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Q= 73.59 kips

ok... Tables are

available for max

pick angle for this

crane to determine

the actual outrigger

load.
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The max outrigger capacity for this crane is 252 kip, so the surcharge design is essentially based on 80% of the crane capacity.  The above design uses a 200 ton crane and Cold River Bridges has  noted that only 160 ton cranes are needed, or 80% of the equipment capacity above.  The value is therefore considered reasonable for use in calculations considering an erection sequence is not finalized yet and will need to be worked around these constraints.













TASK:

PROJECT: Pittsfield JOB NO: 411762.00

CHECK:

Integral Abutment Structura l Design

DESIGN: Josh Olund DATE: 2/28/2014

DATE:

Integral Abutment: Structural Design

All calculations are for Abutment No. 1 (Abutment No. 2 similar)

Inputs in yellow Outputs Bordered

Geometry

Thickness of Abutment Stem tabut 3.5ft:=

Thickness of Return Wingwalls twing 1.5ft:=

Skew of Bridge θ 20deg:=

Abutment geometry from geometry MathCAD sheets and CAD.

Spile 8.33333ft:=

Lengths: 

Labut
0

3.957ft:= Labut
1

0ft:= Labut
2

Spile:= Labut
3

Spile:= Labut
4

Spile:= Labut
5

Spile:= Labut
6

0ft:= Labut
7

6.710:=

Heights: 

habut
0

11.67ft:= habut
2

11.72ft:= habut
3

11.82ft:= habut
4

11.93ft:= habut
5

12.03ft:= habut
7

12.08ft:=

habut
1

11.67ft:= habut
6

12.08ft:=

Hdia 32in 3in+ 2.92 ft=:= Height of the Closure Pour, above precast

abutments



Geometry, cont:

Length of Abutment Labut.tot Labut� 44.00 ft=:=

Length of Wings (from center of abutment) Lwing.1 7.229ft
1.75ft

cos 20deg( )
+ 9.09 ft=:=

Lwing.2 7.729ft
1.75ft

cos 20deg( )
+ 9.59 ft=:=

Maximum Height of Abutment habut.max max habut( ) 12.08ft=:=

Number of Girders nbm 8:=

Approach Slab Seat Dimensions ASseat.h 1.25ft:=

ASseat.w 1ft:=

Height of Construction Jt. above Bottom of Abut hconst.jt 8.4ft:=

Length Of Bridge Lbridge 78ft:=

Material Properties:

Unit Weight of Concrete γc 150pcf:=

Unit Weight of Backfill γs 140pcf:= Project Plans

Backfill Friction Angle ϕf 34deg:= VTrans SDM

Rankine Kp equation: Kp

1 sin ϕf( )+

1 sin ϕf( )−
3.54=:= Use Rankine with 1.0

Load Factor

At-Rest Pressure Coefficient Ko 1 sin ϕf( )− 0.44=:= [AASHTO 3.11.5.2-1]

Integral Abutment Structural Design.xmcd Printed: 2/28/2014 2:59 PM 2 of 11



Abutment Loads

Vertical loads from superstucture calcula ted separate ly

LS: Live Load Surcharge: Abut Ht (ft) heq (ft)

LL Surcharge Table [AASHTO T 3.11.6.4-1] LSTable

0

5

10

20

50

4

4

3

2

2

�
�
�
�
�
�
�

�
�
�
�
�
�
�

:=

Equivalent Heights of Soil at each Location heq linterp LSTable
0� 	

LSTable
1� 	

, 
habut

ft
, 

�
�
�

�
�
�

→

ft⋅

2.83

2.83

2.83

2.82

2.81

2.80

2.79

2.79

�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�

ft=:=

Constant Horizontal Earth Pressure 

due to Live Load Surcharge
∆p Kp γs⋅ heq⋅

1.40

1.40

1.40

1.40

1.39

1.39

1.38

1.38

�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�

ksf⋅=:=

Distributed Linear Load of Live Load Surcharge 

at Each Location 
WLS ∆p habut Hdia−( )⋅
� �

→

1.02

1.02

1.03

1.04

1.04

1.05

1.06

1.06

�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�

kip

in
⋅=:=
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Loads, cont.:

