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Project: Rockingham VT Bridge
Contractor: Cold River Bridges

Value Engineering Design: Calderwood Engineering
Design Computa ons by:  Eric T. Calderwood, PE
Design Check Computa ons by: Gregory MacAlister, EIT

Project Notes:

VTrans Structural Design Manual

Integral Abutments

Thermal forces use 0.0000065 in/in/degree F
Either Procedure A or Procedure B is acceptable
Use Procedure A which is implied to be used by the 
Integral Abutment Design Guide

≔Tmin −30 °F ≔Tmax 120 °F

≔Tavg =――――
+Tmax Tmin
2

45 °F

≔Tcmin 30 °F ≔Tcmax 70 °F ≔εstl 0.0000065 ―――
in

⋅in Δ°F
≔Ltot 200.00 ft

≔Trangemax =max ⎛⎝ ,⎛⎝ −Tcmax Tmin⎞⎠ ⎛⎝ −Tmax Tcmin⎞⎠⎞⎠ 100 Δ°F

≔Δtot1way =⋅⋅Trangemax εstl Ltot 1.56 in Total expansion of bridge from neutral 
posi on set at deck placement

≔δpile =―――
Δtot1way
2

0.78 in Total expansion of bridge from neutral posi on set at deck placement into 
backfill at each abutment

≔npile 6 ≔Apile 21.8 in
2

≔Skew 30 °

≔Iyypile 186 in
4

≔Ixxpile 569 in
4

≔FYhp 50 ksi ≔Bab 3 ft
≔γcn 150 pcf

≔ryypile 2.92 in ≔rxxpile 5.11 in ≔ωpile 74 plf ≔γpvt 145 pcf

≔bfpile 12.215 in ≔tfpile 0.610 in
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Reac ons: from superstructure ‐ Reference steel 
design computa ons, uniform load of 1 klf and 
associated reac ons at abutments and piers

=Ra1klf 25.8671 ――
kip

klf

=Rp1klf 74.1329 ――
kip

klf
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Dead Load Computa ons:

≔S 10.5 ft ≔OH =+2 ft 7 in 2.5833 ft ≔tdeck 9 in ≔Nb 4

≔Wstl =199.68 plf 0.1997 klf

=Wstl 0.1997 klf

≔Wextdeck =⋅⋅
⎛
⎜⎝

+―
S

2
OH

⎞
⎟⎠
tdeck γcn 881.25 plf

=Wextdeck 0.8813 klf

≔Wintdeck =⋅⋅S tdeck γcn 1181.25 plf
=Wintdeck 1.1813 klf

≔Wextpvt =⋅⋅
⎛
⎜⎝

−+―
S

2
OH 10 in

⎞
⎟⎠
3.25 in γpvt 274.8958 plf

=Wextpvt 0.2749 klf

≔Wintpvt =⋅⋅S 3.25 in γpvt 412.3438 plf
=Wintpvt 0.4123 klf

≔WaltpvtG1 =−Wextpvt ⋅⋅⋅5 ft 3.25 in 145 pcf ――――
(( −S 8.5 in))

S
0.0918 klf

≔Wutint =―――
500 plf

2
0.25 klf
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60% of railing & Sidewalk load applied to 
exterior girders, steel railing taken at 25plf 
on top of concrete railing

≔Wextrail =⋅%60 ⎛⎝ +⋅⋅10 in (( +2 ft 3.25 in)) γcn 25 plf⎞⎠ 185.3125 plf

=Wextrail 0.1853 klf

≔Wintrail =⋅⋅%40 2 ―――――――――――
⎛⎝ +⋅⋅10 in (( +2 ft 3.25 in)) γcn 25 plf⎞⎠

⎛⎝ −Nb 2⎞⎠
123.5417 plf

=Wintrail 0.1235 klf

≔WaltSWG1 =⋅⋅%60 1 700 plf 420 plf
=WaltSWG1 0.42 klf G1 only

≔WaltSWint =⋅⋅%40 1 ―――
700 plf

2
140 plf

=WaltSWint 0.14 klf G2 & G3 only
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≔RpDCS =――――――――――――――――――――――――――
⋅Ra1klf ⎛⎝ ++++++⋅4 Wstl ⋅2 Wextdeck ⋅2 Wextrail ⋅2 Wintdeck ⋅2 Wintrail ⋅2 WaltSWint WaltSWG1⎞⎠

npile
26.908 kip

Pile Reac on due to DC 
from Superstructure

≔RpDWS =――――――――――――――
⋅Ra1klf ⎛⎝ +++Wextpvt ⋅2 Wintpvt ⋅2 Wutint WaltpvtG1⎞⎠

npile
7.2918 kip Pile Reac on due to DW from Super

≔RpAC ――――――――――――――――――――――――――――

⋅
⎛
⎜⎝

++⋅⋅54 ft Bab 5.25 ft ⋅⋅―――――
+54 ft 50.48 ft

2
Bab 2.8733 ft ⋅⋅――――――

+4.60 ft 10.964 ft

2
Bab 0.9167 ft

⎞
⎟⎠
γcn

npile

=RpAC 33.0551 kip Pile Reac on due to Self Weight of Abutment 
concrete

≔RpAS =――――――――――――――

⋅⋅⋅⋅20 ft cos ((30 °)) ――――
35 ft

cos ((30 °))
(( +1 ft 3 in)) γcn

⋅2 npile
10.9375 kip Pile Reac on due to Self Weight of Approach slab 

(1/2 the slab bearing on the abutment 1/2 bearing 
on soil)

≔RpASDW =――――――――――――

⋅⋅⋅⋅20 ft cos ((30 °)) ――――
35 ft

cos ((30 °))
((3 in)) γpvt

⋅2 npile
2.1146 kip Pile Reac on due to Pavement on  Approach slab 

(1/2 the slab bearing on the abutment 1/2 bearing 
on soil)

≔RpP =⋅80 ft ωpile 5.92 kip

≔RpDC =+++RpDCS RpAC RpAS RpP 76.8206 kip Total Reac on at pile due to DC loads

≔RpDW =+RpDWS RpASDW 9.4064 kip Total Reac on at pile due to DW loads
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≔RLaneAbut =⋅0.64 klf Ra1klf 16.555 kip Abutment Reac on due to Lane Load Unfactored Undistributed

≔RLanePier =⋅0.64 klf Rp1klf 47.445 kip Pier Reac on due to Lane Load Unfactored Undistributed

=Rahs20 52.9436 kip =Rphs20 69.831 kip
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=Ranmtt 47.6492 kip =Rpnmtt 70.0848 kip
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≔S1 16.6 ft ≔S2 12.27 ft ≔S3 5.34 ft

approx %age of single lane or 
truck carried by worst case 
maximum  loaded piling

≔Dpllp1 =+――
2

npile
―――――――――

⋅⋅1 (( +12.67 ft 2.67 ft)) 16.6 ft

⋅2 ⎛⎝ ++S1
2

S2
2

S3
2 ⎞⎠

%61

≔Dllup6 =−――
2

npile
―――――――――

⋅⋅1 (( +12.67 ft 2.67 ft)) 16.6 ft

⋅2 ⎛⎝ ++S1
2

S2
2

S3
2 ⎞⎠

%5
Note ‐ each pile is in compression there 
is no upli  an cipated 

≔Dpllunit =Dpllp1 %61

≔RpALL =⋅Dpllunit ⎛⎝ +max ⎛⎝ ,Rahs20 Ranmtt⎞⎠ RLaneAbut⎞⎠ 42.63 kip Abutment Reac on due to Live Load Unfactored Undistributed 
Dynamic Load Allowance NOT applied per AASHTO LRFD 3.6.2.1‐1 
for components en rely below ground level.

