CALCULATIONS FOR:

REPORT OF
PRELIMINARY GEOTECHNICAL EXPLORATION
FOR
PROPOSED SOUTH INNERBELT TRENCH RETAINING WALLS
PROJECT FRA-70-8.93 (PID No. 77369)
FRANKLIN COUNTY, OHIO

Calculations: Drilled Shaft Retaining Wall
Calculations: Soldier Pile Retaining Wall Using Ground Anchors
Calculations: Check of Axial Capacity of Drilled Shafts
Calculations: Retaining Walls Supported on Spread Footings



Calculations: Drilled Shaft Retaining Wall

Summary of Analyses for Profile A and Profile B
Example Calculations



Summary of Laterally Loaded Drilled Shaft Analyses
Performed by: SJR Date: 03/25/09
Laterally loaded analyses performed using LPILE 5.0
LPILE Parameters
E.= 3605000 psi f's = 4000 psi
Using distributed lateral loads along the retained wall height
STRENGTH | used for gauging the structural capacity requirements of the drilled shafts
SERVICE | used for estimating the deflection of the proposed retaining wall system
fa= variable  p-y modification factor

Type 3 Analysis Computation of Moment-Curvature Relations and Nominal Moment Capacity and Pile Response Using Nonlinear El

Profile A . Rotation at Pile Cap (ground level/base of wall)
rotte Based upon boring B-029 Deflection of wall due to angular rotation at the
. . . base of wall
Top-down Construction, Drilled Shaft Retaining Wall

Total Deflection at top
of wall
Drilled c-c p-y Reinforc. | 1% of
Retained | Shaft Dia. | Spacing | reduction Ratio Retained Ogro
Height (ft) (in) (in) factor, Ba | p (%) | Height(in) [Loading Case (V... (Kips)| Mmax (k-ft) | Sgrop (in) | Ogrp (rad)| (deg) Oang (iN) | Omax (in)

25 36 72 0.783 2 3.0 STRENGTH | 122.6 1,246 - - - - -
25 36 72 0.783 2 3.0 SERVICE | 79.8 809 0.42 0.00813 0.4659 2.44 4.24
25 36 60 0.707 2 3.0 STRENGTH | 102.2 1,050 - - - - -
25 36 60 0.707 2 3.0 SERVICE | 66.5 679 0.37 0.00697 0.3995 2.09 3.59
25 36 48 0.623 2 3.0 STRENGTH | 81.7 845 - - - - -
25 36 48 0.623 2 3.0 SERVICE | 53.2 547 0.32 0.00578 0.3314 1.74 2.92
25 48 120 0.889 2 3.0 STRENGTH | 204.3 2,202 - - - - -
25 48 120 0.889 2 3.0 SERVICE I™T 133.1 1,428 0.41 0.00573 0.3283 1.72 2.76
25 48 96 0.783 2 3.0 STRENGTH | 163.4 1,777 - - - - -
25 48 96 0.783 2 3.0 SERVICE | 106.4 1,153 0.35 0.00476 0.2728 1.43 2.24
25 48 72 0.667 2 3.0 STRENGTH | 122.6 1,348 - - - - -
25 48 72 0.667 2 3.0 SERVICE | 79.8 876 0.29 0.00373 0.2139 1.12 1.70
25 48 48 0.529 2 3.0 STRENGTH | 81.7 915 - - - - -
25 48 48 0.529 2 3.0 SERVICE | 53.2 604 0.21 0.00253 0.1452 0.76 1.09
35 60 96 0.690 2 4.2 STRENGTH || 3123 4,568 - - - - -
35 60 96 0.690 2 4.2 SERVICE | 204.7 2,988 0.60 0.00635 0.3637 2.67 4.39
35 60 84 0.640 2 4.2 STRENGTH | 273.3 4,020 - - - - -
35 60 84 0.640 2 4.2 SERVICE | 179.1 2,630 0.55 0.00567 0.3248 2.38 3.90
45 72 108 0.667 2 5.4 STRENGTH | NS’ NST - - - - -
45 72 108 0.667 2 5.4 SERVICE | 449.5 9,893 4.20 0.02187 1.2528 11.81 18.04
45 72 72 0.529 2 5.4 STRENGTH | 449.2 10,433 - - - - -
45 72 72 0.529 2 5.4 SERVICE | 298.0 6,596 2.48 0.01271 0.7281 6.86 10.67
45 84 120 0.648 2 5.4 STRENGTH | NS’ NSt - - - - -
45 84 120 0.648 2 5.4 SERVICE | 490.7 11,431 2.60 0.01232 0.7061 6.66 10.40
45 84 84 0.529 2 5.4 STRENGTH | 494.7 12,630 - - - - -
45 84 84 0.529 2 5.4 SERVICE | 337.6 7,966 1.76 0.00842 0.4827 4.55 7.08
45 84 84 0.529 & 5.4 SERVICE | 324.9 8,063 1.41 0.00650 0.3724 3.51 5.48
45 96 120 0.600 2 5.4 STRENGTH | 677.2 18,688 - - - - -
45 96 120 0.600 2 5.4 SERVICE | 466.2 11,752 1.68 0.00756 0.4332 4.08 6.38
45 96 120 0.600 8 5.4 SERVICE | 449.4 11,900 1.35 0.00584 0.3347 3.15 4.95

 No Solution was Obtained; Excessive Deflection / Overloading of Pile

™ Example Calculations Included

With Axial Loads and Eccentricity equal to 1% of retained height P(kips) e(in)
25 48 120 0.889 2 3.0 STRENGTH | 204.3 2,436 - - - - - 402.5 3.0
25 48 120 0.889 2 3.0 SERVICE | 133.1 1,535 0.40 0.00552 0.3163 1.66 2.67 230.0 3.0
35 60 84 0.640 2 4.2 STRENGTH | 273.3 4,249 - - - - - 281.8 4.2
35 60 84 0.640 2 4.2 SERVICE | 179.2 2,737 0.54 0.00559 0.3201 2.35 3.82 161.0 4.2
45 96 120 0.600 3 5.4 STRENGTH | 677.4 19,418 - - - - - 402.5 54
45 96 120 0.600 3 5.4 SERVICE | 452.3 12,096 1.34 0.00579 0.3316 2.43 4.91 230.0 5.4




Summary of Laterally Loaded Drilled Shaft Analyses
Performed by: SJR Date: 03/25/09
Laterally loaded analyses performed using LPILE 5.0
LPILE Parameters
E.= 3605000 psi f's = 4000 psi
Using distributed lateral loads along the retained wall height
STRENGTH | used for gauging the structural capacity requirements of the drilled shafts
SERVICE | used for estimating the deflection of the proposed retaining wall system
fa= variable  p-y modification factor

Type 3 Analysis Computation of Moment-Curvature Relations and Nominal Moment Capacity and Pile Response Using Nonlinear El

Rotation at Pile Cap (ground level/base of wall)

Profile B Based upon boring B-046 Deflection of wall due to angular rotation at the

. . L base of wall
Top-down Construction, Drilled Shaft Retaining Wall

Total Deflection at top
of wall
Drilled c-c p-y Reinforc. | 1% of
Retained | Shaft Dia. | Spacing | reduction | Ratio Retained Ogro
Height (ft) (in) (in) factor, Ba | p (%) | Height(in) [Loading Case |V,.,, (kips)| Mmax (k-ft) | Sgrp (in) | Ogrp (rad)| (deg) Sang (iN) | Gmax (in)

25 48 120 0.889 2 3.0 STRENGTH | 225.7 2,960 - - - - -
25 48 120 0.889 2 3.0 SERVICE | 147.0 1,913 0.87 0.00951 0.5448 2.85 4.32
25 48 96 0.783 2 3.0 STRENGTH | 180.6 2,382 - - - - -
25 48 96 0.783 2 3.0 SERVICE | 117.6 1,535 0.73 0.00777 0.4451 2.33 3.51
25 48 78 0.697 2 3.0 STRENGTH | 146.7 1,941 - - - - -
25 48 78 0.697 2 3.0 SERVICE | 95.5 1,251 0.61 0.00643 0.3686 1.93 2.87
25 48 72 0.667 2 3.0 STRENGTH | 135.4 1,793 - - - - -
25 48 72 0.667 2 3.0 SERVICE | 88.1 1,156 0.57 0.00598 0.3427 1.79 2.64
35 60 96 0.690 2 4.2 STRENGTH | 321.1 4,617 - - - - -
35 60 96 0.690 2 4.2 SERVICE | 210.4 2,995 0.49 0.00589 0.3376 2.48 4.19
35 60 84 0.640 2 4.2 STRENGTH | 280.9 4,050 - - - - -
35 60 84 0.640 2 4.2 SERVICE | 184.1 2,627 0.45 0.00525 0.3005 2.20 3.71

 No Solution was Obtained; Excessive Deflection / Overloading of Pile

' Example Calculations Included

With Axial Loads and Eccentricity equal to 1% of retained height P(kips) e(in)
25 48 78 0.697 2 3.0 STRENGTH | 146.7 2,099 - - - - - 261.6 3.0
25 48 78 0.697 2 3.0 SERVICE | 95.5 1,322 0.60 0.00625 0.3580 1.87 2.82 149.5 3.0
35 60 84 0.640 2 4.2 STRENGTH | 280.9 4,275 - - - - - 281.8 4.2
35 60 84 0.640 2 4.2 SERVICE | 184.1 2,731 0.44 0.00515 0.2948 1.54 3.63 161.0 4.2
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57%’ 2-25-09%

p-y reduction factor

Reference: Reese, GROUP 6.0 Technical Manual QN7 325 e 7
Pile Diameter= 4.0  feet S/B = 2.5
B 48 inches

Pile Spacing=  10.0 feet
S 120  inches

Loading Perpr

1
Sl Y YN Ba=  0.889
S 0.5659 S
B, = 0.5292(Ej for-1.0< E <3.28

B, ~1.0 - for-%z 3.28

O Perpindicular to

Row

O O O—

Parrallel to Row
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S IR 3-25-09
LT 3,,75.0?

profile A, 25 ft 48 in on 120 in centers SERVICE.1po

LPILE Plus for windows, version 5.0 (5.0.5)

Analysis of Individual Piles and Drilled sShafts
subjected to Lateral Loading Using the p-y Method

(o) Copyright ENSOFT, Inc., 1985-2004
All Rights Reserved

This program is licensed to:

S Ried

DLZ, Ohio Inc.

path to file locations: M:\proj\0221\1004\01\geotechnical\Retaining
walls\LPILE\Final DS wall\

Name of input data file: profile A, 25 ft 48 in on 120 in centers SERVICE.]lpd
Name of output file: profile A, 25 ft 48 in on 120 in centers SERVICE.1po
Name of plot output file: Profile A, 25 ft 48 in on 120 in centers SERVICE.lpp
Name of runtime file: profile A, 25 ft 48 in on 120 in centers SERVICE.lpr

pate: March 23, 2009 Time: 10:57:14

Units Used in Computations - US Customary Units, inches, pounds
Basic Program Options:

Analysis Type 3: ) ) ) ) ]
- Computation of Nonlinear Bending Stiffness and_ultimate Bending Moment
Capacity with Pile Response Computed Using Nonlinear EI

Computation Options:

- User-specified p-y curves used in analysis

Analysis uses p-y multiplers for group action

Analysis assumes no shear resistance at pile tip

Analysis includes automatic computation of pile-top deflection vs.
pile embedment Tength

No computation of foundation stiffness matrix elements

Outqut 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

[ T |

[ T T |

Page 1



profile A, 25 ft 48 in on 120 in centers SERVICE.1po

Solution Control Parameters:

- Number of pile increments

- Maximum number of iterations allowed
- peflection tolerance for convergence
- Maximum allowable deflection

(LI

Printing Options:

100
100

1.0000E-05 1in
1.0000E+02 in

- values of pile-head deflection, bending moment, shear force, and
s0i1 reaction are printed for full length of pile.
- Printing Increment (spacing of output points) = 1

e i27 4%

Pile Length
Depth of ground surface below top of pile
Slope angle of ground surface

nunu

Structural properties of pile defined using
Point Depth Pile Moment of
X Diameter Inertia
in in in*¥*4
1 0.0000  48.00000000 260576.0000

2 1200.0000 48.00000000 260576.0000

2

1200.00 i
300.00 i
.00 d

points

Pile

Area

Sqg.in
1810.0000
1810.0000

n
n
eg.
Modulus of
Elasticity
1bs/sq.1in
3605000.
3605000.

Please note that because this analysis makes computations of ultimate
moment capacity and pile response using nonlinear bendin
that the above values of moment of inertia and modulus o
for any computations other than total stress due to combined axial

Toading and bending.

stiffness
are not used

The soil profile is modelled using 5 layers

Layer 1 is modelled using user-specied p-y curves

Distance from top of pile to top of layer
Distance from top of pile to bottom of layer

300.
384.

Layer 2 1is modelled using user-specied p-y curves

Distance from top of pile to top of layer
Distance from top of pile to bottom of layer

Layer 3 is sand, p-y criteria by Reese et al., 1974

Distance from top of pile to top of layer
Distance from top of Ei1e to bottom of layer
p-y subgrade modulus k for top of soil layer
p-y subgrade modulus k for bottom of layer

Layer 4 is stiff clay without free water
Distance from top of pile to top of layer
Distance from top of pile to bottom of layer

[}

i

o

384.
504.

504.
888.
125
125

888.
1008.

Layer 5 1is sand, p-y criteria by Reese et al., 1974

Page 2

000 in
000 in

000 in
000 in

000 in
000 in

.000 1bs/in**3
.000 1bs/in**3

000 in
000 in



9 d2(43

Profile A, 25 ft 48 in on 120 in centers SERVICE.1po
Distance from top of pile to top of layer 1008.000 1in
Distance from top of Ei]e to bottom of layer 1368.000 in
p-y subgrade modulus k for top of soil layer 125.000 1bs/in**3
p-y subgrade modulus k for bottom of layer 125.000 1bs/in**3

[ I

(Depth of Towest layer extends 168.00 in below pile tip)

Distribution of effective unit weight of soil with depth
is defined using 10 points

Point Depth X Eff. unit weight
NO. in Tbs/in**3
1 300.00 .03600
2 384.00 .03600
3 384.00 .03600
4 504.00 .03600
5 504.00 .03900
6 888.00 .03900
7 888.00 .03600
8 1008.00 .03600
9 1008.00 03900
10 1368.00 03900

Distribution of shear strength parameters with depth
defined using 6 points

Point Depth X Cohesion ¢ Angle of Friction E5S0 or RQD
No. in Tbs/in**2 Deg. k_rm %
1 504.000 .00000 38.00 200 e —meee-
2 888.000 .00000 38.00 = o mmmememem mmmme
3 888.000 10.40000 00 0000 e e
4 1008.000 10.40000 00 00 mmmeee mmmmen
5 1008.000 .00000 38.00 000 @ —e———e e
6 1368.000 .00000 38.00 === o—mmmm= e———-

Notes

(1) cohesion = uniaxial compressive strength for rock materials.

