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Calculations




The following example has been prepared by Aster Brands to document the typical approach to analyze a
Velpont bridge abutment. Itis accurate to the best of our knowledge as of the date of its issue. This example
has been prepared in accordance with generally recognized engineering principles and practices. This
information should not be used without first securing competent advice with respect to its suitability for any
general or specific application. Final determination of the suitability of any design information and the
appropriateness of this data for a given design purpose is the sole responsibility of the user.

ASTER BRANDS AND THE AUTHORS EXPRESSLY DISCLAIM ANY WARRANTY, EXPRESS OR IMPLIED, RELATED
TO THE INFORMATION AND MATERIALS PROVIDED OR REFERENCED HEREIN. Nothing herein contained
shall be construed as granting a license, express or implied, under any patents.

The contents of this example calculation, including but not limited to the text and images herein and their
arrangements, unless otherwise noted, are the copyrighted material of Aster Brands. Copyright © 2026 Aster
Brands. All rights reserved. All Trademarks referred to are the property of their respective owners.
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Description

This example shows the analysis of a 15 foot tall cantilever abutment wall supporting a simple span bridge. The bridge
superstructure consists of 1.5 foot thick reinforced concrete T-beams that are 25 foot long with 23.5 feet between
centerline of bearing points. The bridge width is 28 feet wide. Assumed conditions for this example are as shown:
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Block Dimensions

Soil Internal Friction Angle ¢':=30 ° Block Height

Soil Cohesion c =0 psf Abutment Block Width
Soil Moist Unit Weight y:=120 pcf Block Facing

Soil Buoyant Unit Weight Yp:=63 pcf Footing Block Width

Width of Footing Block Toe

Width of Footing Block Heel

Design Loads
Superstructure designed to HL-93

- 0.0 Bottom of Footing Block

hpiock:=1.5 Tt

bwal/ =4 ft

Braging:=5.5 in

B:=12 ft

bt :=3.5 ft— bfacing =3.042 ft
bpeeii=B— (b wall + bfacing +b toe)

Bridge and Abutment Dimensions bpeei=4.5 ft

Bridge Span Span:=25 ft

Abutment Height H:=15 ft Water Elevations

Footing Length Lpp:=36 ft Distance from bottom of wall to hyy:=8.5 ft
high water (in stream)
Distance from high water to hpp:=3 ft
groundwater (unbalanced hydrostatic

Unit Weights force in rapid drawdown condition)

Unit Weight Water yw:=62.4 ﬂaf Distance from bottom of h,:=hyy+hpp=11.5ft

ft wall to groundwater
Unit Weight of Concrete Veone =150 ﬂ: Distance from groundwater h;:=H-h,=35ft
(All blocks reinforced) ft to top of wall

All calculations are performed in accordance with the AASHTO LRFD Bridge Design Specifications, 10" Edition, 2024.
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External Stability of the Cantilever Abutment

External stability of the abutment is evaluated under the Strength 1 load combination limit state. External stability
considers the entire abutment, from the bottom of the footing block to the top of the backwall. The analysis evaluates
Sliding, Load Eccentricity / Overturning, and Bearing Capacity of the abutment. Because some load factors in the
Strength 1 load combination limit state have both maximum and minimum values, three separate sets of calculations
are performed, referred to as Strength 1 (a), Strength 1 (b), and Strength 1 (c). In Strength 1 (a), maximum vertical
and maximum horizontal loads are used. In Strength 1 (b), maximum vertical and minimum horizontal loads are used.
In Strength 1 (¢), minimum vertical and maximum horizontal loads are used.

Applicable loads in the Strength 1 load combination limit state for this example include:
DC+DW+LL+EH+EV+LS+WA+TU+BR
DC (bridge weight), DW, and LL are provided by the bridge design engineer of record.

DC (abutment weight), EH, EV, LS, WA, TU, and BR are calculated here.

Seismic loading or other extreme events are not considered in this example.

Actual projects may require investigation of additional load combination limit states. The general approach
shown here will apply.
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Coulomb Active Earth Pressure Coefficient

Coulomb earth pressure calculations are used to determine the active earth pressure and live load surcharge
pressure on the back of the abutment wall.

