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16'x8' Box Culvert - Layout & Profile
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16'x8' Box Culvert - Elevations & Connection Details
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16'x8' Box Culvert - BC2 Details
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16'x8' Box Culvert - BC3 & HW2 Details
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2425 Back Westminster Road
Westminster, VT 05158

 D
W

G
 N

O
.

S4
.0

FAX: 603-428-7426
PHONE: 603-428-3218
HENNIKER, NH  03242

173 BUXTON INDUSTRIAL DRIVE-PO BOX 870
MICHIE CORPORATION, INC.

jsalvatori
Text Box
ALL CHAIRS OR SPACERS IN AREAS OF LEVEL II SHALL BE LEVEL II OR EPOXY OR PLASTIC

jsalvatori
StructuresShopDrawing

jsalvatori
Callout
General note 46 calls for level II reinforcing. Per general special provision #33 - Level II bars are Dual coated or stainless clad.   

khiggins
Line



1 
RE

Q
U

IR
ED

IT
EM

 2
81

60
8

1 
RE

Q
U

IR
ED

IT
EM

 2
75

70
1 

H
W

1

1XXXXX

By Drawn by: PDHRevision No. Checked by: TAFDate

Scale: AS SHOWN Project No. 3745
Designed by: PJL




16'x8' Box Culvert - BC1 & HW1 Details
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16'x8' Box Culvert - Footing Details
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16'x8' Box Culvert - Wingwall 4 Details
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16'x8' Box Culvert - Wingwall 3 Details
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16'x8' Box Culvert - Wingwall 1 & WW2 Details
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16'x8' Box Culvert - Wingwall Anchor Details
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Designed By: PJL
Checked By:
Date Printed: 7/11/2013

Bazin Bros, 3745
16x8 BC - WW2B

Fire Road
Jamaica, VT

Design/Analysis References:

1. AASHTO LRFD Bridge Design Specifications, 2012.
2. VTrans 2011 Standard Specifications for Road and Bridge Construction.
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, "Project Number ER-BRF 015-1(23), Fire Drive Box Culvert, Jamaica VT" by VT AOT, Dated
12/5/2012, Email from VT AOT (5/23/2013) clarifying bearing capacity.

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 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.  The 16x8 Box Culvert carries Fire Drive over unknown brook.  All four wingwalls have varying skew.
Wingwall 4C is closest to traffic.  Wingwall 2B is tallest.  Check both wings.  Also Check WW3 with 3 anchors.
6.  Backslope Angle.  All 4 wings have a +- flat backslope.
7.  Live Load Surcharge.  Vehicular Surcharge is applied when traffic can come within a distance of half the height of the
wall to the reinforced soil mass.  Only WW3 and WW4 are within this distace.  Assume traffic is 2 feet from face of wall and
runs parallel to wall. 
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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Bazin Bros, 3745
16x8 BC - WW2B

Fire Road
Jamaica, VT

General Input:

ELVwalltop 736.1ft:= Elevation of the Wingwall at its tallest point

ELVwalltip 734.1ft:= Elevation of Wingwall at its tip.

ELVbot.ftg 715.9ft:= Elevation of the Bottom of the Wall Footing

tftg 3ft:= Thickness of Wall Footing

hftg 2ft:= Height of Wall Footing

hshort ELVwalltip ELVbot.ftg− hftg− 1in− 16.117 ft=:= Short end of wall (less 1" for shim) 

htall ELVwalltop ELVbot.ftg− hftg− 1in− 18.117 ft=:= Tall end of wall (less 1" for shim)

lwall 8ft:= Length of Wall Panel

lflat 0ft:= Length of flat portion of wingwall before break in slope.

twall 12in:= 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
0

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

the wall.

dtraffic 20ft( ):= Estimated minimum distance to traffic, measured from 
stream side of wall and perpendicular to the wall.

BreakInSlope 2ft:= Assumed distance from face of guardrail to break-in-slope,
meaured perpendicular to the wall.
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Bazin Bros, 3745
16x8 BC - WW2B

Fire Road
Jamaica, 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:
Factored Bearing Resistance to be determined based on effective footing width.  This
varies per anchor.  Per Geotech Analysis, at the strength limit state:qR :=

Effective Footing Width (ft) q_R (ksf)

4     11.8
6     14.0
8     16.2

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 Anlge 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
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Fire Road
Jamaica, VT

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

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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Jamaica, VT

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 "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 2ft:=

distanchor.2 6ft:=

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

4 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

4 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( ) 17.617 ft=:= Height of wall at each anchor

hwall.2 h distanchor.2( ) 16.617 ft=:=

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

 Length of each Anchor Stem Extension

W x( ) 0ft( ) x "B"=if

1ft( ) x "C"=if

2ft( ) x "D"=if

3ft( ) x "E"=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( )⋅+ 20 ft=:=

dtraffic.2 dtraffic distanchor.2 tan αskew( )⋅+ 20 ft=:=

dtraffic.3 dtraffic distanchor.3 tan αskew( )⋅+ 20 ft=:=

 Height of backfill at CL of each anchor 

dslope.1 max 0 min Bbot.1 dtraffic.1 BreakInSlope− twall−, ( ), ( ) 7.121ft=:= 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− twall−, ( ), ( ) 7.121ft=:=

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

hbackfill.1 max hwall.1 hwall.1 min Bbot.1 dslope.1, ( ) tan β( )⋅+, ( ) 17.617 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( )⋅+, ( ) 16.617 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⋅ 2.643
kip

ft
⋅=:=

xDC.wall.1
1

2
twall 0.5 ft=:=

EV1a1
1

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

kip

ft
⋅=:=

xEV1a.1 twall
2

3
dslope.1+ 5.748ft=:=

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

ft
⋅=:=

xEV1b.1 twall dslope.1+
1

2
Bbot.1 dslope.1−( )+ 8.121 ft=:=

EV21 γs hwall.1 3.5ft−( )⋅ Bbot.1⋅ 14.074
kip

ft
⋅=:=

xEV2.1 twall
1

2
Bbot.1+ 4.561 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( )
−+ 3.167 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( )
−−⋅+ 6.712ft=:=

DCanchor.1
1

trib1
1740lbf( ) AnchorType1 "B"=if

2010lbf( ) AnchorType1 "C"=if

2285lbf( ) AnchorType1 "D"=if

2550lbf( ) AnchorType1 "E"=if

⋅ 0.637
kip

ft
⋅=:= (See Anchor Geometry

Drawing)

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

+ 5.005 ft⋅=:=
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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−( )+ 14.561 ft=:=

DCftg.1 γc tftg⋅ hftg⋅ 0.9
kip

ft
⋅=:=

xDC.ftg.1

tftg

2
1.5 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( )⋅ 1.527

kip

ft
⋅=:=

EH11.hor
1

2
ka.wall γs⋅ hbackfill.1 3.5ft−( )

