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STATE OF NORTH CAROLINA

DEPARTMENT OF TRANSPORTATION
DIVISION OF HIGHWAYS
HIGHWAY BUILDING
1589 MAIL SERVICE CENTER
RALEIGH, NORTH CAROLINA 27699-1589

SUBJECT: Bridge No. 108 on SR 1001
(Lizzie Mill Rd.) over 1-95

PREPARED BY: Ccw TIP NO.:
DATE: 5/17 I-5786

CHECKED BY: WPA COUNTY: Johnston
DATE: 5/17

END BENTS SUMMARY

END BENT 1

Pile Type:

Bottom of Cap Elevation:
Anticipated Pile Length:
Average Pile Length:
Max Factored Load:

Required Ultimate Resistance:

Required Driving Resistance:

END BENT 2

Pile Type:

Bottom of Cap Elevation:
Anticipated Pile Length:
Average Pile Length:
Max Factored Load:

Required Ultimate Resistance:

Required Driving Resistance:

NOTES

HP 12X53 Steel Piles
189.19 ft

52 ft+

55ft+

80 Tons/Pile

180 Tons/Pile

160 Tons/Pile

HP 12X53 Steel Piles
189.45 ft

47 ft (Lt), 52 ft (Rt) =
50 ft (Lt), 55 ft (Rt) %
80 Tons/Pile

180 Tons/Pile

165 Tons/Pile

See Notes on Sheet 2 of the Foundation Recommendations.

COMMENTS

See Comments on Sheet 3 of the Foundation Recommendations.

Provided by WEI

Bottom of Cap - Anticipated Pile Refusal Depth
Anticipated Pile Lengths Rounded Up to Nearest 5 ft
Provided by WEI, rounded up to nearest 5 tons

AASHTO Resistance Factor = 0.45

NCDOT Driving Resistance Factor = 0.6 for WEAP analysis
with limited or no PDAs plus additional driving resistance
due to downdrag

Provided by WEI

Bottom of Cap - Anticipated Pile Refusal Depth
Anticipated Pile Lengths Rounded Up to Nearest 5 ft
Provided by WEI, rounded up to nearest 5 tons

AASHTO Resistance Factor = 0.45

NCDOT Driving Resistance Factor = 0.6 for WEAP analysis
with limited or no PDAs plus additional driving resistance
due to downdrag

5/22/2017

End Bts Sum

Bridge No. 108 Lizzie Mill Fdn Recs - 2nd revised.xIsx
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GEOTECHNICAL BORING REPORT

BORE LOG

SHEET 4

WBS N/A | TP 15786 | COUNTY JOHNSTON | GEOLOGIST J. Cranston

SITE DESCRIPTION Bridge No. 108 on SR 1001 (Lizzie Mill Road) over 1-95 GROUND WTR (ft)
BORING NO. EB1-A STATION 16+45 OFFSET BfLT ALIGNMENT -Y1- 0HR NM
COLLARELEV. 195.9 ft TOTALDEPTH 607 ft NORTHING 652,466 EASTING 2,224,854 24HR. FIAD

DRILL RIGIHAMMER EFF./DATE F&R5785 CME-55 80% 02/11/2017

| DRILL METHOD  Mud Rotary

HAMMERTYPE Automatic

DRILLER D. Aiello

START DATE 04/10/17

COMP. DATE 04/10/17

I SURFACE WATER DEPTH N/A

NCDOT BORE SINGLE 15786 _GEO_BH_BRDG108.GPJ NC_DOT.GDT 4/25/17

DRIVE BLOW COUNT BLOWS PER FOOT SAMP. L
BV pey |PEETH v 0 SOIL AND ROCK DESCRIPTION
® | "¢ | osft | 05t | 05| |0 25 50 75 1001 | No. L /violl G | ELev. ) DEPTH (ft)
200 |
T 1959 GROUND SURFACE 0.9
198 | jase~+ 13 H | R ASPHALT 13
T g8 1 11 | 10 - )21 - - MLk ROADWAY EMBANKVENT
1924 T 35 A N <. .- Lo 1o Dark Gray, Silty Fine SAND (A-2-4)
1 4 4 8 . ‘1/0 e Y7 W %%A ks 2. Brown-Gray, Clayey Fine to Coarse SAND 4
4 - - D - g oy Vi 3 - f
190 4 { Bﬁj pei /gg,} ’Z;!)j/lfét;l/ op N /g{f; > y(A_z_s)
= A e e T BegmtRtts 70
4 R T i Dark Gray, Silty Fine SAND (A-2-4) with
1874 T 88 7 7 5 R l- N L. Trace Wood Fragments
1 . *9 =g - Ml
185 T NED'a L
T N A L b 1839 120
1 g LN Dark to Light Gray, Fine Sandy CLAY (A-6) 7l
1824 T 135 ! N i ,
E= - - L with Trace Wood Fragments
T 2 2 5 _‘7 : m N g
180 1T | LIN_.
1 N LN
1774 T 185 oI t\‘
+ Z | 3| 4 F . M OIN
175 4 1 N
L ... LN
P Lo, LN /72
AT 255 - > > & N ‘——__;é’r/_ L_\_
170 T i4 o . L\'
£ LN
i \- [ N 889 20
N N A- COASTAL PLAIN
Il B I B \& : Light Gray, Clayey Fine SAND (A-2-6)
165 T )
-+ X _ — e 22
1604 F 335 \ Orange-Brown-Gray, Fine Sandy Silty CLAY
S I R N K
180 T N § [ - 7 10|
L Y A . A Brown-Light Gray, Clayey Fine to Coarse
wratoeas L L L "R el SAND (A-2-6) with Trace Mica
155 T *6' o W Q-
T AN Selwsso o s
1 . 20 00} Light Brown and Gray, Fine to Coarse SAND
h24 1 438 L 1] -\ N st Boot (A-3) with Trace Gravel
150 T ) ,i -
1 . Il‘ o i
I A Sat. feosl
145 T \ L
4 AN A B oA S —— 7. A%
1494+ 535 AN N QOrange-Brown, Fine Sandy SILT (A-4)
0 T 7 10 17 : | : M
T ~ee .. M0 B8 57.0
~ WEATHERED ROCK T
1374 T 585 D
+ T . o Biue-Gray (META-ARGILLITE)
13%7——:607 60/0.0 A M.. — —— — : .6(-)/0. - T inated with Sf 801
T X ! e rehige o)l he @ . i Boring Terminated with Standard j
1 /—{Qﬁ P (e ﬂ de- et befn WA, oy 32 /E? N Penetration Test Refusal at Elevation 135.2
y £ e . ft on Crystalline Rock (META-ARGILLITE
+ = /872 - /27 P rf -
T / 7 A=z 2
1 ) Fo L ~4 1 s ! 4.
T 2 Anticpets! Pile Lenpihd 52 Sy 9; g pite (G4
T , , ¢ N - PN gtrraial &) ER 2 phel
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NCDOT BORE SINGLE 15786 _GEO_BH_BRDG108.GPJ NC_DOT.GDT 4/25/117

GEOTECHNICAL BORING REPORT SHEET 5
BORE LOG

WBS N/A lTIP 1-5786 lCOUNTY JOHNSTON

J GEOLOGIST J. Cranston

SITE DESCRIPTION Bridge No. 108 on SR 1001 (Lizzie Mill Road) over I-95 GROUND WTR (ft)
BORING NO. EB1-B STATION 16+36 OFFSET 6ftRT ALIGNMENT -Y1- 0 HR. NM
COLLARELEV. 1956 ft TOTAL DEPTH 68.5ft NORTHING 652,456 EASTING 2,224,841 24 HR. FIAD
DRILL RIG/HAMMER EFF/DATE F&R5785 CME-55 80% 02/11/2017 I DRILL METHOD Mud Rotary HAMMER TYPE Automatic
DRILLER D. Ajello START DATE 04/14/17 COMP. DATE 04/14/17 l SURFACE WATER DEPTH 'NA
DRIVE BLOW COUNT BLOWS PER FOOT SAMP. L
E(Lfg" ELEV DE(E)T H v o SOIL AND ROCK DESCRIPTION
(it) -| 057t | 057 | 057 | |0 % 50 75 1001 | NO. | /wvol| G | Elevim DEPTH (ft)
200 L
105 I | 1956 GROUND SURFAGE 09
1043 13 ! 1943 ASPHALT 3
+ 71 7 | 8 .- )1 : SRR Lfs ROADWAY EMBANKVENT
19217 a5 N O I G128 Dark Gray, Sily Fine SAND (A-2:4) _ — -2
L 3 3 5 .‘3. I U L R’}’:’f’j B 191.1 Brown-Black, Fine fo Coarse SAND (A-3) 45
150 T [—pOc=% g».;{ > ;f 2 § !_**W 5, o {% 2 Gray, Clayey Fine SAND (A-2-6) s
1 I . CNF ~  Gray fo Dark Gray, Ene Sandy GLAY A8) |
1871 L 845 |- L§— with Trace Organics
4 1 2 1 3 . W L\-
185 T T N
4 P . LN
i 1. ) i A
oo ARREL N NN S @ tE—
4 Iy M B
180 T ‘,‘3 N ‘CQ_
i~
T UKz N
1774 ] 185 Y I S N
T T 2% ||es . YT530 M TN
175 1 I L N
1 |- PG INmee . 2]
1791 T 235 I - t\: Gray, Fine Sandy Siity CLAY (A-7)
1 1 1 2 «3 o M L\—-
170 T 1_:—
+ ) A Y ZO@ LN} 1686 210
T NI T = COASTAL PLAIN
1671 ] 285 ) .
3 7 5 - - g - - - - \— Brown-Gray, Fine Sandy Silty CLAY (A-7)
165 T : ;10@ Refl| il M §:_
1 UL Nesz/o- NY
(RO T NN S :}..:?f?gg: §:
T - Copreo N
160
T ,r — - S R— 20 ;\_‘ =2
1571 ] ans €] 5 Norl 125 e=10 N
T T2 |3 . 200 N 1581 305
155 4 *T/\ . e . q BN {ight Brown, Clayey Fine to Coarse SAND
il Y w5 MNead 22 = | |66 S (A-2-6) 0
T A R A SooF ——_LEht_BEVEﬁn_e’E(EaEe_SKNE(_ATS—)-Mh—*—
1521 ] 435 5 T 5 I - Trace Gravel (48.5'-50.0%)
1 .- §10 Sat gess
150 4 } . 53 I
T 1 BIR=10 N
1471 T 485 ) :é:/lf//élb__/d B
T ST 85 én 1 sat 333/
145 -+ J e
1 . =7 A .- eesl a3 s
+ -F - - b i O - - 090 Light Brown, GRAVEL (A-1-a) with Little Fine
1421 1 535 v 3 N ¢ﬁ-¢1’>/ .- B ooF to Coarse Sand
ER 7 .‘g_. . L. e e . Sat. joool
140 1 ~~L AN 0o0]
1 S - |- 50.5 0001 1356 7
T S IR e WEATHERED ROCK
1371 ., L - | e Blue-Gray (META-ARGILLITE)
135
1 waléé/ Do _ 5
T R s CRYSTALLINE ROCK
121 Lass | Cﬁf‘j - soo® ;é\.- (META-ARGILLITE)
130 I T _ 7T
1 s //j
1971 T a8 5 R - - ey = 274 68.5
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End Bent 1.apé6o

APILE for Windows, Version 2014.6.8
Serial Number : 293783516

A Program for Analyzing the Axial Capacity
and Short-term Settlement of Driven Piles
under Axial Loading.

(c) Copyright ENSOFT, Inc., 1987-2014
All Rights Reserved

This program is licensed to :

Froehling & Robertson, Inc.
Richmond, Virginia

Path to file locations : F:\Projects 66U\66U-08390 (WEI-I-5786 Bridges 1088 & 111 Johnston
Co)\NON_CADD\Foundation Recs\Bridge 108 Lizzie Mill\APILE\

Name of input data file : End Bent 1.apé6d

Name of output file : End Bent 1.ap6o

Name of plot output file : End Bent 1.apé6p

Date: May 17, 2017 Time: 14:11:22

ok ok 5k ok sk ok sk ok ok ok sk ok ok sk ok ok ko ok ok ok

* INPUT INFORMATION *

= ek sk sk ok sk ok ok ok skok ok ok ok ok ok kok ok ok

\‘<n
Bridge 108 End Bent 1>
ﬁﬂ”“iﬁ

S =PESTENER  : C Wang

JOB NUMBER : 66U-0390

METHOD FOR UNIT LOAD TRANSFERS :

- FHWA (Federal Highway Administration)
Unfactored Unit Side Friction and Unit Side Resistance are used.

COMPUTATION METHOD(S) FOR PILE CAPACITY :
- FHWA (Federal Highway Administration)
TYPE OF LOADING :

- COMPRESSION

PILE TYPE :

H-Pile/Steel Pile
Page 1



DATA FOR AXIAL STIFFNESS :

End Bent 1.ap6o

- MODULUS OF ELASTICITY = 0.300E+08 PSI
- CROSS SECTION AREA 15.58 IN2
NONCIRCULAR PILE PROPERTIES :
- TOTAL PILE LENGTH, TL = 52.00 FT.
- PILE STICKUP LENGTH, PSL = 0.00 FT.
- ZERO FRICTION LENGTH, ZFL = 8.00 FT.
- PERIMETER OF PILE = 47.65 IN.
- TIP AREA OF PILE = 15.50 IN2
- INCREMENT OF PILE LENGTH
USED IN COMPUTATION = 1.80 FT.
SOIL INFORMATIONS :
LATERAL EFFECTIVE FRICTION  BEARING
SOIL EARTH UNIT ANGLE CAPACITY
DEPTH TYPE PRESSURE ~ WEIGHT DEGREES FACTOR
FT. LB/CF
@.00  SAND 0.00 53.08 29.00 9.00
20.68  SAND 0.80 53.08 29.00 0.80
20.686  CLAY 0.00 58.08 0.00 0.09
30.16  CLAY ©.00 58.08 0.00 0.00
30.16  CLAY 8.00 53.00 0.00 ©.00
33.16 CLAY 8.00 53.00 ©.00 ©.00
33.18  SAND 8.00 53.00 29.00 ©.00
35.68  SAND 8.00 53.00 29.00 ©.00
35.68  SAND 8.00 58.00 31.00 .00
50.68  SAND 0.00 58.00 31.00 .00
50.68  CLAY 0.08 63.00 .00 .09
55.68  CLAY 0.00 63.00 9.00 9.00
MAXIMUM  MAXIMUM  UNDISTURB REMOLDED
UNIT UNIT SHEAR SHEAR BLOW  UNIT SKIN UNIT END
FRICTION BEARING  STRENGTH  STRENGTH COUNT FRICTION  BEARING
KSF KSF KSF KSF KSF KSF
0.10E+08* 0.10E+08* 0.00 0.00 09.00 0.00 .08
0.10E+08* 0.10E+08* 0.00 8.00 0.00 0.00 .08
0.10E+08* 0.10E+08* 1.20 0.00 0.00 .00 8.00
0.10E+08* 0.10E+08* 1.20 0.00 0.00 .00 @8.00
0.10E+08* 0.10E+08* 8.70 0.00 0.00 08.00 0.00
0.10E+08* 0.10E+08* 0.70 0.086 0.00 9.00 0.80
0.10E+08* 0.10E+08* 9.00 0.00 ©.00 9.00 9.00
0.10E+08* 0.10E+08* 9.00 0.00 0.00 9.00 9.00
0.10E+08* 0.10E+08* 9.00 0.00 0.00 0.00 0.00
0.10E+08* 0.10E+08* 0.09 0.00 0.00 9.00 8.00
0.10E+08* 0.10E+08%* 5.00 0.00 0.00 9.00 8.00
0.10E+08* 0.10E+08* 5.80 0.00 0.00 9.00 .08
* MAXIMUM UNIT FRICTION AND/OR MAXIMUM UNIT BEARING

WERE SET TO BE 0.10E+08 BECAUSE THE USER DOES NOT
PLAN TO LIMIT THE COMPUTED DATA.

LRFD FACTOR

LRFD FACTOR

Page 2



End Bent 1.ap6o

ON UNIT ON UNIT
DEPTH FRICTION BEARING
FT.

0.00 1.000 1.000
20.60 1.000 1.000
20.60 1.000 1.000
30.10 1.000 1.000
30.10 1.000 1.000
33.10 1.000 1.000
33.10 1.000 1.000
35.60 1.000 1.000
35.60 1.000 1.000
50.60 1.000 1.000
50.60 1.000 1.000
55.60 1.000 1.000

% sk sk ok sk ok sk ok sk ok ok ok sk skeok sk ok sk ook ok ok

* COMPUTATION RESULT *
ko ok ok kK ok kKK KK

ok ok ok sk 3k ok ok ok sk ok sk sk ok sk sk sk ok ok ok sk ok ok

* FED. HWY. METHOD *
e s ok stk sk ok sk sk ke ok ok skok koK

PILE TOTAL SKIN END ULTIMATE
PENETRATION  FRICTION BEARING CAPACITY
FT. KIP KIP KIP
0.00 9.0 0.0 0.0
1.00 8.0 0.1 9.1
2.00 9.1 9.2 9.3
3.00 0.3 0.3 9.5
4.00 0.5 0.3 0.8
5.00 0.7 0.4 1.2
6.00 1.1 0.5 1.6
7.00 1.4 0.6 2.0
8.00 1.9 0.7 2.6
9.00 2.4 0.8 3.1
10.00 2.9 0.8 3.8
11.00 3.6 9.9 4.5
12.00 4.2 1.0 5.3
13.00 5.0 1.1 6.1
14.00 5.8 1.2 7.0
15.00 6.6 1.3 7.9
16.00 7.5 1.3 8.9
17.00 8.5 1.4 9.9
18.00 9.5 1.4 11.9
19.00 10.6 1.4 12.1
20.00 11.8 1.4 13.2
21.00 13.0 1.3 14.3
22.00 16.90 1.2 17.2
23.00 20.8 1.2 21.9
24.00 25.5 1.2 26.7
25.00 30.3 1.2 31.5
26.00 35.1 1.2 36.2
27.00 39.8 1.2 41.0
28.00 44.6 1.2 45.8
29.00 49.4 1.2 50.5
30.00 54.1 1.0 55.2
31.00 58.9 0.9 59.8
32.00 62.7 0.8 63.4
33.00 65.4 0.9 66.3
34.00 68.2 1.1 69.3

Page 3



End Bent 1.ap6o

35.00 70.7 1.4 72.1
36.00 72.8 1.8 74.6
37.00 75.2 2.0 77.2
38.00 77.9 2.2 80.1
39.00 80.6 2.2 82.8
40.00 83.4 2.2 85.6
41.00 86.3 2.2 88.5
42.00 89.3 2.2 91.5
43.00 92.3 2.2 94.5
44.00 95.4 2.2 97.6
45.00 98.6 2.2 100.8
46.00 101.9 2.2 1e4.1
47.00 105.2 2.2 107.4
48.00 108.6 2.2 110.8
49.00 112.1 2.2 114.3

2.8 118.5

3.5 122.8

4.2 135.3

s :
AN ASTERISK WILL BE PLACED IN THE END-BEARING COLUMN

IF THE TIP RESISTANCE IS CONTROLLED BY THE FRICTION
OF SOIL PLUG INSIDE AN OPEN-ENDED PIPE PILE.

Page 4



WEAP Parameter Calculation

Bent#: Bridge 108 EB1-B
Toe Quake Shaft Quake
Pile Type: HP12x53 | 0.0 0.10 |
Subsurface Conditions: | Loose/Soft or Submerged |
Layer # Top Bottom Navg Soil Type Shaft Damping
1 189.2 168.6 3 Clay 0.30
2 168.6 159.1 9 Clay 0.25
3 159.1 156.1 5 Clay 0.30
4 156.1 153.6 5 Sand 0.20
5 153.6 138.6 10 Sand 0.20
6
7
8 Toe Damping
0.26 0.10
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Froehling & Robertson, Inc.
Bridge 108 End Bent 1

17-May-2017
GRLWEAP Version 2010

Maximum Maximum
Ultimate Compression Tension Blow
Capacity Stress Stress Count Stroke Energy
kips ksi ksi bl/ft ft kips-ft
50.0 20.78 0.34 5.1 513 21.64
100.0 24.93 0.53 12.1 6.26 19.04
150.0 27.59 0.00 21.0 7.11 18.25
200.0 29.16 0.14 30.9 7.64 17.98
250.0 30.27 v 0.39 s 43.2 » 8.02 18.44
270.0 30.75 ~d= 0.44 L5 49.8 <2y 8.20 18.72
300.0 31.43 0.51 62.2 8.46 19.20
350.0 32.41 0.72 95.8 8.83 19.76
400.0 33.18 0.87 166.2 9.12 20.28
450.0 33.93 0.98 405.7 9.40 20.81
Yelwag D192z o quivalict hiner
Zhoa ol pe /72519\ o j/ e e 721 tes Qf\} -



NCDOT BORE SINGLE 15786_GEO_BH_BRDG108.GPJ NC_DOT.GDT 4/25/17

"GEOTECHNICAL BORING REPORT

BORE LOG

SHEET 11,

WBS N/A | TP 15786 | COUNTY JOHNSTON | GEoLoGIST D. Racey

SITE DESCRIPTION Bridge No. 108 on SR 1001 (Lizzie Mill Road) over 1-95 GROUND WTR (ft)
BORING NO. EB2-B STATION 19+09 OFFSET 6 ft RT ALIGNMENT -Y1- 0 HR. NM
COLLARELEV. 195.9 ft TOTAL DEPTH 63.5ft NORTHING 652,367 EASTING 2,225,099 24 HR. FIAD

DRILL RIG/HAMMER EFF./DATE F&R4637 CME-75 81% 07/18/2015

| DRILLMETHOD  Mud Rotary

HAMMER TYPE Automatic

DRILLER 8. Sequist

START DATE 04/14/17

] COMP. DATE 04/14/17

| SURFACE WATER DEPTH N/A

e1gv| DRVE Inepry|  BLOW COUNT BLOWS PER FOOT SAMP. L
@ ELEV @) 0 25 50 75 100 (0] SOIL AND ROCK DESCRIPTION
(® 0.5f | 0.5ft | 0.5ft . ) , NO. L/moll G | ELEv. () DEPTH ()
200
T P GROUND SURFACE 00
195 R B B B — ASPHALT 2]
4 . WA ROADWAY EMBANKMENT
1924 T 35 EEE [ Gray-Tan, Clayey Silty Fine SAND (A-2-4)
T I T - ]_' . 44
190 _-- L N Red-Tan, Silty CLAY (A-7)
as A LS T N0 IR o g
74t a5 AP . .. t\_ Gray, Clayey Fine SAND (A-2-6)
i NI 1P S SRR PR I (A R )
185 A1 A 4 4 28 ' L rd
T AT G R AR EY) gl 39 10
1824 T 135 - LA N t L Gray and Black, Fine Sandy CLAY (A-6) with
En vl N J L Trace Organics (Roots;
I R B N IR S~ DR e | 2| R 2 s )
180 1 - | N
4 . ) A=l B2 ::2? . L NL
1 %"}}"5’3@" LN
1774 T 185 1
)
T 1 2 3 +5' LR w TN
175 i L 146 LN /749
-__‘ l. . . . .. . . g O
T [ 55 N
1724 T 235 =.
¥ WOR|WOH| 1 4 SR @Sat/}:—
170 I " Ml KD P ) 7 IENL
1 L Zné Ny 1680 10
4 A . e . - | COASTAL PLAIN
074 L2884 e | D NY Gray-Tan-Red, Silty CLAY (A-7)
165 T & Aelo: " §"
woataas | L L 1 -4- Nep=12 |y 58 C2fz00 Ce §-
I Y 23 N I I M -
160 x 1 i §_
1574:: 385 : ll : 7 §: ’
T 414 5 de M §'
155 I 1 N
1 . .. 25,6 N 1539 420
X I T oool Gray-Tan, Fine to Coarse SAND (A-3), with
1624 1 435 . l. . /= o000l Trace Gravel
T 2140 +s N (g sat. fesd
150 =/ cose
T T oo vEro. 1. o2 ¢ cesel 1489 47.0
w74t ans . L Né& ”'./ 2 7 /Jg 927.735 N Tan, Clayey Fine to Coarse SAND (A-2-6)
T Z | 3 | 6 ‘& |- W x
145 T TS o
T ) = 496 1439 520
4 o P U RESIDUAL
T e e B Y23 i I .\.\.\., . @ " Gray, Silty Fine SAND (A-2-4)
41 . e A -, - W72,
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GEOTECHNICAL BORING REPORT SHEET 167,

