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PROJECT DESCRIPTION

TIP NO.

COUNTY

STATION

P.E. SEAL

DESIGN

CHECK

SIGNATURE

BENT

1

13+48.50                

-L-

36" DIAMETER 

DRILLED PIERS
611 TONS/PIER

Point of Fixity Elev. =

Tip No Higher Than Elev. =

764.9 ±END 

BENT   

2

13+99.69              

-L-

CAP ON

HP 12 x 53

STEEL H-PILES                                       

81 TONS/PIER Avg. Estimated Pile Length =      

Number of Piles/Cap =

15 FT

5

(SEE NOTES ON PLANS AND COMMENTS ON FOLLOWING PAGES.)

20 FT

ADDITIONAL INFORMATION

Bottom of Cap Elev. =

Top of Drilled Pier Elevation. =

Bottom of Cap Elevation. =

BENT 

STATION

FOUNDATION  

TYPE

FACTORED 

RESISTANCE

END 

BENT

1

12+82.31                 

-L-

CAP ON

HP 12 x 53

STEEL H-PILES                                       

94 TONS/PILE

5

763.8 ±Bottom of Cap Elev. =

FOUNDATION RECOMMENDATIONS

(Neelie Rd.) over South Deep Creek

17BP.11.R.183

N/A

Yadkin

Bridge No. 980020 On SR1152

13+41.00 -L-

10/16/18

10/16/18

INITIALS DATE

MRS

GKG

720

Avg. Estimated Pile Length =      

Number of Piles/Cap =

764.2 ±

764.2 ±

736
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FOUNDATION RECOMMENDATION NOTES ON PLANS

FOR PILES, SEE SECTION 450 OF THE STANDARD SPECIFICATIONS.

FOR DRILLED PIERS, SEE SECTION 411 OF THE STANDARD SPECIFICATIONS.

DRILLED PIERS AT BENT NO. 1 ARE DESIGNED FOR A FACTORED RESISTANCE OF 611 TONS PER PIER. 

CHECK FIELD CONDITIONS FOR THE REQUIRED TIP RESISTANCE OF 50 TSF.

THE SCOUR CRITICAL ELEVATION FOR BENT NO. 1 IS ELEVATION 744 FT. SCOUR CRITICAL 

ELEVATIONS ARE USED TO MONITOR POSSIBLE SCOUR PROBLEMS DURING THE LIFE OF THE 

STRUCTURE.

SID INSPECTIONS MAY BE REQUIRED FOR DRILLED PIERS. THE ENGINEER WILL DETERMINE THE 

NEED FOR SID INSPECTIONS. FOR SID INSPECTIONS, SEE SECTION 411 OF THE STANDARD 

SPECIFICATIONS.

CSL TUBES AND TESTING ARE REQUIRED FOR DRILLED PIERS. CSL TESTING SHALL BE COMPLETED 

ON A MINIMUM OF 1 PIER PER BENT. FOR CSL TESTING, SEE SECTION 411 OF THE STANDARD 

SPECIFICATIONS.

PERMANENT STEEL CASINGS ARE REQUIRED FOR DRILLED PIERS AT BENT NO. 1. DO NOT EXTEND 

PERMANENT CASING BELOW ELEVATION 735 FT WITHOUT PRIOR APPROVAL FROM THE ENGINEER.

FOUNDATION RECOMMENDATIONS COMMENTS

PILE LENGTHS ARE BASED ON PLUMB PILES FROM BOTTOM OF CAP TO THE AVERAGE TIP 

ELEVATION AND ROUNDED UP TO THE NEAREST 5 FEET.

REQUIRED DRIVING RESISTANCE IS LESS THAN 175 TONS. PER RFP, PDA TESTING IS NOT REQUIRED 

AND THE REQUIRED DRIVING RESISTANCE WAS DETERMINED USING A RESISTANCE FACTOR OF 

0.60.

3. BRIDGE APPROACH FILLS ARE REQUIRED FOR THE END BENTS IN ACCORDANCE WITH NCDOT 

STANDARD DRAWING 422.02.

1.5:1 (H:V) SLOPES WITH RIP RAP AS SHOWN AT THE END BENTS SHOULD BE STABLE.

SCOUR CRITICAL ELEVATION SET AS APPROXIMATELY 2 FT BELOW DESIGN SCOUR ELEVATION 

745.7

FOUNDATION RECOMMENDATIONS

1.

2.

8.

10.

13.

3.

4.

5.

5.

Bridge No. 980020 on SR1152 (Neelie Rd.) over South Deep Creek

4.

6. STEEL H-PILE POINTS ARE REQUIRED FOR STEEL H-PILES AT END BENT NO. 1 AND END BENT NO. 2. FOR 

STEEL PILE POINTS, SEE SECTION 450 OF THE STANDARD SPECIFICATIONS.

PILES AT END BENT NO. 1 ARE DESIGNED FOR A FACTORED RESISTANCE OF 94 TONS PER PILE.

PILES AT END BENT NO. 2 ARE DESIGNED FOR A FACTORED RESISTANCE OF 81 TONS PER PILE.

INSTALL DRILLED PIERS AT BENT NO. 1 TO A TIP ELEVATION NO HIGHER THAN 720 FT WITH THE REQUIRED 

TIP RESISTANCE AND A PENETRATION OF AT LEAST 5 FT INTO ROCK AS DEFINED BY ARTICLE 411-1 OF THE 

STANDARD SPECIFICATIONS.

1.

2.

12.

7.

11.

9.

DRIVE PILES AT END BENT NO. 1 TO REQUIRED DRIVING RESISTANCE OF 160 TONS PER PILE.

DRIVE PILES AT END BENT NO. 2 TO REQUIRED DRIVING RESISTANCE OF 135 TONS PER PILE.
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WBS ELEMENT DATE 10/11/2018

TIP NO. DESIGNED BY MRS

COUNTY CHECKED BY GKG

STATION

DESCRIPTION

NUMBER OF BENTS WITH PILES

NUMBER OF PILES PER BENT

NUMBER OF END BENTS WITH PILES

NUMBER OF PILES PER END BENT

Steel

Pile Pipe Pile Predrilling Pile PDA

Bent # or Points Plates For Piles Redrives In Not In Testing

End Bent # (yes/no) (yes/no/maybe) (per linear ft) (per each) Soil Soil (per each)

End Bent 1 Yes

End Bent 2 Yes

TOTALS 0 0 0 0 0

Notes:

PILE PAY ITEMS

(Revised 8/11/15)

PILE PAY ITEM QUANTITIES

Pile

17BP.11.R.183

N/A

YADKIN

13+41.00 -L-

BRIDGE NO. 20 OVER SOUTH DEEP CREEK ON SR 1152 (NEELIE RD.)

Excavation

If steel pile points are required, calculate quantity of "Steel Pile Points" as equal to the number of steel piles.

Show quantity of "PDA Testing" on the plans as total only.

If pipe pile plates are or may be required, calculate the quantity of "Pipe Pile Plates" as equal to the number of pipe piles.

(per linear ft)

Blanks or "no" represent quantity of zero.

Only required for "Predrilling 

for Piles" & "Pile 

Excavation" pay items

DocuSign Envelope ID: 778BCB0B-F324-4B39-89E2-DF26199F0F58



WBS ELEMENT DATE 10/11/2018

TIP NO. DESIGNED BY MRS

COUNTY CHECKED BY GKG

STATION

DESCRIPTION

NUMBER OF BENTS WITH DRILLED PIERS 1

NUMBER OF DRILLED PIERS PER BENT 2

NUMBER OF END BENTS WITH DRILLED PIERS

NUMBER OF DRILLED PIERS PER END BENT

Permanent

Steel Casing 36" Dia.

For 36" Dia. Drilled Piers SID SPT CSL

Bent # or Drilled Pier Not In Soil Inspections Testing Testing

End Bent # (yes/no/maybe) (per linear ft) (per each) (per each) (per each)

Bent 1 Yes 30 Maybe 0 1

TOTALS 30 0 0 1

Notes:

Blanks or "no" represent quantity of zero.

DRILLED PIER PAY ITEMS

(For LRFD Projects - Revised 8/15/12)

17BP.11.R.183

N/A

YADKIN

13+41.00 -L-

BRIDGE NO. 20 OVER SOUTH DEEP CREEK ON SR 1152 (NEELIE RD.)

If permanent steel casing is or may be required, calculate quantity of "Permanent Steel Casing for 36" Dia. Drilled Pier" 

as the difference between the ground line or top of drilled pier elevation, whichever is higher, and the elevation the 

permanent casing can not extend below from the foundation recommendations.

If drilled piers not in soil are required, calculate quantity of "36" Dia. Drilled Piers in Soil" as the difference between the 

total drilled pier length and the "36" Dia. Drilled Piers Not in Soil" from the table above.  If there is none or zero 

quantity for drilled piers not in soil in the table above, calculate quantity of "36" Dia. Drilled Piers" as the total drilled 

pier length and do not use the "36" Dia. Drilled Piers in Soil" pay item.

The number of CSL tubes required per drilled pier is equal to one tube per foot of design pier diameter with at least 4 

tubes per pier.  Calculate the length of each CSL tube as the total drilled pier length plus 1.5 ft.

If "SID Inspections", "SPT Testing" or "CSL Testing" may be required, show quantities of these pay items on the plans as 

totals only.  If "SID Inspections", "SPT Testing" or "CSL Testing" is required, show quantities of these pay items on the 

plans for each bent or end bent.

DRILLED PIER PAY ITEM QUANTITIES
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7'-6"

51'-2‚" (SPAN B)66'-2‚" (SPAN A)

117'-4•" (FILL FACE TO FILL FACE)

13+00 14+00

STA. 12+71.44 -L-

BEGIN APPROACH SLAB

STA. 12+82.31 -L-

W.P. 1

EL. 762.76

EARTH BERM

(TYP.)

EARTH BERM 

1'-0" (MIN.)

(RUDY ROAD)

TO SR 1151

NEELIE RD.

-L- (SR 1152)

EL. 762.76

EARTH BERM

END BENT 1

FILL FACE AT 

STA. 13+48.50 -L-

W.P. 2
{ BENT 1

STA. 13+41.00 -L-

IDENTIFICATION 

C
R

E
E

K
S

O
U

T
H
 

D
E

E
P

STRUCTURE

EXISTING 

STA. 13+99.69 -L-

W.P. 3

ROAD)

(BRANDON HILLS

TO SR 1153

STA. 14+10.56 -L-

END APPROACH SLAB

END BENT 2

FILL FACE AT 

PC STA. 14+21.41 -L-

14+0013+00

780

770

760

750

SPAN A

EL. 767.84

LOW CHORD

(TYP.)

2'-0" THK. WITH GEOTEXTILE

CLASS II RIP RAP

STEEL PILES

HP 12 x 53

FIX. E
L
. 
7
7
0
 
|

GRADE POINT EL. 770.49

STA. 12+82.31 -L- 

FILL FACE AT END BENT 1

FIX.FIX.

STA. 12+74.91 -L-

BEGIN FRONT SLOPE

STA. 14+06.59 -L-

BEGIN FRONT SLOPE

13+50 14+5012+50

GRADE DATA

V.C. = 170 FT.

P.I. = 14+70.00

(+)0.6500%
(+)

6.5
57

8%

EL. = 771.71'

EL. 770.7

Q100

EL. 761.0'

NWS

BERM (TYP.)

1'-7" (MIN.)

EL. 763.92

EARTH BERM

EL. 763.92

EARTH BERM

EL. 762.00 

TOP OF DRILLED PIER

EL. 768.95

LOW CHORD

GRADE POINT EL. 771.29

STA. 13+99.69 -L- 

FILL FACE AT END BENT 2

FIX.

HYDRAULIC DATA

OVERTOPPING FLOOD DATA

NORMAL TO CAP (TYP.)

1'-7" MIN. BERM

NORMAL TO CAP (TYP.)

1'-0" MIN. EARTH BERM

(TYP.)

3'-6" KEY-IN 

E
L
. 
7
7
0
 
|

COLLAR (TYP.)

CONCRETE PILE

GRADE POINT EL. 770.44

STA. 12+74.91 -L-

BEGIN FRONT SLOPE

SPAN B

BASE HIGH WATER ELEVATION----------- 770.7 FT.

BASE DISCHARGE (Q100)----------------- 8,100 C.F.S.

DRAINAGE AREA------------------------- 51.5 SQ. MI.

DESIGN HIGH WATER ELEVATION--------- 768.1 FT.

FREQUENCY OF DESIGN DISCHARGE------- 10 YR.

DESIGN DISCHARGE---------------------- 4,500 C.F.S.

OVERTOPPING ELEVATION--------------- 769.6 FT.

FREQUENCY OF OVERTOPPING------------ 25 YR.

OVERTOPPING DISCHARGE--------------- 6,000 C.F.S.

GRADE POINT EL. 771.38

STA. 14+06.59 -L-

BEGIN FRONT SLOPE

STEEL PILES

HP 12 x 53

E
L
. 
7
5
7
 
|

E
L
. 
7
6
2
 
|

E
L
. 
7
7
2
 
|

(TYP.)

90°00'00"

E
L
. 
7
7
0
 
|

(TYP.)

SUBSTRUCTURE

EXISTING

NORMAL TO CAP

SLOPE 1• :  1

EXISTING GROUND

APPROXIMATE 
(TYP.)

1'-0"

E
L
. 
7
5
8
 
|

E
L
. 
7
5
8
 
|

E
L
. 
7
5
9
 
|

END BENT 1 BENT 1

END BENT 2

PILES NOT SHOWN IN PLAN VIEW FOR CLARITY

SECTION ALONG -L-

PLAN

S-1

PLANS ARE THE AS-BUILT PLANS

I HEREBY CERTIFY THESE

PI Sta 14+78.02

L = 110.34'

T = 56.61'

R = 200.00'

-L- HORIZONTAL CURVE DATA

SHEET 1 OF 2 REPLACES BRIDGE NO. 980020

PLOT SCALE:  1/8"

STRUCTURE EXCAVATION

1'-6" TO UNCLASSIFIED 

EXCAVATION (TYP.)

UNCLASSIFIED STRUCTURE

COLUMNS (TYP.)

3'-0" ~

DRILLED PIER

3'-6" ~ (TYP.)

(TOTAL LENGTH OF BRIDGE)

GEOTEXTILE (TYP.)

2'-0" THK. WITH

CLASS II RIP RAP

GRADE TO DRAIN

EXCAVATE TO 762.5

DRAIN

GRADE TO

TO 764.3

EXCAVATE

1
8
'-

0
"

1
8
'-

0
"

1
6
'-

3
"

1
6
'-

3
"

1
8
'-

0
"

1
8
'-

0
"
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TOTAL
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RUMMEL, KLEPPER & KAHL, LLP

900 RIDGEFIELD DRIVE SUITE 350

NC LICENSE NUMBER: F-0112

STATE OF NORTH CAROLINA

RALEIGH

DEPARTMENT OF TRANSPORTATION

RALEIGH, NC  27609-3960   (919) 878-9560

DATE :

DATE :

OCT 2018

OCT 2018

DOCUMENT NOT CONSIDERED FINAL

UNLESS ALL SIGNATURES COMPLETED

GENERAL DRAWING

PRELIMINARY

2

SHEET NO.

13+41.00 -L-

R. KEITH

R. KEITH

YADKIN

BRIDGE NO. 980020

17.BP.11.R.183

AND SR 1153 (BRANDON HILLS RD.) 

BETWEEN SR 1151 (RUDY RD.)

OVER SOUTH DEEP CREEK

FOR BRIDGE ON NEELIE RD. (SR 1152)

Drilled pier diameter
revised to 3'-0" to
eliminate short column.
Final Bridge Plans will
be updated to show
revised drilled pier
diameter
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13+00 14+00

EXISTING R/W

EXISTING R/W

(NEELIE RD.)

{ -L- SR 1152
STRUCTURE

EXISTING

STRUCTURE

PROPOSED

BRIDGE #980020

PAY ITEM)

(ROADWAY DETAIL AND

PROPOSED GUARDRAIL (TYP.)

1
0

+
0
0

10
+
0
0

-L- Sta.  11+07.00

BEGIN PROJECT

STA. 13+41.00 -L-

IDENTIFICATION

(TYP.)

WITH GEOTEXTILE

CLASS II RIPRAP

(RUDY RD.)

TO SR 1151

-L- POC Sta.  15+18.00

-L- PCC Sta.  15+31.74 HILLS ROAD)

(BRANDON

TO SR 1153

-L- PC Sta.  14+21.41

C
R

E
E

K
S

O
U

T
H
 

D
E

E
P

(TYP.)

90°00'00"

-L- PT Sta.  11+84.13

SEE UTILITY PLANS AND SPECIAL PROVISIONS

FOR UTILITY INFORMATION, 

S-2

SHEET 2 OF 2

-L- POC Sta.  15+63.00

END PROJECT

12+00

11+00

15+00

LOCATION SKETCH

GENERAL NOTES

THIS BRIDGE IS LOCATED IN SEISMIC ZONE 1.                   

THE AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS.

THIS BRIDGE HAS BEEN DESIGNED IN ACCORDANCE WITH

ASSUMED LIVE LOAD = HL-93 OR ALTERNATE LOADING.

1
5
+
0
0

-DRI- POT Sta. 10+90.93

-L- PC Sta.  14+50.11

GRADE PT.