2
⋅ cos δwall( )⋅ 3.201

kip

ft
⋅=:=

xEH1.1 twall Bbot.1+ 8.121 ft=:=

yEH1.1 3.5ft
1

3
hbackfill.1 3.5ft−( )+ 8.206 ft=:=

EH21.vert ka.anchor γs⋅ hbackfill.1 3.5ft−( )⋅ 4ft( )⋅ sin δanchor 30deg−( )⋅ 0.159−
kip

ft
⋅=:=

EH21.hor ka.anchor γs⋅ hbackfill.1 3.5ft−( )⋅ 4ft( )⋅ cos δanchor 30deg−( )⋅ 0.687
kip

ft
⋅=:=

xEH2.1 twall
1

2
Bbot.1 Bbot.lower.1+( )+ 7.064ft=:=

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
⋅=:=

xEH3.1 twall Bbot.lower.1+ 3.5ft
2

3
4⋅ ft− tan 30deg( )+ 6.488ft=:=

yEH3.1 3.5ft
2

3
4⋅ ft− 10 in⋅=:=
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LShor.1 ka.wall qsur⋅ hbackfill.1⋅( ) dtraffic.1 Bbot.1

hwall.1

2
+<if

0 otherwise

0
kip

ft
⋅=:=

xLS.hor.1 twall
1

2
Bbot.lower.1 Bbot.1+( )+ 7.064ft=:= (Assumed for ease of calculation)

yLS.hor.1
1

2
hbackfill.1 8.808 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+( )⋅+

... 22.497
kip

ft
⋅=:=

Rτ.1 0.8 tan ϕftg( )⋅ ΣV1⋅ 12.602
kip

ft
⋅=:= AASHTO 10.6.3.4

Rr.1 ϕτ Rτ.1⋅ 11.342
kip

ft
⋅=:=

 Driving Forces

ΣHτ.1 ηi 1.50 EH11.hor EH21.hor+ EH31.hor+( )⋅ 1.75LShor.1+⋅ 5.977
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⋅+( )+

...

80.276
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⋅+ 41.067
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+( )+

... 18.344
kip

ft
⋅=:=

l1

ΣVe.1

Resisting1 Driving1−( )
ΣVe.1

1

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

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

from face of ftg)

B1 Bbot.lower.1 twall+
1

2
tftg twall−( )+ 7.007ft=:=
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e1 max
B1

2
l1− 0ft, 0.435 ft=:=

eallow.1

B1

4
1.752 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⋅( )⋅+

...

121.1
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⋅+ 36.96
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( )⋅++

... 28.483
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+
3.861 ft=:= (Distance to resultant

from face of ftg)

ebrg.1 max
B1

2
lbrg.1− 0ft, 0 ft=:=

Effective footing width
B1 2 ebrg.1⋅− 7.007 ft=

σfoot.1

ΣVbrg.1

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

Foundations on soil

qR.1 0.45 14.0⋅ ksf 6.3 ksf⋅=:= Conservatively use resistance for 6ft width

CheckBearing1 "OK"
qR.1

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⋅ 2.493
kip

ft
⋅=:=

xDC.wall.2
1

2
twall 0.5 ft=:=

EV1a2
1

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

kip

ft
⋅=:=

xEV1a.2 twall
2

3
dslope.2+ 5.748ft=:=

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

ft
⋅=:=

xEV1b.2 twall dslope.2+
1

2
Bbot.2 dslope.2−( )+ 8.121 ft=:=

EV22 γs hwall.2 3.5ft−( )⋅ Bbot.2⋅ 13.077
kip

ft
⋅=:=

xEV2.2 twall
1

2
Bbot.2+ 4.561 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( )
−+ 3.167 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( )
−−⋅+ 6.712ft=:=

DCanchor.2
1

trib2
1740lbf( ) AnchorType2 "B"=if

2010lbf( ) AnchorType2 "C"=if

2285lbf( ) AnchorType2 "D"=if

2550lbf( ) AnchorType2 "E"=if

⋅ 0.637
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

+ 5.005 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−( )+ 14.561 ft=:=

DCftg.2 γc tftg⋅ hftg⋅ 0.9
kip

ft
⋅=:=

xDC.ftg.2

tftg

2
1.5 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( )⋅ 1.318

kip

ft
⋅=:=

EH12.hor
1

2
ka.wall γs⋅ hbackfill.2 3.5ft−( )

2
⋅ cos δwall( )⋅ 2.764

kip

ft
⋅=:=

xEH1.2 twall Bbot.2+ 8.121 ft=:=

yEH1.2 3.5ft
1

3
hbackfill.2 3.5ft−( )+ 7.872 ft=:=

EH22.vert ka.anchor γs⋅ hbackfill.2 3.5ft−( )⋅ 4ft( )⋅ sin δanchor 30deg−( )⋅ 0.147−
kip

ft
⋅=:=

EH22.hor ka.anchor γs⋅ hbackfill.2 3.5ft−( )⋅ 4ft( )⋅ cos δanchor 30deg−( )⋅ 0.638
kip

ft
⋅=:=

xEH2.2 twall
1

2
Bbot.2 Bbot.lower.2+( )+ 7.064ft=:=

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

3
4⋅ ft− tan 30deg( )+ 6.488ft=:=

yEH3.2 3.5ft
2

3
4⋅ ft− 10 in⋅=:=

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

hwall.2

2
+<if

0 otherwise

0
kip

ft
⋅=:=

xLS.hor.2 twall
1

2
Bbot.lower.2 Bbot.2+( )+ 7.064ft=:= (Assumed for ease of calculation)

yLS.hor.2
1

2
hbackfill.2 8.308 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+( )⋅+

... 21.069
kip

ft
⋅=:=

Rτ.2 0.8 tan ϕftg( )⋅ ΣV2⋅ 11.802
kip

ft
⋅=:= AASHTO 10.6.3.4

Rr.2 ϕτ Rτ.2⋅ 10.622
kip

ft
⋅=:=

 Driving Forces

ΣHτ.2 ηi 1.50 EH12.hor EH22.hor+ EH32.hor+( )⋅ 1.75LShor.2+⋅ 5.248
kip

ft
⋅=:=
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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⋅+( )+

...

74.148
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⋅+ 34.191
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+( )+

... 17.115
kip

ft
⋅=:=

l2

ΣVe.2

Resisting2 Driving2−( )
ΣVe.2

1

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

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

from face of ftg)

B2 Bbot.lower.2 twall+
1

2
tftg twall−( )+ 7.007ft=:=
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e2 max
B2

2
l2− 0ft, 0.252 ft=:=

eallow.2

B2

4
1.752 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⋅( )⋅+

...