≔γLL 1.75 ≔γDC 1.25 ≔γDW 1.50 AASHTO LRFD ‐ Tables 3.4.1‐1 & 3.4.1‐2

≔PUAstr1 =++⋅γLL RpALL ⋅γDC RpDC ⋅γDW RpDW 184.74 kip Factored Maximum Strength I axial load applied to 
a single piling

≔PUsvcI =++RpALL RpDC RpDW 128.86 kip Unfactored Maximum axial load applied to a single 
piling

Upli  is not a concern ‐ all piles are in compression
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L‐Pile Output Y‐Y axis

Install Foam behind abutment to prevent any lateral 
movment induced in the x axis of the piling due to skew 
effects

Page 9 of 31



Check Weak Axis Flexure:

≔Ly1 4.10 ft ≔Ly2 11.90 ft ≔φfc 1.0
≔Muy1 1900 in kip ≔Muy2 670 in kip ≔φcm 0.70

≔ky1 1.2 ≔Zyy 46.6 in
3

≔φct 0.50
≔ky2 1.0 ≔Syy 30.4 in

3

≔λf =―――
bfpile
⋅2 tfpile

10.0123 ≔λpf =⋅0.38
‾‾‾‾‾‾‾‾
――――
29000 ksi

FYhp
9.1516 AASHTO 6.12.2.2.1‐4

≔λrf =⋅0.83
‾‾‾‾‾‾‾‾
――――
29000 ksi

FYhp
19.989 AASHTO 6.12.2.2.1‐5

≔Mpy =⋅Zyy FYhp 2330 in kip

≔Mny =
⎛
⎜
⎜
⎝

,
⎛
⎜
⎜
⎝

⋅⋅
⎛
⎜
⎜
⎝

−1 ⋅
⎛
⎜
⎝

−1 ――
Syy
Zyy

⎞
⎟
⎠

⎛
⎜
⎜
⎝

――――――
−λf λpf

⋅0.45
‾‾‾‾‾‾‾‾
――――
29000 ksi

FYhp

⎞
⎟
⎟
⎠

⎞
⎟
⎟
⎠

FYhp Zyy
⎞
⎟
⎟
⎠

Mpy
⎞
⎟
⎟
⎠

2265.67 in kip
AASHTO 6.12.2.2.1‐2

≔Mry =⋅φfc Mny 2265.67 in kip
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Weak Axis Axial Compression

≔Pey1 =⋅―――――
⋅

2
29000 ksi

⎛
⎜
⎝

⋅ky1 ――
Ly1
ryypile

⎞
⎟
⎠

2
Apile 15262.56 kip Elas c Flexural Buckling  

Resistance AASHTO 6.9.4.1.2

≔Pey2 =⋅―――――
⋅

2
29000 ksi

⎛
⎜
⎝

⋅ky2 ――
Ly2
ryypile

⎞
⎟
⎠

2
Apile 2608.94 kip

≔Q 1.0

≔Po =⋅⋅Q Apile FYhp 1090 kip

=――
Pey1
Po

14.0023 =――
Pey2
Po

2.3935 Pe/Po > 0.44 for both zones 1 & 2

≔Pny1 =⋅

⎛
⎜⎝0.658

⎛
⎜
⎝
――
Po

Pey1

⎞
⎟
⎠

⎞
⎟⎠ Po 1057.9 kip ≔Pny2 =⋅

⎛
⎜⎝0.658

⎛
⎜
⎝
――
Po

Pey2

⎞
⎟
⎠

⎞
⎟⎠ Po 915.13 kip

≔Pry1 =⋅φcm Pny1 740.53 kip ≔Pry2 =⋅φcm Pny2 640.59 kip

≔Pr1 =Pry1 740.53 kip

≔Pr2 =Pry2 640.59 kip
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=―――
PUAstr1
Pr1

0.2495 =―――
PUAstr1
Pr2

0.2884 Pu/Pr >0.2

Axial Compression in the fully braced lower zone: when Pe tends toward infinity 
as L tends toward zero, say L=0 for lower zone

≔Pn3 =Po 1090 kip
≔Pr3 =⋅φct Po 545 kip

Check Combined Axial Compression and 
Flexure per AASHTO 6.9.2.2‐2

=+―――
PUAstr1
Pr1

⋅―
8

9

⎛
⎜
⎝
――
Muy1

Mry

⎞
⎟
⎠

0.9949 In the Upper Zone < 1 therefor okay

=+―――
PUAstr1
Pr2

―
8

9

⎛
⎜
⎝
――
Muy2

Mry

⎞
⎟
⎠

0.5512 In the middle Zone < 1 therefor okay

=―――
PUAstr1
Pr3

0.339 In the lower Zone < 1 therefor okay

It should be noted that while the capacity appears to be very close to the 
specifica on limit this is caused by several things:

1.  the use of temperature range procedure A with the higher "historical" 
temperature ranges

2. the use of the approximate piling load distribu on for the live load ‐ this results 
in the maximum % live load carried by a piling per these calcula ons being 
approximately 61% of a lane, it is an cipated that this is a conserva vely high 
number par cularly when one considers an equal distribu on of the live load 
would be 33% of a lane applied to each piling, it is likely that the actual load 
resisted by the exterior piling is somewhere around 45% of a lane.
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Check Passive Pressure behind abutment wall to design Reinforcing

≔δf 24 ° ≔φbf 32 ° ≔H1 8.5 ft
≔H2 4.7 ft

≔kp =tan
⎛
⎜⎝

+45 ° ――
φbf

2

⎞
⎟⎠

2

3.2546 use rankine theory for Hz 
reinforcement

≔γbf 130 pcf

≔p1 =⋅⋅H1 γbf kp 3596.32 psf ≔p2 =⋅⋅H2 γbf kp 1988.55 psf

≔ωlower =⋅―――
+p1 p2
2

(( −H1 H2)) 10.61 klf

≔Wing 8.75 ft

moment in concrete abutment due to passive pressure
average spacing between interior piling≔MuAlower =――――――――――

⋅ωlower
⎛
⎜⎝
―――――――

⋅⎛⎝ +⋅S3 2 ⎛⎝ −S2 S3⎞⎠⎞⎠ 0.5

cos ((Skew))

⎞
⎟⎠

2

10
1316.27 in kip

≔MuAlowing =――――
⋅ωlower Wing

2

2
4874.55 in kip moment in wings due to passive pressure

≔f 'c 4 ksi ≔tabut 36 in

≔fy 60 ksi ≔A5 0.31 in
2

Area of a single #5 bar

≔εcmax 0.003 ―
in

in
≔A6 0.44 in

2
Area of a single #6 bar

≔εsmintc −0.005 ―
in

in
≔A7 0.60 in

2
Area of a single #7 bar

≔Clear 3 in ≔φtc 0.90 Tension controlled resistance factor for 
reinforced concrete sec ons 5.5.4.2.1

≔Ec =⋅1820 ‾‾‾‾‾⋅f'c ksi 3640 ksi C5.4.2.4

≔Es 29000 ksi 5.4.3.2

≔n =―
Es
Ec

7.967 ≔Aps 0 in
2

≔fpu 0 ksi

≔γsvc 1.00 ≔A's 0 in
2

≔f 's 0 ksi
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≔blow =−H1 H2 45.6 in ≔γEHP 1.1 AASHTO does not provide a load factor for passive pressure as it is 
usually taken to be a resistance and not a load, for that reason 
based on engineering judgement and the fact that we have used the 
log spiral method we will assign a load factor of 1.1 to passive earth 
pressure

