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SR 1 /1-95 Interchange
MSE Wingwall Design Summary

References:

1.

2.

3.
4.

AASHTO LRFD Bridge Design Specification, Customary U.S. Units, 4" Edition
2007, with 2008 Interim.

Mechanically Stabilized Earth Walls and Reinforced Soil Slopes Design and
Construction Guidelines, FHWA-NHI-00-043, 2000.

Das, Braja. “Principles of Geotechnical Engineering.” 4™ Edition, 1998.
Schmertmann Settlement Analysis Spreadsheet. Source Virginia Tech.

Design:

1.

2.

Bearing capacity, sliding, overturning, eccentricity, settlement and global stability
are based on AASHTO (Ref. 1).

For back to back walls a “wedge influence factor” was introduced, based on
FHWA (Ref. 2), to account for the reduction in lateral force due to horizontal
earth pressure.

3. Design was based on in-progress TS&L plans and cross sections, dated Nov.
2008.
Other Notes:
1. For each wall four cases were analyzed.

a. “Stage 17 Short-Term: The wall was built to the maximum possible height
assuming a fully undrained and unconsolidated condition. This was
assumed to conservatively estimate the short term condition.

b. “Stage 1” Long-Term: The wall was checked assuming a fully drained,
fully consolidated case to very stability.

c. Full-Height Short-Term: As described in the text of the FFR a quarantine
period occurs after completion of Stage 1 to allow pore water to dissipate
and consolidation to occur. For the short-term case the soil properties
assumed were from the consolidated, undrained laboratory data.

d. Full-Height-Term: Similar to the short term case, but uses soil parameters
at fully dramed, fully consolidated case to represent the long-term
condition.
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Interchange Reconstruction: Delaware Route 1 and Interstate [-95

Consolidated Undrained Test Summary

Total Effective
c (ksf) phi c' (ksf) phi’ LL Pt % Fines | USCS
IRW-9 1.76 11.74 1.63 18.17 39 19 99.5 CL
IRW-19 0.43 7.5 0.57 8.28 49 27 81 CL
IRW-23 1.07 528 1.08 7.62 48 24 99 CcL
IRW-27 0.55 14.83 0.5 24.62 43 23 90 CL
IRW-32 1.82 14.76 1.58 23 57 30 o7 CH
IRW-33A 0.93 523 0.66 17.18 55 34 CH
IRW-42 0.63 0.63 0.68 13.78 42 20 CL
IRW-44 1.14 4.31 4.31 8.83 56 28 99 CH
|RW=49 G0 454n 0 Fo03 0 [seis2 s 2 a2 e i ML
IRW-51 0.52 10.14 0.55 15.84 48 27 o8 CL
IRW-52 0.21 20.71 0.35 30.45 34 18 86 CL
IRW-53 1.52 7.44 1.58 9.74 51 24 96 CH
IRW-64 0.7 12.23 0.57 20.94 35 15 93 CL
Average 0.87 13.0 1.12 18.1
Average w/o IRW-49 0.94 10.3 117 16.5
TRuy-H9 exclvéeé bccm)se fest  resulls  cons ggrfé net represemla%ue

@‘F S-g'ra‘{’q

URS-2




Field Curves for Consolidation Tests
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CONSOLIDATION TEST REPORT
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MATERIAL DESCRIPTION Uscs AASHTO

Saturated red and gray clay. CH A-T-6(30

Project No. 28-090-03 Client: Remarks:
Project: S.R. I/I-95 Interchange

Source: URS #4 Sample No.: U-1 Elev./Depth: 22.0
CONSOLIDATION TEST REPORT

Delaware Department of Transportation
Materials and Research Laboratory Figure
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€= 51
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= pyay
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(R= 03] 0.0l - 0.13¢
}“’3 3’.':1;

Cez (R 14e)
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MATERIAL DESCRIPTICON

Uscs

AASHTO

Saturated gray and red clay w/trace of fine sand.

CL

A-6(20)

Project No. 28.090-03

Client:

Project: 3.R. 1/I-95 Interchange

Source: URS #3

Sample No.: U-1 Elev./Depth: 35.0

Remarks:

CONSOLIDATION TEST REPORT

Delaware Department of Transportation
Materials and Research Laboratory

Figure

URS-6




Page of

Job SR | ] 295 .lrw?lCﬁGh“i'\jC/ Project No. - Sheet of
Description Consnl r'r‘ﬂnl-‘ocn, ﬂ/apcr‘ﬁ' °s3 Computed by JPK Date
Checked by Date

Reference
Test @ URS-3  u-l @3S 4

Cb: G'QILI
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MATERIAL DESCRIPTION Uscs AASHTO
Saturated gray and red clay w/trace of fine to coarse sand. MH A-7-5(29
Project No. 28-090-03 Client: Remarks:
Project: S.R. 1/1-95 Interchange
Source:; URS#5 Sample No.: -1 Elev./.Depth: 35.5
CONSOLIDATION TEST REPORT
Delaware Department of Transportation
Materials and Research Laboratory Figure
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Test € LRS-5 w-l @ 3556t

ey O.F8b
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Tohe - OYE | 0255 o 255Y
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URS-9



- HALL 13

s
‘“{ﬁ\wk
RETAINING o

NOTE:

USE POT BEARINGS AT
ABUTHENTS A AND 8.

S o 5
’ 2 N Wy
il Loca L R S, v
it IDMT-21 gmga 00:-'“\?0 *;\\ >
‘ P e ANGENT. (TYP. 37
i AN
L PEN

Py TR ‘

STA. 1231+55:°00. RAIP vz

xS
&

16" 30
TQ COLUMY

e,

oL

1231407, 0317

. 1231406, 757N

STA.~78+11,09 1-95°~

! o e
STA. 1232%20. 90°RAMP A ™

&

5084+C0

B07+00

STRIP SEAL EXPANSIGN JOINT,

3" MOVEMENT CLASSIFICATION (TYRL)

% ?‘f\ 452+00 RAMID B

1BR-26A

RETAINING WALL 5—/‘
1235

COHECLY 450400 ool :

filn 26

Dy o :
‘°7=‘a_g1 S§TA. 1706454, 73N, 170550

itz

C/LPIERT
I
i
i

17/ -2"+.CL. 10 COL

77

S - I -_gEARlNcs T0 C/L BEARINEB’E@B@{{"—--,_
A, i e

809" 05,

i‘.“l""'\-. 1 "5«.‘ o

C/L PIER 2

C/L PIER 3

& 16r-274
{56 -3 CL. TO COLUMN

A\
f‘;)\BR-m
[\
h\kSTA, |F235+89. 25

1BR-26 llli_
THELL)

RS
2

ABUTHENT B

C/L BEARINGS

B/L CONSTRUCTION 1-85

B/L CONSTRUCTION
RAMP &

447700
44800 =IO
e
1238
1237
RAMP A

i5C-103

a:\20832687 - XM\CAD\Gridge\FilleRemovedFremBridge\pe10iCrossSect.dgn

Feb 10, 2009

Rodriguez_V8.01

PROFILE
PARAPET /~ PROF|
! . T ;||!L|[|||||lll|i|1iTlilll||1\\iilllllEllli!ll!lll\ill}\lll?ill]llllr{|w
i|lill\ll\illri||llII{IIIII>Il| 7T u
T o
[ e F APPROX IMATE
F PROVIDE 167 -6* MIN.
e CLEARANCE (TYP. AL A0ADS) — /] ) EXISTING GROUND
------------------------------------- S=hh Femaoy T hrrrThT PROVIDE 16 -6° MIN, I i
it 1-85 SER D1l iin CLEARANCE (TYP. ALL ROADS)—/
DATUM EL. 60.00 -
o g ELEVATION
= = e e w©
& o SCALE: 1 = 40’ -0~ =
g 2 Fle
S SE 213 @
— vl - O [=:] .
B/L CONSTR. RAMP A B/L CONSTR. RAMP A <5 &W“-\fooy_ g 2| g,
—_ - 1} [0
CURVE A1 DATA CURVE A2 DATA a|= =l “ =l
—————— _— 2 il A
Pt STA. 1226+66.24 1238452, B4 - PVI STA. 1233+00.00 S Sl
A= 27°44°07.64" LT A= 22447 31,727 LT EL. 133.55
Dc = 3°05° 49, 45~ Dc = ex = -8, 00
$ : 15259'29000' R - K = 154,93
[ 2 et [l S60 I-95 PROFILE
NOT TO SCALE URS.
RAMP A - VERTICAL CURVE DATA INFORMAT (ON SUPPLIED FROM DELAWARE TURNPIKE CGNTRACT NO. 7003, S-10
NOT TO SCALE ELEVATIONS ARE GIVEN APPROXIMATELY 40° LEFT OF BASEL INE
Si-1
ADDENDUMS / REVISIONS E CONTRACT BRECE MO ] SHEET NO,
DELAWARE \ ScRE 1205003 GLOBAL STABILITY ;
40 80 120 ¢ . y
DEPARTMENT OF TRANSPORTATION - ] SR1/1-95 INTERCHANGE T Rttt *) -] CROSS SECTIONS T
FEET NEW CASTLE CHECKED BY: FOR 31




