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Figure 2.1. lowa geological map and the test pile locations
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Table 2.1. Information on selected steel H-pile test locations

BRF-63- Loess on _ 3 ;
ISU 1 Mahaska 3(46)-38-62 Top Glacial P-4010 ST, HiC 9 (10-ft), =50 > 60-ft Clay 32.50 Mixed

BRFIM 0.35-
Wlscunsm 13 (53-ft), 37 (12- _

BRFIMX-035-
Loess on 10 (30- ﬁ]

il Bt | | BRE-IS0: Loamy F.l049 | STSL-C,MS, VEG- | 811, 5(19-0), | _ o 0 a1 2{5693 .
3(58)-38-10 Glacial : C 22 (> 30-f) : R (15 Ixe
Prebore
BROS- | S 11 (9-ft), 22 (45-
i 25-ft

Notation for soil layer: B = Boulders, C = Clay, CR = Coarse, F = Firm, FN = Fine, G = Glacial, GR = Gravel, H = Hard, LS = Limestone, M = Medium, R = Rock, S = Sand,
SF = Soft, SH = Shale, SL = Silt, SS = Sandstone, ST = Stiff, V = Very, and W = With







in Figure 3.1. The results of the SPT N-values for ISUS at Clarke County are presented in Figure
3.2, and similar SPT results for other sites are included in Appendix B. The N-values (Ng)
obtained from the field SPT under different effective overburden pressures were corrected (N.,)
to correspond to a standard effective vertical stress (c'y), using Eq. 3-1 (Das 1990). The
correction factor (Cy) used 1n this conversion, was determined using Eq. 3-2 (Liao and Whitman

1986).

Neor = Cn NE (3-1)

1
N — ; (3-2
3 J ov(ton/ft?) :

As an example, the results from the ISUS’s SPT are illustrated in Figure 3.2, where at a depth of
38-ft (10-m) the field SPT N-value was 22, effective stress is 2.45 tons/ft* (235 kPa), and a
calculated Cy of 0.64, using Eq.3-2, was obtained, and the corrected SPT N-value (N¢) 1s 14.

Disturbed so1l samples were collected by the research team during the SPT tests for soil
gradation tests, Atterberg’s limits tests and soil classifications according to the Unified Soil
Classification System (USCS) described 1n Section 3.5. In addition, undisturbed so1l samples
were collected using 3-in. (75-mm) Shelby tube thin-walled samplers for laboratory
consolidation tests.

(a) SPT blow count (b) Split-spoon sampling
Figure 3.1. Typical Standard Penetration Test (SPT)
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Figure 3.7. BST generated Mohr-Coulomb shear failure envelope for ISUS at 8.83-ft depth
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Figure 3.8. BST generated shear stress-displacement relationship at different applied
normal stress for ISUS at 8.83-ft depth
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Figure 3.10. mBST generated shear stress-displacement relationship at different applied
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Figure 3.11. mBST generated Mohr-Coulomb interface shear failure envelop for ISUS at
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Figure 4.10. Wave-up and velocity measurement for ISUS at EOD used to determine shaft
resistance

Table 4.5. Summary of J., PDA estimated pile static (RMX) and shaft resistances (SFR

141
120 117 123 128 157 163
sus Ll i i L L din L L - L

200 224 229 248 326 375 400
226 217 215 220 227 229 233 -
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160.0, Velocity (ft/s) CAPWAP Velocity and Wave-Up Signals Matching
Wave-Up (kips) for ISUS at the end of driving.

e e

Measured Wave-Up at Pile Top
- = = = Computed Wave-Up at Pile Top

------- Measured Velocity at Pile Top
————— Computed Velocity at Pile Top

80.0

Time 40 L/c

Figure 4.12. Results of CAPWAP signals matching for ISUS at EOD

Table 4.7. Summary of CAPWAP estimated total pile resistances and shaft resistances

99 103 105 130 143 148

124 135 160 165 175 177 186
ISU7 | 1200 13(1) 910y | 3208 | 4321 | 6147 | 6960) | 75(67) _
138 127 139) 131 127 124 115
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(Soil Type Based
Method: PDI,
2005)

DRIVEN
(FHWA, Mathias
and Cribbs, 1998)

lowa DOT
current practice

Table 4.10. Summary of static anal

B-method
(Esrig and Kirby 1979)

Nordlund/
Nordlund Thurman limited
Thurman (1964) (1976)

sis methods used in the five soil

B-method
(Esrig and Kirby 1979)

Nordlund
(1963,1979)
Thurman (1964)

Nordlund/
Thurman limited
by Meyerhoff
(1976)

rofile input

Modified a-method based on
unconfined compressive strength

a-method
(Tomlinson 1971)

05.
(Tomlinson 1971)

Used SPT N-values and variable pile profile option in the WEAP

rocedures
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Modified a-method based on
unconfined compressive strength

a-method
(Tomlinson 1971)

9S,
(Tomlinson 1971)
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Granular matenal

Coarse sand

Granular material

Table 4.16. Iowa pile design chart for end bearing Grade 50 steel H-piles

< 15 N

Cohesive matenal

20 Do not consider end bearing
[ T
- 50 - 100 4-8 4-8 4-8
AN 7 DO L G NN et Nl SRR O
- > 300 18 18 18
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Granular material