2
'-

8
ƒ

"
1
'-

9
"

(T
Y

P
.)

15'-0"

10 PRESTRESSED CONCRETE CORED SLAB UNITS =  30'-0"

15'-0"

AT INTERMEDIATE DIAPHRAGMS THROUGH VOIDS

@
 
{
 

B
R

G
.

3'-0"

-L-

1" 1"

0.02

ROADWAY PLANS)

SURFACE (SEE

ASPHALT WEARING

0.02

(TYP.)

CONST. JT.

FINAL TENSIONING OF TRANSVERSE STRANDS

ALL ERECTION HAS BEEN COMPLETED AND AFTER

SHEAR KEYS TO BE FILLED WITH GROUT AFTER

30'-0"

HALF SECTIONHALF SECTION

TYPICAL SECTION

(T
Y

P
.)

@
 
{
 

B
R

G
.

BARRIER RAIL

42" VERTICAL CONCRETE

1'-0" 1'-0"

13'-11" 13'-11"

2ƒ" @ { BRG. - SPAN B

3•" @ { BRG. - SPAN A 

6‚" @ { BRG. - SPAN B

7" @ { BRG. - SPAN A

2ƒ" @ { BRG. - SPAN B

3•" @ { BRG. - SPAN A

S
P

A
N
 

B

S
P
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N
 

A
2
'-

0
"

2
'-

9
•

"

27'-10" (CLEAR ROADWAY)

IN 2•" ~ HOLES

POST-TENSIONING STRAND

0.6" ~ L.R. TRANSVERSE

``VERTICAL CONCRETE BARRIER RAIL SECTION'' DETAIL.

THE PROFILE OF THE GUTTERLINE. FOR RAIL HEIGHT DETAILS AND ASPHALT THICKNESS, SEE THE 

BARRIER RAIL AND ASPHALT THICKNESS VARIES WHILE THE TOP OF THE BARRIER RAIL FOLLOWS 

THE MAXIMUM BARRIER RAIL HEIGHT AND ASPHALT THICKNESS IS SHOWN. THE HEIGHT OF THE * - 

BENCH MARK: BM #2 -L- STA. 16+16.55, OFFSET LEFT 114.13; RAILROAD SPIKE IN 24" OAK TREE,  ELEV. 777.27  N 858367  E 1504916  
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JAMES CHARLES STEELMAN 

DB 93 PG 517

MATTHEW D. WARDEN

PB 11 PG 232
DB 1034 PG 578

JEANETTE L. REAVIS
GEORGE D. REAVIS AND

DB 584 PG 388
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DB 93 PG 517
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EXDB11-980020

PROVIDED INFORMATION

- 12+82.31 -L-

- Conventional Abutment w/ 1.5:1 Front Slope

- Vertical HP 12x53 steel piles

- 5

- 8'-3"

- ± 763.8

- 30'-0"

- 65'-0"

- Axial Load: 188 kips per pile

BORING SUMMARY

Factored Loads (Per NCDOT Standard Bridge Loads)

Cored Slab Unit Length

Bottom of Cap (B/C) EL:

Bridge Width

Location of End Bent #1:

Type of Abutment:

Foundation Type:

Number of piles:

Pile spacing:

Ground 

Surface EL

Task:

Job No.:

Bridge #20 on SR 1152 Over S. Deep Creek

Foundation Recommendations

Date: 10/11/2018By:

Job Name:

References: AASHTO LRFD (6th Ed.) and NCDOT LRFD Driven Pile Foundation Policy (6th Update)

MRS

Checked By: GKG Date: 10/12/2018

NE

*NE: Not encountered

End Bent #1

T/Weathered 

Rock EL T/Rock EL

Groundwater 

EL

EB1-A (B-2)

EB1-B

769.5

767.4

746.7

746.3

741.1

744.5

762.5

Boring

DocuSign Envelope ID: 778BCB0B-F324-4B39-89E2-DF26199F0F58



EXDB11-980020

STRUCTURAL CAPACITY

kips AASHTO 6.9.4.1-1

λ = fy(kl/rsπ)
2
/E = 0.0 Unbraced length = 0-ft (fully embedded)

fy = yield strength of steel = 50 ksi ASTM A 572 Grade 50 Steel

Ap = pile cross sectional area = 15.5 in
2 HP 12x53

kips (> Pf = 188-kips)

ϕc = (severe driving conditions) NCDOT Pile Policy 1.3.1

- Axial analysis not performed as piles are anticipated to be driven into weathered rock/rock.

Required resistance can be achieved by driving piles approximately 1-ft into weathered rock

- Minimum tip elevation of 10-ft below bottom of end bent cap satisfied. (See pile length and tip

elevation summary).

-  Downdrag is not anticipated and settlement should not be signicant.

References: AASHTO LRFD (6th Ed.) and NCDOT LRFD Driven Pile Foundation Policy (6th Update)

Nominal Structural Capacity of Pile, P n

where:

Pn = 0.66
λ
fyAp = 775

Date: 10/12/2018

End Bent #1 (Continued)

Task: Foundation Recommendations

Job No.:

Job Name: Bridge #20 on SR 1152 Over S. Deep Creek

10/11/2018By:

AXIAL ANALYSIS

DOWNDRAG

LATERAL ANALYSIS

where:

Pr = ϕcPn =

0.50

387.5

MRS

Checked By: GKG

Date:

Factored Structural Capacity of Pile, P r

DocuSign Envelope ID: 778BCB0B-F324-4B39-89E2-DF26199F0F58



DYNAMIC ANALYSIS

kips 320 kips) = tons

(PDA and WEAP- Option 1) NCDOT Pile Policy 3.2

kips

bpf NCDOT Pile Policy 2.1.1

bpf NCDOT Pile Policy 2.1.2

ksi NCDOT Pile Policy 2.2.1

- Based on boring EB1-A

- Delmag D 19-32 OK

- Actual driving system to be evaluated prior to construction

SUMMARY

Estimated Pile Tip Elevation = Top of Weathered Rock/Rock EL - (1 ft)

Minimum Pile Tip Elevation = Bottom of Cap - (10 ft)

Recommended Pile Length = (B/C EL) - (Lesser of Estimated and Minimum Tip EL) + (1 ft Embedment)

(Round up to nearest 5-ft)

- Pre-drilling or pile excavation not required

- Steel pile points are required

- PDA testing not required per RFP (Rndr less than 175 tons)

B/C EL

Est. Pile 

Tip EL

763.8

763.8

745.7

745.3

Location

Left

Right

EB1-A

EB1-B

Boring

Blow Count 

(bpf)

51

Min. Pile 

Tip EL

753.8

753.8

Recommended 

Pile Length (ft)

20

Rndr 

(tons)

160

D 19-32

Energy 

(kip-ft)Hammer

43

Stroke 

(ft)

Max. Tensile 

Stress (ksi)

Max. Comp. 

Stress (ksi)

8.743.6 < 1

30

180

45

Min blow count =

Max blow count = 

σdr = 

Job No.:

10/11/2018

Checked By: GKG

Rf = 188

MRS Date:

End Bent #1 (Continued)

Task: Foundation Recommendations

Date: 10/12/2018

where: ϕdyn = 0.60

Rndr = Rf /ϕdyn = 313.3 (Use 160

EXDB11-980020

References: AASHTO LRFD (6th Ed.) and NCDOT LRFD Driven Pile Foundation Policy (6th Update)

Job Name: Bridge #20 on SR 1152 Over S. Deep Creek

By:

DocuSign Envelope ID: 778BCB0B-F324-4B39-89E2-DF26199F0F58



764.7

759.7

754.7

749.7

4.8

9.8

14.8

19.8

0.0

7.0

14.0

18.0

22.8

28.4

762.5

755.5

751.5

746.7

741.1

769.5

ROADWAY EMBANKMENT
RED-BRN SOFT TO MED. STIFF MOIST

SANDY SILTY CLAY (A-7)

ALLUVIAL
TAN-GRAY V. LOOSE WET CLAYEY SILTY

SAND (A-2)

ALLUVIAL
GRAY MED. STIFF WET SANDY SILTY

CLAY (A-7)

ALLUVIAL
GRAY-BLACK V. LOOSE WET CLAYEY

SILTY CSE. SAND (A-2)

WEATHERED ROCK
SEV. WEATH. CRYSTALLINE ROCK

Boring Terminated WITH CASING
ADVANCER REFUSAL at Elevation 741.1 ft

ON CRYSTALLINE ROCK

Note: Boring named B-2 in provided
Geotechnical Report for Planning dated

3/5/2015

2

1

3

0

2

2

2

0

0

1

0

1

SHEET  5  OF  12

770

DRIVE
ELEV

(ft)

DEPTH
(ft)

DEPTH (ft)

SOIL AND ROCK DESCRIPTION
L
O
G

SAMP.

NO. MOI ELEV. (ft)

BLOW COUNT

0.5ft 0.5ft0.5ft

BLOWS PER FOOT

25 50 750 100

BORE LOG

OFFSET 10 ft LT ALIGNMENT -L-

EASTING 1,504,821

8.5

7.0

SITE DESCRIPTION BRIDGE NO. 020 ON SR 1152 (NEELIE RD.) OVER SOUTH DEEP CREEK

BORING NO. EB1-A (B-2)

GROUND WTR (ft)

TOTAL DEPTH 28.4 ft

SURFACE WATER DEPTH N/ACOMP. DATE 02/11/15START DATE 02/11/15

GEOLOGIST Murray, C. C.

STATION 12+86

COLLAR ELEV. 769.5 ft

0 HR.

24 HR.NORTHING 858,589

DRILLER Estep, J. E.

DRILL RIG/HAMMER EFF./DATE HFO0066 CME-550  81%   03/19/2014 DRILL METHOD NW Casing w/ Advancer HAMMER TYPE Automatic

TIP N/AWBS 17BP.11.R.183 COUNTY YADKIN

ELEV
(ft)

770

765

760

755

750

745

GEOTECHNICAL BORING REPORT
N

C
D

O
T

 B
O

R
E

 S
IN

G
LE

  9
8_

G
E

O
_B

R
D

G
02

0.
G

P
J 

 N
C

_D
O

T
.G

D
T

  1
0/

5/
1

8

M

W

W

W

GROUND SURFACE

4

3

5

0

B/Cap EL 763.8
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767.4

764.0

759.0

754.0

749.0

744.5

0.0

3.4

8.4

13.4

18.4

22.9

0.0

9.0

12.0

18.8
19.2

21.1

22.9

758.4

755.4

748.6
748.2

746.3

744.5

767.4

ROADWAY EMBANKMENT
Orange, brown, medium stiff to stiff, sandy,

slightly plastic CLAY (A-6), trace mica

Orange, very loose, clayey SAND (A-2-6)

ALLUVIAL
Gray, medium stiff, moderately plastic silty

CLAY (A-7-6)

Black, soft, sandy SILT (A-4), trace organics
White, gray, very loose, silty SAND (A-2-4)

WEATHERED ROCK
BIOTITE GNEISS

Boring Terminated WITH STANDARD
PENETRATION TEST REFUSAL at

Elevation 744.5 ft on Crystalline Rock:
BIOTITE GNEISS

4

2

1

3

1

5

2

1

2

1

3

3

2

1

2

60/0.0

SHEET  6  OF  12

770

DRIVE
ELEV

(ft)

DEPTH
(ft)

DEPTH (ft)

SOIL AND ROCK DESCRIPTION
L
O
G

SAMP.

NO. MOI ELEV. (ft)

BLOW COUNT

0.5ft 0.5ft0.5ft

BLOWS PER FOOT

25 50 750 100

BORE LOG

OFFSET 14 ft RT ALIGNMENT -L-

EASTING 1,504,798

Dry

Dry

SITE DESCRIPTION BRIDGE NO. 020 ON SR 1152 (NEELIE RD.) OVER SOUTH DEEP CREEK

BORING NO. EB1-B

GROUND WTR (ft)

TOTAL DEPTH 22.9 ft

SURFACE WATER DEPTH N/ACOMP. DATE 10/01/18START DATE 10/01/18

GEOLOGIST P. Cary

STATION 12+72

COLLAR ELEV. 767.4 ft

0 HR.

24 HR.NORTHING 858,574

DRILLER M. Moseley

DRILL RIG/HAMMER EFF./DATE SUM0093 DIEDRICH D-50 85% 11/30/2017 DRILL METHOD H.S. Augers HAMMER TYPE Automatic

TIP N/AWBS 17BP.11.R.183 COUNTY YADKIN

ELEV
(ft)

770

765

760

755

750

745

GEOTECHNICAL BORING REPORT
N

C
D

O
T

 B
O

R
E

 S
IN

G
LE

  9
8_

G
E

O
_B

R
D

G
02

0.
G

P
J 

 N
C

_D
O

T
.G

D
T

  1
0/

5/
1

8

M

M

W

Sat.

Sat.

GROUND SURFACE

9

4

2

5

2

60/0.0

B/Cap EL 763.8
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RK&K                                    08-Oct-2018
Ex DB Div 11B Yr 7 - Bridge 980020      GRLWEAP Version 2010

      Maximum      Maximum    
    Ultimate  Compression      Tension         Blow   
    Capacity       Stress       Stress        Count       Stroke       Energy

kips ksi ksi bl/ft ft kips-ft

     40.0      17.57       0.00      3.8     4.42    23.24
     80.0      22.89       0.02      8.7     5.60    19.94

    120.0      26.40       0.05     14.3     6.61    18.71
    160.0      28.49       0.00     21.2     7.26    17.66
    200.0      32.77       0.00     28.4     7.73    17.17
    240.0      36.22       0.00     35.5     8.05    16.95
    280.0      39.49       0.13     42.5     8.37    17.12
    320.0      43.59       0.51     50.7     8.66    17.32
    360.0      47.01       0.81     59.8     8.98    17.69
    400.0      50.16       0.79     69.3     9.36    18.30

DocuSign Envelope ID: 778BCB0B-F324-4B39-89E2-DF26199F0F58



 

 

 

 

 

 

CALCULATIONS 

FOR 

BENT NO. 1 

 

 

 

 

 

 

 

 

 

 

DocuSign Envelope ID: 778BCB0B-F324-4B39-89E2-DF26199F0F58



EXDB11-980020

PROVIDED INFORMATION

- Location of Bent #1: -L- 13+48.50

- Foundation Type: 36" Dia. Drilled Pier (extends to cap, no column)

- Number of columns: 2

- Bottom of Cap EL: ± 764.2

- Bottom of Column EL: N/A

- CSE:

- DSE:

Factored Loads (Revised NCDOT Standard Bridge Loads)

- Max. Axial Load: 1200 kips per column/pier

- Max. Long. Shear: 18 kips per column/pier

- Max. Trans. Shear: 23 kips per column/pier

See attached load sheet

BORING SUMMARY

745.7

T/Weathered 

Rock EL T/Rock EL

Groundwater 

EL

B1-A 755.7 740.8 728.6 761

Boring

Ground 

Surface EL

B1-B 753.8 NE 734.4 761

GKG Date: 10/15/2018

Bent #1

751.1

References: AASHTO LRFD  (6th Ed.)

Checked By:

Task:

Job No.:

Bridge #20 on SR 1152 over S. Deep Creek

Foundation Recommendations

Date: 10/15/2018By:

Job Name:

MRS

DocuSign Envelope ID: 778BCB0B-F324-4B39-89E2-DF26199F0F58



AXIAL ANALYSIS

- See attached NCDOT Drilled Pier Axial Resistance Spreadsheet

- Analysis uses boring B1-B (lowest top of weathered rock EL)

- Assumes permanent casing installed no lower than EL 735

- Required factored resistance = 1,222 kips = 611 tons

- Minimum tip (axial) EL 720

- Required tip resistance = 50 tsf

- Axial analysis includes side and tip resistance of rock socket (side resistance in residual soil and

weathered rock ignored)

LATERAL ANALYSIS

- See attached LPile output using boring B1-B (lowest top of weathered rock EL)

- Analysis uses boring B1-B (lowest top of weathered rock EL) and models low RQD rock as weathered rock

- Maximum top deflection = 0.7-in

- Point of fixity EL 736

- Minimum tip (lateral) EL 725

SUMMARY

- Axial minimum tip controls 

- Not in Soil quantity estimated as EL 735 - Tip EL 720 = 15 ft per drilled pier (30 ft total)

- Permanent casing: Yes (do not extend below EL 735)

- CSL Testing: Required (1)

- SID Inspection: Maybe

- SPT Testing: No

Not In Soil 

(ft)

LT/RT 736.0 720.0 611 50 15

Location P.O.F.

Min. 

Tip EL

Factored 

Resistance 

(tons)

Req. Tip 

Resistance (tsf)

References: AASHTO LRFD (6th Ed.)

Job Name: Bridge #20 on SR 1152 over S. Deep Creek

By: MRS Date: 10/15/2018

Checked By: GKG Date: 10/15/2018

Bent #1 (Continued)

Task: Foundation Recommendations

Job No.: EXDB11-980020
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WITH BOTH PROJECTED ONTO THE CROSS SECTION

INFERRED STRATIGRAPHY IS DRAWN THROUGH THE BORINGS

SKEW APPROXIMATELY 90°

GROUND LINE DRAWN FROM TIN FILE ALONG LINE OF BENT,

PROJECT REFERENCE NO. SHEET NO.

