+, ( ) 13.971 ft=:=

hbackfill.3 max hwall.3 hwall.3 min Bbot.3 dslope.3, ( ) tan β( )⋅+, ( ) 12.694 ft=:=
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External Stability Analysis at Anchor 1

 Calculate Vertical Loads and Associated Lever Arms  (All Lever Arms are from Point "O")

DCwall.1 twall hwall.1⋅ γc⋅ 1.446
kip

ft
⋅=:=

xDC.wall.1
1

2
twall 0.417 ft=:=

EV1a1
1

2
γs hbackfill.1 hwall.1−( )⋅ dslope.1( )⋅ 2.092

kip

ft
⋅=:=

xEV1a.1 twall
2

3
dslope.1+ 6.248ft=:=

EV1b1 γs hbackfill.1 hwall.1−( )⋅ Bbot.1 dslope.1−( )⋅ 0
kip

ft
⋅=:=

xEV1b.1 twall dslope.1+
1

2
Bbot.1 dslope.1−( )+ 8.955 ft=:=

EV21 γs hwall.1 3.5ft−( )⋅ Bbot.1⋅ 9.174
kip

ft
⋅=:=

xEV2.1 twall
1

2
Bbot.1+ 4.894 ft=:=

EV31 γs 3.5ft( )⋅ Bbot.lower.1
7in

cos 30deg( )
−⋅ 2.613

kip

ft
⋅=:=

xEV3.1 twall
1

2
Bbot.lower.1

7in

cos 30deg( )
−+ 3.5 ft=:=

EV41 γs
1

2
⋅ 3.5⋅ ft W1 3ft+ 5.375in+( ) Bbot.lower.1

7in

cos 30deg( )
−−⋅ 0.518

kip

ft
⋅=:=

xEV4.1 twall Bbot.lower.1+
1

3
W1 3ft+ 5.375in+ Bbot.lower.1

7in

cos 30deg( )
−−⋅+ 7.545ft=:=

DCanchor.1
1

trib1
1740lbf( ) AnchorType1 "B"=if

2010lbf( ) AnchorType1 "C"=if

2285lbf( ) AnchorType1 "D"=if

2550lbf( ) AnchorType1 "E"=if

2825lbf( ) AnchorType1 "F"=if

⋅ 0.514
kip

ft
⋅=:= (See Anchor Geometry

Drawing)
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xanchor.1 twall 2ft 2.25in+( ) AnchorType1 "B"=if

2ft 8.8125in+( ) AnchorType1 "C"=if

3ft 5.125in+( ) AnchorType1 "D"=if

4ft 0.0625in+ AnchorType1 "E"=if

4ft 8in+( ) AnchorType1 "F"=if

+ 5.5 ft⋅=:=

LSvert.1 qsur Bbot.1 dtraffic.1( )−⋅ dtraffic.1 Bbot.1<if

0 otherwise

0
kip

ft
⋅=:= Used in bearing calcs only

xLS.vert.1 twall dtraffic.1+
1

2
Bbot.1 dtraffic.1−( )+ 23.094 ft=:=

DCftg.1 γc tftg⋅ hftg⋅ 0
kip

ft
⋅=:=

xDC.ftg.1

tftg

2
0.417 ft=:= Note: This moment arm is measured from the front toe of

the ftg since it is only used in bearing calculations.

 Calculate Lateral Loads and Associated Lever Arms

EH11.vert
1

2
ka.wall γs⋅ hbackfill.1 3.5ft−( )

2
⋅ sin δwall( )⋅ 1.574

kip

ft
⋅=:=

EH11.hor
1

2
ka.wall γs⋅ hbackfill.1 3.5ft−( )

2
⋅ cos δwall( )⋅ 3.3

kip

ft
⋅=:=

xEH1.1 twall Bbot.1+ 8.955 ft=:=

yEH1.1 3.5ft
1

3
hbackfill.1 3.5ft−( )+ 7.416 ft=:=

EH21.vert ka.anchor γs⋅ hbackfill.1 3.5ft−( )⋅ 4ft( )⋅ sin δanchor 30deg−( )⋅ 0.178−
kip

ft
⋅=:=

EH21.hor ka.anchor γs⋅ hbackfill.1 3.5ft−( )⋅ 4ft( )⋅ cos δanchor 30deg−( )⋅ 0.771
kip

ft
⋅=:=

xEH2.1 twall
1

2
Bbot.1 Bbot.lower.1+( )+ 7.898ft=:=

yEH2.1 3.5ft
1

2
4⋅ ft− 1.5 ft=:=

EH31.vert
1

2
ka.anchor γs⋅ 4ft( )

2
⋅ sin δanchor 30deg−( )⋅ 0.03−

kip

ft
⋅=:=

EH31.hor
1

2
ka.anchor γs⋅ 4ft( )

2
⋅ cos δanchor 30deg−( )⋅ 0.131

kip

ft
⋅=:=
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xEH3.1 twall Bbot.lower.1+ 3.5ft
2

3
4⋅ ft− tan 30deg( )+ 7.321ft=:=

yEH3.1 3.5ft
2

3
4⋅ ft− 10 in⋅=:=

LShor.1 ka.wall qsur⋅ hbackfill.1⋅( ) dtraffic.1

hwall.1

2
<if

0 otherwise

0
kip

ft
⋅=:=

xLS.hor.1 twall
1

2
Bbot.lower.1 Bbot.1+( )+ 7.898ft=:= (Assumed for ease of calculation)

yLS.hor.1
1

2
hbackfill.1 7.625 ft=:=

 Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4.  Per 11.5.3, sliding shall be evaluated at the strength
limit state.  Use minimum load factors for vertical loads and maximum load factors for horizontal loads.  Assume the failure
plane is beneath the wall ftg, which will be grouted to the wall during construction.  This is consistent with assumptions in the
HITEC report (page D24). 

 Resisting Forces

ϕτ 0.9:= AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Soil"

ΣV1 0.9 DCwall.1 DCanchor.1+ DCftg.1+( ) 1.0 EV1a1 EV1b1+ EV21+ EV31+ EV41+( )⋅+

ηi 1.50⋅ EH11.vert EH21.vert+ EH31.vert+( )⋅+

... 18.211
kip

ft
⋅=:=

Rτ.1 0.8 tan ϕftg( )⋅ ΣV1⋅ 10.201
kip

ft
⋅=:= AASHTO 10.6.3.4

Rr.1 ϕτ Rτ.1⋅ 9.181
kip

ft
⋅=:=

 Driving Forces

ΣHτ.1 ηi 1.50 EH11.hor EH21.hor+ EH31.hor+( )⋅ 1.75LShor.1+⋅ 6.305
kip

ft
⋅=:=

Checksliding.1 "OK"
Rr.1

ΣHτ.1
1≥if

"NG" otherwise

"OK"=:=
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 Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3.  A maximum of 80% of the retained soil shall
be used to resist overturning.  Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads.  First, evaluate overturning about front base of
wall.  If the wall passes the overturning check, the wing will not experience uplift with respect to the footing.  Therefore
evaluate eccentricity at the bottom of the footing.  The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection).  Eccentricity is measured from the center of the
base width toward the stream side of the footing.  Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

 Resisting Forces

Resisting1 0.9 DCwall.1 xDC.wall.1⋅ DCanchor.1 xanchor.1⋅+( )
1.0 0.8⋅ EV1a1 xEV1a.1⋅ EV1b1 xEV1b.1⋅+ EV21 xEV2.1⋅+ EV31 xEV3.1⋅+ EV41 xEV4.1⋅+( )⋅+

...

1.50 EH11.vert xEH1.1⋅ EH21.vert xEH2.1⋅+ EH31.vert xEH3.1⋅+( )+

...

78.61
kip ft⋅

ft
⋅=:=

 Driving Forces

Driving1 1.50 EH11.hor yEH1.1⋅ EH21.hor yEH2.1⋅+ EH31.hor yEH3.1⋅+( )⋅ 1.75LShor.1 yLS.hor.1⋅+ 38.616
kip ft⋅

ft
⋅=:=

CheckOT.1 "OK"
Resisting1

Driving1
1≥if

"NG" otherwise

"OK"=:=

 Eccentricity of Resultant

ΣVe.1 0.9 DCwall.1 DCanchor.1+( ) 1.0 0.8⋅ EV1a1 EV1b1+ EV21+ EV31+ EV41+( )⋅+

1.50 EH11.vert EH21.vert+ EH31.vert+( )+

... 15.331
kip

ft
⋅=:=

l1

ΣVe.1

Resisting1 Driving1−( )
ΣVe.1

1

2
tftg twall−( )+⋅ 0.9DCftg.1 xDC.ftg.1⋅+

ΣVe.1 0.9DCftg.1+
2.609 ft=:= (Distance to resultant

from face of ftg)

B1 Bbot.lower.1 twall+
1

2
tftg twall−( )+ 6.84 ft=:=
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e1 max
B1

2
l1− 0ft, 0.811 ft=:=

eallow.1

B1

4
1.71 ft=:= (Within Middle Half of ftg per 

AASHTO 11.6.3.3) Checke.1 "OK"
e1

eallow.1
1≤if

"NG" otherwise

"OK"=:=

 Check Bearing Pressure

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3.  Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width.  Evaluate at the strength limit state.  Use 100% of the
weight of the retained soil.    When Live Load Surcharge is present, Strength I with maximum load factors for vertical loads
and horizontal loads controls.  Include the effects of live load surcharge.  Since lever arms are calculated from the front face
of the wall, must add to the eccentricity the distance between wall and toe of footing.

Resistingbrg.1 1.25 DCwall.1 xDC.wall.1⋅ DCanchor.1 xanchor.1⋅+( )
1.35 EV1a1 xEV1a.1⋅ EV1b1 xEV1b.1⋅+ EV21 xEV2.1⋅+ EV31 xEV3.1⋅+ EV41 xEV4.1⋅+( )⋅+

...

1.35 EH11.vert xEH1.1⋅ EH21.vert xEH2.1⋅+ EH31.vert xEH3.1⋅+( )+

...

1.75 LSvert.1 xLS.vert.1⋅( )⋅+

...

117.004
kip ft⋅

ft
⋅=:=

Drivingbrg.1 1.35 EH11.hor yEH1.1⋅ EH21.hor yEH2.1⋅+ EH31.hor yEH3.1⋅+( ) 1.75LShor.1 yLS.hor.1⋅+ 34.754
kip ft⋅

ft
⋅=:=

ΣVbrg.1 1.25 DCwall.1 DCanchor.1+( )⋅ 1.35 EV1a1 EV1b1+ EV21+ EV31+ EV41+( )⋅+

1.35 EH11.vert EH21.vert+ EH31.vert+( )⋅ 1.75 LSvert.1( )⋅++

... 23.731
kip

ft
⋅=:=

lbrg.1

ΣVbrg.1

Resistingbrg.1 Drivingbrg.1−( )
ΣVbrg.1

1

2
tftg twall−( )+⋅ 1.25DCftg.1 xDC.ftg.1⋅+

ΣVbrg.1 1.25DCftg.1+
3.466 ft=:= (Distance to resultant

from face of ftg)

ebrg.1 max
B1

2
lbrg.1− 0ft, 0 ft=:=

σfoot.1

ΣVbrg.1

B1 2 ebrg.1⋅−
3.469 ksf⋅=:= Eq. 11.6.3.2-1, Rectangular Distibution for

Foundations on soil

qR 10 ksf⋅=

CheckBearing1 "OK"
qR

σfoot.1
1≥if

"NG" otherwise

"OK"=:=
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External Stability Analysis at Anchor 2

 Calculate Vertical Loads and Associated Lever Arms  (All Lever Arms are from Point "O")

DCwall.2 twall hwall.2⋅ γc⋅ 1.286
kip

ft
⋅=:=

xDC.wall.2
1

2
twall 0.417 ft=:=

EV1a2
1

2
γs hbackfill.2 hwall.2−( )⋅ dslope.2( )⋅ 2.092

kip

ft
⋅=:=

xEV1a.2 twall
2

3
dslope.2+ 6.248ft=:=

EV1b2 γs hbackfill.2 hwall.2−( )⋅ Bbot.2 dslope.2−( )⋅ 0
kip

ft
⋅=:=

xEV1b.2 twall dslope.2+
1

2
Bbot.2 dslope.2−( )+ 8.955 ft=:=

EV22 γs hwall.2 3.5ft−( )⋅ Bbot.2⋅ 7.722
kip

ft
⋅=:=

xEV2.2 twall
1

2
Bbot.2+ 4.894 ft=:=

EV32 γs 3.5ft( )⋅ Bbot.lower.2
7in

cos 30deg( )
−⋅ 2.613

kip

ft
⋅=:=

xEV3.2 twall
1

2
Bbot.lower.2

7in

cos 30deg( )
−+ 3.5 ft=:=

EV42 γs
1

2
⋅ 3.5⋅ ft W2 3ft+ 5.375in+( ) Bbot.lower.2

7in

cos 30deg( )
−−⋅ 0.518

kip

ft
⋅=:=

xEV4.2 twall Bbot.lower.2+
1

3
W2 3ft+ 5.375in+ Bbot.lower.2

7in

cos 30deg( )
−−⋅+ 7.545ft=:=

DCanchor.2
1

trib2
1740lbf( ) AnchorType2 "B"=if

2010lbf( ) AnchorType2 "C"=if

2285lbf( ) AnchorType2 "D"=if

2550lbf( ) AnchorType2 "E"=if

2825lbf( ) AnchorType2 "F"=if

⋅ 0.565
kip

ft
⋅=:= (See Anchor Geometry

Drawing)
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xanchor.2 twall 2ft 2.25in+( ) AnchorType2 "B"=if

2ft 8.8125in+( ) AnchorType2 "C"=if

3ft 5.125in+( ) AnchorType2 "D"=if

4ft 0.0625in+( ) AnchorType2 "E"=if

4ft 8in+( ) AnchorType2 "F"=if

+ 5.5 ft⋅=:=

LSvert.2 qsur Bbot.2 dtraffic.2( )−⋅ dtraffic.2 Bbot.2<if

0 otherwise

0
kip

ft
⋅=:= Used in bearing calcs only

xLS.vert.2 twall dtraffic.2+
1

2
Bbot.2 dtraffic.2−( )+ 24.259 ft=:=

DCftg.2 γc tftg⋅ hftg⋅ 0
kip

ft
⋅=:=

xDC.ftg.2

tftg

2
0.417 ft=:= Note: This moment arm is measured from the front toe of

the ftg since it is only used in bearing calculations.

 Calculate Lateral Loads and Associated Lever Arms

EH12.vert
1

2
ka.wall γs⋅ hbackfill.2 3.5ft−( )

2
⋅ sin δwall( )⋅ 1.25

kip

ft
⋅=:=

EH12.hor
1

2
ka.wall γs⋅ hbackfill.2 3.5ft−( )

2
⋅ cos δwall( )⋅ 2.622

kip

ft
⋅=:=

xEH1.2 twall Bbot.2+ 8.955 ft=:=

yEH1.2 3.5ft
1

3
hbackfill.2 3.5ft−( )+ 6.99 ft=:=

EH22.vert ka.anchor γs⋅ hbackfill.2 3.5ft−( )⋅ 4ft( )⋅ sin δanchor 30deg−( )⋅ 0.159−
kip

ft
⋅=:=

EH22.hor ka.anchor γs⋅ hbackfill.2 3.5ft−( )⋅ 4ft( )⋅ cos δanchor 30deg−( )⋅ 0.687
kip

ft
⋅=:=

xEH2.2 twall
1

2
Bbot.2 Bbot.lower.2+( )+ 7.898ft=:=

yEH2.2 3.5ft
1

2
4⋅ ft− 1.5 ft=:=

EH32.vert
1

2
ka.anchor γs⋅ 4ft( )

2
⋅ sin δanchor 30deg−( )⋅ 0.03−

kip

ft
⋅=:=

EH32.hor
1

2
ka.anchor γs⋅ 4ft( )

2
⋅ cos δanchor 30deg−( )⋅ 0.131

kip

ft
⋅=:=
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xEH3.2 twall Bbot.lower.2+ 3.5ft
2

3
4⋅ ft− tan 30deg( )+ 7.321ft=:=

yEH3.2 3.5ft
2

3
4⋅ ft− 10 in⋅=:=

LShor.2 ka.wall qsur⋅ hbackfill.2⋅( ) dtraffic.2

hwall.2

2
<if

0 otherwise

0
kip

ft
⋅=:=

xLS.hor.2 twall
1

2
Bbot.lower.2 Bbot.2+( )+ 7.898ft=:= (Assumed for ease of calculation)

yLS.hor.2
1

2
hbackfill.2 6.986 ft=:=

 Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4.  Per 11.5.3, sliding shall be evaluated at the strength
limit state.  Use minimum load factors for vertical loads and maximum load factors for horizontal loads.  Assume the failure
plane is beneath the wall ftg, which will be grouted to the wall during construction.  This is consistent with assumptions in the
HITEC report (page D24). 

 Resisting Forces

ϕτ 0.9:= AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Soil"

ΣV2 0.9 DCwall.2 DCanchor.2+ DCftg.2+( ) 1.0 EV1a2 EV1b2+ EV22+ EV32+ EV42+( )⋅+

ηi 1.50⋅ EH12.vert EH22.vert+ EH32.vert+( )⋅+

... 16.204
kip

ft
⋅=:=

Rτ.2 0.8 tan ϕftg( )⋅ ΣV2⋅ 9.077
kip

ft
⋅=:= AASHTO 10.6.3.4

Rr.2 ϕτ Rτ.2⋅ 8.169
kip

ft
⋅=:=

 Driving Forces

ΣHτ.2 ηi 1.50 EH12.hor EH22.hor+ EH32.hor+( )⋅ 1.75LShor.2+⋅ 5.16
kip

ft
⋅=:=

Checksliding.2 "OK"
Rr.2

ΣHτ.2
1≥if

"NG" otherwise

"OK"=:=
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 Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3.  A maximum of 80% of the retained soil shall
be used to resist overturning.  Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads.  First, evaluate overturning about front base of
wall.  If the wall passes the overturning check, the wing will not experience uplift with respect to the footing.  Therefore
evaluate eccentricity at the bottom of the footing.  The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection).  Eccentricity is measured from the center of the
base width toward the stream side of the footing.  Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

 Resisting Forces

Resisting2 0.9 DCwall.2 xDC.wall.2⋅ DCanchor.2 xanchor.2⋅+( )
1.0 0.8⋅ EV1a2 xEV1a.2⋅ EV1b2 xEV1b.2⋅+ EV22 xEV2.2⋅+ EV32 xEV3.2⋅+ EV42 xEV4.2⋅+( )⋅+

...