Coarse sand -

25 =

Granular material

Cohesive matenal

Table 4.18. Revised lowa

- 50 - 100

> 300

> 200

20 -

T T ] e e [t e 77 st e 57 s o e

nile desi

49.6-99.2

2232

223.2

12.4

52

Grade 50 steel H-piles

Do not consider end bearing

62-124

279

279

1D

85.6-171.2

385.2

385.2

21.4
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Figure 4.17. Schematic drawing of vertical static load test for ISUS at Clarke County




—
_——— — = - ——————— "."Fj.' e —_— — — —
e — i =
v — — el P Ll L = g ¢
|
A |
{ | Pllg AT A
4, HP
| Hf ] = f Tota Lenqtt
i

Figure 4.18. Configuration of two anchor piles and a test pile for ISU5 at Clarke County
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(a) Welded 40 in. short
segment onto flanges

(c) Assembled a main reaction beam, clamping  (d) Placed load cell and jack
beams and height adjusters; Fastened with steel rods between test pile and beam

& 05/28,/2009

(e) Set up data acquisition (f) Completed static load test frame
System

Figure 4.19. Setting up of the static load test
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Figure 4.21. A load-displacement curve and Davisson’s criteria for ISUS at Clarke County
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Figure 4.20. Pile top vertical displacement transducers instrumentation
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Table 4.24. Summary of static load test results
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Figure 5.13. Correlation between pile setup rate (C) and soil parameters with pile radius

82







¢ CAPWAP

B WEAP-IABB

it
e

Pile Setup Rate (C)

p -
—

0.08

0.06
0 2 4 6 8 10 12 14 16 18

Average SPT N-Value, N,
Figure 5.14. Correlation between pile setup rate (C) and average SPT N-value

Table 5.5. Scale (ai and concave ibi factors

CAPWAP 0.432 0.606

WEAP-SA 0.217 014]

WEAP-Iowa Blue Book 0.215

To provide pile designers a quick and convenient approach to estimate total pile resistance
including setup resistance using either WEAP (Iowa Blue Book procedure) or CAPWAP, Eq.
(5-6) was transformed into pile setup design charts in terms of corrected normalized pile
resistance ((R¢/Reop)*(Leop/L)) based on a range of average SPT N-value (N,), between 1 and
50, and a time lapsed (t), at days 1, 3, 5, 7, 14, 21 and 30 after EOD, as plotted in Figure 5.15.
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Figure 5.17. Pile setup comparison and validation
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After completing all re-strikes, vertical static load tests were performed on the test piles in
according with ASTM D1143 Procedure A: Quick test method. The pile resistance was
determined from the load-displacement graph based on the Davisson’s criteria. Also, force
distributions were calculated from the strain measurements at each load increment. The

procedure of performing the static load tests is described in Chapter 4 and the results are given in
Appendix C.
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APPENDIX A: LOCATIONS OF TEST PILES AND IN SITU SOIL TESTS

- ! ! Union Pacific
Abutipent ; ; Railroad

50il Core (@

US 63 Bridge
(Under Construction)

Access Road
to South Pier

® - ConePenetration Test (CPT)

Q) Soil Core

b

Figure A.1. Test Pile ISU1 at Mahaska County
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Figure A.8. Test Pile ISU9 at Des Moines County

Cedar River
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Figure A.9. Test Pile ISU10 at Cedar County
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APPENDIX B: RESULTS OF IN SITU SOIL INVESTIGATIONS AND SOIL
PROFILES
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B.2. Estimated Soil Profiles and Properties Based on Cone Penetration Tests (CPT)

Table B.2.1. Summary of soil properties for ISU1 based on CPT

TN K I I T I

33.79 to
3543

Table B.2.2. Summary of soil properties for ISU2 based on CPT

Clayey Silt to
15 5 :
ayer 44 10 73 Silty Clay 27.04 18.10 6.50

12]



Table B.2.3. Summary of soil properties for ISU3 based on CPT

Sandy Silt to

45.11 to
Layer 5 55.28 Clay 31.50 22.03 B Y

66.77 to Very Stiff Fine

Layer 7 69.88 35.60 67.61 7:31

Grained

Table B.2.4. Summary of soil properties for ISU4 based on CPT

o IR s O e A e 34.03 14.69
Clay
8.86 to o
Sensitive Fine

19.85 to :
Silty Sand to
38.06 to :
. Silty Clay to -
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Table B.2.5. Summary of soil properties for ISUS based on CPT

Table B.2.6. Summary of soil

nerties for ISU6 and ISU7 based on CPT

20.01 to ,
10.2?