17BP.11.R.183

 

0 15 30

(FEET)

HORIZ. SCALE
BENT 1 CROSS SECTIONVE = NONE

4

710

720

730

740

750

760

770

10 2010 30 40 5020304050 CL

CROSS SECTION ALONG BENT 1 (-L- 13+48.50)

 

710

720

730

740

750

760

770

1

2

2

100/0.9

100/0.5

60/0.1

1

WOH

2

93

60/0.1

13+49

B1-B

13+48

B1-A

TRACE MICA

SILTY FINE TO COARSE SAND, TRACE WOOD FRAGMENTS,

ALLUVIAL: BROWN, GRAY, VERY LOOSE, COARSE SAND AND

WEATHERED ROCK: BIOTITE GNEISS

CRYSTALLINE ROCK: BIOTITE GNEISS

RESIDUAL: TAN-WHITE, VERY DENSE, SILTY SAND, SAPROLITIC

RQD=28%

REC=54%

RQD=74%

REC=94%

RQD=94%

REC=94%

RQD=0%

REC=0%

B/Cap EL 764.2

B/Column EL 762

DSE 745.7
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755.7

748.6

743.6

738.6

733.6

728.6

0.0

7.1

12.1

17.1

22.1

27.1

0.0

10.0

14.9

27.1
27.2

745.7

740.8

728.6
728.5

755.7

ALLUVIAL
Brown, gray, very loose, coarse SAND (A-3),

trace wood fragments

Gray, very loose, silty fine to coarse SAND
(A-2-4), trace wood fragments

WEATHERED ROCK
BIOTITE SCHIST

CRYSTALLINE ROCK
BIOTITE SCHIST

Boring Terminated WITH STANDARD
PENETRATION TEST REFUSAL at

Elevation 728.5 ft in Crystalline Rock:
BIOTITE SCHIST

1) 11.4' from bridge deck to mudline
2) Advancer slows at 14.9'

WOH

1

1

86/0.4

1

1

1

WOH

1

1

14

100/0.5

60/0.1

SHEET  7  OF  12

765

DRIVE
ELEV

(ft)

DEPTH
(ft)

DEPTH (ft)

SOIL AND ROCK DESCRIPTION
L
O
G

SAMP.

NO. MOI ELEV. (ft)

BLOW COUNT

0.5ft 0.5ft0.5ft

BLOWS PER FOOT

25 50 750 100

BORE LOG

OFFSET 3 ft LT ALIGNMENT -L-

EASTING 1,504,873

N/A

FIAD

SITE DESCRIPTION BRIDGE NO. 020 ON SR 1152 (NEELIE RD.) OVER SOUTH DEEP CREEK

BORING NO. B1-A

GROUND WTR (ft)

TOTAL DEPTH 27.2 ft

SURFACE WATER DEPTH 5.3ftCOMP. DATE 10/03/18START DATE 10/03/18

GEOLOGIST P. Cary

STATION 13+48

COLLAR ELEV. 755.7 ft

0 HR.

24 HR.NORTHING 858,554

DRILLER M. Moseley

DRILL RIG/HAMMER EFF./DATE SUM0093 DIEDRICH D-50 85% 11/30/2017 DRILL METHOD NW Casing w/ Advancer HAMMER TYPE Automatic

TIP N/AWBS 17BP.11.R.183 COUNTY YADKIN

ELEV
(ft)

765

760

755

750

745

740

735

730

GEOTECHNICAL BORING REPORT
N

C
D

O
T

 B
O

R
E

 S
IN

G
LE

  9
8_

G
E

O
_B

R
D

G
02

0.
G

P
J 

 N
C

_D
O

T
.G

D
T

  1
0/

5/
1

8

Sat.

Sat.

Sat.

GROUND SURFACE

WATER SURFACE (10/03/18)

1

2

2

100/0.9

100/0.5

60/0.1
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753.8

749.4

744.4

739.4

734.4

0.0

4.4

9.4

14.4

19.4

0.0

13.0

19.4

39.3

740.8

734.4

714.5

753.8

ALLUVIAL
Brown, very loose, coarse SAND (A-3), trace

mica

RESIDUAL
Tan-white, very dense, silty SAND (A-2-4),

saprolitic

CRYSTALLINE ROCK
BIOTITE GNEISS

Boring Terminated at Elevation 714.5 ft in
Crystalline Rock: BIOTITE GNEISS

1) 13.7' from bridge deck to mudline

1

0

1

23

0

WOH

1

70

WOH

1

1

8

60/0.1

SHEET  8  OF  12

765

DRIVE
ELEV

(ft)

DEPTH
(ft)

DEPTH (ft)

SOIL AND ROCK DESCRIPTION
L
O
G

SAMP.

NO. MOI ELEV. (ft)

BLOW COUNT

0.5ft 0.5ft0.5ft

BLOWS PER FOOT

25 50 750 100

BORE LOG

OFFSET 8 ft RT ALIGNMENT -L-

EASTING 1,504,869

N/A

FIAD

SITE DESCRIPTION BRIDGE NO. 020 ON SR 1152 (NEELIE RD.) OVER SOUTH DEEP CREEK

BORING NO. B1-B

GROUND WTR (ft)

TOTAL DEPTH 39.3 ft

SURFACE WATER DEPTH 7.2ftCOMP. DATE 10/02/18START DATE 10/02/18

GEOLOGIST P. Cary

STATION 13+49

COLLAR ELEV. 753.8 ft

0 HR.

24 HR.NORTHING 858,543

DRILLER M. Moseley

DRILL RIG/HAMMER EFF./DATE SUM0093 DIEDRICH D-50 85% 11/30/2017 DRILL METHOD NW Casing w/ Advancer HAMMER TYPE Automatic

TIP N/AWBS 17BP.11.R.183 COUNTY YADKIN

ELEV
(ft)

765

760

755

750

745

740

735

730

725

720

715

GEOTECHNICAL BORING REPORT
N

C
D

O
T

 B
O

R
E

 S
IN

G
LE

  9
8_

G
E

O
_B

R
D

G
02

0.
G

P
J 

 N
C

_D
O

T
.G

D
T

  1
0/

5/
1

8

Sat.

Sat.

Sat.

M

GROUND SURFACE

WATER SURFACE (10/02/18)

1

0

2

93

60/0.1
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19.4

39.3

CRYSTALLINE ROCK
Severely weathered to fresh, moderately hard to very hard, very closely to

widely fractured, BIOTITE GNEISS

Boring Terminated at Elevation 714.5 ft in Crystalline Rock: BIOTITE
GNEISS

1) 13.7' from bridge deck to mudline

734.4

714.5

(0.0)
0%

(1.4)
28%

(3.7)
74%

(4.7)
94%

4.9

5.0

5.0

5.0

(0.0)
0%

(2.7)
54%

(4.7)
94%

(4.7)
94%

19.4

24.3

29.3

34.3

39.3

734.4

729.5

724.5

719.5

714.5

(9.8)
49%

Wash
to

21.3'

(12.1)
61%

0:00/0.9
0:00
0:30
0:35
0:24
0:53
1:04
1:29
1:21
0:42
1:33
1:46
1:59
2:04
2:24
2:21
2:36
1:50
2:17
2:32

SHEET  9  OF  12

DEPTH (ft)

CORE SIZE N/A TOTAL RUN 19.9 ft

Begin Coring @ 19.4 ft

DESCRIPTION AND REMARKS
L
O
G

SAMP.
NO.

RQD
(ft)
%

RUN
(ft)

REC.
(ft)
%

DEPTH
(ft)

RUN STRATA

ELEV. (ft)

RUN
ELEV

(ft)

RQD
(ft)
%

734.4

REC.
(ft)
%

DRILL
RATE
(Min/ft)

CORE LOG

OFFSET 8 ft RT ALIGNMENT -L-

EASTING 1,504,869

N/A

FIAD

SITE DESCRIPTION BRIDGE NO. 020 ON SR 1152 (NEELIE RD.) OVER SOUTH DEEP CREEK

BORING NO. B1-B

GROUND WTR (ft)

TOTAL DEPTH 39.3 ft

SURFACE WATER DEPTH 7.2ftCOMP. DATE 10/02/18START DATE 10/02/18

GEOLOGIST P. Cary

STATION 13+49

COLLAR ELEV. 753.8 ft

0 HR.

24 HR.NORTHING 858,543

DRILLER M. Moseley

DRILL RIG/HAMMER EFF./DATE SUM0093 DIEDRICH D-50 85% 11/30/2017 DRILL METHOD NW Casing w/ Advancer HAMMER TYPE Automatic

TIP N/AWBS 17BP.11.R.183 COUNTY YADKIN

ELEV
(ft)

730

725

720

715

GEOTECHNICAL BORING REPORT
N

C
D

O
T

 C
O

R
E

 S
IN

G
LE

  9
8_

G
E

O
_B

R
D

G
02

0.
G

P
J 

 N
C

_D
O

T
.G

D
T

  1
0/

10
/1

8
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Notes

Top
(1)

(ft)

Layer Elevations

753.80

0.00

85

Drilled Pier Tip Elevation =

2

N

(bpf)
Material Description Bottom

(ft)

Total

g

(kcf)

36

44.22 ft

Elev = 720.00 ft

44.22 ft

Compressive Strength of Concrete (f 'c) = 4.500

Calculate GSI using RQD values :

(Use if GSI is not shown on boring)      Depth to Groundwater Table (for actual boring) =

ft

0 inch 

diameter 

Column

36 inch 

diameter 

Drilled Pier

720.00 ft

0 ft

Elev = 764.22 ft

internally calculate N160 values at midpoint of each layer :

Groundwater Table (GWT) Elevation =

Top of Boring (Collar) Elevation = ft

ft

Subsurface Boring Name / ID No. = B1-B

Bottom of Permanent Casing Elevation = 735.00

757.10

600 84

93

the base of the drilled pier.

4

5

6

7

8

735.00

734.40

729.50

725.00

1

1,200 kips

PROJECT: Exp DB Div 11B Yr 7 COUNTY

v

%SPT Hammer Energy Efficiency Rating (ER) =

5,000

 the potential accuracy limitations and examines the reasonableness of the results with engineering knowledge and experience.

There are no expressed or implied warranties.

 1.

 2.

 3.

Permanent Casing Elevation will be ignored.

Resistance from subsurface layers above the Bottom of Column Elevation, Drilled Pier Design Scour Elevation, and

Input the subsurface information for the soil / rock at the base of the drilled pier to a distance of 2 pier diameters below

1,150TIP 
(3) 720.00 714.00 0.140

Yadkin

 Drilled Pier Axial Resistance Worksheet CHECKED BY: DATE: STR. NO.:

 OF TRANSPORTATION DESCRIPTION: Bridge 980020 - Bent 1

 GEOTECHNICAL ENGINEERING UNITDESIGNED BY: MRS DATE: 10/16/18

7OF1PAGE:

 NORTH CAROLINA DEPARTMENT

Elev = 764.22 ft

kips

kcf

ksi

ft

ft

ft

STATION: 13+48.50 -L-

Elevations Pr =

Top of Pier/Bottom of Column Elevation =

Bottom of Cap (BOC) Elevation =

Natural Ground / Finished Grade Elevation =

Unit Weight of Concrete (gc) = 0.150

Drilled Pier Information

764.22

764.22

Amount of Contraction Scour (from BSR) = 6.00

in

in

Hard rock layers with poor or very poor quality rock mass (GSI < 30) will be modeled as weathered rock.

DISCLAIMER:  The application of this spreadsheet is the responsibility of the user. It is imperative that the user understands

Is Permanent Casing Required?

ft

761.00

745.70

ft

ft

2

3

Layer

No.

1,200.0Maximum Factored Axial Load (Pr) =

Number of Drilled Piers per Bent =

Diameter of Column (dColumn) = 0

Diameter of Drilled Pier (dDP) =

Design Scour (DSE) Elevation =

Subsurface Information and Soil/Rock Layer Properties

Ei

(ksi)

734.40

720.00

qu

(ksf)

1,150

1,150

1,150

N60

(bpf)

N160

(bpf)

RQD

(%)
(2)

GSI

600

0.125 132

0.140

0.140

0.140

725.00

729.50 600

600

0.220

19

29

58

67N/A

0

28

74

158

N/A

N/A

N/A

Hard Rock

Hard Rock

Cohesionless Soil (Silty Sand)

Hard Rock

Hard Rock

Figure shows typical drilled pier 

Yes / Maybe No
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Correcting SPT Values for Hammer Efficiency and Overburden Pressure

SPT-N Value Corrected for Hammer Efficiency, (N60)

N60 = (ER/60%)(N) AASHTO Eqn. 10.4.6.2.4-2

N60 = SPT blow count corrected for hammer efficiency (blows/ft)

ER = hammer efficiency expressed as percent of theoretical free fall energy delivered by the hammer system

actually used. If ER is not known, use 80% for automatic hammers and 60% for drop hammers.

N = uncorrected SPT blow count (blows/ft)

SPT-N Value Corrected for Overburden Pressure, (N1)

N1 = (CN)(N) AASHTO Eqn. 10.4.6.2.4-1

N1 = SPT blow count corrected for overburden pressure (blows/ft)

CN = correction factor = [0.77log10(40/s'v) < 2.0

s'v = sv - m = effective vertical stress at the depth of the SPT-N value (ksf)

sv = total vertical stress at the depth of the SPT-N value (ksf)

m = total pore water pressure at the depth of the SPT-N value (ksf)

N = uncorrected SPT blow count (blows/ft)

SPT-N Value Corrected for both Overburden Pressure and Hammer Efficiency, (N160)

N160 = (CN)(N) AASHTO Eqn. 10.4.6.2.4-3

Summary of Corrected N Values for Boring

TIP 720.00 714.00 4.347 6.00 0.140 5.187 4.767 36.80 2.296 2.471 N/A 2 N/A

8

7

6

2 N/A

5

4 725.00 720.00 3.647 5.00

2 N/A

3 729.50 725.00 3.017 4.50 0.140 3.647 3.332 26.55 1.657 1.675 N/A 2 N/A

2 734.40 729.50 2.331 4.90

N

(bpf)

N60

(bpf)

93 132

0.140 4.347 3.997 31.30

N/A

N/A

s'vo at 

midpoint

(ksf)

1.102

0.140 3.017 2.674 21.85

0.125

Layer Elevations

Top

(ft)

Bottom

(ft)

735.00 734.40

m at 

midpoint

(ksf)

1.192

1.953 2.044

1.363 1.311

1

Layer

No.

OF

zwater

(ft)

19.10

Dz

(ft)

Total

g

(kcf)

0.60

sv at

top

(ksf)

2.256

sv at 

bottom

(ksf)

2.331

sv at 

midpoint

(ksf)

2.294

N160

(bpf)

158

CN

1.2

7

Top of Boring (Collar) Elevation = 753.8 ft Depth to Groundwater Table = 0.0 ft

Hammer Efficiency (ER) = 85 % Unit Weight of Water = 0.0624 kcf

 Drilled Pier Axial Resistance Worksheet CHECKED BY: DATE: STR. NO.: PAGE: 1A

 NORTH CAROLINA DEPARTMENT PROJECT: Exp DB Div 11B Yr 7 COUNTY Yadkin

 OF TRANSPORTATION DESCRIPTION: Bridge 980020 - Bent 1

 GEOTECHNICAL ENGINEERING UNITDESIGNED BY: MRS DATE: 10/16/18 STATION: 13+48.50 -L-

DocuSign Envelope ID: 778BCB0B-F324-4B39-89E2-DF26199F0F58



Selecting Design Properties for Hard Rock

Unconfined Compressive Strength from Point Load Strength Index for Hard Rock AASHTO Table C10.4.6.4-1

Summary of Elastic Moduli for Intact Rock, Ei (modified by Kulhawy, 1978) AASHTO Table C10.4.6.5-1

Summary of Poisson's Ratio for Intact Rock, v (modified by Kulhawy, 1978) AASHTO Table C10.4.6.5-2

qu values for rock should be based on AASHTO Table 10.4.6.4-1 (which uses Point Load Index Testing) or actual 

values from Uniaxial Compressive Strength Testing. If neither of these options is available, the NCDOT Rock 

Core Database may be used to estimate compressive strength.

STATION: 13+48.50 -L-

1.

2. Ei and v values for rock should be based on AASHTO Tables C10.4.6.5-1, and 2 if lab test data is not available

7

 GEOTECHNICAL ENGINEERING UNITDESIGNED BY: MRS

STR. NO.: PAGE: 1B OF

COUNTY Yadkin

 OF TRANSPORTATION DESCRIPTION: Bridge 980020 - Bent 1

 NORTH CAROLINA DEPARTMENT PROJECT: Exp DB Div 11B Yr 7

DATE: 10/16/18

 Drilled Pier Axial Resistance Worksheet CHECKED BY: DATE:

DocuSign Envelope ID: 778BCB0B-F324-4B39-89E2-DF26199F0F58



Calculating Design Stresses for Drilled Piers based on Scour Prism used in FHWA GEC 010

For analysis purposes, lower ground line to the contraction scour elevation (CSE) to account for contraction scour reported in the 

bridge survey report.

Elev. = 761.00 ft

Elev. = 757.10 ft

Elev. = 751.10 ft

Elev. = 745.70 ft

Elev. = 737.60 ft

Depth, z

ground line to the design scour elevation (DSE).