112.687
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⋅+ 30.772
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( )⋅++

... 26.683
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+
3.966 ft=:= (Distance to resultant

from face of ftg)

ebrg.2 max
B2

2
lbrg.2− 0ft, 0 ft=:=

Effective footing width
B2 2 ebrg.2⋅− 7.007 ft=

σfoot.2

ΣVbrg.2

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

Foundations on soil

qR.2 0.45 14.0⋅ ksf 6.3 ksf⋅=:= Conservatively use resistance for 6ft width

CheckBearing2 "OK"
qR.2

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 hwall.1 3.5ft− 14.117 ft=:=

EHwall
1

2
ka.wall γs⋅ hwall.internal

2
⋅ 3.547

kip

ft
⋅=:= yEH.wall

1

3
hwall.internal 4.706 ft=:=

yLS.wall
1

2
hwall.internal 7.058 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⋅+( )⋅ 25.033
kip ft⋅

ft
⋅=:=

Vuwall ηi 1.5EHwall 1.75LSwall+( )⋅ 5.32
kip

ft
⋅=:=

Nuwall ηi− 0.9 γc⋅ twall⋅ hwall.internal⋅( )⋅ 1.906−
kip

ft
⋅=:=

 Check Moment Capacity

barwall 6:= swall 7in:= coverwall 1.5in:=

bw 1ft:=

diamwall

barwall

8
in 0.75 in⋅=:=

Aswall

π diamwall
2

⋅

4
12⋅

in

swall
0.757 in

2
⋅=:=

dwall twall coverwall−
diamwall

2
− 10.125 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⋅
1.114 in⋅=:= Simplified equation 5.7.3.1.2-4

cwall

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

awall β1 cwall⋅ 0.891 in⋅=:=

Mnwall Aswall fy⋅ dwall

awall

2
−⋅:=

Mrwall ϕmoment Mnwall⋅ 32.988 kip ft⋅⋅=:=

Muwall bw⋅ 25.033 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
⋅ 1.728 10

3
× in

4
⋅=:=

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

twall

2
6 in⋅=:=

Sc.wall

Ig.wall

yt.wall
288 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⋅ 10.355 kip ft⋅⋅=:= Simplified AASHTO Eq 5.7.3.3.2-1

1.33Muwall bw⋅ 33.294 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⋅ 1.55= (5.8.3.4.2-4)

sx_wall dwall:=

sxe_wall sx_wall
1.38in

Aggregatediam 0.63in+
⋅ 10.125 in⋅=:= (5.8.3.4.2-5)

βwall
4.8

1 750 ξs_wall⋅+

51

39
sxe_wall

1in
+

⋅ 2.305=:= (5.8.3.4.2-2)

Θwall 29deg 3500deg ξs_wall⋅+ 34.424 deg⋅=:= (5.8.3.4.2-3)

Vnwall min 0.25 fc⋅ bw⋅ dwall⋅ 0.0316 βwall⋅ fc ksi⋅⋅ bw⋅ dwall⋅, ( ) 19.786 kip⋅=:= (5.8.3.3)

Vrwall ϕshear Vnwall⋅ 17.807 kip⋅=:=

Vuwall bw⋅ 5.32 kip⋅=
CheckWallShear "OK"

Vrwall

Vuwall bw⋅
1≥if

"NG" otherwise

"OK"=:=

 Check Crack Control in Section 5.7.3.4

Mswall ηi 1.0 EHwall⋅ yEH.wall⋅ 1.0LSwall yLS.wall⋅+( )⋅ 16.689
kip ft⋅

ft
⋅=:=
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Nswall ηi− 1.0 γc⋅ twall⋅ hwall.internal⋅( )⋅ 2.118−
kip

ft
⋅=:=

ewall max
Mswall

Nswall
dwall+

twall

2
− 1.15 dwall⋅, 0.97 ft=:=

jwall min 0.74 .1
ewall

dwall
⋅+ 0.9, 0.855=:=

iwall
1

1 jwall

dwall

ewall
⋅−

3.898=:=

Stress in Reinforcement at Service
Limit Statefsswall

Mswall Nswall dwall

twall

2
−⋅+

Aswall jwall⋅ iwall⋅ dwall⋅
7.494

ksi

ft
⋅=:=

dc_wall twall dwall− 1.875 in⋅=:=

βs 1
dc_wall

0.7 twall dc_wall−( )⋅
+ 1.265=:=

γe 1.00:= exposure factor

smax

700
kip

in
γe⋅

βs fsswall⋅ bw⋅
2 dc_wall⋅− 70.118 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, ( ) 18 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⋅, ( ) 147.841 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 147.841 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⋅ 196.628 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, 2012.
2. VTrans 2011 Standard Specifications for Road and Bridge Construction.
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, "Project Number ER-BRF 015-1(23), Fire Drive Box Culvert, Jamaica VT" by VT AOT, Dated
12/5/2012, Email from VT AOT (5/23/2013) clarifying bearing capacity.

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 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.  The 16x8 Box Culvert carries Fire Drive over unknown brook.  All four wingwalls have varying skew.
Wingwall 4C is closest to traffic.  Wingwall 2B is tallest.  Check both wings.  Also Check WW3 with 3 anchors.
6.  Backslope Angle.  All 4 wings have a +- flat backslope.
7.  Live Load Surcharge.  Vehicular Surcharge is applied when traffic can come within a distance of half the height of the
wall to the reinforced soil mass.  Only WW3 and WW4 are within this distace.  Assume traffic is 2 feet from face of wall and
runs parallel to wall. 
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.

S:\PROJECTS\Bazin Brothers\Jamaica, VT - Fire Drive\Design\LRFD Page 1 of 31



Designed By: PJL
Checked By:
Date Printed: 7/11/2013

Bazin Bros, 3745
16x8 BC - WW3A

Fire Road
Jamaica, VT

General Input:

ELVwalltop 735.67ft 2in− 735.503 ft=:= Elevation of the Wingwall at its tallest point

ELVwalltip ELVwalltop 4.5in− 735.128 ft=:= Elevation of Wingwall at its tip.

ELVbot.ftg 719.14ft:= Elevation of the Bottom of the Wall Footing

tftg 3ft:= Thickness of Wall Footing

hftg 2ft:= Height of Wall Footing

hshort ELVwalltip ELVbot.ftg− hftg− 1in− 13.905 ft=:= Short end of wall (less 1" for shim) 

htall ELVwalltop ELVbot.ftg− hftg− 1in− 14.28ft=:= Tall end of wall (less 1" for shim)

lwall 11.5ft:= Length of Wall Panel

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

twall 12in:= 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
0

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

the wall.

dtraffic 2ft( ):= Estimated minimum distance to traffic, measured from 
stream side of wall and perpendicular to the wall.

BreakInSlope 2ft:= 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:
Factored Bearing Resistance to be determined based on effective footing width.  This
varies per anchor.  Per Geotech Analysis, at the strength limit state:qR :=

Effective Footing Width (ft) q_R (ksf)

4     11.8
6     14.0
8     16.2

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 Anlge 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
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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

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

S:\PROJECTS\Bazin Brothers\Jamaica, VT - Fire Drive\Design\LRFD Page 4 of 31



Designed By: PJL
Checked By:
Date Printed: 7/11/2013

Bazin Bros, 3745
16x8 BC - WW3A

Fire Road
Jamaica, VT

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 "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 1.5ft:=

distanchor.2 5.5ft:=

distanchor.3 9.5ft:=

 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

3.5 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

4 ft=:=

trib3 lwall trib1 trib2+ tribplates+( )− 4 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( ) 14.262 ft=:= Height of wall at each anchor

hwall.2 h distanchor.2( ) 14.119 ft=:=

hwall.3 h distanchor.3( ) 13.976 ft=:=

 Length of each Anchor Stem Extension

W x( ) 0ft( ) x "B"=if

1ft( ) x "C"=if

2ft( ) x "D"=if

3ft( ) x "E"=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( )⋅+ 2 ft=:=

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

dtraffic.3 dtraffic distanchor.3 tan αskew( )⋅+ 2 ft=:=

 Height of backfill at CL of each anchor 

dslope.1 max 0 min Bbot.1 dtraffic.1 BreakInSlope− twall−, ( ), ( ) 0 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− twall−, ( ), ( ) 0 ft=:=

