


















































































































































































































































































































































































Lateral Deflection (inches)

16" A.C, Leading Row (0.7) Pile No Axial Load
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Bending Moment (in-kips)

16" A.C, Leading Row (0.7) Pile No Axial Load
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Lateral Deflection (inches)

16" A.C, Second Row (0.5) Pile No Axial Load
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Bending Moment (in-kips)

16" A.C, Second Row (0.5) Pile No Axial Load
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Lateral Deflection (inches)

16" A.C, Trailing Row (0.35) Pile No Axial Load
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Bending Moment (in-kips)

16" A.C, Trailing Row (0.35) Pile No Axial Load
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Lateral Deflection (inches)

16" A.C, Leading Row (0.7) Pile 125 kip Axial Load
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Bending Moment (in-kips)

16" A.C, Leading Row (0.7) Pile 125 kip Axial Load

D
ep

th
(f

t)

-1000 -800 -600 -400 -200 0 200 400 600
0

5
10

15
20

25
30

35
40

45
50

55
60

65
70

75
80

13 kips
17.5 kips
20.5 kips



Lateral Deflection (inches)

16" A.C, Second Row (0.5) Pile 125 kip Axial Load
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Bending Moment (in-kips)

16" A.C, Second Row (0.5) Pile 125 kip Axial Load
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Lateral Deflection (inches)

16" A.C, Trailing Row (0.35) Pile 125 kip Axial Load
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Bending Moment (in-kips)

16" A.C, Trailing Row (0.35) Pile 125 kip Axial Load
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Lateral Deflection (inches)

16" A.C, Leading Row (0.7) Pile 250 kip Axial Load
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Bending Moment (in-kips)

16" A.C, Leading Row (0.7) Pile 250 kip Axial Load
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Lateral Deflection (inches)

16" A.C, Second Row (0.5) Pile 250 kip Axial Load
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Bending Moment (in-kips)

16" A.C, Second Row (0.5) Pile 250 kip Axial Load
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Lateral Deflection (inches)

16" A.C, Trailing Row (0.35) Pile 250 kip Axial Load
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Bending Moment (in-kips)

16" A.C, Trailing Row (0.35) Pile 250 kip Axial Load
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GROUP ANALYSES  
 
 
 





PILE GROUP ANALYSIS SUMMARY

4 Pile Cap (Detail 4/S301 from Phase 2)

16-in. diameter Augercast Pile:
Compression  1000 kips (250 kips per pile)
Shear at the Pile
Cap (Y/Z Axis)

Deflection at Cap Critical Pile No. Remark
Z Z

48 kips 0.47 #1, #3 12 kips/per pile
56 kips 0.60 #1, #3 14 kips/per pile
64 kips 0.74 #1, #3 16 kips/per pile
72 kips 0.91 #1, #3 18 kips/per pile
80 kips 1.13 #1, #3 20 kips/per pile

16-in. diameter Augercast Pile:
Compression  750 kips (187.5 kips per pile)
Shear at the Pile
Cap (Y/Z Axis)

Deflection at Cap Critical Pile No. Remark
Z Z

48 kips 0.25 #1, #3 12 kips/per pile
56 kips 0.33 #1, #3 14 kips/per pile
64 kips 0.44 #1, #3 16 kips/per pile
72 kips 0.55 #1, #3 18 kips/per pile
80 kips 0.67 #1, #3 20 kips/per pile

 Please see the attached plots for maximum bending moment and shear
stress at each pile.

 Assume fixed connection at concrete pile and cap (same deflection for
each pile top/cap).

 If shear is applied along Y axis, the results will be the same as above
along Y axis (except critical piles will be #2 and #4).

REDUCTION FACTORS FOR CLOSELY-SPACED PILE GROUPS ALONG Z-DIRECTION ESTIMATED
ASSUMING MOVEMENT IN THE DIRECTION OF Z-FORCE (+)

            GROUP NO     P-FACTOR     Y-FACTOR

               1 0.69            1.00
               2 0.47            1.00
               3 0.69            1.00
               4 0.47            1.00

REDUCTION FACTORS FOR CLOSELY-SPACED PILE GROUPS ALONG Y-DIRECTION ESTIMATED
ASSUMING MOVEMENT IN THE DIRECTION OF Y-FORCE (+)