= Point A - Contraction Scour ≥ Design Scour Elevation

Contraction Scour = 6 ft W = 2ys = 10.8 ft

= Point C - 1.5y s

Local Scour, ys = 5.40 ft

Assume a linear variation in vertical stress from 0 at Point C to the vertical stress value controlled by the streambed at Point D.

At a depth of 1.5ys (Point D) or greater, assume the vertical stress is controlled by the streambed elevation (Point B).2)

3)

ft

Amount of Local Scour (ys) = 5.40 ft

737.60 ft

745.70 ft

1.5(ys) = 8.10 ft

Elevation corresponding to a depth of 1.5(ys), (Point D) =

Amount of Contraction Scour = 6.00 ft

 NORTH CAROLINA DEPARTMENT PROJECT: Exp DB Div 11B Yr 7 COUNTY Yadkin

757.10 = Natural Ground / Finished Grade Elevation

= Design Scour ElevationTop of the embedded length of the drilled pier (Point C) =

Original Pre-Scour Streambed Elevation (Point A) =

Streambed Elevation after General Scour (Point B) =

Design Scour Elevation (C)

1.5ys = 8.1 ft

Adapted from FHWA GEC 010 Figure 13.18: Illustration of Scour Prism and Effects on Drilled Pier

Per FHWA GEC 010 page 13-46, vertical stress along any depth of the drilled pier can be estimated as follows;

1) At the top of the embedded drilled pier (Point C) the vertical stress is equal to zero.

- If the CSE is lower than or equal to the design scour elevation (DSE), consider all scour as contraction scour and lower the

- If the CSE is higher than the DSE, consider the difference between the CSE and the DSE as local scour.

 OF TRANSPORTATION DESCRIPTION: Bridge 980020 - Bent 1

 GEOTECHNICAL ENGINEERING UNITDESIGNED BY: MRS DATE: 10/16/18 STATION: 13+48.50 -L-

OF 7 Drilled Pier Axial Resistance Worksheet CHECKED BY: DATE: STR. NO.: PAGE: 1C

Groundwater Elevation = 761.00 ft

751.10 ft

DocuSign Envelope ID: 778BCB0B-F324-4B39-89E2-DF26199F0F58



720.00 25.70 4.077 1.941 2.136

Tip Elev. z sv_bottom m s'v_bottom

(ft) (ft) (ksf) (ksf) (ksf)

Summary of Design Stress at the Midpoint of each Soil Layer and at Tip of Drilled Pier

745.70

Top of 

Layer 1

(ft)

sv at

745.70 ft

0.648 0.125

Layer 2

g for

m at

Point D

(ksf)

0.842

s'v at

Point D

(ft)

737.60

Point

Elevation z

0.000
s'v

s'v

Assume the top of the embedded drilled pier is equal to the design scour elevation.

-

- PointD lies within Soil Layer No.1

Point D

Elevation

Depth 

below Layer 

1

(ft) (ksf) over a depth of 1.5ys

(ft)

8.10

(ksf)

0.648 0.337 0.311

2.061 1.042 1.018

2.747 1.348 1.399

Soil Layer Profile and Effective Vertical Stress controlled by the streambed elevation (Point B)

8

Midpoint

(ft)

748.40

740.05

731.95

727.25

722.50

gsv_top

3

4

5

Layer

No.

0

1

2

Assume the streambed elevation is equal to the contraction scour elevation (Elevation 751.10 ft).

Vertical stress at elevation 745.7 ft (Point C) = 0 ksf

-

-

Top Bottom Dz

elevation 751.10 ft (Point B) at the depth Point D, elevation 737.60 ft.

Assume a linear variation in vertical stress from 0 ksf at elevation 745.70 ft (Point C) to a stress value controlled by the

6

7

sv_bottom m_bottom s'v_bottom

(ksf)(ft) (ft) (ft) (kcf)(ksf) (ksf)

s'v_top

(ksf)

 GEOTECHNICAL ENGINEERING UNITDESIGNED BY: MRS DATE: 10/16/18

- All stress calculations below elevation 737.60 ft (Point D) will be based on elevation 751.10 ft (Point B).

1.042

725.00 720.00 5.00 0.1403.377 1.629

734.40 729.50 4.90 0.1402.061 1.018

729.50 725.00

Equation for linear variation

(ft)

Variation in Vertical Stress from Point C to Point D

(0.1010)z

1.748

2.136

D 737.60 8.10 0.818

C 745.70 0.00

(ksf)

0.818

(for z = 0 to 8.1 ft) =

-

4.50 0.1402.747

0.000

745.70 734.40 11.30 0.1250.648 0.337

751.10 745.70 5.40 0.1200.000 0.000

0.311

m_top

1.399

1.748 4.077

3.377 1.629

1.941

1.348

(ksf)

 NORTH CAROLINA DEPARTMENT PROJECT: Exp DB Div 11B Yr 7 COUNTY Yadkin

 OF TRANSPORTATION DESCRIPTION: Bridge 980020 - Bent 1

STATION: 13+48.50 -L-

 Drilled Pier Axial Resistance Worksheet CHECKED BY: DATE: STR. NO.: PAGE: 1D OF 7

s'v_midpoint

(ft) (ft) (ksf) (ksf) (ksf)

Midpoint

(ft)
Layer

Top Bottom sv_midpoint mz

(ft)

Is z <

1.5ys?

1.000

2 734.40 729.50 2.404 1.195 1.209

734.70

731.95

1 735.00 734.40 1.354 0.69011.00

13.75

no

no

1.573

4 725.00 720.00 3.727 1.785 1.942

727.25

722.50

3 729.50 725.00 3.062 1.48818.45

23.20

no

no

DocuSign Envelope ID: 778BCB0B-F324-4B39-89E2-DF26199F0F58



SPT - N value corrected for hammer efficiency and overburden (limited to 100 bpf)

0.6 for clean sands; 0.8 for silty sands and sandy silts

SPT - N value corrected for hammer efficiency (limited to 100 bpf)

atmospheric pressure (2.12 ksf)

qs =

Dz =

Layer Elevations

Top

(ft)

(b)(s’v)

AASHTO Eqn. 10.8.3.5.2b-2

effective friction angle

Rs

(kips)

Dz

(ft)

26Total Side Resistance in Cohesionless Soil =

DESCRIPTION:

 GEOTECHNICAL ENGINEERING UNIT

For Sands:
s'p

≈
ra

For Gravels: s'p

ra

effective vertical stress at soil layer mid-depth as defined in FHWA GEC 010 pages 13-46

132

OFPAGE:

 NORTH CAROLINA DEPARTMENT PROJECT:

 OF TRANSPORTATION

2

23.360

N60

DESIGNED BY:

 Drilled Pier Axial Resistance Worksheet

(qs)(As) AASHTO Eqn. 10.8.3.5-3

=

f'f  =

Rs = 

B =

Layer

No.

1

=

13+48.50 -L-

7DATE: STR. NO.:

unit side resistance for soil layer (ksf)

26

AASHTO Eqn. 10.8.3.5.2b-3

4.638

qs

(ksf)

0.60 5.65

AASHTO Eqn. 10.8.3.5.2b-4

load transfer coefficientb =

=

Side Resistance in Cohesionless Soil (Sand / Gravel with N160 ≤ 100)

Exp DB Div 11B Yr 7 COUNTY

CHECKED BY:

ra =

As =

=

0.47(N60)
m

N160 =

STATION:

Bottom

(ft)

effective thickness of the soil layer (ft)

m

0.8

N160
Material

Type

AASHTO Eqn. 10.8.3.5.2b-1

734.40

0.15(N60)

m =

N60 =

Yadkin

Bridge 980020 - Bent 1

MRS DATE: 10/16/18

effective vertical preconsolidation stress

27.5 + 9.2 log(N160),   N160 ≤ 100

AASHTO Eqn. 10.8.3.5.2b-5

area of drilled pier side resistance (ft
2
)

(p)(B)(Dz)

s'p =

=

s'v =

735.00

diameter of drilled pier (3 ft)

As

(ft
2
)

s'p/ra

s'v

(ksf)

0.648158

f'

(deg)

48Sand

b

7.158

        
   
   

      

      

DocuSign Envelope ID: 778BCB0B-F324-4B39-89E2-DF26199F0F58



=

=

Total Side Resistance in Weathered and Hard Rock = 2,319

qs

(ksf)

4.50

5.00

40.06

44.51

Rs

(kips)

4.90 43.62 349

1650

Dz

(ft)

As

(ft
2
)

qu

(ksf)

N/A

N/A

648 37.064

unit side resistance for weathered or hard rock layer (ksf)

3 OF

N/A

744 Hard Rock 10.8.3.5.4b-1 (all joints)725.00 720.00

3

8.000

= AASHTO Eqn. 10.8.3.5.4b-1

N/A

aE

N/A

N/A

N/A

20

100

70

1.00 0.85

0.85

0.55

0.50 0.50

N/A

Hard Rock*

729.50 725.00 320

As = area of drilled pier side resistance (ft
2
)

(p)(B)(Dz)

(36 inches  - 2 inches) / 12 inches per ft = 2.83 ft

Dz =

B = diameter of drilled pier (subtract 2 inches to account for possible reduction of drilled pier in rock)

=

effective thickness of the soil layer (ft)

Layer

No.

2

Hard Rock* 8.000

N/A

regression coefficent taken as 1.0 for normal rock sockets (see AASHTO C10.8.3.5.4b-1 for details)

0.55

For fractured rock that caves and cannot be drilled without artificial support

reduction factor to account for jointing in rock (from AASHTO Table 10.8.3.5.4b-1)aE = 

RQD

(%)
Closed

Joints

Open or Gouge-Filled

Joints

Joint Modificaiton Factor, aE

Rock Type

734.40 729.50

qu = 

Layer Elevations

Top

(ft)

Bottom

(ft)

AASHTO Equation and 

Rock Joint Condition to 

use

7CHECKED BY:

= AASHTO Eqn. 10.8.3.5.4b-2

10/16/18

For drilled piers socketed into hard rock

 GEOTECHNICAL ENGINEERING UNIT

pa =

f 'c = 

C =

0.6050

30

PAGE:

8 ksf NCDOT Policy

qs =

0.45 0.45

Exp DB Div 11B Yr 7 NORTH CAROLINA DEPARTMENT PROJECT:

 OF TRANSPORTATION DESCRIPTION: Bridge 980020 - Bent 1

For weathered rock layers or hard rock layers with a GSI < 30

Side Resistance in Weathered and Hard Rock

Rs = (As)(qs) AASHTO Eqn. 10.8.3.5-3

 Drilled Pier Axial Resistance Worksheet DATE:

DESIGNED BY: MRS DATE: 13+48.50 -L-

STR. NO.:

STATION:

Note: * Indicates a hard rock layer with a GSI < 30. The layer will be modeled as weatherd rock with a qs vlaue = 8 ksf.

RQD

(%)

atmospheric pressure (2.12 ksf)

28 day Compressive Strength of Concrete (4.5 ksi = 648 ksf)

Uniaxial Compressive Strength of Intact Rock (ksf) ≤ f 'c

COUNTY Yadkin
DocuSign Envelope ID: 778BCB0B-F324-4B39-89E2-DF26199F0F58



Tip Resistance in Hard Rock

Rp = (qp)(Ap) AASHTO Eqn. 10.8.3.5-2

qp = unit tip resistance (ksf)

= 2.5qu

=

qu = Uniaxial Compressive Strength of Intact Rock (ksf)

s'vb = vertical effective stress at the socket bearing elevation

A =

s =

a =

mb =

mi = constant for intact rock

GSI = Global Strength Index

*Hard Rock Layers with an GSI less than 30 will be modeled as weathered rock.

Ap = area of drilled pier tip resistance (ft
2
)

= (p)(B
2
)/4

B =

2,875 6.31 18,141720.00 10.8.3.5.4c-1 1,150 67 13 N/A N/A N/A N/A

AASHTO Eqn. 10.4.6.4-3

AASHTO Eqn. 10.4.6.4-4

AASHTO Table 10.4.6.4-1

diameter of drilled pier - 2 inches to account for possible reduction for drilled pier in rock (B = 2.83 ft)

Tip

Elevation

(ft)

AASHTO

Equation used 

to calculate qu

qu

(ksf)
GSI m mb s a A

qp

(ksf)

Ap

(ft
2
)

Rp

(kips)

13+48.50 -L-

 Drilled Pier Axial Resistance Worksheet CHECKED BY: DATE: STR. NO.: PAGE: 4 OF 7

If rock to a depth of 2B below drilled pier tip is intact or tightly jointed and the depth of socket > 1.5 D

AASHTO Eqn. 10.8.3.5.4c-1

If the rock to a depth of 2D below the drilled pier tip is jointed with random orientation

AASHTO Eqn. 10.8.3.5.4c-2

AASHTO Eqn. 10.8.3.5.4c-3

AASHTO Eqn. 10.4.6.4-2

 NORTH CAROLINA DEPARTMENT PROJECT: Exp DB Div 11B Yr 7 COUNTY Yadkin

 OF TRANSPORTATION DESCRIPTION: Bridge 980020 - Bent 1

 GEOTECHNICAL ENGINEERING UNITDESIGNED BY: MRS DATE: 10/16/18 STATION:

mb =    
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Tip Resistance in Hard Rock (continued)

Summary of Nominal and Factored Side Resistance

OF 7

Table 10.4.6.4-1—Values of the Constant mi by Rock Group

 Drilled Pier Axial Resistance Worksheet CHECKED BY: DATE: STR. NO.: PAGE: 5

of this spreadsheet, a drilled pier will be considered socketed in hard rock if either of these conditions are met;

1. The pier is embedded the greater of 3 feet or 1 pier diameter into hard rock.

2. At least 50% of the total nominal side resistance is produced by the hard rock layer(s).

0 0.45 0

 OF TRANSPORTATION DESCRIPTION: Bridge 980020 - Bent 1

 GEOTECHNICAL ENGINEERING UNITDESIGNED BY: MRS DATE: 10/16/18 STATION: 13+48.50 -L-

 NORTH CAROLINA DEPARTMENT PROJECT: Exp DB Div 11B Yr 7 COUNTY Yadkin

Cohesionless IGM

Nominal Side 

Resistance

(kips)

Resistance Factor

from AASHTO

Table 10.5.5.2.4-1

Factored Side 

Resistance

(kips)

Percentage of Side 

Resistance produced by 

Material Type

Cohesive Soil 0.0%

Cohesionless Soil 26 0.55 14 1.1%

Cohesive IGM 0 0.60 0 0.0%

Weathered Rock 669 0.60 401 28.5%

Note:   When drilled piers are socketed in hard rock, the side resistance above the hard rock will be ignored. For the purpose

Hard Rock 1,650 0.55 908 70.4%

Total 2,345 1,323 100%
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Summary of Nominal and Factored Side Resistance (continued)

Total Nominal Side Resistance = kips

Side Resistance Factor = for Hard Rock, see AASHTO Table 10.5.5.2.4-1.

Total Factored Side Resistance = kips

Summary of Total Nominal and Factored Tip Resistance

Total Nominal Tip Resistance = kips the drilled pier is bearing on Hard Rock

Tip Resistance Factor = for Hard Rock, see AASHTO Table 10.5.5.2.4-1.

Total Factored Tip Resistance = kips

Required Factored Resistance

Rreq = Pr + gDC(WColumn + WPier) - gWAWWater - gDCWSoil/Rock  ≥ Pr Required Factored Resistance

Pr = Maximum Factored Axial Load Reported by Structure Design

gDC = Factor for Permanent Dead Loads, from AASHTO Table 3.4.1-2

gWA = Factor for Water Loads, from AASHTO Table 3.4.1-1

WColumn = (AColumn)(LColumn)(gc) Unfactored Weight of Column

AColumn = Area of Column

LColumn = Length of Column

gc = Unit Weight of Concrete

=

WPier = (APier)(LPier)(gc) Unfactored Weight of Drilled Pier

APier = Area of Drilled Pier

LPier = Length of Drilled Pier

gc = Unit Weight of Concrete

=

WWater = (APier)(zw)(gw) Unfactored Weight of Water Displaced by Drilled Pier

APier = Area of Drilled Pier

zw = Depth from water surface to the drilled pier tip

gw = Unit Weight of Water

=

WSoil/Rock = (APier)(s'vo) Unfactored Effective Weight of Soil / Rock that will be displaced

APier = Area of Drilled Pier

s'vo =

WSoil/Rock =

Rreq =

1,650

908

18,141

0.50

 Drilled Pier Axial Resistance Worksheet CHECKED BY: DATE: STR. NO.: PAGE: 6

 NORTH CAROLINA DEPARTMENT PROJECT: Exp DB Div 11B Yr 7 COUNTY Yadkin

 OF TRANSPORTATION DESCRIPTION: Bridge 980020 - Bent 1

 GEOTECHNICAL ENGINEERING UNITDESIGNED BY: MRS DATE:

9,071

0.55

2.136 ksf

10/16/18 STATION: 13+48.50 -L-

OF 7

0.0624 kcf

1,200 kips

1.25

1.00

0 ft^2

1,200 kips + 1.25(0 kips + 47 kips) -1.00(18 kips) -1.25(15 kips) = 1,222 kips

0 ft

0.150 kcf

0 kips

7.07 ft^2

44.22 ft

0.150 kcf

47 kips

7.07 ft^2

41 ft

effective vertical stress at drilled pier tip as defined in FHWA GEC 010 pages 13-46

18 kips

7.07 ft^2

15 kips
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Load Transfer of Side and Tip Resistance for Drilled Piers in Hard Rock with no Rock Socket

Developed Factored Resistance, (Rrd)

Select which value to use for the Factored Developed Resistance

Required Tip Resistance

qreq = required tip resistance (rounded up to the nearest 10 ksf or 5 tsf)

Rr = required factored geotechnical resistance (kips)

jqsRsd = factored developed side resistance (kips)

AT = area of drilled pier tip (ft
2
)

jqp = tip resistance factor

qp = unit tip resistance (ksf)

7

MRS DATE: 10/16/18 STATION: 13+48.50 -L-DESIGNED BY:

 NORTH CAROLINA DEPARTMENT PROJECT: Exp DB Div 11B Yr 7 COUNTY Yadkin

 OF TRANSPORTATION DESCRIPTION:

AXIAL RESISTANCE REQUIREMENT NOT SATISFIED. REVISE DRILLED PIER DESIGN.