1.50 EH12.vert xEH1.2⋅ EH22.vert xEH2.2⋅+ EH32.vert xEH3.2⋅+( )+

...

68.996
kip ft⋅

ft
⋅=:=

 Driving Forces

Driving2 1.50 EH12.hor yEH1.2⋅ EH22.hor yEH2.2⋅+ EH32.hor yEH3.2⋅+( )⋅ 1.75LShor.2 yLS.hor.2⋅+ 29.2
kip ft⋅

ft
⋅=:=

CheckOT.2 "OK"
Resisting2

Driving2
1≥if

"NG" otherwise

"OK"=:=

 Eccentricity of Resultant

ΣVe.2 0.9 DCwall.2 DCanchor.2+( ) 1.0 0.8⋅ EV1a2 EV1b2+ EV22+ EV32+ EV42+( )⋅+

1.50 EH12.vert EH22.vert+ EH32.vert+( )+

... 13.615
kip

ft
⋅=:=

l2

ΣVe.2

Resisting2 Driving2−( )
ΣVe.2

1

2
tftg twall−( )+⋅ 0.9DCftg.2 xDC.ftg.2⋅+

ΣVe.2 0.9DCftg.2+
2.923 ft=:= (Distance to resultant

from face of ftg)

B2 Bbot.lower.2 twall+
1

2
tftg twall−( )+ 6.84 ft=:=
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e2 max
B2

2
l2− 0ft, 0.497 ft=:=

eallow.2

B2

4
1.71 ft=:= (Within Middle Half of ftg per 

AASHTO 11.6.3.3) Checke.2 "OK"
e2

eallow.2
1≤if

"NG" otherwise

"OK"=:=

 Check Bearing Pressure

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3.  Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width.  Evaluate at the strength limit state.  Use 100% of the
weight of the retained soil.    When Live Load Surcharge is present, Strength I with maximum load factors for vertical loads
and horizontal loads controls.  Include the effects of live load surcharge.  Since lever arms are calculated from the front face
of the wall, must add to the eccentricity the distance between wall and toe of footing.

Resistingbrg.2 1.25 DCwall.2 xDC.wall.2⋅ DCanchor.2 xanchor.2⋅+( )
1.35 EV1a2 xEV1a.2⋅ EV1b2 xEV1b.2⋅+ EV22 xEV2.2⋅+ EV32 xEV3.2⋅+ EV42 xEV4.2⋅+( )⋅+

...

1.35 EH12.vert xEH1.2⋅ EH22.vert xEH2.2⋅+ EH32.vert xEH3.2⋅+( )+

...

1.75 LSvert.2 xLS.vert.2⋅( )⋅+

...

103.968
kip ft⋅

ft
⋅=:=

Drivingbrg.2 1.35 EH12.hor yEH1.2⋅ EH22.hor yEH2.2⋅+ EH32.hor yEH3.2⋅+( ) 1.75LShor.2 yLS.hor.2⋅+ 26.28
kip ft⋅

ft
⋅=:=

ΣVbrg.2 1.25 DCwall.2 DCanchor.2+( )⋅ 1.35 EV1a2 EV1b2+ EV22+ EV32+ EV42+( )⋅+

1.35 EH12.vert EH22.vert+ EH32.vert+( )⋅ 1.75 LSvert.2( )⋅++

... 21.223
kip

ft
⋅=:=

lbrg.2

ΣVbrg.2

Resistingbrg.2 Drivingbrg.2−( )
ΣVbrg.2

1

2
tftg twall−( )+⋅ 1.25DCftg.2 xDC.ftg.2⋅+

ΣVbrg.2 1.25DCftg.2+
3.66 ft=:= (Distance to resultant

from face of ftg)

ebrg.2 max
B2

2
lbrg.2− 0ft, 0 ft=:=

σfoot.2

ΣVbrg.2

B2 2 ebrg.2⋅−
3.103 ksf⋅=:= Eq. 11.6.3.2-1, Rectangular Distibution for

Foundations on soil

qR 10 ksf⋅=

CheckBearing2 "OK"
qR

σfoot.2
1≥if

"NG" otherwise

"OK"=:=
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External Stability Analysis at Anchor 3

 Calculate Vertical Loads and Associated Lever Arms  (All Lever Arms are from Point "O")

DCwall.3 twall hwall.3⋅ γc⋅ 1.127
kip

ft
⋅=:=

xDC.wall.3
1

2
twall 0.417 ft=:=

EV1a3
1

2
γs hbackfill.3 hwall.3−( )⋅ dslope.3( )⋅ 2.092

kip

ft
⋅=:=

xEV1a.3 twall
2

3
dslope.3+ 6.248ft=:=

EV1b3 γs hbackfill.3 hwall.3−( )⋅ Bbot.3 dslope.3−( )⋅ 0
kip

ft
⋅=:=

xEV1b.3 twall dslope.3+
1

2
Bbot.3 dslope.3−( )+ 8.955 ft=:=

EV23 γs hwall.3 3.5ft−( )⋅ Bbot.3⋅ 6.269
kip

ft
⋅=:=

xEV2.3 twall
1

2
Bbot.3+ 4.894 ft=:=

EV33 γs 3.5ft( )⋅ Bbot.lower.3
7in

cos 30deg( )
−⋅ 2.613

kip

ft
⋅=:=

xEV3.3 twall
1

2
Bbot.lower.3

7in

cos 30deg( )
−+ 3.5 ft=:=

EV43 γs
1

2
⋅ 3.5⋅ ft W3 3ft+ 5.375in+( ) Bbot.lower.3

7in

cos 30deg( )
−−⋅ 0.518

kip

ft
⋅=:=

xEV4.3 twall Bbot.lower.3+
1

3
W3 3ft+ 5.375in+ Bbot.lower.3

7in

cos 30deg( )
−−⋅+ 7.545ft=:=

DCanchor.3
1

trib3
1740lbf( ) AnchorType3 "B"=if

2010lbf( ) AnchorType3 "C"=if

2285lbf( ) AnchorType3 "D"=if

2550lbf( ) AnchorType3 "E"=if

2825lbf( ) AnchorType1 "F"=if

⋅ 0.514
kip

ft
⋅=:= (See Anchor Geometry

Drawing)
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xanchor.3 twall 2ft 2.25in+( ) AnchorType3 "B"=if

2ft 8.8125in+( ) AnchorType3 "C"=if

3ft 5.125in+( ) AnchorType3 "D"=if

4ft 0.0625in+( ) AnchorType3 "E"=if

4ft 8in+( ) AnchorType3 "F"=if

+ 5.5 ft⋅=:=

LSvert.3 qsur Bbot.3 dtraffic.3( )−⋅ dtraffic.3 Bbot.3<if

0 otherwise

0
kip

ft
⋅=:= Used in bearing calcs only

xLS.vert.3 twall dtraffic.3+
1

2
Bbot.3 dtraffic.3−( )+ 25.425 ft=:=

DCftg.3 γc tftg⋅ hftg⋅ 0
kip

ft
⋅=:=

xDC.ftg.3

tftg

2
0.417 ft=:= Note: This moment arm is measured from the front toe of

the ftg since it is only used in bearing calculations.

 Calculate Lateral Loads and Associated Lever Arms

EH13.vert
1

2
ka.wall γs⋅ hbackfill.3 3.5ft−( )

2
⋅ sin δwall( )⋅ 0.964

kip

ft
⋅=:=

EH13.hor
1

2
ka.wall γs⋅ hbackfill.3 3.5ft−( )

2
⋅ cos δwall( )⋅ 2.021

kip

ft
⋅=:=

xEH1.3 twall Bbot.3+ 8.955 ft=:=

yEH1.3 3.5ft
1

3
hbackfill.3 3.5ft−( )+ 6.565 ft=:=

EH23.vert ka.anchor γs⋅ hbackfill.3 3.5ft−( )⋅ 4ft( )⋅ sin δanchor 30deg−( )⋅ 0.139−
kip

ft
⋅=:=

EH23.hor ka.anchor γs⋅ hbackfill.3 3.5ft−( )⋅ 4ft( )⋅ cos δanchor 30deg−( )⋅ 0.604
kip

ft
⋅=:=

xEH2.3 twall
1

2
Bbot.3 Bbot.lower.3+( )+ 7.898ft=:=

yEH2.3 3.5ft
1

2
4⋅ ft− 1.5 ft=:=

EH33.vert
1

2
ka.anchor γs⋅ 4ft( )

2
⋅ sin δanchor 30deg−( )⋅ 0.03−

kip

ft
⋅=:=

EH33.hor
1

2
ka.anchor γs⋅ 4ft( )

2
⋅ cos δanchor 30deg−( )⋅ 0.131

kip

ft
⋅=:=
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xEH3.3 twall Bbot.lower.3+ 3.5ft
2

3
4⋅ ft− tan 30deg( )+ 7.321ft=:=

yEH3.3 3.5ft
2

3
4⋅ ft− 10 in⋅=:=

LShor.3 ka.wall qsur⋅ hbackfill.3⋅( ) cos δwall( )⋅ dtraffic.3

hwall.3

2
<if

0 otherwise

0
kip

ft
⋅=:=

xLS.hor.3 twall
1

2
Bbot.lower.3 Bbot.3+( )+ 7.898ft=:= (Assumed for ease of calculation)

yLS.hor.3
1

2
hbackfill.3 6.347 ft=:=

 Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4.  Per 11.5.3, sliding shall be evaluated at the strength
limit state.  Use minimum load factors for vertical loads and maximum load factors for horizontal loads.  Assume the failure
plane is beneath the wall ftg, which will be grouted to the wall during construction.  This is consistent with assumptions in the
HITEC report (page D24). 

 Resisting Forces

ϕτ 0.9:= AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Soil"

ΣV3 0.9 DCwall.3 DCanchor.3+ DCftg.3+( ) 1.0 EV1a3 EV1b3+ EV23+ EV33+ EV43+( )⋅+

ηi 1.50⋅ EH13.vert EH23.vert+ EH33.vert+( )⋅+

... 14.16
kip

ft
⋅=:=

Rτ.3 0.8 tan ϕftg( )⋅ ΣV3⋅ 7.932
kip

ft
⋅=:= AASHTO 10.6.3.4

Rr.3 ϕτ Rτ.3⋅ 7.139
kip

ft
⋅=:=

 Driving Forces

ΣHτ.3 ηi 1.50 EH13.hor EH23.hor+ EH33.hor+( )⋅ 1.75LShor.3+⋅ 4.133
kip

ft
⋅=:=

Checksliding.3 "OK"
Rr.3

ΣHτ.3
1≥if

"NG" otherwise

"OK"=:=
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 Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3.  A maximum of 80% of the retained soil shall
be used to resist overturning.  Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads.  First, evaluate overturning about front base of
wall.  If the wall passes the overturning check, the wing will not experience uplift with respect to the footing.  Therefore
evaluate eccentricity at the bottom of the footing.  The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection).  Eccentricity is measured from the center of the
base width toward the stream side of the footing.  Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

 Resisting Forces

Resisting3 0.9 DCwall.3 xDC.wall.3⋅ DCanchor.3 xanchor.3⋅+( )
1.0 0.8⋅ EV1a3 xEV1a.3⋅ EV1b3 xEV1b.3⋅+ EV23 xEV2.3⋅+ EV33 xEV3.3⋅+ EV43 xEV4.3⋅+( )⋅+

...

1.50 EH13.vert xEH1.3⋅ EH23.vert xEH2.3⋅+ EH33.vert xEH3.3⋅+( )+

...

59.374
kip ft⋅

ft
⋅=:=

 Driving Forces

Driving3 1.50 EH13.hor yEH1.3⋅ EH23.hor yEH2.3⋅+ EH33.hor yEH3.3⋅+( )⋅ 1.75LShor.3 yLS.hor.3⋅+ 21.421
kip ft⋅

ft
⋅=:=

CheckOT.3 "OK"
Resisting3

Driving3
1≥if

"NG" otherwise

"OK"=:=

 Eccentricity of Resultant

ΣVe.3 0.9 DCwall.3 DCanchor.3+( ) 1.0 0.8⋅ EV1a3 EV1b3+ EV23+ EV33+ EV43+( )⋅+

1.50 EH13.vert EH23.vert+ EH33.vert+( )+

... 11.862
kip

ft
⋅=:=

l3

ΣVe.3

Resisting3 Driving3−( )
ΣVe.3

1

2
tftg twall−( )+⋅ 0.9DCftg.3 xDC.ftg.3⋅+

ΣVe.3 0.9DCftg.3+
3.2 ft=:= (Distance to resultant

from face of ftg)

B3 Bbot.lower.3 twall+
1

2
tftg twall−( )+ 6.84 ft=:=
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e3 max
B3

2
l3− 0ft, 0.22 ft=:=

eallow.3

B3

4
1.71 ft=:= (Within Middle Half of ftg per 

AASHTO 11.6.3.3) Checke.3 "OK"
e3

eallow.3
1≤if

"NG" otherwise

"OK"=:=

 Check Bearing Pressure

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3.  Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width.  Evaluate at the strength limit state.  Use 100% of the
weight of the retained soil.    When Live Load Surcharge is present, Strength I with maximum load factors for vertical loads
and horizontal loads controls.  Include the effects of live load surcharge.  Since lever arms are calculated from the front face
of the wall, must add to the eccentricity the distance between wall and toe of footing.

Resistingbrg.3 1.25 DCwall.3 xDC.wall.3⋅ DCanchor.3 xanchor.3⋅+( )
1.35 EV1a3 xEV1a.3⋅ EV1b3 xEV1b.3⋅+ EV23 xEV2.3⋅+ EV33 xEV3.3⋅+ EV43 xEV4.3⋅+( )⋅+

...

1.35 EH13.vert xEH1.3⋅ EH23.vert xEH2.3⋅+ EH33.vert xEH3.3⋅+( )+

...

1.75 LSvert.3 xLS.vert.3⋅( )⋅+

...

90.675
kip ft⋅

ft
⋅=:=

Drivingbrg.3 1.35 EH13.hor yEH1.3⋅ EH23.hor yEH2.3⋅+ EH33.hor yEH3.3⋅+( ) 1.75LShor.3 yLS.hor.3⋅+ 19.279
kip ft⋅

ft
⋅=:=

ΣVbrg.3 1.25 DCwall.3 DCanchor.3+( )⋅ 1.35 EV1a3 EV1b3+ EV23+ EV33+ EV43+( )⋅+

1.35 EH13.vert EH23.vert+ EH33.vert+( )⋅ 1.75 LSvert.3( )⋅++

... 18.637
kip

ft
⋅=:=

lbrg.3

ΣVbrg.3

Resistingbrg.3 Drivingbrg.3−( )
ΣVbrg.3

1

2
tftg twall−( )+⋅ 1.25DCftg.3 xDC.ftg.3⋅+

ΣVbrg.3 1.25DCftg.3+
3.831 ft=:= (Distance to resultant

from face of ftg)

ebrg.3 max
B3

2
lbrg.3− 0ft, 0 ft=:=

σfoot.3

ΣVbrg.3

B3 2 ebrg.3⋅−
2.725 ksf⋅=:= Eq. 11.6.3.2-1, Rectangular Distibution for

Foundations on soil

qR 10 ksf⋅=

CheckBearing3 "OK"
qR

σfoot.3
1≥if

"NG" otherwise

"OK"=:=
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Check Wall Reinforcement

Assume the wall stem is cantilevered above the anchor.  Use tallest wall section above anchor.  Use maximum horizontal load
factors to calculate moments and shears.  Use minimum load factor for axial compression. 

 Calculate Horizontal Loads and resp. Lever Arms at top of Anchor

hwall.internal hbackfill.1 3.5ft− 11.749 ft=:=

EHwall
1

2
ka.wall γs⋅ hwall.internal

2
⋅ 3.657

kip

ft
⋅=:= yEH.wall

1

3
hwall.1 3.856 ft=:=

yLS.wall
1

2
hwall.1 5.784 ft=:=

LSwall 0 dtraffic.1
1

2
hwall.1⋅≥if

ka.wall qsur⋅ hwall.internal⋅( ) otherwise

0
kip

ft
⋅=:=

Muwall ηi 1.5 EHwall⋅ yEH.wall⋅ 1.75LSwall yLS.wall⋅+( )⋅ 21.152
kip ft⋅

ft
⋅=:=

Vuwall ηi 1.5EHwall 1.75LSwall+( )⋅ 5.485
kip

ft
⋅=:=

Nuwall ηi− 0.9 γc⋅ twall⋅ hwall.internal⋅( )⋅ 1.322−
kip

ft
⋅=:=

 Check Moment Capacity

barwall 6:= swall 8in:= coverwall 1.5in:=

bw 1ft:=

diamwall

barwall

8
in 0.75 in⋅=:=

Aswall

π diamwall
2

⋅

4
12⋅

in

swall
0.663 in

2
⋅=:=

dwall twall coverwall−
diamwall

2
− 8.125 in⋅=:=

ϕmoment 0.90:= Per AASHTO 5.5.4.2.1

ϕshear 0.90:= Per AASHTO 5.5.4.2.1
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Verify that fy can be substituted for fs in the equations of 5.7.3.2.  This is allowed when

c

ds
0.60≤  .

cwall

Aswall fy⋅

0.85 fc⋅ β1⋅ bw⋅
0.975 in⋅=:= Simplified equation 5.7.3.1.2-4

cwall

dwall
0.12= This is less than 0.60 therefore fy can be substituted for fs

awall β1 cwall⋅ 0.78 in⋅=:=

Mnwall Aswall fy⋅ dwall

awall

2
−⋅:=

Mrwall ϕmoment Mnwall⋅ 23.067 kip ft⋅⋅=:=

Muwall bw⋅ 21.152 kip ft⋅⋅=

CheckWallFlexure "OK"
Mrwall

Muwall bw⋅
1≥if

"NG" otherwise

"OK"=:=

 Check Minimum Flexural Reinforcement (5.7.3.3.2)

fr 0.24 fc ksi⋅⋅ 0.537 ksi⋅=:= AASHTO 5.4.2.6

Ig.wall
1

12
bw⋅ twall

3
⋅ 1 10

3
× in

4
⋅=:=

Distance from centroid to extreme tension fibers.
Conservatively ignore reinforcement. yt.wall

twall

2
5 in⋅=:=

Sc.wall

Ig.wall

yt.wall
200 in

3
⋅=:=

γ3 0.67:= 0.67 = Factor for Grade 60 ASTM A615 rebar

γ1 1.2:= 1.2 = Factor for precast segmental structures

Mcr.wall γ3 γ1⋅ Sc.wall⋅ fr⋅ 7.191 kip ft⋅⋅=:= Simplified AASHTO Eq 5.7.3.3.2-1

1.33Muwall bw⋅ 28.132 kip ft⋅⋅=

CheckMinSteelWall "OK" Mrwall min 1.33Muwall bw⋅ Mcr.wall, ( )≥if

"NG" otherwise

"OK"=:=
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 Shear Resistance at Bottom of Wall (Section 5.8.3.4.2)

The section contains less than the minimum transverse reinforcement specified in 5.8.2.5,
therefore use equation 5.8.3.4.2-2 to determine the longitudinal strain effect factor ( ) at
the location of maximum shear. 