30.51 to Silty Clay to 5
14-15

50.85 to Clayey Silt to
62.50 Silty Clay
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Table B.2.7. Summary of soil properties for ISU8 based on CPT

2493 to Silty Sand to
38.06 to Clayey Silt to |

4921 to Clayey Silt to

1591 to
Layer 3 4593 Sand 40.21 . -

Table B.2.9. Summary of soil properties for ISU10 based on CPT

Sandy Silt to
010439 | Clayey silt e e o _

 6.5610 Sandy Silt to
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Figure B.3.7. CPT pore water pressure dissipation tests at ISU9 Des Moines County
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B.4. Borehole Shear Test and modified Borehole Shear Test Results

Shearing Stress,t (psi)

Shearing Stress,t (psi)

Shearing Stress,t (psi)

6

— ] sl AN h

=

bW L n O <] OO WO

o e

bl 9 () e N N

o

Normal Stress,o (psi)

Figure B.4.3. ISU1 at 16-ft depth (BST)
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Figure B.4.6. ISU3 at 4-ft depth (BST)
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Figure B.4.9. ISU4 at 46-ft depth (BST & mBST)
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Figure B.4.10. BST and mBST generated shear stress-displacement relationships for ISU4

at 27-ft depth
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Figure B.4.11. BST and mBST generated shear stress-displacement relationships for ISU4

at 46-ft depth
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Figure B.4.17. BST and mBST generated shear stress-displacement relationships for ISU5
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Figure B.4.18. ISU6 and ISU7 at 8.3-ft depth (BST & mBST)
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Figure B.4.19. ISU6 and ISU7 at 11.89-ft depth (BST & mBST)
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Figure B.4.20. ISU6 and ISU7 at 50.3-ft depth (BST & mBST)
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Figure B.4.21. BST and mBST generated shear stress-displacement relationships for ISU6
& ISU7 at 8.3-ft depth
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Figure B.4.26. ISUS8 at 45-ft depth (BST & mBST)
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Figure B.4.27. BST and mBST generated shear stress-displacement relationships for ISU8
at 9-ft depth
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Figure B.4.28. BST and mBST generated shear stress-displacement relationships for ISUS8
at 23-ft depth
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Figure B.4.29. BST and mBST generated shear stress-displacement relationships for ISU8
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B.6. Total Lateral Earth and Pore Water Pressure Measurements using Push-in Pressure
Cells (PCs)
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Figure B.6.1. Total lateral earth and pore water pressure measurements from PC1 at test
pile ISU7
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Figure B.6.3. Total lateral earth and pore water pressure measurements from PC4 at test
pile ISU10
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APPENDIX C: DETAILS OF FULL-SCALE PILE TESTS
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C.1. Locations of Strain Gauges along Test Piles

Giround

_Pile h

ead
I B A

¥4 AT CELET O eV rns
-~ and ransaucers

2-1-60-E ' below ground
- ( ow g )

2-VW-2-60-E
(6' below ground)

(10" below ground)

2=-VW-4-60-E
(16' below ground)

Cab

Steel H-Pile
-_— o el s
= HPIOx42

Steel Angle Bar

(L 2"%2"x7%")

2-5-60-E

El
R -EOW (28" below ground)

N 2-VW-6-60-E
(30' below ground)

Mormmal
Strain Gauge

‘ 2-7-60-1=

5-7-60-W (39" below ground)

1

2-VW-R-120-E
(48" below ground)

Steel Angle Bar
(L 2x2 x5

A

2-9-120-E (52' below und
| 2-9-120-W o }

A

| ]

| 2-10-120-E (55" below gound)
2-10-120-W

Pile toe

Figure C.1.1. Location of strain gauges along the ISU2 test pile at Mills County
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Figure C.1.2. Location of strain gauges along the ISU3 test pile at Polk County
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Figure C.1.3. Location of strain gauges along the ISU4 test pile at Jasper County
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Figure C.1.4. Location of strain gauges along the ISUG test pile at Buchanan County
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Figure C.1.5. Location of strain gauges along the ISU7 test pile at Buchanan County
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C.2. Pile Driving Analyzer (PDA) Measurements

BN 174
S et 12/18/2007 9:58:24 AM
2 . RTL 239 kips
kips ISUI-EOD f/s | RSP 0 kigs i
= _%G RMX 141 Kips
Al 1 EMX 16.5 k-ft
ETR  38.9 (%) *
STK 6.35 ft I
| | CSX 24.5 ksi
‘ TSX 1.7 Kksi i
| L BTA  100.0 (%) i
W LE 33.00 ft
AR 16.80 in™2
<—>=——102.4ms EM 30000 ksi
4.00 ms SP 0.492 k/ft3

WS 16807.9 f/s
EA/C  30.0 ksec/ft
LP 1.00 ft

Figure C.2.1. PDA force and velocity records for ISU1
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BN 1/236 :
7/14/2008 12:26:07 PM
400 18.1 RTL 205 kips
kips ISU2-EOD f/s RSP 0 kips
— RMX 105 kips |
il ) EMX 20.1 k-ft
ETR 46.5 (%)
STK 5.94 ft
CSX 29.4 ksi
TSX 4.0 ksi 4
BTA 100.0 (%) |
LE 58.00 ft
AR 12.40 in~2 d
102.4ms EM 30000 Ksi
Sp 0.492 k/ft3 ‘
WS 16807.9 f/s g

EA/C 22.1 ksec/ft

LP 54.00 ft
BN 6
7/14/2008 4:26:05 PM
400_ 181 RTL 271 kips
kips ISU2-1*" Re-strike f/s RSP 0 kips
TR RMX 148 kips
2 44 EMX 19.3 k-ft
ETR 44.5 (%)
STK 6.48 ft
= T CSX 31.5 ksi
TSX 1.9 ksi
| BTA  100.0 (%)
\ | LE 58.00 ft
_é//,; AR 12.40 in~2
T C ~—— el J102.4ms EM 30000 Ksi
6.90 ms N SP 0.492 k/ft3

WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 54.00 ft
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BN 5/4
7/15/2008 10:27:43 AM
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WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 55.83 ft
Figure C.2.2. PDA force and velocity records for ISU2
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BN 2

1/8/2009 1:57:08 PM

RTL 314 kips
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ETR 47.6 (%)
STK 6.79 ft
CSX 28.0 ksi
TSX 1.6 ksi
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LE 57.50 ft
AR 12.40 in™2
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BN 8
1/9/2009 10:08:29 AM
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RMX 163 Kips
EMX 17.6 k-ft
ETR 41.5 (%)
STK 7.06 ft
CSX 28.2 ksi
TSX 0.9 ksi
BTA 100.0 (%)
D 57.50 ft
AR 12.40 in~2
EM 30000 ksi
SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 50.33 ft

BN 231
4/22/2009 3:08:17 PM
RTL 268 kips
RSP 0 kips
RMX 143 kips
EMX 16.8 k-ft
ETR 38.7 (%)
STK 6.46 ft
CSX 28.8 ksi
TSX 2.7 ksi
BTA 100.0 (%)
LE 57.50 ft
AR 12.40 in™2

400 _ 18.1
kips ISU3-3" Re-strike | /s
1 W ki
{

B ' 1
g[ Ii : == —————— = 102.4ms
6.84 ms

400 z 18,4 -
kips [SU3-4" Re-strike f/s
F | M s
d \.\ .
— | \ i .
1 1 5 e e 1 ) 2 .4 MS
6.84 ms| | \,/
Figure C.2.3. PDA force and velocity records for ISU3
400 _ 18.1
KIps | ISU4-EOD f/s
F Ty
|

2 \K -

J | ———102.4ms

[T W
6.84 ms| |

159

EM 30000 ksi

SP

0.492 k/ft3

WS 16807.9 f/s

EA/C

22.1 ksec/ft



400 _ 18.1
kips ISU4-1* Re-strike f/s
F | V|
JI |t
6.84 ms R
400 _ 2 18.1
kips [SU4-2" Re-strike f/s
F | V|
L0 _
\
ey
L“/ﬂl =
6.84 ms
400 _ 18.1
kips ISU4-3™ Re-strike f/s
- V

6.84 ms
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~'102.4ms

102.4ms

102.4ms

BN 5

4/22/2009 3:14:07 PM
RTL 273 kips
RSP 1 kips
RMX 144 kips

EMX 17.0 k-ft
ETR 39.3 (%)
STK 6.51 ft
CSX 28.7 ksi
TSX 2.1 ksi
BTA  100.0 (%)

LE 57.50 ft

AR 12.40 in"2
EM 30000 ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 55.00 ft

BN 3

4/22/2009 3:31:03 PM
RTL 284 kips
RSP 9 kips
RMX 143 kips

EMX 18.7 k-ft
ETR 43.2 (%)
STK 6.63 ft
CSX 29.1 ksi
TSX 1.3 ksi
BTA 100.0 (%)

LE 57.50 ft

AR 12.40 in™2
EM 30000 ksi

Sp 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 55.33 ft

BN 3

4/22/2009 4:07:19 PM
RTL 293 kips
RSP 18 kips
RMX 154 kips

EMX 19.5 k-ft
ETR 45.0 (%)
STK 7.00 ft
CSX 30.7 ksi
TSX 1.1 Ksi
BTA  100.0 (%)

LE 57.50 ft

AR 12.40 in™2
EM 30000 ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 55.70 ft

—

.
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400
Kips

400
kips

400
Kips

[SU4-4™ Re-strike

ISU4-5"™ Re-strike

[SU4-6" Re-strike

18.1
f/s

i ——

102.4ms

102.4ms

102.4ms

BN 3
4/23/2009 8:54:03 AM

RTL 379 kips
RSP 98 kips
RMX 161 kips
EMX 22.2 k-ft
ETR 51.4 (%)
STK 8.97 ft
CSX 35.3 ksi
TSX 1.1 ksi
BTA 100.0 (%)
LE 57.50 ft
AR 12.40 in”~2
EM 30000 ksi
SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 56.00 ft

BN 6

4/24/2009 8:50:19 AM
RTL 387 kips
RSP 154 kips
RMX 162 kips
EMX 18.2 k-ft
ETR 42.1 (%)
STK 7.48 ft
CSX 32.5 ksi
TSX 0.1 ksi
BTA 100.0 (%)
IKE 57.50 ft
AR 12.40 in™2

EM 30000 ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 56,30 ft

BN 11

4/27/2009 9:12:26 AM
RTL 407 kips
RSP 223 kips
RMX 223 kips
EMX 15.0 k-ft
ETR 34.8 (%)
STK 7.39 ft
CSX 29.9 ksi
TSX 1.0 ksi
BTA 100.0 (%)
L 57.50 ft
AR 12.40 in~2

EM 30000 ksi
SP 0.492 k/ft3

WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 56.67 ft

Figure C.2.4. PDA force and velocity records for ISU4
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400
kips