BORE LOG

NCDOT BORE SINGLE 15786 _GEO_BH_BRDG108.GPJ NC_DOT.GDT 4/25/17

WBS N/A | TiP 15786 | COUNTY JOHNSTON | GEOLOGIST J. Cranston
SITE DESCRIPTION Bridge No. 108 on SR 1001 (Lizzie Mill Road) over 1-95 GROUND WTR (ft)
BORING NO. EB2-A STATION 19+19 OFFSET 61t LT ALIGNMENT -Y1- 0 HR. NM
COLLARELEV. 1958ft TOTAL DEPTH 58.7 ft NORTHING 652,375 EASTING 2,225,112 24 HR. FIAD
DRILL RIGHAMMER EFF.JDATE F&R5785 CME-55 80% 02/11/2017 IDRILL METHOD Mud Rotary HAMMER TYPE Aufomatic
DRILLER D. Aiello START DATE 04/11/17 l COMP. DATE 04/11/17 ISURFACE WATER DEPTH N/A
ELEv| DRVE Ipepry| BLOW COUNT BLOWS PER FOOT aVZE SOIL AND ROCK DESCRIPTION
® 1 "m (| osrt |05t | o5t | [0 % 50 75 100] | NO. |Awvol| 6 | eev.e DEPTH (f)
200 -
105 T [ 1958 GROUND SURFACE 0.0
I I ASPH
U R B 10 -l !193'9 ROADWA ALTNK ”
T M LD Y EMBANKMENT
1923 T 35 P ar IS I I 124 Dark Gray, Sity Fine SAND (A2-4)  /—oa]
8 6 fﬁ »2, MRS \ " Red-Brown, Fine Sandy CLAY (A-6) |
+ - Ny ARy AT A S ed-Brown, Fine Sandy -
190 - i s /c?fﬁ" yaio WL o | [ ERET  Gray, Clayey Fine SAND (A-2.6)
I N .. R B e —
S S I N / -,/235' Agéﬁ“l- }f;&;i Pz 2?9 3 w Bt ssss 9.5
185 B o S I N Gray, Fine Sandy Sifty CLAY (A7)
T VD M gk ¥=b2Crian || & PN ess . ___ 1]
T ;S R PR RS R C Dark Gray, Fine Sandy CLAY (A-8) with
1823 T 135 5 3 73 1. . L§_ Trace Organics
+7 W "N
4 Y-
180 1 l LN
I I _ha ... N
= = N
1773 T 185 ‘ “"3‘ Mo ‘E§'
¥ 7 R b T w N
4 98 . Ny
175 I ? [_§_
i o lmsl  IN /23
4 LN - . PR DA [ L INJ-
172 3 == 23 5 WOH WOH WOH , - e - - - - - - - - - - » - - LE—
Ao - = b5, = 2. M i
170 I ©-i=0 Nz - =4S 2| | 5 e
T N e oy L NL 1688 210
T C COASTAL PLAIN
1673 1 285 5 3 Z ‘L% - . M - Red-Brown-Gray, Fine Sandy CLAY (A-7)
165 I 1 o
T NP P I U -
1623 T 335 -1 "2/\/609/ 154 c=/p r
I NN +9 2| u X
160 T o
4 A L
S 3 3 3 - 22 X 156.3
+ 2| - 156, 39.5
155 T NV Brown-Light Gray, Clayey Fine SAND (A-2-6)
T P >l 1538 wihTraceMica a9
1 e P 20601 Light Brown, Fine to Coarse SAND (A-3) with
e = = 220 e cooe Trace Rock Fragments
Sat, feee
o) 4 . T
T | |l 2sosl 1488 410
T ... n ‘Red-Brown, Fine Sandy CLAY (A-6) with
1473 T 485 5 7 B .. \_ Trace Rock Fragments
145 T NS @ M \-
—t i} .
1 77 | |as2 Ny s
T A WEATHERED ROCK
1423 3 588 o ~a (META-ARGILLITE)
o s : 10009 Y M.
=T — ] |
1373 T 585 R s ;(ﬁuf ' L 137.1 58.7
T 00/0. 5 100/0.2 N Boring Terminated at Elevation 137.1 ft in
> n Weathered Rock (META-ARGILLITE
T VoL Cofapp - ( )
T Ascune. Dile refuecy A Vints LR -
-+ ot Bl 142.8' —
I Bile Lexgth Boe. ~ Tip= 1§75 2.0 44 FF
uE \\Af\‘x“'ﬁ"’"{??é(?@{ Pile Legth= 4 -
I Arrge Plle Lagehs s ;




End Bent 2 Lt.apéo

APILE for Windows, Version 2014.6.8
Serial Number : 293783516

A Program for Analyzing the Axial Capacity
and Short-term Settlement of Driven Piles
under Axial Loading.

(c) Copyright ENSOFT, Inc., 1987-2014
All Rights Reserved

This program is licensed to :

Froehling & Robertson, Inc.
Richmond, Virginia

Path to file locations : F:\Projects 66U\66U-8390 (WEI-I-5786 Bridges 168 & 111 Johnston
Co)\NON_CADD\Foundation Recs\Bridge 188 Lizzie Mill\APILE\

Name of input data file : End Bent 2 Lt.apé6d

Name of output file : End Bent 2 Lt.ap6o

Name of plot output file : End Bent 2 Lt.apép

Date: May 17, 2017 Time: 15:10:48

ok ok 5k %k ok ok sk ok ok ok % ok % ok ok ok ok ok ok %k ok

* INPUT INFORMATION *

ok ok ok 3k 3k o ok sk % ok %k ok ok ok K ok ok k.

Bridge 108 End Bent 2 Lt
DESIGNER  : C Wang

JOB NUMBER : 66U-8390

METHOD FOR UNIT LOAD TRANSFERS :

- FHWA (Federal Highway Administration)
Unfactored Unit Side Friction and Unit Side Resistance are used.

COMPUTATION METHOD(S) FOR PILE CAPACITY :
- FHWA (Federal Highway Administration)
TYPE OF LOADING :

- COMPRESSION

PILE TYPE :

H-Pile/Steel Pile
Page 1



DATA FOR AXIAL STIFFNESS :

M
U

End Bent 2 Lt.ap6o

- MODULUS OF ELASTICITY = 0.300E+08
- CROSS SECTION AREA = 15.5e
NONCIRCULAR PILE PROPERTIES :
TOTAL PILE LENGTH, TL = 47.00
PILE STICKUP LENGTH, PSL = 0.00
ZERO FRICTION LENGTH, ZFL = 0.00
PERIMETER OF PILE = 47.65
TIP AREA OF PILE = 15.58
INCREMENT OF PILE LENGTH
USED IN COMPUTATION = 1.00
SOIL INFORMATIONS :
LATERAL EFFECTIVE
SOIL EARTH UNIT
DEPTH TYPE PRESSURE ~ WEIGHT
FT. LB/CF
©.00  SAND 0.00 53.00
3.20 SAND 0.00 53.00
3.20 CLAY 0.00 53.00
5.706  CLAY 0.00 53.00
5.70  SAND 0.00 58.00
15.76  SAND 0.00 58.00
15.76  SAND 0.00 43.00
20.76  SAND 0.00 43.00
20.70  CLAY 0.00 58.00
33.20 CLAY 0.00 58.00
33.20 SAND 0.00 58.00
40.70  SAND 0.00 58.00
40.70  SAND 0.00 58.00
45.70  SAND 0.00 58.00
45.70  CLAY 0.00 63.00
58.086 CLAY 0.00 63.00
AXIMUM ~ MAXIMUM ~ UNDISTURB REMOLDED
NIT UNIT SHEAR SHEAR
FRICTION BEARING  STRENGTH  STRENGTH
KSF KSF KSF KSF
.10E+08* 0.1BE+08* 0.00 0.00
.10E+08* ©.1BE+08* 0.00 0.00
.10E+08* 0.10E+08* 0.70 0.00
.10E+08* 0.1BE+08* 0.70 0.00
.10E+08* 0.1BE+08* 0.00 0.00
.10E+08* B.10E+08* 0.00 0.00
.10E+08* 0.1BE+08* 0.e0 0.00
.10E+08* 0.1BE+08* 0.00 0.00
.10E+08* 0.1BE+08* 1.1 0.00
.10E+08* 0.1BE+08* 1.10 0.00
.10E+08* 0.1BE+08* 0.00 0.00
.10E+08* 0.10E+08* 0.00 0.00
.10E+08* 0.1BE+08* 0.00 0.00
.10E+08* ©.1BE+08* 0.00 0.00
.10E+08* ©.1BE+08* 5.e0 0.00
.10E+08* 0.10E+08%* 5.00 0.00

OO OO OO

PSI
IN2
FT.
FT.
FT.
IN.
IN2
FT.
FRICTION  BEARING
ANGLE CAPACITY
DEGREES FACTOR
29.00 0.00
29.00 0.00
0.00 0.00
0.00 0.00
30.00 0.00
30.00 0.00
27.00 0.00
27.08 0.00
0.00 0.00
0.00 0.00
30.00 0.00
30.00 0.00
33.00 0.00
33.00 0.00
0.00 0.00
0.00 0.00
BLOW  UNIT SKIN UNIT END
COUNT FRICTION  BEARING
KSF KSF
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00

Page 2



End Bent 2 Lt.ap6o

* MAXIMUM UNIT FRICTION AND/OR MAXIMUM UNIT BEARING
WERE SET TO BE ©.10E+08 BECAUSE THE USER DOES NOT
PLAN TO LIMIT THE COMPUTED DATA.

DEPT
FT.

H

.00
.20
.20
.70
.70
.70
.70
.70
.70
.20
.20
.70
.70
.70
.70
.00

LRFD FACTOR LRFD FACTOR
ON UNIT
BEARING

ON UNIT
FRICTION

PRRPRPRRPpRRPEPRPRERP

.000
.000
.00
.000
.000
.000
.000
.000
.000
.000
.000
.000
.008
.000
.000
.000

ko ok sk ko ko R Ko Rk S KK o K
* COMPUTATION RESULT *

ok o ok ok o ok ok ok ok ok ok ok 3k ok ok ok ok ok Kk ok kK

PI

LE

PENETRATION
FT.

WooNOOUVh_,WNR®

.00
.00
.00
.00
.00
.00
.00
.00
.00
.80
.60
.00
.60
.00
.00
.00

PRRPREPPRRRRRRRERPERPER

. 000
.000
.000
.000
.008
. 0008

000

.600
.000
.008
.000
.000
.000
. 000
.0060
.000

sk sk ok ok ok ok ok ok ok o ok ok ok ok ok ok o ke ok R ok

*

FED. HWY. METHOD

*

sk o 3k ok ok ok ok 3k ok ok ok ok ok ok ok ok ok ok K ok ok ok

TOTAL SKIN
FRICTION

KIP

®

NP PRPBRBPRBRRRP R
PO NOUV A WNERE OO

WoONOOTOANODOODO®O®

OCRPPRNNRPNMNWUNORORAONOUVIWRO®®

END

BEARING

KIP

®

RPRPRPRPRPRPPRPPRPPPRPPRPPRPHEPOODOOODO®O®®
PRRRPRPPNWAWNRPOOVONNOUVNTWN R O®

ULTIMATE
CAPACITY
KIP

WWOWONNUVINODOOD®O®

NBPRpRRPBRRRRRR
NWVWONOUDWNR®
OWNNNWHMIUIOOANODWNRMOANOOWER®

Page 3



End Bent 2 Lt.ap6o

23.00 25.2 1.1 26.3
24.00 29.6 1.1 30.7
25.00 34.0 1.1 35.0
26.00 38.3 1.1 39.4
27.00 42.7 1.1 43.8
28.00 47.1 1.1 48.1
29.00 51.4 1.1 52.5
30.00 55.8 1.1 56.9
31.00 60.2 1.1 61.2
32.00 64.5 1.1 65.6
33.00 68.9 1.2 70.1
34.00 73.3 1.2 74.5
35.00 76.6 1.3 78.0
36.00 78.9 1.4 80.4
37.00 81.3 1.4 82.7
38.00 83.8 1.4 85.2
39.00 86.3 1.4 87.7
40.00 88.9 2.4 91.3
41.00 91.5 3.4 95.0
42.00 94.7 4.4 99,1
43.00 98.3 5.4 103.7
44,00 102.0 5.4 107.4
45 105.8 5.3 111.1

(/§§:§g:> 109.7 5.1 114.9

47,00 121.2 5.9 126.2

AN ASTERISK WILL BE PLACED IN THE END-BEARING COLUMN
IF THE TIP RESISTANCE IS CONTROLLED BY THE FRICTION
OF SOIL PLUG INSIDE AN OPEN-ENDED PIPE PILE.

Page 4
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WEAP Parameter Calculation

Bent#: Bridge 108 EB2-A
Toe Quake Shaft Quake
Pile Type: HP12x53 | 0.0 0.10 |
Subsurface Conditions: | Loose/Soft or Submerged |
Layer # Top Bottom Navg Soil Type Shaft Damping
1 189.5 186.3 5 Sand 0.20
2 186.3 183.8 5 Clay 0.30
3 183.8 173.8 8 Sand 0.20
4 173.8 168.8 0 Sand 0.20
5 168.8 156.3 8 Clay 0.25
6 143.9 148.8 9 Sand 0.20
7 148.8 143.8 15 Sand 0.18
8 Toe Damping
0.16 0.10
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Froehling & Robertson, Inc. 17-May-2017
Bridge 108 End Bent 2 Lt GRLWEAP Version 2010
Maximum Maximum
Ultimate Compression Tension Blow
Capacity Stress Stress Count Stroke Energy
kips ksi ksi bl/ft ft Kips-ft
50.0 19.90 0.82 4.3 4.89 2242
100.0 24.07 0.41 10.2 5.96 19.60
150.0 26.90 0.04 17.0 6.84 18.67
200.0 28.62 0.40 25.6 - T7.41 18.22
250.0 29.83 047 \ 347 v 7.84 18.35
270.0 30.13 =4 0.63 25%39.2 4'118? 7.93 18.44
300.0 30.83 0.90 47 .1 8.20 18.78
350.0 31.95 1.1 66.2 8.63 19.44
400.0 32.93 1.40 95.3 9.01 20.24
450.0 33.78 1.72 151.0 9.35 20.96
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66U-0390 Bridge 108 Slope stability

dge 108 slope stability.pl2 Run By: RES 5/15/2017 11:42AM

f:\projects $816\66u-0390 {wei-i-5786 bridges 108 & 111 johnston co)inon_cadd\foundation recs\bridge 108 lizzie millislope stability\bri

T T ]
# FS Soil  Soil Total Saturated Cohesion Friction Piez. Load Value |
a 1.061|] Desc. Type UnitWt. Unit Wt Intercept Angle Surface L1 250 psf
b 1.067 iNo.  (pcf) {pcf) (psf)  (deg) No.
c 1.067 Fil 1 120.0 120.0 ©  100.0 30.0 0
d 1.068 RE1 2 1200 120.0 ¢ 100.0 31.0 0
e 1.073 RE2 :3 115.0 115.0 ¢  100.0 29.0 0
f 1.078 RE3 :4 115.0 115.0 5 5.0 0
g 1.003|| RE4 15 1150 1150 G 002 0 | . Acciinl Ao
80 M w0 Clay~6100:0--100:0"} :J’O.fer“:;"jo_g,ﬂ P e e = —
i 1.105{ Clay2 :7 115.0 115.0 ¢ 50 1 Tt ~ i
i 11g|| Sand 18 1150 1150 200 W1 s e
Clay3 | 9 1200 1200 00 Wi Y &L
60 —
40 o
!
s 6 E?l
20
! |
20 40 60 80 100 120

0
0
GSTABL7 '

Safety Factors Are Calculated By The Modified Bishop Method

GSTABL7 v.2 FSmin=1.061

140



66U-0390 Bridge 108 Slope stability

fAprojects ‘?{SJ%\GGU-OSQO (wei-i-5786 bridges 108 & 111 jehnston co)\nen_cadd\foundation recs\bridge 108 lizzie millislope stability\bridge 108 slope stability.pl2 Run By: RES 5/15/2017 11:47AM

f i ] t
# Soill iSoil Total Saturated Cohesion Friction Piez. Load Value
1.367}1" Desc. Type Unit Wt. Unit Wt Intercept Angle Surface L1 25D pst
4360 | No. (pef) (pch) (psf)  {deg) No.
c 1.373 Fill 1 120.0 120.0 +  100.0 30.0 0
d 1.377 RE1 2 120.0 120.0 | 100.0 31.0 0
e 1.387 REZ2 3 115.0 1160 ¢ 100.0 29.0 0
f 1.401 RE3 4 115.0 115.0 500.0 5.0 0
g 1403} RE4 |5 1150 115.0 500y 1602 0
80 | n 1404 Clay 6 —100:0- —100:0" \g ;:155" WA e e
i 1.412]| Clay2 i 7 1150 115.0 800.0 5.0 1
i 414l Sand 8 115.0 115.0 0.0 28.0 1
Clay3 ' 9 1200 1200 . 15000 0.0 1
60 - —
@
40 ©
J o
WL 6 wl
20 -
Q
20 40 60 80 100 120

0
0
GSTABL TP'

Safety Factors Are Caiculated By The Modified Bishop Method

GSTABLY v.2 FSmin=1.367

140
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GEOTECHNICAL BORING REPORT SHEET 12
BORE LOG

NCDOT BORE SINGLE i5786_GEO_BH_BRDG108.GPJ NC_DOT.GDT 5/5/17

WBS N/A | TIP 15786 | COUNTY JOHNSTON | GEOLOGIST J. Cranston
SITE DESCRIPTION Bridge No. 108 on SR 1001 (Lizzie Mill Road) over |-95 GROUND WTR (ft)
BORING NO. EB2-A STATION 19+19 OFFSET 6ftLT ALIGNMENT -Y1- O HR. NM
COLLARELEV. 195.8ft TOTAL DEPTH 58.7 ft NORTHING 652,375 EASTING 2,225,112 24 HR. FIAD
DRILL RIGHAMMER EFF./DATE F&R5785 CMVE-55 80% 02/11/2017 I DRILL METHOD Mud Rotary HAMMER TYPE Autometic
DRILLER D. Aiello START DATE 04/11/17 COMP. DATE 04/11/17 ISURFACE WATER DEPTH N/A
DRIVE BLOW COUNT BLOWS PER FOOT SAMP. L
ELEVI ELEv DE(fPt)TH v o SOIL AND ROCK DESCRIPTION
) (ft) 0.5t | 0.5ft | 0.5ft | |0 25 50 75 1001 | NO. | /molf ¢ | eevim DEPTH (f)
200 L
1 [ 1058 27/ /€ GROUND SURFACE 00
195 = 74 ASBHALT
1939 ] 19 . !}193.9 1.9
1 g8 | 10 - =l ROADWAY EMBANKMENT
1923 T 35 L 1924 o Gray, Silty Fine SAND (A2-4) o
6 6 M v
190 4 - f - l—_-\,— ﬁ\ __Red-Brown, Fine Sandy CLAY (A-6) |
—+ 1 L3 1 /F-5_ Gray, Clayey Fine SAND (A-2-6)
- T Ao
1873 T 85 YR SR
T+ 2 2 3 /. .. i—\- 186.3 9.5
185 b S N Gray, Fine Sandy Siity CLAY (A7)
1 1. . -N"183.8 N 1]
I I L N- ~ Dark Gray, Fine Sandy CLAY (A-8) with
1823 1 13.5 5 3 7 g - l_§_ Trace Organics
1 +7 . wWOEN
180 T I LN
4 LI -
1773 T. 185 l| T ',:S’ Z// é
] Z20 I R B Y YOI IR S I  IETY 1 i 7L
175 T / I CN-
4 N
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STATE OF NORTH CAROLINA SUBJECT: Bridge No. 108 on SR 1001
DEPARTMENT OF TRANSPORTATION (Lizzie Mill Rd.) over 1-95
DIVISION OF HIGHWAYS PREPARED BY: CW TIP NO.:
HIGHWAY BUILDING DATE: 5/17 I-5786
1589 MAIL SERVICE CENTER CHECKED BY: WPA COUNTY: Johnston
RALEIGH, NORTH CAROLINA 27699-1589 DATE: 5/17

INTERIOR BENT SUMMARY

Foundation Type: 48-inch drilled piers
Bottom of Cap Elevation: 189.16 ft Provided by WEI
Top of Pier Elevation: 175.16 ft Provided by WEI
Max Factored Load: 690 Tons/Pier Provided by WEI, rounded up to nearest 5 tons
Required factored Resistance: 715 Tons/Pier Per NCDOT axial spreadsheet
rounded up to the nearest 5 tons

Required Tip Resistance: 95 tons/ft2 Per NCDOT axial spreadsheet
Point of Fixity (POF) Elevation: 154.0 ft "LPILE" program calculations
Tip No Higher Than Elevation:  132.0 ft (Lt & Ctr) Axial Capacity Calculations

134.0 ft (Rt) Axial Capacity Calculations
NOTES

See Notes on Sheet 2 of the Foundation Recommendations
COMMENTS

See Comments on Sheet 3 of the Foundation Recommendations




STATE OF NORTH CAROLINA

DEPARTMENT OF TRANSPORTATION
DIVISION OF HIGHWAYS
HIGHWAY BUILDING
PO BOX 25201
RALEIGH, NORTH CAROLINA 27611

SUBJECT: Bridge No. 108 on SR 1001

WBS Element No.:

(Lizzie Mill Rd.) over 1-95 N/A
PREPARED BY: CW COUNTY:
DATE: May-17 Johnston
CHECKED BY: WPA TIP #:1-5786
DATE: May-17

QUANTITY OF DRILLED PIER IN SOIL & NOT IN SOIL CALCULATION SHEET

INTERIOR BENTS (Elevs. In feet)

APPROX. TOP OF SHAFT ELEV. =

TOP OF WEATHERED ROCK (WR) ELEV. =
TOP OF CRYSTALLINE ROCK (CR) ELEV. =
TIP NO HIGHER THAN ELEV. =

NUMBER OF SHAFTS PER BORING:
QUANTITY OF PIERS BELOW TOP OF SHAFT:
QUANTITY OF PIERS IN WR - Total:

QUANTITY OF PIERS IN WR - Soil (1/2 of total):

QUANTITY OF PIERS IN WR - Not in Soil (1/2 of total):

QUANTITY OF PIERS IN CR - Not in Soil:

TOTAL QUANTITY OF PIERS NOT IN SOIL:

ROUND UP TO NEAREST WHOLE NUMBER:

TOTAL QTY OF PIERS NOT IN SOIL (If)

TOTAL QUANTITY OF PIERS IN SOIL:

ROUND UP TO NEAREST WHOLE NUMBER:

TOTAL QTY OF PIERS IN SOIL (If)

B1-A B1-B
175.2 175.2
139.4 145.3
139.4 133.8
131.9 133.8
2.0 1.0
86.5 41.4
0.0 11.5
0.0 5.8
0.0 5.8
15.0 0.0
15.0 5.8
15 6
21
71.5 35.6
72.0 36.0
108




COUNTY: JOHNSTON

WETHERILL ENGINEERING, INC. STR. NO.: 108 TIPNO.: 1-5786
1223 JONES FRANKLIN RD. SUBJECT: CONTROLLING COLUMN LOADS (STRENGTH)
RALEIGH, NC 27606 PREPARED BY: GMG DATE: 4/28f17 STATION:
{919) BS1-8077 * (919) 851-8107 {FAX) CHECKED BY: At/ ~ DATE: &k SHEET | OF 2
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6_GEO_BH_BRDG108.GPJ NC_DOT.GDT 6/6/17