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

hbackfill.1 max hwall.1 hwall.1 min Bbot.1 dslope.1, ( ) tan β( )⋅+, ( ) 14.262 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( )⋅+, ( ) 14.119 ft=:=

hbackfill.3 max hwall.3 hwall.3 min Bbot.3 dslope.3, ( ) tan β( )⋅+, ( ) 13.976 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⋅ 2.139
kip

ft
⋅=:=

xDC.wall.1
1

2
twall 0.5 ft=:=

EV1a1
1

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

kip

ft
⋅=:=

xEV1a.1 twall
2

3
dslope.1+ 1 ft=:=

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

ft
⋅=:=

xEV1b.1 twall dslope.1+
1

2
Bbot.1 dslope.1−( )+ 4.561 ft=:=

EV21 γs hwall.1 3.5ft−( )⋅ Bbot.1⋅ 10.73
kip

ft
⋅=:=

xEV2.1 twall
1

2
Bbot.1+ 4.561 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( )
−+ 3.167 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( )
−−⋅+ 6.712ft=:=

DCanchor.1
1

trib1
1740lbf( ) AnchorType1 "B"=if

2010lbf( ) AnchorType1 "C"=if

2285lbf( ) AnchorType1 "D"=if

2550lbf( ) AnchorType1 "E"=if

⋅ 0.729
kip

ft
⋅=:= (See Anchor Geometry

Drawing)

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

+ 5.005 ft⋅=:=
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LSvert.1 qsur Bbot.1 dtraffic.1( )−⋅ dtraffic.1 Bbot.1<if

0 otherwise

1.434
kip

ft
⋅=:= Used in bearing calcs only

xLS.vert.1 twall dtraffic.1+
1

2
Bbot.1 dtraffic.1−( )+ 5.561ft=:=

DCftg.1 γc tftg⋅ hftg⋅ 0.9
kip

ft
⋅=:=

xDC.ftg.1

tftg

2
1.5 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( )⋅ 0.887

kip

ft
⋅=:=

EH11.hor
1

2
ka.wall γs⋅ hbackfill.1 3.5ft−( )

2
⋅ cos δwall( )⋅ 1.861

kip

ft
⋅=:=

xEH1.1 twall Bbot.1+ 8.121 ft=:=

yEH1.1 3.5ft
1

3
hbackfill.1 3.5ft−( )+ 7.087 ft=:=

EH21.vert ka.anchor γs⋅ hbackfill.1 3.5ft−( )⋅ 4ft( )⋅ sin δanchor 30deg−( )⋅ 0.121−
kip

ft
⋅=:=

EH21.hor ka.anchor γs⋅ hbackfill.1 3.5ft−( )⋅ 4ft( )⋅ cos δanchor 30deg−( )⋅ 0.523
kip

ft
⋅=:=

xEH2.1 twall
1

2
Bbot.1 Bbot.lower.1+( )+ 7.064ft=:=

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
⋅=:=

xEH3.1 twall Bbot.lower.1+ 3.5ft
2

3
4⋅ ft− tan 30deg( )+ 6.488ft=:=

yEH3.1 3.5ft
2

3
4⋅ ft− 10 in⋅=:=
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LShor.1 ka.wall qsur⋅ hbackfill.1⋅( ) dtraffic.1 Bbot.1

hwall.1

2
+<if

0 otherwise

1.015
kip

ft
⋅=:=

xLS.hor.1 twall
1

2
Bbot.lower.1 Bbot.1+( )+ 7.064ft=:= (Assumed for ease of calculation)

yLS.hor.1
1

2
hbackfill.1 7.131 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+( )⋅+

... 17.879
kip

ft
⋅=:=

Rτ.1 0.8 tan ϕftg( )⋅ ΣV1⋅ 10.015
kip

ft
⋅=:= AASHTO 10.6.3.4

Rr.1 ϕτ Rτ.1⋅ 9.014
kip

ft
⋅=:=

 Driving Forces

ΣHτ.1 ηi 1.50 EH11.hor EH21.hor+ EH31.hor+( )⋅ 1.75LShor.1+⋅ 5.499
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⋅+( )+

...

60.867
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⋅+ 33.749
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+( )+

... 14.394
kip

ft
⋅=:=

l1

ΣVe.1

Resisting1 Driving1−( )
ΣVe.1

1

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

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

from face of ftg)

B1 Bbot.lower.1 twall+
1

2
tftg twall−( )+ 7.007ft=:=
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e1 max
B1

2
l1− 0ft, 0.693 ft=:=

eallow.1

B1

4
1.752 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⋅( )⋅+

...

108.067
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⋅+ 31.641
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( )⋅++

... 25.15
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+
3.93 ft=:= (Distance to resultant

from face of ftg)

ebrg.1 max
B1

2
lbrg.1− 0ft, 0 ft=:=

Effective footing width
B1 2 ebrg.1⋅− 7.007 ft=

σfoot.1

ΣVbrg.1

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

Foundations on soil

qR.1 0.45 14.0⋅ ksf 6.3 ksf⋅=:= Conservatively use resistance for 6ft width

CheckBearing1 "OK"
qR.1

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⋅ 2.118
kip

ft
⋅=:=

xDC.wall.2
1

2
twall 0.5 ft=:=

EV1a2
1

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

kip

ft
⋅=:=

xEV1a.2 twall
2

3
dslope.2+ 1 ft=:=

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

ft
⋅=:=

xEV1b.2 twall dslope.2+
1

2
Bbot.2 dslope.2−( )+ 4.561 ft=:=

EV22 γs hwall.2 3.5ft−( )⋅ Bbot.2⋅ 10.588
kip

ft
⋅=:=

xEV2.2 twall
1

2
Bbot.2+ 4.561 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( )
−+ 3.167 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( )
−−⋅+ 6.712ft=:=

DCanchor.2
1

trib2
1740lbf( ) AnchorType2 "B"=if

2010lbf( ) AnchorType2 "C"=if

2285lbf( ) AnchorType2 "D"=if

2550lbf( ) AnchorType2 "E"=if

⋅ 0.638
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

+ 5.005 ft⋅=:=

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

0 otherwise

1.434
kip

ft
⋅=:= Used in bearing calcs only

xLS.vert.2 twall dtraffic.2+
1

2
Bbot.2 dtraffic.2−( )+ 5.561ft=:=

DCftg.2 γc tftg⋅ hftg⋅ 0.9
kip

ft
⋅=:=

xDC.ftg.2

tftg

2
1.5 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( )⋅ 0.864

kip

ft
⋅=:=

EH12.hor
1

2
ka.wall γs⋅ hbackfill.2 3.5ft−( )