(2) values of E50 are reported for clay strata.

(3) Dpefault values will be generated for E50 when input values are O.
(4) RQD and k_rm are reported only for weak rock strata.



/0
profile A, 25 ft 48 in on 120 in centers SERVICE.lpo
Distribution of p-y multipliers with depth defined using 2 points
Point Depth X p-mult y-mult
No. in
1 300.000 .8890 1.0000
2 1368.000 .8890 1.0000
——————— User-specified p-y Curves
uUser-specified p-y curves defined using 4 curves.
User-specified curve number 1 at depth = 300.0001in
Point y ,
No. in 1bs/in
1 0000 000
2 6200 7820.000
3 1.2400 13840.000
4 1.8700 17690.000
5 2.4900 20700.000
6 3.1100 23470.000
7 3.7300 25630.000
8 4.3600 27380.000
9 4.9800 28880.000
10 5.6000 30330.000
11 100.0000 31590.000 (. weve Pjo‘(
User-specified curve number 2 at depth = 384.0001n
Point y ,
No. in 1bs/in
1 0000 000
2 .6200 7820.000
3 1.2400 13840.000
4 1.8700 17690.000
5 2.4900 20700.000
6 3.1100 23470.000
7 3.7300 25630.000
8 4.3600 27380.000
9 4.9800 28880.000
10 5.6000 30330.000
11 100.0000 31590.000
user-specified curve number 3 at depth = 384.0001n
Point y P,
No. in 1bs/in
% e el
. . Z
3 1.2400 15640.000 e No.
4 1.8700 22290.000
5 2.4900 27220.000
6 3.1100 30890.000

Page 4
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Profile A, 25 ft 48 in on 120 in centers SERVICE.1po

7 3.7300 33790.000
8 4.3600 36130.000
9 4.9800 38480.000
10 5.6000 40830.000
11 100.0000 43020.000
User-specified curve number 4 at depth = 504.0001n
Point y p, pio Z
NO. in 1bs/in (e
1 .0000 .000
2 .6200 7820.000
3 1.2400 15640.000
4 1.8700 22290.000
5 2.4900 27220.000
6 3.1100 30890.000
7 3.7300 33790.000
8 4.3600 36130.000
9 4.9800 38480.000
10 5.6000 40830.000
11 100.0000 43020.000

Distributed lateral load intensity defined using 2 points

Point Depth X Dist. Load
No. in Tbs/in

1 .000 66.00000

2 300.000 891.00000

Number of loads specified = 1
Load Case Number 1

Pile-head boundary conditions are Shear and Moment (BC Type 1)

shear force at pile head = .000 1bs
Bendin? moment at pile head = .000 in-lbs
Axial Toad at pile head = .000 1bs

(zero moment at pile head for this load indicates a free-head condition)

Page 5
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profile A, 25 ft 48 in on 120 in centers SERVICE.1po

Number of pile sections = 1

Pile Section No. 1

The sectional shape is a circular drilled shaft (bored pile).
Ooutside Diameter = 48.0000 In
Material Properties:

4.000 Kip/In**2

60. Kip/In**2
29000. Kip/In**2

compressive Strength of Concrete
vYield stress_of Reinforcement
Modulus of Elasticity of Reinforcement

LI | A I T 1 O
-
Loo

Number of Reinforcing Bars
Area of Single Bar 2.25000 In**2
Number of Rows of Reinforcing Bars
cover Thickness (edge to bar center) 3.000 In
unfactored Axial Squash Load Capacity = 8190.10 Kip
Distribution and Area of Steel Reinforcement
Row Area of Distance to
Number Reinforcement Centroidal Axis
In**2 In
1 2.250000 21.0000
2 4.500000 19.4015
3 4.500000 14.8492
4 4.500000 8.0364
5 4.500000 .0000
6 4.500000 -8.0364
7 4.500000 -14.8492
8 4.500000 -19.4015
9 2.250000 -21.0000
Axial Thrust Force = .00 1bs
Bending Bending Bending Maximum Neutral Axis
Moment stiffness Curvature Strain Position
in-1bs 1b-in2 rad/in in/in inches
1176132. 1.176132E+12 .00000100 .00002407 24.07269287
5797752. 1.159550E+12 .00000500 .00012036  24.07196045
5797752. 6.441946E+11 .00000900 .00013188  14.65338135
5797752. 4.459809e+11 .00001300 .00019094 14.68743896
6947221. 4.086601E+11 .00001700 .00025027 14.72186279
8560777. 4.076561E+11 .00002100 .00030990 14.75701904
10166016. 4.066407E+11 .00002500 .00036982 14.79290771
11762525. 4.056043E+11 .00002900 .00043005 14.82916260
13350302. 4.045546E+11 .00003300 .00049058 14.86614990
14929143. 4.034904E+11 .00003700 .00055144  14.90386963
16498503. 4.024025e+11 .00004100 .00061262  14.94195557

Page 6
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18058764.
19609365.
21150024.
22680438.
24200715.
25710112.
27212079.
28500170.
29361528.
30167822.
30968478.
31558584.
31994986.
32428182.
32858055.
35162475.
36460150.
37541457,
37931651.
38191855.
38456311.
38543155.
38543155.

profile A, 25 ft 48 in on 120 in centers SERVICE.1po

R ENNWWWWWWWwWwwWwwwww b b

.013059E+11
.001911E+11
.990571E+11
.979024E+11
.967330E+11
.955402E+11
.943780E+11
.904133e+11
.813185€+11
.724423E+11
.643350E+11
.545908E+11
.440321e+11
.343112e+11
.253273E+11
.684158E+11
.264606E+11
.965521E+11
.716364E+11
.521588E+11
.368552E+11
.239330E+11
.130298E+11

.00004500
.00004900
.00005300
.00005700
.00006100
.00006500
.00006900
.00007300
.00007700
.00008100
.00008500
.00008900
.00009300
.00009700
.00010100
.00013100
.00016100
.00019100
.00022100
.00025100
.00028100
.00031100
.00034100

.00067415
.00073603
.00079827
.00086088
.00092388
.00098727
.00104947
.00111052
.00116705
.00122127
.00127576
.00132644
.00137434
.00142244
.00147074
.00181477
.00213916
.00246012
.00275021
.00304652
.00336114
.00369516
.00403649

.98114014
.02105713
.06170654
.10308838
.14556885
.18878174
.20965576
.21258545
.15655518
.07745361
.00897217
.90386963
.77789307
.66436768
.56182861
.85321045
.28668213
.88018799
.44439697
.13751221
.96136475
.88153076
.83721924

/22

unfactored (Nominal) Moment Capacity at Concrete Strain of 0.003 = 38151.00628

In-Kip

computed values of Load Distribution and Deflection
for Lateral Loading for Load Case Number 1

Pile-head boundary conditions are Shear and Moment (BC Type 1)
specified shear force at pile head .000 1bs
Sspecified moment at pile head .000 1in-1bs
specified axial load at pile head .000 1bs

L

(zero moment for this load indicates free-head conditions)

Depth Deflect. Moment Shear Slope Total F1x. Rig. Soil Res
X M v S Stress EI p
in in Ths-1in 1bs Rad. 1bs/in**2 lbs-in**2 Tlbs/in
0.000 2.755 -3.99e-05 1.51E-07 -.008216 3.67E-09 1.18E+12 0.000
12.000 2.657 4752.000 990.000 -.008216  .437677 1.18E+12. 0.000
24.000 2.558 23760. 2376.000 -.008216 2.188 1.18E+12 0.000
36.000 2.459 61776. 4158.000 -.008215 5.690 1.18E+12 0.000
48.000 2.361 1.24e+05 6336.000 -.008215 11.380 1.18E+12 0.000
60.000 2.262 2.14e+05 8910.000 -.008213 19.695 1.18E+12 0.000
72.000 2.164 3.37E+05 11880. -.008210 31.075 1.18E+12 0.000
84.000 2.065 4.99e+05 15246. -.008206 45.956 1.18E+12 0.000
96.000 1.967 7.03E+05 19008. -.008200 64.776 1.18E+12 0.000
108.000 1.868 9.55E+05 23166. -.008191 87.973 1.18E+12 0.000
120.000 1.770 1.26E+06 27720. -.008180 115.984 1.17E+12 0.000
132.000 1.672 1.62e+06 32670. -.008165 149.248 1.17E+12 0.000
144.000 1.574 2.04E+06 38016. -.008146  188.201 1.17E+12 0.000
156.000 1.477 2.53e+06 43758, -.008123 233.282 1.16E+12 0.000
168.000 1.379 3.09E+06 49896. -.008094 284.927 1.16E+12 0.000
180.000 1.282 3.73e+06 56430. -.008059 343.576 1.16E+12 0.000

Page 7



192

312

324.
336.
348.
360.
.000

372

384.
396.
408.
420.
.000

432

444,
456.
468.
480.
.000

492

504.
516.
528.
540.
.000

552

564.
576.
588.
600.
.000
624.
636.
648.
660.
.000
684.
696.
708.
720.
.000
744.
756.
768.
780.
.000

612

672

732

792

804.
.000
828.
840.
.000
864.
876.
888.
900.
.000

816

852

912

924.

.000
204.
216.
228.
240.
252.
264.
276.
288.
300.
.000

000
000
000
000
000
000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000

000
000

000
000
000
000

000

i

Profile A, 25

1.186

1.090
. 994687
.901465
.810757
.722952
.638477
.557800
.481433
.409934
.343908
.283768
.229725
.181819
.139954
.103928
.073454
.048184
.027731
.011679
.000401
.008945
.014386
.017149
.017728
.017651
.017057
.016081
.014840
.013432
.011939
.010424
.008940
.007525
.006206
.005004
.003928
.002984
.002170
.001482
.000913
.000452
.98E-05
.000186
.000387
.000524
.000608
.000649
.000656
.000637
.000599
.000548
.000489
.000426
.000362
.000300
.000241
.000187
.000139
9.73e-05
6.26E-05
3.48E-05

[o < T IR S A N S A D T D R R S RN S A N N N SR R R

.45E+06
.25E+06
.14E+06
.13E+06
.22E+06
.41E+06
.07E+07
.21E+07
.37E+07
.S3E+07
.65E+07
. 70407
.71E+07
.69E+07
.63E+07
.55E+07
.46E+07
.35E+07
. 24E+07
.12E+07
.99E+06
.78E+06
.59E+06
.42E+06
.28E+06
.17e+06
.08E+06
.15E+06
.36E+06
.02E+05
.71E+05
.47E+05
.64E+05
.93E+05
.46E+05
.03E+06
.07E+06
.07e+06
.03E+06
.68E+05
. 90E+05
.01E+05
.08E+05
.13E+05
. 20E+05
.33E+05
.51E+05
. 78E+05
.12E+05
.55E+05
.07E+05
-66324.
-33234.
-6857.805
13591.
28932.
39988.
47553.
52372.
57192.
55985.
50900.

L N TN SN N S N NN S NN SRS N N SN N N R N S R |
RENNWAUVIONOOORRRFRERFEONUVINFRSNRERENWAUIOIN00W e ped e e e e o e ed = O 0O YO B

ft 48 in on
63360. -.008016
70686. -.007966
78408. -.007854
86526. -.007664
95040. -.007438
1.04e+05 -.007178
1.13e+05 -.006881
1.23+05 -.006543
1.33E+05 -.006161
1.16E+05 -.005730
70600. -.005257
28372. -.004758
-6174.289 -.004248
-33862. -.003740
-55510. -.003245
-71918. -.002771
-83851. -.002323
-92035. -.001905
-97142. -.001521
-99794. -.001172
-1.01E+05 -.000859
-99924., -.000583
-98354. -.000342
-96232. -.000139
-93886. -2.09E-05
-91506. 2.80E-05
-84115. 6.54E-05
-71935. 9.24e-05
-60323. .000110
-49481. .000121
-39549. .000125
-30617. .000125
-22729. .000121
-15891. .000114
-10078. .000105
-5243.600 9.49e-05
-1320.354 8.42e-05
1770.492 7.33E-05
4115.889 6.26E-05
5806.644 5.24E-05
6934.005 4.29E-05
7586.896 3.43E-05
7849.755 2.66E-05
7800.937 1.99E-05
7511.611 1.41E-05
7045.099 9.21E-06
6456.584 5.22E-06
5793.128 2.01E-06
5093.936 -4.91E-07
4390.811 -2.37E-06
3708.740 -3.70E-06
3066.575 -4.59E-06
2477.752 -5.09e-06
1951.035 -5.30E-06
1491.232 -5.26E-06
1099.882 -5.05E-06
775.876 -4.70E-06
516.019 -4.25E-06
401.615 -3.74E-06
150.526 -3.18E-06
-262.153 -2.60E-06
-513.528 -2.06E-06

pPage 8

409.

483.

565.

656.

757.

867.

986.
1117.
1258.
1411.
1515.
1567.
1577.
.920
.975
1431.
1344.
.864
1140.
1031.

919.

808.

699.

591.
.368
.919
.096
.985
.085
.641
.709
.782
.971
.024
.097
.302
.688
.221
.774
.123
.939
.795
.168
.443
.924
.839
.351
.567
.545
.307
.840
.109

1553
1502

1245

665
633
916
952
180
037
961
388
758
507
110
568
826

216
002

560
133
968
863
088
453

061

.631629

BUTUTD D WN

.252
.665
.683
.380
.824
.268
.156
.688

PHRERREPRERRR R R R R ERE R R R R R R R R R R R R R R R R R R AR AR AR RADRARARARDARDDRAADDPRR

120 in centers SERVICE.1po
.16E+12
.16E+12
.33E+11
.09E+11
.08e+11
L.07E+11
.06E+11
.05E+11
.04E+11
.03E+11
.02e+11
.02E+11
L02E+11
.02E+11
.03E+11
.03E+11
.04E+11
.04E+11
.05E+11
.06E+11
.07E+11
.07e+11
.08E+11
L23E+11
.16E+12
.16E+12
.16E+12
17E+12
17E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
. 18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12

OCOOOOOOOO

/’7/?‘7’3

.000
.000
.000
.000
.000
.000
.000
.000
.000
.537
.195
.855
.873
.710
.291
.332
.625
.283
. 945
.959
.497
.301
.308
.291
778
.915
.881
181
.089
917
.323
.341
.398
.329
. 405
.372
.502
.639
.261
115.
.362
.454
.356
.493
.728
.024
.062
-57.
.018
~-58.
.509
.519
.619
.168
.466
.759
.242
-19.
.000
-41,
-26.
-14.

532

514
169

067

848
932
964



936.000
948.000
960.000
972.000
984.000
996.000
1008.
1020.
1032.
1044.
1056.
1068.
1080.
1092.
1104.
1116.
1128.
1140.
1152.
1164.
1176.
1188.
1200.