Bridge 980020 - Bent 1

 Drilled Pier Axial Resistance Worksheet CHECKED BY:

1,222 908 6.31 0.50 2875 100

qreq

(ksf)

= NCDOT policy

Rreq

(kips)

jqsRsd

(kips)

Per AASHTO Section 10.8.3.5.4a, The Factored Geotechnical Resistance for Drilled Piers socketed in hard rock

will be based on side resistance, tip resistance, or a combination of both. Using a combination of both side and tip

resistance requires a displacement based analysis and falls outside the limitations of this spreadsheet. For details

on displacement based analysis, see FHWA GEC 010 Appendix D.3.1 .

 GEOTECHNICAL ENGINEERING UNIT

ATip

(ft
2
)

jqp

qp

(ksf)

< 1,222 kips

DATE: STR. NO.: PAGE: 7 OF

908 kips

Use the Factored Side Resistance of the rock socket.

Use the Factored Tip Resistance of the rock socket.

Drilled piers designed for both side and tip resistance of rock socket. See
below for required tip resistance

Required factored resistance = 1,222 kip = 611 tons
Required tip resistance = 100 ksf = 50 tsf
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Lateral Pile Deflection (inches)

Bridge 980020 Bent 1
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Bending Moment (in-kips)

Bridge 980020 Bent 1
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Shear Force (kips)

Bridge 980020 Bent 1
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980020 Bent 1 36-in Shaft.lp10o
================================================================================

                     LPile for Windows, Version 2018-10.005

                 Analysis of Individual Piles and Drilled Shafts
                Subjected to Lateral Loading Using the p-y Method
                           © 1985-2018 by Ensoft, Inc.
                               All Rights Reserved

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

This copy of LPile is being used by:

RK&K
Raleigh, NC

Serial Number of Security Device: 185077625

This copy of LPile is licensed for exclusive use by:

Rummel, Klepper & Kahl, LLP, Ral

Use of this program by any entity other than Rummel, Klepper & Kahl, LLP, Ral
is a violation of the software license agreement.

--------------------------------------------------------------------------------
                             Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:
\Geotech\InvestigationDesign\Final Design\NON_CADD\Foundation Report\Calcs\Bent 1\LPile\

Name of input data file:      
980020 Bent 1 36-in Shaft.lp10

Name of output report file:   
980020 Bent 1 36-in Shaft.lp10

Name of plot output file:     
980020 Bent 1 36-in Shaft.lp10

Name of runtime message file: 
980020 Bent 1 36-in Shaft.lp10

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

               Date:  October 16, 2018            Time:   8:55:26

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

Project Name: Ex DB Div 11B Year 7                                                                                      
                                                                                                                        
              
Job Number: Yadkin County Bridge 20 (980020)                                                                            
                                                                                                                        
              
Client: Vannoy/NCDOT                                                                                                    
                                                                                                                        
              
Engineer: MRS                                                                                                           
                                                                                                                        
              
Description: Bent 1                                                                                                     
                                                                                                                        
              

--------------------------------------------------------------------------------
                          Program Options and Settings
--------------------------------------------------------------------------------

Computational Options:
 - Use unfactored loads in computations (conventional analysis)
Engineering Units Used for Data Input and Computations:
 - US Customary System Units (pounds, feet, inches)

Analysis Control Options:
 - Maximum number of iterations allowed                =          500
 - Deflection tolerance for convergence                =   1.0000E-05 in
 - Maximum allowable deflection                        =     100.0000 in
 - Number of pile increments                           =          100

Page 1
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980020 Bent 1 36-in Shaft.lp10o
Loading Type and Number of Cycles of Loading:
 - Static loading specified

 - Use of p-y modification factors for p-y curves not selected
 - Analysis uses layering correction (Method of Georgiadis)
 - No distributed lateral loads are entered
 - Loading by lateral soil movements acting on pile not selected
 - Input of shear resistance at the pile tip not selected
 - Computation of pile-head foundation stiffness matrix not selected
 - Push-over analysis of pile not selected
 - Buckling analysis of pile not selected

Output Options:
 - Output files use decimal points to denote decimal symbols.
 - Values of pile-head deflection, bending moment, shear force, and 
   soil reaction are printed for full length of pile.
 - Printing Increment (nodal spacing of output points) = 1
 - No p-y curves to be computed and reported for user-specified depths
 - Print using wide report formats

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

Number of pile sections defined                        =            1
Total length of pile                                   =       50.000 ft
Depth of ground surface below top of pile              =      16.5000 ft

Pile diameters used for p-y curve computations are defined using 2 points.

p-y curves are computed using pile diameter values interpolated with depth over 
the length of the pile. A summary of values of pile diameter vs. depth follows.

            Depth Below           Pile    
Point        Pile Head          Diameter  
 No.            feet             inches   
-----      -------------     -------------
  1             0.000           36.0000
  2            50.000           36.0000

Input Structural Properties for Pile Sections:
----------------------------------------------

Pile Section No. 1:

   Section 1 is an elastic pile
   Cross-sectional Shape                               =   Circular Pile
   Length of section                                   =    50.000000 ft
   Width of top of section                             =    36.000000 in
   Width of bottom of section                          =    36.000000 in
   Top Area                                            =        1018. sq. in
   Bottom Area                                         =        1018. sq. in
   Moment of Inertia at Top                            =       82448. in^4
   Moment of Inertia at Bottom                         =       82448. in^4
   Elastic Modulus                                     =     3800000. psi

--------------------------------------------------------------------------------
                       Ground Slope and Pile Batter Angles
--------------------------------------------------------------------------------

Ground Slope Angle                                     =        0.000 degrees
                                                       =        0.000 radians

Pile Batter Angle                                      =        0.000 degrees
                                                       =        0.000 radians

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

The soil profile is modelled using 4 layers

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

   Distance from top of pile to top of layer           =    16.500000 ft
   Distance from top of pile to bottom of layer        =    21.400000 ft
   Effective unit weight at top of layer               =    37.600000 pcf
   Effective unit weight at bottom of layer            =    37.600000 pcf
   Friction angle at top of layer                      =    28.000000 deg.
   Friction angle at bottom of layer                   =    28.000000 deg.
   Subgrade k at top of layer                          =    14.000000 pci
   Subgrade k at bottom of layer                       =    14.000000 pci

Page 2
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980020 Bent 1 36-in Shaft.lp10o

Layer 2 is Piedmont residual soil

   Distance from top of pile to top of layer           =    21.400000 ft
   Distance from top of pile to bottom of layer        =    27.800000 ft
   Effective unit weight at top of layer               =    62.600000 pcf
   Effective unit weight at bottom of layer            =    62.600000 pcf
   The type of field test is the Standard Penetration Test (SPT)
   SPT N60 at top of layer                             =   132.000000 blows/ft
   SPT N60 at bottom of layer                          =   132.000000 blows/ft

Layer 3 is stiff clay with water-induced erosion

   Distance from top of pile to top of layer           =    27.800000 ft
   Distance from top of pile to bottom of layer        =    37.700000 ft
   Effective unit weight at top of layer               =    72.600000 pcf
   Effective unit weight at bottom of layer            =    72.600000 pcf
   Undrained cohesion at top of layer                  =        8000. psf
   Undrained cohesion at bottom of layer               =        8000. psf
   Epsilon-50 at top of layer                          =     0.004000 
   Epsilon-50 at bottom of layer                       =     0.004000 
   Subgrade k at top of layer                          =        2000. pci
   Subgrade k at bottom of layer                       =        2000. pci

Layer 4 is strong rock (vuggy limestone)

   Distance from top of pile to top of layer           =    37.700000 ft
   Distance from top of pile to bottom of layer        =    60.000000 ft
   Effective unit weight at top of layer               =    82.600000 pcf
   Effective unit weight at bottom of layer            =    82.600000 pcf
   Uniaxial compressive strength at top of layer       =        4960. psi
   Uniaxial compressive strength at bottom of layer    =        4960. psi

 (Depth of the lowest soil layer extends 10.000 ft below the pile tip)

--------------------------------------------------------------------------------
                        Summary of Input Soil Properties
--------------------------------------------------------------------------------

Layer         Soil Type          Layer      Effective    Undrained    Angle of     Uniaxial        E50                  
  In-situ      In-situ    
Layer           Name             Depth       Unit Wt.    Cohesion     Friction        qu           or           kpy     
   Test         Test      
 Num.     (p-y Curve Type)        ft           pcf          psf          deg.         psi          krm          pci     
   Type       Property    
-----   -------------------   ----------   ----------   ----------   ----------   ----------   ----------   ----------  
----------   ----------   
  1            Sand              16.5000      37.6000       --          28.0000       --           --          14.0000  
    --           --       
          (Reese, et al.)        21.4000      37.6000       --          28.0000       --           --          14.0000  
    --           --       
  2          Piedmont            21.4000      62.6000       --           --           --           --           --      
    SPT        132.0000   
           Residual Soil         27.8000      62.6000       --           --           --           --           --      
    SPT        132.0000   
  3         Stiff Clay           27.8000      72.6000        8000.       --           --          0.00400        2000.  
    --           --       
          with Free Water        37.7000      72.6000        8000.       --           --          0.00400        2000.  
    --           --       
  4         Strong Rock          37.7000      82.6000       --           --            4960.       --           --      
    --           --       
         (Vuggy Limestone)       60.0000      82.6000       --           --            4960.       --           --      
    --           --       

--------------------------------------------------------------------------------
                               Static Loading Type
--------------------------------------------------------------------------------

Static loading criteria were used when computing p-y curves for all analyses.

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

Number of loads specified = 3

Load    Load         Condition               Condition            Axial Thrust      Compute Top y 
 No.    Type             1                       2                 Force, lbs      vs. Pile Length
-----   ----   --------------------   -----------------------   ----------------   ---------------
   1     1     V =       11000. lbs   M =     1536000. in-lbs          1200000.          Yes
   2     1     V =       18000. lbs   M =      276000. in-lbs           735000.          Yes
   3     2     V =       23000. lbs   S =       0.0000 in/in            615000.          Yes

Page 3
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980020 Bent 1 36-in Shaft.lp10o
V = shear force applied normal to pile axis
M = bending moment applied to pile head
y = lateral deflection normal to pile axis
S = pile slope relative to original pile batter angle
R = rotational stiffness applied to pile head
Values of top y vs. pile lengths can be computed only for load types with
specified shear loading (Load Types 1, 2, and 3).
Thrust force is assumed to be acting axially for all pile batter angles.

--------------------------------------------------------------------------------
     Computations of Nominal Moment Capacity and Nonlinear Bending Stiffness
--------------------------------------------------------------------------------

Axial thrust force values were determined from pile-head loading conditions

Number of Pile Sections Analyzed = 1

Pile Section No. 1:
-------------------
Moment-curvature properties were derived from elastic section properties

--------------------------------------------------------------------------------
           Layering Correction Equivalent Depths of Soil & Rock Layers
--------------------------------------------------------------------------------

         Top of    Equivalent                                                
          Layer     Top Depth  Same Layer  Layer is        F0          F1    
Layer     Below       Below      Type As    Rock or     Integral    Integral 
 No.    Pile Head   Grnd Surf     Layer     is Below    for Layer   for Layer
           ft          ft         Above    Rock Layer      lbs         lbs   
-----  ----------  ----------  ----------  ----------  ----------  ----------
  1       16.5000        0.00      N.A.        No            0.00      11151.
  2       21.4000      4.9000      No          Yes         N.A.          N.A.    
  3       27.8000     11.3000      No          Yes         N.A.          N.A.    
  4       37.7000     21.2000      No          Yes         N.A.          N.A.    

Notes: The F0 integral of Layer n+1 equals the sum of the F0 and F1 integrals 
       for Layer n. Layering correction equivalent depths are computed only 
       for soil types with both shallow-depth and deep-depth expressions for 
       peak lateral load transfer. These soil types are soft and stiff clays, 
       non-liquefied sands, and cemented c-phi soil. 

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

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

Shear force at pile head                               =      11000.0 lbs
Applied moment at pile head                            =    1536000.0 in-lbs
Axial thrust load on pile head                         =    1200000.0 lbs

   Depth    Deflect.    Bending     Shear      Slope      Total     Bending   Soil Res.  Soil Spr.  Distrib.  
     X          y       Moment      Force        S       Stress    Stiffness      p        Es*h     Lat. Load 
   feet      inches     in-lbs       lbs      radians     psi*      in-lb^2    lb/inch    lb/inch    lb/inch  
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- 
      0.00     0.6981   1536000.     11000.   -0.00376      1514.   3.13E+11       0.00       0.00       0.00
    0.5000     0.6757   1628943.     11000.   -0.00373      1535.   3.13E+11       0.00       0.00       0.00
    1.0000     0.6534   1721661.     11000.   -0.00369      1555.   3.13E+11       0.00       0.00       0.00
    1.5000     0.6313   1814142.     11000.   -0.00366      1575.   3.13E+11       0.00       0.00       0.00
    2.0000     0.6095   1906373.     11000.   -0.00362      1595.   3.13E+11       0.00       0.00       0.00
    2.5000     0.5878   1998340.     11000.   -0.00359      1615.   3.13E+11       0.00       0.00       0.00
    3.0000     0.5664   2090033.     11000.   -0.00355      1635.   3.13E+11       0.00       0.00       0.00
    3.5000     0.5452   2181437.     11000.   -0.00351      1655.   3.13E+11       0.00       0.00       0.00
    4.0000     0.5243   2272540.     11000.   -0.00346      1675.   3.13E+11       0.00       0.00       0.00
    4.5000     0.5037   2363330.     11000.   -0.00342      1695.   3.13E+11       0.00       0.00       0.00
    5.0000     0.4833   2453794.     11000.   -0.00337      1715.   3.13E+11       0.00       0.00       0.00
    5.5000     0.4632   2543920.     11000.   -0.00333      1734.   3.13E+11       0.00       0.00       0.00
    6.0000     0.4434   2633695.     11000.   -0.00328      1754.   3.13E+11       0.00       0.00       0.00
    6.5000     0.4238   2723107.     11000.   -0.00323      1773.   3.13E+11       0.00       0.00       0.00
    7.0000     0.4047   2812143.     11000.   -0.00317      1793.   3.13E+11       0.00       0.00       0.00
    7.5000     0.3858   2900792.     11000.   -0.00312      1812.   3.13E+11       0.00       0.00       0.00
    8.0000     0.3672   2989040.     11000.   -0.00306      1831.   3.13E+11       0.00       0.00       0.00
    8.5000     0.3490   3076877.     11000.   -0.00300      1851.   3.13E+11       0.00       0.00       0.00
    9.0000     0.3312   3164289.     11000.   -0.00294      1870.   3.13E+11       0.00       0.00       0.00
    9.5000     0.3137   3251265.     11000.   -0.00288      1889.   3.13E+11       0.00       0.00       0.00
   10.0000     0.2966   3337793.     11000.   -0.00282      1908.   3.13E+11       0.00       0.00       0.00
   10.5000     0.2799   3423860.     11000.   -0.00275      1926.   3.13E+11       0.00       0.00       0.00
   11.0000     0.2636   3509455.     11000.   -0.00269      1945.   3.13E+11       0.00       0.00       0.00
   11.5000     0.2476   3594567.     11000.   -0.00262      1964.   3.13E+11       0.00       0.00       0.00
   12.0000     0.2321   3679182.     11000.   -0.00255      1982.   3.13E+11       0.00       0.00       0.00
   12.5000     0.2170   3763291.     11000.   -0.00248      2001.   3.13E+11       0.00       0.00       0.00
   13.0000     0.2024   3846880.     11000.   -0.00241      2019.   3.13E+11       0.00       0.00       0.00