Standard practice in bridge engineering is to use a vertical back of wall when calculating the Coulomb active earth
pressure coefficient for a cantilever abutment wall with a short heel. According to AASHTO C3.11.5.3, "...the earth
pressure is applied to a plane extending vertically up from the heel of the wall base, and the weight of the soil to the
left of the vertical plane is considered as part of the wall weight."
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Wall Batter (from Horizontal) 6:=90 °
Slope on Top of Wall B:=0°
Angle of Friction between Back of Wall and Retained Soil 6::%- ¢'=20° AASHTO C3.11.5.3
- ) - ; 2
r:=|1 +\/S'_” (¢9+0) sin(¢'=B) | _; gg4 AASHTO Equation 3.11.5.3-2
sin(6—0)-sin(6+8)

2

k, = sin (6+¢) —0.297 AASHTO Equation 3.11.5.3-1

re (sin (9)2 sin (9—5))
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Earth Pressure (EH)

This example uses Coulomb earth pressure theory to determine the force from active earth pressure on the back of the
abutment wall. The moist soil conditions are considered above the elevation of groundwater and saturated below. The
diagram of active earth pressure is divided into triangular-shaped and trapezoidal-shaped areas, representing the
pressure from the moist and saturated soils. A resultant force equal to the area of the pressure diagram is assumed to
act on a plane extending vertically up from the heel of the wall base at the elevation of the centroid of the pressure
diagram.

Active Earth
Pressure (EH)

Moist Soil
{r)

Groundwater

Y
i—_—_—

High Water N SO
m /(A7 Saturated Scil

{1o)

T

l —= X-axis

Toe Ka (s, hw + 7 Dy )
X EH 1l

EH::ka-(%.y-hﬁ +v-h1-hw+%-vb-hwz):2.893 k;—f

Horizontal Component EH,:=EH-cos(90 °—6+6)=2.719 iﬂf)
Vertical Component EH,:=EH-sin(90 °—6+6)=0.99 k#p

Point of Application (from Toe)

O v v M 3 I

1 1
(E'V'h12)+(V'h1°hw>+(E°Vb'hw2)
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Live Load Surcharge (LS)

Live load surcharge applied to the abutment wall. AASHTO Table 3.11.6.4.1-1 provides an equivalent height of soll
based on the height of the abutment to be used for the surcharge, yielding a rectangular-shaped pressure diagram. A
resultant force equal to the area of the pressure diagram is assumed to act on a plane extending vertically up from the
heel of the wall base at the elevation of the centroid of the pressure diagram.

W 5 (For Sliding and Eccentricity / Overturning) Live Load
| \ Surcharge (LS)
Moist Sail | nd
{r) |
= Groundwater L

Saturated Soil
(1)

High Water mw=— | LS =

= |
r g
| e
| -
| -
i:."\ | -
Z-axis T |
A | 2
|
l —= X-axis -
Toe X s 1[ Ka Wi 5
Poguiyi=2.5 ft AASHTO Table 3.11.6.4.1-1
WLS = hequiv' Y: 300 ,OSf
kip
LS::ka'WLs'H:1.338 T
Horizontal Component LS,:=LS-cos(90 °—6+5)=1.257 k’?p
Vertical Component LS,:=LS-sin(90 °—0+5)=0.458 ’Lff

Point of Application (from Toe)
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Unbalanced Hydrostatic Force (Rapid Drawdown Condition) (WA)

back of the abutment wall at the elevation of the centroid of the pressure diagram.

This example assumes a rapid drawdown condition where the groundwater level is higher than the level of water in front
of the wall. The result is a trapezoidal-shaped pressure diagram defined by the elevations of the groundwater and
surface water in front of the wall. A resultant force equal to the area of the pressure diagram is assumed to act on the

Muoist Soil

hy
) |
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|
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| Wa
|

(resultant)
™
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Z e, i |
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l —= ¥-axis

Toe |

X WA 3|

1 kip

WA = hoo” +Yw* Mo * hw=1.872 H

Point of Application (from Toe)

1 1 hpw
E' Yw* h002 . (hHW‘FE' hDD) +Yw+hpp* Arw- (—

WA

Water
Pressure
{WA)

oo w
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Vertical Earth Pressure (EV)

According to AASHTO C3.11.5.3, vertical earth pressure includes the weight of the soil to the left of the vertical plane
extending up from the heel of the wall base. The vertical earth pressure force is assumed to act at the center of gravity
of the combined saturated and moist (unsaturated) areas of soil.