Mu max Muwall Vuwall dwall⋅, ( ):= In the eqtn below Mu shall not be less than Vu dv⋅

ξs_wall

Mu

dwall
0.5Nuwall+ Vuwall+

Es Aswall⋅
bw⋅:= 1000 ξs_wall⋅ 1.88= (5.8.3.4.2-4)

sx_wall dwall:=

sxe_wall sx_wall
1.38in

Aggregatediam 0.63in+
⋅ 8.125 in⋅=:= (5.8.3.4.2-5)

βwall
4.8

1 750 ξs_wall⋅+

51

39
sxe_wall

1in
+

⋅ 2.158=:= (5.8.3.4.2-2)

Θwall 29deg 3500deg ξs_wall⋅+ 35.568 deg⋅=:= (5.8.3.4.2-3)

Vnwall min 0.25 fc⋅ bw⋅ dwall⋅ 0.0316 βwall⋅ fc ksi⋅⋅ bw⋅ dwall⋅, ( ) 14.866 kip⋅=:= (5.8.3.3)

Vrwall ϕshear Vnwall⋅ 13.379 kip⋅=:=

Vuwall bw⋅ 5.485 kip⋅=
CheckWallShear "OK"

Vrwall

Vuwall bw⋅
1≥if

"NG" otherwise

"OK"=:=

 Check Crack Control in Section 5.7.3.4

Stress in reinforcement calculated per MacGregor "Reinforced Concrete Mechanics and Design" 4th Ed

Mswall ηi 1.0 EHwall⋅ yEH.wall⋅ 1.0LSwall yLS.wall⋅+( )⋅ 14.101
kip ft⋅

ft
⋅=:=
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Nswall ηi− 1.0 γc⋅ twall⋅ hwall.internal⋅( )⋅ 1.469−
kip

ft
⋅=:=

η
Es

Ec
7.118=:=

ρwall

Aswall

bw dwall⋅
0.007=:=

k 2ρwall ρwall η⋅( )
2

+ ρwall η⋅−:=

jwall 1
k

3
− 0.974=:=

Stress in Reinforcement at Service
Limit Statefsswall

Mswall Nswall dwall

twall

2
−⋅+

Aswall jwall⋅ dwall⋅
31.39

ksi

ft
⋅=:=

dc_wall twall dwall− 1.875 in⋅=:=

βs 1
dc_wall

0.7 twall dc_wall−( )⋅
+ 1.33=:=

γe 1.00:= exposure factor

smax

700
kip

in
γe⋅

βs fsswall⋅ bw⋅
2 dc_wall⋅− 13.021 in⋅=:=

CheckMaxSpacing "OK" swall smax≤if

"NG" otherwise

"OK"=:=

Check Minimum Bar Spacing in Section 5.10.3.1.2:

smin max diamwall 1.33Aggregatediam, 1in, ( ) 1 in⋅=:=

CheckMinSpacing "OK" swall smin≥if

"NG" otherwise

"OK"=:=

Check Maximum Bar Spacing in Section 5.10.3.2:

smax min 1.5 twall⋅ 18in, ( ) 15 in⋅=:=
CheckMaxSpacing "OK" swall smax≤if

"NG" otherwise

"OK"=:=
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Check Anchor Attachment to Wall 

 Check Moment Capacity of Connection Bars

Conservatively assume the entire wall is cantilevered about the footing, therefore consider only driving moments.  Use total
loads instead of loads per foot.  Use 100% of soil weight.  Must determine controlling anchor, since tributary width is
variable, not necessarily the anchor at the tallest wall.  Assume only top four connection bars resist tension.  This
assumption is consistent with HITEC p.D28.

Muanchor max Drivingbrg.1 trib1⋅ Drivingbrg.2 trib2⋅, Drivingbrg.3 trib3⋅, ( ) 191.147 kip ft⋅⋅=:=

baranchor 5:= size of bar

diamanchor

baranchor

8
in 0.625 in⋅=:=

Asanchor
π

4
diamanchor

2
⋅ 0.307 in

2
⋅=:=

n 6:= Number of bars in tension

banchor tstem 6 in⋅=:= thickness of anchor stem

hstem 3ft 6in+:= height of anchor stem

danchor 30.5in:= distance from centroid of tension reinforcement extreme compression fiber.

Verify that fy can be substituted for fs in the equations of 5.7.3.2.  This is allowed when

c

ds
0.60≤  .

canchor

n Asanchor⋅ fy⋅

0.85 fc⋅ β1⋅ banchor⋅
5.414 in⋅=:= Simplified equation 5.7.3.1.2-4

canchor

danchor
0.178= This is less than 0.60 therefore fy can be substituted for fs

aanchor β1 canchor⋅ 4.331 in⋅=:=

Mnanchor n Asanchor⋅ fy⋅ danchor

aanchor

2
−⋅:=

Mranchor ϕmoment Mnanchor⋅ 234.708 kip ft⋅⋅=:=

Muanchor 191.147 kip ft⋅⋅=
CheckAnchorFlexure "OK"

Mranchor

Muanchor
1≥if

"NG" otherwise

"OK"=:=
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 Check Minimum Flexural Reinforcement (5.7.3.3.2)

fr 0.537 ksi⋅= AASHTO 5.4.2.6

Ig.anchor
1

12
tstem⋅ hstem

3
⋅ 3.704 10

4
× in

4
⋅=:=

yt.anchor

hstem

2
1.75 ft=:= Distance from centroid to extreme tension fibers.

Conservatively ignore reinforcement. 

Sc.anchor

Ig.anchor

yt.anchor
1.764 10

3
× in

3
⋅=:=

γ3 0.67:= 0.67 = Factor for Grade 60 ASTM A615 rebar

γ1 1.2:= 1.2 = Factor for precast segmental structures

Mcr.anchor γ3 γ1⋅ Sc.anchor⋅ fr⋅ 63.426 kip ft⋅⋅=:= Simplified AASHTO Eq 5.7.3.3.2-1

1.33Muanchor bw⋅ 254.225 ft kip ft⋅⋅=

CheckMinSteelAnchor "OK" Mranchor min 1.33Muanchor Mcr.anchor, ( )≥if

"NG" otherwise

"OK"=:=

 Check Minimum Steel for Temperature and Shrinkage (11.6.1.5.1 & 5.10.8)

Asmin.anchor max 0.11
in

2

ft
min 0.60

in
2

ft

1.30 banchor⋅ hstem⋅

2 banchor hstem+( )⋅
fy

ksi
⋅

, , 0.6
in

2

ft
⋅=:=

Asmin.anchor hstem⋅ 2.1 in
2

⋅=

Asanchor n 2+( )⋅ 2.454 in
2

⋅= Account for extra two bars in compression face
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 Check Hook Development of Connection Steel in Wall

Per 5.10.2, A standard hook with a 180 degree bend shall have a 4*db extension, but not less than 2.5 inches.  Per
5.12.3, Cover beyond free end of bar shall be 2 inches.

lhb

38.0diamanchor

fc

ksi

10.621 in⋅=:= Basic development length for a Grade 60 bar with a standard hook
(AASHTO 5.11.2.4.1)

 Modification Factors to be applied to the Basic Development Length (AASHTO 5.11.2.4.2)

Mstrength 1:= Increase by fy/60 for yield strength greater than 60ksi

Mcover 0.7:= 0.7 if side cover normal to plane of hook is at least 2.5 inches AND
Cover beyond hook is at least 2.0in 

Mstirrups 1.0:= 0.8 if hook is enclose in with ties or stirrups as specified in 5.11.2.4.2

MAs 1.0:= Conservatively assume entire area of steel provided is required.

Mlightweight 1.0:= 1.3 if lightweight concrete is used.

Mepoxy 1.0:= 1.2 if epoxy rebar is used.

M Mstrength Mcover⋅ Mstirrups⋅ MAs⋅ Mlightweight⋅ Mepoxy⋅ 0.7=:=

ldh max 6in 8 diamanchor⋅, M lhb⋅, ( ) 7.435 in⋅=:=

twall.min coverwall ldh+ 8.935 in⋅=:=

CheckWall.Thickness "OK" twall twall.min≥if

"NG" otherwise

"OK"=:=
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Design/Analysis References:

1. AASHTO LRFD Bridge Design Specifications, 6th Edition.
2.
3. Das, Principles of Foundation Engineering, 5th Edition.
4. Holtz & Kovacs, Introduction to Geotechnical Engineering
5. AISC, Steel Construction Manual, 13th Edition
6. Highway Innovative Technology Evaluation Center (HITEC), Evaluation of the Con/Span Wingwall System, CERF
Report #40580, July 2001.
7. Contract Plans (VAOT)

Assumptions:
1. It is assumed that the failure plane of the soil to be retained by this wall will lie within the proposed 
backfill material.
2. The proposed backfill material will meet the material requirements of NHDOT section 209, Granular 
Backfill (Bridge), and be constructed to meet the requirements of the contract documents.  This material is assumed to have a
friction angle = 34 degrees and a dry unit weight = 140 pcf.
3. The installation of the weepholes will preclude the development of hydrostatic pressures on the wall.
4. Passive earth pressure in front of the wall is ignored per AASHTO 11.6.3.5.
5.  Site Layout.  Roadway Skew 35 degrees.  (3) wingwall designs due to varying design height and backfill slope. 
6.  Backslope Angle.  WW1 2:1 at 25 degrees.  WW2 and WW3 flat.  WW4 flat then 2:1 - Use 5:1 for design.  Use infinite
backslopes for designs (Break_In_Slope = 0, see below).
7.  Live Load Surcharge.  N/A - traffic is well belond H/2 for all cases. 
8. The HITEC Evaluation (page 3) explains that the Anchor Wall acts as a cantilever wall for most of its length since the
weight of the soil within and above the anchors provides resistance to overturning.  The wall also has attributes of a bin wall
since arching and friction of soil masses between anchors provides additional resistance.  Therefore, the provisions of AASHTO
Sections 11.6  (Conventional Retaining Walls) and 11.11 (Modular Walls) shall be applied.  
9. Per AASHTO 11.11.4.4, a maximum of 80% of the weight of the retained soil is effective in resisting overturning.  The
HITEC Evaluation (pages D29-D33) evaluated the accuracy of this assumption and found that using 80% of the soil weight is a
conservative assumption.
10. The Top of Wingwall elevations are 2 inches below the top of headwall elevations.
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General Input:

ELVwalltop 1006ft 2in− 1005.83 ft=:= Elevation of the Wingwall at its tallest point

ELVwalltip 1000ft:= Elevation of Wingwall at its tip.

ELVbot.ftg 993.67ft:= Elevation of the Bottom of the Wall Footing

tftg 10in:= Pedestal Footing design, separate, so t.wall

hftg 0ft:= Pedestal Footing design, separate

hshort ELVwalltip ELVbot.ftg− hftg− 1in− 6.247 ft=:= Short end of wall (less 1" for shim) 

htall ELVwalltop ELVbot.ftg− hftg− 1in− 12.08ft=:= Tall end of wall (less 1" for shim)

lwall 11ft:= Length of Wall Panel

lflat 1ft:= Length of flat portion of wingwall before break in slope.

twall 10in:= Thickness of Wall Panel

tstem 6in:= Thickness of Anchor Stem

wflange 2ft 6in+:= Width of Anchor Flange

αskew 0deg:= Angle of ww skew in plan view, measured from edge of roadway.
(to measure distance to traffic for each anchor)

θwall 90deg:= Wall batter angle with horizontal

θanchor θwall 30deg+:= Anchor batter angle with horizontal

β 0deg:= Backfill slope angle with horizontal, measured perpendicular to
the wall.

dtraffic 35ft:= Estimated minimum distance to traffic, measured from 
backfill side of wall and perpendicular to the wall.

BreakInSlope 0ft:= Assumed distance from face of guardrail to break-in-slope,
meaured perpendicular to the wall.
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Wall Material Properties

 Concrete 

fc 5000
lbf

in
2

:= Ec 4074ksi:= Aggregatediam .75in:=

γc 150pcf:= Assumed unit weight of concrete panel.

β1 = Stress Block Factor specified in Article

5.7.2.2
β1 max .65 .85 fc 4000psi<if

.85
.05

psi

fc 4000psi−

1000
⋅− otherwise

, 0.8=:=

 Steel:

fy 60000
lbf

in
2

:= Es 29000ksi:=

 Soil:

qR 10ksf:= Minimum factored bearing resistance given in contract, sht 6

γs 140pcf:= Assumed soil unit weight for all soil

qsur 2ft γs⋅ 280 psf⋅=:= Surcharge Soil Pressure (AASHTO Tbl 3.11.6.4-2)

ϕftg 35deg:= Friction Angle of Soil below Wall Footing

ϕbackfill 34deg:= Friction Angle of Backfill Soil

δwall 0.75 ϕbackfill⋅ 25.5 deg⋅=:= AASHTO C3.11.5.9-1 and HITEC p.D19

δanchor 0.50 ϕbackfill⋅ 17 deg⋅=:= AASHTO C3.11.5.9-1 and HITEC p.D19

ka.wall

sin θwall ϕbackfill+( )
2

sin θwall( )
2

sin θwall δwall−( )⋅ 1
sin ϕbackfill δwall+( ) sin ϕbackfill β−( )⋅

sin θwall δwall−( ) sin θwall β+( )⋅
+

2

⋅

0.254=:= AASHTO 3.11.5.3
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ka.anchor

sin θanchor ϕbackfill+( )
2

sin θanchor( )
2

sin θanchor δanchor−( )⋅ 1
sin ϕbackfill δanchor+( ) sin ϕbackfill β−( )⋅

sin θanchor δanchor−( ) sin θanchor β+( )⋅
+

2

⋅

0.089=:= AASHTO
3.11.5.3

k0 1 sin ϕbackfill( )− 0.441=:= AASHTO 3.11.5.2-1

Determine Load Factors (Strength I) (AASHTO 1.3 and Table 3.4.1-1)

 Load Modifiers

ηD 1.00:= Ductility for a conventional design

ηR 1.00:= Redundancy for conventional design

ηI 1.00:= Importance for a conventional bridge

ηi max ηD ηR⋅ ηI⋅ 0.95, ( ):= ηi 1=

 Load Factor  Max  Min  Service

γDC 1.25 0.9 1.0 Component Dead Loads

γEH 1.5 0.9 1.0 Horizontal Earth Loads

γEV 1.35 1.0 1.0 Vertical Earth Loads

γLL 1.75 1.75 1.0 Live Loads
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Anchor Types, Layout and Backfill Geometry

ConnectedToBridge "No":= To account for the connection of the wing to the bridge.  Choose
between Yes and No.

AnchorType1 "C":= Anchor Type to be tied to the back face of the wall.  Chosen 
between Anchor Type B, C, D, and E as defined below.

AnchorType2 "C":=

AnchorType3 "C":=

Distance to each anchor is from culvert end of wing.  Anchor 1 is closest to culvert.

Note:  Research in HITEC report supports spacing from 2.5 ft (anchors are touching) to 5.5
feet (HITEC Report pages D29-D33).  If distance between anchors increases beyond 5.5 ft,
data supporting the usable 80% soil weight assumption shall be provided due to possible
affects on soil arching between the anchors.  Similarly, anchor closest to the wall tip shall not
exceed 3 feet without supporting data.

If only 1 anchor is used,   set distanchor2 = distanchor3 = 0.  

If only 2 anchors are used,   set distanchor3 = 0.  

distanchor.1 3ft:=

distanchor.2 8ft:=

distanchor.3 0:=

 Tributary Width of Wall for each Anchor

tribplates 0 ConnectedToBridge "No"=if

1

2
distanchor.1⋅ otherwise

0 ft=:=

trib1 lwall tribplates− distanchor.2 0=if

1

2
distanchor.1 distanchor.2+( )⋅ tribplates− otherwise

5.5 ft=:=

trib2 lwall
1

2
distanchor.1 distanchor.2+( )− distanchor.3 0=if

1

2
distanchor.2 distanchor.3+( )

1

2
distanchor.1 distanchor.2+( )− otherwise

5.5 ft=:=

trib3 lwall trib1 trib2+ tribplates+( )− 0 ft=:=
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 Height of Wall at CL of Each Anchor

h x( ) 0 x 0=if

htall 0 x< lflat≤if

htall

htall hshort−

lwall lflat−
x lflat−( )⋅− otherwise

:=

hwall.1 h distanchor.1( ) 10.913 ft=:= Height of wall at each anchor

hwall.2 h distanchor.2( ) 7.997 ft=:=

hwall.3 h distanchor.3( ) 0 ft=:=

 Length of each Anchor Stem Extension

W is the additional anchor stem length beyond that of a "B"
anchor.  W(B) = 0W x( ) 0ft( ) x "B"=if

1ft( ) x "C"=if

2ft( ) x "D"=if

3ft( ) x "E"=if

:=

W1 W AnchorType1( ) 1 ft=:=

W2 W AnchorType2( ) 1 ft=:=

W3 W AnchorType3( ) 1 ft=:=

 Width of Soil Column above each Anchor

Bbot is the width of the soil column at the top of the anchor, measured from backfill side of wall to upper tip of each anchor.