0 \20B32687 - xMrCADNEndge FileRemovedFromBridge \pe2MCrossSecd dga

feb 10, 2009

Rodriguez .V .01

s
. PCC 91B+44.56 ~

RAMP B~

3
)
b
&)
bt by
£ od
T !-:1
N &
0 +0p
“nny R oy
Alp =
4 3 3D1 vog C
11400 8_2
44G+0p
1244405 -
CS-7
1245400
iy RA f - 20" g
100 _4JWFD A e AN )
RAMP G] 1 “OGCS_12
b [‘RETAJN oy,
Llg iy J
! e
miga’ Se{fy peH i
S T L LI e Sy
ot = LT
/__.,—-—a_//#’_r__ﬁ,ﬁp-——‘“/—l 4y I;,EI
,_,__.—4"’—# §40+00
.o NB SR7 \ =
. EX":""‘NEB;.HGG T e ﬁfg}gjgs

£AC 439+37 35
P 300+0p, 00

STRIP SEAL EXPANSION JOINT,

ASTA T r2aar03052 B/ A A - €

—-‘__—_——ﬁ—‘_'_“—-_

I /L BEARTNGS

RETAINING
WALL 3

+81, 0p e
S ] \
90°00 00 Tg Iy ©
LOCAL TaN (Typ, ,_/\\Q

13 -9k CL.

L

T AT e

0 COLUMN e
.’ \/'T‘E/—,_TQ,GOHJ coLy _ 1| - .:‘_’___,
S S T el
S T e T T s

i T B

oo™ P et
- - 49y i o i e
_\‘lggl;; 3 Sk _:_ﬁ__—ﬂ"‘TBR"lS i

PN e g 120 -, (WELL), o160

=T

3" MOVEMENT CLASSIFICATION {7YP. )N

—_— 2 e s

DN AT

e il

e

T N S
T BERRINGS
b

|

=3 e SSURE
trar CoNSTRUCH
o == ?

/}// QB\\}?//

/L. CONSTR. RAMP A

D‘K{_Q‘I\E—@_ B;{A-Q - -

\\.
i

B/L CONSTR. RAMP A

MB/L CONSTRUCTION ="

B/L CONSTR. NB

RAMP & -7 ;/:i
i) o 9
L < Rgﬁ[ﬂms HA}/L/,:
e TR L
= F‘” ——"/ =
2B g

18180
- ___-l//

1 1200 T

SR7

CURVE A2 DATA

v
i r
BB, S
o /
o 4 i‘/
AL I

A= 2204731127 LY

CURVE A3 DATA

Pl STA. 1238+32.84 Pl STA. 1254+08. 88 F1 STA, 637+21.93
Av 48°19° 31,68 LT

CURVE NB SR7-3 DATA

M= 137467 34, B4 RT

7/ ; o = 1°32°54. 72" Dc = 3°05' 49, 45 Dc = 27307 46. 70"
' = 3,700, 000¢" R = 1,B50,0000 R = 2,280.0000°
PLAN ' = 745.79' T = 80 o T = 275,43
SCALETTT = 30 -0 = 1,471.85 L = 1,560.36 L = 5482
NOTE: "
USE_POT BEARINGS AT
ABUTMENTS A AND B
AKD PIERS. C/L PIER 1 _C/L PIER 2 C/L PIER 3 ABUTMENT B X
j" C/L BEARINGS ; : | C/L BEARINGS = -0.800% ,,
! ; [ i PROFILE o
— ; ; i GRADE =
LIII!?II:IIEliFII+II!IIFIIFIII}IIIIIIIIk . L 3 g~
i, T T 1i I Ny T | T T3 u—rr‘l g P, PY1 STA, 1248+00.00 <«
NSE WALL F R EL. 104,30 g
. PRD\'I[C)EElg' EE F APPROX TMATE i ex = -2 &
_______________ MIN. CLEARANCE — NSE WALL wi= K = 333 Pl
__________________________________________________________ T EXISTING GROUND ol VCoBO0 ET. o
......................... 1 RN 1| SN SO S &hm 260 PR, o
[ e} LRERSSeS et Temwmmmmmad T TTTTEIT I S Joid Akt
AT YT NN o '-:
RELOCATED NB SR7 it Liu HURIR =
DATUM EL. 50.00 =t
P )
[aSR TN
ELEVATION NOTE: RAMP A PROFILE
SCALE 17 = 30707 HSE ABUTNENTS SHOWN URS-11 NOT T0 SCALE
52-1
ADDENDUMS 7/ REVISIONS CONTRACT — [ SHEET 0.
AN DELAWARE . 0 % 1805003 GLOBAL STABILITY :
- — DESIGHED BY: R. F, KIRCHIER CROSS SECTION -
2 DEPARTMENT OF TRANSPORTATION i = s SR1/1-95 INTERCHANGE : URS 0SS SECTIONS g
HEW CASTLE CHECKED BY:




Test Embankment Back Calculation
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Profect Name:

Project Locaticn:

Project Mumber:
Calculatiohs By:
Dafte:

SR 1/1-95 Interchange
Newark, Crelaware - Test Embankment Sand Settlemeant
20832687 00000

JPK
11/47/2008
Input Global Data
Footing Width, B 75.0 feet
Elevation of Ground Surface 80.0 feet
Elevation of Base of Faoting 80.0 feet
Elevation of Water Table 30.0 feet
Unit Weight of Water, v, 62.4 pcf
Net Bearing Pressure, AP 3625 psf
Soil Unit Weight Above Footing Base 125 pcf
Settlement Calculated at end of
construction and at time t 1 years
Input Layer Data
Elev. Of Elev. Of . Total Unit
LayerNo. Top of Bottom of SOI:EM(‘::;;NE Weight, v
layer {ft)  layer (ft) B {pcf)
1 80.0 70.0 300 120
2 70.0 65.0 180 120
3 65.0 62.0 150 120
4
5
B
7
8
9
10
11
12
13
14
15
16
17
18
18
20

Note: The depth of the water table must be a layer boundary.
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Compute Global Values for Axisymmetrical Case
o'y, at Elevation 80.0 0 psf
Elev. of by 42.5 feet
o'y, at elevation 42.5 4500 psf
bp 0.590
Cy 1.00
Ca 1.20

Computed Axisymmetrical Layer Information

Elev. Of Top Elev. Of Soil Total Unit Eley. Of AH
Layer No, of I-ayer () Bottomof  Modulus  Weight, yr Az (ft) Center of [ 3 (inches)
layer {ft) E; (tsf) (pef) Layer (ft)
1 B0 70 300 120 10 75 0,17 0.10% 0.12
2 70 65 150 120 5 67.5 0.26 0.32% 0.18
3 65 62 150 120 3 83.5 0.32 0.38% 0.14
4
5
5]
7 ‘
8
9
10
11
12
13
14
15
186
17
18
19
20
Immediate Seftlement 0.4 inches
Settlement After 1 year 0.5 Inches
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Compute Global Values for Plane Straln Case

o'y, at Elevation
Elev. of [,

o'y, at elevation
[

Cy

Cz

]

0 psf

5 feet
8000 psf
0.563

Computed Plane Strain Layer Information

Elev. Of Top Elev. Of Sofl Total Unit Elev. Of AH
Layer No. of ];xyer (ft) Bottomof  Modulus  Weight, y¢ Az {ft) Center of Iz & (inches)
layer (ft) E, (tsf} {(pcf) Layer (ft)