Moist Soil

h, (1) )

EV

Groundwater

High Water

Saturated Soil
(Vo)

EV

i
()
o
&
| \,E\,UJ%

1 I T T T
)

l — X-axis

Toe | X
7 EV

Area, weight, and location of center of gravity for moist soil:

A1:bheel'h1:15'75 ftz Wt1:A1'V:189 k;—f

Bhees
COGX7 = zee + <btoe + bfac/ng+ bwal/) =9.75 ft
Area, weight, and location of center of gravity for saturated soil:

ki
A2:: bheel' <hHW_ hb/OCk> = 31 5 ft2 Wt2: A2' Vb: 1 985 Tp

bh /
COG,,:= zee + <btoe + bfac/ng + bwal/) =975 ft

Total weight of soil:

EV:=Wt, + Wt,=3.875 k’?”

Center of Gravity / Point of Application (from Toe) of soil:

X — Wt1 . COGX1 + Wt2‘ COGX2 _ 9 75 ft
EY Wi, + Wt, '
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Wall Weight (W)

calculated as follows:

The abutment wall is divided into 4 rectangular regions to determine weight and center of gravity for abutment stability
design calculations. These regions are as follows: the backwall behind the bridge beams (region 3), the abutment stem
wall above the high water level (region 4), the abutment stem wall below the high water level (region 5), and the
abutment footing block (region 6). Since there will be wall drains installed on the back of the abutment blocks, it is
assumed that full weight will be used for the portion of the wall above the high water level and buoyant weight will be
used for the portion of the wall below this level. Areas, weights, and center of gravity for these regions can be

|
|
Maoist Soil |
(v} |

Groundwater J_

IHigh Water

Saturated Sail
'::-.":.-J

P b

Agi= <bwal/> . <H —hpw— hblock> =20 ft*

b
COG, 4= bioe + bacing +%” =55 ft

kip

[ i
h'.‘. QCK
| X + —= X-axis
Toe b
b|-’:-:‘. SEE h'.i.-il' hhl:u
b, .
Faai 7]
- - B =
Region 3 - Backwall behind the bridge beams:
A3:: <bwal/_ 1.0 ft) : <hb/ock> =4.5 ft2 Wt3:: A3' Yeone = 0.675 ?
b,.,—1.0
COG,3:= (btoe+ bfacing+ 1.0 ft) +<Wa//2—>: 6 ft

Region 4 - Abutment stem wall above the high water elevation:

Ki
Wt4 = A4 *Yeonc= 3 —p
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Region 5 - Abutment stem wall below the high water elevation:

ki
A5 = <bwal/> * <hHW_ hb/ock> =28 ftz Wtﬁ ::A5 * <Vconc - VW) =2.433 #p

b
COGX5 = btoe + bfacing + %’l = 55 ft

Region 6 - Abutment footing block:
Ki
Agi= B hype=18 ft* Wi :=Ag+ (Voons— Vi) = 1.577 Tp

COGx6::§:6 ft

Total weight of the abutment wall:
kip
W= Wit;+ Wt + Wty + Wtg=7.705 o

Center of Gravity / Point of Application (from Toe) of the abutment wall:

_ Wit;- COG g+ Wty COG,+ Wis+ COG, 5+ Wi+ COG,4
B w

=5.646 ft

W:
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Bridge Loads (Live, Dead, Wearing Course)

Bridge loads are project specific and are provided by the Professional Engineer responsible for design of the bridge
superstructure. They are assumed to act in the center of the bearing area below the bridge beams.