Please note

output verification:

profile A, 25

1.32e-05
-3.04E-06
-1.49€-05
-2.34€E-05
-2.93e-05
-3.34€-05
-3.60E-05
-3.75E-05
-3.78E-05
-3.73E-05
-3.61E-05
-3.43€e-05
-3.21E-05
-2.95E-05
-2.66E-05
-2.36E-05
-2.04E-05
-1.71E-05
-1.38E-05
-1.05e-05
-7.11E-06
-3.75E-06
-3.99e-07

43660.
35603.
27734.
20789.
15294.
11617.
10010.

8507.
.611
.812
.815
3738.
2876.
.077
1539.
1053.
676.
398.
206.
87.
24,
1.

0.

7122
5862
4733

2145

that because

684

308
257

810
329
528
503
709
094
192
198
000

ft 48 1in

-637.
.603

-663

-617.
-518.
.163

-382

-220.
-129.
-120.
~-110.
-99.
-88.
-77.
-66.
.685
.489

-55
-5

-35.
-27.
-19.
.975
-7.
-3.
-1.

0.

-12

383

242
316

186
554
291
203
533
521
398
385

970
284
576

605
579
008
000

on 120 in centers SERVICE.lpo
1.18E+12

.58E-06
.17E-06
.48E-07
.01E-07
.17e-07
.80E-07
.69E-07
.47e-08
.01e-09
.13e-08
.25e-07
.69E-07
.02e-07
.28E-07
.47e-07
.60€E-07
.69e-07
.74E-07
.77E-07
.79e-07
.79e-07
.80E-07
.80E-07

| IR T U N T N B |
NNNNNNNNNNNRRESNOANRENDNO R -

4.021
3.279
2.554
1.915
1.409
1.070
.921920
.783589
.656018
.539986
.436002
.344312
.264914
.197569
.141822
.097015
.062311
.036704
.019039
.008022
.002228
.000110
0.000

Fo e e e e e e e ek e e e R e e e R R

.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12
.18E+12

/5 1;7‘%3

-5.678
1.308
6.419

10.069

12.624

14.373

.732579
.811349
.869954
.908351
.927009
.926786
.908817
.874401
. 824902
.761666
.685943
.598832
.501237
.393847
.277133
.151362
.016640

this analysis makes computations of ultimate moment
caqacity and pile response using nonlinear bending stiffness that the above
values of total stress due to combined axial stress and bending may not be

representative of actual conditions.

computed forces and moments are within specified convergence limits.

output Summary for Load Case No.

Pile-head deflection

Computed slope at pile head
Maximum bend1ng moment
o}

Maximum shear
Depth of maximum bendin
Depth of maximum shear
Number of iterations

Number of zero deflection points

rce

fo

moment

rce

LT T T | I | I 1 I 1

2.75517932
-.00821610
17130981.
133056.00000
336.00000
288.00000
19

in

Tbs-in
1bs

in

in

pefinition of Symbols for Pile-Head Loading Conditions:

Type
Type
Type
Type
Type

VI WwWwNPRE
[ I 1}

Shear and Moment,

shear and Slope,

Shear and Rot. sStiffness,
peflection and Moment,

peflection and Slope,

AN E
W nhn

Page 9

pile-head displacment in
pile-head moment 1bs-in
pile-head shear force 1bs
pile-head slope, radians
rotational stiffness of pile-headin-lbs/rad
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Profile A, 25 ft 48 in on 120 in centers SERVICE.1po

Load Boundary Boundary Axial Pile Head Pile-Head Pile Head
Type Condition condition Load peflection Moment Shear
1 2 Tbs in in-1bs Tbs
1 v= 0.000 M= 0.000 0.0000 2.7552 1.7131E+07 133056.

Boundary Condition Type 1, Shear and Moment

Shear = 0. 1bs

Moment = 0. in-1bs

Axial Load = 0. 1bs
Pile Pile Head Maximum Maximum
Length Deflection Moment Shear

in in in-1bs 1bs

1200.000 2.75517932 17130981. 133056.00000
1140.000 2.98728971 18124358. 140360.21980
1080.000 2.80208807 17344946. 136162.61958
1020.000 2.94452673 17935917. 139832.05432
960.000 2.98612486 18152404. 141419.51902
900.000 2.96091523 18007632. 140889.37370
840.000 2.83563969 17513585. 138253.49836
780.000 2.90890709 17824644. 140360.21790
720.000 2.86126667 17587145. 139304.87744
660.000 2.91507480 17820587. 140889.37183

The analysis ended normally.

Page 10
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Profile A, 25 ft 48-inch Diameter Drilled Shafts on 120-inch Centers

Lateral Deflection (in)
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Depth (ft)
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Profile A, 25 ft 48-inch Diameter Drilled Shafts on 120-inch Centers
Unfactored Bending Moment (in-kips)

-CZ)OOO 0 2000 4000 6000 8000 1E4 1.2E4 1.4E4 1.6E4 1.8E4

10

20

30

40

50

60

70

80

90

100



Depth (ft)
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Profile A, 25 ft 48-inch Diameter Drilled Shafts on 120-inch Centers
Shear Force (kips)




545&/ 20 "7‘ 43

4 S sayoul 00€ yipm uonoas Jed uysq G1'626  ='d
om@a/ 4o seyou; 0 yipim uonoas Jad ui/sq| 6°2ZY =0d speo7 painquysia
v m, u (N/A) paI0joeS
R N 9 UIPIM L0108 indui 371d7
vﬁ ylpim 100} Jad Uysql  £'SEL jsd 29t ='d g2
W ,W ulpim Jooy Jod uysal  GS'LL jsd 98e1 =0 0
0 0 0
paiojoe
ylpim 100} Jod uysql 168 jsd 690t ='d se
uipimjoop sed uysal 99 jsd zges =0 0
0 0 0
paiooeiun

yBiay pauie)as buoje uonnquisip ainssaid pauiquio)

aunssaid yues woJj 8210} [ejuoziioy |ejol QIHOLOVH UyIpim y/sal e9s‘gl =Hid

ainssaid yuea woij 3010} [ejuoziioy [ejo} yipim y/sql szezL =Hig

[fem ayl Jo Woog ay} 1e ainssaid yues [Bjuozuoy wolj ainssald gaHO 10V jsd  ggp'L  =tHid
[fem ay} jo doj ayj Je ainssaid yuea [ejuoziioy wolj ainssald A3HHO1LOV4 ysd 0 = OH3g
jlem ay] Jo Wonoq ay} 1e ainssaid yues [BlUOZIOY WO} 8inssald jsd 086  =‘Hid

[[em 8y} jo doy sy} Je ainssaid upes [BluoZIIoY WOoJ) 8Inssald Jsd 0 = OH3d

ainssald yueg woi4

abieyoins peo| aAl| WoJj 29104 [elUOZIIOY [2}0L AFHOLIVA uipmy/sqr  gov'e  =HS\yg

ob.1eyoins peoj aAl] WOy 2910} [RJUOZIIOY |ejo) yIPIM Y/sql 086t  =HSg
abueyoins peo| aAl| 0] anp ainssaid yues [eluoZIIoY U 8sealoul wiopun d3voLov4 isd  98el =dy
abueyoins peo| aAl} 0} enp ainssald Yues [eluozuoy ui 9SeaIoul wuojun jsd  g6s =dy
abieyoing peo- aAr woi4
Y = ey,
iIsd op2 = ableyoing oyes)
ybaim jun jod 02k = poeg Jo Wbem Nun
Biay paureley 199}/ &2  =wbleH Ilem
IHLONTdLS [erF S
I HLONIHILS g ! H3
L-L'v'g 8iqe] opigiey  dkels pui a0 siojoe4 peo

addn
speoT jlem Buuielsy yeys pajia



O
)
y-
=
=
=3
3
0
g
=
)
o
o
g
-
—
=
4

00g (0]0) 74 00¢
UIPIM uooas Jad uysq|

(311d1 ym asn 10} sanjep) yipim uopoas 1ad yidaq SA ainssaid [BlUOZIIOH




p-y reduction factor
Reese, GROUP 6.0 Technical Manual

Reference:

Pile Diameter =
B

Pile Spacing =

S

Loading Perpr
to Row '

40

48

6.5
78

feet
inches

feet
inches

Y/N

S/B = 1.625

Ba= 0.697

oy

B N O 5292(—8-)0.5659

for -1.0 s%s 3.28

B, ~1.0 — for % >3.28

O

O O—=

Perpindicular to
Row

Parrallel to Row

Sheet 22 o443

sgR 3-25-0
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Profile B, 25 ft 48 in on 78 in centers SERVICE w Axial Load.l1po

LPILE Plus for windows, version 5.0 (5.0.5)

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

(c) Copyright ENSOFT, Inc., 1985-2004
AlTl Rights Reserved

This program is licensed to:

S Ried

pLZ, ohio Inc.

rPath to file locations: M:\proj\0221\1004\01\geotechnical\Retaining
walls\LPILE\Final DS wall\

Name of input data file: Profile B, 25 ft 48 in on 78 in centers SERVICE w
Axial Load.Tpd

Name of output file: Profile B, 25 ft 48 in on 78 1in centers SERVICE w
Axial Load.lIpo

Name of plot output file: Profile B, 25 ft 48 in on 78 1in centers SERVICE w
Axial Load.lpp

Name of runtime file: Profile B, 25 ft 48 in on 78 1in centers SERVICE w

Axial Load.lpr

Date: March 25, 2009 Time: 9:43:12

Units Used in Computations - US Customary Units, inches, pounds
Basic Program Options:

Analysis Type 3: ) ) i ) )
- Computation of Nonlinear Bending Stiffness and ultimate Bending Moment
Capacity with Pile Response Computed Using Nonlinear EI

Computation Options:

- User-specified p-y curves used in analysis

- Analysis uses p-y multiplers for group action

- Analysis assumes no shear resistance at pile tip

- Analysis includes automatic computation of pile-top deflection vs.
pile embedment length
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Profile B, 25 ft 48 in on 78 in centers SERVICE w Axial Load.lpo
No computation of foundation stiffness matrix elements
Outqut 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

[ S |

solution Control Parameters:

- Number of pile increments

- Maximum number of iterations allowed
- peflection tolerance for convergence
- Maximum allowable deflection

100

100
1.0000E-05 1in
1.0000E+02 1in

o

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

pPile Length = 1150.00 1in
Depth of ?round surface below top of pile = 300.00 in
Slope angle of ground surface = .00 deg.
structural properties of pile defined using 2 points
Point Depth Pile mMoment of Pile Modulus of
X Diameter Inertia Area Elasticity
in in in**4 Sq.1in 1bs/sq.in
1 0.0000  48.00000000 260576.0000 1810.0000 3605000.
2 1150.0000 48.00000000 260576.0000 1810.0000 3605000.

Please note that because this analysis makes computations of ultimate
moment capacity and pile response using nonlinear bending stiffness
that the above values of moment of inertia and modulus of are not used
for any computations other than total stress due to combined axial
Toading and bending.

The soil profile is modelled using 9 layers

Layer 1 is sand, p-y criteria by Reese et al., 1974

Distance from top of pile to top of layer = 300.000 1in
Distance from top of E11e to bottom of layer = 336.000 1in

p-y subgrade modulus k for top of soil layer = 125.000 1bs/in**3
p-y subgrade modulus k for bottom of layer = 125.000 1bs/in**3

Layer 2 is modelled using user-specied p-y curves
Distance from top of pile to top of layer = 336.000 1in
Distance from top of pile to bottom of layer = 420.000 in
Layer 3 is modelled using user-specied p-y curves
Distance from top of pile to top of layer = 420.000 1in
Distance from top of pile to bottom of layer = 480.000 in
Layer 4 is modelled using user-specied p-y curves

Page 2
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Profile B, 25 ft 48 in on 78 in centers SERVICE w
Distance from top of pile to top of layer 480.000
Distance from top of pile to bottom of layer 540.000

Layer 5 is modelled using user-specied p-y curves
Distance from top of pile to top of Tayer
Distance from top of pile to bottom of layer

540.000
624.000

]

Layer 6 is sand, p-y criteria by Reese et al., 1974

Distance from top of pile to top of layer = 624.000
Distance from top of Ei1e to bottom of layer = 684.000
p-y subgrade modulus k for top of soil layer = 125.000
p-y subgrade modulus k for bottom of layer = 125.000
Layer 7 is modelled using user-specied p-y curves

Distance from top of pile to top of layer = 684.000
Distance from top of pile to bottom of layer = 744.000

Layer 8 is sand, p-y criteria by Reese et al., 1974

Distance from top of pile to top of layer = 744.000
Distance from top of E11e to bottom of layer = 924.000
p-y subgrade modulus k for top of soil layer = 125.000
p-y subgrade modulus k for bottom of layer = 125.000
tayer 9 is modelled using user-specied p-y curves

Distance from top of pile to top of layer = 924.000
Distance from top of pile to bottom of layer = 1164.000

(Depth of Towest layer extends 14.00 in below pile tip)

Axial Load.l1po
in
in

in
in

in
in
Tbs/in**3
T1bs/in*#*3

in
in

in
in
Tbs/in**3
Tbs/in**3

in
in

26 o4 43

Distribution of effective unit weight of soil with depth
is defined using 18 points

Point Depth X Eff. Unit weight
No. in Tbs/in**3
1 300.00 .03600
2 336.00 .03600
3 336.00 .03600
4 420.00 .03600
5 420.00 .03600
6 480.00 .03600
7 480.00 .03600
8 540.00 .03600
9 540.00 .03600
10 624.00 .03600
11 624.00 03900
12 684.00 03900
13 684.00 03600
14 744.00 03600
15 744.00 03600
16 924.00 03600
17 924.00 03600
18 1164.00 03600
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profile B, 25 ft 48 in on 78 in centers SERVICE w Axial Load.lpo

Distribution of shear strength parameters with depth
defined using 6 points

Point Depth X Cohesion ¢ Angle of Friction E50 or RQD
No. in Tbs/in**2 Deg. k_rm %
1 300.000 .00000 36.00 = memmm—= mmmmeo
2 336.000 .00000 36.00 @ mmmmm= mmeme
3 624.000 .00000 38.00 = mmmmemm mmemee
4 684.000 .00000 38.00 = @ mmmme= mememee
5 744.000 .00000 36.00 2 ommmm—m mmeee-
6 924.000 .00000 36.00 =0 mmm—e—= mme—

Notes

(1) cohesion = uniaxial compressive strength for rock materials.

(2) values of E50 are regorted for clay strata.

(3) Dpefault values will be generated for E50 when input values are 0.
(4) RQD and k_rm are reported only for weak rock strata.

Distribution of p-y multipliers with depth defined using 2 points

Point Depth X p-mult y-mult
NO. in
1 300.000 .6970 1.0000
2 1164.000 .6970 1.0000

User-specified p-y curves defined using 12 curves.