1 80 70 300 120 10 75 0.22 0.14% 0.16

2 70 65 150 120 g 67.5 0.26 0.31% 018

3 65 62 150 120 3 83.5 0.28 0.34% 0.2
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Immediate Settlement 0.5 inches
Settlement After 1 year 0.6 inches
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One-Dimensional Consolidation Test (ASTMD-2435)
ICurve | Pressure Incremeni Coeff, Of Consolidation |Description of Specimen: Brown-gray Mottied silty clay
iINo. From isf |To tsf Cv, ft*2/day Nat.Water Content (%) 15.5 {From Trims.) |Consolidation Properties (Unit Strain Basis}
1 0.5 1 2.47 Liquid Limit (%) 28 {(From Trims.) JCompression Ratio (Cc') * ’roject No 19990251
2 1 2 5.27 Plastic Limit (%) 17 (From Trims.) JRecompression Ratio (Cr}* Project Name RKK
3 2 4 5.12 Plastic [ndex (%) 11 (From Trims.) |Swelling Ratio (Cs")* [-85 Delaware TP Improve
4 4 8 6.87 Specific Gravity(assumed) 2.7 (From Trims.) {Preconsolidation Stress, Pc (tsf)* orng No. -
5 8 16 6.68 Test Specimen Properties Existing Overburden Stress, Po (isf)* Sample No. T-2
6 16 32 3.45 Diameter,inch. 2.490 Depth, ft. 32.0-34.0
7 Initial And Final Thickness, inch. 0.860 0.857 Tested By mm
8 Initial And Final Water Content (%) 16.1 16.2 Reviewed By enm
10 Initial And Final Void Ratio 0.454 0.449 Date OT-MaX-OS
initial And Final Saturation (%) 958 97.8 * Unit Strain Basis e NO. 199962571C-1
Unit Dry Weight (pcf) 115.9
URS Cor poration M:\projects\2003\03059_deltrnpk\Geotech\ASSIGN. NO 3 - SR 1 INTERCHANGE\Lab Testing\URS Testing\[19996251¢c-1 Xis]C-1
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One-Dimensional Consolidation Test (ASTMD-2435)
Curve | Pressure Increment Coeff. Of Consolidation [Description of Specimen: Light gray silty clay
iNo. From tsf |To,tsf Cv, ft*2/day Nat.Water Content (%) 15.2  (From Trims.} |Consolidation Properties (Unit Strain Basis)
1 0.5 1 2.22 Liguid Limit {%) 27 (From Trims.) |Compression Ratio (Cc') * Froject No 13996251
2 1 2 4,99 Plastic Limit (%) 14 {From Trims.) [Recompression Ratio (Cr')* Project Name RKK
3 2 4 1.59 Plastic Index (%) 13 (From Trims.) [Swelling Ratio (Cs')* 1-95 Delaware TP Improve
4 4 8 3.58 Specific Gravity(assumed) 2.71 (From Trims.) |Preconsolidation Stress, Pc (isf)’ orng No. -
5 8 16 2.58 Test Specimen Properties Existing Overburden Stress, Po (tsf)* Sample No. T-3
6 16 32 1.67 Diameter,inch. 2.490 Depth, ft. 38.0-40.0
7 Initial And Final Thickness, inch, 0.860 0.852 Tested By rmm
8 Initial And Final Water Content (%) 15.7 15.4 Reviewed By enm
10 Initial And Final Void Ratio 0.447 0.434 Date 07-May-05
Initial And Final Saturation (%) 95.4 96.0 * Unit Strain Basis ile No, 19996251C-2
Unit Dry Weight (pcf) 116.9

URS Corporation

M:\projects\2003\03059_deltrnpkiGeotechl\ASSIGN. NO 3 - SR 1 INTERCHANGE\Lab Testing\URS Testing\{19996251c-2.xIs]C-1
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Boring IE-13B, Tube T-4

Pressure (tsf)

0.01 0.1 ooplE Pc.-asfmj; 100 1000 10000
5

Strain (%)

B ]

N \ : 1 é' i

y N
RN o=
, —t - : $\x

LA

A
/7

o

e
-

fan O
X
N S
1
T
- -

=
3 3
i ! i i
i LpiAi ]
.2

URS-22



Time Vs Deflection N[ ) Strain Vs Pressure h
0.01 0.1 1 10 100 1000 10000
0.01 0.1 1 10 100
0.000
0.0 '
0.001 - — i [
T -1l ,: T + “\-\
0.002 + ' = =
2] 1.0 N
0.003 + i N €,z 0505
o ra- | \
[&] M-t | -
0004 - = =] 20 \\ O.H3C= 0. 21G
= & - Pl
0.005 - & == Eii [ B S Nes 0-505-0.213
S T k| ~ = O ol q..}
0.006 + % = . N - -
= T — L 3. N - AL
0.007 + —F N LTes L 0.a
0.008 + ] - [+€-0 |+O565
: ~—
4.0 . k‘ g o
0.009 NG 19.5%
I~ N,
0.010 | T~ \\
- _/ 5.0 ‘T _E ! Y . €,
N et RR-2
|_® N
0 2 4 6 8 10 12 = ~a TN Q (6}
2 \ VUt
0.000 60 13 ~3 O\T
0.001 {tdszsts - — |
- < 4 £ Land —
0.002 - & =y . = 0.0p-0.03
\ ' o
.§0.003 1&‘ o (65 3
£ 0.004 ~ o5
£ et -
£0.005 { ¥ = 80 AR = 8.0 (O
g o
g 0.006 e — . - 3
(]
0.007 . 00 (- RR( |4—e°>
0.008
0.008 100 Vertical Pressure, tsf = O. & ‘S
0.010 Square Root of Time, Mins. - e
. : AN J
One-Dimensional Consolidation Test (ASTMD-2435] N
[[Curve T Pressure incremeni | _Coefi. Of Consolidation [Description of Specimen: Light aray sity sand R' 0«16l — 0.0
IINo. From (tsf |To,tsf Cv, Ft*2/day Nat.Water Content (%) 221 (From Trims.} |Consolidation Properties (Unit Strain Basis) C - Q 16,080
i 0.5 1 1.46 Liquid Limit {%) N.P {From Trims.) {Compression Ratio (Cc’) * Project No 100996251 05 3.5
2 1 2 1,20 Plastic Limit (%) (From Trims.) |Recompression Ratio {Cr')* Project Name RKK
3 2 4 1.38 Plastic index (%) (From Trims.) {Swelling Ratio (Cs')* I-95 Delaware TP Improve T O.0UR
4 4 8 0.34 Specific Gravity(assumed) 2.51 (From Trims.) |Preconsolidation Stress, Pc {tsf)’ Boring No. - -
5 8 16 1.76 Test Specimen Properties Existing Overburden Stress, Po (tsf)* Sample No. T4 e
6 Diameter,inch. 2.490 Depth, ft. 58.0-60.0 C(, = CR C [+€o
7 Initial And Final Thickness, inch. 0.870 0.870 Tested By rmm
8 Initial And Final Water Content (%) 214 20.3 Reviewed By enm = 0. 064
10 Initial And Finat Void Ratio 0.505 0.505 Date 07-May-05
Initial And Final Saturation (%) 106.1 100.6 * Unit Strain Basis tle No. T9996257C-3
Unit Dry Weight {pcf) 104.1
URS Corporation M:\projects\2003\03059_deltrnpk\Geotech\ASSIGN. NO 3 - SR 1 INTERCHANGE\Lab Testing\URS Testing\[19996251¢-3.xIs]C-1
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CONSOLIDATION TEST REPORT (ASTM D2435)
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’ LL =] . Gr. c C C .
Saturation | Moisture {pch) Sp. Gr (ksf) (ksh) c d Ratio
88.4 % 17.7 % 66.0 33 14 2.772 2.51 0.12 0.02 0.554
MATERIAL DESCRIPTION uscs AASHTC
Brown LEAN CLAY with SAND. _ CL
Project No. 14678 Client: RUMMELL,KLEPPER & KAHL. LLC Remarks:

Project: DELAWARE TURNPIKE IMPROVEMENTS -Interchange
RK & K Job No. 103-059

Location: IEB-13A,T-1@ 15.0-17.0

CONSOLIDATION TEST REPORT (ASTM D2435)