Centerline of

Bridge Live Load (LL)

kip

LL:=5.400 — Point of Application (from Toe)

Bearing
DC, DW, LL
1 I
thEck | Moist Sail
|
051t |
- R W
|
7 i |
_ - |
High Water A ) C“‘;—(‘/ S |
|
] | Saturated Soil
T =
& ()
|
|
|
|
|
_ = |
Z-axis [
) |
B
l — X-axis
Toe
X Dy X DA X LI
Assumed loads for this example:
Bridge Dead Load (DC)
DC:=2.8125 k#p Point of Application (from Toe)  Xpc:=byoe + bpaging+ 0.5 ft=4 ft
Bridge Wearing Course (DW)
DW:=0.4375 % Point of Application (from Toe) Xow=bioe + braging + 0.5 ft=4 ft

X1 =bpoet bfacing+ 05 ft=4ft
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Additional Horizontal Loads

Additional horizontal loads are applied to the abutment. Specific projects may have additional loads that may
apply. For this example, temperature and breaking loads are considered.

~lf BR

6.0 ft

Centerline of
Bearing

Closed cell foam

hbluck

Maist Soil

I
|
|
|

L Groundwater

High Water

Saturated Soil
I¥n)

— X-axis
Temperature Load (TU)
Thermal Expansion Coefficient of Concrete a:=5.5-10"°/°F
Temperature Range T:=80 °F
Bridge Expansion / Contraction AT:=a-T-Span=0.132 in
Shear Modulus of Bearing Pad Ghearing = 0.2 Ksi AASHTO Table 14.7.6.2-1
in’
Assume a 1" thick x 5" wide bearing pad Apearing =60 3 thearing*=1.00 in

A kip

G A AT
TU:= —_bearng ” bearing =0.792 3 (Force divided between both to both Abutments)

tbearing *

Point of Application (from Toe) Zry= (H— hb,ock> =135 1t
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Breaking Load (BR)
BR = 25% of the Axle Weights. (The two rear axels of the design truck controls over the tandem)
Assume a truck in both lanes and that the load is spread over both abutments.

m:=1.0 (Multiple Presence Factor) AASHTO Table 3.6.1.1.2-1
BRi=m. 020 C4 K _ g 44g KD

Point of Application (from Toe) Zpri= (H+ 6 ft) =21t
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Summary of loads acting on the abutment

-— BR
DC, DW, LL ‘
\ I
|
— TU |
L] EV |
APV R . ... S
|
—
|
High Wat NN |
igh Water AT LS
o O G (Y e |
; . a4
| EH
5 | ’fg
F’i WA
|
Z-axis ] |
'l |
_—
l —= X-axis
Toe
Load Factors
Loads: Maximum Minimum
DC 7o = 1.25 7p = 0.90
DW 1o = 1.50 ¥p = 0.65
EH 7 = 1.50 7p = 0.90
EV 7o = 1.35 1 = 1.00
LL YLL= 1.75
BR YBR= 1.75
LS YLs= 1.75
WA YWA= 1.00
TU yru= 1.20

Load Modifier n and components np, nr, ni = 1.0 for example analysis
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Load Combination = Strength 1 (a)

Maximum Vertical and Maximum Horizontal Loads

DC Vo pci=125  (Maximum) EH Vo eni=15 (Maximum)
LL Vi =175 LS Vis:=1.75
DW Vo owi=15  (Maximum) BR Veri=1.75
EV Vo evi=1.35  (Maximum) WA Yiwai=1.0
T Yry=12

Sliding Calculations
Driving Force ki
Fy str1a*= <Yp_EH‘ EHh> + <VLS‘ LSh> + <VBR‘ BR) + <VWA . WA> + <VTU' TU) =9.878 Lﬁp

Sum of Vertical Forces i
i
Vstr1ai= <Yp_Dc' W> + <Vp_EH' EHv) + <VLs' LSv) + (Vp_Ev' EV> + (Vp_Dc' DC) + (VLL y LL) + (Vp_DW' DW> =30.768 Tzf)

Resisting Force
¢s,:=0.9  Resistance Factor for Sliding
C:=0.8 AASHTO Equation 10.6.3.4-2 (Precast Concrete Footing)
¢;:=40 ° (Internal Friction Angle of Stone under Foundation Mat)

¢RT_STR7a = ¢SL M C' VSTR1a . tan <¢f> = 18589 katp AASHTO Equations 10.6.3.4'1 and 10.6.3.4'2
R
CDRs; s1ria IR strIa _ 4 gg5
- H_STR1a