Page 4
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980020 Bent 1 36-in Shaft.lp10o
   13.5000     0.1882   3929939.     11000.   -0.00233      2037.   3.13E+11       0.00       0.00       0.00
   14.0000     0.1744   4012456.     11000.   -0.00226      2055.   3.13E+11       0.00       0.00       0.00
   14.5000     0.1611   4094420.     11000.   -0.00218      2073.   3.13E+11       0.00       0.00       0.00
   15.0000     0.1483   4175820.     11000.   -0.00210      2091.   3.13E+11       0.00       0.00       0.00
   15.5000     0.1359   4256643.     11000.   -0.00202      2108.   3.13E+11       0.00       0.00       0.00
   16.0000     0.1240   4336880.     11000.   -0.00194      2126.   3.13E+11       0.00       0.00       0.00
   16.5000     0.1127   4416519.     11000.   -0.00185      2143.   3.13E+11       0.00       0.00       0.00
   17.0000     0.1018   4495548.     10974.   -0.00177      2160.   3.13E+11    -8.5522   504.0000       0.00
   17.5000    0.09147   4573650.     10903.   -0.00168      2177.   3.13E+11   -15.3671      1008.       0.00
   18.0000    0.08166   4650568.     10795.   -0.00159      2194.   3.13E+11   -20.5771      1512.       0.00
   18.5000    0.07237   4726104.     10660.   -0.00150      2211.   3.13E+11   -24.3175      2016.       0.00
   19.0000    0.06363   4800113.     10507.   -0.00141      2227.   3.13E+11   -26.7267      2520.       0.00
   19.5000    0.05545   4872498.     10343.   -0.00132      2243.   3.13E+11   -27.9458      3024.       0.00
   20.0000    0.04782   4943205.     10175.   -0.00122      2258.   3.13E+11   -28.1186      3528.       0.00
   20.5000    0.04076   5012218.     10008.   -0.00113      2273.   3.13E+11   -27.3919      4032.       0.00
   21.0000    0.03428   5079554.      9848.   -0.00103      2288.   3.13E+11   -25.9146      4536.       0.00
   21.5000    0.02838   5145257.   869.9647  -9.34E-04      2302.   3.13E+11     -2967.    627264.       0.00
   22.0000    0.02307   5103443.    -15266.  -8.36E-04      2293.   3.13E+11     -2412.    627264.       0.00
   22.5000    0.01835   4974097.    -28257.  -7.39E-04      2265.   3.13E+11     -1918.    627264.       0.00
   23.0000    0.01420   4775008.    -38465.  -6.46E-04      2221.   3.13E+11     -1484.    627264.       0.00
   23.5000    0.01060   4521823.    -46241.  -5.57E-04      2166.   3.13E+11     -1108.    627264.       0.00
   24.0000    0.00751   4228133.    -51922.  -4.73E-04      2102.   3.13E+11  -785.6218    627264.       0.00
   24.5000    0.00492   3905577.    -55821.  -3.95E-04      2032.   3.13E+11  -514.1994    627264.       0.00
   25.0000    0.00277   3563972.    -58233.  -3.24E-04      1957.   3.13E+11  -289.6933    627264.       0.00
   25.5000    0.00103   3211446.    -59426.  -2.59E-04      1880.   3.13E+11  -107.9998    627264.       0.00
   26.0000  -3.36E-04   2854589.    -59645.  -2.01E-04      1802.   3.13E+11    35.1157    627264.       0.00
   26.5000   -0.00138   2498603.    -59107.  -1.50E-04      1724.   3.13E+11   143.9401    627264.       0.00
   27.0000   -0.00213   2147454.    -58007.  -1.05E-04      1648.   3.13E+11   222.7497    627264.       0.00
   27.5000   -0.00264   1804029.    -56512.  -6.72E-05      1573.   3.13E+11   275.7628    627264.       0.00
   28.0000   -0.00294   1470281.    -53252.  -3.59E-05      1500.   3.13E+11   810.7677   1656000.       0.00
   28.5000   -0.00307   1165519.    -48169.  -1.06E-05      1433.   3.13E+11   883.7043   1728000.       0.00
   29.0000   -0.00307    892410.    -42759.   9.06E-06      1374.   3.13E+11   919.6042   1800000.       0.00
   29.5000   -0.00296    652283.    -37230.   2.38E-05      1321.   3.13E+11   923.4372   1872000.       0.00
   30.0000   -0.00278    445310.    -31758.   3.44E-05      1276.   3.13E+11   900.4515   1944000.       0.00
   30.5000   -0.00255    270691.    -26489.   4.12E-05      1238.   3.13E+11   855.9397   2016000.       0.00
   31.0000   -0.00228    126850.    -21536.   4.50E-05      1207.   3.13E+11   795.0423   2088000.       0.00
   31.5000   -0.00201     11612.    -16983.   4.63E-05      1181.   3.13E+11   722.5895   2160000.       0.00
   32.0000   -0.00173    -77614.    -12886.   4.57E-05      1196.   3.13E+11   642.9826   2232000.       0.00
   32.5000   -0.00146   -143682.     -9277.   4.36E-05      1210.   3.13E+11   560.1104   2304000.       0.00
   33.0000   -0.00121   -189567.     -6165.   4.04E-05      1220.   3.13E+11   477.3002   2376000.       0.00
   33.5000  -9.74E-04   -218242.     -3541.   3.65E-05      1227.   3.13E+11   397.2976   2448000.       0.00
   34.0000  -7.67E-04   -232584.     -1382.   3.22E-05      1230.   3.13E+11   322.2704   2520000.       0.00
   34.5000  -5.88E-04   -235293.   345.9996   2.77E-05      1230.   3.13E+11   253.8336   2592000.       0.00
   35.0000  -4.35E-04   -228831.      1687.   2.33E-05      1229.   3.13E+11   193.0872   2664000.       0.00
   35.5000  -3.08E-04   -215387.      2688.   1.90E-05      1226.   3.13E+11   140.6662   2736000.       0.00
   36.0000  -2.07E-04   -196849.      3400.   1.51E-05      1222.   3.13E+11    96.7940   2808000.       0.00
   36.5000  -1.28E-04   -174799.      3875.   1.15E-05      1217.   3.13E+11    61.3393   2880000.       0.00
   37.0000  -6.88E-05   -150517.      4160.   8.38E-06      1212.   3.13E+11    33.8696   2952000.       0.00
   37.5000  -2.72E-05   -124994.      4303.   5.75E-06      1206.   3.13E+11    13.7019   3024000.       0.00
   38.0000   1.06E-07    -98962.      4343.   3.60E-06      1201.   3.13E+11    -0.5238   2.98E+07       0.00
   38.5000   1.60E-05    -72934.      4103.   1.96E-06      1195.   3.13E+11   -79.4905   2.98E+07       0.00
   39.0000   2.36E-05    -49758.      3513.   7.80E-07      1190.   3.13E+11  -116.8899   2.98E+07       0.00
   39.5000   2.54E-05    -30783.      2785.   9.03E-09      1186.   3.13E+11  -125.9307   2.98E+07       0.00
   40.0000   2.37E-05    -16338.      2055.  -4.42E-07      1182.   3.13E+11  -117.4272   2.98E+07       0.00
   40.5000   2.01E-05     -6118.      1404.  -6.57E-07      1180.   3.13E+11   -99.6123   2.98E+07       0.00
   41.0000   1.58E-05   517.6396   870.0703  -7.11E-07      1179.   3.13E+11   -78.3108   2.98E+07       0.00
   41.5000   1.16E-05      4334.   463.2252  -6.64E-07      1180.   3.13E+11   -57.3043   2.98E+07       0.00
   42.0000   7.82E-06      6086.   175.0097  -5.65E-07      1180.   3.13E+11   -38.7676   2.98E+07       0.00
   42.5000   4.78E-06      6442.   -12.3913  -4.45E-07      1180.   3.13E+11   -23.6994   2.98E+07       0.00
   43.0000   2.48E-06      5944.  -120.3976  -3.26E-07      1180.   3.13E+11   -12.3027   2.98E+07       0.00
   43.5000   8.66E-07      5002.  -170.1855  -2.21E-07      1180.   3.13E+11    -4.2933   2.98E+07       0.00
   44.0000  -1.74E-07      3905.  -180.4692  -1.36E-07      1180.   3.13E+11     0.8654   2.98E+07       0.00
   44.5000  -7.66E-07      2838.  -166.4766  -7.14E-08      1180.   3.13E+11     3.7988   2.98E+07       0.00
   45.0000  -1.03E-06      1908.  -139.7361  -2.59E-08      1179.   3.13E+11     5.1147   2.98E+07       0.00
   45.5000  -1.08E-06      1162.  -108.3623   3.44E-09      1179.   3.13E+11     5.3432   2.98E+07       0.00
   46.0000  -9.90E-07   607.4880   -77.6033   2.04E-08      1179.   3.13E+11     4.9098   2.98E+07       0.00
   46.5000  -8.33E-07   230.0550   -50.4839   2.84E-08      1179.   3.13E+11     4.1300   2.98E+07       0.00
   47.0000  -6.49E-07     1.2720   -28.4361   3.06E-08      1179.   3.13E+11     3.2192   2.98E+07       0.00
   47.5000  -4.65E-07  -111.6189   -11.8553   2.96E-08      1179.   3.13E+11     2.3077   2.98E+07       0.00
   48.0000  -2.94E-07  -141.4177    -0.5530   2.71E-08      1179.   3.13E+11     1.4598   2.98E+07       0.00
   48.5000  -1.40E-07  -118.6461     5.9035   2.46E-08      1179.   3.13E+11     0.6924   2.98E+07       0.00
   49.0000   1.47E-09   -70.9309     7.9589   2.28E-08      1179.   3.13E+11   -0.00729   2.98E+07       0.00
   49.5000   1.34E-07   -23.4686     5.9372   2.19E-08      1179.   3.13E+11    -0.6666   2.98E+07       0.00
   50.0000   2.65E-07       0.00       0.00   2.17E-08      1179.   3.13E+11    -1.3125   1.49E+07       0.00

* The above values of total stress are combined axial and bending stresses. 

Output Summary for Load Case No. 1:

Pile-head deflection             =     0.69810274 inches
Computed slope at pile head      =    -0.00375677 radians
Maximum bending moment           =       5145257. inch-lbs
Maximum shear force              =        -59645. lbs
Depth of maximum bending moment  =    21.50000000 feet below pile head
Depth of maximum shear force     =    26.00000000 feet below pile head
Number of iterations             =              6
Number of zero deflection points =              4
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POF = 27'
POF EL = 764.2-27 =
737.2 (say EL 737)

Min Tip = 38'
Min Tip EL = 764.2-38
= 726.2 (say EL 726)
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--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 1
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =          11000. lbs
Moment     =        1536000. in-lbs
Axial Load =        1200000. lbs

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
   50.00000    0.69810274      5145257.       -59645.
   47.50000    0.72542577      5213428.       -60960.
   45.00000    0.70720441      5165698.       -60230.
   42.50000    0.71387268      5181285.       -60317.
   40.00000    0.70905071      5167391.       -60198.
   37.50000    0.72190810      5198052.       -60519.
   35.00000    0.71920740      5189319.       -60031.
   32.50000    0.70202448      5141837.       -60489.
   30.00000    0.74318119      5197354.       -74510.
   27.50000    1.11708350      5551384.      -118467.

--------------------------------------------------------------------------------
                 Computed Values of Pile Loading and Deflection
                   for Lateral Loading for Load Case Number 2
--------------------------------------------------------------------------------

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

Shear force at pile head                               =      18000.0 lbs
Applied moment at pile head                            =     276000.0 in-lbs
Axial thrust load on pile head                         =     735000.0 lbs