Bbot.1 W1 3ft 5.375in+( )+
7in

cos 30deg( )
+ 5.121ft=:=

Bbot.2 W2 3ft 5.375in+( )+
7in

cos 30deg( )
+ 5.121ft=:=

Bbot.3 W3 3ft 5.375in+( )+
7in

cos 30deg( )
+ 5.121ft=:=

S:\PROJECTS\Casella Construction\Shrewsbury, VT - VTAOT STP Page 6 of 24

Page 72 of 148

                  Delta Project 2015.059.003   Chk: KLS



Designed By: PJL
Checked By:
Date Printed: 2/2/2015

Casella #5576
12x8 RFB - WW#2

VAOT #STP1443 (44)
Shrewsbury, VT

Bbot.lower is the width of the soil column at the bottom of the anchor, measured from backfill side of wall to bottom tip of

anchor.

Bbot.lower.1 W1 1ft 4in+
7in

cos 30deg( )
++ 3.007 ft=:=

Bbot.lower.2 W2 1ft 4in+
7in

cos 30deg( )
++ 3.007 ft=:=

Bbot.lower.3 W3 1ft 4in+
7in

cos 30deg( )
++ 3.007 ft=:=

 Perpendicular Distance to Traffic at each Anchor

dtraffic.1 dtraffic distanchor.1 tan αskew( )⋅+ 35 ft=:=

dtraffic.2 dtraffic distanchor.2 tan αskew( )⋅+ 35 ft=:=

dtraffic.3 dtraffic distanchor.3 tan αskew( )⋅+ 35 ft=:=

 Height of backfill at CL of each anchor 

dslope.1 max 0 min Bbot.1 dtraffic.1 BreakInSlope−, ( ), ( ) 5.121 ft=:= Distance to break in slope, measured
perpendicular to  wall from inside face of wall,
limited by B.bot.dslope.2 max 0 min Bbot.2 dtraffic.2 BreakInSlope−, ( ), ( ) 5.121 ft=:=

dslope.3 max 0 min Bbot.3 dtraffic.3 BreakInSlope−, ( ), ( ) 5.121 ft=:=

hbackfill.1 max hwall.1 hwall.1 min Bbot.1 dslope.1, ( ) tan β( )⋅+, ( ) 10.913 ft=:= The height of backfill is taken at the
end of the reinforced soil mass. 

hbackfill.2 max hwall.2 hwall.2 min Bbot.2 dslope.2, ( ) tan β( )⋅+, ( ) 7.997 ft=:=

hbackfill.3 max hwall.3 hwall.3 min Bbot.3 dslope.3, ( ) tan β( )⋅+, ( ) 0 ft=:=
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External Stability Analysis at Anchor 1

 Calculate Vertical Loads and Associated Lever Arms  (All Lever Arms are from Point "O")

DCwall.1 twall hwall.1⋅ γc⋅ 1.364
kip

ft
⋅=:=

xDC.wall.1
1

2
twall 0.417 ft=:=

EV1a1
1

2
γs hbackfill.1 hwall.1−( )⋅ dslope.1( )⋅ 0

kip

ft
⋅=:=

xEV1a.1 twall
2

3
dslope.1+ 4.248ft=:=

EV1b1 γs hbackfill.1 hwall.1−( )⋅ Bbot.1 dslope.1−( )⋅ 0
kip

ft
⋅=:=

xEV1b.1 twall dslope.1+
1

2
Bbot.1 dslope.1−( )+ 5.955 ft=:=

EV21 γs hwall.1 3.5ft−( )⋅ Bbot.1⋅ 5.315
kip

ft
⋅=:=

xEV2.1 twall
1

2
Bbot.1+ 3.394 ft=:=

EV31 γs 3.5ft( )⋅ Bbot.lower.1
7in

cos 30deg( )
−⋅ 1.143

kip

ft
⋅=:=

xEV3.1 twall
1

2
Bbot.lower.1

7in

cos 30deg( )
−+ 2 ft=:=

EV41 γs
1

2
⋅ 3.5⋅ ft W1 3ft+ 5.375in+( ) Bbot.lower.1

7in

cos 30deg( )
−−⋅ 0.518

kip

ft
⋅=:=

xEV4.1 twall Bbot.lower.1+
1

3
W1 3ft+ 5.375in+ Bbot.lower.1

7in

cos 30deg( )
−−⋅+ 4.545ft=:=

DCanchor.1
1

trib1
1740lbf( ) AnchorType1 "B"=if

2010lbf( ) AnchorType1 "C"=if

2285lbf( ) AnchorType1 "D"=if

2550lbf( ) AnchorType1 "E"=if

⋅ 0.365
kip

ft
⋅=:= (See Anchor Geometry

Drawing)
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xanchor.1 twall 2ft 2.25in+( ) AnchorType1 "B"=if

2ft 8.8125in+( ) AnchorType1 "C"=if

3ft 5.125in+( ) AnchorType1 "D"=if

4ft 0.0625in+( ) AnchorType1 "E"=if

+ 3.568 ft⋅=:=

LSvert.1 qsur Bbot.1 dtraffic.1( )−⋅ dtraffic.1 Bbot.1<if

0 otherwise

0
kip

ft
⋅=:= Used in bearing calcs only

xLS.vert.1 twall dtraffic.1+
1

2
Bbot.1 dtraffic.1−( )+ 20.894 ft=:=

DCftg.1 γc tftg⋅ hftg⋅ 0
kip

ft
⋅=:=

xDC.ftg.1

tftg

2
0.417 ft=:= Note: This moment arm is measured from the front toe of

the ftg since it is only used in bearing calculations.

 Calculate Lateral Loads and Associated Lever Arms

EH11.vert
1

2
ka.wall γs⋅ hbackfill.1 3.5ft−( )

2
⋅ sin δwall( )⋅ 0.421

kip

ft
⋅=:=

EH11.hor
1

2
ka.wall γs⋅ hbackfill.1 3.5ft−( )

2
⋅ cos δwall( )⋅ 0.883

kip

ft
⋅=:=

xEH1.1 twall Bbot.1+ 5.955 ft=:=

yEH1.1 3.5ft
1

3
hbackfill.1 3.5ft−( )+ 5.971 ft=:=

EH21.vert ka.anchor γs⋅ hbackfill.1 3.5ft−( )⋅ 4ft( )⋅ sin δanchor 30deg−( )⋅ 0.083−
kip

ft
⋅=:=

EH21.hor ka.anchor γs⋅ hbackfill.1 3.5ft−( )⋅ 4ft( )⋅ cos δanchor 30deg−( )⋅ 0.361
kip

ft
⋅=:=

xEH2.1 twall
1

2
Bbot.1 Bbot.lower.1+( )+ 4.898ft=:=

yEH2.1 3.5ft
1

2
4⋅ ft− 1.5 ft=:=

EH31.vert
1

2
ka.anchor γs⋅ 4ft( )

2
⋅ sin δanchor 30deg−( )⋅ 0.022−

kip

ft
⋅=:=

EH31.hor
1

2
ka.anchor γs⋅ 4ft( )

2
⋅ cos δanchor 30deg−( )⋅ 0.097

kip

ft
⋅=:=
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xEH3.1 twall Bbot.lower.1+ 3.5ft
2

3
4⋅ ft− tan 30deg( )+ 4.321ft=:=

yEH3.1 3.5ft
2

3
4⋅ ft− 10 in⋅=:=

LShor.1 ka.wall qsur⋅ hbackfill.1⋅( ) dtraffic.1

hwall.1

2
<if

0 otherwise

0
kip

ft
⋅=:=

xLS.hor.1 twall
1

2
Bbot.lower.1 Bbot.1+( )+ 4.898ft=:= (Assumed for ease of calculation)

yLS.hor.1
1

2
hbackfill.1 5.457 ft=:=

 Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4.  Per 11.5.3, sliding shall be evaluated at the strength
limit state.  Use minimum load factors for vertical loads and maximum load factors for horizontal loads.  Assume the failure
plane is beneath the wall ftg, which will be grouted to the wall during construction.  This is consistent with assumptions in the
HITEC report (page D24). 

 Resisting Forces

ϕτ 0.9:= AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Soil"

ΣV1 0.9 DCwall.1 DCanchor.1+ DCftg.1+( ) 1.0 EV1a1 EV1b1+ EV21+ EV31+ EV41+( )⋅+

ηi 1.50⋅ EH11.vert EH21.vert+ EH31.vert+( )⋅+

... 9.007
kip

ft
⋅=:=

Rτ.1 0.8 tan ϕftg( )⋅ ΣV1⋅ 5.045
kip

ft
⋅=:= AASHTO 10.6.3.4

Rr.1 ϕτ Rτ.1⋅ 4.541
kip

ft
⋅=:=

 Driving Forces

ΣHτ.1 ηi 1.50 EH11.hor EH21.hor+ EH31.hor+( )⋅ 1.75LShor.1+⋅ 2.011
kip

ft
⋅=:=

Checksliding.1 "OK"
Rr.1

ΣHτ.1
1≥if

"NG" otherwise

"OK"=:=
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 Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3.  A maximum of 80% of the retained soil shall
be used to resist overturning.  Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads.  First, evaluate overturning about front base of
wall.  If the wall passes the overturning check, the wing will not experience uplift with respect to the footing.  Therefore
evaluate eccentricity at the bottom of the footing.  The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection).  Eccentricity is measured from the center of the
base width toward the stream side of the footing.  Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

 Resisting Forces

Resisting1 0.9 DCwall.1 xDC.wall.1⋅ DCanchor.1 xanchor.1⋅+( )
1.0 0.8⋅ EV1a1 xEV1a.1⋅ EV1b1 xEV1b.1⋅+ EV21 xEV2.1⋅+ EV31 xEV3.1⋅+ EV41 xEV4.1⋅+( )⋅+

...

1.50 EH11.vert xEH1.1⋅ EH21.vert xEH2.1⋅+ EH31.vert xEH3.1⋅+( )+

...

22.835
kip ft⋅

ft
⋅=:=

 Driving Forces

Driving1 1.50 EH11.hor yEH1.1⋅ EH21.hor yEH2.1⋅+ EH31.hor yEH3.1⋅+( )⋅ 1.75LShor.1 yLS.hor.1⋅+ 8.84
kip ft⋅

ft
⋅=:=

CheckOT.1 "OK"
Resisting1

Driving1
1≥if

"NG" otherwise

"OK"=:=

 Eccentricity of Resultant

ΣVe.1 0.9 DCwall.1 DCanchor.1+( ) 1.0 0.8⋅ EV1a1 EV1b1+ EV21+ EV31+ EV41+( )⋅+

1.50 EH11.vert EH21.vert+ EH31.vert+( )+

... 7.611
kip

ft
⋅=:=

l1

ΣVe.1

Resisting1 Driving1−( )
ΣVe.1

1

2
tftg twall−( )+⋅ 0.9DCftg.1 xDC.ftg.1⋅+

ΣVe.1 0.9DCftg.1+
1.839 ft=:= (Distance to resultant

from face of ftg)

B1 Bbot.lower.1 twall+
1

2
tftg twall−( )+ 3.84 ft=:=
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e1 max
B1

2
l1− 0ft, 0.081 ft=:=

eallow.1

B1

4
0.96 ft=:= (Within Middle Half of ftg per 

AASHTO 11.6.3.3) Checke.1 "OK"
e1

eallow.1
1≤if

"NG" otherwise

"OK"=:=

 Check Bearing Pressure

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3.  Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width.  Evaluate at the strength limit state.  Use 100% of the
weight of the retained soil.    When Live Load Surcharge is present, Strength I with maximum load factors for vertical loads
and horizontal loads controls.  Include the effects of live load surcharge.  Since lever arms are calculated from the front face
of the wall, must add to the eccentricity the distance between wall and toe of footing.

Resistingbrg.1 1.25 DCwall.1 xDC.wall.1⋅ DCanchor.1 xanchor.1⋅+( )
1.35 EV1a1 xEV1a.1⋅ EV1b1 xEV1b.1⋅+ EV21 xEV2.1⋅+ EV31 xEV3.1⋅+ EV41 xEV4.1⋅+( )⋅+

...

1.35 EH11.vert xEH1.1⋅ EH21.vert xEH2.1⋅+ EH31.vert xEH3.1⋅+( )+

...

1.75 LSvert.1 xLS.vert.1⋅( )⋅+

...

35.665
kip ft⋅

ft
⋅=:=

Drivingbrg.1 1.35 EH11.hor yEH1.1⋅ EH21.hor yEH2.1⋅+ EH31.hor yEH3.1⋅+( ) 1.75LShor.1 yLS.hor.1⋅+ 7.956
kip ft⋅

ft
⋅=:=

ΣVbrg.1 1.25 DCwall.1 DCanchor.1+( )⋅ 1.35 EV1a1 EV1b1+ EV21+ EV31+ EV41+( )⋅+

1.35 EH11.vert EH21.vert+ EH31.vert+( )⋅ 1.75 LSvert.1( )⋅++

... 12.007
kip

ft
⋅=:=

lbrg.1

ΣVbrg.1

Resistingbrg.1 Drivingbrg.1−( )
ΣVbrg.1

1

2
tftg twall−( )+⋅ 1.25DCftg.1 xDC.ftg.1⋅+

ΣVbrg.1 1.25DCftg.1+
2.308 ft=:= (Distance to resultant

from face of ftg)

ebrg.1 max
B1

2
lbrg.1− 0ft, 0 ft=:=

σfoot.1

ΣVbrg.1

B1 2 ebrg.1⋅−
3.126 ksf⋅=:= Eq. 11.6.3.2-1, Rectangular Distibution for

Foundations on soil

qR 10 ksf⋅=

CheckBearing1 "OK"
qR

σfoot.1
1≥if

"NG" otherwise

"OK"=:=
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External Stability Analysis at Anchor 2

 Calculate Vertical Loads and Associated Lever Arms  (All Lever Arms are from Point "O")

DCwall.2 twall hwall.2⋅ γc⋅ 1
kip

ft
⋅=:=

xDC.wall.2
1

2
twall 0.417 ft=:=

EV1a2
1

2
γs hbackfill.2 hwall.2−( )⋅ dslope.2( )⋅ 0

kip

ft
⋅=:=

xEV1a.2 twall
2

3
dslope.2+ 4.248ft=:=

EV1b2 γs hbackfill.2 hwall.2−( )⋅ Bbot.2 dslope.2−( )⋅ 0
kip

ft
⋅=:=

xEV1b.2 twall dslope.2+
1

2
Bbot.2 dslope.2−( )+ 5.955 ft=:=

EV22 γs hwall.2 3.5ft−( )⋅ Bbot.2⋅ 3.224
kip

ft
⋅=:=

xEV2.2 twall
1

2
Bbot.2+ 3.394 ft=:=

EV32 γs 3.5ft( )⋅ Bbot.lower.2
7in

cos 30deg( )
−⋅ 1.143

kip

ft
⋅=:=

xEV3.2 twall
1

2
Bbot.lower.2

7in

cos 30deg( )
−+ 2 ft=:=

EV42 γs
1

2
⋅ 3.5⋅ ft W2 3ft+ 5.375in+( ) Bbot.lower.2

7in

cos 30deg( )
−−⋅ 0.518

kip

ft
⋅=:=

xEV4.2 twall Bbot.lower.2+
1

3
W2 3ft+ 5.375in+ Bbot.lower.2

7in

cos 30deg( )
−−⋅+ 4.545ft=:=

DCanchor.2
1

trib2
1740lbf( ) AnchorType2 "B"=if

2010lbf( ) AnchorType2 "C"=if

2285lbf( ) AnchorType2 "D"=if

2550lbf( ) AnchorType2 "E"=if

⋅ 0.365
kip

ft
⋅=:= (See Anchor Geometry

Drawing)
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xanchor.2 twall 2ft 2.25in+( ) AnchorType2 "B"=if

2ft 8.8125in+( ) AnchorType2 "C"=if

3ft 5.125in+( ) AnchorType2 "D"=if

4ft 0.0625in+( ) AnchorType2 "E"=if

+ 3.568 ft⋅=:=

LSvert.2 qsur Bbot.2 dtraffic.2( )−⋅ dtraffic.2 Bbot.2<if

0 otherwise

0
kip

ft
⋅=:= Used in bearing calcs only

xLS.vert.2 twall dtraffic.2+
1

2
Bbot.2 dtraffic.2−( )+ 20.894 ft=:=

DCftg.2 γc tftg⋅ hftg⋅ 0
kip

ft
⋅=:=

xDC.ftg.2

tftg

2
0.417 ft=:= Note: This moment arm is measured from the front toe of

the ftg since it is only used in bearing calculations.