≔n5 6 Number of #5 bars

≔n6 0 Number of #6 bars

≔n7 0 Number of #7 bars

≔As1 =++⋅n5 A5 ⋅n6 A6 ⋅n7 A7 1.86 in
2

Area of Horizontal Steel in Lower sec on of Abutment

≔β1 =if

else

<f'c 4 ksi
‖
‖0.85

‖
‖
‖

−0.85 ⋅⎛⎝ −f'c 4 ksi⎞⎠ ――
0.05

ksi

0.85

≔φrebar 0.625 in ≔φvertbar 0.75 in

≔ds1 =−−−tabut Clear ――
φrebar

2
φvertbar 31.9375 in

≔fs =fy 60 ksi assuming tensile controlled se on

Flexural Capacity of Lower 
sec on of abutment:

≔k 0.28

Assume fs=fy, rectangular distribu on, 
and neglect compression reinforcing

≔dp 1 in dp set to 1in although Aps=0 in^2 as 
there is no prestressing steel

≔cbtm =――――――――――
−+⋅Aps fpu ⋅As1 fs ⋅A's f 's

⎛
⎜
⎝

+⋅⋅⋅0.85 f'c β1 blow ⋅⋅k Aps ―
fpu
dp

⎞
⎟
⎠

0.847 in

=εcmax 0.003 ―
in

in

≔εs =⋅
⎛
⎜
⎝
――
εcmax
cbtm

⎞
⎟
⎠

⎛⎝ −cbtm ds1⎞⎠ −0.1101 ―
in

in
tensile strain is > 0.005 therefor 
behavior is tensile controlled, and fs=fy

≔Mn1 =⋅⋅As1 fs
⎛
⎜⎝

−ds1 ―――
⋅β1 cbtm
2

⎞
⎟⎠

3524.06 in kip Abutment wall lower sec on moment 
nominal capacity 

≔Mr1 =⋅φtc Mn1 3171.6534 in kip Moment Capacity is > Str I  moment therefor okay for 
str. I Moment therefor okay for internal 
reinforcement add addi onal reinforcing at wings

≔Mstr11 =⋅γEHP MuAlower 1447.9 in kip
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Check Minimum Reinforcing 
requirements: per sec on 5.7.3.3.2

≔Sc =――――
⎛⎝ ⋅tabut

2
blow⎞⎠

6
9849.6 in

3
Sec on modulus of Lower strip of abutment wall (to construc on 
joint)

≔γ1 1.6 for other than precast segmental structures

≔γ2 1.0 for unbonded tendons (no prestressing force applied gamma 2x fcpe = 0

≔γ3 0.67 for A615 grade 60 reinforcing per 5.7.3.3.2

≔fcpe 0 ksi there is no prestressing force

≔Snc Sc non composite sec on is the same as the composite sec on

≔fr =⋅0.24 ‾‾‾‾‾⋅f'c ksi 0.48 ksi modulus of rupture per 5.4.2.6 

≔Mdnc 0 ft kip all load is composite (ie there is no non composite 
sec on, or rather there is no composite sec on)

≔Mcr1 =⋅γ3
⎛
⎜
⎝

−⋅⎛⎝ +⋅γ1 fr ⋅γ2 fcpe⎞⎠ Sc ⋅Mdnc
⎛
⎜
⎝

−――
Sc
Snc

1
⎞
⎟
⎠

⎞
⎟
⎠

5068.21 in kip

≔Mmin1 =
⎛
⎜⎝

,Mcr1 ⋅―
4

3
Mstr11

⎞
⎟⎠

1930.53 in kip
Resis ng moment is > Mmin1 therefor 
minimum reinforcement is adequate 
per sec on 5.7.3.3.2 

=Mr1 3171.65 in kip
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Using (6) number 5 bars in the lower 3.8 feet 
of abutment gives us a spacing of 8" centers

Check Crack Control 
Reinforcement per sec on 5.7.3.4

Maximum Posi ve & Nega ve moment service loads:

≔Msvc11 =⋅γsvc MuAlower 1316.272 in kip

Cracked Neutral Axis Posi ve Flexure:

≔Asb1t =⋅As1 n 14.8187 in
2

area of steel transformed to concrete

≔ccr1 4.2426 in distance to cracked neutral axis 
(assumed)

≔ysb =++Clear ――
φrebar

2
φvertbar 4.0625 in

≔ycnc1 =−tabut ――
ccr1
2

33.8787 in

≔Acnc1 =⋅ccr1 blow 193.4626 in
2

≔ybar1 =―――――――
+⋅Acnc1 ycnc1 ⋅Asb1t ysb

+Acnc1 Asb1t
31.7574 in

≔ccr1 =−tabut ybar1 4.2426 in

≔Icr1 =++――――
⎛⎝ ⋅ccr1

3
blow⎞⎠

12
⋅Acnc1 ⎛⎝ −ycnc1 ybar1⎞⎠

2
⋅Asb1t ⎛⎝ −ysb ybar1⎞⎠

2
12526.8 in

4

≔Scr1s =―――――
Icr1

⋅⎛⎝ −ybar1 ysb⎞⎠ n
56.77 in

3
≔Scr1c =――――

Icr1
−tabut ybar1

2952.59 in
3

≔fss1 =――
Msvc11

Scr1s
23.18 ksi

≔fcnc1 =――
Msvc11

Scr1c
445.8 psi
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Using (5) number 5 bars in the lower 3.8 feet 
of abutment gives us a spacing of 10" centers

≔γe 1.0 Exposure factor for Class I Exposure condi on

≔dc1 =ysb 4.0625 in

≔h =tabut 36 in

≔βsb =+1 ――――
dc1

⋅0.7 ⎛⎝ −h dc1⎞⎠
1.1817 5.7.3.4

≔smax1 =−――――

⋅⋅700 γe ――
kip

in

⋅βsb fss1
⋅2 dc1 17.42 in 5.7.3.4 for maximum reinforcing steel bar 

spacing based on class I exposure 
condi on.  10  inches per bar << 13.04 in 
therefor okay
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Design reinfocement for lower abutment 
sec on can levered wing walls

≔Clear 3 in ≔φtc 0.90 Tension controlled resistance factor for 
reinforced concrete sec ons 5.5.4.2.1

≔Ec =⋅1820 ‾‾‾‾‾⋅f'c ksi 3640 ksi C5.4.2.4

≔Es 29000 ksi 5.4.3.2

≔n =―
Es
Ec

7.967 ≔Aps 0 in
2

≔fpu 0 ksi

≔γsvc 1.00 ≔A's 0 in
2

≔f's 0 ksi

≔blow =−H1 H2 45.6 in ≔γEHP 1.1 AASHTO does not provide a load factor for passive pressure as it is 
usually taken to be a resistance and not a load, for that reason 
based on engineering judgement and the fact that we have used the 
log spiral method we will assign a load factor of 1.1 to passive earth 
pressure

≔n5 11 Number of #5 bars

≔n6 0 Number of #6 bars

≔n7 0 Number of #7 bars

≔As1 =++⋅n5 A5 ⋅n6 A6 ⋅n7 A7 3.41 in
2

Area of Horizontal Steel in Lower sec on of 
Can levered Wings in Abutment

≔β1 =if

else

<f'c 4 ksi
‖
‖0.85

‖
‖
‖

−0.85 ⋅⎛⎝ −f 'c 4 ksi⎞⎠ ――
0.05

ksi

0.85

≔φrebar 0.625 in ≔φvertbar 0.75 in

≔ds1 =−−−tabut Clear ――
φrebar

2
φvertbar 31.9375 in

≔fs =fy 60 ksi assuming tensile controlled se on
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Flexural Capacity of Lower sec on of abutment 
at can levered wings:

≔k 0.28

Assume fs=fy, rectangular distribu on, 
and neglect compression reinforcing

≔dp 1 in dp set to 1in although Aps=0 in^2 as 
there is no prestressing steel

≔cbtm =――――――――――
−+⋅Aps fpu ⋅As1 fs ⋅A's f 's

⎛
⎜
⎝

+⋅⋅⋅0.85 f'c β1 blow ⋅⋅k Aps ―
fpu
dp

⎞
⎟
⎠

1.553 in

=εcmax 0.003 ―
in

in

≔εs =⋅
⎛
⎜
⎝
――
εcmax
cbtm

⎞
⎟
⎠

⎛⎝ −cbtm ds1⎞⎠ −0.0587 ―
in

in
tensile strain is > 0.005 therefor 
behavior is tensile controlled, and fs=fy

≔Mn1 =⋅⋅As1 fs
⎛
⎜⎝

−ds1 ―――
⋅β1 cbtm
2

⎞
⎟⎠

6399.41 in kip Abutment wall lower sec on moment 
nominal capacity 

≔Mr1 =⋅φtc Mn1 5759.4702 in kip Moment Capacity is > Str I  moment therefor okay for 
str. I Moment therefor okay for internal 
reinforcement add addi onal reinforcing at wings

≔Mstr11 =⋅γEHP MuAlowing 5362 in kip

Check Minimum Reinforcing 
requirements: per sec on 5.7.3.3.2

≔Sc =――――
⎛⎝ ⋅tabut

2
blow⎞⎠

6
9849.6 in

3
Sec on modulus of Lower strip of abutment wall (to construc on 
joint)

≔γ1 1.6 for other than precast segmental structures

≔γ2 1.0 for unbonded tendons (no prestressing force applied gamma 2x fcpe = 0

≔γ3 0.67 for A615 grade 60 reinforcing per 5.7.3.3.2

≔fcpe 0 ksi there is no prestressing force

≔Snc Sc non composite sec on is the same as the composite sec on

≔fr =⋅0.24 ‾‾‾‾‾⋅f'c ksi 0.48 ksi modulus of rupture per 5.4.2.6 

≔Mdnc 0 ft kip all load is composite (ie there is no non composite 
sec on, or rather there is no composite sec on)

≔Mcr1 =⋅γ3
⎛
⎜
⎝

−⋅⎛⎝ +⋅γ1 fr ⋅γ2 fcpe⎞⎠ Sc ⋅Mdnc
⎛
⎜
⎝

−――
Sc
Snc

1
⎞
⎟
⎠

⎞
⎟
⎠

5068.21 in kip

≔Mmin1 =
⎛
⎜⎝

,Mcr1 ⋅―
4

3
Mstr11

⎞
⎟⎠

5068.21 in kip Resis ng moment is > Mmin1 therefor 
minimum reinforcement is adequate 
per sec on 5.7.3.3.2 

=Mr1 5759.47 in kip
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Using (11) number 5 bars in the lower 3.8 
feet  gives us a spacing of 4" centers

Check Crack Control 
Reinforcement per sec on 5.7.3.4

Maximum Posi ve & Nega ve moment service loads:

≔Msvc11 =⋅γsvc MuAlowing 4874.5474 in kip

Cracked Neutral Axis Posi ve Flexure:

≔Asb1t =⋅As1 n 27.1676 in
2

area of steel transformed to concrete

≔ccr1 5.6018 in distance to cracked neutral axis 
(assumed)

≔ysb =++Clear ――
φrebar

2
φvertbar 4.0625 in

≔ycnc1 =−tabut ――
ccr1
2

33.1991 in

≔Acnc1 =⋅ccr1 blow 255.4421 in
2

≔ybar1 =―――――――
+⋅Acnc1 ycnc1 ⋅Asb1t ysb

+Acnc1 Asb1t
30.3982 in

≔ccr1 =−tabut ybar1 5.6018 in

≔Icr1 =++――――
⎛⎝ ⋅ccr1

3
blow⎞⎠

12
⋅Acnc1 ⎛⎝ −ycnc1 ybar1⎞⎠

2
⋅Asb1t ⎛⎝ −ysb ybar1⎞⎠

2
21514.55 in

4

≔Scr1s =―――――
Icr1

⋅⎛⎝ −ybar1 ysb⎞⎠ n
102.54 in

3
≔Scr1c =――――

Icr1
−tabut ybar1

3840.63 in
3

≔fss1 =――
Msvc11

Scr1s
47.54 ksi

≔fcnc1 =――
Msvc11

Scr1c
1269.21 psi
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≔γe 1.0 Exposure factor for Class I Exposure condi on

≔dc1 =ysb 4.0625 in

≔h =tabut 36 in

≔βsb =+1 ――――
dc1

⋅0.7 ⎛⎝ −h dc1⎞⎠
1.1817 5.7.3.4

≔smax1 =−――――

⋅⋅700 γe ――
kip

in

⋅βsb fss1
⋅2 dc1 4.34 in 5.7.3.4 for maximum reinforcing steel bar 

spacing based on class I exposure 
condi on.  4  inches per bar << 4.34 in 
therefor okay
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≔p3 0 psf =p2 1988.55 psf P3 is at top of abutment ‐ P2 is at the construc on joint 
and is from previous computa ons

≔ωupper =⋅―――
+p2 p3
2

((H2)) 4.67 klf

≔MuAupper =―――――――

⋅ωupper
⎛
⎜⎝
――――

S

cos ((Skew))

⎞
⎟⎠

2

10
824.33 in kip moment in concrete abutment due to passive pressure

Note Girder spacing used in lieu of pile spacing at the 
upper sec on

≔MuAupwing =――――
⋅ωupper Wing

2

2
2146.71 in kip moment in wings due to passive pressure

≔f'c 4 ksi ≔tabut 36 in

≔fy 60 ksi ≔A5 0.31 in
2

Area of a single #5 bar

≔εcmax 0.003 ―
in

in
≔A6 0.44 in

2
Area of a single #6 bar

≔εsmintc −0.005 ―
in

in
≔A7 0.60 in

2
Area of a single #7 bar

≔Clear 3 in ≔φtc 0.90 Tension controlled resistance factor for 
reinforced concrete sec ons 5.5.4.2.1

≔Ec =⋅1820 ‾‾‾‾‾⋅f'c ksi 3640 ksi C5.4.2.4

≔Es 29000 ksi 5.4.3.2

≔n =―
Es
Ec

7.967 ≔Aps 0 in
2

≔fpu 0 ksi

≔γsvc 1.00 ≔A's 0 in
2

≔f 's 0 ksi

≔bup =H2 56.4 in ≔γEHP 1.1 AASHTO does not provide a load factor for passive pressure as it is 
usually taken to be a resistance and not a load, for that reason 
based on engineering judgement and the fact that we have used the 
log spiral method we will assign a load factor of 1.1 to passive earth 
pressure

≔n5U 7 Number of #5 bars

≔n6U 0 Number of #6 bars

≔n7U 0 Number of #7 bars

≔As2 =++⋅n5U A5 ⋅n6U A6 ⋅n7U A7 2.17 in
2

Area of Horizontal Steel in Lower sec on of Abutment

≔β1 =if

else

<f'c 4 ksi
‖
‖0.85

‖
‖
‖

−0.85 ⋅⎛⎝ −f 'c 4 ksi⎞⎠ ――
0.05

ksi

0.85

≔φrebar 0.625 in
≔φvertbar 1 in
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≔ds2 =−−−tabut Clear ――
φrebar

2
φvertbar 31.6875 in

≔fs =fy 60 ksi assuming tensile controlled se on

Flexural Capacity of Upper 
sec on of abutment:

≔k 0.28

Assume fs=fy, rectangular distribu on, 
and neglect compression reinforcing

≔dp 1 in dp set to 1in although Aps=0 in^2 as 
there is no prestressing steel

≔ctop =――――――――――
−+⋅Aps fpu ⋅As2 fs ⋅A's f 's

⎛
⎜
⎝

+⋅⋅⋅0.85 f'c β1 bup ⋅⋅k Aps ―
fpu
dp

⎞
⎟
⎠

0.799 in

=εcmax 0.003 ―
in

in

≔εs =⋅
⎛
⎜
⎝
――
εcmax
ctop

⎞
⎟
⎠

⎛⎝ −ctop ds2⎞⎠ −0.116 ―
in

in
tensile strain is > 0.005 therefor 
behavior is tensile controlled, and fs=fy

≔Mn2 =⋅⋅As2 fs
⎛
⎜⎝

−ds2 ―――
⋅β1 ctop
2

⎞
⎟⎠

4081.51 in kip Abutment wall upper sec on moment 
nominal capacity 

≔Mr2 =⋅φtc Mn2 3673.3602 in kip Moment Capacity is > Str I  moment therefor okay for 
str. I Moment therefor okay

≔Mstr12 =⋅γEHP max ⎛⎝ ,MuAupper MuAupwing⎞⎠ 2361.38 in kip

Page 23 of 31



Check Minimum Reinforcing 
requirements: per sec on 5.7.3.3.2

≔Sc =――――
⎛⎝ ⋅tabut

2
bup⎞⎠

6
12182.4 in

3
Sec on modulus of upper strip of abutment wall (from construc on 
joint to the top of the abutment)

≔γ1 1.6 for other than precast segmental structures

≔γ2 1.0 for unbonded tendons (no prestressing force applied gamma 2x fcpe = 0

≔γ3 0.67 for A615 grade 60 reinforcing per 5.7.3.3.2

≔fcpe 0 ksi there is no prestressing force

≔Snc Sc non composite sec on is the same as the composite sec on

≔fr =⋅0.24 ‾‾‾‾‾⋅f'c ksi 0.48 ksi modulus of rupture per 5.4.2.6 

≔Mdnc 0 ft kip all load is composite (ie there is no non composite 
sec on, or rather no composite sec on)

≔Mcr2 =⋅γ3
⎛
⎜
⎝

−⋅⎛⎝ +⋅γ1 fr ⋅γ2 fcpe⎞⎠ Sc ⋅Mdnc
⎛
⎜
⎝

−――
Sc
Snc

1
⎞
⎟
⎠

⎞
⎟
⎠

6268.58 in kip

≔Mmin2 =
⎛
⎜⎝

,Mcr2 ⋅―
4

3
Mstr12

⎞
⎟⎠

3148.5 in kip

=Mr2 3673.36 in kip Resis ng moment is > Mmin2 therefor 
minimum reinforcement is adequate 
per sec on 5.7.3.3.2 
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Using (7) number 5 bars in the Upper 4.7 feet 
of abutment gives us a spacing of 8" centers

Check Crack Control 
Reinforcement per sec on 5.7.3.4

Maximum Posi ve & Nega ve moment service loads:

≔Msvc12 =⋅γsvc max ⎛⎝ ,MuAupper MuAupwing⎞⎠ 2146.7056 in kip

Cracked Neutral Axis Posi ve Flexure:

≔Asu1t =⋅As2 n 17.2885 in
2

area of steel transformed to concrete

≔ccr2 4.1117 in distance to cracked neutral axis 
(assumed)

≔ysu =++Clear ――
φrebar

2
φvertbar 4.3125 in

≔ycnc2 =−tabut ――
ccr2
2

33.9442 in

≔Acnc2 =⋅ccr2 bup 231.8999 in
2

≔ybar2 =―――――――
+⋅Acnc2 ycnc2 ⋅Asu1t ysu

+Acnc2 Asu1t
31.8883 in

≔ccr2 =−tabut ybar2 4.1117 in

≔Icr2 =++――――
⎛⎝ ⋅ccr2

3
bup⎞⎠

12
⋅Acnc2 ⎛⎝ −ycnc2 ybar2⎞⎠

2
⋅Asu1t ⎛⎝ −ysu ybar2⎞⎠

2
14453.41 in

4

≔Scr2s =―――――
Icr2

⋅⎛⎝ −ybar2 ysu⎞⎠ n
65.79 in

3
≔Scr2c =――――

Icr2
−tabut ybar2

3515.22 in
3

≔fss2 =――
Msvc12

Scr2s
32.63 ksi

≔fcnc2 =――
Msvc12

Scr2c
610.69 psi
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≔γe 1.0 Exposure factor for Class I Exposure condi on

≔dc2 =ysu 4.3125 in

≔h =tabut 36 in

≔βsu =+1 ――――
dc2

⋅0.7 ⎛⎝ −h dc2⎞⎠
1.1944 5.7.3.4

≔smax2 =−――――

⋅⋅700 γe ――
kip

in

⋅βsu fss2
⋅2 dc2 9.34 in 5.7.3.4 for maximum reinforcing steel bar 

spacing based on class I exposure 
condi on.  8 inches per bar <9.34 in 
therefor okay

Page 26 of 31



Ver cal Reinforcement design:

≔bw 126 in

≔MLLI 961.329 ft kip From RISA output

≔MSIDL 173.539 ft kip From RISA output  77% of load from DW 23% of load from DC

≔Mstr13 =+⋅γLL MLLI ⋅⎛⎝ +⋅0.23 γDC ⋅0.77 γDW⎞⎠ MSIDL 23191.8691 in kip

=f'c 4 ksi =tabut 36 in

=fy 60 ksi ≔A5 0.31 in
2

Area of a single #5 bar

≔εcmax 0.003 ―
in

in
≔A6 0.44 in

2
Area of a single #6 bar

≔εsmintc −0.005 ―
in

in
≔A7 0.60 in

2
Area of a single #7 bar

≔A8 0.79 in
2

Area of a single #8 bar

≔Clear 3 in ≔φtc 0.90 Tension controlled resistance factor for 
reinforced concrete sec ons 5.5.4.2.1

=Ec 3640 ksi C5.4.2.4

≔Es 29000 ksi 5.4.3.2

≔n =―
Es
Ec

7.967 =Aps 0 in
2

=fpu 0 ksi

≔γsvc 1.00 =A's 0 in
2

=f 's 0 ksi

≔bup =H2 56.4 in

≔n5V 0 Number of #5 bars ≔n7V 0 Number of #7 bars

≔n6V 32 Number of #6 bars ≔n8V 0 Number of #8 bars

≔As3 =+++⋅n5V A5 ⋅n6V A6 ⋅n7V A7 ⋅n8V A8 14.08 in
2

Area of Horizontal Steel in Lower sec on of Abutment

≔β1 =if

else

<f'c 4 ksi
‖
‖0.85

‖
‖
‖

−0.85 ⋅⎛⎝ −f 'c 4 ksi⎞⎠ ――
0.05

ksi

0.85

≔φrebar 1 in
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≔ds3 =−−tabut Clear ――
φrebar

2
32.5 in

≔fs =fy 60 ksi assuming tensile controlled se on

Flexural Capacity of abutment due 
to ver cal reinforcing:

=k 0.28

Assume fs=fy, rectangular distribu on, 
and neglect compression reinforcing

=dp 1 in dp set to 1in although Aps=0 in^2 as 
there is no prestressing steel

≔cvert =――――――――――
−+⋅Aps fpu ⋅As3 fs ⋅A's f's

⎛
⎜
⎝

+⋅⋅⋅0.85 f'c β1 bw ⋅⋅k Aps ―
fpu
dp

⎞
⎟
⎠

2.32 in

=εcmax 0.003 ―
in

in

≔εs =⋅
⎛
⎜
⎝
――
εcmax
cvert

⎞
⎟
⎠

⎛⎝ −cvert ds3⎞⎠ −0.039 ―
in

in
tensile strain is > 0.005 therefor 
behavior is tensile controlled, and fs=fy

≔Mn3 =⋅⋅As3 fs
⎛
⎜⎝

−ds3 ―――
⋅β1 cvert
2

⎞
⎟⎠

26623.03 in kip Abutment wall lower sec on moment 
nominal capacity 

≔Mr3 =⋅φtc Mn3 23960.7287 in kip Moment Capacity is > Str I  moment therefor okay for 
str. I Moment therefor okay