   Depth    Deflect.    Bending     Shear      Slope      Total     Bending   Soil Res.  Soil Spr.  Distrib.  
     X          y       Moment      Force        S       Stress    Stiffness      p        Es*h     Lat. Load 
   feet      inches     in-lbs       lbs      radians     psi*      in-lb^2    lb/inch    lb/inch    lb/inch  
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- 
      0.00     0.6868    276000.     18000.   -0.00337   782.3481   3.13E+11       0.00       0.00       0.00
    0.5000     0.6666    398856.     18000.   -0.00336   809.1699   3.13E+11       0.00       0.00       0.00
    1.0000     0.6464    521678.     18000.   -0.00336   835.9844   3.13E+11       0.00       0.00       0.00
    1.5000     0.6263    644457.     18000.   -0.00334   862.7893   3.13E+11       0.00       0.00       0.00
    2.0000     0.6063    767180.     18000.   -0.00333   889.5824   3.13E+11       0.00       0.00       0.00
    2.5000     0.5863    889840.     18000.   -0.00332   916.3612   3.13E+11       0.00       0.00       0.00
    3.0000     0.5665   1012423.     18000.   -0.00330   943.1237   3.13E+11       0.00       0.00       0.00
    3.5000     0.5468   1134922.     18000.   -0.00328   969.8675   3.13E+11       0.00       0.00       0.00
    4.0000     0.5272   1257324.     18000.   -0.00325   996.5903   3.13E+11       0.00       0.00       0.00
    4.5000     0.5077   1379621.     18000.   -0.00323      1023.   3.13E+11       0.00       0.00       0.00
    5.0000     0.4884   1501801.     18000.   -0.00320      1050.   3.13E+11       0.00       0.00       0.00
    5.5000     0.4693   1623854.     18000.   -0.00317      1077.   3.13E+11       0.00       0.00       0.00
    6.0000     0.4504   1745769.     18000.   -0.00314      1103.   3.13E+11       0.00       0.00       0.00
    6.5000     0.4316   1867538.     18000.   -0.00310      1130.   3.13E+11       0.00       0.00       0.00
    7.0000     0.4131   1989149.     18000.   -0.00307      1156.   3.13E+11       0.00       0.00       0.00
    7.5000     0.3948   2110591.     18000.   -0.00303      1183.   3.13E+11       0.00       0.00       0.00
    8.0000     0.3768   2231856.     18000.   -0.00299      1209.   3.13E+11       0.00       0.00       0.00
    8.5000     0.3590   2352932.     18000.   -0.00294      1236.   3.13E+11       0.00       0.00       0.00
    9.0000     0.3415   2473809.     18000.   -0.00290      1262.   3.13E+11       0.00       0.00       0.00
    9.5000     0.3242   2594477.     18000.   -0.00285      1289.   3.13E+11       0.00       0.00       0.00
   10.0000     0.3073   2714926.     18000.   -0.00280      1315.   3.13E+11       0.00       0.00       0.00
   10.5000     0.2907   2835146.     18000.   -0.00274      1341.   3.13E+11       0.00       0.00       0.00
   11.0000     0.2744   2955127.     18000.   -0.00269      1367.   3.13E+11       0.00       0.00       0.00
   11.5000     0.2584   3074858.     18000.   -0.00263      1393.   3.13E+11       0.00       0.00       0.00
   12.0000     0.2428   3194329.     18000.   -0.00257      1419.   3.13E+11       0.00       0.00       0.00
   12.5000     0.2276   3313530.     18000.   -0.00251      1446.   3.13E+11       0.00       0.00       0.00
   13.0000     0.2127   3432452.     18000.   -0.00244      1471.   3.13E+11       0.00       0.00       0.00
   13.5000     0.1982   3551084.     18000.   -0.00238      1497.   3.13E+11       0.00       0.00       0.00
   14.0000     0.1842   3669415.     18000.   -0.00231      1523.   3.13E+11       0.00       0.00       0.00
   14.5000     0.1705   3787437.     18000.   -0.00224      1549.   3.13E+11       0.00       0.00       0.00
   15.0000     0.1573   3905139.     18000.   -0.00216      1575.   3.13E+11       0.00       0.00       0.00
   15.5000     0.1446   4022512.     18000.   -0.00209      1600.   3.13E+11       0.00       0.00       0.00
   16.0000     0.1323   4139544.     18000.   -0.00201      1626.   3.13E+11       0.00       0.00       0.00
   16.5000     0.1205   4256227.     18000.   -0.00193      1651.   3.13E+11       0.00       0.00       0.00
   17.0000     0.1092   4372550.     17972.   -0.00185      1677.   3.13E+11    -9.1700   504.0000       0.00
   17.5000    0.09835   4488174.     17895.   -0.00176      1702.   3.13E+11   -16.5220      1008.       0.00
   18.0000    0.08804   4602825.     17779.   -0.00167      1727.   3.13E+11   -22.1858      1512.       0.00
   18.5000    0.07826   4716287.     17634.   -0.00158      1752.   3.13E+11   -26.2959      2016.       0.00
   19.0000    0.06903   4828405.     17468.   -0.00149      1776.   3.13E+11   -28.9910      2520.       0.00
   19.5000    0.06035   4939071.     17290.   -0.00140      1800.   3.13E+11   -30.4142      3024.       0.00
   20.0000    0.05223   5048226.     17106.   -0.00130      1824.   3.13E+11   -30.7127      3528.       0.00
   20.5000    0.04470   5155848.     16924.   -0.00121      1848.   3.13E+11   -30.0380      4032.       0.00
   21.0000    0.03776   5261953.     16748.   -0.00111      1871.   3.13E+11   -28.5457      4536.       0.00
   21.5000    0.03142   5366587.      6808.   -0.00100      1894.   3.13E+11     -3285.    627264.       0.00
   22.0000    0.02570   5352504.    -11109.  -9.02E-04      1891.   3.13E+11     -2687.    627264.       0.00
   22.5000    0.02060   5241233.    -25631.  -8.01E-04      1866.   3.13E+11     -2154.    627264.       0.00
   23.0000    0.01610   5051991.    -37140.  -7.02E-04      1825.   3.13E+11     -1683.    627264.       0.00
   23.5000    0.01218   4801740.    -46008.  -6.08E-04      1770.   3.13E+11     -1273.    627264.       0.00
   24.0000    0.00881   4505259.    -52588.  -5.18E-04      1706.   3.13E+11  -920.5965    627264.       0.00
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   24.5000    0.00595   4175256.    -57217.  -4.35E-04      1634.   3.13E+11  -622.4230    627264.       0.00
   25.0000    0.00358   3822493.    -60208.  -3.59E-04      1557.   3.13E+11  -374.4054    627264.       0.00
   25.5000    0.00165   3455929.    -61848.  -2.89E-04      1477.   3.13E+11  -172.3060    627264.       0.00
   26.0000   1.12E-04   3082870.    -62400.  -2.26E-04      1395.   3.13E+11   -11.7213    627264.       0.00
   26.5000   -0.00107   2709129.    -62100.  -1.71E-04      1314.   3.13E+11   111.8299    627264.       0.00
   27.0000   -0.00194   2339184.    -61156.  -1.23E-04      1233.   3.13E+11   202.8374    627264.       0.00
   27.5000   -0.00254   1976345.    -59750.  -8.14E-05      1154.   3.13E+11   265.7451    627264.       0.00
   28.0000   -0.00292   1622905.    -56538.  -4.69E-05      1076.   3.13E+11   804.9783   1656000.       0.00
   28.5000   -0.00310   1298307.    -51440.  -1.89E-05      1006.   3.13E+11   894.1682   1728000.       0.00
   29.0000   -0.00314   1005790.    -45928.   3.13E-06   941.6755   3.13E+11   943.1195   1800000.       0.00
   29.5000   -0.00307    747140.    -40228.   1.99E-05   885.2071   3.13E+11   956.9483   1872000.       0.00
   30.0000   -0.00290    522877.    -34534.   3.21E-05   836.2462   3.13E+11   941.1235   1944000.       0.00
   30.5000   -0.00268    332451.    -29007.   4.03E-05   794.6723   3.13E+11   901.2129   2016000.       0.00
   31.0000   -0.00242    174440.    -23775.   4.51E-05   760.1755   3.13E+11   842.6681   2088000.       0.00
   31.5000   -0.00214     46750.    -18935.   4.72E-05   732.2983   3.13E+11   770.6502   2160000.       0.00
   32.0000   -0.00185    -53200.    -14554.   4.72E-05   733.7065   3.13E+11   689.8956   2232000.       0.00
   32.5000   -0.00157   -128310.    -10670.   4.54E-05   750.1044   3.13E+11   604.6211   2304000.       0.00
   33.0000   -0.00131   -181642.     -7301.   4.25E-05   761.7478   3.13E+11   518.4644   2376000.       0.00
   33.5000   -0.00106   -216294.     -4442.   3.87E-05   769.3131   3.13E+11   434.4566   2448000.       0.00
   34.0000  -8.45E-04   -235288.     -2074.   3.43E-05   773.4597   3.13E+11   355.0213   2520000.       0.00
   34.5000  -6.53E-04   -241480.  -162.5701   2.98E-05   774.8118   3.13E+11   281.9961   2592000.       0.00
   35.0000  -4.88E-04   -237501.      1333.   2.52E-05   773.9430   3.13E+11   216.6703   2664000.       0.00
   35.5000  -3.51E-04   -225701.      2463.   2.08E-05   771.3669   3.13E+11   159.8341   2736000.       0.00
   36.0000  -2.39E-04   -208129.      3278.   1.66E-05   767.5304   3.13E+11   111.8356   2808000.       0.00
   36.5000  -1.51E-04   -186512.      3831.   1.28E-05   762.8112   3.13E+11    72.6392   2880000.       0.00
   37.0000  -8.51E-05   -162265.      4175.   9.48E-06   757.5176   3.13E+11    41.8837   2952000.       0.00
   37.5000  -3.76E-05   -136497.      4357.   6.62E-06   751.8918   3.13E+11    18.9365   3024000.       0.00
   38.0000  -5.70E-06   -110035.      4499.   4.26E-06   746.1146   3.13E+11    28.2694   2.98E+07       0.00
   38.5000   1.35E-05    -82546.      4383.   2.41E-06   740.1133   3.13E+11   -67.1082   2.98E+07       0.00
   39.0000   2.33E-05    -57466.      3835.   1.07E-06   734.6378   3.13E+11  -115.4405   2.98E+07       0.00
   39.5000   2.64E-05    -36537.      3095.   1.74E-07   730.0686   3.13E+11  -131.0212   2.98E+07       0.00
   40.0000   2.54E-05    -20322.      2325.  -3.71E-07   726.5285   3.13E+11  -125.7783   2.98E+07       0.00
   40.5000   2.20E-05     -8633.      1621.  -6.48E-07   723.9766   3.13E+11  -108.9534   2.98E+07       0.00
   41.0000   1.76E-05  -865.5835      1032.  -7.39E-07   722.2808   3.13E+11   -87.2084   2.98E+07       0.00
   41.5000   1.31E-05      3762.   575.8609  -7.11E-07   722.9133   3.13E+11   -64.9700   2.98E+07       0.00
   42.0000   9.05E-06      6051.   246.3230  -6.17E-07   723.4129   3.13E+11   -44.8759   2.98E+07       0.00
   42.5000   5.69E-06      6724.    27.0037  -4.95E-07   723.5598   3.13E+11   -28.2305   2.98E+07       0.00
   43.0000   3.11E-06      6379.  -103.9389  -3.69E-07   723.4846   3.13E+11   -15.4171   2.98E+07       0.00
   43.5000   1.26E-06      5480.  -168.9084  -2.56E-07   723.2882   3.13E+11    -6.2394   2.98E+07       0.00
   44.0000   3.73E-08      4355.  -188.1812  -1.62E-07   723.0426   3.13E+11    -0.1848   2.98E+07       0.00
   44.5000  -6.83E-07      3223.  -178.5722  -8.92E-08   722.7955   3.13E+11     3.3879   2.98E+07       0.00
   45.0000  -1.03E-06      2213.  -153.0375  -3.71E-08   722.5749   3.13E+11     5.1237   2.98E+07       0.00
   45.5000  -1.13E-06      1387.  -120.8709  -2.67E-09   722.3946   3.13E+11     5.5985   2.98E+07       0.00
   46.0000  -1.07E-06   762.2799   -88.2267   1.79E-08   722.2583   3.13E+11     5.2829   2.98E+07       0.00
   46.5000  -9.14E-07   327.9004   -58.7795   2.83E-08   722.1635   3.13E+11     4.5329   2.98E+07       0.00
   47.0000  -7.25E-07    56.6763   -34.3931   3.20E-08   722.1042   3.13E+11     3.5959   2.98E+07       0.00
   47.5000  -5.30E-07   -85.0987   -15.7250   3.18E-08   722.1105   3.13E+11     2.6267   2.98E+07       0.00
   48.0000  -3.44E-07  -132.3042    -2.7268   2.97E-08   722.1208   3.13E+11     1.7060   2.98E+07       0.00
   48.5000  -1.74E-07  -118.0822     4.9733   2.73E-08   722.1177   3.13E+11     0.8607   2.98E+07       0.00
   49.0000  -1.67E-08   -72.8650     7.8035   2.54E-08   722.1078   3.13E+11    0.08268   2.98E+07       0.00
   49.5000   1.32E-07   -24.6651     6.0901   2.45E-08   722.0973   3.13E+11    -0.6538   2.98E+07       0.00
   50.0000   2.77E-07       0.00       0.00   2.43E-08   722.0919   3.13E+11    -1.3762   1.49E+07       0.00

* The above values of total stress are combined axial and bending stresses. 

Output Summary for Load Case No. 2:

Pile-head deflection             =     0.68678675 inches
Computed slope at pile head      =    -0.00337135 radians
Maximum bending moment           =       5366587. inch-lbs
Maximum shear force              =        -62400. lbs
Depth of maximum bending moment  =    21.50000000 feet below pile head
Depth of maximum shear force     =    26.00000000 feet below pile head
Number of iterations             =              6
Number of zero deflection points =              4

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 2
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =          18000. lbs
Moment     =         276000. in-lbs
Axial Load =         735000. lbs

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
   50.00000    0.68678675      5366587.       -62400.
   47.50000    0.71533728      5451623.       -63908.
   45.00000    0.69630910      5391381.       -63036.
   42.50000    0.70325876      5410797.       -63217.
   40.00000    0.69822518      5397737.       -62969.
   37.50000    0.71161691      5438098.       -63409.
   35.00000    0.70876487      5430173.       -62942.
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   32.50000    0.69089279      5373246.       -63592.
   30.00000    0.73524550      5420498.       -79066.
   27.50000    1.09962474      5587250.      -119862.

--------------------------------------------------------------------------------
                 Computed Values of Pile Loading and Deflection
                   for Lateral Loading for Load Case Number 3
--------------------------------------------------------------------------------

Pile-head conditions are Shear and Pile-head Rotation (Loading Type 2)

Shear force at pile head                               =      23000.0 lbs
Rotation of pile head                                  =    0.000E+00 radians
Axial load at pile head                                =     615000.0 lbs

(Zero slope for this load indicates fixed-head conditions)

   Depth    Deflect.    Bending     Shear      Slope      Total     Bending   Soil Res.  Soil Spr.  Distrib.  
     X          y       Moment      Force        S       Stress    Stiffness      p        Es*h     Lat. Load 
   feet      inches     in-lbs       lbs      radians     psi*      in-lb^2    lb/inch    lb/inch    lb/inch  
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- 
      0.00     0.1924  -3642666.     23000.       0.00      1399.   3.13E+11       0.00       0.00       0.00
    0.5000     0.1922  -3504537.     23000.  -6.84E-05      1369.   3.13E+11       0.00       0.00       0.00
    1.0000     0.1916  -3366160.     23000.  -1.34E-04      1339.   3.13E+11       0.00       0.00       0.00
    1.5000     0.1906  -3227546.     23000.  -1.97E-04      1309.   3.13E+11       0.00       0.00       0.00
    2.0000     0.1892  -3088704.     23000.  -2.58E-04      1279.   3.13E+11       0.00       0.00       0.00
    2.5000     0.1875  -2949643.     23000.  -3.16E-04      1248.   3.13E+11       0.00       0.00       0.00
    3.0000     0.1854  -2810374.     23000.  -3.71E-04      1218.   3.13E+11       0.00       0.00       0.00
    3.5000     0.1830  -2670907.     23000.  -4.23E-04      1187.   3.13E+11       0.00       0.00       0.00
    4.0000     0.1803  -2531250.     23000.  -4.73E-04      1157.   3.13E+11       0.00       0.00       0.00
    4.5000     0.1774  -2391415.     23000.  -5.20E-04      1126.   3.13E+11       0.00       0.00       0.00
    5.0000     0.1741  -2251411.     23000.  -5.65E-04      1096.   3.13E+11       0.00       0.00       0.00
    5.5000     0.1706  -2111247.     23000.  -6.06E-04      1065.   3.13E+11       0.00       0.00       0.00
    6.0000     0.1668  -1970935.     23000.  -6.46E-04      1034.   3.13E+11       0.00       0.00       0.00
    6.5000     0.1628  -1830483.     23000.  -6.82E-04      1004.   3.13E+11       0.00       0.00       0.00
    7.0000     0.1586  -1689902.     23000.  -7.16E-04   973.1379   3.13E+11       0.00       0.00       0.00
    7.5000     0.1542  -1549201.     23000.  -7.47E-04   942.4203   3.13E+11       0.00       0.00       0.00
    8.0000     0.1497  -1408391.     23000.  -7.75E-04   911.6787   3.13E+11       0.00       0.00       0.00
    8.5000     0.1449  -1267482.     23000.  -8.01E-04   880.9153   3.13E+11       0.00       0.00       0.00
    9.0000     0.1401  -1126483.     23000.  -8.24E-04   850.1325   3.13E+11       0.00       0.00       0.00
    9.5000     0.1351   -985404.     23000.  -8.44E-04   819.3322   3.13E+11       0.00       0.00       0.00
   10.0000     0.1299   -844255.     23000.  -8.61E-04   788.5168   3.13E+11       0.00       0.00       0.00
   10.5000     0.1247   -703047.     23000.  -8.76E-04   757.6883   3.13E+11       0.00       0.00       0.00
   11.0000     0.1194   -561790.     23000.  -8.88E-04   726.8490   3.13E+11       0.00       0.00       0.00
   11.5000     0.1141   -420492.     23000.  -8.98E-04   696.0010   3.13E+11       0.00       0.00       0.00
   12.0000     0.1087   -279165.     23000.  -9.04E-04   665.1465   3.13E+11       0.00       0.00       0.00
   12.5000     0.1032   -137818.     23000.  -9.08E-04   634.2877   3.13E+11       0.00       0.00       0.00
   13.0000    0.09776      3538.     23000.  -9.10E-04   604.9718   3.13E+11       0.00       0.00       0.00
   13.5000    0.09230    144895.     23000.  -9.08E-04   635.8327   3.13E+11       0.00       0.00       0.00
   14.0000    0.08686    286241.     23000.  -9.04E-04   666.6913   3.13E+11       0.00       0.00       0.00
   14.5000    0.08145    427567.     23000.  -8.97E-04   697.5455   3.13E+11       0.00       0.00       0.00
   15.0000    0.07609    568863.     23000.  -8.88E-04   728.3931   3.13E+11       0.00       0.00       0.00
   15.5000    0.07080    710118.     23000.  -8.75E-04   759.2320   3.13E+11       0.00       0.00       0.00
   16.0000    0.06559    851323.     23000.  -8.60E-04   790.0598   3.13E+11       0.00       0.00       0.00
   16.5000    0.06047    992468.     23000.  -8.43E-04   820.8746   3.13E+11       0.00       0.00       0.00
   17.0000    0.05547   1133543.     22986.  -8.22E-04   851.6740   3.13E+11    -4.6598   504.0000       0.00
   17.5000    0.05060   1274371.     22947.  -7.99E-04   882.4193   3.13E+11    -8.5014      1008.       0.00
   18.0000    0.04588   1414802.     22886.  -7.74E-04   913.0782   3.13E+11   -11.5619      1512.       0.00
   18.5000    0.04132   1554717.     22810.  -7.45E-04   943.6243   3.13E+11   -13.8834      2016.       0.00
   19.0000    0.03694   1694022.     22722.  -7.14E-04   974.0374   3.13E+11   -15.5138      2520.       0.00
   19.5000    0.03275   1832649.     22626.  -6.80E-04      1004.   3.13E+11   -16.5060      3024.       0.00
   20.0000    0.02877   1970552.     22525.  -6.44E-04      1034.   3.13E+11   -16.9186      3528.       0.00
   20.5000    0.02502   2107707.     22424.  -6.05E-04      1064.   3.13E+11   -16.8153      4032.       0.00
   21.0000    0.02151   2244107.     22325.  -5.63E-04      1094.   3.13E+11   -16.2649      4536.       0.00
   21.5000    0.01826   2379764.     16548.  -5.19E-04      1124.   3.13E+11     -1909.    627264.       0.00
   22.0000    0.01529   2446514.      6025.  -4.73E-04      1138.   3.13E+11     -1598.    627264.       0.00
   22.5000    0.01259   2455558.     -2718.  -4.26E-04      1140.   3.13E+11     -1316.    627264.       0.00
   23.0000    0.01018   2417040.     -9859.  -3.79E-04      1132.   3.13E+11     -1064.    627264.       0.00
   23.5000    0.00804   2340047.    -15573.  -3.34E-04      1115.   3.13E+11  -840.6894    627264.       0.00
   24.0000    0.00617   2232624.    -20032.  -2.90E-04      1092.   3.13E+11  -645.4966    627264.       0.00
   24.5000    0.00456   2101806.    -23400.  -2.48E-04      1063.   3.13E+11  -477.1234    627264.       0.00
   25.0000    0.00319   1953663.    -25833.  -2.09E-04      1031.   3.13E+11  -333.9984    627264.       0.00
   25.5000    0.00205   1793357.    -27478.  -1.74E-04   995.7242   3.13E+11  -214.3420    627264.       0.00
   26.0000    0.00111   1625209.    -28470.  -1.41E-04   959.0142   3.13E+11  -116.2286    627264.       0.00
   26.5000   3.60E-04   1452761.    -28931.  -1.11E-04   921.3655   3.13E+11   -37.6382    627264.       0.00
   27.0000  -2.25E-04   1278856.    -28974.  -8.52E-05   883.3986   3.13E+11    23.5007    627264.       0.00
   27.5000  -6.63E-04   1105707.    -28695.  -6.24E-05   845.5967   3.13E+11    69.2772    627264.       0.00
   28.0000  -9.73E-04    934973.    -27681.  -4.29E-05   808.3222   3.13E+11   268.6797   1656000.       0.00
   28.5000   -0.00118    773846.    -25859.  -2.65E-05   773.1450   3.13E+11   338.9359   1728000.       0.00
   29.0000   -0.00129    624866.    -23680.  -1.31E-05   740.6197   3.13E+11   387.3977   1800000.       0.00
   29.5000   -0.00133    489788.    -21269.  -2.42E-06   711.1295   3.13E+11   416.2050   1872000.       0.00
   30.0000   -0.00132    369658.    -18737.   5.81E-06   684.9030   3.13E+11   427.8018   1944000.       0.00
   30.5000   -0.00126    264904.    -16179.   1.19E-05   662.0330   3.13E+11   424.8001   2016000.       0.00
   31.0000   -0.00118    175423.    -13675.   1.61E-05   642.4976   3.13E+11   409.8595   2088000.       0.00
   31.5000   -0.00107    100685.    -11289.   1.87E-05   626.1809   3.13E+11   385.5857   2160000.       0.00
   32.0000  -9.53E-04     39821.     -9069.   2.01E-05   612.8931   3.13E+11   354.4477   2232000.       0.00
   32.5000  -8.30E-04     -8285.     -7049.   2.04E-05   606.0082   3.13E+11   318.7145   2304000.       0.00
   33.0000  -7.08E-04    -44918.     -5252.   1.99E-05   614.0057   3.13E+11   280.4104   2376000.       0.00
   33.5000  -5.91E-04    -71452.     -3687.   1.88E-05   619.7987   3.13E+11   241.2870   2448000.       0.00
   34.0000  -4.83E-04    -89295.     -2354.   1.72E-05   623.6942   3.13E+11   202.8106   2520000.       0.00
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   34.5000  -3.85E-04    -99831.     -1247.   1.54E-05   625.9943   3.13E+11   166.1626   2592000.       0.00
   35.0000  -2.98E-04   -104377.  -352.1257   1.35E-05   626.9869   3.13E+11   132.2498   2664000.       0.00
   35.5000  -2.23E-04   -104155.   349.7938   1.15E-05   626.9385   3.13E+11   101.7234   2736000.       0.00
   36.0000  -1.60E-04   -100264.   879.9736   9.51E-06   626.0890   3.13E+11    75.0032   2808000.       0.00
   36.5000  -1.09E-04    -93666.      1262.   7.65E-06   624.6484   3.13E+11    52.3055   2880000.       0.00
   37.0000  -6.84E-05    -85178.      1520.   5.94E-06   622.7953   3.13E+11    33.6720   2952000.       0.00
   37.5000  -3.77E-05    -75472.      1678.   4.40E-06   620.6763   3.13E+11    18.9986   3024000.       0.00
   38.0000  -1.56E-05    -65076.      1967.   3.06E-06   618.4067   3.13E+11    77.4972   2.98E+07       0.00
   38.5000  -1.03E-06    -51886.      2215.   1.94E-06   615.5271   3.13E+11     5.1124   2.98E+07       0.00
   39.0000   7.60E-06    -38509.      2117.   1.07E-06   612.6065   3.13E+11   -37.7009   2.98E+07       0.00
   39.5000   1.18E-05    -26485.      1829.   4.48E-07   609.9816   3.13E+11   -58.5670   2.98E+07       0.00
   40.0000   1.30E-05    -16569.      1460.   3.53E-08   607.8166   3.13E+11   -64.3382   2.98E+07       0.00
   40.5000   1.22E-05     -8967.      1085.  -2.09E-07   606.1570   3.13E+11   -60.6664   2.98E+07       0.00
   41.0000   1.05E-05     -3549.   747.2111  -3.29E-07   604.9741   3.13E+11   -51.8840   2.98E+07       0.00
   41.5000   8.28E-06     1.7572   468.3226  -3.63E-07   604.1997   3.13E+11   -41.0789   2.98E+07       0.00
   42.0000   6.10E-06      2074.   254.2616  -3.43E-07   604.6520   3.13E+11   -30.2748   2.98E+07       0.00
   42.5000   4.16E-06      3055.   101.4798  -2.94E-07   604.8664   3.13E+11   -20.6525   2.98E+07       0.00
   43.0000   2.57E-06      3294.     1.2077  -2.33E-07   604.9184   3.13E+11   -12.7716   2.98E+07       0.00
   43.5000   1.36E-06      3072.   -57.4103  -1.72E-07   604.8699   3.13E+11    -6.7677   2.98E+07       0.00
   44.0000   5.07E-07      2606.   -85.2571  -1.18E-07   604.7682   3.13E+11    -2.5145   2.98E+07       0.00
   44.5000  -5.11E-08      2049.   -92.0401  -7.34E-08   604.6468   3.13E+11     0.2535   2.98E+07       0.00
   45.0000  -3.74E-07      1502.   -85.7191  -3.94E-08   604.5272   3.13E+11     1.8535   2.98E+07       0.00
   45.5000  -5.24E-07      1021.   -72.3660  -1.52E-08   604.4222   3.13E+11     2.5975   2.98E+07       0.00
   46.0000  -5.56E-07   633.6702   -56.2947   6.22E-10   604.3377   3.13E+11     2.7596   2.98E+07       0.00
   46.5000  -5.16E-07   345.5499   -40.3345   1.00E-08   604.2748   3.13E+11     2.5605   2.98E+07       0.00
   47.0000  -4.36E-07   149.5828   -26.1596   1.47E-08   604.2320   3.13E+11     2.1645   2.98E+07       0.00
   47.5000  -3.39E-07    31.5256   -14.6167   1.65E-08   604.2062   3.13E+11     1.6832   2.98E+07       0.00
   48.0000  -2.39E-07   -25.9394    -6.0154   1.65E-08   604.2050   3.13E+11     1.1839   2.98E+07       0.00
   48.5000  -1.41E-07   -40.7812    -0.3652   1.59E-08   604.2082   3.13E+11     0.6995   2.98E+07       0.00
   49.0000  -4.80E-08   -30.4394     2.4479   1.52E-08   604.2060   3.13E+11     0.2382   2.98E+07       0.00
   49.5000   4.15E-08   -11.5187     2.5457   1.48E-08   604.2018   3.13E+11    -0.2056   2.98E+07       0.00
   50.0000   1.30E-07       0.00       0.00   1.47E-08   604.1993   3.13E+11    -0.6429   1.49E+07       0.00