User-specified curve number 1 at depth = 336.0001in
Point y ;
No. in Tbs/in
1 .0000 000
3 3900 2060.000 N
4 -3700 4750.000 Cope Mo
5 .6200 7440.000
6 .9200 10130.000
7 1.3200 12820.000
8 1.7900 15500.000
9 2.3600 18100.000
10 3.0600 20780.000
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profile B, 25 ft 48 in on 78 in centers SERVICE w Axial Load.lpo

11 3.8600 23380.000
12 4.8500 25970.000
13 5.9700 28560.000
14 7.3400 31060.000
15 10.1800 35280.000
16 100.0000 37580.000
User-specified curve number 2 at depth = 420.0001n
Point y
No. in 1bs/1in
1 .0000 000
2 .0400 530.000
3 .1500 2060.000
4 .3700 4750.000
5 .6200 7440.000
B Ne.
. . e Ne.
8 1.7900 15500.000 Lo
9 2.3600 18100.000
10 3.0600 20780.000
11 3.8600 23380.000
12 4.8500 25970.000
13 5.9700 28560.000
14 7.3400 31060.000
15 10.1800 35280.000
16 100.0000 37580.000
User-specified curve number 3 at depth = 420.0001n
Point y ,
No. in 1bs/in
1 0000 000
2 0200 670.000
3 1000 2210.000
4 2500 4900.000
5 .4200 7580.000
6 .6200 10370.000
7 .8200 13060.000
8 1.0700 15740.000
9 1.3700 18430.000
10 1.6700 21120.000
11 2.0700 23810.000
12 2.4400 26590.000
13 2.9400 29180.000
14 3.4600 31870.000
15 4.0300 34560.000
16 6.9700 45120.000
17 100.0000 56450.000 C,utv% ﬁJO.‘{
User-specified curve number 4 at depth = 480.0001in
Point y ,
No. in Tbs/in
1 .0000 .000
2 .0200 670.000
3 .1000 2210.000
4 .2500 4900.000
5 .4200 7580.000
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profile B, 25 ft 48 in on 78 in centers SERVICE w Axial Load.Tpo
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10370.
13060.
15740.
18430.
21120.
23810.
26590.
29180.
31870.
34560.
45120.
56450.

000
000
000
000
000
000
000
000
000
000
000
000

number 5 at depth =

.000

number 6 at depth =

P,

-000
7 at depth =
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100.0000

User-specified curve
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User-specified curve

P
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31810.
36810.
41700.

000
000
000

number 10 at depth = 744.0001n

P,
Tbhs/in

900.
1190.
2530.
5220.
7910.

10600.
13380.
15970.
18660.
21350.
23940.
26630.
29220.
31810.
36810.
41700.

000

Coveve No 7

number 11 at depth = 924.0001in

P, .
Tbs/in

8720.
15430.
19730.
23080.
26170.
28580.
30530.
32210.
33820.
35220.

000
000

number 12 at depth = 1164.000in

P, .
Tbs/1in

8720.
15430.
19730.
23080.
26170.
28580.
30530.
32210.
33820.
35220.

Louwe No. ¥
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Profile B, 25 ft 48 in on 78 in centers SERVICE w Axial Load.lpo

Distributed lateral load intensity defined using 2 points

Point Depth X Dist. Load
No. in Tbs/in

1 .000 42.90000

2 300.000 579.20000

Puf (23 WH)(&’.S 4+) = 149,500 lbs

Number of Toads specified = 1 vy

e = 3
Load Case Number 1 P e - 495500 lvn
Pile-head boundary conditions are Shear and Moment (BC Type 1)
Shear force at pile head .000 1bs

nitwn

448500.000 in-Tbs
149500.000 1bs

Bendin? moment at pile head
Axial Toad at pile head

k/ﬁ‘e/

>
Non-zero moment at pile head for this load case indicates the pile-head

may rotate under the applied pile-head loading, but is not a free-head
(zero moment) condition.

Number of pile sections = 1

Pile Section No. 1
The sectional shape is a circular drilled shaft (bored pile).

48.0000 In

It

outside Diameter
Material Properties:
4.000 Kip/In**2

60. Kip/In**2
2900({é Kip/In**2

compressive Strength of Concrete

Yield stress of Reinforcement

Modulus of Elasticity of Reinforcement
Number of Reinforcing Bars

LI T 1}

o
2%}
(e
(1]
Yo}



Number of Rows of Reinforcing Bars
Cover Thickness (edge to bar center)

unfactored Axial Squash Load Capacity

Distribution and Area of Steel Reinforcement

273 cg 43

profile B, 25 ft 48 in on 78 1n centers SERVICE w Axial Load.lpo
Area of Single Bar

([

[

2.25000 In**2

9
3.000 In

8190.10 Kip

Maximum
Strain
in/in

Neutral Axis

quition
inches

Row Area of Distance to
Number Reinforcement Centroidal Axis
In**2 In
1 2.250000 21.0000
2 4.,500000 19.4015
3 4.500000 14.8492
4 4,500000 8.0364
5 4.500000 0000
6 4,500000 -8.0364
7 4.500000 ~-14.8492
8 4.500000 -19.4015
9 2.250000 -21.0000
Axial Thrust Force = 149500.00 1bs
Bending Bending Bending
Moment stiffness Curvature
in-1bs Tb-in2 rad/in
1170609. 1.170609E+12 .00000100
5789450. 1.157890E+12 .00000500
5789450. 6.432722E+11 .00000900
6702062. 5.155432E+11 .00001300
8320488. 4.894405E+11 .00001700
9927461. 4.727362E+11 .00002100
11522552. 4.609021E+11 .00002500
13110144, 4.520739E+11 .00002900
14686009. 4.450306E+11 .00003300
16252803. 4.392649e+11 .00003700
17809686. 4.343826E+11 .00004100
19357014. 4.301559e+11 .00004500
20894611. 4.264206E+11 .00004900
22421921. 4.230551E+11 .00005300
23938675. 4.199768e+11 .00005700
25444535, 4.171235E+11 .00006100
26939399, 4.144523E+11 .00006500
28423158. 4.119298E+11 .00006900
29815721. 4.084345E+11 .00007300
30909616. 4.014236E+11 .00007700
31714356. 3.915353E+11 .00008100
32504593. 3.824070E+11 .00008500
33288719. 3.740306€+11 .00008900
33765338. 3.630681E+11 .00009300
34193705. 3.525124E+11 .00009700
34618333. 3.427558E+11 .00010100
37124658. 2.833943E+11 .00013100
38390261. 2.384488E+11 .00016100
39551004. 2.070733E+11 .00019100
39987179. 1.809375E+11 .00022100
40243943. 1.603344E+11 .00025100
40342060. 1.435661E+11 .00028100
40399690. 1.299025E+11 .00031100
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.00004387
.00014050
.00018021
.00024156
.00030239
.00036325
.00042392
.00048532
.00054636
.00060770
.00066935
.00073132
.00079363
.00085628
.00091928
.00098263
.00104635
.00111046
.00117385
.00123341
.00129048
.00134583
.00140147
.00145145
.00150077
.00155030
.00191120
.00224623
.00259134
.00290358
.00321381
.00357220
.00392066

.86639404
.10064697
.02313232
.58172607
.78778076
.29742432
.95684814
.73529053
.55621338
.42437744
.32550049
.25152588
.19659424
.15631104
.12774658
.10870361
.09771729
.09368896
.08013916
.01824951
.93182373
15.83331299
15.74688721
15.60699463
15.47186279
15.34954834
.58929443
.95172119
13.56719971
.13836670
12.80401611
12.71246338
12.60662842



unfactored (Nominal) Moment Capacity at Concrete Strain of 0.003 =
In-Kip

Profile B, 25 ft 48 in on 78 in centers SERVICE w Axial Load.lpo

40066

34/ ‘Z 3

.98257

computed values of Load Distribution and Deflection
for Lateral Loading for Load Case Number

Pile-head boundary conditions are Shear and Moment (BC Type 1)
specified shear force at
Specified moment at pile
specified axial load at pile head

ile head
ead

I

1bs
448500.000 in-1bs

149500.000 1bs

Non-zero moment for this load case indicates the der
the applied pile-head loading, but is not a free-head (zero moment )condition.

Depth

peflect.

Moment

M

Tbs-in

Shear

Slope
S
Rad.

ile-head may rotate under

Soil
p
1bs/

Res

in

264.
276.
287.
299.
310.
322.
333.
345.
356.
368.
379.
391.
402.
414.
425.

.764
.677
.590
.504
.418
.332
. 247
.162
.078

RREERPRRREEHERRENRNNNNNNRN NN
0]
vl
H

.993977
.911728
.831271
.752875
.676834
.603465
.533113
.466149
.402938
.343841
.289204
.239234
.194025
.153569
.117779
.086502
.059533

PREPE R R R R R EOONAOUVIA RWWNNNRRRHEOoNOVIVT S B S

.49E+05
.65E+05
.89E+05
.24E+05
.74E+05
.40E+05
.25E+05
.32E+05
.64E+05
.12e+06
.31E+06
.53E+06
. 79E+06
.09E+06
.42E+06
.81E+06
.23E+06
. 71E+06
.24E+06
.82E+06
.46E+06
.16E+06
.92E+06
.75E+06
.64E+06
.61E+06
.06E+07
.18E+07
.29E+07
.39e+07
.50E+07
.56E+07
.59E+07
.58E+07
.56E+07
.51E+07
.45€E+07
.38E+07

3.27e-08
611.559
1459.538
2543.935
3864.751
5421.986
7215.641
9245.713
11512.
14015.
16754.
19730.
22942,
26391.
30076.
33997.
38155.
42549.
47180.
52047.
57151.
62491.
68067 .
73880.
79929.
86215.
92737.
95495.
93699.
90553.
70886.
38054.
10348.
-12695.
-31539.

-46430.

-57606.
-68057.

.007670
.007665
.007660
.007655
.007650
.007644
.007637
.007630
.007621
.007611
.007599
.007585
.007568
.007549
.007527
.007501
.007471
.007437
.007397
.007352
.007301
.007213
.007074
.006907
.006715
.006496
.006249
.005970
.005660
.005318
.004945
.004548
.004138
.003725
.003315
.002916
.002532
.002168
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Total Flx. Rig.
Stress EI
1bs/in**2 1bs-in**2
123.905 1.17e+12
125.381 1.17e+12
127.628 1.17e+12
130.898 1.17e+12
135.442 1.17E+12
141.508 1.17e+12
149.348 1.17E+12
159.213 1.17E+12
171.351 1.17E+12
186.013 1.17e+12
203.450 1.17e+12
223.912 1.17e+12
247.649 1.17E+12
274.910 1.16E+12
305.946 1.16E+12
341.006 1.16E+12
380.341 1.16E+12
424.199 1.16E+12
472.832 1.16E+12
526.488 1.16E+12
585.416 1.16E+12
649.867 5.80E+11
720.080 5.11E+11
796.300 4.97E+11
878.773 4.85E+11
967.747 4.76E+11
1063.466 4.67E+11
1166.178 4.59e+11
1267.651 4.53E+11
1366.460 4.48E+11
1461.162 4.44e+11
1518.191 4.42e+11
1543.215 4.41e+11
1541.421 4.41E+11
1517.502 4.42e+11
1475.660 4.43E+11
1420.070 4.46E+11
1354.431 4.49E+11

-97.
-214,
-332.
-3087.
-2622.
-2196.
-1811.
~-1466.
-1123.

-820.

-997.

[=lefeloleleleleloleleleleololeloleleleolelelelelololelo]

421
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profile B, 25 ft 48 in on 78 in centers SERVICE w Axial Load.l1po
437.000 .036635 1.30E+07 -77761. .001827 1276.586 .53E+11 -690.184
448.500 .017522 1.20e+07  -84082. .001511 1190.282 .58E+11 -409.141
460.000 .001884 1.10e+07 -86688. .001223 1098.946 .64E+11  -43.999

471.500 -.010609 1.00E+07 -85516. -.000964 1007.031 4.72e+11 247.721
483.000 -.020289 9.07e+06 -82628. -.000733  918.095 .81E+11  254.550
494.500 -.027474 8.14e+06 -79183. -.000530  832.225 .92E+11  344.688
506.000 -.032470 7.25E+06 -74858. -.000352 750.524 .05e+11  407.365
517.500 -.035566 6.42E+06 -69950. -.000202 673.758 .46E+11  446.217
529.000 -.037109 5.64E+06 -64707. -.000106 602.406 1.16E+12  465.567
540.500 -.038007 4.93E+06 -59685. -5.36E-05  536.717 .16E+12  407.954
552.000 -.038341 4.27e+06 -54973. -7.93E-06 475.988 1.16E+12 411.549
563.500 -.038189 3.67E+06 -50249. 3.14E-05 420.266 1.16E+12  409.912
575.000 -.037618 3.12E+06 -45570. 6.50E-05 369.531 1.16E+12  403.788
586.500 -.036693 2.62E+06 -40984. 9.34-05 323.710 1.16e+12  393.853
598.000 -.035469 2.17E+06 -36530. .000117  282.682 .16+12  380.720
609.500 -.033999 1.78e+06  -32243. .000137  246.288 .17e+12 364.936
621.000 -.032327 1.43e+06 -28149. .000152  214.337 .17E+12  346.986
632.500 -.030492 1.13e+06 -26017. .000165 186.610 1.17E+12 23.750
644.000 -.028530 8.31E+05 -25589. .000175 159.170 L17E+12 50.807
655.500 -.026475 5.40E+05  -24873. .000181  132.348 A7E+12 73.672
667.000 -.024358 2.59e+05 -23919. .000185 106.422 L17E+12 92.187
678.500 -.022212 -10613. -22778. .000187 83.574 .17e+12 106.320
690.000 -.020067 -2.66E+05 -20719. .000185 107.082 A7e+12 251.761
701.500 -.017952 -4.88E+05 -17976. .000181  127.523 17412 225.229
713.000 -.015893 -6.80E+05  -15535. .000176  145.220 1.17e+12  199.388
724.500 -.013910 -8.46E+05 -13385. .000168  160.487 17412 174.511
736.000 -.012022 -9.88E+05 -11514. .000159  173.627 .17E+12  150.833
747.500 -.010247 -1.11e+06 -8672.476 .000149  184.928 J17e+12 343.322
759.000 -.008597 -1.19e+06 -4992.653 .000138 192.046 J17E+12 296.647
770.500 -.007081 -1.23e+06 -1841.194 .000126  195.548 17412 251.433
782.000 -.005704 -1.23E+06  801.945 .000114  195.986 1.17E+12  208.243
793.500 -.004465 -1.21E+06 2962.554 .000102  193.885 L17E+12  167.515
805.000 -.003364 -1.16E+06 4670.764 .01E-05 189.742 A17E+12 129.565
816.500 -.002394 -1.10E+06 5959.726 7.89e-05 184.019 L17E+12 94.602
828.000 -.001548 -1.03E+06 6864.420 6.85E-05 177.142 .17E+12 62.736
839.500 -.000819 -9.44e+05 7420.596 5.88E-05 169.500 1.17E+12 33.990
851.000 -.000196 -8.56E+05 7663.854 .00E-05  161.441 1.17e+12 8.315