Undisturbed Sample

The Robert B. Balter Company

URS-25



Driveability

URS-26



#4671 = to108) Albedes paanbay I10j0R] S0UBISISSY 590 ,
19918 183 0G SUNbay F921 Oe- G290 3 GoL 0L jHrat GER 1 l8id G6-1 JaAQ v dwey ald
adid Yoy} g¢
[9918 18y 05 sainbay FoLL Sl- gZe0 3 691 6 or0i 08g L 48id 2 ¥S JoAQ v duiey 8)id
adid you| 0
MO 23S ISy 0 F8LL & S0 %4 06 01 1S S/t v gy S6-1 JeAQ v duey a)d
adid yau| +g
Apeden diy ‘Ayoeden .
"AB18 03 yauy ABouz s R diy ‘peo ajid aiid
Q10N I/ smolg . bey uopaseg | - .paiopeq . uoHepuno uanEso
a[ge2AL( alld | 'SSBUNOIUL J{BAA | JBwwiel jeny 13 AL 8l 153 panbey paloloBd "Xel pasodoiy
80-08Q-LL

URS-27

3l1d adid $0 AIngesauq
aBueyouelu| 66+ / LY¥S 10aIed



Page of

Job Project No. Sheet ____ of
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Filename: Z:\DELDOT\SRIDEC~1\ASSUTW1.DVN (pf 724 fi7t Vg PoritchT
EgiaNg URG-%  Soil Profile VAT R {195 koo K
784
P NN NN W W TR TR T TN T P WL N W L N
. 0.0 ft RSand: Unit Weight 115 - Friction Angles 30/30 -- Driving Loss 0% :‘:’:o:o‘o:;:::g:::::gzotgtg:gz

T af AR SRS
L Clay: Unit Weight 105 -- Undrained Shear Strength 750 -- Driving Loss 0% §
18.6 ft s Uit Weoidht 120 o Friction Anales 32135  Drvina Loses o ORI
L . 5 ’0 (AL 0.0 0.0’0‘0 SRS
24.9 ft .o..09.99‘.9.9‘9?.0.0..0M".0”.0“0“00‘0w0.0‘0.9.99.9‘9:9094.9999.n.a".o’0’0‘0’0’0’0“20’0‘02020&202
33,2 y Unit Weight 115 -- Undrained Shear Strength 2200 -- Driving Loss 0%
41.5 ft
(49.8 1t

58.1 ft Ciay Unit Weight 120 -- Undralned Shear Strength 2500 -- Drivmg Loss G%
[66.4 ft Clay Unit W?ght 125 -- Undrained Shear Str /gth 4000 -- Driving Loss 0% / //
_ L 0000

. Clay: Unit Weight 130 -- Undrained Shear Stre/gth 6000 - Driving Loss Oy///
Ppi o0 D A

§1.3ft (Sand: Unit Weight 130 - Friction Angles 38/38 -- Driving Loss 0% 808K
0o.6 ft /Clay Unit Welght 125 -- Undramed Shear Strength 4000 -- Driving Loss 0%/ ////
07 9 Sand: Unit Weight 135 - Friction Angles 42/42 -- Driving Loss 0%
116.2 ft /Ciay Unit Weight 130 -- Undrained Shear Strength 4200 - Driving Loss 0% / /

| 124.5 it

o DAVEIELE W SOdHK ng.b:;u«/Aa 344 gt

o K. WITH Zb kg 5B
Dkt e To G- 7%

e 2% p VIVE PLE P/ZW@WIL!T{

— T R R A e

" v (05)
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DRIVEN 1.2

GENERAL PROJECT INFORMATION

Filename: ZADELDOT\SR1DEC~1A5UTW1.DVN
Project Name: Ramp A/195 Abut A

Project Client: DelDOT

Computed By: KLL

Project Manager: SR1 URS-3 Profile

PILE INFORMATION

Pile Type: Pipe Pile - Closed End
Top of Pile: 0.00 ft
Diameter of Pile: 24.00 in

ULTIMATE CONSIDERATIONS

Project Date: 12/11/2008

Water Table Depth At Time Of: - Drilling: 6.00 ft

- Driving/Restrike 6.00 ft

- Ultimate: 8.00 ft
Ultimate Considerations: - Local Scour: 0.00 1t

- Long Term Scour: 0.00ft

- Soft Soil: 0.00 ft

ULTIMATE PROFILE
Layer Type Thickness Driving Loss  Unit Weight Strength
1 Cohesionless 12.00# 0.00% 115.00 pcf 30.0/30.0
2 Cohesive 7.00 ft 0.00% 105.00 pcf 750.00 psf
3 Cohesionless 12.00 ft 0.00% 120.00 pcf 32.0/32.0
4 Cohesive 26.00 ft 0.00% 115.00 pcf 2200.00 psf
5 Cohesive 8.00 #t 0.00% 120.00 pef 2500.00 psf
6 Cohesive 12.00 ft 0.00% 125.00 pcf 4000.00 psf
7 Cohesive 13.00 ft 0.00% 130.00 pcf 6000.00 psf
8 Cohesionless 7.00ft 0.00% 130.00 pcf 38.0/38.0
9 Cohesive 7.00 ft 0.00% 125.00 pcf 4000.00 psf
10 Cohesionless 12.00 ft 0.00% 135.00 pef 42.0/42.0
11 Cohesive 8.50 ft 0.00% 130.00 pcf 4200.00 psf
A UTW |~ |

Ultimate Curve

Nordlund
T-79 Steel
Nordiund
T-79 Steel
T-79 Steel
T-79 Steel
T-79 Steel
Nordlund
T-79 Steel
Nordlund
T-79 Steel

URS-30



Depth

0.01 ft
5.9 ft
6.01 ft
11.99 ft
12.01 ft
18.99 it
16.01 ft
28.01 ft
30.99 ft
31.01 ft
40.01 ft
49.01 ft
56.99 ft
57.01ft
64.99 ft
65.01 ft
7401 ft
76.99 ft
77.01 ft
86.01 ft
89,99 ft
90.01 1t
96.99 ft
97.01 1t
103.99 fi
104.01 ft
113.01 ft
115.99 fit
116.01 fi
12449 ft

Soil Type

Cohesionless
Cohesionless
Cohesionless
Cohesionless
Cohesive
Cohesive
Cohesionless
Cohesionless
Cohesionless
Cohesive
Cohesive
Cohesive
Cohesive
Cohesive
Cohesive
Cohesive
Cohesive
Cohesive
Cohesive
Cohesive
Cohesive
Cohesionless
Cohesionless
Cobhesive
Cohesive
Cohesionless
Cohesionless
Cohesionless
Cohesive
Cohesive

DRIVING - SKIN FRICTION

Effective Stress

At Midpoint

0.57 psf
344 .42 psf
690.26 psf
847.54 psf
N/A

N/A
1304.09 psf
1563.29 psf
1649.11 psf
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

NIA

NIA

N/A
5453.74 psf
5689.66 psf
N/A

N/A
6365.16 psf
6691.86 psf
6800.04 psf
N/A

N/A

Sliding
Friction Angle

23.94
23.94
23.94
23.94
N/A
N/A
25.54
25.54
25.54
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
30.32
30.32
N/A
N/A
33.52
33.52
33.62
N/A
N/A

Adhesion

N/A

N/A

N/A

N/A

622.50 psf
622.50 psf
N/A

N/A

N/A
1204.41 psf
1273.41 psf
1342.41 psf
1403.59 psf
1323.84 psf
1393.66 psf
1137.58 psf
1211.08 psf
1235.42 psf
1235.58 psf
1260.00 psf
1260.00 psf
N/A

N/A
1260.00 psf
1260.00 psf
N/A

N/A

N/A
1260.00 psf
1260.00 psf

ACUTW -5

Skin
Friction

0.00 Kips
8.42 Kips
6.46 Kips
22.22 Kips
22.29 Kips
49.59 Kips
49.69 Kips
106.28 Kips
129.15 Kips
129.30 Kips
201.32 Kips
281.14 Kips
358.44 Kips
358.62 Kips
428.50 Kips
428.66 Kips
497.15 Kips
521.66 Kips
521.83 Kips
593.08 Kips
624.59 Kips
625.13 Kips
965.43 Kips
966.02 Kips
1021.28 Kips
1022.06 Kips
1683.34 Kips
1916.53 Kips
1917.40 Kips
1984.53 Kips
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Depth