Checks, stria+=1f (CDRg, stria>1,“OK for Sliding”, “Not OK for Sliding”)
CheCkSL_STR1a = “OK for S||d|ng”

Load Eccentricity (Overturning) Calculations
Overturning Moment

kip - ft
Mo striai= <Vp_EH' EH,- ZEH> + <VLS' LS. ZLS> + <VBR' BR- ZBR> + <VWA -WA- ZWA> + (YTU‘ TU- ZTU) =77.328 <P

Resisting Moment
Mg stria= (Vo oc* W+ Xw) + (Vo en* EHy* Xen) + (Vis* LS, Xis) + (Vo v EV-Xey) 4
+(Vp_po* DCXpe) + (vip + LL-X0) + (Vp pw+ DW= Xou)

My srrra=187.283 KP-1t
Load Eccentricity
M, —M,
e, = D=4 ft AASHTO 11.6.3-3 esrRiai= 2 — (M srrsa —Mo_strie) =2.426 ft
3 2 Vstr1a

Check,y srria:=if <eSTR1a < €nmax, OKfor Load Eccentricity”, “Not OK for Load Eccentricity”)

Check, srr1,="OK for Load Eccentricity”
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Bearing Capacity Calculations

g (For Bea

LS

bearing

There are extra vertical loads that are included in bearing capacity, but not considered in sliding and
overturning/eccentricity. These loads are the weight of the live load surcharge above the heel of the wall per
AASHTO Figure C11.5.6-3 and the weight of the soil above the toe of the wall.

ring Capacity) [

FTTT!I’!FTT

|

High Water ﬁ?(f m

Z-axis

|
| Maist Sail
|

(¥h)

Point of Application (from Toe) Xevioe =

Kij
LSBearlng =Wse <bheel> =135 — P

EVtoe = btoe' (hHW_hblock) Vb+0 S ft. btoe V—1 524 —

Point of Application (from Toe) XLS_Bea”.ng::

—= M-axis

kip

~t0e _ 1521 ft

Saturated Soil

—_——

(Streambank material above the base block toe)

(Vertical live load force which that is included in bearing capacity

calculations per AASHTO Figure C11.5.6-3)

<bheel>
2

+ <bwa/l + bfacing + btoe> =975 ft
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V'sTR1a_Bearing*= VsTR1at <VLS . LSBearing) + <Vp_Ev' E Vtoe> =35.188

kip

B (MR_STR1a_Bearing_ MO_STR1a> —2132 ft

€STR1a_Bearing "= —

'sTR1a=B—2*€s1R1a Bearing=7-737 ft

Applied Bearing Pressure (Factored)

% . -
Qo srrai=—teBeamg _ g 5ag KD

B'stri1a ft

2 < VS TR1 a_Bearing)

Vertical loads, resisting moment, and load eccentricity values are updated using the additional loads:
Mg str1a Bearing'=MR_str1a~t (Vp_Ev' EVioe® XEVtoe) + <VLS * LSgearing* XLS_Bear/ng> =213.446

Bearing pressure is assumed to apply to a reduced footing area per AASHTO 10.6.1.3 (Meyerhof method).

AASHTO Equation 10.6.1.3-1
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Bearing Resistance
Bearing resistance will have a depth (embedment) term and a unit weight (footing width) term. Cohesion is neglected.

Ny:=18.4  N,:=22.4 AASHTO Table 10.6.3.1.2a-1

Cuw

=05 C,:=05 AASHTO Table 10.6.3.1.2a-2 (Water table above the bottom of footing)

Footing Embedment Depth D;:=6.75 ft This example uses a reduced footing embedment depth that is equal to the
distance from the bottom of the footing to half of the channel height.

qn_STR1a = Y' Df‘ Nq * CWq+ 05 * V‘ B'STR1a M NV. CWV: 12651 Lf AASHTO Equation 10.6.3.1 .23'1

ft
$,:=0.45 AASHTO Table 10.5.5.2.2-1
Qr_sTR1a*= b * Gn_sTR1a= D693 k#f AASHTO Equation 10.6.3.1.1-1
B - ft
- Qs STR1a