 Calculate Lateral Loads and Associated Lever Arms

EH12.vert
1

2
ka.wall γs⋅ hbackfill.2 3.5ft−( )

2
⋅ sin δwall( )⋅ 0.155

kip

ft
⋅=:=

EH12.hor
1

2
ka.wall γs⋅ hbackfill.2 3.5ft−( )

2
⋅ cos δwall( )⋅ 0.325

kip

ft
⋅=:=

xEH1.2 twall Bbot.2+ 5.955 ft=:=

yEH1.2 3.5ft
1

3
hbackfill.2 3.5ft−( )+ 4.999 ft=:=

EH22.vert ka.anchor γs⋅ hbackfill.2 3.5ft−( )⋅ 4ft( )⋅ sin δanchor 30deg−( )⋅ 0.05−
kip

ft
⋅=:=

EH22.hor ka.anchor γs⋅ hbackfill.2 3.5ft−( )⋅ 4ft( )⋅ cos δanchor 30deg−( )⋅ 0.219
kip

ft
⋅=:=

xEH2.2 twall
1

2
Bbot.2 Bbot.lower.2+( )+ 4.898ft=:=

yEH2.2 3.5ft
1

2
4⋅ ft− 1.5 ft=:=

EH32.vert
1

2
ka.anchor γs⋅ 4ft( )

2
⋅ sin δanchor 30deg−( )⋅ 0.022−

kip

ft
⋅=:=

EH32.hor
1

2
ka.anchor γs⋅ 4ft( )

2
⋅ cos δanchor 30deg−( )⋅ 0.097

kip

ft
⋅=:=

S:\PROJECTS\Casella Construction\Shrewsbury, VT - VTAOT STP Page 14 of 24

Page 80 of 148

                  Delta Project 2015.059.003   Chk: KLS



Designed By: PJL
Checked By:
Date Printed: 2/2/2015

Casella #5576
12x8 RFB - WW#2

VAOT #STP1443 (44)
Shrewsbury, VT

xEH3.2 twall Bbot.lower.2+ 3.5ft
2

3
4⋅ ft− tan 30deg( )+ 4.321ft=:=

yEH3.2 3.5ft
2

3
4⋅ ft− 10 in⋅=:=

LShor.2 ka.wall qsur⋅ hbackfill.2⋅( ) dtraffic.2

hwall.2

2
<if

0 otherwise

0
kip

ft
⋅=:=

xLS.hor.2 twall
1

2
Bbot.lower.2 Bbot.2+( )+ 4.898ft=:= (Assumed for ease of calculation)

yLS.hor.2
1

2
hbackfill.2 3.998 ft=:=

 Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4.  Per 11.5.3, sliding shall be evaluated at the strength
limit state.  Use minimum load factors for vertical loads and maximum load factors for horizontal loads.  Assume the failure
plane is beneath the wall ftg, which will be grouted to the wall during construction.  This is consistent with assumptions in the
HITEC report (page D24). 

 Resisting Forces

ϕτ 0.9:= AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Soil"

ΣV2 0.9 DCwall.2 DCanchor.2+ DCftg.2+( ) 1.0 EV1a2 EV1b2+ EV22+ EV32+ EV42+( )⋅+

ηi 1.50⋅ EH12.vert EH22.vert+ EH32.vert+( )⋅+

... 6.237
kip

ft
⋅=:=

Rτ.2 0.8 tan ϕftg( )⋅ ΣV2⋅ 3.494
kip

ft
⋅=:= AASHTO 10.6.3.4

Rr.2 ϕτ Rτ.2⋅ 3.144
kip

ft
⋅=:=

 Driving Forces

ΣHτ.2 ηi 1.50 EH12.hor EH22.hor+ EH32.hor+( )⋅ 1.75LShor.2+⋅ 0.961
kip

ft
⋅=:=

Checksliding.2 "OK"
Rr.2

ΣHτ.2
1≥if

"NG" otherwise

"OK"=:=
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 Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3.  A maximum of 80% of the retained soil shall
be used to resist overturning.  Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads.  First, evaluate overturning about front base of
wall.  If the wall passes the overturning check, the wing will not experience uplift with respect to the footing.  Therefore
evaluate eccentricity at the bottom of the footing.  The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection).  Eccentricity is measured from the center of the
base width toward the stream side of the footing.  Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

 Resisting Forces

Resisting2 0.9 DCwall.2 xDC.wall.2⋅ DCanchor.2 xanchor.2⋅+( )
1.0 0.8⋅ EV1a2 xEV1a.2⋅ EV1b2 xEV1b.2⋅+ EV22 xEV2.2⋅+ EV32 xEV3.2⋅+ EV42 xEV4.2⋅+( )⋅+

...

1.50 EH12.vert xEH1.2⋅ EH22.vert xEH2.2⋅+ EH32.vert xEH3.2⋅+( )+

...

14.883
kip ft⋅

ft
⋅=:=

 Driving Forces

Driving2 1.50 EH12.hor yEH1.2⋅ EH22.hor yEH2.2⋅+ EH32.hor yEH3.2⋅+( )⋅ 1.75LShor.2 yLS.hor.2⋅+ 3.049
kip ft⋅

ft
⋅=:=

CheckOT.2 "OK"
Resisting2

Driving2
1≥if

"NG" otherwise

"OK"=:=

 Eccentricity of Resultant

ΣVe.2 0.9 DCwall.2 DCanchor.2+( ) 1.0 0.8⋅ EV1a2 EV1b2+ EV22+ EV32+ EV42+( )⋅+

1.50 EH12.vert EH22.vert+ EH32.vert+( )+

... 5.26
kip

ft
⋅=:=

l2

ΣVe.2

Resisting2 Driving2−( )
ΣVe.2

1

2
tftg twall−( )+⋅ 0.9DCftg.2 xDC.ftg.2⋅+

ΣVe.2 0.9DCftg.2+
2.25 ft=:= (Distance to resultant

from face of ftg)

B2 Bbot.lower.2 twall+
1

2
tftg twall−( )+ 3.84 ft=:=
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e2 max
B2

2
l2− 0ft, 0 ft=:=

eallow.2

B2

4
0.96 ft=:= (Within Middle Half of ftg per 

AASHTO 11.6.3.3) Checke.2 "OK"
e2

eallow.2
1≤if

"NG" otherwise

"OK"=:=

 Check Bearing Pressure

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3.  Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width.  Evaluate at the strength limit state.  Use 100% of the
weight of the retained soil.    When Live Load Surcharge is present, Strength I with maximum load factors for vertical loads
and horizontal loads controls.  Include the effects of live load surcharge.  Since lever arms are calculated from the front face
of the wall, must add to the eccentricity the distance between wall and toe of footing.

Resistingbrg.2 1.25 DCwall.2 xDC.wall.2⋅ DCanchor.2 xanchor.2⋅+( )
1.35 EV1a2 xEV1a.2⋅ EV1b2 xEV1b.2⋅+ EV22 xEV2.2⋅+ EV32 xEV3.2⋅+ EV42 xEV4.2⋅+( )⋅+

...

1.35 EH12.vert xEH1.2⋅ EH22.vert xEH2.2⋅+ EH32.vert xEH3.2⋅+( )+

...

1.75 LSvert.2 xLS.vert.2⋅( )⋅+

...

23.97
kip ft⋅

ft
⋅=:=

Drivingbrg.2 1.35 EH12.hor yEH1.2⋅ EH22.hor yEH2.2⋅+ EH32.hor yEH3.2⋅+( ) 1.75LShor.2 yLS.hor.2⋅+ 2.744
kip ft⋅

ft
⋅=:=

ΣVbrg.2 1.25 DCwall.2 DCanchor.2+( )⋅ 1.35 EV1a2 EV1b2+ EV22+ EV32+ EV42+( )⋅+

1.35 EH12.vert EH22.vert+ EH32.vert+( )⋅ 1.75 LSvert.2( )⋅++

... 8.412
kip

ft
⋅=:=

lbrg.2

ΣVbrg.2

Resistingbrg.2 Drivingbrg.2−( )
ΣVbrg.2

1

2
tftg twall−( )+⋅ 1.25DCftg.2 xDC.ftg.2⋅+

ΣVbrg.2 1.25DCftg.2+
2.523 ft=:= (Distance to resultant

from face of ftg)

ebrg.2 max
B2

2
lbrg.2− 0ft, 0 ft=:=

σfoot.2

ΣVbrg.2

B2 2 ebrg.2⋅−
2.191 ksf⋅=:= Eq. 11.6.3.2-1, Rectangular Distibution for

Foundations on soil

qR 10 ksf⋅=

CheckBearing2 "OK"
qR

σfoot.2
1≥if

"NG" otherwise

"OK"=:=
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Check Wall Reinforcement

Assume the wall stem is cantilevered above the anchor.  Use tallest wall section above anchor.  Use maximum horizontal load
factors to calculate moments and shears.  Use minimum load factor for axial compression. 

 Calculate Horizontal Loads and resp. Lever Arms at top of Anchor

hwall.internal hbackfill.1 3.5ft− 7.413 ft=:=

EHwall
1

2
ka.wall γs⋅ hwall.internal

2
⋅ 0.978

kip

ft
⋅=:= yEH.wall

1

3
hwall.1 3.638 ft=:=

yLS.wall
1

2
hwall.1 5.457 ft=:=

LSwall 0 dtraffic.1
1

2
hwall.1⋅≥if

ka.wall qsur⋅ hwall.internal⋅( ) otherwise

0
kip

ft
⋅=:=

Muwall ηi 1.5 EHwall⋅ yEH.wall⋅ 1.75LSwall yLS.wall⋅+( )⋅ 5.337
kip ft⋅

ft
⋅=:=

Vuwall ηi 1.5EHwall 1.75LSwall+( )⋅ 1.467
kip

ft
⋅=:=

Nuwall ηi− 0.9 γc⋅ twall⋅ hwall.internal⋅( )⋅ 0.834−
kip

ft
⋅=:=

 Check Moment Capacity

barwall 5:= swall 12in:= coverwall 1.5in:=

bw 1ft:=

diamwall

barwall

8
in 0.625 in⋅=:=

Aswall

π diamwall
2

⋅

4
12⋅

in

swall
0.307 in

2
⋅=:=

dwall twall coverwall−
diamwall

2
− 8.188 in⋅=:=

ϕmoment 0.90:= Per AASHTO 5.5.4.2.1

ϕshear 0.90:= Per AASHTO 5.5.4.2.1
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Verify that fy can be substituted for fs in the equations of 5.7.3.2.  This is allowed when

c

ds
0.60≤  .

cwall

Aswall fy⋅

0.85 fc⋅ β1⋅ bw⋅
0.451 in⋅=:= Simplified equation 5.7.3.1.2-4

cwall

dwall
0.055= This is less than 0.60 therefore fy can be substituted for fs

awall β1 cwall⋅ 0.361 in⋅=:=

Mnwall Aswall fy⋅ dwall

awall

2
−⋅:=

Mrwall ϕmoment Mnwall⋅ 11.054 kip ft⋅⋅=:=

Muwall bw⋅ 5.337 kip ft⋅⋅=

CheckWallFlexure "OK"
Mrwall

Muwall bw⋅
1≥if

"NG" otherwise

"OK"=:=

 Check Minimum Flexural Reinforcement (5.7.3.3.2)

fr 0.24 fc ksi⋅⋅ 0.537 ksi⋅=:= AASHTO 5.4.2.6

Ig.wall
1

12
bw⋅ twall

3
⋅ 1 10

3
× in

4
⋅=:=

Distance from centroid to extreme tension fibers.
Conservatively ignore reinforcement. yt.wall

twall

2
5 in⋅=:=

Sc.wall

Ig.wall

yt.wall
200 in

3
⋅=:=

γ3 0.67:= 0.67 = Factor for Grade 60 ASTM A615 rebar

γ1 1.2:= 1.2 = Factor for precast segmental structures

Mcr.wall γ3 γ1⋅ Sc.wall⋅ fr⋅ 7.191 kip ft⋅⋅=:= Simplified AASHTO Eq 5.7.3.3.2-1

1.33Muwall bw⋅ 7.098 kip ft⋅⋅=

CheckMinSteelWall "OK" Mrwall min 1.33Muwall bw⋅ Mcr.wall, ( )≥if

"NG" otherwise

"OK"=:=
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 Shear Resistance at Bottom of Wall (Section 5.8.3.4.2)

The section contains less than the minimum transverse reinforcement specified in 5.8.2.5,
therefore use equation 5.8.3.4.2-2 to determine the longitudinal strain effect factor ( ) at
the location of maximum shear. 

Mu max Muwall Vuwall dwall⋅, ( ):= In the eqtn below Mu shall not be less than Vu dv⋅

ξs_wall

Mu

dwall
0.5Nuwall+ Vuwall+

Es Aswall⋅
bw⋅:= 1000 ξs_wall⋅ 1= (5.8.3.4.2-4)

sx_wall dwall:=

sxe_wall sx_wall
1.38in

Aggregatediam 0.63in+
⋅ 8.187 in⋅=:= (5.8.3.4.2-5)

βwall
4.8

1 750 ξs_wall⋅+

51

39
sxe_wall

1in
+

⋅ 2.968=:= (5.8.3.4.2-2)

Θwall 29deg 3500deg ξs_wall⋅+ 32.49 deg⋅=:= (5.8.3.4.2-3)

Vnwall min 0.25 fc⋅ bw⋅ dwall⋅ 0.0316 βwall⋅ fc ksi⋅⋅ bw⋅ dwall⋅, ( ) 20.605 kip⋅=:= (5.8.3.3)

Vrwall ϕshear Vnwall⋅ 18.544 kip⋅=:=

Vuwall bw⋅ 1.467 kip⋅=
CheckWallShear "OK"

Vrwall

Vuwall bw⋅
1≥if

"NG" otherwise

"OK"=:=

 Check Crack Control in Section 5.7.3.4

Stress in reinforcement calculated per MacGregor "Reinforced Concrete Mechanics and Design" 4th Ed

Mswall ηi 1.0 EHwall⋅ yEH.wall⋅ 1.0LSwall yLS.wall⋅+( )⋅ 3.558
kip ft⋅

ft
⋅=:=
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Nswall ηi− 1.0 γc⋅ twall⋅ hwall.internal⋅( )⋅ 0.927−
kip

ft
⋅=:=

η
Es

Ec
7.118=:=

ρwall

Aswall

bw dwall⋅
0.003=:=

k 2ρwall ρwall η⋅( )
2

+ ρwall η⋅−:=

jwall 1
k

3
− 0.98=:=

Stress in Reinforcement at Service
Limit Statefsswall

Mswall Nswall dwall

twall

2
−⋅+

Aswall jwall⋅ dwall⋅
16.144

ksi

ft
⋅=:=

dc_wall twall dwall− 1.813 in⋅=:=

βs 1
dc_wall

0.7 twall dc_wall−( )⋅
+ 1.316=:=

γe 1.00:= exposure factor

smax

700
kip

in
γe⋅

βs fsswall⋅ bw⋅
2 dc_wall⋅− 29.317 in⋅=:=

CheckMaxSpacing "OK" swall smax≤if

"NG" otherwise

"OK"=:=

Check Minimum Bar Spacing in Section 5.10.3.1.2:

smin max diamwall 1.33Aggregatediam, 1in, ( ) 1 in⋅=:=

CheckMinSpacing "OK" swall smin≥if

"NG" otherwise

"OK"=:=

Check Maximum Bar Spacing in Section 5.10.3.2:

smax min 1.5 twall⋅ 18in, ( ) 15 in⋅=:=
CheckMaxSpacing "OK" swall smax≤if

"NG" otherwise

"OK"=:=
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Check Anchor Attachment to Wall 

 Check Moment Capacity of Connection Bars

Conservatively assume the entire wall is cantilevered about the footing, therefore consider only driving moments.  Use total
loads instead of loads per foot.  Use 100% of soil weight.  Must determine controlling anchor, since tributary width is
variable, not necessarily the anchor at the tallest wall.  Assume only top four connection bars resist tension.  This
assumption is consistent with HITEC p.D28.

Muanchor max Drivingbrg.1 trib1⋅ Drivingbrg.2 trib2⋅, ( ) 43.757 kip ft⋅⋅=:=

baranchor 5:= size of bar

diamanchor

baranchor

8
in 0.625 in⋅=:=

Asanchor
π

4
diamanchor

2
⋅ 0.307 in

2
⋅=:=

n 6:= Number of bars in tension

banchor tstem 6 in⋅=:= thickness of anchor stem

hstem 3ft 6in+:= height of anchor stem

danchor 30.5in:= distance from centroid of tension reinforcement extreme compression fiber.

Verify that fy can be substituted for fs in the equations of 5.7.3.2.  This is allowed when

c

ds
0.60≤  .

canchor

n Asanchor⋅ fy⋅

0.85 fc⋅ β1⋅ banchor⋅
5.414 in⋅=:= Simplified equation 5.7.3.1.2-4

canchor

danchor
0.178= This is less than 0.60 therefore fy can be substituted for fs

aanchor β1 canchor⋅ 4.331 in⋅=:=

Mnanchor n Asanchor⋅ fy⋅ danchor

aanchor

2
−⋅:=

Mranchor ϕmoment Mnanchor⋅ 234.708 kip ft⋅⋅=:=

Muanchor 43.757 kip ft⋅⋅=
CheckAnchorFlexure "OK"

Mranchor

Muanchor
1≥if

"NG" otherwise

"OK"=:=
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 Check Minimum Flexural Reinforcement (5.7.3.3.2)

fr 0.537 ksi⋅= AASHTO 5.4.2.6

Ig.anchor
1

12
tstem⋅ hstem

3
⋅ 3.704 10

4
× in

4
⋅=:=

yt.anchor

hstem

2
1.75 ft=:= Distance from centroid to extreme tension fibers.

Conservatively ignore reinforcement. 

Sc.anchor

Ig.anchor

yt.anchor
1.764 10

3
× in

3
⋅=:=

γ3 0.67:= 0.67 = Factor for Grade 60 ASTM A615 rebar

γ1 1.2:= 1.2 = Factor for precast segmental structures

Mcr.anchor γ3 γ1⋅ Sc.anchor⋅ fr⋅ 63.426 kip ft⋅⋅=:= Simplified AASHTO Eq 5.7.3.3.2-1

1.33Muanchor bw⋅ 58.197 ft kip ft⋅⋅=

CheckMinSteelAnchor "OK" Mranchor min 1.33Muanchor Mcr.anchor, ( )≥if

"NG" otherwise

"OK"=:=

 Check Minimum Steel for Temperature and Shrinkage (11.6.1.5.1 & 5.10.8)

Asmin.anchor max 0.11
in

2

ft
min 0.60

in
2

ft

1.30 banchor⋅ hstem⋅

2 banchor hstem+( )⋅
fy

ksi
⋅

, , 0.6
in

2

ft
⋅=:=

Asmin.anchor hstem⋅ 2.1 in
2

⋅=

Asanchor n 2+( )⋅ 2.454 in
2

⋅= Account for extra two bars in compression face
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 Check Hook Development of Connection Steel in Wall

Per 5.10.2, A standard hook with a 180 degree bend shall have a 4*db extension, but not less than 2.5 inches.  Per
5.12.3, Cover beyond free end of bar shall be 2 inches.

lhb

38.0diamanchor

fc

ksi

10.621 in⋅=:= Basic development length for a Grade 60 bar with a standard hook
(AASHTO 5.11.2.4.1)

 Modification Factors to be applied to the Basic Development Length (AASHTO 5.11.2.4.2)

Mstrength 1:= Increase by fy/60 for yield strength greater than 60ksi

Mcover 0.7:= 0.7 if side cover normal to plane of hook is at least 2.5 inches AND
Cover beyond hook is at least 2.0in 

Mstirrups 1.0:= 0.8 if hook is enclose in with ties or stirrups as specified in 5.11.2.4.2

MAs 1.0:= Conservatively assume entire area of steel provided is required.