=Mstr13 23191.87 in kip
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Check Minimum Reinforcing 
requirements: per sec on 5.7.3.3.2

≔Sc3 =――――
⎛⎝ ⋅tabut

2
bw⎞⎠

6
27216 in

3
Sec on modulus of Lower strip of abutment wall (to construc on 
joint)

≔γ1 1.6 for other than precast segmental structures

≔γ2 1.0 for unbonded tendons (no prestressing force applied gamma 2x fcpe = 0

≔γ3 0.67 for A615 grade 60 reinforcing per 5.7.3.3.2

≔fcpe 0 ksi there is no prestressing force

≔Snc Sc non composite sec on is the same as the composite sec on

≔fr =⋅0.24 ‾‾‾‾‾⋅f'c ksi 0.48 ksi modulus of rupture per 5.4.2.6 

≔Mdnc 0 ft kip all load is composite (ie there is no non composite 
sec on, or rather no composite sec on)

≔Mcr3 =⋅γ3
⎛
⎜
⎝

−⋅⎛⎝ +⋅γ1 fr ⋅γ2 fcpe⎞⎠ Sc3 ⋅Mdnc
⎛
⎜
⎝

−――
Sc3
Snc

1
⎞
⎟
⎠

⎞
⎟
⎠

14004.26 in kip

≔Mmin3 =
⎛
⎜⎝

,Mcr3 ⋅―
4

3
Mstr13

⎞
⎟⎠

14004.26 in kip

=Mr3 23960.73 in kip Resis ng moment is > Mmin3 therefor 
minimum reinforcement is adequate 
per sec on 5.7.3.3.2 
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Using number 6 bars at 4" spacing gives us 4" spacing between 
bars

Check Crack Control 
Reinforcement per sec on 5.7.3.4

Maximum Posi ve & Nega ve moment service loads:

≔Msvc13 =+⋅γsvc MLLI ⋅γsvc MSIDL 13618.42 in kip

Cracked Neutral Axis Posi ve Flexure:

≔Asvt =⋅As3 n 112.1758 in
2

area of steel transformed to concrete

≔ccr3 6.7688 in distance to cracked neutral axis 
(assumed)

≔ysv =+Clear ――
φrebar

2
3.5 in

≔ycnc3 =−tabut ――
ccr3
2

32.6156 in

≔Acnc3 =⋅ccr3 bw 852.8688 in
2

≔ybar3 =―――――――
+⋅Acnc3 ycnc3 ⋅Asvt ysv

+Acnc3 Asvt
29.2312 in

≔ccr3 =−tabut ybar3 6.7688 in

≔Icr3 =++――――
⎛⎝ ⋅ccr3

3
bw⎞⎠

12
⋅Acnc3 ⎛⎝ −ycnc3 ybar3⎞⎠

2
⋅Asvt ⎛⎝ −ysv ybar3⎞⎠

2
87296.17 in

4

≔Scr3s =―――――
Icr3

⋅⎛⎝ −ybar3 ysv⎞⎠ n
425.83 in

3
≔Scr3c =――――

Icr3
−tabut ybar3

12896.91 in
3

≔fss3 =――
Msvc13

Scr3s
31.98 ksi

≔fcnc3 =――
Msvc13

Scr3c
1055.94 psi

Page 30 of 31



≔γe 1.0 Exposure factor for Class I Exposure condi on

≔dc3 =ysv 3.5 in

≔h =tabut 36 in

≔βsv =+1 ――――
dc3

⋅0.7 ⎛⎝ −h dc3⎞⎠
1.1538 5.7.3.4

≔smax3 =−――――

⋅⋅700 γe ――
kip

in

⋅βsv fss3
⋅2 dc3 11.97 in 5.7.3.4 for maximum reinforcing steel bar 

spacing based on class I exposure 
condi on.  4 inches per bar << 11.97 in 
therefor okay
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Company : Jan 10, 2015
Designer : 4:05 PM
Job Number : Checked By:_____

Envelope Member Section Forces
Member Sec Axial[k] LC y Shear[k] LC z Shear[k] LC Torque[... LC y-y Mom...LC z-z Moment[k-ft] LC

341 M35 1 max 93.275 1 -6.727 1 0 1 0 1 0 1 0 1
342 min 12.579 1 -113.098 1 0 1 0 1 0 1 0 1
343 2 max 93.275 1 -6.727 1 0 1 0 1 0 1 240.332 1
344 min 12.579 1 -113.098 1 0 1 0 1 0 1 14.295 1
345 3 max 93.275 1 -6.727 1 0 1 0 1 0 1 480.664 1
346 min 12.579 1 -113.098 1 0 1 0 1 0 1 28.591 1
347 4 max 93.275 1 -6.727 1 0 1 0 1 0 1 720.997 1
348 min 12.579 1 -113.098 1 0 1 0 1 0 1 42.886 1
349 5 max 93.275 1 -6.727 1 0 1 0 1 0 1 961.329 1
350 min 12.579 1 -113.098 1 0 1 0 1 0 1 57.182 1
351 M36 1 max 93.275 1 113.098 1 0 1 0 1 0 1 0 1
352 min 12.579 1 6.727 1 0 1 0 1 0 1 0 1
353 2 max 93.275 1 113.098 1 0 1 0 1 0 1 -14.295 1
354 min 12.579 1 6.727 1 0 1 0 1 0 1 -240.332 1
355 3 max 93.275 1 113.098 1 0 1 0 1 0 1 -28.591 1
356 min 12.579 1 6.727 1 0 1 0 1 0 1 -480.664 1
357 4 max 93.275 1 113.098 1 0 1 0 1 0 1 -42.886 1
358 min 12.579 1 6.727 1 0 1 0 1 0 1 -720.997 1
359 5 max 93.275 1 113.098 1 0 1 0 1 0 1 -57.182 1
360 min 12.579 1 6.727 1 0 1 0 1 0 1 -961.329 1

RISA-3D Version 9.0.0       [Y:\...\...\Final Design\Abutment, negative flexural moment.r3d] 

Live Load component at abutment stems LL+I distributed over 10'-6"

Members 35 & 36 are the abutments modeled with a pinned support at the piling



Company : Jan 10, 2015
Designer : 4:12 PM
Job Number : Checked By:_____

Member Section Forces (By Item)
LC Member La... Sec Axial[k] y She... z Shear[k] Torque[k-ft] y-y Moment[k-ft] z-z Moment[k-ft]

171 1 M35 1 17.551 -20.416 0 0 0 0
172 2 17.551 -20.416 0 0 0 43.385
173 3 17.551 -20.416 0 0 0 86.77
174 4 17.551 -20.416 0 0 0 130.155
175 5 17.551 -20.416 0 0 0 173.539
176 1 M36 1 17.551 20.416 0 0 0 0
177 2 17.551 20.416 0 0 0 -43.385
178 3 17.551 20.416 0 0 0 -86.77
179 4 17.551 20.416 0 0 0 -130.155
180 5 17.551 20.416 0 0 0 -173.539

RISA-3D Version 9.0.0       [Y:\...\...\Final Design\Abutment, negative flexural moment SIDL.r3d] 

Superimposed Dead Load (DC & DW)  negative moment in abutments

Members 35 & 36 are the abutments modeled with a pinned support at the piling



612x74 Weak way Abutment Piling Weak Axis.lpo
==============================================================================

                LPILE Plus for Windows, Version 5.0 (5.0.39)

               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method

                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               

==============================================================================

This program is licensed to: 

Eric Calderwood
Calderwood Engineering

Path to file locations:      Y:\z_2014 Pin\106-br-14 Rockingham\
Name of input data file:     612x74 Weak way Abutment Piling Weak Axis.lpd
Name of output file:         612x74 Weak way Abutment Piling Weak Axis.lpo
Name of plot output file:    612x74 Weak way Abutment Piling Weak Axis.lpp
Name of runtime file:        612x74 Weak way Abutment Piling Weak Axis.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  February 27, 2015     Time:   9:52:33

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

New LPILE Plus 5.0 Data File                                                    

------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------

Units Used in Computations - US Customary Units: Inches, Pounds

Basic Program Options:

Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI

Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis does not use p-y multipliers (individual pile or shaft action only)
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths

Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
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612x74 Weak way Abutment Piling Weak Axis.lpo
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     960.00 in

Depth of ground surface below top of pile =        .00 in

Slope angle of ground surface             =        .00 deg.