NCDOT BORE SINGLE 1578

GEOTECHNICAL BORING REPORT

BORE LOG

SHEET 6

WBS N/A I TIP 1-5786 | COUNTY JOHNSTON ‘ GEOLOGIST J. Cranston

SITE DESCRIPTION Bridge No. 108 an SR 1001 (Lizzie Mill Road) over -95 GROUND WTR (ft)
BORING NO. B1-A /| STATION 17+85 OFFSET 7ftLT ALIGNMENT -Y1- 0 HR. NM
COLLARELEV. 176.4ft TOTAL DEPTH 72.2ft NORTHING 652,420 EASTING 2,224,986 24 HR. FIAD

DRILL RIGHAMMER EFF./DATE F8R5785 CVE-S5 80% 02/11/2017

| DRILL METHOD Mud Rotary

HAMMERTYPE Autormetic

DRILLER D. Aiello

START DATE 04/12117

COMP. DATE 04/13/17

| SURFACE WATER DEPTH N/A

DRIVE
ELEV
{ft)

ELEV
0y

DEPTH

()

BLOW COUNT

0.5ft

0.5ft

0.5ft

0

BLOWS PER FOOT
50

25

samp. [

Al NO. | /uol

L
e}
100 G

ELEV. (f}

SOIL AND ROCK DESCRIPTION
DEPTH (ft)
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NORTH CAROLINA DEPARTMENT  PROJECT: 1-5786 COUNTY Johnston

OF TRANSPORTATION DESCRIPTION: Bridge 108 Lizzie Mill Rd, bent 1 left
GEOTECHNICAL ENGINEERING UNITDESIGNED BY: CW  DATE: 05/11/17 STATION: Bent 1
~— Drilled Pier Axial Resistance Worksheel CHECKED BY: DATE: STR. NO.: PAGE: 1 OF 9
Elevations P, = 1,376 kips
Bottom of Cap (BOC) Elevation =| 188.20 [ Elev = 189.20 ft ——»
Top of Pier/Bottom of Column Elevation =[ 175.20 |t
Natural Ground / Finished Grade Elevation =| 176.00 {ft
Groundwater Table (GWT) Elevation=f  0.00  |ft 42 inch SR 141t
Design Scour (DSE) Elevation =[ 176.00 jft diameter ——»} = Column
Amount of Contraction Scour (from BSR) =[  0.00 |t Column :
Is Permanent Casing Required? (O Yes/Maybe (@ No /1  .
Bottom of Permanent Casing Elevation = N/A ft Elev = 175.20 ft —PQ__/_/
Drilled Pier Tip Elevation =] 131.90 [t '
Drilled Pier Information 57.31t
Maximum Factored Axial Load (P) =[ 1,376.0 |kips
. . _ 48 inch
Numb'er of Drilled Piers per Bent = 2 diameter Drilled Pier 43.3 ft
Diameter of Column (dcoumn) = 42 in Drilled Pier L
Diameter of Drilled Pier (dpp) = 48 in
Unit Weight of Concrete (y.) =| 0.150 |kef
Compressive Strength of Concrete (f';) =| 4.500 |ksi
Elev = 131.90 ft —

Subsurface Information and Soil/Rock Layer Properties

Figure shows typical drilled pier
internally calculate N1¢, values at midpoint of each layer[+] g typ P

Subsurface Boring Name /1D No. = B1-A
SPT Hammer Energy Efficiency Rating (ER) = 80 %
Top of Boring (Collar) Elevation =| 176.40 [t Calculate GSI using RQD values : [_]
Depth to Groundwater Table (for actual boring) = 0.00 |ft (Use if GSI is not shown on boring)
Layer Elevations | Total
Layer . . ; N Neo | N1go [RQD | g Au E;
No. el Deserten T?%( | Bo(tfttc))m (kZ:f) (bpf) [ (bpf) | (bpf) | (%) | GSI (ksf) (ksi) v
1 Cohesive Soil (Clay) 175.20 | 156.90 | 0.115 6 8 11
2 Cohesionless Soil (Sand) 156.90 | 149.40 | 0.115 7 9 10
3 Cohesionless Soil (Gravel) 149.40 | 14440 | 0.120| 15 20 22
4 |Cohesionless Soil (Silty Sand)] 144.40 | 139.40 | 0.125| 30 40 41
5 Weathered Rock 139.40 | 13190 | 0.130 | 100 | 133 | 128
6 Hard Rock 131.80 | 13190 | 0.130| 100 N/A | 38 35 346
7
8
TIP® Hard Rock 131.90 | 123.90 | 0.130 ] 150 N/A | 57 35 753 830 | 0.200
Notes '

1. Resistance from subsurface layers above the Bottom of Column Elevation, Drilled Pier Design Scour Elevation, and
Permanent Casing Elevation will be ignored.

2. Hard rock layers with poor or very poor quality rock mass (GS1 < 30) will be modeled as weathered rock.

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

DISCLAIMER: The application-of this spreadsheet is the responsibility of the user. It is imperative that the user understands
the potential accuracy limitations and examines the reasonableness of the results with engineering knowledge and experience.

There are no expressed or implied warranties.




NORTH CAROLINA DEPARTMENT  PROJECT: 1-5786 COUNTY Johnston

OF TRANSPORTATION DESCRIPTION: Bridge 108 Lizzie Mill Rd, bent 1 left
GEOTECHNICAL ENGINEERING UNITDESIGNED BY: CW  DATE: 05/11/17 STATION: Bent 1
~=—" Drilled Pier Axial Resistance Worksheet CHECKED BY: DATE: STR. NO.: PAGE: 1A OF 9

Correcting SPT Values for Hammer Efficiency and Overburden Pressure

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

Neo = (ER/60%)(N) AASHTO Egn. 10.4.6.2.4-2

Ngg = 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.
= uncorrected SPT blow count (blows/ft)

SPT-N Value Corrected for Overburden Pressure, (N1)
N1 = (Cp)(N) AASHTO Eqgn. 10.4.6.2.4-1

N1 = SPT blow count corrected for overburden pressure (blows/ft)
Cy = correction factor = [0.77logo(40/5",) < 2.0

o'y = oy - 1 = effective vertical stress at the depth of the SPT-N value (ksf)

o, = total vertical stress at the depth of the SPT-N value (ksf)
u = 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, (N14n)

N1go = (Cn)(N) AASHTO Eqn. 10.4.6.2.4-3

Summary of Corrected N Values for Boring

Top of Boring (Collar) Elevation= 176.4 ft Depth to Groundwater Table= 0.0 ft
Hammer Efficiency (ER) = 80 % Unit Weight of Water = 0.0624 kcf
Layer Elevations !
Layer y cyat Az Total oy at .GV at. Zyetor . il at. § vo a.t N Neo N1
No Top Bottom top () Y bottom |midpoint (f) midpoint}midpoint opf) | (bph Cy (bpf)
{ft) {ft) {ksf) (kef) | (ks {ksf) (ksf) (ksf)

175.20 | 156.90 | 0.144 | 18.30 | 0.115| 2.249 | 1.196 | 10.35| 0.646 0.55 6 8 1431 M

156.90 | 149.40 | 2.249 | 750 | 0.115 | 3.111 | 2.680 | 23.25 | 1.451 1.229 7 9 116 | 10

149.40 | 144.40 | 3111 | 500 | 0.120 | 3.711 | 3.411 | 29.50 | 1.841 1.57 15 20 | 1.08 | 22

144.40 | 139.40 | 3.711 500 | 0125 | 4.336 | 4.024 | 3450 | 2.153 | 1.871 30 40 | 1.02 | 41

139.40 | 13190 | 4336 | 7.50 | 0.130 | 5.311 | 4824 | 40.75| 2.543 | 2.281 | 100 | 133 { 0.96 | 128

131.90 | 131.80 | 5.311 0130 | 5.311 | 5311 14450 | 2.777 | 2.534 [ N/A 2 N/A

RN [D| O BD|W|IN

TIP | 131.90 | 123.90 | 5.311 8.00 | 0.130 | 6.351 | 5.831 | 4850 | 3.028 | 2.805 | N/A 2 N/A




NORTH CAROLINA DEPARTMENT PROJECT: 1-5786 COUNTY Johnston
OF TRANSPORTATION DESCRIPTION: Bridge 108 Lizzie Mill Rd, bent 1 left
GEOTECHNICAL ENGINEERING UNITDESIGNED BY: CW  DATE: 05/11/17 STATION: Bent 1

~——— Drilled Pier Axial Resistance Worksheet CHECKED BY:

DATE:

STR. NO.: PAGE: 1B OF 9

Selecting Design Properties for Hard Rock

1. q, 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.

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

Parameter Ranges of Values
Point load =375 ksf | 83-175 45-85 2045 For this low range, uniaxial
Strength of strength index ksf kst ksf compressive test is preferred
intact rock Uniaxial 4320 ksf | 2160- 1080~ 520 215-520 70-215 20-70 kst
1 | material compressive 4320 ksf | 2160 kst | 1080 kst ksf ksf
strength
Relative Rating 15 12 7 4 2 1 V]
Summary of Elastic Moduli for Intact Rock, E; (modified by Kulhawy, 1978) AASHTO Table C10.4.6.5-1
Elastic Modulus, E; Standard
No. of Rock (ksi X10°) Deviation
Rock Type No. of Values Types Maximum Minimum Mean (ksi % 109
Granite 26 26 143 0.93 7.64 3.35
Dionite 3 3 16.2 2.48 745 6.19
Gabbro 3 3 12.2 9.8 11.0 0.97
Diabase 7 7 15.1 10.0 12.8 1.78
Basalt 12 12 122 420 8.14 2.60
Quartzite 7 7 12.8 5.29 9.39 232
Marble 14 13 10.7 0.58 6.18 249
Greiss 13 13 11.9 413 8.86 231
Slate 11 2 3.79 0.35 139 0.96
Schist 13 12 10.0 0.86 497 3.18
Phyllite 3 3 2.51 1.25 171 0.57
Sandstone 27 19 5.68 0.09 2.13 1.19
Siltstone 5 5 476 038 239 1.65
Shale 30 i4 5.60 0.001 142 145
Linestone 30 30 13.0 0.65 5.7 373
Dolostone 17 16 114 0.83 4.22 3.44
Summary of Poisson's Ratio for Intact Rock, v (modified by Kulhawy, 1978) AASHTO Table C10.4.6.5-2
No. of Poisson's Ratio, v Standard
Rock Type | No. of Values | Rock Types Maximum Minimum Mean Deviation
Granite 22 22 0.39 0.09 0.20 0.08
Gabbro 3 3 0.20 0.16 0.18 0.02
Diabase 6 6 038 0.20 0.29 0.06
Basalt 11 11 0.32 0.16 0.23 0.05
Quartzite 6 6 0.22 0.08 0.14 0.05
Marble 5 5 0.40 0.17 (.28 0.08
Gneiss 11 11 0.40 0.09 .22 0.0%
Schist 12 11 0.31 0.02 0.12 0.08
Sandstone 12 g 0.46 0.08 0.20 0.11
Siltstone 3 3 0.23 0.09 0.18 0.06
Shale 3 3 0.18 0.03 0.09 0.06
Limestone 19 19 0.33 0.12 (.23 0.06
Dolostone 5 5 0.35 0.14 0.29 0.08




NORTH CAROLINA DEPARTMENT  PROJECT: 1-5786 COUNTY Johnston

OF TRANSPORTATION DESCRIPTION: Bridge 108 Lizzie Mill Rd, bent 1 left
GEOTECHNICAL ENGINEERING UNITDESIGNED BY: CW  DATE: 05/11/17 STATION: Bent 1
~—— Drilled Pier Axial Resistance Worksheet CHECKED BY: DATE: STR. NO.: PAGE: ﬁ OF i

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.

- If the CSE is lower than or equal to the design scour elevation (DSE), consider all scour as contraction scour and lower tt
ground line to the design scour elevation (DSE).
- If the CSE is higher than the DSE, consider the difference between the CSE and the DSE as local scour.

Groundwater Elevation =] 0.00 |ft
Original Pre-Scour Streambed Elevation (Point A) =| 176.00 |ft = Natural Ground / Finished Grade Elevation
Amount of Contraction Scour =[ 0.00 |ft
Streambed Elevation after General Scour (Point B) =| 176.00 |[ft = Point A - Contraction Scour 2 Design Scour Elevation
Amount of Local Scour (ys) =| 0.00 |[ft
ip of the embedded length of the drilled pier (Point C) =[ 176.00 [ft = Design Scour Elevation
1.5(ys) =| 0.00 |ft
evation corresponding to a depth of 1.5(ys), (Point D) =| 176.00 {ft =PointC-15y,
Ty
Elev. = 0.00 ft R v
Elev. = 176.00 ft ,
Contraction Scour =0 ft| | W=2y.=0ft : Scour
Elev.=176.00%t | | Prism
K \ B
Local Scour, y; = 0.00 ft Total Scour Line
Elev. =176.00 ft ¥ C y Design Scour Elevation (C)
Vary stress fromzero at C to
1.5y;= 0 ft stress controlled by streambed
elevation B at depth = 1.5y, (D)
Elev. =176.00 ft 3 L2
Depth, z ' D Below this de pth, compute
stresses based on streambed
elevation B
v
ey

Adapted from FHWA GEC 010 Figure 13.18: lllustration 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.
2) At a depth of 1.5ys (Point D) or greater, assume the vertical stress is controlled by the streambed elevation (Point B).

3) Assume a linear variation in vertical stress from 0 at Point C to the vertical stress value controlled by the streambed at Point |

V. N NORTH CAROLINA DEPARTMENT  PROJECT: 1-5786 COUNTY Johnston




__ " oF TRANSPORTATION DESCRIPTION: Bridge 108 Lizzie Mill Rd, bent 1 left
GEOTECHNICAL ENGINEERING UNITDESIGNED BY: CW DATE: 05/11/17 STATION: Bent 1
— Drilled Pier Axial Resistance Worksheet CHECKED BY: DATE: STR. NO.: PAGE: E OF 9

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

- Assume the streambed elevation is equal to the contraction scour elevation (Elevation 176.00 ft).

Layer Top Midpoint { Bottom Oy top 1 top Sy top Az Y Oy bottom | M bottom | O'v_bottom
No. ) (ft) (ft) (ksf) (ksf) (ksf) (f) (kef) (ksf) (ksf) (ksf)
0 176.00 | 175.60 | 175.20 0.000 0.000 0.000 0.80 0.120 0.096 0.000 0.096
175.20 | 166.05 | 156.90 0.096 0.000 0.096 18.30 0.115 2.201 0.000 2.201
156.90 | 153.15 | 149.40 2.201 0.000 2.201 7.50 0.115 3.063 0.000 3.063
149.40 | 146.90 | 144.40 3.063 0.000 3.063 5.00 0.120 3.663 0.000 3.663
144.40 | 14190 | 139.40 3.663 0.000 3.663 5.00 0.125 4.288 0.000 4288
13940 | 13565 | 131.90 4.288 0.000 4.288 7.50 0.130 5.263 0.000 5.263
13190 § 13190 | 131.90 5.263 0.000 5.263 0.130 5.263 0.000 5.263

O (N | A TWIN | =

Variation in Vertical Stress from Point C to Point D

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

- Vertical stress at elevation 176 ft (Point C) = 0 ksf

- Assume a linear variation in vertical stress from O ksf at elevation 176.00 ft (Point C) to a stress value controlled by the
elevation 176.00 ft (Point B) at the depth Point D, elevation 176.00 ft.

- PointD lies within Soil Layer No.0

e
PointD | Top of below Layer i at c'yat
Elevation| LayerO o, at 0 y for Point D Point D
(ft) (ff) 176.00 ft (ft) Layer 2 (ksf) (ksf)
176.00 176.00 0.000 0.00 0.120 0.000 0.000
Elevation z a'y Equation for linear variation
Point (ft) (ft) (ksf) over a depth of 1.5y,
c 176.00 0.00 0.000 o'y (forz=0to22.5 ft) = (0.0000)z
D 176.00 0.00 0.000

- All stress calculations below elevation 176.00 ft (Point D) will be based on elevation 176.00 ft (Point B).

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

Layer Top Bottom | Midpoint z Oy_midpaint u G’y midpoint
€3] (ft) (ft) () (ksf) (ksf) (ksf)
1 175.20 156.90 166.05 9.95 1.148 0.000 1.148
2 156.90 149.40 153.15 22.85 2.632 0.000 2.632
3 149.40 144.40 146.90 29.10 3.363 0.000 3.363
4 144,40 139.40 141.90 34.10 3.976 0.000 3.976
5 139.40 131.90 135.65 40.35 4776 0.000 4776
6 131.90 131.90 131.90 4410 5.263 0.000 5.263
Tip Elev. z " Ovy_pottom K G‘v_}:>cxttom
@ () (ksf) (ksf) (ksf)
131.90 44.10 5.263 0.000 5.263




NORTH CAROLINA DEPARTMENT  PROJECT: [-5786 COUNTY Johnston

OF TRANSPORTATION DESCRIPTION: Bridge 108 Lizzie Mill Rd, bent 1 left
GEOTECHNICAL ENGINEERING UNITDESIGNED BY: CW  DATE: 05/11/17 STATION: Bent 1
— Drilled Pier Axial Resistance Worksheei CHECKED BY: DATE: STR. NO.: PAGE: _2_ OF 9

Side Resistance in Cohesive Soil (Clays with S, < 5 ksf)

Rs = (9s)(As) AASHTO Eqn. 10.8.3.5-3

unit side resistance for soil layer (ksf)
(o)(Sy) AASHTO Egn. 10.8.3.5.1b-1

Qs

o = adhesijon factor
= 0 between the ground surface and a depth of 5 ft
= 0.55 for (Sy/p,) = 1.5 AASHTO Egn. 10.8.3.5.1b-2

0.55 — 0.1(Sylpa— 1.5) for 1.5 < (Sy/pa) < 2.5 AASHTO Eqn. 10.8.3.5.1b-3

1

Sy = undrained shear strength (ksf)

100(N1g0)/1000 NCDOT Empirical Formula

p, = atmospheric pressure (2.12 ksf)

7T, [T Ground Surface = 176

Top 5 ft Noncontributing

A 5 ft below Ground Surface = 171 ft

— !

Based on AASHTO Figure 10.8.3.5.1b-1

area of drilled pier side resistance (ft%)
(m}(B)(Az)

B = diameter of drilled pier (4 ft)
Az = effective thickness of the soil layer (ft)

pd
@
i

Layer Elevations

N1 Qs Az As Rs
T(?t)p Bo(tt:tt())m 60 (k) Sy/pa o (ksh) () () (Kips)

1 175.20 | 156.90 11 1.100 0.52 0.55 0.605 | 14.10 [ 177.19 107

Layer
No.

Total Side Resistance in Cohesive Soil =| 107

V. N NORTH CAROLINA DEPARTMENT PROJECT: 1-5786 COUNTY Johnston
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Side Resistance in Cohesionless Soil (Sand / Gravel with N1, < 100)

Rs = (as)(As) AASHTO Egn. 10.8.3.5-3

g, = unit side resistance for soil layer (ksf)
(B)(s'v) AASHTO Eqn. 10.8.3.5.2b-1

I

B = load transfer coefficient

o' sin Q1
- : b
=(1 —sing¢',) (U—,v—> tang’, AASHTO Eqn. 10.8.3.5.2b-2

¢'s = effective friction angle
= 27.5+9.210g(N1g), N1 =100 AASHTO Egn. 10.8.3.5.2b-3
N1gp = SPT - N value corrected for hammer efficiency and overburden (limited to 100 bpf)

o', = effective vertical preconsolidation stress

For Sands: ——2—

= 0.47(Ngo)" AASHTO Egn. 10.8.3.5.2b-4
Pa

For Gravels: —Z2_ = 0.15(Ng,) AASHTO Egn. 10.8.3.5.2b-5
Pa

m = 0.6 for clean sands; 0.8 for silty sands and sandy silts
Ngo = SPT - N value corrected for hammer efficiency (limited to 100 bpf)
Pa = atmospheric pressure (2.12 ksf)

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

A, = area of drilled pier side resistance (ftz)
= (m)(B){az)

B = diameter of drilled pier (4 ft)
Az = effective thickness of the soil layer (ft)

Layer Elevations

Material &' , 1 Qs Az A, R,
T B N1 m | N / _
(%3 O(tftt())m Type | (deg) o [l qen | P wsh | () @@ | wips)

Layer
No.

Oy

2 156.90 | 149.40 { Sand 10 37 0.6 9 1.760 ] 2.632 | 0.370 {1 0.974 | 7.50 94.25 92

w

149.40 | 14440 | Gravel | 22 40 0.6 20 | 3.000] 3.363 ] 0.451 | 1.517 | 5.00 62.83 95

4 144.40 | 139.40 | Sand 1 42 0.8 40 | 8.9901 3.976 | 0.850 | 3.379 ] 5.00 62.83 212

Total Side Resistance in Cohesionless Soil =| 399
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Side Resistance in Weathered and Hard Rock

Rs = {As)(ds)
gs = unit side resistance for weathered or hard rock layer (ksf)

p3
&
1

AASHTO Egn. 10.8.3.5-3

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

= 8 ksf NCDOT Policy

For drilled piers socketed into hard rock

= c P2y, AASHTO Eqn. 10.8.3.5.4b-1
Pa

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

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

= | 0.65az % Pa AASHTO Eqn. 10.8.3.5.4h-2

a

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

Joint Modificaiton Factor, ag

RQD Closed Open or Gouge-Filled
(%) Joints Joints
100 1.00 0.85
70 0.85 0.55
50 0.60 0.55
30 0.50 0.50
20 0.45 0.45

qu = Uniaxial Compressive Strength of Intact Rock (ksf) s f'.
f's = 28 day Compressive Strength of Concrete (4.5 ksi = 648 ksf)
p, = atmospheric pressure (2.12 ksf)

area of drilled pier side resistance (ft?)