Mlightweight 1.0:= 1.3 if lightweight concrete is used.

Mepoxy 1.0:= 1.2 if epoxy rebar is used.

M Mstrength Mcover⋅ Mstirrups⋅ MAs⋅ Mlightweight⋅ Mepoxy⋅ 0.7=:=

ldh max 6in 8 diamanchor⋅, M lhb⋅, ( ) 7.435 in⋅=:=

twall.min coverwall ldh+ 8.935 in⋅=:=

CheckWall.Thickness "OK" twall twall.min≥if

"NG" otherwise

"OK"=:=
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Design/Analysis References:

1. AASHTO LRFD Bridge Design Specifications, 6th Edition.
2.
3. Das, Principles of Foundation Engineering, 5th Edition.
4. Holtz & Kovacs, Introduction to Geotechnical Engineering
5. AISC, Steel Construction Manual, 13th Edition
6. Highway Innovative Technology Evaluation Center (HITEC), Evaluation of the Con/Span Wingwall System, CERF
Report #40580, July 2001.
7. Contract Plans (VAOT)

Assumptions:
1. It is assumed that the failure plane of the soil to be retained by this wall will lie within the proposed 
backfill material.
2. The proposed backfill material will meet the material requirements of NHDOT section 209, Granular 
Backfill (Bridge), and be constructed to meet the requirements of the contract documents.  This material is assumed to have a
friction angle = 34 degrees and a dry unit weight = 140 pcf.
3. The installation of the weepholes will preclude the development of hydrostatic pressures on the wall.
4. Passive earth pressure in front of the wall is ignored per AASHTO 11.6.3.5.
5.  Site Layout.  Roadway Skew 35 degrees.  (3) wingwall designs due to varying design height and backfill slope. 
6.  Backslope Angle.  WW1 2:1 at 25 degrees.  WW2 and WW3 flat.  WW4 flat then 2:1 - Use 5:1 for design.  Use infinite
backslopes for designs (Break_In_Slope = 0, see below).
7.  Live Load Surcharge.  N/A - traffic is well belond H/2 for all cases. 
8. The HITEC Evaluation (page 3) explains that the Anchor Wall acts as a cantilever wall for most of its length since the
weight of the soil within and above the anchors provides resistance to overturning.  The wall also has attributes of a bin wall
since arching and friction of soil masses between anchors provides additional resistance.  Therefore, the provisions of AASHTO
Sections 11.6  (Conventional Retaining Walls) and 11.11 (Modular Walls) shall be applied.  
9. Per AASHTO 11.11.4.4, a maximum of 80% of the weight of the retained soil is effective in resisting overturning.  The
HITEC Evaluation (pages D29-D33) evaluated the accuracy of this assumption and found that using 80% of the soil weight is a
conservative assumption.
10. The Top of Wingwall elevations are 2 inches below the top of headwall elevations.
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General Input:

ELVwalltop 1013.49ft 2in−:= Elevation of the Wingwall at its tallest point

ELVwalltip 1013.49ft 2in−:= Elevation of Wingwall at its tip.

ELVbot.ftg 1001.08ft:= Elevation of the Bottom of the Wall Footing

tftg 10in:= Pedestal Footing design, separate

hftg 0ft:= Pedestal Footing design, separate

hshort ELVwalltip ELVbot.ftg− hftg− 1in− 12.16 ft=:= Short end of wall (less 1" for shim) 

htall ELVwalltop ELVbot.ftg− hftg− 1in− 12.16ft=:= Tall end of wall (less 1" for shim)

lwall 12ft:= Length of Wall Panel

lflat 1ft:= Length of flat portion of wingwall before break in slope.

twall 10in:= Thickness of Wall Panel

tstem 6in:= Thickness of Anchor Stem

wflange 2ft 6in+:= Width of Anchor Flange

αskew 0deg:= Angle of ww skew in plan view, measured from edge of roadway.
(to measure distance to traffic for each anchor)

θwall 90deg:= Wall batter angle with horizontal

θanchor θwall 30deg+:= Anchor batter angle with horizontal

β atan
1

5
11.31 deg⋅=:= Backfill slope angle with horizontal, measured perpendicular to

the wall.

dtraffic 35ft:= Estimated minimum distance to traffic, measured from 
backfill side of wall and perpendicular to the wall.

BreakInSlope 0ft:= Assumed distance from face of guardrail to break-in-slope,
meaured perpendicular to the wall.
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Wall Material Properties

 Concrete 

fc 5000
lbf

in
2

:= Ec 4074ksi:= Aggregatediam .75in:=

γc 150pcf:= Assumed unit weight of concrete panel.

β1 = Stress Block Factor specified in Article

5.7.2.2
β1 max .65 .85 fc 4000psi<if

.85
.05

psi

fc 4000psi−

1000
⋅− otherwise

, 0.8=:=

 Steel:

fy 60000
lbf

in
2

:= Es 29000ksi:=

 Soil:

qR 10ksf:= Minimum factored bearing resistance given in contract, sht 6

γs 140pcf:= Assumed soil unit weight for all soil

qsur 2ft γs⋅ 280 psf⋅=:= Surcharge Soil Pressure (AASHTO Tbl 3.11.6.4-2)

ϕftg 35deg:= Friction Angle of Soil below Wall Footing

ϕbackfill 34deg:= Friction Angle of Backfill Soil

δwall 0.75 ϕbackfill⋅ 25.5 deg⋅=:= AASHTO C3.11.5.9-1 and HITEC p.D19

δanchor 0.50 ϕbackfill⋅ 17 deg⋅=:= AASHTO C3.11.5.9-1 and HITEC p.D19

ka.wall

sin θwall ϕbackfill+( )
2

sin θwall( )
2

sin θwall δwall−( )⋅ 1
sin ϕbackfill δwall+( ) sin ϕbackfill β−( )⋅

sin θwall δwall−( ) sin θwall β+( )⋅
+

2

⋅

0.293=:= AASHTO 3.11.5.3
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ka.anchor

sin θanchor ϕbackfill+( )
2

sin θanchor( )
2

sin θanchor δanchor−( )⋅ 1
sin ϕbackfill δanchor+( ) sin ϕbackfill β−( )⋅

sin θanchor δanchor−( ) sin θanchor β+( )⋅
+

2

⋅

0.098=:= AASHTO
3.11.5.3

k0 1 sin ϕbackfill( )− 0.441=:= AASHTO 3.11.5.2-1

Determine Load Factors (Strength I) (AASHTO 1.3 and Table 3.4.1-1)

 Load Modifiers

ηD 1.00:= Ductility for a conventional design

ηR 1.00:= Redundancy for conventional design

ηI 1.00:= Importance for a conventional bridge

ηi max ηD ηR⋅ ηI⋅ 0.95, ( ):= ηi 1=

 Load Factor  Max  Min  Service

γDC 1.25 0.9 1.0 Component Dead Loads

γEH 1.5 0.9 1.0 Horizontal Earth Loads

γEV 1.35 1.0 1.0 Vertical Earth Loads

γLL 1.75 1.75 1.0 Live Loads
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Anchor Types, Layout and Backfill Geometry

ConnectedToBridge "Yes":= To account for the connection of the wing to the bridge.  Choose
between Yes and No.

AnchorType1 "E":= Anchor Type to be tied to the back face of the wall.  Chosen 
between Anchor Type B, C, D, and E as defined below.

AnchorType2 "E":=

AnchorType3 "E":=

Distance to each anchor is from culvert end of wing.  Anchor 1 is closest to culvert.

Note:  Research in HITEC report supports spacing from 2.5 ft (anchors are touching) to 5.5
feet (HITEC Report pages D29-D33).  If distance between anchors increases beyond 5.5 ft,
data supporting the usable 80% soil weight assumption shall be provided due to possible
affects on soil arching between the anchors.  Similarly, anchor closest to the wall tip shall not
exceed 3 feet without supporting data.

If only 1 anchor is used,   set distanchor2 = distanchor3 = 0.  

If only 2 anchors are used,   set distanchor3 = 0.  

distanchor.1 4.5ft:=

distanchor.2 9.5ft:=

distanchor.3 0:=

 Tributary Width of Wall for each Anchor

tribplates 0 ConnectedToBridge "No"=if

1

2
distanchor.1⋅ otherwise

2.25 ft=:=

trib1 lwall tribplates− distanchor.2 0=if

1

2
distanchor.1 distanchor.2+( )⋅ tribplates− otherwise

4.75 ft=:=

trib2 lwall
1

2
distanchor.1 distanchor.2+( )− distanchor.3 0=if

1

2
distanchor.2 distanchor.3+( )

1

2
distanchor.1 distanchor.2+( )− otherwise

5 ft=:=

trib3 lwall trib1 trib2+ tribplates+( )− 0 ft=:=
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 Height of Wall at CL of Each Anchor

h x( ) 0 x 0=if

htall 0 x< lflat≤if

htall

htall hshort−

lwall lflat−
x lflat−( )⋅− otherwise

:=

hwall.1 h distanchor.1( ) 12.16 ft=:= Height of wall at each anchor

hwall.2 h distanchor.2( ) 12.16 ft=:=

hwall.3 h distanchor.3( ) 0 ft=:=

 Length of each Anchor Stem Extension

W is the additional anchor stem length beyond that of a "B"
anchor.  W(B) = 0W x( ) 0ft( ) x "B"=if

1ft( ) x "C"=if

2ft( ) x "D"=if

3ft( ) x "E"=if

4ft( ) x "F"=if

:=

W1 W AnchorType1( ) 3 ft=:=

W2 W AnchorType2( ) 3 ft=:=

W3 W AnchorType3( ) 3 ft=:=

 Width of Soil Column above each Anchor

Bbot is the width of the soil column at the top of the anchor, measured from backfill side of wall to upper tip of each anchor.

Bbot.1 W1 3ft 5.375in+( )+
7in

cos 30deg( )
+ 7.121ft=:=

Bbot.2 W2 3ft 5.375in+( )+
7in

cos 30deg( )
+ 7.121ft=:=

Bbot.3 W3 3ft 5.375in+( )+
7in

cos 30deg( )
+ 7.121ft=:=
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Bbot.lower is the width of the soil column at the bottom of the anchor, measured from backfill side of wall to bottom tip of

anchor.

Bbot.lower.1 W1 1ft 4in+
7in

cos 30deg( )
++ 5.007 ft=:=

Bbot.lower.2 W2 1ft 4in+
7in

cos 30deg( )
++ 5.007 ft=:=

Bbot.lower.3 W3 1ft 4in+
7in

cos 30deg( )
++ 5.007 ft=:=

 Perpendicular Distance to Traffic at each Anchor

dtraffic.1 dtraffic distanchor.1 tan αskew( )⋅+ 35 ft=:=

dtraffic.2 dtraffic distanchor.2 tan αskew( )⋅+ 35 ft=:=

dtraffic.3 dtraffic distanchor.3 tan αskew( )⋅+ 35 ft=:=

 Height of backfill at CL of each anchor 

dslope.1 max 0 min Bbot.1 dtraffic.1 BreakInSlope−, ( ), ( ) 7.121 ft=:= Distance to break in slope, measured
perpendicular to  wall from inside face of wall,
limited by B.bot.dslope.2 max 0 min Bbot.2 dtraffic.2 BreakInSlope−, ( ), ( ) 7.121 ft=:=

dslope.3 max 0 min Bbot.3 dtraffic.3 BreakInSlope−, ( ), ( ) 7.121 ft=:=

hbackfill.1 max hwall.1 hwall.1 min Bbot.1 dslope.1, ( ) tan β( )⋅+, ( ) 13.584 ft=:= The height of backfill is taken at the
end of the reinforced soil mass. 

hbackfill.2 max hwall.2 hwall.2 min Bbot.2 dslope.2, ( ) tan β( )⋅+, ( ) 13.584 ft=:=

hbackfill.3 max hwall.3 hwall.3 min Bbot.3 dslope.3, ( ) tan β( )⋅+, ( ) 1.424 ft=:=
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Check Pullout Capacity of Bolts at Connection Plates and Plate Bending

Connection plates connected to the culvert wall provide stability for half the distance of the wall from the culvert to Anchor 1.
Per HITEC p. D23, connection is more rigid at the connection with the culvert, therefore use at-rest earth pressure coefficient. 

nplates 3:= Number of plates

hwall.plate htall 12.16ft=:= Overall height of wall at plates

hplate1 1ft 9in+ 1.75 ft=:= The plate closest to the ground.  
Height is from bottom of wall to bolt line in Plate 1

hplate2 4ft 9in+ 4.75 ft=:= If n_plates is 2, this is the top plate.  
Height is from bottom of wall to bolt line in Plate 2

hplate3 7ft 9in+ 7.75 ft=:= If n_plate is 3, this is the top plate.  If n_plate is 2, h.plate.3 is unused.  
Height is from bottom of wall to bolt line in Plate 3

hplate 10in:= Plate height.

tplate 1in:= Plate thickness

xbolt 4.5in:= Distance from corner of plate to CL of bolt

Fyplate 36ksi:= Yield s trength of plates (A36 s teel)

ϕbending 0.9:= AISC F1.(1) 

dbolt 1in:= Diameter of Coil Insert.

Abolt
π

4
dbolt

2
⋅ 0.785 in

2
⋅=:=

nbolts 2:= Number of bolts per side per plate

Fub 60ksi:= Tensile Strength of a A307 bolt (AASHTO 6.4.3.1)

ϕbolt 0.80:= Resistance factor for an A307 bolt in tension (AASHTO 6.5.4.2)

Tpullout
8.5kip

2
4.25 kip⋅=:= Factored Pullout capacity (SF = 3) of a Meadow Burke Double Wingwall Anchor

(1-8NC 6x8) Ferrule Insert with 1" diameter bolt. 8500lbs tension, 4500lbs shear
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 Calculate Bolt Reaction at Plate 3

EHplate3
1

2
k0 γs⋅ hwall.plate

hplate3 hplate2+

2
−

2

⋅ tribplates⋅ cos δwall( )⋅ 2.189 kip⋅=:=

yEH.plate3 hwall.plate
2

3
hwall.plate

hplate3 hplate2+

2
−− 8.22 ft=:=

LSplate3 0 dtraffic
1

2
hwall.plate⋅≥if

k0 qsur⋅ hwall.plate

hplate3 hplate2+

2
−⋅ tribplates⋅ cos δwall( )⋅ otherwise

0 kip⋅=:=

yLS.plate3 hwall.plate
1

2
hwall.plate

hplate3 hplate2+

2
−− 9.205 ft=:=

Rplate3 0 nplates 2=if

1.5 EHplate3⋅ yEH.plate3⋅ 1.75 LSplate3⋅ yLS.plate3⋅+

hplate3
otherwise

3.482 kip⋅=:=

 Calculate Bolt Reaction at Plate 2

EH1plate2 k0 γs⋅ hwall.plate

hplate3 hplate2+

2
−⋅

hplate3 hplate2+

2
hplate2 hplate1+

2
−+

...⋅ tribplates⋅ cos δwall( )⋅ nplates 3=if

1

2
k0 γs⋅ hwall.plate

hplate2 hplate1+

2
−

2

⋅ tribplates⋅ cos δwall( )⋅ otherwise

2.222 kip⋅=:=

yEH1.plate2

hplate2 hplate1+

2

1

2

hplate3 hplate2+

2

hplate2 hplate1+

2
−⋅+ nplates 3=if

hplate2 hplate1+

2

1

2
hwall.plate

hplate2 hplate1+

2
−⋅+ otherwise

4.75 ft=:=

EH2plate2
1

2
k0 γs⋅

hplate3 hplate2+

2

hplate2 hplate1+

2
−

2

⋅ tribplates⋅ cos δwall( )⋅ 0.564 kip⋅=:=

yEH2.plate2

hplate2 hplate1+

2

1

3

hplate3 hplate2+

2

hplate2 hplate1+

2
−⋅+ nplates 3=if

hplate2 hplate1+

2

1

3
hwall.plate

hplate2 hplate1+

2
−⋅+ otherwise

4.25 ft=:=
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LSplate2 k0 qsur⋅
hplate3 hplate2+

2

hplate2 hplate1+

2
−⋅ tribplates⋅ cos δwall( )⋅ nplates 3=if

k0 qsur⋅ hwall.plate

hplate2 hplate1+

2
−⋅ tribplates⋅ cos δwall( )⋅ otherwise

0 dtraffic
1

2
hwall.plate⋅≥if

0 kip⋅=:=

yLS.plate2

hplate2 hplate1+

2

1

2

hplate3 hplate2+

2

hplate2 hplate1+

2
−⋅+ nplates 3=if

hplate2 hplate1+

2

1

2
hwall.plate

hplate2 hplate1+

2
−⋅+ otherwise

4.75 ft=:=

Rplate2

1.5 EH1plate2 yEH1.plate2⋅ EH2plate2 yEH2.plate2⋅+( )⋅ 1.75 LSplate2⋅ yLS.plate2⋅+

hplate2
4.09 kip⋅=:=

 Calculate Bolt Reaction at Plate 1

EH1plate1 k0 γs⋅ hwall.plate

hplate2 hplate1+

2
−⋅

hplate2 hplate1+

2
⋅ tribplates⋅ cos δwall( )⋅ 3.629 kip⋅=:=

yEH1.plate1
1

2

hplate2 hplate1+

2
1.625 ft=:=

EH2plate1
1

2
k0 γs⋅

hplate2 hplate1+

2

2

⋅ tribplates⋅ cos δwall( )⋅ 0.662 kip⋅=:=

yEH2.plate1
1

3

hplate2 hplate1+

2
⋅ 1.083 ft=:=

LSplate1 0 dtraffic
1

2
hwall.plate⋅≥if

k0 qsur⋅
hplate2 hplate1+

2
⋅ tribplates⋅ cos δwall( )⋅ otherwise

0 kip⋅=:=

yLS.plate1
1

2

hplate2 hplate1+

2
⋅ 1.625 ft=:=

Rplate1

1.5 EH1plate1 yEH1.plate1⋅ EH2plate1 yEH2.plate1⋅+( )⋅ 1.75 LSplate1⋅ yLS.plate1⋅+

hplate1
5.67 kip⋅=:=
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 Check Bolt Capacity

Tn 0.76 Abolt⋅ Fub⋅ 35.814 kip⋅=:= Nominal Tensile Resistance of a bolt (AASHTO 6.13.2.10)

Tr ϕbolt Tn⋅ 28.651 kip⋅=:=

Tcontrolling nbolts min Tpullout Tr, ( )⋅ 8.5 kip⋅=:= Controlling tensile capacity, per bolt.