Structural properties of pile defined using  2 points

Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   12.13000000     186.0000      21.8000     29000000.
  2     960.0000   12.13000000     186.0000      21.8000     29000000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  2 layers

Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =         .000 in
Distance from top of pile to bottom of layer =      300.000 in
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3

Layer  2 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      300.000 in
Distance from top of pile to bottom of layer =     1140.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3

(Depth of lowest layer extends  180.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Effective unit weight of soil with depth defined using  4 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1              .00         .06944
  2           300.00         .06944
  3           300.00         .03330
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612x74 Weak way Abutment Piling Weak Axis.lpo
  4          1140.00         .03330

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Shear strength parameters with depth defined using  4 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1         .000         .00000           32.00           ------    ------
  2      300.000         .00000           32.00           ------    ------
  3      300.000         .00000           32.00           ------    ------
  4     1140.000         .00000           32.00           ------    ------

Notes:

(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------

Static loading criteria was used for computation of p-y curves.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  1

Load Case Number  1

Pile-head boundary conditions are Displacement and Slope (BC Type 5)
Deflection at pile head     =            .780 in
Slope at pile head          =            .000 in/in
Axial load at pile head     =      184740.000 lbs

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Slope (BC Type 5)
Specified deflection at pile head   =         .780000 in
Specified slope at pile head        =       0.000E+00 in/in
Specified axial load at pile head   =      184740.000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     
Es*h   
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612x74 Weak way Abutment Piling Weak Axis.lpo
    X        y          M           V           S        Stress          p          
F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      
lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- 
-----------
   0.000   .780000   -1924200.  39892.4751      0.0000  71217.7085      0.0000      
0.0000
   9.600   .763562   -1542205.  39057.0057   -.0030847  58761.8131    -87.0238   
1094.1196
  19.200   .720774   -1163363.  37766.9278   -.0054923  46408.7061   -181.7511   
2420.7450
  28.800   .658110    -797599.  35635.4128   -.0072373  34482.0448   -262.3145   
3826.4432
  38.400   .581818    -453492.  32744.5919   -.0083506  23261.5765   -339.9398   
5609.0116
  48.000   .497778    -139283.  29005.3912   -.0088781  13015.9902   -439.0603   
8467.5968
  57.600   .411358     134902.  24266.2802   -.0088820  12873.1310   -548.2545  
12794.8128
  67.200   .327242     358134.  18720.9133   -.0084433  20152.1790   -607.0303  
17807.8680
  76.800   .249246     524292.  12724.7687   -.0076580  25570.1744   -642.1665  
24733.7540
  86.400   .180208     629613.   6515.7968   -.0066312  29004.4275   -651.3693  
34699.5740
  96.000   .121927     672916.    392.1127   -.0054721  30416.4432   -624.3982  
49162.3020
 105.600   .075144     656551.  -4890.3242   -.0042891  29882.8155   -476.1094  
60825.6000
 115.200   .039577     594235.  -8488.7342   -.0031760  27850.8528   -273.5593  
66355.2000
 124.800   .014164     504833. -10310.9162   -.0021980  24935.6542   -106.0619  
71884.8000
 134.400  -.002624     404062. -10718.4633   -.0013892  21649.7692     21.1563  
77414.4000
 144.000  -.012508     303965. -10098.1943   -.0007591  18385.8741    108.0664  
82944.0000
 153.600  -.017198     212869.  -8818.6741   -.0002992  15415.4456    158.5003  
88473.6000
 163.200  -.018252     135708.  -7199.9964  1.1005E-05  12899.4188    178.7242  
94003.2000
 172.800  -.016987  74590.0985  -5496.7336    .0001981  10906.5106    176.1222  
99532.8000
 182.400  -.014448  29468.0375  -3892.3923    .0002907   9435.1918    158.1156     
105062.
 192.000  -.011405  -1175.1035  -2502.7966    .0003159   8512.6291    131.3835     
110592.
 201.600  -.008382 -19706.2292  -1385.4887    .0002973   9116.8833    101.3889     
116122.
 211.200  -.005696 -28831.1503   -552.3643    .0002541   9414.4244     72.1787     
121651.
 220.800  -.003502 -31213.0840     16.8129    .0002007   9492.0934     46.3999     
127181.
 230.400  -.001842 -29220.2791    361.7721    .0001469   9427.1130     25.4666     
132710.
 240.000  -.000681 -24788.2440    531.0987  9.8875E-05   9282.5953      9.8098     
138240.
 249.600  5.62E-05 -19373.8948    574.1457  5.9576E-05   9106.0467   -.8416885     
143770.
 259.200   .000463 -13975.9639    535.5707  2.9899E-05   8930.0335     -7.1948     
149299.
 268.800   .000630  -9196.9888    452.2445  9.2778E-06   8774.2030    -10.1649     
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612x74 Weak way Abutment Piling Weak Axis.lpo
154829.
 278.400   .000641  -5325.7782    352.0774 -3.6456E-06   8647.9724    -10.7033     
160358.
 288.000   .000560  -2424.1707    254.2311 -1.0542E-05   8553.3581     -9.6814     
165888.
 297.600   .000438   -407.1482    170.1898 -1.3062E-05   8487.5880     -7.8272     
171418.
 307.200   .000309    889.8042     94.8382 -1.2632E-05   8503.3262     -7.8711     
244157.
 316.800   .000196   1458.5515     32.3404 -1.0542E-05   8521.8717     -5.1493     
252452.
 326.400   .000107   1548.1330     -6.3350 -7.8668E-06   8524.7927     -2.9080     
260746.
 336.000  4.48E-05   1364.8228    -26.3161 -5.2747E-06   8518.8154     -1.2547     
269041.
 345.600  5.79E-06   1061.5724    -33.1419 -3.1155E-06   8508.9272   -.1673509     
277335.
 355.200 -1.50E-05    739.5482    -31.7963 -1.5127E-06   8498.4268    .4476906     
285629.
 364.800 -2.33E-05    456.4489    -26.2304 -4.4841E-07   8489.1956    .7118764     
293924.
 374.400 -2.37E-05    237.5153    -19.2387  1.6913E-07   8482.0567    .7447265     
302218.