            GROUP NO     P-FACTOR     Y-FACTOR

               1 0.69            1.00
               2 0.69            1.00
               3 0.47            1.00
               4 0.47            1.00
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Deflection z dir (in)

4-Pile Cap - 1000 kip Vertical - L(z-direction)=48 kips (fixed connection at pile cap)
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Moment y dir (lbs-in)

4-Pile Cap - 1000 kip Vertical - L(z-direction)=48 kips (fixed connection at pile cap)
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Shear z dir (lbs)

4-Pile Cap - 1000 kip Vertical - L(z-direction)=48 kips (fixed connection at pile cap)

D
ep

th
(i

n)

-6000 -4000 -2000 0 2000 4000 6000 8000 1E4 1.2E4
0

50
10

0
15

0
20

0
25

0
30

0
35

0
40

0
45

0
50

0
55

0
60

0
65

0
70

0
75

0
80

0
85

0
90

0
95

0
10

00

Pile #1
Pile #2
Pile #3
Pile #4



Deflection z dir (in)

4-Pile Cap - 1000 kip Vertical - L(z-direction)=56 kips (fixed connection at pile cap)
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Moment y dir (lbs-in)

4-Pile Cap - 1000 kip Vertical - L(z-direction)=56 kips (fixed connection at pile cap)
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Shear z dir (lbs)

4-Pile Cap - 1000 kip Vertical - L(z-direction)=56 kips (fixed connection at pile cap)
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Deflection z dir (in)

4-Pile Cap - 1000 kip Vertical - L(z-direction)=64 kips (fixed connection at pile cap)
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Moment y dir (lbs-in)

4-Pile Cap - 1000 kip Vertical - L(z-direction)=64 kips (fixed connection at pile cap)
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Shear z dir (lbs)

4-Pile Cap - 1000 kip Vertical - L(z-direction)=64 kips (fixed connection at pile cap)
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Deflection z dir (in)

4-Pile Cap - 1000 kip Vertical - L(z-direction)=72 kips (fixed connection at pile cap)
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Moment y dir (lbs-in)

4-Pile Cap - 1000 kip Vertical - L(z-direction)=72 kips (fixed connection at pile cap)
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Shear z dir (lbs)

4-Pile Cap - 1000 kip Vertical - L(z-direction)=72 kips (fixed connection at pile cap)
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Deflection z dir (in)

4-Pile Cap - 1000 kip Vertical - L(z-direction)=80 kips (fixed connection at pile cap)
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Moment y dir (lbs-in)

4-Pile Cap - 1000 kip Vertical - L(z-direction)=80 kips (fixed connection at pile cap)
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Shear z dir (lbs)

4-Pile Cap - 1000 kip Vertical - L(z-direction)=80 kips (fixed connection at pile cap)
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L=56k (z-direction), P=750k



L=56k (z-direction), P=750k
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Deflection z dir (in)

4-Pile Cap - 750 kip Vertical - L(z-direction)=48 kips (fixed connection at pile cap)
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Moment y dir (lbs-in)

4-Pile Cap - 750 kip Vertical - L(z-direction)=48 kips (fixed connection at pile cap)
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Shear z dir (lbs)

4-Pile Cap - 750 kip Vertical - L(z-direction)=48 kips (fixed connection at pile cap)
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Deflection z dir (in)

4-Pile Cap - 750 kip Vertical - L(z-direction)=56 kips (fixed connection at pile cap)
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Moment y dir (lbs-in)

4-Pile Cap - 750 kip Vertical - L(z-direction)=56 kips (fixed connection at pile cap)
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Shear z dir (lbs)

4-Pile Cap - 7500 kip Vertical - L(z-direction)=56 kips (fixed connection at pile cap)
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Deflection z dir (in)

4-Pile Cap - 750 kip Vertical - L(z-direction)=64 kips (fixed connection at pile cap)
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Moment y dir (lbs-in)

4-Pile Cap - 750 kip Vertical - L(z-direction)=64 kips (fixed connection at pile cap)
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Shear z dir (lbs)

4-Pile Cap - 750 kip Vertical - L(z-direction)=64 kips (fixed connection at pile cap)
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Deflection z dir (in)

4-Pile Cap - 750 kip Vertical - L(z-direction)=72 kips (fixed connection at pile cap)
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Moment y dir (lbs-in)