Rplate.controlling max Rplate1 Rplate2, Rplate3, ( ) 5.67 kip⋅=:=

CheckBoltCapacity "OK" Tcontrolling Rplate.controlling≥if

"NG" otherwise

"OK"=:=

 Check Plate Bending

Sum moments about the corner of the plate.

Muplate Rplate.controlling xbolt⋅ 2.126 kip ft⋅⋅=:=

Zplate

hplate tplate
2

⋅

4
2.5 in

3
⋅=:=

Mpplate Fyplate Zplate⋅ 7.5 kip ft⋅⋅=:=

ϕbending Mpplate⋅ 6.75 kip ft⋅⋅=

CheckPlateBending "OK" Muplate ϕbending Mpplate⋅≤if

"NG" otherwise

"OK"=:=
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External Stability Analysis at Anchor 1

 Calculate Vertical Loads and Associated Lever Arms  (All Lever Arms are from Point "O")

DCwall.1 twall hwall.1⋅ γc⋅ 1.52
kip

ft
⋅=:=

xDC.wall.1
1

2
twall 0.417 ft=:=

EV1a1
1

2
γs hbackfill.1 hwall.1−( )⋅ dslope.1( )⋅ 0.71

kip

ft
⋅=:=

xEV1a.1 twall
2

3
dslope.1+ 5.581ft=:=

EV1b1 γs hbackfill.1 hwall.1−( )⋅ Bbot.1 dslope.1−( )⋅ 0
kip

ft
⋅=:=

xEV1b.1 twall dslope.1+
1

2
Bbot.1 dslope.1−( )+ 7.955 ft=:=

EV21 γs hwall.1 3.5ft−( )⋅ Bbot.1⋅ 8.634
kip

ft
⋅=:=

xEV2.1 twall
1

2
Bbot.1+ 4.394 ft=:=

EV31 γs 3.5ft( )⋅ Bbot.lower.1
7in

cos 30deg( )
−⋅ 2.123

kip

ft
⋅=:=

xEV3.1 twall
1

2
Bbot.lower.1

7in

cos 30deg( )
−+ 3 ft=:=

EV41 γs
1

2
⋅ 3.5⋅ ft W1 3ft+ 5.375in+( ) Bbot.lower.1

7in

cos 30deg( )
−−⋅ 0.518

kip

ft
⋅=:=

xEV4.1 twall Bbot.lower.1+
1

3
W1 3ft+ 5.375in+ Bbot.lower.1

7in

cos 30deg( )
−−⋅+ 6.545ft=:=

DCanchor.1
1

trib1
1740lbf( ) AnchorType1 "B"=if

2010lbf( ) AnchorType1 "C"=if

2285lbf( ) AnchorType1 "D"=if

2550lbf( ) AnchorType1 "E"=if

2825lbf( ) AnchorType1 "F"=if

⋅ 0.537
kip

ft
⋅=:= (See Anchor Geometry

Drawing)
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xanchor.1 twall 2ft 2.25in+( ) AnchorType1 "B"=if

2ft 8.8125in+( ) AnchorType1 "C"=if

3ft 5.125in+( ) AnchorType1 "D"=if

4ft 0.0625in+ AnchorType1 "E"=if

4ft 8in+( ) AnchorType1 "F"=if

+ 4.839 ft⋅=:=

LSvert.1 qsur Bbot.1 dtraffic.1( )−⋅ dtraffic.1 Bbot.1<if

0 otherwise

0
kip

ft
⋅=:= Used in bearing calcs only

xLS.vert.1 twall dtraffic.1+
1

2
Bbot.1 dtraffic.1−( )+ 21.894 ft=:=

DCftg.1 γc tftg⋅ hftg⋅ 0
kip

ft
⋅=:=

xDC.ftg.1

tftg

2
0.417 ft=:= Note: This moment arm is measured from the front toe of

the ftg since it is only used in bearing calculations.

 Calculate Lateral Loads and Associated Lever Arms

EH11.vert
1

2
ka.wall γs⋅ hbackfill.1 3.5ft−( )

2
⋅ sin δwall( )⋅ 0.897

kip

ft
⋅=:=

EH11.hor
1

2
ka.wall γs⋅ hbackfill.1 3.5ft−( )

2
⋅ cos δwall( )⋅ 1.881

kip

ft
⋅=:=

xEH1.1 twall Bbot.1+ 7.955 ft=:=

yEH1.1 3.5ft
1

3
hbackfill.1 3.5ft−( )+ 6.861 ft=:=

EH21.vert ka.anchor γs⋅ hbackfill.1 3.5ft−( )⋅ 4ft( )⋅ sin δanchor 30deg−( )⋅ 0.124−
kip

ft
⋅=:=

EH21.hor ka.anchor γs⋅ hbackfill.1 3.5ft−( )⋅ 4ft( )⋅ cos δanchor 30deg−( )⋅ 0.538
kip

ft
⋅=:=

xEH2.1 twall
1

2
Bbot.1 Bbot.lower.1+( )+ 6.898ft=:=

yEH2.1 3.5ft
1

2
4⋅ ft− 1.5 ft=:=

EH31.vert
1

2
ka.anchor γs⋅ 4ft( )

2
⋅ sin δanchor 30deg−( )⋅ 0.025−

kip

ft
⋅=:=

EH31.hor
1

2
ka.anchor γs⋅ 4ft( )

2
⋅ cos δanchor 30deg−( )⋅ 0.107

kip

ft
⋅=:=
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xEH3.1 twall Bbot.lower.1+ 3.5ft
2

3
4⋅ ft− tan 30deg( )+ 6.321ft=:=

yEH3.1 3.5ft
2

3
4⋅ ft− 10 in⋅=:=

LShor.1 ka.wall qsur⋅ hbackfill.1⋅( ) dtraffic.1

hwall.1

2
<if

0 otherwise

0
kip

ft
⋅=:=

xLS.hor.1 twall
1

2
Bbot.lower.1 Bbot.1+( )+ 6.898ft=:= (Assumed for ease of calculation)

yLS.hor.1
1

2
hbackfill.1 6.792 ft=:=

 Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4.  Per 11.5.3, sliding shall be evaluated at the strength
limit state.  Use minimum load factors for vertical loads and maximum load factors for horizontal loads.  Assume the failure
plane is beneath the wall ftg, which will be grouted to the wall during construction.  This is consistent with assumptions in the
HITEC report (page D24). 

 Resisting Forces

ϕτ 0.9:= AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Soil"

ΣV1 0.9 DCwall.1 DCanchor.1+ DCftg.1+( ) 1.0 EV1a1 EV1b1+ EV21+ EV31+ EV41+( )⋅+

ηi 1.50⋅ EH11.vert EH21.vert+ EH31.vert+( )⋅+

... 14.959
kip

ft
⋅=:=

Rτ.1 0.8 tan ϕftg( )⋅ ΣV1⋅ 8.38
kip

ft
⋅=:= AASHTO 10.6.3.4

Rr.1 ϕτ Rτ.1⋅ 7.542
kip

ft
⋅=:=

 Driving Forces

ΣHτ.1 ηi 1.50 EH11.hor EH21.hor+ EH31.hor+( )⋅ 1.75LShor.1+⋅ 3.788
kip

ft
⋅=:=

Checksliding.1 "OK"
Rr.1

ΣHτ.1
1≥if

"NG" otherwise

"OK"=:=
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 Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3.  A maximum of 80% of the retained soil shall
be used to resist overturning.  Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads.  First, evaluate overturning about front base of
wall.  If the wall passes the overturning check, the wing will not experience uplift with respect to the footing.  Therefore
evaluate eccentricity at the bottom of the footing.  The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection).  Eccentricity is measured from the center of the
base width toward the stream side of the footing.  Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

 Resisting Forces

Resisting1 0.9 DCwall.1 xDC.wall.1⋅ DCanchor.1 xanchor.1⋅+( )
1.0 0.8⋅ EV1a1 xEV1a.1⋅ EV1b1 xEV1b.1⋅+ EV21 xEV2.1⋅+ EV31 xEV3.1⋅+ EV41 xEV4.1⋅+( )⋅+

...

1.50 EH11.vert xEH1.1⋅ EH21.vert xEH2.1⋅+ EH31.vert xEH3.1⋅+( )+

...

53.424
kip ft⋅

ft
⋅=:=

 Driving Forces

Driving1 1.50 EH11.hor yEH1.1⋅ EH21.hor yEH2.1⋅+ EH31.hor yEH3.1⋅+( )⋅ 1.75LShor.1 yLS.hor.1⋅+ 20.703
kip ft⋅

ft
⋅=:=

CheckOT.1 "OK"
Resisting1

Driving1
1≥if

"NG" otherwise

"OK"=:=

 Eccentricity of Resultant

ΣVe.1 0.9 DCwall.1 DCanchor.1+( ) 1.0 0.8⋅ EV1a1 EV1b1+ EV21+ EV31+ EV41+( )⋅+

1.50 EH11.vert EH21.vert+ EH31.vert+( )+

... 12.562
kip

ft
⋅=:=

l1

ΣVe.1

Resisting1 Driving1−( )
ΣVe.1

1

2
tftg twall−( )+⋅ 0.9DCftg.1 xDC.ftg.1⋅+

ΣVe.1 0.9DCftg.1+
2.605 ft=:= (Distance to resultant

from face of ftg)

B1 Bbot.lower.1 twall+
1

2
tftg twall−( )+ 5.84 ft=:=
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e1 max
B1

2
l1− 0ft, 0.315 ft=:=

eallow.1

B1

4
1.46 ft=:= (Within Middle Half of ftg per 

AASHTO 11.6.3.3) Checke.1 "OK"
e1

eallow.1
1≤if

"NG" otherwise

"OK"=:=

 Check Bearing Pressure

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3.  Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width.  Evaluate at the strength limit state.  Use 100% of the
weight of the retained soil.    When Live Load Surcharge is present, Strength I with maximum load factors for vertical loads
and horizontal loads controls.  Include the effects of live load surcharge.  Since lever arms are calculated from the front face
of the wall, must add to the eccentricity the distance between wall and toe of footing.

Resistingbrg.1 1.25 DCwall.1 xDC.wall.1⋅ DCanchor.1 xanchor.1⋅+( )
1.35 EV1a1 xEV1a.1⋅ EV1b1 xEV1b.1⋅+ EV21 xEV2.1⋅+ EV31 xEV3.1⋅+ EV41 xEV4.1⋅+( )⋅+

...

1.35 EH11.vert xEH1.1⋅ EH21.vert xEH2.1⋅+ EH31.vert xEH3.1⋅+( )+

...

1.75 LSvert.1 xLS.vert.1⋅( )⋅+

...

82.051
kip ft⋅

ft
⋅=:=

Drivingbrg.1 1.35 EH11.hor yEH1.1⋅ EH21.hor yEH2.1⋅+ EH31.hor yEH3.1⋅+( ) 1.75LShor.1 yLS.hor.1⋅+ 18.632
kip ft⋅

ft
⋅=:=

ΣVbrg.1 1.25 DCwall.1 DCanchor.1+( )⋅ 1.35 EV1a1 EV1b1+ EV21+ EV31+ EV41+( )⋅+

1.35 EH11.vert EH21.vert+ EH31.vert+( )⋅ 1.75 LSvert.1( )⋅++

... 19.762
kip

ft
⋅=:=

lbrg.1

ΣVbrg.1

Resistingbrg.1 Drivingbrg.1−( )
ΣVbrg.1

1

2
tftg twall−( )+⋅ 1.25DCftg.1 xDC.ftg.1⋅+

ΣVbrg.1 1.25DCftg.1+
3.209 ft=:= (Distance to resultant

from face of ftg)

ebrg.1 max
B1

2
lbrg.1− 0ft, 0 ft=:=

σfoot.1

ΣVbrg.1

B1 2 ebrg.1⋅−
3.384 ksf⋅=:= Eq. 11.6.3.2-1, Rectangular Distibution for

Foundations on soil

qR 10 ksf⋅=

CheckBearing1 "OK"
qR

σfoot.1
1≥if

"NG" otherwise

"OK"=:=
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External Stability Analysis at Anchor 2

 Calculate Vertical Loads and Associated Lever Arms  (All Lever Arms are from Point "O")

DCwall.2 twall hwall.2⋅ γc⋅ 1.52
kip

ft
⋅=:=

xDC.wall.2
1

2
twall 0.417 ft=:=

EV1a2
1

2
γs hbackfill.2 hwall.2−( )⋅ dslope.2( )⋅ 0.71

kip

ft
⋅=:=

xEV1a.2 twall
2

3
dslope.2+ 5.581ft=:=

EV1b2 γs hbackfill.2 hwall.2−( )⋅ Bbot.2 dslope.2−( )⋅ 0
kip

ft
⋅=:=

xEV1b.2 twall dslope.2+
1

2
Bbot.2 dslope.2−( )+ 7.955 ft=:=

EV22 γs hwall.2 3.5ft−( )⋅ Bbot.2⋅ 8.634
kip

ft
⋅=:=

xEV2.2 twall
1

2
Bbot.2+ 4.394 ft=:=

EV32 γs 3.5ft( )⋅ Bbot.lower.2
7in

cos 30deg( )
−⋅ 2.123

kip

ft
⋅=:=

xEV3.2 twall
1

2
Bbot.lower.2

7in

cos 30deg( )
−+ 3 ft=:=

EV42 γs
1

2
⋅ 3.5⋅ ft W2 3ft+ 5.375in+( ) Bbot.lower.2

7in

cos 30deg( )
−−⋅ 0.518

kip

ft
⋅=:=

xEV4.2 twall Bbot.lower.2+
1

3
W2 3ft+ 5.375in+ Bbot.lower.2

7in

cos 30deg( )
−−⋅+ 6.545ft=:=

DCanchor.2
1

trib2
1740lbf( ) AnchorType2 "B"=if

2010lbf( ) AnchorType2 "C"=if

2285lbf( ) AnchorType2 "D"=if

2550lbf( ) AnchorType2 "E"=if

2825lbf( ) AnchorType2 "F"=if

⋅ 0.51
kip

ft
⋅=:= (See Anchor Geometry

Drawing)
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xanchor.2 twall 2ft 2.25in+( ) AnchorType2 "B"=if

2ft 8.8125in+( ) AnchorType2 "C"=if

3ft 5.125in+( ) AnchorType2 "D"=if

4ft 0.0625in+( ) AnchorType2 "E"=if

4ft 8in+( ) AnchorType2 "F"=if

+ 4.839 ft⋅=:=

LSvert.2 qsur Bbot.2 dtraffic.2( )−⋅ dtraffic.2 Bbot.2<if

0 otherwise

0
kip

ft
⋅=:= Used in bearing calcs only

xLS.vert.2 twall dtraffic.2+
1

2
Bbot.2 dtraffic.2−( )+ 21.894 ft=:=

DCftg.2 γc tftg⋅ hftg⋅ 0
kip

ft
⋅=:=

xDC.ftg.2

tftg

2
0.417 ft=:= Note: This moment arm is measured from the front toe of

the ftg since it is only used in bearing calculations.

 Calculate Lateral Loads and Associated Lever Arms

EH12.vert
1

2
ka.wall γs⋅ hbackfill.2 3.5ft−( )

2
⋅ sin δwall( )⋅ 0.897

kip

ft
⋅=:=

EH12.hor
1

2
ka.wall γs⋅ hbackfill.2 3.5ft−( )

2
⋅ cos δwall( )⋅ 1.881

kip

ft
⋅=:=

xEH1.2 twall Bbot.2+ 7.955 ft=:=

yEH1.2 3.5ft
1

3
hbackfill.2 3.5ft−( )+ 6.861 ft=:=

EH22.vert ka.anchor γs⋅ hbackfill.2 3.5ft−( )⋅ 4ft( )⋅ sin δanchor 30deg−( )⋅ 0.124−
kip

ft
⋅=:=

EH22.hor ka.anchor γs⋅ hbackfill.2 3.5ft−( )⋅ 4ft( )⋅ cos δanchor 30deg−( )⋅ 0.538
kip

ft
⋅=:=

xEH2.2 twall
1

2
Bbot.2 Bbot.lower.2+( )+ 6.898ft=:=

yEH2.2 3.5ft
1

2
4⋅ ft− 1.5 ft=:=

EH32.vert
1

2
ka.anchor γs⋅ 4ft( )

2
⋅ sin δanchor 30deg−( )⋅ 0.025−

kip

ft
⋅=:=

EH32.hor
1

2
ka.anchor γs⋅ 4ft( )

2
⋅ cos δanchor 30deg−( )⋅ 0.107

kip

ft
⋅=:=
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xEH3.2 twall Bbot.lower.2+ 3.5ft
2

3
4⋅ ft− tan 30deg( )+ 6.321ft=:=

yEH3.2 3.5ft
2

3
4⋅ ft− 10 in⋅=:=

LShor.2 ka.wall qsur⋅ hbackfill.2⋅( ) dtraffic.2

hwall.2

2
<if

0 otherwise

0
kip

ft
⋅=:=

xLS.hor.2 twall
1

2
Bbot.lower.2 Bbot.2+( )+ 6.898ft=:= (Assumed for ease of calculation)

yLS.hor.2
1

2
hbackfill.2 6.792 ft=:=

 Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4.  Per 11.5.3, sliding shall be evaluated at the strength
limit state.  Use minimum load factors for vertical loads and maximum load factors for horizontal loads.  Assume the failure
plane is beneath the wall ftg, which will be grouted to the wall during construction.  This is consistent with assumptions in the
HITEC report (page D24). 