0.01#
5.990 ft
6.01 ft
11.99 ft
12.01 ft
18.99 i
19.01 1t
28.01 ft
30.99 ft
31.01 i
40.01 1t
49,01 ft
56.99 ft
57.01 ft
64.99 ft
65.01 ft
74.01 ft
76.99 ft
77.01ft
86.01 ft
890.99 ft
90.01 ft
96.99 fi
97.01 1t
103.99 ft
104.01 ft
113.01 ft
115.99 ft
116.01 fi
124.49 ft

Soil Type

Cohesionless
Cohesionless
Cohesionless
Cohesionless
Cohesive
Cohesive
Cohesionless
Cohesionless
Cohesionless
Cohesive
Cohesive
Cohesive
Cohesive
Cohesive
Cohesive
Cohesive
Cohesive
Cohesive
Cohesive
Cohesive
Cohesive
Cohesioniess
Cohesionless
Cohesive
Cohesive
Cohesionless
Cohesionless
Cohesionless
Cohesive
Cohesive

DRIVING - END BEARING

Effective Stress

At Tip

1.15 psf
688.85 psf
690.53 psf
1005.07 psf
N/A

N/A
1304.38 psf
1822.78 psf
1994.42 pst
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
5454.08 psf
5925.92 psf
N/A

N/A
6365.53 psf
7018.93 psf
7235.27 psf
N/A

N/A

Bearing Cap.
Factor

30.00
30.00
30.00
30.00
N/A
N/A
40.40
40.40
40.40
NIA
N/A
N/A
N/A
N/A
N/A
N/A
NIA
N/A
N/A
N/A
N/A
110.40
110.40
N/A
N/A
244.00
244.00
244.00
N/A
N/A

Limiting End
Bearing

41.85 Kips
41.85 Kips
41.85 Kips
41.85 Kips
N/A

N/A

103.67 Kips
103.67 Kips
103.67 Kips
N/A

N/A

N/A

N/A

N/A

NIA

N/A

N/A

N/A

N/A

N/A

N/A

843.83 Kips
843.83 Kips
N/A

N/A

1861.58 Kips
1861.58 Kips
1861.58 Kips
N/A

N/A

AYUTW I =4

End
Bearing

0.06 Kips
37.66 Kips
37.75 Kips
41.85 Kips
21.21 Kips
21.21 Kips
103.57 Kips
103.67 Kips
103.67 Kips
62.20 Kips
62.20 Kips
62.20 Kips
62.20 Kips
70.69 Kips
70.69 Kips
113.10 Kips
113.10 Kips
113.10 Kips
169.65 Kips
169.65 Kips
169.65 Kips
843.83 Kips
843.83 Kips
113.10 Kips
113.10 Kips
1861.58 Kips
1861.58 Kips
1861.58 Kips
118.75 Kips
118.75 Kips

URS-32



Depth

0.01 ft
5.99 ft
6.01 ft
11.99 ft
12.01 ft
18.99 ft
19.01 ft
28.01 1t
30.99 ft
31.01 ft
40.01 1t
49.01 ft
56.99 ft
57.011t
64.99 ft
65.01 ft
74.01 ft
76.99 ft
77.01 ft
86.01 ft
89.99 ft
90.01 ft
96.99 ft
97.01 ft
103.99 ft
104.01 ft
113.01 ft
115.99 ft
116.01 ft
12449 ft

Skin Friction

0.00 Kips
6.42 Kips
6.46 Kips
22.22 Kips
22.29 Kips
49,59 Kips
49.69 Kips
108.28 Kips
128.15 Kips
1298.30 Kips
201.32 Kips
281.14 Kips
358.44 Kips
358.82 Kips
428.50 Kips
428.66 Kips
497.15 Kips
521.66 Kips
521.83 Kips
593.08 Kips
624.59 Kips
625.13 Kips
965.43 Kips
966.02 Kips
1021.28 Kips
1022.06 Kips
1683.34 Kips
1916.53 Kips
1917.40 Kips
1984.53 Kips

End Bearing

0.06 Kips
37.66 Kips
37.75 Kips
41.85 Kips
21.21 Kips
21.21 Kips
103.57 Kips
103.67 Kips
103.67 Kips
62.20 Kips
62.20 Kips
62.20 Kips
62.20 Kips
70.69 Kips
70.69 Kips
113.10 Kips
113.10 Kips
113.10 Kips
169.65 Kips
169.65 Kips
169.65 Kips
843.83 Kips
843.83 Kips
113.10 Kips
113.10 Kips
1861.58 Kips
1861.58 Kips
1861.58 Kips
118.75 Kips
118.75 Kips

DRIVING - SUMMARY OF CAPACITIES
Total Capacity

0.06 Kips
44.07 Kips
44.20 Kips
64.07 Kips
43.50 Kips
70.80 Kips
153.26 Kips
209.95 Kips
232.82 Kips
191.51 Kips
263.52 Kips
343.34 Kips
420.64 Kips
429.30 Kips
499.19 Kips
541.76 Kips
610.25 Kips
634.76 Kips
691.47 Kips
762.72 Kips
794.23 Kips
1468.96 Kips
1809.27 Kips
1079.12 Kips
1134.38 Kips
2883.64 Kips
3544.92 Kips
3778.11 Kips
2036.15 Kips
2103.29 Kips

AYuTw -7
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Table of Depths Analyzed with Driving System Modifiers

WER mpfoT

ok ASTAl

ol

GRLWEAP (TM)

12/11/2008
Version 2005

Tenp. Wait Equivalent Pressure Stiffn. Cushion
Depth Length Time Streoke Ratio Efficy. Factor CoR
fr ft hr £t
16.00 92.00 0.00 9.05 1.00 0.80 1.00 1.00C
15.00 82.00 0.00 9.05 1.00 0.80 1.00 1.00
25.00 92.00 0.00 9.05 1.00 0.80 1.00 1.00
32.00 92.00 0.00 9.05 1.00 0.80 1.00 1.00
40.00 592.00 0.00 9.05 1.00 0.80 1.00 1.00
50.00 92.00 0.00 9.05 1.00 0.80 1.00 1.00
55.00 92.00 0.00 9.05 1.00 .80 1.00 1.00
60.00 92.00 0.0cC 9.05 1.00 0.80 1.00 1.00
7G.00 %z .00 0.00 9.05 1.00 0.80 1.00 1.00
75.00 52.00 C.00 9.05 1.00 0.80 1.00 1.00
80.00 92.00 0.00 9.05 1.00 0.80 1.00 1.00
85.00 92.00 0.00 9.05 1.00 0.80 1.00 1.00
89.00 92.00 0.00 9.05 1.00 0.80 1.00 1.00
91.0C 92.00 0.00 9.05 1.0C 0.80 1.00 1.00
52.00 92.00 0.00 9.05 1.00 0.80 1.00 1.00
h;k £§ i1 Layer Resistance Values
Shaft End Shaft Toe Shaft Toe Soil Limit Setup
Depth Res. Bearing Duake Quake Damping Damping Setup Distance Time
ft k/ft2 kips inch inch s/ft 8/ft Normlzd ft hrs
0.01 ¢.00 0.060p] P.100 C.200 0.050 0.150 1.000 0.000 0.000
5.99 04/ 0.34 37.66}%&0.100 0.200 0.050 0.150 1.000 0.00¢C 0.000
6.01%%1 0,30 37.752680.100 _0.200 _ £.050 ._.0.150....1.000 0.000. .0.000
11.99 0% 0.50 41.85}4{3.100 0.200 0.050 0.150 1.000 0.000 0.000
12.01 6% 0.62  21.21%.Bp.100  0.200 0.200 0.150 1.000 0.000  0.0Q0
18.99 §3% 0.62 21.21073D.100.  0.200  0.200 0.150 1.000 0.000 G.000 _
19.014%4 0.83 lOB.STBﬂfg.lOO 0.200 0.050C 0.150 1.000 0.000 0.000
28.014:70 1.17 103.6754@ .100 0.200 0.050 0.150 1.000 0.000 0.000
4.30.9999%1.28 _103.6744D.100 0.200 0.050 0.150  1.000.__ 0,000 __0.000
31.01480 1.20 62.20 £ofD.100 0.200 0.200 0.150 1.000 0.000 0.000
40.01 tH 1.27 62.205@%?.100 0.200 0.200 0.150 1.000 0.0060 0.000
49.012&2“1,39_"“§242D53L9¢100 0.200 _ 0.200 _ ©,150 . ._.1.0Q00 0.000_ _0.GQ0O0 .
56.99gp 1.40 62.26?@?3.100 0.200 0.200 0.150 1.000 0.000 0.000
57.01¢98 1.32  70.694779.100 0.200 ©0.200 0.150 1.000 0.000  0.000
64.99z0% 1.39 70.694771P.100  0.200 0.200 0.150¢  1.000  0.00C 0.000
65,017 1.14 113.1@%239.100 0.200 0.200 0.150 1.0400 0.000 0.000
74,0100 1,21 113.10933 p. 100 0.200 0.200 0.150 1.000 0.000 0.000
 76.990.001.24 113.1092D.100 0.200 . 0.200 _0.150  3.000 . 0.000 __0.000
77.01 ¢ 1.24 169.65/07p.100 0.200 0.200 0.150 1.000 0.000 0.000
g86.01! 1,26 169.6588p.100 0.200 0.200 0.1590 1.000 0.000 0.000
89.99 hpf1.26 169.552%%}:100 0.200 0.200 0.150 1.000 0.000 0.000
S0.-01)ag 7.44 843.834g0.100 0.200 0.050 0.150 1.000 0.000 0.000
96.99 12028.08 843.83533} .100 0.200 0.050 0.150 i1.00¢C 0.000 0.000
URS-34
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URS Corporation
AJ195 Abut A 24" A-95UTAS3 DelMAG D44