.20E-05  153.280
.49e-05  145.294
.86E-05 137.724
.31E-05 130.781
.83E-05  124.648
.41E-05  119.477
.04e-05 115.399
.06E-06  111.558
.17e-06  107.965
.64E-06  104.629
.49e-07  101.553
.42E-06 98.738
.01E-06 96.182
.33e-06 93.880
.43E-06 91.826
.31E-06 90.012
.02E-06 88.429
.57E-06 87.065
.98E-06 85.909
.29e-06 84.950
.50E-06 84.175
.63E-06 83.571
.71E-06 83.124
.75E-06 82.822
.77E-06 82.650
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A17e+412  -14.399
.17e+12 -34.307
17412 -51.595
17E+12 -66.464
17412 -79.115
.17e+412 -89.735
LA7e+12  -19.489
.17E+12  -20.460
L17e+12 -21.082
17412 -21.399
17412 -21.451
L7412 -21.275
.17e+12  -20.905
L17e+12 -20.372
178412 -19.703
17e+12 -18.923
.17e+12  -18.054
L17E+12 -17.115
17412 -16.122
.17e+12  -15.089
L17E+412 -14.028
17412 ~12.948
L17E+12 -11.856
.17e+12  -10.758
178412 -9.657

862.500 .000331 -7.67E+05 7628.875
874.000 .000770 -6.81E+05 7348.816
885.500 .001133 -5.99e+05 6854.877
897.000 .001428 -5.23E+05 6176.037
908.500 .001664 -4.57E+05 5338.962
920.000 .001849 -4.00E+05 4368.078
931.500 .001988 -3.56E+05 3740.040
943.000 .002087 -3.14e+05 3510.334
954.500 .002151 -2.75E+05 3271.471
966.000 .002183 -2.39e+05 3027.207
977.500  .002188 -2.06E+05 2780.822
989.000 .002170 -1.75e+05 2535.147
1001. .002133 -1.47e+05 2292.610
1012. .002078 -1.23E+05 2055.266
1024. .002010 -1.00E+05 1824.835
1035. .001930 -80512. 1602.734
1047. .001842  -63319. 1390.115
1058. .001746  -48512. 1187.893
1070. .001645  -35968. 996.781
1081. .001539  -25555. 817.317
1093. .001431  -17138. 649.892
1104. .001321  -10575. 494.779
1116. .001209 -5724.826  352.153
1127. .001097 -2442.325 222.118
1139. .000985 -582.566 104.728

PRRPRPRRRRRRRRRRRRRRRRRRRRERRPRRAPHRRRRRRRRRRRRRRERRR PR PR RS BB h DS
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OCOOWOWOUWONAOUVTANUVIRANPRMHENNWAOVMUVIONY



36 ?g HZ

profile B, 25 ft 48 in on 78 in centers SERVICE w Axial Load.lpo
1150. .000873 0.000 0.000 -9.77e-06 82.597 1.17E+12 -8.556

Please note that because this analysis makes computations of ultimate moment
caqacity and pile response using nonlinear bending stiffness that the above
values of total stress due to combined axial stress and bending may not be
representative of actual conditions.

output verification:

computed forces and moments are within specified convergence limits.

Output Summary for Load Case No. 1:

2.81709279 1in
-.00766961
15858419. 1bs-in
95494.53821 1bs
368.00000 in
310.50038 in

Pile-head deflection

Ccomputed slope at pile head
Maximum bendin% moment

Maximum shear force

Depth of maximum bending moment
Depth of maximum shear force
Number of iterations

Number of zero deflection points

LI T T T | I 1 I

pefinition 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 1bs
Type 4 = Deflection and Moment, S = pile-head slope, radians
Type 5 = Deflection and Slope, R = rotational stiffness of pile-headin-Tbs/rad
Load Boundary Boundary Axial Pile Head Pile-Head Pile Head
Type Condition condition Load Deflection Moment Shear
1 2 Tbs in in-1bs Tbs
1 v= 0.000 M= 4.49E+05 149500. 2.8171 1.5858E+07 95494.5382

Boundary Condition Type 1, Shear and Moment

Shear = 0. 1bs
Moment = 448500. in-lbs
Axial Load = 149500. 1bs
Pile Pile Head Maximum Maximum
Length peflection Moment Shear
in in in-1bs 1bs

Page 13
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profile B, 25 ft 48 in on 78 in centers SERVICE w Axial Load.lpo

500
000
500

.81709279
.63030496
.66222749
.69370022
.67358975
.57776603
.65772400
.63529491
.65868893
.76818508

NNNNNNNNNRN

15858419.
15257881.
15311488.
15494161.
15408234.
15062265.
15364118.
15279052.
15343480.
15598728.

The analysis ended normally.

Page 14

.53821
.67265
.61648
.56998
.80086
.61012
.98165
.11545
.55556
.09734
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Profile B, 25 ft, 48-inch Diameter Drilled Shafts on 120-inch Centers
Unfactored Bending Moment (in-kips)
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Profile B, 25 ft, 48-inch Diameter Drilled Shafts on 120-inch Centers

Shear Force (kips)
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Calculations: Soldier Pile Retaining Wall Using Ground Anchors (tiebacks)

Summary of Analyses for Profile A and Profile B
Example Calculations
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CLIENT ‘ms consultants, ODOT-District 6 JOB NUMBER 0221-1004.01
? PROJECT  FRA-70-893 SHEET NO Z  OF 39
SUBJECT  Anchored Retaining Wall Analysis COMP BY s1) 2 DATE 73 / 2 5/ 09

CHKDBY &~—7 DATE 3-3() 0%

| LRFD - ANCHORED RETAINING WALL CALCULATIONS (SOLDIER PILE AND LAGGING TYPE) |
WALL AND BACKFILL PARAMETERS

25.0 ft H - RETAINED WALL HEIGHT ko=  0.3333 k, = tan’ (45— ‘I%)
30 deg ¢' - RETAINIED SOIL
120 pcf 7' - RETAINED SOIL Pa= 813 psf *for a single row of anchors
Appearent Earth Pressures from AASHTO 3.11.5.7 p, =k, v'H
240 psf LS - Live Load Surcharge (AASHTO Table 3.11.6.4-2) *for 2 rows of anchors
k,YH
ANCHORS P = 15H-0. 5H, —0.5H,,,
2 ROWS OF ANCHORS
5.5 ft H, - DISTANCE FROM GROUND SURFACE TO TOP ROW OF ANCHORS
11.5 ft H, - DISTANCE BETWEEN BOTTOM AND TOP ROW OF ANCHORS
8.0 ft H; - DISTANCE BETWEEN BOTTOM ROW OF ANCHORS AND BOTTOM OF EXCAVATION
15 deg INCLINATION OF ANCHORS (10-15 degrees is recommended)
Load Factors and Load Combinations Anchor Load using Triburary Area Method
Group EH LS Unfactored - Service |
Strength | 1.35 1.75 Ty= 8,858 Ibs/ftwidth OR 70,861 Ibs per section
Service | 1.00 1.00 T,= 8,874 Ibs /ft width OR 70,990 Ibs per section
AASHTO Table 3.4.1-1 and 3.4.1-2 Factored - Strength | a/b
Ty= 12,331 Ibs /it width OR 98,644 Ibs per section
322 kips  Factored Axial Load from Structure Tee= 12,302 Ibs /ft width OR 98,420 Ibs per section
STRUCTURAL ELEMENTS
8.0 ft S - Center to center spacing of vertical wall elements
Provided Section Properties 2-C12x30 E = 29 x10° pgi f, = 50 ksi
Z, = 676 In° l, = 324 in* A, = 17.62 in d = 120 in
Z, = 85 in°perft | = 405 in*perft t, = 1.020 in t = 0501 in
L PILE
CHECK CAPACITY dr=  1.00 b= 0.70 ¢y,= 1.00 AASHTO 6.5.4.2
Maximum Factored Bending Moment, M, = 10.1 k-ftperfoot OR . k-ft per section i ik
Maximum Factored Axial Force, P, = 51.0 (anchorload) + 322 (axialload) = 373 k per section
Maximum Factored Shear Force, V, = 7.1 kips perfoot OR 56.9 k per section
Factored Flexural Resistance, M, = 281.7 k-ft per section My  islessthan M, OK
Factored Axial Resistance, ¢.P, = 572.0 k per section Pu  islessthan ®cPn oK
Factored Shear Resistance, ¢V, = 325.3 k per section Vu islessthan PV OK
FACTORED SHEAR AND MOMENT AT GROUND SURFACE (for determining geotechnical resistance)
R=V= 17.7 Kkips per section M= 51 k-t per section 611,573 Ib-in per section

Reference: AASHTO LRFD Bridge Design Specifications, 4th Edition 2007 (with 2008 Interim Revisions)




CLIENT ms consultants, ODOT-District 6 _ JOBNUMBER 0221-1004. 01
;,;‘ D I Z PROJECT FRA-70-8.93 SHEET NO 3 OF
SUBJECT  Anchored ‘Anchored Retaining Wall Analysis COMP BY 5¢ ) DATE 2 (2 s [03

_ CHKDBY _,’.57 DATE }:pz/a?

Using Apparent Earth Pressures o245 D'

AASHTO 3.11.5.7 k, = tan’ (45— %))

Maximum pressure ordinate, p,: p, = k 'y' H for a single row of anchors

p.= k YHZ f Itipl f anch
a or multiple rows of anchors
1.5H—0.5H, —0.5H__, P

Live Load Surcharge AASHTO 3.11.6.4

LS =2.0y for walls in excess of 20 feet in height
Anchor Loads and Reaction from Subgrade AASHTO 11.9.5.1

Calculate anchor loads and resultant using triburary area method

Calculate Capacity of Selected Section

Calculate Resistance to flexure: Calculate as per AASHTO 6.12.2
M. F,Z
O =9 If section is compact, M, = Mp (6.12.2.2.1-1)
Check Combined Axial Compression and Flexure: Calculate as per AASHTO 6.9.2.2
P P M Muy
if —u then, | —%+ <1.0 6.9.2.2-1
<0.2 2.0P (er M, | ( )
T
P 80/ M M
uos L= W10 -
If > 0.2 then, P 90 [ M, M, J (6.9.2.2-2)
r

Resistance to compression: Calculate as per AASHTO 6.9.4

P.=9.P, It A <225 P,=066"FA, (6.9.4.1-1)
(6.9.2.1-1) 0.88
F A > 2.25 P, = ( : jF A (6.9.4.1-2)
2
where xz(gj [EJ
) E (6.9.4.1-3)

K'is assumed to be 1.0; for pinned-pinned connection between anchor points
rs, radius of gyration in plane of buckling (assumed in strong axis)

{ , unbraced length (anchor points are considered as bracing)

Reference: AASHTO LRFD Bridge Design Spesifications, 4th Edition 2007 (with 2008 Interim Revisions)



N CLIENT ms consultants, ODOT-District 6 JOB NUMBER 0221-1004. 01
: ’}f D I Z PROJECT FRA-70-8.93 SHEET NO <  OF
SUBJECT  Anchored | Retaining Wall Analysis COMPBY <« " DATE = [25’ o9

CHKDBY 4, DATE 37— a?

Calculate Capacity of Selected Section
Resistance to Shear: Calculate as per AASHTO 6.10.9

¢,V,=¢,C-058F -D-t, where D=depth of web (6.10.9.2-2)
D ’ Ek
f —<1.12 [— ,then; C=1.0 (6.10.9.3.2-4)
tw FYW where k=5
f 112 ; _<_ , then;
yw
1.12 |Ek (6.10.9.3.2-5)

D)VF,
tW

r D >1.40 3 , then;
w yw

o 157 ( Ek ] (6.10.9.3.2-6)

—y 2 —

D)

tW
Anchor Pullout Capacity AASHTO 11.9.4.2
Calculate nominal anchor pullout capacity

6Q, = ¢ondt, L, (11.9.4.2-1)

Reference: AASHTO LRFD Bridge Design Spesifications, 4th Edition 2007 (with 2008 Interim Revisions)
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b7 3-9-9]
p-y reduction factor
Reference: Reese, GROUP 6.0 Technical Manual
Pile Diameter= 3.0  feet S/B= 2.666667
B 36 inches
Pile Spacing= 8.0  feet
S 96 inches

Loading Perpr

to Row ' Ba

Y YN = 0.922

§ \05659 S
B, =0.5292| — for-1.0< . <3.28

oy

B, zl.O—)for-%23.28

O Perpindicular to

Row

O O O

Parrallel to Row
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<STREVEGTH T Detsermnina 50 5%/,”4# | ‘=257 ] 41 31707
(f’

TB Profile B, 25 ft 36 in on 96 in centers STRENGTH.lpo

LPILE Plus for windows, version 5.0 (5.0.5)

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

) Copyri?ht ENSOFT, Inc., 1985-2004
All Rights Reserved

This program is licensed to:

S Ried
DLZ, Ohio Inc.

path to file locations: M:\proj\0221\1004\01\geotechnical\Retaining

walls\LPILE\Final Anchored wall\
Name of input data file: TB Profile B, 25 ft 36 in on 96 in centers

STRENGTH. 1pd )
Name of output file: TB Profile B, 25 ft 36 in on 96 in centers

STRENGTH. 1po _
Name of plot output file: TB Profile B, 25 ft 36 in on 96 in centers

STRENGTH. 1pp _ _ _
Name of runtime file: TB Profile B, 25 ft 36 in on 96 in centers

STRENGTH. 1pr

Date: March 25, 2009 Time: 15:25:19

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: ) )
- User-specified p-y curves used in analysis

Page 1



TB Profile B, 25 ft 36 in on 96 in centers STRENGTH.lpo

- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip

pile embedment length

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

solution Control Parameters:

- Number of pile increments

- Maximum number of iterations allowed
- Deflection tolerance for convergence
- Maximum allowable deflection

100

100
1.0000E-05 1in
1.0000E+02 in

it na

Printing Options:

- values of pile-head deflection, bending moment, shear for
soil reaction are printed for full length of pile.

- Printing Increment (spacing of output points) = 1

Analysis includes automatic computation of pile-top deflection vs.

depths

ce, and

0 of 39

Pile Length = 300.00 1in
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
X Diameter Inertia Area
in in in**4 Sq.1in

1 0.0000 36.00000000 324.0000 17.6200

2 1000.0000  36.00000000 324.0000 17.6200

Modulus of

Elasticity

Tbs/sq.in
29000000.
29000000.