LS on Wings

Uniform Loads (2 ft heq) [AASHTO T3.11.6.4-2] WLS.wing.1 Ko γs⋅ 2⋅ ft habut
0

⋅ 0.120
kip

in
⋅=:=

WLS.wing.2 Ko γs⋅ 2⋅ ft habut
7

⋅ 0.124
kip

in
⋅=:=

Application Length Ratio
Lratio1 Lwing.1 1.75

ft

cos 20deg( )
−

�
�
�

�
�
�

Lwing.1÷ 0.80=:=

Lratio2 Lwing.2 1.75
ft

cos 20deg( )
−

�
�
�

�
�
�

Lwing.2÷ 0.81=:=

EH: Passive Pressure:

Distributed Linear Load of Passive Lateral Earth Pressure WEH Kp γs⋅
habut Hdia+

2

�
�
�

�
�
�

⋅ habut Hdia−( )⋅


�
�

�
�


→

2.63

2.63

2.66

2.71

2.76

2.81

2.84

2.84

�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�

kip

in
⋅=:=

a Kp γs⋅ Hdia⋅:=

b Kp γs⋅ habut⋅:=

R
habut Hdia−

3

�
�
�

�
�
�

2 a⋅ b+( )

a b+
⋅



�
�

�
�


→

3.50

3.50

3.52

3.56

3.59

3.63

3.65

3.65

�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�

ft=:=

MEH WEH R
habut Hdia−( )

2
−



�
�

�
�


⋅


�
�

�
�


→

27.68−

27.68−

28.15−

29.12−

30.22−

31.23−

31.75−

31.75−

�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�

kip in⋅

in
⋅=:=

Distributed moment along abutment sections -

moment arm is the difference between the vertical

centers of the precast and the center of the resultant 
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EH: At Rest Pressure (on Wing):

Distributed Linear Load of At Rest Lat. Earth Pressure WEH.wing.1 Ko γs⋅ habut
0

⋅

habut
0

2
⋅ 0.350

kip

in
⋅=:=

WEH.wing.2 Ko γs⋅ habut
7

⋅

habut
7

2
⋅ 0.375

kip

in
⋅=:=

Distributed Moment along member, due to offset

between lateral load application point and

pressure resultant location

MEF.wing.1 WEH.wing.1

1

2

1

3
−

�
�
�

�
�
�

⋅ habut
0

⋅ 8.17
kip in⋅

in
⋅=:=

MEF.wing.2 WEH.wing.2

1

2

1

3
−

�
�
�

�
�
�

⋅ habut
7

⋅ 9.07
kip in⋅

in
⋅=:=

CT: Collision Force transmitted through soil from guardrail posts to wings

There is no specific guidance in the AASHTO code regarding loads from traffic impact on guardrails located adjacent to

abutments or wingwalls.  Section 11.10.10.2 discusses traffic loads from barriers transmitted to MSE walls and uses a

distributed force equal to 2 kips/ft (0.167 kip/in) .  This load, applied with the EEII loading case (thus a resistance factor of

1.0 and an LS load factor of 0.5) is not significantly greater than the loads used for the Strength I case and will be ignored.
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Outputs from LARSA Model

At Precast Joint At Fixity Location Internal (reversible)

Mz.u.jt 219kip ft⋅:= Mz.u.fixity 959kip ft⋅:= Mz.u.int 292kip ft⋅:=

My.u.jt 178kip ft⋅:= My.u.fixity 791 kip⋅ ft⋅:= My.u.int 140kip ft⋅:=

By observation, internal moments will

not control
Material Properties:

Concrete Strength of Abutment f'c 5ksi:=

Concrete compressive stress block coefficeint

(AASHTO 5.7.2.2)
β1 max 0.85 0.05

f'c 4ksi−( )