Gain/Loss 1 at Shaft and Toe 1.000 / 1.000

Ultimate End Blow Comp. Tension

Depth Capacity Friction Bearing Count Stress Stress

ft kips kips kips blows/ft ksi ksi

10.0 23.9 20.6 3.3 1.6 8.369 -1.830

15.0 44.5 42.8 1.7 2.0 12.248 -2.711

25.0 115.3 106.8 8.5 4.3 17.498 -2.524

32.0 176.3 171.3 5.1 7.0 19.653 -1.842

40.0 2564.2 2491 5.1 12.9 21.899 -2.172

50.0 357.2 352.1 5.1 20.6 23.837 -1.203

55.0 410.9 405.8 5.1 250 24.615 -1.034

60.0 464.9 459.1 5.8 30.6 25.321 -1.097
JedE 700 5677 ....588.4 92 456 _ 26594 _-2,070
A4 750 - 6147 6055 . ..92 . 559 _ 26.965 -1.914
80.0 667.9 654.0 13.8 70.9 27455 -1.400

Qoi-f'f‘ 85.0 717.1 703.3 13.8 921 27.704 -1.631
P g9 0 756.8 743.0 13.8 117.8 27.974 -2.051
91.0 880.5 811.7 68.8 377.8 28.268 -0.462

92.0 940.0 871.1 68.8 1258.6 28.382 -0.439

Total Continuous Driving Time  81.00 minutes; Total Number of Blows 3680

e ksTs. % s DREBIT]

Stroke
ft

3.12
3.55
4.28
4.66
5.21
5.76
5.99
6.21
6.62
6.76
6.91
7.04
7.11
7.23
7.27

Dec 11 2008

GRLWEAP(TM) Version 2005

ENTHRU
kips-ft

40.5
451
42.9
401
37.5
35.9
36.3
36.5
375
37.5
37.8
37.4
37.2
37.3
37.4

URS-35
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Filename: Z:\DELDOT\SR1DEC-~1\A-S$5UTA.DVN

Bearing Capacity Graph - Uktimate
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GRLWEAP - Version 2005
WAVE EQUATION ANALYSIS OF PILE FOUNDATIONS

written by GRL Engineers, Inc. {formerly Goble Rausche Likins
and Associates, Inc.) with ccoperation from Pile Dynamics, Inc.
Copyright {c) 1998-2005, Pile Dynamics, Inc.

ABOUT THE WAVE EQUATICN ANALYSIS RESULTS

The GRLWEAP program simulates the behavior of a preformed pile driven by
either an impact hammer or a wvibratory hammer. The program is based on
mathematical models, which describe motion and forces of hammer, driving
system, pile and scil under the hammer action. Under certain conditions,
the models only crudely approximate, cften complex, dynamic situations.

2 wave equation analysis generally relies on input data, which represents
normal situations. In particular, the hammer data file supplied with the
program assumes that the hammer is in good working order. ALl of the input
data selected by the user may be the best available information at the time
when the analysis is performed. However, input data and therefore results
may significantly differ from actual field conditions.

Therefore, the program auvthors recommend prudent use of the GRLWEAP results.
Soil response and hammer performance should be verified by static and/orx
dynamic testing and measurements. BEstimates of bending or other local
non-axial stresses and prestress effects must alsc be accounted for by the
user.

The calculated capacity - blow count relationship, i.e. the bearing graph,
should be used in conjunction with observed blow counts for the capacity
assessment of a driven pile. Soil setup occurring after pile installation
may produce bearing capacity values that differ substantially from those
expected from a wave equation analysis due to soil setup or relaxation. This
is particularly truse for pile driven with vibratory hammers. The GRLWEAP user
must estimate such effects and should also use proper care when applying blow
counts from restrike because of the variasbility of hammer energy, soil
resistance and blow count during early restriking.

Finally, the GRLWEAP capacities are ultimate wvalues. They MUST be reduced by
means of an appropriate factor of safety to yield a design or working load.
The selection of a factor cof safety should consider the quality of the
construction control, the variability of the site conditions, uncertainties
in the lcads, the importance of building and other factors.

URS-38
Page 1 of 21



Input File: Z:\DELDOT\SR1 DEC-08\A-S5UTA3.GWI
Hammer File: D:\Program Files\PDI\GRLWEAP 2005\HAMMERZ003.GW
Hammer File Version: 2003 (10/24/2008)

Input File Contents
A/I%5 Abut A 24" RA-95UTA3 DelMAG D44

OUT ©0SG HAM STR FUL PEL N SPL N-U P-D %SK ISM 0 PHI RSA ITR H-D MXT DEx
-100C 0 21 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0.600
Pile g Hammexr g Toe Area Pile Size Pile Type
32.170 32.170 36.910 24.000 Unknown
W Cp A Cp E Cp T Cp CoR ROut 5tCp
3.800 370.000 408.90 4.000 C.800 0.010 0.0
A Cu E Cu T Cu CoR ROut StCu
0.000 0.0 0.000 0.000 C.000 0.0
LPle APle EPie WPle Peri Strg CoR RCut
92.000 36.910 22000.000 492,000 6.280 0.000 0.850 0.c10
Manufac Hmr Name HmrType No Seg-s
DELMAG D 44 1 4
Ram Wt Ram L Ram Dia MaxStrk RtdStrk Efficy
9.50 104.01 21.63 9.52 9.49 0.80
IB. Wt IB. L IB.Dia IB CoR IB RO
2.42 26.83 21.64 0.800 0.010
CompStrk A Chamber V Chamber C Delay C Duratn Exp Coeff VolCStart Vol CEnd
12.88 367.56 429.60 C.001 0.002 1.250 0.00 0.00
P atm Pl P2 P3 P4 BS
14.70 1200.00 1080.00 972.00 875.00 972.00
Stroke Effic. Pressure R-Weight T-Delay Exp~Coeff Eps-Str Total-AW
9.4900 0.8000 1200.0000 0.0000 0.0000 0.0000C 0.0100 0.0000
Qs Qt Js Jt Ox Jx Rati Dept
0.000 C.000 0.00C 0.000 0.000 0.C00 0.000 0.000
Research Soil Model: Atoe, Plug, Gap, Q-fac
0.000 0.000 0.000 0.000
Research Soil Model: RD-skn: m, d, toe: n, d
0.000 0.000 0.000 0.000
Res. Distribution
Dpth Rskn Rtoe Os Qt Js Jt 80 F LimD S0 T
.01 .00 0.01 0.10 0.20 0.05 0.15 1.00 ¢.00C .00
5.989 .43 3.07 0.10 0.20 0.05 0.15 1.00 0.00 0.00
6.01 0.43 3.08 0.10 0.20 0.05 0.15 1.00 0.00 0.00
11.89 .63 3.41 0.10 0.20 0.05 0.15 1.00 .00 0.00
12.01 0.78 1.73 0.10 0.20 0.20 0.15 1.00 0.00 0.00
18.99 0.78 1.73 0.10 .20 0.20 0.15 1.60 0.00 0.06
19.0% 1.04 8.45 0.10 .20 0.05 0.15 1.00 0.00 0.090
28.01 1.4¢6 B8.46 0.10 .20 0.05 0.15 1.00 0.00 0.00
30.99 1.60 8.46 0.10 0.20 0.05 .15 1.00 0.00 0.00
31.01 1.50 5.08 .10 0.20 0.20 .15 1.00 0.00 0.00
40.01 1.59 5.08 0.10 0.20 0.20 0.15 1.00 0.00 0.00
49.01 1.68 5.08 C.10 0.290 0.20 0.15 1.00 0.00 0.00
56.99 1.75 5.08 0.10 0.20 0.20 0.15 1.00 0.00 .00
57.01 1.65 5.77 0.10 0.20 0.20 0.15 1.00 0.00 .00
64.99 1.74 5.77 0.10 0.20 0.20 0.15 1.00 0.00 G.Go
65.01 1.43 9.23 C.10 0.20 0.20 0.15 1.00 0.00 G.00
74.01 1.51 9.23 .10 0.20 0.20 0.15 1.00 0.00 0.00
76.99 1.55 9.23 0.10 0.20 0.20 0.15 1.00 0.00 0.00
77.C1 1.55 13.84 0.10 0.20 0.20 0.15 1.00 0.00 0.00
86.01 1.58 13.84 0.10 0.20 0.20 0.15 1.00 0.00 0.00
89.99 1.58 13.84 0.10 0.20 .20 0.15 1.00 0.00 0.00
90.01 9.30 68.85 0.10 0.20 0.05 0.15 1.00 0.00 0.00
96.99 10.10 68.85 0.10 0.20 0.05 0.15 1.00 0.00 0.00
URS-39
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Gain/Loss factors:
1.00000
1.00000