The soil profile is modelled using 9 layers

Layer 1 is sand, p-y criteria by Reese et al., 1974

Distance from top of pile to top of layer = .000
Distance from top of Ei1e to bottom of layer = 36.000
p-y subgrade modulus k for top of soil layer = 125.000
p-y subgrade modulus k for bottom of layer = 125.000
Layer 2 is modelled using user-specied p-y curves

Distance from top of pile to top of layer = 36.000
Distance from top of pile to bottom of layer = 120.000
Layer 3 is modelled using user-specied p-y curves

Distance from top of pile to top of layer = 120.000
Distance from top of pile to bottom of layer = 180.000
Layer 4 is modelled using user-specied p-y curves

Distance from top of pile to top of layer = 180.000
Distance from top of pile to bottom of layer = 240.000
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Layer 5 is modelled using user-specied p-y curves
Distance from top of pile to top of layer = 240.
Distance from top of pile to bottom of layer = 324.
Layer 6 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer = 324.
Distance from top of E11e to bottom of layer = 384.
p-y subgrade modulus k for top of soil layer = 125
p-y subgrade modulus k for bottom of layer = 125.
Layer 7 is modelled using user-specied p-y curves
Distance from top of pile to top of layer = 384,
Distance from top of pile to bottom of layer = 444,
Layer 8 1is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer = 444.
Distance from top of pile to bottom of layer = 624.
p-y subgrade modulus k for top of soil layer = 125
p-y subgrade modulus k for bottom of layer = 125
Layer 9 is modelled using user-specied p-y curves
Distance from top of pile to top of layer = 624.
Distance from top of pile to bottom of layer = 1000.

(Depth of lowest layer extends

TB Profile B, 25 ft 36 in on 96 in centers STRENGTH.1po

000
000

000
000

.000

000

000
000

000
000

.000
.000

000
000

700.00 in below pile tip)

in
in

in
in
Tbs/in**3
1bs/in**3

in
in

in
in
1bs/in**3
Tbs/in**3

in
in

1/ of 39

Distribution of effective unit weight of soil with depth

is defined using 18 points

Depth X Eff. unit weight
in Tbs/in**3
.00 .03600
36.00 03600
36.00 03600
120.00 03600
120.00 03600
180.00 03600
180.00 03600
240.00 03600
240.00 03600
324.00 03600
324.00 03900
384.00 03900
384.00 03600
444 .00 03600
444 .00 03600
624.00 03600
624.00 03600
1000.00 03600

shear strength of Soils
Page 3
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TB Profile B, 25 ft 36 in on 96 in centers STRENGTH.1po

Distribution of shear strength parameters with depth
defined using 6 points

Point Depth X Cohesion c Angle of Friction ESO or RQD

No. in Tbs/in**2 Deg. k_rm %
1 .000 .00000 36.00 =00 memme— mmm—ee
2 36.000 .00000 36.00 00 o mmmmm= mmeme
3 324.000 .00000 38.00 @ emmmem e
4 384.000 .00000 38.00 20 ommmmmm mmmee-
5 444 .000 .00000 36.00 2 ommmemmm mmmeeo
6 624.000 .00000 36.00 2 omemmemm— —mm—ee

Notes

(1) cohesion = uniaxial compressive strength for rock materials.

(2) values of E50 are regorted for clay strata.

(3) Dpefault values will be generated for €50 when input values are O.
(4) RQD and k_rm are reported only for weak rock strata.

Distribution of p-y multipliers with depth defined using 2 points

Point Depth X p-mult y-mult
NO. in
1 .000 .9220 1.0000
2 1000.000 .9220 1.0000

User-specified p-y curves defined using 12 curves.

User-specified curve number 1 at depth = 36.0001in
Point y P,
No. in 1bs/in
1 0000 .000
2 0280 400.000
3 1120 1550.000
4 2800 3560.000
5 4670 5580.000
6 6910 7600.000
7 9900 9610.000
8 1.3400 11630.000
9 1.7700 13570.000
10 2.3000 15590.000
11 2.8900 17530.000
12 3.6400 19480.000
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13
14
15
16

TB Profile B, 25 ft 36 in on 96 in centers STRENGTH.1po

4.4800
5.5100
7.6400
100.0000

User-specified curve

ONUVBWNNEE
=2}
By
[
(=]

[y
(]

OQOUTWNINR R
N
o
[}
o

[
(=]

21420.
23290.
26460.
28190.

000
000
000
000

number 2 at depth =

.000

number 3 at depth =

P,
1bs/in

500.
1660.
3670.
5690.
7780.
9790.

11810.
13820.
15840.
17860.
19940.
21890.
23900.
25920.
33840.
42340.

000

number 4 at depth =

P, .
1bs/in

500.
1660.
3670.
5690.
7780.
9790.

Page 5

120.0001n

120.0001in

180.0001n
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TB Profile B, 25 ft 36 in on 96 in centers STRENGTH.1po

8 .8000
9 1.0300
10 1.2500
11 1.5500
12 1.8300
13 2.2000
14 2.6000
15 3.0200
16 5.2300
17 100.0000
User-specified curve
Point y
No. in
1 0000
2 .0280
3 .0930
4 .2050
5 .3170
6 4290
7 5790
8 .7100
9 .8800
10 1.0600
11 1.2300
12 1.4400
13 1.6800
14 1.9400
15 2.2200
16 3.7000
17 100.0000
User-specified curve
Point y
NO. in
1 0000
2 .0280
3 .0930
4 .2050
5 .3170
6 4290
7 .5790
8 .7100
9 .8800
10 1.0600
11 1.2300
12 1.4400
13 1.6800
14 1.9400
15 2.2200
16 3.7000
17 100.0000
User-specified curve
Point y
No. in

11810.
13820.
15840.
17860.
19940.
21890.
23900.
25920.
33840.
42340.

000
000
000
000
000
000
000
000
000
000

number 5 at depth = 180.0001in

-000

number 6 at depth = 240.0001n

-000

number 7 at depth = 240.0001n

Page 6
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TB Profile B, 25 ft 36 in on 96 in centers STRENGTH.1po
.0000
.0370
.1030
.2240
.3550
.5040
.6910
.9000
.1400
.4000
.7000
.0500
.4600
.9300
.4700
.7600
.0000

OPWNNNPE

[
[e]

User-specified curve

=
(o]

OBHBWNNNR R

DB WNN

580.
1730.
3740.
5760.
7850.
9860.

11880.
13900.
15910.
17930.
19940.
21960.
23900.
25920.
29880.
38740.

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

number 8 at depth =

.000
.000
.000
.000

number 9 at depth =

Page 7

324.0001n

384.0001n
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T8 Profile B, 25 ft 36 in on 96 in centers STRENGTH.1po

17 100.0000 31280.000
User-specified curve number 10 at depth = 444.0001in
Point y P,

No. in 1bs/in

1 .0000 .000
2 .0370 680.000
3 .0560 890.000
4 .1120 1900.000
5 .2430 3920.000
6 .4110 5930.000
7 .5790 7950.000
8 .7800 10040.000
9 1.0500 11980.000

10 1.3800 14000.000

11 1.7700 16010.000

12 2.2200 17960.000

13 2.7400 19970.000

14 3.4000 21920.000

15 4.1600 23860.000

16 6.2400 27600.000

17 100.0000 31280.000
User-specified curve number 11 at depth = 624.0001n
Point y P,

No. in 1bs/in

1 .0000 .000
2 .4670 6540.000
3 .9330 11570.000
4 1.4000 14790.000
5 1.8670 17310.000
6 2.3340 19630.000
7 2.8000 21440.000
8 3.2670 22900.000
9 3.7340 24150.000

10 4.2010 25360.000

11 100.0000 26420.000
User-specified curve number 12 at depth = 1000.000in
Point y P,

No. in Tbs/in

1 .0000 .000
2 .4670 6540.000
3 .9330 11570.000
4 1.4000 14790.000
5 1.8670 17310.000
6 2.3340 19630.000
7 2.8000 21440.000
8 3.2670 22900.000
9 3.7340 24150.000
10 4.2010 25360.000
11 100.0000 26420.000
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TB Profile B, 25 ft 36 in on 96 in centers STRENGTH.1po

Loading Type

)7 o 39

Number of loads specified =

Load Case Number

Pile-head boundar

shear force at pi

Bendin? moment at pile head
oad at pile head

Axial

1

e

conditions
head

wnu

1

are Shear and Moment (BC Type 1)

17700.000 1bs
611573.000 in-1bs
373000.000 1bs

Non-zero moment at pile head for this load case indicates the pile-head
may rotate under the applied pile-head loading, but is not a free-head
(zero moment) condition.

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

Pile-head boundary conditions are Shear and Moment (BC Type 1)

specified shear force at pile
specified moment at pile head

specified axial load at pile head

Non-zero moment for this load case indicates the

head =

17700.000 1bs
611573.000 in-1lbs
373000.000 1bs

ile-head may rotate under

the applied pile-head loading, but is not a free-head (zero moment )condition.

Depth

peflect.

.474188
.443190
.412840
.383199
.354328
.326287
.299133
.272925
.247718
.223564
.200514
.178617
.157918
.138460
.120268
.103354
.087712
.073330
.060180

Moment

611573.
676235.
740416.
803839.
866227.
927295.
986767.
1044370.
1099839.
1152918.
1203371.
1250979.
1295547.
1322233.
1332956.
1329521.
1313732.
1287370.
1252079.

sh

ear

L R S 2 e R T S R TR S AN R S N B R |

Slope

.0104303
.0102247
.0099986
.0097520
.0094854
.0091991
.0088935
.0085693
.0082270
.0078673
.0074912
.0070993
.0066928
.0062749
.0058510
.0054260
.0050040
.0045888
.0041834

Total
Stress
1bs/in**2

soil

Res

P,
Tbs/in

-54.

-112.
-140.
-168.
-195.
-221.
-246.
-268.
-288.
1935.
1720.
1520.
1319.
1122.
-940.
-774.
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TB Profile B, 25 ft 36 in on 96 in centers STRENGTH.lpo
57.000 .048230 1209366. -16659.7073 -.0037904 88356.1350 -624.1501
60.000 .037438 1160604. -18327.8227 .0034121 85647.1140 -487.9268
63.000 .027757 1107035. -19608.1162 .0030500 82671.0929 -365.6023
66.000 .019137 1049781. -20534.6176 .0027057 79490.2973  -252.0653
69.000 .011523 989883. -21140.3748 .0023801 76162.6320 -151.7728
72.000 .004857 928266. -21463.9874 .0020739 72739.4323 -63.9689

75.000 -.000920 865741. -21541.7552 -.0017875 69265.8230 12.1237
78.000 -.005868 803015. -21407.6290 -.0015211 65781.0917 77.2938
81.000 -.010047 740699. -21093.1889 -.0012746 62319.0683 132.3329
84.000 -.013516 679309. -20627.6491 -.0010479 58908.5093 178.0270
87.000 -.016335 619278. -20037.8823  -.0008406 55573.4803 215.1508
90.000 -.018560 560963. -19348.4636 ~-.0006522 52333.7348 244.4616
93.000 -.020248 504647. -18581.7286  -.0004821 49205.0856 266.6951
96.000 -.021453 450552. -17757.8432  -.0003296 46199.7672 282.5618
99.000 -.022226 398838. -16894.8841  -.0001940 43326.7868 292.7442
102.000 -.022617 349616. -16008.9256 -7.4533E-05 40592.2621 297.8948
105.000 -.022673 302951. -15114.1317 2.9645E-05 37999.7452 298.6345
108.000 -.022439 258865. -14222.8520 .0001193 35550.5324 295.5520
111.000 -.021957 217347. -13345.7185 .0001954 33243.9573 289.2036
114.000 -.021267 178354. -12491.7434 .0002585 31077.6700 280.1132
117.000 -.020406 141818. -11668.4149 .0003096 29047.8992 268.7725
120.000 -.019409 107650. -10881.7922 .0003495 27149.6996 255.6426
123.000 -.018309 75745.0562 -9831.9800 .0003787 25377.1847 444 ,2322
126.000 -.017136 47810.8142 -8541.9568 .0003985 23825.2823 415.7833
129.000 -.015918 23601.5404 -7338.9467 .0004099 22480.3227 386.2234
132.000 -.014677  2859.8446 -6225.4394 .0004141 21328.0062 356.1149
135.000 -.013434 -14677.8392 -5202.3572 .0004122 21984.5615 325.9399
138.000 -.012204 -29276.8195 -4269.2881 .0004052 22795.6160 296.1061
141.000 -.011002 -41200.3850 -3424.7000 .0003939 23458.0363 266.9527
144.000 -.009840 -50706.6564 -2666.1358 .0003793 23986.1625 238.7568
147.000 -.008727 -58046.0003 -1990.3917 .0003619 24393.9038 211.7393
150.000 -.007669 -63458.9517 -1393.6763 .0003425 24694.6233 186.0709
153.000 -.006672 -67174.5924 -871.7540 .0003217 24901.0478 161.8773
156.000 -.005739 -69409.3373 -420.0708 .0002998 25025.2003 139.2449
159.000 -.004873 -70366.0798 -33.8652 .0002775 25078.3526 118.2256
162.000 -.004074 -70233.6520 291.7356 .0002551 25070.9955 98.8416
165.000 -.003342 -69186.5568 561.6328 .0002328 25012.8236 81.0899
168.000 -.002677 -67384.9337 780.6868 .0002110 24912.7334 64.9461
171.000 -.002076 -64974.7201 953.6586 .0001899 24778.8327 50.3684
174.000 -.001537 -62087.9765  1085.1625 .0001696 24618.4580 37.3008
177.000 -.001058 -58843.3431 1179.6278 .0001503 24438.2006 25.6761
180.000 -.000635 -55346.6012  1241.2704 .0001321 24243.9372 15.4190
183.000 -.000266 -51691.3144  1271.4872 .0001150 24040.8657 4.7255
186.000 5.45E-05 -47975.0294 1277.1229 .9081E-05 23834.4054 -.9683926
189.000 .000329 -44250.3195  1266.9025 .4358E-05 23627.4771 -5.8452
192.000 .000561 -40562.4068 1243.1821 7.0818E-05 23422.5930 -9.9684
195.000 .000754 -36949.7174  1208.1285 .8444e-05 23221.8881 -13.4007

198.000 .000911 -33444.4327 1163.7220
201.000 .001037 -30073.0319 1111.7610

.7206E-05 23027.1500 -16.2036
.7066E-05 22839.8500 -18.4370

204.000 .001134 -26856.8195 1053.8683 .7977E-05 22661.1715 -20.1581
207.000 .001205 -23812.4349 991.4984 .9888E-05 22492.0390 -21.4218
210.000 .001253 -20952.3392 925.9456 .2742E-05 22333.1448 -22.2800
213.000 .001281 -18285.2776 858.3538 6.4779E-06 22184.9747 -22.7813

216.000 .001292 -15816.7143 789.7252
219.000 .001287 -13549.2400 720.9312
222.000 .001270 -11482.9490 652.7220

.0338E-06 22047.8323 -22.9711
.6542E-06 21921.8616 -22.8916
.6504E-06 21807.0676 -22.5812

225.000 .001241 -9615.7864 585.7371 -1.1019e-05 21703.3363 -22.0753
228.000 .001204 -7943.8665 520.5156 -1.3822E-05 21610.4519 -21.4057
231.000 .001159 -6461.7594 457.5060 -1.6122E-05 21528.1126 -20.6007
234.000 .001107 -5162.7501 397.0764 .7977E-05 21455.9454 -19.6857

.9446E-05 21393.5186 -18.6827
.0583e-05 21340.3530 -17.6110

237.000 .001051 -4039.0672 339.5239
240.000  .000990 -3082.0857 285.0834
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243

246.
249,
.000
.000
258.
261.
264.
267.
270.
273.
276.
279.
.000
.000
288.
291.
294.
.000
300.