400 _
kips

ISUS-EOD

6.84 ms

400 _
Kips

ISU5-1% Re-strike

ISUS-2" Re-strike

6.84 ms

162

18.1
f/s

184

18
f/s

'102.4ms

102.4ms

102.4ms

BN 603

5/19/2009 12:11:55 PM

RTL 413 kips
RSP 200 kips
RMX 200 kips
EMX 16.3 k-ft
ETR 40.5 (%)
STK 7.04 ft
CSX 31.9 ksi
TSX 1.0 ksi
BTA  100.0 (%)

LE 57.50 ft

AR 12.40 inn2
EM 30000 ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft

BN 6

5/19/2009 12:19:40 PM
RTL 428 kips
RSP 224 kips
RMX 224 kips
EMX 16.7 k-ft
ETR 41.6 (%)
STK 7.07 ft
CSX 32.0 ksi
TSX 1.0 ksi
BTA 100.0 (%)
LE 57.50 ft
AR 12.40 in™2

EM 30000 ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft

LP 54.00 ft

BN 6

5/19/2009 12:30:00 PM
RTL 428 Kips

RSP 229 kips

RMX 229 kips

EMX 15.8 k-ft

ETR 39.2 (%)

STK 6.96 ft
CSX 31.8 ksi
TSX 1.1 Ksi
BTA  100.0 (%)

LE 57.50 ft

AR 12.40 in™2
EM 30000 Ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 55.30 ft

o . di ™ ."-‘;-




400
Kips

[SU5-3" Re-strike

6.84 ms

400
kips

18.1_
f/s

[SU5-4" Re-strike

400
kips

ISU5-5" Re-strike

163

18.1

18.1_

102.4ms

102.4ms

102.4ms

BN 12
5/19/2009 1:20:47 PM
RTL 442 kips
RSP 229 kips
RMX 229 kips
EMX 14.6 k-ft
ETR 36.4 (%)
STK 7.45 ft
CSX 33.3 ksi
TSX 4.1 ksi
BTA 100.0 (%)

LE 57.50 ft

AR 12.40 in™2
EM 30000 ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft

LP 55.70 ft

BN 6

5/20/2009 10:13:04 AM
RTL 518 kips

RSP 326 kips

RMX 326 kips

EMX 18.9 k-ft

ETR 46.9 (%)

STK 8.20 ft

CSX 35.2 ksi
TSX 1.5 ksi
BTA  100.0 (%)

LE 57.50 ft

AR 12.40 in"™2
EM 30000 ksi

SP 0,492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft

LP 56.00 ft

BN 7

5/22/2009 9:52:09 AM
RTL 563 kips
RSP 375 kips
RMX 375 kips
EMX 21.4 k-ft

ETR 53.1 (%)

STK 8.82 ft

CSX 37.0 ksi
TSX 2.8 ksi
BTA 100.0 (%)

LE 57.50 ft

AR 12.40 in™2
EM 30000 ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 56.25 ft




BN 19
5/27/2008 10:09:46 AM

:_UU_ 13!:}1_ RTL 572 kips
ips pthpy S RSP 400 kips
i ISUS5-6" Re-strike e 400 Kips
il ‘ M| EMX 20.3 k-ft
\ ETR 50.6 (%)
| STK 8.69 ft
— — CSX 36.4 ksi
\ TSX 3.3 ksi
\ BTA  100.0 (%)
| LE 57.50 ft
_..—./-J I\ AR 12.40 in"2
= Tt S e 102.4ms EM 30000 ksi
6.84 ms SP 0.492 k/ft3

WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 56.50 ft

Figure C.2.5. PDA force and velocity records for ISUS

BN 268
6/9/2009 3:26:47 PM
400 18.1 RTL 252 Kips
kips ISU6-EOD f/s RSP 0 kips
RMX 146 kips
) M EMX 15.9 k-ft
ETR 36.9 (%)
STK 6.33 ft
= \ — CSX 27.9 ksi
TSX 1.3 ksi
: BTA  100.0 (%)
M. LE 57.50 ft
TR AR 12.40 in™2
-’ZJ[ }I \\ l _— ——— 102.4ms EM 30000 ksi
6.84 ms SP 0.492 k/ft3

WS 16807.9 f/s
EA/C 22.1 ksec/ft

BN 3
6/9/2009 3:29:07 PM
400 181 RTL 267 kips
Kips f/s RSP 0 kips
1" Re-stri e RMX 151 kips
il ISU6-1" Re-strike v | bl TSed o
ETR 40.4 (%)
STK 6.85 ft
X! : = CSX 29.5 Kksi
| TSX 1.4 ksi
\ BTA  100.0 (%)
H \" LE 57.50 ft
‘J % = P e AR 12.40 in~2
=y EE— —L———1102.4ms EM 30000 ksi
6.84 ms \/’ SP 0.492 k/ft3

| i WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 55.00 ft
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BN 5
6/10/2009 11:18:56 AM
400 18.1 RTL 423 ki
kips ISU6-5" Re-strike f/s | RSP 176 tigg
: B "“-—v RMX 195 kips
2l \ 2 EMX  21.0 k-ft
\ ETR 48.6 (%)
STK 8.20 ft
- — CsX 34.2 ksi
\ TSX 1.0 ksi
BTA  100.0 (%)
LE 57.50 1t
J I\- : AR 12.40 in"2
v 102.4ms EM 30000 ksi

WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 56.50 ft

SAAARAAARARARARAN

BN 5
— l-h - . RT 4
kips [ISU6-6 Re-strike f/S_ RSIF_J ggg :::Eg
RMX 231 kips
EMX 22.1 k-ft
ETR 51.1 (%)

STK 8.47 ft

CSX 35.3 ksi
TSX 1.2 ksi
BTA 100.0 (%)

LE 5750 it
AR 12.40 inA2
102.4ms EM 30000 ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft

LP 56.32 ft
BN 5
6/16/2009 10:27:09 AM
400_ = 18.1 RTL 485 kips
kips ISU6-7" Re-strike f/s RSP 266 kips
- __—V RMX 266 kips
4 ) EMX 22.6 k-ft
ETR 52.2 (%)
STK 8.75 ft
. \ J CSX  35.0 ksi
TSX 1.0 ksi
BTA 100.0 (%)
LE 57.50 ft
_‘,(//! 1 i AR 12.40 in~2
102.4ms EM 30000 ksi

] =
6.84 ms ‘\,//’ SP 0.492 k/ft3

WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 57.00 ft
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BN 4
6/19/2009 10:50:45 AM

400 "t . il b RTL 514 kips
kips ISU6-8" Re-strike f/s RSP 310 kips
RMX 310 kips
EMX 20.8 k-ft
ETR 48.0 (%)

STK 8.26 ft

CSX 35.6 ksi
TSX 1.2 ksi
BTA  100.0 (%)

LE 57.50 ft
AR 12.40 innr2
102.4ms EM 30000 ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 57.30 ft

Figure C.2.6. PDA force and velocity records for ISU6

BN 10
6/9/2009 4:20:32 PM
40{]_| 1810 RTL 59 Kips
\,  [1sureop | _f Lk
E }EL A /\ Vi EMX  17.7 k-ft
, ~\£\ i’k, g[\ : ETR 41.0 (%)
(A A \l LAY STK 0.00 ft -
ol ; \,-,,' / ﬁ"\ﬂ,‘{\ 2 CSX 20.9 Ksi
; V -
¢ M TSX 5.6 ksi
A BTA 100.0 (%)
| X =
0
/\ I\'\ e * LE 32.50 ft
AR 12.40 in~2
' W A A WMVMAVMM 102.4ms EM 30000 ksi
3.87 ms SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft
BN 2
6/9/2009 4:23:13 PM
400 165 5ot 1 RTL 80 kips
kips f/s RSP 0 kips
= hl ISU7-1% Re-strike |7y :mi 8 g E'gf
ETR 30.0 (%)
STK 0.00 ft
L CSX 22.3 ksi
TSX 5.3 ksi
BTA 100.0 (%)
LE 32.50 ft
_“d/ | AR 12.40 in™2
102.4ms EM 30000 ksi

WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 19.00 ft
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400_
kips

400 _
kips

400
kips

[

3.87 ms

¥ _ 184
ISU7-2™ Re-strnike f/s
v—.
rd . 18.1_
ISU7-3" Re-strike

102.4ms

ISU7-4" Re-strike

4.46 ms

168

18.1

102.4ms

102.4ms

BN 3

6/9/2009 4:29:09 PM
RTL 86 kips
RSP 0 kips
RMX 11 kips
EMX 12.6 k-ft
ETR 29.2 (%)
STK 0.00 ft
CSX 22.6 ksi
TSX 5.7 ksi
BTA  100.0 (%)
LE 32.50 ft

AR 12.40 in™2
EM 30000 ksi
SP 0.492 k/ft3
WS 16807.9 f/s

EA/C 22.1 ksec/ft
LP 20.00 ft
BN 4
6/9/2009 4:41:36 PM
RTL 103 kips
RSP 0 kips
RMX 6 kips
EMX 20.7 k-ft
ETR 47.9 (%)
STK 0.00 ft
CSX 24.0 ksi
TSX 4.2 ksi
BTA 100.0 (%)
LE 32,50 1t
AR 12.40 in™2
EM 30000 ksi
SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 21.00 ft
BN 9
6/10/2009 11:34:36 AM
RTL 104 kips
RSP 0 kips
RMX 31 kips
EMX 10.5 k-ft
ETR 24.4 (%)
STK 4,35 ft
CSX 18.1 ksi
TSX 2.6 ksi
BTA 100.0 (%)
LE 37.50 ft
AR 12.40 in™2
EM 30000 ksi
SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 22.50 ft
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BN 5
6/12/2009 10:49:08 AM

400 " 18.1 RTL 150 kips
kips [SU7-5" Re-strike f/s | RSP 0 kiag
e RMX 66 kips
F il Vi EMX 18.0 k-ft
ETR 41.7 (%)
STK 5.70 ft
CSX 23.3 ksi
TSX 2.4 ksi
BTA  100.0 (%)
LE 37.50 ft
AR 12.40 in"2
102.4ms EM 30000 Ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft

LP 34.50 ft
BN 6
6/16/2009 10:39:04 AM
400 _ S e B RTL 170 kips
kips 6™ Re-stri f/s RSP 0 kips
ISU7 e-strike | "* R He
e | vV EMX 12.2 k-ft
ETR 28.3 (%)
STK 5.15 ft
— — CSX 22.4 Ksi
TSX 2.1 ksi
| ‘f BTA  100.0 (%)
_L/ LE 37.50 ft
AR 12.40 inA2
”"/)l [ f«v \_L,, l Aﬁﬁ 102.4ms