4-Pile Cap - 750 kip Vertical - L(z-direction)=72 kips (fixed connection at pile cap)
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Shear z dir (lbs)

4-Pile Cap - 750 kip Vertical - L(z-direction)=72 kips (fixed connection at pile cap)
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Deflection z dir (in)

4-Pile Cap - 750 kip Vertical - L(z-direction)=80 kips (fixed connection at pile cap)
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Moment y dir (lbs-in)

4-Pile Cap - 750 kip Vertical - L(z-direction)=80 kips (fixed connection at pile cap)
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Shear z dir (lbs)

4-Pile Cap - 750 kip Vertical - L(z-direction)=80 kips (fixed connection at pile cap)
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PILE GROUP ANALYSIS SUMMARY

12 Pile Cap (Detail 12/S301 from Phase 2)

16-in. diameter Augercast Pile:
Compression  2250 kips (187.5 kips per pile)
Shear at the Pile
Cap (Y/Z Axis)

Deflection at Cap Critical Pile No. Remark
Y Z Y Z

144 kips 0.15 0.17 #1, #3 #3, #12 12 kips/per pile
168 kips 0.19 0.21 #1, #3 #3, #12 14 kips/per pile
216 kips 0.30 0.33 #1, #3 #3, #12 18 kips/per pile
240 kips 0.45 0.40 #1, #3 #3, #12 20 kips/per pile

 Please see the attached plots for maximum bending moment and shear
stress at each pile.

 Assume fixed connection at concrete pile and cap (same deflection for
each pile top/cap).

WHEN SHEAR LOADING APPLIED ALONG Y-AXIS
REDUCTION FACTORS FOR CLOSELY-SPACED PILE GROUPS, COMBINED Y AND Z DIRECTIONS
ESTIMATED USING MOVEMENT IN THE DIRECTION OF PILE CAP DISPLACEMENTS

            GROUP NO     P-FACTOR     Y-FACTOR

               1  0.69        1.00
               2  0.55        1.00
               3  0.69        1.00
               4  0.38        1.00
               5  0.26        1.00
               6  0.38        1.00
               7  0.29        1.00
               8  0.18        1.00
               9  0.29        1.00
              10  0.35        1.00
              11  0.24        1.00
              12  0.35        1.00

WHEN SHEAR LOADING APPLIED ALONG Z-AXIS
REDUCTION FACTORS FOR CLOSELY-SPACED PILE GROUPS, COMBINED Y AND Z DIRECTIONS
ESTIMATED USING MOVEMENT IN THE DIRECTION OF PILE CAP DISPLACEMENTS

            GROUP NO     P-FACTOR     Y-FACTOR

               1  0.35        1.00
               2  0.38        1.00
               3  0.69        1.00
               4  0.23        1.00
               5  0.26        1.00
               6  0.55        1.00
               7  0.23        1.00
               8  0.26        1.00
               9  0.55        1.00
              10  0.35        1.00
              11  0.38        1.00
              12  0.69        1.00
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L=168 kip (y-direction), P=2250 kips
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Deflection y dir (in)

12-Pile Cap - 2250 kip Vertical - L(y-direction)=144 kips (fixed connection at pile cap)
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Moment z dir (lbs-in)

12-Pile Cap - 2250 kip Vertical - L(y-direction)=144 kips (fixed connection at pile cap)
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Shear y dir (lbs)

12-Pile Cap - 2250 kip Vertical - L(y-direction)=144 kips (fixed connection at pile cap)
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Deflection y dir (in)

12-Pile Cap - 2250 kip Vertical - L(y-direction)=168 kips (fixed connection at pile cap)
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Moment z dir (lbs-in)

12-Pile Cap - 2250 kip Vertical - L(y-direction)=168 kips (fixed connection at pile cap)
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Shear y dir (lbs)

12-Pile Cap - 2250 kip Vertical - L(y-direction)=168 kips (fixed connection at pile cap)
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Deflection y dir (in)

12-Pile Cap - 2250 kip Vertical - L(y-direction)=216 kips (fixed connection at pile cap)
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Moment z dir (lbs-in)

12-Pile Cap - 2250 kip Vertical - L(y-direction)=216 kips (fixed connection at pile cap)
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Shear y dir (lbs)

12-Pile Cap - 2250 kip Vertical - L(y-direction)=216 kips (fixed connection at pile cap)
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