1ksi
⋅−



�
�

�
�


0.65, 


�
�

�
�


0.80=:=

Rupture Modulus (5.4.2.6) fr 0.24 f'c ksi⋅⋅ 0.54 ksi⋅=:=

Modulus of Elasticity of

Concrete
Ec 1820 f'c ksi⋅ 4070 ksi⋅=:=

Yield Strength of Plain Steel

Reinforcement
Fy 60ksi:=

Modulus of Elasticity of Tendons Eps 28500ksi:=

Ultimate Strength of Tendons fpu 270ksi:=

Yield Strength of Tendons fpy 0.9 fpu⋅ 243.00 ksi⋅=:=

Area of Tendons Aps 8 0.217⋅ in
2

1.74 in
2

⋅=:=

Pretensioning steel coefficient (AASHTO C5.7.3.1.1-1) k 0.28:=

Depth to center of post tensioning steel from extreme compression fiber (Moment about Y axis)

dp.y

9in 25in+ 41in+ 57in+ 73in+ 89in+ 25in+ 73in+

8
49.00 in⋅=:=

Depth to center of post tensioning steel from extreme compression fiber (Moment about Z axis)

dp.z

2 6⋅ in 6 36⋅ in+

8
28.50 in⋅=:=

Depth to extreme fiber of post tensioning steel from extreme compression fiber (For moment about Y axis) 

(Assuming Tendon within center of Duct, OK for a straight duct)

dt.y 8.7ft 6in− 98.40 in⋅=:=

Depth to extreme fiber of post tensioning steel from extreme compression fiber (For moment about Z axis)

(Assuming Tendon within center of Duct, OK for a straight duct)

dt.z tabut 6in− 36.00 in⋅=:=
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Check Ultimate Moment

Design Height of Abutment hdesign 8.7ft 104.40 in⋅=:=

Thickness of Abutment tabut 42.00 in⋅=

Gross Section Area Ag hdesign tabut⋅ 4384.80 in
2

⋅=:=

Gross Section Moment of Inertia (about Y axis) Ig.y

hdesign
3

tabut⋅

12
3982626.14 in

4
⋅=:=

Gross Section Moment of Inertia (about Z axis) Ig.z

hdesign tabut
3

⋅

12
644565.60 in

4
⋅=:=

Section Modulus (about Y axis) Sg.y

Ig.y

hdesign 2÷
76295.52 in

3
⋅=:=

Section Modulus (about Z axis) Sg.z

Ig.z

tabut 2÷
30693.60 in

3
⋅=:=

Plain Steel Reinforcement:

Area Steel (resisting Z axis moment)

(#6's at 9" in plan set)
As.z Ceil

8.7ft 2 2⋅ in−

9in
1, 

�
�
�

�
�
�

0.44in
2

5.28 in
2

⋅=:=

Area Steel Top and Bottom (resisting Y axis

moment) (use single #6 from z-axis compression

face)

As.y 0.44in
2

0.44 in
2

⋅=:=
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Design Moments

Effective Stress in Post-Tensioning Steel at Section under

Consideration, After all  Losses (From LARSA)
fpe

33.9kip 8⋅

Aps

156.22 ksi⋅=:=

Distance from Compression Fiber to neutral axis

assuming Rectangular-section behavior 

(AASHTO 5.7.3.1.2-4) (About Y axis)

cy

Aps fpu⋅ As.y Fy⋅+

0.85f'c β1⋅ tabut⋅
3.47 in⋅=:=

Distance from Compression Fiber to neutral axis

assuming Rectangular-section behavior 

(AASHTO 5.7.3.1.2-4) (About Z axis)

cz

Aps fpu⋅ As.z Fy⋅+

0.85f'c β1⋅ hdesign⋅
2.21 in⋅=:=

Number of Support Hinges Crossed by the Tendon between

Anchorages or Discretely Bonded Points
Ns 0:=

Effective Tendon Length (AASHTO 5.7.3.1.2-2) le

2 Labut.tot⋅

2 Ns+
44.00ft=:=

Stress in PT at centroid at ultimate moment 

(AASHTO 5.7.3.1.2-1) (Y axis)
fps.y min fpe 900

dp.y cy−

le

�
�
�

�
�
�

⋅ ksi⋅+ fpy, 


�
�

�
�


233.83 ksi⋅=:=

Stress in PT at centroid at ultimate moment 

(AASHTO 5.7.3.1.2-1) (Z axis)
fps.z min fpe 900

dp.z cz−

le

�
�
�

�
�
�

⋅ ksi⋅+ fpy, 


�
�

�
�


201.03 ksi⋅=:=
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Moment Resistance at Fixity Location:

Nominal Moment Resistance

(AASHTO 5.7.3.2.2-1) (Moment about Y axis)

Mn.y.fixity Aps fps.y⋅ dp.y

β1 cy⋅

2
−

�
�
�

�
�
�

⋅ As.y Fy⋅ hdesign 3.125in−( )
β1 cy⋅

2
−



�
�

�
�


⋅+ 1830.40 kip ft⋅⋅=:=

Nominal Moment Resistance

(AASHTO 5.7.3.2.2-1) (Moment about Z axis)

Mn.z.fixity Aps fps.z⋅ dp.z

β1 cz⋅

2
−

�
�
�

�
�
�

⋅ As.z Fy⋅ tabut 3.125in−( )
β1 cz⋅

2
−



�
�

�
�


⋅+ 1806.03 kip ft⋅⋅=:=

Resistance Factor, not at joints:

Resistance Factor for Prestressed Concrete

(AASHTO 5.5.4.2.1) (About Y axis)
ϕf.y.fixity min max 0.583 0.25

dt.y

cy

1−
�
�
�

�
�
�

⋅+


�
�

�
�


0.75, 


�
�

�
�


1, 


�
�

�
�


1.00=:=

Resistance Factor for Prestressed Concrete

(AASHTO 5.5.4.2.1) (About Z axis)
ϕf.z.fixity min max 0.583 0.25

dt.z

cz

1−
�
�
�

�
�
�

⋅+


�
�

�
�


0.75, 


�
�

�
�


1, 


�
�

�
�


1.00=:=

Factored Bending Resistance (About Y axis) Mr.y.fixity ϕf.y.fixity Mn.y.fixity⋅ 1830.40 kip ft⋅⋅=:=

Factored Bending Resistance (About Z axis) Mr.z.fixity ϕf.z.fixity Mn.z.fixity⋅ 1806.03 kip ft⋅⋅=:=

Moment Resistance at Joint Location:

Nominal Moment Resistance

(AASHTO 5.7.3.2.2-1) (Moment about Y axis)

Mn.y.joint Aps fps.y⋅ dp.y

β1 cy⋅

2
−

�
�
�

�
�
�

⋅ 1610.65 kip ft⋅⋅=:=

Nominal Moment Resistance

(AASHTO 5.7.3.2.2-1) (Moment about Z axis)

Mn.z.joint Aps fps.z⋅ dp.z

β1 cz⋅

2
−

�
�
�

�
�
�

⋅ 803.10 kip ft⋅⋅=:=

Resistance Factor, at joints:

Resistance Factor for Prestressed Concrete

(AASHTO 5.5.4.2.2) (About Y axis)
ϕf.y.joint 0.9 0.90=:=

Resistance Factor for Prestressed Concrete

(AASHTO 5.5.4.2.2) (About Z axis)
ϕf.z.joint 0.9 0.90=:=

Factored Bending Resistance (About Y axis) Mr.y.joint ϕf.y.joint Mn.y.joint⋅ 1449.59 kip ft⋅⋅=:=

Factored Bending Resistance (About Z axis) Mr.z.joint ϕf.z.joint Mn.z.joint⋅ 722.79 kip ft⋅⋅=:=
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Ultimate Moment Check

Load Factor for Prestressing γp 1.00:=

Axial Load (From Prestressing) (From LARSA) Pu γp 8⋅ 33.8⋅ kip 270.40 kip⋅=:=

Axial Resistance Factor ϕa 0.75:=

Nominal Axial  Resistance Pn f'c Ag⋅ 21924.00 kip⋅=:=

Is Factored Axial Load Below Biaxial Threshold? [5 .7.4 .5]