252
255

282
285

297

.000

000
000

000
000
000
000
000
000
000
000

000
000
000

000

LN

TB Profile B, 25 ft 36 in on

.000927 -2282.5017 238.5660
.000862 -1602.7076 199.7823
.000795 -1034.4378 163.8680
.000727  -569.1870 130.8781
.000658  -198.2841 100.8456
.000590 87.0463 73.7867
.000521 295.6352 49.7035
.000453 436.3300 28.5882
.000385 517.9656 10.4256
.000318 549.3435 -4.8042
.000251 539.2189 -17.1234
.000184 496.2931 -26.5544
.000118 429.2121 -33.1190
.30E-05 346.5686 -36.8361
.21E-05 256.9074 -37.7221
.70E-05 168.7326 -35.7893
.000142 90.5160 -31.0467
.000206 30.7045 -23.4995
.000271 -2.2728 -13.1505
.000336 0.0000 0.0000

output verification:

96 in centers STRENGTH.1po
-2.1440€E-05 21295.9316
-2.2060E-05 21258.1653
-2.2481E-05 21226.5948
-2.2737e-05 21200.7475
-2.2859E-05 21180.1418
-2.2877e-05 21173.9619
-2.2816E-05 21185.5502
-2.2699E-05 21193.3665
-2.2547e-05 21197.9019
-2.2377e-05 21199.6451
-2.2203E-05 21199.0826
-2.2037e-05 21196.6978
-2.1890E-05 21192.9711
-2.1766e-05 21188.
-2.1670E-05 21183.
-2.1602e-05 21178.
-2.1560e-05 21174.
-2.1541e-05 21170.
-2.1536e-05 21169.
-2.1537e-05 21169.

3986
5000
1547
8318
2523
1260

computed forces and moments are within specified convergence Timits.

output Summary for Load Case No. 1:

3798  -.

Pile-head deflection
computed slope at pile head
Maximum bendin% moment
Maximum shear force

Depth of maximum bending moment
o

Depth of maximum shear
Number of iterations

rce

Number of zero deflection points

LI 1 | I A 1 I T

-21541.75524
42.00000000
75.00000000

.47418840 1in

19 of 39

-13.4006
-12.4552
-11.4876
-10.5057
-9.5159
-8.5234
-7.5321
-6.5448
-5.5636
-4.5896
-3.6232
-2.6642
-1.7121
7659836
.1753624
1.1132
2.0486
2.9828
3.9166
4.8504

-.01043030
1332956. Tbs-in

1bs

in

in

8

—7 [?7// K- £ /

Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,
Type 2 = Shear and Slope,
Type 3 = Shear and Rot. Stiffness,
Type 4 = Deflection and Moment,
Type 5 = Deflection and Slope,
pile-headin-1bs/rad
Load Boundary Boundary
Type Cond1t1on Cond;tion

1 v= 17700. M= 6.12E+05

y = pile-head displacment in

M = pile-head moment Ths-in

vV = pile-head shear force 1bs

S = pile-head slope, radians

R = rotational stiffness of
Axial Pile Head Pile-Head Pile Head
Load Deflection Moment Shear

Tbs in in-1bs Tbs
373000. .4741884 1332956. -21541.7552
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Boundary Condition Type 1, Shear and Moment

Shear
Moment
Axial L

Pile
Lengt
in

255.
240.
225.
210.
195.
180.
165

oad

h

.000

([

17700. 1bs
611573. in-1bs
373000. 1bs
Pile Head Maximum
Deflection Moment
in in-1bs
.47418840 1332956.
.48888581 1347759.
.49959364 1358091.
.50665414 1364317.
.50964779 1367731.
.50857599 1367008.
.50382197 1362008.
.49503467 1352589.
.50632999 1363805.
.48743332 1344998.

The analysis ended normally.

Maximum
Shear
1bs

Page 12

.75524
.95153
.71166
. 90449
.86542
.38634
.05003
.59509
.23864
.30424
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Profile B, 25 ft Wall, 2C12x30 on 8 ft Centers
‘Gmaamred Bending Moment (in-kips)
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:"‘ Y CLIENT ms consultants, ODOT-District 6 JOB NUMBER 0221-1004.01
¥ PROJECT  FRA-70-8.93 - SHEETNO 2z3 OF 39
SUBJECT  Anchored Retaining Wall Analysis COMPBY S/)® DATE 3/2 5/ o9

CHKDBY 4,77 DATE 3-3 (o7
| LRFD - ANCHORED RETAINING WALL CALCULATIONS (SOLDIER PILE AND LAGGING TYPE) |

WALL AND BACKFILL PARAMETERS

35.0 ft H - RETAINED WALL HEIGHT ka=  0.3333 k, =tan”(45 - ‘I%)
30 deg ¢' - RETAINIED SOIL
120 pcf ' - RETAINED SOIL Pa= 1,120 psf *for a single row of anchors
Appearent Earth Pressures from AASHTO 3.11.5.7 p, =k, v'H
240 psf LS - Live Load Surcharge (AASHTO Table 3.11.6.4-2) *for 2 rows of anchors
_ kY H*
ANCHORS Ps 1.5H-0.5H, -0.5H,,,
2 ROWS OF ANCHORS
8.5 ft H; - DISTANCE FROM GROUND SURFACE TO TOP ROW OF ANCHORS
17.5 ft H, - DISTANCE BETWEEN BOTTOM AND TOP ROW OF ANCHORS
9.0 ft H; - DISTANCE BETWEEN BOTTOM ROW OF ANCHORS AND BOTTOM OF EXCAVATION
15 deg INCLINATION OF ANCHORS (10-15 degrees is recommended)
Load Factors and Load Combinations Anchor Load using Triburary Area Method
Group EH LS Unfactored - Service |
Strength | 1.35 1.75 Ty= 18,145 Ibs/ ft width OR 163,304 Ibs per section
Service | 1.00 1.00 To= 16,243 Ibs /ft width OR 146,191 Ibs per section
AASHTO Table 3.4.1-1 and 3.4.1-2 Factored - Strength | a/b
Tw= 25,067 Ibs /ft width OR 225,604 Ibs per section
362 kips  Factored Axial Load from Structure Te= 22,368 Ibs /ft width OR 201,309 Ibs per section
STRUCTURAL ELEMENTS
9.0 ft S - Center to center spacing of vertical wall elements
Provided Section Properties 2-C15x50 E = 29 x10° psj f, = 50 ksi
Z, = 137 in® , = 808 in* A, = 294 in® d = 150 in
Z, = 152 in°perft |, = gog in‘*perft tw = 1.432 in tr = 0.650 in
CHECK CAPACITY d¢=  1.00 d.= 0.70 ¢,= 1.00 AASHTO 6.5.4.2
Maximum Factored Bending Moment, M, = 314 k-ftperfoot OR 282.2 k-ft per section
Maximum Factored Axial Force, P, = 110.5 (anchorioad) + 362.3 (axialload) = 473 k per section
Maximum Factored Shear Force, V, = 14.5 Kkips per foot OR 130.1 k per section
Factored Flexural Resistance, $M, = 570.8 k-ft per section My  islessthan $M, OK
Factored Axial Resistance, ¢.P, = 915.9 k per section P.  islessthan ®cPn OK
Factored Shear Resistance, ¢,V, = 568.9 k per section Vi islessthan ®\V, OK

FACTORED SHEAR AND MOMENT AT GROUND SURFACE (for determining geotechnical resistance)
R=V= 28.6 kips per section M= 224 Kk-ft per section 2,682,288 Ib-in per section
Reference: AASHTO LRFD Bridge Design Specifications, 4th Edition 2007 (with 2008 Interim Revisions)




p-y reduction factor
Reese, GROUP 6.0 Technical Manual

Reference:

Pile Diameter =

B

Pile Spacing =
S

Loading Perbr
to Row '

36

9.0
108

30 feet

inches

feet

inches

Y/N

S/B = 3

Ba= 0.985

B ~ O 5292(3)0.5659

b

for 1.0 < % <3.28

B, =1.0 > for%z 3.8
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04___
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STREVGTH - T

TB Profile A, 35 ft 36 in on 108 in centers STRENGTH.1po

s4R sl2s/0q

LPILE Plus for windows, Vversion 5.0 (5.0.5)

Analysis of Individual Piles and Drilled shafts
subjected to Lateral Loading Using the p-y Method

() Copyri?ht ENSOFT, Inc., 1985-2004
A1l Rights Reserved

This program is licensed to:

S Ried

DLZ, Ohio Inc.

Path to file locations: M:\proj\0221\1004\01\geotechnical\Retaining
walls\LPILE\Final Anchored wall\

Name of input data file: TB Profile A, 35 ft 36 in on 108 in centers
STRENGTH. 1pd

Name of output file: TB Profile A, 35 ft 36 in on 108 in centers
STRENGTH. 1po

Name of plot output file: TB Profile A, 35 ft 36 in on 108 in centers
STRENGTH. 1pp

Name of runtime file: TB Profile A, 35 ft 36 in on 108 in centers

STRENGTH. lpr

Date: March 25, 2009 Time: 15:22:37

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:

- User-specified p-y curves used in analysis

- Analysis uses p-y multiplers for group action

- Analysis assumes no shear resistance at pile tip

- Analysis includes automatic computation of pile-top deflection vs.
pile embedment length

No computation of foundation stiffness matrix elements

pPage 1



TB Profile A, 35 ft 36 in on 108 in centers STRENGTH.1po
- 0ut€ut 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

mMaximum number of iterations allowed
peflection tolerance for convergence
Maximum allowable deflection

100

100
1.0000E-05 1in
1.0000E+02 1in

It HHu

[ |

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 Length = 300.00 1in
Depth of ground surface below top of pile = .00 1in
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 Sg.in 1bs/Sq.in

1 0.0000 36.00000000 808.0000 29.4000 29000000.
2 1000.0000  36.00000000 808.0000 29.4000 29000000.

The soil profile is modelled using 4 layers

Layer 1 is modelled using user-specied p-y curves

Distance from top of pile to top of layer = .000 1in

Distance from top of pile to bottom of layer = 84.000 1in

Layer 2 1is sand, p-y criteria by Reese et al., 1974

Distance from top of pile to top of layer 84.888 in
468. i

n
125.000 1bs/in**3

p-y subgrade modulus k for top of soil layer
125.000 1bs/in**3

Distance from top of Ei1e to bottom of layer
p-y subgrade modulus k for bottom of layer

nawun

Layer 3 is stiff clay without free water
Distance from top of pile to top of layer
Distance from top of pile to bottom of layer

468.000 in
588.000 in

W

Layer 4 1is sand, p-y criteria by Reese et al., 1974

Distance from top of pile to top of layer

Distance from top of Ei1e to bottom of layer
k

588.000 in
1000.000 in
125.000 lbs/in**3
125.000 1bs/in**3

| T 1A

p-y subgrade modulus k for top of soil layer
p-y subgrade modulus k for bottom of Tlayer

(Depth of lowest layer extends 700.00 in below pile tip)
Page 2
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TB Profile A, 35 ft 36 in on 108 in centers STRENGTH.1po

Distribution of effective unit weight of soil with depth
is defined using 8 points

Point Depth X Eff. Unit weight
NO. in Tbs/in**3

1 00 .03600

2 84.00 .03600

3 84.00 .03900

4 468.00 .03900

5 468.00 .03600

6 588.00 .03600

7 588.00 .03900

8 1000.00 .03900

Distribution of shear strength parameters with depth
defined using 6 points

Point Depth X Cohesion ¢ Angle of Friction £50 or RQD
No. in Tbs/in*%2 Deg. k_rm %
1 84.000 .00000 38.00 @ —mmmm= e
2 468.000 .00000 38.00 @ emmemm= mmmeee
3 468.000 10.40000 00 00 emmmmme mmeee
4 588.000 10.40000 00 0 o emmmmmm mmmme
b) 588.000 .00000 38.00 = =m—m-= emee—
6 1000.000 .00000 38.00 2 memmemmm e
Notes

(1) cohesion = uniaxial compressive strength for rock materials.

(2) values of E50 are regorted for clay strata.

(3) Dpefault values will be generated for E50 when input values are 0.
(4) RQD and k_rm are reported only for weak rock strata.

Distribution of p-y multipliers with depth defined using 2 points

Point Depth X p-mult y-mult
NO. in
1 .000 .9850 1.0000
2 1000.000 .9850 1.0000



TB Profile A, 35 ft 36 in on 108 in centers STRENGTH.l1po

User-specified p-y curves defined using 2 curves.

User-specified curve number 1 at depth = .0001n
Point y ,
No. in 1bs/in
1 0000 000
2 4700 5870.000
3 9300 11730.000
4 1.4000 16720.000
5 1.8700 20410.000
6 2.3300 23170.000
7 2.8000 25340.000
8 3.2700 27100.000
9 3.7300 28860.000
10 4.2000 30620.000
11 100.0000 32260.000
User-specified curve number 2 at depth = 84.0001n
Point y ,
No. in Tbs/in
1 0000 000
2 4700 5870.000
3 9300 11730.000
4 1.4000 16720.000
5 1.8700 20410.000
6 2.3300 23170.000
7 2.8000 25340.000
8 3.2700 27100.000
9 3.7300 28860.000
10 4.2000 30620.000
11 100.0000 32260.000

Number of loads specified = 1
Load Case Number 1

Pile-head boundar¥ conditions are Shear and Moment (BC Type 1)
Shear force at pile head = 28600.000 1bs

Page 4
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TB Profile A, 35 ft 36 in on 108 in centers STRENGTH.1po
Bendin? moment at pile head = 2682288.000 in-1bs
Axial Toad at pile head = 473000.000 1bs

Non-zero moment at pile head for this load case indicates the pile-head
may rotate under the applied pile-head Toading, but is not a free-head
(zero moment) condition.

computed values of Load Distribution and Deflection
for Lateral Loading for Load Case Number 1

Pile-head boundary conditions are Shear and Moment (BC Type 1)
specified shear force at pile head 28600.000 1bs
specified moment at pile head 2682288.000 in-1bs
specified axial load at pile head 473000.000 1bs

0 H

Non-zero moment for this load case indicates the ﬁ11e—head may rotate under
the applied pile-head loading, but is not a free-head (zero moment )condition.