(n)(B)(Az)

B = diameter of drilled pier (subtract 2 inches to account for possible reduction of drilled pier in rock)
= (48 inches -2 inches)/ 12 inches per ft = 3.83 ft

i

Az = effective thickness of the soil layer (ft)

Layer Elevations AASHTO Equation and
Layer - " RQD dy s Az As Rs
Rock Type Top Bottom Rock Joint Condition to O .
No. % 2
0 o o Lso (%) ks | ks | () | @ | (kips)
5 |Weathered Rock| 139.40 | 131.90 N/A N/A | NJA'| N/A 8.000 | 7.50 | 90.32 | 723

Total Side Resistance in Weathered and Hard Rock =| 723
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Tip Resistance in Hard Rock

Rp = (Gp){Ap)

g, = unit tip resistance (ksf)

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

= 2.5q,

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

A a
=A+ g, [mb (—) + s]
q'll.

gy = Uniaxial Compressive Strength of Intact Rock (ksf)
o'y = vertical effective stress at the socket bearing elevation

o’y

A= U’ub + gy [7nb< q

' (GSI - 100)
s=expl—g

u

a ! 1( 3
=4 — 15 — e 3
2+6e e

—~GS1 —20)

A

GSI — 100)
m;

mp=expl\———
m; = constant for intact rock

GSI = Global Strength Index

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

A, = area of drilled pier tip resistance (ft%)

= (n)(B*)/4

B = diameter of drilled pier - 2 inches to account for possible reduction for drilled pier in rock (B = 3.83 ft)

AASHTO Egn. 10.8.3.5-2

AASHTO Egn. 10.8.3.5.4¢-1

AASHTO Egn. 10.8.3.5.4¢-2

AASHTO Egn. 10.8.3.5.4¢-3

AASHTO Eqgn. 10.4.6.4-2

AASHTO Eqgn. 10.4.6.4-3

AASHTO Egn. 10.4.6.4-4

AASHTO Table 10.4.6.4-1

Tip AASHTO N -
Elevation |Equation used S” GSl m My 5 a A l?p 5 y p

)  |to calculate q,| KD (ksf) (ft%) (kips)

131.90 10.8.3.5.4¢-2 753 35 13 1.2757 | 0.00073 | 0.51585 | 73.944 333 11.54 3,843

ﬂ NORTH CAROLINA DEPARTMENT  PROJECT:
. OF TRANSPORTATION

1-5786 COUNTY Johnston
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Bridge 108 Lizzie Mill Rd, bent 1 left
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Tip Resistance in Hard Rock (continued)

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

Rock Class Group Texture
ype Coarse | Medium | Fine | Very fine
Conglomerate Sandstone Siltstone Claystone
(2113) 17+4 7+2 4+2
Clastic Breccia Greywacke Shale
. 195 (18%3) 612)
& Marl
<
Z a2
; Crystalline Sparitic Micritic Dolomite
5' Carbonates Limestone Limestone Limestone ©+3)
7 (123 (10+3) (8+3)
Non-Clastic . Gypsum Anhydrite
Evaporites 1042 1212
Chalk
Organic 7+2
Marble Hornfels Quartzite
o3 + + 2
= Non Foliated 9x3 sz 043
= Metasandstone
g (19+3)
= - - o .
e - . Migmatite Amphibolite Gneiss
:l Slightly foliated 29+3) 2%6+6 2845
= - -
- . Sclust Phyllite Slate
Foliated 10+3) 7+3) 7+4
Granite Diorite
. 3243 25%5
Light - o -
Granodiorite
. (29 +3)
Piutonic
Gabbro Dolerite
27+3 (16 +5)
Dark -
% Norite
S 2045
Z . - . .
5] Porphyries Diabase Peridotite
= Hypabyssal 20+5) (a5+3) @545
Rhyolite Dacite
25+ 5) (25£3)
Volcanic Lava Andesite Basalt
25+5 (25+5)
Pyroclasti Apglomerate  Volcanic breccia Tuff
yrocmse (19+3) (19+5) (1315
Summary of Nominal and Factored Side Resistance
Nominal Side Resistance Factor Factored Side Percentage of Side
Resistance from AASHTO Resistance Resistance produced by
Cohesionless IGM (kips) Tabie 10.5.5.2.4-1 (kips) Material Type
Cohesive Soll 107 0.45 43 8.7%
Cohesionless Soll 399 0.55 219 32.5%
CohesiveiGM 0 0.60 0 0.0%
Weathered Rock 723 0.60 434 58.8%
Hard Rock 0 0.55 0 0.0%
Total 1,229 701 100%

Note: Side resistance in soil and weathered rock develops at a much greater displacement than hard rock. If the pier does
not have a true rock socket, the side resistance from the hard rock will be ignored and nominal side resistance will be based
on the total side resistance in soil and weathered rock.

Total Nominal Side Resistance =| 1,229 [kips

Total Factored Side Resistance = 701 kips
NORTH CAROLINA DEPARTMENT  PROJECT: 1-56786 COUNTY Johnston
OF TRANSPORTATION DESCRIPTION: Bridge 108 Lizzie Mill Rd, bent 1 left
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Summary of Total Nominal and Factored Tip Resistance

Total Nominal Tip Resistance =| 3,843 [|kips
Tip Resistance Factor = 0.50
Total Factored Tip Resistance =[ 1,922 |kips

the drilled pier is bearing on Hard Rock
for Hard Rock, see AASHTO Table 10.5.5.2.4-1.

Required Factored Resistance

Rreq = Pr + YocWeorumn + Wheier) - YowaWwater = YocWsairroek 2 Pr Required Factored Resistance

P, = 1,376 kips Maximum Factored Axial Load Reported by Structure Design
Ype = 1.25 Factor for Permanent Dead Loads, from AASHTO Table 3.4.1-2
ywa = 1.00 Factor for Water Loads, from AASHTQO Table 3.4.1-1

Wegium = (Acoium){Leoumn)(Ye)

AColumn = 9.62 ft"2

Unfactored Weight of Column

Area of Column

Leowm = 14 ft Length of Column
¥e = 0.150 kcf Unit Weight of Concrete
= 20 kips

Whaier = (Apier)(Lrier)(vc)
Apier = 12.57 ft2

Unfactored Weight of Drilled Pier
Area of Drilled Pier

Lpier = 43.3 ft Length of Drilled Pier
Yo = 0.150 kcf Unit Weight of Concrete
= 82 kips

Winater = (Apier)(Zw) (Yw)

Apie; = 12.57 fth2 Area of Drilled Pier
z,=0ft Depth from water surface to the drilled pier tip
yw = 0.0624 kcf Unit Weight of Water

Unfactored Weight of Water Displaced by Drilled Pier

= 0 kips

Wseiirock = (Apien)(S'vo)
APier = 12.57 ft"2
G'yo = 5.263 ksf

WSoil/Rock =66 kips

Unfactored Effective Weight of Soil / Rock that will be displaced

Area of Drilled Pier

ffective vertical stress at drilled pier tip as defined in FHWA GEC 010 pages 13-46 4

£ } B
st
ol 4F A
—ThgT X o

d Rock with no Rock Socket

For Load Transfer of a drilled pier that is bearing on hard rock with no rock socket, the total displacement of the pier will be
controlled by the rock layer below the base of the pier. The total displacement, (w.), will be calculated using FHWA GEC 10
Equation D-17 and assumes the entire load is carried by the tip. Use the normalized load transfer values along with the total
factored side resistance to calculate the factored side resistance developed in the soil and weathered rock layers at this
displacement. The remaining factored resistance that is carried by the drilled pier tip must be less than or equal to the total
factored tip resistance.

Rreq = 1,376 kips + 1.25(20 kips + 82 kips) -1.00(0 kips) -1.25(66 kips),~ 1,421 kips

Load Transfer and Developed Resistance for Drilled Piers in

NORTH CAROLINA DEPARTMENT PROJECT: 1-5786 COUNTY Johnston

OF TRANSPORTATION DESCRIPTION: Bridge 108 Lizzie Mill Rd, bent 1 left
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Load Transfer and Developed Resistance for Drilled Piers in Hard Rock with no Rock Socket (continued)

Calculate the total displacement, w., at the drilled pier tip (assume entire load is carried by the tip)

Qc
W, = —
Fs (nEr =) - E.B

Q. = Rigq = 1,421 kips
B = 48 inches

L = 0.01 inches

E. = 3,824 ksi

v, = 0.25

E, .= 830ksi
E, (<E_) = 611 ksi

v, = 0.20

Ei » = 830 ksi
Ep (< E; ) = 367 ksi
v, = 0.20

£=0.01

a; = 22.10880939

a, = 22.09680939
as = 0.228287198
B = 68.5803

o= 79701.13612

0.003137955

A

Ap = -0.003998423

1.690629196

o
[
1

D, = 9.264274904

FHWA-NHI-10-016 Eqn. D-17

Required Factored Resistance

Diameter of Drilled Pier

Length of Pier in Hard Rock (use 0.01 inch when assuming entire load carried by tip)
Elastic Modulus of Concrete

Poisson’s Ration for Concrete

Elastic Modulus of Intact Rock around Drilled Pier Tip
(Assume E,; , = E; ,, if the tip of the drilled pier is sitting on top of the hard rock layer)

Elastic Modulus of Rock Mass around Drilled Pier Tip (AASHTO Eqn. 10.4.6.5-1)
(Assume E , = E, if the tip of the drilled pier is sitting on top of the hard rock layer)

Poisson’s Ration of Rock Mass around Drilled Pier Tip
(Assume v, = v, if the tip of the drilled pier is sitting on top of the hard rock layer)

Elastic Modulus of Intact Rock below Drilled Pier Tip
Elastic Modulus of Rock Mass below Dirilled Pier Tip (FHWA-NHI-10-016 Table 3-9)

Poisson's Ration of Rock Mass below Drilled Pier Tip
= In[5(1 — vy)L/B]
=(1+v)0{+a,

E, 1
~[a -0 () | ()
() &)
2tany E‘:

EC
o2

E.\ (B?
(&)%)

(must be > 0) FHWA-NHI-10-016 Egn. D-11

FHWA-NHI-10-016 Eqn. D-25

FHWA-NHI-10-016 Egn. D-26

i

FHWA-NHI-10-016 Egn. D-27

FHWA-NHI-10-016 Egn. D-24

FHWA-NHI-10-016 Eqn. D-23

_ 2 /2 )
= p+ (‘82 + 4a) FHWA-NHI-10-016 Egn. D-22
a
2 1
-5 - + 4a) /2
= p ('82 ) FHWA-NHI-10-016 Egn. D-22
a

E.
[n(l —vp?) (E—T> + 4a; + allzB] exp[A,D]
b

FHWA-NHI-10-016 Egn. D-21

E
= [n (1 —v,2) <E—r> + 4a; + alzllB] exp[A,D] FHWA-NHI-10-016 Egn. D-21

b

NORTH CAROLINA DEPARTMENT
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Load Transfer and Developed Resistance for Drilled Piers in Hard Rock with no Rock Socket {(continued)




Dy

C; = 0.223225282 =
3 D4_ - D3

D,
Dy — Dy

al(/llBC3 - AZBC‘L) - 4'(13

- (=)o) ()

C, = 1.223225282 =

F; = 5.020618276

F4= 7.52219E-08

w, = 0.08 inches

FHWA-NHI-10-016 Eqn. D-20

FHWA-NHI-10-016 Egn. D-20

FHWA-NHI-10-016 Eqn. D-18

FHWA-NHI-10-016 Eqn. D-19

Total Displacement at Drilled Pier Tip

Calculate the developed side resistance in the soil / weathered rock layers at the displacement, w.

The majority of the side resistance is produced by Weathered Rock , which is treated as a cohesive material for Load transfer.
Use AASHTO Figure 10.8.2.2.2.1 to predict the normalized load transfer for side resistance.

Normalized Side Transfer Developed Side Resistance
A(Z(yi)D Rea/ Rs Az D Az (quRs ﬁ (qude
AASHTO Figure 10.8.2.2.2.1 D (in) (in) | (kips) R, (kips)
0.0 0.00 0.00%{ 48 0.00 701 0.00
0.3 0.83 0.17%| 48 0.08 701 0.47 332
0.6 0.95 0.30%| 48 0.14 701 0.83
1.0 0.93 Az [ D = total settlement / drilled pier diameter
1.3 : 0.91 Rsq/ Rs = developed side resistance / total nominal side resistance
1.6 0.88 9qsRs = total factored side resistance
2.0 0.83 9qsRsa = developed factored side resistance
5.0 0.55 = (de/Rs)((quRs)

Calculate the remaining resistance that must be carried by the tip (must < the total factored tip resistance)

Required Factored Resistance = 1,421 kips
Developed Factored Side Resistance = 332 kips
Required Factored Tip Resistance = 1,089 kips =1,922kips OK

Required Tip Resistance

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

Rreg — (pgsde

= #
Pap
R; = required factored geotechnical resistance (kips)
94sRsq = factored developed side resistance (kips)
Ar = area of drilled pier tip (ft?)
Pqp = tip resistance factor
dp = unit tip resistance (ksf)

< gy

NCDOT policy

Rreq (qude ATiP ® 9p
(kips) (kips) (%) ®

1,421 332 11.54 0.50 333
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LPile Plus for Windows, Version 2013-07.001

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

© 1985-2013 by Ensoft, Inc.
All Rights Reserved

This copy of LPile is licensed to:

Branch User
Froehling & Robertson, Inc.

Serial Number of Security Device: 293783516
Company Name Stored in Security Device: Froehling & Robertson, Inc.

Path to file locations: F:\Projects 66U\66U-8390 (WEI-I-5786 Bridges 108 & 111 Johnston
Co) \NON_CADD\Foundation Recs\Bridge 108 Lizzie Mill\Lateral\

Name of input data file: B1-A.1p7d

Name of output report file: B1-A.1p70

Name of plot output file: B1-A.lp7p

Name of runtime messeage file: B1-A.lp7r

Date: May 12, 2017 Time: 0:22:55

Project Name: Bridge 108 Lizzie Mill

Job Number: 66U-0390

Client: Wetherill Engineering

Engineer: C. Wang

Description: Bent 1 B1-A

Engineering Units of Input Data and Computations:
- Engineering units are US Customary Units: pounds, inches, feet

Analysis Control Options:
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B1-A.1lp70
- Maximum number of iterations allowed = 500
- Deflection tolerance for convergence 1.09000E-05 in
- Maximum allowable deflection 100.06000 in
- Number of pile increments = 100

Il

Loading Type and Number of Cycles of Loading:
- Static loading specified

Computational Options:
- Use unfactored loads in computations
- No computation of pile-head foundation stiffness matrix
- Compute pile response under loading and nonlinear bending properties of pile
(if nonlinear properties are specified)
- Push-over analysis of pile not selected
- Buckling analysis of pile not selected

Input Data Options:

- Analysis does not use p-y modification factors (individual pile or shaft only)
- Analysis assumes zero shear resistance at the pile tip

- Analysis assumes no loading by soil movements acting on pile

Output Options:

- No p-y curves to be computed and reported for user-specified depths

- 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

Total number of pile sections = 2
Total length of pile = 52.00 ft
Depth of ground surface below top of pile = 14.00 ft

Pile diameter values used for p-y curve computations are defined using 4 points.

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

Point Depth Pile
X Diameter

ft in
1 0.00000 42.0000000
2 14.000000 42 .0000000
3 14.000000 48.0000000
4 52.000000 48.0000000

Input Structural Properties:

Pile Section No. 1:

Section Type : = Elastic Pile
Cross-sectional Shape = Circular
Section tength = 14.00000 ft

Top Width = 42.00000 in
Bottom Width = 42.00000 1in

Top Area = 1385.44236 Sq. in
Bottom Area =  1385.44236 Sq. in
Moment of Inertia at Top = 152745. in™4
Moment of Inertia at Bottom = 152745. in*4
Elastic Modulus = 3122019. 1lbs/in”2

Page 2



B1-A.lp70
Pile Section No. 2:

Section Type Elastic Pile

1§

Cross-sectional Shape = Circular
Section Length = 38.00000 ft
Top Width = 48.00000 in
Bottom Width = 48.00000 in
Top Area = 1809.55737 Sq. in

Bottom Area 1809.55737 Sq. in
Moment of Inertia at Top 260576. in*4
Moment of Inertia at Bottom = 260576. in“4
Elastic Modulus = 3823676. lbs/in”2

Y

I

Ground Slope Angle = 0.000 degrees
= 0.000 radians

Pile Batter Angle = 0.000 degrees
= 0.000 radians

The soil profile is modelled using & layers

Layer 1 is stiff clay with water-induced erosion

Distance from top of pile to top of layer = 14.00000 ft
Distance from top of pile to bottom of layer = 32.30000 ft
Effective unit weight at top of layer = 53.00000 pcf
Effective unit weight at bottom of layer = 53.00000 pcf
Undrained cohesion at top of layer ’ = 600.00000 psf
Undrained cohesion at bottom of layer = 600.00000 psf
Epsilon-58 at top of layer = 0.01000

Epsilon-5@ at bottom of layer = 0.01000

Subgrade k at top of layer = 100.00000 pci
Subgrade k at bottom of layer = 100.00000 pci

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

Distance from top of pile to top of layer = 32.30000 ft

Distance from top of pile to bottom of layer = 39.80000 ft

Effective unit weight at top of layer = 53.00000 pcf
Effective unit weight at bottom of layer = 53.00000 pcf
Friction angle at top of layer = 29.00000 deg.
Friction angle at bottom of layer = 29.00000 deg.
Subgrade k at top of layer = 20.00000 pci
Subgrade k at bottom of layer = 20.00000 pci

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

Distance from top of pile to top of layer = 39.80000 ft

Distance from top of pile to bottom of layer = 44,80000 ft

Effective unit weight at top of layer = 58.00000 pcf
Effective unit weight at bottom of layer = 58.00000 pcf
Friction angle at top of layer = 33.00000 deg.
Friction angle at bottom of layer = 33.00000 deg.
Subgrade k at top of layer = 60.00000 pci
Subgrade k at bottom of layer = 60.00000 pci
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Layer 4 is sand, p-y criteria by Reese et al., 1974

Distance from top of pile to top of layer
Distance from top of pile to bottom of layer
Effective unit weight at top of layer
Effective unit weight at bottom of layer
Friction angle at top of layer

Friction angle at bottom of layer

Subgrade k at top of layer

Subgrade k at bottom of layer

Layer 5 is stiff clay with water-induced erosion

Distance from top of. pile to top of layer
Distance from top of pile to bottom of layer
Effective unit weight at top of layer
Effective unit weight at bottom of layer
Undrained cohesion at top of layer

Undrained cohesion at bottom of layer
Epsilon-50 at top of layer

Epsilon-50 at bottom of layer

Subgrade k at top of layer

Subgrade k at bottom of layer

Layer 6 is strong rock (vuggy limestone)

Distance from top of pile to top of layer
Distance from top of pile to bottom of layer
Effective unit weight at top of layer

Effective unit weight at bottom of layer
Uniaxial compressive strength at top of layer
Uniaxial compressive strength at bottom of layer

B1-A.lp70

= 44,
= 49,
= 63.
= 63.
= 39
= 39.
= 125.

125.

= 49,
= 57.
= 63
= 63.
= 5000.
= 5000.

= 2000.
= 2000.

100.
100.
1000.
= 1000.

I

It

80000
80000
00000
00000

.00000

00000
00000
00000

80000
30000

.00000

00000
00000
00000

. 00400
. 00400

00000
00000

. 30000
.20000

00000
00000
00000
00000

(Depth of lowest soil layer extends  17.20 ft below pile tip)

ft
ft
pcf
pcf
deg.
deg.
pci
pci

ft
ft
pcf
pct
pst
pst

pci
pci

ft
ft
pcf
pcf
psi
psi

Layer Layer
Strain
Layer Soil Type Depth
Factor kpy
Num. (p-y Curve Criteria) ft
Epsilon 50 i
1 Stiff Clay with Free Water 14.000
0.01000 100.000
32.300
9.01000 100.000
2 Sand (Reese, et al.) 32.300
20.000
39.800
20.000
3 Sand (Reese, et al.) 39.800
60.000
44,800
60.000
4 Sand (Reese, et al.) 44.800
125.000
49.800
125.000
5 Stiff Clay with Free Water 49.800

Effec

Unit

pcC

53.

53.

53.

53.

58.

58.

63.

63.

63.

Page 4

tive

Wt.

f

000

000

000

000

000

000

000

000

000

Undrained

Cohesion

pst

.000

Angle

of

Friction

deg.

29.

29.

33.

33.

39.

39.

000

000

000

000

000

000

Uniaxial

qu



B1-A.lp70

0.00400 2000.000
57.300 63.000 5000.000 -- --
0.00400 2000.000
6 Vuggy Limestone 57 .300 100.000 -- -- 1000.000
69.200 100.000 -- -- 1000.000

Number of loads specified = 2

Load Load Condition Condition Axial Thrust Compute

No. Type 1 2 Force, lbs Top y vs. Pile Length
1 1 V = 30200. lbs M = 774000. in-lbs 833000. No
2 2 V = 28700. lbs S = 0.0000 in/in 309300, No

V = perpendicular shear force applied to pile head

M = bending moment applied to pile head

y = lateral deflection relative to pile axis

S = pile slope relative to original pile batter angle

R = rotational stiffness applie to pile head
Axial thrust is assumed to be acting axially for all pile batter angles.

Axial thrust force values were determined from pile-head loading conditions
Number of Pile Sections Analyzed = 2

Pile Section No. 1:

Moment-curvature properties were derived from elastic section properties

Pile Section No. 2:

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 30200.0 lbs
Applied moment at pile head 774000.0 in-1lbs
Axial thrust load on pile head = 833000.0 lbs

n
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Depth Deflect.
X y
feet inches
9.00 0.7384
9.520 9.7181
1.040 0.6979
1.560 0.6777
2.080 0.6577
2.600 0.6378
3.120 0.6181
3.640 9.5985
4.160 9.5791
4.680 0.5599
5.200 0.5410
5.720 0.5222
6.240 0.5037
6.760 9.4855
7.280 0.4675
7.800 0.4498
8.320 0.4325
8.840 9.4155
9.360 0.3988
9.880 9.3825
10.400 Q.3666
10.920 9.3510
11.440 9.3359
11.960 0.3212
12.480 0.3070
13.000 9.2932
13.520 0.2799
14.040 0.2671
14.560 0.2545
15.080 Q.2422
15.600 0.2301
16.120 0.2184
16.640 0.2068
17.160 ©.1956
17.680 0.1847
18.200 0.1740
18.720 0.1637
19.240 0.1536
19.760 0.1438
20.280 0.1344
20.800 9.1253
21.320 9.1165
21.849 0.1080
22.360 0.0998
7 22.880 0.0919
23.400 0.0844
23.920 Q.0772
24.449 0.0703
24.960 Q0.0637
25.480 0.0574
26.000 0.0515
26.520 0.0458
27.049 0.0404
27.560 9.0354
28.080 0.0306
28.600 0.0261
29.120 0.0220
29.640 0.0180
30.160 0.0144
30.680 0.0110
31.200 0.007852
31.720 ©.004959
32.240 0.002304

-0.000121

1 ¢+ 32,760

nex

33.280

-0.002325

Bending
Moment
in-1bs

774000.
979361.
1184655,
1389869.
1594988.
1799998.
2004887.
2209638,
2414240.
2618677.
2822937.
3027004,
3230865.
3434507.
3637915.
3841075.
4043975.
4246599.
4448934,
4650967 .
4852683.
5054070.
5255113.
5455798.
5656112.
5856041.
6055572,
6254692,
6453108.
6645340,
6830139.
7006346.
7172892,
7328801,
7473248.
7605549,
7725078.
7831267.
7923611.
8001662.
8065035.
8113401,
8146493.
8164104.
8166086,
8152351.
8122871.
8077677.
8016861.
7940576.
7849219.
7743583,
7624465,
7492665.
7348992.
7194260.
7029297.
6854946.
6672068.
6481560.
6284358.
6081474,
5874286.
5664943,
5455422.

r

B1-A.l1lp70

Slope
S
adians

.003259
.003247
.003233
.003216
.003197
.003175
.003150
.003122
.003092
.003059
.003023
.002985
.002944
.002901
.002854
.002805
.002754
.002700
.002643
.002583
.002521
.002456
.002389
.002319
.002246
.002171
.002093
.002033
.001994
.001953
.001910
.001867
.001823
.001777
.001731
.001684
.001636
.001587
.001538
.001488
.001437
.001387
.001336
.001285
.001234
.001183
.001132
.001081
.001030
.000980
.000931
.000882
.000834
.000787
.000740
.000695
.000650
.000607
.000564
.000523
.000483
.000444
. 000407
.000371
.000336

Total
Stress
psi*

Bending

Stiffness

1b-in~2

L769E+11
.769E+11
.769E+11
. 769E+11
.769E+11
L769E+11
.769E+11
L.769E+11
. 769E+11
.769E+11
. 769E+11

769E+11

.769E+11
.769E+11
. 769E+11
.769E+11
.769E+11
L769E+11
.769E+11
.769E+11
.769E+11
.769E+11
L769E+11
L769E+11
.769E+11
.769E+11
.769E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
-964E+11
.964E+11
.964E+11
L964E+11
.964E+11
.964E+11
.964E+11
.964E+11
L964E+11
L964E+11
L964E+11
L964E+11
.964E+11
L964E+11
.964E+11
.964E+11
.964E+11
L964E+11
L964E+11
L964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
L964E+11
.964E+11
L964E+11
.964E+11
L964E+11

p
1b/1

1
[
N

-153.
-185.
-214.
-242.
-267.
-288.
-305.
-321.
-336.
-349.
-360.
-370.
-378.
-385.
-390.
-394.
-396.
-397.
-396.
-394.
-390.
-380.
-360.
-339.
-319.
-298.
-277.
-256.
-235.

-213.2

-190.,
-166.
-140.
-105.

-50

OO OO OO0 OR

Soil Res.

n

.4374
L1774
.7026

Soil Spr.