0.00000
0.00000

Low e B R o i i B B i 8 o B o B o0 B o B s B oo B 0 B 0 O 0

L

.00
.00
.00
.C0
.GO
.0C
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

shaft and toe

¢.00000
0.00600
Wait

DO OO OO OO0 C OO 0O0O

.00
.00
.00
.00
.00
.0C
.00
.00
.00
.00
.00
. GO
.00
.00
.00
.00

0.0
0.0

D OO0 OO0 00O 0T OO0

cooce
[Hle
Strk
. 0090
. 000
.000
.000
.000
.0C0
.000
.00C
. 000
.000
.000
.000
. 000
.000
.000
.000

0.0
0.0

OO OO 0000 COOODOO0

0000
0000
Pmx%
.000
. 000
.000
.Q00
.000
.Q00
.000
.000
.000
.000
. 000
.000
.Q00
.000
.000
.000

[esDp ey o e B o s o N o o B e B o B o B o 3 o 3

ELfE.
.000
.000
.000
.00
.000
.000
. 000
.000
.00GC
. 600
.000
.Q000
.0090
.000
.000
.000

COCOOODOO0OC OO0

Stif
.000
.000
.000
.000
. 000
. 000
. 000
. 000
.Q00
.000
eloly
.000
.000
. 000
.000
.000

CcoR
.000
.000
.000
.000
.Q00
.Q00
.000
. 000
.000
. 000
.000
.000
.000
.000
.000
. Q00

C OO OO0 OO0 OO0 OOCOOCC

URS-40
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GRLWEAP: WAVE EQUATION ANALYSIS OF PILE FOUNDATIONS
Version 2005
English Units

A/T85 Abut A 24" A-95UTA3 DelMAG D44

Hammer Model: D 44 Made by: DELMAG
No. Weight Stiffn CoR C-81k Dampg
kips k/inch ft k/ft/s
1 2.375
2 2.375 409813.0 1.000 0.0100
3 2.375 409813.0 1.000 0.0100
4 2.375 408813.0 1.000 0.0100
Imp Rlock 2.420 201791.8 0.900 0.0100
Helmet 3.800 37740.C 0.800 0.0100 16.9
Combined Pile Top 27147.6
HAMMER OPTIONS:
Hammer File ID No. 21 Hammer Type CE Diesel
Stroke Option FxdP-VarS Strcke Convergence Crit. 0.010C
Fuel Pump Setting Maximum

HAMMER DATA:

Ram Weight {kips} 9.50 Ram Length {inch} 104.01
Maximum Stroke (ft) 9.52

Rated Stroke (ft) 9.49 Efficiency 0.800
Maximum Pressure (psi) 1200.00 Actual Pressure {psi) 1200.00
Compression Exponent 1.350 Expansion Exponent 1.250
Ram Diameter (inch) 21.63

Combustion Delay (s) ¢.00100 Ignition Duration {s) G.00200

The Hammer Data Includes Estimated (NON-MEASURED) Quantities

HAMMER CUSHION PILE CUSHION

Cross Sect. Area {in2} 370.00 Cross Sect. Area {inZ2} 0.00
Elastic-Modulus {ksi) 408.0 Elastic-Modulus {ksi) 0.0
Thickness {inch) 4.00 Thickness {inch) 0.00
Coeff of Restitution 0.8 Coeff of Restitution 1.0
RoundOut (£t) 0.0 RoundOut (ft) 0.0
Stiffness (kips/in) 37740.0 Stiffness {kips/in) 0.0

URS-41
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A/I95 Abut A 24" A-95UTA3 DelMAG D44

URS Corporation

12/11/2008
GRLWEAP (TM)} Version 2005

Depth (£t} 10.0
Shaft Gain/Loss Factor 1.000 Toe Gain/Loss Factor 1.000
PILE PROFILE:
Toe Area (in2} 36.810 Pile Type Unknown
Pile Size {inch) 24.000
L b Top Area E-Mod Spec Wt Perim Strength Wave Sp EA/c
ft in2 ksi 1b/£t3 ft ksi ft/s k/ft/s
0.0 36.91 29000. 492.0 6.3 ¢.000 16524. 64.8
92.0 36.91 29000. 492.0 6.3 0.000 16524. 4.8
Wave Travel Time 2L/c (ms) 11.135
Pile and Scil Model Total Capacity Rut (kips) 23.9
No. Weight Stiffn C-S1llkk T-S1k CoR 80il-S So0il-D Quake LbTop Perim Area
kips k/in ft ft kips s/ft inch ftr ft in2
1 0.414 27148. 0.010 0.000 0.8% 0.0 0.000 C¢.100 3.29 6.3 36.9
2 0.414 27148. 0.000 0.000 l.0O 0.0 0.000 0.100 6.57 6.3 36.9
25 0.414 27148. 0.000 C.000 1.00C 0.0 0.050 0.100 82.14 6.3 36.9
26 0.414 27148. 0.000 0.000 1.00 2.6 0.05C 0.100 85.43 6.3 36.9
27 0.414 27148. 0.00C 0.000 1.00 7.4 0.050 0.100 88.71 6.3 36.9
28 0.414 27148. 0.000 0.000 1.00 10.5 0.050 0.100 92.00 6.3 36.9
Toe 3.3 0.150 0.200
11.602 kips total unreduced pile weight (g= 32.17 ft/s2)
11.602 kips total reduced pile weight (g= 32.17 ft/s2)
PILE, SOIL, ANALYSIS OPTICNS:
Uniform pile Pile Segments: Automatic
No. of Slacks/Splices 0 Pile Damping (%) 1
Pile Damping Fact. (k/ft/s} 1.296
Driveability Analysis
Scil Damping Option Smith
Max Nco Analysis Iteratlions 0 Time Increment/Critical 160
Qutput Time Interval 1 Analysis Time-Input (ms) 0
Cutput Level: Normal
Gravity Mass, Pile, Hammer: 32.170 32.170 32.170

Cutput Segment Generaticn: Automatic

URS-42
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Depth Stroke Pressure
ft £t Ratio
16.00 9.49 1.00