Checkge str1a:=1f (CDRBC_STR16>1 , “OK for Bearing Capacity”, “Not OK for Bearing Capacity”)

Checkpgc str1a="OK for Bearing Capacity”
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Load Combination = Strength 1 (b)

Maximum Vertical and Minimum Horizontal Loads

DC Vo pci=125  (Maximum) EH Vp £ni=0.9 (Minimum)
LL Vi =175 LS Vis:=1.75
DW Vo owi=15  (Maximum) BR Veri=1.75
EV Vo evi=1.35  (Maximum) WA Yiwai=1.0
T Yry=12

Sliding Calculations
Driving Force

ki
Fy striv= <Yp_EH‘ EHh> + <VLS' LSh> + <VBR' BR) + <VWA . WA> + <VTU' TU) =8.247 Lﬁp

Sum of Vertical Forces

VSTR1b = Vp bc* V‘?)‘*‘ Vp EH* EH) <VLS'LSV> + (Vp_Ev'EV> + (Vp_Dc'DC> + (VLL'LL> + (Vp_DW‘DW>

Resisting Force

Kij
T
CDRSL sTRip=———=2.21
H_STR1b

Checks, _strib:=if (CDRs;_stri»> 1, “OK for Sliding”, “Not OK for Sliding”)

CheCkSL_STR1b = “OK for S||d|ng”

Load Eccentricity (Overturning) Calculations
Overturning Moment

Mo strini= <Vp_EH' EH,- ZEH> + <VLS' LS. ZLS) + <VBR' BR- ZBR> + <VWA -WA- ZWA> + (YTU‘ TU- ZTU)

kip - ft

Resisting Moment
Mg strib:= (Vp pc* W*Xw) + (Vp_en* EHy* Xen) + (Vis* LS, Xis) + (Vo ev+ EV+ Xgy)
+(Vp_po* DCXpe) + (vip + LL-X0) + (Vp pw+ DW= Xou)

MR_STR7b = 180158 klp . ft
Load Eccentricity
B M —-M,
e, —4ft L ( R_STR1b O_STR1b> —29297 ft

2 VSTR1b

Check,y srrip:=if <eSTR1b< €max - OK for Load Eccentricity”, “Not OK for Load Eccentricity”)

Check, srr1p="OK for Load Eccentricity”
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Bearing Capacity Calculations

kip - ft

Mg strib_gearingi=MR_strib+ (Vp_Ev *EVige- XEVtoe) + <VLS * LSgearing* XLS_Bear/ng) =206.321

ki
VsTR1b_Bearing*= VsTrR1b+ <VLS y LSBearing) + <Vp_Ev' E Vtoe> =34.594 Tp

_B (MR_STR1b_Bearing_ MO_STR1b> —2014 ft
€STR1b_Bearing *= o5 Vv -
< STR1b_Bearing>

'sTR1b*=B—2+€57R1 Bearing=1-972 ft

Applied Bearing Pressure (Factored)

V'sTR1b_Bearing — 4734 kﬂ

Qg sTR1H=
— 2
B'strip ft

Bearing Resistance

' ki
n_sTrR16 =Y * Dy Ng+ Cyg+ 0.5y B'srryp+ Ny + Cyy =12.809 — f
ft
ki
AR sTr1b*=Pp*Qn sTR1L="90-764 ft—f

CDRgc srpn=—2-STR™® _ 1 328

Qa sTR1b

Checkge strip=1f (CDRBC_STR1b> 1,“OK for Bearing Capacity”, “Not OK for Bearing Capacity”)

Checkpgc strin="OK for Bearing Capacity”
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Load Combination = Strength 1 (c)

Minimum Vertical and Maximum Horizontal Loads (No LL or BR)

DC Vo pci=0.90  (Minimum) EH Vo eni=15 (Maximum)
LL Vi =0 LS Vis:=1.75
DW Vo owi=0.65  (Minimum) BR Veri=0
EV Vo evi=1.0 (Minimum) WA Yiwai=1.0
T Yry=12

Sliding Calculations
Driving Force Ki
F strici= <Vp_EH' EHh> + (VLs' LSh) + <VBR' BR> + <VWA . WA> + (VTU' TU> =9.101 Lﬂp