Es*h
1b/inch

O OO0 0NN
e e ®

()

)

299.5200
3762.0311
4774.7868
5827.9544
6923.6664
8059.9926
9194.2342

10330.
11535.
12816.
14180.
15636.
17192.
18860.
20653.
22584.
24671.
26933.
29394.
32079.
35024.
38268.
41348.
43678.
46297.
49267.
52669.
56617.
61272.
66870.
73782.
82622.
94515.
111822.
132687.
136581.
9159.8204
9938.5724

Distrib.
Lat. Load
1b/inch



B1-A.1p70

33.800 -0.004315 5245868. -33825. -0.000303
34.320 -0.006101 5036431. -33767. -0.000270
34.840 -0.007690  4827268. -33685. -0.000239
35.360 -0.009090  4618537. ~33578. -0.000210
35.880 -0.0103  4410397. -33447. -0.000182
36.400 -0.0114  4203002. -33293. -0.000155
36.920 -0.0122 3996506. -33116. -0.000129
37.449 -0.0130 3791055. -32917. -0.000105
37.960 -0.0135 3586790. -32697. -8.151E-05
38.480 -0.0140 3383839. -32459. -5.968E-05
39.000 -0.0143 3182326. -32203. -3.912E-05
yV\ﬂ¥F9 39.520 -0.0145 2982359, -31931. -1.981E-05
y\&? ) 40.040 -0.0145 2784036. -31420. -1.758E-06
40.560 -0.0145 2590253. -30662. 1.507E-05
41.080 -0.0143 2401214. -29876. 3.070E-05
41.600 -0.0141  2217085. -29066. 4.516E-05
42.120 -0.0138 2037995, -28241. 5.849E-05
42.640 -0.0134  1864035. -27405. 7.071E-05
43.160 -0.0129 1695250. -26565. 8.185E-05
43.680 -0.0124  1531650. -25729. 9.196E-05
44,200 -0.0118 1373197. -24903. 0.000101
44.720 -0.0111 1219815. -24093. 0.000109
45.240 -0.0104  1071384. -23054. 0.000116
45.760 -0.009646 930894, -21798. 0.000123
46,280 -0.008863 798071. -20593. 0.000128
46.800 -0.008048 672561. -19451. 0.000133
47.320 -0.007208 553940. -18384. 0.000136
47.840 -0.006345 441708. -17403. 0.000140
48.360 -0.005465 335295. -16520. 0.000142
48.880 -0.004573 234061. -15745. 0.000144
49.400 -0.003671 137301. -15089. 0.000145
49.920 -0.002763 44245, -11360. 0.000146
50.440 -0.001854 -5990.6580 -5118.5383 0.000146
50.960 -0.000946 -21148. -300.6499 0.000146
h/v\h 51.480 -3.757E-05 -11256. 1815.7602 ©.000145
5 52.000 0.000870 0.000 0.000 ©.000145

The above values of total stress

Output Summary for Load Case No.

Pile-head deflection
Computed slope at pile head

Maximum bending moment

Maximum shear force
Depth of maximum bending moment
Depth of maximum shear force

Number of iterations
Number of zero deflection points

943.
924.
904.
885.
866.
847.
828.
809.
790.
771.
753.
735.
716.
698.
681.
664.
648.
632.
616.
601.
586.
572.
559.
546.
533.
522.
511.
501.
491.
481.
472.
464.
460.
462.
461.
460.

4966
2068
9421
7173
5468
4450
4260
5032
6896
9972
4371
0194
7532
9051
4939
5350
0402
0178
4722
4039
8099
6828
0118
0723
8387
2789
3534
0164
2154
8914
9795
4087
8853
2814
3703
3336

LVOUWLVLVVLWVLLVLYYLOLOVLYLWOVYLYL OVOYVLOVLYLLYLLVLLLYOYLYLWYLLYLYLLLYOYLY LYY

L964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
L964E+11
.964E+11
.964E+11
.964E+11
L964E+11
.964E+11
.964E+11
.964E+11
.964E+11
L964E+11
.964E+11
.964E+11
L964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11

are combined axial and bending stresses.

0.7383815 inches
-@.0032588 radians

8166086. inch-1lbs

-33872. lbs

22.8800000 feet below pile head
32.7600000 feet below pile head

13

11.
15.
19.
22.
26.

30

33.
36.
39.
42.

118.
123.
128.
131.
133.
134,
134,
133.
131.
128.
204,
197.
188.
177.
164.
149.
133.
115.
95.
1099.
900.
643.

35
-616

Computed Values of Pile Loading and Deflection

for Lateral Loading for Load Case Number 2

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

Shear force at pile head
Rotation of pile head
Axial load at pile head

0.000E+0@ radians

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

Depth

X

feet

Deflect.

v
inches

Bending
Moment
in-1bs

Shear - Slope
Force S
1bs . radians

28700.0 lbs

809300.0 1bs

Total

Stress

psi*

Page 7

Bending
Stiffness

1b-in~2

p

L4116
2398
1265
0152
8532
5920
.1872
5981
7880
7242
3777
L7233
9178
9891
1240
2776
4141
5065
5363
4929
3733
1819
8472
6493
5124
4658
5485
8085
3020
0934
2547
7327
8789
3161
.0204
.9949

Soil Res.

1b/in

10717.
11496.
12275.
13054.
13832.
14611.
15390.
16169.
16947.
17726.
18505.
19284.
51044.
53380.
55716.
58053.
60389.
62725.
65061.
67398.
69734.
72070.
122989.
127856.
132723.
137590.
142458.
147325.
152192.
157059.
161926.
2483274.
3031473.
4245411.
5815978.
2212739.

Soil Spr.
Es*h
1b/inch

.000
. 000
. 000
. 000
.000
. 000
.000
.000
000
000
. 000
. 000
. 000
000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
000
. 000
. 000
. 000
000
. 000
. 000
000
.000
. 000
. 000
. 000
000
. 000
. 000

Distrib.
Lat. Load
1b/inch
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.120

649
160
680

.200

720

.240
.760
.280
.800
.320
.840
.360
.880
.400
.920
.440
. 960
.480
.008
.520
.040
.560
.080
.6008
.120
. 640
.160
.680
.200
.720
.240
.760
.280
.800
21.
21.
22.
22,

320
840
360
880

.400
23.
24.
24.
25.
26.
26.
27.
27.
28.

920
440
960
480
000
520
040
560
080

.600
29.
29.

120
649

.160
30.
31.
31.
32.
32.
33.
33.
34.
34.

680
200
720
240
760
280
800
320
840

0

0

0.006026
0.004740
9.003551
0.002456
0.001451
©.000533
-0.000300
-0.001053
-0.001727

-4345842.
-4166611.
-3987104.
-3807333.
-3627311.
-3447050.
3266560,
-3085855.
-2904946.
-2723845.
-2542563.
-2361114.
-2179509.
-1997760.
-1815878.
-1633877.
-1451768,
-1269563.
-1087274.
-904913,
-722492.
-540024.
-357519.
-174992.
7547.6229
190086.
372613.
555114.
737409,
917135.
1092135,
1261613.
1425014,
1581818.
1731537.
1873721.
2007955,
2133858.
2251089,
2359339,
2458338,
2547853,
2627687.
2697679.
2757706.
2807682.
2847557,
2877319.
2896992.
2906638.
2906474
2896978.
2878630.
2851910.
2817300.
2775287.
2726361.
2671015.
2609753,
2543084,
2471639.
2396306.
2317956.
2237441.
2156772.
2076002.
1995186.
1914382,

28700.
28700.
28700.
28685.
28466.
27885.
27069.
26146.
25137.
24048.
22885,
21654.
20359.
19607.
17604.
16155.
14665.
13142.
11591.
10018.

8427 .
6827.
5221.
3617.
2020.

445,
-1073.
.0336
-3881.
-517@.
-6381.
-7514,
-8568.
-9543,

-2516

6503
0153
6339
3701
0934
3243
6517

6003
0698
0699
0997
4759
2589

-10437.
-11240.
-11922.
-12462.
-12866.
-13040.
-13049.
-13050.
-13043.
-13026.

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

B1-A.1lp70

0.000

. -5.569E-05
-0.
-0.

000109
000160

.000209
-0.
-0.

000255
000299

.000340
-0.
-0.

000380
000416

.000451
-0.
-0.
-0.

000483
000513
000540

.000565
-0.
-0.
-0.
.000641
-0.
-9,
-0.

000588
000608
000626

000654
000665
000673

.000679
-0.
-0.

000682
000683

.000682
-0.
-0.
-0.

000678
000674
0oRE670

.000665
-0.
-0.
-0.

000659
000651
000643

.000634
-0.
-0.
~0.
.000587
-0.
-0.
-0.

000623
000612
000600

008573
000559
000543

.000528
-0,
-0.
-0.

000512
000495
000478

. 000460
-0.
-0.

000443
000425

.000407
-0.
-0.
-0.
-0.
-0.
-0.

000389
000370
000352
000334
000316
000298

.000281
-0.
-0.

000264
000247

.000230
-0.
-0.

000214
000198

.000183
-0,
-0.
-0.

000168
000154
000140

.000127
-0.
-0.

000114
000102

VOLVLOVVOVLOVWOVLOLVLYVOVOVOVYWOYWOCOLLOLLYLYVYWOWOVWYWOLOVLWLWYOOYVWLWWLLYWLYLOLOLHM F P & P P B h e P o S P P B P F F P P PP

.769E+11
.769E+11
L769E+11

769E+11
769E+11
769E+11
769E+11
769E+11

.769E+11

769E+11
769E+11

.769E+11
.769E+11
.769E+11
L769E+11
.769E+11
.769E+11

769E+11

.769E+11
L769E+11
.769E+11

769E+11
769E+11
769E+11
769E+11
769E+11

L769E+11
.964E+11
.964E+11
L964E+11
L964E+11
L964E+11
.964E+11
.964E+11
964E+11
L964E+11
.964E+11
.964E+11
L964E+11
L964E+11
.964E+11
L964E+11
.964E+11
.964E+11

964E+11

.964E+11
.964E+11
.964E+11
L964E+11
L964E+11
L964E+11
L964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
L964E+11
L964E+11
L964E+11

964E+11

.964E+11
L964E+11
L964E+11

964E+11

.964E+11
.964E+11
.964E+11

L
(o))
Ul

-120.
-140.
-155.
-168.
-180.
-192.
-202.
-212.
-221.
-228.
-235.
-241.
-246.
~-250.
~-253.
-255.
-257.
-257.
-256.
-255.
-249.
-237.
-225.
-212.
-200.
-187.
-175.
-162.
-149.
-136.
-120.
-97.
-75.
-53.
-2
-Q.

i
P®®®®®®®®®®®®®®®®®®®®®®®®®®®

.000
.000
.000
. 000
.000
.000
8697

.3558

6423
9194
0442
2917
6505
1105
6628
2999
0153
8038
6610
5838
5700
6180
7271
8968
1272
4181
7690
1786
5551
2962
0057
6759
2951
8460
3045
6366
7939
70673
6220
8423
5117
7467

L1292

8488

.5159
.9392
.3968

.000
.000
.000
299.5200
4193.2800
8087.0400
9885.0180
11400.
12992.
14669.
16439.
18310.
20292.
22395.
24632.
27016.
29563.
32290.
35217.
38368.
41768.
45450.
49449,
53807.
58577.
63040,
66298.
69920.
73974.
78548.
83755.
89748.
96741.
105039.
115098.
124900.
128794.
132687.
136581.
9159.8204
9938.5724
10717.
11496.
12275.

®®®®®®®®®®®®®®®®®®®®®®®®®®.®
(]
[
()



B1-A.1p70

35.360 -0.002326 1833650. -13000. -9.031E-05 616.1222 9.964E+11 4.8662
35.880 -0.002854 1753050. -12965. -7.908E-05 608.6986 9.964E+11 6.3263
36.400 -0.003313 1672641. -12921. -6.836E-@5 601.2926 9.964E+11 7.7578
36.920 -0.0037907 1592480. -12869. -5.813E-05 593.9095 9.964E+11 9.1426
37.440 -0.004039 1512626. -12808. -4.841E-@5 586.5547 9.964E+11 10.4645
37.960 -0.004311.  1433131. -12738. -3.918E-@5 579.2329 9.964E+11 11.7087
38.480 -0.004528 1354046. -12662. -3.046E-05 571.9489 9.964E+11 12.8617
39.000 -0.004691 1275420. -12578. -2.222E-05 564.7071 9.964E+11 13.9119
39.520 -0.004805 1197295. -12488. -1.448E-05 557.5115 9.964E+11 14.8489
}mg&%%h@.@4@ -0.004872 1119710. -12318. -7.224E-06 550.3657 9.964E+11 39.8529
.0 40.560 -0.004895 1043642. -120863. -4.494E-07 543.3595 9.964E+11 41.8753
Vkéﬁ 41,080 -0.00487/8 969171. -11796. 5.854E-06 536.5005 9.964E+11 43.5510
/)7 41.600 -0.004822 896365. -11520. 1.17QE-05 529.7948 9.964E+11 44,8612
42,120 -0.004732 825278. -11238. 1.709E-05 523.2474 9.964E+11 45.7908
42.640 -0.004609 755947. -10950. 2.204E-05 516.8619 9.964E+11 46.3284
43,160 -0.004457 688397. -10661. 2.656E-05 510.6402 9.964E+11 46,4662
43.680 -0.004277 622634. -10372. 3.067E-@5 504.5832 9.964E+11 46.1993
44.200 -0.004074 558650. -10085. 3.437E-05 498.6901 9.964E+11 45.5263
44,720 -0.003848 496421. -9804.6439 3.767E-05 492,.9586 9.964E+11 44,4487
45.240 -0.003604 435908. -9444.3554 4.059E-05 487.3851 9.964E+11 71.0283
45.760 -0.003342 378146. -9009.1044 4.314E-05 482.0650 9.964E+11 68.4752
46,280 -0.003065 323038, -8592.0396 4.533E-05 476.9894 9.964E+11 65.1994
46.800 -0.002776 270459. -8197.6305 4.719E-05 472.1467 9.964E+11 61.2138
47.320 -0.002476 220255, -7830.2521 4.873E-05 467.5227 9.964E+11 56.5357
47.840 -0.002168 172246. -7494.1578 4.996E-05 463.1009 9.964E+11 51.1868
48.360 -0.001853 126224. -7193.4539 5.089E-05 458.8621 9.964E+11 45.1927
48.880 -0.001533 81957. -6932.0745 5.154E-05 454.7850 9.964E+11 38.5828
49.400 -0.001210 39191. -6713.7576 5.192E-@5 450.8460 9.964E+11 31.3906
49,920 -0.000885 -2354.8310 -4674.2389 5.204E-05 447.4533 9.964E+11 622.3013
50.440 -0.0080560 ~-19669. -1187.7780 5.197E-85 449.0481 9.964E+11  495.1541
50.960 -0.000236 -17703. 1035.1121 5.185E-85 448.8670 9.964E+11 217.3107
N 51.480 8.690E-05 -7274.8983 1460.4266 5.177E-05 447.9065 9.964E+11 -80.9919
%4/11 M 52.000 0.000410 9.000 9.000 5.175E-05 447.2364 9.964E+11 -387.0935
{7 ——
?72 The above values of total stress are combined axial and bending stresses.
Output Summary for Load Case No. 2:
Pile-head deflection = 0.1824859 inches
Computed slope at pile head = ©.000000 radians
Maximum bending moment = -4345842. inch-1bs
Maximum shear force = 28700. lbs
Depth of maximum bending moment = ©.000000 feet below pile head
Depth of maximum shear force = 0.5200000 feet below pile head
Number of iterations = 10
Number of zero deflection points = 2
Summary of Pile Response(s)
Definitions of Pile-head Loading Conditions:
Load Type 1: Load 1 = Shear, 1lbs, and Load 2 = Moment, in-1lbs
Load Type 2: lLoad 1 = Shear, lbs, and Load 2 = Slope, radians
Load Type 3: Load 1 = Shear, lbs, and Load 2 = Rotational Stiffness, in-lbs/radian
Load Type 4: Load 1 = Top Deflection, inches, and Load 2 = Moment, in-lbs
Load Type 5: Load 1 = Top Deflection, inches, and Load 2 = Slope, radians
Pile-head Pile-head Maximum
Load Load Condition 1 Condition 2 Axial Pile-head Moment

Page 9

13054.
13832.
14611.
15390.
16169.
16947.
17726.
18505.
19284.
51044.
53380.
55716.
58053.
60389.
62725,
65061.
67398.
69734.
72070.
122989.
127856.
132723.
137590.
142458.
147325.
152192.
157059.
161926.
4388243.
5515213.
5738103.
5815978.
2946927.

Maximum

Shear

. 000
. 000
. 000
. 000Q

000

. 000

000
000

. 000
. 000

000
000

. 000
. 000

000

. 000
. 000
. 000

000

. 000
. 000

000

. 000

000
000
000

. 000
. 000
. 000
. 000

000

. 000
. 000

Pile-head



Case Type V(lbs) or

No.  No. y(inches)

1 1 V = 30200.
-0.00325883

2 2 Vo= 28700,
0.00000000

The analysis ended normally.

in-1b, rad.,
or in-lb/rad.

=
I

774000.

S = 0.000

B1l-A.lp70

Loading
lbs
833000,

809300.

Deflection

inches

0.73838154

0.18248594

Page 10

in Pile

in-1bs

8166086.

-4345842.

in Pile

1bs

Rotation

radians



GEOTECHNICAL BORING REPORT

BORE LOG

SHEET ¢

wBs N/A |TiP 15785 | COUNTY JOHNSTON | GEoLoGIST M. Amold

SITE DESCRIPTION Bridge No. 108 on SR 1001 (Lizzie Mill Road) over 1-95 GROUND WTR (ft)
BORING NO. B1-B STATION 17475 OFFSET 9 ftRT ALIGNMENT -Y1- OHR. NM
COLLARELEV. 1758t TOTAL DEPTH 54.6 ft NORTHING 652,408 EASTING 2,224,971 24 HR. FIAD

DRILL RIGHAMMER EFF./DATE F8R3495 CVE-55 85% 01/30/2017

l DRILL METHOD NW Casing W/ Advancer

HAMMERTYPE Avtoretic

DRILLER D. Tignor

START DATE 04/27/17

| comp. DATE 04128/17

l SURFACE WATER DEPTH N/A

6_GEQ_BH_BRDG108.GPJ NC_DOT.GDT 5/5/17

NCDOT BORE SINGLE 1578

DRIVE BLOW COUNT BLOWS PER FOOT SAMP. L
E(Lf't':)V ELEV DE(fF;)T H v &) SOIL AND ROCK DESCRIPTION
@t 0.5ft | 0.5ft | 0.5t | {0 25 50 75 ,-1,99 NO. /moll 6 | Eelev . . DEPTH (ft)
2= X7 L =
180 L
1 i L
1 Botioner shsob e =21 2 [ 7s GROUND SURFACE 00
175 " 1 = HALT
Q2 o G WV 1748 ASP 12
T 3 353 Nl A N R~ I ([) M ICNF ROADWAY EMBANKMENT
6 = 2,
P - A NG o7 8. 472 BiackbarkcGray, Sity Fine Sandy CLAY
T WOH | WOH | WOH (0' A I W t\“ (A-7) with Trace Organics (Wood Fragments)
170 T N
-4 \ - A}
1 Nz N e 7.0
1 A /{ . /%5?)/ 2 ) koL Gray-Brown, Clayey GRAVEL (A-1-b) with
167.3 8.5 - - - \ o 166.8 Some Fine to.Coarse Sand _,_.._@‘Q
165 + - ?“ . . w x COASTAL PLAIN
-+ i §— Red-Gray-Brown, Fine Sandy Silty CLAY
I R PRl B Sl N -7
1623 T 135 N G LAl B NY
T Pz NS
+ -l/- : A dl B S \—‘ S8
1573 T 185 r
+ 3 5 = *5?]'); ®W§_
155 T . AR .
\\ A § 1888 220
4 L T T P, QOrange-Tan, Silty Fine to Coarse SAND
1523 1.235 3 3 3 B T i I (A-2-4) with Trace Gravel
150 T | e
-+ \ T
ol S DO M — i Tan, ey Fire b Corsa SR ]
+ 7 = g RARE /V X ’(;f (A-2-6) with Trace Gravel
F
145 T - - #5 - - t__;_ o 305
- WEATHERED ROCK
T - ° ° Tttt Black-Orange-Tan and Gray
1423 T 335 ° - ) T (META-ARGILLITE}
+ 1160/0.4 - - " 100/0.3 =
140 I . . o 4
1373 T 38.5 - - - -
+ 00/0.3 . - * 100/0.3
135 T ) . T =
1 . . i _ o JL 1338 42,0
1 - B ... . A CRYSTALLINE ROCK
123 T 485 : * e0ioA ( Y/ il 122 Blue-Gray (META-ARGILLITE) 438
130 I o MR f NitES #’z'_
4 - - ?‘gf..
- - - - ?’}/L—
125 T ) ) RS-4 A
1.7,
T - - - P 1212 546
T . Boring Temminated at Elevation 121.2 ft in
_: N Crystalline Rock (META-ARGILLITE)
T N Start Coring at 43.6'




6_GEO_BH_BRDG108.GPJ NC_DOT.GDT 5/5/17

NCDOT CORE SINGLE 1578

GEOTECHNICAL BORING REPORT

SHEET 10

CORE LOG

WBS N/A | TIP_ 15786 | COUNTY JOHNSTON | GEOLOGIST M. Arnold
SITE DESCRIPTION Bridge No. 108 on SR 1001 (Lizzie Mill Road) over -85 GROUND WTR (ft)
BORING NO. B1-B STATION 17+75 OFFSET SftRT ALIGNMENT -Y1- O HR. NM
COLLARELEV. 175.8 ft TOTAL DEPTH 54.6 ft NORTHING 652,408 EASTING 2,224,971 24 HR. FIAD
DRILL RIGHANMMER EFF/DATE F&R3495 CME-S5 85% 01/30/2017 DRILL METHOD  Nw Casing w/ Advancer HAMMER TYPE Autorratic
DRILLER D. Tignor START DATE 04/27/17 COMP. DATE 04/28/17 SURFACE WATER DEPTH N/A
CORE SIZE NQ TOTALRUN 11.01t
RUN DRILL RUN STRATA L
E(Lff)v ELEV DE(fF;)T H R(%“ RaTE [REC[RAD | STME- [TRECTRAS o DESCRIPTION AND REMARKS
(03] Minff) | % | % ) % % 1 G| ElEV.(t) DEPTH (1)
132.2 Begin Coring @ 43.6 ft
]33%22 T 48 | 1.0 123010 1(1.0) [ (0.8) (10.4)[ @.3) Bz=A” 1322 Gray, Very Slightly Weathered to Fresh, Medium Hard to Moderately Hard, 436
130 _: 50 | 2:13/1.0 \100%/ 80% A_RS-3 1 '95% | 85% ¢ = META-ARGILLITE with Close to Moderately Close Fracture Spacing
1 ; ggﬂg @4 | 35 =8 RS-3: 44.3-44.8, qu=3,347 psi,GSI=35-45
90/t % | 70% R RS-4: 49.7-50.0, qu=4,608 psi, GSI=35-45
+ 4110 88% | 70% ?lgl’ qu psi
126.2 T 49.6 2:28/1.0 *',/4"
125 T 5.0 [2:16/1.0 | (5.0) | (5.0) | RS+4 T
T 1:56/1.0 | 100% [ 100% A
T 2:02/1.0 T~
2:36/1.0 7
121.2 T 54.6 2:19/1.0 A 1212 546
T I Boring Terminated at Elevation 121.2 ft in Crystalline Rock
T _— (META-ARGILLITE)
T B Start Coring at 43.8"
T b
T A




NORTH CAROLINA DEPARTMENT  PROJECT: I-5786 COUNTY Johnston

OF TRANSPORTATION DESCRIPTION: Bridge 108 Lizzie Mill Rd, bent 1 right
GEOTECHNICAL ENGINEERING UNITDESIGNED BY: CW  DATE: 05/11/17 STATION: Bent 1
—~— Drilled Pier Axial Resistance Worksheei CHECKED BY: DATE: STR. NO.: PAGE: 1 OF _g_

Elevations /KJ?G Kips
Bottom of Cap (BOC) Elevation =| 189.20 Elev = 189.20 ft — ;

ft
Top of Pier/Bottom of Column Elevation = 175.20 |
Natural Ground / Finished Grade Elevation =} 176.00 |t
Groundwater Table (GWT) Elevation=]  0.00 | 42 inch 14 4t
Design Scour (DSE) Elevation =] 176.00 |t diameter ——»| Column
Amount of Contraction Scour (from BSR) =[  0.00 I Column
Is Permanent Casing Required? () Yes/ Maybe (@® No /‘ L
Bottom of Permanent Casing Elevation = N/A |t Elev =175.20 ft ——Pg/
Drilled Pier Tip Elevation =] 133.80 |ft
Drilled Pier Information 554t
Maximum Factored Axial Load (P;) =[ 1,376.0 |kips ,
- : _ 48 inch :
Numb.er of Drilled Piers per Bent = 2 diameter Drilled Pier 4141t
Diameter of Column (degiumn) = 42 in Drilled Pier :
Diameter of Drilled Pier (dpp) = 48 in
Unit Weight of Concrete (y.) =| 0.150  |kef
Compressive Strength of Concrete (f';) =} 4500 |ksi ;
Elev =133.80 ft —b\

Subsurface Information and Soil/Rock Layer Properties

Figure shows typical drilled pier
internally calculate N1g, values at midpoint of each layer{/] g P P

Subsurface Boring Name /ID No. = B1-B
SPT Hammer Energy Efficiency Rating (ER) = 85 %
Top of Boring (Collar) Elevation =[ 175.80 |ft Calculate GSI using RQD values © [ ]
Depth to Groundwater Table (for actual boring) = 0.00 |[ft (Use if GSl is not shown on boring)
Layer Elevations
Layer Material Description TO}FI,U) Bottom Tc;tal N Neo | Nleo |[RQD| (3 Yy E v
No. (bp b b (% GSlI ks ksi
g @ | e | ©P0 | oD | ©pD | ) (ksf) | (ksi)
1 Cohesive Soil (Clay) 175.20 | 173.00 | 0.115 6 9 18
2 Cohesive Soil (Clay) 173.00 | 166.80 | 0.100 0 0 0
3 Cohesive Soil (Clay) 166.80 | 158.80 | 0.120 | 12 17 24
4 Cohesive Soil (Clay) 158.80 | 153.80 | 0.115 5 7 9
5 |Cohesionless Soil (Sitty Sand)] 153.80 | 145.30 | 0.120| 14 20 23
6 Weathered Rock 14530 | 133.80 | 0.130 | 100 | 142 | 142
7 Hard Rock 133.80 | 133.80 | 0.130 | 100 N/A | 70 35 480
8
TP ® Hard Rock 133.80 | 125.80 | 0.130 [ 150 N/A| 80 | 35 | 664 500 |0.200
Notes

1. Resistance from subsurface layers above the Bottom of Column Elevation, Drilled Pier Design Scour Elevation, and
Permanent Casing Elevation will be ignored.