CheckBiaxial.fixity if Pu 0.1 ϕa⋅ Pn⋅≤ "Include Moment Only", "Use Axial Expression", ( ) "Include Moment Only"=:=

Demand to Capacity Ratio (About Y Axis)
My.u.fixity

Mr.y.fixity

0.43=

Demand to Capacity Ratio (About Z Axis) Mz.u.fixity

Mr.z.fixity

0.53=

Biaxial Bending Demand to Capacity Ratio, Moment Only

(AASHTO 5.7.4.5-3)
BiaxialDC.Ratio.fixity

My.u.fixity

Mr.y.fixity

Mz.u.fixity

Mr.z.fixity

+ 0.96=:=

CheckM.u.fixity if BiaxialDC.Ratio.fixity 1.0≤ "Abutment Ultimate Moment OK", "Abutment Ultimate Moment No Good", ( ):=

CheckM.u.fixity "Abutment Ultimate Moment OK"=

Demand to Capacity Ratio (About Y Axis)
My.u.jt

Mr.y.joint

0.12=

Demand to Capacity Ratio (About Z Axis) Mz.u.jt

Mr.z.joint

0.30=

Biaxial Bending Demand to Capacity Ratio, Moment Only

(AASHTO 5.7.4.5-3)
BiaxialDC.Ratio.joint

My.u.jt

Mr.y.joint

Mz.u.jt

Mr.z.joint

+ 0.43=:=

CheckM.u.joint if BiaxialDC.Ratio.joint 1.0≤ "Abutment Ultimate Moment OK", "Abutment Ultimate Moment No Good", ( ):=

CheckM.u.joint "Abutment Ultimate Moment OK"=
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Minimum Reinforcement Check (5.7.3.3.2)

Average Stress in Extreme Tension Fiber due to Post Tensioning,

After all Losses (Moment about Y Axis) (From LARSA)
fcpe.y

.121 .006−( ) .016− .001+( )+

2
ksi 0.05 ksi⋅=:=

Average Stress in Extreme Tension Fiber due to Post Tensioning,

After all Losses (Moment about Z Axis) (From LARSA)
fcpe.z

.121 .006−( ) .144 .007−( )+

2
ksi 0.13 ksi⋅=:=

Flexural Cracking Variablii ty Factor γ1 1.6:=

Prestress Variabil ity Factor γ2 1.0:=

Ratio of Min Yield to Ult. Tensile Strength γ3 1.0:=

Cracking Moment (About Y Axis) Mcr.y γ3 γ1 fr⋅ γ2 fcpe.y⋅+( )⋅ Sg.y⋅ 5777.16 kip ft⋅⋅=:=

Cracking Moment (About Z Axis) Mcr.z γ3 γ1 fr⋅ γ2 fcpe.z⋅+( )⋅ Sg.z⋅ 2518.54 kip ft⋅⋅=:=

Factored Ultimate Moment (About Y Axis) My.u.fixity 791.00 kip ft⋅⋅=

Factored Ultimate Moment (About Z Axis) Mz.u.fixity 959.00 kip ft⋅⋅=

Required Minimum Flexural Resistance (About Y Axis) Mr.y.min min Mcr.y 1.33 My.u.fixity⋅, ( ) 1052.03 kip ft⋅⋅=:=

Required Minimum Flexural Resistance (About Z Axis) Mr.z.min min Mcr.z 1.33 Mz.u.fixity⋅, ( ) 1275.47 kip ft⋅⋅=:=

Demand to Capacity Ratio (About Y Axis)
Mr.y.min

Mr.y.fixity

0.57=

Demand to Capacity Ratio (About Z Axis) Mr.z.min

Mr.z.fixity

0.71=

CheckMin.Reinf if
Mr.z.min

Mr.z.fixity

1.0≤
Mr.y.min

Mr.y.fixity

1.0≤∧ "Abutment Min. Reinf. OK", "Abutment Min. Reinf. No Good", 
�
�
�

�
�
�

:=

CheckMin.Reinf "Abutment Min. Reinf. OK"=
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