* The above values of total stress are combined axial and bending stresses. 

Output Summary for Load Case No. 3:

Pile-head deflection             =     0.19239874 inches
Computed slope at pile head      =       0.000000 radians
Maximum bending moment           =      -3642666. inch-lbs
Maximum shear force              =        -28974. lbs
Depth of maximum bending moment  =       0.000000 feet below pile head
Depth of maximum shear force     =    27.00000000 feet below pile head
Number of iterations             =              6
Number of zero deflection points =              4

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 3
--------------------------------------------------------------------------------

Boundary Condition Type 2, Shear and Slope

Shear      =          23000. lbs
Slope      =         0.00000
Axial Load =         615000. lbs

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
   50.00000    0.19239874     -3642666.       -28974.
   47.50000    0.20015962     -3692176.       -29727.
   45.00000    0.19499609     -3659399.       -29294.
   42.50000    0.19685912     -3671422.       -29384.
   40.00000    0.19549334     -3662721.       -29296.
   37.50000    0.19907239     -3685769.       -29489.
   35.00000    0.19825886     -3680782.       -29325.
   32.50000    0.19356837     -3649650.       -30329.
   30.00000    0.20445722     -3719323.       -37668.
   27.50000    0.25736631     -4143263.       -43440.
   25.00000    0.38817276     -5285589.       -34172.
   22.50000    0.48097964     -6256947.        23000.

--------------------------------------------------------------------------------
            Summary of Pile-head Responses for Conventional Analyses
--------------------------------------------------------------------------------

Definitions of Pile-head Loading Conditions:

Load Type 1: Load 1 = Shear, V, lbs, and Load 2 = Moment, M, in-lbs
Load Type 2: Load 1 = Shear, V, lbs, and Load 2 = Slope, S, radians
Load Type 3: Load 1 = Shear, V, lbs, and Load 2 = Rot. Stiffness, R, in-lbs/rad.
Load Type 4: Load 1 = Top Deflection, y, inches, and Load 2 = Moment, M, in-lbs
Load Type 5: Load 1 = Top Deflection, y, inches, and Load 2 = Slope, S, radians

Load Load                Load                  Axial    Pile-head  Pile-head  Max Shear Max Moment
Page 9

Min Tip = 39'
Min Tip EL = 764.2-39
= 725.2 (say EL 725)
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980020 Bent 1 36-in Shaft.lp10o
Case Type   Pile-head    Type     Pile-head   Loading  Deflection  Rotation    in Pile    in Pile 
 No.  1      Load 1       2        Load 2       lbs      inches     radians      lbs      in-lbs  
---- ----- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
  1  V, lb     11000.  M, in-lb    1536000.   1200000.     0.6981   -0.00376    -59645.   5145257.
  2  V, lb     18000.  M, in-lb     276000.    735000.     0.6868   -0.00337    -62400.   5366587.
  3  V, lb     23000.   S, rad         0.00    615000.     0.1924       0.00    -28974.  -3642666.

Maximum pile-head deflection = 0.6981027402 inches
Maximum pile-head rotation   = -0.0037567698 radians = -0.215247 deg. 

The analysis ended normally. 

Page 10
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EXDB11-980020

PROVIDED INFORMATION

- 13+99.69 -L-

- Conventional Abutment w/ 1.5:1 Front Slope

- Vertical HP 12x53 steel piles

- 5

- 8'-3"

- ± 764.9

- 30'-0"

- 50'-0"

- Axial Load: 162 kips per pile

BORING SUMMARY

761.5

*NE: Not encountered

End Bent #2

T/Weathered 

Rock EL T/Rock EL

Groundwater 

EL

EB2-A

EB2-B (B-1)

769.2

769.5

NE

756.9

756.0

756.4

NE

Boring

Ground 

Surface EL

Task:

Job No.:

Bridge #20 on SR 1152 Over S. Deep Creek

Foundation Recommendations

Date: 10/11/2018By:

Job Name:

References: AASHTO LRFD  (6th Ed.) and NCDOT LRFD Driven Pile Foundation Policy (6th Update)

MRS

Checked By: GKG Date: 10/12/2018

Factored Loads (Per NCDOT Standard Bridge Loads)

Cored Slab Unit Length

Bottom of Cap (B/C) EL:

Bridge Width

Location of End Bent #2:

Type of Abutment:

Foundation Type:

Number of piles:

Pile spacing:
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EXDB11-980020

STRUCTURAL CAPACITY

kips AASHTO 6.9.4.1-1

λ = fy(kl/rsπ)
2
/E = 0.0 Unbraced length = 0-ft (fully embedded)

fy = yield strength of steel = 50 ksi ASTM A 572 Grade 50 Steel

Ap = pile cross sectional area = 15.5 in
2 HP 12x53

kips (> Pf = 162-kips)

ϕc = (severe driving conditions) NCDOT Pile Policy 1.3.1

- Axial analysis not performed as pile excavation is required.

- Pile excavation required to achieve minimum tip elevation of 10-ft below bottom of end bent cap

(See pile length and tip elevation summary).

-  Downdrag is not anticipated and settlement should not be signicant.

MRS

Checked By: GKG

Date:

Factored Structural Capacity of Pile, P r

AXIAL ANALYSIS

DOWNDRAG

LATERAL ANALYSIS

where:

Pr = ϕcPn =

0.50

387.5

References: AASHTO LRFD (6th Ed.) and NCDOT LRFD Driven Pile Foundation Policy (6th Update)

Nominal Structural Capacity of Pile, P n

where:

Pn = 0.66
λ
fyAp = 775

Date: 10/12/2018

End Bent #2 (Continued)

Task: Foundation Recommendations

Job No.:

Job Name: Bridge #20 on SR 1152 Over S. Deep Creek

10/11/2018By:
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DYNAMIC ANALYSIS

kips 270 kips) = tons

(PDA and WEAP- Option 1) NCDOT Pile Policy 3.2

kips

- See dynamic analysis for End Bent 1 (highest Rndr)

- Delmag D 19-32 OK

- Actual driving system to be evaluated prior to construction

SUMMARY

Estimated Pile Tip Elevation = Top of Weathered Rock/Rock EL - (1 ft)

Minimum Pile Tip Elevation = Bottom of Cap - (10 ft)

Recommended Pile Length = (B/C EL) - (Lesser of Estimated and Minimum Tip EL) + (1 ft Embedment)

(Round up to nearest 5-ft)

- Pre-drilling or pile excavation not required

- Steel pile points are required

- PDA testing not required per RFP (Rndr less than 175 tons)

755

B/C EL

Est. Pile 

Tip ELLocation

Left EB2-A

Boring

764.9

Right EB2-B 764.9 755.4 754.9

where: ϕdyn = 0.60

Rf = 162

Rndr = Rf /ϕdyn = 270 (Use 135

EXDB11-980020

References: AASHTO LRFD (6th Ed.) and NCDOT LRFD Driven Pile Foundation Policy (6th Update)

Job Name: Bridge #20 on SR 1152 Over S. Deep Creek

By: MRS Date:

End Bent #2 (Continued)

Task: Foundation Recommendations

Min. Pile 

Tip EL

754.9

Recommended 

Pile Length (ft)

Job No.:

10/11/2018

Checked By: GKG Date: 10/12/2018

Rndr 

(tons)

15 135
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769.2

766.0

761.0

756.0

0.0

3.2

8.2

13.2

0.0

3.0

7.0

13.2

766.2

762.2

756.0

769.2

ROADWAY EMBANKMENT
Brown, stiff, sandy CLAY (A-6), trace gravel,

trace wood fragments
Brown, loose, clayey SAND (A-2-6), trace

gravel

Orange-brown, medium stiff, fine sandy
CLAY (A-7-5)

Boring Terminated WITH STANDARD
PENETRATION TEST REFUSAL at

Elevation 756.0 ft on Crystalline Rock:
BIOTITE GNEISS

5

2

3

4

4

4

4

3

2

60/0.0

SHEET  11  OF  12

770

DRIVE
ELEV

(ft)

DEPTH
(ft)

DEPTH (ft)

SOIL AND ROCK DESCRIPTION
L
O
G

SAMP.

NO. MOI ELEV. (ft)

BLOW COUNT

0.5ft 0.5ft0.5ft

BLOWS PER FOOT

25 50 750 100

BORE LOG

OFFSET 8 ft LT ALIGNMENT -L-

EASTING 1,504,940

Dry

Dry

SITE DESCRIPTION BRIDGE NO. 020 ON SR 1152 (NEELIE RD.) OVER SOUTH DEEP CREEK

BORING NO. EB2-A

GROUND WTR (ft)

TOTAL DEPTH 13.2 ft

SURFACE WATER DEPTH N/ACOMP. DATE 10/01/18START DATE 10/01/18

GEOLOGIST P. Cary

STATION 14+22

COLLAR ELEV. 769.2 ft

0 HR.

24 HR.NORTHING 858,524

DRILLER M. Moseley

DRILL RIG/HAMMER EFF./DATE SUM0093 DIEDRICH D-50 85% 11/30/2017 DRILL METHOD H.S. Augers HAMMER TYPE Automatic

TIP N/AWBS 17BP.11.R.183 COUNTY YADKIN

ELEV
(ft)

770

765

760

GEOTECHNICAL BORING REPORT
N

C
D

O
T

 B
O

R
E

 S
IN

G
LE

  9
8_

G
E

O
_B

R
D

G
02

0.
G

P
J 

 N
C

_D
O

T
.G

D
T

  1
0/

9/
1

8

M

M

W

GROUND SURFACE

9

6

7

60/0.0

B/Cap EL 764.9
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764.8

759.8

4.7

9.7

0.0

9.2

12.6
13.1

760.3

756.9
756.4

769.5

ROADWAY EMBANKMENT
RED-BRN SOFT TO MED. STIFF MOIST

SANDY SILTY CLAY (A-7)

ALLUVIAL
RED MED. STIFF MOIST SANDY SILTY

CLAY (A-7)
WEATHERED ROCK

SEV. WEATH. CRYSTALLINE ROCK
Boring Terminated WITH CASING

ADVANCER REFUSAL at Elevation 756.4 ft
ON CRYSTALLINE ROCK

Note: Boring named B-1 in provided
Geotechnical Report for Planning dated

3/5/2015

2

3

2

3

0

1

SHEET  12  OF  12

770

DRIVE
ELEV

(ft)

DEPTH
(ft)

DEPTH (ft)

SOIL AND ROCK DESCRIPTION
L
O
G

SAMP.

NO. MOI ELEV. (ft)

BLOW COUNT

0.5ft 0.5ft0.5ft

BLOWS PER FOOT

25 50 750 100

BORE LOG

OFFSET 23 ft RT ALIGNMENT -L-

EASTING 1,504,906

8.0

8.0

SITE DESCRIPTION BRIDGE NO. 020 ON SR 1152 (NEELIE RD.) OVER SOUTH DEEP CREEK

BORING NO. EB2-B (B-1)

GROUND WTR (ft)

TOTAL DEPTH 13.1 ft

SURFACE WATER DEPTH N/ACOMP. DATE 02/09/15START DATE 02/09/15

GEOLOGIST Murray, C. C.

STATION 13+99

COLLAR ELEV. 769.5 ft

0 HR.

24 HR.NORTHING 858,507

DRILLER Estep, J. E.

DRILL RIG/HAMMER EFF./DATE HFO0066 CME-550  81%   03/19/2014 DRILL METHOD NW Casing w/ Advancer HAMMER TYPE Automatic

TIP N/AWBS 17BP.11.R.183 COUNTY YADKIN

ELEV
(ft)

770

765

760

GEOTECHNICAL BORING REPORT
N

C
D

O
T

 B
O

R
E

 S
IN

G
LE

  9
8_

G
E

O
_B

R
D

G
02

0.
G

P
J 

 N
C

_D
O

T
.G

D
T

  1
0/

9/
1

8

M

M

GROUND SURFACE

4

6

B/Cap EL 764.9
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