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

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

DISCLAIMER: The application of this spreadsheet is the responsibility of the user. It is imperative that the user understands
the potential accuracy limitations and examines the reasonableness of the results with engineering knowledge and experience.

There are no expressed or implied warranties.




NORTH CAROLINA DEPARTMENT  PROJECT: 1-5786 COUNTY Johnston

OF TRANSPORTATION DESCRIPTION: Bridge 108 Lizzie Mill Rd, bent 1 right
GEOTECHNICAL ENGINEERING UNITDESIGNED BY: CW DATE: 05/11/17 STATION: Bent 1
~— Drilled Pier Axial Resistance Worksheet CHECKED BY: DATE: STR. NO.: PAGE: ﬂ OF _9_

Correcting SPT Values for Hammer Efficiency and Overburden Pressure

SPT-N Value Corrected for Hammer Efficiency. (Naq)

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

Ngo = 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= (C\(N) AASHTO Egn. 10.4.6.2.4-1

N1 = SPT blow count corrected for overburden pressure (blows/ft)
Cy = correction factor = [0.77log4o(40/c',) < 2.0

c'y = oy - u = effective vertical stress at the depth of the SPT-N value (ksf)

o, = total vertical stress at the depth of the SPT-N value (ksf)
u = 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, (N1g,)

N1go = (Crn)(N) AASHTO Eqn. 10.4.6.2.4-3

Summary of Corrected N Values for Boring

Top of Boring (Collar) Elevation= 175.8 ft Depth to Groundwater Table= 0.0 ft
Hammer Efficiency (ER) = 85 Y% Unit Weight of Water = 0.0624 kcf
Layer Layer Elevafions ovat Az Total ovat ov at. Zwater B at. (.Y,‘"’ a.t N Neo N1go
No. Top Bottom top () Y bottom |midpoint () midpoint|{midpoint bof) | (bpf) Cn (bpf)
(ft) (ft) (ksf) (kef) | (ksf) (ksf) (ksf) (ksf)
1 17520 | 173.00 | 0.072 | 220 | 0.115] 0.325 | 0.199 | 1.70 | 0.106 | 0.092 6 9 2 18
2 173.00 | 166.80 | 0.325 | 6.20 | 0.100 | 0.945 | 0.635 | 590 | 0.368 | 0.267 0 0 1.68 0
3 166.80 | 158.80 | 0.945 | 8.00 | 0.120 | 1.905 | 1.425 | 13.00| 0.811 0.614 12 17 14 24
4 158.80 | 15380 | 1.905 | 500 | 0.115( 2.480 | 2193 | 19.50 | 1.217 | 0.976 5 7 1.24 9
5 153.80 | 145.30 | 2.480 | 850 | 0.120§ 3.500 | 2.990 | 26.25| 1.638 | 1.352 14 20 1113} 23
6 14530 | 133.80 | 3.500 | 11.50 | 0.130 | 4.995 | 4248 | 3625 ] 2262 | 1.986 | 100 | 142 1 142
7 133.80 | 133.80 | 4.995 0.130 | 4995 | 4995 | 42.00 | 2.621 2.374 | N/A 2 N/A
8
TIP | 133.80 | 125.80 | 4.995 | 800 | 0.130| 6.035 | 5515 | 46.00} 2.870 | 2.645 | N/A 2 N/A




NORTH CAROLINA DEPARTMENT PROJECT:

OF TRANSPORTATION DESCRIPTION:

GEOTECHNICAL ENGINEERING UNITDESIGNED BY: CW
~==—" Drilled Pier Axial Resistance Worksheet CHECKED BY:

1-5786 COUNTY Johnston
Bridge 108 Lizzie Mill Rd, bent 1 right
DATE: 05/11/17 STATION: Bent 1
DATE: STR. NO.: PAGE: 1B OF 9

Selecting Design Properties for Hard Rock

1. q, 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.

2. E and v values for rock should be based on AASHTO Tables C10.4.6.5-1, and 2 if Iab test data is not available
Unconfined Compressive Strength from Point Load Strength Index for Hard Rock AASHTO Table C10.4.6.4-1

Patameter Ranges of Values
Potat load =175 ksf | 8§5-175 45-85 2045 For this low range, uniaxial

Strength of strength index ksf ksf ksf compressive test is prefemred

intact rock Uniaxial =4320 ksf | 2160- 1080— 520- 215520 70-215 2070 ksf
1 [ materia compressive 4320 ksf | 2160 kst | 1080 ksf ksf ksf

strength
Relative Rating 15 12 7 4 2 1 1
Summary of Elastic Moduli for Intact Rock, E; {modified by Kulhawy, 1978) AASHTO Table C10.4.6.5-1
Elastic Modulus, E; Standard
No. of Rock (ksi x10%) Deviation

Rock Type No. of Values Types Maxtmum Minimum Mean Cksi x 109
Granite 26 26 14.5 0.93 7.64 3.55
Diorite 3 3 16.2 2.48 745 6.19
Gabbro 3 3 122 g8 11.0 097
Diabase 7 7 151 10.0 128 1.78
Basalt 12 12 122 420 8.14 2.60
Quartzite 7 7 12.8 5.29 9.59 2.32
Marble 14 13 10.7 0.58 6.18 2.49
Gueiss 13 13 119 413 8.86 231
Slate 11 2 379 035 1.39 096
Schist 13 12 10.0 0.86 497 318
Phylfite 3 3 251 1.25 1.71 0.57
Sandstone 27 19 5.68 0.09 2.13 1.19
Siltstone 5 5 476 038 2.39 1.65
Shale 30 14 5.60 0.001 142 1.45
Limestone 30 30 13.0 0.65 57 3.73
Dolostone 17 16 11.4 0.83 422 344

Summary of Poisson's Ratio for Intact Rock, v (modified by Kulhawy, 1978)

AASHTO Table C10.4.6.5-2

No. of Poisson's Ratio, v Standard

Rock Type | No. of Values | Rock Types Maximum Mininum Mean Deviation
Grantte 22 22 0.39 0.09 0.20 .08
Gabbro 3 3 0.20 .16 (.18 0.02
Diabase 6 6 0.38 0.20 0.29 0.06
Basalt 11 11 0.32 0.16 0.23. 0.05
Quartzite 4] 6 0.22 0.08 014 0.05
Marble 5 5 0.40 0.17 0.28 .08
Goeiss 11 11 0.40 0.09 .22 0.09
Schist 12 11 0.31 0.02 0.12 0.08
Sandstone 12 9 0.46 0.08 0.20 0.11
Siltstone 3 3 0.23 0.09 .18 0.06
Shale 3 3 0.18 003 0.09 0.06
Limestone 19 19 0.33 0.12 0.23 0.06
Dolostone 5 5 0.35 0.14 0.29 0.08




NORTH CAROLINA DEPARTMENT  PROJECT: 1-5786 COUNTY Johnston

OF TRANSPORTATION DESCRIPTION: Bridge 108 Lizzie Mill Rd, bent 1 right
GEOTECHNICAL ENGINEERING UNITDESIGNED BY: CW  DATE: 05/11/17 STATION: Bent 1
~— Drilled Pier Axial Resistance Worksheet CHECKED BY: DATE: STR. NO.: PAGE: £ OF i

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.

- If the CSE is lower than or equal to the design scour elevation (DSE), consider all scour as contraction scour and lower tt
ground line to the design scour elevation (DSE).
- [fthe CSE is higher than the DSE, consider the difference between the CSE and the DSE as local scour.

Groundwater Elevation =] 0.00 {ft
Original Pre-Scour Streambed Elevation (Point A) = 176.00 |ft = Natural Ground / Finished Grade Elevation
Amount of Contraction Scour=| 0.00 {ft
Streambed Elevation after General Scour (Point B) =| 176.00 |ft = Point A - Contraction Scour = Design Scour Elevation
Amount of Local Scour (ys) =| 0.00 |ft
ip of the embedded length of the drilled pier (Point C) =[ 176.00 |ft = Design Scour Elevation
1.5(ys)=| 0.00 [|ft
evation corresponding to a depth of 1.5(y,), (Point D) =] 176.00 |ft =PointC- 1.5y
T
Elev. = 0.00 ft Baar A 4
Elev.=176.00 ft
A~ - A
Contraction Scour =0 ft | W=2y,=0ft Scour
Elev.=176.00% | | _ Prism
K \ B
Local Scour, y, = 0.00 ft| Total Seour Line
Elev. = 176.00 ft X : C = Design Scour Elevation (C)
Vary stress fromzero at C to
1.5y, = 0 ft stress controlled by streambed
elevation B at depth = 1.5y, (D}
Elev. = 176.00 ft v L
Depth, z D Below this depth, compute
stresses based on streambed
elevation B
v

Adapted from FHWA GEC 010 Figure 13.18: lllustration 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.
2) At a depth of 1.5ys (Point D) or greater, assume the vertical stress is controlled by the streambed elevation (Point B).

3) Assume a linear variation in vertical stress from 0 at Point C to the vertical stress value controlled by the streambed at Point |

2y, NORTH CAROLINA DEPARTMENT  PROJECT: 1-5786 COUNTY Johnston
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ﬁ OF TRANSPORTATION DESCRIPTION: Bridge 108 Lizzie Mill Rd, bent 1 right

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

- Assume the streambed elevation is equal to the contraction scour elevation (Elevation 176.00 ft).

Layer| Top Midpoint | Bottom Oy_top M top Sy top Az Y Oy potom | M botom | O'v_botiom

No. (1 (ft) {ft) (ksf) (ksf) (ksf) (ft) (kef) (ksf) {ksf) (ksf)
0 176.00 175.60 175.20 0.000 0.000 0.000 0.80 0.120 0.096 0.000 0.096
1 175.20 17410 173.00 0.096 0.000 0.096 2.20 0.115 0.349 0.000 0.349
2 173.00 169.90 166.80 0.349 0.000 0.349 6.20 0.100 0.969 0.000 0.969
3 166.80 162.80 158.80 0.969 0.000 0.969 8.00 0.120 1.929 0.000 1.929
4 158.80 156.30 1563.80 1.929 0.000 1.929 5.00 0.115 2.504 0.000 2.504
5 153.80 149.55 145.30 2.504 0.000 2.504 8.50 0.120 3.524 0.000 3.524
6 145.30 139.55 133.80 3.524 0.000 3.524 11.50 0.130 5.019 0.000 5.019
7 133.80 133.80 133.80 5.019 0.000 5.019 0.130 5.019 0.000 5.019
8

Variation in Vertical Stress from Point C to Point D

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

- Vertical stress at elevation 176 ft (Point C) = 0 ksf

- Assume a linear variation in vertical stress from 0 ksf at elevation 176.00 ft (Point C) to a stress value controlled by the
elevation 176.00 ft (Point B) at the depth Point D, elevation 176.00 ft.

- PointD lies within Soil Layer No.0

PointD | Top of below Layer uat o'y at
Elevation|{ Layer O o, at 0 y for Point D Point D
() (ft) 176.00 ft (ft) Layer 2 (ksf) (ksf)
176.00 176.00 0.000 0.00 0.120 0.000 0.000
Elevation z a'y Equation for linear variation
Point (ft) (ft) (ksf) over a depth of 1.5y,
c 176.00 0.00 0.000 oy (forz=01022.5 ft) = (0.0000)z
D 176.00 0.00 0.000

- All stress calculations below elevation 176.00 ft (Point D) will be based on elevation 176.00 ft (Point B).

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

Layer Top Bottom | Midpoint z Gy_midpoint n G’y midpoint
{ft (ft) () (ft) (ksf) (ksf) (ksf)
1 175.20 | 173.00 | 174.10 1.90 0.223 0.000 0.223
2 173.00 | 166.80 | 169.90 6.10 0.659 0.000 0.659
3 166.80 | 158.80 | 162.80 13.20 1.449 0.000 1.449
4 158.80 | 153.80 | 156.30 19.70 2.217 0.000 2.217
5 153.80 | 145.30 | 149.55 26.45 3.014 0.000 3.014
6 145.30 | 133.80 | 139.55 36.45 4272 0.000 4272
7 133.80 | 133.80 | 133.80 42.20 5.019 0.000 5.019
Tip Elev. z Ov_pottom 8 » 6‘v_bottom
{ft) (v (ksf) (ksf) (ksh
133.80 42.20 5.019 0.000 5.019
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Side Resistance in Cohesive Soil (Clays with S < 5 ksf)

Re = (Gs)(As) ' AASHTO Egn. 10.8.3.5-3

gs = unit side resistance for soil layer (ksf)
= (&)(Sy) AASHTO Eqgn. 10.8.3.5.1b-1

a = adhesion factor
= 0 between the ground surface and a depth of 5 ft

= 0.55 for (Sy/p,) < 1.5 AASHTO Egn. 10.8.3.5.1b-2

= 0.55—0.1(Sy/pa—1.5)for 1.5 = (Sy/p) 2.5 AASHTO Eqgn. 10.8.3.5.1b-3
Sy = undrained shear strength (ksf)

= 100(N1¢0)/1000 NCDOT Empirical Formula
pa = atmospheric pressure (2.12 ksf)

s
—

;;//H;;;;; 7777777777 Ground Surface = 176 ft

Top 5 ft Noncontributing

A 5 ft below Ground Surface = 171 ft

L
Based on AASHTO Figure 10.8.3.5.1b-1

area of drilled pier side resistance (ft?)
(m)(B)(42)

B = diameter of drilled pier (4 ft)
Az = effective thickness of the soil layer (ft)

&
i

Layer Elevations

Layer Su s Az As Rs
N)(/). Top Bottom | N1so (ks Su/pa a (ksf) (0 ) (Kips)
(ft) (ft)
1 175.20 173.00 18 1.800 0.85 0.00 0.000 0.00 0.00 0
2 173.00 166.80 0 0.000 0.00 0.55 0.000 4.20 52.78 0
3 166.80 158.80 24 2.400 1.13 0.55 1.320 8.00 100.53 133
4 158.80 153.80 9 0.900 042 0.55 0.495 5.00 62.83 31

Total Side Resistance in Cohesive Soil =| 164

P NORTH CAROLINA DEPARTMENT  PROJECT: 1-5786 COUNTY Johnston
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Side Resistance in Cohesionless Soil (Sand / Gravel with N14, < 100)

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

ds = unit side resistance for soil layer (ksf)
= (B)s'y) AASHTO Eqn. 10.8.3.5.2b-1

B = load transfer coefficient
0_, sin ¢/f
=(1 —sing’;) (—J—,’-’-) tang’, AASHTO Egn. 10.8.3.5.2b-2
v

¢’y = effective friction angle
=275+ 9.210g(N1g), N1g =100 AASHTO Egn. 10.8.3.5.2b-3

N1eo = SPT - N value corrected for hammer efficiency and overburden (limited to 100 bpf)

o', = effective vertical preconsolidation stress

For Sands: Lo = 0.47(Ngo)™ AASHTO Eqn. 10.8.3.5.2b-4
Pa
For Gravels:— %2 - 0.15(Ngc) AASHTO Eqgn. 10.8.3.5.2b-5

Pa
m = 0.6 for clean sands; 0.8 for silty sands and sandy silts

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

Pa

i

atmospheric pressure (2.12 ksf)

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

A, = area of drilled pier side resistance (ft%)
= (m)(B)(Az)

B = diameter of drilled pier (4 ft)
Az = effective thickness of the soil layer (ft)

Layer Elevations Material

. , N -
Top | Bottom Nig | @ : o'y Gs Az s .

Layer o Neo | o
o'Pa 5 ]
() w | TPe (deg) ®ksh | @ | @ | ks

No.

5 153.80 | 145.30 | Sand 23 40 0.8 20 | 5.160 | 3.014 | 0.686 | 2.068 | 8.50 | 106.81 221

Total Side Resistance in Cohesionless Soil =| 221
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Side Resistance in Weathered and Hard Rock

Rs = (As)(as) AASHTO Egn. 10.8.3.5-3
gs = unit side resistance for weathered or hard rock layer (ksf)
For weathered rock layers or hard rock layers with a GSI < 30
= 8 ksf NCDOT Policy

For drilled piers socketed into hard rock

= ¢ [Z=])p, AASHTO Eqn. 10.8.3.5.4b-1

a

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

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

= | 0.65a; % Pa AASHTO Eqn. 10.8.3.5.4b-2

a

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

Joint Modificaiton Factor, cg

RQD Closed Open or Gouge-Filled
(%) Joints Joints
100 1.00 0.85
70 0.85 0.55
50 0.60 0.55
30 0.50 0.50
20 0.45 0.45

q, = Uniaxial Compressive Strength of Intact Rock (ksf) <f',
f's = 28 day Compressive Strength of Concrete (4.5 ksi = 648 ksf)
pa. = atmospheric pressure (2.12 ksf)

area of drilled pier side resistance (ft)
(m)(B)(Az)

B = diameter of drilled pier (subtract 2 inches to account for possible reduction of drilled pier in rock)
= (48 inches -2 inches)/ 12 inches per ft = 3.83 ft

&
1]

Az = effective thickness of the soil layer (ff)

Layer Elevations AASHTO Equation and

Layer X " RQD o Qs Az As R
Rock Type Top Bottom | Rock Joint Condition to N o 2 .
No. () ) Use (%) (ksf) | (ksf) {ft) () | (kips)
6 |Weathered Rock| 14530 | 133.80 N/A N/A 1 N/A' | N/A | 8.000 | 1150 | 138.49 | 1108

Total Side Resistance in Weathered and Hard Rock =| 1,108
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Tip Resistance in Hard Rock

Rp = (@p)(Ap) AASHTO Eqn. 10.8.3.5-2

gp = unit tip resistance (ksf)
If rock to a depth of 2B below drilled pier tip is intact or tightly jointed and the depth of socket > 1.5 D
= 2.5q, AASHTO Eqgn. 10.8.3.5.4¢c-1
If the rock to a depth of 2D below the drilled pier tip is jointed with random orientation

a
A
=A+ qy [77113 (—) + S} AASHTO Eqn. 10.8.3.5.4¢-2

u

q, = Uniaxial Compressive Strength of Intact Rock (ksf)
o'y, = vertical effective stress at the socket bearing elevation

. , a
O pp
A= o' + Gy [mb( q’ ) + s} AASHTO Eqn. 10.8.3.5.4c-3

u

G571 — 100
s = exp ~—9— AASHTO Eqgn. 10.4.6.4-2

—GS1 _ e_—gﬂ)

1
a=> +%(e ic AASHTO Eqn. 10.4.6.4-3

GSI — 100
mp = exp g m; AASHTO Eqn. 10.4.6.4-4

m; = constant for intact rock AASHTO Table 10.4.6.4-1
GSI = Global Strength [ndex

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

A, = area of drilled pier tip resistance (ft%)

= (n)(B%)/4
B = diameter of drilled pier - 2 inches to account for possible reduction for drilled pier in rock (B = 3.83 ft)
Tip AASHTO A
Elevation |Equation used S“ GSI m M s a A l?p g kRp
(f) |[to calculate q, (ksf) (ksf) (ft) (kips)
133.80 10.8.3.5.4¢-2 664 35 13 1.2757 | 0.00073 | 0.51595 | 67.8938 301 11.54 3,474

NORTH CAROLINA DEPARTMENT  PROJECT: 1-5786 COUNTY Johnston
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Tip Resistance in Hard Rock (continued)

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

Rock Class Group Texture
type Coarse | Medum | Fine | Very fine
Conglomerate Sandstone Siltstone Claystone
(2143) 17+4 7+2 4+2
Clastic Breccia Greywacke Shale
- (19+5) (18 £3) 6x2)
5: Marl
E T+
; Crystalline Sparitic Micritic Dolomite
’5' Carbonates Limestone Limestone Limestone ©+3)
o (12+3) (10+35) 8 +3)
Non-Clastic . . Gypsum Anhydrite
Evapontes 10+2 1242
Organic 742
Marble Homfels Quartzite
; 9+3 19 +4 20+3
g Non Foliated - (924 -
B Metasandstone
5 (19+3)
= Migmatite Amphibalite Gneiss
o . . g s
:E Slightly foliated 09 +3) 26 +6 28 +5
= . N
- . Schist Plivllite Slate
liated® -
Foliate 10+3) D) 7+4
Granite Diorite
. 3243 25+5
Light - oL -
Granodiorite
. 29+ 3)
Plutonic
Gabbro Dolerite
27+3 16 +5
Dark - L s+
5 Norite
% 20+5
&) Porphyries Diabase Peridotite
= Hypabyssal
Ypabyss (20£5) (1515 (25+5)
Rhyolite Dacite
25+5) (25£3))
Volcanic Lava Andesite Basalt
b 2545 Q5+5)
. Agglomerate  Volcanic breceia Toff
Pyroclastic (15 +3) (19+5) (1345

Summary of Nominal and Factored Side Resistance

Nominal Side Resistance Factor Factored Side Percentage of Side
; Resistance from AASHTO Resistance Resistance produced by

Cohesionless IGM (kips) Table 10.5.5.2.4-1 (kips) Material Type
Cohesive Soil 164 0.45 74 11.0%
Cohesionless Soil 221 0.55 122 14.8%
CohesivelGM 0 0.60 0 0.0%
Weathered Rock 1,108 0.60 665 74.2%
Hard Rock 0 0.55 0 0.0%
Total 1,493 861 100%

Note: Side resistance in soil and weathered rock develops at a much greater displacement than hard rock. If the pier does
not have a true rock socket, the side resistance from the hard rock will be ignored and nominal side resistance will be based
on the total side resistance in soil and weathered rock.