A/I95 Abut A 24" A-S$5UTA3 DelMAG D44
URS Corporation

Rut Bl Ct Stroke (ft) Ten Str
kips b/ft down up ksi
23.9 1.6 3.12 3.13 -1.83

A/I95 Abut A 24" A~-95UTA3 DelMAG D44

URS Corporation

Depth (ft) 15.0
Shaft Gain/Loss Factor 1.600
PILE PROFILE:

Toe Area (inz) 36.910
Pile Size (inch) 24.000
L b Top Area E-Mod Spec Wt

ft in2 ksi 1b/ft3
0.0 36.91 29000. 492.0
92.0 36.91 29000. 492.0
Wave Travel Time 2L/c (ms) 11.135
Pile and Soil Model
No. Weight Stiffn C-851k T-S1k CoR
kips k/in ft ft
1 0.414 27148. 0.010 0.000 0.85
2 0.414 27148. 0.000 0.000 1.00
24 0.414 27148. 0.000 0.00C 1.00
25 0.414 27148. 0.000 ©0.000 1.00C
26 0.414 27148. 0.000 C.000 1.00
27 0.414 27148. 0.000 0.000 1.00
28 0.414 27148. 0.0C0 C.000 1.00
Toe

11.602 kips total unreduced pile weight

11.602

0.800C

kips total reduced pile weight

Efficy

12/11/2008
GRLWEAP (TM) Version 2005

i t Comp Str i t ENTHRU Bl Rt

ksi kip-ft b/min
13 34 8.37 1 6 40.5 66.9
12/11/2008
GRLWEAP (TM) Version 2005
Toe Gain/Loss Factor 1.000
Pile Type Unknown
Parim Strength Wave Sp EA/c
ft ksi ft/s k/ft/s
6.3 0.000 16524. 64.8
6.3 0.000 16524, 64.8
Total Capacity Rut (kips) 44.5
Soil-8 Soil-~D Quake LbTop Perim Area
kips s/ft inch ft ft in2
0.0 0.000 0.100 3.29 6.3 36.9
0.0 ¢.000 0.100 6.57 6.3 36.9
0.8 0.050 0.100 78.86 6.3 36.9
5.2 0.050 0.100 82.14 6.3 36.9
9.3 0.050 0.100 B85.43 6.3 36.9
11.7 0.050 0.100 88.71 6.3 36.9
15.8 0.189 0.100 92.00 6.3 36.9
1.7 0.150 0.200
(g= 32.17 ft/s2}
{g= 32.17 ft/s2)

URS-43
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Depth Stroke Pressure Efficy
ft £ Ratio
15.00 9.49 1.00 0.800

A/195 Bbut A 24" A-95UTA3 DelMAG D44

12/11/2008

URS Corporation GRLWEAP {TM) Versicn 2005
Rut Bl Ct Stroke (ft) Ten Str i t Comp Str i t ENTHRU Bl Rt
kips b/ft down up ksi ksi kip-£ft b/min
44.5 2.0 3.55 3.57 -2.71 5 16 12.25 1 2 45.1 62.7
R/195 Abut A 24" A-95UTA3 DelMAG D44 12/11/2008

URS Corporation GRLWEAP (TM) Version 20058
Depth (ft) 25.0
Shaft Gain/Loss Factor 1.000 Toe Gain/Loss Factor 1.000
PILE PROFILE:
Toe Area {in2} 36.910 Pile Type Unknown
Pile Size {inch) 24,000
L b Top Area E-Mod Spec Wt Perim Strength Wave Sp EA/c
ft in?2 ksi 1b/ft3 ft ksi ft/s k/ft/s
0.0 36.91 29000. 492.0 6.3 0.000 16524. 64.8
92.0 36.91 29000. 492.0 6.3 0.000 16524. 64.8
Wave Travel Time 2L/c (ms) 11.135
Pile and Soil Model Total Capacity Rut {kips) 115.3
No. Weight Stiffn C~S51lk T~Slk CoR Soil-5 Soil-D Quake LbTop Perim Area
kips k/in ft £t kips s/ft inch ft ft in2
1 0.414 27148. 0.010 0.000 0.85 0.0 ¢.000 0.100 3.29 6.3 36.9
2 0.414 27148. 0.000 0.000 1.00 0.0 0.000 0.100 6.57 6.3 36.9
21 0.414 27148. £.000 0.000 1.00 0.9 0.050 0.100C 69.00 6.3 36.9
22 0.414 27148, 0.000 0.000 1.00 5.4 0.050 0.100 72.29 6.3 36.9
23 0.414 27148, 0.000 ©.000 1.0C 5.4 0.05C 0.100 75.57 6.3 36.9
24 0.414 27148. 0.000 0.000 1.00 11.8 0.050 0.100 78.86 6.3 36.9
25 0.414 27148. 0.600 0.000 1.00 16.0 0.195 0.100 82.14 6.3 36.9
26 0.414 27148. 0.000 0.000 1.00 16.1 0.200 0.100 85.43 6.3 36.%
27 0.414 27148. 0.000 0.000 1.00 21.6 0.069 0.100 88.71 6.3 36.9
28 0.414 27148. 0.000 0.000 1.00 25.6 0.050 0.100 92.00 6.3 36.9
Toe 8.5 0.150 0.200
11.602 kips total unreduced pile weight (g= 32.17 ft/s2}
11.602 kips total reduced pile weight {g= 32.17 ft/s2}
URS-44
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Depth Stroke Pressure Efficy
ft £t Ratio
25.00 9.49 1.00 0.800

A/I95 Abut A 24" A-95UTA3 DelMAG D44

URS Corporation

Rut Bl Ct Stroke {(ft) Ten Str
kips b/ft down up ksi
115.3 4.3 4,28 4.25 ~2.52

A/I95 Abut A 24" A-S5UTA3 DelMAG D44
URS Corporation

12/11/2008

GRLWEAP {TM) Version 2005

i t Comp Str i t ENTHRU Bl Rt
ksi kip-ft b/min

3 13 17.50 17 5 42.9 57.3
12/11/2008

GRLWEAP {TM} Version 2005

Depth (£ft) 32.0
Shaft Gain/Loss Factor 1.000 Toe Gain/Loss Factor 1.000
PILE PROFILE:
Toe Area {in2) 36.910 Pile Type Unknown
Pile Size {inch) 24.000
L b Top Area E-Mod Spec Wt Perim Strength Wave Sp EA/C
ft in2 ksi 1b/ft3 fr ksi fe/s k/ft/s
0.0 36.91 25000. 452.0 6.3 ¢.000 16524. 64.8
92.0 36.91 29000. 482.0 6.3 0.000 le524. 64.8
Wave Travel Time 2L/c (ms]) 11.135
Pile and Soil Medel Total Capacity Rut (kips} 176.3
No. Weight Stiffn C-S1lk T-S1lk CoR Soil-8 8S0il-D Quake LbTop Perim Area
kips k/in ft ft kips s/ft inch ft ft in2
1 0.414 27148. 0.010 0.000 0.85 0.0 0.000 0.100 3.28 6.3 36.9
2 0.414 27148. 0.000 0.000C 1.00 0.0 ¢.000 0.100 6.57 6.3 36.9
19 0.414 27148, 0.000 0.000 1.00 1.3 0.050 0.100 62.43 6.3 36.9
20 0.414 27148. 0.000 ©.000 1.00 6.0 0.050 ©.100 65.71 6.3 36.9
21 0.414 27148. 0.000 0.000 1.C0 9.8 0.050 ¢.100 6%.00 6.3 36.9
22 0.414 27148. 0.000 0.000 1.00 12.3 0.067 0.100 72.29 6.3 36.5
23 0.414 27148. 0.000 0.000 1.00 16.1 0.200 6.100 75.57 6.3 36.9
25 (0.414 27148. 0.000 0.000 1.00 22.7 0.055 0.100 82.14 6.3 36.9
26 0.414 27148. 0.000 0.000 1.00 26.1 0.050 0.100 85.43 6.3 36.9
27 0.414 27148, 0.000 0.000 1.00 29.2 0.050 0.100 88.71 6.3 36.89
28 0.414 27148. 0.000 0.000 1.0C 31.7 0.095 0.100 92.00 6.3 36.9
Toe 5.1 0.150 0.200
11.602 kips total unreduced pile weight (g= 32.17 ft/s2)
11.602 kips total reduced pile weight (g= 32.17 ft/s2)