P EM 30000 ksi
4.46 ms SP 0.492 k/ft3

WS 16807.9 f/s
EA/C 22.1 ksec/ft

LP 35.50 ft
BN 8/7
6/19/2009 10:32:57 AM
400 p iy (o I RTL 192 kips
Kips 5 ; f/s RSP 0 kips
g ISU7-7" Re-strike s RMX 93 kips
Ll i EMX 16.8 k-ft
ETR 38.8 (%)
STK 5.92 ft
= _ CSX 26.0 ksi
TSX 1.7 ksi
BTA 100.0 (%)
LE 37.50 ft
:ZJ AR 12.40 in~2
"Q 102.4ms EM 30000 ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 26.00 ft

Figure C.2.7. PDA force and velocity records for ISU7

4.60 ms
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400 _

Kips

ISUS-EOD

181"
f/s

400

kips

400
kips

ISU8-1" Re-strike

ISU8-2" Re-strike

170

18.1

18.1

f/s

102.4ms

102.4ms

102.4ms

BN 336

8/6/2009 9:16:32 AM
RTL 304 kips
RSP 18 kips
RMX 164 kips
EMX 18.8 k-ft
ETR 43.6 (%)

STK 6.76 ft
CSX 32.6 ksi
TSX 1.6 ksi
BTA 100.0 (%)

L= 57.50 ft

AR 12.40 inn2
EM 30000 ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft

BN 6

8/6/2009 9:26:43 AM
RTL 330 kips
RSP 56 kips
RMX 161 kips

EMX 18.7 k-ft
ETR 43.2 (%)
STK 6.82 ft
CSX 32.9 ksi
TSX 1.6 ksi
BTA 100.0 (%)

LE 57.50 ft

AR 12.40 in™2
EM 30000 ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft

LP 55.00 ft
BN 4

8/6/2009 9:32:40 AM
RTL 342 kips
RSP 63 kips
RMX 169 kips
EMX 19.8 k-ft
ETR 45.8 (%)
STK 7.15 ft
CSX 33.8 ksi
TSX 1.5 ksi
BTA  100.0 (%)
LE 57.50 ft
AR 12.40 in”"2

EM 30000 ksi

Sk 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 5550

i

——
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102.4ms

102.4ms

BN 5

8/11/2009 8:05:51 AM
RTL 384 kips
RSP 138 kips
RMX 208 kips
EMX 18.9 k-ft
ETR 43.8 (%)
STK 7.43 ft
CSX 33.0 ksi
TSX 0.5 ksi
BTA  100.0 (%)

LE 57.50 ft

AR 12,40 in"™2
EM 30000 ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 57.00 ft

RTL 245 kips
RSP 146 kips
RMX 226 kips
EMX 24.1 k-ft
ETR 56.3 (%)
STK 8.28 ft
CSX 32.5 ksi
TSX 3.0 ksi
BTA 100.0 (%)

LE 50.50 ft

AR 12.40 in"2
EM 30000 ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 47.00 ft

400_ 18.1
kips ISU8-6" Re-strike | __"®
- V
— l =i
i
\
- \\ =i
\'J
J |
1 =
6.84 ms
Figure C.2.8. PDA force and velocity records for ISU8
400_ 18.1_
kips ISU9-EOD /s
B L
400_ 8.1,
kips ISU9-1% Re-strike _szc’_
F L v

6.01 ms

172

102.4ms

BN 5

1/18/2010 4:28:37 PM
RTL 260 kips
RSP 177 kips
RMX 217 kips
EMX 20.3 k-ft
ETR 47.3 (%)
STK 7.39 ft
CSX 30.0 ksi
TSX 0.8 ksi
BTA 100.0 (%)

LE 50.50 ft

AR 12.40 in®2
EM 30000 ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 47.00 ft
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400
kips

ISU9-2™ Re-strike

6.01 ms

400
kips

ISU9-3™ Re-strike

18.1
f/s

18.1.
f/s

400 _
kips

ISU9-4™ Re-strike

173

102.4ms

102.4ms

102.4ms

BN 4
1/18/2010 4:38:34 PM

RTL 284 kips
RSP 202 kips
RMX 215 kips
EMX 19.7 k-ft
ETR 45.9 (%)
STK 7.52 ft
CSX 30.6 ksi
TSX 5.7 ksi
BTA  100.0 (%)
LE 50.50 ft
AR 12.40 in~2

EM 30000 ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft

LP 47.42 ft

BN 4

1/18/2010 4:38:34 PM
RTL 284 kips
RSP 202 kips
RMX 215 kips
EMX 19.7 k-ft
ETR 45.9 (%)
STK 75 A
CSX 30.6 ksi
TSX 5.7 ksi
BTA  100.0 (%)
LE 50.50 ft
AR 12.40 in~2

EM 30000 ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft

LP 47.42 ft
BN 4

1/19/2010 8:56:27 AM
RTL 305 kips
RSP 215 kips
RMX 227 kips
EMX 21.8 k-ft
ETR 50.9 (%)
STK 8.14 ft
CSX 32.8 ksi
TSX 0.0 ksi
BTA 100.0 (%)
LE 50.50 ft
AR 12.40 in™2