2
⋅ cos δwall( )⋅ 1.811

kip

ft
⋅=:=

xEH1.2 twall Bbot.2+ 8.121 ft=:=

yEH1.2 3.5ft
1

3
hbackfill.2 3.5ft−( )+ 7.04 ft=:=

EH22.vert ka.anchor γs⋅ hbackfill.2 3.5ft−( )⋅ 4ft( )⋅ sin δanchor 30deg−( )⋅ 0.119−
kip

ft
⋅=:=

EH22.hor ka.anchor γs⋅ hbackfill.2 3.5ft−( )⋅ 4ft( )⋅ cos δanchor 30deg−( )⋅ 0.516
kip

ft
⋅=:=

xEH2.2 twall
1

2
Bbot.2 Bbot.lower.2+( )+ 7.064ft=:=

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

3
4⋅ ft− tan 30deg( )+ 6.488ft=:=

yEH3.2 3.5ft
2

3
4⋅ ft− 10 in⋅=:=

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

hwall.2

2
+<if

0 otherwise

1.005
kip

ft
⋅=:=

xLS.hor.2 twall
1

2
Bbot.lower.2 Bbot.2+( )+ 7.064ft=:= (Assumed for ease of calculation)

yLS.hor.2
1

2
hbackfill.2 7.06 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+( )⋅+

... 17.602
kip

ft
⋅=:=

Rτ.2 0.8 tan ϕftg( )⋅ ΣV2⋅ 9.86
kip

ft
⋅=:= AASHTO 10.6.3.4

Rr.2 ϕτ Rτ.2⋅ 8.874
kip

ft
⋅=:=

 Driving Forces

ΣHτ.2 ηi 1.50 EH12.hor EH22.hor+ EH32.hor+( )⋅ 1.75LShor.2+⋅ 5.397
kip

ft
⋅=:=
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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⋅+( )+

...

59.659
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⋅+ 32.83
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+( )+

... 14.146
kip

ft
⋅=:=

l2

ΣVe.2

Resisting2 Driving2−( )
ΣVe.2

1

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

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

from face of ftg)

B2 Bbot.lower.2 twall+
1

2
tftg twall−( )+ 7.007ft=:=
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e2 max
B2

2
l2− 0ft, 0.683 ft=:=

eallow.2

B2

4
1.752 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⋅( )⋅+

...

106.365
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⋅+ 30.789
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( )⋅++

... 24.788
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+
3.938 ft=:= (Distance to resultant

from face of ftg)

ebrg.2 max
B2

2
lbrg.2− 0ft, 0 ft=:=

Effective footing width
B2 2 ebrg.2⋅− 7.007 ft=

σfoot.2

ΣVbrg.2

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

Foundations on soil

qR.2 0.45 14.0⋅ ksf 6.3 ksf⋅=:= Conservatively use resistance for 6ft width

CheckBearing2 "OK"
qR.2

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⋅ 2.096
kip

ft
⋅=:=

xDC.wall.3
1

2
twall 0.5 ft=:=

EV1a3
1

2
γs hbackfill.3 hwall.3−( )⋅ dslope.3( )⋅ 0

kip

ft
⋅=:=

xEV1a.3 twall
2

3
dslope.3+ 1 ft=:=

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

ft
⋅=:=

xEV1b.3 twall dslope.3+
1

2
Bbot.3 dslope.3−( )+ 4.561 ft=:=

EV23 γs hwall.3 3.5ft−( )⋅ Bbot.3⋅ 10.445
kip

ft
⋅=:=

xEV2.3 twall
1

2
Bbot.3+ 4.561 ft=:=

EV33 γs 3.5ft( )⋅ Bbot.lower.3
7in

cos 30deg( )
−⋅ 2.123

kip

ft
⋅=:=

xEV3.3 twall
1

2
Bbot.lower.3

7in

cos 30deg( )
−+ 3.167 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( )
−−⋅+ 6.712ft=:=

DCanchor.3
1

trib3
1740lbf( ) AnchorType3 "B"=if

2010lbf( ) AnchorType3 "C"=if

2285lbf( ) AnchorType3 "D"=if

2550lbf( ) AnchorType3 "E"=if

⋅ 0.637
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

+ 5.005 ft⋅=:=

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

0 otherwise

1.434
kip

ft
⋅=:= Used in bearing calcs only

xLS.vert.3 twall dtraffic.3+
1

2
Bbot.3 dtraffic.3−( )+ 5.561ft=:=

DCftg.3 γc tftg⋅ hftg⋅ 0.9
kip

ft
⋅=:=

xDC.ftg.3

tftg

2
1.5 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( )⋅ 0.841

kip

ft
⋅=:=

EH13.hor
1

2
ka.wall γs⋅ hbackfill.3 3.5ft−( )

2
⋅ cos δwall( )⋅ 1.763

kip

ft
⋅=:=

xEH1.3 twall Bbot.3+ 8.121 ft=:=

yEH1.3 3.5ft
1

3
hbackfill.3 3.5ft−( )+ 6.992 ft=:=

EH23.vert ka.anchor γs⋅ hbackfill.3 3.5ft−( )⋅ 4ft( )⋅ sin δanchor 30deg−( )⋅ 0.118−
kip

ft
⋅=:=

EH23.hor ka.anchor γs⋅ hbackfill.3 3.5ft−( )⋅ 4ft( )⋅ cos δanchor 30deg−( )⋅ 0.51
kip

ft
⋅=:=

xEH2.3 twall
1

2
Bbot.3 Bbot.lower.3+( )+ 7.064ft=:=

yEH2.3 3.5ft
1

2
4⋅ ft− 1.5 ft=:=

EH33.vert
1

2
ka.anchor γs⋅ 4ft( )

2
⋅ sin δanchor 30deg−( )⋅ 0.022−

kip

ft
⋅=:=

EH33.hor
1

2
ka.anchor γs⋅ 4ft( )

2
⋅ cos δanchor 30deg−( )⋅ 0.097

kip

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

3
4⋅ ft− tan 30deg( )+ 6.488ft=:=

yEH3.3 3.5ft
2

3
4⋅ ft− 10 in⋅=:=

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

hwall.3

2
+<if

0 otherwise

0.898
kip

ft
⋅=:=

xLS.hor.3 twall
1

2
Bbot.lower.3 Bbot.3+( )+ 7.064ft=:= (Assumed for ease of calculation)

yLS.hor.3
1

2
hbackfill.3 6.988 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+( )⋅+

... 17.408
kip

ft
⋅=:=

Rτ.3 0.8 tan ϕftg( )⋅ ΣV3⋅ 9.752
kip

ft
⋅=:= AASHTO 10.6.3.4

Rr.3 ϕτ Rτ.3⋅ 8.776
kip

ft
⋅=:=

 Driving Forces

ΣHτ.3 ηi 1.50 EH13.hor EH23.hor+ EH33.hor+( )⋅ 1.75LShor.3+⋅ 5.126
kip

ft
⋅=:=
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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⋅+( )+

...

58.865
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⋅+ 30.742
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+( )+

... 13.981
kip

ft
⋅=:=

l3

ΣVe.3

Resisting3 Driving3−( )
ΣVe.3

1

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

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

from face of ftg)

B3 Bbot.lower.3 twall+
1

2
tftg twall−( )+ 7.007ft=:=
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e3 max
B3

2
l3− 0ft, 0.575 ft=:=

eallow.3

B3

4
1.752 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⋅( )⋅+

...