Sum of Vertical Forces
Vstric= (Vp_Dc‘ W> + <Vp_EH‘ EHv> + <VLS' LSv) + (Vp_Ev' EV) + <Yp_Dc' DC) + <VLL . LI—) + <Vp_DW' DW)

Vsrpie=15.909 XP.
ft
Resisting Force y
j
PR, str1ci=9s.* C+ Vsrryc-tan <¢f> =9.612 Tf

R
CDRSL_STRm’:w: 1.056
H_STR1c

Checks, stric=if (CDRg; strie>1,"OK for Sliding”, “Not OK for Sliding”)
CheCkSL_STR1C == “OK for S||d|ng"

Load Eccentricity (Overturning) Calculations
Overturning Moment
Mo stric= <Vp_EH' EHy- ZEH) + <VLs' LSy- ZLS) + <VBR' BR- ZBR> + (VWA -WA- ZWA) + <VTU' TU- ZTU)

kip - ft

MO_STR1C: 60994

Resisting Moment
MR_STR’IC:: <Yp_DC' w-. Xw> + <VP_EH' EHV'XEH) —+ <VLS. LSV.XLS> + <VP_EV' EV.XEV> J
+(Vp_pc* DCXpe) + (Vo LL+X1) + (V, pw+ DW+Xou)

kip - ft

MR_STR7C: 115611

Load Eccentricity

M -M
e, =4 ft eSTR1c::E_ < R STR1c O_STR1C> 2567 ft

2 VSTR1C

Check, stric:=1if (eSTR1C< €max» OK for Load Eccentricity”, “Not OK for Load Eccentricity”)

Check, srr1c="OK for Load Eccentricity”
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Bearing Capacity Calculations
kip - ft

MR_STR1C_Bearing = MR_STR1C + <Vp_EV' EVige* XEVtoe) + <VLS * LSBearing : XLS_Bearing) =140.962

ki
V'str1c_Bearing = VsTR1c T <VLS' LSBear/ng) + <Vp_Ev‘ E Vtoe> =19.796 ?p

B (MR_STR1C_Bearing_MO_STR1C> —1.96 ft

€STR1c Bearing = =

'sTR1c =B —2+€37R1c Boaring=8-079 ft

Applied Bearing Pressure (Factored)

V. j Ki
._ V" STR1c_Bearing __ p
qa_STR1c'—,7—2'45 o

STR1c ft

Bearing Resistance

, ki
Gy stR1c*=V* Dy Ny Cg+ 0.5+ Blsrgioe N, C,, = 12.881 22

ki
AR strR1c: =P An sTrR1c=5-797 ft—f

CDRge srpei=—RSTRY® 3 366

qa sTR1C

2 ( VS TR1 c_Bearing>

ft?

Checkge stric:=if (CDRBC_STR1C> 1,“OK for Bearing Capacity”, “Not OK for Bearing Capacity”)

Checkpgc stric="OK for Bearing Capacity”
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Summary of External Stability Analysis

Strength 1(a)

Maximum Vertical

Maximum Horizontal

Sliding

Strength 1(b)
Maximum Vertical
Minimum Horizontal

kip

Strength 1(c)
Minimum Vertical
Maximum Horizontal

Driving Force
Resisting Force

CDRinding

Eccentricity

Bearing Capacity

Applied Bearing Pressure

Bearing Resistance

CD Rbearing

ki
FH_STR76 = 9878 Tp

¢R; sTrR1a=18.589 k;—f

eSTR1a = 2426 ft

Kij
Qa_sTR1a=4-548 —f
ft
Kij
R sTR1a=9-693 —f
ft

ki
¢R; strip=18.23 ?p

CDRs;_strip=2-21

eSTR1b = 2297 ft

Kij
Qa_sTrib=4-34 —f
ft
Kij
R sTrRIL="-764 —f
ft

ki
ki
¢R; sTrR1c=9-612 YP

eSTR1C: 2567 ft

Ki
Qa_sTrR1c =245 —f
ft
Ki
R sTrR1c="9-197 —ftf

Abutment wall meets minimum requirements for external stability under the Strength 1 load combination
limit state. Controlling conditions are highlighted.
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