 Resisting Forces

ϕτ 0.9:= AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Soil"

ΣV2 0.9 DCwall.2 DCanchor.2+ DCftg.2+( ) 1.0 EV1a2 EV1b2+ EV22+ EV32+ EV42+( )⋅+

ηi 1.50⋅ EH12.vert EH22.vert+ EH32.vert+( )⋅+

... 14.935
kip

ft
⋅=:=

Rτ.2 0.8 tan ϕftg( )⋅ ΣV2⋅ 8.366
kip

ft
⋅=:= AASHTO 10.6.3.4

Rr.2 ϕτ Rτ.2⋅ 7.529
kip

ft
⋅=:=

 Driving Forces

ΣHτ.2 ηi 1.50 EH12.hor EH22.hor+ EH32.hor+( )⋅ 1.75LShor.2+⋅ 3.788
kip

ft
⋅=:=

Checksliding.2 "OK"
Rr.2

ΣHτ.2
1≥if

"NG" otherwise

"OK"=:=
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 Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3.  A maximum of 80% of the retained soil shall
be used to resist overturning.  Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads.  First, evaluate overturning about front base of
wall.  If the wall passes the overturning check, the wing will not experience uplift with respect to the footing.  Therefore
evaluate eccentricity at the bottom of the footing.  The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection).  Eccentricity is measured from the center of the
base width toward the stream side of the footing.  Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

 Resisting Forces

Resisting2 0.9 DCwall.2 xDC.wall.2⋅ DCanchor.2 xanchor.2⋅+( )
1.0 0.8⋅ EV1a2 xEV1a.2⋅ EV1b2 xEV1b.2⋅+ EV22 xEV2.2⋅+ EV32 xEV3.2⋅+ EV42 xEV4.2⋅+( )⋅+

...

1.50 EH12.vert xEH1.2⋅ EH22.vert xEH2.2⋅+ EH32.vert xEH3.2⋅+( )+

...

53.307
kip ft⋅

ft
⋅=:=

 Driving Forces

Driving2 1.50 EH12.hor yEH1.2⋅ EH22.hor yEH2.2⋅+ EH32.hor yEH3.2⋅+( )⋅ 1.75LShor.2 yLS.hor.2⋅+ 20.703
kip ft⋅

ft
⋅=:=

CheckOT.2 "OK"
Resisting2

Driving2
1≥if

"NG" otherwise

"OK"=:=

 Eccentricity of Resultant

ΣVe.2 0.9 DCwall.2 DCanchor.2+( ) 1.0 0.8⋅ EV1a2 EV1b2+ EV22+ EV32+ EV42+( )⋅+

1.50 EH12.vert EH22.vert+ EH32.vert+( )+

... 12.538
kip

ft
⋅=:=

l2

ΣVe.2

Resisting2 Driving2−( )
ΣVe.2

1

2
tftg twall−( )+⋅ 0.9DCftg.2 xDC.ftg.2⋅+

ΣVe.2 0.9DCftg.2+
2.6 ft=:= (Distance to resultant

from face of ftg)

B2 Bbot.lower.2 twall+
1

2
tftg twall−( )+ 5.84 ft=:=
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e2 max
B2

2
l2− 0ft, 0.32 ft=:=

eallow.2

B2

4
1.46 ft=:= (Within Middle Half of ftg per 

AASHTO 11.6.3.3) Checke.2 "OK"
e2

eallow.2
1≤if

"NG" otherwise

"OK"=:=

 Check Bearing Pressure

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3.  Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width.  Evaluate at the strength limit state.  Use 100% of the
weight of the retained soil.    When Live Load Surcharge is present, Strength I with maximum load factors for vertical loads
and horizontal loads controls.  Include the effects of live load surcharge.  Since lever arms are calculated from the front face
of the wall, must add to the eccentricity the distance between wall and toe of footing.

Resistingbrg.2 1.25 DCwall.2 xDC.wall.2⋅ DCanchor.2 xanchor.2⋅+( )
1.35 EV1a2 xEV1a.2⋅ EV1b2 xEV1b.2⋅+ EV22 xEV2.2⋅+ EV32 xEV3.2⋅+ EV42 xEV4.2⋅+( )⋅+

...

1.35 EH12.vert xEH1.2⋅ EH22.vert xEH2.2⋅+ EH32.vert xEH3.2⋅+( )+

...

1.75 LSvert.2 xLS.vert.2⋅( )⋅+

...

81.888
kip ft⋅

ft
⋅=:=

Drivingbrg.2 1.35 EH12.hor yEH1.2⋅ EH22.hor yEH2.2⋅+ EH32.hor yEH3.2⋅+( ) 1.75LShor.2 yLS.hor.2⋅+ 18.632
kip ft⋅

ft
⋅=:=

ΣVbrg.2 1.25 DCwall.2 DCanchor.2+( )⋅ 1.35 EV1a2 EV1b2+ EV22+ EV32+ EV42+( )⋅+

1.35 EH12.vert EH22.vert+ EH32.vert+( )⋅ 1.75 LSvert.2( )⋅++

... 19.728
kip

ft
⋅=:=

lbrg.2

ΣVbrg.2

Resistingbrg.2 Drivingbrg.2−( )
ΣVbrg.2

1

2
tftg twall−( )+⋅ 1.25DCftg.2 xDC.ftg.2⋅+

ΣVbrg.2 1.25DCftg.2+
3.206 ft=:= (Distance to resultant

from face of ftg)

ebrg.2 max
B2

2
lbrg.2− 0ft, 0 ft=:=

σfoot.2

ΣVbrg.2

B2 2 ebrg.2⋅−
3.378 ksf⋅=:= Eq. 11.6.3.2-1, Rectangular Distibution for

Foundations on soil

qR 10 ksf⋅=

CheckBearing2 "OK"
qR

σfoot.2
1≥if

"NG" otherwise

"OK"=:=
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Check Wall Reinforcement

Assume the wall stem is cantilevered above the anchor.  Use tallest wall section above anchor.  Use maximum horizontal load
factors to calculate moments and shears.  Use minimum load factor for axial compression. 

 Calculate Horizontal Loads and resp. Lever Arms at top of Anchor

hwall.internal hbackfill.1 3.5ft− 10.084 ft=:=

EHwall
1

2
ka.wall γs⋅ hwall.internal

2
⋅ 2.084

kip

ft
⋅=:= yEH.wall

1

3
hwall.1 4.053 ft=:=

yLS.wall
1

2
hwall.1 6.08 ft=:=

LSwall 0 dtraffic.1
1

2
hwall.1⋅≥if

ka.wall qsur⋅ hwall.internal⋅( ) otherwise

0
kip

ft
⋅=:=

Muwall ηi 1.5 EHwall⋅ yEH.wall⋅ 1.75LSwall yLS.wall⋅+( )⋅ 12.67
kip ft⋅

ft
⋅=:=

Vuwall ηi 1.5EHwall 1.75LSwall+( )⋅ 3.126
kip

ft
⋅=:=

Nuwall ηi− 0.9 γc⋅ twall⋅ hwall.internal⋅( )⋅ 1.134−
kip

ft
⋅=:=

 Check Moment Capacity

barwall 6:= swall 12in:= coverwall 1.5in:=

bw 1ft:=

diamwall

barwall

8
in 0.75 in⋅=:=

Aswall

π diamwall
2

⋅

4
12⋅

in

swall
0.442 in

2
⋅=:=

dwall twall coverwall−
diamwall

2
− 8.125 in⋅=:=

ϕmoment 0.90:= Per AASHTO 5.5.4.2.1

ϕshear 0.90:= Per AASHTO 5.5.4.2.1
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Verify that fy can be substituted for fs in the equations of 5.7.3.2.  This is allowed when

c

ds
0.60≤  .

cwall

Aswall fy⋅

0.85 fc⋅ β1⋅ bw⋅
0.65 in⋅=:= Simplified equation 5.7.3.1.2-4

cwall

dwall
0.08= This is less than 0.60 therefore fy can be substituted for fs

awall β1 cwall⋅ 0.52 in⋅=:=

Mnwall Aswall fy⋅ dwall

awall

2
−⋅:=

Mrwall ϕmoment Mnwall⋅ 15.636 kip ft⋅⋅=:=

Muwall bw⋅ 12.67 kip ft⋅⋅=

CheckWallFlexure "OK"
Mrwall

Muwall bw⋅
1≥if

"NG" otherwise

"OK"=:=

 Check Minimum Flexural Reinforcement (5.7.3.3.2)

fr 0.24 fc ksi⋅⋅ 0.537 ksi⋅=:= AASHTO 5.4.2.6

Ig.wall
1

12
bw⋅ twall

3
⋅ 1 10

3
× in

4
⋅=:=

Distance from centroid to extreme tension fibers.
Conservatively ignore reinforcement. yt.wall

twall

2
5 in⋅=:=

Sc.wall

Ig.wall

yt.wall
200 in

3
⋅=:=

γ3 0.67:= 0.67 = Factor for Grade 60 ASTM A615 rebar

γ1 1.2:= 1.2 = Factor for precast segmental structures

Mcr.wall γ3 γ1⋅ Sc.wall⋅ fr⋅ 7.191 kip ft⋅⋅=:= Simplified AASHTO Eq 5.7.3.3.2-1

1.33Muwall bw⋅ 16.852 kip ft⋅⋅=

CheckMinSteelWall "OK" Mrwall min 1.33Muwall bw⋅ Mcr.wall, ( )≥if

"NG" otherwise

"OK"=:=
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 Shear Resistance at Bottom of Wall (Section 5.8.3.4.2)

The section contains less than the minimum transverse reinforcement specified in 5.8.2.5,
therefore use equation 5.8.3.4.2-2 to determine the longitudinal strain effect factor ( ) at
the location of maximum shear. 

Mu max Muwall Vuwall dwall⋅, ( ):= In the eqtn below Mu shall not be less than Vu dv⋅

ξs_wall

Mu

dwall
0.5Nuwall+ Vuwall+

Es Aswall⋅
bw⋅:= 1000 ξs_wall⋅ 1.66= (5.8.3.4.2-4)

sx_wall dwall:=

sxe_wall sx_wall
1.38in

Aggregatediam 0.63in+
⋅ 8.125 in⋅=:= (5.8.3.4.2-5)

βwall
4.8

1 750 ξs_wall⋅+

51

39
sxe_wall

1in
+

⋅ 2.314=:= (5.8.3.4.2-2)

Θwall 29deg 3500deg ξs_wall⋅+ 34.811 deg⋅=:= (5.8.3.4.2-3)

Vnwall min 0.25 fc⋅ bw⋅ dwall⋅ 0.0316 βwall⋅ fc ksi⋅⋅ bw⋅ dwall⋅, ( ) 15.939 kip⋅=:= (5.8.3.3)

Vrwall ϕshear Vnwall⋅ 14.346 kip⋅=:=

Vuwall bw⋅ 3.126 kip⋅=
CheckWallShear "OK"

Vrwall

Vuwall bw⋅
1≥if

"NG" otherwise

"OK"=:=

 Check Crack Control in Section 5.7.3.4

Stress in reinforcement calculated per MacGregor "Reinforced Concrete Mechanics and Design" 4th Ed

Mswall ηi 1.0 EHwall⋅ yEH.wall⋅ 1.0LSwall yLS.wall⋅+( )⋅ 8.447
kip ft⋅

ft
⋅=:=
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Nswall ηi− 1.0 γc⋅ twall⋅ hwall.internal⋅( )⋅ 1.261−
kip

ft
⋅=:=

η
Es

Ec
7.118=:=

ρwall

Aswall

bw dwall⋅
0.005=:=

k 2ρwall ρwall η⋅( )
2

+ ρwall η⋅−:=

jwall 1
k

3
− 0.977=:=

Stress in Reinforcement at Service
Limit Statefsswall

Mswall Nswall dwall

twall

2
−⋅+

Aswall jwall⋅ dwall⋅
27.773

ksi

ft
⋅=:=

dc_wall twall dwall− 1.875 in⋅=:=

βs 1
dc_wall

0.7 twall dc_wall−( )⋅
+ 1.33=:=

γe 1.00:= exposure factor

smax

700
kip

in
γe⋅

βs fsswall⋅ bw⋅
2 dc_wall⋅− 15.205 in⋅=:=

CheckMaxSpacing "OK" swall smax≤if

"NG" otherwise

"OK"=:=

Check Minimum Bar Spacing in Section 5.10.3.1.2:

smin max diamwall 1.33Aggregatediam, 1in, ( ) 1 in⋅=:=

CheckMinSpacing "OK" swall smin≥if

"NG" otherwise

"OK"=:=

Check Maximum Bar Spacing in Section 5.10.3.2:

smax min 1.5 twall⋅ 18in, ( ) 15 in⋅=:=
CheckMaxSpacing "OK" swall smax≤if

"NG" otherwise

"OK"=:=
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Check Anchor Attachment to Wall 

 Check Moment Capacity of Connection Bars

Conservatively assume the entire wall is cantilevered about the footing, therefore consider only driving moments.  Use total
loads instead of loads per foot.  Use 100% of soil weight.  Must determine controlling anchor, since tributary width is
variable, not necessarily the anchor at the tallest wall.  Assume only top four connection bars resist tension.  This
assumption is consistent with HITEC p.D28.

Muanchor max Drivingbrg.1 trib1⋅ Drivingbrg.2 trib2⋅, ( ) 93.162 kip ft⋅⋅=:=

baranchor 5:= size of bar

diamanchor

baranchor

8
in 0.625 in⋅=:=

Asanchor
π

4
diamanchor

2
⋅ 0.307 in

2
⋅=:=

n 6:= Number of bars in tension

banchor tstem 6 in⋅=:= thickness of anchor stem

hstem 3ft 6in+:= height of anchor stem

danchor 30.5in:= distance from centroid of tension reinforcement extreme compression fiber.

Verify that fy can be substituted for fs in the equations of 5.7.3.2.  This is allowed when

c

ds
0.60≤  .

canchor

n Asanchor⋅ fy⋅

0.85 fc⋅ β1⋅ banchor⋅
5.414 in⋅=:= Simplified equation 5.7.3.1.2-4

canchor

danchor
0.178= This is less than 0.60 therefore fy can be substituted for fs

aanchor β1 canchor⋅ 4.331 in⋅=:=

Mnanchor n Asanchor⋅ fy⋅ danchor

aanchor

2
−⋅:=

Mranchor ϕmoment Mnanchor⋅ 234.708 kip ft⋅⋅=:=

Muanchor 93.162 kip ft⋅⋅=
CheckAnchorFlexure "OK"

Mranchor

Muanchor
1≥if

"NG" otherwise

"OK"=:=
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 Check Minimum Flexural Reinforcement (5.7.3.3.2)

fr 0.537 ksi⋅= AASHTO 5.4.2.6

Ig.anchor
1

12
tstem⋅ hstem

3
⋅ 3.704 10

4
× in

4
⋅=:=

yt.anchor

hstem

2
1.75 ft=:= Distance from centroid to extreme tension fibers.

Conservatively ignore reinforcement. 

Sc.anchor

Ig.anchor

yt.anchor
1.764 10

3
× in

3
⋅=:=

γ3 0.67:= 0.67 = Factor for Grade 60 ASTM A615 rebar

γ1 1.2:= 1.2 = Factor for precast segmental structures

Mcr.anchor γ3 γ1⋅ Sc.anchor⋅ fr⋅ 63.426 kip ft⋅⋅=:= Simplified AASHTO Eq 5.7.3.3.2-1

1.33Muanchor bw⋅ 123.905 ft kip ft⋅⋅=

CheckMinSteelAnchor "OK" Mranchor min 1.33Muanchor Mcr.anchor, ( )≥if

"NG" otherwise

"OK"=:=

 Check Minimum Steel for Temperature and Shrinkage (11.6.1.5.1 & 5.10.8)

Asmin.anchor max 0.11
in

2

ft
min 0.60

in
2

ft

1.30 banchor⋅ hstem⋅

2 banchor hstem+( )⋅
fy

ksi
⋅

, , 0.6
in

2

ft
⋅=:=

Asmin.anchor hstem⋅ 2.1 in
2

⋅=

Asanchor n 2+( )⋅ 2.454 in
2

⋅= Account for extra two bars in compression face
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 Check Hook Development of Connection Steel in Wall

Per 5.10.2, A standard hook with a 180 degree bend shall have a 4*db extension, but not less than 2.5 inches.  Per
5.12.3, Cover beyond free end of bar shall be 2 inches.

lhb

38.0diamanchor

fc

ksi

10.621 in⋅=:= Basic development length for a Grade 60 bar with a standard hook
(AASHTO 5.11.2.4.1)

 Modification Factors to be applied to the Basic Development Length (AASHTO 5.11.2.4.2)

Mstrength 1:= Increase by fy/60 for yield strength greater than 60ksi

Mcover 0.7:= 0.7 if side cover normal to plane of hook is at least 2.5 inches AND
Cover beyond hook is at least 2.0in 

Mstirrups 1.0:= 0.8 if hook is enclose in with ties or stirrups as specified in 5.11.2.4.2

MAs 1.0:= Conservatively assume entire area of steel provided is required.

Mlightweight 1.0:= 1.3 if lightweight concrete is used.

Mepoxy 1.0:= 1.2 if epoxy rebar is used.

M Mstrength Mcover⋅ Mstirrups⋅ MAs⋅ Mlightweight⋅ Mepoxy⋅ 0.7=:=

ldh max 6in 8 diamanchor⋅, M lhb⋅, ( ) 7.435 in⋅=:=

twall.min coverwall ldh+ 8.935 in⋅=:=

CheckWall.Thickness "OK" twall twall.min≥if

"NG" otherwise

"OK"=:=
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