 384.000 -2.00E-05     86.4661    -12.5583  4.5744E-07   8477.1314    .6470175     
310513.
 393.600 -1.49E-05     -5.2270     -7.0817  5.2973E-07   8474.4824    .4939358     
318807.
 403.200 -9.83E-06    -51.3824     -3.1027  4.7936E-07   8475.9874    .3350323     
327101.
 412.800 -5.67E-06    -66.4990   -.5437127  3.7446E-07   8476.4803    .1980897     
335396.
 422.400 -2.64E-06    -63.1499    .8613417  2.5908E-07   8476.3711    .0946300     
343690.
 432.000 -6.95E-07    -50.8803      1.4380  1.5761E-07   8475.9710    .0255003     
351985.
 441.600  3.83E-07    -36.0999      1.4914  8.0209E-08   8475.4891   -.0143703     
360279.
 451.200  8.45E-07    -22.5300      1.2668  2.8036E-08   8475.0466   -.0324238     
368573.
 460.800  9.21E-07    -11.8772    .9375614 -2.5826E-09   8474.6992   -.0361634     
376868.
 470.400  7.95E-07     -4.5197    .6108877 -1.7174E-08   8474.4593   -.0318937     
385162.
 480.000  5.91E-07   -.0872480    .3414420 -2.1273E-08   8474.3148   -.0242408     
393457.
 489.600  3.86E-07      2.1114    .1474506 -1.9472E-08   8474.3808   -.0161740     
401751.
 499.200  2.18E-07      2.8129    .0252046 -1.5090E-08   8474.4036   -.0092939     
410045.
 508.800  9.68E-08      2.6489   -.0396441 -1.0230E-08   8474.3983   -.0042162     
418340.
 518.400  2.12E-08      2.0880   -.0643991 -6.0146E-09   8474.3800   -.0009411     
426634.
 528.000 -1.87E-08      1.4338   -.0648438 -2.8807E-09   8474.3587    .0008484     
434929.
 537.600 -3.41E-08    .8532080   -.0532071 -8.4555E-10   8474.3397    .0015759     
443223.
 547.200 -3.50E-08    .4151905   -.0377499  2.8317E-10   8474.3255    .0016444     
451517.
 556.800 -2.87E-08    .1274061   -.0232595  7.6601E-10   8474.3161    .0013745     
459812.
 566.400 -2.03E-08   -.0341096   -.0119215  8.4904E-10   8474.3130    .0009876     
468106.
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612x74 Weak way Abutment Piling Weak Axis.lpo
 576.000 -1.24E-08   -.1044991   -.0042286  7.2569E-10   8474.3153    .0006151     
476401.
 585.600 -6.32E-09   -.1178720    .0002557  5.2781E-10   8474.3158    .0003191     
484695.
 595.200 -2.26E-09   -.1014616    .0023448  3.3263E-10   8474.3152    .0001161     
492989.
 604.800  6.57E-11   -.0740311    .0028857  1.7646E-10   8474.3143 -3.4281E-06     
501284.
 614.400  1.13E-09   -.0466828    .0025820  6.9042E-11   8474.3134 -5.9836E-05     
509578.
 624.000  1.39E-09   -.0247017    .0019345  5.5185E-12   8474.3127 -7.5051E-05     
517873.
 633.600  1.23E-09   -.0095594    .0012498 -2.4970E-11   8474.3122 -6.7591E-05     
526167.
 643.200  9.12E-10   -.0006161    .0006817 -3.4025E-11   8474.3119 -5.0765E-05     
534461.
 652.800  5.80E-10    .0036507    .0002807 -3.1324E-11   8474.3120 -3.2788E-05     
542756.
 662.400  3.10E-10    .0048842  3.7773E-05 -2.3729E-11   8474.3121 -1.7818E-05     
551050.
 672.000  1.24E-10    .0044601 -8.2529E-05 -1.5414E-11   8474.3121 -7.2447E-06     
559345.
 681.600  1.45E-11    .0033543   -.0001214 -8.4601E-12   8474.3120 -8.5551E-07     
567639.
 691.200 -3.81E-11    .0021590   -.0001145 -3.5539E-12   8474.3120  2.2853E-06     
575933.
 700.800 -5.38E-11    .0011676 -8.7871E-05 -5.9366E-13   8474.3120  3.2721E-06     
584228.
 710.400 -4.95E-11    .0004740 -5.7503E-05  8.6715E-13   8474.3119  3.0547E-06     
592522.
 720.000 -3.71E-11  6.0453E-05 -3.1690E-05  1.3428E-12   8474.3119  2.3230E-06     
600817.
 729.600 -2.37E-11   -.0001392 -1.3318E-05  1.2727E-12   8474.3119  1.5044E-06     
609111.
 739.200 -1.27E-11   -.0001998 -2.1816E-06  9.7104E-13   8474.3119  8.1564E-07     
617405.
 748.800 -5.07E-12   -.0001845  3.3187E-06  6.2906E-13   8474.3119  3.3025E-07     
625700.
 758.400 -6.04E-13   -.0001383  5.0955E-06  3.4180E-13   8474.3119  3.9918E-08     
633994.
 768.000  1.50E-12 -8.7910E-05  4.8068E-06  1.4052E-13   8474.3119 -1.0006E-07     
642289.
 777.600  2.09E-12 -4.6486E-05  3.6455E-06  2.0922E-14   8474.3119 -1.4188E-07     
650583.
 787.200  1.90E-12 -1.7990E-05  2.3395E-06 -3.6454E-14   8474.3119 -1.3021E-07     
658877.
 796.800  1.39E-12 -1.4380E-06  1.2496E-06 -5.3742E-14   8474.3119 -9.6851E-08     
667172.
 806.400  8.65E-13  6.1929E-06  4.9245E-07 -4.9511E-14   8474.3119 -6.0889E-08     
675466.
 816.000  4.43E-13  8.1926E-06  4.8733E-08 -3.6710E-14   8474.3119 -3.1551E-08     
683761.
 825.600  1.61E-13  7.2588E-06 -1.5827E-07 -2.2960E-14   8474.3119 -1.1574E-08     
692055.
 835.200  2.15E-15  5.2353E-06 -2.1458E-07 -1.1842E-14   8474.3119 -1.5667E-10     
700349.
 844.800 -6.68E-14  3.1809E-06 -1.9166E-07 -4.3525E-15   8474.3119  4.9317E-09     
708644.
 854.400 -8.14E-14  1.5709E-06 -1.3880E-07 -1.2395E-16   8474.3119  6.0805E-09     
716938.
 864.000 -6.92E-14  5.1641E-07 -8.4522E-08  1.7335E-15   8474.3119  5.2269E-09     
725233.
 873.600 -4.81E-14 -5.8035E-08 -4.1778E-08  2.1414E-15   8474.3119  3.6781E-09     
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612x74 Weak way Abutment Piling Weak Axis.lpo
733527.
 883.200 -2.81E-14 -2.9332E-07 -1.3710E-08  1.8288E-15   8474.3119  2.1694E-09     
741821.
 892.800 -1.30E-14 -3.2776E-07  1.5878E-09  1.2761E-15   8474.3119  1.0177E-09     
750116.
 902.400 -3.57E-15 -2.6736E-07  7.8278E-09  7.4649E-16   8474.3119  2.8233E-10     
758410.
 912.000  1.31E-15 -1.8011E-07  8.6814E-09  3.4829E-16   8474.3119 -1.0450E-10     
766705.
 921.600  3.11E-15 -1.0192E-07  6.9733E-09  9.7324E-17   8474.3119 -2.5134E-10     
774999.
 931.200  3.18E-15 -4.6567E-08  4.5226E-09 -3.4808E-17   8474.3119 -2.5923E-10     
783293.
 940.800  2.45E-15 -1.4960E-08  2.3105E-09 -8.9559E-17   8474.3119 -2.0162E-10     
791588.
 950.400  1.46E-15 -1.8866E-09  7.5983E-10 -1.0455E-16   8474.3119 -1.2145E-10     
799882.
 960.000  4.38E-16      0.0000      0.0000 -1.0623E-16   8474.3119 -3.6853E-11     
404088.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =      .78000000 in
Computed slope at pile head      =     -.00033993
Maximum bending moment           =      -1924200. lbs-in
Maximum shear force              =    39892.47512 lbs
Depth of maximum bending moment  =        0.00000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =              8
Number of zero deflection points =             11

------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  5  y=   .780000 S=     0.000     184740.    .7800000   -1924200.  39892.4751

The analysis ended normally. 
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