105.237
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⋅+ 28.766
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( )⋅++

... 24.54
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+
4.002 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⋅−
3.502 ksf⋅=:= Eq. 11.6.3.2-1, Rectangular Distibution for

Foundations on soil

qR.3 0.45 14.0⋅ ksf 6.3 ksf⋅=:= Conservatively use resistance for 6ft width

CheckBearing3 "OK"
qR.3

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 hwall.1 3.5ft− 10.762 ft=:=

EHwall
1

2
ka.wall γs⋅ hwall.internal

2
⋅ 2.061

kip

ft
⋅=:= yEH.wall

1

3
hwall.internal 3.587 ft=:=

yLS.wall
1

2
hwall.internal 5.381 ft=:=

LSwall 0 dtraffic.1
1

2
hwall.1⋅≥if

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

0.766
kip

ft
⋅=:=

Muwall ηi 1.5 EHwall⋅ yEH.wall⋅ 1.75LSwall yLS.wall⋅+( )⋅ 18.307
kip ft⋅

ft
⋅=:=

Vuwall ηi 1.5EHwall 1.75LSwall+( )⋅ 4.433
kip

ft
⋅=:=

Nuwall ηi− 0.9 γc⋅ twall⋅ hwall.internal⋅( )⋅ 1.453−
kip

ft
⋅=:=

 Check Moment Capacity

barwall 6:= swall 7in:= coverwall 1.5in:=

bw 1ft:=

diamwall

barwall

8
in 0.75 in⋅=:=

Aswall

π diamwall
2

⋅

4
12⋅

in

swall
0.757 in

2
⋅=:=

dwall twall coverwall−
diamwall

2
− 10.125 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⋅
1.114 in⋅=:= Simplified equation 5.7.3.1.2-4

cwall

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

awall β1 cwall⋅ 0.891 in⋅=:=

Mnwall Aswall fy⋅ dwall

awall

2
−⋅:=

Mrwall ϕmoment Mnwall⋅ 32.988 kip ft⋅⋅=:=

Muwall bw⋅ 18.307 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
⋅ 1.728 10

3
× in

4
⋅=:=

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

twall

2
6 in⋅=:=

Sc.wall

Ig.wall

yt.wall
288 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⋅ 10.355 kip ft⋅⋅=:= Simplified AASHTO Eq 5.7.3.3.2-1

1.33Muwall bw⋅ 24.348 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⋅ 1.16= (5.8.3.4.2-4)

sx_wall dwall:=

sxe_wall sx_wall
1.38in

Aggregatediam 0.63in+
⋅ 10.125 in⋅=:= (5.8.3.4.2-5)

βwall
4.8

1 750 ξs_wall⋅+

51

39
sxe_wall

1in
+

⋅ 2.668=:= (5.8.3.4.2-2)

Θwall 29deg 3500deg ξs_wall⋅+ 33.048 deg⋅=:= (5.8.3.4.2-3)

Vnwall min 0.25 fc⋅ bw⋅ dwall⋅ 0.0316 βwall⋅ fc ksi⋅⋅ bw⋅ dwall⋅, ( ) 22.909 kip⋅=:= (5.8.3.3)

Vrwall ϕshear Vnwall⋅ 20.618 kip⋅=:=

Vuwall bw⋅ 4.433 kip⋅=
CheckWallShear "OK"

Vrwall

Vuwall bw⋅
1≥if

"NG" otherwise

"OK"=:=

 Check Crack Control in Section 5.7.3.4

Mswall ηi 1.0 EHwall⋅ yEH.wall⋅ 1.0LSwall yLS.wall⋅+( )⋅ 11.517
kip ft⋅

ft
⋅=:=
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Nswall ηi− 1.0 γc⋅ twall⋅ hwall.internal⋅( )⋅ 1.614−
kip

ft
⋅=:=

ewall max
Mswall

Nswall
dwall+

twall

2
− 1.15 dwall⋅, 0.97 ft=:=

jwall min 0.74 .1
ewall

dwall
⋅+ 0.9, 0.855=:=

iwall
1

1 jwall

dwall

ewall
⋅−

3.898=:=

Stress in Reinforcement at Service
Limit Statefsswall

Mswall Nswall dwall

twall

2
−⋅+

Aswall jwall⋅ iwall⋅ dwall⋅
5.147

ksi

ft
⋅=:=

dc_wall twall dwall− 1.875 in⋅=:=

βs 1
dc_wall

0.7 twall dc_wall−( )⋅
+ 1.265=:=

γe 1.00:= exposure factor

smax

700
kip

in
γe⋅

βs fsswall⋅ bw⋅
2 dc_wall⋅− 103.798 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, ( ) 18 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⋅, ( ) 123.154 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 123.154 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⋅ 163.795 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, 2012.
2. VTrans 2011 Standard Specifications for Road and Bridge Construction.
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, "Project Number ER-BRF 015-1(23), Fire Drive Box Culvert, Jamaica VT" by VT AOT, Dated
12/5/2012, Email from VT AOT (5/23/2013) clarifying bearing capacity.

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 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.  The 16x8 Box Culvert carries Fire Drive over unknown brook.  All four wingwalls have varying skew.
Wingwall 4C is closest to traffic.  Wingwall 2B is tallest.  Check both wings.  Also Check WW3 with 3 anchors.
6.  Backslope Angle.  All 4 wings have a +- flat backslope.
7.  Live Load Surcharge.  Vehicular Surcharge is applied when traffic can come within a distance of half the height of the
wall to the reinforced soil mass.  Only WW3 and WW4 are within this distace.  Assume traffic is 2 feet from face of wall and
runs parallel to wall. 
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 737.3ft:= Elevation of the Wingwall at its tallest point

ELVwalltip 736.8ft:= Elevation of Wingwall at its tip.

ELVbot.ftg 719.1ft:= Elevation of the Bottom of the Wall Footing

tftg 3ft:= Thickness of Wall Footing

hftg 2ft:= Height of Wall Footing

hshort ELVwalltip ELVbot.ftg− hftg− 1in− 15.617 ft=:= Short end of wall (less 1" for shim) 

htall ELVwalltop ELVbot.ftg− hftg− 1in− 16.117 ft=:= Tall end of wall (less 1" for shim)

lwall 8.67ft:= Length of Wall Panel

lflat 0ft:= Length of flat portion of wingwall before break in slope.

twall 12in:= 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 2ft( ):= Estimated minimum distance to traffic, measured from 
stream side of wall and perpendicular to the wall.