Depth Deflect. Moment Shear Slope Total Soil Res
X y M v S stress p

in in Tbs-1in Tbs Rad. Tbs/in¥**2 Tbs/in
0.000 .248170 2682288. 28600.0000 .0076409 75842.3760 -3052.9964
3.000 .225763 2764948. 19854.4965 .0072922 77683.8172 -2777.3392
6.000 .204417 2822110. 11916.3678 .0069345 78957.2254 -2514.7466
9.000 .184156 2856127. 4746.0149 .0065710 79715.0177 -2265.4887
12.000 .164991 2869235. -1696.8074 .0062045 80007.0313 -2029.7262
15.000  .146929 2863554. -7452.6784 .0058375 79880.4826 -1807.5211
18.000  .129966 2841086. -12562.2298 .0054723 79379.9453 -1598.8466
21.000  .114095 2803711. -17065.8942 .0051110 78547.3489 -1403.5964
24.000  .099300 2753195. -21003.6797 .0047553 77421.9911 -1221.5940
27.000  .085563 2691185. -24414.9715 .0044067 76040.5670 -1052.6006

.0040668 74437.2099 -896.3234
.0037366 72643.5439 -752.4221
.0034172 70688.7464 -620.5164
.0031094 68599.6189 -500.1916
.0028139 66400.6655 -391.0047
.0025314 64114.1772  -292.4892
.0022621 61760.3211 -204.1601
.0020065 59357.2346  -125.5182

30.000 .072860 2619212. -27338.3575
33.000 .061162 2538696. -29811.4757
36.000 .050440 2450947. -31870.8835
39.000 .040659 2357169. -33551.9455
42.000 .031784 2258460. -34888.7400
45.000 .023776 2155822. -35913.9808
48.000 .016596 2050160. -36658.9546
51.000 .010203 1942288. -37153.4719

[ [N N N N EN SRR [N N SN N S RN RN N R R 2 N R R R R N S A A S |

54.000 .004556 1832934. -37425.8297 .0017649 56921.1215 -56.0537
57.000 -.000386 1722742. -37502.7854 .0015372 54466.3516 4.7499
60.000 -.004667 1612280. -37409.5403 .0013238 52005.5617 57.4135
63.000 -.008329 1502042. -37169.7317 .0011244 49549.7578 102.4589
66.000 -.011413 1392453. -36805.4329 .0009391 47108.4172 140.4070
69.000 -.013963 1283874. -36337.1588 .0007678 44689.5921 171.7757
72.000 -.016020 1176609. -35783.8784 .0006103 42300.0110 197.0779
75.000 -.017625 1070903. -35163.0305 .0004664 39945.1811 216.8206
78.000 -.018818 966954. -34490.5448 .0003359 37629.4884 231.5032
81.000 -.019640 864913. -33780.8648 .0002187 35356.2976 241.6168
84.000 -.020130 764889. -32606.0094 -.0001143 33128.0492 541.6201
87.000 -.020326 669601. -30944.7263 -2.2509e-05 31005.2974 565.9019
90.000 -.020265 579285. -29217.0101 5.7439e-05 28993.2960 585.9089
93.000 -.019982 494136. -27435.4878 .0001262 27096.4220 601.7726
96.000 -.019508 414314. -25612.3915 .0001843 25318.2006 613.6249
99.000 -.018876 339939. -23759.5488 .0002326 23661.3311 621.6036
102.000 -.018113 271097. -21888.3598 .0002717 22127.7142 625.8557
105.000 -.017246 207838. -20009.7678 .0003024 20718.4812 626.5390
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108.000 -.016299 150180. -18134.2265 .0003253 19434.0249 623.8219
111.000 -.015294 98109.0944 -16271.6676 .0003412 18274.0340 617.8840
114.000 -.014252 51581.5251 -14431.4698 .0003508 17237.5288 608.9145
117.000 -.013189 10524.8153 -12622.4320 .0003547 16322.8991 597.1107
120.000 -.012123 -25159.8101 -10852.7515 .0003538 16648.9262 582.6762
123.000 -.011067 -55595.7784 -9130.0102 .0003486 17326.9552 565.8179
126.000 -.010031 -80929.2848 -7492.2084 .0003399 17891.3155 526.0500
129.000 -.009027 -101514. -5988.0420 .0003282 18349.8778 476.7277
132.000 -.008062 -117789. -4629.8449 .0003142 18712.4478 428.7370
135.000 -.007142 -130184. -3413.0553 .0002983 18988.5814 382.4560
138.000 -.006272 -139114. -2332.0842 .0002811 19187.5075 338.1914
141.000 -.005456 -144974. -1380.5196 .0002629 19318.0650 296.1849
144.000 -.004695 -148143. -551.3142 .0002441 19388.6521 256.6187
147.000 -.003991 -148975. 163.0459 .0002251 19407.1888 219.6214
150.000 -.003345 -147804. 770.3887 .0002061 19381.0896 185.2738
153.000 -.002755 -144938. 1278.7208 .0001874 19317.2458 153.6143
156.000 -.002220 -140663. 1696.1080 .0001691 19222.0164 124.6439
159.000 -.001740 -135241. 2030.5711 .0001514 19101.2273 98.3315
162.000 -.001312 -128909. 2289.9964 .0001345 18960.1758 74.6187
165.000 -.000933 -121883. 2482.0599 .0001184 18803.6420 53.4237
168.000 -.000601 -114353. 2614.1642 .0001033 18635.9036 34.6459
171.000 -.000313 -106491. 2693.3873 .9183e-05 18460.7562 18.1695
174.000 -6.63E-05 -98445.7974  2726.4421 7.6064E-05 18281.5348 3.8670

.3979e-05 18101.1397 -8.3977
.2926€E-05 17922.0627 -18.7665
.2892E-05 17746.4151 -27.3846
.3854E-05 17575.9568 -34.3981
.5776E-05 17412.1249 -39.9522
.8617E-05 17256.0627 -44.1896
.2330E-05 17108.6482 -47.2490
.8633E-06 16970.5215 -49.2639
.1628E-06 16842.1118 -50.3616
.8283E-06 16723.6624 -50.6626
.1675e-06 16615.2552 -50.2801
.9124e-06 16516.8332 -49.3193
.0120E-05 16428.2216 ~-47.8772
.1845E-05 16349.1474 -46.0427
.3143e-05 16279.2573 -43.8964
.4064E-05 16218.1334 -41.5108
.4658E-05 16165.3087 -38.9503
.4970E-05 16120.2794 -36.2716
.5044€e-05 16094.3542 -33.5241
.4921E-05 16125.3946 -30.7500
.4637e-05 16150.2630 -27.9846
.4227e-05 16169.5094 -25.2573

177.000 .000143 -90348.0619  2719.6461
180.000 .000318 -82309.4916 2678.8998
183.000 .000461 -74424.8667 2609.6730
186.000 .000575 -66773.1823  2516.9989
189.000 .000664 -59418.9499  2405.4734
192.000 .000730 -52413.4926  2279.2606
195.000 .000775 -45796.2198  2142.1027
198.000 .000804 -39595.8680 1997.3334
201.000 .000817 -33831.6974  1847.8953
204.000 .000817 -28514.6346  1696.3589
207.000 .000806 -23648.3550  1544.9448
210.000  .000786 -19230.3005  1395.5456
213.000 .000758 -15252.6260  1249.7509
216.000 .000725 -11703.0751  1108.8711
219.000 .000687 -8565.7821 973.9625
222.000 .000646 -5822.0004 845.8518
225.000 .000603 -3450.7579 725.1603
228.000 .000558 -1429.4408 612.3274
231.000 .000513 265.6911 507.6337
234.000 .000468  1659.0575 411.2225
237.000 .000423  2775.3727 323.1206
240.000 .000380  3639.3220 243.2577

243.000 .000338  4275.2943 171.4847 .3720e-05 16183.6771 -22.5914
246.000 .000298 4707.1674 107.5903 .3145e-05 16193.2980 -20.0048
249.000 .000259  4958.1420 51.3171 -1.2526€E-05 16198.8890 -17.5106
252.000 .000222  5050.6199 2.3750 -1.1886E-05 16200.9492 -15.1174

.1242e-05 16199.9579 -12.8297
.0611E-05 16196.3741 -10.6484
.0007e-05 16190.6358 -8.5714

255.000 .000188  5006.1235 -39.5456
258.000  .000155  4845.2506 -74.7627
261.000 .000124  4587.6620 -103.5924

264.000 9.50E-05 4252.0972 -126.3404 -9.4415E-06 16183.1603 -6.5940
267.000 6.75E-05  3856.4144  -143.2948 .9224e-06 16174.3456 -4.7090
270.000 4.14e-05 3417.6501  -154.7197 .4567E-06 16164.5711 -2.9076
273.000 1.67e-05 2952.0965 -160.8505 .0490E-06 16154.1999 -1.1796

276.000 -6.86E-06 2475.3902 -161.8905
279.000 -2.95e-05 2002.6105 -158.0085
282.000 -5.13E-05 1548.3828 -149.3375
285.000 -7.26E-05 1126.9836  -135.9752
288.000 -9.34E-05 752.4436  -117.9851
291.000 -.000114 438.6439 -95.3990

Page 6

.7015e-06 16143.5802 .4862550
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294.000 -.000134 199.4041 -68.2211 -6.7789e-06 16092.8775 9.8253
297.000 -.000155 48.5560 -36.4329 -6.7630E-06 16089.5171 11.3668
300.000 -.000175 0.0000 0.0000 -6.7599E-06 16088.4354 12.9218

output verification:

computed forces and moments are within specified convergence limits.

Ooutput Summary for Load Case No. 1:

poon
'3869235. 1bs-in—> 239 ¥+
-37502.78543 1bs
1200000000 in
57.00000000 in

Pile-head deflection

computed slope at pile head
Maximum bendin2 moment

Maximum shear force

Depth of maximum bendin% moment
pDepth of maximum shear force
Number of iterations

Number of zero deflection points

o wnnun

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 1bs-in
Type 3 = shear and Rot. Stiffness, V = pile-head shear force 1bs
Type 4 = Deflection and Moment, S = pile-head slope, radians
Type 5 = Deflection and Slope, R = rotational stiffness of pile-headin-Tbs/rad
Load Boundary Boundary Axial Pile Head Pile-Head Pile Head
Type Condition Condition Load peflection Moment Shear
1 2 Tbs in in-Tbs Tbs
1 v= 28600. M= 2.68E+06 473000. .2481703 2869235. -37502.7854

Boundary Condition Type 1, Shear and Moment

Shear = 28600. 1bs

Moment = 2682288. in-1bs

Axial Load = 473000. 1bs
Pile Pile Head Maximum Maximum
Length Deflection Moment Shear

in in in-1bs 1bs

300.000 .24817031 2869235. -37502.78543
285.000 .24817852 2868366. -37409.05820
270.000 .24819722 2869019. -37355.08093

Page 7
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The analysis ended normally.

.000

000
000
000

TB Profile A, 35 ft 36 1in
2869912.
2869829.
2869346.
2870326.
2869593.
2870407.
2870211.

.24825537
.24825343
.24830347
.24836480
.24847844
.24860892
.24861496

z5 of 39

on 108 1in centers STRENGTH.1po
-37491.33936
-37345.91998
-37415.57519
-37381.05950
-37375.33808
~-37344.35269
-37146.04333
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Profile A, 35 ft Wall 2C15x51 on 9ft Centers
Yrdeotors] Bending Moment (in-kips)
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Profile A, 35 ft Wall 2C15x51 on 9ft Centers
Shear Force (kips)
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Calculations: Check of Axial Capacity of Drilled Shafts
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Calculations: Retaining Walls Supported on Spread Footings
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A. Additional Nominal Bearing Resistance Values (q,) for Spread Footings on Cohesive Soil

Effective Footing

Width, B' (ft) 5.0 6.0 7.0 8.0 9.0 100 | 11.0 | 120 | 130 | 140 | 15.0
Nominal Bearing

Resistance, q, 146 | 151 | 15.6 | 15.9* | 15.9* | 15.9* | 15.9* | 15.9* | 16.9* | 15.9* | 15.9*
(ksf)

where q, = (12,064 psf + 510 pcf (B'))/1000 psf/ksf

* - maximum value of 15.9 ksf

B. Additional Nominal Bearing Resistance Values (q,) for Spread Footings on Granular Soil

Effective Footing

Width, B' (ft) 5.0 6.0 7.0 8.0 9.0 10.0 | 11.0 | 12.0 | 13.0 [ 140 | 15.0
Nominal Bearing

Resistance, q, 171 | 177 | 183 | 188 | 194 | 20.0 | 206 | 21.2 | 21.8 | 224 | 23.0
(ksf)

where q, = (14,112 psf + 592 pcf (B'))/1000 psf/ksf

Retaining Wall bearing.xls [Resistance Values] 3/26/2009 - 9:31 AM
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Project Name : FRA-70-8.93 Client : ODOT D6
File Name : RET WALLO1 Project Manager : D. Adams
Date 3/30/10 Computed by : DAA
Settlement for X-Direction
Embank. slope, x direc. = 0.10 (ft) Height of fill H = 21.90 (ft)
y direc. = 0.10 (ft) unit weight of fill = 120.00 (pcf)
Embankment top width = 100.00 (ft) p load/unit area = 2628.00 (psf)
Embankment bottom width = 100.20 (ft) Foundation Elev. = 735.80 (ft)
Ground Surface Elev. = 732.40 (ft)
water table Elev. = 724.00 (ft) unit weight of wat. = 62.40 (pcf)
LAYER COEFFICIENT UNIT SPECIFIC VOID
N§. TYPE THICK. COMP. RECOMP. SWELL. WEIGHT GRAVITY  RATIO
(fo) (pct)
1 INCOMP. 8.4 -—---- —--ee ————- 120.00 ———- ———-
2 comp. 13.5 0.000 0.008 0.000 120.00 2.65 0.33
3  COMP. 6.0 0.000 0.020 0.000 120.00 2.65 0.33
4  COMP. 3.0 0.000 0.008 0.000 120.00 2.65 0.33
5 ¢comMp. 12.0 0.120 0.012 0.012 130.00 2.65 0.33
SUBLAYER SOIL STRESSES
N§. THICK. ELEV INITIAL MAX.PAST PRESS.
(ft) (ft) (psf) (pst)
1 INCOMP.
2 13.50 717.25 1396.80 7602.59
3 6.00 707.50 1958.40 8444 .92
4 3.00 703.00 2217.60 8833.69
5 12.00 695.50 2709.60 9481.64
X = 0.00 X = 10.00 X = 20.00 X = 30.00
Layer Stress Sett. Stress Sett. Stress Sett. Stress Sett.
(pst)  (in.) (psf)  (in.) (psf)  (in.) (pst)  (in.)
1 INCOMP. INCOMP. 1INCOMP., INCOMP.
2 650.80 0.16 1031.10 0.23 1201.75 0.26 1260.10 0.27
3 648.32 0.13 919.40 0.18 1097.53 0.21 1188.08 0.22
4 645.79 0.02 883.01 0.03 1053.23 0.04 1149.98 0.04
5 639.77 0.12 834.19 0.15 986.90 0.18 1085.29 0.19
0.44 0.60 0.68 0.72
X = 40.00 X = 50.00
Layer Stress Sett. Stress Sett.
(pst)  (Gin.) (pst)  (Gin.)
1 INCOMP. INCOMP,
2 1280.14 0.28 1285.20 0.28
3 1227.82 0.23 1239.04 0.23

FRA70RW2 . TXT

INCREMENT OF STRESSES BENEATH THE END OF FILL CONDITION
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4 1196.17 0.04 1209.76 0.04
5 1137.40 0.20 1153.62 0.20
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