Total Nominal Side Resistance =
Total Factored Side Resistance =

1,493
861

kips
kips
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Summary of Total Nominal and Factored Tip Resistance

Total Nominal Tip Resistance =| 3,474 |kips the drilled pier is bearing on Hard Rock

Tip Resistance Factor = 0.50 for Hard Rock, see AASHTO Table 10.5.5.2.4-1.
Total Factored Tip Resistance =| 1,737 |kips

Required Factored Resistance

Rreq = P+ YocMWeoumn + Weier) - YwaWvater - YocWsoiroosk 2 Pr Required Factored Resistance
P.= 1,376 kips Maximum Factored Axial Load Reported by Structure Design
Yoc = 1.25 Factor for Permanent Dead Loads, from AASHTO Table 3.4.1-2
Yoya = 1.00 Factor for Water Loads, from AASHTO Table 3.4.1-1
Weoumn = (Acoiumn){Lcoiumn) (Ye) Unfactored Weight of Column
Acoumn = 9.62 ft"2 Area of Column
LCqumn =14t Length of Column
¥e = 0.150 kcf Unit Weight of Concrete

= 20 kips
Weier = (Apier)Lpier)(tc) Unfactored Weight of Drilled Pier
Apier = 12.57 ft"2 Area of Drilled Pier
Lpier = 41.4 ft Length of Drilled Pier
ve = 0.150 kcf Unit Weight of Concrete

= 78 kips
Wiyater = (Apier)(Zu)(Yw) Unfactored Weight of Water Displaced by Drilled Pier
Apier = 12.57 ft"2 Area of Drilled Pier
zy = 0 ft Depth from water surface to the drilled pier tip
Y = 0.0624 kcf Unit Weight of Water

= QO kips

Waoirrock = (Apier)(S'vo) Unfactored Effective Weight of Soil / Rock that will be displaced
Apig = 12.57 ft"2 Area of Drilled Pier
o'y = 5.019 ksf ffective vertical stress at drilled pier tip as defined in FHWA GEC 010 pages 13-46

Wsgiiraok = 63 Kips
Rreq = 1,376 kips + 1.25(20 kips + 78 Kips) -1.00(0 kips) -1.25(83 kips) = 1,420 kips :7/07 %1’757 .

Load Transfer and Developed Resistance for Drilled Piers in Hard Rock with no Rock Socket

For Load Transfer of a drilled pier that is bearing on hard rock with no rock socket, the total displacement of the pier will be
controlled by the rock layer below the base of the pier. The total displacement, (w.), will be calculated using FHWA GEC 10
Equation D-17 and assumes the entire load is carried by the tip. Use the normalized load transfer vaiues along with the total
factored side resistance to calculate the factored side resistance developed in the soil and weathered rock layers at this
displacement. The remaining factored resistance that is carried by the drilled pier tip must be less than or equal to the total
factored tip resistance.

 fe Eta; vt
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Load Transfer and Developed Resistance for Drilled Piers in Hard Rock with no Rock Socket (continued)

Calculate the total displacement, w,, at the drilled pier tip (assume entire load is carried by the tip)

We = F, (nch) N
T

Q. = Rigq = 1,420 kips
B = 48 inches

L = 0.01 inches

E. = 3,824 ksi

v, = 0.25

E, .= 500 ksi
E. (s E;) = 500 ksi

v, = 0.20

Ei_b = 500 ksi
Eb (S Ei_b) = 345 ksi
Vp = 0.20

£=0.01 =

a, = 17.48347125 =

a,= 17.47147125 =

a; = 0.186814401

= 68.5803 =

a = 77019.02674 =

A4 = 0.003185489 =

Lo = -0.004075922

D3 = 1.701991579

Dy = 7.796133474 =

Length of Pier in Hard Rock (use 0.01 inch when assuming entire Joad carried by tip)

Elastic Modulus of Intact Rock around Drilled Pier Tip
= E, , if the tip of the drilled pier is sitting on top of the hard rock layer)

(Assume E ,

Elastic Modulus of Rock Mass around Drilled Pier Tip (AASHTO Eqn. 10.4.6.5-1)
(Assume E, = E, if the tip of the drilled pier is sitting on fop of the hard rock layer)

Poisson's Ration of Rock Mass around Drilled Pier Tip

(Assume v, = v, if the tip of the drilled pier is sitting on top of the hard rock layer)

Elastic Modulus of Intact Rock below Drilled Pier Tip
Elastic Modulus of Rock Mass below Drilled Pier Tip (FHWA-NHI-10-016 Table 3-9)
Poisson's Ration of Rock Mass below Drilled Pier Tip

In[5(1 — v,)L/B]
A+v){+a,

(@ () -] (remgany)
1 —ve) E. 4w 2tan ¢ tany

o) 2)

(%)

—B +(B% + 4a) V2
2a
—B—(B%+ 40) "2
2a

E.
[7’[(1 —v,2%) (E—T> +4a; + allzB] explA,D]
b

E
[7’[(1 - v,2%) (—;—) + 4ag + alllB] exp[A,D]
b

Required Factored Resistance

(must be > 0) FHWA-NHI-10-016 Eqn. D-11

FHWA-NHI-10-016 Eqn. D-17

Diameter of Drilled Pier

Elastic Modulus of Concrete

Poisson's Ration for Concrete

FHWA-NHI-10-016 Eqn. D-25

FHWA-NHI-10-016 Eqn. D-26

FHWA-NHI-10-016 Egn. D-27

FHWA-NHI-10-016 Egn. D-24

FHWA-NHI-10-016 Egn. D-23

FHWA-NHI-10-016 Egn. D-22

FHWA-NHI-10-016 Egn. D-22

FHWA-NHI-10-016 Eqn. D-21

FHWA-NHI-10-016 Eqn. D-21
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Load Transfer and Developed Resistance for Drilled Piers in Hard Rock with no Rock Socket (continued)




D5

= 0.27 =
Cs = 0.279283221 b, - D,

Dy
Dy — Dy

oo (525 e ()

C, = 1.279283221 =

F; = 4.375185967

1

F,= 9.96259E-08

w, = 0.08 inches

Calculate the developed side resistance in the soil / weathered rock layers at the displacement, w.

Total Displacement at Drilled Pier Tip

FHWA-NHI-10-016 Eqn. D-20

FHWA-NHI-10-016 Eqn. D-20

FHWA-NHI-10-016 Eqn. D-18

FHWA-NHI-10-016 Eqn. D-19

The majority of the side resistance is produced by Weathered Rock , which is treated as a cohesive material for Load transfer.

Use AASHTO Figure 10.8.2.2.2.1 to predict the normalized load transfer for side resistance.

Normalized Side Transfer Developed Side Resistance
A(Zo/{))D de / Rs Az D AZ (quRs & (qude
AASHTO Figure 10.8.2.2.2.1 D (in) (in) (kips) R (kips)
0.0 0.00 0.00%| 48 0.00 861 0.00
03 0.83 017%] 48 0.08 861 0.47 408
0.6 0.95 0.30% 48 0.14 861 0.83
1.0 0.93 Az | D = total settlement/ drilled pier diameter
1.3 0.91 Rsa/ Rs = developed side resistance / total nominal side resistance
1.6 0.88 9qsRs = total factored side resistance
2.0 0.83 9gsRsq = developed factored side resistance
5.0 0.55 = (de/Rs)((quRs)

Calculate the remaining resistance that must be carried by the tip (must < the total factored tip resistance)

Required Factored Resistance = 1,420 kips
Developed Factored Side Resistance = 408 kips
Required Factored Tip Resistance = 1,012 kips <1,737 kips OK

Required Tip Resistance

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

Rreg — Qagsde

= Ar
Pap
R; = required factored geotechnical resistance (kips)
9qsRsq = factored developed side resistance (kips)
Ar = area of drilled pier tip (ft?)
¢qp = tip resistance factor
dp = unit tip resistance (ksf)

< gy

NCDOT policy

Rreq Pgs Rsq ATiP 0 U Qreq
(kips) (kips) () *® (ksf) (ksf)
1,420 408 11.564 0.50 301 1607
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- Maximum number of iterations allowed = 500
- Deflection tolerance for convergence =  1.0000E-@5 in
- Maximum allowable deflection = 100.0000 in
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- Use unfactored loads in computations
- No computation of pile-head foundation stiffness matrix
- Compute pile response under loading and nonlinear bending properties of pile
(if nonlinear properties are specified)
- Push-over analysis of pile not selected
- Buckling analysis of pile not selected

Input Data Options:

- Analysis does not use p-y modification factors (individual pile or shaft only)
- Analysis assumes zero shear resistance at the pile tip

- Analysis assumes no loading by soil movements acting on pile

Output Options:

- No p-y curves to be computed and reported for user-specified depths

- 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

Total number of pile sections = 2
Total length of pile = 48.00 ft
Depth of ground surface below top of pile ) = 14.00 ft

pile diameter values used for p-y curve computations are defined using 4 points.

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

Point Depth Pile
X Diameter

ft in
1 0.00000 42.0000000
2 14.000000 42 .0000000
3 14.000000 48 .0000000
4 48.000000 438 .0000000

Pile Section No. 1:

Section Type = Elastic Pile
Cross-sectional Shape = Circular
Section Length : = 14.00000 ft

Top Width = 42.00000 1in
Bottom Width = 42.00000 in

Top Area .= 1385.44236 Sq. in
Bottom Area ' = 1385.44236 Sq. in
Moment of Inertia at Top = 152745. in*4
Moment of Inertia at Bottom = 152745, in*4
Elastic Modulus = 3122019. lbs/in”~2
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Pile Section No. 2:

Section Type Elastic Pile

[t}

Cross-sectional Shape = Circular
Section Length = 34.00000 ft
Top Width = 48.00000 in
Bottom Width = 48.00000 in
Top Area = 1809.55737 Sq. in

Bottom Area

il

1809.55737 Sqg. in
Moment of Inertia at Top 260576. in~4
Moment of Inertia at Bottom 260576. in~4
Elastic Modulus = 3823676. lbs/in”*2

[t}

n

Ground Slope Angle = 0.000 degrees
' ©.000 radians

Pile Batter Angle = 0.000 degrees
. = 0.000 radians

The soil profile is modelled using 7 layers

Layer 1 is stiff clay with water-induced erosion

Distance from top of pile to top of layer = 14.00000 ft
Distance from top of pile to bottom of layer = 16.20000 ft
Effective unit weight at top of layer = 53.00000 pcf
Effective unit weight at bottom of layer = 53.00000 pcf
Undrained cohesion at top of layer = 900.00000 psf
Undrained cohesion at bottom of layer = 900.00000 psf
Epsilon-50 at top of layer = 0.01000

Epsilon-50 at bottom of layer = 0.01000

Subgrade k at top of layer = 100.00000 pci
Subgrade k at bottom of layer . = 100.00000 pci

Layer 2 is soft clay, p-y criteria by Matlock, 1970

Distance from top of pile to top of layer = 16.20000 ft
Distance from top of pile to bottom of layer = 22.40000 ft
Effective unit weight at top of layer = 38.00000 pcf
Effective unit weight at bottom of layer = 38.00000 pcf
Undrained cohesion at top of layer = 50.00000 psf
Undrained cohesion at bottom of layer = 50.00000 psf
Epsilon-5@ at top of layer = 0.02000
Epsilon-5@ at bottom of layer = 0.02000

Layer 3 is stiff clay with water-induced erosion

Distance from top of pile to top of layer = 22.40000 ft
Distance from top of pile to bottom of layer = 30.40000 ft
Effective unit weight at top of layer = 58.00000 pcf
Effective unit weight at bottom of layer = 58.00000 pcf
Undrained cohesion at top of layer = 1700.00000 psf
Undrained cohesion at bottom of layer = 1700.00000 psf
Epsilon-50@ at top of layer = 0.00708
Epsilon-50 at bottom of layer ’ = 0.00700
Subgrade k at top of layer = 500.00000 pci
Subgrade k at bottom of layer = 500.00000 pci

pPage 3



Layer 4 is stiff clay with water-induced erosion

Distance from top of pile to top of layer
Distance from top of pile to bottom of layer
Effective unit weight at top of layer
Effective unit weight at bottom of layer
Undrained cohesion at top of layer

Undrained cohesion at bottom of layer
Epsilon-508 at top of layer

Epsilon-5¢ at bottom of layer

Subgrade k at top of layer

Subgrade k at bottom of layer

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

Distance from top of pile to top of layer
Distance from top of pile to bottom of layer
Effective unit weight at top of layer
Effective unit weight at bottom of layer
Friction angle at top of layer

Friction angle at bottom of layer

Subgrade k at top of layer

Subgrade k at bottom of layer

Layer 6 is stiff clay with water-induced erosion

Distance from top of pile to top of layer
Distance from top of pile to bottom of layer
Effective unit weight at top of layer
Effective unit weight at bottom of layer
Undrained cohesion at top of layer

Undrained cohesion at bottom of layer
Epsilon-50 at top of layer

Epsilon-5@ at bottom of layer

Subgrade k at top of layer

Subgrade k at bottom of layer

Layer 7 is strong rock (vuggy limestone)

Distance from top of pile to top of layer
Distance from top of pile to bottom of layer
Effective unit weight at top of layer
Effective unit weight at bottom of layer
Uniaxial compressive strength at top of layer
Uniaxial compressive strength at bottom of la

B1-B.1p70

= 30

= 35.
= 53.

= 53

= 700.
= 700.

= 100.
= 100.

974

= 35.
= 43,
= 58.
= 58.
= 32.
= 32.
= 60.
= 60.

= 43,
= 55.
= 63.

= 63
= 5000
= 5000

= 2000
= 2000

= 55
= 65
100
1ee
1000
1000

n

yer

. 40000
40000
00000
.00000
00000
©0c0e
.01000
.01000
00000
00000

40000
90000
20000
00000
20000
00000
20000
00000

90000
40000
00000
.00000
. 00000
. 00000
. 00400
. 00400
. 00000
. 00000

. 40000
. 40000
. 00000
. 00000
.00000
.0oeR

(Depth of lowest soil layer extends 17.40 ft below pile tip)

ft
ft
pcf
pcf
psf
pst

pci
pci

ft
ft
pcf
pcf

deg.
deg.

pci
pci

ft
ft
pcf
pcf
pst
psf

pci
pci

ft
ft
pcf
pcf
psi
psi

Layer
Strain
Layer Soil Type
Factor kpy
Num. (p-y Curve Criteria)
Epsilon 5@ pci
1 Stiff Clay with Free Water

Layer Effective
Depth Unit Wt.
ft pcf

14.000 53.000

Undrained

Cohesion

psf

900.000

Angle of
Friction
deg.

Uniaxial

qu



0.01000 100.000
16.
0.01000 100.000
2 Soft Clay 16.
0.02000 --
22.
0.02000 --
3 Stiff Clay with Free Water : 22.
0.00700 500.000
30.
0.00700 500.000
4 Stiff Clay with Free Water 30.
0.01000 100.000
35.
0.01000 100.000
5 Sand (Reese, et al.) 35.
60.000
43.
60.000
6 Stiff Clay with Free Water 43.
0.00400 2000.000
55,
0.00400 2000.000
7 Vuggy Limestone 55.
65.

B1-B.1lp70

200

200

400

400

400

400

400

400

900

900

400

400

400

53.

38.

38.

58.

58.

53.

53.

58.

58.

63.

63.

100.

100.

000

000

000

000

000

000

000

000

000

000

000

000

000

900.

50.

50.

1700.

1700.

700.

700.

5000.

5000.

000

000

000

000

000

000

000

000

000

Number of loads specified = 2

Load Load Condition Condition
No. Type 1 2

1 1 V = 30200. lbs M = 774000. in-1bs
2 2 Vo= 28700. lbs S = 9.0000 in/in

V = perpendicular shear force applied to pile head

M = bending moment applied to pile head

y = lateral deflection relative to pile axis

S = pile slope relative to original pile batter angle

R = rotational stiffness applie to pile head -

Axial thrust is assumed to be acting axially for all pile batter angles.

Axial Thrust
Force, lbs
833000.
809300.

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

Number of Pile Sections Analyzed = 2

Pile Section No. 1:

Moment-curvature properties were derived from elastic section properties

Page 5
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Pile Section No. 2:

B1-B.1lp70

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
Applied moment at pile head
Axial thrust load on pile head

r

Slope
S
adians

It

30200.0 1bs
774000.0 in-lbs
833000.0 lbs

Total Bending
Stress Stiffness

Soil Res.

p
1b/in

Soil S
Es*
1b/i

pr.
h

nch

Distrib.
Lat. Load
1b/inch

Depth Deflect. Bending
X Y Moment
feet inches in-1bs
0.00 0.7338 774000.
2.480 9.7148 963794.
9.960 9.6958 1153532.
1.440 Q.6770 1343203.
1.920 0.6582 1532796.
2.400 0.6395 1722301.
2.880 Q.6210 1911705.
3.360 9.6025 2100999.
3.840 2.5843 2290171.
4.320 9.5662 2479211,
4.800 0.5482  2668107.
5.280 9.5305 28568483,
5.760 9.5129 3045423,
6.240 9.4956 3233822.
6.720 Q.4785 3422034.
7.200 Q.4616 3610047.
7.680 Q.4449 3797851.
8.160 0.4286 3985435,
8.640 9.4125 4172788.
9.120 9.3967 4359899.
9.600 9.3812 4546758,
10.080 2.3660 4733353,
10.560 9.3512 4919673.
11.040 Q.3367 5105709.
11.520 9.3225 5291448.
12.000 Q.3087 5476881.
12.480 9.2953 5661957.
12.960 0.2823  5846784.
13.440 0.2697 6031233,
13.920 0.2575 6215332.
14.400 0.2458 6399071.
14.880 0.2343 6578718.
15. 360 0.2229  6749975.
15.840 9.2118 6911296.
16.320 0.2010 7061471,
16.800 2.1904 7210913.
17.280 9.1800 7359572.
17.760 9.1698 7507399.
18.240 9.1599 7654351.
18.720 Q.1503, 7800387.
19.200 0.1409 7945468.
19.680 9.1318 8089560.
20.160 2.1230 8232630.
20.640 2.1144 8374646.
21.120 0.1061 8515581.

.003306
.003296
.003283
.003268
.003251
.003231
.003209
.003185
.003158
.003129
.003098
.003065
.003029
.002991
.002951
.002909
.002864
.002817
.002768
.002716
.002662
.002606
.002548
.002488
.002425
.002360
.002292
.002223
.002151
.002077
.002021
.001984
.001945
.001906
.001865
.001824
.001782
.001739
.001695
.001650
.001605
.001559
.001511
.001463
.001415

psi* lb-in~2
707.6646 4.76SE+11
733.7583 4.769E+11
759.8442 4.769E+11
785.9210 4.7659E+11
811.9870 4.769E+11
838.0409 4.769E+11
864.0810 4,769E+11
890.1059 4.769E+11
916.1140 4.769E+11
942.1039 4.769E+11
968.0740 4.769E+11
994.0229 4.769E+11
1019.9490 4.769E+11
1045.8509 4.769E+11
1071.7270 4.769E+11
1097.5758 4.769E+11
1123.3959 4.769E+11
1149.1857 4.769E+11
1174.9437 4.769E+11
1200.6685 4.769E+11
1226.3585 4.765E+11
1252.0124 4.769E+11
1277.6285 4.769E+11
1303.2054 4.769E+11
1328.7416 4.769E+11
1354.2357 4.769E+11
1379.6861 4.769E+11
1405.0914 4.769E+11
1430.4502 4.769E+11
1455.7608 4.769E+11
1049.7107 9.964E+11
1066.2569 9.964E+11
1082.0303 9.964E+11
1096.8885 9.964E+11
1110.7201 9.964E+11
1124.4843 9.964E+11
1138.1763 9.964E+11
1151.7917 9.964E+11
1165.3265 S5.964E+11
1178.7765 S5.964E+11
1192.1394 9.964E+11
1205.4108 9.964E+11
1218.5880 9.964E+11
1231.6682 9.964E+11
1244.6489 9.964E+11

DO OO

-117.9797
-247.3736
-293.8569
-330.1549
-16.1822
-17.6032
-18.9020
-20.1008
-21.2111
-22.2392
-23.1883
-24.0600
-24.8548
-25.5726
-26.2127

2764.
6082.
7592.
8976.
463.
532.
604 .
681.
763.
852.
947.
1051.
1164.
1287.
1422.

®®®®®®®®®®®®.®®®®®®®®®®®®®®®®®®



21.600
22.080
22.560
23.040
23.520
24.000
24.480

25.440
25.920
26.400
26.880
27.360
27.840
28.320
28.800

0.0981
0.0904
0.0830
0.0758
0.0690
0.0625
0.0563
24.960 0.
4}
0
0
0
0
0
0
0

0504

.0447
.0394
.0344
.0297
.0253
L0212
.0174
.0138
29.280 0.

0106

29.760 0.007546
30.240  0.004781
30.720  0.002262

) S 31 200 -2.212E-05

1L

1.680 -0.002080
32.160 -0.003922

// 32.640 -0.005558
33.120 -0.0086996
33.600 -0.008247
34.080 -0.009318

#

34.560 -0.
35.040 -0.
35.520 -0.
36.000 -0.

.480 -0

37.920 -0.
38.400 -0
38.880 -0.
39.360 -0.
39.840 -0.
40.320 -Q.
40.800 -0.

0102
0118
0115
0120

.0123

2}5 e r—

0125
0125
0125

.0123

0121
0118
0113
0108
0103

41.280 -0.009672
41.760 -0.009006
42.240 -0.008297
42.720 -0.007551
43.200 -0.006776

43.680 -0.005977°

44.160 -0.005162
44.640 -0.004338
45.120 -0.003509
45.600 -0.002679
46.080 -0.001850
46.560 -0.001023
47.040 -0.000198

¢ 47.520  ©.000626
)/l/uh 48.000 001450

i

8655411.
8794144.
8931798.
9040604
9120231.
9170498.
9191377.
9182988.
9145606.
9079662.
8985743.
8864598.
8717144.
8544476.
8347876.
8128831.
7889067.
7630747,
7356718.
7070149,
6781174.
6492034.
6204824.
5921291.
5642175.
5368042.
5699341.
4836430.
4579599.
4329074,
4080551.
3834257.
3590400.
3349166.
3110720.
2875200.
2642716.
2413352,
2187158.
1964156.
1744335,
1527653.
1314038.
1103383.
895554,
690388.
487690.
287243.
136655.
31775.
-31992.
~59835.
-57826.
-37030.
-12526.
0.000

Output Summary for Load Case No.

Pile-head deflection
Computed slope at pile head

Maximum bending moment

Maximum shear force
Depth of maximum bending moment
Depth of maximum shear force

Number of iterations

B1-B.1lp7o0

23044. -0.001365
22897. -0.001315
20342. -0.001263
15348. -0.001211
18310. -0.001159
5254.5820 -0.001106
207.0892 -0.001053

-4805.9562 -0.001000

-9757.9542 -0.000947
-14622. -0.0008%4
-19378. -0.000842
-23974. -0.000790
-28404. -0.000740
-32629. -0.000690
-36614. -0.000641
-40321. -0.000593
-43692. -0.000547
-46629. -0.000502
-49045. -0.000459
-50308. -0.000417
-50498. -0.000377
-50312. -0.000339
-49795. -0.000302
-49063. -~-0.000267
-48220. -0.000233
-47289. -0.000202
-46299. -0.000171
-45235. -0.000143
-44137. -0.000115
-43395. -8.963E-05
-43007. -6.532E-05
~-42583. -4.244E-05
-42126. -2.098E-05
-41649. -9.216E-07
-41128. 1.775E-05
~-40596. 3.505E-85
-40048. 5.100E-05
-3949@. 6.562E-05
-38927. 7.892E-05
-38364. 9.091E-05
-37806. 0.000102
-37260. 0.000111
-36730. - 0.000119
-36221. 0.000126
-35740. 0.000132
-35291. 0.000137
-34879. 0.000140
-30353. 0.000142
-22056. 0.000144
-14519. 0.000144

-7832.3431 0.000144

-2122.80795 0.000144

2099.0643 0.000143
4051.4746  0.000143
3333.5254 0.000143

0.000 0.000143
are com

i* The above values of total stress

3§

i

n

0.7337992
-0.0033064
9191377.