BreakInSlope 2ft:= 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:
Factored Bearing Resistance to be determined based on effective footing width.  This
varies per anchor.  Per Geotech Analysis, at the strength limit state:qR :=

Effective Footing Width (ft) q_R (ksf)

4     11.8
6     14.0
8     16.2

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 Anlge 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
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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

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 "No":= 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 1ft 10in+:=

distanchor.2 6ft 10in+:=

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

4.333ft=:=

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

4.337ft=:=

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( ) 16.011 ft=:= Height of wall at each anchor

hwall.2 h distanchor.2( ) 15.723 ft=:=

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

 Length of each Anchor Stem Extension

W x( ) 0ft( ) x "B"=if

1ft( ) x "C"=if

2ft( ) x "D"=if

3ft( ) x "E"=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( )⋅+ 2 ft=:=

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

dtraffic.3 dtraffic distanchor.3 tan αskew( )⋅+ 2 ft=:=

 Height of backfill at CL of each anchor 

dslope.1 max 0 min Bbot.1 dtraffic.1 BreakInSlope− twall−, ( ), ( ) 0 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− twall−, ( ), ( ) 0 ft=:=

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

hbackfill.1 max hwall.1 hwall.1 min Bbot.1 dslope.1, ( ) tan β( )⋅+, ( ) 16.011 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( )⋅+, ( ) 15.723 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⋅ 2.402
kip

ft
⋅=:=

xDC.wall.1
1

2
twall 0.5 ft=:=

EV1a1
1

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

kip

ft
⋅=:=

xEV1a.1 twall
2

3
dslope.1+ 1 ft=:=

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

ft
⋅=:=

xEV1b.1 twall dslope.1+
1

2
Bbot.1 dslope.1−( )+ 4.561 ft=:=

EV21 γs hwall.1 3.5ft−( )⋅ Bbot.1⋅ 12.474
kip

ft
⋅=:=

xEV2.1 twall
1

2
Bbot.1+ 4.561 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( )
−+ 3.167 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( )
−−⋅+ 6.712ft=:=

DCanchor.1
1

trib1
1740lbf( ) AnchorType1 "B"=if

2010lbf( ) AnchorType1 "C"=if

2285lbf( ) AnchorType1 "D"=if

2550lbf( ) AnchorType1 "E"=if

⋅ 0.588
kip

ft
⋅=:= (See Anchor Geometry

Drawing)

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

+ 5.005 ft⋅=:=
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LSvert.1 qsur Bbot.1 dtraffic.1( )−⋅ dtraffic.1 Bbot.1<if

0 otherwise

1.434
kip

ft
⋅=:= Used in bearing calcs only

xLS.vert.1 twall dtraffic.1+
1

2
Bbot.1 dtraffic.1−( )+ 5.561ft=:=

DCftg.1 γc tftg⋅ hftg⋅ 0.9
kip

ft
⋅=:=

xDC.ftg.1

tftg

2
1.5 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( )⋅ 1.381

kip

ft
⋅=:=

EH11.hor
1

2
ka.wall γs⋅ hbackfill.1 3.5ft−( )

2
⋅ cos δwall( )⋅ 2.895

kip

ft
⋅=:=

xEH1.1 twall Bbot.1+ 8.121 ft=:=

yEH1.1 3.5ft
1

3
hbackfill.1 3.5ft−( )+ 7.67 ft=:=

EH21.vert ka.anchor γs⋅ hbackfill.1 3.5ft−( )⋅ 4ft( )⋅ sin δanchor 30deg−( )⋅ 0.154−
kip

ft
⋅=:=

EH21.hor ka.anchor γs⋅ hbackfill.1 3.5ft−( )⋅ 4ft( )⋅ cos δanchor 30deg−( )⋅ 0.667
kip

ft
⋅=:=

xEH2.1 twall
1

2
Bbot.1 Bbot.lower.1+( )+ 7.064ft=:=

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
⋅=:=

xEH3.1 twall Bbot.lower.1+ 3.5ft
2

3
4⋅ ft− tan 30deg( )+ 6.488ft=:=

yEH3.1 3.5ft
2

3
4⋅ ft− 10 in⋅=:=
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LShor.1 ka.wall qsur⋅ hbackfill.1⋅( ) dtraffic.1 Bbot.1

hwall.1

2
+<if

0 otherwise

1.312
kip

ft
⋅=:=

xLS.hor.1 twall
1

2
Bbot.lower.1 Bbot.1+( )+ 7.064ft=:= (Assumed for ease of calculation)

yLS.hor.1
1

2
hbackfill.1 8.005 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+( )⋅+

... 20.419
kip

ft
⋅=:=

Rτ.1 0.8 tan ϕftg( )⋅ ΣV1⋅ 11.438
kip

ft
⋅=:= AASHTO 10.6.3.4

Rr.1 ϕτ Rτ.1⋅ 10.294
kip

ft
⋅=:=

 Driving Forces

ΣHτ.1 ηi 1.50 EH11.hor EH21.hor+ EH31.hor+( )⋅ 1.75LShor.1+⋅ 7.801
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⋅+( )+

...

72.353
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⋅+ 53.331
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+( )+

... 16.586
kip

ft
⋅=:=

l1

ΣVe.1

Resisting1 Driving1−( )
ΣVe.1

1

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

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

from face of ftg)

B1 Bbot.lower.1 twall+
1

2
tftg twall−( )+ 7.007ft=:=
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e1 max
B1

2
l1− 0ft, 1.387 ft=:=

eallow.1

B1

4
1.752 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⋅( )⋅+

...

123.163
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⋅+ 49.836
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( )⋅++

... 28.275
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+
3.513 ft=:= (Distance to resultant

from face of ftg)

ebrg.1 max
B1

2
lbrg.1− 0ft, 0 ft=:=

Effective footing width
B1 2 ebrg.1⋅− 7.007 ft=

σfoot.1

ΣVbrg.1

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

Foundations on soil

qR.1 0.45 14.0⋅ ksf 6.3 ksf⋅=:= Conservatively use resistance for 6ft width

CheckBearing1 "OK"
qR.1

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⋅ 2.358
kip

ft
⋅=:=

xDC.wall.2
1

2
twall 0.5 ft=:=

EV1a2
1

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

kip

ft
⋅=:=

xEV1a.2 twall
2

3
dslope.2+ 1 ft=:=

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

ft
⋅=:=

xEV1b.2 twall dslope.2+
1

2
Bbot.2 dslope.2−( )+ 4.561 ft=:=

EV22 γs hwall.2 3.5ft−( )⋅ Bbot.2⋅ 12.186
kip

ft
⋅=:=

xEV2.2 twall
1

2
Bbot.2+ 4.561 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( )
−+ 3.167 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( )
−−⋅+ 6.712ft=:=

DCanchor.2
1

trib2
1740lbf( ) AnchorType2 "B"=if

2010lbf( ) AnchorType2 "C"=if

2285lbf( ) AnchorType2 "D"=if

2550lbf( ) AnchorType2 "E"=if

⋅ 0.588
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

+ 5.005 ft⋅=:=

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

0 otherwise

1.434
kip

ft
⋅=:= Used in bearing calcs only

xLS.vert.2 twall dtraffic.2+
1

2
Bbot.2 dtraffic.2−( )+ 5.561ft=:=

DCftg.2 γc tftg⋅ hftg⋅ 0.9
kip

ft
⋅=:=

xDC.ftg.2

tftg

2
1.5 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( )⋅ 1.318

kip

ft
⋅=:=

EH12.hor
1

2
ka.wall γs⋅ hbackfill.2 3.5ft−( )