EM 30000 ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 48.00 ft




400 _
kips

400 _
kips

ISU9-5™ Re-strike

18.1
f/s

ISU9-6" Re-strike

102.4ms

102.4ms

BN 5

1/21/2010 1:10:20 PM
RTL 310 kips
RSP 224 kips
RMX 229 kips
EMX 22.2 k-ft
ETR 51.9 (%)
STK 7.66 ft
CSX 32.1 ksi
TSX 0.0 ksi
BTA 100.0 (%)
LE 50.50 ft

AR 12.40 in*2
EM 30000 ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 48.08 ft

BN 11

1/28/2010 10:55:01 AM
RTL 320 kips
RSP 233 kips
RMX 233 kips
EMX 21.7 k-ft
ETR 50.6 (%)
STK 8.19 ft

CSX 32.8 ksi
TSX 0.2 ksi
BTA 100.0 (%)
LE 50.50 ft

AR 12.40 in™2
EM 30000 ksi

SP 0.492 k/ft3
WS 16807.9 f/s
EA/C 22.1 ksec/ft
LP 48,58 ft

Figure C.2.9. PDA force and velocity records for ISU9

BN 320
3/31/2010 4:49:55 PM

ISU10-EOD

1800
f/s

V

—|

174

RTL
RSP
RMX
EMX
ETR
STK
CSX
TSX
BTA

LE
AR
EM
SP

213 kips
138 kips
158 kips
17.1 k-ft
39.9 (%)
6.22 ft
25.6 ksi
1.2 ksi
100.0 (%)

57.50 ft
12.40 in”2

30000 ksi

0.492 k/ft3

WS 16807.9 f/s

EA/C

22.1 ksec/ft
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BN 3
3/31/2010 4:55:22 PM

400_ 18.1 RTL 220 kips
Kips ISU10-1*" Re-strike f/s RSP 138 kips
£ _—_V RMX 160 kips
2 o) EMX 18.8 k-ft
ETR 43.9 (%)
1 STK 6.56 ft
- * ! CSX 27.0 ksi
V\ TSX 1.5 ksi
1l BTA  100.0 (%)
=H VY a
d/ \ N\\ LE 57,50 1t
AR 12.40 in~2
———”JI |l ' Lt 1102.4ms EM 30000 ksi
6.84 ms SP 0.492 k/ft3

WS 16807.9 f/s
EA/C 22.1 ksec/ft

LP 47.00 ft
BN 3
3/31/2010 5:05:50 PM
400_ E 181, RTL 225 kips
kips [SU10-2"" Re-strike f/s RSP 140 kips
- N, RMX 163 kips
=2 o EMX 19.1 k-ft
| ETR 44.7 (%)
l STK 6.65ft
— \ < CSX 27.7 ksi
‘J\ 1 TSX 1.5 ksi
“\» |/ BTA  100.0 (%)
é‘/ | \\ LE 57.50 ft
] o AR 12.40 in~2
[ m.,i_ﬂ_./?#_* l"(:::: 102.4ms EM 30000 ksi
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Figure C.2.10. PDA force and velocity records for ISU10
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C.3. Schematic Drawing and Configuration of the Vertical Static Load Tests
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Figure C.3.1. Configuration of four anchm:-p“ilﬂééﬂand a steel test pile for ISU1 at Mahaska
County
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Figure C.3.2. Configuration of two anchor piles and a steel test pile for ISU2 at Mills
County
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Figure C.3.3. Configuration of two anchor piles and a steel test pile for ISU3 at Polk
County
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Figure C.3.4. Configuration of two anchor piles and a steel test pile for ISU4 at Jasper
County
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Figure C.3.5. Configuration of two anchor piles and two steel test piles for ISU6 and ISU7

at Buchanan County
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Figure C.3.6. Configuration of two anchor piles and a steel test pile for ISU8 at Poweshiek

County
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County
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Figure C.3.9. Schematic drawing of vertical static load test for ISU1 at Mahaska County
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Figure C.3.10. Schematic drawing of vertical static load test for ISU2 at Mills County
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Figure C.3.11. Schematic drawing of vertical static load test for ISU3 at Polk County
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Figure D.1.2. Pile force distribution along the embedded pile length of the test pile ISU3
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Figure D.1.3. Pile force distribution along the embedded pile length of the test pile ISU4
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Figure D.1.5. Pile force distribution along the embedded pile length of the test pile ISU8
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Figure D.1.6. Pile force distribution along the embedded pile length of the test pile ISU9
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D.3. Pile Driving Resistance
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Figure D.3.1. Pile driving resistances for ISU1 and ISU2 in terms of hammer blow count
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Figure D.3.3. Pile driving resistances for ISU6 and ISU7 in terms of hammer blow count
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D.4. Relationship between Soil Properties and Pile Shaft Resistance Gain

Shaft Resistance Gain Distribution (kip)
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Figure D.4.1. Relationship between soil properties and shaft resistance gain for ISU2
Shaft Resistance Gain Distribution (kip)
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Figure D.4.2. Relationship between soil properties and shaft resistance gain for ISU3
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