24.4800000
31.2000000

1257.
1270.
1282.
1293.
1300.
1304.
1306.
1306.
1302.
1296.
1287.
1276.
1263.
.3102
1229.
1209.
1186.
1163.
.9135
1111.
1084.
1058.
1031.
1005.

979.

954,

930.

905.

882.

859.

836.
L4823
791.
768.
746.

1247

1137

813

725

5277
3055
9839
0053
3392
9691
8920
1194
6764
6027
9524
7945
2136

2026
0278
9446
1525

5194
9038
2729
8199
7055
9979
7493
0010
7860
1309
09566
1668

0221
8037
8419

. 1497
703.
682.
661.
641.
620.
601.
581.
561.
542.
523.
505.
486.
472.
463.
463,
465.
465.
463,
461.
460.

7371
6118
7786
2393
9930
0359
3611
9591
8173
9207
2516
7896
9200
2602
2801
8446
6595
7442
4873
3336

9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

964E+11

-964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
L964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
-964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
L964E+11
.964E+11

bined axial and bending stresses.

-50498. lbs

14

inches
radians
inch-1bs
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feet below pile head
feet below pile head

-25.
.1400
-862.
-871.
-877.

-25

-878

-853

-835

-752

-552

-66

138

187

76

93

68

8361

0589
9163
2864

L1441
-874.
-866.

4575
1832

.2605
.6032
-813.
-785.

0887
5409

.7056
-714.
-669.
-617.

2103
4980
7079

.6788
-467.
-371.

1049
8412

.5745
.6639

63.
115.

6273
9954

.0820
154.
168.
178.

9252
2034
8004

.2544
193.

63.

70.
.6456
82.
86.
9.
.9349
96.
97.
98.
97.
96.
93.
90.
86.
80.
74.

9232
9743
5797

0849
8215
7900

2115
5847
0293
5298
0799
6829
3509
1049
9748
9992

.2249
1503.
1377.
1239.
1082.

899.

566.

111.
-361.
-796.

0507
8110
1824
7372
7403
1875
7327
0206
4535

1516.9144
1602.0854
59853.
66228.
73228.
80952.
89521.
99084.
109834.
122018.
135961.
152108.
171083.
193797.
221656.
256974.
301333.
356553,
447940.
169530.
172848.
176166.
170334.
143102.
127549.
117484.
110523,
105534.
101906.
31906.
33896.
35887.
37878.
39868.
41859.
43850.
45840.
47831.
49822.
51812.
53803.
55794,
57784.
59775.
61766.
63756.
65747.
16771@0.
1829547.
2034224.
2328157.
2801694.
3188582.
3254937.
3321292.
1582448.

000

. 000
. 000
. 000

000

. 000
. 000

000
000
000
000
000

. 000
. 000
. 000

000

. 000
. 000

000

. 000
. 000
. 000
. 000
. 000
. 000
.000
. 000
. 000
. 000
. 000
. 000
.000
.000
. 000
. 000
. 000
. 000
.000
.000

000

.000
.000

000

. 000
. 000
. 000
. 000
. 000
. 000
.000 -
. 000
.000
.000
.000
. 000
. 000
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Number of zero deflection points = 2

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

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

Shear force at pile head 28700.0 lbs
Rotation of pile head 0.00QE+00 radians
Axial load at pile head = 809300.0 lbs

1

(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-1bs lbs radians psi* lb-in*2 1b/in 1b/inch 1b/inch
0.00 2.1820 -4428647. 28700. 0.000 1193.0138 4.769E+11 0.000 0.000 0.000
0.480 0.1819 -4263210. 28700. -5.249E-05 1170.2689 4.769E+11 0.000 2.000 0.000
0.960 0.1814 -4097534. 28700. -0.000103 1147.4910 4.76S9E+11 0.000 2.000 0.000
1.440 0.1807 -3931626. 28700. -0.000151 1124.6813 4.769E+11 2.000 0.000 0.000
1.920 0.1797 -3765497. 28700. -0.000198 1101.8413 4.769E+11 2.000 0.000 0.000
2.400 0.1784 -3599157. 28700. -0.000242 1078.9721 4.769E+11 0.000 0.000 9.000
2.880 0.1769 -3432613. 28700. -0.000285 1056.0750 4.769E+11 0.000 0.000 0.000
3.360 0.1751, -3265876. 28700. -0.000325 1033.1514 4.769E+11 0.000 0.000 0.000
3.840 0.1731 -3098956. 28700. -0.000364 1010.2025 4.769E+11 0.000 0.000 0.000
4.320 0.1709 -2931861. 28700. -0.000400 987.2295 4.769E+11 0.000 0.000 0.000
4.800 0.1685 -2764600. 28700. -0.000435 964.2339 4.769E+11 0.000 0.000 0.000
5.280 0.1659 -2597184. 28700. -0.000467 941.2169 4.769E+11 0.000 0.000 0.000
5.76@ 0.1631 -2429622. 28700. -0.000497 918.1798 4.769E+11 0.000 0.000 0.000
6.240 0.1602 -2261923. 28700. -0.000526 895.1239 4.769E+11 9.000 0.000 0.000
6.720 0.1571 -2094057. 28700. -0.000552 872.0505 4.769E+11 0.000 0.000 0.000
7.200 0.1538 -1926153. 28700. -0.000576 848.9608 4.769E+11 0.000 2.000 9.000
7.680 0.1504 -1758100. 28700. -0.000599 825.8563 4.769E+11 0.000 0.000 0.000
8.160 0.1469 -1589949. 28700. -0.000619 802.7381 4.769E+11 0.000 0.000 0.000
8.640 0.1433 -1421708. 28700. -0.000637 779.6076 4.769E+11 0.000 0.000 0.000
9.120 0.1396 -1253386. 28700, -0.000653 756.4662 4.769E+11 2.000 0.000 0.000
9.600 0.1358 -1084955. 28700. -0.000667 733.3150 4.769E+11 0.000 0.000 2.000
10.080 0.1319 ~-916542. 28700. -0.000679 710.1554 4.769E+11 2.000 0.000 0.000
10.560 0.1280 -748037. 28700. -0.000689 686.9887 4.769E+11 0.000 0.000 0.000
11.040 0.1240 -579491. 28700. -0.000697 663.8163 4.769E+11 0.000 0.000 2.000
11.520 0.1199 -419911. 28700. -0.000703 640.6393 4.769E+11 0.000 0.000 9.000
12.000 0.1159 -242309. 28700. -0.000707 617.4592 4.769E+11 0.000 0.000 0.000
12.480 0.1118 -73693. 28700. -0,000709 594.2772 4.769E+11 9.000 0.000 9.000
12.960 0.1077 94927. 28700. -0.000709 597.1965 4.769E+11 9.000 0.000 0.000
13.440 0.1036 263542, 28700. -0.000707 620.3783 4.769E+11 0.000 0.000 0.000
13.920 0.0996 432142, 28700. -0.000703 643.5582 4.769E+11 0.000 0.000 0.000
14.400 0.0955 600717. 28568. -0.000698 502.5647 9.964E+11 -45.8502 2764.8000 0.000
14.880 0.0915 767756. 28158. -0.000694 517.9495 9.964E+11 -96.6330 6082.5600 0.000
15.360 0.0875 931567. 27468. -0.000690 533.0371 9.964E+11 -142.8350 9400.3200 0.000
15.849 0.0836 1090615. 26525, -0.000684 547.6859 9.964E+11 -184.5124 12718. 0.000
16.320 0.0796 1243511. 25960@. -0.000677 561.7682 9.964E+11 -11.8866 859.6434 0.000
16.800 0.0758 1395980. 25888. -0.000669 575.8111 9.964E+11 -12.9494  984.4397 0.000
17.280 0.0719 1547981. 25811. -0.000661 589.8110 9.964E+11 -13.9243 1114.9462 0.000
17.760 0.0682 1699478. 25728. -0.000651 603.7644 9.964E+11 -14.8273 1253.1025 0.000
18.249 0.0644 1850438. 25640. -0.000641 617.6684 9.964E+11 -15.6663 1400.5303 0.000
18.720 0.0608 2000828. 25548. -0.000630 631.5199 9.964E+11 -16.4456 1558.7876 9.000
19.200 0.0572 2150619. 25451. -0.000618 645.3161 9.964E+11 -17.1670 1729.5006 0.000
19.680 0.0536 2299782. 25350. -~0.000605 659.0546 9.964E+11 -17.8316 1914.4500 9.000
20.160 0.0502 2448292. 25245, -0.000591 672.7328 9.964E+11 -18.4394 2115.6415 0.000
20.649 0.0468 2596124, 25138. -0.000577 686.3487 9.964E+11 -18.9899 2335.3756 9.000
21.120 0.0436 2743255. 25027. -0.000561 699.9000 9.964E+11 -19.4824 2576.3226 0.000
21.600 0.0404  2889667. 24915. -0.000545 713.3850 9.964E+11 -19.2182 2742.0794 0.000
22.080 0.0373 3035363, 24806. -0.000528 726.8042 9.964E+11 -18.7146 2891.6849 0.000
22.560 0.0343 3180356. 23156. -0.000510 749.1586 9.964E+11 -554.2316 93107. 0.000



23.040 0.0314
23.520 0.0286
24.000 0.0260
24.480 0.0234
24.960 .0210
25.440 0.0187
25.920 0.0165
26.400 0.0144
26.880 0.0125
27.360 0.0107
27.840  ©.008997
28.320 0.007419
28.800  ©.005956
29.280  0.004607
290.760  ©.003368
30.240  ©.002235
30.720  ©.001204
31.200  ©.000271

14T 31.680 -0.000568

NERTSTTIE0 T -0.001317

J  32.640 -0.001980
33.120 -0.002562
33.600 -0.003067
34.080 -0.003498
34.560 -0.003860
35.040 -0.804156
35.520 -0.804389
36.000 -0.004565
36.480 -0.004685
36.960 -0.004753
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NPTSTI0 -0.004748
/) 38.400 -0.004681
38.880 -0.004577
39.360 -0.004437
39.840 -0.004265
40.320 -0.004065
40,800 -0.903839
41.280 -0.883591
41.760 -0.003324
42.240 -0.003041
42.720 -0.002744
43.200 -0.002437
43.680 -0.002123
44,160 -0.001805
44.640 -0.001484
45,120 -8.001165
45.600 -0.000846
46.080 -8.000529
46.560 -0.900214
47.040 9.926E-85

. 47.520  ©.900412
W 48,000  0.000725

(;(7

3306876.
3414690.
3503663.
35737589.
3625038.
3657661.
3671886.
3668075.
3646692.
3608306.
3553599,
3483367.
3398534,
3300164.
3190380.
3071908.
2947432,
2821702,
2695626.
2570053.
2445773,
2323511.
2203933,
2087643,
1974930.
1865982.
1760944
1656665.
1553234,
1450728,
1349221.
1248773.
1149436.
1051251.
954246.
858437,
763829.
670414.
578171.
487066.
397055.
308080.
220073,
132955.
46637,
-10198.
-42039.
-53828.
-50722.
-38094.
-21527.
-6820.3526
0.000

Output Summary for Logd Case No.

Pile-head deflection
Computed slope at pile head

Maximum bending moment

Maximum shear force
Depth of maximum bending moment
Depth of maximum shear force

Number of iterations
Number of zero deflection points

1

1

1

1
6950
3751
605

9944,
6700.
3442.
0187.
. 8448
.3991
. 9277

-2467.9193
-5452.0668
-8327.8126

-1
-1
-1
-1
-1
-2
-2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1

7652.
3742.
-709.
1410.
2578.
2758.
1912.

1076.
3674.
6101.
8251.
9981.
1241.
1857.
1983,
1956,
1788.
1489.
10695.
©540.
9934,
9288.
8612.
8199.
8051.
7890.
7716.
7530.
7336.
7134.
6926.
6715.
6503.
6292.
6083.
5879.
5683.
5496.
5321.
5158,
5011.
2382,
6861
4908
0849
1140
4538
7800
6316
0.000

0.1
Q.
-44

0.
11.5
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-0.000491
-0.000472
-0.000452
-0.000431
-0.000411
-0.000390
-0.000368
-0.000347
-0.000326
-0.000305
-0.000284
-0.000264
-0.000244
-0.000225
-0.000206
-0.000188
-0.000170
-0.000154
-0.000138
-0.000123
-0.000108
-9.432E-05
-8.124E-05
-6.883E-05
-5.709E-05
-4.599E-05
-3.550E-085
-2.562E-05
-1.634E-05
-7.662E-06
.315E-07
.941E-06
.487E-05
.123E-05
.703E-05
.227E-05
.696E-05
.111E-05
.471E-05
.779E-05
.035E-05
.239E-05
.391E-05
.493E-05
.545E-05
.556E-05
.541E-05
.513E-85
.483E-05
.457E-05
.440E-05
.432E-05
.430E-05

VWV VBTV i v i s bl WWRN RN

751.8115
761.7415
769.9363
776.3923
781.1153
784.1200
785.4302
785.0792
783.1097
779.5743
774.5355
768.0669
760.2535
751.1933
741.0818
730.1701
718.7054
707.1252
695.5132
683.9475
672.5008
661.2401
650.2266
639.5158
629.1345
619.1000
609.4256
599.8212
590.2948
580.8537
571.5045
562.2529
553.1036
544.0604
535.1259
526.3015
517.5878
508.9840
500.4880
492.0970
483.8066
475.6117
467.5059
459.4821
451.5319
448.1757
451.1084
452.1942
451.9081
450.7451
449.2192
447.8646
447.2364

820212 inches

000000
28647.
28700. lbs
000000
200000

10

2

radians
inch-1bs
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9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.964E+11
9.
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

964E+11

.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
L964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11
.964E+11

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

feet below pile head
feet below pile head

-561.
-565.
-566.
-564.
-559.
-551.
-540.
-526.
-509.
-489.
-465.
-437.
-405.
-341.
-259.
-178.
~-35.
-8
17.
41.
62.
82
100
109.
115.
119
24.
26.
29.
31
33.
34.
35.
36
36
36.
36.
- 35.
34
33.
31.
29
26.
24.
888
753
604.
448,
286.
118.
-56.
-237.
-426.

1176
0926
1411
2459
3860
5327
6449
6631
4993
0236
0422
2617
2270
3893
2496
4549
4288

L1327

3643
0305
8435

.7893
.8609

5326
0599

.3924

3140
8619
1871

.2551

0360
5042
6386

L4224
.8431

8923
5658
8633

.7887

3495
5573

L4275

9791
2350

.6595
.3069

3998
8661
9668
7067
0935
7080
4002

102923.
113698.
125582.
138758.
153452,
169950.
188621.
209945,
234570.
263395.
297715,
339488.
391862.
426814,
443403,
459992,
169530.
172848.
176166.
179483,
182801.
186119,
189437.
180363.
171709.
165486.
31996.
33896.
35887.
37878.
39868.
41859,
43850.
45840.
47831,
49822.
51812.
53803,
55794,
57784,
59775.
61766.
63756.
65747.
2836526.
2923161.
2989516.
3055871.
3122226.
3188582.
3254937,
3321292.
1693824.

. 000
. 000
. 000

000

. 000
.00
. 000

000

. 000
. 000
.000

000

. 000
. 000

000

. 000
. 000
.000
.000
. 000
. 000
. 000

000

. 000
. 000

000

.000
. 000
. 000

000

.000
. 000
.000
.000

000

. 000
. 000
. 000
. 000
. 000
. 000
.000
. 000
. 000
.000
.000
.000
. 000
.000
.000
. 000
.000



B1-B.1lp70

Definitions of Pile-head Loading Conditions:

Load Type 1: Load 1 = Shear, lbs, and Load 2 = Moment, in-lbs
Load Type 2: Load 1 = Shear, lbs, and Load 2 = Slope, radians
Load Type 3: Load 1 = Shear, lbs, and Load 2 = Rotational Stiffness, in-lbs/radian
Load Type 4: Load 1 = Top Deflection, inches, and Load 2 = Moment, in-lbs
Load Type 5: Load 1 = Top Deflection, inches, and Load 2 = Slope, radians
Pile-head Pile-head Maximum Maximum
Load Load Condition 1 Condition 2 Axial Pile-head Moment ‘Shear Pile-head
Case Type V(lbs) or in-1b, rad., Loading Deflection in Pile in Pile Rotation
No.  No. y{inches) or in-1b/rad. lbs inches in-1lbs 1bs radians
1 1 Vo= 30200. M = 774000. 833000. ©.73379922 9191377. -50498.
-0.00330638
2 2 Vo= 28700. S = © 9.000 809300. 0.18202120 -4428647. 28700.
-0.00000000

The analysis ended normally.
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LABORATORY RESULTS



Unconfined Compression Test
Test Data Sheet

Specimen Description:

Boring No.: RS-4
Sample ID: B1-B
Depth, ft.:  49.7 - 50.0

Meta-Argillite

Project: Bridge 108 on Lizzie Mill Rd over |-95
TIP No. : 1-5786
Specimen Conditions
Diameter (in.) 1.77
Height (in.) 4.02
Area (in%) 2.45
Unit Wt. (pcf) 163.9
Shear Testing Conditions
Loading Rate (%/min): 0.02 in/min.
|Youngs Modulus (ave., ksi): | 724
Dial Guage Axial Total Axial Axial Corrected Axial Axial
Reading Reading Load Deformation Strain Area’ Stress Stress
No. (in.) (Ibs)* (in.) (in®) (psi) (Kpa)
1 0.000 0 0.000 0.0000 245 0.00 0.00
2 0.004 264 0.004 0.0010 245 107.55 741.54
3 0.007 911 0.007 0.0017 245 371.13 2558.86
4 0.012 1176 0.012 0.0030 245 479.08 3303.16
5 0.015 2049 0.015 0.0037 245 834.72 5755.21
6 0.019 3347 0.019 0.0047 245 1363.49 9400.93
7 0.023 5189 0.023 0.0057 245 2113.86 14574.53
8 0.027 7455 0.027 0.0067 245 3036.93 20938.91
9 0.030 10087 0.030 0.0075 245 4109.09 28331.22
10 0.035 11313 0.035 0.0087 245 4608.47 31774.27

LAB Technecian: Saja Alkhafaji

Notes:

1. Right Cylinder Correction Method

2. *Specimen failed violently resulting in complete destruction of sample
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Unconfined Compression Test
Test Data Sheet

Boring No.: RS-3
Sample ID: B1-B
Depth, ft.: 44.3-44.6

Specimen Description:  Meta-Argillite

Project: Bridge 108 on Lizzie Mill Rd over |-95
TIP No. : 1-5786
Specimen Conditions
Diameter (in.) 1.77
Height (in.) 4.06
Area (in%) 2.48
Unit Wt. (pcf) 162.2
Shear Testing Conditions
Loading Rate (%/min): 0.02 in/min.
|Youngs Modulus (ave., ksi): | 500
Dial Guage Axial Total Axial Axial Corrected Axial Axial
Reading Reading Load Deformation Strain Area’ Stress Stress
No. (in.) (Ibs)* (in.) (in®) (psi) (Kpa)
1 0.000 0 0.000 0.0000 248 0.00 0.00
2 0.004 487 0.004 0.0010 248 196.73 1356.38
3 0.006 1171 0.006 0.0015 248 473.03 3261.43
4 0.009 1979 0.009 0.0022 248 799.42 5511.81
5 0.011 3084 0.011 0.0027 248 1245.78 8589.35
6 0.014 4246 0.014 0.0034 248 1715.16 11825.59
7 0.017 5238 0.017 0.0042 248 2115.86 14588.31
8 0.020 6039 0.020 0.0049 248 2439.40 16819.05
9 0.023 7588 0.023 0.0057 248 3065.08 21132.97
10 0.027 8285 0.027 0.0067 2.48 3346.59 23073.92

LAB Technecian: Saja Alkhafaji

Notes:

1. Right Cylinder Correction Method

2. *Specimen failed violently resulting in complete destruction of sample
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4000

3500

3000

2500

[\
=
=
S

1500

1000

500

0 T

0.000

0.001 0.002  0.003 0.004

Axial Strain

0.005

0.006  0.007




sinGE

Unconfined Compression Test
Test Data Sheet

Specimen Description:

Boring No.: RS-2
Sample ID: B1-A
Depth, ft.:  70.5-70.9

Meta-Argillite

Project: Bridge 108 on Lizzie Mill Rd over |-95
TIP No. : 1-5786
Specimen Conditions
Diameter (in.) 1.77
Height (in.) 4.14
Area (in%) 2.46
Unit Wt. (pcf) 158.7
Shear Testing Conditions
Loading Rate (%/min): 0.02 in/min.
|Youngs Modulus (ave., ksi): | 1,537
Dial Guage Axial Total Axial Axial Corrected Axial Axial
Reading Reading Load Deformation Strain Area’ Stress Stress
No. (in.) (Ibs)* (in.) (in®) (psi) (Kpa)
1 0.000 0 0.000 0.0000 2.46 0.00 0.00
2 0.002 1103 0.002 0.0005 2.46 448.34 3091.20
3 0.003 2879 0.003 0.0007 2.46 1170.23 8068.48
4 0.005 4775 0.005 0.0012 2.46 1940.90 13382.01
5 0.007 7060 0.007 0.0017 2.46 2869.67 19785.67
6 0.009 9232 0.009 0.0022 2.46 3752.50 25872.58
7 0.012 11930 0.012 0.0029 2.46 4849.11 33433.45
8 0.014 12859 0.014 0.0034 2.46 5226.69 36036.77
Notes: 1. Right Cylinder Correction Method 2. *Specimen failed violently resulting in complete destruction of sample
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SINCE

Unconfined Compression Test

Test Data Sheet

Project: Bridge 108 on Lizzie Mill Rd over I-95
TIPNo.:  I-5786
cimen Conditions
Diameter (in.) 1.78
Height (in.) 4.10
Area (in%) 2.47
Unit Wt. (pcf) 163.0
Shear Testing Conditions
Loading Rate (%/min): | 0.02 in/min.
'Youngs Modulus (ave., ksi): | 830
Dial Guage Axial Total Axial Axial Corrected Axial Axial
Reading Reading Load Deformation Strain Area’ Stress Stress
No. (in.) (Ibs)* (in.) (in) (psi) (Kpa)
1 0.000 0 0.000 0.0000 247 0.00 0.00
2 0.001 36 0.001 0.0002 247 14.55 100.35
3 0.004 38 0.004 0.0010 247 15.36 105.93
4 0.007 47 0.007 0.0017 247 19.00 131.01
5 0.011 59 0.011 0.0027 247 23.85 164.46
6 0.014 72 0.014 0.0034 247 29.11 200.70
7 0.017 142 0.017 0.0041 247 57.41 395.82
8 0.021 449 0.021 0.0051 247 181.52 1251.55
9 0.024 1233 0.024 0.0059 247 498.48 3436.87
10 0.027 2884 0.027 0.0066 247 1165.93 8038.81
11 0.029 4876 0.029 0.0071 247 1971.24 13591.20
12 0.030 4590 0.030 0.0073 247 1855.61 12793.98
13 0.032 5990 0.032 0.0078 2.47 2421.58 16696.21
Notes: 1. Right Cylinder Correction Method 2. *Specimen failed violently resulting in complete destruction of sample

Boring No.: RS-1
Sample ID: B1-A
Depth, ft.:  62.6 -62.9
Specimen Description: Meta-Argillite
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