2
⋅ cos δwall( )⋅ 2.763

kip

ft
⋅=:=

xEH1.2 twall Bbot.2+ 8.121 ft=:=

yEH1.2 3.5ft
1

3
hbackfill.2 3.5ft−( )+ 7.574 ft=:=

EH22.vert ka.anchor γs⋅ hbackfill.2 3.5ft−( )⋅ 4ft( )⋅ sin δanchor 30deg−( )⋅ 0.151−
kip

ft
⋅=:=

EH22.hor ka.anchor γs⋅ hbackfill.2 3.5ft−( )⋅ 4ft( )⋅ cos δanchor 30deg−( )⋅ 0.652
kip

ft
⋅=:=

xEH2.2 twall
1

2
Bbot.2 Bbot.lower.2+( )+ 7.064ft=:=

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( )+ 6.488ft=:=

yEH3.2 3.5ft
2

3
4⋅ ft− 10 in⋅=:=

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

hwall.2

2
+<if

0 otherwise

1.289
kip

ft
⋅=:=

xLS.hor.2 twall
1

2
Bbot.lower.2 Bbot.2+( )+ 7.064ft=:= (Assumed for ease of calculation)

yLS.hor.2
1

2
hbackfill.2 7.861 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+( )⋅+

... 20.003
kip

ft
⋅=:=

Rτ.2 0.8 tan ϕftg( )⋅ ΣV2⋅ 11.205
kip

ft
⋅=:= AASHTO 10.6.3.4

Rr.2 ϕτ Rτ.2⋅ 10.085
kip

ft
⋅=:=

 Driving Forces

ΣHτ.2 ηi 1.50 EH12.hor EH22.hor+ EH32.hor+( )⋅ 1.75LShor.2+⋅ 7.538
kip

ft
⋅=:=
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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⋅+( )+

...

70.554
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⋅+ 50.724
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+( )+

... 16.228
kip

ft
⋅=:=

l2

ΣVe.2

Resisting2 Driving2−( )
ΣVe.2

1

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

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

from face of ftg)

B2 Bbot.lower.2 twall+
1

2
tftg twall−( )+ 7.007ft=:=
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e2 max
B2

2
l2− 0ft, 1.316 ft=:=

eallow.2

B2

4
1.752 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⋅( )⋅+

...

120.707
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⋅+ 47.424
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( )⋅++

... 27.752
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+
3.557 ft=:= (Distance to resultant

from face of ftg)

ebrg.2 max
B2

2
lbrg.2− 0ft, 0 ft=:=

Effective footing width
B2 2 ebrg.2⋅− 7.007 ft=

σfoot.2

ΣVbrg.2

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

Foundations on soil

qR.2 0.45 14.0⋅ ksf 6.3 ksf⋅=:= Conservatively use resistance for 6ft width

CheckBearing1 "OK"
qR.2

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 hwall.1 3.5ft− 12.511 ft=:=

EHwall
1

2
ka.wall γs⋅ hwall.internal

2
⋅ 3.208

kip

ft
⋅=:= yEH.wall

1

3
hwall.internal 4.17 ft=:=

yLS.wall
1

2
hwall.internal 6.255 ft=:=

LSwall 0 dtraffic.1
1

2
hwall.1⋅≥if

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

1.026
kip

ft
⋅=:=

Muwall ηi 1.5 EHwall⋅ yEH.wall⋅ 1.75LSwall yLS.wall⋅+( )⋅ 31.291
kip ft⋅

ft
⋅=:=

Vuwall ηi 1.5EHwall 1.75LSwall+( )⋅ 6.606
kip

ft
⋅=:=

Nuwall ηi− 0.9 γc⋅ twall⋅ hwall.internal⋅( )⋅ 1.689−
kip

ft
⋅=:=

 Check Moment Capacity

barwall 6:= swall 7in:= coverwall 1.5in:=

bw 1ft:=

diamwall

barwall

8
in 0.75 in⋅=:=

Aswall

π diamwall
2

⋅

4
12⋅

in

swall
0.757 in

2
⋅=:=

dwall twall coverwall−
diamwall

2
− 10.125 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⋅
1.114 in⋅=:= Simplified equation 5.7.3.1.2-4

cwall

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

awall β1 cwall⋅ 0.891 in⋅=:=

Mnwall Aswall fy⋅ dwall

awall

2
−⋅:=

Mrwall ϕmoment Mnwall⋅ 32.988 kip ft⋅⋅=:=

Muwall bw⋅ 31.291 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
⋅ 1.728 10

3
× in

4
⋅=:=

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

twall

2
6 in⋅=:=

Sc.wall

Ig.wall

yt.wall
288 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⋅ 10.355 kip ft⋅⋅=:= Simplified AASHTO Eq 5.7.3.3.2-1

1.33Muwall bw⋅ 41.617 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⋅ 1.95= (5.8.3.4.2-4)

sx_wall dwall:=

sxe_wall sx_wall
1.38in

Aggregatediam 0.63in+
⋅ 10.125 in⋅=:= (5.8.3.4.2-5)

βwall
4.8

1 750 ξs_wall⋅+

51

39
sxe_wall

1in
+

⋅ 2.023=:= (5.8.3.4.2-2)

Θwall 29deg 3500deg ξs_wall⋅+ 35.828 deg⋅=:= (5.8.3.4.2-3)

Vnwall min 0.25 fc⋅ bw⋅ dwall⋅ 0.0316 βwall⋅ fc ksi⋅⋅ bw⋅ dwall⋅, ( ) 17.369 kip⋅=:= (5.8.3.3)

Vrwall ϕshear Vnwall⋅ 15.632 kip⋅=:=

Vuwall bw⋅ 6.606 kip⋅=
CheckWallShear "OK"

Vrwall

Vuwall bw⋅
1≥if

"NG" otherwise

"OK"=:=

 Check Crack Control in Section 5.7.3.4

Mswall ηi 1.0 EHwall⋅ yEH.wall⋅ 1.0LSwall yLS.wall⋅+( )⋅ 19.792
kip ft⋅

ft
⋅=:=
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Nswall ηi− 1.0 γc⋅ twall⋅ hwall.internal⋅( )⋅ 1.877−
kip

ft
⋅=:=

ewall max
Mswall

Nswall
dwall+

twall

2
− 1.15 dwall⋅, 0.97 ft=:=

jwall min 0.74 .1
ewall

dwall
⋅+ 0.9, 0.855=:=

iwall
1

1 jwall

dwall

ewall
⋅−

3.898=:=

Stress in Reinforcement at Service
Limit Statefsswall

Mswall Nswall dwall

twall

2
−⋅+

Aswall jwall⋅ iwall⋅ dwall⋅
8.99

ksi

ft
⋅=:=

dc_wall twall dwall− 1.875 in⋅=:=

βs 1
dc_wall

0.7 twall dc_wall−( )⋅
+ 1.265=:=

γe 1.00:= exposure factor

smax

700
kip

in
γe⋅

βs fsswall⋅ bw⋅
2 dc_wall⋅− 57.828 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, ( ) 18 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⋅, ( ) 215.957 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 215.957 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⋅ 287.223 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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